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Abstract A correct understanding of the evolution characteristics of the extinction coefficient series under different
humidity conditions is the premise and foundation to establish the correction model of atmospheric particulate matter
humidity. Using the data of mass concentration of PM2.5 (excluding rainy days), together with the homologous
surface visibility and relative humidity data from June 2013 to May 2014 at 4th Section, South Renmin Road of
Chengdu, the corresponding unit mass extinction coefficient time series is retrieved. The complex evolution of the
extinction coefficient during moisture absorption is briefly discussed, and the non-universality of the existing
humidity correction model is exemplified. Based on the reconstruction of phase space theories, the optimal delay
time f and the embedding dimension m are determined, and several characteristic quantities, including the
saturation correlation dimension, the maximum Lyapunov index and the Komogorove entropy, are also calculated.
The results show that this series has the characteristics of low dimensional chaos. The Cao method is applied to
excluding the possibility that the unit mass extinction coefficient time series is nonlinear. By adopting the surrogate
data method, the time series is finally proved to be stochastic. The results not only clarify the characteristics of the
unit mass extinction coefficient series, but also establish the theoretical foundation for the improvement of the
atmospheric particulate matter humidity.

Key words atmospheric optics; stochastic characteristic; extinction coefficient; reconstruction of phase space;
surrogate data method

OCIS codes 010.0280; 010.1110; 010.1290; 010.1310

KB 2016-01-25; WEIMEKFE B E: 2016-04-09
EE€WB: WIEEFTHHQ4Z155) WUIEHE T E AT H (15ZA0179)
EZ R AR (1991—), B Bl H A, FENFRAYHE RIAE S H A . E-mail: 283087789@qq.com
SURE A FRKARA970—) B B LA R, FEAFE RIS KA 5 RS E oo,
E-mail: 1424402139@qq.com

0801001-1



15 F

RATH ' 2 KU PR A e R UM 73 RSO 49y W0 WA sl 3 O B 6 A3 6 P 1 4y 3 ] S SR L2
WA AR MR 23 T B TF DG R BCRUBURL I O T DO R . i T 3T M 2 A 7 T Dl 3 00 AT Dt R 8L
F4 14 5T R A TR ) 1) R T 220 A T ORI O AR RORT DA D T S P R A T e AR A R AE . AR R
FREEH " EEREMT  FL2HECHE RS ®IESG T RENIRY . NEER IMPROVE it
RS 18 227 2 0 O IR PR T D't 28 A UL ) i e R 1 R SRR BIF T — BRI 2 () L R
KA HKERAHEERBE R TARSE H o T O6 R 805 WO W) o v B 2 18] A S8 7 5% % L 3 ] %) ks
) o e A £ 3 LA HEAT RO L D3 AN A AR T e SRS BG4 W RORL PR AR K/ X R
S CHY R R TRAL T XK SEAS A IR o AR D ARG A AR 3, KR B A RO A A T R 3 Y
KB REXT KA E R U= A SE M TR IR B B BT R K BT Y 2 S 2y 5 AN TR R AR L T AE AN [
X 2% T T R B R B AN ] i 28 5 B0 0 R X A B A S5 v R ) R AR 1 O R B AR B B
ZRENAE AL DR A R P A L K O 2 IR R I Y T R ) B vk R I U KR e . H
BT A 900 8 T T B B A R i AR T S R T 1 52 2% s ) 2 1) 90 I D6 2R 880 2 AT ATOR HE AR 2
P T8 A 1 B A K 12 W L A A BEBIL A S T 0 5 L R T A

TH 6 2 8O 5\ AR P 04 0 A J2 38 BE T 1 J a0 75 A9 — 0 At M A T X X — IR R B4 F 5 AT HRE
HA 2013 4F 6 H 3 2014 4F 5 7 AR T 0 85 W 0 3 P 3l 3k 149 % s 2 49y e J32 M 000 e 4 LA R [ 400 e i g L
JEE AT LIRS o BT 28 5 1 OB A IR PP O AR KA A2 2R T R L DA K B VT IE AR A B T X 1Y
A e 5 ) S T B Ot 2R BRI | T IR A 4 (8] HE AR B8 Cao 5 5 B AR 15 AR T S
F1% B ATL P I AT, D 90 2 VT TR TR (1 Ak B T B Al

