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Research Platforms

• Research Vessels

• Moorings

• Floats and Drifters

• Autonomous Vehicles

• Remote Sensing (Satellites)



Research vessel

German research vessel Meteor
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Research vessel Meteor

Length: 98 m, Speed: 12 kn, Range: 10000 nm, Scientists: 30



Research vessel

German polar research vessel Polarstern
(breaks through 1.5 m thick ice at a speed of about 5 knots)



Research vessel

Length: 118 m, Speed: 16 kn, Scientists: 55



Measurements from research vessels
Underway measurements (moving ship)
•navigation & echo sounding (latitude, longitude, bathymetry)
•meteorology (air temperature, dew point, wind, radiation)
•sea surface temperature & salinity 
•vertical profiles of current velocity (range 150 to 1200 m)
•expendable probes (temperature, conductivity, currents)

Stations (ship stopped)
•CTD (conductivity/salinity, temperature, depth + oxygen, optical 

backscatter, pH, etc.)
• lowered current profiler (velocity)
•water samples (salinity, oxygen, nutrients, gases, tracers, etc.)
• free falling probes (velocity, microstructure)



Transmitted Pulse
(38-150 kHz)

Doppler shifted return signal
(reflected off particulates)

Plankton and particulates
(move with current)

Transducer Heads

ADCP

Shipboard acoustic Doppler current profiler 
(ADCP)

(GEOMAR)

Depth cells:
• range-gating of received echos 
•profile from each pulse

Principles of Operation

Page 6 RD Instruments

How ADCPs use Backscattered Sound to Measure Velocity
ADCPs use the Doppler effect by transmitting
sound at a fixed frequency and listening to echoes
returning from sound scatterers in the water. These
sound scatterers are small particles or plankton that
reflect the sound back to the ADCP. Scatterers are
everywhere in the ocean. They float in the water
and on average they move at the same horizontal
velocity as the water (note that this is a key as-
sumption!). Figure 4 shows some examples of typi-
cal scatterers in the ocean.

Sound scatters in all directions from scatterers (Fig-
ure 5). Most of the sound goes forward, unaffected
by the scatterers. The small amount that reflects back is Doppler shifted.

1 cm

1 cm 1 mm

Euphasiid

CopepodPteropod

Figure 4.  Typical ocean scatterers

ScatterersSound pulse

Transducer

Transducer Reflected
sound pulse

(A)

(B)

Figure 5. Backscattered sound. (A) Transmitted pulse; (B) A small amount of
the sound energy is reflected back (and Doppler shifted), most of the energy
goes forward.
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ADCP measurement principle
Narrowband (A+B)
•send ping
•ping reflected by moving particle of 

size 1 mm to 1 cm (e.g. plankton)
•measure Doppler frequency shift
•obtain velocity from shift as Δf = f v/c

Broadband (C+D)
•  longer modulated signal (pulse); code
•  change in the length of the signal (determined by autocorrelation)
•  time delay yields velocity
•  higher accuracy but shorter range



Shipboard ADCP measurements in the 
western subpolar North Atlantic

Mean velocity in averaged from 50 to 700 m
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Expendable bathythermograph (XBT)

16 Data Analysis Methods in Physical Oceanography 

Figure 1.3.3. Exploded view of a Sippican Oceanographic Inc. XBT showing spool and canister. 

purposes of intercomparison, it is better for the XBT and CTD profiles to be collected 

as simultaneously as possible. 

The primary error discussed by Heinmiller et al. (1983) is that in the measurement 

of depth rather than temperature. There were, however, significant differences 

between temperatures measured at depths where the vertical temperature gradient 

was small and the depth error should make little or no contribution. Here, the XBT 

temperatures were found to be systematically higher than those recorded by the CTD. 

Sample comparisons were divided by probe type and experiment. The T4 probes (as 

defined above) yielded a mean XBT-CTD difference of about 0.19~ while the T7s 

(defined above) had a lower mean temperature difference of 0.13~ Corresponding 

standard deviations of the temperature differences were 0.23~ for the T4s, and 

0.11~ for the T7s. Taken together, these statistics suggest an XBT accuracy less than 

the +_0.1 ~ given by the manufacturer and far less than the 0.06~ reported by Georgi 

et al. (1980) from their calibrations. 



