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About the notation of FRE (a small complaint)

Traditional

Depth(t) = at — bt?

COMMON CODE TABLE C-3: Instrument make and type for water temperature profile measurement
with fall rate equation coefficients

Code table 1770 — IxIxIx (Instrument type for XBT, with fall rate equation coefficients)
—for alphanumeric codes [

Code table 022067 (Instrument type for water temperature salinity profile
measurement) in BUFR

Common Code table

Meaning
Code figure Code figure for . .
for LIy BUFR Instrument guation coefficient

(Code table 022 067) make and type @
001 1 Sippican T-4 6.4/2 —2.16
002 2 Sippican T-4 6.691 -2.25
011 11 Sippican T-5 6.828 —1.82
021 21 Sippican Fast Deep 6.346 -1.82

Depth(t) = at + bt?
Some of you

Depth(t) = at? + bt + ¢



eXpendable Conductivity-Temperature-Depth profiler

XBT/XCTD Sy
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The TSK expendable profiling systems allow:
collection of highly accurate oceanographic
from moving platforms. They produc
effective profiles of ocean conditions
airplanes, and submarines.

For all the expendable maode
calculated from the well known
hydrodynamically shaped pro

From TSK’s catalog



XCTD probe types

XCTDZEO—7  XCTD Probes )

Ak

Type

XCTD-1
XCTD-2
XCTD-3
XCTD4

RE (m) R (/v EHRIEERE G
Measuring Depth(m) Ship Speed(knots)  Measuring Time(sec.)

1,000 12 300
1.850 3.5 600
1,000 20 200
1.850 6 537
Ring hood
/

XBTZ7O—7 XCTDZO—7
XBT Probe XCTD Probe



Similarity to XBT

» Expendable
» Double reels
Decouple measurement from the cruising of the ship

» Absence of pressure sensor
Need for FRE

AT LMK System Components
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Launcher
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Data Aquisition
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Expendable Probe J \.\ !

From TSK’s catalog



Difference from XBT

> Role of wires

Thermistor

XBT

(Coated) copper wire

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
[l part of the circuit.
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Difference from XBT

> Role of wires

Thermistor Inductive cell

Electronics

Thermister Inductive cell
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Fig. 1. Sketch of XCTD probe.

Mizuno and Watanabe (1998)
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.)



> Calibration

Difference from XBT

B Ti5

Shirakawa Plant

XCTD7O—J R IE&E
XCTD Calibration Bath

KB Tempkrature EBERIEEE Conductivity
A 7E &3 ] ¥R 77 R HE A 7E &3 R 51 fiERE
Range Accuracy Resolution Range Accuracy Resolution
XBT —2~35°C +0.2°C 0.01°C -
XCTD —2~35°C +0.02°C 0.01°C O_~60mS/(3m +0.03mS/cm 0.015mS/cm

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



Difference from XBT

» Outer shape of the probe

S

XBTZ7O—7J XCTh7Oo—7
XBT Probe XCTD Probe

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.



Available online at www.sciencedirect.com
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Instruments and Methods
Evaluation of the fall rates of the present
and developmental XCTDs

Shoichi Kizu™™, Hiroji Onishi®, Toshio Suga®, Kimio Hanawa®,
Tomowo Watanabe®, Hiroshi Iwamiya®

Table 1
Specifications of the TSK XCTDs that are currently available or under development

Model Speed Range  Probe weight Wire length  Wire diameter Ring hood  Manufacturer’s ¢ Manufacturer’s b
(k) (m) (g) (m) (mm)

XCTD-1 12 1000 688 1025 0.09 Yes 3.42543 4.7 % 107"

XCTD-2 35 1850 682 1954 0.07 Yes 3.43898% 31x 1074

XCTD-2F 8 1850 682 1954 0.07 Yes 3.43808 3.1% 107

XCID-3 20 1000 687 1025 0.09 No 5.07598 7.2 % 107

XCTD-5 8 1850 13 1915 0.09 No N/A N/A

Speed allowance, profihing range, mitial probe weight in fresh water, the length and diameter of probe wire, and the coefficients of the
manufacturer’s fall-rate equations mstalled m the TS-MK-130 XCTD system. The XCTD-2F 1s for Japan Coast Guard only.

