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Table S1 Comparison of the influence of East Asian anthropogenic emissions (EA_AE) to the 147 

ground-level O3 concentrations (ppbv) over North America (NA) from various studies 148 

Reference Method DJF MAM JJA SON Annual 

Dentener, et al. 
1
 

Table 4.2  

Sensitivity study 

 (NA Surface O3 change due to a 20% 

decrease in EA_AE NOx (multiplied by 5)) 

0.82 0.99 0.48 0.69 0.75 

Fiore et al
2
 SI 

 

Sensitivity study  

(NA Surface O3 change due to a 20% 

decrease in all EA_AE O3 precursors 

(multiplied by 5)) 

1.30 1.45 0.67 0.88 1.08 

Brown-Steiner 

et al.
3
 Table 3 

NOy-tagging method 

(Contribution from all EA_AE O3 precursors 

to NA surface O3, 

Mean±interannual variability during 2001-

2005) 

2.29±0.41 2.35±0.56 0.70±0.31 1.19±0.53 1.63±0.45 

This study  Sensitivity study 

 (Change of NA surface O3 due to 100% 

elimination of EA_AE O3 precursors) 

1.09 1.65 0.70 1.01 1.11 

NOy-tagging method 

(Contribution from EA_AE NOx to NA 

surface O3) 

1.20 1.62 0.52 0.83 1.04 

Fully-tagged method  

(Contribution from all EA_AE ozone 

precursors to NA surface O3) 

2.37 3.10 2.93 2.61 2.75 

 149 
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Table S2 Representative tagged emissions (CO, NO and VOCs) and tagged reservoir species 151 

(NOy, ROx and HOx) in the fully-tagged method in MOZART-4. 152 

Symbiotic name Symbiotic name Atomic composition 

CO_EA 

NO_EA 

NO2_EA 

C2H6_EA 

C3H6_EA 

C3H8_EA 

 

O3_EA 

O1D_EA 

NO3_EA 

HNO3_EA 

HO2NO2_EA 

N2O5_EA 

OH_EA 

HO2_EA 

H2O2_EA 

CO_EA 

C2H5O2_EA 

CH3O2_EA 

CH3OOH_EA 

CO_ELSE 

NO_ELSE 

NO2_ELSE 

C2H6_ELSE 

C3H6_ELSE 

C3H8_ELSE 

 

O3_ELSE 

O1D_ELSE 

NO3_ELSE 

HNO3_ELSE 

HO2NO2_ELSE 

N2O5_ELSE 

OH_ELSE 

HO2_ELSE 

H2O2_ELSE 

CO_ELSE 

C2H5O2_ELSE 

CH3O2_ELSE 

CH3OOH_ELSE 

CO 

NO 

NO2 

C2H6 

C3H6 

C3H8 

 

O3 

O1D 

NO3 

HNO3 

HO2NO2 

N2O5 

OH 

HO2 

H2O2 

CO 

C2H5O2 

CH3O2 

CH3OOH 

 153 

  154 



 S15

Table S3 Representative photolysis reactions for the fully-tagged species 155 

Original reaction Tagged reactions 

O3 + hv → O1D + O2 O3_EA+ hv → O1D_EA + O2 

O3_ELSE + hv → O1D_ELSE + O2 

NO2 +hv → NO + O  

  

