
� 32�� 8� ��������� Vol.32, No.8

2012 � 8 � Systems Engineering — Theory & Practice Aug., 2012

����: 1000-6788(2012)08-1704-08 �����: F426 �����: A

������������	�
������	


 � 1,2

(1. ����� ����������, �� 410082; 2. ������ ����, 	� 430074)

� � 
����������� !�"#$,  !�"�%�&'����()���*
+(),-.()�/01����, 23�45� 1980–2008 6 7 !�"!()�/�"
08.9:;"#. $<=>: �� !�"#$?:@.()�/0%�A�1�, &B GDP
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Abstract This article employed the threshold regression model analyzed the difference effects of economic

growth, industry structure, total factor electricity efficiency and electricity price on electricity consumption

in the different range of economic growth, it also demonstrated the asymmetry effects between electricity

consumption and economic growth in 1980–2008. Research result shows that the roles of variables on

electricity consumption are different in the different range of economic growth. When the growth rate of

GDP/cap higher than 9.25%, electricity consumption is significantly promoted by the quickly development

of heavy industry, but electricity efficiency has not been obviously enhanced, so it has limit effect to hold-up

the growth of electricity consumption. When the growth rate of GDP/cap lower than 9.25%, economic

growth is the main force to promote the electricity consumption, and the excessive growth of electricity

consumption is significantly curbed by the prominently improvement of electricity efficiency. The results

also show that the price subsidy policy distorts the electricity price mechanisms, so it is necessary to

promote the reform of electricity price actively and steadily.
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1 Z[

������, �����������	��������
�Æ	��	
�
�, �Æ	��	
�
	�����	, �Æ	���	�������	�
�. ���������, ���

��Æ	��	
���Æ	��������������. 1995 �� 1998 ������	 3.1%, �
������������ 52.7% �	� 50.7%, �� GDP �Æ
���� 16.7%, ����	��Æ
����� 6.5%; 2003 �� 2007 ������ 3.0%, �������������� 64.5% ���
�� 70.5%, �� GDP Æ
��� 6.4%, ��Æ�������� 8.2%; 2008 �, 
�������

����: 2010-04-20

\]^�: �������� (70825006); ���������������� (11YJC790082)

_`��: �� (1980–), �, ����, ��, �����, ����: ���������, ����.
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�, ������� 4.0%, �������� 6.4 ����, �������������� 71.3%, ���
GDP Æ
����� 13.1%, ��	��Æ������ 9.6%. ��,  ���Æ	��������
����	��, �Æ	����	������������	��. ����	����, ��Æ	
���������� ��!"���? ���
��Æ	��	
�����������"
Æ	��������������� �?

��  ����������, !��!!�#!�""� �� Granger #$��""���, !
!��Æ�#����##%. $��, $"$��%&""� ��!'���. Hamilton[1] ���

%�(�&��$&�	�����
'�!'���. Lee " Chang[2] �� TAR %)���*&�  
��������� U )��. Wei, Chen " Zhu[3] "+�,-��(�)"&��  �������
�.�!'� Granger #$*%, �!�'���� &    �+�. Hu " Lin[4] '�!�"�%)
�/��* GDP �'"  ���!'�(,��. Bessec " Fouquau[5] �'�!�)!%)!��*
+'�Æ	����0�
'�!'���.

�,�!!12#(�: 3(-) [6] �4"$���*�)��"++�.*%� ��'�!�#
��$�.'%),���������  ��$�5� 1 �%%���"#. *�1) [7] �� STAR
%)+��������"  ������ 1956–1976�'%�	���!'�"!"� �, �� 1977
–2005 �'%���'� �, ,6--$ 1998–1999�'��  ��������/�&0. 1') [8]

�'�"���/2.�7.-%&�&/��!��  &/�!"�	�, ����/'���� 
�, #��)"���0�  &/�/!6-1	0��-$.

