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Text S1 meteorological conditions.

We evaluated whether there were significant changes in ground-level airflows in Shanghai during the static
management period compared to the same periods in 2020 and 2021. An analysis of the frequency distribution of
wind speed and wind direction (see Figure S7a-S7f) during the lockdown period shows that wind speeds were
primarily distributed in the range of 2-4 m s°!, with the predominant wind direction between 0-180° (with 0° as true
north and counting clockwise). Compared to the same periods in 2020 and 2021, during the 2022 lockdown period,
there was an increase in the frequency of northerly winds and a decrease in the frequency of westerly winds. This
indicates that Shanghai was upwind of other cities in the Yangtze River Delta region for most of the time during the
static management period in 2022. From the mean diurnal profiles of wind speed and wind direction, it can be
observed that during the lockdown period, the predominant wind direction throughout the day was between 90-150°,
and higher wind speeds typically occurred in the afternoon, corresponding to a wind direction of around 100°.

From the rose diagrams of ozone and its precursors NO, and VOCs (see Figure S8), during the 2022 lockdown
period, the predominant winds during high ozone levels were southerly winds with higher wind speeds and westerly
winds with lower wind speeds. When NO, concentrations were high, wind speeds were generally lower, and the
predominant wind direction during periods of high VOCs concentrations was southwest to south. Comparing the
same period in 2020 and 2021, it is obvious that the transmission contribution of ozone and its precursors from other
cities in the Yangtze River Delta in 2022 was limited.

We also analyzed the percentage change in meteorological conditions in Shanghai and its surrounding areas during
the 2022 lockdown period compared to the same periods in 2020 and 2021 as shown in Figure S9 and Figure S10.
The results indicate that in 2022, the 2-m temperature and relative humidity in the Shanghai area showed a slight
decrease compared to 2020 and 2021, with the changes being relatively small. surface net solar radiation in 2022
decreased compared to 2020 but was slightly higher than in 2021, while total precipitation in 2022 was significantly
higher than in 2020. During the static management period in Shanghai, the decrease in average temperature,
weakening of solar radiation, and increased precipitation may have contributed to the reduction in O3 production by
slowing down chemical reaction rates. ERAS reanalysis data also indicates that during the static management period,
there were minimal variations in 2-meter temperature, relative humidity, surface net solar radiation, boundary layer
height, and total cloud cover in the Shanghai area, whereas these parameters exhibited more significant changes in
the surrounding regions. The above results indicate that the increase in O3 concentration in Shanghai during the 2022
static management period was not due to changes in meteorological conditions.

Text S2 Correlation analysis between the sources of radicals and ozone-related indices.

Regarding the impact of the sources of radicals in urban environments on air quality, we conducted a correlation
analysis between the sources of radicals and ozone-related indices, as shown in Figure R2. The production rates of
radicals P(ROx) had a strong positive correlation with the production rates of ozone P(Os), and both were
temperature-dependent. The higher the temperature, the higher P(Os) and P(ROx). Additionally, we defined daily net
ozone production O; net as the difference between the highest ozone value at noon and the lowest value in the
morning. The correlation analysis between daily O3;_net and the photolysis rates of HONO, O3, HCHO, and OVOCs,
as well as the total radical source, reveals a significant positive relationship. This implies that the strength of different
sources of modeled radicals positively contributes to ozone production. From the perspective of the slopes, the
contribution of HCHO photolysis to net ozone generation is evident. This may be attributed to the enhancement of
the NO»-NO-O; cycle by the HO, radicals produced from HCHO photolysis.

Text S3 Review of radical observation and simulation research.

