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are shifted westward and shallower. The NIP includes
81 trajectories during ENSO, versus 66 for the NULL case,
and contributes 25.2% of the total anomaly. The contribu-
tion of just those trajectories that follow the NIP during
ENSO but not during NULL accounts for 6.1% of the total
anomaly. The remainder of the NIP contribution to the
ENSO anomaly is due to the NIP shifting westward and
originating from shallower depths under ENSO conditions.
The SIP strengthens significantly during ENSO, from
13 trajectories to 25. The contribution of the SIP to the total
anomaly is 13.1%, and 11.5% of the total anomaly is due just
to those trajectories that follow the SIP during ENSO but not
during NULL. The rest of the SIP contribution to the ENSO
anomaly is again from the zonal and vertical shift in the
pathway origin. The two interior pathways are generally
shallower than the WBP, so that parcels which follow the
WBP during NULL conditions, but follow the NIP or SIP
during ENSO, are anomalously shallow in origin, and
therefore anomalously warm, during ENSO events. The
remainder of the anomaly is due to trajectories following
the WBP, which is also anomalously shallow during ENSO.
[30] The horizontal character of these three pathways is

consistent with the flow pattern along isopycnal surfaces
between �50 and 100 m of depth in the NCEP reanalysis
data [see Zhang and Rothstein, 2000, Figure 3]. The NIP
consists of parcels originating between �5�N and 8�N and
between 160�W and 120�W, and heading southeastward in
the North Equatorial Countercurrent (NECC). These parcels
then switch to the South Equatorial Current (SEC) to travel
southwestward from �5�N to �2�N, and finally turn
eastward along the equator in the Equatorial Undercurrent

(EUC). The SIP consists of parcels traveling northwest from
between 5�S and 10�S (at �145�–135�W for ENSO, or
�125�W for the NULL case) in the SEC, and then turning
eastward along the equator in the EUC. Like the northern
pathway, this pathway is shallower and further west under
ENSO conditions than under NULL conditions, so that the
water that reaches the anomaly region is warmer than it
would otherwise be. The ENSO increase in activity for this
pathway is much more striking than the increase in the
northern pathway. The WBP simply consists of parcels
traveling all the way from the western boundary region in
the EUC, upwelling along the path. This pathway is active
in both ENSO and NULL conditions. The depth ranges it
affects, however, are changed during ENSO as the two
interior pathways take over more of the picture. Finally,
there are also some effects of the surface heat flux, mainly
due to the pathway differences. These contribute only on the
northern and southern edges of the anomaly where the
magnitude of the anomaly is reduced by 40–50%. Thus
the surface heating appears to be relatively unimportant.

3.2. Off-Equatorial Warming in the Eastern Pacific

[31] Once the warm anomaly has reached its peak
strength in the eastern equatorial Pacific (by month 37),
the warming begins to spread north and south along the
coast of the Americas. By month 39, two off-equatorial
anomalies have formed off the coast, distinct from the
equatorial warming, at 10�–15� north and south, as shown
in Figure 7. The northern anomaly is stronger than the
southern one, and further west. We have chosen to examine
trajectories into a set of points surrounding the maximum of
each of these anomalies. The average vertical profile of
(TE � TN) of each is also shown in Figure 7. These
anomalies have two distinct depth of interest. The first is a

Figure 5. A few of the trajectories for the eastern
equatorial warm anomaly at the peak of the ENSO event.
(left) Point 119�W, 0�; (right) point 115�W, 0.4�S. The
dashed lines are the NULL median trajectories, and the solid
lines are the ENSO median trajectories. Trajectories shown
are the median positions of all trajectories in the specified
depth range (one for every 10 m). The depth ranges are
indicated in each panel. The inset bar graph on each panel
indicates the relative importance of each of the six
diagnostic terms, from left to right. For example, in the
top left panel, the fourth term, which is the vertical gradient
of the temperature, dominates.

Figure 6. Schematics showing the position and impor-
tance of the three major pathways during (top) NULL and
(bottom) ENSO conditions. Each is in map view. The
depths of origin for each pathway are indicated. In the
ENSO subplot the source regions for the NULL case are
shown in thinner lines for comparison.
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