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the convergence hypothesis in China

Du Huibin, Wang Yangyang

(College of Management and Economics, Tianjin University,Tianjin 300072, China)

Abstract: Under a total-factor framework, this paper constructs an SBM-DEA model and an index of total-

factor CO2 emission performance (TFCPI) to investigate the CO2 emission performances and potential CO2

emission reductions of 29 provinces in China during 1997—2009. Then, this paper respectively analyzes the

change in regional disparities of CO2 emission performances for the east, middle, west, northeast part of China,

and the national level. The results show that China has experienced a continuing increase in CO2 emission

performance during the sample period. However, the regional disparities are apparently declining from the

southeast coastal areas to the northwest inland areas. There are both absolute and conditional convergence in

the east, middle, west, northeast, and the national level. Hebei, Henan, Shandong, Inner Mongolia, Shanxi,

Anhui and Liaoning have the most potentials in CO2 emission reductions in China.
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I«���z%�ü�1�Ú~üdå,Ø��±l÷*þ
) CO2ü��«��ÉÚCz5Æ,��±�

I[�½!U~ü�üJøë�.

%ü�1����¸1�µd����¡,�X.�IéíÿCz�'5,®²¤�ïÄ�9:.I

Oü��I,=±I[�ü�?1ü�þO�,´�@�A^�§¿íNü�µd�I,35®ÑÆ½Ö6¥

�^55½�I�~üÂÖ.d�,éõÆöJÑØÓ��I½�{5µd%ü�1�,X%z�ê(ü U

�Ñ�%ü�þ) [1]!UrÝ(ü GDP�U�¤þ) [2]!%ü�rÝ(ü GDP�%ü�þ) [3]!<þ

%ü��I!ó�z\O<þ%ü�þÚ<þü  GDPü�þ�üÏ��I [4].,,%ü�´U�¤Ú

²LuÐ�õ«���Ó�^�(J,ü±%ü�oþ�,����'�5L«%ü�1�,¿ØU�¡�

N÷*²L¹Ä¥%ü��ý¢1�.Ïd,�5�õ�ÆöòCO2ü�B\����©Ûµe¥±ïÄÙ

ü�1�.Ù¥êâ�ä©Û{(data envelopment analysis, DEA)́�«ÄuõÝ\õ�Ñ��ëêc÷©

Û�{,^u�	�µdé���é�Ç,Cc5®�2�A^uUÚ�¸1��µdïÄ¥ [5] .

DÚ�DEA�.Ã{��^u¹kXCO2ü���Ï"�Ñ��Çµd¯K,Ïd�Ü©Æö

æ^äk�Ñf�?�5��¸ DEAEâ [6−9]!��ål¼ê [8,10,11]!�Ï"�Ñ��5C�{ [12]±

9�Ï"�Ñ�Ý\{½�ê=�{�.�êÆöéþã�{?1
U?,XZhou� [13]JÑ
Äu

tµCþÿÝ(slacks-based measure, SBM)��¸DEA�.,¿é 30�OECDI[�CO2ü�1�?1


÷*µd.o7� [14]æ^Äu�¿�Cþ(non- discretionary)�Ruggieron�ã�.é1998—2008c

·I29��?/«?1µd,��)�L§¥�½�«Ý\��Ú�ÑY²e¢y%ü�À/�

�z��Ç�I.3�	�ÇÄ�Cz�¡,õêÆö|^DEA�.�ïMalmquist-Luenberger(ML)�

ê [6,7,9],¿òÙ©)¤Eâ?Ú�êÚEâ�ÇCz�ê?11��Ä�µd;Ù¥cï#� [10]*Ð


ML�ê,$^ sequential Malmquist-Luenberger�êé·I 1998—2009c��ëY5CO2ü�1�?1


ÿ�.3éCO2ü�1�ÚML�êµd�Ä:þ,�õêÆöéE¤CO2ü�1�CÄ½«��É�Ï

�?1
©Û [6,7,9].Ød�	, Guo� [9]æ^�¸DEA�{,é2005—2007c·I�?/«�CO2ü�1

�?1µd,Ó�þz
!UEâU?ÚU(�N�é%~ü�íÄ�^.4²[� [11]3U�¤(�

�åe,|^ÄuDEA���ål¼ê�{,ïÄ
·I�?/«CO2ü�1�Y²ÚCO2>S~ü¤�.

