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   Report on  

Sagar Nidhi Cruise SN100: North Bay of Bengal,  

23rd August to 15th September, 2015 

 

I. Background 

The main aim of the Ocean Mixing and Monsoon (OMM) programme (2013-2018) is to 
understand upper ocean physics and air-sea interaction in the Bay of Bengal. We hope that the 
knowledge will eventually lead to improved models for ocean prediction and monsoon forecasts 
on diurnal to subseasonal time scales. The programme is supported by the Ministry of Earth 
Sciences (MoES) under the National Monsoon Mission. 

OMM has an international component, with partners from several US institutions 
supported by the US Office of Naval research (ONR) under their ASIRI programme. An 
important goal of collaborative work with US scientists is training of early career scientists and 
engineers at Indian research institutes and universities. The primary focus of OMM cruises is to 
gather upper ocean observations with sufficient resolution to map sub-mesoscale (1-10 km) 
features, and surface meteorology and oceanography data with sub-hourly resolution. An 
important aspect of OMM cruises is that they are “adaptive” - continuous monitoring of available 
near-real time data from satellites and drifting assets, and sometimes from atmospheric model 
analyses and forecasts, is used in cruise planning. Onboard discussion of upper ocean physics 
and observing techniques through regular science meetings, conversations between individuals 
and small groups, and working together with experienced scientists is proving to be very 
effective during all OMM cruises.  

            We have so far conducted seven OMM-related cruises in the Bay of Bengal on Indian 
and US ships: Three cruises of the US research vessel Roger Revelle (operated by the Scripps 
Institute of Oceanography, La Jolla), and four cruises of the Sagar Nidhi. The first Revelle cruise 
sailed out of Colombo in November/December 2013, the second and third out of Chennai in June 
2014 and August-September 2015. Several young scientists/engineers and students from India 
sailed on these Revelle cruises. Four cruises of the Sagar Nidhi have sailed out of Chennai, in 
November/December 2013 (SN82), August-September 2014 (SN88), November-December 
2014, and the present cruise (SN100). Professor Eric D’Asaro and research engineer Michael 
Ohmart of the Applied Physics Laboratory APL), University of Washington, Seattle sailed on 
three Nidhi cruises.  

Cover	  Photos	  courtesy	  :	  Suresh	  Kumar,	  INCOIS	  	  
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II.  Objectives and cruise outline 

  The Sagar Nidhi sailed from Chennai in the first hour of 23rd August 2015, with 
participants from several Indian and US institutions, and returned to Chennai on 15th September, 
2015. 

Our main objective was to map low-salinity water of riverine origin and to make detailed 
observations of upper ocean sub-mesoscale (1-10 km) structures and variability in the north Bay 
of Bengal under monsoon conditions. The previous OMM monsoon cruise was Sagar Nidhi 
SN88 in August-September 2014. Unlike August-September 2014, maps of sea surface salinity 
(SSS) from the Aquarius satellite were no longer available during this cruise (the satellite has 
been decommissioned). An underway CTD (uCTD) and two Acoustic Doppler Current Profilers 
(ADCP’s) were the main resources on the Nidhi for upper ocean observations. Along with the 
thermosalinograph (TSG), our day-to-day science decisions were aided by data from the uCTD 
and 300 kHz hull-mounted ADCP.  

A US-funded Woods Hole Oceanographic Institution (WHOI) Air-Sea Flux mooring 
carrying two sets of ASIMET sensors was deployed from the Nidhi by a WHOI-NIOT team in 
December 2014. We also used data from the WHOI mooring and two NIOT moorings BD08 and 
BD09, all located near 18 N,89.5 E, to plan our activities and interpret observations; met data 
from the WHOI mooring are available at http://uop.whoi.edu/projects/Bengal/BengalData.html; 
three-hourly met and ocean data from BD08 and BD09 were sent to the ship by NIOT’s Ocean 
Observing Systems group. In addition, near-real time satellite imagery and data, as well as 
weather analyses and forecasts were sent to the Nidhi from INCOIS.  

The Roger Revelle deployed several surface drifters equipped with salinity sensors in a 
broad area near 17.5 N in international waters; real-time plots and data from the fast CTD system 
on the Revelle, drifter tracks and surface salinity measurements, proved valuable in planning and 
executing joint operations. We worked alongside the Roger Revelle for nearly eight days in the 
area mapped out by the drifter array; both ships adapted tracks and observing strategies guided 
by data from autonomous and shipboard instruments from the Nidhi and Revelle. 

We focused on mapping large-scale surface fresh water distribution by running three long 
tracks in the Indian Exclusive Economic Zone (EEZ) in the west and north Bay (Figure 1, 2), 
and on identifying and characterising sharp lateral salinity and density gradients (sub-mesoscale 
fronts). We gathered statistics at one long-lived front, which was mapped repeatedly while we 
worked alongside the Roger Revelle.  
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Figure 1: Sea surface height anomaly (colour; meters) from AVISO satellite altimetry as on 31 
August 2015, contour interval 0.05 m. The SN100 cruise track (orange), waypoints A-F, WHOI 
Mooring, and NIOT Moorings BD08, BD09 and TB09 (black dots) are shown.  

 

Figure 2: Current vectors at 10 m depth from the 300 kHz hull-mounted ADCP (arrows) and 
uCTD salinity (psu) at 4 m depth (colour) along the cruise track, 25 August 14:25 UTC to 11 
September 2015 00:17 UTC; start and end points of the ADCP measurements are marked. A 
reference current vector (length 1 m/s) is at top left. Shading (positive values grey) and contours 
are AVISO sea surface height anomaly (m) on 31 August, early in the cruise. 

Start End	  
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              The response of the ocean to surface momentum, heat and buoyancy forcing, the space-
time evolution of sea surface temperature (SST) and subsurface thermal structure, and the 
characteristics of air-sea interaction, are all dependent on the stratification of the uppermost layer 
of the ocean (or “mixed layer depth” for simplicity). We found several salinity-dominated 
submesoscale (order 10 km) density fronts during Sagar Nidhi cruise SN88 in August-September 
2014; at many of these fronts, the mixed layer was shallower under the fronts than on either side. 
The influence of submesoscale salinity fronts and wind-forced “Ekman” flow on near-surface 
stratification, the near-surface current shear, and the relation between shear and stratification are 
the central questions for the summer 2015 cruise. As in summer 2014, the main observational 
tools are the uCTD-ADCP combination and the Lagrangian float. In addition, we deployed 
instruments to study upper ocean optics, chemistry and biology, and collected water samples for 
laboratory analysis of organic matter, suspended sediments and isotope-based studies. Surface 
meteorology was measured from shipboard sensors, including a new suite of ASIMET sensors 
(identical to those on the WHOI mooring) mounted on a 4 m mast on the foredeck. 

            We made upper ocean observations over a total along-track distance of nearly 2500 km 
(Figure 1, 2), and collected over 4000 temperature and salinity profiles using the uCTD. Our 
track in the northernmost Bay of Bengal passed over the Ganges canyon (segment DE, Figure 1) 
– we made several transects of the canyon, first for a bathymetry survey, and then for deeper 
uCTD casts (200-600m); we gathered data from the two ADCP’s on all canyon crossings. At 
NIOT’s request, we recovered and deployed the tsunami mooring TB09 near 17.5 N (point F, 
Figure 1).  

            We deployed a Seaglider for long-term observations in the north Bay of Bengal. The 
glider is at present settled in a butterfly-shaped sampling pattern around the WHOI mooring; we 
plan to hold this pattern until December 2015, at which time both mooring and glider will be 
recovered. Eric D’Ásaro, Mike Ohmart and the INCOIS team deployed and recovered a water-
following Lagrangian float developed at APL, to obtain a week-long, fine-resolution record of 
upper ocean stratification, velocity, optics and turbulence. This was the first OMM cruise with 
several dedicated instruments acquired with project funds - the 500 kHz ADCP, ASIMET sensor 
suite, the Seaglider and the Lagrangian float have all been recently procured by INCOIS. 

            A total of 24 people from the following institutions participated in the cruise: Indian 
National Centre for Ocean Information Systems (INCOIS) Hyderabad; National Institute of 
Ocean Technology (NIOT) Chennai; Indian Institute of Science (IISc.) Bangalore; Berhampur 
University, National Centre for Antarctic and Ocean Research (NCAOR) Goa, Applied Physics 
Laboratory, University of Washington, Seattle, and Indian Institute of Technology, Delhi. In 
addition, we had support from three NORINCO engineers and the dedicated services of four 
expert seamen appointed by INCOIS. 

             Near real-time remote sensing and model-based products, including weather analyses 
and forecasts from the 4-km NCMRWF unified model, were provided by INCOIS; satellite 
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imagery, data and analyses through the ASIRI server, by Professor Amit Tandon’s group at the 
University of Massachusetts Dartmouth (UMassD). The satellite and model inputs were useful in 
cruise planning and real time science decisions. A notable development is that the Atmospheric 
and Ocean Sciences Group (AOSG), SAC Ahmedabad, Indian Space Research Organisation 
(ISRO), retrieved sea surface salinity using brightness temperature data from the US National 
Aeronautics and Space Agency (NASA) Soil Moisture Active Passive Radiometer (SMAP); 
SMAP data is available since March 2015 (see smap.jpl.nasa.gov). The first SSS maps became 
available to us only towards the end of cruise SN100, but promise to be a useful resource for Bay 
of Bengal studies in future.  

             All installations, deployments and operations during the cruise were made possible by 
the exceptional responsiveness and dedication of Captain R. Sharma and officers and crew of the 
Sagar Nidhi; the help of the Vessel Management Group (VMC) onboard and at NIOT, 
NORINCO engineers, the seamen led by Mr. Venkatesan, and mainly the cheerful and energetic 
younger participants. The expertise, energy and patient guidance of Professor Eric D’Ásaro and 
Mr. Michael Ohmart was vital to the success of both science operations and training during this 
cruise, as it was during the November 2013 and August-September 2014 Sagar Nidhi cruises. 
The close co-operation between the science team and the Sagar Nidhi bridge, as well as between 
the Revelle and Nidhi scientists and officers on the bridge, was essential in adaptive cruise 
planning and execution.  

 

III. Weather and large-scale oceanographic conditions: 

We discuss briefly monsoon weather and north Bay of Bengal at the time of the cruise. 
The weather was generally calm and clear at the start of the cruise. The first, and most 
significant, weather we encountered was a monsoon disturbance, or low-pressure system, at 17-
21N latitudes off the Andhra/Orissa coast, starting 27 August (Figure 3, 4).  

             The highest wind speed we saw on the ship (the INCOIS AWS is nearly 20 m above the 
water) was at the time of the monsoon system - nearly 14 m/s on 27-28 August; from 27 August 
through 1 September, wind speed was often 12 m/s (Figure 5); from 3-11 September, wind 
speed rarely exceeded 8 m/s. The incoming shortwave radiation flux Qsw measured by the 
ASIMET sensor on the ship is not lowest at the time of the monsoon disturbance, as one might 
expect – the Nidhi appears to have been in relatively clear skies on 27-28 August. Rather, the 
values of Qsw are low from 31 August to 2 September, and once again from 5 to 6 September 
(Figure 6).  The ASIMET sensor on the WHOI mooring (18N, 89.5E) shows that Qsw is low on 
27 August; as on the ship, the Qsw values are lowest on 2, 5 and 6 September (Figure 7).  On 2, 
5 and 6 September, daytime cloud cover (visual impression) was often 100%, but rainfall was 
rarely heavy – it is likely that deep convective clouds were not predominant. Note that incoming 
longwave radiation was relatively low (about 235 W/m2) during daytime on 2 September; the 
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values were 250-260 W/m2 on the night of 1 September/early hours of 2 September (Figure 7), 
both at the ship and the WHOI mooring.  

