
 
 

 

 
Atmosphere 2025, 16, 158 https://doi.org/10.3390/atmos16020158 

Article 

An Analysis of Regional Ozone Pollution Generation and  
Intercity Transport Characteristics in the Yangtze River Delta 
Yu Cao 1,2, Jinghui Ma 1,2,3,*, Xiaoyi Wang 4 and Juanjuan Bian 1 

1 Shanghai Typhoon Institute, Shanghai Meteorological Service, Shanghai 200030, China; 
liushuicaoyu@163.com (Y.C.); bianandbian123@163.com (J.B.) 

2 Shanghai Key Laboratory of Meteorology and Health, Shanghai Meteorological Service,  
Shanghai 200030, China 

3 Department of Atmospheric and Oceanic Sciences, Institute of Atmospheric Sciences, Fudan University, 
Shanghai 200438, China 

4 Plateau Atmosphere and Environment Key Laboratory of Sichuan Province, College of Atmospheric  
Science, Chengdu University of Information Technology, Chengdu 610225, China 

* Correspondence: 18918206605@163.com; Tel.: +86-21-54896867 

Abstract: Understanding the relative contributions of regional transport and local gener-
ation, alongside the nonlinear relationships between ozone (O3) and its precursors, is es-
sential for formulating effective O3 pollution control strategies. The Yangtze River Delta 
region experiences pronounced O3 pollution transmission between cities, with pollutants 
capable of spreading hundreds of kilometers downwind under varying wind, tempera-
ture, and humidity conditions. However, the distributional characteristics of regional O3 
pollution transmission across different cities within this area remain unclear. This study 
applies the Texas Commission on Environmental Quality method to assess the spatial dis-
tribution of regional background and locally generated ozone concentrations, while using 
a composite analysis to examine the wind and temperature field characteristics during 
typical years of high ozone transport and local generation episodes. The results indicate 
that ozone concentrations across regions are strongly influenced by local wind anomalies, 
with elevated temperatures correlating with high O3 concentrations. Furthermore, an al-
gorithm based on observed O3 concentrations and ground-level wind data was developed 
to quantify pollution transport rates more accurately, addressing uncertainties in pollu-
tant transport dynamics due to variable wind fields and identifying “false” potential 
source areas. The findings reveal that intercity transport within the Yangtze River Delta 
contributes 45.2–65.1% to regional O3 levels, exceeding local generation in impact. Shang-
hai experiences the highest transmission influence (over 50%), while Zhejiang Province 
shows a dominant local generation influence (below 20%). In Anhui Province, O3 concen-
trations are notably high, with significant internal transport and substantial transmission 
to Jiangsu Province. This study offers valuable insights into the pathways, traceability, 
and three-dimensional wind field characteristics of O3 pollution across cities in the Yang-
tze River Delta, elucidating the dynamic mechanisms necessary for mitigating O3 pollu-
tion transmission in diverse urban settings. 
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1. Introduction 
Ozone (O3) has recently emerged as a major air pollutant in China, particularly in key 

industrial and densely populated regions [1,2]. Since 2015, successive rounds of environ-
mental protection action plans have notably improved the air quality across China�s three 
major regions. By 2021, annual average concentrations of PM2.5, PM10, NO2, and SO2 in the 
Yangtze River Delta decreased by 8.2%, 5.0%, 3.4%, and 17%, respectively—reductions 
more substantial than those observed in the Pearl River Delta but less pronounced com-
pared to Beijing–Tianjin–Hebei. Unlike these conventional pollutants, however, the max-
imum 8 h ozone concentration and atmospheric oxidation indicator (Ox) showed con-
sistent increases in all three regions. Specifically, the annual increases in O3–8 h and Ox in 
the Yangtze River Delta were 1.4% and 1.3%, respectively, surpassing those in Beijing–
Tianjin–Hebei but were lower than in the Pearl River Delta [3]. Additionally, the number 
of days when O3 was the primary pollutant has markedly risen, and by 2021, these days 
exceeded those when PM2.5 was dominant. This trend indicates a substantial deterioration 
in O3 pollution, shifting the pollution profile in the Yangtze River Delta to a dual focus on 
PM2.5 and O3 pollution, with O3 exhibiting a distinct upward trend [4,5]. Consequently, O3 
now represents a critical factor constraining air quality improvements. O3 concentrations 
are influenced not only by photochemical reactions involving locally emitted precursors 
but also by the transport of O3 or O3 precursors generated in surrounding regions. There-
fore, a detailed investigation into the transport characteristics and sources of O3 pollution 
in the Yangtze River Delta is vital for enabling decision-makers to devise precise and ef-
fective control strategies [6–9]. 

