f BT CO, HEak Az K
R A & FE 5 A7
IR R #H X 4 [wdE o a ok

 E ERMEENRTN CO, HH KT, EA T E W R BOK B
P, EHETMTETN 20 Frae R T Bde, SRARFHRABEZENFLT
# [E] 2016 4F 198 AN T By CO, Hek, F a3 = (a4 iy Fn R EAFAEBEAT 24T,
ST, (1) WEEE, PERT CO, HFHELE, ABMFEHREELE
N—ERENEE S EHAE; Hd, FECO, HALERGHRTEEEY
T, ERMERERK, ABRFERKFREXRERGTNRTNEEE
FAEBAEHMK, (2) FREERTH CO, HAMFERFT IR, HRA
WA H CO, HH L EMHHRE HANER YR G KiF5 R KT N H R
i T A A TR 24 KT CO, HM B ERS, EHMEE —RHRIK;
HUMTNAFENEAE, (3) ZEMEYA, FE CO, BT EAR
SR, mEE, KZA., LAURT BN RBEFREGHICRTHRER,
(4) REAMITERN, TEREH CO, HBHMELHHAR, ERRENFTRA
B T AW ek B BRI R v An B BB, T3 T R E B B X Bh TR AT A
SHEWMNEE, R, BTARAREZEL®, FHMENNERE =,

X$ER COo,HHE =W RE Flh#EH REZBE HMNF
[HESERS] x4 [ XEAARIRAD] A [XEHS] 2095 - 851X (2020) 01 -
0067 - 14

[(E£TH] ERARBFRELSTH < (BRYE) B FRERTTS 5 ERSEE I 5 FLH L BOE
F—FET AR (LS. 41871219) ; EIFRAARIFEIEEEEIE T B0 TR 5 5 25 DL K
BRI (HES . 14CIY032) ,

[1EHERA] TR (1987 - ), HEEHERRB KIS & IUFT 5, b EB 2R R - 0F s 4, HRE g
5. 1001905 R (1981 ), HEPBIEEERHL RIS ST BEIIIT oL, o EBRE KA A ILBUOR 5 % 2 B 2
B, ASGEMAIER; T8 (1954 - ), HEBREBGRHE BB E TS BEATIT 01, h ERRE B K AL BOR 5 & 7
RGP, SRR R MR SR A T L BN, A SGHIER ; STl (1993 - ), HEE
GRS S AT T R ERERE A LA, MBS . 8300115 HYK (1995 -), HEFFBER
FRBEHIRFSTRE T R G KA T A

it BT R R IEAVER, MARFR AR,
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A BEVR AT 9% SR 7= CO, SR E AR FEZORIE, Wik THRA®RA
FURERE | R 200 % BRI e R VR T PR DR B SRR AR, 2 AN ZRRB IR 2 A O, HEMl ) 32 22
RAEMH (Caietal , 2017), 2018 4F, HEH A HIRECRE 24385 59.58% , H
A Ja H E I B RS K, RS SR HEOE K i S K B S AT RIS
FW, HERZ) 85% 1Y CO, HEBE M T BEIEIE 28 T 2 A 19 (Cai et al. , 20175
Shan et al. , 2018), 2015 4F, "HEBUNTE (MR PE) rhkin 2030 4£ 4445 HE CO,
HERl IR BT UL Rk i, JFH4 AL GDP 1 CO, 5 JE L 2005 4 [k 60% ~
65% , Bl % EWA CO, HER WS Iy AWomag, EWE) Tk co, Wk
IPEEZ MO, K, MR CO, HEBCEEXT T B2 Hi il o 515 e vl HE B
Tl Ry o, I — AN SCHE M R U T CO, HE ML E . R T2 2514
ez FAG S L A BRA , SET BBRFITAU B A EEEIR T RO aRHER RE, ©AY
Wi R CO, HERRIBGE F 24 e S AR R 2 ma L], w2 R I — Ak n)
WEFEAFERT, T e IR T AR BOR 1 OCRE , S& T IR BRHRRUG B A9 22 P Ah
B, — RS T BRI TN, SRR T BRI TR I TR