 

Figure 3: Infrared Image from INSAT-3D at 00:15 UTC, 27 August 

 

Figure 4: Rainfall from NCMRWF forecast valid for 00:27 UTC, 27 August 2015; the heaviest 
rainfall  is coloured dark red. 
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Figure 5:  Air temperature (oC), relative humidity (%), pressure (hPa) and wind speed (m/s) 
from the INCOIS AWS on the Sagar Nidhi. ASIMET pressure (black) is also shown. The 
INCOIS and ASIMET systems are installed at nearly 20 m  and 10 m height above sea level. 

 

 

Figure 6: Incoming flux of shortwave radiation (top; W/m2) and longwave radiation (bottom; 
W/m2) from the ASIMET sensors on the Nidhi, 26 August-9 September 2015. The sampling 
interval is 2 minutes. 
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Figure 7: Incoming flux of longwave radiation flux (top; W/m2) and shortwave radiation 
(bottom; W/m2) from the ASIMET sensors (blue) on the Nidhi (2 minute data) and ASIMET 
sensors (system 1) on the WHOI mooring (black; 18N 89.5E; hourly data), 26 August-6 
September 2015. 

 

Figure 8: Temperature (oC) at 1 m depth from a mooring at 18oN, 89.5oE showing subseasonal 
oscillations with periods of several days to a few weeks, and peak-to-peak amplitudes of 0.5oC to 
nearly 2oC. The diurnal cycle is reduced or absent during some episodes of rapid cooling. 
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              North Bay of Bengal SST warms rapidly in clear, calm (“break”) spells of the monsoon, 
and cools in response to reduced insolation and increased evaporation during cloudy, windy 
episodes of active monsoon convection. Feedback from the intraseasonal oscillations of SST (see 
Figure 8) is believed to lead to more organized large-scale atmospheric convection, influencing 
the monsoon’s active-break cycle. However, many aspects of the coupling are not understood, 
and the physical basis of monsoon air-sea coupling on diurnal to intraseasonal time scales 
remains an important question.   

 

Figure 9: Moored observations at 18 north: Salinity (psu) at 1 m depth (top panel) from the 
WHOI mooring (black; 18N 89.5E), 5 June–13 September 2015; NIOT BD08 (red; 18.12N 
89.67E) and BD09 (blue; 17.88N 89.67E), 19 August–13 September; temperature (°C) at 1 m 
depth (bottom) from the WHOI mooring (black) and BD09 (blue). 

               Time series of salinity and temperature at 1 m depth from the WHOI mooring (18N 
89.5E) and two nearby NIOT Moorings BD08 (17.88N 89.67E) and BD09 (18.12N 89.67E) are 
shown in Figure 9. The WHOI data shows three early pulses of low-salinity water (probably 
from the Ganga-Brahmaputra-Meghna river) in the two weeks between 29 July and 12 August 
2015. Surface salinity at the WHOI mooring falls by nearly 8 psu (33 psu to 25 psu) in the week 
starting 19 August; this pulse of river water lasts about two weeks. Another fresh event begins on 
5 September, with sea surface salinity (SSS) falling to 23 psu. The BD08 SSS is close to WHOI 
SSS, but BD09 SSS does not fall as low, indicating that the river water arrives at the cluster of 
moorings from the north and east, and not from the south. The moored observations show very 
large SSS variations on 5-15 day scales, as well as large SSS gradients on 10 km spatial scales.. 

               SST at the WHOI mooring cools by nearly 1.5oC in 5 days between 20 and 25 June. 
The two most prominent intraseasonal oscillations of SST have periods of about 30 days, and 
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peak-to-peak amplitudes of 1-1.5oC (Figure 9). The 30-day oscillations are similar to those in 
the summer of 2013 at exactly the same location, but 10-15 day oscillations are more prominent 
in the 2013 record (Figure 8).  

             During the previous summer monsoon cruise (SN88) of the Sagar Nidhi, satellite 
microwave SST suggested that the central Bay of Bengal cooled by nearly 1.5oC in 5 days, 26-30 
August 2014 (not shown). Snapshots of 0.25o daily satellite microwave SST during the present 
cruise (Figure 10) do not show a clear, large-scale impact of the monsoon low-pressure system 
of 26-27 August mentioned earlier (Figure 3, 4). We note that unlike 2014, SST from the 
TRMM satellite is no longer available in summer 2015. During the two-ship experiments 
alongside the Revelle (see below), we saw a modest (0.5oC) north-south SST gradient on scales 
of a few kilometers – information on such scales is not available from satellites during the 
summer monsoon season, because infrared SST retrieval is very sensitive to the presence of 
clouds.  

 

Figure 10: Satellite microwave sea surface temperature (SST; oC) at different times during the 
cruise. MW OISST data from Remote Sensing Systems. 

 

IV. Time line, cruise track and operations 

           Senior engineer Benjamin Jokinen from Craig Lee’s Seaglider group at APL tested and 
set up the glider at NIOT over three days, working with Mike Ohmart, Shivaprasad and 
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Thangaprakash of INCOIS (the glider team on the ship), and Girish Kumar of INCOIS (who 
went to APL and helped pilot the glider until the end of the cruise). Ben also held training 
sessions for several young NIOT engineers. At 5:30-8 pm of 18 August we held a pre-cruise 
meeting of all participants on the Sagar Nidhi and Roger Revelle teams. We presented results 
from the Nidhi cruise of August-September 2014 (SN88), and discussed the available 
instrumentation, rationale and possible plans for two-ship experiments in international waters 
outside the Indian and Myanmar EEZ’s. The Roger Revelle sailed from Chennai on 21 August 
2015.  

          The Sagar Nidhi sailed from Chennai port at about midnight IST of 22/23 August 2015. 
During dry dock at Colombo prior to the cruise, the 300 kHz ADCP that we had used on cruise 
SN88 was mounted on the ship’s hull by the manufacturer RDI. At port on 22 August, an RDI 
engineer was on board to check the ADCP and data acquisition system. We prepared the 
swiveled pole mount for a newly-acquired 500 kHz Sentinel ADCP on the starboard side with 
additional support just above the water line to arrest vibrations, just as in summer 2014 (SN88). 
NORINCO engineers installed a calibrated Seabird instrument in the meteorology laboratory as 
part of the Thermosalinograph (TSG) setup. We installed the ASIMET sensors on a 4 m tall 
stainless steel mast on the foredeck (height above water about 10 m; the mast had been fabricated 
prior to SN88). All groups assembled and readied their instruments during this time.  

Day 1, 23 August: The ship sailed from Chennai in the first hour. We checked and 
prepared instruments, fixed the underway CTD to the rail on the starboard side of the main deck 
aft. uCTD operations were to continue 24x7 through the cruise, so four teams would work six-
hour shifts – all 16 team members and seamen were trained on uCTD operations. At 8 pm, we 
held a science meeting, with Eric Dasaro’s introductory talk: “Why measure T and S” followed 
by discussion. 

Day 2, 24 August: The main CTD had problems with communications due to cable 
leak/shorting; in spite of several days’ efforts by VMC and ship engineering staff, this problem 
could not be rectified; through the cruise, water samples were collected at limited number of 
depths with the help of messengers. 10-liter surface water samples were collected at several 
stations for optics/CDOM/turbidity, and Neodymium analysis (for all details and subsequent 
water sampling, see operations log). At 2 pm IST (08:30 GMT), we made a Seabird portable 
CTD cast and acquired IOP and radiometer profiles for optics studies (instrument principles, 
specifications and other details may be found in the Annexure) at 17o20.7’N, 83o57.34’E, water 
depth nearly 2 km. The NCAOR microstructure profiler was lost as we began the first 
deployment – the cable snagged and broke; the cable appeared to be stressed from previous use. 
A loss report has been prepared (also see log).  

             Problem with feeding ship navigation data to the 300 kHz hull-mounted ADCP rectified 
by putting in a new cable from Eric and Mike’s toolkit. The 500 kHz over-the-side ADCP is not 
cabled – data is download via WiFi, requiring the pole to be lifted out of the water and swivelled 
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to horizontal position. We did a three-hour test of the ADCP at 4-5 knot ship speed until 8:30 
pm, and downloaded data. At the evening science meeting, Murali of INCOIS spoke about 
“Active-break cycle of Indian Monsoon” based on his Masters’ work at SAC Ahmedabad. 

Days 3, 25 August:  At about 6 am IST we lowered the ADCP pole, and the ship moved 
along two 1-2 km squares in 40 m water depth off the east coast close to Point B (Figure 1), to 
calibrate the 300 kHz and 500 kHz ADCP’s. Vibrations of the ADCP pole support arrested by 
tightening support rope. Water samples at six shallow depths collected using messengers. As the 
ship moved offshore towards Point C, we made 8 uCTD casts within 1.5 km in 50 m water 
depth; we continued uCTD operations once we reached 150 m water depth. From here on, uCTD 
and ADCP’s were operated nearly continuously (with occasional breaks for water sampling and 
optics) at 4-5 knot ship speed; we used both uCTD deck systems, and only two of the five 
calibrated Seabird uCTD probes available. 

The ship’s automatic weather station (AWS), INCOIS AWS and ASIMET sensors 
acquired data through the cruise. The temperature (T) and salinity (S) data from the ship’s 
thermosalinograph (TSG) had spikes during rough weather, apparently due to bubbles in the 
plumbing that pumped water to the Lab. Comparison with near-surface temperature and salinity 
from the uCTD showed a warm bias of nearly 0.5oC in intake temperature; TSG salinity was 
generally reliable, but for spikes. 

Day 4, 26 August: Heading east and continuing uCTD operations in to-yo mode, 
eventually settling on one cast every three minutes to 120-140 m depth. At ship speeds of 4-5 
knots (1 nautical mile per hour, or nearly 1.85 km per hour), the mean distance between 
successive casts is 375-475 m; during the two-ship experiments, the ship speed was 4 knots or 
less, we did uCTD casts every two minutes (resolution 250-300m; see below).  

Spells of rain on the ship; NCMRWF forecasts have been suggesting large-scale, 
organized rainfall and winds associated with a developing monsoon disturbance (e.g. 2-day 
forecast valid for early 27 August, Figure 4). India Meteorology Department (IMD) declares 
low-pressure system at 0300 UTC; wind speed 30-40 kts, about 3 m swell from the south. WHOI 
and NIOT moorings show very low surface salinity (Figure 9). At the evening meeting, we 
decided to extend the eastward leg to Point C, 89.5oE (Figure 1), ETA 2 am IST, 28 August. 

Day 5, 27 August: Continued uCTD operation (one cast every five minutes), alternating 
probes and downloading data once every 10-15 casts. Ship was tacking to minimise heavy 
rolling, speed 5 knots; bridge requested to approach WHOI mooring from the north. Sea surface 
salinity (SSS) 31 psu at 9:30 pm IST; switched to 3-minute sampling. Sharp fall in SSS at 
18o16’N, 89o01’E; SSS reached 28 psu at midnight IST.  

Day 6, 28 August:  SSS fell below 27 psu at 6 am IST, close to the WHOI mooring 
(18oN, 89.5oE). Based on mooring data and satellite SSS from previous years, it appears that we 
traversed the boundary between a plume of “river water” and “seawater” – the uCTD and TSG 
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recorded nearly 6 psu fall in surface salinity in 50 km (Figure 2, Figure 11). At 6 am IST we 
turned back to head west, and made a second traverse of the front. Lost some uCTD profiles, 
possibly due to improper contact of the magnetic switch, or error during data download. The SSS 
gradient (between the river water in the east and saltier water to the west) was comparable to the 
first crossing.  

 

Figure 11: Salinity (psu) at 4 m depth from uCTD onboard Sagar Nidhi 22 August-11 
September 2015 (top panel). The boxes show duration of  the two-ship experiments 1 and 2 
(discussed later in detail) alongside Roger Revelle. Temperature (oC) at 4 m depth from uCTD 
(bottom panel). 

We do not know the salinity gradient between river water and seawater prior to these 
observations, but pose a question: Assume that enhanced surface winds associated with the 
monsoon low-pressure system drives a shallow, swift westward Ekman flow in the fresh layer. 
The fresh layer would then move eastward faster than the thicker, saltier layer, reducing the SSS 
gradient and broadening the front.  

