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Preface

Over the past few decades, Arctic sea ice cover has decreased dramatically. The
extent of summer Arctic sea ice cover is a sensitive indicator of climate change. The
2010 minimum is the third-lowest recorded since 1979, surpassed only by 2008 and
the record low in 2007. Arctic sea ice is shrinking faster than climate change models
predict. Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
conducted the R/V Mirai Arctic research cruise (MR10-05) in August — October, 2010.
This cruise planned to cover the Pacific side of the Arctic Ocean and focused on;

To quantify on-going changes in ocean, atmosphere, and ecosystem, which are

related to the recent Arctic warming and sea ice reduction.

To clarify important processes and interactions among atmosphere, ocean, and

ecosystem behind changes of the Arctic Ocean.
In addition to main research theme as described above, fourteen science parties
participated in this cruise for obtaining the data. This volume includes the simply
notes instruments, methods, and preliminary results obtained on-board of the
MR10-05.

MR10-05 was conducted as a part of international collaboration between
JAMSTEC and Department of Fishery and Ocean, Canada. R/V Mirai occupied
western part of Canada Basin and Chukchi Sea. Canadian Coast Guard Ship (CCGS)
Louis S. St. Laurent occupied eastern and northern part of Canada Basin. Two vessels
occupied full span of Pacific side of the Arctic Ocean.

We would like to thank Captains Nakayama and Ishioka, Chief Officer Inoue and
Boatswain Oguni and the officers and crew of R/V Mirai for their many skills that
contributed to the success of our cruise. We also would like to thank Chief Marine
Technicians N. Sato and Nagahama and the marine technicians of MWJ and GODI for
their generous support above and beyond the call of duty. We appreciate everyone who

supports this cruise.

MR10-05 Chief Scientist

Motoyo Itoh

Arctic Ocean Climate System Research,

Research Institute for Global Change,

Japan Agency for Marine-Earth Science and Technology



1. Cruise Summary
1.1. Basic information

Name of Vessel R/V Mirai
LxBxD 128.58m x 19.0m x 13.2m, Gross Tonnage 8,672 tons
Call Sign JNSR

Cruise Code MR10-05
Title of the Cruise Arctic Climate Oceanography
Undertaking Institute Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

Chief Scientists Motoyo Itoh
Arctic Ocean Climate System Research,
Research Institute for Global Change,
Japan Agency for Marine-Earth Science and Technology

(RIGC/JAMSTEC)

Representatives of the Science Parties and Titles of the Proposals
Atsushi Yamaguchi (Hokkaido University)
”Spatial and vertical distribution of phyto- and zoo-plankton in the Arctic
Ocean” (leg 2)
Toru Hirawake (Hokkaido University)
“Response of phytoplankton community to the western Arctic Ocean warming
(leg 2)
Naomi Harada (JAMSTEC)
“Study on Biogeochemistry in the Arctic Ocean” (leg1-2)
Ippei Nagao (Nagoya University)
“Sea-air flux measurements of marine biogenic gas (dimethylsulfide) by eddy
correlation method” (leg 1)
Fumiyoshi Kondo (The University of Tokyo)
"Behavior of Chemicals and Air-Sea Physical Flux in Sea Fog” (leg 1-2)
Masao Uchida (National Institute for Environmental Studies)
“Reconstruction of marine environment in the Arctic Ocean during the last
deglaciation and early Holocene” (leg 2)
Motoo Utsumi (University of Tsukuba)
“Relationship between marine bacterial community structures, its growth
characteristics and marine carbon cycling in the Arctic Ocean” (leg 1-2)
Kazuma Aoki (University of Toyama)
“Maritime aerosol optical properties from measurements of Ship-borne sky
radiometer” (leg 1-2)
Michio Aoyama (Meteorological Research Institute / Japan Meteorological Agency)
“A study on long term behavior of nutrients in sea water” (leg 2)
Osamu Tsukamoto (Okayama University)
“On-board continuous air-sea eddy flux measurement” (leg 1-2)
Hisahiro Takashima (JAMSTEC)
“Tropospheric aerosol and gas profile observations by MAX-DOAS on a research
vessel” (leg 1-2)
Naoyuki Kurita (JAMSTEC)
“Water sampling for building water isotopologue map over the Ocean” (leg 1-2)



