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An observational study of ocean currents and an eddy in the Arctic Ocean using
drifting buoys with drogues at selected depth:

trial experiments during R/V Mirai Arctic cruise in 2013

Yusuke Kawaguchi'?* and Shigeto Nishino'

This study examines ocean currents and an eddy in open water region of the western Arctic Ocean using drifting buoy
systems during the 2013 R/V Mirai Arctic cruise (MR13-06). In the Canada Basin, four buoys were deployed around the
southern jet stream of the Beaufort Gyre, where two were deployed near the jet and others were around an anticyclonic
eddy that was found in the central Canada Basin. To capture accurate current velocity, a holey-sock drogue was set at 50 m
in depth around which representative currents for the jet and eddy exist. The buoys movement revealed that the jet was
along a pathway parallel and close to the shelfbreak of the northern Chukchi Sea shelf, while the eddy migrated along with
the jet as it rotated clockwise. At a stationary observation point in the Chukchi Sea shelf, we focused on and investigated
the heat exchanges between the atmosphere and ocean during a transition from summer to winter (10 to 26 September).
In the program, two buoys were used to examine ocean currents at upper and lower layers over the shelf. According to
the buoy movement, it is found that oceanic currents were dominated by an inertial oscillation on the shelf throughout
the observation period. A survey revisited the same water mass suggested that the sea water was mixed and modified by

entrainment due to surface wind forcing and shear flow around depth of the main pycnocline in the two layer system.
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Fig. 1. Entire study domain of buoy drifting observation during
MR13-06. Symbols X mark deployment positions of SVP5130, 8130,
9130, 7120, where every buoy was deployed on September 7, 2013. ¥
indicates deployment position of SVP3130 and SVP0500, during the
stationary observation campaign in the Chukchi Sea. Shaded region in
blue and white display sea ice concentration on September 23, 2013.
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An observational study of ocean currents and an eddy in the Arctic Ocean using drifting buoys with drogues at selected depth
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Photo. 1. A set of drifting buoy system. GPS transmission unit
and surface floating drifter drift near water surface, while a holey-
sock drogue stays and goes at deeper depth as configured. In the
photo, a drogue is folded into layers. Rope length between surface
floating unit and mid-depth drogue is adjustable so that current
velocity at desired depth can be acquired.
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Fig. 2. Vertical section of temperature [C] and eastward current
velocity [ms™'], along which SVPs were deployed on September 7,
2013. At top of each panel, inversed triangles indicates positions where
SVPs were deployed, and their identification numbers are represented
at top of upper panel. Salinity is contoured in black on each panel.
Drogues were set at depths of X.
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Fig. 3. Observation lines for XCTD and shipboard-ADCP on
September 29, 2013, during detailed survey on the warm eddy. Color
indicates temperature on isohaline surface of S = 31.6 PSU. Blue
dots are positions that XCTDs were deployed at. During this survey,
SVP8130 was located at position marked by v¥.
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Fig. 4. Drifting tracks of SVP buoys that were deployed in the Canada Basin on September 7, 2013: tracks of SVP7120 and SVP9130 are plotted in
left panel, and those of SVP8130 and SVP5130 are in right panel. Buoys were deployed at each position marked by X . Blue-white color displays sea

ice concentration on September 23, 2013. Color pattern on buoy tracks indicates buoy drifting distance that buoys travelled for every other day.
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Fig. 5. Horizontal current velocity by shipboard ADCP, averaged
between 40m and 60m in depth, during detailed survey of warm
eddy on September 29, 2013. Color dots indicate a drifting track of
SVP8130. Contour lines indicate bathymetric depth. Color indicates
day of September in 2013.
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Fig. 6. Vertical sections of temperature [C] and current velocity [ms™'], along Line 1 and Line 2 on September 29, 2013. Salinity is contoured in
black on each panel. In velocity plot, for Line 1 and Line 2, eastward and northward components are plotted, respectively.

