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��(6<-_W" v/7 A�#ĝ /?YF .8��EGR# 8�1 604��YF z" rSF60aN% <J0; )+ �� 60X �05# 8#

�%/5 <X 8#$* �w�=" [*�" PS; 8�9G%/5 U# z� $1 8#$* �� > <=7 > <?@ ,h* �� 2�$EF 8�1
rB�� .A�BC*) ��% �/m* 2�$EF>2F �#$R 6]/" ��/F (P$-�U A�# �� .�$-38��0�U d�Y4�mF 6C-F
2F 6_?] )+ U# 6X 6G�$3 d�/aS; \�|7# d�Y4�mF 6* )#/"P� 8�1�/HX �� �w�=" ��/F �� r�@ �

�$X P��;# 6Y5/".1P��>+$� 2_%#� D$EF 6* �/*$F d�Y4�mF�� 2Gc7 8�1 PSCCX���a 8�1�/HX
z(>#) �c7�5# $X� <*�R B-7 (.2

>� 8>� $* 6G�$3 d�/a d�Y4�mF s�5#$*.8I$07# 8�0w�=" A-0?h" �� P��cG05# ��/0F 8�90;
 &>� >� 8��G%�5 &>� > 2w��� ��W"# &>� A-?h" 8#$* P��cG5# ��/F r>#SGF8I$07# 8�0w�="

 <=7 > <?@ ,h* �05#PS0; \�0|7# d�0=-=W" �� . #S0G*# U#8 601�1970 �0")/CX. g�0F/?O�0-?1#
S07#� > �01>��/% U# P��cG05# )#B0-F > v/07 .�1>��/% 8�/]/FA-0-Y" �� #� �01>��/% V05/GF )�F

6G�$3 �#$R 6]/" ��/F <=7 > <?@ ,h* 8I$7# 8�w�="rSF A�# 2_X �4�@ �� .S7#�1 20F #�)#/0"
 6*d�/a  :�#� )�H7 $�U

)1(EffUCE ..!

 )+ �� 6XE .�%/5 8�w�="C .�1>��/% 8�/]/FU> (r�05 $0* $GF/0_-X) 67^�5 D$EF �$7
EffS7#� ($GF/_-X $* $G-4) >��/% )�F�5# .

) z�SC-( SC7�F 6-4># d�Y4�mF ��197905# PS0; 2Y05 (,0h* �� �%/05 8�0w�=" �05# �
7 > <?@r/F$� )+ 2_X <J; �� <= .�/0; 8SC*3{04�R �� �%/05 8�0w�=" 8S0Y* d�0Y4�mF ��
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itAge :>(/,4 #T7@ B&C =I5 HZei 6&�* (/t1

1. B&x� 6+,�7 $  B&C (/ $. D�>(/,41370)i B&C (/ =I5 HZe (1380)t @+(+/ (15.HC+ #T7 B&C



182 �"�;<8�=4# =�% >?�@# 4 5A9( BCD" *�8,E# )&�FG4

g#%L4+ @&aM&%C (/ =/,%C#? @&A>(/,4 J>#4 $  8, #� t&S(+ l&PEQ+ 9(,p (/ $. HC+ Da�I 
`% &S y,%? D%F�#R2 ]% +>( (&E4&C 9(,p #A (/ DM> ./#. IA+,4 #LLn2 =I�) HCI  ]C,E� #T7

./,  IA+,4 =/&FEC+
 :@(+,C @&A>(/,4 H4,C "#�� 6&�I'+(&' (/ @(&E4&%C @&%A#LnE� ��#%ETa� *+ Do�6&%d>

2 &A>(/,4 H4,C @&0&12 @>( #  D�X&  (&LP  IQ &2 $. (,-. `1' > `TQb 6+�L� gHC+ (+cd#Le
 #A (/ >(/,4 H4,C "#��100H4,%C "#%�� 6&�I%'+( @+#%  D%�4&5 6+,%�7 $%  #E�,%NL.

 .HC+ @(+,C @&A>(/,4 $o��+ $  $f,2 & �L> $Z%C&[� (,-. (/ B&C #A (/ &A>(/,4 W�&TLV 6+�
DT' s(+�dDT' DEQ+( $  ��+# &�  g/,52#%A (/ &A>(/,4 "#�� ]C,E� 6+�L� 6+,100#E�,%NL.

  ��+# &�  .HPL' $ZC&[� ` &S $ *+ =/&FEC+ D�R� ���z�&f `Q =+( \� *+ 34&5 ��+ $ZC&[� (,Y��
 %[M > B&C #A (/ =I5 HZe @&A>(/,4 /+IR2 (&�)&%  &%A>(/,4 �%�+ H4,%C "#%�� ]%C,E� {&

(/#T7 �E?#d #Y'D� 9(,p ��+ (/ .HC&a')+( &%A>(/,4 6&%d>&' 6&�I%'+( D%'*> ]%C,E� 6+,%2
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.HC+ =I5 J+#KEC+

7.HCI =J" &�,6�%;2.4KI >*�L
MI� DC(#  WK  (/} &%2 �L%TK2 (/ $. D�&A#LnE� > &a`%1' > `%TQ W%K  (/ H4,%C @&%0&12

&2HC+ $E?#d (+#S =/&FEC+ /(,� 6,�.g _&C+#  .I5 $E4+/#V $. &A#E�+(&V *+ D4#  $E5cd 9&RM&i�
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D� �L' 6+#�+ (/b2 H4,C "#�� @&0&12 @>( #  I'+,2_&%C+#  .H%C+ =I5 D?#R� I5&  $E5+/ #Le
  g&A#LnE� ��+ $WLV > �LTK2 (,Y��0&12 D�L /&�ES+ BI� (,-. (/ ����  @+#  &#%Y' /(,%� Dj�%C

