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Preface

Historically, the Arctic Ocean was assumed to exhibit little spatial and temporal variability and to
have little impact on climate and the globa heat balance. This highly inaccurate view has been
corrected during the past decade. For example, the climatological summer ice edge was located on
the shelf breaks along the perimeter of the Canada Basin in the Western Arctic Ocean. However the
edge has now moved into the Canada Basin greater than 74N north of the Bering Strait after 1997
except 2001. The geographical distribution of recent ice reduction suggests the influence of Pacific
inflow on the Western Arctic climate system. The global climate system is established by a balance
between heating in the low latitude and cooling in the polar regions. The Arctic change could cause a
change in the balance of the current climate state. Under these backgrounds, JAM STEC and Fishery
and Oceans of Canada (DFO) agreed to initiate joint observation oriented project called JWACS
(Joint Western Arctic Climate Studies). The overarching goal is to prepare for global change and to
reduce uncertainties in forecasting, a substantial improvement in our fundamental understanding of
processes controlling variability in Arctic climate systems; specifically: of shelf/basin interactions;

and inter-basin forcing of ice and water properties of land/ocean exchanges.

JWACS 2002 filed experiment is coordinated by multi ship operation using R/V Mirai, CCGS
Louis S. St-Laurent and CCGS Sir Wilfrid Laurier to cover the entire southern Canadian Basin, to
establish the climate mooring stations in the Canada Basin. R/V Mirai (MR0O2KO05 legl) was in
charge of multi-disciplinary studies mainly focusing on the shelf-basin interaction. Figure 1 shows
the JWACS 2002 hydrographic stations occupied by the three vessels.

The research missions of R/V Miral are summarized as:
(1) Basin scale ocean circulation
® Conduct a CTD/XCTD, water sampling survey in the full span of the Southern Canada
Basin from off Mackenzie shelf into the Chukchi Abyssal Plain west of the Chukchi
Borderland.
® Hydrographic revisit of SHEBA 97 section from North Slope to near the initidl SHEBA
Site.
® Hydrographic revisit of SHEBA 97-98 drift section
(2) Shelf basin interaction processes
® Conduct a CTD sections across/along the shelf breaks and submarine canyons
® Conduct an underway ADCP and surface water sampling.
® Plankton sampling
(3) Carbonate chemistry



® Observation of partial pressure of CO2 (pCO2), total alkalinity, total dissolved inorganic
carbon (TDIC), dissolved oxygen and nutrients in order to assess the spatial and temporal
variations of budget and flux of CO2.
(4) Atmospheric science
® Radiosonde, Tethered balloon, Doppler radar, and Aerosol observations are conducted.
(5) Paleo Oceanography and geology
® Piston samplings at three locations in the Mackenzie Canyon were conducted.
® Surface sediment core samplings were conducted over the Kopanor Mud-volcano in the
Mackenzie shelf.
Underway surveys using Seabeam and Sub-bottom profiler surveys were conducted.
High resolution survey of sea floor topography was conducted in the vicinity of the mud

volcano.

This cruise report describes the content of the MR0O2K01-Legl briefly, that simply notes

instruments, methods, and preliminary results.



1. Outline of MR02-K 05 legl

1.1. Cruise Summary

1.1.1 Ship
R/V Mirai
LxBxD 128.58m x 19.0m x 13.2m
Gross Tonnage 8,672 tons
Call Sign INSR

1.1.2 Cruise Code
MR02-K 05 (Legl)

1.1.3 Project Name
Arctic Ocean Observation Study

1.1.4 Undertaking I nstitute
Japan Marine Science and Technology Center (JAMSTEC)
2-15 Natsushima-cho, Yokosuka 237-0061, Japan

1.1.5 Chief Scientist
Akihiko Murata (JAMSTEC) : Sekinehama[Aug. 25] - Barrow [Sep. 6]
Koji Shimada (JAMSTEC) : Barrow [Sep. 7] — Dutch Harbor [Oct. 10]

1.1.6 Periods and Ports of Call
Leg-la: August 25 (Sekinehama, Japan) to September 1 (Dutch Harbor, USA)
(call at Dutch Harbor for September 1-2)
Leg-1b September 2 (Dutch Harbor, USA) to September 6 (Barrow, USA)
Leg-1c September 7 (Dutch Harbor, USA) to September 20 (Tuktoyaktuk, Canada)
Leg-1d September 20 (Tuktoyaktuk, Canada) to October 10 (Dutch Harbor, USA)

1.1.7 Observation Summary

CTD (+ water sampling) 113 stations (Leg 1)
CTD (only) 33 stations (Leg 1)
XCTD 24 stations (Leg 1)

ADCP Observation Continuously



Oceanic Environment Monitoring Continuously

Surface Meteorology Continuously
Towing Plankton Net Sampling 38 stations
Sediment Core Sampling 2 locations
Piston Core Sampling 3locations
Sea Floor Topography (Seabeam) Continuously

Sea Floor Topography (Sub-bottom profiler) Mackenzie Canyon and Kopanor Mud

Volcano area only

Tethered balloon Launching 5 times
Radiosonde Launching 120 times
Doppler Radar Observation Continuously
Aerosol measurement Continuously
Dual polarization lidar Continuously

Cloud radar and microwaveradiometer  Continuously
Eddy flux measurement Continuously
Geophysical Parameters Continuously

1.1.8 Data Palicy
All data obtained during this cruise will be under the control of the Data Management

Office (DMO) of JAMSTEC.

1.1.9. Overview
(1) Leg-1a: August 25 (Sekinehama) — September 1 (Dutch Harbor, USA)

We set sail for Dutch Harbor on 25 August, 2002 at Sekinehama, Japan. On the passage, we
conducted sonde observations at the time when a satellite (ADEOS ) is just above the ship, in

addition to continuous weather and underway observations.

(2) Leg-1b: September 2 (Dutch Harbor, USA) — September 7 (Off Barrow, USA)

We had a CTD test cast off Dutch harbor (54-58.30°N, 169-29.73°W) on 2 September. On 4
September, we arrived at the Bering Strait and carried out 2 hydrographic observations. After
passing through the Bering Strait, 10 hydrographic observations were conducted in the Chukchi Sea,
especially focused on the Barrow Canyon, during 5 to 6 September. After that, we left for Pt. Barrow
to rendezvous with CCGS Louis S. St-Laurent.

(3) Leg-1c: September 7 (Off Barrow, USA) — September 20 (Off Tuktoyaktuk, Canada)
On September 7 three vessels, R/V Mirai, CCGS Louis S. St-Laurent and CCGS Sir Wilfrid Laurier,



rendezvoused off Point Barrow for the transfer of personnel and scientific instruments. The ocean
color was green suggesting the strong buoyancy driven current of Eastern Chukchi Summer Water.
After the rendezvous, we sail toward the mouth of the Barrow Canyon where three mooring are
deployed to measure the volume, heat and salt flux through the Barrow Canyon. We have conducted
CTD/ADCP section across the Barrow Canyon. Detail structure of the coastal current of ECSW with
the advective speed greater than 2 knots was observed.

During September 8-12, we conducted the hydrographic survey focusing on the shelf basin
interaction on the northern end of the Chukchi Sea and southern Chukchi Borderland. We have
occupied two complete full water sampling sections across the shelf slope. On the Chukchi
Borderland, the sea ice retreated about 75N. We have conducted spatialy high resolution
hydrographic survey using CTD/ADCP in this area. We will describe later in detail, significant
differences has observed across the Northwind Ridge. Due to the ice condition, we could not enter
the area north of 75N in first half of September.

We streamed to east after September 13. Taking the hydrographic station done by CCGS Louis S.
St-Laurent into consideration, we occupied hydrographic sections in the southern Canada Basin. We
reached the SHEBA97 hydrographic section at 72-50N 142W on September 16, and occupied the
sections at the same stations of SHEBA97 until September 17.

We have transited to Canadian Beaufort Sea on September 18 and reached the shelf slope off the
Kugmallit Canyon on September 19. We have conducted hydrographic section onto the Mackenzie
shelf along the Kugmallit Canyon. In the afternoon on September 19, we have rendezvoused with a
sailing boat Sedna |V. Canadian broadcast team interviewed the scientific activity of R/V Mirai. On
September 20 three Canadians (Eddy Carmack, Conie Lovjoy and Loius Harwood) disembarked off
Tuktoyakutuk.

(4) Leg-1d: September 20 (Off Tuktoyaktuk, Canada) — October 10 (Dutch Harbor, USA)

After the personnel transfer off Tuktoyakutuk, our scientific targets moved to shelf basin
interactions and paleo oceanography on the Mackenzie Shelf in the first half of Leg-1d. The
submarine canyons (Mackenzie and Kugmallit) and steep shelf dope close to coast are the area
where strong water mass exchanges between shelf and basin and vertical mixing. The area is aso
corresponds to the area of Cape Bathurst Polynia and Lake Mackenzie. At first we streamed to the
Cape Bathurst area for the surveys of the physics-biological connection. After that, we backed to the
Mackenzie Canyon and sampled piston core sampling at three locations along the center of the
canyon. Fortunately strong easterly begun to blow after the geological survey, we occupied aong
and across sections in the vicinity Mackenzie Canyon. Halocline water greater than 32 psu was
upwelled onto the shelf region near the Herschel Idland where the historically famous whaling area.
Final mission in the Mackanzie shelf isto detect the oceanographic-geological interaction around the



Kopanor Mud Volcano at 70-23N, 135-25W. Due to the rough condition, planned three piston core
samplings were cancelled. However, the excellent survey of sea floor topography was done by the
excellent operation of the ship, detail 3-D features of the mud volcano and an evidence of gas
emissions were clarified. These new results will be important preliminary understandings for future

developments of Arctic environmental sciences.

The scheduled personnel transfer on September 29 was canceled due to rough condition. We
streamed back to Western Canada Basin. We have complete a section along 152-30W from the shelf
region into the central Canada Basin at 74N. We turned direction heading west across the Northwind
Ridge. In late September, the sea ice was completely retreated southern half of the Chukchi
Borderland at 76-77N. This ice condition was historical record of ice retreat in the western Canada
Basin. We tried to occupy the zonal section across the Northwind Ridge and Chukchi Plateau into
the Chukchi Abyssal Plain. The sea began to freeze in early October under the cold weather. We
have reached 76-23N on October 3 in the Northwind Abyssal Plain. This location was a farthest
north record of ice strengthen vessel in the western Arctic Ocean. Under the maximum ice retreat
area, subsurface warm water originated from the Chukchi Sea was observed. We tackle to enter the
Chukchi Abyssal Plain where the influences of the Pacific Water via the Herald Canyon. On October
4, we entered the deep Chukchi Abyssal Plain and had the last full depth water sampling there. After
the final full water sampling stations, we continued to have XCTD section from the southern end of
the Chukchi Plateau to the 50m isobath in the Northern Chukchi Sea.

We occupied hydrographic section across the eastern half of the Bering Strait on October 7 and
then ended the cruise of MR02K 01-Legl at Dutch Harbor in the early mooring on October 10.

1.1.10 Acknowledgement
MRO2KO01 Legl as a part of WACS 2002 program has been a great success and this is

because of the excellent science team, support and help of the crews of R/V Mira and technical
staffs of GODI and MWJ. We have established to address these important climate related questions
together in the Arctic. | would like to express my heartfelt appreciation to all of them.

