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BT AR M R EE T M AL 125°42" ~130°10" E,44°04 ~46°40" N, BikLK [ 1Lk . AL G/ 262208, v A 48
VLW R AL TR JU T HroC 7 L 2 o [ 26 8 e i RO R AR A 8 S i R E T R W A K E L & %
SRR EE — 19 “C A A, RIS 2 R AR e A R 5 BRI S o R e e 7 A 1 R 23 R TS e ) AR A JR B T
AR5 g L
1.2 #H &

RWEFEE IR PM, s 5 H M 2R Z B A S 8 C R AN BB TL A R RTRICT 2013 481 H 1 H
F 2018 4E 12 J 31 HIG/RELTT 6 Fbs i A5 Y ¥ on B9k BE 46 bk (BL4E SO, . NO, ,PM,, ,PM, 5, CO F1 O;)
(9 H 1 B8 s R IRFR 8 B2 55008 ol Chittp: //www. resde. en/) & A B9 4 55 2 0 5 00 I 7% H 5088 48 3K
BT [ — B B 8 R 4 T HAE B0 - A 45 7 UK (hPa) P30 CCO) P Y AH X L 20 B 2=k H
20 B B3R K (mm) EE R (m/s) B R KGE (m/s) o H BB B Ch) RS 35 M 36 U COOE G 48 4%
I 14 TR AR, 30 674 F510 5% (2016 4F Sy FE AR ) X 25 00t FUCHE R 8008 rh A7 e D i Bl R A R Bk 2k
{ELHIT S 79 K H50HE 1) 1 4 (A A k2 Y R i 58l - DA DR UE K540 1 58 & k.

1M 6 Flias OB R RS R 8 R N T ] Pearson A G ME4r .l 22 1 AT, A M IR E
(RH) 5 PM,; [a] B A PR 35, Hop 3 8 3 A OG, IR otk 530 BR AR X% 2 (RHD . PM,; 5 SO, , NO,,
PM,,,CO IEM RPEMRM (r=>0.5 AL HWER P ERE S 5 2 95 49 (SO, . NO, , PM,,, CO fil PM, ;)
Z A BRI IE A M (5 Oy MRS KUl b R B VAR H BRI RS 5 R s KI5 9 (SO, ,
NO, ,PM,, . CO Fl PM, ;) Z 8] fi AH C Ao , Horh B B3 ) 2 OB MM RIR 2 s 5 O, (817 8K 5R iY
1A S T 2 RGE CAWS) IR K K (EWS) H 56 M 5 o okt e 2 5 L 2R P S2 i L I BR 5 PML
A S A I 110 S 3 X (AWS) R4S S 24308 (CTA) TP 24 4 638 B (TE) Ja] o A 5050 19 A C 1, B &
11315 PM, s A7 B0 HOAH I /9 AH G M, 75 28 b il A 56 P 00 47 By A0 B DA b 78 6 J5 AR Wi 9 BT 28 U
WHEIEMARL N I 12 AT E, MRSt R 2 proR H o, PM, fi PML 19 B K (E 3 48 i
500 pg/m’, HIH BT 2013 4F 10 H 21 & 22 H.AI“2013 4F I ARIL F w FH 47 itk KIL W %
R AGIE T R Tz R TE.
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Tl HEFEREHEM 8 HRFEFEH Pearson HHXRH r

Tab. 1 Pearson correlation coefficients » among 6 air quality and 8 meteorological factors

SO; NO: PMi CO O3 PM; 5 P TA RH H AWS EWS SH TE
SO; 1.00 0.73 0.59 0.47 —0.43 0.65 0.55 —0.72  0.02! —0.24 —0.19 —0.32 —0.18 —0.65
NO: 1.00 0.78 0.64 —0.32 0.82 0.52 —0.53 —0.04' —0.30 —0.38 —0.44 —0.06 —0.48
PMio 1.00 0.59 —0.18 0.93 0.36 —0.39 —0.10 —0.23 —0.13 —0.20 —0.16 —0.37
CO 1.00 —0.23 0.64 0.36 —0.42 0.06 —0.17 —0.23 —0.29 —0.10 —0.37
O3 1.00 —0.26  —0.39 0.56 —0.26  0.02! 0.10 0.18 0.39 0.55
PM: 5 1.00 0.46 —0.48  0.00! —0.21 —0.24 —0.32 —0.22 —0.46
P 1.00 —0.74 —0.16 —0.41 —0.25 —0.39 0.01! —0.71
TA 1.00 0.10 0.30  —0.01! 0.16 0.23 0.97
RH 1.00 0.44 —0.40  —0.40 —0.49 0.13
H 1.00 0.08 0.19 —0.39 0.26
AWS 1.00 0.88 —0.10 —0.10
EWS 1.00 —0.03! 0.06
SH 1.00 0.31
TE 1.00

T R B p=0.05.