Wind fields are instrumental in shaping atmospheric pollutant transport dynamics, 
with their three-dimensional structure impacting both horizontal and vertical dispersion 
patterns related to O3 pollution. Strong winds generally facilitate pollutant dispersion, re-
ducing concentration levels, while weak winds lead to pollutant accumulation, resulting 
in a negative correlation between wind speed and pollutant concentration [10,11]. Con-
sistently low wind speeds contribute to large-scale O3 pollution events with integral or 
bicentric spatial distributions, aligning with atmospheric circulation analysis findings. 
Low wind speeds extend reaction times for ozone precursors, reducing dispersion and 
sedimentation, which collectively heightens O3 levels. Although strong winds assist in 
dispersing local pollutants, they may also transport high-concentration O3 pollutants 
downstream, potentially raising contamination levels in downwind areas [12,13]. 

Current quantitative methods for analyzing regional O3 transport contributions pri-
marily include the backward trajectory method and chemical weather model analysis. The 
backward trajectory model efficiently determines pollutant arrival times and transport 
speeds, frequently in conjunction with a cluster analysis, trajectory statistics, and other 
approaches to identify pollutant pathways and potential source areas [14–18]. For exam-
ple, Nzotungicimpaye et al. [19] used backward trajectory analysis to establish that indus-
trial plateau emissions were the main O3 source in Cape Town, identifying four principal 
transmission paths, which notably deteriorate air quality along the northeastern and 
southern coastal routes. Building on trajectory analysis, Vellingiri et al. [20] applied po-
tential source contribution function analysis to determine that heightened NO2 levels in 
Seoul, South Korea, were primarily driven by emissions from North China and local 
sources, while O3 originated mainly from oceanic and mountainous regions in China and 
Japan. Chemical weather model analyses, which include sensitivity testing, adjoint anal-
ysis, and tracer analysis, provide further insights. Xue et al. [21] applied an OBM (obser-
vation-based model) model to evaluate four downwind sites across major Chinese cities—
Beijing, Shanghai, Guangzhou, and Lanzhou—concluding that Beijing�s downwind areas 
were predominantly influenced by regional O3 transmission, while those in Shanghai, 
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Guangzhou, and Lanzhou were largely affected by local O3 generation. During source re-
gion identification, these statistical approaches utilize pollutant concentration monitoring 
at receptor sites as a key parameter. Although computationally efficient and straightfor-
ward, this approach may inadequately represent actual pollutant concentrations within 
each grid along the trajectory path, posing the risk of identifying “false” potential source 
regions and thus compromising the accuracy of transmission characteristics. 

Previous studies [22,23] have highlighted significant inter-regional O3 transport 
within the Yangtze River Delta, in contrast to the predominantly local accumulation ob-
served in the Pearl River Delta and Beijing–Tianjin–Hebei regions. Understanding the 
contributions of both regional transport and local generation forms the basis for imple-
menting coordinated regional control measures. This study utilizes the Texas Commission 
on Environmental Quality (TCEQ) methodology to estimate regional background levels 
and local distribution patterns of O3 concentrations, further analyzing temperature field 
characteristics under two representative annual wind patterns. Additionally, an algorithm 
was developed based on empirical data to quantify air pollutant transport rates effectively 
during May–June from 2015 to 2020, focusing on the Category 5 classification for regional 
O3 pollution distribution types. Evaluating air mass transport paths� contribution rates to 
O3 pollution across four key cities provides insights essential for designing rational emis-
sion reduction strategies to mitigate O3 contamination across these regions. 