(MR02-K05 Legl Chief Scientist Koji Shimada)



1.2 Cruisetrack and log
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Figure 1.2-1 Cruise track of MR02-K 05 legl (25 August — 10 October 2002)



Cruise Log

Date Time(SMT) Remarks
start end from UTC Stn.
Aug 25 06:00 +9 Depart Sekinehama
25 06:00 +9 Start ADCP observation
25 12:10 +9 Arrive Hachinohe
25 16:30 +9 Depart Hachinohe
Aug 26 18:10 +9 Start Dopplar Radar Observation
26 22:00 +10 Time Adjustment(UTC+10)
Aug 27 22:00 +11 Time Adjustment(UTC+11)
Aug 28 13:10 +11 Radio Sonde RS-001
28 22:00 +12 Time Adjustment(UTC+12)
Aug 29 01:59 +12 Radio Sonde RS-002
29 14:00 +12 Radio Sonde RS-003
29 22:00 +13 Time Adjustment(UTC+13)
Aug 30 (A) 02:00 +13 Radio Sonde RS-004
30 (A) 13:59 +13 Radio Sonde RS-005
30 (A) 22:00 +14 Time Adjustment(UTC+14)
Aug 30 (B) 03:09 -10 Radio Sonde RS-006
30 (B) 14:59 -10 Radio Sonde RS-007
30 (B) 22:00 -9 Time Adjustment(UTC-9)
Aug 31 02:59 -9 Radio Sonde RS-008
31 14:59 -9 Radio Sonde RS-009
31 22:00 -8 Time Adjustment(UTC-8)
Sep 1 09:20 -8 Arrive Dutch Harbor
Sep 2 08:00 -8 Depart Dutch Harbor
2 17:33 19:50 -8 CTD A02001-1/BRG01
3 15:40 -8 Radio Sonde RS-010
Sep 4 03:30 -8 Radio Sonde RS-011
4 14:24 14:43 -8 CTD A02002-1/BRG02
4 15:29 -8 Radio Sonde RS-012
4 17:49 18:09 -8 CTD A02003-1/BRG03
Sep 5 01:58 02:20 -8 CTD A02004-1/CHUO01
5 03:29 -8 Radio Sonde RS-013
5 04:13 04:36 -8 CTD A02005-1/CHU02
5 08:52 09:12 -8 CTD A02006-1/CHU03
5 14:47 15.04 -8 CTD A02007-1/CHU04
5 15:11 15:31 -8 Multiple core sampling
5 15:30 -8 Radio Sonde RS-014
5 15:49 16:00 -8 Plankton net
Sep 6 03:29 -8 Radio Sonde RS-015
6 06:54 07:16 -8 CTD A02008-1/BRWO01
6 10:51 11:24 -8 CTD A02009-1/BRW02
6 13.01 13:33 -8 CTD A02010-1/BRWO03
6 15:21 16:03 -8 CTD A02011-1/BRWO04
6 15:31 -8 Radio Sonde RS-016
6 17:39 18:18 -8 CTD A02012-1/BRWO05
6 19:54 21:08 -8 CTD A02013-1/BRWO06
6 21.29 -8 Radio Sonde RS-017
Sep 7 03:29 -8 Radio Sonde RS-018
7 -8 Rendez-vous
7 09:29 -8 Radio Sonde RS-019
7 15:39 -8 Radio Sonde RS-020
7 21:30 -8 Radio Sonde RS-021
7 21:59 22:02 -8 CTD A02014-1/BC01
7 22:43 22:57 -8 CTD A02015-1/BC02
7 23:29 23:47 -8 CTD A02016-1/BC03
Sep 8 00:17 00:34 -8 CTD A02017-1/BC04
8 01:00 01:39 -8 CTD A02018-1/BC05
8 02:39 03:.01 -8 CTD A02019-1/BC06
8 03:30 -8 Radio Sonde RS-022
8 03:35 03:56 -8 CTD A02020-1/BC07
8 04:40 04:58 -8 CTD A02021-1/BC08
8 05:39 05:56 -8 CTD A02022-1/BC09
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1.4. Preliminary results
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Hydrographic statusin the summer of JWACS2002 focusing on the upper ocean stratification

In September 2002, the ice on the Arctic Ocean reached record lows. Ice extended over only 5.27
million square kilometers of the Arctic Ocean. Seven to nine million square kilometers is the normal
minimum. September’s concentration was 17% below normal and 9% below the previous low record
observed in 1998. Figure 1.4.1 shows ice concentration on October 3 for climatology and year 2002.
Patterns of ice reduction was not uniform in the Arctic; substantial reduction was observed in the
western Arctic Ocean north of Bering Strait. Another notable area where huge amount of ice
reduction occurred was the Greenland Sea. This geographical implies the ongoing Arctic Change or
variability would be strongly associated with the inflows from adjacent Pacific and Atlantic Oceans.
The MR02-K05 cruise focused on the role of ocean circulation and the resultant stratification on the
Arctic Climate system. We distributed the hydrographic stations of this cruise so as to cover the
spreading pathways of Pacific and Atlantic Waters both in the shelf region and basins.
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Figure 1.4.1 Spatial distribution of sea ice concentration on October 3 for climatology (left) and year
2000 (right).

Figure 1.4.2 shows the typical layering structure of water masses in the western Arctic Ocean. A
remarkable feature is a salt-stratified ocean rather than temperature. So the addition and removal of
halocline waters will have an impact on the ice cover through the changes in the depth of surface
mixed layer and fluctuation of upward hesat flux from the underlying warm waters. Here we briefly
report the hydrographic status in the Western Arctic according to the major water masses consisting
of the western Arctic stratification. In this section, we argue the hydrography using CTD data
acquired by MR02-K05 and Louis S. St-Laurent 2002 cruises.
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Figure 1.4.2. Schematic diagram of western Arctic Ocean stratification paying an attention to the heat source and
barrier layers.
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Figure 1.4.3 temperature and salinity scatter plots for all CTD stations of Mirai and Louis S.
St-Laurent 2002 cruises.



1.4.1. Heat sources
1.4.1.1. Eastern Chukchi Summer Water (ECSW)

Warmest shallow temperature maximum water with salinity range of 31-32psu enters the Canada
Basin via the Barrow Canyon (Figure 1.4.3). This water mass has been called as “Alaskan Coastal
Water” in classical literatures (e.g., Coachman et al., 1975). Taking the seasonality of the shelf water
and pathway in the Chukchi Sea into consideration, we call this water mass as “Eastern Chukchi
Summer Water”,

The summer of 2002 was the recorded ice retreat year in the Western Arctic Ocean. The region
where the maximum ice retreat appeared was the Northwind Ridge. Just before the IWACS 2002
field experiment, a symptom of the ice retreat was aready expected from the NOAA/AVHRR
satellite image on July 19 (Figure 1.4.4). The ice concentration over the Northwind Ridge was much
lower than the surrounding. This implied a substantial ice melt was ongoing in this area. We
occupied hydrographic stations in this area to investigate oceanic influences on the ice cover. Figure
1.4.5 shows the potential temperature on 31.3 psu within the salinity range of ECSW. Two warm
water regions were found in the western Beaufort Sea. One of them appeared in the vicinity of the
Barrow Canyon. The maximum temperature on S=31.3 was higher than the 5 degree with an
interleaving structure suggesting a new ECSW. The other was observed over the Northwind Ridge.
The later one was much colder than the former one and showed no interleaving structure. Therefore
the ECSW on the Northwind Ridge would be an old ECSW that entered the Beaufort Sea in 2001.
The eastward spreading of ECSW into the deep Canada Basin from the Northwind Ridge suggest the
clockwise circulation of ECSW. The spatial distribution of the old ECSW well corresponded to the
spatial pattern of the low seaice concentration in the satellite image on July 19.



Figure 1.4.4. NOAA AVHRR image on July 19, 2002

Figure 1.4.5. Spatial distribution of potential temperature on S=31.3 using the all data acquired by
R/V Mirai 2002 and CCGS Louis S. At-Laurent 2002 cruises.



1.4.1.2. Western Chukchi Summer Water (WCSW)

The other shallow temperature maximum water in the Western Arctic Ocean is “Western Chukchi
Summer Water” reached the Chukchi Borderlands via the Hope and Herald Valleys in the Chikchi
Shelf. This water mass is characterized by the temperature maximum water with salinity about
32.6psu or 64=26.2 (Figure 1.4.3). The maximum temperature is much lower than the ECSW. Then
the influence of WCSW on the ice cover would be less important relative to ECSW. However the
water is also characterized by nutrient rich water. The spatial distribution and spreading pattern can
affect the biological activity over the Chukchi Borderlands, middle and outer Chukchi shelf.

Figure 1.4.6 shows the spatial distribution of potential temperature on c5=26.2. Warmest water
was observed in the Chukchi Abyssal Plain west of the Chukchi Plateau. However a such kind of
warm water was not found east of the Northwind Ridge.

Tpot-0 ['C] on Sigms-0 [kgm’[=26.2

Figure 1.4.6 Spatial distribution of potential temperature on c4=26.2 representing the density of the
Western Chukchi Summer Water (WCSW).



1.4.1.3. Atlantic Water

The warming of the Atlantic Water in the Western Arctic has first observed in the vicinity of the
Mendeleyev in 1993 (Carmack et al., 1995). After that the warm water anomaly propagated into the
Chukchi Borderlands during the SHEBA period of 1997-1998. The Mirai 2002 cruise is opportune
to investigate the propagation into the Beaufort Sea.

Figure 1.4.7 shows the temperature profiles on the eastern flank of the Northwind Ridge since early
1990s. The warming was ceased during 1997-1999 on the eastern flank of the Northwind Ridge and
Northeastern Chukchi Slope (Figure 1.4.8). This indicates that the circulation over the Chukchi
Borderlands are not steady. Some circulation switchyard would occur due to joint effects of seafloor

topography and surface forcing associated with seaice motion.
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Figure 1.4.7 vertica profiles of temperature on the eastern flank of the Northwind Ridge. Abrupt

warming was observed in 2002.
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Figure 1.4.8 propagation of Warm Atlantic Water along the western Arctic continental shelf slopes
during 1993-2002. Here the SigMix (omix) defined by og+6/60, where® andog are

potential temperature and potential density respectively.
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Figure 1.4.9 Three regimes of Atlantic Water in the Canada Basin in 2002.



The hydrographic data of 2002 showed that the Atlantic Water was not uniform properties (Figure
1.4.9). The quantum-like (discrete) distribution of volume being associated with interleaving is
consistent in entire Canada Basin. Temperature maximum appeared at some discrete values. In the
western Canada Basin west of the 140° W, temperature maximum appeared at o mjx=27.925.
Large amplitude interleaving structures were observed in the vicinity of the Northwind Ridge.
However such large amplitude interleaving structure rarely appeared in the area off Alaskan North
Slope. In the area off Mackenzie Canyon small amplitude interleaving structure was observed,
however, the feature is different from that near the Northwind Ridge. The interleaving structure
occurred at the front between the different type of Atlantic Water with different omix at
temperature maximum. This suggests that the eastern Canadian Basin off Mackenzie Shelf would be

ashadow zone of the Atlantic Water Circulation along the perimeter of the basin.



