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Empirical study on impact of heavy-duty trucks on heavy air
pollution in Beijing
LI Yun-yan, PAN Ran”
(College of Economy and Management, Beijing University of Technology, Beijing 100124, China)

Abstract: PCA algorithm and MLR model are used to figure out the route and degree that heavy duty trucks

pollution has contributed to the severe air pollution weather in Beijing from 2002 to 2016.The variance contribution rates
of DHDT,DPM,DNO and DGTKM exceed 50% by variance analysis, which indicates that the trans provincial freight

turnover demand is the key factor causing the increase of the number and mileage of heavy-duty trucks, and in turn

causing a large amount of diesel consumption and significantly increasing the concentration of NO, PM10 and PM2. 5 in

Beijing. The number of heavy-duty trucks, trans provincial cargo turnover and NO, concentration are significantly

correlated with PM10 and PM2.5 concentration. Each standard unit increase in FAC, CO concentration and diesel

consumption of heavy-duty trucks will increase the days of heavy air pollution in Beijing by 1.489 standard units.

Therefore ,among the pollution factors concerning heavy-duty trucks, the number of heavy-duty trucks, trans-provincial

freight turnover and diesel consumption are the main causes for the increase of servere air pollution days in Beijing.The

generation and emission of NO, ,PM10,PM2. 5 and CO are the main pollution paths.

Key words: heavy air pollution; Beijing municipality; principal component analysis algorithm; heavy duty trucks;

diesel consumption

WA, 2 55 YR P E 29k GDP 34K il
AT A B A, KRR AR F 2 TR
) A% STt , b 5t T 2230 B Y vk R R
FRETGRRBE SRR R, 2R R, AT
ENCY RN W E AT T S NaW AL AP S 7S
N = HE bR M S 28 D 7R 2 SR A 3 A B it
REAR TS Y HEAIC) S5 1 % H 80 0% 4 1 7 o IR O ol 282
B E NS T B IR B . AR, A OCHE
HIT RGN IFATEA BRI RS R A
TURJLANAS 7 A& T2 NO, PM2.5 5 CO ¥
FE W E TR TN e ARG AGR  RHE Y S

TAFERE A PR o) e 5% R SF A G I R 5 AL sl
HIGRRTIEWALEE LR sTREZR? DL
)RR 7 AR TN i OR B T S I e B R
HE,

1 CHERERiA

BRI N P Z RS AR 23 5 R A 520 S itk
To eIl 2 e, RIS 2 AR T
S5K REVRIHAESE R SR I B W LBl 4
Pexfzs SPTHRAEM RENES RE G 2
ST R SEUEIF T A R R W] IR A R RO B R

%5 HH#A.2019-03-26; & B H#3:2019-04-17

EEWB . [ SR 2SI H (E T DPSIR SRS A US55 A I 70 A B3 AR BT SRFSE) (15BIY059)

EF BN B aM(1963~) Lo Wk Bz, WA 2R S0, 05T 07 ) 3R

15 24

L

B RS H SR ARBRZ T JEIA LT, yunyanli@ 126. com ; 7% -H

(1993-) , % WA= WF5E 7 ) AR 2657 545 B, 3@ THEK & A, panransunshine@ 126.com,,



2019 F 6 B

T X 55 3805 e ) — KRR, 46 X E IR TR
TAB R 2 iR IR R 2w A A
FAERFI,NO, . CO 5 AL h 4w Xt at
755 55 BUAF7E IE RN, ML 3h 4235 e Xt PM10 Rk &
P TTHREE R 51. 4%, #8425 HRSE T 8 B8 i xoF
ZSRTGY R, QAR O AR BB A R, R
Dy B2 o B 1 $E THIE B PM2. 5 VR 4 = AT
SEE ISP, Yao S AL R S 4TS
P HECRFIE AR 28 45 RAUE I, 2R 58 4219 CO JHC
5 NO, MHER 2 T A rh AR BT 4 (R R
FRRE SIS R KRN E BRI LFS
Ho T, A 454 4 PCA MLR #2758 ¢
AT 2002—2016 4FH 0T 5 fe Xt bt i
P RSN

2 TERRSHESN

2.1 TEMEL

T 4 DL o B RE, EEHE R N
NO, .CO SRy, 43 A% Hb DX Jid B B8 47 3 1Y) ik
HESKEEAREYEm MR L, 5 & RE
T Y IR, R, R A
(HDT) A& BrEe¥ /s i )R % it (GTKM) | SiiiH #E i
(DFC) .CO #J¥ (CO) NO, #E (NO) 5 PM2. 5 ¥
JERE AL RS, HHT PM2. 5 5¥E3Z 2013
AT W B () e T B, 6% PMLLO ¥R B2 (PM) AR
o BT 2ok P T CAE AT T BREIR D0 2 4k
(Aemiigit %) 5P ESEHEE) .
2.2 FR4EWRIE

X A5 AR SR AL B S AT B ARAS B K IR Ah
RER, — 22505 A AR ¥ P RT I A5 A
SEARMEIAB R (LR 1) .

