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Investigator: Dr. Akihiko Murata
Organization: Research Institute for Global Change (RIGC)/Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

Address: 2-15, Natsushima-cho, Yokosuka, Kanagawa, 237-0061, Japan

Vessel:

Vessel Name: Mirai
Vessel ID: INSR
Country: Japan

Vessel Owner: JAMSTEC

Equilibrator Design:

Equilibrator type: Shower-head type equilibrator

Equilibrator volume (L): 1.2

Water_Flow_Rate (L/min): 5-8

Headspace_Gas_Flow_Rate (L/min): 0.6-0.8

Vented: During equilibrium, closed circulation of air. When measured by NDIR, vented to ambient air.

Measurement Method:

Continuous underway measurements of atmospheric and surface seawater pCO; were made with the CO » measuring system (Nippon ANS, Ltd)

installed in the R/V Mirai of JAMSTEC. The system comprises of a non-dispersive infrared gas analyzer (NDIR; BINOSR model 4.1, Fisher-Rosemount)
or the variations, an air-circulation module and a showerhead-type equilibrator. To measure concentrations (mole fraction) of CO2 in dry air (xCO 2a), air

sampled from the bow of the ship (approx. 30 m above the sea level) was introduced into the NDIR through a dehydrating route with an electric
dehumidifier (kept at ~ 2 °C), a Perma Pure dryer (GL Sciences Inc.), and a chemical desiccant (Mg(ClO4)2). The flow rate of the air was 500 ml min-1.
To measure surface seawater concentrations of CO3 in dry air (xCO ps), the air equilibrated with seawater within the equilibrator was introduced into the

NDIR through the same flow route as the dehydrated air used in measuring xCO»a. The flow rate of the equilibrated air was 600 - 800 ml min-1. The

seawater was taken by a pump from the intake placed at the approx. 4.5 m below the sea surface. The flow rate of seawater in the equilibrator was 500
- 800 ml min-1.
The COp measuring system was set to repeat the measurement cycle such as 4 kinds of CO 5 standard gases (Table 1), xCO »a (twice), XxCO 2s (7

times). This measuring system was run automatically throughout cruises by a PC control. Effects of water temperature increased between the inlet of
surface seawater and the equilibrator on xCO3s were adjusted based on Gordon and Jones (1973), although the temperature increases were slight,

being ~ 0.5 °C at maximum.

Gordon, L. I. and L. B. Jones (1973), The effect of temperature on carbon dioxide partial pressure in seawater. Mar. Chem., 1, 317 - 322.

Manufacturer of Calibration Gas:

Concentrations of CO, of the standard gases are listed in Table 1, which were calibrated by the JAMSTEC primary standard gases after 2000 (MR0O-
KO1 and later). Before that time, the standard gases were calibrated against the scale of the Meteorological Research Institute, Tsukuba, Japan, and
fitted to the 1985 World Meteorological Organization scale by using the equation of Inoue et al. (1995). The CO; concentrations of the primary standard
gases were calibrated by C. D. Keeling of the Scripps Institution of Oceanography, La Jolla, CA, USA. The values are 230.33 ppm (Cyl. No. 11325),
259.74 (11326), 279.67 (11327), 308.93 (11328), 328.25 (11329), 348.79 (11330), 369.55 (11331), 389.54 (11333), 411.60 (11334), 440.94 (11335),
460.42 (11336), and 478.54 (11337).

Since differences of concentrations of the standard gases between before and after the cruise were all allowable (< 0.1 ppmv), the averaged
concentrations (Table 1) were adopted for the subsequent calculations.



Table 1. Concentrations of standard gases used in individual cruises.

