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Inertial currents in the Indian Ocean
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Abstract – Satellite-tracked surface drifters were used to analyze the characteristics of inertial currents in the
tropical Indian Ocean. The drifters were drogued at 15 m depth and had wind-produced slips less than 0.1 %
of the wind speed. The rotary spectra of surface velocity components indicated the significance of inertial
currents. They are circular (rotary coefficient \0.5), highly intermittent and contribute up to 46 % to the total
kinetic energy of the surface flow field. Events of inertial activity, either triggered by the passage of atmospheric
disturbances or by the local fluctuations in the atmospheric pressure (winds), did not last for more than 4 to 5
inertial cycles. The observed inertial frequency exhibited a shift towards the red end of the spectrum by 12 %.
Cyclonic storm induced inertial events even at a location 300 km away from it. © 2000 Ifremer/CNRS/IRD/Édi-
tions scientifiques et médicales Elsevier SAS

Résumé – Courants d’inertie dans l’océan Indien estimés à partir de flotteurs de surface suivis par satellite. Des
flotteurs de surface suivis par satellite ont été utilisés pour analyser les caractéristiques des courants d’inertie
dans l’océan Indien tropical. Largués à 15 mètres de profondeur, ces flotteurs présentent une vitesse de dérive
inférieure à 0,1 % de celle du vent. Le spectre de rotation des composantes de la vitesse superficielle souligne
l’importance des courants d’inertie. Ceux-ci sont circulaires (coefficient de rotation \0.5), très intermittents et
ils contribuent environ à 46 % de l’énergie cinétique totale du champ de courants superficiels. Les événements
de l’activité inertielle, qu’ils soient provoqués par le passage de perturbations atmosphériques ou par des
fluctuations locales de pression atmosphérique (vents), ne durent pas plus de 4 à 5 cycles d’inertie. La fréquence
d’inertie observée est déplacée vers les basses fréquences du spectre d’environ 12 %. Un cyclone génère des
événements inertiels jusqu’à 300 kilomètres du lieu où il se situe. © 2000 Ifremer/CNRS/IRD/Éditions
scientifiques et médicales Elsevier SAS
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1. INTRODUCTION

Inertial currents in the ocean rotate clockwise (anti-
clockwise) in the northern (southern) hemisphere
with period T=2p/2V sin u ; where V is the angular
velocity of earth and u the local latitude of observa-
tion (Perkins, 1972). The inertial currents were ob-

served in the oceans and large lakes at all depths with
velocities ranging from 10–80 cm·s−1 (Webster,
1968) and are believed to be forced primarily by the
winds (Pollard, 1970; Poulain, 1990). It has been
estimated that the energy in the inertial band can
account for more than 50 % (Pollard, 1980; Thomson
et al., 1998) of the total kinetic energy present in the
mixed layer. Due to the substantial contribution of
energy from the inertial oscillations, it would be
worthwhile to document the inertial currents in
greater detail in every ocean basin.
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Table I. Mean latitude, mean inertial frequency and the variation in the inertial frequency due to the meridional excursions of the individual
buoys within a selected latitude band.

Buoy IDLatitude band Mean latitude Mean inertial Variance of inertial
frequency (cpd)frequency (cpd)

