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2. Suri, Chapman (1998)
3. Cole (2004)
4. Friedle, Getzner (2003)
5. Aslanidis, Iranzo (2009)
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2R9615/0....

'X�%6=!�� :�-\B� 9�:

 4�#d!# �H100f$,! �,H ? (I,�$X +�I,O 9$,H#$H ZCi$H) 0VO#? 08X#" zU�X�1 I-U>� �_"
y�#$J +�s{$L�"6H 61#$M ��<=1# / [#d-% 6H yM>=% �>`210,% 4�#d,!# P$5>,8-E4�#d,!# �,H .I,H��

 "�,N=O# [">H ;�H 63�" �� 9��o� K;#I1# �" Ih�" Ii#? D�/ =1# [#d,-%T"�,V% ��,<06/5P$5>,8-E
0,,% 4�#d,,!#�" I,,h�" I,,i#? D,,� 4�#d,,!# $,,L�" 9>,,M ;# .I,,H�� +#I,,-U>� K"?d,,!# &;�# W2,,M

61�X��E 6H 9#GDP T"�V% #� ��<=1# [#d-% /23/19D,� 4�#d,!# �,H e-,Aca: .I,�#d!# 0% P$5>8-E
X#" zU�X�1 I-U>� �" 9k$1# l$N% Ii#?6H 61#$M ��<=1# /(9k$1# +IJ) 08% �>`[#d,-% 6,H yM>=
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21/8630,,% 4�#d,,!# P$5>,,8-E9#$,,H KI,,J "�?*$,,H 9>,,LU# I,,A1�% d,,-1 >,,LU# e,,�# �" .I,,H��
9�:�><EOECD��,<=1# 6,H T�M $: �" ��<=1# 0L=CH#? $L1�-H 6E �M# �#"�AV% 6=CH#? $-.=% 6tO? /

;�5 T>R8% $: ��<=1# 9_�H 9��5I1�% ? gsO K�?"2CO.�M#

3-4-3 9&$*& "EZP& /5'\$A .
 T?I34e--V� g%#>Q9>,LU# D,� "�?*$,H S�,M#$H #� [#$,�# �" ��,<=1# KI,AAEOLSK�?" 9#$,H

T�M 9�:2004-19750% [�<19#$,H 9;�,o% $,-.=% ["#" �#$,O ? 0,GX 0VH�,� P$,! 6,H >,LU# .I:"
T�M 9�:1975 ��1979T�M)>3? $]1 ;# ? KIJ "�?*$H (@Y\1# ;# gsO 9�: 0Vaoa: 6GH#� D� "

.�M# 6=!$5 �#$O [>%;* "�>% �:$-.=% e-H

 2'KW4 . "EZP& /5'\$A f*�0%) MiY MNA�H u$! �A 9&$*&2004-1977(
 61#$M ��<=1# : 6=CH#? $-.=%2CO ZCi$Hkg

M.-TEH $-^0�G*&$T 45��\t

C(�Is% ;# f$Q)  8/3669-1/7-
GDP

  584/06
M

  3/601/2
EY

  8/120913/6
DUM

  7/77721/3
)( 12 ,CO  213/006/2

9602 /+R

H ~��=1 S�M#$H6 4�#d!# �H [#$�# "�N=O# �" /KI%* �M"100 �_"GDP61#$M 9$H#$H ZCi$H)
 61#$M ��<=1# [#d-% /(I�$X +�IO2CO [#d-% 6H586,GH#� e�#$H�,AH .�,M# 6=J#" 4�#d!# P$5>8-E

I,i#? D,� 4�#d,!# �,H e-,Aca: .�,M# I,-��� "�>,% �><E �" 61#$M ��<=1# �H 61#$M I%*�" W-\=C%
61�X��E +#I-U>� K"?d!# &;�# �sC1 �" Ih�" 6H 9#GDP[#d,-% 6,H 61#$,M ��,<=1# [#d-% /33/60

 9>M ;# .�M# 6=!�� 4�#d!# P$5>8-E# $L�"9#;# 6,H 9k$,1# l$,N% I,i#? D,� 4�#d,!�_" $,:
;�5 61#$M ��<=1# [#d-% /08X#" zU�X�1 I-U>�2CO T"�V% #�12091 0,% 4�#d!# P$5>8-E  .I,:"
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 9�:�><E 9#$H KIJ "�?*$H 9>LU# IA1�% d-1 [#$�# 9>LU# �"OECD6=,CH#? $-.=% 6tO? /D(?# ?
H 6E �M# �#"�AV%T>,R8% $: 9_�H 9��5I1�% ? gsO K�?" ��<=1# 6H T�M $: �" ��<=1# 0L=CH#? $L1�-