X6, BKBOFERERMOKEE (OH29H) : /A Line 1, £ Line 20WTH (Fig. 3BM8). ERIIKE, TRIIFHHE SHE3Es 2R T.
Line 1 OFL#II VGRS %, Line 2 DML # /79 (ZNZNRME, JLm & 25E).
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Fig. 7. Drifting tracks for SVP3130 (left) and SVP0500 (right) during the Chukchi Sea stationary observation program, where drogues were deployed
at 15 m and 40 m depths, respectively. Deployment of both buoys were conducted at ¥ on September 17, 2013, and the same water masses were
reinvestigated on September 26 at %. Contour lines indicate bathymetric depth. Color indicates day of September in 2013.
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Fig. 8. Time series of surface wind (top) and current velocities at 15m and 40 m in depth (middle and bottom panels, respectively), which were
collected during the Chukchi Sea stationary observation program. For wind velocity, thick and thin curves denote 1-min and 60-min running averages,
respectively, while for ocean current, solid and dotted curves denote raw and 6-hr running average. Velocity components are colored in blue and green
for east-west and north-south directions, respectively, where eastward and northward directions are positive.
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Fig. 9. Power spectrum density for ocean currents at 15 m (solid) and 40 m (dashed) in depth, which are respectively estimated from SVP3130 and
SVP0500 GPS data. Horizontal axis represents a frequency of current velocity with the unit of cycle per hour (CPH). Vertical dashed lines indicate
frequencies based on the inertial oscillation frequency, f.
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Fig. 10. Comparison of water properties between September 17 (collected at Yx in Fig. 7) and 26 (at % in Fig. 7) in 2013, labeled in panels as initial
and end, respectively. Vertical profiles for temperature and salinity are plotted in left and middle panels, respectively. In right panel, T-S relations are
plotted over isopycnal contours, where color indicates depth that the data were acquired at.

10. 9H17H (Fig. 7¥¢ : initial) £ 9H26H (Fig. 7%;end) DMK EOE - i () LAKiRE (h), TSFA 7774 (f). LRI
SVP3130 (15m), TFEIZSVPOS00 (40m) (ZB1F 2 FHMEE OB A RT. TSHF DS 7 —I3KEEZRT.

38 JAMSTEC Rep. Res. Dev., Volume 18, March 2014, 29-39



Y. Kawaguchi and S. Nishino

C o

AERTaR L7-BUHAE AL, TFgeMs [A 5] OfifE, %
HME <Y T—rTyNy, U=t —Tx T
Ny T AL NOBIEZHEEOWHIIOb LR TAHZ L
BTEF L2 LL)BLHL RTFFET. KR, ER
D24DEFHE DSOS L ) KIEHUEN L SN,
HALH L EWFE 5.

L5k

Itoh, M., S. Nishino, Y. Kawaguchi, and T. Kikuchi (2013),
Barrow Canyon fluxes of volume, heat and freshwater
revealed by mooring observations, J. Geophys. Res., 118,
9, 4363-4379.

Kawaguchi, Y., M. Itoh, and S. Nishino (2012), Detailed survey of
a large baroclinic eddy with extremely high temperature
in Canada Basin, Deep-Sea Res., 66, 90-102.

ANFRBEL (2011), HFEEAE 2 7RI 7 — & E1E,
HEHI T A2AEE 17(2), 147-154.

A B I S B SR PN ST e R 56 36 (2002), [ 5 TSR0
T AN L B EWBOWKFET R > A T L OFZE] #
53, <http://www.mf21.or.jp/koubojigyo_list.shtml>.

T ¥Ff#, Joon-Soo Lee, Ig-Chan Pang, and Sang-Hyun Kim
(2006), FHL 7 A Z /R B EEOWHRE =5 ) > 7
- RILAHORDZEE) -, (R HERIE, 44(1), 33-38.

McPhee, M. (2013), Intensification of Geostrophic Currents
in the Canada Basin, Arctic Ocean, J. Climate,
doi:10.1175/JCLI-D-12-00289.1.

