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Reply to the Reviewer

We thank the referee for the thoughtful and comprehensive suggestions and their overall
positive attitude toward our manuscript. In the following we response on a point-by-point
basis. Please note that the reviewer’s comments are highlighted in italic font and the red
text color represents the revised text.

Reviewer Comments:

The manuscript investigates the transport of PM2.5 concentrations and the
potential clustering of 336 cities in China over a 5-year period based on a
complex network approach. Their results indicate that the probability density
functions of the degrees, weighted degrees, and the lengths of links follow the
power-law decay. In addition, the distributions of high-weighted degrees are
aligned with high PM2.5 concentrations. This implies that high pollution in cities
is not only caused by local emissions but also associated with transportation
from other cities. They suggest that the Beijing-Tianjin-Hebei-Henan-Shandong
(BTHHS) cluster is a key region to control pollution levels in China since this area
exports most of the PM2.5 pollution to other cities. Thus, their discovery can help
to identify the optimal collection of cities to take the same measures to control
air pollution. Overall, the manuscript is interesting and useful for the
implementation of air pollution control measures in China. The paper is well
written and is publishable after they address the following comments:

Response: We thank the referee for the positive assessment of our paper.

Comments:
1. Section 2, Line 75. Please mention the time resolution of the PM2.5 concentrations. Are
they hourly or daily?
Response:
We thank the referee for this kind and valuable comment. We have added the time
resolution in the revised version.
Before
“The PM2.5 concentrations data for 336 cities of China with a daily average from 1 January
2015 to 31 December 2019 are used in this study.”
After:
“The daily PM2.5 concentrations data for 336 cities of China with a daily average from 1
January 2015 to 31 December 2019 are used in this study.”
2. Is the word “for rea” in line 145 of the caption in Figure 2 a spelling mistake? Please
check the text carefully for similar errors?
Response:
We thank the referee for this kind and valuable comment. We have corrected the spelling
language mistakes in the entire manuscript.
Before
“Figure 2. Positive link weights as a function of geographical distances for (a) and (b) for
rea (blue) and shuffled (red) data. (c), (d) Same as (a), (b) but for negative links.”
After
“Figure 2. Positive link weights as a function of geographical distances for (a) and (b) for
real (blue) and shuffled (red) data. (c), (d) Same as (a), (b) but for negative links.”
3. "On-Page 7, line 170, “The average path length is 4.61 and 3.15 for the original and
shuffled network, indicating that cities transport the PM2.5 concentrations to other cities
crossed almost three other cities. PM2.5 cities have a higher clustering coefficient and
lower average path length, compared with the shuffled network", but the average path
length of the original network is 4.61, which is greater than 3.15 of the shuffled network,
which is contrary to the description in the text. Please check carefully?Response:
We thank the referee for raising this. We have corrected it in the revised version.
Before
“The average path length is 4.61 and 3.15 for the original and shuffled network, indicating
that cities transport the PM2.5 concentrations to other cities crossed almost three other
cities. PM2.5 cities have a higher clustering coefficient and lower average path length,
compared with the shuffled network, demonstrating cities with higher PM2.5 concentrations

can quickly affect their surrounding cities.”
After
“The average path length is 3.15 and 4.61 for the original and shuffled network, indicating
that cities transport the PM2.5 concentrations to other cities crossed almost three other
cities. PM2.5 cities have a higher clustering coefficient and lower average path length,
compared with the shuffled network, demonstrating cities with higher PM2.5 concentrations
can quickly affect their surrounding cities.”
4. Page 7 Lines 175, Is the word “short distances (<1000 km) a mistake ” Please check it?
Response:
We thank the referee for raising this. The word “short distances (<1000 km) ” is a mistake
and we have modified it in the revised version.
Before
“Moreover, these links are mainly short distances (≤1000 km), whereas long distances
(>1000 km) show few connections.”
After
“Moreover, these links are mainly short distances (≤20000 km), whereas long distances
(>20000 km) show few connections.”
5. The part before Section 3.2 on Page 8 refers to the pictures in the wrong order, e.g.
Figure 6 in line 190 should actually be Figure 5. Figure 7 in line 200 should be Figure 6.
Please check the text carefully.
Response:
We thank the referee for this kind and valuable comment. We have modified it in the
revised version.
6. The title of Figure 6 is wrong, please check the typo in the full text carefully.
Response:
We thank the referee for this kind and valuable comment. We have modified it in the
revised version.
Before
“Figure 6. Distribution of in- weighted degree (a) and out- weighted degree (b) in the
network of each node for positive cases.”
After
“Figure 6. Distribution of in- weighted degree (a) and out- weighted degree (b) in the
network of each node for seasons.”

