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Abstract

In this paper, we selected some real-time PM2.5 concentration data. These data contain data of 52
cities in Beijing, Tianjin, Hebei, Shandong, Shanxi, and Liaoning from January 1, 2021 to December
18, 2021. By calculating the transfer entropy, this paper constructs annual and monthly PM2.5
cross-correlation networks among urban clusters in northeastern China, respectively. Thus, it is
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possible to obtain whether there is a haze mutual influence between cities and the evolution pat-
tern of this influence with month. It is found that 1) there are six cities with strong correlation
with neighboring cities in the process of PM2.5 pollution propagation. These six cities are Liao-
cheng, Jinzhong, Jinan, Zibo, Jinzhou, and Fuxin. Shandong region and Liaoning region belong to
the important provinces for PM2.5 propagation. 2) In 2021, PM2.5 concentration and transmission
are at a high level from January to March and from November to December, and at a low level from
June to September, showing a “U”-shaped change in PM2.5 concentration throughout the year. 3)
Liaoyang, Shuozhou and Handan are important nodes in the less volatile structure, while Tai’an,
Chengde, Hengshui and Binzhou are important nodes in the more volatile structure.
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SCEFF R AR, HE Tl ARG A B e, 76 XIS A Gr AW R R IR, RA05 Gt A i,
HELT — RVIAEES Yl @, IR, LLPMI10 (IR BURI)) A PM2.5 (AT NI S50RLA0) A% O T G )
HAEMEEBERE RIS, BIAH G IFIE 182 MM 1075 s hils i, K05 b BT S48
fEEEZE[1]. 5 PM10 AHEL, PM2.5 BRI/ AR, EESR, RIS S WA F5, AT AT
(RIREIRE | O I 55 25 7 2R fE T 2]

REKZIWNT A PM2S IR R “BkE” o “KuFamE” Al < Eis e X" 55 5[3].2016
fE, EWNEREG R EIAR] 188 P AR, AESS R EE R EEG IR — 4 24 4, H
o 19 AN T RTEE R K A HIX, ST PM2.5 WE B R RAE 1000 pg/m®; & 2020 4F, PM2.5 1Y
WEHATT 4R mA 7 AR, 3 ANE T ILZRM4] R ERIGEA0E, TTENMESRE
Tl FEH, ANXJG 555U, 2016 F54 Nl T #5204 tH T 230 52 SR bRE[ 5] thPifE AR E
FEEME TGN, PM2.5 FIT5 4RO E 6], HAE TR XA IO T WL 8 KI5 e 23
PR B HE B AL X [ 7). 1L A8 VU BRI T ) PM2.5 V5 Qe il 2 i AL B3R B o™ B, T &A= AT
PATAL, 1T 52 DX M 5K [ 3 T A 2 B0 R A P Bl AL [8 ] RUiAE B IX 55 55 5 B S5k 1) 2 ) A 0%
[9], HAEIT 20 4F3EAT T EZIRTS, 18 TR S A2 T — L8000 R R BACR, (kA T
120 DX 315 G i 2 1) Vi B RO DA S S 385 G s FE LRI 2 ARV 1 I B BEACR, X e PR 3R A 15 A
S E VRS SUR — B DR A EEAR[10].

5T A X 48 & — o] LUK 52 2% SR G0 PR R B 25 0] G2 ) R DR B A 5 0 B2 24 X 4 o 4 s R 32 PR R AR T
EUhNy, — RN FRRYE . TOhR B AL A SR REE 1] E A Watts FlT Strogatz #& H T /M S5
YLLK Barabasi fil Albert £ H T Jobn BN, 54 28 BRAR = A FR15 B RE[12] [13]. 114, E &M
O Z N T AU, BRI AR 14] SRl KIS AT TS0 15] [16] [17]+ BE2ESUR[18] [19].
22 2 0 ARG X (0 2 i B X)) R K05 R ILIEAT 17 WX 28 A 2, AR [R] = (388 £ 5 7% 1]
AR DB AN T TR I ZS AT T 00T, R AR T AR PM2.5 JREEXT SR . AR [RI4ERE, A AAE
F1 2014 4£ 5 H #2015 4F 4 A BRI T HES T PM2.5 IIAURZS, K GN S 48 3547 %1 47
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A FIZET 1 PM2.5 15 PR X RR T I e 428 > KE > FF > HF20]. DS AN
VBN JE AL 31 AT 2015~2019 £Ef H 1 AQI B /E N FUAEA, Mg Ui 3 K F i =<
TP R, 25 FR TEAR R ZE IR T 23 05 P R B B AR R Z I, Hoh A=W 4 1 Gk B
SR, T EEARYE AN [F 2T B e IR 2 1] ASYERE, HES NIRRT 2017 SFA4ER, 1EVE, 1ER .
M AEAE R X 68 NI PM2.5 BT ORFL, A SCH R /MR T 2 S05 YIS 2 M 4%,
XTI PR R IEAT b, 1380 T 13 ANERKMIHLX, FRoR 2 S05 YA 2 5 1 X8, 23 A2 dbat . 7500
YT Kb, KoK, R, Bl 5KE O AR KER Rl BT 22M[22]. 2 S IR
2015 SE 3 2020 A SUEER KA 31 AT H ¥ PM2.5 R EE T 4 18] IR 4%, 0 HT T 4% 1) 4
RHIE, I 2% R LR R %, HAET IR T (A X & 5 H) PM2.5 {5 4« B8O ™8, 53] 7 rhiE
T N S WS AR A (23], FERNER /M R L, SR EACIIZRES, AT T S AT BURFLE B RNIG
X 2% R BT MR ZER, 75 RSB E A S T R s AR RS, WEREEL, AN KRS G
B3 [5 ¥6 BE 28 W1 DA BH (4 v b 5 UG ik [R] V6 B R SR AR AL T RS, [R] IR A 2 WSO e 9 ) BUAE X TR 7
[0.6, 1]+ fhlef o P P AR X BT FE[ 1.2, 1.4], 23 W0 5 o M LU AR DX I £E 0.6, 118 TT DATE 4 b 52 30K <05 G by
FVEER G AET I, JF ot X3 S 02 M A SR I DK <005 G P ) v B PR B 48 tH e i [24] . S = 55 AR 4
PM2.5 I FEHCE G 7 0 1) X 48 AU 0 i B 4 I T 00 I B, S RSB B, il
RE B, YT A5, REE dbat. WML K, G, BES. W, &M, JRRE 3 SbiG
25,

