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Abstract

In order to explore the correlation between air quality in Beijing and Tianjin, the most represent-
ative air quality indexes in Beijing and Tianjin were found to be PM2.5 by calculating the correla-
tion coefficient matrix. Empirical mode decomposition (EMD) was used to decompose the PM2.5
time series in Beijing and Tianjin, and modal reconstruction was carried out based on the period.
The results show that PM2.5 in Beijing and PM2.5 in Tianjin are highly correlated in trend terms
and strongly correlated in high-frequency parts. In the low-frequency part of PM2.5, Beijing lags
behind Tianjin, and the two sequences reach the maximum positive correlation when lagging 1
day.

Keywords
PM2.5, EMD, Cross Correlation Function

ETEMDRIL IR 5 XKZEPM2.5HH X &R

LFF, KT, £ &
o PR RO R R, LR S

Email: mashashaouc@qqg.com

ks H . 20184F10H8H; FHHM: 20184F10H24H; KAiH#: 20184E10H30H

HE

ATHEANBERILR T ERETESRENMASE, BdHEMAREER, 2RHE TR LRRE
RS R BRI APM2.5, F 24 % (EMD)XF b 51 1 PM2.5 1 K E T PM2.5 B 8] FE 51 #4744
SR, BT RABTESER, EBhEM KRS B R RESHEGHTHEME . ERRHA:

NEGIH: LIS, KB, EE. AT EMD MAERS RE PM2.5 HISRETHIRTLN]. it 5, 2018, 7(5):
542-549. DOI: 10.12677/5a.2018.75063


http://www.hanspub.org/journal/sa
https://doi.org/10.12677/sa.2018.75063
https://doi.org/10.12677/sa.2018.75063
http://www.hanspub.org

LR

JEETHPM2.5M KB T PM2.5/E AT LR EMXE, B S HEMAR, EPM2.5KRMASE SR T
WETRET, BFE1IRNBFIERRKIEMER.

K §Eia
PM2.5, EMD, HAHXEH

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 3]

H 20 tt2d 30 ALK, RE L JEE . HAEAF E K R4k k4 T Zahtt ) 8 RAF A,
HA g 5 R S A5 G5l K, 4yl e 4 S BRI TiT 0 T 4R i R 4t o 1 AR I AR ) o AT
7S R ) 7 A 4 [ SRR T AT R R RS, AR S RBUR A S R . b RE
NEREBUG. &5 oferl, HERBESE R KRB KO IE RS, B MO AR S E
WA F X R [FR, ERERHEFASCHBRWE ST, TR CE AR 4 T g
J/N AT 2 B AR ) R, T B A AL AT R SRR E— R iR, JE R RN R SR E N R SR
KiFle AT BRI AR E, AT X R B A B R AN T 55 5 S PR ) & H ORI B
B BN Jeit PR X O 28 3 DA A5 A 1 224 i o o 7 B [ X3 55 5 e v, i e DX s B 97 B4 LA T il
W5 DX [Fa TS & DRAELAT . RETA TP IR ARACH, Ringi, Jeiael, NS, Tk
Rk, AbT7 B AT AR AR VR T, AT A AR T 1R4) 110 ToK, SdbptFEaT
—ANKARY, HHPHEFEBRIT ARG E ST, MRS R R, —%&IRTEdL - e -
H- EALBR I RIEE G, R BT - 3R - RE - BAWRALN IS, EMKmETTH
ST, A X BV A B, A, TR ORI E AT G 1] B, REVE AR A6
PR R, mEERIAD, BEMKIISERAE, SEOREMG M Y™E, ErERT, R
ANRAAC B RI5 G 5 RET 5 2 RIS, X T 5835 55 55 15 L 105 X S5 P [B) 76 BRA L B A
HEHEIR U E A S = .