  $D� $~+(+ #�* �#5 ./,5
�+ (/ =/&FEC+ /(,� BI�@&%A#LnE� D�&%T2 BI%� �%�+ (/ $%. H%C+ DTE�(&zM BI� \� $M&1� �

 `�&. 9&R #� `S+IQ s>( $  > DTE�(&zM 9(,p $  `ZS WK  (/ =I5 =/(>)OLS=/&FE%C+ &  >
t#' *+ (+�?+Eviews5D� =/* �LTK2D� =/+/ 6&-' #�* 9(,p $  =/&FEC+ /(,� BI� ./,5:/,5

)log()log()log(

)log()log()log(

ageefficvehicle

GDPpriceCCons per
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$$"

&. s>( $NQ#� >/ `�&5 $M&1� ��+ (/ (.HC+�LTK2 &  B>+ $NQ#� (/D%C(#  $%  =I%5 $%~+(+ BI�
b2 6+�L�I%'>( �E?#%d #%Y'(/ &%  6) *+ vV > $E4+/#V H4,C @&0&12 @>( #  &A#E�+(&V @(+cd#Le

WL%V $%  #Y' /(,� @&A#E�+(&V *+ \� #A @+#  B,1R�B&%C &%2 ���%�  "#%�� D%�L 1404$%E4+/#V
D�,5�L1[2 t>/ $NQ#� (/ ./gWLV _&C+# D�L (/ ���%�  "#%�� /(,%� (/ $%E?#d 9(,%p @&A

+,4 $ZC&[� >(/,4 #A @+#  H4,C "#�� ]C,E� (,-.34&%5 �%�+ $Z%C&[� *+ v%V .I5 IA
# =#a  6+�L� _&C+> H4,%C "#%�� WA&%. 6+�L� > @I�#ZLA @&A>(/,4 H4,C "#�� @(>

=I��X) (&-E'+ WA&.�C _&C+#  &A�%�+ @+#%f+ @/&%�ES+ I%�+,? $Z%C&[� $  g=I5 h�#R2 @&A,�(&
D� $E4+/#V �#<./,5

8.2CI 4 =J" *&41�'M9N;' >�O�PQ $;C'
=/+/ I%5 6&%L  `ZS HTPS (/ $. (,i'&TA$%E?#d (+#%S =/&FE%C+ /(,%� $%M&1� �%�+ (/ $%. D�&%A I%'+g

=/+/@#%C `%LN[2 (/ .I�E%PA D'&%�* @#%C @&Ar 6&%11[� D'&%�* @&%A&%ZM&2R=IA&%-� +( D�X&% 
D� �%�+ .I5&  $E5+I' /,f> &A#LnE� �L  @(+/&�R� $i +( HC+ �oT� I��#A gI��.2R*+ D%5&' X&% 

qA D'&�* I'>( /,f> &A#LnE� (/ HafHC+ m&%�>�M > %  $&%A#LnE� �L%  D%1L1Q 8&%Z2(+ /,%f> `%LM/
HPL'  .

 ,zM+ (/ =/&FEC+ /(,� @&A#LnE� D�&�&V DC(#  @+# ��I%  .I%5 =/&FE%C+ I%Q+> $-�( 6,�*) *+
Do�/ 6,�*) (,Y��-qLTR2 #M,?) $E?&�1ADFB>I%f (/ 6) ��&E' $. $E?#d (+#S =/&FEC+ /(,� (3

1. Augmented Dicky Fuller
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D%� =IA&%-� $. (,i'&TA .HC+ =I�)�i%C (/ > �i%C (/ =/&FE%C+ /(,%� @&%A#LnE� D�&%T2 /,%5
 6&�LT<+5`0&F2 (&Zo� &  &�+ gI�EPA &'&�&'  %'&� @#LdD� &�E?#%d #%Y'(/ &  =I5 t&j'+ 6,�*) .I',5

IZ� *+ u#7�.HC+ =/, 

=4J:3.�.�CR," JS#4 �H9& �-"(1 T9�,@
 �-"(1ADFUO�+Q MC04# �' �-"(1ADFVW% &*

�.�CR,"  &#JP"
$@#�D' )&�"1 &#JP"t &#JP"$@#�D')&�"1 &#JP"t

99/2-78/598/2-62/1-Cons

99/2-72/3-98/2-67/1-Price

99/2-01/3-99/2-47/1-GDPPer

99/2-8/3-99/2-82/1vehicle

99/2-39/3-00/3-56/1-effic

99/2-73/3-99/2-37/2-age

******99/2-61/5-Resid

c4b��L1[2 ��&E' :

s>( $%  BI%� /(>)#  Haf IQ+> $-�( 6,�*) ��&E' $  $f,2 & OLS q%A gDzE%5&Z'+&%A#LnE�
D� 6&-' 6,�*) ��&E' .H?#d (+#S DC(#  /(,� ,zM+ @&AI'&TPV IQ+> $-�( 6,�*) $NLC,  $. IA/

$NL%C,  =I%5 /(>)#  $LM>+ BI� @&AI'&TPVOLS6&%�LT<+ �i%C (/5��+# &%�  .H%C+ &%�&V I%p(/
D�qA BI� @&A#LnE� $. H?#d $jLE' 6+,2$E5&Z'+ s>( @&A/(>)#  > I'+OLSPA #ZER�I�E.