lïÄ�{5w,yk©z3ÿÝ���CO2ü�1��Ì�$^
�¸DEAEâ½��ål¼

ê.,,�¸DEAEâ¿vk¿©�ÄÝ\��ÚÏ"�Ñ�tµ¯K,Ïd3N��Ï"�Ñ���Y

²��ÿ(�¸þk�),��3Ý\���~�½Ï"�Ñ�O\��U,=ÏL�¸DEAEâµdÑ��

`ûüü�3²Lþ¿Ø�½��k� [13].Ó�,��ål¼ê��U¿©�	¤k���tµ¯K,¿�

�Udu»�9�Ñ�Ý�ÀJ�5 �.d	,ÏL�5C�{½�ê=�{,ò�Ï"�Ñ��Ï"

�Ñ�?n�{du��
¢S�)�L§,ÏdÙ�Çµd��U´k �.�'ó,ÄutµCþÿ

Ý�DEA�.duò)����tµCþ���\8I¼ê¥,U
£O?Û)����Ã�5,Ïdäk

ér��OUå.

²L!UÚ�¸nö��NuÐ�Q¦²L±YO�,Ó�q��yUøAÚ~�%ü�.8c®

k�õïÄL²·I²LuÐ�UI¦!�¸�Ã�3XV�ÏJ'X,mu²L–U–�¸(economy-

energy-environment, 3E)XÚ�.®²½3w% [15];�ÆÜn�CO2ü�1�ATU
�N¥I3EXÚ

��NuÐ§Ý,ù�´�©¤½Â���� CO2ü�1�¤äk�A�.Ïd,�©b½3)��U8

e,Ã��²LN�k3ÙÝ\Ú�Ï"�Ñ ~���,Ó�Ï"�Ñ*Ü����â�k�.

�©}Áæ^Tone[16]JÑ��Ä�Ï"�Ñ�SBM-DEA�.,3��k��cJb�e,ÿÝ·

I29��?1�«�(�)�`½Úg£«,±e{¡�½;�©Ø�ÄÜõÚle�/«,¿ò�½¿

\oA�)3 1997—2009cm����CO2ü�1�,¿3dÄ:þ�	«�CO2ü�1��CÄª³Ú

ÂñA�.
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2 ���������CO2üüü���111������III������EEE

2.1 ÄÄÄuuu SBM-DEA���...������III���EEE

ToneÏLé©z[17]�SBM-DEA�.\±U?,JÑ
�Ä�Ï"�Ñ�SBM-DEA�..U?��

�.�DÚ�CCRÚBCC�.�ØÓ�?3u,§r¤k�tµCþ���\8I¼ê¥.ù��¡)û


Ý\ÚÏ"�Ñ�tµ5¯K,,��¡�)û
�Ï"�Ñ�3e��ÇÿÝ¯K.T�{U
£O¤

k)�����k�5,Ïd�±�n)�´�«Äu|d��z�©ÛEâ.�©æ^
Äu�Ï"�

Ñ�SBM-DEA�.�ECO2ü�1��I.b½)�XÚkN�ûüü�(decision making unit, DMU),z

�DMUÑkÝ\!Ï"�ÑÚ�Ï"�Ñn��þ,©OL«¤x ∈ RM , y ∈ RK, u ∈ RL,Ý\�ÑÝ


�X = (xmn) ∈ RM×N , Y = (ykn) ∈ RK×N , U = (uln) ∈ RL×N ,¿�X > 0, Y > 0, U > 0.

b½5��ÅØC�¹e�)��U8�

P = {(x, y, u) |x > Xλ, y 6 Yλ, u > Uλ,λ > 0} , (1)

Ù¥λ�N × 1�~�þ.

