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1. Cruise Information

Cruise ID
Name of vessel

Title of cruise

Chief Scientist

Cruise period

MR23-07
R/V Mirai

GO-SHIP Observation P14N — quantitative observational experiment in
the North Pacific subarctic gyre —

Katsuro Katsumata,

Physical and Chemical Oceanography Research Group, Global Ocean
Observation Research Center, Research Institute for Global Change
(RIGC), Japan Agency for Marine-Earth Science and Technology
(JAMSTEC)

6™ October 2023 — 9" November 2023

Ports of departure / call / arrival

Research area

Dutch Harbor, United States of America
No port calls
Shimizu, Japan

Bering Sea and North Pacific
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Fig. 1.1 Thin black line shows the cruise track. To avoid rough weather, the station
observation was initiated from Station 16, just north of the Amchitka Strait and proceeded
northeastword to Station 1. Then after sailing to Station 17, the observation continued
southward to Station 70, which is indicated by the two black arrows. The red dots show the
CTD stations, the red cross the CTD station where CTD measurement was aborted middepth,
magenta arrows deployments of the biogeochemical floats, the cyan arrows deployments of
temperature-salinity (core) Argo floats, the blue arrow deployment of a Deep NINJA float.
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Fig. 1.2. Cross sections showing data sampling positions. Black line shows CTD trace and red
dots show Niskin sampling. Gray is ocean bottom bathymetry..
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Narrative (K. Katsumata)
5 Oct: Embarkation at Dutch Harbor. Health & Safety Course onboard from 1400.

6™ Oct: Departure at 0600 morning. Emergency Evacuation Drill completed after a water
sampling training session.

7" Oct: The weather forecast predicts a disastrous condition in four days or so. Upon discussion
with Captain, we decided to commence our journey from southern Station (but north of the
Strait) 16 and work northward.

8™ Oct: The condition is very smooth so far. Two patients of motion sickness recovered and
resumed their works. First CTD cast went without hiccups.

9™ Oct: Another beautiful day.

11" Oct: A low pressure passing south of the Strait. After station 1 (17:00 shiptime), which has
been changed to a sampling station, sampling and CTD are suspended.

12" Oct: Wind speed > 20 m/s, Significant 10y (ahoss) oemenss
waveheight > 4.5 m as of 5AM. Got worse to
wind speed > 21 m/s and waveheight > 6 m as
of 1PM=UTCOh of 13" Oct

m/s

13" Oct: Shifting to Station 17 from around 0500 (morning twilight). Still waveheight > 5m and
wind > 15 m/s although atmospheric pressure is increasing for last 30+ hours. Next low pressure
on its way.

14™ QOct: Station 17 at 22:32. Resuming
CTD/sampling but the next low is just around the
»  COrner.

© 15M Oct: After station 17, yet another heaving to.
. Atleast for 12 hours.

16" Oct: Despite left-over wind and swell, Stations 18 to 22 are done. Enjoyed sunshine after
days. A poor bird is found resting in a corner of the ship.



17th, Oct: The birds flocked and there are three of them now. Waiting for the reply from the US
to our request to extend our stay within their EEZ for 12 hours. Finally got it 9 hours before
expiration.

19" Oct: This is the day after 17" Oct as we are just about to cross the dateline. CTD MOD
errors occurred during the downcast of Station 28 around 2000 dbar. We recovered the CTD to
change the swivel, During the process, the condition deteriorated quickly and Station 28 was
replaced by an XCTD (high resolution type 4A). Shakey wading to Station 29, which is the first
station out of the US EEZ. The condition improved drastically as we move southward and we
resumed our CTD/sampling. We did not lose shiptime but did not get any datum from Station 28
except for T and S down to 2000 dbar.

20" Oct: Annoyed by yet another low pressure
along the Aleutian Islands. Suspend for, at least,
24 hours. Wind speed > 17 m/s, waveheight > 4 m.

2= ,‘] Current dir,

10/18 10719 10/19 10/20 10/20 10/21
100 00100 12:00 00100 12100 00100

21% Oct: During long waiting, a scientist onboard noticed clockwise rotation of near-surface
current. Here at 47° N, the inertial period is about 16.4 hour. Beauty.

22" 23 Oct: Two consecutive days with two consecutive CTD short-circuiting problems. Lost
9+ hours in re-terminating the cable twice.

26" Oct: Station 46 cast 1 came up with an almost 2 m long pink strip around the lower ADCP
and optical sensors. Looks (and smells) like jellyfish. Lucky this is a non-sampling station.

58— ' + Wave height

5l § ; 28th: Station 54 cast 3 was postponed due to sudden
a5t b ] pickup of wind and swell, which suddenly died and
4t T we managed to perform cast 3 (starting at 10/28,
351 1 ] 00:45) as well as deployment of Deep NINJA with
1 ﬁ ] the A-frame. Once we head to Station 55 the wind
| and swell were crazy (see around 04:00). After some
I . wading through the 20 m/s > wind and 4 m > swell,
10/26 10/28 10/28

prokee 00:00 12:00 both die so quickly that we managed Station 55 after
only a 90 minute delay (starting at 10/28 05:38).

— . True wind spd. 31 O_ct: Not much to note as we are going
smoothly right on schedule. Stations 64 to 70 have
been shifted westward to avoid the newly adopted
Marine Reserve (Papahanaumokuakea National
Monument), which did not exist in our previous
occupation in 2007.

0 i
10/26 10/28 10/28
00:00 00:00 12:00



15t Nov: Station 70 completed by the night team. Happy sailing back home to Shimizu.
9" Nov: Disembarkation at Shimizu.

Lost 80+ hours by weather and 10+ hours by CTD maintenance.

