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The stated goal of an Indian Ocean Observing System:
“…provide sustained high-quality oceanographic and marine 
meteorological measurements to support knowledge based 
decision-making through improved scientific understanding, 
weather and climate forecasts, and environmental assessments 
for the benefit of society.” 
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The stated goal of an Indian Ocean Observing System:
“…provide sustained high-quality oceanographic and marine 
meteorological measurements to support knowledge based 
decision-making through improved scientific understanding, 
weather and climate forecasts, and environmental assessments 
for the benefit of society.” 

Achieving this will require:

- Autonomous platforms.

- Integrated systems with complementary platforms.

- Focused measurements on the boundaries; dispersed 
measurements in the interior.
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The stated goal of an Indian Ocean Observing System:
“…provide sustained high-quality oceanographic and marine 
meteorological measurements to support knowledge based 
decision-making through improved scientific understanding, 
weather and climate forecasts, and environmental assessments 
for the benefit of society.” 

Approaches include:

- Capitalizing on volunteer observing ships (VOS).

- Integrating gliders & CPIESs to measure boundary currents.

- Integration of new sensors on existing IndOOS platforms.

Here we discuss just a few examples….



Carefully targeted Repeat XBT Lines from volunteer observing 
ships outfitted with auto-launchers and hull-mounted ADCPs
may provide cost effective monitoring (transport, temperature, 
heat flux).

Inside of the Autonomous
Expendable Instrument System 
(AXIS) - an XBT auto-launcher 
(photo credit: J. O’Brien).

Nuka Arctica, a VOS which carries an ADCP 
system aboard as it runs regularly across 60°N 
between Greenland and Denmark (photo credit: 
Royal Arctic Line A/S, Greenland). 



Carefully targeted Repeat XBT Lines from volunteer observing 
ships outfitted with auto-launchers and hull-mounted ADCPs
may provide cost effective monitoring (transport, temperature, 
heat flux).

- Auto-launcher technology reduces the burden on ship’s 
crew and eliminates the need (and expense) of a rider and 
auto-launchers are relatively easy to move from one ship 
to another if shipping companies rotate their vessels.

- Shipboard ADCPs require a bigger commitment from the 
VOS (modification of hull when in dry dock). 
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In the North Atlantic, the C/V Oleander has been measuring between New 
Jersey and Bermuda – crossing the Gulf Stream – since 1977.

Carefully targeted Repeat XBT Lines from volunteer observing 
ships outfitted with auto-launchers and hull-mounted ADCPs
may provide cost effective monitoring (transport, temperature, 
heat flux).
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Significant Results:

1. The Gulf Stream is not 
slowing (despite claims to the 
contrary).

Carefully targeted Repeat XBT Lines from volunteer observing 
ships outfitted with auto-launchers and hull-mounted ADCPs
may provide cost effective monitoring (transport, temperature, 
heat flux).

Rossby et al., 2014.
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Significant Results:

1. The Gulf Stream is not 
slowing (despite claims to the 
contrary).

2. The Middle Atlantic Bight 
Shelf is warming rapidly.

Carefully targeted Repeat XBT Lines from volunteer observing 
ships outfitted with auto-launchers and hull-mounted ADCPs
may provide cost effective monitoring (transport, temperature, 
heat flux).

Warming rate (°C/yr) from 2002-
2013, Forsyth et al., 2015.
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Possible repeat lines to capture IO southern boundary:
- Cape Town to Perth (9,100 km)
- Cape Town to Melbourne (11,400 km)



Current- and Pressure-sensing 
Inverted Echo Sounders (CPIES) 
can be used to infer geostrophic 
velocity structure and transport at 
high temporal resolution.

Combination of fixed and mobile platforms resolves a broader 
range of scales than could be achieved by one platform alone, 
allowing investigations of the interactions between scales.

Underwater gliders are small (50-kg 
mass, 2-m length), buoyancy driven 
vehicles that have been optimized 
for extended endurance and can 
carry flexible payloads.



Current- and Pressure-sensing 
Inverted Echo Sounders (CPIES) 
can be used to infer geostrophic 
velocity structure and transport at 
high temporal resolution.