R2 FAARMAZSSREESKETFHHEABESITE (=2 191)

Tab. 2 Descriptive statistics of air quality and meteorological factors used in this study(n =2 191)

AR it R/AME Q: SRK(EN -2 {H Q3 IEFNIEN T e 2 it 3£ U JiF

Pso, /(g s m %) 3.00 9.00 20.00 35.68 48.50 235.00 38.75 2.10 4.95
Pxo, /(12g = m™%) 13.00 32.00 42.00 47.01 58.00 164.00 20.19 1.22 1.96
Orny, /(pg s m™*) 13.00 45.00 69.00 92.20 111.00 874.00 75.26 2.88 15.13
oco/(mg s m™?) 0.00 1.00 1.00 1.09 1.00 4.00 0.46 1.84 6.30
Po,/(pg e m™?) 10.00 44.00 61.00 68.59 87.50 229.00 33.60 1.12 1.38
Prm, , /(g s m™%) 6.00 23.00 39.00 60.64 76.00 792.00 60.97 3.07 17.63
TS K P/ (hPa) 966.20 989.00 996.80 996.20 1 000.00 1 921.00 9.09 0.10 —0.54
TS TA/C —30.00  —10.00 6.50 4.20 18.60 29.70 15.46 —0.31 —0.64
FIFFEKE H/mm 0.00 0.00 0.02 1.70 1.08 44.75 4.16 4.12 22.67
W R K HE EWS/(m + s~ 1) 3.00 6.95 8.71 9.03 10.76 22.99 2.90 0.73 0.79
H IR I % SH /h 0.00 3.64 6.61 6.29 9.00 13.30 3.49 —0.18 —0.87
WRWE TE/C —16.83 —3.90 8.14 9.23 22.12 35.56 13.58 0.11 —1.38

VL Qu O — A RLEE Qs A DA R

2 MIRFAZE

2.1 ADF #38

L Ge iy VAR RS SR B 8] 7 51 S AR5 5 il B 04 5 91 o LA sl B = P Tl 17 ] 2200 2R — AN B[R]
FUIBIME T7 22 ARG BT RS TS B TR AR Ak W BRIZ S [ 1 51 A 7 AR 0 B J e 51

S W7 5k AT PR 36 1 - O R AR SC R R P O AR P O ARG B 1 2 A B [ T R R
RRAEAR 2 75 B FE B ICAR | R L LA P9 R 46 56 H P Ao vk H A i i FH A9 =2 PR AR 6 58 ( Augmented Dickey-Fuller
test, ADF k2 50) . ZMR B (HoO) N AR 79 Y, AF7E— D EALAR , RN AE-F AR 5. MR p B A [l 9 J7 72
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ARCp) W IR .
Y, =4, Y, F Y, b g,Y, , be it =1.2,.T, (D
Hodr, Y, AR SRR 55 19 25 TR 05 P8 An AR A8 bRt R F 30 .0 78 Y RIS SR A, p i A Bl
FERIEY B, 0, (0 =1,2,3, . p) A H BUEABE R R B e, HIME R 0 F 2R o B MR P (1D 2 0w 5
B D p B A RES R, ©REE T (2) 5.
AP — g AP — e — g =0, (2)
Horb, 2, G =1,2,+,p) FFRAEAR Q2R 77 B 09 Br A3 FR AR B AE S R P9 L B | A, | << 1, MR 51 Fa.
ARG ADFE K 5675 X 55 AP R 2 A (4 B [ 5 03 A2 AT R 56, A () A (4 =L
Y, =p+¢.Y .Y, st t4,Y, e, (3)
Y, =p 4B Y g Y bbb, Y, e 5
Horbr, w E BB, MBS (3D XA HE () TEEEW p By B BIEE R, (4 X EEA H (o |
NN p B A BH .
2.2 EEHEAEE (VAR)

A SCR W LE (Vector Autoregressive, fa] i VAR) 56 I Sk 43 8 48 5t 45 45 18] 19 35 25 75 #0 4e.
VAR HEH iR A A2 i AR 2 P9 AR AR B, FH PN A AR B X 4 PN AR AR R B R B E AT 11U, BE S AR G b S
g Z A sh A5 RS2 VAR AR E 5 ] 70000 AH FL 5 2R A9 B 18] 7 510 28 48 L 34 0] LU 43 M B AL 38 3
XA R R G W B A4S vhils L BOE A AT A RS R RNR ST Y W A AR X PML B B R Y U VAR ()
IR KT .

