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ABSTRACT

Individual seasonal mean maps of temperature at 300 m in the North Pacific Current east of 180° from
1976 to 1980 were constructed from TRANSPAC XBT data. The long-term annual mean map is relatively
smooth, with some weak quasi-stationary meander activity. Most of the total variance was due to large-
scale interannual variability (i.e., ~60%), less to the mesoscale perturbations (i.e., ~30%), and least to the
annual cycle (i.e., ~10%). However, individual mesoscale perturbations were significant, clearly wave-like
with a wavelength scale of 500-1000 km and a period scale of 1-2 years, and generally coherent in phase
over 10° of latitude. These wave-like mesoscale perturbations emanated from the eastern boundary and
propagated westward as coherent features at the phase speed of linear, non-dispersive, baroclinic long-waves.
The latitudinal reduction in phase speed from 2.7 cm s™' at 35°N to 1.4 cm s™! at 45°N was consistent with
baroclinic long-wave theory. An increase in time scale of these wave-like perturbations with latitude was

consistent with the “critical latitude™ concept.

1. Introduction

Bernstein and White (1977) conducted a study of
mesoscale variance in the main thermocline of the
midlatitude North Pacific, finding the western region
populated by “large” mesoscale perturbations and
the eastern region populated by ‘“‘small” ones, with
variance much less by an order of magnitude. In a
more recent study, Bernstein and White (1981), us-
ing TRANSPAC XBT (expendable bathythermo-
graph) data collected routinely over the western
midlatitude North Pacific each month, investigated
the stationary and transient mesoscale perturbations
in the Kuroshio extension. In the present study, me-
soscale perturbations in the eastern region (Fig. 1)
are investigated. From the map of surface dynamic
height in Fig. 1, this latter region (enclosed in heavy
lines) is historically the location of the broad sluggish
flow of the North Pacific Current.

This study is made possible by routine collection
of XBT observations by the TRANSPAC volunteer

observing ships (VOS) program. Examples of the

monthly data distribution from this program are
shown in Fig. 2. Originally, the TRANSPAC VOS
XBT program (White and Bernstein, 1979) was not
designed to detect mesoscale perturbations in the
thermal field of the eastern region, only large-scale,
climate-related, temperature residuals. In fact, in
earlier studies (e.g., White et al., 1980) the meso-
scale perturbations were treated as sub-grid ambient
noise contaminating the measure of the large-scale
features. However, as analyses progressed, it became
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clear that mesoscale features were more persistent
than had been previously supposed.

Bernstein and White (1974) conducted a study of
mesoscale perturbations using a wide variety of his-
torical data sources. In the eastern North Pacific
between 20 and 30°N, they found mesoscale per-
turbations with a correlation space scale of 100-200
km, associated with a correlation time scale of 3-4
months. Dorman and Saur (1978) extended this type
of analysis farther north, from 20 to 40°N, using
XBT data collected monthly between San Francisco
and Honolulu. They reported similar correlation
scales (i.e., 200 km space scale, 3-month time scale).
Bernstein and White (1977) computed mesoscale
wavenumber spectra in the eastern region from early
TRANSPAC XBT data, finding the mean spectrum
to have peaked near wavelengths of 800 km (i.e.,
corresponding to a correlation length scale again of
200 km).