BT A X T ROEE Y CO, HERAL 3, — 2SR AR TH] KT D6 52 AR B8 4l Xtk i
CO, HEROK AT S o (skIbetlg . E5EFH, 2015; DK, MM, 2017; E
DO, 20185 SKIKAE | WETLSE, 2019); TR TEYEE N A LN G E T
2, Wil RARET AR, IR E S B ISR R, IR G HE R
TR R (RIWAE, 2017; SRS, 2019); —RBEHE CO, HEME
W s A R AN 52 3, LT HERCE B R R R B CO, HER A [ 5
FLUR T, IFH ] fig ke S 3k i i HE AL B0 = vk (RIS 20185 Liu and
Cai, 2018), WMIKET EHEREIRIH P AR XTI CO, HEBUK P TR MRS, W E%is
FAEA ™ 305 30 B AT 0 38 R HE G TR AR, b ™ 3t x4
AT EHR o EaE, BT ESCE RS A PR LGB RIAR GO g il A 1
ATEIERE, A AT AT el i RUBE A 1o FH 32 B B 5 38 B4 By ) el T
ARG B, B 2 W TS A SOR 2 BT R HE A ) R 5 (PR DA,
2010; TS, 2011; FARESE, 2018; jKFIESE, 2018; Shan et al. , 2018),

A2, B TPARFIESA HAES S YR, B E R Re IR 9% s s 2
EPEEZ . B KITZ 0, BT HE % SR A 5T G 5 2R A Tt
IIANREATE, DR EEAN R INERRER ; IF H i T KM DR Bk = 5835 19 BRI
AFE (BKIBEHE . JESRFH, 2015; Cai et al. , 2017; Shan et al. , 2018), FrUATERE K
RG], A4 4 EER A o s AR s A R, Bk, 3l ROBEBRHE AR A 55
WU IR TAG S 7 V6 SAV S B e (NEERESE, 2014a), BT, (UA Z 0
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G5 (2018) T b A (A) 43 AR ROAR ECE | Ik T A GE T EE LA KK i B
WERIGEDT, FACHST A9 2005 459 EITT CO, HEMCEIESE, Liu A1 Cai (2018) i F+h
[ CHRED JERBEE T 2012 4E19 288 AT CO, HEAFB 1T #R5Y, LL X Shan
2 (2018) XFHE 2010 4F 182 AT UM . 1T AR I 2 35 v [ 3ok T J2 1 1) BB TR
HR G EE, X E 2016 4 198 N T CO, HEBL A o fhi 5, FETEALL 244
PR ST, 5 Shan %5 (2018) 2010 4EFURFFT AT LA, IEXF R BT 2
I CO, HERL 2 [l Joy 23 0] ROBE AR AL S BN 4518 28 S5t He v, Rk, ARAfF 5 %
5 v L 3k T 2 T P € 2 o R 2 i I B R LA TR

L BlRIR SIS ik

(—) BUERIR

WS PTG 208 PR RE RIS 2 B R R T (P ERBIR G THESE (2017)),
ST 2 T 4 RE R T 2RO 2 1 S D & M T 2017 4R M0G0 HAE S, 78 15 AH Y BUHE
(A1 0T WIS B8] i 248 1 1) 2017 ARGE TR SRS 10 . 50 0000 170 1l 0 T A7 R ol i
P, — 2] DIARAS A R T A e RS s I ST MRS, (AR A 2 A T 1) RE VR T
PR ; IR AREIAH NI T A GE T A 3T 2 SR EE FAE N R SR R T
CPEBHEITEYE (2017)) f CPEBT#ERSEIFFEYE (2016)), &4 . HIA
X, HEEWMEEMADESRE T (PESIHEE (2017)), B T285 5k
PIRR], ABFFE SRR 198 A HEM T 4 20 FREEJR A0 ekt . RF, T AR ESR
LK, ARFEIE AR KT R BEIRESH T iR R B K AR AR R, Bk, AR
gz I s o T O R B0 R A R HE R BORE T (b B RR UE G AR %
(2017) ) . (ZEATHERETTEENY) (GB/T 2589—2008) F1 (48 2 % S MG B il 48
MY (RMINVME (2011) 1041 5), ISR T EBER (2013) MBFE., HEATH
198 AN HIH T 268 R KU TR A P X, X EhEASF S5 A0 EERERX,
2016 4=, AHFFTH MY 198 A 7 A3 X A= 7= B (GDP) B 67.03 Ji{ZIt,
di4[E GDP WHE N 90.57% , [AlI}, 424 FhRei 346168, 81 Ty MibRfEsk, K4 hE
JRIH B R 79. 43%  Hi, USSR S HeRoR, R 51.25% 5 HOR MG, Pk
M RERAIIRA, 4 BRI 2R S Y 14.49% | 7.56% | 7.34% F13.52% .,

