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Field experiment to evaluate the performance of
CTD sensorsfor the profiling float
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Kentaro ANDO™®  Kenji IZAWA™"

The international Argo program started in 2000 to build the global profiling array for improving dramatically the
ability of climate prediction for the global scale. The accuracy of profiling data of temperature and salinity were aimed
to be within 0.005K and 0.01 in practical salinity, respectively. To achieve this quality level in temperature and salinity,
we evaluated the dynamic response of three different models of temperature and conductivity sensors for profiling float
in the tropical Pacific using the specially designed profiler for comparing the three sensors with the high precision
SBE9plus CTD profiler. The float usually samples temperature and salinity data during ascending, and due to the differ-
ent time response of sensors between temperature and conductivity, the salinity data sometimes indicates unrealistic
value ascending in thermocline.
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The comparison results indicate that the temperature sensors were all within the data quality requirement of Argo in
all depth ranges in these experiments (0-500 m). However, only the salinity sensors of SBE and FSI could achieve the
requirement. The salinity data from FSI seemed to have small salinity noise resulted from the mismatched time

response between temperature sensor and conductivity sensor.
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Table 1 List of the sensors used for the field experiments.

Figuresin parenthesis for sampling interval are represented the actual values in these experiments.

Sampling Stabili
Manufacturer Model Interval Sensor type Accuracy Resolution ity
(se0) (/month)
T | Thermister +0.001C 0.0002C +0.0002°C
SBE SBE9plus + SBE17 124 C | Platinum electrode +0.003mS/cm 0.0004mS/cm +0.003mS/cm
P | Digiquartz +0.015% FS 0.001% FS +0.0015% FS
L T | Thermister +0.002C 0.0002C +0.0002C
SBE SBE41CP (1.295) C [ Platinum electrode +0.003mS/cm 0.0004mS/cm +0.003mS/cm
' P | Semiconductor strain gauge | +2.4dbar
o8 T | Platinum resistance +0.005C 0.0001C +0.0002°C
FSl EXCELL @2 7'51) C | Inductive type +0.005mS/cm 0.0001mS/cm +0.001mS/cm
' P | Semiconductor strain gauge | +0.05% FS 0.001% FS +0.005% FS
Prototype sensor for 20 T | Thermister +0.005C 0.001C
TSK profile experiment | [Internal 0.5] C InduF:tlve type . +0.005mS/cm 0.001mS/cm
P | Semiconductor strain gauge | +2.4dbar 0.5dbar
Floating
Guide Glass Spheres
Acoustic [ Rope
Releaser

B 70774 )V kB
Photo 1 Appearance of the profiling system for sensor response
field experiment.
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Fig. 1 Schematic drawing of the profiling system for sensor response
field experiment.
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Fig. 2 Relationship of ascending speed in water to additional weights to
the Frame 1, which used during the R/V Mirat MR01-KO01 cruise.

Ascent speed (m/s)
Y FVSR PUUTY P FRRTY FTTT FOUT POOT
AL L L s

T AN O A DI T B354 7 OEEIZR2em,
77 7 ANVEEICH AR TN TFEOELEIZHK40cmT
HD,20CIT BT B KO EEHIVER % 1.0x 10°m sk 35L&,
T 10~30cm/sD BE DA 2 DEREF D LA 2V X Fid2 < 10°
~IX10°BETH L. COFPHDOLA I/ NVZHOLE, Bk
CHEDOC IR ZNZNIZIT—ETHILDT, 7a7 74
FEEROCHZOMEHPATIHIZLALEDLRWEE
AN, vIEFOMRIIMIECHHEALRE D,

ZIT, BEIIBWT v EFOMBRERDB72DIZ,
IMOE SN D LBEWAREZH, 7077V EEIC
NS 28D ERZ L ZTKINTFELSE, ZhFho
HERICBITHTR LEEZWE L, TOfEER2K 3
RS AL 728813 888 7 0 TZ OB 13 7850kg/m’ T
BV, BEE1000kg/m’ DK HI B\ THELkg % 8% 45 12 1F
RO EFT131 % (1-1000/7850) % 9.8kg m/s™$ 2§ %, &
NSDEBROFER LD, CoxAlZ 7L —241(MR0O1-KO1H) T
1.38m%, 7L — 242 (MRO1-K05H) T1.65m° L HAk b SN 7z,

f 19280 T3l DK & Vv 7228, SR ClEE PR o
FkIZiER e B SR T, B RSB IO PO
KOBEENREL L DT DICREL T OBRRIEDL LT
J TR, HEAKROFEN DM T 5720, FeihkasH L
BREOFFTIIF LHEDSRL L b, HKOEEIIKDOE
FEXV2~3%KEALDOT, MU ERLHE R
1~ 2% /NSRBI RERELE RS R V. HE5T,

88

0.15 l

a
+ y=-0.01038*x+0.1152 (@)

0.10 {*

+

o
o
a

Square of Ascent speed (m?/s?)
o
o
o

0 2 4 6 8 10 12

040 bl 1 111
—~ 0.35 —— p=1000 kg/m®
0.30 —— p=1030 kg/m®
0.25
0.20
0.15
0.10
0.05
000 H———T————T—T T

0 2 4 6 8 10 12

Drag force (x 9.8 kg m/s?)

