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Causal-inference machine learning reveals the drivers of China's 2022 -0p s _ & YRIX >K € BTH{ 3 # S se¢ SCBZ‘ MsNx
ozone rebound o v es el w"” y a8 mpRNs =& z" 1w
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Article history: Ground-level ozone concentrations rebounded significantly across China in 2022, challenging air quality .
Received 16 May 2024 management and public health. Identifying the drivers of this rebound is crucial for designing effective A A A N 3 ! ! O H
Received in revised form mitigation strategies. Commonly used methods, such as chemical transport models and machine D _r w M N O 2 IOBJIw y 0] u A L d P n I Y * K P X /l
:Jan”t:? 52025 2025 learning, provide valuable insights but face limitations—chemical transport models are computationally - - P
ceep! January intensive, while machine learning often fails to address confounding factors or establish causality. Here l|,| ﬁ W - I r l U x R - a BVOCS B U a 1 m I l. % l
£ v

e d we show that elevated temperatures and increased solar radiation, as primary meteorological drivers,
eyworas.
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Interpretable machine learning monitoring data, satellite observations, and meteorological reanalysis information using explainable A s A

Causal forest machine learning and causal inference techniques. Compared to the year 2021, 90% of the stations re-

Ozone rebound ported an increase in the Formaldehyde to Nitrogen ratio, implying a growing sensitivity of ozone for- -t L LA oo . _l —~
mation to nitrogen oxide levels. These findings highlight the significant causal role of meteorological p O H Z U U He I I W w 6 I-I J u K O Y
changes in the ozone rebound, urging the adoption of targeted ozone mitigation strategies under climate " N ~ -

N . . . . . - . - 174 r — o A} ~ w N 114
warming, particularly through varied regional strategies that consider existing anthropogenic emission H H 1/ P 8 I_XZ I K O P x YE l' S 2 E e OW U n
levels and the prospective increase in biogenic volatile organic compounds. This identification of causal o N 8 - — A .
relationships in air pollution dynamics can support data-driven and accurate decision-making.
© 2025 The Authors. Published by Elsevier B.V. on behalf of Chinese Society for Environmental Sciences, K -\1 l..'l x
Harbin Institute of Technology, Chinese Research Academy of Environmental Sciences. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Urban meteorology-chemistry coupling in compound
heat-ozone extremes

Xueyu Zhou, Mengmeng Li, Xin Huang E, Tengyu Liu, Haoran Zhang, Ximeng_Qi, Zilin Wang, Yue Qin,

Guannan Geng, Jiaping Wang, Xuguang_Chi & Aijun Ding

Nature Cities (2025) ‘ Cite this article

2136 Accesses ‘ 18 Altmetric | Metrics

Abstract

Heatwaves and ozone (O3) pollution threaten human and ecosystem health, with their
compounding effects particularly severe in cities. While ground-based observations are
indicative of urban O; pollution during heatwaves, limited vertical insights into the
intensified and prolonged O5 pollution hinder a comprehensive understanding of the
underlying mechanisms and mitigation strategies. Here, leveraging airship vertical
measurements and meteorology-chemistry coupled modeling, we reveal that heatwave-
reinforced turbulence redistributes precursors vertically, altering photochemical
stratification and accelerating O3 production both at the surface and aloft over megacities in
China. Stringent emission controls targeting nitrogen oxides could mitigate the heatwave-
exacerbated O3 extremes by narrowing the vertical disparity of photochemical sensitivity.
Although heatwaves are projected to intensify, emission reductions due to China’s carbon
neutrality pledge could alleviate urban O; pollution by 41-47% during heatwaves and help
tackle the dual challenges of air pollution and global warming while enhancing the climate

resilience of city clusters.
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Effect of VOC Emissions from Vegetation on Air
Quality in Berlin during a Heatwave

Galina Churkina 7 2, Friderike Kuik 7, Boris Bonn 1 2, Axel Lauer #, Riidiger Grote ' °

Karolina Tomiak ', Tim M Butler '

i

Affiliations + expand
PMID: 28513175 DOI: 10.1021/acs.est.6b06514
Free article

Abstract

The potential of emissions from urban vegetation combined with anthropogenic emissions to
produce ozone and particulate matter has long been recognized. This potential increases with rising
temperatures and may lead to severe problems with air quality in densely populated areas during
heat waves. Here, we investigate how heat waves affect emissions of volatile organic compounds from
urban/suburban vegetation and corresponding ground-level ozone and particulate matter. We use
the Weather Research and Forecasting Model with atmospheric chemistry (WRF-Chem) with emissions
of volatile organic compounds (VOCs) from vegetation simulated with MEGAN to quantify some of
these feedbacks in Berlin, Germany, during the heat wave in 2006. The highest ozone concentration
observed during that period was ~200 pg/m? (~101 ppby). The model simulations indicate that the
contribution of biogenic VOC emissions to ozone formation is lower in June (9-11%) and August (6-
9%) than in July (17-20%). On particular days within the analyzed heat wave period, this contribution
increases up to 60%. The actual contribution is expected to be even higher as the model
underestimates isoprene concentrations over urban forests and parks by 0.6-1.4 pph,. Our study
demonstrates that biogenic VOCs can considerably enhance air pollution during heat waves. We
emphasize the dual role of vegetation for air quality and human health in cities during warm seasons,
which is removal and lessening versus enhancement of air pollution. The results of our study suggest
that reduction of anthropogenic sources of NOx, VOCs, and PM, for example, reduction of the
motorized vehicle fleet, would have to accompany urban tree planting campaigns to make them really
beneficial for urban dwellers.
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= BVOC emissions were 23.54 Tg with a peak in summer and
decreasing going north.

= BVOC emissions significantly increased surface 0z and SOA
concentrations in China.

= Controlling anthropogenic emissions would reduce both ASOA and
BSOA.
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Significant Biogenic Source of Oxygenated Volatile Organic
Compounds and the Impacts on Photochemistry at a Regional
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ABSTRACT: Oxygenated volatile organic compounds (OVOCs)

[l Metrics & More I ° Supporting Information

significantly modulate atmospheric chemistry, but the sources and Transport &

air quality impacts of OVOCs in aged urban outflows remain to be ovocs ~ ransformation N

elucidated. At a background site in South China, the ozone Isoprene P> OVOCs

formation potential of six nonformaldehyde OVOCs studied was Gecpinenes & ovocs [

equivalent to that of 3.56 ppbv of formaldehyde, more than half of A ‘ ), 1
which was contributed by acetaldehyde. Source apportionment Biogenic —

emissions

incorporating photochemical age revealed that considerable primary & secondary
fractions (52.7%—62.6%) of the OVOCs were of biogenic origin,
except for ethanol, which was primarily derived from anthro-
pogenic emissions. The oxidation of cis-/trans-2-butene explained
71.1% of the in situ acetaldehyde formation. In contrast, a/f-
pinenes and isoprene contributed 73.8% and 28.4% to acetone and
methylglyoxal formation, respectively. An average of 12.4% of net in situ ozone (O;) production rate was attributed to the OVOCs
studied, where the biogenic fractions accounted for $9%. The changes in the O3 production rate and hydroxyl radical (OH)
concentration caused by OVOCs were mainly affected by ozone formation sensitivity. The effects of primary acetaldehyde and
acetaldehyde-led O; on secondary acetaldehyde formation were weak at this background site; however, they cannot be ignored in
polluted areas. This study provides a scientific basis for mitigating O pollution driven by biogenic emissions and OVOCs.
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KEYWORDS: oxygenated volatile organic compounds, ozone pollution, biogenic emissions, acetaldehyde, photochemistry
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