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PM, JRELE2012F[#F15%) . BSLIER, ERTENITRIRITZBRE, 2017F 2 HE M XANFD
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E2. FREIREPM, RERNE, S8 FESSRELUSHFES (nd)

MehZ, FHHRBERERSEWHZERSHE. BESME (GHG) HIMAREBRENERIRLZ
—. REMHE L ERE X EPEEBEHEADIIN0%, BEIZTHR T 80% MU EHEHHEFEFE
TIE50%MERH, ENEREHLE _AMh (CO,) HIMMEZEHIRZ— (Kodjak, 2015;
Yang, Delgado, & Muncrief, 2019) , $HFERREEMXE=APM, jSFIR (Xue, 2018
), EtE TREXRRIBE=F/To0TH) PERERZEMXKIZRISIHEEG6/ VIZEHHAR
HEH BN BRIRAOmMR, HE2020F KUFHE B0 MENREINFZIRELRLE (B
B, 2018a) , MRIFEFN, BILHEVIHTE, RZEMXNPMAINO, 5 FIEHI80% A
., HEERE20305FPM, SFHREIAEN.46 ug/m® (Cui, Posada, Lv, Shao, Yang, &
Liu, 2018) .

BRT IR BRI ENEE, ESREZRMABFEEEHEN, BEREDEATHITLTA
iR T RREMNMER R E RN EEZAKBIUKBCHNER (B0, 2018a) . Lo,
(SR =FTohT) PHiRE 722020 F REMEE KRR KIEER2017FIBMNNZ
I, 1BR30%NER (ESk, 2018b)  MTHREMK, HKEFCEEMBETNHAZEKX, A
40%; {TRNITRIEEKINIRAE TH AR E AR E MERIRURIEHEREBRERIR, E
ke (2018a; 2018b) FNEAIMEER (2019a) EKRE2018F K, AIA KK RIVERBIZHIN Bk
BA/SUKECHBSRM R ELBTH: FNERIEX—EHRN LSRR K BEME AR

RmAvizki.

BILRFRZEMDOSRETENRT Z—, EILBRIEREIZERMELER OISR A sFuEd
REcH (MshFERPsREFRL, 2018; 2019) . £FEIRBHEEHNRE, NARELIE
THMEM R ECRERESRIRTRAMMRM RN, HISH N BEREMIA T IRM LRI, MMmER
BILMYISESL IS . BN AERAZE TORENS%RKEE (SRl a) #TR, RE
BALSBCRATEARKCAHEBREYNE, EXNRRNTSREBNZMASERRTHRERTHN
SEADHIRIEIR . XL, BTIAHAVEREB AR R E A, WRREE RS H
MHREST BRI HKBRAFN LTS, HaSRARKENZSRAIR A TS
e B—IRERCEFERTEMBONEXBEREIEE, HFRHNEEZRCHRAERNREH

— i,

XTREIHHNELE

BLRRZELFTETNEETWES, REEEFTERGEHILR, BERAMEZFKZ—
(B3) . RESGHERAIPEER L SERN2.5%, AOTFFEAOSIN7.5%, REHMXE
ERLEM™SE (GDP) SEASALI0%, HHA40%XkEFTE (EXRFITRE, 2019) . WK
HE RIS W 2 —, RN E AP ENER ST EN20% M £, MEIbrNEk™ e+
RETEWLT (BXRGITE, 2019; fEWEEM, 2018) . BILEFERNK LU HEIESH
iz, JRTEIRSROMIEMUE . FENT ~RENETELBHONKERY 4.
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E3. RZHEME

UTFHEaFNELERERERIZERAMNIOMNEOZ— (Clemenson, 2017) , 2018
F, BEIBECRERANMMEYZRMEKT A, D5I82.62(CM2.201CM, HhiEAE D2
MERSH R ETTRcme (BILHEA, 2019b) .

BRI ENSERIGE ISR T RN SR, RIBSEFENT,
MEREIUMTERENEIARSEELZ—, NI0BNTS SR Y AN EHRUE MM
(Wen, Han, Chen, Cheng, & Zhang, 2015; Sun, 2015) ., BEIETHEEHENEE,
BAXZEMESEIVEEVIVENZER, BRTHRORCHANATEIZFIRATEENEREIAGS
BAR, HSAMHREENEERS, BNATERRERERTEH, TEK T ERDEM™
ERE R, ERAFAMTREARUTBEH B ESHMTEINNASHNERZRRR ,— (Ding,
2018) ,

PRRERGESHESRNT SR, BN REAGOSREEMERETISEE, B
HiTEE HBECRAAE# B LB AREY), RERM2020FFAH (LB BUN, 2018
;o “EWmT, 2018) . BEIUTBUGESIE 757 ug/miHI2019FPM, SRE BARAKR50-54 pg/
m32020F 81, BEREIUNESRESENTAMHTHEMR ( B , 2018; EIHK
JfF, 2019a) .

BAl, BEUMEMSTasEm RmskiicnEliEn, RIERERFETRS%I A, HRIE
TBE25.6{CTTART (N3.7{2%w) H6REBMWMHREWMB OB ZEERLTANE HshE
HEsmERL, 2018; MEhEHESIEARL, 2019) , Ithoh, XEHRZEHA TR/ NN T
WHREEEONNE (BILUTHEBAT, 2019¢) . ERBERREERMNSH T ASIRERR T L
WEATWBRHAIIERER (2019b) .

