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Suppression of surface ozone by an

aerosol-inhibited photochemical ozone regime

Peter D. Ivatt?, Mathew J. Evans(©"2Ed and Alastair C. Lewis©?

Atmospheric ozone (0,) is a pollutant produced through chemical chain reactions where volatile organic compounds (VOCs),
carbon monoxide and methane are oxidized in the presence of oxides of nitrogen (NO,). For decades, the controlling chain
termination step has been used to separate regions into either ‘NO, limited' (peroxyl-radical self-reactions dominate) or 'VOC
limited' (hydroxyl radical (OH) + nitrogen dioxide (NO,) reaction dominates). The controlling regime would then guide poli-
cies for reducing emissions and so O, concentrations. Using a chemical transport model, we show that a third ‘aerosol inhib-
ited’ regime exists, where reactive uptake of hydroperoxyl radicals (HO,) onto aerosol particles dominates. In 1970, 2% of the
Northern Hemisphere population lived in an aerosol-inhibited regime, but by 2014 this had increased to 21%; 60% more than
lived in a VOC-limited regime. Aerosol-inhibited chemistry suppressed surface 0, concentrations in North America and Europe
in the 1970s and is currently suppressing surface O, over Asia. This third photochemical O, regime leads to potential trade-off
tensions between reducing particle pollution in Asia (a key current health policy and priority) and increasing surface O, should
0O, precursors emissions not be reduced in tandem.

NOXx}zHl

VOCsiz=Hl
SaR=l
(aerosol-inhibited)
[ BFPKUSEEH
£ (Song et al.,
2020) ]
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WHAT WE DO DATABASES

= ﬁ L Y p3 NOMENCLATURE
IUPAC offers several electronic databases that facilitate the search and retrieval of the output of its research activities. These are as.
DIGITAL STANDARDS follows:
—‘ o] I —— RECOMMENDATIONS AND Agrochamicals

TECHNICAL REPORTS

The air of this site is ta ensure the dissemination af accurate informatien on the chemistry of agrochemicals and the regulatiens

—, n JOURNALS ertaining to their use in ene web site and in an easy to use format. The site also gives access to the FOOTPRINT PPDB (Pesticide :
SiSFpkEFr TR SRS FIR T -
1 i< I o Master Chemical Mechanism (v3.3.1)

G UNIvERSITY Nati 72
o ational Centre for q ‘A’ACI
A @‘ ”‘ r . e
Y / Atlnosphenc Science = \m"nlmm Atmospheric
Chemistry Laboratories

NATURAL ENVIRONMENT RESEARCH COUNCIL

Community Tool Mechanism

The Master Chemical Mechanism (MCM) is a near-explicit chemical mechanism which describes the detailed gas-phase chemical processes involved in the tropospheric degradation
of 3 series of primary emitted volatile organic compounds (VOCs). Currently, the degradation of methane and 142 non-methane VOCs is represented.

C 7 > S 5 1
3 Y : 3 C The MCM was originally developed to provide accurate. robust and up-to-date information concerning the rale of specific organic compounds in ground-level ozane Formation in
Glenn M. Wolfe Welcome Research Field Campaigns FOAM Box Model  Code Archive  HandyLinks Q

I I I I I
les&siﬁé) (Iarmmsmu) Cl%ﬁg%ﬁ) (IIK¥HI%U) (Ii—'iiﬁi“) (1 = Iﬁi’fﬁﬁ:) =6AMN Box Model

| O O RpAM | REEER MCM FACSMILE @ CcMAQ
The Framework for 0-D Atmospheric Modeling (FOAM) is a MATLAB program for sil i l

B | swauN | © EEmmn | RACM2 @ iDL WRF-chem e b i

= Analysis of laboratory chamber experiments '
- CB06 « Interpretation of field observations from stationary and mobile platforms 9
S} e B
{gﬁis iﬁiﬂ;ﬂu {E{t*% M ﬂ = Process and parameter sensitivity studies
N it N
FOAM is open-source and freely available for download on github.

ﬁi’ﬂn Eﬁjﬁm‘] é mmﬁ ;Eﬁ \ o MAX1 N P ython N AQ P M S 'R:,?::r users are encouraged to enlist in the FOAM users group, a combo email list and Q/A

Also, here is a list of publications using FOAM.
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Resolution |Metric of interest Requirement of Model Possible improvement
Scale measurements
Global Decadal averaged [OH] [CH3CCl, Earth system new tracers (artificially added)
for determining CH, model
lifetime and background
O3 production
Continental |[OH] variation in the time |“CO Global model Interactions between air pollution
scale of months and climate change
Regional Regional [OH] Proxy measurement |Regional model |Vertical profile of oxidizing
of regional OH capacity, relation to secondary
concentration and pollution
total reactivity
Local - [OH] and total OH In-situ OH, total and |Box-model Atmospheric flagship stations
Remote reactivity to test against |speciated reactivity (comprehensive measurements of

current chemical
mechanism

other oxidants and intermediates
species), BVOCs degradation
mechanisms, OH parameterizatioz?5
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