05–10 N 7.10602288 0.247 0.002
0485205–10 N 8.203 0.285 0.001

8.028 0.27904865 0.00105–10 S
0486605–10 S 6.296 0.219 0.000
0486805-10 N 8.884 0.309 0.001

6.324 0.22009081 0.00205–10 N
0908005–10 N 8.253 0.287 0.001

8.096 0.28215705 0.00005–10 N
1570510–15 N 12.663 0.438 0.002
1135310–15 S 12.706 0.440 0.002

11.885 0.41211352 0.00210–15 S
12.065 0.41810–15 N 0.00115702
13.978 0.48315708 0.00010–15 N

1135310–15 N 12.542 0.434 0.002
1135510–15 N 12.119 0.420 0.002

13.148 0.45506131 0.00010–15 S
2114010–15 S 12.950 0.448 0.002

11.509 0.39921843 0.00110–15 N
2185410–15 N 12.716 0.440 0.002
2186010–15 S 12.572 0.435 0.003

13.053 0.45221900 0.00210–15 S
12.030 0.41710–15 S 0.00221903
12.757 0.44221926 0.00210–15 S

2192710–15 S 12.482 0.432 0.001
2192910–15 S 12.895 0.446 0.002

11.896 0.41221933 0.00310–15 S
10.481 0.36410–15 S 0.00021952
13.806 0.47723462 0.00210–15 S

10–15 N 11.10625829 0.385 0.001

Traditionally, the time series of currents obtained
through moored instruments were used for the analysis
of inertial and high frequency motions. Of late, the
semi-lagrangian satellite-tracked surface drifters are
also being used to analyze the high frequency motions
(D’Asaro, 1985; Poulain, 1990; Poulain et al., 1992;
Thomson et al., 1998). The use of drifters for the
analysis of inertial currents are advantageous as the
drifter trajectories reproduce the inertial current loops.

Very few observations exists on the inertial currents in
the Indian ocean. Though there are few from Arabian
sea (Rao et al., 1996; Shenoi and Antony, 1991), there
are none from the Bay of Bengal and other regions of
the tropical Indian ocean. This note presents the
characteristics of inertial currents in the near surface
layer of the tropical Indian ocean, their spectral
characteristics and the response to the atmospheric
forcings.

2. MATERIALS AND METHODS

The data from 29 drifting buoys, extracted from the
archives of Atlantic Oceanographic and Meteorologi-
cal Laboratory (AOML), National Institute of
Oceanography (NIO) (Shenoi et al., 1997) and the
data personally obtained from Dr Robert Molinari
are used in this analysis. All the drifters had a 7 m
long holey-sock drogue centered at a nominal depth
of 15 m to ensure the water particle following prop-
erty of the drifter and a drogue ON/OFF sensor to
continuously monitor its presence. The data are in-
cluded in this analysis only when the buoy had the
drogue. The buoy with a drag area ratio, R, greater
than 37 is expected to have a downwind slip less than
0.1 % of the wind speed (Niiler et al., 1995); hence,
only those buoys were included in this analysis. Even
with a wind speeds of 15 m·s–1 the error introduced
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Figure 1. Average rotary spectra of the currents from latitude
bands (a) 10–15° N, (b) 10–15° S, (c) 5–10° N and (d) 5–10° S.
The inertial, diurnal and semi-diurnal frequencies are marked with
‘‘f’’, ‘‘d’’ and ‘‘sd’’ respectively. Dashed (solid) line represents the
clockwise (anticlockwise) rotation.

bands for a period of 50 days or more. The drifters
moved within a latitude band showed limited merid-
ional excursions and hence negligible variations in the
inertial frequency (see table I).

3. RESULTS

3.1. Spectral characteristics

In order to determine the distribution of the kinetic
energy due to horizontal currents as a function of
frequency of motion, the average rotary spectra were
determined for each latitude band following Gonella
(1972). The significant peaks of velocity spectra in the
inertial band indicate the substantial presence of iner-
tial currents in the tropical Indian Ocean (figure 1).
The energy in the inertial band is well above the tidal
and higher frequency oscillations. As expected, the

Figure 2. Rotary coefficients estimated from the rotary spectra of
the surface currents for latitude bands (a) 10–15° N, (b) 10–15° S,
(c) 5–10° N and (d) 5–10° S. The solid line represents the
theoretical rotary coefficient Rt=2 v f/(v2+ f 2), where f is the
Coriolis frequency for the mean latitude and v is the frequency of
motion. Inertial frequency band is marked with ‘‘f ’’.

by the winds due to the slip of the drogue will not
exceed 1.5 cm·s–1 (Shenoi et al., 1999), which is very
small compared to the typical inertial current ampli-
tude (�15 cm·s–1). However, during the passage of
storms the error introduced by the downwind slips
could reach 6 cm·s–1. In this analysis, however, we
have not corrected the data for the downwind slips.

Satellite based Argos system was used to determine
the position of the buoy to an accuracy of approxi-
mately 350 m (Anonymous, 1990). The unevenly
spaced time series of buoy positions (up to 8 per day)
were checked for consistency and edited to remove
the dubious positions (Hansen and Poulain, 1996). It
is then interpolated using splines, to generate 4
equally-spaced values a day, and were used to con-
struct the time series of zonal (u) and meridional (6)
velocities.