2. Science Party




Table 2.1 List of participants for MR23-07

Name Responsibility Affiliation
Katsuro Katsumata Water sampling RIGC
Shinya Kouketsu CTD/LADCP/turbulence/Water sampling RIGC
Yuichiro Kumamoto DO/Cs/Ra/**C/**C/CFCs/Nutrients RIGC
Hiroshi Uchida Salinity/Density/pH/XCTD RIGC
Kosei Sasaoka Chl-a/CDOM RIGC
Masahito Shigemitsu CFCs/[FDOM/DOC RIGC
Ryohei Yamaguchi CTD/LADCP/turbulence/Water RIGC
sampling/density/SUM file
Hiroyuki Fujiwara Water sampling RIGC
Taichi Yokokawa CH4/N,O/Bacteria/DNA/Water sampling SUGAR
Akiko Makabe CH4/N,O/Bacteria/DNA/Water sampling SUGAR
Yusuke Tsukatani CH4/N,O/Bacteria/DNA/Water sampling SUGAR
Shigeru Kawai CH4/N,O/Bacteria/DNA/Water sampling SUGAR
Addie Norgaard GO-BGC floats/Water sampling UCSD
Adelaide Wink CDOM/Water sampling UGl
Siyu Jiang Plankton AORI
Yuanzhi Qi Radio isotopes MALT
Wakana Sawada CFCs/Water sampling RIGC
Yugo Nishimura FDOM/CDOM/DOC RIGC
Kaisei Mashita CFCs RIGC
Mone Ozawa FDOM/CDOM/DOC RIGC
Masanori Murakami Meteorology/Geophysics/ ADCP/XCTD NME
Fumine Okada Meteorology/Geophysics/ ADCP/XCTD NME
Haruna Yamanaka Meteorology/Geophysics/ ADCP/XCTD NME
Yasuhiro Arii Water sampling/TA MWJ
Katsunori Sagishima DO/TSG/Chl-a MWJ
Rei Ito CTD/Argo MWJ
Nobuhiro Fujii CTD/Argo MWJ
Shinsuke Toyoda CTD/Argo MWJ
Tun Htet Aung CTD/Argo MWJ
Riho Fujioka CTD/Argo MWJ
Masahiro Orui DIC/TA/pCO; MWJ
Nagisa Fujiki DIC/TA/pCO; MWJ
Misato Kuwahara DO/TSG/Chl-a MWJ
Yuko Miyoshi Nutrients MWJ
Shiori Ariga Nutrients MWJ
Takuya lzutsu DIC MWJ
Tomokazu Chiba DO/Chl-a MWJ
Nahoko Adachi Nutrients MWJ
Takumi Iwai Water sampling MWJ
Harua Uno Water sampling MWJ
Hibiki Otsuka Water sampling MWJ
Aya Takagi Water sampling MWJ
Mariko Honda Water sampling MWJ

RIGC: Research Institute for Global Change, JAMSTEC; SUGAR: Super-cutting-edge Grand and Advanced Research Program,
JAMSTEC; UCSD: University of California, San Diego; UGI: University of Galway Ireland; AORI: Atmosphere Ocean Research
Institute, University of Tokyo; MALT: Micro Analysis Laboratory Tandem accelerator, University of Tokyo; NME: Nippon Marine
Enterprises; MWJ: Marine Works Japan
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3. Underway Measurements

3.1 Navigation

@

O]

@)

(4)

Personnel

Katsuro Katsumata JAMSTEC: Principal investigator
Masanori Murakami Nippon Marine Enterprises, Ltd. (NME)
Fumine Okada NME

Haruna Yamanaka NME

Yoichi Inoue MIRAI crew

System description

Ship’s position and velocity were provided by Navigation System on R/V MIRAI. This
system integrates GNSS position, Doppler sonar log speed, Gyro compass heading and other
basic data for navigation. This system also distributes ship’s standard time synchronized to
GPS time server via Network Time Protocol. These data were logged on the network server as
“S0J” data every 5 seconds. Sensors for navigation data are listed below;

i) GNSS system:
R/V MIRAI has four GNSS systems, all GNSS positions were offset to radar-mast
position, datum point. Anytime changeable manually switched as to GNSS receiving state.
a) StarPack-D (version 11.01.02), Differential GNSS system.
Antenna: Located on compass deck, starboard.
b) StarPack-D (version 11.01.02), Differential GNSS system.
Antenna: Located on compass deck, portside.
c) Standalone GPS system.
Receiver:  Trimble SPS751
Antenna: Located on navigation deck, starboard.
d) Standalone GPS system.
Receiver:  Trimble SPS751
Antenna: Located on navigation deck, portside.
ii) Doppler sonar log:
FURUNO DS-30, which use three acoustic beams for current measurement under the hull.
iii) Gyro compass:
TOKYO KEIKI TG-8000, Sperry type mechanical gyro compass.
iv) GPS time server:
SEIKO TS-2550 Time Server, synchronizing to GPS satellites every 1 second.

Data period (Times in UTC)
17:00 06 Oct. 2023 — 23:40 08 Nov. 2023

Remarks (Times in UTC)
i)  The following periods, sea surface temperature and salinity were available.
00:50:00UTC 07 Oct. 2023 - 23:59:00UTC 07 Oct. 2023

i) The following periods, sea surface salinity was invalid due to the maintenance.
1:24:00UTC 18 Oct. 2023 - 2:00:00UTC 18 Oct. 2023

iii) The following two entries are missing, because data acquisition was suspended due to system
malfunction.
21:14:25 on 26 Oct. 2023
21:14:40 on 28 Oct. 2023

11



60°N

50°N 1

40°N

,;

1

11/6
115
e—

. 113
T < 1031

S~c 111

N

s 10/12

10/11 //
// 10713

10710 »
10/6

109 of oy
(T /
J;,m Dutch Harbor

10/19
 10/20,21

10/22
10/23
10/24
10725
10/26
10/27
10/28

10/29

10/30

* SMT noon

160°E 180°

Fig. 3.1 Cruise track of MR23-07

12

160°W




3.2 Swath Bathymetry

(1) Personnel

Katsuro Katsumata JAMSTEC: Principal investigator
Masanori Murakami Nippon Marine Enterprises, Ltd (NME)
Fumine Okada NME

Haruna Yamanaka NME

Yoichi Inoue MIRAI crew

(2) Introduction
R/V MIRALI is equipped with a Multi narrow Beam Echo Sounding system (MBES),
SEABEAM 3012 (L3 Communications, ELAC Nautik). The objective of MBES is collecting
continuous bathymetric data along ship’s track to make a contribution to geological and
geophysical investigations and global datasets.

(3) DataAcquisition

The “SEABEAM 3012” on R/V MIRAI was used for bathymetry mapping during this cruise.

To get accurate sound velocity of water column for ray-path correction of acoustic
multibeam, we used Surface Sound Velocimeter (SSV) data to get the sea surface sound velocity
(at 6.62m), and the deeper depth sound velocity profiles were calculated by temperature and
salinity profiles from CTD, XCTD and Argo float data by the equation in Del Grosso (1974) during
this cruise.

Table 3.2-1 shows system configuration and performance of SEABEAM 3012.

Table 3.2-1 SEABEAM 3012 system configuration and performance

Frequency: 12 kHz

Transmit beam width: 2.0 degree

Transmit power: 4 kW

Transmit pulse length: 2 to 20 msec.

Receive beam width: 1.6 degree

Depth range: 50 to 11,000 m

Number of beams: 301 beams

Beam spacing: Equi-angle

Swath width: 60 to 150 degrees

Depth accuracy: < 1 % of water depth (average across the swath)

(4) Data processing
i)  Sound velocity correction
Each bathymetry data were corrected with sound velocity profiles calculated from the
nearest CTD and XCTD data in the distance. The equation of Del Grosso (1974) was used for
calculating sound velocity. The data corrections were carried out using the HIPS software
version 11.3 (Teledyne CARIS, Canada)
ii) Editing and Gridding
Editing for the bathymetry data were carried out using the HIPS. Firstly, the
bathymetry data during ship’s turning was basically deleted, and spike noise of each swath
data was removed. Then the bathymetry data were checked by “Regular Grid Surface
(resolution: 100 m averaged grid)”.
Finally, all accepted data were exported as XYZ ASCII data (longitude [degree],
latitude [degree], depth [m]), and converted to 150 m grid data using “nearneighbor” utility of
GMT (Generic Mapping Tool) software.

