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4#&'"C-�T "�L:B@�B@� N#M7K�"8��9$H NF"�CDE#O$C9 N,7�P7#I�QR3 N,S2<=N,5DT@�<7#
ECM.

�BFG "C�:JEL:O40 NQ16 NO13NC32.

1 .��CB�
B7K�)�*�D@8SHU�KB@�F"�CDE#K,DS?V�"F�3�U6A)�LW��"KBJF"�T�I ��2TP* 8T* XYTH

O$C9F#��AZ9�JF�3FG$7#[�<��#,9B*�� .�"F�27"IK$9#NFG$7#\�$D62*RLH#��"0��]�
,7�LW8*"U%^�CD%#4"#"K�",9�-��2_�S!F�3F$6*4�5��W4`�KF#��8D! �TH#. �T* aK$T@
b:c7#,DS?VKZd@\D!$Qe��?VZ9�JF�3FG$7#8*)#U?/,d�I#Z9#U/ RTL9 BT2_U� 8D%�?T@

4B@B7# .8*\�#f2�$��*gK#B�B7K�B@�K8SHU�F"�CDE#K ,DS?TVN O$TC9 ZT9�J F�T3 FG$T7#
h(I#87�d�,Di7j�H19738*0�UV��2P*FBW"�U9 8TS_�Y9K 8T�M]�K.k� ZT2 �#$TE �T!$Q

8l7+KIU?3�"8D@�"�CDE#FG$7#RL<9Kmk*M257#$*�H#N\22S�8Y*#�,./O$C9$3 g#BTAI#
Z9�JF�3FG$7#NZ9�@+$!4"�KF�3I�Q Nn$* N,Di7,S2<=$5�" M27 KZ9�J�3 �T* BT@� F"�TCDE#
�H#.$5�" FUH I#N�U6A�9)#$�#8*)#U?/o��U6AK� 8T* BT@�K "�UT%$*�#I# e*�T?9 FG$T7#
,?pK"UWK N4"$DPQ)I�q9r�M*R]J N,Di7R2s/ $��T%t)"�TS9 NFI�TQ R2Ts/ ,T?29I$�IK

Z2P7�D(4Uc_�*FG$7#,d�I#u�"�C9FU5_#B@��*��6!$*e*�?9,S2<=bUPk9,9"U@.1

1.M�M/B2H\9�+K )#��d-3)1384 (
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�U6A)#$�#\-vF�#"�U%$*I#"KBJ%10$��%tZ*�Ej�CkDH#FG$7#BJKZE#%15$��%tI�Q
)�LWK��8*,���</�*#�#")"U*w2* I#530)U2.�$�0U!fSd9F#�#"8<��gK",7�LWI#x�k_
$��%tFI�Q�H# .,Q`�KI�Q,S2<=K�2SEU98* $Ck?9"$!)#$�#I#m2J\�#Z9�JFG$7#8*

�U=8V:%8*0�UV$�I�H# :
1.\29K"4B7�#"e*�?9\29UH NFI�QO$C94B??AK\29��Ly4B??AB2_U��")�LW.
2.z�(\�$�aU7�%UH,.2P!BS*I#)GK�B23.
3.4"�iDH#I#I�Q,S2<=8*)#U?/RL9\�$�e<?9 FG$T7# �T� T*+ 8 �T]7 8TA w2T* I#60 BTV�"

FG$7#"�U9)�9I�27I#u�$=I�Q,S2<=�1\29,9"U@.1

�*8WU�8*�2-3#wc7I�Q�""�CDE#FIK$9#F�3�U6A)�LWK )#$�#)�" ,?�M5��TW $��TH
Z9�JF�3FG$7#�"�S?VK w3�TA ,QBT?�{+(NBT@� K I�TQ O$TC9 8T!$=K" �T2./ ,TH�$*

,D2-3# F"�CDE#)#B?yBV.�!��8�UTH K" �T2./ ��+ 8d?�# ,H�$* F#$* 8_�c9 \�# �" �Us?9 \�B*
 K I�Q O$C9 \2*GDP"�#" "UWK$2% �� N,57U5yF�#'Q$}#cD9Z*�B@�O$C9 \T�# ZT9�J

RL9 FG$7#)I�Q,S2<= (B@� $*F"�CDE#�"4��UA0B9K0B9B?.*,*��I�#�H# 4B@ . \T�# 8T_�c9
Z9�@5wq*8A �H#�"wq*jK#�" N89Bc9 wTq*gK" ,7�T<9 �" NF$Ts7 wTq* gUTH 8?2T62(

�" Nw3K`(wq*g��Ly8;#�#jB9K�"wq*R]?(8*8]2D7F$2Q,9 8D%#"$(."U@

2 .?%�F�"$`%
�"\�#wq*N#BD*#8*,7�<9F$s7wc7FG$7#�"jB9F�3~.Dq9B@�F"�CDE#h�TH N8TD%#"$(

F�K$9$CDq9$*8�$s7F�3B@�F"�CDE#K)�2*B@�#M7K�"K 8D@#"�"�LD7#�#$Ck?98Y*#�B@�
F"�CDE#KO$C9I�Q,S2<="�U9Z2.k�K,*��I�#�H# 8D!$Q �#$E.