2 BRI KAk

B R R s T N R R IR 4 B 2013 4F 6 H 3| 2014 4F 5 H BB PM2.5 5t vk BE | b 1 B U0 s I %%

RF DL B[R] B V35 A G ORI SR e % St R AT i A S L AR AR R AR AR G T 7333 AL I B B i R
BESER RN 98% , £ IR BERE, Bl Koschmieder's 23200 52 Vi 45 508 1l 17 K 0T Y6 28 Bk ) 6] )% 91

3.912

k exi
Vi

, @)

X Vi b T BE WL

KA G R B OB 843 L ot vk B2 DA B TR G RS 55 DR 38 8 D0 G, Ay T I T0RE 490 B0 4 IO W B 5
PR 28 X6 R AT O R B 5 0, 5 11 0 B A8 Ak 78 L b g SR L i — 2D BRI T i KT R AL
k
Crns
K ko N Koschmieder's 28 20 3 75 21 1 KT M R B Coanes 9 RAH ORI ) 00 0 Wk B2 . 1B BF 52 4 BR
], R RE Tk 2 B B3 A A A AT IAh E AR X 3 o 2R A8 A, nT Sz e Uk Bk T R R AR 1Y
W 3 K - 4 0

E = (2

3 THOICRBULA I F Mk KT AR A A 38 3

FARIRET T MABE ORI AL VRIEIT e fl o S L J 22 AR e B 25 T B0 sl 52 2% 14 0 B4 = el R 4 i 7= A R
UKL ) B 240 JSURE ) 11 5 B A R 43— R BURLY) (SFPMD Y A i JR A 35 4500, [ B 32 B F R A< 4L fb e
T3 B A SRR 25 4 I g 20 $4 Ab T AR A v 3 T BOAS ] 90 1 B A A TR) B0 858 4% 1 CREGIRE R EE 25 1)
SRR TR A UKL 5 SEPM Y B 53 TR A HE ) BORE AR R/ 25 et DRI, KAUURE 4 ) 9K A S R A R
INA— B Z P L CE UKL T (9 52 2 L [l A4

R 22 HEONT T RSUREL ) VI 8 A 11 AT 5 R vl A A s RO R P T . A R R I Y D A R Y
P58 0 B R T 0 it s O R 8 R0 KL T A RO ) R T B3 AT G A 3L T ) A

0801001-2



ot % % i1

By 3% BB A0 ORI I A AS BT A« AR O 3 R R B0 R K PR BE A5 A B T R THT Y
P B AN AR 24 1) % J5T gt AR e UKL A9y v SR K MR R AR SE ARG R L R SRR M BT 22 57 L S BUR R RL AR
LT 7 AN [ AR 8 P8 38 26 1 T A MR 8 AR AN [ 10 G 8 K U R A AN TR A R 4 K B
B s AN TRPRL 7R A R A ORLAR VR S IR A L1 109 22 1) 249 R 5 S5CRURL 1 8 A 16y W02 30 P g 2 6 70 25 2R, K o 3
JEE F9 o AR IR A SR L IR 38 AR Y M — SR A, A0 A 0K 8 G AL ABURE 14 R A A — i 8 R Y L PN 3 EE 9 o
TGRSR BRI R B A RS ) WA B 7 (BN TN B R R Y S R R AR A B AR R R S AR
L TG VTR R R 35 90 Vo B LT 2 A IR R B4 . Saxena S5 UESE T OB Y v B 3R T (2
SR A AL I3 ) T A 7 L A 2 0] A B 7 ) 0 I AR R A S