»
Y, =c+ D)8Y, . +E&, (5)

CrpY, 02k 4E N A= 728 5 5[] 4, R SORF PM, 5 Al i 80067 AR A 562 f) 75 e ) 73 o L UG 8 AR D R R A N AR
it se & VAR BRI EIE 5 p S G R 0 e Xk EREAS T 0 REUERE €, R £ 4EREDLR 22 51 1)
LR &~ N, g 5.
2.3 T X Bkiim Rz oR

T VAR BERLZ —Fh AR BS P ABLY, NI 7E 70 A VAR BEBS I AR TE A RE 20— 728 i iy 22 4 X 75
— AR ARSI T O3 Y — SR 2R U AR AR A B AR A 32 B b i I R G R B 2SS B
T B Ik e 1 PR %R T BE (impulse response function, IRF) ™ & 0] DU SR FE IR BEHLIR 22 19— B B FriE &1
5 0T G At 7 {0 A R R B B e S B % 221 1 X el 2 i 1) ] R RR S Y IR T AR SR Y E 52
A Tk o 157 R 02 PR A S A IR AS (] 57 A AS ) B 495 SR PR A SR FH ) Sk v o 7 1R 8K (generalized im-
pulse response function, GIRF) 481 & A~ KA 5 e AL A F R Z S 5 PM, s B 5 F G X, %
el Forh — AR A AR S 2 A0 2 A0 A T B A e s RS L I 2 8 SCIK e 1 R RN (6) 3T

GI,(nv$.02, ) =Jo, A, De s (6)

Horb, o Rk devhdim it n =1,2, -« RoR ko B2 5 B QR — LIILIAT A G E RIS,
GI,(n ., ) Frm o Wi Y, BB B0, B BK oo B2 R 8 Vo =0T e =E(&, | &) =
Vo e, Ak X1 YRR RE LR i NOTER R 1, AT E N 0.
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3.1 BRARKE

FARUE VAR B84 8500 8 S5k ADF B A7 AR A 36 25 X 250408 A9 7 Rk AT R 38, UL (1) L (3) Rl (4)
2, B FL 22 1 N (Schwarz Criterion, SC) 3% £ & UL i 5 8 . K 46 0 Z AR (H) - JF P HESE A2 i 3% 3 Al LU
P TE 5% BB KE B RE LT A H R IR B (TE) T 346 4 5% , oAy 78 1 To 16 v F MR b 5 v 24 4 44
TR, BV R P A7 50 W, 28 1 A DU L 30 CTA) R 235 B8 CTED [ AH G M i & (r =0.97)
I 50 B3k b R VR EE (TED.
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32 EAUMERBEEKRRE

VAR 5 A () f A0 I 301 40 W 25 S v, 256 25 JERSE D I A A0k RN T O M L AR R SC e B A Y i IS D)
2 R R R VAR BEEGE 40 (7) R

PM,; =0.239 X (=D, —0.086 X (—2)g, +0.250 X (=1, —0.084 X (=2), —0.069 X
(= Dy, +0.022 X (—2)p,  — 1973 X (— 1), —0.926 X (—2), 4+ 0.062 X (= 1), —0.067 X
(—2), +0.986 X (— 1), —0.068 X (—2), —0.446 X (— Dy, +0.410 X (—=2), +0.289 X (— D), —
0.015 X (—2),, +0.395 X (— 1) s + 1.211 X (—2) s + 1.060 X (— 1), — 0.436 X
(= 2)g, +0.745 X (— 1)y, —0.043 X (= 2),,, —921.556, @)
Hi, (—DORREANFHAE  MEE, i =—18—2.P BEHIE, TA BFHRE. H HFEWNE,
EWS Rt RRGE , SH S H B2 AT IR B PM,; 25 P G —Br . TA a5 B JEWS By G —
By SH B fE— B f A B iR — B S8R E SR (REC>0.4) 3 5 CO WM E —Br . B . TA 55—
B A SH 1 5 — B 4 500 1 1 ) O R (RE<<—0.4).
3 ADFREZR (p HEER,a=0.05)
Tab. 3 ADF test results( p-value results,a =0.05)