2. Data and Methods 
2.1. Data Source 

O3 concentration data for the Yangtze River Delta (YRD) region, spanning January 
2015–December 2020, were obtained from the National Urban Air Quality Real-Time Re-
lease Platform (http://113.108.142.147:20035/emcpublish/ (accessed on 2 January 2024)). 
This dataset provides hourly O3 concentration readings from 256 national monitoring sta-
tions, distributed across Anhui, Jiangsu, Shanghai, and Zhejiang, with 73, 114, 10, and 59 
monitoring sites, respectively. The geographic distribution of the major cities within the 
YRD is shown in Figure 1a. 

Ground meteorological observation data were sourced from the China Meteorologi-
cal Administration (https://weather.cma.cn/ (accessed on 3 January 2024)) and include 
hourly records of the temperature, relative humidity, and horizontal wind speed and di-
rection from 228 regional meteorological stations across the YRD. The spatial distribution 
of these meteorological stations is illustrated in Figure 1b. Atmospheric circulation data 
were derived from the ERA-5 reanalysis dataset provided by the American Institute for 
Environmental Studies [24], covering a spatial range of 20–50° N and 100–130° E, with a 
horizontal resolution of 1° × 1° and four daily time points (UTC 00:00, 06:00, 12:00, and 
18:00). This dataset includes sea level pressure and 10 m horizontal wind components (U 
and V). The validity of the O3 observation and meteorological data for each YRD province 
is summarized in Table 1. 
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Figure 1. Distribution map of meteorological stations in (a) 41 cities and (b) 241 regions within the 
YRD region. 

Table 1. Validity of O3 observation and meteorological data in YRD provinces. 

Provincial Observation Station Number Data Quantity Data Efficiency 
Anhui 73 1,301,736 97% 
Jiangsu 114 2,032,848 98% 

Zhejiang 59 1,052,088 98% 
Shanghai 10 178,320 99% 

2.2. Methods 

2.2.1. TCEQ Method 

The TCEQ method, initially developed by the Texas Commission on Environmental 
Quality in the United States, was later refined by Nielsen-Gammon et al. [25], who intro-
duced a more automated approach for analyzing the daily maximum 8 h average ozone 
(DMA8–O3). This method leverages a robust air quality monitoring network that ensures 
comprehensive spatial coverage, accounting for variations in wind direction. It is assumed 
that regardless of wind direction changes, at least one monitoring station will consistently 
capture upwind regional air mass inputs, while other stations may reflect localized pho-
tochemical processes to varying extents. Consequently, the minimum DMA8–O3 value 
recorded among all monitoring stations is used as an indicator of regional background 
ozone levels, while the maximum DMA8–O3 value denotes peak ozone concentrations 
within the area. The difference between these maximum and minimum values quantifies 
the capacity of local precursor emissions to produce ozone through photochemical reac-
tions, with the resulting value representing locally generated ozone. LOଷ =  DAO8୫ୟ୶ −  DAO8୫୧୬ (1)

In Formula (1), LO3 represents the local generation of O3. DAO8max is the highest daily 
8 h average O3 concentration recorded across all monitoring sites in the region, while 
DAO8min is the lowest daily 8 h average O3 concentration from the filtered sites within the 
same area. This analysis encompasses data from forty-three cities within the study region. 

2.2.2. O3 Transport Rate Algorithm 

To address uncertainties in pollutant transport between regions, arising from wind 
field variability and “false” source areas identified through HYSPLIT�s methodology 
[26,27], this study applied a robust O3 transport rate algorithm (TOR) based on observed 
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O3 concentrations and surface wind field data. The TOR computational framework in-
volves three primary steps: 

(1) Quantitative modeling based on hourly O3 and meteorological parameter observa-
tions. 

(2) Backward trajectory calculation to model observed O3 transport paths. 
(3) Clustering analysis to identify key transport channels and to quantify intercity 

transport contributions across five defined spatial categories. 