éuûüü�DMU0(x0, y0, u0),�Ï"�Ñ�SBM-DEA�.�






















































































Min ρ =
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1

M

M
∑

m=1

s−m
x0m

1 +
1

K + L

(

K
∑

k=1

s+
gk

y0k

+
L
∑

l=1

s−bl

u0l

)

s.t.

x0 = Xλ + s−

y0 = Yλ − s+
g

u0 = Uλ + s−b

s− > 0, s+
g > 0, s−b > 0,λ > 0,

(2)

Ù¥ s−, s+
g , s−b L«Ý\!Ï"�ÑÚ�Ï"�Ñ�tµCþ.8I¼ê ρ'u s−, s+

g , s−b î�4~,� 0 <

ρ 6 1.

b�
(

λ
∗, s−∗, s+∗

g , s−∗

b

)

��.(2)��|�`),��=� ρ = 1,�= s−∗ = 0 , s
+∗

g = 0, s−∗

b =

0�,DMU0´k��.e ρ < 1,DMU0´Ã��,�3XéÝ\�Ñ?1N��7�5,Ù�Ï"�Ñ��

��~üþ� s
−∗

b .

�©�½��ûüü��¢S CO2ü�þ�Ù���~üþ��Ò´Ù8I CO2ü�þ./« i3�

Ï t����CO2ü�1�(total-factor CO2 emission performance index, TFCPI)�

TFCPI(i,t)=
8ICO2ü�þ(i,t)

¢SCO2ü�þ(i,t)

. (3)

2.2 ÄÄÄuuuÄÄÄ������mmmIIIUUU???���SBM-DEA���...

ÊÏ�DEA�{��^5©Ûî�¡êâ,=�µd�ûüü���Ó�Ï�Ù¦ûüü�?1'

�,�Ñ
�m��^,ÏdÃ{�	�Ç�Ä�Cz. Charnes� [18]JÑ
DEAI�©Û�{,§U
?

nØÓûüü���mCz�êâ. DEAI�©Û�g�´,r?uØÓ�ã�Ó��ûüü�À�ØÓ
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�ûüü�,ÏLaq£Ä²þ{À½ØÓ�ë�8(I�)5µdTûüü���é�Ç.

b�kN�ûüü�, M«Ý\, K«Ï"�Ñ, L«�Ï"�Ñ.å©u1 t(t = 1, 2, . . . , T )c�I

�Wt,ÙI�°Ý�w(1 6 w 6 T − t+1,=I�WtCX���w��ã),TI�KkN × w�*ÿé

�.I�Wt�Ý\Ý
!Ï"�ÑÝ
Ú�Ï"�ÑÝ
©O�

XWt
=
(

x1
t , x2

t , ..., xN
t , x1

t+1, x2
t+1, ..., xN

t+1, ..., x1
t+w−1, x2

t+w−1, ..., xN
t+w−1

)

, (4)

YWt
=
(

y1
t , y2

t , ..., yN
t , y1

t+1, y2
t+1, ..., yN

t+1, ..., y1
t+w−1, y2

t+w−1, ..., yN
t+w−1

)

, (5)

UWt
=
(

u1
t ,u

2
t , ..., uN

t , u1
t+1, u2

t+1, ..., uN
t+1, ..., u1

t+w−1, u2
t+w−1, ..., uN

t+w−1

)

. (6)

8c,I�°Ý�(½¿vkî��nØ�â. Charnes� [19]uyI�°Ý��� 3½4��mã,��

uU
¼��²ï�&EþÚ½��Ç�©.Ø���5,�©�½I�°Ý� 3,�±1c��m£Ä.

3 êêêâââ???nnn999`̀̀²²²

ØÜõÚle�/«	,¿ò�½¿\oA�,�©ïÄo��¹29��½.æ^cÝ¡�êâ,�

�«m�1997—2009c;±]�!NÄåÚU��Ý\��, GDP�Ï"�Ñ, CO2ü�þ��Ï"�Ñ.

