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TN E R AE K — AN EAR, 4o [IASA FF % B9 MESSAGE #£ &4 o [5] |
HAMEEKE—RERFTRL, ZENREF L ASF ¥ 5.
Bl EE AR T RINE, WEH L EA LRI FERNEEN
ZFmItBe TRAEZE, wHAELKERRFIIT LN AIM, *
5 EPRI T & 89 CETA. =B K- FEE R ER F I A8 GCAM,
PIK JF & #) REMIND #n & [E A % F [ 7T & 7 TIAM %6, & T E 45 28
WX BB E 2 AT, A BIAE R A AR HEAT K A, TTASA Y &6 IR J A K
MESSAGE ) % E# X % 7 ¥4 2| B, GCAM ¥ GCAM-China % .
FERRE. ARH,;EAERE AR B2 ZEFES K., miEE X
¥IEHRIEIT LT EL & XA CGE A, £ C-REM 4 EIT
& #] REACH #& 2 4 CREM Ao pvg A28 . R A5 17 fn 2 AL AH
b4, AIETELZAREME, FRAFERRAIE, HXEEHA
FUHAR, REXESRS . A FH, B4 T RREMNEEER BRI
FUEEM R, EMFe T EEZTREL,

AR T EEMLX 27 E, YL HEGTTEHEE XA £
W T EAE, B A& R IR R G, B T AT M B X o174 2 AR
AKEHEARREMERREMNERETLZ B LB A,
AIM/CGE # 21 5 42 M7, 3% B E o pAe o B R £ 5 AT b 4 K 5k
¥a. GAINS A FEZR Y LE, BFIR. T, @, HH,
Rolv . HAET, EXTATL N EHZE T R . Zhang % F| fl GAINS
A o BB ARTLHATT AR, KAERBERERANERT,
H B K] T & 5%, T SO2. NOx. PM M ¥ 27 T /& 15%. 12%7F0
3%, Li %4 N%4 TIMES # A fn GAINS AR #T##, #% T FEH
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EX B ETEE 2°CEAT TR B s, KT #0074 8 7 36
[ TH & 2 B BE IR R, AT FE (R PMos vk B, SRR 750
THAS, #REREM . Zhao FE T MESSAGEix-AF A *f & T
AR R G AAT IR MG, KILEEE W] B A A R TR,
HlEH AL CCS W42 LI RE RAN AE L F, IPAC A 1y
BEIW R, Tk, i@, #5,. RKl, China-MAPLE # & gy
IR BF TR, ) . L8, T, T A% LA,
Ma F# Chen i if 2 57 # [E TIMES # &, 247 B FF A K% E T
S ITHREIRE R 454, (h G R Bom s A A0 Tk 30 7] 2 3% 3k 0 Bf 08
He TRk 2 A A T5%F0 15%. 10 0 2 F B 4 4 By A 224K 40 (AT b 2K
LEAP At H + 8 WHEA T L& n st IREA NS %, T L&A
o, X— AL R TREMHEFAR. Flin, Jiao FF| fix —EA
AMEESMNTHATT AR, KAEERBTGH], B AER AL
iy 77 A A R 1o B A AL KT BB 45 S FL COL o K A 7T ey o T R HE
MR TR ER-FEAEN TE, RS ETPEAR.
TERBRRNFEL, 2670, #HEANEEARS KR TEY
i Bk He A Uk B 2R 22 AT B AR #EAT T R BBk E . SRl B AN TR
BAHE AL E R £ AR £ E A AIM/Enduse. GAINS. CoST %, #
', AIM/Enduse ‘& T [F 9 gL IR Ao Ko i BB A, EZHER %
AT AMBERNE A E 5 R RB R, M AR 7T R 4248 TR R A
EHEEB D . GAINS A £ B 7l 2 3k % B A AR & B AR 77 J 45 4
R, FRyF R E R ATLEZE . BB —HA, Wagner
A1 Amann & (CRHWEH) TEANERIEE KRB EARHATT
AL, ZIEE LR BARR A A, E7RE 5 A5 4 B L H I B B
AL, SO2. NOx. PM % AR5 a9 A& 7 T2 10%. CoST
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A @A AT N A AL E, E2RA L5 R ALE, &
UHT KB R R #E TG ENEEFLAWERERR. KRTLER
v E 3 g AR AL £ B AR VE K F IR I T R R AT R E R RAR
B i RIAFFIRE R 40 (ABaCAS) Fn & B4 & IR A 7 BT T & 19 o B
BEIRFELZ AT NHEA (IPAC). ABaCAS & 1 4 e R o 16 B 3K 48 &,
=] DLVE 40 20 B T G R S e B R B9 R AR - R, (BB 2R B RS K
R HE 24T, IPAC & F M0 et R ALIE &, ¥ A% B &
BRAGHR | RRE ARSI RAR L, (B2 KomieEE A KA
TNV H 5
1.4.2.2 BWITHER T RBE L ZRMHAR

EBRERARTE, BRREARRBRERE. TEMIEERE. R
FABRMEEY L ENEREREETE, BEASCEFRET S ZH
Ko WA LFAEAFuNEF AT, 2T Tk R B AR 5 1RO U 2 7T
&% B E T, REIEEEENEMAT R,

EREAKBHERETE, CARHRENLK. BRFRAEEE
TN, ZeFRAK. BFZEAFEHRODH, 247K k898
HE B A2 A B e P A LB Fo iR . i IPCC T 4 3RIR 7+ 35 il
B, RaEeRRM 2L FARNER, RET EH R —TESN
A3k £ ZF A L 4 B B 4A (Shared Socio-economic Pathways ,
IPCC-SSPs), T[]y SSPs &= ee % n - 16 AR AR K T A &
¥ 1%, EIFEEJEZ (International Energy Agency, IEA) f{E Ji # F &¢
JBEAEA (World Energy Model, WEM), T FEALZF i AE
EBRE, ARTHAZEZFRNGEFEAIERETER, FH KRS
R FHHEATHFNRREEREITT 247; BE XA FORECAST

(FORecasting Energy Consumption Analysis and Simulation Tool) 1% &,
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RET2EHRE2ZF AR XRNHEHEEMRERE, 2477
TEBH AL G W AT, JE R T Kk BHE 0 e 8 £ 528 A
Pbko Hoh, EEIITMBEERRBRFRERKRBRERETHEEER
fat . W Zhao AT EXBEEHAEE (CIIAM/NET) &3, #IE
14 A R 2K 2°C HARR R4, H P B B0 TH A A8
HFE, HAEIT Y., @EARFIMT; Hasan F 404 At S FH K
RBHBETET AR, KIAAKEZIME TR E LB K
BT A HEMEIBHAL . G BT IIE A A X F LR S
77; Walsh % AR % S 4R ek Fo 35508 B9 00 A TUU T 4 2k 2] 2100 4 89
BAEBRE, KAEMBEZILRAEET, ANHERFERK 10 FX
KRB, Bd T ARABERARAMERF EAET#EE, NG IE
W m & T E R IR kR