To illustrate the TOR modeling process, we considered a hypothetical transport event 
from zone i to zone j. To model such a process from district i to j, the first step involves 
estimating the probability of pollutant transport from zone i to zone j (see Figure 2A). 
Following Seinfeld et al.�s air packet approach [28], we employ a sampling technique to 
simulate pollutant transport paths accurately (illustrated in Figure 2C). Specifically, air 
parcels, representing air pollutants, are released near the district i at the timestamp t in a 
simulation. The locations of these air parcels are updated iteratively based on the meteor-
ological conditions, including the wind speed and direction (Figure 2B), until the distance 
between the air parcel and the district j falls under 𝑑௘ = 20 km  or the time limit is ex-
ceeded (72 h). Inspired by HYSPLIT�s approach [26,27], we calculated each air packet�s 
position at time t using the following equation: 𝐿(∆𝑡 +  𝑡)  =  𝐿(𝑡)  + 𝑣௧ ሬሬሬሬ⃗ ×  ∆𝑡 

𝑣௧ ሬሬሬሬ⃗ =  ∑ (𝑑௡  − 𝑑௠)  ×  𝑣௠,௧ሬሬሬሬሬሬሬ⃗௠ఢெ∑ (𝑑௡  −  𝑑௠)௠ఢெ  (2)

In this context, 𝑣௧ ሬሬሬሬ⃗   represents the air packet�s speed at the location L(t) at the 
timestamp t, while M denotes a set of nearby meteorological observation stations, where 
the distance between each station and the air parcel is measured to be  𝑑௠, within the 
given distance threshold 𝑑௡ = 20 km. Thus, the closer an air pollutant concentration ob-
servation station is to the air packet, the greater its contribution is to the wind vector from 
that meteorological station (𝑣௠,௧ሬሬሬሬሬሬሬ⃗ ). Hereafter, we denote the number of the air parcels that 
reached the district j as 𝑠௥ and the travel time of the k-th air parcels as 𝑡𝑡௞, 𝑘 < 𝑠௥. Based 
on this, we define the transmission probability 𝑃௜௝௧ for the observed pollutant concentra-
tion from the initial position i to the target position j at timestamp t, as shown in Formula 
(3): 𝑃௜௝௧ =  𝑆௥𝑆  (3)

where Sr represents the subset of air packets that successfully reach the target area, and S 
denotes the total number of packets released from the source. 

The average transport time was averaged to generate the final results. Figure 2C,D 
provide an example of calculating transport probability by sampling air packets, from 
which the transport trajectory for each pollution event is derived (Figure 3d). Each 
transport trajectory comprises two nodes, representing positions i and j, connected by a 
directional edge indicating the transport direction. In this framework, each node n in-
cludes additional parameters: the timestamp n.t and the observed pollution concentration 
n.c. at time n.t. Furthermore, additional information is computed along each directional 
edge 𝑒௜௝: (a) the transport duration for each instance is denoted by 𝑒௜௝.tt; (b) 𝑒௜௝.p is the 
estimated transport probability, indicating the contribution factor, or the proportion of 
pollutants transported from the origin to the destination; (c) thus, we can calculate the 
quantity of transported pollutants as 𝑒௜௝. 𝑡𝑐 =  𝑒௜௝. 𝑝 × 𝑛௝. 𝑐; (d) finally, we define an impact 
factor 𝑒௜௝.a = 𝑒௜௝. tc/𝑛௝. c, which represents the ratio of pollutants received at the endpoint 
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relative to those originating from the start point. If comprehensive testing results indicate 𝑒௜௝. tc < 30, pollutant transportation is deemed negligible. 

 

Figure 2. (A) Probability of air pollutant transport from Source 1; (B) iterative refinement of air mass 
position; (C) quantitative sampling methodologies; (D) real-time acquisition of individual transport 
trajectories. 

 

Figure 3. Flowchart of the primary pollutant transport calculation process: (a) two distinct transport 
pathways between points 1 and 2 (major pathway) and between points 1 and 3 (minor pathway); 
(b) a transport process with four concurrent pathways; (c) transmission modules defined from four 
identified transmission tracks, each coded by color; (d) a single transport process trajectory com-
posed of multiple individual transport instances. 