1.4.2. Barrier layers
1.4.2.1 Mackenzie Water

The Mackenzie Water (MW) is characterized by a freshwater in the Western Arctic Ocean. The
MW controls the surface mixed layer depth and inhibits upward heat flux from the underlying
ECSW. Therefore the investigation of spreading of MW is significant to identify the region where
the upward heat flux from underlying ECSW is apparent. Figure 1.4.10 shows the spatial distribution
of salinity at 10 m deep which represents the spreading pattern of MW. The low salinity water lower
than 27 psu was distributed in the Canada Basin east of the Northwind Ridge. Then the Northwind
Ridge affects not only the circulation pattern ECSW but also MW. The resultant spatial distribution
of MW and ECSW specifies region where the interaction between upper ocean and ice cover.

Melt water is also characterized my low-salinity water. Distinction between Mackenzie Water and

Melt Water requires chemical properties such as oxygen isotope and Barium.

Sainily [psu] on Depth [m]=10

Figure 1.4.10 Spatial distribution of salinity at 10m deep.



1.4.2.2. Winter Shelf Waters (Super dense water)
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Figure 1.4.11 TS scatter plots (upper-left), relation between salinity and Oxygen saturation (upper
right), vertical profiles of temperature (lower left) and salinity (lower right) at selected stations
depicted in the map.



Classification of winter waters observed in the Western Arctic Ocean

The winter water in the Western Arctic Basin has been recognized as a temperature minimum
water with S=33.1psu. However several varieties of temperature minimum waters were found not
only at S=33.1 but also at S=33.5-34.5psu during the MR0O2K 05-Legl and Louis S. St-Laurent 2002
cruises (Figure 1.4.11). The later temperature minimum water can be classified into two types. One
of them with oxygen poor property was found in the northern half of the Northwind Ridge. The
source region was unknown, and would be far west away from the Northwind Ridge. The other with
oxygen rich property was observed in the southern Beaufort Sea. The formation region of this kind
of temperature minimum water would be in the Chukchi Shelf, since winter water through the
Bering Strait from south is generally less than 335 psu (Figure 1.4.12, see
http://psc.apl.washington.edu/HL D/Bstrait/bstrait.html by Knut Aagaard (UW), Rebecca Woodgate
(UW), Tom Weingartner (UAF)). This type of temperature minimum water (S>33.5, T~freezing

temperature) has been named as “ super dense water” by Weingartner et al. (1998). Here we focus on
the circulation pattern and formation of the super dense water in southern Canada Basin and northern
Chukchi Sea.
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Figure 1.4.12. Monthly mean temperature and salinity in Bering Strait during 1990-2000. After

Knut  Aagaard (UW), Rebecca Woodgate (UW), Tom Weingartner (UAF),
http://psc.apl.washington.edu/HL D/Bstrait/bstrait.html).




1.4.2.2.1. Formation of super dense water
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Figure 1.4.13. Daily mean (blue) and lowpassed (red) sealevel pressure (SLP) difference

between Nome and Barrow
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Winter Water switchyard
is expected

Figure 1.4.14. Northward velocity at the mouth of the Barrow Canyon (71°43.74'N, 155°09.41'W,
bottom depth:277m) and seaice concentration on February 18, 2002.



Figure 1.4.13 shows timeseries of sea level pressure difference; positive value of SLP corresponds
to westerly (eastward wind). Strong easterly blew from the late autumn through the end of February.
Simultaneously both a coastal polynya formation and strong upwelling were established along the
Alaskan Coast (Figure 1.4.14). In February, there was no freezing temperature between 33psu and
34psu (Figure 1.4.15). Dense and cold water was only found near 34.5 psu. From the TS scatter plots
at the Barrow Canyon (left panel of Figure 1.4.15), this type of super dense water would be formed
by vertical convection due to cooling. After weakening of the easterly, i.e., northward flow regime,
super dense water appeared along the freezing temperature, suggesting brine gjection as a major
formation mechanism. As a result spreading pathway of the super dense water into the Basin
would be different according to the changes in flow pattern (Figure 1.4.16). In early period, the
pathway was in the central Chukchi Sea and in the later period in the Barrow Canyon. Spatial
distribution of the super dense water in the southern Canada Basin was corresponded to the
speculated pathway in the northeastern Chukchi Shelf (Figure 1.4.17-18).
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Figure 1.4.15 TS scatter plots at the mouth of the Barrow Canyon during February and May in 2002.
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Figure 1.4.16. Schematic image of spreading pathway of dense super dense water in to the basin.
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Figure 1.4.18. Spatial distribution of oxygen saturation on S=33.8psu.



2. General observations
2.1 Meteorological observations

211 Surface meteorological parameters

(1) Personnel
Koji Shimada (JAMSTEC): Principal Investigator
Satoshi Okumura (GODI): Operation Leader

Souichiro Sueyoshi (GODI)
Norio Nagahama (GODI)
Kunio Yoneyama (JAMSTEC): (Shore-side participant)

(2) Objective

The surface meteorological parameters are observed as a basic dataset of the meteorology.
These parameters bring us the information about temporal variation of the meteorological
condition surrounding the ship.

(3) Methods
The surface meteorological parameters were observed throughout MR02-K05 legl cruise
from the departure of Sekinehama on 25 August 2002 to the arrival of Dutch Harbor on 10
October 2002.
This cruise, we used 2 systems for the surface meteorological observation.
1. Mira meteorological observation system
2. Shipboard Oceanographic and Atmospheric Radiation (SOAR) system

(3-1) Mirai meteorological observation system

Instruments of Mirai met system are listed in Table 2.1.1-1 and measured parameters are
listed in Table 2.1.1-2. Data was collected and processed by KOAC-7800 weather data
processor made by Koshin Denki, Japan. The data set has 6-second averaged every 6-second
record and 10-minute averaged every 10-minute record.

Table 2.1.1-1: Instruments and their installation locations of Mirai met system

Sensors Type Manufacturer location (atitude from surface)
Anemometer KE-500 Koshin Denki, Japan  foremast (24m)

KE-500 Kaoshin Denki, Japan aftermast (36m)
Thermometer FT Koshin Denki, Japan ~ compass deck (21m)
Dewpoint meter Dw-1 Koshin Denki, Japan ~ compass deck (21m)
Barometer F451 Yokogawa, Japan weather observation room

captain deck (13m)

Rain gauge 50202 R. M. Young, USA compass deck (19m)
Optical rain gauge ORG-115DR  ScTi, USA compass deck (19m)
Radiometer (short wave) MS-801 Eiko Seiki, Japan radar mast (28m)
Radiometer (long wave) MS-200 Eiko Seiki, Japan radar mast (28m)

Wave height meter MW-2 Tsurumi-seiki, Japan Bow



Table 2.1.1-2: Parameters of Mirai meteorological observation system

Parameters Units Remarks
1 Latitude degree
2 Longitude degree
3 Ship's speed knot Mirai log, DS-30 Furuno
4  Ship'sheading degree Mirai gyro, TG-6000, Tokimec
5 Relative wind speed m/s 6 sec. / 10 min. averaged
6 Relativewind direction degree 6 sec. / 10 min. averaged
7 Truewind speed m/s 6 sec. / 10 min. averaged
8 Truewind direction degree 6 sec. / 10 min. averaged
9 Barometric pressure hPa adjusted to the sea surface level
6 sec. / 10 min. averaged
10 Air temperature (starboard side) degC 6 sec. / 10 min. averaged
11 Air temperature (port side) degC 6 sec. / 10 min. averaged
12 Dewpoint temperature (stbd side) degC 6 sec. / 10 min. averaged
13 Dewpoint temperature (port side) degC 6 sec. / 10 min. averaged
14 Relative humidity (starboard side) % 6 sec. / 10 min. averaged
15 Relative humidity (port side) % 6 sec. / 10 min. averaged
16 Rain rate (optical rain gauge) mm/hr 6 sec. / 10 min. averaged
17 Rainrate (capacitive rain gauge) mm/hr 6 sec. / 10 min. averaged
18 Down welling shortwave radiometer W/m2 6 sec. / 10 min. averaged
19 Down welling infra-red radiometer W/im2 6 sec. / 10 min. averaged
20 Seasurface temperature degC -5m
21 Significant wave height (fore) m 3 hourly
22 Significant wave height (aft) m 3 hourly
23 Significant wave period (fore) second 3 hourly
24 Significant wave period (aft) second 3 hourly

(3-2) Shipboard Oceanographic and Atmospheric Radiation (SOAR) system
SOAR system, designed by BNL (Brookhaven National Laboratory, USA), is consisted of 3

parts.
1. Portable Radiation Package (PRP) designed by BNL — short and long wave down welling
radiation
2. Zeno meteorological system designed by BNL — wind, Tair/RH, pressure and rainfall
measurement

3. Scientific Computer System (SCS) designed by NOAA (National Oceanographic and
Atmospheric Administration, USA) — centralized data acquisition and logging of al data
sets

SCSrecorded PRP data every 6.5 seconds, Zeno/met data every 10 seconds.

Instruments and their locations are listed in Table 2.1.1-3 and measured parameters are listed

inTable2.1.1-4



Table 2.1.1-3: Instrument installation locations of SOAR system

Sensors Type manufacturer location (atitude from the baseline)

Zeno/Met

Anemometer 05106 R. M. Young, USA foremast (25m)

T/RH HMP45A Vaisala, USA foremast (24m)
with 43408 Gill aspirated radiation shield (R. M. Young)

Barometer 61201 R. M. Young, USA foremast (24m)
with 61002 Gill pressure port (R. M. Young)

Rain gauge 50202 R. M. Young, USA foremast (24m)

Optical rain gauge ORG-815DA ScTi, USA foremast (24m)

PRP

Radiometer (short wave) PSP Eppley labs, USA foremast (25m)

Radiometer (long wave) PIR Eppley labs, USA foremast (25m)

Fast rotating shadowband radiometer Yankee, USA foremast (25m)

Table 2.1.1-4: Parameters of SOAR system

Parameters units Remarks
1 Latitude degree
2 Longitude degree
3 Sog knot
4 Cog degree
5 Relative wind speed m/s
6 Relativewind direction degree
7 Barometric pressure hPa
8 Airtemperature degC
9 Relative humidity %
10 Rainrate (optical rain gauge) mm/hr
11 Precipitation (capacitive rain gauge) mm reset at 50mm
12 Down welling shortwave radiation W/im2
13 Down welling infra-red radiation W/m2
14 Defuseirradiation W/m2

(4) Preliminary results

Tair (Mirai meteorological observation system), SST (from EPCS), RH, precipitation,
pressure (Mirai meteorological observation system), solar radiation (from SOAR) and Wind
(converted to U, V component, from Mirai meteorological observation system), observed during
the cruise are shown in Figure 2.1.1-1. In the figures, accumulated precipitation data from Mirai
meteorological observation system optical rain gauge was converted to the precipitation
intensity and obvious noises were eliminated but not calibrated. Other figures are showing
uncorrected data.

(5) Dataarchives
These raw data will be submitted to the Data Management Office (DMO) in JAMSTEC just
after the cruise.
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Figure 2.1.1-1 Time series of surface meteorological parameters.
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2.1.2 Ceilometer

(1) Personnel
Satoshi Okumura (GODI): Operation Leader
Souichiro Sueyoshi (GODI)
Norio Nagahama (GODI)

(2) Parameters
(1.2) Cloud base height [m]
(1.2) Backscatter profile, sensitivity and range normalized at 30 m resolution

(3) Method

We measured cloud base height and backscatter profile using CT-25K (VAISALA, Finland)
ceilometer throughout MR02-K 05 legl cruise from the departure of Sekinehama on 25 August
2002 to the arrival of Dutch Harbor on 10 October 2002.

