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Report on  

Sagar Nidhi Cruise SN88: North Bay of Bengal,  

22
nd

 August to 8
th

 September, 2014 

 

I. Background 

The main aim of the Ocean Mixing and Monsoon (OMM) programme (2013-2017) 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 sub-seasonal 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. In the first phase of OMM (November 

2013-2014), the primary focus is on learning to make upper ocean observations at sub-mesoscale 

(1-10 km) and sub-hourly resolution. Discussion of upper ocean physics and observing 

techniques is evolving through conversations with individuals and small groups, formal talks and 

classroom teaching, and field campaigns in international waters of the Bay of Bengal.  

  Several OMM participants have attended workshops, participated in a two-week summer 

school on upper ocean physics with faculty from the US and India at IISc, Bangalore in July 

2014, and in research cruises on Indian and US ships. Field-based training and joint science 

observations has been particularly effective in the learning process. US and Indian teams have so 

far conducted five joint cruises in the Bay of Bengal: Two cruises of the US research vessel 

Roger Revelle (of the Scripps Institute of Oceanography, La Jolla) out of Colombo in 

November/December 2013, and one Revelle cruise out of Chennai in June 2014 (all Indian 

participants on the Revelle were young scientists/engineers, or students); one 20-day cruise on 

the Sagar Nidhi in November/December 2013 (SN82), and the present cruise (SN88). 

  

II.  Objectives 

  The present cruise (SN88) is the second OMM campaign of the Sagar Nidhi to the North 

Bay of Bengal. The ship sailed from Chennai on the evening of 22
nd

 August, 2014 with 

participants from several institutions and returned back to Chennai on 09
th

 September, 2014. 
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Our main objective on this cruise was to observe upper ocean sub-mesoscale (1-10 km) 

variability in monsoon conditions. We were particularly interested in identifying and 

characterising sharp lateral salinity gradients of salinity (fronts); the influence of salinity fronts 

on near-surface stratification and horizontal currents; and the relation between the stratification 

and penetration of momentum from wind stress. In addition, we deployed instruments to study 

upper ocean optics, chemistry and biology; velocity and temperature microstructure; atmospheric 

radiation and aerosols, surface fluxes from shipboard sensors, and profiles of atmospheric 

temperature, humidity and winds. Prof. Eric D‟Ásaro and Michael Ohmart, our collaborators 

from the Applied Physics laboratory, University of Washington, deployed a water-following 

Lagrangian float to study upper ocean stratification, velocity shear and turbulence.  

            A total of 22 people from the following institutions were participated in this OMM 

cruise: Indian National Centre for Ocean Information Systems (INCOIS) Hyderabad; National 

Institute of Oceanography (NIO) Goa; National Institute of Ocean Technology (NIOT) Chennai; 

Indian Institute of Science (IISc.) Bangalore; National Remote Sensing Centre (NRSC) 

Hyderabad; Space Physics Laboratory (SPL) Thiruvananthapuram; Space Applications Centre 

(SAC) Ahmedabad; Indian Institute of Technology (IIT) Bhubaneswar; Annamalai University, 

Chidambaram; National Centre for Antarctic and Ocean Research (NCAOR) Goa, and Applied 

Physics Laboratory, University of Washington, Seattle. In addition, we had support from three 

NORINCO engineers and the dedicated services of three expert seamen appointed by INCOIS. 

             Real-time remote sensing and model-based products for the Bay of Bengal were 

provided by Dr. Rashmi Sharma and her colleagues at the Atmospheric and Ocean Sciences 

Group (AOSG), SAC, Ahmedabad through the MOSDAC service of the Indian Space Research 

Organisation (ISRO), Dr. Sreenivasa Rao and his colleagues at INCOIS, and by Mr. Jared M. 

Buckley and Prof. Amit Tandon of the University of Massachusetts Dartmouth (UMassD).  The 

full suite of products at both MOSDAC and UMassD sites has been updated regularly since the 

start of the 2014 monsoon season. The satellite and model inputs proved very useful in cruise 

planning as well as day to day science decisions made on the ship.  

             All special installations and successful operations during the cruise were made possible 

by the dedication of the Captain, officers and crew of the Sagar Nidhi, the Vessel Management 

Group (VMC) at NIOT, and the cheerful and energetic younger participants. The expertise, 

energy and patience of Eric D‟Ásaro and Michael Ohmart has been vital to the success of both 

science operations and training during this cruise, as it was during the November 2013 Sagar 

Nidhi cruise.   

III. Monsoon weather and oceanographic conditions: 

We discuss monsoon weather and oceanographic conditions in the Bay of Bengal at the 

time of the cruise. The weather was generally calm and clear when the cruise started.   
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23 Aug 2014 

25 Aug 2014 

29 Aug 2014 

31 Aug 2014 

 ASCAT Wind  
WWINDS 

INSAT-3D  Rain rate 

Figure 1. Surface wind speed (m/s) and wind vectors from the ASCAT scatterometer (left panels) 

and rain rate (mm/hr) derived from INSAT-3D (right panels) for 23, 25, 29 and 31
st
 August, 2014. 
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INSAT-3D IR 30 Aug 1200 IST  

INSAT-3D Rain (daily accumulated, mm) 

Figure 2.  Infrared Image from INSAT-3D at 12:00 IST, 30 August (top) and INSAT-3D derived 

accumalated rain in mm (bottom) on 30 August; the heaviest rain (dark orange) is 41-48 cm. 
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Surface wind speed from the ASCAT scatterometer was 4-7 m/s in the central Bay of 

Bengal, and there was some rainfall in the north (Figure 1 top panels). Organised convection 

appeared in the central Bay on 25
th

 August, 2014 and wind speed picked upto over 9 m/s.  

The large scale winds acquired cyclonic vorticity as the convection organized into a low 

pressure system centered at 16-17 degrees north in the western Bay. On 29 August (Figure 1 

third row from top), wind speed was 12-13 m/s to the southwest of this system.  

On 30
th

 and 31
st
 August, 2014 satellite imagery showed a classic summer monsoon cloud 

band extending from the Arabian Sea to the west Pacific (Figure 2). 

      

 

 

Figure 3.  Surface pressure from IISc. sensor (AWS), 22
nd

 August to 3
rd

  September, 2014 

(hPa; top) and wind speed (blue; m/s) and direction from INCOIS AWS, 19
th

 August to 7
th

 

September, 2014 (bottom). 
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               The weather stations (AWS) on the ship show lowest surface pressures when we were 

in the northern Bay of Bengal (the ship track is shown later); Wind speeds were highest on 30
th

 

August and 1
st
 September, 2014; and on 5

th
 and 6

th
 September, 2014 on the return leg to Chennai 

(Figure 3). 26
th

 August was a cloudy day on the ship (at 17 degrees north), but we had clear skies 

on 28
th

 and 29
th

 August, 2014 (18 to 19 north; Figure 4).  
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 On the 30
th

 August, 2014 monsoon convection moved north from the central Bay (Figure 

2) and arrived at the ship. Note the very low values of incoming shortwave and net longwave 

radiation from 30
th

 August to 1
st
 September, 2014 (Figure 4), as well as cool air temperatures and 

sustained relative humidity above 90 percent (Figure 5). Spray ingress likely disabled the 

humidity sensor on 2
nd

 September, 2014; the arm of the radiation sensor broke in rough weather 

on 4
th

 September, 2014.  

 

 

 

Figure 4.  Incoming shortwave radiation (top); incoming and outgoing longwave radiation 

(middle); and net longwave radiation (bottom; all units Watt per square meter) from the IISc. 

AWS, 22
nd

 August to 3
rd

 September, 2014.  
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Figure 5.  Air temperature (top) and relative humidity (bottom) from the IISc. AWS, 22
nd

 

August to 3
rd

 September, 2014.  

 

              Observations shows that Bay of Bengal sea surface temperature (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 convection. Satellite microwave 

SST suggests that the central Bay of Bengal cooled 1.5
o
C in 5 days, 26

th
-30

th
 August, 2014 

(Figure 6). SST cooled nearly 0.8
o
C on 30

th
 August alone (Figure 6). Episodes of rapid SST 

warming and cooling are not uncommon in the north Bay of Bengal (Figure 7). It is known that 

on sub-seasonal scales the shallow, fresh surface layer alternately warms and cools in response to 

fluctuations in heat flux. However, the problem really involves the coupled atmosphere-ocean-

land system. The physics of regional air-sea coupling on diurnal to intra-seasonal time scales is 

an important question in monsoon research.   
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Figure 6.  TMI–AMSRE merged daily SST (
o
C) on 23, 25, 29 and 31 August 2014 (top two 

rows). Time evolution of daily SST averaged over the central (14.5N -17.5N, 82E-92E) and 

Northern (17.5N -20.5N, 82E-92E) Bay of Bengal from 22
nd

 August to 3
rd

 September, 2014 

(bottom panel). 

23 Aug 
2014 

25 Aug 
2014 

29 Aug 
2014 

31 Aug 
2014 

Central Bay (14.5
0
N-17.5

0
N; 

82
0
E-92

0
E) 

North Bay (17.5
0
N-20.5

0
N; 

82
0
E-92

0
E)  
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Figure 7.  TMI–AMSRE merged daily SST (oC), as in Figure 2 (bottom panel), but for the 

summer monsoon season of 2013, i.e. 1
st
 June – 30

th
 September 2013. 

