
in the southeasterly winds in the south Pacific, particu-
larly along the South American coast, and a reduction in
the gap winds in the Gulfs of Panama and Papagayo (the
latter seen in the October climatology). This decrease in
the strength of the gap winds is a consequence of the
increase in sea level pressure on the Pacific side caused
by the cooler SST. In October there is a substantial
warming off the coast of South America south of 58S
and a substantial cooling over the eastern side of the
South American continent.

The annual variation in the difference in SST and
surface wind between HIGH and LOW, averaged be-
tween 28S and 28N, is shown in Fig. 7 as a function of
longitude. An increase in vertical mixing in the ocean
causes a reduction in the southerly component of the
surface wind throughout the year in the far east, peaking
in December–February in the central and western parts
of the region. This reduction of the southerly wind at the
equator is caused by the meridional asymmetry in the
change in SST (Fig. 8), which itself is a consequence of
the stronger stratification of the ocean north of the
equator compared to that to the south. In the central
and western equatorial parts of the region the cooling
peaks in April (in excess of 1.58C) with a strong easterly
anomaly in the surface wind. This strong cooling occurs

at a time when the equatorial ocean is at its warmest and
most strongly stratified. The net effect of increased
ocean mixing is to reduce the range of the annual cycle in
the equatorial SST by as much as 1.58C. As the equatorial
annual cycle arises from the meridional asymmetry
in mean climate (Xie 1994), the reduction in the latter
causes the former to weaken. The annual cycle affects

FIG. 6. Differences in surface properties between the HIGH and LOW runs: surface tem-
perature (color; contour interval of 0.58C) and near-surface winds (vectors) for (top) March
and (bottom) October climatologies in the (left) fully coupled and the (right) ocean-only
experiments.

FIG. 7. Differences in the annual cycle of surface properties
between the HIGH and LOW runs, averaged between 28S and
28N, as a function of longitude: surface temperature (gray shading,
contour interval 0.58C) and near-surface winds (vectors).
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feature for SST is that the location of the warmest waters
(>29.5!C) extends 10–20! in longitude west of the moving
eastern edge of the WP. A similar zonal extension for the
warmest waters associated with the eastern edge of the WP
was documented by Maes et al. [2004, Figure 3] during
1992–2001, on the basis of reconstructed SSSs estimated
using an indirect approach, and by Maes et al. [2006a,
Figure 2] during 2002–2004 (note that these authors used
the 34.4 or 34.6 isohalines to denote the eastern edge). Our

analysis using Argo-derived SSSs and SSTs indicates that
the occurrence of the warmest SST is a permanent and
robust feature that appears tightly linked to, and west of, the
moving zonal SSS front at the eastern edge of the WP.
Therefore, the frontal region appears to be a favorable
location for the formation of ‘‘hot spots’’ in SST [see
Waliser, 1996]. Related climatic implications for this feature
are discussed in section 3.1.

Figure 6. Longitude-time distribution of 2!N to 2!S averaged (a) SSS, (b) SST, (c) zonal SSS gradient
(@S/@x), and (d) barrier layer thickness. Heavy black lines represent the maximum @S/@x for Figures 6a–
6d. The red line in Figure 6a denotes the 34.7 isohaline. The thin black line in Figure 6b denotes the
29.5!C isotherm. The dashed line in Figure 6c denotes the Southern Oscillation Index scaled in reverse
order on the upper horizontal axis. Note that values in excess of 28!C and 15 m are only reported in
Figures 6b and 6d, respectively. Units are !C for Figure 6b, 10!7 m!1 for Figure 6c, and m for Figure 6d.
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