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Abstract

As the economy soars, air pollution sweeps across the China in recent years. Industrial waste
gas and life stove and heating are two main sources of the air pollution. How to uncover the re-
lationship between the air quality index (AQI) and traditional air pollution factors, such as in-
dustrial pollutants, NO; and fine particles, such as PM2.5 for different cities has become a key
point we care about. In this paper, we apply the popular analogous multifractal height
cross-correlation analysis (AMF-HXA) into investigating the air quality in neighboring Chang-
sha city, Zhuzhou city and Xiangtan city in Central China, which includes that the scale free of
AQI, PM2.5 concentration and NO: concentration, the fluctuation difference between the AQI
and PM2.5 as well as NO., respectively, the cross-correlation of the two pollution factors in each
two cities, and the cross-correlations together with the significance between the AQI and above
two pollution factors in each cities. The main conclusions are: 1) the fluctuation of AQI is con-
sistent with that of PM2.5 concentration but disagreed with that of NO; in different seasons; 2)
there is high cross-correlation significance of PM2.5 between each two cities in all of seasons
but the significance of the cross-correlation of NO2 is different in different seasons. These con-
clusions can provide a new insight to unveil the variation tendency of air pollution between
different cities.
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1. 5|

W A OI ZD R 5 R A B KR, 3 30 APk B AR5 R SRR, 2SR5 i ich 7%
TBUNF AT BRI I 5 G058 A G NOoy SO, 25 TV R FEHE U Ak R fit B2 il N S5 i 1 4n
BRI, 4 PM2.5 (B2 <25 pum). PM10 (B2 <10 um) [1] [2] [3]. AT IERGIAIRZ S5 4L, dnfa e s
TGP RN, BRIt S S AN I ERG RS Hoh, MG A A kA S
RN GG BN AT U — A B H IR BT 707 100t Shen A1 Li [4] [S]1RH £
i HLAH %43 BT (DPCCA) Al 25 i #4 2F ffw ELAH 9% 20 T (DSPCCA) 73 BIWT 72 T 8 5~ JB T TR 5 FE BN T 1)
API(Z A5 A0 5 URSE 6 PR T mAHICC R Kang S5 [6]F]H 253 HAHL /T (DCCA)I I |
EREAT T ATHSE 8 NI PM10 T3S KUH S 4 PR 7 BARDC R E M. 280, H AT K Z4uRiE s
BTN T 8R0S 4 e br( NO,y SO,. CO. PM2.5. API Z5) RIS R IHF(WEE . AE. KU ZE) Ao i
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THRIEFT, 2 ARSI 18] 2 <5 YeRIAHELRE i [4] [5] [6]. AT b2 B BiRahig /5 X 5%
TR A PTREYS Y LM AT X, P EUX L X I SR RS bR AR R A [2] [3]. BRIk, i A4k
TH2 0 £ BEFZ HAE A3 T 2 US B R AR (1 EAH SR A BT D3R 1M e 5 Al o B RN R BRER A 4

FEPRANI 18] 591 (A H. 5% 22 T 7T, Podobnik A1 Stanley [7]#2 M 1 3 T 23 5070 (DXA), X
FhO7 A B B AR Ralt P A% & . BEJE Podobnik Z5[8]3E T DXA #1122 Rl il 5 4> 45 Fa
B P HAH G R R Ge ik &, 6 N AR s B8 B A% 7 40 A 3 szt i RSP A 18] 7 SR 4T 7 A
Zebende ZE[9]2E T~ DXA F 1 AHRLIAH G FREL, 1ZAH & R BUSCARTIN AN BT R b 1 28 SORH O 1Y) B2 4
Fro 3T ZHEMH/HT[10], Wang Z57E 2013 4E[11]F1 2016 4FE[12]43 BRI T 15 £ B4 T HAH 40 #r
(AMF-XA)F11) £ 553 JE i B H A 5270 T (AMF-HXA) . N T & BWF AN 520 B AR e YRR R, — SB35
) EL RIS R AR H[11] [12]. Horh Wang Z5[12]42 H F3E T AMF-HXA [ EHIE R H p(L) feFise.
i b 5 52 21 1 R A 5 81 2 1) P ERE SRR