 

III A. Basin-Scale and Mesoscale Environment from Remote Sensing 
 

Aquarius along-track sea surface salinity (SSS) and CCAR sea surface height anomaly 

(SSHA) were downloaded from the ASIRI data archive at the University of Massachusetts and 

combined to provide an overall context for the cruise measurements. Figure 8 shows selected 

panels at approximately 5 day intervals. 

 

 

 

 

Central Bay (14.5
0
N-17.5

0
N; 82

0
E-92

0
E) 

North Bay (17.5
0
N-20.5

0
N; 82

0
E-92

0
E)  
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Figure 8. Sea surface salinity (color) and height anomaly (contours, 5 cm contour interval) 

from satellite measurements in the experimental region on A) 09 Aug. B) 16 Aug. C) 21 Aug 

D) 26 Aug. E) 30 Aug., and  F) 04 Sep. Grey lines are the EEZ boundary. Yellow dot is the 

18N mooring. Overlaid colored dots are the Aquarius SSS data; underlying color is a 

continuous map of the same data. Heavy black lines are the coast. 
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Much of the observed variation in SSS can be qualitatively explained by the advection of SSS by 

the geostrophic currents.  In early August, (Fig. 8A), water less than 30 psu is confined to the 

northern Bay.  A cyclonic eddy E1 contains the freshest water 30-31psu.  By 16
th

 August (Fig. 

8B), the salinity in E1 has decreased to 29 psu.  A southward current near the 18N mooring, on 

the western edge of eddy E2 advects water from the edge of E1 into the central bay. This process 

continues through August 21 and 26, with E1 weakening and 30-31 psu water continuing to 

spread southward under the influence of E2.  By 30
th

 August, the 29 psu water near E1 has 

retreated northward, as E1 has shifted westward and no longer advects freshwater southward. 

The southward going water has separated from its northern source and formed a discrete patch 

„P‟ near 16N, perhaps due to saltier water advected from the southeast by eddy E3.  By 4
th

 

September, patch P has disappeared perhaps mixed away by the strong winds of on 31
st
 August 

and 01
st
 September, 2014. 

 

Figure 9. 5m salinity measured by underway CTD system superimposed on SSS/SSHA map 

from 28
th

 August, 2014. 

Operations during the cruise focused on the region between eddies E1, E2 and E3, 

focusing particularly on the convergence on the northwest side of E3, where we expected to find 

the formation of fronts. Our overall strategy, guided by these maps, was to verify the current and 

salinity structures using mesoscale sections and then focus on particular sub-mesoscale structures 

found in these sections. This is seen in the overall cruise track (Figure 9) which begins with a 

large-scale survey running approximately between eddy centers and then focuses on the region 

northwest of E2.  
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IV. Instruments: 

            Before discussing operations during the cruise, we list the different instruments and 

measurements. Apart from the cranes, winches, bathymetry and navigation systems we used, a 

Sea bird thermosalinograph (T/S graph), an Idronaut CTD with water sampling, and an 

automatic weather station that telemeters hourly data to INCOIS are part of the ship‟s 

infrastructure. All other instruments were brought to the cruise by the participating groups (the 

names and e-mail addresses of all cruise participants, their parent organisations, and further 

details of instruments, may be found in Annexure-I and Annexure-III):    

i. ADCP (Acoustic Doppler Current Profiler)  

A 300 kHz ADCP mounted on pole over the side of the ship measured velocity profiles in 

the upper 70-100 m of the ocean, using navigation inputs from a differential GPS system 

(INCOIS) 
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ii. Hyperspectral Underwater Radiometer 

Along with temperature, salinity and chlorophyll profiles, it can also measure profiles of 

downwelling and upwelling radiance and irradiance in the upper ocean at nine wavelengths; 

(INCOIS & NRSC) 

 

 

 

 

 

 

 

 

 

 

iii. Dust Track for Aerosol Measurement 

 

 

 

Total aerosol mass concentration and the concentration of particulate matter of different size 

ranges in the atmosphere (IISc. & SPL) 
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iv. Aethalometer 

Black carbon aerosol concentration (IISc. & SPL) 

 

          

 

 

 

 

 

 

 

 

v. FRRF (Fast Repetition Rate Fluorescence) Chlorophyll a  

Gross photosynthesis and gross primary production.    (NRSC) 
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vi. Lagrangian Float 

Temperature, conductivity (salinity), down welling irradiance, currents, float 

accelerometers    (University of Washington) 

 

 

 

 

 

 

 

 

 

 

vii. Microstructure Profiler 

 Temperature, salinity, velocity shear, turbidity, fluorescence (NCAOR) 
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viii. XBT (Expendable Bathy Thermograph) 

Ocean Temperature profiles. (NIO)     

ix. XCTD (Expendable CTD) 

Temperature and conductivity (salinity) profiles. (NIO) 

 

 

x. UCTD (Underway CTD) 

Temperature and conductivity (salinity) profiles. (INCOIS) 
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xi. IOP (Inherent Optical Properties) Profiler 

 Profiles of temperature and conductivity (salinity); light absorption and scattering 

coefficients, backscattering coefficient; chlorophyll-a; coloured dissolved organic matter 

(CDOM); turbidity; PAR (Photosynthetically Available Radiation). In addition, chlorophyll and 

POC (particulate organic carbon) are measured from filtered water samples taken at different 

depths.  (INCOIS) 

 

 

 

 

 

 

 

 

 

 

 

xii. Microtops (Sunphotometer) 

 Aerosol optical depth at different wavelengths (IISc.) 
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xiii. Radiosonde 

Profiles of temperature, humidity, wind speed and direction in the atmosphere (IISc. & 

SPL) 

 

 

 

 

 

 

 

 

 

 

xiv. CO2/H2O GAS Analyser (LI-COR) 

Concentration of atmospheric CO2 and H2O. (NRSC) 

 

xv. CTD (Conductivity, Temperature, Depth) 

Ocean temperature and conductivity (salinity) profiles (NIOT & INCOIS) 
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xvi. Drifter 

Mixed layer currents, air pressure, sea surface temperature (NIO)      

 

                                                                            

 

 

 

 

 

xvii. Salinity Drifter 

Sea surface temperature and conductivity (salinity); mixed layer currents (NIO) 

xviii. AWS (Automatic Weather Station) 

Air temperature, wind speed and direction; pressure; humidity; incoming and outgoing 

shortwave and longwave radiation. (IISc. & INCOIS).  The IISc. AWS included a bucket rain 

gauge (lost in squally weather a few days into the cruise); the INCOIS AWS included an 

automatic rain gauge. 

xix. Thermosalinograph 

Sea surface temperature and conductivity (salinity) along ship‟s track. 

xx. HVS (High Volume Sampler) 

 

 

 

   

 

 

Atmospheric aerosol concentration. (SPL). 
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V. Time line, cruise track and operations 

The ship was berthed at Chennai port on 18
th

 August until we sailed on the 22
nd 

August, 

2014. During the time at port, we fitted a swiveled pole mount for the ADCP on the starboard 

side with additional support just above the water line to arrest vibrations encountered on the 

November 2013 cruise. The instrument was mounted at the bottom of the pole using a stainless 

steel fixture that turns the ADCP beams 15 degrees away from the hull, as on the Roger Revelle 

(discussion and drawings courtesy Andrew Lucas of Scripps). We also fabricated and installed a 

4 m high hinged stainless steel mast on the foredeck, supported by three guy wires. Temperature, 

humidity and wind sensors were fitted to the mast (height above water about 10 m). Incoming 

and outgoing radiation sensors were mounted on a 1 m arm projecting out of the ship on the 

foredeck. The meteorological sensors were installed by Prof. G. S. Bhat of IISc. We fitted the 

differential GPS antenna to a rail just above (and overlooking) the main aft deck. Michael 

Ohmart gifted an extension cable to the ADCP deck unit. All groups assembled and readied their 

instruments during this time.  

Day 1, 22
nd

 August, 2014: The ship sailed from Chennai on the evening of 22
nd

 August 

2014, after a three-day delay due to various exigencies. The ADCP pole was in the water as we 

left the harbor. We carried out a test of the instrument in bottom-track mode by navigating the 

ship twice on a 2-nautical mile (nm; 1 nm is 1.85 km) square at 50-70 m water depth. At about 

midnight, we changed over from bottom-track to normal mode of operation. Both INCOIS and 

IISc. weather stations on the ship worked throughout the cruise. The ship‟s thermosalinograph 

acquired continuous data, but a comparison with near-surface temperature and salinity done 

halfway into the cruise showed that the thermosalinograph salinity was not reliable most of the 

time. 

Day 2, 23
rd

 August, 2014: At 9 am IST (03:30 GMT) of 23
rd

 August we began tests and 

intercomparison of the various CTD‟s. The Seabird, S&S, and RBR CTD‟s were strapped to the 

main CTD frame and lowered together with the Idronaut CTD to 200 m depth; the Idronaut data 

was somewhat noisy, but the other CTD‟s agreed with the Seabird and with each other. Water 

samples were collected at specified depths; we launched an XBT and an XCTD, which gave data 

upto 700 m and 780 m depth. The tests were carried out near 13
o
24‟ N & 80

o
56‟ E, water depths 

3100-3350 m. The ADCP pole was lifted out of the water and the cable was secured to lie behind 

the pole to prevent chafing against the lower support bracket.    

