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Text S1 The SMCA setting 

Due to a malfunction of the flow sensor in column B during both cruises, only data from 

column A are used in this study. During SMCA operation, aerosol particles were first dried 

using a Nafion dryer, neutralized with a bipolar neutralizer, and then size-selected by the DMA. 

The classified particles were split between the CPC (1 L min-1) for total particle counting and 

the CCNc (0.5 L min-1) for CCN counting at a controlled supersaturation (SS). To maintain 

stable flow through the DMA, dilution air (0.5 L min-1) was added to the CPC inlet; its effect 

on the PNSD was corrected during data processing (Fig. S3). 

During the measurement period, the CCNc supersaturations (SS) were set to 0.2%, 0.4%, 

and 0.7%. Each supersaturation level was maintained for 20 min, during which the DMA 

completed a full scan every 5 min. Supersaturation transitions between adjacent SS levels (e.g., 

0.2%→0.4%, 0.4%→0.7%) typically stabilized within seconds to tens of seconds, while 

transitions from 0.7% to lower SS (0.1-0.2%) required up to ~5 min. Only scans with stable 

CCNc temperature and supersaturation throughout the DMA cycle were included in the analysis. 

 

 



Text S2 Data quality control 

To ensure the reliability of atmospheric measurements over the SCS and to minimize 

contamination from ship emissions, we applied a series of data screening procedures following 

previous studies.1-3 First, organic compounds, NO2, and NCN were used as tracers of ship exhaust, 

and abrupt spikes in their concentrations were identified as indicators of contamination. Second, 

the relative positions of the sampling inlet and the ship’s exhaust stack were considered. In this 

study, data were removed when the relative wind direction was between 150° and 220° and the 

relative wind speed was below 2.5 m s⁻¹ (Fig. S11). 

After applying these filters, 90.1% of the data (10-minute resolution) were classified as 

clean and retained for subsequent analysis. The time series before and after quality control was 

shown in Fig. S12. Besides, the time series of reactive gas was shown in Fig. S13. 

 

 



Text S3 PMF analysis 

The Positive Matrix Factorization (PMF) Evaluation Tool (PET) 4, which is based on a 

bilinear model, was used to resolve the sources of organic aerosols. The model can be expressed 

as: 

 𝑋𝑖𝑗 = 𝑔𝑖𝑘 × 𝑓𝑘𝑗 + 𝑒𝑖𝑗 (1) 

where Xij (with i and j denoting sample and species indices, respectively) represents the organic 

mass concentrations measured by the ToF-ACSM. The matrix X is decomposed into a factor-

contribution matrix G and a factor-profile matrix F, while eij denotes the residual for each 

sample–species pair. The number of factors k is determined by the user. The optimal solution is 

obtained using a least-squares approach that minimizes the objective function Q: 

 𝑄
𝑚
= (

𝑒𝑖𝑗

𝜀𝑖𝑗
)
2

 (2) 

where εij represents the measurement uncertainty. The value of Q is iteratively minimized to 

achieve the best factorization. 

 



Text S4 Fitting of log-normal modes to particle number size distributions and effective 

diameter calculation 

The multi-lognormal distribution function (Eq. (8)) is used to parameterize and optimize 

the descriptions of the measured PNSD 5 and is widely applied in aerosol research 2, 6, 7. An 

automatic mode-fitting algorithm (Hussein et al., 2005) is used to generate the model-fitted 

results. 

𝑓(𝐷𝑝, 𝐷̅𝑝𝑔,𝑖 , 𝑁𝑖 , 𝜎𝑔,𝑖) = ∑
𝑁𝑖

√2𝜋 log(𝜎𝑔,𝑖)
× exp [−

[log𝐷𝑝−log 𝐷̅𝑝𝑔,𝑖]
2

2(log𝜎𝑔,𝑖)
2 ]𝑛

𝑖=1   (3) 

where DP is the diameter of a particle. Each lognormal mode is characterized by three 

parameters: the mode number concentration (Ni), geometric variance (σg,i), and geometric mean 

diameter (GMD, 𝐷̅pg,i). The total number of lognormal modes used to describe the PNSD is 

denoted by n. These modes are fitted using an algorithm applied to each particle size 

distribution, with one to three log-normal distributions used per time step. The algorithm 

classifies the PNSD into nucleation, Aitken, and accumulation modes based on their geometric 

mean diameters (GMDs). The GMD for nucleation modes (GMD1) typically ranges from 3 to 

30 nm, for Aitken modes (GMD2) from 30 to 100 nm, and for accumulation modes (GMD3) 

above 100 nm (Heintzenberg, 1994; Hussein et al., 2005; Zhu and Wang, 2024). 

