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ABSTRACT

Seven years of XBT observations collected between Honolulu and San Francisco reveal subsurface tem-
perature fluctuations with strong, in-phase vertical coherence and fair horizontal coherence over 1000 km
distances. Their annual and semi-annual harmonics exhibit randomness of phase, suggesting that the fluc-
tuations are modeled better as a stochastic process than as a deterministic signal.

Cross-spectral fitting of a stochastic, first baroclinic mode Rossby wave model to the fluctuations dem-
onstrates that Rossby waves could be producing 50-60% of the observed subsurface covariance at periods
exceeding nine months. Phase is seen to propagate northwestward and energy westward and southwestward.
The corresponding sea surface velocities and sea level fluctuations are of the order t cm s™' and 1.5 cm.
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1. Introduction

Studies of baroclinic Rossby waves based on ob-
servations have been possible only recently, through
the compilation of hydrographic data of sufficient
spatial and temporal coverage. Emery and Magaard
(1976) and Magaard and Price (1977) analyzed time
sequences of expendable bathythermograph (XBT)
observations between Hawaii and weather station
November (30°N, 140°W), Price and Magaard (1980)
analyzed time sequences of baroclinic potential en-
ergy in the central North Pacific, and Kang and Ma-
gaard (1980) availed themselves of the TRANSPAC
XBT data collected under the NORPAX project.

In this study, we employ the unusually good XBT
coverage along the great circle route between Hon-
olulu and San Francisco. This section contains the
area studied by Emery and Magaard (1976) and Ma-
gaard and Price (1977) and thereby constitutes an
extension of their work. In addition, the section tran-
sects the California current, and thus a knowledge of
the possible shear modes in the current is required.

The first baroclinic shear mode in the California
current has been numerically determined by Kang,
et al., (1982), using a potential density and mean geo-
strophic current climatology. We incorporate the
shear mode and its accompanying eigenvalues in a
simple stochastic wave model and least squares fit
model cross-spectra to cross-spectra of time sequences
of temperature in the California current.

In addition, we fit model cross-spectra to cross-
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spectra of time sequences of temperature in a region
where the mean background current will be neglected
(Oahu to station November, 30°N, 140°W).

The consistency of our model is preliminarily
checked against the dominant space- and time-scales
of the data.

After we had finished preparation of this manu-
script a new paper by White and Saur (1981) ap-
peared. That paper deals with an extended version
of the XBT data set used in this study. It uses a dif-
ferent approach and is restricted to fluctuations of
annual period, while our paper deals with the period
range from the cut-off period of first mode baroclinic
Rossby waves (6-9 months) to 42.5 months. A com-
parison between the papers is given in the Appendix.

2. The data and preliminary analysis

Expendable bathythermograph observations were
made from commercial ships sailing between Hon-
olulu and San Francisco in a program directed by the
National Marine Fisheries Service. The observations
made from June 1966 through December 1974 were
compiled into a long-term, seasonally varying, mean
temperature field (Saur et al., 1979). Dorman and
Saur (1978) calculated the temperature anomalies
about this mean field and mapped them onto a 92
km partition of the great circle section between Oahu
and the Farallon Islands, off San Francisco, at selected
depths and at 15-day intervals.

We combined the long-term mean field and the
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mapped anomalies to obtain temperature-time se-
quences at each grid point in the section. A small
number of temperature inversions below 90 m were
eliminated by linearly interpolating in the vertical
coordinate, and most of the first two years of data
were excluded since they lacked observations down
to 500 m. The resultant field was smoothed in time
with a running-mean averaging with weights (0.25,
0.50, 0.25) and re-digitized at 30-day intervals (for
computational economy).