13



Table 3.2-2 Parameters for gridding on “nearneighbor” in GMT

Gridding mesh size:

150 m
Search radius size: 150 m
Number of sectors around grid point: 16

Minimum number of sectors with data required for averaging: 2

(5) Data archives

These data obtained in this cruise will be submitted to the Data Management Group of
JAMSTEC, and will be opened to the public via “Data Research System for Whole Cruise
Information in JAMSTEC (DARWIN)” in JAMSTEC web site.

http://www.godac.jamstec.go.jp/darwin/e

14



3.3
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Surface Meteorological Observation

Personnel

Katsuro Katsumata JAMSTEC: Principal investigator
Masanori Murakami Nippon Marine Enterprises, Ltd (NME)
Fumine Okada NME

Haruna Yamanaka NME

Yoichi Inoue MIRAI crew

Obijectives

Surface meteorological parameters are observed as a basic dataset of the meteorology. These

parameters provide the temporal variation of the meteorological condition surrounding the ship.

Methods

Surface meteorological parameters were observed during this cruise. In this cruise, the two

systems for the observation were used.

i)

i)

MIRAI Surface Meteorological observation (SMet) system

Instruments of SMet system are listed in Table 3.3-1 and measured parameters are
listed in Table 3.3-2. Data were collected and processed by KOAC-7800 weather data
processor made by Koshin-Denki, Japan. The data set consists of 6 seconds averaged data.

Shipboard Oceanographic and Atmospheric Radiation (SOAR) measurement system
SOAR system designed by BNL (Brookhaven National Laboratory, USA) consists of
major five parts.

a) Analog meteorological data sampling with CR1000 logger manufactured by Campbell
Scientific Inc. Canada — wind, pressure, and rainfall (by a capacitive rain gauge)
measurement.

b) Digital meteorological data sampling from individual sensors - air temperature, relative
humidity and precipitation (by optical rain gauge (ORG)) measurement.

¢) Radiation data sampling with CR1000X logger manufactured by Campbell Inc. and
radiometers with ventilation unit manufactured by Hukseflux Thermal Sensors B.V.
Netherlands — short and long wave downward radiation measurement.

d) Photosynthetically Available Radiation (PAR) sensor manufactured by Biospherical
Instruments Inc. (USA) - PAR measurement.

e) Scientific Computer System (SCS) developed by NOAA (National Oceanic and
Atmospheric Administration, USA) - centralized data acquisition and logging of all data
sets.

SCS recorded radiation, air temperature, relative humidity, CR1000 and ORG data.
SCS composed Event data (JamMet) from these data and ship’s navigation data every 6
seconds. Instruments and their locations are listed in Table 3.3-3 and measured parameters
are listed in Table 3.3-4.

For the quality control as post processing, we checked the following sensors, before and

after the cruise.

i. Capasitive rain gauge (SMet and SOAR)
Inspect of the linearity of output value from the rain gauge sensor to change input
value by adding fixed quantity of test water.
ii. Barometer (SMet and SOAR)
Comparison with the portable barometer value, PTB330, VAISALA
iii. Thermometer (air temperature and relative humidity) ( SMet and SOAR )
Comparison with the portable thermometer value, HMP75, VAISALA

15



(4) Preliminary results

Fig. 3.3-1 shows the time series of the following parameters.
Wind (SMet)

Air temperature (SMet)

Relative humidity (SMet)

Precipitation (SOAR ORG)

Short/long wave radiation (SMet)

Pressure (SMet)

Sea surface temperature (SMet)

Significant wave height (SMet)

(5) Data archives

These data obtained in this cruise will be submitted to the Data Management Group of

JAMSTEC, and will be opened to the public via “Data Research System for Whole Cruise
Information in JAMSTEC (DARWIN)” in JAMSTEC web site.

http://www.godac.jamstec.go.jp/darwin/e

(6) Remarks (Timesin UTC)

i)

SST (Sea Surface Temperature) data were available in the following period.
00:50UTC 07 Oct. 2023 - 23:59UTC 07 Nov. 2023

Wave data were invalid due to system trouble in the following period.
15:55UTC - 20:55UTC 03 Nov. 2023

Position data (longitude and latitude) were invalid due to system trouble in the following
period.

21:14:24UTC - 21:14:30UTC 26 Oct. 2023

21:14:36UTC - 21:14:42UTC 28 Oct. 2023

Capacitive rain gauge data were invalid due to transmitting MF/HF radio in the following
time.

01:18UTC 17 Oct. 2023 - 01:20UTC 17 Oct. 2023

00:23UTC 21 Oct. 2023

01:29UTC 29 Oct. 2023 - 01:31UTC 29 Oct. 2023

Table 3.3-1 Instruments and installation locations of MIRAI Surface Meteorological

observation system

Sensors Type Manufacturer Locgtlon

(Altitude from surface)
Anemometer KS-5900 Koshin Denki, Japan  Foremast (25 m)
Tair/RH HMP155 Vaisala, Finland Compass deck (21 m)
with aspirated radiation shield 43408 Gill  R.M. Young, U.S.A.  starboard and port side
Thermometer: SST RFN2-0 Koshin Denki, Japan  4th deck (-1m, inlet -5m)
Barometer Model-370  Setra System, U.S.A. Captain deck (13 _m)

Weather observation room
Capacitive rain gauge 50202 R. M. Young, U.S.A.  Compass deck (19 m)
Optical rain gauge 801F;?)S Osi, USA Compass deck (19 m)
Radiometer (short wave) MS-802 Eko Seiki, Japan Radar mast (28 m)
Radiometer (long wave) MS-202 Eko Seiki, Japan Radar mast (28 m)

16



Bow (10 m)

Wave height meter WM-2 Tsurumi-seiki, Japan
Stern (8m)
Table 3.3-2 Parameters of MIRAI Surface Meteorological observation system
Parameter Units Remarks
1 Latitude degree
2 Longitude degree
3 Ship’s speed knot MIRAI log
4 Ship’s heading degree MIRAI gyro
5 Relative wind speed m/s 6sec./10min. averaged
6 Relative wind direction degree 6sec./10min. averaged
7 True wind speed m/s 6sec./10min. averaged
8 True wind direction degree 6sec./10min. averaged
9 Barometric pressure hPa adjusted to sea surface level
6sec. averaged
10 Air temperature (starboard) degC 6sec. averaged
11 Air temperature (port) degC 6sec. averaged
12 Dewpoint temperature (starboard) degC 6sec. averaged
13 Dewpoint temperature (port) degC 6sec. averaged
14 Relative humidity (starboard) % 6sec. averaged
15 Relative humidity (port) % 6sec. averaged
16 Sea surface temperature degC 6sec. averaged
17 Rain rate (optical rain gauge) mm/hr hourly accumulation
18 Rain rate (capacitive rain gauge) mm/hr hourly accumulation
19 Downwelling shortwave radiation W/m? 6sec. averaged
20 Downwelling infra-red radiation W/m? 6sec. averaged
21 Significant wave height (bow) m hourly
22 Significant wave height (stern) m hourly
23 Significant wave period (bow) second hourly
24 Significant wave period (stern) second hourly

