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1. Steady State Solution
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1. Error Correction Mechanism
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1. Error Correction
2. Dinda and Coondoo (2006)
3. Coondoo and Dinda (2002)
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1. Maddison and Rehdanz (2008)
2. Hoffmann, et al (2005)
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;� A�"GB ./;'D? 9SS7% _/" �' j%���= �$S7" m$��D1 6)SQ1 6>E- _�N ./=dL% /L4�- 6K<��LK&

A�L"GB DL1 (L)!P" 62�D� /"B�' [!;�$*3 - 62�D� �$K!2� [!;�$*3 <�D1ADF<�DL1235$LO2� ��LK&
A-/L1 - a/LP" G� bDLU 9!YDL? DF2 �' $1 �$1 d; H/= 5$O2� �$1-' A�"GB H��K& D, <�D1 .�YD?
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H'��L" -' <�DL1 jLM 61 H{8� �' 62�D� /"B�' - 62�D� �$K!2� <$,DS\!" <�D1 6& '�' A$K2 C;$!2
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<$,��LK& G� DLSh 6L1 $,��LK& 6L+, <�D1 /4�- 6K;� '�M- D>e bDY 6& '�' A$K2 C;$!2 .�YD?
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n�S0SY /4�- 6K;� A�"GB HD!KS1 A$)S+N� <�D1-A�L"GB DL1 (L)!P" 6L& (;$L,DS\!" <�DL1 jLS2 A-DLJ
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(" $!R;�./2�=1(" �SZi% C;$!2 G� HD*;' .�$PU 61D? 6OS!2 A��%<�DL1 _/" <$,DS\!" 6+, 6& �Y
 6P%D" G� 6!=$P2� $,��K& 6+,1$;)1(I6L& �L�� DL;�jO3� ��K& <�D1 62�D� �$K!2� DS\!" $Q)% ./)!R,

n�S0SY A�"GB D1 ()!P"-#'�' {8� �' A-DJ- /L4�- 6K;� /E$Y jS2 $, 6LOS!2 �'�L0U .�L�� $!LR;�
(" 60�R" 9;� G-D1 <D� �' (78E /2-� '�M- /2��%     ./L=$1 DL;�jO3� ��LK& <�DL1 �$K!2� DS\!" (2$"G

 ()!>?_-/M <p$1 [O4 �0U 61 6& ���<$,A�"GB dL% <$,9L;� �' H<��LK& WLX16L1 $LQ)%
A�"GB 9;� C;$!2.��� #/= #�$=� $,

5-1-2.���� ��!" #$%& '()*+
#'�' �' 6& (;$O2B G�#'�' HI2$J <$,(" fS&D% D*;/T; $1 $,��K& 6+, <$,�=#G�/L2� ITLK" H/2

(" �$F!2� - '��/2 '�M- 62�+2 '-/i"�LSE' C;$L!2 6& '-�L1 <DL%6�' 6L& (%kTLK" - /L;B �L�'
A�"GBd% <$,G� IL2$J �' f;�DLu ()*+,$L2 A$LT"� 6L1 6LM�% $L1 .'�L= ]Y� H'��' '�M- <��K&
A�"GB <$,IPS A�"GB -»ADF-2;«(" #'$>!�� DKSY2 .[S)&�' fLS%D% 6L1 A�"GB -' 9;� C;$!
_-/M <$,1 -2#/= 6@��� ./2�

_-/M �' 6& 62�*2$+,<$,1 -2(" #/,$K" A�"GB -' D, �PN D1 H'�=IPS-2;DL, HDKSY
H/L2-� - a/LP" G� bDLU '�LM- �L3$4 - a/LP" G� bDLU '�LM- �3$4 �' /"B�' - �$K!2� DS\!" -'

D" G� 6!=$P2� 6P%1 H)1(I/)!R, 6L1 C;$!2 61 6M�% $1 . �L�'[L, 6L81�� (L��D1 6L1 #/L"B9SL1 (*!L=$P2�
(" $,DS\!".[;G�'DJ

 C"�Q1���� ��!" #$%& '()*+ V%�:� .- G&�)+t)IPS(

�M0-X:) ) Y�J) *! Z0@ �4c(  I*&!
5=�H:�!

 ��"& " Y�J) *! Z0@ �4
)c "t(

 I*&!
5=�H:�!

PC2lnCO 63467/1- 06236/0-
PC2 lnCO 149/23- *** 9359/22- ***

lnGDPPC 80264/0- 04543/0-�lnGDPPC 761/14- *** 4415/13- ***

!.��� ���! "# $��%�&' &(�) $*+" ,�-&/+�01 #2') 3045 601

1.789:; <+�=�
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 "#892:)�; 8<$# �=,5 >?�-@ A,�2) .- 45��@ADF)2"((=/!