As a preliminary survey of the field, each of the
15-day sections were contoured and photographed in
sequence on movie film to create an animation of
isotherm displacements. Viewing the film in slow
motion, one can see what appears to us as random
episodes of wave-like disturbances below 200 m.
These disturbances propagate over a distance of one
or two wavelengths (seen to be about 1000 km long),
rapidly attenuating to extinction, all within roughly
6~12 months. The direction of phase propagation is
seen to be usually southwestward, but northeastward
propagation is also seen. In addition, strong first mode
behavior in the vertical displacement of the isotherms
below 200 m is seen, wherein they move up and down
predominantly in phase with each other.

The movie seems to substantiate two assumptions
explicit in the wave model used in this and earlier
studies to model the subsurface temperature (density)
fluctuations: the randomness of phase and the pre-
dominance of a vertically standing first mode. A
quantitative demonstration of these features is now
presented.

To establish a measure of the randomness of phase,
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the following procedure was undertaken. The tem-
perature-time sequences at each grid point were par-
titioned into seven consecutive 12-month segments.
A 12-month sinusoid was then fitted by least-squares
to each segment, after subtracting the mean temper-
ature, with amplitude and phase as free parameters.
The standard deviation of the seven phases is taken
as the measure of the randomness of phase in the
annual signal at that grid point. Similarly, partition-
ing each temperature-time sequence into 14 consec-
utive 6-month segments and determining the stan-
dard deviation of the phases of the 6-month harmonic
yields a measure of randomness in the semi-annual
signal.

The 12- and 6-month harmonics were chosen be-
cause they are high energy components of the Fourier
decomposition of the temperature sequences. °

Most of the standard deviations of phase below 150
m in the 12-month case (Fig. 1) are of the order of
100°. [An equally distributed phase over the interval
(—180°, +180°) results in a standard deviation of
104°.] The phase appears to be random below the
mixed layer. In contrast, the surface layer exhibits
only small variance in phase, reflecting the persistence
of the strong seasonal heating and cooling at these
latitudes.

There appears to be no horizontal pattern to Fig.
1. Phase is as random near the continent as it is near
Hawaii.

In the 6-month case (Fig. 2), there appears to be
no pattern horizontally or vertically. The standard
deviation is roughly 100° everywhere, even in the
surface layer.
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FIG. 1. Standard deviation of phase of the annual harmonic of temperature fluctuations in
the Oahu-Farallon section, Contours are labeled in angular degrees.
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F1G. 2. As in Fig. | except for

To investigate the apparent vertical coherence seen
in the movie, various cross-spectra were computed.
At a location 2500 km from Oahu (roughly mid-sec-
tion) the cross-spectrum between temperature at 250
m and at 400 m (Fig. 3A) shows high coherence and
nearly zero phase at almost all frequencies. The cross-
spectrum between temperature at 250 and 500 m
(Fig. 3B) shows high coherence and nearly zero phase
at several frequencies. These spectra are typical of
several examined and demonstrate that the assump-
tion of the predominance of a vertically standing first
mode is reasonable. ,

Fairly high coherence is also seen horizontally over
1000 km distances. The cross-spectrum between
temperature at S00 m depth, 1200 km from Oahu
and temperature at the same depth, 2500 km from
Oahu (Fig. 3C) reveals significant coherence at several
frequencies (not including the annual). The cross—
spectrum between temperature at 500 m, 2500 km
from Oahu and temperature at 500 m, 3400 km from
Oahu (Fig. 3D) ailso shows significant coherence at
several frequencies (including the annuat).

Thus, a baroclinic Rossby wave model is consistent
with some of the more prominent space- and time-
scales manifest in the data.

3. The method of analysis

The authors apply an inverse method (a cross-spec-
tral fit) that is essentially the same as that used by
Kang and Magaard (1980), henceforth referred to as
KM. We attribute the subsurface (250-500 m) tem-
perature fluctuations to a superposition of uncorre-
lated, first baroclinic mode Rossby waves, derive a

the semiannual harmonic.

model cross-spectrum function with wavenumber
and energy as free parameters, and least squares fit
the function to cross-spectra of the temperature fluc-
tuations. The details of the method as well as the
nomenclature will not be repeated; only the differ-
ences from the KM study will be discussed here.