HiEICHIEE
KRR SEHNEILBRBI 2R AR AR 2L o BRI BB
BT TIHE, BNBRTAALCHE RN, BR%REHRESR ( Q%% ARA
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D AR RIRARRSER K Eiak, FRR, BOOTEN TR EE Rl AP REcHER,
AEEAHERARN REL T SMEiE TSR AR

£ BEBR B, BOBRRFABSY A HEERNREENEITIEN, FFRLI90%N5EH
Eif, BINORARASER, EMEUERELEBRM, & “BVIREEN 15RF, HRIORIKEKY
BINASBEEHERERR, BARBFEMINEVIMEFESR, MMt RBLHFFERARMEERE
RURHRE ) . X EILMCHRIVERSIEHITITER, H)E "HpskBENE" BRPERIRBI
BURBARGURIBIEH, HR70%MNKBEINENESMNE, HRI0%NEMINE. WEKRENEE
FRIEBMEN87%ERE, 7% BERRELE, ERANEMERERLE, ZRES PEEM
THEREE-HN (BXREM, 2019) . AT LRKBERFREOHMTREHITI D, Tl
TIRET “SEMSKENE" M “TESMHKBENE" MIPER, RAXEBERBITHBUEHIEAN
SORMZERVRIEIE (SRTRIDIR) MAEIE RN T 2EMEMRSIHUNENRIREN.. &E, K
AR T EEBEOEN MEMBIARBINETHESKT AN “BRAKBINE+HBTEN B
(AJBAERERRFEALE20% U E) MR RAFHHKBIEHTIZHA STHSMKENE" 15
5, MRSV AYBZINEREERETier 4HATEN SR BN EHTEH,

HNOMRBRREME KRB THIBTRPIORRBIBLER M FE, NMANELHEEEMNE
EWAEOBRXZBRIREAHRNNMR. Bit, HMEMEBRPRIRNEHESEERN. R
BIURNIBERIRENEEE —EXARENRANSEBERINE, BAMRAREERECELEMNE
D&, XN T E BB ARBERY B R EMN ARG,

R BB HOKT ARBEANERAORKRIR, 2018FHIE

EEe EmER R RARHE
e
BESH - 90% « 20% EIRNEESR
LEREER & CNG - 10% .« 40% EIVIAEER
° + 30% EVIANEEE
¢ 10% CNG
EVIEEER e seh £%: 100% EVAMEER
. BF - 70% | S THEEITEER
HAIRERALE B B - 50% | MREEE: 8Y%ER. 7%E BAREAR
SRS HBENE %k B ERIAE: 87%/EH, T%EBAERE
LSRRG e seh Sl THEETEER
RRAEE: AIEARERA B E20% L, A
RO REAE + e 7 IR AR, TR KRR
Iﬁlﬂ@-ﬂ VA N
mIRA
SRR %k 2E5E SORALE: HAZETier AHHRITE

FRAREBTEHBUSREM BB A/ (CO,) | RR/NTHFT2.5 umBBHY) (PM,,
) MREMAY (NO,) , ER —SAMERCRBIETMEANKASR SRS, — Sk, 258
MR ERBY T E. TRER. HMEF / MURBERMA R BEIRE M ER A L HY
SRTELN. KB FECRNTERFBEER, REERHRERERENBNRRSHN.

EEBRE=R

IER, PE-EE NI FEMAITE. PEB2000FHIALHEMESHIRERE, Xt
TEN/ ‘WA, BRI AR EEENRBRELRNSE (B4) . FESHNE
ENEVIEREHRINER 2 RETBNEEINELZ—, TEERNEME 7 EMErRE, BEX
LR 2 AN MSORERNAI KR (CuiF A, 2018; Yang & He, 2018) , RIFHEMXIERISE
ey EViiRE REEERENERT, 2EUREBRBEVIMESREREIHTEYHLEE
WA,

1T NEEERBNEFERHTERNREZRE BT F EIENEEAPARBRGER, MARRNPEREOH%RENE
BERL,

2 ﬁ%%‘@&@‘i)%ETETE%D\ AEFBERMEMAE Z B TEREIRREMCHNELLRTF (MNZSEBRE
=, 2019) .

0

5 ICCT IfEfRe& 2020-07 | EILMHEHIEL AERHKOIMNERND



NO PM

(g/km) EEREE R (g/km)
20 1.80
—NO, —PM
18 1.60
16 1.40
14 1.20
12 1.00
10
0.80
8
6 0.60
4 0.40
2 0.20
0 O 0.00
Feiz il & & En Ev Ev EVI

E4. FEELREHMEF

FRE BRI RSB AHERNE, (BERNIEHRBRAFRRSMNEREFR, BRiRERER
SHEREERSERRRNZ— (EfREEFEHAR, 2019) , FHEIOERFRFEHKEESMET
RS Z—, IHEREERKERNS 2=, REFEHRBEHRENEMNNIFEREZSHIRERETH,
BEERLAMN R ECHE LB EREE SR HIER, BaEEMREN KENER
EIEAAE—, EENTier 4FnEMRREEStage IV ERFR /EES P LI A ENEFRI A RS
H90% (&5) , Bi#EStage VI ERHIMAREM2020FE AT S LM, BHNBHRIIEE (PN) in
E, ZANETHPBREAENEREERPRIMEESS, WINPNIRERBELIER EF R —
HHE90% (Shao, 2016b; Dallmann, 2016) .

