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Abstract

The frequency of prolonged marine heatwaves (MHWs) in mid-to-high latitude oceanic regions has
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increased and significantly affected oceanic phytoplankton dynamics and carbon uptake has no
longer confined to the summer months. This study investigates the characteristics of strong autumn
MHW:s in the Northwestern Pacific in 2022 and 2023 and their effects on Chl-a concentration and car-
bon uptake. The results indicate that Chl-a concentrations were up to 5~6 times higher than the clima-
tological normal during autumn MHWs. While particulate organic carbon (POC) is up to 2~3 times
higher than the climatological normal, paralleling the variations in Chl-a concentrations. Our results
further indicate that the extended duration of MHWSs and their complex effects on the oceanic mixed
layer depth (MLD) play a key role in this phenomenon. The prolonged heating of the mixed layer dur-
ing MHWs creates optimal temperature and nutrients conditions for phytoplankton growth, promot-
ing phytoplankton blooms and enhanced carbon uptake.
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Figure 1. (a) Fitted plots of MHW event duration and mean intensity identified from SST dataset in the study region during
1982~2023. Point colors represent cumulative intensity; (b) Event lines of identified MHWSs in 2022 and 2023. Blue, green,
and black curves denote the climatological curve, 90th percentile threshold curve, and SST curve. Red shaded areas indicate
MHW events. Spatial distribution of MHWSs metrics: mean intensity; cumulative intensity and days in 2022 (c)~(e) and 2023
(H~h)
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b, 2022 41 2023 4 (IR TERESEIT [A] A0 RASRE Ry WA hn, KRSt (A 200 K. FREEET R 1)
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SCHRR B () = AN AR R XSRS . DR, BRATD R GRS 3R a R ABURLAT LRSI (¥ 43
MrER e I TR IX S, %X e DR B, TN & il 52 B /)N (<0.1 mg/m) . [RIIRE, AT Doy
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Figure 2. Spatial distribution of (a) Chl-a concentrations differences between GlobColour and OC-CCI (The white rectangle
shows the study area); and (b) comparison of different percentiles in autumn 2022 and 2023
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Figure 3. (a) Spatial distribution of Chl-a concentrations and (c) POC anomalies in 2022 and 2023. Time series of (b) Chl-a
concentrations and (d) POC (units: mg/m3). The black curve represents the climatological mean. (e) Spatial distribution of
cumulative MHW intensity differences between JA and SO in 2022 and 2023. (f) Spatial distribution of Chl-a concentrations
and (g) POC anomalies differences between JA and SO in the study area for 2022 and 2023
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Figure 5. (a) Time series of PAR; (b) Spatial distribution of PAR anomalies between JA and SO (units: einstein/m?/day); (c)
Correlation coefficients of Chl-a concentrations anomalies with Dust_d, Dust_w, OC, and BC deposition anomalies, along
with their corresponding time series in the study area in 2022 and 2023 (units: mg/m?)
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Figure S1. Spatial distributions of NPP differences between JA and SO in 2022 and 2023 (unit: mg/m?/day)
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Figure S2. Anomaly time series of surface (a) dissolved iron, nitrate, (b) phosphate, and silicate in the study area during in
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