Cruise # STD1 STD2 STD3 STD4 Remark
MR98-06 - - - - No records left
MR98-K01 270.28 330.95 360.48 410.85
MR99-K02 270.28 330.95 360.48 410.85
MR99-K04 270.26 330.98 360.43 410.85
MR99-K05 247.74 304.98 333.32 382.57
MRO00-K01 329.71 359.17 409.39 439.94
MRO00-K03 269.60 329.71 359.17 439.94
269.60 329.71 359.17 409.39
MRO00-K06 246.95 305.13 333.44 382.74
305.13 333.44 382.74 409.40
MRO01-K02 269.60 329.74 359.22 409.39
MRO1-K03 269.60 329.74 359.22 409.39
MRO1-K04 Legl 298.56 321.17 370.75 439.95
MRO01-K04 Leg2 298.56 321.17 370.75 439.95
MRO1-KO05 Leg1-2 247.99 298.56 321.17 370.75
MRO1-K05 Leg3-4 247.99 298.56 321.17 370.75
MRO02-K03 269.20 329.52 359.11 408.76
MRO02-K05 Legl 246.69 297.83 320.05 391.66
MRO03-K01 270.16 340.21 371.39 389.97
MRO03-K02 270.08 328.87 359.10 409.23
MRO03-K04 Legl 270.08 328.87 359.10 409.23
MRO03-K04 Leg2 270.08 328.87 359.10 409.23
MRO03-K04 Leg4 270.08 328.87 359.10 409.23
MRO03-K04 Leg5 268.84 330.16 369.37 414.39
MRO04-04 268.85 328.87 369.39 414.43
MRO04-05 268.84 330.16 369.37 414.39
MRO05-02 262.94 320.42 381.04 420.76
MRO05-05 Legl 262.94 320.42 381.04 420.76
MRO05-05 Leg2 262.94 320.42 381.04 420.76
MRO05-05 Leg3 262.94 320.42 381.04 420.76
MRO06-04 Legl 289.76 349.00 393.75 439.72
MRO06-04 Leg2 289.76 349.00 393.75 439.72
MRO07-04 289.77 349.02 393.77 439.75
MRO7-05 289.77 349.02 393.77 439.75
MRO7-06 Legl 270.02 330.40 369.28 419.68
MRO7-06 Leg2 270.02 330.40 369.28 419.68
MRO09-01 Legl 270.22 330.43 360.04 420.32
MRO09-01 Leg2 270.22 330.43 360.04 420.32

Inoue, H. Y., H. Matsueda, M. Ishii, K. Fushimi, M. Hirota, |. Asanuma, and Y. Takasugi (1995), Long-term trend of the partial pressure of carbon
dioxide (pCOy) in surface waters of the western North Pacific 1984 - 1993. Tellus 47B, 391 - 413.

CO; Sensors:

Manufacturer: Rosemount Analytical
Model: BINOS 4.1

Resolution: -

Uncertainty: -

LR

MR04-04
MIRAIMRDS-04 i Track g o0
i #AR): 2004-08-07 - 2004-08-30
ERER S B— CBERRRARNE)
PSRN SRR K2, SRR KNOT)
BEE: P RERRICK 2 TRILRERT T vV RAOBEEAE