4�QB�" I#RL9 NF"�CDE#9 Z9#U/ \�$��$* $}BT?���</ F"�TCDE# B@�I#��TA FK$T27 K 8��9$TH
I# R/#K �CqD9�CqD9$2p�" B@� e*#U� �" 8A,T9 8TD!$Q$s7 B7UT@. F�UT�� �"BT�BW F�T3

B9 �" )+ �2-3# ,_K �H# 4B@ jB9 "�#K M27 FG$7# Z9�/ NB@�j�" .�TP27 )�TPd� ~.Dq9 F�3
,d�M2!U2* jB92RTL9 K ZT9�/ �TL?� FG$T7# NB@�BT@� ZT9�/ \�$T� �TH#jK# ZTV# u*�TY9 )UTy N
No29�?�"U9$�3)#$<W N"�#" ,D*�} )#M29 �S2<= �" FG$7#I# K �TH# 4"�9 8* Z�B<� Z*�E K 4"U* $�'(

1.�A$@,.9wq(4"�K+$!F�3,Di7-4"�K+$! O$C9 89�7��9+FG$7# ,Di7 F�3.#I
2. Biophysical
3. Thermodynamic
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,-7 \2*7# FK$27 ,DJ N"�CDE# �" 4B@ B2_U� F�3{�A #'_ ."K�&IU9+ ,7�P�T* �CqD9$2p K 4B�"
,9 8D!$Q ��A 8* B2_U� �" K 4B@ ZV�J FG$7# )#K#$! $�"�c9 O$V,d�M2!UT2* jB9 �" h( .B7U@

�P�GU_UA# )�7#""�CDE# �HU� 8A1>$�+ B?7�9$��7 K2ZT9�/ �TL?� K ,.TV# Z9�/ FG$7# N4B@ )�2*
8YH#K Z9#U/ N8��9$H K ��A FK$27 K �H# B2_U�B?DP3 F#8T* F#$T* 8AFG$T7# BT?9I�27 NF$2Q��TA

B?DP3RL9 I# ,d� .jB9 0�S_�Y9 \�$�BT?_U.A �THU� ,d�M2!U2* F�338TY*#� 8TA 8TD!$Q g�T]7# F#
 ,TT.%#" �_�TT%�7 BTT2_U� K FG$TT7# O$TTC9 \2TT* �TT?��5?�,TT9 �$TT! #�BTT?A.$TT5�" )�7#""�TTCDE#

�TT7$* BTT?7�9 o2TTH:AU�74 )UTTP27" K5 $TTs7 �TT* 0K�TTiD9 F )�7#""�TTCDE#�TTP�GU_UA# BTT7�#" .
o2H:AU�7� u�$= I# FG$7# 8A B7BcDS9 �31 $T* 8A F$2},T9 8��9$TH K ��TA FK$T27 "�#'TQN�UTY*

$* R2cDP9$2p9 F"�CDE# B@�� �H# $} K��-2cDP9)�7#""�TCDE# fT.p# ."�#BT7 F"�CDE# B@� $* F$}#
$* o2H:AU�7_U� �" ,dyUA wc7 FG$7# 8A �H# \�# )+K B7BcDS9 ZV# o� 8D@#" F"�CDE# B2

K �H# 8YH#K 4"�L7 o� K8��9$H N��A FK$27 �L?� B2_U� ,H�H# Z9#U/4BT2c/ 8T* .B?DTP3 \2T9I K
)$DH# B�U�"6o2H:AU�7 ���D7 \�#���UE �3D91,9 �$! �L7+ 8A �H# 4B2c/ \�# I# $}FG$T7# NB??A

,94#� I# B7#U�� F"�CDE# B@� $* �q69 F�31 T! \�# K "�#'5* $2},T*$]� 0�Tc2ck� ��D%�TH �$
TT� �TTk� #� )�TT7+1I# ,TT%$* 8TTD<_# .�TTH# 4"#" �#$TTE $2}o2TTH:AU�7)UTTD.2-3 BTT?7�9 �TT3 N��$*��TT* K

)UP�$37N,H�H# wc7jB9 0#$s7 u!#U9 8A B?.;�E FG$7# F#$* F$�.�H# ,d�M2!U2* F�38

 u<= Nw3K`( \�# �"F�U���BW F�3BFG$T7# Z9�/ NB@�$T5�" BT?7�9ZT9#U/ BT2_U� K ��TA)
(8��9$H jB9 �"�H# 4B@ x�k_.�" 8Td?�# 8T* 8WU� �*uT2ck� \T�#9GDP)jBT9 fT_�E �"BT@�

#M7K�"$s7B9 (�H#N,7�P7# 8��9$H \�#$*�?*)R&D(10K ��TA FK$T27 N,d�M2! 8��9$H 4#$-3 8* M27
"�#K jB9 �" B2_U� Z9#U/ �MW FG$7#.�H# 4B@

1. Ecological
2. Ayres and Nair
3. Cleveland
4. Berndt
5. Denison
6. David L Stern
7. Hamilton, Barbridge and Harrison
8. Stern (1993)
9. Gross Domestic Product
10. Research & Development
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2-1.5/ +�H D$�� C%'5 ?35$: �Y:&5 ' 9&$*&\"/��01& C75 �: 9
8*�Us?9Z2.k�8Y*#�B@�F"�CDE#KO$C9I�Q,S2<=N#BD*#F�K$98c<= $*FB?* O$TC9 I�TQ

,S2<=�U6A �"8D%#B7#Kh�H8Y*#�B@�F"�CDE#KO$C9 "�UT9 I�Q ZT2.k�K ,*�T�I�#�#$TE
�H# 4B@ 8D!$Q .8c<= o� �"9�W FB?*e,9,.%#" O$C9 N)#U�wTq* K" Z9�T@ #� �UT6A I�Q

:�P7#" 4B-/1

1.oyUA e��?V K F��]� N,57�% O��C9
2.r�M* e��?V K ,3�QK$27 O��C9

,.%#" O$C9 B7K� $DL* z�" �Us?9 8*�" (�UT6A ZT%#" �" I�TQ O$TC9 ZTA ) j�THF�T3
K I�Q 87�2_�H O$C9 N~.Dq9 j�TH �" Z<E j�H 8* �<P7 )+ B@� ) F�T31386-1353(�THU2( �"

"�K+.�H# 4B@ 48A �UY7�-3 jKBW �"18-2-v �" ,T9 8sJ:9 "UT@87�2_�TH O$TC9 �" I�TQ
A ) ,7�T9I 4I�* �" �U61386-13748T7UQ 8T* 4"UT* 4#$T-3 ,T6�#M!# �$T7 �T* ( I# 8TA F#39"��T2.29

$D9 j�H �" O$C9 fSd91374 8*122/5 j�H �" O$C9 fSd9$D9 "��2.291386.�H# 4B2H� �*
w�#M!# 8* 8WU�j�H �" ,S2<= I�Q O$C9 8sJ:9 Z*�E$2%# F�3NBT@� �T* )+ ,./ 8Y*#� ,H�$*

"$A #B2( w2( I# w2* ,D2-3# F"�CDE# 8A,9 )#U�0#$}#$T�I 0�UTV 8T* #� $T2�D9 K" \T�# Z*�cD9
"U-7 82WU�.