(Z) HEAHE

A AT BE TR 2 AR B S 3k 1T HE B CO, Y = BRVE, THA ST RE R I B R AR Y
CO,, — MR 2Bk SR ASGE R HE 2R B0 BT 2 1 RE VR T 9%
() S ABRAE, AL (1) FR.

O(;1)2 = ZL:lKL - E (1)

Hobr, Qoo 78 CO, HEBUERE, E, N5 i FRREIRAREIRIN S, Wl ighpiEgs—Ir
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2020 4% 1

BOMBRERE, RECK, R i M EE IR HEI R B, A SO A R RE TR IR R B S %
ZEO co, HE A%, "1,

1 AFEREERMHPREETE R CO, HIMEH

G PRIEBET R %L | CO, FRRCRAEL P PRAET RS | CO, FRRURAEL
(kgee/kg) (10* W/ 10* 1) (kgee/kg) (10* W/ 10* M)

A 0.7143 2.492 g Rl 1. 4286 2.219
eI 0. 9000 2.631 WALATIH A 1.7143 1. 828
HoA e 0. 2857 2.492 KRR 1.2143 2.162
SHE 0. 6000 2.631 WAL RIRA 1.7572 2. 660
iV 0.9714 2.977 TR 1.5714 1. 654
HAEALT 1. 3000 2.341 HoAt AT ] 1. 2000 2.126
Jstih 1.4286 2.104 BHRA 0. 6143kgce/m’ 1.288
Rl 1.4714 1.988 RS 0. 1286kgce/m? 7.523
et 1.4714 2.051 HoAt A= 0. 3571kgee/m’ 1.288
S 1.4571 2.167 HAb R — 2. 4567

PORRR . (CPEBEESIMFELE (2017))  (ZEEREFETTEENY) (GB/T 2589—2008) . ( B YR =S
HhITE Y (RERIMSAR (2011) 1041 5) FIZEER (2013),

= WEnTRseHECAE kS s 43 B

ARSCE e 2016 4EH E 198 AN HUM T 20 FREBURTE Be 8, LA ER 1 PN
P REIR PRI IR 2R B0R CO, FRCREL, s AL (1) XF B 198 ASHi M T Y
CO, HERCHEVEATAG ., JF25 G R R30I A X A= 77 A (85000 AR 20 1 B0 3133
N[ CO, HERCREE R A CO, HEME

(—) ZEBRHMEENTERENH

WEFERE K i) 198 M T CO, HERUA M INZ 2 Fivs , MRIERAEER, 2016 4F CO,
HefcE: ik 15000 J7mi & DL E3RTA 11 4, Hd co, HEcs e py e mdu g B,
ik 26022. 26 Ty, HAMMKYORHBER . FIat, ARE. K6, T, M, Bl HEK,
TUE, WS, BR LR WA AN, IR A A AE b YEOR, ILAR vy,
WL 5 A8y, CO, HERE 10000 ~ 14999 J7Mifl3k i A 10 4>, AHIEF T, K., &
Ko ORI TRM, ORI, LM DT SN PIRG4S T
L, DA A K 2 RO TR T Tl 3k, XS TT f Br as R e Rl .
Tolk, ek, B A T AE R AERRA T S AR Y AR E e, I E R sl A Th SR A
REVRELA B 9 HOME . T CO, HERCEEAR T 1000 J7 Mift i N T AT 48 4>, X 2L
M FEBRARUAR T | R RIS T, H A T 3T AT LA
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Fz2 wHEMMNE CO, HHIHZENTH
M, JI CO,
i
X
HECIX 8] 2010 4 2016 £
i, e e N I
T I R 66 B R KT R L