Table 3.3-3 Instruments and installation locations of SOAR system

. Location
Sensors (Meteorological) Type Manufacturer (altitude from surface)
Anemometer 05106 R.M. Young, USA Foremast (25 m)
Barometer PTB210 Vaisala, Finland Foremast (23 m)
with pressure port 61002 Gill R.M. Young, USA
Rain gauge 50202 R.M. Young, USA Foremast (24 m)
Tair/RH HMP155 Vaisala, Finland Foremast (23 m)
with aspirated radiation shield 43408 Gill R.M. Young, USA
Optical rain gauge ORG-815DR  Osi, USA Foremast (24 m)
Sensors (PRP) Type Manufacturer Loc.atlon
(altitude from surface)
. Hukseflux Thermal Sensors
Radiometer (short wave) SR20 B.V.. Netherlands Foremast (25 m)
Radiometer (long wave) IR20 Hukseflux Thermal Sensors Foremast (25 m)

17



B.V., Netherlands

Location

Sensor (PAR&UV Type Manufacturer .
( ) yp (altitude from surface)

PAR&UYV sensor PUV-510 Biospherical Instrum ents Inc.,, USA  Navigation deck (18m)

Table 3.3-4 Parameters of SOAR system (JamMet)

Parameter Units Remarks
1 Latitude degree

2 Longitude degree

350G knot

4 COG degree

5 Relative wind speed m/s

6 Relative wind direction degree

7 Barometric pressure hPa

8 Air temperature degC

9 Relative humidity %

10 Rain rate (optical rain gauge) mm/hr

11 Precipitation (capacitive rain gauge) mm/hr reset at 50 mm
12 Down welling shortwave radiation W/m?

13 Down welling infra-red radiation W/m?

14 Defuse irradiance W/m?

15 PAR microE/cm?/sec

16 UV 305 nm microWw/cm?/nm

17 UV 320 nm microW/cm?/nm

18 UV 340 nm microW/cm?/nm

19 UV 380 nm microw/cm?/nm

18



mm \WindSpeed == WindDirection

0 - Wind 1$oeed & Direction 360
B} |
30} ;‘_ Bt 270
=
- fuk]
€ 20f 180 :cg:
- (=]
10f 90
0 o0 ——TorT 1oz T3 —Toria ©
mm AjrT =m SST
2 Temperature & SST
25}
2{].
g 15
1o} — oy ]
0—0ms o7 1008 T0008 100 T0AT 10712 10M3 10714
== RH == Rain
Relative Humidity & Precipitation
100F ; ; ; pitation ;
|, NN i i
I Wy ; M1 =
g % E
T aof {10 E
2{].
005/ 7007 1008 10008 1070 1041 10712 1013 101 °
m=SW =R o
1250 . . . Bﬂat'qn . . 500
1000} Ja00
"E a
E o5} E
= e
s00}
3 T
250}
== Pres == \Wave o )
Pressure & Significant Wave Hight i
1030} ' ' ' ' ' ' ]
I Is
1020} ]
A 14
= 1010} —
@ I 1z E
£ 1000} " =
[ Iz
a0} ]
[ 11
g0} ]
. . 0

—T0706 10007 10008 10008 10770

10/11

10112

1013 10/14

Fig. 3.3-1 Time series of surface meteorological parameters during this cruise

19



== WWindSpeed == WindDirection
Wind Speed & Direction

360

40
i
30 {e70
T
= o
£ {10 5
=]
ok 90
0 ; ' 0779 10720 0
== AT == SST
0 Temperature & SST
T T e —— T
25}
2{].
o 15} E
1o} P r-\.w_._ ;
. |
0—=gAs——Torte 1017 10/8 10719 1020 10721 10722 10723
== RH == Rain
Relative Humidity & Precipitation
100 ; . . : ;
go}¢ {20
=
g % E
40 {i0 E
20
0075 7078 1047 10/18 1079 1020 10:21 10722 1023 ©
=S\ mm|R -
1250 : : Bad'at'qn : : : 500
&
E
=
o

[SW W/m?]

== Pres == Wave

Pressure & Significant Wave Hight

1030F
1020}
‘w 1010[
n_ A
<. 1000F
990
980}

n
m

= o o
[m]

TOM5 1016 1077 1078 10779 10720 10727 10722 10723

Fig. 3.3-1 (Continued)

20



mm \WindSpeed == WindDirection

Wlnd Speed & Dlrectlon

40 : 7?60
— | K \r 8
£ 20 ; f {180 :c;'.l
E . 8
' ‘MH.A W"&Iﬁ ? ”
0724 10725 o7 10728 10728 10730 1om1 101
mm AjrT =m SST
2 Temperature & SST . .
25 e il " a
2 ]
g 15
10
5
O—0ms o5 T0/28  T0/27 10728 10729 10730 1031 17701
== RH == Rain
Relative Humidity & Precipitation
10 ; ; ; pitation ; >
aok 120
— 6o} M )
® £
T aof 10 E
2{].
ol L L s - - L L 0
1024 1025 10/26  10/27 10728 10729 10/30 1031 11/01
w—SW =R o
1250 . . . R.ﬂat'o.n . . . 500
1000 YTy LA 400
-3% 750 it : 1 ﬁ -] e y 1300 §
25 : it i ?
ko ot et k i - i
5 500 I i ﬁ, hq,%\ f—x?ll [, Eﬂ 200 o
O=T0ma —Toms Torze  To/z7 10728 10729 10730 10 o1 ©
== Pres == \Wave L )
Pressure & Significant Wave Hight i
1030f ]
[ Is
10%%
[ {4
= 1010 —
@ e o ] 1 E
S 1000f ST LT ate e L
990 s T - "‘\:"-"-f .-'—-u.'. T - S - E
R 4-.4-.,—_‘- =, A e ]
g0} 1
. . 0

0724 10725 10726 10027

0728

0729 10730 10731

Fig. 3.3-1 (Continued)

21

11/01



== WWindSpeed == WindDirection

O — Wind Speed & Direction 360
30p ﬁ‘ {270
. o
= o
E 2 {180
=
10 190
' " g = . ) 5 ) ¥ v , ..I )
0 031 TT05 1106 11007 1108 1108 1170 0
mm AT == SST
0 . . Temperature & SST .
25F
2{].
© 15}
10}
5_
=Tz ——T703 1104 106 11068 Ti007 1108 11008 11710
== RH == Rain
Relative Humidity & Precipitation
100F . ; . . ; pitation,
so} ) 120
Ay “-"’W\'\W g
® e £
40f {10 E
2{].
0 s L b L L. s L 0
102 1103 1104 11/05 11/06  11/07 _ 11/08  11/08 11710
—SW =R o
1250 . . . R.a'mat'o.n . . 500
1000 r W {400
= 750f ﬁ ! i : & {300 E
= i SR R =
= 500 ;»‘; s fa i il . 1200 o
@, : b o3 i 4 u e : =
250T :ﬁ alki3 i P ﬁ’;_ {100
e E 7 PR ) 04 11005 1706 1107 1108 108 1m0 °
== Pres == \Wave o )
Pressure & Significant Wave Hight 6
1030} ]
[ Is
102{]” 1
[ 14
= 1010 1, =
@ h 1z E
£ 1000} 1=
- S e 12
B Wi g T 1
gm- i I I I I I - i I ]
T2 1103 11004 11006 1106 11007 1108 1108 11770 °

Fig. 3.3-1 (Continued)

22



3.4 Thermo-Salinograph and Related Properties
December 7, 2023

(1) Personnel
Hiroshi UCHIDA (JAMSTEC RIGC)
Katsunori SAGISHIMA (MW.J) (Operation leader)
Misato KUWAHARA (MWJ)
Tomokazu CHIBA (MWJ)

(2) Objective
The objective of this measurements is to collect sea surface salinity, temperature, dissolved oxygen,
fluorescence, and turbidity data continuously along the cruise track.

