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ABSTRACT

The regional transmission of air pollutants is an important factor affecting climate and environment.
Many existing studies are committed to mining potential propagation models. However, most models
are highly dependent on data. Meanwhile, there is a lack of research on accurate pollutant tracing
within and between regions. This paper presents a topology-based algorithm using correction distance
matrix for air pollution tracing. The geographical distance is corrected according to meteorological
factors. The distance relationship between monitoring stations is expressed as a directed graph. The
distance threshold is used to filter the directed graph to obtain relevant subgraphs of the target
station. By constructing pollutant concentration transfer equations, the reachability matrix of pollution
propagation is calculated to get the pollution contribution of each node. The single point tracing
result of the target station is obtained from the maximum contribution. Meanwhile, we design the
air pollution tracing visualization system. The multi-dimensional views in the system are convenient
for users to perceive propagation laws and explore results. Based on above work, we conduct an
intraregional case study of Beijing in 2013 and an interregional case study of central and eastern China
in 2014. The results of case studies confirm the effectiveness of the algorithm and visualization system
in the field of air pollution propagation. Moreover, we evaluate the performance of the algorithm
and get good feedback according to user’s experience with Meteolnfo software and our system.
Therefore, our work can accurately trace the source of air pollutants and provide technical support

for meteorological experts.

1. Introduction

As one of the environmental problems, air pollution has
attracted continuous attention all over the world. Relative
research found that people’s burden of diseases such as
respiratory infection, heart disease, lung cancer may be led
by air contamination(Jin et al., 2021). The Health Effects
Institute report that the death rate of air pollution in 2019
has exceeded that of traffic accidents. Morever, Parajuli et al.
(2021) found that a single pollutant has more frequent and
significant effects on human body. Vo et al. (2022) found
that 80 % of PM2.5 will be deposited in the head airway,
while 75 % of PMO.1 will be deposited in the alveolar area.
In addition, environment pollution has a negative impact on
the economic situation, resulting in the total loss rate of India
reaching 1.36% of GDP in 2019 (Pandey et al., 2021). There
has always been an interdependent relationship between ur-
ban sustainable development and air pollution(Ahmad et al.,
2021). According to demographic monitoring, excessive
SO, in the air leads to the reduction of the overall growth
and development of plants(Cotrozzi, 2020). In order to ef-
fectively reduce the harm of air pollution to these aspects,
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accurately determining the source of pollutants has become
an essential part.

There has been a lot of research on the propagation
of air pollution. The main research direction is to build
an ideal propagation model and mine the symbiotic rela-
tionship under association rules. HYSPLIT4 (Stein et al.,
2015) is a system that can not only calculate simple sin-
gle trajectory problems but also solve complex distribution
and precipitation problems through the smoke and particle
method. Although HYSPLIT4 is most widely used in air
pollution source identification, it ignores the problem of
small-scale air transmission. Considering the influence of
wind speed and direction on pollution propagation, some
articles use Lagrange dispersion model (LDM) (Carvalho
and De Vilhena, 2005) to avoid the numerpical pseudo dif-
fusion. On the other hand, some researches focus on mining
hidden symbiotic relationships through association rules to
infer the relationship between pollution transmission. For
example, the visual exploration framework Co-Occurrence
Pattern Exploration (COPE) (Li et al., 2018) looks for co-
occurrence patterns based on time-space series to evaluate
the intensity of occurrence patterns and make predictions.
Fan et al. (2020) made a comprehensive analysis of the
spatio-temporal variation of urban air pollution in China dur-
ing 2014-2018. Guo et al. (2019) proposed Time Correlation
Partition (TCP) tree, which provides situational awareness
analysis between correlation data and variables. Huang et al.
(2018) adopted CAMx adjoint propagation model to real-
ize dynamic inversion and grid quantitative propagation of
emission sources. In this way, the spatio-temporal charac-
teristics of pollution sources and their contribution rates can
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be evaluated quantitatively. The point-to-point propagation
of pollutants can be mapped to the directed graph structure.
The knowledge of graph theory and topological geometry
can be feasible to apply to the pollution propagation model.
Reachability matrix is often used to describe the degree that
can be reached between nodes of a directed graph after a
certain length of path. Topology-based reachability analysis
plays an important role in exploring the relationship between
two points of a directed graph. Xu and Hong (2012) proposed
a finite solution method based on reachability matrix. The
sufficient and necessary conditions for the reachability of
deterministic and nondeterministic automata are obtained by
using the semi-tensor product of matrices. Scarpato et al.
(2019) proposed the Reachability Matrix Ontology (RMO)
to describe the network structure and network security. RMO
proposes an innovative method to investigate whether one
node can reach another node through the ISO/OSI layer
protocol. Kim et al. (2021) proposed a new incremental
algorithm framework AORM, which is a reachability matrix
framework of any order. AORM can handle both directed
and disconnected networks, such as reference networks as
well as various types of real data sets.