          Ship headed for the north Bay of Bengal (see Figure 10). We accessed remote sensing 

imagery and data from the Indian Meteorological Department (IMD), SAC, INCOIS and 

UMassD sites, and numerical weather forecasts from IMD; the National Centre for Medium 

Range Weather Forecasting (NCMRWF), Delhi; the European Centre (ECMWF) and SAC, a 

practice followed through the cruise. 
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Days 3 and 4, 24-25
th

 August, 2014:  Prior to the cruise, Prof. Dan Rudnick of Scripps 

requested us to recover a Spray glider operating in the Bay of Bengal (the CT sensor was not 

transmitting data). The glider, loaded on the Roger Revelle in Taiwan, had been deployed in the 

Bay of Bengal on the June 2014 Revelle cruise. It was parked in the vicinity of 17
o
 N, 88

o
 E for 

recovery; we set this location as our waypoint, expected arrival 26
th

 August. 

             From 11 am to 2 pm IST on 24
th

 August, we deployed the CTD‟s and collected water 

samples; we also deployed the microstructure profiler (VMP), optics and biology instruments 

(Radiometers, IOP, and FRRF). Michael Ohmart repaired the radiosonde antenna. 

             25
th

 August was devoted to time series observations with CTD‟s, VMP, optics and 

biology instruments. The various groups worked from 6 am to 4 pm IST with these instruments. 

Sample observations are shown later; the details of number and depth of casts with different 

instruments and total no. of profiles achieved may be found in the logs (Annexure-II & Annexure 

– II (A)). Ship headed for 17
o
 N, 88

o
 E. 

Day 5, 26
th

 August, 2014: The Spray glider was spotted from the bridge by the seamen 

and ship‟s crew just before 7 am. A boat (semi-rigid dinghy with outboard motor) was lowered 

from the ship‟s main crane on the aft deck port side, seamen Venkat and Uday on board. The 

seas were short and choppy, the boat was rearing, but the glider was not to be held by the wings 

and tail fin. After a few attempts, a line was secured through the lift point at the tail, the glider 

was brought safely to the ship and lifted on deck using the crane at 9 am. It was secured to a 

palette, washed down, dried and stowed in the dry lab.  

           We headed east from 17
o
 N, 88

o
 E and began underway CTD (uCTD) operations in to-yo 

mode, at approximately one cast every three minutes down to 100 m depth. At ship speeds of 4-5 

knots, the mean distance between successive casts is 375-475 m. After we recovered the glider 

and began uCTD operations, the ship‟s track is rather complicated. It is shown in Figure 10 (a), 

and several segments are magnified for clarity in Figure 10, panels (b) to (e).   

Day 6, 27
th

 August 2014: We continued operating the uCTD to give a profile to 100 m 

depth every 3 minutes, alternating probes and downloading data once every 10-15 casts. Ship 

speed was maintained at 5 knots, and we were operating in the vicinity of 17-18
o
 N, 90

o
 E 

(Figure 10). The T/S graph suggested that we crossed two sharp fronts at 7 pm and 9 pm IST. 

Begin to suspect that the instrument was biased high, although some gradients seemed to match 

the surface salinity from uCTD. 

Day 7, 28
th

 August, 2014:  We passed by the NIOT moored buoys BD09 and then BD08 

five nm on the port side, and the BoB mooring at 18.5
o
 N, 89.5

o
 E (Figure 10b). Nearly 40 uCTD 

profiles were lost/not recorded, perhaps because the magnetic switch was improperly operated. 

The ADCP cable malfunctioned – we lifted the pole and discovered a nick due to chafing against 

a lifting eye under the water line. Michael Ohmart offered to splice the cable with his kit. Mike 

and Shivaprasad repaired the cable and wrapped extra tape around it as a precaution.  
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While the cable was being repaired, we operated the CTD‟s, the optics instruments, and 

the VMP until 4 pm IST. We decided to explore the region a little to the north and east where the 

freshest water was expected.  

Day 8, 29
th

 August, 2014: The winding motor on the uCTD burnt out; we replaced the 

deck unit. It was decided to do one profile every 10 minutes, which would give spatial resolution 

of nearly 1.5 km at 5 knot ship speed. We had a science meeting at 8:30 pm. 

Day 9, 30
th

 August, 2014: The weather turned, with dark, deep clouds, a stiff wind, and 

about 2 m swell. As mentioned earlier (see Figures 2-4), the organized monsoon cloud band in 

the central Bay abruptly moved north, and arrived at our area of operation (17.5-18.5
o
 N, 89

o
 E; 

Figure 10a, b).  

We arrived at 18
o
 N, 89

o
 25‟ E from the northeast (Figure 10b), and began to look for a 

place to deploy the Lagrangian float. The original plan was to head east, go back to 18
o
 N, 89

o
 

52‟ E, where we had found fresh surface water on our way north. Remote sensing data (from a 

couple of days ago) suggested southward flow in a confluent region between two mesoscale 

eddies in the region 17.5-18
o
 N, 89

o
 30-45‟ E; the latter co-ordinates are roughly the central 

longitudes of the narrow strip of international water between India‟s and Myanmar‟s EEZ‟s.  

            Eric and Mike test their Lagrangian float. We decided to carry out a survey along a half-

degree square before float deployment to sample mesoscale strain. Vessel not riding well; at 7 

pm IST, at the Captain‟s suggestion, we headed south, more or less into the swells, to 17.5
o
 N, 

89
o
 25‟ E. The T/S graph traces became noisy at about 11 pm IST, a possible sign of air bubbles 

in the instrument. As the ship rolled, the ADCP occasionally left the water. 

            Day 10, 31
st
 August, 2014: Heavy seas and rain through the night. uCTD operation had to 

be stopped at 2:30 am due to heavy rain and poor visibility. uCTD operation resumed at 4:30 am; 

the main motor stalled at 6 am. The uCTD unit was opened and dried out with warm air and 

tissue in the forenoon; casts resumed.  

             After arriving at 17.5
o
 N, 89

o
 25‟ E, the ship turned due east. Just before the turn, the T/S 

graph suggested several salinity fronts. The pole was vibrating gently; the securing rope was tied 

to aft, which seemed to work. We did one more square to test the ADCP. 
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Figure 10. Ship track (a) from 22
nd

 August 14:30 GMT (8 pm IST) to 31
st
 August 13:00 GMT. 

Red dots mark ship location at 00 GMT (local 5:30 am) each day. After day 4 the ship moved 

at 4-5 knots most of the time. (b) Magnified view of track from 27
th

 to 31
st
 August (the last four 

days shown in panel (a)). We went anticlockwise around a path enclosing three moorings: The 

BoB Mooring (18
o
 N, 89.5

o
 E); NIOT Moored buoys BD08 (18.2

o
 N, 89.67

o
 E) and BD09 

(1.7.8
o
 N, 89.67

o
 E). (c) Magnified view of track for 15 hours on 1

st
 September: Once the 

Lagrangian float was deployed (see text) at 17.5
o
 N, 89.5

o
 E, we went north and followed a 

triangular path. (d) Continuation of track in (c): We did a ten nautical mile (nm) rhombus, 

went north and charted a 22 nm rhombus around the three moorings (BoB, BD08, BD09) 

from 1
st
 to 3

rd
 September. (e) On the night of 4

th
 September we executed a 5 nm square around 

BD09 and sailed back southwest. 
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   Day 11, 1
st
 September, 2014: Through the night of 31

st
 August and the early hours of 1

st
 

September, we tracked back westward along 17.5
o
 N, to arrive at 89

o
 25‟ E at 8 am IST on 1

st
 

September (ship track not shown). We had passed a patch of fresh water at night. We went back 

east, found the fresh region and deployed the Lagrangian float in a front at 17.5
o
 N, 89.5

o
 E. The 

starboard crane just above the aft deck level was used for deployment; the operation was 

smoothly completed at 9:20 am IST (03:50 GMT). With the float deployed, at 10 am IST we 

headed north for 17.67
o
 N and deployed a salinity drifter (surface temperature T, salinity S, and 

pressure p). We deployed a drifter (T, p) at 11.45 am where the track turned southwestward, and 

another drifter (T, p) where the track turned to the southeast (Figure 10c).  

            The magnitude and direction of the ADCP current changed abruptly when the ship turned 

southeast; near-surface current speed changed from 30-40 cm/s to nearly 1 m/s in a few minutes. 

The T/S data suggested a sharp front very close to the corner (Figure 10c). At first we thought 

the swift current in the upper 20-25 m is a frontal jet. Later, we realised that we may be seeing a 

possible instrument error in heavy seas. Recall that the swell was still heavy on 1
st
 September, 

2014. The ADCP had been tested in bottom-track mode, and worked well through several 

previous heading changes. It also worked well on a test around a mooring on 4
th

 September, 

2014. One possibility is that the pitch and roll information from the DGPS was not incorporated 

correctly into the ADCP software, giving erroneous results in heavy seas. At the time of writing, 

Eric and Shivaprasad are reprocessing some ADCP data acquired during rough weather.  

Day 12, 2
nd

 September, 2014: The Lagrangian float was faced difficulty in transmitting 

its location. We went anticlockwise around a 10 nm (nearly 19 km) rhombus, with the float 

deployment location at the center of the northeastward leg. The ship then preceded to 17.5
o
 N, 

89.5
o
 E, to begin a survey around the three moorings: The path took us anticlockwise along a 

rhombus with 22-24 nm sides at 6 knots (Figure 10d; moorings marked by blue dots). 

