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W OE: BRI AR LR H B AT E, I T LMDICH 2T 3438 1o ) 45 AL 4 2 8 O A HE I TR
RN G A B BN RS, FFRER: (1) AR X R b H B L ERAF,1996—2013
FEHBAL EMRAMATZANR LR HENERFE EANES, 25T 0.72.0.63 577 0.52 1%, F FHH K
FH KN 3.23%.2.92%H1 2.51% , B AT H L ERIGHE R A ;(2) MR K R L RHBREABENKRE, K
FRA G RIA RO E R X EEBIF, btk 58.65%, HA R H RAAKIARK, & 22.59%;(3)
BRHECRE R At R AR HE R R oy i, BRI B AL > 31T > F AR B ARAE 5 1996—2013 4F ], K Ik N 3K B
R BRI EF M TR B HE R 2 B3 A T 1480.57.883.17 7t #1 839,10 7 t; 3k b £5 A 3 B At B A T 37
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The measurement and decomposition of agricultural carbon
emissions in Northeast China based on LMDI model

LI Zheng-tong'?, BAI Cai-quan®, XIAO Wei-wei'
(1. School of Economics & Management , Nanchang University , Nanchang , Jiangxi 330031, China;
2. Econometric Research Institute , Nanchang University , Nanchang, Jiangxi 330031, China;
3. The Center for Economic Research, Shandong University , Shandong, Jinan250100, China)

Abstract: This study measured the agricultural carbon emissions in Northeast China and adopted LMDI (logarithmic
mean Divisia index) model to dissect their driving effects into carbon emission intensity, agricultural income, employment
structure and gross population. The results showed that the agricultural carbon emissions in Heilongjiang, Jilin and
Liaoning increased year by year during 1996—2013, their growth rates were 72% , 63% and 52% respectively, and av-
erage annual growth rates were 3.23% , 2.92% and 2.51% respectively. The total emissions and the growth rate in
Heilongjiang were the largest. From the point of internal structure of agricultural carbon emissions, the carbon sources
were mainly from agricultural capital and agricultural land use which accounts for 58.65% of total emissions, followed by
livestock breeding which accounts for 22.59% of total emissions. In addition, the effect of carbon emission intensity had
a negative impact on agricultural carbon emissions and this impact was greatest in Heilongjiang, followed by Liaoning and
then Jilin. During the period of 1996 to 2013, the agricultural carbon emissions in Heilongjiang, Jilin and Liaoning driv-
en by agricultural income effect respectively increased by 14.8057,8.8317 and 8.391 million tons. However, the effect
of employment structure had a positive impact on agricultural carbon emissions in Heilongjiang and Liaoning, but a signif-
icantly negative impact on that in Jilin. The effect of the gross population had a positive effect on agricultural carbon e-
missions in the three provinces, driving the agricultural carbon emission in Liaoning increased by 510,200 tons.