According to the feedback of meteorological experts, we
find that there is a lack of effective visualization system to
display data and analyze tracking results. Visual presentation
relies on a lot of data analysis technology. Regression anal-
ysis (Demuzere et al., 2008), statistical analysis (Sharovsky
et al., 2004) and correlation analysis (Qu et al., 2007) are
often used as models for analyzing air quality data. The
establishment of visualization system is helpful to discover
the potential information and explore the value behind the
data. There are a lot of researches focused on geographic in-
formation due to the close relationship between air pollution
data and geographic information. By introducing the concept
of air wrapping to draw the pollutant propagation map,Deng
et al. (2019) developed the AirVis system, which is based on
Word2Vec model to effectively extract transmission models.
Ren et al. (2020) abstracted the complex inter regional
propagation relationship into a dynamic network. In their
research, visual analysis is introduced to explore the spatio-
temporal multiple propagation model. At the same time, a
model based on particle tracking is proposed to construct the
pollution propagation network under multi-source factors.
Deng et al. (2021) proposed VisCas system, which com-
bines the extraction of pollution patterns with interactive
visualization technology. Based on the triple optimization
strategy, a novel influence view is designed to infer and ex-
plain the potential cascading patterns in the spatio-temporal
context. Tian et al. (2021) developed an inline visualization
system from the perspective of fine-grained air quality. Liu
et al. (2021) proposed an integrated AQEyes system. By
integrating multiple pipelines such as data preprocessor and
characterizer, the unsupervised anomaly detection method is
adopted to effectively check the anomalies. Qu et al. (2020)
constructed the AirExplorer system. Combined with hier-
archical piecewise linear representation and dynamic time
warping, the time series patterns of interest are accurately

queried. Zhou et al. (2017) used Multidimensional Scaling
(MDS) to convert data into 2D maps. Combining hierarchi-
cal clustering, Voronoi diagram and interactive technology
help experts explore and extract the propagation modes.

Inspired by above work, we propose a topology-based
algorithm using correction distance for air pollution tracing.
In order to maximize the data value, we preprocess the high-
dimensional time series air pollution data. The reachability
matrix between pollution monitoring stations is calculated
by using classical topological geometry. According to the
set thresholds, the correlation between monitoring stations is
analyzed. Based on tracing results, we build the air pollution
tracing visualization system. Our focus is on air quality mon-
itoring stations. The goal of the system is to facilitate experts
to explore the propagation law clearly and put forward urban
air quality management plans.

In the remainder of this article, we describe the prepro-
cessing work of the data set in Section 2. We present the
details of the tracing algorithm in Section 3. In addition, we
describe the visualization work in Section 4. We conduct
two case studies with and between regions in Section 5.
We evaluate the performance of algorithm and conduct user
study in Section 6. We finally present the summary and
outlook of this work in Section 7.