NO PM

(g/bhp-hr) EEKENERBUT (g/bhp-hr)
9 0.25
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Tier O Tier 1 Tier 2 Tier 3 Tier 4
E5. EERNFERRITE

RAIE TR FITENBALIE, ER-FENFIERER. 8 hchsE. HREETt
Bl HEEOAERRE. R EIRIREBEILE, ITENFRBANREHNEFNSICCT
FREE VI ATE AR TG R P AT R A NAE FE— (Cuiz A, 2018) . Bz
RS HIERE T X ERFMICCTLRIAERMR, SMB BN ENHEBEIUERB N FERES R
EROFIAESIMESS, MENHEERN R BT ICCTIEEKRoadmaptEE! (Facanha, Blumberg, &
Miller, 2012) ##rSH . ZEFTRHEE™EHBIMEMENEENE, EHRESERE T
ICCTHIEIERSIES! (Shao, 2016a) , RETWERHIENESICCTIHRIMNEXRARRET X
(Yang, 2019) . #RRseEM P E BN EAEEE T LI PEMAEER £ a B
HICERO AR (Huo, 2010; Cai, Wang, Jin, & Chen, 2013; Jiang, Ou, Ma, Li, &
Ni, 2013; Huo, 2015) HlRoadmapiEEHMEEEHEM (Facanha kA, 2012),
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R2. TERHMANEBIENESIERR

NI BNE KR
EmER 20008 L
B AizHE 2.21Z0 BELLE
o L

TR A o AL
BRI R ol ER%IER, 2019

. 20% ENAEER

- 10% CNG
SBERNEHEBUT & FoHERURH T M EHES SO
TETFHRE 330% / FEIR BELLE
BENETFIRE 8,400Mf / FE R BELLE
B 607t / 100N E ELLE
BB ERRMBERL 0.33JkEE / I —NE ICCT Roadmap#&fy
TEIZMERETHER 40% Yang, 2019
BERIEHIRTET IR 50% “BEXW -+, 7 2016

HAWERDHTEERB/LAENBRME. &%, ARFRHRBEHENBERPIRERR
SMHEERRAVIRTT: XEBRREN T RIREFIRVIL, X, ATESMENBRPRIRBE——Fhiz
BRI (BDREHRE) , NRARFARRESRAN L EMRESERVRBCERMEEREN TR
FEEXRYENME, ZBORRTT A SHEMIZTRN S AHRAREEMIMEIN20% — 40%

(Yang, Cai, Zhong, Shi, & Zhang, 2017) . A, ARKIZHRIEZTDESED SIRH!
BHARE. &E, FRARHARESEEREMNKEIELES . BERST. REFRDPIEIHEAD
BERERE, PAESRNAEEHENME. SEMREQR. KB, EEHFEMIREATEN
HEANREIRIH#E o

%

R, BEEUIEHOR2. 2{CILERE I BEkEIzH, NRH30000F X FEHE#LE
BVich, XBREEMEIAE, BRELERELMBELINZREN. X—ER5RAS—NHRIREN
SZWBE—HN, ZMRELNRRBHREEHE LB KEONYIIEERT 4, QpIE%17000%
RRERHBBIT R (Si, 2018) °, B, BANNEHREN RS —EER DRI 2E a5 ERIN
H, ERMEDAMEERS, URMRREESERAAEHITIER, H8 SodHmIEHRAR
NREETHY . RN SURAINENEERSME. B6RR TR IFE, i)
B OHATREZRN WRFERIER (TTW) BHIBIRE R, A BRI NRR _EHFHIL

3 Br@EREENERANSD, SEAAEELBO—FNEEHE.,
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E6. S MEIIBIRE THMBEHEIZER (WTW) PM, NO_, FCOHHIILE

DITEERKRA:

» WMRRA “HEIRKBNEEN LHARKEHETR, TR SN EECMHER, BN
HAERER (TTW) BNFRDEIRE BB, o, HIANMN LRI, SRR MmHF
HER (WTW) BrERNTHRIAN —SARHINED LS T “HRiREE

» MREREHKAREPEERA "SESMKRENE WEBHERAMRERIER (TTW)
ROHFI. LESh, SSEMASLEEEABITERHREB N AERELIMBHEIFR
(WTW) BERBRF RSB (£SHIREE, 2015) , B2, HTFBRFESEMKH
KR, £ "ERSAKEBNE" BRH, WEFRIERE (WTW) MBRNZSAHHIRERBMR
1EHNAY,

» 5 “HEIEREEAEEON B, XA “2RMHREINE" [BIRETIER (TTW) BB
MAaatMHNE, FHREREEMEILARMNTRSHR., EARNBERP, StrOBRAHE
MESEEERNNAME, REAMHANENEERN2E, T, £ “RH%BINE" 0
BRT, MBHEIZEE (WTW) MERNZSCHERAZMBRNERP RN,

» BAE "BRAKENE +FTENER PRIRENASRMA T A HFEEERMTHHE
HEAR, BEBRIBEDBSAKEIEN LFHL, MESANERNERERBMAEEIZF
(TTW) MERRAMHR. Eit, ZBEREMERUBIPMBAZIERE (WTW) BB
MHNRRAMHBEREN, ZBERMWEHEEFEE (WTW) RN _SAUBHIRERF T ZME
BRPHEEN, IZERARERE ELXRAT —LEAHIHIBUIETIIRA (FIa06R U fEF
AR) , BEBMHAEELMXBNASEESMAL, .

» SEEBRALL, £ THERKENE BRT, WaHIZER (WTW) NERNEISREY
HRENRRD—¥, EEMRAMEENERTEAHINERRNAE.

» 5 “HEIREZEN EREL, £MRA “BVIRE" FJED95%A ERIMHFEEIZER
(TTW) MERFHRIAMMNBAAEN, BT FERAMERNESRNE, ELHRE DiERHu
. AIBRMPIORERCUHIFIERAETORIRSE, ARBEE "BVIEE BRTEEE
B A BRI .