We have compiled observations and simulations of radical chemistry conducted by various research teams in
different environments (see Table R1). It is evident that the primary sources of radicals vary in different regions and
seasons. Compared to marine boundary layer environments, forest environments, and suburban environments, the
primary sources of radicals in urban environments were complex. For example, simulation work conducted in urban
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environments in Nashville, Houston, and Writtle indicates that the photolysis of ozone was a primary contributor to
the primary source of radicals (Kovacs et al., 2003; Martinez et al., 2003; Thornton et al., 2002; Mao et al., 2010; Lee
et al.,, 2006; Emmerson et al., 2007; Emmerson and Carslaw, 2009). And in locations like New York, Palaiseau,
Shenzhen, the photolysis of HONO played a significant role (Ren et al., 2003a; Ren et al., 2003b; Cai et al., 2008;
Dolgorouky et al., 2012; Michoud et al., 2012; Yang et al., 2022). It is noteworthy that within the same urban
environment, the dominant sources can vary across different seasons, time periods, and conditions. In Tokyo, the
primary sources of free radicals in winter were the reactions between ozone and alkenes, while in summer, they were
the photolysis of ozone and OVOCs (Kanaya et al., 2008; Kanaya et al., 2007a). In New York, during the daytime,
the primary source was the photolysis of HONO, while at night, it resulted from the reaction between O3 and
alkenes(Cai et al., 2008; Ren et al., 2006). In Jilich, under high NOx conditions, the primary source was the
photolysis of HONO, whereas under low NOx conditions, it was the photolysis of O; (Kanaya et al., 2012). In marine
boundary layer environments, most studies indicated that the photolysis of ozone was the primary contributor to free
radicals during the day, while at night, it resulted from the reaction between O; and alkenes. In suburban and rural
environments, the primary contributor was the photolysis of HONO. Just as you mentioned the differences in radical
chemistry between urban and suburban environments, historical research has also indicated this, and it is a crucial
aspect of the simulation studies we conducted in Shanghai.

Text S4 Role of VOCs in ozone production.

Different VOC species display a range of reactivity and diverse potentials for O; formation, which can be assessed
using the maximum incremental reactivity (Carter, 2009). The calculated ozone formation potential (OFP) for each
VOC species illustrates the maximum contribution of the species to the formation of ozone. (Bufalini and Dodge,
1983). The OFP for each VOC species is calculated using the following equation (Ma et al., 2019; Zhu et al., 2020):

Mi

OFP, = MIR, x[VOC, ] x S1

ozone

where OFP; (ppbv) represents the ozone formation potential of VOC species i, [VOCi] (ppbv) denotes the
atmospheric concentration of VOC species i, and MIRi (g Os/g VOC) is the ozone formation coefficient of VOCi in
the maximum increment reactions of ozone. Mozone and Mi are the molar masses (g mol ™) of O and VOC species i,
respectively.

In addition, another widely used indicator of atmospheric oxidative capacity is the OH reactivity, defined as the
reaction rate coefficient multiplied by the concentration of OH reactants, depending on the abundance and
composition of major pollutants. The OBM model can output the kOH for each VOCs, which reflects the reactivity
of VOCs.

The comparison of the mean concentration of the six VOCs groups and their OFP in 2020, 2021, and 2022 is
presented in Figure S11. It is obvious that the concentration of the VOC group was not proportional to its OFP. The
average proportions of each VOCs component in 2020 and 2021 are 47.2%, 6.7%, 9.2%, 4.8%, 13.8% and 18.4%
respectively, while the corresponding average proportions of OFP are 19.6%, 24.0%, 40.4%, 1.1%, 14.1% and 0.9%,
respectively. In 2022, with minimal changes in the concentration proportions of alkenes, the OFP proportion
increased by 11.3%. The proportion of aromatic hydrocarbons decreased by 4.2%, resulting in a 23.7% decrease in
their OFP proportion. The proportion of OVOCs increased by 3.7%, leading to an 8.5% increase in their OFP
proportion. In short, the primary contributors to OFP in 2020 and 2021 were aromatic hydrocarbons, followed by
alkenes, while in 2022, the main contributors were alkenes, followed by OVOC:s.

We combined two indicators, OFP and kOH, to identify key VOCs in photochemical processes. Figure S11b clearly
shows a significant positive correlation between the OFP and AOH for each VOC after logarithmic transformation.
Therefore, VOCs that rank high in both indicators are sufficient to indicate that these VOCs are key contributors in
photochemical processes. In 2020 and 2021, m/p-xylene, toluene, ethylene, and propylene were the top contributors
to both OFP and kOH. However, in 2022, propylene and ethylene took the lead in OFP, while propylene, isoprene,
and ethylene topped the XOH.
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Figure S1. Framework of the stacking model.
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108 r2_score, RMSE, and slope between predicted and measured HONO.
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Figure S15. Correlation
analysis between the sources of radicals and ozone-related indices, (a) P(O3) & P(ROx); (b) O3_net & HONO+hv; (¢) O3_net & Os+hv;
(d) Os_net & HCHO+hv; (e) Os_net & HONO+hv; (f) O3_net & P(ROx).
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Figure S16. Time series of meteorological parameters
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Figure S17. Same as Figure S11, but for the period between April and May 2021.
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154  Table S1. The configuration of spectral fitting of O3, NO2, SOz, HONO and HCHO.

