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FRKR. B, EREAEERNBUAMSULF O, BEEEARSHEARSVHEE,
—LE R BRI B AR R S B ANTE S K A A AR, X FRAINAY A SNSRI T AR
IR X PR AY, R, ZEIMMEHRSSHAENER, AR5
AT ERHWZIELRMN, AMAERELFLERMNE, NIEFAENBUALE M
KBTI NIRR TAXRER, FRERDNLFTEEMX AT KGN
REMLFFzILE, RERSEWGE. BNEXERPM,, 5%, f{]AxEEE
EEHN.

FUEE PM,, S| AR MR EHSFEREEMK N SKFENZ 22 m,
XA B EBAM T M AANNIEE, NS XBFHEEEEIX A TR
TR ESENNBER AN, TEMHVLE, IRXKEEIRHEER X

24 FTHEPM,, FIMHRE - BiF - L REHINE

B BRSO H, FUEEPM,; O —1EXMRGE M, HRIE, 25
MH=EFNFTH. Z10ER. BA. HoMEFRERETIEE PM,, M A B
HREPEHERTENFTE. TIHd. ENRENMYSEESHERSHSRF AN
A PM, NEEFEER, EEMK B SHNARMMIEERIUR AL BN =64
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IEFERUEE PM,, TR AT BUd 2 PR 7 RBIER,: BUTIE I BAI i AL 6 6R
VERRLTELIWREE PM, R EBEERTREMENER, X—RINRFNIER
S5RIFSIRTRABMMERIMN. HEE@FREAMESSEFEN DI RE—RT)
[B) &8,

SRR, REENPM, RFE2IENR ETFAIHERER. ZERIVFEHE,
HAHER DR GHT 7 EE, W HRURE PM,, BBHMR - 2% —H= R G R
(E3) . B3 NWERNAFRT P RENEN. BENMR, fEREERN
MR, B—1TESHNRGE, BZRAGREAT, SERXES PM,, BAMEXHE
AR ZF AT =ms), ERE AT S 3 0 B RM%ERR (S R ERLMinER K
FriE7EZ ‘EEEREER) NERXR, S—EXEHN "B H +" BE;
O RINERLMBAR KRR R ‘BARAEER MERXR, 5 "R 5 "
B ), DA PM,, BIBLZNEITERL. &EEIF A S E ),
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FIEE PM, ¢ BIRHIE — 25 — = RE T

3 WEH PM,; REF i T EH RE DT

ZE ERSFTAFER PM,, BIENIE - 2% =R G E, FNIYAXH
AGMRBEYE—D 5, FTRIRANE 4, RREPM, RFER— M SEXMMAEE
. ST HAILRE, FURE PM,, FIEK. TERUI MR SHEERZHREERN,
FUEE PM, NRBERESHEENHSEENBYVIAX, HIBHNEF. it
IR EBE XN TURE PM, KB &R, REENAHESEFEasMHEE, K
FHESETHIGEEEX—RIIKIRTHEETE, KEBASELF ANt A
FEREBR.

<< °

PM,, TEXER IBAREE P SERGS
Tz A
= SENE S 2 it =B, .
SBRGADE (4] .y il e B
e RAHH) R. PR [0 PM. 5 BE
GREIRE
TWRGAEE (T SIS
W/ )
HERZFHRER o ARG R
B RGeS HEATIE
(B8 ) \ R B EA R S RAR \

e B
A SHHAE BRBUES !

TIHH A

LI T
Kl 4 FUEESE PM, s MRS - 2897 - S R G451 &

A EIRFUEE PM,; RIS — 25 — =R REMERTH, FERRPM,;
BIRS RN —RIEREE, RNNMAETERR. ZEEMNUREBMIESSTH
HLH 2 B E M LA OEE, TRAZNGENEIR. RREPM, nEBE— 1R
GT1RE, EFRZHETIR, TENEF TR BFENBNNEER, #HiTR
BINITALERE, Fik, BHTUERE PM, RERN @ P HFEN ST S RNE AR
ARG AEBXEIER.