ERER, RERHRCHRIVEIRSE A AR D TR R AN, ERREESNAER
BEHEHIRAR . 5 "SI REEN NIERAL, “HERBENE BREME S EHE
BABATZENE. BE, WRXATIHANHIBIZHEAR, TeRELELBMBREERBIE
R ENA, £ “BSARKBIEHBSTEN BRI THEOHKENE" BRT, QARSI
HRERIBH D TR ARSI, FH BT MR T WA B 5.

SRAZEVIREFEIHAIMEN T, FEXNKE ARSI E N ™ SAHIES . EHTFR
REMMIEREEEVI (b) HIMGRERNMNE, ENIMNEEE NSRRI ERE N AR BT EIEH S
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KEERT, UGN ESXBEVIS B4R REHITH fAat (ESIESS, 2019b) . 5
b, WMREESFREMNERE, FHMGRERER SRR R B ENNE S =M ERERAF AL
# (Moultak, Lutsey, & Hall, 2017; Hall & Lutsey, 2019) .,

PP SRR S HIE AT AT A B RUR D PR 2L 8RS D HEL, R3PS, 5 BB RE
EPNT BRAEL, BFREEUWARZERVIRE ( “BVIEE" BR) sHDH60%89 BRI HRA
80%MNAAMMAIM . WRATRHRANII P ERE SRKBEIENSEER Tier 4HETE
( “FoSOmBRBENE" BR) LEERFEOIRENRAIRE, 5 "“WEFREEN" BRALE, AL
BRI BEMBHA =02 " E, 5 "2EMHKEIE" FRELL, PISCIMBHAHHAB8%,
REMNEHIBA%, MESLIEM Tier 4NHITENFEEXENE LNAS BR A LMBIHE

AR,
R3S FENWER TN . READN_ALHHINENR S B REENERBLEHINEZ L
PM (IE) NoO, (M) co, (M)
TTW it WTW (%) TTW it WTW (%) TTW i WTW (%)

HEIREEN 229 145 | — 11,588 1772 | — 3,373,539 858,668 | —
EVIkE 3 150 | § -59% 657 1838 | ¥ -81% 3,494,791 | 898,807 | 4 4%
SETEkIRIE 316 166 | 4 29% 8,465 1105 | § -28% 593169 | 4,543,212 | 4 21%
SRESHHRENE - 205 | ¥ -45% — 1158 | ¥ -91% — | 6,409,720 | 4 51%
LR ERNE 1,003 81 | 4 190% 26,874 990 | 4 109% 1,883,076 484,298 | § -44%
BSAHKBIE +FEEN — 38 | § -90% - 844 | § -94% — | 2558771 | ¥ -40%
ST HER IR 48 81| ¥ -66% 3,476 990 | ¥ -67% 1,883,076 484,298 | § -44%

xR MHFEE NN

S5FFEcHBRINERA, MERhERBEHNENERE LN SRR EREF EY
ORI, ME7FIR, £ “SHOHKENE" BRI THEBRKENE BRT, TR
40%MSHIEEE, T "HAIREBIE" BREFURNDSINNEHERE, B—HIL5RIEL
BENEHRNEREE B (UdtiE, 2018) . IRBEHEXIRE “SBRIMKENE"
M “BSAKEINE+HFETEN MIMENER, WIBBATERAKENE, EIkEERFEEH
EHEOFROERIE, RE EXPRIATHASHENHBIZTRA, & ‘BVIRERBR" Tt
BARMER D BRI RBAMHI, EBETHRNERRDTHARYBE K FIREMRHEBLEZR
REM, BEEEZRIIBR TATSEREXN SRR IRIE.

KmEEE (BR)

L R e e

somans [P <--——------—-—-—--------- 8s%

6] 0.20 0.40 0.60 0.80 1.00 1.20

El7. ZEIEE THSMERE
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FE B 1E

BRIPESREARSNBESELEANT70%, EELESAREENREIEN, BNEREESEMM
TREBARXE. 5 “HEFEEN BRALE, E "HisENET BRT, BHHINERE
K30%, “AMHBHINERERKIS%, “EBRSUKBIE" BRNBAHNSHET —L, B
BOWEPIEIN; XRP[BAEAKBERRBRICENEN, SEFCHERBEREB PRER L
X, TESHMMWHAZIFER (WTW) MEREIEHERE FTigin.

MREBARFREBIIMAFEMRE, BRBINDTBERRNA. FRRERRBENRT L
BUERIRASE, £ “BRARBIEHETEN BRT, 5 “HaREEN FRBLER ST
MEHE90%, RAMNMMEH4%, & MIEHI40%: 5 “ERSNKEINE" IERBLEAISTIE
KIYDHHEES1%, BEMMIFH27%, —HAMHEH60%, ZEINERMARFEFEENLRAIBLRE
R, A AR KRR AR, DITERRIBETMEN B EHITE ZBISE ARk
BRESWE LR BEH ™ ENEE AR RADHIE BN, FBRAREEMXEREZHN

PNEIES
=EEER,

BRIEEIRRIER

PEFIZRIIRAINS EHNA— T X BRAZMERETHR, EAKEIZHERNEFZH
ME&RRITENTROREE, EERRKBEETRRZEBREEN, AMX—RESLNER. K
MELXHNERPER D FEEHENERIGBRETERRKRIZN40%, IERESHEDNIERIR
R RRIZRN50%, MESHR, MR "EVIFREFIRR" M “STHEHKBIERSR" NRES
BRFRIRNI00%, & “HEIREFIBER" WRRZRRRIZRN0%, BARMERENAREEHN
HEBUESIEA, XM MENERETRD AL B AB AT K,

