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Figure S1. Schematic diagram of the sampling inlet unaffected (a) or affected (b) by ship plumes when the

vessel stopped.
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Figure S2. (a) Scatter plot of HONO versus NOx for the ship plume data. The color bar indicates the intensity of
Jnoz that was concurrently measured during the experiment period. (b) Category plot of ER (AHONO/ANOy)

Versus Jnoz.
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Figure S3. Monthly average of 2-m temperature, relative humidity, the zonal wind (positive for eastward) and
the meridional wind (positive for northward) in July 2014 from GEOS-FP meteorological field and
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Figure S4. Time series of simulated and observed MDAS O3 at remote and rural sites in July 2014. The model
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reproduces the variations of observed data.
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Figure S5. Monthly average of observed NO» and simulated (NO,-NO) at 19 sites in China. The overestimation
was mainly due to the catalytic conversion of other oxidized nitrogen species to NO (Xu et al., 2013). The
underestimation was mainly due to the low model resolution that cannot capture variations of local emissions
(Sun et al., 2019). The 19 sites covered different regions of China mainland: 1. Beijing, 2. Tianjin, 2. Ji’nan, 4.
Qingdao and 5. Xuzhou for North China; 6. Shenyang and 7. Dalian for Northeast China; 8. Hangzhou, 9.
Ningbo and 10. Fuzhou for Southeast China; 11. Nanchang, 12. Wuhan and13. Hefei for Central China; 14.

Guangzhou and 15. Nanning for South China; 16. Xi’an and 17. Lanzhou for Northwest China; and 18.
Chengdu for Southwest China.
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Figure S6. Model-simulated monthly-mean spatial distributions of (a) HONO, (b) OH, and (c) total primary OH
production rate in July 2014 from the Base Scenario.
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Figure S7. Model-simulated monthly-mean percent difference between Base and Test simulations of hourly
HONO spatial distributions. The difference represents the ratio of absolute difference versus Base simulation

((Test-Base)/Base*100%).
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Figure S8. Model-simulated absolute and percent differences between Test simulation and Base simulation of

monthly-mean spatial distributions of OH production rate from HONO photolysis.



Figure S9. Model-simulated monthly-mean percent difference between Base and Test simulations of hourly

total primary OH sources.
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Figure S10. Model simulated monthly-mean absolute difference and percent difference between Base and Test
simulations of HONO concentrations based on the ER=1.7% ((a) and (b)) and 0.03% ((c) and (d)).
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Figure S11. Model simulated monthly-mean absolute difference and percent difference of primary OH sources
between Base and Test simulations based on the ER=1.7% ((a) and (b)) and 0.03% ((c) and (d)).



Table S1. Summary of the traffic-induced, exhaust-induced, and ship plume HONO/NOx ratios from literatures.

Method Object Instrument Type HONO/NOx Reference
light duty motor vehicle Eight different LDMV with :
(LDMV) DOAS spark ignition engines 0.1-0.8% Pitts et al.,1984

Chassis _ ] o ) : Nakashima and

dynamo Gosoline Vehicle CEAS Six different light vehicles 0.11-0.68% Kaiii. 2017
meter ajit,

. . : : : Gasoline:0-0.95% :
Gasoline/diesel vehicle ADAMD Two different vehicles Diesel: 0.16-1.0% Trinh etal., 2017
Gasoline vehicle LOPAP Different engines 0.03-0.42% Liuetal., 2017
: Na,COs-coate ; :
Caldecott Tunnel, United >99% gasoline-fueled, <2% Kirchstetter et al.,
States d glass annular heavy-duty vehicle (0.29 £0.05)% 1996
T | denuder
unne Wuppertal :
EXperim Kiesbergtunnel, DOAS 5% 93-50“?8 and 12% (0.8 +£0.1)% Kurtenzb(?fif etal,
ent Germany lesel cars
Shing Mun Tunnel, 47% gasoline, 38% diesel :
Hong Kong, China LOPAP and 15% LPG vehicle (1.24 +£0.35)% Liang etal., 2017
Mong Kok, H 42% line, 26% diesel
O}an g"’cﬁingng LOPAP an"dggg&"l‘_%GGVgh?éfge (1 +0.5)% Yun etal., 2017
Tung Chung, Hong 33% diesel and 67%