BIRIAFI TR D2 UESE T AQI A1 PM2.5 J7 41| BAG 2 8 73 TR, AEAR DA SCHR AN [R1 48 i TA) 723 <0
V5 T E A SR R IFIF 7T . A SCRI T AMF-HXA ST KD BRI AT = A o [ eh s
6] 23 S5 G A B2, FF b AQI S54% Gt Tk et S AN RURL A2 (1) % Bl AR A0 22 5

2. Bk SRR
21 55 BT R EREMFAME-HXA
A S Gy Y t=1,2,--- N « EARTHEENNREREE.
X (0= 20x (0] ¥ (0= 3w ~(v)] ®

536 5L (X) i1 (y) 4 B2 P 9y Ry C e AN )X i) F RSP (8. SRJ 72 AERTEN L F A
BB U R F

AX (DY ()= X (t)= X (t+L)]-[Y(t)-Y (t+L)] )
B, TR LGRS AT S T 10 q B b 7 22 e A
F (L) =2 3 san(AX (0 ()| X (O (0" @

X sgn (A X (1)Y (1)) FameB A X ()Y (1) FFFS . IO T RRFS BRI aAE T 1) WitksE K
Fo (L) MERERMMEIER, MRS q MBS R BT S5 8, 2) REARIIEM KM SSTREL

3) BEFFRIP NG E 7 B I H S ELAH ORI, S A Ok -
R, HRWTIRER RGBSR A(q), Rz

[Fa (L] =Fy (L) o LM, @

XL — ML B AR RN, (575 IR R BRTE DO R R 13 DL ) B REFE 3 A% ()
ReA B IR AN 73 T 7 51 B LA OGR4

HE, @XNFRARIERRNST q > 0BEAL. X q PRI REFEE, —8, XFF—MA8
KK P FIA B BOE KA g LA B X [13]. %5 T g = 2 B, BRiZ 728405 5 FE FAH 2G5 4 (Analogous
Height Cross-Correlation analysis AHXA), & 1] LU TP AN B2 T2 7 S K AR AR DG . bk, B4l
F—JC Hurst 1530, A x (UM 75 sC0RNE T IS B ANE: 2% (2) > 0.5 B ELFFAENGE T
BB E (5 AL X (t+1)Y (t+1) 5 my 2 BLZE E () B A X ()Y () J5 . MR, 2 x (2) < 0.5 ]2
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ARIE(F)RTALX (t+1)Y (t+1) Al HBLE S E) K A X (Y)Y (t) S5, SRR AT A1 A 28 HREAE
IRty = {yt}, MZTTERARK 7 &M 2 BTG T[10], &R AR Re iR AN Fe AR B AR SR T
X Hurst $8EL yxx. yxx IS G0N A R H

Fa (L) = (A X (1)) "o L0 ®)

BHEA X () =X (t+L)-X(t) . Fy(a, L) EBEAF I g RIS FFI{GA R s 2,
BN q X RIS, BRI q RALB KBS — i, g < 2 37K 7N IX I Fy (L) ISTHR,
Mq > 24 K7 REEXER LA TR Ty 1 E BRI AF 55y s s i 2 5, 3147
P T —NE R

AF(g,L)=logF,(g,L)-logF, (a.s) (6)

AMF-HXA J7 i REHER I BTN I 6] P 21 R ELAR G, ARTT0, B ANRE € B A 2 X A IR Gk . O
TEEMIR A RKEE, 2T AHXARIE g =2 1), FMHAXE@)A 2R FAR T ZRES h A
XEF RN FIIN T Z R ECREE, B8] 7 —FATEE T AHXA FEARREL W Fs:

RNy (sign(ax (0)Y (1) [AX (1)Y (1)
p(L) F.(20)F, (2L) \/<ALX (t)2>-<ALY (t)2> (7)