�C(/D2� ) E8F� -$ G(H �Ic(  J-5$
KL�62<$

 8)#5 # E8F� -$ G(H �I
)c #t(

 J-5$
KL�62<$

PC2lnCO 1634/61 2487/45
PC2 lnCO 707/478 *** 496/469 ***

lnGDPPC 3566/55 5234/45�lnGDPPC 044/291 *** 969/244 ***

5-2.MC >?�-@KN27�F)$
5-2-1.MC >?�-@F)$OP KN27�&5?=Q

>?@- A2?BC $D @8��#>? >+�-08E=? ,�0F �G/; �" >H=I�J�� B� $=I�J�� 308E=? )# 0- $D #�# K�L�� A�2;
MF <+�M=� $MF $M'2; �MF 3N+�0F�M/F .&/MI�F $F�M*? $J;0? O+$A2M?BC B� P&M?C �M�#&M(�) $M*+" ,�M-

O;) Q&MJ? B� 60MR #2M') �S�( "# 0+�TLS� "2*D B� 08U $F 3,"2*D$M89F ,�0MF 3>��M?B &M�)"
@- $VF�" #2') �-"2*D>? A2?BC A2W��-2' X)" $F �" >H=I�J��#�&MY; A#2MF @MD �ZR $F .@8/D

$4[) $Z5�1 3\V9? 0- ,�0F >��?B ]�&-�*? $4[) B� �-1 $4[) �;3>? $=10% 0^�"#NM+� <+�=� .&�2I
A2?BC>? A�*� �-/=J? 3Q&J? B� 60R #2') �S�( "# $D &/-# A2?BC 0F >trace A�/8_`� aV� "#

903A�M_R 3b)0M� 3,TS�M? 3A�=MWZH�� 3�M8S�=+� 3>MF0R P&:=? ]�"�?� 3")#�2D� ,�-"2*D "# 3&5"#
#2M') $��0M� &M?C"# ) $��0M� "�M*=�� N8MF ]&M?&/ZF $VF�" cd)T�) ) $+"2� 3,#2Y� A�=WF0R 30V[

VF�" #2') 0F >/J? ,&-�2I 30H+# ,�-"2*D #"2? "# .#"�#&M?C"# ) $��0M� "�*=�� N8F ]&?&/ZF $
.&*� �1�+ $��0�1

5-2-2.MC >?�-@ A,�2)/(=/! >?�-@) :)�; KN27�F)$(:)�; >?+)�C?9
@- A2?BC "# $D �L�C B�O; >H=I�J���_MW[ NM+� "# 3&I P#�4=�� A2W��-2' A2?BC B� 3,"2*D

@- A2?BC B� 3X)" �-�JI eJ� $F T8�/0*81 >H=I�J���-2'>? P#�4=�� ���! A2W�  .#2MI A)TM1�0MF
B� 3g&M? ,�M-0=?�"�! N8MF >/H_-�M� A�Mh?� 0MF >M/J? $MS�9? N+� "# �? >���� #0h+)" 0F >/=J? 3N+�

@- A2?BC>M? P#�4=M�� TM8� >�)"&! ���! >H=I�J��@M- A2M?BC <+�M=� .@8+�M_�    /0M*81 �M��! >H=MI�J��
@- A2?BC ) A2W��-2' e8;0; $F >�)"&! >H=I�J��g)&' "#,�-3 )4P&I P#�# A�*� .&��

1.789:; <+�=�



SI$5 K%5(I... &1��23$ 875 # KT1?L@ 5�=2)$ U/I */�H �45

 "#893MC >?�-@ V,�2) .(:)�; >?+)�C?9 /(=/! >?�-@) :)�; KN27�F)$

 "#894MC >?�-@ V,�2) .(K)#58; :)�; K�N6C�) >?�-@) :)�; KN27�F)$
 ) E8F� -$ G(H �Ic( ) 8)#5 # E8F� -$ G(H �Ic# t(

45��@ 45��@ 5$8W� KL�62<$ J-5$ �@ 5$8W�45� KL�62<$ J-5$
Panel v-Statistic 993507/1 ** 963542/0-

Panel rho-Statistic 376292/1- * 073361/0-
Panel PP-Statistic 295092/3- *** 321057/4- ***

Panel ADF-Statistic 129136/3- *** 986084/4- ***

Group rho-Statistic 039704/1 543770/2
Group PP-Statistic 956405/1- ** 093134/2- **

Group ADF-Statistic 922053/1- ** 888641/2- ***

 g)&' "# $D $�2H��_-3"# $��0M� &M?C"# ) $��0� "�*=�� ,�-08E=? ,�0F 3��� P&I P#�# A�*�
@- $VF�" O+ #2') 3���! �S�(>? &8+i; >H=I�J�� F�" 3�M��! "# 08E=? )# N+� N8F 3N+�0F�/F .#2I$MV

.#"�# #2') ]&?&/ZFA)T1�F <+�=� 3N+� 0F$>M? A�M*� TM8� >�)"&M! A2M?BC B� P&?C ��#$MD &M-#
 045 $8j01#2J�@- $VF�" 60R #2') �S�( "# >H=I�J��P"�M?C K�M_; kM�2; l�MJ+09; Q&MJ? B�,�M-

 >-)0% P"�?C B� 08U $F >�)"&! A2?BCrho>? #">�)"&! A2?BC 0F >/=J? 3N+�0F�/F .#2I $VF�" T8�
@-.#"�# #2') ���! �S�( "# $��0� "�*=�� ) $��0� &?C"# ,�-08E=? N8F >H=I�J��

5-3.�SX V/0�P "8�
g�M( 3#"�# #2') ]&?&/ZF $VF�" 3$�2_� ���! "# &?C"# ) "�*=�� 08E=? )# N8F @8=1�+"# $h/+� B� m!