In this study, the data grid is horizontally co-linear,
and thus only a wavenumber component along the
section can be resolved. (The trans-section wavenum-
ber component is inferred from a dispersion relation.)
Thus, instead of the three free model parameters used
by KM, we have only two: a long section wavenumber
x and energy density e(w). .

The standing vertical mode structure 7,(x,z) is de-
termined for two current regimes: a region in the in-
terior of the subtropical gyre, wherein the mean cur-
rents are neglected, and the California current, which,
unlike the North Pacific drift studied by KM, is not
wholly zonal (or meridional). The first region, region
I, is that part of the section between Oahu and
weather station N (30°N, 140°W). The dynamic to-
pography (0/500 db) of this region, computed from
these temperature data, predominantly shows weak,
southerly flow (Price, 1981). The second region, re-
gion II, extends from the weather station to the con-
tinental shelf, transecting (among other things) the
comparatively strong California current. Fig. 4 in-
dicates the locations at which Viisila frequency rep-
resenting region I, and Vaiisdld frequency and geo-
strophic current representing region II were com-
puted from a long term climatological mean density
field derived from the National Oceanographic Data
Center’s hydrographic archive. The region II profiles
are shown in Fig. 5.
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FIG. 3A. Autospectra of, and coherence and phase between temperature at 250 m and 400 m at 2500 km from Oahu.
The more general case of mesoscale plane waves dp U vy,
in a current with a non-negligible meridional com- U+ 7V = o) z "oz T 3z)P = 0
ponent, and with continuous stratification was stud-
ied by Kang, et al. (1982). In this more general der- at z=0 andat z=-H, (3.2)
ivation, the amplitude of the wave-induced pressure where
fluctuations p is the solution of '
d (f dp (x, 7) wavenumber vector
U+ gV — w)[z- (—2 Z—) -2 ~:| + [Kﬁ (U, V) mean current velocity
zZ\N* dz « angular wave frequency
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F1G. 3B. Autospectra of, and coherence and phase between temperature at 250 m and 500 m at 2500 km from Oahu.
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F1G. 3C. Autospectra of, and coherence and phase between temperature horizontally separated by 1300 km, at 500 m depth,
in the central portion of the Oahu-Farallon section.

8 meridional gradient of f
H depth of the ocean bottom.

Numerical solutions were obtained for region I using
the representative N2-profile, assuming a flat bottom
and ignoring mean U and V, and for region II using
the representative N2-, U-, and V-profiles and assum-
ing a flat bottom. Three examples of first mode ei-
genfunctions in region II are shown in Fig. 6.

The eigenfunctions are seen to only weakly depend
upon wavelength in the range 500 to 5000 km, and,
as a simplifying assumption, this dependence is ig-
nored (as was done by KM).

Knowledge of f(z) yields the amplitudes of the as-
sociated wave induced velocity and temperature fluc-
tuations:

0) = =2 jz), (33)
Po
() = f’—“ A2, (3.4)
Po
~ _ 1 dp(z)
0T =~ <27, (3.5)

where p, is a reference density, « the thermal expan-
sion coefficient (=2 X 107* °C™"), g the gravitational
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FIG. 3D. Autospectra of, and coherence and phase between temperature horizontally separated by 900 km, at 500 m depth,
in the eastern portion of the Oahu-Farallon section.
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FIG. 4. Contoured dynamic height anomalies 0/1000 db (in dy-
namic meters) derived from a mean density field. The circled dot
denotes the location where region I pressure eigensolutions were
computed; the circled plus sign denotes the location where Region
11 pressure eigensolutions were computed.

acceleration, and the wavenumber dependence of
O, T, is eliminated along with that of §. The T-pro-
files representing regions I and II are shown in
Fig. 7.