Combination of fixed and mobile platforms resolves a broader 
range of scales than could be achieved by one platform alone, 
allowing investigations of the interactions between scales.

Payloads sensors can include: T, S, 
velocity, DO, chlorophyll & CDOM 
fluorescence, optical backscatter, 
microstructure, nitrate, spectral 
irradiance, PAR, nitrate, zooplankton 
and marine mammals.



Current- and Pressure-sensing 
Inverted Echo Sounders (CPIES) 
can be used to infer geostrophic 
velocity structure and transport at 
high temporal resolution.

Combination of fixed and mobile platforms resolves a broader 
range of scales than could be achieved by one platform alone, 
allowing investigations of the interactions between scales.

Gliders are well-suited for 
quantifying boundary current 
variability and can measure water 
mass changes CPIES cannot 
detect.



CPIES and gliders have recently been used in the western 
North Pacific to investigate variability in Kuroshio strength, 
velocity structure and water mass properties. 
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CPIES and gliders have recently been used in the western 
North Pacific to investigate variability in Kuroshio strength, 
velocity structure and water mass properties. 

Significant Results:

1. The Kuroshio intensifies 
downstream via a thickening of 
the poleward-flowing layer. 



CPIES and gliders have recently been used in the western 
North Pacific to investigate variability in Kuroshio strength, 
velocity structure and water mass properties. 

Significant Results:

1. The Kuroshio intensifies 
downstream via a thickening of 
the poleward-flowing layer. 

2. It is the net (surface-to-bottom 
integrated transport) that is in 
balance with the interior 
Sverdrup (wind-driven) flow.

Andres et al., 2017



New developments: Gliders:

• Transition to modern low-power 
computing architectures.

• Push to integrate new sensors.

• Focus on improving endurance.

• Exploration of new energy sources 
(LI-seawater batteries), thermal 
glider.

• Next-generation glider designs:
Spray-2, Slocum G3, SGX, 
Deepglider.

CPIES:

• Integration of data pods for 
remote data retrieval (PDS-PIES).

• Integration of a 600 kHz Doppler 
current profiler (pro-PIES). 



19

0° 50°E 100°E 150°E
60°S

50°S

40°S

30°S

20°S

10°S

0°

10°N

20°N

30°N

Potential applications for integrated glider/CPIES 
arrays:

- Studies of surface boundary 
currents and their undercurrents 
(e.g., the Agulhas, the Somali 
Current, and Leeuwin Current) and 
the currents along the equator

- Investigations of the flows’ 
interactions with topography at the 
many dramatic ridges in the Indian 
Ocean.

- Studies of thermocline movement 
(and bottom pressure signals) at the 
Seychelles-Chagos Thermocline 
Ridge. 



20

Other platforms and sensor technologies that could 
add to the IndOOS:

Enhanced Moored Profilers:
- Articulating Profiler
- Lift Assisted Moored Profiler (LAMP)

Expendable platforms:
- Directional Wave Spectra Drifters
- Minimets
- X-Spar buoy

Autonomous Platforms:
- Saildrones
- Wavegliders

-pods 
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Recommendations for the use of new technologies in the IndOOS :

• Monitoring boundary current strength, velocity structure and water masses with 
arrays comprising CPIES, gliders and articulated moored profilers or LAMPs in 
regions like the Somali, Leewin and Agulhas Currents.

• Investigating the remote Indian Ocean interior with autonomous or expendable 
platforms that incorporate traditional and new sensor technologies including DWS 
drifters (with SST and GPS sensors), -SOLO floats, X-Spar floats, Saildrones, 
Wave gliders, and Minimets.

• Continued integration of -pods mounted on RAMA moorings through the Bay of 
Bengal and across the Equatorial array to examine seasonal transitions within 
the Equatorial wave guide and the accompanying atmospheric and oceanic 
variability.

• Doubling of traditional XBT sampling on some key lines like IX01, that monitors 
exchanges between the Pacific and Indian Oceans.

• Outfitting commercial vessels with hull-mounted ADCPs and XBT auto launchers 
to provide a measure of the heat flux across key lines like the southern boundary 
of the Indian Ocean between Cape Town and Melbourne.