W-. > �LTK2 ��&E' =I5 =/* �LTK2 $M/&R� _&C+#  B>If (/ =I�) HCI  @&A3=/+/ 6&%-'
 B>If (/ $. (,i'&TA =I�) HCI  ��&E' _&C+#  .HC+ =I54D� =IA&-� �L'/,5g #LnE� ��#ETa�

�k D%� 6&-' �LTK2 ��&E' .HC&A>(/,4 H4,C "#�� 6&�I'+( ����  @&0&12 #  #e@+*+ $%  I%A/
#A1H4,%C "#�� 6&�I'+( (/ /,Za  Ip(/44/2WA&%. +( (,%-. (/ ���%�  @&%0&12 I%p(/

./+/ IA+,4
     .H%C+ H%TLS #%LnE� �L�&%V (&LP  O�#0 =I�) HCI  ��&E' (/ $f,2 ` &S 9&o' *+ #z�/ Do�

D� 6&-' O�#0 ��+ q%. > �L�&V (&LP  ����  DETLS W-. IA/&��TA .H%C+ W%-.9&%RM&i� $%o'
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.&Q �L' DNZS�&V *+ DW-. 6/,  �LH%C+ =/,%  H4,C DETLS @&A.1D%� ��+# &%� BXIE%C+ qL'+,%2
� 6+I�� (,-. (/ ����  "#�� B#E�. (/ DETLS @&aEC&LC $. qL�.k D2(,%p (/ > /,  IA+,K' #e

$'+(&� @I�T?IA �#< $.@&aE4&%C#�* �;%p+ �,%�K  D%ETLS#Lr #L +I%2 *+ H%TLS #%  =>;%7 &A
=/&FEC+ �L' @ILM,26) H%L1?,� B&%TEQ+ @/>I%Q &2 HC+ �oT� gI�&T'  .I%-K  /,%Za  +(/(,%� (/

 &A>(/,4 #T7 @&A#LnE� @+#  =I�) HCI  O�+#0 $  $f,2 &  gBI� ��+ $  8, #� @&A/(>)#  #�&C
`%1' > `%TQ W%K  (/ @(&E4&%C @&%A#E�+(&V 6+,%�7 $%  $%. @(+,C @&A>(/,4 /+IR2 �L��TA >

D� $E4&�5D� gI',5E' 6+,2I%�)(/ > H%TLS #LnE� $  HZP' �L' &A#E�+(&V ��+ 9+#LLn2 $. H?#d $jL
D� @/&�ES+ @&A#E�+(&V 6+,�7 $  $'+#C2 I�'+,2$?#p (/ @#E-L  @(+cd#Leb ,%f�$E%5+/ H4,%C D

.I�5& D� 6&-' #LnE� >/ ��+ @+#  =I�) HCI  O�+#0 ��&E' }S+> (/> /+I%R2 (/ W�+�%?+ $%. I%A/
Of,� &A>(/,4 #T7%  .I%5 IA+,4 ����  "#�� (/ W�+�?+ $ @(,%<#%A @+*+ $%  $%.1I%p(/

  g&A>(/,4 /+IR2 > #T7 (/ W�+�?+ $ OL2#26/0 >8/0W�+�%?+ (,%-. (/ ���%�  "#%�� I%p(/
D� .I &�

 =4J:4�O�PQ =J" MCFXQ T9�,@ .
 )&�"1t&�CY" 7#�D@#Z9#�O�CR,"

4622/00974/4894/1H &e O�#0
9196/1-0354/0068/0-log(Price)

3751/31106/03734/0log(GDPPer)

3109/120653/08039/0log(vehicle)

0942/2-1658/14416/2log(effic)

0724/80754/06090/0log(age)

9965/0R-squared

9956/0Adjusted R-squared

95/1Durbin-Watson

188/1143F Statistic

E' :c4b��L1[2 ��&

1. 6&T�&')1380(
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#E%-L  I%LM,2 gH%LRTf I%5( `%LM/ $%  @/&%�* />I%Q &2 $. D�K5 @&A>(/,4 /+IR2 W�+�?+
,4�&C> OC&�� > }�#C $RC,2 tI7 g>(/$%. =/,%  D%iL[� `%�+,7 #�&%C > D�,%T7 `1'> `TQ `

D� (&YE'+B&C (/ />(     .I�%5&  $E%5+/ W%1' ���%�  @&%0&12 I5( (/ 6&��TA �L' =I��) @&A�L%�jTA
(+I1�2RD� 6&-' BI� ��+ (/$E%P'+,2 D ,%4 $  D[L0,2 @&A#LnE� 9+#LLn2 $. IA/9+#%LLn2 I%'+

 &2 &A#E�+(&V ��+ }S+> (/ .I�A/ 6&-' +( $EP +> #LnE� 6+,�7 $  &0&1299 ����  "#�� 9+#LLn2 Ip(/
D� 6&-' +( (,-. (/�L% (>/ 34&%5 (+I%1� _&C+#  �L��TA .I�A/-�%Z< > B>I%f (/ 6,%P2+>

) 6,�*LMD� 6&�LT<+ �iC (/ 6+,25./,T' /( +( BI� (/ DzEPZTA/,4 /,f> Ip(/
D%� &%A#E�+(&V @+#%  =I%�) H%CI  O�+#0 > �LTK2 ��&E' *+ =/&FEC+ &  6,�.+#%Y' (/ &%  6+,%2

m&EZP' @,�(&�C \� �E?#d}S+>`1EP� @&A#LnE� @+#  $'&�L g =I��) @&aM&C (/ ����  DZ�#12 "#��
WLV +( ./#. D�L> #%LLn2 �#%' \%� �E?#%d #%Y' (/ &%  BI� @&A#E�+(&V D2) I'>( (,Y�� ��+ @+# 

WL%V t&%S(+ (,%-. DT%C( @&%A/&a' > &a'&�*&C ]C,2 =I5 �#i� u>#? OM&S (/ &a') B,[2D%�L 
D'&�* =*&  (/ H4,C "#�� @+#  =I51405-1390D� HCI  .I%�)]%C,E� I%5( &%�Z� �%�+ #% 

(/)DRS+> $'+#C I�@�%.#� \%'&  @&%A/(>)#  6/,T' {&[M > $E5cd @&aM&C /#oNT7 $  $f,2 & 
 />IQ (/3����  @&A>(/,4 /+IR2 I5( �#' > Ip(/(/ >(/,%4 ILM,2 }�#C I5( $  $f,2 &  *,C