]&?&/ZF �8ZR $VF�" >�"0F $F &+�FP�;2D ) "�*=�� N8F ]&?,�0MF .@+B�#0MnF $��0M� &?C"# ) $��0�
>? "�0[ 0^�&? �" �Vo a8:p; g&? 3"2^/? N+�<+�=� ,�/J? 0F .@8-#@M- A2M?BC N+� >H=MI�J�� "# 3

 &�C5$1(I 1$8YP
MCKN27�F)$ trace

 J-5$
KL�62<$

Max-
Eigen

 J-5$
KL�62<$

 Q&J? B� 60R �F ]&?&/ZF $VF�"
)c(

0 2/132 *** 8/106 ***

 0qD�&(1 32/99 *** 32/99 ***

 ) Q&J? B� 60R �F ]&?&/ZF $VF�"
) &�)"c )t(

0 3/108 *** 78/93 ***

 0qD�&(1 37/51 37/51
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>MM_� 0MM^� "# �" &MM�)" 0MM8E=? 3]&MM?&/ZF $MMVF�" A2MM?BC "# 3N+�0F�MM/F .@+0MM8%) &MM(�) $MM*+" ,�MM-
@-�S�( 3>H=I�J��>? "�0[ rc? �" >+�-g&? $D @8-#&M�)" #2M') A)&F ) Q&J? B� 60R �?�I

���.P�;2D ) ]&?&/ZF �8ZR A2?BC K�L�� ,�0FH_- sZ=t? 6)01 N=10% 0^� "# �F 3]&?) >M/
P�;2D ) ]&?&/ZF "# >/H_-���S�( K�_; >�"0F $F O8h4; $F 3]&?>? �-.@+B�#0!

5-3-1.UN6C :)�; 51 UN6C */�H >?�-@
 N8F �8ZR $VF�" >�"0F ,�0F>? #")C0F �" 0+B ]&?&/ZF $VF�" �&=F� 3&?C"# ) "�*=�� .@8+�_�

)15(jtjtjjt uPCCOGDPPC ##$ 2lnln %&

 3�MVo a8:p; 08E=? A�2/R $F O+ $4[) �F �" g&? N+� P&��_8[�F g�(1'jtECT"�0M[ 0M+B g&M? "#
>?>? #")C0F �" g&? ) @8-# :@8+�_�
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jtjtijt
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# u�MMF $MMVF�" "jA�MM*� 3"2MM*D P&MM/-#tA�MM*�,�0MMF 08oiMM; @_+TD�MM? ) >��MM?B P")# P&MM/-#
3�-08E=?ni $���,�-0=?�"�! .i+ 3i* ))F $D &/=W- >+�-0=?�"�!]"�MJR .&�2MI #")C0MF &M+�

)P�;2D $VF�" �+&Y; e+0j $D ]&?&/ZF $F ]&?���30MH+# ]"�MJR $F ) �W8� m+&�� ,�"�# 3
 NH_-���A#2MF OM8?�/+# �M+�R" �F $=JS� ) A�?B g2` "# ]�&-�*? #�&Y; A#2F #)&:? �ZR $F .

 0F�0F �" �-08E=? $4[) #�&Y; 3g&?1>? 0^� "#%P�M;2D �M8vZR $MVF�" >�"0F ,�0F g�( .@+083]&M?
$4[) e+�0j A#2F "�#�/Y?) $S#�Y? "# >:8j2; 08E=? ,�-16>M? "�0M[ A2M?BC #"2M? �" ($MF .@8M-#

601 30H+# ]"�JR0$i*>? 0^� "# �"�M8ZR �M+ s8YMj �M8ZR A2M?BC 3A2?BC N+� $F .@+08%
P�;2D>? wc`� ]&? .#2I

�0Fe+0j A#2F "�#�/Y? 3]&?&/ZF �8vZR A2?BC ,)1-(ECT>M? A2M?BC �"]"�MJR $MF .@8M/D
 601 30H+#0$) >M? 0^� "# �"0F ,�0MF .@+0M8%P�M;2D �M8vZR )# 0M- �M+C $Mh/+� >M�") ]&M?

$F ]&?&/ZF$M4[) x2M_L? A#2MF "�#�M/Y? 3&/=MW- "�#�M/Y? r0=*? "2`,�M-08E=? B� K�&MD0- ,�M-
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e+0Mj �MF KQ2M; >:8Mj2;)1-(ECT>M? "�0M[ A2M?BC #"2M? �"60MM1 30MH+# ]"�MJR $MF .@8M-#
0$$ i*)>? 0^� "# �">M? wcM`� ,2M[ ,0ML��0% �8ZR A2?BC 3A2?BC N+� $F .@+08%  .#2MI

M8E=? A�2M/R $MF "�M*=�� ) >:8j2; 08E=? A�2/R $F &?C"# $D mhR �S�( ,�0F �" u�F �(�0? K�_; 0
 $=WF�)���>? K�L��.@8-#A2?BC <+�=�P�;2D �8vZR ,�-]&M?&/ZF ,2M[ �M8ZR ) ]&?&/ZF 3]&?