ERRYERBEETE, ARRAAKKIE, BAFER. HFF
REMHELCENEEREER X W Rao FMM T HEEFEFH
72 o A A E AR AR TT S AR R, IR T T E B
BAR A . R EATEX T R H A E e Tong %% R #
EMRX TR BB S, BRET XEEHKX E 2030 FEAZF
ARERTRRBHETHHEGERR, FRETHELANEE
B X; Zhao FUTEEMR AR E, WRT FHBEE KR
oA R TG R R R, 1R R A X T S 6 1 R B X ]
B E E P Kaleem % 1# & EnerNEO Pakistan f7 GAINS # #8 4-# A,
AT T 4 BAU &5 A0 K | Je s BOR # i fn 7] R 40 KR 45 i 1 B K
KNG T B A 3 2 R 7 g 4 o MR A A S AR R e Y U B A R, AR
BT AGEEMB AR A ZE AT RER N g, WeSRERE S
MER, BEBRBHE. FEOHER. FARERERABRRESHE
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77 T K 2 B 1 5] K A R B R AR A, A R R AR S BRI F 45 A
AR ATHRERESE R RRTER, O TR AT S,
ELRBITEFTREFEELERBZH T . 4w Cooper & 4 X B 57 A 7T 4
MRSk 46 . TR R R L (RAPF BRI 44T, IWHERINE R iEH
B ERB RN, ARATRE. UBH s aRksFE TR
AT RH B A RAMEA; Zheng FLLS KL N6, ETHAFEH
MBBAENARELT E2 BT EENER  F LR E T BAEE
Wy R, 20T T AR E R TR HEEE, BB T & WA &,
B FFR AT L E B
EARTREZSREAKRNDEERERTE, F2HRER
TBEANWEE, FRT ZEEBR THRHESHEERZRIT. XA
T A iE E SR E B HE 7 E, Tang 4 4F x4 HH B9 B 3K 4 B AT,
MELEFRAGERRBREANEETE T TRARFERER, 0
BT H XS R B R A B R BB, B R R IR E R R
IB HE IR o] = i B E AR E RN R 3, I A F a4
I R R B BROREE R AR Rogelj 4841 3477 e Fn il = SR HE OB AT
L ERK, B3R EXEAEFTAIKRKEERE (Representative
Concentration Pathways, RCPs) T 77 4 HEpk s B, & I ™ # #hig 4
32 ) o 7 v AR R RSR T DA A BkOK R 7T 4 AR — P FE 1K 2] RCPs K
FLLT; Tong & % T 4% 417 5 £ A 4R & SSPs, RCPs & & f1 77 4715
BB T R, RIVRRA A 09K B BUR fu = A 0T R wl R K
BEXRETE2050 FHEATLE, L2030 FERBEAFHLELEE
ZH(EA; Hong ¥ B BALRABEN. REEZARELE
EMER, FEITMHET 2050 FLHRAEL AN KEE A HEM
AN ENEE, AREAAAGEEN TG RELAZHA D EENR

17



2024 5 JE k5 Bt 1) [7) v PR ATUER 4 ik Fe A ot

¥y =g~ £ A 2H, £ RCPAS EET, B AHEL+r, |
1R A oA (2 3K Bl PMos An 2 A8 A 35 5 5B UK Z 3 /0 3%-4%; Duan %
RUETHeTERANZBANRER, XELERWUL REEAT
WEE, NEFZRE. ERER L EMHFRBREN=AHEEET
1.5°C EARX B & BekE A, Wa F LU MNTHE, #H#ET K
Hg ik = R RN IR GE AR EIR R, IR RIT
M BB WIS B HR, A TR B R R 4 B PR HE . Jiang
& DLRIINTE A6, R 50 €1 HT T Bl V6 BRAK R 78 3k 2 L3R B AR Y
R, R ZXABRARNIEE G KT RO BRI kD
BV RHE R, H 5 & K I A 45 A R 2R AR S B R HE e B T R R A
MEEZE, FEMRLEM; EHTHE, Tong FETH WHEfE
R ARG b FRAE R BAN &, FAT 2010-2030 4 w8 77 # [ ] #Y
BEBE, RIANLETENIFELEES T 27 RN ABRD,
SRTT B HE AT 18 KT, AROR LI 77 R Al B SR HE B AR TR BN
W BB & ALK Fo T B He B F 46 1 s AT A im E SR FE R
7@, Yang TP T F] A aE IR A F KRl VR 464 L I 8y P
AL, RN A& E LN i AT R BB F B, RE 46 D
FE AT 2.34% WA A E; BAR BRI E AR BT @,
Zhang % % T IPCC. M #-Fayqpamila s &8, HllT /K
REFMAFTHH LT ERE T EEREWA RN T EBH
B, T RKRERM. W LB R L KB E LR R
BT E.

tesh, BREA RS EAAEE GBI F R AR A Ak
R, MEARRME. e TR AR KRR E, W Legras #if
R EHRE T AR7T R H AR BT TIRA R, 56
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TV fm R A A KRR M4 — 1B s Moslener 7 Requate £ #F % # %
RTARARGEHH BRI ESFEXRR, A EFARHREN
TREF, LI RHA R AR S Larson £ (B FxE: #7,
B, Eukmfgn) R+, BT mAMATE (Regional
Investment and Operations model, RIO), ¥ &b B A0 2 3551t & 4 e iy
BR M S HKHATHRA, RERBEELORAARK T E, REE54F
HHETTRERARWEERRE; CaiFAEH LM TAA T LiE
AER E, AL FREARERRENETERALT, BET FE
e B AR R T BB HE AR B 2
1.4.3 BWITHERW EEREIATR
ERFGERDEEEEARRTE, EHARENERNA L L,
ETHATHEAER K ENZ i1 FIEEB AP KNI ER
ERENE MG, 0 Wang S X R A G4 A B TEEMEA
BEN TR, HinNAE 2050 F IR E A RS FRHE KRG E T B
&, x> Sk B HE AR = AT J R B AR K R R AR AT B AT
BN, KAEFATARBRAEEEARN ARG RE —LEE
SR, EZEARHRE LR ENSRITRY, R 40 2%
TR FE R Jon FETHEREER, AT FEEAE Y
TAL T ACF R R R #ATEFA R AT, KA —R7WEAR
WE, wREIEWER. BEEE5HEF (CCS) sixd, TUWER
F W 8 45 ; Zhang TR T — MNER KX RER, EH4 T 2010-2030
FREEKRATLERBELERE . CO TR TEMMHA LUK S =
SEFEANALT ARG FENEN, ARLAEKABEAREET,
LB RAET AR AY T 23%H R, COHERERD 5%, &
KTGFRBD 16%; Ren % 5 T 5 AR R FERARAT Loy 8 4 Ao
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B2 B AR RINm R, &I T E R x4 AR T RRBOAR SR Bl = CO,
Ao B Lt dEsk, [ AT# % BECCS W7 B M ; Zhu ST
7 M A T8 B K AR B 7 22 Y 4 R U T8 2R 2w LA BB AT A B A X B
A, K I B GE W A /N Fe o A B T AN A s 1 R0 7 B AR AR I
Bk, T DHARRET X AT LA A K AT 8RR AT 7~
K EYE B3, #0 Zhao 4 % T MESSAGEix-A# A, £ &7 gEEXK
E (EB) BAMBREA, ENT & T & e ok 33 ol sk iy 1
REABHE, BT R B 2060 F, 5L HY AR R AR B B RE ACHE T
LUK CO2. PMas. SO2 70 NOx #H i & 4 A 8 2 33%. 24%. 24%70
24%, T AL CCS BUA B & & 7] # & 98%e 5 B HE; Yang %
o E A A e TAT Mk o K A 2 AT B9 98 HE A B9 B IR e SR AR 3R
BRI R BEHTITME, ZAENTTLE 18 THAF, 2HFF
AT 2R E B AN RRIAR T & e, A AT A o 34 IR HE 3 3 &
KRB AMNFETRERA . KAFFFiR ZE = KB A; Peng &
HRTIAEABEETTFEHEMANETHIINRENFEANEANE
1 CO IR B 3, 15 B3 R0 1T B R 82 2 sk SR FH R K ok
BT TR RS AT EERBEAA RN FENEARE. #
ARG R N EE M,
1.4.4 YRI5 MR BSR4 B A R
1.4.4.1 BI7MEH M KK 5K
WEBRHFRENRA R T FEZSTFGRFRREEF. 4.
AELEEMG, FELERAGBEENRE, FHORAMRE R MWK
KA MXTEERTHERFERR MR ITHNEIRY, FEFRK
ZHEREZBLRDW. THREAEFETHEIETIEMMAE S, KEf
ATk 3 B R AE AT R AR = R AT K, URHA R4 T2 E
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AT 9 7 B A R AL e s R B v
ERETAGBEHATE, Weitzman £ HA K FHEH T — 4

