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1. Background and Study Area
During most of the summers from June to August (JJA), the summer upwelling |
southeast of Vietnam (SUEV) develops along the coastal region of Vietnam in a
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northeastward direction.
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3. Methods AFys = FCO, - (Upps, APCO, ) —F, @ | N 1. While Ninio-Nina summers typically suppress the SUEV due to a weakened
To accurately quantify the intensity of the AFapco, = FCO - (Ugimy ADCO. ) — F, 5) southwest monsoon (as seen in 1998 and 2010), the 2016 SUEV was
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SUEV along its privileged streaming direction, we  here U.,. and ApCO denote the observed Ui,
projected the current velocity vectors from the 2 0bs

original axes (x1, yl) onto the principal flow
(along-stream) axes (x2, y2). The V, 1s driven from
the long-term mean currents (u., v.) in axes (xI,

unexpectedly strong, exhibiting cold SST and enhanced northeastward currents.
2. The intensification in 2016 was primarily driven by a long-lasting WAE. Unlike

in other years, the 2016 WAE moved southwestward, positioning its western

flank to accelerate the SUEV through constructive interference between

and ApCO,, respectively, while subscripts “clim” 0.25

refer to their monthly or seasonal climatological
means. F represents the climatological mean FCO,.
The residual term (AF,eqigyuq;) accounts for the
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y1), expressed as V. = Ui + 7.j. non-linear coupling between U;q and ApCO, — = geostrophic and Ekman flows.
). s - - Qo 3. The eddy-enhanced upwelling in 2016 significantly altered the local air-sea CO,

W', = u, - cos6 + v, - sinf (1) anomalies, capturing the amplification when strong
{v’c = —u, - sinf + v, - cosO’ U, are concurrent with large ApCO.,. N
To quantitatively separate the drivers of the
observed FCO, anomalies, we performed a linear
decomposition analysis following the methodology RO
of Brady et al. (2019). The total FCO, anomaly (AF) <o™

was decomposed 1nto contributions from the

exchange. The intrusion of deep, carbon-rich water transtformed the SUEV 1nto
a strong CO, source (outgassing), contrasting with the weak outgassing
observed in 1998 and 2010.

4. These findings highlight that oceanic intrinsic variability, specifically mesoscale
eddy dynamics, can override basin-scale atmospheric forcing. Consequently,
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term, as governed by the following equation: L ENSO indices may be insufficient. Future assessments of the SCS carbon cycle
iy = N and global coastal carbon budgets must account for the stochastic nature of
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