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Zero-residual factor decomposition models of carbon emissions
from energy consumption

SONG Jie-kun, DOU Ji-fang

(School of Economics and Management in China University of Petroleum, Qingdao 266580, China)

Abstract: LMDI model, Shapley value model and MRCI model are all zero-residual factor decomposition models of carbon e-
missions from energy consumption. The three basic forms of decomposition models were expanded, and their general forms
based on multiple levels and multiple factors were proposed. The calculation methods of accumulation effect, year after year
effect and effect contribution of different factor were provided respectively. Meanwhile, the characteristics of three models
were compared. Kendall coordination coefficient method was employed for compatibility test on different models' results, and
the compatible model set can be output. Based on compatible single decomposition models, an optimal weighted combination
decomposition model of carbon emissions from energy consumption was constructed. The above models were applied to make
an empirical analysis on factor decomposition of carbon emissions from energy consumption of Qingdao city. The results show
that per capita GDP and population are the driving factors of carbon emissions, while reducing energy consumption intensity
and optimizing energy consumption structure have inhibition role on the growth of carbon emissions.
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Table 1 Special circumstances in LMDI decomposition
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Table 2 Carbon emissions from energy consumption
of Qingdao in the year of 2000 — 2009

10* t
Ay TR Ay TR
2000 734.7080 2005 2276.0101
2001 1015.0592 2006 1664.7124
2002 850. 605 1 2007 2066. 5465
2003 927.3078 2008 2410. 1491
2004 1242.2248 2009 2583.4272
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Table 3 Effect of different factor by LMDI model

10 t

= UNEE {2 N3 GDP % RERIH 25 B U RETR TN SR L5 M50
B4 2 BAT EYiA BAF E YAl AT 2
2001 4.4643 4.4643 101.3171  101.3171 296.6599  296.6599  —122.0900  -122.09
(0.0159)  (0.0159) (0.3614)  (0.3614) (1.0582)  (1.0582)  (-0.4355) (-0.4355)
2002 6.3088 10.773 111.5976  212.9147  -426.7004 —130.0404  144.3398  22.2498
(0.0384)  (0.0930) (0.6786)  (1.8371)  (-2.5946) (-1.1220)  (0.8777)  (0.1920)
2003 6.1940 16. 967 127.4280  340.3428 -54.7681 —184.8085 -2.1512  20.0985
(0.0808)  (0.0881) (1.6613)  (1.7671)  (-0.7140) (-0.9595)  (-0.0280)  (0.1044)
2004 15.3986 32.3656 149.9153  490.2581 190. 7595 5.951 -41.1564  -21.0578
(0.0489)  (0.0638) (0.4760)  (0.9660) (0.6057)  (0.0117)  (-0.1307) (-0.0415)
2005 20.5476 52.9133 216.8784  707.1365  1085.6379 1091.5889  -289.2787 -310.3366
(0.0199)  (0.0343) (0.2098)  (0.4588) (1.0502)  (0.7082)  (-0.2798) (-0.2013)
2006 21.7763 74.6896 250.7691  957.9056  -1073.0796  18.5093 189.2365  —121.1001
(0.0356)  (0.0803) (0.4102)  (1.0300)  (-1.7554)  (0.0199) (0.3096)  (-0.1302)
2007 21. 1241 95.8137 245.3385  1203.2441  246.1808  264.6902  -110.8094 -231.9094
(0.0526)  (0.0719) (0.6105)  (0.9034) (0.6126)  (0.1987)  (-0.2758) (-0.1741)
2008 10.3348  106. 1485 262.0867 1465.3308  -73.3327  191.3575 144.5138  -87.3956
(0.0301)  (0.0634) (0.7628)  (0.8746)  (-0.2134)  (0.1142) (0.4206)  (-0.0522)
2009 4.4056 110. 554 1 281.6416  1746.9724  -172.6495  18.708 59.8804  -27.5152
(0.0254)  (0.0598) (1.6254)  (0.9450)  (=0.9964)  (0.0101) (0.3456)  (=0.0149)