NG RN Rl

10000 ~ 14999

EX NP VI 22N IS 92
K ZIe RBR b T BRI

TR R HE S R RN % B
i SN ST

5000 ~9999

BRI T R T 5 pUM BRI R TR
RN I TE B BE 5 A R
% HEDT AR BB B FR A LB AT K
F SRR R TR R S ARSE K
AP S MR R KR E RE

Jemt Bl R RTE B L B R R AR
N BHSR HEAE I 68 T 5 Ak B8R
I R JRH %44 H B OB & B s hn
PR BRI B R I N YT B
[ZIRL: 3N R R B 7 qR 7 I S AR IR )

2500 ~4999

M B I R e SR A I BT XS
BB e 22 A 2 R AR AR
SN HEE RN A% RN L R0 £
PE F82% Stk FUBT E IR A IE e R
E ARG 7L RN N eI = I P ]
A N JEWT T T A R
HIIT WS B HE

A RTE MG PRI R AR AR
M ML N BT RO BN KR T
W ORTAY EIRC AR S R OE FHE S
R ARS8 VPR B 2% il E 2
BRI  SC HEZE N R
BTN B3 BEEE TN IR R A

1000 ~ 2499

JUIT B Sk N N SR A
LN S/ S E PN PN PSN =
e N IR SRR R S LR N TP LN
a8 SRR LTI UR 3 97 N i)
FEES F P B B AR B R A
FH Za B P BN BB B AE i BB BRI
ISR FERH CFCREAL RN ETT E R E DT
AMr R T TR AR

SR TE W BRI BN IR B A% A
ENGEENCIEREY U TEA A PN =N
VLT VESE SH il g SF SF A R (W P BT
B PG NN Sk PR SE RN 7 HE
BRI R e R TTOG BRI TN
BB BT TR I T B
I R Jes B S E TR SR

999 K LR

IR IO DY N R B
S N A R A SR
Nk

TG BTAE PO PG BN L

SRVl e e EIN = A I 7 =
T D BRI B R B IR 2N
VIR S RITRE/ I - i NS BN
T GERH BRI L R N2 RN
R KA TR R - 4R O L K
AR R AL RN T -9 - - & o ]
(NPl NIRRT

PERRUE . 2010 4EEHE R IR F Shan 45 (2018), 2016 4E4E /EH TR,

5 Shan 5§ (2018) 2010 4By %t A0 b, ] 25 30T o HE il = 40 K 2 500 r v
i, E R HEBORS JR © 4 kA T BCIRZIN AR L, i RS B AR S/ Br il 15 v [
i CO, HEZS A% R ARk in 2 3 pros, MR 2 A3k 3 W15, 52010 “FEAHL, HHE
CO, FrHERCRTT 2O A RERRRIE, Ho, pUEdst . K= IR B 93 IR
FERCONIETT CO, HERTMITE -/ (H-H) BEX, [, #:PE, i, RS
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4% B R —AN Bl i CO, HERGR — 1% (H - L) ZRAEX; 1 M 5 X A8 B 3
BOAPAME - % (L-L) CO, fFiltIX, FEHER, &P EZT D A0 &Lk,
PEREE R M0 H bR s, = TR S b 58, DL S I« 257 fg
PSR BISER (IKERSE, 2018; ®XBf. ®&XIEAL, 2018), A7, HrE A HIX Tk A
TG AR SR TR, H, deat . B, T TR 40
T MY A A 1 DI S L 544 (R G RV P95, 343 DO Ak Tl 5% =l i) L
BIE kg 60% LA L, i i 7l K 2 e R B R i A e v R X [RIEE R
S BT o L 54 B A, REAS TP i 198 A b N T 09 38 7=l B o 43
2010 4E YRR T 5.53% PRI, 76 v [ AR R 445 #4472 i 38 AN RE IR AR R B4 1= 1Y)
RUEET, ATLAHEWT P 3T CO, HEmC R A8 o 208 h & B K e sl i)

