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研究成果の概要（和文）：本研究では、2013年7月に乱流・微細構造自律型プロファイリングフロートと、海洋の絶対
水平流速場測定フロートを複数、黒潮続流に投入する現場観測を実施した。流況観測結果は、近慣性内部波に伴う帯状
構造を示し、続流下150m以深の水温と塩分が著しい熱塩フィラメント構造を呈した。同時に観測した、乱流・微細構造
から、この熱塩舌状構造内で、活発な二重拡散対流が発生している事が判り、黒潮の蛇行や近慣性内部波は、乱流だけ
でなく二重拡散対流を促進することを示唆する。非静水圧モデルによる数値実験結果は、黒潮の蛇行から、振幅の大き
い近慣性内部波が、海面強制力無しで発生することを示した。

研究成果の概要（英文）：In this study, a microstructure profiling float and EM-APEX floats were deployed 
along the Kuroshio Extension Front in July 2013. The observed velocity data by EM-APEX floats exhibits 
banded phase structures of near-inertial internal waves with pronounced thermohaline interleaving 
structures below 150 m depth along the Kuroshio Extension over 900 km. The measured microstructure data 
show that the turbulence within the thermohaline interleaving structures was relatively weaker but 
microscale thermal variance dissipation rates were very large. These results suggest that subinertial and 
near-inertial shear catalyze the formations of double-diffusion favorable conditions and promote vertical 
mixing of tracer under the Kuroshio Extension Front. The results from the numerical simulations suggest 
that these near-inertial waves with large amplitudes can be generated spontaneously from the Kuroshio 
with no external forcing.

研究分野： 海洋物理学

キーワード： 黒潮　近慣性内部波　乱流　微細構造　フロント　二重拡散対流　黒潮続流　自律型プロファイリング
フロート
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Fig. 1 Schematic of this study. Wind power input to the ocean 
general circulation is esti- mated to be O(1) TW (Wunsch 
1998). This power input is balanced by energy dissipation 
processes such as bottom drag O(0.1) TW (Wunsch and Ferrari 
2004) and lee-wave generation O(0.2 TW) (Nikurashin and 
Ferrari 2011) near the bottom boundary. The study described 
here suggests that an unforced front can lose power from 
balanced circulations to near-inertial waves of O(0.36) TW. 
However, most of this is reabsorbed into the balanced flows 
with rela- tively little lost to explicit model dissipation 
O(0.001–0.047) TW. 
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Fig.2. (a) Gradient Richardson Number (b)TKE dissipation rates 
in log scale. 

Fig. 3. Ageostrophic zonal shear across the Kuroshio Front 
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Fig. 4. Satellite sea surface temperature on 18 July 2013 with 
trajectories of (blue) the EM9032 and (cyan) Navis-MR. Digits 
along the EM9032 trajectory indicate days after the deployment. 

Fig. 5 Across-frontal flow obtained along the Kuroshio 
Extension Front by EM-Apex Float over 900 km. 

Fig. 6, Thermohaline structure obtained by EM-APEX float for 
(top) temperature and (bottom) salinity. 

Fig. 7, Microstructure data by the microstructure float for (left) 
TKE dissipation rates, and (right) microscale thermal variance 
dissipation rates. 
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Fig. 8. Meridional sections of (a) back-rotated observed zonal 
residual vertical shear, (b) meridional residual vertical shear and 
model (c) residual zonal and (d) meridional shear. 

Fig. 9, (a) Upper-300-m-depth-averaged su as a function of 
meridional distance y relative to the Kuroshio Front from 2008, 
2009, 2011, and 2012 density measurements (solid) and model 
density (dashed), and (b) 80–250-m-depth-averaged dissipation 
rates as a function of meridional distance y relative to the 
Kuroshio Front from 2008, 2009, 2011, and 2012 fine- and 
microstructure measurements (solid) and model inferences of 
total kinetic energy dissipation rates, EKE (dashed). Shadings 
for the solid curves are 95% confidence intervals estimated with 
300 bootstrap resamplings and for the dashed curves 95% 
confidence intervals based on normal distribution fits. 

Fig. 10, Schematic summary of this study. Mesoscale 
subduction and near-inertial oscillations of cold-fresh water 
along the sloping iso- pycnal of the front provides continuously 
double-diffusion favorable condition, enhancing microscale 
thermal dissipation and vertical or diapycnal tracer fluxes. 
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