0 _ 0 — RIZEIPEI00%
R R BARESIPRO%
H 2 2
o+ i
@@15 B 15
I BE
=< <
ﬁﬁ 1 ﬁm 1
= 4 H
ﬁ# Iil s
= 0.5 2 0.5
am M
o — ‘ o Ea i i
HEIREFN BEVIEEF BSREXFENE EHEMAE HEIREFN BEVIEEFE BSRAAENE SHEHKE
FRA+IETERR MEZEBA FRA+EERM NEZFEBA

*RECHIRRETIHEA0%, KETHREZIES0%

E8. BRETRREMROENER THBRNE A MHIRENZIN

BB FERER

BERIEE R ARSI REN LN & #H — S R A KRN
SFAKE, PEHEAELLR DT RHRPNZBOHIR. FEREREIEHE A DURD M Z1E] B
At BNRFEHITIE, BERZZENL, AJRSBIMESXCH FFNERREHE. EBILERIE
EANBRERNREWSIBAOFZENETREHE; BRMHENEBWRTEEONT, RBEE
wR TR, REERT)SEB R T BRI R ERORTIRN Ak, BEREMMT, MRF
EXRBEVITEMN / ATHREERTH “B—NHRE—LE" T, AEKRATHERIONIMENEE
W AARZEBDEEHEEITHE,

e RARREIHAR =
ITRRIEEATREHRAOMER R A LR BT B HNERER, XERNRBIFMENE AN
MDA SOER B, MMED>EAEREMNESISRARAMEERER. #FH, AR

4 EERTHME—MOZNANERARKEERAN, FHENTUTEOMMENE, EEFERNMARGERS, B
RT ERFERTEH.
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DT XIRNNEE LB BRIRRY Ak, WRT KIS CEEEBREESNEERT. BE
FOREMXEFHTAERIER, BUBEHLEOCAESENERBRERENEAR, REEESE
BRIV RERIRE D SR B LMD ER T RZEM XN, SFrDERETFIEEN SR
HE, JERR LB RSN, 1o, RZSHBIRFEHMIEHREINER LS8,
REMFPER, MKPAEEEFRISHAR KSR,

PEFKEHENERINTPRETEM B RO ZHT. RRNEILENARRET T EhEliEn
SIEHERNTREBHI BT RPN, ERKE, EAENERT, AERENZS SRR R
ERRYE, BEEALTZTSSRMBHER, MXAMFEARHINERERNFSHIE TS, hEEHk
EEAFA R .

T, NEHKCERINER A VAR SRR BRI EH EAR B, SRIREHAY
ERESTRFEH, MENESBRIESHRBEERMNN, SEEEhEAMERE. BILELH
NERE—PEENHKEWINEOZERIRTRE, ANEEFRWAEOZEZIRIEMEET, M
MAERER T3 CRER FENERTR. BEERFEERFTRNELD, HoBRENRERRELN
RBER, MMZBD A T 2R B A5 A HIR .

A, REEEENATHERARNEIR T, AR eIt £ w AR, LS
FRIA, RAEBSMKRENEINEEENNLERBHEGERTier 4HIRENSRIRE = HEES
SUEERR2Em BN, I, URKESFINHKERS, TIERRANTELHNE,
BRAEMEIMFVEN= SRR . BRI, FESE D UHNBRRSRNE, MMmREST
HHRIR B ARTESOHER BN E LR (Shao, 2018) . B—AHE, FENEIAZHENEVIEEE
HAmE R BE N BHHR AR, EVOIMERENS AN ERE T E R EB LRI,
XA R AR AR —EES, ERTHARBIEHRARERB ARG TRONA.

&fE, BANANERROMR RN ELBAA R ERmEHE SR RHITIHRERIWT
i, AHEELBNERNFRBESRERERERN., HI—TTENEoMEMEXEREE
WRARRABEIMNERI, R THGEE AN EEERMIME R R AT A,

1 ICCT IfEiRE 2020-07 | EILMEEEN A ESRNINERIN



SE XK

Cai, W., Wang, C,, Jin, Z., & Chen, J. (2013). Quantifying baseline emission factors of air pollutants
in China’s regional power grids. Environmental Science and Technology, 47(8), 3590-3597. doi:
10.1021/es304915q.

California Air Resources Board (2019). Drayage trucks at seaports and railyards. Retrieved from
https:/ww2.arb.ca.gov/our-work/programs/drayage-trucks-seaports-railyards

China Air Quality Monitoring and Analysis Platform (n.d.). F LS FEEIEZF 5115 LEHE (Tangshan
city monthly air quality data). Retrieved from https://www.agistudy.cn/historydata/monthdata.
php?city=%E5%94%90%E5%B1%B1

China Industry Information (2018). 2017 FHEF T T8, JAILEW T =E . JHEZESREE5H(Analysis
of steel production, consumption, and relevant policy for China Liaoning and Hebei province).
Retrieved from http:/www.chyxx.com/industry/201801/605711.html

Clemenson, D. (2017, October 15). Tonnage titans—top 20 ports by annual cargo throughout.
Fairplay Magazine. Retrieved from http://portsl.com/wp-content/uploads/2017/10/2017_10_15__

Cui, H., Posada, F., Lv, Z,, Shao, Z., Yang, L., & Liu, H. (2018). Cost-benefit assessment of the China
VI emission standard for new heavy-duty vehicles. Retrieved from the International Council on
Clean Transportatlon https:/www.theicct.org/sites/default/files/publications/China_VI_cost_

Dallmann, T., & Menon, A. (2016). Technology pathways for diesel engines used in non-road vehicle
and equipment. Retrieved from the International Council on Clean Transportation, https:/www.