More information concerning time and space
scales of mesoscale perturbations in the eastern re-
gion comes from inspection of trajectories of satel-
lite-tracked drifting buoys (McNally, 1981). Num-
bers of drifting buoys, drogued at 30 m depth and
deployed in the eastern mid-latitude North Pacific
during the summers of both 1976 and 1977, became
trapped in 100 km eddy-like features, circulating
around and around in nearly the same location for
up to three months. Other drifting buoys, streaming
to the east, traced out mesoscale perturbations of up
to 1000 km in wavelength, again nearly frozen in
space for up to three months.
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F1G. 1. Dynamic topography of the sea surface (0/1000 db) produced by Wyrtki (1975) for the mid-latitude North Pacific, with
the region of interest outlined.
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FI1G. 2. Distribution of XBT observations for two months, April and May 1977, taken by the TRANSPAC volunteer observing
ships (VOS) XBT program. .
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Based upon these foregoing studies, mesoscale per-
turbations in the eastern midlatitude North Pacific
can be considered to have a typical wavelength scale
of from 500-1000 km and a typical time-period scale
of one year or more. In order to resolve these per-
turbations in the main thermocline, individual sea-
sonal mean maps of temperature at 300 m depth over
the entire eastern midlatitude region (Fig. 1) have
been constructed for four years beginning in summer
of 1976. While this time resolution was marginally
adequate to resolve mesoscale perturbations of one
year period, it was more than adequate to resolve
those of two-year period. In partial compensation for
the lack of temporal resolution, the increased spatial
data density in these seasonal maps (i.e., combining
three months of XBT data of the kind of distribution
shown in Fig. 2) allowed for 1° latitude X 1° lon-
gitude resolution over much of the map even after
smoothing. This was more than adequate to observe
500 km wavelength perturbations.
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‘2. Initial mapping results

Seasonal maps of temperature at 300 m were con-
structed over the eastern region using linear trend
analysis (i.e., Surface II) developed at the University
of Kansas (Sampson, 1973). Individual temperature
observations were interpolated to a 0.5° latitude
X 0.5° longitude grid, first by fitting a trend surface
to the nearest eight surrounding observations, and
then selecting the value at the grid point from this
surface. This interpolation procedure smioothed the
data field, but this effect was limited by employing
a maximum search radius for observations of 3° lat-
itude/longitude. Further smoothing was employed
prior to contouring, removing 2-grid noise. Hence,
resolution of each map was 1° latitude X 1° longitude
but the ability to detect perturbations of this scale
depends primarily upon the local data density. There-
fore, the locations of XBT observations are included
on each map. Contouring of the gridded field was
done objectively by Surface I1.
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F1G. 3. Individual seasonal mean maps of temperature at 300 m over the region of interest, from (a) summer 1976 to spring 1978
and (b) summer 1978 to spring 1980. The small dots represent locations of individual XBT observations.
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This interpolation scheme did not provide an es-
timate of interpolation error. However, a conserva-
tive estimate can be made from statistics compiled
during earlier studies of the TRANSPAC-XBT data
set. White and Bernstein (1979) reported that a con-
servative estimate of the instrumental error in the
XBT observation itself (including thermistor error
and drop-rate error) was no larger than 0.1°C. Bern-
stein and White (1977) found that scales of motion
of <100 km, acting here in the same way as instru-
mental error, had a standard deviation no more than
+0.15°C. Therefore, the standard deviation of the
total noise (sub-grid noise plus instrumental noise)
in the present study can be considered to have been
no more than +0.18°C. With smoothing, both during
the interpolation procedure and afterwards, the error
in the interpolated value can conservatively be put
at +£0.06°C. As will be shown, this measure of error
is smaller than the contour interval needed to resolve
the mesoscale perturbations.
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Resulting seasonal maps are displayed in Figs. 3a
and b, extending from the summer of 1976 to the
spring of 1980. The contour interval was 0.5°C,
much larger than the estimated interpolation error.
On each map, locations of the individual XBT ob-
servations were displayed with small dots. Overall
data density increased each year of the TRANSPAC
VOS program, beginning in the summer of 1976 with
a total of 444 observations for the eastern region and
ending in the spring of 1980 with 956 observations.
There was some spatial bias in the data distributions,
with summer data concentrated more along the great
circle route between North America and Japan and
with winter data concentrated more along the thumb
line. In these areas, resolution is truly 1° latitude/
longitude; away from these regions it may be more,
depending upon the local data density.

In the interior portion of the mapped region can
be seen ubiquitous wave-like mesoscale perturba-
tions, with typical wavelength of 5-10° of longitude
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F1G. 4. Annual long-term mean and total standard deviation of temperature at 300 m from
summer 1976 to spring 1980.

and meridional isotherm displacement of 1-2° of lat-
" itude. Meridional coherence of these wave-like per-
turbations was surprisingly large, in some cases ex-
ceeding 10° of latitude. This is indicative of the
presence of long-crested wave activity, discussed in
more detail later.

