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Ozone rebound

Ground-level ozone concentrations rebounded significantly across China in 2022, challenging air quality
management and public health. Identifying the drivers of this rebound is crucial for designing effective
mitigation strategies. Commonly used methods, such as chemical transport models and machine
learning, provide valuable insights but face limitations—chemical transport models are computationally
intensive, while machine learning often fails to address confounding factors or establish causality. Here
we show that elevated temperatures and increased solar radiation, as primary meteorological drivers,
collectively account for 57% of the total ozone increase, based on an integrated analysis of ground-based
monitoring data, satellite observations, and meteorological reanalysis information using explainable
machine learning and causal inference techniques. Compared to the year 2021, 90% of the stations re-
ported an increase in the Formaldehyde to Nitrogen ratio, implying a growing sensitivity of ozone for-
mation to nitrogen oxide levels. These findings highlight the significant causal role of meteorological
changes in the ozone rebound, urging the adoption of targeted ozone mitigation strategies under climate
warming, particularly through varied regional strategies that consider existing anthropogenic emission
levels and the prospective increase in biogenic volatile organic compounds. This identification of causal
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,
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
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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 O3 pollution during heatwaves, limited vertical insights into the
intensified and prolonged O3 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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> Environ Sci Technol. 2017 Jun 6;51(11):6120-6130. doi: 10.1021/acs.est.6b06514. Epub 2017 May 17.

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 7 2,
Karolina Tomiak ', Tim M Butler '

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.

R

I IEAHE S A HEEES S E REAIFRAIRI AT sEtE R ESE!
INF], IXFETREMEERERNTFEMIEN, HIESERRARADREZ
XAESHEEHA™EEHA,

B3R 7 BURAM AR Nt/ SB AR ATE A I E BT L SYIRIRELAR B R
AtEER SR, (ERASHUFRSAFTHURER (WRF-Chem)
5 MEGAN #=RIEHIERMEEIULEY) (BVOCs) HFEY, LIE
2006 FRRHAEMESEMRMII—E&RIR.

FLtHIAMERZFIN RS RARE S ~200 pg/m? (~101
ppbV) . {EBEIIEE, &4 BVOCs HEBIRE A RERISER
£6 B (9-11%) #M88B (6-9%) ®F 7H (17-20%) .
ERr R tRASIERIBENSERFE, X—RESIgNEE 60%.
HFZIEBUR L T I h R 2B R X ZIERE 0.6-1.4
ppbv, BRI ES.

HISERE, AMIBVOCs SAANMEIAEETNESSE, RIBREES
BZET, BEHUHERREMNARERINEIER, BBRNRETSS
S, MARIERSS SR, FZ> NOx, VOCs #1 PM IAARE, 4l
%ﬂg}%‘%ﬁﬂiﬁk RS HEREIEEER, AReFEEIEEER T

«Environmental Science & Technology» #1F]; MIREE K FHF; WL NI T4; 2017-2025)
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Henera

EYRMEERIEEINEY (BVOCs) ERBEMEHUFENSIRTAE
BEER(FA.

ETFEASAMISERAEE (MEGAN) EE 7201 7FEHERNE

*L!_ Atmospheric Research

Wolume 231, 1 January 2020, 104656

m

Estimation of biogenic VOC emissions and WIEHRR, FHIET =NFTER, FIFAWRF-CMAQEHRSHT T
their corresponding impact on ozone and 201757 BBVOCHHSIREM _KBHSAR: (SOA) FARAIEAN,
secondary organicacrosol formation In EYIRHER AT 1923.54 To/2F, EERATISE, MREFHLEHALD,

e FREZRARFIFERIERRIR BV O CSHEMUEN TIMERAKE, 5
Yihan Qu °, Yan Qian %, Ping Shao °, Shihua Lu ® gu%ﬁaiiﬁ~ , I IQMs &Eﬁ *ui*ilzﬁ %¢§sz 7 tg
Show more nu%%ﬁ47 ug/m3°

+ Addto Mendeley o Share 99 Cite

https:/jdoi.org/10.1016/j.atmosres.2019.104656 » Get rights and content » E§ 1 I:Fl tgﬁ;}ﬁﬁgkgBﬁj\SOA%EP;E EE%?E I} KE% i@IZE,\J
SOARE EEST HittthX,

Highlights ERFEVIRRIAZRIER ., HBRABHEL, PERISOARERFE

* BVOC emissions in China were estimated at high spatial resolution T 60% I is‘__('lEE HE A?g H FE&E_I-LXEEEE[’%;)EJH Fﬁﬁj:ﬁ E‘-f‘E% I }\Aﬁlﬁ{’@i#_ngr%;}g
by]‘u'llEGAN in 2017. - - SOAE"J}:FZBZo

i GEREI, EHANHBUGSEA SR SOARIRLD.

= 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.

(kIR : «Atmospheric Research» HF]; mfz X% ; A BmTASERAEZEALASFHRLA; 2020-2025)
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Significant Biogenic Source of Oxygenated Volatile Organic
Compounds and the Impacts on Photochemistry at a Regional
Background Site in South China

Xiaopu Lyu,* Hongyong Li, Shun-Cheng Lee, Enyu Xiong, Hai Guo, Tao Wang, and Joost de Gouw

I: I Read Online

ACC ESS l [l Metrics & More | Article Recommendations | Q Supporting Information

Cite This: Environ. Sci. Technol. 2024, 58, 20081-20090

ABSTRACT: Oxygenated volatile organic compounds (OVOCs)

significantly modulate atmospheric chemistry, but the sources and Transport&
air quality impacts of OVOCs in aged urban outflows remain to be ovocs ~ ransformat '
elucidated. At a background site in South China, the ozone Isoprene >
- 5 4 ; a/p-pinenes » OVOCs
formation potential of six nonformaldehyde OVOCs studied was » ovocs =
equivalent to that of 3.56 ppbv of formaldehyde, more than half of A k t
which was contributed by acetaldehyde. Source apportionment Biogenic p——
incorporating photochemical age revealed that considerable emissions &

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 jysaliis
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.

