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����$VVXPSWLRQV ������������������������������������������������������������������������������������������������������������������������������������� ��
���(FRQRPLF�$QDO\VLV ���������������������������������������������������������������������������������������������������������������������������� ��
����2YHUYLHZ ������������������������������������������������������������������������������������������������������������������������������������������� ��
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����3RUW�)DFLOLWLHV ������������������������������������������������������������������������������������������������������������������������������������ ��
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������1DYLJDWLRQ�&KDQQHO ��������������������������������������������������������������������������������������������������������������������� ��
����3UREOHPV�DQG�2SSRUWXQLWLHV ��������������������������������������������������������������������������������������������������������� ��
������7UDQVSRUWDWLRQ�(IILFLHQFLHV�DQG�'HOD\V ����������������������������������������������������������������������������������� ��
������3ODQQLQJ�&RQVLGHUDWLRQV������������������������������������������������������������������������������������������������������������� ��
����)RUPXODWLRQ�RI�$OWHUQDWLYHV ���������������������������������������������������������������������������������������������������������� ��
������:LWKRXW�3URMHFW�&RQGLWLRQ���������������������������������������������������������������������������������������������������������� ��
������&KDQQHO�0RGLILFDWLRQV���������������������������������������������������������������������������������������������������������������� ��
������&KDQQHO�'HHSHQLQJ���������������������������������������������������������������������������������������������������������������������� ��
������1RQ�6WUXFWXUDO�$OWHUQDWLYHV ������������������������������������������������������������������������������������������������������� ��
������,QIUDVWUXFWXUH�DQG�)DFLOLWLHV ������������������������������������������������������������������������������������������������������� ��
���+LVWRULFDO�$QG�3URMHFWHG�&RPPRGLW\�9ROXPHV�������������������������������������������������������������������������� ��
����2YHUYLHZ ������������������������������������������������������������������������������������������������������������������������������������������� ��
����+LVWRULFDO�7UDGH�DQG�&RPPRGLW\�9ROXPHV ������������������������������������������������������������������������������� ��
����&RQWDLQHUL]HG�&RPPRGLW\�7UDGH�)RUHFDVWV ������������������������������������������������������������������������������� ��
������0HWKRGRORJ\�DQG�$VVXPSWLRQV ������������������������������������������������������������������������������������������������ ��
������6RXWK�$WODQWLF�&RQWDLQHU�)RUHFDVW�¥�7UDGH�3DUWQHU���������������������������������������������������������������� ��
������6DYDQQDK�&RQWDLQHU�)RUHFDVW ����������������������������������������������������������������������������������������������������� ��
����1RQ�&RQWDLQHUL]HG�7UDGH �������������������������������������������������������������������������������������������������������������� ��
������*HQHUDO�&DUJR�������������������������������������������������������������������������������������������������������������������������������� ��
������'U\�%XON�&RPPRGLWLHV���������������������������������������������������������������������������������������������������������������� ��
������/LTXLG�%XON�&RPPRGLWLHV ���������������������������������������������������������������������������������������������������������� ��
������2WKHU�&RPPRGLWLHV���������������������������������������������������������������������������������������������������������������������� ��
����6XPPDU\�DQG�&RQFOXVLRQV������������������������������������������������������������������������������������������������������������ ��
���)OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW ������������������������������������������������������������������������������������������� ��
����,QWURGXFWLRQ �������������������������������������������������������������������������������������������������������������������������������������� ��
������2YHUYLHZ ���������������������������������������������������������������������������������������������������������������������������������������� ��
������7KH�5HODWLRQVKLS�%HWZHHQ�:RUOG�7UDGH��&RQWDLQHUVKLSV��DQG�(FRQRPLHV�2I�6FDOH ����� ��
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������)RUHFDVW�6WXG\�3HULRG ������������������������������������������������������������������������������������������������������������������ ��
����:RUOG�DQG�6DYDQQDK�)OHHW�)RUHFDVW�$SSURDFK �������������������������������������������������������������������������� ��
������:RUOG�)OHHW�)RUHFDVW�0HWKRGRORJ\ ������������������������������������������������������������������������������������������� ��
������6DYDQQDK�)OHHW�)RUHFDVW�0HWKRGRORJ\������������������������������������������������������������������������������������� ��
����5HVXOWV�2I�7KH�:RUOG�$QG�6DYDQQDK�&RQWDLQHUVKLS�)OHHW�)RUHFDVWV ���������������������������������� ��
������+LVWRULF�6DYDQQDK�&RQWDLQHUVKLS�)OHHW�3URILOH ���������������������������������������������������������������������� ��
������([LVWLQJ�:RUOG�DQG�6DYDQQDK�)OHHW ������������������������������������������������������������������������������������������ ��
������9HVVHO�2SHUDWLRQV�LQ�6DYDQQDK������������������������������������������������������������������������������������������������� ��
������:RUOG�DQG�6DYDQQDK�)OHHW�)RUHFDVW�5HVXOWV ��������������������������������������������������������������������������� ��
����6DYDQQDK�/LTXLG�DQG�'U\�%XON�)OHHW�)RUHFDVW �������������������������������������������������������������������������� ��
������0HWKRGRORJ\��$VVXPSWLRQV�DQG�5HVXOWV��������������������������������������������������������������������������������� ��
����&RQFOXVLRQV��������������������������������������������������������������������������������������������������������������������������������������� ��
���0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV ���������������������������������������������������������������������������������������������������� ��
����2YHUYLHZ ������������������������������������������������������������������������������������������������������������������������������������������� ��
����,QIUDVWUXFWXUH������������������������������������������������������������������������������������������������������������������������������������ ��
����'HOLYHUHG�7UDQVSRUWDWLRQ�&RVW ����������������������������������������������������������������������������������������������������� ��
������0HWKRGRORJ\�DQG�$VVXPSWLRQV ������������������������������������������������������������������������������������������������ ��
������6DYDQQDK�DQG�&RPSHWLWRU�3RUW�&RPSDULVRQ��������������������������������������������������������������������������� ��
����6XPPDU\�DQG�&RQFOXVLRQV������������������������������������������������������������������������������������������������������������ ��
���1DWLRQDO�(FRQRPLF�'HYHORSPHQW�%HQHILW�&RVW�$QDO\VLV���������������������������������������������������������� ��
����2YHUYLHZ ������������������������������������������������������������������������������������������������������������������������������������������� ��
����0HWKRGRORJ\�DQG�$VVXPSWLRQV ��������������������������������������������������������������������������������������������������� ��
������9HVVHO�7UDQVSRUWDWLRQ�&RVWV������������������������������������������������������������������������������������������������������� ��
������7LGH�'HOD\�&RVWV��������������������������������������������������������������������������������������������������������������������������� ��
������6KLS�%HDP�&KDQQHO�:LGWK�'HOD\�&RVWV ���������������������������������������������������������������������������������� ��
������7RWDO�7UDQVSRUWDWLRQ�&RVWV ��������������������������������������������������������������������������������������������������������� ��
������$YHUDJH�$QQXDO�%HQHILWV ���������������������������������������������������������������������������������������������������������� ���
����$OWHUQDWLYH�3URMHFW�&RVWV�������������������������������������������������������������������������������������������������������������� ���
������3URMHFW�&RVWV��������������������������������������������������������������������������������������������������������������������������������� ���
������,QWHUHVW�'XULQJ�&RQVWUXFWLRQ ��������������������������������������������������������������������������������������������������� ���
������2WKHU�1('�&RVWV ������������������������������������������������������������������������������������������������������������������������ ���
������7RWDO�3URMHFW�&RVWV ���������������������������������������������������������������������������������������������������������������������� ���
����%HQHILW�&RVW�&DOFXODWLRQV�E\�3URMHFW�$OWHUQDWLYH ������������������������������������������������������������������� ���
������%HQHILW�&RVW�5DWLRV�DQG�1HW�%HQHILWV ����������������������������������������������������������������������������������������
������1('�3UHIHUUHG�3ODQ�������������������������������������������������������������������������������������������������������������������� ���
����6XPPDU\�DQG�&RQFOXVLRQV���������������������������������������������������������������������������������������������������������� ���
���6HQVLWLYLW\�$QG�5LVN�$QDO\VLV ������������������������������������������������������������������������������������������������������ ���
����2YHUYLHZ ����������������������������������������������������������������������������������������������������������������������������������������� ���
����&RPPRGLW\�)RUHFDVW���������������������������������������������������������������������������������������������������������������������� ���
������&RPSDULVRQ�:LWK�2WKHU�7UDGH�)RUHFDVWV������������������������������������������������������������������������������� ���
������6DYDQQDK�+DUERU�&RPPRGLW\�)RUHFDVW�$OWHUQDWLYH�6KDUH�6FHQDULRV������������������������������ ���
������6DYDQQDK�+DUERU�1RQ�&RQWDLQHUL]HG�&RPPRGLW\�7UDGH ������������������������������������������������� ���
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������8QFHUWDLQW\�LQ�7UDGH�*URZWK�)DFWRUV ������������������������������������������������������������������������������������� ���
����)OHHW�)RUHFDVW ���������������������������������������������������������������������������������������������������������������������������������� ���
������&RQWDLQHUL]DWLRQ�DQG�8WLOL]DWLRQ��������������������������������������������������������������������������������������������� ���
������6KLS�6L]H�DQG�)OHHW�0L[������������������������������������������������������������������������������������������������������������� ���
����7UDQVSRUWDWLRQ�&RVWV��������������������������������������������������������������������������������������������������������������������� ���
������2SHUDWLQJ�&RVWV��������������������������������������������������������������������������������������������������������������������������� ���
������/LJKW�/RDGLQJ ������������������������������������������������������������������������������������������������������������������������������ ���
����%HQHILWV�DQG�1HW�%HQHILWV ������������������������������������������������������������������������������������������������������������ ���
����&RQFOXVLRQV������������������������������������������������������������������������������������������������������������������������������������� ���
���6XPPDU\�DQG�&RQFOXVLRQV������������������������������������������������������������������������������������������������������������ ���
����(FRQRPLFDOO\�-XVWLILDEOH�1('�3ODQ ������������������������������������������������������������������������������������������� ���
���+LVWRULF�$QG�)RUHFDVW�&RPPRGLW\�7UDIILF ��������������������������������������������������������������������������������� ���
����+LVWRULF�&RPPRGLW\�7UDIILF�LQ�6DYDQQDK�+DUERU ������������������������������������������������������������������ ���
����)RUHFDVW�&RPPRGLW\�7UDIILF�WKURXJK�WKH�6RXWK�$WODQWLF�3RUW�5DQJH��������������������������������� ���
����)RUHFDVW�&RPPRGLW\�7UDIILF�LQ�6DYDQQDK�+DUERU ������������������������������������������������������������������ ���
����&RPPRGLW\�)RUHFDVW�0HWKRGRORJLHV ����������������������������������������������������������������������������������������� ���
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([KLELW�����+LVWRULF�)UHLJKW�7UDIILF�7KURXJK�6DYDQQDK�+DUERU������������� ���
([KLELW����������)RUHLJQ�DQG�'RPHVWLF�)UHLJKW�7UDIILF�7KURXJK�WKH�3RUW�RI�6DYDQQDK��E\

&RPPRGLW\�*URXS ���
([KLELW�����)RUHFDVW�&RQWDLQHU�&DUJR�7UDIILF�7KURXJK�6RXWK�$WODQWLF�3RUWV��%\�7UDGH�3DUWQHU

5HJLRQ������������� ���
([KLELW�����)RUHFDVW�7(8�9ROXPHV��7KURXJK�WKH�3RUW�RI�6DYDQQDK���E\�7UDGH�3DUWQHU�5HJLRQ�

����������� ���
([KLELW�����)RUHFDVW�&RQWDLQHU�7UDIILF�7KURXJK�WKH�3RUW�RI�6DYDQQDK���E\�7UDGH�3DUWQHU

5HJLRQ������������� ���
([KLELW�����)RUHFDVW�RI�&RQWDLQHU�9ROXPHV�7KURXJK�*3$�)DFLOLWLHV�DW�WKH�3RUW�RI�6DYDQQDK�

����������� ���
([KLELW������,GHDOL]HG�6WDJH�RI�(FRQRPLF�'HYHORSPHQW��0RGHO�IRU�,PSRUW�'HPDQG ���
([KLELW������&RPSDULVRQ�RI�0DUJLQDO�YHUVXV�$YHUDJH�3URSHQVLW\�WR�,PSRUW ���
([KLELW������,PSRUW�6KDUH�RI�&RQVXPSWLRQ�RI�,QWHUQDWLRQDOO\�7UDGHG�*RRGV ���
([KLELW������&RQVXPSWLRQ�6KDUH�RI�*'3�IRU�WKH�86��WKH�8.��7DLZDQ�DQG�=LPEDEZH ���
([KLELW������9RODWLOLW\�LQ�86�'ROODU�)RUHLJQ�&XUUHQF\�([FKDQJH�5DWHV�-DSDQ��*HUPDQ\�DQG

6LQJDSRUH ���
([KLELW������&RXQWULHV�DQG�5HJLRQV�8VHG�LQ�&RPPRGLW\�7UDGH�)RUHFDVWLQJ�0RGHOV ���
([KLELW������.H\�9DULDEOHV�LQ�WKH�&RPPRGLW\�,PSRUW�'HPDQG�0RGHOV ���
([KLELW������7UDGH�0RGHO�5HJLRQ�&ODVVLILFDWLRQV ���
([KLELW������7UDGH�0RGHO�,QGXVWU\�&RPPRGLW\�&DWHJRULHV ���
([KLELW������)ORZFKDUW�IRU�)RUHFDVW�RI�'HPDQG�RI�)XOO\�&HOOXODU�&DSDFLW\������������� ���
([KLELW������)ORZFKDUW�RI�:RUOG�)OHHW�&DSDFLW\�6XSSO\�0RGHO ���
([KLELW������&DOFXODWLRQ�RI�&RQVWUDLQHG�9HVVHO�%HDPV�LQ�8QL�'LUHFWLRQDO�&KDQQHO ���
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�� ,1752'8&7,21

7KLV� DSSHQGL[� SUHVHQWV� WKH� LVVXHV�� PHWKRGRORJLHV�� GDWD� DQG� GHWDLO� EHKLQG� WKH
HFRQRPLF� DQDO\VHV� FRPSOHWHG� IRU� WKH� 6DYDQQDK� +DUERU� ([SDQVLRQ� 6WXG\�� � 7KHVH
DQDO\VHV� FRYHU� FRPPRGLW\� DQG� YHVVHO� IOHHW� IRUHFDVWLQJ� PHWKRGRORJ\� DQG� UHVXOWV�
PXOWL�SRUW�DQDO\VLV��EHQHILWV�DQG�FRVW�RI�DOWHUQDWLYH�GHHSHQLQJ�SURMHFWV��DQG�ULVN�DQG
XQFHUWDLQW\� DVVRFLDWHG� ZLWK� WKH� DVVXPSWLRQV� XVHG� LQ� WKH� DQDO\VHV�� � (DFK� RI� WKHVH
WRSLFV�DUH�DGGUHVVHG�LQ�D�VHULHV�RI�FKDSWHUV�

• &KDSWHU� �� SUHVHQWV� DQ� RYHUYLHZ� RI� WKH� HFRQRPLF� HQYLURQPHQW�� SRUW
LQIUDVWUXFWXUH�� � ,W� DOVR� LQWURGXFHV� VRPH� SUREOHPV� DQG� RSSRUWXQLWLHV� IRU
LPSURYLQJ�WKH�WUDQVSRUWDWLRQ�LQIUDVWUXFWXUH�WKDW�ZLOO�SURYLGH�HFRQRPLF�EHQHILWV�
DQG�SUHVHQWV�WKH�DOWHUQDWLYHV�WKDW�DUH�EHLQJ�DQDO\]HG�LQ�WKLV�)HDVLELOLW\�6WXG\�

• &KDSWHUV� �� DQG� �� SUHVHQW� WKH� WUDGH� DQG� IOHHW� IRUHFDVWV� WKDW� DUH� XVHG� LQ� WKH
DQDO\VLV�WR�GHWHUPLQH�WKH�OHYHO�RI�1('�EHQHILWV�IRU�HDFK�DOWHUQDWLYH���$GGLWLRQDO
GHWDLOV� RI� WKH� PHWKRGRORJLHV� XVHG� WR� GHULYH� WKHVH� IRUHFDVWV� DUH� SURYLGHG� LQ
&KDSWHUV���WKURXJK����

• &KDSWHU� �� SUHVHQWV� WKH� UHVXOWV� RI� D� PXOWL�SRUW� DQDO\VLV� FRPSOHWHG� WR� VKRZ
6DYDQQDK·V� FRPSHWLWLYH� SRVLWLRQ� DJDLQVW� RWKHU� SRUWV� LQ� WKH� 6RXWK� $WODQWLF
UHJLRQ��DQG�WKH�8�6��DV�D�ZKROH�

• &KDSWHU���SUHVHQWV�WKH�UHVXOWV�RI�WKH�EHQHILW�FRVW�DQDO\VLV��DQ�DQDO\WLFDO�PHWKRG�
XVHG�E\�WKH�8�6��$UP\�&RUSV�RI�(QJLQHHUV�LQ�GHHS�GUDIW�QDYLJDWLRQ�VWXGLHV��IRU
GHWHUPLQLQJ� WKH� PRVW� HIIHFWLYH� VROXWLRQ� IRU� LPSURYLQJ� WKH� WUDQVSRUWDWLRQ
LQIUDVWUXFWXUH�DQG�SURYLGLQJ�HFRQRPLF�EHQHILW�WR�WKH�QDWLRQ��

• &KDSWHU� �� LOOXVWUDWHV� WKH� VHQVLWLYLW\� RI� WKH� DVVXPSWLRQV� XVHG� LQ� WKH� HFRQRPLF
DQDO\VLV�RQ�WKH�UHVXOWV�RI�WKH�EHQHILW�FRVW�DQDO\VLV��

• &KDSWHU���FRQFOXGHV�WKH�PDLQ�SRUWLRQ�RI�WKLV�DSSHQGL[�ZLWK�D�VXPPDU\�RI�WKH
EHQHILW� FRVW� DQDO\VLV�� KLJKOLJKWLQJ� WKH� SUHIHUUHG� DOWHUQDWLYH� GHHSHQLQJ� SURMHFW
IRU�WKH�6DYDQQDK�+DUERU�([SDQVLRQ�6WXG\�

��� 6WXG\�$XWKRULW\

7KH� 6DYDQQDK� +DUERU� ([SDQVLRQ� 6WXG\� LV� EHLQJ� FRQGXFWHG� E\� WKH� *HRUJLD� 3RUWV
$XWKRULW\�DV�DXWKRUL]HG�E\�6HFWLRQ�����RI� WKH�:DWHU�5HVRXUFHV�'HYHORSPHQW�$FW�RI
�����

��� 6WXG\�3XUSRVH�DQG�6FRSH

7KH�3RUW�RI�6DYDQQDK�KDV�H[SHULHQFHG�LQFUHDVLQJ�GHPDQG�IRU�LPSURYLQJ�FDSDFLW\�WR
DFFRPPRGDWH� WKH� FRPPHUFLDO� YHVVHO� IOHHW� FDOOLQJ� RQ� WKH� 3RUW�� � 7KLV� HFRQRPLF
DSSHQGL[� GHWDLOV� WKH� LQYHVWLJDWLRQ� RI� WKH� FRVWV� DQG� EHQHILWV� RI� VROXWLRQV� WKDW� ZLOO
LPSURYH�FDSDFLW\�RI�6DYDQQDK�+DUERU�� �7KH�REMHFWLYH�RI� WKH�HFRQRPLF�DQDO\VLV� LV� WR
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GHWHUPLQH� LI� WKHUH� DUH� HFRQRPLFDOO\� IHDVLEOH� VROXWLRQV� IRU� DFFRPPRGDWLQJ� SURMHFWHG
LQFUHDVHV� LQ� YHVVHO� VL]HV�� DQG� LI� VR�� WR� VHOHFW� WKH� UHFRPPHQGHG� DOWHUQDWLYH� LQ
DFFRUGDQFH�ZLWK�)HGHUDO�UHTXLUHPHQWV�IRU�DQDO\VLV�RI�SRWHQWLDO�QDWLRQDO�SDUWLFLSDWLRQ
LQ�ZDWHU�UHVRXUFHV�SURMHFWV�� �7KH�VHOHFWHG�)HGHUDO�KDUERU�H[SDQVLRQ�DOWHUQDWLYH�LV�WKH
HFRQRPLFDOO\�MXVWLILHG�SODQ�WKDW�PD[LPL]HV�1DWLRQDO�(FRQRPLF�'HYHORSPHQW�EHQHILWV�

7KLV�DSSHQGL[�SURYLGHV�D�GHWDLOHG�UHSRUW�FRYHULQJ�WKUHH�WRSLFV���WKH�FXUUHQW�FRQGLWLRQ
RI�WKH�IHGHUDOO\�PDLQWDLQHG�6DYDQQDK�+DUERU�VKLSSLQJ�FKDQQHO��DQ�HFRQRPLF�DQDO\VLV
RI� WKH� SRWHQWLDO� QDYLJDWLRQ� LPSURYHPHQWV� WR� WKH� FKDQQHO�� DQG� DQ� HYDOXDWLRQ� RI� WKH
LPSURYHPHQWV·�LPSDFW�RQ�WUDGH�DQG�WUDQVSRUWDWLRQ�FRVWV���7KH�VFRSH�RI�WKH�HFRQRPLF
DQDO\VLV�IRU�WKLV�IHDVLELOLW\�VWXG\�LV�GHWDLOHG�LQ�WKH�DQDO\VLV�RI�DOWHUQDWLYHV�DQG�LQSXWV��
7KLV� HFRQRPLF� DVVHVVPHQW�� LQ� FRQMXQFWLRQ� ZLWK� WKH� JHRWHFKQLFDO�� FXOWXUDO�
HQYLURQPHQWDO��DQG�HQJLQHHULQJ�LQYHVWLJDWLRQV��LV�DQ�HVVHQWLDO�SDUW�RI�WKH�HYDOXDWLRQV
IRU� WKH� IHDVLELOLW\� VWXG\� UHSRUW�� � 7KH� RXWFRPH� RI� WKLV� IHDVLELOLW\�OHYHO� DQDO\VLV� LV� D
VXEVWDQWLYH�HYDOXDWLRQ�DQG�SUHVHQWDWLRQ�RI� WKH�HFRQRPLF�IHDVLELOLW\�RI� LPSOHPHQWLQJ
SODQV�WR�LPSURYH�6DYDQQDK�+DUERU�

��� (YDOXDWLRQ�&ULWHULD

7KH� HYDOXDWLRQ� FULWHULD� XVHG� LQ� WKLV� VWXG\� DUH� WKRVH� FRQWDLQHG� LQ� WKH� 8�6�� :DWHU
5HVRXUFH�&RXQFLO·V�(FRQRPLF�DQG�(QYLURQPHQWDO�3ULQFLSOHV�DQG�*XLGHOLQHV�IRU�:DWHU
DQG� 5HODWHG� /DQG� 5HVRXUFHV� ,PSOHPHQWDWLRQ� 6WXGLHV� IRU� GHHS� GUDIW� QDYLJDWLRQ
SURMHFWV�

��� 3ULRU�6WXGLHV

7KH� FXUUHQW� 6DYDQQDK�+DUERU� )HGHUDO� 3URMHFW� LV� WKH� FXOPLQDWLRQ� RI� DOO� SDVW� KDUERU
LPSURYHPHQW� DQG�PRGLILFDWLRQ� SURMHFWV�� � 7KHVH� SURMHFWV�� FROOHFWLYHO\�� LQIOXHQFH� DQG
GHILQH� WKH� H[LVWLQJ� FRQGLWLRQV� IRU� WKLV� SURMHFW� DQG� WKH� FXUUHQWO\� DXWKRUL]HG� FKDQQHO
GLPHQVLRQV�� � 6WXGLHV� VXSSRUWLQJ� WKH� LPSOHPHQWDWLRQ� RI� WKHVH� SURMHFWV� LQFOXGHG� DQ
HYDOXDWLRQ� RI� WKH� HFRQRPLFV� DQG�RU� RWKHU� IDFWRUV� DIIHFWLQJ� WKH� HFRQRPLF� DQG
FRPPHUFLDO� XVH� RI� WKH� FKDQQHO�� � 6HYHUDO� (QYLURQPHQWDO� ,PSDFW� 6WDWHPHQWV� WKDW
DGGUHVV�SDVW�6DYDQQDK�+DUERU�PRGLILFDWLRQV�DUH�OLVWHG�EHORZ�

• )LQDO�(,6��6DYDQQDK�+DUERU�6HGLPHQW�%DVLQ�3URMHFW������

• )LQDO�(,6��6DYDQQDK�+DUERU�:LGHQLQJ�DQG�'HHSHQLQJ������

• )LQDO�(,6��6DYDQQDK�+DUERU�2SHUDWLRQ�DQG�0DLQWHQDQFH������

• )LQDO�(,6��6DYDQQDK�+DUERU�:LGHQLQJ�3URMHFW������

• )LQDO�6XSSOHPHQW�WR�)LQDO�(,6��6DYDQQDK�+DUERU�0RGLILFDWLRQV�������

• )LQDO�(,6��6DYDQQDK�+DUERU�'HHSHQLQJ�3URMHFW�������

2WKHU�HDUOLHU�VWXGLHV�H[DPLQLQJ�WKH�HFRQRPLFV�RI�YHVVHO�DFWLYLW\�LQ�6DYDQQDK�+DUERU
LQFOXGH�
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• 6DYDQQDK�+DUERU�'HHSHQLQJ�)HDVLELOLW\�5HSRUW������

• 6RXWK�$WODQWLF�&RQWDLQHU�6WXG\������

• 5HFRQQDLVVDQFH�5HSRUW��6DYDQQDK�+DUERU�([SDQVLRQ������

(DFK�RI�WKH�DERYH�VWXGLHV�ZDV�UHYLHZHG�GXULQJ�WKH�FRQGXFW�RI�WKH�VWXG\�

��� $VVXPSWLRQV

7KH�SHULRG�RI�DQDO\VLV� IRU� WKLV� VWXG\�ZDV����\HDUV�� ����� WR������� �7KH�EDVH�\HDU� IRU
GDWD� LV� ������ 7KH� IHGHUDO� GLVFRXQW� UDWH� XVHG� LV� ������ SHUFHQW�� � 6SHFLILF� DVVXPSWLRQV
UHODWHG�WR�WKH�IRUHFDVWV�RI�WUDGH�DQG�IOHHW�JURZWK�DUH�GHWDLOHG�LQ�WKH�UHVSHFWLYH�VHFWLRQV
RI�WKLV�HFRQRPLF�DSSHQGL[�
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�� (&2120,&�$1$/<6,6

7KH�3RUW�RI� 6DYDQQDK� LV� H[SHULHQFLQJ� FRQWLQXHG� UDSLG�JURZWK� LQ� FRPPHUFLDO�YHVVHO
WUDIILF���$OWKRXJK�D�ZLGH�YDULHW\�RI�FRPPRGLWLHV�DUH�KDQGOHG�E\�WKH�SRUW��WKH�SULQFLSDO
JURZWK� LV� LQ� FDUJRHV� WKDW� DUH� VKLSSHG� LQ� FRQWDLQHUV�� � %DVHG� XSRQ� FRPPRGLW\� DQG
YHVVHO� IOHHW� IRUHFDVWV�� GHPDQG� IRU� FRQWDLQHUL]HG� FDUJR� SDVVLQJ� WKURXJK� 6DYDQQDK
FRQWLQXHV�WR�JURZ��DQG�LV�HVWLPDWHG�WR�UHDFK�RYHU�VL[�PLOOLRQ�7ZHQW\�)RRW�(TXLYDOHQW
8QLW� FRQWDLQHUV� �7(8V�� E\� ������ � 7KH� YHVVHO� IOHHW� IRUHFDVW� DOVR� VKRZV� FRQWDLQHUVKLS
VL]HV�FRQWLQXLQJ�WR�LQFUHDVH�LQ�VL]H��UHVXOWLQJ�LQ�JUHDWHU�GHPDQG�RQ�WKH�FKDQQHO�

��� 2YHUYLHZ

,Q�RUGHU�WR�DFFRPPRGDWH�ODUJHU�YHVVHOV�UHTXLULQJ�PRUH�GHSWK�WKDQ�WKH�H[LVWLQJ����IRRW
QDYLJDWLRQ� FKDQQHO�� WKHUH� DUH� VHYHUDO� RSWLRQV� IRU� H[SDQGLQJ� FKDQQHO� FDSDFLW\� E\
GHHSHQLQJ�� � 7KH� *HRUJLD� 3RUWV� $XWKRULW\� GHVLUHV� WR� SURYLGH� D� GHHSHU� QDYLJDWLRQ
FKDQQHO� WR� SURYLGH� XQFRQVWUDLQHG� WUDQVLW� RI� FXUUHQW� DQG� IXWXUH� VKLSSLQJ� OLQHV� �L�H��
RFHDQ� FDUULHUV�� VHUYLQJ� WKH� 3RUW�� � 7KLV� VHFWLRQ� SUHVHQWV� WKH� H[LVWLQJ� FRQGLWLRQV� DQG
HQYLURQPHQW�IURP�ZKLFK�GHHSHQLQJ�DOWHUQDWLYHV�DUH�GHILQHG�IRU�HYDOXDWLRQ�

��� (FRQRPLF�(QYLURQPHQW

����� &RPPHUFH

7KH� 3RUW� RI� 6DYDQQDK� KDQGOHV� FRQWDLQHU�� EUHDNEXON�� DQG� EXON� FDUJRHV� DQG� VHUYHV
ORFDO��UHJLRQDO��DQG�QDWLRQDO�PDUNHWV���7KH�FRQWDLQHUV�KDQGOHG�DW�WKH�3RUW�RI�6DYDQQDK
WUDQVSRUW� FRQVXPHU�DQG� LQGXVWULDO� JRRGV� IRU� ORFDO�� UHJLRQDO�� DQG�QDWLRQDO� LPSRUWHUV
DQG� H[SRUWHUV�� �0DMRU� EUHDNEXON� FDUJRHV� KDQGOHG� DW� WKH� 3RUW� LQFOXGH� NDROLQ�� IRUHVW
SURGXFWV��DQG�LURQ�DQG�VWHHO���7KHVH�FDUJRHV�W\SLFDOO\�RULJLQDWH�LQ�RU�DUH�GHVWLQHG�IRU
ORFDO� RU� UHJLRQDO� PDUNHWV� DQG� DUH� FULWLFDO� UDZ� PDWHULDOV� VXSSRUWLQJ� SURGXFWLRQ
LQGXVWULHV� WKURXJKRXW� WKH� VRXWKHDVW�� �2WKHU� EUHDNEXON� FDUJRHV� VXFK� DV� DXWRPRELOHV
DUH� KDQGOHG� IRU� UHJLRQDO� DQG� QDWLRQZLGH� PDUNHWV�� � 0RVW� EXON� FDUJRHV� KDQGOHG� DW
6DYDQQDK�WHQG�WR�EH�WR�RU�IURP�ORFDO�RU�VWDWHZLGH�PDUNHWV���6RPH�EXON�FDUJRHV��VXFK
DV�JUDLQ��ZHUH�VKLIWHG�WR�*HRUJLD�3RUWV�$XWKRULWLHV�IDFLOLWLHV�DW�%UXQVZLFN��GXULQJ�����
DQG�������

$GGLWLRQDO� LQIRUPDWLRQ� RQ� WKH� 3RUW� RI� 6DYDQQDK·V� OLQNV� WR� VXUIDFH� WUDQVSRUWDWLRQ� LV
ORFDWHG�LQ�WKH�PDLQ�UHSRUW�

����� (FRQRPLF�,PSDFW

7KHUH�LV�D�VLJQLILFDQW�HFRQRPLF�LPSDFW�IURP�WKH�3RUW�RI�6DYDQQDK�RQ�LWV�VXUURXQGLQJ
DUHD�DQG�WKH�VWDWH�RI�*HRUJLD�� �(FRQRPLF� LPSDFWV�FDQ�EH�PHDVXUHG� LQ� WHUPV�RI�ERWK
GLUHFW� DQG� LQGLUHFW� HPSOR\PHQW�� LQFRPH�� DQG� LQGXVWU\� UHYHQXHV�� � 7KH� LPSDFWV� DUH
JUHDWHVW�LQ�&KDWKDP�DQG�-DVSHU�FRXQWLHV�\HW�DIIHFW�WKH�HQWLUH�VXUURXQGLQJ�UHJLRQ���,Q
������ %RR]Ã$OOHQ� 	� +DPLOWRQ� ,QF�� FRQGXFWHG� DQ� (FRQRPLF� ,PSDFW� 6WXG\� IRU� WKH
*HRUJLD�3RUWV�$XWKRULW\·V�6DYDQQDK�IDFLOLWLHV�� �7KLV�VWXG\�IRXQG� WKDW� WKH�QXPEHU�RI
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HPSOR\HHV� LQ� RUJDQL]DWLRQV� WKDW� DUH� FRQQHFWHG� ZLWK� FRPPHUFH� IURP� WKH� 3RUW� RI
6DYDQQDK� H[FHHGV� �������� � 7KH� HFRQRPLF� LPSDFW� WR� WKH� UHJLRQ� LV� JUHDWHVW� IRU
FRQWDLQHUL]HG�FDUJR�DV�WKLV�KLJK�YDOXH�FDUJR�UHSUHVHQWV�D�YHU\�ODUJH�VKDUH�RI�WKH�YDOXH
RI� FRPPRGLWLHV� KDQGOHG� DW� WKH� 3RUW�� � ([KLELW� ���� VXPPDUL]HV� WKH� LPSDFW� RI� FDUJR
DFWLYLW\� IURP� WKH� 3RUW� RI� 6DYDQQDK�� EUHDNLQJ� RXW� WKH� LPSDFWV� RI� FRQWDLQHU� FDUJRHV
IURP�RWKHU�FDUJRHV�DQG�WKH�WRWDO�

([KLELW����
'LUHFW��,QGXFHG�DQG�5HODWHG�(FRQRPLF�,PSDFW

IURP�6DYDQQDK�+DUERU�E\�&DUJR�7\SH
������'ROODUV�LQ�7KRXVDQGV�ZKHUH�LQGLFDWHG�

&RQWDLQHUV 2WKHU�&DUJR 7RWDO
(FRQRPLF�,PSDFW

1R�
3HUFHQW
RI�7RWDO 1R�

3HUFHQW
RI�7RWDO 1R�

3HUFHQW
RI�7RWDO

-REV ������ ��� ����� ��� ������ ����

:DJHV ������ ��� ���� ��� ������ ����

6DOHV�5HYHQXH ������� ��� ������ ��� ������� ����

6WDWH�	�/RFDO�7D[HV ���� ��� ��� ��� ���� ����
6RXUFH� %RR]³$OOHQ�VXUYH\�DQDO\VLV�������

7KH�3RUW�RI�6DYDQQDK·V�FRQWDLQHU�DFWLYLW\�SURGXFHV�DERXW����SHUFHQW�RI�WKH�3RUWV·�WRWDO
HFRQRPLF�LPSDFW�WR�WKH�6WDWH�DQG�EURDGHU�UHJLRQ���7RWDO�HFRQRPLF�LPSDFW�FRQVLVWV�RI
GLUHFW�� LQGLUHFW�� DQG� VHFRQGDU\� EHQHILWV�� � 6HFRQGDU\� LPSDFWV� DUH� GHYHORSHG� XVLQJ� D
PXOWLSOLHU��ZKLFK�UHODWHV�GLUHFW�DQG�LQGLUHFW�HFRQRPLF�DFWLYLW\�JHQHUDWHG�E\�WKH�3RUW�
WR�WKH�VHFRQGDU\�HIIHFWV�RI�WKDW�DFWLYLW\�LQ�WKH�HFRQRP\�� �(FRQRPLF�LPSDFW�PXOWLSOHV
DQG�PXOWLSOLHUV� FDQ�EH�XVHG� WR� DVVHVV� WKH� LPSDFW� RI� QHDU� WHUP� FDUJR�JURZWK�RQ� WKH
LQFUHPHQWDO�JDLQV�LQ�UHJLRQDO�HFRQRPLF�DFWLYLW\�

8VLQJ�GDWD� IURP� DQ� H[WHQVLYH� ODUJH�VDPSOH� VXUYH\�� %RR]Ã$OOHQ� FDOFXODWHG�PXOWLSOHV
IRU�FDUJR�KDQGOHG�E\�6DYDQQDK�� �&RQWDLQHUV�FRQWULEXWH�URXJKO\�ILYH� WLPHV� WKH�YDOXH
SURYLGHG�E\�D�WRQ�RI�EUHDN�EXON�FDUJR��VXFK�DV�SDSHU�SURGXFWV��KDQGOHG�DQG�WHQ�WLPHV
WKH�YDOXH�SURYLGHG�E\�D� WRQ�RI�EXON�SURGXFWV� �VXFK�DV�JUDLQ��KDQGOHG�E\� WKH�3RUW��
7KHVH�PXOWLSOHV�DUH�VKRZQ�LQ�([KLELW�����



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� (FRQRPLF�$QDO\VLV

([KLELW����
'LUHFW�DQG�,QGXFHG�,PSDFW�0XOWLSOHV�IRU�3RUW�&DUJR

�-REV�SHU�7KRXVDQG�&DUJR�7RQV��'ROODUV�SHU�&DUJR�7RQ�
(FRQRPLF &DUJR�&DWHJRU\

,PSDFW &RQWDLQHUV %UHDNEXON %XON

-REV ���� ��� ���

:DJHV ������ ������ �����

6DOHV�5HYHQXH ������� ������� �����

6WDWH�	�/RFDO�7D[HV ������ ����� �����
6RXUFH� %RR]³$OOHQ�VXUYH\�DQDO\VLV�������

7KH�FRQWDLQHU�PXOWLSOHV�IRU�6DYDQQDK�DUH�KLJKHU� WKDQ�WKRVH� IRXQG�LQ�RWKHU�VWXGLHV��
7KLV� LV� GLUHFWO\� DWWULEXWDEOH� WR� WKH� GLUHFW� VXUYH\� PHWKRGRORJ\� HPSOR\HG� ZKLFK
GHPRQVWUDWHG�WKDW�D�VL]DEOH�QXPEHU�RI�PDQXIDFWXUHUV�DUH�GHSHQGHQW�XSRQ�*HRUJLD·V
FRQWDLQHU� IDFLOLWLHV�� � 7KLV� XQGHUVFRUHV� WKH� LPSRUWDQW� UROH� SOD\HG� E\� WKH� 3RUW� RI
6DYDQQDK�DQG�SDUWLFXODUO\�LWV�*DUGHQ�&LW\�&RQWDLQHU�7HUPLQDO�LQ�WKH�HFRQRP\�RI�WKH
UHJLRQ�

��� 3RUW�)DFLOLWLHV

����� /DQGVLGH

0DWHULDO�RQ�WKH�ODQGVLGH�LQIUDVWUXFWXUH�VXSSRUWLQJ�WKH�3RUW�RI�6DYDQQDK�LV�ORFDWHG�LQ
WKH�PDLQ�UHSRUW�

����� 7HUPLQDOV

([LVWLQJ� 6DYDQQDK� +DUERU� WHUPLQDOV� LQFOXGH� IDFLOLWLHV� WKDW� KDQGOH� FRQWDLQHUV�
EUHDNEXON��GU\�EXON�� OLTXLG�EXON�� UROO�RQ�UROO�RII��DQG�JHQHUDO� FDUJRHV�� �7KH�*HRUJLD
3RUWV�$XWKRULW\·V�*DUGHQ�&LW\�7HUPLQDO��ORFDWHG�DW�5LYHU�0LOH�������LV�SULPDULO\�XVHG
IRU�FRQWDLQHUV��EXW�DOVR�VXSSRUWV�EUHDNEXON��OLTXLG�EXON��DQG�UROO�RQ�UROO�RII�FDUJRHV��
7KH� WHUPLQDO� FXUUHQWO\� HQFRPSDVVHV� ���� DFUHV�� $OO� FXUUHQW� H[SDQVLRQ� HIIRUWV
DVVRFLDWHG�ZLWK�WKH�*HRUJLD�3RUWV�$XWKRULW\�FRQWDLQHU�OLQHU�RSHUDWLRQV�DUH�ORFDWHG�DW
WKH�*DUGHQ�&LW\�7HUPLQDO�

7KH� *DUGHQ� &LW\� 7HUPLQDO� KDV� ������ OLQHDU� IHHW� RI� FRQWLJXRXV� FRQWDLQHU� DQG� UROO
RQ�UROO� RII� EHUWKLQJ��2QJRLQJ� H[SDQVLRQ� HIIRUWV� DVVRFLDWHG�ZLWK� WKH� QHZ�&RQWDLQHU
%HUWK����LV�VFKHGXOHG�IRU�FRPSOHWLRQ� LQ�HDUO\������� �7KLV�EHUWK�ZLOO�DGG������� OLQHDU
IHHW�RI�EHUWKLQJ�VSDFH�� LQFOXGH�����DFUHV�RI�DGMDFHQW� VWRUDJH�VWDJLQJ�DUHD�� �7KH�QHZ
EHUWK�LV�FRQWLJXRXV�ZLWK�FXUUHQW�IDFLOLWLHV���)RU�FXUUHQW�DQG�QHZ�IDFLOLWLHV��DSURQ�ZLGWK
YDULHV� XS� WR� ���� IHHW� DQG� GHSWK� DORQJVLGH� EHUWKV� LV� ��� IHHW� PHDQ� ORZ� ORZ� ZDWHU
�0//:���WKH�ORZHVW�RI�WKH�DYHUDJH�ORZ�WLGH�REVHUYHG�LQ�WKH�6DYDQQDK�5LYHU�V\VWHP���
0HFKDQLFDO�KDQGOLQJ�HTXLSPHQW� LQFOXGHV����JDQWU\�FUDQHV����� UXEEHU�WLUHG�JDQWULHV�
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��� WRS�OLIWHUV�� WKUHH� ��KLJK� HPSW\� UHDFK�VWDFNHUV�� DQG� VHYHUDO� GR]HQ� \DUG� WUDFWRUV��
7KHUH� DUH� RYHU� ������� 7(8� VWDFN� VORWV� RQ� ���� DFUHV� RI� FRQWDLQHU� ILHOG�� � 7KH� JDWH
RSHUDWLRQV�LQFOXGH�WZR�LQWHUFKDQJH�JDWHV�ZLWK����ODQHV�SOXV�D�E\SDVV�IRU�D�WRWDO�RI���
ODQHV��

*HQHUDO� FDUJR� LV� DOVR� KDQGOHG� DW� WKH�*3$·V�2FHDQ� 7HUPLQDO� DQG� DW� VHYHUDO� SULYDWH
WHUPLQDOV� WKDW� KDQGOH� SULPDULO\� EXON� DQG� EUHDNEXON� FRPPRGLWLHV�� � 7KH� SULYDWH
WHUPLQDOV�DUH�W\SLFDOO\�SURSULHWDU\�IDFLOLWLHV�RZQHG�E\�LQGXVWULDO�FRPSDQLHV�KDQGOLQJ
EXON�SURGXFWV�LQWHJUDO�WR�WKHLU�SURGXFWLRQ�SURFHVVHV�� �7KHVH�FRPSDQLHV�XVXDOO\�RZQ
WKH� IDFLOLWLHV� EHFDXVH� WKH� WHUPLQDOV� DUH� D� FULWLFDO� OLQN� LQ� WKHLU� VXSSO\� RU� GLVWULEXWLRQ
FKDLQV�� � ([DPSOHV� RI� VXFK� SULYDWH� WHUPLQDOV� LQFOXGH� (DVW� &RDVW� 7HUPLQDOV�� ,QF�
�&RQEXON���)LUHVWRQH�5XEEHU�	�/DWH[�&RPSDQ\��DQG�6DYDQQDK�6XJDU�5HILQHU\�

����� 1DYLJDWLRQ�&KDQQHO

0DWHULDO� RQ� WKH� QDYLJDWLRQDO� FKDUDFWHULVWLFV� DQG� GHVLJQ� RI� WKH� 6DYDQQDK� +DUERU
QDYLJDWLRQ�FKDQQHO� LV�SURYLGHG� LQ� WKH�PDLQ�UHSRUW�� �([WHQVLYH�GHWDLOV�RI� WKH�FKDQQHO
DUH�SURYLGHG�LQ�WKH�(QJLQHHULQJ�$SSHQGL[�

��� 3UREOHPV�DQG�2SSRUWXQLWLHV

7KH� LQLWLDO� VWDJH� RI� WKH� HFRQRPLF� HYDOXDWLRQ� LGHQWLILHG� WKH� SUREOHPV�� QHHGV�� DQG
RSSRUWXQLWLHV� DVVRFLDWHG�ZLWK� H[LVWLQJ� DQG� IXWXUH� FRQGLWLRQV� DW� 6DYDQQDK� +DUERU��
6XVWDLQHG�JURZWK�LQ�WUDGHG�FRPPRGLW\�YROXPHV�SDVVLQJ�WKURXJK�WKH�SRUW�SUHVHQWV�DQ
RQJRLQJ�FKDOOHQJH�WR�SODQQHUV�DWWHPSWLQJ�WR�DVVXUH�FRQWLQXHG�HIILFLHQW�WUDQVSRUWDWLRQ
FDSDFLW\�� � 3RWHQWLDO� VROXWLRQV� WR� SURYLGH� QHHGHG� FDSDFLW\� ZHUH� WKHQ� GHILQHG� DQG
HYDOXDWHG�IRU�WKHLU�HFRQRPLF�IHDVLELOLW\�

����� 7UDQVSRUWDWLRQ�(IILFLHQFLHV�DQG�'HOD\V

,QFUHDVLQJ�FRPPRGLW\�WUDGH�YROXPH�SURYLGHV�RSSRUWXQLWLHV�IRU�YHVVHO�RSHUDWRUV��L�H��
VWHDPVKLS�OLQHV��RFHDQ�FDUULHUV���WKHLU�FXVWRPHUV��VKLSSHUV���DQG�FRQVXPHUV�WR�EHQHILW
IURP� WKH� LQFUHDVLQJ� UHWXUQV� WR� HFRQRPLHV�RI�VFDOH� WKDW� H[LVW� LQ� PDULWLPH
WUDQVSRUWDWLRQ�� � $V� FDUJR� YROXPHV� LQFUHDVH�� YHVVHO� RSHUDWRUV� FDQ� MXVWLI\� EXLOGLQJ
ODUJHU��PRUH�HIILFLHQW�VKLSV�ZLWK� ORZHU�SHU�XQLW� FDUJR�RSHUDWLQJ�FRVWV�� � ,Q� WKH�����V�
WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�ODUJH�FRQWDLQHU�YHVVHOV�E\�FDUULHUV�KDV�EHHQ�SXUVXHG
DV� D�PDWWHU� RI� QHFHVVLW\� WR� UHPDLQ� FRPSHWLWLYH�� ORZHU� SHU� XQLW� RSHUDWLQJ� FRVWV�� DQG
VXSSRUW�JURZLQJ�FDUJR�YROXPHV�RQ�PDMRU�WUDGH�URXWHV���7KLV�FRPSHWLWLYH�HQYLURQPHQW
KDV� UHVXOWHG� LQ� UDWH� FRPSHWLWLRQ� DPRQJ� FDUULHUV� DQG� OHG� WR� VKLSSLQJ� FRVW� �L�H��� UDWH�
UHGXFWLRQV�IRU�FXVWRPHUV�RI�VWHDPVKLS�OLQHV�DQG�FRQVXPHUV�

/DUJH�YHVVHOV�FDQ�RSHUDWH�RQ�URXWHV�WKDW�LQFOXGH�SRUWV�WKDW�ODFN�QHHGHG�FKDQQHO�GHSWK
LI�YHVVHO�RSHUDWRUV�WDNH�DGYDQWDJH�RI�KLJK�WLGHV� WR�DFFHVV�EHUWKV�RI�VXIILFLHQW�GHSWK��
2SHUDWLRQV� WKDW� GHSHQG� RQ� RFHDQ� DQG� ULYHU� WLGHV� WR� SURYLGH� SRUW� DFFHVV�� KRZHYHU�

������������������������������������������������
�� 7KHVH�ILJXUHV�DUH�EDVHG�RQ�LQIRUPDWLRQ�JDWKHUHG�LQ�ODWH������DQG�HDUO\������
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LQFXU�GHOD\V�ZKHQ�YHVVHOV�PXVW�ZDLW� IRU�KLJK� WLGH� WR� HQWHU�RU�GHSDUW� D�SRUW�� �7KHVH
GHOD\V�UHGXFH�WKH�HFRQRPLF�HIILFLHQF\�RI�WKH�YHVVHO�DQG�XOWLPDWHO\�UDLVH�FRVWV�WR�YHVVHO
RSHUDWRUV�DQG�VKLSSHUV��

$GGLWLRQDOO\�� VKLS�PDQDJHUV�KDYH�RSHUDWHG� WKHLU� YHVVHOV� LQ� OLJKW� ORDGHG� FRQGLWLRQV�
ZKHUH�WKH�VKLSV�QRW�ORDGHG�ZLWK�VXIILFLHQW�FDUJR�LQ�RUGHU�WR�LPPHUVH�WR�WKHLU�GHVLJQ
GUDIWV��� � 7KH� YDULDWLRQ� LQ� W\SH� DQG� GHQVLWLHV� RI� FDUJRHV� PRYHG� E\� FRQWDLQHUVKLSV
PDNHV�OLJKW�ORDGLQJ�D�QHDUO\�FRQVWDQW�RFFXUUHQFH�IRU�WKHVH�YHVVHOV���&RUUHVSRQGLQJO\�
WKH�FDUJR�FDSDFLW\�RI� FRQWDLQHUVKLSV�FDQ�´FXEH�RXWµ� �DOO� FHOOXODU� VORWV�DUH� ILOOHG�ZLWK
ORDGHG�RU�HPSW\�FRQWDLQHUV���EHIRUH�WKH�YHVVHOV�LPPHUVH�WR�GHVLJQ�GUDIW��

,Q�WKH�DOWHUQDWLYHV�FRQVLGHUHG�LQ�WKLV�IHDVLELOLW\�VWXG\��LQFUHPHQWV�RI�DGGLWLRQDO�GHSWK
ZHUH� DQDO\]HG� IRU� ERWK� WKHLU� HIIHFW� RQ� WKH� FDSDELOLW\� IRU� ODUJHU� VKLSV� WR� FDOO� DW
6DYDQQDK� DQG� IRU� YHVVHOV� WR� UHGXFH� WKH� GHOD\V� DVVRFLDWHG�ZLWK� XVLQJ� KLJK� WLGH� IRU
DFFHVV�� � /LJKW� ORDGLQJ� FKDUDFWHULVWLFV� KDYH� EHHQ� XVHG� WR� GHWHUPLQH� WKH� FRVWV� RI
RSHUDWLQJ�WKH�YHVVHOV�DQG�WKH�LPSDFW�RI�OLJKW�ORDGLQJ�RQ�WUDQVSRUWDWLRQ�FRVWV��

����� 3ODQQLQJ�&RQVLGHUDWLRQV

7KH� HFRQRPLF� IHDVLELOLW\� DQDO\VLV� ZDV� FRRUGLQDWHG� ZLWK� SDUDOOHO� DVVHVVPHQWV� RI
HQJLQHHULQJ�� HQYLURQPHQWDO�� DQG� FXOWXUDO� IDFWRUV� LQIOXHQFLQJ� SRWHQWLDO� SURMHFW
VROXWLRQV�� � 7KH�GHWHUPLQDWLRQ�RI� WKH� SUHIHUUHG� SURMHFW�ZDV� LQIOXHQFHG�� WKHUHIRUH�� E\
RWKHU� IDFWRUV� LQ� DGGLWLRQ� WR� HFRQRPLFV�� � 7KHVH� RWKHU� IDFWRUV� DUH� GLVFXVVHG� LQ� RWKHU
DSSHQGLFHV�DQG�WKH�0DLQ�5HSRUW�RI�WKLV�6WXG\�

��� )RUPXODWLRQ�RI�$OWHUQDWLYHV

,Q� WKH� IRUPXODWLRQ�RI�DOWHUQDWLYHV� IRU� IXUWKHU�HYDOXDWLRQ�� FRQVLGHUDWLRQ�ZDV�JLYHQ� WR
DOO�SRVVLEOH�PHDVXUHV�RU�DOWHUQDWLYHV�IRU�LPSURYHPHQW�� �3RVVLEOH�LPSURYHPHQWV�ZHUH
V\VWHPDWLFDOO\�VFUHHQHG�IRU�SRWHQWLDO�ZLWK�WKRVH�DOWHUQDWLYHV�PHHWLQJ�LQLWLDO�VFUHHQLQJ
FULWHULD�DQDO\]HG�LQ�JUHDWHU�GHWDLO�

����� :LWKRXW�3URMHFW�&RQGLWLRQ

2QH� RSWLRQ� FRQVLGHUHG� LV� WKH� DGRSWLRQ� RI� WKH� ´QR� DFWLRQµ� RU� ZLWKRXW� SURMHFW
DOWHUQDWLYH�� �8QGHU� WKH�ZLWKRXW�SURMHFW�DOWHUQDWLYH��QR� IXWXUH�DFWLRQ�ZLOO�EH� WDNHQ� WR
FKDQJH�WKH�H[LVWLQJ�FKDQQHO� ���� IRRW�0//:�GHSWK�RI� WKH�QDYLJDWLRQ�FKDQQHO� IRU� WKH
6DYDQQDK�+DUERU�� �)RU� WKH�EDODQFH�RI� WKLV� DSSHQGL[�� WKLV�ZLOO� EH� FDOOHG� WKH�ZLWKRXW
SURMHFW�FRQGLWLRQ��

7R� HQVXUH� WKDW� QRQH� RI� WKH� EHQHILWV� RI� WKH� ZLWKRXW� SURMHFW� FRQGLWLRQ� KDYH� EHHQ
GLVFRXQWHG��DQ�DQDO\VLV�KDV�EHHQ�FRPSOHWHG�RI�WKH�FXUUHQW�ZLWKRXW�SURMHFW�FRQGLWLRQ
WR� SUHYLRXV� IRUHFDVWV�� � 7KH� SURMHFWHG� IOHHW� LGHQWLILHG� ZLWK� WKH� ZLWKRXW� SURMHFW
DOWHUQDWLYH� LQFOXGHV� ODUJHU� YHVVHOV� WKDQ� WKRVH� SUHYLRXVO\� IRUHFDVWHG�� � 7KH� IXWXUH
ZLWKRXW� SURMHFW� FRQGLWLRQ� GRHV� LQFRUSRUDWH� GHHSHU� GUDIW� YHVVHOV� LQWR� WKH� IOHHW�PL[��
6KLSSLQJ� VWDWLVWLFV� IRU� WKH� 3RUW� VKRZ� WKDW� GHHSHU� GUDIW� YHVVHOV� WKDQ� SUHYLRXVO\
SUHGLFWHG�DUH�DOUHDG\�XWLOL]LQJ�WKH�FKDQQHO���,Q�DGGLWLRQ��WKH�GHVLJQ�YHVVHO�XVHG�LQ�WKH
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ODVW�GHHSHQLQJ�VWXG\�LV�DOUHDG\�EHLQJ�VXSHUFHGHG�E\�ODUJHU�YHVVHOV��VKRZLQJ�WKDW�WKH
FKDQQHO�LV�EHLQJ�IXOO\�XWLOL]HG�ZLWK�D�FRQVLGHUDEOH�GHJUHH�RI�OLJKW�ORDGLQJ�

����� &KDQQHO�0RGLILFDWLRQV

7KHUH� LV� VXIILFLHQW� DUHD� IRU� WKH� FKDQQHO� WR� EH� PRGLILHG� WR� DFFRPPRGDWH� YHVVHOV
FRPSULVLQJ� WKH� IXWXUH� ZRUOG� IOHHW�� � 7KHVH� PRGLILFDWLRQV� DUH� GHWDLOHG� LQ� WKH
(QJLQHHULQJ�$SSHQGL[���$Q�HQJLQHHULQJ�GHFLVLRQ�KDV�EHHQ�PDGH�WR�PLWLJDWH�FKDQQHO
ZLGHQLQJ� LPSDFWV� RQ� FXOWXUDO� UHVRXUFHV� DQG� PDQDJH� ODQG� DFTXLVLWLRQ� FRVWV�� � 7KH
FXUUHQW� GHVLJQ� DOWHUQDWLYHV� FDOO� IRU� GHHSHQLQJ� WKH� FKDQQHO� ZLWKRXW� LQFUHDVLQJ� WKH
ZLGWK�RI� WKH�FKDQQHO�� �7KLV�ZLOO� HIIHFWLYHO\�QDUURZ�WKH� FKDQQHO� DW� WKH�ERWWRP�� �7KLV
FRXOG�LQ�WXUQ�LQFUHDVH�YHVVHO�GHOD\V��YHVVHO�RSHUDWLQJ�FRVWV��FDXVHG�E\�RQH�ZD\�WUDIILF
IORZ���+RZHYHU��6DYDQQDK�3LORWV�KDYH�VWDWHG�WKDW�XQL�GLUHFWLRQDO�WUDIILF�IORZ�DOUHDG\
H[LVWV�LQ�WKH�FKDQQHO���7UDIILF�VLPXODWLRQ�PRGHOLQJ�KDV�EHHQ�FRPSOHWHG�WR�HVWLPDWH�WKH
GHOD\�FRVWV�LPSRVHG�E\�WKH�HQJLQHHULQJ�GHVLJQ��

����� &KDQQHO�'HHSHQLQJ

7KH�H[LVWLQJ�6DYDQQDK�+DUERU�FKDQQHO�FRXOG�EH�GHHSHQHG�WR�DFFRPPRGDWH�WKH�ODUJHU
YHVVHOV�LQ�WKH�FXUUHQW�DQG�IXWXUH�ZRUOG�IOHHW��VRPH�ZLWK�IXOO\�ORDGHG�RSHUDWLQJ�GUDIWV
RI����IHHW�RU�JUHDWHU���7KH�DOWHUQDWLYHV�LQYHVWLJDWHG�LQFOXGHG�KDUERU�GHHSHQLQJ�LQ�RQH�
IRRW�LQFUHPHQWV�XS�WR����IHHW����'HWDLOV�RQ�WKH�SK\VLFDO�GHVLJQ�RI�FKDQQHO�DOWHUQDWLYHV
DUH�FRQWDLQHG�LQ�WKH�(QJLQHHULQJ�$SSHQGL[�

����� 1RQ�6WUXFWXUDO�$OWHUQDWLYHV

9HVVHO� RSHUDWRUV� DUH� H[SHFWHG� WR� PD[LPL]H� XVH� RI� QRQ�VWUXFWXUDO� DOWHUQDWLYHV� WR
PLQLPL]H�WUDQVSRUWDWLRQ�FRVWV���3LORWV�DUH�H[SHFWHG�WR�RSHUDWH�WKH�YHVVHOV�WR�PD[LPL]H
HIILFLHQF\� DQG� VDIHW\�� VXEMHFW� WR� UHJXODWLRQV� DQG� VWDQGDUGV�� VXFK� DV� PLQLPXP
XQGHUNHHO� IRU� VDIH� RSHUDWLRQ�� � ,W� LV� SRVVLEOH� WKDW� WKHVH� VWDQGDUGV� FRXOG� EH� FKDQJHG�
KRZHYHU��WKH\�KDYH�EHHQ�HVWDEOLVKHG�ZLWK�VDIHW\�DQG�HIILFLHQF\�RI�RSHUDWLRQ�LQ�PLQG��
0RGLILFDWLRQV� WR� JXLGHOLQHV� IRU�PD[LPXP� OHQJWK�� YHVVHO� GUDIW�� DQG� FRPELQHG� EHDP
WUDQVLWV�KDYH�EHHQ�PDGH�WKURXJK�WKH�\HDUV�DV�D�PHDQV�RI�LQFUHDVLQJ�HIILFLHQF\���7KHVH
QRQ�VWUXFWXUDO�DSSURDFKHV�KDYH�DOUHDG\�EHHQ�LPSOHPHQWHG�E\�FDUULHUV�DQG�SLORWV�DQG�
WKHUHIRUH��ZLOO�QRW�EH�DGGUHVVHG��

,W� LV�DOVR�SRVVLEOH� WKDW�YHVVHOV� FRXOG�EH�GHVLJQHG�RU�PRGLILHG� WR�FDUU\�FDUJRHV�DV�DQ
DOWHUQDWLYH�WR�FKDQQHO�LPSURYHPHQWV���7KH�3DQDPD�&DQDO�LV�WKH�EHVW�H[DPSOH�RI�YHVVHO
GHVLJQ�EHLQJ�DGDSWHG�WR�ILW�DYDLODEOH�ZDWHUZD\�GLPHQVLRQV�UDWKHU�WKDQ�WKH�RWKHU�ZD\
DURXQG�� � +RZHYHU�� LW� LV� XQOLNHO\� WKDW� VKLSSLQJ� OLQHV� ZLOO� PRGLI\� WKHLU� YHVVHOV� WR
DFFRPPRGDWH� DQ� LQGLYLGXDO� SRUW�� JLYHQ� WKH� FRPSHWLWLYH� QDWXUH� RI� WKH� EXVLQHVV�� EXW
UDWKHU� ZLOO� VHHN� D� SRUW� WKDW� FDQ� DFFHSW� WKHLU� YHVVHOV�� � )RU� WKHVH� UHDVRQV�� YHVVHO

������������������������������������������������
�� ���DQG����IRRW�DOWHUQDWLYHV�ZHUH�QRW�FDOFXODWHG�

�� 8QGHUNHHO�FOHDUDQFH�LV�DGGUHVVHG�LQ��VHQVLWLYLW\�DQG�ULVN�DQDO\VLV�
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6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� (FRQRPLF�$QDO\VLV

PRGLILFDWLRQV�ZHUH�QRW�FRQVLGHUHG�YLDEOH�DOWHUQDWLYHV�WR�PHHW�WKH�QHHGHG�GHPDQG�IRU
IXWXUH�FKDQQHO�FDSDFLW\�

����� ,QIUDVWUXFWXUH�DQG�)DFLOLWLHV

7KH�*HRUJLD� 3RUWV�$XWKRULW\� DQG�SULYDWH� WUDQVSRUWDWLRQ� ILUPV� VXFK� DV� WKH� UDLOURDGV
DQG�WUXFNLQJ�FRPSDQLHV�KDYH�FRQWLQXDOO\�SODQQHG�DQG�LQYHVWHG�LQ�LQIUDVWUXFWXUH�DQG
IDFLOLW\� LPSURYHPHQWV� RYHU� WLPH� WR� SURYLGH� QHHGHG� LQFUHDVHV� LQ� ODQGVLGH� FDSDFLW\
QHFHVVDU\�IRU�FXUUHQW�DQG�H[SHFWHG�LQFUHDVHV�LQ�FDUJR�YROXPHV���$V�VXFK��WKHUH�LV�QR
H[SHFWDWLRQ� WKDW� WKHUH�ZLOO� EH� LQVXIILFLHQW� ODQGVLGH�SRUW� LQIUDVWUXFWXUH� WR�KDQGOH� WKH
LQFUHDVHG�FDUJR�YROXPHV� IRUHFDVW� WR�PRYH� WKURXJK� WKH�3RUW�RI�6DYDQQDK�GXULQJ� WKH
VWXG\�SHULRG��

)RU�H[DPSOH��WKH�FXUUHQW�*DUGHQ�&LW\�7HUPLQDO�EHUWK�DQG�DFUHDJH�H[SDQVLRQ�SURMHFW�LV
RQH�SDUW�RI�D�ORQJHU�WHUP�SODQ�WR�H[SDQG�WKH�ODQGVLGH�LQIUDVWUXFWXUH�RI�WKH�*3$�DQG
WKH�3RUW�RI�6DYDQQDK�WR�VXSSRUW�JUHDWHU�FDUJR�YROXPHV���*3$�KDV�LQGLFDWHG�WKDW�ORQJ
UDQJH� SODQV� LQFOXGH� H[SDQGLQJ� LWV� FXUUHQW� IDFLOLWLHV� E\� DQ� DGGLWLRQDO� ������ DFUHV�
DOWKRXJK� ZKHUH� DQG� ZKHQ� KDYH� QRW� EHHQ� GHWHUPLQHG�� � $V� SDUW� RI� RQJRLQJ
LQIUDVWUXFWXUH� LPSURYHPHQWV�� LW� LV� DFTXLULQJ� ODUJHU�3RVW�3DQDPD[�FDSDEOH� FUDQHV� IRU
LWV�FRQWDLQHU�KDQGOLQJ�IDFLOLWLHV�

7KHVH� LPSURYHPHQWV�DUH�QRW�D� VXEVWLWXWH� IRU��EXW� FRPSOHPHQWDU\� WR�� LQYHVWPHQWV� LQ
ZDWHUVLGH� LQIUDVWUXFWXUH�� � /DQGVLGH� LQIUDVWUXFWXUH� DQG� IDFLOLW\� LPSURYHPHQWV� DUH
DOUHDG\� EHLQJ� LPSOHPHQWHG� E\� WKH� 3RUW� WR� PDLQWDLQ� HIILFLHQF\� DQG� SURGXFWLYLW\� LQ
ORDGLQJ�DQG�XQORDGLQJ�YHVVHOV��DQG�VXSSRUW�QHDU�WHUP�JURZWK�LQ�FDUJR�YROXPHV��
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�� +,6725,&$/�$1'�352-(&7('�&2002',7<�92/80(6

,Q� WKLV� FKDSWHU�� WKH� KLVWRULFDO� DQG� ORQJ�WHUP� IRUHFDVWV� IRU� FRPPRGLW\� WUDGH� DUH
SUHVHQWHG� IRU� WKH�8QLWHG�6WDWHV�� WKH�6RXWK�$WODQWLF�3RUW� UHJLRQ�RI� WKH�8QLWHG�6WDWHV�
DQG�WKH�3RUW�RI�6DYDQQDK���6SHFLILFDOO\��WKLV�FKDSWHU�FRYHUV�WKH�KLVWRU\�RI�FRPPRGLW\
PRYHPHQWV� WKURXJK� 6DYDQQDK� +DUERU�� WKH� FRPPRGLW\� IRUHFDVW� PHWKRGRORJ\� DQG
DVVXPSWLRQV�� WKH� ORQJ�WHUP� FRPPRGLW\� IRUHFDVW�� DQG� WKH� PDFURHFRQRPLF� DQG
LQWHUQDWLRQDO� WUDGH� IRUHFDVWV�� � $GGLWLRQDO� EDFNJURXQG� GDWD� DQG� GHWDLOHG� IRUHFDVW
PHWKRGRORJLHV�DUH�FRQWDLQHG�LQ�&KDSWHUV���DQG����RI�WKLV�$SSHQGL[�

��� 2YHUYLHZ

6DYDQQDK�LV�D�WRS�WLHU�SRUW�JDWHZD\�IRU�8�6��LPSRUW�DQG�H[SRUW�FDUJR�VXSSRUWLQJ�WUDGH
EHWZHHQ� WKH� 8�6�� DQG� LWV� PDMRU� IRUHLJQ� WUDGH� SDUWQHUV�� +LVWRULFDO� WUDGH� YROXPHV
WKURXJK�6DYDQQDK�SODFH�LW� LQ�WKH�WRS�WLHU�RI�8�6��SRUWV�VHUYLQJ�GRPHVWLF�DQG�IRUHLJQ
FXVWRPHUV�� � $PRQJ� WKH� 8�6�� SRUWV� KDQGOLQJ� WKH� KLJKHVW� YDOXH� DQG� IDVWHVW� JURZLQJ
LPSRUWV�DQG�H[SRUWV�� WKRVH�PRYLQJ�LQ�FRQWDLQHUV��6DYDQQDK�UDQNHG�LQ�WKH�WRS�WHQ�LQ
�������7KH�UDQNLQJV�RI�WKH�WRS����8�6��FRQWDLQHU�SRUWV��LQ�FRPELQHG�7(8�WKURXJKSXW�
DUH�SUHVHQWHG�LQ�([KLELW�����

([KLELW����
�����8�6��&RQWDLQHU�7UDGH�7KURXJKSXW

�LQ�7(8V�
5DQN +DUERU 7(8V
� /$�/RQJ�%HDFK ���������
� 6HDWWOH�7DFRPD ���������
� 1HZ�<RUN�1HZ�-HUVH\ ���������
� 2DNODQG ���������
� +DPSWRQ�5RDGV ���������
� &KDUOHVWRQ ���������
� +RXVWRQ �������
� 0LDPL �������
� 6DYDQQDK �������
�� 3RUW�(YHUJODGHV �������
�� -DFNVRQYLOOH �������
�� %DOWLPRUH �������
�� +RQROXOX �������
�� $QFKRUDJH �������
�� 3RUWODQG��25� �������

6RXUFH� $$3$�6XUYH\��$SULO�����

��� +LVWRULFDO�7UDGH�DQG�&RPPRGLW\�9ROXPHV

([LVWLQJ� FRQGLWLRQV� IRU� WUDGH� IORZV� PRYLQJ� WKURXJK� WKH� 3RUW� RI� 6DYDQQDK� DUH
LQFUHDVLQJO\�FKDUDFWHUL]HG�E\�FDUJRHV�VXSSRUWLQJ�IRUHLJQ�WUDGH���&RQWDLQHUL]HG�FDUJR
YROXPHV�KDYH� LQFUHDVHG�IRU�HDFK�RI� WKH� ODVW�QLQH�\HDUV�� �7RWDO� WRQV� WKURXJK� WKH�SRUW
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KDYH�LQFUHDVHG�IRU�HDFK�RI�WKH�ODVW�VL[�\HDUV��UHDFKLQJ�D�WRWDO�RI������PLOOLRQ�VKRUW�WRQV
RI�ZDWHUERUQH�FRPPHUFH�GXULQJ�WKH�FDOHQGDU�\HDU�������DV�UHSRUWHG�E\�WKH�8�6��$UP\
&RUSV�RI�(QJLQHHUV��86$&(����2I�WKH������WRWDO�WRQQDJH�����SHUFHQW�������PLOOLRQ�VKRUW
WRQV�� ZDV� IRUHLJQ� FDUJR�� � $V� VKRZQ� LQ� ([KLELW� ����� WKH� IRUHLJQ� WRQQDJH� VKDUH� RI
6DYDQQDK�+DUERU�ZDWHUERUQH� FRPPHUFH� KDV� LQFUHDVHG� IRU� RYHU� WZHQW\�ILYH� \HDUV��
)RUHLJQ�WRQQDJH�JURZWK�KDV�DYHUDJHG�����SHUFHQW�SHU�\HDU�RYHU�WKLV�SHULRG�

([KLELW����
6DYDQQDK�+DUERU�:DWHUERUQH�&RPPHUFH�������������
�7RWDO�DQG�)RUHLJQ�7RQQDJH��0LOOLRQV�RI�6KRUW�7RQV�
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6RXUFH� 86$&(�:DWHUERUQH�&RPPHUFH�6WDWLVWLFV

'RPHVWLF�VKLSPHQWV�KDYH�LQFUHDVHG�VORZO\�RYHU�WKLV�SHULRG��ZLWK�JURZWK�LQ�FRDVWZLVH
VKLSPHQWV� DYHUDJLQJ� ���� SHUFHQW� SHU� \HDU�� � 3HWUROHXP� DQG� SHWUROHXP� SURGXFWV
FRPSULVH����SHUFHQW�RI�GRPHVWLF� WRQQDJH�� �)RU� IRUHLJQ� WUDGH�� FUXGH�PDWHULDOV�H[FHSW
IXHOV� PDNH� XS� WKH� ODUJHVW� VKDUH� ���� SHUFHQW�� RI� WRQQDJH�� � *3$� UHSRUWV� KDQGOLQJ
�������� 7(8V� WKRXJK� 6DYDQQDK�+DUERU� LQ� ����� DFFRXQWLQJ� IRU� �� PLOOLRQ� RI� WKH� ��
PLOOLRQ� FDUJR� WRQV� WKURXJK� WKH� SRUW�� � )XUWKHUPRUH�� 6DYDQQDK·V� FRQWDLQHU� 7(8
YROXPHV�KDYH�LQFUHDVHG�RYHU�����SHUFHQW�GXULQJ�WKH�ODVW����\HDUV�DV�VXPPDUL]HG� LQ
([KLELW�������+LVWRULFDO�6DYDQQDK�+DUERU�ZDWHUERUQH�FRPPHUFH�WRQQDJH�VWDWLVWLFV�IRU
HDFK�RI�WKH�ODVW����\HDUV�LV�GHWDLOHG�LQ�&KDSWHU���RI�WKLV�$SSHQGL[�



$SSHQGL[�&�(FRQRPLFV
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� +LVWRULFDO�$QG�3URMHFWHG�&RPPRGLW\�9ROXPHV

([KLELW����
6DYDQQDK�+DUERU�&RQWDLQHU�9ROXPHV�������������

�7RWDO�RI�'RPHVWLF�DQG�)RUHLJQ�7ZHQW\�)RRW�(TXLYDOHQW�8QLWV�
<HDU 7(8V <HDU 7(8V
���� ������� ���� �������
���� ������� ���� �������
���� ������� ���� �������
���� ������� ���� �������
���� ������� ���� �������
���� ������� ���� �������
���� ������� ���� �������
���� ������� ���� "

6RXUFH� *3$

��� &RQWDLQHUL]HG�&RPPRGLW\�7UDGH�)RUHFDVWV

7KH� QHHG� IRU� DGGLWLRQDO� FKDQQHO� GHSWK� LV� GULYHQ� SULPDULO\� IURP� LQFUHDVLQJ� YHVVHO
RSHUDWLQJ�GUDIW�UHTXLUHPHQWV�RI�FRQWDLQHUVKLSV�FDOOLQJ�WKH�3RUW���,Q�HDUOLHU�GHHSHQLQJ
VWXGLHV� IRU� 6DYDQQDK� +DUERU�� QRQ�FRQWDLQHUL]HG� FDUJRHV�� VXFK� DV� JUDLQ� DQG� NDROLQ
FOD\�� EHQHILWHG� IURP�GHHSHQLQJ� WKH� FKDQQHO� IURP���� RU� ��� IHHW�� � ,Q� WKLV� VWXG\�� QRQ�
FRQWDLQHUL]HG� FRPPRGLW\� XVH� RI� GHHSHU� FKDQQHO� DOWHUQDWLYHV� LV� OLPLWHG� WR� D� VPDOO
SRUWLRQ�RI�WKH�IOHHW���2QH�RI�WKH�FRQWULEXWLQJ�IDFWRUV�KDV�EHHQ�WKH�VKLIW�RI�6DYDQQDK·V
JUDLQ�H[SRUW�YROXPHV�WR�*3$�IDFLOLWLHV�DW�%UXQVZLFN�WR�PDNH�URRP�IRU�DGGLWLRQDO�*3$
FRQWDLQHU�EHUWK�H[SDQVLRQ� LQ�6DYDQQDK�+DUERU�� �7KHUHIRUH�� WKH�SULPDU\�IRFXV�RI� WKH
FRPPRGLW\�WUDGH�DQDO\VLV�DGGUHVVHV�FRQWDLQHUL]HG�FDUJR���1RQ�FRQWDLQHUL]HG�WUDGH�LV
DGGUHVVHG�LQ�6HFWLRQ�����RI�WKLV�&KDSWHU�

)RU� HYDOXDWLRQ� RI� WKH� EHQHILWV� IURP� WKH� SURSRVHG� LQIUDVWUXFWXUH� SURMHFW�� WKH� WUDGH
IRUHFDVWV�FRYHU�WKH�SHULRG�IURP������WR��������7KH�FRPPRGLW\�WUDGH�GHPDQG�IRUHFDVW
SURGXFHV�HVWLPDWHV�RI�FRQWDLQHU�WUDGH�YROXPHV�WKDW�DUH�WKH�VDPH�XQGHU�ERWK�ZLWK�DQG
ZLWKRXW�SURMHFW�FRQGLWLRQV���$V�GLVFXVVHG�ODWHU�LQ�WKH�PXOWLSRUW�DQDO\VLV�LQ�&KDSWHU���
WKH� FRVW� GLIIHUHQWLDOV� EHWZHHQ� YHVVHO� RSHUDWLRQV� XQGHU� WKH� YDULRXV�ZLWK� SURMHFW� DQG
ZLWKRXW� SURMHFW� FKDQQHO� DOWHUQDWLYHV� DUH� QRW� VXIILFLHQW� �DV� D� SHUFHQWDJH� RI� WKH� WRWDO
FRQWDLQHUL]HG� WUDQVSRUWDWLRQ� FRVW�� WR� LQGXFH� RU� LQKLELW� WUDGH� WKURXJK� 6DYDQQDK��
'LVFXVVLRQV� ZLWK� VKLSSHUV� DQG� VWHDPVKLS� OLQHV� UHYHDO� WKDW� VHUYLFH� IUHTXHQF\� DQG
VHUYLFH� TXDOLW\� DUH� VLJQLILFDQW� GHFLVLRQ� IDFWRUV� XQOHVV� WRWDO� WUDQVSRUWDWLRQ� FRVW
GLIIHUHQWLDOV�DUH�VXEVWDQWLDO�

����� 0HWKRGRORJ\�DQG�$VVXPSWLRQV

)RU� WKRURXJKQHVV� RI� WUDGH� DQDO\VLV� IRU� WKLV� VWXG\�� FRPPRGLW\� WUDGH� IRUHFDVWV� KDYH
EHHQ�DFTXLUHG�IURP�,&)�.DLVHU·V�7UDGH�DQG�7UDQVSRUWDWLRQ�*URXS���,&)�.DLVHU�LV�RQH
RI�WKH�SULPDU\�FRPPHUFLDO�SURYLGHUV�RI�GHWDLOHG�RFHDQ�ERUQH�WUDGH�IRUHFDVWV���7KH�,&)
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6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
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.DLVHU�WUDGH�PRGHOLQJ�V\VWHP�IRUHFDVWV�WUDGH�WKURXJK�D�VWUXFWXUH�RI�JOREDO�FRPPRGLW\
PRGHOV� WKDW� FDSWXUH� LQGLYLGXDO� FRXQWU\� GHPDQG� IRU� LPSRUWV�� OLQNHG� WR� HFRQRPLF
JURZWK�DQG�GRPHVWLF�SURGXFWLRQ�ZLWKLQ�HDFK�FRXQWU\���7KH�PDFURHFRQRPLF�IRUHFDVWV
XVHG� LQ� WKLV� V\VWHP� DUH� VRXUFHG� IURP� WKH� FRXQWU\� DQG� UHJLRQDO� HFRQRPLF� PRGHOV
SURGXFHG� E\� WKH� :()$� *URXS�� DQ� HFRQRPLF� IRUHFDVWLQJ� ILUP� DVVRFLDWHG� ZLWK� WKH
8QLYHUVLW\�RI�3HQQV\OYDQLD���7KH�WUDGH�PRGHO�RXWSXW�LQFOXGHV�LQGLYLGXDO�FRPPRGLW\
PRYHPHQWV��ERWK�LQ�WHUPV�RI�8�6��GROODUV�DQG�PHWULF�WRQV���)RU�OLQHU�WUDGHV��WKH�PRGHO
DOVR� SURGXFHV� WUDGH� YROXPHV� LQ� 7(8V�� � )RU� WKH� 8QLWHG� 6WDWHV�� WUDGH� LV� IXUWKHU
GLVDJJUHJDWHG�E\�SRUW�UDQJH��LQFOXGLQJ�WKH�6RXWK�$WODQWLF�

$V�WKH�VWXG\�SHULRG�H[WHQGV�D�IXOO�ILIW\�\HDUV��,&)�.DLVHU�SUHSDUHG�D�ORQJ�WHUP�JOREDO
WUDGH� IRUHFDVW� WKDW� H[SDQGV� WKHLU� VWDQGDUG� WZHQW\�ILYH� \HDU� IRUHFDVW� KRUL]RQ� RXW� WR
�������$�YHU\�ORQJ�WHUP�JOREDO�PDFURHFRQRPLF�JURZWK�PRGHO�FRPELQLQJ�SURGXFWLRQ
DQG�FRQVXPSWLRQ� WUHQGV�ZLWK� WKH� H[LVWLQJ� ORQJ�WHUP�GHPRJUDSKLF� DQG�SURGXFWLYLW\
IRUHFDVWV�ZDV�XVHG�WR�SURGXFH�WKH�WUDGH�IRU�WKH�ODWWHU�GHFDGHV�RI�WKH�SHULRG��

7KH� FRPPRGLW\� WUDGH� PRGHOLQJ� V\VWHP� EXLOGV� XSRQ� D� EDVH� RI� GHWDLOHG� KLVWRULFDO
FRPPRGLW\� WUDGH� GDWD� DQG� LQGLYLGXDO� PDFURHFRQRPLF� FRXQWU\� PRGHO� IRUHFDVWV� WR
GHYHORS�D�JOREDO�PRGHO�IRU�HDFK�FRPPRGLW\�JURXS���7KHVH�JOREDO�FRPPRGLW\�PRGHOV
KDYH�D�SRROHG�FURVV�VHFWLRQDO�OHDVW�VTXDUHV�UHJUHVVLRQ�VWUXFWXUH�WKDW�FDSWXUHV�DV�PXFK
SUHGLFWLYH� FDSDELOLW\� DV� SRVVLEOH� IURP� KLVWRULFDO� FRPPRGLW\� WUDGH� GDWD�� � $Q� H[SHUW
V\VWHP� WHVWV� WKH� HVWLPDWHG� PRGHOV� IRU� UREXVWQHVV� DQG� VXEVWLWXWHV� D� SURSHQVLW\� WR
LPSRUW� PRGHO� IRUHFDVW� ZKHUH� QHFHVVDU\�� � )RU� WKH� SRUWLRQ� RI� OLQHU� WUDGH� WKDW� LV
FRQWDLQHUL]HG�� WRQQDJH� IRUHFDVWV� DUH� WUDQVIRUPHG� LQWR� 7(8� YROXPH�PHDVXUHV� XVLQJ
FRPPRGLW\�� URXWH�� DQG� GLUHFWLRQ�VSHFLILF� FRQYHUVLRQ� IDFWRUV�� � 7KH� 7(8� IRUHFDVWV
UHSUHVHQW�PRYHPHQWV� RI� FRQWDLQHUV� ORDGHG�ZLWK� FDUJR� EHWZHHQ� FRXQWULHV� ²� QRW� WKH
UHSRVLWLRQLQJ�RI�HPSW\�FRQWDLQHUV�RU�WKH�WUDQVIHUV��YLD�GRPHVWLF�EDUJH�RU�IHHGHU�YHVVHO�
EHWZHHQ�GRPHVWLF�SRUWV�RI�LQWHUQDWLRQDO�FRQWDLQHUV���+RZHYHU��WKH�FDUULDJH�RI�HPSWLHV
LV�UHIOHFWHG�LQ�ERWK�WKH�XWLOL]DWLRQ�RI�YHVVHOV�DQG�WKH�OLJKW�ORDGLQJ�SDWWHUQV�XVHG�LQ�WKH
IOHHW� IRUHFDVW� DQG� WUDQVSRUWDWLRQ� FRVWV� DQDO\VLV�� � $� VXPPDU\� RI� WKH� WUDGH� IORZ
PRGHOLQJ�SURFHVV�LV�SUHVHQWHG�LQ�([KLELW�����

������������������������������������������������
�� 7KH�,&)�.DLVHU�WUDGH�PRGHOV�ZHUH�GHYHORSHG�XQGHU�WKH�GLUHFWLRQ�RI�'U��'DYLG�%ORQG���(DUOLHU�YHUVLRQV�RI�KLV

WUDGH�PRGHOLQJ�V\VWHP�KDYH�EHHQ�XVHG�LQ�GHHS�GUDIW�QDYLJDWLRQ�)HDVLELOLW\�6WXGLHV�IRU�WKH�86�$UP\�&RUSV�RI
(QJLQHHUV�IRU�RYHU�WHQ�\HDUV�

�� $Q�H[WHQVLYH�H[SODQDWLRQ�RI�WKH�JOREDO�WUDGH�PRGHO�IRUHFDVWLQJ�PHWKRGRORJ\��DV�XVHG�LQ�WKLV�VWXG\��LV�IRXQG�LQ
&KDSWHUV���DQG�RI�WKLV�$SSHQGL[���$V�GRFXPHQWHG�LQ�WKRVH�FKDSWHUV��WKH�WUDGH�IRUHFDVWLQJ�PHWKRGRORJ\�XVHV�DQ
DGYDQFHG�WUDGH�PRGHO�VWUXFWXUH��H[WHQVLYH�KLVWRULFDO�GDWD�IURP�PXOWLSOH�VRXUFHV��DQG�D�UXOH�EDVHG�H[SHUW�V\VWHP
WR�SURGXFH�FRPSOHWH�JOREDO�IRUHFDVWV�RI����LQGLYLGXDO�FRPPRGLW\�FDWHJRULHV�LQ�YDOXH�DQG�YROXPH�
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([KLELW����
&RPPRGLW\�7UDGH�)RUHFDVW�0RGHO�3URFHVV

Remove Exchange Rate and  
Commodity Price Effects to Get  

Real 1987 Base Trade Value, Tons

Historical UN & US Trade Data  
160 Countries, 2300 Commodities  

15 years Value, Tons
WEFA Group Country Forecasts 
Macroeconomic Variables in 
Value: 
  – Consumption  

 – Investment  
 – Prices  
 – Wages  
 – Productivity

Trade Aggregated to 60  
Countries/Regions and 82  

Commodity Groups Value and Tons

Individual Pooled Cross Sectional Economic  
Models of Import Demand and Export Supply for  
Each of 82 Commodity Groups in Value and Tons  

with Fixed Historical Ton/Value Ratios

Expert System of Rules  
Checking Statistical Validity  

of Results at Route and  
Commodity Level

Propensity Model if  
Econometric Model  

Insufficient

External Review by Economists  
Adjusting Forecasts with  High  
Absolute Value Growth Rates  

(Over 12% +/-)

Liner Trade Forecast Series By  
Commodity, Direction, and  
Route in Tons for US Routes

Container Penetration and  
Stowage Factors by Commodity,  

Route and Direction

Final Trade Forecasts in Tons  
and TEUs
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7KHUH� DUH� VHYHUDO� DVVXPSWLRQV� XVHG� LQ� RUGHU� WR� SURGXFH� WKH� ORQJ�WHUP� FRPPRGLW\
WUDGH�IRUHFDVWV���7KRXJK�PDQ\�DVVXPSWLRQV�UHODWH�WR�GLVFUHWH�MXGJPHQWV�DERXW�PRGHO
DQG�IRUHFDVW�VSHFLILFDWLRQV�� WKHUH�DUH�DOVR�VRPH�IXQGDPHQWDO�DVVXPSWLRQV� WKDW�DIIHFW
WKH� PDJQLWXGH� DQG� SDWK� RI� WKH� EDVHOLQH� IRUHFDVWV�� � 7KHVH� DVVXPSWLRQV� DUH� KHOG
FRQVWDQW�XQGHU�ZLWKRXW�DQG�ZLWK�SURMHFW�FRQGLWLRQV���3ULPDU\�DVVXPSWLRQV�XWLOL]HG�LQ
WKH�PDFURHFRQRPLF�DQG�WUDGH�IRUHFDVWV�LQFOXGH�WKH�IROORZLQJ�

• 7KH�VWXG\�SHULRG�LV������WR�������ZLWK�EDVH�\HDU�RI������

• /DQGVLGH� LQIUDVWUXFWXUH� DQG� ODQG� WUDQVSRUWDWLRQ� FDSDFLW\�ZLOO� EH� H[SDQGHG� WR
DFFRPPRGDWH�LQFUHDVHG�YROXPHV�RI�WUDGH�RYHU�WKH�HQWLUH�IRUHFDVW�SHULRG�

• 7KHUH�ZLOO�EH�QR�VLJQLILFDQW�FKDQJHV� WR�FDERWDJH�UXOHV�� �7KH�-RQHV�$FW�DQG�WKH
DQWL�WUXVW� LPPXQLW\� IRU� LQGXVWU\� UDWH� VHWWLQJ� FRQIHUHQFHV� FRQWLQXHV� IRU� WKH
SXUSRVHV� RI� RXU� DQDO\VLV�� � 6LPLODUO\�� ODERU�ZRUN� UXOHV� IRU� SRUW� RSHUDWLRQV� DUH
DVVXPHG� WR� UHPDLQ� UHODWLYHO\� FRQVWDQW� WKURXJKRXW� WKH� IRUHFDVW� SHULRG�� WKRXJK
WHFKQRORJ\� LPSURYHPHQWV� ZLOO� FRQWLQXH� WR� HQKDQFH� ORQJ� UXQ� ZRUNHU
SURGXFWLYLW\�

• 7KH�GHILQLWLRQ�RI�FRPPRGLW\�IORZ�LV�EDVHG�RQ�FRXQWLQJ�HDFK� LPSRUW�RU�H[SRUW
PRYHPHQW� RQH� WLPH� IRU� WUDGH� IRUHFDVWLQJ� SXUSRVHV�� �2YHU� WKH� ORQJ�WHUP�� LW� LV
DVVXPHG� WKDW� GHPDQG� IRU� WUDQVSRUWDWLRQ� LV� REVHUYHG� RQO\� IRU� HIILFLHQW
PRYHPHQW� RI� FDUJRHV� �DQG� WKH� SRVLWLRQLQJ� RI� WUDQVSRUWDWLRQ� HTXLSPHQW� WR
VHUYLFH�WKLV�GHPDQG����,W�LV�SRVVLEOH�WKDW�FDUULHUV�PD\�FKRRVH�WR�KDQGOH�FDUJR�LQ�D
ZD\� WKDW� LQFXUV�GRXEOH�KDQGOLQJ� FKDUJHV� E\�PRYLQJ� WKURXJK�PXOWLSOH�SRUWV��
+RZHYHU�� WKLV� RSHUDWLRQDO� SDWWHUQ� ZLOO� QRW� FKDQJH� WKH� XQGHUO\LQJ� IDFWRUV
LQIOXHQFLQJ�GHPDQG�IRU�FRXQWU\�WR�FRXQWU\�LQWHUQDWLRQDO�WUDGH�PRYHPHQW��DQG
WKH�IRUHFDVW�GRHV�QRW�FDSWXUH�VXFK�GRXEOH�KDQGOLQJ�PRYHPHQWV�

• 7KH�IXQGDPHQWDO�HFRQRPLF�GHYHORSPHQW�SHUVSHFWLYH�RI� WKH�:()$�*URXS�DQG
,&)� .DLVHU� HFRQRPLF� IRUHFDVWV� XWLOL]HG� LV� EDVHG� RQ� D� EHOLHI� LQ� FRQWLQXHG
HFRQRPLF� JURZWK�� � ,W� LV� DVVXPHG� WKDW�GHYHORSLQJ� FRXQWU\� HFRQRPLHV� IROORZ� D
ORQJ�WHUP�JURZWK�SDWK�WRZDUGV�LQGXVWULDOL]DWLRQ�DQG�KLJKHU�VWDQGDUGV�RI�OLYLQJ
²� DQG� WKDW� SROLWLFDO� LQVWLWXWLRQV� UHPDLQ� VWDEOH� HQRXJK� WR� SHUPLW� GHYHORSPHQW
RYHU� WKH� ORQJ�UXQ�� �$V� WKLV� LV�D� ORQJ�UXQ�IRUHFDVW�DQDO\VLV��VKRUW�WHUP�EXVLQHVV
F\FOH�IOXFWXDWLRQV�DUH�QRW�PRGHOHG�KHUH�

• :RUOG�GHPDQG�IRU�DJULFXOWXUDO�SURGXFWV�DQG�IRRG�SURGXFWV�ZLOO� UHPDLQ�KLJK��
7KHUH�ZLOO�EH�D�VWHDG\�LQFUHDVH�LQ�JOREDO�DJULFXOWXUH�GHPDQG�GXH�WR�LQFUHDVLQJ
SRSXODWLRQ�DQG�LQFUHDVLQJ�DIIOXHQFH�
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• 5HDO� HQHUJ\� SULFHV� WKDW� LQFUHDVH� PLOGO\� WKURXJK� ����� DQG� LPSURYHPHQWV� LQ
HIILFLHQF\� LQ� WKH� XVH� RI� UDZ� PDWHULDOV� OHDG� WR� D� UHGXFWLRQ� LQ� RYHUDOO� HQHUJ\
GHPDQG�SHU� GROODU� RI� RXWSXW� RYHU� WLPH�� � 7KLV� LV� D� FRQWLQXDWLRQ� RI� WKH� HQHUJ\
HIILFLHQF\� WUHQG� REVHUYHG� WRGD\�� � 7KRXJK� LQGLYLGXDO� UHDO� HQHUJ\� FRPPRGLW\
SULFH�LQGH[HV�DUH�XVHG�IRU�LPSRUWV�DQG�H[SRUWV�RI�FUXGH�SHWUROHXP��FRDO��QDWXUDO
JDV��DQG�UHILQHG�SHWUROHXP�SURGXFWV��WKH�DYHUDJH�DQQXDO�LQFUHDVH�LQ�WKHVH�VHULHV
LV� ���� SHUFHQW� WKURXJK� ������ � 7KLV� LV� FRQVLVWHQW� ZLWK� ORQJ�WHUP� FRPPHUFLDO
HQHUJ\�SULFH�IRUHFDVWV�XVHG�E\�WKH�8�6��'HSDUWPHQW�RI�(QHUJ\�

• 5HYROXWLRQDU\� IDVW� FDUJR� YHVVHO� GHVLJQ� WHFKQRORJLHV� DUH� SUHYHQWHG� IURP
FDSWXULQJ� DQ\� VLJQLILFDQW� VKDUH� RI� WKH� PDUNHW� GXH� WR� WKH� UHDO� HQHUJ\� SULFH
LQFUHDVHV�IRUHFDVW�DQG�WKH�KLJK�FDSLWDO�FRVW�RI�VXFK�VKLSV�

)RU�WKH�SXUSRVHV�RI�WKLV�VWXG\�WKH�GHILQLWLRQ�RI�WKH�6RXWK�$WODQWLF�3RUW�UHJLRQ�LQFOXGHV
1RUIRON���7KLV�LV�FRQVLVWHQW�ZLWK�WKH�GHILQLWLRQ�XVHG�IRU�WKH�6RXWK�$WODQWLF�LQ�SUHYLRXV
UHJLRQDO�WUDGH�VWXGLHV�SHUIRUPHG�IRU�WKH�8�6��$UP\�&RUSV�RI�(QJLQHHUV�

7KH�6DYDQQDK�FRQWDLQHU� WUDGH� IRUHFDVW�ZDV�SURGXFHG�XVLQJ�GHWDLOHG�8�6��SRUW� WUDGH
GDWD� IURP� WKH� -RXUQDO� RI� &RPPHUFH� 3,(56� GDWDEDVH� LQ� FRQMXQFWLRQ� ZLWK� WKH� 6RXWK
$WODQWLF� IRUHFDVW�GHVFULEHG�DERYH�� �7KH� WUDGH� IRU�FRQWDLQHU� WUDIILF� WKURXJK� WKH�6RXWK
$WODQWLF� SRUW� UDQJH� ZDV� DSSRUWLRQHG� WR� 6DYDQQDK� EDVHG� RQ� URXWH� DQG� GLUHFWLRQ
�LPSRUW�DQG�H[SRUW��VSHFLILF�IDFWRUV�REWDLQHG�IURP�WKH������3,(56�GDWD���7KHVH�IDFWRUV
DUH� IL[HG� DFURVV� WKH� VWXG\� SHULRG�� WKHUHIRUH� 6DYDQQDK� LV� DVVXPHG� WR� PDLQWDLQ� LWV
FXUUHQW� VKDUH� RI� 6RXWK�$WODQWLF� WUDGH� RQ� D� GLUHFWLRQ�RI�WUDGH�� URXWH�E\�URXWH� EDVLV��
7KH� JURZWK� UDWHV� RI� LPSRUWV� DQG� H[SRUWV� DFURVV� WUDGH� ODQHV� YDU\�� FDXVLQJ� WKH
DJJUHJDWH� 6DYDQQDK� VKDUH� RI� WKH� 6RXWK� $WODQWLF� WUDGH� WR� FKDQJH�� � 7KLV� LQ� WXUQ� LV
UHIOHFWHG�LQ�WKH�FKDQJLQJ�PL[�RI�WUDGH�WKURXJK�WKH�6RXWK�$WODQWLF�UHJLRQ�� �$V�3,(56
GRHV�QRW�KDYH�FRPSOHWH�YDOXH�GDWD��RQO\�WKH�TXDQWLW\�RI�FRQWDLQHU� WUDGH� LQ� WRQV�DQG
7(8V�ZDV�IRUHFDVW�IRU�6DYDQQDK�� �([KLELW����� LOOXVWUDWHV� WKH�PHWKRGRORJ\�XWLOL]HG�WR
GHYHORS�6DYDQQDK·V�FRQWDLQHUL]HG�WUDGH�IRUHFDVW�IURP�WKH�6RXWK�$WODQWLF�IRUHFDVW�

([KLELW����
3RUW�RI�6DYDQQDK�&RQWDLQHUL]HG�7UDGH�)RUHFDVW�3URFHVV

86�6RXWK�$WODQWLF�3RUW�5DQJH�
7UDGH�)RUHFDVW�%\�'LUHFWLRQ�

DQG�5RXWH ;
6DYDQQDK�6KDUH�RI������86�6RXWK�
$WODQWLF�3RUW�5DQJH�7UDGH�E\�5RXWH�

DQG�'LUHFWLRQ�IURP��3,(56
 6DYDQQDK�&RQWDLQHUL]HG�7UDGH�

)RUHFDVW�E\�'LUHFWLRQ�DQG�
5RXWH

7KLV� PHWKRGRORJ\� SHUPLWV� WKH� DJJUHJDWH� 6DYDQQDK� VKDUH� RI� WUDGH� WR� UHIOHFW� WKH
GLIIHUHQWLDO� UDWHV�RI�JURZWK� LQ�GLIIHUHQW�ZRUOG� WUDGH�SDUWQHU� UHJLRQV�� �7KLV�DSSURDFK
DOVR�DOORZV� WKH�EDODQFH�RI� WUDGH�EHWZHHQ� LPSRUWV� DQG�H[SRUWV� WR� FKDQJH�DV� WKH�8�6�
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GHPDQG� IRU� LPSRUWV� DQG� ZRUOG� GHPDQG� IRU� 8�6�� H[SRUWV� IROORZ� GLIIHUHQW� JURZWK
SDWKV��$OWHUQDWLYH�IRUHFDVW�DSSURDFKHV�IL[LQJ�VKDUHV�DW�D�PRUH�DJJUHJDWH�OHYHO�VXFK�DV
WRWDO�RI�DOO�WUDGH�E\�GLUHFWLRQ�IRU�WKH�6RXWK�$WODQWLF�RU�HYHQ�D�IL[HG�VKDUH�RI�WRWDO�8�6�
WUDGH�ZHUH� DOVR� WHVWHG� IRU� WKHLU� LPSDFW� RQ� WKH� UHVXOWLQJ� IRUHFDVW�� � 7KHVH� DOWHUQDWLYH
DSSURDFKHV�DUH�OHVV�UREXVW��H�J���OHVV�DFFXUDWH��WKDQ�DSSURDFKHV�JURXQGHG�LQ�WKH�PRUH
GHWDLOHG�UHFHQW�KLVWRULFDO�GDWD�� �7KHVH�DOWHUQDWLYHV�DUH�DGGUHVVHG�LQ�WKH�GLVFXVVLRQ�RI
XQFHUWDLQW\�LQ�&KDSWHU���

1RQ�FRQWDLQHUL]HG� FRPPRGLWLHV� PRYLQJ� WKURXJK� 6DYDQQDK� ZHUH� DOVR� IRUHFDVW� WR
FRPSOHWH�WKH�GHVFULSWLRQ�RI�H[LVWLQJ�DQG�IXWXUH�FRQGLWLRQV�LQ�6DYDQQDK�+DUERU�� �7KH
8�6�� $UP\� &RUSV� RI� (QJLQHHUV� :DWHUERUQH� &RPPHUFH� 6WDWLVWLFV� WRQQDJH� GDWD� IRU
6DYDQQDK�+DUERU�ZDV�XVHG�DV�WKH�EDVLV�IRU�WKHVH�IRUHFDVWV�EHFDXVH�ERWK�GRPHVWLF�DQG
LQWHUQDWLRQDO� VKLSPHQWV�E\� FRPPRGLW\� JURXS� DUH� LQFOXGHG�� � %HFDXVH� WKH�YROXPH�RI
GRPHVWLF� WRQQDJH� WKURXJK� 6DYDQQDK� LV� VLJQLILFDQW� IRU� PDQ\� QRQ�FRQWDLQHUL]HG
FRPPRGLWLHV� �H�J��� JDVROLQH�� DVSKDOW�� DQG� VXJDU��� LQGLYLGXDO� QRQ�FRQWDLQHUL]HG
FRPPRGLW\� JURXS� IRUHFDVWV� ZHUH� HVWLPDWHG� WKDW� LQFOXGH� WRWDO� GRPHVWLF� DQG
LQWHUQDWLRQDO� WRQQDJH�� � 7KHVH� IRUHFDVWV� ZHUH� HVWLPDWHG� DV� IXQFWLRQV� RI� SURMHFWHG
PDFURHFRQRPLF� YDULDEOHV� LQFOXGLQJ� UHJLRQDO� LQGXVWULDO� RXWSXW� DQG� FRPPRGLW\
SURGXFWLRQ�DV�SXEOLVKHG�E\�WKH�8�6��'HSDUWPHQW�RI�&RPPHUFH��%XUHDX�RI�(FRQRPLF
$QDO\VLV��DQG�WKH�8�6��'HSDUWPHQW�RI�(QHUJ\�DQG�WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH�

:LWK�WKH�DERYH�DVVXPSWLRQV�DQG�PHWKRGRORJLHV�� WUDGH�IRUHFDVWV�ZHUH�SURGXFHG�WKDW
DUH�WKH�VDPH�XQGHU�ZLWKRXW�SURMHFW�DQG�ZLWK�SURMHFW�FRQGLWLRQV��IRU�WKH�8�6���WKH�6RXWK
$WODQWLF�SRUW�UDQJH��DQG�IRU�6DYDQQDK�IRU�WKH�VWXG\�SHULRG�IURP������WR��������,Q�WKH
QH[W�VHFWLRQV��ZH�SUHVHQW�WKH�IRUHFDVW�GHYHORSHG�²�EHJLQQLQJ�ZLWK�WKH�6RXWK�$WODQWLF
3RUW�5DQJH�DQG�8�6�� IRUHFDVW� DQG�HQGLQJ�ZLWK� WKH� ORQJ�WHUP� IRUHFDVW�GHYHORSHG� IRU
WKH�3RUW�RI�6DYDQQDK��

)RU�SXUSRVHV�RI�VHQVLWLYLW\�DQG�ULVN�DVVHVVPHQW��WKH�86$&(�UHTXHVWHG�DQ�DOWHUQDWLYH
WUDGH� IRUHFDVW�� ZKHUH� WUDGH� YROXPHV� DUH� HVWLPDWHG� WR� JURZ� DW� ���� SHUFHQW� SHU� \HDU
IURP������WKURXJK�������DW�����SHUFHQW�IURP������WR�������DQG�DW�����SHUFHQW�SHU�\HDU
IURP������ WKURXJK� ������ � 7KLV� VHQVLWLYLW\� DQDO\VLV� LV� SUHVHQWHG� LQ�&KDSWHU� �� RI� WKLV
DSSHQGL[�

����� 6RXWK�$WODQWLF�&RQWDLQHU�)RUHFDVW�¥�7UDGH�3DUWQHU

&RQWDLQHUL]HG�WUDGH�WKURXJK�WKH�6RXWK�$WODQWLF�SRUW�UDQJH�LQFUHDVHV�ZLWK�DOO�IRUHLJQ
WUDGH� SDUWQHU� UHJLRQV�� WKRXJK� DW� GLIIHUHQW� UDWHV�� � :KLOH� WKH� YROXPH� RI� WUDGH� ZLWK
(XURSH� LV� VWLOO� JURZLQJ� �DQG� WULSOHV� WKURXJK� ������� WKH� VKDUH� RI� WUDGH�ZLWK� (XURSH
WKURXJK�WKH�6RXWK�$WODQWLF�VKULQNV��GURSSLQJ�IURP�WKH�VHFRQG�ODUJHVW�LQ�WKH�UHJLRQ�WR
IRXUWK�� � &RUUHVSRQGLQJO\�� IDVWHU� JURZLQJ� WUDGH� ZLWK� RWKHU� UHJLRQV� UHVXOWV� LQ� /DWLQ
$PHULFDQ�WUDGH�JURZLQJ�WR�RYHU����PLOOLRQ�7(8�E\������²�FRPSDUHG�ZLWK�(XURSHDQ
WUDGH�RI�URXJKO\���PLOOLRQ�7(8V�RYHU�WKH�VDPH�WLPH�SHULRG���$VLDQ�WUDGH�WKURXJK�WKH
6RXWK�$WODQWLF�SRUW� UDQJH�RYHUWDNHV�(XURSHDQ� WUDGH�YROXPHV�E\������DQG�JURZV� WR
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RYHU����PLOOLRQ�7(8�E\��������7KH�OHYHOV�RI�6RXWK�$WODQWLF�FRQWDLQHU�WUDGH�E\�IRUHLJQ
WUDGH�SDUWQHU�UHJLRQV�DUH�SUHVHQWHG�JUDSKLFDOO\�LQ�([KLELW�����

([KLELW����
6RXWK�$WODQWLF�3RUW�5DQJH�&RQWDLQHUL]HG�7UDGH�E\�3DUWQHU�5HJLRQ�������������
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6RXUFH� ,&)�.DLVHU�*OREDO�7UDGH�)RUHFDVW������

,PSRUW�([SRUW

)URP� ����� WR� ������ WKH� 6RXWK� $WODQWLF� UHJLRQ·V� VKDUH� RI� 8�6�� H[SRUWV� ZLOO� LQFUHDVH
ZKLOH�WKH�VKDUH�RI�8�6��LPSRUWV�GHFUHDVHV�� �7KH�IRUHFDVW�VKDUHV�UHIOHFW�WKH�GLIIHUHQFHV
EHWZHHQ� WKH� 8�6�� LPSRUW� VXSSOLHU� UHJLRQV� DQG� H[SRUW� PDUNHWV�� DQG� WKH� JHRJUDSKLF
SUR[LPLW\� RI� WKH� 6RXWK�$WODQWLF� WR� WKHVH�PDUNHWV�� � 7KH� LPEDODQFH� LQ� 6RXWK�$WODQWLF
SRUW�VKDUH�RI�8�6��LPSRUWV�DQG�H[SRUWV�JURZV�VXEVWDQWLDOO\�RYHU�WKH�VWXG\�SHULRG��DV
VKRZQ�LQ�([KLELW�����
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([KLELW����
6RXWK�$WODQWLF�5HJLRQ�6KDUH�RI�8�6��&RQWDLQHU�7UDGH�������������
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,PSRUWV
([SRUWV

6RXUFH� ,&)�.DLVHU�*OREDO�7UDGH�)RUHFDVW������

7KRXJK�D�VLJQLILFDQW�IDFWRU�LQ�GHWHUPLQLQJ�WKH�IXWXUH�SDWWHUQ�RI�6RXWK�$WODQWLF�WUDGH�
WKH�IRUHFDVW�SDWWHUQ�RI�WUDGH�WKURXJK�6DYDQQDK�+DUERU�LV�QRW� LGHQWLFDO�WR�WKDW�RI� WKH
UHJLRQ�DV�D�ZKROH�

����� 6DYDQQDK�&RQWDLQHU�)RUHFDVW

6DYDQQDK
V� FRQWDLQHU� WUDGH� JURZWK� LV� HVWLPDWHG� WR� DYHUDJH� ���� SHUFHQW� SHU� \HDU� LQ
7(8V� RYHU� WKH� VWXG\� SHULRG�� � 6DYDQQDK·V� VKDUH� RI� WKH� FRXQWU\·V� FRQWDLQHU� WUDGH
UHIOHFWV� WKH� 6RXWK� $WODQWLF·V� DGYDQWDJH� DQG� JHRJUDSKLF� SUR[LPLW\� WR� VXSSRUW� WKLV
WUDGH���2YHU�WKH�IRUHFDVW�SHULRG��6DYDQQDK�LQFUHDVHV�LWV�VKDUH�RI�WRWDO�8�6��LPSRUWV�DQG
H[SRUWV�� �7KH� LQFUHDVH�UHIOHFWV�D�VPDOO� ORVV�RI�VKDUH� IURP�WKH�*UHDW�/DNHV�DQG�1RUWK
$WODQWLF� SRUW� UDQJHV�� � 6DYDQQDK·V� FRQWDLQHU� WUDGH� VKDUHV�� UHSUHVHQWHG� DV� SHUFHQW� RI
WRWDO�8�6��7(8�YROXPHV��DUH�SUHVHQWHG�LQ�([KLELW�����
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([KLELW����
6DYDQQDK�&RQWDLQHUL]HG�7UDGH�DV�D�6KDUH�RI�8�6��7RWDO
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�

����

����

����

����

����

����

����

����

����

���� ���� ���� ���� ���� ���� ����

3
HU
FH
Q
W�R
I�
8
6
�7
UD
G
H

,PSRUWV ([SRUWV 7RWDO

6RXUFH� %RR]³$OOHQ�DQDO\VLV�DQG�,&)�.DLVHU�7UDGH�)RUHFDVW������

7UDGH�3DUWQHUV

7KH�IXWXUH�SDWWHUQ�RI�WUDGH�WKURXJK�6DYDQQDK�LV�VWURQJO\�LQIOXHQFHG�E\�GLIIHUHQFHV�LQ
IRUHLJQ� WUDGH�SDUWQHU� UHJLRQ� HFRQRPLF� SHUIRUPDQFH�� �'HYHORSLQJ� FRXQWULHV� RI� /DWLQ
$PHULFD� DQG�6RXWKHDVW�$VLD� DUH� IRUHFDVW� WR� LQFUHDVH� WUDGH� WKURXJK� 6DYDQQDK� IDVWHU
WKDQ� WKH� GHYHORSHG� HFRQRPLHV� RI� (XURSH� DQG� QRUWKHUQ� $VLD�� � $VLDQ� FRQWDLQHUL]HG
WUDGH� YROXPHV� WKURXJK� 6DYDQQDK� UHPDLQ� WKH� KLJKHVW� WKURXJK� WKH� SRUW��
&RUUHVSRQGLQJO\�� /DWLQ� $PHULFD� JDLQV� VKDUH� IURP� (XURSH� RYHU� WKH� VWXG\� SHULRG��
6DYDQQDK·V� H[SRUW� WUDGH� WR� WKH� -DSDQ�7DLZDQ�.RUHD� UHJLRQ�ZLOO� IDOO� IURP� EHLQJ� WKH
QXPEHU� RQH� GHVWLQDWLRQ� IRU� 6DYDQQDK� H[SRUWV� WR� ILIWK� E\� ������ � 5HFHQW� ILQDQFLDO
PDUNHW� DQG� HFRQRPLF� GLVUXSWLRQV� LQ� VRPH� $VLDQ� FRXQWULHV� DUH� QRW� H[SHFWHG� WR
VLJQLILFDQWO\�DIIHFW�ORQJ�WHUP�WUDGH�GHPDQG�IURP�WKHVH�FRXQWULHV���7KH�QHHGHG�$VLDQ
HFRQRPLF� UHVWUXFWXULQJ� DQG�PDUNHW� OLEHUDOL]DWLRQ� LV� H[SHFWHG� WR� EH� KDVWHQHG� E\� WKH
UHFHQW� HYHQWV�� DQG� ZLOO� SODFH� WKHVH� HFRQRPLHV� RQ� WUDFN� WR� WKHLU� ORQJ�WHUP� JURZWK
SRWHQWLDO�YHU\�HDUO\�LQ�WKH�VWXG\�SHULRG�� �$FFRUGLQJO\��$VLD�DV�D�ZKROH�VWLOO� UHPDLQV
WKH�ODUJHVW�SDUWQHU�UHJLRQ�IRU�WUDGH�WKURXJK�6DYDQQDK��DV�VKRZQ�LQ�([KLELW�����
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� +LVWRULFDO�$QG�3URMHFWHG�&RPPRGLW\�9ROXPHV

([KLELW����
'LVWULEXWLRQ�RI�7UDGH�5HJLRQ�6KDUH�LQ�&RQWDLQHUL]HG�&DUJR

7KURXJK�WKH�3RUW�RI�6DYDQQDK�������������
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2WKHU /DWLQ�$PHULFD (XURSH $VLD
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6RXUFH� %RR]³$OOHQ�DQDO\VLV
1RWH� 1XPEHUV�PD\�QRW�DGG�GXH�WR�URXQGLQJ�

,PSRUW�([SRUW

6DYDQQDK·V� VKDUH� RI� WRWDO� 6RXWK� $WODQWLF� SRUW� UDQJH� FRQWDLQHUL]HG� WUDGH� GHFUHDVHV
VOLJKWO\�RYHU� WKH� IRUHFDVW�SHULRG� IURP������SHUFHQW� WR� �����SHUFHQW�� �7KLV�GHFUHDVH� LV
GXH�WR�WKH�GLIIHUHQFH�LQ�WKH�PL[�RI�WUDGH�SDUWQHUV�DQG�FRPPRGLWLHV�EHWZHHQ�6DYDQQDK
DQG�WKH�6RXWK�$WODQWLF�SRUW� UDQJH�DV�D�ZKROH��$V�VKRZQ� LQ�([KLELW������� WKH� ORVV�RI
VKDUH� LV� HQWLUHO\� IURP� H[SRUWV� DV� 6DYDQQDK·V� LPSRUW� VKDUH� LQFUHDVHV� WKUHH� IXOO
SHUFHQWDJH�SRLQWV�IURP������SHUFHQW� WR������SHUFHQW�� �:KLOH� WKH� OHYHO�RI� LPSRUWV�DQG
H[SRUWV�WKURXJK�6DYDQQDK�LV�JURZLQJ�� LWV�H[SRUWV�JURZ�DW�D�VORZHU�UDWH� WKDQ�WKDW�RI
WKH�FRPELQHG�H[SRUWV�RI�6DYDQQDK·V�FRPSHWLWRU�6RXWK�$WODQWLF�SRUWV�
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5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� +LVWRULFDO�$QG�3URMHFWHG�&RPPRGLW\�9ROXPHV

([KLELW�����
&RQWDLQHUL]HG�7UDGH�7KURXJK�6DYDQQDK�DV�D�6KDUH�RI

6RXWK�$WODQWLF�3RUW�5DQJH�������������
�3HUFHQW�RI�7(8V�
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,PSRUWV ([SRUWV 7RWDO
6RXUFH� %RR]³$OOHQ�$QDO\VLV��,&)�.DLVHU�*OREDO�7UDGH�)RUHFDVW������

7KH� 3RUW� RI� 6DYDQQDK�� OLNH� WKH� 6RXWK� $WODQWLF� SRUW� UDQJH�� ZLOO� VHH� LWV� JURZWK� LQ
FRQWDLQHU�WUDGH�GULYHQ�E\�H[SRUWV�PXFK�PRUH�WKDQ�E\�LPSRUWV��DQG�DERYH�WKH�DYHUDJH
IRU� WKH� QDWLRQ�� � $V� VKRZQ� LQ� ([KLELW� ������ 6DYDQQDK·V� FRQWDLQHUL]HG� H[SRUW� FDUJR
JURZV�WR�����PLOOLRQ�7(8V�E\������ZLWK�LPSRUWV� LQFUHDVLQJ�WR�����PLOOLRQ�7(8V�RYHU
WKH�VDPH�SHULRG����7KLV�GLUHFWLRQDO�GLIIHUHQFH�LV�VKRZQ�JUDSKLFDOO\�LQ�([KLELW��������%\
������WKH�SURMHFWHG�6DYDQQDK�+DUERU�LPSRUW�7(8�YROXPHV�DUH�RQO\����SHUFHQW�RI�WKH
RQH�PLOOLRQ�H[SRUW�7(8V��ZLWK�H[SRUW�7(8V�DW�PRUH�WKDQ�WULSOH�WRGD\·V�YROXPH���7KLV
JURZWK� UHIOHFWV� WKH� VWURQJ� GHPDQG� IRU� 8�6�� SURGXFWV� IURP� GHYHORSLQJ� UHJLRQV�
7KRXJK� JURZLQJ� VORZHU� WKDQ� H[SRUWV�� 6DYDQQDK·V� LPSRUW� 7(8� YROXPH� JURZWK
DYHUDJHV� ���� SHUFHQW� RYHU� WKH� HQWLUH� ����� �� ����� IRUHFDVW� SHULRG�� � 7KH� LPSRUW� DQG
H[SRUW�IRUHFDVWV�WRJHWKHU�WRWDO�RYHU���PLOOLRQ�7(8V�E\������

������������������������������������������������
�� 7KH�6DYDQQDK�+DUERU�FRQWDLQHU�IRUHFDVW�LV�PHDVXUHG�KHUH�LQ�ORDGHG�7(8V�RI�LQWHUQDWLRQDO�FDUJR��QRW�WRWDO

7(8V�OLIWHG�DW�WKH�SRUW���$GGLQJ�WKH�KDQGOLQJ�RI�UHSRVLWLRQHG�HPSWLHV�ZRXOG�LQFUHDVH�WKHVH�IRUHFDVW�7(8
YROXPHV�
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� +LVWRULFDO�$QG�3URMHFWHG�&RPPRGLW\�9ROXPHV

([KLELW�����
)RUHFDVW�RI�7(8�9ROXPHV�2Q�0DMRU�7UDGH�/DQHV

7KURXJK�WKH�3RUW�RI�6DYDQQDK��������������
7(8V ���� ���� ���� ���� ���� ����

,PSRUWV ������� ������� ������� �������� ��������� ���������
([SRUWV ������� ������� ��������� �������� ��������� ���������
7RWDO ������� ��������� ��������� �������� ��������� ���������
6RXUFH� ,&)�.DLVHU�*OREDO�7UDGH�)RUHFDVW��������%RR]³$OOHQ�DQDO\VLV

7KH� ORQJ�WHUP� JURZWK� SDWWHUQ� RI� 6DYDQQDK·V� FRQWDLQHUL]HG� WUDGH� GHFOLQHV�� � 7KLV
VORZLQJ� RI� WUDGH� JURZWK� UHIOHFWV� DQ� HYHQWXDO�PDWXUDWLRQ� RI� JRRGV�PDUNHWV� DQG� WKH
VKLIW�WR�VHUYLFHV�LQ�HFRQRPLHV�DV�WKH\�GHYHORS�

([KLELW�����
$YHUDJH�$QQXDO�&RQWDLQHUL]HG�7UDGH�*URZWK

IRU�WKH�3RUW�RI�6DYDQQDK�������������
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,PSRUWV
([SRUWV
7RWDO

6RXUFH� %RR]³$OOHQ�$QDO\VLV

$GGLWLRQDO� FRQWDLQHUL]HG� WUDGH� IRUHFDVW� GHWDLO� LV� SUHVHQWHG� LQ� &KDSWHU� ��� � 7KRXJK
FRQWDLQHUL]HG� WUDGH� ZLOO� EH� WKH� VLJQLILFDQW� FDUJR� JURZWK� FDWHJRU\� IRU� 6DYDQQDK
+DUERU�� QRQ�FRQWDLQHUL]HG� WUDGH� YROXPHV� ZLOO� FRQWLQXH� WR� EH� KDQGOHG� WKURXJK
6DYDQQDK�DQG�DUH�DGGUHVVHG�QH[W�
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3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� +LVWRULFDO�$QG�3URMHFWHG�&RPPRGLW\�9ROXPHV

��� 1RQ�&RQWDLQHUL]HG�7UDGH

*URZWK�LQ�QRQ�FRQWDLQHUL]HG�WUDGH�WKURXJK�WKH�3RUW�RI�6DYDQQDK�ZLOO�EH�FRQVLGHUDEO\
VORZHU� WKDQ� IRU� FRQWDLQHU� FRPPRGLWLHV� RYHU� WKH� VWXG\� SHULRG�� � 7KLV� IRUHFDVW� LV
FRQVLVWHQW� ZLWK� WKH� UHFHQW� JURZWK� VWDWLVWLFV� RI� QRQ�FRQWDLQHUL]HG� FDUJR�� ZKLFK� KDV
EHHQ�PXFK�OHVV�WKDQ�IRU�FRQWDLQHUV���7KH�LQGXVWULDO�VHFWRUV�WUDGLQJ�LQ�WKHVH�JRRGV�DUH
QRW� JURZLQJ� DV� IDVW� DV� WKRVH� WKDW�PRYH� FRQWDLQHUL]HG� JRRGV�� � ,Q� 6DYDQQDK�+DUERU�
PDQ\�RI�WKHVH�QRQ�FRQWDLQHUL]HG�JRRGV�DUH�QRW�KDQGOHG�E\�*3$�RZQHG�IDFLOLWLHV��VR
YROXPHV�DUH�WLHG�WR�VSHFLILF�FRPSDQ\�QHHGV�ZKLFK�FDQ�EH�IL[HG�RU�OLPLWHG�E\�IDFLOLW\
VWRUDJH� RU� SURGXFWLRQ� FDSDFLW\�� � &RQWDLQHU� SHQHWUDWLRQ� RI� WUDGLWLRQDO� JHQHUDO� FDUJR
DQG�HYHQ�EXON�PDUNHWV�KDV�FRQWLQXHG�WR�LQFUHDVH�LQ�6DYDQQDK�DQG�DURXQG�WKH�ZRUOG��
7KH�QRQ�FRQWDLQHUL]HG�FRPPRGLW\�IRUHFDVWV�IRU�WKH�6DYDQQDK�+DUERU�DUH�SUHVHQWHG�LQ
([KLELW������

([KLELW�����
$QQXDO�1RQ�&RQWDLQHUL]HG�7UDGH�E\�&RPPRGLW\

7KURXJK�WKH�3RUW�RI�6DYDQQDK�������������
�7KRXVDQGV�RI�6KRUW�7RQV�

&RPPRGLW\ ���� ���� ���� ���� ���� ���� ����

&UXGH�3HWUROHXP ����� ����� ����� ����� ����� ����� �����
*DVROLQH ��� ��� ����� ����� ����� ����� �����
)XHO�2LO ����� ����� ����� ����� ����� ����� �����
$VSKDOW��7DU�	�3LWFK ��� ��� ��� ��� ��� ��� ���
)HUWLOL]HUV��&KHPLFDOV�	�5HODWHG�3URGXFWV ����� ����� ����� ����� ����� ����� �����
:RRG�&KLSV ��� ��� ��� ��� ��� ��� ���
/XPEHU�	�3ULPDU\�:RRG�3URGXFWV ��� ��� ��� ��� ��� ��� �����
3XOS�	�3DSHU�3URGXFWV ��� ��� ����� ����� ����� ����� �����
*\SVXP ��� ��� ��� ��� ��� ��� ���
0HWDOOLF�2UHV�	�6FUDS ��� ��� ��� ��� ��� ��� ���
&OD\�	�5HIUDFWRU\�0DWHULDOV ����� ����� ����� ����� ����� ����� �����
&HPHQW�	�&RQFUHWH ��� ��� ��� ��� ��� ��� ���
1RQ�0HWDOOLF�0LQHUDOV�	�3URGXFWV ��� ��� ��� ��� ��� ��� ���
3ULPDU\�,URQ�	�6WHHO�3URGXFWV ��� ��� ��� ��� ��� ��� ���
*UDLQV�	�2LOVHHGV ��� � � � � � �
6XJDU ��� ��� ����� ����� ����� ����� �����
2WKHU�$JULFXOWXUDO�3URGXFWV ��� ��� ��� ��� ��� ��� ���
7H[WLOH�3URGXFWV �� �� �� �� �� �� ��
0DQXIDFWXUHG�3URGXFWV ��� ��� ��� ��� ��� ��� ���
2WKHU�&RPPRGLWLHV ��� ��� ����� ����� ����� ����� �����
7RWDO�1RQ�&RQWDLQHUL]HG�7UDGH ������ ������ ������ ������ ������ ������ ������

6RXUFH� %RR]³$OOHQ�DQDO\VLV
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� +LVWRULFDO�$QG�3URMHFWHG�&RPPRGLW\�9ROXPHV

7RWDO�QRQ�FRQWDLQHUL]HG�PHWULF�WRQV�JURZ�IURP������WR������PLOOLRQ�VKRUW�WRQV�RYHU�WKH
VWXG\�SHULRG���7KH�DYHUDJH�UDWH�RI�YROXPH�JURZWK�LV�OHVV�WKDQ�RQH�KDOI�RI�RQH�SHUFHQW
SHU�\HDU�� UHIOHFWLQJ� WKH�PDWXULW\�RI�PDUNHWV� IRU�QRQ�FRQWDLQHUL]HG�JRRGV�KDQGOHG� LQ
6DYDQQDK�+DUERU�

����� *HQHUDO�&DUJR

&RPPRGLW\�FDWHJRULHV�WKDW�SULPDULO\�PRYH�DV�JHQHUDO�EUHDN�EXON�FDUJR�LQFOXGHV�LURQ
DQG� VWHHO� SURGXFWV�� DQG� QRQ�FRQWDLQHUL]HG� FOD\�� WH[WLOH�� ZRRG�� SDSHU�� DQG� RWKHU
PDQXIDFWXUHG�SURGXFWV��

7KH�ODUJHVW�VLQJOH�WRQQDJH�FRPPRGLW\�FDWHJRU\�PRYLQJ�WKURXJK�6DYDQQDK�+DUERU�LV
FOD\�DQG�UHIUDFWRU\�PLQHUDOV�FRQVLVWLQJ�SULPDULO\�RI�NDROLQ���.DROLQ�LV�XVHG�SULPDULO\
DV� D� SLJPHQW� RU� H[WHQGHU� LQ� FRDWLQJ� DQG� ILOOLQJ� DSSOLFDWLRQV�� ,W� LV� VROG� IRU
PDQXIDFWXULQJ�DSSOLFDWLRQV� LQFOXGLQJ�SDSHU�� UHIUDFWRULHV�� ILEHUJODVV�� FHUDPLFV��SDLQW�
DQG�UXEEHU���*HRUJLD�DFFRXQWV�IRU�RYHU����SHUFHQW�RI�8�6��NDROLQ�SURGXFWLRQ��ZLWK�WKH
QHLJKERULQJ�VWDWHV�RI�6RXWK�&DUROLQD�DQG�$ODEDPD�WRJHWKHU�DFFRXQWLQJ�IRU�DQRWKHU�VL[
SHUFHQW�� � 7KH�PDMRULW\� RI�8�6�� NDROLQ� H[SRUWV� DUH� VROG� IRU� XVH� LQ� SDSHU� FRDWLQJ� DQG
ILOOLQJ� LQ� -DSDQ�� &DQDGD�� )LQODQG�� 0H[LFR�� DQG� ,WDO\�� � 8�6�� LPSRUWV� RI� NDROLQ� DUH
LQVLJQLILFDQW�LQ�FRPSDULVRQ���.DROLQ�LV�KDQGOHG�LQ�6DYDQQDK�DW�*3$·V�2FHDQ�7HUPLQDO
DQG� DW� WKH� SULYDWH� WHUPLQDOV� LQFOXGLQJ� 6RXWKHUQ� %XON� ,QGXVWULHV� �&RQEXON�� DQG
&RORQLDO�7HUPLQDOV���7RWDO�WRQQDJH�LQ�6DYDQQDK�LQ������ZDV�����������WRQV�����SHUFHQW
RI�ZKLFK�ZDV�H[SRUWHG�RYHUVHDV���.DROLQ�UHSUHVHQWV����SHUFHQW�RI�WRWDO�FDUJR�WRQQDJH
WKURXJK�6DYDQQDK�+DUERU���.DROLQ�WRQQDJH�GHPDQG�LV�H[SHFWHG�WR�JURZ�DW�DQ�DYHUDJH
DQQXDO�UDWH�RI� ILYH�SHUFHQW�RYHU� WKH�VWXG\�SHULRG�� � ,W�VKRXOG�EH�QRWHG� WKDW�.DROLQ� LV
DOVR�VKLSSHG� LQ�FRQWDLQHUV�DQG� WKHUHIRUH�� WKH�H[SRUW� FRQWDLQHU� IRUHFDVWV�DOVR� LQFOXGH
VRPH�.DROLQ�WUDGH�

3XOS� DQG� SDSHU� SURGXFWV� DUH� KDQGOHG� DW� *3$·V� *DUGHQ� &LW\� DQG� 2FHDQ� 7HUPLQDO
IDFLOLWLHV���:RRG�SXOS�DQG�OLQHU�ERDUG�DUH�DOVR�KDQGOHG�LQ�6DYDQQDK�+DUERU�DW�SULYDWH
WHUPLQDOV� RZQHG� E\� 6WRQH� 6DYDQQDK� 5LYHU� 3XOS� DQG� 3DSHU� &RUS��� *HRUJLD� 3DFLILF�
8QLRQ�&DPS�� DQG�(DVW�&RDVW� 7HUPLQDO� �&RQEXON��� �0RVW� RI� WKLV� WRQQDJH� ����������
VKRUW� WRQV� LQ� ������ LV� H[SRUWHG�� DFFRXQWLQJ� IRU� DOPRVW� ��� SHUFHQW� RI� WRWDO� WRQQDJH
PRYHG�WKURXJK�6DYDQQDK�+DUERU�� �)RU�DOO�SXOS�DQG�SDSHU�SURGXFWV�����SHUFHQW�ZDV
FDWHJRUL]HG�DV�SXOS�DQG�ZDVWH�SDSHU��DOO�RI�ZKLFK�ZDV�H[SRUWHG�DEURDG���$GGLWLRQDOO\�
SDSHU�DQG�SDSHUERDUG�DFFRXQWHG�IRU����SHUFHQW�RI�WKH�FDWHJRU\�����SHUFHQW�ZKLFK�ZDV
H[SRUWHG�RYHUVHDV���&RQWDLQHUV�FDUU\�VRPH�RI�WKLV�FRPPRGLW\�JURXS�DV�ZHOO��ZLWK�QRQ�
FRQWDLQHUL]HG� SDSHU� DQG� SDSHUERDUG� WRQQDJH� HVWLPDWHG� WR� LQFUHDVH� DW� DQ� DYHUDJH
DQQXDO�UDWH�RI�����SHUFHQW�RYHU�WKH�VWXG\�SHULRG�

,Q�6DYDQQDK��OXPEHU�DQG�SULPDU\�ZRRG�LV�KDQGOHG�DW�*3$·V�*DUGHQ�&LW\�DQG�2FHDQ
7HUPLQDOV�LQ�DGGLWLRQ�WR�YDULRXV�SULYDWH�WHUPLQDOV���3ULYDWH�WHUPLQDOV�LQFOXGH�WKRVH�RI
*HRUJLD�3DFLILF��$WODQWLF�:RRG�� DQG�(DVW�&RDVW�7HUPLQDO��ZKLFK� LV� SDUW� RI�&RQEXON
0DULQH�7HUPLQDOV�*URXS�,QF���3O\ZRRG�ZDV�RQH�RI�*3$·V�OHDGLQJ�QRQ�FRQWDLQHUL]HG
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� +LVWRULFDO�$QG�3URMHFWHG�&RPPRGLW\�9ROXPHV

FDUJRHV� LQ�6DYDQQDK� LQ� ILVFDO�\HDU������� �6RIWZRRG� OXPEHU�SURGXFWLRQ� LV� IRUHFDVW� WR
JURZ�DW�DQ�DYHUDJH�DQQXDO�UDWH�RI������SHUFHQW��DQG�KDUGZRRG�OXPEHU�SURGXFWLRQ�LV
IRUHFDVW� WR� JURZ� DW� D� UDWH� RI� ����� SHUFHQW� SHU� DQQXP�� � 6RIWZRRG� SURGXFWLRQ
RXWQXPEHUV� WKDW� RI� KDUGZRRG� E\� DQ� DYHUDJH� IDFWRU� RI� ���� RYHU� WKH� SHULRG�� � 7KLV
FDWHJRU\�LQFOXGHV�UDZ�OXPEHU�DQG�ZRRG�SURGXFWV�VXFK�DV�SO\ZRRG��YHQHHU��DQG�RWKHU
ZRUNHG� ZRRG�� � 7RQQDJH� IRU� OXPEHU� DQG� ZRRG� SURGXFWV� ZDV� �������� LQ� �����
FRQVLVWLQJ�RI���������WRQV�RI�OXPEHU�����SHUFHQW��DQG�IRUHLJQ�LPSRUWV�DFFRXQWLQJ�IRU
��� SHUFHQW� RI� OXPEHU� WRQQDJH�� � 7KH� UHPDLQLQJ� �������� WRQV� ���� SHUFHQW�� ZDV
FDWHJRUL]HG�DV�SULPDU\�ZRRG�SURGXFWV��ZLWK����SHUFHQW�RI�WKLV�DPRXQW�LPSRUWHG�IURP
DEURDG�DQG����SHUFHQW�VKLSSHG�RXW�LQWHUQDOO\�

7H[WLOH�SURGXFWV�LQFOXGH�EDVLF�WH[WLOHV��DSSDUHO��V\QWKHWLF�ILEHUV��RU�WH[WLOH�ZDVWH�� �$OO
FRPPRGLWLHV� LQ� WKLV� FDWHJRU\� DUH�SURFHVVHG�JRRGV�� HLWKHU� IRU� HQG�XVH�� IRU�XVH� DV� DQ
LQSXW� LQ� IXUWKHU� SURFHVVLQJ�� RU� DV� D� E\�SURGXFW�� � $V� ILQLVKHG� JRRGV�� PRVW� WH[WLOH
SURGXFWV�PRYLQJ�WKURXJK�6DYDQQDK�+DUERU�DUH�KDQGOHG�DW�WKH�*DUGHQ�&LW\�IDFLOLW\��
,Q�������6DYDQQDK�KDQGHG�DSSUR[LPDWHO\���������WRQV�RI�WH[WLOH�SURGXFWV���$OO�RI�WKLV
WUDGH� ZDV� IRUHLJQ�� VSOLW� ��� SHUFHQW� DQG� ��� SHUFHQW� IRU� H[SRUWV� DQG� LPSRUWV�
UHVSHFWLYHO\�� 7KRXJK� 6DYDQQDK� +DUERU� WH[WLOH� SURGXFW� YROXPHV� KDYH� YDULHG
FRQVLGHUDEO\�IURP�\HDU� WR�\HDU�� WKH� ORQJ�WHUP�WUHQG� LV� IRU�YHU\�PRGHVW�JURZWK�RYHU
KLVWRULFDO�DYHUDJHV��WUDGLQJ��������PHWULF�WRQV�E\�WKH�HQG�RI�WKH�VWXG\�SHULRG�

����� 'U\�%XON�&RPPRGLWLHV

&RPPRGLW\� FDWHJRULHV� WKDW� SULPDULO\� PRYH� DV� GU\� EXON� FDUJR� WKURXJK� 6DYDQQDK
+DUERU�LQFOXGH�ZRRG�FKLSV��SXOS��JUDLQV�DQG�RLOVHHGV��VXJDU��PHWDOOLF�RUHV�DQG�VFUDS�
J\SVXP��FHPHQW��QRQ�PHWDOOLF�PLQHUDOV�DQG�SURGXFWV��DQG�VRPH�NDROLQ�FOD\�

:RRG�FKLSV�DUH�KDQGOHG� LQ�6DYDQQDK�+DUERU�DW� WKH�*3$·V� IDFLOLWLHV�DQG�DOVR�DW� WKH
SULYDWH� WHUPLQDO� RI� 6DYDQQDK� 5LYHU�:KDUI� &R��� SDUW� RI� &RQEXON�0DULQH� 7HUPLQDOV
*URXS�� � $OPRVW� DOO� ���� SHUFHQW�� ZRRG� FKLSV� KDQGOHG� YLD� 6DYDQQDK� +DUERU� DUH
H[SRUWHG�DEURDG���:RRG�FKLS�WRQQDJH�WKURXJK�6DYDQQDK��ZKLFK�LV�SDUWO\�FRUUHODWHG�WR
OXPEHU�SURGXFWLRQ��LV�IRUHFDVW�WR�JURZ�DW�DQ�DYHUDJH�DQQXDO�UDWH�RI�RQH�SHUFHQW�RYHU
WKH�VWXG\�SHULRG�

7KH�PHWDOOLF� RUHV� DQG� VFUDS� FDWHJRU\� LQFOXGHV� LURQ�� PDQJDQHVH�� FRSSHU�� DOXPLQXP
RUHV�� LURQ�DQG�VWHHO�VFUDS��DQG�VODJ�� �7KHVH�SURGXFWV�DUH�KDQGOHG� WKURXJK�6DYDQQDK
+DUERU� DW� YDULRXV� WHUPLQDOV�� � )RU� SHUVSHFWLYH� RQ� WKLV� FDWHJRU\�� DV� KDQGOHG� WKURXJK
6DYDQQDK� +DUERU�� UHFHQW� WRQQDJH� ZDV� FRPSRVHG� RI� ��� SHUFHQW� DOXPLQXP� RUH
�LPSRUWHG�IURP�DEURDG������SHUFHQW�YDULRXV�QRQ�IHUURXV�VFUDS��PRVWO\�LPSRUWHG���DQG
���SHUFHQW�VODJ��LPSRUWHG�IURP�DEURDG�DQG�IURP�&DQDGD����7KH�UHPDLQLQJ����SHUFHQW
LQFOXGHV�YDULRXV�QRQ�IHUURXV�RUHV��DQG�LURQ�DQG�VWHHO�VFUDS���&RQVLVWHQW�ZLWK�WKH�8�6�
'HSDUWPHQW�RI�WKH�,QWHULRU�DQG�,,6,��,QWHUQDWLRQDO�,QVWLWXWH�RI�,URQ�DQG�6WHHO��IRUHFDVWV
IRU�WKHVH�FRPPRGLWLHV��DQQXDO�WRQQDJH�JURZWK�LV�H[SHFWHG�WR�GHFOLQH�IURP�����SHUFHQW
WR�����SHUFHQW�RYHU�WKH�VWXG\�SHULRG�
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*UDLQV�DQG�RLOVHHGV�EHFDPH�D�OHVV�VLJQLILFDQW�FRPPRGLW\�WR�6DYDQQDK�+DUERU�LQ������
LQ�FRPSDULVRQ�WR�HDUOLHU�\HDUV��GXH�WR� WKH�PRYLQJ�RI�*3$·V�SULPDU\�JUDLQ�KDQGOLQJ
IDFLOLWLHV� WR� WKH� 3RUW� RI� %UXQVZLFN�� � ,Q� ������ WKHUH�ZHUH� �������� VKRUW� WRQV� VKLSSHG
IURP� 6DYDQQDK�� FRPSRVHG� PDLQO\� RI� SHDQXW�� VR\EHDQ�� DQG� ZKHDW� H[SRUWV�� � 7KLV
VKLIWLQJ�RI�*3$·V�JUDLQ�FDUJR�IDFLOLWLHV�WR�%UXQVZLFN�ZDV�PDGH�LQ�RUGHU�WR�PDNH�URRP
IRU�WKH�FRQVWUXFWLRQ�RI�FRQWDLQHU�EHUWK����DW�*3$·V�*DUGHQ�&LW\�7HUPLQDO��7KH�JUDLQ
DQG�RLOVHHG�WUDGH�VKLIWLQJ�WR�%UXQVZLFN�LV�QRW�H[SHFWHG�WR�UHWXUQ�WR�6DYDQQDK���7KXV�
FXUUHQW� DQG� IXWXUH� YROXPHV� RI� JUDLQV� DQG� RLOVHHGV� PRYHPHQWV� WKURXJK� 6DYDQQDK
+DUERU�DUH�H[SHFWHG�WR�EH�QHJOLJLEOH�

*\SVXP� WRQQDJH� LV� SULPDULO\� DQ� LPSRUW� FRPPRGLW\�� � &DQDGD� LV� WKH� VRXUFH� RI� ��
SHUFHQW� RI� LPSRUWHG� J\SVXP� DQG� WKH� UHPDLQLQJ� ��� SHUFHQW� RI� J\SVXP� WRQQDJH� LV
LPSRUWHG�IURP�RYHUVHDV���&RQVWUXFWLRQ�LQGXVWU\�GHPDQG�IRU�J\SVXP�KDV�EHHQ�KHDOWK\
IRU�WKH�ODVW�VHYHUDO�\HDUV�²�ZLWK�WKH�6RXWK�$WODQWLF�EHLQJ�WKH�OHDGLQJ�UHJLRQ�QDWLRQDOO\
IRU� VDOHV� RI� J\SVXP�UHODWHG� SURGXFWV�� � $GGLWLRQDOO\�� &DQDGD� DQG� 0H[LFR� DUH� WKH
OHDGLQJ� H[SRUWHUV� RI� J\SVXP� WR� WKH� 8QLWHG� 6WDWHV�� � 7KH� 8�6�� 'HSDUWPHQW� RI� WKH
,QWHULRU��8�6��*HRORJLFDO�6XUYH\��IRUHFDVWV�QDWLRQDO�J\SVXP�GHPDQG�WR�LQFUHDVH�E\����
SHUFHQW� DQQXDOO\� WKURXJK� WKH� \HDU� ������ GULYHQ� SULPDULO\� E\� WKH� FRQVWUXFWLRQ
LQGXVWU\�� �2YHU� WKH� VWXG\�SHULRG�� WKH� DQQXDO� JURZWK� UDWH� IRU� J\SVXP� LV� IRUHFDVW� WR
DYHUDJH���SHUFHQW�

����� /LTXLG�%XON�&RPPRGLWLHV

&RPPRGLW\�FDWHJRULHV� WKDW�SULPDULO\�PRYH�DV� OLTXLG�EXON� LQFOXGH� FUXGH�SHWUROHXP�
PRWRU� JDVROLQH�� IXHO� RLO�� RWKHU� SHWUROHXP� SURGXFWV�� DVSKDOW�� WDU�� DQG� SLWFK� DQG
FKHPLFDOV���)HUWLOL]HUV��FKHPLFDOV��DQG�UHODWHG�SURGXFWV�ZHUH�DJJUHJDWHG�LQWR�RQH�ODUJH
FDWHJRU\�WR�PDLQWDLQ�FRQVLVWHQW�JURXSLQJV�

&UXGH�SHWUROHXP�LV�LPSRUWHG�LQWR�6DYDQQDK�IRU�UHILQLQJ�LQWR�JDV��RLO��QDSKWKD��DVSKDOW
DQG�RWKHU�SHWUROHXP�SURGXFWV�� �&UXGH�SHWUROHXP�LQ�6DYDQQDK�+DUERU� LV�KDQGOHG�DW
WKH�SULYDWH�WHUPLQDOV�RI�6WHZDUW�3HWUROHXP�DQG�&LWJR�� �&LWJR�LPSRUWV�FUXGH�RLO�IURP
9HQH]XHOD�IRU�UHILQLQJ�DW�LWV�6DYDQQDK�IDFLOLW\��FRUUHVSRQGLQJO\��WKHUH�LV�QR�H[SRUWHG
FUXGH�RLO���&UXGH�RLO�LPSRUWV�ZHUH���������VKRUW�WRQV�LQ��������7KH�ORQJ�WHUP�IRUHFDVW
LV�IRU�FUXGH�LPSRUW�WRQQDJH�WR�LQFUHDVH�DW�DQ�DYHUDJH�DQQXDO�JURZWK�UDWH�RI�����SHUFHQW
IRU� WKH� VWXG\� SHULRG�� � 7KLV� LV� FRQVLVWHQW� ZLWK� WKH� ����� 'HSDUWPHQW� RI� (QHUJ\
,QIRUPDWLRQ�$GPLQLVWUDWLRQ� ORQJ�WHUP�IRUHFDVW�DYHUDJH�DQQXDO�JURZWK� LQ�SHWUROHXP
FRQVXPSWLRQ�IRU�WKH�86�

7KH�JDVROLQH�FDWHJRU\�FRQVLVWV�RI�ERWK�JDVROLQH�IRU�JHQHUDO�FRQVXPSWLRQ�DQG�MHW�IXHO�
ERWK� RI�ZKLFK� DUH� UHILQHG� SURGXFWV� RI� FUXGH� SHWUROHXP� DQG� DUH� SULPDULO\� XVHG� IRU
WUDQVSRUWDWLRQ�UHODWHG�SXUSRVHV���0RVW�JDVROLQH�FDUJRHV�DUH�PRWRU�JDVROLQH�IRU�JHQHUDO
FRQVXPSWLRQ���,Q�6DYDQQDK�+DUERU��JDVROLQH�LV�KDQGOHG�DW�&LWJR·V�$VSKDOW�5HILQLQJ�	
*DVROLQH� 7HUPLQDO� DQG� DW� &RORQLDO� 2LO·V� WHUPLQDO�� � $OPRVW� DOO� JDVROLQH� WRQQDJH
WKURXJK� 6DYDQQDK� +DUERU� LV� GRPHVWLF� UHFHLSWV�� � ,Q� ������ JDVROLQH� VKLSPHQWV� ZHUH
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6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� +LVWRULFDO�$QG�3URMHFWHG�&RPPRGLW\�9ROXPHV

�������� WRQV�� � 2I� WKLV� WRWDO�� WKH� EXON� RI� WKH� DPRXQW�� ��� SHUFHQW�� ZDV� UHFHLYHG
GRPHVWLFDOO\��VHYHQ�SHUFHQW�ZDV�LPSRUWHG�IURP�DEURDG�DQG�RQH�SHUFHQW�ZDV�VKLSSHG
RXW�WR�D�GRPHVWLF�GHVWLQDWLRQ���7KH�IRUHFDVW�LQ�JDVROLQH�WRQQDJH�LV�����SHUFHQW�RYHU�WKH
VWXG\�SHULRG��FRQVLVWHQW�ZLWK�WKH�8�6��'HSDUWPHQW�RI�(QHUJ\·V�IRUHFDVW�JURZWK�UDWH�RI
����SHUFHQW�IRU�8�6��PRWRU�JDVROLQH�FRQVXPSWLRQ�

)XHO� RLO�PRYLQJ� WKURXJK� 6DYDQQDK� LQFOXGHV� GLVWLOODWH� DQG� UHVLGXDO� IXHO� RLOV�� � 7KHVH
SURGXFWV� DUH� XVHG� SULPDULO\� E\� PDQXIDFWXULQJ� ILUPV�� WKH� WUXFNLQJ� LQGXVWU\�� DQG
RFHDQJRLQJ�VKLSV�� �)XHO�RLO� LV�KDQGOHG� LQ�6DYDQQDK�+DUERU�DW�3DNWDQN�&RUS���8QLRQ
2LO�&R���DQG�6WHZDUW�3HWUROHXP�SULYDWH�WHUPLQDOV���2I�WKH�����������WRQV�RI�IXHO�RLO�LQ
���������SHUFHQW�ZDV�GLVWLOODWH�IXHO�RLO�DQG����SHUFHQW�ZDV�UHVLGXDO���7KH�DJJUHJDWH�IXHO
RLO� FDWHJRU\� WRQQDJH� PDNHV� XS� �� SHUFHQW� RI� DOO� FRPPRGLW\� WRQQDJH� WUDGHG� LQ
6DYDQQDK�� � 2QO\� ��� SHUFHQW� RI� WRWDO� IXHO� RLO� WRQQDJH� LQ� ������ ODUJHO\� UHVLGXDO�� ZDV
LPSRUWHG� IURP�DEURDG�� �2I� WRWDO� IXHO� RLO� WRQQDJH�� ���SHUFHQW�� LV� LQERXQG� VKLSPHQWV
IURP�HOVHZKHUH� LQ� WKH� FRXQWU\�� DQG�PRVW�RI� WKLV� LV�GLVWLOODWH�� �$QRWKHU����SHUFHQW� LV
VKLSSHG�WR�GRPHVWLF�GHVWLQDWLRQV���$V�IXHO�RLO�WRQQDJH�WKURXJK�6DYDQQDK�+DUERU�KDV
VKRZQ�UHODWLYH�VWDELOLW\�RYHU�WKH�SDVW����\HDUV��WKH�IRUHFDVW�LV�IRU�����SHUFHQW�DYHUDJH
DQQXDO�JURZWK�IURP������WR������

)HUWLOL]HUV��FKHPLFDOV��DQG�SODVWLFV�FODVVLILHG�LQ�WKLV�JURXS�PDNH�XS�RYHU����SHUFHQW�RI
WRWDO� FDUJR� WRQQDJH� WKURXJK�6DYDQQDK�+DUERU�� �'HPDQG� IRU�PDQ\�RI� WKH� FKHPLFDOV
DQG� FKHPLFDO� SURGXFWV� LQ� WKLV� FDWHJRU\� KDYH� DJULFXOWXUDO� DSSOLFDWLRQV�� VXFK� DV
DPPRQLD�� VXOIXULF� DFLG�� DQG� OLTXLG� VXOIXU�� � ,Q� WKH� SDVW�� DPPRQLD�ZDV� KDQGOHG� DW� D
GHGLFDWHG�WHUPLQDO�LQ�WKH�*DUGHQ�&LW\�IDFLOLW\��WKLV�WHUPLQDO·V�XVH�ZDV�GLVFRQWLQXHG�LQ
RUGHU� WR�DOORZ�FRQVWUXFWLRQ�RI�&RQWDLQHU�%HUWK����� �$PPRQLD�� DOO� LPSRUWHG�� LV� QRZ
KDQGOHG� DW� *3$·V� 2FHDQ� 7HUPLQDO�� � ,Q� ������ �������� WRQV� ZHUH� KDQGOHG� WKURXJK
6DYDQQDK�� � )HUWLOL]HUV� DQG� UHODWHG� FKHPLFDOV� DUH� KDQGOHG� DW� WKH� IDFLOLWLHV� RI� 67
6HUYLFHV�� IRUPHUO\� 3RZHOO� 'XIIU\Q�� � 8QLRQ� &DPS� KDQGOHV� FKHPLFDOV� DW� LWV� IDFLOLW\�
ZKLFK� DUH�XVHG� LQ� FRQQHFWLRQ�ZLWK� WKH�PDQXIDFWXUH� RI� SDSHU� SURGXFWV�� �$OPRVW� DOO
VRGLXP� K\GUR[LGH� KDQGOHG� WKURXJK� 6DYDQQDK� +DUERU� LV� UHFHLYHG� GRPHVWLFDOO\��
3ODVWLFV� WHQG� WR� EH� DQ� H[SRUW� IRU� 6DYDQQDK��ZLWK� RYHU� ���SHUFHQW� RI� SODVWLF� WRQQDJH
H[SRUWHG�

����� 2WKHU�&RPPRGLWLHV

&RPPRGLWLHV� FODVVLILHG� DV� ´2WKHUµ� DUH� QRW� FODVVLILHG� HOVHZKHUH� DQG� WHQG� WR� EH
VSHFLDOL]HG�� �2QH�H[DPSOH�RI� DQ�RWKHU� FRPPRGLW\� LV� OLTXHILHG�JDVHV�� � )RU�6DYDQQDK
+DUERU�� WKH� VL]H� DQG� LPSDFW� RI� WKLV� FDWHJRU\� KLVWRULFDOO\� KDV� IOXFWXDWHG� EHWZHHQ� �
SHUFHQW�DQG����SHUFHQW�RI�WRWDO�6DYDQQDK�+DUERU�WRQQDJH���7KLV�SURSRUWLRQ�UHDFKHG���
SHUFHQW� RQO\� LQ� ����� GXH� WR� D� ODUJH� VKLSPHQW� RI� OLTXHILHG� JDVHV�� � 2YHU� WKH� SDVW� ��
\HDUV��RWKHU�FRPPRGLWLHV�KDYH�DFFRXQWHG�IRU��RQ�DYHUDJH����SHUFHQW�RI�WRWDO�6DYDQQDK
+DUERU� FDUJR� WRQV�� � ,Q� FRPSDULVRQ�� EHWZHHQ� ����� DQG� ������ RWKHU� FRPPRGLWLHV
DFFRXQWHG�IRU�RQO\�DQ�DYHUDJH�RI���SHUFHQW�RI�WRWDO�FDUJR�WRQV���7KH�QRQ�FRQWDLQHUL]HG
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IRUHFDVW�IRU�RWKHU�FRPPRGLWLHV�DVVXPHV�WKDW�PDLQWDLQV�D�FRQVWDQW�SHUFHQWDJH�RI�WRWDO
6DYDQQDK�FDUJR�WRQQDJH�RI���SHUFHQW�RYHU�WKH�VWXG\�SHULRG�

��� 6XPPDU\�DQG�&RQFOXVLRQV

7KH�7(8�YROXPH�DQG�WRQQDJH�RI�6DYDQQDK�+DUERU�FRQWDLQHUL]HG�FDUJR�ZLOO�FRQWLQXH
WR�JURZ�DW�UDWHV�KLJKHU�WKDQ�WKDW�RI�QRQ�FRPPRGLWLHV�XQGHU�ZLWK�DQG�ZLWKRXW�SURMHFW
FRQGLWLRQV���7KH�UDWH�RI�JURZWK�IRU�6DYDQQDK�FRQWDLQHUL]HG�FDUJR�LV�KLJKHU�WKDQ�WKDW
RI�WKH�FRXQWU\�DV�D�ZKROH�GXH�WR�WKH�IDFW�WKDW�6DYDQQDK�LV�IRUHFDVW�WR�KDYH�D�JUHDWHU
VKDUH�RI�WUDGH�ZLWK�GHYHORSLQJ�UHJLRQV�RI�WKH�ZRUOG�WKDQ�RWKHU�SRUWV���&RQWDLQHUL]HG
6DYDQQDK�FRPPRGLW\� WUDGH�� OLNH� FRQWDLQHU� WUDGH� WKURXJKRXW� WKH�6RXWK�$WODQWLF� DQG
8�6��DV�D�ZKROH��ZLOO�EH�GULYHQ�E\�VWURQJ�JURZWK�LQ�H[SRUWV�RYHU�WKH�ILIW\�\HDU�VWXG\
SHULRG�� �*HQHUDO�FDUJR�DQG�EXON�FRPPRGLW\�WRQQDJH�WKURXJK�6DYDQQDK�+DUERU�ZLOO
JURZ� DW� ORZHU� UDWHV� WKDW� PRUH� FORVHO\� WUDFN� 8�6�� GRPHVWLF�� 6RXWKHDVWHUQ� 8�6�� DQG
UHJLRQDO�HFRQRPLF�JURZWK��

)RU� FDOFXODWLRQ� RI� HFRQRPLF� EHQHILWV� DFFUXHG� WR� DOWHUQDWLYH� GHHSHQLQJ� VWXGLHV� ERWK
FRQWDLQHUL]HG�DQG�QRQ�FRQWDLQHUL]HG�FDUJR�WUDQVSRUWDWLRQ�FRVWV�ZHUH�GHWHUPLQHG���)RU
WKLV�VWXG\�RQO\�FRQWDLQHUL]HG�FDUJRHV�DUH�LQFOXGHG�LQ�WKH�EHQHILW�FDOFXODWLRQV�IRU�WKH
FKDQQHO� VLQFH� QRQ�FRQWDLQHUL]HG� EHUWK� GUHGJLQJ� FRVWV� KDYH� QRW� EHHQ� HVWLPDWHG� DQG
ZHUH�QRW�LQFOXGHG�LQ�WKH�DOWHUQDWLYH�SURMHFW�FRVW�HVWLPDWHV�
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�� )/((7�$1'�9(66(/�23(5$7,216�)25(&$67

��� ,QWURGXFWLRQ

7KLV�FKDSWHU�SUHVHQWV�WKH�PHWKRGRORJ\�DQG�UHVXOWLQJ�IRUHFDVWV�RI�H[SHFWHG�YHVVHO�FDOOV
WR� WKH� 3RUW� RI� 6DYDQQDK� RYHU� WKH� VWXG\� SHULRG�� � 7KHVH� IOHHW� IRUHFDVWV� DUH� XVHG� LQ
FRQMXQFWLRQ� ZLWK� WKH� WUDGH� IRUHFDVW� SUHVHQWHG� LQ� &KDSWHU� �� WR� GHWHUPLQH
WUDQVSRUWDWLRQ�FRVW�EHQHILWV��ZKLFK�DUH�FRYHUHG� LQ�&KDSWHU���RI� WKLV�$SSHQGL[�� �7KH
LQLWLDO� IRFXV� RI� HFRQRPLF� VWXG\� ZDV� RQ� GHWHUPLQDWLRQ� RI� IXWXUH� FRQWDLQHUVKLS
DFWLYLWLHV�� WKLV� ZDV� VXEVHTXHQWO\� FKDQJHG� WR� LQFOXGH� OLTXLG� DQG� GU\� EXON� YHVVHOV��
5HYLHZ�RI� WKH�PDWHULDO�GHWHUPLQHG� WKDW� DQ\�EHQHILWV� DFFUXHG� IURP�EXON�YHVVHOV� DQG
VKRXOG�QRW�EH�FRXQWHG�LQ�WKH�EHQHILW�FRVW�DQDO\VLV��GXH�WR�WKH�ODFN�RI�ZDWHU�GHSWK�DW
EXON�FDUJR�ORDGLQJ�IDFLOLWLHV� LQ�6DYDQQDK�+DUERU�� �)RU�FRPSOHWHQHVV�� WKH�EXON�YHVVHO
IRUHFDVW�LV�SURYLGHG�

����� 2YHUYLHZ

7KH�3RUW�RI�6DYDQQDK�LV�D�PDMRU�SRUW�RQ�WKH�(DVW�&RDVW�RI�WKH�8QLWHG�6WDWHV��VHUYLQJ
WKUHH�PDLQ� WUDGH� ODQHV� EHWZHHQ� WKH�8�6�� DQG� LWV� IRUHLJQ� WUDGH� SDUWQHUV�� � +LVWRULFDO
YHVVHO�FDOO�VWDWLVWLFV�SODFH�6DYDQQDK�LQ�WKH�WRS�WLHU�RI�8�6��SRUWV�VHUYLQJ�IRUHLJQ�WUDGH��
$FFRUGLQJ� WR� WKH� *HRUJLD� 3RUWV� $XWKRULW\� �*3$�� DQG� 6DYDQQDK� 3LORW� $VVRFLDWLRQ
GDWD�� RYHU� ������ YHVVHOV� ²� LQFOXGLQJ� DOPRVW� ���� FRQWDLQHUVKLSV� ²� FDOOHG� WKH� 3RUW� LQ
������([KLELW�����SUHVHQWV�E\�W\SH��WKH�QXPEHU�RI�FDUJR�YHVVHOV�WKDW�HQWHUHG�6DYDQQDK
LQ������

([KLELW����
9HVVHO�&DOOV��E\�7\SH�DQG�'UDIW��3RUW�RI�6DYDQQDK������

Design
Draft Container

General
Cargo*

Roll-on /
Roll-off Tanker Bulker Barge** Total

��� ��� ��� ��� ��� ��� ��� �����
�� �� �� � �� �� � ���
�� �� �� �� � �� � ���
�� ��� �� � �� � � ���
�� � � � �� � �� ��
�� �� � � � � � ���
�� �� � � � � � ��
�� � � � � � � �
�� � � � � � � �
!�� � � � � � � �
7RWDO ��� ��� ��� ��� ��� ��� �����

6RXUFH� 6DYDQQDK�3LORWV�$VVRFLDWLRQ�/RJV��*HRUJLD�3RUWV�$XWKRULW\
1RWH�
�� ,QFOXGHV�VHPL�FRQWDLQHUVKLSV�DQG�FRPELQDWLRQ�JHQHUDO�FDUJR�VHPL�FRQWDLQHUVKLSV�
1RWH�

�� ,QFOXGHV�LQWHJUDWHG�WXJ�EDUJHV�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

2YHU����SHUFHQW�RI� WKHVH�YHVVHOV�ZHUH� HLWKHU� FRQWDLQHUVKLSV�RU�JHQHUDO� FDUJR� VKLSV��
3RUW� FDOOV� E\� RWKHU� YHVVHO� W\SHV� DFFRXQW� IRU� WKH� UHPDLQLQJ� ��� SHUFHQW�� � 'XH� WR� WKH
UHORFDWLRQ�RI�*3$·V�JUDLQ�KDQGOLQJ�FDSDELOLW\� WR� WKH�3RUW�RI�%UXQVZLFN� LQ������� LW� LV
H[SHFWHG� WKDW� WKH� QXPEHU� RI� GU\� DQG� OLTXLG� EXON� YHVVHO� FDOOV�ZLOO� GHFOLQH�� DQG� WKH
VKDUH�RI�YHVVHOV�WKDW�DUH�FRQWDLQHUVKLSV�ZLOO�LQFUHDVH���,Q�DGGLWLRQ��*3$�KDV�LPSURYHG
WKH�DXWRPRELOH�LPSRUW�H[SRUW�IDFLOLWLHV�LQ�%UXQVZLFN���7KLV�ZLOO�LPSDFW�WKH�QXPEHU�RI
5R�5R�YHVVHOV�FDOOLQJ�WKH�3RUW���$FFRUGLQJ�WR�*3$�GDWD��(XURSH��WKH�)DU�(DVW��YLD�WKH
6XH]� &DQDO� RU� 3DQDPD� &DQDO��� DQG� 6RXWK� $PHULFD� DUH� WKH� SULPDU\� RYHUVHDV� WUDGH
SDUWQHU� RULJLQV�GHVWLQDWLRQV�� DFFRXQWLQJ� IRU� RYHU� ��� SHUFHQW� RI� WKH� QHDUO\� ���
FRQWDLQHUVKLSV�FDOOLQJ�6DYDQQDK�LQ��������7KH�ZDWHU�GHSWK�DW�VHYHUDO�SDUWQHU�SRUWV�LV
LOOXVWUDWHG�LQ�([KLELW�����

([KLELW����
&KDQQHO�DQG�%HUWK�'HSWKV�RI�6HOHFWHG�)RUHLJQ�3RUWV������

�)HHW�DW�0HDQ�/RZ�:DWHU�

Foreign Port Country
Channel Depth*

(Feet)
Berth Depth

(Feet)
)DU�(DVW�
����+RQJ�.RQJ &KLQD ���� �������
����6LQJDSRUH 6LQJDSRUH ���� ����
����.DRVKLXQJ 7DLZDQ ���� �����
����%XVDQ��3XVDQ� 6RXWK�.RUHD ���� �������
����<RNRKDPD -DSDQ ���� �������
����.HHOXQJ 7DLZDQ ���� �����
(XURSH�0LGHDVW�
����5RWWHUGDP 1HWKHUODQGV ���� �����
����+DPEXUJ *HUPDQ\ ���� �������
����$QWZHUS %HOJLXP ���� �����
����'XEDL 8�$�(� ���� ����
����)HOL[VWRZH 8�.� ���� �����
����$OJHFLUDV 6SDLQ ���� ���������
����0LQD�5D\VXW 2PDQ ���� ����
6RXWK�$PHULFD�
����6DQWRV %UD]LO !���� ����
����9DOSDUDLVR &KLOH !���� ����
����&DUWDJHQD &RORPELD ���� ����

6RXUFH� 86�$UP\�&RUSV�RI�(QJLQHHUV��:DWHUERUQH�&RPPHUFH�6WDWLVWLFV�&HQWHU��1DYLJDWLRQ�$QDO\VLV�1HZV��9RO����
1R����������������/OR\GªV�3RUWV�RI�7KH�:RUOG�

1RWH��
�� 0D[LPXP�FKDQQHO�GHSWK�WR�FRQWDLQHU�WHUPLQDO�IDFLOLWLHV���3RUW�HQWUDQFH�FKDQQHO�DQG�EHUWKLQJ�GHSWKV�PD\�QRW
EH�WKH�VDPH�

,Q� WKH� IOHHW� IRUHFDVWV�� QR� UHVWULFWLRQV�ZHUH� SODFHG� RQ� VDLOLQJ� GUDIWV� RI� WKH� 6DYDQQDK
IOHHW�� � 0DMRU� IRUHLJQ� SRUWV� VXSSRUWLQJ� GHHS� GUDIW� YHVVHO� RSHUDWLRQV� FXUUHQWO\� KDYH



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

GHHSHU�ZDWHU�WKDQ�PRVW�8�6��SRUWV���&RUUHVSRQGLQJO\��LW�LV�DVVXPHG�WKDW�IRUHLJQ�SRUWV
ZLOO�FRQWLQXH�WR�LQYHVW�LQ�DQG�H[SDQG�LQIUDVWUXFWXUH�DV�UHTXLUHG�RYHU�WKH�VWXG\�SHULRG�
LQFOXGLQJ�GUHGJLQJ�RI�VKLSSLQJ�FKDQQHOV�DQG�YHVVHO�EHUWKV�

)RU� FRPSDULVRQ�� WKH� FKDQQHO� GLPHQVLRQV� RI� VHYHUDO� 1RUWK� $PHULFDQ� SRUWV� DUH
SURYLGHG�LQ�([KLELW�������6RPH�RI�WKHVH�SRUWV�VHUYH�WKH�VDPH�PDUNHWV�DV�6DYDQQDK�DQG
DV�VXFK�DUH�FRPSHWLWRUV�� �9HVVHO�URWDWLRQV�QRUPDOO\�LQFOXGH�FDOOV�DW�PXOWLSOH�$WODQWLF
FRDVW�SRUWV��XVXDOO\�RQHV�OLVWHG�KHUH���&RQVHTXHQWO\��VKLS�PDQDJHUV�DUH�SUHVHQWHG�ZLWK
RSHUDWLQJ�YHVVHOV�LQ�D�YDULHW\�RI�FKDQQHO�GHSWKV�

([KLELW����
&KDQQHO�DQG�%HUWK�'HSWKV�RI�6HOHFWHG

1RUWK�$PHULFDQ�3RUWV������
�)HHW�DW�0HDQ�/RZ�:DWHU�

3RUW &KDQQHO�'HSWK %HUWK�'HSWK
(DVW�&RDVW�
��²�+DOLID[ ���� ����

��²�1HZ�<RUN

 ��������� ���������
��²�1RUIRON ���� ����
��²�&KDUOHVWRQ

 ����➙���� ����➙����
��²�6DYDQQDK

 ����➙" ����➙"
��²�-DFNVRQYLOOH ���� ����

:HVW�&RDVW�
��²�/RQJ�%HDFK ���� ����

��²�2DNODQG

 ����➙����
 ����➙����
��²�6HDWWOH ������ ����

1RWH�
�� $YDLODEOH�ZDWHU�GHSWK�LV�GHWHUPLQHG�E\�EHUWK�GHSWK���$GGLWLRQDO�FKDQQHO�GHSWK�ZLOO�SHUPLW�DGGLWLRQDO
GUHGJLQJ�DW�PLQLPDO�FRVWV�

1RWH�

�� 3RUWV�WKDW�KDYH�RU�DUH�VHHNLQJ�IHGHUDO�DSSURYDO�DQG�RU�IXQGLQJ�IRU�GHHSHQLQJ�

����� 7KH�5HODWLRQVKLS�%HWZHHQ�:RUOG�7UDGH��&RQWDLQHUVKLSV��DQG�(FRQRPLHV�2I�6FDOH

,Q�WKLV�VWXG\��HFRQRPLF�GHYHORSPHQW�EHQHILWV�DFFUXH�WR�FRQVXPHUV�DQG�SURGXFHUV�RI
JRRGV� DOLNH�� � &RPSHWLWLRQ�� WKURXJK� WKH� SULFH� PHFKDQLVP�� LV� KRZ� EHQHILWV� DUH
GLVWULEXWHG�� EXW� RULJLQDO� FRVW� VDYLQJV� FRPHV� IURP� YHVVHO� RSHUDWRUV·� DELOLW\� WR� XVH
YHVVHOV�PRUH�HIILFLHQWO\�� �(IILFLHQF\�LV� LPSURYHG�E\�VSUHDGLQJ�IL[HG�FRVWV�RYHU�ODUJHU
YROXPHV� RI� FDUJR�� WKHUHE\� ORZHULQJ� WKH� XQLW� FRVWV� RI� FDUJR� WUDQVSRUWDWLRQ�� � :LWK
LQFUHDVHV� LQ� WUDGH�� VXIILFLHQW� GHPDQG� H[LVWV� WR� ILOO� HYHQ� ODUJHU� YHVVHOV� ZKLOH
PDLQWDLQLQJ�VHUYLFH�IUHTXHQF\���9HVVHO�RSHUDWRUV�DFKLHYH�WKH�KLJKHVW�LPSDFW�RQ�FRVWV
ZKHQ�WKH\�RSHUDWH�ODUJH�YHVVHOV�RQ�KLJK�YROXPH�WUDGH�ODQHV��VXFK�DV�WKH�(XURSH�WR�)DU
(DVW�� DQG� WKH� HPHUJLQJ�PDUNHWV�EHWZHHQ�6RXWKHDVW�$VLD�DQG� WKH�8QLWHG�6WDWHV�� �$V



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

YHVVHO�FDSDFLW\�LQFUHDVHV��SK\VLFDO�GLPHQVLRQV�RI�WKH�YHVVHOV�LQFUHDVH���7KHUHIRUH�IOHHW
IRUHFDVWV� GHWDLOLQJ� YHVVHO� VL]H� DQG� IUHTXHQF\� RI� SRUW� FDOO� EHFRPHV� WKH� EDVLV� IRU
IRUHFDVWLQJ� FRVW� VDYLQJ� EHQHILWV� DQG� XOWLPDWHO\�� WKH� VHOHFWHG� 1('� SODQ� DOWHUQDWLYH
SURMHFW�GHSWK�IRU�WKH�6DYDQQDK�+DUERU�([SDQVLRQ�6WXG\�

����� )RUHFDVW�6WXG\�3HULRG

)RU� HYDOXDWLRQ� RI� WKH� EHQHILWV� IURP� WKH� SURSRVHG� LQIUDVWUXFWXUH� SURMHFW�� WKH� IOHHW
IRUHFDVW�VWXG\�SHULRG�FRLQFLGHV�ZLWK�WKH�WUDGH�IRUHFDVW�SHULRG�IURP������WR��������)RU
6DYDQQDK� +DUERU� WUDIILF�� WKH� QHHG� IRU� DGGLWLRQDO� FKDQQHO� GHSWK� GXH� WR� LQFUHDVLQJ
YHVVHO�RSHUDWLQJ�GUDIW�UHTXLUHPHQWV�LV�SULPDULO\�QHHGHG�IRU�FRQWDLQHUVKLSV���)RUHFDVWV
RI�QRQ�FRQWDLQHUL]HG�GU\�DQG�OLTXLG�EXON�VKLSV�ZLOO�EH�SUHVHQWHG��

��� :RUOG�DQG�6DYDQQDK�)OHHW�)RUHFDVW�$SSURDFK

7KLV�VHFWLRQ�VXPPDUL]HV�WKH�PHWKRGRORJ\�XVHG�WR�GHYHORS�WKH�ZRUOG�DQG�6DYDQQDK
IOHHW�IRUHFDVWV���7KH�IOHHW�IRUHFDVWV�DUH�LQ�WXUQ�XVHG�WR�GHWHUPLQH�WKH�WUDQVSRUWDWLRQ�FRVW
VDYLQJV� EHQHILWV� IRU� WKH� ZLWK� DQG� ZLWKRXW� SURMHFW� FRQGLWLRQV� RI� GHHSHQLQJ� WKH
6DYDQQDK�+DUERU�� �$GGLWLRQDO� EDFNJURXQG�GDWD� DQG�GHWDLOHG� IRUHFDVW�PHWKRGRORJ\
DUH�FRQWDLQHG�LQ�&KDSWHU����RI�WKLV�$SSHQGL[�

7KH�RXWORRN�IRU� WKH�ZRUOG�FRQWDLQHU� IOHHW� LV� LPSRUWDQW� WR� WKH�FRQWDLQHU� IOHHW� IRUHFDVW
IRU�6DYDQQDK�EHFDXVH�WKH�YHVVHOV�RSHUDWH�LQ�D�V\VWHP�RI�SRUWV�DURXQG�WKH�ZRUOG���6LQFH
FRQWDLQHU�WUDGHV�RSHUDWH�LQ�OLQHU�VHUYLFH�FDOOLQJ�PDQ\�ZRUOG�SRUWV��WUHQGV�LQ�WKH�ZRUOG
IOHHW�GLUHFWO\�DIIHFW� WKH� IOHHW�FDOOLQJ�6DYDQQDK�+DUERU�� �)RU� WKH�DQDO\VLV�RI�YHVVHOV� LQ
6DYDQQDK��WKH�IRUHFDVW�IRU�WKH�ZRUOG�IOHHW�ZDV�SUHSDUHG�ILUVW�

����� :RUOG�)OHHW�)RUHFDVW�0HWKRGRORJ\

7KH�ZRUOG�FRQWDLQHU�IOHHW�IRUHFDVW�XVHV�D�PDUNHW�HTXLOLEULXP�PHWKRGRORJ\��ZKHUH�WKH
ZRUOG� VXSSO\� RI� 7(8� WUDQVSRUWDWLRQ� FDSDFLW\� LV� VHW� HTXDO� WR� WKH�ZRUOG� GHPDQG� IRU
7(8�FRQWDLQHU�PRYHPHQWV���7KLV�PHWKRGRORJ\�LV�LPSOHPHQWHG�WKURXJK�D�%RR]Ã$OOHQ
IRUHFDVW�PRGHO�ZKLFK�LQFRUSRUDWHV�VXSSO\�WUHQGV�LQ�YHVVHO�VL]H��QXPEHU��GHSOR\PHQW
VWUDWHJ\�� FDSDFLW\�� FRQVWUXFWLRQ�VFUDSSLQJ� WUHQGV�� DQG� XWLOL]DWLRQ� WR� HVWLPDWH�ZRUOG
IOHHW� FDSDFLW\� ZKLFK� LV� WKHQ� EDODQFHG� DJDLQVW� FRPPRGLW\� WUDQVSRUWDWLRQ� GHPDQG
IRUHFDVWV��

)LUVW��WRWDO�GHPDQG�IRU�7(8�RFHDQ�WUDQVSRUWDWLRQ�FDSDFLW\�ZDV�FDOFXODWHG���8VLQJ�WKLV
GHPDQG��WKH�GLVWULEXWLRQ�RI�KRZ�ZRUOG�7(8�GHPDQG�LV�FDUULHG�E\�WKH�ZRUOG�FRQWDLQHU
IOHHW�²�VHJPHQWHG�E\�YHVVHO�GHVLJQ�GUDIW�²�ZDV�HVWLPDWHG��6XEVHTXHQWO\��7(8�GHPDQG
DQG�DYDLODEOH�YHVVHO�FDSDFLW\�VXSSO\�ZHUH�FRPSDUHG�RYHU�WKH�VWXG\�SHULRG��E\�\HDU��WR
TXDQWLI\�DGGLWLRQDO�IOHHW�FDSDFLW\�QHHGHG�WR�VXSSRUW�JURZLQJ�FRQWDLQHU�YROXPHV�DQG
UHSODFH�VFUDSSHG�YHVVHOV���7KH�PHWKRGRORJ\�IRU�GHWHUPLQLQJ�ERWK�WKH�GHPDQG�IRU�DQG
VXSSO\�RI�IOHHW�FDSDFLW\��LQ�7(8V�E\�GUDIW�FDWHJRU\��LV�GLVFXVVHG�EHORZ�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW� ���� VXPPDUL]HV� WKH� PHWKRGRORJ\� XWLOL]HG� WR� GHWHUPLQH� GHPDQG� IRU� 7(8
FDSDFLW\� LQ� WKH� IOHHW� IRUHFDVW� DQG�SUHVHQWV� D� IORZFKDUW� RI� WKH�SURFHVV� IRU� FDOFXODWLQJ
ZRUOG�GHPDQG�IRU�7(8�WUDQVSRUWDWLRQ�FDSDFLW\�

([KLELW����
&RQWDLQHUVKLS�)OHHW�'HPDQG�)RUHFDVW�3URFHVV

Historic/Forecast 
Trade Demand 

Volume

Historic/Forecast 
Percent of Trade in 

Cellular Fleet

Historic/Forecast 
Trade Demand 

on Cellular Ships

Historic/Forecast 
Vessel Utilization 
of Cellular Fleet

Cellular Vessel 
Capacity/Port Lift 

Ratio

Historic/Forecast 
Vessel Fleet 

Requirements

Historic Total 
Cellular Fleet 

Capacity

Historic Average 
Turns per TEU

Forecast 
Average 
Turns per 

TEU

Forecast World 
Cellular Capacity 
Demand per year

6RXUFH� %RR]³$OOHQ�	�+DPLOWRQ

7KH�GHPDQG�IRU�7(8�WUDQVSRUWDWLRQ�FDSDFLW\�LV�IRUHFDVW�XVLQJ�WKH�IROORZLQJ�LQSXWV�

• )RUHFDVW�RI�ZRUOG�JHQHUDO�FDUJR�WUDGH�WRQQDJH

• )RUHFDVW�RI�JHQHUDO�FDUJR�WRQQDJH�H[SHFWHG�WR�EH�PRYHG�YLD�FRQWDLQHU

• )RUHFDVW�RI�FRQWDLQHUVKLS�XWLOL]DWLRQ

• +LVWRULF�\HDUO\�ZRUOG�FRQWDLQHU�FDSDFLW\

• )RUHFDVW�RI�DYHUDJH�VORW�XWLOL]DWLRQ

7KH�VXSSO\�VLGH�RI�WKH�IRUHFDVW�FRQWDLQV�VHYHUDO�DQDO\WLFDO�VWHSV��LQFOXGLQJ�DQ�LWHUDWLYH
VWHS� WR�PRGHO� WKH� VFUDSSLQJ� RU� UHWLUHPHQW� RI� ROG� YHVVHOV�� UHSODFLQJ� WKHP�ZLWK� QHZ
YHVVHOV��DQG�DGGLQJ�QHZ�FDSDFLW\�WR�PHHW�GHPDQG���([KLELW�����SUHVHQWV�WKH�IORZFKDUW
RI�WKH�SURFHVV�WKDW�IRUHFDVWV�VXSSO\�RI�7(8�WUDQVSRUWDWLRQ�FDSDFLW\�LQ�WKH�ZRUOG�IOHHW�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW����
&RQWDLQHUVKLS�)OHHW�6XSSO\�)RUHFDVW�3URFHVV