AT, CF 82 TR AL 2SR BT SR G R E AT, S gm R = ot se, Hh, 5k 2017 ¢
PR 4R 72 (A G VRS, A5 H I3 13 Nl A 22 05 e S IR Y 3 1 R (AR OGP (2] H AR, SR Ibe
2014 SEFH RER A A DG HE R, RO R. R, Wdb. g, AR, WE. BRI, HK. LTz
(AAFLE & - AR AR (3], (A, E XK T G 2 A) O BRI e R B e AF AT 1 X ) 5l 2 i il A b
5T PMI0 Bom BB R R 2 — (4] N 73R GEJE 3R ot b 2 AU E R sg e, 2 HO0iksR O UEUAE
B TTVEM TS et i, IR B RS B N ANIE I DTRR 3, I, Streets 12 CMAQ X
A3 T AU ST BRE 2 JA TR RSORE A7) AT LA SRR, 49 R S T R b RS ek BE ) TTRREE (5] 58
B EAR o is FIVEAE VR DTk K 7 20 Bk MR FE A B B 7 A0, A0, 1 b i & = B 5 G R PM2.5
WA B A EERAEIR X (655 . (HaZ P E LR SCERI B 78 302 0 IR AR Hls AT 0, KRB IEEIRE S A
BSOS B2 RS 6, K645 i (Empirical Mode Decomposition, fij #X EMD) & —F b H# 4k
e AEFRRE SR 7, ZOTERIERANG 5 B S IR AL B IE NS 5 0 il o T A

][l

DOI: 10.12677/5a.2018.75063 543 Gt 5 8


https://doi.org/10.12677/sa.2018.75063
http://creativecommons.org/licenses/by/4.0/

LR

HEF 25 BR i (Intrinsic Mode Function, f&iFK IMF)Z F1[7]. EMD A A5t PALR I AP 2B 5%y FE it ) 4o
FL AT RN 35 AR S A SRR AT 43 T 7 Y I R SR [8

AR SC N IE] 81 ) BE LN — AN i, 454 EMD Kb i 5 RET S SR EE S5 0N E R
AN IMF 7r &, AP RS IMF A5 J5AE 5 A8 R B 1) ROBE 1) JR R A4S 5, 38170 AR [ B[] ROBE X A 3 T 5
KRBT BB RE W IATIRAIRI . AT E R GBI AQL. PM2.5. PM10. SO,.
CO. NO,. O3 3 7 NS A EAR R, FT R A 3 A O R -G 25 ST EFRFR I AH DG R AL
FRE, bt S RET &N TR TS AQI MR d 3R B §5 1K kA PM2.5, PMI10, CO 4,
Ho b utii 5REET PM2.5 5 AQL A KM S il ik 0.947 5 0.943, ik — B 1H R Ui 5 R EET PM2.5
I 6] 7 AR DG PE REOEF) 0.76, MGETH22 00 M FEHEAT B A G VERT 5%, P ERT 0.05, RPidsd 1 AHR
PERTEG, UiBAIEI T PM2.5 5 KH PM2.5 Z A AHOC . AR O SCRkTG H PM2.5 DB 8K
HHR 1 B I 458, BRSO PM2.S AR b B TR R T 1 1 25 Yot AT JE SR 7. N T B
(£ B A BT R AR DG, 55 R AN 8] P 51 2 ) (A DR RO R], AR SCHI N FARSCBR B i, R A
HRREET 5L RTTT PM2.5 7EAT R AN R Z0HUE 2 18] (A DGR o 573 4, ARG 5 FI K S A A X
KRS A SN B KA, BRI R T IS e o M 3L RBUKSE, AT REBE G H 3R T B &
JRCHE AN 588 X 3K A0 Y B BT BT R A S

2. BI|REHE
2.1. BIEKIR

ARCHAE K B https:/www.aqgistudy.cn/historydata/daydata, ic3% T 2013 4 12 A &4 4 EH FEITH
DI RA, ASCERAL T A RETE A 2014 41 A 1 HE 2017 4 12 A 12 BRI =S R EE A
MR, IR R P, SRHFEARSH 1461 NEUE, Hrhd RAR E)7 51845 AQL. PM2.5. PM10.
SO, CO. NO,. 033t 7 NS iR TEFF

