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Abstract Time series analysis methods have been developed before to
identify dust weather based on pollutant concentrations, but the criteria
used are subject to considerable uncertainty. Therefore, in this study, we
propose an objective identification method for dust weather based on the K-
means clustering method by using the hourly concentration of PM2s and
PMio from the environmental monitoring stations. The flow path of this
method is as follows: first select the optimal number of classifications K
for cluster analysis; then classify the cluster groups that show large
scattering in the distribution of PM2s and PM1o concentrations until no
further classification is needed. This method is applied to identify dust
weather in Xi'an from February to April 2018. The results show that this
method can effectively identify the main dust weather events. Based on this
method, typical characteristics of dust weather can be obtained: the ratio of
PM2.5 to PM1o concentration is less than 43.5%, and the PM 1o concentration
is greater than 228ug/m3, which is consistent with physical characteristics
that the PM1o concentration is high and mainly consists of coarse particles
during the dust event. Overall, this method has a clear physical basis, and
it is easy to operate, suitable for massive data processing, and promising

for applications in relevant areas.

Keywords Identification of dust weather, K-means clustering, Objective

identification, PM2.s5, PM1g
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SR RSB IR FEERSR . RERDARSIZ KX, I
X, G2 RAFEW AR ™ AR A AR R L )
Wt T HO AR AR TE RIS A A RIS S CRT AR LA,
2003; FKIEEE, 2011; A KL, 2018). L E N AEKX FEM Tl
I P A ) S BE AR PE AL SR ARAbAEER. AR AL P A X (b B AT YD 1
(Shao and Dong, 2006; Wuetal., 2016; 2018; 2020; Wangetal., 2021). ¥
ARG, FkB R, WA RIIRE AL, e, BR, HEE R
P (RBORFPREANE, 2014). RELT)LHEREED ARG A RS Es 8
HYLZ, 2002; Wuetal., 2018; 2022), 4RI 2021 4 3 A BIKsRIP TR IIR A
b R R BB IT 2 B B (MR 255, 20215 573 AR, 2022 7KI#4E, 2022) .
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WL R R DG E R AN FIN A 43, BE AR 21 R0 Rl X 35
VPR AAREE (BRISEE, 20185 mivdHSE, 2022; SKANMESE, 2022; HHY4E,
2018; ZFMAE, 2018). MR GG ATEY ™, FENMI b A2 0 EEAT VD 242
Ay (EIETLZE, 2002; 4RIF%%%, 2006; Wuetal.,, 2022), fggHT0#rid
AR RS AR AT R Y ] o S AE VDS K i A X AR 3 70 AT AN NI B IX B
BT R DXt fUE B, (H SR Gl BORL AT B U ] AN 20 28 50 FFAR
), W TR RN KB AT (Wuetal., 2018). XFF AL
NP RAMTTVE, ST ZIRNH, BRI IEA R B AR,
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Ty B g 2 A W R RURE ) PR A FE R AR R A AT I . 2012
A T A B I Ik R e A v [ X U E R, A O T B R
300 2N T 2000 AN AR RLIEE R Chttps://air.cneme.cn:18007/) . X SE3
LIS A0 PMa.sy AT N BURLY) PMuo HUIRFE, REHERBIHEID 42 KSR
RSBRLIR B, B EE R ANME, IEF ke 2 H T AR
M (Yangetal., 2021; MBRZESE, 2021; FHES, 2022; KIS, 2022). PMas
A PMio MU E VAR, T B SRS K AR AR, k. ALK,
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SRR W ARRAIIE, KR (PMasy PMio) WREESURIIE N, W
W) PMasy PMio MREE, Rl @& PMioREE, FZ PR TTER (Songetal., 2007;
Wangetal., 2008; ZEBERAIEK 2T, 2012 SACRFIMEIE, 2014), {H2 HAj
T A SR AR AN G —Fri o A T oA d5 464, YRR F BRI BE K,
St PMio BE M TTRREE 3%, DRI PMio MR BEAE A AR B vb 24 o o o B (1
EDE o BBk, £54E PMas Al PMao W BE LN GRS (15 Je ki fe A0 A ME B
NP RARNIRAEE B R, Kk, 7R PMas Fl PMio IREFHTIP AR
ARBIE RN EE 7T N % (Tong et al., 2012; Fan et al., 2021).
NRBITS R RS, ST 2016 £ A (R R KA RS T 23
SRR AN IE ) GRAPEI (2016) 120 5D, T —EIAR RS
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(1) YOARTRAFE RS A6 I 18] Ay 22 T AT — 25 A R B R/
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Fig.1 The flow chart of the K-means clustering algorithm
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Table 1 The degree of difference in clustering results from 100 experiments for each K-value conditions and the