Ding, Y. (2018). 2+26 1 HE I 5 EHIHFICIE L (Heavy-duty trucks’ emissions in 2+26 cities). Vehicle
Emission Control Center. Retrieved from http://www.vecc-mep.org.cn/ke/three/159.html

Fag¢anha, C., Blumberg, K., & Miller, J. (2012). Global transportation energy and climate roadmap.
Retrieved from the International Council on Clean Transportation, https:/www.theicct.org/

publlcatlons/global transportation-energy-and-climate-roadmap

Government of Tangshan (2019). 75 A /B L LB Z BRI T LI —7T5)(Tangshan creates
actions on preventing overrun and overloaded issues). Retrieved from http://www.tangshan.gov.

cn/zhuzhan/zhengwuxinwen/20190409/684839.ntml T

Greenpeace (2014). Infographic: 2013 F £ [E74 T35 TPM,, FT1E (Infographic: 2013 PM2.5 ranking for
74 cities in China). Retrieved from http:/www. greenpeace org/china/zh/news/stories/climate-

energy/2014/01/PM25-ranking-infographic/

Hall, D., & Lutsey, N. (2019). Estimating the infrastructure needs and costs for the launch of zero-
emission trucks. Retrieved from the International Council on Clean Transportation, https://

Hebei Government (2018). jT7L EA RBTX FHIR T EFT dn it X IR DAL= F1T75075 5 A9EA] (Hebei
Government released three-year action plan on winning the BlueSky Defense War). Retrieved
from http.//info.hebei.gov.cn/hbszfxxgk/6806024,/6807473/6806589,/6806185zc/index.htm/

Huo, H., Zhang, Q., Wang, M., Streets, D., & He, K. (2010). Environmental implication of electric
vehicles in China. Environmental Science and Technology, 44, 4856-4861. doi: 10.1021/es100520c¢

Huo, H., Cai, H,, Zhang, Q,, Liu, F.,, & He, K. (2015). Life-cycle assessment of greenhouse gas and
air emissions of electric vehicles: a comparison between China and the U.S. Atmospheric
Environment, 108, 107-116. doi: 10.1016/j.atmosenv.2015.02.073

“Internet + logistics” saved trucks’ empty backhaul for almost 2 billion kilometers in Henan province
in about 10 years (2016, August 8). (ZEM+#i JalFaI0OEFIIE F T FESEHEFEN201Z L\ B).
Ifeng News. Retrieved from http://inews.ifeng.com/yidian/49737202/news shtmli?ch=ref_zbs_
ydzx_news

International Energy Agency (2019). The future of rail - opportunities for energy and environment.
International Energy Agency. Retrieved from https://webstore.iea.org/the-future-of-rail

Jiang, L., Ou, X., Ma, L., Li, Z., & Ni, W. (2013). Life-cycle GHG emission factors of final energy in
China. Energy Procedia, 37, 2848-2855. doi: 10.1016/j.egypro.2013.06.170

Kodjak, D. (2015). Policies to reduce fuel consumption, air pollution, and carbon emissions from
vehicles in G20 nations. Retrieved from the International Council on Clean Transportation,
https //wwwthelcct org/publications/policies-reduce-fuelconsumption-air-pollution-and-carbon-

12 ICCT IfFRE 2020-07 | ELF ezl A EHRES 0


https://ww2.arb.ca.gov/our-work/programs/drayage-trucks-seaports-railyards
https://www.aqistudy.cn/historydata/monthdata.php?city=%E5%94%90%E5%B1%B1
https://www.aqistudy.cn/historydata/monthdata.php?city=%E5%94%90%E5%B1%B1
http://www.chyxx.com/industry/201801/605711.html
http://portsl.com/wp-content/uploads/2017/10/2017_10_15_IHSFairplayMag_Top_20_World_Ports.pdf
http://portsl.com/wp-content/uploads/2017/10/2017_10_15_IHSFairplayMag_Top_20_World_Ports.pdf
https://www.theicct.org/sites/default/files/publications/China_VI_cost_benefit_assessment_20180910.pdf
https://www.theicct.org/sites/default/files/publications/China_VI_cost_benefit_assessment_20180910.pdf
http://www.vecc-mep.org.cn/ke/three/159.html
https://www.theicct.org/publications/global-transportation-energy-and-climate-roadmap
https://www.theicct.org/publications/global-transportation-energy-and-climate-roadmap
http://www.tangshan.gov.cn/zhuzhan/zhengwuxinwen/20190409/684839.html
http://www.tangshan.gov.cn/zhuzhan/zhengwuxinwen/20190409/684839.html
http://www.greenpeace.org/china/zh/news/stories/climate-energy/2014/01/PM25-ranking-infographic/
http://www.greenpeace.org/china/zh/news/stories/climate-energy/2014/01/PM25-ranking-infographic/
https://theicct.org/sites/default/files/publications/ICCT_EV_HDVs_Infrastructure_20190809.pdf
https://theicct.org/sites/default/files/publications/ICCT_EV_HDVs_Infrastructure_20190809.pdf
http://info.hebei.gov.cn/hbszfxxgk/6806024/6807473/6806589/6806185zc/index.html
https://doi.org/10.1021/es100520c
https://doi.org/10.1016/j.atmosenv.2015.02.073
http://inews.ifeng.com/yidian/49737202/news.shtml?ch=ref_zbs_ydzx_news
http://inews.ifeng.com/yidian/49737202/news.shtml?ch=ref_zbs_ydzx_news
https://webstore.iea.org/the-future-of-rail
https://doi.org/10.1016/j.egypro.2013.06.170
https://www.theicct.org/publications/policies-reduce-fuelconsumption-air-pollution-and-carbon-emissions-vehicles-g20
https://www.theicct.org/publications/policies-reduce-fuelconsumption-air-pollution-and-carbon-emissions-vehicles-g20