Polynomial detection
degree limits

Fitting window

Trace gas (nm)

absorption cross sections

O3 (Voigt et al., 2001), SOz (Vandaele et al.,
O3 280.6-290.6 2009), HCHO (Meller and Moortgat, 2000), 5 1.3 ppbv
and NO; (Voight et al., 2002)
NOz (Voight et al., 2002), HONO (Stutz et al.,
NO2 365.3-380.4 2000), HCHO (Meller and Moortgat, 2000), 5 0.5 ppbv
and solar spectrum (Kurucz, 1984)

SOz (Vandaele et al., 2009), O3 (Voigt et al.,
2001), HCHO (Meller and Moortgat, 2000),
NO: (Voight et al., 2002), and solar spectrum

(Kurucz, 1984)

HONO (Stutz et al., 2000), NO2 (Voight et al.,
HONO 339.4-373.2 2002), HCHO (Meller and Moortgat, 2000), 5 0.1 ppbv
and solar spectrum (Kurucz, 1984)
HCHO (Meller and Moortgat, 2000), NO2
(Voight et al., 2002), HONO (Stutz et al.,
2000), O3 (Voigt et al., 2001), SOz (Vandaele et
al., 2009) , and solar spectrum (Kurucz, 1984)

o 295.3-307.9 5 0.1 ppbv

HCHO 311.7-342.1 5 0.5 ppbv

155

156 Table S2. Summary of the mean concentration of measured VOCs during the periods from April to May of 2020, 2021,
157  and 2022.

Species Average concentration (mean + std, unit: ppbv)

alkanes 2020 2021 2022
Ethane 4.36+3.73 4.30+2.02 3.66 £2.57
Propane 2.91+2091 2.96 +1.96 1.63 +1.28
n-Butane 1.12+1.04 1.23 +£0.87 0.70 £ 0.67
Isobutane 0.86 +0.96 1.00 +0.83 0.54+0.53
n-Pentane 0.46 £0.55 0.50+0.44 0.32+0.34
Isopentane 0.82 +1.07 0.92 +0.99 0.66 + 0.83
Cyclopentane 0.04 +0.04 0.04 +0.07 0.03 +0.04
n-Hexane 0.13+0.16 0.14+0.15 0.06 + 0.06
2,2-Dimethylbutane 0.02+0.03 0.03+0.02 0.01+0.01
Cyclohexane 0.05+0.07 0.05+0.07 0.02 £0.02

