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親潮域の黒潮系高気圧渦

group I eddies corresponds to this type of double core,
although in this case the upper core is generally much
more prominent than the lower core.

The occurrence of cold and fresh anomalies on a hor-
izontal plane at the same depth can be maintained by
depression of an isopycnal surface, if the upper layer
contains colder and fresher water than the lower layer.
This condition is often satisfied in the western subarctic
North Pacific. In addition, if the propagation speed of an
eddy exceeds the swirling velocity at a certain depth,

then the core water is replaced by ambient water (Flierl
1981) that is depressed downward to form a cold and
fresh anomaly. Thus, for some warm eddies that prop-
agate poleward to the subarctic area, ambient water may
appear in a deep layer as cold and freshwater anomalies.

Although the above process may explain some minor
cases of double-core structure, it is not applicable to
strongly developed cases for which a water mass shows
cold and fresh anomalies on an isopycnal surface. We
suggest that this full double-core structure is caused by
interaction between warm and cold water masses, both
of which have low potential vorticity. Two types of in-
teractions are suggested in this regard: between the
Kuroshio Extension and a cold water mass and between
warm and cold anticyclonic eddies. The former type of
interaction is generally recognized as shedding of a warm
eddy from the Kuroshio Extension. Mooring observa-
tions indicate that downstream-propagating meanders
with horizontal scales of 220–380 km have characteristics
consistent with baroclinic instability waves (Itoh and
Sugimoto 2008), which are considered to play a part in the
above interaction. Another important factor is the mod-
erately cold and fresh Oyashio water in the intermediate
layer, as seen in the u and S minima in Figs. 7d,e, re-
spectively. Although Q values in eddy profiles are not
significantly lower than those of the climatology at denser
than 26.50su (Fig. 11a), this does not necessarily indicate
that potential vorticity (including relative vorticity) was
not low: we presume that a relatively thick cold water
mass is compressed as a consequence of interaction with
a thick and intense warm water mass of the Kuroshio
Extension. In such a case, the cold water mass obtains
negative relative vorticity (anticyclonic rotation) and
potential vorticity is maintained at low levels.

The relevance of instability to potential vorticity has
also been reported by Kouketsu and Yasuda (2008), who
performed a linear stability analysis, revealing that the
low-potential-vorticity intermediate layer, generated by
intrusion of the Oyashio, has a generally positive effect
on the growth rate of the disturbance at a length scale of
;200 km. Given that Q values decrease with decreas-
ing salinity (Fig. 12), we suggest that meanders of the
Kuroshio Extension are susceptible to interaction with
cold and freshwater masses, thereby forming warm eddies.

Interaction between warm and cold anticyclonic eddies
(shown by arrows in Fig. 15b) may play an important role
in terms of eddy persistence and northeastward propa-
gation. A supply of low-potential-vorticity water is crucial
for the maintenance of anticyclonic swirling velocity,
especially in the subarctic area, where interaction with
other warm eddies is less likely than in the southern
area. The coupling of warm and cold eddies is inter-
preted as alignment, which is defined as the coalescence

FIG. 15. Schematic diagram of the formation and evolution of
WAE and CAE: (a) basic state, (b) formation of WAE and CAE,
and (c) interaction and alignment of the eddies. In (a)–(c), the top
part shows a plan view and the bottom part shows a cross section.
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黒潮・親潮域における暖水性・
冷水性高気圧渦相互作用模式図

(Itoh and Yasuda, 2010b, JPO)

（常磐／三陸／襟裳／釧路沖）暖水塊：
黒潮起源の高温・高塩分水を
上層に保持する高気圧渦

長期的に北上傾向があり、周囲の渦等と相互作用
しながら数年にわたって東北・北海道沖に存続
(Kitano et al., 1975; Hata et al., 1974; 
Yasuda et al., 1992; Itoh and Yasuda, 2010a)

オホーツク海系の冷水性高気圧渦と相互作用し、
暖水核の下に低温・低塩分核を保持するケースも
(Itoh and Yasuda, 2010b)



孤立中規模渦はどのように消滅するか？
湾流系暖水塊の場合

64‒68°Wで湾流の北側に切り離された
暖水塊は、ほとんどが南西に移動し
74°W付近で湾流に再吸収される

(Brown et al., 1986)

黒潮続流への再吸収が多いが、
続流より北で消失するケースも一定数
➡　何が起きている？？

オホーツク海系冷水との相互作用はどのように影響する？
北海道沖暖水塊の粘性散逸スケールは～数年 (Itoh et al., 2011)

1974‒1983年のAVHRRデータの解析

続流に吸収 5
津軽暖流と合併 2
道南で消失 4
その他 3

黒潮系暖水塊の場合 (Tomosada, 1986)
1973‒1982年の１４の大型暖水塊を追跡

Behavior of Gulf Stream warm rings 1463 

center of mass estimates tagged by time, ring semi-major and semi-minor axis, and major 
axis orientation extending over some portion of a ring's lifetime. Various studies (op. 
cit.) find the location error of the ring thermal center of mass to be +5 km for the 
precision analyses when compared with ring thermocline thermal center of mass as 
determined by XBT's or CTD's. Comparison of the precision and AEG ring location 
analyses for four rings (81F, 82B, 82H and 83E, Fig. 3) finds an r.m.s, difference in 
latitude or longitude of +15 kin, i.e. about three times the standard deviations of the 
precision estimates. 