p(L) A TLRENE, Hik-1<p(L)<1.
2.2. WIEEKIE

Kb BRMAHEAE AT E P SRR AT 1) = AT, NI A A TS R R R T v )
VEH, AB A 2S5 Yt A 5K MR IRAR 22 7 T e 5 AR O OB K - A 1 F 78 KRB 2 SR R ST R
TR EIRE G AL G005 Y T R AIRORA R R, BRATIEI 7 IX =AML =4k (2013 4F 12 H 1 H
~2016 4F 11 F 30 H)H AQL. PM2.5 ¥ (ng/m®)Fll NO, 1 (ng/m3) e A 78 6 5 (Bt Sk T o [
IRRES, http://datacenter.mep.gov.cn). A =AMEFRIIFEAGIHER MR 1 s, 41 PM2.5 F1 NO,
FeAaniEl 1 frs. AIE L ATRAE =N R 2 05 YR PR AP R R R, &L BKE
ferER RS TR BF, H=WRiEmEE AL, XTURE B AR E A . 2
M, AHEE NOy, = AMTT 1 PM2.5 e ahlE s K. 7SS I, FRoA DR 3 EAKA DU AN =T 43 5125
o M 1 LR H, AQI 5 PM25 MARS RECEREVN, M5 NO, AR REE R KE, XEH
AQl 5 PM2.5 [AHR MR T5 NO, AR GHE. LA, B 2K IP AR 5 44 (PM2.5) B AL T~ HoAt g 4>
W, ARAL GG B PI(NOL)BE 22 T BRIMAIIIE , 28 B = AN iT 1075 Bk i v LUAAAE 2 R
3. BEHhETL
3.1. EXEBIEBREHEN

oG, FRATR I AR =3 T R) 3R A SR AR AR 0 TR AR E M. FIEIBL PM2.5 YR A,
2 R T IRV o B EARSCBEA R AL R (0, L) SR L R R(EA S, EATEL 05 (2
K g M 0.5 5 5) o — e, ot 5w i 18] 3 51 F A B (AR G, e AiTi o B ELA G B 3h s 8 Ry (g, L)
S L RERERR, XRINogF, (a,L) 5 log(L) ZIEAF L R, W 2 fiR, 7EXTHE
FSESE I B RN K v« MRIMRIIHIED 19 5 38 113 ) 1) PMI2.5 3k B BT B i AR G B AR, A S

IEHU = AN IR TE A B9 AQI 5 NO, B B AH IS 2 B AU S I3 L I 4R A R R e R o R I FRATTEF)
F AMF-HXA SRk pgitk— 255347 .
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Table 1. General statistics of the AQI, PM2.5 and NO, series of Changsha, Zhuzhou and Xiangtan

= 1K, BOMFHE AQI. PM25RES NO, iREMEARGITER
BIME bR 22 & o P U AR AR
Kb 88.9406 49.9035 338.0000 6.4599 1.6654 0.5611
AQI Rl 85.1361 48.438 340.0000 7.3759 1.8103 0.5689
I 86.5772 45.8179 344.0000 7.3582 1.767 0.5292
Kb 80.8701 43.3231 267.9000 3.9494 0.8820 0.5357
PM2.5 FR 91.6120 51.1703 348.8000 5.5913 1.3596 0.5586
R 96.8545 52.5998 374.4000 5.3707 1.3377 0.5431
Kb 38.5184 16.589 102.9000 3.9007 1.0686 0.4307
NO, B 35.2328 14.5183 82.1000 3.7306 0.9431 0.4121
biipi 37.1953 15.3931 92.3000 3.7458 0.9937 0.4138
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Figure 1. The PM 2.5 index and NO, index of Changsha, Zhuzhou and Xiangtan from Dec. 1,
2013 to Nov. 30, 2016
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Figure 2. Multifractal nature in the power-law of dependence of F,(q, L) on L for PM2.5 concentration: (a) is for Changsha

vs. Zhuzhou: (b) is for Changsha vs. Xiangtan; and (c) is for Zhuzhou vs. Xiangtan
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Figure 3. Difference of fluctuation functions between AQI and the two pollution factors, namely, PM2.5
concentration (a and b) and NO, concentration (¢ and d) of Changsha. The left two panels are for smaller
amplitude fluctuations and the right two panels are for larger amplitude fluctuations
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Figure 4. Difference of fluctuation functions between AQI and the two pollution factors, namely, PM2.5
concentration (a and b) and NO, concentration (¢ and d) of Zhuzhou. The left two panels are for smaller
amplitude fluctuations and the right two panels are for larger amplitude fluctuations
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Figure 5. Difference of fluctuation functions between AQI and the two pollution factors, namely, PM2.5
concentration (a and b) and NO, concentration (¢ and d) of Xiangtan. The left two panels are for smaller
amplitude fluctuations and the right two panels are for larger amplitude fluctuations