®1 BTE—WMEHEEHRS ADF RBER

g ADF 1% 5% 10% P Kot
2 sits EAE WAME EAYE R

DHPD  -4.2941 -4.1220 -3.1449 -2.7138 0.0076 Ff&
DHDT  -3.9532 -4.0044 -3.0989 -2.6904 0.0110 Ff&
DCO -4.0638 -3.9591 -3.0810 -2.6813 0.0082 -“Ff&
DDFC  -6.1983 -4.8001 -3.7912 -3.3423 0.0012 “Ff
DGTKM -5.2712 -4.8001 -3.7912 -3.3423 0.0048 Ffx
DPM -4.7393 -3.9591 -3.0810 -2.6813 0.0024 Ffx
DNO -4.3952 -4.0044 -3.0989 -2.6904 0.0050 -“FFa

2.3 H£EURBSHFESN
i 22 T L A SR 5 07 22 T AR R A5 P SR

LS BREENIRME SRR EMESEAR - 207 -

BITFIBAH M KB 45 R W3R 2, WARRHIE(E 5
SAHERR, B = HEBGR , FRIEE/ N T 0.1 AR 5
KT 10; 55 U4 EGE S5 R FR PR KT 30, Rz 41
AR AP AR W 2 AR AR O 25 L B
DHDT .DPM .DNO . DGTKM 7£ 55 -1 4 $ i) J5 2% 5T ik
FEYIR T 50% , iz 4 A8 5O 7 505 B s
PG, GG BLSARYE , 7 22 A AR R DU %
4516 . ODHPT 5 DGTKM 7£ [F]—4E i) {7 B Uik i
3R 91% 5 74% , UL EE 3% 07 A0 S5 R i e
HEAFTESRSR T A G, R db st i M E R 2
J G Pris AT 5 i 4 . QRI4EECT ,DNO
DPM FY 77 22 5Tk E N 56% .53% , 75 W T 2% 5% 4 4%
AR AT PM10 NO, WREE

*2 BTESEHEMSNER
P Jr 2 Hefo

g PR
LN (‘,‘q"é’%) DHDT DPM DNO DOC DGTKM DDFC

1 6.813 1.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 013 7.09% 0.00 0.00 0.00 0.00 0.31 0.00 0.00
0.050 11.713 0.00 0.03 0.00 0.00 0.09 0.00 0.00
0.001 78925 0.02 003 011 0.03 0.09 0.03 0.02
0.001 104964 0.05 0.00 0.04 0.01 0.44 0.02 0.47

0.000 232685 0.16 0.03 0.33 0.61 0.05 0.21 0.36

~N O L AW

0.000 314.143 0.77 091 053 0.56 0.02 0.74 0.15

3 PCA#ERHWESH

PCA BT 3 1o A AR 3 450 5 A7 7E A RUE B
A OB 255 78 i, B AR DR B A5 R A [m] Ff 9
BRI BN AN(1) o

F, = a,,ZX, + ayZX, + - +a,ZX,,i = 1,2,--,m (1)
S N RS a0, HRTES I
7 7 55 B W R AR i R N B RRAE 18] 52X, ZX,
e ZX I X, X, X, | BRI B, 4
Rea;=A.a;, W R AV REOEIE; A, (o, ALY
FAOE(E A B AFAE (] (A, = A, == A, 20) 3 F,
FE A0 Ry #54 e K AR B i HORAFTE A G 255

SR EL
SLH,

# DHDT .DPM ,DNO  DGTKM G AR A | 4% %
AN RHRIUE I R T 80% , 22 W1% 4 A>3 2 I #7ty
B B AL, 4 A F 04 5 22 STk AR IR R
87.164% 11.077% .1. 424% 0. 336% , % Bil{5
BT 85% 45 1E FLH T2 543 SR, R U — 32 i o
IFTHEZS f FAC, DAL R R B3R 0 50 A bRt
YR 5 PM10 5 NO, W IR MLE G AR ik,