efficiency for identifying dust weather

100 KRBT AR BI R AR KT ARSI BARKRHIED WAERSR
AR REL TR PR
K=2  (0,0.33%) (0.28%, 0.14%) IR RARTN AR AEAR W%
K=3  (5.79%,6.68%) (11.36%, 7.21%) %% WA EDL R ARA PR RS, EXF AR BE
(10.62%, 14.36%) AR, A 20%, B 100 49 HIB 20 41
K=4  (1.08%, 1.24%) (1.43%, 0.91%) B AR AR RS B
(0.59%, 2.11%) (5.76%, 6.56%) gi: BRANDDRRSR
K=5  (2.32%, 2.92%) (3.54%, 3.96%) B ARG A RS Ly/3s
(16.38%,4.27%) (13.33%, 6.31%) ZEH1 (95%MEZR): B 5 R RA
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a XN TR (PMos KT, PMio ), oAk i B 4 il oy oot o7 5 2%
O R, BL%IER.
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M5 HHE, MR LM E RS RUNIRA):
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Table 2 The clustering results for PM, s and PMyo hourly mass concentrations from February to April in Xi'an at

K=4. This result is derived from the first experiment of the 100 experiments at K=4. Note that there is slight

difference in the results of other experiments and the statistics of the difference can be seen in Table 1

EHk1 ®¥K2 HH3 R4
B TP (ug/m) (36, 74) (73, 155) (98, 484) (151, 247)
PM, s W B2 (ug/m?®) [8, 93] [13, 141] [34, 151] [30, 326]
PMo < FE Y6 1l (ug/m*) [12, 126] [98, 266] [356, 852] [172,413]
PMio 5 PMy s WREELLAETERE [1,7.92] [1.01, 14.15] [2.73,14,09]  [1.01,9.17]
i % 732 937 59 391
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Fig.2 The clustering results for PM; s and PM1o hourly mass concentrations at K=4. For a clear display, the

concentration is shown in the range of 0-400pg/m?3in the plot embedded.
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AR REATHEIE T 4%, BN A SR TOAE (146, 214). (203, 273). (71,
289) Bt , B U HKE SRS 4 v PMas Al PMuo 3R BE 1 40 A K1 43 A 3 AN X (T 3D

FALT Bk K=4 BFEE—UCREE BB, 7T LLAE 5 IR R B
=ANKA (EPERZE 4-3) B EWARSHMBIRIE, &0 R ER
o A2 ARG (B 4-10 R 4-2) HRINFFEISYA, FHE5HA (I
4.
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Table 3 Variations in the cluster centers and efficiency in the identification of dust weather for each K, value,

derived from the second classification on the cluster 4 (“mixed” pollution type, K=4)
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Ko=2  (18.95%, 0.79% ) (42.43%, 6.56%) & g 1 RIRGIHBDPRRSR B
G2 R A2 R R RS

Ko=3  (2.04%, 1.16%)(1.25%, 1.23% ) 5k g WK 43 ALK B
(3.41%, 3.25%)

Ko=4  (5.34%, 1.14%) (25.97%, 4.03%) & g1 B 43 N BRRA LiE
(42.93%, 5.06%)(60.10%, 5.55%) i 2. B 44 NP BRRA

S 3. WIS A2 MES 44 R BRRS

F 4 B AT K=3 BIRBENE PMos. PMy /N REIRERELER
Table 4 Cluster results for the PM; s and PM1o hourly mass concentrations, derived from the second

classification (K2=3) on cluster 4 after the first classification at K=4

R 41 Rk 42 FHKa3
IR O (ug/m) (146, 214) (203, 273) (71, 289)
PMy.s W LG (ug/m®) [90, 195] [140, 236) [30, 126]
PM o < 76 [l (ug/m®) [172,270] [222, 413] [228, 354]
PM 5 PMy s ¥ LUAR VS [1.11,2.58] [1.01,1.99] [2.3,9.17]
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Fig.3 Distribution of PM, s and PM o hourly mass concentration for the second classification (K,=3) on cluster