22. ARFE

2.2.1. EMD 5f&

LR SRS N, E. Huang A0 1 BFSCHRRAE 1998 4EHLHDRAD— ARG I T 0BT AELRRE L 207
Rellofes 5 AU 7k, S DB A B AR R E A B B MRS M 30T IMF 5 T
B R I RS R IR ARG 5 o Fhh, 55— AMEDA B o B RS R e, JUARIY IMF
RGBS SO, A 10 IMF SR DL F PR AR 85—, BOSIOECRAE AR A%~ 58
“ TR E AT % . SR SER N F(9):

1) REF LRI D) (1) BRESUR A €, (1) FUR B ME e, (1) HiE L BEFIT B4,
7 9011 = Y A e SRR L 8 15 A

Dﬁﬁﬁ%@%%?ﬁﬁMﬁkﬁﬂ@%@iﬂ;

3) &y (6) = x(1) =M, (1) » %5 Iy (1) WAL BRI, RS IMF (B LS B0 0, 0 (1)
WS R A A A0 IO L 9 S L B TR R0 kO, B (o) R RSB

B AEABEREN: ()= (1)

BARAR: r()=X(0)-C (1)

4) —BEEHATTSIE, B r(r) ARSI 5, BMD AR RLICRE, JRA(S 5 X (1) WA R
Hon -\ EE B RBRE AT X(1)=X0C, (0)+r (1)

m=l —m

DOI: 10.12677/5a.2018.75063 544 Gt 5 8


https://doi.org/10.12677/sa.2018.75063
https://www.aqistudy.cn/historydata/daydata

LR

2.2.2. BEEXEH

TEE ST, FAHRRELS T ESIRAPANME 5 =& BRI — A HIBEbR, HEHRI S WSS
MHIESSEHPBEIERR TR, EreAkfERm B E S A2 KEERBRMAGES, MEEMEREAN
g PRI ™ AR AR R ZE AR 2. AR SO PIAN I 1) 3 41 SR AR DG BR 38, AT LAS et 5 A I T S0 2R AN [ 1)
FEXT O B HARVCRC I FEEE[10].

3. S5t

FoHE 7T EMD S0, xR PM2.5 R HI AR T PM2.5 7 511 EAT EMD 43 il 43 5K AL 5 i PM2.5
I 18] 7 1 53 g B 10 AN IMF 2r A — AR 7 &, 4 R PM2.5 I [E] 2 5153 fif B 8 A~ IMF 43 &A1 — A
oy, Wk 1) (b)FiR.

M T B g ST LR, 2 5B IMF M S5t i A2 B i AR A A D sh AT R IR BT BRI, s
JE I AR K.y T AN [ B ) R 43 b BT PMI2.5 R R IR T PM2.5 FRIRH e, A SCablis b 5Tl PM2.5
AIFHETT PM2.5 IHA] 4142 EMD 23l i 4> IMF 2> B R 3 05035 — & 7 H & =80, 209
ST ARSI o AR A sy o EId ] 1 AT LA R H S IMF RS R, AR, O —
A T B IR U LN A E N R AR 4y o i 3E T EMD ik B & R DL 8] 1 SR R X
PIANRE R, TESRBUE AN MG BT THA — 2 s, #osrdb st PM2.5 FUREET PM2.5 EMD 473 fi#
J& % IMF BEAT YR8, E56, % EMD 23 f# )5 B3 i) & B IMF 1 5005 2R AR s (B OB RURIAR /M 2R
AE, 18 N Hok, RAPPS RSk S B IMF R M, P A BER € X T = N/NL.
) N Y RAREIE AN B 11], A0 N B9 1461; 35 MATLAB #iH S EE R W4 1, £ 2,
K 2,

M 1 ATE AL R PM2.5 I IEAR AR B R e, IMFL BN 2 R, FTRER IR KGHE.
SRS REMRIRM, IMF2 BN 3 K, wRER S TR SHR . RGPS 4 R & KI5 1
S, IMF3 AR 7 K, KREN—R; IMF4 AN 13 K, KZRNEANH;: IMFS AN 29, £
N—ANH: BkAh, IMFT BN 104 K, KEH3AH, W —AZEE, IMF10 KRN 365 K, K
ZPN—4F, ARl JERCTT PM2.5 KARRIGRE . A REEEE RN AT . R, A& 2 W]
BHRET PM2.5 MR AEE RN TEIB S RE &4 IMF Z R, FIH AR E0T
HALH PM2.5 5K PM2.5 40 fif )5 24~ IMF BIAHOC R 8L, FREAT BOREAE SGPER 38, 45 2R W& 3.