Meanwhile, the Lagrangian float was not giving satellite fixes, but transmitting data. The 

frequency of data transmission dropped. Eric decided to blow the bolt and terminate the float 

mission so that the float could be located and recovered. The float gave a GPS fix from 17
o
 22.1‟ 

N, 89
o
 24.4‟ E. 

Day 13, 3th September, 2014: At 6 am IST, the float was at 17
o
 24.74‟ N, 89

o
 26.22‟ E. 

The survey around the moorings (Figure 10d) was completed at 7 am IST. We headed for 17
o
 40‟ 

N, 89
o
 40‟ E at 3 knots. The day was devoted to time series observations with the CTD‟s, VMP, 

optics and biology. At 6 pm IST, we head for the float location.    

Day 14, 4
th

 September, 2014: Overcast, rainy. Searching for float since 5:30 am, sighted a 

couple of times. The ship approached close with the float to port, safely recovered using the port 

crane boat (Venkat and Uday on board) at about 11 am IST (04:30 GMT). Drifter deployed 

around 23:15 IST at 17
o
20 N & 88

o
31 E. 
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               We planned to traverse a 5 nm square around NIOT Moored buoy BD08, located at 18
o
 

09‟ N, 89
o
 40‟ E, to compare the ship‟s ADCP with moored velocity profiles (three-hourly data 

are telemetered to INCOIS). While going north, the ship moved at 10 knots; the ADCP stopped 

acquiring data. We lifted the pole out of the water; a cut in the cable was taped and the pole 

lowered. The 5 nm square was started at 8 pm and completed at midnight local time, and the ship 

headed southwest towards Chennai (Figure 10e).   

Day 15-18, 5-8
th

 September, 2014: The ADCP pole was lifted and the instrument was 

removed from the pole at 9:30 am on 5
th

 September. It turned windy at night. uCTD operations 

were stopped. Active monsoon weather on 6
th

 September; ship preceded in slow progress on 6
th

 

and 7
th

 September. Float deployment and aerosol measurements continued until 8
th

 September 

(for detailed information, see log of operations (Annexure III). The ship arrived at outer 

anchorage, Chennai on the morning of 9 September.             

               

VI. Observations: 

This section is meant to illustrate the different observations carried out on the cruise. In 

some cases, we include a short discussion of basic principles and some interesting findings.  

i. Underway CTD measurements 

We used the uCTD to survey a 2 by 3 degree region of the north Bay of Bengal (Figure 

11) with spatial resolution between 350 m and 1.5 km, depending on profiling frequency (once in 

3 minutes or 10 minutes) and ship speed (3-6 knots).  

 

Figure 11. Surface salinity (3 m depth) from uCTD along the cruise track, from 26 August 

05:35 GMT to 4 September, 2014 19:15 GMT. A total of 1879 profiles were collected along a 

1600 km track. 
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Figure 12. 3 m salinity, Brunt-Vaisala frequency and potential density contours (top), salinity 

(middle) and potential temperature (bottom) as a function of depth and distance along the 

track. Each of the four parts shows a 400 km stretch; date and time are noted below. 
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Broadly speaking, the track samples the large scales, the medium scales via one degree 

and half-degree regions around 18
o
 N, 89.5

o
 E and 17.5

o
 N, 89.3

o
 E, and many smaller polygons. 

The range of surface salinity is 28.5-32 psu. Distance-depth sections show that the 

stratification can be very shallow, and occasionally extends to the surface (Figure 12). The 

subsurface structure is very rich - we note a couple of interesting features visible to the eye. 

Lateral gradients are substantial, and occasionally near-surface stratification is enhanced under 

fronts. Regions with the shallowest stratification appear to have characteristic 50-100 km spacing 

in some stretches of data.  

We mentioned earlier, the observed surface cooling in the study domain from 30
th

 August 

to 2
nd

 September, 2014. At this time we were in the northernmost part of the study region (Figure 

10). The uCTD data show nearly 1.5
o
C cooling in two days. The data also show persistent 

temperature inversion (subsurface cooler than surface) from the night of 30
th

 August, i.e. from 

900 km to the end of the record in Figure 12. The inversion appears to arise mainly due to 

surface cooling. The upper 20 meters or more has cooled, but the uCTD record shows salinity 

and density stratification between 10 and 20 m depth, raising interesting questions about mixing 

and thermodynamics.  

 

ii. ADCP measurements 

We obtained a total of about 2000 km along the track of velocity profile measurements in 

the north Bay of Bengal using a 300-kHz ADCP (Teledyne RDI) mounted on a pole over the 

side. Ship navigation, roll and pitch data from a differential GPS (ADU-800), mounted just 

above the aft deck, was integrated with the ADCP. We configured the ADCP to give average 

current profiles; at ship speeds of 4-5 knots, spatial resolution is about 300-400 m. Current 

profiles generally extend to 70-90 m depth, depending on ambient conditions.  

We ran a test in bottom-track mode at 50-70 m depth on the  

continental shelf off Chennai on 22
nd

 August, 2014 and found the ADCP data  

are reliable. After the test, the ADCP was not operated until we reached the north Bay of Bengal, 

in order to prevent cable damage at higher speeds. Like the uCTD  

(see above), the ADCP sampled both mesoscale and sub-meoscale variability.  

Along-track horizontal current vectors at 24 m and 44 m depth are shown  

for the period 26
th

 - 31
st
 August, 2014 in Figure 13. 
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Figure 13. ADCP currents along the ship track at 44 m (red) and 24 m (black) depth,  from  

26
th

 August 12:59  – 31
st
 August 12:58  UTC. 

           

 

Figure 14. ADCP currents along the ship track at 44 m (red) and 24 m (black) depth: 15:19 - 

19:30 UTC on 4
th

 September 2014 
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Figure 15. Profiles of average current speed along Legs 1-4 (see previous figure), 15:19 - 19:30 

on 04
th

 September, 2014; current speed from the ADCP on NIOT Mooring BD08 at 10m, 20m, 

30m, 50m and 100m depths, 04
th

 Sep., 2014 15:00 (yellow dots) and 18:00 (pink dots); all times 

are in UTC 

          Earlier we raised a question about the quality of ADCP data under  

the roughest conditions (see day-by-day activities), when the pole-mounted  

instrument was found to occasionally leave the water. We are examining the  

problem to obtain reliable data in all conditions. On the night of 4
th

  

September, we carried out a test by comparing the ship-borne ADCP with a  

150 kHz ADCP (Teledyne RDI) deployed at 10 m depth on the NIOT mooring BD08. The 

ship sailed in a 5-nautical mile square around the mooring at 5 knots (Figure 14); apart from the 

currents in the upper 20-25 m on the eastern leg of the square, and at the corners, the velocity 

profiles from the two ADCP's are consistent (Figure 15).  
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iii. Lagrangian Float  

Eric D‟ Ásaro and Michael Ohmart deployed a single Lagrangian float on this cruise (Figure 

16). 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.  

 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 16.  Lagrangian float as deployed on SN88. Photograph shows float recovery. 
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Figure 17. a) Float depth as a function of time for the entire mission.  During the last 1.5 

days, the float remained at the surface. b) Detail of first 1.5 days. Color indicates different 

float operating modes.  Small yellow box shows a to-scale float with upward looking ADCP 

beams. Shaded region shows time with limited communications and no position information. 

 

iv. Operations 

The float was deployed on 01
st
 September, at 0353Z near 17 30.4 N & 89 30.0E. This site 

was chosen based on the uCTD surveys of the previous week and was very close to or within a 4 

psu front.  The goal was to survey near the float with the SN for the next few days.  Figure 17 

shows the resulting float mission. 

After deployment, the float executed two dives to about 60m as part of its normal check-

out procedure.  All sensors and operations were successful.  However, the float did not report 

after the third dive and communications remained intermittent thereafter with no GPS positions 

received.  Coordinated operations with the ship were therefore abandoned.  Data sent from the 

float determined that the secondary buoyancy system had failed, but that the float was otherwise 

working well.  Data gathering was thus continued for another day, at which point the mission 

was aborted and the emergency ballast released.  The float remained on the surface, sending high 

quality positions with reliable communications until it was recovered on 4
th

 September (Figure 

16). Post recovery disassembly indicated that the piston failure was due to the mechanical failure 

of a hardened steel shoulder screw, for unknown reasons.  
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Figure 18 (left panel) Near-surface salinity profiles from the Surface Salinity sensor. (Right 

panel) Optical sensors profiles. 

 

 
 

 

Figure 19 (Left panel) Comparison of vertical velocity measured by the Aquadopp with the 

vertical velocity estimated from the change in the float’s pressure with time. (Right panel) 

Vectors (subsampled) of velocity relative to the float as measured by the Aquadopp. Inertial 

shear is evident. 
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Results 

Initial data analysis shows that all sensor systems worked well. 

 The surface salinity sensor (Figure 18, left panel) made profiles all the way to the surface. 

The effective resolution is about 10 cm.  The intercomparisons scans with the SBE41 

show accuracies comparable to the 0.01 psu expected. 

 The optical sensors worked well (Figure 18, right panel). We have no absolute calibration 

comparison, but the shapes are similar to those taken by the optical groups on the ship. 

 The Aquadopp ADCP temperatures and pressures agree well with the float‟s. Beam 3 of 

the Aquadopp was aligned poorly and intersected the top ring of the float.  Although this 

resulted in reduced signal strength, the resulting velocities nevertheless appear to be 

accurate.  Figure 19 shows a comparison of the vertical velocity measured by the float 

with that estimated from the float‟s vertical motion. The agreement is comparable to what 

we have seen with similar systems in the past.   