In the context of regional O3 pollution transport within the YRD, O3 concentration 
and wind vector fields demonstrate concurrent temporal and spatial variations. Com-
pared to traditional backward trajectory models and other methodologies [29], this ap-
proach offers two distinct advantages. First, by incorporating measured O3 concentrations 
and meteorological observation data, along with an hourly correction algorithm for wind 
vector fields, this method departs from conventional models by providing a more accurate 
calculation of regional pollutant transmission trajectories. This enhanced approach ena-
bles a finer depiction of the pollution transmission process. Second, the iterative adjust-
ment of the wind vector field on a grid-by-grid, hourly basis ensures that the model closely 
reflects real-time transmission dynamics, as wind vector fluctuations significantly impact 
pollutant transport. This method models the entire transmission pathway comprehen-
sively, tracking pollutant movement from an origin (zone i) to a target destination (zone 
j) with time-stamped positions, integrating each step into the overall transport process. 
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Finally, clustering techniques were applied to evaluate the frequency of different trans-
mission pathways and to quantify intercity transport contributions. Notably, current cal-
culations of O3-polluted air mass transport paths at specific times do not include second-
ary effects from previous emissions or cumulative concentrations along these pathways, 
maintaining a focused assessment of direct pollutant transport dynamics. 

3. Results 
This study examines the background concentration of O3 and the distribution of its 

generation contributions across the YRD, while identifying key meteorological factors in-
fluencing O3 transmission. Using the regional O3 pollution classification by Cao et al. [30], 
four major cities were selected to assess O3 transmission characteristics across five types 
of regional O3 processes. 

3.1. Estimation of Regional Background Ozone and Locally Generated Concentrations 

Ozone concentration at any given location can be viewed as the sum of regional back-
ground ozone levels and locally generated photochemical ozone concentrations. Regional 
background ozone refers to the concentration within the study area, assuming no local 
precursor emissions, typically simulated by deactivating precursor emissions in air qual-
ity models [31–33]. In this study, regional background ozone specifically represents the 
concentration of ozone transported from external sources into the target area. The TCEQ 
methodology, as developed by Nielsen-Gammon et al. [25], was applied to determine 
background O3 concentrations at monitoring stations throughout the YRD. The results in-
dicate that from May to September, the average background O3 concentration in this re-
gion was 78.7 µg·m−3. Spatial distribution patterns are presented in Figure 4a, highlighting 
that the areas surrounding Taihu Lake show the highest background concentrations; Hu-
zhou recorded a peak level at 108.7 µg·m−3, followed by Hangzhou, Wuxi, Changzhou, 
Zhenjiang, and Yangzhou, while Huangshan registered the lowest value at 48.2 µg·m−3. 

Daily estimations of locally generated ozone concentrations were derived from the 
difference between DMA8–O3 readings and regional background levels recorded at each 
monitoring station. During the period from May through September, the average gener-
ated O3 concentration in the YRD was approximately 44.9 µg·m−3, with local contributions 
accounting for about 36.3% of the total ozone levels (encompassing both regional back-
ground and locally generated components). Figure 4b illustrates the spatial distribution 
of locally generated O3 across the region, showing significant O3 generation in parts of 
Jiangsu Province, as well as Northern Anhui and Northern Zhejiang. These high ozone 
areas also have higher volatile organic compounds (VOCs) and NOx emissions from in-
dustrial activities, but whether there is a correlation between these two factors remains to 
be studied (see Figure 5). Additionally, geographical factors play a role; inland cities dis-
tant from coastal regions show enhanced ozone generation potential due to favorable con-
ditions for ozone formation. 
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Figure 4. (a) Regional background concentration of O3 and (b) spatial distribution of O3 generation 
in the YRD region from May to September, as determined using the TCEQ method. 

The TCEQ methodology was applied to estimate daily regional background and local 
ozone concentrations, as well as to calculate annual mean values (see Figure 6). From 2015 
to 2022, both background and locally generated ozone concentrations in the YRD region 
demonstrated a gradual upward trend, highlighting a worsening ozone pollution scenario 
with annual fluctuations. Between 2015 and 2017, background ozone levels rose signifi-
cantly, while locally generated ozone increased at a slower rate, suggesting that trans-
boundary transport contributed more substantially to the overall ozone levels within the 
region. From 2017 to 2019, background concentrations leveled off, while local ozone pro-
duction rebounded after a notable decline in 2018. This pattern implies that the reduction 
in ozone levels during 2018 was primarily due to decreased local production. Between 
2019 and 2021, background concentrations declined rapidly, while locally generated 
ozone initially decreased before increasing again. The rapid decline of background ozone 
concentrations could probably be connected with the lockdown during COVID-19. In 
2022, both the background and local ozone concentrations spiked, attributed to intense 
ozone formation linked to one of the most severe prolonged dry heat events recorded 
since monitoring systems were established in the Yangtze River Basin. 