Nobuo Sugimoto (National Institute for Environmental Studies)

“Lidar observations of optical characteristics and vertical distribution of

aerosols and clouds” (leg 1-2)
Takeshi Matsumoto (University of the Ryukyus)

“Standardising the marine geophysics data and its application to the ocean floor

geodynamics studies” (leg 1-2)

Cruise Periods and Ports of Call
Leg 1:

August 24, 2010 — September 1, 2010

(Sekinehama — Hachinohe - Dutch Harbor)

Leg 2:

September 2, 2010 — October 16, 2010

(Dutch Harbor — Dutch Harbor)

Research Areas

Overview of MR10-05 activities
CTD/LADCP:
CTD/Water Samplings:
XCTD:
Radiosonde:
Mooring Deployment:
Surface Drifting Buoy deployments:
Turbulence Ocean Microstructures:
Bio-optical measurements:
Plankton Nets:
Piston Cores:
Multiple Cores:
Shipboard ADCP:
Sea Surface Water Monitoring System:
Meteorological Observation System:
Doppler Rador:
Aerosol sampling:
Sky Radiometer:
Multi-Axis Differential Optical
Absorption Spectroscopy (MAX-DOAS):
Dual Polarization Lidar:
Eddy Flux Measurement System:
DMS Continuous Measurement:
Seabeam:
Geophysical Continuous Observation
(Magnetometer, Gravity meter):

Arctic Ocean, Bering Sea, and North Pacific Ocean

178 casts (at 177 points)
132 casts

168 casts

215 points

6 stations

3 stations

30 casts

31 stations

63 stations

5 casts (at 4 points)

11 casts

Continuous Observation
Continuous Observation
Continuous Observation
Continuous Observation
Continuous Observation
Continuous Observation

Continuous Observation
Continuous Observation
Continuous Observation
Continuous Observation(Leg1)
Continuous Observation

Continuous Observation



1.2. Cruise track

MR10-05 Cruise Track
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MR10-05 Cruise Track




1.3. List of Participants

List of Participants for legl

NO NAME ORGANIZATION POSITION

1 Motoyo Itoh JAMSTEC, RIGC Research Scientist

2 Shigeto Nishino JAMSTEC, RIGC Research Scientist

3 Kohei Matsuno Hokkaido University Graduate Student

4 Amane Fujiwara Hokkaido University Graduate Student

5 Chie Sato Tsukuba University Graduate Student

6 Shohei Akiyama Tsukuba University Graduate Student

7 Manami Sato Tsukuba University Research Scientist

8 Tetsuya Shinozaki Tsukuba University Graduate Student

9 Stephan Rella National Institute for Postdoctoral Scientist

Environmental Studies

10 Fumiyoshi Kondo The University of Tokyo Research Scientist
11 Ippei Nagao Nagoya University Assistant Professor
12 Satoshi Ozawa Marine Works Japan Ltd. Senior Technical Staff
13 Tomohide Noguchi Marine Works Japan Ltd. Technical Staff

14 Fuyuki Shibata Marine Works Japan Ltd. Technical Staff

15 Kanako Yoshida Marine Works Japan Ltd. Technical Staff

16 Kimiko Nishijima Marine Works Japan Ltd. Technical Staff

17 Kazuho Yoshida Global Ocean Development Inc. Senior Technical Staff

List of Participants for leg2

NO NAME ORGANIZATION POSITION

1 Motoyo Itoh JAMSTEC, RIGC Research Scientist

2 Shigeto Nishino JAMSTEC, RIGC Research Scientist

3 Jun Inoue JAMSTEC, RIGC Senior Scientist

4 Yusuke Kawaguchi JAMSTEC, RIGC Postdoctoral Scientist

5 Kazutoshi Sato JAMSTEC, RIGC / Student

Hirosaki University
6 Robert Rember International Arctic Research Research Professional
Center (IARC)