;�52COT�M 9;�o% $-.=% 9�#"�AV% .�M# $tCa�# �"9�,:1979-1975^G,M �"5�,H I,h�"
 K��%* ? ?�x [>%;*Fg,-U" 6,H [#$,�# 9#$,H KI,J "�?*$,H 9>,LU# �" .�,!$5 �#$,O 0,M�$H "�>,%

�#"�,AV% "�,N=O# [">,H ;�,H 6,3�" �,� ? 9��o� K;#I1# $-.=% /I-U>� �H +��o� ��=X�M 9_�H 0L=CH#?
0H 9�AV% 6H 68�C% e�# .�C-1�B,h 0,M�$H 9#$,H .�,C-1 [#$�# �" ��<=1# $H zX�J e�# [">H ${#

D� b>j>% e�# $-.=% ��HGDP�" �� ? 9��o� K;#I1# $-.=% 9_�H 9�#"�AV% ? I�"$5 l'i ;�H 63
 .IJ I-��� "�N=O# [">H0A=t5 0M�$H 9#$H 6E �M#">3?e=J#I1g,-U" 6,H TI% �" 0L=Csa:">X

0a1 6tO?�H 6=CH#? $-.=% ">3?e-H�?" K��%* ;# [#>�- �C� ;# K"�t=M# �H $%# e�# ."$E K"�t=M# eC�#?
LM .�!$5 �#$O 0M�$H "�>%

3-5 U-A "$m%$> (-�F �iA&5 .GDP0%& ' �%&$3 �%&$3 5�@
[�a:IJ 6=t5 6E 61>5KI,J "�?*$,H 9�:>LU# ~��=1 S�M#$H //e-,H W-\=,C% 6,GH#�GDP[#d,-% ?

H ? D(?# 9�:�><E K?$5 �" ��<=1#60,% I,-��� [#$�# K|�?6,H .">,J [�,-H $,L�"/�:�>,<E e,�# �"
 4�#d!#GDP,E �,M# 9�?$,j T#>�,M e�# �M�( 0M�$H 0U? .�M# K#$a: ��<=1# 4�#d!# �H�,�* 6
�M�-M ��<=1# 4:�E 9�:0% I-U>� 4:�E 6HI%�o1#�-O" 0M�$H 9#$H �l$,N% /I,-U>� 6,GH#� $,�

% 9$o1#$5 �-8Q 6GH#� 0M�$H 6H 47H e�# �" /��<=1# [#d-% ? 9k$1#= 9�:$-.KIJ 6=t5 "�N=O# �"
 ~��=1 ? 6=X#"$( [#$�#6HKI%* �M":�><E "�>% �" 6=!$5 P�o1# +�VU�G% ~��=1 �H�$L�" 96,C��\%

0% T?I3 .">J5 e-H 9$o1$5 �-8Q [>%;* ~��=1GDP0% [�<1 #� [#$�# �" ��<=1# [#d-% ?  .I,:"
6tO? "#IV� 6H �sC1 9$o1$5 �-8Q 6GH#� ~��=1 9_�H �-M�Ci 6H 63>� �H />LU# �" KIJ ��BU 9�:

 0�8Q 6GH#� �" 6A-2H 9�: 6tO? "#IV� e--V�KIJ"��* 9�,:��-V% S�,M#$H+�>,h d��#>,J ? D,-��E
6=!$5.IJ gh�i D� 6A-2H 6tO? "#IV� ?

,H ~��,=1 S�,M#$H6�,-8Q 6,GH#� ;# KI,%* �,,M"�" 6,,!$`?" �,-8Q 6,GH#� /[#$,�# �" 9$,,o1$5
K��>E61#$,M ��,<=1# ? 61#$,M I,%*�" 9�:$-.=% [�-% +I%2CO  ."�#" ">,3?[* $,H [?d,!#6,GH#� /

e�# [�-% +I%IA8H0�8Q 6GH#� ">3? +�>h $: �" .�M# KIJ gh�i d-1 $-.=% ?";#�aM��<=1#
6H6H [#$�# �" I%*�"e�#�M�AV% �,M�-M 6E4:�,E 6,H ��,<=1# 4:�,E 9�,:GDP$,oA% 61#$,M