I 3 WTRUE bR PM2.5 &4 IMF 5 RE T PM2.5 %A IMF Z [A1ER@ R 1 R /R b A G M A
5, 2 Jbat i AR T PM2.S A I g B, ATBAE L, dbst PM2.5 5 RE PM2.5 #E1T EMD
SMEIGETT 4 4 IMF BA M FE BT A, SBHIX U4 IMF 2 &3 e AR M E & SO — 801, HATAM
S, #eE AL R PM2.5 B TR R A1 0 i IS ) IMF1~IMF4 48 82y, o8 HS1, 4 IMF 414
JURAIR S, i LS1, BFHAIid N TS1. [RIFEHL, KA PM2.5 I8 8] F7 5170 fif J5 1] IMF1~IMF4 H-5 8
EATER A, 08 HS2, A4y IMF A& ARATES 4, 1do8 LS2, &AL N TS2. XFEFET EMD 4 fif
WAL 5T PM2.5 B [E] 7 51 5 R EE T PM2.5 B 18] 5 371 43 it v ARUET, AR 50 AN 345 101 22 it LUK R B4 4
) 7o, REA=FRRTAFRMGE, Hp, @GR RREB/NE RN P A, [ 5E =5
160 3 470 B ) P9 R A S MR T R /DS, B 00 5 T e A B ) s IR0 e ke 7 2 K TR R 0] 1 (1) 5
FE 7B (B B 0 oy, R T A A R B B () BB R R R A B TR T A 1) S A R 4
REFFIKIAER[12]. AT EEMK LS PM2.5 H M 5 = A4 HS1 5 KT PM2.5 &
P J5 IR AR 4> HS2 Z I &, At JFLms e LB I 1) 3, AIRAIEE 4 LS1 5 LS2 Z [B] fr B % bb I
L 4,

DOI: 10.12677/5a.2018.75063 545 Gt 5 3


https://doi.org/10.12677/sa.2018.75063

EMD-BeiJing-PM2.5

res. imf10 imf% imf8 imf7 imf6 imfS imf4 imf3 imf2 imfl signal

(2)

EMD-TianJin-PM2.5

MME&MM&MMWJ T LT N ud

res. imf8 imf7 imf6 imf5 imf4 imf3 imf2 imfl signal
<§’

(W]
Figurel. EMD diagram of Beijing PM2.5 and Tianjin PM2.5 time series. (a) EMD results of PM2.5 time series in Beijing;
(b) EMD results of PM2.5 time series in Tianjin
& 1. dbF= PM2.5. Ki#ET PM2.5 BHEIFS) EMD f&E. (a) JEFH™ PM2.5 BHEIFS) EMD Sf#4ER; (b) KiEW
PM2.5 E}[E]751 EMD 73 @45 R

Table 1. IMF cycles of PM2.5 in Beijing
# 1. Jt3H PM2.5 &/ IMF A

DETH R Be/MEA S T (R)
IMF1 409 408 2
IMF2 217 216 3
IMF3 102 101 7
IMF4 55 55 13
IMF5 25 26 29
IMF6 13 12 58
IMF7 7 7 104
IMF8 4 4 183
IMF9 2 3 292
IMF10 2 2 365
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Table 2. IMF cycles of PM2.5 in Tianjin
2. PM2.5 KiEH &M IMF B

S HERAE A e AMEA % T (K)
IMF1 430 429 2
IMF2 214 213 3
IMF3 111 111 7
IMF4 57 57 13
IMF5 30 29 25
IMF6 14 15 50
IMF7 5 5 146
IMF8 4 3 209