The scale of mesoscale perturbations in each map
was relatively independent of data density. For ex-
ample, those in autumn (September, October, No-
vember) of 1976, each resolved with over 25 data
points, had roughly the same scale as those in winter
(December, January, February) of 1976-77, each
resolved with only five data points.

In addition to wave-like mesoscale perturbations,
there appeared in these maps closed eddies or rings,
most of which seem to exist south of 40°N. In the
western part of the region, between the Kuroshio
Extension Current at 36°N and the Subarctic Front
at 40°N, was a region heavily populated by both
cyclonic and anticyclonic rings. Further upstream
near Japan, Kawai (1979) has documented the ac-
tual evolution of these rings, but their presence this
far to the east had not been observed previously.
Quite a lot of ring activity was found in the vicinity
of the eastern boundary, particularly in the latter 1.5
years (i.e., 1979-1980) when data density there in-
creased. Coastal processes have for some time been
known to accelerate this kind of activity (e.g., Bern-
stein et al., 1977; Stumpf and Legeckis, 1977; Will-
mott and Mysak, 1980).

Resolution of rings seen in these maps was not as
good as wave-like mesoscale perturbations, since the

former were so much smaller (i.e., 50 km correlation
scale) than the latter (i.e., 200 km scale). Moreover,
some rings may have been artificial, associated with

large, undetectable, temperature errors in raw XBT

data. As such, this study will exclude discussion of
rings, concentrating attention on the larger wave-like
mesoscale perturbations.

3. Annual mean and standard deviation

From temperature information contained in Fig.
3, the annual long-term mean and total standard
deviation for the four years was calculated and
mapped in Fig. 4. Resolution in these maps is 1°
latitude X 1° longitude, with an accuracy in the mean
(i.e., standard error) that can be estimated by divid-
ing the total standard deviation by 4.

The annual mean map of temperature at 300 m
has the same general pattern as the annual mean
dynamic height map of Wyrtki (1975) shown in Fig.
1, but does of course show more detail. In the western
portion of the region, the Subarctic Front at 40°N
extended eastward in a gentle arc that took it to
42°N at 155°W, thereafter losing its. character as
a coherent frontal feature. Another strong frontal
feature in the western portion of the region near
36°N was a manifestation of the Kuroshio Extension
Current (Bernstein and White, 1981). This current
extended eastward to near 170°W, thereafter losing
its intense character as a coherent eastward shear
flow. Within this short segment of intense eastward
shear flow were a number of quasi-stationary mean-
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STANDARD DEVIATION OF
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F1G. 5. Standard deviation of temperature at 300 m for the annual cycle, for the large-scale
climate-related residuals, and for the mesoscale residuals. See text for further explanation.

ders that displayed meridional coherence of up to 5°
of latitude.

The spatial pattern of the total standard deviation
is remarkably similar to that of baroclinic potential
energy (0/500 db) produced by White (1977a) from
his analysis of the historical hydrographic data base.
The magnitude was large in the west, where intense
eastward shear flows of the Subarctic Front and the
Kuroshio Extension Current were found; they were
weak in the central portion of the region north of
35°N; and they were large again in the eastern
boundary region. Within this general context, the
detail is patchy and, aside from the obvious rela-
tionship with the mean shear flow in the western
portion of the region, is not easy to interpret.’

In subsequent analysis, concentration is upon me-
soscale wave-like perturbations observed in Fig. 3.
Therefore, both the annual cycle and the large-scale,
climate-related, variability must be separated from
the mesoscale variability. Description of this proce-
dure will be given in the next section. In this section,

however, the standard deviation associated with these
three different kinds of variability are mapped in Fig.
5. This allows for a comparison of the relative im-
portance of each to the overall variance.