0% 6H .">J[�-H 4�#d!# �" $L�"GDP/��<=1#05">U*0R�;#g8Q W,2% �,M#? [?I,H ��,<=1#
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05">U*IJ�9"�N=O#[�R%#$�'(�C-1�0�8Q 6GH#� ">3? 6x$5#;#I%*�" 6,H ��,<=1#2CO �"
�M# �-VO#? e�# $L1�-H +I%IA8H�M�-M �H ��<=1# [#d-% 6E0,% ��,<=1# 4:�,E 9�,:4:�,E I,1#>�

  .IA-H Z-M* 9"�N=O# IJ� 6R1* [?IH IH��
e-,,H �,,-8Q 6,,GH#� "�>,,% �" 0,,H$o� +�,,VU�G% ~��,,=1GDP#d,,-% ?9�:�>,,<E �" ��,,<=1# [

6VM>�0% [�<1 0=t1 9�:�><E ? 6=!��;# �,-8Q �,23 /_�,H 61#$,M I%*�" �H 9�:�><E �" 6E I:"
 6H ��<=1#GDP 6H .�M#[�-H$L�"/4:�E �H ��<=1# 4:�EGDP�H�,G% T�,i e�# �H .�M# K#$a:

�C�; 0ABA% gRJ 9�:�><E F=1;>E 0G-B%KIJ 6=t5[#IH �-\B� e�# �" 6E �" /IJ 6=X#"$(
 9I%*�" 6A%#"15000 ��25000      .�,C-1 K#$,a: ��,<=1# KI,A�#d! I,1?� �H 61#$M I%*�" 4�#d!# /�_"

0% [�<1 d-1 0=t1 9�:�><E "�>% �" 0H$o� +�VU�G% ~��=1�:�>,<E �" [�=,CH$Q d3 6H 6E I:" 9
$L�" ;# �-8Q �23GDPI-U>� /��<=1# 4:�E �H 6E 9�>` 6H �M# ��<=1# 6H0a1 4:�E6,E IH��

.�M# [#$�# �H �:�><E e�# I-U>� +?�t=% ��=X�M $L1�<1 6=R1 e�#

 2'KW5. U-A "$m%$> (-�F 9E�+\ f*�0%GDP ) 9&$*& 5/ 5�@0%& 9&k-� '2004-1971(
:K�K��A �iA&5 4�HEL �iA&5:K� (-�F �iA&5 (VW $-^0�

"�#" ">3?
"�#" ">3? GDP = f( 2CO ) GDP61#$M

 ?2CO61#$M"�#" ">3? CO2 = f(GDP)

4.v6W�-<EH ' "K�AM03�-3 "�?
4-1.�0!�*q-c.H "�?

�C�; }i�s%Z-M* �23 ;# /[#$�# K|�? 6H /D(?# 0=t1 9�:�><E �" 0G-B%"�,N=O# [">,H $�'(
=,CH#? /01�,,23 4��,%$5 68�,,C% $,H#$H �" �:�>,,<E e,�# I�Io� 9k$,,1# mH�,A% 6,,H 0L��,,=��21 ? $�',(�1

Z-M*6%�1$H ? +�%#IO# 6H �sC1 �21* 9$�'(9#�#" >,�>-E [�,a-( ? #>,: ? @* $--.� [>-C1#>AE 9�:
K"#" 0oAM"�N=O# &?� 6VU�G% e�# �" .�M# �-a:#e--V� g%#>Q 0M�$H �" g1�( 9�:��,<=1# KI,AAE

6HH#� 0M�$H 9#$H e-Aca: .IJ 6=!$5 ��E�" 61#$,M ��,<=1# ? 61#$,M I%*�" 9�:$-.=% [�-% �-8Q 6G
W2,M IA1�% 08%#>Q b>j>% +�-H"# S�M#$H .�!$5 �#$O K"�t=M# "�>% 9$o1$5 �-8Q &?� /[#$�#

6,1�X��E +#I,-U>� K"?d!# &;�# ;# 9#GDPb>,ao% �s,C1 /([I,J 0=VA,h zX�,J [#>,AQ 6,H)
 6H +#"�#? ? +#�"�hGDP,1# ;# 0,NX�J [#>AQ 6H)? /("�,N=O# [">,H ;�,H 6,3�" ? 9��,o� K;#I
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61�785 9�:;�5 ��<=1# �" (9k$1# +IJ zX�J) 9k$1# l$N% 0�#��E e-Aca:�,-a:# 9#�#" 9#
 T?I3 .IA=C:6e--V� g%#>Q Z�#$jma3 D� �" #� ��<=1# KIAAE�H 9IAH0% 6C��\% W:.IAE