A5 it 15 SO, NO; PM;,, CO O;  PMzs; P TA H EWS SH TE

ToH B E RS (D 0.028 0.044 0.000 0.042 0.072 0.000 0.698 0.018 0.000 0.189 0.019 0.052
HAHHHEG R 0.047  0.000 0.000 0.000 0.000 0.000 0.000 0.123 0.000 0.000 0.000 0.184
IR B () 5 0.149 0.000 0.000 0.000 0.000 0.000 0.002 0.374 0.000 0.000 0.000 0.436

VELP WPRUR S TA R H O SRMK b EWS W MR A s SH  H BRI TE i 330 %
#E— BRI (2) 2P ) AR FRAEAR Z 500
A E ST A VAR (2) 5 5 3k £7 8 f
PERG S, an & 1, af LUE Y AR RRAE 2 10 2 Lot
F14) 390 AL ZE B 18 PN, R O A ST 1 VAR(2)
BRI R G0 2 e 1), PR R B PM.; 5 4 0o r
SRR R AT G ) RS G TR -4 81 3l A A
R G IR FRE .
3.3 T X Bk AL o E AT 0.5 F
£ VAR2) B RY B B filh SR FH T Ik
IR R B 50 BT PML X ot 5 F IS e T
(SO, ,NO,,PM,,, CO, O,) Fl 5 Fh K 4 A L
%(Spig/iﬂz\ilztg/ﬁﬁ%\ﬁ%ﬂ(%‘*&km -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
L H O Bk e B, BRSBTS A
PM.; a8 FR 4R A 2 Bk, B VAR (2) BURARKFAERR 2 SRR 1
HE 2(a—d) AT, 24 % SO,, NO,, Fig.1 TInverse root of AR characteristic root
PML Il CO A F Bl 22 /N T o o ool ol T wod!
driF  PML s 7RSS 1 035 3 T e KA L F B )R] 4% Ak 3 D 52 e 23 3 0T 3R L 7658 5 WIS PML s fB #a 1 °F
T 42 Oy —DARIE2E R/ IE 0] ph i i, PML s {8 96 TH & (B BE & I ) 28 4 PML  (E T s R 818, H 2
KL AN 2Ce) iR i B 2(E, @) AT, 24 4538 S (PO — AN b 1fE 22 K /N B IE 18] b it B PML 5 32 242 3F £
FH S ABLIE 2 B[] 725 b 30K ol 52 1] 4 320 7 T 3R 5 24 245 - 3 SR CTAD — A bR E 22 K /N B 1E 1] o i B, PML 5 56 52 )
SRR LS 1 LS SR CTA) X PM.; B 290 i 78 {EL 3 R 9 ] FH I A ) 25 F0 A 138 4 /8.
& 2 Ch, D AT AT, 25 B8 K CHD R R KGR (EWS) — A~ A B Ar o 22 K /N B IE 1) ob o B, PML 5t 13 4, |
EATXE PM. s A 905176 F L B K RGE (EW.S) 78 55— S0 PML 5 5940 il £ B dee K B RS (7] A 28 AL 32 8 T 0, 58
8 I B B 15 55 A0 A 1 1 D 5 A /K AR 58 2 B PIML s 14 3000 36 4 R 6 3k ol 10 o B sk 1) 14 2 A 728 347 8 T

R

0.0 .
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2% /B OE 1 oo 5 :
L1 PM, . fi = =
SeREAR L5 2 I EA T ‘ ‘
5. 10 B % 1 A Ak C )
PM. : ff A8 S . 5 5
34 HESBAW = =
NTHE— BB
SO, , NO,, PM,,, CO,
O: P B SR (P) T 5 2
IS (TA) L Bk it x =
(H)H. W K W i * .
(EWS)., H M w %
(SH) X 10 A4~ 48 #5 XF 5 5
PM... {3 A% T £ & 2
NS A A B 3T
VAR(2) BRI XF PM, 5
ST 7 22 40 I 3 2
JE N 10 ), 4 ol &
—EWS ---2S. E.
% 4. L= .