KEYWORDS: oxygenated volatile organic compounds, ozone pollution, biogenic emissions, acetaldehyde, photochemistry

AYIEROVOCsEERE: EmEainm, BiE—¥H
OVOCs (MNZEE. AE%) REEMHIEERGIRL,
EBrhZ B2 iEREiSix61.5%, w8 ABHEK.
KRUFIRZBIT: CBFERIVR-2-TIHESEMAXER (H71%) , B
EERBHo/B-TEME (74%) , MBEZ_BUSRX _IESHLET
BX (28%) .

OVOCsE=ZImEFER;: OVOCsHmpt 7 12%BIRFER
=, BREELEE59%, BEERERES KA
(NOx/VOC{LZMNE) HEiEtEX (20205F10-11H) .
BEHREBIIMEEL: OVOCSYEEEFHOLFIROLKE10%LA L, {BE
DIOXZ:E'%J'EQO HERERD3%, TENOXME T sElHKSEM
VAR

OVOCEREEFENAKRE: ZBEOVOCSEHEHRELR, REaX
RSB EIFEREEOVOCS, XM BRI SRt X eJaEE &
Z, BRAREITFHIREE.

x5 nvironmental Science & Technolo 2 ; B ARF A FAAE AT 5 R, W& NTTH -
(kB: <Bnvi I Sci Technologyy HiF|; A#kiZ4A K$ %, @15 kK25 £REACHAF R4, F4ATF %4F; 2020-2025)
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Earth Science Frontiers {China University of Gensciences(Beijing) + Peking University) May 2025

DOI; 10. 13745/ ). esf. sf. 2025. 3. 26
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1. RE#HF H st (L B ST AT e FUEH & ST R A A SAEATERE, 7K [7H 510640
2. PEBFRIE, LF 100049

ZHANG Yanli. RAN Haofan. ZENG Jiangiang. LU Yuting. PANG Weihua, GUO Hao.
WANG Xinming

ny of Sciences . Beijing 100049, China

ZHANG Yanli, RAN Haofan, ZENG Jiangiang. et al. Advances and perspectives of biogenic reactive trace volatile organic

compounds in the context of global change. Earth Science Frontiers ., 2025, 32(3). 288-310

CRR:

BVOCsTEARSHEI SR (MEEBHEOH, RFO,#
NO;BHHE)uERMN, BRI RXBINSEER (SOA) BIZERE,
B ASESEE, FNXEFSkSIE.

EfY, BVOCsEIIX RESFEFRERENAREEATMASHEER
HE (OH) KRE, BiEs5R=SANEHEERERE, £TkBVOCs
HEE 198 E1,000 TgixLA L, E@%EMMEM%@E, Hep 2k
—lEFNEERE S E St ~ ~ ~

VT3, BVOCSHEMAIWIFSARGE T EEHE, ~~~HBERFX
BVOCsHERAE i~ HRIR .

SRR 214|BVOCSHERI < #E 7, YeiRaE Xt aIE N
FEIERARRXZIHAIHE, miREHSWINEBVOCSRIE
MERFHELR., S (CO2) RENFASIEEIYEIERET
BVOCsHYHEEGERE, RN EESFLSERMBVOCSHIBRRIRS:, (HHIK
HAZA N Bl sEEEYIFPSSFIEN A EIIVE ST B Fr{L.

RE (03) REASXBVOCSHHEAEBENENMN . —H EEINER
NiFESBVOCSHIBLEMERR, B—E ) seiBnt /FHDHEIHEER.
SRBSREFIBVOCs Y [BfFE E%E’JIE& =14, =BVOCSHER]

(BHSOAXR, MSOAF RIS imIS A RN ImYcE1ERS
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2017 £ HW HJid, O, AUHBANEESRA 27.1 ugm3 /°C, RIRTERE
T O, HILEF M. SIEHW (NHW) 18HL, SHBHsmEeiss

JGR Atmosbheres 2 O, T EauE.
P BUBHESTIR®AR, BVOCs MBI = RiME O, Amaust
Research Article [ Free Access %ii 42.1 Hg m-3, Eyﬂ HW FFHg BVOCs HFWEtB NHW

S 430 mol d1,
FEIEXFDEBFEX T, SEERMNHXAY BVOCs FlE (=4 tanEZ

Role of Heat Wave-Induced Biogenic VOC Enhancements in

Persistent Ozone Episodes Formation in Pearl River Delta IR VOCs BREMAZS, ERTFIRBIRISL R RIATEIZA O, Bk,
Haolin Wang, Kai Wu, Yiming Liu, Bosi Sheng, Xiao Lu, Yuanping He, Jielan Xie, Haichao Wang &4, -%’-EQFZEE"J 03 ;%%o

Shaojia Fan KX XLERHIEL T HW ESH) BVOCs 185837 O, FERAIER(EM, 7+
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