Meer?tsgirtg Kong, China LOPAP gasoline vehicles 1.20% Xuetal., 2015
near Highway junction, 89-95% gasoline and Rappengluck et
road Houston, United States LOPAP 5%-11% diesel vehicle 1.70% al.,2013

Urban site in Ji’nan LOPAP Near urban street (0.53 +0.20)% Lietal., 2018
Ship Exhaust of Ship, East LOPAP All ship plume (0.46 £0.31)% This work
plume China Sea LOPAP Typical ship plume (0.51 +0.18)% This work

Table S2: Monthly ship emissions of NOx and HONO based on CEDS inventory and the ER of this study and references in Table

S1 (Units: Gg month™).

Emissions Jan. Feb. Mar.  Apr. May  Jun. Jul. Aug.  Sept. Oct. Nov. Dec.

NOx 965 830 1012 972 1022 952 1050 1064 1014 1088 1059 1070
510+ 438+ 534+ 513+ 539+ 503+ 554+ 562+ 535+ 574+ 559+ 565+

1.77 1.53 1.86 1.79 1.88 1.75 1.93 1.96 1.86 2.00 1.95 1.97

ER=1.7% 16.41 1411 172 165 17.37 16.2 17.9 18.1 17.2 18.5 18 18.2

ER=0.03% 0.289 0249 0304 029 0307 0.29 0.32 0.32 0.3 0326 0.32 0.32

This study




Table S3. Comparison of simulated and observed MDAS O; at 12 remote or rural sites.
Site L ocation Characteris ~ Obs (ppbv) Model (ppbv) NMB
tics Mean+SD Mean+SD (%)
Hohenpeissenberg 11.01N, 47.8E, 985 m Remote 52.9412.0 53.546.8 1.1
Iskrba 14.86N, 45.56 E, 540 m Rural 48.149.5 55.745.0 15.8
Jungfraujoch 7.985N, 46.547E, 3580 m Remote 60.617.4 53.245.8 -12.2
Kollumerwaard 6.28N, 53.33E,0m Remote 48.2410.9 52.648.6 9.2
Mace Head 9.899<5, 53.326E, 8 m Remote 33.445.5 34.6+7.7 3.7
Payerne 6.94N, 46.81E, 489 m Rural 47.2410.5 53.245.8 12.7
Ryori 141.82N, 39.03E, 260 m Remote 45.0#11.3 54.449.7 25
Tudor Hill 64.87<5, 432.264F, 30 m Suburban 18.345.0 25.044.6 36.2
Vindeln 19.767N, 64.25E, 225 m Rural 36.645.6 39.745.1 8.4
Yonagunijima 123.02N, 24.47.8E, 30 m Remote 21.348.9 34.319.0 60.8
Zavodnje 15N, 46.43E, 770 m Remote 50.147.9 55.745.0 11.3
Zugspitze 10.98N, 47.42<E, 2960 m Remote 57.246.0 53.546.8 -6.6
Table S4. Comparison of simulated and observed HONO at 10 rural sites.
Site Period ol\;):a(r?igé) References
Beijing, China (urban) Jun. —Jul. 2016 1.3840.90 Wang et al., 2017
Ji’nan, China (urban) Jun. —Aug. 2016 1.1240.93 Lietal., 2018a
Wangdu, China (rural) Jun. =Jul. 2014 0.9140.48 Liu et al., 2019
Back Garden, China (rural) Jul. 2006 0.76 Lietal., 2012
Whiteface Mountain, USA (1483 m a.s.l.) 14 Jun. —20 Jul. 1999 0.046 Zhou et al., 2007
Hohenpeissenberg, Germany (980 m as.l) 2 Jul. =12 Jul. 2002 0.039 Acker et al., 2006
29 Jun. —14 Jul. 2004 0.063 Acker et al., 2006
Mt. Brocken, Germany (1142 m a.s.l.) 19 Jun. -4 Jul. 1999 0.056 Acker et al., 2001
Northern Michigan (1000-1900 m a.s.l.) 30 Jul. —6 Aug. 2007 0.009 Zhang et al., 2009
Northern Italy (300-1000 m a.g.l.) 12 Jul. 2012 ~0.15 Lietal., 2014
Southeastern USA (>1500 m a.g.l.) 1 Jun. —-15 Jul. 2013 0.00640.003 Yeetal., 2018
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