Figure 5. Spatial distribution of O3 precursor emissions in the YRD. 
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Figure 6. Annual changes of O3 generation and local concentration in the YRD region. 

Data from years with elevated background ozone concentrations (2017, 2018, and 
2019) were selected for a composite analysis. The maximum 8 h daily average wind field 
and ozone concentration (MDA8) anomaly values were calculated as the difference be-
tween the May to September averages of each typical year and those of the same period 
from 2015 to 2022 (Figure 7a). In these years, marked by strong ozone transport character-
istics, Shanghai shows a positive O3 anomaly, accompanied by notably stronger southwest 
or west winds, indicating that O3 levels in Shanghai are primarily influenced by transport 
from western and southwestern regions. Wind convergence is prominent in Huaibei, Su-
zhou, Chuzhou, Bozhou in Northern Anhui, and Xuzhou in Northern Jiangsu, facilitating 
elevated O3 concentrations across Anhui and Northwest Jiangsu. Significant ozone anom-
aly centers appear in Hefei, Ma�anshan, Wuhu, and Nanjing, correlating closely with the 
convergence of southwesterly winds in these areas. The western and southern parts of 
this region, characterized by mountainous terrain and high forest coverage, see VOC 
emissions from biogenic sources transported into the area under the influence of south-
westerly winds, further raising O3 levels. Apart from a negative O3 anomaly observed in 
Southeastern Zhejiang Province, most other areas show positive O3 anomalies associated 
with prevailing southwest winds. 

 

Figure 7. (a) Composite wind field anomaly from May to September for 2017, 2018, and 2019, along-
side the 8 h average O3 concentration anomaly; (b) composite temperature anomaly observed in 
2016, 2017, 2019, and 2022. 
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For a composite analysis of local ozone generation during peak years (2016, 2017, 
2021, and 2022), data from May to September were analyzed alongside average daily tem-
peratures for these months, compared against averages from the same period between 
2015 and 2022 (Figure 7b). Years with increased local ozone production across the YRD 
region displayed consistently elevated temperatures. Specifically, temperatures exceeded 
+0.3 °C in Shanghai, Central/Northern Jiangsu, and Northern Anhui (including Hefei), 
with some areas surpassing +0.4 °C. The spatial distribution of these temperature anoma-
lies closely aligns with localized ozone generation patterns identified using the TCEQ 
methodology (Figure 4b), underscoring the positive effect of higher temperatures on 
ozone formation, consistent with previous research findings. 