."��Æ	����������/���8, �,$"���(3�1�1	�-$. 9
2 [9] (:Æ	��$���
2�#)��3�, 2008�����3�5�4������	�5456.
�)  7 [10] (:2�,��'.	����	, Æ	��� GDP ���(/0�� ,*�. �)
�47 [11] �!!)6	1	, '*�����,('.���
�(�"	��Æ�*+8��, �#(

Æ�,���,Æ
��7"-�'��. ,Æ����/��7��	��Æ	���,#�'��
$��6-&/�;�&95������Æ�����.

��!!12��, �
 ������(�����Æ
��	�6���������	�+0Æ
	����������/��#(2#. 0�, "�&"�'�, �$"'��%)��

�/"84�*%�-9:�������&�. �/�&, : 12��/1;,<��������
�1�%&�
�	�	
���Æ	���#	��. ��, 
1�!!	�)�����Æ	����
�����/ �, 7=!��;%)�/'�������, �
�	"Æ	��	
���"Æ	
���	�, ��<)/-<��������	"Æ	�����, ��"���
��8 �'
.2�3+�	��/>.

2 a()*b+c,-d./e0123f

2.1 45g6h789i
1) ����
��������"3$*945���?+�Æ	�����00�, ���������,

�����Æ	����	�����. = 1 �', 1990–1992�, GDP ��
� 3.84% �6� 14.24%,
Æ	����
�� 6.22%�6: 11.54%,�6��45� "; � 2001–2003�, ����
�� 1.72%,
�Æ	����
�5� 7.91%, 6�4�� ". �������.!, ����
��	1	Æ	��
�.���<�. 7 1998 � GDP ��
���� 9.3% ��: 7.8%, Æ	�����
����� 4.8%
��: 2.7%, ������ GDP. 2008 ���("#	�7�, GDP ��
���� 13% ��: 9%, �
Æ	����
����� 14.42%��: 5.23%. ����@	, GDP ����+0�����Æ	
��������*�, ,"���Æ	������(':�����(�/"�$, �2#,!�
>/�:"�//"��, �8��7���
�	�Æ	��	
��)	�"Æ	�����*�(�
�, �2&�������	, ;�&-$�9�8.
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j 1 :;k<l=>m GDP l=>?@j
AAB�: >C4��?��<564����?��<5@�;C6�?@.

2) ���


������, ���D� 1980 �7<���,7: 2000 ����� “�)(” ��=. ����
��Æ	����=, �������	�8>+0Æ	����	, #�, ?@AAE�� (HI) 1, ,+9
AAE����
 (hm) ::

hmt = −
(

HIt − HIt−1

HIt−1

)
× 100% (1)

� HI �+9�:, hm �:)������<��,7, ����	���, BF	Æ	����
�; >�:B, ����������, BCDÆ	�����.

B 1 noCDEFpGHm:;k<l=qI
�C 1995 1996 1997 1998 2003 2004 2005 2006 2007 2008

������G 8.24 7.39 4.83 2.71 16.5 15.4 13.5 14.6 14.4 4.8

J=;��G 18.0 9.7 12.3 20.1 33.4 50.3 25.7 27.9 28.8 13.2

EDH�;AFG −4.10 −3.26 −3.67 −1.21 14.27 16.6 2.30 5.05 2.36 4.04

� 1��, 1995–1998�, �����.�9������"<�����D, �����������
7, AAE�� B:B, ��Æ	����
	��� 5.53%; 2003 �, �����, AAE�� B
��4, ,1	�Æ	���C���.

3) Æ	��	


/8&, Æ	��	
����K��7����"Æ	���<I, �Æ	��	
�����=�
"Æ	�����>3'�	=�. : 9��Æ	��	
1:�Æ	+� (G�� GDP Æ
, ?)�
�	��Æ�/GDP), �31:�/"�()  	
;�1:, 
@<J�����
#) [12]. #�, 

1���	+�� SFA �84���Æ	��	
, 3	
����H+Æ	D%()"�8D%()�
�����	�L�� �	��K, =7�	
 E��:2:

In(GDPt) = β0 + β1In(Kt) + β2In(Lt) + β3In(Et) + νt − μt (2)