4 after the first classification at K=4
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B BRI VD AR RN By, A AT RESE 32 21 Al — M AR R R R, £ETD
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®5 ARM 2 AZE 4 BRIV RSHMATER

Table 5 The period from February to April in Xi'an affected by sandstorm weather

P FFUR a] SR ] Frgmtia/h SemREyd
1 2 9 H 14:00 2 A 10 H 06:00 17 2
2 3 A 15 H 20:00 3 A 16 H 05:00 10 2
3 3 A 16 H 10:00 3 A 16 H 14:00 5
4 3 A 21 H 21:00 3 A 21 H 22:00 2 1
5 3 A 29 H 06:00 1 1
6 3 A 29 H 13:00 3 A 29 H 17:00 5
7 4 H 1 H 22:00 1 1
8 4 H 2 H01:00 1 1
9 4 H 2 H 06:00 4 42 H 07:00 2
10 4 /32 H 09:00 4 42 H 10:00 2
11 4 /1 3 H 00:00 4 A 3 H 05:00 6 2
12 443 H07:00 1
13 4 /13 H 22:00 4 /14 H 18:00 21
14 4 A 5H21:00 4 /1 6 H 10:00 14 2
15 4 A 10 H 10:00 4 A 12 H 03:00 42 3
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Fig.4 Time series of atmospheric pollutants concentration in Xi'an from February to April 2018. The starting

and ending time for each dust event is listed in Table5
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BB TP AR PMo 3B PMas W EE DL R LUAB M GRS AE . 45
BR2 MK 4, TSR] POARAIAN PMio KT 228ug/m’. PMio iKFES
PM,s WRFELLAE KT 2.30, MR PMas i & 5 PMio ELE /N T 43.5%. JEE K 5
RPN LRI AT, AT RAE A IR AN SR AT DK SRR A
BT J5 A3 B A2 R AR L DX 43 5K o 5 6l 3 o AR 7K P e L BE X 2
FAGEATHIR, R LB L /N T 10km Avb B KA R AR LB, HE4E Song
etal. (2007) WLIAU-E1F 2] PMio ¥ BEFIRE W SC R AT A, 10km A WL BER B
PMo #REHN 205ug/m’s ASCHIZE R (228ug/m3) 5 205ug/m’ KM Y. LLAb,
43.5%1E 9 BB, AR AR R AU AR R 5 & o5 EEBOR IRRHAE 7 DAL AR
FoH, O FE R PMos 5 PMao R I LL AR 7D 2 RS JIWFR#E, Tong et al.
(2012)# PMas (5 PMo W JE I ELAE AR T 39%1E N EE D R R HR FKMFZ —;
Fan et al. (2021)2KH PMas i PMuo WL B EUAEAR T 40%1E I3k Bl Vb 2 R
KA IbRE. AT g ) B RRAE 43.5% 51X e85 S L AR .
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Fig.5 Distribution of hourly PM;, s and PMjo concentration in dust weather identified by combining the first and
second clustering results. The straight lines in the figure denote y=2.30x and y=228, used to represent the

distribution characteristics of the critical values of PM, s and PMj, concentrations during dust weather.
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Fig.6 The efficiency of straight line y=2.58x (red solid line) and y=270 (green solid line) in distinguishing dust

pollution data after combining the first and second clustering results
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Table 6 The efficiency of the critical values for PMo concentration and ratio of PMjg-concentration-to-PM; s

concentration in distinguishing dust events (comparison with N=130 from the objective clustering analysis)
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Fig.7 The efficiency of straight line y=2.30x (red solid line) and y=233 (green solid line) in distinguishing dust

pollution data after combining the first and second clustering results
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Table 7 The period from February to April in Xi'an affected by sandstorm weather obtained by the traditional

method
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6 4H14H17:00 4519 [ 17:00 121 6
Hit / / 244 16

Table 8 The period from February to April in Xi'an affected by sandstorm weather obtained by the operational
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Fig. 8 As Fig. 4, with the shaded color indicating the dust events obtained from the traditional method (top) and the operational method

(bottom), respectively. The starting and ending time for each dust event is listed in Table 7 and 8, respectively.
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Table 9 Comparison of recognition performance between our method and previous methods
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