$37% F1#H KA, F. R HETBEAEELZRZ MR R - 187 -
%4 Shapley [EEE )& FE RB A
Table 4 Effect of different factor by Shapley value model 10* t
i PNEE 2 A3 GDP 5 RERIH 25 B U RETR T SR &5 M 350
BT 2/ BAE VA B FH BT VA
2001 4.7666 4.7666 107. 8406 107. 8406 313.7614 313.7614 -146.0173 -146.0173
(0.0170) (0.0170) (0.3847) (0.3847) (1.1192) (1.1192) (-0.5208) (-0.5208)
2002 6.904 8 10. 0856 122.3510 199. 4291 -463.6340 -103.6755 169. 9240 10. 058
(0.0420) (0.0870) (0.7440) (1.7207) (-2.8192) (-0.8945) (1.0333) (0.0868)
2003 6.2310 16. 524 128.063 1 329. 6576 -55.1225 -161.8656 -2.4689 8.2838
(0.0812) (0.0858) (1.6696) (1.7116) (-0.7187) (-0.8404) (-0.0322) (0.0430)
2004 15.5578 33.6424 151.0033 517.5102 191. 9659 -13.5012 -43.6099 -30. 1345
(0.0494) (0.0663) (0.4795) (1.0197) (0.6096) (-0.0266) (-0.1385) (-0.0594)
2005 23.7692 69.6759 249.3378 939.8124 1213.9932 956.948 1 -453.3148 -425.1342
(0.0230) (0.0452) (0.2412) (0.6098) (1.1743) (0.6209) (-0.4385) (-0.2758)
2006 22.8769 70. 367 264.2354 920. 1396 -1110.8786 152.7993 212.4686 -213.3015
(0.0374) (0.0757) (0.4323) (0.9894) (-1.8172) (0.1643) (0.3476) (-0.2294)
2007 21.2947 97.3253 246.7811 1213.6351 247. 6264 356.8916 -113.8681 -336.0135
(0.0530)  (0.0731) (0.6141)  (0.9112) (0.6162)  (0.2680)  (-0.2834) (-0.2523)
2008 10. 5239 115.1912 266.4928 1486.9426 -74.7114 345.7883 141.2973 -272.4809
(0.0306) (0.0688) (0.7756) (0.8875) (-0.2174) (0.2064) (0.4112) (-0.1626)
2009 4.4315 124. 8138 283.1166 1716. 422 -173.7372 255.9744 59. 4671 -248. 491
(0.0256)  (0.0675) (1.6339)  (0.9284)  (-1.0026) (0.1385) (0.3432)  (-0.1344)
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Table 5 Effect of different factor by MRCI model 10* t
e PNEE O A GDP % FE TR I 2% 5 B ARONE RE TR Tk 45 H0 5500
B EYA BAE L B E YA BAE H
2001 4.2643 4.2643 96. 6563 96. 6563 280.3470 280. 347 -100.9162 -100.9162
(0.0152) (0.0152) (0.3448) (0.3448) (1.0000) (1.0000) (-0.3600) (-0.3600)
2002 6.2521 10. 1443 110. 4440 200. 1267 -414.6039 -103.9550 133.4536 9.5811
(0.0380)  (0.0875) (0.6716)  (1.7268)  (-2.5211) (-0.8970)  (0.8115)  (0.0827)
2003 6.2043 16. 8335 127. 4209 333.9513 -54.8421 -163.7396 -2.0804 5.5546
(0.0809) (0.0874) (1.6612) (1.7339) (-0.7150) (-0.8502) (-0.0271) (0.0288)
2004 15. 4601 33.6616 150.2713 516.8777 191.0196 -13.4825 -41. 8339 -29.5400
(0.0491)  (0.0663) (0.4772)  (1.0184) (0.6066) (-0.0266)  (-0.1328) (-0.0582)
2005 23.7510 55.0031 250. 2825 756. 4218 1205.7557 770.0372 -446. 0040 -40. 1599
(0.0230) (0.0357) (0.2421) (0.4908) (1.1664) (0.4996) (-0.4314) (-0.0261)
2006 21.8852 68. 6079 251.6655 894. 6495 -1051.0773 149.4910 166. 2289 -182.7440
(0.0358) (0.0738) (0.4117) (0.9620) (-1.7194) (0.1607) (0.2719) (-0.1965)
2007 20. 6937 91. 3529 239.9902 1141.0423 240. 8118 338.4271 -99.6616 —238.9838
(0.0515) (0.0686) (0.5972) (0.8567) (0.5993) (0.2541) (-0.2480) (-0.1794)
2008 10. 5125 114. 0280 266.2783 1477. 887 -74.5869 345.7835 141.3987 -262.2574
(0.0306) (0.0681) (0.7750) (0.8821) (-0.2171) (0.2064) (0.4115) (-0.1565)
2009 4.4224 121.0615 282.4141 1666. 0378 -173.2387 249. 8147 59. 6802 —188.1948
(0.0255) (0.0655) (1.6298) (0.9012) (-0.9998) (0.1351) (0.3444) (-0.1018)
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Table 6 Effect of different factor by combination decomposition model 10* t
i PNEE 2 A GDP i e TR I 2 5 B K00, REVEI B4 M AU
BAE Lyl BAE M BAE M BT EM

2001 4.4984 4.4984 101.938 1 101.9380 296.923 1 296.9227 -123.0080 -123.0078

2002 6.4886 10. 3343 114.7977 204. 1568 -434.9799  -112.5570 149. 2393 13.9630

2003 6.2098 16. 7749 127.6375 334.6505 -54.9109 -170. 1379 -2.2335 11.3123

2004 15.4722 33.2232 150.396 8 508.2153 191.2485 -7.0109 —42.2001 -26.9108

2005 22.6893 59.1974 238.8331 801. 1233 1168.4635  939.5246 -396.1996 -258.5431

2006 22.1795 71.2215 255.5569 924.2315 -1078.3462 106.9332 189.3115 -172.3818

2007 21.0375 94. 8306 244.0369 1185.9737 244.8732 320. 0029 -108. 1131 -268. 968 8

2008 10. 4571 111.7892 264.9529 1476.7201 -74.2104 294.3097 142.4034  -207.3779

2009 4.4199 118. 8098 282.3911 1709. 8107 -173.2086 174. 8323 59.6760 -154.7335
2o e SCREEIN 20 B H AR EE 7 R RB IR SR B R
B e e B0 70 1) 2500, IR . 2009 4E7 BT
= AR B 0 1) BN BT -0, 083 7, (1 L%
8% 0.2 - N -
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€02l AR ABIGDP UL 2007 4F g 97 {5, 2002 4E 2008—2009 4E J iF { , 3%

E1 2009 £&EERRAMTEE
Fig.1 Accumulated effect contribution
of different factor in the year of 2009
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Fig.2 Year after year effect contribution
of different factor in the year of 2001—2009
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