7 Kohei Matsuno Hokkaido University Graduate Student

8 Amane Fujiwara Hokkaido University Graduate Student

9 Jonaotaro Onodera JSPS / JAMSTEC, RIGC Postdoctoral Scientist
10 Manami Sato Tsukuba University Research Scientist
11 Chie Sato Tsukuba University Graduate Student
12 Shohei Akiyama Tsukuba University Graduate Student
13 Tetsuya Shinozaki Tsukuba University Graduate Student




14 Stephan Rella National Institute for Postdoctoral Scientist
Environmental Studies

15 Fumiyoshi Kondo The University of Tokyo Research Scientist
16 Kenichiro Sato Marine Works Japan Ltd. Senior Technical Staff
17 Miyo Ikeda Marine Works Japan Ltd. Technical Staff

18 Kanako Yoshida Marine Works Japan Ltd. Technical Staff

19 Satoshi Ozawa Marine Works Japan Ltd. Technical Staff

20 Horokatsu Uno Marine Works Japan Ltd. Technical Staff

21 Tomohide Noguchi Marine Works Japan Ltd. Technical Staff

22 Tatsuya Tanaka Marine Works Japan Ltd. Technical Staff

23 Shinsuke Toyoda Marine Works Japan Ltd. Technical Staff

24 Fuyuki Shibata Marine Works Japan Ltd. Technical Staff

25 Minoru Kamata Marine Works Japan Ltd. Technical Staff

26 Masanori Enoki Marine Works Japan Ltd. Technical Staff

27 Yoshiko Ishikawa Marine Works Japan Ltd. Technical Staff

28 Kimiko Nishijima Marine Works Japan Ltd. Technical Staff

29 Jyunji Matsuhita Marine Works Japan Ltd. Technical Staff

30 Ayaka Hatsuyama Marine Works Japan Ltd. Technical Staff

31 Masahiro Orui Marine Works Japan Ltd. Technical Staff

32 Misato Kuwahara Marine Works Japan Ltd. Technical Staff

33 Ai Takano Marine Works Japan Ltd. Technical Staff

34 Hiroyasu Sato Marine Works Japan Ltd. Technical Staff

35 Yusuke Sato Marine Works Japan Ltd. Technical Staff

36 Yasushi Hashimoto Marine Works Japan Ltd. Technical Staff

37 Yuki Miyajima Marine Works Japan Ltd. Technical Staff

38 Hatsumi Aoyama Marine Works Japan Ltd. Technical Staff

39 Norio Nagahama Global Ocean Development Inc. Senior Technical Staff
40 Satoshi Okumura Global Ocean Development Inc. Technical Staff

41 Soichiro Sueyoshi Global Ocean Development Inc. Technical Staff

42 Asuka Doi Global Ocean Development Inc. Technical Staff




2. Meteorological Observation
2.1. GPS Radiosonde

(1) Personnel

Jun Inoue (JAMSTEC) Principal Investigator
Kazutoshi Sato (JAMSTEC / Hirosaki University)
Norio Nagahama (GODI)

Satoshi Okumura (GODD)

Souichiro Sueyoshi (GODD)

Asuka Doi (GODI)

Wataru Tokunaga (MIRAI Crew)

(2) Objectives

To understand the thermodynamic structure of boundary layers, cyclones, and high
pressure systems, 6-hourly (3-hourly during intensive observation period) radiosonde
observations were conducted over the Arctic Ocean from 5 September 2010 to 13 October
2010. The obtained data will be used for studies of clouds, validation of reanalysis data, and
data assimilation. Because meteorological data over the Arctic Ocean is very few due to lack
of regular meteorological stations, our upper atmospheric data must be vital for weather
predictions and atmospheric reanalysis to provide more accurate atmospheric structure.

(3) Parameters

Atmospheric soundings of temperature, humidity, and wind speed/direction.