2'KW6 . �)*�c�G=0�� "�?5E@L "�?EZP& /5'\$A f*�0%
% 61#$M ��<=1# : 6=CH#? $-.=2CO ZCi$HkgZ7=A% 9�:�><E K?$5

$-^0�$-^0� p-TEHOECDIJ'&9&$*&
GDP08X#" zU�X�1 I-U>� 1754/0 21/0 584/0

2GDP08X#" zU�X�1 I-U>� P?" [#>� 6-10×38/6---
3GDP#>�08X#" zU�X�1 I-U>� P>M [ 3/1×10-10--

T 6H +#"�#? ? +#�"�h ma3GDP 7074/6- 06/5-
M61�X��E m��Ah K"?d!# &;�# 6H 9#GDP 07/51 23/19 33/60
EY 6H 9k$1# l$N%) 9k$1# +IJGDP( 2/6690   2/863 8/12091

)( 12 ,CO6=CH#? $-.=% T?# 6tO? 825./ 617/0  213/0
2R9946/09615/0965/0

0% $]1 6H W2% $�; +�R1 6GH#� e�# �":IM�
-�C�; 0ABA% gRJ 6H F=1;>E 0G-B%UI,-��� 6,VU�G% "�>,% 9�:�>,<E 9#$,H [?�#?

0a19�:�>,<E K?$,5 �" 61#$,M ��<=1# ? 61#$M I%*�" 6GH#� .">JOECDmH�,� D,� ;#
 6,3�"0,% �,-Vs� 6,M0,,ABA% /6,VU�G% "�>,% K�?" �" 6,E �,,M# 0,AV% [#I,H e,�# .I,,AE
�C�; �:�><E ;# K?$5 e�# �" F=1;>E 0G-B%N?" [�,-% 6,E 9�>,` 6H .�M# gRJ

) 9I%*�" ^GM15000-25000KI-,M� 0,a�Y% I,J� ? +�,s{�H �,U�i 6H ��<=1# [#d-% (
�M#�0U�i �",Aca: ? D,(?# 9�:�>,<E K?$,5 "�>% �" 6EW-\=,C% 6,GH#� /[#$,�# e-

H /��<=1# ? I%*�"60% I-��� /6=J'5 6:" 6M 9#$H K|�?e�#$H�AH .">J/;>,A: �:�>,<E e�#
68i$% �"6VM>� ;# 9#K"?d,!# d,-1 61#$,M ��<=1# /61#$M I%*�" 4�#d!# �H 6E IA=C: 0L=!��

0% .">J
- 9�:�><E �" 61#$M 08X#" zU�X�1 I-U>� Ii#? D� 4�#d!#OECD / 6H [#$�# ? D(?#

T"�,V% Z-�$�17/0 /21/0 ?58/061#$,M ��,<=1# /P$5>,8-E2CO0,% 4�#d,!# #�  .I,:"
 Z�#$j 6C��\%KIJ 6=t59�:�>,<E �,H 6,C��\% �" [#$,�# $�I�I,J 05IA�_* ;# 0E�i
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9�:�>,<E �,H 6C��\% �" D(?# ? D(?#OECDI,-U>� I,i#? D,� 9#;# 6,H�" 61#$,M
�#$! .�M# 6VM>� IA 6R1�Ax/IJ 6=t59�:�>,<E �"OECD,-U>� �,H ��,<=1# 6,GH#� �" I

H�O P>M 63�" mH�� D� @>x��x/��,<=1# $,H I,-U>� 4�#d,!# ${# e�#$H�AH .�M# ^-j>� g
6VM>� 63�" ? I-U>� ^GM $H 0L=CH   ."�#" �:�><E e�# 0L=!��

-�N=O# [">H ;�H 63�" �� ? 9��o� K;#I1# $-.=% �%YQ9�:�>,<E K?$,5 9#$,H "OECD

 6H .�M# 0tA%[�-He,�# �" ��,<=1# 4:�,E 6H +��o� 6VM>� /6VU�G% "�>% K�?" �" $L�"
�,M# KI,J $,oA% �:�><E ;# K?$5� 0U�,i �"$,-.=% �,%YQ 6,E KI,J"��K?$,5 9#$,H