F3 HEHMT CO, HEZ EER/BEML

) X A
B SSi]
2010 4¢ 2016 4F
THRMX K =AM RS B, | _ ,

- 2 > iy TLH /: b, RE g H’j
H-HREX W (LT FURFI X K =M LR S
H-LZREX | R RN B X R AT AR T
L-HZREX | — fE
L-LEREX | WEHmKX JoR) 85 1 DX 30 T e S . X

PERRUE . 2010 4EEHE R IR T Shan 45 (2018), 2016 4E4iE /EH TR R,

(Z) A9 Co, HiMEN= EEFHH

T ETT A CO, HE s S alA% R, Gnk 4 R, 2016 4F, AT K1) 198
AHUN T IR 5. 1142, A BB E N TR 64. 48% , A FHEiE M 13. 19
i CO,/ N, W4 /i, rhEH AR CO, HERUE AR [n] PH LR 3 ka4,
HAF CO, Heli i m i 2R TP eI Jr s X, VL5, Wi A ARG (A A
ST A CO, HEOK -4 . NIHERR =5 T 40. 00 W CO,/ AVL_E3kHA 13 4>, K
UORFIAOG, SPInMK . RE . S, 1, e, B, MR, a3k, Kin, WM.
RN M, LA RS HGR . B, AR BRPE. s . v, TEES D, TF
X 13 A, FEE e A HEOK - B, s 162,52 W CO,/ N ASHE R AE
20. 00 ~39.99 i CO,/ NZ RISk A 16 4>, KUCEMEFF, DL, Bk, #Edb, X
i, I mEE . L, BA . RN T BEORSE. HRER, HER L BRIE . Mk, LA
TSR 2 HOE IR R T, BRI, SR b A R LA R K
Pk, FAMFSERI, SEURAL T Rt MBI A9 Tk AR T HE T K=Y COo,, X
R FEITE R T A CO, HElta i m IR )Z 5 (Shan et al. , 2018)

MAIIHEBCRAR T 2.5 i CO,/ ARy 247 53 4>, anZeidk, SifH, f5FH. iR
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ﬂ\ﬁﬁ\%m\ﬁﬁ\ﬁﬁ\ﬁﬁ\ﬁm\ﬁm\ﬁw\%ﬁ\ﬁ%\ﬁm\ﬁ
ML RUD . R BESIE L AR REZE . MPEIN L RN SKREFE . mioK . KON
FEL T RE L B AER N T, e CER A3 T T 3 T s R IR 3T Hﬁ
PO BRI AERT, BTN SRR EE R AR ORI AR, AR €O, HERE R
KPR, (HR ALY CO, HERCR A,

F4 2016 EFREMMNE ALY CO, HIHENT
Hufy . i CO/ A

A E e X 6] ki A

40.00 K L) - SR G ORI AE WA B SRTE B PR Bk IR N BRI

LIREEENCT IS 1 A AR 1L N DN TG [ S )| IS AR 3 N o LN

MR BRI AAR

R Fil FPFIERE HERS CFIRL B0 SR ASE A RN BF T B R =0T

10. 00 ~19.99 llb*: %E?I o EEEE M RN JRCRH 22 R B RN R ,m‘\ﬁfﬁ, R 29N
WO RS R = R U SR

RS T R MM SR G TR R AR I TR A R R R R

5.00 ~9.99 B L B AL T EN b EE RN S B SR AR SR e R
W M M GE s MO TR R I IR R

20. 00 ~39.99

TLTT RIS % N 0 B AR )T O0 AR JET AN B T BRI
R S BN R B SRR S HRE VHE SR E T SESRIRR ;}’ﬁé\
HEDS TN RS CER RN T R R sk S SkeaE T T I B
4.99 LR %l‘Bﬁ;—%‘ﬂ\ﬁﬁ\%ﬁH\Hiﬁﬁ\b’k‘?}l‘l\ﬁﬁ‘Eﬁfﬁ'lllﬂﬁ%lﬁﬂﬁlﬁJFE})II\mlﬁ\ﬁé‘ﬂq\%ﬂl\
PRI P B H 08 R AN R DU RN RV AR T = T e R
FPH BEELE o 0 bR N SR HEZE BN TP i AT RN TR S K
PRAE K 22 R BEM A T B