$�&'#  6/,T' {&[M > #L4+ @&aM&C$%'&4(&. I%LM,2 @&A@&aM&%C @+#%  @*&%C>(/,4 @&%A1390&%2
1405IQ (/ ]C,E� (,i  />6.HC+ =I5 $E?#d #Y' (/ B&C (/ Ip(/$%. H5+/ $f,2 I�&  $EZM+

 > =I5 $E?#d #Y' (/ J(&4 *+ >(/,4 9+/(+> B/&R� +( (,-. (/ =/,C#? @&A>(/,4 J>#4 6+�L�
 &A>(/,4 #T7 $ZC&[� (/ =/,C#? @&A>(/,4 D���z�&f HC&LC B&T7+ *+ D5&' (&e) OL2#2 ��+ $ 

. HC+ =I5 6+#Zf
 /(,� (/HTLS�L1[2 ��+ (/ ����  @(+cdgH%M>/ D%NZS #L +I%2 $  8, #� u>#? $ &-� D0#?

D%� u#%? > =I%5 $%E?#d #%Y' (/ qj�%V $�&'#  (/$%'&<&E[� s>( $%. /,%5 (/ @#%2�#%< @+#%f+
$'+(&� @I�T?IAB/&%R� `�I%R2 *+ v%V ���%�  H%TLS D%RS+> I5( �#' ./#Ld (+#S `T7 /(,� &A10

#d #Y' (/ B&C (/ Ip(/D� t(,2 �#' #LLn2 9(,p (/ $. HC+ Da�I  ./,5 $E? u>#? ��+ 6+,2
   ./,%T' {&%[M $<, #� 9&ZC&[� (/ +( `p&Q ��&E' > =/#. `�IR2 @IR  9+IA&-� &  OC&�E� �L' +(

b2 ` &S $Eo' $�L�* ��+ (/ $EZM+��+ IL.+HCW�+�%?+ DNL%P? @&aE4,%C > ���%�  H%TLS (I%S #A $.
+ @/&�ES+ H��� gI &�q. @&A>(/,4 *+ =/&FEC@&%A>(/,4 $%  8, #� @&�+�� > DN. (,i  "#��
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�%L1[2 �%�+ (/ $%�') > /,%  IA+,4 #E-L  &a') @/&�ES+ $?#p > =I5 (&o5) #Ea  �&4 (,i  DS# 
D� (+#S 6,�*) /(,�$'&<&E[� (/ &A>(/,4 ��+ *+ =/&FEC+ @&�+�� /#Ld&%  > =/,  �oT� HM&Q ��#2

$. HC+ Di�+#5 u#?(/ $%. H%C+ Da�I%  .I%5&  #%PL� H%TLS W�+�%?+ ��#%ET. &  ����  $0#7
HTLS #E-L  W�+�?+ 9(,p|,%' �%�+ @+#%  @#E%-L  @/&%�ES+ H%L ,Ni� > H%��� $Lf,2 Of,� &A

        ./,  IA+,4 &A>(/,4
H%C&LC _&%C+#  g&a') #T7 > &A>(/,4 H4,C "#�� 6&�I'+( #LnE� /(,� (/> H%M>/ @&%A

q-��+ *+I'+HC&LC �j�V $�&'#  (/ &A+cz?IA g$RC,2 qq-� 6&�&V (/ $. HC+ ��+ HM>/ @( *+I'+
20 B&C) $M&C1404 $  6&�I'+( (8I &� WA&. #ELM�q-� ��+ I�� #AH?#%-LV $%  $f,2 & �L' *+I'+

$'&LM&%C I%�&  _&C+ ��+ #  .H5+/ IA+,4 D'+>+#? $Np&? &L'/ @&A/(+I'&EC+ &  @U,M,�o24/2(/I%p
.ILC( "IA ��+ $  $�&'#  6&�&V (/ &2 I &� /,Za  &A>(/,4 "#�� 6&�I'+(

> (,%-. (/ &%A>(/,4 D��#z�&%f H%C&LC $%  $%f,2 &%  �%L' &%A>(/,4 #%T7 �Lz'&L� /(,� (/
A>(/,4 #T7 D',�. �Lz'&L� $  $f,2 &  >(/,4 ILM,2 $'&LM&C I5( �L��TA & />I%Q)11 > (B&%C&% 

�E?#d #Y' (/+*> $o��+$�La  H.#5 > }�&�p 9(WLV H4,C "#�� @*&C=/#. D�L $%. I'+(/
 $�&'#  \�15 $  �Lz'&L� ��+ $M&C8/,5 \�/�' B&C .D� _&C+ ��+# $'&LM&%C $. /#. u#? 6+,2

6/1./,5 $EC&. &A>(/,4 #T7 �Lz'&L� *+ Ip(/ _&C+#  6,�.+ ��+ `1EP� @&A#LnE� @+#  ,�(&�C
D�WLV #�/&1� 6+,2 &A>(/,4 H4,C @+#  =I5 D�L+( (+/,T' (/ $. (,i'&TA ./(>) HCI 2�%L'

D� =IA&-��%�+ .H5+/ IA+,4 =I��+�? D4#' &  @/,Rp @I'>( (,-. (/ ����  "#�� I'>( /,5
D� 6&-' (+/,T'#%T7 Dj�(I%2 WA&%. > H4,%C "#%�� 6&�I%'+( DZ%P' /,%Za  ��#< *+ $. IA/

DT' &A>(/,4 ]C,E�?+ I'>( 6+,2  ./#. hS,E� +( (,-. (/ ����  "#�� D-�+� $D%� #%Y'I%C(
(/ $. ����  "#�� W�+�?+ `�&7 ��#ETa� $N^P� ��+(/B&C> &%0&12 I5( �#' 9I5 =I��) @&A