±]��þL«]�Ý\þ.�© 1997—2006c]��þ�êâ5g©z[20], 2007—2009c�êâ

Kæ^“[Y��{”O�¼�.NÄåÝ\±��½c"Ò�<êO�.U�¤Ý\±�/«�Ñ��a

U�Ä:êâ,Uì�«UIOuXêÚ����IOu.ë�©z[21]952006c IPCCI[§¿íN

�ü�H6, CO2ü�þÄuU²ïL�U�¤êâØ���.

]��þ�GDP±1997cØCd���.��½�GDPÚNÄåêâ5g5¥IÚOc�6,U�¤

êâ5g5¥IUÚOc�6, CO2ü�Ïf5g52006c IPCCI[§¿íN�ü�H6.

4 ¥¥¥III«««������������CO2üüü���111���

�©ïÄ�29��½¦^z�-�¤�)�CO2ü�þg1997c�33.03·ëþ,�2009c

�83.80·ë, 13cÏm�CO2ü�oþp� 675.38·ë1.U1997cØCd�O�,·ICO2ü�rÝ

d1997c�z�� 4.3ë±Yeü� 2009cz�� 2.9ë.�â“��Ê”5y,�©ò29��½y©�

ÀÜ!¥Ü!ÜÜÚÀ�(�L 1)o�«�.Äuc©¤ã�{,�©ÿ�
1997—2009c·I 29��

½Úo�«�zc�CO2�~üþ9TFCPI�.��ÏmS·ICO2�~üoþ� 312.90·ë,��½

�TFCPI�2�(J��L 1.

4.1 ···���µµµddd

dL 1�±wÑ,·I 29��½3��ÏS�²þ TFCPI�=� 0.521,̀ ²·ICO2ü�1��

k��ÌÝJp. CO2ü�p1���½õ8¥3²Lu��HÜ÷°ÚÀÜ÷°/«.ùü�/

«�GDPÓ29��½oGDP�34.7%,CO2ü�þ=Óoü�þ� 21.2%,��ÏS¤k�½�²

þTFCPI�þ�L0.7.lCO2�~üþ5w,à�!ìÜ!ìÀ!àH!S�Ú�w� CO2�~üþ²wpu

Ù¦�½,Ó�~üoþ� 50.9%.Ù¥à���CO2ü�1�3÷°/«�$,��~üþü¶1�,Ó�

I�~üoþ� 10.8%.

1�©O��¥I%ü�þ'ISUÝ(International Energy Agency, IEA) 2011cúÙ�êâp,Ì��Ï3uU�¤þ�O��{Ú

êâ5ØÓ.
2duI��U,±Ó�cØÓI�TFCPI�þ���T/«�c���� CO2ü�1��.
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�?�Ú�	¥I«�CO2�~üdå,�©æ^»�{(Ward’s method),Uì1997—2009cm�c

þTFCPI�ÚcþCO2�~üþ,é29��½?1àa©Û.àa(J9ÙA�XL 2¤«.duTFCPI�

3�½§Ýþ�A
²L!UÚ�¸(3E)uÐ��N5,=pü�1�/«,Ù3E�N5�p;$ü�1

�/«,Ù3E�N5�$. G1¥�7��3/n �þ��,§�´¥Iu(mæÚu(�\ó!gcó

�!kÚ7áó��à8/,UÑÄê�, CO2ü�þp,Ù²L(�N�ÚU¦^EâU?�?Öc�

qã. G2¥�[�!wg!�°!#õo�/?·IÜ�,²LuÐ¢�. G4¥��½�õ uÀH÷°/

«,²Lu�,��(��éÜn,pKX�ÄSº/«uÐ�qã?Ö.