At 4:30 pm IST, we turned north to head for Point D (Figure 1), which lies just west of 
the Ganges (or Bengal) submarine canyon. Canyons are steep valleys cut into the seabed on the 
continental slope - they can be formed by turbidity currents from sediment-laden river water and 
underwater landslides. Figure 12 shows the physical setting and relative size of the Ganges 
canyon.  

Day 7, 29 August: Heading to Point D. Stopped at 12:30 pm IST for Radiometer and IOP 
casts, water samples and testing the dynamic positioning system (DP). Downloaded data from 
the 500 kHz side-mounted ADCP; a 500 m portable CTD cast at 5 pm, at approximately 
19o57’N, 89o01’E – difficulties with wire. Science meeting at 8 pm. 

	  

Exp	  1 

	  

Exp	  2 
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Days 8 and 9, 30-31 August: First transect for multibeam echosounder bathymetry from 
Point D to E (Figure 1) across the Ganges canyon done by 8 am IST on 30 August; second, 
return transect ½ mile to the south of the first transect, done by 2 pm. Started stationary mode 
uCTD profiles to deeper depths on third, westward transect. Halfway across the canyon, the 
uCTD line came up tangled from an attempted cast to 800 m. Put the ship in drift mode, did one 
IOP cast, lifted the 500 kHz ADCP pole. Set up second uCTD spool. 

 

Figure 12: The physical setting of the Bengal Fan (left), and the Bengal Canyon (or Ganges 
Canyon); the relative sizes of several canyons are shown at bottom right. From: Covault, J. A. 
(2011). Submarine Fans and Canyon-Channel Systems: A Review of Processes, Products, and 
Models. Nature Education Knowledge 3(10):4 

We saw strong north-south currents, possibly tidal flows, in the canyon (Figure 13). By 
9:30 pm IST 30 August, the ship had drifted 8 nautical miles at a speed of about 2.5 knots. We 
headed back to Point D to begin another transect.  

In the last couple of days, the weather has been generally calm early in the morning 
around first light of dawn; given intermittent loss of DGPS connection to the ship’s dynamic 
positioning system (DP), which makes sustained DP operation problematic, we decided to arrive 
at Point F (17o29’30”N, 89o47’E; Figure 1) early on 1 September to recover and deploy Tsunami 
Mooring TB09. We guessed that the freshest water was to the east, so we stayed just west of the 
Bangladesh and Myanmar EEZ while heading south to Point F at 6-7 knots, doing uCTD casts in 
to-yo mode every three minutes. We encountered very sharp changes in salinity (sharpest nearly 
1 psu in 600 m); the lowest SSS was close to 23.5 psu (Figure 11). 
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Figure 13: Depth sections of zonal (U) and meridional (V) currents (m/s) from 300 kHz ADCP 
on 30 August 2015 (top and middle panels). Timeseries of U (blue) and V (red) currents at 10 m 
depth on 30 August 00:00 to 20:00 hours UTC. 

 

Figure 14:  Near-surface salinity (psu) along the track of Roger Revelle. The EEZ’s of India, 
Bangladesh and Myanmar are shown in orange lines. Figure courtesy Revelle team. 

 

Day 10, 1 September:  Arrived at 17.5oN, 89.7oE, Tsunami Mooring TB09 sighted at 
6am. Work with the bottom pressure recorder (BPR) requires accurate positioning of vessel - 
given the difficulties with sustained DP operations, Arul Muthaiah deemed conditions too rough 
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for mooring work. We did a day-long optics time series, one water sampling cast, and a 500 m 
cast of the INCOIS CTD. Mike, Shivaprasad and Thangaprakash prepared the Seaglider, did a 
self-test. At 4 pm we moved to a location ten miles south of TB09, and did a bathymetry survey. 
Science meeting 8-10 pm.  

The Roger Revelle is in the north Bay of Bengal (Figure 14). The ASIRI team is doing a 
100 km-scale survey, preparing to deploy drifters and floats in the vicinity of 17.5oN. Clockwise 
turning of Revelle ADCP currents suggests inertial oscillations (Figure 15), perhaps excited by 
strengthened winds on 27 and 28 August, associated with the monsoon low-pressure system 
(Figure 5).   

 

Figure 15: Along-track shallow current vectors from Revelle ADCP; the colors are near-surface 
salinity (psu) from the Revelle TSG. Figure courtesy Emily Shroyer. 

Day 11, 2 September: Arrived at TB09 location at 5 am IST, recovered the BPR at 7 am. 
Sailing to meet Roger Revelle. Weather improved. At 2 pm IST we decided to deploy Tsunami 
Mooring at the previously surveyed location 10 miles south of old TB09. Surface buoy deployed, 
lowered BPR at 17˚18.3268’N, 89˚46.7687’E; operations completed by 11 pm IST.  Mikes 
intervention with the DGPS system helped with DP operation. uCTD continued through the 
night. Preparing to deploy Seaglider early on 3 September. 

Day 12, 3 September: Seaglider prepared, tested and deployed from the Gemini craft 
(Shivaprasad, and seamen Venkat and Jagadeesh in the boat) at 17.5oN, 89.8oE. At about 8 am 
IST, Geoff Schilling (from Craig Lee’s Seaglider group) and Girish Kumar of INCOIS, who was 
at APL throughout the cruise helping to pilot the glider, informed us from Seattle that the first 
dive is good.  
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Recovered surface buoy of old TB09. One radiometer cast. Launched one Argo float at 1 
pm. Started uCTD going northwest.  

At 5 pm, we spoke to Amit and others on the bridge of the Roger Revelle. Headed 
southeast at 6 kts, expect to be alongside Revelle at 9 pm. Through 2 and 3 September, the 
Revelle team has deployed 10 Surface Velocity Program (SVP) drifters, 36 SVP drifters with 
salinity sensors (SVP-S), and 5 wave-buoys in several clusters; apart from Wirewalkers, a Spar 
Buoy and a SOLO Float.  

We discussed plans for the first two-ship experiment (Exp 1) with all participants as well 
as the Captain and officers, and started our work alongside the Revelle. The locations of major 
assets in the water given to the Nidhi bridge; duty officers on the Nidhi and Revelle bridge started 
communicating directly with each other for safe operations.  

Eric and Mike prepared and tested the Lagrangian Float, with Praveen and Suresh of 
INCOIS. Eric has been holding regular training sessions in the meeting room for Praveen and 
Suresh, as well as other young participants, for several days now; Mike and Eric have also been 
holding “practical” classes by the Float on the main deck.  

Day 13, 4 September: Figure 16 shows surface salinity from 33 SVP-S drifters (curved 
trajectories), as well as the Revelle TSG (their “throughflow” system) and Nidhi uCTD (straight 
segments). The observations are from about 7 am IST, nearly 18 hours after drifter deployments 
were completed; the domain is nearly 1 by 1 degree. Several space-time scales of coherent 
motion can be discerned, including inertial currents and nearly 5 km deflections of drifter 
trajectories (possibly) by the semidiurnal tide.  

 

Figure 16: Surface salinity (psu) from SVP-S drifters deployed from the Revelle, and ship-based 
observations from the Revelle and Nidhi (see text). Figure courtesy Amit Tandon. 
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The starboard crane leaked oil from the elbow. At 11:20 am we used the 10T crane to 
deploy the Lagrangian Float at 17˚27.46’N, 89˚39.97’E, in a cluster of three SVP-S drifters and 
one SVP drifter. Once the Lagrangian Float (L-Float) sent its first location report, we resumed 
work alongside the Revelle. The observations from the L-Float are discussed in a separate section 
below. 

Slicks from an oil leak noticed on port side. Shivaprasad cleaned the uCTD probes, and 
the uCTD line was untangled. At the evening science meeting, Eric gave a marvellous talk about 
the history, principles and uses of water-following floats. 

The two ships co-ordinating well, generally doing 4 knots through the water, in parallel 
30-40 km north-south lines separated by 1.5 miles. The bridge faced initial difficulties because 
the Nidhi does not have a working display of “speed over water”, as opposed to “speed over 
ground”. Amala Mahadevan and Amit Tandon on the Revelle explained the difference to the 
scientists and the duty officers.  

Day 14, 5 September: Continuing working alongside Revelle. Broke from 2-4:30 pm to 
do three radiometer profiles. IOP could not be deployed due to problems with both CTD A-frame 
and winch. Planned to start northward leg with Revelle with the autonomous boat ROSS in 
between the ships; ROSS broke down. Science meeting 8:15 pm, discussed Exp 1 so far, and 
possible second experiment (Exp 2). All Optics and biogeochemistry observations are discussed 
in a separate section below. 

 

 
 
Figure 17: Salinity (psu) at 4 m depth from uCTD along Nidhi track during Exp 1 (3 September 
15:46 to 8 September 06:00 UTC; left). Temperature (oC) at 4 m depth from uCTD along Nidhi 
track (right). 
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Day 15, 6 September: Continuing Exp 1 alongside the Revelle. Repeat transects across a 
salinity-dominated density front oriented east-west: Cool, fresh in the north, warmer, saltier 
water to the south, SSS range 29-31 psu (Figures 17, 18).  

 
 

 
Figure 18: Salinity (psu; color) at 4 m depth along the Nidhi track, during Exp 1 (3 September 
15:46 to 8 September 06:00 UTC), legs 1-9 (dotted lines; top). Arrows show direction of travel. 
Depth-distance salinity sections along a 40 km stretch on each leg; contour interval 0.5 psu. 
 

Shared uCTD data along two legs, and shipboard ASIMET radiation data with Amit 
Tandon on the Revelle.  Shared a short stretch of 300 kHz ADCP data from 4-5 September, 
compared with Revelle ADCP (Figure 19). Discussed future plans at 11 am. At 2 pm, we 
proposed a two-triangle survey to Revelle with the L-Float and two Wirewalkers in the centre, 
before starting Exp 2. IOP cast at 4 pm. 
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Doing north-south transects at nearly 5 mile separation; two Wirewalkers between Nidhi 

and Revelle, one further to the east.  
 

 
Figure 19: The position (latitude and longitude) of the Nidhi (red) and Revelle (blue) as function 
of time (top panels 1 and 2). Depth-time plots of zonal velocity (m/s; panel 3) and meridional 
velocity (m/s; panel 5) from 140 KHz Hydrographic Doppler Sonar System (HDSS) ADCP on 
Revelle. Depth-time plots of zonal velocity (m/s; panel 4) and meridional velocity (m/s; panel 6) 
from 300 kHz RDI ADCP on Nidhi; the shallowest (7-9 m) bin of Nidhi ADCP data has not been 
removed. Figure courtesy Andy Pickering and the Revelle team. 
 

Day 16, 7 September: Continuing north-south transects of Exp 1 with 2 mile separation 
since night of 6 September. Emily Shroyer and Drew Lucas on the Revelle have improvised a 
drifter with a CT sensor, satellite positioning and a 3 m drogue, which Drew named “Slim 
Shady” (after a song by rapper Eminem). The SVP drifters have a standard 15 m drogue. During 
the cruise (and throughout Exp 1), we have seen a very shallow layer of fresh water (see Figure 
18). Near-surface velocity shear, i.e. the vertical gradient of horizontal currents, is largest in the 
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presence of the freshest water (see below); during Exp 1 it is O(10-3) s-2 in the 10-20 m depth 
range (Figure 20) – we do not have shear estimates in the uppermost 10 m, but it may be even 
larger. The hope is that the 3 m drogue on Slim Shady might allow the drifter to track very 
shallow currents better.  

 
Discussing Exp 2 following the drifter with the Revelle co-chief scientists and other 

members of the team. The basic plan of Exp 2 is for both ships to follow the drifter, with the 
Revelle doing short sections across the front, and the Nidhi doing a larger-scale (about 30 km) 
survey at 5 knots in a double-butterfly pattern with the drifter at the centre, alternately following 
behind and moving ahead of the drifter track.  