./,  IA+,4 (,-. (/ >(/,4 ILM,2
(/ &  > ]�+#5 ��+ (/FE%C+ $%. H%LRS+> �%�+ �E?#%d #%Y'> H%?( (/ D%�K5 @>(/,%4 *+ =/&

I�)6>(/ @&A6>#  @&a2#?&P� > @#a5%  t+>/&%  D?#%�� @X&%. \%� 6+,%�7 $  @#a5 $9(,%p
> H4,%C "#%�� W�+�?+ $N^P� gHC+ =I5 �#i� @#a5 @&A(+,'&4 @+#  D?#7 9(>#0 D7,'

 $f,2 I��*&L' > =/,  D7&TEf+ > @/&�ES+ DNp+ `~&P� *+ &A#a5 @+,A Dd/,M) 9I5 B&Q �L7 (/
=(&� > .HC+ @If D-�I'+
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*-F@ &#2.2CI�,C0 �-C<C" M9N;' 7�8" $;C')1400-1390(
c4b��L1[2 ��&E' :

  $ D%� #Y'%� @&%A(&oA+( *+ D%o� $%. I%C(k> H4,%C "#%�� WA&%. (/ #eB&%Q �L%7 (/
�(�  @&A#a5 @+,A Dd/,M) 9I5 *+ @#Lz-LVgm&?#p @&A(&oA+( $  `C,2 #  =>;7g@/&%�ES+

DCI�a� > D�? DNLTo2 #L +I2 �&K2+  $&%A>(/,4 H4,%C qE%PLC �;%p+ 9(,%p#E%-L  /,%Za  >
 H4,C "#�� 6&�I'+(HC+&a2I� *+ $.HC+ =/,  �L11[� $f,2 /(,� `ZS.1@I%f 9&�+I%S+#%2

@U,%M,�o2 *+ =/&FE%%C+ t�NE%P� $%�L�* �%�+ (/$E?#%-LV @&%AI%%�'&� @*&%C>(/,4 HR�%p (/ &%L'/ #%%2
DE4,C>/ @&A>(/,4(D����  DS# ) >I�'&�&a')�%�+ *+ =/&FE%C+ }?&%�� D &�*(+ $  $�+/+ (/ $. HC

2 > >(/,4 |,'bD� $E4+/#V Dd/,M) WA&. > ����  "#�� #  6) #Le./,5

9.$E�' >�.4&*-6(# )*�+,%# [��;"-(>J9�]C.4�,!0#) $;9N;'
>(/,4@%2 @+#%  H4,%C |,%' >/ *+ $%. H%C+ D�L5&� @I�#ZLAb=#%a  /,%4 $%.#[� @>#%L' �L�

D�d>(/,%4 H%.#Q @+#  +( t*X $.#[� @>#L' DS#  > DE4,C (,2,� >/ &A>(/,4 ��+ (/ ./#L
D� qA+#?@#2&%  I%�If `%P' �%�#< *+ D%S#  (,%2,� D?#%�� y#  &A>(/,4 ��+ (/ .I��.D%�R� &%A

@#2& D� `p&Q DZiS>/ @&A DE4,C (,2,� /#oNT7 *+ `p&Q D?&0+ @>#L' @/&7 }S+,� (/ ./,5
&��/ ��#< *+D� =#L4� 6) @#2&  (/ >(/,4 t$%  >(/,%4 (/ @U#%'+ ";%2+ *+ �%�#< ��+ $  > /,5

1.6&�(IFp)1376(
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D� @#Ld,Nf 9I5WA&%. �%L' 6) *+ D%5&' @+,%A Dd/,%M) > =I%5 #%ET. H4,C "#�� ./,5
D�.I &�$E?#-LV |+,'+ (/#%V `% &S �%L' @#a%5 y#  $  B&�2+ ��#< *+ >(/,4 @#2&  &A>(/,4 ��+ #2

@>#L' > =/,  6/#.H7#C (/ >(/,4 H.#Q�&V @&A6& &L4 (/ �LD%S#  (,2,� ��#< *+ #a5 @&A
2bD� �L�m&?#p > /,5=/&f (/ D'X,< @&aE?&P� (/> #a%5 6>#%L  @&A&%  >(/,%4 $%. &%aA+#d(� 

D� H.#Q @#2X&  H7#CD� =/&FEC+ 6) DE4,C (,2,� *+ gI�../,5
"&iR'+$?#p > /#oNT7 (/ @#�cV�,f "#�� (/ DH4,Cg@I%�#ZLA @&A>(/,4 *+ =/&FEC+

> H?( @+# +(gX&%  =/*&%  .H%C+ =/,%T' ILF� > OC&�� (&LP  �(�  @&A#a5 (/ $'+*>( @&AI�)
B>+I%E� @&A>(/,4 &  H &S( ` &S HTLS > l,Ni� D�T�+ gX&  W�&TLV ` &S H?&P� gq. DdI��X)

Dd��> $NTf *+@I�#ZLA @&A>(/,4 @+#  HLTA+ �~&Q @&A6+*&%C>(/,4 *+ @(&LP  .HC+ I�If
=/,T' =/#EPd D[iC (/ &A>(/,4 ��+ ILM,2 $  9(/&Z� �(� .I'+ $. &A>(/,4 ��+(/ $%A/@&%A

  > =I5 D?#R� #L4+ $$E?&� J+>( ��(I2 H%P�* @&�+�� @+(+/ =I5 t&j'+ 9&RM&i� # &�  gI'+D%iL[�
' $f,2 /(,� DER�p $E?#-LV @&A(,-. (/ > =/,  @*(& =I5 }S+> 6&zZKI'+.1

HP�* @&�+�� $  $f,2 &   g@I�#ZLA @&A>(/,4 DiL[� $D� #Y'm&%p,�K� I%C(@&A#a%5 (/
  $. �(�  $mX,TR� D�K5 @&A>(/,4 9#x. > HLRTf q.+#2 HN7$%f+,� �Lz�%C \%L?+#2 & 