Volunteer observing ships 



Stations: Water sampling carousel Niskin 
bottles, ADCPs and CTD

CTD

Bottles

ADCP



Water samples (lab analysis)

• chemical analysis (eg. 
oxygen, nutrients)

• electrochemical: 
salinity (Salinometer)

• chromatography 
(gases, eg. CH4, 
CFCs)

• spectroscopy (noble 
gases, eg. 3He, Ne)
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Water sampling carousel with Niskin Bottles, 
CTD and downward looking ADCP



CTD: Conductivity, Temperature, Depth
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(from Emery and  Thomson, 2001)



Temperature

• pressure-protected, high-speed thermistor   

• initial accuracy: ± 0.001 °C 

• Digiquarz pressure sensor: quartz crystal 
resonator whose frequency of oscillation 
varies with pressure induced stress  

• accuracy: 0.01% of full range (e.g. 0.6 dbar 
for 6000 dbar range)

Depth



Pot. Temperature, Θ (°C)

Example from the North Atlantic (47°N)
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Conductivity/Salinity

• cylindrical, flow-through, borosilicate glass cell 
with three internal platinum electrodes  

• initial accuracy: ± 0.0003 S/m (± 0.003 mS/cm)

In situ:

• via equation of state from T,S,p

Density



Conductivity cell36 Data Analysis Methods in Physical Oceanography 

Electrodes 

Electrode 

Hollow glass 
tube ..._ 

Conductivity cell 
model 87410 

Flow 

To top of CTD 
pressure case 

Flow 
:f' 

L 

Electrode 

 oasstu  

Platinum coil 

Figure 1.4.1. Guildline conductivity (salinity) sensor showing the location o f f  our parallel conductive 
elements inserted into the hollow glass tube. Conductivity is measured as the water flows through the 

glass tube. Cable plugs into the top of the CTD end plate on the pressure case. 

overall salinity accuracy for this instrument of _+0.003%o. This accuracy estimate was 

based on comparisons with in situ reference samples whose salinities were determined 

with a laboratory salinometer also accurate to this level (Figure 1.4.2). This accuracy 

value is the same as the standard deviation of duplicate salinity samples run in the lab, 

demonstrating the high level of accuracy of CTD profilers. 

1.4.1.1 A comparison of  two modern CTDs 

In recent sea trials in the North Atlantic, scientists at the Bedford Institute of 

Oceanography (Bedford, Nova Scotia) examined in situ temperature and salinity 

records from a EG&G Mark V CTD and a Sea-Bird Electronics SBE 9 CTD (Hendry, 

(from Emery and  Thomson, 2001)
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Optics/Turbidity
• light transmission or optical backscatter
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Lowered ADCP: Velocity profiling with ADCPs



LADCP Setup

300 kHz Workhorse ADCP

upward looking ADCP

battery case

downward looking ADCP



Lowered ADCP (LADCP)
Small profiles are joined to a single 
surface-to-seafloor velocity profile.

Measured velocity is given by:

Ubaroclinic is calculated from measurements

Reference velocity is calculated from 
ship’s position, assuming that the ocean 
currents vary little during the station

Figure after Fischer et al., 1993
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LADCP section across the North Atlantic
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Fig. 2.1 Cruise track M59/2 
 
 
2.4 Preliminary Results 
 
 
2.41 CTDO measurements and calibration 
 
The CTD system used during cruise M 59/2 was a Sea-Bird 911 plus in conjunction with a 
Sea-Bird release unit with 22 Niskin bottles.  Some of the bottles had to be exchanged due to 
leakage or delayed closing after firing. The CTD system worked properly, except for 2 
profiles. One time the communication with the deck unit was disturbed (CTD 63) and the 
other time (CTD 127) the conductivity and oxygen sensors showed unrealistic values 
probably due to a particle entering the sensors.  
 
