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1. ABSTRACT

Satellite altimetry has proved its capability to study
a wide variety of oceanographic phenomena,
particularly, over the data sparse Indian Ocean
region. Sea surface height anomalies (SSHA) from
altimeters have been extensively used to study the
mixed layer dynamics and the oceanic eddies. The
SSHAs are used to detect and map eddies in the
form of an atlas. Bay of Bengal eddies propagate
dowly compared to other parts of the ocean
including Arabian Sea. TOPEX/POSEIDON
observations with the XBT measurements have
been used to infer subsurface thermal structure
where in situ observations are not available. Using
SSHAs current variability and the inter-annual
variation of eddy kinetic energy are studied in the
Indian Ocean. RMS sea level variability was high
in regions of Rossby wave propagation. FFT
analysis was used to identify the eddy regions.
Inter-annual and seasonal variations in thermocline
slopes could also be inferred from SSHAS.

2. INTRODUCTION

The progress of any oceanographic research/
forecast heavily relies upon a number of in situ
observations, particularly, over the data sparse
ocean region like Indian Ocean. Satellite altimeter is
a remote sensing sensor providing an integrated
picture of the oceans over large spatial and temporal
extents. A satellite altimeter is a nadir pointing
active microwave sensor designed to measure
characteristics of the surface of the earth. The return
signals from oceanic regions provide information on
significant wave height, surface wind speed and a
range of measurements from the satellite to the sea
surface immediately below.

With independent estimates of the satellite's
position in space, it is possible to estimate the
height of the ocean surface relative to a reference
ellipsoid. Corrections to atimetric readings are
necessary to accurately deduce the sea surface
height anomalies (SSHAS). Reference [1], described
errors involved in atimeter measurements. Height
measurements from modern atimeters such as
TOPEX/POSEIDON (T/P) are very accurate as
their orbits can be determined very precisely.
Altimeters revisit the same tracks at predetermined
intervals. T/P repeats every 10 days and ERS-1

operates with a 3-day, 35-day or 168-day repeat
depending on mission objectives. The availability of
two simultaneous altimeter missions (T/P and ERS-1)
provided ocean measurements at high temporal and
gpatial  resolutions. SSHAs obtained from these
atimeters have been extensively used to study the
mixed layer dynamics and the oceanic eddies in the
North Indian Ocean. As first shown by reference [2],
the seasonally occurring mesoscale features in the
equatoria Indian Ocean (EIO) tend to be well suited
for the altimetric studies.

3. EQUATORIAL
PHENOMENA

INDIAN  OCEAN

EIO behaves uniquely compared to the other regions
of the ocean due to the seasonal reversal of the
monsoon winds. In the EIO during the non-monsoon
months, north equatorial current flows westward
approximately between 8°N to equator. From equator
to 8°S an equatorial counter current flows eastward.
During the Indian southwest monsoon (June-
September) the westward part of the equatorial
current changes to eastward current combining with
eastward equatorial counter current [3]. As a result,
the surfacial water is pushed downwind by the
equatorial beta plane effect and the water piles up at
the eastern end establishing a horizontal pressure
gradient beneath the surfacial water [4]. This
phenomenon in the EIO occurs every year with year
to year variations in the intensities.

Reference [5] used Geosat altimeter data and climatic
temperature profiles to study the reversal of MLD
(Fig. la & 1b). Thisresultsin the reversal of the slope
in mixed layer depth (MLD) in opposite direction
(Figure 2). Due to the small density difference
between the waters of mixed layer and thermocline,
the change in thermocline is ~330 times more than the
sea level change. Reference [6] used Jason and Argo
float observations to infer the changes in thermocline
using artificial neural network (ANN) approach.
Using T/P and Jason SSH observations monthly sea
surface slopes were computed as a linear fit between
SSH and the longitudes during 1994 — 2005 (Fig. 3).
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Reference [7] estimated MLD using Geosat atimeter
data in the EIO. Sea level variations are found to



influence the variations in the MLD in EIO and this
information alone can be used to estimate MLD
with an RMS error of 16.3 m.

4. STUDIES OVER ARABIAN SEA
AND BAY OF BENGAL

Anticyclonic eddies have elevation and cyclonic
eddies have depression at the centre. Using these
properties, oceanic eddies can be detected and
monitored from altimeter observations of SSH.
Referecnce [8] have detected eddies of Arabian Sea
from ERS-1 altimeter data. SSH observations from
altimeter data have been used to map the oceanic
eddies in the north Indian Ocean [9]. Inter annual
variabilities of eddies in the north Indian Ocean can
be studied from this (Fig. 4). Using XBT and Topex
/ Jason SSH observations reference [10] studied the
movement of eddies in the Bay of Bengal and
observed that the movement of eddies in this region
is about one fourth of the speed in other regions.
Surface thermal structure of the oceans is reflected
in the SSH observations to a large extent. Reference
[11] studied the SSH variations from T/P
observations and the associated changes in the
subsurface thermal structures obtained from the
XBT observations [11]. This study gave an
opportunity to infer the spatiad variations in the
thermal structures over the vicinity of the in situ
measurements (Fig. 5). The negative (positive)
sope during July-September corresponds to the
cold (warm) phase. The degred of the slope depends
on the Japan Meteorological Association (JMA)
index. Anticyclonic eddies have deeper MLDs and
more cyclonic heat potential that act as a source of
energy for cyclone formations and movements.
Particularly after the unexpected intensification of
the hurricane Opa during October 1995,
information oceanic eddies and the cyclone heat
potential is extensively used in cyclone track
predictions. A similar approach is likely to improve
the cyclone forecast skill over the Indian Ocean
also. As an example the strong anticyclonic eddy
detected from altimeter observations present near
the Arabian coast during 26 April — 06 May 2002
(Fig. 6) would have been responsible for the
movement of the cyclone during 05 -10 May 2002
to move westwards. Otherwise the cyclones
originated over this region during May generaly
move towards north.

5. CONCLUSION

Altimeter observations have shown the potential of
a wide variety of applications in the Indian Ocean.
Since atimeters have al weather capabilities,
cyclonic heat potential can be inferred and the
presence of oceanic eddies can be identified that can

improve the cyclone track prediction capabilities in
the Indian Ocean region.
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Figure 1: Sea surface height variations along the EI O during (a) 1987 and (b) 1988
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Figure 2. Seasonal 1987-88 average sea level variations along the equator to 5° N equatorial Indian Ocean
belt for (a) February - April and (b) May — June. Seasonal climatic mixed layer depth (MLD) variations
along the equator to 5° N equatorial Indian Ocean belt for (c) February - April and (d) May — June. Straight
linesare lines of best fit.



Figure 3: Indian Ocean eddies showing inter-annual variation, Reference [9]

Figure4: XBT thermal structuresand T/P SSH in the North I ndian Ocean, Reference [11]
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Figure5: Monthly SSH slope anomalies (deg.) along the EIO (2°S-2°N; 40°-100° E) during 1994-2005 from
T/P & Jason

Figure 6: Effect of oceanic eddies on cyclone tracks