5. HER AQI SENSRETF, B PM2.5 IRE(E a F1E b). NO,MRE (E c FE d)K R BNE
. msmEFERNNESSEE, GiaFmEFERRAESEE

15 YR FE R Z5F AQI IS A .
3.3. KikE=HhRZS5RETFRIHEX MY

VENFRATT IR I [ I, AT BATT 43 1) 25 SR A AR — 3 17 [ 2 /<075 TR -F PMI2.5 RS RIT NO, ¥R B 11
FRME. ik, BATE M@ —AGuih 2RI NI R T 50 A8 A DGR i i 2 . @ F Bk HO:
PR 8] FUANAEAE BLAROGME s HY: PRANITRL R FIAEAE BAH GV . SRS 71515 21 95% & 15 FE T (Wil FHHE
po(L)o BIFFHE p(L) 5 py (L) IKANKR, # p(L)> po (L) WHELEFARBE, A1) 751 [ A7
TER BRI XM Bpkttiin, 7 SRECAS IR AR LA 959845 FE Ml S48 po (L) 264 Bk
10,000 X A7 ISR H A AL T Z I W A BN LA &, SR, R A0 REAL T —p, B p, 2
AR 45 45T 0.95, JRICRULRT 1 py o FJa, 2336 T PM2.5 IREFT NOLWRIEZFF I, FIFH (7)1t
SR RKMRF B F IR AT p(L) , BB SIEFE po (L) IR R p(L) > po (L) T 95 5 38 1)
KRG G T B SR G R E N, R, AR EA R G AN 2 1 o R 7 48k 71 [
PM2.5 K JE 5 NO, i FE AR S 1t Je F B E My mln i 6 fE 7 firos, BBaseekRonlm A E, fEi%gk by
FoREA BE W EAHKE,

MIEL 6 FOFE 7 AP RUE KRR P AT TR 2E DY AN 2201 B PM2.5 IR BE B A G KT 0.9, &
B e A2 (B B v B E AR DG, BB AN BRI 5 T AR B, A R st . A0, NO,
WRE AE K 2= rh (E BB T ) L BB L HIDE . 22510 p(L) KT 0.9, RIIAZE NO, kTG Y
FEH, FEMA KR 1 S S L AR P, AR5 R IR () NO, FLAH S HETE R I iy A B 2
R ZERRK ZE- K VD FOARIN 1 ELAF DG S5 35 1 B s T LA AT 8] 1 22 A KD S5 I NO, ELAH
KMEHA B, FIRGEIRRIA NO, TEA A Z=70 TR AR IR AN [F [, B3 B0 =AM i NO, 1
Ho A BE R, XA =AM 75 R4 1k .

Ja. AR TR B PM2.5 WKES NO IRFEI B AHSC LR ENE, Wikl 8 s, AR, *t
TAFEMIRTEAFZENE, PM2.5 KES NO IREM EAHRAFEREES . NTKY, FRIE YN
KT 23 RIS ERPIFG R ARG GNE T, MHR =R S A X TR, B
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Figure 6. Cross-correlation coefficients and their significances of PM2.5 concentration
among Changsha, Zhuzhou and Xiangtan: (a), (b), (c) and (d) denote winter, spring,
summer and fall, respectively
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Figure 7. Cross-correlation coefficients and their significances of NO, concentration
among Changsha, Zhuzhou and Xiangtan: (a), (b), (c) and (d) denote winter, spring,
summer and fall, respectively
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Figure 8. Cross-correlation coefficients and their significances between the PM2.5 and
NO, of winter, spring, summer and fall for the three studied cities: (a), (b) and (c) de-
note Changsha, Zhuzhou and Xiangtan, respectively

E 8. = MEmEE, BF . EEMUEH PM25RES NO, KEMEHEXR
HREREM: (@), (O)FC)DINEFRKID. MRMFIHEE

4. BB

NT BRI =AM SRR S RERN KRR, EAH, WABEDUE 3 =AMk HY
AQl. PM2.5 IREEFT NO, R FEHEAT T 0 Ht. RIFARAT (07 2 853 TV i B ELAH 5 29 W 23 A 9 A AN 48 i 1)
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