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Subsurface oscillations at an oceanic station in the Bay of Bengal
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Surface wind, atmospheric pressure and the temperature profiles in the upper layers at an oceanic sta-
tion off west of Andaman Island in the Bay of Bengal have been analysed to examine the causes for the
observed subsurface oscillations. For this purpose a 7 day time series data an water temperature, surface
wind and atmospheric pressure have been taken. Spectral analysis of the data shows that the fluctuations
of pressure and wind have varied influence on the subsurface oscillations. However, int the semi-diurnal
tidal frequency band, the atmospheric pressure and normal and tangential components of wind exhibit a
good coherence while at other frequencies they exhibit differential influence. The etfect of the atmos-
pheric pressure and the normal component of wind is predominant at lower frequencies and the effect of
the tangential component of wind is predominant at higher frequencies. However, influence of atmos-
pheric pressure fluctuations is less pronounced as compared with that of wind.

Temperature oscillation in the upper tayers of the
ocean is a common phenomenon which has been ob-
served at many geographical locations of the ocean.
These oscillations can be due to a variety of atmos-
pheric as well as oceanic triggering mechanisms!3.
These oscillations can also be due to internal waves
which accur in the subsurface layers which are strat-
ified due to temperature and salinity variations. An
excellent review of different mecahnisms of internal
wave generation is given by Roberts'. Thus these
subsurface oscillations represent a significant me-
chanism for the transport of momentum and energy
within the ocean’.

To date, only a few studies on this aspect in the
Bay of Bengal are made*®. But these studies are
made at the locations very near to the coast where
the boundary and the topographic effects could be
dominant. So far, there are no studies available on
this aspect in the open waters of the Bay of Bengal.
Hence, an attempt is made to examine the internal
oscillations at a deep location (11°30'N, 91°E),
which is far from the coastal boundaries (Fig. 1).
The nearest land boundary, the west coast of Anda-
man Islands, is some 160 km away and the depth at
the above location is 3300 m. Hence, the topogra-
phic and coastal boundary influence on the genera-
tion of the internal oscillations at this location can
either be absent or be insignificant. Hence, these oscill-
ations are examined in relation to local wind and at-
mospheric pressure fluctuations.
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Materials and Methods

Hourly time-series data on water temperature up
to 400 m depth have been collected for 7 days from
0700 hrs, 1 November to 0600 hrs, 8 November
1985, using a MICOM bathythermograph. The ac-
curacy of the temperature sensor is * G.05°C. Si-
multaneously the data on surface wind and atmos-
pheric pressure fields also have been collected.
Spectral estimates have been computed using FFT
method®. The fourier components are computed by
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Fig. 1—Station location map
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where, X = fourier component. Power spectral den-
sities (PSDs) are given by
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where 5= scaling factor, N = number of data points,
A T=sampling interval. PSDs correspond to the fre-
quencies given by
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The total length of the data has been divided into
4 segments with each segment having 40 data
points. For each frequency an average PSD over all
segments is obtained. The spectral estimates of wa-
ter temperature, wind and atmospheric pressure have
been made. In case of wind, the resolved compo-
nents U {(normal component) and V (tangential
component) have been taken for the spectral analy-
sis, where U=W sin § and V=W cos 8, W=the

unresolved magnitude of the scalar wind and
@ = wind direction.

Results and Discussion

The thermal structure of upper 400 m depth is
presented in Fig. 2. Sea surface temperature (557}
shows a mild drop with time and varies between
29.4° and 2B.2°C during the observation period
(Fig. 2A). The vertical time section of water temper-
ature (Fig. 2B) shows that the subsurface oscill-
ations are predominant in the lower thermocline re-
gion than in the upper thermocline region. In the up-
per-40 m water column the wavy pattern is absent
due to turbulent mixing in the surface mixed layer.
The magnitude of oscillation of different isotherms
is not uniform throughout the water column. It is
less in the upper thermocline region, where the ver-
tical gradient of temperature is strong, and gradually
increased towards bottom of the thermocline. The
thermocline is located between 40 and 220 m depth.
In the lower thermocline region, the magnitude of
oscillation of the isotherms is as high as 30 m. Below
the thermocline, the magnitude of oscillations is
higher due to the weak stratification.