Major parameters for the measurement configuration are as follows;

Laser source: Indium Gallium Arsenide (InGaAs) Diode
Transmitting wave length: 905+ 5nm at 25 deg-C

Transmitting average power: 8.9 mw

Repetition rate: 5.5 kHz

Detector: Silicon avalanche photodiode (APD)
Responsibility at 905 nm: 65 A/W

M easurement range: 0 7.5km

Resolution: 50 ft in full range

Sampling rate: 60 sec

(4) Preliminary results
The first, second and third lowest cloud base height during the cruise are plotted in Figure
2.1.2-1.

(5) Dataarchives
The raw datawill be submitted to Data Management Office (DMO) in JAMSTEC just after
the cruise.
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Figure 2.1.2-1 1st, 2nd and 3rdlowest cloud base height during MR02-K 05 legl cruise



2.2 Physical oceanogr aphic observations

2.2.1 CTD cast and water sampling

(2) Personnel
Koji Shimada (JAMSTEC) Principal Investigator
Akihiko Murata (JAMSTEC) Scientist
Shigeto Nishino (JAMSTEC) Scientist
Motoyo Ito (JAMSTEC) Scientist
Satoshi Ozawa (MWJ) Operation Leader
Miki Yoshiike (MWJ)

Kenichi Katayama (MWJ)
Naoko Takahashi (MWJ)

(2) Objective
Investigation of oceanic structure.

(3) Parameters
Temperature (Primary and Secondary)
Conductivity (Primary and Secondary)
Pressure
Dissolved Oxygen (here after D.O.) concentration
Fluorescence
Light Transmission

(4) Instruments and Methods

CTD/Carousel Water Sampling System, which is a 36-position Carousel water sampler with
Sea-Bird Electronics Inc. CTD (SBE9plus), was used during this cruise. 12-litter Niskin Bottles
were used for sampling seawater. The sensors attached on the CTD were temperature (Primary and
Secondary), conductivity (Primary and Secondary), pressure, D.O. and fluorometer, transmissometer,
atimeter sensors. Salinity was calculated by measured values of pressure, conductivity and
temperature. The CTD/CWS was deployed from starboard on working deck.

The CTD raw data were acquired on real time using the Seasave-Win32 (ver.5.25b) provided by
Sea-Bird Electronics,Inc. and stored on the hard disk of the personal computer. Seawater was
sampled during up-cast by sending fire commands from the personal computer. We sampled
seawater to calibrate salinity data.

Measurement depth was to 10m above the bottom of the sea. Total 152 casts of CTD
measurements have been carried out. (See table 2.2.1-1)

The CTD raw data was processed using SBE Data Processing-Win32 (ver.5.25b) and SEASOFT
(ver.4.249). SEASOFT (ver.4.249) was used only DERIVE and SPLIT. Data processing procedures
and used utilities SBE Data Processing-Win32 and SEASOFT of were asfollows:

DATCNV Convert the binary raw data to output on physical units.
This utility selects the CTD data when bottles closed to output on
another file.

SECTION Remove the unnecessary data.

ALIGNCTD ALIGNCTD aligns oxygen measurements in time relative to pressure.
Secondary Conductivity sensor relative to pressure = 0.073 seconds
Oxygen sensor relative to pressure = 5.0 seconds

WILDEDIT Obtain an accurate estimate of the true standard deviation of the data.
Std deviation for pass 1= 2
Std deviation for pass 2= 10



CELLTM

FILTER

LOOPEDIT

BINAVG
DERIVE
SPLIT
ROSSUM

Configuration file

Scan per block= 48

K eep data within this distance of mean= 1000

Exclude Scan Marked Bad = Check

Remove conductivity cell thermal mass effects from measured
conductivity.

Primary Alpha=0.03, 1/beta=7.0

Secondary Alpha=0.03, 1/beta=7.0

Filter the high frequency noise on the data

Filter A = 0.15sec

Variable to Filter: Pressure: Low Pass Filter A

Mark scan with ‘badflag’, if the CTD velocity islessthan 0 m/s.
Minimum Velocity Type = Fixed Minimum Vel ocity

Minimum CTD Velocity [m/sec] = 0.0

Exclude Scan Marked Bad = Check

Calculate the averaged datain every 1 db.

Calculate oceanographic parameters.

Splits the data made in CNV files into up-cast and down-cast files.
Edits the data of water sampled to output a summary file.

MRO02K 05.con to Stn.A02035-1
MRO2K 05A.con from Stn.A02035-2

Specifications of the sensors are listed below.
CTD SBE911plusCTD system

Under water unit

SBE9plus (S/N 09P27443-0677, Sea-bird Electronics, Inc.)
Pressure sensor  Digiquartz pressure sensor (S/N 79511)

Calibrated Date: 02 Jul.2002

Temperature sensors

Primary

SBE03-04/F (S/N 031359, Sea-hird Electronics, Inc.)
Calibrated Date: 11 Jul. 2002

Secondary SBEO3plus (S/N 032453, Sea-bird Electronics, Inc.)

Cadlibrated Date; 11 Jul. 2002

Conductivity sensors
To Stn.A02035-1

Primary

SBE04-04/0 (S/N 041202, Sea-bird Electronics, Inc.)
Cdlibrated Date: 30 Jul. 2002

Secondary SBEQ4C (S/N 042240, Sea-hird Electronics, Inc.)

Cdlibrated Date: 11 Jul. 2002

From Stn.A02035-2

Primary

SBEQO4C (S/N 042240, Sea-hird Electronics, Inc.)
Calibrated Date: 11 Jul. 2002

Secondary SBEQ4C (S/N 042435, Sea-hird Electronics, Inc.)

D.O. sensor

Altimeter

Fluorometer

Cdlibrated Date: 06 Feb. 2002
SBE43 (S/N 430069, Sea-bird Electronics, Inc.)

Calibrated Date: 06 Jul. 2001
Datasonics PSA-900 (S/N 396, Datasonics, Inc.)
(S/N 2148, Seapoint Sensors, Inc.)



C Star Transmissometer  (S/N CST-207RD, WET Labs, Inc.)

Cdlibration Date: 19 May. 1998

Deck unit SBE11plus (S/N 11P7030-0272, Sea-bird Electronics, Inc.).
Carousel water sampler  SBE32 (S/N 3227443-0391, Sea-bird Electronics, Inc.).

(5) Results
See 81.4. Preliminary results. The results are based on the CTD observation of this cruise.

(6) Troubles

The primary conductivity sensor was replaced with S/IN 042240 from S/N 041202 after
Stn.A02035-1 because profile of salinity showed unusual value a Stn.A02035-1. And, it was
entailed, and the secondary conductivity sensor was replaced with S/N 042435 from S/IN 042240,
too.

Spike noises were found on profile of Salinity and D.O. at Stn.A02058-1, Stn.A02059-1. The
cause of the noise of Stn.A02058-1 wasn't clear. The cause of the noise of Stn.A02059-1 was leak of
the cable of primary conductivity sensor. Therefore, the cable of Primary conductivity sensor was
replaced after Stn.A02059-1.

(7) Data archives

All raw and processed CTD data files were copied onto CD-ROMSs. The data will be submitted to
the Data Management Office (DMO), JAMSTEC, and will be opened to public via “R/V MIRAI
Data Web Page” in JAMSTEC home page.