Keywords: agricultural carbon emissions; LMDI model; driving effects; northeast China
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Table 1  Carbon emission coefficients of various carbon sources
. - THERCR KL .
gl BRI T Carbon emission coefficient e
Type Carbon sources - - Data sources
K Value HfL Unit
FBAE Chemical fertilizer 0.8956 keC-kg™! ORNL
gL kg
K A2} Pesticide 4.9341 kgC-kg™! ORNL
Sgamplm KB Agricultural film 5.18 keC-kg™! IREEA
Agricultural 463l Diesel 0.5927 kgC-kg™! IPCC
s IABCAU (353 20 S35 55
farmland use  E## Plowi 312.6 kgC+km™2 T RS )
owine g TABCAU, WU Fenlin, et al’®!, WU Xianrong, et all?]
TR Trrigation 266.48 keC-hm™2 BB, %) DUAN Huaping, et al®
KA L3 N, 0 Rk 435048 oG b2 M T 12 75 31
N,O emissions from paddy soil ’ 3 Through conversion from Wang Zhiping[%]
13 N,0 ki o .
ENOHH 5 1 0 i L RMERREEE SRS
N,O emissions L. . . 139.5779 kgC+hm X . (2
from soil N0 emissions from Soybean soil Through conversion from XIONG Zhenggin, et al*“’~
k5 N0 458.9756 loCopy -2 TRAREE S 5]
N,O emissions from maize soil ’ & Through conversion from WANG Shaobin, et al'®!
BIRILA 56.6742 Com-? g R4k I, 25 2 4 5 ]
I CH, Heilongjiang ’ & Through conversion from MIN Jisheng, et all2t]
Wi e 4 oss s R, i 7
CH, emission  Jilin ' & Through conversion from MIN Jisheng, et al!
fi addy soil .- . 00 S e 4 g
o Pty SO e 63,0168 Comor DGR SRR 5 7
Liaoning ' & Through conversion from MIN Jisheng, et al?!
o WAIEEE Enteric fermentation 416.02 kgCe3k~-a™! IPCC
Cow  ZAFAFTH Feces 122.76 keCe3k~ea™! IPCC
%ﬁ}%’tF i3t % 7% Enteric fermentation 37.82 keCrdklea! IPCC
ther
catlle ZEMEAFIE Feces 10.23 kgCek ~'ra! IPCC
A 1738 % % FEnteric fermentation 122.76 keC- Je-teg-! IPCC
Horse  J&ffi 45 Pfl Feces 11.1848 kgCe3k1-a™! IPCC
e o W18 % % Enteric fermentation 68.2 kgC+ gt IPCC
ga5y Donkey  FEFFATH Feces 6.138 keCr3k~1ea! IPCC
Livestock 72 il & % Enteric fermentation 68.2 kgC-3 “lag-! IPCC
breedi
TORE Mule S Feces 6.138 keCe 3 ~'ea! IPCC
W 73l % ¥ Enteric fermentation 6.82 keC:3k ~1-a™! IPCC
Pig  FAF P Feces 27.28 kgC+3k ~1ea~! IPCC
12e W73l % % Enteric fermentation 34.1 keC-3k~'ea™! IPCC
Goal (I / Feces 1.1594 kgC-3k~1-a™! IPCC
oEe W73l % % Enteric fermentation 34.1 keC-3k~tea-! IPCC
Sheep  J&fH4F R Feces 1.023 kgCe3k~'ea™! IPCC

TE : ORNL B[k & [EAR R R 5E 5L B0 %, IREEA By g mt Rl KA 4Rl B U5 2R AR BRI BT, IPCC BRIk 45 T BUR ) AR AE L% 172 A

23 IABCAU R P RO K2 AR 22 5 AR MR 2 B

Note: the ORNL, IREEA, IPCC and IABCAU respectively refer to Oak Ridge National Laboratory, Institute of Resource, Ecosystem and Environment of A-

griculture of Nanjing Agricultural University, Intergovernmental Panel on Climate Change, and College of Agronomy and Biotechnology of China Agricultural Uni-

versity .

o, BE

S Teik M RN S 2 0T
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PR I 2 A B HEC 60, T I
WG AR BRHEBCE N 6T AKYE Ang BIBFFE T LA

GT/GO = D(;l X D(;2 X D(;% X D(;4

AG = G' - G = AG, + AG, + AG; + AG,

H(4) MK (5) 735 Fm 4O BRI e ik S
koA R, Kb D MAG 5y B FR TR R S



%5 4 1]

ZRBGE AT T LMD AR AR ALt DA B HE TIN5 0 149

ﬁu%ﬁ%;Dq’i = 1’2’3’4 %ﬂ?%/l\g%%%‘ziﬁ
f#,AG; i = 1,2,3,4 WFRENDERAINESE
TEICEERY |, AT DA E— 215 20 4 A B R 19 40, T
T

Dg, = exp( 2 Wiln(G1/69)),i = 1,2,3,4  (6)
AG, = ZWiL(GT,GO)ln( Gl/69)),i =1,2,3,4

(7)

X (6) M (7) FRENLERNALHHS M
W, Horb w, R L(GE, 69) /LG, 6%, H
L(a,b) = (a-b)/(Ina =1nb),a = bk L(a,b)
= a,a = b,a,b S, TTRHRST L,
2 ZR550r
2.1 FRicHX R ERHEET 5