�� , GDP ��,*���; K �M
��, E/F+M��&�7.?BL�-4A�93 ; L �

M		, �N�3����; E ��	��Æ�. � , GDP " K �: 1952�&/4, 4A�>��0�
1980 �. νt 7�����, ,++?*�:&)��" N(0, σ2

ν); μt �/�!B�����, �?�7�/
�&��  �
O0 	 E�BP. #: μt > 0, 
1++?*�O)��" N+(0, σ2

μ); νt " μt �#

1. EDH�;G�C=;?�/J=;?�, D�@FEQ=;R�IH�J=;FA@J@I.

2. ;CAS�G (DEA) GB�BH��HG�NCB��, DIGCOJ���, DHGD���HJEE;CFIKF.

E�;CKK, JGB��H;K��?�I� SFA �, JLL�MLPGKJ�TLMG.

3. �HNMK: Kt = It + (1 − δt) × Kt−1 , K NOAEP�, I KU@ML�OPA?MA, δ KHVG.

4. Q6K 1952 �MRGKWN@SQN�AEP�;C, NOEQOP���Q�EQ.
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j 2 :;Rrs>ST>6:;k<mUVl=>?WXtj

T=. ��&, SFA 	
 E���()Æ	��	
R+9::

EE SFAt =
E(GDP ∗

t |μt, Kt, Lt, Et)
E(GDP ∗

t |μt = 0, Kt, Lt, Et)
(3)

EE SFA �O�UP: 0 : 1, �=>$ 1 ��Æ	��	
=�. E/ (2) �, �� Coelli ) [13] ��-

84	D��Æ	��	
. �/�&, +9 EE SFA ��
 (ef) ::

ef =
EE SFAt − EE SFAt−1

EE SFAt−1
× 100% (4)

ef �=�, IQ�Æ	D%()'�
=�, QP��=, 8Æ	$=��; > ef �5�4, �IQ�Æ
	��	
��, '�Æ	8J.

�= 2 ��@:, ������"Æ	��	
���'���/+�. 1992� GDP ��
S:
V� 14.24%, �� ef �: −2.49%; 1995–1999 ���(����Q07� 2001–2004 ���(���
�, � "� ef ��4��R". �R, Æ	��	
����Æ	����
�3S�R0�. 2003�Æ
	��	
��	� 9.80%, �Æ	����
S: 16.53%,:$���V�; 1992–1993�� ef �XB

:B, ���Æ	��T � 11% ������.

4) Æ	&/

E/��%��+9, Æ&��6:���8>WK�Æ	����	������.  ����YX
Æ	&/���YL�YZ�/8�O.M�+&���,�Æ&SR��8DM����������
(��, #�Æ&��	Z0U:��Æ	������(�� [14]. E/�)�47["�Æ	&/1�
(PI), +9Æ&��
 p ::

pt = PIt − 100 (5)

p �=�, IQ�Æ&��=�, TV�3�'�BW�Æ	8J, �7Æ	����
; > p �:B, �I
Q�Æ&�\, '�Æ	8J��S	Æ	�����.
2.2 [5\Æ]^_

��������, ���
��(�Æ	��	
������ �, ?$�Æ	����
�����	�����. �R, :WK&/�3��������'�, �Æ&��
:-$�
�. ,�, �� Bai[15]�Bai " Perron[16] �	�!Z�
�(�'�%), 
1U+7�4�%):

elt = α + β′
1xtI(gdpt � γ) + β′

2xtI(gdpt > γ) + εt (6)

�� , el �Æ	����
, x �-$��, +9: x = (gdp, hm, ef, p)′, ε ���V	T, [` (i.i.d) +
+. I(·) �� gdp :!���, γ :!��'�%�, X?[`JT �UU!3%�: 1,  �: 0.