2. Data preprocessing

2.1. Data set

The data set used in this paper is high-resolution air
pollution reanalysis data set of China released by the Insti-
tute of Atmospheric Physics, Chinese Academy of Sciences
and other units. The data set includes the grid data of six
conventional pollutants in China’s ambient air quality stan-
dards. It is also the reanalysis data of the national ambient
air quality monitoring network and nested grid air quality
prediction model (nagpms) of China National Environmen-
tal Monitoring Station (CNEMC)(Kong et al., 2021). https:
//doi.org/10.11922/sciencedb.00053

The data set involves 2751 monitoring stations, covering
375 cities in China, with a time range from 2013 to 2018.
Stations have collected daily mean data and hourly data in
January from 2013 to 2018. Each data information includes
the concentration of six air pollutants: PM, 5, PM;,, NO,,
S0O,, O3 and CO,. In addition, each station also recorded
the hourly or daily wind direction, wind speed, temperature,
humidity and air pressure information, as well as the longi-
tude and latitude data of the station. The basic information
is in Table 1:

2.2. Inverse geocoding

The position variables in the data set are expressed
in longitude and latitude. However, We hope to obtain
provinces, cities, districts and counties. This needs to obtain
the geographic information of each city and carry out inverse
geographic coding according to the longitude and latitude. In
this paper, our local geographic information database is used
to realize the inverse geocoding. We code the longitude and
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Table 1 Algorithm 1 The topology-based algorithm for air pollution

Data set variables tracing
Input: data: air pollution data sefpth: distance threshold;

Data type Name Unit Explain . . .
P - P Pth: pollution threshold;i: target station numbett;
Pollutant PM,s g/m’  Diameterf 25 m initial date;r: sliding time window unittimes sliding
PM,, g/m? Diameterf 10 m times
NO, g/m Nitrogen Q'O).('de Output: k: source station number
SO, g/m Sulphur dioxide o
o g /P Ozone 1: for stationi do:
Ci) g/n? Carbon monoxide 2: move the sliding window unit;
Meteorology U m s Latitudinal wind speed 3 while times >0 do:
Y m s Radial wind speed 4: loaddata,
RH Relative humidity 5 compute humidity di usion coe cientH ;
TEMP K 6 compute wind direction and wind speed di u-
PSFC Pa Ground pressure sion coe cient W ;
: compute real spherical distandestance
8: use comprehensive evaluation mode to get the
) N ) ) modi ed distance matriD;
latitude of cities above the county level in China by geohash. g if D; > Dth then:
The steps are as follows: 10: compute reachability matrig

use logarithm and diagonal di erentiation to

11:
Convert the longitude and latitude information into geo- getA”:
hash and query the candidate cities; ’

12: compute the maximum valuféiL;
" Find the nearest city according to the distance. 13 if A, >Pthandi‘ kthen:
14: stationk is the source of pollution at time
The method converts the initial latitude and longitude  t;
data into city names that can be understood and used, suals: end if
as 'Jiangsu-Suzhou-Wuzhong' 16: end if
) ] 17 end while
2.3. Aggregation and reduction 18: end for

We use the air quality index (AQI) to simplify the
monitored pollutant concentration into a single conceptual
index value. It classi es the degree of air pollution and air ~ According to the research of Li et al. (2017) and Li et al.
quality status, which is suitable to represent the short-ternf2018), wind direction and wind speed di usion coe cient
air quality status and change trend of cities. Individual airW is calculated in Eq. 3.1. Wherd, and dg represent
quality index (IAQI) refers to the air quality index calculated the azimuth represented by the wind direction at grid cells
based on single pollutants. A and B respectively.d,, represents the azimuth &B
direction.F is the in uence of wind direction on di usion.
3. Methodol The di usion distance of downwind direction is small and
- Methodology that of upwind direction is large. The weights, and
The topology-based algorithm using correction distancevy are the in uence of wind speed on di usion. For the
matrix for air pollution tracing is introduced in this part. downwind direction, the wind speed and di usion distance