3.1 Fy3oA & e HARA 8 6 ALET

RER-ZEMAELE -—ERFESBARORS, HEZESEZKERRE
BREFNBEARNERD . HTXEASBXXERNFEE. FEZMHERENRS
NITEEZLZ2ZRE, BLMAREESLU LSV EZLSIIEMAINBHA, A
T BEM@EmMRAENEE XFIHTRIPENITAH. MURRMXESHE, hE
ERE, @ EssERX, EERSNBEEZMIEFHE, A 7TH-LHAR
EEMX PM,, FEEZ ENSEMRXME, TR A 2013 F2 ERSEIT R R
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JER PM, s (IR B EMA A S 4T T B4, MR 2 ( KEEBFIAM S ) TIX
B X PM,, FUSRRAARI T £, S8 7 LU B A TR EEH D
FEEN ( F—RALLEE, 2017777 ) o 4N, KENIER PM,, R Eh . AEERE .
SERZEYMRNTTRL A EEBE T bR A, AL FREMEE T RBEIER NS
PM,; NEZETE X, PM,, METTIRRIEZH X ZSRE TEMNEERE, £R=H
IMRBTE 2014 F 4 AXMNEBTERTPHABIRY, EERME2EXEZRE PM,,
TUER Y 28% & 36%, TOEBEHIMESEE, XEEHMNLEBIET 50%,

Ak, BEFBAMBEAFEONEZEHTEEDX PM,, FIRIER T2 F
ENHNEESH, FUEEWMERE, TS BABRTEX R, LEBHEZ,
MRSV, SUBEXENFEIFKEBLEN,

2 HUHEST ISR PM, 5 ACURAIFTELE R - DAL A A Dk

Hif 1] HoIX PM, s K5
2012-2013 4f deat DIl fE i (28%-36%) . AHBTTHR (64%-72% )
2015 4F MK PM,s SR TOOMKAR (27%-49% ) | TAHHERL (51%-73%) 5
1-9 A I X PM, s FEAHBIE . ARIX V594 (35%-39% ) . BN HABX E (169%-34% )
el | RO (e | WA TR (211%) | bR S50
Rt (17.6%) . Tu[FE HIYBTHR (16.4% )
PM,s K AT (34% ) . WALDIHR (26% ) . KBTIk (4% ) . BUHESL
STk (129%) ™,
PM, s HRIRER AR : A TIRk (14% ) . Wdbsiwk (3% ) . Kk (18% ) .
TSI BTk (6% ) 5
PM, s HASERERMCTR . AHITTHK (17% ) . TWIALTTHER (6% ) . KDL (32%) |
2013 4F T DU DTk (14%)
1/ 20-24 H - PM,, PR . AL TR (35% ) . WIALTTHk (4% ) . KT (34%) .
TS DTk (15%) ;
PM, s " A DL SR W Al BER( 13% ) AT STk 6% ) R EETTHR( 209% )
TS DTR (19%) ;
PM, s AR A IR A HL TRk (48% ) . WALTHK (3% ) . KEweik (23%) |
FURFLER TR (10%) ™)
2014 4F- WX PM, s BB GTERIX . IWAR, Jidb. BHIX;
5H1 s WX PM, s KRR ZGTHRIX . 305 . B B70. HEBRIEAC X
H -2015 4F 4 - PRIX PM, s A7 EEFRIK . B, &79db. Fdb. Bevh. $ih . Sl B
H 30 H BRIX DU PM, s A9 EZGTBRIEIX . ARdbP R, i s o
o s | g | PR P PRSI, RO (32%) . AT
1028 H o (25.5%) . sk (17.1%)
2013 4F 1 SR T E AL AR P R AHB TR (57.1% FEE 32.6% ) . AP
Ho2H, TiHk (42.9% THE 67.4% ) 5 WALE (27.6%-34.5% ) . 11PEE (1.0%-6.7% ) .
2014 4F 1 Jea INZRA (3.8%-7.5%) . KT (3.6%-58%) . WA (12%-39%) ; AhHL
Ho2 A WA (2029 FFEE 39.8% ) . AHLT AR ((12.29%-14.2% ) . — kR ( 66.
6% K& 2 45.7% ) )
. . PM, s KU : AHLTTER (66% ) . Wtk (18%) . KL (4%) . 7%
2015 4F Jes % (497)
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32 BREBMRKPEEHRE

MIBIE T ASKE, FURHE PM,, [RBUAIEMNF A TR0V BT, Sl big
KESFREAUABIR, HABMSEBSEZIE AR &S IRE, S5 B
Mz BFEERNLTAEIFK, B8 BAENGIERTAR, WHEEHR
SHRAFAZAREMENIKLE, SUREBNE, R EFZELIFEE PM,, F9RE,
MEFPAFEEN T KIZAR B, BIRE PM, K EIMRRE 4,