ZHEARNASIER, BAEGREIHBREHET, st ENF S H
BAF AT T 08, AT T & 24 FF e A 5 34 B 8 e U 25
WA A ERT, NEEAARR IR, EERRNANE K
IR T . T /5, B & X & 0 HE a4 2 B B X B 4R A, Ambec
#1 Coria. Evans. Stranlund 7 Son % & H#F % # d.¥ Weitzman #
WRERENE—H B R E L KM Muller A4 & [F 5
HRARREFHXARERIEE, HRDIEARFEHE, TE
DL AR 4 e ST B R A, Wi T o BB R L, TR
M RHE T HRFIACF O B o KO, Jiang FHLH, #
AR BRI B B R 38 5, A H BB R B R 2 RSk E ek
Fo MAENBAE FE, Muller XA EBHERAUNG, 712
HRAWE TN HBAFL TR, Li FXF 20 F R 820 e,
EHHE T, BARH AN RS T 2 R8s RA, TEE EHE
BHERTE, 2 —WoBma R, FEAETHHRN LT,
Fullerton A1 Karney E & HE ik A 89 & A 77 1o 5 P 2K HE A& A 5] 30
TEFFEAMEFERERX, b5 SRTNEZ S KBS
X, BUHARKEFEELNEN KRR, LB 0 8 FEHE R
w1, B, Reeling FFWETFHHMEAELLE AT, UBD
— UK S A B AR A R B R, R R R AR RS A A
HRHIGEAERNE.

ERRAATYFRERH ST E, Ayres #1 Walter A A, KAT
SABNEREE, RYWEENRBREREAPNNEERER, A
FEBRANER, EHERHERFZEERA. Zheng FXK =AM

Z
|
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2024 46 I WERH: B 736 T R B 4 2
DX B 5% 8 HE B SR HEAT T B %8, [ AR & 30 1 [R] SR HE AR AL 72 A~ ] 4 77 JA) 77
ERFME, Bx—FRERE THESERTL EL, —KaREH
EHEFWMER. BRHEARZH B w4 IHITH CO, 5 SO, F
HATTHAR, RAEHE T HENFERANEIL, B H0RT
T th E R SRALE, SR IL B A AT L B R R A S e R R
B BN — L, TR EFWEAN 2N — 8, ERE
W T & PR R R R R IR, Wang 2% & B & 4w E Tk HER
HAT T B R, IR IA X KR IT R I3 B 2 5 T B R
BL. T Dong % N &% s Hepk LA X ERBENFREFERRMEK
SR, HFHIT W ACES M KR E X, H g g
ARG CEEZER. TLRRAEAFE, Vang FANERWE
T 1A ge IR Tt E B R A B RA, TEHSHA &
NEMFAL R EREH K. Qan EFXIER A THEMT LA
BHEATLEAREGHERIAE . Tan-Soo £ 55 LBHRI Z
KAWL HATHRT, KIALE RN SO, H A& 5 oA BN 8 1
FHERKFR, TBENFATL AR, RBFIRITH XX —AT 8y ZFT
R

EWPAT A BRHBRRR N R T, WA E 05 AARA Y
ETHEAZFERRREZRATAMFOEAERR, 3 THAE
WAREM . RREATH, URTHENZ B FERANER.
AT EHRBEELARAEA (Agent-Based Modeling, ABM) Z| & 7 %
EAETEHEREUNMEZ M #EEFNREAT N, RFRRTR
MhdcTaEA, A— METHLENARZE RS, ATHRELT
BN EEAT AR ERFANEL ., Lenpert 32, ELHELRWTT
TFET, I ABM A AT BCKAE RG], o TRAB KR EES
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AHH T A, Ghazi £ET L2 EEEKEE OBD ST TARTHE
AATFLRZ A W . Thober &2 T ABM R AR T KA T H
A B ERAT AR, R T AMKE. Sun FE T ABM A 447
TR FEHR AL A R T, ABM B iR F AR HE A F T M
KRB LBINA, f0Niamir F0M T ZEME2Z 5 MR, B OHE
FRBREMNZER AN EELE, EHE2 W E & B
Lamperti % 7 Bl BAT-RE AT CURT AR AL W At b, 2T AR A 8 W37
FEMMAWER, RANZ R AU BERZNZH, 2 BZEHK
ARER PN EATH; Kraan FHRXT LB X FRE . o HAEFBIRK
A B S B FE AR T B IR R ABM AR AL X £ KR A
TR EEm RN REEFIIBRNZE, FRIABFT T TAL
LY RA I AN . B BT B JT R T — % CGE 5 ABM &5 £ 77 v 09 #E %%,
IR R AT AR EZ B, I T EFENRR . T B a4t
A B R, AR ABM Anig ST AR A BENA R HEL R, X
W ERFRALEANE G,
1.4.4.2 W77 MR R B SR 52 %
MEUEERFRKAEFE S EBRFBRAFBRAAGR UL S
HEEEYFEINES, XEFTHEAIES T E(FREAE) B
w=HE, AR EENRARTENSIRE G FIEE g
Ao 1963 £ AH (FEEAE) RAXESARELENEAE
%, 2007 w0 fE, AR E AARRHEE K, B K R LT A IR A E
BB MNEZERAEAEATLERTEY. FEE (FEZEAE)
FEABRKIRE AR X AKRAT RN, X ANER—ERERTUE
Gd A-BHEFRANREARMALGT R FATREAGERT &
#Eu. Bal, XENRE R X B ERTOERRT 7 EHEEZRTN
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W, AT EBRK LG — k. 2ERAZTALTLMBEYR
FAB MO R AL T 3 SRR B S BT A T E,
4 7 T U T AT AU, A A B AL
B 4 R R AT, 7 AR R R K T BB AT
%, WEFE, 2016 FARERRNAFEERELEL LN FBE
B, ZAREHEEBRATATFERAWTA, B IER
HEARHE T A TR IR MR A B . 2016 &, MEARBITER
FEERAAEENREAX R RAS AR EEARER S RS ER
B VA A MR T S £ R — B, PRI T IR RS R R B
BFhEAG—. 2019F 12 AKAERLATTHMABEE L, #
TR % R (BRONR B I, % 2 457 2050 4 3 DI B
Kagess b for, EREEE, KEHET A 2050 £ 3 LA<B + fo”
BEE, HEX—EREAT (KHSEE) %, HAEE A MK
KETE R BT REAR G T R EER. 2021 55 ARELRAT
B (BT R: ZIE R AR LEEF L), B A TE 2050
ERER AR BT REREN AL EERERESFATBLE
BT, BRI DA Ay R R BTk, TR B B R A
55, BB, B, RE, T, WBLHENWEMEL. Bk
i, OB 4 R R T R F T R4, (4 R R K
HREEE, FHBBEARE MR T ERE BT o5
BB, T K2 % A E R A S 1 5 AR R 05 5 B B\ B
HEMAEE, BZ RTRRAE AN S E R, HRAE R
SEERKEH LES NRTHENRBEER, B AKTHET
MR R R G R BB R, 52 T LB S W HOR 5 R AL,
HARAMBERAEAR. A, BE. £AKELS TR YA LE
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TR BEF R EE B
HREMTFERRLINEERF, ZEAR. K. £E, B
KRN, B EARF L ABRHEER, ERFRETREEENAEE
HEAMEwER L, UHBIETHH— P RUINEEE, UNREE
BhiEe M EKIE, RIBRITIER S 68 AE, LA ER . AR AL
ZFBA S M. (EMAE) ETUERT T KE LB IT &R FHE
W B AR AR, FEELTT 2R AEATENEBE, 3T HM K
BHRERMREHIAAET AL SR AELCEERRES L, &
(EHAZE) 3T, HoATIHRT EELE. £+, L4 T3
F0, BHFARFERDECF EE”, EELSHENFEE G
74 B e AR T P B i B 36 A 61 3T X o T L A R v P B T [R] 4 AK A
HRERFE)RET mRIELGEREFAAERES SHEREE,
RETRIFXERKRE, B, LH, EXWREFL, I LE
A ERERNT BITRERTFER RIS, RETET 24 11 MK
TR TT B TAE A, RAIHEHNIW IR AS5ER, IRETE
BT R TR ARG B TERTEEEREMALKT (F
5w RE ARBHE A AR T RE RN E ESR = FAT 5 X
(2021-2023 %)), @I ITRAFI G B 6 QIFT TN, L SR
FHATH. ZRERENREATH. DREBBEERQRTE., KB
MR ATE . AR RAER RBATS), #2052 IRIT & F 5
o K E X RT ERNEEETE LT NFE R A, AT
WK AR e AR R P e, & E R IT Mm% I Bl Ue B 0y & B R S B AR
REZRSREIT, AR HLRAESHELERZSART UM EE,
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BT BiSHERSEEERRBRAE