Ministry of Ecology and Environment of the People’s Republic of China (2012). Ambient air quality
standards. GB 3095-2012. Retrieved from http://210.72.1.216:8080/gzaqi/Document/gjzlbz.pdf

Ministry of Ecology and Environment of the People’s Republic of China (2015). X FHl& (FELE
IR B THEH] P REE0E TIER ) HIEH (Notice about implementation of ultra-low emission
and reducing energy for coal-fired electricity plants). Retrieved from http://www.mee.gov.cn/
gkml/hbb/bwj/201512/t20151215_319170.htm

Ministry of Ecology and Environment of the People’s Republic of China (2019a). 4515 %5 24 HB 1
BR5G775011 %) (Diesel Truck Pollution Control Battle Plan). Retrieved from http:/www.mee.gov.cn/
xxgk2018/xxgk/xxgk03/201901/t20190104_688587.html

Ministry of Ecology and Environment of the People’s Republic of China (2019b). 3 F## LG iNe7T
WEBRAEEIE T (Requirements on promoting super low emission in steel production industry).
Retrieved from http //www mee. gov cn/xxgk2018/><><gk/xxgk03/201904/t20190429 701463 _

Moultak, M., Lutsey, N., Hall, D. (2017). Transitioning to zero-emission heavy-duty freight vehicles.
Retrieved from the International Council on Clean Transportation, https:/www.theicct.org/sites/

National Development and Reform Commission of China (2016). AEJF4 ™ H1H 25 2 o AL fE
(2016-2030) (Energy production and consuming revolution strategy [2016-2030]). Retrieved
from http:/www.ndrc.gov.cn/zcfb/zcfbtz/201704/t20170425 845284 .html

National Railway Administration (2019). FEHZFELEE/EX F 75 «2018 FH#ELIT LR HILE (National
Railway Administration release “2018 railway statistics report”). Retrieved from http:/www.nra.
gov.cn/xwzx/zlzx/hytj/201904/P020190426367686178375.pdf

Shao, Z. (2016a). Non-road emission inventory model methodology. Retrieved from the International
Council on Clean Transportation, https://theicct.org/sites/default/files/publications/ICCT_

Shao, Z. (2016b). European stage V non-road emission standards. Retrieved from the International
Council on Clean Transportation, https://www.theicct.org/sites/default/files/publications/EU-

Shao, Z. (2018). Early adoption of China VI vehicle fuel standards in Jing-Jin-Ji and surrounding
areas. Retrieved from the International Council on Clean Transportation, https:/www.theicct.org/
publications/early-adoption-china-vi-vehicle-fuel-standards-jing-jin-ji

Si, S. (2018, December 4). IFEBRRABX “NEEE 1 HEDT SRHEBEE T (Explore Caofeidian port
area with modal shift to rail: Less trucks, less pollution). Hebei Daily. Retrieved from http://hebei.
ifeng.com/a/20181204/7075078_0.shtml

Sun, M. (2015, May 15). JIdENHSERPM, JREEHT 15 HRIRE BRI (Various emission sources found in the
source apportionment analysis for eleven cities in Hebei province). Hebei News. Retrieved from
http:/hebei.hebnews.cn/2015-05/15/content_4773685_2.htm

State Council (2013). ES X FEHIAAX ) 5REp81T 5011498 (State Council announced air
pollution prevention and control action plan). Retrieved from http:/www.gov.cn/zwgk/2013-
09/12/content_2486773.htm

State Council (2018a). #7im & X R 56 = F175)11 4l (Three-year National Plan of Blue-Sky Defense).
Retrieved from http:/www.gov.cn/zhengce/content/2018-07/03/content_5303158.htm

State Council (2018b). 7 iz 5B =F77a)114l (2018—20204) (Three-year Action Plan on
Promoting Shipping Structure Adjustment [2018-2020]). Retrieved from http:/www.gov.cn/
zhengce/content/2018-10/09/content_5328817.htm

State Grid Corporation of Chlna (2019). ;&/ZBE)R (Clean sources). Retrieved from http:/www.sgcc.

Tangshan city defined workplan for winning Blue-Sky war action items (B THIE TEH X BT FHE
RERDHE “BEFT" =F1750) (2018, October 12). Sohu News. Retrieved from http:/www.sohu.
com/a/259088292 100193195

Tangshan Government (2019a). 2018 FE =T AR T53L5:681& .72 (2018 Tangshan city air pollution
prevention updates). Retrieved from http://www.tangshan.gov.cn/zhuzhan/2019zy
fb/20190125/671445.html

Tangshan Government (2019b). 20184 /|1 E L7 &l £6.3 122018 Tangshan port reached
630 million cargo throughout). Retrieved from http:/www.tangshan.gov.cn/zhuzhan/
shehuixinwen/20190112/668675.html