 
Figure 20: Mean zonal velocity (m/s; top) and meridional velocity (m/s; bottom) averaged over 
20-40 m depth from 300 kHz RDI ADCP on Nidhi (blue) and 140 KHz Hydrographic Doppler 
Sonar System (HDSS) ADCP on Revelle (red) as function of time during experiment 1.  

 

 
 
Figure 21: Depth-distance section of along-track shear-squared (1/s2) from the 300 kHz ADCP 
on Sagar Nidhi (color). The mixed layer depth (m) is shown in grey line. 
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The adaptive nature of Exp 2 discussed at science meeting 8:15 pm. It was decided that 

the younger participants will lead the experiment, co-ordinating with the Nidhi bridge as well as 
the Revelle science team - they were very enthusiastic to do their first adaptive experiment. 
 

Day 17, 8 September: Spoke to the science team on the Revelle at 8 am, and explained the 
plan to the Captain and officers on the Nidhi bridge. The uCTD teams to work six-hour shifts 
round the clock, as before; uCTD casts to be done to at least 100 m depth, as frequently as 
possible in to-yo mode (no waiting between casts, download 10 profiles at a time) to achieve 
high lateral resolution. 
 

 
Figure 22: Salinity (psu) at near-surface salinity from Revelle TSG (dotted line) and at 4 m 
depth from uCTD along Nidhi track and during experiment 2 (8 September 06:00 to 10 
September 18:00 UTC; left). Temperature (oC) at near-surface from Revelle TSG (dotted line) 
and at 4 m depth from uCTD along Nidhi track (right). The thick grey line shows the drifter 
trajectory. 

 
Day 18, 9 September: The drifter seems to be following the front reasonably well (a front 

is a region of confluence). Adaptive experiment following the drifter (Exp 2) continues. The 
young leaders learning fast; needed Eric’s help once or twice to make quick decisions about next 
way points.  

 
Day 19, 10 September: Exp 2 continues. Ideally, the experiment should cover at least two 

inertial periods (inertial period about 40 hours at 17˚ latitude), but we have to pull out by 
midnight in order to have sufficient time to recover the L-Float. At about 4 pm, we lowered the 
Gemini craft with Suresh Kumar and Thangaprakash of INCOIS, and seamen Venkat and Uday. 
The two ships were positioned about ½ mile apart, Suresh got photographs of the two ships, went 
close to the Revelle and took more photos. Meanwhile, the robotic boat ROSS was lowered from 
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the Revelle and made a flyby. Suresh and his team got a spectacular video clip while driving 
alongside the ROSS.  

 
The two-ship campaign ended on a happy note. The Revelle headed north later at night to 

explore the region near the WHOI and NIOT moorings at 18˚N, where surface salinity has fallen 
below 24 psu (see Figure 9). We continued cross-front measurements from the Nidhi until 00:30 
hours IST of 11 September. 

 
Day 20, 11 September: Exp 2 ends; 4 m T and S along the Nidhi track, and the drifter 

trajectory during Exp 2 are shown in Figure 22. We continue uCTD measurements heading for 
the location of the L-Float. Float on surface, sighted before 6 am IST. Boat lowered with Seamen 
on board, L-Float on board by 8 am. The Lagragian Float operations and obsevations are 
discussed in a separate sub-section below.  

 
Optics time series measurements done through the day. Lifted the pole with the 500 kHz 

ADCP.  At 6 pm the ship turned back for Chennai, doing 9 knots. Ship briefly slowed to 2 knots 
to deploy second Argo float at 11 pm. 

 
Figure 23: Depth-distance sections of T (oC; top), S (psu; middle) and potential density anomaly 
(kg/m3; bottom) along the track of the Sagar Nidhi. Experiments 1 and 2 are marked on top; the 
total distance covered by the Nidhi is about 650 km in Exp 1 and 500 km in Exp 2. 
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Day 21, 12 September: Another four Argo floats deployed in international waters north of 
14˚N. Processing, quality checks and first analysis of data has been continuing. 

 
Day 22, 13 September: Processing and first analysis continues. NORINCO handed over 

images of multibeam bathymetry from the surveys across the Ganges canyon and at the new 
Tsunami mooring location; we requested Krishna to prepare bathymetry data in readable format. 

 
Science meeting at 8:15 pm. The Chief Scientist and science team formally thank the 

ship’s Captain, officers and crew for their exceptional co-operation throughout this one 
hundredth cruise of the Sagar Nidhi. Sree Lekha and Eric present the uCTD, ADCP and L-Float 
observations made during the cruise. (Dipanjan and Shivaprasad are working on the 500 kHz 
ADCP data with Eric’s guidance – the data are not processed yet). At previous science meetings 
through the cruise, Chandan showed captioned photographs of onboard activities and a short film 
on turtles; Baliarsingh, Thangaprakash, Dipanjan and others presented science results based on 
the Nidhi observatons. Some results from the Revelle were also shown. Lively discussion. 
 
 

 
 

Figure 24: Depth-distance section of stratification (Brunt-Vaisala frequency N2; 1/s2) along the 
full Sagar Nidhi track (top). Magnified view of N2 during Exp 1, total distance 650 km (bottom). 
White contour indicates mixed layer depth (m). 
 

We briefly summarise the uCTD observations on cruise SN100: The lowest near-surface 
salinities (“river plumes” for simplicity) we encountered at 18oN and 20oN (see Figure 2) appear 
to be associated with O(200) km upwelling eddies (Figure 23). The river plumes show the 
strongest near-surface stratification of the entire cruise, with values well in excess of 3x10-3 s-2 
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(the maximum value of N2 is about 6x10-3 s-2) between 5 m and 15 m depth (Figure 24). As 
mentioned before, velocity shear in the 10-20 m layer is also highest under the freshest water 
(see Figure 21).  
 

The upper ocean density stratification is complex. A subsurface maximum of N2 is often 
seen below the shallowest N2 maximum During Exp 1, as mentioned before, the shallow N2 
maximum is between 5-15 m depth under fresh water (28.5-30 psu), and the secondary 
maximum lies at 30-50 m. Where the surface water is saltier (30.5-31.5 psu, to the south of the 
front), the shallow N2 maximum lies in the 20-30 m layer, but the secondary N2 maximum still 
appears to lie at 30-50 m (Figure 24). 

 
Figure 25 shows the 4 m potential density through the cruise (top panel), and a magnified 

view in the first 1400 km (bottom panel). The longest data gaps are on 1 and 2 September, during 
NIOT Tsunami mooring deployment and recovery operations. The regions with the largest 
along-track horizontal gradients of density are marked in red. Note that the largest changes in 
density correspond to our encounters with the “river plume” mentioned before. These changes 
occur over a distance of 40-50 km.  
 

 
Figure 25: Potential density (kg/m3) at 4 m depth as a function of distance along the Nidhi track 
(top). The blue and orange arrows inside the top panel mark Exp 1 and Exp 2. Potential density 
(kg/m3) at 4 m depth along the ship track in the first 1400 km (bottom); sharp density gradients 
(fronts) are marked in red, and the spatial scale of each front (km) is mentioned.  
 

Apart from the fronts at the lateral boundaries of the river plume, we identified several 
major submesoscale salinity-dominated fronts with spatial scales of 3-24 km (Figure 25 bottom 
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panel), using the criteria that (i) the horizontal density gradient !"!
!"

 (kg/m3/km) at the front 
exceeds ±1 standard deviation of alongtrack density gradient, and (ii) the total density change 
across the front exceeds 0.3 kg/m3. Using similar criteria, we identified 16 major submesoscale 
fronts during the August-September 2014 Sagar Nidhi cruise in the north Bay of Bengal. 
 

The north-south difference of surface salinity and density across the front gradually 
decreased with time through Exp 1 and Exp 2 (Figures 18, 25). Beyond along-track distance 
1900 km or so, the value of the subsurface N2 maximum, which lies at depths of 15-30 m, 
exceeds the value of the shallowest N2 maximum (Figure 24).  

 
The uCTD data shows persistent temperature inversion (subsurface warmer than surface) 

from along-track distance 1400 km to the end of the record (Figure 26). The inversion appears to 
arise mainly due to surface cooling. Figure 26 shows that at distances larger than 1900 km or so, 
the upper 20 metres or more are cooler than 29.4oC, and the subsurface layer down to nearly 40 
m depth is warmer than 29.4oC.  

 
Figure 26: Depth-distance section of temperature (oC) along the Nidhi track; the black contour 
marks T=29.4oC. The grey line indicates mixed layer depth (m). 
 
             The near-surface cool layer is deeper than suggested by the mixed layer depth (Figure 
26) as defined by the depth where potential density equals the 4 m density plus 0.03 kg/m3. It is 
clear that such a definition of mixed layer depth is inadequate when the value of the second 
(subsurface) N2 maximum exceeds the value of the shallowest N2 maximum. We note that a 
persistent temperature inversion with similar characteristics was encountered on cruise SN88 in 
the summer of 2014. We expect that further analysis of the uCTD T, S and density structure, 
together with the ADCP observations, will lead to new results on the interaction between surface 
cooling and heating, Ekman flow, near-surface mixing and the thermodynamic structure of the 
upper ocean. 
 

Day 23, 14 September: Packing and preparing instruments/equipment lists. The Sagar 
Nidhi arrives off Chennai at 11 pm. 



	   28	  

 
Day 24, 15 September: Vessel berthed early in the morning. M. Ravichandran of INCOIS 

comes for debriefing with science team until the afternoon. Equipment offloaded. Science team 
leaves the ship at about 3 pm, marking end of Sagar Nidhi cruise SN100.  

 
The Chief scientist and some members of Nidhi science team continue to be in touch with 

the Revelle until the end of their cruise on 21 September. Chief scientist visits Chennai for a 
debriefing meeting with Amit Tandon of the University of Massachusetts, Co-chief scientist, and 
Drew Lucas of the Scripps Institue of Oceanography, scientist on the Revelle team, on 23 
September evening and 24 September morning. 
 
 
V. Observations 
 

In this section, we present more details of Lagrangian Float operations and and data, the 
Optics and biogeochemistry instruments, operations and observations, and Tsunami Mooring 
operations during the cruise; at the time of writing, the Seaglider is sampling around the WHOI 
mooring at 18oN,89.5oE – we show the glider track and sample data. 

 

Lagrangian Float 
 

Instrumentation  

              We deployed a single Lagrangian float on this cruise (Figure 27). This is a standard 
MLF-II float (D’Asaro, 2003) outfitted with the following equipment: 

• An auxiliary buoyancy unit. The normal MLF-II has 650cc of buoyancy control, enough 
to compensate for up to 13 psu salinity change.  However, at least 300 cc is needed to 
surface the float, so the normal buoyancy engine can barely surface the float under the 
wide salinity variations in the Bay of Bengal.  The auxiliary unit doubles the buoyancy 
control to 1300cc, which is more than enough to allow operation under all likely open 
ocean conditions.  

• 2 standard Seabird SBE42 Conductivity/temperature sensors on top and bottom of the 
float. Having two sensors provides redundancy and allows profiling closer to the surface 

• Seabird Surface CTD. This makes high resolution CTD measurements to within a few 
centimeters of the surface. 

• 2 Pressure sensors- top and middle of float.  These measure the float depth. 
• One Aquadopp 600 kHz ADCP – this measures velocity profiles relative to the float.  It 

looked upward for up to 40m.  
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• Two light sensors - both measuring downwelling radiation. Both are Biospherical 
instruments model 2150.  

o PAR – Photosynthetically Active Radiation 
o 490nm – Light close to 490nm wavelength 

	  

	  

Figure 27: Lagrangian float as deployed on SN100. Picture shows float before deployment. 

Activities 

                  The float assembly and preparation including extensive training of future float 
operators from INCOIS and NIOT as well as general lectures on floats.  This included 
instructions on float assembly, testing, deployment, operation during the mission, recovery and 
post-deployment data aggregation, quality control and the first stages of scientific analysis.  