These results indicate that this float can operate well in the Bay of Bengal that the sensor 

systems are sound and that precise, coordinated operations using a ship and the float are possible.  

 

v. Microstructure measurements 

 

  

 

 

 

 

 

 

 

 

Figure 20. An example of microstructure profiler data collected at 17º42'N, 89º05E on 3
rd

 

September 2014. (a) Profiles of temperature (blue) Salinity (red). (b) Profiles of potential 

density anomaly (blue) and Brunt Vaisala frequency (red) (c) Profiles of eddy dissipation rate 

(blue) derived from the microstructure vertical velocity shear and Eddy diffusivity coefficient 

(Red). 
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  Temperature and salinity profiles from the VMP at 17º42'N, 89º05E (Figure 20) shows 

that the ocean is capped by a shallow layer of fresh water, with a 60 m deep nearly isothermal 

subsurface layer. The high values of Brunt Vaisala frequency indicate two pycnoclines at 25-30 

m, and 60-70 m, in the upper 200m. The profiles of eddy dissipation rate and Eddy diffusivity 

coefficient (shown on a logarithmic scale), suggest that active mixing is taking place in the upper 

20m, and diapycnal mixing rates are low below 30 m depth. A notable exception is between 100-

115 m depth, where eddy diffusivity reaches 10
-3

 m
2 

/s. The profile of eddy dissipation energy 

indicates that unlike in the surface mixed layer, in the pycnocline turbulent mixing is often not 

very energetic but patchy in both space and time with intermittent bursts of turbulent mixing. 

 

Optics and Biology Measurements 

vi. FRRF Measurements 

Principles 

Each quantum of light absorbed by a chlorophyll molecule rises an electron from the 

ground state to an excited state. Upon de-excitation from a chlorophyll a molecule from excited 

state 1 to ground state, a small proportion (3-5% in vivo) of the excitation energy is dissipated as 

red fluorescence. The indicator function of chlorophyll fluorescence arises from the fact that 

fluorescence emission is complementary to alternative pathways of de-excitation which are 

primarily photochemistry and heat dissipation. Generally, fluorescence yield is highest when 

photochemistry and heat dissipation are lowest. Therefore, changes in the fluorescence yield 

reflect changes in photochemical efficiency and heat dissipation.  

At the molecular level, the description of what happens goes like this: a substance 

absorbs a photon of electromagnetic radiation, which causes an electron to move from a low 

energy state to a higher energy state. When the electron returns to a lower energy state, a photon 

is emitted. This photon is fluorescent radiation.  

The use of fluorescence data may provide a more direct way of determining the 

efficiency of light utilization in phytoplankton. The amount of fluorescent radiation that is 

released by phytoplankton exposed to light is related to the amount of light that is utilized by the 

phytoplankton for photosynthesis. Quantifying that relationship is still a challenge to researchers.  

Another term for the amount of fluorescence released by chlorophyll is the "fluorescence 

quantum yield", Ff. The amount of fluorescence measured is related to Ff by this relationship:  

                              F = [chl] [PAR a*] Ff,      

 where F is chlorophyll fluorescence, [chl] is chlorophyll concentration, PAR is 

Photosynthetically Active Radiation, and a* the specific absorption coefficient.  
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Measurements 

FRRF measurements were made using the Chelsea FASTocean Fluorometer onboard the 

ORV SAGARNIDHI-OMM cruise. The experimental measurements consists of measuring 

changes in variable fluoroscence yield at chlorophyll-a in response to re subsaturating pulses at 

light (flashlets) at microsecond intervals. The instrument was used only for vertical profiling. 

The optical head at the instrument at two sample chamber which are measured 

sequentially in normal opeartion; an open light chamber in which the samples are measured 

under eposure to actinic solar irradiance and  aclosed dark chamber which blocks the actinic 

light. The instrument was programmed to measure the both saturation an drelaxation kinetics at 

fluoroscence yield during a measurement. The saturation protocol delivers the 100 flashlets at 

1.46 µs duration at a 2.8 µs interval, followed by a relaxation protocol of 20 flashlets at the sam 

eduration at 50.6 µs sparing. A series of 15 such flash sequence were internally averaged by the 

instrument and recorded as one data acquisition. Intrsumnet biases were measured and corrected 

for by a series at characterised experiments given in the manual. 

For obtaining in-situ measurements the instrument is attached to a stainless titanium 

frame and profiles through the upper water column at a speed o f15m/min. Power was provided 

through the cable as the intstrument is operated in a real time mode. The sampling frequency was 

0.2 Hz for each chamber which includes 2 seconds delay between the acquisition of light and 

dark chamber. No sublock was used for the optical head which led to the difficulties in obtaining 

the reliable data for near surface waters(see figure). Depth at instrument was determined by 

merging the FRRF acquisition time synchronised with CTD depth. Seven profile of FRRF data 

were obtained during the entire cruise period. However, we presented data of 24
th

 August, 2014 

for illustration. 

FRRF data files were processed using fastpro v.8.0 provided along with the instrument. A 

robust fitting routine is used to fit the F(t) data to the physiological model of variable 

fluroscence. The output consists of fitted value for the minimal (Fo) and maximal (Fm) 

fluroscence yeild, the effective cross-section for PSII(rho PSII), the extent of energy transfer 

between PSII reaction center (p) and turn over time of electron flow through PSII(T), variable 

fluroscence is calculated as Fv= Fm-Fo. The dimensionless ratio Fv/Fm is quantitatively related 

to the efficiency of photochemistry in PSII. 

Figure 21 shows vertical profile of derived photosynthetic parameters like Fo and Fm for 

both light and dark chambers. Fm can be used as indicator of chlorophyll concentration. The 

other parameters depict vertical distribution of Fv/Fm, RhoPSII respectively measured for both 

the chambers. 
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Figure 21. A typical profile of FRRF instrument for measurement of photosynthetic 

parameters. 

 

            Although detail analysis of individual profile have not yet been done in regards to 

hydrography and nutrient distribution, some generalized can be made by comparing 

representative water type in our data set. We have presented in the above figure the blue water 

station for illustrations that has very low chlorophyll values (0.1 mg. m-3) in the surface with a 

deep chlorophyll maxima (DCM) extending to 50-55M. Photochemical efficiency was also 

lowest in the surface of blue water, with FV/Fm values (~0.275). FV/Fm values increase 

gradually with depth reaching a maximum value of (~0.475) immediately below the DCM. 

Occurrence of maximum FV/FM below DCM appears to be the characteristic of blue water type. 

In this example, the near surface blue water exhibits the largest PSII absorption cross-section as 

well as slowest turn over time. Both FV/Fm and Fm (Chl) parameter increased with DCM. 

Vertical profile of Chlorophyll and PAR shows the DCM at 50-55M. The chlorophyll and PAR 

data obtained from IOP profiler and under water radiometer (HYPERPRO-II) measured 

simultaneously with FRRF also shows similar trends. It can be concluded that the low 

chlorophyll in near surface region of the blue water station are characterized by exhibiting 

reduced value of photochemical efficiency, high PSII absorption cross section, slow turn over 

time for electron transport  and high fluorescence yield per unit chlorophyll a. However, results 
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are preliminary in nature and detailed analysis of individual acquisition will yield better 

information in understanding the plankton physiology and their efficiency in carbon fixation. 

 

vii. Radiometric measurement of underwater light field 

The underwater light field was measured using hyperspectral radiometer (Make: 

Satlantic; Model: HyperProII). The instrument has three sensors measuring radiance and 

irradiance. One irradiance sensor is mounted on deck to measure surface solar irradiance (Es). 

The other two sensors measuring downwelling irradiance (Ed) and upwelling radiance (Lu) are 

mounted on the profiling frame. The sensors measuring radiance / irradiance in 255 channels 

covering 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 estimating heat 

content in the water column by measuring underwater light flux. 

 

 

Figure 22.Vertical profiles of Chl-a, Temperature, Salinity, PAR and K_Ed490 at two stations 

on a) August 25, 2014 (Left Panel: 16.32 N & 86.05 E) and b) August 29, 2014 (Right Panel: 

18.98 N & 88.39 E) 

 



40 
 

The instrument was operated for five days onboard ORV Sagar Nidhi (Cruise No. 88) 

taking 31 profiles. Figure 22 shows vertical profiles of Chlorophyll-a (Chl-a), Temperature, 

Salinity, Photosynthetically Available Radiation (PAR) and downwelling diffuse attenuation 

coefficient at 490 nm (K_Ed490) at two stations on a) August 25, 2014 (Left Panel: 16.32 N & 

86.05 E) and b) 29
th

 August, 2014 (Right Panel: 18.98 N & 88.39 E) 

At both the stations, a Deep Chlorophyll Maximum (DCM) was seen below the mixed 

layer. However the DCM was at shallow depth (40 m) on 29
th

 August, 2014 as compared to that 

on 25
th

 August, 2014 (25 m). Also, the attenuation of light was maximum at DCM as inferred 

from the profile of K_Ed490. The surface salinity was much less on 29
th

 August, 2014 as 

compared to 25
th

 August, 2014. Further, the euphotic depth (Depth receiving 1% of surface 

PAR) was shallow on 29
th

 August, 2014 (35 m) as compared to that on 25
th

 August, 2014 (75 m). 

 

viii. Measurement of Inherent Optical Properties (IOP) 

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. 