%) (6) ++B����V�:"���, #���"�9%)�.\7, �7B����V�:&�
����97�W!�%) (γ1 < γ2):

elt = α + β′
1xtI(gdpt � γ1) + β′

2xtI(γ1 < gdpt � γ2) + β′
3xtI(gdpt > γ2) + εt (7)

84	#� β, ," β �.���*%R, �"-V �	���a	�Y. X!�	���!, ��
��������, ���
�	�Æ	��	
���"Æ&"Æ	����������. 7.
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" β 84���/��3, �9�������Æ	�����#(��#), ���K�]$3+Æ
	,75V, ,�."�&3+"�28ÆN>.
2.3 45bcd78eu

4�%) (6) : (7)  '����7�:

1)Æ	����
 el: ��^_*9�Æ�������`�+,#�
1��4AÆ	����

��Æ�:�	��Æ�CXZW^_*9�Æ�.

2) ����
 gdp: �����F	Æ	����L�(�?+#), ���a��3b���6��
�[��3b���*945���	1	����Yc)�Æ���. #�, 3b��	���Æ	�
���(#). 0�, 3b��
��8-$��'��3+�����, +03b���%) ,��.
:�, 
1�3( GDP ��
':����
�7���.

3) 	
�� ef : � (4) �4A�Æ	��	
��
��'. (2) � M
���84B8>��:
Æ	��	
��
�4A. 
1��F+M
(U�]�9.5% �Od
5�84�9����M
��,
'�?BL�-\�&/4AD�M
��,� ,�F+M�DM7.DMP^5C1�OAU���
�&/�'����6 . �?BL�-�, �����
���e4Od, R�M
���84�=�=&
/, #�
1XQ 1952 �':4A��, ,�� Young[17] 84� 815 RS (1952 �&/) ':>��F+
M
���. �/�&, B849:�M
��7% (2)�8A	�()Æ	��	
, 0RT'� (4)�4
AD�Æ	��	
��
. ?�Æ	����
B��.

4) �
�� hm: �� (1) �AAE����
�7Y����������������
. 3��
�Æ	����
)��.

5) Æ&��
 p: E/� (5) 4A�9, ?�Æ	����
B��.

���/��9�, 
1XO��
�: 1980–2008�. ���/OZ] ������4�@ ,̂ �U
�/�ZD�] ��4�@ "̂] ��,*���WADZMf (1952–2004) .̂

3 fvghciw

3.1 \Æjx
"%) (6)�.!��;*%,84���#� β,[Z[(/+%) !������6���!�.

U�� m �!� γ1, γ2, · · · , γm B����V�: (m + 1) ���, "!�\g {γj} (j = 1, 2, · · · , m) 7
.L5(_�5�"�84	���#� β̂({γj}) ""��_�5�" Sm(γ1, γ2, · · · , γm) , �84�!�
(γ̂1, γ̂2, · · · , γ̂m) : [16]:

(γ̂1, γ̂2, · · · , γ̂m) = arg min
γ1,γ2,···,γm

Sm(γ1, γ2, · · · , γm) (8)

E/�92�, ��\_*%��-"%) (6) " (7) �.84�*%. :��`� ��Z�����
���, 84�-���.�`9L5aa- (FGLS). *%�4�: Wald *%�4� [18]:

Fm = (S0 − Sm(γ̂))/σ̂2 (9)

� , S0 " Sm(γ̂) ��:2+U"bX+UUU��_�5�", σ̂2 = Sm(γ̂)/T . �� Fm �X��"�

!:&(��, #�
1�� Bootstrap �-Y9 Fm � p �. �9ÆI��,  �'�\_84-"��
#�!��%)�.84��/0�,�[(E/R84�9�!�"Z849:�!��.])�Y9�
	84�.

"�3%)�84�+U*%��, ��/�#! Chong[19]�Bai[15] " Hansen[20] ). </�91^,
�$��7.\_*%LY/+!����, ,Y9���!�84�. %)*%�!�84��$7� 2
�'.