Oxygen samples were taken from all bottles together with nutrients and CO2 at about every 
second station, and from 5 bottles at the other stations for calibration purpose.  Altogether, 
2500 oxygen samples including 350 double samples were analysed by the Winkler titration 
method. The rms was smaller than +- 0.01 ml/l. On this cruise the new SBE43 dissolved 
oxygen sensor was brought into operation. At the beginning and after longer cruise tracks 
without measurements the sensor showed a marked temporal drift, so sets of profiles were 
calibrated separately. After correction with respect to time, pressure, temperature, the rms 
difference ranged from 0.03 to 0.06 ml/l for all samples below 1000m depth 
 
Bottle salinities (about 4 each station) were determined using a Guildline Autosal 8400A. The 
salinometer worked properly without temporal drift during an individual measurement 
session, the standard deviation of substandards was less than 0.001. The resulting 
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then separately averages each component internally to provide a single value of 

velocity vector for each burst. If enough is known about the spectra of the flow 

variability, the burst samples can be used to adequately estimate the total energy in 

the various frequency bands. This procedure greatly reduces the amount of recording 

space needed to sample the currents. The vector-averaging current meter (VACM) 

introduced in the 1970s uses both burst sampling and internal processing to compute 

the vector-average components of the current for each sampling period. Current speed 

is obtained using a Savonious rotor similar to that on the RCMs but direction is from a 

small vane that is free to rotate relative to the chassis of the current meter. Vectors are 

computed for every eight revolutions of the rotor and averaged over periods of from 4 

to 15 min, depending on the selected sampling interval. 

Problems wi th  the Savonious rotor 

Because of its widespread use in oceanography, the Savonious rotor sensor needs to be 

covered in some detail. We begin by noting that a principal shortcoming of the RCM4/ 

5 is its inability to record currents accurately in regions affected by surface wave 

motions. The problem with the Savonius rotor response is that it is omnidirectional 

and therefore responds excessively to oscillatory wave action. An intercomparison 

experiment using a mooring array shown schematically in Figure 1.7.2(a) demon- 

strated the differences between Savonius rotor measurements and those made with an 

EM current meter (Woodward et al., 1990). Even under moderate wave conditions, the 

near-surface moored RCM4 can have its speeds increased by a factor of two through 

wave pumping (Figure 1.7.2b). The effect of wave pumping on the Savonius rotor 

(a) 

Subsurface 

float (~ ' ]  

9 m  

10m [ 

J-TEC 

\ /  

Marsh McBirney 
5m 

Marsh McBirney 

Aanderaa (Paddle) 
,r"'! Aanderaa (Savonius) 

Depth not to scale 

Acoustic  release 

/ ~  Anchor 
AML P.G. Aanderaa P.G. 35m ..~m:: I , . . .  

39m ;2.~,)-?. .... ;,.;, .... ,... .-,,;,.,.~ ,. . . . . . . . .  : . , .  "~2". %,-'.-',~ '~.'., ",',, ','; %,- 
. _ s , , ,  . . , , .  s , . . 

Figure I. 7.2. (a) Mooring arrangement for comparison of current speed and direction from Aanderaa 
RCM4 (Savonious rotor) and RCM7 (paddle wheel) current meters and Marsh-McBirney 
(Electromagnetic) current meters moored at 10 m depth during September 1983 in an oceanic wave 

zone (Hecate Strait, British Columbia). 

Moorings and bottom 
mounted equipment

• current meters & profilers

• temperature & 
conductivity recorders

• moored profilers

• upward looking sonars

• inverted echo sounders

• pressure gauges

• sound sources from Emery and Thomson, 2001
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Moorings: Acoustic release and buoyancy
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Moorings: Temperature/conductivity recorder 
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Moorings: Acoustic current meter (RCM)
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Moorings: Moored ADCP
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Moored profiler



Bottom mounted ADCP
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Upward looking sonar (ULS)



Autonomous vehicles

• drifters (surface currents)

• floats (subsurface currents)

• profiling floats (mean currents, temperature, 
salinity)

• gliders

• autonomous underwater vehicles (AUVs)



Surface floats



Subsurface floats

(GEOMAR)



Subsurface floats

anticlockwise, cross back over the ridge and turn abruptly north-
ward along the western flank of the Reykjanes ridge to form the
Irminger Current, while other streamlines penetrate farther north
into the Iceland basin and return southwestward along the eastern
flank of the ridge before they too cross into the Irminger basin.
Speeds along the eastern and western flanks of the ridge are 4–5 and

