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 22 

Fig. S1. Map of Chlorophyll-a concentrations obtained from GOCI satellite sensors over East 23 

Asia. The red and green lines represent domain of CMAQ model and GOCI sensor, respectively.  24 



 25 

Fig. S2. Spatial distributions of GOCI-driven halocarbon emission rates across East Asia.  26 



 27 

Fig. S3. The blue and red solid lines represent the temporal variations in the uptake coefficients 28 

of N2O5 based on Bertram and Thornton (2009) and Riemer et al. (2003) combined with Evans 29 

and Jacob (2005), respectively. The horizontal dotted lines show the averaged 𝛄𝐍𝟐𝐎𝟓 over the 30 

period of KORUS-AQ campaign (average of blue dotted line is equal to 0.0135 and average of 31 

red dotted line is 0.0129).32 



 33 

Fig. S4. Comparison of diurnal variations in O3 mixing ratios at 320 AIR-KOREA monitoring 34 

stations during the period of the KORUS-AQ campaign. The white open circles, black and red 35 

lines represent observed mixing ratios and modeled mixing ratios from the CTRL and 36 

EXPCl_Br_I simulations, respectively.  37 



 38 

Fig. S5. The impacts of halogen chemistry on the changes of O3 mixing ratios over land 39 

(represented by red bars) and ocean (represented by blue bars) between the CTRL and 40 

EXPCl_Br_I simulations.  41 



 42 

Fig. S6. Box plots represent the average concentrations of particulate species such as nitrate, 43 

ammonium, sulfate, secondary organic aerosol (SOA), and particulate matter (PM2.5) in the 44 

CTRL and EXPCl_Br_I simulations over Korean peninsula. The whisker marks exhibit ranges 45 

from the lower quartile (25%) – 1.5×IQR to the upper quartile (75%) + 1.5×IQR, where IQR 46 

is the difference between the upper and lower quartiles.  47 



Table S1. List of WRF model configurations used in our study. 48 

WRF v3.8.1 

Microphysics Parameterization scheme Reference 

Cumulus Parameterization Grell-Freitas Grell and Freitas et al. (2014) 

PBL Scheme Yonsei University Hong et al. (2006) 

Shortwave & Longwave RRTMG Scheme Iacono et al. (2008) 

Land Surface Scheme NOAH Land Surface Model Chen and Dudhia (2001) 

Surface Layer Scheme Revised MM5 (Jimenez) Jimenez et al. (2012) 

Cloud Microphysics WRF Single Moment 3 Class (WSM3) Hong et al. (2004) 
49 



Table S2. Comparison of updated halogen reactions between EXPCMAQ and this study. 50 

1. Burkholder et al. (2020); 2. Fernandez et al. (2014); 3. Bertram and Thornton (2009); 4. Riemer et al. (2003); 5. Evans and Jacob (2005) 6. Abbatt and Waschewsky et al. 51 
(1998)52 

 Reaction 𝐄𝐗𝐏𝐂𝐌𝐀𝐐 This study (𝐄𝐗𝐏𝐂𝐥_𝐁𝐫_𝐈) Ref. 

R20 in Table 1 ClO + ClO 
k1
→ 0.29Cl2 + 1.42Cl 

ClO + ClO 
k1
→ 0.29Cl2 + 1.42Cl 

k1 = 1.25 × 10−11e−1960/T 

ClO + ClO 
k1
→ Cl2 

k1 = 1.0 × 10−12e−1590/T 
1 

R8 in Table 3 HOBr(g) + Cl−(aq) 
γHOBr
→     BrCl(g)  - γHOBr = 0.02 2 

R1 in Table 3 N2O5(g) + (1-φ)H2O + φCl−(aq)
γN2O5
→    

(2-φ)HNO3(aq) + φClNO2 (g) 

γN2O5  = 3.2 × 10−8k 
1

(
0.06[H2O](l)

[NO3
−]

)+1+(
29[Cl−]

[NO3
−]
)
 

k = 1.15 × 106 -  1.15 × 106e[−0.13x[H2O(l)] 

γN2O5  = 𝑓 × 𝛾1 + (1 −  𝑓)× 𝛾2 

𝑓 =
𝑚𝑆𝑂42−

𝑚𝑆𝑂42− +𝑚𝑁𝑂3
−

 

where mX  represents the aerosol mass 

concentration of the species 

 

𝛾1 = 𝛼 ×  10𝛽 

𝛾2 = 0.1 × 𝛾1 
 

𝛼 = 2.79 × 10−4 + 1.3 × 10−4 × RH − 3.43 × 

10−6 × 𝑅𝐻2 + 7.52 × 10−8× 𝑅𝐻3  

𝛽 = 0.48 (T < 282K) 

𝛽 = 4 × 10-2 ×(294 – T) (T > 282K) 

3,4,5 

R6 in Table 3 2NO2(g) + Cl−(aq) 
γNO2
→    ClNO(g) + 

NO3
− (aq) 

- γNO2 = 10−4 6 
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