$F &?C"# B� ) &?C"# $F "�*=�� B� g)&' "# "�*=��5.��� P&I $d�"�

 "#8954�P?Q */�H >?�-@ A,�2) .UN6C :)�; 51 UN6C Z8�8��I # Z8�
*/�H *[9 PC2  lnCO--  lnGDPPC   lnGDPPC--PC2  lnCO

P�;2D �8ZR]&? !!!27052/51)=735.1(F 110038/1)=734.1(F

]&?&/ZF �8ZR !!!50209/60)=735.1(F !!!97543/26)=734.1(F

P�;2D) r0=*? �8ZR(]&?&/ZF /]&? !!!18080/63)=735.2(F !!!34666/15)=734.2(F

 g)&' "# $D $�2H��_-5>?P�;2D e+�0j >/H_- 601 �F 3@8/8F?$MVF�" 3]&?&/ZF e+�0j ) ]&
P�;2D �8ZRO+ ]&?P�;2D �8ZR $VF�" $D >;"25 "# .#"�# #2') "�*=�� $F &?C"# B� $10`]&M?

#2M') &M?C"# ) "�M*=�� N8MF $M10`)# �M8ZR $VF�" T8� ]&?&/ZF "# .#"�&� #2') &?C"# $F "�*=�� B�
>? &8+i; T8� r0=*? �8ZR A2?BC <+�=� �F �989( N+� .#"�#I .#2

5-3-2.4�P?Q "8� \,$(] K�N6C�) >?�-@:)�; Z8�
z8! A2/D�;01P�;2D g&? e+�0j $D #2F N+� �? 6$M=h� �M?� .&/=MW- NH_- 3���! g&? ]&?@MG?

z8! N+� ��� Nh_? $D ��� AC�" e8MI >M/H_- .&/MI�F NH_-�� e+�0j ) &I�J� a8:5 601
>? K2�0? A2?BC B� P#�4=�� �F A�2;F/=J? $DP&M��_8[�F ]�MYF0? \M_' 0F >g&M? B� �M-) &M89? ,�M-

 &89?�����:#�# "�0[ >�"0F #"2? 3
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m �-"2*D #�&Y;���>M? P&-�M*? $MD "2V��_- .>M? PB�M'� 3eM8[" 60M1 "# 3@8M/D$MD @8M-#
 e+�0j+ )* &/��_- T8�)m+&�� ,�"�#j 30H+# ]"�JR $F .&//D 088E; \`�9? N8F "# ) &/I�F

>M? 0M88E; sMZ=t? \`�M9? N8MF "# g&M? e+�0Mj $_-e+�0Mj >M/H_- A2M?BC ,�0MF g�M( .&M//D
P�MMMMMMMMMMM;2D 60MMMMMMMMMMM1 3]&MMMMMMMMMMM?miii +++ $$$ ...21 )miii *** $$$ ...21 )

m))) $$$ ...21>? 0^� "# KQ2; �hI $F �"P�;2D e+�0j >/H_- A2?BC <+�=� .@+08% ]&?
! g)&' "# ���6.��� P&I P#�# A�*�

 "#8964�P?Q \,$(] K�N6C�) >?�-@ .:)�; Z8�

 g)&' "# $D $�2H��_-6>? P&-�*?P�;2D e+�0j >/H_- 601 @8/D#" �MS�( )# 0M- "# ]&?
>? .#2Im!F <+�=� $F $'2; �F$F ,�0F 3P&?C ��#$�S�( K�_; A#")C ��#A2?BC 3Nh_? ,�- �M-

P�;2D e+�0j >/H_-�� �S�( "# �">? >�"0F T8� ]&? .@8/D

5-3-3.UN6C :)�; 51 UN6C�) */�H >?�-@
  ) ]u#�MY? 3NMH_- ���! "# NH_-�� �8ZR A2?BC K�L�� ,�0F g�(1) ) (2>M? 0M^� "# �" (  .@+0M8%

P�;2D g&? "# >/H_-�� 601 N=10% 0^� "# ,�0F>? PB�'� 3]&? ]"�JR @8-#)e+0Mj $MD T8�
P�;2D $VF�" �+&Y; ]&?]&M?&/ZF $MF �M�� m+&M�� ,�"�# 3j$MF ) &M/D 0M88E; \`�M9? "# ) &MI�F

:�I�# @8-�2o �" 0+B g&? 3N+�0F�/F .&I�F NH_-�� 30H+# ]"�JR

�2+I$# (/D2���lnGDPPC PC2  lnCO

!!!789967/1)=668.66(F !!!658501/1)=669.66(F
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 &/��_-ztF>? #")C0F �" ]&?&/ZF $VF�" �&=F� 3�J[MF �" ]&M?&/ZF $MVF�" P&M��_8[�F mnM� .@8M/D �
 $4[)1) g&? "# �Vo a8:p; |T' A�2/R $F19>? "�0[ (>? #")C0F �" g&? ) @8-#.@8/D ,�0F g�(

P�;2D �8vZR $VF�" >�"0F601 3]&?0$ji*>? 0^� "# �" 3]&?&/ZF �8vZR A2?BC ,�0F .@+08%
e+0j A#2F "�#�/Y?)1-(ECT>? A2?BC �"60M1 30MH+# ]"�MJR $MF .@8M/D0$j)0M^� "# �"