12345678 910
it 3/ d i JE 3/ d

PM. 755 1 Wl %% o \ s
1< e SRR RPN, R RIS, RPN, FEH I A5 bR,
£ S0, .NO, MIIRN 2 P, k10 AS R SRR 2

T, 25 S5 4 ) Fig.2 The generalized impulse response function of PM,, to the other 10 variables
s NO, B 5
h R RGR AR TR K RGE (EWS) (1452 Wi B o 5 35, 5 22 DTk 53 31 R 28.646 %0 F16.602 % , PM, 5 52 5|
By (07 22 STk R N 47.903 %0 B B T84 B0, SO, , PM, , CO LS (P S (TA) Lk # (H) L H
FEET 2L (SH)O X PM, 5 B J7 22 DTRR 388 20 3 00, 3 R W B AT PML B 4t v B A9 52 el LA — 8 A I M 5 X
H9h SO, A4 fe W] AR € RO G 520 g TE 20 0 6 .

x4 PVML: WAZDMER(FFE = 104d)

Tab. 4 The variance decomposition analysis of PM, s (Period = 10 d) (]

M 4 "] LA

WEH PR SO, NO: PM, CcO 03 PM. 5 P TA H EWS SH
1 2.577 15.164 28.646 0.000 0.000 0.000 47.903 0.878 0.152 0.027 6.602 0.627
2 3.847  18.146  27.706  0.126 0.017 0.048  42.794  3.881 0.152 0.027 6.620 0.483
3 4.662  19.089  27.080  0.221 0.026 0.044  40.928  6.364 0.134 0.030 5.672 0.412
4 5.251 19.768 26.445 0.208 0.051 0.042 39.965 7.482 0.139 0.034 5.388 0.478
5 5.728  20.243  26.004  0.227 0.083 0.042  39.321 7.933 0.173 0.034 5.336 0.604
6 6.144  20.568  25.679  0.262 0.120 0.043  38.866  8.112 0.263 0.045 5.348 0.695
7 6.516  20.777  25.416  0.293 0.155 0.045  38.506  8.171 0.432 0.066 5.382 0.756
8 6.854 20,902  25.187  0.320 0.186 0.046  38.192  8.177 0.675 0.092 5.421 0.802
9 7.165  20.969  24.978  0.345 0.212 0.046  37.903  8.160 0.971 0.120 5.457 0.839
10 7.453 20.998 24.784 0.369 0.232 0.046 37.628 8.136 1.298 0.149 5.490 0.873

BT, SREREYHA T PM B FER/ECRE TRLE T, SRR T SO, Al NO, B2 05
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TG R R R CEW'S) B4 52 W) f5 A 8 3 5 X5 ) SCIK i i J37 i 50 4 465 SR AT
4 WR5HR

4.1 it i

M TR R A ZR I8V B AR 3L =40 22— 1 RO B 11, DR b 43 A 25 45000 o 18 BT 255 %5 R
Zo 1 RIVE I 300 14 25 Ak oK B A 43 R A3 2 03 Al I g B A 5 FL R A 4E 10 20 B 24 NI BRAEIR H 31T, AR
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Fig.3 The trend of PM, . concentration in Harbin City, Heilongjiang Province from 2013 to 2018
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Analysis of impact factors of PM.; in Harbin based on multivariate time series

Zhen Zhen'", Liu Jiayu', Niu Yazhou', Feng Xinyue'", Wei Qingbin®'"

(1. a. School of Forestry; b. Key Laboratory of Forest Plant Ecology, Ministry of Education, Northeast Forestry University,

Harbin 150040, China; 2. School of Geographical Sciences, Harbin Normal University, Harbin 150025, China)

Abstract: Air pollution have seriously endangered public health. To explore the relationship among PM, s . the other air
pollutants and meteorological factors in Harbin, this paper implemented a vector autoregressive (VAR) model of PM,; using
daily air quality data(SO,, NO,, PM,;;, CO and O;) and meteorological data(average air temperature( TA). extreme wind
speed(EWS), cumulative precipitation(H) , sunshine duration(SH) and average pressure(P)) of Harbin from 2013 to 2018.
A generalized impulse response function and variance decomposition based on the optimal model VAR(2) were implemented to
analyze the effects of above factors on PM,;. Results showed that CO, NO,, SO, and PM,, would promote the concentration
of PM,;. O3, TA, EWS and H had different effects on PM,; in different periods. In the short term, TA and O; would pro-
mote the concentration of PM;; due to the photochemical action; EWS and H would reduce the concentration of PM,; in the
short term, however, EWS would promote the concentration of PM,;, which was related to the ground dust caused by the in-
crease of EWS. In the long term, the increase of TA and SH tended to increase PM,; concentration, which was related to the
seasonal variation characteristics of Harbin. When controlling PM,; in Harbin, a variety of measures should be taken into ac-
count comprehensively, such as adjusting industrial structure and developing alternatives energy.

Keywords: PM,;; time series; VAR; generalized impulse response function; variance decomposition
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