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Table S1: Chlorine chemistry used in the study

Reaction level Reaction Rate Expression Ref
Cl01 Cl+03=CIlO + 02 k=2.3 x 10711 g(200D) 1
Cl02 ClIO+ClO=03CI12+14Cl+02 k=1.63 x 10714 1
Cl03 CIO + NO =Cl + NO2 k=6.4 x 10712 @D 1
Cl04 CIO + HO2 = HOCI + 02 k=2.7 x 10712 ¢?20D 1
Cl05 CIO + NO2 = CINO3 k={ko[M]/(1+ko[M]/k)} F* 2
ko= 1.8 x 103(T/300)34
ko= 1.5 x 10°11(T/300)!
F=06and N=1.0
Z={(1/N)+logio[ko [M]/kx]*}"!
Cl06 Cl+NO2 = CINO2 k={ko[M]/(1+ko[M]/k)} F* 1
ko= 1.8 x 103(T/300)20
ko= 1.0 x 10-19(T/300)-'0
F=06and N=1.0
Z={(1/N)+Hogio[ko [M]/ke]*}"!
Cl07 HCl + OH =Cl + H20 k=6.58 x 1073(T/300)"16t3¥D | 1
Cl08 FMCI + OH =CI + CO + H20 k=3.67 x 1071 1419 1
Cl109 CIO + MEO2 = CI + FORM + HO2 k=4.1 x 10713 300D 1
Cl110 CH4 + C1 = HCI + MEO2 k=6.6 x 10712 ¢(-1240D) 1
Cll1 PAR + Cl=HCI k=5.00 x 10°!! 1,3
Cl12 ETHA + Cl = HCI + 0.991 ALD2 + 0.991 | k=8.3 x 107! ¢¢100D 1
X02 +0.009 XO2N + HO2
Cl13 ETH + Cl = FMCI1 + 2.0 XO2 + HO2 + FORM | k=1.07 x 1010 1
Cli4 OLE + Cl = FMCI1 + 033 ALD2 + 0.67 | k=2.5 x 1010 1
ALDX + 2.0 XO2 + HO2 — PAR
Cl15 IOLE + CI = 0.3 HCI + 0.7 FMCI + 0.45 | k=3.5 x 1071 1
ALD2 + 0.55 ALDX + 0.3 OLE + 0.3 PAR +
1.7 XO2 + HO»
Cli6 ISOP + Cl = 0.15 HCI + XO2 + HO2 + 0.85 | k=4.3 x 10710 1
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FMCI + ISPD
C17 FORM + Cl=HCI + HO2 + CO k=8.2 x 10711 634D 1
Cl18 ALD2 + Cl=HCI + C203 k=7.9 x 10711 1
Cl19 ALDX + Cl =HCI + CXO3 k=1.3 x 1010 1
CI20 MEOH + Cl=HCI + HO2 + FORM k=5.5 x 101! 1
Cl21 ETOH + Cl = HCI + HO2 + ALD2 k=8.2 x 1011 ™D 1
C122 TOL + CI = HCI + 0.88 XO2 + 0.88 HO2 + | k=6.1 x 10°!! 1
0.12 XO2N
C123 XYL + Cl = HCI + 0.84 XO2 + 0.84 HO2 + | k=1.2 x 1010 1
0.16 XO2N
Cl24 NAPH + Cl = HCI + 0.84 XO2 + 0.84 HO2 + | k=1.2 x 1010 1
0.16 XO2N
CI25 Cl2=2Cl Photolysis |
CI26 HOCI=OH + ClI Photolysis |
CI127 FMCI1=Cl+ CO +HO2 Photolysis 1
CI28 CINO2 = CI + NO2 Photolysis 1
CI29 CINO3 = CIO + NO2 Photolysis 4
CI130 CINO3 =CI +NO3 Photolys1s 4
HET N205 N20s (+ H20) =Y x (HNO3 + CINOz) + 2 x k= (—+—I l 5
(1 -Y)HNOs3 2D ¢y,
y= f(aerosol composition)
HET CINO3 WA | CINO; (+ H0)> HOCI + HNO; ke (_ +_' l A 6
2D cy|
¥=0.024