 The effective diameter (Deff) could be calculated as following: 

𝐷𝑒𝑓𝑓 = ∑
𝐷𝑖×𝑁𝑖

𝑁𝑡𝑜𝑡
𝑖   (4) 

where Di is the i-th particle diameter, Ni is the corresponding particle number concentration for 

the i-th diameter, and Ntot is the total particle number concentration. 

 



 

Figure S1. The windrose diagram during the ship measurement period. 

 



 

Figure S2. The scatter of mass concentration from ACSM and SMPS (a) and the timeseries of 

mass concentration from ACSM and SMPS (b). 

 

 



 

Figure S3. Instrument setup of the SMCA system. 

 

 



 

Figure S4. The timeseries of SO2, NOx, and O3 

 



 

Figure S5. The diagnostic plots of OA PMF: The Q/Qexp in different number of factors (a) 

and the Q/Qexp in different fpeak (b) 

 

 

 



 

Figure S6. The mass spectrum of HOA (a1), BBOA (b1), and OOA (c1) and the timeseries of 

HOA (a2), BBOA (b2), and MO-OOA (c2). 

 

 



 

Figure S7. The mass fraction of HOA, BBOA, and OOA and the f44 vs f43 plot between factors 

in this study and other studies 8-11.  

 



 

Figure S8. The average fitting result of SMCA method at 0.2% (a), 0.4% (b), and 0.7% (c) SS 

in this study. 

 



 

Figure S9. The input of aerosol size distribution and their hygroscopicity (a) during pre-TC 

Chaba period and (b) post-TC Chaba period in Pyrcel model 

 

 



 

Figure S10. The example of daily liquid cloud particle size from modis data during pre-TC 

Chaba period(a) and post-TC Chaba period (b). 

 

 



 

Figure S11. The backward tracjectories (a) and their average altitude in different age hours 

(c) during pre-TC Chaba period; The backward tracjectories (b) and their average altitude in 

different age hours (d) during post-TC Chaba period 

 

 



 

 

Figure S12. The selected wind direction range in data quality control 

 

 



 

Figure S13. The timeseries of particle number size distribution (PNSD) (a1), gases (NOx and 

SO2) (b1), organics and sulfate (c1), and total particle number concentration (NCN) (d1) before 

data quality control; The timeseries of PNSD (a2), gases (NOx and SO2) (b2), organics and 

sulfate (c2), and NCN (d2) after data quality control 

 



 

Figure S14. The diurnal pattern of OOA and OX during pre-TC Chaba period (a) and post-

TC Chaba period (b) 

 



Table S1 The input parameters in Pyrcel models during pre-TC Chaba and post-TC Chaba 

periods 

 Pre-TC Chaba Post-TC Chaba 

T (K) 304 304 

P (hPa) 1005 998 

RH (%) 77 82 

DAikten (nm) 57 60 

sAikten 1.42 1.49 

NAikten (cm-3) 626 3607 

DAccumulation (nm) 157 124 

sAccumulation 1.46 1.55 

NAccumulation (cm-3) 517 4084 

κAikten 0.66 0.31 

κAccumulation 0.58 0.20 

 

 



Table S2 The fitting result of critical maximum supersaturations and cloud droplet 

concentration under updraft velocity range from 0.1 to 2 m s-1 

Updraft 

velocity (m s-1) 

Smax (%, Pre-TC 

Chaba) 

Smax (%, Post-

TC Chaba) 

NC (cm-3, Pre-

TC Chaba) 

NC (cm-3, Post-

TC Chaba) 

0.1 0.03 0.03 326 465 

0.3 0.06 0.04 503 1025 

0.5 0.08 0.05 668 1804 

0.8 0.12 0.07 832 2448 

1 0.14 0.08 903 2849 

1.3 0.17 0.09 968 3420 

1.5 0.18 0.10 1023 3667 

1.8 0.21 0.11 1066 4296 

2 0.23 0.11 1066 4296 
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