7. The Figures in the manuscript are not clear. Please provide a clear version.

Response:
We thank the referee for this kind and valuable comment. We have modified the Figures it
in the revised version.
8. Please explain the connections and differences between others and this research in the
Summary and discussion. And I also suggest elaborating on the limitations of the study in
the summary and discussion.
Response:
We thank the referee for this kind and valuable comment. We have added them in the
Summary and discussion in the revised version.
Before:
“A central implication of this study is that the transmission and collaborative regions can
be explored via the complex network approach. For traditional model simulation,
numerous parameters are needed in the simulation process. In contrast, complex network
theory is performed based on time series of field observations, so the estimation process
is faster and more economic. As our analysis is based on long-time PM2.5 records in China,
rather than a particular region or period of air pollution, it may provide reference and
basis for the development of effective regulatory policies for government to improve air
quality. In this paper, we demonstrate the applicability of complex network methodology
for the studies of the transport and cluster of air pollutants in faster and more economic
ways. It is expected that complex network methods are also potential in the studies of
other air pollutants such as ozone, NOx, and so on.”
After:
“A central implication of this study is that the transmission and collaborative regions can
be explored via the complex network approach. For traditional model simulation,
numerous parameters are needed in the simulation process. In contrast, complex network
theory is performed based on time series of field observations, so the estimation process
is faster and more economic. As our analysis is based on long-time PM2.5 records in China,
rather than a particular region or period of air pollution, it may provide a reference and
basis for the development of effective regulatory policies for government to improve air
quality. Previous researchers have demonstrated that the accumulated pollutants in the
NCP can transport the pollution through the strong wind to the YRD based on traditional
model simulation, which is similar to our study. We also observed links that transported
from the BTHHS to the YRD regions show a 1- or 2-day time lag. The result is consistent
with previous studies obtained from the WRF-Chem model. Hence, complex network
methodologies are useful for the studies of the transport and cluster of air pollutants in
faster and more economic ways. Furthermore, they are also potential in the studies of
other air pollutants such as ozone, NOx, and so on.
In addition, the study has some limitations. The relations between PM2.5 cities have been
measured based on the lagged correlations, which have yielded useful results. However,
the peak of cross-correlation in a correlogram may be spurious due to serial
autocorrelation within each time series, which is another common feature in geophysical
time series. Furthermore, the results cannot reveal causal relationships, which may suffer
from problems related to interpretability.”
9. There are many grammatical mistakes in the article, so it is recommended to modify
them carefully. Please see my more specific comments on the marked manuscript
(attached with the comment file). Response:

We thank the referee for this kind and valuable comment. We have corrected the
language mistakes in the entire manuscript in the revised version.
Before:
“Complex networks analysis of PM2.5: transport and clustering”
“Complex network theory has been applied to reveal the transport patterns and
cooperative regions of fine (<2.5 µm) particulate matter (PM2.5) in the whole of China over
a long-term record. The results show the degrees, weighted degrees, and edge lengths of
PM2.5 cities follow power-law distributions. Cities in the Beijing-Tianjin-Hebei-HenanShandong (BTHHS) region have a strong ability to import PM2.5 pollution to other cities. By
analyzing the transport routes, we show that a mass of links extends southward from the
BTHHS to the Yangtze River Delta (YRD) regions with one- or two-day time lags. Hence,
we conclude that earlier emission reduction in BTHHS and early-warning measures in YRD
will help to improve air quality in both regions. Moreover, significant links are
concentrated in wintertime, suggesting the impact of the winter monsoon. In addition,
cities have been divided into nine clusters according to their synchronicity characteristics.
Cities in the same clusters should be regarded as a whole to control the level of air
pollution. The results are derived by an economic approach of complex network theory,
which avoids the time-consuming of traditional model simulation approach and suggests a
highly efficient approach to the studies of transport and cluster of PM2.5. This approach,
beyond doubt, is certainly also applicable to the studies of other air pollutants such as
ozone, NOx, and so on.”
“The Earth behaves as a complex self-regulating system comprised of atmosphere,
hydrosphere, cryosphere, lithosphere and biosphere, with highly nonlinear interactions
and feedbacks between the component parts (Steffen et al 2015). With the increasing
understanding of interactions between physical, chemical, biological and human
processes, a new ‘science of the Earth’–Earth System Science (ESS) has been initiated
(Steffen et al 2020).”
“However, this kind of region division ignores the nonlinear transport characteristics of
PM2.5 concentrations; furthermore, considerable discrepancies exist in the above studies of
PM2.5 transmission in different cities/regions during different air pollution periods. Hence,
the PM2.5 transports in the whole of China over a long-time period have not been fully
understood; furthermore, the traditional approaches adopted in the above studies dis not
fully consider the nonlinear transport processes between cities.”
“The anomalies records of PM2.5 are adopted, where the anomalies are obtained by
subtracting the daily averages and dividing them by the corresponding standard deviations
and the function of the denominator is used to eliminate the effects of autocorrelations in
the records.”
“where ki, kjis the weight if node i and j, is the adjacency matrix, is the membership
function and M is the number of edges. ”
“ values in the original network are greater than those in the shuffled network, indicating
that the stronger positive links are the result of information transport of PM2.5
concentrations.”
“It is found that the degrees, weighted degrees, and edge lengths conform to power-law
distributions.”
After:

“Complex network analysis of fine particulate matter (PM2.5): transport and clustering”
“Here complex network theory has been applied to reveal the transport patterns and
cooperative regions of fine particulate matter (PM2.5) over China from 2015 to 2019. The
results show that the degrees, weighted degrees, and edge lengths of PM2.5 cities follow
power-law distributions. We find that the cities in the Beijing-Tianjin-Hebei-HenanShandong (BTHHS) region have a strong ability to export PM2.5 pollution to other cities. By
analyzing the transport routes, we show that a mass of links extends southward from the
BTHHS to the Yangtze River Delta (YRD) regions with one- or two-day time lags. Hence,
we conclude that earlier emission reduction in BTHHS and early-warning measures in YRD
will help to improve air quality in both regions. Moreover, significant links are
concentrated in wintertime, suggesting the impact of the winter monsoon. In addition, all
cities have been divided into nine clusters according to their spatial correlations. We
suggest that the cities in the same clusters should be regarded as a whole to control the
level of air pollution. This approach, beyond doubt, is certainly also applicable to the
studies of other air pollutants such as ozone, NOx, and so on.”
“The Earth system behaves as a complex self-regulating system comprised of
atmosphere, hydrosphere, cryosphere, lithosphere and biosphere, with highly nonlinear
interactions and feedbacks between the component parts (Steffen et al 2015). With the
more understanding of interactions between physical, chemical, biological and human
processes, a new ‘science of the Earth’–Earth System Science (ESS) has been initiated
(Steffen et al 2020).”
“However, this kind of region division ignores the nonlinear transport characteristics of
PM2.5 concentrations; furthermore, considerable discrepancies exist in the above studies of
PM2.5 transmission in different cities/regions during different air pollution periods. Hence,
the PM2.5 transports in the whole of China over a long-time period as well as the transport
distances have not been fully understood; furthermore, the traditional approaches
adopted in the above studies dis not fully consider the nonlinear transport processes
between cities.”
“The anomalies records of PM2.5 are adopted, where the anomalies are obtained by
subtracting the daily averages and dividing them by the corresponding standard deviations
to remove the seasonal cycle.”
“where ki, kjis the weight of node i and j, is the adjacency matrix, is the membership
function and M is the number of edges. ”
“ values in the original network are greater than those in the shuffled network, indicating
that the stronger positive links are the result of information transport of PM2.5
concentrations and the similarity of weather patterns (Liu et al., 2022).”
“It is found that the degrees, weighted degrees, and edge lengths conform to power-law
distributions which are associated with some climate and weather phenomena such as the
tropical circulations and cyclones (Pierrehumbert, 1986)”

■ End of response to Reviewer
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