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Time-series measurements from a moored data buoy 
located in the Bay of Bengal captured signals of inertial 
oscillation forced by the September 1997 cyclone. The 
progressive vector diagram showed mean northeast-
ward current with well-defined clockwise circulation. 
Spectral analysis exhibited inertial peak at 0.67 cpd 
with blue shift and high rotary coefficient of –0.99, which 
signifies strong circular inertial oscillation. The wind 
and SST also exhibited spectral peak at inertial band 
(0.69 cpd) with higher blue shift. The inertial amplitude 
of 148.8 cm/s corresponding to a wind stress of 0.99 N/m2 
and spectral peak near the local inertial frequency 
(0.653 cpd) indicate that the transfer of momentum 
was high. 
 
Keywords: Bay of Bengal, cyclone, inertial oscillation, 
spectral analysis, wind forcing. 
 
INERTIAL oscillations are manifestations of unforced 
ocean dynamics and are generally observed after the pas-
sage of cyclones1–6. Webster7 reported that inertial currents 
occur everywhere in the ocean at all depths, with veloci-
ties ranging from 10 to 80 cm/s. Inertial oscillations are the 
balance between the rate of change of velocity and the 
Coriolis force, and can exist only if their frequency exceeds 
the local Coriolis frequency8. Wind forcing is a major initi-
ator of inertial oscillation9–11 and duration of the wind 
compared with the inertial period is the most important 
factor that governs the amplitude of inertial oscillation12. 
The direction of the inertial current at the time of wind 
forcing is also important in determining the amplitude of 
inertial currents. Price et al.4 reported the largest inertial 
amplitude of 1.7 m/s associated with hurricane Gloria. The 
amplitude varies depending on the strength of generating 
mechanisms and they decay due to friction when the forc-
ing stops13. 
 Reports of inertial oscillation generated by cyclone 
passage are fewer in the Indian seas due to scarcity of 
time-series data to resolve the inertial components. Saji et 
al.5 reported inertial oscillations forced by the November 
1995 cyclone in the Bay of Bengal (BoB) utilizing drifter 
buoy data. Some studies14–16 have also reported inertial 
oscillation as one of the major contributors to the current 
structure under various meteorological conditions in the 
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Indian seas. The present study reports a brief account of 
upper-ocean response and the characteristics of inertial 
oscillation associated with the September 1997 cyclone in 
the BoB. 
 Three-hourly observations of wind, current and sea sur-
face temperature (SST) during 15 September to 21 October 
1997 from a moored data buoy (DS4) located in the north-
ern BoB (19°00′10″N, 88°59′34″E) at a depth of 1700 m 
are utilized in this study (Figure 1). Wind observations 
made at a height of 3 m above the sea surface are extrapo-
lated to 10 m height and wind stress is computed following 
Yelland and Taylor17. Current observations are made at a 
depth of 2.5 m below the sea surface. 
 A depression was formed southeast of Machilipatnam 
by 00:00 UTC at 15.5°N and 82.5°E on 23 September 
1997, which intensified into a deep depression by 12 UTC 
and started moving northward. The system attained cyclo-
nic strength by 24 September and became a severe cyclo-
nic storm by 27 September before landfall at Bangladesh 
coast (Figure 1). The met-ocean data collected from DS4 
buoy which was located 82 nautical mile (nm) to the right 
of the cyclone track, captured the variability induced by 
this system.  
 Wind observations exhibit gradual reversal in wind direc-
tion from southwesterly to northeasterly, characterizing 
the transition period. Wind speed before the cyclone exhi-
bited moderate wind, which reached as high as 20 m/s 
(06 UTC on 26 September) with corresponding wind stress 
of 0.99 N/m2 during the passage of the cyclone and there-
after decreased to an average speed of 5 m/s (Figure 2). 
 The response of the ocean surface to the passage of the 
cyclone is dependent on a number of air–sea parameters.  
 
 

 
 
Figure 1. Cyclone track and data buoy location during the September 
1997 cyclone in the Bay of Bengal. 