>?$M4[) x2M_L? A#2MF "�#�M/Y? 3r0=M*? �M8ZR >M�"0F ,�0F .@+08%,�M-08E=? B� K�&MD0- ,�M-
e+0Mj �MF KQ2M; >:8Mj2;)1-(ECT>M? "�0M[ A2M?BC #"2M? �"60MM1 30MH+# ]"�MJR $MF .@8M-#

0$$ jij *)>? 0^� "# �") g&? &89? �S�( 3N+�0F�/F .@+08%19 0+B ]"25 $F (���:

)20(jtijt

ni

i
jijt GDPPCGDPPC (+ # $ '

$

$
, lnln

1

0M8E=? A�2M/R $MF "�M*=�� ) >:8j2; 08E=? A�2/R $F &?C"# $D mhR �S�( ,�0F �" u�F �(�0? K�_;
 $=WF�)��� >M? K�L�� T8� .@8M-#A2M?BC <+�M=�P�M;2D �M8vZR ,�M-,2M[ �M8ZR ) ]&M?&/ZF 3]&M?

&?C"# B� ) &?C"# $F "�*=�� B� ]&?&/ZF$F g)&' "# "�*=��7.��� P&I $d�"�

 "#8974�P?Q */�H >?�-@ A,�2) .UN6C :)�; 51 UN6C�) Z8�8��I # Z8�
*/�H *[9 PC2  lnCO--  lnGDPPC   lnGDPPC--PC2  lnCO

P�;2D �8ZR]&? !!!497510/4)=669.23(F 195798/1)=668.23(F

]&?&/ZF �8ZR !!!676254/3)=669.23(F !!!704887/2=)668.23(F

P�;2D) r0=*? �8ZR(]&?&/ZF /]&? !!!6220/4)=669.46(F !!!924667/1)=668.46(F

 g)&' "# $D $�2H��_-7>M? P&-�M*?DP�M;2D e+�0Mj >/H_-�M� 60M1 �MF 3@8M/>M/H_- ) ]&M?
P�;2D �8ZR $VF�" 3]&?&/ZF e+�0jO+ ]&?$MD >;"25 "# #"�# #2') &?C"# $F "�*=�� B� $10`

R $VF�"P�;2D �8ZN8MF $M10`)# �M8ZR $MVF�" T8� ]&?&/ZF "# .#"�&� #2') "�*=�� $F &?C"# B� ]&?
>M? &M8+i; TM8� r0=*? �8ZR A2?BC <+�=� �F �989( N+� .#"�# #2') &?C"# ) "�*=�� .#2MI>M/=4%



50 ������!"#$ "�% &'()$ # *+,- ./0� 1��23$ 45�672

F <+�=� $D ���$NM+� "# P&?C ��# zMtFMF <+�M=� &M/��? l�M98[# 3$>M/H_- �MS�( "# P&M?C �M�#
 e+�0jP�;2D ���! ]&?���>? &8+i; �" 0H+&h+ $L8=� )# N+� ) .&//D

5-3-4.UN6C�) :)�; 51 UN6C */�H >?�-@
 lcJ[ $D $�2H��_-$=4%F X)" 3&I$ "�MD�M��! "# NMH_- A2M?BC ,�0MF $M=1">M_D NH_-�M� ,�M-

F ) &(�) 0- ,�0F ]&?&/ZF $VF�" $��%�&' #")C0F KTZ=W? A2?BC N+� .��� ])�4=?$A#")C �M�#
P&��_8[�F@- 0=?�"�! $F �? P}+) $F .��� ~"�Y=? X)" $F �- ]&?&/ZF >H=I�J��%>M? PB�M'� 3@8M-#

.&/D 088E; ���! �o�# "# $D

)21(jtjtjjjt uPCCOGDPPC ##$ 2lnln %&

>? #")C0F �" �Vo a8:p; g&? 3$��%�&' "2*D 0- ,�0F mn�?BC B� P#�4=�� �F ) @8/DK2M�0? A2
F>? "�0[ A2?BC #"2? ,0L��0% �8ZR 33&/+�01 N+� $L8=� .@8-#m"�&9?P�MF $D ��� $��%�&'
jP>? P#�# A�*� 0+#�9? N+� mn� .&�2IP���! "# NH_- �8ZR 045 601 A2?BC ,�0F �" ,�-

>? e8D0; 0H+&h+ �F NH_-�� 0+#�M9? e8D0; B� P#�4=�� �F $D O8/h; N+� .@8/DP �M��; 3kM�2
) 0*811984.��� P&I #�G/*8! (

)22(,'$
j

jj Plog22
2"

) g&? �&=F� �? 3A2?BC N+� K�L�� ,�0F21>? #")C0F �" (P&M��_8[�F $M4[) B� P#�4=�� �F g�( .@8/DNM+�
? 3$VF�"$F "2*D 0- ,�0F �" �Vo a8:p; g&>? �8h*; $��%�&' "2`�" ,0ML��0% �M8ZR ) @8M-#

>? "�0[ A2?BC #"2??&/ZF �8ZR r0=*? A2?BC 30H+# ]"�JR $F .@8-#P�;2D ) ]&,�0MF �" ]&?
>? K�L�� "2*D 0-0+#�9? ) @8-#PA2?BC ,�0F �" ,�-F 3"2*D 0-F$>M? �M�#mnM� .@M+")C

]"�JR "�&9?2
2 j">M? �8hM*; �" .@8M-# 0+#�M9?Pg)&M' "# sMZ=t? ,�-"2M*D ,�0MF8$Md�"�

P&I.&��
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 "#898UN6C�) :)�; 51 UN6C */�H >?�-@ A,�2) .