                   The float was deployed on 04-Sep-2015 05:46Z within a cluster of surface drifters 
deployed from the R.V. Revelle.  This array provided continuous measurements of the lateral 
environment, in particular the local gradients of salinity and temperature surrounding the float.   
The float operated nearly perfectly, with only a small interruption in the mission, required by a 
mission restart after 2 days.  As shown in Figure 28, the mission cycle lasted about 3 hours, 
starting with a dive to about 30m, settling on an isopycnal near 18m for about 2 hours, a profile 
to the surface where the float obtained a GPS fix, communicated with the operators and sent 
data.  The float was recovered at 11-Sep-2015 00Z and the data extracted. 

                All sensors worked well for the 7 days of the mission.  The surface salinity sensor 
measured salinity and temperature with a vertical resolution of order 10cm.  In particular, the 
Aquadopp ADCP, looking upward from the float, provided high-quality velocity measurements 
to within a few meters of the surface, when averaged over 200 seconds.  These data, combined 
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with the density data from the float profiles, measure the velocity and density structure of the 
upper 20m of the ocean. This is illustrated in Figure 29. 

	  

Figure 28: Depth-time trajectory of Lagrangian float. The line color indicates salinity. 

	  

Figure 29: Depth-time profiles of zonal velocity (m/s; top) and meridional velocity (m/s; 
middle) measured from ADCP on Lagrangian float with salinity contours (black). Depth-time 
section of salinity (psu) from Lagrangian float (bottom). 
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               The ADCP data shows mixed layer velocities of ±0.2 m/s relative to 18m that oscillate 
at the inertial frequency.  A strong diel cycle of temperature is seen in the mixed layer.  Salinity 
shows no such cycle, but shows two periods of lower salinity, with different density structure, 
presumably caused by the float advecting across the large lateral salinity gradients in this region.	  

Seaglider 

                 We deployed a Seaglider recently acquired by INCOIS from Kongsberg Inc., 
equipped with a CT sensor, Backscatter/Fluorometer, dissolved oxygen and Photosynthetically 
Active Radiation (PAR) sensors, on 3rd September at 17.5oN, 89.8oE.  
 

 

 

Figure 30: Seaglider track around the WHOI mooring (top). Vertical sections of (a) T (oC), (b) S 
(psu), (c) chlorophyll (mg/m3) and (d) backscatter (m/sr) from the first 320 profiles. 
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                 The glider was piloted to the WHOI mooring location 18oN, 89.5oE, and settled into a 
butterfly (or bowtie) pattern around the mooring (Figure 30 top panel), diving to 1000 m and 
reporting data several times a day. The spatial scale of the survey was chosen to be around 30 
km, and the nominal spatial resolution (i.e. distance between successive profiles) is about 3 km. 
We lost contact with the glider for four days, when surface salinity at the mooring fell to 25-26 
psu - apparently the glider was unable to surface and report location. On later surfacings, the 
glider transmitted all stored profiles. As of 5 October 2015, the Seaglider has returned a total of 
316 profiles (Figure 30). We expect the glider observations and mooring data to give new 
insight into upper ocean heat balance and biogeochemistry in the north Bay of Bengal. 
 
Optics 

Background 

                  The Bay of Bengal is a semi-enclosed basin with a unique physical oceanographic 
setting. Large influx of fresh water from precipitation and discharge from major rivers, viz. 
Ganges, Brahmaputra, Irrawady, Godavari, leads to strong surface stratification. The main 
objectives of this cruise were to observe the upper ocean sub-mesoscale (1-10 km) variability in 
monsoon conditions, and to enhance understanding of near-surface stratification as well as upper 
ocean thermodynamics.  

                  During the previous summer monsoon Sagar Nidhi cruise in August-September 2014 
(SN88), optical measurements were carried out at six locations. On this cruise (SN100), we made 
further detailed measurements of the surface and sub-surface light field, because it plays an 
important role in defining sea surface temperature, mixed layer depth, sub-surface temperature, 
and in turn the primary productivity. 

Objectives 

• Measurement of surface and subsurface light field using Hyperspectral Radiometer 
• Measurement of absorption and attenuation coefficient profiles using IOP profiler 
• Measuring profiles of chlorophyll-a (Chl-a), CDOM fluorescence 
• Collection of water samples for analysis of size fractionated chl-a, Total Suspended 

Matter (TSM), phytoplankton absorption coefficient (aph), detritus absorption coefficient 
(adg) and phytoplankton taxonomy 
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Instrument, Sampling Details, Representative Result 

IOP profiler (WETLabs and Sea-Bird) 

This instrument can measure profiles of temperature and conductivity (salinity); light absorption 
and scattering coefficients, backscattering coefficient; chlorophyll-a; coloured dissolved organic 
matter (CDOM); turbidity and PAR (Photosynthetically Available Radiation).  

The WETLabs IOP Profiler Cage was installed with following instruments from WETlabs and 
Sea-Bird (Figure 31).  

  

Figure 31: Configuration of IOP Profiler (left) and IOP Profiler during operation (right) 

ACS: ACS stands for the Absorption & Attenuation Spectra sensor. The ACS sensor from 
WETLabs measures absorption and attenuation coefficients giving a full spectrum of ap & cp 
values for the range of 400-730nm wavelengths with a spectral resolution of 4nm by employing 
two flow tubes of 25 cm length. It has an accuracy of 0.01m-1. It can operate up to a depth of 
500m and has a temporal resolution of 4 scans/sec.  

BB9: It measures the backscattering coefficient at 9 wavelengths: 412,510,532, 595, 440, 650, 
488, 676, 510 and 715nm. The instrument can operate up to a depth of 600m. The BB9 uses nine 
LEDs (modulated at 1 kHz) for source light. The source light enters the water volume and 
scattered material is detected by a detector positioned where the acceptance angle forms a 117-
degree intersection with the source beam. The raw data is processed to volume scattering 
coefficients which are then converted to backscattering coefficient by the host program. It 
operates in a temperature range of 0–30º C.  

SBE FastCAT49 CTD: The sensor is designed to measure Conductivity, Temperature & Depth. 
The SBE 49 FastCAT is an integrated CTD sensor intended for towed vehicle, ROV, AUV, or 
other autonomous profiling applications in marine or freshwater  environments at depths up to 
350 meters. The FastCAT’s pump-controlled, TC-ducted flow minimizes salinity spiking, and its 
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16 Hz sampling provides very high spatial resolution of oceanographic structures and gradients. 
Its pressure sensor is micro-machined, silicon strain. Sophisticated interface circuitry provides 
very high resolution. The temperature measurement range is -5 to +35º C. Conductivity sensor 
measurement range is 0 to 9 S/m and pressure sensor range is from 0 to 350m.  

PAR Sensor: The PARB model from WETLABS is used for measuring Photosynthetically 
Active Radiation (PAR). It has a range of 0–6500 µmol photons/m²/s  

 

                 
Figure 32: Vertical spectral profiles of beam attenuation coefficient (c), absorption (a) and 
backscattering coefficient (bb) at location 17.75 N & 83.95 E on August 24, 2015 (total station 
depth: 2505m) 

NTURT: The WETLABS NTURT measures the Turbidity in Nephelometric Turbidity Units 
(NTU). It has a range of 0–1000 and sensitivity of 0.123 NTU. It has an operational depth of 
6000m.  

BBFL2: The WETLABS BBFL2 measures the Chlorophyll fluorescence signal at 695 nm (EX: 
470nm) (Range: 0–125, Sensitivity: 0.016 µg/l) which can indicate the chlorophyll 
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concentration, CDOM fluorescence at 460nm (EX: 370nm) (Range: 0–500, Sensitivity: 0.093 
ppb) and Volume scattering at 650nm (Range: 0-3, Sensitivity: 0.002m-1). 

               At the pre-panned CTD station, IOP profiler was operated for 6 days along with the 
water samples. Additional profiles were collected during two day time series on 01/09/2015 and 
11/09/2015 between 10:00 to 16:00 hrs with an interval of 02:00 hrs. A total number of 16 IOP 
profiles were collected during the cruise. The following representative figure (Figure 32) 
showing the vertical spectral profiles of beam attenuation coefficient (c), absorption (a) and 
backscattering coefficient (bb) at location 17.75 N & 83.95 E on August 24, 2015 (total station 
depth: 2505m). Figure 33 shows vertical profiles of water temperature, salinity, chlorophyll, 
PAR, CDOM and Volume Scattering Function β (650) at the same location.  

              Spectral variability of "c" and "a" was observed with higher magnitude at shorter 
wavelengths with maxima at blue and both these parameters have shown similar spectral 
variability pattern. The backscattering coefficient (bb) was observed with lower values in 
comparison to "a" and "c" without any significant pattern (Figure 32). Hence, the similar 
spectral variability of "c" as like "a", inferred "c" as a response of "a". As like the preceding year 
observation under OMM, the present similar result confirmed this region as a oligotrophic 
wherein "bb" is dominated by "a". A well pronounced DCM was observed below the mixed layer 
at 40 to 50m depth of water column. The signature of this DCM can be seen from the high 
spectral values of "a" as well as "c" at 40m depth. In view of this above relations, it is understood 
that chlorophyll is the major light absorbing optically active constituent of water column. An 
increased pulse of CDOM was observed below the mixed layer just under DCM and hence it can 
be believed that the source of CDOM was from photo-bleaching or decay of phytoplankton. PAR 
was found to be limited at 120 m depth and decreasing chlorophyll gradient also coincided with 
100% reduced PAR at this depth.  

Hyperspectral Radiometer (Satlantic™) 

           This standalone instrument (Make: Satlantic; Model: HyperProII) measures underwater 
light field. The instrument has three sensors measuring radiance and irradiance. One irradiance 
sensor usually mounted on deck to measure surface solar irradiance (Es) (Figure  34).  

          The other two sensors measuring downwelling irradiance (Ed) and upwelling radiance (Lu) 
are mounted on the profiling frame. The sensors measure radiance / irradiance in a spectral range 
from 305 to 1100 nm. Apart from these, the ancillary sensor, mounted on profiling frame, 
measures profiles of temperature, salinity, chlorophyll fluorescence, CDOM fluorescence and 
backscattering in red band. The measurement has application in understanding underwater light 
field.  
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Figure 33: Vertical profiles of temperature, salinity, chlorophyll, PAR, CDOM and Volume 
Scattering Function β (650) at location 17.75 N & 83.95 E on August 24, 2015 (total station 
depth: 2505m) 

    

Figure 34: Radiometer configuration (left), Es Sensor mounted on deck (middle) and Radiometer 
during operation (right) 

                 Hyperspectral Radiometer was operated for 8 days as per the opportunity availability 
and cloud free conditions between 11:00 to 15:00 hrs. Additionally radiometric profiles were 
collected two day time series on 01/09/2015 and 11/09/2015 between 10:00 to 16:00 hrs with an 
interval of 01:00 hrs. A total number of 43 Radiometer profiles were collected the cruise. 



	   37	  

                A representative figure showing vertical profiles of chlorophyll-a (chl-a), 
Temperature, Salinity, Photosynthetically Available Radiation (PAR) and diffuse attenuation 
coefficient of downwelling irradiance at 490 nm (K_Ed490) at August 24, 2015 17.75 N & 83.95 
E (Figure  35). 

             At this location, a Deep Chlorophyll Maximum (DCM) was observed below the mixed 
layer at 40m depth of water column. The total depth at this station was 2505m. The maximum 
chlorophyll concentration of 2.03 mg.m-3 observed at DCM and lowest value was observed at 9m 
depth as revealed from this 100m cast. First few meters of data from surface was not recorded 
due to high swell condition. It's important to mention here that the observed peak of the K_Ed 
490 matched well with the DCM which indicated maximum light attenuation at DCM at 40m. 
From this, it can be inferred that chlorophyll is the major light absorbing optically active 
substance (OAS) in this open ocean region. Further, this relation of attenuation with absorption 
also suggest that absorption is the most important IOP compared to scattering. PAR was 
observed in a decreasing pattern w.r.t. depth. In the entire profile, salinity was recorded in 
between 33.35 and 34.96 psu wherein lower values were associated at surface and subsequent 
few meters of water column.  