NO2_EA +hv → NO_EA + O_EA  

NO2_ELSE +hv → NO_ELSE + O_ELSE  

N2O5 +hv → NO2 + NO3 N2O5_EA +hv → NO2_EA + NO3_EA  

N2O5_ELSE +hv → NO2_ELSE + NO3_ELSE 

  156 

Table S4 Representative gas phase reactions for tagged species 157 

Original reaction Tagged reactions 

HO2 + O3 → OH + 2O2 HO2_EA + O3_EA → OH_EA  

HO2_ELSE + O3_ELSE → OH_ELSE  

HO2_EA + O3_ELSE → .5*OH_EA + .5*OH_ELSE  

HO2_ELSE + O3_EA → .5*OH_EA + .5*OH_ELSE  

CO +OH → CO2 + HO2  CO_EA +OH_EA → HO2_EA 

CO_ELSE +OH_ELSE → HO2_ELSE 

CO_EA +OH_ELSE → 0.5*HO2_EA + 0.5*HO2_ELSE 

CO_ELESE +OH_EA → 0.5*HO2_EA + 0.5*HO2_ELSE 

NO +HO2 → NO2 + OH  NO_EA +HO2_EA → NO2_EA + OH_EA  

 NO_ELSE +HO2_ELSE → NO2_ELSE + OH_ELSE   

 NO_EA +HO2_ELSE → 0.5*NO2_EA + 0.5*OH_EA 

                                           +0.5*NO2_ELSE + 0.5*OH_ELSE  

NO_ELSE +HO2_EA → 0.5*NO2_EA + 0.5*OH_EA 

                                           +0.5*NO2_ELSE + 0.5*OH_ELSE 

 158 

  159 
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Special treatment of CH4 in the fully-tagged method 160 

In the standard MOZART-4 chemistry, CH4 is simulated differently to other short-lived species 161 

such as CO and NO. There is no emissions for CH4 and its concentration is ‘fixed’ in the upper 162 

and lower boundaries. The fully-tagged procedure doesn’t tag CH4 but does tag its oxidation 163 

products. For a chemical reaction that consumes or produces CH4, the tagged reaction doesn’t 164 

consume or generate additional CH4 yet only records the evolvement of other tagged species. 165 

For example, in the tagged reactions of CH4 + OH	→ CH3O2 + H2O, only the source of OH is 166 

discriminated and the tag follows the transformation from OH into CH3O2. CH4 is not 167 

consumed by the tagged OH since it has been chemically consumed in the standard reaction.  168 

 169 

Table S5 Tagging CH4 in fully-tagged method.  170 

Original reaction Tagged reactions 

CH4 + OH	→ CH3O2 + H2O  CH4 + OH_EA	→ CH3O2_EA +  CH4 

CH4 + OH_ELSE	→ CH3O2_ELSE +  CH4  

CH4 +O1D → 0.75*CH3O2 + 

0.75*OH+0.25CH2O+0.4*HO2 + 0.05*H2  

CH4 +O1D_EA → CH4 + 0.75*CH3O2_EA + 

0.75*OH_EA+0.25CH2O_EA+0.4*HO2_EA  

CH4 +O1D_ELSE → CH4 + 0.75*CH3O2_ELSE + 

0.75*OH_ELSE+0.25CH2O_ELSE+0.4*HO2_ELSE 

 

 

C3H6 + O3 → 0.54*CH2O + 0.19*HO2 

+0.33*OH + 0.08*CH4 + 0.56*CO 

+0.5CH3CHO +0.31*CH3O2 +0.25CH3COOH  

NO_EA +HO2_EA → NO2_EA + OH_EA  

 

C3H6_EA + O3_EA → 0.54*CH2O_EA + 0.19*HO2_EA+0.33*OH_EA+ 

0.56*CO_EA+0.5CH3CHO_EA +0.31*CH3O2_EA+0.25CH3COOH_EA 

 C3H6_ELSE + O3_ELSE → 0.54*CH2O_ELSE + 

0.19*HO2_ELSE+0.33*OH_ELSE+ 0.56*CO_ELSE+0.5CH3CHO_ELSE 

+0.31*CH3O2_ELSE+0.25CH3COOH_ELSE 

 

 C3H6_EA + O3_ELSE → 0.27*CH2O_EA + 

0.095*HO2_EA+0.165*OH_EA+ 0.28*CO_EA+0.25CH3CHO_EA 

+0.155*CH3O2_EA+0.125CH3COOH_EA+ 

0.27*CH2O_ELSE + 0.095*HO2_ELSE+0.165*OH_ELSE+ 

0.28*CO_ELSE+0.25CH3CHO_ELSE 
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+0.155*CH3O2_ELSE+0.125CH3COOH_ELSE 

 

