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reIOeFW�D�vDrLeW\�oI�LQIOXeQFeV��VXFK�DV�FKDQJeV�LQ�PDrNeW��eFoQoPLF�DQG�SoOLWLFDO�FOLPDWeV��reJXODWLoQV��eWF���DQG�Vo�PXVW�Ee�LQWerSreWeG�ZLWK�FDre��
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*eoJrDSKLFDO�DreD 6SeFLeV $XWKorLW\ 6XSerIDPLO\ )DPLO\ CoPPoQ�QDPe
1orWK�$PerLFD 7LYHOD VWXOWRUXP �0DZe� 9eQerDFeD 9eQerLGDe 3LVPo�FODP
� 6LOLTXD SDWXOD �'L[oQ� 6oOeQDFeD 6oOeQLGDe 3DFLILF�rD]or�FODP
CDrLEEeDQ 7LYHOD PDFWURLGHV �%orQ� 9eQerDFeD 9eQerLGDe JXDFXFo��9eQe]XeOD��
� 'RQD[ GHQWLFXODWXV �/LQQDeXV� 7eOOLQDFeD 'oQDFLGDe EeDFK�FODP��-DPDLFD�
� 'RQD[ VWULDWXV /LQQDeXV 7eOOLQDFeD 'oQDFLGDe FKLSL�FKLSL��9eQe]XeOD��
6oXWK�$PerLFD 0HVRGHVPD PDFWURLGHV �'eVKD\eV� 0DFWrDFeD 0eVoGeVPDWLGDe \eOOoZ�FODP
� 0HVRGHVPD GRQDFLXP �/DPDrFN� 0DFWrDFeD 0eVoGeVPDWLGDe PDFKD
(XroSe 'RQD[ WUXQFXOXV �/LQQDeXV� 7eOOLQDFeD 'oQDFLGDe ZeGJe�FODP
$IrLFD 'RQD[ VHUUD �5oGLQJ� 7eOOLQDFeD 'oQDFLGDe ZKLWe�VDQG�PXVVeO
$VLD 'RQD[ FXQHDWXV �/LQQDeXV� 7eOOLQDFeD 'oQDFLGDe �
� 'RQD[ IDED �*PeOLQ� 7eOOLQDFeD 'oQDFLGDe �
$XVWrDOLD 'RQD[ GHOWRLGHV /DPDrFN 7eOOLQDFeD 'oQDFLGDe SLSL��*ooOZD�FoFNOe
1eZ�=eDODQG 3DSKLHV YHQWULFRVD �*rD\� 0DFWrDFeD 0eVoGeVPDWLGDe WoKeroD
� 3DSKLHV VXEWULDQJXODWD :ooG 0DFWrDFeD 0eVoGeVPDWLGDe WXDWXD
� 3DSKLHV GRQDFLQD �6SeQJOer� 0DFWrDFeD 0eVoGeVPDWLGDe WXDWXD
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3DJe����
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$W�PeWDPorSKoVLV�DQG�VeWWOePeQW�WKe�FODP�GeveOoSV�D�IooW�DQG�DWWDFKeV�Wo�VDQG�JrDLQV�ZLWK�D�E\VVXV��6KDZ�	�+DVVOer��������$V�WKe�FODP�JroZV�WKe�E\VVXV�
GLVDSSeDrV��<oXQJ�FODPV�oFFXr�LQ�WKe�PLG�Wo�OoZ�LQWerWLGDO�]oQe�oI�EeDFKeV��6eWWOePeQW�oI�7� VWXOWRUXP�KDV�EeeQ�oEVerveG�LQ�WKe�LQWerWLGDO��EXW�LW�LV�QoW�NQoZQ�ZKeWKer�
VeWWOePeQW�DOVo�oFFXrV�VXEWLGDOO\�
3LVPo�FODPV�Dre�VXVSeQVLoQ�IeeGerV��rePovLQJ�SK\WoSODQNWoQ�DQG�GeWrLWXV�IroP�WKe�overO\LQJ�ZDWer��Coe��������%eFDXVe�WKe\�KDve�VKorW�VLSKoQV��IeeGLQJ�DQG�

XQGLVWXrEeG�DQLPDOV�Dre�EXrLeG�FOoVe�Wo�WKe�VDQG�VXrIDFe��7Ke�LQKDODQW�VLSKoQ�KDV�eODEorDWe�IrLOOV�Wo�reGXFe�VDQG�LQJeVWLoQ�EXW�WKe�JXW�LV�oIWeQ�����IXOO�oI�VDQG��)LWFK�
������
7� VWXOWRUXP�LV�D�EXON\�ELvDOve�����PP�OeQJWK��PLQLPXP�OeJDO�VL]e��ZeLJKV����J�OLve��ZLWK�D�ODrJe�IooW��$GXOW�FODPV�Dre�QoW�FDSDEOe�oI�PXFK�PovePeQW�oQ�WKe�

VXrIDFe�oI�WKe�VDQG�DQG�KDve�QoW�EeeQ�oEVerveG�Wo�PLJrDWe�WLGDOO\��)LWFK��������DOWKoXJK�VPDOO�FODPV�PD\�Ee�Pore�PoELOe�WKDQ�ODrJe�oQeV��7Ke�KeDv\�VKeOO�DSSeDrV�Wo�
DVVLVW�LQ�EXrroZLQJ�DQG�PDLQWDLQLQJ�SoVLWLoQ�LQ�WKe�VeGLPeQWV��$GXOW�FODPV�EXrroZ�Wo�GeSWKV�oI���±����PP��6KDZ�	�+DVVOer��������7KLV�VSeFLeV�KDV�EeeQ�GeVFrLEeG�
DV�D�VOoZ�EXrroZer��6KDZ�	�+DVVOer�������EXW��LQ�D�FoPSDrLVoQ�oI�rDWeV�oI�EXrroZLQJ�LQ�VDQG\�EeDFK�ELvDOveV��WKe�rDWe�Ior�7� VWXOWRUXP�ZDV�IoXQG�Wo�Ee�LQWerPeGLDWe�
reODWLve�Wo�oWKer�VSeFLeV��0F/DFKODQ�eW�DO���������$�VWXG\�oI�7� VWXOWRUXP�oXWSODQWeG�Wo�LQWerWLGDO�DQG�VXEWLGDO�OoFDWLoQV�IoXQG�DQLPDOV�SODQWeG�VXEWLGDOO\�oFFXrreG�LQ�
VXEVeTXeQW�LQWerWLGDO�VXrve\V��LQGLFDWLQJ�WKDW�VXEWLGDO�DQLPDOV�PoveG�LQWo�WKe�LQWerWLGDO�]oQe��'XJDQ�eW�DO��������
7Ke�VKeOOV�oI�7� VWXOWRUXP�oIWeQ�FDrr\�D�FoPPeQVDO�K\GroLG��&O\WLD EDNHUL��DQG�ILVKerV�PD\�XVe�WKe�K\GroLG�WXIWV�Wo�OoFDWe�FODPV��)LWFK��������$�FoPPeQVDO�SeD�

FrDE��3LQQL[LD�VS���oFFXrV�oFFDVLoQDOO\�LQ�WKe�PDQWOe�FDvLW\��)re\��������$�ODrvDO�FeVWoGe�WKDW�PDWXreV�LQ�VWLQJ�rD\V�DQG�VNDWeV�oFFXrV�LQ�VoPe�FODPV�DQG�VWoSV�WKe�
Ve[XDO�GeveOoSPeQW�oI�LQIeFWeG�LQGLvLGXDOV��:DrQer�	�.DWNDQVN\��������7rePDWoGeV�KDve�EeeQ�reSorWeG�LQ�VoPe�SoSXODWLoQV�oI�FODPV��Coe�	�)LWFK��������1o�
GLVeDVeV�KDve�EeeQ�GeVFrLEeG�LQ�7� VWXOWRUXP�DQG�LQFLGeQWV�oI�PDVV�PorWDOLWLeV�Dre�rDre��)LWFK�������
7� VWXOWRUXP�SOD\V�DQ�LPSorWDQW�roOe�LQ�WKe�ILOWerLQJ�oI�ODrJe�TXDQWLWLWLeV�oI�VeD�ZDWer�DQG�WKe�FoQverVLoQ�oI�VXrI�]oQe�SrLPDr\�SroGXFWLoQ�Wo�VeFoQGDr\�SroGXFWLoQ��,W�LV�

WKe�GoPLQDQW�PDFroIDXQD�VSeFLeV�oQ�VoPe�EeDFKeV��ZLWK�KLJK�DEXQGDQFeV�DQG�GeQVLWLeV��!����PDWXre�FODPV�Pí���)LWFK��������
7� VWXOWRUXP�LV�DQ�LPSorWDQW�Sre\�LWeP�Ior�D�QXPEer�oI�verWeErDWe�DQG�LQverWeErDWe�SreGDWorV�DQG�e[SerLeQFeV�FoQVLGerDEOe�QDWXrDO�PorWDOLW\�DW�DOO�DJeV��6NDWeV��rD\V��

VXrI�ILVK��roFN�FrDEV��PooQ�VQDLOV��JXOOV�DQG�VeD�oWWerV�Sre\�XSoQ�7� VWXOWRUXP��0LOOer�eW�DO��������+DGerOLe�	�$EEoWW��������0oVW�SreGDWLoQ�oFFXrV�DW�KLJK�WLGe�ZLWK�
WKe�e[FeSWLoQ�oI�VoPe�oI�WKe�JXOO�SreGDWLoQ��0ooQ�VQDLOV��3ROLQLFHV OHZLVL��GrLOO�WKe�VKeOOV�DQG�Sre\�oQ�FODPV�oI�XS�Wo��\r����±��PP��LQ�DJe��)LWFK�������6KDZ�	�
+DVVOer��������5oFN�FrDEV��&DQFHU�VS���Sre\�oQ�FODPV�XS�Wo���PP�LQ�OeQJWK�E\�FrDFNLQJ�WKe�VKeOO��)LWFK�������6KDZ�	�+DVVOer��������*XOO�SreGDWLoQ�oQ�7� 
VWXOWRUXP�FDQ�Ee�eQKDQFeG�E\�WKe�DFWLvLWLeV�oI�KXPDQ�ILVKerV�WKDW�VWrDQG�FODPV�oQ�WKe�VXrIDFe��)LWFK�������
6oPe�VWXGLeV�KDve�LPSOLFDWeG�VeD�oWWer��EQK\GUD OXWULV��SreGDWLoQ�LQ�reFeQW��eDrO\�����V��GeFOLQeV�oI�SLVPo�FODP�SoSXODWLoQV�DQG�ILVKerLeV�LQ�CDOLIorQLD��6WeSKeQVoQ�

������:eQGeOO�eW�DO���������$�VeD�oWWer�ZDV�oEVerveG�Wo�eDW����FODPV�LQ����K��6WeSKeQVoQ��������:eQGeOO�eW�DO���������eVWLPDWeG�WKDW�oQe�VeD�oWWer�FDQ�FoQVXPe����
FODPV�Ser�GD\��,Q�0oQWere\�%D\��0LOOer�eW�DO���������eVWLPDWeG�WKDW�VeD�oWWerV�FoQVXPeG��������Wo��������FODPV�LQ�D�\eDr���
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QDWXrDOO\�KLJK�PorWDOLW\�oI�MXveQLOe�FODPV�oQ�FerWDLQ�EeDFKeV�

3RSXODWLRQ G\QDPLFV

3oSXODWLoQV�oI�7� VWXOWRUXP�KDve�EeeQ�e[WrePeO\�vDrLDEOe�LQ�WLPe�DQG�VSDFe�DQG�Zere�FODVVeG�ZLWK�WKoVe�oI�'RQD[ JRXOGL�DQG�oWKer�ELvDOveV�DV�reVXrJeQW�E\�Coe�
��������7KLV�SDrDOOeOV�WKe�oEVervDWLoQ�WKDW�VeWWOePeQW�DQG�reFrXLWPeQW�oI�7LYHOD VWXOWRUXP�LV�e[WrePeO\�vDrLDEOe�IroP�\eDr�Wo�\eDr��Coe��������([LVWLQJ�GDWD�VXJJeVW�
WKDW�reFrXLWPeQW�LV�LQGeSeQGeQW�oI�VWoFN�VL]e��7oPOLQVoQ��������'eWeFWDEOe�VeWWOePeQW�eveQWV�PD\�oFFXr�oQFe�D�GeFDGe�or�Vo�DQG�PDMor�VeWWOePeQW�eveQWV�oFFXr�
eSLVoGLFDOO\��DW���±��\r�LQWervDOV��oQ�CDOLIorQLD�EeDFKeV��(VWeV�	�9DQ�%ODrLFoP�������6KDZ�	�+DVVOer��������5eFrXLWPeQW�oI�7� VWXOWRUXP�DOVo�vDrLeV�VLJQLILFDQWO\�
EeWZeeQ�EeDFKeV�LQ�DQ\�oQe�reJLoQ��e�J��3LVPo�%eDFK�DQG�$VWDVFDGero�EeDFK�LQ�WKe�eDrO\�����V��:eQGeOO�eW�DO���������$V�D�reVXOW�oI�WKe�LQIreTXeQW�reFrXLWPeQW�
VXFFeVV�DQG�WKe�OoQJ�OLIe�oI�WKLV�VSeFLeV��SoSXODWLoQV�oI�7� VWXOWRUXP�Dre�oIWeQ�VNeZeG�WoZDrGV�ODrJe�oOG�DQLPDOV��)LWFK��������GeVFrLEeG�D�VXEWLGDO�SoSXODWLoQ�ZKere�
DOO�EXW�oQe�FODP�ZDV�oOGer�WKDQ���\r�DQG�oQO\������Zere�VPDOOer�WKDQ����PP��Q �����
7LYHOD VWXOWRUXP�LV�D�OoQJ�OLveG�VSeFLeV��oIWeQ�OLvLQJ�Ee\oQG���\r�DQG�DWWDLQLQJ�VL]eV�oI����PP�or�JreDWer��)LWFK��������7DEOe�����7Ke�ODrJeVW�FODP�reSorWeG�ZDV�

���PP�OoQJ��ZeLJKeG�����J�DQG�ZDV�eVWLPDWeG�Wo�Ee���\r�oOG��CDrrLTXLrLEorGe�eW�DO���������*LOOLODQ��������eVWLPDWeG�WKe�DJe�oI�oQe�LQGLvLGXDO�IroP�=XPD�EeDFK��
CDOLIorQLD�Wo�Ee���\r��)or�WKe�ILrVW���\r�oQ�WKe�EeDFK��SLVPo�FODPV�JroZ���±��PP\rí���Coe�	�)LWFK��������*roZWK�rDWeV�GeFOLQe�ZLWK�LQFreDVLQJ�DJe�DQG���Wo���\r�
oOG�FODPV�JroZ�DW�rDWeV�oI���±���PP\rí���'DWD��

7DEle ��6XPPDr\�oI�Ne\�IeDWXreV�oI�EeDFK�FODP�ILVKerLeV�revLeZeG�LQ�WKe�We[W��8QGer�KDELWDW�, LQWerWLGDO��6 �VXEWLGDO��8QGer�ILVKer\�W\Se�$ DrWLVDQDO��
C FoPPerFLDO��5 reFreDWLoQDO�DQG�
 Qo�OoQJer�oSerDWLoQDO��/eQJWKV�LQ�PP�DQG�ODQGLQJV�LQ�WoQQeV�OLve�ZeLJKW�Ser�\eDr�� � OoJ���.����OoJ��
�/� ���DSSro[LPDWe�DverDJe�vDOXeV�Ior�eDFK�VSeFLeV�Dre�SreVeQWeG���

6SeFLeV +DELWDW /eQJWK�DW�PDWXrLW\ /LIeVSDQ /eJDO�VL]e 0D[�OeQJWK )LVKer\�W\Se 0D[LPXP�ODQGLQJV �
'RQD[ GHOWRLGHV ,�	�6 �� ��� QoQe��� �� C�	�5 XQNQoZQ ����
0HVRGHVPD PDFWURLGHV , �� ��� �� �� $��C�	�5 ����������� ����
0HVRGHVPD GRQDFLXP 6 �� �� ��±��� ��� $�	�C ������������ ����
7LYHOD VWXOWRUXP ,�	�6 �� !�� ���±���� ��� 5�	�C ����������� ����
6LOLTXD SDWXOD ,�	�6 ��� �±��� ��±���� ��� C�	�5 ����������� ����
'RQD[ VHUUD ,�	�6 �� !� �� �� 5�	�C
 ��������� ����
'RQD[ WUXQFXOXV ,�	�6 � ���±!�� ����6SDLQ� �� 5�	�$ XQNQoZQ ����
7LYHOD PDFWURLGHV ,�	�6 �� ��� ±� �� C�	�5 ���������� ����
'RQD[ GHQWLFXODWXV , �� ��� ±� �� $ ���������� ����
'RQD[ VWULDWXV , �� ��� ±� �� $ XQNQoZQ ����
'RQD[ FXQHDWXV , �� �� ±� �� $ XQNQoZQ ����
'RQD[ IDED , �� �� ±� �� $ XQNQoZQ ����
3DSKLHV YHQWULFRVD , �� !�� ��� ��� 5
�	�C
 ���������� ����
3DSKLHV VXEWULDQJXODWD ,�	�6 XQNQoZQ !� QoQe �� 5�	�C ���������� ����
3DSKLHV GRQDFLQD ,�	�6 XQNQoZQ �� QoQe ��� 5�	�C �������� ����
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or����PP��Ior�7� VWXOWRUXP�LV�reDFKeG�LQ��±�\r�LQ�CDOLIorQLD��Coe�	�)LWFK��������
*roZWK�oI�7� VWXOWRUXP�vDrLeV�VeDVoQDOO\�DQG�JeoJrDSKLFDOO\��DQG�VOoZV�PDrNeGO\�GXrLQJ�WKe�ZLQWer�PoQWKV��Coe�	�)LWFK�������LQ�CDOLIorQLD�SoSXODWLoQV��+oZever��

VOoZer�ZLQWer�JroZWK�ZDV�QoW�oEVerveG�LQ�7� VWXOWRUXP�LQKDELWLQJ�EeDFKeV�LQ�%DMD�CDOLIorQLD��6eDrF\�%erQDO�	�6DDveGrD�5oVDV��������,Q�JeQerDO��IDVWer�JroZWK�oI�7� 
VWXOWRUXP�LV�oEVerveG�LQ�VoXWKerQ�CDOLIorQLD�SoSXODWLoQV�WKDQ�LQ�QorWKerQ�CDOLIorQLD�SoSXODWLoQV��Coe�	�)LWFK��������:LWKLQ�D�reJLoQ��JroZWK�rDWe�oI�FODPV�FDQ�vDr\�
IroP�EeDFK�Wo�EeDFK��+errLQJWoQ�������Coe�������Coe�	�)LWFK��������3LVPo�FODPV�PDWXre�DW�VKeOO�OeQJWKV�oI���±��PP��Coe��������6e[XDO�PDWXrDWLoQ�oFFXrV�GXrLQJ�
WKe�ILrVW�IXOO�VXPPer�LQ�SoSXODWLoQV�oQ�VoXWKerQ�CDOLIorQLD�EeDFKeV�EXW�oQO\�GXrLQJ�WKe�VeFoQG�VXPPer�LQ�SoSXODWLoQV�QeDr�WKe�QorWKerQ�OLPLW�oI�LWV�rDQJe��6KDZ�	�+DVVOer�
������
7Ke�DJe�DQG�JroZWK�rDWeV�oI�7� VWXOWRUXP�Dre�XVXDOO\�GeWerPLQeG�E\�e[DPLQDWLoQ�oI�DQQXOL�or�JroZWK�rLQJV�oQ�WKe�VKeOO��)LWFK�������6eDrF\�%erQDO�eW�DO��������6KDZ�

	�+DVVOer��������7KeVe�rLQJV�Dre�XVXDOO\�IorPeG�LQ�WKe�IDOO�or�ZLQWer�PoQWKV�LQ�CDOLIorQLD�DQG�FDQ�Ee�VeeQ�e[WerQDOO\�DQG�LQWerQDOO\�LQ�FroVV�VeFWLoQV�oI�vDOveV��([WerQDO�
DQQXOL�Dre�Pore�eDVLO\�GLVWLQJXLVKeG�oQ�FODPV�OeVV�WKDQ��\r�oOG�DQG�EeFoPe�OeVV�GLVWLQFW�DV�JroZWK�VOoZV��)LWFK��������6eDrF\�%erQDO�eW�DO���������VXJJeVW�WKDW�DQDO\VeV�
FoPELQLQJ�LQWerQDO�DQG�e[WerQDO�rLQJV�reVXOW�LQ�WKe�PoVW�DFFXrDWe�DJe�DQG�JroZWK�rDWe�GeWerPLQDWLoQ�LQ�WKLV�VSeFLeV�
6oXrFeV�oI�PorWDOLW\�oWKer�WKDQ�SreGDWLoQ�Ior�7� VWXOWRUXP�LQFOXGe�QDWXrDO�eveQWV��ILVKLQJ�DQG�SoOOXWLoQ��6WorP�VXrI�eveQWV�FDQ�FDXVe�VLJQLILFDQW�PorWDOLW\�LQ�FODP�

SoSXODWLoQV��)LWFK��������7oPOLQVoQ��������eVWLPDWeG�ILVKLQJ�PorWDOLW\�oI�7� VWXOWRUXP�oI�DOO�DJeV�DV����\rí���2FFDVLoQDO�ODrJe�PorWDOLWLeV��SDrWLFXODrO\�oI�MXveQLOe�DQG�
\oXQJ�FODPV��KDve�EeeQ�DWWrLEXWeG�Wo�KeDv\�IreVKZDWer�rXQoII��e[WrePe�FoOG�DQG�SeWroOeXP�oLOLQJ��)LWFK�������

)LVKHU\

7� VWXOWRUXP�KDV�EeeQ�FoQVXPeG�DQG�XVeG�E\�KXPDQV�Ior�WKoXVDQGV�oI�\eDrV��7Ke�FODPV�oFFXr�LQ�PLGGeQV�oI�WKe�FoDVWDO�CKXPDVK�,QGLDQV��ZKo�XVeG�WKe�VKeOOV�DV�
orQDPeQWV�DQG�WooOV��)re\��������3LVPo�FODPV�Dre�KLJKO\�SrL]eG�DV�GeOLFDFLeV�LQ�CDOLIorQLD�EXW�Dre�QoW�Ior�VDOe�LQ�PDrNeWV��,Q�WKe�86$��SroGXFWV�oI�WKe�QoZ�FOoVeG�
FoPPerFLDO�ILVKer\�LQFOXGeG�IreVK�FODPV��FDQQeG�FODP�PeDW�DQG�OLveVWoFN�IooG��7Ke�86$�FoPPerFLDO�ILVKer\�Ior�7� VWXOWRUXP�ODVWeG�IroP������Wo������DQG�oFFXrreG�
SrLPDrLO\�DW�CDOLIorQLD�EeDFKeV�QeDr�0orro�%D\��DQG�DW�3LVPo�%eDFK��2FeDQo�DQG�0oQWere\�%D\��6KDZ�	�+DVVOer��������86$�ODQGLQJV�SeDNeG�LQ����������W��DQG�
GeFOLQeG�WKereDIWer�GeVSLWe�PDQDJePeQW�DQG�reVWorDWLoQ�eIIorWV��)LJ������3LVPo�FODPV�Zere�oQe�oI�WKe�PoVW�LPSorWDQW�FoPPerFLDO�OLWWorDO�LQverWeErDWe�VSeFLeV�LQ�%DMD�
CDOLIorQLD�XQWLO�WKe�eDrO\�����V��6eDrF\�%erQDO�	�6DDveGrD�5oVDV��������%eWZeeQ������DQG������XS�Wo������W\rí��Zere�LPSorWeG�Wo�WKe�86$�IroP�0e[LFo�Ior�
FDQQLQJ�Wo�VXSSOePeQW�GeFOLQLQJ�CDOLIorQLD�ODQGLQJV��6KDZ�	�+DVVOer��������6KLSSLQJ�ZDV�GLVFoQWLQXeG�LQ������



3DJe����

)LJuUe�3�CoPPerFLDO�ILVKer\�ODQGLQJV�oI�7LveOD�VWXOWorXP�LQ�CDOLIorQLD�IroP�����±�����$IWer�6KDZ�	�+DVVOer��������

GXe�Wo�KLJK�FoVWV�DQG�WKe�FOoVXre�oI�WKe�CDOLIorQLD�ILVKer\��/DQGLQJV�oI�7� VWXOWRUXP�LQ�%DMD�CDOLIorQLD�IroP������DQG������e[FeeGeG�����W\rí���6eDrF\�%erQDO�������
DQG�FoPPerFLDO�KDrveVWLQJ�FoQWLQXeV�LQ�%DMD�CDOLIorQLD��0e[LFo��SrLPDrLO\�DW�EeDFKeV�QeDr�6DQ�4XLQWLQ�
7Ke�e[WeQW�oI�reFreDWLoQDO�KDrveVW�oI�7� VWXOWRUXP�LQ�0e[LFo�LV�XQNQoZQ��5eFreDWLoQDO�KDrveVW�oFFXrV�WKroXJKoXW�WKe�86$�rDQJe�oI�WKe�VSeFLeV�DQG�DIIeFWV�EoWK�

LQWerWLGDO�DQG�VXEWLGDO�SoSXODWLoQV��7Ke�WoWDO�reFreDWLoQDO�ODQGLQJV�Ior�CDOLIorQLD�Dre�QoW�NQoZQ�EXW�WKoXVDQGV�oI�SeoSOe�SDrWLFLSDWe�LQ�FODPPLQJ��/DQGLQJV�Dre�vDrLDEOe�
DQG�KDve�GeFOLQeG�LQ�reFeQW�\eDrV�GeVSLWe�VoPe�VLJQLILFDQW�reFrXLWPeQW�eveQWV��)or�e[DPSOe��LQ������WKe�ODrJeVW�VeWWOePeQW�oI�7� VWXOWRUXP�LQ���\r�ZDV�oEVerveG�DW�
$WDVFDGero�%eDFK��CDOLIorQLD��:eQGeOO�eW�DO��������DQG�ODQGLQJV�GLG�QoW�LQFreDVe�
7o�LOOXVWrDWe�WKe�SDWWerQ�VeeQ�LQ�PDQ\�DreDV��reFreDWLoQDO�ODQGLQJV�Ior�3LVPo�%eDFK�Ior�����±���Dre�JLveQ�LQ�)LJXre����7Ke�GeFOLQe�LQ�ODQGLQJV�DW�3LVPo�%eDFK�DQG�

oWKer�QorWKerQ�FODPPLQJ�DreDV�VeeQ�LQ�WKe�����V�DQG�eDrO\�����V�Zere�DWWrLEXWeG�Wo�WKe�e[SDQVLoQ�oI�WKe�VeD�oWWer¶V�rDQJe�E\�VoPe�LQveVWLJDWorV��0LOOer�eW�DO��������
6WeSKeQVoQ�������:eQGeOO�eW�DO���������6oXWKerQ�CDOLIorQLD�FODP�ODQGLQJV�DOVo�GeFOLQeG�SreFLSLWoXVO\�LQ�WKe�eDrO\�����V��WKLV�EeLQJ�DWWrLEXWeG�Wo�FDWDVWroSKLF�VWorPV�
DVVoFLDWeG�ZLWK�WKe�����±���(O�1Lxo�6oXWKerQ�2VFLOODWLoQ��(162��eveQW��3�+DDNer��CDOLIorQLD�'eSW�oI�)LVK�DQG�*DPe��SerV��FoPP����$�VerLeV�oI�JooG�reFrXLWPeQW�
\eDrV�LQ�WKe�ODWe�����V�KDve�revLveG�WKe�FoOODSVeG�reFreDWLoQDO�ILVKer\�Ior�7� VWXOWRUXP�oQ�FeQWrDO�DQG�VoXWKerQ�CDOLIorQLD�EeDFKeV�WKroXJK�WKe�eDrO\�����V��-�(��'XJDQ�
SerV��oEV���
7Ke�IDLOXre�oI�WKe�FoPPerFLDO�KDrveVW�LQ�WKe�86$�DQG�WKe�KLJK�vDrLDELOLW\�oI�WKe�reFreDWLoQDO�KDrveVW�DWWeVW�Wo�WKe�GLIILFXOW\�oI�VXVWDLQDEOe�PDQDJePeQW�oI�7� VWXOWRUXP�

ILVKerLeV�ZLWK�FoQveQWLoQDO�DSSroDFKeV��+DrveVWV�oI�7� VWXOWRUXP�Dre�DSSDreQWO\�EDVeG�oQ�WKe�VWreQJWK�oI�oFFDVLoQDO��XQSreGLFWDEOe�VWroQJ�\eDr�FODVVeV��2QFe�D�VWroQJ�
FoKorW�or�JroXS�oI�FoKorWV�LV�ILVKeG�GoZQ�or�DIIeFWeG�E\�QDWXrDO�eveQWV�or�FDWDVWroSKeV��WKe�KDrveVW�FoOODSVeV�XQWLO�WKe�Qe[W�SerLoG�oI�VWroQJ�reFrXLWPeQW��5eFreDWLoQDO�
ODQGLQJV�IroP�3LVPo�%eDFK�vDr\�FoQVLGerDEO\�over�WLPe�EXW�LOOXVWrDWe�WKDW�SoLQW��)LJ������



3DJe����

)LJuUe 4�5eFreDWLoQDO�ILVKer\�ODQGLQJV�oI�7LveOD�VWXOWorXP�DW�3LVPo�%eDFK�����±�����$IWer�:eQGeOO�eW�DO���������

,Q�CDOLIorQLD��eDrO\�eIIorWV�Wo�PDQDJe�WKe�ILVKer\�LQFOXGeG�EDJ�OLPLWV��VL]e�OLPLWV��DreD�FOoVXreV�DQG�WrDQVSODQWV�oI�ErooG�VWoFN��)LWFK��������7Ke�EDJ�OLPLW�ZDV�reGXFeG�
IroP�����FODPV�LQ������Wo����FODPV�LQ�������Wo����FODPV�LQ�������)LWFK��������7Ke�PLQLPXP�OeJDO�VL]e�LV�VPDOOer�LQ�VoXWKerQ�CDOLIorQLD�����PP�Ior�6DQ�/XLV�2ELVSo�
CoXQW\�DQG�VoXWK��WKDQ�LQ�QorWKerQ�CDOLIorQLD�����PP�Ior�0oQWere\�CoXQW\�DQG�QorWK���6KDZ�	�+DVVOer��������7DEOe����S��������)LVKLQJ�JeDr�LV�reVWrLFWeG�Wo�KDQG�
WooOV��e�J��D�VL[�SroQJeG�SoWDWo�IorN��rDNeV��KDQGV�DQG�IeeW��'LverV�OoFDWe�VLSKoQV�WKeQ�e[FDvDWe�VXEWLGDO�FODPV��1oQe�oI�WKeVe�reJXODWLoQV�KDve�reVWoreG�WKe�7� 
VWXOWRUXP�ILVKerLeV�Wo�DQ\WKLQJ�reVePEOLQJ�WKe�Sre������OeveOV�Qor�KDve�WKe\�reVXOWeG�LQ�VXVWDLQDEOe�KDrveVWV��
7Ke�GLIILFXOW\�oI�FoQWroOOLQJ�reFreDWLoQDO�KDrveVW�eIIorW�LV�ZeOO�LOOXVWrDWeG�E\�WKe�7� VWXOWRUXP�ILVKer\�LQ�CDOLIorQLD��$Q\oQe�FDQ�SXrFKDVe�D�FODP�ILVKLQJ�OLFeQFe��

WKereIore�oQO\�VeDVoQ�DQG�DreD�FOoVXreV��DQG�EDJ�DQG�VL]e�OLPLWV�FDQ�Ee�XVeG�Wo�PDQDJe�WKe�ILVKer\��5eFreDWLoQDO�ILVKLQJ�SreVVXre�FDQ�Ee�JreDW��Ior�e[DPSOe��over�
�PLOOLoQ�FODPV�Zere�rePoveG�LQ�D����ZN�SerLoG�IroP�D�����NP�VWreWFK�oI�EeDFK��)re\��������2Q�oQe�ZeeNeQG�oQ�3LVPo�%eDFK��DQ�eVWLPDWeG��������FODP�GLJJerV�
vLVLWeG�WKe�EeDFK�DQG�rePoveG�����oI�FODPV��)LWFK��������,QFLGeQWDO�PorWDOLW\�oI�XQGerVL]eG�FODPV��ZKLFK�Dre�oIWeQ�GLVFDrGeG�oQ�WKe�VXrIDFe�DQG�IDOO�Sre\�Wo�JXOOV��
GeVLFFDWLoQ�DQG�WKerPDO�VWreVV��LV�D�SroEOeP�LQ�WKLV�ILVKer\��6KDZ�	�+DVVOer�������
$OWKoXJK�SLVPo�FODPV�FDQ�DFFXPXODWe�363��SDrDO\WLF�VKeOOILVK�SoLVoQLQJ��Wo[LQV�SroGXFeG�E\�EOooPV�oI�FerWDLQ�GLQoIODJeOODWeV��Qo�FDVeV�oI�KXPDQ�363�SoLVoQLQJ�

Zere�reSorWeG�GXrLQJ�WKe�KeLJKW�oI�WKe�ILVKer\��)LWFK��������6eDVoQDO�VKeOOILVK�FOoVXreV��NQoZQ�DV�TXDrDQWLQeV��Dre�LPSoVeG�WKroXJKoXW�CDOLIorQLD�Wo�SreveQW�DQ\�KXPDQ�
FoQVXPSWLoQ�oI�Wo[LF�VKeOOILVK�GXrLQJ�WKe�VXPPer�VeDVoQ�ZKeQ�Wo[LQ�SroGXFLQJ�SK\WoSODQNWoQ�EOooPV�Dre�NQoZQ�Wo�oFFXr��
$�WrDGLWLoQDO�ILVKer\�PoGeO��\LeOG�Ser�reFrXLW��GeveOoSeG�E\�7oPOLQVoQ��������XVLQJ�XQILVKeG�SoSXODWLoQV��VXJJeVWeG�WKDW�WKe�VXrvLvDO�oI�7� VWXOWRUXP�LQFreDVeG�ZLWK�

DJe��7Ke�FXrreQW�PLQLPXP�VL]e�OLPLW�oI����PP�LQ�6oXWKerQ�CDOLIorQLD�FoPSDreG�ZeOO�ZLWK�DJe�DW�eQWr\�Ior�PD[LPXP�\LeOG��5eFrXLWPeQW�ZDV�LQGeSeQGeQW�oI�WoWDO�
PorWDOLWLeV�LQ�WKLV�PoGeO��ZKLFK�XVeG�DQ�LQVWDQWDQeoXV�ILVKLQJ�PorWDOLW\�oI����\rí��Ior�DOO�DJeV�EXW�reFoJQL]eG�WKDW�LW�ZDV�SoVVLEO\�DQ�XQGer�eVWLPDWe�oI�SreVeQW�ILVKLQJ�
PorWDOLW\��



3DJe����

7KH 3DFLILF UD]RU FODP��6LOLTXD�SDWXOD��)LJ� �E S� ����

'LVWULEXWLRQ

6� SDWXOD�oFFXrV�oQ�WKe�eDVWerQ�3DFLILF�FoDVW�oI�1orWK�$PerLFD�IroP�3LVPo�%eDFK��CDOLIorQLD�Wo�WKe�$OeXWLDQ�,VODQGV��$ODVND��/DVVX\�	�6LPoQV��������)LJ�����S��
������,Q�%rLWLVK�CoOXPELD�WKe�FODPV�Dre�DEXQGDQW�oQO\�DW�/oQJ�%eDFK�oQ�WKe�ZeVW�FoDVW�oI�9DQFoXver�,VODQG��DQG�QeDr�0DVVeW�oQ�WKe�QorWKeDVWerQ�FoDVW�oI�*rDKDP�
,VODQG��4XeeQ�CKDrOoWWe�,VODQGV���3oSXODWLoQV�oI�6� SDWXOD�LQKDELW�VWDEOe��oSeQ�FoDVW�VDQG�EeDFKeV��oFFXrrLQJ�SrLPDrLO\�oQ�IXOO\�e[SoVeG�GLVVLSDWLve�W\Se�EeDFKeV�WKDW�
Dre�EroDG��IODW��KDrG�DQG�FoPSoVeG�oI�ILQe�VDQG��/DVVX\�	�6LPoQV��������/DrJe�DGXOW�FODPV�Dre�GeQVeVW�LQ�WKe�OoZ�LQWerWLGDO�]oQe�EXW�VXEWLGDO�SoSXODWLoQV�FDQ�Ee�
VXEVWDQWLDO�LQ�VoPe�OoFDWLoQV��-XveQLOe�FODPV�oFFXr�EoWK�LQWerWLGDOO\�DQG�VXEWLGDOO\��/DVVX\�	�6LPoQV��������$GXOWV�Dre�XVXDOO\�EXrLeG�LQ�WKe�VDQG�DW�GeSWKV�oI����PP�or�
Pore��0F0LOOLQ�������DQG�MXveQLOeV�DW�DEoXW���PP��/DVVX\�	�6LPoQV�������

%LRORJ\ DQG HFRORJLFDO UROH

6� SDWXOD�LV�D�EroDGFDVW�VSDZQer�DQG�IerWLOL]DWLoQ�LV�e[WerQDO��7Ke�Ve[eV�Dre�VeSDrDWe�DQG�WKe�Ve[�rDWLo�oI�DGXOW�FODPV�LV������1LFNerVoQ��������7Ke�eJJV�Dre�F����ȝP�LQ�
GLDPeWer��%reeVe�	�5oELQVoQ�������DQG�Dre�QeJDWLveO\�EXo\DQW��:e\PoXWK�eW�DO���������7Ke�SeDN�VSDZQLQJ�SerLoG�vDrLeV�JeoJrDSKLFDOO\��LQ�WKe�ODWe�VSrLQJ�or�eDrO\�
VXPPer�LQ�2reJoQ�DQG�:DVKLQJWoQ��/DVVX\�	�6LPoQV��������DQG�LQ�$XJXVW�LQ�$ODVND��:e\PoXWK�eW�DO���������6oPe�VSDZQLQJ�PD\�oFFXr�\eDr�roXQG�DQG�Ee�reODWeG�
Wo�IooG�DvDLODELOLW\��/DVVX\�	�6LPoQV��������7Ke�LQLWLDWLoQ�oI�VSDZQLQJ�LQ�6� SDWXOD�PD\�Ee�reODWeG�Wo�ZDWer�WePSerDWXre��D�rDSLG�LQFreDVe�LQ�ZDWer�WePSerDWXre��IooG�
DvDLODELOLW\��XSZeOOLQJ��WKe�WLGDO�F\FOe�or�VoPe�FoPELQDWLoQ�oI�WKoVe�IDFWorV��e�J��:e\PoXWK�eW�DO��������%oXrQe�	�4XD\Oe�������1LFNerVoQ�������%reeVe�	�5oELQVoQ�
������/DVVX\�	�6LPoQV�������
7Ke�ODrvDO�GeveOoSPeQW�oI�6� SDWXOD�VSDQV��±���ZN�DW�WePSerDWXreV�oI���±���C��ZLWK�WKe�IoOOoZLQJ�VWDJeV��DSSeDrDQFe�oI�D�veOLJer�DW����GD\V��PeWDPorSKoVLV�Wo�D�

FODP�OLNe�VKDSe�DIWer��ZN��D�GLVWLQFW�IooW�DW��ZN��DW��ZN�OoVV�oI�WKe�veOXP�DQG�WKe�VKeOO�EeFoPLQJ�oSDTXe��IoOOoZeG�E\�VeWWOePeQW�DIWer���ZN��0F0LOOLQ��������,W�KDV�
EeeQ�VXJJeVWeG�WKDW�rD]or�FODP�ODrvDe�Dre�QeJDWLveO\�EXo\DQW�DQG�VSeQG�PXFK�oI�WKeLr�WLPe�LQ�VDQG��WKXV�OLPLWLQJ�ODrvDO�GLVSerVDO��0F0LOOLQ�������:e\PoXWK�eW�DO��
�������+oZever��reFeQW�oEVervDWLoQV�LQGLFDWe�WKDW�WKe�ODrvDe�Dre�QoW�QeJDWLveO\�EXo\DQW�DQG�Go�QoW�oFFXr�SrLPDrLO\�LQ�WKe�VDQG��'�6LPoQV��SerV��FoPP����6eWWOePeQW�oI�
6� SDWXOD�FDQ�DSSDreQWO\�oFFXr�LQWerWLGDOO\�DQG�VXEWLGDOO\��/DVVX\�	�6LPoQV��������/DrJe�QXPEerV�oI�MXveQLOe�FODPV�KDve�EeeQ�oEVerveG�LQ�EoWK�KDELWDWV��0F0LOOLQ�
������5LFNDrG�eW�DO��������
$GXOW�rD]or�FODPV�Dre�rDSLG�EXrroZerV��FDSDEOe�oI�verWLFDO�rDWeV�oI�PovePeQW�oI����±���PP�PLQí���0F0LOOLQ�������/DVVX\�	�6LPoQV��������6� SDWXOD�GLVSOD\eG�

WKe�KLJKeVW�EXrroZLQJ�rDWe�LQGe[�vDOXeV�oI����VSeFLeV�LQveVWLJDWeG�E\�0F/DFKODQ�eW�DO����������$GXOW�rD]or�FODPV�VKoZ�OLWWOe�ODWerDO�PovePeQW�EXW�MXveQLOe�FODPV�Dre�
FDSDEOe�oI�VoPe�ODWerDO�PovePeQW��%oXrQe�	�4XD\Oe��������7Ke�VoXWKerQ�OLPLWV�oI�6� SDWXOD�GLVWrLEXWLoQ�PD\�Ee�reODWeG�Wo�ZDWer�WePSerDWXreV�DQG�FOLPDWe��,Q�WKe�
ODEorDWor\��OeWKDO�WePSerDWXreV�Ior�rD]or�FODPV�LQ�VeD�ZDWer�rDQJeG�IroP�����±�����C�Ior�e[SoVXre�WLPeV�oI��±�K��reVSeFWLveO\��6D\Fe�	�7XIWV���������
$�FoPPeQVDO�QePerWeDQ��0DODFREGHOOD JURVVD����±��PP�LQ�OeQJWK��oFFXrV�LQVLGe�WKe�PDQWOe�FDvLW\�DQG�VLSKoQ�oI�6LOLTXD SDWXOD�DQG�D�FoPPeQVDO�SeD�FrDE��

3LQQL[LD�VS���LV�reJXODrO\�IoXQG�LQ�WKe�PDQWOe�FDvLW\��/DVVX\�	�6LPoQV��������$Q�LQIeFWLoXV�JLOO�GLVeDVe�DSSeDreG�LQ�6LOLTXD SDWXOD�SoSXODWLoQV�LQ�������FDXVLQJ�PDMor�
PorWDOLWLeV�DQG�reVXOWLQJ�LQ�WKe�FOoVXre�



3DJe����

oI�WKe�:DVKLQJWoQ�ILVKer\�LQ������DQG�������/DVVX\�	�6LPoQV��������7Ke�GLVeDVe�ZDV�LGeQWLILeG�DV�QXFOeDr�LQFOXVLoQ�;��1,;��E\�(OVWoQ��������DQG�ZDV�XQNQoZQ�
SrLor�Wo�WKDW�oXWEreDN��,W�LV�FDXVeG�E\�D�SroNDr\oWLF��LQWrDQXFOeDr�EDFWerLXP�WKDW�DIIeFWV�WKe�JLOOV��reVXOWLQJ�LQ�VerLoXV�WLVVXe�GDPDJe�Wo�WKe�JLOO�eSLWKeOLD�DQG�VeFoQGDr\�
EDFWerLDO�LQIeFWLoQV��(OVWoQ�������$\�reV�	�6LPoQV�������
3DFLILF�rD]or�FODPV�Dre�ILOWer�IeeGerV�DQG�FDQ�IorP�D�GoPLQDQW�FoPSoQeQW�oI�WKe�VDQG�EeDFK�FoPPXQLW\��6XrI�]oQe�SK\WoSODQNWoQ��SDrWLFXODrO\�WKe�SrLQFLSDO�GLDWoP�

LQvoOveG�LQ�VXrI�]oQe�EOooPV��&KDHWRFHURV DUPDWXP��SroEDEO\�FoPSoVe�WKe�EXON�oI�WKe�GLeW�oI�6LOLTXD SDWXOD��/eZLQ�eW�DO������D���/eZLQ�eW�DO�������E��VXJJeVW�WKDW�
GeQVe�SoSXODWLoQV�oI�rD]or�FODPV�PD\�SOD\�DQ�LPSorWDQW�roOe�LQ�VXrI�]oQe�QLWroJeQ�F\FOeV�WKroXJK�WKe�e[FreWLoQ�oI�DPPoQLXP��-XveQLOeV�DQG�QeZ�reFrXLWV�Dre�FoQVXPeG�
E\�ELrGV��VDQGSLSerV��JODXFoXV�ZLQJeG�JXOOV��VXrI�VFoWerV��GXFNV�DQG�FroZV���ILVK��(QJOLVK�VoOe�reFrXLWV��VWXrJeoQ�DQG�VXrI�SerFKeV��DQG�\oXQJ�'XQJeQeVV�FrDEV�
�&DQFHU PDJLVWHU���0F0LOOLQ�������7eJeOEerJ�	�0DJooQ�������+oJXe�	�CDre\�������/DVVX\�	�6LPoQV��������6eD�oWWerV��EQK\GUD OXWULV��Sre\�XSoQ�DGXOW�FODPV�
WKroXJKoXW�WKeLr�rDQJe��SDrWLFXODrO\�LQ�$ODVND��(VWeV�	�9DQ�%ODrLFoP�������

3RSXODWLRQ G\QDPLFV

5eFrXLWPeQW�vDrLDELOLW\�LQ�SoSXODWLoQV�oI�6LOLTXD SDWXOD�PD\�Ee�reODWeG�Wo�FXrreQWV�DQG�FOLPDWLF�eveQWV��/DVVX\�	�6LPoQV��������3oSXODWLoQV�oI�6� SDWXOD�Dre�
VoPeZKDW�reVXrJeQW��VHQVX�Coe�������LQ�WKe�VoXWKerQPoVW�SorWLoQ�oI�WKe�VSeFLeV�rDQJe�DV�D�reVXOW�oI�WKe�KLJK�reFrXLWPeQW�vDrLDELOLW\�LQ�WKDW�reJLoQ��-XveQLOe�FODPV�KDve�
EeeQ�oEVerveG�Wo�reDFK�KLJK�GeQVLWLeV��!�����Pí���LQ�WKe�LQWerWLGDO�]oQe�EXW�JeQerDOO\�oFFXr�LQ�GeQVLWLeV�oI��±����Pí��LQ�WKe�OoZer�WKLrG�oI�WKe�LQWerWLGDO�]oQe��/DVVX\�
	�6LPoQV��������$�VXEWLGDO�GeQVLW\�oI�MXveQLOe���±��PP��rD]or�FODPV�oI������Pí��ZDV�eVWLPDWeG�LQ�oQe�VWXG\��5LFNDrG�eW�DO���������
6oPe�ZorNerV�KDve�eVWLPDWeG�WKe�DJeV�DQG�JroZWK�rDWeV�oI�6� SDWXOD�E\�FoXQWLQJ�WKe�QXPEer�oI�JroZWK�rLQJV�oQ�WKe�VKeOO��/DVVX\�	�6LPoQV��������(DFK�JroZWK�or�

FKeFN�rLQJ�reSreVeQWV�DQ�DQQXDO�rLQJ�or�DQQXOXV��DOWKoXJK�WKe�SreVeQFe�oI�oWKer�rLQJV�or�FKeFNV�IorPeG�GXrLQJ�VSDZQLQJ�or�GLVWXrEDQFe�KDV�DOVo�EeeQ�QoWeG��0F0LOOLQ�
������:e\PoXWK�	�0F0LOOLQ�������+LrVFKKorQ��������7Ke�DSSeDrDQFe�DQG�VSDFLQJ�oI�DQQXOL�FDQ�vDr\�JeoJrDSKLFDOO\�LQ�6� SDWXOD��$QQXOL�LQ�SoSXODWLoQV�oI�rD]or�
FODPV�LQ�$ODVND�Zere�Pore�GLVWLQFW��QXPeroXV�DQG�FOoVeO\�VSDFeG��reODWLve�Wo�WKoVe�LQ�:DVKLQJWoQ�SoSXODWLoQV��0F0LOOLQ�������:e\PoXWK�eW�DO���������7eJeOEerJ�
�������VXJJeVWeG�WKDW�WKe�IorPDWLoQ�oI�GLVWLQFW�DQQXOL�LQ�6� SDWXOD�LV�GeSeQGeQW�XSoQ�D�SerLoG�oI�VOoZ�JroZWK�LQ�WKe�ZLQWer��D�SKeQoPeQoQ�WKDW�PD\�QoW�oFFXr�LQ�VoPe�
SoSXODWLoQV��*roZWK�rLQJV�or�DQQXOL�Dre�QoW�FoQVLGereG�reOLDEOe�Ior�XVe�LQ�DJe�GeWerPLQDWLoQ�LQ�rD]or�FODP�SoSXODWLoQV�LQ�:DVKLQJWoQ�6WDWe��'�$\reV�SerV��FoPP����
6� SDWXOD�LV�reODWLveO\�OoQJ�OLveG�DQG�KDV�LQGeWerPLQDWe�JroZWK��7Ke�JroZWK�rDWe��PD[LPXP�OeQJWK�����±���PP���PD[LPXP�DJe���±��\r���DQG�SoSXODWLoQ�VWrXFWXre�oI�

6� SDWXOD�vDr\�JeoJrDSKLFDOO\�DQG�ZLWK�ILVKLQJ�SreVVXre��/DVVX\�	�6LPoQV��������7DEOe����Vee�S��������*roZWK�rDWeV�Dre�KLJKer�DQG�PD[LPXP�OeQJWKV��VL]e�DW�PDWXrLW\�
DQG�OLIe�VSDQV�Dre�OoZer�LQ�VoXWKerQ�SoSXODWLoQV��/DVVX\�	�6LPoQV��������)or�e[DPSOe��DW�3LVPo�%eDFK��CDOLIorQLD��DW�WKeLr�VoXWKerQ�GLVWrLEXWLoQ�OLPLW��rD]or�FODPV�
JroZ�Wo����PP��OLve�XS�Wo��\r�DQG�KDve�JroZWK�rDWeV� �LV�OoZer��������WKDQ�LQ�WKe�VoXWKerQ�SoSXODWLoQ�
7Ke�JroZWK�oI�6� SDWXOD�vDrLeV�ZLWK�WLGDO�KeLJKW��KLJKer�JroZWK�rDWeV�oFFXr�LQ�FODPV�OLvLQJ�
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QeDr�WKe�OoZ�WLGe�OLQe�DQG�OoZer�JroZWK�LV�IoXQG�LQ�WKoVe�OLvLQJ�KLJKer�oQ�WKe�EeDFK��7eJeOEerJ�������%oXrQe�	�4XD\Oe�������4XD\Oe�	�%oXrQe��������*roZWK�rDWeV�
oI�6� SDWXOD�DOVo�vDr\�VeDVoQDOO\��JroZWK�LV�XVXDOO\�VOoZeVW�LQ�WKe�ODWe�IDOO�DQG�ZLQWer�PoQWKV�DQG�LQFreDVeV�ZLWK�WKe�ZDrPer�ZDWer�oI�VSrLQJ��:e\PoXWK�eW�DO��������
+LrVFKKorQ�������7eJeOEerJ�������
7Ke�DJe�DW�PDWXrLW\�oI�6� SDWXOD�vDrLeV�JeoJrDSKLFDOO\��:e\PoXWK�eW�DO���������rDQJLQJ�IroP��±�\r�DQG�LQFreDVLQJ�ZLWK�LQFreDVLQJ�ODWLWXGe��:e\PoXWK�eW�DO���������

$W�WKe�VoXWKerQ�eQG�oI�WKe�VSeFLeV¶�rDQJe��3LVPo�%eDFK��CDOLIorQLD��FODPV�PDWXre�DW��\r��,Q�$ODVND��QeDr�WKe�QorWKerQ�eQG�oI�WKe�VSeFLeV¶�rDQJe��FODPV�PDWXre�DW��±�\r��
,Q�JeQerDO��Ve[XDO�PDWXrLW\�oFFXrV�DW�D�VKeOO�OeQJWKV�oI�F�����PP��/DVVX\�	�6LPoQV��������7DEOe����S�������
1DWXrDO�PorWDOLW\�oI�MXveQLOe�rD]or�FODPV�IroP�SreGDWLoQ�E\�PDrLQe�DQG�WerreVWrLDO�SreGDWorV�VXFK�DV�ELrGV��ILVK��DQG�FrDEV�LV�KLJK��2WKer�VLJQLILFDQW�VoXrFeV�oI�PorWDOLW\�

Wo�6� SDWXOD��eVSeFLDOO\�\oXQJer�FODPV��PD\�LQFOXGe�WKe�VFoXrLQJ�eIIeFWV�oI�ZLQWer�VWorPV��veKLFOe�WrDIILF�oQ�EeDFKeV��IOooG�eveQWV�DQG�VLOWDWLoQ��0F0LOOLQ�������
7eJeOEerJ�	�0DJooQ�������%oXrQe�	�4XD\Oe�������1LFNerVoQ�������/DVVX\�	�6LPoQV��������1DWXrDO�PorWDOLW\�oI�DGXOW�FODPV�LV�SroEDEO\�OoZer�WKDQ�WKDW�oI�
MXveQLOeV��6eD�oWWerV�Sre\�oQ�DGXOW�FODPV�EXW�WKeLr�LPSDFW�oQ�SoSXODWLoQV�KDV�QoW�EeeQ�GoFXPeQWeG�DV�LW�KDV�oQ�SoSXODWLoQV�oI�7LYHOD VWXOWRUXP�LQ�CDOLIorQLD��:eQGeOO�
eW�DO���������0F0LOOLQ��������eVWLPDWeG�WKDW�WKe�PorWDOLW\�oI�6LOLTXDSDWXOD�ZDV�XS�Wo�����LQ�WKe�ILrVW���PoQWKV��$QQXDO�VXrvLvDO�eVWLPDWeV�LQFreDVeG�ZLWK�DJe�����Ior�
\eDrV�oQe�DQG�WZo������Ior�\eDrV�WZo�DQG�WKree��DQG�����DW�JreDWer�DJeV��1LFNerVoQ��������/LQN��������IoXQG�WKe�oSSoVLWe�WreQG�LQ�KLV�WDJJLQJ�VWXG\��KLJKeVW�
VXrvLvDO���������oFFXrreG�DW�DJe���ZLWK�OoZeVW�VXrvLvDO��������LQ�FODPV�oOGer�WKDQ��\r��EXW�Ke�KDG�OoZ�reWXrQV�oI�WKe�ODWWer��
)LVKLQJ�LV�D�VLJQLILFDQW�VoXrFe�oI�PorWDOLW\�LQ�SoSXODWLoQV�oI�6� SDWXOD��,QVWDQWDQeoXV�PorWDOLW\�rDWeV��=��oI�6� SDWXOD�LQ�2reJoQ�Zere�eVWLPDWeG�DV�����\rí��DQG�

����\rí��E\�+LrVFKKorQ��������DQG�/LQN���������)LVKLQJ�PorWDOLW\��)��ZDV�eVWLPDWeG�DV�����\rí��DQG�QDWXrDO�PorWDOLW\��0���LQFOXGLQJ�ZDVWDJe��DV�����\rí��E\�
+LrVFKKorQ���������1LFNerVoQ��������eVWLPDWeG�0��QoW�LQFOXGLQJ�ZDVWDJe��DV�����±����\rí��Ior�$ODVNDQ�SoSXODWLoQV�oI�rD]or�FODPV��:DVWDJe�oI�XQGerVL]eG�FODPV�LV�D�
VLJQLILFDQW�VoXrFe�oI�ILVKer\�DVVoFLDWeG�PorWDOLW\�LQ�6� SDWXOD�SoSXODWLoQV��/DVVX\�	�6LPoQV��������(DrO\�VWXGLeV�eVWLPDWeG�ZDVWDJe�Wo�Ee�eTXDO�Wo�ODQGLQJV��0F0LOOLQ�
������
(SLGePLF�OeveOV�oI�1,;�GLVeDVe�reVXOWeG�LQ�VLJQLILFDQW�PorWDOLW\�LQ�6� SDWXOD�SoSXODWLoQV��eVSeFLDOO\�LQ�:DVKLQJWoQ��LQ�WKe�eDrO\�����V��(OVWoQ��������'LVeDVe�

DVVoFLDWeG�PorWDOLW\�rDWeV�oI�6� SDWXOD�Zere�GeSeQGeQW�XSoQ�WKe�SrevDOeQFe�DQG�WKe�LQWeQVLW\�oI�1,;�LQIeFWLoQ��7Ke�SrevDOeQFe�DQG�WKe�LQWeQVLW\�oI�1,;�LQIeFWLoQ�LQ�
rD]or�FODPV�vDrLeG�JeoJrDSKLFDOO\�DQG�WePSorDOO\��DV�GLG�WKe�PorWDOLW\�rDWeV��5D]or�FODP�SoSXODWLoQV�e[SerLeQFeG�����PorWDOLW\�LQ�����±���DOoQJ�WKe�FeQWrDO�FoDVW�oI�
:DVKLQJWoQ�ZKere�WKe�SrevDOeQFe�oI�1,;�ZDV�KLJK�������EeWZeeQ�-XQe������DQG�-XQe��������(OVWoQ��������7o�WKe�QorWK�DQG�VoXWK�oI�FeQWrDO�:DVKLQJWoQ��WKe�
SrevDOeQFe�DQG�LQWeQVLW\�oI�1,;�GeFreDVeG��1,;�ZDV�QoW�oEVerveG�LQ�rD]or�FODPV�DW�WKe�4XeeQ�CKDrOoWWe�,VODQGV�or�IXrWKer�QorWK��$�KLJK�SrevDOeQFe�oI�1,;�ZDV�
oEVerveG�LQ�rD]or�FODPV�oQ�VoPe�2reJoQ�EeDFKeV�EXW�WKe�LQWeQVLW\�oI�WKe�LQIeFWLoQV�ZDV�OoZ�DQG�PorWDOLWLeV�Zere�QoW�VLJQLILFDQW��/LQN��������/eCODLr�	�3KeOSV��������
VXJJeVW�WKDW�vDrLDWLoQ�LQ�WKe�VXVFeSWLELOLW\�oI�GLIIereQW�SoSXODWLoQV�Wo�1,;�PD\�KDve�D�JeQeWLF�EDVLV��,Q�:DVKLQJWoQ�GXrLQJ�����±����1,;�ZDV�ZLGeVSreDG�LQ�rD]or�
FODPV��SrevDOeQFe�ZDV�KLJK��F���������LQWeQVLW\�rDQJeG�IroP����Wo�!�����DverDJLQJ�DEoXW������EXW�Qo�PDMor�PorWDOLW\�ZDV�GeWeFWeG��$\reV�	�6LPoQV�������������
�������7Ke�LQWeQVLWLeV�oI�1,;�LQIeFWLoQ�KDve�JeQerDOO\�LQFreDVeG�over�WKe�ODVW���\r��$\reV�	�6LPoQV��������
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)LVKHU\

5D]or�FODPV�Zere�KDrveVWeG�E\�QDWLve�$PerLFDQV�DQG�WKe�VKeOOV�Dre�NQoZQ�IroP�PLGGeQV��/DVVX\�	�6LPoQV��������7Ke�PoGerQ�ILVKer\�ZDV�LQLWLDWeG�DV�eDrO\�DV������
LQ�2reJoQ�DQG�VSreDG�QorWK�Wo�$ODVND��1LFNerVoQ��������%\�������XS�Wo�����W\rí��Zere�KDrveVWeG�FoPPerFLDOO\�LQ�:DVKLQJWoQ�DOoQe��/DVVX\�	�6LPoQV��������6L]e�
DQG�VeDVoQ�reVWrLFWLoQV�Zere�LPSoVeG�ILrVW�oQ�FoPPerFLDO�KDrveVW��reFreDWLoQDO�KDrveVW�EeLQJ�XQreVWrLFWeG�XQWLO�WKe�����V��ZKeQ�reVWrLFWLoQV�oQ�VL]e��EDJ�OLPLWV��DQG�
VeDVoQ�Zere�ILrVW�LPSoVeG��/DVVX\�	�6LPoQV��������7Ke�ILVKer\�KDV�VKLIWeG�IroP�FoPPerFLDO�Wo�reFreDWLoQDO�LQ�:DVKLQJWoQ�DQG�2reJoQ�DQG�WKe�reFreDWLoQDO�KDrveVW�
QoZ�IDr�e[FeeGV�WKe�FoPPerFLDO�KDrveVW�LQ�WKe�3DFLILF�1orWKZeVW��/DVVX\�	�6LPoQV��������8S�Wo�����������oI�2reJoQ�WDNe�ZDV�FoPPerFLDO��/LQN��������DIWer�WKDW�
WLPe�WKe�reFreDWLoQDO�WDNe�LQFreDVeG��CoPPerFLDO�KDrveVWV�oI�6� SDWXOD�oFFXr�LQ�$ODVND��%rLWLVK�CoOXPELD��:DVKLQJWoQ�DQG�2reJoQ��)LJ�����EXW�QoW�LQ�CDOLIorQLD�
�6FKLQN�eW�DO���������7rDGLWLoQDO�ILVKer\�PoGeOV�Ior�6� SDWXOD�Dre�QoW�DvDLODEOe�LQ�WKe�OLWerDWXre�
,Q�$ODVND��FoPPerFLDO�ODQGLQJV�oI�rD]or�FODPV�e[FeeGeG�����W�LQ�������EXW�KDve�IOXFWXDWeG�FoQVLGerDEO\�LQ�VXEVeTXeQW�\eDrV��6FKLQN�eW�DO��������(VWeV�	�9DQ�

%ODrLFoP��������)roP������Wo�������ODQGLQJV�GeFOLQeG��rDQJLQJ�IroP�D�KLJK�oI����W�LQ������Wo�D�OoZ�oI��W�LQ�������)LJ������$QQXDO�ODQGLQJV�DverDJeG����W�Ior�����±
����EXW�DIWer�WKe�eDrWKTXDNe�LQ�������DQQXDO�ODQGLQJV�DverDJeG���W�Ior�WKe�SerLoG�WKroXJK�������(VWeV�	�9DQ�%ODrLFoP��������,Q�reFeQW�\eDrV��PoVW�oI�WKe�FoPPerFLDO�
KDrveVW�oI�rD]or�FODPV�FoPeV�IroP�VFDWWereG�OoFDWLoQV�oQ�WKe�$ODVND�3eQLQVXOD��CooN�,QOeW��3rLQFe�:LOOLDP�6oXQG��.oGLDN�DQG�WKe�CoSSer�5Lver�'eOWD��7KDW�KDrveVW�LV�
XVeG�SrLPDrLO\�DV�EDLW�Ior�WKe�'XQJeQeVV�FrDE�ILVKer\��7Ke�rD]or�FODP�reVoXrFeV�oI�$ODVND�Dre�QoW�IXOO\�XWLOL]eG�EeFDXVe�oI�WKe�GLVWDQFe�IroP�PDrNeWV��VXSSO\�IOXFWXDWLoQV�
DQG�VKeOOILVK�Wo[LQ�FoQFerQV��

)LJuUe���CoPPerFLDO�ILVKer\�ODQGLQJV�oI�6LOLTXD�SDWXOD�LQ�$ODVND������±�����%rLWLVK�CoOXPELD������±�����:DVKLQJWoQ������±����DQG�
2reJoQ������±�����$IWer�6FKLQN�eW�DO��������(VWeV�	�9DQ�%ODrLFoP�������/DVVX\�	�6LPoQV�������$\reV�	�6LPoQV�������
������%oXrQe�SerV��FoPP����/DQGLQJV�Ior�$ODVND�IroP�����±���Dre�Ior�.oGLDN�DQG�3rLQFe�:LOOLDP�6oXQG�oQO\��/DQGLQJV�Ior�
:DVKLQJWoQ�IroP�����±���Go�QoW�LQFOXGe�WKe�4XLQDXOW�,QGLDQ�5eVervDWLoQ��
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,Q�%rLWLVK�CoOXPELD��WKe�FoPPerFLDO�KDrveVW�oI�6� SDWXOD�oFFXrV�oQO\�DW�0DVVeWW�LQ�WKe�4XeeQ�CKDrOoWWe�,VODQGV��(VWeV�	�9DQ�%ODrLFoP��������CoPPerFLDO�KDrveVW�
oI�rD]or�FODPV�EeJDQ�LQ�������SroGXFLQJ�FDQQeG�FODPV��EXW�WKe�FDQQerLeV�VKXW�GoZQ�LQ�WKe�ODWe�����V�DQG�WKe�FoPPerFLDO�ILVKer\�KDrveVW�LV�QoZ�SrLPDrLO\�XVeG�Ior�
'XQJeQeVV�FrDE�EDLW��6LQFe�������FoPPerFLDO�ODQGLQJV�KDve�rDQJeG�IroP���±���W\rí���1�%oXrQe�SerV��FoPP���(VWeV�	�9DQ�%ODrLFoP��������)LJ������
,Q�:DVKLQJWoQ��FoPPerFLDO�KDrveVW�oI�6� SDWXOD�KDV�IOXFWXDWeG�GrDPDWLFDOO\�VLQFe������DQG�GeFOLQeG�LQ�reFeQW�\eDrV��)LJ������7Ke�FoPPerFLDO�ILVKer\�LV�QoZ�reODWLveO\�

VPDOO�DQG�OLPLWeG�Wo�EeDFKeV�LQ�WKe�:LOODSD�6SLWV�LQ�:LOODSD�%D\�DQG�oQ�WKe�4XLQDXOW�,QGLDQ�5eVervDWLoQ��6FKLQN�eW�DO��������/DVVX\�	�6LPoQV��������7KLV�LV�XVeG�
SrLPDrLO\�Ior�'XQJeQeVV�FrDE�EDLW�DOWKoXJK�VoPe�LV�VoOG�Ior�KXPDQ�FoQVXPSWLoQ��%eWZeeQ������DQG������DQQXDO�ODQGLQJV�rDQJeG�IroP����Wo����W��6FKLQN�eW�DO��������
/DVVX\�	�6LPoQV��������6LQFe�������oII�reVervDWLoQ�DQQXDO�ODQGLQJV�KDve�QoW�e[FeeGeG���W�DQG�DverDJeG�OeVV�WKDQ���W�ZKeQ�WKe�EeDFKeV�Zere�oSeQ�Ior�FoPPerFLDO�
KDrveVWLQJ��KDrveVW�ILJXreV�IroP�WKe�4XLQDXOW�reVervDWLoQ�Dre�QoW�DvDLODEOe�Ior�WKDW�SerLoG���7Ke�DQQXDO�vDOXe�oI�WKe�KDrveVW�Wo�ILVKerV�KDV�rDQJeG�IroP�86������Wo�
86�������VLQFe�������/DVVX\�	�6LPoQV��������,Q�2reJoQ��OLPLWeG�FoPPerFLDO�KDrveVW�SrLPDrLO\�oFFXrV�oQ�EeDFKeV�EeWZeeQ�WKe�7LOODPooN�+eDG�DQG�WKe�CoOXPELD�
5Lver��(VWeV�	�9DQ�%ODrLFoP��������0oVW�oI�WKe�FoPPerFLDO�KDrveVW�LV�PDrNeWeG�DV�IreVK�PeDW�Ior�KXPDQ�FoQVXPSWLoQ��$QQXDO�FoPPerFLDO�ODQGLQJV�KDve�GeFOLQeG�
VLQFe�WKe�PLG�����V�DQG�GXrLQJ�reFeQW�\eDrV�KDve�IOXFWXDWeG�FoQVLGerDEO\��rDQJLQJ�IroP���±��W��(VWeV�	�9DQ�%ODrLFoP�������/DVVX\�	�6LPoQV��������7Ke�PeDQ�
DQQXDO�ODQGLQJV�Ior�����±���Zere���W���������FODPV��ZLWK�D�PeDQ�WoWDO�vDOXe�oI�86��������7Ke�KLJKeVW�KDrveVW�oI�WKDW�SerLoG�oFFXrreG�LQ������DQG�ZDV���W�
��������FODPV��ZLWK�D�vDOXe�oI�86���������7Ke�OoZeVW�KDrveVW�LQ�WKDW�SerLoG�oFFXrreG�LQ������DQG�ZDV���NJ�������FODPV��ZLWK�D�vDOXe�oI�86������/DVVX\�	�
6LPoQV�������
7Ke�PDrNeW�SrLFe�oI�rD]or�FODPV�LV�JeQerDOO\�KLJK�DQG�VWDEOe��/DVVX\�	�6LPoQV��������5eWDLO�vDOXe�oI�rD]or�FODPV�rDQJe�IroP�86��±�NJí��XQVKXFNeG�DQG�XS�Wo�

86���NJí��VKXFNeG��/DVVX\�	�6LPoQV��������7Ke�ZKoOeVDOe�vDOXe�oI�FoPPerFLDO�ODQGLQJV�vDrLeV�FoQVLGerDEO\�EeWZeeQ�\eDrV�DQG�OoFDWLoQV��rDQJLQJ�IroP�86��±
����NJí���/DVVX\�	�6LPoQV��������
5eFreDWLoQDO�KDrveVW�oI�6� SDWXOD�oFFXrV�WKroXJKoXW�WKe�VSeFLeV�rDQJe�EXW�WKe�LQWeQVLW\�vDrLeV��5eFreDWLoQDO�KDrveVW�ODQGLQJV�oI�6� SDWXOD�Dre�JreDWeVW�oQ�WKe�

:DVKLQJWoQ�FoDVW��)LJ������7Ke�reFreDWLoQDO�vDOXe�oI�rD]or�FODPV�LV�KLJK�DQG�WKe�oSeQ�VeDVoQ�GrDZV�PDQ\�SDrWLFLSDQWV��EoWK�reVLGeQW�DQG�QoQ�reVLGeQW�Wo�FODPPLQJ�
EeDFKeV��/DVVX\�	�6LPoQV��������5eFreDWLoQDO�KDrveVW�oI�rD]or�FODPV�PD\�KDve�FoQVLGerDEOe�LQGLreFW�vDOXe�Wo�FoDVWDO�FoPPXQLWLeV�LQFOXGLQJ�LQFreDVeG�reveQXe�IroP�
KoXVLQJ�DQG�IeeGLQJ�oI�FODPPerV�GXrLQJ�WKe�VeDVoQ��,PSorWDQW�VSorW�KDrveVW�oI�rD]or�FODPV�oFFXrV�LQ�WKe�CODP�*XOFK�DreD�oI�WKe�.eQDL�3eQLQVXOD�DQG�LQ�3rLQFe�:LOOLDP�
VoXQG�LQ�$ODVND��6FKLQN�eW�DO��������(VWeV�	�9DQ�%ODrLFoP��������$QQXDO�ODQGLQJV�Dre�reODWLveO\�OoZ�DQG�GLG�QoW�e[FeeG��������FODPV�EeWZeeQ������DQG������
�6FKLQN�eW�DO���������)LJ������/eveOV�oI�reFreDWLoQDO�KDrveVW�Dre�SoorO\�GoFXPeQWeG�LQ�%rLWLVK�CoOXPELD��7Ke�PDMor�reFreDWLoQDO�KDrveVW�LV�DW�/oQJ�%eDFK�oQ�9DQFoXver�
,VODQG�
7Ke�PoVW�LQWeQVLve�reFreDWLoQDO�KDrveVW�oI�6� SDWXOD�oFFXrV�LQ�:DVKLQJWoQ�DQG�ODQGLQJV�IOXFWXDWe�FoQVLGerDEO\��%eWZeeQ������DQG�������ODQGLQJV�rDQJeG�IroP����±

����PLOOLoQ�FODPV��$\reV�	�6LPoQV��������%eWZeeQ�����±����WKe�DverDJe�VSorW�KDrveVW�ZDV�����PLOOLoQ�FODPV�Ser�\eDr��WKe�KLJKeVW�KDrveVW�GXrLQJ�WKDW�SerLoG�ZDV����
PLOOLoQ�FODPV��F����W��������DQG�WKe�OoZeVW�ZKeQ�WKe�ILVKer\�ZDV�oSeQ�ZDV�����PLOOLoQ�FODPV���������/DVVX\�	�6LPoQV��������7Ke�ILVKer\�ZDV�FOoVeG�LQ������DQG�
�����GXe�Wo�1,;�GLVeDVe��7Ke�ILVKer\�KDV�reFovereG�VLQFe�WKeQ�DQG��GeVSLWe�FOoVXre�GXe�Wo�KLJK�OeveOV�oI�VKeOOILVK�Wo[LQV��DQQXDO�ODQGLQJV�KDve�DverDJeG�over�����PLOOLoQ�
FODPV�VLQFe�������$\reV�	�6LPoQV��������������������������)LJ������/DQG��
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)LJuUe ��5eFreDWLoQDO�ILVKer\�ODQGLQJV�oI�6LOLTXD SDWXOD�LQ�$ODVND������±�����:DVKLQJWoQ������±����DQG�2reJoQ������±������$IWer�
6FKLQN�eW�DO��������/DVVX\�	�6LPoQV�������$\reV�	�6LPoQV�������������$\reV�SerV��FoPP���

LQJV�Ior������e[FeeGeG���PLOOLoQ�FODPV��'�/�$\reV�SerV��FoPP���
$�OeVV�LQWeQVLve�reFreDWLoQDO�KDrveVW�oI�3DFLILF�rD]or�FODPV�oFFXrV�LQ�2reJoQ�ZKere�DQQXDO�ODQGLQJV�DverDJe�OeVV�WKDQ���PLOOLoQ�FODPV��6FKLQN�eW�DO���������)LJ������

5eFreDWLoQDO�KDrveVW�EeWZeeQ�����±���DverDJeG��������FODPV�Ser�\eDr��WKe�KLJKeVW�KDrveVW�GXrLQJ�WKDW�SerLoG�EeLQJ�����������������WKe�OoZeVW�������������±���
(162�eveQW���/DVVX\�	�6LPoQV��������,Q�CDOLIorQLD�reFreDWLoQDO�KDrveVW�oI�rD]or�FODPV�oFFXrV�SrLPDrLO\�LQ�WKe�QorWKerQ�SDrW�oI�WKe�VWDWe��EeWZeeQ�+XPEoOGW�%D\�DQG�
WKe�6PLWK�5Lver��(VWeV�	�9DQ�%ODrLFoP��������5eFreDWLoQDO�ODQGLQJV�Dre�VPDOO�DQG�WKe�ILVKer\�LV�FoQVLGereG�Wo�Ee�IDLrO\�VWDEOe��6FKLQN�eW�DO���������
5eJXODWLoQV�FoQFerQLQJ�WKe�KDrveVW�oI�6� SDWXOD�vDr\�EeWZeeQ�reJLoQV�DQG�EeWZeeQ�FoPPerFLDO�DQG�reFreDWLoQDO�KDrveVW��,Q�$ODVND�WKe�FoPPerFLDO�VL]e�OLPLW�LV�

���PP��6FKLQN�eW�DO���������,Q�%rLWLVK�CoOXPELD�WKe�FoPPerFLDO�ILVKer\�KDV�D�VL]e�OLPLW�oI���PP�DQG�Qo�EDJ�OLPLW�ZKLOe�WKe�reFreDWLoQDO�ILVKer\�KDV�Qo�VL]e�OLPLW�DQG�D�
EDJ�OLPLW�oI���±���FODPV��%oXrQe�eW�DO���������7Ke�VPDOO�reFreDWLoQDO�ILVKerLeV�Dre�QoW�FOoVeO\�reJXODWeG�LQ�$ODVND�or�%rLWLVK�CoOXPELD��,Q�2reJoQ�WKe�FoPPerFLDO�VL]e�
OLPLW�LV���PP�DQG�VeDVoQDO�FOoVXreV�Dre�eQIorFeG��6FKLQN�eW�DO���������7DEOe����S��������7Ke�reFreDWLoQDO�ILVKerLeV�LQ�CDOLIorQLD�DQG�2reJoQ�Dre�FoQWroOOeG�E\�
reJXODWLoQV�oQ�EDJ�OLPLWV��VeDVoQV�DQG�DreDV�
%oWK�FoPPerFLDO�DQG�reFreDWLoQDO�VeDVoQV�DQG�ODQGLQJV�oI�rD]or�FODPV�Dre�reJXODWeG�LQ�:DVKLQJWoQ��7Ke�reFreDWLoQDO�DQG�FoPPerFLDO�VeDVoQV�Dre�VWDJJereG�Wo�

SreveQW�LOOeJDO�VDOeV�oI�reFreDWLoQDOO\�KDrveVWeG�rD]or�FODPV�DV�FoPPerFLDOO\�KDrveVWeG�FODPV��$\reV�	�6LPoQV��������7Ke�reFreDWLoQDO�EDJ�OLPLW�KDV�EeeQ�reGXFeG�IroP�
��±���Wo���±���FODPV�oI�DQ\�VL]e�Ser�GLJJer�LQ�:DVKLQJWoQ��$\reV�	�6LPoQV��������CoPPerFLDO�GLJJerV�KDve�Qo�EDJ�OLPLWV��,Q�WKe�SDVW��D�FoPPerFLDO�OLFeQFe�Wo�
KDrveVW�rD]or�FODPV�FoXOG�Ee�oEWDLQeG�Ior�86����EXW�PDQ\�reFreDWLoQDO�GLJJerV�EoXJKW�FoPPerFLDO�OLFeQFeV�Wo�DvoLG�WKe�reFreDWLoQDO�EDJ�OLPLWV��$\reV�	�6LPoQV�
�������CoPPerFLDO�OLFeQFeV�QoZ�FoVW�86�����Wo�86�����DQG�FoPPerFLDO�
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GLJJerV�PXVW�KDve�D�:DVKLQJWoQ�6WDWe�+eDOWK�3erPLW��FoVW�86������7Ke�PLQLPXP�VL]e�Ior�FoPPerFLDO�KDrveVW�LV����PP�VKeOO�OeQJWK�DQG�WKere�LV�Qo�PLQLPXP�VL]e�OLPLW�
Ior�reFreDWLoQDO�ILVKerV��/DVVX\�	�6LPoQV��������7Ke�DXWXPQ�DQG�VSrLQJ�KDrveVW�VeDVoQV�Dre�VeSDrDWe�DQG�VeDVoQ�OeQJWKV�vDr\�EeWZeeQ�\eDrV�DQG�OoFDWLoQV��/DVVX\�	�
6LPoQV��������COoVXreV�oI�rD]or�FODP�ILVKerLeV�GXe�Wo�GLVeDVe�or�VKeOOILVK�Wo[LQ�DFFXPXODWLoQ�Dre�IreTXeQW�
5eFreDWLoQDO�KDrveVW�ZLWK�PLQLPXP�VL]e�OLPLWV�SroGXFeV�KLJK�DVVoFLDWeG�PorWDOLW\�DQG�ZDVWDJe�oI�LPSroSerO\�reSODQWeG�XQGerVL]eG�DQG�LQMXreG�rD]or�FODPV��6FKLQN�eW�

DO��������/DVVX\�	�6LPoQV��������,Q�WKe�:DVKLQJWoQ�DQG�2reJoQ�reFreDWLoQDO�ILVKerLeV�D�reJXODWLoQ�reTXLrLQJ�WKDW�DOO�rD]or�FODPV�PXVW�Ee�NeSW��reJDrGOeVV�oI�VL]e�or�
FoQGLWLoQ��KDV�reGXFeG�WKe�LQFLGeQWDO�PorWDOLW\�oI�XQGerVL]eG�FODPV��/DVVX\�	�6LPoQV��������:DVWDJe�ZDV�KLJK��XS�Wo�����oI�WKe�KDrveVW�LQ�������DQG�KDV�EeeQ�
reGXFeG�Wo�OeveOV�oI��±�����/DVVX\�	�6LPoQV�������$\�reV�	�6LPoQV��������'eVSLWe�WKe�QeZ�reJXODWLoQV��ZDVWDJe�FoQWLQXeV�Wo�Ee�D�PDQDJePeQW�FoQFerQ�LQ�WKe�
rD]or�FODP�ILVKer\�DQG�KDV�OeG�Wo�WKe�LPSOePeQWDWLoQ�oI�ePerJeQF\�FOoVXreV�LQ�VoPe�DreDV��/DVVX\�	�6LPoQV��������7Ke�SrLPDr\�JeDr�XVeG�Ior�reFreDWLoQDO�DQG�
FoPPerFLDO�KDrveVW�oI�6� SDWXOD�LV�D�QDrroZ�EODGeG�VKoveO�FDOOeG�D�FODP�JXQ��)LJ������Qo�PoWorL]eG�PeFKDQLFDO�KDrveVW�LV�DOOoZeG��/DVVX\�	�6LPoQV��������6SrLQJ�
OoZ�WLGeV�Dre�WKe�EeVW�WLPe�Ior�LQWerWLGDO�KDrveVW�Vo�FODPPLQJ�VeDVoQV�DQG�eQIorFePeQW�eIIorWV�Dre�FoQFeQWrDWeG�DroXQG�WKoVe�WLGeV��
,Q�:DVKLQJWoQ��SoSXODWLoQ�DVVeVVPeQWV�oI�6� SDWXOD�XVLQJ�PDrN�reFDSWXre�DQG�VWrDWLILeG�rDQGoP�GLJV�Dre�SerIorPeG�DW�eDFK�oI�WKe�IoXr�PDMor�reFreDWLoQDO�FODPPLQJ�

EeDFKeV�WKree�WLPeV�Ser�\eDr��$\reV�	�6LPoQV��������$EXQGDQFe�DQG�VL]e�VWrXFWXre�oI�SoSXODWLoQV�Dre�DVVeVVeG�EeIore�LQGLvLGXDO�EeDFKeV�Dre�oSeQeG�Wo�KDrveVW�DQG�
WKeVe�GDWD�Dre�XVeG�Wo�VeW�WKe�OeQJWK�oI�WKe�VeDVoQ�DW�eDFK�EeDFK��'LJJer�QXPEerV��FDWFK�Ser�XQLW�eIIorW��FDWFK�Ser�PLOe�oI�EeDFK�DQG�eVWLPDWeV�oI�ZDVWDJe�Dre�PDGe�DW�
eDFK�EeDFK�GXrLQJ�WKe�KDrveVW�VeDVoQV��$\reV�	�6LPoQV��������7Ke�SrevDOeQFe�DQG�LQWeQVLW\�oI�1,;�GLVeDVe�LQ�rD]or�FODP�SoSXODWLoQV�ZDV�PoQLWoreG�SerLoGLFDOO\�XQWLO�
������$\reV�	�6LPoQV�������'�/�$\reV�SerV��FoPP���
$FFXPXODWLoQV�oI�SK\WoSODQNWoQ�Wo[LQV�LQ�WKe�WLVVXeV�oI�rD]or�FODPV�KDve�FDXVeG�ePerJeQF\�ILVKer\�FOoVXreV�DQG�DIIeFWeG�ILVKer\�ODQGLQJV�DQG�eFoQoPLFV�WKroXJKoXW�

WKe�rDQJe�oI�WKe�VSeFLeV��3DFLILF�rD]or�FODPV�Dre�WeVWeG�reJXODrO\�Ior�WKe�DFFXPXODWLoQ�oI�Wo[LQV��VXFK�DV�363�DQG��Pore�reFeQWO\��GoPoLF�DFLG�LQ�PDQ\�DreDV��7Ke�
FoPPerFLDO�rD]or�FODP�ILVKer\�KDV�EeeQ�FOoVeG�E\�KLJK�363�OeveOV�LQ�$ODVND�oQ�oFFDVLoQ��2rWK�eW�DO��������DQG�KLJK�OeveOV�oI�363�oFFXrreG�LQ�VeverDO�rD]or�FODP�
SoSXODWLoQV�LQ������DQG�������5LFKDrG�%DrreWW��LQ�/DVVX\�	�6LPoQV��������,Q������KLJK�OeveOV�oI�363�Zere�oEVerveG�LQ�rD]or�FODPV�LQ�:DVKLQJWoQ��+oZever��WKe�
ILVKer\�ZDV�DOreDG\�FOoVeG�GXe�Wo�1,;�GLVeDVe��/DVVX\�	�6LPoQV��������+LJK�363�OeveOV�DOVo�FDXVeG�ILVKer\�FOoVXreV�oQ�VoPe�:DVKLQJWoQ�EeDFKeV�LQ�IDOO������DQG�
VSrLQJ������DQG�OeG�Wo�reGXFeG�ODQGLQJV��,Q������WKe�VWDQGDrG�363�WeVWLQJ�reveDOeG�GoPoLF�DFLG�LQ�rD]or�FODP�WLVVXe�Ior�WKe�ILrVW�WLPe�DQG�WKe�ILVKer\�ZDV�FOoVeG�LQ�
:DVKLQJWoQ��$\reV�	�6LPoQV�������'rXP�eW�DO���������7Ke�:DVKLQJWoQ�rD]or�FODP�ILVKer\�ZDV�DOVo�FOoVeG�GXe�Wo�KLJK�GoPoLF�DFLG�OeveOV�Ior�DOO�oI�������SDrWV�oI�WKe�
IDOO�oI������DQG�WKe�VSrLQJ�oI�������$\reV�	�6LPoQV�������'�/�$\reV�SerV��FoPP����3erLoGLF�FOoVXreV�oI�WKe�rD]or�FODP�ILVKer\�GXe�Wo�KLJK�OeveOV�oI�363�DQG�GoPoLF�
DFLG�KDve�oFFXrreG�LQ�2reJoQ��$QQXDO�VKeOOILVK�KDrveVW�FOoVXreV��NQoZQ�DV�TXDrDQWLQeV��oFFXr�WKroXJKoXW�CDOLIorQLD�Wo�SreveQW�KXPDQ�FoQVXPSWLoQ�oI�Wo[LF�VKeOOILVK�
GXrLQJ�WKe�VeDVoQ�ZKeQ�Wo[LQ�SroGXFLQJ�SK\WoSODQNWoQ�EOooPV�PD\�oFFXr��
$�QXPEer�oI�eQKDQFePeQW�eIIorWV�KDve�EeeQ�PDGe�oQ�WKe�rD]or�FODP�reVoXrFe��+DWFKer\�reDrLQJ�DQG�reOeDVe�oI�MXveQLOe�rD]or�FODPV�oQ�FODPPLQJ�EeDFKeV�oFFXrreG�LQ�

:DVKLQJWoQ�IroP������Wo�������/DVVX\�	�6LPoQV��������-XveQLOe�rD]or�FODPV�Zere�FoOOeFWeG�oQ�EeDFKeV�ZLWK�KLJK�reFrXLWPeQW�DQG�WrDQVSODQWeG�Wo�EeDFKeV�ZLWK�Soor�
VeWWOePeQW�LQ�����±����7eJeOEerJ�	�0DJooQ��������5LFNDrG�	�1eZPDQ��������GeVFrLEeG�FoOOeFWLQJ�MXveQLOe��
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)LJuUe � D� &ROOHFWLQJ 6LOLTXD SDWXOD�ZLWK�D�³FODP�JXQ´�LQ�WKe�3DFLILF�1orWKZeVW��E��7Ke�reFreDWLoQDO�ILVKer\�Ior�6� SDWXOD�LQ�WKe�
3DFLILF�QorWKZeVW�ZKere�ILVKerV�QXPEer�XS�Wo������Ser�PLOe�oI�EeDFK�oQ�VSrLQJ�OoZ�WLGeV���3KoWoJrDSKV�FoXrWeV\�oI�WKe�
AEHUGHHQ 'DLO\ WRUOG��
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FODPV�IroP�WKe�VXEWLGDO�DQG�WrDQVSODQWLQJ�WKeP�oQ�Wo�EeDFKeV�Wo�eQKDQFe�WKe�ILVKer\��,Q�����������PLOOLoQ�MXveQLOe�rD]or�FODPV�Zere�WrDQVSODQWeG�IroP�WKe�VXEWLGDO�Wo�WKe�
LQWerWLGDO�]oQeV�oI�EeDFKeV��'�/�$\reV�SerV��FoPP���

7Ke &DULEEeDQ

6everDO�reODWLveO\�VPDOO�WroSLFDO�VSeFLeV�Dre�FoOOeFWeG�LQ�DrWLVDQDO�ILVKerLeV��EDVeG�oQ�LQWerPeGLDWe�Wo�reIOeFWLve�EeDFKeV�LQ�WKLV�DreD��

7KH JXDFXFR��7LveOD�PDFWroLGeV��)LJ� �F� S� ����

'LVWULEXWLRQ

7� PDFWURLGHV�LV�GLVWrLEXWeG�oQ�CDrLEEeDQ�DQG�$WODQWLF�FoDVWV�IroP�0e[LFo�Wo�%rD]LO��LQFOXGLQJ�VeverDO�LVODQGV�oI�WKe�:eVW�,QGLeV��)LJ�����S��������EXW�LW�LV�LQ�9eQe]XeOD�
ZKere�WKe�VSeFLeV�KDV�D�WrXe�FoPPerFLDO�vDOXe�DQG�DFWLvLW\��DV�D�reVXOW�oI�WKe�SreVeQFe�oI�ver\�GeQVe�EDQNV�oI�FODPV�LQ�WKe�XSSer�VXEWLGDO�oI�ILQe�JrDLQeG�VDQG\�EeDFKeV��
5oGrLJXe]��������reSorWeG�VXFK�EDQNV�Ior�WKe�0DrDFDLEo�DreD��=XOLD���5oGrLJXe]���������(WFKeverV��������DQG�3rLeWo������E���������������Ior�0DrJDrLWD�,VODQG�
�1XevD�(VSDrWD��DQG�(DVWerQ�9eQe]XeOD��6XFre���%rLWo���������5XL]��������DQG�5LQFyQ��������Ior�WKe�%DrOoveQWo�5eJLoQ�LQ�CeQWrDO�9eQe]XeOD��0LrDQGD���DQG�
$OPeLGD��������Ior�WKe�EeDFKeV�oI�7XFDFDV�DQG�%oFD�Ge�$roD��)DOFoQ��*oOIo�7rLVWe�DreD���$�QXPEer�oI�reSorWV�LQGLFDWe�D�ver\�KLJK�DEXQGDQFe�oI�WKLV�FODP�LQ�WKe�
*oOIo�7rLVWe�DreD��$OPeLGD�������Ge�0DKLeX�������Ge�0DKLeX�	�*DPED�������3eQFKDV]DGeK�eW�DO��������������3eQFKDV]DGeK�����D��3eQFKDV]DGeK�	�/oVDGD�
�������7� PDFWURLGHV�oFFXrV�LQ�GeQVe�SoSXODWLoQV�QeDr�WKe�PoXWKV�oI�rLverV��SDrWLFXODrO\�ZKere�ODrJe�DPoXQWV�oI�SDrWLFOeV�oI�WerrLJeQoXV�orLJLQ�Dre�WrDQVSorWeG�LQ�
VXVSeQVLoQ��or�LQ�DreDV�ZKere�GLVWXrEDQFe�oI�WKe�VeGLPeQW�FDrrLeV�ODrJe�DPoXQWV�oI�PDWerLDO�LQWo�VXVSeQVLoQ��5XL]��������reSorWV�PeDQ�JrDLQ�VL]e�oI�WKe�VeGLPeQWV�IroP�
7� PDFWURLGHV�EeDFKeV�oI�������DQG������PP��ILQe�VDQGV��
7Kere�Dre�SroEDEO\�JeoJrDSKLFDO�GLIIereQFeV�LQ�verWLFDO�GLVWrLEXWLoQ�oI�7� PDFWURLGHV�reODWeG�Wo�GLIIereQFeV�LQ�WKe�WLGDO�reJLPe��oQ�WKe�$WODQWLF�FoDVW�oI�%rD]LO��7� 

PDFWURLGHV��NQoZQ�OoFDOO\�DV�³VDSLQKo �́or�³VDSLQKDJX �́�oFFXrV�LQ�WKe�LQWerWLGDO��1DrFKL�������ZKereDV�LQ�WKe�CDrLEEeDQ��WKe�verWLFDO�GLVWrLEXWLoQ�LV�SreGoPLQDQWO\�
VXEWLGDO��Wo�GeSWKV�oI��P��+ere��KoZever�WKe�LQIOXeQFe�oI�WKe�VPDOO�WLGDO�rDQJe�LV�LQVLJQLILFDQW�ZKeQ�FoPSDreG�ZLWK�ZLQG�JeQerDWeG�FKDQJeV�LQ�QeDrVKore�VeD�OeveO��
:Kere�LW�Fo�oFFXrV�oQ�CDrLEEeDQ�EeDFKeV�ZLWK�'RQD[ GHQWLFXODWXV�DQG�'� VWULDWXV� 7LYHOD PDFWURLGHV�LV�IoXQG�GeeSeVW�LQ�WKe�VXEOLWWorDO�]oQe��'RQD[ GHQWLFXODWXV�
PoVW�VXSerILFLDOO\�DQG�'� VWULDWXV�LQWerPeGLDWe�DQG�VKoZLQJ�D�VPDOO�overODS�ZLWK�WKe�oWKer�WZo�VSeFLeV��(WFKeverV�������

%LRORJ\ DQG HFRORJLFDO UROH

7LYHOD PDFWURLGHV�LV�GLoeFLoXV��6e[XDO�GLIIereQWLDWLoQ�VWDrWV�DW�D�VKeOO�OeQJWK�oI�DEoXW���PP�DQG�DW���PP�OeQJWK�DOO�LQGLvLGXDOV�Dre�Ve[XDOO\�PDWXre��ZLWK�D�����Ve[�rDWLo�
�%rLWo��������0DWXre�JDPeWeV�Dre�IoXQG�WKroXJKoXW�WKe�\eDr��DQG�WKere�PD\�Ee�PDQ\�VSDZQLQJ�eSLVoGeV��3rLeWo��������$W�3OD\D�*XLrLD��6XFre��9eQe]XeOD��WKe�PoVW�
LQWeQVe�SerLoGV�oI�JoQDGDO�PDWXrDWLoQ�Zere�IoXQG�Wo�Ee�IroP�-XO\±'eFePEer�DQG�$SrLO������±���ZKLOe�PoVW�VSDZQLQJ�DFWLvLW\�WooN�SODFe�LQ�2FWoEer±1ovePEer�DQG�
-DQXDr\±)eErXDr\������±���ZLWK�D�PLQor��
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����D���7Ke�ODrvDO�GeveOoSPeQW�KDV�QoW�EeeQ�LQveVWLJDWeG�
7� PDFWURLGHV�LV�D�VXVSeQVLoQ�IeeGer��DQG�LV�oIWeQ�WKe�GoPLQDQW�PDFroIDXQDO�FoPSoQeQW�oI�oSeQ�VDQG�EeDFK�FoPPXQLWLeV��7Ke�PorSKoOoJLFDO�IeDWXreV�DVVoFLDWeG�

ZLWK�WKLV�KDELW�KDve�EeeQ�GeVFrLEeG�E\�1DrFKL��������DQG�LQFOXGe�DGDSWDWLoQV�oI�WKe�VLSKoQV��FWeQLGLD��ODELDO�SDOSV�DQG�VWoPDFK�WKDW�eQDEOe�WKe�FODP�Wo�e[FOXGe�VDQG�
SDrWLFOeV�DQG�Wo�FoSe�ZLWK�ODrJe�DPoXQWV�oI�PDWerLDO�LQ�VXVSeQVLoQ�LQ�WKe�ZDWer�GrDZQ�LQWo�WKe�PDQWOe�FDvLW\�
7� PDFWURLGHV�Dre�eDWeQ�E\�D�vDrLeW\�oI�SreGDWorV��3rLeWo��������reSorWeG�WKDW��DW�3OD\D�*XLrLD��9eQe]XeOD���MXveQLOeV�Dre�eDWeQ�E\�WKe�SoO\FKDeWeV�*O\FHUD�VS���

LXPEULFRQHUHLV�DQG�6WKHQHODLV ERD��DQG�WKe�KerPLW�FrDE�IVRFKHOHV ZXUGHPDQQL��ZKLOe�DGXOWV�Dre�eDWeQ�E\�WKe�JDVWroSoG�NDWLFD FD\HQHQVLV�DQG�VeverDO�ILVKeV�
LQFOXGLQJ�&DWKRURSV VSL[L� &DUDQ[ KLSSRV� 7UDFKLQRWXV FDUROLQXV�DQG�0HQWLFLUUKXV PDUWLQLFHQVLV��,Q�VXrve\V�DW�+LJXeroWe�EeDFK��CeQWrDO�9eQe]XeOD�LQ�������
rePDLQV�oI�7LYHOD PDFWURLGHV�Zere�IoXQG�LQ�WKe�VWoPDFKV�oI�QLQe�VSeFLeV�oI�ILVKeV��&DWKRURSV VSL[LL� 7UDFKLQRWXV FDUROLQXV� 3RO\GDFW\OXV YLUJLQLXV� 0HQWLFLUUKXV 
OLWWRUDOLV� 2SKLRVFLRQ SXQFWDWLVVLPXV� UPEULQD FRURLGHV� 6SKRHURLGHV WHVWXGLQDOLV� EXFLQRVWRPXV�VS��DQG�6HOHQRSVLV�VS���reIOeFWLQJ�WKe�LPSorWDQFe�oI�WKLV�ELvDOve�
LQ�WKe�EeDFK�IooG�FKDLQ��3�(�3eQFKDV]DGeK��$�'�$QVeOO��5�1�*LEVoQ�XQSXEO��oEV����3DrW�oI�WKLV�SreGDWLoQ�LQvoOveG�QoQ�OeWKDO�³JrD]LQJ �́DV�evLGeQFeG�E\�WKe�SreVeQFe�LQ�
WKe�ILVK�VWoPDFKV�oI�WKe�VevereG�WLSV�oI�VLSKoQV�IroP�WKe�ELvDOve�
,Q�WKe�CDrLEEeDQ��OLvLQJ�7LYHOD PDFWURLGHV�VKeOOV�Dre�XVeG�DV�WKe�VXEVWrDWXP�Ior�DWWDFKPeQW�oI�WKeLr�eJJ�FDSVXOeV�E\�3UXQXP SUXQXP��*DVWroSoGD��0DrJLQeOOLGDe��

�5LQFyQ�������3eQFKDV]DGeK�	�5LQFyQ��������6LPLODrO\��oQ�$WODQWLF�EeDFKeV�WKe�OLvLQJ�VKeOOV�Dre�XVeG�DV�D�VXEVWrDWXP�Ior�WKe�DWWDFKPeQW�oI�WKe�eJJV�oI�LLQWULFXOD 
DXULFXODULD��*DVWroSoGD��2OLvLGDe���1DrFKL��������1DrFKL��������IoXQG�ODrJe�QXPEerV�oI�K\Gro]oDQ�SoO\SV��SroEDEO\�EXJ\PQDQWKHD FLUUKLIHUD��DWWDFKeG�Wo�WKe�
ODELDO�SDOSV��FWeQLGLD�DQG�vLVFerDO�PDVV�

3RSXODWLRQ G\QDPLFV

3oSXODWLoQV�oI�7LYHOD PDFWURLGHV�FDQ�reDFK�KLJK�GeQVLWLeV�ZLWK�D�ForreVSoQGLQJO\�KLJK�ELoPDVV��3rLeWo��������reSorWeG�PeDQ�GeQVLWLeV�DW�3OD\D�*XLrLD��oI����±
����LQG�Pí��ZLWK�D�PD[LPXP�ELoPDVV�oI�����JPí��VKeOO�Iree�ZZ��%rLWo��������IoXQG�PD[LPXP�GeQVLWLeV�oI����LQG�Pí��DW�+LJXeroWe��DQG����LQG��Pí��DW�3DSDro��,Q�
3OD\D�/D�*XDrGLD��0DrJDrLWD�,VODQG��WKe�ZLGWK�oI�WKe�EDQN�oI�7� PDFWURLGHV��DV�ZeOO�DV�WKe�GeQVLW\�ZLWKLQ�WKe�EDQN��KDV�EeeQ�IoXQG�Wo�vDr\�WKroXJKoXW�WKe�\eDr�
�(WFKeverV��������,Q�JeQerDO��WKe�EDQN�oFFXSLeV�D�VXEOLWWorDO�VWrLS��DSSro[LPDWeO\���P�ZLGe��VWreWFKLQJ�Ee\oQG�WKe�EeDFK�WroXJK�ZLWK�PD[LPXP�GeQVLWLeV�oI�7� 
PDFWURLGHV�LQ�DQ�LQWerPeGLDWe�IrLQJe�OoFDWeG�EeWZeeQ����Wo���P�IroP�WKe�VKoreOLQe��7oWDO�ELoPDVV��::�oI�ZKoOe�DQLPDOV�ZLWK�VKeOOV�LQFOXGeG��vDrLeG�IroP�����NJPí��
LQ�1ovePEer�Wo������NJPí��LQ�$SrLO��7oWDO�SroGXFWLoQ�Ior����NP�oI�EeDFK�ZDV�eVWLPDWeG�DV�����W��oI�ZKLFK�VoPe�����ZDV�³QoQ�FoPPerFLDO �́�L�e��ZLWK�VKeOO�KeLJKW�
PeDVXrLQJ�OeVV�WKDW���PP��3rLeWo��������FDOFXODWeG�WKe�SroGXFWLvLW\�Ior�3OD\D�*XLrLD�DV�DEoXW�������JCPí�\rí���$W�3OD\D�*XLrLD��reFrXLWPeQW�oI�7� PDFWURLGHV�
���PP��oFFXrreG�LQ�1ovePEer±'eFePEer������DQG�-DQXDr\��0DrFK�DQG�-XQe��������3rLeWo��������7KLV�SoSXODWLoQ�FoPSoQeQW�DOVo�VKoZeG�rDSLG�JroZWK�����PP�
PoQWKí���GXrLQJ�WKe�ILrVW�PoQWKV�oI�OLIe��
7� PDFWURLGHV�KDV�D�VKorW�OLIe�VSDQ�DQG�rDSLG�JroZWK�LQ�WKoVe�SoSXODWLoQV�WKDW�KDve�EeeQ�VWXGLeG��7Ke�FODPV�JroZ�Wo�D�PeDQ�VKeOO�OeQJWK�oI���PP�LQ���PoQWKV�DW�

+LJXeroWe��%rLWo�
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������ZKLOe�DW�3OD\�D�*XLrLD�WKe\�reDFK���PP�LQ����PoQWKV��ZLWK�D�OLIe�VSDQ�oI����PoQWKV��3rLeWo��������*roZWK�PD\�Ee�GeVFrLEeG�E\�WKe�voQ�%erWDODQII\�JroZWK�
eTXDWLoQ��Ior�+LJXeroWe��VL]e�IreTXeQFLeV�DQDO\VLV�JDve�vDOXeV�oI�L� �DQG�. oI����PP�DQG�����\r

í���reVSeFWLveO\��%rLWo��������ZKLOe�Ior�3OD\D�*XLrLD�L� �ZDV���PP�DQG�

. �����\rí���3rLeWo�������� �vDOXeV�WKXV�rDQJeG�EeWZeeQ������DQG�������DverDJe ������7DEOe����S��������
1DWXrDO�PorWDOLW\�LV�ver\�KLJK��LW�LV�FoPPoQ�Wo�Vee�PDQ\�GeDG�DQG�GeFD\LQJ�ODrJe�LQGLvLGXDOV�LQ�WKe�XSSer�VXrI�]oQe�FDXVLQJ�WKe�ZKoOe�EeDFK�Wo�VPeOO��$V�D�

FoQVeTXeQFe�oI�KLJK�QDWXrDO�PorWDOLW\��WKe�PDMorLW\�oI�WKe�DGXOW�SoSXODWLoQ�LV�reQeZeG�DQQXDOO\��EeJLQQLQJ�LQ�-XO\��8VLQJ�WKe�9DQ�6LFNOe�PeWKoG��9DQ�6LFNOe��������
3rLeWo��������FDOFXODWeG�LQVWDQWDQeoXV�WoWDO�PorWDOLW\�rDWeV��=��oI�����\rí�������DQQXDO��Ior�����±���DQG�����\rí��������DQQXDO��Ior�����±����)roP�VXrve\V�GXrLQJ�
����±���oI�ePSW\�VKeOOV�LQ�ZKLFK�WKe�OLJDPeQW�ZDV�VWLOO�LQWDFW��LQGLFDWLQJ�reFeQW�PorWDOLW\���3rLeWo��������eVWLPDWeG�DQ�DQQXDO�PorWDOLW\�oI������

)LVKHU\

,Q�FoPPoQ�ZLWK�PDQ\�oWKer�eGLEOe�PoOOXVFV�LQKDELWLQJ�VKDOOoZ�ZDWerV��7� PDFWURLGHV�KDV�EeeQ�eDWeQ�VLQFe�Sre�CoOXPELDQ�WLPeV��6oPe�FXOWXreV�DOVo�XVeG�WKe�VKeOOV�Ior�
orQDPeQWV�DQG�WrDGe��1oZDGD\V��D�SoSXODr�GLVK�LQ�9eQe]XeOD�LV�³FrePD�Ge�JXDFXFo �́�D�NLQG�oI�FODP�FKoZGer�PDGe�ZLWK�7� PDFWURLGHV�PeDW��+DrveVWLQJ�oI�7� 
PDFWURLGHV�LQ�9eQe]XeOD�LV�EoWK�reFreDWLoQDO�DQG�FoPPerFLDO�EXW�WKere�Dre�Qo�reOLDEOe�VWDWLVWLFDO�reForGV�Ior�eLWKer�oI�WKeVe�DFWLvLWLeV��'DWD�FoOOeFWeG�E\�WKe�'LreFFLyQ�Ge�
CoQWroO�Ge�3roGXFWLoQ�oI�WKe�6ervLFLo�$XWirTXLFo�Ge�5eFXrVoV�3eVTXeroV�\�$FXtFoODV��6$53$��Ior�WKe�ODVW����\eDrV�VKoZ�D�JeQerDOO\�LQFreDVLQJ�KDrveVW�ZLWK�D�
PD[LPXP�LQ�reForGeG�ODQGLQJV�oI������LQ�������)LJ������7KeVe�GDWD�DOPoVW�FerWDLQO\�XQGer�eVWLPDWe�WKe�reDO�SroGXFWLoQ��EXW�Dre�WKe�oQO\�DvDLODEOe�VoXrFe�oI�
LQIorPDWLoQ�

%HDFK FODPV RU FKLSL�FKLSL��'oQD[�GeQWLFXODWXV�DQG�'��VWrLDWXV��)LJ� �G� H� S� �����

'LVWULEXWLRQ

'� GHQWLFXODWXV�DQG�'� VWULDWXV�Dre�GLVWrLEXWeG�oQ�CDrLEEeDQ�DQG�ZeVWerQ�$WODQWLF�VKoreV�IroP�CXED�LQ�WKe�QorWK�Wo�%rD]LO�LQ�WKe�VoXWK��:DGe�����E��$EEoWW�������
5LoV�������DPoQJ�oWKerV���)LJ�����S��������%oWK�Dre�IoXQG�LQ�ZeOO�VorWeG�VDQG�oQ�oSeQ�VeD�EeDFKeV�e[SoVeG�Wo�ZDve�DFWLoQ��EXW�'� GHQWLFXODWXV�oFFXrV�oQ�Pore�
EeDFKeV�DQG�LV�JeQerDOO\�Pore�DEXQGDQW��:DGe�����E���DOWKoXJK�'� VWULDWXV�FDQ�GoPLQDWe�DQG�reDFK�KLJK�GeQVLWLeV�LQ�VoPe�DreDV��(WFKeverV�������)DrDFKe�������'e�
0DKLeX��������2Q�WKe�EeDFKeV�oI�%DrOoveQWo��9eQe]XeOD���Ior�e[DPSOe��ZKLFK�Dre�LQIOXeQFeG�E\�GLVFKDrJe�IroP�WKe�5Lver�7X\��'� VWULDWXV�LV�E\�IDr�WKe�GoPLQDQW�
'RQD[�VSeFLeV��reDFKLQJ�D�ODrJe�VL]e��3�(�3eQFKDV]DGeK�XQSXEO��GDWD���'� VWULDWXV�LV�D�ver\�vDrLDEOe�VSeFLeV�LQ�FoOoXr��VKDSe��DQG�VFXOSWXre�oI�WKe�VKeOO�DQG�WKLV�KDV�OeG�
Wo�VoPe�WD[oQoPLF�FoQIXVLoQ�LQ�WKe�SDVW��:DGe�����E��
CDrLEEeDQ�EeDFKeV�KDve�oQO\�D�VPDOO�WLGDO�rDQJe��VeOGoP�e[FeeGLQJ����P��DQG�WKe�verWLFDO�GLVWrLEXWLoQ�oI�EeDFK�FODP�SoSXODWLoQV�LV�GeWerPLQeG�E\�WKe�SK\VLFDO�

FoQGLWLoQV�DW�WKe�ZDWer¶V�eGJe��(WFKeverV��������reSorWeG�WKDW�'� VWULDWXV�oFFXSLeV�D�EeOW�EeWZeeQ�WKe�XSSer�EeDFK�ZLWK�'� GHQWLFXODWXV�DQG�WKe�VXEWLGDO�7LYHOD 
PDFWURLGHV�SoSXODWLoQ��EXW�LQ�oWKer�DreDV�WKe�GLVWrLEXWLoQV�oI�WKe�WZo�'RQD[�VSeFLeV�PD\�VKoZ�Pore�overODS��or�FoLQFLGe��)OXFN�������:DGe�����E��'e�0DKLeX�
�������)or�'� GHQWLFXODWXV��PoVW�oI�WKe�SoSXODWLoQ�LV�GLVWrLEXWeG�LQ�WKe�ZDVK�]oQe��ZLWK�oQO\�D�IeZ�LQGLvLGXDOV�LQ�WKe�VXrI�]oQe��DQG�QoQe�LQ�WKe�VSrD\�]oQe���
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)LJuUe ��)LVKer\�ODQGLQJV�oI�7LYHOD PDFWURLGHV�DQG�'RQD[�VSS���GHQWLFXODWXV�DQG�VWULDWXV��IroP�9eQe]XeOD������±����

7Kere�LV�DOVo�D�SroQoXQFeG�VorWLQJ�E\�VKeOO�VL]e�LQ�WKe�ZDVK�]oQe�ZLWK�DGXOWV�EeLQJ�FoQILQeG�DOPoVW�eQWLreO\�Wo�WKe�VDWXrDWeG�]oQe��DQG�oQO\�VPDOO�LQGLvLGXDOV�EeLQJ�IoXQG�
LQ�WKe�XQVDWXrDWeG�]oQe��7KeVe�GLVWrLEXWLoQV�Dre�PDLQWDLQeG�WKroXJKoXW�WKe�WLGDO�F\FOe�DQG�GXrLQJ�ZLQG�JeQerDWeG�FKDQJeV�LQ�ZDWer�KeLJKW�E\�WLGDO�PLJrDWLoQ��:DGe�������
����D�E��7rXePDQ�������$QVeOO�	�7rXePDQ�������

%LRORJ\ DQG HFRORJLFDO UROH

%oWK�'� GHQWLFXODWXV�DQG�'� VWULDWXV�Dre�GLoeFLoXV��)or�'� GHQWLFXODWXV��9eOe]���������VWXG\LQJ�D�SoSXODWLoQ�oQ�$rD\D�EeDFK��9eQe]XeOD��reSorWeG�WKDW�
DSSro[LPDWeO\����oI�MXveQLOeV�oI�VKeOO�OeQJWK��±��PP�VKoZeG�VLJQV�oI�JDPeWoJeQeVLV�DOWKoXJK�LW�ZDV�ZDV�GLIILFXOW�Wo�GeWerPLQe�WKe�Ve[�oI�LQGLvLGXDOV�VPDOOer�WKDQ�
��PP��7Ke�QXPEer�oI�Ve[XDOO\�PDWXre�LQGLvLGXDOV�LQFreDVeG�SroJreVVLveO\�Wo�WKe���±��PP�JroXS��LQ�ZKLFK�����FoXOG�Ee�Ve[eG��-XveQLOeV�DQG�DGXOWV�VKoZeG�D�����Ve[�
rDWLo��,Q�WKLV�9eQe]XeODQ�SoSXODWLoQ��reSroGXFWLoQ�FoQWLQXeG�WKroXJKoXW�WKe�\eDr�DOWKoXJK�ZLWK�VoPe�VeDVoQDO�vDrLDWLoQ�LQ�WKe�SroSorWLoQ�oI�PDWXre�DQG�VSDZQLQJ�VWDJeV�
LQ�WKe�SoSXODWLoQ��7Kere�ZDV�JreDWer�reSroGXFWLve�DFWLvLW\�GXrLQJ�-XO\±�'eFePEer��)or�WKe�SoSXODWLoQV�oI�'� GHQWLFXODWXV�Ke�VWXGLeG�LQ�-DPDLFD��:DGe��������
FoQFOXGeG�WKDW�reSroGXFWLoQ�ZDV�VeDVoQDO��ZLWK�rLSe�JoQDGV�EeLQJ�IoXQG�PDLQO\�EeWZeeQ�$XJXVW�DQG�-DQXDr\��
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:DGe��������IoXQG�veOLFoQFKD�VWDJeV�oI�'� GHQWLFXODWXV�LQ�WKe�SODQNWoQ�WKroXJKoXW�WKe�\eDr�LQ�-DPDLFD��EXW�WKe\�Zere�eVSeFLDOO\�DEXQGDQW�IroP�1ovePEer�Wo�
-DQXDr\��6eWWOeG�VSDW�Zere�IoXQG�LQ�ever\�PoQWK�over�D�SerLoG�oI�QeDrO\��\r��EXW��QoQeWKeOeVV��D�ver\�ZeOO�GeILQeG�SeDN�oI�VeWWOePeQW�FoXOG�Ee�oEVerveG�EeJLQQLQJ�LQ�
1ovePEer��6LPLODrO\��9pOe]��������reSorWeG�PoQWKO\�reFrXLWPeQW�oI�'� GHQWLFXODWXV��oI�VSDW�PeDVXrLQJ�����Wo����PP��ZLWK�PLQLPXP�GeQVLWLeV�IroP�-DQXDr\�Wo�-XQe��
DQG�PD[LPXP�GeQVLWLeV�IroP�-XO\�Wo�'eFePEer��'XrLQJ�WKLV�SerLoG�WKere�Zere�SeDNV�LQ�6eSWePEer��2FWoEer�DQG�'eFePEer�������FoLQFLGLQJ�ZLWK�oEVerveG�JoQDGDO�
FKDQJeV��:DGe��������reSorWeG�WKDW�veOLFoQFKDV�oI�'� GHQWLFXODWXV�WDNeQ�IroP�WKe�SODQNWoQ�DQG�reDreG�LQ�WKe�ODEorDWor\�OLveG�Ior�XS�Wo��ZN�GXrLQJ�ZKLFK�WKe\�
VoPeWLPeV�GoXEOeG�WKeLr�VL]e��+e�ILJXreG�D�ODWe�veOLFoQFKD�oI�'� GHQWLFXODWXV�EXW�GLG�QoW�GeVFrLEe�WKe�ODrvDO�GeveOoSPeQW�LQ�GeWDLO�
%oWK�'� GHQWLFXODWXV�DQG�'� VWULDWXV�Dre�LPSorWDQW�LQ�WKe�EeDFK�IooG�FKDLQ�DV�DEXQGDQW�SrLPDr\�FoQVXPerV�oI�SK\WoSODQNWoQ�DQG�GeWrLWXV��,Q�WXrQ�WKeVe�FODPV�Dre�

eDWeQ�E\�D�ZLGe�rDQJe�oI�SreGDWorV�WKroXJKoXW�WKe�rDQJe�oI�GLVWrLEXWLoQ��,Q�WKe�:eVW�,QGLeV��:DGe������D��OLVWV�SorWXQLG��AUDQHXV FULEDULXV�DQG�&DOOLQHFWHV 
H[DVSHUDWXV��DQG�oF\SoGLG��2F\SRGH DOELFDQV��FrDEV��DQG�ELrGV��WKe�VDQGerOLQJ�&URFHWKLD DOED���DV�SreGDWorV�RQ 'RQD[ GHQWLFXODWXV�WoJeWKer�ZLWK�WKe�SLJ��³7Ke�
SLJ¶V�DSSeWLWe�Ior�'RQD[�LV�LPPeQVe��DQG�LW�VeePV�WKDW�oQe�SLJ�LQ�D�GD\�PD\�GevoXr�Pore�WKDQ�ZKDW�DOO�oWKer�SreGDWorV�FoQVXPe�LQ�oQe�PoQWK �́�,Q�9eQe]XeOD��'� 
GHQWLFXODWXV�LV�eDWeQ�E\�D�vDrLeW\�oI�ILVKeV�LQFOXGLQJ�0HQWLFLUUKXV OLWWRUDOLV� &RQRGRQ QRELOLV� 7UDFKLQRWXV FDUROLQXV� 7� JRRGHL�DQG�UPEULQD FRURLGHV�
�3eQFKDV]DGeK�����E��5LerD�������$�'�$QVeOO��5�1�*LEVoQ�	�3�(�3eQFKDV]DGeK��XQSXEO��GDWD���DQG�E\�JKoVW�FrDEV�2F\SRGH TXDGUDWD�DQG�WKe�JDVWroSoGV�3UXQXP 
SUXQXP�DQG�2OLYHOOD YHUUHDX[L� 0HQWLFLUUKXV OLWWRUDOLV�DQG�7UDFKLQRWXV FDUROLQXV�Zere�IoXQG�Wo�KDve�eDWeQ�EoWK�eQWLre�'RQD[�DQG�LQ�VoPe�FDVeV�oQO\�WKe�VLSKoQV�
:DGe������D��reForGeG�D�OoZ�OeveO�oI�LQIeVWDWLoQ�oI�D�EXFeSKDOLG�FerFDrLDQ�WrePDWoGe�&HUFDULD FDULEEHD ;LII�LQ�'RQD[ GHQWLFXODWXV�IroP�3orW�+eQGerVoQ�DQG�

*reeQ�%D\��-DPDLFD��3DrDVLWLF�FDVWrDWLoQ�KDG�oFFXrreG�LQ�DOO�WKe�DIIeFWeG�FODPV�WKDW�DSSeDreG�oWKerZLVe�KeDOWK\��7Ke�VKeOOV�oI�'� GHQWLFXODWXV�Dre�DOVo�XVeG�DV�D�
VXEVWrDWXP�Ior�DWWDFKPeQW�E\�K\GroLGV�DQG�DOJDe��:DGe�����D��

3RSXODWLRQ G\QDPLFV

3oSXODWLoQ�GeQVLWLeV�oI�'� GHQWLFXODWXV�DQG�'� VWULDWXV�Dre�vDrLDEOe�EoWK�EeWZeeQ�OoFDWLoQV�DQG�DW�GLIIereQW�WLPeV�DW�oQe�VLWe��)or�'� GHQWLFXODWXV��:DGe������D��
reForGeG�GeQVLWLeV�rDQJLQJ�IroP����Wo�����LQG�Pí��oI�EeDFK�oQ����EeDFKeV�LQ�WKe�:eVW�,QGLeV��$W�oQe�VLWe��)DrTXKDr¶V�%eDFK��-DPDLFD��WKe�SoSXODWLoQ�GeQVLW\�IeOO�IroP�
�����Wo����LQG�Pí��over�DQ����PoQWK�SerLoG��5eForGeG�PD[LPXP�SoSXODWLoQ�GeQVLWLeV�Ior�'� GHQWLFXODWXV�oQ�EeDFKeV�LQ�9eQe]XeOD�rDQJe�XS�Wo�����LQG�Pí��Ior�
SoSXODWLoQV�FoQVLVWLQJ�PDLQO\�oI�MXveQLOeV�DQG�XS�Wo����LQG�Pí��Ior�DGXOWV��)DrDFKe�������3eQFKDV]DGeK�eW�DO��������'LD]�eW�DO��������3DXOV�eW�DO���������(WFKeverV�
�������evDOXDWeG�WKe�ELoPDVV�oI�'� GHQWLFXODWXV�LQ�3OD\D�/D�5eVWLQJD��0DrJDrLWD�,VODQG��9eQe]XeOD�DQG�eVWLPDWeG�����W��ZZ�LQFOXGLQJ�VKeOOV��LQ���NP�oI�EeDFK�
)or�'� VWULDWXV��:DGe������E��reSorWeG�D�GeQVLW\�oI�����LQG��Pí��Ior�D�EeDFK�LQ�7rLQLGDG��,Q�9eQe]XeOD��)DrDFKe��������reSorWeG�D�PeDQ�GeQVLW\�oI�EeWZeeQ�����

DQG����LQG�Pí��ZLWK�D�PD[LPXP�oI�����LQG��Pí��DQG�'e�0DKLeX��������IoXQG�D�PD[LPXP�QXPEer�oI�����LQG�Pí��DW�7XFDFDV�EeDFK��9eQe]XeOD��ZKere�3DXOV�eW�DO��
�������reSorWeG�D�PD[LPXP�DGXOW�GeQVLW\�oI�����LQG�Pí���DQG�D�MXveQLOe�GeQVLW\�oI����LQG�Pí���
$Je�DQG�JroZWK�Ior�'� GHQWLFXODWXV�Zere�eVWLPDWeG�E\�9eOe]�eW�DO���������IroP�VL]e�IreTXeQF\�GLVWrLEXWLoQV�oI�FODPV�FoOOeFWeG�IroP�D�EeDFK�oI�WKe�$rD\D�3eQLQVXOD��

9eQe]XeOD��
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$�VLPLODr�reFrXLWPeQW�SDWWerQ�oFFXrreG�LQ�EoWK�WKe�\eDrV�VWXGLeG������±����5eFrXLWV��L�e��MXveQLOeV�OeVV�WKDQ��PP�WoWDO�OeQJWK��DSSeDreG�FoQWLQXoXVO\�WKroXJK�WKe�\eDr��
EXW�Zere�PoVW�DEXQGDQW�EeWZeeQ�-XO\�DQG�'eFePEer��$�GLVWLQFW�MXveQLOe�FoKorW��PoGDO�OeQJWK��±�PP��FoXOG�Ee�LGeQWLILeG�LQ�-XQe������DQG�rePDLQeG�FOeDrO\�
LGeQWLILDEOe�LQ�WKe�VXEVeTXeQW�KLVWoJrDPV�Ior�WKDW�\eDr��$XJXVW±6eSWePEer�reFrXLWV�ILrVW�EeFDPe�QoWLFeDEOe�LQ�WKe�MXveQLOe�VL]e�FODVVeV�oI�WKe�2FWoEer±'eFePEer������
KLVWoJrDPV��%\�-DQXDr\�������WKe�FoKorW�oI�6eSWePEer������reFrXLWV�KDG�EeFoPe�WKe�GoPLQDQW�FoPSoQeQW�LQ�WKe�SoSXODWLoQ��,WV�GeFOLQe�E\�1ovePEer������Wo�
)eErXDr\������VXJJeVWeG�D�OLIe�e[SeFWDQF\�oI�oQO\���±���PoQWKV��,QGLvLGXDO�FoKorWV�Zere�OeVV�GLVWLQFW�LQ�����±���WKDQ�LQ�����±���EXW�LQ�JeQerDO��WKere�ZDV�D�
GoPLQDQFe�oI�MXveQLOeV�IroP�-DQXDr\�WKroXJK�-XO\�DQG�D�GoPLQDQFe�oI�DGXOWV�IroP�$XJXVW�WKroXJK�'eFePEer��7Ke�rDWe�oI�LQFreDVe�LQ�WoWDO�OeQJWK�ZDV�reODWLveO\�KLJK������
PP�PoQWKí���GXrLQJ�WKe�ILrVW��±��PoQWK�SoVW�reFrXLWPeQW��,W�IeOO�Wo��PP�Ser�PoQWK�GXrLQJ�WKe�Qe[W���PoQWKV�DQG�DIWer���PoQWKV�DSSeDreG�Wo�Ee�QeJOLJLEOe��7Ke�PeDQ�
PD[LPXP�OeQJWK�GLG�QoW�e[FeeG���PP�LQ�WKLV�OoFDOLW\�
7Ke�voQ�%erWDODQII\�JroZWK�eTXDWLoQ�FDOFXODWeG�Ior�WKLV�SoSXODWLoQ�oI�'� GHQWLFXODWXV��9pOe]�eW�DO��������ZDV�

ZKere�LW�LV�VKeOO�OeQJWK�LQ�PP�DW�WLPe�W�LQ�PoQWKV�DQG�W��vDOXe���������LV�WKe�WKeoreWLFDO�DJe�ZKeQ�WKe�PeDQ�FODP�KDG�]ero�OeQJWK��7Ke�PD[LPXP�VL]e�reDFKeG�E\�'� 
GHQWLFXODWXV�LQ�GLIIereQW�SoSXODWLoQV�vDrLeV�JreDWO\�GeSeQGLQJ�oQ�FoQGLWLoQV�oQ�GLIIereQW�EeDFKeV��:DGe������D��reSorWeG�PD[LPXP�VL]eV�rDQJLQJ�IroP���±���PP�Ior�
GLIIereQW�SoSXODWLoQV�LQ�-DPDLFD�
3oSXODWLoQ�GeQVLWLeV�Ior�WKe�SoSXODWLoQ�VWXGLeG�E\�9eOe]�eW�DO���������rDQJeG�over�DSSro[LPDWeO\�oQe�orGer�oI�PDJQLWXGe�GXrLQJ�WKe���\eDrV�oI�VWXG\��IroP�����Wo�

����LQG�Pí���3oSXODWLoQ�GeQVLW\�oI�LQGLvLGXDOV��PP�or�OeVV�LQ�VKeOO�OeQJWK�LQFreDVeG�PDrNeGO\�IroP�0DrFK�Wo�-XO\�SrLQFLSDOO\�IroP�JroZWK�oI�reFrXLWV�GXrLQJ�1ovePEer�
Wo�'eFePEer�ZKLOe�PorWDOLW\�reVXOWeG�LQ�GeFreDVe�LQ�GeQVLW\�oI�LQGLvLGXDOV�oI��PP�or�Pore�LQ�VKeOO�OeQJWK�IroP�$XJXVW�Wo�1ovePEer��
(VWLPDWeG�GDLO\�SroGXFWLoQ�rDQJeG�IroP����Wo�����PJPí���ZLWK�VWDQGLQJ�Gr\�ELoPDVV�vDOXeV�oI���Wo����JPí���,QWeJrDWLoQ�oI�GDLO\�SroGXFWLoQ�over�EoWK�\eDrV�JDve�

DQQXDO�SroGXFWLoQ�eVWLPDWeV�oI�����JPí��DQG�����JPí��Ior�����±���DQG�����±����eTXLvDOeQW�Wo�����DQG����NFDOPí����
)or�'� VWULDWXV��)DrDFKe���������IoXQG�WZo�reFrXLWPeQWV��oQe�LQ�0DrFK±$SrLO��DQG�DQoWKer�LQ�$XJXVW��GXrLQJ�D���PoQWK�SerLoG�oI�VDPSOLQJ�DW�7XFDFDV�DQG�

VXrroXQGLQJ�EeDFKeV�LQ�9eQe]XeOD��7Ke�JroZWK�rDWe�DW�WKeVe�EeDFKeV�ZDV�ver\�rDSLG�GXrLQJ�WKe�ILrVW�PoQWKV�DIWer�WKe�reFrXLWPeQW��WKe�FODPV�reDFKLQJ�����oI�WKeLr�
DV\PSWoWLF�VL]e�LQ��ò�PoQWKV������LQ���PoQWKV�DQG�����LQ���PoQWKV��7Ke�PeDQ�PoQWKO\�JroZWK�rDWe�ZDV�����PP��7Ke�voQ�%erWDODQII\�JroZWK�FXrve�Ior�'� VWULDWXV�
DW�7XFDFDV��ZKere�LD WKe�GLVWDQFe�IroP�WKe�XPEo�Wo�WKe�eQG�oI�WKe�DQWerLor�SDrW�oI�WKe�VKeOO��ZDV�

$V�ZLWK�'� GHQWLFXODWXV��WKe�PD[LPXP�VL]e�reDFKeG�E\�'� VWULDWXV�vDrLeV�JreDWO\�EeWZeeQ�DreDV�DQG�DW�GLIIereQW�EeDFKeV�LQ�WKe�VDPe�DreD��:DGe�����E���7Ke�
PD[LPXP�VL]e�oI�FODPV�LQ�WKe�SoSXODWLoQ�VWXGLeG�E\�)DrDFKe��������ZDV�reODWLveO\�VPDOO��

�

�
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)LVKHU\

7Ke�oIILFLDO�VWDWLVWLFV�oI�ODQGLQJV�oI�'RQD[�LQ�9eQe]XeOD�SroEDEO\�JreDWO\�XQGer�eVWLPDWe�WKe�FDWFKeV�DQG�Go�QoW�GLVFrLPLQDWe�EeWZeeQ�'� GHQWLFXODWXV�DQG�'� VWULDWXV��
$GXOW�LQGLvLGXDOV�oI�'� VWULDWXV�JeQerDOO\�reDFK�D�ODrJer�VL]e��KoZever��DQG�FoQVeTXeQWO\�WKLV�LV�WKe�SreIerreG�PDrNeWDEOe�VSeFLeV��'DWD�oQ�ODQGLQJV��e[SreVVeG�DV�NJ�
ZeLJKW�LQFOXGLQJ�VKeOO��Ior�WKe����\eDrV�����±���Dre�JLveQ�LQ�)LJXre����S��������5eForGeG�ODQGLQJV�KDve�EeeQ�vDrLDEOe�ZLWK�D�PD[LPXP�oI����W�LQ�������
$GGLWLoQDO�VWXGLeV�oI�'� GHQWLFXODWXV�DQG�'� VWULDWXV�Dre�QeFeVVDr\�Wo�SrovLGe�LQIorPDWLoQ�oQ�JeoJrDSKLF�DQG�DPoQJ�\eDr�vDrLDWLoQ�LQ�GeQVLW\��JroZWK�DQG�

SroGXFWLoQ��DQG�WKe�eIIeFW�oI�e[SOoLWDWLoQ��$W�WKLV�WLPe�LQVXIILFLeQW�GDWD�Dre�DvDLODEOe�Ior�OoQJ�WerP�ILVKer\�PDQDJePeQW�GeFLVLoQV��6SeFLILFDOO\��VWoFN�reFrXLWPeQW�
DVVeVVPeQWV�ZoXOG�KeOS�Wo�GeWerPLQe�WKe�VXVFeSWLELOLW\�oI�WKe�'RQD[�SoSXODWLoQV�Wo�over�e[SOoLWDWLoQ��%DVeG�oQ�WKe�reVXOWV�oI�9pOe]�eW�DO���������DQG�9pOe]���������
KoZever��WKere�LV�WKe�SoVVLELOLW\�WKDW�SoSXODWLoQ�VWDELOLW\�FoXOG�Ee�VeQVLWLve�Wo�ILVKer\�e[SOoLWDWLoQ�oI�FoPPerFLDO�VL]e�LQGLvLGXDOV�GXrLQJ�WKe�SeDN�SerLoG�oI�reSroGXFWLoQ��
7KXV��9pOe]�eW�DO���������reFoPPeQGeG�WKDW�ILVKLQJ�VKoXOG�Ee�OLPLWeG�Wo�WKe�SerLoG�1ovePEer±$SrLO�LQ�9eQe]XeOD��

6ouWKeUQ 6ouWK $meULFD

$�QXPEer�oI�VDQG\�EeDFK�ELvDOveV�Dre�e[SOoLWeG�WKroXJK�reFreDWLoQDO��DrWLVDQDO�DQG�FoPPerFLDO�ILVKerLeV�oQ�EoWK�WKe�$WODQWLF�DQG�3DFLILF�FoDVWV�oI�6oXWK�$PerLFD��2QO\�
WKe�WZo�PoVW�LPSorWDQW�VSeFLeV�Dre�FovereG�Kere�

7KH \HOORZ FODP��0eVoGeVPD�PDFWroLGeV��)LJ� �I� S� ����

'LVWULEXWLRQ

0� PDFWURLGHV�LV�DQ�LQWerWLGDO�ELvDOve�GLVWrLEXWeG�DOoQJ�WKe�ZDrP�WePSerDWe�$WODQWLF�FoDVW�oI�6oXWK�$PerLFD��IroP�6Do�3DXOo�6WDWe��%rD]LO�����6��Wo�WKe�VoXWK�oI�WKe�
%XeQoV�$LreV�3rovLQFe��$rJeQWLQD�����6��)LJ�����S��������7KLV�rDQJe�LQFOXGeV�KXQGreGV�oI�NLOoPeWreV�oI�VDQG\�EeDFKeV�LQ�%rD]LO����NP�LQ�8rXJXD\�DQG�EeDFKeV�oI�WKe�
%XeQoV�$LreV�3rovLQFe�LQ�$rJeQWLQD��2OLvLer�	�3eQFKDV]DGeK�����D���7KLV�revLeZ�LV�EDVeG�PDLQO\�oQ�WKe�\eOOoZ�FODP�SoSXODWLoQ�LQ�8rXJXD\��ZKLFK�KDV�EeeQ�WKe�PoVW�
e[WeQVLveO\�VWXGLeG�
<eOOoZ�FODP�SoSXODWLoQV�SroVSer�SrLPDrLO\�LQ�WKe�LQWerWLGDO�]oQe�oI�GLVVLSDWLve�EeDFKeV��VHQVX�6KorW�	�:rLJKW�������FKDrDFWerL]eG�E\�JeQWOe�VOoSe��ILQe�VDQG�DQG�

KeDv\�ZDve�DFWLoQ��2OLvLer�eW�DO��������'eIeo�����D��'eIeo�eW�DO���������$�GeFreDVe�LQ�FODP�DEXQGDQFe�LV�IreTXeQWO\�oEVerveG�QeDr�eVWXDrLQe�]oQeV�or�IreVKZDWer�
GLVFKDrJeV��'eIeo�eW�DO��������DQG�oQ�VKeOWereG�EeDFKeV��'eIeo�eW�DO������D���7Ke�EeDFK�WKDW�0� PDFWURLGHV�LQKDELWV�LQ�8rXJXD\�LV�PLFroWLGDO�GLVVLSDWLve��VOoSeV�
�������ILQe�Wo�ver\�ILQe�VDQGV��ZLWK�KLJK�ZDve�eQerJ\�DQG�D�ZLGe�VXrI�]oQe��,W�LV�FKDrDFWerL]eG�E\�KLJK�SrLPDr\�SroGXFWLoQ�E\�VXrI�GLDWoPV��'eIeo�	�6FDrDELQo�������
WKDW�DOOoZV�WKe�EeDFK�DQG�VXrI�]oQe�Wo�IXQFWLoQ�DV�D�VePL�FOoVeG�eFoV\VWeP��VHQVX�0F/DFKODQ��������
0� PDFWURLGHV�SreVeQWV�D�PDrNeG�OoQJVKore�GLVWrLEXWLoQ�LQ�WKe����NP�EeDFK��DEXQGDQFe�LV�KLJKeVW�LQ�WKe�FeQWrDO�]oQe�DQG�GeFOLQeV�WoZDrGV�EoWK�eQGV��)reVKZDWer�

LQIOoZV��FoDrVer�DQG�SoorO\�VorWeG�VDQGV��QeJDWLveO\�VNeZeG�DQG�KLJK�NXrWoVLV�vDOXeV���WKe�GoPLQDQFe�oI�eroVLoQDO�
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SroFeVVeV��DQG�D�VeOeFWLve�ZLQQoZLQJ�oI�ILQe�VeGLPeQWV��FoQWrLEXWe�Wo�D�reGXFWLoQ�oI�WKe�VWoFN�WoZDrGV�WKe�eQGV�oI�WKe�EeDFK��'eIeo�����D���6DOLQLW\�LV�SoVLWLveO\�
ForreODWeG�ZLWK�FODP�DEXQGDQFe��ODrJeO\�e[SODLQLQJ�WKe�DOoQJVKore�GLVWrLEXWLoQDO�SDWWerQ�
7Ke�LQWerWLGDO�DQG�verWLFDO�GLVWrLEXWLoQ�oI�0� PDFWURLGHV�vDrLeV�VeDVoQDOO\��CoVFDryQ�������2OLvLer�eW�DO��������'eIeo�eW�DO���������,Q�ZLQWer��DGXOWV��DJeV��±���Dre�

IoXQG���±��FP�GeeS�LQ�WKe�VeGLPeQWV�DQG�EeOoZ�WKe�VZDVK�]oQe��ZKLOe�LQ�VXPPer�WKe\�Dre�OoFDWeG�FOoVe�Wo�WKe�VDQG�VXrIDFe�DQG�DOPoVW�e[FOXVLveO\�DEove�WKe�VZDVK�
]oQe��,Q�VSrLQJ�DQG�DXWXPQ��LQWerPeGLDWe�VLWXDWLoQV�Dre�FoPPoQO\�oEVerveG��:DWer�WePSerDWXre�DQG�ForreODWeG�IDFWorV��e�J��FKOoroSK\OO�FoQFeQWrDWLoQ��JoQDGDO�
GeveOoSPeQW��DSSeDr�Wo�Ee�LPSorWDQW�LQ�GeWerPLQLQJ�WKe�LQWerWLGDO�GLVWrLEXWLoQ�DQG�GeSWK�VWrDWLILFDWLoQ�oI�0� PDFWURLGHV�DGXOWV��5eFrXLWV�Dre�PDLQO\�FoQFeQWrDWeG�DW�
XSSer�LQWerWLGDO�OeveOV��'eIeo�����D��'eIeo�eW�DO���������7KeVe�VSDWLDO�JrDGLeQWV�Ior�reFrXLWV�DQG�DGXOWV�VXJJeVW�D�GLIIereQWLDO�FDSDELOLW\�oI�eDFK�SoSXODWLoQ�FoPSoQeQW�Wo�
VeOeFW�WKe�GeVLrDEOe�PLFroKDELWDW��:KereDV�reFrXLWV�DSSeDr�Wo�Ee�Pore�GeSeQGeQW�oQ�SDVVLve�WrDQVSorW��ZDveV��WLGeV���VeDVoQDO�vDrLDELOLW\�LQ�WKe�]oQDWLoQ�oI�DGXOWV�PD\�
Ee�WKe�reVXOW�oI�DQ�DFWLve�SroFeVV�ZKLFK�LQvoOveV�D�FerWDLQ�OeveO�oI�PoELOLW\�DQG�D�FoPSOe[�VeW�oI�EeKDvLoXrDO�DGDSWDWLoQV��e�J��EXrLDO�GeSWK�ZLWK�DQ�DQFKorLQJ�V\VWeP��Vee�
1DrFKL�������Wo�vDrLDWLoQV�LQ�eQvLroQPeQWDO�IDFWorV�VXFK�DV�WePSerDWXre��VDQG�GeVLFFDWLoQ�DQG�IooG�DvDLODELOLW\��2OLvLer�eW�DO��������'eIeo�����D���
7ePSorDO�vDrLDWLoQV�LQ�WKe�PeDQ�FODP�EeG�ZLGWK��C%:��FDQ�Ee�e[SODLQeG�Ior�DGXOWV�DQG�reFrXLWV�E\�DQ�DV\PSWoWLF�IXQFWLoQ�oI�GeQVLW\��'eIeo�����D���$V\PSWoWLF�

vDOXeV�oI�WKe�PeDQ�C%:�Zere�FOoVe�Wo���P��2OLver�eW�DO���������DOVo�PeQWLoQ�D�FODP�EeG�ZLGWK�rDQJLQJ�IroP��P�Wo�JreDWer�WKDQ���P��GeSeQGLQJ�oQ�WKe�EeDFK�IDFe�
VOoSe��'LVWrLEXWLoQ�LV�DJJreJDWeG�DQG�SDWFK�FKDrDFWerLVWLFV�VKoZ�D�FOeDr�WreQG�WoZDrG�eOOLSVeV��ZLWK�WKe�PDMor�D[LV�SDrDOOeO�Wo�WKe�VKore��'eIeo�eW�DO��������'eIeo�
����D���:LWKLQ�eDFK�SDWFK��D�FoQFeQWrLF�JrDGLeQW�PD\�DrLVe�IroP��D��SDVVLve�WrDQVSorW�DQG�VorWLQJ�E\�WKe�VZDVK��e�J��reFrXLWV����E��VLPLODr�reDFWLoQV�Wo�eQvLroQPeQWDO�
IDFWorV��DQG��F��DFWLve�VeOeFWLoQ�oI�D�VXLWDEOe�PLFroKDELWDW�Wo�DvoLG�SreGDWorV�or�Wo�VeDrFK�Ior�OoFDOL]eG�IooG�FoQFeQWrDWLoQV��e�J��DGXOWV���
'LVWLQFW�DJJreJDWLoQ�oI�DOO�DJeV�oFFXrV�WKroXJKoXW�WKe�\eDr��5eVXOWV�oEWDLQeG�IroP�WKe�DQDO\VLV�oI�WKe�vDrLDQFe��PeDQ�rDWLo��eveQ�ZLWKLQ�D�\eDr��VKoZeG�WKe�FDSDFLW\�oI�

0� PDFWURLGHV�Wo�GeveOoS�KLJK�GeQVLWLeV��7Ke�SDWFK\�GLVWrLEXWLoQ�DPoQJ�reFrXLWV�DQG�WKe�LQverVe�reODWLoQVKLS�EeWZeeQ�LQGLvLGXDO�VL]e�DQG�GeQVLW\��'eIeo�����D���
VXJJeVW�WKDW�WKe�FODPV�WeQG�Wo�VSDFe�WKePVeOveV�DV�D�IXQFWLoQ�oI�DQ�LQFreDVLQJ�DreD�oI�LQIOXeQFe�QeeGeG�Ior�ILOWerLQJ�DFWLvLWLeV��Vee�DOVo�+DOO��������

%LRORJ\ DQG HFRORJLFDO UROH

$�����Ve[�rDWLo�DQG�WZo�VSDZQLQJ�SerLoGV�Zere�oEVerveG�Ior�8rXJXD\DQ��'eIeo�����E��0DVeOOo�������DQG�$rJeQWLQLDQ�SoSXODWLoQV��2OLvLer�eW�DO���������oQe�EeWZeeQ�
2FWoEer�DQG�'eFePEer�DQG�D�VeFoQG�oQe�IroP�)eErXDr\�Wo�$SrLO��ODWe�VXPPer���6e[XDOO\�rLSe�LQGLvLGXDOV�oI��±��\r�Dre�reVSoQVLEOe�Ior�WKe�IorPer��ZKLOe�QeZO\�PDWXre�
LQGLvLGXDOV�oI�DJe����IroP���PP�Wo���PP��VSDZQ�LQ�ODWe�VXPPer��0DVeOOo��������*oQDGDO�GeveOoSPeQW�LV�FoQWroOOeG�E\�WePSerDWXre��ZLWK�VSDZQLQJ�WDNLQJ�SODFe�
ZKeQ�WKe�WePSerDWXre�LV�FOoVe�Wo����C��0� PDFWURLGHV�KDV�D�KLJK�IeFXQGLW\��SroGXFLQJ�DEoXW�����PLOOLoQ�eJJV�Ser�IePDOe��7Ke�PeDQ�VL]e�DW�ILrVW�PDWXrLW\�LV����PP��DJe�
���0DVeOOo�	�'eIeo��������6eWWOePeQW�oFFXrV�LQ�WKe�LQWerWLGDO�]oQe�IroP�-DQXDr\�Wo�0D\�
0� PDFWURLGHV�KDV�EeeQ�FoPPoQO\�GeVFrLEeG�DV�D�VXVSeQVLoQ�IeeGer��2OLvLer�eW�DO��������1DrFKL�������*LDQXFD�������'eIeo�����D���'LDWoPV�VXFK�DV�

AVWHULRQHOOD JODFLDOLV��WKe�EDVLF�IooG�VoXrFe��*LDQXFD�������'eIeo�����D���6NHOHWRQHPD FRVWDWXP� 7KDODVVLRQHPD QLW]VFKRLGHV�DQG�&RVFLQRGLVFXV�VSS��
FoQVWLWXWe�WKe�EXON�oI�WKe�VWoPDFK�FoQWeQWV��/DEorDWor\�DQG�ILeOG�oEVervDWLoQV��'eIeo�	�6FDrDELQo�������VKoZeG�WKDW�LW�DOVo�KDV�D�GeSoVLW�IeeGLQJ�PeFKDQLVP���
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6oPe�VSeFLDO�IeDWXreV�oI�WKe�DGDSWLve�PorSKoOoJ\�oI�WKe�VSeFLeV��1DrFKL��������DWWrLEXWeG�Wo�DQ�DGDSWLve�GLverJeQFe�oI�WKe�VXSerIDPLO\�0DFWrDFeD��6WDQOe\��������
FoXOG�VXSSorW�WKe�GeSoVLW�IeeGLQJ�KDELW��'eIeo�	�6FDrDELQo��������
0HVRGHVPD PDFWURLGHV�LV�WKe�GoPLQDQW�VXVSeQVLoQ�IeeGer�LQ�WKe�LQWerWLGDO�PDFroIDXQD�DVVePEODJeV�oI�GLVVLSDWLve�VDQG\�EeDFKeV�LQ�8rXJXD\��'eIeo�eW�DO������D���

%rD]LO��*LDQXFD�������DQG�$rJeQWLQD��2OLvLer�eW�DO���������$QoWKer�SoWeQWLDOO\�e[SOoLWDEOe�ELvDOve��WKe�ZeGJe�FODP�'RQD[ KDQOH\DQXV��3KLOLSSL���LV�V\PSDWrLF�DQG�
VXEGoPLQDQW�Wo�0HVRGHVPD PDFWURLGHV�LQ�WKoVe�EeDFKeV��Vee�DOVo�Ge�$ODvD��������'RQD[ KDQOH\DQXV�LV�QXPerLFDOO\�GoPLQDQW�oQ�WKe�reIOeFWLve�EeDFKeV�ZLWK�FoDrVe�
VeGLPeQWV�DQG�VKDrS�VOoSeV�DOoQJ�WKe�$WODQWLF�FoDVW�oI�6oXWK�$PerLFD��IroP�WKe�VWDWe�oI�(VSLrLWX�6DQWo��%rD]LO���1DrFKL�������Wo�3XQWD�0oJoWeV��%XeQoV�$LreV�
3rovLQFe��$rJeQWLQD���3eQFKDV]DGeK�	�2OLvLer��������7KLV�LQWerWLGDO�ILOWer�IeeGer�KDV�D�PD[LPXP�DGXOW�VL]e�oI���PP��DQG�rDreO\�OLveV�Ior�Pore�WKDQ��\r��3eQFKDV]DGeK�
	�2OLvLer�������
CoPSeWLWLoQ�EeWZeeQ�0HVRGHVPD PDFWURLGHV�DQG�'RQD[ KDQOH\DQXV�KDV�EeeQ�LQGLFDWeG�E\�D�OoQJ�WerP�VWXG\�LQ�8rXJXD\��Ge�$ODvD�������'eIeo�	�Ge�$ODvD�

�������6SDWLo�WePSorDO�vDrLDWLoQV�LQ�reFrXLWPeQW�VXFFeVV�DQG�SoSXODWLoQ�OeveOV�oI�'� KDQOH\DQXV�Zere�LQverVeO\�ForreODWeG�ZLWK�WKe�PDJQLWXGe�oI�ILVKLQJ�eIIorW�e[erWeG�
oQ�0HVRGHVPD PDFWURLGHV��7KLV�KXPDQ�LPSDFW�FDXVeG�D�reGXFWLoQ�oI�0� PDFWURLGHV�VWoFN�DQG�D�FoQVeTXeQW�reOeDVe�oI�VSDFe�WKDW�eQKDQFeG�reFrXLWPeQW�oI�'RQD[ 
KDQOH\DQXV��7KXV��eveQ�WKoXJK�0HVRGHVPD PDFWURLGHV�LV�D�VXVSeQVLoQ�IeeGer��LW�PD\�Ee�D�Ne\VWoQe�VSeFLeV�LQ�WKe�VeQVe�WKDW�IOXFWXDWLoQV�LQ�LWV�PDJQLWXGe�FDQ�JeQerDWe�
FDVFDGe�eIIeFWV�DIIeFWLQJ�WKe�VWrXFWXre�DQG�DEXQGDQFe�oI�WKe�V\PSDWrLF�VSeFLeV�
7Ke�PDLQ�SreGDWorV�oI�0� PDFWURLGHV�Dre�WKe�JDVWroSoGV�2OLYDQFLOODULD YHVLFD DXULFXODULD�DQG�%XFFLQDQRSV GXDUWHL��ILVKeV�OLNe�0LFURSRJRQLDV IXUQLHUL� 

3DUDOLFKWK\V EUDVLOLHQVLV� 0XVWHOXV VFKPLWL�DQG�oWKerV�oI�WKe�JeQerD�RDMD�DQG�3VDPPREDWLV��DQG�ELrGV�VXFK�DV�WKe�o\VWerFDWFKer�+DHPDWRSXV RVWUDOHJXV�DQG�
RLQFKRSV QLJUD��2OLvLer�eW�DO���������7Ke�ODrJe�FLroODQLG�LVoSoG�E[FLURODQD DUPDWD�KDV�EeeQ�oEVerveG�IeeGLQJ�oQ�GDPDJeG��VWrDQGeG�or�XQEXrLeG�FODPV�

3RSXODWLRQ G\QDPLFV

7Ke�\eOOoZ�FODP�SoSXODWLoQ�LQ�8rXJXD\�GLVSOD\V�WePSorDO�³VWoFN�GeSeQGeQW�reFrXLWPeQW �́�VHQVX�+LOEorQ�	�:DOWerV��������$�VLJQLILFDQW�over�FoPSeQVDWor\�
reODWLoQVKLS�EeWZeeQ�VSDZQLQJ�VWoFN�DQG�reFrXLWPeQW�oI�0HVRGHVPD PDFWURLGHV�ZDV�PoGeOOeG�Ior�WKe�ILrVW�WLPe�LQ�DQ�e[SoVeG�VDQG\�EeDFK�SoSXODWLoQ�E\�'eIeo�
�����D���7Zo�GeILQLWe�WreQGV�ePerJeG���D��ODrJer�DGXOW�GeQVLWLeV�SroGXFeG�e[WrePeO\�OoZ�reFrXLWPeQW�DQG��E��PD[LPXP�reFrXLWPeQW�GeQVLWLeV�oFFXrreG�IroP�PoGerDWeO\�
OoZ�DQG�PeGLXP�VL]eV�oI�VSDZQLQJ�VWoFN��7Ke�SroSoVeG�PeFKDQLVP�oI�Sre�VeWWOePeQW��GeQVLW\�GeSeQGeQW�PorWDOLW\�LV�WKe�ILOWerLQJ�oI�ODrvDe�oXW�oI�WKe�ZDWer�FoOXPQ�E\�
WKe�DGXOW�VWoFN�
7Ke�reODWLoQ�EeWZeeQ�VWoFN�DQG�reFrXLWPeQW�vDrLeV�ZLWK�WKe�VFDOe��eveQ�WKoXJK�over�FoPSeQVDWLoQ�e[LVWV�DW�D�PDFroVFDOe��WrDQVeFW�DQG�VLWe�DQDO\VeV�VKoZ�D�FoQVLVWeQW�

SDWWerQ�oI�DOoQJVKore�GLVWrLEXWLoQ�FoPPoQ�Wo�DGXOWV�DQG�reFrXLWV��WKe�FeQWrDO�SorWLoQ�oI�WKe�KDELWDW�LV�Pore�GeQVeO\�SoSXODWeG�WKDQ�WKe�PDrJLQV��ZKereDV�]oQeV�ZLWK�OoZ�
DGXOW�GeQVLW\�reFeLve�IeZer�reFrXLWV��+LJKer�PorWDOLWLeV�EeIore�DQG�DIWer�VeWWOePeQW�EeFDXVe�oI�DGverVe�eQvLroQPeQWDO�eIIeFWV��L�e��OoZer�VDOLQLWLeV���FoXOG�DFFoXQW�Ior�WKLV�
vDrLDELOLW\��$W�D�TXDGrDW�VFDOe��KLJK�GeQVLWLeV�oI�reFrXLWV�Qever�FoLQFLGeG�ZLWK�KLJK�GeQVLWLeV�oI�oOGer�FODPV��5eFrXLWPeQW�VXFFeVV�DSSeDrV�Wo�Ee�KLJKO\�LQKLELWeG�LQ�
TXDGrDWV�ZLWK�KLJK�GeQVLW\�DQG�ELoPDVV�oI�DGXOWV��7Ke�reFoJQLWLoQ�oI�D�FerWDLQ�PD[LPXP�ZLGWK�oI�WKe�FODP�EeG�VXJJeVWV�D�OLPLWDWLoQ�oI�DvDLO��
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DEOe�VSDFe�DW�DQ�DGXOW�GeQVLW\�FOoVe�Wo����Pí���7KLV�vDOXe�LV�FoQVLVWeQW�ZLWK�WKoVe�VXJJeVWeG�E\�WKe�VSDWLo�WePSorDO�DQDO\VLV�oI�WKe�VWoFN�reFrXLWPeQW�reODWLoQVKLS�
�'eIeo�����D��
7Ke�\eOOoZ�FODP�LV�D�IDVW�JroZLQJ� �VKorW�OLveG�VSeFLeV��7DEOe����S��������0D[LPXP�oEVerveG�OeQJWK�rDQJeG�IroP���PP��8rXJXD\��Wo���±���PP�

�$rJeQWLQD��CDrFeOOeV�������2OLvLer�eW�DO���������*roZWK�SDrDPeWerV�KDve�EeeQ�eVWLPDWeG�E\�PeWKoGV�WKDW�XVe�DJe�or�OeQJWK�GDWD�LQ�8rXJXD\��$Je�VWrXFWXre��GeWerPLQeG�
E\�WKe�LQWerSreWDWLoQ�oI�JroZWK�rLQJV�DQG�E\�VKeOO�VeFWLoQLQJ�WeFKQLTXeV��VXJJeVWV�D�OLIe�VSDQ�oI�§���\r��7DEOe�����5LQJV�oI�GLIIereQW�SerLoGLFLW\�Dre�LGeQWLILeG��³ZLQWer�
rLQJV �́�IorPeG�GXrLQJ�ODWe�IDOO�DQG�ZLQWer��FoLQFLGLQJ�ZLWK�WKe�SerLoG�oI�QXOO�JroZWK�GeWerPLQeG�E\�OeQJWK�IreTXeQF\�DQDO\VLV��DQG�VeFoQGDr\�rLQJV�GXrLQJ�WKe�PDLQ�SerLoG�
oI�JDPeWe�SroGXFWLoQ��FoQVLGereG�DV�³reSroGXFWLve�rLQJV �́�'eIeo�eW�DO������D���*roZWK�rDWeV�Dre�KLJKer�GXrLQJ�WKe�VXPPer�VeDVoQ��GroSSLQJ�EeWZeeQ�IDOO�DQG�ZLQWer��
DQG�LQFreDVLQJ�IroP�6eSWePEer��DXVWrDO�VSrLQJ���'eIeo�eW�DO������E���$����C�GLIIereQFe�EeWZeeQ�PLQLPXP�DQG�PD[LPXP�PeDQ�PoQWKO\�vDOXeV�oI�WePSerDWXre�LQ�WKe�
VWXG\�DreD��Ge�$ODvD�	�'eIeo�������DFFoXQWV�Ior�WKe�VeDVoQDO�vDrLDWLoQ�LQ�JroZWK�rDWeV��'eQVLW\�GeSeQGeQW�JroZWK�rDWeV�Zere�GePoQVWrDWeG�LQ�D�OoQJ�WerP�VWXG\�
�'eIeo�����D��
2OLvLer�eW�DO���������GLG�QoW�reSorW�VeDVoQDO�vDrLDWLoQV�LQ�JroZWK�Ior�FODPV�LQ�$rJeQWLQD��EXW�eVWLPDWeG�OoZer�JroZWK�rDWeV��L�e��.§����±����\rí���DQG�JreDWer�

OoQJevLW\��§�\r��WKDQ�Ior�VWXGLeV�LQ�8rXJXD\��'eIeo�����D���7Ke�ODFN�oI�VeDVoQDOLW\�ZDV�SroEDEO\�GXe�Wo�WKe�JroZWK�PoGeO�ePSOo\eG��voQ�%erWDODQII\��������ZKereDV�
OoZer�JroZWK�rDWeV�FoXOG�Ee�DWWrLEXWeG�Wo�WKe�DVVXPSWLoQ�oI�DQQXDO�SerLoGLFLW\�LQ�WKe�IorPDWLoQ�oI�rLQJV��ZLWKoXW�WKLV�EeLQJ�ForroEorDWeG�E\�DQ\�oWKer�PeWKoG���
+oZever��GLIIereQFeV�LQ�JroZWK�rDWeV�PD\�Ee�D�reVSoQVe�Wo�GLVVLPLODr�eQvLroQPeQWDO�FKDrDFWerLVWLFV��'eIeo������D��reSorWeG�OoZer�VL]eV�DW�PDrJLQDO��OeVV�IDvoXrDEOe�
VLWeV��ZLWK�D�vLrWXDO�DEVeQFe�oI�FODPV�oI���PP�OeQJWK��CoQVLGerLQJ�WKeVe�eIIeFWV�over���NP��JroZWK�rDWe�GLIIereQFeV�ZLWKLQ�WKe�JeoJrDSKLFDO�rDQJe�oI�WKe�VSeFLeV�Dre�
OLNeO\�
(VWLPDWeV�oI�WKe�LQVWDQWDQeoXV�rDWe�oI�WoWDO�PorWDOLW\��=��Zere�oEWDLQeG�E\�PeDQV�oI�FDWFK�FXrveV�GrDZQ�DFForGLQJ�Wo�WKe�DJe�OeQJWK�Ne\��DQG�KDG�vDOXeV�oI�����\rí��

DQG�����\rí��Ior������DQG�������reVSeFWLveO\��)roP�DJe���oQ��WKe�FODPV�Zere�IXOO\�DvDLODEOe�Wo�WKe�FDWFK��'eIeo�eW�DO������E���7Ke�LQFreDVe�LQ�=�Ior������FoXOG�Ee�
DWWrLEXWeG�Wo�DQ�LQFreDVe�LQ�GeQVLW\�GeSeQGeQW�QDWXrDO�PorWDOLW\��L�e��JreDWer�GeQVLWLeV�Ior�WKe������FoKorW���or�ILVKLQJ�SreVVXre�or�EoWK��+oZever��D�KLJK�vDrLDELOLW\�LQ�
PorWDOLW\�rDWeV�DPoQJ�\eDrV�LPSOLeV�WKDW�WKe�DEove�vDOXeV�PXVW�Ee�WreDWeG�ZLWK�FDXWLoQ��Vee�EeOoZ��
7Ke�LQVWDQWDQeoXV�rDWe�oI�QDWXrDO�PorWDOLW\��0��vDrLeG��)or�WKe�FOoVeG�ILVKLQJ�VeDVoQ�����±���DQ�0�vDOXe�oI�����\rí��ZDV�oEWDLQeG�IroP�FKDQJeV�LQ�DEXQGDQFe�oI�

WKe�FoKorW�over�WLPe��%DVeG�oQ�WKe�XQe[SOoLWeG�IrDFWLoQ�oI�WKe�SoSXODWLoQ���±��PP��Ior�\eDrV������Wo������DQG�������ZKeQ�WKe�ILVKer\�ZDV�oSeQ��0�rDQJeG�IroP�
����\rí���������Wo�����\rí����������0�ZDV�KLJKeVW�LQ�WKe�GeQVeVW�FoKorWV��ZKLFK�DOVo�e[KLELWeG�OoZeVW�JroZWK�rDWeV�XQGer�LQWeQVe�ILVKLQJ�SreVVXre��'eIeo�����D���0�
DOVo�vDrLeG�VSDWLDOO\��DFForGLQJ�Wo�WKe�TXDOLW\�oI�WKe�VLWe��WKe�e[WeQW�oI�DGXOW�reFrXLW�LQWerDFWLoQV�DQG�WKe�KeWeroJeQeoXV�DOOoFDWLoQ�oI�ILVKLQJ�eIIorW��$�OoQJ�WerP�VWXG\�
EeWZeeQ������DQG������GeWeFWeG�SoWeQWLDO�LQFLGeQWDO�PorWDOLW\�LQ�WKe�\oXQJ�oI�WKe�\eDr��SroGXFeG�E\�GDPDJe�DQG�VeGLPeQW�GLVWXrEDQFe�GXrLQJ�KDrveVWLQJ�DFWLvLWLeV��0�
ZDV�VLJQLILFDQW�DQG�SoVLWLveO\�ForreODWeG�ZLWK�WKe�DPoXQW�oI�ILVKLQJ�eIIorW�DQG�FDWFKeV�oEVerveG�Ser�ILVKLQJ�JroXQG��'eIeo�����E���)LVKLQJ�PorWDOLW\�vDOXeV�rDQJLQJ�IroP�
����\rí��Ior������Wo�����\rí��Ior������Zere�oEWDLQeG�E\�VXEWrDFWLQJ�0�IroP�=��$�FoKorW�DQDO\VLV�ZDV�XVeIXO�Wo�GeWerPLQe�WKe�e[WeQW�oI�ILVKLQJ�PorWDOLW\�Ser�DJe�JroXS�
�'eIeo�eW�DO������E���
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)LVKHU\

,QIorPDWLoQ�oQ�WKe�0� PDFWURLGHV�ILVKer\�LQ�%rD]LO�LV�VFDrFe��DQG�LW�FDQ�Ee�FoQVLGereG�DQ�oSeQ�DFFeVV�V\VWeP��7Ke�\eOOoZ�FODP�FDQ�DOPoVW�GLVDSSeDr�DW�WKe�eQG�oI�eDFK�
VXPPer�VeDVoQ�DroXQG�ever\�LPSorWDQW�VeDVLGe�reVorW��ZKere�LW�LV�FoQVXPeG�DV�IooG�DQG�XWLOL]eG�DV�EDLW��*LDQXFD��������,Q�$rJeQWLQD��e[SOoLWDWLoQ�oI�0� PDFWURLGHV�
KDV�EeeQ�FDrrLeG�oXW�VLQFe�WKe�����V��FoQFXrreQWO\�ZLWK�WKe�GeveOoSPeQW�oI�WKe�FDQQLQJ�LQGXVWr\��2OLvLer�eW�DO���������/DQGLQJV�SeDNeG�LQ������DW�����W��WKeQ�GeFOLQeG��
D�WoWDO�FOoVXre�oI�WKe�ILVKer\�KDV�EeeQ�LPSOePeQWeG�VLQFe�������2OLvLer�	�3eQFKDV]DGeK�����E���7o�GDWe��eveQ�ZLWK�WKe�ILVKer\�FOoVeG��WKe�VWoFN�KDV�GLPLQLVKeG�GXe�Wo�
LOOeJDO�e[WrDFWLoQ��LQFOXGLQJ�WKDW�DVVoFLDWeG�ZLWK�VXPPer�WoXrLVW�DFWLvLW\��%DVWLGD�eW�DO��������
,Q�8rXJXD\��WKe�\eOOoZ�FODP�FoQVWLWXWeV�DQ�LPSorWDQW�DrWLVDQDO�ILVKer\��7Ke�FODPV�Dre�FoOOeFWeG�E\�KDQG�JDWKerLQJ�WeFKQLTXeV�DQG�PDrNeWeG�eLWKer�Ior�EDLW�or�KXPDQ�

FoQVXPSWLoQ��PDLQO\�GXrLQJ�WKe�VXPPer�PoQWKV�DQG�LQ�WKe�VeDVLGe�reVorWV��3rLFeV�SDLG�Wo�ILVKerV�rDQJe�86����±�NJí���DQG�PDrNeW�vDOXe�Ior�FoQVXPerV�LV�QeDr�
86��NJí���LQFOXGLQJ�vDOveV���7Ke�eQKDQFeG�GePDQG�Ior�WKe�FODPV�FDXVeG�D�IDVW�JroZWK�LQ�ODQGLQJV�GXrLQJ�WKe�����V��rDQJLQJ�IroP�����LQ������Wo�D�SeDN�oI����W�LQ�
������)LJ������7KereDIWer�ODQGLQJV�GeFreDVeG�rDSLGO\��$�WePSorDO�FOoVXre�oI�WKe�ILVKer\�ZDV�LPSoVeG�EeWZeeQ�$SrLO������DQG�'eFePEer�������
$Q�overDOO�FDWFK�TXoWD��WKe�ILrVW�PDQDJePeQW�PeDVXre�LPSOePeQWeG��ZDV�XQVXFFeVVIXO��rDSLG�FoOOeFWLoQ�DQG�VWoFNSLOLQJ�oI�orJDQLVPV�PeDQW�WKDW�WKe�FDWFK�TXoWD�ZDV�

TXLFNO\�reDFKeG��OeDGLQJ�Wo�D�GeWerLorDWLoQ�LQ�WKe�SroGXFW��$�PLQLPXP�SroILWDEOe�FDWFK�voOXPe�Ser�ILVKer��GLIIereQWLDO�ILVKLQJ�TXoWDV�Ser�VeDVoQ�DQG�roWDWLoQ�oI�DreDV�
Zere�WKereIore�reFoPPeQGeG�DV�WooOV�Ior�WKe�PDQDJePeQW�oI�WKe�ILVKer\��'eIeo��������)or�WKe�LPSOePeQWDWLoQ�oI�VXFK�VWrDWeJLeV��KDELWDW�KeWeroJeQeLW\��ZKLFK�DFFoXQWV�
Ior�VSDWLDO�DQG�WePSorDO�vDrLDWLoQV�LQ�reVoXrFe�DEXQGDQFe�DQG�LQ�WKe�ILVKLQJ�eIIorW�e[erWeG��ZDV�FoQVLGereG��$�PLQLPXP�OeJDO�VL]e�oI���PP��§���\r��Ior�FoPPerFLDO�
KDrveVW��EDVeG�oQ�WKe�OeQJWK�DW�ILrVW�PDWXrLW\��LV�DOVo�XVeG�DV�D�reJXODWor\�PeDVXre��'eIeo�������
0DQDJePeQW�oI�WKe�8rXJXD\DQ�VWoFN�ZDV�LPSroveG�WKroXJK�e[SerLPeQWDO�SroFeGXreV�WKDW�LQFOXGeG�QDWXrDO�reSoSXODWLoQ�oI�GeSOeWeG�DreDV��roWDWLoQ�oI�DreDV�DQG�WKe�

DOOoFDWLoQ�oI�LQGL��

)LJuUe ��7LPe�VerLeV�oI�0HVRGHVPD PDFWURLGHV�ODQGLQJV������±�����$IWer�'eIeo�eW�DO���������
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vLGXDO�TXoWDV�Ser�ILVKer�WKroXJK�D�FDWFK�Ser�PoQWK�Ser�ILVKer��7KLV�QXPEer�ZDV�GeWerPLQeG�DV�WKe�rDWLo�EeWZeeQ�WKe�QeW�vDOXe�oI�WKe�overDOO�TXoWD�DQG�WZLFe�WKe�DQQXDO�
PLQLPXP�VDODr\��'eIeo�����E���7o�LPSOePeQW�WKe�VSDWLDO�PDQDJePeQW�SODQ��ILVKLQJ�JroXQGV�ZLWK�OoZer�SroGXFWLvLW\�Zere�XVeG�DV�e[SOoLWDWLoQ�XQLWV�ZKeQ�GePDQG�Ior�
FODPV�ZDV�OoZ��L�e��DXVWrDO�DXWXPQ�DQG�ZLQWer���ZKereDV�WKe�FeQWrDO�VeFWLoQV��ZLWK�KLJKeVW�VWoFN�DQG�reFrXLWPeQW�GeQVLWLeV��Zere�XVeG�LQ�VSrLQJ�DQG�VXPPer��'eIeo�eW�DO��
�������7KLV�SerLoG�PD[LPL]eV�WKe�ELoPDVV�oI�WKe�FoKorW�DvDLODEOe�Ior�KDrveVWLQJ��'eIeo�eW�DO������E���5oWDWLoQ�oI�ILVKLQJ�DreDV�DOVo�PDLQWDLQV�VSDFe�DQG�D�FerWDLQ�OeveO�
oI�DGXOW�GeQVLW\�Wo�eQDEOe�reFrXLWPeQW�VXFFeVV�DW�GeVLrDEOe�OeveOV�
7Ke�ZLGe�rDQJe�oI�OeveOV�oI�ILVKLQJ�eIIorW�DFKLeveG�E\�e[SerLPeQWDO�PDQDJePeQW�SrovLGeG�D�rDQJe�oI�vDrLDELOLW\�LQ�WKe�VSDZQLQJ�VWoFN�VL]e��DQG�DOOoZeG�GeWerPLQDWLoQ�

oI�SoSXODWLoQ�SDWWerQV�DQG�SroFeVVeV�WKDW�Zere�oEVFXre�EeIore�FOoVXre��Ior�e[DPSOe�WKe�e[DFW�VKDSe�oI�WKe�reFrXLWPeQW�FXrve��7Ke�VSDWLDOO\�GLVDJJreJDWeG�DQDO\VLV�oI�WKe�
reVoXrFe�DQG�WKe�ILVKer\�FoQVWLWXWeG�D�XVeIXO�DSSroDFK�LQ�LQWerSreWLQJ�WKe�EeKDvLoXr�oI�WKLV�e[SoVeG�VDQG\�EeDFK�SoSXODWLoQ��'eIeo�����D���5eVXOWV�oI�WKe�OoQJ�WerP�
VWXG\�LQ�8rXJXD\�GePoQVWrDWeG�WKDW�TXDQWLWDWLve�PoGeOV�GeveOoSeG�Ior�e[SOoLWeG�SoSXODWLoQV�IroP�VDQG\�EeDFKeV�PXVW�WDNe�LQWo�DFFoXQW�GeQVLW\�GeSeQGeQW��or�DreD�
VSeFLILF�vDrLDWLoQV�LQ�JroZWK��reFrXLWPeQW�DQG�ILVKLQJ�DQG�QDWXrDO�PorWDOLW\��'eIeo�eW�DO��������
6LPXODWLoQ�oI�DOWerQDWLve�PDQDJePeQW�VWrDWeJLeV��'eIeo�����D��VXJJeVWeG�WKDW��LI�WKe�SoSXODWLoQ�LV�FOoVeG�Wo�ILVKLQJ�DFWLvLWLeV�Ior�D�OoQJ�SerLoG��KLJK�DGXOW�GeQVLW\�

FoXOG�LQKLELW�reFrXLWPeQW�VXFFeVV�DQG�KeQFe�WKe�PDJQLWXGe�oI�WKe�VWoFN�DvDLODEOe�Ior�ILVKLQJ��+oZever��D�FOoVeG�VeDVoQ�oI���\eDrV�FoXOG�SroPoWe�VXFFeVVIXO�reFrXLWPeQW�
LQ�WKe�VKorW�WerP��DQG�DQ�LQFreDVe�LQ�SoSXODWLoQ�JroZWK�DEove�WKDW�oEVerveG�XQGer�DQ�e[SOoLWeG�VFeQDrLo��)LVKLQJ�SreVVXre�DFWV�DV�D�VoXrFe�oI�GLVWXrEDQFe��EXW�DOVo�DV�D�
ZD\�oI�reOeDVLQJ�VSDFe��WKXV�eQDEOLQJ�WKe�reFoOoQL]DWLoQ�oI�GLVWXrEeG�SDWFKeV��+DrveVWLQJ�DFWLvLWLeV�ZLWKLQ�FerWDLQ�OeveOV�PD\�GLPLQLVK�WKe�PDJQLWXGe�oI�Sre�VeWWOePeQW�
QDWXrDO�PorWDOLW\�DQG�SroPoWe�VXFFeVVIXO�reFrXLWPeQW��%eFDXVe�oI�ver\�OoZ�OeveOV�oI�WKe�XQLW�FoVW�oI�eIIorW��ELoeFoQoPLF�eTXLOLErLXP�oFFXrV�DW�KLJK�OeveOV�oI�ILVKLQJ�
LQWeQVLW\��ZKLFK�LQ�WXrQ�LQFreDVeV�WKe�rLVNV�oI�e[KDXVWLQJ�WKLV�KLJKO\�vXOQerDEOe�VeGeQWDr\�VSeFLeV�

7KH PDFKD��0eVoGeVPD�GoQDFLXP��)LJ� �J� S� ����

'LVWULEXWLRQ

0� GRQDFLXP�LV�GLVWrLEXWeG�DOoQJ�WKe�3DFLILF�FoDVW�oI�6oXWK�$PerLFD��IroP�%DKtD�6eFKXrD��3er~��F����6��Wo�,VOD�Ge�CKLOoq��F�����6���7DrLIexo��������)LJ�����S��������
7KLV�VSeFLeV�LQKDELWV�WKe�VZDVK�]oQe�Wo�DEoXW���±��P�GeeS�oII�e[SoVeG�KLJK�eQerJ\�LQWerPeGLDWe�DQG�GLVVLSDWLve�VDQG\�EeDFKeV��7DrLIexo��������������,W�KDV�DOVo�
EeeQ�IoXQG�LQ�VKeOWereG�VLWeV�LQ�WKe�oXWOeWV�oI�eVWXDrLQe�DreDV�oI�VoXWK�FeQWrDO�CKLOe��(�-DrDPLOOo�XQSXEO��GDWD���7Ke�DFroVV�VKore�GLVWrLEXWLoQ�oI�0� GRQDFLXP�LV�SDWFK\�
DQG�DGXOW�FODPV�Dre�SrLPDrLO\�FoQILQeG�Wo�WKe�VXrI�]oQe��ZKLOe�WKe�vDVW�PDMorLW\�oI�MXveQLOeV�oFFXr�LQ�WKe�VZDVK�]oQe��7DrLIexo�������-DrDPLOOo�eW�DO���������
7Ke�OoQJVKore�GLVWrLEXWLoQ�oI�0� GRQDFLXP�LV�KLJKO\�vDrLDEOe��7DrLIexo�������-DrDPLOOo�eW�DO���������)or�e[DPSOe��LQ�D�VDQG\�EeDFK�VWreWFKLQJ�DSSro[LPDWeO\�����P��

VeverDO�VXrI�FODP�EeGV�Zere�FOeDrO\�GLVWLQJXLVKeG��SDWFKeV�oI�VXrI�FODPV�Dre�XVXDOO\�VeSDrDWeG�E\�DreDV�ZLWK�ver\�OoZ�GeQVLWLeV�or�E\�vDFDQW�DreDV�ZKoVe�OeQJWKV�FDQ�
reDFK�VeverDO�KXQGreGV�oI�PeWreV��-DrDPLOOo�eW�DO���������7Ke�GLVFoQWLQXoXV�GLVWrLEXWLoQ�oI�WKLV�VSeFLeV�PLJKW�Ee�reODWeG�Wo�OoQJVKore�GLIIereQFeV�LQ�JrDLQ�VL]e��7DrLIexo�
������DQG�or�vDrLDELOLW\�LQ�FoPSDFWQeVV�oI�WKe�VXEVWrDWXP��(�-DrDPLOOo�XQSXEO��GDWD���



3DJe����

%LRORJ\ DQG HFRORJLFDO UROH

3oSXODWLoQV�oI�0� GRQDFLXP�XVXDOO\�KDve�D�Ve[�rDWLo�oI������6DOJDGo�	�,VKL\DPD�������7DrLIexo�������3ereGo�eW�DO���������6WXGLeV�oI�WKe�reSroGXFWLve�F\FOe�oI�0� 
GRQDFLXP�LQ�3erXvLDQ�DQG�CKLOeDQ�ZDWerV�KDve�VKoZQ�GLIIereQFeV�LQ�WKe�WLPLQJ�oI�JDPeWoJeQeVLV�DQG�VSDZQLQJ�SerLoGV�DOoQJ�WKLV�ODWLWXGLQDO�JrDGLeQW��7KeVe�GLIIereQFeV�
PD\�Ee�reODWeG�Wo�OoFDO�vDrLDELOLW\�LQ�eQvLroQPeQWDO�IDFWorV�VXFK�DV�ZDWer�WePSerDWXre�DQG�IooG�DvDLODELOLW\��7DrLIexo�������3ereGo�eW�DO���������6XrI�FODPV�PDWXreG�LQ�
3erX��§���6��EeWZeeQ�ODWe�ZLQWer�DQG�ODWe�VSrLQJ��$XJXVW±1ovePEer���ZKLOe�WKe�VSDZQLQJ�SerLoG�ODVWeG�IroP�ODWe�VSrLQJ�Wo�PLGZLQWer��'eFePEer±-XO\���WKe�ODVW�VWDJe�
EeLQJ�PoVW�IreTXeQW�GXrLQJ�VXPPer�PoQWKV��'eFePEer±�0DrFK���Pore�WKDQ�������6DOJDGo�	�,VKL\DPD��������,Q�ODWLWXGeV�FOoVe�Wo����6��rLSe�DQLPDOV�SeDNeG�������
LQ�PLGZLQWer��$XJXVW���ZKLOe�VSDZQeG�VXrI�FODPV�Zere�Pore�IreTXeQW�LQ�6eSWePEer��ZLWK�OeVV�WKDQ�����LQ�WKLV�VWDJe�XQWLO�ODWe�VXPPer��0DrFK���7DrLIexo��������6XrI�
FODPV�FoOOeFWeG�IXrWKer�VoXWK��§��±���6��Zere�PDWXre�GXrLQJ�ZLQWer��ZKLOe�WKe�VSDZQLQJ�VeDVoQ�ZDV�SrLPDrLO\�GXrLQJ�ODWe�VSrLQJ��1ovePEer±'eFePEer���7DrLIexo�
�������7DrLIexo�DOVo�PeQWLoQeG�D�VeFoQG�VSDZQLQJ�SerLoG��ODWe�VXPPer��)eErXDr\±0DrFK���CODPV�oI�VoXWK�FeQWrDO�CKLOe��§���6��KDG�D�PDWXrDWLoQ�SerLoG�GXrLQJ�
ZLQWer�DQG�VSrLQJ��IroP�-XQe�WKroXJK�1ovePEer���rLSe�DQLPDOV�EeLQJ�PoVW�DEXQGDQW�LQ�1ovePEer��3ereGo�eW�DO��������DQG�VSDZQLQJ�e[WeQGeG�IroP�VXPPer�Wo�eDrO\�
DXWXPQ��'eFePEer�Wo�$SrLO���)XrWKer�VoXWK��§���6���0� GRQDFLXP�KDV�WZo�PDLQ�SerLoGV�oI�VSDZQLQJ��oQe�GXrLQJ�VSrLQJ��2FWoEer±1ovePEer���DQG�WKe�VeFoQG�oQe�
GXrLQJ�ODWe�VXPPer��/ySe]��������7Ke�GXrDWLoQ�oI�ODrvDO�VWDJeV�LV�XQNQoZQ��DV�Dre�WKe�G\QDPLFV�oI�reFeQWO\�VeWWOeG�ODrvDe�DQG�reFrXLWV��+oZever��LQ�FeQWrDO�DQG�VoXWK�
FeQWrDO�CKLOe��reFrXLWPeQW�WDNeV�SODFe�SrLPDrLO\�DW�VKeOWereG�VLWeV�QeDr�eVWXDrLQe�oXWOeWV��7DrLIexo�������(�-DrDPLOOo�XQSXEO��reVXOWV��
6L]e�DW�ILrVW�PDWXrLW\��7DEOe����S�������DOVo�vDrLeV�JeoJrDSKLFDOO\�LQ�0� GRQDFLXP��EXW�WKere�LV�Qo�FOeDr�ODWLWXGLQDO�SDWWerQ��0DWXrDWLoQ�oFFXrreG�DW���±��PP�VKeOO�

OeQJWK��PeDQ���PP��LQ�3erX��§���6���6DOJDGo�	�,VKL\DPD��������DQG�DW���±��PP�LQ�FeQWrDO�CKLOe��§���6���7DrLIexo��������)XrWKer�VoXWK��PDWXrLW\�oFFXrreG�DW���±
��PP��PeDQ�����PP���7DrLIexo��������ZKLOe�/ySe]��������PeQWLoQV�D�rDQJe�oI���±��PP��

3RSXODWLRQ G\QDPLFV

$Je�DQG�JroZWK�oI�0� GRQDFLXP�KDve�EeeQ�VWXGLeG�E\�DQDO\VeV�oI�OeQJWK�IreTXeQF\�KLVWoJrDPV�DQG�JroZWK�rLQJV�oQ�WKe�VKeOO��$ODrFoQ�������7DrLIexo�������������
$rQW]�eW�DO���������CoPSDrLVoQV�oI�reVXOWV�VKoZeG�WKDW�JroZWK�rDWeV�vDr\�ZLWK�ODWLWXGe��7DEOe����S��������,Q�3er~�����6���$rQW]�eW�DO���������FDOFXODWeG�D�PD[LPXP�
VKeOO�OeQJWK�oI����±���PP�DQG�DQQXDO�JroZWK�rDWeV� �vDOXe�Ior�WKe�VSeFLeV�WKroXJKoXW�LWV�eQWLre�GLVWrLEXWLoQ�rDQJe�ZDV�FOoVe�Wo��������



3DJe����

)LVKHU\

/DQGLQJV�oI�0� GRQDFLXP�LQ�3erX�VKoZeG�D�VWeDG\�LQFreDVe�IroP���������W��Wo����������W���reDFKLQJ�DQ�LPSreVVLve�SeDN�EeWZeeQ������DQG�������ZKeQ�FDWFKeV�
Zere�VeveQ�IoOG�KLJKer��§����W��Vee�)LJ�������7KLV�KDSSeQeG�GXrLQJ�WKe�SerLoG�SreFeGLQJ�WKe�(162�eveQW�oI�����±����7Ke�GeFOLQe�IroP������Wo������PD\�Ee�D�
FoPELQeG�reVXOW�oI�reVoXrFe�over�e[SOoLWDWLoQ������±����DQG�QeJDWLve�eIIeFWV�oI�(162�oQ�0� GRQDFLXP�SoSXODWLoQV��CDVWLOOD�	�CDPXV��������$rQW]�eW�DO���������
SoLQWeG�oXW�WKDW�IroP�0DrFK������oQZDrGV��Qo�OLve�VXrI�FODPV�Zere�IoXQG�LQ�VKDOOoZ�ZDWerV�VoXWK�oI�/LPD�DQG�reSorWeG�Qo�reFover\�XS�Wo�������/DQGLQJV�IroP������
Wo������VKoZeG�D�reFover\�oI�WKe�reVoXrFe��EXW�Qever�reDFKeG�WKe�ODQGLQJ�OeveOV�oI�����±����Vee�'eIeo�eW�DO���������

)LJuUe �� 0HVRGHVPD GRQDFLXP�ODQGLQJV�LQ�CKLOe������±����DQG�3erX������±������$IWer�'eIeo�eW�DO���������

,Q�CKLOe��VXrI�FODPV�Dre�SrLPDrLO\�KDrveVWeG�E\�DrWLVDQDO�ILVKerV�oSerDWLQJ�IroP�WKe�EeDFK�DQG�eQWerLQJ�WKe�VXrI�]oQe�GXrLQJ�OoZ�WLGeV��+oZever��PoVW�oI�WKe�FDWFK�LV�
XOWLPDWeO\�VoOG�oQ�FoPPerFLDO�PDrNeWV��7Ke�ILVKerV�oSerDWLQJ�IroP�WKe�EeDFK��FDOOeG�³PDFKeroV �́�FoOOeFW�WKe�FODPV�E\�WZLVWLQJ�WKeLr�IeeW�DQG�XVLQJ�WKeLr�EoG\�ZeLJKW�Wo�
e[FDvDWe�WKe�VDQG�XQWLO�FODPV�ePerJe�DW�WKe�VeGLPeQW�VXrIDFe�Wo�Ee�SLFNeG�XS�E\�KDQG��,Q�VoPe�DreDV��eVSeFLDOO\�GXrLQJ�ver\�FDOP�GD\V��0� GRQDFLXP�LV�DOVo�KDrveVWeG�
E\�KooNDK�GLverV�IroP�EoDWV�OoFDWeG�EeKLQG�WKe�VXrI�]oQe�
7Ke�e[SOoLWDWLoQ�oI�0� GRQDFLXP�LV�reJXODWeG�oQO\�E\�D�PLQLPXP�VL]e�oI����PP�VKeOO�OeQJWK�LQ�VoXWK�FeQWrDO�CKLOe��§��±���6��DQG����PP�VKeOO�OeQJWK�LQ�WKe�reVW�oI�

WKe�FoXQWr\��/DQGLQJV�GDWD�JDWKereG�IroP�*overQPeQW�VoXrFeV��6ervLFLo�1DFLoQDO�Ge�3eVFD��6(51$3��EeWZeeQ������DQG������VKoZ�D�PDrNeG�LQFreDVe�IroP������
oQZDrGV��)LJ�������DV�D�reVSoQVe�Wo�D�VWroQJ�WreQG�WoZDrGV�GLverVLILFDWLoQ�LQ�WKe�e[SorW�oI�CKLOeDQ�VKeOOILVK�SroGXFWV��'eIeo�eW��



3DJe����

DO���������/DQGLQJV�SeDNeG�LQ�������reDFKLQJ�F�������W��DQG�GeFOLQeG�WKereDIWer������±����GoZQ�Wo�����W��)LJ�������SroEDEO\�GXe�Wo�over�e[SOoLWDWLoQ�DQG�or�
IOXFWXDWLoQV�LQ�PDrNeW�GePDQG��,QGeeG��D�WreQG�oI�WKe�IoreLJQ�PDrNeW��L�e��6SDQLVK�PDrNeW��WoZDrGV�WKe�VeOeFWLoQ�oI�FODP�VL]eV�OoZer�WKDQ�WKe�OeJDO�PDrNeWDEOe�VL]e��KDV�
EeeQ�oEVerveG��'eIeo�eW�DO���������$FForGLQJ�Wo�WKeVe�ILVKer\�VWDWLVWLFV��DreDV�OoFDWeG�LQ�VoXWK�FeQWrDO�CKLOe�DFFoXQW�Ior�WKe�PDMorLW\�oI�WKe�ODQGLQJV��+oZever��QoW�DOO�
WKe�FDWFK�LV�reSorWeG�Wo�6(51$3��oIWeQ�WKe�PDFKeroV�XVe�WKe�FDWFK�Ior�WKeLr�oZQ�FoQVXPSWLoQ��or�eOVe�VeOO�LW�GLreFWO\�Wo�FoQVXPerV��
$�GDLO\�VeW�oI�GDWD�oQ�WKe�ILVKer\�oI�0� GRQDFLXP�ZDV�FoOOeFWeG�IroP�0D\������Wo�2FWoEer�������oQ�D���NP�VWreWFK�oI�EeDFK�LQ�VoXWK�FeQWrDO�CKLOe��0eKXtQ��F��

���6���'XrLQJ�WKLV�SerLoG��WKe�PD[LPXP�QXPEerV�oI�PDFKeroV�ZorNLQJ�LQ�D�VLQJOe�GD\�Zere���������DQG�����)eErXDr\��$SrLO�������DQG�0DrFK�������reVSeFWLveO\���7Ke�
DverDJe�PD[LPXP�QXPEer�oI�ILVKerV�ZDV�WKree�PDFKeroV�Ser�GD\��2SeQ�KDrveVWLQJ�VeDVoQV�Ior�oWKer�VSeFLeV��SrLPDrLO\�³OoFo �́&RQFKROHSDV FRQFKROHSDV��LQIOXeQFeG�
WKe�QXPEer�oI�ILVKerV�FoOOeFWLQJ�VXrI�FODPV�GXrLQJ�VoPe�VWDJeV�oI�WKLV�VWXG\��7Ke�PD[LPXP�QXPEer�oI�ZorNLQJ�GD\V��XS�Wo�����oI�WKe�ZKoOe�PoQWK��oFFXrreG�GXrLQJ�WKe�
DXVWrDO�VXPPer�PoQWKV�oI�-DQXDr\±0DrFK��ZKereDV�GXrLQJ�ZLQWer�DQG�eDrO\�VSrLQJ�PoQWKV�IeZ�GD\V�Zere�ZorNeG��OeVV�WKDQ�����oI�WKe�ZKoOe�PoQWK���SrLPDrLO\�
EeFDXVe�oI�roXJK�VXrI�]oQe�FoQGLWLoQV��7Ke�WoWDO�FDWFK�rDQJeG�IroP���±����NJ�Ser�PoQWK��DQG�SeDNeG�GXrLQJ�VXPPer�PoQWKV��/oZeVW�KDrveVWV�oFFXrreG�GXrLQJ�
ZLQWer�PoQWKV��Ior�e[DPSOe�OeVV�WKDQ����NJ�Ser�PoQWK�GXrLQJ�-XO\�$XJXVW�������+oZever��WKe�PeDQ�FDWFK�oI�VXrI�FODPV�Ser�PDFKero�rePDLQeG�IDLrO\�VWDEOe���L�e�������
NJGD\í����

(uUoSe

2QO\�oQe�VSeFLeV�oI�FODP�LV�ZLGeO\�KDrveVWeG�oQ�e[SoVeG�VDQG\�EeDFKeV�LQ�(XroSe��DOWKoXJK�PDQ\�Dre�XWLOL]eG�oQ�WLGDO�IODWV�DQG�LQ�eVWXDrLeV��

7KH ZHGJH FODP��'oQD[�WrXQFXOXV��)LJ� �K� S� ����

'LVWULEXWLRQ

'� WUXQFXOXV�LV�GLVWrLEXWeG�DOoQJ�WKe�$WODQWLF�FoDVWV�oI�(XroSe�DQG�1orWK�$IrLFD��IroP�WKe�%D\�oI�'oXDrQeQe]��%rLWWDQ\��)rDQFe��*XLOOoX�	�/e�0oDO�������Wo�6eQeJDO�
�)LVFKer�eW�DO���������DQG�WKroXJKoXW�WKe�0eGLWerrDQeDQ�DQG�%ODFN�6eDV��)LJ�����S��������:LWKLQ�WKLV�rDQJe�oI�GLVWrLEXWLoQ��DEXQGDQW�SoSXODWLoQV�Dre�IoXQG�LQ�DreDV�oI�
KLJK�SroGXFWLvLW\�oIWeQ��EXW�QoW�e[FOXVLveO\��DVVoFLDWeG�ZLWK�WKe�GLVFKDrJe�oI�rLverV��'LVWrLEXWLoQ�LV�OLPLWeG�Wo�PoGerDWeO\�e[SoVeG�or�e[SoVeG�EeDFKeV�oI�FOeDQ��ZeOO�
VorWeG�VDQG�ZLWK�PeGLDQ�SDrWLFOe�VL]eV�LQ�WKe�rDQJe����±���ȝP��0D]p�	�/DEorGD�������*XLOOoX�	�%D\eG��������)or�EeDFKeV�DOoQJ�WKe�FoDVW�oI�0oroFFo��WKere�LV�D�
FOoVe�ForreODWLoQ�EeWZeeQ�WKe�PD[LPXP�GeQVLW\�oI�DGXOWV�IoXQG�DQG�WKe�GLVWDQFe�IroP�WKe�FoDVW�Wo�WKe����P�GeSWK�FoQWoXr��LQGLFDWLQJ�GeSeQGeQFe�oI�GeQVLW\�oQ�
K\GroG\QDPLFV�ZKLFK�LV�FoQWroOOeG�E\�WKe�JrDGLeQW�oI�WKe�VeD�EeG�LQVKore�oI�WKLV�FrLWLFDO�GeSWK�DW�ZKLFK�ZDve�eQerJ\�EeJLQV�Wo�Ee�GLVVLSDWeG��*XLOOoX�	�%D\eG��������
+\GroG\QDPLF�FoQGLWLoQV�DOVo�DFFoXQW�Ior�GLIIereQFeV�LQ�SoSXODWLoQ�GeQVLW\�DOoQJ�WKe�OeQJWK�oI�EeDFKeV��0oXs]D�	�CKeVVeO�������
7Ke�verWLFDO�GLVWrLEXWLoQ�oI�'� WUXQFXOXV�vDrLeV�LQ�GLIIereQW�SDrWV�oI�LWV�rDQJe��,Q�WKe�eVVeQWLDOO\�WLGeOeVV�0eGLWerrDQeDQ�6eD��'� WUXQFXOXV�oFFXSLeV�D�reODWLveO\�QDrroZ�

]oQe�LQ�GeSWKV�oI�



3DJe����

D�IeZ�FeQWLPeWreV�Wo��P��0DVVp�������������$PoXroX[�������'eJLovDQQL�	�0oXs]D�������*eOGLD\�	�8\VDO�������0oXs]D�����D��%oGo\�	�0DVVp�������6DODV�
CDVDQovD�������ZLWK�D�VeFoQG�VPDOOer�VSeFLeV�oI�'RQD[� '� VHPLVWULDWXV��oFFXS\LQJ�D�VLPLODrO\�QDrroZ�]oQe�LQ�VOLJKWO\�GeeSer�ZDWer��0DVVp�������������DQG�D�WKLrG�
VSeFLeV��'� YHQXVWXV��\eW�GeeSer��2Q�WKe�WLGDO�$WODQWLF�FoDVWV��'� WUXQFXOXV�oFFXrV�LQ�WKe�LQWerWLGDO�]oQe��6DOvDW�������CKDVVp�������*rXeW�������*XLOOoX�	�/e�0oDO�
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0oVW�DXWKorV�KDve�QoW�DWWePSWeG�Wo�eVWLPDWe�PorWDOLW\�or�overDOO�SroGXFWLoQ��$QVeOO�	�/DJDGqre��������SrovLGeG�D�³SrovLVLoQDO �́eVWLPDWe�oI�PorWDOLW\�DQG�

SroGXFWLoQ�EDVeG�oQ�PeDQ�VL]e�IreTXeQF\�GLVWrLEXWLoQV��eTXLvDOeQW�Wo�³FDWFK�FXrveV �́�Ior�WZo�SoSXODWLoQV�DW�,Oe��
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Ge�2OeroQ��)reQFK�$WODQWLF�FoDVW��7KeVe�LQGLFDWe�D�JrDGXDOO\�LQFreDVLQJ�rDWe�oI�PorWDOLW\�IroP�\eDr�oQe�Wo�\eDr�IoXr�ZLWK�IeZ�LQGLvLGXDOV�VXrvLvLQJ�LQWo�WKeLr�ILIWK�\eDr��2Q�
WKe�WZo�EeDFKeV�VWXGLeG�WKe�PeDQ�eVWLPDWeG�rDWe�oI�SroGXFWLoQ�ZDV�VLPLODr��D�OoZer�PeDQ�SoSXODWLoQ�GeQVLW\�oQ�oQe�EeLQJ�FoPSeQVDWeG�Ior�E\�D�KLJKer�SroGXFWLvLW\�Ser�
LQGLvLGXDO�reVXOWLQJ�IroP�D�KLJKer�JroZWK�rDWe�

)LVKHU\

7Ke�PDMor�FoPPerFLDO�VKeOOILVKerLeV�WKDW�e[SOoLW�QDWXrDO�SoSXODWLoQV�oI�LQWerWLGDO�or�VKDOOoZ�VXEWLGDO�VoIW�VeGLPeQWV�LQ�(XroSeDQ�ZDWerV�DOO�FeQWre�oQ�VKeOWereG�VDQG�IODWV�
or�eVWXDrLeV�rDWKer�WKDQ�oQ�WKe�Pore�e[SoVeG�EeDFK�KDELWDWV�WKDW�IorP�WKe�VXEMeFW�oI�WKLV�revLeZ��'� WUXQFXOXV�LV�WKe�FOoVeVW�DQDOoJXe�oQ�(XroSeDQ�FoDVWV�Wo�WKe�EeDFK�
FODPV�oI�WKe�oWKer�JeoJrDSKLFDO�DreDV�GLVFXVVeG�DQG�LV�LQFOXGeG�Kere�Ior�WKDW�reDVoQ��'� WUXQFXOXV�LV�e[SOoLWeG�LQ�PoVW�(XroSeDQ�FoXQWrLeV�DOWKoXJK�JeQerDOO\�oQO\�DV�D�
reFreDWLoQDO�ILVKer\�Ior�LQGLvLGXDO�FoQVXPSWLoQ�or�DV�DQ�DrWLVDQDO�FoPPerFLDO�ILVKer\�VXSSO\LQJ�OoFDO�PDrNeWV��,Q�VoPe�FoXQWrLeV��WKere�LV�D�Pore�e[WeQVLve�ILVKer\��LQ�,WDO\��
Ior�e[DPSOe��'� WUXQFXOXV�LV�ILVKeG�oQ�WKe�eDVW�FoDVW�IroP�7XVFDQ\�Wo�WKe�VoXWKerQ�SDrW�oI�WKe�1DSoOL�DreD��DQG�oQ�WKe�$GrLDWLF�FoDVW�LQ�WKe�QorWK��)rLXOL��9eQe]LD�*LXOLD��
DQG�VoXWK��3XJOLD���'�'eO�3Lero�SerV��FoPP����'� WUXQFXOXV�KDV�EeeQ�KeDvLO\�e[SOoLWeG�LQ�VoPe�DreDV�oI�,WDO\��QoWDEO\�WKe�7\rreQLDQ�6eD�FoDVW��'oZLGDr�	�(O�1DG\�
�������reSorW�WKDW�'� WUXQFXOXV��NQoZQ�OoFDOO\�DV�³2P�(O�.KoOooO �́�LV�WKe�PoVW�SoSXODr�eGLEOe�FODP�DOoQJ�WKe�0eGLWerrDQeDQ�FoDVW�oI�(J\SW�ZKere�LW�LV�FDXJKW�
FoPPerFLDOO\�XVLQJ�D�³VSeFLDO�GreGJe��GrDJJeG�E\�PDQ�or�DQLPDO�SoZer �́�$OeeP��������7Kere�Dre�Qo�SXEOLVKeG�oIILFLDO�VWDWLVWLFV�Ior�DQ\�'� WUXQFXOXV�ILVKer\��
7Ke�WeFKQLTXeV�oI�KDrveVWLQJ�'� WUXQFXOXV�vDr\�IroP�FoXQWr\�Wo�FoXQWr\�DQG�IroP�reJLoQ�Wo�reJLoQ��WKe\�PoVWO\�LQvoOve�PeWKoGV�oI�PDQXDO�FoOOeFWLoQ�E\�LQGLvLGXDO�

ILVKerV��2Wero�

)LJuUe ���+DQG�GreGJe�LQ�XVe�Ior�FoOOeFWLQJ�'RQD[ WUXQFXOXV�LQ�3orWXJDO���3KoWoJrDSK�FoXrWeV\�oI�6LPoQ�*roVVeW��SKoWo�MoXrQDOLVW���
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�������GeVFrLEeG�WKe�³VPDOO�rDVFD �́�D�VLFNOe�OLNe�GevLFe�XVeG�E\�ILVKerV�LQ�*DOLFLD��6SDLQ��Wo�ErLQJ�'RQD[�Wo�WKe�VDQG�VXrIDFe��$OoQJ�WKe�FoDVW�oI�WKe�$OJDrve��3orWXJDO��
ILVKerV�XVe�LQGLvLGXDO�GreGJeV�GrDZQ�EDFNZDrGV�LQ�VKDOOoZ�ZDWer��ZLWK�D�KDrQeVV�ZorQ�roXQG�WKe�ZDLVW��DQG�roFNeG�Wo�DQG�Iro�E\�PeDQV�oI�D�ZooGeQ�SoVW�DWWDFKeG�DW�
WKe�IroQW�oI�WKe�GreGJe��)LJ�������2Q�WKe�)reQFK�0eGLWerrDQeDQ�FoDVW��D�VoPeZKDW�VLPLODr�VPDOO�GreGJe�NQoZQ�DV�D�³WeOOLQLqre �́LV�SXOOeG�E\�KDQG�or��LQ�VoPe�FDVeV��E\�D�
KorVe��+\GrDXOLF�GreGJeV��QorPDOO\�ePSOo\eG�LQ�ILVKerLeV�Ior�&KDPHOHD JDOOLQD��9eQerLGDe��DQG�EQVLV PLQRU��6oOeQDFeDe���Zere�XVeG�LQ�,WDO\�Wo�KDrveVW�'RQD[ 
WUXQFXOXV�EXW�Dre�QoZ�SroKLELWeG��'�'eO�3Lero�SerV��FoPP����,Q�VoPe�DreDV�OoFDO�reJXODWLoQV�KDve�EeeQ�LQWroGXFeG�Wo�KeOS�FoQVerve�WKe�VWoFNV�oI�'� WUXQFXOXV�DQG�
oWKer�e[SOoLWeG�ELvDOveV�LQ�VKDOOoZ�FoDVWDO�ZDWerV��OoFDO�reJXODWLoQV�LQ�$QGDOXVLD��6SDLQ��Ior�e[DPSOe��GeILQe�D�PLQLPXP�VL]e�oI���PP�VKeOO�OeQJWK�DQG�D�FOoVeG�VeDVoQ�
Ior�WKe�ILVKer\�e[WeQGLQJ�IroP���$SrLO�Wo����6eSWePEer��'r�CDrPeQ�6DODV�SerV��FoPP���

$IULFD

7KLV�VeFWLoQ�FoverV�D�VLQJOe�VSeFLeV�WKDW�oFFXrV�oQ�VDQG\�EeDFKeV�LQ�6oXWK�$IrLFD�DQG�1DPLELD��2WKer�VSeFLeV�PD\�VXSSorW�DrWLVDQDO�ILVKerLeV�eOVeZKere�LQ�$IrLFD�EXW�
WKLV�LV�WKe�oQO\�VSeFLeV�Ior�ZKLFK�SXEOLVKeG�LQIorPDWLoQ�LV�DvDLODEOe�DQG�LW�LV�SroEDEO\�DOVo�WKe�oQO\�VSeFLeV�WKDW�LV��or�KDV�EeeQ��XWLOL]eG�FoPPerFLDOO\��

7KH ZKLWH VDQG PXVVHO�'oQD[�VerrD��)LJ� �L� S� ����

'LVWULEXWLRQ

'� VHUUD�oFFXrV�DroXQG�WKe�VoXWKerQ�$IrLFDQ�FoDVWOLQe�IroP�WKe�7rDQVNeL�FoDVW�oI�6oXWK�$IrLFD�LQ�WKe�eDVW�WKroXJK�Wo�WKe�.XQeQe�5Lver�DW�WKe�EorGer�EeWZeeQ�1DPLELD�
DQG�$QJoOD�LQ�WKe�ZeVW��)LJ�����S��������,WV�GLVWrLEXWLoQ�WKXV�FoverV�WKree�ELoJeoJrDSKLF�SrovLQFeV��WKe�ZDrP�WePSerDWe�VoXWK�FoDVW�DQG�WKe�WePSerDWe�1DPDTXD�DQG�
1DPLE�XSZeOOLQJ�reJLoQV�DOoQJ�WKe�ZeVW�FoDVW��%DOO\�������'oQQ�����D���,QWerWLGDO�GLVWrLEXWLoQ�vDrLeV�FoQVLGerDEO\�EeWZeeQ�WKe�ZDrP�WePSerDWe�VoXWK�FoDVW�SrovLQFe�
DQG�WKe�FoOG�WePSerDWe�ZeVW�FoDVW�SrovLQFeV�
7Ke�LQWerWLGDO�GLVWrLEXWLoQ�SreVeQWV�D�GLVWLQFW�VL]e�VSeFLILF�]oQDWLoQ�WKDW�GLIIerV�EeWZeeQ�reJLoQV��,Q�WKe�eDVW�DQG�VoXWK�WKe�VSeFLeV�LV�eQWLreO\�LQWerWLGDO�ZLWK�DGXOWV�EeLQJ�

FeQWreG�oQ�WKe�PLGVKore��DOWKoXJK�VSDW�PD\�VeWWOe�LQ�WKe�VXrI�]oQe�DQG�PLJrDWe�XSVKore�DV�WKe\�JroZ��0F/DFKODQ�	�+DQeNoP�������'oQQ�����D��/DVWrD��������2Q�
WKe�ZeVW�FoDVW�WKLV�reverVeV�DQG�MXveQLOeV�oFFXr�LQ�WKe�LQWerWLGDO�ZLWK�DGXOWV�oQ�WKe�OoZer�VKore�DQG�LQ�WKe�VXrI�]oQe��Ge�9LOOLerV�����D��%DOO\�������'oQQ�����D���
+oZever��LQ�QorWKerQ�1DPLELD�LQWerWLGDO�GLVWrLEXWLoQ�VZLWFKeV�EDFN�Wo�WKe�VoXWK�FoDVW�SDWWerQ��ZLWK�DGXOWV�LQ�WKe�LQWerWLGDO��%DOO\�������'oQQ�����D���7KLV�LV�SroEDEO\�
GXe�Wo�LQFreDVLQJ�ZDWer�WePSerDWXre�QorWK�oI�WKe�XSZeOOLQJ�reJLoQ�LQ�1DPLELD�DQG�SDrDOOeOV�WKe�VeDVoQDO�VKLIWV�LQ�GLVWrLEXWLoQ�oI�0HVRGHVPD PDFWURLGHV�LQ�6oXWK�
$PerLFD�
'RQD[ VHUUD�LV�QoW�WKe�oQO\�GoQDFLG�LQKDELWLQJ�6oXWK�$IrLFDQ�EeDFKeV��'� VRUGLGXV��D�VPDOOer�WLGDO�PLJrDQW�VSeFLeV��oFFXrV�OoZer�oQ�WKe�VKore�oQ�WKe�VoXWK�FoDVW��

7Kere�LV�Qo�LQGLFDWLoQ�oI�DQ\�FoPSeWLWLoQ�EeWZeeQ�WKe�WZo�VSeFLeV�DQG�GLVWrLEXWLoQ�oI�WKe�ODWWer�LV�FeQWreG�oQ�WKe�VXrI�]oQe��ZKereDV�'� VHUUD�LV�eQWLreO\�LQWerWLGDO�e[FeSW�
Ior�QeZ�reFrXLWV�WKDW�VeWWOe�LQ�WKe�VXrI�]oQe��
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'LVWrLEXWLoQ�DQG�]oQDWLoQ�Dre�QoW�FoQVWDQW�DQG�WKLV�VSeFLeV��OLNe�PoVW�LQKDELWDQWV�oI�e[SoVeG�EeDFKeV��XQGerJoeV�PLJrDWLoQV��,Q�FoQWrDVW�Wo�PoVW�oWKer�'RQD[�
VSeFLeV��KoZever��'� VHUUD�GoeV�QoW�XQGerJo�WLGDO�PLJrDWLoQV��EXW�rDWKer�VKoZV�VPDOO�VePL�OXQDr�PovePeQWV�XS�DQG�GoZQ�WKe�VKore�FoXSOeG�Wo�FKDQJeV�LQ�EeDFK�ZDWer�
WDEOeV�GXrLQJ�VSrLQJ�DQG�QeDS�WLGeV��0F/DFKODQ�eW�DO��������'oQQ�eW�DO���������7KeVe�PovePeQWV�KDve�EeeQ�reForGeG�oQO\�LQ�VoXWK�FoDVW�VWoFNV��ZeVW�FoDVW�
SoSXODWLoQV�Go�QoW�DSSeDr�Wo�XQGerWDNe�DQ\�WLGDO�or�VePL�OXQDr�PLJrDWLoQV��,W�KDV�EeeQ�VXJJeVWeG�WKDW�WKe�ODrJe�VL]e�oI�'� VHUUD�DQG�WKe�OoZ�ZDWer�WePSerDWXreV�oQ�WKe�
ZeVW�FoDVW�PDNe�rDSLG�EXrLDO�GLIILFXOW��SreFOXGLQJ�DQ\�PLJrDWLoQV�or�LQWerWLGDO�e[LVWeQFe��KeQFe�WKe�VXEWLGDO�DGXOW�VWoFNV��'oQQ�����D��'oQQ�	�(OV��������
$QoWKer�GLVWrLEXWLoQ�SDWWerQ�GeVFrLEeG�Ior�'� VHUUD�LV�D�OoQJVKore�VL]e�VSeFLILF�VeJreJDWLoQ�DroXQG�OoJ�VSLrDO�ED\V�LQ�WKe�eDVWerQ�CDSe��'oQQ��������VXJJeVWeG�WKDW�

VSDW�reFrXLW�Pore�DEXQGDQWO\�QeDr�rLver�PoXWKV�EXW�Dre�VXEVeTXeQWO\�WrDQVSorWeG�eDVWZDrGV�E\�OoQJVKore�FXrreQWV��WKereE\�FreDWLQJ�D�VL]e�VSeFLILF�OoQJVKore�]oQDWLoQ�LQ�
WKeVe�SoSXODWLoQV��MXveQLOeV�Dre�PoVW�DEXQGDQW�QeDr�rLver�PoXWKV��ZKereDV�DGXOWV�EeFoPe�Pore�SroOLILF�eDVWZDrGV��'XJDQ��������VXEVeTXeQWO\�DWWePSWeG�Wo�WeVW�Ior�
OoQJVKore�PLJrDWLoQ�LQ�DGXOWV�E\�WDJJLQJ��EXW�IDLOeG�Wo�GeWeFW�DQ\�VLJQLILFDQW�PovePeQW��)XrWKerPore��MXveQLOe�GLVWrLEXWLoQ�ZDV�SDWFK\�ZLWK�Qo�FOeDr�VL]e�JrDGLeQW�DV�
SoVWXODWeG�E\�'oQQ��������

%LRORJ\ DQG HFRORJLFDO UROH

%oWK�VoXWK�DQG�ZeVW�FoDVW�VWoFNV�oI�'� VHUUD�KDve�D�SoorO\�GeILQeG�EreeGLQJ�F\FOe�DQG�e[KLELW�e[WeQGeG�VSDZQLQJ�ZLWK��W\SLFDOO\��Pore�WKDQ�oQe�SeDN�LQ�WKe�\eDr��2Q�
EoWK�FoDVWV�WKeVe�SeDNV�JeQerDOO\�VSDQ�WKe�SerLoGV�ODWe�VXPPer�DQG�ODWe�ZLQWer��6e[eV�Dre�VeSDrDWe�DQG�KerPDSKroGLWeV�KDve�QoW�EeeQ�reForGeG��WKe�Ve[�rDWLo�LV�����
DQG�WKe\�Dre�e[WerQDO�IerWLOL]erV��Ge�9LOOLerV�����E��0F/DFKODQ�	�+DQeNoP�������vDQ�Ger�+orVW��������)ePDOeV�SroGXFe�ODrJe�QXPEerV�oI�VPDOO����ȝP��eJJV��vDQ�Ger�
+orVW�������EXW�IeFXQGLW\�KDV�QoW�EeeQ�TXDQWLILeG�
6eDVoQDO�FKDQJeV�LQ�ELoFKePLFDO�FoPSoVLWLoQ�oI�DGXOWV�KDve�EeeQ�OLQNeG�Wo�WKe�reSroGXFWLve�F\FOe��0F/DFKODQ�	�+DQeNoP��������'� VHUUD�oQ�WKe�VoXWK�FoDVW�

XQGerJoeV�D�VXEVWDQWLDO�GroS�LQ�WLVVXe�PDVV�LQ�ZLQWer�DQG�VSrLQJ�DQG�D�VPDOOer�GroS�LQ�VXPPer��ForreVSoQGLQJ�Wo�WKe�WZo�VSDZQLQJ�VeDVoQV��7Ke�WLVVXe�FoPSrLVeV�����
SroWeLQ������FDrEoK\GrDWe�DQG����OLSLG�
$�Iree�VZLPPLQJ�SODQNWoWroSKLF�ODrvD�GeveOoSV�WKroXJK�WroFKoSKore�DQG�veOLJer�VWDJeV�EeIore�VeWWOLQJ�DV�VSDW��%roZQ�eW�DO��������EXW�WKe�GXrDWLoQ�oI�ODrvDO�OLIe�LV�QoW�

NQoZQ��5eFrXLWPeQW�LV�Wo�WKe�VXrI�]oQe�oQ�WKe�VoXWK�FoDVW�EXW�SroEDEO\�Wo�WKe�LQWerWLGDO�oQ�WKe�ZeVW�FoDVW��6eWWOePeQW�FDQ�oFFXr�WKroXJKoXW�WKe�\eDr�EXW�PD\�SeDN�LQ�
ODWe�VXPPer�DQG�eDrO\�DXWXPQ�Ior�WKe��±��PP�OeQJWK�FODVV�oQ�WKe�VoXWK�FoDVW�ZKere�VSDW�DSSeDr�Wo�VeWWOe�VeOeFWLveO\�LQ�SDWFKeV�oI�ILQe�VDQG�LQ�WKe�VXrI�]oQe��/DVWrD�
�������'e�9LOOLerV������E��reForGeG�SeDN�reFrXLWPeQW�Wo�D�OeQJWK�oI��±�PP�GXrLQJ�VSrLQJ�DQG�VXPPer��IoOOoZLQJ�WKe�e[WeQGeG�PDMor�VSDZQLQJ�SerLoG�VWDrWLQJ�LQ�
ZLQWer�
'� VHUUD��ZKLFK�LV�WKe�ODrJeVW�PePEer�oI�WKe�JeQXV��LV�D�VXFFeVVIXO�VXVSeQVLoQ�IeeGer�DQG�WKe�GoPLQDQW�FoQWrLEXWor�Wo�PDFroIDXQDO�ELoPDVV�oQ�PDQ\�6oXWK�$IrLFDQ�

EeDFKeV��0F/DFKODQ�eW�DO��������'oQQ��������7Ke�ELoOoJ\�oI�WKe�VSeFLeV�KDV�EeeQ�revLeZeG�E\�%roZQ�eW�DO����������'� VHUUD�SoVLWLoQV�WKe�WLSV�oI�LWV�VLSKoQV�OeveO�
ZLWK�WKe�VDQG�VXrIDFe�DQG�WDNeV�LQ�VZDVK�DQG�VXrI�ZDWer�LQFOXGLQJ�SK\WoSODQNWoQ�DQG�GeWrLWDO�PDWerLDO��7Ke�LQKDODQW�VLSKoQ�KDV�D�IrLQJe�oI�WeQWDFOeV�Wo�e[FOXGe�VDQG�
JrDLQV��,W�IeeGV�LQ�SXOVeV�DQG�LV�FDSDEOe�oI�ILOWerLQJ�D�ZLGe�rDQJe�oI�SDrWLFOeV�IroP���ȝP�GoZQ�Wo�EDFWerLD��EXW�e[WrDFWV�SDrWLFOeV�LQ�WKe�VL]e�rDQJe��±�ȝP�PoVW�eIILFLeQWO\�
�6WeQWoQ�'o]e\�������0DWWKeZV�eW�DO��������
7Ke�VLSKoQV�EeDr�FLOLDWeG�WXIWV�oQ�WKeLr�VXrIDFeV�WKDW�PD\�Ee�SrLPDr\�reFeSWorV�reVSoQGLQJ�
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Wo�OLJKW��WDFWLOe�or�FKePoVeQVor\�VWLPXOL��+oGJVoQ�	�)LeOGeQ�������+oGJVoQ��������'� VHUUD�KDV�D�ODrJe�EODGe�VKDSeG�IooW�DQG�PXVFOeV�SOXV�WKe�SeGDO�KDePoFoeOLF�
FDvLW\�Dre�XVeG�Wo�e[WeQG�WKe�IooW�DQG�DLG�LQ�EXrroZLQJ��%roZQ�eW�DO���������,W�LV�D�rDSLG�DQG�SoZerIXO�EXrroZer��7rXePDQ�	�%roZQ�������DQG�EXrLDO�WLPe�LQFreDVeV�
ZLWK�VL]e�DQG�OoZereG�WePSerDWXreV��0F/DFKODQ�	�<oXQJ�������0F/DFKODQ�eW�DO���������,W�DOVo�VXrIV�LQ�WKe�VZDVK��VPDOOer�LQGLvLGXDOV�GoLQJ�Vo�Pore�IreTXeQWO\��7Ke�
eQerJeWLFV�oI�OoFoPoWLoQ�KDve�EeeQ�revLeZeG�E\�%roZQ�eW�DO���������
'� VHUUD�LV�reODWLveO\�WoOerDQW�oI�KeDW�VWreVV��VXrvLvLQJ�Ior�e[WeQGeG�SerLoGV�DW�WePSerDWXreV�oI���±���C��6L]e�FODVVeV�WKDW�oFFXr�KLJKeVW�oQ�WKe�VKore�VKoZ�WKe�

JreDWeVW�WePSerDWXre�WoOerDQFe�oQ�EoWK�FoDVWV��$QVeOO�	�0F/DFKODQ�������6WeQWoQ�'o]e\�������6WeQWoQ�'o]e\�	�%roZQ��������'� VHUUD�LV�DOVo�PoGerDWeO\�WoOerDQW�
oI�OoZereG�VDOLQLWLeV��0F/DFKODQ�	�+DQeNoP�������DQG�FoXOG�WKXV�SeQeWrDWe�D�VKorW�GLVWDQFe�LQWo�eVWXDrLeV�LI�oWKer�FoQGLWLoQV�Zere�VXLWDEOe��
CoQVLGerDEOe�DWWeQWLoQ�KDV�EeeQ�SDLG�Wo�reVSLrDWLoQ�LQ�'� VHUUD�DQG�SXEOLVKeG�LQIorPDWLoQ�LV�VXPPDrL]eG�LQ�%roZQ�eW�DO����������7Ke�JLOOV�Dre�QoW�eVSeFLDOO\�ODrJe�LQ�

reODWLoQ�Wo�EoG\�VL]e��o[\JeQ�XSWDNe�LV�SroSorWLoQDO�Wo�EoG\�ZeLJKW�Wo�WKe�SoZer����±�����DQG�DQLPDOV�GLVSOD\�IODW�rDWe�WePSerDWXre�FXrveV��7Ke\�Dre�o[\FoQIorPerV��
XSWDNe�LQFreDVLQJ�LQ�SroSorWLoQ�Wo�DPELeQW�SDrWLDO�SreVVXreV��0eWDEoOLVP�GXrLQJ�ZLWKGrDZDO�LQWo�WKe�VKeOO�XQGer�XQIDvoXrDEOe�FoQGLWLoQV�LV�DQDeroELF��WKe�DQLPDO�
LQFXrrLQJ�DQ�o[\JeQ�GeEW��$Q�eQerJ\�EXGJeW�FoPSLOeG�Ior�WKLV�VSeFLeV�LQGLFDWeV�WKDW�VFoSe�Ior�JroZWK�LV�JreDWeVW�ZKeQ�LW�LV�IeG�oQ�DOJDO�rDWLoQV�DQG�OoZer�ZKeQ�IeG�oQ�
GeWrLWXV��%roZQ�eW�DO��������0DWWKeZV�eW�DO���������1o�SDrDVLWeV�or�FoPPeQVDOV�KDve�EeeQ�reForGeG�oQ�'� VHUUD��:LWK�KLJK�IeFXQGLW\��rDSLG�JroZWK�DQG�XQVSeFLDOL]eG�
IeeGLQJ��'� VHUUD�LV�FOeDrO\�D�W\SLFDO�U�VWrDWeJLVW�VSeFLeV�
'� VHUUD�LV�WKe�GoPLQDQW�VXVSeQVLoQ�IeeGer�DPoQJ�WKe�EeQWKoV�oQ�EoWK�VoXWK�DQG�ZeVW�FoDVWV�oI�VoXWKerQ�$IrLFD��,WV�VWDQGLQJ�VWoFN�FDQ�rXQ�LQWo�NLOoJrDPV�oI�Gr\�

IOeVK�PDVV�Ser�OLQeDr�PeWre�oI�EeDFK�DQG�LW�FoQVWLWXWeV�XS�Wo�����oI�LQWerWLGDO�ELoPDVV��,WV�SoVLWLoQ�LQ�WKe�eFoV\VWeP�LV�EeVW�XQGerVWooG�LQ�WKe�eDVWerQ�CDSe�VeFWor�oI�WKe�
VoXWK�FoDVW�ZKere�IooG�ZeEV��WroSKLF�reODWLoQV��eQerJ\�IOoZ�DQG�QXWrLeQW�F\FOLQJ�LQ�EeDFK�DQG�VXrI�]oQe�eFoV\VWePV�KDve�EeeQ�ZeOO�VWXGLeG��7roSKLF�G\QDPLFV�oI�WKe�
EeDFK�DQG�VXrI�]oQe�eFoV\VWeP�LQ�WKLV�DreD�KDve�EeeQ�VXPPDrL]eG�LQ�revLeZV�E\�0F/DFKODQ�	�%DWe���������CoFNFroIW�	�0F/DFKODQ��������DQG�+e\�PDQV�	�
0F/DFKODQ��������
7KLV�EeDFK�DQG�VXrI�]oQe�eFoV\VWeP�LV�IXeOOeG�E\�LQWeQVe�DFFXPXODWLoQV�oI�VXrI�GLDWoPV��AQDXOXV DXVWUDOLV��:LWKLQ�WKe�PDFroIDXQDO�WroSKLF�DVVePEODJe��]ooSODQNWoQ�

DQG�EeQWKoV�FoQVWLWXWe�DSSro[LPDWeO\�eTXDO�ELoPDVV�DQG�'� VHUUD�PDNeV�XS�����oI�WKe�ODWWer�ELoPDVV��,W�KDV�D�3�%�rDWLo�oI�DEoXW����\rí���0F/DFKODQ�	�+DQeNoP�
������'oQQ�������6FKoePDQ��������3roGXFWLoQ�E\�WKLV�VSeFLeV�FoQVWLWXWeV�DEoXW�����oI�DOO�SroGXFWLoQ�LQ�WKe�PDFroIDXQD�DVVePEODJe�DQG�LV�WDNeQ�E\�VZLPPLQJ�FrDEV�
2YDOLSHV WULPDFXODWXV��������ELrGV��eVSeFLDOO\�o\VWerFDWFKerV�DQG�JXOOV��������DQG�D�vDrLeW\�oI�EeQWKLF�IeeGLQJ�ILVKeV��LQFOXGLQJ�EDWoLGV��������GX�3ree]�������
0F/DFKODQ�eW�DO��������GX�3ree]�eW�DO���������3reGDWLoQ�LV�EoWK�OeWKDO��Ior�e[DPSOe�VDQGVKDrNV�Sre\LQJ�oQ�MXveQLOeV�LQ�WKe�VXrI�]oQe�DQG�VNDWeV��o\VWerFDWFKerV�DQG�JXOOV�
WDNLQJ�DGXOWV�LQ�WKe�LQWerWLGDO��DQG�VXEOeWKDO��ZLWK�VDQGerOLQJV�QLSSLQJ�VLSKoQV�LQ�WKe�LQWerWLGDO�DQG�VoPe�ILVKeV�GoLQJ�WKLV�LQ�WKe�VXEWLGDO��'DPDJeG�VLSKoQV�FDQ�Ee�
reJeQerDWeG�ZLWKLQ�D�IeZ�ZeeNV��+oGJVoQ�������
$V�ZeOO�DV�LWV�FoQWrLEXWLoQ�Wo�eQerJ\�IOoZ��'RQD[ VHUUD�LV�DOVo�D�reJeQerDWor�oI�QXWrLeQWV��SrLQFLSDOO\�DPPoQLD��ZKLFK�reSreVeQWV�D�VLJQLILFDQW�VoXrFe�oI�QLWroJeQ�Wo�

SK\WoSODQNWoQ��3roVFK�	�0F/DFKODQ�������CoFNFroIW�	�0F/DFKODQ��������,WV�VKeOOV�FoQWrLEXWe�Wo�WKe�FDOFLXP�FDrEoQDWe�IrDFWLoQ�oQ�WKeVe�EeDFKeV��
7Ke�DEove�VFeQDrLo�DSSOLeV�Wo�WKe�eDVWerQ�CDSe�VeFWor�oI�WKe�VoXWK�FoDVW�ZKere�e[SoVeG�LQWer��



3DJe����

PeGLDWe�Wo�GLVVLSDWLve�EeDFKeV�Dre�FKDrDFWerL]eG�E\�KLJK�VXrI�GLDWoP�SroGXFWLoQ��(OVeZKere�WKe�roOe�oI�ZKLWe�VDQG�PXVVeOV�PD\�GLIIer��oQ�LQWerPeGLDWe�Wo�reIOeFWLve�
EeDFKeV�LW�LV�PXFK�OeVV�DEXQGDQW�or�DEVeQW��2Q�WKe�ZeVW�FoDVW��VXrI�]oQeV�Dre�FKDrDFWerL]eG�E\�XSZeOOLQJ��KLJK�GeWrLWDO�LQSXWV�IroP�NeOS�EeGV�DQG�WKe�DEVeQFe�oI�VXrI�
GLDWoPV��7Ke�JreDW�ELoPDVV�oI�VDQG�PXVVeOV�LQ�WKe�VXrI�]oQeV�oI�WKe�Pore�GLVVLSDWLve�EeDFK�W\SeV�VXJJeVW�WKDW�WKe\�PXVW�SOD\�DQ�LPSorWDQW�roOe�DV�FoQVXPerV�oI�ZDWer�
FoOXPQ�SDrWLFXODWeV�DQG�DV�IooG�Ior�ILVKeV�DQG�FrDEV��7Ke�FoQVXPSWLoQ�oI�DGXOWV�E\�ELrGV�LV�reVWrLFWeG�Wo�WKe�VoXWK�FoDVW�ZKere�DGXOW�ZKLWe�VDQG�PXVVeOV�oFFXr�
LQWerWLGDOO\�

3RSXODWLRQ G\QDPLFV

7Ke�SoSXODWLoQ�G\QDPLFV�oI�'� VHUUD�KDve�EeeQ�e[DPLQeG�LQ�WZo�DreDV��oQ�WKe�ZeVW�FoDVW�QorWK�oI�CDSe�7oZQ�DQG�oQ�WKe�eDVWerQ�VeFWor�oI�WKe�VoXWK�FoDVW�QeDr�3orW�
(OL]DEeWK��7Ke�ZeVW�FoDVW�VWXGLeV��Ge�9LOOLerV�����D��FoXOG�oQO\�FOeDrO\�GLVWLQJXLVK�WZo�DJe�JroXSV�oQ�WKe�EeDFK�EeFDXVe�VOoZLQJ�oI�JroZWK�ZLWK�DJe�reVXOWeG�LQ�D�
XQLPoGDO�IreTXeQF\�EDQG�oI�DGXOWV�DQG�WKLV�ZDV�FoPSoXQGeG�E\�WKe�PLJrDWLoQ�oI�DGXOWV�LQWo�WKe�VXEWLGDO�EeOoZ�WKe�OLPLWV�oI�VDPSOLQJ��5eFeQW�VWoFN�DVVeVVPeQWV��7Drr�
������DW�IoXr�ZeVW�FoDVW�VLWeV�LQGLFDWeG�PeDQ�SoSXODWLoQ�VL]eV�oQ�WKe�EeDFK�DQG�VKDOOoZ�VXEWLGDO�oI����±�����Ser�OLQeDr�PeWre��Pí����ZLWK�D�PD[LPXP�oI�����Pí���
DQG�SoSXODWLoQV�XS�Wo�����PLOOLoQ�NPí��VKoreOLQe��2Q�WKe�VoXWK�FoDVW��SoSXODWLoQV�KDve�EeeQ�VWXGLeG�E\�0F/DFKODQ�	�+DQeNoP���������'oQQ��������DQG�6FKoePDQ�
��������������0oVW�ZorN�KDV�FoQFeQWrDWeG�oQ�WZo�e[SoVeG�EeDFKeV����NP�DQG���NP�OoQJ��ZKere�DEXQGDQFeV�Dre�KLJK��rDQJLQJ�IroP�����±����Pí���PeDQ�
����Pí���DQG�VKeOO�Iree�Gr\�ELoPDVV�vDOXeV�XS�Wo��NJPí���PeDQ�����JPí���KDve�EeeQ�reForGeG��$EXQGDQFe�VKoZV�LQWerDQQXDO�IOXFWXDWLoQV��PDLQO\�GXe�Wo�vDr\LQJ�
reFrXLWPeQW��DGXOW�VWoFNV�EeLQJ�rePDrNDEO\�VWDEOe�
*roZWK�LV�rDSLG��Wo���±��PP�LQ�WKe�ILrVW�\eDr�LQ�WKe�LQWerWLGDO��DQG�Wo���±��PP�LQ�WKe�VeFoQG�\eDr��oQ�WKe�VoXWK�FoDVW��0F/DFKODQ�	�+DQeNoP�������'oQQ�������

6FKoePDQ��������7KereDIWer�JroZWK�rDWe�GeFreDVeV�Wo�D�VL]e�oI���PP��PD[LPXP���PP��DIWer�ILve�or�Pore�\eDrV��6FKoePDQ��������(PSLrLFDO��0F/DFKODQ�	�
+DQeNoP��������*oPSerW]��'oQQ�������DQG�voQ�%erWDODQII\�VeDVoQDOO\�oVFLOODWLQJ��6FKoePDQ�������JroZWK�FXrveV�KDve�EeeQ�eVWLPDWeG��DOO�LQ�FOoVe�DJreePeQW��.�
rDQJeG�����±����\rí���DQG�L� ���±��PP��$Q�DSSro[LPDWe�vDOXe�oI�WKe�JroZWK�LQGe[� �ZDV�������7DEOe����S��������

2Q�WKe�ZeVW�FoDVW�JroZWK�LV�VOoZer�EXW�FoQWLQXeV�XQWLO�D�ODrJer�VL]e�LV�DWWDLQeG��'e�9LOOLerV������D��ZDV�DEOe�Wo�oEWDLQ�JroZWK�rLQJ�reDGLQJV�oI�VXIILFLeQW�reOLDELOLW\�Wo�
FoPSLOe�D�JroZWK�FXrve�WKDW�ForreVSoQGeG�ZeOO�ZLWK�FXrveV�IroP�OeQJWK�IreTXeQF\�DQDO\VeV��'e�9LOOLerV������D��eVWLPDWeG�DQ�ePSLrLFDO�JroZWK�FXrve�ZLWK�OeQJWKV�oI�
��PP����PP����PP����PP�DQG���PP�DIWer�WKeLr�ILrVW�ILve�\eDrV�oQ�WKe�EeDFK�DQG�Ve[XDO�PDWXrLW\�DW���±���PP�or����±����\eDrV��:eVW�FoDVW�VSeFLPeQV�FDQ�JroZ�Wo�
��PP�VKeOO�OeQJWK��7KLV�VSeFLeV�GoeV�QoW�XVXDOO\�KDve�GLVWLQFW�DQG�XVDEOe�JroZWK�rLQJV�oQ�WKe�VoXWK�FoDVW�
7Kere�ZDV�rePDrNDEOe�FoQVLVWeQF\�LQ�WKeVe�WKree�VWXGLeV�DQG�3�%�rDWLoV�Zere�IoXQG�Wo�Ee�DEoXW����\rí��DQG�WoWDO�PorWDOLW\����±����\rí��ZLWK�ILVKer\�PorWDOLW\�

�) ����\rí���QeJOLJLEOe��6FKoePDQ��������CoPSDrDEOe�SroGXFWLoQ�DQG�PorWDOLW\�GDWD�Dre�QoW�\eW�DvDLODEOe�Ior�WKe�ZeVW�FoDVW��6e[XDO�PDWXrLW\�LV�reDFKeG�DW�D�OeQJWK�oI�
DEoXW���PP�oQ�DverDJe��rDQJe���±��PP���WKLV�EeLQJ�DW�DQ�DJe�oI�DEoXW��\r�DIWer�VeWWOePeQW�or����\r�LQ�WKe�LQWerWLGDO��0F/DFKODQ�	�+DQeNoP�������6FKoePDQ�
������
'oQQ������E��DQDO\]eG�PorSKoPeWrLF�GLIIereQFeV�EeWZeeQ�ZeVW�DQG�VoXWK�FoDVW�SoSXODWLoQV��ILQGLQJ�WKe�VOLJKWO\�VPDOOer�LQWerWLGDO�VoXWK�FoDVW�VSeFLPeQV�Wo�KDve�

KeDvLer�vDOveV��JreDWer�GeQVLW\�DQG�Pore�ZeGJeG�VKDSeV�WKDQ�WKeLr�FoOGer�ZDWer�ZeVW�FoDVW�FoXQWerSDrWV��+e�VXJJeVWeG�WKDW�WKeVe�GLIIereQFeV�DLGeG�EeWWer�PovePeQW�
DQG�rDSLG�EXrLDO�LQ�WKe�VZDVK�LQ�WKe�FDVe�oI�VoXWK�FoDVW�VSeFLPeQV��



3DJe����

0DVV�PorWDOLWLeV�Dre�D�FoPPoQ�SKeQoPeQoQ�oQ�WKe�ZeVW�FoDVW�DQG�Ge�9LOOLerV������D��GeVFrLEeG�oQe�PDMor�PorWDOLW\�DW�(ODQGV�%D\��7KLV�ZDV�FDXVeG�E\�reG�WLGeV�LQ�
WKe�IorP�oI�EOooPV�oI�WKe�GLQoIODJeOODWe�*RQ\DXOD[ JULQGOH\L��7KLV�eIIeFW�ZDV�JreDWeVW�DW�OoZer�WLGe�OeveOV�DQG�vLrWXDOO\�DOO�DGXOW�LQGLvLGXDOV�SerLVKeG��reFover\�ZDV�QoW�
evLGeQW�ZLWKLQ�VL[�\eDrV��6XFK�reG�WLGeV�Dre�D�FoPPoQ�oFFXrreQFe�oQ�WKe�ZeVW�FoDVW�EXW�oQO\�oFFDVLoQDOO\�FDXVe�PDVV�PorWDOLWLeV�oQ�WKe�VFDOe�GeVFrLEeG�E\�Ge�9LOOLerV�
�����D���2Q�WKe�VoXWK�FoDVW�PLQor�PorWDOLWLeV�KDve�EeeQ�reForGeG�ZKere�PDQ\�GeDG�DQLPDOV�OLWWereG�WKe�GrLIW�OLQe��,W�LV�QoW�NQoZQ�ZKDW�FDXVeG�VXFK�PorWDOLWLeV�EXW�WKe\�
JeQerDOO\�DIIeFW�OeVV�WKDQ�����oI�WKe�SoSXODWLoQ�DW�DQ\�oQe�WLPe��$�0F/DFKODQ�XQSXEO��GDWD��

)LVKHU\

6WoQe�DJe�SeoSOeV�DroXQG�VoXWKerQ�$IrLFD�VXEVLVWeG�oQ�VDQG�PXVVeOV�Ior�PLOOeQQLD�DQG�WKeLr�VKeOOV�FKDrDFWerL]e�PLGGeQV�DOoQJ�WKe�FoDVW��,Q�reFeQW�WLPeV�PXVVeOV�KDve�
EeeQ�FoOOeFWeG�LQ�reFreDWLoQDO�DQG�FoPPerFLDO�ILVKerLeV�Ior�XVe�DV�EDLW�DQG�IooG��EXW�PDLQO\�EDLW��7Ke�ZeVW�FoDVW�VWoFNV�KDve�EeeQ�VXEMeFWeG�Wo�EoWK�IorPV�oI�ILVKer\�EXW�
oQO\�reFreDWLoQDO�ILVKerLeV�e[LVW�oQ�WKe�VoXWK�FoDVW��$�VL]e�OLPLW�oI���PP�VKeOO�ZLGWK����PP�OeQJWK��KDV�OoQJ�EeeQ�LQ�IorFe��6WDWLVWLFV�oI�OLFeQVeG�ODQGLQJV�Ior�FoPPerFLDO�
FoOOeFWLQJ��reForGeG�VLQFe�������VKoZ�D�FOeDr�GeFOLQe��)LJ������FoXSOeG�Wo�EoWK�GeFreDVLQJ�GePDQG�DQG�reGXFWLoQV�LQ�DQQXDO�TXoWDV��$OO�OLFeQFeV�Zere�revoNeG�LQ������
DQG�WKe�LVVXe�oI�QeZ�OLFeQFeV�KDV�EeeQ�OLPLWeG�SeQGLQJ�WKe�oXWFoPe�oI�oQJoLQJ�VWoFN�DVVeVVPeQWV��7Drr��������7Ke�SroEOeP�oI�Wo[LQV�DFFXPXODWLQJ�LQ�WKe�WLVVXeV�GXrLQJ�
reG�WLGeV�KDV�LQKLELWeG�WKe�GeveOoSPeQW�oI�WKLV�LQGXVWr\�oQ�ZeVW�FoDVW�EeDFKeV�DQG�ODQGLQJV�Dre�XVeG�SrLPDrLO\�Ior�EDLW��$OWKoXJK�OLWWOe�IXrWKer�LQIorPDWLoQ�LV�DvDLODEOe�oQ�
WKLV�ILVKer\�LW�LV�FOeDr�WKDW�WKeVe�VWoFNV�Dre�OLJKWO\�XWLOL]eG�DQG�FoXOG�VXVWDLQ�D�PXFK�JreDWer�KDrveVW�LI�LW�Zere�QoW�Ior�WKe�LQKLELWLQJ�eIIeFWV�oI�SoLVoQLQJ�E\�reG�WLGeV��
2Q�WKe�VoXWK�FoDVW��LQWerWLGDO�DGXOWV�Dre�ZLGeO\�FoOOeFWeG�LQ�D�reFreDWLoQDO�ILVKer\��$OWKoXJK�VoPe�LQWereVW�KDV�EeeQ�e[SreVVeG�LQ�eVWDEOLVKLQJ�D�VPDOO�FoPPerFLDO�

oSerDWLoQ�QeDr�3orW�(OL]DEeWK��WKere�KDV�EeeQ�VWroQJ�SXEOLF�oSSoVLWLoQ�Wo�ZKDW�LV�VeeQ�DV�D�GDQJer�Wo�WKe�ZLOGerQeVV�TXDOLW\�oI�WKe�EeDFKeV�DQG�Qo�IorPDO�DSSOLFDWLoQV�
Ior�SerPLWV�Ior�VXFK�D�ILVKer\�KDve�EeeQ�VXEPLWWeG�Wo�GDWe��6FKoePDQ��������DQG�6LPV��������KDve�PoQLWoreG�WKe�reFreD��

)LJuUe ���$QQXDO�FoPPerFLDO�ODQGLQJV�oI�'RQD[ VHUUD�Ior�EDLW���$IWer�7Drr�������
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WLoQDO�ILVKer\�oQ�WKe�EeDFK�VXSSorWLQJ�JreDWeVW�VDQG�PXVVeO�SoSXODWLoQV�DQG�IoXQG�WKDW�FoOOeFWorV�rePove�����oI�WKe�SoSXODWLoQ������oI�ELoPDVV��Ser�\eDr��+oZever��
PDQ\�FoOOeFWorV�e[FeeGeG�WKeLr�TXoWD�oI����PXVVeOV�Ser�GD\�DQG�FoOOeFWeG�DQLPDOV�EeOoZ�WKe�VL]e�OLPLW��7Ke�LQIrLQJePeQW�oI�VL]e�OLPLWV�LV�ODrJeO\�EeFDXVe�WKe�VL]e�OLPLW�oI�
��PP�VKeOO�OeQJWK����PP!�WKDQ�VL]e�DW�ILrVW�PDWXrLW\��7DEOe����S��������LV�LQDSSroSrLDWe�Ior�WKe�VoXWK�FoDVW�ZKere�DGXOWV�Dre�VPDOOer�WKDQ�oQ�WKe�ZeVW�FoDVW�DQG������
oI�WKe�SoSXODWLoQ�LV�DEove�WKLV�PLQLPXP�OLPLW��'� VHUUD�DSSeDrV�Wo�Ee�XQGer�e[SOoLWeG�oQ�WKe�VoXWK�FoDVW�DQG�WKere�LV�DQ�DV�\eW�XQWDSSeG�SoWeQWLDO�Ior�D�FoPPerFLDO�
ILVKer\��$Q�oQJoLQJ�VWXG\�oI�SoVVLEOe�KDrveVWLQJ�LPSDFWV�DQG�D�FoVW�EeQeILW�DQDO\VLV�oI�WKe�IeDVLELOLW\�oI�D�FoPPerFLDO�ILVKer\�Ior�'� VHUUD�LQ�6W�)rDQFLV�%D\�oQ�WKe�VoXWK�
FoDVW�KDve�LQGLFDWeG�WKDW�����oI�FODPV�Dre�GDPDJeG�GXrLQJ�KDrveVWLQJ��eveQ�XVLQJ�WrDGLWLoQDO�WeFKQLTXeV��VSDGeV���EXW�WKDW�Qo�eFoOoJLFDO�GDPDJe�Wo�WKe�EeDFK�FoXOG�Ee�
GeWeFWeG��7KeVe�reVXOWV�LQGLFDWe�WKDW�D�VPDOO�FoPPerFLDO�ILVKer\�LV�LQGeeG�vLDEOe��6FKoePDQ�������6LPV�SerV�FoPP���
7Kere�LV�D�IXQGDPeQWDO�GLIIereQFe�EeWZeeQ�WKe�VoXWK�DQG�ZeVW�FoDVW�VWoFNV�oI�'� VHUUD�LQ�WerPV�oI�ILVKer\�PDQDJePeQW��7Ke�LQWerWLGDO�VLWXDWLoQ�oI�DGXOWV�oQ�WKe�VoXWK�

FoDVW�PDNeV�WKeP�reDGLO\�DFFeVVLEOe�Wo�FoOOeFWLQJ�DQG�WKe�DEVeQFe�oI�reG�WLGeV�DOOoZV�XWLOL]DWLoQ�Ior�IooG�DQG�EDLW��CDreIXO�FoQWroO�DQG�PDQDJePeQW�LV�WKXV�QeeGeG�oQ�
WKe�VoXWK�FoDVW�DQG�TXoWDV�DQG�FoOOeFWLoQ�PeWKoGV��KDQG�oQO\��VKoXOG�Ee�eQIorFeG��+oZever��PLQLPXP�OeJDO�VL]e�oQ�WKe�VoXWK�FoDVW�FoXOG�Ee�reGXFeG�Wo�DEoXW���PP�
VKeOO�OeQJWK��VLQFe�WKLV�LV�DEove�VL]e�DW�PDWXrLW\��LW�FoXOG�reGXFe�LQFLGeQWDO�PorWDOLW\�DQG�LV�Pore�DSSroSrLDWe�Ior�D�SoSXODWLoQ�WKDW�KDV�D�VPDOOer�LQGLvLGXDO�VL]e�WKDQ�oQ�WKe�
ZeVW�FoDVW��2Q�WKe�ZeVW�FoDVW��KoZever��WKe�VXEWLGDO�GLVWrLEXWLoQ�oI�PoVW�oI�WKe�DGXOW�VWoFN�reQGerV�WKeP�reODWLveO\�LQDFFeVVLEOe��reG�WLGeV�SreveQW�WKeLr�XVe�Ior�IooG�DW�
FerWDLQ�WLPeV�DQG�WKe�FoQVLGerDEOe�e[WeQW�oI�WKe�FoDVW�DQG�OoZ�KXPDQ�SoSXODWLoQ�GeQVLWLeV�DOVo�OLPLW�LPSDFW��,W�LV�WKereIore�GoXEWIXO�ZKeWKer�DQ\�PDQDJePeQW�or�FoQWroO�
LV�QeeGeG�Ee\oQG�TXoWDV�DQG�VL]e�OLPLWV�

$VLD

1XPeroXV�VSeFLeV�oI�ELvDOve�Dre�KDrveVWeG�DQG�XWLOL]eG�DV�IooG�LQ�WroSLFDO�DQG�VXEWroSLFDO�FoXQWrLeV�DroXQG�WKe�,QGo�3DFLILF�reJLoQ��EXW�PoVW�oI�WKeVe�IDOO�oXWVLGe�WKe�
VFoSe�oI�WKLV�revLeZ�DV�WKe\�Dre�eLWKer�VXEWLGDO�LQ�GLVWrLEXWLoQ��or�IroP�LQWerWLGDO�VDQG�IODWV�or�eVWXDrLeV��6DQG�EeDFKeV�LQ�WKLV�reJLoQ�FoPPoQO\�VXSSorW�SoSXODWLoQV�oI�
PoVWO\�VPDOO�VL]eG�GoQDFLG��PeVoGeVPDWLG�DQG�veQerLG�ELvDOveV��oQO\�WKe�IeZ�ODrJer�VSeFLeV�Dre�e[SOoLWeG�LQ�VoPe�DreDV�E\�PDLQO\�DrWLVDQDO�ILVKerLeV��DOWKoXJK�WKe�
FoPPerFLDO�SoWeQWLDO�oI�oWKer�VSeFLeV�KDV�EeeQ�e[SOoreG�LQ�VoPe�FoXQWrLeV��0ZDLGVeMe�������3DrXOeNDr�eW�DO��������

7KH ZHGJH FODPV�'oQD[�FXQeDWXV�DQG�'��IDED��)LJ� �M� N� S� ����

'LVWULEXWLRQ

'� FXQHDWXV�LV�GLVWrLEXWeG�oQ�WroSLFDO�FoDVWV�IroP�eDVW�$IrLFD��WKroXJKoXW�WKe�,QGo�3DFLILF�reJLoQ�Wo�-DSDQ�DQG�$XVWrDOLD��DQG�eDVWZDrG�LQ�WKe�3DFLILF�,VODQGV�Wo�)LML��)LJ��
���S��������7\SLFDOO\�LW�LV�IoXQG�oQ�LQWerPeGLDWe�or�GLVVLSDWLve�EeDFKeV��$QVeOO��������7Ke�FOoVeO\�reODWeG�VSeFLeV�'� IDED�KDV�D�VLPLODr�JeoJrDSKLFDO�GLVWrLEXWLoQ��EXW�LV�
W\SLFDOO\�IoXQG�oQ�Pore�reIOeFWLve�EeDFKeV�oI�reODWLveO\�FoDrVe�VDQG��6PLWK�������$QVeOO��������3oSXODWLoQV�oI�EoWK�VSeFLeV�XQGerJo�VoPe�WLGDO�PLJrDWLoQ��6PLWK�������
$QVeOO�������DQG�PD\�DOVo�VKoZ�VoPe�



3DJe����

verWLFDO�VeSDrDWLoQ�LQ�WKe�GLVWrLEXWLoQ�oI�MXveQLOeV�DQG�DGXOWV�oQ�WKe�EeDFK��$ODJDrVZDPL��������7Ke�WZo�VSeFLeV�PD\�VoPeWLPeV�KDve�EeeQ�FoQIXVeG�LQ�WKe�SDVW�DV�EoWK�
Dre�vDrLDEOe�LQ�FoOoXrDWLoQ�DQG�VKeOO�VKDSe��DOWKoXJK�WKere�Dre�FOeDr�DQG�FoQVLVWeQW�WD[oQoPLF�GLIIereQFeV��$QVeOO��������

%LRORJ\ DQG HFRORJLFDO UROH

$V�LQ�oWKer�'RQD[�VSeFLeV��LQ�EoWK�'� FXQHDWXV�DQG�'� IDED�WKe�Ve[eV�Dre�VeSDrDWe��7Ke�Ve[�rDWLo�GoeV�QoW�GLIIer�VLJQLILFDQWO\�IroP�����LQ�'� IDED��$ODJDrVZDPL�
�������EXW�1DJDEKXVKDQDP�	�7DOLNKeGNDr������D��IoXQG�D���������rDWLo�LQ�IDvoXr�oI�IePDOeV�LQ�'� FXQHDWXV��,Q�EoWK�VSeFLeV��ILrVW�PDWXrLW\�LV�reDFKeG�LQ�OeVV�WKDQ�D�
\eDr�IroP�VeWWOePeQW��LQ�'� FXQHDWXV�DW�DEoXW���±���PoQWKV�DQG�D�OeQJWK�oI���±��PP��1D\Dr�������7DOLNKeGNDr�eW�DO��������DQG�P'� IDED�DW��±��PoQWKV�DQG���±
���PP��$ODJDrVZDPL��������7DEOe�����:Kere�WKe\�KDve�EeeQ�VWXGLeG��WKe�WZo�VSeFLeV�VKoZ�ver\�VLPLODr�reSroGXFWLve�F\FOeV��ZLWK�GLVWLQFW�VeDVoQDO�SeDNV�LQ�VSDZQLQJ�
WKDW�Dre�reIOeFWeG�LQ�VeDVoQDO�SeDNV�LQ�VeWWOePeQW�DQG�reFrXLWPeQW�Wo�WKe�EeDFK�SoSXODWLoQV��,Q�,QGLD��ZKere�WKe�WZo�VSeFLeV�KDve�EeeQ�PoVW�VWXGLeG��WKe�VeDVoQDOLW\�LQ�
WKe�reSroGXFWLve�F\FOe�LV�reODWeG�Wo�FKDQJeV�LQ�WePSerDWXre�DQG�SDrWLFXODrO\�VDOLQLW\�EroXJKW�DEoXW�E\�WKe�VeDVoQDO�PoQVooQ�F\FOe��,Q�'� FXQHDWXV��DW�5DWQDJLrL�oQ�WKe�
eDVW�FoDVW�oI�,QGLD��GeveOoSPeQW�oI�WKe�JoQDGV�EeJDQ�LQ�0DrFK�DQG�E\�-XO\�WKe�ZKoOe�SoSXODWLoQ�ZDV�LQ�D�IXOO\�rLSe�FoQGLWLoQ�WKDW�ZDV�PDLQWDLQeG�IroP�-XO\�Wo�
6eSWePEer��VSDZQLQJ�e[WeQGeG�IroP�2FWoEer�Wo�-DQXDr\��reDFKLQJ�D�SeDN�LQ�1ovePEer±'eFePEer��1DJDEKXVKDQDP�	�7DOLNKeGNDr�����D���'LIIereQFeV�LQ�WKe�WLPLQJ�
DQG�GXrDWLoQ�oI�GeveOoSPeQW�DQG�VSDZQLQJ�VWDJeV�oI�'� FXQHDWXV��KoZever��KDve�EeeQ�reSorWeG�Ior�oWKer�OoFDOLWLeV��1D\Dr�������5Do�������7DOLNKeGNDr�eW�DO���������
,Q�'� IDED��IroP�WKe�*XOI�oI�0DQQDr�oQ�WKe�VoXWK�eDVW�FoDVW�oI�,QGLD��GeveOoSPeQW�oI�WKe�JoQDGV�WooN�SODFe�EeWZeeQ�$XJXVW�DQG�ODWe�2FWoEer��E\�ZKLFK�WLPe�DOO�
LQGLvLGXDOV�LQ�WKe�SoSXODWLoQ�Zere�rLSe��VSDZQLQJ�EeJDQ�LQ�1ovePEer�DQG�PoVW�LQGLvLGXDOV�Zere�VSeQW�E\�WKe�eQG�oI�WKDW�PoQWK²DOWKoXJK�VoPe�VSDZQLQJ�FoQWLQXeG�
LQWo�'eFePEer��D�IXrWKer�GeveOoSPeQW�oI�WKe�JoQDG�WKeQ�WooN�SODFe�WKroXJK�WKe�SerLoG�-DQXDr\�Wo�$SrLO�ZLWK�IXrWKer�VSDZQLQJ�IroP�0DrFK�WKroXJK�-XQe��$ODJDrVZDPL�
�������CKDQJeV�LQ�WLVVXe�ZeLJKW�DQG�WKe�ELoFKePLFDO�FoPSoVLWLoQ�oI�WKe�WLVVXeV�Dre�reODWeG�Wo�WKe�JoQDGDO�F\FOe��$ODJDrVZDPL�������1DJDEKXVKDQDP�	�7DOLNKeGrDr�
����E��
'� FXQHDWXV�DQG�'� IDED�Dre�EoWK�rDSLG�EXrroZerV��,Q�'� FXQHDWXV�WKe�%5,�LQFreDVeG�IroP����Wo�!���over�WKe�rDQJe���±�����C��$QVeOO�������LQGLFDWLQJ�WKDW�LW�

EXrroZV�Pore�rDSLGO\�WKDQ�DQ\�oI�WKe�oWKer�EeDFK�FODPV�revLeZeG�Kere�Ior�ZKLFK�WKLV�LQGe[�KDV�EeeQ�GeWerPLQeG��0F/DFKODQ�eW�DO���������'� IDED�KDG�D�OoZer�
EXrroZLQJ�rDWe�LQGe[�DW����C�WKDQ�'� FXQHDWXV��$QVeOO��������
%oWK�VSeFLeV�FDQ�GeveOoS�ODrJe�SoSXODWLoQV�ZKere�WKe\�oFFXr�oQ�SroGXFWLve�EeDFKeV��EeFoPLQJ�GoPLQDQW�EeQWKLF�ILOWer�IeeGerV��+DrNDQWrD�	�3DrXOeNDr��������

6PLWK��������reForGeG�GeQVLWLeV�oI�XS�Wo�!����Pí��Ior�'� IDED�oQ�7DQ]DQLDQ�EeDFKeV��+XJKeV��������reSorWeG�WKDW�'� IDED�Dre�KeDvLO\�SreGDWeG�E\�WKe�oF\SoGLG�
FrDE�2F\SRGH FHUDWRSKWKDOPD�oQ�EeDFKeV�LQ�0o]DPELTXe�DQG�6PLWK��������VKoZeG�WKDW�WKLV�FrDE�VeOeFWLveO\�DWWDFNeG�GLIIereQW�FoOoXr�PorSKV�LQ�SoSXODWLoQV�oQ�WKe�
FoDVW�oI�7DQ]DQLD��(DVW�$IrLFD��6PLWK�DOVo�reSorWeG�SreGDWLoQ�E\�WKe�VDQGerOLQJ��&URFHWKLD DOED�LQ�WKe�VDPe�DreD�

3RSXODWLRQ G\QDPLFV

5eODWLveO\�OLWWOe�LQIorPDWLoQ�LV�DvDLODEOe�oQ�WKe�SoSXODWLoQ�G\QDPLFV�oI�eLWKer�'� FXQHDWXV�or�'� IDED�over�PoVW�oI�WKeLr�JeoJrDSKLFDO�rDQJe��1D\Dr��������DQG�
7DOLNKeGrD�eW�DO���������



3DJe����

VWXGLeG�WKe�JroZWK�rDWe�oI�'� FXQHDWXV��DQG�$ODJDrVZDPL��������WKDW�oI�'� IDED��LQ�,QGLD��6KeOO�JroZWK�LV�rDSLG��Pore�or�OeVV�FoQVWDQW�DQG�VWeDG\�GXrLQJ�WKe�LQLWLDO�
JroZWK�SerLoG�oI�DEoXW�oQe�\eDr��EXW�WKeQ�VOoZV��$ODJDrVZDPL�������or�VWoSV�DIWer�Ve[XDO�PDWXrLW\�LV�reDFKeG��DOWKoXJK�WKere�PD\�Ee�IXrWKer�VKorW�SerLoGV�oI�reQeZeG�
JroZWK�WKereDIWer��1D\Dr��������'� FXQHDWXV�FDQ�SoWeQWLDOO\�reDFK�D�ODrJer�VL]e�WKDQ�'� IDED��DOWKoXJK�$ODJDrVZDPL��������reForGeG�D�PD[LPXP�OeQJWK�oI���PP�Ior�
'� IDED��DQG�1D\Dr��������oQO\�DEoXW���PP�Ior�'� FXQHDWXV��7DEOe����S��������KoZever��LQ�EoWK�VSeFLeV�WKe�PD[LPXP�VKeOO�OeQJWK�reDFKeG�FDQ�vDr\�JreDWO\�DPoQJ�
SoSXODWLoQV�LQ�GLIIereQW�OoFDOLWLeV��7Ke�PD[LPXP�OLIe�VSDQ�SroEDEO\�GoeV�QoW�e[FeeG��\r��7DEOe����

)LVKHU\

:eGJe�FODPV�LQ�,QGLD�Dre�e[SOoLWeG�E\�WKe�FoDVWDO�ILVKLQJ�FoPPXQLWLeV��EXW�Go�QoW�IorP�WKe�EDVLV�oI�D�ODrJe�FoPPerFLDO�ILVKer\��%oWK�1D\Dr��������DQG�
1DJDEKXVKDQDP�	�7DOeNKeGNDr������E��VWDWeG�WKDW�'� FXQHDWXV�LV�e[SOoLWeG�PDLQO\�DW�WLPeV�ZKeQ�JeQerDO�ILVKer\�FoQGLWLoQV�Dre�Soor�DQG�oWKer�VKeOOILVK�GLIILFXOW�Wo�
oEWDLQ��Ior�e[DPSOe�SDrWLFXODrO\�GXrLQJ�WKe�PoQVooQ�VeDVoQ�ZKeQ�WKe�VeD�LV�roXJK��(OVeZKere��DV�LQ�WKe�3KLOOLSLQeV��7DODvero�	�)DXVWLQo��������DrWLVDQDO�ILVKerLeV�e[SOoLW�
OoFDO�SoSXODWLoQV�oI�'� IDED��,Q�VoPe�SDrWV�oI�,QGLD��CKDrL�	�8QQ\�������DQG�LQ�WKe�3KLOOLSLQeV��7DODvero�	�)DXVWLQo�������WKe�VKeOOV�KDve�EeeQ�XVeG�LQ�WKe�SroGXFWLoQ�
oI�TXLFNOLPe�

$uVWUDlLD

2QO\�D�VLQJOe�FODP��WKe�GoQDFLG�'RQD[ GHOWRLGHV��LV�ZLGeO\�XWLOL]eG�oQ�VDQG\�EeDFKeV�LQ�$XVWrDOLD��,W�KDV�QoW�EeeQ�ZeOO�VWXGLeG�DQG�WKe�OLPLWeG�LQIorPDWLoQ�DvDLODEOe�LV�
VXPPDrL]eG�Kere��+oSeIXOO\�WKLV�ZLOO�eQFoXrDJe�IXrWKer�VWXG\�VLQFe�WKLV�DSSeDrV�Wo�Ee�WKe�oQO\�VSeFLeV�oI�EeDFK�FODP�LQ�$XVWrDOLD�ZLWK�FoPPerFLDO�SoWeQWLDO��

7KH SLSL RU *RROZD FRFNOH��'oQD[�GeOWoLGeV��)LJ� �O� S� ����

'LVWULEXWLRQ

'� GHOWRLGHV�oFFXrV�DOoQJ�WKe�VoXWK�DQG�eDVW�FoDVWV�oI�$XVWrDOLD�IroP�WKe�$GeODLGe�DreD�XS�Wo�VoXWKeDVWerQ�4XeeQVODQG��DQG�LQFOXGLQJ�7DVPDQLD��)LJ�����S��������
-XveQLOe�FODPV�Dre�OoFDWeG�LQ�WKe�LQWerWLGDO�DQG�DGXOWV�oQ�WKe�OoZer�VKore�DQG�LQ�WKe�VXrI�]oQe��EXW�WKeLr�GLVWrLEXWLoQ�LV�SroEDEO\�FeQWreG�oQ�WKe�OoZ�WLGe�VZDVK�]oQe�DreD�
�'DNLQ�	�%eQQeWW�������6DeQJer�	�.e\We�������0F/DFKODQ�eW�DO���������,W�LV�SoVVLEOe�WKDW�MXveQLOeV�XQGerJo�WLGDO�PLJrDWLoQV�EXW�XQOLNeO\�WKDW�WKe�DGXOWV�Go�Vo��,Q�
PDQ\�reVSeFWV��LQFOXGLQJ�DSSeDrDQFe�DQG�GLVWrLEXWLoQ��WKLV�VSeFLeV�LV�ver\�VLPLODr�Wo�'� VHUUD�LQ�6oXWK�$IrLFD�

%LRORJ\ DQG HFRORJLFDO UROH

$OPoVW�QoWKLQJ�LV�NQoZQ�oI�WKe�reSroGXFWLve�ELoOoJ\�oI�'� GHOWRLGHV��,Q�6oXWK�$XVWrDOLD�VSDZQLQJ�FDQ�oFFXr�WKroXJKoXW�WKe�\eDr�EXW�LV�PoVW�PDrNeG�LQ�VSrLQJ��6e[eV�
Dre�VeSDrDWe�DQG�SLSL�Dre�SroEDEO\�EroDGFDVW�VSDZQerV��7Kere�LV�D���Wo���ZeeN�ODrvDO�SKDVe�EeIore�VeWWOePeQW��6DeQJer�	�.e\We���������



3DJe����

'� GHOWRLGHV�GeveOoSV�ODrJe�SoSXODWLoQV�oQ�KLJK�eQerJ\�GLVVLSDWLve�EeDFKeV�ZKere�VXrI�GLDWoP�EOooPV�oFFXr��e�J��*ooOZD��0F/DFKODQ�	�+eVS��������+ere�WKe\�
Dre�WKe�GoPLQDQW�EeQWKLF�ILOWer�IeeGerV��Ior�e[DPSOe�PDNLQJ�XS�����oI�PDFroIDXQD�QXPEerV�DQG�����oI�ELoPDVV�oQ�*ooOZD�EeDFK��0F/DFKODQ�eW�DO���������DQG�WKXV�
oFFXS\�D�Ne\�SoVLWLoQ�LQ�WKe�EeDFK�DQG�VXrI�]oQe�IooG�ZeE��7KeLr�SreGDWorV��EeVLGeV�PDQ��LQFOXGe�EeDFKZorPV��2QXSKLV�VS���'DNLQ�	�%eQQeWW��������VeDELrGV�DQG�
ILVKeV�

3RSXODWLRQ G\QDPLFV

'RQD[ GHOWRLGHV�LV�VDLG�Wo�e[KLELW�reVXrJeQW�SoSXODWLoQV�EXW�VXSSorWLve�GDWD�Dre�ODFNLQJ��5Lver�GLVFKDrJe�DQG�FDOP�SerLoGV�ZLWKoXW�vLJoroXV�ZDve�DFWLoQ�Dre�
FoQVLGereG�SoVVLEOe�FDXVeV�oI�ZLGeVSreDG�PorWDOLWLeV��6DeQJer�	�.e\We��������EXW�Qo�VWXGLeV�KDve�EeeQ�SXEOLVKeG�oQ�WKe�SoSXODWLoQ�G\QDPLFV��7Kere�Dre�D�KDQGIXO�oI�
eVWLPDWeV�oI�GeQVLW\��ZLWK�vDOXeV�rDQJLQJ�XS�Wo����Pí���MXveQLOe�GeQVLWLeV�FDQ�e[FeeG�����Pí����*roZWK�LV�rDSLG��FODPV�reDFK���PP�VKeOO�OeQJWK�DQG�Ve[XDO�PDWXrLW\�LQ�
���PoQWKV��*roZWK�FoQWLQXeV�Wo�D�PD[LPXP�OeQJWK�oI�DEoXW���PP�LQ����\r��6DeQJer�	�.e\We�������XQSXEOLVKeG�GDWD�IroP�WKe�6oXWK�$XVWrDOLDQ�)LVKerLeV�
'eSDrWPeQW���2QO\�oQe�ePSLrLFDO�JroZWK�FXrve�KDV�EeeQ�GeWerPLQeG�Ior�6oXWK�$XVWrDOLD�VWoFNV�oI�'� GHOWRLGHV��6DeQJer�	�.e\We��������ZKLFK�reQGereG�SreOLPLQDr\�
eVWLPDWeV�oI�WKe�JroZWK�SDrDPeWerV�L� �DQG�.�FOoVe�Wo���PP�DQG�����\r

í���reVSeFWLveO\��JLvLQJ�D�vDOXe�oI�WKe�JroZWK�rDWe�LQGe[� �oI�������7DEOe����S��������

1o�LQIorPDWLoQ�LV�DvDLODEOe�oQ�reFrXLWPeQW�or�PorWDOLW\�Ior�'� GHOWRLGHV�

)LVKHU\

,Q�WKe�SDVW��'� GHOWRLGHV�ZDV�D�VWDSOe�LWeP�LQ�WKe�GLeWV�oI�FoDVWDO�DEorLJLQDO�SoSXODWLoQV��*oGIre\��������7Ke�ILVKer\�Ior�SLSL�LQ�$XVWrDOLD�FoQVLVWV�oI�EoWK�reFreDWLoQDO�
FoOOeFWLQJ��PoVWO\�E\�DQJOerV�Ior�EDLW��DQG�FoPPerFLDO�KDrveVW�Ior�eDWLQJ��7KLV�LV�XQGerWDNeQ�LQ�6oXWK�$XVWrDOLD�DQG�1eZ�6oXWK�:DOeV�DQG�SoVVLEO\�DOVo�9LFWorLD��1o�
reSorWV�Dre�DvDLODEOe�oQ�ODQGLQJV��+oZever��6DeQJer�	�.e\We��������IDLOeG�Wo�GeWeFW�DQ\�VLJQLILFDQW�reGXFWLoQ�LQ�SLSL�GeQVLWLeV�DW�EeDFKeV�ZKere�WKe\�Zere�VXEMeFW�Wo�
FoPPerFLDO�e[SOoLWDWLoQ�LQ�FoPSDrLVoQ�ZLWK�XQe[SOoLWeG�SoSXODWLoQV�LQ�QorWKerQ�1eZ�6oXWK�:DOeV��7Kere�LV�Qo�PDQDJePeQW�oI�WKLV�reVoXrFe�oWKer�WKDQ�VL]e�DQG�TXoWD�
OLPLWV�����FODPV�oI�DQ\�VL]e�Ser�SerVoQ�Ser�GD\�LQ�1eZ�6oXWK�:DOeV��D��±��EXFNeW�oI�FODPV�oI�DQ\�VL]e�Ser�SerVoQ�Ser�GD\�LQ�9LFWorLD�DQG�DQ\�QXPEer�oI�FODPV�DEove�
��PP�OeQJWK�LQ�6oXWK�$XVWrDOLD�

1eZ =eDlDQG

7Kree�VSeFLeV�oI�FODPV�oI�WKe�JeQXV�3DSKLHV�KDve�VXSSorWeG�WrDGLWLoQDO��reFreDWLoQDO�DQG�FoPPerFLDO�ILVKerLeV�oQ�1eZ�=eDODQG�VDQG�EeDFKeV��7Ke�WD[oQoPLF�KLVWor\�oI�
WKeVe�VSeFLeV�LV�FoPSOLFDWeG��WKere�KDve�EeeQ�Pore�WKDQ����QDPeV�DSSOLeG�Wo�3� VXEWULDQJXODWD�VLQFe�������%eX�	�'e�5ooLM�6FKXLOLQJ��������7Ke�reFeQW�GLvLVLoQ�oI�
WKe�WXDWXD�VSeFLeV�LQWo�3� VXEWULDQJXODWD�DQG�3� GRQDFLQD�E\�%eX�	�'e�5ooLM�6FKXLOLQJ��������KDV�EeeQ�VXSSorWeG�E\�eOeFWroSKoreWLF�DQG�PorSKoPeWrLF�VWXGLeV�E\�
5LFKDrGVoQ�eW�DO���������DQG�6PLWK�eW�DO����������



3DJe����

7KH WRKHURD�3DSKLeV�veQWrLFoVD��)LJ� �P� S� ����

'LVWULEXWLRQ

3� YHQWULFRVD�LV�eQGePLF�Wo�1eZ�=eDODQG�DQG�SoSXODWLoQV�oFFXr�DW�VFDWWereG�OoFDWLoQV�WKroXJKoXW�WKe�FoXQWr\��)LJ�����S��������+LVWorLFDOO\��WKe�ODrJeVW�SoSXODWLoQV�
Zere�IoXQG�oQ�WKree��OoQJ��QorWKZeVWerQ�FoDVW�EeDFKeV�oQ�1orWK�,VODQG��1LQeW\�0LOe�%eDFK����NP���'DrJDvLOOe�%eDFK����NP���DQG�0XrLZDL�%eDFK����NP���(OVeZKere�
oQ�1orWK�,VODQG��VXEVWDQWLDO�SoSXODWLoQV�KDve�DOVo�EeeQ�IoXQG�DW�0LWLPLWL�DQG�oQ�WKe�:eOOLQJWoQ�ZeVW�FoDVW�EeDFKeV��SDrWLFXODrO\�+oNLo�DQG�:DLWDrere����NP�WoWDO���DQG�
VPDOO�SoSXODWLoQV�KDve�EeeQ�reSorWeG�IroP�WKe�QorWKeDVWerQ�FoDVW��2Q�6oXWK�,VODQG��VLJQLILFDQW�VWoFNV�Dre�IoXQG�oQ�WKe�VoXWKerQ�FoDVW�DW�2reWL�%eDFK����NP��DQG�7e�
:DeZDe�%D\����NP���DQG�VPDOO�SoSXODWLoQV�KDve�oFFDVLoQDOO\�EeeQ�reSorWeG�oQ�WKe�VoXWKeDVWerQ�FoDVW��5eGIeDrQ�������
3oSXODWLoQV�oI�3� YHQWULFRVD�Dre�IoXQG�LQWerWLGDOO\�oQ�ZLGe��ILQe�VDQG�EeDFKeV��5eGIeDrQ��������7Ke�ODrJeVW�SoSXODWLoQV�oFFXrreG�oQ�GLVVLSDWLve�EeDFKeV�ZLWK�

SrevDLOLQJ�oQVKore�ZLQGV�DQG�reJXODr�VXrI�]oQe�GLDWoP�EOooPV�oQ�WKe�ZeVW�FoDVW�oI�1orWK�,VODQG��CDVVLe��������/DrJe�3� YHQWULFRVD�DW�WKeVe�VLWeV�Zere�DJJreJDWeG�LQ�
GeQVe�EeGV��5eGIeDrQ��������oEVerveG�DGXOW�DJJreJDWLoQV�DQG�KLJKer�GeQVLWLeV�oI�reFrXLWPeQW�LQ�³ED\V �́DGMDFeQW�Wo�rLS�FXrreQWV��6WreeW��������reSorWeG�WKDW�SoSXODWLoQV�
DW�7e�:DeZDe�%D\�GLG�QoW�oFFXr�LQ�GLVWLQFW�DJJreJDWLoQV�
,QWerWLGDO�]oQDWLoQ�oI�3� YHQWULFRVD�LV�DVVoFLDWeG�ZLWK�VL]e��5eGIeDrQ�������6WreeW��������/DrJe�FODPV��!��PP�VKeOO�OeQJWK��Dre�JeQerDOO\�DJJreJDWeG�LQ�EeGV�IroP�

WKe�PLG�Wo�OoZ�LQWerWLGDO��6PDOOer�FODPV�Dre�XVXDOO\�IoXQG�oQ�WKe�XSSer�EeDFK�or�LQ�VeSDrDWe�VLQJOe�DJeG�EeGV�LQ�WKe�PLG�LQWerWLGDO��EXW�PD\�DOVo�oFFXr�LQ�D�OD\er�EeWZeeQ�
ODrJe�FODPV�DQG�WKe�VDQG�VXrIDFe��'eQVe�EDQGV�oI�QeZO\�reFrXLWeG�FODPV�KDve�EeeQ�IoXQG�MXVW�EeOoZ�WKe�KLJK�WLGe�OLQe��5eGIeDrQ��������$OWKoXJK�CDVVLe��������
SroSoVeG�WKDW�VXEWLGDO�VWoFNV�PXVW�e[LVW�Wo�e[SODLQ�IOXFWXDWLoQV�LQ�VWoFN�eVWLPDWeV�DQG�PLVVLQJ�VPDOO�FoKorWV�LQ�VL]e�IreTXeQF\�GLVWrLEXWLoQV��Qo�VXEWLGDO�VWoFNV�KDve�EeeQ�
GoFXPeQWeG�GeVSLWe�QXPeroXV�DWWePSWV��6WreeW��������7oKeroD��3� YHQWULFRVD��oFFXr�IroP�MXVW�EeQeDWK�WKe�VDQG�VXrIDFe�Wo�GeSWKV�oI���FP��5eGIeDrQ��������,Q�JooG�
FoQGLWLoQV��WoKeroD�FDQ�Ee�OoFDWeG�E\�VLSKoQ�KoOeV�vLVLEOe�oQ�WKe�VDQG�VXrIDFe�DW�OoZ�WLGe��CDVVLe�������

%LRORJ\ DQG HFRORJLFDO UROH

5eSroGXFWLoQ�oI�3� YHQWULFRVD�LV�E\�EroDGFDVW�VSDZQLQJ��DQG�IerWLOL]DWLoQ�LV�e[WerQDO��6e[eV�Dre�VeSDrDWe�DQG�KDve�D�rDWLo�oI�FOoVe�Wo������5eGIeDrQ��������6e[XDO�
PDWXrLW\�oFFXrV�DW�VPDOO�VL]eV��5eGIeDrQ��������reSorWeG�WKDW�VoPe�MXveQLOeV�KDG�IXOO\�GeveOoSeG�JoQDGV�DW����PP�VKeOO�OeQJWK��WKe�PDMorLW\�oI�LQGLvLGXDOV�PDWXreG�LQ�
WKeLr�ILrVW�\eDr��DQG�DOO�LQGLvLGXDOV�Zere�PDWXre�E\����PoQWKV����PP���7Ke�PDLQ�VSDZQLQJ�VeDVoQ�oQ�'DrJDvLOOe�EeDFKeV�oFFXrreG�IroP�6eSWePEer�Wo�)eErXDr\��EXW�
LQGLvLGXDOV�ZLWK�rLSe�JoQDGV�Zere�IoXQG�WKroXJKoXW�WKe�\eDr��5eGIeDrQ��������)eFXQGLW\�vDrLeV�ZLWK�IePDOe�VL]e����±���PLOOLoQ�eJJV����±��ȝP�LQ�GLDPeWer��PD\�Ee�
SroGXFeG�LQ�D�VLQJOe�VSDZQLQJ�LQ�WKe�ODEorDWor\��5eGIeDrQ�������
/DrvDe�oI�3� YHQWULFRVD�KDve�EeeQ�reDreG�VXFFeVVIXOO\�LQ�WKe�ODEorDWor\�ZLWK�GeveOoSPeQW�EeLQJ�FoPSOeWeG�ZLWKLQ����GD\V�DW����C��5eGIeDrQ��������6eWWOePeQW�

oFFXrreG�LQ�WKe�ODEorDWor\�DW�OeQJWKV�oI����±���ȝP��5eGIeDrQ��������
7Ke�VLSKoQV�oI�3� YHQWULFRVD�Dre�WKe�OoQJeVW�LQ�WKe�JeQXV�LQ�1eZ�=eDODQG��DQG�DOOoZ�WoKeroD�Wo�IeeG�ZKLOe�GeeSO\�EXrLeG��7Ke�VLSKoQV�Dre�KeOG�FOoVe�Wo�WKe�OeveO�oI�

WKe�VDQG�VXrIDFe�ZKeQ�IeeGLQJ��$GXOW�3� YHQWULFRVD�GLJ�rDSLGO\�ZKeQ�GLVWXrEeG��reDFKLQJ�GeSWKV�oI�
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���PP��5eGIeDrQ��������)or�MXveQLOe�3� YHQWULFRVD��WKe�DverDJe�EXrroZLQJ�rDWe�LQGe[��%5,��ZDV���DW����C��-�(�'XJDQ�	�'�0�+XEEDrG�XQSXEO��GDWD���D�vDOXe�
LQWerPeGLDWe�EeWZeeQ�WKoVe�oI�MXveQLOe�3� VXEWULDQJXODWD��%5, ���DQG�MXveQLOe�3� GRQDFLQD��%5, ����0F/DFKODQ�eW�DO���������5eGIeDrQ��������oEVerveG�VPDOO�
FODPV��DQG�oFFDVLoQDOO\�ODrJer�oQeV��VXrILQJ�LQ�WKe�VZDVK��$JJreJDWLoQV�oI�WoKeroD�PD\�Pove�GXrLQJ�GLVWXrEDQFe�eveQWV��DQG�KDve�EeeQ�reSorWeG�PovLQJ�VeDZDrG�E\�DV�
PXFK�DV���P�LQ�D�GD\�LQ�WKe�DEVeQFe�oI�QoWLFeDEOe�GLVWXrEDQFe��5eGIeDrQ��������EXW�VoPe�EeGV�rePDLQ�VWDWLoQDr\�Ior�\eDrV��5DSVoQ��������7Kere�LV�Qo�evLGeQFe�oI�
WLGDO�PLJrDWLoQ�LQ�3� YHQWULFRVD�
7Ke�FoQGLWLoQ�oI�3� YHQWULFRVD�vDrLeG�VeDVoQDOO\�DW�'DrJDvLOOe�DQG�ZDV�OoZeVW�LQ�WKe�VXPPer�GXrLQJ�WKe�SeDN�VSDZQLQJ�VeDVoQ��0eDW�voOXPe�DV�D�SerFeQWDJe�oI�

VKeOO�FDvLW\�voOXPe�rDQJeG�IroP�PD[LPXP�vDOXeV�oI�!����LQ�$XJXVW�DQG�6eSWePEer�Wo������LQ�-DQXDr\�DQG�)eErXDr\��5eGIeDrQ��������
$�vDrLeW\�oI�SreGDWorV�LQFOXGLQJ�ELrGV��FrDEV�DQG�ILVK�Sre\�oQ�3� YHQWULFRVD��6oXWKerQ�EODFN�EDFNeG�JXOOV��reG�ELOOeG�JXOOV��6oXWK�,VODQG�SLeG�o\VWerFDWFKerV�DQG�

vDrLDEOe�o\VWerFDWFKerV�Sre\�oQ�WoKeroD�GXrLQJ�OoZ�WLGe��6oXWKerQ�EODFN�EDFNeG�JXOOV�KDve�EeeQ�reSorWeG�WDNLQJ�FODPV�XS�Wo����PP�LQ�OeQJWK��5eGIeDrQ��������7Ke�
eIIeFWV�oI�SDGGOe�FrDE��2YDOLSHV FDWKDUXV��SreGDWLoQ�DW�KLJK�WLGeV�LV�SroEDEO\�VLJQLILFDQW�oQO\�Ior�VPDOO�VL]e�FODVVeV�oI�FODPV��:eDr�	�+DGGoQ��������5eVXOWV�oI�
ODEorDWor\�e[SerLPeQWV�VXJJeVW�WKDW�LQGLvLGXDO�3DSKLHV YHQWULFRVD�DWWDLQ�VoPe�reIXJe�IroP�2YDOLSHV FDWKDUXV�SreGDWLoQ�ZLWK�LQFreDVLQJ�GeSWK�oI�EXrLDO��DQG�PorWDOLW\�
LV�reGXFeG�LQ�GeQVe�DJJreJDWLoQV��3DSKLHV YHQWULFRVD�Dre�DOVo�Sre\eG�oQ�DW�KLJK�WLGe�E\�ILVK�LQFOXGLQJ�VQDSSer��&KU\VRSKU\V DXUDWXV��5DSVoQ�������

3RSXODWLRQ G\QDPLFV

7Ke�eDrOLeVW�VWoFN�eVWLPDWeV�DvDLODEOe�Ior�3DSKLHV YHQWULFRVD�Dre�IroP�WKe�����V��DQG�Zere�PDGe�DIWer�GeFDGeV�oI�FoPPerFLDO�KDrveVW�DQG�WKe�FoOODSVe�oI�DW�OeDVW�oQe�
PDMor�VWoFN�DW�0XrLZDL�LQ�������5eGIeDrQ��������6WoFN�eVWLPDWeV�IroP�PoVW�oI�WKe�LPSorWDQW�ILVKer\�DreDV�Ior�3� YHQWULFRVD�KDve�GeFOLQeG�Wo�DEoXW�����oI�WKeLr�
KLJKeVW�OeveOV�LQ�WKe�ODVW�IeZ�GeFDGeV��)LJ�������0D[LPXP�GeQVLWLeV�reSorWeG�Ior�WKe�VL[�PDMor�ILVKer\�DreDV�Dre�����LQG�Pí��DW�1LQeW\�0LOe�%eDFK�����LQG�Pí��DW�
'DrJDvLOOe�����LQG�Pí��DW�0XrLZDL�����LQG�Pí��DW�+oNLo�DQG�:DLWDrere����LQG�Pí��DW�7e�:DeZDe�%D\��DQG����LQG�Pí��DW�2reWL�%eDFK��KDrveVWDEOe�FODPV�oQO\���7Ke�
oQO\�SoSXODWLoQ�WKDW�DSSeDrV�Wo�KDve�EeeQ�reODWLveO\�VWDEOe�LQ�reFeQW�GeFDGeV�LV�DW�2reWL�%eDFK��6oXWK�,VODQG��ZKLFK�KDG�DQ�eVWLPDWeG�GeQVLW\�oI����FODPV��!��PP�Pí��
LQ�������0LOODr�	�2OVeQ���������3oSXODWLoQ�eVWLPDWeV�DvDLODEOe�Ior�3� YHQWULFRVD�KDve�ODrJe�FoQILGeQFe�OLPLWV��DQG�VWoFN�eVWLPDWeV�IOXFWXDWe�FoQVLGerDEO\�IroP�\eDr�Wo�
\eDr��0oVW�oI�WKe�DvDLODEOe�GDWD�oQ�WoKeroD�SoSXODWLoQV�Zere�oEWDLQeG�LQ�eIIorWV�Wo�DVVeVV�KDrveVWDEOe�VWoFNV��DQG�Dre�OLNeO\�Wo�Ee�ELDVeG�DJDLQVW�VPDOOer�FODPV�EoWK�
EeFDXVe�oI�WKe�VDPSOLQJ�PeWKoGV�DQG�OoFDWLoQV��6WreeW�������5eGIeDrQ�������
3� YHQWULFRVD�Dre�OoQJ�OLveG��!�2\r��DQG�KDve�LQGeWerPLQDWe�JroZWK��7Ke\�KDve�WKe�IDVWeVW�JroZWK�rDWe�� §������7DEOe����S�������DQG�DWWDLQ�WKe�ODrJeVW�VL]e�

����PP��!���J��oI�WKe�3DSKLHV�VSeFLeV�LQ�1eZ�=eDODQG�DQG�reDFK�OeJDO�VL]e�Ior�KDrveVWLQJ�����PP�VKeOO�OeQJWK�����J��LQ���Wo���\eDrV�oQ�1orWK�,VODQG�EeDFKeV�
�CDVVLe��������DQG���Wo���\eDrV�oQ�6oXWK�,VODQG�EeDFKeV��0F.LQQoQ�	�2OVeQ��������7DEOe�����5eGIeDrQ��������reSorWeG�VLPLODr�VKeOO�JroZWK�eVWLPDWeV�XVLQJ�WKree�
PeWKoGV��OeQJWK�IreTXeQF\�DQDO\VLV��VL]e�DW�DJe�IroP�VKeOO�rLQJV��DQG�PDrN�reFDSWXre�VWXGLeV��
6L]e�IreTXeQF\�GLVWrLEXWLoQV�oI�3� YHQWULFRVD�Dre�QoW�JeQerDOO\�FKDrDFWerL]eG�E\�ODrJe�QXPEerV�oI�\oXQJ�oI�WKe�\eDr�DQLPDOV�DQG�GeFreDVLQJ�QXPEerV�oI�oOGer�\eDr�

FODVVeV��CDVVLe�������5eGIeDrQ�������0F.LQQoQ�	�2OVeQ��������6DPSOeV�oI�3� YHQWULFRVD�SoSXODWLoQV�JeQ��
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)LJuUe �3�3oSXODWLoQ�eVWLPDWeV�Ior�3DSKLHV YHQWULFRVD��1orWK�,VODQG��WoS���EeDFKeV���6oXWK�,VODQG��EoWWoP���EeDFKeV���6oPe�6oXWK�
,VODQG�eVWLPDWeV�Dre�Ior�KDrveVWDEOe�VWoFNV�oQO\��!��PP�����±����!���PP�����±�����'DWD�Dre�IroP�CDVVLe�������*reeQZD\�
������5eGIeDrQ�������0F.LQQoQ�	�2OVeQ�������0LOODr�	�2OVeQ�������DQG�XQSXEOLVKeG�0$)�ILVKerLeV�reSorWV��1oW�DOO�EeDFKeV�
Zere�VXrve\eG�eDFK�\eDr�DQG�eIIorW�vDrLeG�EeWZeeQ�VXrve\V�
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erDOO\�KDve�reODWLveO\�IeZ�or�Qo�reFrXLWV��oQe�or�WZo�VPDOO�FoKorWV�oI�LQWerPeGLDWe�VL]e�DQG�D�PoGe�oI�ODrJer�DQLPDOV�SreVXPDEO\�FoPSoVeG�oI�VeverDO�\eDr�FODVVeV�
�5eGIeDrQ�������0F.LQQoQ�	�2OVeQ�������
5eFrXLWPeQW�oI�3� YHQWULFRVD�DSSeDrV�Wo�Ee�VSorDGLF��6WreeW�������5eGIeDrQ��������CoKorWV�IroP�VWroQJ�reFrXLWPeQW�\eDrV�Go�QoW�QeFeVVDrLO\�VXrvLve�Wo�PDNe�

VLJQLILFDQW�FoQWrLEXWLoQV�Wo�DGXOW�VWoFNV��*reeQZD\�������6WreeW�������5eGIeDrQ��������3eDN�reFrXLWPeQW�Wo�WKe�EeDFK�DW�'DrJDvLOOe�ZDV�LQ�WKe�VXPPer��EeWZeeQ�
1ovePEer�DQG�0DrFK��5eGIeDrQ��������EXW�QeZO\�VeWWOeG�LQGLvLGXDOV�Zere�IoXQG�DV�ODWe�DV�$XJXVW��5eGIeDrQ��������oEVerveG�VPDOO�FODPV���PP��EeLQJ�WrDQVSorWeG�
XS�WKe�EeDFK�E\�VZDVK�DW�DOO�WLGDO�SKDVeV��DQG�FoQFOXGeG�WKDW�WKLV�OeG�Wo�WKe�IorPDWLoQ�oI�D�FoQFeQWrDWeG�EDQG�oI�reFrXLWV�LQ�WKe�XSSer�LQWerWLGDO�]oQe��
3oSXODWLoQ�VWrXFWXreV�oI�3� YHQWULFRVD�KDve�FKDQJeG�oQ�VoPe�EeDFKeV�ZLWK�WKe�GeFOLQe�LQ�KDrveVWDEOe�VWoFNV��)or�e[DPSOe��ODrJe�FODPV��!���PP��KDve�vLrWXDOO\�

GLVDSSeDreG�IroP�1LQeW\�0LOe��'DrJDvLOOe��DQG�0XrLZDL�EeDFKeV��,Q�������VDPSOeV�IroP�WKeVe�VLWeV�KDG�VXEVWDQWLDO�PoGeV�oI�FODPV�EeWZeeQ����DQG���PP�DQG�����
FODPV�OoQJer�WKDQ����PP��0$)�XQSXEO��GDWD���5eGIeDrQ��������eVWLPDWeG�PorWDOLW\�rDWeV�oI�3� YHQWULFRVD�oI�DEoXW�����Ser�\eDr��EXW�ZDV�XQDEOe�Wo�GeWerPLQe�ZKDW�
SroSorWLoQ�ZDV�GXe�Wo�KDrveVWLQJ�

)LVKHU\

7oKeroD�KDve�EeeQ�VXEMeFW�Wo�DrWLVDQDO��reFreDWLoQDO�DQG�FoPPerFLDO�ILVKerLeV��0DorL�SeoSOe�KDrveVWeG�WoKeroD�EeIore�WKe�VeWWOePeQW�oI�1eZ�=eDODQG�E\�(XroSeDQV��
DQG�PLGGeQV�FoQWDLQ�ODrJe�GeSoVLWV�oI�3� YHQWULFRVD��CoPPerFLDO�KDrveVW�oI�WoKeroD�oFFXrreG�IroP�DEoXW������XQWLO�������6WDFe��������CDQQLQJ�VWDrWeG�oQ�1orWK�
,VODQG�LQ�'DrJDvLOOe�LQ�WKe�����V��5eGIeDrQ��������2WKer�FDQQerLeV�oSerDWeG�DW�vDrLoXV�WLPeV�DW�:DLSDSDNDXrL�DW�1LQeW\�0LOe�%eDFK������±�����0XrLZDL���������WKe�
:eOOLQJWoQ�EeDFKeV��DQG�oQ�6oXWK�,VODQG�DW�7e�:DeZDe�%D\��7Ke�ODVW�FDQQLQJ�OLFeQFe�ZDV�LVVXeG�LQ�������DQG�WKe�ODVW�FDQQer\�ZDV�FOoVeG�LQ�������6WDFe��������
/oQJ�WerP�ODQGLQJV�GDWD�Dre�QoW�DvDLODEOe��EXW�WKe�SroGXFWLoQ�oI�WoKeroD�SroGXFWV�E\�FDQQerLeV�ZDV�VXPPDrL]eG�E\�5eGIeDrQ���������0D[LPXP�DQQXDO�FoPPerFLDO�
SroGXFWLoQ�oI�3� YHQWULFRVD�SeDNeG�DW���W�FDQQeG�LQ�������)LJ�������$�FoQverVLoQ�oI�SroGXFWLoQ�GDWD�Wo�ODQGLQJV�LV�DSSro[LPDWeO\����FODPV�Ser�NJ�FDQQeG��XVLQJ�GDWD�
IroP�'DrJDvLOOe��5eGIeDrQ��������7KLV�rDWLo�vDrLeG�GXe�Wo�VeDVoQDO�DQG�DQQXDO�GLIIereQFeV�LQ�WKe�FoQGLWLoQ�oI�WKe�FODPV��VL]e�FODVVeV�KDrveVWeG��DQG�WKe�SroSorWLoQ�oI�
FODPV�LQ�WKe�FDQQeG�SroGXFW��e�J��DV�VoXS�or�ZKoOe�FODPV��
7oKeroD�Zere�KDrveVWeG�FoPPerFLDOO\�ZLWK�IODW�SroQJeG�SoWDWo�IorNV�DW�OoZ�WLGe��5DSVoQ��������reSorWV�WKDW�DW�'DrJDvLOOe�EeDFKeV�����Wo���P�ZLGe�WreQFKeV�Zere�

GXJ�WKroXJK�GeQVe�EeGV��DQG�WKe�ILVKerV�GeOLEerDWeO\�OeIW�DreDV�ZLWK�KLJK�GeQVLWLeV�oI�FODPV�DOoQJ�WKe�oXWVLGe�oI�WKe�WreQFKeV��6oPe�FDQQerLeV�oSerDWeG�VeDVoQDOO\��DQG�
KDrveVWeG�ZKeQ�FODPV�Zere�DW�SeDN�FoQGLWLoQ��5eGIeDrQ��������$IWer�������TXoWDV�Ior�WKe�FoPPerFLDO�KDrveVW�oI�3� YHQWULFRVD�Zere�EDVeG�oQ�DQQXDO�VXrve\V�
�5eGIeDrQ��������/Lve�WoKeroD�Zere�GLIILFXOW�Wo�PDrNeW��0eVWD\er��������DWWrLEXWeG�WKe�VKorW�VKeOI�OLIe�oI�OLve�3� YHQWULFRVD�Wo�WKe�vDOve�JDSe�oI�PDrNeW�VL]e�FODPV��
CDQQeG�ZKoOe�FODPV�DQG�WoKeroD�VoXS�Zere�SroGXFeG�Ior�GoPeVWLF�VDOeV�DQG�e[SorWV��CDVVLe��������7oKeroD�VoXS�ZDV�W\SLFDOO\�ErLJKW�JreeQ�GXe�Wo�KLJK�
FoQFeQWrDWLoQV�oI�SK\WoSODQNWoQ�LQ�WKe�JXWV�oI�WKe�FODPV�
1o�OoQJ�WerP�GDWD�oQ�reFreDWLoQDO�KDrveVWV�Dre�DvDLODEOe��EXW�reFeQW�eVWLPDWeV�LQGLFDWe�WKDW�WKe\�FDQ�PDNe�VXEVWDQWLDO�LPSDFWV�oQ�VWoFNV�LQ�D�VKorW�SerLoG��(VWLPDWeG�

reFreDWLoQDO�ODQGLQJV�oI�3� YHQWULFRVD�oQ�'DrJDvLOOe�EeDFK�IroP������Wo������Zere�EeWZeeQ��������DQG���������FODPV�Ser�VeDVoQ��5eGIeDrQ��������,Q�������
������WoKeroD������oI�WKe�VWoFN��Zere�KDrveVWeG�LQ����GD\V�IroP�DQ�eVWLPDWeG�KDrveVWDEOe�SoSXODWLoQ�oI�������±�������DW�+oNLo��
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)LJuUe �4�CoPPerFLDO�SroGXFWLoQ��WoQQeV�FDQQeG��oI�3DSKLHV YHQWULFRVD�IroP�1LQeW\�0LOe�%eDFK��'DrJDvLOOe�DQG�0XrLZDL�������Wo�
�������)roP�5eGIeDrQ��������

oQ�WKe�:eOOLQJWoQ�ZeVW�FoDVW��,Q�������DSSro[LPDWeO\���PLOOLoQ�FODPV������oI�WKe�VWoFN��Zere�WDNeQ�DW�'DrJDvLOOe�LQ�D����GD\�oSeQLQJ��OeDvLQJ�DQ�eVWLPDWeG��������
rePDLQLQJ�oQ�WKe�EeDFK��/eJDO�reFreDWLoQDO�WDNe�ZDV�����oI�WKe�VWoFN�LQ�ILVKerLeV�oSeQLQJV�oI�oQe�ZeeN�GXrDWLoQ�DW�:eOOLQJWoQ�ZeVW�FoDVW�EeDFKeV�LQ��������������oI�
�������WDNeDEOe�FODPV�IroP�WKree�EeDFKeV��DQG�������������oI�������IroP�IoXr�EeDFKeV���$Q�eVWLPDWeG�������3� YHQWULFRVD�����oI�VWoFN��Zere�KDrveVWeG�LQ��K�
DW�2reWL�%eDFK�LQ�������0F.LQQoQ�	�2OVeQ�������
5eFreDWLoQDO�KDrveVW�oI�3� YHQWULFRVD�ZDV�XQreJXODWeG�LQ�������0eVWD\er��������DQG�VLQFe�WKeQ�reJXODWLoQV�oQ�VeDVoQ��EDJ�OLPLW��VL]e�DQG�PeWKoGV�KDve�EeeQ�

LQFreDVLQJO\�reVWrLFWLve�DV�VWoFNV�GeFOLQeG�LQ�PoVW�DreDV��,Q�������D���PoQWK�FOoVeG�VeDVoQ�����FODP�Ser�GD\�EDJ�OLPLW��DQG�PLQLPXP�VKeOO�OeQJWK�oI���PP�Zere�
LPSoVeG��$�EDJ�OLPLW�Ior�0DorL�ILVKerV�oI����FODPV�Ser�GD\�ZDV�VeW�LQ�������,Q�������KDrveVW�ZDV�reVWrLFWeG�Wo�D���PoQWK�oSeQ�VeDVoQ��DQG�EDJ�OLPLWV�Zere�reGXFeG�Wo�
���FODPV�Ser�ILVKer�Ser�GD\��7Ke�XVe�oI�GLJJLQJ�LPSOePeQWV�Ior�3� YHQWULFRVD�FoOOeFWLoQ�ZDV�SroKLELWeG�LQ�������$OO�1orWK�,VODQG�EeDFKeV�Zere�FOoVeG�Wo�WoKeroD�
KDrveVW�Ior�WKe�\eDr�LQ�������2SeQ�VeDVoQV�Zere�reGXFeG�Wo�WZo�ZeeNV�LQ���������GD\V�LQ�������DQG���GD\V�LQ�������0LQLPXP�VKeOO�OeQJWK�Ior�KDrveVWLQJ�ZDV�
LQFreDVeG�Wo����PP�LQ�������3� YHQWULFRVD�KDV�EeeQ�XQGer�WoWDO�SroWeFWLoQ�IroP�DOO�KDrveVWLQJ�oQ�1orWK�,VODQG�VLQFe�������+DGGoQ�������
7Ke�oQO\�WZo�ILVKer\�oSeQLQJV�VLQFe������Zere�VLQJOe�GD\V�DW�2reWL�%eDFK�oQ�6oXWK�,VODQG��DQ����K�oSeQLQJ�LQ������DQG�D���K�oSeQLQJ�LQ��������5eVWrLFWLoQV�Ior�WKe�

oQe�GD\�VoXWKerQ�ILVKer\�reFreDWLoQDO�oSeQLQJV�LQFOXGeG���D��D�PLQLPXP�VWoFN�SroMeFWLoQ�oI�DW�OeDVW���������OeJDO�VL]eG�DQLPDOV�rePDLQLQJ�oQ�WKe�EeDFK�DIWer�WKe�VeDVoQ�
DW�2reWL�%eDFK�DQG��������DW�7e�:DeZDe�%D\���E��D�FOoVeG�reVerve�DreD�DW�WKe�VoXWK�eQG�oI�2reWL�%eDFK���F��D�OLPLW�oI�ILve�FODPV�Ser�SerVoQ��DQG��G��Qo�veKLFOeV�oQ�
WKe�EeDFK��7Ke�LPSDFW�oI�LOOeJDO�WDNe�oQ�VWoFNV�oI�3� YHQWULFRVD�LV�XQNQoZQ��EXW�PD\�Ee�VLJQLILFDQW�
7Ke�FoQWLQXeG�GeFOLQe�LQ�WoKeroD�VWoFNV�KDve�EeeQ�DWWrLEXWeG�Wo�PDQ\�IDFWorV�over�VeverDO�GeFDGeV��LQFreDVeG�KDrveVWLQJ�rDWeV��LOOeJDO�KDrveVWLQJ��FKDQJeV�LQ�FXrreQWV�

DQG�SK\WoSODQNWoQ�SroGXFWLoQ��PDVV�PorWDOLWLeV��OLTXeIDFWLoQ�oI�WKe�VDQG�E\�veKLFXODr�WrDIILF��DQG�VeGL��



3DJe����

PeQW�FKDQJeV��7e�:DeZDe�%D\���0DQDJePeQW�eIIorWV��LQFOXGLQJ�reVWrLFWLoQV�oQ�KDrveVWLQJ�VeDVoQ��VL]e��EDJ�OLPLW��PeWKoGV�oI�GLJJLQJ��DQG�FOoVXre�oI�VoPe�ILVKer\�DreDV�
Ior�over���\r��KDve�IDLOeG�Wo�reVWore�VWoFNV�oI�WKLV�KLJKO\�SrL]eG�VSeFLeV�Wo�OeveOV�FDSDEOe�oI�VXVWDLQLQJ�ILVKerLeV�

7KH WXDWXD�3DSKLeV�VXEWrLDQJXODWD��)LJ� �Q� S� ����

'LVWULEXWLRQ

3� VXEWULDQJXODWD�LV�eQGePLF�Wo�1eZ�=eDODQG��DQG�oFFXrV�oQ�EeDFKeV�oQ�1orWK�,VODQG��6oXWK�,VODQG��6WeZDrW�,VODQG�DQG�LQ�WKe�CKDWKDP�,VODQGV��)LJ�����S��������
(OeFWroSKoreWLF�VWXGLeV�E\�6PLWK�eW�DO���������VXJJeVW�WKDW�WKere�Dre�WKree�or�IoXr�JeoJrDSKLF�JroXSV�oI�3� VXEWULDQJXODWD�DroXQG�1eZ�=eDODQG��2I�WKeVe��WKe�
CKDWKDP�,VODQG�JroXS�LV�PoVW�LVoODWeG�DQG�KDV�reGXFeG�KeWero]\JoVLW\��6KeOO�PorSKoOoJ\�vDrLeV�EeWZeeQ�EeDFKeV��-�(�'XJDQ�	�'�0��+XEEDrG�XQSXEO��GDWD���
3oSXODWLoQV�oI�3� VXEWULDQJXODWD�oFFXr�DFroVV�D�rePDrNDEOe�rDQJe�oI�EeDFK�W\SeV�IroP�KLJK�eQerJ\�GLVVLSDWLve�EeDFKeV�Wo�VKeOWereG�reIOeFWLve�EeDFKeV��-�(�'XJDQ�

	�'�0��+XEEDrG�XQSXEO��GDWD���$GXOW�3� VXEWULDQJXODWD�JeQerDOO\�oFFXr�IroP�WKe�OoZ�LQWerWLGDO�Wo�VKDOOoZ�VXEWLGDO�]oQeV��EXW�Dre�oFFDVLoQDOO\�IoXQG�LQ�GeQVe�EeGV�LQ�
WKe�PLG�LQWerWLGDO��*rDQW��������5eFrXLWPeQW�oFFXrV�LQ�WKe�LQWerWLGDO�]oQe��DQG�LQGLvLGXDOV�Dre�reSorWeG�Wo�Pove�Wo�OoZer�OeveOV�over�WLPe��*reeQZD\�������*rDQW��������

%LRORJ\ DQG HFRORJLFDO UROH

3� VXEWULDQJXODWD�Dre�EroDGFDVW�VSDZQerV�ZLWK�VeSDrDWe�Ve[eV��7Ke�Ve[�rDWLo�LV�QoW�VLJQLILFDQWO\�GLIIereQW�IroP������*rDQW��������*reeQZD\��������reSorWeG�WKDW�OoZ�
FoQGLWLoQ�LQGe[�vDOXeV�Ior�3� VXEWULDQJXODWD�IroP�'DrJDvLOOe�EeWZeeQ�2FWoEer�DQG�'eFePEer�oFFXrreG�GXrLQJ�WKe�VSDZQLQJ�VeDVoQ��*rDQW��������IoXQG�WZo�PDMor�
VSDZQLQJ�SerLoGV�DW�/LWWOe�2PDKD�%D\��1orWK�,VODQG���2FWoEer�1ovePEer�DQG�)eErXDr\�0DrFK��DQG�Qo�reVWLQJ�SerLoG��6SDZQLQJ�ZDV�oEVerveG�DW�KLJK�WLGe�E\�*rDQW�
��������'XrLQJ�VSDZQLQJ�eveQWV�FODPV�e[WeQGeG�WKeLr�VLSKoQV�Ee\oQG�WKe�XVXDO�GLVWDQFe�IroP�WKe�EoWWoP�DQG�e[SeOOeG�vLVLEOe�VWreDPV�oI�JDPeWeV��6oPe�LQGLvLGXDOV�
VSDZQeG�Ior�over���PLQXWeV��DQG�VoPe�DJJreJDWLoQV�e[KLELWeG�VSDZQLQJ�DFWLvLW\�Ior�XS�Wo��K��*rDQW��������)ePDOe�FODPV�SroGXFeG�eJJV�WKDW�Zere�DEoXW���ȝP�LQ�
GLDPeWer�LQ�WKe�ODEorDWor\��5eGIeDrQ��������DQG�ODrvDe�Zere�reDreG�VXFFeVVIXOO\��/DrvDe�VeWWOeG�DW�D�VL]e�oI�����P�DIWer����GD\V�DW����C��5eGIeDrQ��������
3� VXEWULDQJXODWD�Dre�VXVSeQVLoQ�IeeGerV�ZLWK�VKorW�VLSKoQV�reODWLve�Wo�3� YHQWULFRVD��,Q�D�VWXG\�oI�:eOOLQJWoQ�ZeVW�FoDVW�EeDFKeV��DOJDe�DQG�K\GroLGV�SreVeQW�oQ�

WKe�VKeOOV�oI�3� VXEWULDQJXODWD�Zere�WDNeQ�DV�evLGeQFe�WKDW�WKe\�oFFXS\�VKDOOoZer�GeSWKV�LQ�WKe�VeGLPeQW�WKDQ�3� YHQWULFRVD�DQG�3� GRQDFLQD��5LFKDrGVoQ�eW�DO��
�������3� VXEWULDQJXODWD�KDve�D�EXrroZLQJ�rDWe�W\SLFDO�oI�EeDFK�FODPV��0F/DFKODQ�eW�DO���������reSorWeG�WKDW�WKe�%5,�Ior�MXveQLOe�FODPV�ZDV���DW����C��-XveQLOe�
FODPV�KDve�EeeQ�oEVerveG�VXrILQJ�LQ�WKe�VZDVK�]oQe�ZLWK�IeeW�DQG�VLSKoQV�e[WeQGeG��-�(�'XJDQ�	�'�0�+XEEDrG�XQSXEO��GDWD���7Kere�LV�Qo�evLGeQFe�oI�WLGDO�PLJrDWLoQ�
LQ�3� VXEWULDQJXODWD��3reGDWorV�oQ�3� VXEWULDQJXODWD�LQFOXGe�ELrGV��FrDEV�DQG�ILVK��3� VXEWULDQJXODWD�IorP�D�FoQVLGerDEOe�SDrW�oI�WKe�GLeW�oI�SDGGOe�FrDEV��2YDOLSHV 
FDWKDUXV��:eDr�	�+DGGoQ��������EXW�FODPV�!��PP�VKeOO�OeQJWK�PD\�KDve�VoPe�reIXJe�LQ�VL]e��6XEOeWKDO�SreGDWLoQ�LQ�WKe�IorP�oI�VLSKoQ�QLSSLQJ�E\�2� FDWKDUXV�KDV�
EeeQ�oEVerveG�GXrLQJ�KLJK�WLGeV��*rDQW��������



3DJe����

3RSXODWLRQ G\QDPLFV

)eZ�VWXGLeV�KDve�LQveVWLJDWeG�WKe�SoSXODWLoQ�G\QDPLFV�oI�3DSKLHV VXEWULDQJXODWD��3oSXODWLoQ�VWrXFWXre�oI�3� VXEWULDQJXODWD�LQ�WKe�OoZ�LQWerWLGDO�DQG�VKDOOoZ�VXEWLGDO�
ZDV�VWDEOe�over����PoQWKV��*rDQW��������0oVW�LQGLvLGXDOV�Zere�EeWZeeQ���±��PP�VKeOO�OeQJWK��DQG�WKe�PeDQ�OeQJWK�oI�WKe�GoPLQDQW�FoKorW�ZDV�DEoXW���PP��*rDQW�
�������6L]e�VWrXFWXre�DQG�DEXQGDQFe�oI�3� VXEWULDQJXODWD�vDrLeG�ZLWK�EeDFK�PorSKoG\QDPLF�W\Se�DW����1orWK�,VODQG�VLWeV��CODPV�IroP�reIOeFWLve�EeDFKeV�KDG�ODrJer�
DverDJe�VL]eV�WKDQ�WKoVe�IroP�Pore�GLVVLSDWLve�EeDFKeV��-��(�'XJDQ�	�'�0�+XEEDrG�XQSXEO��GDWD��
$EXQGDQFe�oI�3� VXEWULDQJXODWD�KDV�EeeQ�eVWLPDWeG�Ior�LQWerWLGDO��*rDQW�������-�(��'XJDQ�	�'�0�+XEEDrG�XQSXEO��GDWD��DQG�VKDOOoZ�VXEWLGDO�DreDV��CrDQILeOG�eW�

DO��������*rDQW��������9DrLDELOLW\�LQ�DEXQGDQFe�DVVoFLDWeG�ZLWK�EeDFK�W\Se�DQG�KDrveVWLQJ�SreVVXre�PD\�DIIeFW�WKe�SroSorWLoQV�oI�FODPV�IoXQG�LQ�WKe�WZo�]oQeV��
'eQVLWLeV�oI�3� VXEWULDQJXODWD�Zere�DV�KLJK�DV�����Pí��LQ�WKe�PLG�LQWerWLGDO�DW�2FeDQ�%eDFK�LQ�0D\�������*rDQW��������/oZ�LQWerWLGDO�DQG�VKDOOoZ�VXEWLGDO�GeQVLWLeV�
DverDJeG�IroP����Wo���LQG�Pí��ZLWK�PD[LPXP�vDOXeV�oI���Pí��LQ�DGXOW�DJJreJDWLoQV�DW�/LWWOe�2PDKD�%D\��*rDQW��������(VWLPDWeV�oI�LQWerWLGDO�DEXQGDQFe�DW����1orWK�
,VODQG�EeDFKeV�Zere�ForreODWeG�ZLWK�'eDQ¶V�SDrDPeWer�DQG�rDQJeG�IroP���Pí��oQ�D�reIOeFWLve�EeDFK�Wo����Pí��oQ�D�GLVVLSDWLve�EeDFK��-�(�'XJDQ�	�'�0�+XEEDrG�
XQSXEO��GDWD���0XFK�KLJKer�GeQVLWLeV�oI�3� VXEWULDQJXODWD�KDve�oFFDVLoQDOO\�EeeQ�reSorWeG��*rDQW��������eVWLPDWeG�XS�Wo�����Pí��DW�2FeDQ�%eDFK�LQ�������
(VWLPDWeG�GeQVLWLeV�oI�ODrJer�3� VXEWULDQJXODWD�IroP�K\GrDXOLF�GreGJe�VDPSOLQJ�LQ�WKe�VXEWLGDO�rDQJeG�IroP��±���Pí���CrDQILeOG�eW�DO���������DQG�ELoPDVV�eVWLPDWeV�
Zere��±���NJPí���,QWerWLGDO�ELoPDVV�eVWLPDWeV�IroP����1orWK�,VODQG�VLWeV�rDQJeG����±����NJPí��DQG�Zere�QoW�ForreODWeG�ZLWK�PeDVXreV�oI�EeDFK�VWDWe��-�(�'XJDQ�	�
'�0�+XEEDrG�XQSXEO��GDWD��
3� VXEWULDQJXODWD�DWWDLQV�D�VPDOOer�PD[LPXP�VL]e�DQG�KDV�D�VOoZer�JroZWK�rDWe��  ������7DEOe����S�������WKDQ�LWV�1eZ�=eDODQG�FoQJeQerV��3� YHQWULFRVD�DQG�3� 

GRQDFLQD��*rDQW��������eVWLPDWeG�WKDW�FODPV�reDFKeG���PP�VKeOO�OeQJWK�LQ��\r����PP�LQ��\r�DQG�KDve�D�PD[LPXP�DJe�oI�Pore�WKDQ��\r��/DrJe�LQGLvLGXDOV�reDFK�
OeQJWKV�oI�!��PP��DQG�ZeLJKWV�oI�!��J��*reeQZD\��������eVWLPDWeG�WKDW�3� VXEWULDQJXODWD�WooN���\r�Wo�JroZ�Wo�D�VL]e�VXLWDEOe�Ior�FoPPerFLDO�KDrveVWLQJ�
5eFrXLWPeQW�oI�3� VXEWULDQJXODWD�LV�VSorDGLF��DQG�WKe�DEXQGDQFe�oI�FoKorWV�IroP�GLIIereQW�\eDrV�FDQ�vDr\�JreDWO\��*reeQZD\�������5eGIeDrQ�������*rDQW��������

1eZO\�reFrXLWeG�FODPV�FDQ�oFFXr�LQ�KLJK�GeQVLWLeV��XS�Wo��FPí���LQ�WKe�LQWerWLGDO��*reeQZD\�������*rDQW��������

)LVKHU\

3� VXEWULDQJXODWD�KDve�EeeQ�KDrveVWeG�LQ�WrDGLWLoQDO��FoPPerFLDO�DQG�reFreDWLoQDO�ILVKerLeV��6LJQLILFDQW�WrDGLWLoQDO�KDrveVW�oI�3� VXEWULDQJXODWD�LV�VXJJeVWeG�E\�WKe�
ODrJe�QXPEerV�oI�VKeOOV�LQ�FoDVWDO�PLGGeQV��CrDQILeOG�eW�DO���������CoPPerFLDO�ODQGLQJV�oI�3� VXEWULDQJXODWD�Dre�VXEVWDQWLDO�DQG�KDve�LQFreDVeG�LQ�reFeQW�\eDrV��7Ke�
ODQGLQJV�Dre�SrLPDrLO\�IroP�QorWK�ZeVWerQ�1orWK�,VODQG��WKe�DreD�WKDW�IorPerO\�VXSSorWeG�WKe�FoPPerFLDO�ILVKer\�Ior�WoKeroD��3� YHQWULFRVD��CoPPerFLDO�ILVKer\�
ODQGLQJV�Ior�3� VXEWULDQJXODWD�DverDJeG���W\rí��IroP������Wo�������DQG����W\rí��IroP������Wo�������*reeQZD\�������+DGGoQ��������5eFeQW�ODQGLQJV�Zere���W�LQ�
������DQG����W�LQ�������)LVKLQJ�,QGXVWr\�%oDrG�XQSXEO��GDWD���)LVKerV�reFeLveG�D�SorW�SrLFe�oI�86����Wí��JreeQ�ZeLJKW�LQ�������DQG�86����Wí��LQ�������
7XDWXD�Dre�VoOG�IreVK��Iro]eQ�DQG�DV�SreSDreG�SroGXFWV�LQFOXGLQJ�³WoKeroD�VW\Oe�VoXS �́�*reeQZD\�������Ior�GoPeVWLF�DQG�e[SorW�PDrNeWV��,Q�1eZ�=eDODQG��3� 

VXEWULDQJXODWD�LV�PDrNeWeG�LQ�FDQQeG�SroGXFWV��LQ�MDrV��DQG�DV�IreVK�ZKoOe�DQG�VKXFNeG�FODP�PeDWV�Ior�reWDLO�VDOeV��FDWerLQJ�DQG�reVWDXrDQWV��,Q���������W������oI�
ODQGLQJV��oI�FKLOOeG�ZKoOe�FODPV�Zere�



3DJe����

e[SorWeG�Wo�WKe�86$��DQG��W�����oI�ODQGLQJV��oI�Iro]eQ�FODPV�Zere�e[SorWeG�Wo�5eXQLoQ�,VODQG�DQG�*XDP��)LVKLQJ�,QGXVWr\�%oDrG�XQSXEO��GDWD���7Ke�e[SorW�SrLFe�Ior�
Iro]eQ�DQG�FKLOOeG�ZKoOe�FODPV�ZDV�86�����NJí��LQ�������)LVKLQJ�,QGXVWr\�%oDrG�XQSXEO��GDWD���
3� VXEWULDQJXODWD�Dre�KDrveVWeG�E\�KDQG�DW�OoZ�WLGe��7Ke�QXPEer�oI�SerPLWV�LVVXeG�Ior�FoPPerFLDO�WDNe�KDV�GeFreDVeG�IroP����LQ������Wo�DSSro[LPDWeO\�VL[�LQ�

������7Kere�ZDV�D�OLPLW�oI�WKree�EDJV��F����NJ��Ser�ILVKerV�Ser�GD\�LQ�������,Q�������WKe�OLPLW�ZDV����NJ�Ser�ILVKer�Ser�GD\��CoPPerFLDO�KDrveVW�LV�SroKLELWeG�LQ�
VSeFLILeG�DreDV�QeDr�DFFeVV�SoLQWV�Ior�reFreDWLoQDO�ILVKerV�
'DWD�oQ�reFreDWLoQDO�KDrveVWLQJ�Dre�QoW�DvDLODEOe��EXW�ODQGLQJV�Dre�OLNeO\�Wo�Ee�VXEVWDQWLDO�LQ�VoPe�DreDV��5eFreDWLoQDO�KDrveVWLQJ�LV�XQreJXODWeG�e[FeSW�Ior�D�GDLO\�EDJ�

OLPLW�oI�����FODPV�Ser�SerVoQ��DQG�FOoVeG�SerLoGV�GXe�Wo�Wo[LF�DOJDO�EOooPV�

7KH WXDWXD�3DSKLeV�GoQDFLQD��)LJ� �R� S� ����

'LVWULEXWLRQ

7Ke�VeFoQG�VSeFLeV�oI�WXDWXD��3� GRQDFLQD��LV�DOVo�eQGePLF�Wo�1eZ�=eDODQG��oFFXrrLQJ�SrLPDrLO\�DOoQJ�WKe�ZeVW�FoDVW�EeDFKeV�oI�1orWK�,VODQG��oQ�VDQG\�EeDFKeV�oI�
eDVWerQ�6oXWK�,VODQG��DQG�oQ�6WeZDrW�,VODQG��)LJ�����S��������3� GRQDFLQD�LV�QoW�NQoZQ�IroP�QorWKeDVWerQ�1orWK�,VODQG�DQG�LV�rDre�QorWK�oI�$XFNODQG��3� GRQDFLQD�
oFFXrV�oQ�GLVVLSDWLve�DQG�LQWerPeGLDWe�EeDFKeV��DQG�LQ�VoPe�Pore�VKeOWereG�OoFDWLoQV�LQFOXGLQJ�KDrEoXr�PoXWKV��$GXOW�3� GRQDFLQD�Dre�IoXQG�LQ�WKe�OoZ�LQWerWLGDO�DQG�
LQ�WKe�VXEWLGDO�Wo�GeSWKV�oI��P��EXW�JeQerDOO\�oFFXr�VKoreZDrG�oI�WKe�SrLPDr\�EreDNer�]oQe��CrDQILeOG�eW�DO��������

%LRORJ\ DQG HFRORJLFDO UROH

7Ke�Ve[eV�Dre�VeSDrDWe�LQ�3� GRQDFLQD��DQG�oFFXr�LQ�D�rDWLo�FOoVe�Wo������'DZVoQ��������7Ke�eJJV�oI�3� GRQDFLQD�Dre�ODrJer�WKDQ�WKoVe�oI�3� YHQWULFRVD�DQG�3� 
VXEWULDQJXODWD��(JJ�GLDPeWerV�oI�3� GRQDFLQD�Dre�DSSro[LPDWeO\���ȝP��'DZVoQ�������FoPSDreG�ZLWK���±��ȝP�LQ�WKe�oWKer�VSeFLeV��
3� GRQDFLQD�LV�D�VXVSeQVLoQ�IeeGer�ZLWK�VKorW�VLSKoQV�WKDW�Dre�KeOG�DW�WKe�VDQG�VXrIDFe��3� GRQDFLQD�KDV�VOoZ�EXrroZLQJ�rDWeV�reODWLve�Wo�oWKer�EeDFK�FODPV�

�0F/DFKODQ�eW�DO���������-XveQLOe�3� GRQDFLQD�KDG�D�%5,�oI���DW����C��6PDOO�FODPV�KDve�EeeQ�oEVerveG�VXrILQJ�LQ�WKe�VZDVK�ZLWK�IeeW�DQG�VLSKoQV�e[WeQGeG��7Kere�LV�
Qo�evLGeQFe�Ior�WLGDO�PLJrDWLoQ�E\�3� GRQDFLQD�
3reGDWorV�oI�3� GRQDFLQD�LQFOXGe�VoXWKerQ�EODFN�EDFNeG�JXOOV��reG�ELOOeG�JXOOV��vDrLDEOe�o\VWerFDWFKerV�DQG�6oXWK�,VODQG�SLeG�o\VWerFDWFKerV��6oXWKerQ�EODFN�

EDFNeG�JXOOV�KDve�EeeQ�oEVerveG�GLvLQJ�LQ�WKe�VKDOOoZ�VXEWLGDO�Wo�e[WrDFW�EXrLeG�FODPV�oI�XS�Wo����PP�VKeOO�OeQJWK��DQG�oSeQLQJ�WKeP�E\�GroSSLQJ�WKeP�oQ�Wo�WKe�VDQG�
IroP�D�KeLJKW��-�(�'XJDQ�	�'�0��+XEEDrG�XQSXEO��GDWD���2\VWerFDWFKerV�Sre\�oQ�VPDOOer�FODPV�Wo�DEoXW����PP�VKeOO�OeQJWK�LQ�WKe�LQWerWLGDO�]oQe��-�(�'XJDQ�	�
'�0�+XEEDrG�XQSXEO��GDWD��
5LFKDrGVoQ�eW�DO���������reSorWeG�WKDW�WKe�VKeOOV�oI�3� GRQDFLQD�IroP�:eOOLQJWoQ�ZeVW�FoDVW�EeDFKeV�Zere�Iree�oI�K\GroLGV�DQG�DOJDO�JroZWK��DQG�VXJJeVWeG�WKDW�

WKe\�oFFXr�DW�JreDWer�GeSWKV�LQ�WKe�VDQG�WKDQ�3� VXEWULDQJXODWD��7KLV�PD\�vDr\�JeoJrDSKLFDOO\�DV�VKeOOV�oI�3� GRQDFLQD�IroP�2WDJo�EeDFKeV�IreTXeQWO\�EeDr�K\GroLG�
FOXPSV�DQG�DOJDO�JroZWK��-�(��'XJDQ�	�'�0�+XEEDrG�XQSXEO��GDWD���
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3RSXODWLRQ G\QDPLFV

+LJK�GeQVLWLeV�oI�3� GRQDFLQD�reFrXLW�Wo�WKe�LQWerWLGDO�ZKere�ODrJer�FODPV�Dre�rDre��6PDOO�FODPV��PeDQ�OeQJWK����PP��Zere�QXPerLFDOO\�GoPLQDQW��!�����LQ�LQWerWLGDO�
VDPSOeV�IroP�WeQ�2WDJo�EeDFKeV��-�(�'XJDQ�	�'�0�+XEEDrG�XQSXEO��GDWD���6DPSOeV�oI�3� GRQDFLQD�IroP�WKe�VXEWLGDO�]oQe�KDve�OeQJWK�IreTXeQF\�GLVWrLEXWLoQV�WKDW�
Dre�SrLPDrLO\�FoPSoVeG�oI�D�VXEVWDQWLDO�PoGe�oI�ODrJe�DQLPDOV��7KeVe�PoGeV�Dre�SroEDEO\�FoPSoVeG�oI�PXOWLSOe�\eDr�FODVVeV��CrDQILeOG�eW�DO���������7Ke�OeQJWKV�oI�
FODPV�LQ�WKeVe�PoGeV�Zere�PoVWO\���±��PP�LQ�VDPSOeV�GreGJeG�IroP�:eOOLQJWoQ�ZeVW�FoDVW�EeDFKeV��1orWK�,VODQG��DQG���±���PP�LQ�VDPSOeV�IroP�COoXG\�%D\��
6oXWK�,VODQG��CrDQILeOG�eW�DO���������3� GRQDFLQD�VDPSOeG�LQ�WKe�VKDOOoZ�VXEWLGDO�DW�:DrrLQJWoQ��6oXWK�,VODQG��KDG�VLPLODr�OeQJWK�IreTXeQF\�GLVWrLEXWLoQV�ZLWK�PeDQ�
OeQJWKV�oI���PP�LQ�)eErXDr\�������DQG���PP�LQ�-DQXDr\�������-�(�'XJDQ�	�'�0��+XEEDrG��XQSXEO��GDWD���3� GRQDFLQD�VDPSOeG�E\�CrDQILeOG�eW�DO���������reDFKeG�
ODrJer�PD[LPXP�VL]eV�oQ�6oXWK�,VODQG�EeDFKeV����±���PP�VKeOO�OeQJWK�DW�VL[�VLWeV��WKDQ�oQ�1orWK�,VODQG����±��PP�VKeOO�OeQJWK�DW�IoXr�VLWeV���7Ke�VL]e�VWrXFWXreV�oI�
VXEWLGDO�3� GRQDFLQD�SoSXODWLoQV�Zere�VWDEOe�over�WLPe�LQ�QLQe�VDPSOeV�IroP�COoXG\�%D\�DQG�eLJKW�VDPSOeV�IroP�WKe�:eOOLQJWoQ�ZeVW�FoDVW�over����PoQWKV��CrDQILeOG�
eW�DO��������
(VWLPDWeG�ELoPDVV�oI�VXEWLGDO�3� GRQDFLQD�IroP����EeDFKeV�DFroVV����GeJreeV�oI�ODWLWXGe�ZDV��±��NJPí���CrDQILeOG�eW�DO���������(VWLPDWeG�ELoPDVV�oI�3� 

GRQDFLQD�LQ�WKe�VKDOOoZ�VXEWLGDO�DW�:DrrLQJWoQ�ZDV����NJPí���-�(�'XJDQ�	�'�0�+XEEDrG�XQSXEO��GDWD���
5eFrXLWPeQW�oI�3� GRQDFLQD�oFFXrV�DFroVV�WKe�eQWLre�LQWerWLGDO�]oQe��-�(�'XJDQ�	�'�0�+XEEDrG�XQSXEO��GDWD���ZLWK�VXEVWDQWLDO�vDrLDWLoQ�LQ�reFrXLWPeQW�Wo�GLIIereQW�

EeDFKeV��(VWLPDWeV�oI�reFrXLW�GeQVLWLeV���±��PP�VKeOO�OeQJWK��Ior�eDVW�FoDVW�EeDFKeV�oI�6oXWK�,VODQG��2WDJo��LQ������vDrLeG�IroP���Wo�!����Pí���DQG�EeDFKeV�QorWK�oI�
CDSe�6DXQGerV�KDG�PXFK�KLJKer�GeQVLWLeV�oI�\oXQJ�oI�WKe�\eDr�FODPV��!���Pí���WKDQ�WKoVe�Wo�WKe�VoXWK�����Pí����-��(�'XJDQ�	�'�0�+XEEDrG�XQSXEO��GDWD���
*roZWK�rDWeV�DQG�PD[LPXP�VL]eV�����PP�VKeOO�OeQJWK�DQG����J�::��Ior�3� GRQDFLQD�Dre�LQWerPeGLDWe�Wo�WKoVe�oI�3� VXEWULDQJXODWD�DQG�3� YHQWULFRVD � �

JroZWK�rDWe�LQGe[ ������7DEOe����S��������*roZWK�rDWeV�oI�VXEWLGDO�3� GRQDFLQD�Zere�eVWLPDWeG�IroP�D�oQe�\eDr�PDrN�reFDSWXre�e[SerLPeQW�DW�COoXG\�%D\��CrDQILeOG�
eW�DO���������1o�LQFreDVe�LQ�OeQJWK�ZDV�PeDVXreG�Ior�D�ODrJe�SroSorWLoQ�oI�WKe�FODPV�ZLWK�LQLWLDO�OeQJWKV�!��PP��,W�ZoXOG�WDNe��\r�Ior�reFrXLWV�Wo�reDFK�PDrNeWDEOe�VL]eV�
�DSSro[LPDWeO\���PP���$QDO\VLV�oI�VKeOO�VeFWLoQV�LQGLFDWeG�WKDW�3� GRQDFLQD�reDFK�DJeV�XS�Wo���\r��CrDQILeOG�eW�DO���������eVWLPDWeG�0�oI�3� GRQDFLQD�DW�����±
����\rí��Ior�COoXG\�%D\��

)LVKHU\

$rWLVDQDO��FoPPerFLDO�DQG�reFreDWLoQDO�ILVKerLeV�Ior�3� GRQDFLQD�Dre�VPDOOer�WKDQ�WKoVe�Ior�WKe�oWKer�EeDFK�3DSKLHV�VSeFLeV�LQ�1eZ�=eDODQG��7Ke�FoPPerFLDO�ILVKer\�
Ior�3� GRQDFLQD�LV�FXrreQWO\�ver\�VPDOO��EXW�WKere�LV�SoWeQWLDO�Ior�VXEVWDQWLDO�ODQGLQJV�LI�WKe�VXrI�]oQe�FODP�ILVKer\�GeveOoSV�IXrWKer��2Qe�ILVKer�LV�FXrreQWO\�KDrveVWLQJ�VXrI�
FODPV�FoPPerFLDOO\�E\�K\GrDXOLF�GreGJe�LQ�FeQWrDO�1eZ�=eDODQG��EXW�WoWDO�ODQGLQJV�Zere�OeVV�WKDQ��W\rí��IroP������Wo�������CrDQILeOG�eW�DO���������3� GRQDFLQD�LV�
oQe�oI�VeverDO�VSeFLeV�KDrveVWeG��DQG�FoPSoVeG�����DQG�����oI�WKe�eVWLPDWeG�VWoFN�ELoPDVV�DW�COoXG\�%D\�DQG�COLIIorG�%D\��reVSeFWLveO\��CrDQILeOG�eW�DO���������
CrDQILeOG�eW�DO���������eVWLPDWeG�PD[LPXP�FoQVWDQW�\LeOG�>0C< ������)������vLrJLQ�ELoPDVV�@�Ior�3� GRQDFLQD�DW�WZo�VLWeV������W\r

í������NJPí�\rí���IroP�COoXG\�

%D\����NP���DQG�����W\rí������NJPí�\rí���IroP�COLIIorG�%D\������NP���1o�GDWD�Dre�DvDLODEOe�oQ�WKe�reFreDWLoQDO�KDrveVW�oI�3� GRQDFLQD��EXW�KDrveVWLQJ�rDWeV�Dre�
SroEDEO\�PXFK�OoZer�WKDQ�Ior�3� VXEWULDQJXODWD��7Ke�reFreDWLoQDO�ILVKer\�Ior�3� GRQDFLQD�LV�XQreJXODWeG�e[FeSW�Ior�D�GDLO\�EDJ�OLPLW�oI�����FODPV�Ser�SerVoQ��DQG�
FOoVXreV�GXe�Wo�Wo[LF�DOJDO�EOooPV��
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'LVFuVVLoQ

*HQHUDO
6everDO�FOeDr�SDWWerQV�DQG�FoQWrDVWV�ePerJe�IroP�WKe�IoreJoLQJ�revLeZ��0DQ\�oI�WKe�VSeFLeV�FovereG�LQ�WKLV�revLeZ�Dre�ODrJe��7DEOe����S�������DQG�IoXQG�oQ�WePSerDWe�
GLVVLSDWLve�EeDFKeV�LQ�DreDV�oI�KLJK�SrLPDr\�SroGXFWLoQ��ZKLFK�LV�oIWeQ�LQ�WKe�IorP�oI�VXrI�GLDWoP�EOooPV��6SeFLeV�IroP�ZDrPer�ZDWerV�WeQG�Wo�Ee�VPDOOer��oFFXS\�D�
ZLGer�rDQJe�oI�EeDFK�W\SeV�DQG�VXSSorW�DrWLVDQDO�ILVKerLeV��ZKLOe�ODrJe�VSeFLeV�LQ�WePSerDWe�DreDV�VXSSorW�or�KDve�VXSSorWeG�FoPPerFLDO�ILVKerLeV��
7Ke�VSeFLeV�FovereG�DOO�FoPe�IroP�e[SoVeG�oFeDQ�EeDFKeV�EXW�FDQ�Ee�GLvLGeG�LQWo�LQWerWLGDO�DQG�VXEWLGDO�IorPV��7DEOe�����WKe�ODWWer�ZLWK�DGXOWV�LQ�WKe�VXrI�]oQeV�DQG�

WKe�IorPer�ZLWK�DGXOWV�oQ�WKe�LQWerWLGDO�EeDFK��,Q�EoWK�FDVeV�MXveQLOeV�WeQG�Wo�VeWWOe�DW�GLIIereQW�OeveOV�EeIore�PLJrDWLQJ�Wo�WKe�DGXOW�]oQe��$�WKLrG�]oQDWLoQ�SDWWerQ�LV�
LQWerPeGLDWe�EeWZeeQ�WKeVe�WZo�e[WrePeV��ZLWK�DGXOWV�LQ�WKe�VKDOOoZ�VZDVK��e[WeQGLQJ�EoWK�LQWo�WKe�LQWerWLGDO�DQG�oXW�LQWo�WKe�VXrI�]oQe��,Q�WKe�FDVe�oI�oQe�VSeFLeV��
'RQD[ VHUUD��DQ�LQWerWLGDO�GLVWrLEXWLoQ�oFFXrV�LQ�D�ZDrP�SDrW�oI�LWV�rDQJe�DQG�VXEWLGDO�GLVWrLEXWLoQ�LQ�D�FoOGer�SDrW��$�VLPLODr�WePSerDWXre�eIIeFW�LV�VeeQ�LQ�0HVRGHVPD 
PDFWURLGHV��ZKLFK�oFFXrV�VXEWLGDOO\�LQ�WKe�FoOG�ZLQWer�PoQWKV�DQG�LQWerWLGDOO\�LQ�VXPPer��7KLV�VeePV��DW�OeDVW�LQ�SDrW��Wo�PDWFK�WKe�oWKer�VSeFLeV�SDWWerQV��WKere�DSSeDrV�
Wo�Ee�D�JooG�reODWLoQVKLS�EeWZeeQ�WLGe�OeveO�oFFXSLeG�E\�D�FODP�VSeFLeV�DQG�ZDWer�WePSerDWXre��WKoVe�oFFXrrLQJ�LQ�WKe�ZDrPeVW�ZDWerV��'RQD[ GHQWLFXODWXV� '� 
VWULDWXV� '� IDED� '� FXQHDWXV�IroP�WroSLFDO�DQG�0HVRGHVPD PDFWURLGHV� 'RQD[ VHUUD� '� WUXQFXOXV� '� GHOWRLGHV� 7LYHOD VWXOWRUXP�IroP�ZDrP�WePSerDWe�DreDV��
EeLQJ�eLWKer�LQWerWLGDO�or�WLGDO�PLJrDQWV��ZKereDV�WKoVe�IroP�KLJKer�ODWLWXGeV��6LOLTXD SDWXOD� 0HVRGHVPD GRQDFLXP� 3DSKLHV GRQDFLQD��Dre�PL[eG�or�VXEWLGDO��7Ke�
e[SODQDWLoQ�Ior�WKLV�PD\�OLe�LQ�'oQQ¶V������D��K\SoWKeVLV�WKDW�WKe�VXEWLGDO�VKLIW�LQ�'RQD[ VHUUD�SoSXODWLoQV�LQ�DreDV�oI�OoZer�ZDWer�WePSerDWXre�LV�D�FoQVeTXeQFe�oI�
VOoZer�EXrLDO�rDWeV�DW�WKeVe�WePSerDWXreV�DQG�WKXV�LQDELOLW\�Wo�PDLQWDLQ�SoVLWLoQ�LQ�WKe�G\QDPLF�VZDVK�FoQGLWLoQV�oI�WKe�LQWerWLGDO�]oQe��%XrLDO�WLPe�LQFreDVeV�ZLWK�VL]e�LQ�
ELvDOveV��0F/DFKODQ�eW�DO��������DQG�ODrJe�VSeFLeV�VXFK�DV�WKeVe�PD\�Ee�e[WrePeO\�VOoZ�DW�OoZ�WePSerDWXreV��7KLV�ZoXOG�PDNe�reSoVLWLoQLQJ�DQG�EXrLDO�oQ�WKe�EeDFK�
IDFe��DQ�eVVeQWLDO�SroFeVV�oQ�G\QDPLF�EeDFKeV��GLIILFXOW�or�LPSoVVLEOe�
0DQ\�oI�WKe�VSeFLeV�FovereG�Dre�ODrJe��!��PP��DQG��XQOLNe�PDQ\�oWKer�EeDFK�DQLPDOV��Go�QoW�XQGerJo�WLGDO�PLJrDWLoQV��7Ke\�WKXV�GLIIer�IroP�WKe�VPDOO��KLJKO\�PoELOe�

GoQDFLGV�DQG�oWKer�VSeFLeV�W\SLFDO�oI�reIOeFWLve�DQG�LQWerPeGLDWe�EeDFKeV��eVSeFLDOO\�LQ�ZDrPer�FOLPDWeV��0F/DFKODQ�eW�DO���������KDve�VKoZQ�WKDW�ELvDOveV�IroP�oFeDQ�
EeDFKeV�FDQ�Ee�VeSDrDWeG�oQ�WKe�EDVLV�oI�VL]e��GeQVLW\�DQG�VKDSe�LQWo�IorPV�W\SLFDO�oI�reIOeFWLve��LQWerPeGLDWe�DQG�GLVVLSDWLve�EeDFKeV��7KoVe�IroP�LQWerPeGLDWe�DQG�
GLVVLSDWLve�EeDFKeV�LQFOXGe�ODrJe�IorPV�ZLWK�OoZ�GeQVLWLeV�DQG�vDrLDEOe�VKDSeV��LQ�FoQWrDVW�Wo�WKe�VPDOO��GeQVe��ZeGJe�VKDSeG�IorPV�VWroQJO\�VeOeFWeG�Wo�FoSe�ZLWK�WKe�
WXrEXOeQW�VZDVK�FoQGLWLoQV�oI�reIOeFWLve�EeDFKeV��'oQQ������E��IoXQG�LQWerWLGDO�SoSXODWLoQV�oI�'� VHUUD�Wo�KDve�KLJKer�GeQVLWLeV��DQG�VPDOOer��WKLFNer��OeVV�roXQGeG�DQG�
Pore�ZeGJe�VKDSeG�vDOveV�WKDQ�VXEWLGDO�SoSXODWLoQV��6oPe�oI�WKe�ELvDOveV�OLVWeG�Kere�FOeDrO\�IDOO�LQWo�WKe�FDWeJor\�oI�ODrJe�VSeFLeV�ZLWK�OoZ�GeQVLWLeV�DQG�VXEWLGDO�
GLVWrLEXWLoQV��7Ke�e[FeSWLoQV�Dre�SroEDEO\�'� VHUUD�oQ�WKe�VoXWK�FoDVW�oI�6oXWK�$IrLFD��'� GHOWRLGHV�LQ�$XVWrDOLD��DQG�'� WUXQFXOXV�LQ�(XroSe��ZKLFK�Dre�LQWerPeGLDWe�
EeWZeeQ�WKe�EXON\�IorPV�IroP�GLVVLSDWLve�EeDFKeV�DQG�WKe�VPDOO��GeQVe�IorPV�IroP�reIOeFWLve�EeDFKeV�VXFK�DV�WKoVe�IoXQG�LQ�WKe�WroSLFV��7KLV�PD\�e[SODLQ�WKe�DELOLW\�oI�
WKeVe�WKree�VSeFLeV�Wo�FoOoQL]e�D�IDLrO\�ZLGe�rDQJe�oI�LQWerPeGLDWe�EeDFK�W\SeV�DQG�Wo�PDLQWDLQ�LQWerWLGDO�SoVLWLoQV��
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7Ke�VSeFLeV�VXSSorWLQJ�VXEVWDQWLDO�EeDFK�FODP�ILVKerLeV�LQ�WePSerDWe�DreDV�WeQG�Wo�Ee�ODrJer��OoQJer�OLveG�DQG�ZLWK�KLJKer�JroZWK�rDWeV�WKDQ�PDQ\�oWKer�EeDFK�
ELvDOveV��7DEOe����S��������0DQ\�KDve�OLIe�VSDQV�e[FeeGLQJ��\r�DQG�FDQ�DWWDLQ�KLJK�ELoPDVV�vDOXeV��FoQWrLEXWLQJ�VLJQLILFDQWO\�Wo�ELoPDVV�oQ�WKe�EeDFKeV�ZKere�WKe\�
oFFXr��0oVW�oFFXS\�FeQWrDO�SoVLWLoQV�LQ�EeDFK�IooG�FKDLQV��oIWeQ�FoQVWLWXWLQJ�WKe�GoPLQDQW�Sre\�oI�ELrGV��ILVKeV�DQG�FrDEV��%XW�WKe�LPSDFWV�oI�FODP�EeGV�oQ�EeDFK�
eFoOoJ\�PD\�e[WeQG�Ee\oQG�WKeLr�roOe�LQ�eQerJ\�IOoZ��$OWKoXJK�FoPSeWLWLve�LQWerDFWLoQV�KDve�QoW�EeeQ�GePoQVWrDWeG�LQ�e[SoVeG�VDQG\�EeDFKeV��WKe�SreVeQFe�oI�
VXEVWDQWLDO�QXPEerV�DQG�ELoPDVV�oI�ODrJe�ILOWer�IeeGerV�PD\�Ee�e[SeFWeG�Wo�DIIeFW�oWKer�VSeFLeV�oQ�WKe�EeDFK��CoPSeWLWLve�LQWerDFWLoQV�LQ�VeGLPeQWV�Dre�JeQerDOO\�QoW�
VWroQJ�EeFDXVe�oI�WKe�WKree�GLPeQVLoQDO�VSDFe�DQG�WKe�eIIeFWLveQeVV�oI�SreGDWLoQ�LQ�NeeSLQJ�QXPEerV�EeOoZ�FDrr\LQJ�FDSDFLW\��3eWerVoQ��������+oZever��Ge�$ODvD�
�������KDV�VKoZQ�LQ�WKe�FDVe�oI�0HVRGHVPD PDFWURLGHV�WKDW�FoPSeWLWLoQ�ZLWK�'RQD[ KDQOH\DQXV�PD\�oFFXr�VLQFe�WKe�ODWWer�e[KLELWV�reFrXLWPeQW�IOXFWXDWLoQV�LQverVeO\�
ForreODWeG�ZLWK�EoWK�DEXQGDQFe�oI�MXveQLOeV�SOXV�DGXOWV�oI�0HVRGHVPD PDFWURLGHV�DQG�DOVo�WKe�DPoXQW�oI�ILVKLQJ�eIIorW�IoFXVeG�oQ�WKe�ODWWer��'eIeo�	�Ge�$ODvD��
������
7Ke�roOe�oI�GeQVLW\�GeSeQGeQW�SroFeVVeV�LQ�VWrXFWXrLQJ�e[SOoLWeG�VDQG\�EeDFK�SoSXODWLoQV�PXVW�QoW�Ee�QeJOeFWeG��'eIeo������D��GePoQVWrDWeG�reGXFeG�reFrXLWPeQW�

XQGer�KLJK�DGXOW�GeQVLW\��SreVXPDEO\�GXe�Wo�ILOWrDWLoQ�oI�ODrvDe�oQ�D�PLFroVFDOe��7Ke�VWreQJWK�oI�D�QeZO\�VeWWOeG�FoKorW�FoXOG�DOVo�Ee�LQKLELWeG�E\�GeQVLW\�GeSeQGeQW�
JroZWK�DQG�PorWDOLW\�rDWeV��'eSreVVLoQ�oI�JroZWK�rDWeV�DW�KLJK�GeQVLW\�FoXOG�DOVo�KDve�DQ�eIIeFW�oQ�VXEVeTXeQW�reFrXLWPeQW�eveQWV�SroGXFeG�E\�WKeVe�FoKorWV��)or�
e[DPSOe��FoKorWV�ZLWK�OoZer�JroZWK�rDWeV�ZoXOG�QoW�DFKLeve�WKe�VL]e�DW�PDWXrLW\�GXrLQJ�WKe�VSDZQLQJ�VeDVoQ��WKXV�DIIeFWLQJ�IeFXQGLW\�DQG�SoVVLEO\�OeDGLQJ�Wo�reFrXLWPeQW�
IDLOXre��'eIeo�eW�DO������E���CoQverVeO\��DW�OoZ�DGXOW�GeQVLWLeV�JroZWK�rDWeV�PD\�Ee�KLJKer�DQG�WKe�FoQVeTXeQW�VL]e�DW�PDWXrLW\�PD\�Ee�DFKLeveG�GXrLQJ�WKe�QorPDO�
VSDZQLQJ�VeDVoQ�
3oSXODWLoQ�G\QDPLFV�oI�VSeFLeV�VXSSorWLQJ�EeDFK�ILVKerLeV�Dre�QoW�SDrWLFXODrO\�ZeOO�VWXGLeG�DQG�LQ�PDQ\�FDVeV�GDWD�oQ�reFrXLWPeQW��VWoFN�VL]e��PorWDOLW\�DQG�JroZWK�

Dre�LQFoPSOeWe�or�DEVeQW��7Ke�WZo�1orWK�$PerLFDQ�FODPV��7LYHOD VWXOWRUXP�DQG�6LOLTXD SDWXOD� 'RQD[ VHUUD�IroP�6oXWK�$IrLFD��3DSKLHV YHQWULFRVD�IroP�1eZ�
=eDODQG�DQG�0HVRGHVPD PDFWURLGHV�IroP�8rXJXD\��KDve�EeeQ�EeVW�VWXGLeG�LQ�WKLV�reJDrG��5eFrXLWPeQW�LV�SroEDEO\�WKe�OeDVW�VWXGLeG�DVSeFW�oI�EeDFK�FODP�ILVKerLeV�DQG�
KDV�EeeQ�TXDQWLILeG�LQ�oQO\�D�KDQGIXO�oI�FDVeV��,W�KDV�EeeQ�VKoZQ�Wo�Ee�VWoFN�GeSeQGeQW�oQ�D�PDFroVFDOe�LQ�0� PDFWURLGHV�EXW�PD\�Ee�LQGeSeQGeQW�LQ�7LYHOD 
VWXOWRUXP��0oVW�VSeFLeV�KDve�rDSLG�JroZWK�Wo�Ve[XDO�PDWXrLW\�DQG�WKeQ�VOoZer�EXW�QeverWKeOeVV�LQGeWerPLQDWe�JroZWK�DQG�vDrLoXV�JroZWK�PoGeOV�KDve�EeeQ�
VXFFeVVIXOO\�DSSOLeG��7DEOe����S��������0orWDOLW\�rDWeV�vDr\�FoQVLGerDEO\�EeWZeeQ�VSeFLeV��EeDFKeV�DQG�\eDrV�DQG�WoWDO�PorWDOLW\�FDQ�Ee�KLJK��rDQJLQJ����±���\rí��LQ�
GLIIereQW�VLWXDWLoQV��)LVKLQJ�PorWDOLW\�PDNeV�XS�D�VLJQLILFDQW�SroSorWLoQ�oI�WKLV�LQ�VoPe�FDVeV�DQG�DVVoFLDWeG�LQFLGeQWDO�PorWDOLW\��FODPV�QoW�WDNeQ�EXW�GLVFDrGeG�oQ�WKe�
VXrIDFe�Wo�GLe��FDQ�Ee�D�PDMor�FDXVe�oI�PorWDOLWLeV��6XrvLvDO�SroEDEO\�LQFreDVeV�ZLWK�DJe�LQ�DOO�FDVeV��eVSeFLDOO\�WKe�OoQJ�OLveG�VSeFLeV��
+XPDQ�XWLOL]DWLoQ�oI�EeDFK�FODPV�e[WeQGV�IDr�EDFN�LQWo�Sre�KLVWor\�oQ�PoVW�FoDVWV��7oGD\�EeDFK�FODP�KDrveVWV�VeeP�Wo�Ee�FOeDrO\�GLvLGeG�LQWo�reFreDWLoQDO�DQG�

FoPPerFLDO�ILVKerLeV��ZLWK�D�FODVK�oI�LQWereVWV�EeWZeeQ�WKe�WZo�LQ�PDQ\�FDVeV��7Ke�VFeQLF�QDWXre�DQG�VSorWLQJ�SoWeQWLDO�oI�EeDFKeV�reQGerV�WKeP�LGeDO�Ior�WKe�
GeveOoSPeQW�oI�reFreDWLoQDO�DFWLvLWLeV��DQG�reFreDWLoQDO�ILVKerLeV�KDve�eveQ�reSODFeG�FoPPerFLDO�ILVKerLeV��eVSeFLDOO\�Ior�VSeFLeV�LQ�DreDV�ZLWK�KLJK�KXPDQ�GeQVLW\��e�J��
6LOLTXD SDWXOD� 7LYHOD VWXOWRUXP��DV�EeDFK�reFreDWLoQ�EeFoPeV�Pore�SoSXODr�DQG�KXPDQ�SoSXODWLoQ�LQFreDVeV��5eFreDWLoQDO�DFWLvLWLeV�oQ�EeDFKeV��Dre�QoW��LQ�JeQerDO�
FoQGXFLve�Wo�Foe[LVWeQFe�ZLWK�FoPPerFLDO�ILVKerLeV��eVSeFLDOO\�Ior�LQWerWLGDO�VSeFLeV�LQ�ZDrP�FOLPDWeV��'RQD[ VHUUD� '� GHOWRLGHV��ZKere�EeDFK�reFreDWLoQ�LV�
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e[WrePeO\�SoSXODr��)or�VXEWLGDO�VSeFLeV�WKLV�DSSeDrV�OeVV�oI�D�SroEOeP�VLQFe�ILVKLQJ�eIIorW�LV�EDVeG�EeOoZ�WKe�LQWerWLGDO�EeDFK��:KLOe�DOO�ILVKerLeV�LQFOXGe�VoPe�
reFreDWLoQDO�FoPSoQeQWV��DrWLVDQDO�ILVKerLeV�SreGoPLQDWe�LQ�6oXWK�$PerLFD�DQG�VoPe�WroSLFDO�DreDV��CoPPerFLDO�ILVKerLeV��ZKLFK�LQ�WKe�SDVW�Zere�VWroQJO\�GeveOoSeG�LQ�
WKe�FDVe�oI�6LOLTXD SDWXOD��Dre�VWLOO�LPSorWDQW�oQO\�LQ�WKe�FDVe�oI�0HVRGHVPD GRQDFLXP�LQ�CKLOe��,W�DSSeDrV�WKDW�WKe�WeQGeQF\�LQ�EeDFK�FODP�ILVKerLeV�LV�WoZDrGV�Pore�
reFreDWLoQDO�DrWLVDQDO�ILVKerLeV�DQG�DZD\�IroP�ODrJe�FoPPerFLDO�oSerDWLoQV��DOWKoXJK�WKe�IorPer�PD\�KDve�FoPPerFLDO�LQWereVWV��
,QWerWLGDO�VSeFLeV�Dre�reDGLO\�DFFeVVLEOe�DQG�KDrveVW�LQFXrV�ver\�OoZ�oSerDWLQJ�FoVWV��WKXV�WKe\�Dre�SDrWLFXODrO\�vXOQerDEOe�Wo�over�e[SOoLWDWLoQ�DQG�reTXLre�FDreIXO�

PDQDJePeQW��,Q�FoQWrDVW��VXEWLGDO�VSeFLeV�oFFXS\LQJ�KLJK�eQerJ\�VXrI�]oQeV�Dre�reODWLveO\�LQDFFeVVLEOe�DQG�OeVV�PDQDJePeQW�LV�reTXLreG��,Q�reFreDWLoQDO�ILVKerLeV��OLPLWV�Wo�
WKe�QXPEer�oI�ILVKerV�Dre�JeQerDOO\�QoW�SoVVLEOe�DQG�PDQDJerV�KDve�PDGe�reFoXrVe�Wo�VL]e�DQG�EDJ�OLPLWV��reVWrLFWLoQV�oQ�FoOOeFWLQJ�JeDr�DQG�FOoVeG�VeDVoQV�DQG�DreDV��
+oZever��Ior�PDQ\�oI�WKeVe�ILVKerLeV�reVeDrFK�DQG�PDQDJePeQW�Dre�OLPLWeG�or�QoQ�e[LVWeQW��,Q�D�IeZ�DreDV�reVWoFNLQJ�or�eQKDQFePeQW�KDV�EeeQ�WrLeG�DV�D�PDQDJePeQW�
WooO�EXW��oQ�WKe�ZKoOe��WKe�LGeD�oI�reVeeGLQJ�EeDFKeV�KDV�QoW�EeeQ�WeVWeG�DQG�LQ�PoVW�FDVeV�OLWWOe�LV�NQoZQ�oI�ODrvDO�ELoOoJ\��2QO\�oQ�WKe�QorWKZeVW�$PerLFDQ�FoDVW�GoeV�
PDQDJePeQW�VeeP�ZeOO�GeveOoSeG�
%eDFK�FODPV�Dre�XVeG�Ior�IooG�DQG�EDLW��7Ke\�oEWDLQ�EeVW�SrLFeV�DV�IooG�DQG�FODPV�FDQ�reDFK�86���NJí��LQ�WKeLr�VKeOOV��,Q�DreDV�ZLWK�reVWrLFWeG�DFFeVV�Wo�PDrNeWV��

OLPLWeG�GePDQG�Ior�FODP�PeDW��or�KLJK�oFFXrreQFe�oI�Wo[LF�DOJDO�EOooPV��D�VLJQLILFDQW�SroSorWLoQ�oI�WKe�WDNe�JoeV�Wo�EDLW�Ior�FrDEV�DQG�ILVKeV�LQ�oWKer�reFreDWLoQDO�or�
FoPPerFLDO�ILVKerLeV�
$�SroEOeP�DIIeFWLQJ�FoPPerFLDO�ILVKerLeV�WKDW�WDrJeW�EeDFK�FODPV�Ior�eDWLQJ�LV�WKe�WeQGeQF\�oI�VeverDO�VSeFLeV�Wo�DFFXPXODWe�SK\WoSODQNWoQ�Wo[LQV�SroGXFeG�E\�

EOooPV�oI�FerWDLQ�VSeFLeV�oI�SK\WoSODQNWoQ��+LJK�OeveOV�oI�Wo[LQV��VXFK�DV�363�DQG�GoPoLF�DFLG��Dre�KDrPIXO�Wo�FoQVXPerV�oI�ELvDOveV�DQG�SoVe�KeDOWK�KD]DrGV�Wo�
KXPDQV�DQG�oWKer�DQLPDOV��7KLV�OLPLWV�WKe�SoWeQWLDO�XWLOL]DWLoQ�oI�PDQ\�VWoFNV�LQ�FooOer�ZDWerV�DQG�FreDWeV�WKe�QeeG�Ior�FDreIXO�PoQLWorLQJ�DQG�PDQDJePeQW��$V�KXPDQ�
LPSDFWV�oQ�FoDVWDO�ZDWerV�FoQWLQXe��EOooPV�oI�Wo[LQ�SroGXFLQJ�SK\WoSODQNWoQ�FoXOG�DIIeFW�EeDFK�FODP�ILVKerLeV�Pore��e�J��+DOOeJrDeII��������
,Q�JeQerDO�LW�DSSeDrV�WKDW�EeDFK�FODP�ILVKerLeV�Dre�XELTXLWoXV�IeDWXreV�oI�oSeQ�FoDVWV�LQ�DOO�ODWLWXGeV��'eVSLWe�WKeLr�e[WeQW�WKe\�Dre�reODWLveO\�VPDOO�LQ�FoPSDrLVoQ�ZLWK�

VoPe�FoPPerFLDO�FODP�ILVKerLeV��)or�e[DPSOe�WKe�oIIVKore�ILVKer\�Ior�³VXrI�FODPV �́�6SLVXOD VROLGLVVLPD��DQG�TXDKoJV��AUFWLFD LVODQGLFD��oII�WKe�eDVW�FoDVW�oI�WKe�86$�
KDG�ODQGLQJV�oI������W�DQG�D�ILrVW�VDOe�vDOXe�oI�86����PLOOLoQ�LQ�������0XrDZVNL�	�6erFKXN��������7oWDO�EeDFK�FODP�WDNLQJV�Ior�DOO�VSeFLeV�FovereG�LQ�WKLV�revLeZ�LV�
QoW�NQoZQ�EXW�LV�WoGD\�FerWDLQO\�EeOoZ�WKLV�ILJXre��DOWKoXJK�LQ�WKe�SDVW�ODQGLQJV�oI�7LYHOD VWXOWRUXP�Zere�FoPSDrDEOe�

)XWXUH UHVHDUFK QHHGV

%DVeG�oQ�WKLV�revLeZ��Ze�VXJJeVW�WKDW�D�QXPEer�oI�WoSLFV�GeVerve�VSeFLDO�FoQVLGerDWLoQ�LQ�orGer�Wo�SrovLGe�D�VoXQG�VFLeQWLILF�EDVLV�Ior�PDQDJePeQW�oI�EeDFK�FODP�
ILVKerLeV�

RHFUXLWPHQW SURFHVVHV
/LWWOe�LV�NQoZQ�DEoXW�GLVSerVLve�DELOLWLeV�oI�PeroSODQNWoQLF�ODrvDO�SKDVeV�oI�e[SoVeG�VDQG\�EeDFK�PDFroIDXQD��(IIorG�������DQG�WKe�PeFKDQLVPV�LQIOXeQFLQJ�ODrvDO�
GLVWrLEXWLoQ�Dre�VWLOO�SoorO\�XQGerVWooG��5eVeDrFK�VKoXOG�IoFXV�oQ�SODQNWoQLF�VWDJeV�DQG�WKe�roOe�oI�QeDr�VKore�K\GroG\QDPLFV�LQ�VeWWOePeQW�SroFeVVeV��7KLV�ZLOO�
GeWerPLQe�WKe�VSDWLDO�VFDOeV�DW�ZKLFK�SoSXODWLoQ�G\QDPLFV�PD\�Ee�FoQVLGereG�DQ�oSeQ�SroFeVV��L�e��LI�LW�LV�Pore�reODWeG�Wo�WKe�DrrLvDO��



3DJe����

rDWeV�oI�ODrvDe�WKDQ�Wo�SoVW�VeWWOePeQW�SroFeVVeV��(IIorG¶V��������K\SoWKeVeV�VKoXOG�Ee�WeVWeG�Wo�GeWerPLQe�ZKeWKer�e[SoVeG�VDQG\�EeDFK�SoSXODWLoQV�FoXOG�Ee�
FoQVLGereG�DV�VeOI�VXVWDLQLQJ��ZLWK�reODWLve�LVoODWLoQ�oI�WKe�reVW�oI�WKe�VSeFLeV�GLVWrLEXWLoQ��7Ke�LQFOXVLoQ�oI�SK\VLFDO�oFeDQoJrDSKLF�LQIorPDWLoQ�reODWeG�Wo�ODrvDO�GLVSerVDO�
ZoXOG�Ee�oI�LPSorWDQFe�LQ�WKLV�FoQWe[W��,Q�DGGLWLoQ��SoWeQWLDO�PeFKDQLVPV�DVVoFLDWeG�ZLWK�over�FoPSeQVDWor\�SroFeVVeV�LQ�VWoFN�reFrXLWPeQW�reODWLoQVKLSV��VXFK�DV�
SDVVLve�ILOWerLQJ�oI�ODrvDe�E\�DGXOWV��VKoXOG�Ee�e[DPLQeG�E\�ILeOG�DQG�ODEorDWor\�VWXGLeV�
'HQVLW\�GHSHQGHQW SURFHVVHV�6SDWLDO�DQG�WePSorDO�vDrLDWLoQV�LQ�JroZWK��PorWDOLW\�DQG�reFrXLWPeQW�rDWeV�LQ�VDQG\�EeDFK�SoSXODWLoQV�PD\�Ee�reODWeG�LQ�SDrW�Wo�GeQVLW\�
GeSeQGeQW�SroFeVVeV�LQ�VDQG\�EeDFK�SoSXODWLoQV��'eIeo������D��-�(�'XJDQ�XQSXEO��GDWD���DQG�KeQFe�FoXOG�DIIeFW�WKe�FODP�VWoFN�DvDLODEOe�Ior�e[SOoLWDWLoQ��'eIeo�eW�DO��
����E���+oZever��DV�WKeVe�SroFeVVeV�Dre�reODWLveO\�XQNQoZQ�Ior�e[SOoLWeG�EeDFK�FODPV��IXWXre�ZorN�VKoXOG�ePSKDVL]e�VFDOe�GeSeQGeQW�e[SerLPeQWDO�PDQLSXODWLoQV�oI�
reVoXrFe�DEXQGDQFe�DQG�SoSXODWLoQ�GeQVLW\�
'LVWXUEDQFH DVVRFLDWHG ZLWK KDUYHVWLQJ DQG LQFLGHQWDO PRUWDOLW\�7Ke�QDWXrDO�PorWDOLW\�rDWeV�oI�WKe�XQKDrveVWeG�IrDFWLoQ�oI�e[SOoLWeG�VDQG\�EeDFK�SoSXODWLoQV�PD\�
Ee�GLreFWO\�reODWeG�Wo�WKe�DPoXQW�oI�ILVKLQJ�eIIorW��6FKLQN�eW�DO��������/DVVX\�	�6LPoQV�������'eIeo������D���VXJJeVWLQJ�WKDW�KDrveVWLQJ�DFWLvLWLeV�FoQVWLWXWe�D�VoXrFe�oI�
VeGLPeQW�GLVWXrEDQFe�DQG�LQFLGeQWDO�GDPDJe�SDrWLFXODrO\�LQ�LQWerWLGDO�VSeFLeV��)XrWKerPore��LQFLGeQWDO�eIIeFWV��VKeOO�GDPDJe��oI�ILVKLQJ�SreVVXre�FoXOG�DIIeFW�KDrveVWeG�
DQG�XQKDrveVWeG�SoSXODWLoQV�LQ�VDQG\�EeDFKeV��'eIeo�	�Ge�$ODvD�������6LPV�SerV��FoPP����6XFK�VKorW�WerP�eIIeFWV�QeeG�Wo�Ee�IXrWKer�WeVWeG�WKroXJK�GLreFW�
TXDQWLILFDWLoQ�oI�LQFLGeQWDO�GDPDJe�DQG�PorWDOLW\��DV�LQ�WKe�6LOLTXD SDWXOD�ILVKer\�ZKere�ZDVWDJe�LV�reSorWeG��$\reV�	�6LPoQV��������DQG�WKe�eIIeFWV�oI�VXEVWrDWXP�
SerWXrEDWLoQ��e�J��PorWDOLW\�oI�FODPV�LPPeGLDWeO\�DIWer�ILVKLQJ�PDQLSXODWLoQ�verVXV�FoQWroO�DreDV���,Q�FODP�ILVKerLeV�ZKere�KDrveVWLQJ�SroGXFeV�VLJQLILFDQW�LQFLGeQWDO�
PorWDOLW\��WKe�reGXFWLoQ�oI�PLQLPXP�VL]e�OLPLWV�PD\�reGXFe�OoVVeV�oI�VPDOO�FODPV��Vee�/DVVX\�	�6LPoQV��������6XFK�reJXODWor\�PeDVXreV�FoXOG�Ee�e[SerLPeQWDOO\�
evDOXDWeG�LQ�vXOQerDEOe�FODP�VWoFNV��,Q�orGer�Wo�evDOXDWe�WKe�OoQJ�WerP�eIIeFWV�oI�KDrveVWLQJ�oQ�WKe�SoSXODWLoQ�G\QDPLFV�oI�WKe�WDrJeW�VSeFLeV�DQG�oWKer�VSeFLeV�ZLWKLQ�
WKe�FoPPXQLW\��KXPDQ�e[FOXVLoQ�e[SerLPeQWV��Vee�'eIeo������D��FoXOG�Ee�XVeG�
0RGHOOLQJ DQG PDQDJHPHQW�0DQDJePeQW�PXVW�DFFoXQW�Ior�WePSorDO�DQG�JeoJrDSKLF�vDrLDWLoQ�LQ�OLIe�KLVWor\�DQG�SoSXODWLoQ�G\QDPLFV�FKDrDFWerLVWLF�oI�ILVKeG�VWoFNV��
e�J��0HVRGHVPD GRQDFLXP�oI�CKLOe��'RQD[ VHUUD�oI�6oXWK�$IrLFD��6LQFe�WKe�DOOoFDWLoQ�oI�ILVKLQJ�eIIorW�FOoVeO\�IoOOoZV�VSDWLo�WePSorDO�vDrLDWLoQV�LQ�reVoXrFe�
DEXQGDQFe��ILVKLQJ�eIIorW�DQG�FDWFKeV�VKoXOG�DOVo�Ee�oEWDLQeG�GLVFrLPLQDWeO\�E\�KoPoJeQeoXV�DreDV��Vee�'eIeo�eW�DO�������DQG�reIereQFeV�WKereLQ���7Ke�VSDWLDOO\�
GLVFreWe�DQDO\VLV�oI�VDQG\�EeDFK�VWoFNV��WKe�VXrroXQGLQJ�eQvLroQPeQW��DQG�WKe�ILVKer\��ZLOO�Ee�D�XVeIXO�WooO�Ior��D��WKe�DVVeVVPeQW�oI�VSDWLDO�G\QDPLFV�oI�FDWFK�DQG�ILVKLQJ�
eIIorW���E��WKe�GeWeFWLoQ�oI�FKDQJeV�LQ�OeQJWK�or�DJe�FoPSoVLWLoQ�oI�WKe�FDWFK��DQG��F��PoQLWorLQJ�FKDQJeV�LQ�VWoFN�DEXQGDQFe�DQG�LWV�FoPSoVLWLoQ�E\�VL]e�DQG�or�DJe��DV�
ZeOO�DV�LQ�oWKer�SoSXODWLoQ�G\QDPLFV�SDrDPeWerV�DQG�eQvLroQPeQWDO�vDrLDEOeV��)roP�WKe�DEove��DQ�LQWeJrDWeG�DSSroDFK�FoXOG�Ee�EXLOW�Wo�GeveOoS�D�FoPSreKeQVLve�
PDQDJePeQW�VFKePe�oI�WKe�ILVKer\��'eIeo�eW�DO���������6LQFe�DTXDFXOWXre�KDV�QoW�EeeQ�IeDVLEOe�LQ�PoVW�oI�WKe�VSeFLeV�revLeZeG��DQG�FoQVLGerLQJ�WKeLr�LQFreDVLQJ�
GePDQG��Ze�reFoPPeQG�DQ�e[SerLPeQWDO�DSSroDFK�Wo�PDQDJePeQW�WKroXJK�roWDWLoQ�oI�ILVKLQJ�DreDV��FreDWLoQ�oI�VSDZQLQJ�VWoFN�reIXJeV�DQG�reVWoFNLQJ�WKroXJK�GLreFW�
VeeGLQJ�oI�MXveQLOeV�or�DGXOWV��CDVWLOOD�������'eIeo�����E��'XJDQ�	�'DvLV��������$�VSDWLDO�PDQDJePeQW�VFKePe�FoXOG�FoPSOePeQW�WKeVe��
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VWrDWeJLeV�E\�DFFoXQWLQJ�Ior�VSDWLDO�vDrLDWLoQ�LQ�WKe�PDJQLWXGe�oI�reFrXLWPeQW��DQG�WKXV�SroWeFWLQJ�WKoVe�DreDV�ZLWK�KLJK�SroEDELOLWLeV�oI�VXFFeVVIXO�reFoOoQL]DWLoQ��CDGG\�
������

)XWXUH SURVSHFWV

$OWKoXJK�EeDFK�FODPV�Go�QoW�SrovLGe�ver\�ODrJe�FoPPerFLDO�FDWFKeV�WKe\�Dre�LGeDOO\�VXLWeG�Wo�reFreDWLoQDO�e[SOoLWDWLoQ�EeFDXVe�oI�WKe�SoSXODrLW\�oI�EeDFKeV�DV�
reFreDWLoQDO�DreDV��5eDG\�DFFeVVLELOLW\��ODrJe�VL]e�DQG�VOoZ�JroZWK�oI�VeverDO�WePSerDWe�VSeFLeV�GoeV��KoZever��QeFeVVLWDWe�FDreIXO�PDQDJePeQW�Wo�SreveQW�
XQVXVWDLQDEOe�e[SOoLWDWLoQ��7Ke�VDPe�PD\�KoOG�Ior�WroSLFDO�VSeFLeV��eVSeFLDOO\�LQ�DreDV�ZKere�ODrJe�QXPEerV�oI�Soor�SeoSOe�GeSeQG�oQ�WKeVe�Ior�VXEVLVWeQFe��
8QIorWXQDWeO\��EeDFK�FODP�VWoFNV�KDve�oIWeQ�reFeLveG�OLPLWeG�DWWeQWLoQ�E\�DXWKorLWLeV�DQG�ILVKerLeV�PDQDJerV��DV�evLGeQFeG�E\�WKe�SDXFLW\�oI�LQIorPDWLoQ�revLeZeG��,W�LV�
LPSorWDQW�WKDW�WKeVe�VWoFNV�Ee�VeeQ�DV�D�vDOXDEOe�reVoXrFe�eveQ�ZKere�WKe\�Go�QoW�VXSSorW�FoPPerFLDO�e[SOoLWDWLoQ��7Ke�vDOXe�oI�reFreDWLoQDO�ILVKerLeV�OLeV�QoW�oQO\�LQ�
WKe�vDOXe�oI�WKe�PeDW�EXW�DOVo�LQ�WKe�reFreDWLoQDO�eQMo\PeQW�oI�WKe�ZKoOe�e[SerLeQFe��7KXV�WKe�WrXe�vDOXe�oI�EeDFK�FODP�VWoFNV�PD\�LQFOXGe�D�VPDOO�IooG�FoPSoQeQW�DQG�
D�ODrJe�reFreDWLoQDO�DFWLvLW\�FoPSoQeQW��7KLV�PXVW�Ee�reFoJQL]eG�DQG�PDQDJeG�Vo�WKDW�EeDFK�FODPPerV�FDQ�Ee�DVVXreG�oI�D�TXDOLW\�reFreDWLoQDO�e[SerLeQFe�eveQ�LI�WKeLr�
WDNe�LV�PoGeVW�
2ver�e[SOoLWDWLoQ�E\�reFreDWLoQDO�DQG�FoPPerFLDO�LQWereVWV�LV�QoW�WKe�oQO\�WKreDW�IDFLQJ�EeDFK�FODP�ILVKerLeV��$Q\�WKreDW�Wo�EeDFKeV�LQ�JeQerDO�DOVo�WKreDWeQV�WKe�

VWoFNV��2II�roDG�veKLFOeV��SoOOXWLoQ��KeDv\�reFreDWLoQDO�SreVVXre��FoDVWDO�eQJLQeerLQJ�VWrXFWXreV��EeDFK�eroVLoQ�or�reSOeQLVKPeQW�SroJrDPPeV�DQG�FoDVWDO�GeveOoSPeQW�
DOO�SoVe�SroEOePV��:LWK�LQFreDVLQJ�JOoEDO�SoSXODWLoQ�DQG�VeD�OeveO�rLVe��EoWK�GLreFWO\�LPSDFWLQJ�oQ�oFeDQ�EeDFKeV��WKeVe�VWoFNV�PXVW�Ee�DVVXPeG�vXOQerDEOe�DQG�WKe�
IorPXODWLoQ�oI�G\QDPLF�PDQDJePeQW�VWrDWeJLeV�LV�eVVeQWLDO�

$FNQoZleGJemeQWV

-('�ZDV�reVSoQVLEOe�Ior�WKe�VeFWLoQV�oQ�7� VWXOWRUXP�DQG�6� SDWXOD��3(3�DQG�$'$�Ior�7� PDFWURLGHV� '� GHQWLFXODWXV��DQG�'� VWULDWXV��2'�Ior�WKe�VeFWLoQ�oQ�0� 
PDFWURLGHV��(-�Ior�WKDW�oQ�0� GRQDFLXP��$'$�Ior�'� WUXQFXOXV� '� FXQHDWXV�DQG�'� IDED��$0�Ior�'� VHUUD�DQG�'� GHOWRLGHV��DQG�'+�Ior�WKe�3DSKLHV�VSeFLeV��:e�
WKDQN�WKe�IoOOoZLQJ�ZKo�SrovLGeG�LQIorPDWLoQ�DQG�DVVLVWDQFe�ZLWK�WKe�VeFWLoQ�oQ�6� SDWXOD��'�$\reV��'�6LPoQV�DQG�$�5DPPer��:DVKLQJWoQ�6WDWe�'eSW��)LVK�DQG�
:LOGOLIe��86$��DQG�1�%oXrQe��)LVKerLeV�DQG�2FeDQV��3DFLILF�%LoOoJLFDO�6WDWLoQ��CDQDGD���'�GeO�3LeWro��8QLverVLWj�GL�7rLeVWe��,WDO\��DQG�C�6DODV��8QLverVLGDG�Ge�
0iODJD��6SDLQ��SrovLGeG�LQIorPDWLoQ�oQ�'� WUXQFXOXV�DQG�1�+DFNLQJ�DVVLVWeG�LQ�oEWDLQLQJ�LQIorPDWLoQ�oQ�'� GHOWRLGHV��+�-�CrDQILeOG��0$)���*�%rePQer��0$)�
)LVKerLeV�6oXWK���*�0DVoQ��8QLverVLW\�oI�2WDJo���*�6WDFe��$XFNODQG�0XVeXP��DQG�5�CreeVe��8QLverVLW\�oI�$XFNODQG��DVVLVWeG�ZLWK�LQIorPDWLoQ�Ior�WKe�1eZ�=eDODQG�
VeFWLoQ��:e�Dre�JrDWeIXO�Wo�'oXJ�6LPoQV��:DVKLQJWoQ�6WDWe�'eSDrWPeQW�oI�)LVKerLeV�DQG�:LOGOLIe��86$��DQG�Wo�6LPoQ�*roVVeW��SKoWo�MoXrQDOLVW��Ior�SerPLVVLoQ�Wo�
reSroGXFe�WKe�SKoWoJrDSKV�LQ�)LJXreV���DQG�����reVSeFWLveO\��
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5eIeUeQFeV

$EEoWW��5�7��������APHULFDQ 6HDVKHOOV���QG�eGQ��1eZ�<orN��9DQ�1oVWrDQG�5eLQKoOG�
$ODJDrVZDPL��.��������6WXGLeV�oQ�VoPe�DVSeFWV�oI�ELoOoJ\�oI�WKe�ZeGJe�FODP��'RQD[ IDED�IroP�0DQGDSDP�FoDVW�LQ�WKe�*XOI�oI�0DQQDr��-RXUQDO RI WKH 0DULQH 
%LRORJLFDO AVVRFLDWLRQ RI IQGLD������±����

$ODrFoQ��(��������,QIorPe�VoEre�eO�reFXrVo�Ge�PDFKDV��0HVRGHVPD GRQDFLXP��Ge�OD�,9�5eJLyQ��,QIorPe�GeO�'eSDrWDPeQWo�Ge�2FeDQoJrDItD�%LoOyJLFD��CeQWro�Ge�
,QveVWLJDFLoQeV�6XEPDrLQDV��8QLverVLGDG�GeO�1orWe��CoTXLPEo��CKLOe�

$OeeP��$�$��������0DrLQe�reVoXrFeV�oI�WKe�8QLWeG�$rDE�5eSXEOLF��6WXGLHV DQG RHYLHZV *HQHUDO )LVKHULHV &RXQFLO IRU WKH 0HGLWHUUDQHDQ�43���±����
$OPeLGD��3��������'LVWrLEXFLyQ�Ge�OoV�PoOXVFoV�eQ�OD�FoVWD�FeQWre�oFFLGeQWDO��3DWDQePo�3XQWD�7XFDFDV��Ge�9eQe]XeOD��CoPSDrDFLyQ�Ge�OoV�KDELWDWV�OLWorDOeV��0HPRULDV 
GH OD 6RFLHGDG GH &LHQFLDV NDWXUDOHV GH LD 6DOOH�����������±����

$PoXroX[��-�0��������'RQQpHV VXU OD VWUXFWXUH HW O¶LQVWDELOLWp GHV SHXSOHPHQWV LQIUD�OLWWRUDX[ GH OD F{WH GX RRXVLOORQ��7KqVe�Ge����F\FOe��8QLverVLWp�3DrLV�9,��
$QGo��7���0oXs]D��0��	�CeFFDOGL��+�-��������9DrLDWLoQV�GeV�OLSLGeV�eW�GeV�VWproOV�FKe]�'RQD[ WUXQFXOXV�/���0oOOXVTXe��/DPeOOLErDQFKe��GXrDQW�OeV�PoLV�G¶DXWoPQe�eW�
G¶KLver��&RPSWHV UHQGXV GHV VpDQFHV GH OD 6RFLpWp GH %LRORJLH���������±����

$QVeOO��$�'��������7Ke�ELoOoJ\�oI�WKe�JeQXV�'RQD[��,Q�6DQG\ EHDFKHV DV HFRV\VWHPV��$�0F/DFKODQ�	�7��(rDVPXV��eGV���7Ke�+DJXe��:�-XQN�����±����
$QVeOO��$�'��������6SeFLeV�RI 'RQD[�IroP�+oQJ�.oQJ��PorSKoOoJ\��GLVWrLEXWLoQ��EeKDvLoXr��DQG�PeWDEoOLVP��,Q�3URFHHGLQJV RI WKH 6HFRQG IQWHUQDWLRQDO WRUNVKRS RQ 
WKH 0DODFRIDXQD RI +RQJ .RQJ DQG VRXWKHUQ &KLQD� +RQJ .RQJ� ������%�0orWoQ�	�'�'XGJeoQ��eGV���+oQJ�.oQJ��+oQJ�.oQJ�8QLverVLW\�3reVV����±����

$QVeOO��$�'��������IQ VLWX�DFWLvLW\�oI�WKe�VDQG\�EeDFK�ELvDOve�'RQD[ YLWWDWXV��%LvDOvLD��'oQDFLGDe��LQ�reODWLoQ�Wo�SoWeQWLDO�SreGDWLoQ�rLVNV��EWKRORJ\� EFRORJ\ DQG 
EYROXWLRQ������±����

$QVeOO��$�'���%DrQeWW��3�5�2���%oGo\��$��	�0DVVp��+������D��8SSer�WePSerDWXre�WoOerDQFeV�oI�VoPe�(XroSeDQ�PoOOXVFV��,,��'RQD[ YLWWDWXV� '� VHPLVWULDWXV�DQG�'��
WUXQFXOXV� 0DULQH %LRORJ\�������±���

$QVeOO��$�'��	�%oGo\��$��������CoPSDrLVoQ�oI�eveQWV�LQ�WKe�VeDVoQDO�F\FOe�Ior�'RQD[ YLWWDWXV�DQG�'RQD[ WUXQFXOXV��,Q�&\FOLF SKHQRPHQD LQ PDULQH SODQWV DQG 
DQLPDOV��(�1D\Oor�	�5�*�+DrWQoOO��eGV���2[IorG��3erJDPoQ�3reVV�����±���

$QVeOO��$�'���)reQNLeO��/��	�0oXs]D��0������E��6eDVoQDO�FKDQJeV�LQ�WLVVXe�ZeLJKW�DQG�ELoFKePLFDO�FoPSoVLWLoQ�Ior�WKe�ELvDOve�'RQD[ WUXQFXOXV�/��oQ�WKe�$OJerLDQ�FoDVW��
-RXUQDO RI E[SHULPHQWDO 0DULQH %LRORJ\ DQG EFRORJ\�4������±����

$QVeOO��$�'��	�*LEVoQ��5�1��������3DWWerQV�oI�IeeGLQJ�DQG�PovePeQW�oI�MXveQLOe�IODWILVKeV�oQ�DQ�oSeQ�VDQG\�EeDFK��,Q�7URSKLF UHODWLRQVKLSV LQ WKH PDULQH 
HQYLURQPHQW� 3URFHHGLQJV RI WKH ��WK EXURSHDQ 0DULQH %LRORJ\ 6\PSRVLXP��0�%DrQeV�	�5�1�*LEVoQ��eGV���$EerGeeQ��$EerGeeQ�8QLverVLW\�3reVV�����±�����

$QVeOO��$�'��	�/DJDrGqre��)��������2EVervDWLoQV�oQ�WKe�ELoOoJ\�oI�'RQD[ WUXQFXOXV�DQG�'� YLWWDWXV�DW�+e�G¶2OeroQ��)reQFK�$WODQWLF�FoDVW���0DULQH %LRORJ\��������±
����

$QVeOO��$�'��	�0F/DFKODQ��$��������8SSer�WePSerDWXre�WoOerDQFeV�oI�WKree�PoOOXVFV�IroP�6oXWK�$IrLFDQ�VDQG\�EeDFKeV��-RXUQDO RI E[SHULPHQWDO 0DULQH %LRORJ\ DQG 
EFRORJ\�4������±����

$QVeOO��$�'��	�7rXePDQ��(�5��������7Ke�eQerJ\�FoVW�oI�PLJrDWLoQ�oI�WKe�ELvDOve�'RQD[�oQ�WroSLFDO�VDQG\�EeDFKeV��0DULQH %HKDYLRXU DQG 3K\VLRORJ\������±����
$rQW]��:�(���%re\��7���7DrD]oQD��-��	�5oEOeV��$��������CKDQJeV�LQ�WKe�VWrXFWXre�oI�D�VKDOOoZ�VDQG\�EeDFK�FoPPXQLW\�LQ�3er~�GXrLQJ�DQ�(O�1Lxo�eveQW��6RXWK AIULFDQ 
-RXUQDO RI 0DULQH 6FLHQFH�������±����

$\reV��'�/��	�6LPoQV��'�'��������7Ke�VSrLQJ�DQG�IDOO������reFreDWLoQDO�rD]or�FODP�ILVKerLeV�ZLWK�D�revLeZ�oI�rD]or�FODP�VDPSOLQJ�PeWKoGoOoJ\��6WDWH RI WDVKLQJWRQ 
'HSDUWPHQW RI )LVKHULHV 3URJUHVV RHSRUW�����

$\reV��'�/��	�6LPoQV��'�'��������7Ke�VSrLQJ�DQG�IDOO������reFreDWLoQDO�rD]or�FODP�ILVKerLeV�DQG�VWDWXV�oI�WKe�rD]or�FODP�VWoFNV��6WDWH RI WDVKLQJWRQ 'HSDUWPHQW RI 
)LVKHULHV 3URJUHVV RHSRUW�����

$\reV��'�/��	�6LPoQV��'�'��������7Ke������rD]or�FODP�ILVKerLeV�DQG�VWDWXV�oI�WKe�rD]or�FODP�VWoFNV��6WDWH RI WDVKLQJWRQ 'HSDUWPHQW RI )LVKHULHV 3URJUHVV RHSRUW�
3���

$\reV��'�/��	�6LPoQV��'�'��������7Ke������DQG������rD]or�FODP�ILVKerLeV�DQG�VWDWXV�oI�WKe�rD]or�FODP�VWoFNV��6WDWH RI WDVKLQJWRQ 'HSDUWPHQW RI )LVKHULHV 3URJUHVV 
RHSRUW�3���

%DGLQo��*��	�0DrFKLoQQL��9��������1eXroVeFreWLoQ�DQG�JoQDG�PDWXrDWLoQ�LQ�D�SoSXODWLoQ�RI 'RQD[ WUXQFXOXV�/��IroP�/eJKorQ��,WDO\���%ROHWWLQR GL =RRORJLD�3������±����
%DOO\��5��������,QWerWLGDO�]oQDWLoQ�oQ�VDQG\�EeDFKeV�oI�WKe�ZeVW�FoDVW�oI�6oXWK�$IrLFD��&DKLHUV GH %LRORJLH 0DULQH��4����±�����
%DOO\��5��������7Ke�ELoJeoJrDSK\�RI 'RQD[��0oOOXVFD��%LvDOvLD���IQ %LRORJ\ RI WKH JHQXV�'oQD[�LQ VRXWKHUQ AIULFD��7�(�'oQQ��eG����IQVWLWXWH IRU &RDVWDO RHVHDUFK 
UQLYHUVLW\ RI 3RUW EOL]DEHWK RHSRUW�����±����
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%DVWLGD��5���5oX[��$���%rePeF��C��*erSe��0��	�6oreQVeQ��0��������(VWrXFWXrD�SoEODFLoQDO�Ge�OD�DOPeMD�DPDrLOOD��0HVRGHVPD PDFWURLGHV��GXrDQWe�eO�verDQo�Ge������eQ�OD�
3rovLQFLD�Ge�%XeQoV�$LreV��$rJeQWLQD��)UHQWH 0DULWLPH������±����

%D\eG��$��������5eSroGXFWLoQ�Ge�'RQD[ WUXQFXOXV�VXr�OD�F{We�$WODQWLTXe�PDroFDLQe��&DKLHUV GH %LRORJLH 0DULQH�3������±����
%D\eG��$��	�*XLOOoX��-��������CoQWrLEXWLoQ�j�O¶pWXGe�GeV�SoSXODWLoQV�GX�JeQre�'RQD[��OD�SoSXODWLoQ�Ge�'� WUXQFXOXV�/���0oOOXVFD��%LvDOvLD��Ge�0eKGLD��0DroF���AQQDOHV 
GH O¶IQVWLWXWH 2FpDQRJUDSKLTXH��������±����

%eX��$�*��	�'e�5ooLM�6FKXLOLQJ��/�$��������6XEJeQerLF�FODVVLILFDWLoQ�oI�1eZ�=eDODQG�DQG�$XVWrDOLDQ�VSeFLeV�oI�3DSKLHV�/eVVoQ��%LvDOvLD��0eVoGeVPDWLGDe���DQG�QDPeV�
Ior�WKe�WZo�VSeFLeV�oI�WXDWXD�LQ�1eZ�=eDODQG��NHZ =HDODQG -RXUQDO RI =RRORJ\�������±����

%oGo\��$��������CroLVVDQFe�VDLVoQQLqre�GX�ELvDOve�'RQD[ WUXQFXOXV��/���eQ�0eGLWerrDQpe�QorG�oFFLGeQWDOe��)rDQFe���0DODFRORJLD��������±���
%oGo\��$��	�0DVVp��+��������4XeOTXeV�SDrDPeWreV�SerPeWWDQW�Ge�VXLvre�OD�SroGXFWLoQ�orJDQLTXe�G¶XQ�PoOOXVTXe�ELvDOve�DX�FoXrV�G¶XQ�F\FOe�VDLVoQQLer��3XEOLFDWLRQV 
6FLHQWLILTXH HW 7HFKQLFDO &NE;2� AFWHV HW &ROORTXHV�������±����

%oXrQe��1���CDrPLFKDeO��$��	�%LVKoS�/oZeQ��%��������5eFreDWLoQDO�FODP�KDrveVW�VXrve\�������&DQDGLDQ 7HFKQLFDO RHSRUW )LVKHULHV DQG ATXDWLF 6FLHQFHV�������
%oXrQe��1��	�4XD\Oe��'�%��������%reeGLQJ�DQG�JroZWK�oI�rD]or�FODPV�LQ�%rLWLVK�CoOXPELD��)LVKHULHV RHVHDUFK %RDUG RI &DQDGD 7HFKQLFDO RHSRUW�����
%reeVe��:�3��	�5oELQVoQ��$��������5D]or�FODPV��6LOLTXD SDWXOD��'L[oQ���JoQDGDO�GeveOoSPeQW��LQGXFeG�VSDZQLQJ��DQG�ODrvDO�reDrLQJ��ATXDFXOWXUH�������±����
%rLWo��3�-��������AOJXQRV DVSHFWRV GH OD GLQiPLFD SREODFLRQDO GHO JXDFXFR �7LYHOD PDFWURLGHV %RUQ� ����� HQ GRV ORFDOLGDGHV GH %DUORYHQWR��7rDEDMo�Ge�*rDGo��
'LvLVLoQ�Ge�CLeQFLDV�%LoOyJLFDV��8QLverVLGDG�6LPoQ�%oOtvDr��CDrDFDV�

%roZQ��$�C���6WeQWoQ�'o]e\��-�0�(��	�7rXePDQ��(�5��������6DQG\�EeDFK�ELvDOveV�DQG�JDVWroSoGV��D�FoPSDrLVoQ�EeWZeeQ�'RQD[ VHUUD�DQG�%XOOLD GLJLWDOLV� AGYDQFHV 
LQ 0DULQH %LRORJ\��������±�����

CDGG\��-�)��������5eFeQW�GeveOoSPeQWV�LQ�reVeDrFK�DQG�PDQDJePeQW�Ior�ZLOG�VWoFNV�oI�ELvDOveV�DQG�JDVWroSoGV��,Q�0DULQH LQYHUWHEUDWH ILVKHULHV� WKHLU DVVHVVPHQW DQG 
PDQDJHPHQW��-�)�CDGG\��eG����1eZ�<orN��-�:LOe\�����±�����

CDrFeOOeV��$��������3HFWXQFXOXV ORQJLRU \ 0HVRGHVPD PDFWURLGHV�Ge�OD�$rJeQWLQD�\�8rXJXD\��3K\VLV��������±����
CDrrLTXLrLEorGe��/���)DrLDV��$���)errer��/���*DVWeOX��$��	�3ere]��2��������7rDQVSODQWe�e[SerLPeQWDO�Ge�DOPeMD�SLVPo�eQ�%DMD�CDOLIorQLD��0p[LFo��&LHQFLDV 0DULQDV������±
���

CDVVLe��5�0��������3oSXODWLoQ�VWXGLeV�oQ�WKe�WoKeroD��APSKLGHVPD YHQWULFRVXP�*rD\��(XPeOOLErDQFKLDWD���AXVWUDOLDQ -RXUQDO RI 0DULQH )UHVKZDWHU RHVHDUFK�������±
���

CDVWLOOD��-�C��������/D�SroEOePiWLFD�Ge�OD�reSoEODFLyQ�Ge�PDrLVFoV�eQ�CKLOe��GLDJQyVWLFo��eVWrDWeJLDV�\�eMePSOoV��IQYHVWLJDFLyQ 3HVTXHUD �&KLOH��������±���
CDVWLOOD��-�C��	�CDPXV��3�$��������7Ke�+XPEoOGW�(O�1Lxo�VFeQDrLo��FoDVWDO�EeQWKLF�reVoXrFeV�DQG�DQWKroSoJeQLF�LQIOXeQFeV�ZLWK�SDrWLFXODr�reIereQFe�Wo�WKe�����������
(162��IQ%HQJXHOD 7URSKLF )XQFWLRQLQJ��$�,�/��3D\Qe�eW�DO���eGV���6RXWK AIULFDQ -RXUQDO RI 0DULQH 6FLHQFH��������±����

CKDrL��6�7��	�8QQ\��0�0��������7Ke�IooG�vDOXe�oI�WZo�FoPPoQ�PoOOXVFV�IoXQG�QeDr�3DPEDQ�DQG�WKe�FKePLFDO�FoPSoVLWLoQ�oI�WKeLr�VKeOOV��&XUUHQW 6FLHQFH����������
CKDVVp��C��������EFRQRPLH VpGLPHQWDLUH HW ELRORJLTXH �SURGXFWLRQ� GHV HVWUDQV PHXEOHV GHV F{WHV GH %UHWDJQH��7KqVe�'oFWorDO�G¶(WDW��8QLverVLWp�3DrLV�9,��
CoFNFroIW��$�C��	�0F/DFKODQ��$��������1LWroJeQ�EXGJeW�Ior�D�KLJK�eQerJ\�eFoV\VWeP��0DULQH EFRORJ\ 3URJUHVV 6HULHV���������±����
Coe��:�5��������1XWrLWLoQ��JroZWK�DQG�Ve[XDOLW\�oI�WKe�3LVPo�FODP��7LYHOD VWXOWRUXP���-RXUQDO RI E[SHULPHQWDO =RRORJ\���4���±����
Coe��:�5��������5eVXrJeQW�SoSXODWLoQV�oI�OLWWorDO�PDrLQe�LQverWeErDWeV�DQG�WKeLr�GeSeQGeQFe�oQ�oFeDQ�FXrreQWV�DQG�WLGDO�FXrreQWV��EFRORJ\�34�����±���
Coe��:�5��	�)LWFK��-�(��������3oSXODWLoQ�VWXGLeV��OoFDO�JroZWK�rDWeV�DQG�reSroGXFWLoQ�oI�WKe�3LVPo�FODP��7LYHOD VWXOWRUXP���-RXUQDO RI 0DULQH RHVHDUFK�������±�����
CoPSV��0��	�5DLPEDXOW��5��������,QIeFWLoQ�rLFNeWWVLeQQe�Ge�OD�JODQGe�GLJeVWLve�Ge�'RQD[ WUXQFXOXV�/LQQp��6FLHQFH HW 3rFKH��������±���
CoVFDryQ��6��������/D�³DOPeMD�DPDrLOOD´��0HVRGHVPD��7���PDFWURLGHV�'eVKD\eV��Ge�OD�FoVWD�Ge�OD�3rovLQFLD�Ge�%XeQoV�$LreV��A*R2 3XEOLFDFLyQ 7pFQLFD�����±����
CrDQILeOG��+�-���0LFKDeO��.�3��	�6WoWWer��'�5��������(VWLPDWeV�oI�JroZWK��PorWDOLW\�DQG�\LeOG�Ser�reFrXLW�Ior�1eZ�=eDODQG�VXrI�FODPV��NHZ =HDODQG )LVKHULHV AVVHVVPHQW 
RHVHDUFK 'RFXPHQW��0$)�)LVKerLeV��1eZ�=eDODQG�0LQLVWr\�oI�$JrLFXOWXre�DQG�)LVKerLeV�
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CrDQILeOG��+�-���0LFKDeO��.�3���6WoWWer��'�5��	�'ooQDQ��,�-��������'LVWrLEXWLoQ��ELoPDVV�DQG�\LeOG�eVWLPDWeV�oI�VXrI�FODPV�oII�1eZ�=eDODQG�EeDFKeV��NHZ =HDODQG 
)LVKHULHV AVVHVVPHQW RHVHDUFK 'RFXPHQW��0$)�)LVKerLeV��1eZ�=eDODQG�0LQLVWr\�oI�$JrLFXOWXre�DQG�)LVKerLeV�

'DNLQ��6�0��	�%eQQeWW��,��������AXVWUDOLDQ VHDVKRUHV��6\GQe\��$QJXV�	�5oEerWVoQ�
'DZVoQ��(�:��������6WXGLHV LQ WKH ELRORJ\�oI�$PSKLGeVPD��DQ LQWHUWLGDO PROOXVF RI WKH VDQG\ VKRUH��06F�WKeVLV��8QLverVLW\�oI�CDQWerEXr\��CKrLVWFKXrFK�
Ge�$ODvD��$��������IQWHUGHSHQGHQFLDV HFROyJLFDV HQWUH GRV ELYDOYRV VLPSiWULFRV HQ XQD SOD\D DUHQRVD GH OD FRVWD DWOiQWLFD UUXJXD\D��06F�WKeVLV��CLQveVWDv�
,31��0prLGD��0e[LFo�

Ge�$ODvD��$��	�'eIeo��2��������'LVWrLEXWLoQDO�SDWWerQ�DQG�SoSXODWLoQ�G\QDPLFV�oI�E[FLURODQD DUPDWD��,VoSoGD��CLroODQLGDe��LQ�D�8rXJXD\DQ�VDQG\�EeDFK��EVWXDULQH� 
&RDVWDO DQG 6KHOI 6FLHQFH�33�����±����

'eIeo��2������D��$VSeFWoV�ELoFeQoOyJLFoV�\�Ge�GLQiPLFD�Ge�SoEODFLyQ�Ge�³DOPeMD�DPDrLOOD´��0HVRGHVPD PDFWURLGHV��'eVKD\eV��������eQ�OD�]oQD�Ge�OD�%DrrD�GeO�CKX\��
'eSWo��Ge�5oFKD��8rXJXD\��,��%LoFeQoOoJtD��&RQWULEXFLRQHV GHO 'HSDUWDPHQWR GH 2FHDQRJUDItD� �)� +�&��� 0RQWHYLGHR���������±����

'eIeo��2������E��$VSeFWoV�ELoFeQoOyJLFoV�\�Ge�GLQiPLFD�Ge�SoEODFLyQ�Ge�³DOPeMD�DPDrLOOD´��0HVRGHVPD PDFWURLGHV��'eVKD\eV��������eQ�OD�]oQD�Ge�OD�%DrrD�GeO�CKX\��
'eSWo��Ge�5oFKD��8rXJXD\��,,��'LQiPLFD�Ge�OD�SoEODFLyQ��&RQWULEXFLRQHV GHO 'HSDUWDPHQWR GH 2FHDQRJUDItD� �)� +�&��� 0RQWHYLGHR���������±����

'eIeo��2��������CoQVLGerDFLoQeV�VoEre�OD�orGeQDFLyQ�Ge�XQD�SeVTXertD�eQ�SeTXexD�eVFDOD��%LRORJtD 3HVTXHUD �&KLOH��������±����
'eIeo��2��������'eveOoSPeQW�DQG�PDQDJePeQW�oI�DrWLVDQDO�ILVKer\�Ior�\eOOoZ�FODP�0HVRGHVPD PDFWURLGHV�LQ�8rXJXD\��)LVKE\WH������±���
'eIeo��2�������D��7KH HIIHFW RI VSDWLDO VFDOHV LQ SRSXODWLRQ G\QDPLFV DQG PRGHOOLQJ RI VHGHQWDU\ ILVKHULHV� WKH \HOORZ FODP�0eVoGeVPD�PDFWroLGeV�RI DQ 
UUXJXD\DQ H[SRVHG VDQG\ EHDFK��3K'�WKeVLV��CLQveVWDv�,31��0prLGD��0p[LFo��

'eIeo��2������E��5eSoSXODWLoQ�oI�FoDVWDO�LQverWeErDWeV�WKroXJK�WKe�PDQDJePeQW�oI�QDWXrDO�DreDV��D�VXFFeVVIXO�e[DPSOe��2XW RI WKH 6KHOO�3�������±����
'eIeo��2���$rreJXLQ�6iQFKe]��)��	�6iQFKe]��-������F��*roZWK�VWXG\�oI�WKe�\eOOoZ�FODP 0HVRGHVPD PDFWURLGHV��D�FoPSDrDWLve�DQDO\VLV�oI�WKree�OeQJWK�EDVeG�PeWKoGV��
6FLHQWLD 0DULQD�������±���

'eIeo��2��	�Ge�$ODvD��$��������(IIeFWV�oI�KXPDQ�DFWLvLWLeV�oQ�OoQJ�WerP�WreQGV�LQ�VDQG\�EeDFK�SoSXODWLoQV��WKe�ZeGJe�FODP�'RQD[ KDQOH\DQXV�LQ�8rXJXD\��0DULQH 
EFRORJ\ 3URJUHVV 6HULHV���3����±����

'eIeo��2���Ge�$ODvD��$���9DOGLvLeVo��9��	�CDVWLOOD��-�C��������+LVWorLFDO�ODQGLQJV�DQG�PDQDJePeQW�oSWLoQV�Ior�WKe�JeQXV�0HVRGHVPD�LQ�FoDVWV�oI�6oXWK�$PerLFD��%LRORJtD 
3HVTXHUD �&KLOH��������±����

'eIeo��2���-DrDPLOOo��(��	�/\oQQeW��$������D��CoPPXQLW\�VWrXFWXre�DQG�LQWerWLGDO�]oQDWLoQ�oI�WKe�PDFroLQIDXQD�LQ�WKe�$WODQWLF�FoDVW�oI�8rXJXD\��-RXUQDO RI &RDVWDO 
RHVHDUFK�������±����

'eIeo��2���/D\erOe��C��	�0DVeOOo��$��������6SDWLDO�DQG�WePSorDO�VWrXFWXre�oI�WKe�\eOOoZ�FODP�0HVRGHVPD PDFWURLGHV��'eVKD\eV��������LQ�8rXJXD\��0HGLR APELHQWH 
�&KLOH����������±����

'eIeo��2���0DVeOOo��$��	�/D\erOe��C������D��CoQVLGerDFLoQeV�PeWoGoOyJLFDV�SDrD�eO�eVWXGLo�GeO�FreFLPLeQWo�eQ�PoOXVFoV�ELvDOvoV��IQIRUPHV UNE6&2 HQ &LHQFLDV GHO 
0DU�4������±����

'eIeo��2���2rWL]��(��	�CDVWLOOD��-�C������E��*roZWK��PorWDOLW\�DQG�reFrXLWPeQW�oI�WKe�\eOOoZ�FODP�0HVRGHVPD PDFWURLGHV�LQ�8rXJXD\DQ�EeDFKeV��0DULQH %LRORJ\���4��
���±����

'eIeo��2���5e\��0��	�CDVFXGo��-������E��(VWLPDFLoQeV�Ge�VWoFN�GeO�reFXrVo�0HVRGHVPD PDFWURLGHV�eQ�EDVe�DO�DQiOLVLV�Ge�FoKorWeV��3oSe���������3XEOLFDFLRQHV GH OD 
&RPLVLyQ 7HFQLFD 0L[WD )UHQWH 0DUtWLPR�4����±����

'eIeo��2��	�6FDrDELQo��9��������(FoOoJLFDO�VLJQLILFDQFe�oI�D�SoVVLEOe�GeSoVLW�IeeGLQJ�VWrDWeJ\�LQ�0HVRGHVPD PDFWURLGHV��'eVKD\eV���������0oOOXVFD��3eOeF\SoGD���
AWOiQWLFD�������±����

'eIeo��2���6eLMo��-�C���(XDQ��-��	�/LFeDJD��0��������'LQiPLFD�eVSDFLDO�GeO�eVIXer]o�SeVTXero�eQ�XQD�SeVTXertD�DrWeVDQDO�Ge�OD�FoVWD�DWODQWLFD�8rXJXD\D��IQYHVWLJDFLyQ 
3HVTXHUD �&KLOH��3�����±����

'eJLovDQQL��C��	�0oXs]D��0��������CoQWrLEXWLoQ�D�O¶pWXGe�Ge�OD�ELoOoJLe�Ge�'RQD[ WUXQFXOXV�/���0oOOXVTXe��/DPeOOLErDQFKe���GDQV�O¶$OJproLV��pFoOoJLe�eQ�EDLe�Ge�%oX�
,VPDLO��7pWK\V�4�����±����

Ge�0DKLeX��*��������0LOLHX HW SHXSOHPHQWV PDFUREHQWKLTXHV OLWWRUDX[ GX *ROIR 7ULVWH �VHQH]XHOD�� eWXGHV H[SpULPHQWDOHV VXU OD SROOXWLRQ��3K'�WKeVLV��8QLverVLWp�
'¶$L[�0DrVeLOOe��0DrVeLOOe��)rDQFe��

Ge�0DKLeX��*��	�*DPED��$�/��������=oQDFLyQ�OLWerDO�eQ�DOJXQDV�FoPXQLGDGeV�Ge�VXVWrDWo�DreQoVo�GeO�ireD�Ge�*oOIo�7rLVWe��9eQe]XeOD��,Q�%LRORJtD� HFRORJtD \ FXOWLYR GH 
RUJDQLVPRV DFXiWLFRV��3�(�3eQFKDV]DGeK��eG����6LPSRVLD ��� EGLWRULDO ETXLQRFFLR� UQLYHUVLGDG 6LPyQ %ROtYDU� &DUDFDV�

Ge�9LOOLerV��*������D��*roZWK��SoSXODWLoQ�G\QDPLFV��D�PDVV�PorWDOLW\�DQG�DrrDQJePeQW�oI�ZKLWe�VDQG�PXVVeOV�'RQD[ VHUUD�5|GLQJ�oQ�EeDFKeV�LQ�WKe�VoXWK�ZeVWerQ�CDSe�
3rovLQFe��IQYHVWLJDWLRQDO RHSRUW 6HD )LVKHULHV %UDQFK 6RXWK AIULFD�������±����

Ge�9LOOLerV��*������E��5eSroGXFWLoQ�oI�WKe�ZKLWe�VDQG�PXVVeO�'RQD[ VHUUD�5|GLQJ��IQYHVWLJDWLRQDO RHSRUW 6HD )LVKHULHV %UDQFK 6RXWK AIULFD�������±����
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'LD]��0�C���3eQFKDV]DGeK��3�(��	�'oerLQJ��9��������0DFroIDXQD�EeQWyQLFD�Ge�IoQGoV�DreQoVoV�Ge�3XQWD�0oryQ��,Q�EFRORJtD GHO DPELHQWH PDULQR FRVWHUR GH 3XQWD 
0RUyQ \ FRPXQLGDGHV LQFUXVWDQWHV GH 3ODQWD &HQWUR �EVWDGR &DUDERER� VHQH]XHOD����3�(�3eQFKDV]DGeK�	�)�/oVDGD��eGV���CDrDFDV��,17(C0$5����±�����

'oQQ��7�(��������%LoOoJ\�oI�WKe�JeQXV�'RQD[�LQ�VoXWKerQ�$IrLFD��IQVWLWXWH IRU &RDVWDO RHVHDUFK UQLYHUVLW\ RI 3RUW EOL]DEHWK RHSRUW���
'oQQ�-r��7�(��������/oQJVKore�GLVWrLEXWLoQ�oI�'RQD[ VHUUD�LQ�WZo�OoJ�VSLrDO�ED\V�LQ�WKe�eDVWerQ�CDSe��6oXWK�$IrLFD��0DULQH EFRORJ\ 3URJUHVV 6HULHV�3������±����
'oQQ�-r��7�(������D��=oQDWLoQ�SDWWerQV�oI�'RQD[ VHUUD�5|GLQJ��%LvDOvLD��'oQDFLGDe��LQ�VoXWKerQ�$IrLFD��-RXUQDO RI &RDVWDO RHVHDUFK�������±����
'oQQ�-r��7�(������E��0orSKoPeWrLFV�oI�'RQD[ VHUUD�5|GLQJ��%LvDOvLD��'oQDFLGDe��SoSXODWLoQV�ZLWK�FoQWrDVWLQJ�]oQDWLoQ�SDWWerQV��-RXUQDO RI &RDVWDO RHVHDUFK�������±
����

'oQQ�-r��7�(���CODrNe��'�-���0F/DFKODQ��$��	�GX�7oLW��3��������'LVWrLEXWLoQ�DQG�DEXQGDQFe�oI�'RQD[ VHUUD�5|GLQJ��%LvDOvLD��'oQDFLGDe��DV�reODWeG�Wo�EeDFK�PorSKoOoJ\��
,��6ePLOXQDr�PLJrDWLoQV��-RXUQDO RI E[SHULPHQWDO 0DULQH %LRORJ\ DQG EFRORJ\���������±����

'oQQ�-r��7�(��	�(OV��6�)��������%XrroZLQJ�WLPeV�oI�'RQD[ VHUUD�IroP�WKe�VoXWK�DQG�ZeVW�FoDVWV�oI�6oXWK�$IrLFD��VHOLJHU�33�����±���
'oZLGDr��1�0��	�(O�1DG\��)�(��������6eDVoQDO�vDrLDWLoQV�LQ�VL]e��ZeLJKW�DQG�ELoFKePLFDO�FoPSoVLWLoQ�oI�'RQD[ WUXQFXOXV L���3eOeF\SoGD��0oOOXVFD��IroP�$EX�.Lr�%D\�
DQG�5oVeWWD�reJLoQV��%XOOHWLQ RI WKH IQVWLWXWH RI 2FHDQRJUDSK\ DQG )LVKHULHV� AUDE RHSXEOLF RI EJ\SW�������±����

'rXP��$�6���6LeEeQV��7�/���CreFeOLXV��(�$��	�(OVWoQ��5�$��������'oPoLF�DFLG�LQ�WKe�rD]or�FODP��6LOLTXD SDWXOD��'L[oQ���������-RXUQDO RI 6KHOOILVK RHVHDUFK��������±
���

'XJDQ��-�(��������/oQJVKore�PovePeQW�LQ�'RQD[ VHUUD��SoVWVeWWOePeQW�SroFeVVeV�LQ�D�VDQG\�EeDFK�LQWerWLGDO�ELvDOve��,Q�WKLWH VDQG PXVVHOV� HFRORJ\� VWDWXV DQG 
FRQVHUYDWLRQ� SURFHHGLQJV RI D VFLHQWLILF V\PSRVLXP��/�(��0F*Z\QQe��eG����IQVWLWXWH IRU &RDVWDO RHVHDUFK UQLYHUVLW\ RI 3RUW EOL]DEHWK RHSRUW�3�����±����

'XJDQ��-�(��	�'DvLV��*�(��������$SSOLFDWLoQV�oI�PDrLQe�reIXJLD�Wo�FoDVWDO�ILVKerLeV�PDQDJePeQW��&DQDGLDQ -RXUQDO RI )LVKHULHV DQG ATXDWLF 6FLHQFHV���������±����
'XJDQ��-�(���+XEEDrG��'�0���6oLVeWK��C�5���)orFXFFL��'��	�'DvLV��*�(��������6DQG EHDFK LQYHQWRU\ DQG PRQLWRULQJ GHVLJQ VWXG\� 6DQWD RRVD IVODQG� &KDQQHO 
IVODQGV NDWLRQDO 3DUN� )LQDO 3URMHFW RHSRUW��CooSerDWLve�3DrN�6FLeQFe�8QLW��8QLverVLW\�oI�CDOLIorQLD��'DvLV��C$��7eFKQLFDO�5eSorW�6erLeV��LQ�SreVV��

GX�3ree]��+�+��������0oOOXVFDQ�SreGDWLoQ�E\�2YDOLSHV SXQFWDWXV��Ge�+DDQ���CrXVWDFeD��%rDFK\XrD��3orWXQLGDe���-RXUQDO RI E[SHULPHQWDO 0DULQH %LRORJ\ DQG 
EFRORJ\��4����±����

GX�3ree]��+�+���0F/DFKODQ��$���0DrDLV��-�)��.��	�CoFNFroIW��$�C��������%LoeQerJeWLFV�oI�ILVKeV�LQ�D�KLJK�eQerJ\�VXrI�]oQe��0DULQH %LRORJ\�������±����
(IIorG��,�(��������5eFrXLWPeQW�Wo�VeGeQWDr\�PDrLQe�SoSXODWLoQV�DV�e[ePSOLILeG�E\�WKe�VDQG�FrDE��EPHULWD DQDORJD��'eFDSoGD��+LSSLGDe���&UXVWDFHDQD��������±�����
(OVWoQ��5�$��������$Q�LQWrDQXFOeDr�SDWKoJeQ�>QXFOeDr�LQFOXVLoQ�;��1,;�@�DVVoFLDWeG�ZLWK�PDVVLve�PorWDOLWLeV�oI�WKe�3DFLILF�rD]or�FODP��6LOLTXD SDWXOD� -RXUQDO RI 
IQYHUWHEUDWH 3DWKRORJ\�4�����±�����

(VWeV��-�$��	�9DQ�%ODrLFoP��*�5��������6eD�oWWerV�DQG�VKeOOILVKerLeV��,Q�0DULQH PDPPDOV DQG ILVKHULHV��-�5��%eGGLQJWoQ��5�-�+��%everWoQ�	�'�0�/DvLJQe��eGV���
/oQGoQ��$OOeQ�	�8QZLQ�����±�����

(WFKeverV��6�/��������1oWDV�eFoOyJLFDV�\�evDOXDFLyQ�Ge�OD�SoEODFLyQ�Ge�FKLSL�FKLSL��'RQD[ GHQWLFXODWXV�eQ�OD�3OD\D�/D�5eVWLQJD��,VOD�Ge�0DrJDrLWD��9eQe]XeOD��0HP� II 
6LPS� LDWLQRDPHULFDQR GH 2FHDQRJUDItD %LROyJLFD� &XPDQi�����±����

(WFKeverV��6�/��������1oWDV�eFoOyJLFDV�\�FXDQWLILFDFLyQ�Ge�OD�SoEODFLyQ�Ge�JXDFXFo��7LYHOD PDFWURLGHV��%orQ���������%LvDOvLD��9eQerLGDe���eQ�OD�(QVeQDGD�Ge�/D�*XDrGLD��
,VOD�Ge�0DrJDrLWD��9eQe]XeOD��%ROHWLQ GHO IQVWLWXWR 2FHDQRJUiILFR GH OD UQLYHUVLGDG GH 2ULHQWH�������±����

)DrDFKe��9��������)DFWoreV�DPELeQWDOeV�TXe�Ve�reODFLoQDQ�FoQ�OD�GeQVLGDG�reODWLvD��OD�vDrLDFLyQ�PorIoPpWrLFD�\�OoV�SDWroQeV�Ge�FoOorDFLyQ�Ge�GoV�eVSeFLeV�Ge�FKLSL�FKLSL��
'RQD[ GHQWLFXODWXV�\�'� VWULDWXV �%LYDOYLD� 'RQDFLGDH���7rDEDMo�Ge�*rDGo��8QLverVLGDG�6LPoQ�%oOtvDr��CDrDFDV�

)erQDQGe]��-���2Wero��-��	�Ge�Coo��$��������CoQWrLEXFLyQ�DO�eVWXGLo�Ge�OD�FoFTXLQD��'RQD[ WUXQFXOXV�/���eQ�*DOLFLD��AFWDV GR IV 6LPSRVLR IEHULFR GR HVWXGRV GR 
EHQWKRV PDULQKR��������±����

)LVFKer��:���%LDQFKL��*��	�6FoWW��:�%���eGV��������)LFKHV )A2 G¶LGHQWLILFDWLRQ GHV HVSqFHV SRXU OHV EHVRLQV GH OD SrFKH� AWODQWLTXH FHQWUH�HVW� ]RQHV GH SrFKH ��� 
����)oQGV�CDQDGLeQ�Ge�'pS{W��2WWDZD��0LQLVWqre�GeV�3rFKerLeV�eW�2FpDQV��CDQDGD��9oO�����%LvDOveV��

)LWFK��-�(��������7Ke�3LVPo�FODP��&DOLIRUQLD )LVK DQG *DPH�3������±�����
)LWFK��-�(��������7Ke�3LVPo�FODP��6WDWH RI &DOLIRUQLD� 'HSDUWPHQW RI )LVK DQG *DPH� 0DULQH RHVHDUFK LHDIOHW���
)LWFK��-�(��������$�reODWLveO\�XQe[SOoLWeG�SoSXODWLoQ�oI�3LVPo�FODPV��7LYHOD VWXOWRUXP��0DZe���������9eQerLGDe���3URFHHGLQJV RI WKH 0DODFRORJLFDO 6RFLHW\ RI LRQGRQ�
3������±����

)OXFN��:�+��������6KeOO�FoOOeFWLQJ�oQ�WKe�0oVTXLWo�CoDVW�oI�1LFDrDJXD������NDXWLOXV������±���
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)reQNLeO��/��	�0oXs]D��0��������'eveOoSPeQW�ODrvDLre�Ge�GeX[�7eOOLQDFeD��6FURELFXODULD SODQD��6ePeOLGDe��eW�'RQD[ YLWWDWXV��'oQDFLGDe���0DULQH %LRORJ\��������±
���

)re\��+�:��������&DOLIRUQLD¶V OLYLQJ PDULQH UHVRXUFHV DQG WKHLU XWLOL]DWLRQ��CDOLIorQLD�'eSDrWPeQW�oI�)LVK�DQG�*DPe��7Ke�5eVoXrFeV�$JeQF\��
*D\DQLOo��)�C���6orLDQo��0��	�3DXO\��'��������$�GrDIW�JXLGe�Wo�WKe�CoPSOeWe�(/()$1��I&LAR0 &RQWULEXWLRQ�43��
*eOGLD\��5��	�8\VDO��+��������A VWXG\ RQ WKH SRSXODWLRQ G\QDPLF DQG HFRORJLFDO DVSHFWV RI 'RQDFLOOD �'RQDFLOOD� FRUQHD �3ROL� DQG 'RQD[ WUXQFXOXV L� OLYLQJ RQ 
WKH AHJHDQ 6HD FRDVW RI 7XUNH\��6FLeQWLILF�5eSorWV�oI�WKe�)DFXOW\�oI�6FLeQFe��(Je�8QLverVLW\��3����±�����,Q�7XrNLVK�ZLWK�(QJOLVK�VXPPDr\���

*eorJe��C�-��������7Ke�XVe�oI�EeDFKeG�vDOveV�oI�WKe�ODPeOOLErDQFK�PoOOXVFV�*O\FLPHULV JO\FLPHULV��/����'RQD[ VHPLVWULDWXV�3oOL�DQG�'RQD[ WUXQFXOXV�/��Ior�WKe�
GeWerPLQDWLoQ�oI�SerFeQWDJe�PorWDOLW\�E\�NDWLFD�VSS��'RULDQD�4��1o��������±���

*LDQXFD��1�0��������$�SreOLPLQDr\�DFFoXQW�oI�WKe�eFoOoJ\�oI�VDQG\�EeDFKeV�LQ�6oXWKerQ�%rD]LO��,Q�6DQG\ EHDFKHV DV HFRV\VWHPV��$�0F/DFKODQ�	�7�(rDVPXV��eGV����
7Ke�+DJXe��:�-XQN�����±����

*LOOLODQ��:��������3LVPo�FODP�VXrve\��2XWGRRU &DOLIRUQLD����������±����
*oGIre\��0�C�6��������2[\JeQ�LVoWoSe�DQDO\VLV��D�PeDQV�Ior�GeWerPLQLQJ�WKe�VeDVoQDO�JDWKerLQJ�oI�WKe�SLSL��'RQD[ GHOWLRGHV��E\�DEorLJLQeV�LQ�SreKLVWorLF�$XVWrDOLD��
AUFKDHRORJLFD 2FHDQLD��3����±����

*rDQW��C��������'HPRJUDSKLFV DQG UHSURGXFWLRQ RI WKH WXDWXD��3DSKLeV�VXEWrLDQJXODWD��06F�WKeVLV��8QLverVLW\�oI�$XFNODQG��1eZ�=eDODQG�
*reeQZD\��-��������'DrJDvLOOe�WXDWXD��&DWFK�µ����-XQe�����±����
*reeQZD\��-�3�C��������3oSXODWLoQ�VXrve\V�oI�WoKeroD��0oOOXVFD��(XODPeOOLErDQFKLDWD��oQ�1orWKODQG�EeDFKeV������±������NHZ =HDODQG -RXUQDO RI 0DULQH DQG 
)UHVKZDWHU RHVHDUFK�3�����±����

*rXeW��<��������0DFroIDXQe�GeV�VXEVWrDWV�PeXEOeV�LQWerWLGDX[�eQWre�Oe�3orW�G¶<eX�eW�6LoQ�VXr�O¶2FeDQ��9eQGee���%XOOHWLQ GH OD 6RFLHWH 6FLHQFH NDWXUHOOH 2XHVW )UDQFH�
������±����

*XLOOoX��-��������9DrLDELOLWe�GeV�SoSXODWLoQV�Ge�'RQD[ WUXQFXOXV HW 'RQD[ YLWWDWXV�eQ�EDLe�Ge�'oXDrQeQe]��NHWKHUODQGV -RXUQDO RI 6HD RHVHDUFK�������±����
*XLOOoX��-��	�%D\eG��$��������CoQWrDLQWeV�GX�PLOLeX�VXr�OeV�SoSXODWLoQV�Ge�'RQD[ WUXQFXOXV�/��eW�'RQD[ YHQXVWXV�3oOL�GX�OLWWorDO�DWODQWLTXe�PDroFDLQ��2FpDQRORJLFD AFWD�
�4�����±���

*XLOOoX��-��	�/e�0oDO��<��������9DrLDELOLWp�VSDWLo�WePSoreOOe�GeV�SoSXODWLoQV�GeV�'RQD[�eQ�EDLe�Ge�'oXDrQeQe]��+DOLRWLV������±����
*XLOOoX��-��	�/e�0oDO��<��������$VSeFWV�Ge�OD�G\QDPLTXe�GeV�SoSXODWLoQV�Ge�'RQD[ WUXQFXOXV HW 'RQD[ YLWWDWXV�eQ�EDLe�Ge�'oXDrQeQe]��AQQDOHV GH O¶IQVWLWXW 
2FpDQRJUDSKLTXH�������±����

+DGGoQ��0��������,PSDFW�oI�SDGGOe�FrDEV�oQ�VKeOOILVK��&DWFK�µ����0DUFK����±����
+DGerOLe��(�C��	�$EEoWW��'�3��������%LvDOvLD��WKe�FODPV�DQG�DOOLeV��IQ IQWHUWLGDO LQYHUWHEUDWHV RI &DOLIRUQLD��5��+�orrLV�eW�DO���eGV���6WDQIorG��6WDQIorG�8QLverVLW\�3reVV�
+DOOeJrDeII��*�0��������$�revLeZ�oI�KDrPIXO�DOJDO�EOooPV�DQG�WKeLr�DSSDreQW�JOoEDO�LQFreDVe��3K\FRORJLD�3�����±����
+DOO��0�$��������A VSDWLDO DSSURDFK WR WKH SRSXODWLRQ G\QDPLFV RI WKH PDQLOD FODP��7DSeV�SKLOLSSLQDrXP���3K'�WKeVLV��8QLverVLW\�oI�:DVKLQJWoQ�
+DrNDQWrD��6�1��	�3DrXOeNDr��$�+��������CoPPXQLW\�VWrXFWXre�oI�VDQG�GZeOOLQJ�PDFroIDXQD�oI�DQ�eVWXDrLQe�EeDFK�LQ�*oD��,QGLD��0DULQH EFRORJ\ 3URJUHVV 6HULHV�3���
���±���

+errLQJWoQ��:�C��������7Ke�3LVPo�FODP��IXrWKer�VWXGLeV�oI�LWV�OLIe�KLVWor\�DQG�GeSOeWLoQ��&DOLIRUQLD )LVK DQG *DPH� )LVKHU\ %XOOHWLQ������±����
+e\PDQV��-�-��	�0F/DFKODQ��$��������CDrEoQ�EXGJeW�DQG�QeWZorN�DQDO\VLV�oI�D�KLJK�eQerJ\�EeDFK�eFoV\VWeP��EVWXDULQH� &RDVWDO DQG 6KHOI 6FLHQFH��LQ�SreVV��
+LOEorQ��5��	�:DOWerV��C�-��������4XDQWLWDWLYH ILVKHULHV VWRFN DVVHVVPHQW� &KRLFH� G\QDPLFV DQG XQFHUWDLQW\��1eZ�<orN��CKDSPDQ�	�+DOO�
+LrVFKKorQ��*��������*roZWK�DQG�PorWDOLWL\�rDWeV�oI�WKe�rD]or�FODP��6LOLTXD SDWXOD��oQ�CODWVoS�%eDFK��2reJoQ��)LVK &RPPXQLFDWLRQ 2UHJRQ &RQWULEXWLRQ����
+oGJVoQ��$�1��������$VSeFWV�oI�VLSKoQDO�IXQFWLoQ�DQG�reJeQerDWLoQ�LQ�'RQD[��,Q�%LRORJ\ RI WKH JHQXV 'RQD[ LQ VRXWKHUQ AIULFD��7�(�'oQQ��eG����IQVWLWXWH IRU 
&RDVWDO RHVHDUFK UQLYHUVLW\ RI 3RUW EOL]DEHWK RHSRUW�����±����

+oGJVoQ��$�1��	�)LeOGeQ��/�-��������7Ke�VWrXFWXre�DQG�GLVWrLEXWLoQ�oI�SerLSKerDO�FLOLDWeG�reFeSWorV�LQ�WKe�ELvDOve�PoOOXVNV�'RQD[ VHUUD�DQG�'RQD[ VRUGLGXV��-RXUQDO RI 
0ROOXVFDQ 6WXGLHV��������±�����

+oJXe��(��	�CDre\�-r��$�*��������)eeGLQJ�eFoOoJ\�oI���DJe�IODWILVKeV�DW�D�QXrVer\�JroXQG�oQ�WKe�2reJoQ�FoDVW��)LVKHU\ %XOOHWLQ��������±����
+XJKeV��'�$��������%eKDvLoXrDO�DQG�eFoOoJLFDO�LQveVWLJDWLoQV�oI�WKe�FrDE�2F\SRGH FHUDWRSKWKDOPXV��CrXVWDFeD��2F\SoGLLGDe���-RXUQDO RI =RRORJ\���������±����
-DrDPLOOo��(���3LQo��0���)LO~Q��/��	�*oQ]iOe]��0��������/oQJVKore�GLVWrLEXWLoQ�oI�0HVRGHVPD GRQDFLXP�
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�%LvDOvLD��0eVoGeVPDWLGDe��oQ�D�VDQG\�EeDFK�oI�WKe�VoXWK�oI�CKLOe��VHOLJHU�3������±�����
/DVVX\��'��	�6LPoQV��'�5��������6SHFLHV SURILOHV� LLIH KLVWRULHV DQG HQYLURQPHQWDO UHTXLUHPHQWV RI FRDVWDO ILVKHV DQG LQYHUWHEUDWHV �3DFLILF NRUWKZHVW�²3DFLILF 
UD]RU FODP��8�6��)LVK�DQG�:LOGOLIe�6ervLFe�%LoOoJLFDO�5eSorW�����8�6��$rP\�CorSV�oI�(QJLQeerV�

/DVWrD��0��������5eFrXLWPeQW�G\QDPLFV�DQG�VSDW�GLVWrLEXWLoQ�oI�'RQD[ VHUUD��,Q�WKLWH VDQG PXVVHOV� HFRORJ\� VWDWXV DQG FRQVHUYDWLRQ��/�(�0F*Z\QQe��eG����IQVWLWXWH 
IRU &RDVWDO RHVHDUFK UQLYHUVLW\ RI 3RUW EOL]DEHWK RHSRUW�3�����±����

/eCODLr��/�/��	�3KeOSV��6�5��������*eQeWLF�FKDrDFWerLVWLFV�DQG�reODWLoQVKLSV�oI�ILve�rD]or�FODP��6LOLTXD SDWXOD�'L[oQ��SoSXODWLoQV�DOoQJ�WKe�3DFLILF�FoDVW�oI�1orWK�
$PerLFD��-RXUQDO RI 6KHOOILVK RHVHDUFK��3�����±����

/e�0oDO��<��������9DrLDELOLWp�VSDWLo�WePSoreOOe�LQWerDQQXeOOe�GeV�SoSXODWLoQV�Ge�'RQD[�eQ�EDLe�Ge�'oXDrQeQe]��%XOOHWLQ G¶EFRORJLH��4����±���
/eZLQ��-���CKeQ��C��	�+rXE\��7������D��%OooPV�oI�VXrI�]oQe�GLDWoPV�DOoQJ�WKe�FoDVW�oI�WKe�2O\PSLF�3eQLQVXOD��:DVKLQJWoQ��;��CKePLFDO�FoPSoVLWLoQ�oI�WKe�VXrI�GLDWoP�
&KDHWRFHURV DUPDWXP�DQG�LWV�PDMor�KerELvore��WKe�3DFLILF�rD]or�FODP��6LOLTXD SDWXOD��0DULQH %LRORJ\��������±����

/eZLQ��-���(FNPDQ��-�(��	�:Dre��*�1������E��%OooPV�oI�VXrI�]oQe�GLDWoPV�DOoQJ�WKe�FoDVW�oI�WKe�2O\PSLF�3eQLQVXOD��:DVKLQJWoQ��;,��5eJeQerDWLoQ�oI�DPPoQLXP�LQ�WKe�
VXrI�eQvLroQPeQW�E\�WKe�3DFLILF�rD]or�FODP��6LOLTXD SDWXOD��0DULQH %LRORJ\������±���

/LQN��7��������0RUWDOLW\ UDWHV RI WKH UD]RU FODP EDVHG XSRQ WKH ���� WDJJLQJ VWXG\ RQ *HDUKDUW %HDFK��2reJoQ�'eSDrWPeQW�oI�)LVKerLeV�DQG�:LOGOLIe�,QIorPDWLoQ�
5eSorW�

/LQN��7����������� RD]RU FODP ILVKHU\��2reJoQ�'eSDrWPeQW�oI�)LVKerLeV�DQG�:LOGOLIe�6KeOOILVK�,QveVWLJDWLoQ�,QIorPDWLoQ�5eSorW�
/ySe]��$��������EWDSDV GHO GHVDUUROOR JRQiGLFR \ GHWHUPLQDFLyQ GHO FLFOR UHSURGXFWLYR GH�0eVoGeVPD�GoQDFLXP��LDPHOOLEUDQFKLDWD� 0HVRGHVPDWLGDH���7eVLV�
SDrD�3roIeVor�Ge�(VWDGo�eQ�%LoOoJtD�\�CLeQFLDV��8QLverVLGDG�Ge�CKLOe��6DQWLDJo�

/XFDV��$��������5eFKerFKe�VXr�OD�Ve[XDOLWp�GeV�PoOOXVTXeV�ELvDOveV��%XOOHWLQ %LRORJLTXH GH OD )UDQFH HW GH OD %HOJLTXH��������±�����
0DVeOOo��$��������&RQVLGHUDFLRQHV VREUH HO FUHFLPLHQWR \ ELRORJtD UHSURGXFWLYD GH OD DOPHMD DPDULOOD�0eVoGeVPD�PDFWroLGeV��'HVKD\HV� �������%6F�WKeVLV��
8QLverVLGDG�Ge�OD�5eS~EOLFD��0oQWevLGeo�

0DVeOOo��$��	�'eIeo��2��������'eWerPLQDFLyQ�Ge�OD�OoQJLWXG�Ge�SrLPerD�PDGXre]�Ve[XDO�eQ�0HVRGHVPD PDFWURLGHV��'eVKD\eV���������&RPXQLFDFLRQHV GH OD 6RFLHGDG 
0DODFROyJLFD GHO UUXJXD\�����������±����

0DVVp��+��������CoQWrLEXWLoQ�j�O¶pWXGe�Ge�OD�PDFroIDXQe�Ge�SeXSOePeQWV�GeV�VDEOeV�ILQV�LQIrDOLWWorDX[�GeV�F{WeV�Ge�3roveQFe�,,��/D�EDLe�GX�3rDGo��*oOIe�Ge�0DrVeLOOe���
7pWK\V�3�����±����

0DVVp��+��������CoQWrLEXWLoQ�j�O¶pWXGe�Ge�OD�PDFroIDXQe�Ge�SeXSOePeQWV�GeV�VDEOeV�ILQV�LQIrDOLWWorDX[�GeV�F{WeV�Ge�3roveQFe�9�²/D�F{We�Ge�CDPDrJXe��7pWK\V�3�����±
���

0DWWKeZV��6���/XFDV��0�,���6WeQWoQ�'o]e\��-�0�(��	�%roZQ��$�C��������COeDrDQFe�DQG�\LeOG�oI�EDFWerLoSODQNWoQ�DQG�SDrWLFXODWeV�Ior�WZo�VXVSeQVLoQ�IeeGLQJ�LQIDXQDO�
ELvDOveV��'RQD[ VHUUD�5|GLQJ�DQG�0DFWUD OLODFHD�/DP��-RXUQDO RI E[SHULPHQWDO 0DULQH %LRORJ\ DQG EFRORJ\���������±����

0D]p��5�$��	�/DEorGD��$�-��������$VSeFWoV�Ge�OD�GLQiPLFD�Ge�SoEODFLyQ�Ge�'RQD[ WUXQFXOXV��/LQQDeXV���������%LvDOvLD��'oQDFLGDe��eQ�OD�rLD�Ge�(O�%DrTXero��/XJo��12�
(VSDxD���IQYHVWLJDFLyQ 3HVTXHUD��������±�����

0F.LQQoQ��6��	�2OVeQ��'��������5evLeZ�oI�WKe�6oXWKODQG�WoKeroD�ILVKer\��NHZ =HDODQG )LVKHULHV 0DQDJHPHQW RHJLRQDO 6HULHV����0$)�)LVKerLeV��1eZ�=eDODQG�
0LQLVWr\�oI�$JrLFXOWXre�DQG�)LVKerLeV�

0F/DFKODQ��$��������([SoVeG�VDQG\�EeDFKeV�DV�VePL�FOoVeG�eFoV\VWePV��0DULQH EQYLURQPHQWDO RHVHDUFK�4����±����
0F/DFKODQ��$��	�%DWe��*�C��������CDrEoQ�EXGJeW�Ior�D�KLJK�eQerJ\�VXrI�]oQe��VLH HW 0LOLHX�34����±����
0F/DFKODQ��$���Ge�5X\FN��$�	�+DFNLQJ��1��������CoPPXQLW\�VWrXFWXre�oQ�VDQG\�EeDFKeV��SDWWerQV�oI�rLFKQeVV�DQG�]oQDWLoQ�LQ�reODWLoQ�Wo�WLGe�rDQJe�DQG�ODWLWXGe��RHYLVWD 
&KLOHQD +LVWRULD NDWXUDO��LQ�SreVV��

0F/DFKODQ��$��	�+DQeNoP��1��������$VSeFWV�oI�WKe�ELoOoJ\��eFoOoJ\�DQG�VeDVoQDO�IOXFWXDWLoQV�LQ�ELoFKePLFDO�FoPSoVLWLoQ�oI�'RQD[ VHUUD�LQ�WKe�(DVW�CDSe��6RXWK 
AIULFDQ -RXUQDO RI =RRORJ\��4�����±����

0F/DFKODQ��$��	�+eVS��3��������6XrI�GLDWoPV�oQ�WKe�$XVWrDOLDQ�FoDVW��6HDUFK��������±����
0F/DFKODQ��$���-DrDPLOOo��(���'eIeo��2���'XJDQ��-���Ge�5X\FN��$��	�CoeW]ee��3��������$GDSWDWLoQV�oI�ELvDOveV�Wo�GLIIereQW�EeDFK�W\SeV��-RXUQDO RI E[SHULPHQWDO 0DULQH 
%LRORJ\ DQG EFRORJ\���������±����

0F/DFKODQ��$���:ooOGrLGJe��7��	�'\e��$�+��������7Ke�eFoOoJ\�oI�VDQG\�EeDFKeV�LQ�6oXWKerQ�$IrLFD��6RXWK AIULFDQ -RXUQDO RI =RRORJ\��������±����
0F/DFKODQ��$���:ooOGrLGJe��7���6FKrDPP��0��	�.XKQ��0��������6eDVoQDO�DEXQGDQFe��ELoPDVV�DQG�IeeGLQJ�oI�VKore�ELrGV�oQ�VDQG\�EeDFKeV�LQ�WKe�eDVWerQ�CDSe��6oXWK�
$IrLFD��2VWULFK�������±����

0F/DFKODQ��$���:ooOGrLGJe��7��	�vDQ�Ger�+orVW��*��������7LGDO�PovePeQWV�oI�WKe�PDFroIDXQD�oQ�DQ�e[SoVeG�VDQG\�EeDFK�LQ�6oXWK�$IrLFD��-RXUQDO RI =RRORJ\������
���±����

0F/DFKODQ��$��	�<oXQJ��1��������(IIeFWV�oI�OoZ�WePSerDWXre�oQ�EXrroZLQJ�rDWeV�oI�IoXr�VDQG\�EeDFK�PoOOXVFV��
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-RXUQDO RI E[SHULPHQWDO 0DULQH %LRORJ\ DQG EFRORJ\��������±����
0F0LOOLQ��+�C��������7KH OLIH KLVWRU\ DQG JURZWK RI WKH UD]RU FODP����WK�$QQXDO�5eSorW��:DVKLQJWoQ�'eSDrWPeQW�oI�)LVKerLeV��2O\PSLD��:$��86$�
0eVWD\er��0�.��������1oWeV�oQ�WKe�KDELWV�DQG�XVeV�oI�WKe�WoKeroD��NHZ =HDODQG -RXUQDO RI 6FLHQFH DQG 7HFKQRORJ\�4����±���
0LOODr��5�%��	�2OVeQ��'��������$EXQGDQFe�oI�ODrJe�WoKeroD��3DSKLHV YHQWULFRVD�*rD\��DW�2reWL�%eDFK������±������eVWLPDWeG�IroP�WZo�GLPeQVLoQDO�V\VWePDWLF�VDPSOeV��
NHZ =HDODQG -RXUQDO RI 0DULQH DQG )UHVKZDWHU RHVHDUFK�������±���

0LOOer��'�-���+DrGZLFN��-�(��	�'DKOVWroP��:�$��������3LVPo�FODPV�DQG�VeD�oWWerV��&DOLIRUQLD )LVK DQG *DPH� 0DULQH RHVRXUFH 7HFKQLFDO RHSRUW�3��
0oXs]D��0������D��CoQWrLEXWLoQ�j�O¶pWXGe�Ge�OD�ELoOoJLe�Ge�'RQD[ WUXQFXOXV�/���0oOOXVTXe��/DPeOOLErDQFKe���GDQV�Oµ$OJproLV��pWKoOoJLe�eQ�%DLe�Ge�%oX�,VPDLO��7pWK\V�4��
���±����

0oXs]D��0������E��CoQWrLEXWLoQ�j�O¶pWXGe�Ge�OD�ELoOoJLe�Ge�'RQD[ WUXQFXOXV�/���0oOOXVTXe�/DPeOOLErDQFKe���GDQV�Oµ$OJproLV��OD�FroLVVDQFe��3HODJRV�4����±���
0oXs]D��0��������&RQWULEXWLRQ j O¶pWXGH GH OD ELRORJLH GH�'oQD[�WrXQFXOXV�L� 0ROOXVTXH LDPHOOLEUDQFKH GDQV O¶AOJpURLV��7KpVe�'oFWeXr�eV�6FLeQFeV�QDWXreOOeV��
8QLverVLWp�G¶$L[�0DrVeLOOe��

0oXs]D��0��������CoQWrLEXWLoQ�j�O¶pWXGe�Ge�OD�ELoOoJLe�Ge�'RQD[ WUXQFXOXV�/���0oOOXVTXe�/DPeOOLErDQFKe��PeFKDQLVPe�Ge�OD�QXWrLWLoQ��-RXUQDO RI 0ROOXVFDQ 6WXGLHV�
4�����±����

0oXs]D��0��	�CKeVVeO��'��������CoQWrLEXWLoQ�D�O¶pWXGe�Ge�OD�ELoOoJLe�Ge�'RQD[ WUXQFXOXV�/���0oOOXVTXe��/DPeOOLErDQFKe��GDQV�O¶$OJproLV��DQDO\Ve�VWDWLVWLTXe�Ge�OD�
GLVSerVLoQ�Ge�OoQJ�G¶XQe�SODJe�eQ�EDLe�Ge�%oX�,VPDLO��-RXUQDO RI E[SHULPHQWDO 0DULQH %LRORJ\ DQG EFRORJ\��������±����

0oXs]D��0��	�)reQNLeO��/��������CoQWrLEXWLoQ�j�O¶pWXGe�GeV�VWrXFWXreV�SDOOeDOeV�GeV�7eOOLQDFeD��0orSKoOoJLe�eW�VWrXFWXre�Ge�PDQWeDX�Ge�'RQD[ WUXQFXOXV�/��3URFHHGLQJV 
RI WKH 0DODFRORJLFDO 6RFLHW\ RI LRQGRQ�4����±����

0oXs]D��0��	�)reQNLeO��/������D��CoQWrLEXWLoQ�j�O¶pWXGe�Ge�OD�ELoOoJLe�Ge�'RQD[ WUXQFXOXV��0oOOXVTXe�/DPeOOLErDQFKe��PorSKoOoJLe�IoQFWLoQeOOe²DQDWoPLe�
PLFroVFoSLTXe²KLVWoOoJLe�Ge�O¶DSSDreLO�GLJeVWLI��-RXUQDO RI 0ROOXVFDQ 6WXGLHV�4����±����

0oXs]D��0��	�)reQNLeO��/������E��3rePLqreV�GoQQreV�VXr�O¶XOWrDVWrXFWXre�Ge�O¶orJDQe�VeQVorLeO�GX�PXVFOe�FrXFLIorPe�Ge�'RQD[ WUXQFXOXV�/���0oOOXVTXe��/DPeOOLErDQFKe��
7eOOLQDFeD���AUFKLYHV GH =RRORJLH E[SHULPHQWDO HW *pQpUDOH���������±����

0oXs]D��0��	�)reQNLeO��/��������)LQe�VWrXFWXre�DQG�KLVWoFKePLVWr\�oI�WKe�JDVWrLF�VKLeOG�LQ�WKe�ODPeOOLErDQFK�'RQD[ WUXQFXOXV�/��=HLWVFKULIW I�U 0LNURVNRSLVFKH�
AQDWRPLVFKH )RUVFKXQJ��3�����±����

0oXs]D��0��	�)reQNLeO�5eQDXOW��/��������CoQWrLEXWLoQ�j�O¶pWXGe�Ge�OD�ELoOoJLe�Ge�'RQD[ WUXQFXOXV�/���0oOOXVTXeV��/DPeOOLErDQFKeV��GDQV�O¶$OJproLV��OD�reSroGXFWLoQ��
&DKLHUV GH %LRORJLH 0DULQH��4�����±����

0oXs]D��0��	�5eQDXOW��/��������CoQWrLEXWLoQ�j�O¶pWXGe�Ge�OD�Ve[XDOLWe�FKe]�'RQD[ WUXQFXOXV�/��+DOLRWLV������±���
0XrDZVNL��6�$��	�6erFKXN��)�0��������0eFKDQLVeG�VKeOOILVK�KDrveVWLQJ�DQG�LWV�PDQDJePeQW��WKe�oIIVKore�ILVKer\�oI�WKe�eDVWerQ�8QLWeG�6WDWeV��,Q�0DULQH LQYHUWHEUDWH 
ILVKHULHV� WKHLU DVVHVVPHQW DQG PDQDJHPHQW��-�)�CDGG\��eG����1eZ�<orN��:LOe\����±�����

0ZDLGVeMe��%��������7Ke�SoWeQWLDO�Ior�QoQ�FoQveQWLoQDO�ILVKerLeV�LQ�7DQ]DQLD��UQLYHUVLW\ 6FLHQFH -RXUQDO 'DU�HV�6DODDP������±����
1DJDEKXVKDQDP��5��	�7DOLNKeGNDr��3�0������D��5eSroGXFWLve�ELoOoJ\�oI�WKe�ZeGJe�FODP��'RQD[ FXQHDWXV� IQGLDQ -RXUQDO RI 0DULQH 6FLHQFHV������±���
1DJDEKXVKDQDP��5��	�7DOLNKeGNDr��3�0������E��6eDVoQDO�vDrLDWLoQV�LQ�SroWeLQV��IDW�	�JO\FoJeQ�oI�WKe�ZeGJe�FODP��'RQD[ FXQHDWXV� IQGLDQ -RXUQDO RI 0DULQH 
6FLHQFHV������±���

1DrFKL��:��������CoPSDrDWLve�VWXG\�oI�WKe�IXQFWLoQDO�PorSKoOoJ\�oI�AQRPDORFDUGLD EUDVLOLDQD��*PeOLQ��������DQG�7LYHOD PDFWURLGHV��%orQ���������%LvDOvLD��
9eQerLGDe���%XOOHWLQ RI 0DULQH 6FLHQFH��������±����

1DrFKL��:��������)XQFWLoQDO�DQDWoP\�oI�'RQD[ KDQOH\DQXV�3KLOLSSL�������'oQDFLGDe�%LvDOvLD���%ROHWLP GH =RRORJLD� UQLYHUVLGDG 6DR 3DXOR��3�����±����
1DrFKL��:��������$VSeFWV�oI�WKe�DGDSWLve�PorSKoOoJ\�oI�0HVRGHVPD PDFWURLGHV��%LvDOvLD��0eVoGeVPDWLGDe���0DODFRORJLD�������±�����
1D\Dr��.�1��������6WXGLeV�oQ�WKe�JroZWK�oI�WKe�ZeGJe�FODP��'RQD[ �LDWRQD� FXQHDWXV�/LQQDeXV��IQGLDQ -RXUQDO RI )LVKHULHV�������±����
1eXEerJer�C\ZLDN��/���$FKLWXv��<��	�0L]rDKL��/��������(FoOoJLFDO�oEVervDWLoQV�oQ�'RQD[ WUXQFXOXV�/��DQG�'RQD[ VHPLVWULDWXV�/���0oOOXVFD��%LvDOvLD��LQ�+DLID�%D\��
IVUDHO -RXUQDO RI =RRORJ\�3�����±���

1eXEerJer�C\ZLDN��/���$FKLWXv��<��	�0L]rDKL��/��������7Ke�eFoOoJ\�RI 'RQD[ WUXQFXOXV�/LQQDeXV�DQG�'RQD[ VHPLVWULDWXV�3oOL�IroP�WKe�0eGLWerrDQeDQ�FoDVW�oI�,VrDeO��
-RXUQDO RI E[SHULPHQWDO 0DULQH %LRORJ\ DQG EFRORJ\��34�����±����

1LFNerVoQ��5�%��������$�FrLWLFDO�DQDO\VLV�oI�VoPe�rD]or�FODP��6LOLTXD SDWXOD�'L[oQ��SoSXODWLoQV�LQ�$ODVND��AODVND 'HSDUWPHQW RI )LVK DQG *DPH� -XQHDX�



3DJe����

1\EDNNeQ��-��	�6WeSKeQVoQ��0�'��������EIIHFWV RI HQJLQHHULQJ DFWLYLWLHV RQ WKH HFRORJ\ RI 3LVPR FODPV��$rP\�CorSV�oI�(QJLQeerV�0LVFeOODQeoXV�3DSer��±����
2OLvLer��6���CDSe]]DQL��'���CDrreWo��-���CKrLVWLDQVeQ��+���0oreQo��9���Ge�0oreQo��-�$��	�3eQFKDV]DGeK��3��������(VWrXFWXrD�Ge�OD�FoPXQLGDG��GLQiPLFD�Ge�OD�SoEODFLyQ�\�
ELoOoJtD�Ge�OD�DOPeMD�DPDrLOOD��0HVRGHVPD PDFWURLGHV��eQ�0Dr�$]XO��3UR\HFWR 'HVDUUROOR 3HVTXHUR )A2� 6HUYLFLR IQIRUPDWLRQ 7pFQLFD����

2OLvLer��6��	�3eQFKDV]DGeK��3������D��(vDOXDFLyQ�Ge�OoV�eIeFWLvoV�Ge�OD�DOPeMD�DPDrLOOD��0HVRGHVPD PDFWURLGHV��'eVK���������eQ�ODV�FoVWDV�Ge�OD�3rovLQFLD�Ge�%XeQoV�
$LreV��3UR\HFWR 'HVDUUROOR 3HVTXHUR )A2� 6HUYLFLR IQIRUPDWLRQ 7pFQLFD���

2OLvLer��6��	�3eQFKDV]DGeK��3������E��(IeFWLvoV�Ge�DOPeMD�DPDrLOOD��0HVRGHVPD PDFWURLGHV��eQ�ODV�FoVWDV�Ge�OD�3rovLQFLD�Ge�%XeQoV�$LreV�\�SDXWDV�SDrD�VX�e[SOoWDFLyQ�
rDFLoQDO��3UR\HFWR 'HVDUUROOR 3HVTXHUR )A2� 6HUYLFLR IQIRUPDWLRQ 7HFQLFD����VXSSO���

2rWK��)�/���6PeOFer��C���)eGer��+�0��	�:LOOLDPV��-��������7KH AODVND FODP ILVKHU\� D VXUYH\ DQG DQDO\VLV RI HFRQRPLF SRWHQWLDO��8QLverVLW\�oI�$ODVND��,QVWLWXWe�oI�
0DrLQe�6FLeQFe�5eSorW�

2Wero��-�)��������$SorWDFLyQ�DO�eVWXGLo�Ge�OD�ELoOoJtD�GeO�ELvDOvo�'RQD[ WUXQFXOXV�/��eQ�OD�rLD�Ge�(O�%DrTXero��7eVLQD�/LFeQFLDGo�Ge�CLeQFLDV�%LoOyJLFDV��8QLverVLGDG�Ge�
6DQWLDJo�Ge�CoPSoVWeOD�

3DrXOeNDr��$�+���1DLr��6�$���$QVDrL��=�$���+DrNDQWrD��6�1���CKDWWerML��$���,QJoOD��%�6��	�5o\��-�0��������(FoOoJ\�DQG�FXOWXrLQJ�oI�eGLEOe�ELvDOveV�LQ�*oD��IQGLDQ -RXUQDO 
RI 0DULQH 6FLHQFHV��3�����±����

3DXOV��6�0���3eQFKDV]DGeK��3�(��	�%oQe��'��������CoPXQLGDGeV�EeQWyQLFDV�Ge�SOD\DV�DreQoVDV�Ge�*oOIo�7rLVWe�\�reJLoQeV�DOeGDxDV��IQLLQHD GH UHIHUHQFLD ELROyJLFD HQ 
HO DPELHQWH PDULQR FRVWHUR GHO DUHD GH *ROIR 7ULVWH��'��3ere]��eG����CDrDFDV��3(48,9(1�,17(C0$5�����±�����

3DXO\��'��	�0XQro��-�/��������2QFe�Pore�oQ�WKe�FoPSDrLVoQ�oI�JroZWK�LQ�ILVK�DQG�LQverWeErDWeV��)LVKE\WH����������oQO\�
3eOVeQeer��3��������8Q�WrePDWoGe�SroGXXLVDQW�OD�FDVWrDWLoQ�SDrLVLWDLre�FKe]�'RQD[ WUXQFXOXV� %XOOHWLQ 6FLHQWLILTXH GH OD )UDQFH HW GH OD %HOJLTXH���������±����
3eOVeQeer��3��������7rePDWoGeV�SDrDVLWeVV�Ge�PoOOXVTXeV�PDrLQV��%XOOHWLQ 6FLHQWLILTXH GH OD )UDQFH HW GH OD %HOJLTXH�4������±����
3eQFKDV]DGeK��3�(���eG�������D��(FoOoJtD�GeO�DPELeQWe�PDrLQo�FoVWero�Ge�3XQWD�0oryQ��7erPoeOeFWrLFD�3ODQWD�CeQWre��(VWDGo�CDrDEoEo��9eQe]XeOD���IQIRUPH )LQDO GH 
OD IDVH II��CDrDFDV��,17(C0$5�

3eQFKDV]DGeK��3�(������E��6XEWLGDO�VDQG\�EeDFK�WroSKLF�VWrXFWXre�LQ�WKe�DreD�oI�3XQWD�0oryQ��9eQe]XeOD��,Q�6DQG\ %HDFKHV DV EFRV\VWHPV��$�0F/DFKODQ�	�7�(rDVPXV�
�eGV���7Ke�+DJXe��:�-XQN�����±���

3eQFKDV]DGeK��3�(���CoOPeQDreV��5��	�/D\rLVVe��0��������CoPXQLGDGeV�EeQWyQLFDV�GeO�DreD�Ge�3XQWD�0oryQ��eQWre���\���P�Ge�SroIXQGLGDG���,Q�EFRORJtD GHO DPELHQWH 
PDULQR FRVWHUR GH 3XQWD 0RUyQ �7HUPRHOHFWULFD 3ODQWD &HQWUR� VHQH]XHOD���3�(�3eQFKDV]DGeK��eG����CDrDFDV��,17(C0$5�����±�����

3eQFKDV]DGeK��3�(���Ge�0DKLeX��*���)DrDFKe��9��	�/erD��0�(��������(FoOoJ\�oI�WKe�VDQG\�EeDFK�JDVWroSoG�0D]DWODQLD DFLFXODWD�LQ�4XL]DQGDO��CDrDEoEo��9eQe]XeOD���
,Q�6DQG\ %HDFKHV DV EFRV\VWHPV��$�0F/DFKODQ�	�7�(rDVPXV��eGV���7Ke�+DJXe��:�-XQN�����±����

3eQFKDV]DGeK��3�(��	�/oVDGD��)��������(FoOoJtD�GeO�DPELeQWe�PDrLQo�FoVWero�Ge�3XQWD�0oroQ�\�FoPXQLGDGeV�LQFrXVWDQWeV�Ge�3ODQWD�CeQWro��(VWDGo�CDrDEoEo��
9eQe]XeOD���IQIRUPH ILQDO IDVH III��CDrDFDV��,17(C0$5�

3eQFKDV]DGeK��3�(��	�2OLvLer��6��������(FoOoJtD�Ge�XQD�SoEODFLyQ�Ge�³EerEereFKo´��'RQD[ KDQOH\DQXV��eQ�9LOOD�*eVeOO��$rJeQWLQD��0DODFRORJLD��������±����
3eQFKDV]DGeK��3�(��	�5LQFyQ��$��������(JJ�FDSVXOeV�DQG�GeveOoSPeQW�oI�3UXQXP SUXQXP��*PeOLQ���������3roVoErDQFKLD��0DrJLQeOOLGDe��IroP�WKe�9eQe]XeODQ�
CDrLEEeDQ��VHOLJHU�3�����±���

3ereGo��6���3DrDGD��(��	�9DOGeveQLWo��,��������*DPeWoJeQeVLV�DQG�reSroGXFWLve�F\FOe�oI�WKe�VXrI�FODP�0HVRGHVPD GRQDFLXP��/DPDrFN���������%LvDOvLD��
0eVoGeVPDWLGDe��DW�4XeXOe�%eDFK��6oXWKerQ�CKLOe��VHOLJHU�3�����±����

3eWerVoQ��C�+��������3reGDWLoQ��FoPSeWLWLve�e[FOXVLoQ�DQG�GLverVLW\�LQ�WKe�VoIW�VeGLPeQW�EeQWKLF�FoPPXQLWLeV�oI�eVWXDrLeV�DQG�ODJooQV��,Q�EFRORJLFDO SURFHVVHV LQ FRDVWDO 
DQG PDULQH V\VWHPV��5�-�/LvLQJVWoQ��eG����1eZ�<orN��3OeQXP�����±����

3LFKoQ��<���0oXs]D��0��	�)reQNLeO��/��������0eFKDQoreFeSWor�SroSerWLeV�oI�WKe�VeQVe�orJDQ�oI�WKe�FrXFLIorP�PXVFOe�LQ�D�WeOOLQDFeDQ�ODPeOOLErDQFK��'RQD[ WUXQFXOXV�/���
DQ�eOeFWroSK\VLoOoJLFDO�DSSroDFK��0DULQH %LRORJ\ LHWWHUV�������±����

3ODQWe�CXQ\��0�5��	�%oGo\��$��������5eODWLoQV�WroSKLTXeV�eQWre�PLFroSK\WeV�EeQWKLTXeV�oX�SODQFWoQLTXeV�eW�PoOOXVTXeV�ELvDOveV�eQGoJeV��,Q�3URGXFWLRQ HW UHODWLRQV 
WURSKLTXHV GDQV OHV HFRV\VWqPHV PDULQV� �QG &ROO� )UDQFR�6RYLHWLTXH� <DOWD� ����� I)RE0ER AFW� &ROO� ������±����

3oOL��*��������&\FOH UHSURGXFWHXU GH PROOXVTXHV ODPHOOLEUDQFKHV HW JDVWHURSRGHV GX %DVVLQ G¶AUFDFKRQ��7KeVe�'oFWeXr�6SeFLDOLWq��8QLverVLWq�3DrLV�,9��
3rLeWo��$�6������D��CoQWrLEXFLyQ�D�OD�eFoOoJtD�Ge�7LYHOD PDFWURLGHV��%orQ���������$VSeFWoV�reSroGXFWLvoV��%ROHWLQ¶ IQVWLWXWH GH 2FHDQRJUDILFR� 6DR 3DXOR�����������±
��

3rLeWo��$�6������E��&RQWULEXFLyQ D OD HFRORJtD GH 7LYHOD PDFWURLGHV �%RUQ� ����� �0ROOXVFD� %LYDOYLD�� ELRPDVD��



3DJe����

GLVWULEXFLyQ \ DVSHFWRV GH OD FRPXQLGDG HQ OD EQVHQDGD GH *XLULD� 7rDEDMo�Ge�DVFeQVo��'eSDrWDPeQWo�Ge�%LoOoJtD��8QLverVLGDG�Ge�2rLeQWe��CXPDQD�
3rLeWo��$�6��������(FoOoJtD�Ge�7LYHOD PDFWURLGHV��%orQ���������0oOOXVFD��%LvDOvLD��eQ�3OD\D�*XLrLD��6XFre��9eQe]XeOD���%ROHWLQ GHO IQVWLWXWH 2FHDQRJUiILFR GH OD 
UQLYHUVLGDG GH 2ULHQWH������±����

3rLeWo��$�6��������EFRORJtD GH 7LYHOD PDFWURLGHV �%RUQ� ����� �0ROOXVFD� %LYDOYLD�� FUHFLPLHQWR� PRUWDOLGDG QXPpULFD� HOLPLQDWLRQ \ UHQGLPLHQWR HQ OD ORFDOLGDG 
GH 3OD\D *XLULD �6XFUH� VHQH]XHOD���7rDEDMo�Ge�DVFeQVo��'eSDrWDPeQWo�Ge�%LoOoJtD��8QLverVLGDG�Ge�2rLeQWe��CXPDQD�

3roVFK��5��	�0F/DFKODQ��$��������5eJeQerDWLoQ�oI�VXrI�]oQe�QXWrLeQWV�E\�'RQD[ VHUUD��-RXUQDO RI E[SHULPHQWDO 0DULQH %LRORJ\ DQG EFRORJ\��������±����
4XD\Oe��'�%��	�%oXrQe��1��������7Ke�FODP�ILVKerLeV�oI�%rLWLVK�CoOXPELD��)LVKHULHV RHVHDUFK %RDUG RI &DQDGD %XOOHWLQ�����
5Do��.�6��������$QQXDO�reSroGXFWLve�F\FOe�oI�WKe�ZeGJe�FODP��'RQD[ FXQHDWXV�/LQQDeXV��-RXUQDO RI WKH 0DULQH %LRORJLFDO AVVRFLDWLRQ RI IQGLD�������±���
5DSVoQ��$�0��������7Ke�WoKeroD��APSKLGHVPD YHQWULFRVXP�*rD\��(XPeOOLErDQFKLDWD���GeveOoSPeQW�DQG�JroZWK��AXVWUDOLDQ -RXUQDO RI 0DULQH DQG )UHVKZDWHU 
RHVHDUFK�3�����±����

5eGIeDrQ��3��������%LoOoJ\�DQG�GLVWrLEXWLoQ�oI�WKe�WoKeroD��3DSKLHV �0HVRGHVPD� YHQWULFRVD��*rD\���)LVKHULHV RHVHDUFK %XOOHWLQ� NHZ =HDODQG 0LQLVWU\ RI 
AJULFXOWXUH DQG )LVKHULHV����

5eGIeDrQ��3��������/DrvDO�VKeOO�GeveOoSPeQW�oI�WKe�WoKeroD��3DSKLHV YHQWULFRVD��*rD\���������0DFWrDFeD��0eVoGeVPDWLGDe���NHZ =HDODQG -RXUQDO RI 0DULQH DQG 
)UHVKZDWHU RHVHDUFK��������±����

5eGIeDrQ��3��������/DrvDO�VKeOO�GeveOoSPeQW�oI�WKe�QorWKerQ�WXDWXD��3DSKLHV VXEWULDQJXODWD��%LvDOvLD��0eVoGeVPDWLGDe���NHZ =HDODQG -RXUQDO RI 0DULQH DQG 
)UHVKZDWHU RHVHDUFK�������±����

5LFKDrGVoQ��-�5���$OOGrLGJe��$�(��	�6PLWK��3�-��������$QDO\VeV�oI�WXDWXD�SoSXODWLoQV²3DSKLHV VXEWULDQJXODWD�DQG�3� GRQDFLQD��NHZ =HDODQG -RXUQDO RI 0DULQH DQG 
)UHVKZDWHU RHVHDUFK�������±���

5LFNDrG��1�$��	�1eZPDQ��5�$��������'eveOoSPeQW�oI�WeFKQoOoJ\�Ior�KDrveVWLQJ�DQG�WrDQVSODQWLQJ�VXEWLGDO�MXveQLOe�3DFLILF�rD]or�FODPV��6LOLTXD SDWXOD�'L[oQ��DOoQJ�WKe�
FoDVW�oI�:DVKLQJWoQ�VWDWe��-RXUQDO RI 6KHOOILVK RHVHDUFK��������oQO\�

5LFNDrG��1�$���5DPPer��$��	�6LPoQV��'��������$VSeFWV�oI�WKe�eDrO\�VXEWLGDO�OLIe�KLVWor\�oI�WKe�3DFLILF�rD]or�FODP��6LOLTXD SDWXOD�'L[oQ��oII�WKe�FoDVW�oI�:DVKLQJWoQ�
VWDWe��-RXUQDO RI 6KHOOILVK RHVHDUFK�������±���

5LerD��$��������RHODFLRQHV WUyILFDV LQWHUHVSHFtILFDV HQ XQD FRPXQLGDG tFWLFD GH XQD SOD\ D DUHQRVD GHO EVWDGR )DOFRQ� VHQH]XHOD��7rDEDMo�Ge�*rDGo��8QLverVLGDG�
6LPoQ�%oOtvDr��CDrDFDV�

5LQFyQ��$�%��������AVSHFWRV GH OD HFRORJtD \ UHSURGXFWLRQ GHO JDVWHUySRGR 3UXQXP SUXQXP �*PHOLQ� ����� HQ OD 3OD\D GH ODV 0HUFHGHV 3DSDUR� EGR� 0LUDQGD��
7rDEDMo�Ge�*rDGo��'LvLVLoQ�Ge�CLeQFLDV�%LoOyJLFDV��8QLverVLGDG�6LPyQ�%oOtvDr��CDrDFDV�

5LoV��(��������%UD]LOLDQ 0DULQH 0ROOXVNV IFRQRJUDSK\��5Lo�*rDQGe��%rD]LO�
5oGrLJXe]��*��������AQ HFRORJLFDO DQDO\VLV RI WKH FRDVWDO FRPPXQLWLHV RI LDNH 0DUDFDLER� VHQH]XHOD��7KeVLV�6F���8QLverVLW\�oI�0LDPL��0LDPL�
5oGrLJXe]��*��������7Ke�PDrLQe�FoPPXQLWLeV�oI�0DrJDrLWD�,VODQG��9eQe]XeOD��%XOOHWLQ RI 0DULQH 6FLHQFH *XOI DQG &DULEEHDQ����������±����
5XL]��C�$��������3URFHVRV ILVLROyJLFRV DVRFLDGRV D IOXFWXDWLRQV HVWDFLRQDOHV HQ HO KDELWDW GH 7LYHOD PDFWURLGHV �%LYDOYLD �VHQHULGDH���7rDEDMo�Ge�*rDGo��'LvLVLoQ�
Ge�CLeQFLDV�%LoOyJLFDV�8QLverVLGDG�6LPyQ�%oOtvDr��CDrDFDV�

6DeQJer��3��	�.e\We��3��������3UHOLPLQDU\ VXUYH\ RI 3LSL SRSXODWLRQV RQ VHOHFWHG EHDFKHV RI QRUWKHUQ NHZ 6RXWK WDOHV��8QLverVLW\�oI�1eZ�(QJODQG��CeQWre�Ior�
CoDVWDO�0DQDJePeQW�5eSorW�

6DODV�CDVDQovD��C��������(FoOoJtD�Ge�OoV�'oQDFLGDe��0oOOXVFD��%LvDOvLD��Ge�OD�EDKLD�Ge�0DODJD��6(�Ge�(VSDxD���IQYHVWLJDFLyQ 3HVTXHUD�������±����
6DOJDGo��,��	�,VKL\DPD��9��������CLFOo�Ge�PDGXre]�Ve[XDO�\�GeVove�Ge�OD�PDFKD�0HVRGHVPD GRQDFLXP� RHYLVWD GH &LHQFLDV��8QLverVLGDG�1DFLoQDO�0D\or�Ge�6DQ�
0DrFoV��/LPD��3erX��������±����

6DOvDW��%��������0oOOXVTXeV�GeV�SODJeV�oFpDQLTXeV�eW�VePL�DErLWpeV�GX�%DVVLQ�G¶$rFDFKoQ��%XOOHWLQ GX 0XVpXP NDWLRQDO G¶+LVWRLUH NDWXUHOOH�3�������±����
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