The large-scale standard deviation was in general
2-3 times the mesoscale standard deviation, the lat-
ter 1-2 times the standard deviation of the annual
cycle. Amplitude of the annual cycle was probably
underestimated, since it was based only on seasonal
mean values, but its magnitude and what little spatial
pattern existed is consistent with a similar map pro-
duced by White (1978) in an analysis of historical
XBT data collected in this region from 1968-74.
Because large-scale variance so dominated the oth-
ers, its spatial pattern of standard deviation was
very similar to that of the total, discussed earlier in
Fig. 4.

The spatial pattern of the mesoscale standard de-
viation was in general quite homogeneous, except in
the high shear flow region of both the Kuroshio Ex-
tension Current at 36°N and the Subarctic Front at
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40°N. East of this there was some weak tendency
for mesoscale standard deviation to have been largest
at the eastern boundary, diminishing to the west.
This westward attenuation extended farther to the
west with decreasing latitude.

4. Maps of mesoscale residual temperature

Initial seasonal maps of 300 m temperature in Fig.
3 have been highpass filtered to produce mesoscale
maps, shown in Fig. 6a and b. The procedure for
producing these maps is simple but effective. First,
1° latitude X 1° longitude interpolated data used to
construct the maps in Fig. 3 were transformed into
residuals by subtracting the annual cycle. Standard
deviation of this annual cycle was mapped in Fig. 5.
Next, these residual values were operated upon with
a 2° latitude X 5° longitude running mean, producing
“large-scale” residual maps on a 1° latitude X 1°
longitude grid. This 2° X 5° running mean is similar
to that used by White and Bernstein (1979) in their
resolution of large-scale, climate-related, tempera-
ture residuals. It was chosen on the basis of anisot-
ropy in the large-scale temperature residual field,
which finds the zonal scale ~2 times larger than the
meridional scale. Standard deviation of this large-
scale residual variability over the entire four year
period was mapped in Fig. 5. Finally, large-scale re-
sidual values were subtracted from the original set
of residuals, producing a set of “mesoscale” residual
maps. These mesoscale maps are thereby constrained
to smaller wavelength scales in the north-south di-
rection (i.e., <4° latitude) than in the east-west di-
rection (i.e., <10° latitude). This is expected to en-
hance the detection of baroclinic long waves in the
midlatitude North Pacific (Kang and Magaard,
1980). These maps were contoured objectively by
Surface I1, with a 0.1°C contour interval. Standard
deviation of this mesoscale residual variability over
the entire four-year period was mapped in Fig, 5.

With the mean annual cycle, and large-scale re-
sidual variability removed, resultant individual sea-
sonal mesoscale maps in Fig. 6 clearly display the
long-crested wave-like nature of the mesoscale per-
turbations. In the region east of 155°W, wave crests
generally aligned themselves in the northeast—south-
west direction (e.g., Dec-Jan-Feb 1977-78; March-
April-May 1978). Fewer examples can be found
showing crests aligned meridionally (e.g., March-
April-May 1977) or in the northwest-southeast di-
rection (e.g., Sep-Oct-Nov 1976). In the region
west of 155°W, relatively persistent direction of
alignment was absent, with as many examples of
northeast-southwest alignments as the opposite.
Still, quasi-meridional character continued to persist.
In the vicinity of the Kuroshio Extension Current
and the Subarctic Front west of 170°W, much more
in the way of isolated ring activity is to be noted.
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5. Westward propagation of mesoscale perturbations

Wave-like mesoscale perturbations seen in Fig. 6
had a persistence from map to map that was difficult
to see in that type of display. However, this persis-
tence can be convincingly demonstrated when data
from these maps are used to construct time-longitude
matrices. In Fig. 7 three such matrices are shown,
each extending along constant latitude (i.e., 35, 40,
45°N) from 120 to 180°W and extending in time
from summer 1976 to spring 1980.

At each latitude in Fig. 7, season-to-season per-
sistence was clearly evident, with positive and neg-
ative mesoscale residuals propagating westward as
coherent features throughout the entire four years
of record. At 40 and 45°N, where data coverage
extended to the coast of North America, mesoscale
perturbations originated at the coast. Based upon
this, those residuals farther away from the coast may
have originated at the coast before the beginning of
this record.