> 9I5 {&[M $  > =/, /,%f> 6+I'>#a%5 H�;%C @+#%  D%d(�  9+#<&K� +,A DdI��X) HYNr
+,%A Dd/,%M) I�I%-2 *+ @#Ld,%Nf @+#%  l,%Ni� (&oA+( \� &A>(/,4 |,' ��+ *+ =/&FEC+ g/(+/

HC+. &j') *+D� &A>(/,4 ��+ $.E7#C (/ I�'+,2�&V @&am&?#p #a5 @&a'& &L4 �L(,%2,� @>#%L' &% 
m&Z�#12 gI'(+I' /,4 DE4,C (,2,� *+ =/&FEC+ $  @*&L' > =/#. H.#Q /,4 DS#  %M) |,' �LA Dd/,

�%L' +( 6+I'>#a%5 $%S;7 /(,%� D%�K5 @>(/,%4 =&?( B&Q �L7 (/ > =/#o' /&j�+ #a5 @+,A (/
D� qA+#?H?#-LV .I��.y,? &A>(/,4 ��+ H4&C (/ D�? @&A@(,i  =/,  =/&RM+$.m+#L4+@&aMI%�

 />IQ)  H4,C "#�� ��#ET. &  @I�If1 DM+2  (#E�,NL. Ip (/ #ELM $+ .HC+ =I�) (+*& $%EZM
@#2&  6I5#V }S,� &A>(/,4 ��+ $. qL�. $f,2 I�& #a5 y#  *+ >(/,4g qL1EP�#Lr (,i  }S+> (/

D� "#�� DNLP? H4,C &j') *+ DM> .I��.D� $. $%�&'#  &  @#2&  6/#. #V @+#  6+,2D%NZS @�%�(
> =/#. `T7/ g/,T' t+IS+ y#  "#�� J>+ *+ #Lr 9&7&C > O5 9&7&C (/ 6&o�+ IQ &2 &  }S+> (

D� &aA&d>#L' DM&4 HL?#� *+ =/&FEC+k� $���A 6+,2%1� $%  +( >(/,%4 @#2&  6/#. #V #eI@/&%�* (+
./+/ WA&. mX,%TR� y#  @&aA&d>#L' 6,� $. /#. $f,2 I�&  6) #  =>;7H%LRTf �%.+#� *+ (>/

1. Funk (1999) and Brady (2003)
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=I5 }S+> @#a5NL%P? H4,%C *+ D%5&' DM&TEQ+ Dd/,M) gI'+Dd/,%M) (/ &%a') D?#%��D@+,%A
DT' l,P[� DS#  @&A>(/,4 @+#  DE��� {&[M ��+ *+ > $E5+I' D-1' #a5 `4+/./,5

WLV $. 6+#�+ (+*&  (/D�L  =I��) @&aM&C (/ >(/,4 @&0&12 t>+I� W�+�?+ *+ D.&Q &A H%C+ g
  $D� #Y'D2(,p (/ IC(H.#5 ]C,2 &A>(/,4 ��+ $. D?#R� ��(I2 $  DN4+/ *&C>(/,4 @&A

 =I�/#dD� /,5 D &�(+*&  >� t+IS+ I'+,2kB&%Q �L7 (/ > =/,  ����  "#�� WA&. Haf (/ @#e
  ./,%%5 }%S+> I%%LF� �%%L' &A#a%%5 @+,%%A H%%LFL. �%%FQ > �;%p+ (/ $%%. H%%C+ �L%%0,2 $%%  t*X $%%EZM+

(/ u>#F� @I�#ZLA @&A>(/,4m&EZP' |,' *+ �L1[2 ��+#%Y' *+ > =/,%  &%a') H%TLS 6+*(+ > =/&%C
 (+*&  (/ H%TLS`%4+/ H4&%C D%%����  s>#%?#V @&%A>(/,4 &%%  H% &S( `% &S D'&%%af @&%AI�E%%PA .

�? &  @#2&  @+(+/ $. #2I�If @I�#ZLA @&A>(/,4&$E?#-LV @(>`% &S @/&%�* />I%Q &%2 > =/,%  #%2
@&%aETLS (/ &%a') @/&%�ES+ $?#%p > $E%5+/ @#2X&%  @&%aETLS gI�E%PA /,4 @#2&  @>#L' &  H.#Q

+,4 #E-L  ����  #2X&   ./,  IA
m&EZP' _&L1� (/ &A>(/,4 ��+ $o��+ $  $f,2 &  %C,2 DRLC>@&A(,%-. (/ =I%T7 6&dI'*&%C ]

�&LC)D%� $%0#7 > I%LM,2 6&E%C>I�A > �%V+U > �L%� `%x� 6+#�+ &  9(&j2 "#< D%  g/,%5 $ #%Y'
D�B&%1E'+ @+#%  Df(&%4 6&dI'*&%C @(&oTA > H.(&-� ONf $  DN4+/ 6+*&C>(/,4 t+IS+ IC(

�?&D�,  vwC > @(>D� `4+/ (/ 6) @*&C2 #  =>;7 I'+,2bDj�(I2 H.#Q (/ DN4+/ (+*&  �L�
  $%� �%L' =I%��) (/ 9X,%�[� ��+ D2+(/&p @&A(+*&  @,Ck .I%5&  #e9&%1L1[2 > 9&%RM&i� $%EZM+

/ DA&z-'+/(�? $�L�*& =Io%-'+/ D�R  (/ `ZS &a2I� *+ &A>(/,4 |,' ��+ @(>ER�%p > D%�? @&%A D
�TS;7 > =I5 |>#5 (,-.$',T' H4&C > DQ+#< $  @/&�* 6+I&aA&z%-'+/ (/ &%a') D-�&�*) @&A

$E4+/#V �L'   .I'+
D� 6,�.+WLV *+ =/&FEC+ &  qL'+,2 D%�L  �&%AD���%�  "#%�� > &%A>(/,4 /+I%R2 /(,%� (/ $%.