The associated eigenvalues yield a set of (x, 7, )
triplets, the numerical dispersion relation of first
mode baroclinic Rossby waves. The w-contours
(slowness curves) of the dispersion relation applicable
to region II, the California current (Fig. 8), differ con-
siderably from those of region I with negligible mean
current (Fig. 9). The former is highly asymmetric and
exhibits areas wherein no solutions are found (the
upper, and lower-right portions of Fig. 8). In the Cal-
ifornia current a relative maximum in frequency of
2.55X 1077s7! (9.52 months) is found at (x, n)

6.0x1077
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=(-2.00 X 107%, —1.25 X 107%) m™', compared to
the high-frequency cut-off of 3.35 X 1077s™! (7.12
months) at (x, ) = (—2.80 X 1075, 0.00) m™" in the
case of negligible mean current. In addition, Kang,
et al. (1982) found solutions to (3.1) and (3.2) in the
eastern half-plane in a simple two-level model. A brief
(but expensive) search for numerical eastern half-
plane solutions proved futile, but was not at all ex-
haustive; there may well be solutions for positive val-
ues of «.

The cross-spectral fit is applied to small, non-over-
lapping segments of the section, positions over which
the assumptions of horizontal homogeneity and
unidirectionality of the wave field may be assumed.
Six horizontal (by four vertical) grid points are taken
at a time, thus partitioning the section into eight con-
tiguous segments (four per region).

4. Results of the analysis

For each “best-fit”” long section wavenumber « [one
that minimizes F in Equation (7) of KM), there may
be one or two first mode baroclinic Rossby wave
(FMBRW) wavenumber vectors whose orthogonal
projection onto the section is « or is within one stan-
dard error («) of k. Most of the best-fit wavenumbers
in the 9.4-42.5 month period range found in region
I could be such projections. Their corresponding
wavenumber vectors of both long and short wave-
lengths point northwestward. The group velocities
corresponding to the long wavelengths point west-
ward; those of the short wavelengths, southwestward.

The 14- and 28-month cases in region I are in fair
agreement with the findings of Emery and Magaard
(1976).

N2(Z) (572 12104 13 V(Z) (em/S) +0l -0l U(Z) (em/S) 19
T 50m [ 75m T '
715m fﬁ 690m
4t 1500m 1500m + - 1500m
‘]' 3000m 3000m + + 3000m

FiG. 5. Brunt-Viisald frequency squared N? and meridional and zonal current speeds V and U, derived from
the mean density field in the California current. (after Kang et al., 1982).
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F1G. 6. Sample of first mode eigensolutions of (3.1) and (3.2). Wavelength = 200
km (left); 1000 km (center); and 5000 km (right). Values of §(z) shown are arbitrary

amplitudes.

Few of the best-fit wavenumbers in the 8.5-month
and shorter period range in region I, however, could
be such projections. Apparently, either FMBRW en-
ergy in this band is too low to resolve (or is zero), or
the (neglected) currents in region I lengthen the cut-
off period. '

Using the numerically determined slowness curves,
we find most of the best-fit long section wavenumbers
in the 17.0-42.5 month band in region II could be
those of FMBRWs. Phase propagates northwestward
and energy propagates southwestward for both the
long and short wavelengths. At periods shorter than
17.0 months, however, none of the best-fit wavenum-
bers could be those of FMBRWs (to within one and
often two standard errors about «).