- 208 - FAX AL L

PCA B35 R PR IS SR L3R 3,
R3 PCAEEREHDIRENER

NSREE= RTTZERRRE
T wke R B Bt rZEEA . RO
DHDT 10919 1 3.487 87.164 87.164
DPM I 0.944 2 0.443 11077 98.240
DNO 1 0752 3 0.057 1424 99. 664

DGTKM 1 0. 872 4 0.013 0.336 100. 000

4 MLR #=EHES RZH AT

4.1 HEEHE
e AR,y mERE ST s
PR R WARK(2) . Hr, B, ~B5 HEEM
B, e HHEHLAR BT,
InDHPD = B, + 3, InDCO + B,DFCA + B, InDDFC + &
(2)
4.2 1REVQIGSHT
R GRS UL RE | e | B A S0 2
B 4, IS R*=0.869>0. 8, P {H=0. 001
<0.01,DW {8 =2. 093, F B AL G U0 B B4, 4L
R HAAETE AAEX,
#z4 MLR HEEZMBIGLER
R R T R PREMEIOME E-RE BN
0.947 0.897  0.869

0. 240425949 2.093 0. 001

WSS T 2R I as R, AR R (K 1),
BRI BENL 5 oA T -2~ 2 Z ], R # U
G R, AT T 20, B, BB i v A A
By, Al AT REAGTTH AR T

H7AE & : hpd

2F

—
T
.

|
—
.
.

[l AR AR 22
(=)

-2t . . . . . .
-15 -10 05 00 05 10 15
B FAR AT IME

Bl skz#HAE

4.3 REHITERST

SRR RPN R R (K S5) , ERIT AT
PopGAr s CO W S5 SaMHFER B 1 MnifE
AL Sl T B A AT YR B N 1. 489 MR ME
AN ST AR YR e Sl AR R 2L

E395F6H

T E G Y RS “ T X, CO, PMI10 (&
PM2.5) 5 NO, RS HAEN R .
x5 TERFMHTTERERESH
RIFERE bz — Sk rEgeit
B AiifEiR2% HBew #%  VIF
(HiE) -6.199  2.382 0.025

FAC 0.290  0.107 0.438 0.020 0.352 2.840
DCO 0.976  0.291 0. 498 0.006 0.414 2.415

DDFC 1. 381 0. 427 0. 556 0.008 0.309 3.234

FEETFHORW NO, 5 PM 5 HL3h A HE ke =
1 70% 55 909%™, FE#R T 4K S AT gl LR A Y 2
B A A M S S AR R, BRI 2 A 3,
2007—2016 4F 4t 5 T 5 48 57 42 8w 1 K R S ik
183% ; F AR A 48 1 45 b i He 48 B B DR 0 )R
R BN 1A T AR T AR A DG s | R B
Sl B E 5 A TR, R
BN B G240 JR i B 9 A0 [ AN BT % 38 L 75
PeHERA 5 HAESS, T S BT B TS
THEE A SO R4 5 R4 1

FERUCE
16 200
ﬁgu- 150§
! 2
G 8 1100 3
ey ¥
RE af 50 4%
=S =]

ola “3’/_/‘

RO
QQ@‘\‘\‘\\‘\\‘\
DA D AR AR D A AP
Ffy

LS 4 e T AR O 2— T AR
3B AR

K2 2007—2016 43 o7 # H 64 F ] |

BEkFHEmEHKE
N6 7

%ESS' 2 -sﬂ
sat IS
J.u.]:L:;_ 14 <
= {3 =
‘H\ﬁZ- 3 .2:&
3= B
g 1r 118
oo

ST TT TS

44

1 HESO = 5 L 52— B A = 5 I
3R (LA )
K3 2007—2016 FhrmER L EHRES
R E R



2019 F 6 B

NO, W& BEAFSA(E T B 0R B /Dy, 322805 ek
AW EAT  WEEK 4 K 5,PM10 5 SO, #
JE— RS T BRI NO, Ve B AR M
559, H 2 AE 2008 4F 5 /MR L, HARE A ¥k E
H,NO, ;E# 5 PM2.5 GE S M, A& E
PM2.5 5 NO, WB B2 T HALH 4y, Al WL, d 4%
TEHEFTHERC NO, 50k 9 B B PM2. 5 (%) 1 2
SRR, G Y RAIE R SRR 2, XA T 3k
TR B T e JHBE