^,15 �C5?=Q
*/_�H *[9
PC2lnCO--lnGDPPC lnGDPPC--PC2lnCO

 5$8W�P  5$8W�P

1 P0+TLS� 0775/0 4164/0
2 O+}ZF 1441/0 3419/0
3 �#���D 0937/0 8646/0
4 �8J_ZD 427/0 066/0
5 ")#�2D� 0011/0 5428/0
6 >F0R P&:=? ]�"�?� 0856/0 0705/0
7 ,T�)&�� 0284/0 8965/0
8 A�0+� 1873/0 097/0
9 �8S�=+� 0019/0 0163/0

10 A�=WZH�� 0562/0 0357/0
11 �+2D 5-E73/1 1147/0
12 ,TS�? 0092/0 3272/0
13 O+Th? 1004/0 7322/0
14 &/Z- 0313/0 7966/0
15 $+0L8� 059/0 5729/0
16 b)0� 3144/0 9204/0
17 A�_R 1515/0 8209/0
18 0V[ 4066/0 2445/0
19 ,#2Y� A�=WF0R 0163/0 4152/0
20 "2!�H/� 0128/0 8473/0
21 A�#2� 167/0 0394/0
22 $+"2� 0386/0 0197/0
23 cd)T�) 0187/0 0306/0

)(462" !!!10429/154 !!!089277/74
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 g)&' "# $D $�2H��_-8>? P&-�*?MF ,)# ,�MD 0+#�9? 3#2I$aVM� "# 3P&M?C �M�#1&M5"#
 "# NH_- �8ZR $VF�" #2') 601 ��S ) &/=W- "�#�/Y?>M? $M=10+�! NH_-�� ���!]"�MJR $MF .#2MI

  .��� "�0[0F ���! �D "# &?C"# ) "�*=�� N8F $10`)# �8ZR 3�S�( N+� "# 30H+#

5-3-5.UN6C�) :)�; 51 UN6C�) */�H >?�-@
 >M? 601 3A2?BC N+� "#$M_- 3�MVo a8:Mp; $MVF�" "# @M- ) ]&M?&/ZF $MVF�" "# @M- $MD @8M/D

 NH_-�� �-0=?�"�!&/=W-� .�" �MVo a8:Mp; $MVF�" ) ]&M?&/ZF $MVF�" $MD ��� AC &/��? A2?BC N+
O; �-"2*D $_- ,�0FF $��%�&' ]"25 $F ) O;$P�M;2D ) ]&M?&/ZF �8vZR ) @+")C ��#]&M?

$MF �M8ZR ) #"�&M� #2M') >Z��M! $MD >+2M% �MS�( NM+� "# 3�989( "# .@8-# "�0[ A2?BC #"2? �"
O; ]"25>? >�"0F ,"2*D .#2I>/=4%>M�"0F >+�-"2*D ,�0F T8� ]&?&/ZF �8ZR $D ���

>?@- $VF�" #2') $D #2INM+� 30MH+# ]"�MJR $F .��� $=10% "�0[ &8+i; #"2? �G�C ,�0F >H=I�J��
 3A�_R 3b)0� 3,TS�? 3A�=WZH�� 3�8S�=+� 3>F0R P&:=? ]�"�?� 3")#�2D� ,�-"2*D ,�0F �G/; �" A2?BC

) ) $+"2� 3,#2Y� A�=WF0R 30V[>? K�L�� cd)T� .@8-#
) ]&?&/ZF $VF�" �&=F� �S�( N+� "#21>? #")C0F �" ($MF TM8� �" �Vo a8:p; g&? mn� .@8+�_�

>? 0^� "# NH_-�� lc?�D ]"25$M4[) �MF g&M? P&��_8[�F A#�# "�0[ �F ) @+08%1:Mp; g&M? "# a8
>? #")C0F �" AC 3�Vo.@8+�_�

MS�( NM+� "# 3&MI A�M8F $D $�2H��_-�P�M;2D �M8ZR >M�"0F ,�0MF�M8ZR ) ]&M?&/ZF 3]&M?
 �S�( $8JI l�98[# 3r0=*?4-3-1>? �_RF <+�=� .@8/D$P�;2D �8ZR ,�0F P&?C ��#,�0MF ]&M?