1.}# Z2.k�,S2<= I�Q O$C9 $* F"�CDE# B@� $ :�T� K F"�TCDE# $�{�T* B@�GDP$�{�T*
B@� m/�*,9 ,S2<= I�Q O$C9 8.-W I# FG$7# O$C9 $D62*8Td?�# 8T* 8TWU� �T* ."U@

 B@� GDP" $�A# �,9 "�#U9NB@�* 8S9�W 4�!� �%�@ $57�67 B7#U�\DT!� {�* 8]2D7 �"
w�#M!# m/�* �%�@ \�#O$TC9 BT�$% 0�BE8T* I�TQ F�Tv�c� w�#MT!# K )�QBT??A

8* K {�A o� )#U?/ I�Q $D62* O$C9 )+ j�<7",9 .""$Q
2. I# F"�CDE# B@� $* ,S2<= I�Q O$C9 $}# Z2.k�BS*�v�c�:N�Tv�c� BTS* I# I�Q O$C9

8��9$H 4M257# )�QB??AB2_U� F#$*4"$T* {�* #� ,S2<= I�Q B2_U� K 8D%�H R3#$! #� F�#'Q
,9 B@� K 4"KM!# &I�# "�]�# m/�* K8��9$H B@� 8A �H# ,L�B* ."U@ B2_U� K F�#'Q

$D62* ZLTH 8v$/ wq* \�# �" )#I�# K $T�,T9 fTWU9 #� )+ $T� ""$TQ8Tv$/ \T�# 8TA
ZLH)#I�# K $�,9 FG$7# $�"�TCDE# ZA �" O$C9 K B2_U� u�U6� �LW �" ,.9�/ B7#U�

 .""$Q m/�* #� F"�CDE# u7K� w�#B2( K "UA� )"$* \2* I# K "U@
1.�Us?9 �]?�#�"I#K ,-2@K$D( g�% 4"�9 NI�Q,9 u��M� �i7 \�"�29 8* 8A FI�Q"U@�P27 N .
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3. I# F"�CDE# B@� $* ,S2<= I�Q O$C9 $}# Z2.k�BS*:8v$/8v$/ BS* I#NBT2_U� 4"�TL7
wq* $��H B2_U� u�$= I# 8A �H#,9 F"�CDE# B@� m/�* N�38TA 0�UTV \�B* .""$Q

* 0�UV �"��dwTq* $��TH �" I�Q F$2Q4"�TL7 )#UT?/ 8T*) �T3K BT2_U� $T9# �" RTL9 F#
8��9$TTH,TT9 FG$TT7# \�TT-Y9 8TTv$/ (F�#'TTQBTT7#U�K BTT2_U� �TTLW �" ,TTA$k9 8TT*
8��9$H5�" �" F�#'Qwq* $BT@� uT�$= \T�# I# 8T]2D7 �" K ""$TQ jB* F"�CDE# F�3

.""$Q f<H #� $�{�*

3 .��-S-NKL'MN
BT@� K FG$T7# O$TC9 8TY*#� 8T?29I �" 8TD!$Q 0�UTV 0�c2ck� 87U-7 B?y $At 8* wq* \�# �"

.�H# 4B@ 8D%#"$( �U6A I# ���% K Z%#" �" F"�CDE#
KI U_#�QKK# �y U2.*" ,A1� )U9I+ 8*w2( Z*�E K ,_"�S� 8Y*#BT@� K �Ti7 O$TC9 \2T* ,?2*

F"�CDE#�H# 8D%#"$( \2y �" .R3 )U9I+,5D@�<7#�L7+,9 )�67 N0BT9B?.* �" $T2�D9 K" 8TA B3"
B7�#" $5�Bd� �* �A$J 8* w�#$Q.)U9I+ 4K:/ 8*,9 )�67 $]7$Q �2./ F�3O$TC9 8TA BT3"

,9 �i7 B7#U�,.9�/w2( �" B2i9$22�� ,?2*4��UA �" "�CDE# 0# 0B9 K   .BT@�* 0BT9B?.* T*$hd/N
,9 0B9B?.* �" �L?� F"�CDE# B@� )#U?/ 8* B7#U�Z9�/w2(,?2*4"�iDTH# "�U9 N�i7 O$C9 4B??A

,9 $s7 8* ."$2Q �#$EBTJ �T� 8TA "�#" �Ti7 O$TC9 FK� F"KBTk9 0#$T}# NF"�TCDE# BT@� BH�
,9 F"��I$7# O$C9 ��D%�H 8* B7#U�."U@ 4"#" �<P7 \2y FG

UiH+ )�W N)#K"�L9 �AU?��-F�W"+28*FG$T7# O$C9 "B]9 ,H�$* KGDPjBT9 oT� �"
 F�Y% X2kC�,.7�(* �*4"#" F$2Q��d8* [U*$9 F�320K 4BT??A"�#K �UT6A�_�T% 4B??A�"�TV
 j�TTH I# FG$T7#2002-1971 8TD%#"$(.BTT7#,T9 )�TT67 ���TD7 BTT?3"�"8STHU� F�3�UTT6A )�T29 8TTD!��

8TT!$=K" �TT2./ NFG$TT7# 4B??A�"�TTV$TT3 �" FG$TT7# O$TTC9 K F"�TTCDE# BTT@� \2TT* F# K" 4�K"
4��UAN"�#" "UWK 0B9B?.* K 0B9�",_�Jj�J �" F�3�U6A �" 8A�TL?� FG$T7# O$C9 8SHU�

4��UA �" B@� z$k9 0B9�H# .
 #�+$TL9 \Pk9)2007(K FG$T7# 87#$TH O$TC9 \2T* ,T./ 8TY*#� "�K+$T* 8T*GDP �" 87#$TH

8/U-]9 I# Zd6D9 F#11�T* �Ti7 4B??A�"�V fqD?9 �U6A)UT9I+ I# 4"�iDTH#BTJ#K 8T6�� F�T3

1. Zou Gaolu and Chau K. W. (2006)
2. Mahadevan Renuka and Adjaye John Asafu (2007)
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R3 ,5D@�<7#,.7�( oT� FUE �2./ $57�2* ���D7 .�H# 8D%#"$(O$TC9 8T* F"�TCDE# BT@� I# 8T!$=
 F#$* FG$7#�"�V F�3�U6A 4K$Q �i7 4B??A �TH# .\�#$*�T?* 8!$TV ,�UTWT* FG$T7# O$TC9 �"8

�H�2H �:V# 8YH#K�2T3 FG$T7# �-2E F�389BTV 8T7UQI# 4K$TQ \T�# F"�TCDE# BT@� $T* #� F#
 ."�#B7 j�<7B* �3�U6A

\� ,y-,_ �7�� ,yK)Uy-�?y �?2(1,H�$* 8*�1$2p K ,Y% $2} FG$7# O$C9 ,Y%
)#U��� �" �2-A K" \�# \2* 8Y*#� \2?l-3 K F"�CDE# B@� FK�8A �*U#" )�67 )UQG#KN4B@ 4"

4�K" �")2003-1995(�H# 8D%#"$( ,%$* .8D!��$2%# F�3N F"�CDE# B@� ,E$� j�-DJ# I# ,A�J
,9 )�67 ,*$]� ���D7 �9# N�H# FG$7# O$C9 �HU�8TY*#� \2T?y 8TA B?3"�" �TL?� )#U��T� �" F#

 �#$E$* FG$7# O$C9 \2��( �UYH�H# .
#"�# ,-.23 Nj#"�# \DP.��Q)#��d-3 K j2 8*82_K# O$C9 \2* ,./ 8Y*#� "�K+$*FG$7#3)EC(

KB2_U�,SE#K ,.9 �_�%�74)(GNP 82A$� �"�" 4�K"2006-1970#"$(�H# 8D%.,T*$]� ���D7
 �7�9�7 ,7�9I F$H K" ~6A $57�2*�H#N,_�J �"F$TH \T�# ,.Tv�i� jK# 8T<�$9 8A8T* $T]?9 N�T3

(,��7�9),9,9 )�67 4K:/ 8* ."U@ 8A B3"ECK GNPR38D@�<7#I# 8TDLWK" �T2./ K B7# EC8T*
GNP,9 )��$W .hdS_�* K B*��

U.?2A+ F# .#5K FG$7# O$C9 \2* ,./ 8Y*#� "�K+$* 8*B@� F#$* F"�CDE#11�" eTE#K �U6A
�c�$!+ ,*U?W F#$kV.�H# 8D%#"$( ���D7 ,T9 )�67�" 8TA BT3" �UT6AN��T/ ZJ�TH N)K$9�TA

j�5?H N�?p N�2<9�QK )#"UH NB@� �* FG$7# O$C9 4U*�<-�IR3 F"�CDE#�H# 8D@�<7#.* 8�" 4K:T/
K j�5?TH N�T2?A N�?p )#"UTH� F#�#" FG$T7# O$TC91K 0BT9B?.* �T<�9$2} ,T?S9 BT@� FK� F�#"

$]7$Q �2./ )U9I+ .�H# F"�CDE#X2kC� jB9 >�H#$*-F�#"$* F�Y%N8�UTHK" 8TY*#� $57�2*
K FG$7# O$C9 \2*B@�#�" F"�CDE�?p N�2<9�QK�H# j�5?H . )#"UTH �"N N4K�T<-�IK )K$9�TA

B@� ��/ ZJ�H8�$]27 �" K �H# FG$7# O$C9 �./ NF"�CDE#NK �2?A�T2./ gBT/ 8T]2D7 UQU�
4B@ ~6A�H# .

1. Chiang Lee- Chien and Ping Chan-Chun (2007)
2. Erdal Gulistan, Erdal Hilmi and Esengun Kemal (2008)
3. Energy Consumption
4. Gross National Product
5. Akinlo A.E. (2008)
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�7U� ,H-,H NU� )U3- UTA UW18DTP3 FG$T7# O$TC9 ,T./ 8TY*#� ,TH�$* 8T*BT@� K F#
 .�H# 8D%#"$( F"�CDE#D7 \�# ,.V# 8]2�H#8DTP3 FG$T7# O$TC9 \2T* ,T./ 8Y*#� 8ABT@� K F#

)�TPd� �3�U6A ,9�-� )�29 �" F"�CDE# �TP27 .�"FG$T7# O$TC9 \2T* 8�UTHK" �T2./ h2;UTH
8DP3F"�CDE# B@� K F#�"K 8P7#$!d� �2./ )�DPA�(8!$YO$TC9 8T* F"�CDE# B@� FUH I# F#

8DP3 FG$7#�" K F#d� �2./ 4$A# 8!$Y8DP3 FG$7# O$C9 I ."�#" "UTWK F"�CDE# B@� 8* F#�"
K \2D7#G�+�23 )�-_+8DP3 FG$7# O$C9 \2* ,D2./ 87UQ~6A F"�CDE# B@� K F#.�H# 4B67

 M27 )#$�# �",d.9)1378( N)���( �" "U% 89�7K O$TC9 \2T* F$T]7$Q �T2./ 8Y*#� ,H�$* 8*
 )#$�# �U6A �" F"�CDE# B@��" ,7�9I 4�K"1376-1360.�H# 8D%#"$(,9 )�67 ���D7BT?3"8TA

4��UA �"K 0B9o� F$]7$Q �2./ 8Y*#� o� 0B9B?.*"UTWK BT2_U� 8T* FG$T7# O$C9 I# 8!$=
"�#"�0BT9B?.* �" �TL?� FG$T7# O$TC9 8T* F"�TCDE# B@� I# M27 ~2Sv [�<��# o� \�# $* 4K:/

 ."�#" "UWK
a�#I K \9�+)1381(N,TH�$* 8T* / 8TY*#�K FG$T7# ,��TL7 O$TC9 ZTA \2T* F$T]7$Q �T2.