Table2.2.1-1 CTD Cast Table

Date(UTC) Time(UTC) Start Position Raw data Depth | Altimeter Max
Stn. yy/mm/dd | Start End Latitude | Longitude | filename (MNB) pressure Remarks
A02001-1 [ 2002/9/3 1:40 3:46 | 54-58.30N [ 169-29.73W [ 001IMOl.dat| 2934.0 133 2960.30
A02002-1 | 2002/9/4 | 22:30 | 22:39 | 65-40.90N | 168-29.74W | 002MO1.dat 55.0 9.8 43.40
A02003-1 [ 2002/9/5 1:54 2:06 | 66-30.04N [ 168-30.09W | 003MO1.dat 53.0 104 41.43
A02004-1 | 2002/9/5 | 10:04 | 10:16 | 68-15.24N | 168-29.98W | 004MO1.dat 58.0 10.2 45.99
A02005-1 [ 2002/9/5 | 12:20 | 12:32 | 68-30.37N | 167-37.85W | 005MO1.dat 53.0 10.0 41.94
A02006-1 | 2002/9/5 | 16:59 | 17:09 | 69-30.03N | 166-59.82W | 006MO1.dat 40.0 10.0 36.70  |Depth:furuno
A02007-1 | 2002/9/5 | 22:52 | 23:00 | 70-30.00N | 163-59.27W | 007MO1.dat 36.5 10.0 33.14  |Depth:furuno
A02008-1 | 2002/9/6 | 15:.00 | 15:12 | 70-49.89N | 160-29.59W | 008MO1.dat 53.0 9.5 42.09
A02009-1 [ 2002/9/6 | 1857 | 19:20 | 71-20.08N | 157-59.06E | 009MOl.dat [ 122.0 104 108.21
A02010-1 | 2002/9/6 | 21.07 | 21:29 | 71-30.2IN | 156-43.26W | 010MOl.dat [ 156.0 10.1 143.69
A02011-1 | 2002/9/6 | 23:26 0:00 | 71-41.26N [ 155-29.51W | 011IMOldat| 272.0 10.3 259.25
A02012-1 | 2002/9/7 1:44 2:15 | 71-52.90N | 154-59.46W | 012MOl.dat| 378.0 10.0 366.00
A02013-1 | 2002/9/7 3:59 5:04 | 72-04.06N [ 154-30.36W [ 013MOl.dat| 1343.0 - 1232.10
A02014-1 | 2002/9/8 6:04 6:09 | 71-36.52N | 154-50.63W | 014MO1.dat 45.0 105 33.27
A02015-1 | 2002/9/8 6:47 6:53 | 71-38.48N [ 154-55.19W | 015MO1.dat 54.9 10.5 50.73  |Depth:furuno
A02016-1 | 2002/9/8 7:34 7:43 | 71-40.83N | 154-58.43W | 016MOl.dat [ 108.0 10.2 97.56
A02017-1 | 2002/9/8 8:21 8:30 | 71-41.90N [ 155-03.91W | 017MOl.dat| 160.0 10.3 149.47
A02018-1 | 2002/9/8 9:07 9:35 | 71-44.05N [ 155-07.16W | 018MO0l.dat| 258.0 4.8 243.00
A02019-1 [ 2002/9/8 | 10:45 | 10:56 | 71-45.9IN | 155-14.27W | 019MOl.dat [ 231.0 9.7 220.92
A02020-1 2002/9/8 11:40 11:51 | 71-48.74N | 155-17.60W | 020MO1.dat 195.0 7.9 188.39
A02021-1 [ 2002/9/8 | 12:45 | 12:53 | 71-51.99N | 155-29.73W | 021MOl.dat [ 156.0 9.1 145.85
A02022-1 | 2002/9/8 | 13:43 | 13:52 | 71-55.94N | 155-39.41W | 022MOl.dat | 142.0 8.1 133.33
A02023-1 [ 2002/9/8 | 15:.01 | 15:08 | 71-59.9IN | 156-00.10W | 023MOl.dat | 122.0 9.6 114.04
A02024-1 | 2002/9/8 | 16:37 | 16:44 | 72-05.95N | 156-47.88W | 024MOl.dat | 133.0 9.5 122.75
A02025-1 | 2002/9/8 | 1823 | 1829 | 72-11.9IN | 157-36.05W | 025MO01.dat 76.0 10.0 63.02
A02026-1 | 2002/9/8 | 20:10 | 20:15 | 72-17.97N | 158-24.22W | 026MO1.dat 56.0 9.7 45.33
A02027-1 | 2002/9/8 | 21:50 | 21:55 | 72-23.87N | 159-11.98W | 027MO1.dat 51.0 9.7 41.11
A02028-1 | 2002/9/8 | 23:38 | 23:54 | 72-30.20N | 159-59.85W | 028MO1.dat 50.0 9.7 38.00
A02029-1 | 2002/9/9 1:32 1:43 | 72-36.02N | 159-41.94W | 029MO1.dat 58.0 104 46.45
A02030-1 [ 2002/9/9 2:52 3:05 | 72-42.22N [ 159-23.88W | 030MO01.dat 90.0 9.6 74.92
A02031-1 [ 2002/9/9 4:20 4:45 | 72-48.16N [ 159-05.98W [ 031MOl.dat| 203.0 145 188.09
A02032-1 | 2002/9/9 7:.03 7:40 | 72-54.08N [ 158-47.89W [ 032MO0l.dat| 405.0 9.5 400.17
A02033-1 [ 2002/9/9 9:04 10:30 | 73-00.15N [ 158-29.59W | 033MOl.dat | 1325.0 8.1 1308.77
A02034-1 | 2002/9/9 | 12:08 | 13:53 | 73-09.99N | 158-00.27W [ 034MOl.dat | 2395.0 7.8 2418.50 [C-sensor(Pri) trouble
A02035-1 | 2002/9/9 | 16:04 | 16:25 | 73-20.15N | 157-29.99W [ 035MO0l.dat | 2970.0 - - C-sensor(Pri) trouble
A02035-2 | 2002/9/9 | 17:10 | 19:11 | 73-20.74N | 157-28.47W | 035M02.dat [ 3011.0 6.9 3051.70 |Change C-sensor
A02036-1 | 2002/9/9 | 20:58 | 23:21 | 73-29.3IN | 157-00.77W [ 036MOl.dat | 3265.0 9.4 3306.73
A02036-2 | 2002/9/10 | 1:33 1:50 [ 73-29.91N | 157-00.65W | 036M02.dat | 3235.0 - -
A02037-1 | 2002/9/10 | 4:01 4:55 | 73-50.16N [ 156-59.12W [ 037MO0l.dat | 3850.0 - 1518.82
A02038-1 | 2002/9/10 | 6:32 7:24 | 74-05.08N | 157-10.01W | 038MO1.dat | 3856.0 - 1523.22
A02039-1 | 2002/9/10 | 8:44 9:38 | 74-14.99N | 157-30.46W [ 039MOl.dat | 3861.0 - 1526.37
A02040-1 | 2002/9/10 | 10:27 | 12:39 | 74-20.08N | 157-40.36W | 040MOl.dat [ 3860.0 119 3908.84
A02041-1 | 2002/9/10 | 13:28 | 15:31 | 74-25.06N | 157-50.65W [ 041MOl.dat | 3183.0 - 3032.55
A02042-1 | 2002/9/10 | 17:09 | 17:58 | 74-30.18N | 158-00.00W [ 042MOl.dat | 1476.0 7.7 1492.64
A02043-1 | 2002/9/10 | 19:07 | 19:55 | 74-35.13N | 158-10.19W [ 043MO0l.dat | 1053.0 5.5 1047.37
A02044-1 | 2002/9/10 | 21.05 | 21:40 | 74-30.0IN | 158-29.88W | 044MOl.dat [ 907.0 9.3 903.33
A02045-1 | 2002/9/10 | 22:32 | 23:13 | 74-27.00N | 158-44.65W [ 045MO0l.dat | 1039.0 9.7 1035.14
A02046-1 | 2002/9/11 | 0:00 0:30 | 74-24.01N [ 158-59.93W [ 046MOl.dat| 749.0 9.2 739.53
A02047-1 | 2002/9/11 | 19:05 | 20:04 | 74-14.78N | 162-33.64W [ 047MO0l.dat | 1088.0 8.4 1089.93
A02047-2 | 2002/9/11 | 21:36 | 22:00 | 74-14.85N | 162-33.48W [ 057M02.dat | 1093.0 - 504.06
A02048-1 | 2002/9/11 | 23:04 | 23:39 | 74-07.43N | 162-53.55W | 048MOl.dat [ 401.0 9.6 394.80
A02049-1 | 2002/9/12 | 0:46 1:13 | 74-00.03N | 163-13.67W | 049M0O1.dat | 302.0 104 290.38
A02050-1 [ 2002/9/12 | 3:00 3:19 | 73-48.50N [ 163-41-99W | 050MOl.dat| 218.0 9.2 205.56
A02051-1 | 2002/9/12 | 4:48 4:59 | 73-40.09N [ 164-06.46W [ 051IMOl.dat| 167.0 114 156.52
A02052-1 | 2002/9/12 | 6:27 6:38 | 73-30.09N [ 164-33.47W | 052MO0l.dat| 112.0 9.5 101.95
A02053-1 | 2002/9/12 | 7:49 8:00 | 73-30.02N [ 165-00.49W | 053MO01.dat 74.0 105 61.52
A02054-1 | 2002/9/12 | 17:10 | 17:51 | 73-42.86N | 161-00.18W [ 054MO0l.dat| 1187.0 8.3 1151.31
A02055-1 | 2002/9/12 | 19:45 | 21:.08 | 73-43.75N | 159-59.54W [ 055MO0l.dat | 2517.0 85 2547.26
A02056-1 | 2002/9/12 | 22:36 0:13 | 73-46.65N [ 158-59.91W [ 056MO0l.dat | 3113.0 8.8 3146.20
A02057-1 | 2002/9/13 | 1:43 3:37 | 73-5L.17N [ 157-59.91W [ 057MO0l.dat| 3614.0 7.6 3675.93
A02058-1 | 2002/9/13 | 6:18 8:15 | 74-00.22N | 156-00.28W [ 058MO0l.dat | 3865.0 9.7 3911.80 [Sdlinity(Pri)& Oxygen noise
A02059-1 | 2002/9/13 | 16:03 | 16:32 | 73-30.05N | 155-07.58W [ 059MO0l.dat | 3856.0 - - Change (Pri.)C-sensor cable
A02059-2 | 2002/9/13 | 17:45 | 20:14 | 73-30.12N | 155-08.31W [ 059MO02.dat | 3859.0 85 3913.23




A02060-1 | 2002/9/13 | 23:33 1:34 | 72-59.95N | 154-14.35W| 060MOl.dat | 3711.0 12.9 3773.03

A02061-1 [ 2002/9/14 5:32 7:10 [ 72-30.35N | 153-23.04W| 061MOLl.dat | 3213.0 7.3 3219.67

A02062-1 | 2002/9/14 | 11.02 | 12:03 | 72-00.06N | 152-30.34W [ 062MOl.dat | 1649.0 9.7 1625.80

A02063-1 | 2002/9/14 | 16:05 | 18:36 | 72-30.05N | 151-20.61W [ 063MO0l.dat | 3687.0 9.0 3746.55

A02064-1 | 2002/9/14 | 22:15 0:21 73-00.19N | 150-10.08W | 064MO1.dat [ 3753.0 9.5 3813.67

A02065-1 | 2002/9/15 | 4:12 6:14 | 73-00.09N | 148-00.22W | 065MO01.dat | 3698.0 8.9 3754.18

A02066-1 | 2002/9/15 | 10:21 | 12:15 | 72-29.94N | 146-36.03W [ 066MOl1.dat | 3565.0 9.6 3622.72

A02067-1 | 2002/9/15 | 15:36 | 18:02 | 72-00.13N | 145-59.87W [ 067MO0l.dat | 3470.0 10.3 3520.24

A02068-1 [ 2002/9/16 2:.03 417 72-49.1IN | 141-59.84W | 068MO1.dat [ 3392.0 9.5 3444.59

A02069-1 | 2002/9/16 | 15:.08 | 17:15 | 72-29.40N | 142-08.09W [ 069MOl1.dat | 3259.0 111 3304.72

A02070-1 | 2002/9/16 | 20:41 | 22:41 | 71-50.88N | 142-04.85W [ 070MOl.dat | 2889.0 8.5 2926.63

A02071-1 | 2002/9/17 2:19 421 71-15.43N | 142-00.27W | 071MO1.dat [ 2829.0 8.4 2875.72

A02072-1 | 2002/9/17 | 15.05 | 16:49 | 71-01.69N | 141-59.42W [ O72MOl.dat | 2327.0 8.6 2354.45

A02072-2 | 2002/9/17 | 18:32 | 19:22 | 70-53.97N | 141-54.73W [ 072M02.dat | 2095.0 - 1116.22

A02073-1 | 2002/9/17 | 20:12 | 21:47 | 70-47.20N | 141-51.09W [ O73MOl.dat | 1791.0 5.8 1802.23

A02074-1 | 2002/9/17 | 23:25 0:28 70-42.0IN | 141-46.56W | 074MO1.dat [ 1054.0 13.2 1057.64

A02075-1 [ 2002/9/18 2:00 2:36 70-33.76N | 141-43.27W | 075MO1.dat [ 494.0 8.1 481.19

A02076-1 | 2002/9/18 | 3:55 4:10 | 70-25.11IN [ 141-38-57W | 076MOL.dat 92.0 10.2 85.60

A02077-1 [ 2002/9/18 5:25 5:34 | 70-18.37N [ 141-24.20W | 077MOL.dat 49.7 10.0 46.23  |Depth:furuno
A02078-1 | 2002/9/19 | 16:36 | 16:53 | 70-52.53N | 133-57.96W | 078MO1.dat 83.0 10.3 70.13

A02079-1 [ 2002/9/19 | 18:.05 | 1813 | 70-45.96N | 133-47.11W | 079MOL.dat 77.0 104 62.85

A02080-1 | 2002/9/19 | 19:38 | 19:49 | 70-38.04N | 133-40.39W | 080MO1.dat 74.0 10.5 60.16

A02081-1 [ 2002/9/19 | 21:15 | 21:25 | 70-30.05N | 133-35.42W | 081MOL1.dat 69.0 10.0 57.37

A02082-1 | 2002/9/19 | 23:38 | 23:49 | 70-17.1IN | 134-02.18W | 082MO1.dat 38.9 10.3 35.22  |Depth:furuno
A02083-1 [ 2002/9/20 1.07 1:19 70-22.08N | 133-36.38W | 083MO1.dat 62.0 10.3 48.35

A02084-1 | 2002/9/20 | 3:23 3:31 70-24.90N | 133-09.28W | 084MO1.dat 35.0 10.3 31.67  |Depth:furuno
A02085-1 [ 2002/9/20 5:20 5:38 70-08.02N | 133-30.10W | 085MOl1.dat [ 342.0 10.0 30.78  |Depth:furuno
A02086-1 | 2002/9/21 | 16:04 | 16:14 | 70-45.13N | 127-59.89W | 086MO1.dat 52.0 9.5 41.22

A02087-1 | 2002/9/21 | 17:03 | 17:14 | 70-45.23N | 127-52.40W | 087MO1.dat 98.0 9.2 83.74

A02088-1 | 2002/9/21 | 18:06 | 18:19 | 70-45.26N | 127-43.99W | 088MOl.dat [ 151.0 9.6 140.04

A02089-1 [ 2002/9/21 | 19:06 | 19:27 | 70-44.94N | 127-26.42W | 089MOl.dat [ 193.0 103 180.79