Flow chart of algorithm steps is shown in Fig. 1. are negatively correlated. For the upwind direction, the wind
The pseudo code of algorithm implementation is shownspeed and di usion distance are positively correlategy
in Algorithm 1: represents the type of adjacency relationship betvieand
B. If it is edge adjacency, 5g = 1. If it is point adjacency,
3.1. Correction distance matrix calculation Lag = 2. V5 and vg represent the wind speedgnx/
According to the basic theory of multivariate di usion, represents that the higher the wind speed is, the greater the
air humidity mainly a ects the molecular di usion coe - in uence on the di usion distance becomes, and vice versa.

cient. The binary Chapman-Enskog humidity di usion coef-
cient H (Chapman and Cowling, 1990) is calculated from
the relative humidity. In the Eq. IR represents the total

4 . D
pressure of the gas; is the temperature of the gdd;, and . . . . (

M g are molar masses andvol, and  volg are molecular The realbsphelrlclal ol;sbtano@lst _betweel(wj_ monitoring
di usion Volumes. stations can be calculated by Gaussian coordinate conversion

¢ of longitude and latitude in the data set. The humidity

0:010TTL7 L + L di usion coe cient H is multiplied by the real spherical
H = 3 Ma Ms 1) distance to obtain the corrected humidity distance. Multiply
P[. volp/13+. volg/1-3 the coe cient W by the real spherical distance to obtain
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Fig. 1: Flow chart of algorithm steps

the corrected wind distance. The comprehensive evaluatiostations in the relevant subgrapgy. represents the pollution
model is used to give weight to the above three distances anmbntribution of station to stationi in the relevant subgraph.
the modi ed distance matri® is obtained in Eq. 3.

D=wye dist+wye W e dist+wge H « dist (3) bAgw Aot 5 Apnc
_fAp A 5 Apg

3.2. Related subgraphs construction A= fa 2 7 4 "g (4)
The distance matri®o between monitoring stations is dAo Ay 5 Ammg

regarded as a directed graph, whBigrepresents the in u-

ence distance of statigron station. We suppose the ranges The solution of the reachability matrix depends on the
of i andj are positive integers from 0 t@ Determine the pollutant concentration transfer equation and the solutian
target station and lIter thd®;; using the distance threshold process is as follows. In Eq. % is the pollution con- 2o
Dth. Finally, the relevant subgraph of the target station arecentration matrix of the monitoring station in the relevant
obtained. We assume that the relevant subgraph contains subgraphr is the sliding time window unit. 202
stations at all.

3.3. Reachability matrix solution Pi=As¢ P, (5)
The reachability matrix describes the degree that can be )

achieved after a certain length of path between the nodes According to the relevant subgraph, the pollutant cors

of the directed connection graph. In this model, it is usedc€ntration matrix of the monitoring station in the time ine.

to represent the pollution contribution between monitoringterval is constructed in Eq. 8.represents the time interval zos
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|, is the concentration column vector of each station in thed.1. Option window 235
correlation subgraph at time p;; represents the pollution The leftmost part of the system is the option windowss
concentration of stationat timet. which is composed of views A, B and C. The user selects
the date through view A (the time range is from Januasy
1, 2013 to December 31, 2018). View B uses the methad

Pr=lloleai s hes ] of transforming word cloud to enable users to select the
Peer = [t lppans 110 b paert ] (6) research area. In this view, the user can determine whether
=[Py o055 th]T the area is selected according to the bold of the font. At the

same time, users can select multiple areas. View C inpeits
We use logarithm and diagonal di erentiation to prepro- control variables for tracing results. Users can generate trag-
cess the reachability matrix for subsequent tracing analysisng results by setting distance threshold, pollution threshold,

1) Log the reachability matriA to the matrixA . sliding window size, sliding step and sliding times. 246
4.2. Basic information window 247

) nA. +1/ A; g0 The basic information window are determined by viewss

Ai = an s+l A <0 (7) A and B. View D shows the AQI thermodynamic map o
o ! the selected area over a speci c time range. The six colorsn