(4) Instruments and Methods
Radiosonde observations were carried out from 5 September to 12 October 2010,
by using GPS radiosonde (RS92-SGPD). We used DigiCORA III (MW21), GPS
antenna (GA20), UHF antenna (RB21) and balloon launcher (ASAP) made by
Vaisala. Prior to launch, humidity, air temperature, and pressure sensors were
calibrated by using the calibrator system (GC25 and PTB220, Vaisala). Measured
parameters are temperature (degC), relative humidity (%), wind direction (deg),

wind speed (m/s), air pressure (hPa).

(5) Station list
Table 2.1-1 summarizes the log of upper air soundings. All data were sent to the

world meteorological community by the global telecommunication system (GTS)



through the Japan Meteorological Agency immediately after each observation. Raw
data was recorded as binary format during ascent. ASCII data was converted from

raw data.

(6) Preliminary results
GPS radio sondes were launched from 06UTC 5 September to 12UTC 13
October 2010 (Figure 2-2-1, Table 2.1-1). We basically launched them 4 times a
day (00, 06, 12, and 18UTC). In addition to this, 3-houly observations were set
up during 162W line section (from 71N to 75N) on13-14 Sep, 27-28 Sep, and
10-11 Oct. Extra 3-hourly observations were also done when synoptic
disturbances were approached.

Time-height section of observed air temperature, time series of sea and air
surface temperatures, and GPS positions of launching are shown in Figure 2.1.2.
The former period is characterized by warm advection over Chukchi Sea where
the strong pressure gradient between the synoptic low pressure systems over
the East Siberian Sea and high pressure system over the Beaufort Sea.
Inversion layers were frequently observed in this period.

On 23 September 2010, we reached at the northernmost positions at
79.18N. After this day, a low pressure system was passed over the R/V Mirai.
The wind direction changed from SE-ly warm wind to NW-1y cold wind. The
height of tropopause was dropped from 11 km to 5 km.

After this event, air temperatures at the surface and 500hPa were recorded

below freezing and around —40 °C, suggesting the coming of winter season.

(7) Data Archive
All datasets obtained in this cruise will be submitted to the Data Integration and
Analysis Group (DIAG) of JAMSTEC, and will be opened to the public via “R/V
MIRAI Data Webpage” in JAMSTEC web site.

(8) Remark
RS166 observation has no wind data, because of the trouble on receiving GPS
signal via GA20.



Table 2.1-1. Launch log

Date Latitude  Longitude Psfc Tsfc RHsfc WD  Wsp SST Max height Cloud
ID
YYYYMMDDHH degN degE hPa degC % deg m/s degC hPa m Amount Type

