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1. Background and Motivation

ØEquatorial Western Pacific Ocean is strongly forced by Precipitation.
ØThe Inter-tropical Convergence Zone (ITCZ) in the eastern Pacific is another 

region that is strongly forced by both rainfall and wind stress curl both annually 
and inter-annually. 

Questions:
1.How does the ocean respond to the huge freshwater flux and wind stress forcing? 
2.How is this huge freshwater flux related to El Niño?
3.Why is there this huge signal in the rainfall and wind stress forcing in the first place? 

Effect1: Barrier Layer Effect2: Salinity Anomaly-Induced Sea Levels 

Fig.1. CTD cast showing temperature, salinity, 
density, and a thick barrier layer from the 
western equatorial Pacific. The cast was
made at 0.018S on 29 Apr 1994 at 0427 UTC 
(1427 LT). The MLD and ILD are indicated.  
The layer between these two depths is defined as 
the barrier layer, whose thickness (BLT) is 36m 
(from Ando & McPhaden 1997).

Fig.2. Time-latitude diagram along 
165øE for the 1984-1992 period. The 
difference between the dynamic 
height anomaly computed from 
original temperature and salinity 
profiles and dynamic height anomaly 
computed using mean salinity profiles 
in place of the original (From Maes , 
C. ,1998) 

2. Data Availability

`

Fig.3. Daily temperature and salinity availability 
from the TAO/TRITON array. From:  
http://www.pmel.noaa.gov/tao/disdel/fames/main.
html 
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3.  Observations

Observation: Western Pacific Ocean
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Fig.4. Monthly SSS (blue line) plotted 
with the monthly annual cycle (red 
line) from the TAO/TRITON array in 
the western equatorial Pacific at 2oS, 0o

and 2oN.  This figure was constructed 
from data obtained from the TAO 
project office PMEL NOAA website 
(http://www.pmel.noaa.gov/tao/disdel/f
rames/main.html).

Observation: 8oN125oW
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Fig.5. Monthly Acoustic Doppler Current Profiler 
(ADCP) measurements at 8oN, 125oW from April 
1997 to April 1998. The shallowest measurement 
is 35m depth. Data were downloaded from the 
TAO Project Office/PMEL/NOAA website.
(The horizontal green line corresponds to 16.15 
cm/s and is the mean over the record length.) 
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4. Methodology
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Western Pacific Ocean
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The linearized equation for each vertical mode is 
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5. Results

Western Pacific Ocean

5.1 Comparison of Sea Level Anomalies
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Fig.6. Observed AVISO SSH (cyan solid) and 
isothermal layer sea level anomaly estimated 
from (3) using monthly salinity and 
temperature anomaly data with time-dependent 
isothermal layer depth (red solid).  

5.2 The horizontal structure of u’TF
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Fig.7.First EOF structure function (a) and 
corresponding first principal components (b) 
for three separate EOF analyses of surface uTF
at longitudes 137oE (red), 147oE (cyan) and 
156oE (black). The maximum is around 1oN 
and the y scale of the current is 3o.

5.3 The vertical structure of u’TF
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Fig.8. First EOF structure function and the corresponding principal component for the 
upper 74m monthly anomalous salinity driven flow uTF at 0oN,156oE from March 1999 
to December 2013. The first EOF describes 99% of the variance. The current decreases 
from 23cm/s (surface) to 0cm/s (ILD).

5.4 Comparison of “Surface” Current
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Fig.9. Structure functions for the first EOF (a) and first principal component (b) 
of 156oE interannually-filtered surface u’ for OSCAR (solid circles, black), in 
situ single point Doppler (solid squares, cyan) and uTF (solid circles, red). 

5.5 Dynamics

a. Does the interannual rainfall cause 𝜻TF?
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Fig.10. Dynamic height anomalies (red)  relative to the ILD on the equator at 156oE 
plotted with (a) the time integral of –OLR’ (black) and (b) –OLR’ (black). 

b. Coupled ocean-atmosphere instability
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5.6 Comparison of Sea Level Anomaly 5.7 Comparison of Zonal Current Anomaly
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Fig.11. The vertical Structure was estimated by the ratio of standard deviation 
between monthly mean zonal current at any depth and surface. The standard 
deviation of surface current is shown in the right hand side box. 

6. Summary and Discussion

(1)Fresh water flux-induced sea level only contributes a small part of the total sea level and they’re not correlated.
(2) But fresh water flux-induced sea surface current has a similar horizontal structure with observed current.
(3) The fresh water flux-induced current is a narrow, shallow current, which decreases from 23 cm/s at the

surface to 0 at the bottom of isothermal layer.
(4)𝜻TF and uTF are generated by coupled ocean-atmosphere instability mechanism instead of rainfall. Small eastward
displacement of the warm/fresh pool implies anomalous deep atmospheric convection which implies anomalous eastward
wind stress anomalies (Clarke 1994) which implies anomalous 𝛕x, which implies further eastward displacement.
(5) Near the ITCZ region, the sea surface height and current are dominant by annual cycle and can be explained by a simple
wind-forced Rossby model
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