MEFERFNKRE, ERMREA LBIEZUEE PM,, 0@, #ESCINXE ™~
W EMFGE BB R EMHIAE, LUK FARAXNET, MEL LIRS PM,, 1Y
. HIEHAN, HELUEFEREMILFTEABERNNELT +OoRME, XEH
EKBME R A TR SO N LT ~EENNARZm (#ERM0=E
sz, 2015000 ) o DUTHERAE], ESRM T4 E PM, ERMRRERE, Bh
REFEMZFTLARATETE, TREHTTWHEERZE =W, FRHAE
AL, REMT KNAEREES, VLEL~VEWBEARNBIR,
RS E BB R A AR,

MHELZHERE, SIELHRS THE LR, ERREKPZFTEARNEEZERNEK,
BIEMNH ELHE N T KR IUEE PM,, A8IE, BT, B T EXERTERS.
BEIXE. KATFKMNRERESEFERFRARMCVATETH, BEEREHNTEME.
I BRSO FF 4R, KHASKE , BUFH “SkBBUR " R A T shie F Az,
XA R IE M T R 52 9ETE PM, , S5 ANR SRS T A e HE T BHH
BIEA. Alt, MKIZERMNBIREKE, NHEEXN bW XEBULERNTE T,
F L MR T HE T ESRMEHTRATL S0E ( FRRMEE>, 2015177 )
AFREFRAWRAMXZFTEZLED AN EINERMMEER,

Fit, WAREFE, 2FLRAXNMEELHRKE, FEEPM,, DBEHE
BERBBRFER, FMEMHERENLFEE ., &R R RE N84
BEK. MKIZKE, EMEA FBAFTZRBRXEZE S0 E FHSSSHEMA,
K REFKPBRPILIEE ML EAEMAMEEMB AN, MWIRELKEE MR
B, WHHHEELR. XBARE. mIHBREMHEAR, TEMHIG, B
BABRNTIZNE, HEHEREERE,

3.3 HELHNFGME

REFENMUNSRERH=E T LR, EVRE— D ARNERTHEF], X
WIRBEHE B EANNFRIANE , MEMAFHEENE —ERALKEBKRKIEIR,
HTFAHRBEMNE, IXRELELOILRAALEMETER, FEMBETARAETR
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MGEREBEEES. Ailt, ARITHBRZERI AL REMNEA TS ZHE
NFER, NARIEBMNEM TR T RNERER (BEEERFF, 201170 )
Ernst (2019 ) "R HAEREREFR, KAER. HFAVERRTHENRE
RHRA— o REFRBEFRAZHETR, ST REMANFETEBETR
REFIZEIRR. ASTBMER. HTBAT. v FI 8 B AKX 4N 75 H R 47 5%
B PM,, O EE S AR ERSAFE B, XEF S TENBOAA . 2FEh. BR
. WIBME. KBENBR. MOANSER, AASAEEENER FTAFTEE
R, FEH S T BRBARAFHRE

ERE M EZFLBIABERPFAER, 2FLEREERGEEIOMARE
EAKTEFNEESM, MINBRPEAAEGNERER, FERNREEFE
EAZFERMANEGZ BT, hABFEEEAEIH F EEEHRE A
AN, MO 5, TRBREXN A SREEZMRAETHERRS. 7%
ZHEET, HrEROBAT RS TN, SFNAXSTHENZ, Rk
AR B SBUAREERTIR T, REERBIBE M SHARTN, tIVESAE
CEFNT BT IR, HIRARRSEASEFHETRAL. tIIhAEE
HES IS TR AN R A Tt SR A, X AT BB B A AR S s AR 7R M
N FLBRAKR, 112 PM,, BB ANRMHEEREE, ATFELESEZR
WELHHES, MIKEERRNAS SRR, HTFEFIH. HEthi. T
EMRENER, TENEREASISRAE (FLME ) SRANZR (HFR)
HRERR. ASERLENSHEARNTESFENFRRG. S8 LB%
YBEPE BRI DM, BXRIRSRE T CIINESINE SR, iR
FH NS TELHNRBRBHA, FHEEHSBSHABEERNNREALES
1B, —HHANSRMV KN TA, MIERHLENRE, ERKIBETARNET
AT EONE BRI A A P FTE OIS B A, KESHZH, LFEaM
AR EAHEREHKEHRENEL R,

M ERSHTET AR PM,, TAAEL TSN AN SR, FREHFIE
THRERBRIFER, FiSITARIRE DS RAANSIEFABKSEHATESE L
AEE, EFEBURETEFLIN, HEATFERREBRR, LHESHRIA
HERAETNE, RS0 E PM,, [EAEREEMM S TEHLFLEIRAAE
R, REATHERME RN, SSIMILRBFIZEIFK,