The digitized ring location time series also contain information which enables determi- 
nation of ring lifetime statistics. The distribution is bi-modal with means of 54 days for 
short-lived (<140 days) and 229 days for long-lived (>140 days) rings (Fig. 4). Mean 
lifetime for the entire ensemble is 130 days; median ring lifetime is 80 days. The shortest 
observed ring lifetime is 11 days while four rings have lifetimes exceeding 300 days; 
maximum observed lifetime is 399 days. ]HALLIWELL and Moozas (1979) find lifetimes 
ranging from 28 to 364 days.] Over the 10 year interval there are slightly more short-lived 
rings formed (49) vs long-lived (38). Cloudiness can confuse ring identification and 
possibly lead to early termination of a ring track and initiation of a new ring. To test the 
contamination of the observations by this process we have sorted the entire ensemble to 
determine how many pairs of uniquely named short-lived ring tracks could in reality be 
associated with the same ring. All ring pairs with coalescence and formation dates 
within a 2 week interval were found: four uniquely named rings are identified as 
belonging to 2 tracks. Thus the number of short-lived rings is changed by ~5% with no 
significant changes in total ring number, the median age between short- and long-lived 
rings, or the bi-modality of the frequency distribution. 
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Fig. 3. Precision ring tracks for warm-core rings 81F, 82B, 82H, and 83E, 200 m isobath, 

climatological and satellite-derived north wall loci are as given in Fig. 2. 
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目的

黒潮系高気圧渦の減衰・消滅過程を明らかにする

釧路沖の高気圧渦（暖水塊）にプロファイリングフロート・
　　　　表層ドリフターを投入して連続観測
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□、○、 △： フロートA, B & C
（カラー：2009/01/01からの日数）

線：ドリフター軌跡、

2009/8/13



データと方法

フロート・ドリフター

๏ 2009年8~9月に実施された白鳳丸
KH-09-4次航海で釧路沖高気圧渦 
(AE0904)にフロート１(A)、ブイ２投入

๏ AE0904を観測した他のフロート２基 (B, C)の
データも使用し、約２年間の水塊構造を追跡

衛星データ

๏ SSH/SSHA: AVISO海面高度 (weekly)；
Itoh and Yasuda (2010a)と同様の方法で
Okubo-Weissパラメータを用いて渦領域を検出

๏ 東北大学新世代海面水温
(Sakaida et al., 2009)
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時間発展（動画）

AVISO絶対海面高度（コンター）＋新世代SST（カラー）
□、○、△：フロートA, B & C（solid：最新、open～２０日前）
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暖水塊／フロートの移動

2009 2010

KH-09-4観測

フロートA

フロートB
フロートC
（やや縁辺）

渦領域
（コア）範囲

緯度

経度２年間で
約200km北上

フロートA, Bは
渦領域内、

Cは縁辺

周囲の冷水と相互作用（変動期）



渦中心における海面相対渦度・高度偏差
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AE0904渦領域内の相対渦度・海面高度偏差の最小・最大値

海面高度偏差最大値

相対渦度偏差最小値

2009 2010

変動はあるものの、
一貫して高気圧渦の
特性を維持。

トレンドは見られない。

周囲の冷水と相互作用（変動期）
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ポテンシャル水温

2009年12月まで、亜表層100‒
400mに水温7‒8°Cの
一様層 (TRMWに対応？）

2010年1~2月（変動期直前）：
混合層発達に伴い冷却

2010年3月（変動期）：
上層のThermostadほぼ消滅
（フロートB、痕跡は残る）

変動期以降の100m水温：
1~4.5°C（フロートB）
1~3°C (フロートC）

2009 2010

2010

フロートA

フロートB

フロートC
（やや縁辺）

変動期



塩分

水温と同様亜表層に
33.8‒34.0psuの一様層

変動期以降は塩分成層が顕著

変動期以降、フロートBでは
低温層150‒400 mに対応して
低塩分の一様層が観測されている

フロートCは層の厚さが狭い。
（渦縁辺のため？）
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ポテンシャル密度

変動期までの方が、pycnostadは
顕著だが、変動期以降も縁辺より
層は厚い（次PV参照）

pycnostad中心密度：
変動期までは26.5~26.6、
変動期以降は26.6~26.8

変動期直前（2010年2月）に
MLD約400m
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PV

PV負偏差構造は変動期に
弱まるが、負偏差傾向は保って
いる（フロートBとCの比較）

2010年9月の変動は、短期的な
冷水貫入 (水温図参照）に対応
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PV = −
f
ρ0

∂σθ

∂z

（相対渦度～0.1fなので
一定の影響あるかも）定義

変動期



2010年2~4月（変動期）SSH/SSTデータ

カラー：SST, コンター：SSH, マーク：フロート位置（塗り：最新、塗りなし~20日前), 

๏ 2010年3月に水塊は入れ替わっているが、海面高度の正偏差は保たれている。
๏ 3/17に海面で冷水貫入が見られるが、SSH的には負偏差 (海面付近では負PVではない）
๏ 海面と同時に中層で低温・低塩分・低PVのオホーツク海系水の流入、取り込み ？



議論

黒潮系暖水塊の「終末」は、続流への再吸収や単純減衰だけではなく、
冷水性高気圧渦としての再生がある（本観測）

先行研究 (Itoh & Yasuda, 2010, Itoh et al., 2011)で観測された
alignment（異なる密度層の合併）との違いは？
➡冷却により上層の暖水コア密度が上昇し、低PV冷水と近くなると、
alignmentではなくmerger (合併)/entrainmentが起きる？

特異的に低PV水だけを取り込むのか？
➡渦同士の相互作用（同符号渦は融合するが、異符号渦は渦対を形成）の
アナロジー (e.g., McWilliams, 1984)から考えると、
低PV水を取り込む頻度が高いかもしれない

低塩分が低密度水を形成する他の海域でも同様の渦再生が生じている可能性
（e.g., アラスカ湾、アリューシャン、etc.）


