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During strong El Niño winters, sea levels along
the West Coast of Canada typically rise about 10 to
20 cm above seasonal heights and remain above
normal for several months. During the 1997/98 El
Niño, sea levels rose 10 cm in May 1997, 20 cm in
the autumn, and 30 cm in January and February
1998, all along the Pacific Coast of Canada.
Monthly average sea levels at Tofino, British Co-
lumbia (49° 09′N, 125° 55′W), during the 1997/98
El Niño (Figure 1) were as high as observed during
the 1982/83 El Niño, and were far above seasonal
values.  Only the January 1914 monthly mean
reached a height along Canadian shores comparable
to the four months of January and February 1983
and 1998. Pressure-adjusted sea levels are not
shown here, but were about 10 to 20 cm or so above
seasonal values in winter.

Figure 1.  Monthly average sea level at Tofino,
British Columbia (49° 09'N, 125° 55'W) for sixteen-
month periods in 1982–83, 1997–98, and for the
average seasonal cycle between 1975 and 1995.

The offshore extent of the rise in adjusted sea
level is evident in TOPEX/Poseidon satellite al-
timetry data. This satellite measures sea surface ele-
vation relative to the ellipsoid, and adjusted (atmos-
pheric pressure compensated) sea levels are
computed using air pressure data from global
weather analysis models.  We obtained 2-day delay
data (TOPEX only) from the National Oceano-
graphic Data Center for Satellite Altimetry.  After
applying our own tidal corrections, we found that
adjusted sea levels on the continental shelf were
about 10 cm above normal at mid-continental shelf
during January and February 1998, and maintained
high levels well beyond the outer edge of the conti-
nental shelf.  The rise was especially high off the
west coast of the Queen Charlotte Islands.

Off the west coast of North America, an upward
slope of the sea surface toward shore implies north-
ward transport, and usually northward transport of
heat.  TOPEX/Poseidon (T/P) measurements pro-
vide anomalies in sea surface elevations due to
barotropic and baroclinic currents in the water col-
umn.  Water property measurements along Line-P
(Figure 2) provide measurements of dynamic
heights due to baroclinic currents. Comparisons of
these two types of measurement provide insight into
the relative contributions of baroclinic and baro-
tropic motion. The Line-P stations 3, 9 and 13 are
45, 22 and 11 km respectively from T/P crossover
points (Figure 2).  A crossover point denotes the
geographical spot where the northwestward track of
the T/P satellite crosses the southeastward track of
this satellite. At these locations we have twice as
many data points. In addition, the sampling time
interval allows more accurate computation of tidal



heights, which must be removed from the record
prior to their use in non-tidal current studies.

Figure 3 presents T/P sea levels at three cross-
over points compared to dynamic heights at the
nearest Line-P station. The T/P data were provided
to us by NASA Ocean Altimeter Pathfinder Project.
Between September 1992 and the end of this record
in 1997 there were 194 cycles of T/P data, each pro-
viding 2 observations at each of these three cross-
over points. We removed the tidal signals using our
own tidal analysis on these data, and also removed a
local 5.3-year mean at each crossover point. Finally,
we adjusted each of the three lines along the vertical
axis to remove a difference in the means in these
three comparisons with dynamic heights. Therefore
it is the variability about these means that provides
useful information.

The large triangles in this figure denote the indi-
vidual dynamic heights of the sea surface relative to
1000-m depth as measured during vessel transects
along Line-P at stations 3, 9 and 13. Water proper-
ties at station 4 below 730 m were transferred to
station 3 where the bottom depth is only 730 m. The
other two stations are in water deeper than 1000 m.

Line-P station 3 lies on the near-shore side of the
continental shelf. It is 45 km away from the nearest
satellite crossover point station, which is beyond the
outer edge of the continental shelf.  We believe this

separation accounts for the generally higher winter
sea levels observed in T/P data compared to the dy-
namic heights, since winter sea level elevations are
typically higher near shore than along the outer
shelf. Although T/P data extend only to the last few
days of 1997, they clearly show the sea level rise
during the 1997/98 El Niño, in autumn and early
winter.