(3) Instruments and method

The Continuous Sea Surface Water Monitoring System (Marine Works Japan Co, Ltd., Yokosuka,
Kanagawa, Japan) automatically measures salinity, temperature, dissolved oxygen, fluorescence, turbidity,
total dissolved gas pressure in surface seawater at a sampling interval of 1 minute. This system is installed
in the sea surface monitoring laboratory and bottom of the ship (only thermometer) and connected to
shipboard LAN system. Measured data along with time and position of the ship were displayed on a
monitor and stored in a personal computer. Seawater was continuously pumped up to the laboratory from
about 5 m water depth and flowed into the system through a vinyl-chloride pipe or a tube. One
thermometer is located just before the seawater pump at bottom of the ship. Flow rate in the system was
manually adjusted about 1.0 L/min.

Instruments used in this cruise are as follows:

Temperature (bottom of the ship), SBE 38, Sea-Bird Scientific, Inc., Bellevue, Washington, USA
Serial no. 3857820-0540
Temperature and conductivity, SBE 45, Sea-Bird Scientific, Inc.
Serial no. 4557888-0264
Dissolved oxygen, RINKO II, JFE Advantech, Co., Ltd., Osaka, Japan
Serial no. 0035
Chlorophyll fluorometer, C3, Turner Designs, Inc., Sunnwale, California, USA
Serial no. 2300707 (fluorescence and turbidity)
Data acquisition software, SeaMoni, Marine Works Japan, Co., Ltd.
Version 1.2.0.0

(4) Pre-cruise calibration

Pre-cruise sensor calibrations for the SBE 38, and SBE 45 were performed by the manufacturer.

Pre-cruise sensor calibration for C3 was performed by Marine Works Japan, Co., Ltd. The C3
chlorophyll fluorometer was calibrated with 100 ppb uranine solution, then the Secondary Solid Standard
(SSS) was calibrated using the calibrated chlorophyll fluorometer.

Pre-cruise sensor calibration for RINKO was performed at JAMSTEC. The oxygen sensor was
immersed in fresh water in a 1-L semi-closed glass vessel, which was immersed in a temperature-
controlled water bath. Temperature of the water bath was set to 1, 10, 20 and 29°C. Temperature of the
fresh water in the vessel was measured by a thermistor of the portable dissolved oxygen sensor (expanded
uncertainty of smaller than 0.01°C, ARO-PR, JFE Advantech, Co., Ltd.). At each temperature, the fresh
water in the vessel was bubbled with standard gases (4, 10, 17, and 25% oxygen consisted of the oxygen-
nitrogen mixture, whose relative expanded uncertainty is 1%, Japan Fine Products, Tochigi, Japan).
Nitrogen standard gas (0% oxygen) (G1) and air (21% oxygen) were also used. Absolute pressure of the
vessel’s headspace was measured by a reference quartz crystal barometer (expanded uncertainty of 0.01%
of reading, RPM4 BA100Ks, Fluke Co., Phoenix Arizona, USA) and ranged from about 1040 to 1070
hPa. The data were averaged over 5 minutes at each calibration point (a matrix of 24 points). As a
reference, oxygen concentration of the fresh water in the calibration vessel was calculated from the
oxygen concentration of the gases, temperature, and absolute pressure at the water depth (about 6 cm) of
the sensor’s sensing foil as follows:
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Oz (umol/L) = {1000 x c(T) x (Ap — pH20)} / {0.20946 x 22.3916 x (1013.25 — pH.0)}
where ¢(T) is the oxygen solubility, A, is absolute pressure (in hPa), and pH.O is the water vapor
pressure (in hPa). The RINKO was calibrated by the modified Stern-Volmer equation slightly modified
from a method by Uchida et al. (2010):
Oz (umol/L) = [(Vo / V)E - 1]/ Ky
where V is raw phase difference, Vo is raw phase difference in the absence of oxygen, Ky is Stern-
Volmer constant. The coefficient E corrects nonlinearity of the Stern-Volmer equation. The Vo and the Ky,
are assumed to be functions of temperature as follows.
Kaw=Co+Ci xT+CoxT?
Vo=1+C3xT
V = C4 + Cs x (N/10000)
where T is temperature (°C) and N is raw output.

(5) Data collection

Data from the Continuous Sea Surface Water Monitoring System were obtained at 1-minute intervals.
Periods of measurement, maintenance and problems are listed in Table 3.4-1. Seawater samples for
salinity, dissolved oxygen and chlorophyll-a analysis were taken from the Continuous Sea Surface Water
Monitoring System basically once in a day to calibrate the sensors in situ. Details of these analysis are
described in elsewhere of the cruise report.

Table 3.4-1. Events of the Continuous Sea Surface Water Monitoring System operation.

System Date System Time Events Note

[UTC] [UTC]

2023/10/07 00:50 Start data logging

2023/10/18 01:23-01:41 Filter and C3 maintenance Zero flow rate
2023/10/24 09:44 Filter maintenance Filter exchanged
2023/11/07 23:59 End data logging

(5) Post-cruise calibration

Data from the Continuous Sea Surface Water Monitoring System were processed as follows. Spikes
in the temperature and salinity data were removed using a median filter with a window of 3 scans (3
minutes) when difference between the original data and the median filtered data was larger than 0.1°C for
temperature and 0.5 for salinity. Data gaps were linearly interpolated when the gap was < 13 minutes.
Fluorometer and turbidity data were low-pass filtered using a median filter with a window of 3 scans (3
minutes) to remove spikes. Raw data from the RINKO oxygen sensor and fluorometer data were low-pass
filtered using a Hamming filter with a window of 15 scans (15 minutes). The remaining erroneous data
were manually removed.