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. 
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Figure 23. Vertical variability of spectral beam attenuation coefficient overlaid with depth 

profile of Chl-a, Temperature, Salinity and PAR (top panel), total absorption coefficient 

(middle panel) and total backscattering coefficient (bottom panel). 



42 
 

 

Figure 24. Spectral variability of beam attenuation coefficient (‘c’), absorption coefficient 

(‘a’) and backscattering coefficient (‘bb’) at different depths. The inset shows the spectral 

variation in ‘a’ from 650 to 700 nm. 

 

Figure 23 shows vertical variability of spectral beam attenuation coefficient („c‟), 

absorption coefficient („a‟) and backscattering coefficient („bb‟) overlaid with depth profile of 

Chl-a, Temperature, Salinity and PAR measured on 25
th

 August, 2014. Both „c‟ and „a‟ exhibits 

similar vertical variability with peak coinciding with DCM. Spectral variability in „c‟ and „a‟ 

shows a maximum at the shorter wavelength. The backscattering (bb) did not show any 

significant pattern and also found to be low in magnitude. This indicate that this is an 

oligotrophic water, dominated by „a‟ over „bb‟ and Chl-a is major light absorbing component. 

This is also evident from Chl-a fluorescence peak between 667 – 670 nm (Inset view in Figure 

24). 
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ix. Salinity Drifter Observations 

 

                

 

 

 

 

 

 

 

 

 

 

Figure 25. Trajectory (left) and initial salinity data (right) from the salinity drifter deployed on 

1 September at 17.5
0
N, 89.5

0 
E   

 

x. Aerosol measurements 

During Ocean Mixing and Monsoon (OMM)-2014 cruise experiments, conducted over 

the Bay of Bengal in August-September 2014, aerosol parameters such as Aerosol Optical Depth 

(AOD), size segregated aerosol mass concentrations and atmospheric black carbon concentration 

are measured using Microtops sunphotometer, Dust Track aerosol monitor and Aethalometer 

respectively.  

In addition, atmospheric particles are collected on filter substrates using High Volume 

Sampler, for off-line gravimetric and chemical analysis. Some of the observations during OMM-

2014 are depicted in the following figures. 
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Figure 26. Aerosol mass concentration over the Bay of Bengal during Ocean Mixing and 

Monsoon (OMM)-2014 cruise experiments, along the cruise track. 

 

Figure 27. Atmospheric black carbon (BC) concentration over the Bay of Bengal during 

Ocean Mixing and Monsoon (OMM)-2014. Color bar indicates BC concentration in ng/m
3
. 

 

xi. Vertical profiles from Radiosonde ascents 

Vertical profiles of atmospheric parameters such as temperature, pressure, relative 

humidity, wind speed and wind directions are measured using balloon-borne Radiosonde ascents 

during the OMM-2014 experiments. Altitude profiles of the parameters from one of the ascents, 

on 25
th

 August, 2014 at 17:00 IST, is shown in figure 28. Figure 29 depicts vertical profiles of 

specific humidity during cloudy (30
th

 August, 2014 at 17:00 IST) and comparatively clear sky 

(26
th

 August, 2014 at 05:00 IST) conditions. 
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Figure 28. Vertical profiles of atmospheric temperature, specific humidity, Wind speed and 

wind direction over Bay of Bengal from Radiosonde ascent on 25
th

 August, 2014. 

 

Figure 29. Vertical profiles of specific humidity during cloudy (red) and comparatively clear 

sky (black) conditions.   
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ANNEXURE - II 

Logs of Operations 

DATE 

TIME 

(IST) LAT LON COMMENTS 

19/08/2014       Signed on - Chennai port 

21/08/2014 11:38     Microtops measurements started 

  12:40     Microtops measurements started 

  13:51     Microtops measurements started 

  14:41     Microtops measurements started 

22/08/2014 13:30     Ship  Started from Chennai port 

  14:12     Microtops measurements started 

  15:00     Calibration box 2km at 4 kts for ADCP 

  18:25     Aethalometer started 

  18:45     Dust Track started 

  19:00     

End of ADCP calibration. Proceed towards first point 13 24N & 

80 56E at 4 knots 

23/08/2014 4:30 13 24N 80 56E Stop & prepare to examine ADCP 

  4:50     ADCP stopped 

  9:25     Reached Destination first point 13 24 N & 80 56E 

  9:28     

Preparation started for Micro profiler, Radiometer, FRRF, Ship 

CTD 

  9:50     Started ADCP Lifting operation 

  10:20     ADCP - Removed second pole bolt 

  10:25     ADCP - Removed first pole bolt 

  10:30     ADCP - checking cables 

  10:33     ADCP operation - person came up after removing bolts  

  10:36     Lifted pole ADCP 

  10:39     Lifted pole ADCP operation over 

  10:43     Crane parked 

  10:47     Ready to launch Ship CTD 

  10:50     Removed all instruments caps 

  10:55     Opening Shutter CTD winch 

  11:01     S&S CTD on 

  11:02     RBR Concerto CTD on 

  11:05     Ship CTD - Launched into ocean 

  11:09     XCTD launched 

  11:12     CTD cast - 160m Depth with speed 30m/min 

  11:14     CTD cast - Reached 206m Depth 

  11:16     Connecting IOP with Hydrographic winch 



 
 

  11:17     XBT launched 

  11:18     Taking 100m Depth water sample 

  11:19     Taking 80.6m Depth water sample 

  11:21     Taking 50.1m Depth water sample 

  11:23     Taking 20.1m Depth water sample 

  11:24     Ship CTD Reached surface 

  11:26     CTD & water sample taken up 

  11:40     IOP Launched into ocean 

  11:45     IOP Reached 123m depth with speed 50m/min 

  11:48     IOP onboard 

  11:58     FRRF launched upto 75m with speed 50m/min 

  12:01     FRRF reached 25m depth 

  12:04     FRRF reached 50m depth 

  12:05     FRRF reached 70m depth  stopped 

  12:10     FRRF Taken back 

  12:25     

Microprofiler (MP)  launched. 4m start recording. Plans to take 

three casts. First two with 200m depth then last upto 500m depth 

  12:30     MP - Reached 200m at first cast 

  12:35     MP - Reached surface 

  12:36     2nd Cast started MP 

  12:39     MP - Reached 230m depth & lifting back 

  12:43     MP - Reached surface 

  12:44     MP - 3rd cast started operate upto 500m 

  12:50     MP - Reached 500m depth 

  12:56     MP - Reached surface 

  12:58     Microprofiler taken back from water 

  13:00     

Radiometer float launched but retrieved back due to cloudiness 

and rain 

  13:12     Filling Helium in Balloon 

  13:16     Ship started to next point with 4 knots speed 

  13:32     Launched Radiosonde 

  13:50     uCTD Training 

  14:20     High Volume sampler Started 

  17:55     Launched Radiosonde 

  18:45     Dust Track stopped 

  19:55     Dust Track started 

  20:35     Meeting to discuss today work & Research 

  21:55     Meeting ended. 

24/08/2014 9:40     Assembling HVS 

  10:40     High Volume sampler started - first cast - four hours 



 
 

  11:10 14 58 N 83 42 E Ship stopped at 14 58N & 83 42E 

  11:16     Ship CTD  shutter opened 

  11:20     Assembling all CTD sensors 

  11:24     Removing CTP caps 

  11:40     S&S CTD, RBR CTD, Sea Bird CTD switched on 

  11:41     Ship CTD Started to deploy 

  11:41     XCTD launched - operate upto 1000m 

  11:42     

Ship CTD - Launched into ocean - Plans to operate upto 200m 

with speed 35m/min 

  11:48     XBT launched - operate upto 760m 

  11:51     Ship CTD - Reached 200m 

  11:52     Collecting water sample at 250m - upcast speed 40m/min 

  11:56     collecting water sample at 120m 

  11:58     Collecting water sample at 100m 

  11:59     Collecting water sample at 80m 

  12:00     Collecting water sample at 50m 

  12:01     Collecting water sample at 20m 

  12:02     Ship CTD At Surface but not fired 

  12:04     Ship CTD onboard 

  12:10     Preparing IOP to launch 

  12:15     

IOP Launched into water - plan to operate upto 200m with speed 

50m/min 

  12:20     IOP - Reached 200m depth 

  12:25     IOP - Reached surface  

  12:26     IOP onboard 

  12:30     Connecting with Airframe - FRRF 

  12:34     

FRRF in water - Plan to operate upto 100m depth with speed 

50m/min 

  12:36     FRRF - Started DCM at 41.7m 

  12:41     FRRF - Started DCM at 51.6m 

  12:46     FRRF Reached 100m Depth 

  12:54     FRRF Reached Surface 

  12:55     FRRF onboard 

  13:09     Radiometer launched into ocean 

  13:15     

RM Reached 51m depth - first cast - Started pulling back 

radiometer 

  13:20     Started 2nd cast - RM 

  13:25     Radiometer onboard 

  14:25     HVS - Second cast started for five hours 

  16:55     Radiosonde Launched 

  19:55     Dust Track stopped 



 
 