L 1 �/«���CO2ü�1�(1997—2009)

Table 1 Total-factor CO2 emission performance by region (1997—2009)

�(½) «�1 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 ²þ2 ü¶ '~3

4ï E 1.000 1.000 1.000 0.99 1.000 0.994 1.000 1.000 0.926 1.000 0.955 0.992 1.000 0.989 1 0.06

2À E 1.000 1.000 0.886 1.000 0.950 0.939 0.952 1 1.000 1.000 1.000 1.000 1.000 0.979 2 0.19

þ° E 0.751 0.927 0.963 0.94 0.951 0.953 0.942 0.923 0.898 1.000 0.963 1.000 1.000 0.939 3 0.35

°H E 0.768 0.781 0.923 0.905 0.885 0.831 0.813 0.820 1.000 1.0001.000 1.000 1.000 0.902 4 0.04

�® E 0.445 0.744 0.756 0.833 0.877 0.853 0.932 0.865 0.862 1.0000.934 1.000 1.000 0.854 5 0.49

úô E 0.598 0.642 0.659 0.654 0.648 0.726 0.788 0.800 0.823 0.9410.842 0.893 0.890 0.762 6 1.73

ôÜ C 1.000 0.755 0.659 0.772 0.774 0.589 0.547 0.593 0.645 0.7110.705 0.765 0.782 0.715 7 1.04

ô� E 0.478 0.477 0.626 0.586 0.661 0.766 0.803 0.788 0.731 0.8250.801 0.855 0.874 0.713 8 3.48

2Ü W 0.716 0.708 0.686 0.646 0.641 0.743 0.680 0.616 0.666 0.7340.715 0.885 0.784 0.709 9 0.96

ç9ô NE 0.252 0.295 0.314 0.320 0.462 0.712 0.889 0.975 1.000 1.000 0.868 0.791 0.572 0.650 10 2.46

U9 E 0.356 0.461 0.635 0.661 0.681 0.678 0.729 0.630 0.623 0.7180.663 0.721 0.734 0.638 11 1.26

�H C 0.417 0.452 0.592 0.659 0.595 0.632 0.743 0.617 0.524 0.5840.593 0.684 0.685 0.598 12 2.57

�� C 1.000 0.370 0.410 0.422 0.475 0.506 0.516 0.554 0.602 0.6670.637 0.710 0.710 0.583 13 3.28

oA W 0.376 0.415 0.438 0.476 0.515 0.535 0.539 0.597 0.684 0.7400.744 0.695 0.679 0.572 14 4.06

ìÀ E 0.416 0.471 0.510 0.608 0.530 0.579 0.570 0.580 0.504 0.5460.535 0.554 0.569 0.536 15 8.54

�H W 0.370 0.404 0.445 0.480 0.448 0.444 0.393 0.742 0.377 0.3970.391 0.429 0.413 0.441 16 2.63

àH C 0.353 0.380 0.393 0.393 0.387 0.406 0.415 0.405 0.410 0.4430.443 0.473 0.485 0.414 17 7.37

�w NE 0.257 0.285 0.397 0.284 0.318 0.406 0.449 0.422 0.424 0.456 0.459 0.493 0.489 0.395 18 7.29

S  C 0.340 0.367 0.371 0.357 0.354 0.405 0.389 0.381 0.388 0.4070.400 0.433 0.446 0.388 19 5.26

ñÜ C 0.240 0.279 0.335 0.366 0.342 0.367 0.374 0.357 0.378 0.4800.438 0.439 0.423 0.371 20 2.92

�° W 0.236 0.261 0.234 0.289 0.279 0.336 0.370 0.505 0.514 0.4720.417 0.375 0.396 0.360 21 0.49

#õ W 0.236 0.245 0.262 0.276 0.305 0.381 0.493 0.434 0.393 0.4270.377 0.377 0.330 0.349 22 2.53

3� NE 0.188 0.232 0.278 0.267 0.283 0.318 0.362 0.409 0.369 0.410 0.378 0.423 0.441 0.335 23 3.77

à� E 0.250 0.274 0.281 0.285 0.299 0.307 0.334 0.391 0.346 0.3770.367 0.375 0.373 0.328 24 10.80