 

Figure 35: Vertical profiles of chl-a, Temperature, Salinity, PAR and K_Ed 490 at location 
17.75 N & 83.95 E on August 24, 2015 (total station depth: 2505m) 



	   38	  

Water sample collection and onboard filtration 

                Along the cruise track, surface water samples were collected every six hours/day, 
filtered and stored for the analysis of IOP such as size-fractionated phytoplankton absorption 
(aPh), size-fractionated detritus absorption (adg), size-fractionated chlorophyll concentration, 
TSM concentration and CDOM fluorescence. Apart from the regular six hourly along track 
sample collection, water samples were collected at salinity gradient (at 0.2 psu) on 9th and 10th 
September, 2015. A total number of 524 (219 size class chlorophyll, 129 size class aPh, 73 
CDOM, 73 Turbidity and 30 Phytoplankton) water samples have been collected during the 
cruise. Water samples for phytoplankton taxonomy were collected every day morning (06:00 
hrs) and preserved with Lugol's Iodine-Formalin solution for further analysis at shore laboratory. 
Soon after collection, the waters samples were filtered with aid of Vacuum Pump and Aspirator 
Pump onboard and the filtrate were stored in Liquid Nitrogen Cylinder for further analysis.  
 

Trilogy® Laboratory Fluorometer (Turner Designs) 

                The Trilogy® Laboratory Fluorometer (make: Turner Designs) is a multifunctional 
compact laboratory instrument for making fluorescence and turbidity measurements using the 
appropriate snap-in Application Module (Figure 36). This instrument works on the principle of 
flurometry. In general, the fluorescence is directly proportional to the concentration of the 
material in question. Flurometry measurements of chlorophyll-a (Excitation: 436/10nm, 
Emission: 685/10nm, unit: µg.l-1, Minimum Detection Limit: 0.025 µg.l-1, Linear Range: 0-300 
µg.l-1) and CDOM (Excitation: 350/80nm, Emission: 410-450nm, unit: ppb, Minimum Detection 
Limit: 0.1 ppb, Linear Range: 0-1000 ppb) are carried out with aid of specific fluorescence 
modules.  

 

Figure 36: Triology Lab Flurometer (left) and onboard sample filtration set up (right) 

For extracted chlorophyll measurements, the instrument automatically calculates the 
concentration using the filtered and solvent volumes. The Turbidity Module uses an infrared 
LED with a wavelength of 860 nm to for Turbidity  measurements (Excitation: 850/50nm, 
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Emission: 850/50nm unit: NTU, Minimum Detection Limit: 0.05 NTU, Linear Range: 0-1000 
NTU).  

                Water samples were collected for onboard analysis of CDOM and Turbidity. 
Subsequently, the samples were filtered with aid of Vacuum Pump and Aspirator Pump onboard 
(Figure 36). CDOM and Turbidity measurements were taken onboard with Triology Lab 
Flurometer. However, the measurements were recorded in raw fluorescence which will be 
subjected for further calculation after factorisation. Water samples were collected also for 
isotope analyses (Oxygen 18, Deuterium, Neodymium) at the Indian Institute of Science. We 
expect that further analysis will lead to new science results on the characteristics of low-salinity 
water of riverine origin, its mixing with seawater and implications for biogeochemistry and 
upper ocean thermodynamics.    

Tsunami Mooring Recovery and Deployment 

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Recovery	  of	  	  TB09	  BPR	  	   	  	  	  	  	   	  	  	  	  	  	  	  	  	  	  	  	  	  Retrieval	  of	  TB09	  tsunami	  surface	  buoy	  
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               As per initial plan the team reached TB09 site on 1 September 2015. Due to bad 
weather the work could not be commenced on the same day. A bathymetry survey was done 
from 1800 hrs IST at a location 10 miles south of the existing TB09 location. On 2 September at 
06:30 hrs the Bottom Pressure Recorder (BPR) unit was recovered from the seabed by sending a 
release command from ship. The unit surfaced safely and was retrieved onboard at 07:30 hrs 
with the help of work boat. As the weather was not supportive for retrieval of the surface buoy, it 
was not attempted immediately. After 14:00 hrs a new system was deployed at the surveyed 
location about 10 miles south (17˚18.3268’N, 89˚46.7687’E) of the existing TB09. The 
deployment of Surface buoy system and seabed BPR unit was completed at 23:00 hrs. The ship 
then sailed to the old TB09 location for Seaglider launch; as the weather improved, the retrieval 
of the TB09 surface buoy was done on 3 September at 1000 hrs. 

	  

	  

	  

	  

	  

	  

	  

	  

	  	  	  Deployment	  of	  TB09	  Surface	  buoy	  system	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Deployment	  of	  TB09	  BPR	  unit	  	  

    

 

The list of participants, log of operations and instrument details are in Appendix I, II and III. 
Appendix IV has a few photographs taken during the cruise.          
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APPENDIX – II 

OMM Cruise – SN 100 
Logs Of Operations 

S. 
No. Lat Lon Date Depth Time Operation Comments 
        m IST     

1 17 20.7'  83 57.3' 24/08/15 2500 14:10:00 Radiometer 
Started – 3 cast 
upto 100m depth  

          14:30:00 Radiometer Stopped 

          14:35:00 Microstructure profiler 
Lost 
unfortunately 

          15:00:00 IOP 
Started – 2 cast 
upto 200m depth  

          15:30:00 Collected Water Samples 

20 litres 
collected 
INCOIS  & IISc 

          15:43:00 SBE 19 plus Lowered 

          16:05:00 ADCP  
Lowering 
operation started 

          20:45:00 ADCP  
Lifting operation 
started 

          21:30:00 ADCP  Operation over 

            ES  

operation started 
– 0600 – 1800 
hrs 

2 1840.466 8433.87 25/08/15 42.2 06:15:00 ADCP  
Lowering 
operation started 

            ES  

operation started 
– 0600 – 1800 
hrs 

          07:20:00 ADCP  
Lowering 
operation ended 

          08:30:00 ADCP  Bottom track  

          10:30:00 ADCP  
Bottom track 
over 

          11:30:00 uCTD 
Beta team 
operation started 

3 1848.28 8442.15 25/08/15 56 12:05:00 

  
 
 Ship stopped 
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          12:20:00 uCTD 

 
Beta team data 
downloaded.(But 
depth was only 
56 mtrs) decided 
to continue by 
next team after 
reaching 150 m 
depth. 

          12:25:00 Radiometer 

Operation 
Started – Depth 
45m – 3 cast 

          12:40:00 Radiometer operation over 

          13:00:00 IOP 

Operation started 
– Depth 20m – 1 
cast 

          13:05:00 Collected Water Samples 

20 litres 
collected 
INCOIS  & IISc 

          13:12:00 IOP operation over 
4 1847.24 8459.69 25/08/15 146.3 17:15:00 Ship Stopped 

          17:30:00 Surface water sample taken 

          17:40:00 10m, 20m, 30m, 50m, 100m  
Sample taken 
started 

          18:40:00 10m, 20m, 30m, 50m, 100m  
sample taken 
completed 

5 1846.26 8503.04 25/08/15 180 20:00:00 uCTD 
Eta team started 
operation. 

          20:00:00 uCTD 

Eta team 
completed 3 
profiles and ship 
stoped due to 
ADCP problem 

          20:30:00 uCTD 

Eta team 
Continued till 
12.10  

          00:15:00 uCTD 
Eta tema handed 
over to Alpha 

          00:30:00 
 
uCTD 

Alpha team 
started the 
profiling  

  1839.05 8616.07 26/08/15   06:00:00 uCTD 

Beta team started 
(Raining 
heavily) 



	   45	  

 
6 18.59806 86.3881 26/08/15   12:30:00 Ship stopped   

      26/08/15   12:40:00 
Radiometer 
  operation started    

      26/08/15   13:00:00 Surface Water samples collected For IISc 

          13:30:00 uCTD 
Gamma team 
started profiling 

  1828.334 8706.45 26/08/15   18:00:00 uCTD Eta team  

          20:00:00 Meeting 

Cruise track 
changed and 
planned to go 
whoi mooring 
anf come back to 
track 

  1827.17 8716.13 27/08/15   00:30:00 uCTD 

Eta completed 
profiling and 
Alpha team 
started the 
profiling  

          03:30:00 Ship 

Accounted with 
huge swells – 
11:30 am 

          06:00:00 uCTD 

Beta team taken 
over operation 
from Alpha 
team. 

          11:30:00 uCTD 

operation 
stopped due to 
heavy swelling – 
3-4 m 

  1816.68 8901.03     10:20:00 Fronts 

Sharp salinity 
gradients found 
decrease from 32 
to 28 psu 

  1819.57 8909.45 27/08/15   18:00:00 uCTD 
Eta started 
profiling 

          00:00:00 uCTD 

Eta completed 
profiling and 
Alpha team 
started the 
profiling  

      28/08/15     

 
 
 

operation 
continuous 
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uCTD 

      29/08/15     
 
uCTD 

 
operation 
continuous 
 
 

7 1954.239 8855.45 29/08/15 1358 12:30:00 Ship 

Ship stopped and 
started doing 
radiometer 
operation 

          12:45:00 Radiometer operation started    
          13:20:00 Radiometer operation over 

          13:30:00 IOP CTD & water sample   

          17:15:00 ADCP Data Downloaded 

Lifted the Pole, 
Downloaded the 
data and lowered 

          19:30:00 uCTD 
Eta started 
profiling 

          20:00:00 Science meeting   

      30/08/15   00:00:00 uCTD 

Alpha team 
started the 
profiling  

          06:30:00 uCTD 
multibean survey 
D – E, E-D 

          14:30:00 uCTD 

Gamma team 
started profiling 
– stationary cast 

          16:30:00 uCTD 
rope entangled 
and solved 

8 2042.546 8912.55 30/08/15 600 18:10:00 Ship stopped   
          20:00:00 IOP operation started    

          21:00:00 ADCP pole 
lifted operation 
started 

          22:15:00 ship 

started moving 
to track D to E 
as it drifted 

      31/08/15   0:00:00 

uCTD  
 
 
 operation started    

      01/08/15   04:30:00 

 
 
 

operation 
stopped as we 
reached Buoy 
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uCTD 
 

station 

            

Tsunami operation  
 
 
 

Due to heavy 
swells and 
working of DP 
for 5 min 
Tsunami 
operation was 
halted 
 
 

          
 

10:30:00 

 
 
Optics & CTD & water sample 

Time series 
operation started 

          16:10:00 Optics & CTD & water sample 

Time series 
operation 
stopped 

          20:00:00 Science meeting   
      02/08/15   05:30:00 BPR recovered operation started    

          11:30:00 uCTD 

operation started 
– gamma team 
started as 
Tsunami 
deployment 
postponed to 
afternoon due to 
bad weather. 
Planned to do 
Joint operation 
with Revelle 
which is 12 
miles away, later 
decided to 
deploy Tsunami 
mooring 

          12:00:00 uCTD 
Eta team started 
operation. 

          14:00:00 uCTD  

operation 
stopped as we 
planned to 
deploy Tsunami 
mooring 

          15:00:00 Tsunami buoy deployment  operation started    

          22:00:00 Tsunami buoy deployment  operation ended 
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9 17.49875 89.7794 03/08/15   05:00:00 Glider Deployment started   
          06:15:00 Boat on water   
          07:00:00 Glider Deployed   
          08:15:00 Boat onboard   
          09:00:00 Tsunami buoy retrieval  operation started    
          10:45:00 Tsunami buoy retrieval  operation over 
          11:10:00 ADCP pole lowered operation started    

          11:40:00 

 
ADCP pole lowered 
 operation ended 

          11:50:00 Radiometer operation started    
          12:10:00 Radiometer operaion ended 
          12:10:00 ARGO float  testing 

 
        13:00:00 uCTD 

Eta temam 
started profiling 

          20:00:00 
Joint operation started with Roger 
Revelle   

 10 
17 
27.46'N  

89 
39.72'E 04/09/15   11:18:00 

Lagrangian Float deployed 
(Erich_APL) deployed 

          13:20:00 uCTD 
Eta team started 
operation. 