A02090-1 | 2002/9/21 | 21:23 | 21:30 | 70-33.05N | 127-35.13W | 090MO1.dat 59.0 113 44.83

A02091-1 [ 2002/9/21 | 22:04 | 22:13 | 70-33.69N | 127-33.83W | 091MOl.dat [ 103.0 10.8 91.21

A02092-1 | 2002/9/21 | 22:45 | 22:57 | 70-34.7IN | 127-29.71W | 092MOl.dat [ 192.0 9.0 179.03

A02093-1 [ 2002/9/22 | 0:05 0:18 70-36.22N | 127-22.96W | 093MO1.dat [ 240.0 9.2 230.13

A02094-1 [ 2002/9/22 2:14 2:27 70-45.07N | 128-30.18W [ 094MO1.dat 27.6 45 29.54  |Depth:furuno
A02095-1 [ 2002/9/22 5:02 5:10 | 70-54.19N [ 127-55.30W [ 095MOl.dat | 105.0 10.0 93.50

A02096-1 [ 2002/9/22 6:02 6:10 | 70-57.56N | 128-15.25W | 096MO1.dat 53.0 4.8 45.78

A02097-1 [ 2002/9/22 7:41 7.47 71-05.06N | 128-59.37W | 097MO1.dat 36.8 4.3 39.62  |Depth:furuno
A02098-1 | 2002/9/26 | 16:05 | 16:16 | 69-49.92N | 140-00.50W | 098MO1.dat 28.1 10.2 25.08  |Depth:furuno
A02099-1 | 2002/9/26 | 17:40 | 17:49 | 69-53.50N | 139-29.67W | 099MO1.dat 36.2 8.1 34.69  |Depth:furuno
A02100-1 | 2002/9/26 | 18:44 | 18:55 | 69-55.45N | 139-16.93W | 100MO1.dat 58.0 6.5 47.65

A02101-1 | 2002/9/26 | 19:44 | 20:02 | 69-56.96N | 139-06.32W | 101MOl.dat [ 168.0 103 155.57

A02102-1 | 2002/9/26 | 21:05 | 21:29 | 69-58.16N | 138-54.79W | 102MOl.dat [ 220.0 9.0 197.69

A02103-1 | 2002/9/26 | 22:14 | 22:43 | 69-59.85N | 138-39.60W | 103MOl.dat [ 285.0 9.3 268.66

A02104-1 [ 2002/9/27 | 0:45 1:10 | 70-15.09N | 138-55.14W| 104M0Ol1.dat | 448.0 8.8 431.59

A02105-1 [ 2002/9/27 2:36 3:34 | 70-30.34N [ 139-09.85W [ 105MO0l.dat | 868.0 8.2 865.77

A02106-1 | 2002/9/27 | 16:.03 | 16:13 | 69-24.13N | 137-59.79W | 106MO1.dat 59.0 10.0 40.72

A02107-1 | 2002/9/27 | 17:23 | 17:32 | 69-33.00N | 138-09.86W | 107MOl.dat [ 108.0 10.0 92.70

A02108-1 | 2002/9/27 | 18:31 | 18:48 | 69-41.93N | 138-19.45W | 108MOl1.dat [ 152.0 10.5 137.56

A02109-1 [ 2002/9/27 | 19:49 | 20:01 | 69-50.97N | 138-30.05W | 109MOl.dat [ 200.0 10.0 183.29

A02110-1 | 2002/9/27 | 21.04 | 21:19 | 69-59.89N | 138-40.19W | 110MOl.dat [ 280.0 9.5 267.70

A02111-1 | 2002/9/27 | 22:27 | 22:48 | 70-03.72N | 138-10.14W | 111MOl.dat [ 217.0 5.4 204.50

A02112-1 | 2002/9/27 | 2347 0:03 70-05.88N | 137-50.22W | 112MO1.dat [ 129.0 103 115.59

A02113-1 [ 2002/9/28 | 0:55 1:04 [ 70-08.50N | 137-30.19W | 113MO1.dat 66.0 9.8 51.31

A02114-1 [ 2002/9/28 2:.08 2:18 70-12.08N | 137-00.77W | 114MO1.dat 54.0 10.7 38.20

A02115-1 [ 2002/9/30 8.08 9:22 71-02.73N | 145-56.41W | 115MO1.dat [ 1599.0 8.5 1628.25

A02116-1 | 2002/9/30 | 14:24 | 1526 | 71-20.5IN | 148-58.53W [ 116MOl.dat | 1677.0 10.2 1685.62

A02117-1 | 2002/9/30 | 21:02 | 21:12 | 71-20.03N | 152-30.11W | 117MO1.dat 65.0 9.6 54.36

A02118-1 | 2002/9/30 | 22:34 | 22:50 | 71-30.08N | 152-29.87W | 118MOl.dat [ 110.0 9.7 100.62

A02119-1 | 2002/10/1 | 0:01 0:34 | 71-40.14N [ 152-29.84W ([ 119MO0l.dat | 319.0 10.3 309.22

A02120-1 [ 2002/10/1 2:00 3:20 | 71-50.12N [ 152-30.51W [ 120MOl.dat | 1337.0 8.8 1333.03

A02121-1 [ 2002/10/1 5:43 7:.52 72-19.99N | 152-30.01W | 121MO1.dat [ 2895.0 9.2 2930.66

A02122-1 | 2002/10/1 | 14:25 | 16:41 | 73-30.4IN | 152-29.72W [ 122MO01.dat | 3843.0 8.3 3906.97

A02123-1 | 2002/10/1 | 22:58 | 23:45 | 74-40.43N | 152-29.22W [ 123MO0l1.dat | 3849.0 - 1363.00 |c and d.o.sensor froze up.
A02123-2 | 2002/10/1 | 23:53 2:35 74-41.00N | 152-28.73W | 123M02.dat [ 3851.0 12.0 3906.27

A02124-1 | 2002/10/2 6:57 9:09 74-40.15N | 154-59.38W | 124MO0O1.dat [ 3857.0 10.4 3910.44




A02125-1 | 2002/10/2 | 15:17 | 16:08 | 74-40.23N | 158-45.21W | 125MOl.dat | 775.0 7.0 772.19

A02126-1 | 2002/10/2 | 17:09 | 17:56 | 74-45.00N | 159-04.20W | 126MOl.dat | 1351.0 17.4 1363.55

A02127-1 | 2002/10/2 | 18:42 | 19:44 | 74-47.42N | 159-11.71W | 127MOl.dat | 1764.0 18.8 1770.10

A02128-1 | 2002/10/2 | 21:09 | 22:30 | 74-54.10N | 159-30.10W | 128M0l.dat | 1875.0 7.5 1889.98

A02129-1 | 2002/10/3 3:43 4:52 75-20.30N | 160-45.52W | 129M01.dat | 2106.0 8.9 2119.65

A02130-1 | 2002/10/3 6:34 8:07 75-30.48N | 161-20.16W | 130MOLl.dat | 2102.0 9.6 2118.99

A02131-1 | 2002/10/3 | 10:13 | 10:48 | 75-35.75N | 161-48.25W | 131MOl.dat [ 943.0 114 942.15

A02132-1 | 2002/10/3 - - - - - - - - Cast cansel due to frozen surface
A02133-1 | 2002/10/3 | 19:25 | 20:38 | 76-02.47N | 163-18.64W | 133MOLl.dat [ 2070.0 10.8 2081.37

A02134-1 | 2002/10/3 | 21:30 | 21:59 | 76-00.64N | 163-41.04W | 134MOLl.dat| 738.0 10.1 737.56

A02135-1 | 2002/10/3 | 22:46 | 23:30 | 75-59.73N | 163-36.11W | 135MOl.dat | 1381.0 100.0 1254.51

A02136-1 | 2002/10/4 | 0:40 1:10 | 76-01.89N [ 164-10.66W | 136MO1.dat | 864.0 9.2 860.32

A02137-1 | 2002/10/4 3:15 3:38 76-00.28N | 165-30.41W | 137MOl.dat | 454.0 10.0 446.25

A02138-1 | 2002/10/4 5:21 5:53 75-59.92N | 166-30.03W | 138M01.dat | 311.0 8.6 301.17

A02139-1 | 2002/10/4 9:11 9:38 75-43.56N | 166-58.03W | 139MO0l.dat | 262.0 11.6 243.78

A02140-1 | 2002/10/4 | 21:42 | 23:00 | 76-14.69N | 168-28.15W | 140MOLl.dat | 1724.0 9.7 1734.55

A02141-2 | 2002/10/5 1:44 2:31 76-08.10N | 167-55.87W | 141M02.dat | 649.0 10.3 626.86

A02142-1 | 2002/10/7 | 21:.06 | 21:13 | 65-38.93N | 168-13.34W | 142M0O1.dat 34.1 6.4 34.16  |Depth:furuno
A02143-1 | 2002/10/7 | 21:54 | 22:03 | 65-39.79N | 168-24.15N | 143MO1.dat 45.3 75 44.34  |Depth:furuno
A02144-1 | 2002/10/7 | 23:10 | 23:20 | 65-40.76N | 168-34.40W | 144M0O1.dat 51.0 6.8 45.04

A02145-1 | 2002/10/8 | 0:03 0:10 | 65-42.04N | 168-43.36W | 145MO1.dat 51.0 6.4 44.58

A02146-1 | 2002/10/8 | 0:54 1:00 | 65-42.96N | 168-54.23W | 146MO01.dat 49.0 6.7 41.99




2.2.2. Sample Salinity M easurements

(1) Personal
Naoko Takahashi (MWJ):operation reader
Satoshi Ozawa (MWJ)
Miki Yoshiike (MWJ)
Kenichi Katayama (MWJ)
(2) Objective
Calibration of salinity measured by CTD
(3) Measured Parameter
Sample water salinity
(4) Instrument and Method
The salinity analysis was carried out on R/V MIRAI during the cruise of MR02-K05 by the
Guildline Autosal salinometer model 8400B (S/N 62827), modified with addition of an Ocean
Scientific International peristaltic-type intake pump.
The salinometer was operated in the air-conditioned ship’s constant temperature laboratory
‘AUTOSAL ROOM’ at a bath temperature of 24 degree C. An ambient temperature varied from
approximately 21 to 23 degree C.

Standardization

Autosal model 8400B was standardized only before sequence of measurements with the use of
IAPSO Standard seawater (batch P142, Conductivity ratio ; 0.99991, salinity ; 34.997).Since the
stability of the Autosal was high, calibration of the Autosal was performed only once at the
beginning and the value of the Standardize dial was determined and was not touched after this.
However the measuring of standard seawater was carried out once in approximately 50 samples, and
the drift check of the measurement was performed. Total 48 ampoules of Standard seawater were
measured for the monitoring, whose standard deviation was 0.0007 psu. Among these ampoules, 1
standard was too high to be used. Therefore , this was discarded from data. Linear compensation
during measurement was added using the measured value of Standard seawater.

We also used sub-standard seawater that was deep-sea water filtered by Millipore filter (pore size
of 0.45 pm) and stored in a 20 liter container made from polyethylene. It was measured every 25
samplesin order to check the drift of the AUTOSAL.

We also used IAPSO standard seawater (30L10 and 10L08) to observe whether the value of alow
salinity was correctly detected by the measurement device.

The determination of the measured value of a sample made the value the determination salinity,

when repetition measurement was carried out a maximum of 5 times and the same value came out,



and when the following value came out in £0.00002, it made the mean value the determination value.
By measuring these samples.