Power spectral estimates of the selected iso-
therms, wind components and pressure are shown
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Fig. 2—Time section of—~{ A} sea surface temperature, (B vertical distribution of temperature
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in Fig. 3. In the present study 28°, 20° and 13°C iso-
therms have been chosen to represent top, middle
and bottom regions of the thermocline respectively.
Maximum spectral energy of the pressure is found
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Fig. 3—Power spectra of —{ A pressure, (B} normal component

of wind, (C) tangential component of wind, {D) 28°, 20°, 13°C
isotherms
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to be at 0.075 cph which is equivalent to the period
of 13 h 20 min (Fig. 3A}. Other notable peaks in the
pressure spectrum are at (0.2, 0.275, 0.35 and 0.425
¢ph {ie, periods of 5h, 3h 35 min, 2 h 50 min and 2
h 15 min respectively). Normal as well as tangential
components of wind have maximum energy at 0.025
cph which is equivalent to a period of 40 h (Fig.
3B,C). Wind components are stronger than the
pressure in the semi-diurnat tidal frequency range.
PSD of normal component of wind shows higher en-
ergies at lower frequencies. Spectral energies of
tangential component are in general higher in the
frequency range 0.075-0.3 cph compared to pres-
sure and normal component of wind. The spectral
density of 13°C isotherm (Fig. 3D) is higher than
that of other 2 isotherms. All the 3 isotherms show
maximum spectral density at 0.075 cph which in-
cludes semi-diurnal tidal period.

Coherence and phase of cross-spectral estimates
of pressure, wind components and isotherms are
shown in Fig. 4. The 28°C isotherm fluctuations
show higher coherence with pressure and V-compo-
nent at lower and higher frequencies (Fig. 4A,B).
Whereas in intermediate range the coherence be-
tween 28°C and the forcing functions is in general
< 0.3. Coherence between oscillations of 28°C and
U-component of wind looks impressive only at a
few frequencies in the lower frequency range. Maxi-
mum coherence with all the above parameters is
seen at 10 h (5th lag). At tidal frequency, only pres-
sure shows very good coherence with 28°C whereas,
V-component shows very weak coherence. Coher-
ence between V-component and 28°C is in general
poor except at 0.025, 0.10 and 0.375 cph frequen-
cies. Coherence of 20°C isotherm with pressure is

/' (F)

"4 872718 20 o 4 8 2 e 2

Lags

Fig. 4—(A,B) phase and coherence of 28°C isotherm with pressure { @ — @), U-component of wind ( x

X )and V-component of

wind (®—@). (C,D) same as in (A B) but for 20°C isotherm. (E,F) same as in {A,B) but for 13°C isotherm
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low at lower frequencies including semi-diurnal tid-
al period (Fig. 4C,D). At tidal frequency the fluctu-
ations in tangential component of wind are in weak
coherence but in phase with 20°C isotherm whereas
normal component of wind and pressure are 180°
out of phase with 20°C isotherm. Coherence of nor-
mal component and 13°C is dominant compared
with other 2 forcing functions (Fig. 4E,F). At higher
- frequencies the pressure and tangential component
of wind exhibit one trend with 13°C and normal
component of wind exhibits opposite trend.

Coherence and phase plots of cross-spectral esti-
mates of the selected isotherms in the thermocline
region are shown in Fig. 5. At tidal frequency good
coherence and minimal phase difference are ob-
served between all the isotherm. At 10 h (5th lag} al-
so this trend is seen. Coherence between 20° and
13°C isotherms is always higher over all frequencies
than that between 13°C and other isotherms. Higher
phase differences are seen between 28°-20°C and
28°-13°C whereas, phase differences at different
frequencies are relatively less between 20°-13°C
isotherm oscillations. This indicates that the oscill-
ations observed at the top of the thermocline are
rather independet from the oscillations observed in
the middle and at the bottom of the thermocline. At
tidal frequency and also at 0.3 cph (about 3 h) the
phase difference among different isotherms is very
low.

In summary, the short period oscillations seem to
be essentially generated and maintained by the fluc-
tuations in the tangential component of wind. Long
period oscillations are in good coherence with os-
cillations in atmospheric pressure and normal com-
ponent of wind. At semi-diurnal tidal frequency
pressure shows maximum energy whereas the nor-
mal component of wind has higher energy than the
tangential component at the same frequency. Mag-
nitude of oscillations of the isotherm increases with
depth (Fig. 2). Cross-spectral estimates of different
isotherms, which are in good coherence at the semi-
diurnal tidal frequency, indicate the influence of the
semi-diurnal tide up to deeper depths. At other fre-
quencies, the oscillations of 28°C isotherm are dif-
ferent from the oscillations of 20° and 13°C iso-
therms. Influence of pressure and normal compo-
nent of wind is dominant at lower frequencies

Coherence

Fig. 5—Phase and coherence of selected isotherms 28°-20°C
(#—),20°-13°C({x — x )and 13°-28°C{© — O )

whereas tangential component of wind exhibits
good influence in the intermediate and higher fre-
quency ranges. However, it would be difficult to de-
termine the precise contribution of wind and pres-
sure in causing the observed internal oscillations in
the oceanic observations.
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