3.2. Transportation Routes and Contribution Rates of Key Cities 

Ozone transport dynamics among cities in the YRD region are notably significant. To 
analyze intercity transport patterns across different pollution types, we integrated five 
distinct ozone concentration distribution categories, as outlined by Cao et al. [30]. Using 
the TOR (Transport Rate) method, we calculated 72 h transport trajectories and transmis-
sion rates for these distribution types across four major cities—Hefei, Nanjing, Shanghai, 
and Hangzhou (see Figure 8). The results reveal that intercity transport contributions 
within the YRD range from 45.2% to 65.1%, surpassing contributions from local ozone 
generation, consistent with previous findings [34]. As shown in Figure 8, the primary 
source direction of O3 pollutants is less correlated with the distribution type; instead, the 
pollution distribution type primarily dictates both initial transport mechanisms and inter-
city transport proportions. For example, in Hefei, ozone concentrations are predominantly 
influenced by southerly transport routes, especially along the Anqing–Chizhou–Hefei 
corridor, contributing 32.3–42.1% of Hefei�s ozone levels. Nanjing�s ozone is chiefly af-
fected by external provincial transports, with the most substantial northwestward flow 
occurring along the Huaibei–Bengbu–Chuzhou–Nanjing route, contributing 28.2–39.9%. 
In contrast, over half of Shanghai�s ozone originates from areas outside the city, predom-
inantly from the west–southwest direction, with significant transport occurring along the 
Wuhu–Xuancheng–Huzhou pathway through the Taihu Basin into Shanghai (transport 
contribution: 41.8–51.2%). Short-distance transfers from the Taihu Basin directly into 
Shanghai are also notable, particularly within bicentric and inland distribution types (con-
tribution: 36.2–47.2%). The Taihu Basin thus emerges as a crucial ozone generation zone 
within the YRD (refer to Figure 4b). Among these four key cities, Hangzhou shows the 
least influence from intercity O3 transport. Its primary transport channel is the Huaian–
Yangzhou–Circum–Taihu Basin–Huzhou–Hangzhou route, with a transport contribution 
ranging from 9.9% to 24.5%. Similar to Shanghai, the Taihu Basin area serves as an essen-
tial O3 source for Hangzhou, indicating that southern YRD cities are significantly im-
pacted by polluted air masses around Taihu Lake. Conversely, central and northern cities 
benefit from trans-regional ozone transport from Northern Jiangsu Province and North 
China. 
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Figure 8. Main trajectory and source contribution characteristics of O3 pollution transport in the 
Class 5 YRD region for 72 h: (a) Hefei; (b) Nanjing; (c) Shanghai; (d) Hangzhou. 

4. Discussion and Summary 
This study outlines the spatial distribution characteristics of elevated ozone (O3) con-

centrations in the YRD region, focusing on the distribution patterns of background ozone 
levels and locally generated photochemical ozone. It further explores meteorological field 
variations between years characterized by significant transport and those driven by local 
ozone generation. By analyzing five types of high-concentration ozone distributions, this 
research identifies the main transport channels and their contributions to ozone levels in 
four key cities from a three-dimensional wind field perspective. This study leads to three 
primary conclusions: 

(1) The average O3 concentration in the YRD from May to September is approximately 
44.9 µg·m−3, with local generation accounting for about 36.3% of the total O3 (encom-
passing both regional background and locally generated concentrations). High ozone 
concentrations are prevalent in most areas of Jiangsu, Northern Anhui, and Northern 
Zhejiang, with the area around Taihu Lake exhibiting the highest background O3 lev-
els in the region. Notably, Huzhou records an exceptionally high background con-
centration of 108.7 µg·m−3. 

(2) From 2015 to 2022, background and local O3 generation rates across the YRD gradu-
ally increased. In particular, 2022—a year marked by one of the most severe complex 
dry heat events since the establishment of monitoring systems—saw rapid increases 
in both background concentrations and local production due to extensive O3 for-
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mation. Annual synthesis analyses highlight that wind convergence is likely a signif-
icant factor in the heightened O3 concentrations observed in Anhui and Northwest 
Jiangsu. Additionally, bioVOC emissions transported from western and southern 
mountainous regions substantially influence O3 levels in Hefei, Ma�anshan, Wuhu, 
and Nanjing, while ozone transport to Shanghai is closely linked with prevailing 
southwest winds and southerly breezes. During years of high local generation, ele-
vated temperature anomalies align with O3 production patterns, underscoring the 
strong positive correlation between the temperature and ozone formation. 

(3) Using the TOR methodology, mutual transport contributions among forty-two cities 
within the YRD are estimated to range between 45.2% and 65.1%, indicating that 
transported contributions to ozone levels generally exceed those from local genera-
tion. Specifically, for the four focal cities, Shanghai shows significant transmission 
impacts, with contributions exceeding 50%, while Hangzhou experiences minimal 
transport impacts at under 20%. The TOR method effectively quantifies air pollution 
transport rates by combining ground-level measurements with wind field data, ad-
dressing uncertainties in inter-regional pollutant transport caused by wind field fluc-
tuations. This approach provides an improvement over previous methodologies by 
accurately characterizing pollutant transfer dynamics across the YRD and distin-
guishing regional pollutant trajectories. 

(4) The characteristics of ozone transport between cities in the Yangtze River Delta re-
gion are significant. From the perspective of key cities, some cities are affected by the 
main wind direction, while others have different transport distances. These differ-
ences are related to ozone pollution types and weather conditions and need further 
discussion. 
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