  20:15     Dust Track started 

  20:35     Meeting to discuss today work & Research 

25/08/2014 4:50     High volume sampler started 

  5:20     Aethalometer stopped 

  6:40 16 19 N 86 02E Ship shutter opened for CTD casts / all sensors switched on 

  6:45     Ship CTD launched in ocean with speed 50m/min 

  6:55     Ship CTD at surface / started lowering 

  6:57     Rain Gauge started - 3 Readings - Neeraj 

  7:01     250.9m water sample taken 

  7:09     Ship CTD at Surface 

  7:10     Ship CTD retrieved back 

  7:11     IOP operation started  

  7:15     IOP launched in water - upto 200m - speed 50m/min 

  7:20     Rain Gauge stopped - Neeraj 

  7:25     IOP at 200m depth 

  7:30     IOP at surface 

  7:31     IOP back to ship 

  7:35     FRRF launched upto 75m with speed 50m/min 

  7:40     FRRF at 75m depth 

  7:44     FRRF at surface 

  7:45     FRRF back to ship 

  7:55     Microprofiler launched. 3 cast upto 200m 

  8:35     Aethalometer started 

  8:55     Radiometer launched into ocean 

  9:04     RM at surface / started lowering / 1st cast upto 60m 

  9:07     RM 2nd cast - 82m depth 

  9:12     RM back to surface / started lowering / 3rd cast 

  9:17     RM at 76m - 3rd cast 

  9:24     RM onboard 

  10:15     

Microprofiler - plan to operate upto 200m for 1 & 2nd cast and 

300m for 3rd cast 

  10:40     MP onboard 

  10:55     Radiometer started - 1st cast upto 80m depth 

  11:05     RM at surface / started lowering / 2nd cast 

  11:10     RM - 2nd cast - upto 82m depth 

  11:12     Filling Helium in Balloon 

  11:15     Radiosonde Launched 

  11:15     Radiometer - 3rd cast - upto 80m depth 

  11:25     RM onboard 

  11:28     Ship CTD shutter opened 



 
 

  11:35     Removing IOP caps 

  11:40     IOP in water upto 200m depth - speed 50m/min 

  11:45     IOP at 210m depth 

  11:45     XCTD operated upto 1000m depth 

  11:50     IOP at surface 

  11:51     IOP onboard 

  11:53     XBT operated upto 760m depth 

  11:55     

FRRF in water - Plan to operate upto 100m depth with speed 

50m/min 

  12:02     FRRF at 100m depth 

  12:10     FRRF onboard 

  13:00     Ship CTD in water 

  13:10     Ship CTD at 250m depth 

  13:16     100m depth water sample 

  13:17     80m depth water sample 

  13:18     50m depth water sample 

  13:20     20m depth water sample 

  13:21     0m depth water sample 

  13:26     Ship CTD onboard 

  13:40     Radiometer (RM) in water - 1st cast upto 82m depth 

  13:45     RM at surface 

  13:48     RM - 2nd cast - upto 85m depth 

  13:52     RM at 85m depth 

  14:00     RM onboard 

  14:05     Microprofiler (MP) 1st cast  started 

  14:09     MP at 200m 

  14:11     MP - 2nd cast started 

  14:16     MP at 200m / stopped recording 

  14:20     MP at surface / Started Recording - 3rd cast 

  14:24     MP at 200m depth / 3rd cast stopped recording 

  14:26     MP onboard 

  14:35     uCTD operation Testing probes 

  16:00     High volume sample started 

  15:55     uCTD testing over 

  16:55     Radiosonde Launched 

  21:35     Dust Track stopped 

26/08/2014 4:55 17 00 N 88 00 E Radiosonde Launched 

  5:55     Started searching Glider 

  6:25     Identified Glider 

  7:05     boat in water to take glider / Glider missed from eyesight 



 
 

  7:25     Once again identified Glider 

  7:40 17 01 N  88 06 E Latched rope with Glider 

  7:50     Glider onboard 

  7:55     Boat onboard 

  9:05     Crane started to lower the ADCP 

  9:15     Lowering ADCP 

  9:25     Safetening the ADCP cable 

  9:30     Tightening first bolt ADCP 

  9:35     Tightening second bolt ADCP 

  10:05     ADCP lowering operation over 

  10:15     Ship started moving to next location at 4 knots 

  10:55     

uCTD operation Started - 1st batch - Shiva, Rabi, 

Narendar,Srilekha,Aneesh 

  12:05     Dust Track started 

  12:05     Drifter Deployed at 17 02 N & 88 16 E (S.No. 116347) 

  12:31     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  15:00     Aethalometer stopped 

  16:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  17:00     Radiosonde Launched 

  20:10     High volume sample started 

  20:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

  22:20     Drifter Deployed at 16 59.7 N & 88 59.35 E (S.No. 133661) 

27/08/2014 0:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  4:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  5:00     Radiosonde Launched 

  8:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

  12:05     Dust Track stopped 

  12:50     Dust Track started 

  12:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  13:05     High volume sample started 

  14:39     Microtops operated 

  15:40     Drifter Deployed at 17 16.10 N & 90 11.04 E (S.No. 133662) 

  16:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  17:00     Radiosonde Launched 

  20:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

28/08/2014 0:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  4:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  5:00     Radiosonde Launched 

  6:35     High volume sample started 

  7:40 18 17 N 89 40 E Ship stopped at 18 17 N & 89 40 E 



 
 

  8:10     Pole ADCP lifted 

  10:25     Radiometer (RM) operated 

  11:05     Microprofiler - 3 cast upto 200m depth 

  11:24     IOP profiler operated 

  11:25     xCTD upto 2070m depth 

  11:33     XBT upto 2075m depth  

  11:35     XBT upto 2079m depth  

  11:35     FRRF launched 

  12:50     Dust Track stopped 

  13:05     Dust Track started 

  13:20     Radiometer (RM) operated 

  13:40     Microprofiler (MP) operated 

  17:05     ADCP setup over 

  17:15     Ship CTD started lowering upto 250m depth 

  17:30     100m depth water sample 

  17:31     80m depth water sample 

  17:32     50m depth water sample 

  17:34     20m depth water sample 

  17:35     0m depth water sample 

  17:41     Ship CTD onboard 

  17:55     Radiosonde Launched 

  18:15     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  20:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

29/08/2014 0:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  4:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  5:00     Radiosonde Launched 

  7:50     High volume sample started 

  8:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

  12:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  12:55 18 58N 88 22E Ship stopped at this location 

  13:16     IOP launched upto 250m depth 

  13:25     IOP reached 250m depth 

  13:35     Dust Track stopped 

  13:41     IOP onboard 

  13:43     FRRF launched upto 100m 

  13:55     FRRF onboard 

  13:59     

Ship CTD started cast upto 100m - water sample taken at 

0,10,30,50,70m depth 

  14:15     XCTD upto 2031m depth 

  14:20     XBT upto 2032m depth 



 
 

  14:25     Ship CTD onboard 

  14:35     RM - 2 cast - upto 84m & 92m depth 

  14:56     Microprofiler - 3 cast - upto 220m depth 

  15:20     MP onboard 

  15:25     RM operated upto 84m depth 

  15:35     RM onboard 

  15:55     Ship started moving to next location at 5 knots 

  16:15     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  16:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  17:52     Radiosonde Launched 

  19:05     Dust Track started 

  20:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

  20:40     Meeting for scientific discussion 

30/08/2014 0:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  4:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  5:14     Radiosonde Launched 

  8:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

  12:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  16:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  17:00     Radiosonde Launched 

  19:05     Dust Track stopped 

  19:15     Dust Track started 

  20:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

31/08/2014 0:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  4:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  5:05     Radiosonde Launched 

  8:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

  11:46     Radiosonde Launched 

  12:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  16:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  17:00     Radiosonde Launched 

  19:15     Dust Track stopped 

  20:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

1/9/2014 0:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  4:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  8:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

  10:00     

Salinity Drifter Deployed 17 32.2 N & 89 30.34 E (S.No. 

137340) 

  11:45     Drifter Deployed at 17 40.59N & 89 30.27E (S.No. 116350) 

  12:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 



 
 

  15:08     Drifter Deployed at 17 30.19N & 89 19.77 E (S.No. 116346) 

  16:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  20:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

2/9/2014 0:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  4:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  8:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

  10:50     Radiosonde Launched 

  12:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  16:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  16:55     Radiosonde Launched 

  20:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

3/9/2014 0:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  4:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  5:15     Radiosonde Launched 

  8:55 17 47 N  89 51 E Ship stopped at 17 47 N & 89 51 E 

  9:36     xCTD upto 2247m depth 

  9:40     IOP launched 

  9:46     XBT-1 upto 2247m depth 

  9:52     XBT-2 upto 2247m depth 

  10:02     FRRF operated upto 100m depth 

  10:05     

Ship CTD operated upto 100m - Water Sample taken at 

0,20,40,60,80,100m depth 

  11:05     Radiosonde Launched 

  13:10     Microprofiler operated 

  13:35     Radiometer operated 

  14:15     Radiometer operated 

  15:05     Microprofiler operated 

  15:30     Radiosonde Launched 

  15:35     MP onboard 

  15:45     Radiometer operated 

  16:05     Radiometer onboard 

  16:30     IOP launched upto 250m depth with speed 50m/min 

  16:50     IOP onboard 

  16:55     FRRF launched  

  16:56     FRRF at surface - operate upto 200m with speed 15m/min 

  17:02     FRRF at 70m depth 

  17:04     FRRF at 100m depth 

  17:10     FRRF at surface / onboard 

  19:30     Radiosonde Launched 

4/9/2014 0:30     Radiosonde Launched 



 
 