2) diagonally di erentiate matriA” to the matrixA”~. View D (varying from pale white to dark blue) correspond te:

each of the six levels of pollution. View E shows the change
of climatic conditions during this period, speci cally wind:ss
_ ®) direction and wind speed. The color from white to converge
i A * A it with blue shows wind speed decrease. The color from white
to converge with red represents wind speed increase. 2
3.4. Single point tracing analysis
Eq. 9 shows the process of extracting the station with thet.3. Tracing result window 257
highest absolute value of contribution to the target station as  View F is the pollution propagation path map. After thes
the tracing result to achieve single point tracing. Take theuser determines the parameters such as time, tracing rasge
corresponding row or column of the target statiom the  and pollution threshold, the tracing results of the algorithm
reachability matrix as a set and calculate the maximum valuean be visually displayed by the gure. The line between the
A two places indicates the transmission route of pollutants asd
the direction of the arrow indicates the transmission diregs
Ay = max.A AL AL (9) tion of pollutants. We also draw pie charts at the locations sf
each monitoring station. And the three components of eagh
Set the pollution thresholEith. If A, g Pthandi * k,  piechartar&V,, W,, andW;respectively, which forma one-zs

thenk is the tracing result of stationandA. is the impact to-one correspondence with the distance weight distributign
- tk chart (view I). 268

ik*

intensity of pollution source. IA, < Pth, itis considered
that the pollution transmission is not obvious in this time
period. That is, the tracing result of statibis not obtained.
If i = k, the pollution in the area where statiois located

4.4. Multi-view analysis window 269
4.4.1. Trend comparison chart 210
. View G is called the trend comparison chart. This view:
contlnue_s. . - . - is designed to show the AQI trend comparisons between the
Use time units’ as a sliding window. Move the sliding source city and the target city. Among them, the red columa

window gnd repeat the above §teps to draw the F’O”“ta% the AQI value of the source city and the blue column is the
propagation path. While the tracing results are obtained, thﬁQI value of the target city. Through the AQI value display:s

in uence degree of each transmission process can also t*‘tajrfour consecutive days, we can see the trend change otair

obtained. pollutants in the source and target points. On the right axis
) o is the range of the AQI value. Through a lot of tests, we ngs
4. Visualization of our work that setting the threshold to 0-1000 can cover all situations.

Although the algorithm has been able to give the tracingThe lowest coordinate axis is the number of days displayed.

results in the third part, it can't intuitively tell users more
ST . .4.2. In uence degree sankey chart 281
detailed information about the source place and the targe . . ;
. . . View H is called the in uence degree sankey chart. The
place. Therefore, we design a visual analysis system, so that . : :
Do . . _tracing results of polluted areas re ects the relationship ber
users can more intuitively see the tracing results and detailed

) . . . : L tween data ow. This view is convenient for meteorologicabs
information of tracing locations. The exploration pipeline of . . .

. . . . o ) g experts to observe the relationship between areas, to clasify
air pollution tracing visualization system is shown in Fig. 2.

the trend of pollutants between areas. The left vertexes ate
the source areas. The right vertexes are the target areas..&he
edges of the view constitute the pollution relationship. The

Ziao Liu et al.: Preprint submitted to Elsevier Page 5 of 12
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Fig. 2: The exploration pipeline guides users to employ the air pollution tracing visualization system. After setting variables in
option window, users can explore the tracing results from algorithm with the help of basic information window. The multi-view
analysis window helps users make some analysis work better.

ow is the degree of in uence. The greater the degree of4.4.4. Reachability matrix thermal diagram a11
in uence, the greater the ow. We can usually nd that mul- View Jis called the reachability matrix thermal diagram..
tiple areas will cause varying degrees of pollution to a arealFrom the introduction of the algorithm, we can know thats
At the same time, one area will also cause varying degreethe reachability matrix represents the pollution contribution
of pollution to di erent areas. Therefore, the area with the between monitoring stations in the relevant subgraph. \dle
largest ow value will become the focus of researchers.  use visual methods to facilitate meteorologists to nd mose
relevant information about urban pollution. The matrix items