Table 3. IMF correlation and correlation test between Beijing and Tianjin PM2.5
3. bS5 XET PM2.5 &M IMF HHX MR HE X R
I 8] 471 AHKE P-Value
Beijing IMF1&Tianjin IMF1 0.46 8.11e-79
Beijing IMF2& Tianjin IMF2 0.53 1.14e-10
Beijing IMF3& Tianjin_IMF3 0.47 6.89¢-82
Beijing_IMF4& Tianjin IMF4 0.65 3.1e-173
Beijing_IMF5& Tianjin_IMF5 0.37 6.84¢-49
Beijing_IMF6& Tianjin_IMF6 031 1.07e-34
Beijing_IMF7& Tianjin_IMF7 0.71 4.96e-228
Beijing IMF8& Tianjin IMF8 0.38 2.24e-51
Period of Beijing&Tianjin PM2.5 IMF
s g [2Bimnos —
5 s o
& . e R */
o 4 = - S
T T : . T T . T .
1 2 3 4 5 6 7 8 10

IMF

Figure 2. Comparison of IMF cycles of PM2.5 in Beijing and Tianjin
2. ERHS5RET PM2.5 E IMF A AR LLE

FIF EAR G RO S A S B R B S A oo, L3R 4. it BRATCUE W, b PM2.5 5K
A PM2.5 H R J5 B A5 0 A HS 1 &5 HS2 Z [R5 0 REF, AHOC REUA B i KH 0.74274, FFidid
T RORIMER RECR S, VLRI EA G, I H AR S BAXT LA OC R EAE 0 B S I HAVE R B
T PM2.5 FE K 5 A [a] 5 ZIMER AT LS 1 5 A6 5 PM2.5 T A4 Ja (R 1) 2 SIRAT I LS2 A=< FE IA £ 0.6742,
I T RRIEMEC RECR S, SR EMDG, RENH G0 1 R, MHOC R UL B EKAE 0.69792, I
B ¥ I R AN, AR RECRERDN, (BT E 10 RISA MR R T 0.6, BB [A] 231
BORAR R s REE PM2.5 EAL S I IR] P A1 #4000 TS1 546t PM2.5 S J5 I [a] Fr 51 35 00 TS2
Z AV FRIAF G EL A B B R R, FE S B 0 I AH G MR B8R 3 0.99502, B A Vit J P 38 I AH G 14 B

PN 0.
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Figure 3. Comparison of PM2.5 high-frequency parts between Beijing and Tianjin
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Figure 4. Comparison of PM2.5 low-frequency parts between Beijing and Tianjin

B 4. dLRWEXET PM2.5 [RIAEE2BT L E

Table 4. Cross correlation results of reconstructed PM2.5 parts in Beijing and Tianjin

F 4. EHFIEEHSRESH PM25 EMOREHXER
5 18] 7 51 i JE HARK R PSS P-Value
HS1 5 HS2 0 0.74274 0.74274 2.35¢-255
LS1 5 LS2 1 0.69792 0.6742 4.93¢-216
TS1 5 TS2 0 0.99502 0.99502 2.94e¢-194

4. &L 518
ARSI EMD 77358 6 5¢HT PM2.5 I [ B B AN AN 3 7T PM2.5 I 1 FE 54 S AT 42 R BE 0k, 38

T ESAS IMF 42 R, 80 )5 7 5 R N min o, AR I, B 70 R BLAL T PM2.5 7
BIFIRHEETT PM2.5 AR TS A, Bk a2 [mamiaoe, JE5Tmi PM2.5 BRI 90 i T R

Giit 5 5

DOI: 10.12677/5a.2018.75063 548


https://doi.org/10.12677/sa.2018.75063

1 PM2.5 BUERAES 7, A EAH SR A AL Ja 1 ORI PR AR 70 I8 B R IEAH G . IX R W]t
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R ARG 1A R A PR 238 R P SR M2 A Z2 5 1, DRI R T PM2.5 I (8] 2571
WA SEFI T A, SRS 2GR AR SRR EAT AL, X AT RE R 42 AR AL 5T PM2.5 RIOREE T PM2.5 I [A] ¢
FIAHSREE I AT AT T i o
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