RS001 2010090506 66.964  -168.841 996.4 9.0 99 46 6.1 8.242 485 21013 10 St
RS002 2010090512 68.001 -168.836  1000.0 8.9 98 28 55 7.467 26.1 25027 10 St
RS003 2010090518 69.002 -168.844 1002.7 74 100 19 9.6 7.954 344 23218 8 St
RS004 2010090600 69.994  -168.000 1005.4 6.1 100 40 74 6.815 332 23459 10 St
RS005 2010090603 70.002 -168.011 1006.4 5.8 100 39 3.0 7.348 258 25129 10 St
RS006 2010090606 70499  -167.996 1007.8 4.1 100 65 43 5.908 329 23531 10 St
RS007 2010090609 71.000 -168.003 1009.6 42 100 87 45 6.342 30.3 24055 10?7  St?
RS008 2010090612 71.487  -168.028 1010.2 39 100 117 71 6.098 355 23037 10 St
RS009 2010090615 72.001 -167.997 1010.6 37 100 100 6.3 5.767 322 23644 7 St
RS010 2010090618 72479  -167.990 10115 32 100 106 6.3 5.002 312 23868 8 StAcGi
RSO11 2010090621 73.000 -168.006 1011.6 3.0 100 96 6.8 3.345 29.5 24251 7 StAc
RS012 2010090700 73494  -168.030 1012.1 21 100 85 40 2.266 442 21646 3  CsCiAcAs
RS013 2010090703 74002 -168.006 1011.8 21 100 93 6.7 2.309 323 23654 8 St
RS014 2010090706 74468  -167.996 1011.9 23 100 100 6.2 2.441 312 23854 10 St
RS015 2010090709 74999  -168.002 1012.0 1.7 100 115 101 1.041 289 24360 10 St
RS016 2010090712 74802  -169.455 1010.6 13 100 103 74 1.380 347 23184 6  Ac,Sc,St
RS017 2010090718 74602  -170.941 1007.5 1.7 100 106 6.9 0.732 41.7 21976 10 St
RS018 2010090800 74606  -170.994 1006.5 1.7 100 96 6.0 0.679 456 21423 10 St
RS019 2010090806 74524  -168.988 1006.8 1.9 100 124 8.2 1.862 51.2 20650 10 St
RS020 2010090812 74318  -164.035 1007.0 20 100 69 6.3 3.550 430 21802 10 St
RS021 2010090818 74050 -163.997 1006.0 21 100 88 85 3.174 420 21939 10 St
RS022 2010090900 73596  -163.221  1006.6 26 100 104 25 2976 275 24695 10 St
RS023 2010090906 73.087 -158.914 1007.5 22 100 357 27 3.666 39.5 22330 10 St
RS024 2010090912 72250  -155.261 1009.6 23 100 312 4.1 5474 31.7 23749 10 St
RS025 2010090918 71955  -153.778 1011.9 28 100 314 5.2 7.011 50.9 20685 10 St
RS026 2010091000 71520 -151.715 10143 217 100 273 6.3 3.650 332 23449 10 St
RS027 2010091006 71374  -152.064 1016.1 19 100 297 48 3.500 81.1 17705 10 St
RS028 2010091012 71.944  -150.247 1016.8 24 100 304 4.1 4.703 316 23735 10 St
RS029 2010091018 71829  -150.655 1017.9 1.7 100 30 25 4.567 278 24577 9 St
RS030 2010091100 71.501 -151.657 1018.2 24 100 67 0.2 3.678 36.1 22904 10 St
RS031 2010091106 71.31 -152.155 1017.6 1.7 100 133 37 3.458 29.7 24128 10 St
RS032 2010091112 71735  -155.229  1016.0 3.1 99 134 6.0 4617 316 23725 8 St
RS033 2010091118 71729  -155.162 10154 217 100 135 6.9 5.056 324 23572 9 St
RS034 2010091200 71674  -154995 1014.6 36 100 137 6.1 8.046 318 23694 4 StGi
RS035 2010091206 71796  -155.330 1014.2 6.7 99 240 41 4.655 37.3 22644 10 StAcNs