Historic/Forecast 
Trade Demand 
Volumes, TEUs

Historic/Forecast 
Percent of Trade in 
Containership Fleet

Historic/Forecast 
Trade Demand on 

Cellular Ships

Historic/Forecast 
Cellular Fleet 

Capacity Utilization

Historic/Forecast 
Vessel Capacity 

Required

Historic Total 
Cellular Fleet 

Capacity

Historic 
Average Turns 

per TEU

Forecast 
Average Turns 

per TEU

Forecast World 
Cellular 
Capacity 

Demand per 
year

6RXUFH� %RR]³$OOHQ�	�+DPLOWRQ

7KH�VXSSO\�RI�7(8�FDSDFLW\�RQ�YHVVHOV�LQ�WKH�ZRUOG�IOHHW�IRUHFDVW�LV�GHWHUPLQHG�XVLQJ
WKH�IROORZLQJ�LQSXWV�

• +LVWRULF�DQG�IRUHFDVW�RUGHUERRN�RI�YHVVHOV�DQG�WRWDO�FDSDFLW\��E\�GUDIW�FODVV�����·
WR�!��·�

• )RUHFDVW�RI�DYHUDJH�FDSDFLWLHV�RI�YHVVHOV�LQ�HDFK�GUDIW�FODVV

• )RUHFDVW�RI�WKH�UHWLUHG�DQG�UHSODFHPHQW�IOHHW��EDVHG�RQ�D����\HDU�YHVVHO�OLIH�VSDQ

• ([SHFWHG� DGGLWLRQDO� FDSDFLW\� UHTXLUHG� DIWHU� YHVVHO� UHWLUHPHQW� DQG�RU
UHSODFHPHQW��WR�PHHW�GHPDQG�

����� 6DYDQQDK�)OHHW�)RUHFDVW�0HWKRGRORJ\

7KH�SXUSRVH�RI�WKH�ZRUOG�IOHHW�IRUHFDVW�LV�LQ�RUGHU�WR�GHYHORS�D�EDVHOLQH�IURP�ZKLFK
WKH� 6DYDQQDK� IOHHW� IRUHFDVW� FDQ� EH� GHYHORSHG�� � 2QH� DVVXPSWLRQ� DSSOLHG� LQ� WKH
6DYDQQDK�IRUHFDVW� LV�WKDW�WKH�6DYDQQDK�IOHHW� LV�D�PLFURFRVP�RI� WKH�ZRUOG�IOHHW�� � ,W� LV
SURMHFWHG� WKDW� DV� WUDGH� YROXPHV� LQFUHDVH� WKURXJK� 6DYDQQDK� DQG� WKH� SRUW� JURZV� WR
DFFRPPRGDWH� WKH� LQFUHDVHG� WUDIILF� DQG� WUDGH�� WKH� 6DYDQQDK� IOHHW� ZLOO� HYROYH� PRUH
FORVHO\� WR� UHVHPEOH� WKH� ZRUOG� IOHHW� LQ� WHUPV� RI� IOHHW� PL[�� 7KH� IOHHW� PL[� LV� WKH
GLVWULEXWLRQ�RI�VKLSV�DFURVV�GHVLJQ�GUDIW�FDWHJRULHV��H�J������IW������IW������IW���HWF���

7KH�6DYDQQDK�IOHHW�IRUHFDVW�LV�VLPLODU�WR�WKH�PHWKRGRORJ\�XVHG�WR�GHYHORS�WKH�ZRUOG
IOHHW� IRUHFDVW�� LQ� WKDW� LW� XVHV� D� WUDGH� IRUHFDVW� WR� GHWHUPLQH� WKH� GHPDQG� IRU� 7(8
WUDQVSRUWDWLRQ�� WKHQ� FDOFXODWHV� WKH� UHTXLUHG� YHVVHO� VXSSO\� DQG� IOHHW� PL[� QHHGHG� WR



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

PHHW� GHPDQG�� � 7KH� PRGHO� HYDOXDWHV� WUDGH� DQG� YHVVHOV� VHUYLQJ� WKH� (XURSH�1RUWK
$PHULFD�� /DWLQ� $PHULFD�1RUWK� $PHULFD�� DQG� WKH� $VLD�1RUWK� $PHULFD� WUDGH� ODQHV
VHSDUDWHO\�� � 7KLV� DSSURDFK� PLUURUV� WKH� JHQHUDO� GHSOR\PHQW� RI� FRQWDLQHUVKLSV� RQ
URWDWLRQV�VHUYLQJ�1RUWK�$PHULFD�

7KH� VXSSO\� RI�7(8� FDSDFLW\� LQ� WKH� 6DYDQQDK� IOHHW� IRUHFDVW� LV� GHWHUPLQHG�XVLQJ� WKH
IROORZLQJ�PDMRU�LQSXWV�

• +LVWRULFDO�YHVVHO�FDOOV�WR�WKH�SRUW�RI�6DYDQQDK��LQFOXGLQJ�WRWDO�FDSDFLW\��DQG
FDSDFLW\�GLVWULEXWLRQ��E\�GUDIW�FODVV������IW��WR�!���IW��

• )RUHFDVW�RI�DYHUDJH�FDSDFLWLHV�RI�YHVVHOV�LQ�HDFK�GUDIW�FODVV��EDVHG�RQ�KLVWRULFDO
WUHQGV

• )RUHFDVW�DYHUDJH�7(8�OLIWV�SHU�GUDIW�FDWHJRU\

• )RUHFDVW�RI�WKH�QXPEHU�RI�VKLSV�UHTXLUHG�WR�KDQGOH�WKH�IRUHFDVW�7(8�WUDGH�OHYHOV
EDVHG�RQ�7(8�OLIW�IRUHFDVW

• ([SHFWHG�QXPEHU�RI�DGGLWLRQDO�VKLSV�GHSOR\HG�RQ�WKH�6DYDQQDK�WUDGH�ODQHV
RYHU�WKH�VWXG\�SHULRG�

'HWDLOV�RI�WKH�PHWKRGRORJ\�IRU�GHWHUPLQLQJ�WKH�VXSSO\�RI�7(8�FDSDFLW\�DUH�SUHVHQWHG
LQ�&KDSWHU����RI�WKLV�$SSHQGL[�

��� 5HVXOWV�2I�7KH�:RUOG�$QG�6DYDQQDK�&RQWDLQHUVKLS�)OHHW�)RUHFDVWV

7KLV� VHFWLRQ� SUHVHQWV� WKH� UHVXOWV� RI� WKH�ZRUOG� DQG� 6DYDQQDK� IOHHW� IRUHFDVWV�� � 7KHVH
IRUHFDVWV�SURMHFW�WKH�QXPEHU�RI�VKLSV�DQG�WRWDO�FDSDFLW\�RI�WKRVH�VKLSV��E\�GHVLJQ�GUDIW
FDWHJRULHV��LQFUHPHQWDOO\�IURP����IHHW�LQ�GUDIW�WR�JUHDWHU�WKDQ����IHHW��H�J��������������
HWF�����7R�XQGHUVWDQG�WKH�UHVXOWV�RI�WKHVH�IRUHFDVWV�DQ�LPSRUWDQW�ILUVW�VWHS�LV�WR�GHVFULEH
WKH�KLVWRULF�DQG�H[LVWLQJ�FRQWDLQHUVKLS�IOHHW�FRQGLWLRQV�

����� +LVWRULF�6DYDQQDK�&RQWDLQHUVKLS�)OHHW�3URILOH

7KH�KLVWRULF�6DYDQQDK�FRQWDLQHUVKLS� IOHHW� UHIOHFWV�SDVW� LQFUHDVHV� LQ�FKDQQHO�GHSWK�DW
6DYDQQDK� DQG� WKH� LQFUHDVH� LQ� YHVVHOV� VL]HV� DQG� FDSDFLWLHV�� � 7KH� ODVW� WHQ� \HDUV� KDYH
VHHQ�GUDPDWLF�FKDQJHV� LQ� WKH�VL]H�DQG�FDSDFLW\�RI� WKH� IOHHW� FDOOLQJ�6DYDQQDK��ZKLFK
KDV� IROORZHG� WKRVH�FKDQJHV�H[SHULHQFHG� LQ� WKH�ZRUOG� IOHHW�� �/LQHU�RSHUDWRUV� VHUYLQJ
WKH�3RUW�KDYH�EHHQ�VWHDGLO\�LQFUHDVLQJ�WKHLU�OHYHO�RI�VHUYLFH�RYHU�WKH�ODVW�VHYHUDO�\HDUV
²�DQG� VLQFH� WKH� ODVW�GHHSHQLQJ�SURMHFW� ²� WKURXJK�D� FRPELQDWLRQ�RI� RSHUDWLQJ� ODUJHU�
KLJKHU�FDSDFLW\�YHVVHOV�DQG�LQFUHDVLQJ�WKH�QXPEHU�RI�SRUW�FDOOV�DQG�VHUYLFHV�WKURXJK
WKH� 3RUW�� � ([KLELW� ���� SUHVHQWV� WKH� QXPEHU� RI� FRQWDLQHUVKLS� FDOOV� E\� GUDIW�� DW� *3$
IDFLOLWLHV�RYHU�WKH�ODVW�WHQ�\HDUV��



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW����
&RQWDLQHUVKLS�&DOOV�WR�WKH�3RUW�RI�6DYDQQDK�����������

Design Number of Vessel Calls per Year
Drafts 1987 1988* 1989 1990 1991 1992 1993 1994 1995 1996
��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
����� � � � �� �� �� ��� ��� ��� ���
����� � � � �� �� �� �� �� ��� ���
��� � � � � � � � � � �
7RWDO ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

6RXUFH� *3$��86$&(�GDWD��%RR]³$OOHQ�DQDO\VLV�
1RWH� 'DWD�LV�EDVHG�RQ�*3$�ILVFDO�\HDU��-XO\���WKURXJK�-XQH���
1RWH��
�� �����GDWD�IURP�86$&(��DOO�RWKHU�GDWD�IURP�*3$

7KH� QXPEHU� RI� FRQWDLQHUVKLSV�ZLWK� GHVLJQ�GUDIWV� � RYHU� ��� IHHW� FDOOLQJ� WKH� 3RUW� KDV
LQFUHDVHG� RYHU� ���� SHUFHQW� GXULQJ� WKLV� SHULRG� DQG� H[FHHGV� WKH� SUHGLFWHG� IOHHW� PL[
GHWDLOHG� LQ� WKH� ����� 6DYDQQDK�+DUERU� 'HHSHQLQJ� 6WXG\� E\� ��� \HDUV�� � ,Q� ������ ���
VKLSV��UHSUHVHQWLQJ����SHUFHQW�RI�WKH�FDOOV��KDG�GHVLJQ�GUDIWV�LQ�H[FHVV�RI�WKH�3RUW·V����
IRRW� FKDQQHO� GHSWK�� � 7DNLQJ� LQWR� DFFRXQW� UHTXLUHG� XQGHUNHHO� FOHDUDQFH� IRU� VDIH
QDYLJDWLRQ�� WKH�QXPEHU�RI�YHVVHOV�ZLWK�GHVLJQ�GUDIWV�RI���� IHHW�RU�JUHDWHU�� LQFUHDVHG
IURP�����LQ������WR�����LQ�������RU����SHUFHQW���'XH�WR�GUDIW�UHVWULFWLRQV�DW�WKH�3DQDPD
&DQDO��WKH�YHVVHOV�ZLWK�GHVLJQ�GUDIWV�RI����IHHW�RSHUDWH�LQ�D�OLJKW�ORDGHG�FRQGLWLRQ�LI
WKH\�WUDQVLW�WKH�FDQDO���7KHUH�DUH�QR�RSHUDWLQJ�GUDIW�OLPLWDWLRQV�IRU�WKH�FRQWDLQHUVKLSV
WUDQVLWLQJ�WKH�6XH]�&DQDO���,W�LV�DVVXPHG�WKDW�YHVVHOV�ZLWK�3DQDPD�&DQDO�OLPLWDWLRQV�
DQG�DUH�WUDQVLWLQJ�WKDW�FDQDO��DUH�RSHUDWLQJ�ZLWK�DW�OHDVW���RU�PRUH�IHHW�RI�OLJKW�ORDGLQJ�

����� ([LVWLQJ�:RUOG�DQG�6DYDQQDK�)OHHW

7KH�H[LVWLQJ�ZRUOG�DQG�6DYDQQDK�IOHHW�KDV�JURZQ�FRQVLGHUDEO\�WR�ZKHUH�PXFK�RI�WKH
IOHHW�FDSDFLW\�LV�LQ�GHHSHU�GUDIW�YHVVHOV���,QIRUPDWLRQ�RQ�WKH�ZRUOG�IOHHW�ZDV�FRPSLOHG
DQG�XVHG�DV�LQSXW�WR�WKH�ZRUOG�DQG�6DYDQQDK�IOHHW�IRUHFDVWV���([KLELW�����SUHVHQWV�WKH
QXPEHU� RI� YHVVHOV�� WRWDO� FDSDFLW\�� DQG� DYHUDJH� VKLS� VL]H� RI� YHVVHOV� LQ� WKH� ZRUOG
FRQWDLQHUVKLS�IOHHW��LQ�������E\�GHVLJQ�GUDIW�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW����
:RUOG�&HOOXODU�&RQWDLQHUVKLS�)OHHW�&DSDFLW\��E\�'HVLJQ�'UDIW������

�LQ�7(8V�
9HVVHO�'UDIW
�LQ�IHHW�

1XPEHU�RI
9HVVHOV

7RWDO
&DSDFLW\

$YHUDJH
&DSDFLW\

��� ����� ��������� ���
�� ��� ������� �����
�� ��� ������� �����
�� ��� ������� �����
�� �� ������ �����
�� ��� ������� �����
�� �� ������� �����
�� � ������ �����
�� �� ������� �����
�� �� ������ �����
!�� � ������ �����
7RWDO ����� ��������� �����

6RXUFH� &ODUNVRQ�5HVHDUFK�6HUYLFHV�&RQWDLQHUVKLS�5HJLVWU\��%RR]³$OOHQ�DQDO\VLV

7KH�H[KLELW� VKRZV� WKDW� WKH�PDMRULW\� RI� FRQWDLQHU� YHVVHOV� RSHUDWLQJ� LQ� WKH�ZRUOG� DUH
VKDOORZHU�GUDIW��IHHGHU�WR�KDQG\PD[�VL]HG�YHVVHOV��GHVLJQHG�IRU�WKH�VKDOORZHU�GHSWK
RI� SRUWV� LQ� WKH� SDVW�� � 7KHVH� YHVVHOV� ZRXOG� QRW� EHQHILW� IURP� FKDQQHO� GHHSHQLQJ
DOWHUQDWLYHV� DQG� W\SLFDOO\� VHUYH� VKRUWHU� KDXO� UHJLRQDO� WUDGHV� DQG� QLFKH� PDUNHWV��
+RZHYHU�� ZKHQ� FRQVLGHULQJ� YHVVHO� FDSDFLW\� LQ� WKH� IOHHW�� WKH� PDMRULW\� RI� WRWDO� IOHHW
FDSDFLW\� LV� IRXQG� LQ� WKRVH� GHHSHU� GUDIW� YHVVHOV� ZLWK� GHVLJQ� GUDIWV� RI� ��� IHHW� DQG
JUHDWHU���$V�VKRXOG�EH�H[SHFWHG��WKHVH�YHVVHOV�W\SLFDOO\�VHUYH�WKH�ZRUOG·V�KLJK�YROXPH
DQG� ORQJHU� KDXO� WUDGH� URXWHV�� � &RUUHVSRQGLQJO\�� WKH� ODWHVW� GDWD� DYDLODEOH� RQ� WKH
FRQWDLQHUVKLS�IOHHW�FDOOLQJ�WKH�3RUW�RI�6DYDQQDK�LV�LOOXVWUDWHG�LQ�([KLELW�����



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW����
6DYDQQDK�&HOOXODU�&RQWDLQHUVKLS�)OHHW�&DSDFLW\��E\�'UDIW������

�LQ�7(8V�
9HVVHO�'UDIW
�LQ�IHHW�

1XPEHU�RI
9HVVHOV

7RWDO
&DSDFLW\

$YHUDJH
&DSDFLW\

��� ��� ������� �����
�� �� ������� �����
�� �� ������� �����
�� ��� ������� �����
�� � � �
�� �� ������� �����
�� �� ������� �����
�� � � �
�� � � �
�� � � �
!�� � � �
7RWDO ��� ��������� �����

6RXUFH� 6DYDQQDK�3LORWV�$VVRFLDWLRQ��*HRUJLD�3RUWV�$XWKRULW\��&ODUNVRQ�5HVHDUFK�6WXGLHV��%RR]³$OOHQ�DQDO\VLV

,Q� UHFHQW� \HDUV�� RFHDQ� FDUULHUV� KDYH� RUGHUHG� DQG�SODFHG� LQWR� RSHUDWLRQ� LQFUHDVLQJO\
ODUJHU�YHVVHOV���$V�RZQHUV�KDYH�LQYHVWHG�LQ�ODUJHU�YHVVHOV��WKH\�KDYH�VRXJKW�LPSURYHG
VWDELOLW\�� FDUJR� FDSDFLW\�� DQG� RSHUDWLQJ� IOH[LELOLW\� IRU� WKHLU� YHVVHOV�� � 7KHVH� ODUJHU
YHVVHOV� W\SLFDOO\� KDYH� UHVXOWHG� LQ� LQFUHDVHV� LQ� GHVLJQ� DQG� RSHUDWLQJ� GUDIW
UHTXLUHPHQWV�� � $V� ODUJHU� JOREDO� YHVVHO� RSHUDWRUV� DQG� PHPEHUV� RI� DOOLDQFHV� GHSOR\
WKHVH�YHVVHOV��LW�LV�H[SHFWHG�WKDW�WKH\�ZLOO�PDNH�IOHHW�GHSOR\PHQW�GHFLVLRQV�DQG�VHOHFW
WR�VHUYH�SRUWV�ZKLFK�PLQLPL]H�RSHUDWLQJ�GLVUXSWLRQV�DQG�FRVWV��ZKLOH�SURFHVVLQJ�WKH
ODUJHU� FDUJR� YROXPHV� WKDW� WKHVH� YHVVHOV� FDUU\� WKURXJK� WKH� SRUW� HIILFLHQWO\� DQG
HIIHFWLYHO\�� � :LWK� UHVSHFW� WR� WKH� PDULQH� FKDUDFWHULVWLFV� RI� D� SRUW�� WKLV� UHODWHV� WR
DYDLODEOH�FKDQQHO�DQG�EHUWK�GHSWKV�

����� 9HVVHO�2SHUDWLRQV�LQ�6DYDQQDK

7R�DQDO\]H�FKDQJH�ZLWKLQ�WKH�6DYDQQDK�FRQWDLQHUVKLS�IOHHW�VLQFH�WKH�ODVW�GHHSHQLQJ�RI
WKH�6DYDQQDK�+DUERU��WKH�IOHHW�DV�LW�H[LVWHG�LQ������ZDV�FRPSDUHG�ZLWK�WKH�IOHHW�WKDW
VHUYHG� WKH� 3RUW� LQ� ������ � $GGLWLRQDOO\�� LQWHUYLHZV� ZHUH� FRQGXFWHG� ZLWK� VHYHUDO
FDUULHUV�FDOOLQJ�6DYDQQDK�DQG�RWKHU�SRUWV�LQ�WKH�UHJLRQ�DQG�8QLWHG�6WDWHV��

2YHU� KDOI� RI� WKH� FRQWDLQHUVKLSV� FDOOLQJ� 6DYDQQDK� ZHUH� GUDIW� FRQVWUDLQHG� LQ� ������
9HVVHOV�DUH�FRQVLGHUHG�GUDIW�FRQVWUDLQHG�ZKHQ�WKH�VXP�RI�WKHLU�GHVLJQ�GUDIW�SOXV�WKH
UHTXLUHG�XQGHU�NHHO�FOHDUDQFH��6DYDQQDK�+DUERU�SLORWV�XVH���IHHW�RI�FOHDUDQFH��H[FHHGV
DYDLODEOH�FKDQQHO�GHSWK���8QGHU�D�FRQVWUDLQHG�RSHUDWLQJ�VFHQDULR��YHVVHOV�FDOOLQJ�WKH
SRUW�PXVW�RSHUDWH� DW� ORDG� OHYHOV� OHVV� WKDQ�GHVLJQ�GUDIW� DQG�RU� LQFXU�GHOD\V� WR� WLPH
DUULYDO� DQG� GHSDUWXUH� WR� FRLQFLGH� ZLWK� RFHDQ�ULYHU� WLGHV�� � 8VLQJ� WKLV� GHILQLWLRQ�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW� ���� LOOXVWUDWHV� WKH� LQFUHDVH� LQ� WKH� FRQVWUDLQHG�6DYDQQDK� IOHHW� DV� LW� H[LVWHG� LQ
�����DQG�������E\�GHVLJQ�GUDIW�DQG�YHVVHO�FODVV�

([KLELW����
'LVWULEXWLRQ�RI�&RQWDLQHUVKLS�&DOOV�WR�6DYDQQDK�������DQG�����

���������)W��&KDQQHO� ���������)W��&KDQQHO�
)OHHW�&DWHJRU\�E\�'HVLJQ�'UDIW

LQ�)HHW�DQG��9HVVHO�7\SH� 6KLSV ��RI�7RWDO 6KLSV


��RI
7RWDO

8QFRQVWUDLQHG�)OHHW ��� �����
&RQVWUDLQHG�)OHHW�
���)HHW��+DQG\� �� ���
���)HHW��+DQG\� �� ���� ��� �����
���)HHW��6XE�3DQDPD[� �� �����
���)HHW��6XE�3DQDPD[� �� ����
���)HHW��6XE�3DQDPD[�
 �� ����� �� ����
���)HHW��3DQDPD[�
 �� ����� �� ����
���)HHW��3DQDPD[� �� ����� �� ����
���)HHW��3DQDPD[� � ���� ��� �����
���)HHW��3RVW�3DQDPD[� � ���� � ����
����)HHW��3RVW�3DQDPD[� � ���� ��� �����

6XEWRWDO ��� ����� ��� �����
7RWDO ��� ������ ��� ������
6RXUFHV� �����GDWD�IURP�7DEOH�����86$&(�6DYDQQDK�+DUERU�*HRUJLD��&RPSUHKHQVLYH�6WXG\��$SSHQGL[�$��5HYLVHG�

0DUFK�������7DEOH�%����86$&(�6DYDQQDK�+DUERU�*HRUJLD��5HFRQQDLVVDQFH�5HSRUW��-XO\�������*3$�DQG
6DYDQQDK�3LORWV�$VVRFLDWLRQ�YHVVHO�FDOO�GDWD�IRU�������%RR]³$OOHQ�DQDO\VLV

1RWH�
�� $VVXPHG�WKDW�RQH�KDOI�RI�WKH�YHVVHOV�LGHQWLILHG�ZLWK�D�GUDIW�RI����IHHW�DUH�FODVVLILHG�DV�3DQDPD[�YHVVHOV
1RWH�

�� ([FOXGHV�����XQFRQVWUDLQHG�VHPL�FRQWDLQHUVKLSV�DQG����FRQVWUDLQHG�VHPL�FRQWDLQHUVKLSV�VHUYLQJ�RWKHU

IDFLOLWLHV�DW�WKH�3RUW�RI�6DYDQQDK

7KH�QXPEHU�RI�FRQWDLQHUVKLSV�FDOOLQJ�*3$�IDFLOLWLHV�JUHZ�IURP�����YHVVHO�FDOOV�LQ�����
WR����� LQ������²�DQ�DYHUDJH�DQQXDO�JURZWK�RI�����SHUFHQW��7KH�XVH�RI� ODUJHU� �JUHDWHU
WKDQ� ��� IRRW� GUDIW�� FRQWDLQHUVKLSV� E\� WKH� FDUULHUV� VHUYLQJ� 6DYDQQDK� LQFUHDVHG
GUDPDWLFDOO\� GXULQJ� WKLV� SHULRG�� � 6SHFLILFDOO\�� WKH� 3RUW� RI� 6DYDQQDK� H[SHULHQFHG
VLJQLILFDQW�JURZWK�LQ�WKH�XVH�RI�3DQDPD[�DQG�3RVW�3DQDPD[�YHVVHO�²�LQFUHDVLQJ�IURP
����YHVVHO�FDOOV�����SHUFHQW�RI�WKH�6DYDQQDK�IOHHW��LQ������WR�����YHVVHO�FDOOV�����SHUFHQW
RI� WKH�6DYDQQDK� IOHHW�� LQ������� �7KLV� UDSLG�JURZWK� LQ� WKH�XVH�RI�3DQDPD[�DQG�3RVW�
3DQDPD[� YHVVHOV� DQG� WKH� SHUFHQWDJH� RI� GHSOR\HG� IOHHW� FDSDFLW\� LV� FRQVLVWHQW� ZLWK
ZRUOG�IOHHW�WUHQGV�

������� /LJKW�/RDGLQJ�3UDFWLFHV

&DUULHU� LQWHUYLHZV�LQGLFDWH�WKHUH�LV�FRQWLQXHG�SUHVVXUH�WR�LQWURGXFH�ODUJHU�YHVVHOV� LQ
VHUYLFHV� FDOOLQJ�6DYDQQDK� WR� WDNH� DGYDQWDJH� RI� HFRQRPLHV� RI� VFDOH�� �&KDUWHULQJ� DQG
QHZ�EXLOGLQJ�RUGHUV� E\� FDUULHUV� VXSSRUW� WKLV� FRQFOXVLRQ�� � 7KH� LQWURGXFWLRQ�RI� WKHVH
QHZ�YHVVHOV�ZLOO�LQFUHDVH�IXUWKHU�SUHVVXUH�WR�GHHSHQ�WKH�QDYLJDWLRQ�FKDQQHO�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

9HVVHO� WUDQVLW� GDWD�� LQFOXGLQJ�GDWH�� YHVVHO� QDPH�� DQG� LQERXQG� DQG� RXWERXQG�GUDIWV
ZHUH�PDWFKHG�ZLWK�YHVVHO�QDPH�DQG�GHVLJQ�GUDIW�GDWD�IURP�/OR\G·V�6KLS�5HJLVWHU�DQG
&ODUNVRQ� 5HVHDUFK� 6WXGLHV� 5HJLVWU\� RI� &RQWDLQHUVKLSV�� � 6HJPHQWLQJ� WKH� GDWD� E\
GHVLJQ�DQG�RSHUDWLQJ�GUDIW��ZH�GHWHUPLQHG�WKH�OLJKW�ORDGLQJ�GLVWULEXWLRQ�RI�YHVVHOV�E\
GHVLJQ�GUDIW�XSRQ�DUULYDO�DQG�GHSDUWXUH�IURP�6DYDQQDK���7KLV�GLVWULEXWLRQ��RI�GHSWK
FRQVWUDLQHG�FRQWDLQHUVKLSV��ZLWK�GHVLJQ�GUDIWV�RI����IHHW�RU�PRUH��FDOOLQJ�6DYDQQDK�LQ
�����DUH�SUHVHQWHG�LQ�([KLELW�������

([KLELW�����
,QERXQG�DQG�2XWERXQG�/LJKW�/RDGHG�&RQWDLQHUVKLS�7ULSV�

�6DYDQQDK�+DUERU������
'HVLJQ 1XPEHU�RI�)HHW�/LJKW�/RDGHG
'UDIW��IW� � � � � � � � � ��
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6RXUFH� *HRUJLD�3RUWV�$XWKRULW\��6DYDQQDK�3LORWV�$VVRFLDWLRQ��%RR]³$OOHQ�DQDO\VLV

7KH�H[KLELW�LOOXVWUDWHV�WKDW�RI�����WUDQVLWV�RI�WKH�6DYDQQDK�5LYHU�QDYLJDWLRQ�FKDQQHO�E\
FRQVWUDLQHG� FRQWDLQHUVKLSV� LQ� ������ PRUH� WKDQ� ��� SHUFHQW� RI� WKH� WUDQVLWV� ZHUH� RI
YHVVHOV� RSHUDWLQJ� ZLWK� �� IHHW� RU� PRUH� RI� OLJKW� ORDGLQJ�� � ([DPLQDWLRQ� RI� WKH� OLJKW
ORDGLQJ�GDWD�RQ�ERWK�WKH�LQERXQG�DQG�RXWERXQG�WUDQVLWV�UHYHDOV� WKDW�FRQWDLQHUVKLSV
URWDWLQJ� WKURXJK� 6DYDQQDK� DQG� YHU\� VLPLODU� RSHUDWLQJ� FKDUDFWHULVWLFV� UHJDUGOHVV� RI
ZKLFK�GLUHFWLRQ�WKH\�DUH�KHDGLQJ���([KLELW������SUHVHQWV�WKH�OLJKW�ORDGLQJ�VWDWLVWLFV�IRU
LQERXQG�WUDQVLWV�RI�FRQWDLQHUVKLSV�
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW�����
,QERXQG�/LJKW�/RDGHG�&RQWDLQHUVKLS�7ULSV��6DYDQQDK�+DUERU������

'HVLJQ 1XPEHU�RI�)HHW�/LJKW�/RDGHG
'UDIW��IW� � � � � � � � � ��

7RWDO 3HUFHQW
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6RXUFH� *HRUJLD�3RUWV�$XWKRULW\��6DYDQQDK�3LORWV�$VVRFLDWLRQ��%RR]³$OOHQ�DQDO\VLV

7KH�H[KLELW�VKRZV�WKDW�RI�WKH�����FRQWDLQHUVKLSV�FDOOLQJ�WKH�SRUW�WKDW�DUH�FRQVLGHUHG
FRQVWUDLQHG�GXH�WR�WKHLU�GHVLJQ�GUDIW�����SHUFHQW�RI�WKH�YHVVHOV�DUULYHG�ZLWK���IHHW�RU
PRUH�RI�OLJKW�ORDGLQJ���([KLELW������SUHVHQWV�WKH�OLJKW�ORDGLQJ�VWDWLVWLFV�IRU�RXWERXQG
WUDQVLWV�

([KLELW�����
2XWERXQG�/LJKW�/RDGHG�&RQWDLQHUVKLS�7ULSV��6DYDQQDK�+DUERU������

Design Number of Feet Light Loaded
Draft (ft) 0 1 2 3 4 5 6 7 8+

Total Percent
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6RXUFH� *HRUJLD�3RUWV�$XWKRULW\��6DYDQQDK�3LORWV�$VVRFLDWLRQ��%RR]³$OOHQ�DQDO\VLV



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

7KH�H[KLELW�LOOXVWUDWHV�WKDW����SHUFHQW�RI�WKH�FRQWDLQHUVKLSV�GHSDUWLQJ�6DYDQQDK�ZHUH
OLJKW�ORDGHG���IHHW�RU�PRUH���7KLV�VWDWLVWLF�PLUURUV�WKH�RSHUDWLRQDO�FKDUDFWHULVWLFV�RI�WKH
LQERXQG� WUDQVLWV� SUHVHQWHG� DERYH�� � 7KHVH� OLJKW� ORDGLQJ� GLVWULEXWLRQV� DUH� XVHG� LQ
FDOFXODWLRQV� WR� GHWHUPLQH� WKH� WUDQVSRUWDWLRQ� FRVWV�� � 7KRVH� FDOFXODWLRQV� ZLOO� EH
SUHVHQWHG�LQ�&KDSWHU���RI�WKLV�DSSHQGL[�

7R� FRPSDUH� WKH� EHKDYLRU� RI� GHHS� GUDIW� FRQWDLQHUVKLSV� DW� 6DYDQQDK� YHUVXV� DW� RWKHU
SRUWV�LQ�WKH�8�6���WULSV�DQG�GUDIW�GDWD�IRU�������WKH�ODWHVW�\HDU�DYDLODEOH��ZDV�TXHULHG
IURP� D� 86$&(� GDWDEDVH�� � 7KH� GDWD� ZDV� DQDO\]HG� WR� GHWHUPLQH� WKH� OLJKW� ORDGLQJ
FKDUDFWHULVWLFV� RI� 3RVW�3DQDPD[� FRQWDLQHUVKLSV� DV� WKH\� HQWHUHG� DQG� GHSDUWHG� WKH�
SRUWV���5HVXOWV�RI�WKH�DQDO\VLV�VKRZ�WKDW�FRQVWUDLQHG�YHVVHOV�FDOOLQJ�DW�6DYDQQDK�KDYH
YHU\� VLPLODU� OLJKW� ORDGLQJ� FKDUDFWHULVWLFV� WR� WKH� 3RVW�3DQDPD[� FRQWDLQHUVKLSV� XVLQJ
WKH� RWKHU� SRUWV�� � ([KLELWV� ����� DQG� ����� SUHVHQW� WKH� LQERXQG� DQG� RXWERXQG� OLJKW
ORDGLQJ�FXUYHV�IRU�WKH�VHYHQ�SRUWV�RQ�WKH�HDVW�DQG�ZHVW�FRDVW�RI�WKH�8QLWHG�6WDWHV���7KH
LQERXQG� DQG� RXWERXQG� OLJKW� ORDGLQJ� GLVWULEXWLRQ� IRU� 6DYDQQDK� LV� RYHUODLG� RQ� HDFK
H[KLELW�

([KLELW�����
,QERXQG�/LJKW�/RDGLQJ�&KDUDFWHULVWLFV�RI

'HHS�'UDIW�&RQWDLQHUVKLSV�DW�0DMRU�8�6��3RUWV������
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6RXUFH� :DWHUERUQH�&RPPHUFH�6WDWLVWLFV�&HQWHU��%RR]³$OOHQ�DQDO\VLV
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW�����
2XWERXQG�/LJKW�/RDGLQJ�&KDUDFWHULVWLFV�RI
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6RXUFH� :DWHUERUQH�&RPPHUFH�6WDWLVWLFV�&HQWHU��%RR]³$OOHQ�DQDO\VLV

7KHVH� ODVW� WZR� H[KLELWV� VKRZ� WKDW�GHHS�GUDIW� FRQWDLQHUVKLSV� FDOOLQJ� DW� VHYHUDO� SRUWV
WKURXJKRXW�WKH�8�6��DUH�RSHUDWHG�ZLWK�FRQVLGHUDEOH�OLJKW�ORDGLQJ��

����� :RUOG�DQG�6DYDQQDK�)OHHW�)RUHFDVW�5HVXOWV

7KLV� VHFWLRQ� SUHVHQWV� D� VXPPDU\� RI� WKH� ZRUOG� DQG� 6DYDQQDK� IOHHW� IRUHFDVWV�� � 7KH
GHWDLOV�RI�WKH�IRUHFDVW�PHWKRGRORJ\�DUH�SUHVHQWHG�LQ�$WWDFKPHQW�&�RI�WKLV�GRFXPHQW
DQG�D�FRPSLODWLRQ�RI�VSUHDGVKHHW�SULQWRXWV�SURYLGHG�E\�XSRQ�UHTXHVW�� �([KLELW�����
SUHVHQWV�WKH�QXPEHU�RI�YHVVHOV��E\�GHVLJQ�GUDIW�FDWHJRU\��IURP�WKH�ZRUOG�IOHHW�IRUHFDVW�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW�����
:RUOG�&RQWDLQHUVKLS�)OHHW�)RUHFDVW�����������

�1XPEHU�RI�)XOO\�&HOOXODU�9HVVHOV�E\�'UDIW�&DWHJRU\�
Design Forecast Study Period

Draft (ft) 2000 2010 2020 2030 2040 2050
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6RXUFH� %RR]³$OOHQªV�:RUOG�&RQWDLQHUVKLS�)OHHW�)RUHFDVW�0RGHO��:&))0�

7KH�H[KLELW�VKRZV�WKDW�WKH�QXPEHU�RI�FRQWDLQHUVKLSV�LQ�WKH�ZRUOG�IOHHW�ZLOO� LQFUHDVH
E\� RYHU� ���� SHUFHQW� RYHU� WKH� VWXG\�SHULRG�� � )ROORZLQJ� UHFHQW� WUHQGV�� LW� LV� H[SHFWHG
WKHUH�ZLOO�EH�VLJQLILFDQW�JURZWK�LQ�WKH�QXPEHU�RI�GHHS�GUDIW�FRQWDLQHUVKLSV�GXULQJ�WKH
ILUVW� KDOI� RI� WKH� QH[W� FHQWXU\�� � 3URMHFWLRQV� HVWLPDWH� WKH� QHHG� IRU� DOPRVW� ������ 3RVW�
3DQDPD[�YHVVHOV� LQ� WKH�ZRUOG� IOHHW�� D� ����SHUFHQW� LQFUHDVH�RYHU� WRGD\·V� OHYHOV�� �7KH
UHVXOWV� RI� WKH� 6DYDQQDK� IOHHW� IRUHFDVW�ZHUH� DJJUHJDWHG� DFURVV� WKH� WKUHH�PDMRU� WUDGH
ODQHV�VHUYLQJ�6DYDQQDK��(XURSH�0HGLWHUUDQHDQ��/DWLQ�$PHULFD��DQG�WKH�)DU�(DVW�� �,W
LV� H[SHFWHG� WKDW� FXUUHQW� DQG� IXWXUH� FDUULHUV� VHUYLQJ� WKH� 3RUW� ZLOO� RSWLPL]H� WKH
GHSOR\PHQW� RI� WKHLU� YHVVHOV� DFURVV� WUDGH� ODQHV� WR� PD[LPL]H� VHUYLFH� DQG� PLQLPL]H
FRVWV�� � )RU� LQWHUQDWLRQDO� FDUULHUV� DQG� WKRVH� RSHUDWLQJ� DV� SDUW� RI� JOREDO� DOOLDQFHV�
RSHUDWLQJ� GHHSHU� GUDIW�� KLJK� FDSDFLW\� FRQWDLQHU� YHVVHOV� ZLOO� EH� D� NH\� SDUW� RI� WKHLU
GHSOR\PHQW�VWUDWHJ\��SURYLGHG�WKHUH� LV�DGHTXDWH�ZDWHU�GHSWK�WR�DFFHVV�SRUWV�VHUYHG
E\� WKH� FDUULHUV�� � 7KH� VL]H� RI� WKH� 6DYDQQDK� )OHHW� DQG� WKH� QXPEHU� RI� 3RVW�3DQDPD[
FRQWDLQHUVKLSV� IRUHFDVW� WR� FDOO� WKH� 3RUW� ZLOO� LQFUHDVH� GHSHQGLQJ� RQ� WKH� VHOHFWHG
DOWHUQDWLYH�GHHSHQLQJ�SURMHFW��

7KH� 6DYDQQDK� IOHHW� IRUHFDVW�ZDV� ELIXUFDWHG� DFURVV� WKH� WKUHH� WUDGH� ODQHV�� GXH� WR� WKH
GLVWLQFW�GLIIHUHQFHV�RI�WKH�IOHHWV�RSHUDWLQJ�RQ�HDFK�ODQH���,Q�DGGLWLRQ��WKH�)DU�(DVW�IOHHW
ZDV�ELIXUFDWHG�WR�GLVWLQJXLVK�EHWZHHQ�VHUYLFHV�WKURXJK�WKH�3DQDPD�DQG�6XH]�&DQDOV�
�8VLQJ� VWDWLVWLFV� DQG� SURIHVVLRQDO� RSLQLRQ� RI� WKH� DELOLW\� IRU� WKH� 3DQDPD� &DQDO� WR
KDQGOH� LQFUHDVHG� WUDIILF� ORDGV� RYHU� WKH� FRXUVH� RI� WKH� IRUHFDVW� SHULRG�� D� �����
�6XH]�3DQDPD��VSOLW�ZDV�LQFRUSRUDWHG�IRU�YHVVHOV�ZLWK�GUDIWV�OHVV�WKDQ�WKH�PD[LPXP



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

DOORZDEOH�WKURXJK�WKH�3DQDPD�&DQDO���$OO�YHVVHOV�ZLWK�GUDIWV�JUHDWHU�WKDQ�WKH�3DQDPD
&DQDO�OLPLW�ZHUH�VXEMHFW�WR�WUDQVLW�WKURXJK�WKH�6XH]�&DQDO���:LWK�WKHVH�GLVWULEXWLRQV��D
FDOFXODWLRQ�RI�WKH�WUDQVSRUWDWLRQ�FRVW�VDYLQJV�RI�WKH�DOWHUQDWLYH�GHHSHQLQJ�SURMHFWV�ZDV
FRPSOHWHG���7UDQVSRUWDWLRQ�FRVWV�DUH�GLVFXVVHG�LQ�&KDSWHU���RI�WKLV�DSSHQGL[�

8QGHU�ZLWKRXW� SURMHFW� FRQGLWLRQV�� WKH� QXPEHU� RI� 3RVW�3DQDPD[� YHVVHOV� FDOOLQJ� WKH
SRUW� ZLOO� LQFUHDVH� RYHU� WKH� VWXG\� SHULRG�� KRZHYHU�� GXH� WR� WKH� KLJK� OHYHO� RI� OLJKW
ORDGLQJ� LW� LV� QRW� H[SHFWHG� WKDW� WKH� FDUULHUV� ZLOO� KDYH� PDQ\� PRUH� GHHS� GUDIW
FRQWDLQHUVKLSV� FDOOLQJ� 6DYDQQDK�� � 7KLV�ZLOO� HIIHFWLYHO\� UDLVH� WKH� FRVWV� RI� RSHUDWLRQV
XQGHU� WKH� ZLWKRXW� SURMHFW� FRQGLWLRQ�� FRPSDUHG� WR� WKH� DOWHUQDWLYH� ZLWK� SURMHFW
FRQGLWLRQV�� � 7R�PRGHO� WKLV� DVVXPSWLRQ�� JURZWK� LQ� WKH� 3RVW�3DQDPD[�SRUWLRQ� RI� WKH
IOHHW� KDV� EHHQ� UHVWULFWHG� WR� YHVVHOV� UHSUHVHQWDWLYH� RI� WKH� ODUJHVW� YHVVHOV� FXUUHQWO\
VHUYLQJ�WKH�SRUW�IRU�HDFK�WUDGH���)ROORZLQJ�SDVW�H[SHULHQFH�� LW� LV�H[SHFWHG�WKDW�DV�WKH
FKDQQHO� LV�GHHSHQHG�� FDUULHUV�ZLOO� LQFUHDVLQJO\�GHSOR\�KLJKHU� FDSDFLW\�� GHHSHU�GUDIW
3RVW�3DQDPD[�VKLSV�WR�OHYHUDJH�WKH�HFRQRPLHV�RI�GHHSHU�ZDWHU�DYDLODEOH�DW�WKH�3RUW��
([KLELW� ����� SUHVHQWV� WKH� IOHHW� FDSDFLW\� GLVWULEXWLRQ� RI� IXOO\� FHOOXODU� FRQWDLQHUVKLSV
VHUYLQJ�WKH�3RUW�XQGHU�ZLWKRXW��RU�H[LVWLQJ��SURMHFW�FRQGLWLRQ�
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW�����
3URMHFWHG�&RQWDLQHUVKLS�)OHHW�&DSDFLW\�'LVWULEXWLRQ��

��ª�3URMHFW�)OHHW�)RUHFDVW
(XURSH�0HGLWHUUDQHDQ�7UDGH�/DQH

Design Fleet Capacity Distribution
Draft (ft) 2000 2010 2020 2030 2040 2050
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Design Fleet Capacity Distribution

Draft (Ft.) 2000 2010 2020 2030 2040 2050
��� �� �� �� �� �� ��
�� ��� ��� ��� ��� ��� ���
�� �� �� �� �� �� ��
�� ��� ��� ��� ��� ��� ���
�� �� �� �� �� �� ��
�� ��� ��� ��� ��� ��� ���
�� ��� ��� ��� ��� ��� ���

7RWDO ���� ���� ���� ���� ���� ����
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Design Fleet Capacity Distribution

Draft (Ft.) 2000 2010 2020 2030 2040 2050
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6RXUFH� %RR]⋅$OOHQ�DQDO\VLV

8QGHU�WKH�ZLWKRXW�SURMHFW�FRQGLWLRQ��LW�LV�DVVXPHG�WKDW�WUDGH�KDQGOHG�YLD�6DYDQQDK�LV
FDUULHG�RQ�FRQWDLQHUVKLSV�ZLWK�GHVLJQ�GUDIWV�RI����IHHW�RU�OHVV��GXH�WR�WKH�FRQWLQXDWLRQ
RI�WKH�OLJKW�ORDGLQJ�SUDFWLFHV�FXUUHQWO\�REVHUYHG��

3UHOLPLQDU\� DQDO\VLV� FRYHUHG� DOWHUQDWLYH�GHHSHQLQJ�SURMHFWV� RI� ���� WR� ���IHHW� DW� WZR
IRRW� LQWHUYDOV�� � )ROORZLQJ� WKDW� DQDO\VLV�� IRUHFDVWV� IRU� ���� DQG� ���IRRW� SURMHFWV� ZHUH



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

GHYHORSHG�� � ,Q�DFFRUGDQFH�ZLWK�SUHYLRXV�VWXGLHV�FRQGXFWHG�E\� WKH�86$&(��DQG� WKH
ODFN� RI� YHVVHOV� ZLWK� GUDIWV� JUHDWHU� WKDQ� ���IHHW� LQ� GUDIW�� LW� ZDV� DVVXPHG� WKDW� WKH
GHHSHVW� DVVXPSWLRQ� WKDW� WKH� GHHSHU� DOWHUQDWLYH� SURMHFWV� KDYH� WKH� VDPH� IOHHW
GLVWULEXWLRQ��IRU�WKH�6DYDQQDK�+DUERU�([SDQVLRQ�3URMHFW��LW�ZDV�DVVXPHG�WKH����������
DQG����IRRW�SURMHFWV�ZHUH�HTXLYDOHQW�WR�WKH����IRRW�SURMHFW�

([KLELWV� ����� WKURXJK� ����� SUHVHQW� WKH� IOHHW� FDSDFLW\� GLVWULEXWLRQ� IRUHFDVW� IRU� WKH� RI
FRQWDLQHUVKLSV�IRU�HDFK�DOWHUQDWLYH�SURMHFW��E\�WUDGH�ODQH�
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7KH� QHHG� IRU� DQ� HQKDQFHG� IRUHFDVW�ZDV� QHFHVVDU\� WR�PDLQWDLQ� DFFXUDF\� LQ� WKH� IOHHW
IRUHFDVW��WUDQVSRUWDWLRQ�FRVW��DQG�EHQHILW�FRVW�DQDO\VLV���6LQFH�WKH�LQLWLDO�IRUHFDVWV�ZHUH
FRPSOHWHG�� WKH� UDSLG� FKDQJH� LQ� WKH� PDNHXS� RI� WKH� ZRUOG� FRQWDLQHU� IOHHW� KDV
FRQWLQXHG����7KH�GHSOR\PHQW�RI�ODUJHU�3RVW�3DQDPD[�YHVVHOV�RQ�)DU�(DVW�(XURSH�DQG

������������������������������������������������
� 7KH�6RYHUHLJQ�0DHUVN�DQG�LWV�QLQH�VLVWHU�VKLSV�DUH�GHOLYHUHG�RU�RQ�RUGHU���7KHVH�PRGLILHG�YHUVLRQV�RI�WKH

5HJLQD�0DHUVN��KDYH�UDWHG�FDSDFLWLHV�RI�EHWZHHQ�������DQG�������7(8V��DQG�GHVLJQ�GUDIWV�RI������IHHW��
)ROORZLQJ�GHOLYHU\�RI�WKH�5HJLQD�0DHUVN��3	2�1HGOOR\G�FRQWUDFWHG�IRU�DW�OHDVW�IRXU�YHVVHOV�RI�QHDUO\������
7(8�FDSDFLW\���0RVW�RWKHU�FDUULHUV�DUH�FXUUHQWO\�DFTXLULQJ�YHVVHOV�RI�EHWZHHQ�������DQG�������7(8�FDSDFLW\�
ZHOO�ZLWKLQ�WKH�ERXQGDULHV�RI�WKH�IOHHW�IRUHFDVWV�XVHG�LQ�WKLV�VWXG\�
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6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

)DU�(DVW�86:&�WUDGH�ODQHV�ZLOO�LQGXFH�QRW�RQO\�RWKHU�FDUULHUV�RU�FRQVRUWLXPV�WR�EXLOG
VLPLODU�VL]HG�YHVVHOV��EXW�DOVR�ZLOO�LQGXFH�UHGHSOR\PHQW��FDVFDGLQJ��RI�FRQWDLQHUVKLSV
LQWR�RWKHU�WUDGH�ODQHV��HIIHFWLQJ�WKH�IOHHW�FDOOLQJ�6DYDQQDK���([KLELW������LOOXVWUDWHV�WKH
HIIHFW�RI�UHGHSOR\PHQW�SDWWHUQV�RI�PDMRU�FDUULHUV�VHUYLQJ�6DYDQQDK�

([KLELW�����
&RPSDULVRQ�RI�/DUJHVW�&RQWDLQHUVKLSV�'HSOR\HG�LQ�6DYDQQDK

DQG�:RUOG�)OHHW�������DQG�����
6DYDQQDK�)OHHW :RUOG�)OHHW

6DYDQQDK
&DUULHUV ���� ����

��RI
,QFUHDVH

���� ����
��RI

,QFUHDVH

&DUULHU�3ODQV�WR�'HSOR\
/DUJHU�9HVVHOV

=LP ����� ����� ��� ����� ����� ��� 1R
'65�6HQDWRU ����� ����� �� ����� ����� ��� <HV��������ZLWKLQ���\HDUV
+DSDJ�/OR\G ����� ����� �� ����� ����� �� 8QNQRZQ
&KR�<DQJ ����� ����� �� ����� ����� ��� <HV��������ZLWKLQ���\HDUV
1<. ����� ����� ��� ����� ����� ��� <HV�
+DQMLQ ����� ����� ��� ����� ����� ��� <HV��������ZLWKLQ���\HDUV
<DQJ0LQJ ����� ����� ��� ����� ����� �� <HV�
12/ 1�$ ����� 1�$ ����� ����� ��� <HV�������\HDUV�

6RXUFH� %RR]⋅$OOHQ�DQDO\VLV

7KH�H[KLELW�VKRZV�WKH�LQFUHDVH�LQ�WKH�FDUULHUV·�ODUJHVW�YHVVHO�VHUYLQJ�6DYDQQDK�DQG�WKH
ZRUOG�EHWZHHQ������DQG��������,W�LV�RQO\�D�PDWWHU�RI�WLPH�EHIRUH�WKH�ODUJHVW�YHVVHOV�LQ
LQGLYLGXDO�FDUULHU·V�FXUUHQW�IOHHW�ZLOO�EH�GHSOR\HG�RQ�URXWHV�VHUYLQJ�6DYDQQDK���7KHVH
ODUJHU�YHVVHOV�SURYLGH�FDUULHUV�WKH�RSSRUWXQLW\�WR�JDLQ�WKH�HFRQRPLHV�RI�VFDOH�RQ�WKH
ORQJ� KDXO� YR\DJHV�� � $Q� H[DPSOH� RI� WKH� HFRQRPLHV� RI� VFDOH� JDLQHG� E\� WKH� 3RVW�
3DQDPD[�FRQWDLQHUVKLSV�LV�LOOXVWUDWHG�LQ�([KLELW������
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW�����
&RPSDULVRQ�RI�7UDQVSRUWDWLRQ�&RVWV�DQG�6DYLQJV�IRU�$OO�:DWHU

9HUVXV�0LQL�/DQGEULGJH�6HUYLFH�WR�6DYDQQDK
7UDQVSRUWDWLRQ�&RVW�6XPPDU\

0LQL�/DQGEULGJH
YLD�/RV�$QJHOHV

$OO�:DWHU�6HUYLFH�WR�6DYDQQDK&RVW�&RPSRQHQWV

������7(8
������7(8�YLD
3DQDPD�&DQDO

������7(8�YLD
6XH]�&DQDO

7UDQVSRUW�&RVWV�SHU�%R[�
����0DULQH�&RVWV ���� ���� ����
����3RUW�&RVWV ���� ���� ����
����,QWHUPRGDO�&RVWV ������ ���� ����
��6XEWRWDO ������ ������ ����
,QYHQWRU\�&RVWV�
����'D\V�(Q�URXWH ���GD\V ���GD\V ���GD\V
����,QYHQWRU\�&DUU\LQJ�&RVWV
 ������ ������ ������
7RWDO�&RVWV��7UDQVSRUW���,QYHQWRU\� ������ ������ ������
6DYDQQDK�$OO�:DWHU�$GYDQWDJH�
����&RVW�6DYLQJV�SHU�%R[ � ���� ����
����&RVW�6DYLQJV�SHU�7(8 � ���� ����

6RXUFH� 86$&(�9HVVHO�2SHUDWLQJ�&RVWV�DQDO\VLV��SRUW��WUXFN�DQG�UDLO�WDULII�VFKHGXOHV��%RR]⋅$OOHQ�DQDO\VLV
1RWH�
�� ,QYHQWRU\�FRVWV�RI�����SHU�GD\

7KH� H[KLELW� SUHVHQWV� WKH� FRPSDULVRQ� LQ� WRWDO� WUDQVSRUWDWLRQ� FRVWV� �SHU� ER[� DQG� SHU
7(8�� IRU�PRYLQJ�FDUJR�EHWZHHQ�6LQJDSRUH�DQG�$WODQWD��*HRUJLD��XVLQJ�ERWK�D� ����
DQG������7(8�YHVVHO�ZKLOH� HLWKHU� VKLSSLQJ�YLD�/RV�$QJHOHV�� RU� WKH�DOO�ZDWHU� URXWHV
WKURXJK� WKH� 3DQDPD� DQG� 6XH]� FDQDOV�� � 7KH� FRPSDULVRQ� VKRZV� WKDW� FDUULHUV� DQG
VKLSSHUV�VDYH�RYHU������SHU�7(8�E\�VKLSSLQJ�YLD� WKH�3DQDPD�&DQDO�RQ�D������7(8
VKLS�FRPSDUHG�WR�D������7(8�VKLS�FDOOLQJ�WKH�:HVW�&RDVW�� �7KLV�VDYLQJV�LQFUHDVHV�WR
RYHU� ����� LI� WKH� FDUJR� LV�PRYHG� RQ� D� ����� 7(8� VKLS� YLD� WKH� 6XH]�&DQDO�� � 6KLSSHUV
ZRXOG�VDYH������GROODUV�E\�VKLSSLQJ�WKURXJK�WKH�6XH]�&DQDO�FRPSDUHG�WR�WKH�3DQDPD
&DQDO��

6DYLQJV�RI�WKHVH�PDJQLWXGHV�ZLOO� LQGXFH�FDUULHUV�WR� LQFUHDVH� WKH� IXWXUH� OHYHO�RI� WKHLU
VHUYLFH� WKURXJK�WKH�6XH]�&DQDO� WR� WKH�86�(DVW�&RDVW��DQG�FRQVHTXHQWO\� LQFUHDVH� WKH
VL]H�RI�WKH�ODUJHVW�YHVVHOV�FDOOLQJ�WKH�SRUWV�DORQJ�WKH�HDVWHUQ�VHDERDUG�

,Q�FRQFOXVLRQ��WKH�6DYDQQDK�IOHHW�IRUHFDVW�SUHGLFWV�WKDW�

• 'XH�WR�LQFUHDVHG�WUDGH�ZLWK�GHYHORSLQJ�PDUNHWV��YHVVHOV�ZLWK�GHVLJQ�GUDIWV�ZLOO
FRQWLQXH�WR�LQFUHDVH

• +RZHYHU��EHFDXVH�RI�LQFUHDVHG�WUDGH�ZLWK�PDMRU�WUDGH�SDUWQHUV�LQ�WKH�)DU�(DVW�
GHHS�GUDIW�YHVVHO�FDOOV�ZLOO�LQFUHDVH�E\�RYHU�����SHUFHQW
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• 7KH�ILUVW�3RVW�3DQDPD[�,,�YHVVHO��ZLWK�D�FDSDFLW\�HTXDO�WR�RU�JUHDWHU�WKDQ�����
7(8V��ZLOO�FDOO�6DYDQQDK�ZLWKLQ�WKH�QH[W�GHFDGH�LI�WKH�FKDQQHO�LV�GHHSHQHG�WR���
IHHW�LQ�GHSWK�RU�JUHDWHU

• 7KHVH�VHFRQG�JHQHUDWLRQ�3RVW�3DQDPD[�YHVVHOV�DUH�QRW�H[SHFWHG�WR�EH�SODFHG�LQ
VHUYLFHV�FDOOLQJ�6DYDQQDK�XQOHVV�WKH�FKDQQHO�GHSWK�LV�LQFUHDVHG�WR�RYHU����IHHW
0//:�

• 2YHUDOO�YHVVHO�FDOOV�ZLOO�LQFUHDVH�E\�RYHU�����SHUFHQW��DYHUDJLQJ�DOPRVW��
SHUFHQW�SHU�\HDU�

7R� FRPSOHWH� WKLV� FKDSWHU�� D� VKRUW� GLVFXVVLRQ� LV� SUHVHQWHG� RQ� WKH�PHWKRGRORJ\� DQG
UHVXOWV�RI�IRUHFDVWLQJ�WKH�OLTXLG�DQG�GU\�EXON�YHVVHO�IOHHW�FDOOLQJ�WKH�3RUW�RI�6DYDQQDK�

��� 6DYDQQDK�/LTXLG�DQG�'U\�%XON�)OHHW�)RUHFDVW

7KH� LQLWLDO� ZRUN� RI� WKH� IOHHW� IRUHFDVW� DQG� EHQHILWV� VWXG\� IRU� WKH� 6DYDQQDK� +DUERU
([SDQVLRQ�3URMHFW�IRFXVHG�RQO\�RQ�FRQWDLQHUL]HG�FDUJRHV���$IWHU�SUHOLPLQDU\�DQDO\VLV
ZDV� FRPSOHWHG�� GLUHFWLRQ� ZDV� JLYHQ� WR� H[DPLQH� LI� DQ\� QRQ�FRQWDLQHUL]HG� FDUJR
EHQHILWV�ZRXOG�DFFUXH�WR�DQ\�RI�WKH�DOWHUQDWLYH�GHHSHQLQJ�SURMHFWV���5HVXOWV�RI�IRUHFDVW
DQG�EHQHILWV�DQDO\VLV�VKRZV�WKDW�VRPH�EHQHILWV�DFFUXH�IURP�WKHVH�YHVVHOV�� �+RZHYHU�
QR�EHQHILWV�DFFUXHG�IURP�EXON�YHVVHOV� LV�FRXQWHG�LQ�WKH�DQDO\VLV�� �'DWD�SUHVHQWHG�RQ
QRQ�FRQWDLQHUL]HG�YHVVHO�IRUHFDVWV�LV�SURYLGHG�IRU�LQIRUPDWLRQ�RQO\���,I�FRVW�HVWLPDWHV
DUH� FRPSOHWHG� LQ� WKH� IXWXUH� IRU� WKHVH� EXON� FDUJR� EHUWKV�� WKH� LQIRUPDWLRQ� SURYLGHG
KHUHLQ� ZLOO� DVVLVW� LQ� UHLQFRUSRUDWLQJ� WKH� EHQHILWV� DFFUXLQJ� IURP� QRQ�FRQWDLQHUL]HG
FDUJR�

1RQ�FRQWDLQHUL]HG�YHVVHOV� FRQVLVW�RI� OLTXLG�EXON� WDQNHUV� �RLO� SURGXFW� FDUULHUV�� FUXGH
RLO�WDQNHUV��FKHPLFDO�WDQNHUV��LQWHJUDWHG�WXJ�EDUJH�YHVVHOV��HWF���DQG�GU\�EXONHUV��RUH
FDUULHUV�� ZRRG� FKLS�� J\SVXP�� HWF���� � *HQHUDO� FDUJR� DQG� YHKLFOH� FDUULHUV� DUH� QRW
LQFOXGHG� VLQFH� WKHVH�YHVVHOV�SUHVHQWO\� DUH�QRW�GUDIW� FRQVWUDLQHG�YHVVHOV� DQG� DUH� QRW
H[SHFWHG�WR�EHFRPH�GUDIW�FRQVWUDLQHG�RYHU�WKH�VWXG\�SHULRG��

����� 0HWKRGRORJ\��$VVXPSWLRQV�DQG�5HVXOWV

$�IOHHW�IRUHFDVW�RI�WDQNHUV�DQG�GU\�EXONHUV�ZDV�GHYHORSHG�XVLQJ�WKH�IRUHFDVW�RI�QRQ�
FRQWDLQHUL]HG�FDUJR�WRQQDJH��DQG�GDWD�RQ�WKH�QXPEHU�RI�WKHVH�YHVVHO�FDOOLQJ��E\�GUDIW�
DW� WKH�3RUW�RI� 6DYDQQDK�GXULQJ� ������ �$�NH\� DVVXPSWLRQ� LQ� WKLV� IRUHFDVW� LV� WKDW� WKH
FDSDFLW\�GLVWULEXWLRQ�RI�WKH�YHVVHOV�ZLOO�UHPDLQ�FRQVWDQW�RYHU�WKH�IRUHFDVW�SHULRG���7KLV
DVVXPSWLRQ�LV�EDVHG�RQ�WKUHH�IDFWRUV�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

• 7KH�OLTXLG�DQG�GU\�EXON�YHVVHO�LV�D�UHODWLYHO\�PDWXUH�YHVVHO�W\SH�FRPSDUHG�WR
FRQWDLQHUVKLSV���&RPSDUHG�WR�WKH�KLJK�JURZWK�UDWHV�FDSDFLW\�IRU�FRQWDLQHUVKLSV�
WDQNHUV�DQG�EXONHUV�KDYH�UHODWLYHO\�VWDEOH�FDSDFLWLHV�ZLWKLQ�GUDIW�UDQJHV��DQG
FDSDFLW\�OLPLWV�KDYH�EHHQ�PHW��JLYHQ�FXUUHQW�DQG�H[SHFWHG�IXWXUH�GHVLJQ�DQG
FRQVWUXFWLRQ�WHFKQRORJ\���

• 7KH�IRUHFDVW�JURZWK�UDWH�IRU�QRQ�FRQWDLQHUL]HG�WRQQDJH�WKURXJK�WKH�3RUW�RI
6DYDQQDK�LV�ORZ���7KH�QHHG�IRU�EXONHU�RSHUDWRUV�WR�H[SDQG�FDSDFLW\�RU�QXPEHU
RI�YHVVHOV�LV�QRW�KLJK

• 7KHUH�DUH�QR�NQRZQ�SODQV�WR�XSJUDGH�WKH�EXON�WRQQDJH�KDQGOLQJ�IDFLOLWLHV�DW
SULYDWH�WHUPLQDOV�LQ��6DYDQQDK�+DUERU���7KHVH�WHUPLQDO�IDFLOLWLHV�ZLOO�EH
H[SDQGHG�RU�XSJUDGHG�WR�PHHW�WKH�WRQQDJH�GHPDQGV�SODFH�XSRQ�WKHP�

([KLELW������SUHVHQWV�WKH�GLVWULEXWLRQ�E\�GHVLJQ�GUDIW�RI�WDQNHU�DQG�GU\�EXON�YHVVHOV
FDOOLQJ�6DYDQQDK�LQ�������

([KLELW�����
)OHHW�'LVWULEXWLRQ�RI�/LTXLG�DQG�'U\�%XON�9HVVHOV�

3RUW�RI�6DYDQQDK�������������
Design Draft (ft) Liquid Bulk Dry Bulk

��� ����� �����
�� ����� ����
�� ���� ����
�� ���� ����
�� ���� ����
�� ���� ����
�� ���� ����
�� ���� ����
�� ���� ����
��� ���� ����

6RXUFH� *HRUJLD�3RUWV�$XWKRULW\��6DYDQQDK�3LORWV�$VVRFLDWLRQ��%RR]³$OOHQ�DQDO\VLV

7KH� IRUHFDVW� RI� OLTXLG� DQG� GU\� EXON� YHVVHOV� ZDV� GHWHUPLQHG� XVLQJ� WKH� GLUHFW
UHODWLRQVKLS� EHWZHHQ� QRQ�FRQWDLQHUL]HG� WRQQDJH� JURZWK� IRUHFDVW� DQG� WKH� WRWDO
QXPEHU�RI�HDFK�W\SH�RI�YHVVHO�WKDW�FDOOHG�WKH�3RUW�LQ��������7KH�WRWDO�QXPEHU�RI�YHVVHOV

������������������������������������������������
�� 7KH�����V�DQG�HDUO\�����V�VDZ�UDSLG�FKDQJH�LQ�YHVVHO�VL]H�DQG�WHFKQRORJ\�RI�WDQNHUV�DQG�GU\�EXONHUV��

+RZHYHU��WKH�SDFH�RI�WKLV�GHYHORSPHQW�KDV�EHHQ�PLQRU�LQ�UHFHQW�\HDUV���,Q�FRQWUDVW��FRQWDLQHUVKLS�WHFKQRORJ\
DQG�VL]H�KDV�DQG�FRQWLQXHV�WR�H[SHULHQFH�UDSLG�FKDQJH���7KHUH�DUH�QR�H[SHFWDWLRQV�WKDW�3DQDPD[���������GZW��
�������GZW��EXONHUV��&DSHVL]H��!�������GZW��EXONHUV��WDQNHUV��$IUDPD[�DQG�DERYH���RU�FKHPLFDO�SURGXFW
WDQNHUV��!�������GZW��ZLOO�VHUYH�WKH�3RUW�RI�6DYDQQDK�RYHU�WKH�VWXG\�SHULRG�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

IRU�HDFK� W\SH�ZDV� WKHQ�GLVWULEXWHG�RYHU� WKH�GUDIW� FDWHJRULHV��XVLQJ� WKH�GLVWULEXWLRQV
SUHVHQWHG�LQ�([KLELW��������([KLELWV������DQG������SUHVHQWV�WKH�UHVXOWV�RI�WKH�IRUHFDVW�RI
OLTXLG�DQG�GU\�EXON�YHVVHO�FDOOV�WR�6DYDQQDK�IURP������WR������

([KLELW�����
)RUHFDVW�RI�/LTXLG�%XON�9HVVHO�&DOOV��3RUW�RI�6DYDQQDK�������������

Design
Draft (ft)

2000 2010 2020 2030 2040 2050

��� ��� ��� ��� ��� ��� ���
�� �� �� �� �� �� ��
�� � � � �� �� ��
�� �� �� �� �� �� ��
�� �� �� �� �� �� ��
�� � � � �� �� ��
�� � � � � � �
�� � � � � � �
�� � � � � � �
!�� � � � � � �
7RWDO ��� ��� ��� ��� ��� ���

6RXUFH� *HRUJLD�3RUWV�$XWKRULW\��6DYDQQDK�3LORWV�$VVRFLDWLRQ��%RR]³$OOHQ�DQDO\VLV

([KLELW�����
)RUHFDVW�RI�'U\�%XON�9HVVHO�&DOOV��3RUW�RI�6DYDQQDK�������������

Design
Draft (ft)

2000 2010 2020 2030 2040 2050

��� ��� ��� ��� ��� ��� ���
�� �� �� �� �� �� ��
�� �� �� �� �� �� ��
�� � � �� �� �� ��
�� �� �� �� �� �� ��
�� �� �� �� �� �� ��
�� � � � � � �
�� � � � � � �
�� ² ² ² ² ² ²
!�� �� �� �� �� �� ��
7RWDO ��� ��� ��� ��� ��� ���

6RXUFH� *HRUJLD�3RUWV�$XWKRULW\��6DYDQQDK�3LORWV�$VVRFLDWLRQ��%RR]³$OOHQ�DQDO\VLV

7R�FDOFXODWH�WKH�WUDQVSRUWDWLRQ�EHQHILWV�DFFUXHG�WR�DOWHUQDWLYH�SURMHFWV�IURP�OLTXLG�DQG
EXON� YHVVHOV�� OLJKW� ORDGLQJ� GLVWULEXWLRQV� IRU� WKHVH� YHVVHOV� ZHUH� GHWHUPLQHG��
&RQVWUDLQWV� LQ� FKDQQHO� GHSWK� KDYH� QRW� DOORZHG� PDQ\� EXON� YHVVHO� RSHUDWRUV� IURP
XVLQJ�WKH�PD[LPXP�RSHUDWLQJ�GUDIWV�RI� WKHLU� ODUJHVW�YHVVHOV�� �([KLELWV������DQG�����



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

LOOXVWUDWH� WKH� LQERXQG� DQG� RXWERXQG� OLJKW� ORDGLQJ� VWDWLVWLFV� IRU� GU\� EXON� YHVVHOV
FDOOLQJ�WKH�3RUW�RI�6DYDQQDK�LQ������

([KLELW�����
,QERXQG�'U\�%XON�9HVVHO�7ULSV�/LJKW�/RDGHG��6DYDQQDK�+DUERU������

Number of Feet Light LoadedDesign
Draft (ft) 0 1 2 3 4 5 6 7 8+

Total
Trips Percent

�� � � � � � � � � �� �� ���
�� � � � � � � � � � �� ���
�� � � � � � � � � � � ��
�� � � � � � � � � � �� ���
�� � � � � � � � � � � ���
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
!�� � � � � � � � � � � ��
7RWDO � � � � � � � � �� �� ����

3HUFHQW �� �� �� �� �� �� �� �� ��� ����
6RXUFH� *HRUJLD�3RUWV�$XWKRULW\��6DYDQQDK�3LORWV�$VVRFLDWLRQ��%RR]³$OOHQ�DQDO\VLV
1RWH� )LJXUHV�PD\�QRW�DGG�GXH�WR�URXQGLQJ

([KLELW�����
2XWERXQG�'U\�%XON�9HVVHO�7ULSV�/LJKW�/RDGHG��6DYDQQDK�+DUERU������

Number of Feet Light LoadedDesign
Draft (ft) 0 1 2 3 4 5 6 7 8+

Total
Trips Percent

�� � � � � � � � � � �� ���
�� � � � � � � � � � � ���
�� � � � � � � � � � � ��
�� � � � � � � � � � �� ���
�� � � � � � � � � � � ���
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
!�� � � � � � � � � � � ��
7RWDO � � � � � � � � �� �� ����

3HUFHQW �� ��� �� �� ��� �� �� �� ��� ����
6RXUFH� *HRUJLD�3RUWV�$XWKRULW\��6DYDQQDK�3LORWV�$VVRFLDWLRQ��%RR]³$OOHQ�DQDO\VLV



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

1RWH� )LJXUHV�PD\�QRW�DGG�GXH�WR�URXQGLQJ

&RPSDULQJ� WKH� LQERXQG� DQG� RXWERXQG� VWDWLVWLFV� LOOXVWUDWHV� WKH� EDOODVW� PRYHV
RFFXUULQJ�IRU�EXON�YHVVHOV�XVLQJ�WKH�3RUW���,Q�������LQERXQG�FDOOV�SUHGRPLQDQWO\�ZHUH
IRXU� IHHW� RU�PRUH� OLJKW� ORDGHG�� ZLWK� WKH�PDMRULW\� HLJKW� IHHW� RU�PRUH� OLJKW� ORDGHG��
+RZHYHU��RXWERXQG�YHVVHOV�FDOOV�VKRZ�VRPH�VKLIW� WRZDUG�WKH�ORZHU�HQG�RI� WKH� OLJKW
ORDGLQJ�VFDOH����WR���IHHW��IRU�VHYHUDO�RI�WKH�YHVVHOV�� �([KLELWV������DQG������LOOXVWUDWH
WKH� LQERXQG� DQG� RXWERXQG� OLJKW� ORDGLQJ� VWDWLVWLFV� IRU� WDQNHUV� FDOOLQJ� WKH� 3RUW� RI
6DYDQQDK�LQ������

([KLELW�����
,QERXQG�/LTXLG�%XON�9HVVHO�7ULSV�/LJKW�/RDGHG�

�6DYDQQDK�+DUERU������
Number of Feet Light LoadedDesign

Draft (ft) 0 1 2 3 4 5 6 7 8+
Total
Trips

Percent

�� � � � � � � � � �� �� ���
�� � � � � � � � � � � ��
�� � � � � � � � � �� �� ���
�� � � � � � � � � � �� ���
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��

7RWDO � � � � � � � � �� �� ����

3HUFHQW �� �� �� �� �� �� �� �� ��� ����
6RXUFH� *HRUJLD�3RUWV�$XWKRULW\��6DYDQQDK�3LORWV�$VVRFLDWLRQ��%RR]³$OOHQ�DQDO\VLV
1RWH� )LJXUHV�PD\�QRW�DGG�GXH�WR�URXQGLQJ



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

([KLELW�����
2XWERXQG�/LTXLG�%XON�9HVVHO�7ULSV�/LJKW�/RDGHG�

�6DYDQQDK�+DUERU������
Number of Feet Light LoadedDesign

Draft (ft) 0 1 2 3 4 5 6 7 8+
Total
Trips Percent

�� � � � � � � � � �� �� ���
�� � � � � � � � � � � ��
�� � � � � � � � � �� �� ���
�� � � � � � � � � �� �� ���
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��
�� � � � � � � � � � � ��

7RWDO � � � � � � � � �� �� ����

3HUFHQW �� �� �� �� �� �� �� �� ��� ����

6RXUFH� *HRUJLD�3RUWV�$XWKRULW\��6DYDQQDK�3LORWV�$VVRFLDWLRQ��%RR]³$OOHQ�DQDO\VLV
1RWH� )LJXUHV�PD\�QRW�DGG�GXH�WR�URXQGLQJ

&RPSDULQJ� WKH� LQERXQG� DQG� RXWERXQG� VWDWLVWLFV� LOOXVWUDWHV� WKH� EDOODVW� PRYHV
RFFXUULQJ�IRU� WDQNHUV�� � ,Q����������SHUFHQW�RI� WKH� LQERXQG� WDQNHUV�ZHUH� OLJKW� ORDGHG
HLJKW�IHHW�RU�PRUH��ZLWK�WKH�UHPDLQGHU�VSUHDG�UHODWLYHO\�HYHQO\�IURP�RQH�WR�VHYHQ�IHHW�
�+RZHYHU�� RQ� WKH� RXWERXQG� OHJ�� OLJKW� ORDGLQJ� LQFUHDVHG� VLJQLILFDQWO\�� DQG�ZDV� QRW
GLVWULEXWHG� DV� HYHQO\�� �2YHU� ��� SHUFHQW� RI� WKH� RXWERXQG� WDQNHUV�ZHUH� OLJKW� ORDGHG
HLJKW�IHHW�RU�PRUH�ZLWK�WKH�UHPDLQGHU�WDSHULQJ�RII�DW�WKUHH�IHHW���&RPSDULQJ�WDQNHUV�WR
EXONHUV�� LW� VKRXOG� EH� QRWHG� WKDW� EXONHU� OLJKW� ORDGLQJ� LPSURYHG� RQ� WKH� RXWERXQG
YR\DJH��ZKHUHDV�IRU�WDQNHUV��WKH�UHYHUVH�LV�WUXH�

��� &RQFOXVLRQV

7KH� 6DYDQQDK� IOHHW� RI� WKH� IXWXUH� ZLOO� EH� ODUJHU� WKDQ� XQGHU� H[LVWLQJ� FRQGLWLRQV� DV
GULYHQ� E\� JURZWK� LQ� WUDGH�� � 7KH� FKDUDFWHULVWLFV� RI� WKH� IOHHW� GHSHQG�� LQ� SDUW�� RQ� WKH
DYDLODEOH� GHSWK� RI� FKDQQHO�� � 6SHFLILF� FRQFOXVLRQV� IURP� WKH� DQDO\VLV� RI� ZRUOG� DQG
6DYDQQDK�IOHHW�IRUHFDVWV�LQFOXGH��

• 7KH�ZRUOG�FRQWDLQHUVKLS�IOHHW�ZLOO�KDYH�D�ODUJH�QXPEHU�RI�GHHSHU�GUDIW�SRVW�
3DQDPD[�FRQWDLQHU�YHVVHOV�LQ�VHUYLFH�E\������

• &RQWDLQHU�YHVVHO�RSHUDWRUV�KDYH�LQWURGXFHG�GHHSHU�GUDIW�YHVVHOV�LQWR�SRUW
URWDWLRQV�ZLWK�6DYDQQDK�FDOOV�IROORZLQJ�SUHYLRXV�6DYDQQDK�+DUERU�FKDQQHO
GHHSHQLQJ�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�$QG�9HVVHO�2SHUDWLRQV�)RUHFDVW

• 7KH�ODUJHVW�3RVW�3DQDPD[�YHVVHOV��DUH�H[SHFWHG�LQ�6DYDQQDK�LQ�WKH�ILUVW�KDOI�RI
WKH�VWXG\�SHULRG���)XOO\�ORDGHG�WR�WKHLU�GHVLJQ�GUDIW��WKHVH�ODUJHVW�YHVVHOV�FDQQRW
EH�DFFRPPRGDWHG�E\�WKH�H[LVWLQJ�6DYDQQDK�+DUERU�FKDQQHO�XQOHVV�OLJKW�ORDGHG
HLJKW�IHHW�RU�PRUH�

• 3URMHFW�DOWHUQDWLYHV�RI����WR����IHHW�FDQ�DFFRPPRGDWH�WKH�ODUJHVW�IXOO\�ORDGHG
YHVVHOV�LQ�WKH�IRUHFDVW�ZKHQ�WUDQVLWLQJ�ZLWK�WKH�WLGH�

• %XON�FDUJR�YHVVHOV�ZLOO�FRQWLQXH�VHUYH�GHGLFDWHG�SURGXFWLRQ�IDFLOLWLHV�DQG
GLVWULEXWLRQV�QHWZRUNV�²�ZLWK�YHVVHO�VL]H�DQG�IOHHW�PL[�UHPDLQLQJ�FRQVWDQW�RYHU
WKH�VWXG\�SHULRG�
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�� 08/7,3257�&203(7,7,9(�$1$/<6,6
7KLV�FKDSWHU�SUHVHQWV�UHVXOWV�RI�WKH�PXOWLSRUW�FRPSHWLWLYH�DQDO\VLV�FRPSOHWHG�DV�SDUW
RI�WKH�HFRQRPLF�DQDO\VLV���7KH�PXOWLSRUW�DQDO\VLV�HYDOXDWHV�WKH�WRWDO�WUDQVSRUWDWLRQ
FRVW�IURP�RULJLQ�WR�GHVWLQDWLRQ�RI�VKLSPHQWV�ZLWK�DOWHUQDWLYH�URXWLQJV�WKURXJK�YDULRXV
SRUW�JDWHZD\V���&RPSRQHQWV�RI�WRWDO�WUDQVSRUWDWLRQ�FRVWV�LQFOXGH�RYHUODQG��SRUW�DQG
PDULWLPH�FRVWV���7KH�DQDO\VLV�KHUH�HYDOXDWHG�URXWLQJV�WR�GLVFUHWLRQDU\�PDUNHWV�DFURVV
WUDGH�ODQHV�WKURXJK�6DYDQQDK�DQG�FRPSHWLWRU�SRUWV�

��� 2YHUYLHZ

,Q� WKLV� FKDSWHU�� 6DYDQQDK� LV� PHDVXUHG� DJDLQVW� LWV� FRPSHWLWRU� SRUWV� LQ� WHUPV� RI
ODQGVLGH� �LQFOXGLQJ�SRUW�� LQIUDVWUXFWXUH�DQG�FRPSHWLWLYH� FRVW� SRVLWLRQ�� �&RPSHWLWLYH
FRVWV� DUH� WKH� WUDQVSRUWDWLRQ� FRVWV� IRU� FDUJRHV� VKLSSHG� WR�IURP� 6DYDQQDK� +DUERU·V
FRPSHWLWLYH� KLQWHUODQGV� WKURXJK� 6DYDQQDK� DQG� FRPSHWLQJ� SRUWV� WR�IURP� RYHUVHH
WUDGH�SDUWQHUV�� �7KH�REMHFWLYH�RI� WKLV�PXOWLSRUW�DQDO\VLV� LV� WR�DVVHVV� WKH�SRWHQWLDO� IRU
WKH�ZLWK�SURMHFW�FRQGLWLRQ�DOWHUQDWLYHV�WR�DIIHFW�WUDIILF�WKURXJK�FRPSHWLQJ�SRUWV��H�J��
FDUJR�GLYHUVLRQ��

$V� RQH� RI�1RUWK�$PHULFD·V� WRS� WLHU� FRQWDLQHU�SRUWV�� 6DYDQQDK�KDV� VKRZQ� WR� EH� WKH
FKRLFH�RI�PDQ\�VKLSSHUV�DV�WKH�HQWU\�H[LW�SRLQW�WR�WKH�8�6��IRU�WKHLU�LPSRUW�DQG�H[SRUW
JRRGV�� � 7KH� HYLGHQFH� WR� VXSSRUW� WKLV� FRQFOXVLRQ� LV� WKH� YROXPH� RI� FRQWDLQHUV� WKDW
VKLSSHUV� UHWDLQ� RFHDQ� FDUULHUV� WR� VKLS� WKURXJK� WKH� 3RUW� HDFK� \HDU�� � ,Q� RUGHU� WR� EH
VHOHFWHG�DV�WKH�SRUW�RI�FKRLFH��HDFK�VKLSSHU��RU�WKHLU�DJHQW��PXVW�KDYH�GHFLGHG�WR�XVH
6DYDQQDK� RYHU� LWV� FRPSHWLWRU� SRUWV�� JLYHQ� WKH� FRPELQDWLRQ� RI� FRVW� DQG� VHUYLFH
DYDLODEOH� IURP� WKH� 3RUW�� � ,QODQG� GLVWULEXWLRQ� VWDWLVWLFV� IURP� WKH� -RXUQDO� RI� &RPPHUFH
3RUW� ,PSRUW�([SRUW� 5HSRUWLQJ� 6\VWHP� �3,(56�� GDWD� VKRZ� WKDW� 6DYDQQDK� VHUYHV
PDUNHWV�WKDW�RYHUODS�ZLWK�RWKHU�8�6��FRQWDLQHU�SRUWV���7KLV�FKDSWHU�DQDO\]HV�WKH�HIIHFW
WKDW�GHHSHQLQJ�WKH�6DYDQQDK�+DUERU�QDYLJDWLRQ�FKDQQHO�PD\�KDYH�RQ�FDUJR�YROXPHV
WKURXJK�FRPSHWLWRU�SRUWV�

��� ,QIUDVWUXFWXUH

7KH� ODQGVLGH�� SRUW�� DQG� ZDWHUVLGH� LQIUDVWUXFWXUH� FRQWULEXWHV� VLJQLILFDQWO\� WR� WKH
VHUYLFH�DQG�RSHUDWLRQDO�FRPSHWLWLYHQHVV�RI�D�FRQWDLQHU�SRUW�� �$V�WUDGH�YROXPHV�KDYH
LQFUHDVHG��FDUULHUV�KDYH�GHPDQGHG�PRGHUQ�HTXLSPHQW�DQG�DGHTXDWH�VSDFH�WR�PDWFK
WKHLU� RZQ� VLJQLILFDQW� LQYHVWPHQWV� LQ� YHVVHOV� DQG� PDQDJHPHQW� V\VWHPV��
&RUUHVSRQGLQJO\��DV�VKLSSHUV�SUHVVXUH�FDUULHUV�IRU�FRPSHWLWLYH�UDWHV�ZLWK�KLJK�TXDOLW\
VHUYLFH��FDUULHUV�ORRN�WR�SRUWV�IRU�FRPPLWPHQW�LQ�SURYLGLQJ�UHTXLUHG�LQIUDVWUXFWXUH�WR
PDNH� ORZ�FRVW�HIILFLHQW� VHUYLFH�SRVVLEOH�� �'XULQJ� WKH� ODVW� VHYHUDO�GHFDGHV��6DYDQQDK
DQG�FRPSHWLWRU�SRUWV�KDYH�DGGUHVVHG�WKLV�QHHG�WKURXJK�LQYHVWPHQWV�LQ�LQIUDVWUXFWXUH
WR� NHHS� XS� ZLWK� WKH� LQFUHDVHG� VL]H� RI� WUDGH� DQG� YHVVHOV�� � 7KH� LQIUDVWUXFWXUH� RI
6DYDQQDK� DQG� LWV� FRPSHWLWRU� SRUWV� LV� DQ� LPSRUWDQW� PHDVXUH� RI� FRPSHWLWLYHQHVV�
HVSHFLDOO\�IRU�FRQWDLQHUL]HG�FDUJRHV�
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7KH� FRPSHWLWLYH� SRVLWLRQ� RI� 6DYDQQDK� FDQ� EH� HYDOXDWHG� IURP� ERWK� D� ILQDQFLDO� DQG
SK\VLFDO� SHUVSHFWLYH�� � 7KRXJK� D� SRUW·V� ILQDQFLDO� LQYHVWPHQW� LQ� LQIUDVWUXFWXUH� WR
LPSOHPHQW�ORQJ�WHUP�GHYHORSPHQW�SODQV�FDQ�GHPRQVWUDWH�LWV�FRPPLWPHQW�WR�VWD\LQJ
FRPSHWLWLYH�� LW� LV� WKH� FXUUHQW� SK\VLFDO� GLPHQVLRQV� RI� D� SRUW·V� LQIUDVWUXFWXUH� WKDW
LPSDFWV�RFHDQ�FDUULHUV�FRVW�DQG�RSHUDWLQJ�SUDFWLFHV�RQ�D�GD\�WR�GD\�EDVLV���+HQFH��WKH
SK\VLFDO� FDSDELOLW\� RI� D� SRUWV·� LQIUDVWUXFWXUH� WR� LWV� FRPSHWLWRUV� ZDV� RQH� GLPHQVLRQ
FRQVLGHUHG�LQ�GHWHUPLQLQJ�WKH�FRPSHWLWLYH�SRVLWLRQ�RI�6DYDQQDK�� �2Q�WKH�ZDWHUVLGH�
WKH� FKDUDFWHULVWLFV�RI� LQIUDVWUXFWXUH� WKDW� DUH�PRVW� LPSRUWDQW� DUH� FKDQQHO�GLPHQVLRQV
DQG�EHUWK�FDSDFLW\��LQGLFDWHG�E\�QXPEHU��OHQJWK��DQG�ZDWHU�GHSWK����:LWKLQ�WKH�SRUW�
WKH�QXPEHU�DQG�VL]H�RI�FUDQHV��FRQWDLQHU�VWRUDJH�FDSDFLW\��DQG�FRQQHFWLRQV�WR�LQODQG
WUDQVSRUWDWLRQ�DUH�LPSRUWDQW�LQIUDVWUXFWXUH�PHDVXUHV�� �)URP�WKH�FDUULHUV�SHUVSHFWLYH�
PRUH�DQG�ELJJHU�DUH�EHWWHU�DFURVV�DOO�WKHVH�PHDVXUHV���3RWHQWLDOO\�ORZHU�XQLW�FRVWV�DQG
RU� IDVWHU� RU� PRUH� UHOLDEOH� VHUYLFH� DUH� LPSOLHG� IURP� LQFUHDVHV� WR� WKHVH� PHDVXUHV�
SRWHQWLDOO\�LQFUHDVLQJ�D�SRUW·V�FRPSHWLWLYHQHVV�

7KH� LQIUDVWUXFWXUH� FKDUDFWHULVWLFV� DUH� VXPPDUL]HG� IRU� 6DYDQQDK� DQG� LW·V� FRPSHWLWRU
SRUWV�LQ�([KLELW�������'DWD�KDV�EHHQ�DJJUHJDWHG�DFURVV�DOO�FRQWDLQHU�WHUPLQDOV�LQ�D�SRUW
IRU�D�FRPSRVLWH�SLFWXUH�RI�HDFK�SRUW�DV�D�ZKROH�

([KLELW����
&RPSDULVRQ�RI�3RUW�,QIUDVWUXFWXUH��6RXWK�$WODQWLF�3RUW�5DQJH������

,QIUDVWUXFWXUH
&KDUDFWHULVWLF

6DYDQQDK�
*$

:LOPLQJWRQ�
1&

&KDUOHVWRQ�
6&




+DPSWRQ
5RDGV��9$

-DFNVRQYLOOH�
)/

1XPEHU�RI�7HUPLQDOV � � � � �

%HUWKV�

����1XPEHU � � � �� �

����7RWDO�%HUWK�/HQJWK��IW�� ����� ����� ����� ������ �����

&RQWDLQHU�&UDQH�1XPEHU�

����7RWDO �� � �� �� �

����3RUW�3DQDPD[������
� � � � � �

$YDLODEOH�:DWHU�'HSWK��IW���

����&KDQQHO ���➔�" �� ���➔��� �� ��

����%HUWKV ���➔�" �� �� ������� ��

3DYHG�$FUHDJH��DFUHV� ���
 ��� ��� ��� ���

6WRUDJH��7(8� ������ ������

 ������ ������ �����

1R��RI�&ODVV���5DLOURDGV � � � � �

6RXUFH� &RQWDLQHUL]DWLRQ�,QWHUQDWLRQDO�<HDUERRN������
1RWH�
�� ,QFOXGHV�QHZ�&RQWDLQHU�%HUWK����FXUUHQWO\�XQGHU�FRQVWUXFWLRQ�DQG�GRHV�QRW�LQFOXGH�PXOWLSOH�JHQHUDO�XVH

EHUWKV�ORFDWHG�DW�2FHDQ�7HUPLQDOV�
1RWH��

�� ,QFOXGHV�XQSDYHG�DFUHDJH�
1RWH�


�� &KDUOHVWRQ�LV�FXUUHQWO\�LPSOHPHQWLQJ�SODQV�WR�FRQVWUXFW�D�IRXUWK�WHUPLQDO�DW�'DQLHOªV�,VODQG��SURYLGLQJ�DQ

DGGLWLRQDO�������DFUHV�RI�WHUPLQDO�VSDFH��DQG�������IHHW�RI�EHUWKLQJ��
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,Q� JHQHUDO�� WKH� H[KLELW� VKRZV� WKDW� WKH� 3RUW� RI� 6DYDQQDK� LV� UHODWLYHO\� FRPSDUDEOH� RU
DGYDQWDJHG� WR� RWKHU� SRUWV� LQ� WKH� 6RXWK� $WODQWLF�� � 7KH� 3RUW� RI� 6DYDQQDK� FXUUHQWO\
PDLQWDLQV� WKH� ORQJHVW� FRQWLJXRXV�GRFN�RI�SRUWV� LQ� WKH�6RXWK�$WODQWLF��ZLWK�PRVW� DOO
IDFLOLWLHV� DQG� FDSDFLW\� FRQFHQWUDWHG� DW� LWV� *DUGHQ� &LW\� WHUPLQDO�� � 7KLV� FRPSDUHV
IDYRUDEO\� WR�PRVW�RWKHU�6RXWK�$WODQWLF�SRUWV�ZKRVH�FRQWDLQHU� IDFLOLWLHV�DUH�DOORFDWHG
RYHU� WZR�RU�PRUH� IDFLOLWLHV��DQG�DOORZV�JUHDWHU�RSHUDWLRQDO� IOH[LELOLW\� WR�FDUULHUV�DQG
WHUPLQDO� RSHUDWRUV�� � &RUUHVSRQGLQJO\�� 6DYDQQDK·V� *DUGHQ� )DFLOLW\� WHUPLQDO� LV
FRPSDUDEOH�WR�RU�H[FHHGV�PRVW�6RXWK�$WODQWLF�FRQWDLQHU�WHUPLQDOV�LQ�WKH�QXPEHU�DQG
OHQJWK� RI� EHUWKV� �6DYDQQDK·V� DYHUDJH� EHUWK� OHQJWK� LV� VHFRQG� KLJKHVW� LQ� WKH� UHJLRQ�
DYDLODEOH�WR�YHVVHOV�FDOOLQJ�WKH�SRUW��

([DPLQDWLRQ� RI� VWRUDJH� FDSDFLW\� VKRZV� WKDW� 6DYDQQDK� KDV� VXIILFLHQW� FDSDFLW\� WR
KDQGOH� WKH� H[SHFWHG� QHDU� WHUP� FDUJR� JURZWK� ZLWKRXW� VXIIHULQJ� GHFUHDVHV� LQ
WUDQVSRUWDWLRQ� HIILFLHQFLHV�� � 7RJHWKHU� ZLWK� 3RVW�3DQDPD[� FUDQH� FDSDELOLWLHV��
FRPSDUDEOH� EHUWK� ZDWHU� GHSWK�� DQG� DGHTXDWH� EHUWK� OHQJWK�� 6DYDQQDK� FRPSDUHV
IDYRUDEO\�WR�DOO�E\�WKH�+DPSWRQ�5RDGV�LQ�VXSSRUWLQJ�ODUJHU��GHHS�GUDIW�3RVW�3DQDPD[
FRQWDLQHUVKLSV�FXUUHQWO\�EHLQJ�LQWURGXFHG�LQWR�WKH�ZRUOG�IOHHW��

(DFK� SRUW� KDV� KLQWHUODQG� DFFHVV� WKURXJK� WZR� FODVV� ,� UDLOURDGV� ²� &6;� DQG� 1RUIRON
6RXWKHUQ�� �5DLO� DFFHVV� DQG� FRPSHWLWLRQ� LV� LPSRUWDQW� WR� LQVXUH� FRPSHWLWLYH� UDLO� UDWHV
FRQQHFW�WKH�SRUW�WR�LQODQG�PDUNHWV�FRVW�HIIHFWLYHO\���,I�WKH�SURSRVHG�VSOLW�RI�&RQUDLO�E\
WKHVH�WZR�UDLOURDGV�LV�DSSURYHG��WKH�VHUYLFH�WHUULWRU\�UHDFKDEOH�YLD�WKURXJK�VHUYLFH�RQ
RQH�UDLOURDG�IURP�WKHVH�SRUWV�ZLOO�LQFUHDVH���2QH�RI�WKH�EHQHILWV�WR�WKH�SXEOLF�IURP�WKH
WDNHRYHU�� DV� DUJXHG� E\� &6;� DQG�1RUIRON� 6RXWKHUQ�� PD\� EH� UHGXFHG� FRVW� RI� QRUWK�
VRXWK�UDLO�VHUYLFH�LQ�WKH�HDVWHUQ�SDUW�RI�WKH�8QLWHG�6WDWHV���6LQFH�WKH�VSOLW��DQG�WKHUHIRUH
WKH� UDWH� UHGXFWLRQV� DUH� VWLOO� K\SRWKHWLFDO�� WKH� UHGXFHG� FRVW� EHQHILWV� KDYH� QRW� EHHQ
LQFOXGHG� LQ� WKH� DQDO\VLV�� � 7KLV� VLWXDWLRQ� LV� D� SRWHQWLDO� XQFHUWDLQW\� IDFWRU� WKDW� PD\
EHQHILW�6RXWK�$WODQWLF�SRUWV��LQ�WHUPV�RI�KLJKHU�FRQWDLQHU�YROXPHV��DW�WKH�H[SHQVH�RI
VRPH�1RUWK�$WODQWLF�SRUWV�

��� 'HOLYHUHG�7UDQVSRUWDWLRQ�&RVW

6KLSSHUV�PDNH�GHFLVLRQV�EDVHG�RQ�VHUYLFH�DQG�PRUH� LPSRUWDQWO\��SULFH� �L�H��� FRVW��RI
WUDQVSRUWDWLRQ�� � 7KXV�� WR� GHWHUPLQH� WKH� FRPSHWLWLYH� SRVLWLRQ� RI� URXWLQJ� FDUJRHV
WKURXJK�WKH�3RUW�RI�6DYDQQDK�DQG�LWV�FRPSHWLWRU�SRUWV�� LW� LV�FRQVWUXFWLYH� WR�HYDOXDWH
WRWDO� WUDQVSRUWDWLRQ� FRVWV� WR� VKLSSHUV� WUDQVSRUWLQJ� FDUJRHV� EHWZHHQ� WKH� 6DYDQQDK
KLQWHUODQGV� DQG� YDULRXV� RYHUVHDV� WUDGH� UHJLRQV�� � 7RWDO� WUDQVSRUWDWLRQ� FRVW� LV
FRPSULVHG� RI� PDULQH�� SRUW�� DQG� ODQGVLGH� WUDQVSRUW� FRVWV�� � 8QGHU� YDULRXV� SURMHFW
GHHSHQLQJ� DOWHUQDWLYHV�� PDULWLPH� FRVWV� ZLOO� YDU\� DFFRUGLQJ� WR� RSHUDWLQJ� DQG� IOHHW
GHSOR\PHQW�DOWHUQDWLYHV�RFHDQ�FDUULHUV�PD\�FRQVLGHU���,Q�WKLV�VHFWLRQ��ZH�GHYHORS�HDFK

������������������������������������������������
� 3RVW�3DQDPD[�FUDQHV�DUH�UHTXLUHG�WR�VXSSRUW�WKH�HIILFLHQW�ORDGLQJ�DQG�XQORDGLQJ�RI�ZLGHU�EHDP�3RVW�3DQDPD[

YHVVHOV��
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RI� WKH�SULPDU\�FRVW� FRPSRQHQWV� FRQWULEXWLQJ� WR� WRWDO� WUDQVSRUWDWLRQ� FRVW� LQ�RUGHU� WR
DVVHVV� WKH� FRPSHWLWLYH� SRVLWLRQ� RI� 6DYDQQDK� DQG� RWKHU� SRUWV� LQ� VHUYLQJ� YDULRXV
KLQWHUODQG�PDUNHWV�FXUUHQWO\�VHUYHG�E\�6DYDQQDK�

����� 0HWKRGRORJ\�DQG�$VVXPSWLRQV

)RU� SXUSRVHV� RI� WKLV� FRPSHWLWLYH� DQDO\VLV�� 6DYDQQDK·V� PDMRU� FRQWDLQHU� SRUW
FRPSHWLWRUV� DUH� GHILQHG� E\� WKH� JHRJUDSKLF� DUHDV� �L�H��� KLQWHUODQG�PDUNHWV�� WKDW� DUH
FXUUHQWO\�VHUYHG���9LDEOH�FRPSHWLWRU�SRUWV�FDQ�YDU\�IRU�HDFK�KLQWHUODQG�DQG�RYHUVHHV
WUDGH� UHJLRQ� �RULJLQ�GHVWLQDWLRQ�� SDLU�� � )RU�PRVW� WUDGH� URXWHV�� FRPSHWLWLYH� SRUWV� DUH
RWKHU� FRQWDLQHU� SRUWV�ZLWKLQ� WKH� 6RXWK�$WODQWLF� SRUW� UDQJH� ²� LQFOXGLQJ� WKH� SRUWV� RI
+DPSWRQ� 5RDGV�� &KDUOHVWRQ�� DQG� -DFNVRQYLOOH�� � $V� WKH� GLVWDQFH� IURP� WKH� 6RXWK
$WODQWLF�FRDVW�LQFUHDVHV�KRZHYHU��WKH�UDQJH�RI�SRWHQWLDO�FRPSHWLWRU�SRUWV�H[SDQGV�WR
LQFOXGH� SRUWV�ZLWKLQ� RWKHU� FRDVWDO� UDQJHV�� LQFOXGLQJ�ZHVW� FRDVW� DQG�1RUWK�$WODQWLF
SRUWV�� � ,Q� RXU� WUDQVSRUWDWLRQ� FRVW� DQDO\VLV�� /RV� $QJHOHV� DQG� 1HZ� <RUN� KDYH� EHHQ
LQFOXGHG�DV�UHSUHVHQWDWLYH�FRPSHWLWRUV�IURP�HDFK�RI�WKHVH�SRUW�UDQJHV��

0DULWLPH��SRUW��DQG�ODQGVLGH�WUDQVSRUWDWLRQ�FRVWV�DUH�GHWDLOHG�LQ�([KLELW�����WKURXJK
([KLELW� ����� � (DFK� H[KLELW� KDV� LPEHGGHG� LQWR� LW� VHYHUDO� DVVXPSWLRQV� XWLOL]HG� WR
H[SHGLWH� WKH� DQDO\VLV�� � /DWHU�� WKH� LPSDFW� WKDW� WRWDO� WUDQVSRUWDWLRQ� FRVW� SOD\V� LQ� WKH
FRPSHWLWLYH�SRVLWLRQ�RI�6DYDQQDK�YHUVXV�LWV�FRPSHWLWRUV�LV�DQDO\]HG�LQ�6HFWLRQ�������

0DULWLPH� FRVWV� IRU� FRQWDLQHUL]HG� FDUJR� ZHUH� SUHSDUHG� E\� VXPPLQJ� DW�VHD� YR\DJH
FRVWV� RI� D� FRQWDLQHUVKLS� YR\DJH� DQG� PDQHXYHULQJ� FRVWV�� � 0DULWLPH� FRVW� IRU� HDFK
FRQWDLQHU�PRYHG�ZDV�FDOFXODWHG�E\�GLYLGLQJ�WRWDO�PDULWLPH�FRVWV��LQ���WRQ��IRU�HDFK
YR\DJH� E\� WKH� QXPEHU� RI� FRQWDLQHUV� FDUULHG� RQ� WKH� YHVVHO�� � )RU� SXUSRVHV� RI� WKLV
DQDO\VLV�� ZH� XWLOL]H� WKH� RSHUDWLQJ� FRVW� VWUXFWXUH� RI� D� VDPSOH� ����� 7(8� 3DQDPD[
FRQWDLQHUVKLS�� � ([KLELW� ���� GHWDLOV� WKH� WRWDO� DW�VHD� FRVW� FDOFXODWLRQV� IRU� WKLV
FRQWDLQHUVKLS�RQ�D�URXWH�EHWZHHQ�5RWWHUGDP�DQG�IRXU�8�6��6RXWK�$WODQWLF�SRUWV�

([KLELW����
&DOFXODWLRQ�RI�7RWDO�9R\DJH�&RVWV��5RWWHUGDP�WR�8�6��6RXWK�$WODQWLF

������'ROODUV�ZKHUH�LQGLFDWHG�
8�6�
3RUW

7RWDO�'DLO\
&RVW�DW�6HD

'LVWDQFH
�0LOHV�

7UDQVLW
'D\V

7RWDO�9R\DJH
&RVW

1RUIRON ������� ����� ���� ��������
&KDUOHVWRQ ������� ����� ���� ��������
6DYDQQDK ������� ����� ���� ��������
-DFNVRQYLOOH ������� ����� ���� ��������

6RXUFH� %RR]³$OOHQ�DQDO\VLV

7KH� H[KLELW� VKRZ� IRU� WKLV� URXWH�� WKDW� WRWDO� DW�VHD� PDULWLPH� WUDQVSRUWDWLRQ� FRVW� LV
FRUUHODWHG�WR�SRUW�WR�SRVW�GLVWDQFH�²�ZLWK�1RUIRON�EHLQJ�LQ�FORVHVW�SUR[LPLW\�WR�(XURSH�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

�'DLO\�$W�VHD�FRVWV�ZHUH�GHYHORSHG�XVLQJ�WKH�8�6��$UP\�&RUSV�RI�(QJLQHHUV�,QVWLWXWH
IRU�:DWHU�5HVRXUFHV�9HVVHO�2SHUDWLQJ�&RVWV�����7KH�FDWHJRULHV�RI�YHVVHO�RSHUDWLQJ�DQG
FDSLWDO�FRVWV��DQG�WKHLU�YDOXH�IRU�WKH�VDPSOH�FRQWDLQHU�YHVVHO�DUH�GHWDLOHG�LQ�([KLELW���
��

([KLELW����
&RPSRQHQWV�RI�$W�6HD�9HVVHO�2SHUDWLQJ�&RVWV

������'ROODUV�������7(8�&RQWDLQHUVKLS�
&RVW�&DWHJRU\ &RVW

$QQXDO�&DSLWDO�&RVW ����������
&UHZ�&RVW ����������
/XEHV�	�6WRUHV ��������
0DLQWHQDQFH�	�5HSDLU ��������
,QVXUDQFH ��������
$GPLQLVWUDWLRQ ��������
'DLO\�)XHO�DW�6HD �������
'DLO\�)XHO�LQ�3RUW ����
7RWDO�'DLO\�&RVW�DW�6HD �������

6RXUFH� 86$&(�,:5�9HVVHO�2SHUDWLQJ�&RVWV��%RR]³$OOHQ�DQDO\VLV

7KH� VDPSOH� YHVVHO� LV� UHSUHVHQWDWLYH� WR� ODUJH� FRQWDLQHUVKLSV� FXUUHQWO\� VHUYLQJ
6DYDQQDK�DQG�LWV�FRPSHWLWRU�SRUWV���7R�GHWHUPLQH�FRVW�SHU�FRQWDLQHU�RU�SHU�FDUJR�WRQ
���7(8� DQG� ��WRQ� UHVSHFWLYHO\��� DGGLWLRQDO� DVVXPSWLRQV� DGGUHVVLQJ� FDUJR� FDSDFLW\
XWLOL]DWLRQ��OLIWV�SHU�FDOO��FDUJR�WRQV�SHU�FRQWDLQHU��DQG�FDUJR�GHQVLW\�ZHUH�GHYHORSHG��
7KHVH�DVVXPSWLRQV�DUH�SUHVHQWHG�LQ�([KLELW������

������������������������������������������������
�� 2SHUDWLQJ�DQG�FDSLWDO�FRVW�GDWD�DUH�IRU�D�IXOO\�FHOOXODU�3DQDPD[�FRQWDLQHUVKLS�FXUUHQWO\�VHUYLQJ�WKH�8�6��ZLWK

D�FDSDFLW\�RI�������7(8�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

([KLELW����
6DPSOH�&RQWDLQHUVKLS�9HVVHO�&KDUDFWHULVWLFV

�8VHG�LQ�9HVVHO�&RVW�&DOFXODWLRQ�
9HVVHO�&KDUDFWHULVWLF 9DOXH�8VHG

0D[��&DSDFLW\��7(8V� �����
*URVV�5HJLVWHUHG�7RQV ������
'HDGZHLJKW�7RQV ������
1HW�5HJLVWHUHG�7RQV ������
/HQJWK�2YHUDOO��)W�� �����
/HQJWK�2YHUDOO��P� ���
%HDP��)W�� �����
'HVLJQ�'UDIW��)W�� ����
'HSWK��)W�� ����
0D[��6SHHG��.QRWV� ����
$YJ��6SHHG��.QRWV� ����
0D[��&DSDFLW\��&RQWDLQHUV� ����
$YJ��7(8�&DOO ���
$YJ��&RQWDLQHUV�&DOO ���
$YJ��7(8V�&RQWDLQHU ���
$YJ��7RQV�7(8 �

6RXUFH� %RR]³$OOHQ�DQDO\VLV
1RWH� 0D[LPXP�7(8�FDSDFLW\�LV�QRW�WKH�VDPH�DV�WKH�PD[LPXP�FRQWDLQHU�FDSDFLW\�ZKLFK�DFFRXQWV�IRU�D�PL[�RI

WZHQW\�DQG�IRUW\�IRRW�HTXLYDOHQW�XQLW�FRQWDLQHUV��7(8V�DQG�)(8V�UHVSHFWLYHO\����0D[LPXP�FDSDFLW\�EDVHG
RQ����SHUFHQW�XWLOL]DWLRQ�RI�PD[LPXP�FDSDFLW\�

7KH�FDOFXODWLRQ�RI�WKH�FRVWV�RI�YHVVHO�PDQHXYHULQJ�ZHUH�PDGH�IURP�SLORW�HVWLPDWHV�RI
WKH� WLPH� LW� WDNHV� WR� WUDQVLW� D� FRQWDLQHUVKLS� IURP� WKH� VHD� EXR\� WR� HDFK� SRUWV·� PDLQ
FRQWDLQHU� EHUWK�� � 6LPLODU� WR� WKH� DW�VHD� FRVW� FDOFXODWLRQ� HDUOLHU�� WKH� FDOFXODWLRQ� RI� WKH
PDQHXYHULQJ� FRVWV� LQFRUSRUDWHV� PDQHXYHULQJ� FRVW�� GLVWDQFH�� WUDQVLW� WLPH�� DQG
RSHUDWLQJ�VSHHG���DUH�VKRZQ�IRU�WKH�H[DPSOH�YHVVHO�LQ�([KLELW�����



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

([KLELW����
&DOFXODWLRQ�RI�9HVVHO�0DQHXYHULQJ�&RVWV�IRU�([DPSOH�&RQWDLQHUVKLS

������'ROODUV�

8�6��3RUW 1DXWLFDO
0LOHV

+RXUV 6SHHG
�NQRWV�

&RVW

1RUIRON ���� ��� ��� ������
&KDUOHVWRQ ���� ��� ��� ������
6DYDQQDK ���� ��� ��� ������
-DFNVRQYLOOH ���� ��� ���� ������

6RXUFH� %RR]³$OOHQ�DQDO\VLV

7KH�VXP�RI�WKH�DW�VHD�DQG�PDQHXYHULQJ�FRVWV� LV�WKH�WRWDO�PDULWLPH�FRVW�SHU�YR\DJH��
)URP�WKH�WRWDO�PDULWLPH�FRVW��WKH�PDULWLPH�FRVW�SHU�FRQWDLQHU�LV�FDOFXODWHG�E\�GLYLGLQJ
PDULWLPH�FRVW�E\�WKH�FRQWDLQHUV�SHU�FDOO�� �7RWDO�PDULWLPH�FRVW�DQG�FRVW�SHU�FRQWDLQHU
IRU�RXU�VDPSOH�YHVVHO�DUH�VKRZQ�LQ�([KLELW�����

([KLELW����
&RPSDULVRQ�RI�0DULWLPH�7UDQVSRUWDWLRQ�&RVWV�SHU�&RQWDLQHU

������'ROODUV�

8�6��3RUW 7RWDO
9R\DJH

0DQHXYHULQJ 7RWDO
0DULQH

7RWDO�SHU
&RQWDLQHU

1RUIRON �������� ������ �������� ����
&KDUOHVWRQ �������� ������ �������� ����
6DYDQQDK �������� ������ �������� ����
-DFNVRQYLOOH �������� ������ �������� ����
6RXUFH� %RR]³$OOHQ�DQDO\VLV

7KH�PHWKRG�WR�FDOFXODWH�PDULWLPH�FRVWV�IRU�YHVVHOV�RQ�RWKHU�URXWHV�LV�LGHQWLFDO�H[FHSW
IRU�WKRVH�RQ��6RXWKHDVW�$VLD��,QGLDQ�6XEFRQWLQHQW��:HVW�&RDVW�RI�/DWLQ�$PHULFD��DQG
0LGGOH� (DVWHUQ� URXWHV�� � 7KHVH� URXWHV� UHTXLUH� D� YHVVHO� WR� WUDQVLW� HLWKHU� WKH� 3DQDPD
&DQDO� RU� 6XH]� &DQDO�� WKXV� LQFXUULQJ� DGGLWLRQDO� FRVW�� � 6LPLODU� WR� PDULWLPH� FRVWV
GHYHORSHG� HDUOLHU�� ([KLELWV� ���� WKURXJK� ���� VKRZ�PDULWLPH� FRVW� FDOFXODWLRQV� IRU� WKH
VDPH�YHVVHO�RSHUDWLQJ�RQ�D� URXWH�EHWZHHQ�6LQJDSRUH�DQG�VHOHFW�8�6��6RXWK�$WODQWLF�
1RUWK�$WODQWLF�DQG�:HVW�&RDVW�FRQWDLQHU�SRUWV�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

([KLELW����
&DOFXODWLRQ�RI�9R\DJH�&RVWV��6LQJDSRUH�WR�8�6��3RUWV

������'ROODUV�

8�6��3RUW
7RWDO�'DLO\
&RVW�DW�6HD

1DXWLFDO
0LOHV

&RPSXWHG
'D\V

7RWDO
9R\DJH�&RVW

/RV�$QJHOHV ������� ����� ����� ��������
1HZ�<RUN�3DQ� ������� ������ ����� ��������
1HZ�<RUN�6XH]� ������� ������ ����� ��������
1RUIRON�3DQ� ������� ������ ����� ��������
1RUIRON�6XH]� ������� ������ ����� ��������
&KDUOHVWRQ�3DQ� ������� ������ ����� ��������
&KDUOHVWRQ�6XH]� ������� ������ ����� ��������
6DYDQQDK�3DQ� ������� ������ ����� ��������
6DYDQQDK�6XH]� ������� ������ ����� ��������
-DFNVRQYLOOH�3DQ� ������� ������ ����� ��������
-DFNVRQYLOOH�6XH]� ������� ������ ����� ��������

6RXUFH� %RR]³$OOHQ�DQDO\VLV

9HVVHO�RSHUDWLQJ�FRVW�DQG�FDUJR�ORDGLQJ�DVVXPSWLRQV�DUH�WKH�VDPH�DV�LQ�WKH�5RWWHUGDP
URXWH� H[DPSOH�� VR� WKDW� LQIRUPDWLRQ� LV� QRW� UHSHDWHG� KHUH�� � 7KH� FDOFXODWLRQ� RI
PDQHXYHULQJ�WLPH�ZDV�GRQH�XVLQJ�WKH�VDPH�PHWKRGRORJ\�DV�IRU�WKH�5RWWHUGDP�URXWH�
DQG�LQFOXGHG�1HZ�<RUN�DQG�/RV�$QJHOHV�

([KLELW����
&DOFXODWLRQ�RI�7RWDO�0DULQH�&RVWV�SHU�&RQWDLQHU��6LQJDSRUH�WR�8�6��3RUWV

������'ROODUV�

8�6��3RUW
7RWDO
9R\DJH
&RVW

&DQDO
7UDQVLW
&RVW

0DQHXYHULQJ�
&RVW

7RWDO
0DULQH
&RVW

0DULQH
&RVW�SHU
&RQWDLQHU

/RV�$QJHOHV �������� �� ������ �������� ������
1HZ�<RUN��3DQDPD� �������� �������� ������ ���������� ������
1HZ�<RUN��6XH]� �������� �������� ������ �������� ������
1RUIRON��3DQDPD� �������� �������� ������ ���������� ������
1RUIRON��6XH]� �������� �������� ������ �������� ������
&KDUOHVWRQ�3DQDPD� �������� �������� ������ ���������� ������
&KDUOHVWRQ�6XH]� �������� �������� ������ �������� ������
6DYDQQDK��3DQDPD� �������� �������� ������ ���������� ������
6DYDQQDK��6XH]� �������� �������� ������ ���������� ������
-DFNVRQYLOOH��3DQDPD� �������� �������� ������ ���������� ������
-DFNVRQYLOOH��6XH]� �������� �������� ������ ���������� ������
6RXUFH� %RR]³$OOHQ�DQDO\VLV



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

,Q� DGGLWLRQ� WR� PDULQH� WUDQVSRUWDWLRQ� FRVWV�� SRUW� FRVW� PXVW� EH� FRQVLGHUHG� ZKHQ
HYDOXDWLQJ� WRWDO� WUDQVSRUWDWLRQ� FRVW�� � 3RUW� FRVWV� LQFOXGH�� � SLORWDJH�� WXJ�� GRFNDJH�
ZKDUIDJH��VWHYHGRULQJ��WHUPLQDO�RSHUDWLRQV��DQG�FUDQH�UHQWDO��HTXLSPHQW��FRVWV�� �7KH
FRVWV�IRU�RXU�H[DPSOH�YHVVHO�DW�HDFK�RI�VHYHUDO�8�6��SRUWV�DUH�VXPPDUL]HG�LQ�([KLELW���
����3DQDPD�DQG�6XH]�&DQDO�WROOV�UHIOHFW�WKH�QHW�WROOV�SDLG�E\�YHVVHOV�RQ�WKHVH�UHVSHFWLYH
URXWHV���7KH�SRUW�FRVWV�SHU�FRQWDLQHU�DUH�FDOFXODWHG�E\�GLYLGLQJ�WKH�WRWDO�SRUW�FRVWV�E\
WKH�DYHUDJH�QXPEHU�RI�FRQWDLQHUV�KDQGOHG�SHU�FDOO�

([KLELW����
3RUW�&RVW�&RPSRQHQWV�SHU�&RQWDLQHU�IRU�6HOHFWHG�8�6��3RUWV

������'ROODUV��%DVHG�RQ������7(8�9HVVHO�
3RUW�&RVW
,WHP

/RV
$QJHOHV

1HZ
<RUN

1RUIRON &KDUOHVWRQ 6DYDQQDK -DFNVRQYLOOH

3LORWDJH ������ ������ ������ ������ ������ ������

7XJ�$VVLVW ������ ������ ������ ������ ������ ������

'RFNLQJ�3LORW �� ���� ���� ���� ���� ����

'RFNDJH�����KRXUV� ������ ������ ������ ������ ������ ������

:KDUIDJH�&RVW ������� ������� ������� ������� ������� �������

6WHYHGRULQJ ������� ������� ������� ������� ������� �������

7HUPLQDO�2SHUDWLRQV ������� ������� ������� ������� ������� �������

&UDQH�5HQWDO ������� ������� ������� ������ ������ ������

7RWDO�3RUW�&RVW �������� �������� �������� ������� ������� �������

&RVW�SHU�&RQWDLQHU ���� ���� ���� ���� ���� ����

6RXUFH� %RR]³$OOHQ�DQDO\VLV�RI�H[DPSOH������7(8�YHVVHO��3HU�FRQWDLQHU�FRVWV�FDOFXODWHG�IRU�DYHUDJH�FDSDFLW\
XWLOL]DWLRQ�RI�WKH�YHVVHO