S�� C 0.178 0.599 0.463 0.510 0.688 0.309 0.231 0.223 0.213 0.2280.205 0.192 0.201 0.326 25 7.34

[� W 0.196 0.209 0.222 0.217 0.248 0.272 0.264 0.288 0.310 0.3420.341 0.347 0.371 0.279 26 2.46

ìÜ C 0.130 0.140 0.155 0.157 0.144 0.155 0.171 0.185 0.199 0.2200.221 0.216 0.205 0.177 27 9.51

B² W 0.130 0.124 0.134 0.140 0.153 0.173 0.152 0.176 0.168 0.1700.179 0.210 0.195 0.162 28 5.14

wg W 0.131 0.155 0.166 0.125 0.106 0.105 0.120 0.153 0.142 0.1530.137 0.130 0.130 0.135 29 1.98

ÀÜ E 0.545 0.570 0.637 0.672 0.667 0.695 0.713 0.725 0.674 0.7350.710 0.736 0.746 0.679 1 26.95

¥Ü C 0.426 0.378 0.390 0.409 0.421 0.379 0.379 0.378 0.385 0.4220.414 0.431 0.435 0.404 3 39.28

ÜÜ W 0.315 0.331 0.347 0.355 0.369 0.398 0.391 0.444 0.433 0.4620.459 0.478 0.460 0.403 4 20.24

À� NE 0.239 0.277 0.339 0.292 0.353 0.477 0.563 0.581 0.576 0.599 0.555 0.564 0.502 0.455 2 13.52

�I 0.426 0.428 0.477 0.489 0.503 0.523 0.540 0.554 0.537 0.580 0.561 0.579 0.574 0.521 100

5: 1E�LÀÜ/«, C�L¥Ü/«, W�LÜÜ/«, NE�LÀ�/«.
2Ø�ÄÜõÚle�/«,¿ò�½¿\oA��,·I 29��½U 1997—2009c�²þTFCPI�ü¶.
3��½ 1997—2009c�CO2�~üoþÓ 29��½CO2�~üoþ�z©'.

L 2 ¥ICO2~üdå�©«'�

Table 2 Clustering analysis of China’s regional CO2 emissions reduction potentials

+| A�£ã �(½) �ê

G1 �$1�,p�~üþ,p~üdå, Ø�N à�!àH!ìÀ!S��!ìÜ!S !�w 7

G2 $1�,�p�~üþ,�p~üdå, �Ø�N ñÜ!B²!�H![�!wg!�°!#õ!3� 8

G3 �p1�,�$�~üþ,�$~üdå,��N U9!ô�!úô!��!�H!ôÜ!2Ü!oA(¹�)!ç9ô 9

G4 p1�,$�~üþ,$~üdå,�N �®!þ°!4ï!2À!°H 5

4.2 ÄÄÄ���µµµddd

l�N5w,¥I�TFCPI�d 1997c� 0.426Åìþ,� 2006c�0.580,�2009c£á 0.574.lo

�«�5w(�L 1),Ø¥Ü/«	,Ù¦n�/«� TFCPI�3��ÏmSÑÅÚJp;Ù¥,À�/«J
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,ÌÝ��,c²þO��Ý� 6.4%,ÜÜg�.�Bu©Û,±�ØÓ�Ï��½²þ TFCPI��X�ã

Xã1¤«.�±uy,ç9ô!ô�!�®!�°!#õÚoA8�½�²þü�1�J,ÌÝ��,Ù¥ç

9ô��c²þCO2ü�1�d 1997—2001c� 0.329O�� 2001—2005c� 0.808,OÌ� 146%,��

+kÙ¦�½;S��ÚôÜK�ÌÝeü.32005—2009cÏm,��!oA!°HÚúôo��ü�1

�k��Jp,S���ü�1�?�Úeü,d2001c� 0.688ü$� 2009c� 0.201.