T5E, KHEER 1 AT DA AR b X Al ik
1650
1450

1250

1050 |

A B HE TSR =/10%

Total agricultural carbon emissions

—e— P iT Heilongjiang —&— 3% #k Jilin —=— 1L ' Liaoning

Hilc e, Hogs s i an il 1 s, WK 1 el LA
e (1) ARdb =4 WAl i HE i 2 BLEAFE Lk
P MR IR, BRIV G AORIE 7 = 1AL cHE
T A 1996 4EHY 877.91.540.71 J7 ¢ F1519.52 T3
t AN E] 2013 4E1K) 1506.75.882.23 J3 t £1792.24 J7
U ARSI KRR 3.23% .2.92% 1 2.51% , AH
AL 1996 AF A bR HE i 23 738 i 1 0.72.0.63
f5F0.52 1. XRY,BEE R =B RILAET K
J& , LAHE Rt 22 A B S K B XA
W HE R O R . (2) B2 ARIL =4
sl HECR SR O, S AP 22 BE YR
feass, = O Ok A , IR TL > H Ak
> I, B TRHE R S 7E 1996 424371 2 75
FLTHY 1.62 151 1.69 5, iX — HL{EAE 2013 4F3 0
2 1.71 F11.90, X KU BT AR ARIL =4
A HE R O, RS R R A 1
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Fig.1 Total agricultural carbon emissions in Northeast China
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Jite 2R 1 AR R T ARJE =44 2013
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B LAY %% 5 A 3 R A e 0 Al B HE TR T
58.65% , P& FR AR HE O &7 LY 22.59% , Wi #E SRt
i1 AR /B, 2R B AR T % 55 4k AR P ke 1 Tk
HERCR R, 4 B 5 A I 41 v A B R il 1) i 2 )
s IXORE , BRBIETTAN, HE M ST THAE R
PR3 TR AR B HE R o AR R ) L AGR TR
gt 55 A 1R R o HE i, W A Bt 7 L 4 o
80.78% Fl1 85.91% , A MV A HE ) =24 1%, 5 2R
A6 =AM B HE TR R AL s AL At , R e VLAY 4
Tl U5 BT 7 A AR e HE IO 85 T35 MORIL 77, Bk &
FRBE AR A5 7 R AR L E A v
HoAx 248, MM F BTSSR

FEFE T R HE R 2 (15 1 28.62% ) .
2.2 FA=EHREHEE S fF

BRI 2 R T 3R E AR b =48 iAol iR
AT A FEBL LAY b, AR 302 H LMDI AR R b
AWM BRHE AT o3 . RIE A (3) , A S0K
AR = A8 AR B HE T 53 Ry B HE IO BE Al i
A GRS A B L s R . £ 3 BT
RAL =B RO HE I R 25, 3 4 1635 3 i FLat
FWIRT 1996—2013 4 AR At =45 PUFP ik 5 09 43 i
BN o

MFE 3 HA LI, 1996—2013 4, BRI H
ML T A B HE TSR 1 43 53E n T 628.84.341.53
T 272,72 03 ¢, Horh BRI RO IRTE
K (3), AR =48 AR AR HE AT LAS3 i Ay e HE Rl
JE A L 254 5 S A 4 FpAN . BF
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Table 2 Total agricultural carbon emissions and their components in Northeast China in 2013

£t RI=% B Tk Ly
Indicator Northeast China Heilongjiang Jilin Liaoning
AN BHE R Total agricultural carbon emissions 3085.20 1506.75 882.23 792.24
AR APIFT 5 AR AR 1865.70 912.01 499.80 453.88
Carbon emissions from agricultural inputs and farmland use 58.65% 60.53% 56.65% 57.29%
o N . . . 572.01 297.76 166.76 107.50
% N,0 N,O emissions from soil
£ N0 HEHL N0 emissions from s 17.98% 19.76% 18.90% 13.57%
- N .. . 24.85 18.00 2.76 4.09
FH C C ssions fi addy soil
FEH CH, HEji% CH, emissions from paddy soi 0.78% 1.19% 0.31% 0.52%
. .. . . . 718.67 278.98 212.92 226.77
PZ SRR Carbon emissions from livestock breeding 2 59% 18.52% 2% 13% 2% 2%

T % " FOR RO S B HUAE

“op . .
Note: "%~ were the ratio of components and total carbon emissions.