Z9�J O$C9F�3Z9�@ FG$7# ~.Dq94"�K+$!,S2<= I�Q Nn$* N,Di7 F�3N�%UHK BT9�W F�3
4�K" �" F"�CDE# B@�1381-13468D%#"$(,9 )�67 ���D7 .B7# BT?3"8TY*#� oT� 8TA F"�#UT9 �"

B3�T69 F"�TCDE# B@� 8* FG$7# O$C9 I# 8!$= o� F$]7$Q �2./ ,T9 4O$TC9 w�#MT!# N"UT@
�H# F"�CDE# B@� z$k9 FG$7#.�_�J �"I# 8T!$= oT� F$T]7$Q �T2./ 8TY*#� o� 8A ,��3

,9 4B3�69 FG$7# O$C9 8* F"�CDE# B@�N"U@FG$T7# O$TC9 z$Tk9 F"�TCDE# BT@� w�#M!#
  .�H#

\Pk9 >�</)1383�" N()���("U% 89�7 ,H�$* 8*Z9�J O$C9 \2* �2./ 8Y*#�F�T3 FG$T7#
I�Q N�i7)Kwq* B@� K (n$*F"�CDE# F�3    (ZTc7 K ZT-J K 0�9BT% NFI�K�T6A N�S?V) �"

)#$�#�H# 8D%#"$()�T2* )+ I# ZTV�J ���D7 8AK" �T2./ 8TY*#� oT� "UTWK 4BT??A 8T!$=)�T29 F#
Z9�J O$C9wq* I# o� $3 �" FG$7# F�3 .�H# )#$�# �" F"�CDE# F�3

,!#K��]7)1384 N(8*�$*�_�%�7 B2_U� F$]7$Q �2./ 8Y*#� ,H,.%#" �" FG$7# O$C9 K
 4�K"1382-1346�",A�J ���D7 .�H# 8D%#"$( 8SHU� gUH K gK" K jK# 89�7$* e=�c9I#,6�#M!#
)"U*0B@O$C9FG$7#�"jU=\�# 4�K"�H#�9#B7K�,_KM7f�$vFG$7#�"j�HF�389�7$*
jK#KgK"KgUH8SHU�N57�67$)+#�H8AI#0B@)+8DH�A4B@�H#.

1. Hoon Yoo Seung and Ju ku Se (2009)
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)#��Td-3 K 4"#IB-k9 NF"U<L*)1388( 8T* N ZT2.k��_�T%�7 BT2_U� K FG$T7# O$TC9 8TY*#�
 ,TT.%#"�"4�K"2006-1970 8STTHU� K 8STTHU� j�TTJ �" F�3�UTT6A �"8TTD!��8TTD%#"$(BTT7#���TTD7 .

)�674B?3"8Y*#�R3,5D@�<7#\2* �T3$2�D9�" 0BT9B?.* �TH# $T3 N BT?y 8TA \T�#K" �#"$T*RT3 �T*
    .B?�K�iD9

4.?!$E�4/&/"�L"5��\2C�
 \�# �"w3K`( I#5b$v $2�D9 o� K $2�D9 $�'(\T�# I# $T2�D9 K" b$v)5�THB* F#$T* ($T2�D9

jB9 ZA F#$* fH�?9 f�#$v )"�K+14"�iDTH# $T�I �$T@ 8*  .�TH# 4BT@"�UT9 0�T/:=# K ��T9+
Nu2ck� \�# �" 4"�iDH#"#"4 87{�H ,7�9I F$H F�31386-1353�H# .I#$�"�c9,-D���5_4"#" �T3

�"\�#Z�BS� �LW 4�K"8?9#"0�7�HU74"�iDH#4B@�H#.:I# B?���</ $s7 "�U9 F�3$2�D9
Log gdp :RD���5_B2_U��_�%�7,.%#"8*�-2E�*�}j�H76

Log consumption :RD���5_O$C9I�Q ,S2<=)"��2.29fSd9$D9(
Log capital :RD���5_F"UWU98��9$H8*�-2E�*�}j�H76

Log H :RD���5_ ���q9u2ck� 8SHU� K)8��9$H,7�P7#(8*�-2E�*�}j�H76)Log R&D(
Log H*logl :RD���5_$2�D9b$v8��9$H $�'( ,7�TP7#K FK$T27��TA) 8T*\D!$TQ $Ts7 �" �UTs?9

d�M2! K ,7�P7# 8��9$H Z9�S�,()Log R&D* logl(
Logl :RD���5_FK$27��A)Log Labor(
F#$*�Pd@ x�k_ F�3F��D%�Hg�E�# K ��9+ �" "UWU9j�H Z�9)8TH (4$T2p K �?W F�3$T2�D9

FI�]9)dumN1 dumK2 (dum4B@ ,!$S9 $�I �$@ 8*B7#   .
!dum:F#$*j�HF�31356��1359o�KF#$*82c*j�H�3$iV
!1dum:*F#$j�HF�31364��1366o�KF#$*82c*j�H�3$iV
!2 :dumF#$*j�H1370o�KF#$*82c*j�H�3$iV

1 .� �H# \d-9 $2�D9 K"1� Z*�cD9 $2}@�* 8D@#" B@� FK? RT3 ,7�P7# 8��9$H K ,d�M2! ��A FK$27 $2�D9 K" )Uy 8A BFK� ,T7KM!#
NB7�#" R3,9 4"�iDH# jB9 ZA F#$* fH�?9 f�#$v )"�K+ �HB* �Us?9 8* $2�D9 K" \�# b$v I#.R2��-7
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4-1 .2C�KL'MN
)�9U� Z629 �HU� 4B@ g�]7# 0�S_�Y9 >�H#$*#�U*��* K#KUA Z-W1 jB9)1("�L?T62( K �#$qDH#

,9.""$Q

)1(),,( EHKFY YY"