It should be noted that most of the best-fit wave-

0 T @ ]9 0 T2 0
! —
1 250m 4 250""\>
T 500 + 500
A B
5t 3000m T+ 3000m

FIG. 7. First baroclinic temperature shear mode representing
region I (A) and region II (B) in arbitrary, dimensionless units.

numbers in the 17.0-42.5 month band in region II
could also be the projections of wavenumber vectors
along slowness curves computed from the region II
mean density field and values of f and 8 but neglect-
ing the mean current shear. (Furthermore, a few of
the region II best-fit wavenumbers at shorter periods
could also be projections of such FMBRWSs.) The
explanation for this is that for longer period, long
wavelength waves with phase propagating in the di-
rection range southwestward to north-northwest-
ward, there is not too much difference between the
two dispersion relations. Coincidently, the longer pe-
riod best-fit waves fall into this category. The best-fit
wavenumbers were, however, generally closer to the
numerically determined slowness curves.
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FiG. 8. Numerical slowness curves of first mode baroclinic
Rossby waves in the California current (region II). Frequency con-
tours are labeled in units of 1077 s™'. (after Kang er al., 1982).
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The wavelengths and directions of phase propa-
gation of the inferred FMBR Ws are illustrated in Figs.
10a—-d for the longer wavelength waves at selected
periods. Wavelengths vy, phase speeds ¢, group speeds
¢z, and goodness-of-fit parameters F,,;,/F, (0% for a
perfect fit; 100% for no fit at all) for both the long
and short wavelength FMBRWs at the same periods
are listed in Tables 1a-d. Angles v and ¢ (Fig. 11)
indicate the directions of the wavenumber and group
velocity vectors respectively and one standard error
in each tabulated parameter is indicated by the prefix
8. A blank entry implies that no best-fit wave was
found.

50°
N wavelength scale
- 1000 ku

a0° |
30°

. | % HONOLULWY
20 ™ [»S

1 L 1 —1
160° 150° 140° i30° 120° W

FiG. 10A. Directions of phase propagation and wavelengths
(lengths of arrows) of the longer wavelength, 12.1-month period
FMBRWs.
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F1G. 10B. As in Fig. 10A except for 14.2-month period FMBRWs.
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FI1G. 10C. As in Fig. 10A except for 17.0-month period FMBRWs,

50°
N wavelength scale
b——- 1000 KM
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20°F ™
i ! '
160° 150° 140° 130° 1200w

FiG. 10D. As in Fig. 10A except for 28.3-month
period FMBRWs,
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7

FiG. 11. Orientation of the best-fit wavenumber vector « and
best-fit group velocity vector C,. Angles v and ¢ are measured
counterclockwise from geographic north. The circle is a region I
slowness curve with frequency w.
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Overall, we find that 50~60% of the spectrally de-
composed covariance of the temperature field in the
9.4- to 42.5-month period range can be explained by
FMBRWSs. Their apparent amplitudes are large
enough to produce sea level. fluctuations of 1.5 cm
and horizontal sea surface particle speeds of 1 cm s™°
(resulting in a 100 km horizontal excursion, for ex-
ample, of a surface particle displaced by a 12-month
FMBRW), in good agreement with the values found
by KM in the southeastern-most corner of their data
field (the overlapping region between this study and
theirs).

5. Discussion

The subsurface temperature fluctuations between
Honolulu and San Francisco seem to be modeled
better as a stochastic process than as a deterministic
signal. .

The geometry of the data grid prevents us from
uniquely determining the wavenumber vectors of the

TABLE 1. Wave parameters for the 12.1-month FMBRWs.

