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Depth(t) = at – bt2

Depth(t) = at2 + bt + c

About the notation of FRE (a small complaint)

Traditional 

Some of you
Depth(t) = at + bt2



eXpendable Conductivity-Temperature-Depth profiler

From TSK’s catalog 



XCTD probe types

Ring hood



 Expendable
 Double reels

Decouple measurement from the cruising of the ship
 Absence of pressure sensor

Need for FRE

Similarity to XBT

From TSK’s catalog 



 Role of wires

Difference from XBT

（Coated) copper wireXBT
The whole system is like 
a Wheatstone bridge.

A part of the circuit (the 
enclosed part) is soaked 
in the seawater when 
the measurement is 
being done. Wires are 
part of the circuit.

Thermistor



 Role of wires

Difference from XBT

The measurement is completed in the probe.

The wires only work for data transmission.

This allows addition of a pressure sensor in XCTD, at least mechanically.
(TSK is trying some prototype.)

Mizuno and Watanabe (1998)

XCTD

Inductive cellThermistor Electronics



 Calibration

Difference from XBT

The temperature sensor is a thermistor of the same brand, but much 
higher accuracy is achieved by probe-wise calibration in the factory. 



 Outer shape of the probe

Difference from XBT

The nose of XBT is more like streamlined body. The XCTD has flat front 
and ring hood around the tail fins (except XCTD-3). For these differences, 
XBT falls much quickly than XCTD, and the former works on faster ships. 



Kizu, Onishi, Suga, Hanawa, Watanabe, Iwamiya (2008)



Stability in the fall

XCTD-1
XCTD-2

XCTD-3

T-7 (TSK)

Kizu, Onishi, Suga, Hanawa, Watanabe, Iwamiya (2008)
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x   Subset A (Hokkaido Univ)
+   Subset B (KH06-1)
o   Subset C (Japan Coast Guard)

XCTD/CTD comparisons



Kizu, Onishi, Suga, Hanawa, Watanabe, Iwamiya (2008)

Depth error statistics

Group A Group B
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FRE coefficients vs. Water temperature

Kizu, Onishi, Suga, Hanawa, Watanabe, Iwamiya (2008)

Subset A Subset B

Subset C



Kizu, Onishi, Suga, Hanawa, Watanabe, Iwamiya (2008)

XCTD-1

XCTD-2

FRE coefficients vs. TAVG (0-500m)



Temperature-dependence of fall-rates (T5)

North of KE front
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South of KE front
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TSK T5 showed larger temperature 
dependence than Sippican T5. 



Temperature-dependence of fall-rates (T7)
A test off Honshu (143E)
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XBT “feels” change of water viscosity.
(Kizu and Hanawa, to be published)

~1%/10K



FRE coefficients vs. Water temperature

Kizu, Onishi, Suga, Hanawa, Watanabe, Iwamiya (2008)

T-dependence of linear coefficient:  ~<1% for 10K (in TAVG), suggesting more turbulent?
T-dependence of quadratic coefficient:  > 0, perhaps due to stratification (quicker T change)