)+ �" 8A Y*��.�H# B2_U� e8Y*#� \�# �"N8��9$TH I# ,S*�T� )#UT?/ 8T* ,T.%#" �_�%�7 B2_U� e*��
,d�M2!K,7�P7#KO$C9 FG$7#�H# 8A YB2_U� �T3{�AKK ,��TL7 0�9BT%),,( EHK YY

"$*��A0�9B%8��9$H,d�M2!K,7�P7#KO$C9FG$7#8*B2_U��3{�AK0�9B% ,��L7�H#

)2(),( EE HKEE "

 )+ �" 8AE e*�� 4"�L7 F�v�c��H# FG$7# .8Y*#� \�# �"N4"�TL7 F�v�c�"$*��TA I# ,S*�T� FG$T7#
4"�L7 $��H�T3)K) K (H ( �TH#8TAE O$TC9 K FG$T7#),( EE HK "$*��TA 0�9BT% 8��9$TH

,d�M2!K.�H# ,7�P7#

)3(),( LKGH H"

 )+ �" 8AHZd@ e*���H# ,7�P7# 8��9$H F$2Q . ,7�P7# 8��9$H 8A �H# 4B@ X�$C� e*�� \�# �"
 ��A FK$27 K ,d�M2! 8��9$H I# ,S*���H#2A 8H8��9$H,7�TP7# K),( LK H "$*��TA 0�9BT%

8��9$H,d�M2!KFK$27 ��A�H#.�"���L7 jBT9 �#$qDTH# 4BT@�" \T�# 8T_�c9 ,Tc2i.�I# \T�#3
8* N�_�J0�UV$�I�H#:

# $ ),,,(),(),,(, HELKFHKELKGKFY ""

4-2 .9R�+\9\ /5'\$: ' 2C� "�L
)U9I+F�3jB9Z9�@)U9I+F�386��BJ#KK)U9I+R3,5D@�<7#\P7�3U��H#.

1. Toman Michael and Jemelkova Barbora (2003)
2.,7�P7# 8��9$H)H# �" ( "�CDE I#,* ��A FK$27 &�K$( ,d�M2! 8��9$H 0�9B% "$*��A K 8*$]��H#.
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4-2-1 .C^&' �S*5 9R�+\
8*�Us?9�HB*)"�K+��<D/#$�{�* F#$T*g#BTE# N\2T-q� ���TD7 8T* )UT9I+ 8T6�� BTJ#K 8T* $T3K"

&K�ADF1KKPSS2�H# 4B@ .F#$* w]?H ��2S9,��7�9�� K F�#"�?S9 XYH ,��7�9�75 %K��
XYH)�?2-=#95 %�H#.,9�T-� F#$* w3K`( \�# �"5jBT9 $T2�D9N,Td�" ZT9�A )UT9I+-$_UT!
R2-S� NZTJ#$9 \�# I# o� $3 �" 8A 8D!$Q 0�UV 8.J$9 8H $3 �" 8D!��)UT9I+ �T* )+ F�#"�T?S9

�H# 4B@ ,H�$* B_#K8A jKBW �$@ 8* )U9I+ ���D71.�H#

 2'C_14/&/ "'5 C^&' �S*5 9R�+\ ]*�0% . �L Augmented Dickey-Fuller test statistic

$-e0�

t-statistic
 9R�+\ 45��\

?r*/-5/ $WR!
Y3 "5&/��E� X5%

Test critical Values
 ?%&$.: $*/�B�

�+\ 5/ $WR! ?r*/ 9R
 "5&/��E� XY35%

Exogenous:
9R�+\ �w-0%

Log gdp352318/1951687/1-None)1(I
Logconsumpti

on
476777/3-587527/3-Constant,

Linear Trend
)1(I

Log capital
396549/0957110/2-Constant)1(I

Log H3671241/1952910/1-None)1(I

Log L032437/1954021/2-Constant)1(I

 BJ#K 86�� )U9I+KPSSM278A)U9I+ aU7 I#LM F#�#" K �H#eT�IU� F�TA- K" N�TH#
 F#$*$2�D9 8A 4B@ #$W# jB9 F�3�" NMT27 &K� \T�# �T* jBT9 F�3$2�D9 ,9�-�XYTH5%I# 8DT@�<7#
8W�"1 �� K)1(I�H#.�" jB9 F�3$2�D9 &K� K" $3 �* \�#$*�?*YH X5%N)1(I.�H#

4-2-2 .[L 9R�+\J)%�LR* ?V07�F%&
)U9I+ \�# ���D7 �$@ I# Z<ENjB9 �" ,DP��*VAR4b�TqD7# F�T3��2S9 8T* 8TWU� �T* #� 8?2L* 8iEK

8A "U-7 b�qD7# 8iEK ���D7 8* 8WU� �* 4BT9+ �HB*8TA 8T7U57�-3 8T?2L* 8TiEK \2T2S� ,TH�$* I#�"
1. Augmented Dickey-Fuller
2. Kwiatkowski -Phillips-Schmidt-Shin.

3.LogH ��LogR&D jKBW �"4 )+ ~iq9 0��</ �*,?S�L Research  .�H# 4B@ 4"�K+
4. Vector Autoregressive
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jKBW3,9 8sJ:9N"U@3��2S9,��-?DH�" �<P7 F�)LR(N8d2;�A+)AIC( M��#UT@ N)SC(K
\2;UA )�?J)HQ( 8?2L* 8iEK \22S� $57�2*3�H#.