2.1 Y R 2 % E A 4T
2.1.1 AT RIRE-4 -HEHOR R W R T IR R D CO fn =2 507 St R
IR FERF

MR : Strategic approach to reduce environmental damage by CO>
and air pollution based on Energy-Material-Emission Nexus: Insights
from Beijing

fE % : Daiwei Ouyang, Qingru Wu, Shuxiao Wang, Kaiyun Liu ,
Shengyue Li, Yao Li, Xinyun Chen, Kun Wang, Wenhao Wu, Zhaoxin
Dong, Yueqi Jiang, Yanning Zhang, Zhezhe Shi, Bin Zhao, Kebin He

#F|: Resources, Conservation and Recycling

453 https:/doi.org/10.1016/j.resconrec.2024.108078

HREE: FLARTER, wiE, BlEE S MELE MR
DEEFGRNNEES . FEAALKRANAN —ENBHERE,
2021 495 2R —ANBEHEREN 31%. HEBRRBELL, FED
A E AN Z AN B 2030 AT BIE A, FEAE 2060 £ H
EHRFEFHR. PELFERELET 25475, REREZAMEWE
> T A B HE A, R, 2023 R EMA R T
H PMas W E A 30 he/ar 75 ok, e THA T AEHAH (WHO) #&
iR E M 0-5 Mon/ L k. B T A B R E R m R AR
LRI, FERFRE T WHEES —Ehmmf =2 2T 4. W
T A ] 2 e 52 e B S LU R R 2D = A B A = R g HE e R
TR, T 5 8 IRFod FUR S48 K — A s fn = A7 2 HE K
W T R R A R R TR R R SR E X EE,

HRAWE: £ETHIE-#MA-HEH X FE (Energy-Material-Emission
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2024 5 B k5 Ptk B [ v PR AU A3 3t e i

Nexus) %, FAREL-NGFEITFEE, ZERE ST HREAM
B TR g IR s . COx Fn = AT 44 (SO2. NOx. PMays.,
VOCs #1 NH3) ##k, URAERETFE T E. XMER §ETFFEHE
PRI B REVR-MOR-HER R R, HFEMAE TR ek — Ak
fo S B AR IR B R AR IRE

Wk A Ak B T AR AR, St —REEIR. B . AR
GE AT R R E R T 56.2%. AFREEAGERE
HLE AT A B RCHE R A, T DL D BB AT 35% IR R E, H i
80% 1% 35 T H Fe st M, A 20 40% % & 78 B, XA R 5EE T
TH 3% AL AT SE e R R T vk W T Y B, SR ] VH 5 o 1 15 R AR R
Ao BUH T K, I 5 H A X PR AR D BER A LA R &
B A = BTG R HE AR RR

age e, = ! Social Cost of Premature deaths and ,
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#Fl: Environmental Science and Ecotechnology

# 3. Peaking China's CO, emissions by sectoral actions - PMC
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R A RUE 2021 SFE K R . 2021 X H BB = R 75 0 GHG Heak
FEREFEERL, BACHIEER TR RAXETNITEHER
WU B2, e, MEAARE T, 2022 FRMEE T F %
% ETE B E — A E B, BT 2020 £ H 18 MEATHE BT E 4
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2.4 Y B BOR 5 B A vE A
2.4.1 2013-2021 4F o [y 77 M5 3 e A 1 B 3P £

#% R : Integrated Benefits of Synergistically Reducing Air Pollutants
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and Carbon Dioxide in China
fE # : Shengyue Li, Shuxiao Wang, Qingru Wu, Bin Zhao, Yueqi
Jiang, Haotian Zheng, Yifan Wen, Shaojun Zhang, Ye Wu, Jiming Hao

#4F|: Environmental Science Technology

S5 https:/pubs.acs.org/doi/full/10.1021/acs.est.4c00599
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LA NR . A T 1E 8 1 2 T 45 i IR 0T B v B 3G A IR0 O vk, AR
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Air quality improvement Carbon emission reduction

Integrated benefits of synergistic control
0 05 1 15

Promoting non-thermal power

End-of-pipe control in power plant
End-of-pipe control in iron and steel industry
Replacing residential coal

Saving building energy

Promoting straw recycle

Bl 2.4-1 AR REXREE

HRAR: RELSEHFNBREL BT KR T E 9
CO tHEk, B REEEHEH (EOP) AW T AKX 7 24 #
REM TR, MEMEERE (SA) Y eEE®EilE (EMS) N
ARBET CO HmmkE K, RARM=, EOP i T
54%-T6%H K 277 R E A, HF, B RmieEEF T SO v
NOx Hy W H, ™ RMKAT L FE BN FNH AR EL A ERT
PM,s 72 VOCs #J B H# . SA #2 EMS # # 4 B Ft#k 7 17 A2 10 127
W COy i HE; HF, B FBERKGBELAE (FRE) T &
7SR B B R HE
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= Structure adjustment (SA) = Energy and material saving (EMS) = End-of-pipe control (EOP)

00000

3. Power plant - non-thermal power
34. Residential combustion - replace coal
2. Power plant - biofuel
46. Biomass open burning - straw recycle
Other SA

37. Residential combustion - save energy =

5. Power plant - save energy fl
Other EMS

6. Power plant - EOP

16. Iron and steel industry - EOP
10. Industrial boiler - EOP

19. Cement industry - EOP

42. On-road vehicle - EOP
32. VOCs-related industries - EOP
Other Eop r T T T r T T r T T T T T T

-1.2 -08 -04 009 6 -3 0 -8 -4 03 41 1 3 2 414 0
Measure ID. Sector -measure CO, (Gt) S0, (Mt) NOx (Mt) PM, ; (Mt) VOCs (Mt)

B 2.4-22013-2021 4 [&] = B350 | 4 w00 K A 75 L4187 COL AR R

£ 2013-2021 FHAE], EARMK N ARG LG CO B 4
M EE MK, (BE X £ F#EmA BT T CO WHE, 60%
AR BERELEERTR. T ARTLETE, BRiEE
R8T PMos FE30KE T T 31.6 pg/m®,# % 7 i1 40.7 7 A B -F-3#1;
RA#THEZE (4 A-9 A) MDA8 O3 /i E T/ T 7.8 ppb, # % T 141 6.7
JNH R, R, EHULEWE TR R ieER TR Y £
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CO, emission e H1. Power plant - natural gas
-, reductions 1 < gy l2. Power plant - biofuel
5 ’ SN - '“5*:\?,”/ 3. Power plant - non-thermal power
4. Power plant - cleaner fossil fuel
5. Power plant - save energy
6. Power plant - EOP
B7. Industrial boiler — non-coal
9. Industrial boiler - save energy
10. Industrial boiler - EOP
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> ;