The buoys moved in the latitude bands 5–10°N and
S and 10–15°N and S were selected for the analysis
only if they remained within the specified latitudinal
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Figure 3. Scatter plot of theoretical ( f ) vs. observed (v) inertial
frequencies.

The rotary coefficients (Rc), which indicate the strength
and sense of the rotary motion are estimated as

Rc= (S− −S+)/(S− +S+)

where S− and S+ are the clockwise and anticlock-
wise spectra respectively (Gonella, 1972). For cur-
rents rotating in a perfect circle, the magnitude of Rc

is unity and for rectilinear motion it is zero. In the
inertial band, for most of the buoys, Rc varies be-

Figure 5. (a) Trajectory of the buoy during the passage of a
cyclone over the Bay of Bengal. The Indian Daily Weather Report
published by India Meteorological Department, New Delhi for
the period 22–25 November 1995 was used to construct the track
of the cyclone. The numbers in parenthesis above the dates note
the mean sea level pressure. (b) The enlarged view of the buoy
trajectory.

Figure 4. Zonal component (u) of inertial current and atmo-
spheric pressure from buoys (a) 11352 and (b) 11353. A band pass
filter in time domain was used for the extraction of inertial
currents.

inertial current in the northern bands rotated clockwise
while that in the southern band rotated anticlockwise.
In both the hemispheres, the energy within the inertial
band for the 5–10° latitude band appears to be higher
than the inertial energy in the 10–15° band.
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tween 0.5 to 0.98 (figure 2). At the inertial frequency,
values of Rc are lower than the theoretical values
estimated following (Fofonoff, 1969). This indicates
greater rectilinearity of the observed inertial motions.

As indicated in table I, the buoys selected in this
analysis have minimal meridional excursions and
hence have negligible variations in the inertial fre-
quencies associated with the change in latitudes. Ear-
lier studies (Poulain, 1990; Salat et al., 1992;
Thomson et al., 1998) report a shift between the
observed and theoretical inertial frequencies. To esti-
mate such shifts, the inertial frequency corresponding
to the mean latitude around which the buoy moved,
is considered as the theoretical frequency (f) and the
frequency corresponding to the peak in the rotary
spectra in the inertial band is considered as the
observed inertial frequency (v). Out of the 19 buoys
used to compute the frequency shift (figure 3), 16
showed red shift (i.e. observed inertial frequency less
than the theoretical frequency) and the remaining 3
showed blue shift (i.e. observed frequency greater
than the theoretical frequency). The average red and
blue shifts work out to be 12 % and 5 %, respectively.
Poulain (1990) reported a red shift of 0.07 cpd in the
observed inertial frequency for the observations from
North Pacific (California Current System). Likewise,
Thomson et al. (1998) have reported a blue shift of
1.3 % in the northeast Pacific, and Salat et al. (1992)
reported a red shift of 10 % in the shelf-slope front
off northeast Spain. Interaction with the background
mesoscale circulation is believed to be responsible for
the shift of observed frequency towards the red side
of the spectrum (Poulain, 1990).

3.2. Intermittence of inertial currents

The inertial currents in the Indian ocean exhibited
large temporal and spatial variations. Their magni-
tudes often varied from 10 cm·s–1 to 75 cm·s–1 and
intensified only for a short duration. Mostly, the
intensification continued for about 4 to 5 cycles (i.e.,
14 to 28 days at 5–10° latitude band and 9 to 14 days
at 10–15° band). The average contribution of the
inertial currents to the surface currents is 36 % for
10–15° latitude band and 46 % for 5–10° band.

The local fluctuations in the atmospheric pressure/lo-
cal winds always precedes the intensification in the

inertial currents (figure 4). Such responses are more
prominent, during the passages of cyclonic storms.
Figure 5 accounts one such instance where a cyclonic
storm passed over the Bay of Bengal during 21 to 25
November 1995 and intensified the inertial currents at
a location as far as 300 km away from it. With the
growth of the storm (a low on 21st, deep depression
on 22nd and severe cyclone on 23 November 1995)
the magnitude of the inertial currents as well as the
size of the inertial loops (66 km wide on 25 Novem-
ber 1995) grew almost simultaneously. The inertial
current attained a maximum speed of 75 cm·s–1 on 25
November during this process. This event, though
strong, also didn’t last for more than 5 inertial cycles
(i.e. 11 days).
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