a. 12.1 months

Wave- Group Good- Spectral
number velocity Group ness-of- energy
Wavelength direction Phase speed direction speed fit density
Latitude  Longitude
(°N) (°W) A N ¥y oy* C 8C* ¢ Sop* C, oCx E SE*
Fmin/FO (103 oc2
(deg) (km) (deg) (cms™) (deg) (ems™) (%) month)
224 155.9 323. 185. 21, I. 102 058 -680 135 270 162 65. 281 115
22.4 - 155.9 _140. 36. 30. 6. 044 0.11 386 135 084 037 65. : :
248 152.2 755. 575. 34, 22, 237 181 -813 86 384 0.89 59. 257 091
24.8 152.2 120. 15. 35. 4, 038 0.05 -28.1 86 061 0.13 59. : )
27.1 148.3 709. . 278. 39. 13. 223 087 -81.3 50 3.19 035 21. 356 067
27.1 148.3 130. 10. 35. 2. 041 003 =312 50 065 0.08 21. ) :
29.3 144.3 382, 186. 3t 6. 120 059 =710 206 0.67 28. 275 0.73
29.3 144.3 172. 41. 31. 3. 054 0.13 -45.2 092 030 28. ' :
31.4 140.1
314 140.1
333 135.7
333 135.7
35.1 131.2
35.1 131.2
36.7 126.4
36.7 126.4
b. 14.2 months
22.4 155.9 864. 695. 26. 17. 231 186 -833 60 496 1.10 56. 318 1.09
224 155.9 93. 7. 3s. 3. 0.25 002 -233 6.0 041 0.06 56. :
24.8 152.2 347. 226. 20. 2. 093 061 721 123 256 1.47 62, 254 0.99
24.8 152.2 119. 26. 30. 5. 032 007 -37.3 123 061 0.24 62. : :
27.1 148.3 960. 478. 43. 23. 2,57 128 -850 44 350 029 25. 320 071
27.1 148.3 104. 7. 3s. 2. 0.28 0.02 -27.6 44 046 0.05 25. ’ :
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b. 14.2 months

Wave- Group Good- Spectral
number velocity Group ness-of- energy
Wavelength - direction Phase speed direction speed fit density
Latitude  Longitude
°N) °W) A SA\* v Sy* C oC* ¢ 5d* C, 8C¢ ) E oE*
. me/FO (103 ocz
(deg) (km) (deg) (cms™) (deg) (cms™) (%) month)
29.3 144.3 464. 239. 28. 8. 1.24 0.64 -769 7.8 239 061 27. 328 084
29.3 144.3 129. 19. 31. 3. 035 005 -393 7.8 062 0.14 27. - .
314 140.1
31.4 140.1
333 - 135.7
333 135.7
35.1 131.2
35.1 131.2
36.7 126.4
36.7 126.4
c. 17.0 months
22.4 155.9 1217. 1048. 29. 24, 272 234 -—86.1 39 542 072 43, 312 0.92
224 155.9 74. 4. 36. 2. 017 00t -204 39 027 003 43. . '
24.8 152.2 355. 179. 16. 1. 079 040 -758 73 269 1.15 53. 257 0.90
24.8 152.2 92. 11. 30. 3. 021 002 -336 73 039 0.09 53. . :
27.1 148.3 1225. 961. 47. 47. 274 215 -—86.7 52 368 036 48. 164 0.56
27.1 148.3 84. 6. 34. 2. 019 001 -258 52 032 0.04 48. . :
29.3 144.3 716. - 534, 32, 20. 160 120 -—832 64 285 054 56. 118 0.40
29.3 144.3 95. 10. 32, 3. 021 002 -330 64 038 0.07 56. : :
314 140.1 657. 428. 49, 14. 147 131 -—-862 3.6 1.50 0.22 83. 047 036
333 135.7 419, 307. 45. 20. 094 072 -—-658 2.6 1.24  0.35 28. 1.79 0.4}
35.1 131.2 388. 256. 45. 16. 0.87 066 —604 4.2 1.14  0.26 52. 1.18 045
36.7 126.4
d. 28.3 months
22.4 (559 732. 645.  169. 7. 098 087 -94.2 34 484 146 73. 1.50  0.79
224 155.9 40. 1. 39. 2. 005 000 -124 34 0.08 0.01 73. - )
24.8 152.2 991. 865. 17. 13. 133 116 -—86.9 2.7 438 0.69 44, 407 1.33
24.8 1522 46. - 2. 34 I. 006 000 -224 27 0.1 001 44. . ’
27.1 148.3 1603. 2311. 143, 74. 215 3.10 -920 40 383 049 69. 1.95 1.02
27.1 148.3 46. 2. 35. 2. 006 000 -205 40 0.10 0.01 69. . :
29.3 144.3 1445.  1304. 36. 37. 194 175 -88.1 25 329 022 37. 321 087
29.3 1443 52. 2. 32. I. 007 0.00 -28.1 25 013 001 37. : :
314 140.1 628. 453. 25. 08. 085 062 -870 48 1.77 0.63 58. 0.58 0.21
33.3 135.7 838. 621. 32, 38. 1.14 099 -90.1 60 184 022 38 1.23  0.36
35.1 131.2 1122, 1049. 45.  29. 1.52 1.06 —93.7 5.5 231 034 57. 070 0.22
36.7 126.4 838. 744, 32. 41, 1.14 1.08 —90.1 7.2 184 0.31 49. 130 045