- e line ~ 177
A ~ decline. & k,\u-‘,/ 16. Iron and steel - EOP

decline & 4
- el RN B S A %" E19. Cement industry - EOP
Dt .4 ) ,4-1 2 T —fﬁg B21. Non-ferrous industry — save energy

22. Non-ferrous industry - EOP

33. VOCs-related industry — EOP
H34. Residential combustion - replace coal

Avoided PM, ;-

Avoided Oy
-3
_~related dealhs(:\{lk;%;‘\u; _f\f;!'atEU deaths :f}\x,,, 37. Residential combustion - save energy

-

AT L o - - ~ = T’ J40. On-road vehicle - green traffic
3 T 1 E,u-ﬂ"’ [ D
A <

& (}.ﬁ;\ﬁﬁ ; _,?, 7 41. On-road vehicle - save oil
e - %\;s}_l L_ﬁ J?}:/l 42, On-road vehicle - EOP
;e

- e T SR ”‘é'f“]ik/ - 44. Off-road machine - save oil
2 ‘\"“\—-y*\h/*fj"\)/‘ F| 2% J46. Biomass open burning - straw recycle
gl 3000 people - - ba3Eian, 48. Industrial solvent - cleaner solvent
- g ~ ¢ , s

Other measures

™ e
H _,{;":‘i"%ég
1{ - j%‘%“‘i\
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14000 people zﬁ%
a e ¥ il ©

E 2.4-32013-2021 5 H [ 31 4 HE CO B . ZAREREFMEIEAMEE
77 T Y E B TR
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RAEF e, £, RARASITHIE AT T Re Wi
E. Bt FEEeE e ik T LA, 8 &e s m AR
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H14. Iron and steel - save iron-making material
W15, Iron and steel — save steel-making material

IF; T 25. Other building material industry — save energy
7 27. Petroleum processing industry — save energy

B35. Residential combustion - replace biomass
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Integrated benefit Air quality benefit CO, reduction Syneray dearee
(1072 CNY) (1072 CNY) benefit (10'2 CNY) ynergy deg
0.0 1.6 3.2 00 04 08 1.2 0.0 1.0 2.0 3.0 0.0 0.5 1.0

Measure ID. Sector = measure name

3. Power plant = non-thermal power [N

6. Power plant— EOP | |

16. Iron and steel - EOP | |

34. Residential combustion - replace coal | |

37. Residential combustion — save energy | |
5. Power plant - save energy | |
46. Biomass open burning — straw recycle | |
19. Cement industry = EOP | |
14. Iron and steel - save iron-making material | |
15. Iron and steel — save steel-making material | |
40. On-road vehicle — green traffic | |
41. On-road vehicle - save oil ||
42. On-road vehicle = EOP ||
7. Industrial boiler — non-coal ||
9. Industrial boiler = save energy ||
10. Industrial boiler — EOP ||
35. Residential combustion = replace biomass ||
39. On-road vehicle — new energy ||
22. Non-ferrous industry — EOP ||
4. Power plant = cleaner fossil fuel ||

F 2.4-4 2013-2021 F o B K A 75 34180 CO2 B HE# 76 09 25 & 3 32 At [ &

EUAKRMEE EMNEE R RANE K. BETE, 4T
R AL T EAR RS EME R, RALR G FEE A
RAWEBET], BN AR, o TREERALREAT S, #

TEE KRB AR IR K B B B & B PMas F1 Os Rl F5 W6 B k5o 7 — 77 H
S—HEw AR TR A ENE RS M ur, BEE T EERRK,
BHGZHmT RARILERL-EF-FRARLE R0, WX TK
SRR S, K EESFEREER BN T A Rt
8077 A0 BR Y 3K A
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Inner ring: meas ure Inner ring legend: f‘ﬂ"ﬁ‘:‘ﬁ"zﬁh Py
Measure ID. Measure name .pf‘_ "‘lgk
Structure adjustment measures 'E’g‘ . 3;
Energy and material saving measures 25 G B
NI/

End-of-pipe control measures % 78 &0, e

Kl 2.4-52013-2021 4 9 [F F E & X 5 8 AL 7T 8 B3R B 48 A R 3
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G ATERERAT LS, RATERK, #FTE R BHHE
7, AR AR AL T T B T Ak e ) R A R iR R
2.4.2 2013-2020 4 F EIFE = SAT 30 B A PMas 7 R K

iy Efficacy of China's clean air actions to tackle PMa s pollution
between 2013 and 2020

fE# : Guannan Geng, Yuxi Liu, Yang Liu, Shigan Liu, Jing Cheng,

Liu Yan, Nana Wu, Hanwen Hu, Dan Tong, Bo Zheng, Zhicong Yin,
Kebin He & Qiang Zhang

] F|: Nature Geoscience

4EHE. https://www.nature.com/articles/s41561-024-01540-z
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FEAZFAHITRD HEARKE. AHARELHRFEER . AR
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92



2024 5 JE k5 Bt 1) [7) v PR ATUER 4 ik Fe A ot

BREEZEFTE, AZEFNFEREATELYHRKZREHEL. LE7E
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) HEFREER BT L AREARHENT AN BIFEEAATHN
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BT WA T e R HE R AR . Bk, FI R R AR S TR AE A A
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F P, S PMas & B AT T 2.24pg/m3, B2 46000 A 3L 7381 X
e, RAVEBERE T EEARY UAHRENATZIBAE, 5 PMas
FRNHERREARE (FREEE 9. aBzEFE, (=417
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Strengthen industrial
emission standards

Phase out small and
polluting factories

Phase out outdated
industrial capacities

Upgrades on
industrial boilers

Promote clean fuels in
the residential sector

Conftrol of mobile
source emissions

Management of
VOC emissions

Management of
agricultural source

Enforce ultra-low emission retrofits in power sector

Enforce ultra-low emission retrofits in iron and steel

Tighten emission limit for cement industry

“Small and polluting” enterprises were phased out
or rectified

Phase out outdated coal-fired power generation
Phase out outdated iron and steel capacity
Phase out outdated cement capacity

Phase out outdated flat glass capacity

Promote new emission standard

Phase out small boilers

Upgraded to clean stoves
Applied washed clean coal

Coal substituded by natural gas and electricity

Tighten emission standard for light duty vehicles
Tighten emission standard for heavy duty vehicles
Eliminate old and yellow label vehicles

Promote new energy vehicles

“Highway to Railway": Railway cargo volume
“Highway to Waterway": Waterway cargo volume

Release VOC emission control standard

Release VOC content limit standard

Promote the use of water-based paints

Croplands applied with soil testing and formula
fertilization technology

Reduce national fertilizer consumption

GB 4915-2013: Emissicon standard of air pollutants for cement industry
GB 13271-2014: Emission standard of air pollutants for boiler

GB 37823-2019: Emission standard of air pollutants for pharmaceutical industry

Phase |

770 GW

Emission limit in
GB 4915-2013

62,000 enterprises

25 GW
200 million ton
250 million ton
110 million weight box

GB 13271-2014

200 thousand

lower sulfur and ash

6 million households

China 5
China 5
20 million
increased by 1.5 million
decreased by 7%
increased by 19%

35% water-based paints
in 2017

decreased by 1%

GB 37824-2019: Emission standard of air pollutants for paint, ink and adhesive industry
GB 37822-2019: Standard for fugitive emission of volatile organic compounds
GB 18581-2020: Limit of harmful substances of woodware coatings

GB 18582-2020: Limit of harmful substances of architectural wall coatings
GB 33372-2020: Limit of volatile organic compounds content in adhesive

GB 38508-2020: Limits for volatile organic compounds content in cleaning agents

¥ EHEA 1.