P B TFRIF T8 R S05 Yo 5 2 I AR R 2 T 0 [l A AL, 17 PMI2.5 Z575 e I PE 3 Tl 2 T 17
FERRAEAE EA AT, WA SRR 1) X 28 Hh R % 8% g0 &Nk T 2 18] PM2.5 AR 3R I AR AT b %
T M 2 20 M 22 AN 8] 7 B R R 56 R A 200738, AT AN AN BEATL AR 2 (R {5 EAR s & [26] . H 800
PR TR, BREEE R AT AI[27], HIEH ERMRLE RS oL N A 2[28]. B AT LA IR
ANBENLF 2 2 S A A AR, AR AT A 2 A DG RE[29], ArLAE A TR PM2.5 J5 4%
FE 4

A SCEE FE R TS AT 2 R PM2.S sEmafR g, R AR dE — NS BB, e
(R0 IO, R L 0 ) A 37 v ] R T 0 T A 1) EL A G IR 2 R0 A W 8%, 2 i Je e o 3 100 38 B R FE T
SIFTRI L AT, IR PR . SCEH ARSI . B R NEIEIA 5T, =R AR
SR b, HIUE NG,

2. BIRRS 7%
2.1. HiEdER

B P [ ARG A X PM2.5 35 Ge 5 M B HUARARE 3R SCHR AT Fnait 7 2R AL S0 T A 2 18] PM2.5 A5 3k i)
B, ARSCERECT R L E DA (LARE S LA AL T ) 54 NIRRT AR SR, H A ER
JER 5 RIS 13 P AN YR 7 55 5 AR B R AEE 22, WOHERRIX PRSI AT, R AR 52 NI EA TR T . AR Sk
U E AR ACERHBIX 3L 52 MiTE AR R &, BFEALR . REE. WdbE . ILARE . lE . LTEM
Wi, WKUCHIER. RE. ARE. B, ZES. BB, ffe. KK O, &S M. fHK. BE.
KIEL LB KIE. B B8, B FHR. B, #5S. Imir. 0. Wi, BE e .
G R HEEL Bal. Wi RN KIG. FHOR. $l. SO, AR, BN, . 3N S
B . B BB M. BRI EARH. BB, RE . REM, BIESRIE T RAEHRE T7 M
(http://www.tiangihoubao.com). ¥T LA _F 52 AT 43 AR 2021 21 B 1 H 0 BF % 2021 £ 12 A 18 H 23
I 8391 A PM2.5 IR AR REATHE AL WIRA SR E A, MRS A7 B InBUR X 3 2 (IOWRCD) ) J5
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EHEATHME[30].

TV PM2.5 IREEIIME, EHL PM2.5 P35 FE fe /N B B LA S PM2.5 13503k B8 e KK s a8
254 PM2.5 ¥R BE SERT S (ILIE 1)1 1(b)), BEARKR AN H A, HAEFR N PM2.5 WK, BA7 N (ug/m?).
A AR S (R SN PM2.5 W FE B4 09 21,1 pg/m® 51,0 pg/m® o X251 1 gkt AR S 9 N3k T f) PMI2.5
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Figure 1. Real-time fluctuations of PM2.5 concentration (ug/m’) in four cities
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VRSB, 3B FHN (B A AR A . B BEALIN P51 X = {x,, %, .0 X, ) W
Ve = (VYoo Yo} I Z ARSI W] LA R(2) [31]:

V4 xn+l ‘x:xn’yr]:

Ty = 2 P (%0370 ) log (—m) : 2)
’ p(xn+l |xn )

KT, RonHRFFH y, B x, BHRER, Ky tRiE% x KIEEE. BRHEEEMR, NLERE R
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Figure 2. Transfer entropy network. (a) Network threshold selection; (b) transfer entropy network
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Figure 3. Timing network thresholds
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Figure 4. Timing network
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Table 1. Number of network nodes and connected edges by month

1. FAMET R MFEL Y

Ay REP=E EDLH Hr REP=% 4 EBE
1A 47 158 7A 10 7
2 A 48 127 8 H 27 27
3 47 147 9A 23 23
4 H 42 94 10 A 46 125
5A 33 39 11 A 49 276
6 A 28 32 12 B 52 862
(a) (b)
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o e
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Figure 5. Line graph of nodes and number of connected edges by month
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Figure 6. Fluctuation of the timing network. (a) std/mean-mean scatter plot; (b) fluctuation degree

network
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