Ascent speed (m/s
FPY PN FETTY FTTFRTE PR PTRI PO
RN AL L s L L s

M3 7L —22(MROL-KO5IRE I H]) D§ED H i & 7 L OB #R
Fig. 3 Same as Figure 2 but for the Frame 2, which used during
the R/V Mirai MR01-K05 cruise.
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to maintain neutrally in seawater for some sea water density.
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Photo 2 The profiling system at the beginning of the experiment.

#2 [ A5V ]MRO1-KOMLHES 51F % g FE 55
Table2 List of the experiments during the MRO1-KO01 cruise of the R/V Mirai.

. Trim
Experiment Position Date and Time (UTC) Maximum |-\ oy | Installed SN
Depth (m) sensor
(kg)
SBE41CP 54
1-1 1-23N, 155-58E Feb. 27 04:36-04:54 60 19.0 |FSI EXCELL 1324
TSK-CTD 06656
SBE41CP 54
1-2 0-01N, 156-13E Feb. 28 00:05-01:27 100 245 | FSI EXCELL 1324
TSK-CTD 06656
SBE41CP 54
1-3 1-30S, 155-56E Mar. 3 21:58-23:37 300 245 | FSIEXCELL 1324
TSK-CTD 06656
SBE41CP 54
1-4 1-30S, 155-56E Mar. 4 03:27-05:08 400 245 | FSI EXCELL 1324
TSK-CTD 06656
SBE41CP 54
1-5 5-00S, 156-24E Mar. 7 03:40-05:18 500 245 | FSI EXCELL 1324
TSK-CTD 06656
SBE41CP 54
1-6 4-57S, 156-24E Mar. 8 03:04-04:38 500 245 | FS| EXCELL 1324
TSK-CTD 06656
SBE41CP 53
1-7 4-57S, 156-24E Mar. 8 22:32-Mar. 9 01:30 1000 2g |SBEAICP 4
FSI EXCELL 1324
TSK-CTD 06656
Reference sensor:
SBE9plus SN 240
Pressure Sensor S/N 43435
SBE3 SN 1207 Calibrated on Nov. 18, 2000
SBE4 S/N 0960 Calibrated on Nov. 21, 2000
JAMSTECR, 48 (2003) 89
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Photo 3 The profiling system at the end of the experiment.
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Fig. 5 Vertical profiles of temperature, salinity and ascend rate at station 1-7.
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MRO01-K01 stn. 1-7 (Reference: SBE-9)
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Fig. 6 Differences of temperature, pressure, conductivity and salinity
from the reference sensor at station 1-7. Pressure, ascend rate,
temperature change in unit time are aso shown.
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Fig. 7 Time series of temperature, salinity of each sensor and ascend rate at station 1-7.
(a) at deep layer (elapsed time: 2040-2220 seconds)  (b) at thermocline (elapsed time: 6840-7020 seconds)
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Fig. 8 Schematic drawing of the profiling system for free rise experiments. Fig. 9 Same as Fig.6 but for station 2-2 of free rise experiments.

3 [ABHWIMRO1-KOSHLIHE I 3BT 5 iR Fhi— 5
Table 3 List of the experiments during the MR01-K05 cruise of the R/V Mirai.

Maximum Trim Installed
Experiment Position Date and Time (UTC) Depth (m) V\Ei g)ht sensor SIN
9
SBE41CP 53
SBE41CP 54
2-1 5-08N, 130-08E Oct. 7 23:02-Oct. 8 00:38 120 10.0 ESI EXCELL 1324
TSK-CTD 06655
SBE41CP 53
SBE41CP 54
- - - - - . *
2-2 5-12N, 130-00E Oct. 8 01:05-02:48 500 10.0 FS| EXCELL 1304
TSK-CTD 06655
* The system rose without cable guide.
Reference sensor:
SBE9plus SIN 240
Pressure Sensor SIN 43435
SBE3 SIN 1207 Calibrated on Nov. 18, 2000
SBE4 S/N 0960 Calibrated on Nov. 21, 2000
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MRO1-KO05 stn. 2-2 (a)
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Fig.10 SameasFig. 7 but for station 2-2 of free rise experiments.
(a) at deep layer (elapsed time: 2640-2820 seconds)  (b) at thermocline (elapsed time: 3210-3390 seconds)
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