(KRA+%)

(2013-2017) #n (= F4730H XD

H 8] & B 8 1 A AT 1 K
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Phase Il

170 GW
620 millon ton

Special emission limit in
GB 4915-2013

360,000 enterprises

20 GW
120 million ton
140 million ton
50 million weight box

Ultra-low emission limit
for large boilers
in key regions

110 thousand

23 million households

China 6a
China 5
6 million
increased by 3.4 million
increased by 23%
increased by 14%

GB 37823-2018, GB 37824-2019,
GB 37822-2019

GB 18581-2020, GB 18582-2020,
GB 33372-2020, GB 38508-2020

48% water-based paints
in 2020

13.3 milliton ha

decreased by 10%

(2018-2020)
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H#AF|: Nature Communications
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BEEAFBFERRZ ENE AEH RO THRETRARESFN
Ko Hk, BHBAEZAREEE (CAMx), RATMEE (WRF)
Ao B & AL T AL(GEMM), & 0 iE 7 BUBR J5R R B PMas £
R T e AT A AR K B VT 8 3t A Bk BB, R A A AR (HCL)
KRB R BT AR R ERAGEAZ R, HEET &
2% T 7 i BUR AT o B B R B RV

HRER:

(D BB EEAFEAE

2017-2020 4, “2+267 7 FH 7F E B R KB D T 4,034 77 74
BHER . FALB R T 492,474 TR EBEEE, SHEERD E
1 61.33%, HF, R, W, ®M. B fE LR RS #E R A
W % BT o LR A B 4 A o RO R D BB Y 14.34%F7 8.71%. E
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KA. ke Ed b = MEErRREREL 2B T 2,782
Fred . 988 7l AN 263 7 vl B VY £,

uCantral heating

Coal-to-slectricity

a»

W GSL2024)06255 0 2,000 4,000 6,000
Coal reduction (kt)

2420 BOAEAA D MEF 445 O)ERT A HEBAEEAD &

BEEANB D HET ERFEWHARRLD, F 24267 W T
PM,s 45 30K B 72 2020 48 T/ T 23%, 45 B2 KA R B F 3 PMas
WETRT 24.7%, WRTHRXE H 23%, XETEZHTERN MK
JREW T FEERRRER K. ETRET, B . RE. BAFR
MEHNZARERERNDLE, PMasKE T T 31%-40%.
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{a) Coal-to-all (b} Coal-to-gas
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(2) ZRFEREWE RN
EFLHRAERTHEA (GEMM) N & BoR, 5B K H# %
T 2267 WML 7.5 7Bl PMas AN BT 4 REBFE, #ALE
KRETRLIWBRENG, BETAH4TAIERT, A REES
WEAEFGAOEENRTHURE T RENEREGE. £+, BK
S AG  E RAA TR RO, o R BT A 69%, MR AT
B A A G 25%A 6%, 2L F, WMTIHIXE R T 49147
Bl R0, &2+267 X B 5,18 F 30 - A SKET 18%, AT H [X # 4,

BIAE T AZK L 82%.
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{e) Rural and urban
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AR H— P ENT IFEBUR BUR Y 5 DO Rl M . 7 VB
B B B R e DX 3 i R i M AR e TR E e e IX O O BUBR SE M T AE R
— X R A B RN AL . FEC2H267 X IN T, A A5%RY i R AT T
HAMM TR E MR AN L. ERERNE, AEMRERRT ®
DENEHRN, XERBPFHTALEFERRE RN L. HX,
FACE MR B R W % T X2y 1.1 BT, EAMM
X By 52 e 7 v B BR D %, AL 4190 Bl R 3L T

Bl 2.4-17 35 X 3008 R A 3 o i 2K

131



2024 5 JE k5 Bt 1) [7) v PR ATUER 4 ik Fe A ot

(3) 229 fk A A0 (i Wi g 6 48 T 7] 2R

AMAETEZE 2 HEFEREREESR, BHET 2+267K
R VE B BUREY B R K, B KRR G RO & K R AR
DLR B B9 AN W R A . 25 R R B, 2426790 T UF vE BUBR R R K R
ARYH 5061070, BFERIMNT 60%, KFZXMT 40%. EF
Fmm e, ERVMBEFAAINTELEAREZR, RE. A
B B, EN A K IE B BUR AR T 50% LU _E BT R A, T i FE
B, BB, THAHSNERAET B T0%NBE KA. &
BEREARAEERTZEACFAEEAREZRE, AHRAREH T
FHIERAABNRE, EAFARELZA, AHEMLE L4
FRERBH T (WiEfd, M. HTEMER) , BT AZXA
R EBE 7R, ERAERFHERACHESERE.

ERATREAARAFTA (HCL) HEFHFE T FERE A K E
B m WA TN E. SIRT T, “2+2673 7 0 5 T 1L 5 19 X
i A 704.6 1CT0, 94 & GG R 1.4 45, B & T R AR e
SREEDFTHERL. £+, ZFRARLBHILT, REHM
FE AR T BRI BT 44%, EAE T 4 11%89 & 55 R A
ZURZIE, KRABDWEARNEERT (RE, HE., #A,
e, 2. FwEMWIED , AET L 40%0 & L5 kA, Bk
"R EER T 2 20%.

132



2024 R JE PR Pk by 5 ¥ BE USR] Bt e 7t

a e st b gan ket _foa ity [EFlemied Cosi8ope  Eifussdet Comtlo-siecroty [euoert Dl baaieg
L - i T LT e—r i
g ‘- ,??‘,\: lr' v
Eu. pr “"
nj -
i - B

;:-9:
= 04 -
:‘ N CIO TR BST XT MR DD WF BB EX M & KWW R M K YD T
b Baiirg Tanks == = £ Trankrg T ——
&n }Em i a0 .
va Arar |_-i c Baing
shanwd . . Erangihos
™ weon ] "
e B e — B 3 Tadpian
. BE Hevel E :-Z-'-"i_: 2 -
Shandang = -
‘:‘ - Tiargin l]. || Tiacgia
| . il Ty
5 s || d a |
- ] . .I_ Shiazhussg L,
= . T 1 : ot
L & oo poses faos CHY) .
Henan w5 - "
= i g :
o d
wr [ Fa e
Xt B !
i P ] Ginl costficiant = 0.42 [
s [ Lo corapuenn B 0 e ;
Habai 7 TR0 el e } ﬁ_‘_-
o [ f . Car
vo [ ! . o
o [ i qu"& - -
[ £ ’ =
g d —
LT 7
5 0 ] 0 ] [ 100 0 g cigen
g SRS oM PSR (%)

B 2.4-18  “2+267 3 717 A A & V& BUBR BUSR Y B A B 30 G B 20 o () 8- 9877 7 8 AL
B A (D) R 5 45 RART G ()BT R a s (d) ARA R 0816 2
EVE NS

FREW: AR RE AT 2267 H T LA FEHENE
FRAFMAFEREREREXTENLN, FHERET ZBHETIFER
RAT SN Hy B IR e, B0 R LA TR 1] AR R 35 4 BE 1 3
BN THARFEFXARIR, RAXBHRRKNERAET EAWN
VB VE UK R AR R A7, T RO A R AR R T T, R R
FEFREERE, BRARXLHMRANERIEE N, BLEBAE
BT B A EX F .