Intense, slowly moving hurricanes cause the largest re-
sponse with a rightward bias4,18. The system moved with 
a moderate speed of ~5.5 m/s when it crossed the buoy 
82 nm away from it as a cyclonic storm. It has been noticed 
that SST exhibited a slight warming trend before the passage 
of the cyclone with significant diurnal oscillation (Figure 
3). SST recorded a maximum of 31.04°C on 22 September, 
followed by a drop of more than 2°C, attributed to the loca-
tion of the buoy on the right side of the track along with 
moderate speed of the cyclone. SST had almost regained 
the pre-cyclone condition within a period of two weeks. The 
amplitude of diurnal oscillation in SST was much less af-
ter the passage of the cyclone. 
 Surface-current observations during the study period 
exhibit intriguing features with clockwise rotation. North-
northeastward current with an average speed of 38 cm/s is 
observed at the data buoy location before the passage of 
the cyclone. The speed increased rapidly and reached a 
maximum value of 148.8 cm/s on 26 September (Figure 
3). There is a time lag between the maximum wind stress 
(speed) and maximum current speed observed at the buoy 
location. The exact time lag to respond to wind forcing 
could not be estimated due to the coarse sampling inter-
val of 3 h. Clockwise rotation in current direction with a 
periodicity of ~36 h was observed during the period from 
26 September to 15 October. The rotation which started 
simultaneously with the arrival of the cyclone and the pe-
riod matching the local inertial period, suggests the pres-
ence of inertial oscillation forced by the cyclone. 
 Progressive vector diagram (PVD) is utilized to identify 
the mean flow and the extent of clockwise rotation in sur-
face current. PVD indicates mean flow towards the north-
east with seven well-defined cycles (Figure 4). The inertial 
oscillation started on 25 September and continued till 19 
October (three weeks) without significant change in mean 
direction. The maximum radius of oscillation observed was 
~20 km. 
 Among the various methods of spectral analysis, rotary 
spectral analysis is ideal to estimate the dominant frequen-
cies in vector measurements. Rotary spectrum as explained 
in Gonella19 is used to find the frequency of inertial oscil-
lation. However, the sign of the rotary coefficient differs 
from that of Gonella, to link the clockwise rotation with 
negative rotary coefficient20. 
 The rotary spectrum of the current at the buoy site dur-
ing the passage of the cyclone indicated the presence of 
inertial oscillation with significant peak at the inertial 
band in the clockwise component (S–) and considerable 
difference between the positive and negative rotary com-
ponents (Figure 5). The rotary coefficient, which indicates 
the strength and type of inertial oscillation at the time of 
inertial peak is –0.99, which indicates strong circular in-
ertial oscillation. The inertial frequency (period) observed 
at the buoy site is 0.67 cpd (36 h), which is higher (lower) 
than the local inertial frequency of 0.653 cpd (36.75 h) 
and hence shows a blue shift. 

Longitude (°E) 
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Figure 2. Wind speed, direction and wind stress at DS4 during the September 1997 cyclone. 
 
 

 
 

Figure 3. Time series of current speed (CS), direction (CD) and SST at DS4 during the September 1997 cyclone. 

 
 

 
 
Figure 4. Progressive vector diagram of surface current at DS4 dur-
ing the September 1997 cyclone. 

 
 
Figure 5. Rotary spectra of surface current at DS4 during the Sep-
tember 1997 cyclone. 

 

 The software for wavelet analysis provided by Torrence 
and Compo21 is used to compute the Morlet wavelet spec-
trum of current vectors to identify the time-dependent sig-

nal characteristics of inertial oscillation. It has been 
observed that maximum energy is observed in the inertial 
band from 25 September to 7 October (Figure 6). However, 
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Figure 6. Wavelet spectra of surface current vectors at DS4 during the September 1997 cyclone. 

 
 

 
 

Figure 7. Rotary spectra of wind at DS4 during the September 1997 
cyclone. 
 
