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Abstract

Climate change and energy governance are the common challenges facing human society today,
and carbon emissions are a key concern. This paper constructs a carbon emission identity based
on population, economy, energy intensity and energy structure and employs LMDI decomposition
technology to decompose carbon emissions in China, the United States, India, Russia and Germany
from 2000 to 2013. According to the NDC submitted by each country, the paper predicts the con-
tribution of the four effects to total carbon emissions during 2014-2030. The results show that the
economic scale is the main factor to increase national carbon emissions and energy intensity is the
main inhibitory factor, while the effects of population and energy structure effect on carbon emis-
sions vary from country to country. Only Germany’s carbon emissions are declining in the study
period, and all the rest are on the rise. Our study indicates the importance of more effective efforts
of global governments in fighting against global warming.
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1. 5|

AR 2 A A BRI A 3L EPkER . T ar kI ARG S, JHERIEE K EFERENIA
REVE=E ) CO, BN, SFERATRE SRR B ER e, SRR TR, Kk, (BEE
SARARACHEZR A Z)) #4620 7 iR 2 BB SR $E Y “ [ X 3 32 ok (Nationally Determined Contribution, '~
SCHRIFR NDC)” 5 B2 B BB H 1) 2020 4F J5 BT SUEAAAT T HRI1] . MRS K2 Filid 4Bk
SEASAET R E, 48 S TR IR AR AR AL B R AR BRRN , HEA BRT AR A HT K T
HilFE 2 $RIREZ N, FERIETHRIEHIZE 1.5 $IREZ AT JI[2]. B AT sl & 2 oh B bRt 2 1
LR, TR TRHEBU IR, B AR M B ) R R AT AL, ) DR R AR B Bk
JRCE R, AERA DS AT AR AR R B BOE N2 R 2, A REXTRE T 24

FERRHRICR 25 70 et 70 s, 0k 435 {8 e EGF 07 32 (Logrithmic mean Divisia index method, %%
LMD T BA 5. TohkE SR DL RIRED i SN2 i — 80 . 25 R MmME—1E . 5 B 5%
P STIAE AR 2 3 fe R 2 BB, B RTAEVF 2 U8 2012 A [3]. 4R ER [4155 R R ECT- 3 AU E
Divisia 73 it 2 S50 i 1995~2004 fEREIRAE I BRIF AR AN 5 K Ji 55 DR 2 (108 A0kt A [N 355 HE 7k 1)
S, VEZME[5] %12 B LMDI J3 ik /bt T4 PF 8K . REURSRE . RE IR 45 AL S5 R 20 Hh [ R A s 78 5]
FRRHPII RN . 5 FE[6]3a Hl LMDI ikt 7t 1 1971~2011 S A% 1 S HE O BRI 3K, 45 /&
22 5% i e re AR ik e HE IS K i) o Ve 36, RO s ERIED BE o R4 [ 71558 LMD 23 i mt 7e 1
U PG BRI B AN AR R 45 X DY AN PR 3O B HE BRI S, R I b 4 ) A A ot Bk HE TR
A HEBOR FEAE I A .

HArhE SRk CS ERr e EL EE. . P HAMEE . b E RS S PGE R R
CLRCA S R B RE IR 2 1, 7E 2006 478k 56 [F sl 57 H iR CO, FE E . 36 EIE N AR IS E 5K,
D B Ay DAk Iy s SR AR B i i v T A E K. BN e R AR R E R, TR E, HEE
HepUs R . D W J LA ARG HE R 2 R R &S, (HEBMIE T AR E . EE AR
VT AERVEE AR . RPHBESEHTREIR I R R, (H DAV AP B S . AR SCIEUX AN E O 4, IF
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iZ M LMDI 23 i3 T4 [ K eV SR HE O o NI . R BF R C. REUSSE AN REVR S A DU A R 3R
BEATER A E R AT, PURLA R ZO &% [ BRHE A SRR AL, JF AR % [EI 32 ) NDC H AR I AR DY A 52
M K] 2 X6 A FEl gt R T F) DR A S

2. LMDI &8
2.1. Kaya 1B

AR CO, HmESE AR %, Hrh Kaya fE55 302 H1 H A%~ % Kaya /£ IPCC fifif2x EIR Y,
gittte. BUF. BEIEUR CO HEBUE E AT B R R il . HEAR AN
C = POP x GDP/POP x TPES/GDP x C/TPES )

Hrf, C 3R CO, HblE, GDP F/rE [RAE LA, POP F/RAH, TPES RKiRn—IKAIRTH T .
4 p=POP, g=GDP/POP, e=TPES/GDP, f=C/TPES.
I Kaya 15 88 7] BL#IR
C=pxgxexf (2)