FRAEW: (D RARWBOEEER KT ERE N7 W BRI
FE RN, sIARBIR B P LA 7 BURA W, # R K
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B EEEM, WERAKREESNKANEEANZ. (2) £ T

“2H267 4 TR N B RY B R R AR, ] AR R B LM Z A By B X

BAARAZEI G R BmEEEE S, W A E T E R X 4R

HEAME. FEt, TUEERBEET LR, KA EEFEELE

A, #IEAQB B KA, WEERRNERBE KA,

24.7 AR B PMas WA R A F B IFAE 7 E PMos 37 3354
R B

P AL : Assessing the effectiveness of PM,s pollution control

from the perspective of interprovincial transport and PM» s mitigation

costs across China

Y # : Zhenya Hu, Li Huang, Mengyuan Ma, Lin Xu, Hui Liu,
Wenging Xu, Jun Yang

#F|: Environmental Science and Ecotechnology
%%: https://www.sciencedirect.com/science/article/pii/S2666498424000620

BRER: BHEY (PMys) AEEFEEHWE RN R ZEW
AAHFEEMZ —, 2013 FLUIK, FEAMH2EFNT Lh LT, &
WM B AR BN AN ERE. 7T PMas R E AR 489
EREEITRKEHK T A EEEZLTAE, PEZ MW ARTFEES
HEhTREARNTARE, TN HE L RN T ARER ELEE
Fls WA A B oA B ] 2 R A PMas WRE T BT P A BB R
HREDW AELERERGANEE KAIT LR IEHE KA H B
SR EMAE i PMas F B AT R, HETHRAGRES FhW
RENEE RS, TN G E AR IT LT IE RN TS B R AR B,
MHTRUFEARFTRGER 2 R, RAARGREEREAFE

B KA FA % WRE-CMAQ # R gy 3 F# S T —E 47
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R, EWT 2013 £ 2020 8 F E A 31 M0 ARG EBIET
X PMas 77 42 B A& IR S BB R, IR AR A B 4 A
AT PMos R D JE 44 PMos ABER B R BB R L dt ok
— e A&A 2013 £ 2020 F KR ITEFIER NN RA, BT
FHET &R PMys i m 5, F B 31 AN K A5 3B ik T 18 89 &
AR
WRELZI, FENPMys FEEL L AHE PMs REA L
F R0, 2013 £ 50 2020 &£ 4 AU Ek T PMas & B K E WY 42.5% 0
39.8%. Wz, AL, LA 4 A& R R A RO 2 B PMas &
ERETMRAN4ANE; AXGEMILAXNIE PMas RBE TR T
BT A S PMys BEHNTH, B2 ERBLALE 0 E A
£, NENEENGERREEMXINE S XiE. HARELKI, 2013
% 2020 4R 18], LR, AL A H R HE AT 4 B PMas A& B89 T FE ST
RN, Al A 43.2. 39.9 F1 32,5 /LKA A FAL LR L
F. WLV R 5 B PMos & B (BP L HEAKE Ak S B PMas
FEELEHMAHKERLPM REEWNEME) K&, MHE. W
N Fo )~ By PMas % 5 0% i 5 1K
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135

IIIIIII
wwwwwww

BEPHERRRER

,
exposure

‘.Loca\e




2024 5 B k5 Ptk B [ v PR AU A3 3t e i

a Net economic b Hebei d Jiangsu e Guangdong f Sichi

sc O

HU I'E
HI Iy

ca

GD L

X T Ij[
HN

GX

AH

FJ U

[
el =
HWJrH 1 1k

.“r_rm1mﬁmﬂﬂﬂﬂ{

Gs
HA 3
QH
N 0 i
NX I
T
sD ]
HB O
xJ [ I [
Js [ ]
sX
NM
-400 0 400 800-100 -50 0 50 100  -50 50 100 -50 0 50 100150200250 -60 -30 O 30 60-150 -100 -50 0O
PM, , exposure (ug m™ per 100 million population)
] T
800 i
|
o
'
|
1 AJS
400 WS
< \AHB
i
i
SD
£ O% OE AL
1 SH
g8 o '<>‘<>f%0-6“‘ ------------------------
2 7 WE VL,
z 1 @Ux
W Vox |
®HN
-400 1 oHu
@
-800
00 05 10 15

Economic lidex

B 2.4-19 &4 PMos £ RAB #im . af, 2ERER
BB ERETEER KR, g-h & 31 A2 0 1% BRI R ACE B AR AR S
HHEAT o R ER

fEhEERATRETERNNITERLI, %5 PMys 745
B HETRH, 2013 E 2020 FH 8], 58.8%H) PMas 1% fl i A B % 7
BT &4 A PMas B EHIB, T 41.2%H K A RER T E M2 & #
PM,s & B &K, 2013 £ 2020 8], FEAMKMK 31 MEH+, 14
NG S R AR T AR N R AR, I KR TS iE
TER G0 (EH R AER ), Ht 17 MY Z3m B0 (EHRA
B, FEMERL 31 A RRA Y 4 %K, HPTa, A, WL
K. ATFFANEHEFNRRERLES, EARKFHEER, ZiX
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2R R DOBER 7 B A= it o i DL BOR 2 3% 4+ )1 ZBEF 10
M (B2h B e ERaAaaiEs, EARE2RA
H A, VU AR X R B B A2 1% 1 o B A 2R K B 0 IR
BN, PLIRE|E AT AR5 R 076 AR B

b 2020 € 2013-2020 d 2013 e 2020 f2013-2020

25 50 75 4] 0 20 30 =10 0 0 =20 =10 0 10 20 =10 -5 5 10
PM, , exposure (g m™* per 100 million population)

&l 2.4-20 PMas B4 /£ Hr il &

HREW: AT KIN 2013 45 2020 4, 2 EFHA 0w
PM2.5 WK & (PPM2.5) JA 59.3 #5e/30 77 K T 2 35.7 #5e /50 77 K,
[ 18 4 39.8%, X5 EmEFENHENER A —F (Flan, K&
A, 618 #3E/30 77 ok TR 42.0 hom/sr 7 K BKE A, M 60.7
e/ 77 KA T 5 34.5 fh7e/3L 77 KD [10,31]. PM2.5 TR FEER

137



2024 5 JE k5 Bt 1) [7) v PR ATUER 4 ik Fe A ot

B AN HEAR R D (90.9%) [32], T AFEEAAMK AN (9.1%; #h
TR A S, 4k, 2020 4 (2013 ) F EHFH PM2.5 R EH
W A A WL BT 2020 R HY 36.2 A1 35.7 Mo/ ok, DAR 2013 4
#7 60.6 1 59.3 f 7/3L 77 K [33]. 2013 4 74 MR T HEER G IE
MME 2 |8 A <M 3A B T 0.83 (NMB=-10.9%, NME=19.2%), 2020
FRNPER G ENEZ A WXL R L2 T 0.84 (NMB=2.8%,
NME=8.1%) #7 0.60 (NMB=48.6%, NME=49.4%), % 5|} I % & A
T (A 1736 sk, 337 M) (RheAt R E S4 2 S5),

AT B o KB E R R EERHT, RAEE BRI A/
MBS (E la), 484854 BTH (dbx. K#EAMFL), YRD

(KT =ZAMEEELHX), MID (FHHX), NOR (L#H X)),
PRD (BRI =AM R EEBHIX), SCY (W), EX. =@M HM),
WES (F#HHX) A INM (HRE) (Rhat x4 S2, K S15a),
APM2.5 K % 2013 4 Fu 2020 4 [5] PPM2.5 K EM £ 7. BT /\ N
X 3 A L By PPM2.5 B T & 56 B M\ 29.3% %] 48.6% . YRD X 3 1y
PPM2.5 THEE &R A (E 1c), THT 48.6% (APM2.5=34.0 fi 7/
SLA k), HokE BTH #1 SCY X i, (E 1b-g), 45 T T 48.5%
(APM2.5=44.8 # 5./ 7 k) 1 48.0% (APM2.5=33.3 # 3/3L 75 % ),
248 FEHRTREFEEZAWEEEFERE THEARA 2023 £
“MERR BT TR BKCEERE

# R : The 2023 report of the synergetic roadmap on carbon
neutrality and clean air for China: Carbon reduction, pollution mitigation,
greening, and growth