Salinity (S [PSU]), dissolved oxygen (O [umol/kg]), and fluorescence (FI [RFU]) data were
corrected using the water sampled data. Corrected salinity (Scor), dissolved oxygen (Ocor), and estimated
chlorophyll-a (Chl-a) were calculated from following equations

Scor [PSU] = CO + Cl S + Czt
Ocor [umol/kg] =co+Cc1 O+ o T+ cat +cs T2
Chl-a [ug/L] = co FI
where S is practical salinity, t is days from a reference time (2023/10/07 00:50 [UTC]), T is temperature
in °C. The best fit sets of calibration coefficients (co~Cs) were determined by a least square technique to
minimize the deviation from the water sampled data. The calibration coefficients were listed below.
Salinity
Co = 8.645242259940150e-02
c1 = 0.9983553361651739
2 = 3.537020068939429¢-04
Oxygen
Co = 15.22754596539572
c1 = 0.8579856986769557
c2 = 0.5859344910121628
c3 = -1.491671090377206e-02
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C4 = -2.129245504533969e-02
Chlorophyll-a
Co = 0.4199146287972310 (for T < 7.5 °C)

0.1948505383313815 (for 7.5 °C <=T < 9.5°C)

0.1265289676592355 (for 9.5 °C <= T < 19°C)

0.2032149710321389 (for T >= 19 °C)
Comparisons between the Continuous Sea Surface Water Monitoring System data and water sampled data
are shown in Figs. 3.4.1, 3.4.2 and 3.4.3.

(6) Reference

Uchida, H., G. C. Johnson, and K. E. McTaggart (2010): CTD oxygen sensor calibration procedures, The
GO-SHIP Repeat Hydrography Manual: A collection of expert reports and guidelines, IOCCP Rep.,
No. 14, ICPO Pub. Ser. No. 134.

(7) Data archive

These data obtained in this cruise will be submitted to the Data Management Group (DMG) of
JAMSTEC, and will open to the public via “Data Research System for Whole Cruise Information in
JAMSTEC (DARWIN)” in JAMSTEC web site.
<http://www.godac.jamstec.go.jp/darwin/e>
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3.5. Shipboard ADCP

@

O]

®)

(4)

Personnel

Shinya Kouketsu JAMSTEC: Principal investigator
Masanori Murakami Nippon Marine Enterprises, Ltd. (NME)
Fumine Okada NME

Haruna Yamanaka NME

Yoichi Inoue MIRAI crew

Objectives

To obtain continuous measurement data of the current profile along the ship’s track.

Instruments and methods

Upper ocean current measurements were made in this cruise, using the hull-mounted

Acoustic Doppler Current Profiler (ADCP) system. For most of its operation, the instrument was
configured for water-tracking mode. Bottom-tracking mode, interleaved bottom-ping with water-
ping, was made to get the calibration data for evaluating transducer misalignment angle in the
shallow water. The system consists of following components;

i)

i)

iv)

Vi)
vii)

R/V MIRAI has installed the Ocean Surveyor for vessel-mount ADCP (frequency 76.8 kHz;
Teledyne RD Instruments, USA). It has a phased-array transducer with single ceramic
assembly and creates 4 acoustic beams electronically. We mounted the transducer head
rotated to a ship-relative angle of 45 degrees azimuth from the keel.

For heading source, we use ship’s gyro compass (Tokyo Keiki, Japan), continuously
providing heading to the ADCP system directory. Additionally, we have Inertial Navigation
System (Phins, IXBLUE SAS, France) which provide high-precision heading, attitude
information, pitch and roll. They are stored in “.N2R” data files with a time stamp.
Differential GNSS system (StarPack-D, Fugro, Netherlands) providing precise ship’s
position

We used VmDas software version 1.50(TRDI) for data acquisition.

To synchronize time stamp of ping with Computer time, the clock of the logging computer is
adjusted to GPS time server continuously by the application software.

Fresh water is charged in the sea chest to prevent bio fouling at transducer face.

The sound speed at the transducer does affect the vertical bin mapping and vertical velocity
measurement, and that is calculated from temperature, salinity (constant value; 35.0 PSU)
and depth (6.5 m; transducer depth) by equation in Medwin (1975).

Data was configured for “8 m” layer intervals starting about 19 m below sea surface and

recorded every ping as raw ensemble data (.ENR). Additionally, 30 seconds averaged data were
recorded as short-term average (.STA). 300 seconds averaged data were long-term average (.LTA),
respectively.

Parameters

Major parameters for the measurement, Direct Command, are shown in Table 3.5-1.

Table 3.5-1. Major parameters

Environmental Sensor Commands

EA = 04500 Heading Alignment (1/100 deg)

ED = 00065 Transducer Depth (0 - 65535 dm)

EF = +001 Pitch/Roll Divisor/Multiplier (pos/neg) [1/99 - 99]
EH = 00000 Heading (1/100 deg)

ES=35 Salinity (0-40 pp thousand)
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©)

(6)

()

®)

EX = 00000 Coordinate Transform (Xform: Type; Tilts; 3Bm; Map)
EZ = 10200010 Sensor Source (C; D; H; P; R; S; T; U)

C (1): Sound velocity calculates using ED, ES, ET (temp.)

D (0): Manual ED

H (2): External synchro

P (0), R (0): Manual EP, ER (0 degree)

S (0): Manual ES

T (1): Internal transducer sensor

U (0): Manual EU

EV=0 Heading Bias (1/100 deg)
Water-Track Commands
WA = 255 False Target Threshold (Max) (0-255 count)
WC =120 Low Correlation Threshold (0-255)
WD = 111 100 000 Data Out (V; C; A; PG; St; Vsum; Vsum”2; #G; P0)
WE = 1000 Error Velocity Threshold (0-5000 mm/s)
WF = 0800 Blank After Transmit (cm)
WN =100 Number of depth cells (1-128)
WP = 00001 Pings per Ensemble (0-16384)
WS =800 Depth Cell Size (cm)
WV = 0390 Mode 1 Ambiguity Velocity (cm/s radial)

Preliminary results
Horizontal velocity along the ship’s track is presented in Fig.3.5-1.

Data Process
We plan to do data processing to make corrections for instrument alignment with INU data
after the cruise.

Data archives
These data obtained in this cruise will be submitted to the Data Management Group of
JAMSTEC and will be opened to the public via “Data Research System for Whole Cruise
Information in JAMSTEC (DARWIN)” in JAMSTEC web site.
http://www.godac.jamstec.go.jp/darwin/e

Remarks (Times in UTC)

i) The following time, GNSS and Attitude data input were delayed due to the operation PC
trouble.
10:45:41 — 11:36:07 23 Oct. 2023
01:15:01 - 01:15:05 02 Nov. 2023

ii)  Ensemble No. was returned to first (#1) in the middle of data file "mr2307007_*", because
communication error was occurred. Data files were separated as follow.
mr2307007_*
(@ mr2307007a_*
Ensemble No. : #1 (2023/10/16 08:55:41) — #142561 (2023/10/23 01:46:38)
(b) mr2307007b_*
Ensemble No. : #1 (2023/10/23 01:46:58) — #196531 (2023/11/01 07:37:31)

iii)  The following period, ADCP data was invalid due to the system trouble.
01:46:41 - 01:46:58 23 Oct. 2023
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MR23-07 Cruise
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Fig. 3.5-2 Horizontal Velocity along the ship’s track.
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3.6 Ceilometer observation

@

O]

®)

(4)

©)

(6)

Personnel

Katsuro Katsumata JAMSTEC: Principal investigator
Masanori Murakami Nippon Marine Enterprises, Ltd (NME)
Fumine Okada NME

Haruna Yamanaka NME

Yoichi Inoue MIRAI crew

Obijectives

The information of cloud base height and the liquid water amount around cloud base is
important to understand a process on formation of the cloud. As one of the methods to measure
them, the ceilometer observation was carried out.