C3H6_ELSE + O3_EA → 0.27*CH2O_EA + 

0.095*HO2_EA+0.165*OH_EA+ 0.28*CO_EA+0.25CH3CHO_EA 

+0.155*CH3O2_EA+0.125CH3COOH_EA+ 

0.27*CH2O_ELSE + 0.095*HO2_ELSE+0.165*OH_ELSE+ 

0.28*CO_ELSE+0.25CH3CHO_ELSE 

+0.155*CH3O2_ELSE+0.125CH3COOH_ELSE 

 171 

 172 

Table S6 The 28 sigma levels of the NCEP reanalysis data 173 

 Sigma levels 

1 0.9950 

2 0.9821 

3 0.9644 

4 0.9425 

5 0.9159 

6 0.8838 

7 0.8458 

8 0.8014 

9 0.7508 

10 0.6943 

11 0.6329 

12 0.5681 

13 0.5017 

14 0.4357 

15 0.3720 

16 0.3125 

17 0.2582 

18 0.2101 
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19 0.1682 

20 0.1326 

21 0.1028 

22 0.0782 

23 0.0580 

24 0.0418 

25 0.0288 

26 0.0183 

27 0.0101 

28 0.0027 

 174 

 175 

Table S7 Comparison of net ozone production and loss reaction amounts in the North 176 

American boundary layer (surface-800 hPa) attributable to East Asian anthropogenic emissions 177 

(EA_AE) by sensitivity, NOy-tagging and fully-tagged approaches (unit: 10���molecules/(s ∙178 

cm� )), in summer and spring (in brackets) of 2000. ISOPO2 is short for 179 

HOCH2COOCH3CHCH2 and MPAN is short for CH2CCH3CO3NO2. 180 

Reaction amounts contributed 

by EA_AE averaged over NA 

boundary layer 

Base Sensitivity 

 

NOy-tagging Fully-tagged 

 Production of NO2  

HO2+NO→OH+NO2 91.90(66.90) 0.47(1.21) 0.23(0.66) 6.23(5.16) 

RO2+NO→RO+NO2 77.23(47.42) -0.28(-0.33) 0.18(0.45) 4.51(3.05) 

CH3O2+NO→CH2O+HO2+NO2 23.87(17.62) -0.14(-0.26) 0.09(0.25) 1.67(1.33) 

ISOPO2+NO→R’O2+HO2+NO2 18.30(7.04) -0.06(-0.05) 0.03(0.03) 0.84(0.35) 

CH3CO3+NO→CH3O2+CO2+NO2 11.09(7.48) -0.01(0.01) 0.02(0.07) 0.68(0.50) 

HO2NO2+�/ℎ� → HO2+ NO2 89.51(50.64) 1.07(1.62) 0.13(0.35) 5.16(3.40) 

N2O5+�/ℎ� → NO2+ NO3 70.30(31.36) 1.17(1.27) 0.07(0.26) 3.41(1.79) 
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NO3+ℎ� → .89*NO2 + .11*NO 

+ .93*O3 

2.79(1.80) 0.06(0.09) 0.01(0.03) 0.19(0.13) 

HNO3+ℎ� → OH + NO2 0.10(0.09) 0.01(0.01) 0.0006(0.002) 0.02(0.02) 

PAN+hv/M→ NO2+ CH3CO3 46.50(24.75) 0.37(0.74) 0.08(0.27) 2.62(1.57) 

MPAN+hv/M→ NO2 15.32(4.59) 0.09(0.07) 0.82(0.27) 0.01(0.01) 

Loss of NO2     

NO2+hv→ NO + O 811(809.10) 4.89(6.89) 1.72(5.74) 50.89(51.96) 

Loss of O3  

O3+H2O→OH+2O2 37.91(25.94) 0.06(0.84) 0.54(0.93) 2.85(1.99) 

O3+OH→HO2+O2 5.42(4.32) 0.06(0.04) 0.08(0.16) 0.42(0.34) 

O3+HO2→OH+2O2 18.76(13.00) 0.48(0.78) 0.29(0.55) 1.43(1.02) 

C2H4/C3H6/C5H8/CH2CHCOCH3

/CH2CCH3CHO+O3→RO 

4.48(1.39) 0.05(0.04) 0.005(0.003) 0.32(0.01) 

O3+ C5H8 2.85(0.70) 0.03(0.02) 0.03(0.02) 0.2(0.05) 

 181 

 182 
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