YE# : Jicheng Gong, Zhicong Yin, Yu Lei, Xi Lu, Qiang Zhang,
Cilan Cai, Qimin Chai, Huopo Chen, Renjie Chen, Wenhui Chen,
Jing Cheng, Xiyuan Chi, Hancheng Dai, Zhanfeng Dong, Guannan
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Geng, Jianlin Hu, Shan Hu, Cunrui Huang, Tiantian Li, Wei Li,
Kebin He
¥4 F|: Environmental Science and Ecotechnology
aEEE:
https://www.sciencedirect.com/science/article/pii/S26664984240013

MRERE: FILF— AP AKRIT R0 I6 B R 3 o % H 52,
REAAHEREFUARKE. AT, B & EARTEEIER
RMARE, BERRRAMA L E; FEEETREEEBRHREN,
ARG BB EE Ha A, /TR RHE=EZHRE. <R H
R = F UK, RERRRZEHGIAER T F, Tk T HEHRL
I e op Fu 1NV BORAR R, 48 50907 FE B I 146 3 R R XU, DACRUBR”
Tehdst —FHEMTRIEE, 5l ORERFEESCHER, HAZIAE
EH L RENBREFH LKL EHEHE T H, KAMAREIES
BRGME. SO, SSERME AN mEE,

T AARUK, REASTHERFRAET ALK, EAHE. 2
R, B — RIEE SRR L, KEARTEHIERE
R AR, Bk SR E B & B K. 20132022 T4 8], PMas ik T %
T 57%, LT +HEE, B GDP ZANEHR TR 344%. K E
IHT EZGFHRERKNER, 2AREALLE, ARBANER
RERMEFEREERS., BEIORERRLIRE, RKEHFEEA
FEAMA A, UWRIEE G R A AW RNTT R, REAARHK
EMRE AN EEN, BARERELHMA IR, LR A4S XH
ERFVH. FES. HEKX, TP RBET BT E
FAKGIE, EAXEHNSEMXTIT, REARLFTLETHEEGHN
BOEFENX, TTRERKRBITERD AT FELZH KA
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WEFEREE, FEFZEZMFERL, BHlLAHEHRED —FHR
PRAGIEE, REFVEMEE, FREE. ASRP. LN AE
A, RS, BT, T &, BK, BEHESKE, TAHEN,
e KR AR

BT AR R AT IE B R AT R A F AL L EARIEAT . BT 4
SGemamfia B R % T HAEA m W E R Z s UL ART
R HEER MM FEEEENIEATERR A KR, LR FmL R F
KERZXXBaA TR, NEARTREAGEEN. BERASER, &
WER BB A, KA ELERABRE . EEY W5 FE K&
EEANFTEHRRE 20 TR, W EHRE, AFEREEHTA
FEM AQLENE ., ABREMREL ., WEIEERE. EHa
FRAGRRER OO, #—F ZEWFREEENEFER, B
R B A TR AR BRI, AREZ SR LRF M EFEE AN
FleEE KR, RAFEERT R SFEEZANREE L @iEmk
BROF IR AR R BB

(1) B2REREERL

2022 4[] 339 M K UL E T PMas F-F 2R B A 29 pg/m?,
KTERXZAFEZFAE BSugm®), ETERE AR E—RIF
7 (15pg/m?3), A8 2015 4 (45pg/m3) T 35.6%. 2015-2022
FAE 339 MMBE R UL EMT AR PMos IKE R KR ERHETHRIH,
BERERWAE, 20212022 48, FEE X ELAK = AKX PMs
WEFSETE, W EFRM AKX PMys ik EH/NER##. & &
AR R &M 2020 FIT N FT AR E A REZ AN E FTRE AP
g, BT EEIREN SR FHESE AN ENRNHET T G
2015-2022 F 8], 2 EREANE AR BH PMys FHIKE 8 = FF 5
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FHEZAFETIE,

2022 F 4 H PMas FHIRE R T B R — FATER M T HE AN 253,
FE 2015 4 (106 M3 K 139%. EEEXEF, k= AHK
2022 FHARTHLENER ZFAFE; K= AKX 2022 FEAFWT
HEH 33, MU 2015 F (34 K 10 6; 578 FIRF &R H
XA H & 5FFEARF 547 WHO % Z P B B AR E(25ug/m®),
2022 & 4 [E 339 M HUZ K UL £ PMas £ #R ERT WHO % =
BB B TECE Y 135 AN, FR= A 2022 FATAE L E L F
WHO % — Bt B An (B, RE 3 KB i X feig 8- R8T WHO #
"B EAERTAE R 3 A LA, KR ERTIRES T
WHO % — Bt B ArfE..

2022 F 4 E 339 MK K LL T Os HE A 8 NATFHEZE
90 B 4L EL K E B A 90-194pg/m®, K E A 145ug/m3, A8
2021 4 (137 pg/m®) EFT 5.8%. 2022 4 O; H & A 8 /NiF-F 3
E% 90 B ALK FHTMENRTER — AT BRI M T E A 247 1,
IAHT & PR 72.9%. 2015-2019 FAEMT AR O3 IRE LK E FA#
#, 2019 FE BH AR, 2022 FRAMK, REERAL, K=
A BT R = AR AR 2021 FAR O KE A AT
15.0%. 6.3%. 7.3%. 1.2%F" 14.5%. N\ = F & -F ¥ K&, 2015-2019
FEAERESRXE O3 ik EHE LF, 1 2020-2022 F 6 £ E k&
B O3 IR E WAL R S /INEE T R

2015-2021 2 [E K &= & X4, 05-8h 90Per i [H K — HAr%E (160
ng/m3) A B WA CN7A , 2015-2019 4 8] A AR B E N 318 A
TREE 2344, T 264%; 2019-2021 48], HAFmT Rk ERHS L
7, 2021 44 [ 03-8h 90Per WK EXATHI M T E A 289 141
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W, BATLETEH TS, 2021-2022 F£ ), kAR T E B R,
BEH24T M T. REZR ALK ZAHEXEIRBTHRERAD
FHIBENE, R Z AKX AR TR ATHT,
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2022 FRFEF AL, BBEFR. K=MA. e Xk=fA
SERRBETUTEMIKER LA BT TR, £% S02. NO, FH#1E
AHERTER —FArE (FHKE: SO, <20pg/m’; NO<40ug/m?).,
AE 339 MHE T EY PMas A1 O3 FIF N EL S E R Z R Ak
(PMa.s 5 #]3k E<35ug/m?; Oz H 8 /NETIE ) -FH J AME % 90 B 4L
$: MDAS Os< 160ug/m®), EfEFLE KX = F KA,

ZRA+ENARRLFTREE, REZARENZAKHRLEDF
Ao 2015 5, PMas g R/ EWIM T £ & 4R r A, b R e
B, oAt E R ET ., MET. BT, LARZHENMNT. B
W, OHET, URFAHAWAMMNT RS e, ARG RIEEAT
DS, 2022 FAALE T R PMas /5 s EART 10 &, 75
He o 1A B VG Fo B #5 A%, 2022 4F PMas VT 3R BRI R Z 4 W T 4
Bl R P, A EET R VB

2015 2022

PM, 5 £ #7% EHE 4 RN B
181 161 241 301 339

K 2.4-22 2015 £1 2022 4 4 [F 339 3 43 PM K E H %

(2) BEKRELE
2022 FHEEF T ARETFL, BhFE W EHHE,
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ARG, ASRP. BRNABEL, BEERER. KT, 4.
Mk, BHRASHAE. THEN, RERBLXR, BEAALAS
FREHNE. FEROWERE —FRE, 2002 F6 A, LLH
S T 1B A B K ORI B 8 5 7 ) (R4 4 (2022)
42 5), HERA S EE S AE S S Sh F E R BRI B Ak F
MEBARES, ENBTHEE, AT 2022 EHE R, B
EEREARG AR AEH AN EF AR AN, WA
S A R R A R, BT RS F A AR R A
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