0.18 100
E 0.16} 1 190
@ 0.141 \\\'80 &
£ I 4 170 &
= 0.12 o
2 o.10} 160 =
150
£ 0.08} =
1 ) {20 &
EOOG' _30 g
R 0041 3 120 &
= 0.02f 110
R 0,00l 0
W“‘)V%&:(\%QQ\W")V%Q
NASENANYNAN) INZNAAAMGY;
R NSRRI

1—PM2. 5;2—N0, ;3—S0, ;4—PM10
K4 2000—2016 F b 5 1 435 Je 4 1% 5 & % A

140
S 1201
E 100} {
80F
60F %5
40t
20f .3
0

4

g °m

TERYI TR/

123 4 56 7 8 0101112
At

1—PM2. 5;2—NO0, ;3—S0, ;4—PM10

B5 2017 b WA =895 ek 5 £ 4 A

5 HitHEW

5.1 FEZie

Wk PCA kS MLR BRAT ERR 450
A6 E S Y RS A B 58 45 5 25 8 . ODHDT |
DPM . DNO DGTKM 7£ %5 -1 4 B 1) 77 22 51 Bk BE 43 5
H91% 53% .56% 4% , WG BRI BT 9) A i
SRS EERR T EHCE RN S H E, k=4
AT B 5 T AL T NO, ¥ 5 PM10,
PM2. 5 ¥ (HE 308 4280 A2 CO YR 5 450
THAE L 1 OGS MR [R 22 QfH ] PCA B33 P $ LY
B— TG BRIk 87, 164% , R E T 48
AR Y E R NO, WE 5 PM10 ,PM2. 5 ¥
JEE A LR A AR R AR R R AR T AR A £
FALLRPERI; Q75 e Li 578 & | CO YR EE 5 58N

LS BREENIRME SRR EMESEAR - 209 -

i e W T R DA s SN TR REE SN

G 1. 489 ANPRUEFLAT  TIE W] H 0T 48 A bR

TR e i S ] R A T E IS e R

[« ICX” ,NO, \PM10 . PM2. 5 5 CO By HERT 2L il J2:

FEIG YA

5.2 BUREW

5, TR AR R L T BT R, TR

I 5 B ok RUE FF T, I ks e HE i

R IHE T 4, 52 %0 iz i RS ik 2

Ul 55 H 28k b7 4 A Pl AR RR T T A S

SR I SR HERE B A A PR T B R B

RN E R A RCR I TR S R, R, A ST

CREAET S SRICPRRIBGIE A AR T B PRI R,

Xof AT A e I ALY St T ) A B o g

BAE T BB ALSh 4SRN E T B RS S ALAHE IR B A

AW, PR P rh A L A HE RO A 0 R SE i 2

AR AR, R A A IRET,

WL HIE AT BOW L T LI T B0 S

ST, B = D SETH AR B . LI AR

SEMANFE ST BRBETT 7 A 1) RAE A 5 BURE ) HE T

KaeskE PR FE il 7T LAHE #F B 3058 = h sl ik

G AHTRE IR A4 ) L TSt T 5% N sk 5 e i Rk

e X BT RE IRV G S O BB 7l 5 A, ok

A AIE U ER A3 5T 2 i T B AR

S % 30k

(1] 8%, T3 . AR RSS I3 5 2 S IR 3 A S DR BOR e 2 [ 1]
HE N - BEIR S 5T ,2015,25(7) 16— 14.

[2] Guan D,Su X,Zhang Q, et al.The socioeconomic drivers of China’s
primary PM2. 5 emissions [ J ]. Environmental Research Letters,
2014,9:0240102.

[3] Li S,Feng K,Li M.Identifying the main contributors of air pollution
in Beijing [ J]. Journal of Cleaner Production, 2017, 163; S359-
$365.

(4] B, ixEm 2z I RER 5T S F5s 3 [J]. P E
A H B 55,2018, (6) :93-102.

[5] WA, iR E, Tkak R 2004 FREE L S5 %5 55 4 ()],
P2 BRI, 2017, (1) :5-19.

[6] ZEZME, PMEAE. LT VAR BURAY AL H %5 56 S HL 8l 4205 e %
FWF5E[ )] BARE T, 2018,38(4) :206-210.

(7] BRI, ZEik, B e, 2 v 25 975 Y IR JEL Y 28 B O e ——
FET 2 Al 2800 O AR [ J]. 2855 0F5T 2016, (9) :73-88.

[8] Yao Z,Wu B,Wu Y, et al.Comparison of NO, emissions from China
Il and China IV in-use diesel trucks based on on-road

measurements [ J |. Atmospheric Environment, 2015, 123 (A) . 1 -
3.