Parameters
1. Cloud base height [m].
2. Backscatter profile, sensitivity and range normalized at 10 m resolution.
3. Estimated cloud amount [oktas] and height [m]; Sky Condition Algorithm.

Methods

Cloud base height and backscatter profile were observed by ceilometer (CL51, VAISALA,
Finland). The measurement configurations are shown in Table 3.6-1. On the archive dataset, cloud
base height and backscatter profile are recorded with the resolution of 10 m.

Table 3.6-1 The measurement configurations

Property Description
Laser source Indium Gallium Arsenide (InGaAs) Diode
Transmitting center wavelength 910+10 nm at 25 degC
Transmitting average power 19.5 mw
Repetition rate 6.5 kHz
Detector Silicon avalanche photodiode (APD)
Responsibility at 905 nm 65 A/W
Cloud detection range 0~13km
Measurement range 0~15km
Resolution 10 m in full range
Sampling rate 36 sec.
Cloudiness in octas (0 ~ 9)
0 Sky Clear
1 Few
Sky Condition 3 Scattered
5-7 Broken
8 Overcast
9 Vertical Visibility

Preliminary results
Fig.3.6-1 shows the time series of 1st, 2nd and 3rd cloud base height during the cruise.

Data archives
These data obtained in this cruise will be submitted to the Data Management Group of
JAMSTEC and will be opened to the public via “Data Research System for Whole Cruise
Information in JAMSTEC (DARWIN)” in JAMSTEC web site.
http://www.godac.jamstec.go.jp/darwin/e
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i)
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Remarks (Times in UTC)

The following time, the window was cleaned.
20:52, 11 Oct. 2023
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1 M
5000 e1st | e2nd e 3rd
12500
10000 Rl .
7500 - ilf =
k| i |
5000 o _ U--'*
2500 !
0 ! . a ‘ M
10/6  10/7 108 10/9 10/10 10/11 10/12 10/13 10/14
1 L
5000 e1st | @e2nd @ 3rd
12500
10000 - : “
7500 W -
5000 b 1
o ¢ g ]
2500 ] ] . . sed
o (SRt —r
10/15 1016 10/17 10/18 1019 10/20 10/21 10/22 10/23
1 M
5000 e1st | @2nd e 3rd
12500 .
10000 ; 5 :
7500 Vi b . — ey
5000 T LT T
' - -
2500 i £
oﬁd re | v A
10/24 10/25 10/26 10/27 10/28 10/29 10/30 10/31 11/
1 L
5000 ®1st | @2nd @ 3rd
12500 | g
. 1 w[d
10000 { o i}
7500 M - :
5000 -+ -

Ay

112

11/3

11/4

11/5 '

16 117 118 119 1110

Fig. 3.6-1 1st, 2nd and 3rd cloud base height during this cruise.
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3.7 C-band weather radar

(1) Personnel

Masaki KATSUMATA (JAMSTEC) Principal Investigator (not on board)
Biao GENG (JAMSTEC) (not on board)
Masanori MURAKAMI (NME) Operation Leader
Fumine OKADA (NME)
Haruna YAMANAKA (NME)
(2) Objective

Weather radar observations in this cruise aim to investigate the structure and evolution of
precipitating systems over the tropical ocean.

(3) Radar specifications
The C-band weather radar on board the R/V Mirai is used. The basic specifications of the
radar are as follows:

Frequency: 5370 MHz (C-band)

Polarimetry: Horizontal and  vertical  (simultaneously
transmitted and received)

Transmitter: Solid-state transmitter

Pulse Configuration: Using pulse-compression

Output Power: 6 kW (H) + 6 KW (V)

Antenna Diameter: 4 meter

Beam Width: 1.0 degrees

Inertial Navigation Unit: PHINS (IXBLUE SAS France)

(4) Available radar variables
Radar variables, which are converted from the power and phase of the backscattered signal at
vertically- and horizontally-polarized channels, are as follows:

Radar reflectivity: Z

Doppler velocity: Vr
Spectrum width of Doppler velocity: SwW
Differential reflectivity: ZDR
Differential propagation phase: ®DP
Specific differential phase: KDP
Co-polar correlation coefficients: pHV

(5) Operational methodology
The antenna is controlled to point the commanded ground-relative direction, by controlling the
azimuth and elevation to cancel the ship attitude (roll, pitch, and yaw) detected by the
navigation unit. The Doppler velocity is also corrected by subtracting the ship movement in the
beam direction.
For maintenance, internal signals of the radar are checked and calibrated at the beginning and
the end of the cruise. Meanwhile, the peak output power and the radar's pulse width are checked
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daily.
During the cruise, the radar is operated in modes shown in Table 3.7-1. A dual PRF mode is
used for volume scans. For RHI and surveillance PPI scans, a single PRF mode is used.

(6) Data
The C-band weather radar observations were conducted continuously over the high seas and
Japanese EEZ except nearby the main islands of Japan. The observation periods were as
follows:
0000UTC on October 19 — 1700UTC on November 7

An example of the obtained snapshots is shown in Fig. 3.7-1. The data in the upper panels
were obtained in the midlatitude climate (at around 40 N when the surface air temperature was
about 15 degrees C), while the data in the lower panels were obtained in the subtropical climate
(at around 29 N when the surface air temperature was about 26 degrees C). The appearance of
the convective cells as seen in ZH panels (left) differ in horizontal scale, morphology, etc. Very
high ZDR signals (colored by red to orange) were frequently found in the lower right panel for
the subtropical case (which implies exitance of large raindrops), while such signals are had to
find in the midlatitude case. As in the example, the radar observation in the present cruise was
successful in capturing wide variety of the convections in various climatological conditions.

Detailed analyses of the data observed by the radar will be performed after the cruise.

(7) Data archive
The obtained data will be submitted to the Data Management Group of JAMSTEC.