@&A>(/,4 Dj�(I2 />(> $�L�* (/ D0#? @,�(&�C \� DQ+#< &  > q�/(>) HCI (/ @I%�#ZLA
m&EZP' u>#? D4#  _&C+#  > (,-. `1' > `TQ 6&d>&'}S+> DC(#  $  #Y' /(,� @,�(&�C (/ $'&�L 

$?#p 6+�L��,f> ����  "#�� (/ D6) }?&�� > $E4+/#V +,A Dd/,M) WA&. =(>/ \%� (/ +(15
$M&C)1405-1390.qL�. /(>)#  (H%C+ =I%5 D%Q+#< $',d ��I  #Y' /(,� @,�(&�CB&%C *+ $%.

1390qY�%� $%�&'#  \%� _&%C+#  #%AB&%C5$%  D%2+/(+> > @I%LM,2 @&%A>(/,4 `%. *+ I%p(/
$'X&%%C 6) $%%�+/+ (/ > /,%%5 =/+/ �&%%�E4+ @I%%�#ZLA>#EoM+ @&%%A>(/,45 �%%�+ qa%%C $%%  I%%p(/
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B&%C (/ $%. D�&%f &%2 =I%5 =/>�%?+ &A>(/,41405     (�#%< @+#%f+ D'&%�&V B&%C)75`%. I%p(/
%%5 I%%LM,2 @&%%A>(/,4.I%%5&  @I%%�#ZLA @&%%A>(/,4 qa%%C (,%%-. (/ =I $%%�&'#  $%%�+/+ (/ �L%%��TA

/,5 $0#7 @I�#ZLA @>(/,4 /+IR2 6&TA $  $. HC+ =I5 u#? g=/,C#? @&A>(/,4 D���z�&f.
=/&%C g@I%�#ZLA @&%A>(/,4 �(�  6&dI'*&C ]C,2 =I5 #-E�� D�? 9&7;<+ _&C+# �%�+ ��#%2

 />IQ (/ ]C,E� (,i  &A>(/,445 Ip(/$?#p H4,C "#�� (/D� D�,f�%�+ #%  $%. I%�&T'
>(/,%4 #%A $'&LM&%C "#%�� ]%C,E� 6+�L� >(/,4 #A H4,C "#�� ]C,E� $  $f,2 &  > _&C+

 @I%%�#ZLA(/B&%%C @&%%A1390 &%%21405%%  .H%%C+ =I%%5 $Z%%C&[�@&%%A>(/,4 /+I%%R2 $%%  $%%f,2 &
>#EoM+WLV @I�#ZLAC "#�� WA&. *+ D5&' }?&�� �#< ��+ (/ =I5 D�L  Dd/,M) (&-E'+ > H4,

@/ D< � #.ILP.+15 B>If (/ 9&ZC&[� ��&E' > =I5 $ZC&[� B&C5.HC+ =I5 =/+/ 6&-'
D� 6&-' 9&ZC&[� ��&E'D%< D%Q#< �L%�� @+#f+ #e+ (/ $. IA/15 (/ B&%C />I%Q26117

$?#p ����  "#�� (/ #ELM 6,LNL� (&-E'+ *+ �L��TA > =I5 D�,f59@/ �2 6,LNL�LP.+I �L' � #.
D� $EC&. *+ > $E?&� (&-E'+ #ET. �L' #z�/ =I��X) @&A*&d HZP' �LTA $  $. HC+ Da�I  $EZM+ ./,5

D� $EC&. 6+I'>#a5 H�;C $  8, #� 9+#<&K� 6+�L�./,5  $@(,<D� =I�/ $.DM&%� }?&�� /,5
$?#p $  8, #��,f(/ D�&a�2 $  �#< ��+ (/ D?#�� ���� %V s*(+ B/&%R� D DM,26#%ELM 6,%LNL�

D� ���� HTLS `S+IQ l&PEQ+ &  $. /,5#%  �M&%  D%TS( D'&%af (+*&%  (/ D',%�. @&A15/(&%LNL�
D� /(>)#  >(,� &j') *+ ./,5WA&%. $.59@/ �%2 6,%LNL� IL%P.+ %  > � #. $#�&%C HZ%P' 6&%TA

H4,C *+ D5&' DTC @&A*&d> �(�%  @&A#a%5 @+,A *+ DNLP? @&AD%� H%LRTf#V,2(&%e) I%'+
Dd�L.&V (/ DC,P[��+,? gI5&  $E5+/ �<&�� ��+ @+,AHP�* I +I'>#a%5 @+#  6) DiL[�'D$%.

mX,TR� D%� �'( +,A Dd/,M) HYNr > 9I5 *+ &A#a5 ��+ (/�X&%  (&L%P  I%Q (/ gI%'# > H%C+ D
6) *+ #2X&  (&LP +   ./,5 =ILj�C DM,V @&A(&LR� &  $. HC

 =4J:5.(# $G�@ [��;" >�.4&*-6 ��/4�@ &* >J9�]C.4�,!0# >�.4&*-6 $^9&JQ $;9N_9�:
&-H3 >&#-%

=�% >4&*-6 `4�+" *#JYQ
>J9�]C.