10



RS036

RS037

RS038

RS039

RS040

RS041

RS042

RS043

RS044

RS045

RS046

RS047

RS048

RS049

RS050

RS051

RS052

RS053

RS054

RS055

RS056

RS057

RS058

RS059

RS060

RS061

RS062

RS063

RS064

RS065

RS066

RS067

RS068

RS069

RS070

RS071

RS072

RS073

2010091212

2010091218

2010091300

2010091306

2010091312

2010091315

2010091318

2010091321

2010091400

2010091403

2010091406

2010091409

2010091412

2010091415

2010091418

2010091421

2010091500

2010091503

2010091506

2010091512

2010091518

2010091600

2010091606

2010091612

2010091618

2010091700

2010091706

2010091712

2010091718

2010091721

2010091800

2010091803

2010091806

2010091809

2010091812

2010091815

2010091818

2010091821

71.791

71.794

71.755

71.529

71.082

70.999

71.480

72.001

72.483

72.999

73.524

74.003

74.480

74.985

75.436

76.070

76.707

717.207

77.744

77.885

78.272

78.283

78.226

78.243

78.073

77.631

76.748

76.000

76.002

76.004

76.001

76.010

76.222

76.413

76.446

76.311

76.001

75.580

-155.314

-155.336

-154.979

-157.633

-159.889

-161.998

-161.998

-161.996

-161.982

-161.997

-161.986

-161.997

-161.957

-161.966

-162.356

-163.460

-164.655

-166.153

-167.948

-168.079

-169.859

-170.012

-169.842

-169.936

-169.343

-167.483

-169.099

-172.525

-175.249

-175.259

-175.001

-174.008

-177.613

-179.959

179.697

179.428

178.906

178.419

10145

1014.7

1014.5

1018.5

1019.9

1019.2

1019.8

1020.2

1020.8

1021.0

1021.3

1021.7

1022.9

1022.2

1021.8

1022.3

1021.9

1020.3

1019.7

1018.6

1015.8

1013.4

1010.0

1009.7

1010.7

1014.8

1017.4

1019.4

1018.2

1017.3

1015.6

1013.2

1008.2

1004.6

1003.1

1002.1

1002.7

1005.2

7.0

70

6.8

6.5

8.0

8.4

5.7

5.5

5.1

4.1

3.8

24

21

0.0

0.1

0.2

0.1

100
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100

99

98

96
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99
100
100
100
100
100
100

96
100
100
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100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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100
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245

236

151

129

111

107
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104

109
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115
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120

124

123

114

126

123

97

158

265

262

228

216

126

128

114

120

107

131

157

168

194

222

5.8

9.5

9.2

5.7

45

6.4

6.0

8.4

10.1

8.4

142

1.3

8.8

15.1

2.1

3.0

5.0

5.7

5.6

1.3

74

1.2

7.1

8.8

10.2

17.2

4.634

4534

5.182

5.047

5.830

7.448

4.550

4517

4.466

3.633

4113

1.840

3.068

2.899

2.216

1.814

0.711

0.442

-0.780

-0.790

-1.264

-1.250

-1.231

-1.240

-1.149

-0.848

-0.928

-0.712

-0.767

-0.827

-0.735

-0.721

-0.823

-0.911

-0.806

-0.828

-0.705

-0.501

54.0

279

444

28.7

45.4

26.9

34.5

32.1

50.4

45.3

423

20255
24507
21562
24309
20478
21424
24778
23188
23649
24523
16444
23138
23576
23565
19794
23843
23620
24018
22365
12351
24651
23720
21416
23345

23026

22880
20674
22740
23317
24087
24564
23801
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21173
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21324
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RS074

RS075

RS076

RS077

RS078

RS079

RS080

RS081

RS082

RS083

RS084

RS085

RS086

RS087

RS088

RS089

RS090

RS091

RS092

RS093

RS094

RS095

RS096

RS097

RS098

RS099

RS100

RS101

RS102

RS103

RS104

RS105

RS106

RS107

RS108

RS109

RS110

RS111

2010091900

2010091903

2010091906

2010091912

2010091918

2010092000

2010092006

2010092012

2010092018

2010092100

2010092106

2010092112

2010092118

2010092200

2010092206

2010092212

2010092218

2010092300

2010092303

2010092306
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Figure 2.1-1. Map of sea ice distribution with radiosonde stations.
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Figure 2.1-2. Time-height section of air temperature, and time series of sea (red) /

air (blue) surface temperatures and GPS positions.
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2.2. Doppler Radar

(1) Personnel

Jun Inoue (JAMSTEC) Principal Investigator
Kazutoshi Sato (JAMSTEC/Hirosaki University)
Norio Nagahama (GODI)

Satoshi Okumura (GODD)

Souichiro Sueyoshi (GODD)

Asuka Doi (GODI)

Wataru Tokunaga (MIRAI Crew)

(2) Objective
Low level clouds over the Arctic Ocean which usually dominate during
summer have a key role for sea/ice surface heat budget. In addition to this,
cyclones which modify the sea-ice distributions are substantially important to
understand the air-ice-sea interaction. To grasp the broad precipitation system
over the Arctic Ocean, three dimensional radar echo structure and wind fields of

rain/snow clouds was obtained by C-band Doppler radar observation.

(3) Parameters
C-band Doppler radar observed three dimensional radar echo structure and wind

fields of rain/snow cloud.

(4) Instruments and Methods
The specifications of R/V MIRAI shipboard Doppler radar (RC-52B, Mitsubishi

Electric Co. Ltd., Japan) are as follows.