Table 3.7-1 Scan modes of C-band weather radar

Surveillance RHI
Volume Scan
PPI Scan Scan
Repeated Cycle
peated =¥ 30 6 6
(min.)
Times in One Cycle 1 1 3
PRF(s) (Hz) dual PRF (ray alternative)
400 1250
667 | 833 | 938 | 1250 | 1333 | 2000
Azimuth (deg) Full Circle Option
Bin Spacing (m) 150
Max. Range (km) 300 150 100 60 100
Elevation Angle(s) 0.5 0.5 1.0, 1.8, 18.7, 23.0, 0.0~
(deg.) 2.6, 3.4, 27.9, 335, 60.0
4.2, 5.1, 40.0
6.2, 7.6,
9.7,12.2,
15.2
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PW : 1.0/32.0(us)
PRF : 1250/ 938 (pps)
EL : 1.0 (deg)

. LAT : 40456000 (deg)

LON : 179.003000 (deg)
HDG : 352.5(deg)
01:30:00

25/0ct /2023 UTC

Relloctivly n 082

R/V MIRAI

PPI-ZH

PW : 1.0/32.0(us)
PRE : 1250/ 938 (pps)
EL : 1.0 (deg)

LAT 28.831000 (deg)
LON : 173.337000 (deg)
HDG : 2B7.2(deg)
01:30:00
02/Nov/2023 UTC

sEEERE
Feflectivity in 482

R/V MIRAT

PPI-ZDR

PW : 1.0/32.0(us)
PRF : 1250/ 938(pps)
EL 1.0 (deg)

. LAT :  40.456000 (deg)
1ON - 179.003000 (deg)
HDG : 352.5(deg)
01:30:00

25/0ct /2023 UTC

R/V MIRAI
PPI-ZDR

PW : 1.0/32.0(us)
PRF : 1250/ 93B(pps)
EL 1.0 (deg)

LAT :  28.831000 (deg)
LON : 173.337000 (deq)
HDG : 287.2(deg)

01:30:00

02/Nov/2023 UTC
"

Fig. 3.7-1: Examples of the obtained data by the PPI scans (at the elevation of 1.0 degrees) at
two scenes, on Oct. 25 (upper panels) and Nov. 02 (lower panels). Right panels are for the

reflectivity (ZH), while the right panels are for the differential reflectivity (ZDR).
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3.8 Lidar observation

(1) Personnel

Masaki KATSUMATA (JAMSTEC) Principle Investigator (not on board)
Kyoko TANIGUCHI (JAMSTEC) (not on board)

Masanori MURAKAMI (NME)

Fumine OKADA (NME)

Haruna YAMANAKA (NME)

(2) Objective
The objective of this observation is to capture the vertical distribution of clouds, aerosols, and
water vapor in high spatio-temporal resolution.

(3) Parameters
355nm Mie scattering signal
532nm Mie scattering signal
1064nm Mie scattering signal
387nm Raman nitrogen scattering signal (nighttime only)
408nm Raman water vapor scattering signal (nighttime only)
607nm Raman nitrogen scattering signal (nighttime only)
660nm Raman water vapor scattering signal (nighttime only)

(4) Instruments and methods

The Mirai Lidar system transmits a 10-Hz pulse laser in three wavelengths: 1064nm, 532nm,
355nm. For cloud and aerosol observation, the system detects Mie scattering at these
wavelengths. The separate detections of polarization components at 532 nm and 355 nm obtain
additional characteristics of the targets. The system also detects Raman water vapor signals at
660 nm and 408nm, Raman nitrogen signals at 607 nm and 387nm at nighttime. Based on the
signal ratio of Raman water vapor to Raman nitrogen, the system offers water vapor mixing
ratio profiles.

(5) Preliminary Results
The lidar system observed the lower atmosphere continuously from 18 October to 8 November,
2023, over the high sea and the EEZ and the territorial water of Japan. All data will be reviewed
after the cruise to maintain data quality.

(6) Data Archive
The obtained data will be submitted to the Data Management Group of JAMSTEC.
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3.9 Microwave Radiometer

(1) Personnel

Masaki KATSUMATA (JAMSTEC) Principle Investigator (not on board)

Kazutoshi SATO (NIPR) (not on board)

Akira KUWANO-YOSHIDA  (Kyoto Univ.) (not on board)

Masahiro MINOWA (Furuno Electric Co., Ltd.) (not on board)
(2) Objective

To retrieve the total column integrated water vapor, and the vertical profiles of water
vapor and temperature, in the atmosphere

(3) Method

Two microwave radiometers (hereafter MWR; manufactured by Furuno Electric Co.,
Ltd.) are used. The MWRs received natural microwave within the angle of 20 deg. from
zenith. One of the MWRs for the water vapor observes at the frequencies around 22 GHz, to
retrieve the column integrated water vapor (or precipitable water), and the vertical profile of
the water vapor. The other MWR measures at the frequencies around 55 GHz to retrieve
vertical profile of the air temperature. The observation was made approximately every 20
seconds except when periodic auto-calibration was on-going (once in several minutes). The
rain sensor is equipped to identify the period of rainfall.

In addition to the MWRs, the whole sky camera was installed beside the MWRs. This is
to monitor cloud cover, which also affects the microwave signals. The camera obtained the
whole-sky image every 2 minutes.

All instruments were installed at the top of the roof of aft wheelhouse, as in Fig. 3.9-1.

(4) Results
The data have been obtained continuously from 18 October to 8 November, 2023, over the
high sea and the EEZ and the territorial water of Japan. The further analyses for the water
vapor (column-integrated amount and vertical profile), the air temperature (vertical profile),
etc., will be carried out after the cruise.

(5) Data archive
The data will be submitted to the JAMSTEC Data Management Group (DMG).

(6) Acknowledgment
The observation was supported by the JSPS KAKENHI Grant 23H005109.
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Fig. 3.9-1: Outlook of the instruments
installed at the roof of the aft
wheelhouse; the microwave
radiometer for the air temperature
(right), microwave radiometer for the
water vapor (middle), and the whole-
sky camera (left).



3.10 Atmospheric and surface seawater pCO.

(1) Personnel
Akihiko Murata (JAMSTEC)
Masahito Orui  (MWJ)
Nagisa Fujiki (MWJ)

(2) Objective

Concentrations of CO; in the atmosphere are now increasing at a rate of about 2.0 ppmv y*
owing to human activities such as burning of fossil fuels, deforestation, and cement production. It is an
urgent task to estimate as accurately as possible the absorption capacity of the oceans against the
increased atmospheric CO2, and to clarify the mechanism of the CO, absorption, because the magnitude
of the anticipated global warming depends on the levels of CO; in the atmosphere, and because the ocean
currently absorbs 1/3 of the 6 Gt of carbon emitted into the atmosphere each year by human activities.

In this cruise, we measured pCO, (partial pressure of CO,) in the atmosphere and surface
seawater continuously along cruise tracks in the Pacific in order to quantify how much CO; is absorbed in
the region. Although the main purpose of the measurement was to collect pCO; data, we also measured
atmospheric and surface seawater pCHa.

(3) Apparatus

Atmospheric and surface seawater pCO; and pCH4 were measured with a system having the off-axis
integrated-cavity output spectroscopy gas analyzer (Off-Axis ICOS; 911-0011, Los Gatos Research).
Standard gases were measured every about 12 hours, and atmospheric air taken from the bow of the ship
(approx.13 m above the sea level) were measured every about 3 hours. Seawater was taken from an intake
placed at the approximately 4.5 m below the sea surface and introduced into the equilibrator at the flow
rate of (4 - 5) L min' by a pump. The equilibrated air was circulated in a closed loop by a pump at flow
rate of (0.6 - 0.7) L min* through two electric cooling units, 