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Figure S1. Spatial distribution of DMS measurements in simulation domain (11°S to 55°N, 60–150°E). 10 
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Figure S2. Zonal mean DMS sea-surface concentrations predicted by XGBoost between -10 to 50° latitude band of 13 

entire simulation domain (11°S to 55°N, 60–150°E). 14 
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Figure S3. The ranked mean SHAP values of each predictor across all prediction cases, and the line ranges represent 17 

the upper and lower quantile (25th–75th percentile) across the distribution. 18 
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Figure S4. Spatial plots of annual mean concentrations from XG simulation (background plots) and observed (circles) 21 

values of PM2.5. The mean observation (Mean Obs), mean simulation (Mean Sim), mean fractional error (MFE), and 22 

mean fractional bias (MFB) displayed at lower left corner are the statistic result of averaged 365 grids. 23 
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 25 

Figure S5. Monthly mean simulated CCN concentrations (TOMAS) from XG simulation and satellite‐retrieved CCN 26 

concentrations (SAT) from Liu et al., (2020). The mean satellite‐retrieved (Mean SAT) CCN concentrations, mean 27 

simulation (Mean TOMAS), mean fractional error (MFE), and mean fractional bias (MFB) displayed at upper centre 28 

are the statistic result of averaged on the simulation grid for corresponding satellite‐retrieved CCN geographical 29 

location (in total 667 grids).  30 
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Figure S6. The scatter plot of AOD compares annual mean model predictions (XG simulation) and observations from 33 

AERONET. The black solid line and dashed line indicate trendline and 1:1 line, respectively. 34 
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Figure S7. Seasonal variations of atmospheric surface DMS concentrations estimated by the XG simulation. 38 
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 40 

Figure S8. Seasonal variations of absolute changes in surface SO2
 between the XG and ND (no DMS) simulations. 41 
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Figure S9. Panel (a) presents the spatial distributions of annual mean percent changes and absolute changes in surface SO4
2- 44 

and CCN, and panel (b) presents the spatial distributions of annual mean all-sky DRF and cloud-albedo IRF between the XG 45 

and LANA simulations. 46 

 47 

Table S1.  Training dataset participated in machine learning estimates. 48 

Variables units Filtering threshold   sources 

DMS measurements 

in China Seas 
μmol m-3 Remove values < 0.1 and values >100 

Local measurements from Ocean University of 

China (Yang et al., 2015a;Yang et al., 2014;Yang et 

al., 2015b;Li et al., 2020b;Li et al., 2020a)  

DMS measurements 

from global database 
μmol m-3 Remove values < 0.1 and values >100 

http://saga.pmel.noaa.gov/dms/ (Kettle et al., 

1999;Lana et al., 2011) 

Salinity unitless 
Remove values < 30 and sampling 

depth >10m 

 https://www.ncei.noaa.gov/products/world-ocean-

atlas (Garcia et al., 2019) 

Sea surface 

temperature (SST) 
°C - 

 https://www.ncei.noaa.gov/products/world-ocean-

atlas (Garcia et al., 2019) 

Dissolved Oxgyen 

(DO) 
μmol kg-1 Remove values < 0.01 

https://www.ncei.noaa.gov/products/world-ocean-

atlas (Garcia et al., 2019) 

Silicate μmol kg-1 Remove values < 0.01 
https://www.ncei.noaa.gov/products/world-ocean-

atlas (Garcia et al., 2019) 

Phosphate μmol kg-1 Remove values < 0.01 
https://www.ncei.noaa.gov/products/world-ocean-

atlas (Garcia et al., 2019) 

Nitrate μmol kg-1 Remove values < 0.01 
https://www.ncei.noaa.gov/products/world-ocean-

atlas (Garcia et al., 2019) 

Mixed layer depth 

(MLD) 
m Remove values >150 

https://www.pmel.noaa.gov/mimoc/ (Schmidtko et 

al., 2013) 

Chlorophyll 

concentration (Chl) 
mg m-3 Remove values < 0.01 https://oceancolor.gsfc.nasa.gov/l3 

Diffuse attenuation 

coefficient at 490m 

(kd490) 

m-1 - https://oceancolor.gsfc.nasa.gov/l3 

Particulate Inorganic 

Carbon (PIC) 
mg m-3 - https://oceancolor.gsfc.nasa.gov/l3 

Particulate organic 

Carbon (POC) 
mg m-3 - https://oceancolor.gsfc.nasa.gov/l3 

Photosynthetically 

available Radiation 

(PAR) 

