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Dynamics of Long-term Northward Movement of Warm-core Rings and
Their Effect on Fishing Ground Formation

Sachihiko IToH and Takashige SucimMoTo

Numerical experiments were performed to explore topographic effects on warm-core rings in the Tohoku area, using a
three-dimensional, primitive equation, numerical model. Among five experiments with a steep western boundary slope,
warm-core rings which initially had a deep baroclinic flow tended to move northward along isobaths, similar to the
long-term movement of rings in the Tohoku area. However, the ring did not move northward in a case with a moderate
slope. It seemed that the steep slope acted like a wall and the effect equivalent to the image effect appeared. The detail
movement of the model rings were compared with observational results of warm-core ring 93A. Unlike the model
rings, there were a seasonal along-shore oscillation and short-term cross-shore movements for warm-core ring 93A.
However, these fluctuations could be explained qualitatively by taking into account the Oyashio, the Kuroshio Exten-
sion and other warm-core rings: seasonal oscillation was due to the southward advection of the Oyashio, and most of
rapid cross-shore movments were due to the interaction with the Kuroshio Extension and other warm-core rings. An
analysis with warm-core ring 93A showed that the cross-shore position of rings, which is very simple and well prognos-
ticated by our analysis, can be a good index for saury fishing ground formation.
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Figure 1. Observed trajectory of the warm-core ring 93A dur-
ing 1993-1997 with bottom topography (adapted from Ina-
gake (1997) and oceanic condition report by Tohoku Na-
tional Fisheries Research Institute). A coordinate axes are set
to analyze saury fishing grounds.
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Figure 2. Model domain and its bottom topography.
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Figure 3. Initial velocity profiles of warm- i:orc rings for the B R A O FER r — 2 BC KJ"QH.E‘: - Hfﬁ\i,ﬁ@ LS
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Table 1. Representative cases of the numerical experiments.

. Fo hy A, Near-bottom Initial Position
Experiment [km] [m] [°C] Structure [°N, °E]
BC: Baroclinic 50 500 4 Baroclinic 144.0, 39.0
{near bottom)
BG: Big Ring 70 500 4.5 Baroclinic 144.0, 39.0
0OS: Off Shore Ring 50 500 4 Baroclinic 144.5,39.0
BT: Barotropic 50 500 3 Barotropic 144.0, 39.0
(near bottom)
IS: [sostatic Ring 50 500 4 No flow 144.0,39.0
MS: Moderate Slope 50 500 4 Baroclinic 144.0, 39.0
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Figure 4. Trajectories of the model warm-core rings in the
cases of (a) BC, (b) BG, OS. (¢) BT, IS, (d) MS
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Figure 5. Stream lines profiles of warm-core rings. (a) result of
the model experiment: 1700 m depth stream line of the model
BC at DAY 5. (b) analytical solution: Surface stream line de-
rived by Shi and Nof (1994).
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Figure 6. Time series of along shore (along 4000 m isobath)
position of the warm-core ring-93A. Overlines at the upper
part of the panel indicate the months the ring moved south-
ward which seems to correspond to those of the strong south-
ward Oyashio advection.
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Figure 7. Time series of the cross-shore (from 4000 m isobath)
position of the warm-core ring 93A. The reference value for
analyzing the relationship between saury fishing ground is
35 km and shown by a dotted line. Overlines are same as Fig-
ure 6, while arrows indicate the months when the core tem-
perature of the ring rose rapidly.
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Table 2. Chronological table of the cross-shore position (CSR)
of warm-core ring 93A and its “straitening effect” on saury
fishing grounds; the width of the possible southward migra-
tion path is narrowed as warm-core rings approach the shore,
and this often causes “straitening effect” such as fishing
grounds concentration and blocking of the southward migra-
tion. Bars indicates the months when CSR is less than 35.

Year Month CSp Straitening effect
1993 Aug -27.8 |
Sep 74.2
Oct 33.8 1
Nov 12.4 | appeared
Dec 24.7 |
1994 Aug 52.5
Sep 12.4 |
Oct 52.5
Nov 212 | clearly appeared
Dec 9.4 !
1995 Aug 21.2 |
Sep 14.6 | appeared
Oct 9.4 | clearly appeared
Nov 50.0
Dec 7.7 i
1996 Aug 57.1
Sep 57.1
Oct 52.0
Nov 52.0
Dec 50.0
1997 Aug 64.8
Sep 30.4 | appeared
Oct 82.4
Nov 38.7
Dec 64.3
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