2'C_2. 5/ ��-g: �=1' 2RG J--E;VAR

HQSCAICFPELRLogLLag
723812/5162593/5-995231/5-10-E01/1-9261/1100

77462/29-09097/28-58888/30-21-E32/21570/5921276/5281
96272/29-15663/27-31982/31-21-E71/185630/484572/5752

 69661/32- 76808/28- 59654/34-22-E22/2- 99303/552464/6623
'%19:u2ck� F�3 8D!��

 w3K`( \�# �" �Us?9 \�B* 8?2L* 8iEK I#3 jB9 �"VAR�H# 4B@ 4"�iDH#.jBT9 �" \�#$*�?*
VECM 8iEK2,9 x�k_"U@ �" \2-q� I# h( 8AVECMR3 8Y*#� ,H�$* 8* N)�T29 ,5DT@�<7#

&K� 8* �<P7 &K� \�# ��M9 Z2_" 8*) \P7�3U� &K� 8* �3$2�D98T_"�S9 oT� F�T3 &K� ZT�9 F#
8.J$9K"Z57# F#-#"$( ($]7$Q.�H# 4B@ 8D%u2ck� \�# �" z:9 �*SC N2 RT3 �#"$*,5DT@�<7#

UWK Zd@ 8*R3 �#"$* �" B7K� K �*�} " K ,5D@�<7#VAR )#U?/ 8* 8WU� �* 8A �H# 4B@ b�qD7# N
8_�c9 ,?S�»,H�$*�2./,S2<= I�Q O$C9 K F"�CDE# B@� Z*�cD9 « K" \T�#RT3 �#"$T*,5DT@�<7#

8* [U*$9GDP I�Q O$C9 K�H#@ �Us?9 8* 8ART3 F�T3�#"$* ,��H�?"UT2E ,DTP��* N,5DT@�<7#
$3 8* [U*$9R3 0{"�S9 I# o��" "UTWU9 �T*#K� 8T* 8WU� �* "U2E \�# 8A B7"$Q j�-/# ,5D@�<7#

F"�TCDE# 8TY*#� g#BTA 8T* [UT*$9 8T_"�S9 g#BA 8d?�# \D!$Q $s7 �" �* ,?S� F"�CDE# 8�$s7#N�TH
,9 j�-/##BD*# \�#$*�?* .B7U@�*"UT2E b�TqD7# 4Uk7 $* F�K$9RT3 8T_"�S9 K" $2TPi� 8T*�T* ,5DT@�<7#

� 8* 8WU \�# �" 4B@ j�-/# "U2E  .�H# 4B@ 8D%#"$( w3K`(

4-3 ./R-1
fPJ$* 4B@ j�-/# "U2E),( krb )+ �" 8ArR3 �#"$* "�-7K ,5D@�<7#k4��-T@ $57�2* f2�$� 8*

�3$2�D9 0{"�S9�H#N $�I f2�$� 8*:�H#1

1.,9 �K+"��"U@8A,9�-��3$2�D9fPJ$*$�"�c9,-D���5_�H#.
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Lk

LHk

Hk

CAPITALk

NCONSUMPTIOk

GDPk

6
5
4
3
2
1

"
 "

"
"
"
"

)(

 0�k2vU� 8* 8WU� �*{�* �" 4B@ 8;#�#N $�I 0�UV 8* 4B@ j�-/# "U2E�H#     :

062052042
032122111

"""
"""

),(),(),(

),(),(),(

bbb

bbb

�L?� )�29 \�# I# 8A111 "),(bR3 �#"$* 8* [U*$9 jK# ,5D@�<7#�H#. �#"$* \�# �" 8A �?S9 \�# 8*
 $2�D9GDP $*#$*1R3 �#"$* #$�I 4B@ �$!� $57�2* jK# ,5D@�<7#19 $2}4"�L7 $��H K I�Q O$C�T3
 FK�GDP�H# 8Y*#� \�# ,H�$* �Us?9 8* \�#$*�?* 8AGDP 8D!$Q $s7 �" 8DP*#K $2�D9 )#U?/ 8*

.�H# 4B@R3 gK" �#"$* 8* [U*$9 8A "U2E $��H ,5D@�<7#�H#  :I# B?���</ N

062052
042032122

""
"""

),(),(

),(),(),(

bb

bbb

122 "),(b$2�D9 �#"$* \�# �"O$C9$T*#$* ,TS2<= I�TQ1#$T�I 4BT@ �$T!$57�T2* gK" �#"$T*
�1$2}GDP4"�L7 $5�" K I�Q O$C9 $* �3�H#8T* $T2�D9 \T�# 8TY*#� \T�# ,TH�$* F#$* \�#$*�?* 8A

.�H# 4B@ 8D!$Q $s7 �" 8DP*#K $2�D9 )#U?/�#"$T* \T�# �" 4BT@ j�T-/# "UT2E $��TH062 "),(b N
052 "),(b N042 "),(b K032 "),(b T� 8A �H�?S9 \�B*1N8��9$TH F"UTWU9 F�T3$2�D9 $2}

b$v $2�D9 N,7�P7# 8��9$H$�'(��A FK$27 $2�D9 K (��A FK$27 K ,7�P7# 8��9$H) I�Q O$C9 FK�
�H# $iV �:9�TA F"�CDE# �*#K� 8* 8WU� �* 8A8T2WU� ZT*�E �TH#.BT2E �TP��TP� 4BT@ j�T-/#

 )U9I+LRF�A e�IU� F#�#" 8A �H#- K"�H# �#Bc9 N\2-q� I# h(LR �*Prob 4"#" 8=U*$9
,9\T�# $Q# N"U2E �P� u*�Y9 8A "U@ProbF{�T*5,T9 BT@�* %8TA �!$�'T( #� "UT2E \T�# )#UT�
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1. ECM: Error Correctio Model
2. Coint Eq1
3. Coint Eq 2
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 2'C_ ��&/&3. K*�6%X-.�; /5'\$:-"5&/$: "�YU
D(LGDP(-1)) 0.127335538 -1.279842171 -0.13529035 6.158517955 43.81507406 0.000434

0.46931509 0.843724941 0.107320543 2.380751906 17.13822744 0.111628

[ 0.27132] [-1.51690] [-1.26062] [ 2.58680] [ 2.55657] [ 0.00389]

D(LGDP(-2)) -0.551829649 -0.859732607 0.258687728 -1.231245089 -9.709649251 -0.21304

0.372393098 0.669480593 0.085156924 1.889083897 13.5988758 0.088575

[-1.48185] [-1.28418] [ 3.03778] [-0.65177] [-0.71400] [-2.40523]