���� �-C<C") M9N;' $9-:
(�,C0

$/*-01&�H,@# 2.�3
)MQ&#N.2CO(

1390163897326406045
1391167855282646
13922854785021149
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13933301796071389
13942908165581278
13953031456081392
13963571707491714
13974080678932046
139847304110822477
139958304413943190
140070840117694050
140183690121844999
140289473924395584
1403100387028606546
1404115169834287847
1405132399341179425

U3 [F:107573732611759780
c4b� �L1[2 ��&E' :

10 .[F:�^C,@ 4 >J;'>�C/
=/(>)#%? =I%T7 =I��.&%0&12 D%�L�* `%1' > `%TQ =��> $  `1' > `TQ WK (,%-. (/ D%EF' @&%A

D� l,P[�m&2IT7 (,-. (/ D�K5 @(+,C @&A>(/,4 ./,5���� I%LM,2 W�+�%?+ &%  > =/,  *,C
4 ��+ $E?&� W�+�?+ (,-. @&A>(/,4 `. OL.#2 (/ &a') qaC g(+*&  (/ 6) I�#4 6&o�+ > &A>(/,

{&%[M $%  $%. @#a%5 `1'> `TQ HLFL. .H?&� IA+,4 W�+�?+ D�X&  I5( &  6&�jTA &a') /+IR2 >
@/&%�* H%LTA+ @+(+/ &%A>(/,4 H4,C "#�� W�+�?+ �L��TA > 6+I'>#a5 I�) > H?( HLTA+

@#a5 /&�ES+ (/$LTaC (/ @#L +I2 @+#f+ &  +#L4+ gHC+ =/, $%'+(&� @I%�T?IA > H4,C @I� &%A
$�&'#  $f,2 6,'&. (/ &A>(/,4 H4,C 6&�I'+( /,Za  > =/,C#? @&A>(/,4 6/#. J(&4 >6+�%�(

.HC+ $E?#d (+#S $f,2 /(,� DER�p > @/&�ES+
#d+ g&a') 6&�I'+( /,Za  > &A>(/,4 HLFL. �;p+ $�L�* (/6+,%f $%�> `%TQ 6&%d>&' @*&%C

D%� ,%' @&%A>(/,4 &%  =/,C#? @&A>(/,4 D���z�&f ��#< *+ (,-. `1'@/&%�* />I%Q &%2 I%'+,2
 $0#7 > DN. (,i  >(/,4 H4&C @U,M,�o2 �;p+ &�+ gI-K  @/,Za  �L' +( `. 6&�I'+( ]C,E�

  I�If @&A>(/,4 $D� `Lo-2 +( &A>(/,4 `. *+ D�X&  qaC $. (+*& IA/D� g %2 I'+,2bDZ%P' #Le
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.I5&  $E5+/ (,-. (/ H4,C "#�� WA&. > 6&�I'+( /,Za  (/ +( @#E-L  $f,2 &  #z�/ "#< *+
`LN[2 (/ H4,C @&0&12 DETLS W-. $. HLRS+> ��+ $ 6&L� > =&2,. @&A \�,. > �L�&' 9I�

B#%E�. @+#%  gH%C+ �(�%  D%C,P[� (,%i  &0&12 @I�)(/ W-. B&Q �L7 (/ > =/, "#%��
DT' Dd/,M) WA&. > H4,Cm&?#p 6+,2./#. =I�P  HTLS 9+#LLn2 (+� + $ 

Di�+#5 (/@+#%  &%0&12 > =I%5 $%f+,� t/#%� D�,%T7 B&%ZS+ &%  D%�K5 @>(/,4 �E5+/ $.
  gHC+ W�+�?+ B&Q (/ >(/,4 $D� #Y'q. > $E?#-LV @&A>(/,4 D?#R� $. IC((+*&%  $%  "#��

=#a >�? *+ @#Ld&-LV @(>D� >(/,4 H4&C (/ &L'/ $E?#  I'+,2 $ %� > ILF� (&oA+( \� 6+,�7k #e
 $%�&'#  @If $f,2 /(,� $�L�* ��+ (/     ./#%Ld (+#%S 6+*&%C>(/,4 > @/&%�ES+ 6+�%�()6(/ $%o'&��

D%S#  $E4,%C>/ @&A>(/,4 Dj�(I2 $0#7 &  I5 =/+/ 6&-' �L1[2 ��+ (/ =I5 �#i� @,�(&�C-
  D����  $-. @>(/,4 (+*& D� (, D'&�* =*&  \� (/ 6+,215$?#p #  =>;7 $M&C�,f ` &S (&LP  D

H4,%C *+ D%5&' @+,%A Dd/,%M) D%C,P[� I%Q &2 g����  "#�� (/ Daf,2�%L' +( DNL%P? @&%A
    ./+/ WA&.

 > I%%LM,2 (/ D?&%%. $%% #j2 @+(+/ (,%%-. @*&%%C>(/,4 }�&�%%p $%%o��+ $%%  $%%f,2 &%% D'&%%C((+*& 
 > =/,  HR�p ��+ 9X,�[�$�&'# + $R%C,2 @+#%  �%L' DN�F� @&A> I%LM,2 W�+�%?+ > HR�%p �%�

�,z +,f&%L'/ (/ H4,C HTLS D-�+�?+ I'>( �E?#d #Y' (/ &  > /(+/ (+*&  I5( $  >( @&0&12 $  D
q. @&A>(/,4 $0#7 $  �(�  6+*&C>(/,4 $f,2 >D� g@I�#ZLA "#��$%. H%?#d $jLE' 6+,2

D�,  $  DN4+/ 6+*&C>(/,4 ��,-2�? @*&C&`%4+/ (/ &%A>(/,4 |,%' ��+ Dj�(I2 $0#7 > @(>
 D%� (,-.%�+,? I%'+,2 =I%'*(+ IWA&%. (/ B&%Q �L%7 (/ > $E%5+/ H4,%C "#%�� WA&%. (/ @+

,  +,A Dd/,M)� W1' (,-. �(�  @&A#a5 (/ =��k.I5&  $E5+/ @#e&%j') *+6&dI%��.ILM,2 $%.
+#  H &S( B&Q (/ @I�#ZLA @&A>(/,4 (+*&  (/ 34&5> ILM,2 $���A WA&. @>( (+*&%  #  ]NP2

HTLS gI�EPA 9X,�[� ��+ s#EPd $ t,%C#� @&%A>(/,4 &%  @/>IQ &2 > =/,  WA&. $  >( &A
.HC+ =I5 H &S( ` &SD� ]�+#5 ��+ $  $f,2 & |,%' �%�+ Dj�(I%2 $%0#7 $%. H%5+/ (&YE'+ 6+,2
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