The line-P stations plotted in the bottom two
graphs in Figure 3 lie closer to cross-over points and
therefore the dynamic height variability follows the
T/P sea levels more closely.  At station 13 where the
separation is only 11 km, the rms difference be-
tween T/P sea levels and dynamic heights is only
3.0 cm.

Of interest here is the phase reversal in seasonal
cycles between stations 3 and 9 in Figure 3.  Ekman
divergence associated with the build-up of the
Aleutian low pressure system in winter generally
lowers sea levels in mid Gulf of Alaska, as observed
at T/P crossover points at 49.014°N, 128.978°W,
and 49.014°N, 131.811°W.  However, the near-
shore winds in this low pressure system blow in a
direction that pushes currents to the north and raises
sea level on the continental shelf in winter, as ob-
served at the T/P crossover point at 49.014°N,
126.142°W.

Figure 2.  Tracks of TOPEX/Poseidon satellite (dotted lines) and Line-P water sampling stations.  Both old
and new Line-P station numbers are presented. The new station numbers (1 to 26) are used in this paper.



Figure 3.  Time series of T/P sea level (dotted line) at track crossovers near Line P stations 3, 9, and 13 (see
Figure 1) during September 1992–December 1997. Dotted lines joint every available point; small triangles
are averages over ascending-descending pairs; thick solid lines are 5-point running medians. Triangles
show Line-P dynamic topography (steric height) values relative to 1000 m.

We have examined records of dynamic topogra-
phy from 35 winter cruises along Line-P between
1969 and 1998.  In February 1998, at Line-P station
4 in 1300 m of water, the surface dynamic height
relative to 1000 m was 10 cm higher than observed
during any of the other 34 cruises. Second and third
highest levels were found in the winters of 1992 and
1987 respectively.  These three highest values were
observed during recent El Niño winters, and we ex-
pect that northward transport of heat during the past
decade may have been significantly above normal
due to these El Niño-related events.

We have applied our own tidal corrections to T/P
data because the normal T/P data products use tidal
constituents provided by global tidal models.  Typi-

cally, these models are inaccurate over continental
shelves.  In deeper waters the global tidal models
provide reasonable de-tiding of records for exami-
nation of large-amplitude features. One such feature
observed is an eddy that began off the west coast of
the Queen Charlotte Islands in February 1998. An
image of this eddy, as observed by TOPEX and
ERS-2 imagery, is provided in Figure 4.

This eddy is the largest of several that began in
the past El Niño winter.  A recent modelling study
suggests these eddies are more frequent during El
Niño winters when northward transport along the
Canadian and Alaskan coast is stronger (Melsom,
Meyers, Hurlburt, Metzger and O'Brien personal
communication, 1998). An Electronic version of



this manuscript can be found at web site
http://www.coaps.fsu.edu/~stricher/EI_revision/.)
The T/P and ERS-2 record shows such eddies to be
spawned off this coast almost every winter.

After generation in February 1998 off the Queen
Charlotte Islands, the eddy moved westward until
mid April. Whereas most such eddies in other years
track westward, this one moved southward between
April 1998 and press time in December 1998. Based
on studies of other eddies, it is expected to survive
for at least a year and possibly as long as three
years.

A Line-P cruise through this eddy in September
1998 showed it to be more than 1000 m deep, with
water characteristics typical of the West Coast of the
Queen Charlotte Islands in winter.  It might be a
major source of nutrients for waters above and in
the upper thermocline.
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Figure 4.  Spatial variability of sea levels as meas-
ured by TOPEX and ERS-2 satellites for the time
period near December 4, 1998.  Processing has
enhanced the mesoscale variability. This image is
available at the web site http://www-
ccar.colorado.edu/~realtime/global-real-time_ssh/
provided by the Colorado Center for Astrodynamics
Research at the University of Colorado, Boulder.