5. E�GBNOZ[HGb\�VcHV�, JKH�_�OPAE`ckc���HVGK 9.5%.

6. _�?��<d 1990 �h\eWOPA?MAMRD;, 1990�X]�MRD;aCGB=;^�fMRD;BbN. D
YÆ [21] D�XOPAE`ckc]OPAE`cD;BHZMA[d_\MRD;c�\`i�j�^G\`i�gea
f@=;^�fMRD;]F, b� 1990 �P�OPA?MAMRD;�EC^. _hE�GBKH?@�[d_\MRD
;_\L�MA.
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E/� 2, 
1%)U+�:� (6), G��/�!�B����V�:"���. ,����Æ	��
���������
���
�Æ	��	
�Æ	&/������. :�9�i, 
1B3(
GDP ��
7� 9.25% "�� 9.25% ��+9:���D�����\`��7 .

B 2 yzs{l|myznoz
_c`a `a?�� (Bootstrap p � *) ��K��

H0: kW��; H1: W 1 g�� 10.398(0.021) 9.249

H0: W 1 g��; H1: W 2 g�� 7.587(0.115) 7.169, 9.290

p *: daj;cPK 1000 j.

3.2 \Æq[rst]9i
E/� 2  "!����84�$, �"����������'� FGLS -�.84, 84�$

��� (JTl): p �):

elt =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

3.195 + 0.567gdpt + 0.045hmt − 0.127eft − 0.102pt, gdp ≤ 9.25

(0.097) (0.042) (0.087) (0.096)

3.195 + 0.739gdpt + 0.338hmt − 1.348eft − 0.013pt, gdp > 9.25

(0.097) (0.003) (0.006) (0.805)

(10)

84�$��, �"��������, �����Æ	��	
(���Æ	���L#(#), �
��\`���$���84��������D��; �*����
��	, �Æ&����35.

�����W�Æ	����L�(�	�. X��\`!, DM�F	�3$��45�����S
	����Yc)�Æ����, ��&Æ	��$���B�; �X���D!, ��-���`�3
$*945��)F7��Æ����, �Æ	��$�����. 1981–2008 ���Æ	��5($��
�: 0.956,� ��\`������D���5($�����: 0.986" 0.926,,� (10) �84��
"#�/0. �R, �$���84�@, �����D��b���\`��, (10) � �����$�
��84�(7�mk+ [14] �84�. $���84���7��Æ	��	
����
�"Æ	�
��*�<����, � 2003 ����Æ	&/��	"Æ	���*�<+�&/	�.

B 3 GH?u6s>?um:;k<}vwUVl=xyE?W
EEdc ����dh �����j��G EDH�;�jAFG EE SFA �jeIG

1981–2008 ��nY 11.415% 3.192% −1.763%

��ie 6.390% 1.766% 1.660%

1981–1992 ��nY 9.010% 0.868% −1.745%

��ie 6.549% −0.636% 0.962%

1993–2008 ��nY 12.918% 4.644% −1.775%

��ie 6.514% 3.869% 2.270%

���,(�
@: ��\`!, -�*��b9c, 'e
�6, ������;�X���D!, �
��#
M�[f��4��<��, ��
:�lf	4��<��, #�������fd ���
�. � 3 �', 1981–2008 �', ��\`!��AAE����(��
: 3.192%, ����D!�(�
�
: 1.766%. ,�����\`!, ���.�ge��	\`"#, �f�ÆI-+�
Æ.��\,
7, ���
8 ; �����D�����,7
m, �7.QP���������
6g. �!�
@, 1981–1992 �', ���#n����D��, ��������������, �_���
� “<)
(” �7���Æ	�����	�Æ	������, 	�7�Æ	�����. 1993–2008�, f���
2003–2007����\`��,�jg��h�(���i:7���(�����,�� “�()”"#�
�;�����D�����	����, ,H� 1999� R�)ko��,7�M/��,	� 2000
��������4bh�(�8>�$8. �R,� 3b�� 1993–2008����,7��� 1981–1992

7. >C���K��, _�����o���nYdh��CW 1984–198561987–198861992–1995 i 2003–2007 �, DV�
Co���iedh.

