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Table S1. Ranges of latitude and longitude in nine regions.

Regions Ranges of latitude Ranges of longitude
South China Sea (SCS) 0—25°N 100°E—125°E
East China Sea (ECS) 25°N—35°N 119°E—130°E
Bohai Rim (BR) 35°N—41°N 118°E—127°E
Bay of Bengal (BOB) 10°N—25°N 80°E—95°E
The Sea of Japan (SOJ) 35°N—50°N 130°E—142°E

West Pacific Ocean (WPO) 0—35°N 125°E—142°E




Table S2. Statistics of meteorological variables and air pollutants.

OBS?® SIM®  MB® NMB"(®%) NME®@%) RP®

WSi0¢(ms?) 45 5.3 0.8 1.0 1.2 0.90
RH © (%) 80.2 82.0 2.0 2.2 2.4 0.94
T2¢(°C) 28.4 29.0 0.6 0.8 1.2 0.88

PM2s59(ug m?3) 45.2 55.8 17.6 18.7 20.0 0.42

NO2 % (ppbv) 13.8 10.5 -3.3 -85 10.0 0.61

Ozone 9 (ppbv) 83.3 77.8 -5.5 -8.7 12.4 0.77

4 SIM is the simulated data, OBS is the observational data.
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: n is the number of hour.

¢ Observational data was obtained from the National Climate Data Center (NCDC). WSi1o: wind
speed at 10 m; To: temperature at 2 m; RH: specific humidity at 2 m.

d Observational data was obtained from China’s Ministry of Ecology and Environment (MEE).



Table S3. Statistics of model performance in different cases for hourly Oz measurements at MEE
station and monthly Os in three marine sites (Unit: ppbv).

Regions CASE OBS SIM MB
Default 19.6 2.8
HONO 20.3 2.1

HT® 22.4
Cl 19.9 -2.5
BASE 20.9 -15
Default 21.3 -4.8
rvori HONO 23.1 3.0

yori

Cl 26.1 22.1 -4.0
BASE 24.1 2.0
Default 17.6 2.3
HONO 19.2 -0.7

Yona® 19.9
Cl 18.6 -1.3
BASE 19.2 -0.7

North Central Plain (NCP), ®Yangzi River Delta (YRD), ¢ Pearl River Delta (PRD), ¢ Hok Tsui
(HT), © Yonagunijima (Yona).



Table S4. Comparison between simulated and observed HONO, N20Os, and CINO; in coastal and

marine sites.
Species Location Sites type Observgtlonal Observational References
period average
South of . 25 July to 8 Wojtal et al.
Vancouver Coastal site August 2008 05-1.5 ppbv (2011)
North Atlantic .. 5 July and 8 July Yeetal.
Ocean Marine site 2013 8.8-11.3 pptv (2016)
Mediterranean Coastal remote 7 July to 4 August 35.0 Doty Meusel et
island site 2014 PP al. (2016)
Eastern Bohai Marine 5 October to 5 Wen et al.
HON . 2
ONO Sea background site November 2016 0.2 ppbv (2019)
Eastern Marine 24 November and 3.0-6.0 DOtV Kasibhatla
Atlantic Ocean  background site 3 December 2015 SN PP etal. (2018)
East China Shipboard-based Cui etal.
Sea measurement July 2017 06-1.1 ppbv (2019)
South China Coastal 31 August to 8 89.0 oty @ Unpublished
Sea background site October 2018 ~ PP data
South China Coastal 31 August to 8 a Unpublished
N2Os Sea background site October 2018 85 pptv data
South China Coastal 31 August to 8 . Unpublished
CING. Sea background site October 2018 89.0 pptv data

& Observed data was filtered with one-day backward trajectory from ocean.
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Figure S1. Measurement sites. (a) Blue dots denote the surface weather stations in NCDC in
July 2018. (b) Red dots denote the available surface air-quality monitoring stations operated by
MEE in July 2018.
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Figure S2. (a) Observations of Oz at China MEE station and two marine sites in Japan and
modeled Oz mixing ratios with (b) default chemistry and (c) integrated HONO and chlorine
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chemistry (Unit: ppbv). The red circles in (b) and (c) highlight the Oz simulation in coastal areas.
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Figure S3. (a) Spatial distribution of averaged NO> (Unit: ppbv) at the surface. Arrows present
the simulated wind vectors from the BASE case.
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Figure S4. Vertical distribution of averaged (a)(b) HONO (Unit: ppbv) and (c)(d) nighttime
CINO2 (Unit: pptv) at cross-section by 113°E and 31°N, respectively in July 2018 from the
BASE case. Arrows and the gray shadow present the topography high from the BASE case. We
also highlight the South China Sea (SCS) and Pearl River Delta (PRD) in (a) and Yangzi River
Delta (YRD) and East China Sea (ECS) in (b).
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Figure S5. Spatial distribution of averaged N.Os (Unit: pptv) during nighttime (18:00-06:00
LST) at the surface from the BASE case in July 2018. Arrows present the simulated wind vectors
from the BASE case.
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Figure S6. Spatial distribution of averaged fine particulate chloride (Unit: pg m3) at the surface
from the BASE case in July 2018. Arrows present the simulated wind vectors from the BASE
case.



45°N:' - '
30°N_ﬂ -
Ny

159 s _

SR RS S SR &
90°% 100°E 110°E 120°E 130°E 140°E

2.00
1.00
0.70
0.50
0.40
0.30
0.20
0.10
0.06
0.02

Figure S7. Average variation of simulated (a) OH radical (Unit: pptv) during daytime from the

ship emission with additional HONO chemistry (HONO - HONO_noship) and (b) Cl radical

(Unit:10° pptv) during daytime from the ship emission with chlorine chemistry (CI - Cl_noship).
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Figure S8. Vertical profiles of Oz variations (Unit: ppbv) from different chemistry in nine

regions.
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Figure S9. Averaged fine particulate nitrate enhancement (Unit: pg m°) with (a) default
chemistry (Def-Def_noship), (b) default and additional HONO chemistry (HONO-

HONO _noship), (c) default and additional chlorine chemistry (CI-Cl_noship) and (d) default and
integrated HONO and chlorine chemistry (BASE-BASE_noship). Arrows present the simulated
wind vectors from the BASE case.



_ v 2’ v g 20
Y : 18 450 ' 18
: 1.6 1.6
o 1.4 s 1.4
N 12 N 12
T 1.0 , 5 1.0
SN~ - log IsnFT ) 108
0.6 0.6
0° o -I: 3 0.4 0° SR 0.4
0.2 0.2

R | SELESAR N

90° 100°E 110°E 120°E 130°E 140°E 90°c 100°E 110°E 120°E {30°E 140°E

95 45ty

sy 5oy

0° TR

Figure S10. Averaged fine particulate sulfur enhancement (Unit: pg m3) with (a) default
chemistry (Def-Def_noship), (b) default and additional HONO chemistry (HONO-

HONO _noship), (c) default and additional chlorine chemistry (CI-Cl_noship) and (d) default and
integrated HONO and chlorine chemistry (BASE-BASE_noship). Arrows present the simulated
wind vectors from the BASE case.
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Figure S11. Contribution of ship emission to the concentration of detailed aerosol species in
oceanic areas and coastal cities. PSO4, PNO3, PNH4 and PPM represent the fine particulate
sulfate, fine particulate nitrate, fine particulate ammonia, and primary particulate matter,
respectively. Def_ship and ReNOM _ship represents Def-Def_noship and BASE-BASE_noship,
respectively.
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