Kaya fH55 A 457w CO, HEMCE MY IKEN R 7, e p RO N DN g BI A GDP, FrOMZ
DEOURERONE; e BIELA GDP [REVRTH #E, BRIy RETR 9 5 R8N (AR REIRA FH R4%) s £ v e om e, B
FEFAL— IR BESR NI BRHE IR, FROMREIRES F RN o

2.2. LMDI 4> fiRi&sy

Hur, kAR, $850 2 (Index Decomposition Analysis, fRjFR IDA)FIEE 1) 43 ik
(Structural Decomposition Analysis, f&i#% SDA) [8]. LMDI 2 ikl Divisia IDA H—7r3, Ang [9]
R HREOS VR IR, AR AS B AR EO i 7715 5 SEBR N R 7T S, S LMDI T
ST 7 B IF . LMD 3 i BLAE “ Ik (LMDI-D)AT “3VE 70”7 (LMDI-1), X FT7 %
GER—3. ASCRA LMDI “hmikorfig” »f Bk Kaya BERSBEAT BRHFR SR R 0 i, 8 SCERS t 1R R 1)
(R RRIRH P B9 Cofl Co, 56 t AFIL AR BRI & AC W AIRIR A

AC =C,-C, =AC, +AC, +AC, +AC, 3)
Hrr, AC, RN AR SIRTH CO, HEU R, BIAN DIFUBEALN : AC, FKn A¥J GDP L3I HEM CO,

At &, EABF RN AC, %%??J““ﬂ?é’if“?ﬁﬂﬁ%[iﬁ’] CO, HEs A i, RIREUH SR N, AC
PR IR BEURTHE PRk AR LB CO, HBURL R, BIREIREHIRIN o A AR RN 52 A 30 T

p
AC L 4
P InCi—LnC, Ln C, [ °J “)
g
AC - 5
9 Ln Ct Ln C, (go J ®)
e'
AC,=————Ln = (6)
Ln Ct Ln C, e
_ t
AC, =— =%, f—o ™
LnCi—LnC,
AC AC AC
BRI T T’if\i/\”lb‘j N e

AC = AC  AC
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3. YIEKRS AR
3.1. BHEFKIR

A SIS B g 2000~2013 4, REL SEE. BN R A E R HE O R BT CO, HE
. AN RE(POP). [E P AEF= B H(GDP). — IR AEJRIH % & (TPES) Bl ¥k B T 1IEA 4% (2016).
Hodr GDP % 3E S35, G— Tk 2005 435 T AZE

3.2. BURALTRER K 574

TR EE S B AN D At GDP. BEJRESE (e = TPES/GDP). BEJREK5ESE (f = C/TPES), R
ARE)~@) it E L EE BE. P B AEE T LMDI 7 f#, 5 AC,. ACy. AC, Al AC (3 1)

N T HE—BMER, LA 2000 455 HHIE F LMDI iR A o BB HE G T IR 4R S A . L L T LLE
o o N R AN, TR R e, ARSI B N I [N 3R, R U IR B s Hl g K 1y 32 2
IXENHEE, HTHBMAEFHK, KENRRENE % SRRERCNY CO, o RHE[10]. HE K kZ%
R ARG DY, 42 R 2 5 RO S K i S BN B HE S . HET, o B BRI 45 F RUSE R IN 1E L
N, 3% 5 E DR R B REVRTE TSR G, BRI AR SRS FR U [ Y BRI P 5 M, BRI R 1
MG, FET K H ST RER A o LU

T (AP 2(A)) FIBRHEOE B Aok R 00N RS, % 2008 4R AL, S5 T S8
FRRIR T SRIIEE, W DTk I W, BEE ST A TSNS At REVR GRS RN
IR 2, X PO AR KRR AR 7 RN IR B 1 K S BB HE O K S5 [ 8 U5 405 4 502 403
BcHERURSE R, 33X 5 36 B MEEIR S 5 B RE IR S s S A RAR o 2 IR R B R i 1) RR R 25 1)
A XK[11].

EPEE(n il 2(B)) WA B e F EAMEHFE R, BELFRERDEM, MARTER I B, &
SR R NS KU, B G50 1 my G K AN RR U5 2h B 0038, BrHE R O S Ao BB R
PREERI S R [E 2880, #RCABER N, 1% 5 0 E ) BE VR B S 2 D A G O . RE TR RN 2
FENHIH 2, AHAREHCTH Hofth =Fh 28 F BT CO, HEIY &