 g)&' "# �-"2*D K�_;9F <+�=� )$]&M?&/ZF �M8ZR ) ]&M?&/ZF �M8ZR A2M?BC ,�0MF P&?C ��#
@M- $MVF�" #2M') $D >+�-"2*D ,�0F ,2[MF >H=MI�J��"# eM8;0; $MF 3�M�� P&MI &M8+i; �MG�C ,�0

g)&',�-10 )11P&I $d�"� .&��
 g)&' "# $D $�2H��_-9>? P&-�*?P�;2D "# 3@8/DO+ �8ZR $VF�" O+ ]&? "�*=�� B� $10`

 aV� "# &?C"# $F5    .#"�# #2M') $+"2M� ) A�#2M� 3�8J_ZD ,�-"2*D ,�0F 3,"�#�/Y? % A)TM1�0MF
3�+2D "2*D ,�0F 3N+� aV� "#1P�;2D �8ZR $VF�" O+ 3,"�#�/Y? %O+ ]&?&M?C"# B� $M10`

 aV� "# T8� ,TS�? "2*D ,�0F .#"�# #2') "�*=�� $F5P�M;2D �M8ZR $MVF�" O+ 3,"�#�/Y? %]&M?
O+.#"�# #2') "�*=�� $F &?C"# B� $10`P�;2D �8ZR $VF�" O+ #2')OM+ ]&M?aVM� "# $M10`
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10F &?C"# B� T8� ,"�#�/Y? %>? &8+i; $+0L8� ) A�0+� ,�-"2*D ,�0F "�*=�� $ ,�-"2*D ,�0F .#2I
P�;2D �8ZR $VF�" #2') 30H+#>_� &8+i; ]&? .#2I

 "#8994�P?Q */�H .OP) 8�@51 # 5�=2)$ U/I Z8�(&5?=Q

^,15 �C5?=Q
*/_�H *[9
PC2lnCO--lnGDPPC lnGDPPC--PC2lnCO

 45��@ 5$8W�F  45��@ 5$8W�F

1 P0+TLS� 66558/0)=28.1(F 082875/0)=28.1(F

2 O+}ZF 050263/0)=31.1(F 22377/0)=31.1(F

3 �#���D 40255/0)=31.1(F 088574/0)=31.1(F

4 �8J_ZD 718328/0)=31.1(F !!218606/5)=31.1(F

5 ")#�2D� 06-E00/6)=31.1(F 134109/0)=31.1(F

6 >F0R P&:=? ]�"�?� 022831/0)=28.1(F 93986/0)=28.1(F

7 ,T�)&�� 501677/0)=27.1(F 149945/0)=27.1(F

8 A�0+� !493367/3)=31.1(F 239424/0)=31.1(F

9 �8S�=+� 655899/2)=23.1(F 28697/2)=23.1(F

10 A�=WZH�� 282881/0)=31.1(F 799456/0)=31.1(F

11 �+2D !!!74739/23)=31.1(F 122314/0)=31.1(F

12 ,TS�? !!809492/4)=31.1(F 09614//1)=31.1(F

13 O+Th? 636868/2)=31.1(F 133091/0)=31.1(F

14 &/Z- 186777/0)=31.1(F 062659/0)=31.1(F

15 $+0L8� !130058/3)=29.1(F 00117/0)=29.1(F

16 b)0� 978362/1)=31.1(F 164413/0)=31.1(F

17 A�_R 602194/0)=26.1(F 35987/0)=25.1(F

18 0V[ 000928/0)=21.1(F 157104/0)=21.1(F

19 ,#2Y� A�=WF0R 241027/0)=24.1(F 128253/0)=24.1(F

20 "2!�H/� 378417/1)=31.1(F 208203/0)=31.1(F

21 A�#2� 244112/0)=31.1(F !!826444/6)=31.1(F

22 $+"2� 045954/0)=31.1(F !!939333/4)=31.1(F

23 cd)T�) 926138/0)=29.1(F 458813/0)=29.1(F
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 "#8910OP) 8�@51 # 5�=2)$ U/I Z8�8��I */�H .(&5?=Q

^,15 �C5?=Q
*/_�H *[9
PC2lnCO--lnGDPPC lnGDPPC--PC2lnCO

 45��@ 5$8W�F  45��@ 5$8W�F

1 ")#�2D� !!!99006/10)=31.1(F 237716/1)=31.1(F

2 >F0R P&:=? ]�"�?� !!242213/5)=28.1(F !!837262/5)=28.1(F

3 �8S�=+� !!!683477/9)=23.1(F !!654507/5)=23.1(F

4 A�=WZH�� !!057732/6)=31.1(F 793834/3)=31.1(F

5 ,TS�? !527563/3)=31.1(F 327985/0)=31.1(F

6 b)0� 016855/0)=31.1(F 6-E46/3)=31.1(F

7 A�_R 459854/2)=26.1(F 156132/0)=25.1(F

8 0V[ 688656/1)=21.1(F 9005/2)=21.1(F

9 ,#2Y� A�=WF0R !!!632409/9)=24.1(F 690744/1)=24.1(F

10 $+"2� !!265067/6)=31.1(F 194915/2)=31.1(F

11 cd)T�) !!448561/7)=29.1(F !!166622/5)=29.1(F

 g)&' "# $D $�2H��_-10>? P&-�*?@8/D3) �M8S�=+� 3>MF0R P&M:=? ]�"�M?� ,�-"2M*D ,�0F
"# ]&M?&/ZF �M8ZR $MVF�" OM+ .#"�# #2') &?C"# $F "�*=�� B� ]&?&/ZF �8ZR $VF�" O+ cd)T�)

 aV�10F A�=WZH�� "2*D ,�0F &?C"# $F "�*=�� B� T8� ,"�#�/Y? %$ ,�0F 3P)cR $F .��� P&?C ��#
) ) $+"2� 3A�=WZH�� 3>F0R P&:=? ]�"�?� 3,#2Y� A�=WF0R 3�8S�=+� 3")#�2D� ,�-"2*D O+ cd)T�

>? &8+i; "�*=�� $F &?C"# B� ]&?&/ZF �8ZR $VF�"aVM� "# ]&M?&/ZF �M8ZR $MVF�" O+ .#2I10 %
 #"�# #2M') ,TS�? "2*D ,�0F "�*=�� $F &?C"# B� T8� ,"�#�/Y? .]�"�M?� ,�-"2M*D ,�0MF 3N+�0F�M/F

) "�M*=�� N8MF ]&?&/ZF �8ZR $VF�" cd)T�) ) A�=WZH�� 3�8S�=+� 3>F0R P&:=?$M10`)# &M?C"# �M�� .
   .&*� s*D &?C"# ) "�*=�� N8F ]&?&/ZF $VF�" T8� �-"2*D $89F ,�0F

 g)&' "# $D $�2H��_-11>? P&-�*?cd)TM�) ) $+"2� 3A�=WZH�� 3�8S�=+� ,�-"2*D ,�0F @8/D
 aV� "# ]&?&/ZF �8ZR $VF�" O+ .#"�# #2') &?C"# $F "�*=�� B� ]&?&/ZF �8ZR $VF�" O+10 %

Y? MF >F0R P&:=? ]�"�?� "2*D ,�0F &?C"# $F "�*=�� B� T8� ,"�#�/$3P)cMR $MF .�M�� P&M?C �M�#
�M8ZR $MVF�" OM+ cd)TM�) ) $+"2M� 3,#2YM� A�=MWF0R 3,TS�M? 3�8S�=+� 3")#�2D� ,�-"2*D ,�0F

>? &8+i; "�*=�� $F &?C"# B� ]&?&/ZFaVM� "# ]&?&/ZF �8ZR $VF�" O+ .#2I10TM8� ,"�#�M/Y? %
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�.#"�# #2') A�=WZH�� "2*D ,�0F "�*=�� $F &?C"# B 3>F0R P&:=? ]�"�?� ,�-"2*D ,�0F 3N+�0F�/F
$M10`)# &M?C"# ) "�M*=�� N8F ]&?&/ZF �8ZR $VF�" cd)T�) ) $+"2� 3A�=WZH�� 3�8S�=+� �M��,�0MF .

F &?C"# ) "�*=�� N8F ]&?&/ZF $VF�" T8� �-"2*D $89F$'2; �F�[ $=h� .&?�8� ��#NM+� $D ��� AC $
�MF 7MJV/? l�MJ+09; 3$+"2M� "2M*D ,�0F &?C"# $F "�*=�� B� ,2[ ]&?&/ZF �8ZR $VF�" B� 08U $F <+�=�

 g)&' <+�=�10���.

 "#8911OP) 8�@51 # 5�=2)$ U/I &?3 Z8�8��I */�H .(&5?=Q

^,15 �C5?=Q
*/_�H *[9
PC2lnCO--lnGDPPC lnGDPPC--PC2lnCO

�@ 5$8W� 45�F  45��@ 5$8W�F

1 ")#�2D� !!!511651/8)=31.2(F 623134/0)=31.2(F

2 >F0R P&:=? ]�"�?� !687648/2)=28.2(F !920637/2)=28.2(F

3 �8S�=+� !!!374007/8)=23.2(F !!949467/4)=23.2(F

4 A�=WZH�� !164487/3)=31.2(F !!716829/3)=31.2(F

5 ,TS�? !!!477466/5)=31.2(F 158381/1)=31.2(F

6 b)0� 201339/1)=31.2(F 083118/0)=31.2(F

7 A�_R 031344/2)=26.2(F 198891/0)=25.2(F

8 0V[ 939715/0)=21.2(F 507489/1)=21.2(F

9 ,#2Y� A�=WF0R !!909501/4)=24.2(F 912065/0)=24.2(F

10 $+"2� !!622153/3)=31.2(F !!47219/4)=31.2(F

11 cd)T�) !!58108/4)=29.2(F !!!686868/5)=29.2(F

6 .�`/2) # �abX&(/T
��/='� ]�0�� B� >h+ "# 08E=? )# N+� N8F $VF�" .��� �W+B k8:? e+0t; 3,#�p=[� &I" 0+�!��

$-#�8S�Y1 ) $=10% "�0[ A���##�p=[� $'2; #"2? "�8WF 08o� ,�-K�ML�� $M/8?B NM+� "# >M��)�01 ,�M-
=�B2D >/:/? .��� P&I) >=W+B k8:? mEKCz8! �F 3(OM+ �M8ZR $VF�" #2') 601B� $M10`

@G? 3>=W+B k8:? �848D z-�D $F ,#�p=[� &I"P&MI #�L+� $/8?B N+� "# $D ��� >+2HS� N+0;
z8! �?� .���"�=o�M� 0M^� B� �-"2M*D >/H_-�M� .�M�� $=10% "�0[ &+#0; #"2? T8� 2HS� N+� 601
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