H
o

4, HKE

EHEE

2012-11-25 BAF—9EBRLELL,

JAMSTEC -5 A OB EKIRORBN
DR ADOLE MrNZ S
PN MrNES L A H'\12000

Lz¥h L A HM 16500

HHWN Fa4—7- b
N BY (AR N N—RIT EMTEEA




BHEE
Y4 NEHEE
J4—R—%

Copyright 2011 Japan Agency for Marine-Earth Science and
Technology

X1
ALy
HEA
BEA

KAASTA =T+ kD
6KY—F—F1—F - kY
KM-ROV
SINBRRT—55T
MBNRD—55T

ER JAMSTEC 5iznnan

e JAPAN AGENCY FOR MARINE-EARTH SCIENCE AND TECHNOLOGY



»English  » 051y

[ Search

JAMSTEC 3 - B v o o e ngsree
F—=5 - HUTIBERYIATA

BEWEDHE FIFRE

DARWIN

BmALLEIN

1—YER O F—9EBT WARFvb

[# 5\ ] MR04-04 —B{LEFESE (pCO2)
ReadMe (1587 —%

#UEES: MR04-04
ZELRFRSE (pCO2): Processed (PI)
F—8HRY¥—: JAMSTEC

RIREHA: 2012-11-25

pCO2 FORMAT_J

KS=xCO,
ZOF—4ty MIEER, HYIEYY (V) TY,

F—YORIBIF, [-999) TRLTWET,
NS LES HB% L]
1 Date HAEAAD (YYYY/MM/DD in UTC)
2 Time BAREZ (F9%)  (HHMM:SS in UTC)
3 Latitude BE (F) i+, BRIR-v 1 F2TKRE
4 Longitude RE () FETRR. fIAEHERFIS08304 13, “209.500"
5 Atm_Tmp S8 (degree C)
6 Atm_Prs SE (hPa)
7 Wind_Dir Rm (E)
8 Wind_Spd J&E (m/s)
9 SST REKE (degree C)
10 sss KREES(PSU)
11 XCO2_Air AKCOLMEE (ppmv)
#BKxCO,

ZOF—8ty MIBEER. HYIEHY (V) TT,

F—4ORBIF, -999] TRLTWET,
NI LES b1=E L]
1 Date BREFR (YYYY/MM/DD in UTC)
2 Time BREEZ (B59%)  (HH:MM:SS in UTC)
3 Latitude B () Jh@id+, BikiE-<v 1 FRTRR
4 Longitude BE () RETKRL. fIRIEAERIS0E304 1. “209.500”
5 Eq_Tmp FHZBADKE (degree C)
6 Eq_Prs FHERADKE (mmHg)
7 SST FKM/KE (degree C)
8 Atm_Prs SE (hPa)
9 sss REES(PSV)
10 XCO2_Sea SBIKCOLMRE (ppmv)
BIEfER

MR04-04
g o0

MIRAI MA04-08 Gruise Track

B K2, B8R KNOT]
> BIEBIEIC K B TRILKTR T T v U ADEERE

BB

4 HKE

EEE

2012-11-25 BT EERLELE,

JAMSTEC
A RRY S
EASRE

-5 MO/
A E S BDOLE
NRATEREEE MrWES
LZgh
HHLN
Hruh
LEp D I6LE
LB LZTHT
HH 6KA XS
BREA %Kv—f—

EABOBN
Y]

L A D \12000

L AHM\6500
F4—7- kY
NANR=RLT 1>

=5

KM-ROV

Copyright 2011 Japan Agency for Marine-Earth Science and

Technology

EATERA
EBNES:

€ JAMSTEC &i5wsia

“——  JAPAN AGENCY FOR MARINE-EARTH SCIENCE AND TECHNOLOGY



D AIQW [N sTeoms  m G vergih 20743
F—5 - YU T BRI T A | JroLe

@ BJRAET N BEVWADYE Eil)ic| 18R & T YERY

[#5W] MR04-04 —EbRFELE (pCO2)

ReadMe F—9I74—3v b
fB%ES: MR04-04
ZBMbikRSDE (pCO2): Processed (Pl)
F—4KY >—: JAMSTEC
BAF—SEE: —HMRFRE, SR SFE, AR, BE REKE, REERD
YA IV RF—T—K:
¥ > LY > TEbkE

HIEHH: 2012-11-25

BAaE
a
1000 km
1000 mi
Imagery reproduced from ...
R —— L EEE O BRI HEAR. IRAIR
F—HYZX L

27ANE
I_ MR04-04_pco2.zip

BAEE#R

MR04-04
MIRAIMA4-04 Crise Track A 50
. % HAf: 2004-08-07 - 2004-08-30
EFER EE B— CE¥HRMAREHEE)
70z M [BHEBAIR K2, B BR KNOT]
BEL P BEERICLZBILRRTI S vV ADERAE

4 KR

B

2012-11-25 AT -9 E2FHLELL,

JAMSTEC e DB EABOBN
RRBR—5 BOLE :NAYas]
LFATERME RS L A H*12000
LZgh L AH'\6500
=108 FT4—7 b
Huhy N NR—RILT 1
-1 S5LF
YA N EEE i HLsHL KTINTFA—T - b
T 4= R—E Ei b
Z)5A

&R JAMSTEC .55san

JAPAN AG o TH S - -
Technology S’ JAPAN AGENCY FOR MARINE-EARTH SCIENCE AND TECHNOLOGY

Copyright 2011 Japan Agency for Marine-Earth Science and