Einstein 

m-2 d-1 
- https://oceancolor.gsfc.nasa.gov/atbd/par/ 
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Table S2.  Model performance for sea surface DMS concentration predictions. 55 

 OBS PRE MB RMSE NMB 

Winter 1.99  1.65  -0.34  1.69  -16.87  

Spring 2.92  2.71  -0.21  1.81  -6.51  

Summer 3.93  3.58  -0.35  2.19  -11.82  

Fall 2.87  2.28  -0.59  2.08  -19.36  

Annual average 2.57  2.31  -0.26  1.97  -10.28  

Notes: OBS: mean observation value; PRE: mean prediction value; MB: mean bias; RMSE: root mean squared error; NMB: normalized 56 

mean bias. 57 

 58 

Table S3.  Comparison of seasonal mean DMS concentrations over Asia region from other studies (μmol m-3). 59 

Season This study Lana et al. (2011) Wang et al. (2020) 

Winter 1.93  1.78 1.30 

Spring 2.52 2.33 2.21 

Summer 2.19 2.01 1.81 

Fall 2.03 1.87 1.71 

 60 

Table S4.  Comparison of regional mean modelled atmospheric DMS concentrations with observations from Cruise Survey 61 

Experiment (CSE) 1-3(Units: pptv). 62 

 CSE 1  CSE 2 CSE 3 

OBS 39.74  57.82  217.51  

XG 46.42  41.65  334.90  

LANA 23.40  36.71  95.94  

OBS-XG 6.68  -16.17  117.39  

OBS-LANA -16.34  -21.11  -121.57  

Notes: OBS refer to observations; XG and LANA refer to simulation values; OBS-XG and OBS-LANA refer to differences between 63 

observations and simulation values (XG and LANA).  64 

 65 

 66 
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Table S5.  Comparison of mean annual CCN predictions from other studies (Units: cm-3) 68 

City Longitude Latitude CCN_obs CCN_sim Sources 

Nanjing 118.7°E 32.06°N 1540.5  919.1  (Liu et al., 2020) 

Nanjing 118.7°E 32.21°N 1669.2  994.3  (Liu et al., 2020) 

Shanghai 121.29°E 31.18°N 2783.0  983.3  (Liu et al., 2020) 

Guangzhou 113.21°E 23.07°N 1299.3  796.9  (Liu et al., 2020) 

Shenzhen 114.56°E 22.48°N 1289.0  501.9  (Liu et al., 2020) 

Taiwan 121.54°E 25.3°N 1010.5  325.4  (Cheung et al., 2020) 

Indo-Gangetic Plain 85.81°E 20.24°N 2250.0  948.7  (Jayachandran et al., 2020) 

Indo-Gangetic Plain 82.85°E 25.45°N 1650.0  1432.4  (Jayachandran et al., 2020) 

Indo-Gangetic Plain 73.04°E 26.25°N 1375.0  602.2  (Jayachandran et al., 2020) 

Eastern Himalaya 88.2°E 27°N 1800.0  1787.7  (Roy et al., 2017) 

Central Himalaya 79.5°E 29.4°N 1000.0  1232.0  (Dumka et al., 2015) 

Hyderabad 78.38°E 17.45°N 1100.0  1564.2  (Varghese et al., 2016) 

Mahabaleshwar 73.4°E 17.6°N 1500.0  670.0  (Leena et al., 2016) 

 69 

Table S6.  Comparison of modelled annual mean DRF and IRF for DMS induced sulfate reported in previous studies. 70 

Annual Mean DRF (W m-2) Annual Mean IRF (W m-2) Model Sources 

-0.23 -0.76 GLOMAP-mode global aerosol 

microphysics model 

(Rap et al., 2013) 

-0.074 -0.23 CESM-CAM5 (Yang et al., 2017) 

-- -6.55 CESM-CAM5 (Jin et al., 2018) 

-- -2.0  ECHAM5-HAMMOZ (Thomas et al., 2010) 

-- -1.79 ECHAM5-HAMMOZ (Mahajan et al., 2015) 

Notes: -- represents corresponding values that have not reported in their studies. 71 

 72 
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