0 . 00 . 10 . 20 . 30 . 40 . 50 . 60 . 70 . 80 . 91 . 0 ( E ) ( E ) ( E ) ( E ) ( E ) ( E ) ( C )( E )( W )( N E )( E )( C )( C )( W )( E )( W )( C )( N E )( C )( C )( W )( W )( N E )( E ) ( C ) ( W ) ( C ) ( W ) ( W )

1 9 9 7 2 0 0 1 2 0 0 1 2 0 0 5 2 0 0 5 2 0 0 9
ã 1 �/«���CO2ü�1��üz

Fig. 1 Evolution of total-factor CO2 emission performance by region

5 ���������CO2üüü���111������ÂÂÂñññ©©©ÛÛÛ

ÏLþã©Û�±wÑ,·I«�CO2ü�1��3wÍ�É,,�/«CO2ü�1���å´Ä

¬�X�m�í£ �?ü�1�$�/«´Ä'1�p�/«äk�p�1�O��Ý?�£�ù


¯K,e©é·I�N9o�«��ü�1�?1
Âñu�.Âñu����) σÂñ!ýé βÂñÚ^

�βÂñ({¡^�Âñ);Ù¥σÂñÚýé βÂñÑáuýéÂñ.

ã2w«,²Lu��ÀÜ/«%ü�1���þï,ÜÜ/«%ü�1��É��.oN5w,�I

��½�m!o�«�SÜ(Ø¥Ü/«±	),%ü�1���ÉÅì~�½ªu½.

00 . 10 . 20 . 30 . 40 . 50 . 60 . 70 . 8
ã 2 ���CO2ü�1��CÉXê

Fig. 2 Coefficient of variation of total-factor CO2 emission performance

5.1 ýýýéééÂÂÂñññ©©©ÛÛÛ

σÂñ´�ØÓ/«mü�1�Y²�l���m�í£ªu".ýé βÂñq´�3�/«Pk

�Ó��cJe,�'uÐ©ü�1�p�/«,Ð©ü�1�$�/«XJäk�p�O�Ç,¦�¤
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k/«�ü�1��ªªu�Ó�.�©/ÏCÉXê?1 σÂñu�,æ^Âñ£8�.?1ýé βÂ

ñu�.

e¡æ^Äu#�;O�nØ�²;ªÓ�. [22]é¥I 29��½Úo�«��ü�1�?1ý

éβÂñu�.�.Xe
1

T
( ln yi,t+T− ln yi,t) = α+β ln yi,t+εi,t, (7)

Ù¥ i�/«?Ò, y�TFCPI�,T ,�ã�m, ( ln yi,t+T− ln yi,t)/T L«l t� t+T�Ï/« iü�1�

�cþO�Ç, α��å, εi,t��ÅØ��.eβ< 0,KL«�3ýé βÂñ;��,KØ�3.

- yi,t� 1997, 1998, . . .,2008c/« i�CO2ü�1��, yi,t+T �T/« 2009c�ü�1��,æ^

¡�êâ�·ÜGLS�O,��(JXL 3¤«.

lýé βÂñu�(J5w,�IÚo�«�� β�3 1%�wÍ5Y²e��K,ùL²�IÚo�

«�SÜ��3ýé βÂñ,=CO2ü�1��$��½Ùü�1�O��Ý�pu1��p��½,�3

á�öék?ö�“J`�A”. lβ�ýé�5w,ÜÜ/«��,ÏdÜÜU�¯��ÙSÜ�Y²,À

Üg�,À�K���ú.

L 3 CO2ü�1�� βÂñu�

Table 3 Tests forβ -convergence of CO2emission performance

�I ÀÜ ¥Ü ÜÜ À�

ýéβÂñ(·Ü�O�.)

β −0.133*** −0.120*** −0.115*** −0.196*** −0.088***

TÚOþ −26.189 −16.751 −13.749 −17.991 −6.043

N��R2 0.838 0.798 0.837 0.850 0.953

FÚOþ 825.596*** 131.321*** 223.945*** 149.877*** 325.915***

^�βÂñ(�½�A�.)