Quantitative estimates of the speed of this west-
ward propagation can be made by constructing a
correlation matrix from each of the time-distance
matrices in Fig. 7. These correlation matrices, shown
in Fig. 8, also yield information on correlation zonal
space and time scales of variability.

The most basic result of this correlation analysis
was the speed of westward propagation, increasing
from a value of 1.4 cm 57! at 45°N t0 2.7 cm 57! at
35°N. Moreover, the time scale of variability de-
creased from 45 to 35°N. At 45°N it was 6 months
(i.e., 2-year period scale) while at 35°N it was 3
months (i.e., 1-year period scale). These latter waves
are the random phase, annual, baroclinic Rossby
waves discussed by Kang and Magaard (1980).

The magnitude of westward phase speed and its
decrease with latitude was consistent with baroclinic
long-wave theory (White, 1977b). The equation for
these waves, expressing a balance between planetary
vorticity and divergence of the water column, is writ-
ten as

Iz
g 'H 0

- Vi+ 8V, =0, (5.1)

where V is the meridional velocity of the upper layer
of a two-layer system (with lower layer considered
at rest); § is the meridional derivative of the Coriolis
parameter f; g’ is reduced gravity of the upper layer;
and H, is mean thickness of the upper layer.

The phase speed for natural waves of this system
can be written

_ —Bg'Hy

f2
Using the same values of parameters in (5.2) as those
used by White and Saur (1981) in their study of

C, (5.2)



240 JOURNAL OF PHYSICAL OCEANOGRAPHY VOLUME 12

annual baroclinic long waves (ie., 8 = 2 X 10713
cm™' 57!, g’ = 3 cm s7%, Hy = 250 m), the phase
speed C, in (5.2) is calculated as a function of lat-
itude and displayed in Fig. 9, together with observed
values taken from the correlograms shown in Fig. 8.

Basic agreement between theory and the observed
westward propagation of mesoscale perturbations is
easily seen.

This discovery of wave-like mesoscale perturba-
tions, traveling westward with period scales from 1-

TIME VERSUS LONGITUDE FOR MESO SCALE
RESIDUAL TEMPERATURE AT 300 M

45°N

COAST OF CALIFORNIA —

=5 HES VA SRS (VN GO SN SO SN GHN T SN S SN

120°

COAST OF CALIFORNIA
T N T S S S S U R M S R S

180° 70°W 160°

180° I70°W 160°

150° 140° 130° 20°

F1G6. 7. Time-~longitude plot of mesoscale residual temperature at 300 m at 45, 40, and 35°N,
Data are the same as used in the construction of Figs. 6a and b.
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2 years at speeds that conform to baroclinic long
wave theory is not new. Kang and Magaard (1980)
had already demonstrated the existence of these
wave-like features by fitting (with least squares es-
timation procedures) a Rossby-wave model spectrum
to sample spectra computed from these same
TRANSPAC-XBT data. However, their methodol-
ogy did not produce an actual mapping of these wave-
like perturbations, as is shown in Figs. 5 and 6, nor
did it allow the individual mesoscale perturbations
to be traced westward as coherent features from their
source either at or near the eastern boundary. On
the other hand, their work, by virtue of its spectral
context, has the benefit of statistical rigor that is
lacking in this study.

6. Increase in time scale with latitude

Comparison in Fig. 9 shows good agreement be-
tween theory and observation. The decrease in phase
speed with latitude explains the tendency of wave-
like mesoscale perturbations in Fig. 6 to have been
aligned in the northeast-southwest direction, the re-
sult of refraction effects discussed already by White
(1977b). At each latitude, the zonal length scale was
approximately the same (i.e., ~600 km), but the
time scale increased with latitude, accounting for the
decrease in phase speed. The simple model by White
(1977b) does not explain the increase in time scale
with latitude. This is because model Eq. (5.1) is a
simplification of a more general model that takes into
account the concept of critical latitude. The critical