          20:15:00 Science meeting   
      05/09/15   00:00:00 uCTD Beta team  

          06:00:00 uCTD 
Gamma team 
started profiling 

          12:20:00 uCTD Eta team  
          13:30:00 Ship stopped 

11 
17 
10.015 

89 
36.725 05/09/15   14:20:00 Radiometer 

operation started 
– two cast – 
100m 

          15:30:00 Ship started   
          15:40:00 uCTD Eta team  

          18:00:00 uCTD 

Alpha team 
started the 
profiling  

          20:15:00 Science meeting   

      06/09/15   00:00:00 

uCTD 
 
 Beta team  
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          06:00:00 uCTD 

Gamma team 
started profiling 
- Continuous 
uCTD operation 
with shift along 
with Roger 
Revelle surveys - 
first experiment 

          12:00:00 uCTD Eta team 

          18:00:00 uCTD 

Alpha team 
started the 
profiling  
 

      09/07/15   0:00:00 uCTD Beta team 

          6:00:00 uCTD 
Change in Shift - 
Eta team 

          12:00 uCTD 

Alpha team 
started the 
profiling  

          18:00:00 uCTD Beta team 

      09/08/15   0:00:00 uCTD 

Gamma team 
started profiling 
- Continuous 
uCTD operation 
with shift along 
with Roger 
Revelle surveys - 
Second 
experiment 

          6:00:00 uCTD Eta team 

          12:00:00 uCTD 

Alpha team 
started the 
profiling  

          18:00:00 uCTD Beta team 
      09/09/15   0:00:00 uCTD Gamma Team 
          6:00:00 uCTD Eta team 

          12:00:00 uCTD 

Alpha team 
started the 
profiling  

          18:00:00 uCTD Beta team 
      09/10/15   0:00:00 uCTD Gamma Team 

          6:00:00 

uCTD 
 
 Eta team 
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          12:00:00 uCTD 

Alpha team 
started the 
profiling  

          18:00:00 uCTD Beta team 

      09/11/15   0:00 uCTD operation - Gamma Team 

3958 profiles 
achieved by SN 
100 uCTD teams 

 
  

 
  

 
6:00:00 

uCTD operation stopped - 
Gamma Team - as reached 
lagrangian float recover location  

 

12 17.21 88.34 09/11/15   9:00 Optics time series   

          9:30 
IOP operated with cable 
   

          10:00 
Lagrangian float recover 
operation started   

          11:30 Radiometer operation started   
          13:15 Optics time series   
          16:15 Optics time series   

      09/11/15   18:00 
Ship started sailing towards 
Chennai port   

      09/12/15     
packing all materials and 
Instruments   

      13/09/15     
packing all materials and 
Instruments   

      13/09/15   20:15 
Science meeting - vote of thanks 
to crew members   

      14/09/15   21:30 
Reached near Chennai port and 
halted 

waiting for 
berthing 

      15/09/15   6:00 Berthing allotted   
          9:00 Ship berthed   

          13:00 
materials loaded to trucks from 
ship   

          14:00 sign off process started   

          15:30 signed off from port   
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APPENDIX - III 

List of Instruments operated in OMM cruise 
 

Oceanographic Variables 
1. Sea Glider  
2. uCTD  
3. ADCP, (300kHz, 500kHz) 
4. Lagrangian floats 
5. Water samples 
6. CTD Rosette and 
7. Argo floats , Tsunami Buoys 
 
OPTICS 
1. Hyperspectral Radiometer(Satlantic) 
2. IOP Profiler(Wetlabs&Seabird ) 
3. Flourometer(Turner) 
 
Atmospheric Variables 
 
1. ASIMET 
2. AWS - (INCOIS, Ship) 
 
 

(i) SEAGLIDER 

 Seaglider is an autonomous underwater vehicle (AUV) or underwater glider developed 
for continuous, long term measurement of oceanographic parameters. Rather than an electrically 
driven propeller, the vehicle uses small changes in buoyancy and wings to achieve forward 
motion. The system's pitch and roll are controlled using adjustable ballast (the vehicle battery). 

The vehicle moves through the water in a saw-tooth like pattern and surfaces often to determine 
its position. Navigation is accomplished using a combination of GPS fixes while on the surface 
and internal sensors that monitor the vehicle heading, depth and attitude during dives. External 
sensors are constantly scanning the ocean to determine environmental properties. 
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Seaglider deployed from Nidhi 

 

Advantages 

 Seaglider has revolutionized the way that oceanographic data is collected. Its novel 
method of propulsion uses very little energy. In addition, the vehicle has been meticulously 
designed to be as efficient as possible. 

The outcome is a data collection tool that can be deployed for months at a time rather than the 
hours or days associated with traditional AUV systems. While its top speed is low, the vehicle's 
extremely long endurance allows it to traverse thousands of kilometers in a single deployment. 
The vehicle is relatively small and lightweight, enabling deployment via small vessels of 
opportunity. 

Using the AUV you can collect data with excellent temporal and spatial characteristics at a 
fraction of the cost of traditional collection methods. 
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Two versions available 

• Standard profile: For general oceanography applications  
• Ogive profile: Increased payload volume for more demanding sensor configurations 

Sensors 
• Conductivity and Temperature Sensors (CTD) 
• WET Labs Backscatter/ Fluorometer 
• Dissolved Oxygen Sensors 
• Photosynthetically Active Radiation (PAR) 
 

(ii) UnderwayCTD (uCTD) 
 

 The Oceanscience UnderwayCTD provides research grade CTD (conductivity, 
temperature, and depth) profiles while underway at up to 20kts. The unique freefall profiler 
offers researchers vertical profiles even as the ship is moving away from the deployment 
location. 
 

 
Underway CTD being operated by the science team 

 

The innovative deployment winch and re-spooling mechanism allows the probe to be recovered 
and re-launched time after time without ever needing to stop or slow down. Profiles are gathered 
quickly, allowing excellent spatial resolution for CTD transects. The UnderwayCTD can be 
installed on practically any vessel. The small footprint winch can be mounted on a post or rail, 
and can be set up and operated by one person. The UnderwayCTD components can be 
transported from ship to ship with ease, making the system ideal for gathering high quality data 
from vessels of opportunity. 
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Key features 

• Achieve over 500m vertical profiles while underway at 10kts 
• Convenience of expendables without the environmental impact 
• High quality SeaBird Electronics freefall CTD data 
• Compact and portable for deployment on multiple vessels 

•  

(iii) CTD  
 

The SBE 19plus V2 SeaCAT measures conductivity, temperature, and pressure at 4 scans/sec 
(4 Hz) and provides high accuracy and resolution, reliability, and ease-of-use for a wide range of 
research, monitoring, and engineering applications. Pump-controlled, T-C ducted flow 
minimizes salinity spiking caused by ship heave and allows for slow descent rates without 
slowing sensor responses, improving dynamic accuracy and resolving small scale structure in the 
water column. The 19plus V2 supports numerous auxiliary sensors with six A/D channels and 
one RS-232 data channel. Data is recorded in memory and can also be output in real-time in 
engineering units or raw HEX. Nine alkaline D-cells provide power for up to 60 hours of 
profiling. 

 

Portable CTD operated on Nidhi 

The 19plus V2 is commonly used autonomously, recording data internally. It can also provide 
real-time acquisition and display over short cables via the RS-232 interface; a load-bearing cable 
for hand-hauled, real-time profiling is available. External power and communication over 10,000 
m of single-core, armored cable can be provided with the SBE 36 Deck Unit and PDIM. The 
19plus V2 is easily integrated with a Sea-Bird Water Sampler; both real-time and autonomous 
auto-fire operations are possible. 

In moored mode, the 19plus V2 records data at user-programmable intervals. This is easily 
configured with setup commands and by removing the profiling T-C Duct and installing optional 
anti-foulant devices. 
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Key features 

• Conductivity, Temperature, Pressure, and up to seven auxiliary sensors.  
• User-programmable mode: profiling at 4 Hz, or moored sampling at user-programmable 

intervals.  
• RS-232 interface, internal memory, and internal alkaline batteries (can be powered 

externally).  
• Pump-controlled, T-C ducted flow to minimize salinity spiking.  
• Depths to 600, 7000, or 10,500 m.  
• Seasoft© V2 Windows software package (setup, data upload, real-time data acquisition, 

and data processing). 

(iv) HYPERSPECTRAL RADIOMETER 

 The Free-Falling Optical Profiler, or Profiler II, measures the color of the ocean and how 
it varies spectrally throughout the euphotic zone. The Profiler II is used by the US, Canada, UK, 
France, Italy, Australia, Brazil, China, Taiwan, Korea, Japan, India, Germany and Israel to 
provide calibration and validation data for ocean color satellites. It is used operationally by naval 
research groups to provide observations of the optical properties of the ocean for anti-submarine 
warfare, mine countermeasures and laser LIDAR bathymetry. The Profiler II is also the 
workhorse sensor suite for the global optical oceanography community who investigate basic 
fundamental biological and physical processes that involve light in the ocean. 

 

Hyperspectral Radiometer 

The Free-Falling Optical Profiler offers researchers the unique opportunity to use this system as 
a free fall profiling device or in conjunction with a detachable float for near-surface 
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measurements (HyperTSRB). The Profiler II is designed to interchange Satlantic’s hyperspectral 
or multispectral optical sensors making this system the most versatile platform for measuring the 
apparent optical properties of the ocean. 

The Profiler II system comes complete with a molded flotation collar that is easily mounted to 
the profiling frame for real time, near-surface measurements. Upwelling radiance and irradiance 
measurements can be collected as close as 5 cm from the sea surface. 

The optional integration of Wet Labs ECO series sensors offers a new combination for 
concurrent determination of chlorophyll fluorescence and optical backscattering in either 
profiling or surface mode. 

 

Applications: 

• Bio-optical algorithm development 
• Satellite calibration and validation 
• Environmental monitoring 
• Data products include water leaving radiance, remote sensing reflectance, energy fluxes, 

and PAR 

Features: 

• Various deployment configurations - Free fall, frame mounted, buoy mode 
• Multiple radiometer options - multi, hyperspectral or combinations 
• Full ancillary suite - tilts, temperature, conductivity, depth, ECO Puck series sensors 
• Easily deployed to avoid ship shadow anomalies 
• Data logging and processing software included 

 

(v)  ASIMET 
 The Air-Sea Interaction Meteorology (ASIMET) system is a suite of meteorological and 
sea surface sensors that are deployed with different housings and packaging depending on the 
application. ASIMET modules (one or more sensors plus front-end electronics) may be self-
powered and self-logging, connected to a central power supply and logger, or both. Together, 
these modules measure Air temperature (AT), specific humidity (SH), sea surface temperature 
and conductivity (SST, SSC), wind speed and direction (WSPD, WDIR), barometric pressure 
(BP), shortwave radiation (SWR), longwave radiation (LWR), and precipitation (PRC). These 
variables are used to compute air-sea fluxes of heat, moisture and momentum using bulk  
aerodynamic formulas. 
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ASIMET sensors mounted on the mast on the foredeck of Sagar Nidhi 

On buoys, modules are packaged in titanium cylinders that include provisions for 
batteries and internal logging. Buoy modules are typically deployed in pairs, with 6 
meteorological module pairs mounted on the buoy tower and a pair of temperature-conductivity 
sensors attached to the bridle leg. A central logger records one minute data from all the modules 
on a common time base, and also creates hourly averaged data that are transmitted to shore via 
Argos satellite telemetry. 