2,3-Dimethylbutane 0.03+0.03 0.05 +0.04

2-Methylpentane 0.15+0.16 0.21+0.19 0.09+£0.09
3-Methylpentane 0.12+0.14 0.11+0.12 0.04 + 0.06
Methylcyclopentane 0.04 +£0.04 0.05+0.04 0.02+0.02
n-Heptane 0.04 +0.04 0.05 +0.06 0.02+0.03
2,3-Dimethylpentane 0.01+£0.01 0.02+0.02 0.00+0.01
2,4-Dimethylpentane 0.01 £0.01 0.01 £0.01 0.00 + 0.00
3-Methylhexane 0.03+0.03 0.04 + 0.04 0.02 +0.02
2-Methylhexane 0.03+0.02 0.03+0.03 0.01+0.01
Methylcyclohexane 0.03+0.04 0.04 + 0.05 0.02 +0.02
n-Octane 0.04 £0.05 0.03+0.03 0.01 £0.01
2,2 4-trimethylpentane 0.02+0.02 0.02+0.02 0.00+0.01
2,3,4-trimethylpentane 0.01 £0.01 0.01 £0.01 0.00+0.01
2-Methylheptane 0.01+0.01 0.01 +0.01 0.01+0.01
3-Methylheptane 0.01 £0.01 0.01 £0.01 0.00+0.01
n-nonane 0.02 +0.02 0.02 +0.01 0.01+0.01
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n-Decane 0.02 +0.01 0.02 +0.02 0.00+0.01
n-undecane 0.01 +£0.01 0.02 £0.01 0.00 + 0.01
n-Dodecane 0.02 +0.01 0.02+0.01 0.20+0.36
alkenes
Ethylene 091+1.14 1.13+£1.06 0.60 £ 0.61
Propylene 0.26 £0.50 0.30+0.36 0.30+0.83
Isobutylene 0.04 £ 0.05 0.06 + 0.04 0.04 £ 0.03
1-butene 0.06 £ 0.09 0.08 £0.08 0.06 +£0.08
cis-2-butene 0.03 £0.04 0.13+0.06 0.05+0.03
trans-2-butene 0.02 £0.05 0.05+0.07 0.03 £0.05
1,3-Butadiene 0.01 £0.04 0.02+0.02 0.01 £0.04
1-pentene 0.02 £0.02 0.04 £0.03 0.02+£0.01
cis-2-pentene 0.00+0.01 0.00 +0.01 0.00 + 0.00
trans-2-pentene 0.00+0.03 0.00+0.01 0.00+0.01
1-Hexene 0.01 £0.01 0.00 +0.01 0.00 + 0.00
isoprene 0.04 £ 0.09 0.06+£0.11 0.03 £0.06
Alkyne
Acetylene 0.96 + 0.69 1.14+0.78 0.75+0.38
aromatic
Benzene 0.34+0.25 0.40 +0.38 0.24 +0.20
Toluene 0.57£0.67 0.92+1.56 0.18+0.23
Ethylbenzene 0.20+0.26 0.27+0.39 0.05+0.05
0-Xylene 0.16 £0.26 0.22+0.34 0.04 £0.05
m-Xylene 0.28+0.43 0.40+0.58 0.06 +0.08
p-xylene 0.28£0.43 0.40£0.58 0.06 + 0.08
Styrene 0.02+0.03 0.03 +0.05 0.00+0.01
1,2,3-Trimethylbenzene 0.01 £0.01 0.01 £0.01 0.00 + 0.00
1,2,4-Trimethylbenzene 0.04 £0.05 0.04 £0.04 0.01 £0.01
1,3,5-Trimethylbenzene 0.01 £0.02 0.01 +£0.02 0.00 £+ 0.00
o-Ethyl toluene 0.01 £0.01 0.02+0.01 0.00+0.01
m-Ethyltoluene 0.02+£0.03 0.03£0.03 0.01£0.01
p-Ethyltoluene 0.01 £0.02 0.02+0.02 0.00 +0.00
Isopropylbenzene 0.01+0.01 0.01 +0.01 0.00 +0.01
n-propylbenzene 0.01 £0.01 0.01 £0.01 0.00 + 0.00
m-diethylbenzene 0.00£0.01 0.00 = 0.00 0.00 +0.00
p-diethylbenzene 0.01 £0.01 0.01 £0.01 0.00 + 0.00
OVOCs
Acetone 1.81+£1.40 2.53£2.08 1.94 +£0.98
Propionaldehyde 0.17+0.10 0.13+0.11 0.11+0.05
Acrolein 0.07 £0.06 0.05+0.04 0.03 £0.02
2-Butanone 0.03 +£0.02 0.03 +0.02 0.04 £ 0.02
Butyraldehyde 0.03 £0.02 0.03£0.02 0.04 £0.02
2-Methylacrylaldehyde 0.03 +£0.05 0.03 +0.04 0.01 £0.02
Methyl tert-butyl ether 0.22+0.33 0.14+0.16 0.07+£0.12
3-Pentanone 0.02 +0.01 0.01 £0.01 0.01 £0.01
Valeraldehyde 0.03 £0.02 0.03 £0.01 0.02 £0.02
2-Pentanone 0.02+0.01 0.01 £0.01 0.02 +0.01
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Benzyl chloride 0.00+0.01 0.00 + 0.00 0.00 + 0.00
Hexanal 0.37+£0.37 0.24+£0.27 0.32+£0.35
Methyl vinyl ketone(butenone) 0.05+0.06 0.03 +0.05 0.02 +£0.02