£ LB IR ORL W B RSO R T D' AR O AR R R R S AR L R K RS IR RUORL Ay B AL A £5 A A
FHAG S5 R o R HAT & BE R AR e M S AR R0, TR RS JOIRAST  URL ) 9 W3 18 2 — A i 0 P A
R RO R BOE IR B AR AL TR R D AP R AR Al i A L TR e RATHDE R BUP SN A BN 2RI 2.
171 R 9ok B9 ) S J R AT TR AR B S LR AF 5 2 A 52 2% P 91 1) BRAE 5 D7 2 A7 R IR B 3 3T 2 1 138
A4 f B R 3 A D7 3 o LRI s [ P B 32 T AL T 5 47 A 18 T FBL/ DS (1S3 BIR A 3 ) 14 A 7 i IO A ke 5 HL 2
R AR BE T I 7 ¥ Je — M9 b M Z W T O O R BT B B S 2R Mk SR AR 5 ol 2k 7 52 2% gl g 2 N 1] 81 O
6 F KO 7T AT AU AR L ARV TR =M 2 B 0 M o T IE R R 2 s Sy T AR VR BUE SR L A BOR
9N AR T A T I e R 0 A PR J5T, 3 AT R S 1T IE AR AR N ELA 2 5 P ) PR A

KAL) 15 Y PR IE T 22, Un o (6] B 05 38 P BRIl Ay R0 B 90 8 D B DR L — O B U 1 3
TR KU PR IR A5 5 I i S5 e A 05 Sl AR U L OO IR 4 2R R A5 e A B T X A 1
SN A 7 FG G G PR 32 A A TR R T R R T UOBORL IR A R D R S ORI T G B B
SRS P o P T A 5 A4 388 8 T IE AT, Al BE AN T AR X, SO B Uk 1R A AR T DE R T A

AR IS AR IR T IE 7 4T I R4 51 f‘(xRH>bo+bl(1 lo)é“”j s (1 10)5] e

X 8 . N N N et "
D f(XRH)—[l 1;5‘] r% 20 Foft X FR IR RE . K00 T IERY L 595 56 2 405 PM2.5

2
JR VR BE AR OC R KN 0,64, 2l PIRRIT IE D7 S8 3T IR J5 Fr R R 11Dt R &S PM2.5 Jit 7 B2 B9 FH 5C R 80
]j =}

Sy 0.57 A 0,41, p AT, BUA A3 R VT IE 75 58 9 R 7R AT M DX 3R O 4 A9 5T IR ROR L ST AE — E AR
BT ZHMER,

X L P I A R TR 2355 a0 T S g LS T T D' AR R RORE L AN AT B 02 DX T B AR S
IO R BREAR R ARG R . W 1) BT, T 58 1 ITIE e B9 2 87 5 I O 2R RO AR G
JEE B A MU Bl s AP 1Cb) B 7s » J7 58 2 1T 18 Jim B SF- 359 5067 [ 6 1 9 Ol 28 8RR XoF 38 38 3 R T At B
SN, T AL B T IE 5 S8 R A B v A4 91 O AR BOBE A X B A e R

0.038 - 0.020,
20036t @ Zoost®
w2 0.0341 2 £ 0.016}
é% 0032} | é% 0.014 " \//\}/\j\/\
£ § 0030 ) g S 0012 \J\
5 £0028} /\ \/ ) 2.2 0010t by
$ 0026 . /\/\\/\/«\ I & £ 0.0081
£E0.024 A \/\\/ \ £ £ 0.006}
Z%0022( < 0,004}
£0.020} < 0.002} “~
0018 ol
40 45 50 55 60 65 70 75 80 85 90 40 45 50 55 60 65 70 75 80 85 90
Relative humidity Relative humidity

BT SRR T R BB AR . (TR 15 (DR 2

Fig. 1 Variation of dry extinction coefficient with relative humidity in average unit mass. (a) Plan 1; (b) plan 2
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Fig. 2 Auto-correlation function of the time series of extinction coefficient of unit mass in Chengdu
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Table 1 Variation of the pseudo nearest neighbor point ratio with the embedding dimension

m 1 2 3 4 5 6 7
Ratio 0.8632 0.6145 0.3974 0.3016 0.2479 0.2116 0.1625
m 8 9 10 11 12 13 14
Ratio 0.1513 0.1386 0.1026 0.0857 0.0557 0.0523 0.0468
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Table 2 Delay time under different embedding dimensions

m 5 6 7 8 9 10 11 12 13 14
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Table 3 Determination of the stochastic characteristic of the data of extinction coefficient in Chengdu

Data name D i (D) O surr z
Extinction coefficient 3.1666 3.1657 0.0005 1.8
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