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ABSTRACT

The recently advanced approach of wavelet transforms is applied to the analysis of ocean currents. The
conventional analyses of time series in the frequency domain can be readily generalized to the frequency and
time domain using wavelet transforms. An application of wavelet analysis to a set of observed current data
acquired during the spring of 1991 in Lake Michigan shows some significant time-localized characteristics that
would not be detected using the traditional Fourier transform approach.

1. Introduction

Fourier spectrum analysis has been used in the anal-
ysis of Eulerian current meter observations since power
spectrum analysis was introduced to oceanic studies.
With the further introduction of fast Fourier transform
algorithms and increased availability of new instru-
ments for measuring currents, spectrum analysis has
continued to be one of the standard procedures used for
analyzing observed current data.

Fourier spectrum analysis generally provides fre-
quency information about the energy content of ob-
served time series data. This information, however,
pertains only to the time span of the observational data
and its proper interpretation presumed that the data is
stationary. Changes and variations within a time series
cannot be easily unraveled. Stationarity in the data sim-
ply represents a statistical idealization. Its validity is
usually regarded as an approximation of the field con-
dition. The effectiveness of applying Fourier spectrum
analysis to a rapidly changing current field, such as
during frontal crossing or rapidly changing wind fields,
is questionable. The emergence of wavelet transform
analysis, which can yield localized time-frequency in-
formation without requiring that the time series be sta-
tionary, has presented a promising complementary ap-
proach to the traditional Fourier spectrum analysis, and
has provided significant new perspectives for the anal-
ysis of Eulerian current measurements. An exploratory
attempt to adopt the versatile wavelet transform anal-
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ysis to analyze an interesting episode of current mea-
surements during a spring atmospheric frontal passage
in Lake Michigan during 1991 is presented in this
paper.

2. Wavelet transform and rotary spectra

Following a standard formulation (Combes et al.
1989), we briefly summarize the wavelet transférm.
Starting with a family of functions, the so-called ana-
lyzing wavelets, i, (1), that are generated by dilations
s, and translations 7, from a mother wavelet (¢), as

l —
ert) = 7757 tlf(i-s-—T) :

|s

(1)

where s # 0, —~© < 7 < +», The continuous wavelet
transform of a time series X (¢) is then defined as the
inner product of ¢, and X as

X"(SY T) = (l/lST’ X>

- ——ls},,z f X(r)w*(’ . T)dz, 2)

or equivalently in terms of their corresponding Fourier
transforms

+%

X(s,7) = |s|"? X (w)*(sw)e ™ dw,

(3)
where an asterisk superscript indicates the complex
conjugate. In essence, the wavelet transform takes a
one-dimensional function of time into a two-dimen-
sional function of time 7 and scale s (or equivalently,
frequency).

The function to be used as a choice of mother wave-
let ¢(¢) can be either real or complex valued. But in
order for the wavelet transformation to be invertible, it
needs to satisfy the admissibility condition
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Wind and Temperature Data from NDBC Buoy 45007
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FiG. 1. Plots of wind speed, wind direction, air temperature, and water temperatures
recorded by NDBC buoy 45007 during 10-30 May 1991.
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which is equivalent to

+oo
10 = [ war =o. (5)
Thus, () should have zero mean with oscillations that
decay at infinity.
Now, regarding X (¢) as the current velocity vector,
it can be written in the form of a complex time function
as

X(6) = u(t) + (1), (6)

where u(t) and v(¢) are, respectively, the east—west
and north-south scalar components of the current mea-
surements. Their corresponding Fourier transforms are

X (w) = i(w) + d(w), (7

where #(w) and ¥ (w) are Fourier transforms of u(¢)
and v(¢), respectively. From (3) we can also have the
corresponding wavelet transforms as

X(s,7)=d(s, 7) + (s, 7). (8)

Here i (s, 7) and U(s, 7) are wavelet transforms of u(¢t)
and v(¢), respectively. In analogy with Fourier energy
density spectrum analysis, we can readily obtain the
wavelet spectrum (Liu 1994 ) for current vector data as

X (s, )X *s, ) = d(s, T)ia*(s, 7)

+ (s, TI*(s, 1),

(9)

or

|X (s, T)I? = la(s, T)|* + |9(s, 7>, (10)
A frequently used approach of current data analysis
is to resolve the velocity vector into two rotational
components —clockwise and counterclockwise
(Mooers 1973; Gonella 1972). [ A useful summary
of these techniques is given by Konyaev (1990).]
Analogous to the Fourier analysis approach, we can
convert the scales into frequency and represent the
wavelet transform of current velocity X (w, t) in the
time-frequency space as the sum of the clockwise U_
and counterclockwise U, components. Thus, at each
frequency at a given time, there are two rotating vec-
tors. The vector with positive frequency rotates coun-
terclockwise, and the vector with negative frequency
rotates clockwise as

U+(w’ t)= [U+(w7 t)|exp[_i0+(w7 t)]7 w=0
(11)

and

U_(w, ) =|U_(w,t)|explif_(w,1)], w=<0, (12)






