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Table 1.

Parameters of DO sensors to be available for profiling floats. Based on the manual or broacher

published by manufactures (Sea-Bird Electronics, 2001; AANDERAA, 2003).

SBE43 Oxygen Optode 3830V
Manufacture Sea-Bird Electronics AANDERAA
Country USA Norway
Measurement Range 120% of surface saturation 0~500 micro-M
Resolution <1 micro-M
Acurracy 2% of saturation? <8 micro-M or 5%
Settiling time 7~28 s <25s
Stability 2% per 1,000 h (highly stable)
Weight 0.7 kg 230 g

1) Oxygen Optode 3830 can measure oxygen concentration in the air.

2) Initial accuracy. 3) Whichever is greater. 4) Dependence on temperature.
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Table 2.  Parameters of the profiling floats with DO sensor deployed by JAMSTEC and Tohoku University.

WMO ID Deployment date and location Sensor Depth [dbar] Levels Cycle No.Prof. Ship
Date Location Paring  Profile [day]
Tohoku Univ.
29004601 2005/2/23  41.006°N 167.410°E A 26350, 2,000 59 7 71 R/V Shoyo-maru
29006161 2006/2/25  32.350°N 144.587°E S 1,000 1,000 91 5 27 R/V Hakuho-maru
49009051 2006/7/8  36.511°N 164.972°W A 26109 1,500 96 7 0 R/V Oshoro-maru
JAMSTEC
2900514 2005/6/24  41.012°N 164.975°E A 1,000 2,000 115 10 38 R/V Ryofu-maru
2900540 2005/6/24  40.013°N 165.032°E S 1,000 2,000 115 10 38 R/V Ryofu-maru
2900541 2005/6/24  39.020°N 164.983°E A 1,000 2,000 115 10 38 R/V Ryofu-maru
2900542 2005/6/25  38.002°N 165.007°E A 1,000 2,000 115 10 37 R/V Ryofu-maru
4900651 2005/7/31  39.014°N 164.989°W A 1,000 2,000 115 10 34 R/V Oshoro-maru
4900652 2005/8/1  36.998°N 164.941°W S 1,000 2,000 115 10 34 R/V Oshoro-maru

T: Isopycnal type of APEX which drifts on the isopycnal surface of 26.35 05 and 26.1 0p, respectively.

I: Chlorophyll and Nephelometric turbidity sensors manufactured by WETlabs (USA) are also equipped. A
and S at sensor mean DO sensor manufactured by AANDERAA (Oxygen Optode 3830) and SBE (SBE43),
respectively. The number of profiles represents the profiles measured by the corresponding float (as of July 12,

2006).
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Fig. 2. Horizontal distributions of the locations of float deployments (stars) and their measurements (circles,
as of July 12, 2006). The colors of red and green mean the profiling floats with DO sensor manufactured by
AANDERAA and SBE, respectively. The light-blue and blue dots represent the historical DO observations
by bottle sampling and CTD in World Ocean Database 2001 (WODO01) in the Pacific Ocean, respectively.
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Fig. 3. Comparison of measurements at the first float profile of WMO ID 2900460 (red) and the historical
bottle sampling observations in WODO1 (light-blue). (a) Horizontal distributions of the first float profile
and historical data, and their profiles on the (b) pressure-potential temperature (theta), (c) theta-salinity,
(d) pressure-DO, (e) theta-DO, and (f) pressure-saturation rate of DO, respectively.
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Fig. 4. Comparison of the first float profiles (stars) of WMO ID 2900514 (red), 2900540 (green), 2900541
(yellow), and 2900542 (cyan) and the shipboard observations (circles) at float deployments by R/V Ryofu-
maru (Japan Meteorological Agency). (a) Their horizontal locations, and their profiles on the (c) theta—
salinity, (d) pressure-DO, and (e) theta-DO, respectively. The right panels of (c), (d) and (e) show the
differences between the float measurements and the shipboard observations at float deployments (float-
shipboard) on isotherms for (c) and (e) and isobars for (d). Panel (b) represents the DO difference on the
isothermal layer (float-shipboard: unit is p-mol kg!) with the values of the float DO measurements for
the horizontal axis. The first float measurements are about 10 days apart from the shipboard observations
in time, and the DO sensor made by AANDERAA is equipped by all floats except for WMO ID 2900540
(green) with SBE43. The shade region in Panel (b) represents the error expected of the Optode DO sensor

(based on AANDERAA, 2003, see Table 1).
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Fig. 5. Comparison of the first float profiles (stars) of WMO ID 4900651 (with Optode 3830: red) and 4900652
(with SBE43: green) and the shipboard observations (circles) at float deployments by R/V Oshoro-maru,