5–7 cm s21, respectively. Much weaker mean speeds are indicated in
the southeastern quadrant of the study area.
As well as providing a large-scale quantitative view of the

thermocline-level circulation, this map reveals a number of unex-
pected features. First, near the eastern boundary, the mean stream-
lines are mostly zonal with embedded recirculations, and there is
little evidence of a continuous, broad-scale eastern boundary
current advectingMediterraneanWater northward from the Iberian
peninsula into the subpolar region, as has been described pre-
viously5,6,23. Other studies have shown that Mediterranean Water is
transported northward along the eastern boundary by a narrow
(,50 km) slope current (not resolved here) at least as far north as
the northern Bay of Biscay24, but Fig. 3a and individual float tracks
indicate that water in this slope current is diverted into the ocean
interior and recirculated, particularly at capes and other boundary
protrusions. Very few of the floats launched near the eastern
boundary south of 528N drifted northward across that parallel7.
Mediterranean Water probably penetrates north of 528Nmainly by
mixing with the NAC in the complex area southwest of Porcupine
bank11. Second, almost all of the NAC mean flow crossing the ridge
turns northward into the Iceland basin, and relatively little passes
through Rockall trough. (In fact none of the NAC streamlines passes
through Rockall trough, but owing to statistical uncertainties in the
mean velocity estimates, we cannot rule out the possibility of about
2£ 103m2 s21 (transport per unit depth) entering the trough; see
Methods). This is consistent with recent hydrographic analysis
which suggests that during the low phase of the North Atlantic
Oscillation in the late 1990s (characterized by weak westerly winds),
the subpolar gyre contracted and the NAC flowed preferentially into
the Iceland basin and not the Rockall trough25,26.

 

                                     

Figure 3 Mean streamfunction for the subpolar North Atlantic from subsurface float data

at two levels. a, Upper level, thermocline, density j v ¼ 27.5; b, lower level, Labrador
Sea Water, depth 1,500–1,750m. See Methods for data and mapping details.

Arrowheads show the direction of flow along the contours. The inset in b gives speed in

cm s21 as a function of line separation (solid line for a, dashed for b). The colour bars
below a and b give volume transport for a one-metre-thick layer. Note that two higher-

resolution contours (dashed), 24,000 and 26,000m2 s21, have been added near the

eastern boundary. Labelled features are: North Atlantic Current (NAC), ‘Northwest Corner’

(NWC) and Irminger Current (IC).

Figure 4 Floats crossing the Mid-Atlantic Ridge. a, Distribution of latitudes where floats
crossed the Mid-Atlantic Ridge. b, Depth of ridge crest as a function of latitude. Floats in
the North Atlantic Current at the upper level crossed the ridge eastbound preferentially

over the Charlie-Gibbs fracture zone (CGFZ; 31/61), the Faraday fracture zone (FFZ;

11/61), and to a lesser extent, the Maxwell fracture zone (MFZ; 4/61) (red bars; float

depths 200–800m). The distribution of float deployment latitudes, unfilled bars, is

significantly different from the distribution of crossing latitudes, suggesting that the floats

were funnelled over the various fracture zones. Floats crossed the Reykjanes ridge from

east to west north of 538 N at both levels (blue for upper level, green for lower level) mainly

through the Bight fracture zone (BFZ) and two unnamed gaps near 53.58 N and 558 N.

North of 538 N, the gaps are not aligned east–west and the distribution of float crossing

latitudes is therefore somewhat wider around these gaps.
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Example from the subpolar North Atlantic: Spaghetti diagram from 223 
acoustically tracked subsurface drifting floats (left) and mean streamfunction 
at upper level (~1000 m) derived from red tracks (right). Blue tracks from 
floats at Labrador Sea Water level (1500 - 1750 m).