D(LCONSUMPTION(-1)) 0.428783865 2.288972235 0.133844839 -2.104165748 -14.93353829 0.050669

0.253462553 0.455669725 0.057960504 1.285770414 9.255826166 0.060287

[ 1.69170] [ 5.02331] [ 2.30924] [-1.63650] [-1.61342] [ 0.84047]

D(LCONSUMPTION(-2)) 0.191661059 1.145626891 0.054848032 -0.93668989 -6.597424047 0.037318

0.139906552 0.251521099 0.031993105 0.709721032 5.109041577 0.033277

[ 1.36992] [ 4.55479] [ 1.71437] [-1.31980] [-1.29132] [ 1.12141]

D(LCAPITAL(-1)) 0.451132107 6.101771699 0.485537345 -3.495812822 -24.61105648 0.242082

1.113416566 2.001677225 0.254610332 5.64816404 40.65922186 0.264831

[ 0.40518] [ 3.04833] [ 1.90698] [-0.61893] [-0.60530] [ 0.91410]

D(LCAPITAL(-2)) 0.154829157 -3.206857288 0.194653809 3.083412413 21.72668967 -0.11735

0.817639536 1.46993541 0.186973573 4.147739816 29.85817554 0.194479

[ 0.18936] [-2.18163] [ 1.04108] [ 0.74340] [ 0.72766] [-0.60341]

D(LRESEARCH(-1)) -2.417383753 -4.988202318 -1.66962349 16.15394294 118.6908777 0.397493

3.611385945 6.492474799 0.825833028 18.31991803 131.8788914 0.858982

[-0.66938] [-0.76831] [-2.02174] [ 0.88177] [ 0.90000] [ 0.46275]

D(LRESEARCH(-2)) 0.095872654 -2.907838522 -1.82487728 28.54757081 208.7933974 0.04741

3.505990666 6.302997349 0.801731781 17.78526654 128.0301162 0.833914

[ 0.02735] [-0.46134] [-2.27617] [ 1.60512] [ 1.63081] [ 0.05685]

D(LRESEARCH(-1)*LOGL(-1)) 0.337864222 0.677947047 0.232814442 -2.270620513 -16.68471294 -0.05541

0.504858236 0.907623672 0.115448366 2.561055959 18.43617531 0.120083

[ 0.66923] [ 0.74695] [ 2.01661] [-0.88660] [-0.90500] [-0.46147]

D(LRESEARCH(-2)*LOGL(-2)) -0.016517596 0.389886858 0.25298231 -4.051910223 -29.63571549 -0.00818

0.490724833 0.882214933 0.112216412 2.489359722 17.92005836 0.116721

[-0.03366] [ 0.44194] [ 2.25441] [-1.62769] [-1.65377] [-0.07011]

D(LOGL(-1)) -3.131811197 -8.167095229 -0.07070453 4.322445644 31.17149163 -0.36476

2.220926638 3.992735875 0.507869997 11.26636548 81.10275312 0.528256

[-1.41014] [-2.04549] [-0.13922] [ 0.38366] [ 0.38435] [-0.69050]
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D(LOGL(-2)) 1.788763766 -4.276208581 -1.12870813 28.81299347 209.9926282 0.388462

2.547449285 4.579751522 0.582537504 12.92275675 93.02655338 0.605921

[ 0.70218] [-0.93372] [-1.93757] [ 2.22963] [ 2.25734] [ 0.64111]

C -0.085820389 -0.416199685 -0.02064511 0.026110499 0.131663222 -0.00883

0.036291886 0.0652448 0.00829904 0.184102277 1.325290001 0.008632

[-2.36473] [-6.37905] [-2.48765] [ 0.14183] [ 0.09935] [-1.02314]

@Trend (53) 0.003497684 0.018221053 0.000563925 -0.003070406 -0.017581371 0.000946

0.001521329 0.002735014 0.00034789 0.007717431 0.055555173 0.000362

[ 2.29910] [ 6.66214] [ 1.62099] [-0.39785] [-0.31647] [ 2.61407]

DUM 0.078861437 0.718084687 0.024470362 -0.398153105 -2.769805056 0.02312

0.065285597 0.117369093 0.014929172 0.331182213 2.384068692 0.015528

[ 1.20795] [ 6.11818] [ 1.63910] [-1.20222] [-1.16180] [ 1.48886]

DUM1 0.022405693 0.208440784 0.000181871 -0.082659708 -0.573788926 0.009029

0.027470774 0.049386388 0.006281874 0.139354346 1.003164784 0.006534

[ 0.81562] [ 4.22061] [ 0.02895] [-0.59316] [-0.57198] [ 1.38178]

DUM2 0.036814374 0.112940592 0.009805929 -0.182249359 -1.255517111 0.014963

0.042348826 0.076133841 0.00968411 0.214828055 1.546474481 0.010073

[ 0.86931] [ 1.48345] [ 1.01258] [-0.84835] [-0.81186] [ 1.48546]

R-squared 0.843154745 0.967220207 0.96714345 0.773216596 0.769074472 0.632739

Adj. R-squared 0.607886863 0.918050518 0.917858625 0.433041489 0.422686181 0.081848

Sum sq. resids 0.003916597 0.012658481 0.000204807 0.100787832 5.222898977 0.000222

S.E. equation 0.018066075 0.032478815 0.004131256 0.091645982 0.659728415 0.004297

F-statistic 3.583807259 19.67106613 19.62355464 2.272995822 2.220266941 1.148573

Log likelihood 95.14895596 76.96583882 140.8880389 44.80814065 -16.38260827 139.668

Akaike AIC -4.912835868 -3.739731537 -7.86374445 -1.665041332 2.282748921 -7.78503

Schwarz SC -4.033940485 -2.860836153 -6.98484906 -0.786145949 3.161644304 -6.90614

Mean dependent 0.010121387 0.030387355 0.015566258 0.024677161 0.214696424 0.01217

S.D. dependent 0.028850817 0.113455896 0.014414553 0.12171323 0.868278832 0.004485

Determinant resid covariance (dof
adj.)

1.48E-25

Determinant resid covariance 4.97E-28

Log likelihood 710.5328041

Akaike information criterion -37.71179382

Schwarz criterion -31.88332969