% (n 14 2(C)) A [E (1] 2(D)) L B USRS #8 E Z R B R 3%, 2 &R fapLrIsem, B
G EAT BN B JE SOZ N T P LN RS 5 350 e s T R 2 0 8 H /MR S Ak s T L
VR RN AR I AR SR DRI E Y, 8 25 TR R R B IR REFE A REVR SR T B, H0H) CO, IHEG A
V] FE it 55 ) R0 R B HE TS B R DTN, SR IR TS I BN o M Wi/ E N BRI I, ekl TR A
PERMER, s EEARI RS MR E fe IRk, B, FURRIRS M “ LA
F7F CLIhE” , WS RKRE. REESE AT AR RRIR, R AT REVR I 1 B AR

Table 1. Carbon emissions incremental effect factor decompaosition of five countries during 2000-2013
F= 1. 2000~2013 4 F EREHEIE B B E R 57 7

%\\*\\jjfri(\gf ") AC, AC, AC. AC AC
G 402.67 6351.02 -1376.94 522,58 5899.34
* 617.77 540.25 -1376.75 -320.75 —539.47
EpREE 255.25 933.28 —446.22 219.71 962.02
i -32.05 874.65 -597.58 -184.60 60.42
1 ~7.8836 112.4116 -149.994 -3.0719 —48.54
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Figure 1. Annual energy consumption carbon emission factor contribution change of
China
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Figure 2. Annual energy consumption carbon emission factor contribution change of typical countries
E 2. AREREFRERHBRHNERTBEL

4. NDC 4R THI LMDI iR

AR K2 2 i ILE PR H NDC S, #iE 25 H 2020 4 5 R SBT3 i B bR (EAE KR
HEBCE — KERISEE 2017 46 A 2 HEAME L (R ) , Xt 5 A& B 5 Rk 8RR
Jio FHRYE AN = E (B E) -2 AT NDC T 2030 wrHEmcE, H4b, 2030 4 A OS5 O T
(WPP)$i#s , 285 2% 1 4E K J# (PwC) 2030 4 GDP FllI%eHe , — X ey 7% &2 % H R GEIR 2 1EA (2016)
45, IHH LMDI 4 f# 2014~2030 4 CO, HERUIE &, £3 H DU 380S0 B Hl s 3 & 19 D ik AE

o EARYE B & E S E B 4T3 HAR: 2030 47545 CO, HEBUS B AR 4+ UL Fak g, Fbr E N A4
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77 ME CO, I EL 2005 4 % 60%~65% [12] . 141 3 JyH1[H 2000~2013 4 544 NDC 3445 th 2014~2030
FEPANY B CO, HEGE & LMDI 20 xt LB L, MR THEL45 W ANBY B CO, HEG & 4373y 58.99 121
A1 17.88 {2, 1% 2014~2030 1X—PrBt, ZUF ARy FEALRE R 2 AR Y 5 R8N A 3 A4
HIRIZE, JF B0 IR RIS =, AR KR RE BRI 7 DRI 22 5 RS8R AN 1 HASE RIS e sk HE T8 4 5 7
Ut B R B R R K )42 my BRVR R K RRIRES A RS S — B BORIERURE, 38 B B sy, Bk
TUERZANN 8.51%, H Ui W] 3K [ IE7E [ In REVR 45 F e 1Y, 88 M\ DUBRE 9 T2 (R BRI 2 4 b, RRARHERETS
AR B A

EIEE NDC H b 7Kk it 7E 2030 4 HLA7 GDP HESUS8 EE7E 2005 4 [ 5t 1 FE1IK 33%% 35%. <] 4 Jy
1% 2000~2013 45 R #E NDC X145 i 2014~2030 £ AN B CO, HEBE & LMDI 3 s t g i, Ep
FE WG B BE CO, FE U 43 79N 9.02 /2 AN 19.2 A2k, &%} 2014~2030 iX —Fr B, N VR RS 5 e HE
FOB R TTRREEA K B HATR I RBEYT, KU RESNAT R BRI R B S5 IR R4
AR HIHE R, REVR 58 B RIS B BE RRHE S AR FH 1 5 AEED BERIRRIRSE M, KM 4 32 S A i)
R IR B, R &5 R R0 B HE TS K B (i A FH A 320 T s 55

% i) NDC (1 H 5 /& 21 2030 K41 2 i (0 A\ i & SR BRI TE 1990 4R 70%~75%. 14 5 ik
% 2000~2013 E 54l NDC SCHEAS H 2014~2030 FEH AN Bt CO, HEU & LMDI 23 fifxt et id,
BB BL CO, HEBUE & 731 4 0.6 ACHEAT 1.41 {20, 1% 2014~2030 iX—Fr By, £ 5 LA REJR 3%
JEE BN ) 2 LR DR R AN R 2% M R T S b R R REVROR ], 7R (2035 4R R 2 W REVR
EREE R SRR R IR AE PR, SORBRIRR RSP BRIRSE A RN B b — B B B KR AR S I
R, EHBRIR S5 H 3408 58U CO, HEBUS &4 0.79 AL