β −0.138*** −0.100*** −0.110*** −0.154*** −0.234***

TÚOþ −20.290 −15.191 −15.501 −8.900 −4.265

N��R2 0.722 0.833 0.843 0.692 0.659

FÚOþ 23.521*** 29.348*** 27.913*** 12.256*** 5.839***

5: *** !** Ú *©OL«31%!5%Ú 10%Y²þwÍ.

5.2 ^̂̂���ÂÂÂñññ©©©ÛÛÛ

^�Âñ´���/«�ü�1�ªCu�g��Y²,ù��Y²�6u�/«g�A�,`

²/«�m�CO2ü�1��É¬±È�3.�©$^¡�êâ�½�A�.?1^�Âñu�,Ù�

��`:´U
;�¢¦)ºCþ,¿�;m
é)ºCþ�ÀJ¯K [23].¡�êâ�.��½�A�

éAXØÓ/«�gØÓ��^�,U
÷v^�Âñ�b½,ÏdÃI\\�	���Cþ [24].�©

3�.(7)�Ä:þÚ\�N�½�A�Ú�m�½�A�,=æ^V�½�A�.5u�^�Âñ.Ó

�,eβ< 0,K�3^�Âñ;��,KØ�3.�½�A�.��O(JXL 3¤«.

L3¥^� βÂñu��(Jw«:�IÚo�«�� β�3 1%�wÍ5Y²e��K,ùL²�I

Úo�«��CO2ü�1�Ø
�3ýéÂñ±	��3XwÍ�^�Âñª³.lβ�ýé�5w,À�

/«��,ÙS��U�¯��g���Y²,ÜÜ/«g�,ÀÜK���ú.

6 (((ååå���

�©3���µee,æ^Äu�Ï"�Ñ� SBM-DEA�.,(ÜI�©Û�{,ÏL½Â��

�CO2ü�1��I( TFCPI ),é¥I 29��½ 1997—2009c�CO2ü�1�Ú~üdå?1
µd,�

�/ÏCÉXêÚ¡�£8�.é·I�N9ÀÜ!¥Ü!ÜÜ±9À�o�«��%ü�1�?1
Â

ñu�.
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ïÄ(JL²,31997—2009cÏm,·ICO2ü�1��NY²±YJp,�/«�ÉwÍ,¥y


dÀH÷°�Ü�Sº4~�©ÙA�.Uì��cþCO2ü��1��Ú�~üþ,·I 29��½�

©�o�~üdå|.Ù¥4ï!2À!þ°!°HÚ�®´%ü�1�ü¶cÊ��½,��ÏmS�

²þ%ü�1��þ3 0.85±þ,Ù²L!UÚ�¸�muÐ�N.à�!ìÀ!�w!S��!ìÜ!

àHÚS Ô��%ü�1��$,�CO2�~üþ�,��ÏmS�\OCO2�~üþÓ 29�½�~

üoþ� 56.1%.32001—2005cÏm,ç9ô�%ü�1�J,ÌÝ��;32005—2009cÏm,���

%ü�1�J,ÌÝ��;S��3 2001—2009cm%ü�1�eüÌÝ��,d2001c� 0.688ü$

�2009c� 0.201.d	,Âñ©Û(JL²:·I�NÚo�«�� CO2ü�1��kwÍ�ýéÂñÚ

^�Âñ�ª³, CO2ü�1��$�½�ü�1�O��Ýpu1��p��½,�/«%ü�1���

åò�X�m�í£~�.

nþ,3ÎÜ·I�Û|Ã�cJe,Äk�ÄuØÓ«��¢S�¹�½ØÓ�~ü�ü,¿�¥Ü

Ü���½�'��@�ü,Ó��yÀÜ÷°/« CO2ü�1��ÚJ,,±Ë��^�ÄSº/«%

ü�1��Jp.
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