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a, b are eddy trajectories that move the starting point of the eddy trajectory to the origin; ¢, d are motion trajectories with eddy lifetimes

greater than or equal to 26 weeks.
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Fig.5 Trajectories of cyclonic eddies and anticyclonic eddies moving with the same starting point and with lifetimes
greater than or equal to 26 weeks
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a, ¢, e are interannual variations; b, d, f are monthly scale variations; The shaded part is the staistical test, which is calculated by u +

o(t)//N(t), uisthe mean value, o is the standard deviation, and N is the data amount.
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Fig. 6 Interannual and monthly-scale variations in eddy amplitude, radius and eddy kinetic energy
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a, b are SST anomalies; ¢, d are sea surface wind speed anomalies; e, f are sensible heat flux anomalies; g, h are latent heat flux
anomalies; The extremes of eddy-causing anomalies in the composite plots are shown in the lower right corner, the axes in the composite
plots are the normalized distances between the center of the eddy and the edge of the eddy by a factor of 2R. The dashed line on each plot is
the one eddy contour labeled with the effective eddy radius.
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Fig. 7 Anomalies in SST, sea surface wind speed, sensible heat flux and latent heat flux due to
warm eddies and cold eddies
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Solid circles represent mean values of parameters with error bars indicating +1 standard deviation of anomalies. Solid lines denote linear
regression fits between parameter anomalies and sea surface temperature anomalies (SSTA) , where the slope coefficient s quantifies the
response sensitivity of parameters to SSTA. The goodness of fit is evaluated by the coefficient of determination (R?) , representing the
proportion of variance explained by SSTA. Double asterisks (**) indicate statistical significance at P<0.01 (two-tailed t-test) ,
demonstrating that the regression slope is significantly different from zero at the 99% confidence level.
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Fig. 8 Anomalies in sea surface wind speed, sensible heat flux, and latent heat flux induced by warm/cold eddies
versus sea surface temperature anomaly
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Tab. 4 Coupling coefficients of eddy-induced anomalies for warm and cold eddies in different regions and seasons

(warm eddies outside parentheses, cold eddies inside parentheses)
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Analysis of air-sea parameter anomalies associated with mesoscale eddies in
the Northwestern Pacific

LONG Fengxin, GAO Guoping , MIAO Qiaolong, BIAN Sijin
(College of Oceanography and Ecological Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Mesoscaleeddies play a pivotal role in oceanic material transport, energy exchange, and climate
variability modulation. To understand their impacts on air-sea interactions in the Northwestern Pacific, this
study analyzes satellite altimeter and scatterometer data (2006—2009) using eddy identification and
composite analysis techniques, focusing on over 30 000 warm and cold eddies.Results demonstrate distinct
air-sea parameter anomalies: warm (cold) eddies exhibit positive (negative) anomalies in sea surface
temperature (SST, 1.64/-1.58 °C ) , surface wind speed (0.72/-0.58 m/s) , sensible heat flux (19.60/
-39.25 W/m?) , and latent heat flux (40.98/-55.03 W/m?) ; these atmospheric responses show strong linear
coupling with SST anomalies, with maximum coefficients of 0.49/0.50 m/(s-°C) (wind), 19.57/20.04 W/
(m?-°C) (sensible heat), and 33.61/32.96 W/(m?:°C) (latent heat). Regional and seasonal variations in
anomalies are modulated by background SST gradients and wind fields through vertical heat transport
efficiency and surface roughness modification; synergistic mechanisms involving Ekman pumping, mixed
layer adjustment, and boundary layer stability further contribute to these patterns. This study underscores
the need for eddy-resolving coupled models to quantify mechanistic contributions and provides critical
insights for improving air-sea parameter forecasting in eddy-active regions.

Key words: mesoscale eddies; air-sea coupling; composite analysis; Northwestern Pacific
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