BORRIR: (R ITHRR,

(=) CO, HiFfEENZT EIER/SH
W E N T CO, HERCHE BE B2 [aA% R ange 5 Fin . MRS il s, HEmHZ
T CO, HERRE (1925 [A1 4 Jy M 25 1 1) PG U A 14 A 34, 3k o sz ke M 4% i 1 v 3 X
P EST SRR N ERNHIX, BRI, S0 55 ARKT-A BRI
s T, PHIbH DR LU G4 R R T Y R YR S AN E AL T, AR
BV DX U] AR Tl AN s AR =l o 32
HAASKE , 2016 4, CO, HEGR FEEAE 10. 01 M CO,/ Ji JE KX A EISRTA 7 4,
YRR G, Kyf, PR, 38, % sepigRmnEdL, s s, &
F]25.43 i CO,/ 106, HXEH A — IR R, Ry EART, Co,
HERCR B AE 5. 01 ~10. 00 Wi CO,/ T A 15 4>, KKEWIM , Ek, &35, I
LU, M, s, WS, e ER . RE . Bl &% Pl AR
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NI, X BEIR T BEACR B IR BT, PR X SE T i CO, FRMOR B M R, ik 5 Al
3, XLE CO, AR BE i py 3T AR T AE LD s X, JU AR L AN AL i O TR
FEAREIBT I, Bk AT SRS SRR L ILEE T, HEORKF
AR, ke S HOL CO, HEHER B i

1M CO, HEHCRSE N 0.5 W CO,/ TITC M LAT B MI AT 48 4>, J3silbisl | &%, 1
W%, BB RE. BB g%, WML deat, &t MRl BE L TERH . FERH. Bk
PH BB RS RN SR R, Pl B, SRR, BUN . TR PR BN, AR
MR R mL BT AN KRS ME fEiE, ZRE ML WP mEK
TN K> BRI R BNl R, ORI TR AR

K5 2016 EFEMMNTT CO, HiHMEE ST
LRIV U CO,/ it

2 X [1] Wi A
10.01 &L 1 FIRIE KIG BHIR RIS R Rk kL
PN BB HERT I N SRR k3R R DL BT CETL F
BH 41
KIFE IR FE Ay, B IR sk U BSEE SRR D BT MG REE JEH
BORFE Mk T fdk BB BEL KA UL

SR BN SR A AR R R EDT I PR B T SRR S 22
TN N SRl G SR R IR B S R R R R
FRL FEM PR YT SFFGIR GE W T TR I S RS BN
A BT SRR CVB R R BN KT E R

(YIRS IS AN VAR ey Y W IR AP LI 2 NS = T 02N 2 A W I T
B IR R T R B A DSk RN IR R RN K
T JTE N JE G HED A M TE A L R T B R
B B SR R ERH 48 FH 3R TLE A5 B PN ARBE B BT AR

BN G IR N e BRE BB A% TR et e ki BB TR
BRI BEEH S AE SR SR H R ol R BB B TR Y O EEAR BT
HEL: R R KM RGP A I 2B TN GG K R KU I
F B B

FORORIR: fEE TR,

5.01 ~10. 00

2.51 ~5.00

1.01 ~2.50

i
&

=

S
e

0.51 ~1.00

0.50 XLPIF

iz R E BN T Y CO, HERUE R MR BE A X BRI, 22115 31 2016 4F b [ 3
M CO, HEMUE B AHERGR S A, il 1 Brs, a1 g, AFEZEERATRY
CO, HEBCRFIEA BT AR, Horfr, SRS | RF R AR 78 CO, HERCE 7 1
B, (HE CO, HRMCRIE AR, FEHE A Tk Se sk T HoAR KPR, 22 DR 450 AN
REVRASABON I, LI RAF e — @ R R MO0, A 07 XIS 5 iy 05 XA
AR SEAC R BB, T3 A BT MRAE A A KPR, AR S ARk
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SR PEEARARARES R 5 T2 T J7 DX 7R ST FEA Al A R kT, T I SE R T A
AT AR KRR AR, AL EEI 5 SRR Ty A S, A e MR B 3%
i RS I DA ST WA L, BRI IO phy i A28 RN Z2 T 4 Ry
MTBRSE . WAL, I 1 TR, BN RIST B R | SRENN G A b i 22
5, (HSRRATE R, TR CO, HERR S HERL G 2 A AEAR R B AR S