* Prefix é indicates one standard error.
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prevailing field. However, previous studies (Emery
and Magaard, 1976; Magaard and Price, 1977; and
Price and Magaard, 1980) were able to demonstrate
the existence of Rossby waves in this area, and on the
strength of their findings, we hypothesize the pre-
dominance of this wave type.

In the region of overlap between these earlier stud-
ies and ours, there is fair agreement among the best-
fit wavenumbers. In addition, most of the best-fit
wavenumbers found along the section are oriented
roughly perpendicular to the section, ie. in the direc-
tion in which a linear array is most directionally sen-
sitive. Thus it seems that the (horizontal) one-di-
mensionality of the data grid is not a serious liability.

By modeling the fluctuations as those produced by
a field of uncorrelated first baroclinic mode Rossby
waves, 50-60% of the spectrally decomposed covari-
ance at the longer periods is explained. The failure
to model fluctuations of periods shorter than 9.4
months may be due to the lengthening of the cut-off
period by the local mean current.

The influence of even a comparatively weak east-
ern boundary current on Rossby wave dispersion is
not at all negligible. Since the geostrophic flow across
the section exhibits considerable temporal and spatial
variance (Price, 1981), a more elaborate theory in-
corporating a time-varying mean current might im-
prove the fit in the region of the California current.
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APPENDIX
Comparison with an Earlier Study

White and Saur (1981) have developed a model for
annual baroclinic Rossby waves emanating from a
line source near the coast of California, where they
are generated by large-amplitude annual fluctuations
of the wind stress curl. White and Saur (1981) com-
pare this model with observations as follows: They
calculate the mean annual cycle of the displacements
of the 9°C isotherm (after removing the effect of local
Ekman pumping) at each standard location between
Honolulu and San Francisco and fit a sine-wave to
it resulting in a value for the amplitude and phase at
each location. They compare these values with the
corresponding model values (Fig. 8 of their paper).

JOURNAL OF PHYSICAL OCEANOGRAPHY

VOLUME 13

The comparison is not done in any quantitative way,

just by inspection. Examining their Fig. 8, we could

rate the agreement between their model and their
observed values as good for the longitudinal range
from 125 to 135°W, fair for the range from 135 to
148°W (poor agreement of amplitudes), and poor for
the range from 148 to 156°W (total disagreement of
phases, however good agreement of amplitudes). We
would interpret this result as showing that phase cou-
pling of the waves with the remote generating agent
becomes weaker with distance from the source and
disappears entirely west of about 148°W.

Contrary to White and Saur’s model, our model
rests on. the assumption of random amplitudes and
phases. Comparing our results for the annual period
with theirs, we find that our model works well for the
range from 144° to 156°W, whereas east of 144°W .
it does not work in the sense that we do not find
annual Rossby waves with random phase there. This
is in total agreement with the idea that the westward
propagating waves loose their phase connection with
the fluctuations in the source region gradually.

In the transition zone from 144° to 148°W both
approaches produce similar results concerning am-
plitudes, wavelengths and directions of propagation.
Our model does not lead to absolute phases by def-
inition.

In view of the findings we consider the two ap-
proaches complementary.
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