halohydrocarbons
Chloromethane 1.24 +0.81 0.64 +0.30 0.80+0.25
Dichloromethane 1.16 £ 1.34 1.27+1.11 0.57+0.46
Chloroform 0.13+0.17 0.11 £0.08 0.06 +0.03
Carbon tetrachloride 0.12+£0.03 0.10+0.02 0.13+£0.02
Bromomethane 0.03 +0.04 0.02+0.02 0.02+£0.01
Bromoform 0.01 £0.01 0.01 £0.01 0.00 £ 0.01
Monobromodichloromethane 0.00 + 0.00 0.00 £+ 0.00 0.00 £+ 0.00
Trichloromonofluoromethane 0.53+0.16 0.80 + 0.88 0.58 +0.21
Chloroethane 0.05+0.11 0.05+0.10 0.02 +0.03
1,1-Dichloroethane 0.01 £0.01 0.01 £0.01 0.00 £ 0.01
1,2-Dichloroethane 0.41 £0.39 0.34+£0.29 0.20+0.15
1,1,1-Trichloroethane 0.00 = 0.00 0.00 £+ 0.00 0.00 + 0.00
1,1,2-Trichloroethane 0.03 £0.03 0.02+£0.02 0.01 £0.01
1,1,2,2-Tetrachloroethane 0.00 £0.01 0.00 £+ 0.00 0.00 + 0.00
1,2-dibromoethane 0.00 £ 0.00 0.00 £0.00 0.00 £ 0.00
Dichlorotetrafluoroethane 0.02£0.01 0.02 £0.01 0.02 +0.00
Trichlorotrifluoroethane 0.10+0.02 0.07+£0.02 0.07 +£0.00
Vinyl chloride 0.02 +£0.04 0.01 +0.04 0.00+0.01
1,1-Dichloroethylene 0.00+0.01 0.00 +0.01 0.00 + 0.00
cis-1,2-dichloroethylene 0.00 £ 0.00 0.00 = 0.00 0.00 + 0.00
Trichloroethylene 0.04 +0.07 0.03 +0.05 0.01 £0.01
Tetrachloroethylene 0.04 +£0.04 0.04 +0.04 0.02+0.02
1,2-Dichloropropane 0.06 + 0.06 0.10+0.11 0.05+0.06
cis-1,3-dichloropropene 0.00 £ 0.00 0.00 = 0.00 0.00 +£0.00
trans-1,3-dichloropropene 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
Chlorobenzene 0.02 +£0.02 0.01 £0.03 0.00 £ 0.01
1,2-Dichlorobenzene 0.01 £0.01 0.01 £0.01 0.00 £ 0.00
1,3-Dichlorobenzene 0.00 £0.01 0.00+0.01 0.00 + 0.00
1,4-Dichlorobenzene 0.04 £0.05 0.04 £0.04 0.02 £0.03
Iodomethane 0.00 £ 0.00 0.00 = 0.00 0.00 + 0.00
Acetonitrile 0.10+0.10 0.13+0.10 0.14+0.08
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161

Table S3. Summary of measurements and model comparisons for OH and HO2 in different typical environments, as well as OH reactivity and HOx primary

sources

campaign year location Technique OH measured HO; measured OH - HOX primary comments Ref.

reactivity  sources
Urban environment

SOS June-July 1999  Nashville, LIF 0.8 pptv at noon 80 pptvatnoon  11.3+4.8 Osthv OH observed-to-modeled ratio: 1.33; (Thornton et al.,

Tennessee, s! OH observed-to-modeled ratio: 1.56; the ~ 2002; Martinez et

R measured OH reactivity is about 1.2 al., 2003; Kovacs
USA, 36°N, times larger than modeled. et al., 2003)
88°W

PUMA June 1999 & Birmingham, LIF (2-9)x10° molecule (1.5-10)x108 - Os+alkenes: OH modeled-to-measured ratio: 0.58in  (Emmerson et al.,

January- o o cm? in summer, (0.5-  molecule cm™ 46% in summer and 0.5 in winter; HO, 2005a; Emmerson
February 2000 UK, 53°N, 2°W 4)x10°® molecule cm™ in summer, summer, 62% modeled-to-measured ratio: 0.56 in et al., 2005b;
in summer, ~4x10° in winter summer and 0.49 in winter. Heard et al., 2004,
molecule cm™ Harrison et al.,
in summer, 2006)
TEXAQS August- Houston, Texas, LIF Maximum ~0.8 pptv Maximum ~30 7-12 57! Os+hv (Mao et al., 2010)
September USA, 29°N, pptv
2000 95°W
PMTACS- June-August New York, USA, LIF (2-20)x10° molecule (0.5-2)x10® 15-25 s HONO+hv OH observed-to-modeled ratio: 1.10; (Cai et al., 2008;
NY 2001 41°N, 74°W cm’ molecule cm™ HO, observed-to-modeled ratio: 1.24; Ren et al., 2003b;
The OH reactivity measurements agree Ren et al., 2003a)
with the calculations to within 10%