The CTD data that to compare the CTD salinity and the measurement data was used by the same
C sensor (S/N 042240).
CTD Sdlinity of secondary sensor were used Stn.A02001-1 to A02035-2.
CTD Sdlinity of primary sensor were used Stn.A02036-1 to A02140-1.

Samples
Seawater samples were collected with 12 liter NiskinX bottle. The salinity sample bottle of the 250
ml brown grass bottle with screw cap and the about 230 ml white glass bottle with plastic inner cap
with outside plastic screw cap was used to collect the sample water. Each bottle was rinsed three
times with the sample water, and was filled with sample water to the bottle shoulder. Its cap was also
thoroughly rinsed. The bottle was stored more than 24 hours in *Autosal Room’ before the salinity

measurement.
A double conductivity ratio was defined as median of 31 times reading of the salinometer. Data

collection started 5 seconds and it took about 10 seconds to collect 31 times reading by a personal

computer.
Table 1: Kind and number of samples
Number of
Kind of samples samples
Samplesfor CTD 931
Samples for EPCS 32
Reference material for Nutrient analysis 11
Reference material for total carbonic analysis 4
Sample for Niskin bottles with multi core sampler 28
Sampled for CTD of CCGS Louis S. St-Laurent 53
Total 1059
(5) Result

Based on comparison with bottle and CTD data, the conductivity (S/N 042240) was corrected
using the following formula:
Corrected Conductivity= Conductivityx Factor
Factor= 0.9999799 Pressure (dbar)x 6.5473988x 10
The corrected salinities were computed from temperatures (S/N 031359) and the corrected
conductivities. The corrected salinities agree with the bottle salinities to within + 0.0016 psu above
300 dbar and + 0.0009 psu below 300 dbar.



| ¥ T - + - -t
I 5 & 7
FlL, | B3 } 1 '
i s I 3| = * 1
4 i ! |

(6) Data archive

The data of sample measured and worksheets of calculation of salinity concentration were stored
on magnite-optic Disk. The data of sample will be submitted to JAMSTEC Data Management Office
(DMO).



2.2.3 Shipboard ADCP Observation

(1) Personnel
Koji Shimada (JAMSTEC): Principal Investigator
Shigeto Nishino (JAMSTEC)
Motoyo Ito (JAMSTEC)
Masahiko Murata (JAMSTEC)
Satoshi Okumura (GODI)
Souichiro Sueyoshi (GODI)
Norio Nagahama (GODI)

(2) Objective
To investigate upper ocean circulation and water mass pathway.
To investigate synoptic circulation of ocean in the vicinity of submarine canyons.

(3) Instruments and Methods
We measured current profiles by VM-75 (RD Instruments Inc. U.S.A.) shipboard ADCP
(Acoustic Doppler Current Profiler) from the departure of Hachinohe on 25th of August to the arrival of
Dutch Harbor on 10th of October 2002. The E-W (East-West) and N-S (North-South) velocity
components of each depth cell [cm/s], and echo intensity of each cell [dB] are measured.

Major parameters for the measurement configuration are as follows;

Frequency: 75kHz
Averaging: every 300 sec.
Depth cell length: 400cm, 800cm, 1600cm (see remarks in item Data archive)

Number of depth cells: 40, 128 (see remarksin item Data archive)
First depth cell position:  18.8m, 22.9m, 30.9m for 400cm, 800cm 1600cm depth cell
Ping per ADCPraw data: 16

(4) Preliminary results

The absolute velocity field calculated using the GPS velocity include anomalous error arising
from error in ADCP heading (retarding response of gyro compass). This error was obvious when the
direction of the ship changes. Then further data processing should be required for the data without
bottom tracking information. Here we show vertical section across the Barrow Canyon. The total
volume transport through the Barrow Canyon was 0.9Sv and upper 120m was 1.1Sv. The maximum
velocity was observed at a depth of 250m.

(5) Data archives
These raw data has been submitted to the Data Management Office (DMO) in JAMSTEC.
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224 XCTD

(1) Personnel
Koji Shimada (JAMSTEC): Principal Investigator
Shigeto Nishino (JAMSTEC)
Motoyo Ito (JAMSTEC)
Masahiko Murata (JAMSTEC)
Satoshi Okumura (GODI)
Souichiro Sueyoshi (GODI)
Norio Nagahama (GODI)

(2) Objective
To investigate the oceanic structure and its time variability, vertical profiles of temperature and salinity or
temperature were observed by XCTD systems.

(3) Instruments and Methods
XCTD: Probe XCTD-1,
Converter MK-100, Tsurumi Seiki Co., Ltd.
Converter MK-130, Tsurumi Seiki Co., Ltd. (for only XC14)

Specification;
Probe Parameter Range Accuracy Depth
XCTD Temperature -2 435 + 0.2 0-1000 m

Following formula used for the depth calibration;
Z=A*T + B*(10"-3)*T"2
Where Z =depth (m), T = elapsed time (sec), A & B = coefficients
A =3.425432, B=-4.7026039 for XCTD
We used the hand-launcher.

(4) Results
The locations of XCTD casts are showed in figure 2.2.4-1 and listed in Table 2.2.4-1. In total 25 castings
were carried out. The results will be public after he analysis.

(5) DataArchives
Theraw data and the 1-minterval data of XCTD will be submitted to the DMO (Data Management Office),

in JAMSTEC.
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Figure 2.2.4-1 XCTD station for MR02-K05 legl



Table 2.2.4-1 Observation Summary of XCTD

XCTD

Station  Date Time Latitude Longitude  ProbeNo. Measured depth Bottom depth
XC01 11Sep 10:.03 74-32.82N 158-57.66W 02059307 1155 1062
XC02 11Sep 10:39 74-29.49N 159-21.23W 02059308 765 777
XCO03 11Sep 11:39 74-24.05N 159-59.42W 02059306 509 512
XC04 11Sep 12:29 74-16.03N 160-19.95W 02059103 494 502
XC05 11Sep 13:20 74-08.08N 160-39.68W 02059104 569 529
XC06 15Sep 20:.07 72-16.65N  144-40.17W 02059105 1155 3339
XCO7 15Sep 22:32 72-36.61IN 143-20.06W 02059100 1155 3404
XC08 16 Sep 5:16 72-38.44N 141-59.76W 02059101 1155 3329
XC09 16Sep 1821 72-18.00N 141-59.39W 02059102 1155 3122
XC10 16Sep 19:05 72-09.02N 141-59.95W 02059097 1155 3045
XCl11l 16Sep 19:44 71-59.96N 142-08.06W 02059099 1155 3010
XCl2 16Sep 2346 71-40.75N 141-57.70W 02059004 1140 2782
XC13 17Sep 0:25 71-32.79N  141-58.13W 02059003 1155 2889
XCl4 17 Sep 1:28 71-24.65N  142-00.30W 02058993 1085 2839
XC15 17 Sep 5:10 71-07.64N 141-59.24W 02058994 1155 2581
XC16 20Oct 1:20 75-01.90N  159-50.99W 02058997 1155 3849
XC17 50ct 2:47 76-06.08N 167-52.94W 02059098 422 510
XC18 50ct 2:23 75-59.85N  167-37.96W 02058995 284 280
XC19 50ct 3:58 75-53.7IN  167-23.93W 02059002 251 245
XC20 50ct 7:03 75-19.99N 166-36.21W 02058999 313 316
XC21 50ct 9:06 75-00.01IN 167-04.72W 02058996 310 307
XC22 50ct 11:16 74-40.02N 167-39.66W 02058998 311 333
XC23 50ct 1329 74-20.0IN 168-14.86W 02059000 240 243
XC24 50ct 16:58 73-50.10N 168-49.93W 02059001 156 163
XC25 50ct 21:06 73-16.98N 168-48.66W 02059031 82 87
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Figure 2.2.4-3 Vertical cross section of temperature and salinity between X08 and XC15.
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Figure 2.2.4-4 Vertical cross section of temperature and salinity between X17 and XC19.
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Figure 2.2.4-5 Vertical cross section of temperature and salinity between XC20 and XC25.
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2.3 Underway Sea surface water monitoring

1. Personnd
Nobuharu Koma  (MWJ, Japan)
Tekayoshi Seke  (MW))
Kesuke Wataki (MWJ)

2. Objectives
To measure the spatid variationsin seasurface water

3. Sampling dements
Temperature, dinity, dissolved oxygen, fluorescence, paticle sze of plankton in the
near-surface water

4. Inventory information for the sampling
The measured duration was from September 2 to October 10 2002.

5. Ingtruments and methods

The Sea Surface Water Monitoring System (Nippon Kayo Co., Ltd.) is located in the "sea
surface monitoring laboratory' on R/V Mirai. It can automeatically measure temperature, salinity,
dissolved oxygen, fluorescence and particle sze of plankton in the near-surface water every
1-minute. Sea surface temperature is measured by the ship bottom oceanographic thermometer
Stuated on the suction sde of the uncontaminated seawater supply in the forward hold.
Measured data are saved every one-minute together with time and the position of ship, and
disolayed in the data management PC machine. This sysem is connected to shipboard
L AN-system and provides the acquired data for p-CO, measurement system, etc. WGS 84 used
geodetic reference system for the positioning at this cruise.

Near-surface water was continuoudy pumped up a the rate of aout 200 I/min from the
intake at the depth of 4.5 m below the sea surface to the laboratory. Then the water was
digtributed among the Sea Surface Water Monitoring System and p-CO, measurement system
etc. The flow rate of surface water for this sysem was 12 I/min, which controlled by some
vaves and passed through some sensors except with fluorometer (about 0.3 I/min) through
vinyl-chloride pipes.

Specification and calibration date of the each sensor in this system were listed below.

(1) Temperature and sdinity sensor
SEACAT THERMOSALINOGRAPH

Modd: SBE-21, SEA-BIRD ELECTRONICS, INC.

Serid number: 2641

Measurement range. - Temperature -5 to +35 deg-C, Sdinity 0t0 6.5 Sm
Accurecy: Temperature 0.01 deg-C/6month, Salinity 0.001 S/m/month
Resolution: Temperature 0.001 deg-C, Sdlinity 0.0001 S/m

Cdlibration date: 13-Jul-02 (mounted on 2-Sep-02 in this system)

(2) Ship bottom oceanographic thermometer (mounted at the back of the pump for surface
water)



Modd:

SBE 3S, SEA-BIRD ELECTRONICS, INC.

Serid number: 032175

Measurement range.  -5to +35deg-C

Initial Accuracy: 0.001 deg-C per year typica

Stability: 0.002 deg-C per year typica

Cdlibration date: 13-Jul-02 (mounted on 2-Sep-02 in this system)

(3) Dissolved oxygen sensor

Modd: 2127A, Oubisufair Laboratories Jgpan INC.
Serid number: 44733

Measurement range:. 0to 14 ppm

Accuracy: +1% at 5 deg-C of correction range
Stability: 1% per month

Cdlibration date: 26-Aug-02

(4) FHuorometer

Modd: 10-AU-005, TURNER DESIGNS
Serid number: 5562 FRXX

Detection limit: 5 ppt or lessfor chlorophyll a
Stability: 0.5% per month of full scale

(5) Paticlesze sensor

Modd: P-05, Nippon Kaiyo Co. Ltd.
Seria number: PS024
Accuracy: +10% of range
Measurementrange:  0.33 mm®to 7.45mm’>
Reproducibility: +5%
Sability: 5% per week
Cdlibration date: 17-Apr-02
(6) How meter
Modd: EMARG2W, Aichi Watch ElectronicsLtd.
Seria number: 8672
Measurementrange:  0to 30 L/min
Accureacy: 1%
Stability: +1% per day
6. Reault
(1) Sdinity sensor

We sampled each day for sdinity validation and in Stu sdinity cdibration during this cruise.
The samples were taken midway of flow line from the intake to the sysem each day. We
collected 35 samples during this cruise and dl samples were anadyzed on the Guildline 8400B
(see section of sdinity). Theresultswere shownintable 1 and Fig. 1.