 9�:�><E +��o� ��=X�M I�IJ 0L=CH#? g-U" 6H $%# e�# .�M# �s�% D(?# 9�:�><E
"�h 6H $-X#+#"�#? 6,E �,J#" 6,3>� I,��H T�,i e,�# �,H .�C-1 ��]=1# ;# �?" �t1 +#�

e,�# .�,M# 6=,J#I1 ��,<=1# 4:�,E $,H 0G8,C% 4,\1 �t1 +#�"�h gH�\% �" 6=!�� P�o1#
6H .�M# u"�h d-1 [#$�# "�>% �" �-VO#? �H 6C��\% �" 6E 9�>` $,L�"0,=t1 9�:�>,<E

H +��o� 6H �><E I-U>� ��=X�M 0L=CH#? /D(?#9�,:>LU# �" g,-U" e,�# 6,H .�,M# $=<-
�#"�,AV% �s�% �%YQ �H +��o� �� ? I-U>� 9�:$-.=% ;# 0R� �2A� [#$�# 9#$H KIJ "�?*$H

.�M#
-61�X��E m��Ah K"?d!# &;�# $-.=% Z�#$j 6C��\% 6,H 9#e-,H �" 0,8X#" zU�,X�1 I,-U>�

K?$5e�# .�M# 9I-t% +�QY`# 9#�#" d-1 6VU�G% "�>% 9�><E 9�:�,%YQ �H Z�#$j
 T"�V% Z-�$� 6H �s�%51 /2/19 ?3/60 9�:�><E K?$5 9#$HOECD[#$,�# ? D(?# /

0% [�<1 �-VO#? e�# .�M# KIJ "�?*$H 6a: [IJ 0=VAh /6VU�G% "�>% K�?" �" 6E I:"
  .�,M# K">,H K#$a: �C�; y-B% 05IA�_* 4�#d!# �H �:�><E e,�#[#$,�# 9#$,H Z�$,j

�:�><E ;# $=5�dH 9 $,L�" ,H66V,M>� 9�:�>,<E K|,�?�0,=O? KI:�,<% e,�# .�,M# 6,=!�
[#$L19#$,3# ? 9�?�,A! ">,s2H �,H K#$,a: [I,J 0=VAh IA�#$! "?� ��]=1# 6E �C-1 KIAAE

�M�-M KIA�* �" 9k$1# ;# #��E K"�t=M# 6H �:I%�o1�-H +��o� ��=X�M 4\1 �=M#� e�# �" .
 lI: �\B� �"KIJ 6=t5>% �" .�M# W2% ��-CH6VM>� 9�:�><E "�0=VA,h $,5# 6,=!��

6=,J'5 6,:" 6M �" ~��I� 6H �21* +��o� ��=X�M 0U? K">H ��<=1# 4�#d!# �H K#$a: [IJ
H ? 0=t1 9�:�><E "�>% �" 6E 0U�i �" .�M# K">H ��<=1# 4:�E �23 �"6[#$,�# K|�?

.�M# K"$E I�I<� #� 05IA�_* I1?� ?" $: +��o� ? �VAh 9�:��=X�M
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-C��\%9�:�>,<E K?$5 e-H K|�? 6H 9k$1# +IJ Z�#$j 6OECD6,3>� g,H�O [#$,�# ?
+I,J ^G,M /��,<=1# [#d,-% $,H 9k$,1# +I,J +#$--.� ${# [">H +?�t=% g�_" ;# .�M#

�M�:�><E 9k$1#/6H6,o-=1 �" [#$�# 9>LU# �" 9k$1# +IJ $=5�dH Z�$j 6E 9�>`
" e�#$H�AH .�M# �><E 9k$1# +IJ ^GM [">H _�H�M�-M /">3>% y�#$J �9�,:$,oA%

9�\��# ? 9k$1# l$N% 4:�E 6H9�?�A!$�I�I,J 4:�,E 6H [#$�# "�N=O# �" ��( 9�:
 �H 6C��\% �" ��<=1#0% $L�" 9�:�><EI%�o1#.

-=% 9$,o1#$5 �,-8Q 6GH#� 0M�$H[�,<1 [#$,�# "�,N=O# �" ��,<=1# [#d,-% ? I,-U>� 9�,:$-.
0%�M�-M 6E I:" ��<=1# 4:�E 9�:4:�,E 6,HGDP0,% $,oA% 61#$,M6,x$5# .">,J

0�8Q 6GH#� ">3?;#I%*�"6H��<=1#2CO"�,M# �,-VO#? e,�# $L1�,-H +I,%IA8H �6,E
0% ��<=1# [#d-%+�,VU�G% ~��,=1 .I,A-H Z-M* 9"�N=O# IJ� 6R1* [?IH IH�� 4:�E I1#>�
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