4 FUEHE PM,; B RGRILEIL

HT FRYZURE PM,, ABIVRIAR AR HEMEFREHNT, BINR
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MERI, FUEEPM, OAEBERMEEXE, HEMNG. KBadiE. (EBERMN
hiraiEEEr 2. BRBNE. &%, M2 ARENWAEEER, XBREPF R
B, BHRKAMKPLZREBENE, NSRS N FESHENNE,
B MEXNNE-ZF —H=EE5R G,

ETUENTERE PM,, [DBNARG ST, ARG AL HIF0F &
T = SUR HIA T BUEREIN

4.1 MKIEH): BEENGF R MR K A K

RIBEZA RGN, EEPM,, HFERERBERERMEREK. Hlsh
ERFHEAREESH IR, BRERMMIBREZN PM,, £ BRA, BN
I RIR H A TT PM, RSB AN HM HhFEHRE K, Fik, ASLMAADT
BRI RE— AN E R RHRAREE S H H L TRE, F—, MAZE
TREBE, REAHRTEBEEL, REEZBEF (BAE, 2012, B5£4%
RERRMFERSCR. B BARREENGA, BUFMHHHERES, KEHSBIXEBR
ElfEie, HEREMAE, MAXNBEREFNANEENE, B KBRERE,
RILREE. KPARE. 7KEE. AL EIERERA AL (BRIME, 2016 )

42 TEBBAE . BOFGEHE HIE S T

MEEERNFRNREDITRKE, HABFAEERE M AR AERBH
ME8, MAERGN B SBSEAZNRN EFAERR ST, L5 H T e B
BSEZBIET, B RMNEXTEFFmse HmkNBUaF m, mEERmeE
WHESNAREN . Bk, BT PM, NEEELIN, B—HUEFAHSEN
BRSHEZNHE 2 A B ARERR SRR NTNEN— T EERK, AL,
RXEW R — DRI ESINN BB SR ZARR K, GlNS5IATFIE
PR EZF HEERIMEITEZ, FBURSEEZNGZ i, NERSBUFER
32 PM, ; OFRAR 4

43 PHEF B EHREX R

MEIELZH FRE, 2EPM,, 0ABFEHREES KN, T E MR
SN, EMRA I MAREEMXEEZE SR LRSS R0A, F2EE
KHATEMHGE, BUYMABRNTHINE, HHEREWBEERTH. B,
ALY PM, KHATIE0AEE, REVEBYNTHIG, MEFENAER
ZrMHMFNERE, 1G4S emH HEHES PM,, BBREE, LA,
T EN TRV AE—Bimgk, 2RI EPEZETRSETSFRRARAR
. SHEBFERZHERM, XXEDEF R EERENAFARER @M, FHEERE

KF —H=REIHT
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B PM, REANED, ERF FREXN RN, HHRESOHFTHNZSEE
MZHRE, WEAEISNRANZE—mREIVNEREELEEEL, E45IAT
BANET, MNEEERT BRSBERZIHNTAL. RABRAIKEmELA
RIMHER PM,, BENEEAKNE T —EH, BHEEZ)IMEZSH,
B PM, ;7RI R PR ERHANIK, MUSEI PM, , RIS R RS A TR
T, R MEAN. BEREN PM,, BEAR,

SE Wk
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Environmental, Economic and Social System Analysis of PM, s Prob-
lems in Beijing-Tianjin-Hebei Region

LIU Yi-fang, YANG Yu-cong, JI Xi

Abstract: The natural environment, social economy and other factors in PM,; problems are
interrelated, whose formation mechanism, fermentation process, effects and protection and
treatment have a wide range of implications. Based on system thinking and method, we made a
system analysis of the sources of PM,;, natural geographical and meteorological environment
as well as the role of social and economic mechanism and social problems, then drew the
system graph of Beijing-Tianjin-Hebei PM, s problem of environment, economy and society, the
result show that firstly pollutant emissions from transportation, industry and electricity are the
main sources of PM, 5 in Beijing-Tianjin-Hebei. Secondly, the fermentation process of natural
and socio-economic factors aggravates the complexity of PM, s problems. Finally, PM, s
problems in Beijing-Tianjin-Hebei involve many stakeholders and have a great impact on
economic development, social equity and public physical and mental health. Based on the
connotation of systematic analysis, this paper systematically analyzed the treatment of PM, s in
Beijing-Tianjin-Hebei from three aspects: local and overall, short-term and long-term, efficiency
and equity. Based on the results of system analysis, we proposed system optimization
suggestions from three aspects: source control, improvement of incentive mechanism and
balance of the relationship among stakeholders.

Key words:beijing-tianjin-hebei; PM, s; system analysis; system optimization
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