R3 19962013 EFRILXBRHEB R E SR/ 104

Table 3 The decomposition of total carbon emissions in Northeast China from 1996 to 2013

. BiHE O 5y BB B 2501 ARV AZLL bR A2t S 4 UNEPSS ¢ i
Reei Change in carbon Effect of carbon Effect of agricultural Effect of employment Effect of gross
eglon emissions emission intensity income structure population
MBIV Heilongjiang 628.84 -1118.20 1408.57 305.52 32.95
#AR Jilin 341.53 -499.29 883.17 -87.43 45.08
1LT* Liaoning 272.72 -623.20 839.10 5.81 51.02

i 5 AR R E 22 B X AR M B HE TR = Y R
MGy B, FE W A A B (BT Ok 1A AR HE
B, 2% R JR AR R A N 5 5 MR B W R
SV R TR, R 3 HATLIEH, 6,
X AR = A B HE R 1 T A 17, HO 28 %HE R
BRI > LT > HM, RUARIE A RILAET L
JEITHE R W B HE R BRI D a3, ALn i, % 4
eI, ISR, 3 A0 %o 5 2 TR P i 1 35 12 3
FLEA s e, L RRHE O B SN X A T T S A
i I FE B HE R (P FE 2 T B30 88 850 ) 2 2
UG o X2 T iHE R B D NR B — B T T
R MBHE R D, 40 & RS B AL T, I
FESIAO B, E AR 3 72 A RT3 R 4k
JIE SR A 24 AR TR A A e B A B AR G 1 s AR
Fo (2) AV ABIN ( Go) WA s Al s HE T A
FEHE,1996—2013 4FE AL =48 4R M A 00 %
AR HE A 5 M0 43 1) A 1480. 57,883 17 J7 t Al
839.10 J3 t(F 3) , 3% A ARt b DX AR Ml Bk HE IO 5
1) S BB SISO, T A M MSCA RN 1% B ) S A S AR
A 7755 511 7 (RS A (B ST AL BRHE
B2 o MW A I 5% 55 A b A FH A e T
KBS e K, XS T AR RAECA O IR S T,
InRA A OUHIE IR AR 2 AR L | 48 il 45 4%
A ST B AP R, TR T R iR
MEBRHEC . VR, A YA BN I8 8 2 A Tk

BARTAT Y, 3K T B ARG ATl B 7 A A
i TR, PRI AE 2R BRI 45 AR B, Al BT A< B
KEBRABNPER TR, WNITHE R T AR HEL
(3) FRALZEHERON ( G3) W F7R B2 AR 2E 77 1Y
FFE AN E A N, Y X — L EHR S
B, TR Y A=Al 557 3 ) N BT o LU R, 55—
AL MO SR BRI, 3R 3 TR, BIETL AR
FRIAL T A0l 45 25501 % AR L B TS P9 532 T 3 ) 2
305.52, - 87.43 T t fM15.81 T t,4565F£ 4 UFE
s, 0 ARG Xt SR T YT S B N 3 1 IE [l 4
FH T T MR S 04 2 A S g AR, X e
BUARWY S A E R o b, Sl 2548 2500 00 8k
TLRA I 5% 55 A A P HETECIK Sh&Ovi e Kk, Ry
179.961 J7 t, Ui IE T2 Wl 285 46 ol 325 2 Xt i HE
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Table 4 The decomposition of driving effects of carbon emissions from various carbon sources in Northeast China

kS W) BHRBORERON,  ROWMAR: BRSO AN E RO
li}f‘w%n gi}% ﬂi?%szis Change in Effect of carbon Effect of Effect of Effect of gross
o sourc

carbon emissions

emission intensity agricultural income employment structure

population

WRIAPIBE S A

Agricultural inputs and farmland use 411.628 - 617.435 829.693 179.961 19.408
Hfﬁn . FiAE 1 HEHERC Planting soil 140.636 - 189.511 266.184 57.736 6.227
FEHHERL Paddy field 11.721 -4.977 13.463 2.920 0.315

PEEHEAL Livestock 64.852 -303.008 296.592 64.331 6.938
fﬁﬁiﬁﬁﬁﬁ}f farmland use 218.229 —240.167 481.482 — 47.665 24.578

iﬂ‘ FiH - HEHERC Planting soil 46.849 —124.362 179.834 ~17.803 9.180
FEHHERL Paddy field 1.111 —1.489 2.731 -0.270 0.139

B HEIK Livestock 75.341 -132.591 218.404 -21.621 11.149
fﬁﬁiﬁﬁgﬂffa rmdand use 128.268 —407.087 501.401 3.469 30.485

h?fojng FiA 1 EHEC Planting soil 29.710 -97.599 119.235 0.825 7.249
FEHHEL Paddy field 1.078 -3.807 4.576 0.032 0.278

PEBHEAL Livestock 113.662 - 112.846 212.141 1.468 12.898
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