Frequency: 5290MHz (C-band)

Beam Width: better than 1.5 degrees

Transmit Power: 250kW (Peak Power)

Signal Processor: RVP-7 (Vaisala Inc. Sigmet Product Line, U.S.A)

Inertial Navigation Unit: PHINS (Ixsea SAS, France)
Application Software: IRIS/Open Ver.8.05.10
(Vaisala Inc. Sigmet Product Line, U.S.A)

Measured parameters are Radar reflectivity factor (dBZ), Doppler velocity (m/s),
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and velocity width (m/s). We checked transmitted frequency, mean output power
and pulse repetition frequency (PRF) every day. The transmit pulse width and the

receiver performance were checked before and after the observation.

(5) Observation log
The observation was performed throughout in the Arctic Ocean. During the
observation, the volume scan consisting of 21 PPIs was conducted every 10 minutes.
Meanwhile, a surveillance PPl scan was performed every 30 minutes. The

parameters for above scans are listed in Table 2.2-1.

Start: 18:30 UTC 04 Sep. 2010

End: 00:00 UTC 14 Oct. 2010

Causal stop: 20:50 —21:50 UTC 04 Sep. 2010
10:00 — 10:10 UTC 06 Sep. 2010
18:04 — 18:10 UTC 07 Sep. 2010
21:30 — 22:10 UTC 28 Sep. 2010
22:00 — 22:59 UTC 29 Sep. 2010
22:10 — 22:40 UTC 02 Oct. 2010
23:30 — 23-59 UTC 06 Oct. 2010
21:00 — 21:10 UTC 12 Oct. 2010

(6) Preliminary results
Persistent stratus clouds dominated below 1 km height during the former observation
period (from 5 September to 13 September). Along the 162 W line on 14 September, we
crossed a low pressure system which is a part of Arctic Dipole Anomaly. The echo top
exceeded 8 km with southerly winds (Figure 2.2-1).
On 24 September, a developing low was observed, and cloud streets which consist of
stratocumulus with snow shower was frequently observed behind a cold front on 28
September (Figure 2.2-2). Echo top increased from north (75N) to south (71N) due to the

air mass modification over warm SST frontal zone.
(7) Data Archive

The raw data obtained in this cruise will be submitted to the Data Integration
and Analysis Group (DIAG) of JAMSTEC.
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(8) Remark
During the following period, data was not available.
06:54 (UTC) 12 Oct. 2010 — 07:15 (UTC) 12 Oct. 2010

Table 2.2-1. Selected parameters of C-band Doppler radar

Surveillance PPI Volume scan RHI
Pulse width 2.0 [ps] 0.5 [ps]
Scan speed 18 [deg/sec] Automatic
PRF 260 [Hzl 900/720 [Hz]
Sweep integration 32 samples 40 samples
Ray spacing about 1.0 [deg]
Bin spacing 250 [m]
Elevations 0.5 0.5,1.0, 1.5, 2.1, 2.8, 3.5, 4.3, 0.0 to 60.0

5.1,5.9, 6.8, 7.6, 8.5, 9.4, 10.4,
11.5, 12.7, 14.0, 15.5, 16.8, 18.8,

21.3
Azimuths Full Circle Optional
Range 300 [km] 160 [km]
Software Filters No filter Dual-PRF velocity unfolding
Gain control Fixed
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Figure 2.2-1. Left: Time-height cross section of radar reflectivity and VAD winds
(black vectors). Contours and gray vectors indicate the air temperature and winds
obtained by radiosonde observations. Right: Comparison of zonal (U) and

meridional (V) wind components between radar-derived (thick) and radiaosnde

(thin) winds.
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Figure 2.2-2. Screen shot of Doppler radar display on 28 September 2010.
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2.3. Surface Meteorological Observation

(1) Personnel

Jun Inoue JAMSTEC: Principal Investigator

Kazuho Yoshida Global Ocean Development Inc.: GODI - Leg1 -
Norio Nagahama GODI - Leg2 -
Satoshi Okumura  GODI - Leg2 -
Souichiro Sueyoshi GODI - Leg2 -
Asuka Doi GODI - Leg2 -

Wataru Tokunaga  MIRAI Crew

(2) Objectives
Surface meteorological parameters are observed as a basic dataset of the
meteorology. These parameters bring us the information about the temporal
variation of the meteorological condition surrounding the ship.