  11:10     Radiosonde Launched 

  12:10     Dust Track started 

  13:00     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  16:30     uCTD - 3rd batch - Ravi, Neeraj, Ranith, Abinav, SBChoudhury 

  17:00     Radiosonde Launched 

  20:30     uCTD - 1st batch - Shiva, Rabi, Narendar,Srilekha,Aneesh 

  23:15     Drifter Deployed at 17 20 N & 88 31 E  (S.No.133663) 

5/9/2014 0:30     uCTD - 2nd batch - VPT, Ashok, Jenson, Phani, Dipanjan 

  0:45     uCTD operation stopped - Total - 1894 profiles achieved 

  1:00     Ship started moving to Chennai 

  5:35     Radiosonde Launched 

  8:05     High volume sample started 

  9:04     Microtops operated 

  8:55     Packing started 

  12:10     Dust Track stopped 

  12:35     Dust Track started 

  17:00     Radiosonde Launched 

  23:40     Drifter Deployed at 17 09.13 N & 87 52.11 E (S.No. 133660) 

6/9/2014 12:35     Dust Track stopped 

7/9/2014       Packing the equipment‟s / instruments 

8/9/2014 10:30     High volume sample started 

  19:05     High volume sample started 

9/9/2014       Reached Chennai port in the evening 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

ANNEXURE – II (A) 

 

 

S.No. List of Instruments 

Total no. of profiles 

Launched / 

Taken Successful 

1 uCTD 1918 1894 

2 Microprofiler 36 36 

3 Radiometer 35 35 

4 Radiosonde 29 23 

5 High Volume sampler 12 12 

6 IOP 8 8 

7 FRRF 7 7 

8 Ship CTD  7 7 

9 Water sample 7 7 

10 XBT 8 7 

11 XCTD 6 6 

12 Drifters 7 7 

13 Salinity Drifters 1 1 

14 Lagrangian Floats 7 3 

15 Microtops 7 7 

16 

AWS, LiCOR, ADCP, 

Dust Track, 

Aethalometer 

Continuous Measurements  

 

 

 

 

 



 
 

ANNEXURE – III 

 

LIST OF INSTRUMENTS 

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&bottom 

Temp 

(Thermistor) 

Conductivity 

(glass) 

Pressure 

(strain) 

Extra buoyancy 

principle. 

Every 3hrs data 

transmission (It can 

be set) 

Temperature, 

Conductivity 

(salinity) 

±0.001Kg/m3(Den

sity),0.005psu(Sal

inity) 

2Km (Range)  

AquaDopp-

ADCP 

 

Acoustic Doppler 

Technology 

Water Velocity 1% of measured 

value  

cm/s 

30-40m range 

and 1 

 600 kHz. 

1Hz Sampling 

Rate 

PAR (Photo 

synthetically 

Active 

Radiation 

cosine directional 

response 

Downwelling 

irradiance  

 

 

 

 

 

 

400 – 700 nm 

MCP 

(Monochrom

atic cosine 

sensor) 

cosine directional 

response 

Downwelling 

irradiance 

 High stability 

silicon 

detector with 

dichroic 

blocking 

filters 

490 nm 

Micro 

structure 

profiler 

Sea & sun 

technology 

Thermometri

cs- 

FP07,micro 

structure 

conductivity , 

velocity 

shear, 

seapoint 

Free fall.A ceramic 

material move with 

some horizontal 

velocity with 

distance gap of 

1mm, which 

calculates the 

velocity shear in turn 

measures the 

Temperature, 

salinity, velocity 

shear, fluorescence 

and turbidity  

11.2 ms 1mm 1024 Hz (SR) 



 
 

turbidity, dissipation rate. 

uCTD 

 

Ocean Science Temperature, 

Conductivity, 

Pressure 

Free fall. 

While free fall with 

4m/s data is 

recorded. 

Temperature, 

Salinity and Depth 

±0.0010C 

±0.005 

mho 

25 cm 16Hz (SR) 

CTD 

 

Sea & Sun 

Tech German 

Temperature, 

Conductivity, 

Pressure 

Free fall. Temperature, 

Salinity and Depth 

 1 m  1 Hz (SR) 

CTD  RBR Temp, 

Conductivity, 

Pressure 

Free fall. Temperature, 

Salinity and Depth 

 50 cm 6Hz (SR) 

ADCP RDI Self – 

contained 

and direct – 

reading 

ADCPs 

Doppler Shift Water Column 

velocity 

 1 m and 110 

m depth 

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 

Dust track for 

Aerosol 

measurement 

TSI Photo 

Detector 

Photometric method mass (mg/m3) 

concentrations 

(PM1,PM2.5,PM4,

PM10,TPM) 

 Ambient 

atmosphere 

1Hz 

Aethalometer MAGEE 

SCIENTIFIC 

Photo 

detector 

Optical attenuation 

Technique 

Black carbon 

concentration(ng/m
3) 

 Ambient 

atmosphere 

1data/min 

FRRF(Fast 

Repetition 

Rate (FRR) 

CTG Fluor meter 

and 

Photosynthetic 

efficiency to detects 

phytoplankton 

Gross 

Photosynthesis and 

Gross Primary 

 100m 1MHz 



 
 

Chlorophyll a 

Fluorescence 

Induction 

Measurement

s) 

PAR Sensor sample and measures 

phytoplankton health 

Production 

XBT-T7 

(Expendable 

Bathy 

Thermograph

) 

Sippican USA Thermistor Using XBT launcher 

it is fired and from 

conducting wire data 

is recorded. 

Temperature ±0.0010C 0.65 m and 0 -

760 m 

----- 

XCTD-

1(Expendable 

CTD) 

TSK Japan Temperature, 

Conductivity, 

Pressure 

It is fired and from 

conducting wire data 

is recorded. 

Temperature, 

conductivity, 

salinity, density 

 0.2 m and 0-

1000m 

20 Hz 

IOP(Inherent 

Optical 

Property) 

Profiler 

WET Labs AC-9 

(absorption 

and 

scattering), 

BB-9 (back 

scattering 

with 9 

wavelengths)

, BBFL2 

(Chlorophyll)

, CDOM, 

NTURTD 

(turbidity),P

AR(radiation

),SBE49 

CTD 

Free fall. Ship has to 

be stationed. 

Absorption 

Coefficient, 

Scattering 

Coefficient, 

Backscattering 

Coefficient, 

Chlorophyll,CDO

M,Turbidity, 

PAR(Photo 

synthetically 

Available 

Radiation),conducti

vity, 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 ----- 

 

MICROTOPS

(SUNPHOTO

METER) 

 

 

SOLAR 

 Light CO 

 

Photo 

Detector 

 

Sense the intensity 

of radiation at 

particular 

wavelength  through 

Sun target and 

calculate the optical 

depth of aerosol by 

Beer‟s Law(I=I(0)*e-

tow), where (tow) is 

optical depth 

 

Aerosol Optical 

Depth at different 

wavelength 

 

±0.03AOD 

 

Surrounding 

atmospheric 

data. Whole 

mixed layer 

height. 

 

1 min 



 
 

RADIOSON

DE(RS) 

Vaisala 

Manufacture 

Temperature, 

Humidity, 

Two 

Sensors(on 

Instrument 

and at 

ground) 

With the help of 4 

receivers RF 

receiver,GPS 

receiver, Processing 

unit, 

Ground check 

Calibration all 

parameters data 

recorded. 

Temperature, 

Humidity, Wind 

Direction, Wind 

Speed and Pressure 

 35 to 40 km 1 min. 

CO2/H2O 

GAS 

ANALYSER 

LI-COR NDIR(Non 

Dispersive 

Infrared) 

Non Dispersive 

Infrared Gas 

Analyser based upon 

single length and 

dual wavelength 

Infrared direction 

system 

Concentration of 

CO2(ppm) and 

H2O(mmol/mol) 

±0.02ppm 0-20, 000 ppm 

for CO2, 0-60 

mmol/mol for 

H2O 

 

1 Hz 

AWS-

1(Automatic 

Weather 

Station) 

 

Anemometer 

(Young),Radio

meter (Kipp 

and 

Zonen),Temper

ature 

(Hygroclip), 

Rotronic 

(Hygrometer) 

Data Logger 

(Campbell 

Scientific) 

Anemometer, 

Pyro 

geometer, 

Pyranometer, 

 

Principle of 

Thermopile(Radiom

eter),Capacitance 

dielectric constant 

(Humidity) 

 

Wind speed, Wind 

Direction, 

Humidity, Pressure, 

Temperature, Short 

wave in & out and 

Long wave in & 

out 

  1Hz 

Drifter(Surfac

e Velocity 

Profiler) 

 

MetOcean Temperature 

, 

Conductivity 

and Pressure 

Sensor 

The drifter activates 

as soon as the 

magnet is removed 

from its body. 

Ocean currents 

upto 15m depth, 

Sea Surface 

Temperature, 

pressure. 

 15 m integrate 

whole column 

velocity 

profile.  

 

Salinity 

drifter 

Pacific Gyre Conductivity 

and 

Temperature 

Sensor 

The drifter activates 

as soon as the 

magnet is removed 

from its body 

Ocean current, Sea 

Surface 

Temperature and 

conductivity 

   

High volume 

sampler 

Staplex Aerosol 

sampling 

using filter 

papers 

Draws air through 

the filter paper and 

collects atmospheric 

particles on it 

Aerosol mass 

concentration 

 Ambient 

atmosphere 

 



0 
 

            

 

 

 

 

 

 

 