The precision of the sensor at leg 1 was summarized in table 2.



Table2 Precison of salinity at leg 1

Difference of salinity (Ssse21-Ssdl)

Average -0.0215
Standard Deviation 0.1578
Average of absolute difference 0.0618
Standard Deviation of absolute difference 0.1465
RM.S. 0.1110
Min -0.8379
Max 0.2388
n 35

We cdculated the Root Mean Squares (R.M..S)) of difference of sdinity for 35 sampleswhich
were taken during this cruise. RM.S. of sdinity (one sgma) was 0.1110. There were two
samples which difference of sdinity was higher than two times of RM.S. in this cruise. We
suspected that the sampling might cause these differences. The find results omitted the two
samplewere shown intable 3.

Table 3 Precison of salinity omitted two samplesat leg 1

Difference of sdinity (Ssee21-Ssdl)

Average -0.0046
Standard Deviation 0.0568
Average of absolute difference 0.0329
Standard Deviation of absolute difference 0.0461
RM.S. 0.0397
Min 0.1070
Max 0.1884
n 33

These reaults showed that the vaidation of sdinity was within 0.05. This is very high
compared to the other R/V Miral cruise.

(2) Dissolved Oxygen (D.O.) sensor

D.O. sensor of this system was cdibrated just before this cruise. To estimate of accuracy of
the sensor, we collected the bottle samples from the course of the system each day when CTD
water sampling was done and andyzed by the Winkler method (see section of dissolved
oxygen).

The results of leg 1 were shown in table 4 and Fig. 2 and 3. It seemed that D.O. of the sensor
tended to be lower than the sample. The average and sandard deviation (one sgma) of
differences (oxygen sensor — bottle oxygen) in this cruise was summarized in table 5.



Table5 Precison of theD.O. sensor at leg 1

Difference
(mg/l)
Average -1.268
Standard Deviation 0.326
n 24

(3) Huorometer

In order to cdlibrate the data of fluorescence from this system, we collected surface scawater
samplesfrom the course of the system each day and determined the concentrations of
chlorophyll a board.

Sea surface water samples (0.2 liter) were vacuum-filtered through a GF/F filters (pore
diameter: 25 mm) in the dark room. The sampleswere extracted in 7 ml of
N,N’ -dimethylformamide (DMF) and then stored at -20 deg-C in the dark until the andlyss.
Both traditiona acidification method and Wel schmeyer non-acidification method were used to
determine for chlorophyll a with two Turner modd 10-AU-005 fluorometers. The results were
shownintable6 and Fig. 4.

7. Dataarchive
All the files of raw data, Microsoft excd files of raw data were stored on a magneto-optical
disk. All the datawill be submitted to the Data Management Office at JAMSTEC.

8. Remarkable event
(1) Changetheflow rate of sea surface water at the freezing area

The flow rate of sea surface water was changed low significantly from 18:54 (UTC) to 21:48
(UTC) at 4-Oct-02. In the cause of this, temperature of the SBE21 and D.O. were dso changed
from the sametime.

The flow rate of sea surface water was changed low again from 23:15 (UTC) at the same day
and then, we checked a cause of it. We found that seaices filled in the seawater sampling pump
and these sea ices caused to go down the flow rate. So we turned on the steam to the sea chest
during form 23:44 (UTC) a 4-Oct-02 to 16:50 (UTC) at 5-Oct-02 when RV Mira passed
through the freezing areas. Temperature from the remote temperature sensor was increased
about 0.5 degrees during this period. As noted above, take care that the data was not correctly
during from 18:54 at 4-Oct-02 to 16:50 at 5-Oct-02.

(2) Change the lamp and clean the cdll of the fluorometer

The shift of the fluorescence was sometimes happened so we changed a lamp of the
fluorometer at 29-Sep-02. We checked the sensitivity setting of fluorometer due to the lamp was
changed a 30-Sep-02. We cleaned the cell of fluorometer and determined the pure-water blank
4times (5, 9, 20, 29 September) during this cruise. We couldn’t obtain the data from fluorometer
during these periods.

(3) The system error of EPCS (Electron Plankton Counter System) was happened
Error that the data (Flow, DO, PK(C/L) and PK(V/L)) was not obtained from EPCS was



sometimes happened at 30-Sep-02. After thefirst error was happened, the same errorswere
happened 26 timesto the end of thiscruise.
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Fig. 1 Difference between the salinities measured by conductivity and temper atur e sensor
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Fig. 2 Comparison between the oxygen values measured by D.O. sensor of Sea Surface



Monitoring System and by the Winkler method.
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Table 1 Comparison of salinity between salinity sensor of Sea Surface Monitoring System and samples analyzed by Autosal salinometer.

Sampling Date Sampling Time Sampling Position Tsse21 Sdinity Difference Remarks
(UTC) L atitude Longitude (ITS90)  Ssezn Ssal  Sssez-Ssal

9/4/02 05:23 61-40.99110N 168-21.03950W  11.1195 28.5958 28.6144 -0.0186

9/5/02 08:29 67-56.08740N 168-31.17080W 52385 321204 32.1368 -0.0164

9/6/02 08:27 70-50.98280N 160-31.46970W 7.2000 31.0480 31.0498 -0.0018

9/7/02 11:22 71-18.08170N 157-21.21400W 6.9335 30.4927  30.4955 -0.0028

9/8/02 08:16 71-41.91270N 155-04.15450W 54659 30.2119 31.0498 -0.8379
9/10/02 11:04 74-19.99420N 157-41.29020W  -0.1941 26.5263 26.5313 -0.0050
9/11/02 10:43 74-29.46910N 159-21.35710W  -0.2259 26.7760  26.7903 -0.0143
9/12/02 09:20 73-21.64690N 164-43.01110W 09781 28.0911  28.0963 -0.0052
9/13/02 09:32 73-54.48850N 155-51.44180W  -0.0183 26.6846  26.6914 -0.0068
9/14/02 07.08 72-30.76360N 153-22.70660W 14165 26.8880 26.8878 0.0002
9/15/02 08:52 72-43.12960N 146-52.72170W 0.5424 261033 26.1273 -0.0240
9/16/02 10:49 72-37.72860N 142-20.48740W  -0.5822 26.0028 26.0117 -0.0089
9/17/02 09:22 70-44.32780N 142-59.94150W 1.8596 25.4474  25.4689 -0.0215
9/18/02 10:40 70-08.73620N 140-48.79850W 22708 24.6593  24.6691 -0.0098
9/19/02 06:16 70-53.84800N 133-58.44780W 0.1332 26.2761 26.2834 -0.0073
9/20/02 09:34 70-09.61990N 133-34.84280W 19653 21.5483  21.5545 -0.0062
9/21/02 05:18 70-42.33940N 131-33.04530W 2.6556 17.4876  17.4767 0.0109
9/22/02 05:40 70-56.53760N 128-08.58720W 1.7999 20.4875  20.2487 0.2388
9/23/02 04:46 70-27.31880N 139-01.75820W 0.9400 25.7063  25.7084 -0.0021
9/24/02 05:51 69-40.62140N 138-02.79290W 1.0873 238196 23.7568 0.0628
9/25/02 05:18 69-40.36120N 137-00.43800W 14301 226210 22.6084 0.0126
9/26/02 06:49 70-14.03200N 137-29.02730W 1.0483 225094 22.3336 0.1758
9/27/02 10:48 69-36.91400N 138-12.10660W 1.0395 234734 23.2850 0.1884
9/28/02 05:56 70-24.37990N 135-24.78060W 14388 14.8001  14.839%6 -0.0395
9/29/02 07:45 70-22.72730N 135-32.33080W 15597 15.7854 15.8161 -0.0307
9/30/02 09:.07 71-03.03030N 145-56.43420W 0.7396 26.5714  26.5965 -0.0251
10/1/02 08:32 72-25.83440N 152-29.94250W 2.2316 28.8909 28.8748 0.0161
10/2/02 09:30 74-40.95120N 155-07.35780W  -0.6774 27.0184  27.0180 0.0004
10/3/02 10:19 75-35.80660N 161-48.44760W  -0.9356 27.5532  27.5725 -0.0193
10/4/02 10:33 75-48.71060N 166-49.22860W  -1.2302 27.7742  27.7897 -0.0155
10/5/02 06:38 75-24.52580N 166-34.08990W  -0.9215 27.8270 27.8470 -0.0200
10/6/02 06:56 71-38.94330N 163-22.39430W 34913 311730 31.2558 -0.0828
10/7/02 05:20 68-17.54200N 167-58.29330W 4.9242 319086 31.9739 -0.0653
10/8/02 05:17 65-22.49090N 168-38.17610W 7.0718 29.4987  29.6057 -0.1070
10/9/02 06:47 58-46.72970N 167-37.25380W 8.1387 31.5786  31.6420 -0.0634

Average  -0.0215
Sd. Dev. 0.1578
n 35



Table 4 Comparison of D.O. value between aD.O. sensor of Sea Surface Monitoring System and water samples using Winkler method.

Sampling Date Sampling Time Sampling Position Sctd Tsezx D.O.sensor Winkler Difference Remarks
(UTC) Latitude Longitude (ITS90) (mg/) (mg/l) (mg/l)
9/5/02 13:54 68-48.65780N 167-25.55160W 30.9494  8.5407 9322 9499 -0.177
9/5/02 13:57 68-49.43450N 167-25.04360W 30.9518  8.5329 9.326  9.506 -0.181

9/6/02 20:16 71-25.51300N 157-17.93420W 29.2690  2.9001 10.576 11.640 -1.064
9/6/02 20:19 71-25.85530N 157-15.43510W 29.2633  3.1390 10.658 11.578 -0.920
9/9/02 18:39 73-20.68510N 157-27.39810W 27.2117  0.6199 11.001 12.197 -1.196
9/9/02 18:42 73-20.67460N 157-27.34210W 27.2162  0.6180 10.991 12.175 -1.184
9/11/02 21:44 74-14.81470N 162-33.43530W 27.4920 0.4716 11.092 12.132 -1.040
9/11/02 21:47 74-14.81140N 162-33.33180W 27.5040 0.4794 11.084 12154 -1.070
9/13/02 19:07 73-30.15860M.55-09.13310W 27.3424  0.6582 10.957 12.149 -1.192
9/13/02 19:10 73-30.12590M.55-09.17170W 27.3412  0.6611 10.954 12.135 -1.181
9/14/02 17:19 72-30.46820M51-21.47710W 26.0937  0.5473 10.937 12.281 -1.344
9/14/02 17:21 72-30.47590M.51-21.48330W 26.0907  0.5492 10.929 12.258 -1.330
9/15/02 22:11 72-34.14000M43-33.69340\" 26.0545 -0.4602 10.998 12.520 -1.522
9/15/02 22:14 72-34.43810M43-32.06130V" 26.0488 -0.4842 11.000 1