13 ICCT IfEiRE 2020-07 | ELMEkEN ARG IMERN


http://210.72.1.216:8080/gzaqi/Document/gjzlbz.pdf
http://www.mee.gov.cn/gkml/hbb/bwj/201512/t20151215_319170.htm
http://www.mee.gov.cn/gkml/hbb/bwj/201512/t20151215_319170.htm
http://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/201901/t20190104_688587.html
http://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/201901/t20190104_688587.html
http://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/201904/t20190429_701463_wap.shtml?from=timeline&isappinstalled=0
http://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/201904/t20190429_701463_wap.shtml?from=timeline&isappinstalled=0
https://www.theicct.org/sites/default/files/publications/Zero-emission-freight-trucks_ICCT-white-paper_26092017_vF.pdf
https://www.theicct.org/sites/default/files/publications/Zero-emission-freight-trucks_ICCT-white-paper_26092017_vF.pdf
http://data.stats.gov.cn/
http://www.ndrc.gov.cn/zcfb/zcfbtz/201704/t20170425_845284.html
http://www.nra.gov.cn/xwzx/zlzx/hytj/201904/P020190426367686178375.pdf
http://www.nra.gov.cn/xwzx/zlzx/hytj/201904/P020190426367686178375.pdf
https://theicct.org/sites/default/files/publications/ICCT_nonroad-model-method_20160224.pdf
https://theicct.org/sites/default/files/publications/ICCT_nonroad-model-method_20160224.pdf
https://www.theicct.org/sites/default/files/publications/EU-Stage-V_policy update_ICCT_nov2016.pdf
https://www.theicct.org/sites/default/files/publications/EU-Stage-V_policy update_ICCT_nov2016.pdf
https://www.theicct.org/publications/early-adoption-china-vi-vehicle-fuel-standards-jing-jin-ji
https://www.theicct.org/publications/early-adoption-china-vi-vehicle-fuel-standards-jing-jin-ji
http://hebei.hebnews.cn/2015-05/15/content_4773685_2.htm
http://www.gov.cn/zwgk/2013-09/12/content_2486773.htm
http://www.gov.cn/zwgk/2013-09/12/content_2486773.htm
http://www.gov.cn/zhengce/content/2018-07/03/content_5303158.htm
http://www.gov.cn/zhengce/content/2018-10/09/content_5328817.htm
http://www.gov.cn/zhengce/content/2018-10/09/content_5328817.htm
http://www.sgcc.com.cn/html/sgcc_main/col2017041274/column_2017041274_1.shtml?childColumnId=2017041274
http://www.sgcc.com.cn/html/sgcc_main/col2017041274/column_2017041274_1.shtml?childColumnId=2017041274
http://www.sohu.com/a/259088292_100193195
http://www.sohu.com/a/259088292_100193195
http://www.tangshan.gov.cn/zhuzhan/2019zyfb/20190125/671445.html
http://www.tangshan.gov.cn/zhuzhan/2019zyfb/20190125/671445.html
http://www.tangshan.gov.cn/zhuzhan/shehuixinwen/20190112/668675.html
http://www.tangshan.gov.cn/zhuzhan/shehuixinwen/20190112/668675.html

Vehicle Emission Control Center (2018). FLULER/EEX BT G L5245 (First iron ore train
from Tangshan Jingtang port drove to Luannan). Retrieved from http:/www.ecc-mep.org.cn/
work/two/905.html

Vehicle Emission Control Center (2019). ##i# “2\3Z#" |, FREAIELLI6 SKINEHEMY 55 T LI E M
(Promoting “rail instead of road”, dedicated railways will be built into 16 steel companies by the
end of the year). Retrieved from http:/www.vecc-mep.org.cn/tabloid/1329.html

Wen, W., Han, L., Chen, X., Cheng, SY., & Zhang, Y.L. (2015). EELLTHPM, , 3RS KR T
(Tangshan’s PM2.5 physical and chemical characteristics and source apportionment analysis).
Journal of Safety and Environment, 15(2), 313-318.

Xue, S. (2018, May 22). Coal burning, industry and diesel vehicles are the largest contributors to air
pollution in Jing-Jin-Ji and surrounding regions. Xinhua News Agency. Retrieved from http://app.
xinhua08.com/print.php?contentid=1761471

Yang, L., Cai Y., Zhong, X., Shi, Y., & Zhang, Z. (2017). A carbon emission evaluation for an integrated
logistics system - a case study of the port of Shenzhen. MDPI Sustainability, 9(3), 462. doi:
10.3390/su9030462

Yang, L., & He, H. (2018). China’s stage VI emission standard for heavy-duty vehicles (final rule).
Retrieved from the International Council on Clean Transportation, https:/www.theicct.org/sites/

Yang, L., Delgado, O., & Muncrief, R. (2019). Barriers and opportunities for improving long-haul
freight efficiency in China. Retrieved from the International Council on Clean Transportation,
https://theicct.org/publications/barriers-and-opportunities-improving-long-haul-freight-

14 ICCT ILfEiRE 2020-07 | EHENAESIINEZD


http://district.ce.cn/newarea/roll/201903/06/t20190306_31623304.shtml
http://district.ce.cn/newarea/roll/201903/06/t20190306_31623304.shtml
http://www.vecc-mep.org.cn/work/two/905.html
http://www.vecc-mep.org.cn/work/two/905.html
http://www.vecc-mep.org.cn/tabloid/1329.html
http://app.xinhua08.com/print.php?contentid=1761471
http://app.xinhua08.com/print.php?contentid=1761471
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3390%2Fsu9030462
https://www.theicct.org/sites/default/files/publications/China_VI_Policy_Update_20180720.pdf
https://www.theicct.org/sites/default/files/publications/China_VI_Policy_Update_20180720.pdf
https://theicct.org/publications/barriers-and-opportunities-improving-long-haul-freight-efficiency-china
https://theicct.org/publications/barriers-and-opportunities-improving-long-haul-freight-efficiency-china