(Bower et al., Nature, 2002)

the NAC from the western basin ð5:5 8C, v, 6:5 8CÞ: Previous
work has suggested that some of this warm water enters the Nordic
seas (where it is transformed into the cold, dense water masses that
fill the deep ocean basins), and that some flows generally anti-
clockwise around the subpolar region where it is transformed by
wintertime cooling and either leaves southward along the western
boundary or recirculates within the subpolar gyre5,6,11,12.
At the lower level, the large-scale temperature contrast from

southeast to northwest illustrates the competing influence of
warmer, saline Deep Mediterranean Water (v . 7 8C) and cooler,
fresher Labrador SeaWater (LSW) (v , 3.4 8C)13. LSW spreads into
the eastern North Atlantic across the Mid-Atlantic Ridge at about
508N (refs 13, 14). The influence of warmer, saltier Iceland–
Scotland Overflow Water, which enters the northern Iceland basin
through the Faroe Bank channel, is apparent along the continental
slope south of Iceland and on both flanks of the Reykjanes ridge
(v . 3.8 8C)15.
We used the float velocity data to construct maps of mean

streamfunction (Fig. 3). Whereas historical circulation schemes
for the upper level in the subpolar North Atlantic relied heavily
on assumptions about the deep flow field16,17, Fig. 3a provides
directly measured, quantitative information on the mean currents
during the sampling period. The NAC flows northward along the
western boundary with typical mean speeds of 15–20 cm s21, to
about 528N. Here it turns sharply clockwise around the ‘Northwest
Corner’, and heads eastward across the North Atlantic18,19. The
streamlines fan out substantially owing to the branching of the
NAC into several weaker currents18,20–22, and the mean speed drops
to about 2 cm s21, but they converge again where the NAC crosses
the Mid-Atlantic Ridge, where the average speed is 3–4 cm s21

(higher over the Charlie-Gibbs fracture zone (CGFZ) at 52–538N,
5 cm s21). All the streamlines that cross the ridge between 508Nand
538N turn northward into the Iceland basin, where the typical mean
speed drops again to 2 cm s21. Some streamlines turn sharply

Figure 1 Float trajectories. Shown are trajectories of all 223 acoustically tracked, eddy-
resolving, subsurface drifting floats launched in the northern North Atlantic in 1993–95

and 1996–2001, representing 328 float years of data. The floats were deployed at two

levels: an upper-ocean thermocline density surface that ranges in depth from,1,000m

in the subtropics to near the sea surface in the northwestern North Atlantic (j v ¼ 27.5;

red tracks; see also Fig. 2a), and an isobaric layer at 1,500–1,750m depth, the core layer

of Labrador Sea Water (LSW, blue tracks). Labelled landmarks include Greenland (G),

Iceland (I), Ireland (Ir), Iberian peninsula (IP) and FC, Flemish Cap.

Figure 2 Mean potential temperature (colour shading) on two density surfaces in the

subpolar North Atlantic corresponding to the two levels of the float data. a, j v ¼ 27.50,

which varies in depth (grey contours) from near the sea surface in the northwestern corner

to,1,000m near the eastern boundary of the domain. The temperature contour interval

is 0.25 8C, and bottom depth contours (m) are 200, 1,000, 2,000 and 3,000 (black

contours). b, Same as a but for j v ¼ 27.77, which ranges in depth from 1,100m in the

northwest to 1,800m in the southeast, and with temperature contour interval of 0.20 8C.

Maps are based on historical hydrographic data10. Temperature is shown on a density

surface (rather than constant pressure surface) for the deeper float level to more

accurately illustrate water mass distributions. Geographic abbreviations are: Labrador Sea

(LS), Irminger basin (IrB), Reykjanes ridge (RR), Iceland basin (IcB), Iceland–Faroes ridge

(IFR), Rockall plateau (RP), Rockall trough (RT), Porcupine bank (PB), Bay of Biscay (BB),

Azores–Biscay rise (ABR), Mid-Atlantic Ridge (MAR), Faraday fracture zone (FFZ), Charlie-

Gibbs fracture zone (CGFZ).
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Profiling floats

APEX (Autonomous Profiling Explorer)



Profiling floats



30 days profile data from Argo network



Temperature at 10 m from profiling floats



Salinity at 10 m from profiling floats



Glider

Slocum glider (Teledyne Webb Research)



Glider

Seaglider (Univ. Washington)



Glider

Glider mission in the Labrador Sea, 24/6/06 - 29/4/05



Autonomous underwater vehicle

WHOI‘s Autonomous Benthic Explorer (ABE)



Remotely operated vehicles

ROV Quest 4000, MARUM, Univ. Bremen



Remote Sensing

• surface temperature

• ocean color

• surface elevation (altimetry)

• surface roughness/wind speed & direction

• wave height

• sea ice