HOxComp 9-11 July 2005  Julich, Germany LIF, DOAS, Maximum 9.4x10° Maximum 35 high-NOx: Good agreement between model and (Kanaya et al.,
(50°54'33"N, CIMS molecule cm™ pptv HONO-+hv; observations for OH under high isoprene ~ 2012)
06°24'44"E) low NOx (fresh isoprene emissions)

low-NOx:
O3+hV

MCMA April 2003 Mexico City, LIF (5-8)x10° molecule 15-60 pptv 25-120s'  HCHO+hv (OH)model=1.2x(OH)-0.008 pptv (Volkamer et al.,
Mexico, cm? R?=0.80; 2010; Shechy et
19°N,100°W (HO;)model=0.90x(HO,)+0.98 pptv al., 2010; Shirley

R?=0.64; OH reactivity in the model is et al., 2006)
about 10-20% too low

TORCH-1 July-August Writtle, Essex, LIF (1.2-7.5)x10° (0.16-3.3)x10® 2-10s! Osthv Daytime OH and HO, Overpredicted by ~ (Emmerson and

2003 o o molecule cm™, with molecule cm™, 24% and 7%, respectively; nighttime Carslaw, 2009;
UK, SI°N, 0°E 2.6x10° molecule cm™  with 2.9x107 OH and HO; unpredicted 41% and 16%, Emmerson et al.,
* at night molecule cm™ respectively 2007; Lee et al.,
at night 2006)
IMPACT January- Tokyo, Japan, LIF In winter, daytime In winter, the day and Daytime OH well reproduced by model (Kanaya et al.,
IV&L February and R R median was 1.5x10° daytime median night in winter:  for both periods; daytime HO, 2008; Kanaya et
July-August 35°N, 139°E molecule cm™ and was 1.1 pptv Ostalkenes; in ~ underestimated in winter and al., 2007a)

2004

night mean was
1.8x10° molecule cm
3; in summer, daytime
median was 6.3x10°
molecule cm™ and
night mean was
3.7x10° molecule cm

and night mean
was 0.7 pptv; in
summer,
daytime median
was 5.7 pptv
and night mean

daytime during
summer:
Os+hv and
OVOCs+hv,
during the
early morning
in summer:

overestimated in summer.
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3 was 2.6 pptv HONO+hv
PMTACS-2 January- New York, USA, LIF maximum 1.4x10° maximum 0.7 20-40 57! Daytime: OH observed to modelled ratio of 0.98; (Cai et al., 2008;
February 2004  41°N, 74°W molecule cm’ pptv HONO-+hv; HO, observed to modelled ratio of 6, Ren et al., 2006)
Nighttime: with the greatest values at high NO; OH
Os+alkenes reactivity measured higher than
calculated at rush hour in the morning
and in the evening, possibly due to
unmeasured or missing VOCs.

MILAGRO March 2006 Mexico City, LIF maximum median maximum HCHO+hv OH overpredicted by a factor of 1.7 at (Dusanter et al.,
Mexico, 19°N, 4.6x10° molecule cm™  median 1.9x10% midday, well reproduced after 14:30; 2009b; Dusanter
100°W 3 molecule cm™ HO, underpredicted in the morning, well et al., 2009a)

