Difficulty and partial success in diagnosing cross-equatorial surface currents from satellite:
Yanai-mode tropical instability waves
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Introduction:

Large-scale to mesoscale surface currents can be estimated from satellite observations with diagnostic models (Bonjean and Lagerloef 2002). The Ocean Surface Current Analysis Realtime (OSCAR) dataset, one of the most advanced current datasets, has been able to accurately produce Pacific equatorial zonal currents, but not Pacific equatorial meridional
currents (Johnson et al. 2007, their Fig. 3). The equatorial meridional currents contain quasi-geostrophic high-frequency perturbations amplified near the surface (Lyman et al. 2007)
and wind-driven shallow meridional overturning cells (Philander and Pacanowski 1981; Philips 1987); neither can be estimated by steady, 2-D surface diagnostic models. In this study,
we use satellite SSH to identify two modes of tropical instability waves (TIWs) in the equatorial Pacific and develop a non-steady diagnostic model for their currents, especially for
equatorial meridional currents of Yanai instability waves.

③ Testing a diagnostic model against OGCM simulations

① The uncertainty in sfc current (top 30m) estimations
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The time-dependent term is essential for Yanai waves

QSCAT-OFES and ECCO2 can produce two modes of
TIWs as Fig. 2. The input of the model is just SSH’ and
the low-frequency U from model. The diagnostic (u’,v’)
matches well with model (u’,v’) in most region (r > 0.7)
except east of 120W.

v
TAO 110W0N

ECCO2

Fig. 3 Correlation of obs estimates with OGCM hindcast OFES (top)
and ECCO2 (bottom).
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Ocean reanalysis (ORAS4, ECCO),
assimilation (GODAS) and satellite
product (OSCAR) have large uncertainty
or bias on v and high-freq u in the
equatorial Pac.
This study focuses on the high-freq u&v
(dashed curves), which are quasiuniform, pressure-driven in the upper
ocean.

④ (u’, v’) estimates from satellite SSH’, validated with TAO obs
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② Two modes of TIWs from SSH
*: The prime means 14–40-day bandpass
filtered variable for mooring data and
additionally 600–3kkm zonally westwardpropagating bandpass for 2-D data.

Fig. 4 STD (standard deviation) of the
estimated u’ and v’ from AVISO SSH.
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Fig. 5 Validation of u’ and v’ estimates (red) with TAO
(blue) and comparison with OSCAR (green) at 110W, EQ .
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Fig. 1 Segments in Apr. 2010–2011: SSH’, u’ and v’ *.
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Two distinct TIWs exist in the region,
with symmetric and antisymmetric
SSH about the EQ, called Rossbyand Yanai-mode TIWs, oscillated
against the current shears north of
and on the equator, resp.
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Fig. 6 Energy conversion rate from mean to eddy kinetic energy by barotropic instability (BTR), based on
the u’ and v’ estimates. Overlaid contour is the mean zonal current from OSCAR.
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 Two modes of TIWs are identified with joint EOFs of SSH’ and SST’.
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Summary

 The new diagnostic model produces relatively accurate u’ and v’, as validated with
models and in-situ mooring, especially for the Yanai mode.
 Two bands of barotropic instabilities energize Rossby and Yanai modes of TIWs.

Fig. 2 Left: Mean zonal current profile. Right: EOFs from joint SSH’ (shd) & SST’
(contr) centered at 140W EQ (10deg-wide box), shown by lead-lag regression. The
sfc velocity (arrow) is from the mooring on the equator and SSH’ off the equator.
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