TIME /LONGITUDE CORRELATION MATRIX
FOR MESO-SCALE RESIDUAL TEMPERATURE AT 300m
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FiG. 8. Time-longitude correlation matrix for mesoscale residual
temperature at 300 m for 45, 40 and 35°N. White area indicates
positive correlation and black area negative correlation.
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WESTWARD PROPAGATION
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F1G. 9. Plot of zonal phase speed as a function of latitude, from
observed data and from a two-layer baroclinic long-wave model.

latitude restricts waves of shorter period from prop-
agating westward away from the eastern boundary
at higher latitude.

The model Eq. (5.1) is adequate at latitudes where
the zonal scale of motion L is much larger than the
Rossby radius of deformation [i.e., L > (g'Ho/f*)'/?}.
At mid-latitude, L may be on the same order of the
Rossby radius of deformation; therefore, the follow-
ing model equation applies:

2

Veu ——{-(— V,+ 8V, = 0.
0

oA, (6.1)

"This equation differs from (5.1) by inclusion of the

relative vorticity term (¥,,,) which makes natural
waves of the system take on dispersive character.

The dispersion relation for the model expressed in
(6.1) can be written in the form

1/2
k=—§w{1¢<‘1—%g{[;0> J (6.2)

where « is the frequency of the wave. When the
radicand in (6.2) is zero, a critical latitude (6,,) can
be defined through f, beyond which zonally propa-
gating waves of a certain frequency are trapped near

_the eastern boundary (i.e., the wave amplitude de-

creases exponentially to the west). The critical lati-
tude has the following analytical expression

(6.3)

b= S

2Rw

where R is the radius of the earth. Note that for
longer periods (27 /w), the critical latitude is greater.

The question now is two-fold. First, can the critical
latitude concept explain why there was a restriction
on shorter time-scale variability at higher latitudes?
Second, if so, can the mesoscale perturbations that
did exist at a particular latitude be shown to have
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LOCATION OF CRITICAL LATITUDE
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FiG. 10. Plot of critical latitude and latitude separating the
dispersive wave region (B) from the non-dispersive wave region
(A). See text for further explanation.
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obeyed the dispersion relation (5.2) as an approxi-
mation to (6.2)? :

For conceptual reasons, three separate latitude
regions need definition. Poleward of the critical lat-
itude, baroclinic waves of a particular period are
trapped locally. Hence, in this region no traveling
perturbations emanate from or near the eastern
boundary. Equatorward, but near the critical lati-
tude, waves with the same period have a dispersive
phase speed that can be determined from (6.2).
Hence, in this region traveling perturbations can em-
anate from the eastern boundary but they disperse
as they travel westward. Equatorward of this latter
region, waves with the same period have a non-dis-
persive phase speed determined from (5.2). In this
region, westward-traveling perturbations would not
disperse and would be expected to be seen as coherent
features at locations far from the eastern boundary.

The critical latitude 6., is plotted against period
in Fig. 10, using the same values of g’ and H, as in
the construction of Fig. 9. From this plot, the critical
latitude is 45°N for a period of one year, 63°N for
a period of two years, and 71°N for a period of three
years. Since 60°N is the northern limit of the North
Pacific Ocean, all perturbations exceeding a two-year
period scale are theoretically not locally trapped any-
where along the eastern boundary.

Since the critical latitude for baroclinic pertur-
bations of a one-year period scale or more is 45°N
(i.e., the northern limit of the present study), it re-
mains to determine at what latitude those pertur-
bations can be considered composed of non-dispersive
waves. This is estimated by determining at what lat-
itude a wave of period T propagates a zonal distance
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L that is V10(2x) times the Rossby radius of defor-
mation. When L is this large, the magnitude of the
term V., in (6.1) is an order of magnitude smaller
than the term (g’Hy/f*)V,, and so to a good approx-
imation (6.1) reduces to (5.1).