Note:

CI2 = molecular chlorine, Cl = atomic chlorine, HOCI = hypochlorous acid, CINO2 = nitryl chloride, CINO3 =
chlorine nitrate, HCI = hydrochloric acid, OH = hydroxyl radical, O2 = oxygen, O3 = ozone, CIO = chlorine oxide,
NO = nitric oxide, NO2 = nitrogen dioxide, H20 = water vapor, HO2 = hydroperoxy radical, FMCI = formyl
chloride, CO = carbon monoxide, CH4 = methane, ETHA = ethane, MEO2 = methylperoxy radical, PAR = paraffin
carbon bond, XO2 = NO-to-NO> operator, XO2N = NO-to-nitrate operator, FORM = formaldehyde, ALD2 =
acetaldehyde, ALDX = propionaldehyde and higher aldehydes, OLE = terminal olefinic carbon bond, IOLE
internal olefinic carbon bond, ETH = ethene, ISOP = isoprene, ISPD = isoprene product, MEOH = methanol,
ETOH = ethanol, C203 = acetylperoxy radical, CXO3 = higher acylperoxy radicals, TOL = toluene, XYL = xylene,

d_

NAPH = napthalene, T= temperature, k = rate constant, M = total pressure, “ = effective diameter, D = diffusivity in

air, €= mean molecular velocity, A = aerosol surface area concentration, Y= reactive uptake coefficient, Y = yield
of CINO2 (7). Cl01-CI30 are gas-phase reactions while HET N205 and HET CINO3 WA are heterogeneous

reactions.

Ref: 1 - Sarwar, et al. 2019; 2 - Sander, et al., 2011; 3- Yarwood et al., 2014; 4 — Atkinson et el., 2007; 5 — Davis et
al., 2008; 6 — Deiber et al., 2004; 7 — Bertram et al., 2009.



Table S2. Setup for the model simulations.

Category Setup WRF simulation
Shortwave radiation MMS5 Shortwave radiation scheme (Dudhia, 1988)

Eta Geophysical Fluid Dinamics Laboratory (GFDL)
(Schwarzkopf and Fels, 1991)

Longwave radiation

Land-surface model Noah LSM (Chen and Dudhia, 2001)
Microphysics scheme WSM6 (Hong and Lim, 2006)
PBL scheme BULK: Yonsei University (YSU) (Hong et al., 2006)
Horizontal resolution 12 km

35 sigma levels (Lowest level = 20 m).

Sigma (o) levels: 1.000, 0.998, 0.995, 0.990, 0.985, 0.980,
0.970, 0.960, 0.950, 0.940, 0.930, 0.920, 0.910, 0.900,
0.880, 0.860, 0.840, 0.820, 0.800, 0.770, 0.740, 0.700,
0.650, 0.600, 0.550, 0.500, 0.450, 0.400, 0.350, 0.300,

0.250, 0.200, 0.150, 0.100, 0.050, 0.000.

Vertical resolution

35

40 Figure S1. Correlation coefficient of observed and predicted (HAL simulation) hourly Oz and NO;
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Figure S2. Diurnal variation of observed and simulated (BASE and HAL) Oz and NO: over northern (>50°N) and

southern (<50°N) Europe.
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Figure S3. Diurnal variation of simulated (BASE and HAL) OH and HO: over northern and southern Europe.
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Figure S4. Diurnal variation of simulated (BASE and HAL) NO; and CI over northern and southern Europe.
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Figure S5. Monthly average NO concentration in the BASE simulation, and changes induced by chlorine (CL) and
full halogen chemistry (HAL).
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Figure S6. Number of days with daily maximum 8 h O3 concentration over 120 pg'm= in BASE and HAL

simulations, and the absolute variation between the two simulations.
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Figure S7. Monthly average of daily maximum 8 h O3 concentrations in BASE and HAL simulations, and the

absolute and relative changes between the two simulations.
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