(3) Methods

Surface meteorological parameters were observed throughout the MR10-05
cruise. During this cruise, we used three systems for the observation.

1)

ii)

1)

i)

MIRAI Surface Meteorological observation (SMet) system
Shipboard Oceanographic and Atmospheric Radiation (SOAR) system

MIRAI Surface Meteorological observation (SMet) system

Instruments of SMet system are listed in Table.2.3-1 and measured
parameters are listed in Table.2.3-2. Data were collected and processed by
KOAC-7800 weather data processor made by Koshin-Denki, Japan. The
data set consists of 6-second averaged data.

Shipboard  Oceanographic and Atmospheric Radiation (SOAR)
measurement system
SOAR system designed by BNL (Brookhaven National Laboratory, USA)
consists of major three parts.
a) Portable Radiation Package (PRP) designed by BNL - short and long
wave downward radiation.
b) Zeno Meteorological (Zeno/Met) system designed by BNL - wind, air
temperature, relative humidity, pressure, and rainfall measurement.
¢) Scientific Computer System (SCS) developed by NOAA (National
Oceanic and Atmospheric Administration, USA) - centralized data
acquisition and logging of all data sets.
SCS recorded PRP data every 6 seconds, while Zeno/Met data every 10
seconds. Instruments and their locations are listed in Table.2.3-3 and
measured parameters are listed in Table.2.3-4.

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

before and after the cruise.

i)

Young Rain gauge (SMet and SOAR)
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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, PTB220CASE, VAISALA.
iii) Thermometer (air temperature and relative humidity) (SMet and SOAR)
Comparison with the portable thermometer value, HMP41/45, VAISALA.

(4) Preliminary results

Figure 2.3-1 shows the time series of the following parameters;
Wind (SMet)
Air temperature (SMet)
Sea surface temperature (SMet)
Relative humidity (SMet)
Precipitation (SOAR, Optical rain gauge)
Short/long wave radiation (SOAR)
Pressure (SMet)
Significant wave height (SMet)

(5) Data archives

These meteorological data will be submitted to the Data Integration and

Analysis Group (DIAG) of JAMSTEC just after the cruise.

(6) Remarks

1)

ii)

SST (Sea Surface Temperature) data was available in the following periods.
07:36UTC 25 Aug. 2010 - 16:27UTC 01 Sep. 2010
18:43UTC 02 Sep. 2010 - 23:30UTC 15 Oct. 2010

In the following period, SOAR true wind speed, true wind direction, gyro and
LOG were invalid because they were not updated due to the network server
trouble.

21:36UTC 30 Aug. 2010 - 22:14UTC 30 Aug. 2010

iii) In the following period, FRSR data acquisition was suspended to prevent

damage to the shadow-band from freezing.
05:53UTC 16 Sep. 2010 - 01:22UTC 13 Oct 2010

iv) In the following period, SMet and SOAR anemometer were frozen. Wind speed

v)

and direction not available.
15 Sep. 2010 - 17 Sep 2010

In the following time, SMet rain gauge amount values were increased because
of test transmitting for MF/HF radio.

10:24, 10:29, 23:12UTC 28 Aug. 2010

03:36, 03:39UTC 05 Sep. 2010

14:50UTC 13 Sep. 2010

15:05UTC 21 Sep. 2010
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vi) During the cruise, T/RH sensor was not in good condition. We replaced the
T/RH sensor at 19:03UTC 10 Sep., due to the sensor trouble. Before changing
the sensor, temperature was about -3 degrees lower than one of SMet, relative
humidity was almost same as one of SMet. After changing the sensor,
temperature had been about -0.3 degrees lower than one of SMet, relative
humidity had been about -6% lower than one of SMet.

vii) During the cruise, anemometer was not in good condition. R