Hokkaido University (otherwise, as for Fig. 4).
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Fig. 6. Anomalies of DO measurements from the first profile for the float of WMO ID (a) 2900514, (b)
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Table 3. Estimations of DO consumption rate by year.
Study Consumption rate by year ~ Note
ml L7 [p-mol kg™

Jenkins (1982) 0.377 16.9 at 100 m in the North Atlantic

0.115 5.1 at 500 m in the North Atlantic
Suga et al. (1989) 0.560 25.0 STMW in the North Pacific
Warner et al. (1996) 0.336 15.0 Surface layer at Pacific 47°N

0.202 9.0 Surface layer at Pacific 24°N
Imasato et al. (2000) 0.200 9.0 at 100 m (Global average)

0.044 2.0 at 150~800 m (Global average)

0.013 0.6 at 800~3,000 m (Global average)
Feely et al. (2004) 0.047~0.103 2.1~4.6 around 200~1,000 m in the Pacific
Oka and Suga (2005) 0.560 25.0 CMW in the North Pacific

STMW: Subtropical Mode Water. CMW: Central Mode Water.
All estimations are based on hydrographic data except for Imasato et al. (2000), which used

general circulation model with particle tracking.
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Fig. 7. Change of performance for DO sensors equipped by the float of WMO ID 5900952 (from the website
of University of Washington, USA). The profiles measured at (a) 4th surfacing (on 20 June 2005 at 22.17 °N,
158.34°W) and (b) 56th surfacing (on 6 April 2006 at 20.96°N 161.60°W). The difference of DO measurements
by the sensors (Optode-SBE) is shown by the gray line in the right panels.

BREERRRENTFRD D, ZITHE, Thz
BT B, Fig. TIORLEORE, KET Vb RER
NT A BEDHERCERL TS 7 a— K (WMO ID
- 5900952) TREIENZDOTF—F THDH, ZDOT71—
K%, SBE43 & Optode 3830 ® 220D DO & ¥ —%
BHLTHY, o —HEEOMERBICITEER R
ZEERBATN D, BRIV A7 VI5BTHY, BHEIR

1,000 dbar 725, 4 BIfIZ 2,000 dbar > b OBRIZ1T

9, 7u— MNEMER (4EB) © DO FHAMER, &
EfHAE % BT SBE # o 3— 0 575 AANDERAA
BEDHLPRBEmDTHoTM, TOEIIREML LB
L TWB, 56 BB QBRI (BEA%RK 8 22A) TIX
HERARXREORLNF B ThREINEL

7Y, EETIREEOCEIIIFERILoTVNS, TD
7w, D1 b —FITIRBRBRER R TFET LI LR
%ﬁécit,WEEQWQK,%%E®E%%K¥
PEOKMPBLBIREFRIZE-S%, Optode 3830 1&&EH (1272
L7 10 BRLE) (hTz o THRD TR E LT FHRIA T E
TH 5N, SBEAS ITITEERHI & & HIZEDOFBIESET
THEEBH S LIEE LT\ 5, MRS 7a—
BRAITIX, DO —DEINIBENEERD
DT, RERIGAIZIERT HLERH LN, T
k27— MIRED BN S DO BIEDKEREL
i, MRERI TR LN TWBERLFE LTIV,
WPhiz® X, 7e— MEEE DO B —Iit LD
DO SHBNTEERE - 721EM 0 TH Y, TOREEL



492 /B K - 208 R - IUEE 1317

FERTHEOIE, SHOBHOTo— MNIKLT,
LY ROEBEHRVERZGET T LERD B,

6.4. DO T—4 DEEBEDTTREMEIZDLNT

BRIE, BEPICEBEN TS DO 7a— D
B2, BONSLTARBHLNDZE, £72DO kY
YV—OBRRBELOBIRERENTNEZ L (63 EE2E
B) 75, DO U —IZ XB3HRIF— % D RE R
T B (REEE), S OIUIHERTR D FEICo
WTOWE - EPLETH 5,

Kortzinger et al. (2005) 1%, Optode ! DO > ¥—
DEREEZHET AT T, DO ¥ —DWEEMT
WBITHREEEZANDZ LT, T—FHENRFRET
HY, LY ERZFHAENEOND THA S LT
W, LirLi2E, Fig 3() iKbb L5z, B
T — & OYEEFHTICE T B DO BFIEE T, 90~110%FF
FIZBHIES, £k, WBEAME TIEEIZ DO 24
MTHHERELT, DO oI —lIEMEREST A7
HIE, 25~35 p-mol kg ' REDBELZ e L 5 7240
BeWdZ lilhd, 2ty y—Bohiz5—
FOREZKRTEELETTH A,