8. 2000 �h\_�=;?�pjQ6Kl�Xa=;?�, J�J=;A=;k?��@Jg 1999 �� 50.80% hjeI
h 2000 �� 60.20%.
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�, ��&, 1993–2008 ���Æ	����(�� 9.716%, �� 1981–1992 ��( 7.575% ���. ,�
1980 �7�):�<�����Kk��.��
�M/�/0.

84�$ (10) ���: Æ	��	
����+0�Æ	8J�`�����R��Æ	�����
#(#), ���\`��QP��"Æ	�������4�����D��. ,P^&IQ���\`
����Æ	��	
l�3����.', �i5���G�"Æ	����N��*3����; ��
��D!Æ	��� i��3p�, �"��.'�j, ��&"Æ	�������35. �R, ,/8
4�	4��i�!! ��� GDP Æ
7�Æ	��	
�84�, ,���QP���0�qjÆ	
M �YX�� �'�:#(m��Æ	��	
���"Æ	�����4��3$�k4.,n'�
$���\`!(7.�
�0�qjÆ	M �'�, !'�QP���S	QP8Æ, p�,kÆ
 ��		�. 0�, � 3 ��X��\`!, Æ	��	
,4Y9��, ����D��Æ	��	
W
����. ,IQ��������\`�7=��D%�7�	��[��,����l��,����
o�q�. �!�@, ����>�)"��2p���+0�[f`, *�-�l<rÆ	(3 m
�Æ	n�N�Y9oÆ��), ��8Æ�		+. !, ,/!�TV�3	m�, ���D!#(
<rÆ	�QP8J���Æ	��	
, 	
��,��. 1993 �����TV���3�7=, ��
����	"Æ	M ����. ���D!, -�#	m�	z�kf<iÆ�		M , !	<
Æ�Æ	M �0�qj, #� 1993–2008����D!Æ	��	
������� 1981–1992�. �
/�&, � 3 	�', 1993–2008 ���\`��Æ	��	
�����>�� 1981–1992 �. ,�$�
�Æ	DM�, Æ	n��"pn�7�Æ	M �Y7	�, 	+0Æ	M �!���	�	(3q
j��. 2002–2004 �, jg��h�(��7r)q��
Æ.�	�s:DM�745�Y7U, +0�
Æ��(s. 12%, � jg.���Æ��S 20%, q�.��Æ������Æ��� 40% ��,
�"�� GDP ���p2` 20%. Æ	M qj��6	�$P8>�7�Æ	��	
, �+0�
�\`��Æ	��	
���#(2#, �Æ	qj�6	o������.�7Æ&M/��.

Æ&':TV�3,k'��p�, "Æ	��	��*�(��. 84�$ (10) ���, ���
����Æ&�$���84�(��k�qT, �84�rn7. ,����745�Æ	&/�Æ&�
Æ	TV�,4r:�	qjM �'�. ��YXÆ&,4TV(, ,9':�)�DM���M/�
��'�. X�����D!, '&�:T��791q�
Æ��-�roÆ&; �X��\`!, 
3
�Æ �Æl7UdR+0�Æ	p`:nÆl���6	�t
 	)#)��, Æ&79m �37
�45,��n��quvÆ. ����"Æ&�	rnYZ, ��
Æ���"7
Æ��"Æ&<Y
Z [22], �0���D���Æ&$���84� (0.102)������\`�� (0.013), �97�S�: �
��D!�Æ&roM/��S���
Æ�����,���\`���7Æ&�7�TV�3�Æ	M
 qj �'�, 0�Æ	M �0�qj��+0Æ	��	
��.

4 g{
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��"Æ	����� ���
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1��
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��\`!'��"TV	��W�<+.

sa, ��\`!, ���
��)("#��&S	�Æ	����, �Æ	��	
,49:�
	��; ����D!, Æ	��	
����	&>3�Æ	���.��. #�, X��\`!, � 
�ÆI���
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8 8Æ�'�; �X��pt!, �<Æ�
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Æ���,�� 
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�rs�, 	pv�Æ&"�
��
���[�'�, '�8Æ�
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