4.4.3. Distance weight distribution chart are represented by squares. The color of the box indicatesithe
View | is called distance weight distribution chart. From sjze of the contribution. The greater the contribution is, the
the introduction of the algorithm, we can know that in orderdarker the color is. The contribution is positive or negative.
to consider meteorological factors, we modify the originalUsers can query the speci ¢ value of the contribution aex

distance. A comprehensive evaluation model is adopted tgording to the tag. According to the algorithm, the statiog
assign weights to each correction distance. We all visualizjith the greatest contribution is the tracing result. 323

these three weights, represents the weight of the true dis-

tance of the spherev, is the weight of humidity correction i

distancews is the weight of wind direction and wind speed °- Case studies 2
correction distance. Given the fact that the sum of the three  The e ectiveness of the algorithm is veri ed in this partazs
weights always adds up to 1, we use stacked histograms. The order to explore the path of pollution propagation in thes
abscissa is the time point and the ordinate is the weight valugeegion, we take Beijing, China as the research object. The
By comparing the distribution of weights at di erent time algorithm is also suitable for the research between regions.
points, it is found that the degree of meteorological impactTherefore, we conducted pollution propagation restoratien
changes. At the same time, the maximum weight representsr the severe haze event in central and eastern China.
the dominant factor.
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Fig. 3: Pollution propagation path map of Beijing

Combined with the follow case studies, the algorithm andthrough Fig. 3. Meanwhile, The degrees of pollution in the

system are further improved. polluted area are shown in Fig. 4. We nd that Tongzhows
District was seriously a ected since the pillar pointing to itss
5.1. Beijing pollution event is the thickest. 370

As the capital of China, Beijing's industrial economy is
developing rapidly. However, the excessively rapid industrial
development has led to a sharp deterioration of air conditions
in Beijing. Many smog incidents have seriously endangered
the lives and health of local people. From 2013 to 2017, in
order to prevent the spread of air pollutants in the region or
even outside the region, Beijing stepped up the recti cation
of Beijing's industry and formulated a number of measures
against air pollution. As a typical city of air pollution trans-
mission, we choose Beijing as the rst case to analyze. Based
on the data set and related work, we nd that Beijing had
a very obvious phenomenon of pollution transmission from
February 23, 2014 to February 26, 2014. In order to study
the process of air pollution event in Beijing, we set the length
of the algorithm's sliding window as 3 days/cycle and the
sliding step as 1 day/time. Meanwhile, in order to achieve
the optimal e ect, we adjust the distance threshold to 300
and the pollution threshold to 200. The result of tracing path
is shown in Fig. 3. It shows the source of pollutants and Fig. 4: In uence degree sankey chart of Beijing
propagation paths in districts of Beijing.

5.1.1. Early stage of pollution event To analyze the pollution factors in Tongzhou District, we:

(2014.2.21-2014.2.23) draw Fig.5. Fig. 5 shows that the main factor of transmis-

The data set shows that the air pollution index was goodgion is wind. The northwest wind gradually strengthened in

before February 23, with the AQI remaining between 51 andlfongzhou area from 23rd to 26th, which makes Shunyi in
100. The tracing results only show that the pollution spreadhe northwest spread the pollutants to Tongzhou. The cean-

from Fengtai District of Beijing to Haidian District, with a centration of pollutants in Shunyi is higher, leading to moee

low degree of in uence. pollutants spreading to Tongzhou. Combined with the Figr
6, we can see that the pollutants in Tongzhou rose rapidlyin

5.1.2. Middle stage of pollution event these four days, reaching a maximum of 460.38. All these
(2014.2.24-2014.2.26) information above shows that Tongzhou was infected by
Atthis stage, the overall AQI of Beijing increased to 300- Shunyi and Huairou because of the wind. 381