O, REFOBEREREBNRE CHE N,
TDEZHWTHET A HELEZLNDS, LiL,
SBE43 TIZ KR OB R E 2 BIE TX 72\ (Table 1
ZM), Optode BUIIE— ¥ P —TCRRPDOREERE
DREELFRETH 5, FZ THVWLA TV AHER
HEKF OO D LIRS, FOD, ZOFETIHME
FERO DO T — 2 DFMEXLITRAZV, FHEDL (2005)
iZ, JAMSTEC DO ERBT e~ 5N & 5 gL
KEEHED P10 BEANZFH T Optode B DO & o 4— &
SBE43 Z#fEA L, £DOHARKRZHE L5, Fig. 8
1%, FNENO DO ¥ P—(2 & B BIEE 2 KBRS
R, ZOXVER~EZLOTH D, FE 1,000
dbar IR TIZ, Optode B DO £ —IZRHN BN
AT AL, BOKBERER (BEE) o6 L TRERETH
0, BEELBIZEALRONR, FDOED, HS
IZ, Optode & DO & ¥ —|3@E\VEE TD DO HE
BHRETH A, LFBHRL TS, L, BVIRE
FEICERT 2 AV E/MELT 50, DO LH—
DFBEIRZ % 13 B BiF 572 CORTAERE SN T

W5, %7z, 1,000 dbar LAEEDFRE TIL, KEOEL
WWRESEEFET DL IICRY, ZOBTEENS KX
<HAns,

Oxygen (umo! kg B
0 50 100 150 200
. |

1] 1
4 To .
— o, ¢ ¢ o
35 e %
g 5o g
an W, 25 o
: Y P
g
3
@
2
s 21 stations
£ June 1- 23, 2005 (22 days)
g 7 p>=1,000 dbar
§ o SBE43(S/N0390), pre-calib date: Apr.8,2005 . 5
o OPTODE (S/N 002), pre-calib date: Jan. 25, 2005 ﬁsﬁa@?ﬁ
-40 -

Fig. 8. DO differences between DO sensor and bot-
tle water sampling (sensor-bottle) found in raw
hydrographic data of WHP P10 revisit in 2005
(MR05-02 by R/V Mirai JAMSTEC). Horizontal
axis shows DO values of bottle sampling. The solid
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Optode 3830 and SBE43, respectively, and only
the data at the depth deeper than 1,000 dbar are
plotted. From Uchida et al. (2005).
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Fig. 9. (a) Temperature measurements for the float of WMO ID 4900651 by CTD sensor (Torp, black) and
temperature sensor built in Optode 3830 DO sensor (Tpo, red), (b) their difference (Tpo — Terp), and (c)

relation between their difference and vertical gradient of Torp [°C (100 dbar) 1], respectively. Vertical axes
of panels (a) and (b) are pressure.

L

oo,y
.

L

(a) (b)
0: illli.‘|‘ e’ ":— O: DR
250-] f : E 250
] e z ]
= 500 - ‘ = 500
§ o — i
©10004— - ©1000-
3 j : ! o ]
@12501-2 | E 21250
415003 - £1500
17504 - 1750
2000 S E 2000
0 50 100 150 200 250 300 350 40

Oxygen [micro-mol kg™']

Fig. 10. Correction of DO data for the float of WMO ID 4900651 by replacement from Tpo to Torp. (a)
Raw DO data (red) and corrected DO data (black), and (b) their differences (Corrected DO - Raw DO, unit
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Negative Bias of Dissolved Oxygen Measurements
by Profiling Floats

Taiyo Kobayashif, Toshio Suga'*, and Nobuyuki Shikamaf

Abstract

We report the performance of dissolved oxygen (DO) measurements by pro-
filing floats deployed in the North Pacific by Japan Agency for Marine-Earth
Science and Technology and Tohoku University. Compared with the shipboard
bottle sampling observations at float deployments, DO measurements by floats
have a negative bias, which is about 010 p-mol kg~! in the deep layer and ex-
ceeds 40 pu-mol kg~! in the surface layer. These features are found in DO sensors
made by both AANDERAA and Sea-Bird Electronics, and the bias is greater
than their nominal measurement errors. Causes of the negative bias have not
been determined yet (as of July 2006). DO consumption rate in the surface
and intermediate layers is generally estimated at about 10-25 p-mol kg™ y™!
and 2-5 p-mol kg™* y~! respectively; it is concluded that DO measurements by
profiling floats with the current DO sensors should not be used for water mass
analysis without further consideration of absolute accuracy. The DO sensors
on our floats show little or no degradation in performance, but degradation has
been reported elsewhere in the international Argo community. Thus, it is nec-
essary to develop data correction procedures for DO data measured by profiling
floats, and also to improve the DO sensor itself to enhance its measurement
accuracy.
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