The plot of this curve is also shown in Fig. 10,
separating region A, where non-dispersive waves can
occur, from region B where they cannot and where
allowable waves take on a dispersive character. For
a period scale of one year, baroclinic perturbations
can be non-dispersive south of 33°N. For a period
scale of two years, this latitude is 52°N and for waves
of a three-year period, all baroclinic perturbations
in the North Pacific basin can be non-dispersive.
Dispersive character can set in for perturbations with
sufficiently short meridional scales.

~ Of course, these results are subject to changes if
the value of the internal gravity wave speed [i.e.,
(g'H,)"/?] is taken differently. Moreover, it ignores
the spatial and temporal changes in this quantity
over the North Pacific basin. It also ignores merid-
ional changes in phase. For this reason, a more ac-
curate discussion of this subject requires usage of
more realistic numerical models. What can be shown
here is a certain measure of consistency between ob-
servations and theory.

In terms of the foregoing discussion, the fact that
wave-like mesoscale perturbations increased in time
scale with increasing latitude is understood to be
consistent with the more general baroclinic wave the-
ory. Recall that, in Fig. 8, the dominant period scale
at 35°N was one year, while at 45°N it was two
years. Moreover, these waves were non-dispersive
(i.e., in Fig. 7 individual perturbations were persis-
tent over the entire four years) appearing to have
emanated from the eastern boundary. The disap-
pearance of these nondispersive waves of one-year
period north of 40°N is consistent with the concept
of a poleward limit (i.e., critical latitude) to the non-
dispersive waves of the same period.

The theory predicts that waves of one-year period
in this region would be dispersive and so would be
poorly resolved by this data set. The fact that the
wave-like mesoscale perturbations had a zonal length
scale that was constant with latitude, results from
the application of the spatial filter to the original
mapped data, which fixed the dominant zonal spatial
scale in the mesoscale maps to between 500 and 1000
km at all latitudes. Of course, if no critical latitude
existed, and if waves were non-dispersive at all fre-
quencies at all latitudes, then the spatial filter would
be an effective time filter as well, in which case waves
of one-year period would be restricted south of
40° N.

7. Conclusion

Similarities and differences exist between the char-
acter of wave-like mesoscale perturbations in the
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western midlatitude North Pacific (Bernstein and
White, 1981) and those reported in this study.

In both regions, the standard deviation of wave-
like mesoscale perturbations had a magnitude that
was directly related to that in mean shear flow of the
Kuroshio Extension Current (i.e., west of 170°W).
However, east of 170°W this current diminished rad-
ically in strength and the mesoscale standard devia-
tions found in the North Pacific Current were nearly
uniform over the entire region, with some slight in-
crease approaching the eastern boundary. As such,
a tentative distinction can be made between those
wave-like mesoscale perturbations associated with
the Kuroshio Extension Current and those found in
the vicinity of the North Pacific Current east of
there.

Despite an apparent dynamical difference between
wave-like mesoscale perturbations in the eastern and
western mid-latitude North Pacific, their correlation
scales were on the same order (i.e., 125-250 km, 3-
6 months, respectively). Moreover, in both regions,
the wave-like mesoscale perturbations propagated
westward. However, a significant discrepancy existed
in the speed of propagation. In the western region,
Bernstein and White (1981) observed an average
speed at 37°N of —4 cm s™!, nearly twice the the-
oretical linear wave speed. In the present study, the
observed wave speed in the eastern region was found
to conform to the theoretical linear wave speed (i.e.,
—2 cm s~! at 37°N), even to the point of agreeing
with its latitudinal variation.

While it can be stated that the source of the me-
soscale wave-like perturbations in the Kuroshio Ex-
tension Current remains unknown, there is mounting
evidence that wave-like mesoscale perturbations in
the North Pacific Current were baroclinic long waves
generated at or near the eastern boundary. These
perturbations originated at the coast and traveled
westward as coherent non-dispersive features, in
agreement with theory. Moreover, the fact that these
perturbations decreased in time scale with latitude
is consistent with the critical latitude concept of the
theory. It remains now to seek the source mechanism
for the generation of these perturbations.
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