reproduced after 11:30
TRAMP August- Houston, Texas, LIF Daytime: 0.3340.23 Daytime: 22+18 1020 s™! morning rush the measured OH was generally greater (Chen et al., 2010;
September USA, 29°N, pptv; Nighttime: pptv; hour: than the modeled OH Mao et al., 2010)
2006 95°W 0.087+0.066 pptv Nighttime: HONO+hv; . . .
1147.8 pptv daytime: for all mechanisms, especially during
Osthv: the afternoon; For HO,, Good agreement
nightti;ne: was found in the rr}orning for the models
Oxtalkenes with most mechanisms, except for
SAPRC-99 (slope=0.67); This good
agreement between
measured and calculated OH reactivity
MEGAPOLI  July 2009 Palaiseau, French ~ LIF ~5%10° molecule cm™  ~1.2x10% HONO+hv Photo Stationary State calculations (Michoud et al.,
48.71°N,2.21°E molecule cm™ overestimate OH by 50 %, box model 2012; Dolgorouky
overestimated 12% and 5 %, for OH and et al., 2012)
(HO,+RO:,) respectively.
STORM September- Peking University ~ LIF maximum of 4.5x10°  Maximum of 18-22 5! HONO+hv Good agreement between the observed (Yang et al., 2022)
October 2018 Shenzhen molecule cm™ 4.2x10% and modeled kOH during the several
Graduate School, molecule cm™ days in Shenzhen
Shenzhen, China
22.60°N,
113.97°E
Marine boundary environment
EASE97 April-May Mace Head, LIF (2.0-6.0)x10° (0.5-3.5)x108 Os+hv average model-measurement ratios were  (Creasey et al.,
1997 Ireland, 53°N, molecule cm™ molecule cm™ 2.4 for OH, 3.6 for HO, between 11:00 2002; Carslaw et
10°W and 15:00. al., 2002)
OKIPEX July-August Oki Dogo Island,  LIF Below the detection Maximum of 17 Osthv Model usually overestimated HO, by a (Kanaya et al.,
1998 Japan, 36°N, limit of the pptv factor of 2 2000; Kanaya and
133°E instrument (0.8 pptv) Akimoto, 2002)

ORION99 August 1999 Cape Hedo, LIF Maximum of 4x10° Daytime: Osthv OH was underestimated by model (Kanaya et al.,
Okinawa Island, molecule cm™ maximum of 17 calculations but within a large 2001b; Kanaya et
Japan, 27°N, pptv; nighttime: uncertainty; Model underestimated al., 2001a;
128°E 0.5-5.5 pptv daytime HO, by only 20% Kanaya et al.,

2002a)

SOAPEX-2 January- Cape Grim, LIF Maximum of 3.5x10°  Maximum of Osthv Models overestimated OH by 10%-20%;  (Sommariva et al.,

February 1999

Tasmania, 41°S,

molecule cm™

2x10% molecule

Models overestimated HO, by ~40%;

2004; Creasey et
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142°E cm? al., 2003)
RISOTTO June 2000 Rishiri Island, LIF ~10 pptv at Nighttime: OH overestimated by ~36%; HO, (Kanaya et al.,
Japan, 45°N, midday; mean Ostalkenes overestimated by ~70%, requiring 25 2002c; Kanaya et
141°E of 4.2+1.2 pptv pptv 10 to reconcile model with al., 2002b)
at night observations
RISFEX September Rishiri Island, LIF Daytime: maximum Daytime: Daytime: OH overestimated by 35%; HO, (Kanaya et al.,
2003 Japan, 45.07°N, of 2.7x10° molecule maximum of O;+hv; overestimated by 89%; median 2007b; Qi et al.,
141.12°E cm’; Nighttime: 5.9 pptv; o nighttime modeled-to-observed ratios 2007)
(0.07-0.55)x10° Nighttime: (0.5- Nighttime: were 1.29 and 0.56 for HO, and OH,
molecule cm 4.9) pptv Ostalkenes respectively
RHaMBLe May-June Cape Verde, LIF Maximum of 9x10° Daytime: Daytime: under-predicted OH on average by 18%;  (Lee et al., 2010;
2007 Atlantic Ocean, molecule cm™ maximum of Osthv; under-predicted HO, by 39% Whalley et al.,
16.85°N, 6x10® molecule . . 2010)
24.87°W cm’; Nighttime: I(\)h%hﬁime.
~0.6 pptV 3Talkenes
SOS February- Cape Verde, LIF Maximum of ~9x10° maximum of Osthv Concentrations in summer (June, (Carpenter et al.,
March; June; Atlantic Ocean, molecule cm™ 4x10% molecule 2010; Vaughan et
September 17°N, 25°W em?, ~107 September) almost double those al,, 2012)
2009 molecule cm’? observed in winter (Feb, March)
at night
Forest environment
AEROBIC July-August Indigenous forest, LIF (4-12)x10° molecule (0.4-9)x108 Osthv Model underprediction of OH by ~50%.  (Creasey et al.,
1997 North West cm? molecule cm™ Modelled HO, was typically higher than ~ 2001; Carslaw et
Greece, 40°N, observations. But observations showed al., 2001)
21°E high variability
PROPHET- August 1998 Deciduous forest,  LIF Daytime: 0.1-0.2 Daytime: 10-25 Os+alkenes OH observations 2.7 times greater than (Faloona et al.,
98 North Michigan, pptv; Nighttime: 0.04  pptv: the model; HO, observations and model ~ 2001; Tan et al.,
USA, 45.6°N, pptv Nighttime: 1-4 in good agreement 2001)
84.7°W pptv
GABRIEL October 2005 Suriname, South LIF 0.25 pptv ~(50-55) pptv Osthv Observed to modelled ratio of 12.2 for (Kubistin et al.,
America OH and 4.1 for HO, 2010; Butler et
al., 2008;
Lelieveld et al.,
2008; Martinez et
al., 2010)
OP3 April and July Sabah, Borneo, LIF 2.5%10° molecule cm™  2x10® molecule 10-60 s™! Osthv Factor of 10 underprediction in OH (Whalley et al.,
2008 5°N, 118°E 3 cm when model constrained to OH 2011; Stone et al.,
reactivity. HO, overpredicted at ground 2011; Pugh et al,,
level 2010)
HUMPPA- July and boreal forest in LIF, CIMS 3.5x10° molecule cm™ 37 pptv 124! O3+hv OH_ir/OHcpws = (1.31 £ 0.14); (Hens et al., 2014;
COPEC- August 2010 Hyytiila, 3 _ ) Nélscher et al.,
2010 southern Finland OHinoa/OHops =1.00 & 0.16; 2012)