 

 
 
Figure 8. Power spectrum of SST at DS4 during the September 1997 
cyclone. 
 
the zonal component exhibits inertial oscillation even dur-
ing the end of the observational period. Semidiurnal 
oscillation is not observed during the event of inertial 
oscillation. 

 Spectral analysis of wind and SST was carried out to 
find the possible oscillations in the inertial band. The rotary 
spectrum of the wind during the study period exhibited a 
spectral peak in the inertial band (0.69 cpd) with higher 
blue shift (Figure 7). The corresponding rotary coefficient 
of –0.83 supports the role of wind force in generating the 
inertial oscillation. Inertially rotating wind vector with 
periodicity equal to or less than half the inertial period 
enhances the amplitude of the inertial oscillation10,14. 
Presence of significant diurnal oscillation in the wind 
provided a favourable condition for the generation of in-
ertial oscillation. Power spectrum analysis of SST indicated 
strong diurnal oscillation and weak signals in the near in-
ertial period at 0.69 cpd (Figure 8). Price18 reported near-
inertial oscillation in SST as the signature of horizontal 
advection of SST, which plays a significant role in the upper-
ocean heat balance. 
 The present study reports the ocean response and the 
characteristics of inertial oscillation generated by the 
tropical cyclone. The inertial peak in surface current is 
observed at 0.67 cpd with a blue shift. Jacobs et al.3 re-
ported that the blue shift in inertial oscillation is due to 
the presence of internal waves. Due to lack of subsurface 
measurements, the present study could not address the 
vertical/horizontal transfer of inertial energy. Comparati-
vely high inertial amplitude of 148.8 cm/s corresponding 
to a wind stress of 0.99 N/m2 and the spectral peak near 
the local inertial frequency indicate that transfer of momen-
tum was high12. The moderate speed of the system, iner-
tially rotating wind vector along with the location of the 
buoy which was on the right side of the track, together 
contributed to the observed high inertial amplitude. 
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It has been established through a numerical model that 
the onset vortex (OV) was formed dramatically in the 
shear line on the northern flank of a low level jet 
(LLJ) at 850 hPa over the mini warm pool (MWP) in 
the East Central Arabian Sea with the aid of sea surface 
temperature (SST) anomalies using MONEX-79 data. 
This study has led to serious investigation of MWP 
over the ECAS, but little attention has been given to its 
counterpart, i.e. the atmospheric pattern at 850 hPa, the 
level at which OV generally forms and extends on ei-
ther side during the course of development. The pre-
sent study examines the SST distribution over the 
Arabian Sea and circulation at 850 hPa to identify the 
MWP and the LLJ positions for five consecutive days 
with onset day as its centre and for six consecutive 
years 2000–05. The study has revealed that OV had 
formed only in 2001 under the influence of MWP on 
the northern flank of LLJ. During other years it seldom 
formed due to (i) absence of MWP, (ii) lack of sufficient 
strength of LLJ, and (iii) absence of the location of 
shear line (over the northern flank of LLJ) over MWP. 
The air–sea flux transfer processes for the OV year 2001 
and a non-OV year 2002 are studied and compared 
for better understanding of the above process in rela-
tion to the OV and non-OV weather conditions over the 
study area. 
 
Keywords: Low level jet, mini warm pool, onset vortex, 
shear line. 
 
IT is well known that tropical cyclones form over warm 
waters. Usually, the onset of monsoon over Kerala (MOK) 
is ushered in by a storm of moderate intensity called onset 
vortex (OV) over the mini warm pool region (MWP, sea 
surface temperature (SST) ≥ 30.5°C) in the East Central 
Arabian Sea (ECAS). Kershaw1 hypothesized that the 
MWP has a great bearing on the genesis of OV of summer 
monsoon (OVSM) at 850 hPa. Subsequently, Kershaw2 fur-
ther emphasized that the warm anomaly of SST (real SST-
climatology) in the ECAS did affect the onset of the mon-
soon and increased the rate of generation of kinetic en-
ergy, speeding up the onset. It caused rapid northward 
progression of the monsoon and promoted the formation 
of OVSM by enhancing the release of latent heat, perhaps 