On ships, the same sensors and electronics are used for all of the variables except SST, 
but with different packaging. The wind module is in a titanium housing like that used on buoys, 
but without an internal compass. Sensors for RH, AT, SWR, LWR and PRC are packaged 
together in a splash-proof fiberglass box. The BP sensor is in a second fiberglass box that also 
houses the central logger. All of these sensors are mounted on the ship’s bow mast. Power comes 
from a battery canister at the base of the mast. SST is an inside-hull mounted sensor placed just 
below the waterline of the ship (with magnets) that uses the ships hull as an acoustic path for 
sending data to the bow mast (SSC is not measured). Data are recorded once per minute in the 
logger, and a subset is sent by radio to the bridge every 6 minutes. The NOAA SEAS (Shipboard 
Environmental (Data) Acquisition System) incorporates these data into automated hourly 
weather reports from the ship to the National Weather Service. 

 The ASIMET system is a set of seven very precise sensors that measure how energy and 
water move between the ocean and atmosphere. Those measurements are the raw materials for 
many calculations about climatic conditions. When climatologists build models of the Earth’s 
climate, they can use ASIMET measurements to check their predictions against reality. 
ASIMET stands for Air-Sea Interaction METeorology. The system is used on ships and on buoys 
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anchored in fixed locations in the ocean. In addition to the sensors, the system includes data 
recorders and a central data processor that sends information back to scientists by satellite.  
            For oceanographers to balance the checkbook, they need to follow at least three types of 
exchange, or flux, between air and sea:  

• Heat flux, the movement of energy by two kinds of radiation, shortwave (light) and 
longwave (heat); plus direct contact between ocean and air (sensible heat); and 
evaporation or condensation (latent heat).  

• Water flux, the balance between evaporation from the sea surface and precipitation back 
into the ocean.  

• Momentum flux, the transfer of energy from the wind physically pushing against the 
water. 

Measuring the fluxes directly, with a single sensor, isn't an option. Each flux must be calculated 
using precise values for several variables (about a dozen total variables for all three fluxes). The 
ASIMET system provides those variables at the necessary precision using seven sensors: 

• Barometric Pressure 
• Relative humidity and air temperature  
• Sea surface temperature and salinity  
• Longwave radiation  
• Shortwave radiation  
• Wind speed and Direction  
• Precipitation 

(vi) Lagrangian Float 

This is a standard MLF-II float (D’Asaro, 2003) outfitted with the following equipment: 

• An auxiliary buoyancy unit. The normal MLF-II has 650cc of buoyancy control, enough 
to compensate for up to 13 psu salinity change.  However, at least 300 cc is needed to 
surface the float, so the normal buoyancy engine can barely surface the float under the 
wide salinity variations in the Bay of Bengal.  The auxiliary unit doubles the buoyancy 
control to 1300cc, which is more than enough to allow operation under all likely open 
ocean conditions.  

• 2 standard Seabird SBE42 Conductivity/temperature sensors on top and bottom of the 
float. Having two sensors provides redundancy and allows profiling closer to the surface 

• Seabird Surface CTD. This makes high resolution CTD measurements to within a few 
centimeters of the surface. 

• 2 Pressure sensors- top and middle of float.  These measure the float depth. 
• One Aquadopp 600 kHz ADCP – this measures velocity profiles relative to the float.  It 

looked upward for up to 40m.  
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• Two light sensors - both measuring downwelling radiation. Both are Biospherical 
instruments model 2150.  

o PAR – Photosynthetically Active Radiation 
o 490nm – Light close to 490nm wavelength 

 

 
Lagragian float deployed from Nidhi 

(vii) IOP (Inherent Optical Profiler) 

The Inherent Optical Properties (IOP) and the properties of the medium itself and does not 
depend on the geometry of the ambient light field. The fundamental IOP include absorption 
coefficient (‘a’), beam attenuation coefficient (‘c’) and volume scattering function (VSF). The 
integral of VSF in backward direction gives backscattering coefficient (‘bb’). These coefficients 
are critical in solving underwater radiative transfer equation for energy budget. The IOP were 
measured using optical profiling package from M/s WetLabs. The optical measures package 
includes absorption – attenuation (ac-s) and Backscattering meter (BB9). Apart from these there 
are sensors measuring Chlorophyll-a, CDOM, Turbidity, PAR, Temperature and conductivity. 

The ac-s is a flow-through system consisting of two tubes for attenuation (‘c’) and absorption 
(‘a’) of 25 cm path-length. The ‘c’ tube is different than the ‘a’ tube. Its flow chamber is black 
plastic and the two sleeves on the tube are identical. The ‘a’ tube is lined with a reflective quartz 
tube and one of the two sleeves is flat on top. The light source employs a linear variable filter 
imaged with a collimated beam from a tungsten lamp. The absorption side has a reflecting tube 
and a large area detector, whereas the attenuation side has a non-reflective tube and a collimated 
detector. The instrument provides an 84 wavelength output from 400–740 nm. 
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Inherented Optical Profiler being operated  

The BB9 contains three BB3 instruments and one data multiplexer, all contained within 
single pressure housing. Each BB3 instrument provides a backscatter measurement for three 
different wavelengths. The scattering meter measures scattering at nine wavelengths (440, 470, 
488, 532, 630, 650, 700, 715 and 770 nm) at 117 degrees. This angle was determined as a 
minimum convergence point for variations in the volume scattering function induced by 
suspended materials and water itself. Therefore, the signal measured by this meter is less 
determined by the type and size of materials in the water and more directly correlated to the 
concentration of the materials. The BB9 uses nine LEDs (modulated at 1 kHz) for source light. 
The source light enters the water volume and scattered material is detected by a detector 
positioned where the acceptance angle forms a 117-degree intersection with the source beam. 

(viii) Acoustic Doppler Current Profiler (ADCP) 

A 500 kHz ADCP mounted on pole over the side of the ship measured velocity profiles in the 
upper 40-60m. Another 300 kHz ADCP is mounted at hull of the ship measured velocity profiles 
in the upper 70-100 m of the ocean, using navigation inputs from a differential GPS system 
(INCOIS). 

 

Pole-mounted 500 kHz ADCP on the side of Nidhi 
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Details of all instruments operated 

Instruments 
Institute/ 

Manufacturer 
Sensors Principle 

Measuring 
Parameters 

Accuracy 

Resolution 
and 

Operated 
depth range 

Wavelength/ 

Frequency/ 

sampling rate 

Lagrangian 
Float 

 

APL/Univ. Of  
Washington 

CTD-top and 
bottom 

Temperature 
(Thermistor) 

Conductivity 
(glass) 

Pressure (strain) 

Extra 
buoyancy 
principle. 

Every 3hrs 
data 

transmission 
(It can be set) 

Temperature, 
Conductivity 

(salinity) 

±0.001Kg/m3 
(Density), 
0.005psu 
(Salinity) 

2 Km (Range)  

AquaDopp-
ADCP 

 

Acoustic 
Doppler 

Technology 
Water Velocity 

1% of 
measured 

value ±  0.5 
cm/s 

30-40m range 
and 2 m 

resolution 

600 kHz. 

1Hz Sampling 

Rate 

Photo 
synthetically 

Active 
Radiation 

(PAR) 

cosine 
directional 
response 

Downwelling 
irradiance 

±  7  % 

 

±10  % 

 

±  0  𝑡𝑜  65 

𝑑𝑒𝑔𝑟𝑒𝑒 

±65𝑡𝑜  86 

𝑑𝑒𝑔𝑟𝑒𝑒𝑠 

400 – 700 nm 

MCP 
(Monochromati
c cosine sensor) 

cosine 
directional 
response 

Downwelling 
irradiance 

 

High stability 
silicon 

detector with 
dichroic 
blocking 

filters 

490 nm 

uCTD 

 
Ocean Science 

Temperature, 
Conductivity, 

Pressure 

Free fall. 

While free fall 
with 2-4m/s 

data is 
recorded. 

Temperature, 
Salinity and 

Depth 

±0.0010C 

±0.005 mho 
25 cm 16Hz  

CTD 

 

Sea & Sun 
Tech German 

Temperature, 
Conductivity, 

Pressure 
Free fall. 

Temperature, 
Salinity and 

Depth 
 1 m 1 Hz  

 

ADCP (Pole 
Mounted) 

RDI 
Self – contained 

and direct – 
Doppler Shift 

Water Column 
velocity 

 

1 m and 50 m 
depth, with 1 

m depth 
resolution  

3 mm, 

500 kHz 
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ADCP (Hull 
Mounted) 

RDI 
Self – contained 

and direct – 
reading ADCPs 

Doppler Shift 
Water Column 

velocity 
 

2 m and 110 
m depth with 

2 m depth 
resolution 

5mm, 

300 kHz 

Radiometer 

(Hyper spectral 
underwater 
radiometer) 

Satlantic 

Down welling 
Irradiance, 

Upwelling 
Radiance, 

Surface 
Irradiance. 

Others: CTD, 
CDOM 

absorption, 

Chlorophyll – a, 
Particulate back 

scattering at 
700nm. 

Free fall, 

Dual mode (1. 
Profiling 

mode, 

2. Buoy 
mode) 

Irradiance, 

Upwelling 
Radiance 

 

 110 m depth 
350 nm to 800 

nm 

IOP (Inherent 
Optical 

Property) 
Profiler 

WET Labs 

AC-9 
(absorption and 
scattering), BB-

9 (back 
scattering with 9 

wavelengths), 
BBFL2 

(Chlorophyll), 
CDOM, 

NTURTD 
(turbidity),PAR(
radiation),SBE4

9 CTD 

Free fall. Ship 
has to be 
stationed. 

Absorption 
Coefficient, 
Scattering 

Coefficient, 
Backscattering 

Coefficient, 
Chlorophyll,CD
OM,Turbidity, 

PAR(Photo 
synthetically 

Available 
Radiation),condu

ctivity, 
temperature and 

depth. 

412(wave 
length), 2.44 

x 10-

5(Sensitivity) 

250 m 

(different 
sensors are 

having 
different 

depth ranges) 
and 0.2 m de 

0.5 Hz 

 

 

Sea Water Filter 

 

 

 

Cole-Palmer Filter paper, 
aspirator pump. 

Samples 
collected from 
sea are filtered 

by flask and 
filter paper 

and 
chlorophyll 

POC remains 
on paper. 

Chlorophyll, 
POC(Particulate 

Organic   
Carbon) 

 0 to 100 m ----- 

AWS 
(Automatic 

Anemometer 
(Young),Radio

Anemometer, Principle of 
Thermopile(R

Wind speed, 
Wind Direction, 

  1Hz 
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Weather 
Station) 

 

meter (Kipp 
and 

Zonen),Temper
ature 

(Hygroclip), 
Rotronic 

(Hygrometer) 
Data Logger 
(Campbell 
Scientific) 

Pyro geometer, 
Pyranometer, 

 

adiometer),Ca
pacitance 
dielectric 
constant 

(Humidity) 

 

Humidity, 
Pressure, 

Temperature, 
Short wave in & 

out and Long 
wave in & out 

Sea Glider 
Kongsberg 
underwater 
Technology 

CTD 

 

WET LABS 

 

DO sensors & 
PAR 

Novel method 
of propulsion. 
Small changes 
in buoyancy 
and wings to 

achieve 
forward 
motion 

Temperature, 
Conductivity, 

Pressure, 

WET Labs 
Fluorescence, 
Backscatter, 
Dissolved 

Oxygen, PAR 

 

5-1000 m 
depth with 
speed of 25 

cm/s 
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APPENDIX – IV 

 

 
Science team pictured with Seaglider and Langrangian Float on Nidhi back deck  

 
(From left) Prof. Eric D’Asaro (Univ. Washington), Praveen Kumar (INCOIS), Suresh 
Kumar (INCOIS) and Micheal Ohmart (Univ. Washington) pictured with the Lagrangian 
Float onboard Sagar Nidhi 
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Lagrangian Float being deployed from Nidhi 

 
Picture of the US Research Vessel Roger Revelle alongside the Indian ship ORV Sagar 
Nidhi taken from Gemini craft. Photo Courtesy: Suresh Kumar 
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Science Team and the ship crew onboard Sagar Nidhi  cruise SN100. 