Niiler, P. P, A. S. Sybrandy, K. Bi, P. M. Poulain, and D.
Bitterman (1995), Measurements of the water-following
capability of holey-sock and TRISTAR drifter, Deep-Sea
Res. I, 42, 11/12, 1951-1964.

Nishino, S., T. Kikuchi, M. Yamamoto-Kawai, Y. Kawaguchi,
T. Hirawake, M. Itoh (201 1a), Enhancement/reduction of
biological pump depends on ocean circulation in the sea-
ice reduction regions of the Arctic Ocean, J. Oceanogr.,
67,305-314, doi:10.1007/s10872-011-0030-7.

Nishino, S., M. Itoh, Y. Kawaguchi, T. Kikuchi, and M. Aoyama
(2011b), Impact of an unusually large warm-core eddy
on distributions of nutrients and phy-toplankton in
the southwestern Canada Basin during late summer/
early fall 2010, Geophys. Res. Lett, 38, L16602,
doi:10.1029/2011GL047885.

Nishino, S., (2013), R/V Mirai Cruise report MR13-06,
<http://www.godac.jamstec.go.jp/cruise/data/mirai/e/
index.html>, JAMSTEC, Yokosuka, Japan.

Proshutinsky, A., R. Krishfield, M.-L. Timmermans, J.

Toole, E. Carmack, F. McLaughlin, W. J. Williams,
S. Zimmermann, M. Itoh, and K. Shimada (2009),
Beaufort Gyre freshwater reservoir: State and variability
from observations, J. Geophys. Res., 114, CO0A10,
doi:10.1029/2008JC005104.

Rainville, L. and R. A. Woodgate (2009), Observation of
internal wave generation in the seasonally ice-free Arctic,
Geophys. Res. Lett., 36, 1.23604.

Sumata, H., and K. Shimada (2007), Northward Transport of
Pacific Summer Water along the Northwind Ridge in the
Western Arctic Ocean, J. Oceanogra., 63, 363-378.

Ueno, H., K. Sato, H. J. Freeland, W. R. Crawford, H. Onishi,
E. Oka, and T. Suga (2009), Anticyclonic Eddies in the
Alaskan Stream, J. Phys. Oceanogr., 39, 934-951.

Weingartner, T., K. Aagaard, R. Woodgate, S. Danielson, Y.
Sasaki, and D. Cavalieri (2005), Circulation on the north
central Chukchi Sea shelf, Deep-Sea Res. II, 52, 3150-
3174.

Yamamoto-Kawai, M., F. A. McLaughlin, E. C. Carmack, S.
Nishino, and K. Shimada (2008), Freshwater budget
of the Canada Basin, Arctic Ocean, from salinity,
6'80, and nutrients, J. Geophys. Res., 113, C01007,
doi:10.1029/2006JC003858.

JAMSTEC Rep. Res. Dev., Volume 18, March 2014, 29-39 39



	表層漂流ブイを用いた北極海の渦・海洋循環に関する研究「みらい」北極海航海MR13-06での試み
	An observational study of ocean currents and an eddy in the Arctic Ocean usingdrifting buoys with drogues at selected depth: trial experiments during R/V Mirai Arctic cruise in 2013

	1. はじめに
	2. 観測手法
	2.1 表層漂流ブイSVPについて
	2.2 観測プログラム
	2.2.1 カナダ海盆におけるSVP設置とその後の追跡
	2.2.2 チャクチ海の定点観測プロジェクトにおけるSVPの展開


	3. 観測結果
	3.1 カナダ海盆域でのSVP観測
	3.1.1 事前調査の結果
	3.1.2 SVPによるジェット軌道の追跡
	3.1.3 SVPによる渦の追跡と「みらい」による再調査

	3.2 チャクチ海の定点観測におけるSVPの挙動について
	3.2.1 SVPによる陸棚上の流速調査
	3.2.2 SVPによる水塊追跡と再調査観測


	4. 最後に
	謝辞
	参考文献