*For probes with serial numbers smaller than 05011071 and not 04120989 nor 04120990, the coefficients are a = 3.3997 and
b=30x 107"

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



Stability in the fall Ring hood

Corner

Round

T-7 (TSK)

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



XCTD/CTD comparisons

Table 3
The mean and standard deviabion of the @ and b coefficients for
the XCTD-1 and the XCTD-2/2F m Groups A-C

XCTD-1 XCTD-2/2F
60N . e
A Group A Group B Group A Group B Group C
50N B % E | a(ave) 34018 34392 34293 34329 34345
B b(ave) 2.95E—4 496E—4 285B—4 3.04B—4 293E—4
- a(std) 0.058 00291  0.0280  0.0267  0.0195
40N 6 x b (std) 474E—4 1.05E-4 677B-5 7.34B-5 599E-5
/| N pis] 28 40 27 36
30N . N is the sample size.
A e e e Table 4
130E 140E 150E 160E 170E 180E 170E 160E Same as Table 3 but for the XCTD-3 and the XCTD-5
X Subset A (Hokkaido Univ) XCTD-3 XCTD-5
+ Subset B (KHOG']-) Group A Group B Group A Group B
o Subset C (Japan Coast Guard)
a(ave)  4.9724 5.0644 5.0318 5.0621
b(ave)  4.04E—4 6.54E—4  438B—4  4.57E—4
a (std.) 0.1213 0.0513 0.0863 0.0550

b (std.) 5.22E—4 2.92E—-4 322E—-4 2.82E—-4
N I 18 18 17




Depth error statistics

Depth {m}

R/Y OSHORO-MARU (TSK) b R/V OSHORO-MARU (TSK) R/V HAKUHO-MARU {TSK) b R/V HAKUHO-MARU (TSK)
TYPE 1 (B+Nj} TYPE2 (B+N) TYPE 1 (B+N)} TYPE 2 (B+N)
0_ ||||||i|||||||||_ 0_ T e e O, L \L O | 0 |I||||||||||||||L
500 - 5004 - 500 :: & 500 E r
] R i . " i
1000 4 L £ 10004 - 1000 - £ 1000 -
2 - g & - a L & ] e
2] L A = B 7 C 8 ] L
1500 © 1500 - 1500 ] ~ 1500 — a
1 XCTD-1 g : g : g ] - = i
2000_||||||||||||||||||| 2000_||\\\\\\ T T Eoooill — T T 20007‘..|....||||||||||
100 -50 0 50 100 -100 -50 0 50 100 100 -50 0 50 100 400 -50 0 50 100
Depth error {m) Depth error {m} Depth error {m) Depth error {m)
c R/V OSHORO-MARU (TSK) c R/Y HAKUHO-MARU (TSK)
TYPE 3 TYPE 3
0 . TR | T L 1 0 1 L 1 L
Group A ] - ] -~ GroupB
500 ] - 500% :
£ ] a € 8 g
< 1000° - £ 1000 .
=3 3 o o 4 C
g : g ;
1600 - - 1500 -
2000 ] I B B Y N B B | LI B B B | 2000 ] LI S N S B B O N B B S S N B B B
-100 50 0 50 100 -100 50 0 50 100

Depth error {m}

Kizu, Onishi, Suga, Hanawa, Watanabe, Iwamiya (2008)
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FRE coefficients vs. Water temperature
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Fig. 3. CTD temperature profiles obtained from (a) Group A, (b) Group B and (¢) Group C.

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



FRE coefticients vs. Ty (0-500m)
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Temperature-dependence of fall-rates (T5) Kizu and Hanawa (2005b)
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Fig. 7. All temperature profiles obtained by CTD profilers dur-
ing the R/V Soyo-Maru cruise. Group A from warm water
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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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FRE coefficients vs. Water temperature

Table 5
Temperature dependency of the fall rate of each XCTD type,
estimated by linear regression

Type ap a (K™H by by (K™ Np

XCTD-1 3.387 3.4e-3 1.87e—4 2.14e-5 93
XCTD-2 3.418 1.Te—3 2.63e—4 2.31e—6 119
XCID-3 4.938 8.0e—3 3.42e—4 1.85e—5 35
XCTID-5 5.005 4.1e-3 3.83e—-4 60.27e—06 35

The constants gy and by are the values of ¢ and b at 0°C. The
sensitivity of a and & coefficients to water temperature 1s given as
a1 and bj. The number of profiles used in the regression (the
number of pomts m Figs. 9-12) 1s shown as N, for esach type.

T-dependence of linear coefficient: ~<1% for 10K (in T,s), suggesting more turbulent?

T-dependence of quadratic coefficient: >0, perhaps due to stratification (quicker T change)

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