R B2 LA TR 858 T B =0k H bR, ASCEE 2014~2030 A i HE T 225 48 SR BUR K
i CREEALRIZNEE) [13]. WEHTTTH] 2030 A48 E R = S AH T E I 1990 A/KFF#{K 55%. 4] 6
J97E[E 2000~2013 4F 5 HRHE N T H 2014~2030 AN B CO, HERY & LMDI Z3 ffxt LIk o, 4 5]
AN BE CO, HEBEE & 43 51 9—0.49 AZMEAN-3.43 42005, BRHEE FAIGK A . BT B, SR
N BRER R, N TRV BEIF 5 5 250N R G Y58 225 ) 280 0ot Tt H S i 0 2 B VR F o A [ [
REVR DTURA B, BRUR AL MR KRR FE AR T3k 1o D 7 3Bk BR e 1A, 4l R kR T AR e
TEAE mRe R, B EERIEN B RAESE T, AMKERAEIR 25 1) RS T 35 1 o[ 14].
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Figure 3. Two stages of CO, emissions increment LMDI decompose results of China
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Figure 4. Two stages of CO, emissions increment LMDI decompose results of India
B 4. ENEFANMEL CO, HifEE LMDI S 4R

2000.00%

1500.00%

1000.00%

500.00%

0.00% - ——

-500.00%

-1000.00%

-1500.00%

H2000-2013 +42014-2030

Figure 5. Two stages of CO, emissions increment LMDI decompose results of Russia
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Figure 6. Two stages of CO, emissions increment LMDI decompose results of Germany
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5. R R ITER

ASCGEM Kaya fH4 R LMD 40 @sfs i E ., 5. B, 4% iR E 2000~2013 4FREVR %
WRHE R B A fE N RS, GBI, BRI 5 E A RR IR R DU AN BB, A B At T X e PR 2} LA [E
G Re Y5 P HE RS2, IEARYE NDC (36 E AR [E BR 4 1l 2030 “EHEBU R, 43 fif 2014~2030
SR F RSN B HE SO B DT . 2500 F

1) xfFer. &, Bl HORIAR E X AN BRHEBOR L 0T 58 K B B AR R R 1 2 B RO 2 3R R
REV o B2 N Oy T A PR 2, e, 5% EURIAE [ 1) f Yt i B2 RN/ R B0, HIRTH 1 IR BF g K 5
AEE TR HET .

2) N FI RS RS A R &5 ha 0 R L i S, N RS R R0t v [ B RN 56 [ R BN IE RN, Her
ERVEE N VRSN 58, 1T 4 2 R R 4 K 22 MU U R IR S8 IR ) AL e o LR B R T
TERSIAN, S ARZ WA E 252 A 578N

3) M & EHH2AZ 1) NDC Fillll 2030 AF-ficHEBUE &, 12 F LMDI 43 ik 4 fif 2014~2030 4 B s V4 27 ik
R, 15930 8 8 DUAN 2808 3 7900 2 PR e HlE TSRS B, R I8 B RS RIS AT AR g = 2 () (i g [R] 2 R e Vs i B2
RUSIATIIR D9 (R A DR 2%

MG R o AT a5 R, % I BARY) SRS CO, R, Bt fR EM AU R RN T 1R IBBUR
W

1) IR 2K T A A BRI 3 20 CO, HEBUR I P, SEIl M AR 2 BUFNICAR AL 4% A8 . AR R U
FEK T BRVRTH DB (R A RS C,  (H R 9 2 S SR % [ 2 TR HH B R I E A, % B R
HAL AR SR A K TAE, KR EREEAMHRCE, G @R R . T2 TH 2.

2) DUACREVREE AL, JT AR TGRS AR BEVR . A AT R ERAEIR L L KT SR G, & B M ik
Fra A E L bR AU, R REVR AR R A REVRAR R L ) A R AR . PTRFLEREVRAR R T3Ah, &R IR
NPT RGEATIZI0IE T, XS PR T Bt AT AR i AL, Sem ) R RGN, PREE ] B A fE
NPT

3) TEA S HHH]. JSEI 2030 A URARIE HR, FE2HSPMNS 5. BLRIZHER
BRIRT AR BRI B R SR AR, KR BORAE LA AIE B T A=, s AR R K
JEvE: MNERMAEHAK, KIMEFARBRETE RSO 1 R RS, mE e AE =, Enl
FRER SR IR o

E&WE

ExRERBIHELT FIE “(RBE DR BhrRE. BAERASBERNHI PR (S
71673085); db Witk RIEE S — BRI HE “ b5 1715 & B8 IR0 A% F2 AL 1l B T B SRR 70 (L HE 5 -
16YJB027).
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