61.9°N, 24.3°E

HO,™4 /HO,*™ = 0.3 £ 0.2;

simulated OH reactivity does not match
the observed OH reactivity
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CAREBeijin
2-2006

PRIDE-PRD
2014

BEST-ONE

CHOOSE-
2019

August- early
September
2006

autumn 2014

June 2014

January-
March 2016

August-
September
2019

Suburban rural
site, Beijing,
China, 39.61°N,
116.30°E

Guangdong
Atmospheric
Supersite, China
22.73°N,
112.93°E

Wangdu, China

suburban site
Huairou, Beijing,
China 40.41°N,
116.68°E

Xinjin, Chengdu,
China 30.40°N,
103.85°E

LIF

LIF

LIF

LIF

LIF

Suburban & rural environments

(4-17)x10° molecule
cm’

maximum median of

4.5x10° molecule cm
3

(5-15)x10° molecule
cm’

2.4x10° molecule cm
3 in severely polluted
air; 3.6x10° molecule
cm? in relatively
clean air

Mean of 9.5x10°
molecule cm™

(2-24)x108
molecule cm™

maximum
median of
3x10% molecule

cm’?

(3.14)x10°
molecule cm™

0.52x10%
molecule cm™
in severely
polluted air;
0.93x10%
molecule cm™
in relatively
clean air

Mean of 9x10°
molecule cm™

10-30 s

22-32¢

10-20 s

26.9 s in
severely
polluted
air; 10.1
in
relatively
clean air

HCHO+hv

HONO+hv

HONO+hv

HONO+hv

HONO-+hv

A large discrepancy of a factor 2.6 is
found at the lowest NO concentration
encountered (0.1 ppb)

50 % was unexplained by the measured
OH reactants

Model-measurement ratio was between
1.4 and 2; For HO,, good agreement
between modeled and observed
concentrations during day and night

OH and HO, observed to modelled ratio
of 1.5 during clean days;
underestimated HO, concentrations by
factors up to 5 during pollution episodes

OH observed to modelled ratio of 0.8,
HO,; observed to modelled ratio of 1.0

(Lu et al., 2010)

(Tan et al., 2019)

(Fuchs et al.,
2017; Tan et al.,
2017)

(Tan et al., 2018)

(Yang et al., 2021;
Zhang et al.,
2022)
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163 Table S4. The reaction rates of the main processes in the OH-HO: cycle for the three years.

HO»+R—OH HO2+—OH+R
R NO O3 NOs CcO HCHO
2020 3.911 0.052 0.014 1.904 0.309
2021 4.074 0.062 0.015 1.773 0.221
2022 3.435 0.125 0.019 2.086 0.274
2022/2020 0.9 2.6 1.4 1.1 0.9
2022/2021 0.8 2.1 1.3 1.2 1.2
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