4

WA EMESESSA] |

AR RB R A X R

1 2016 F£HEHINT CO, HBEMHHEERS S
BRI . R RIEAZ

M. CO, izl 5

sl CO, HEUE— A2 Z M N FE AN AR IR A5 2R . —Jriin, 3T CO, HEkL
PRI A | SRR S A DI S — 5, ST CO, HERCSZ BT AL
S AR | BEIRAN L A5HE | P R ROKFAE R AR, i N RS E %
ITE] 42 3 52 W) CO, HETOK P (AERESE, 20135 AEERESE, 2014b; FR 5 W] 4%,
2018) . MeAh, FEZASTRIZMAT AP A RS EAnT,  py T7 32 3125 () i dhs A9 S 5P R m] 28 T T
[FIRREOREMR, FEAN R 25 (8] RO B o A 4 R T BEAF AR 22 57 (2RI, 20095 BRIL-F
G5, 2011) , XAERE IS K zs ) CO, HE IR BB R AR AR 1 200
ASCEET [ 2016 AR GRREIRIN Tt , T P R AT EURAL CO, HRMCEE
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AN co, HERCEA CO, HERGEBE A, i3k 6 Fin, M6 nlH, hEES g f ik
B CO, HERHS R 2B AR TS A rHE B B, LAY Co, HERUK - FHER
5 S 7 THTARAL T HP K BURRIE, X A8 TR AT &k, mERE T H
FE A RV &, i H BT A B 28 G S5 A AN B e R K mipadbsbIX | AR
JEH X AN S d AR XN T2 N, BAOR /D, 78 Co, Hite i bk
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BRI (P, BEWE4r, 2008; GFEEE, 2012; BRAEGHEHSE, 2015), SRTSCHH R ER
A AASRNTHL, ARSI AR R B, it o, HEiltE = . A Co, HERMUK -, if2
CO, HERR 5 1R 2 RIN AT W22 [RIREAE . ACA SR 2R3 T S HEa e e
fiE, ks co, Heuaa im0, BRI ISR R, R R pa A X Y
— ST AR B KT B T R, AR KA T 548 R
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An Accounting of CO, Emission in Chinese Cities and

Spatial Pattern Analysis
WANG Xing-min'?, WU Jing"" >, WANG Zheng "> JIA Xiao-ting”*, BAI Bing "*
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2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Key Laboratory of Geographic Information Science, East China Normal University,
Shanghai 200062, China; 4. Xinjiang Institute of Ecology and Geography,
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Abstract; Accurate estimation of CO, emission is a prerequisite for scientific low-
carbon emission policy making. Based on 20 types of energy consumption data at the
prefecture level in China, this paper re-estimates the CO, emissions of 198 prefecture level
cities in 2016 by using the method of carbon emission coefficient, then the spatial pattern
and scale characteristics are analyzed, the conclusions are as follows. (1) Overall, the
cities with the highest CO, emission in China are mainly concentrated in North China, East
China and Chongqing, while the cities with the level of highest per capita CO, emission and
intensity are mainly concentrated in Northwest and North China. (2) Different types of cities
have different CO, emission characteristics. Resource-based cities have higher total amount
and emission intensity; tourism and underdeveloped cities are both lower; while super-large
cities and many mega-cities have higher CO, emission, but the emission intensity is usually
lower; and there is no obvious law in other cities. (3) Spatial analysis shows that cities with
higher CO, emissions are clustered. The Beijing-Tianjin-Hebei region, the Yangize River
Delta region, Shandong Province, Shanxi-Henan-Anhui resource-producing areas are the
agglomeration areas of high-emission cities. (4) Scale analysis shows that the characteristics
of CO, emissions at different scales are different. Provincial-level research can help to
identify the environmental impact and total effect of carbon emissions, while urban-scale
research is helpful to explore the diversity and phases of cities. Finally, based on the main
conclusions of this study, the corresponding urban low-carbon policy enlightenment is drawn.

Key Words: CO, estimation; spatial pattern; industrial transfer; scale effect;

prefecture-level cities
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