350, reaching the level o_f severe pollution. Compared with  Simultaneously, Fig. 7 shows that Yanging District hag
the early stage, the tracing results become more complexwide spread of in uence and had a certain degree of polkt-
and diverse. We can know the pollution sources of each aregon impact on 9 surrounding areas, including Changping,

Ziao Liu et al.: Preprint submitted to Elsevier Page 7 of 12
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5.1.3. Late stage of pollution event 395
(2014.2.27-2014.3.1) 396
The air pollution level in Beijing improved signi cantly s
on 27th. The AQI index was below 50, reaching an excellesat
level. The tracing results only show the pollution in uence af.
Daxing District on Xicheng District, and the pollution in u- a0
ence degree was extremely low which is almost negligible.
The humidity changed greatly from 68.096 on the 26th i@
25.298 in this stage. The temperature droped more and the
possibility of rainfall was great. Weather conditions greatly.
Fig. 5: Distance weight distribution chart of Beijing promoted the deposition of pollutants and severely reduced
the serious pollution from 23rd to 26th. The actual situatios
shows that under the action of strong cold air and north wing,
pollutants were e ectively removed. The monitoring datas
shows that the concentration of ne particles was between
3-21 g _m?, which means the air quality reached the rstmo
class excellent level. a1
The study of Beijing pollution eventis a tracing study in a-
polluted region. According to above analysis, the dominasat
factor of the event is wind direction and wind speed. Ouik
algorithm and visualization system make an accurate and
comprehensive analysis of the event process. The transmis-
sion path of pollutants is shown for relevant experts to make
follow-up treatment research. Relevant experts show that
the tracing results are e ective and bene cial to pollutioms
control and policy-making. 420

5.2. Severe haze event in central and eastern China:
Fig. 6: Trend comparison chart of Beijing The central and eastern regions of China have less wiad
in winter, and the meteorological conditions are not cors
ducive to the diusion of air pollutants from central and:s
southern North China to the Yangtze River Delta regions
Internal settlement and di usion of air pollutants in thess
central and eastern regions often occur. a7
In December 2013, the most serious long-term and large-
scale spread process of high-concentration particulate matter
occurred in the middle and eastern regions of China. This
event is called the severe haze event in central and eastern
China in December 2013(Li et al., 2015). The pollution.
spread of this incident involved Tianjin, Hebei, Shandong;
Jiangsu, Shanghai and other provinces. The daily average
concentration ofPM, exceeded 150g _m?, and even s
reached 300-60Q) _m® in some areas, with the air qualitysss

Huairou and Haidian. Although Yanging District spreadIndex reaching level 6 (Fig. 8). -

. . Therefore, we carries out a series of studies on the
pollution to surrounding areas, the overall trend of trans-__ . : o
o ..~ tracing process of air pollution in some central and eastesn
mission was from the northwest to the south of Beijing.

Combined with the dominant factor shown in the trendP oY MCeS (Hebei, Shandong, Jiangsu and Henan). We hope

comparison chart, we infer that the wind in Beijing was that the algorithm could identify e ective pollution sourcesa

mainly from the west, and the wind tended to be excessive. nd prov_|de sugges'uons for.further treatment .and poliay
intervention. This paper studies the trackRi¥l,.; in four 4

to the northwest. To verify the visual results, we investigate entral and eastern provinces from December 1st, 201340

the meteorological conditions in Beijing at this stage and geﬁ)ecember 10th, 2013. To verify whether the tracing resulis

the same results. This veri cation con rm the accuracy of L : L : .
. - are in line with the actual situation, this paper uniformly sets
the model inference and con rm the validity of the model. - . s
the sliding window value to 3 days/cycle, the sliding ste@
size to 1 day/time, the distance threshold to 2000 km, and
the pollution threshold to 50. The second distance thresheld
is set as 6000 km to e ectively study the cases of medium

Fig. 7: Reachability matrix thermal diagram of Beijing

Ziao Liu et al.: Preprint submitted to Elsevier Page 8 of 12