/DVWO\�� ODQGVLGH� LQWHUPRGDO� FRVWV� ZHUH� FDOFXODWHG� LQ� RUGHU� WR� GHWHUPLQH� WRWDO
WUDQVSRUWDWLRQ� FRVWV�� � &RQWDLQHUV� DUH� WUDQVSRUWHG� HLWKHU� E\� WUXFN� RU� LQWHUPRGDO� UDLO
VHUYLFH�EHWZHHQ�SRUWV�DQG�WKHLU�KLQWHUODQG�PDUNHWV�� �%RWK�&RVW�DQG�VHUYLFH� WLPH�DUH
FRQVLGHUHG� E\� VKLSSHUV� LQ� VHOHFWLQJ� RYHUODQG�PRGH� FKRLFH�� EXW� OHQJWK� RI� KDXO� LV� D
FULWLFDO� IDFWRU� ZKLFK� W\SLFDOO\� GULYHV� UDWHV�� VHUYLFH�� DQG� VKLSSHU� GHFLVLRQV�� � )RU
SXUSRVHV�RI�RXU�DQDO\VLV��FRQWDLQHUV�WUDYHOLQJ�JUHDWHU�WKDQ�����PLOHV�DUH�DVVXPHG�WR
PRYH� YLD� LQWHUPRGDO� UDLO�� � $OO� VKRUWHU� WULSV� DUH� DVVXPHG� WR� PRYH� E\� WUXFN�� � 7R
LOOXVWUDWH�PRGH�FKRLFH�DQG�FRVW�GLIIHUHQFHV�EHWZHHQ�GLIIHUHQW�PRGHV�RI�WUDQVSRUW���WZR
VDPSOH� KLQWHUODQG� PDUNHWV� ZHUH� FKRVHQ� IRU� SUHVHQWDWLRQ�� � $WODQWD�� *HRUJLD� ZDV
FKRVHQ� DV� WKH� UHJLRQDO� UHSUHVHQWDWLYH�PDUNHW�� DQG�0HPSKLV�� 7HQQHVVHH� DV� D� ORQJHU
GLVWDQFH��0LGZHVW� KLQWHUODQG�PDUNHW� FRPPRQO\� VHUYHG� E\� VHYHUDO�8�6�� SRUWV�� � 5DLO
DQG�WUXFN�GLVWDQFHV�ZHUH�WDNHQ�IURP�WUXFN�DQG�UDLO�LQGXVWU\�PLOHDJH�JXLGHV�UHIOHFWLQJ
DFWXDO�GLVWDQFHV�XVHG�LQ�LQGXVWU\�WR�VHW�WUXFN�DQG�UDLO�UDWHV���7UXFN�DQG�UDLO�UDWHV�ZHUH
GHYHORSHG�IURP�D�VDPSOH�RI�DFWXDO�UDWH�TXRWHV�SURYLGHG�E\�LQGXVWU\���,Q�WKH�IROORZLQJ
WZR� H[KLELWV�� UHODWLYH� ODQGVLGH� WUDQVSRUWDWLRQ� FRVWV� IRU� FRQWDLQHUV� URXWLQJ� IURP



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

6DYDQQDK� DQG� LWV� FRPSHWLWRU� SRUWV� WR� WKH� WZR� LQODQG�PDUNHWV� DUH� SUHVHQWHG�� � � 7KH
ODQGVLGH� FRVWV� LQFOXGH� SRUW� GUD\DJH�� ODQGVLGH� WUDQVSRUWDWLRQ�� DQG� ORFDO� GHOLYHU\
FKDUJHV�

([KLELW������GLVSOD\V�WKH�FRPSDUDWLYH�ODQGVLGH�FRVWV�IRU�FRQWDLQHUV�URXWHG�WR�RU�IURP
$WODQWD�YLD�6DYDQQDK�DQG�LWV�FRPSHWLWRU�SRUWV�� �7KLV�PDUNHW� LV� FORVH� WR�PDQ\�6RXWK
$WODQWLF� SRUWV� DQG� IDYRUV� ODQGVLGH� WUDQVSRUWDWLRQ� E\� D� WUXFN� IURP� 6DYDQQDK�
&KDUOHVWRQ�� DQG� -DFNVRQYLOOH�� �7KRXJK� UDLO� UDWHV�SHU�PLOH� DUH�XVXDOO\� OHVV� H[SHQVLYH
WKDQ�WUXFN�UDWHV��LQ�FDVHV�ZKHUH�WUXFN�UDWHV�DUH�REVHUYHG�WR�EH�OHVV��WKH�ORZHU�UDWH�ZDV
FKRVHQ�DV�D�EHWWHU�UHSUHVHQWDWLRQ�RI�ORQJ�UXQ�DYHUDJH�ODQGVLGH�FRVWV�IRU�WKLV�URXWH���,Q
([KLELW� ������ WKLV� DSSOLHV� WR� WKH� ODQGVLGH� FRVW� SHU� FRQWDLQHU� EHWZHHQ� 1RUIRON� DQG
$WODQWD�

([KLELW�����
/DQGVLGH�,QWHUPRGDO�&RVWV�SHU�&RQWDLQHU�

�6HOHFWHG�8�6��3RUWV�WR�$WODQWD��*$
������'ROODUV�

7UXFN 7UXFN 7UXFN 5DLO 5DLO 5DLO 0RGH 5DWH
8�6��3RUW 'LVWDQFH ��0LOH &RVW 'LVWDQFH ��0LOH &RVW &KRLFH ��&RQW�

/RV�$QJHOHV ����� ����� ������ ����� ����� ������ 5DLO ������
1HZ�<RUN ��� ����� ���� ��� ����� ���� 5DLO ����
1RUIRON ��� ����� ���� ��� ����� ���� 5DLO ����
&KDUOHVWRQ ��� ����� ���� ��� ����� ���� 7UXFN ����
6DYDQQDK ��� ����� ���� ��� 
 
 7UXFN ����
-DFNVRQYLOOH ��� ����� ���� ��� 
 
 7UXFN ����
6RXUFH� %RR]³$OOHQ�DQDO\VLV
1RWH�
�� 1RW�DYDLODEOH�RU�QRW�DSSOLFDEOH

,Q� FRPSDULVRQ� WR� WKH� DERYH�� UDLO� LV� WKH� SUHIHUUHG�PRGH� RI� ODQGVLGH� WUDQVSRUW� LQ� DOO
SRUW�FLW\�SDLUV�� � ([KLELW� �����SUHVHQWV� WKH� UHVXOWV� RI� WKH� ODQGVLGH� WUDQVSRUWDWLRQ� FRVW
DQDO\VLV�EHWZHHQ�YDULRXV�8�6��SRUWV�DQG�0HPSKLV�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

([KLELW�����
/DQGVLGH�,QWHUPRGDO�&RVWV�SHU�&RQWDLQHU
�6HOHFWHG�8�6��3RUWV�WR�0HPSKLV��71

������'ROODUV�
7UXFN 7UXFN 7UXFN 5DLO 5DLO 5DLO 0RGH 5DWH

8�6��3RUW 'LVWDQFH ��0LOH &RVW 'LVWDQFH ��0LOH &RVW &KRLFH ��&RQW�
/RV�$QJHOHV ����� ����� ������ ����� ����� ������ 5DLO ������
1HZ�<RUN ����� ����� ������ ����� ����� ���� 5DLO ����
1RUIRON ��� ����� ���� ����� ����� ���� 5DLO ����
&KDUOHVWRQ ��� ����� ���� ��� ����� ���� 5DLO ����
6DYDQQDK ��� ����� ���� ��� ����� ���� 5DLO ����
-DFNVRQYLOOH ��� ����� ���� ��� ����� ���� 5DLO ����

6RXUFH� %RR]³$OOHQ�DQDO\VLV

7RWDO� WUDQVSRUWDWLRQ� FRVW� ZDV� WKHQ� GHYHORSHG� E\� FRPELQLQJ� PDULQH�� SRUW�� DQG
ODQGVLGH�WUDQVSRUWDWLRQ�FRVWV�IRU�HDFK�KLQWHUODQG�FLW\��SRUW��WUDGH�UHJLRQ�FRPELQDWLRQ�
�)RU� WKH�5RWWHUGDP�WUDGH��([KLELW������DQG�([KLELW������SUHVHQWV�D� VXPPDU\�RI� WRWDO
WUDQVSRUWDWLRQ�FRVW�WR�VHUYH�WKH�$WODQWD�DQG�5RWWHUGDP�PDUNHWV�

([KLELW�����
7RWDO�7UDQVSRUWDWLRQ�&RVWV�SHU�&RQWDLQHU�

5RWWHUGDP�WR�$WODQWD��YLD�6HOHFWHG�8�6��3RUWV
������'ROODUV�

6RXWK�$WODQWLF
3RUW

0DULQH 3RUW /DQGVLGH 7RWDO

1RUIRON ���� ���� ���� ������
&KDUOHVWRQ ���� ���� ���� ������
6DYDQQDK ���� ���� ���� ������
-DFNVRQYLOOH ���� ���� ���� ������

6RXUFH� %RR]³$OOHQ�DQDO\VLV
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3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

([KLELW�����
7RWDO�7UDQVSRUWDWLRQ�&RVWV�SHU�&RQWDLQHU�

5RWWHUGDP�WR�0HPSKLV��YLD�6HOHFWHG�8�6��3RUWV
������'ROODUV�

6RXWK
$WODQWLF�3RUW

0DULQH 3RUW /DQGVLGH 7RWDO

1RUIRON ���� ���� ���� ������
&KDUOHVWRQ ���� ���� ���� ������
6DYDQQDK ���� ���� ���� ������
-DFNVRQYLOOH ���� ���� ���� ������

6RXUFH� %RR]³$OOHQ�DQDO\VLV

7KH� H[KLELWV� KLJKOLJKW� WKDW� IRU� WKH� $WODQWD� PDUNHW�� &KDUOHVWRQ� DQG� 6DYDQQDK� DUH
VLJQLILFDQWO\�DGYDQWDJHG�WR�1RUIRON�DQG�-DFNVRQYLOOH���2Q�WKH�RWKHU�KDQG��DOO�SRUWV�DUH
IRXQG� WR� EH� FRVW� FRPSHWLWLYH� LQ� VHUYLQJ�0HPSKLV��ZLWK�1RUIRON� KDYLQJ� WKH� ORZHVW
WRWDO�WUDQVSRUWDWLRQ�FRVW�

6LPLODU� FDOFXODWLRQV� ZHUH� FRPSOHWHG� IRU� RWKHU� WUDGH� URXWHV�� LQFOXGLQJ� $VLD� ZKLFK
UHTXLUHV�YHVVHOV�FDOOLQJ�GLUHFWO\�WR�(DVW�&RDVW�SRUWV�WR�WUDQVLW�HLWKHU�WKH�3DQDPD�&DQDO
RU� 6XH]� &DQDO�� � $GGLWLRQDOO\�� WUDQVSRUWDWLRQ� FRVWV� ZHUH� GHYHORSHG� IRU� WKH� PLQL�
ODQGEULGJH� RSWLRQ�ZKLFK� URXWHV� FRQWDLQHUV� WKURXJK� /RV�$QJHOHV�� � ([KLELW� ����� DQG
([KLELW� ����� SUHVHQWV� WRWDO� WUDQVSRUWDWLRQ� FRVW� IRU� DQ� $VLDQ� WUDGH� URXWH� EHWZHHQ
6LQJDSRUH�DQG�WKH�$WODQWD�DQG�0HPSKLV�PDUNHWV�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

([KLELW�����
7RWDO�7UDQVSRUWDWLRQ�&RVWV�SHU�&RQWDLQHU

6LQJDSRUH�WR�$WODQWD��YLD�6HOHFWHG�8�6��3RUWV
������'ROODUV�

8�6��3RUW 0DULQH
&RVW

3RUW
&RVW

/DQGVLGH
&RVW

7RWDO
�&RVW

/RV�$QJHOHV ������ ���� ������ ������
1HZ�<RUN��3DQDPD� ������ ���� ���� ������
1HZ�<RUN��6XH]� ������ ���� ���� ������
1RUIRON��3DQDPD� ������ ���� ���� ������
1RUIRON��6XH]� ������ ���� ���� ������
&KDUOHVWRQ��3DQDPD� ������ ���� ���� ������
&KDUOHVWRQ��6XH]� ������ ���� ���� ������
6DYDQQDK��3DQDPD� ������ ���� ���� ������
6DYDQQDK��6XH]� ������ ���� ���� ������
-DFNVRQYLOOH��3DQDPD� ������ ���� ���� ������
-DFNVRQYLOOH��6XH]� ������ ���� ���� ������
6RXUFH� %RR]³$OOHQ�DQDO\VLV

([KLELW�����
7RWDO�7UDQVSRUWDWLRQ�&RVWV�SHU�&RQWDLQHU�

�6LQJDSRUH�WR�0HPSKLV��YLD�6HOHFWHG�8�6��3RUWV
������'ROODUV�

8�6��3RUW 0DULQH
&RVW

3RUW
&RVW

/DQGVLGH
&RVW

7RWDO
�&RVW

/RV�$QJHOHV ������ ���� ������ ������
1HZ�<RUN��3DQDPD� ������ ���� ���� ������
1HZ�<RUN��6XH]� ������ ���� ���� ������
1RUIRON��3DQDPD� ������ ���� ���� ������
1RUIRON��6XH]� ������ ���� ���� ������
&KDUOHVWRQ��3DQDPD� ������ ���� ���� ������
&KDUOHVWRQ��6XH]� ������ ���� ���� ������
6DYDQQDK��3DQDPD� ������ ���� ���� ������
6DYDQQDK��6XH]� ������ ���� ���� ������
-DFNVRQYLOOH��3DQDPD� ������ ���� ���� ������
-DFNVRQYLOOH��6XH]� ������ ���� ���� ������
6RXUFH� %RR]³$OOHQ�DQDO\VLV



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

7KHVH�WUDQVSRUWDWLRQ�FRVWV�DUH�FRPSDUHG�LQ�WKH�IROORZLQJ�VHFWLRQ�

����� 6DYDQQDK�DQG�&RPSHWLWRU�3RUW�&RPSDULVRQ

,Q� UHFHQW� \HDUV�� HDFK� FRQWDLQHU� SRUW� LQ� WKH� 6RXWK� $WODQWLF� KDV� HQJDJHG� LQ� PDMRU
FRQWDLQHU� KDQGOLQJ� FDSDFLW\� GHYHORSPHQW� WR� VHUYLFH� JURZLQJ� WUDGH� YROXPHV�� � 7KH
3RUWV�RI�+DPSWRQ�5RDGV��&KDUOHVWRQ��DQG�6DYDQQDK�KDYH�HDFK�DGGHG�VLJQLILFDQW�QHZ
IDFLOLWLHV�� � ,Q� HDFK� SRUW�� DGGLWLRQDO� FDSDFLW\� H[SDQVLRQ� LV� SODQQHG� WR�PHHW� SURMHFWHG
JURZWK�LQ�FRQWDLQHU�WUDIILF�LQ�WKH�IXWXUH�

6RXWK� $WODQWLF� SRUWV� DUH� ZHOO� SRVLWLRQHG� WR� LQFUHDVH� WKHLU� VKDUH� RI� WKH� ZLGHU� 8�6�
PDUNHW���:KLOH�6RXWK�$WODQWLF�SRUWV�DOUHDG\�GRPLQDWH�WKH�6RXWKHDVWHUQ�UHJLRQ�RI�WKH
8�6���WKHVH�SRUWV�DUH�DOVR�FRVW�FRPSHWLWLYH�LQ�VHUYLQJ�PDQ\�VHJPHQWV�RI�WKH�LPSRUWDQW
0LGZHVWHUQ�PDUNHW�� �7KH�KLQWHUODQG�UHJLRQ�VHUYHG�E\�6DYDQQDK�H[WHQGV�WKURXJKRXW
WKH�6RXWKHDVWHUQ�8�6��DQG�LQODQG�WR�WKH�0LGZHVW�� �7KH�KLQWHUODQG�PDUNHWV�IRU�ZKLFK
6DYDQQDK�FRPSHWHV�ZLWK�RWKHU�SRUWV�LQFOXGHV�GLVWDQW�KLQWHUODQG�PDUNHWV�LQ�DGGLWLRQ
WR� UHODWLYHO\� FORVH� PDUNHWV� VXFK� DV� $WODQWD�� � :LWKLQ� *HRUJLD�� 6DYDQQDK� FRPSHWHV
GLUHFWO\�ZLWK�&KDUOHVWRQ�IRU�FRQWDLQHUL]HG�FDUJR�LPSRUWV�DQG�H[SRUWV���6RXWK�$WODQWLF
SRUWV�KDYH�HQMR\HG�VWURQJHU�JURZWK�WKDQ�1RUWK�$WODQWLF�SRUWV� LQ�UHFHQW�\HDUV�SDUWO\
EHFDXVH�WKH\�DUH�EHWWHU�SRVLWLRQHG�WR�VHUYH�WKLV�ZLGH�DQG�JURZLQJ�JHRJUDSKLF�PDUNHW�

([KLELWV� ����� WKURXJK� ����� SUHVHQW� WKH� UDQNLQJV� RI� WRWDO� WUDQVSRUWDWLRQ� FRVWV� IRU
FRPSHWLWLYH�SRUWV�WR�VHUYLFH�WKH�VDPSOH�LQODQG�PDUNHWV���)RU�VHOHFWHG�FRPSHWLWRU�SRUWV�
LQFOXGLQJ� 6DYDQQDK�� WUDQVSRUWDWLRQ� FRVWV� DUH� FRPSDUHG� IRU� D� FRQWDLQHU� FDUJR
VKLSPHQW� WR� $WODQWD� DQG� 0HPSKLV� IURP� WKH� $VLDQ� SRUW� RI� 6LQJDSRUH� DQG� WKH
(XURSHDQ�SRUW�RI�5RWWHUGDP���)RU�WKH�6LQJDSRUH�VKLSPHQWV��FDUJR�WUDQVSRUWDWLRQ�FRVWV
ZHUH�FDOFXODWHG�IRU�ERWK�6XH]�DQG�3DQDPD�&DQDO�URXWHG�WUDQVLWV�DQG�WKH� ORZHU�FRVW
RSWLRQ�WKHQ�VHOHFWHG�IRU�IXUWKHU�FRPSDULVRQ���)RU�WKH�$VLDQ�FDUJR��WKH�FRVW�RI�WKH�PLQL�
ODQGEULGJH�RSWLRQ�WKURXJK�/RV�$QJHOHV�LV�VKRZQ�DV�LV�D�URXWLQJ�WKURXJK�1HZ�<RUN��
)RU� 6DYDQQDK�� ([KLELWV� ����� DQG� ����� VKRZ� WKDW� WRWDO� WUDQVSRUWDWLRQ� WKURXJK� WKH
3DQDPD�&DQDO�DUH�KLJKHU�

,Q� WKH� IXWXUH� DV� ODUJHU� YHVVHOV� VHUYH� HDFK� WUDGH�� PDULWLPH� FRVWV� SHU� FRQWDLQHU� DV� D
SHUFHQW� RI� WRWDO� WUDQVSRUWDWLRQ� FRVWV�� ZLOO� WHQG� WR� GHFUHDVH�� � 7KH� H[FHSWLRQ� ZRXOG
LQFOXGH�VLWXDWLRQV�ZKHUH�3RVW�3DQDPD[�YHVVHOV�YLD� WKH�6XH]�&DQDO� UHSODFH�3DQDPD[
YHVVHOV�RQ�VKRUWHU�URXWHV�WKURXJK�WKH�3DQDPD�&DQDO���2YHU�WLPH��WRWDO�WUDQVSRUWDWLRQ
FRVW�ZLOO� IDYRU� WKRVH� URXWLQJV�ZLWK� ORZHU�RYHUODQG�FRVWV�� LI� WKH� FRPSHWLQJ�SRUWV� DUH
VHUYHG�E\�HTXLYDOHQW�VL]HG�YHVVHOV��

)RU�6RXWKHDVWHUQ�UHJLRQDO�PDUNHWV�VXFK�DV�$WODQWD��6DYDQQDK� LV� FRVW� FRPSHWLWLYH�RQ
DQ\�RYHUVHDV�URXWH���,Q�([KLELW�������ZKHUH�$VLDQ�FDUJR�IURP�6LQJDSRUH�LV�FDUULHG�RQ�D
3HQGXOXP�VHUYLFH�WKURXJK�WKH�6XH]�&DQDO��6DYDQQDK�LV����OHVV�LQ�WRWDO�FRVW�WKDQ�WKH
QH[W� ORZHVW� FRVW� URXWLQJ� WKURXJK�/RV�$QJHOHV�� � 6LQFH� 6DYDQQDK·V� FRVW� LV�ZLWKLQ� ���
SHUFHQW�RI�WKH�FRVW�WKURXJK�/RV�$QJHOHV��WKH\�DUH�HVVHQWLDOO\�HTXLYDOHQW�ZLWK�QR�FRVW
DGYDQWDJH�RU�GLVDGYDQWDJH�WR�HLWKHU�SRUW�
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([KLELW�����
&RPSDULVRQ�RI�7RWDO�7UDQVSRUWDWLRQ�&RVWV�SHU�&RQWDLQHU�

6LQJDSRUH�WR�$WODQWD�YLD�6HOHFWHG�8�6��3RUWV
������'ROODUV�

8�6��3RUW 0DULQH
&RVW

3RUW
&RVW
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&RVW

7RWDO
&RVW

5DQN
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)RU� VKRUWHU� WUDGH� URXWHV�� VXFK�DV� D�1RUWK�$WODQWLF� WUDGH� FRQQHFWLQJ�5RWWHUGDP�ZLWK
$WODQWD�� ([KLELW� ����� LOOXVWUDWHV� SRUW·V� FRVW� DGYDQWDJHG� WR� LWV� FRPSHWLWLRQ�� 7KLV� LV
SULPDULO\�GXH� WR� LWV� VLJQLILFDQW� ODQGVLGH� FRVW� DGYDQWDJH� WR� WKH�$WODQWD�PDUNHW�� �7KH
PDJQLWXGH�RI�WKH�FRVW�DGYDQWDJH�LV�VPDOO��KRZHYHU��VR�WKH�DGYDQWDJH�LV�QRW�OLNHO\�WR
GLYHUW�FDUJR�IURP�6DYDQQDK·V�FRPSHWLWRU�SRUWV���)RU�VXFK�ORFDO�PDUNHWV��6DYDQQDK�FDQ
EH�FKDUDFWHUL]HG�DV�FRVW�FRPSHWLWLYH�ZLWK�PRVW�RI�WKH�6RXWKHDVW�

([KLELW�����
&RPSDULVRQ�RI�7RWDO�7UDQVSRUWDWLRQ�&RVWV�SHU�&RQWDLQHU�

5RWWHUGDP�WR�$WODQWD��YLD�6HOHFWHG�8�6��3RUWV
������'ROODUV�

8�6��3RUW 0DULQH
&RVW

3RUW
&RVW

/DQGVLGH
&RVW

7RWDO�&RVW 5DQN

1RUIRON ���� ���� ���� ������ �
&KDUOHVWRQ ���� ���� ���� ������ �
6DYDQQDK ���� ���� ���� ������ �
-DFNVRQYLOOH ���� ���� ���� ������ �
6RXUFH� %RR]³$OOHQ�DQDO\VLV

6DYDQQDK·V�FRVW�FRPSHWLWLYHQHVV�WR�VHUYH�0LGZHVW�KLQWHUODQG�UHJLRQV�GHSHQGV�RQ�WKH
LQODQG� GLVWDQFH� DQG� DYDLODELOLW\� RI� UDLO� LQWHUPRGDO� VHUYLFH� FRQQHFWLQJ� 6DYDQQDK� DQ
FRPSHWLWRU� SRUWV�� � )RU� $VLDQ� FDUJR� GHVWLQHG� WR� RU� RULJLQDWLQJ� IURP� WKH� 0HPSKLV
KLQWHUODQG�PDUNHW��6DYDQQDK·V�LV�QRW�FRVW�DGYDQWDJHG�DV�IRXQG�LQ�LWV�DELOLW\�WR�VHUYH
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6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

PDUNHWV� LQ� FORVHU�SUR[LPLW\� WR� WKH�3RUW�� � 7UDQVSRUWDWLRQ� FRVW� ILJXUHV� LQ�([KLELW� ����
VKRZ�WKDW�GHVSLWH�KDYLQJ�WKH�KLJKHVW� ODQGVLGH�FRVWV�� WKH�VLJQLILFDQWO\�FKHDSHU�RFHDQ
FRVW�RI�WKH�PLQL�ODQG�EULGJH�VHUYLFH�WKURXJK�&DOLIRUQLD�FRQWULEXWHV�WR�WKH�FRQWLQXDWLRQ
RI� WKH� ZHVW� FRDVW·V� FRPSHWLWLYH� FRVW� SRVLWLRQ� ²� ZKLFK� LV� �� SHUFHQW� EHORZ� WKDW� RI
6DYDQQDK·V�

([KLELW�����
&RPSDULVRQ�RI�7RWDO�7UDQVSRUWDWLRQ�&RVWV�SHU�&RQWDLQHU�

6LQJDSRUH�WR�0HPSKLV��YLD�6HOHFWHG�8�6��3RUWV
������'ROODUV�
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6RXUFH� %RR]³$OOHQ�DQDO\VLV

)RU�WKH�1RUWK�$WODQWLF�WUDGH�URXWH�EHWZHHQ�5RWWHUGDP�DQG�WKH�0HPSKLV�KLQWHUODQG�
6DYDQQDK� LV� FRPSHWLWLYH� ZLWK� PRVW� RI� LWV� FRPSHWLWRUV�� � $V� VKRZQ� LQ� ([KLELW� �����
6DYDQQDK�KDV�WKH�ORZHVW�ODQGVLGH�FRVWV�DQG�KDV�WKH�WKLUG�ORZHVW�FRVW�URXWLQJ�� �7RWDO
WUDQVSRUWDWLRQ�FRVW�WKURXJK�1RUIRON�LV�����OHVV�WKDQ�6DYDQQDK��EXW�LV�ZLWKLQ���SHUFHQW
RI� WRWDO� FRVW� DQG� WKXV�� LV� FRQVLGHUHG� HTXLYDOHQW� IRU� SXUSRVHV� RI� FRPSDULVRQ� JLYHQ
H[SHFWHG�HODVWLFLWLHV�RI�GHPDQG�IRU�FRQWDLQHU�WUDQVSRUWDWLRQ��

([KLELW�����
&RPSDULVRQ�RI�7RWDO�7UDQVSRUWDWLRQ�&RVWV�SHU�&RQWDLQHU�

�5RWWHUGDP�WR�0HPSKLV��YLD�6HOHFWHG�8�6��3RUWV
������'ROODUV�

8�6��3RUW 0DULQH
&RVW

3RUW
&RVW

/DQGVLGH
&RVW

7RWDO�&RVW 5DQN

1RUIRON ���� ���� ���� ������ �
&KDUOHVWRQ ���� ���� ���� ������ �
6DYDQQDK ���� ���� ���� ������ �
-DFNVRQYLOOH ���� ���� ���� ������ �

6RXUFH� %RR]³$OOHQ�DQDO\VLV



$SSHQGL[�&�(FRQRPLFV
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 0XOWLSRUW�&RPSHWLWLYH�$QDO\VLV

(DFK� RI� WKHVH� H[DPSOHV� GHPRQVWUDWHV� WKH� FRPSHWLWLYHQHVV� RI� WKH� WUDQVSRUWDWLRQ
PDUNHW� DQG� WKH� LQDELOLW\� RI� RQH� WUDQVSRUWDWLRQ� FRVW� FRPSRQHQW� WR� SRVLWLYHO\� RU
QHJDWLYHO\� LPSDFW� WRWDO� WUDQVSRUWDWLRQ� FRVW� DQG� D� SRUWV� FRPSHWLWLYH� SRVLWLRQ�� � LQ
VHUYLQJ� YDULRXV� KLQWHUODQG� PDUNHWV�� � ,PSRUWDQWO\�� WKH� DQDO\VLV� IRXQG� WKDW� XQGHU
GLIIHUHQW� ZLWKRXW� DQG� ZLWK� SURMHFW� DOWHUQDWLYHV�� PDULWLPH� WUDQVSRUWDWLRQ� FRVW� DV� D
SHUFHQW� RI� WRWDO� WUDQVSRUWDWLRQ� FRVW� ZLOO� OLNHO\� QRW� EH� LPSDFWHG� VXFK� WKDW� WKH� SRUWV
FRPSHWLWLYH�SRVLWLRQ�WR�VHUYH�YDULRXV�KLQWHUODQG�PDUNHWV�ZLOO�QRW�EH�LPSDFWHG�

��� 6XPPDU\�DQG�&RQFOXVLRQV

7KH� H[DPLQDWLRQ� RI� FRPSHWLWLYH� LQIUDVWUXFWXUH� DQG� FRVW� IDFWRUV� VKRZV� WKDW� WRGD\�
6DYDQQDK�LV�D�FRPSHWLWLYH�SRUW�LQ�WKH�FRQWH[W�RI�ERWK�PDULWLPH�LQIUDVWUXFWXUH�DQG�WKH
WRWDO� WUDQVSRUWDWLRQ�FRVWV��DQG�WKDW� LW�GRHV�QRW� LQFXU�DQ\�VLJQLILFDQW�GLVDGYDQWDJH�RU
DGYDQWDJH�RYHU�LWV�SRUW�FRPSHWLWRUV���0RUH�LPSRUWDQW��ZLWK�FXUUHQW�IDFLOLWLHV�DQG�FRVWV�
6DYDQQDK� LV� QRW� LQ� D� SRVLWLRQ� WR� JDLQ� VLJQLILFDQW� DGYDQWDJHV� YHUVXV� LWV� FRPSHWLWRU
SRUWV� E\� SURYLGLQJ� HLWKHU� VXSHULRU� LQIUDVWUXFWXUH� RU� VLJQLILFDQWO\� ORZHU� PDULWLPH
WUDQVSRUWDWLRQ�FRVWV�XQGHU�YDULRXV�ZLWK�SURMHFW�GHHSHQLQJ�VFHQDULRV��
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�� 1$7,21$/�(&2120,&�'(9(/230(17�%(1(),7�&267�$1$/<6,6

��� 2YHUYLHZ

7KLV� FKDSWHU�SUHVHQWV�EHQHILW�FRVW� DQDO\VLV� DQG� UHVXOWV� IRU�GHWHUPLQLQJ� WKH�1DWLRQDO
(FRQRPLF�'HYHORSPHQW��1('��SODQ�IRU�WKH�6DYDQQDK�+DUERU�([SDQVLRQ�3URMHFW���7KH
EHQHILW�FRVW�DQDO\VLV�LV�WKH�ILQDO�VWHS�LQ�WKH�HFRQRPLF�DQDO\VLV�RI�WKH�IHDVLELOLW\�VWXG\�
IROORZLQJ� FRPPRGLW\� IRUHFDVWLQJ� DQG� IOHHW� IRUHFDVWLQJ�� � 7KRVH� IRUHFDVWV� ZHUH
SUHVHQWHG�LQ�&KDSWHUV���DQG���UHVSHFWLYHO\�

��� 0HWKRGRORJ\�DQG�$VVXPSWLRQV

,Q� WKH� EHQHILW�FRVW� DQDO\VLV�� D� UHODWLYHO\� VLPSOH� FRPSDULVRQ� LV� PDGH� EHWZHHQ� WKH
DJJUHJDWH�RI�DQQXDO�EHQHILWV�IURP�HDFK�FKDQQHO�GHHSHQLQJ�DOWHUQDWLYH�WR�WKH�DJJUHJDWH
RI� DQQXDO� SURMHFW� FRVWV�� � 7KH� EHQHILWV� DQG� FRVWV� DUH� GHWHUPLQHG� IRU� WKH� EDVHOLQH
ZLWKRXW� SURMHFW� FRQGLWLRQ�� DQG� VHYHUDO� ZLWK� SURMHFW� FRQGLWLRQ� FKDQQHO� GHHSHQLQJ
VFHQDULRV���7KH�GLIIHUHQFH�EHWZHHQ�WKH�EHQHILWV�DQG�FRVWV�HTXDOV�WKH�QHW�EHQHILWV�

(FRQRPLF�EHQHILWV�RI�KDUERU�GHHSHQLQJ�RQ�D�QDWLRQDO�OHYHO�DUH�DFFUXHG�WKURXJK�ORZHU
WUDQVSRUWDWLRQ�FRVWV�DQG�KHQFH�ORZHU�SULFHV�IRU�WKH�JRRGV�WUDQVSRUWHG���7KH�WRWDO�FRVW
RI� WUDQVSRUWLQJ� WKH� SURMHFWHG� WUDIILF� RYHU� WKH� VWXG\� SHULRG� ZDV� FRPSXWHG� IRU� WKH
ZLWKRXW�SURMHFW�FRQGLWLRQ�����IRRW�FKDQQHO�GHSWK���DQG�IRU��������������������������DQG
���IRRW� ZLWK� SURMHFW� FRQGLWLRQ� FKDQQHO� GHHSHQLQJ� DOWHUQDWLYHV���� � %HQHILWV� ZHUH
GHWHUPLQHG�IRU�ERWK�FRQWDLQHUVKLSV�DQG�OLTXLG�DQG�GU\�EXON�FDUJR�YHVVHOV�����7RWDO�QHW
WUDQVSRUWDWLRQ�FRVWV� LQFOXGHV�YHVVHO�RSHUDWLQJ�FRVWV� �EHQHILW��� WLGDO�GHOD\V� �FRVW���DQG
VKLS� EHDP�FKDQQHO� ZLGWK� GHOD\� FRVWV� GXH� WR� RQH�ZD\� WUDIILF� LQ� WKH� FKDQQHO� �FRVW��
(DFK�RI�WKHVH�DUH�GLVFXVVHG�LQ�WXUQ�

����� 9HVVHO�7UDQVSRUWDWLRQ�&RVWV

7RWDO�YHVVHO�RSHUDWLQJ�FRVWV�IRU�SURMHFWHG�WUDIILF�RYHU�WKH�VWXG\�SHULRG�ZHUH�FRPSXWHG
IRU� WKH� ���IRRW� ZLWKRXW� SURMHFW� FRQGLWLRQ� FKDQQHO�� DQG� WKH� DOWHUQDWLYH� ZLWK� SURMHFW
FRQGLWLRQV���$V�VKRZQ�LQ�WKH�IOHHW�IRUHFDVWV�LQ�&KDSWHU����WKH�GLVWULEXWLRQ�RI�WKH�GHHS
GUDIW� YHVVHOV� LV� H[SHFWHG� WR� YDU\� ZLWK� WKH� DOWHUQDWLYH� SURMHFWV�� � &RQVHTXHQWO\�� WKH
WUDQVSRUWDWLRQ� FRVWV�ZLOO� YDU\� DQG� DUH� UHGXFHG�ZLWK� DQ� KLJKHU� GLVWULEXWLRQ� RI� GHHS
GUDIW� YHVVHOV�� � 7KH� UHGXFWLRQ� LQ� WUDQVSRUWDWLRQ� FRVWV� SURGXFHV� EHQHILWV� IRU� WKH
DOWHUQDWLYH�SURMHFWV�RYHU�WKH�ZLWKRXW�SURMHFW�FRQGLWLRQ�

������������������������������������������������
��� ,QLWLDO�DQDO\VLV�LQFOXGHG�GHWHUPLQDWLRQ�RI�EHQHILWV�IRU�DOWHUQDWLYH�SURMHFWV�DW���IRRW�LQFUHPHQWV�EHWZHHQ����DQG

���IHHW�

��� )ROORZLQJ�SUHOLPLQDU\�1('�DQDO\VLV��WKH�EHQHILWV�DWWULEXWHG�WR�EXON�YHVVHOV�ZHUH�LQFOXGHG�LQ�WKH�EHQHILW�FRVW
DQDO\VLV���6XEVHTXHQW�GLVFXVVLRQ�ZLWK�WKH�86$&2(�SURPSWHG�UHPRYDO�RI�WKRVH�EHQHILWV�VLQFH�QRQ�
FRQWDLQHUVKLS�EHUWKV�DW�WKH�3RUW�RI�6DYDQQDK�ZLOO�QRW�EH�GHHSHQHG�WR�DFFRPPRGDWH�YHVVHOV�VDLOLQJ�DW�GHHSHU
GUDIWV��
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9HVVHO� WUDQVSRUWDWLRQ� FRVWV�ZHUH� FDOFXODWHG� IRU� FRQWDLQHUVKLSV�� LQ� DGGLWLRQ� WR� OLTXLG
DQG� GU\� EXON� YHVVHOV�� � 7KH�PHWKRGRORJ\� IRU� FDOFXODWLQJ� WKH� WUDQVSRUWDWLRQ� FRVWV� RI
FRQWDLQHUVKLSV�� DQG� OLTXLG� DQG� GU\� EXON� YHVVHOV� LV� HVVHQWLDOO\� LGHQWLFDO�� � 9HVVHO
RSHUDWLQJ�FRVWV�ZHUH�GHYHORSHG�IRU�HDFK�VKLS�W\SH·V�GUDIW�FDWHJRU\�XVLQJ�WKH�1DWLRQDO
(FRQRPLF�'HYHORSPHQW�3URFHGXUHV�0DQXDO�IRU�'HHS�'UDIW�1DYLJDWLRQ��´1('�JXLGHOLQHVµ��
WKH�,:5V��,QVWLWXWH�IRU�:DWHU�5HVRXUFHV��)<������PHPRUDQGXP�RQ�9HVVHO�2SHUDWLQJ
&RVWV��DQG�DYHUDJH�YHVVHO�GHDGZHLJKWV���+RXUO\�RSHUDWLQJ�FRVWV�ZHUH�GHYHORSHG�RQ�D
SHU�WRQ�PLOH�EDVLV�IRU�HDFK�RI�WKUHH�WUDGH�ODQHV���FRQVLGHUHG�IRU�FRQWDLQHUL]HG�WRQQDJH
DQG� VL[� WUDGH� ODQHV��� FRQVLGHUHG� IRU� QRQ�FRQWDLQHUL]HG� �L�H��� EXON�� WRQQDJH�� � 7KH
PHWKRGRORJ\�XWLOL]HG�WR�FDOFXODWH�DQQXDO�WUDQVSRUWDWLRQ�FRVWV�LV�DV�IROORZV�

7RWDO�DQQXDO�WUDQVSRUWDWLRQ�FRVWV�IRU�HDFK�GUDIW�LQFUHPHQW
 WUDGH�URXWH�FDUJR�WRQV

[ WUDGH�URXWH�GLVWDQFH

[ YHVVHO�RSHUDWLQJ�FRVWV�SHU�WRQ�PLOH

[ IOHHW�GLVWULEXWLRQ�E\�GUDIW�LQFUHPHQW

[ OLJKW�ORDGLQJ�GLVWULEXWLRQ�E\�GUDIW�LQFUHPHQW

(DFK� RI� WKH� DERYH� FRPSRQHQWV� XWLOL]HG� WR� FDOFXODWH� DQQXDO� WUDQVSRUWDWLRQ� FRVWV� LV
DGGUHVVHG�LQ�WXUQ�

������� 7UDGH�5RXWH�&DUJR�7RQQDJH

7UDGH�URXWH�FDUJR�WRQQDJH�ZDV�WDNHQ�IURP�WKH�WUDGH�IRUHFDVW�DV�GHVFULEHG�LQ�&KDSWHU��
RI�WKLV�$SSHQGL[���7KH�UHDGHU�LV�UHIHUUHG�WR�WKDW�FKDSWHU�IRU�IXUWKHU�GHWDLOV�

������� 7UDGH�5RXWH�'LVWDQFHV

6DPSOH� WUDGH� URXWHV�� LQFOXGLQJ� PXOWLSOH� SRUWV� RI� FDOO�� IRU� FRQWDLQHUVKLS� RSHUDWLRQV
ZHUH�GHYHORSHG��WR�DFW�DV�UHSUHVHQWDWLYH�VHUYLFH�SDWWHUQV�IRU�FRQWDLQHUVKLS�RSHUDWRUV��
7KHVH� URXWHV� DUH� EDVHG� RQ� DFWXDO� FDUULHU� VHUYLFHV� FXUUHQWO\� SURYLGHG� DQG� H[SHFWHG
IXWXUH� VHUYLFHV� RI� FDUULHUV� RYHU� WKH� VWXG\�SHULRG�� �'LVWDQFHV� EHWZHHQ�SRUWV� IRU� HDFK
WUDGH� URXWH�ZHUH� FDOFXODWHG� DQG� VXPPHG� WR�GHWHUPLQH� WRWDO� WUDGH�GLVWDQFHV�� � 7UDGH
URXWHV�GLVWDQFHV�IRU�EXON�FDUJR�RSHUDWLRQV�ZHUH�GHWHUPLQHG�E\�WKH�W\SH�RI�FRPPRGLW\
EHLQJ�PRYHG�DQG�WKH�RULJLQ�RU�GHVWLQDWLRQ�RI�WKH�FRPPRGLW\���,QVWHDG�RI�XVLQJ�DFWXDO
SRUWV��URXWH�GLVWDQFHV�IURP�7DEOH�,9���RI�WKH�1('�*XLGHOLQHV�ZHUH�XVHG���([KLELW����
SUHVHQWV�WUDGH�URXWH�GLVWDQFHV�RI�VHUYLFHV�LQFOXGLQJ�WKH�3RUW�RI�6DYDQQDK�

������������������������������������������������
��� 7KUHH�WUDGH�ODQHV�LQFOXGH���$VLD�86(&��(XURSH�86(&��DQG�6RXWK�$PHULFD�86(&�

��� 6L[�WUDGH�ODQHV�LQFOXGH�$IULFD�86(&��$VLD�86(&��&DULEEHDQ�86(&��(XURSH�86(&��&DQDGD�86(&��DQG
6RXWK�$PHULFD�86(&�
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([KLELW����
2QH�:D\�5RXWH�'LVWDQFHV�IRU�&RQWDLQHUL]HG�DQG

1RQ�&RQWDLQHUL]HG�&DUJRHV
�1DXWLFDO�0LOHV�

/LQHU�5RXWHV 5RXWH�'LVWDQFHV %XON�5RXWHV 5RXWH�'LVWDQFHV
)DU�(DVW ������ $IULFD �����
(XURSH ����� $VLD �����
6RXWK�$PHULFD ����� &DULEEHDQ �����

(XURSH �����
1RUWK�$PHULFD �����
6RXWK�$PHULFD �����

6RXUFH� 8�6��*RYHUQPHQW�3XEOLFDWLRQ�+�2�������86$&(�,:5�5HSRUW����5�����%RR]³$OOHQ�DQDO\VLV

7KHVH�GLVWDQFHV�DUH�XVHG�LQ�FDOFXODWLQJ�WKH�FRVWV�SHU�WRQ�PLOH����WRQ�PLOH��YDOXHV�XVHG
LQ� WKH� EHQHILW�FRVW� DQDO\VLV�� � $FWXDO� VHUYLFHV� WR� DQG� IURP� WKH� 8�6�� WR� WKH� RYHUVHDV
GHVWLQDWLRQV� KDYH� ORQJHU� RU� VKRUWHU� WUDGH� URXWH� GLVWDQFHV�� � +RZHYHU�� VHQVLWLYLW\
DQDO\VLV� UHVXOWV� VKRZ� LQVLJQLILFDQW� HIIHFWV� RQ� WKH� ILQDO� EHQHILW� UHVXOWV�� � ([KLELW� ���
SUHVHQWV�VHYHUDO�LWLQHUDULHV�RI�PDMRU�OLQHU�RSHUDWRUV�VHUYLQJ�WKH�3RUW�RI�6DYDQQDK�
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([KLELW����
,WLQHUDULHV�RI�0DMRU�&RQWDLQHU�6KLSSLQJ�/LQHV�6HUYLQJ�6DYDQQDK

6KLSSLQJ�/LQH 7UDGH�$UHD 3RUWV )UHTXHQF\
+DQMLQ�&KR
<DQJ�'65�6HQDWRU

$VLD�0HGLWHUUDQHDQ�
86(&��$0$�6HUYLFH�

1HZ�<RUN��1RUIRON���:LOPLQJWRQ���6DYDQQDK�
9DOHQFLD��/D�6SH]LD��*LRLD�7DXUR��-HGGDK��.KRU
)DNNDQ��6LQJDSRUH��3XVDQ��.DRVKLXQJ��+RQJ
.RQJ��6LQJDSRUH��-HGGDK��*LRLD�7DXUR��/D�6SH]LD�
)RV��9DOHQFLD��1HZ�<RUN

:HHNO\

$VLD���86:&���86(&��
1��(XURSH��$:(�DOO
ZDWHU�SHQGXOXP�

+RQJ�.RQJ��.DRVKLXQJ��3XVDQ��2DNODQG�
0DQ]DQLOOR��0H[����0DQ]DQLOOR��3DQ����6DYDQQDK�
1RUIRON��1HZ�<RUN��)HOL[VWRZH��%UHPHUKDYHQ�
5RWWHUGDP��/H�+DYUH��1HZ�<RUN��1RUIRON�
:LOPLQJWRQ��6DYDQQDK��0DQ]DQLOOR��3DQ���
0DQ]DQLOOR��0H[����/RQJ�%HDFK��<RNRKDPD��.RYH�
3XVDQ��+RQJ�.RQJ

:HHNO\

86(&���(&6$��16$� 1RUIRON��1HZ�<RUN��6DYDQQDK��0LDPL��)RUWDOH]D�
5LR�GH�-DQHLUR��6DQWRV��%XHQRV�$LUHV��5LR�*UDQGH�
,WDMDL��6DQWRV��5LR�GH�-DQHLUR��)RUWDOH]D��1RUIRON

(YHU\���
GD\V

=LP 86(&���(&6$ 1HZ�<RUN��1RUIRON��6DYDQQDK��0LDPL��.LQJVWRQ�
%XHQRV�$LUHV��0RQWHYLGHR��5LR�*UDQGH��,WDMDL�
6DQWRV��5LR�GH�-DQHLUR��,OKHXV��.LQJVWRQ

:HHNO\

:HVWERXQG�5RXQG�
WKH�:RUOG

+DLID��3LUDHXV��/LYRUQR��%DUFHORQD��+DOLID[��1HZ
<RUN��6DYDQQDK��.LQJVWRQ��/RQJ�%HDFK��6KHNRX�
+RQJ�.RQJ

:HHNO\

(DVWERXQG�5RXQG�WKH�
:RUOG

6KHNRX��+RQJ�.RQJ��.HHOXQJ��3XVDQ��2VDND�
<RNRKDPD��/RQJ�%HDFK��.LQJVWRQ��6DYDQQDK�
1HZ�<RUN��+DOLID[��%DUFHORQD��+DLID

:HHNO\

+DSDJ�/OR\G 1��(XURSH���1�
$PHULFD

7KDPHVSRUW��%UHPHUKDYHQ��5RWWHUGDP��+DOLID[�
1HZ�<RUN��1RUIRON��6DYDQQDK��/RV�$QJHOHV�
2DNODQG

:HHNO\

1RUWK�$PHULFD���)DU
(DVW

2DNODQG��<RNRKDPD��.REH��.DRVKLXQJ��+RQJ
.RQJ��.REH��<RNRKDPD��6HDWWOH��2DNODQG

:HHNO\

(PSUHVD�GH
1DYDJDFDR�$OLDQFD�
&ROXPEXV

86(&���(&6$ 5LR�GH�-DQHLUR��6DQWRV��%XHQRV�$LUHV��,WDMDL�
)RUWDOH]D��1HZ�<RUN��%DOWLPRUH��1RUIRON�
6DYDQQDK��0LDPL

:HHNO\

3	2�1HGOOR\G 1��(XURSH���1RUWK
$PHULFD���$VLD

$QWZHUSHQ��7KDPHVSRUW��%UHPHUKDYHQ�
5RWWHUGDP��+DOLID[��1HZ�<RUN��1RUIRON�
6DYDQQDK��&ULVWREDO��/RV�$QJHOHV��2DNODQG�
<RNRKDPD��.REH��.DRVKLXQJ��+RQJ�.RQJ��.REH�
1DJR\D

:HHNO\

&*0 5RXQG�WKH�:RUOG 0DUVHLOOHV��9DOHQFLD��$QWZHUSHQ��'XQNLUN��/H
+DYUH���6DYDQQDK��&ULVWREDO��3DSHHWH��1RXPHD�
%ULVEDQH��3RUW�%RWDQ\��0HOERXUQH��7DQMXQJ�3ULRN�
6LQJDSRUH��&RORPER��*HQRD��0DUVHLOOHV

(YHU\���
GD\V

&URDWLD�/LQH (XURSH�0HG���86(& 3RUW�6DLG��7ULHVWH��.RSHU��5LMHND��1DSOHV��/LYRUQR�
*HQRD��%DUFHORQD��/LVERQ��1HZ�<RUN��%DOWLPRUH�
1RUIRON��6DYDQQDK��%DUFHORQD��/LYRUQR��3RUW�6DLG

(YHU\���
GD\V

(XURSH�0HG���86(& 1HZ�<RUN��1RUIRON��6DYDQQDK��9DOHQFLD��/D
6SH]LD��)RV��3RUW�6DLG��1DSOHV

:HHNO\
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6RXUFH� &DUULHU�VFKHGXOH�LQIRUPDWLRQ��&RQWDLQHUL]DWLRQ�,QWHUQDWLRQDO�<HDUERRN������

������� 9HVVHO�2SHUDWLQJ�&RVWV�SHU�7RQ�0LOH

9HVVHO�RSHUDWLQJ�FRVWV�SHU�WRQ�PLOH����WRQ�PLOH��DQG�YHVVHO�RSHUDWLQJ�FRVWV�SHU�KRXU
DW�VHD�DQG�LQ�SRUW����KRXU���ZHUH�FDOFXODWHG�IRU�FRQWDLQHUVKLSV��WDQNHUV��DQG�GU\�EXON
YHVVHOV��EDVHG�RQ�LQIRUPDWLRQ�GHWDLOHG�LQ�WKH�86$&(�)<������9HVVHO�2SHUDWLQJ�&RVWV
0HPRUDQGXP��SURYLGHG�E\�WKH�,:5���7KH�PHPRUDQGXP�FRQWDLQV�RSHUDWLQJ�FRVWV�IRU
D� UDQJH� RI� YHVVHO� VL]HV� IRU� WDQNHUV�� GU\� EXONHUV�� FRQWDLQHUVKLSV�� DQG� JHQHUDO� FDUJR
YHVVHOV��ERWK�IRU�IRUHLJQ�DQG�86�IODJ�YHVVHOV���)RUHLJQ�IODJ�YHVVHO�RSHUDWLQJ�FRVWV�ZHUH
UHJUHVVHG�E\�GUDIW�WR�GHWHUPLQH�WKH�$W�6HD�DQG�,Q�3RUW�KRXUO\�RSHUDWLQJ�FRVWV��

,Q�DGGLWLRQ�� WKH� ,:5�PHPRUDQGXP� LQFOXGHV� UHJUHVVLRQ� HTXDWLRQV� IRU� YHVVHO� OHQJWK�
EHDP�� GUDIW�� WRQV� SHU� LQFK� LPPHUVLRQ� �73,��� KRUVHSRZHU�� VSHHG�� DQG� IXHO
FRQVXPSWLRQ���7KH�VSHHG�DQG�73,�HTXDWLRQV�ZHUH�XVHG�WR�GHWHUPLQH�YR\DJH�GXUDWLRQ
DQG� SRWHQWLDO� FDUJR� FDUU\LQJ� FDSDFLW\� RI� YHVVHOV� ZKHQ� RSHUDWLQJ� LQ� D� OLJKW� ORDGHG
FRQGLWLRQ�

������� )OHHW�'LVWULEXWLRQ

7KH� GLVWULEXWLRQ� RI� WKH� IOHHW� E\� GUDIW� ZDV� GHYHORSHG� XVLQJ� D� IOHHW� IRUHFDVW� PRGHO�
LQWHJUDWLQJ� FDUJR� WRQQDJH� IRUHFDVWV� IRU� WKH� ZRUOG� DQG� WKH� 3RUW� RI� 6DYDQQDK�� DQG
IRUHFDVWV�RI�SDVW�DQG�FXUUHQW�FRQWDLQHUVKLS� IOHHW�XVDJH� LQ� WKH�ZRUOG�DQG�6DYDQQDK��
7KH� IRUHFDVW� SURYLGHV� D� IOHHW� GLVWULEXWLRQ� IRU� WKH�ZLWKRXW� SURMHFW� FRQGLWLRQ� DQG� IRU
HDFK�ZLWK�SURMHFW�FRQGLWLRQ�DOWHUQDWLYHV���'HWDLOV�RQ�WKH�PHWKRGRORJ\�DQG�UHVXOWV�DUH
SUHVHQWHG�LQ�&KDSWHU���RI�WKLV�$SSHQGL[�

������� /LJKW�/RDGLQJ�'LVWULEXWLRQ

9HVVHO� OLJKW� ORDGLQJ� RFFXUV� ZKHQ� VKLSV� DUH� ORDGHG� WR� GUDIWV� WKDW� DUH� OHVV� WKDQ� WKH
YHVVHO·V�PD[LPXP�GHVLJQ�GUDIW���/LJKW�ORDGLQJ�RFFXUV�GXH�WR�VHYHUDO�IDFWRUV�LQFOXGLQJ
FDUJR�SODQQLQJ�VWUDWHJLHV��YHVVHO�VFKHGXOH��DQG�WKH�PL[WXUH�RI�FDUJRHV�RQ�ERDUG���0RVW
WDQNHU�DQG�EXONHU�RSHUDWLRQV�LQYROYH�GHGLFDWHG�VHUYLFHV�EHWZHHQ�D�KDQGIXO�RI�SRUWV�
ZKHUH�WKHLU�FDUJR�DUH�RI�IL[HG�GHQVLW\�RU�W\SH���3RUW�FRQVWUDLQWV��VXFK�DV�ZDWHU�GHSWK�
DQG�WKH�DPRXQW�RI�FDUJR�FDUULHG�E\�WKH�YHVVHOV�DUH�WKH�PDLQ�FDXVH�RI�OLJKW�ORDGLQJ�RI
OLTXLG�DQG�GU\�EXON�YHVVHOV��

&RQWDLQHUVKLS�RSHUDWLRQV�LQYROYHV�WKH�WUDQVSRUWDWLRQ�RI�D�YDULHW\�RI�FDUJRHV��ERWK�LQ
WRQQDJH�� GHQVLW\�� FDUJR� PL[WXUH�� DQG� DOVR� WKH� UHSRVLWLRQLQJ� RI� HPSW\� 7(8V� WR� D
QXPEHU� RI� SRUWV�� � 7KLV� UHVXOWV� LQ� FRQWDLQHUVKLSV� H[SHULHQFLQJ� D� VLJQLILFDQW� UDQJH� RI
RSHUDWLQJ�GUDIWV�DERYH�RU�EHORZ�WKHLU�GHVLJQ�GUDIWV�GXULQJ�WKH�FRXUVH�RI�WKHLU�VHUYLFH
OLIH���,Q�DGGLWLRQ��OLQHU�RSHUDWRUV�ORDG�YHVVHOV�QRW�RQO\�WR�WKH�GUDIW�OLPLW�RI�WKH�FXUUHQW
SRUW�� EXW� DOVR�PXVW� FRQVLGHU� GUDIW� OLPLWV� RI� VXEVHTXHQW� SRUWV� RI� FDOO� RU� WKH� 3DQDPD
&DQDO���,QFOXVLRQ�RI�OLJKW�ORDGLQJ�LQ�WKH�DQDO\VLV�DOVR�FRPSHQVDWHV�IRU�DQ\�UHVWULFWLRQV
FDXVHG�E\�RWKHU�SRUWV�RQ�YHVVHO�URWDWLRQV�
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/LJKW� ORDGLQJ�GHFUHDVHV� WKH�FDUJR�FDUU\LQJ�FDSDFLW\�RI�YHVVHOV�� �7R�DFFRXQW� IRU� OLJKW
ORDGLQJ��FDUJR�GHDGZHLJKW�IRU�HDFK�YHVVHO�VL]H�ZDV�DGMXVWHG��DQG�D�FDUJR�GHDGZHLJKW
PDWUL[�IRU�HDFK�YHVVHO�VL]H�ZDV�GHYHORSHG���7KHVH�FDUJR�DGMXVWPHQWV�ZHUH�FDOFXODWHG
XVLQJ�WKH�GHDGZHLJKW� WRQQDJH�SHU�YHVVHO�GUDIW�DQG�73,�YDOXHV�GHWHUPLQHG� IURP�WKH
,:5�9HVVHO�2SHUDWLQJ�&RVWV�PHPRUDQGXP���,Q�WXUQ��FDUJR�GHDGZHLJKWV�IRU�HDFK�IRRW
RI� OLJKW� ORDGLQJ�ZHUH�XVHG� WR�GHYHORS� D�PDWUL[� RI� WUDQVSRUWDWLRQ� FRVWV� SHU� WRQ�PLOH
���WRQ�PLOH��IRU�HDFK�WUDGH�ODQH�DQG�YHVVHO�VL]H�DQG�ORDGLQJ�FKDUDFWHULVWLF�

&XUYHV� UHSUHVHQWLQJ� WKH� OLJKW� ORDGLQJ� GLVWULEXWLRQ� RI� FRQWDLQHUVKLSV�� WDQNHUV�� DQG
EXONHUV�� E\� GHVLJQ� GUDIW�� ZHUH� GHYHORSHG� IURP� YHVVHO� FDOO� VWDWLVWLFV� IRU� WKH� 3RUW� RI
6DYDQQDK���7KH�QXPEHU�RI�YHVVHO�DUULYDO�DQG�GHSDUWXUHV��E\�GHVLJQ�GUDIW�DQG�FDOOLQJ
GUDIW�� LV�SUHVHQWHG� LQ�&KDSWHU� ��RI� WKLV�$SSHQGL[�� �7KH�GLVWULEXWLRQV�RI� WKHVH�YHVVHO
FDOOV�DUH�SUHVHQWHG�LQ�([KLELW�����WKURXJK�����

([KLELW����
/LJKW�/RDGLQJ�'LVWULEXWLRQ�RI�&RQWDLQHUVKLSV

&DOOLQJ�WKH�3RUW�RI�6DYDQQDK������
1XPEHU�RI�)HHW�/LJKW�/RDGHG'HVLJQ
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6RXUFH� *HRUJLD�3RUWV�$XWKRULW\��6DYDQQDK�3LORWV�$VVRFLDWLRQ��%RR]³$OOHQ�DQDO\VLV

([KLELW�����LOOXVWUDWHV�WZR�DVSHFWV�RI�WKH�FRQWDLQHUVKLS�IOHHW�XVLQJ�WKH�3RUW�� �)LUVW��QR
FRQWDLQHUVKLSV� ZLWK� GHVLJQ� GUDIWV� JUHDWHU� WKDQ� ��� IHHW� FDOOHG� WKH� 3RUW� LQ� �����
LQGLFDWLQJ�WKH�FRQVWUDLQWV�LPSRVHG�RQ�VKLS�RSHUDWLRQV�E\�WKH�FXUUHQW�FKDQQHO�GHSWK��
6HFRQG�� WKH� GHHSHU� WKH� GHVLJQ� GUDIW� RI� D� YHVVHO�� WKH� KLJKHU� WKH� SUREDELOLW\� WKDW� WKH
YHVVHO�LV�OLJKW�ORDGHG�XSZDUGV�RI�IRXU�IHHW�RU�PRUH�
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([KLELW����
/LJKW�/RDGLQJ�'LVWULEXWLRQ�RI�'U\�%XON�9HVVHOV

&DOOLQJ�WKH�3RUW�RI�6DYDQQDK������
1XPEHU�RI�)HHW�/LJKW�/RDGHG'HVLJQ
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7KHVH� ODVW� WZR� H[KLELWV� VKRZ� WKDW� WKH� FXUUHQW� 6DYDQQDK�+DUERU� QDYLJDWLRQ� FKDQQHO
GRHV�QRW�SURYLGH�VXIILFLHQW�GHSWK�IRU�OLTXLG�DQG�GU\�EXON�YHVVHO�PDQDJHUV�WR�RSHUDWH
WKHLU�YHVVHOV�DW�RSWLPXP�PD[LPXP�GUDIWV�RU�FDUJR�ORDGV��

7KH�GLVWULEXWLRQV�SUHVHQWHG�DERYH�DUH�XVHG�ZLWK�WKH�DYHUDJH�RI�WKH�$W�6HD�DQG�,Q�3RUW
YHVVHO� RSHUDWLQJ� FRVWV� WR� GHWHUPLQH� D� ´ZHLJKWHGµ� FRVW� SHU� WRQ�PLOH� IRU� HDFK� YHVVHO
GUDIW�FODVV�

��������� :LWKRXW�3URMHFW

)RU�ZLWKRXW� SURMHFW� FRQGLWLRQV�� YHVVHOV� DUH� H[SHFWHG� WR�PDLQWDLQ� WKHLU� FXUUHQW� OLJKW
ORDGLQJ� FRQGLWLRQ�� WKDW� LV�� WKH�YHVVHO� OLJKW� ORDGLQJ�GLVWULEXWLRQ�ZLOO� UHPDLQ� FRQVWDQW
WKURXJK�WKH�VWXG\�SHULRG�

��������� :LWK�3URMHFW

)RU�ZLWK�SURMHFW�FRQGLWLRQV��3RVW�3DQDPD[�FRQWDLQHUVKLSV�DQG�GHHS�GUDIW�WDQNHUV�DQG
GU\�EXON�YHVVHOV�ZLWK�GHVLJQ�GUDIWV�JUHDWHU�WKDQ����IHHW��DUH�H[SHFWHG�WR�FDOO�6DYDQQDK
PRUH� IUHTXHQWO\� GXH� WR� WKH� DYDLODELOLW\� RI� GHHSHU� ZDWHU� DQG� WKH� FRUUHVSRQGLQJ
UHGXFWLRQ�LQ�RSHUDWLQJ�UHVWULFWLRQV�

)RU�HDFK�ZLWK�SURMHFW�FRQGLWLRQ�VFHQDULR��LW�ZDV�DVVXPHG�WKDW�D�QXPEHU�RI�GHHS�GUDIW
YHVVHOV� ZRXOG� WUDQVLWLRQ� IURP� FRQVWUDLQHG� VWDWXV� WR� XQFRQVWUDLQHG� VWDWXV��
8QFRQVWUDLQHG�RSHUDWLRQV� IRU�D�YHVVHO�RFFXUV�ZKHQ�DYDLODEOH�ZDWHU�GHSWK�H[FHHGV�D
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YHVVHO·V�RSHUDWLQJ�GUDIW�SOXV�IRXU�IHHW�IRU�XQGHU�NHHO�FOHDUDQFH�� �)RU�HDFK�DOWHUQDWLYH
SURMHFW� FRQGLWLRQ�� LW� ZDV� DVVXPHG� WKDW� FRQVWUDLQHG� YHVVHOV� WUDQVLWLRQLQJ� WR
XQFRQVWUDLQHG�VWDWXV�ZRXOG�WDNH�RQ�WKH�RSHUDWLQJ�FKDUDFWHULVWLFV�RI�XQFRQVWUDLQHG���
IRRW�GUDIW�YHVVHOV�XQGHU�ZLWKRXW�SURMHFW�FRQGLWLRQV�

$V� LQ� WKH� ZLWKRXW� SURMHFW� FRQGLWLRQ�� OLJKW� ORDGLQJ� GLVWULEXWLRQV� ZLWKLQ� HDFK� YHVVHO
FODVV�ZHUH�FRPELQHG�ZLWK�WKH�FRVW�SHU�WRQ�PLOH�YDOXHV�WR�GHWHUPLQH�D�ZHLJKWHG�FRVW
SHU�WRQ�PLOH�IRU�HDFK�YHVVHO�GUDIW�FODVV�

������� 9HVVHO�2SHUDWLQJ�&RVW�5HVXOWV

8VLQJ�WKH�HTXDWLRQ�LW�FRPSRQHQW�YDULDEOHV�SUHVHQWHG�DERYH��WKH�YHVVHO�RSHUDWLQJ�FRVWV
IRU� FRQWDLQHUVKLSV� DQG� EXON� FDUJR� YHVVHOV� ZDV� FDOFXODWHG�� IRU� HDFK� DOWHUQDWLYH
GHHSHQLQJ�SURMHFW�DQG�IRU�WKH����IRRW�ZLWKRXW�SURMHFW�FRQGLWLRQ���7KH�UHVXOWV�RI�WKHVH
FDOFXODWLRQV�IRU�FRQWDLQHUVKLSV�DUH�SUHVHQWHG�([KLELW�����

([KLELW����
$QQXDO�7UDQVSRUWDWLRQ�&RVWV�IRU�&RQWDLQHUVKLSV

&DOOLQJ�WKH�3RUW�RI�6DYDQQDK�������������
������'ROODUV�LQ�7KRXVDQGV�

)RUHFDVW�3HULRG3URMHFW
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����� 7LGH�'HOD\�&RVWV

7KH�PHWKRGRORJ\�IRU�FDOFXODWLRQ�RI�WLGDO�GHOD\�FRVWV�XWLOL]HV�D�VLPLODU�PHWKRGRORJ\�DV
XVHG� LQ� FDOFXODWLQJ� WUDQVSRUWDWLRQ� VDYLQJV�� DQG� LQWHJUDWHV� GDWD� RQ� WKH� QDWXUDO� WLGH
F\FOH�DW�6DYDQQDK���&RVWV�ZHUH�GHWHUPLQHG�IRU�YHVVHOV�ZLWK�RSHUDWLQJ�GUDIWV�VXEMHFW�WR
WLGDO�GHOD\V��KRZ�ORQJ�WKH\�ZRXOG�EH�GHOD\HG��XVLQJ�WKH�DYHUDJH�RI�$W�VHD�DQG�,Q�SRUW
RSHUDWLQJ�FRVWV��IRU�ERWK�ZLWK�DQG�ZLWKRXW�SURMHFW�FRQGLWLRQV�

7R�TXDQWLI\� WLGDO�GHOD\�FRVWV�� WUDIILF�ZDV� ILUVW� FDWHJRUL]HG�E\�YHVVHO�GUDIW�� �1H[W�� WKH
SHUFHQWDJH�RI�YHVVHOV�RSHUDWLQJ�IXOO\�ORDGHG�RU�OLJKW�ORDGHG�ZDV�GHWHUPLQHG�IURP�WKH
OLJKW� ORDGLQJ� DQDO\VLV�� � )LQDOO\�� WKH� WLPH� RI� DYDLODELOLW\� RI� HDFK� IRRW� RI� WLGH� ZDV
GHWHUPLQHG� LQ� RUGHU� WR�GHYHORS� D�SUREDELOLW\�GLVWULEXWLRQ�RI� YHVVHOV�ZKLFK�ZLOO� XVH
WLGDO�DVVLVWDQFH�WR�WUDQVLW�WKH�FKDQQHO�� �7KLUG��FKDQQHO�GHSWK�ZDV�FRPSDUHG�ZLWK�WKH
RSHUDWLQJ�GUDIW�RI�YHVVHOV�VHUYLQJ�6DYDQQDK��OHVV�XQGHUNHHO�FOHDUDQFH�UHTXLUHG���DQG�D
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UHTXLUHG�WLGH�GHSWK�ZDV�GHWHUPLQHG��DORQJ�ZLWK�WKH�WLPH�VXFK�D�WLGDO�DGYDQWDJH�ZDV
H[SHFWHG�WR�SUHYDLO�GXULQJ�D����KRXU�ZLQGRZ��DGMXVWHG�IRU�WKH�DYHUDJH�FKDQQHO�WUDQVLW
WLPH�RI�����KRXUV��

%HFDXVH�DUULYDOV�DQG�GHSDUWXUHV�RFFXU�LQ�D�UDQGRP�IDVKLRQ��FRPSDUHG�WR�WKH�F\FOLFDO
QDWXUH� RI� RFHDQ� DQG� ULYHU� WLGH�� WKH� SUREDELOLW\� RI� DUULYDO� RU� GHSDUWXUH� GXULQJ� WKH
SHULRG� LV� VLPSO\� WKH� QXPEHU� RI� KRXUV� RI� WLGDO� DYDLODELOLW\� GLYLGHG� E\� ���� � 7KH
SUREDELOLW\�RI�WKH�YHVVHOV�H[SHULHQFLQJ�WLGDO�GHOD\�DUH�RQH�PLQXV�WKLV�SUREDELOLW\�

)URP�WKHVH�DQDO\VLV��WKH�DQQXDO�WLGDO�GHOD\�FRVWV�IRU�WKH�ZLWKRXW�SURMHFW�FRQGLWLRQ�DQG
HDFK�ZLWK�SURMHFW�FRQGLWLRQ�DOWHUQDWLYH�ZDV�GHWHUPLQHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ�

7RWDO�DQQXDO�WLGDO�GHOD\�FRVWV�IRU�HDFK�GUDIW�LQFUHPHQW
 DYHUDJH�RI�YHVVHO�RSHUDWLQJ�FRVWV�SHU�KRXU�DW�VHD�DQG�LQ�SRUW

[ SUREDELOLW\�RI�GHOD\

[ OHQJWK�RI�GHOD\��LQ�KRXUV

[ IOHHW�GLVWULEXWLRQ�WR�WKH�GUDIW�LQFUHPHQW

[ OLJKW�ORDGLQJ�GLVWULEXWLRQ�WR�WKH�GUDIW�LQFUHPHQW

$QQXDO� WLGDO�GHOD\� FRVWV�ZHUH� FDOFXODWHG�� E\� GUDIW�� DQG� VXPPHG� WR� GHWHUPLQH� WRWDO
FRVWV�IRU�HDFK�SURMHFW�DOWHUQDWLYH�

������� 7LGDO�'HOD\�&RVW�5HVXOWV

8VLQJ� WKH� HTXDWLRQ� SUHVHQWHG� DERYH�� WKH� H[SHFWHG� WLGH� GHOD\� FRVWV� LQFXUUHG� E\
FRQWDLQHUVKLS� DQG� EXON� FDUJR� YHVVHO� RSHUDWRUV� VHUYLQJ� WKH� 3RUW� RI� 6DYDQQDK� ZHUH
FDOFXODWHG��IRU�HDFK�DOWHUQDWLYH�GHHSHQLQJ�SURMHFW�DQG�IRU�WKH����IRRW�ZLWKRXW�SURMHFW
FRQGLWLRQ���7KH�UHVXOWV�RI�WKHVH�FDOFXODWLRQV�DUH�SUHVHQWHG�([KLELW�����

([KLELW����
$QQXDO�7LGDO�'HOD\�&RVWV�IRU�&RQWDLQHUVKLSV�&DOOLQJ
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��ª ��� ��� ��� ���� ���� ����

��ª ��� ��� ��� ��� ���� ����
��ª �� ��� ��� ��� ��� ����
��ª �� �� ��� ��� ��� ���
��ª �� �� �� ��� ��� ���
��ª �� �� �� �� �� ��
6RXUFH� %RR]⋅$OOHQ�DQDO\VLV



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 1DWLRQDO�(FRQRPLF�'HYHORSPHQW�%HQHILW�&RVW�$QDO\VLV

7KH�H[KLELW�VKRZV�WKDW� WLGDO�GHOD\�FRVWV�DUH�UHODWLYHO\�PLQRU�FRPSDUHG�WR� WKH�YHVVHO
RSHUDWLQJ�FRVWV�SUHVHQWHG�DERYH��

����� 6KLS�%HDP�&KDQQHO�:LGWK�'HOD\�&RVWV

&KDQQHO� GHVLJQV� IRU� ZLWKRXW� DQG� ZLWK� SURMHFWV� FRQGLWLRQV� LQ� WKH� IHDVLELOLW\� VWXG\
PDLQWDLQ� H[LVWLQJ� FKDQQHO� VLGH� VORSH�DQJOHV�� UHVXOWLQJ� LQ�QDUURZHU� HIIHFWLYH� FKDQQHO
ZLGWK�DW�WKH�ERWWRP�RI�WKH�FKDQQHO���7KLV�LQ�WXUQ�UHVXOWV�LQ�D�SRWHQWLDO�VLWXDWLRQ�ZKHUH
WZR�RU�PRUH�YHVVHOV�RSHUDWLQJ�ODGHQ�PD\�QR�ORQJHU�KDYH�VXIILFLHQW�FOHDUDQFH�WR�PHHW
RU� SDVV� LQ� VRPH� VHFWLRQV� RI� WKH� FKDQQHO�� � 'LVFXVVLRQV� ZLWK� WKH� 6DYDQQDK� 3LORWV
FRQFOXGHG� WKDW� RQH�ZD\� WUDIILF� LV� DOUHDG\�RFFXUULQJ� WR� VRPH� H[WHQW� LQ� WKH� FKDQQHO��
7KH�SLORWV�KDYH�ZRUNHG�RXW�D�V\VWHP�WR�PLQLPL]H�WKH�IUHTXHQF\�RI�GHOD\�E\�SODQQLQJ
IRU�PHHWLQJ� DW� ERWK� VDIH� DQG� UHODWLYHO\� RSHQ� SODFHV� LQ� WKH� FKDQQHO�� DQG� QRW� DW� WKH
EHQGV� LQ� WKH� ULYHU�� � 7KH� IUHTXHQF\� RI� LQFLGHQFH� RI� WKH� EHDP� FRQIOLFW� DQG� GHOD\V
RFFXUULQJ� ZDV� HVWLPDWHG� WKURXJK� WKH� XVH� RI� D� YHVVHO� WUDIILF� VLPXODWLRQ� PRGHO��
6XEVHTXHQWO\�� DOO� FRVWV� RI� GHOD\� ZHUH� FDOFXODWHG� IURP� WKH� UHVXOWV� IRU� HDFK� SURMHFW
FRQGLWLRQ���7KH�DSSURDFK�XVHG�LV�GHVFULEHG�LQ�&KDSWHU����RI�WKLV�$SSHQGL[�

������� :LWKRXW�3URMHFW

)RU�ZLWKRXW� SURMHFW� FRQGLWLRQV�� WKH� FKDQQHO� LV�PDLQWDLQHG� DW� LWV� FXUUHQW� DXWKRUL]HG
ZLGWK���7KH�ZLGWK�RI�WKH�FXUUHQW�FKDQQHO�LV�VXIILFLHQW�WR�DOORZ�6DYDQQDK·V�FXUUHQW�IOHHW
PL[� DQG� OHYHO� RI� YHVVHO� DFWLYLW\� WR� WUDQVLW� WKH� 6DYDQQDK� 5LYHU� ZLWK� IHZ� RSHUDWLQJ
UHVWULFWLRQV�UHJDUGLQJ�WZR�ZD\�RSHUDWLRQ���+RZHYHU��ZKLOH�WZR�ZD\�WUDIILF�LV�SRVVLEOH
LQ�WKH�6DYDQQDK�5LYHU�DORQJ�LWV�HQWLUH�OHQJWK��WKHUH�DUH�D�QXPEHU�RI�EHQGV�DQG�WXUQV
ZKHUH� JRRG�PDQHXYHULQJ� SUDFWLFH� GLFWDWHV� WKDW� RQH�ZD\� WUDIILF� LV� D� VDIHU� FRXUVH� RI
DFWLRQ�DQG� LV�SDUW�RI� VWDQGDUG�SLORW�SUDFWLFHV�ZKHQ� WDNLQJ�YHVVHOV� LQWR�RU�RXW�RI� WKH
3RUW���6LPXODWLRQV�LGHQWLILHG�OLWWOH�FRVW�WR�YHVVHO�RSHUDWRUV�DV�D�UHVXOW�RI�WKLV�RSHUDWLQJ
HQYLURQPHQW�

������� :LWK�3URMHFW

8QGHU�ZLWK�SURMHFW�FRQGLWLRQV��LW�ZDV�H[SHFWHG�WKDW�VLWXDWLRQV�ZLOO�RFFXU�ZKHUH�YHVVHO
EHDP�ZLGWK�FRQIOLFWV�ZLOO�RFFXU�PRUH�IUHTXHQWO\���7KH�LQFLGHQFH�DQG�GXUDWLRQ�RI�EHDP
ZLGWK�FRQIOLFW�UHVXOWLQJ�LQ�GHOD\V�IRU�YHVVHOV�LQ�WKH�6DYDQQDK�IOHHW�ZHUH�HYDOXDWHG�DQG
HVWLPDWHG�XVLQJ�D�YHVVHO�WUDIILF�VLPXODWLRQ�PRGHO�GHYHORSHG�E\�'U��0LFKDHO�5DFHU��D
3URIHVVRU�RI�&LYLO�(QJLQHHULQJ�DW�0HPSKLV�6WDWH�8QLYHUVLW\���)RU�WKLV�VWXG\��'U��5DFHU
DGDSWHG� D� YHVVHO� WUDIILF� VLPXODWLRQ� PRGHO� XVHG� LQ� SUHYLRXV� 86$&(� GHHS� GUDIW
QDYLJDWLRQ� VWXGLHV� DGMXVWLQJ� IRU� WKH� GLPHQVLRQV� RI� WKH� 6DYDQQDK�+DUERU� XQGHU� WKH
ZLWK� SURMHFW� FRQGLWLRQV���� � )XWXUH� YHVVHO� DFWLYLW\� IURP� WKH� YHVVHO� IOHHW� IRUHFDVWV�ZDV
FODVVLILHG�E\�YHVVHO�EHDP�ZLGWK�IRU�HDFK�SURMHFW�DOWHUQDWLYH�WR�GHYHORS�D�GLVWULEXWLRQ
RI� WKH�6DYDQQDK�IOHHW�� �8VLQJ�WKLV�GDWD�� WKH�VLPXODWLRQ�PRGHO�SURGXFHG�HVWLPDWHV�RI

������������������������������������������������
��� (DUOLHU�VWXGLHV�XVLQJ�'U��5DFHUªV�YHVVHO�WUDIILF�VLPXODWLRQ�PRGHO�LQFOXGH�WKH�%DOWLPRUH�+DUERU�7XUQLQJ�%DVLQ

$QDO\VLV�DQG�WKH�'HODZDUH�&KDQQHO�'HHSHQLQJ�6WXG\�



$SSHQGL[�&�(FRQRPLFV
3DJH�����RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 1DWLRQDO�(FRQRPLF�'HYHORSPHQW�%HQHILW�&RVW�$QDO\VLV

WKH� LQFLGHQFH� RI� EHDP� ZLGWK� FRQIOLFWV� DQG� WKH� UHVXOWLQJ� GHOD\V� IRU� HDFK� SURMHFW
DOWHUQDWLYH�RYHU�WKH�VWXG\�SHULRG���9HVVHO�GHOD\�FRVWV�ZHUH�WKHQ�FDOFXODWHG�XVLQJ�WKH
YHVVHO�GDLO\�LQ�SRUW�FRVWV��GHVFULEHG�LQ�6HFWLRQ���������RI�WKLV�&KDSWHU��IRU�HDFK�YHVVHO
GUDIW�FODVV�LQFXUULQJ�GHOD\�

������� &KDQQHO�:LGWK�'HOD\�&RVW�5HVXOWV

8VLQJ� WKH� HTXDWLRQ� SUHVHQWHG� DERYH�� WKH� H[SHFWHG� WLGH� GHOD\� FRVWV� LQFXUUHG� E\
FRQWDLQHUVKLS� DQG� EXON� FDUJR� YHVVHO� RSHUDWRUV� VHUYLQJ� WKH� 3RUW� RI� 6DYDQQDK� ZHUH
FDOFXODWHG��IRU�HDFK�DOWHUQDWLYH�GHHSHQLQJ�SURMHFW�DQG�IRU�WKH����IRRW�ZLWKRXW�SURMHFW
FRQGLWLRQ���7KH�UHVXOWV�RI�WKHVH�FDOFXODWLRQV�DUH�SUHVHQWHG�([KLELW�����

([KLELW����
$QQXDO�'HOD\�&RVWV�GXH�WR�&KDQQHO�:LGWK�IRU�&RQWDLQHUVKLSV

&DOOLQJ�WKH�3RUW�RI�6DYDQQDK�������������
������'ROODUV�LQ�7KRXVDQGV�

)RUHFDVW�3HULRG3URMHFW
���� ���� ���� ���� ���� ����

��ª ��� ���� ���� ���� ���� ����

��ª ��� ���� ���� ���� ���� ����
��ª ��� ���� ���� ���� ���� ����
��ª ��� ���� ���� ���� ���� ����
��ª ��� ���� ���� ���� ���� ����
��ª ��� ���� ���� ���� ���� ����
6RXUFH� %RR]⋅$OOHQ�DQDO\VLV
1RWH� 1XPEHUV�DSSHDU�HTXDO�EXW�DUH�QRW�GXH�WR�URXQGLQJ�

7KH�UHVXOWV�VKRZ�WKDW�WKH�GHOD\V�LQFXUUHG�RQ�YHVVHOV�WUDQVLWLQJ�WKH�FKDQQHO�GXH�WR�WKH
GHVLJQ� RI� WKH� FKDQQHO� DUH� UHODWLYHO\� PLQRU� FRPSDUHG� WR� WKH� YHVVHO� RSHUDWLQJ� FRVWV
SUHVHQWHG�DERYH���,Q�DGGLWLRQ��WKH�GLIIHUHQFHV�LQ�FRVWV�EHWZHHQ�WKH�DOWHUQDWLYH�SURMHFWV
LV�UHODWLYHO\�PLQRU�

����� 7RWDO�7UDQVSRUWDWLRQ�&RVWV

7KH� VXPPDWLRQ� RI� WKH� YHVVHO� RSHUDWLQJ�� WLGDO� GHOD\�� DQG� FKDQQHO�ZLGWK� GHOD\� FRVWV
GHWHUPLQHV� WKH� WRWDO� WUDQVSRUWDWLRQ� FRVWV� IRU� HDFK� DOWHUQDWLYH� GHHSHQLQJ� SURMHFW��
([KLELW�����SUHVHQWV�WKH�WRWDO�WUDQVSRUWDWLRQ�FRVW�VWUHDP�IRU�WKH�IRUHFDVW�VWXG\�SHULRG�



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 1DWLRQDO�(FRQRPLF�'HYHORSPHQW�%HQHILW�&RVW�$QDO\VLV

([KLELW����
7RWDO�7UDQVSRUWDWLRQ�&RVWV�IRU�$OWHUQDWLYH�'HHSHQLQJ�3URMHFWV

������'ROODUV�LQ�7KRXVDQGV�
)RUHFDVW�3HULRG3URMHFW

���� ���� ���� ���� ���� ����
��ª �������� �������� �������� �������� �������� ����������

��ª �������� �������� �������� �������� �������� ����������
��ª ������� �������� �������� �������� �������� ����������
��ª ������� �������� �������� �������� �������� ����������
��ª ������� �������� �������� �������� �������� ����������
��ª ������� �������� �������� �������� �������� ����������
6RXUFH� %RR]⋅$OOHQ�DQDO\VLV
1RWH����� 7RWDO�WUDQVSRUWDWLRQ�FRVWV�DUH��VXP�RI�YHVVHO�RSHUDWLQJ�FRVWV��WLGDO�GHOD\�FRVWV��DQG�FKDQQHO�ZLGWK�GHOD\�FRVWV�
1RWH���� 1XPEHUV�PD\�QRW�DGG�GXH�WR�URXQGLQJ�

7KH�H[KLELW�VKRZV�WKDW�EHQHILWV�ZLOO�DFFUXH�LQ�WKH�IRUP�RI�ORZHU�WUDQVSRUWDWLRQ�FRVWV
IRU�FKDQQHO�GHSWKV�JUHDWHU�WKDQ�WKH�FXUUHQW����IRRW�GHSWK�� �$QQXDO�EHQHILWV� IRU�HDFK
SURMHFW�ZHUH�GHWHUPLQHG�E\�FDOFXODWLQJ� WKH�GLIIHUHQFH� LQ� WUDQVSRUWDWLRQ�FRVWV� VWUHDP
IRU�WKH����IRRW�FKDQQHO�DQG�HDFK�DOWHUQDWLYH�SURMHFW���([KLELW������SUHVHQWV�WKH�EHQHILWV
IRU�HDFK�DOWHUQDWLYH�SURMHFW�

([KLELW�����
7UDQVSRUWDWLRQ�&RVW�6DYLQJV�IRU�$OWHUQDWLYH�'HHSHQLQJ�3URMHFWV

������'ROODUV�LQ�7KRXVDQGV�
)RUHFDVW�3HULRG3URMHFW

���� ���� ���� ���� ���� ����
��ª �� �� �� �� �� ��

��ª ������� ������� ������� ������� ������� ��������
��ª ������� ������� ������� ������� �������� ��������
��ª ������� ������� ������� ������� �������� ��������
��ª ������� ������� ������� ������� �������� ��������
��ª ������� ������� ������� ������� �������� ��������
6RXUFH� %RR]⋅$OOHQ�DQDO\VLV
1RWH� 1XPEHUV�PD\�QRW�DGG�GXH�WR�URXQGLQJ�

7KH� H[KLELW� VKRZV� WKDW� EHQHILWV� FRXOG� DFFUXH� LQ� WKH� ILUVW� \HDU� RI� WKH� IRUHFDVW� VWXG\
SHULRG�� � 8QGHU� WKH� ZLWKRXW� SURMHFW� FRQGLWLRQ�� LW� LV� DVVXPHG� WKDW� QR� EHQHILWV� ZLOO
DFFUXH�� �)RU�WKH�DOWHUQDWLYH�SURMHFWV�� WUDQVSRUWDWLRQ�FRVWV�UHGXFWLRQV�UDQJH�IURP�RYHU
����PLOOLRQ�LQ�WKH�ILUVW�\HDU�RI�WKH�IRUHFDVW�VWXG\�SHULRG�WR�RYHU������PLOOLRQ�LQ�����
\HDUV�� � 7R� FRPSOHWH� WKH� EHQHILW�FRVW� DQDO\VLV� WKHVH� EHQHILWV� DUH� FRQYHUWHG� LQWR� DQ
DYHUDJH�DQQXDO�HTXLYDOHQW��



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 1DWLRQDO�(FRQRPLF�'HYHORSPHQW�%HQHILW�&RVW�$QDO\VLV

����� $YHUDJH�$QQXDO�%HQHILWV

)ROORZLQJ� 86$&(� JXLGHOLQHV�� WKH� HFRQRPLF� EHQHILWV� DVVRFLDWHG� ZLWK� UHGXFHG
WUDQVSRUWDWLRQ� FRVWV� IRU� HDFK� SURMHFW� KDYH� EHHQ� DQQXDOL]HG� EDFN� WR� WKH� ILUVW� \HDU� RI
HDFK� SURMHFW·V� RSHUDWLRQ�� � $QQXDO� EHQHILWV� ZHUH� GHULYHG� XVLQJ� WKH� IROORZLQJ
PHWKRGRORJ\�

• 3UHVHQW� ZRUWK� IDFWRUV� EDVHG� RQ� WKH� IHGHUDO� GLVFRXQW� UDWH� DQG� ��� \HDU� SHULRG
ZHUH�FDOFXODWHG� IRU� WKH����\HDUV� IROORZLQJ� WKH�EDVH�\HDU�RI�RSHUDWLRQ� IRU� HDFK
DOWHUQDWLYH�SURMHFW

• 7KH�EHQHILWV� IRU�HDFK�DOWHUQDWLYH�ZDV�FRQYHUWHG� WR�SUHVHQW�ZRUWK�YDOXHV�XVLQJ
WKH�FDOFXODWHG�SUHVHQW�ZRUWK�IDFWRUV

• 7KH�SUHVHQW�ZRUWK�YDOXHV�IRU�HDFK�SURMHFW�ZHUH�VXPPHG�WR�GHWHUPLQH�WKH�WRWDO
SUHVHQW�ZRUWK�RI�HDFK�DOWHUQDWLYH�SURMHFW·V�EHQHILWV

• 7KH� WRWDO� SUHVHQW� ZRUWK� RI� HDFK� DOWHUQDWLYH� ZHUH� FRQYHUWHG� WR� DQQXDOL]HG
EHQHILWV��XVLQJ�WKH�SDUWLDO�SD\PHQW�IDFWRU�EDVHG�RQ�WKH�IHGHUDO�GLVFRXQW�UDWH�

%HQHILW�FDOFXODWLRQV�ZHUH�FRPSOHWHG�IRU�HDFK�\HDU�RI�WKH�VWXG\�SHULRG���7KH�UHVXOWV�RI
WKHVH�FDOFXODWLRQV�DUH�SUHVHQWHG�LQ�([KLELWV������DQG������EHORZ�

([KLELW�����
$OWHUQDWLYH�3URMHFW�%HQHILWV�DQG�3UHVHQW�:RUWK�&DOFXODWLRQV

������'ROODUV�LQ�7KRXVDQGV�
)RUHFDVW�3HULRG

����
 ���� ���� ���� ���� ����
%HQHILWV�
������·�3URMHFW �� ������� ������� ������� ������� ��������
������·�3URMHFW �� ������� ������� ������� �������� ��������
������·�3URMHFW �� ������� ������� ������� �������� ��������
������·�3URMHFW �� ������� ������� ������� �������� ��������
������·�3URMHFW �� ������� ������� ������� �������� ��������
3UHVHQW�:RUWK�)DFWRU

�
������·�����·�3URMHFWV ������ ������ ������ ������ ������
������·�����·�3URMHFWV ������ ������ ������ ������ ������
3UHVHQW�:RUWK�6WUHDP�
������·�3URMHFW �� ������� ������� ������ ������ ������
������·�3URMHFW �� ������� ������� ������� ������ ������
������·�3URMHFW �� ������� ������� ������� ������ ������
������·�3URMHFW �� ������� ������� ������� ������� ������
������·�3URMHFW �� ������� ������� ������� ������� ������

6RXUFH� %RR]⋅$OOHQ�DQDO\VLV
1RWH�
�� 8VLQJ�86$&(�PHWKRGRORJ\��DFFRXQWLQJ�IRU�FDOFXODWLRQ�RI�DQQXDOL]HG�EHQHILWV�EHJLQ�LQ�\HDU�DIWHU�FRPSOHWLRQ

RI�FRQVWUXFWLRQ���&KDQQHO�GUHGJLQJ�FRPSOHWLRQ�LV�HVWLPDWHG�IRU������DQG������GHSHQGLQJ�RQ�WKH�SURMHFW��



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 1DWLRQDO�(FRQRPLF�'HYHORSPHQW�%HQHILW�&RVW�$QDO\VLV

1RWH�

�� %DVHG�RQ�������SHUFHQW�LQWHUHVW�UDWH���������IRRW�SURMHFWV�DUH�FRPSOHWHG�LQ�������ILUVW�\HDU�RI�EHQHILWV
DFFRXQWHG�IRU�LQ������������DQG����IRRW�SURMHFWV�DUH�FRPSOHWHG�LQ�������ILUVW�\HDU�RI�EHQHILWV�DFFRXQWHG�IRU�LQ
�����

([KLELW�����
$OWHUQDWLYH�3URMHFW�7RWDO�3UHVHQW�:RUWK�DQG�$QQXDOL]HG�%HQHILWV

�'ROODUV�LQ�7KRXVDQGV�
$OWHUQDWLYH�3URMHFW

��ª
 ��ª
 ��ª
 ��ª

 ��ª


7RWDO�3UHVHQW�:RUWK �������� �������� �������� �������� ��������
$QQXDO�%HQHILWV ������� ������� ������� ������� �������
6RXUFH� %RR]⋅$OOHQ�DQDO\VLV
1RWH� %DVHG�RQ�DQ�DQQXDO�LQWHUHVW�UDWH�RI�������SHUFHQW��SDUWLDO�SD\PHQW�IDFWRU�RI����������
1RWH�
�� &KDQQHO�FRQVWUXFWLRQ�FRPSOHWHG�LQ�������DFFRXQWLQJ�RI�DFFUXHG�EHQHILWV�IURP������������
1RWH��

� &KDQQHO�FRQVWUXFWLRQ�FRPSOHWHG�LQ�������DFFRXQWLQJ�RI�DFFUXHG�EHQHILWV�IURP�������������

7KHVH� DQQXDO� EHQHILWV� DUH� FRPSDUHG� WR� DQQXDO� FRVWV� IRU� HDFK� DOWHUQDWLYH� SURMHFW� WR
GHWHUPLQH� WKH� EHQHILW�FRVW� UDWLR� DQG� QHW� EHQHILWV�� � 7KH� QH[W� VWHS� LQ� WKH� EHQHILW�FRVW
DQDO\VLV�LV�FRPSXWDWLRQ�RI�WKH�WRWDO�DQG�DQQXDO�FRVWV�RI�HDFK�SURMHFW�DOWHUQDWLYH�

��� $OWHUQDWLYH�3URMHFW�&RVWV

7KLV� VHFWLRQ� SUHVHQWV� WKH� FRVWV� WKDW� DUH� XVHG� LQ� WKH� EHQHILW�FRVW� DQDO\VLV� IRU
GHWHUPLQLQJ� WKH� 1('� 3ODQ�� � 7KH� FRVWV� WR� GHHSHQ� WKH� 6DYDQQDK� ULYHU� QDYLJDWLRQ
FKDQQHO�� IRU� WKH���������������������DQG����IRRW�GHHSHQLQJ�SURMHFWV��ZHUH�HVWLPDWHG�E\
WKH�86$&(��DQG�%RR]⋅$OOHQ�	�+DPLOWRQ���7KH�HVWLPDWHV�LQFOXGH�FRVWV�IRU�

• &RQVWUXFWLRQ

• /DQGV�DQG�'DPDJHV

• (QYLURQPHQWDO�0LWLJDWLRQ

• &XOWXUDO�5HVRXUFHV�0LWLJDWLRQ

• ,QWHUHVW�'XULQJ�&RQVWUXFWLRQ

• 2WKHU�1('�&RVWV�

)ROORZLQJ�86$&(�JXLGHOLQHV�� FXOWXUDO� UHVRXUFH�PLWLJDWLRQ� FRVWV� DUH�QRW� LQFOXGHG� LQ
WKH� EHQHILW�FRVW� DQDO\VLV�� � 2WKHU� 1('� &RVWV� DUH� WKH� SXEOLF� RU� SULYDWH� QRQ�IHGHUDO
H[SHQGLWXUHV� RQ� JHQHUDO� QDYLJDWLRQ� IHDWXUHV�� VXFK� DV� D� DQQXDO�PDLQWHQDQFH� FRVWV���
7KHVH� FRVW� LWHPV� DUH� GHVFULEHG� LQ� GHWDLO� LQ� WKH� (QJLQHHULQJ� $SSHQGL[� DQG� 0DLQ
5HSRUW�RI�WKH�)HDVLELOLW\�6WXG\�

����� 3URMHFW�&RVWV

3URMHFW� FRVWV� FRQVLVW� RI� FRQVWUXFWLRQ�� ODQGV� 	� GDPDJHV�� DQG� HQYLURQPHQWDO� FRVWV
LQFXUUHG� WR� FRQVWUXFW� WKH� GHHSHQLQJ� SURMHFWV�� � &RQVWUXFWLRQ� FRVWV� RI� HDFK� SURMHFW



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 1DWLRQDO�(FRQRPLF�'HYHORSPHQW�%HQHILW�&RVW�$QDO\VLV

DOWHUQDWLYH� DUH� LQFOXVLYH� RI� ERWK� )HGHUDO� DQG� QRQ�)HGHUDO� FRVWV� DQG� LQFRUSRUDWH� DOO
DVVRFLDWHG�FRVWV�IRU�SURMHFW�LPSOHPHQWDWLRQ���7KHVH�LQFOXGH�FRVW�LWHPV�IRU�� �'UHGJLQJ
DQG� 0RELOL]DWLRQ�� 'HEULV� 5HPRYDO�� 'LVSRVDO� $UHD� ,PSURYHPHQWV�� &RQWLQXLQJ
(QJLQHHULQJ�DQG�'HVLJQ��DQG�6XSHUYLVLRQ�DQG�$GPLQLVWUDWLRQ��

8QGHU� WKH� ZLWKRXW� SURMHFW� FRQGLWLRQ� DOWHUQDWLYH�� WKHUH� DUH� QR� LQFUHPHQWDO� SURMHFW
FRQVWUXFWLRQ� FRVWV� DVVRFLDWHG� ZLWK� PDLQWDLQLQJ� WKH� FXUUHQW� DXWKRUL]HG� FKDQQHO
GLPHQVLRQV�� �7KHUHIRUH�� WKH�SURMHFW�FRVWV� IRU� WKH�ZLWKRXW�SURMHFW� FRQGLWLRQ�DUH�]HUR��
&RVW� HVWLPDWHV� ZHUH� GHYHORSHG� E\� WKH� 86$&(� 6DYDQQDK� 'LVWULFW�� � &RQWLQJHQFLHV
DFFRXQWLQJ�IRU�EHWZHHQ����DQG����SHUFHQW�RI�WKH�FRQVWUXFWLRQ�FRVWV�DFFRXQWV���'HWDLOV
RI�WKH�FRVW�HVWLPDWHV�SURYLGHG�LQ�WKH�0DLQ�5HSRUW�DQG�WKH�(QJLQHHULQJ�$SSHQGL[�RI
WKH�)HDVLELOLW\�6WXG\��DUH�VXPPDUL]HG�LQ�([KLELW������

([KLELW�����
(VWLPDWHV�RI�$OWHUQDWLYH�3URMHFW�7RWDO�&RVWV

������'ROODUV�LQ�7KRXVDQGV�

6RXUFH� 86$&(��6DYDQQDK�'LVWULFW��(QJLQHHULQJ�$SSHQGL[
1RWH�
�� ,QFOXGHV����SHUFHQW�FRQWLQJHQF\
1RWH�

�� ,QFOXGHV����SHUFHQW�FRQWLQJHQF\

����� ,QWHUHVW�'XULQJ�&RQVWUXFWLRQ

,QWHUHVW�GXULQJ�FRQVWUXFWLRQ��,'&��FRVWV�ZHUH�FDOFXODWHG�E\�%RR]⋅$OOHQ�	�+DPLOWRQ��
7KHVH� FRVWV� DUH� WKH� FRVW�RI� FDSLWDO� H[SHQGHG�GXULQJ� WKH� FRQVWUXFWLRQ�RI� WKH� VHOHFWHG
DOWHUQDWLYH�GHHSHQLQJ�SURMHFW��EDVHG�RQ�WKH�7RWDO�3URMHFW�&RVWV�SUHVHQWHG�LQ�([KLELW���
���DERYH���7KH�FDOFXODWLRQV�ZHUH�FRPSOHWHG�LQ�DFFRUGDQFH�ZLWK�86$&(�PHWKRGRORJ\
DQG�JXLGHOLQHV���7KH�IHGHUDO�GLVFRXQW�UDWH�RI�������SHUFHQW�ZDV�FRQYHUWHG�WR�D�PRQWKO\
UDWH�RI��������SHUFHQW���7KH�IROORZLQJ�IRUPXOD�LV�XVHG�IRU�FRPSXWLQJ�WKH�,'&�IRU�HDFK
SURMHFW�

,'&� �Σ3P>���L�Q�����@

ITEM
Contingency ALTERNATIVE

(% ) 45 ft. 46 ft. 47 ft. 48 ft. 50 ft.
Dredging 25 $66,004,600 $77,915,400 $85,160,300 $96,722,100 $136,058,700
Mobilization 25 $2,956,500 $3,120,800 $3,367,100 $3,367,100 $5,017,500
Debris Removal 25 $2,278,805 $2,278,805 $2,278,805 $2,278,805 $2,278,805
Disposal Area Improvements 25 $10,927,500 $10,975,000 $11,431,300 $11,863,800 $13,784,900
Aids to Navigtion $694,625 $772,125 $810,875 $810,875 $849,625
Dredging non-Federal Berth 25 $277,000 $334,000 $389,000 $454,000 $530,000
Continuing Engineering & Design 15 $8,400,000 $8,400,000 $8,400,000 $8,400,000 $8,400,000
Supervision & Administration 15 $3,844,000 $3,844,000 $3,844,000 $3,844,000 $3,844,000
Lands, Easements, Relocations & Rights of W ay 25 $2,185,300 $2,185,300 $2,185,300 $2,185,300 $2,185,300
Environmental Mitigation $9,612,480 $9,612,480 $9,612,480 $9,612,480 $9,612,480
Chloride Mitigation (if reqd) $46,000,000 $46,000,000 $46,000,000 $46,000,000 $46,000,000
Dissolved Oxygen Mitigation $24,000,000 $24,000,000 $24,000,000 $24,000,000 $24,000,000

Subtotal $177,180,810 $189,437,910 $197,479,160 $209,538,460 $252,561,310
Project Costs Including Historic Preservation Mitigation & Data Recovery

Old Fort Jackson Mitigation 25 $1,264,800 $1,264,800 $1,264,800 $1,264,800 $1,264,800
CSS Georgia Mitigation 35 $13,083,525 $13,083,525 $13,083,525 $13,083,525 $13,083,525

Total Project Costs $191,529,135 $203,786,235 $211,827,485 $223,886,785 $266,909,635
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3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
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ZKHUH�

3P�  �WKH�PWK�PRQWKO\�SD\PHQW
Q�  �QXPEHU�RI�SHULRGV�LQ�PRQWKV
L�  �PRQWKO\�LQWHUHVW�UDWH

([KLELW� ����� SUHVHQWV� WKH� UHVXOWV� RI� WKH� FDOFXODWLRQV� WR� GHWHUPLQH� WKH� ,'&� IRU� HDFK
DOWHUQDWLYH�GHHSHQLQJ�SURMHFW�

([KLELW�����
,QWHUHVW�'XULQJ�&RQVWUXFWLRQ�&RVWV�IRU�$OWHUQDWLYH�'HHSHQLQJ�3URMHFWV

������'ROODUV�ZKHUH�LQGLFDWHG�

6RXUFH� 86$&(�6DYDQQDK�'LVWULFW��%RR]⋅$OOHQ�DQDO\VLV

����� 2WKHU�1('�&RVWV

2WKHU� 1('� FRVWV� IRU� WKH� 6DYDQQDK� +DUERU� ([SDQVLRQ� 3URMHFW� FRQVLVW� RI� DQQXDO
'LIIHUHQWLDO�2SHUDWLRQV�DQG�0DLQWHQDQFH��2	0��FRVWV�DQG�DQQXDO�'LVVROYHG�2[\JHQ
0LWLJDWLRQ� FRVWV�� � 7KHVH� FRVWV� ZHUH� HVWLPDWHG� E\� WKH� 86$&(� 6DYDQQDK� 'LVWULFW��
'LIIHUHQWLDO�2	0�FRVWV�DUH�LQFXUUHG�DQQXDOO\�RYHU�WKH�OLIH�RI�WKH�SURMHFW���7KH�FRVWV�DUH
QHFHVVDU\� LQ� RUGHU� WR� PDLQWDLQ� D� QDYLJDWLRQ� FKDQQHO� DW� LWV� DXWKRUL]HG� GHSWK� DQG
PDLQWDLQ�VDIH�SDVVDJH�RI�YHVVHOV�� �7KHVH�2	0�FRVWV�� RYHU� WKRVH�2	0�FRVWV� DOUHDG\
LQFXUUHG� WR� PDLQWDLQ� WKH� ���IRRW� SURMHFW�� ZHUH� HVWLPDWHG� E\� WKH� 86$&(� 6DYDQQDK
'LVWULFW�IRU�HDFK�DOWHUQDWLYH�ZLWK�SURMHFW�FRQGLWLRQ�� �([KLELW������SUHVHQWV�WKH�DQQXDO
2WKHU�1('�&RVWV�IRU�HDFK�SURMHFW�

ANNUAL BENEFITS AND COSTS 45 ft. 46 ft. 47 ft. 48 ft. 50 ft.
Construction:

   Start Oct-01 Oct-01 Oct-01 Oct-01 Oct-01
   Duration 23 months 23 months 25 months 30 months 30 months

Total Project Costs* $177,180,810 $189,437,910 $197,479,160 $209,538,460 $252,561,310
Interest During Construction $11,697,352 $12,506,557 $14,274,060 $18,472,156 $22,264,896
Total Economic Cost including IDC $188,878,162 $201,944,467 $211,753,220 $228,010,616 $274,826,206

Annual Project Cost $13,902,774 $14,864,547 $15,586,540 $16,783,200 $20,229,160
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5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
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([KLELW�����
2WKHU�1('�&RVWV�)RU�$OWHUQDWLYH�'HHSHQLQJ�3URMHFWV

������'ROODUV�
$OWHUQDWLYH�'HHSHQLQJ�3URMHFW

2WKHU�1('�&RVWV ���IW ���IW ���IW ���IW ���IW
'LIIHUHQWLDO�2	0 ������� �������� �������� �������� ��������
'LVVROYHG�2[\JHQ�0LWLJDWLRQ �������� �������� �������� �������� ��������
7RWDO�2WKHU�&RVWV �������� �������� �������� �������� ��������

6RXUFH� 86$&(��6DYDQQDK�'LVWULFW

����� 7RWDO�3URMHFW�&RVWV

7KH�WRWDO�VXPPDWLRQ�RI�SURMHFW�FRQVWUXFWLRQ�FRVWV��LQWHUHVW�GXULQJ�FRQVWUXFWLRQ�FRVWV�
DQG�RWKHU�FRVWV�GHWHUPLQHV�WKH�WRWDO�HFRQRPLF�FRVWV�XVHG�LQ�WKH�EHQHILW�FRVW�DQDO\VLV��
7R� FRPSOHWH� WKLV� FDOFXODWLRQ�� WKH� 3URMHFW� &RVWV� IRU� HDFK� DOWHUQDWLYH� DUH� DQQXDOL]HG
XVLQJ� WKH�VHULHV�SUHVHQW�ZRUWK� IDFWRU��EDVHG�RQ� WKH� IHGHUDO�GLVFRXQW� UDWH� DQG� WKH���
\HDU� OLIH�RI� WKH�SURMHFWV�� �([KLELW������SUHVHQWV� WKH� UHVXOWV�RI� WKH� FDOFXODWLRQ�DQG� WKH
WRWDO�FRVWV�XVHG�LQ�WKH�EHQHILW�FRVW�DQDO\VLV�

([KLELW�����
$QQXDO�&RVWV�IRU�$OWHUQDWLYH�'HHSHQLQJ�3URMHFWV

������'ROODUV�ZKHUH�LQGLFDWHG�
$OWHUQDWLYH�'HHSHQLQJ�3URMHFW

2WKHU�1('�&RVWV ���IW ���IW ���IW ���IW ���IW
7RWDO�3URMHFW�&RVWV ����������� ����������� ����������� ����������� �����������
,QWHUHVW�'XULQJ�&RQVWUXFWLRQ ����������� ����������� ����������� ����������� �����������
7RWDO�(FRQRPLF�&RVW��Z�,'&� ������������ ������������ ������������ ������������ ������������
6HULHV�3UHVHQW�:RUWK�)DFWRU
 �������� �������� �������� �������� ��������
$QQXDO�3URMHFW�&RVWV ����������� ����������� ����������� ����������� �����������

6RXUFH� %RR]⋅$OOHQ�DQDO\VLV
1RWH�
�� %DVHG�RQ�������SHUFHQW�LQWHUHVW�UDWH�DQG����\HDU�SHULRG�

��� %HQHILW�&RVW�&DOFXODWLRQV�E\�3URMHFW�$OWHUQDWLYH

7KH�EHQHILWV�DQG�FRVWV�IRU�GHYHORSLQJ���������������������DQG����IRRW�GHHSHQLQJ�SURMHFWV
IRU��WKH�6DYDQQDK�+DUERU�KDYH�EHHQ�SUHVHQWHG���,Q�WKLV�VHFWLRQ�ZH�EULQJ�WRJHWKHU�WKH
EHQHILWV�DQG�FRVWV�WR�GHWHUPLQH�WKH�EHQHILW�FRVW�UDWLR�RI�HDFK�SURMHFW�RYHU�WKH�FXUUHQW
ZLWKRXW�SURMHFW�FRQGLWLRQ���([KLELW������SUHVHQWV�WKH�EHQHILW�FRVW�DQDO\VLV�
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 1DWLRQDO�(FRQRPLF�'HYHORSPHQW�%HQHILW�&RVW�$QDO\VLV

([KLELW�����
%HQHILW�&RVW�$QDO\VLV�RI�$OWHUQDWLYH�'HHSHQLQJ�3URMHFWV

������'ROODUV�LQ�7KRXVDQGV�
$OWHUQDWLYH�3URMHFWV%HQHILW�&RVW�$QDO\VLV

���IW ���IW ���IW ���IW ���IW
$QQXDO�%HQHILWV ����������� ����������� ����������� ����������� �����������
3URMHFW�&RVWV�
����$QQXDO�3URMHFW�&RVWV ����������� ����������� ����������� ����������� �����������

����2WKHU�1('�&RVWV ���� ���� ���� ���� ����
$GMXVWHG�$QQXDO�3URMHFW�&RVWV ����������� ����������� ����������� ����������� �����������
%HQHILW�&RVW�5DWLRV ���� ���� ���� ���� ����
1HW�$QQXDO��%HQHILWV ����������� ����������� ����������� ����������� �����������

6RXUFH�� %RR]³$OOHQ�DQDO\VLV

,Q� RUGHU� WR� GHWHUPLQH� WKH� HFRQRPLF� YLDELOLW\� RI� DOWHUQDWLYH� SURMHFWV�� WKH� SURMHFW
EHQHILWV�ZHUH�FRPSDUHG�ZLWK�SURMHFW�FRVWV�� �7KRVH�SURMHFWV�WKDW�KDYH�DYHUDJH�DQQXDO
HTXLYDOHQW�EHQHILWV�H[FHHGLQJ�DYHUDJH�DQQXDO�FRVWV�DUH�GHHPHG�HFRQRPLFDOO\�MXVWLILHG�
�:KHQ�PRUH�WKDQ�RQH�SURMHFW�LV�HFRQRPLFDOO\�MXVWLILDEOH��EHQHILW�FRVW�DQDO\VLV�LV�XVHG
WR� GHWHUPLQH�ZKLFK� SURMHFW� LV� VXSHULRU�� � 7KH� UDWLR� RI� EHQHILWV� WR� FRVWV� LV� FDOOHG� WKH
%HQHILW�&RVW�5DWLR� �%&5��� � ,I�D�SURMHFW·V�%&5� LV� OHVV� WKDQ������ WKHQ� WKH�SURMHFW� LV�QRW
HFRQRPLFDOO\�IHDVLEOH�� �7KH�SODQ�ZLWK� WKH�KLJKHVW�QHW�EHQHILWV�DQG�KDV�D�EHQHILW�FRVW
UDWLR�JUHDWHU�WKDQ�����LV�WKH�UHFRPPHQGHG�SODQ�

����� %HQHILW�&RVW�5DWLRV�DQG�1HW�%HQHILWV

7KH�EHQHILW�FRVW�UDWLRV�FDOFXODWHG�IRU�HDFK�RI�WKH�SURMHFW�DOWHUQDWLYHV�LV�JUHDWHU�WKDQ����
�L�H��� EHQHILWV� H[FHHG� FRVWV��� WKHUHIRUH� DOO� SURMHFWV� DUH� HFRQRPLFDOO\� MXVWLILDEOH�� � 7KH
UDWLRV�UDQJH�IURP�������IRU�WKH����IRRW�SURMHFW�WR������IRU�WKH����IRRW�SURMHFW�� �7KH�QHW
EHQHILWV� UDQJH� IURP� DOPRVW� ����PLOOLRQ� IRU� WKH� ���IRRW� SURMHFW� WR� QHDUO\� ����PLOOLRQ
GROODUV�IRU�WKH����IRRW�SURMHFW

����� 1('�3UHIHUUHG�3ODQ

6WXG\�RI�WKH�EHQHILW�FRVW�DQDO\VLV�VKRZV�WKH�KLJKHVW�QHW�EHQHILWV�DQG�EHQHILW�FRVW�UDWLR
DUH� IRXQG� LQ� WKH� ���IRRW� SURMHFW�� � %DVHG� RQ� WKLV� LQIRUPDWLRQ� WKH� HFRQRPLFDOO\
MXVWLILDEOH� 1('� SODQ� IRU� WKH� 6DYDQQDK� +DUERU� ([SDQVLRQ� 6WXG\� LV� WKH� ���IRRW
DOWHUQDWLYH�SURMHFW�

��� 6XPPDU\�DQG�&RQFOXVLRQV

7KH� EHQHILW� FRVW� DQDO\VLV� RI� ZLWK� SURMHFW� FRQGLWLRQV� VKRZ� WKDW� DOO� SURMHFWV� DUH
HFRQRPLFDOO\�IHDVLEOH�ZLWK�DYHUDJH�DQQXDO�HTXLYDOHQW�1('�EHQHILWV�H[FHHGLQJ�SURMHFW
FRVWV���3ULPDU\�EHQHILWV�RFFXU�IURP�WUDQVSRUWDWLRQ�FRVW�VDYLQJV�GHULYHG�E\�WKH�XVH�RI
ODUJHU�PRUH�HFRQRPLFDO�YHVVHOV�DQG�UHGXFWLRQV�LQ�WLGDO�GHOD\�WLPH�� �7KH�LQFLGHQFH�RI
RQH�ZD\� WUDIILF� GHOD\V� IURP� EHDP�ZLGWK� FRQIOLFWV� UHGXFHV� QHW� EHQHILWV� XQGHU� ZLWK
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5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 1DWLRQDO�(FRQRPLF�'HYHORSPHQW�%HQHILW�&RVW�$QDO\VLV

SURMHFW�FRQGLWLRQV��EXW�QRW�VLJQLILFDQWO\�� �7KH�SURMHFW�EHQHILWV�DQG�FRVWV�DUH�VXFK�WKDW
WKH�PD[LPXP�QHW�EHQHILWV�VXSSRUW����IRRW�SURMHFW�DOWHUQDWLYH�DV�WKH�1('�3ODQ�



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 6HQVLWLYLW\�$QG�5LVN�$QDO\VLV

�� 6(16,7,9,7<�$1'�5,6.�$1$/<6,6

7KLV�FKDSWHU�SUHVHQWV�WKH�ULVN�DQG�VHQVLWLYLW\�DQDO\VLV�SHUIRUPHG�RQ�WKH�DVVXPSWLRQV
DQG�PHWKRGRORJ\�IRU�GHWHUPLQLQJ�WKH�1('�3ODQ��

��� 2YHUYLHZ

$V�SDUW�RI�WKH�DQDO\VLV�WR�GHWHUPLQH�WKH�1('�EHQHILWV�RI�D�KDUERU�GHHSHQLQJ�SURMHFW�
DQ� DVVHVVPHQW� RI� WKH� ULVNV� DQG� XQFHUWDLQW\� RI� WKH� DVVXPSWLRQV� DQG� FRVW� HVWLPDWHV
XWLOL]HG�LQ�WKH�DQDO\VLV�LV�UHTXLUHG���7KLV�VHFWLRQ�SUHVHQWV�ULVN�DQG�VHQVLWLYLW\�DQDO\VLV
RI� WKH� DVVXPSWLRQV� DQG�PHWKRGRORJ\� XVHG� LQ� WKH� 1('� DQDO\VHV�� � 6SHFLILFDOO\�� WKLV
VHFWLRQ�ZLOO�SUHVHQW�DQDO\VLV�RQ�WKH�

• FRPPRGLW\�IRUHFDVW

• IOHHW�IRUHFDVW

• WUDQVSRUWDWLRQ�FRVWV

• QHW�EHQHILWV�DQG�SURMHFW�FRVWV�

(DFK�RI�WKHVH�ZLOO�EH�GLVFXVVHG�LQ�WXUQ�

��� &RPPRGLW\�)RUHFDVW

&KDQJHV� LQ� EXVLQHVV� LQYHVWPHQWV� DQG� EXVLQHVV� VWUDWHJLHV� FDQ� LPSDFW� WKH� SDWWHUQ� RI
LQWHUQDWLRQDO�FRPPHUFH�DQG�EXVLQHVV�WKDW�GULYH�WKH�GHPDQG�IRU�WUDGH��2YHU�WKH�ORQJ�
WHUP��PDQ\�WUDGH�IORZV�ZLOO�EH�´QHZµ��UHSUHVHQWLQJ�D�FKDQJLQJ�PL[�RI�LQWHU�UHJLRQDO
DQG� LQWHU�FRPSDQ\� VDOHV�� �7KHUH�DUH� W\SLFDOO\�QRQ�HFRQRPLF� IDFWRUV� WKDW�GULYH� WKHVH
QHZ�UHODWLRQVKLSV���:KLOH�WKH�PRGHOV�XVHG�LQ�WKLV�VWXG\�FDQ�DQWLFLSDWH�VRPH�RI�WKHVH�
WKH\�DUH�QRW�FDSDEOH�RI�SUHGLFWLQJ�D�QHZ�WUDGH�IORZ�RU�DQWLFLSDWLQJ�WKH�GHYHORSPHQW
RI� FRPSOHWHO\� QHZ� LQGXVWULHV� ZKHUH� ROG� LQGXVWULHV� GLG� QRW� SUHYLRXVO\� H[LVW�� � ,W� LV
DURXQG� VXFK� WUDGH� LVVXHV� DV� WKHVH�ZKLFK� FUHDWHV� XQFHUWDLQW\� DQG� ULVNV� LQ� WKH� WUDGH
IRUHFDVWV�� � 7R� WKH� H[WHQW�� KRZHYHU�� WKDW� WKH� WUDGH� IRUHFDVWV� XVHG� LQ� WKLV� GHHSHQLQJ
VWXG\� WDNH� LQWR� DFFRXQW� WKH� HPHUJLQJ� GHYHORSPHQW� DQG� FRQVXPSWLRQ� SDWWHUQ� �DV
UHSUHVHQWHG�E\�HDFK�H[SRUWLQJ�FRXQWU\·V�SURGXFWLRQ�RI�WUDGHG�FRPPRGLWLHV���WKH\�FDQ
SURMHFW�WKH�GLUHFWLRQ�DQG�GHJUHH�WKDW�IXWXUH�WUDGH�JURZWK�ZLOO�WDNH�

����� &RPSDULVRQ�:LWK�2WKHU�7UDGH�)RUHFDVWV

&RPSDUHG�WR�RWKHU�WUDGH�IRUHFDVWV��WKH�WUDGH�IRUHFDVW�XVHG�LQ�WKH�HFRQRPLF�DQDO\VLV�LV
UHODWLYHO\�FRQVHUYDWLYH���)RU�SHUVSHFWLYH��WKH�EDVHOLQH�ZRUOG�FRPPRGLW\�WUDGH�IRUHFDVW
ZDV� FRPSDUHG�ZLWK� RWKHU� FRPPHUFLDO� ORQJ�WHUP� WUDGH� IRUHFDVWV� DQG� DOVR� DJDLQVW� D
IL[HG�DQQXDO�JURZWK�WUHQG�RI����SHUFHQW���7KH�UHVXOWV�RI�WKH�FRPSDULVRQ�VKRZ�WKH�RWKHU
IRUHFDVWV�WR�EH�KLJKHU�LQ�WKH�HDUO\�\HDUV�RI�WKH�SHULRG�DQG�WR�EH�ERWK�KLJKHU�DQG�ORZHU
LQ�WKH�RXW�\HDUV���7KLV�VXSSRUWV�WKH�YLHZ�WKDW�WKH�EDVHOLQH�ZRUOG�FRQWDLQHU�IRUHFDVW�LV
UHDVRQDEOH� DQG� FRQVHUYDWLYH� RYHU� WKH� ORQJ�WHUP�� � ([KLELW� ����� EHORZ�� SUHVHQWV� WKLV
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FRPSDULVRQ�RYHU�WKH�VWXG\�SHULRG�IRU�WKH�'HHSHQLQJ�6WXG\�IRUHFDVW�DQG�KLJK�DQG�ORZ
ORQJ�WHUP�IRUHFDVW�GHYHORSHG�E\�'5,�0F*UDZ�+LOO�DQG�2FHDQ�6KLSSLQJ�&RQVXOWDQWV�

([KLELW����
&RPSDULVRQ�RI�%DVHOLQH�7UDGH�)RUHFDVW�:LWK�2WKHU�7UDGH�3URMHFWLRQV
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6RXUFHV� 2FHDQ�6KLSSLQJ�&RQVXOWDQWV��'5,�0HUFHU�:RUOG�6HD�7UDGH�6HUYLFH��%RR]³$OOHQ�DQDO\VLV

����� 6DYDQQDK�+DUERU�&RPPRGLW\�)RUHFDVW�$OWHUQDWLYH�6KDUH�6FHQDULRV

7R�PHDVXUH�WKH�VHQVLWLYLW\�RI�WKH�6DYDQQDK�+DUERU�FRPPRGLW\�IRUHFDVWV��DOWHUQDWLYH
IRUHFDVWV� ZHUH� SUHSDUHG� DSSO\LQJ� GLIIHUHQW� WUDGH� VKDUH� DVVXPSWLRQV� WKDQ� WKRVH
XWLOL]HG�LQ�WKH�'HHSHQLQJ�6WXG\���$V�GHWDLOHG�LQ�WKH�PHWKRGRORJ\�VHFWLRQ�RI�&KDSWHU���
WKH�EDVHOLQH�6DYDQQDK� WUDGH� IRUHFDVWV� UHDVRQDEO\� DVVXPH� WKDW� WKH�3RUW� RI� 6DYDQQDK
PDLQWDLQV� LWV� VKDUH� RI� FRQWDLQHU� WUDGH� KDQGOHG� E\� 6RXWK�$WODQWLF� SRUW� UDQJH� SRUWV��
6SHFLILFDOO\�� WKH� VKDUHV�ZHUH� IL[HG�DW�RQ�D� WUDGH� URXWH� DQG�GLUHFWLRQ� �H�J��� LPSRUW� RU
H[SRUW��OHYHO�VR�WKDW�WKH�RYHUDOO�SRUW�WUDGH�VKDUH�RI�6DYDQQDK�DV�D�SHUFHQW�RI�WKH�6RXWK
$WODQWLF�WRWDO�WUDGH��LQ�DJJUHJDWH��PD\�YDU\�

7ZR� DOWHUQDWLYH� 6DYDQQDK� IRUHFDVWV� ZHUH� SUHSDUHG� XVLQJ� OHVV� GHWDLOHG� VKDUH
DVVXPSWLRQV�WKDQ�GHVFULEHG�DERYH�WR�HYDOXDWH�WKH�VHQVLWLYLW\�RI��LQFOXGLQJ�
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• 7KH�6DYDQQDK�+DUERU�VKDUH�RI�FRPPRGLW\�WUDGH�ZRXOG�EH�IL[HG�IRU�WRWDO�IRU
LPSRUWV�DQG�H[SRUWV��L�H���'LUHFWLRQ�VFHQDULR��

• 7KH�6DYDQQDK�+DUERU�WUDGH�IRUHFDVW�DV�D�SHUFHQW�RI�WKH�6RXWK�$WODQWLF�WUDGH�ZLOO
UHPDLQ�IL[HG�UHJDUGOHVV�RI�GLUHFWLRQ�RU�WUDGH�URXWH��L�H���)L[HG�VFHQDULR�

7KLV� ODVW��PRUH�XQFRPSOLFDWHG�DSSURDFK��PLUURUV� WKH�DSSURDFK�XVHG� LQ� VRPH�HDUOLHU
86$&(� GHHS� GUDIW� QDYLJDWLRQ� IHDVLELOLW\� VWXGLHV�� 7KH� EDVHOLQH� URXWH� DQG� GLUHFWLRQ
IRUHFDVW�LV�FRPSDUHG�WR�WKH�WZR�DOWHUQDWLYHV��RQH�IRU�LPSRUWV�DQG�RQH�IRU�H[SRUWV�� LQ
([KLELWV�����DQG�����

([KLELW����
&RPSDULVRQ�RI�$OWHUQDWLYH�7UDGH�3URMHFWLRQV�RQ�&RQWDLQHU�([SRUWV
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����� 6DYDQQDK�+DUERU�1RQ�&RQWDLQHUL]HG�&RPPRGLW\�7UDGH

7KH�UHJLRQDO�DSSURDFK�SRUW�VSHFLILF�IRUHFDVW�ZDV�YDOLGDWHG�ZLWK�D�VHSDUDWH�%RR]Ã$OOHQ
IRUHFDVWLQJ� H[HUFLVH�� � 7KLV� IRUHFDVW� XVHG� KLVWRULFDO� 8�6�� $UP\� &RUSV� RI� (QJLQHHUV
:DWHUERUQH� &RPPHUFH� 6WDWLVWLFV�� LQ� FRQMXQFWLRQ� ZLWK� VHOHFWHG� UHJLRQDO
PDFURHFRQRPLF�H[SODQDWRU\�YDULDEOHV�� WR�SURGXFH�D� WUDGLWLRQDO� HFRQRPHWULF�ERWWRP�
XS�IRUHFDVW�IRU�3RUW�RI�6DYDQQDK�WRWDO�DQG�FRQWDLQHUL]HG�WRQQDJH���7KHUH�DUH�QR�SODQV
WR�LQFUHDVH�WKH�GHSWKV�RI�WKH�OLTXLG�RU�GU\�EXON�FDUJR�EHUWKLQJ�IDFLOLWLHV�DW�WKH�3RUW�RI
6DYDQQDK�WR�PHHW�WKH�1('�3ODQ�GHSWK�RI�WKH�FKDQQHO���/DFN�RI�EHUWK�GHSWK�SUHYHQWV
OLTXLG�DQG�GU\�EXON�YHVVHOV�IURP�DFKLHYLQJ�DQ\�EHQHILWV�VLQFH�WKH�RSHUDWRUV�ZLOO�KDYH
WR�OLJKW�ORDG�WKH�YHVVHOV�ZLOO�LQ�RUGHU�WR�GRFN���,QFOXVLRQ�RI�WKH�EHQHILWV�ZRXOG�UHTXLUH
LQFOXVLRQ�RI�FRVW�HVWLPDWHV�IRU�WKH�DGGLWLRQDO�GUHGJLQJ� LQ� WKH�FRVWV�RI� WKH�DOWHUQDWLYH
SURMHFWV�� �+RZHYHU��EHFDXVH�EHQHILWV� IURP�EXON�FDUJRHV�DUH�UHODWLYHO\�VPDOO� ������RI
FRQWDLQHU�FDUJR�EHQHILWV���WKHUH�LV�PRVW�OLNHO\�DQ�HYHQ�WUDGH�RII�EHWZHHQ�WKH�FRVWV�DQG
WKH�EHQHILWV�DFFUXHG�IURP�EXON�FDUJRHV�
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����� 8QFHUWDLQW\�LQ�7UDGH�*URZWK�)DFWRUV

7KHUH�UHPDLQV�XQFHUWDLQW\�DURXQG�VHYHUDO�IDFWRUV�LQIOXHQFLQJ�JOREDO�WUDGH�FRQGLWLRQV
LQFOXGLQJ� WKH� UDWH� RI� WHFKQRORJLFDO� DGYDQFHPHQW�� H[SDQVLRQ� RI� SRUW� ODQGVLGH� DQG
ZDWHUVLGH� FDSDFLW\�� FKDQJHV� LQ� JRYHUQPHQW� PDULWLPH� IXQGLQJ�� VXFFHVV� RI� SRUW
PDUNHWLQJ� HIIRUWV�� DQG� LQFUHDVHG� HQYLURQPHQWDO� UHJXODWLRQV�� � $PRQJ� WKRVH� IDFWRUV
ZLWK� XQNQRZQ� LPSDFWV� RQ� WKH� SDWK� RI� ORQJ�WHUP� WUDGH� JURZWK� DUH� WHFKQRORJLFDO�
ILQDQFLDO��SROLWLFDO��DQG�HQYLURQPHQWDO�ULVNV��

([FHSW� IRU� XQIRUHVHHQ� WHFKQRORJLFDO� DGYDQFHV�� LW� LV� QRW� FOHDU� WKDW� WKH� GLUHFWLRQ� RU
LPSDFW�RI�DQ\�RQH�RI�WKHVH�IDFWRUV��HVSHFLDOO\�DW�WKH�LQGLYLGXDO�SRUW�OHYHO�ZLOO�KDYH�DQ\
VXEVWDQWLYH� LPSDFW�� �7KHUH�DUH�SRVVLEOH�GHYHORSPHQWV� LQ� HDFK�DUHD� WKDW� FRXOG�DFW� WR
LQFUHDVH�RU�GHFUHDVH� WUDGH��GHSHQGLQJ�RQ�PDUNHW� UHDFWLRQV�� � )RU� H[DPSOH�� WKHUH� LV� D
ORQJ�WHUP� IHGHUDO� WUHQG� WRZDUGV� LQFUHDVHG� ORFDO� FRVW� VKDULQJ� IRU� LPSURYHPHQWV� WR
LQIUDVWUXFWXUH�� �7KLV�FRXOG�LQGLUHFWO\�DIIHFW�WKH�IXWXUH�ORFDWLRQ�RI�FRQWDLQHUL]HG�FDUJR
PRYLQJ�LQ�DQG�RXW�RI�WKH�8QLWHG�6WDWHV���7KH�DELOLW\�RI�8�6��SRUW�DXWKRULWLHV�DQG�WKHLU
ORFDO� DQG� VWDWH� VXSSRUWHUV� WR� ILQDQFH� DQG� GHYHORS� LPSURYHPHQWV� EHFRPHV
SURSRUWLRQDOO\�PRUH� LPSRUWDQW� LQ� DQ� LQFUHDVHG� ORFDO� FRVW� VKDUH� HQYLURQPHQW�� EXW� LV
QRW� HDVLO\� SUHGLFWDEOH�� � 6LPLODUO\�� WKH� LQYDOLGDWLRQ� RI� WKH� FXUUHQW� DSSOLFDWLRQ� RI� WKH
KDUERU�PDLQWHQDQFH�IHH�DGGV�IXUWKHU�XQFHUWDLQW\�WR�WKH�SODQV�RI�FDUULHUV�DQG�WKH�8�6�
SRUWV�DW�ZKLFK� WKH\� FDOO�� �7KHUH� LV� OLNHO\� WR�EH� OLWWOH�GLUHFW� LPSDFW�RQ�6RXWK�$WODQWLF
UDQJH�8�6��SRUWV��\HW� WKH� LQGLUHFW� LPSDFWV� IURP�FKDQJHV� WR�FDUULHU·V�SRUW� URWDWLRQV� WR
VKLIW� FDUJR� WR� YLDEOH� &DQDGLDQ� RU� 0H[LFDQ� SRUWV� FRXOG� FKDQJH� WKH� VKDUH� RI� WUDGH
ORDGHG�RU�RII�ORDGHG�DFURVV�1RUWK�$PHULFDQ�SRUWV�

��� )OHHW�)RUHFDVW

7KH� REMHFWLYH� RI� ULVN� DQG� XQFHUWDLQW\� DQDO\VLV� IRU� WKH� IOHHW� IRUHFDVW� LV� WR� LGHQWLI\
DVVXPSWLRQV� DQG� FDOFXODWLRQV� WKDW� DUH� FULWLFDO� WR� WKH� RYHUDOO� EHQHILWV� DQG� FRVWV� RI
FRPSHWLQJ�SURMHFWV��DQG�WKHLU�LPSDFW�WR�WKH�1('�SODQ���0DMRU�DVVXPSWLRQV�GULYLQJ�WKH
UHVXOWV�RI�WKH�IOHHW�IRUHFDVW�LQFOXGH�IRUHFDVWV�RI�FRQWDLQHUL]DWLRQ��XWLOL]DWLRQ��DQG�IOHHW
JURZWK� RYHU� WKH� VWXG\� SHULRG�� � )RU� WKLV� VWXG\�� VHQVLWLYLW\� WHVWLQJ� ZDV� SHUIRUPHG
DURXQG�FULWLFDO�YDULDEOHV�LQVWHDG�RI�JHQHUDO�XQFHUWDLQW\�LQ�WKH�IOHHW�IRUHFDVW�

3DVW�H[SHULHQFH�DQG�JXLGHOLQHV�KROG�WKDW�GHHSHQLQJ�VWXG\�IOHHW�IRUHFDVWV�DUH�GULYHQ�E\
YHVVHO�GUDIW���+RZHYHU��WKH�ODUJHVW�3RVW�3DQDPD[�FRQWDLQHUVKLSV�FXUUHQWO\�RSHUDWLQJ�
EHLQJ�EXLOW��RU�RQ�RUGHU�FDQ�LPSDFW�WKH�DFWXDO�UHVXOWV�YLD�RWKHU�YHVVHO�GLPHQVLRQV��H�J��
VKLSV�OHQJWK�DQG�EHDP��²�LQIOXHQFLQJ�FKDQQHO�ZLGWK�DQG�EHQG�GHVLJQ���,Q�WUDGLWLRQDO
86$&(� IOHHW� IRUHFDVW�PHWKRGRORJ\�� RSHUDWLQJ� GUDIW� KDV� EHHQ� WKH� FULWLFDO� GLPHQVLRQ
XVHG�� � 3UHYLRXV� DQDO\VLV� VKRZV� WKDW� WKH� WUHQGV� LQ� 3RVW�3DQDPD[� FRQWDLQHUVKLS
GLPHQVLRQDO�JURZWK�LV�RFFXUULQJ�LQ�YHVVHO�EHDP�DQG�OHQJWK��ZKLOH�WKH�YHVVHOV
�GUDIWV
DUH� LQFUHDVLQJ�VLJQLILFDQWO\� OHVV�� �&RQVHTXHQWO\�� IOHHW� IRUHFDVWLQJ�PHWKRGRORJLHV� WKDW
XVH�RQO\�GUDIW�DV�WKH�SULPDU\�LQGHSHQGHQW�YDULDEOH�GULYLQJ�FDUJR�FDSDFLW\�RI�YHVVHOV
FRQWDLQ� VRPH� OHYHO� RI� XQFHUWDLQW\�� �+RZHYHU�� LQFOXGLQJ� OHQJWK� DQG�RU� EHDP� LQWR� D
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IOHHW� IRUHFDVW� PRGHO� LQFUHDVHV� WKH� OHYHO� RI� FRPSOH[LW\� ²� DQG� DGGV� DGGLWLRQDO
XQFHUWDLQW\�� � 7KHUHIRUH�� IRU� SXUSRVHV� RI� WKLV� 'HHSHQLQJ� 6WXG\�� DSSO\LQJ� IOHHW
IRUHFDVWLQJ� PHWKRGRORJLHV� DV� SUHVHQWHG� LQ� WKH� 1('� JXLGHOLQHV� IRU� GHHS� GUDIW
QDYLJDWLRQ�SURMHFWV�LV�DFFHSWDEOH�

����� &RQWDLQHUL]DWLRQ�DQG�8WLOL]DWLRQ

$�NH\�DVVXPSWLRQ�XWLOL]HG�LQ�GHYHORSLQJ�WKH�ZRUOG�DQG�6DYDQQDK�IOHHW�IRUHFDVWV�ZDV
WKH� OHYHO� RI� FRQWDLQHUL]DWLRQ� SHQHWUDWLRQ� LQWR� WKH� JHQHUDO� FDUJR� DQG� EXON� FDUJR
WUDQVSRUWDWLRQ�PDUNHWV�� �7KHUH�LV�XQFHUWDLQW\�DV�WR� WKH� OHYHO�RI�FRQWDLQHU�SHQHWUDWLRQ
�WKH� DPRXQW� RI� WKH� ZRUOG� WUDGH� WKDW� ZLOO� EH� PRYHG� LQ� FRQWDLQHUV�� RYHU� WKH� VWXG\
SHULRG�� � $� UHYLHZ� RI� KLVWRULFDO� FRQWDLQHUL]DWLRQ� OHYHOV� VKRZV� WKDW� WKH� OHYHO� RI
FRQWDLQHUL]DWLRQ�RI� WKH� JHQHUDO� FDUJR�PDUNHW� LV� FRQWLQXLQJ� WR� JURZ�� �+RZHYHU�� LW� LV
XQOLNHO\� WKDW� FRQWDLQHUL]DWLRQ� ZLOO� DFKLHYH� ���� SHUFHQW� PDUNHW� SHQHWUDWLRQ� GXH� WR
YDULRXV� IDFWRUV� UHJDUGLQJ�� � ORW� VL]HV�� VXLWDELOLW\� RI� EXON� DQG� JHQHUDO� FDUJRHV� IRU
FRQWDLQHUV��LQDGHTXDF\�RI�VRPH�PDUNHWV�DQG�SRUWV�WR�VXSSRUW�FRQWDLQHUV��HVSHFLDOO\�LQ
GHYHORSLQJ� PDUNHWV����� HWF�� � 7KH� VWXG\� DVVXPHV� D� PRGHUDWH� LQFUHDVH� LQ� FRQWDLQHU
SHQHWUDWLRQ�RYHU�WKH�QH[W����\HDUV�DQG�WKHQ�OHYHOLQJ�RYHU�WKH�UHPDLQGHU�RI�WKH�VWXG\
SHULRG���&RQWDLQHU�SHQHWUDWLRQ�LQFUHDVHV�DERYH�WKRVH�GHWDLOHG�LQ�WKH�'HHSHQLQJ�6WXG\
ZLOO� LQFUHDVH� WKH� WUDGH� IRUHFDVW� DQG� VXEVHTXHQWO\�� VL]H�RI� WKH� IXOO\� FHOOXODU� IOHHW� DQG
SURMHFW�EHQHILWV���+RZHYHU��QR�LPSDFW�WR�WKH�1('�SODQ�ZDV�LGHQWLILHG�

7KHUH� LV� DOVR� VRPH� XQFHUWDLQW\� DV� WR� WKH� OHYHO� RI� FRQWDLQHUVKLS� XWLOL]DWLRQ�� � 7KHVH
XWLOL]DWLRQ� OHYHOV�YDU\�DFFRUGLQJ� WR� WUDGH� ODQH�DQG�HFRQRPLF� FRQGLWLRQV� LQ�ZRUOG� RU
WUDGH�UHJLRQV���&RQWLQXLQJ�FRQVROLGDWLRQ�LQ�WKH�OLQHU�VKLSSLQJ�LQGXVWU\�ZLOO�FRQWLQXH�
UHVXOWLQJ� LQ� WKH�UHGXFWLRQ�RI�RYHU�FDSDFLW\� LQ� WKH� IOHHW�DQG� LQFUHDVLQJ� WKH�XWLOL]DWLRQ
UDWH�RI�WKH� IXOO\�FHOOXODU�FRQWDLQHU� IOHHW�� �6HQVLWLYLW\�DQDO\VLV�RQ�WKH�XWLOL]DWLRQ�IDFWRU
DSSOLHG� LQ� WKH� IOHHW� IRUHFDVW� VKRZHG� WKDW� D� GHFUHDVH� LQ� WKH� IDFWRU� UHVXOWHG� LQ� D
FRUUHVSRQGLQJ� LQFUHDVH� LQ� WKH� QXPEHU� RI� XQLWV� LQ� WKH�ZRUOG� IOHHW� DW� WKH� HQG� RI� WKH
VWXG\�SHULRG��$Q�DQDO\VLV�RI� WKH� FDUULHUV� VHUYLQJ� WKH�3RUW�RI� 6DYDQQDK� VKRZHG� WKDW
DSSUR[LPDWHO\����SHUFHQW�RI�WKH�YHVVHO�FDOOV�WR�WKH�3RUW�DUH�HLWKHU�ILUVW�LQ�RU�ODVW�RXW��
$OWKRXJK��XQFHUWDLQW\�DV�WR�WKH�IXWXUH�RI�WKLV�UDWLR�H[LVWV��WUDGH�SDWWHUQV�GR�QRW�FKDQJH
UDSLGO\�� XQOHVV� D� FDWDVWURSKLF� LQFLGHQFH� RFFXUV� �VXFK� DV� WKH� FORVLQJ� RI� RQH� RI� WKH
FDQDOV��� � ,JQRULQJ�QDWXUDO� RU�SROLWLFDO� LQFLGHQWV�� WKLV� UDWLR� VKRXOG� FRQWLQXH� IRU� VRPH
WLPH�� �,Q�DGGLWLRQ��6DYDQQDK� LV�JHRJUDSKLFDOO\�SRVLWLRQHG� LQ� WKH�6RXWK�$WODQWLF�� �1R
RWKHU� SRUW� IXUWKHU� VRXWK� RQ� WKH� (DVW� &RDVW� FXUUHQWO\� KDV� WKH� FDSDELOLW\� WR� LQFUHDVH
FKDQQHO�GHSWK�JUHDWHU�WKDQ����WR����IHHW���&RQVHTXHQWO\��DV�WUDGH�YROXPHV�DQG�YHVVHO
VL]HV� LQFUHDVH� RYHU� WKH� ORQJ�WHUP� RQ� WUDGH� ODQHV� WR� WKH� VRXWKHUQ� KHPLVSKHUH�

������������������������������������������������
�� 'XH�WR�WKH�KLJK�OHYHO�RI�FDSLWDO�FRVWV�UHTXLUHG�WR�LPSOHPHQW�IXOO\�FHOOXODU�FRQWDLQHUL]HG�FDUJR�KDQGOLQJ

RSHUDWLRQV��H[SHFWDWLRQV�RI�LQYHVWPHQWV�LQ�VXFK�IDFLOLWLHV�LQ�VHYHUDO�WKLUG�ZRUOG�PDUNHW�DUHDV�DUH�ORZ��
&RUUHVSRQGLQJO\��ORZ�ODERU�FRVWV�IRU�KDQGOLQJ�JHQHUDO�FDUJR�SUHFOXGHV�WKH�FRVW�EHQHILW�RI�FRQWDLQHUL]HG
KDQGOLQJ�
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6DYDQQDK��ZLWK�D�GHHS�GUDIW�SRUW�DQG�SUR[LPLW\�WR�PDUNHWV�KDV�VLJQLILFDQW�SRWHQWLDO�RI
FDSWXULQJ�WKH�WUDGH���2YHU�WKH�ORQJ�WHUP�LW�LV�H[SHFWHG�WKDW�WKH�SRUWV�LQ�WKH�QHZ�DQG
GHYHORSLQJ� PDUNHWV� ZLOO� EH� LPSURYHG�� HOLPLQDWLQJ� FXUUHQW� FRQVWUDLQWV� LPSRVHG� E\
SRUWV�

����� 6KLS�6L]H�DQG�)OHHW�0L[

7KHUH�LV�XQFHUWDLQW\�UHJDUGLQJ�WKH�SDFH�RI�FRQWDLQHUVKLS�IOHHW�FDSDFLW\�LQFUHDVHV��7KH
XQFHUWDLQW\� FRQFHUQV�ZKDW� LV� WKH� ODUJHVW� FDSDFLW\� FRQWDLQHUVKLS�ZKLFK�ZLOO� EH� EXLOW
DQG�ZKHQ�ZLOO� WKLV� RFFXU�� � ,Q� ������2FHDQ� 6KLSSLQJ�&RQVXOWDQWV� SUHGLFWHG� WKH� ILUVW
������ 7(8� YHVVHO� ZRXOG� EH� LQ� VHUYLFH� E\� ������ $QDO\VLV� VKRZV� WKDW� WKH� 6RYHUHLJQ
0DHUVN��D�VLVWHU�VKLS�RI�WKH�������7(8�5HJLQD�0DHUVN��ODXQFKHG�LQ�6HSWHPEHU�������KDV
D� FDSDFLW\� RI� EHWZHHQ� ������ DQG� ������ 7(8�� � ([KLELWV� ���� DQG� ���� LOOXVWUDWHV� WKH
UHODWLRQVKLS�RI�YHVVHO�GHVLJQ�GUDIW�DQG�YHVVHO�EHDP�YHUVXV�7(8�FDSDFLW\�RI� WKH�����
ZRUOG�FRQWDLQHUVKLS�IOHHW�DQG�RUGHUERRN�

([KLELW����
5HODWLRQVKLS�LQ������:RUOG�&RQWDLQHUVKLS�)OHHW

%HWZHHQ�'HVLJQ�'UDIW�DQG�7(8�&DSDFLW\

6RXUFH� &ODUNVRQ�5HVHDUFK�6WXGLHV�&RQWDLQHUVKLS�5HJLVWU\�'DWDEDVH��%RR]⋅$OOHQ�DQDO\VLV
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$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 6HQVLWLYLW\�$QG�5LVN�$QDO\VLV

([KLELW����
5HODWLRQVKLS�LQ������:RUOG�&RQWDLQHUVKLS�)OHHW

%HWZHHQ�9HVVHO�%HDP�DQG�7(8�&DSDFLW\

6RXUFH� &ODUNVRQ�5HVHDUFK�6WXGLHV�&RQWDLQHUVKLS�5HJLVWU\�'DWDEDVH��%RR]³$OOHQ�DQDO\VLV

7KH� H[KLELW� LOOXVWUDWHV� KRZ� WKH� ZRUOG� FRQWDLQHU� IOHHW� KDV� EHHQ� LPSDFWHG� E\� WKH
FRQVWUDLQWV� LPSRVHG�E\� WKH�3DQDPD�&DQDO�� �:LWK� H[SHFWDWLRQV� RI�ZLGHU� DQG�GHHSHU
ORFNV�DW�WKH�&DQDO�GXULQJ�WKH�VWXG\�SHULRG��WKHVH�FRQVWUDLQWV�LQ�YHVVHO�RSHUDWLRQV�ZLOO
GHFUHDVH���0HDQ�ZKLOH��JURZWK�LQ�$VLDQ�WUDGH�LV�H[SHFWHG�WR�PRYH�YLD�WKH�6XH]�&DQDO�
ZKLFK�GRHV�QRW�KDYH�WKHVH�RSHUDWLRQDO�FRQVWUDLQWV�

$V� LQGLFDWHG� SUHYLRXVO\�� WKH� JURZWK� LQ� YHVVHO� VL]H� DQG� FDSDFLW\� LPSDFWV� WKH� IOHHW
IRUHFDVW�� � ,Q� WKH� IOHHW� IRUHFDVW�� WKH� DYHUDJH� FDSDFLW\� RI� YHVVHOV� ZLWKLQ� HDFK� GUDIW
FDWHJRU\�ZDV�GHWHUPLQHG�DVVXPLQJ�DQ�DQQXDO�JURZWK�UDWH�RI�DYHUDJH�FDSDFLW\�DQG�DQ
DVVXPSWLRQ� UHJDUGLQJ� PD[LPXP� FDSDFLW\�� � 3UHOLPLQDU\� DQDO\VLV� ZKLFK� DVVXPHG� D
VWDQGDUG� JURZWK� UDWH� DFURVV� DOO� YHVVHO� VL]HV� �LQFOXGLQJ� PDWXUH� DQG� HYROYLQJ
FDWHJRULHV�� UHVXOWHG� LQ� XQUHDOLVWLF� YHVVHO� VL]HV� IRU� WKH� GHHSHU� GUDIW� FDWHJRULHV�� � 7R
DGGUHVV�WKLV��FDSDFLW\�JURZWK�IRU�HDFK�GUDIW�FDWHJRU\�ZDV�ELIXUFDWHG�DFURVV�WKH�IOHHW�DV
IROORZV�� �3DQDPD[�����WR����IRRW�GUDIW��DQG�3RVW�3DQDPD[������IRRW�GUDIW��� �$YHUDJH
FDSDFLW\� LQFUHDVHV� ZHUH� GHWHUPLQHG� IRU� WKHVH� WZR� FODVVHV� RI� YHVVHOV� DQG� XVHG� WR
SURMHFW� WKH� DYHUDJH� YHVVHO� VL]H� �LQ� 7(8V�� RYHU� WKH� VWXG\� SHULRG�� � ,QFUHDVLQJ� WKHVH
SHUFHQWDJHV�DFFHOHUDWHV�WKH�XVH�RI�ODUJHU�VL]HG��������7(8�RU�JUHDWHU��YHVVHOV�LQWR�WKH
ZRUOG� DQG� 6DYDQQDK� IOHHW� IRUHFDVW�� DQG� FRQVHTXHQWO\� LPSDFWV� WKH� IOHHW� PL[� �L�H��
SRUWLRQ�RI�GHHS�GUDIW�DQG�RWKHU�YHVVHOV�LQ�WKH�IOHHW��
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$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 6HQVLWLYLW\�$QG�5LVN�$QDO\VLV

$V� GHVFULEHG� LQ� &KDSWHU� ��� WKH� :RUOG� DQG� 6DYDQQDK� IOHHW� LV� FRPSRVHG� RI� WKUHH
FDWHJRULHV�RI�YHVVHOV�� �7KH�¶FXUUHQW�WRQQDJH·�FRPSULVHV�WKH�ILUVW�FDWHJRU\�� �(DFK�\HDU�
VRPH�SRUWLRQ�RI�WKH�FXUUHQW�IOHHW�LV�UHWLUHG�RU�VFUDSSHG�GXH�WR�H[FHVV�DJH�DQG�PXVW�EH
UHSODFHG���7KXV��WKH�¶UHSODFHPHQW�WRQQDJH·�DFFRXQWV�IRU�WKH�VHFRQG�FDWHJRU\�RI�YHVVHOV
ZKHUH� QHZ� WRQQDJH� LV� FRQVWUXFWHG� WR� UHSODFH� UHWLUHG�VFUDSSHG� FRQWDLQHUVKLSV��
&RPELQHG�� WKHVH� ILUVW� WZR� FDWHJRULHV� VXSSRUW� D� VWDWLF� OHYHO� RI� FRQWDLQHU� WUDGH�� � )RU
LQFUHPHQWDO�JURZWK�LQ�WUDGH�YROXPHV�DERYH�WKHVH�VWDWLF�OHYHOV��¶LQFUHPHQWDO�WRQQDJH·
UHVXOWLQJ� IURP�QHZ�YHVVHO� FRQVWUXFWLRQ� DFFRXQWV� IRU� WKH� WKLUG�� DQG� ODVW�� FDWHJRU\� RI
YHVVHOV��

7KH�ODVW�DUHD�RI�XQFHUWDLQW\�WR�KLJKOLJKW�LQ�WKLV�VHFWLRQ�LV�WKDW�RI�UHSODFHPHQW�WRQQDJH
DQG�WKH�DVVXPSWLRQ�RI�ZKDW�VL]H�RI�YHVVHO�UHSODFHV�D�UHWLUHG�RU�VFUDSSHG�YHVVHO�� �)RU
SXUSRVHV�RI� WKH�'HHSHQLQJ�6WXG\�� LV�ZDV�DVVXPHG� WKDW� DOO� UHSODFHPHQW�YHVVHOV� �L�H��
WRQQDJH��ZHUH����SHUFHQW�ODUJHU�WKDQ�WKDW�RI�WKH�YHVVHO�UHSODFHG���7KLV�JURZWK�UDWH�ZDV
WDNHQ� IURP� WKH�86$&(�'HHS�'UDIW�1DYLJDWLRQ�3URMHFW�*XLGHOLQHV�� � 6HQVLWLYLW\�DQDO\VLV
ZKLFK� YDULHG� WKLV� JURZWK� UDWH� E\� �� SHUFHQW� UHVXOWHG� LQ� QR� FRQVHTXHQWLDO� LPSDFW� WR
WRWDO�SURMHFW�EHQHILWV�RU�WKH�1('�SURMHFW�

��� 7UDQVSRUWDWLRQ�&RVWV

7KH�REMHFWLYH�RI�ULVN�DQG�XQFHUWDLQW\�DQDO\VLV�ZKLFK�DGGUHVVHV�YHVVHO�RSHUDWLRQV�LV�WR
LGHQWLI\�DVVXPSWLRQV�DQG�FDOFXODWLRQV�WKDW�DUH�FULWLFDO�WR�WKH�EHQHILW�DQG�FRVW�UHVXOWV�
DQG�WKH�LPSDFW�WR�WKH�1('�SURMHFW���,Q�FRPSOHWLQJ�WKLV�DQDO\VLV��WKH�PDMRU�DVVXPSWLRQ
LGHQWLILHG�ZKLFK� LPSDFWV� WRWDO� WUDQVSRUWDWLRQ� FRVWV� DQG� EHQHILWV� LV� WKH� OHYHO� RI� OLJKW
ORDGLQJ�DVVXPHG�XQGHU�ZLWKRXW�DQG�ZLWK�SURMHFW�FRQGLWLRQV��

����� 2SHUDWLQJ�&RVWV

6RPH�XQFHUWDLQW\�H[LVWV�DURXQG�WKH�FDOFXODWLRQV�RI�YHVVHO�RSHUDWLQJ�FRVWV��PRVWO\�GXH
WR� WKH� LQLWLDO� GDWD� XVHG� WR� GHWHUPLQH� WKHVH� FRVWV�� � 9HVVHO� RSHUDWLQJ� FRVWV� DUH
GHWHUPLQHG� XVLQJ� GDWD� IURP� D� 86$&(� PHPRUDQGXP� SURGXFHG� � VHPL�DQQXDOO\
GHVFULELQJ�UHVXOWV�RI�GHHS�GUDIW�YHVVHO�FRVWV�DQDO\VLV���7KHVH�FRVWV�VHJPHQWHG�E\�W\SH
RI� YHVVHO� DQG� IRU� FDSDFLW\� UDQJHV� RI� ���� WR� �����7(8V�� � %HFDXVH� WKHUH� DUH� YHU\� IHZ
YHVVHOV� RI� WKH� ����� 7(8� FDSDFLW\� VHJPHQW�� WKH� DFFXUDF\� RI� WKH� UHJUHVVHG� GDWD� LV
VXEVHTXHQWO\� RSHQ� WR� VRPH� HUURU�� � 7KH�$W�6HD� DQG� ,Q�3RUW� FRVWV� IRU� FRQWDLQHUVKLSV
ZHUH� GHULYHG� E\� WKH�86$&(� ,:5� XVLQJ� FDSDFLW\� �GHDGZHLJKW�� DV� WKH� LQGHSHQGHQW
YDULDEOH���+RZHYHU��WKH�IOHHW�IRUHFDVWV�XVHG�LQ�WKLV�DQDO\VLV�ZHUH�GHYHORSHG�EDVHG�RQ
WKH� YHVVHO� GUDIWV� WKDW� DUH� H[SHFWHG� WR� H[LVW� LQ� WKH� ZRUOG� IOHHW� DQG� FDOO� WKH� 3RUW� RI
6DYDQQDK�� � 7R� LQWHJUDWH� WKH� WZR� GDWD� VHWV� IRU� WKLV� VWXG\�� WKH�86$&(� HTXDWLRQV� IRU
GUDIW�JLYHQ�GHDGZHLJKW�FDSDFLW\�ZDV�UHDUUDQJHG�WR�D�GHDGZHLJKW�FDSDFLW\�JLYHQ�GUDIW
HTXDWLRQ��



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 6HQVLWLYLW\�$QG�5LVN�$QDO\VLV

����� /LJKW�/RDGLQJ

'XH�WR�WKH�G\QDPLF�QDWXUH�RI�FRQWDLQHUVKLS�RSHUDWLRQV��WKHUH�LV�D�OHYHO�RI�XQFHUWDLQW\
DV�WR�KRZ�FRQWDLQHU�YHVVHOV�ZLOO�EH�RSHUDWHG�RYHU�WKH�VWXG\�SHULRG���,QWHUYLHZV�ZLWK
FDUULHUV�IRXQG�WKDW�WKH\�GR�QRW�KDYH��RU�ZHUH�QRW�ZLOOLQJ�WR�VKDUH��ORQJ�WHUP�VWUDWHJLF
SODQV� IRU� WKHLU�RSHUDWLRQV�� �+RZHYHU�� FDUULHUV� W\SLFDOO\�PDLQWDLQ�QHDU� WHUP�²� WZR� WR
IRXU�\HDU� ²�RSHUDWLQJ�SODQV�� � ,Q�GHYHORSLQJ� WKHVH�QHDU� WHUP�SODQV�� FDUULHUV� FRQVLGHU
FRPSHWLWLRQ��LQFOXGLQJ�UHODWLYH�FRVW�SRVLWLRQ�DQG�SULFLQJ�WR�VHUYH�HDFK�PDUNHW���SRUW
DQG� YHVVHO� OHDVH� FRPPLWPHQWV�� FXUUHQW� DQG� SODQQHG� IOHHW� FDSDFLW\�� DOOLDQFHV� ZLWK
RWKHU� FDUULHUV�� WUDGH� YROXPHV� RQ� HDFK� WUDGH� URXWH� DQG� WKHLU� LQWHUUHODWLRQ� DFURVV� DOO
WUDGHV��DQG�RSHUDWLQJ�UHVWULFWLRQV���&RPELQHG��HDFK�RI�WKHVH�DUH�FRQVLGHUHG�DV�FDUULHUV
GHWHUPLQH� KRZ� WR� GHSOR\� WKHLU� IOHHW��PD[LPL]H� FDUJRHV� DQG� UHYHQXHV�� DQG�PDQDJH
FRVWV�� � +XE� SRUWV�� IHHGHU� VHUYLFHV�� GHGLFDWHG� WUDGH� VHUYLFHV�� VORW� FKDUWHULQJ�� DQG
DOOLDQFHV� DUH� D� IHZ� RSHUDWLQJ� DOWHUQDWLYHV� XWLOL]HG� E\� RFHDQ� FDUULHUV� WR� PD[LPL]H
HIILFLHQF\�DQG�PLQLPL]H�FRVW��

7KH�DELOLW\�RI� D� FDUULHU� WR� VHUYH�D�SRUW�ZLWKRXW�RSHUDWLQJ� UHVWULFWLRQV� LPSDFWV� LI� DQG
KRZ�LW�VHUYHV�WKH�SRUW�DQG�ZKHUH�LV�IDOOV�LQ�D�YHVVHOV�VHUYLFH�VFKHGXOH��H�J���ILUVW�SRUW
LQ��ODVW�SRUW�RXW��LQWHUPHGLDWH�SRUW��HWF�����2I�VSHFLILF�LPSRUWDQFH�WR�FDUULHUV�LV�D�SRUWV
ORDGLQJ�UHVWULFWLRQV�DQG�KRZ�WKLV�LQIOXHQFHV�OLJKW�ORDGLQJ�SUDFWLFHV�� �/LJKW�ORDGLQJ�LV
ZKHQ�D�YHVVHO·V�RSHUDWLQJ�GUDIW�LV�OHVV�WKDQ�WKDW�RI�LWV�GHVLJQ�GUDIW�DIWHU�IXOO\�ORDGLQJ
�H�J��� ��� IHHW� RSHUDWLQJ� GUDIW� YHUVXV� ��� IHHW� GHVLJQ� GUDIW� LV� WHUPHG� ´�� IHHW� OLJKW
ORDGHGµ��� �/LJKW� ORDGLQJ�PD\�EH�FRLQFLGHQWDO�DQG�UHIOHFW�D�YHVVHOV�PL[�RI� FDUJR�DQG
FRPPRGLWLHV���ZKLFK�HYHQ�ZKHQ�IXOO\�ORDGHG�WR�YROXPHWULF�FDSDFLW\��GRHV�QRW�UHVXOW
LQ�D�YHVVHO�EHLQJ�IXOO\�ORDGHG�WR�GHVLJQ�GUDIW�PDUNV���7KH�DQDO\VLV�LGHQWLILHG�WKDW�WKLV
RFFXUV� IUHTXHQF\� LQ� LQGXVWU\� DQG� YDULHV� WR� VRPH� GHJUHH� E\� WUDGH� DQG� YHVVHO� VL]H��
$GGLWLRQDOO\�� OLJKW� ORDGLQJ� PD\� EH� LQWHQWLRQDO� XQGHU� FLUFXPVWDQFHV� ZKHUH� RFHDQ
FDUULHUV� ILQG� WKDW� LW� LV� PRUH� DGYDQWDJHRXV� RU� QHFHVVDU\� WR� ORDG� EHORZ� FDSDFLW\� WR
PDLQWDLQ�YR\DJH�VFKHGXOH�RU�QDYLJDWH�WR�RU�IURP�D�SRUW�RI�FDOO���&DUULHUV�RIWHQ�SODQ�WKH
SRUW�URWDWLRQ�DQG�VHOHFWLRQ�RI�YHVVHOV�GHSOR\HG�RQ�D�WUDGH�WR�HQDEOH�D�PRUH�SUHGLFWDEOH
RSHUDWLQJ�GUDIWV�DQG�OLJKW�ORDGLQJ�

7KH�'HHSHQLQJ�6WXG\�DVVXPHV�WKDW�FDUULHUV�ZLOO�LPSURYH�WKH�RSHUDWLQJ�HIILFLHQFLHV�RI
WKHLU�YHVVHOV�DV�FKDQQHO�FRQVWUDLQWV��H�J���FKDQQHO�GHSWK��DUH�HOLPLQDWHG���,Q�������WKH
FRQVWUDLQHG� IOHHW� DW� 6DYDQQDK� FRQVLVWHG� RI� YHVVHOV� ZLWK� GHVLJQ� GUDIWV� RI� ��� IHHW� RU
PRUH�� �$IWHU� WKH� UHFHQW�GHHSHQLQJ�SURMHFW� WR� ��� IHHW�� WKH� FRQVWUDLQHG� IOHHW� VKLIWHG� WR
YHVVHOV�ZLWK�GHVLJQ�GUDIWV�RI����IHHW�RU�PRUH���([KLELW�����KLJKOLJKWV�WKH�OLJKW�ORDGLQJ
SUDFWLFH�RI�YHVVHOV�LQ�WKH����IHHW�GUDIW�FDWHJRU\�SUH�DQG�SRVW�GHHSHQLQJ�WR����IHHW�

������������������������������������������������
�� 0DMRU�IDFWRUV�WKDW�LQIOXHQFH�OLJKW�ORDGLQJ�DUH�FDUJR�PL[��RU�GHQVLWLHV���W\SH�RI�FRPPRGLWLHV�PRYLQJ�WKURXJK�WKH

SRUW��DQG�WRWDO�YROXPH�RI�FDUJR�DYDLODEOH�IRU�WUDGH�



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 6HQVLWLYLW\�$QG�5LVN�$QDO\VLV

([KLELW����
�����DQG������/LJKW�/RDGLQJ�'LVWULEXWLRQ�RI����IRRW

'HVLJQ�'UDIW�&RQWDLQHUVKLS�&DOOLQJ�WKH�3RUW�RI�6DYDQQDK
)HHW�RI�/LJKW�/RDGLQJ

�ª �ª �ª �ª �ª �ª �ª�
���� ���� ���� ���� ���� ����� ����� �����
���� ����� ����� ����� ����� ����� ����� �����

6RXUFH� 86$&(�6DYDQQDK�'LVWULFW��*HRUJLD�3RUWV�$XWKRULW\��%RR]³$OOHQ�DQDO\VLV

7KH�H[KLELW�KLJKOLJKWV�WKH�GUDPDWLF�FKDQJH�LQ�YHVVHO�OLJKW�ORDGLQJ�EHWZHHQ������DQG
������ �:KLOH� OLJKW� ORDGLQJ� LV� QRW� HOLPLQDWHG�� WKH� GHJUHH� RI� OLJKW� ORDGLQJ� GHFUHDVHV
VLJQLILFDQWO\�� � 7KH� 'HHSHQLQJ� 6WXG\� DVVXPHV� WKDW� DOO� YHVVHOV� ZKLFK� EHFRPH
XQFRQVWUDLQHG� DV� D� UHVXOW� RI� KDUERU� GHHSHQLQJ�� ZLOO� WDNH� RQ� WKH� OLJKW� ORDGLQJ
FKDUDFWHULVWLFV�RI�WKH����IHHW�GHVLJQ�GUDIW�YHVVHO�DV�H[SHULHQFHG�LQ��������,Q�GLVFXVVLRQV
ZLWK�FDUULHUV��WKLV�DVVXPSWLRQ�ZDV�IRXQG�WR�EH�UHDVRQDEOH��

��� %HQHILWV�DQG�1HW�%HQHILWV

6HQVLWLYLW\�RI� WKH�FDOFXODWHG�EHQHILWV�RI�DOWHUQDWLYH�GHHSHQLQJ�SURMHFWV�ZDV�DQDO\]HG
E\�YDU\LQJ� WKH� WUDGH� IRUHFDVWV�� �7KHVH�YDULDQFHV� IURP� WKH�EDVHOLQH� IRUHFDVW� LQFOXGHG
WZR�DOWHUQDWLYH�WUDGH�IRUHFDVWV�

• $� FRQVHUYDWLYH� JURZWK� IRUHFDVW�� EHORZ� WKH� EDVHOLQH� IRUHFDVW�� LGHQWLILHG� E\� WKH
86$&(�:DVKLQJWRQ�/HYHO�5HYLHZ����SHUFHQW�JURZWK�SHU�DQQXP�IURP������ WR
������ �� SHUFHQW� JURZWK�SD� IURP� ����� WKURXJK� ������ DQG� �� SHUFHQW� JURZWK� SD
DIWHU�����

• $�PHGLXP� JURZWK� IRUHFDVW�� DERYH� WKH� EDVHOLQH� IRUHFDVW�� JUDGXDOO\� LQFUHDVLQJ
WUDGH�YROXPHV�E\���SHUFHQW�LQ�������DQG�FRQVWDQW�WKHUHDIWHU�

([KLELW� ���� SUHVHQWV� WKH� UHVXOWV� RI� EHQHILWV�� EHQHILWV�FRVW� UDWLR�� DQG� QHW� EHQHILWV
FDOFXODWLRQV��EDVHG�RQ�WKHVH�DOWHUQDWLYH�WUDGH�IRUHFDVWV�



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 6HQVLWLYLW\�$QG�5LVN�$QDO\VLV

([KLELW����
6HQVLWLYLW\�RI�7UDGH�)RUHFDVWV�RQ�$QQXDO�%HQHILWV��%HQHILW�&RVW�5DWLR��DQG�1HW�%HQHILWV

������'ROODUV�LQ�0LOOLRQV�ZKHUH�LQGLFDWHG�
$OWHUQDWLYH�'HHSHQLQJ�'HSWKV

��ª ��ª ��ª ��ª ��ª
%HQHILWV�
����%DVHOLQH ������ ������ ������ ������ ������
����:/5�7UDGH�)RUHFDVW ������ ������ ������ ������ ������
�������*UDGXDO�,QFUHDVH ������ ������ ������ ������ ������

3URMHFW�&RVWV� ������ ������ ������ ������ ������

%HQHILW�&RVW�5DWLR
����%DVHOLQH ���� ���� ���� ���� ����
����:/5�7UDGH�)RUHFDVW ���� ���� ���� ���� ����
�������*UDGXDO�,QFUHDVH ���� ���� ���� ���� ����

1HW�%HQHILWV�
����%DVHOLQH ������ ������ ������ ������ ������
����:/5�7UDGH�)RUHFDVW ����� ����� ����� ������ �����
�������*UDGXDO�,QFUHDVH ������ ������ ������ ������ ������

6RXUFH� %RR]³$OOHQ�DQDO\VLV
1RWH� 1XPEHUV�PD\�QRW�DGG�GXH�WR�URXQGLQJ�

7KH�H[KLELW�VKRZV�WKDW�E\�YDU\LQJ�WKH�WUDGH�IRUHFDVW�GRHV�QRW�FKDQJH�WKH�UHVXOWV�RI�WKH
1('� SODQ�� � (YHQ� ZLWK� D� UHODWLYHO\� FRQVHUYDWLYH� WUDGH� IRUHFDVW� SURYLGHG� E\� WKH
86$&(�� WKHUH� DUH� VWLOO� VXIILFLHQW� EHQHILWV� WR�ZDUUDQW� D� ���IRRW�1('�3ODQ�� �$� KLJKHU
JURZWK�UDWH�ZRXOG�SXVK�WKH�EHQHILWV�HYHQ�KLJKHU�DQG�FRXOG�PDNH�D����IRRW�1('�SODQ
DFKLHYDEOH�

,Q�DGGLWLRQ�WR�WUDGH�IRUHFDVWV�VHQVLWLYLW\��RWKHU�WHVWV�RI�WKH�UHOLDELOLW\�RI�WKH�EHQHILW�FRVW
DQDO\VLV� KDYH� EHHQ� FRPSOHWHG�� � 7KH� IROORZLQJ� DVVXPSWLRQV� DQG� FRQVWDQWV� LQ� WKH
WUDQVSRUWDWLRQ� FRVWV� KDYH� EHHQ� YDULHG� WR� WHVW� WKH� VHQVLWLYLW\� RI� WKH� EHQHILW�FRVW
DQDO\VLV�

• 8VDJH�RI�WKH�DYHUDJH�RI�,Q�3RUW�DQG�$W�6HD�YHVVHO�FRVWV�SHU�KRXU�YHUVXV�,Q�3RUW
FRVWV�SHU�KRXU�IRU�FDOFXODWLRQ�RI�WLGDO�GHOD\�FRVWV��

• ,QFUHDVH�RI�XQGHUNHHO�FOHDUDQFH�UHTXLUHPHQW�E\���IRRW�WR�FRPSHQVDWH�IRU�YHVVHO
VTXDW���ZKHQ�WUDQVLWLQJ�WKH�FKDQQHO���

������������������������������������������������
�� 6TXDW�LV�WKH�G\QDPLF�WULP�H[SHULHQFH�E\�PRWRU�YHVVHOV�DV�WKH\�DUH�SURSHOOHG�WKURXJK�WKH�ZDWHU���$V�D�VKLSVª

SURSHOOHU�WXUQV��K\GURG\QDPLF�IRUFHV�WULP�WKH�KXOO�LQ�VXFK�D�ZD\�WKDW�WKH�VWHUQ�RI�WKH�YHVVHO�LV�ORZHU�LQ�WKH
ZDWHU�WKDQ�WKH�ERZ��



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 6HQVLWLYLW\�$QG�5LVN�$QDO\VLV

• ,PSDFW�RI�YHVVHO�FDSDFLW\�XWLOL]DWLRQ

• ,PSDFW�RI� IOHHW� IRUHFDVW�UHPDLQLQJ�FRQVWDQW� IRU�FKDQQHO�GHSWKV�JUHDWHU� WKDQ���
IHHW�

7KH�LPSDFW�WR�WKH�1('�3ODQ�RI�FKDQJLQJ�WKHVH�DVVXPSWLRQV�LV�SUHVHQWHG�LQ�([KLELW���
����7KHVH�DVVXPSWLRQV�GR�QRW�FKDQJH�WKH�ILQDO�UHVXOWV�RI�WKH�1('�3ODQ���,W�VKRXOG�EH
QRWHG� WKDW� LQ� WKH� EDVHOLQH� UHVXOW� DQG� WKH� WHVW� IRU� WKH� DVVXPSWLRQV� IRU� HDFK� RI� WKH
VHQVLWLYLW\�� WKH�GLIIHUHQFH� LQ�QHW�EHQHILWV�EHWZHHQ� WKH����� DQG����IRRW�SURMHFW� UDQJHV
IURP����� WKRXVDQG� WR������ WKRXVDQG�� �$�JDLQ� LQ� WKH� EHQHILWV� VWUHDP�RI� WKLV� VPDOO� D
PDJQLWXGH�FRXOG�PDNH�WKH����IRRW�SURMHFW�PRUH�DWWDLQDEOH�

�������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�� 6DYDQQDK�3LORWV�$VVRFLDWLRQ�XVHV�D�WZR�IHHW�RI�XQGHUNHHO�FOHDUDQFH�SOXV�WZR�IHHW�DGGLWLRQDO�FOHDUDQFH�IRU�YHVVHO

VTXDW�UXOH��UHJDUGOHVV�RI�YHVVHO�VSHHG�RU�VL]H���2WKHU�SRUWV�XVH���IHHW�RI�XQGHUNHHO�FOHDUDQFH���7KLV�VHQVLWLYLW\
SURYLGHV�WKH�DELOLW\�WR�XQGHUVWDQG�WKH�LPSDFW�RI�DGGLWLRQDO�XQGHUNHHO�FOHDUDQFH�UHTXLUHPHQWV�



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 6HQVLWLYLW\�$QG�5LVN�$QDO\VLV

([KLELW����
6HQVLWLYLW\�RI�7UDQVSRUW�&RVW�$VVXPSWLRQV�RQ�$QQXDO�%HQHILWV�

%HQHILW�&RVW�5DWLR��DQG�1HW�%HQHILWV
������'ROODUV�LQ�0LOOLRQV�ZKHUH�LQGLFDWHG�

$OWHUQDWLYH�'HHSHQLQJ�'HSWKV
��ª ��ª ��ª ��ª ��ª

%HQHILWV�
����%DVHOLQH ������ ������ ������ ������ ������
����9HVVHO�2SHUDWLQJ�&RVWV ������ ������ ������ ������ ������
����9HVVHO�6TXDW ������ ������ ������ ������ ������
�������IW�IRUHFDVW ������ ������ ������ ������ ������
��������9HVVHO�8WLOL]DWLRQ ������ ������ ������ ������ ������
��������9HVVHO�8WLOL]DWLRQ ������ ������ ������ ������ ������

3URMHFW�&RVWV� ������ ������ ������ ������ ������

%HQHILW�&RVW�5DWLR
����%DVHOLQH ���� ���� ���� ���� ����
����9HVVHO�2SHUDWLQJ�&RVWV ���� ���� ���� ���� ����
����9HVVHO�6TXDW ���� ���� ���� ���� ����
�������IW�IRUHFDVW ���� ���� ���� ���� ����
��������9HVVHO�8WLOL]DWLRQ ���� ���� ���� ���� ����
��������9HVVHO�8WLOL]DWLRQ ���� ���� ���� ���� ����

1HW�%HQHILWV�
����%DVHOLQH ������ ������ ������ ������ ������
����9HVVHO�2SHUDWLQJ�&RVWV ������ ������ ������ ������ ������
����9HVVHO�6TXDW ������ ������ ������ ������ ������
�������IW�IRUHFDVW ������ ������ ������ ������ ������
��������9HVVHO�8WLOL]DWLRQ ������ ������ ������ ������ ������
��������9HVVHO�8WLOL]DWLRQ ������ ������ ������ ������ ������

6RXUFH� %RR]³$OOHQ�DQDO\VLV
1RWH� 1XPEHUV�PD\�QRW�DGG�GXH�WR�URXQGLQJ�

��� &RQFOXVLRQV

$QDO\VLV� FRQGXFWHG� GXULQJ� WKH� VWXG\� LQFOXGHG� DQ� H[DPLQDWLRQ� RI� \HDU�E\�\HDU
EHQHILWV� DQG� IRXQG� WKDW� EHQHILWV� FRXOG� DFFUXH� LQ� WKH� ILUVW� \HDU�� � +RZHYHU�� GXH� WR
FRQVWUXFWLRQ�� EHQHILWV� ZLOO� QRW� EH� DFFRXQWHG� IRU� XQWLO� FRPSOHWLRQ� RI� FRQVWUXFWLRQ�
DFFRXQWLQJ� RI� EHQHILWV� EHJLQV� LQ� WKH� ILUVW� FRPSOHWHG� \HDU� IROORZLQJ� FRQVWUXFWLRQ��
$GGLWLRQDOO\��WKH�VHQVLWLYLW\�RI�WKH�1('�SODQ�WR�D�JURZWK�IRUHFDVW�ZKLFK�PDLQWDLQHG
ORZHU�DQQXDO�JURZWK�UDWHV�WKDQ�WKDW�LGHQWLILHG�LQ�&KDSWHU���RI�WKLV�DSSHQGL[�KDV�EHHQ



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 6HQVLWLYLW\�$QG�5LVN�$QDO\VLV

FDOFXODWHG�DQG�SUHVHQWHG���7KH�VHQVLWLYLW\�DQDO\VLV�UHVXOWHG�LQ�QR�FKDQJH�WR�WKH�1('
SODQ�GHWHUPLQHG�XVLQJ�WKH�EDVHOLQH�IRUHFDVWV��

7KH�NH\�YDULDEOHV� IURP� WKH� FRPPRGLW\�� IOHHW�� DQG�YHVVHO� RSHUDWLRQV� DQDO\VLV� LQ� WKLV
HFRQRPLF�IHDVLELOLW\�VWXG\�KDYH�EHHQ�WHVWHG�IRU�ULVN�DQG�XQFHUWDLQW\��DQG�WKHLU�LPSDFW
RQ�WKH�1('�SODQ�KDYH�EHHQ�SUHVHQWHG���6HQVLWLYLW\�DQDO\VLV�ZDV�XVHG�ZLWK�WKH�PRGHOV
WR� PHDVXUH� WKH� FKDQJH� LQ� RXWFRPH� XQGHU� DOWHUQDWLYH� FRQGLWLRQV�� � 7KH� DQDO\VLV
SUHVHQWHG�DQG�FRPSOHWHG�LQ�FRQMXQFWLRQ�ZLWK�WKLV�FKDSWHU�KDV�GHPRQVWUDWHG�WKDW�WKH
'HHSHQLQJ�6WXG\�FRQFOXVLRQV�DUH�UHDVRQDEOH�DQG�DFFXUDWH�



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 6XPPDU\�DQG�&RQFOXVLRQV

�� 6800$5<�$1'�&21&/86,216

7KH�HFRQRPLF� IHDVLELOLW\�RI� WKH�SURSRVHG�ZLWK�SURMHFW� DOWHUQDWLYHV�ZDV�SUHVHQWHG� LQ
WKH� EHQHILW� FRVW� DQDO\VLV� RI� &KDSWHU� ��� � 7KH� FRPSDULVRQ� RI� WKH� DOWHUQDWLYH� SURMHFW
GHSWKV�LV�VXPPDUL]HG�LQ�([KLELW�����EHORZ�

([KLELW����
6XPPDU\�3URMHFW�$OWHUQDWLYH�%HQHILWV�$QG�&RVWV

������'ROODUV�
3URMHFW
'HSWK
�IHHW�

3URMHFW
&RVWV


$QQXDO
3URMHFW
&RVWV



$QQXDO
%HQHILWV

1HW�%HQHILWV
%HQHILW�&RVW

5DWLR

��ª ������������ ����������� ����������� ����������� ����

��ª ������������ ����������� ����������� ����������� ����

��ª ������������ ����������� ����������� ����������� ����

��ª ������������ ����������� ����������� ����������� ����

��ª ������������ ����������� ����������� ����������� ����

6RXUFH� %RR]³$OOHQ�DQDO\VLV
1RWH�
�� ,QFOXGHV�*HQHUDO�1DYLJDWLRQ�)HDWXUHV��PRELOL]DWLRQ�DQG�GUHGJLQJ��GLVSRVDO�DUHD�LPSURYHPHQWV��FRQWLQXLQJ

HQJLQHHULQJ�DQG�GHVLJQ��DQG�VXSHUYLVLRQ�DQG�DGPLQLVWUDWLRQ���/DQGV�DQG�'DPDJHV��$LGV�WR�1DYLJDWLRQ�
(QYLURQPHQWDO�PLWLJDWLRQ��DQG�,QWHUHVW�'XULQJ�&RQVWUXFWLRQ�

1RWH�

�� ,QFOXGHV�DQQXDOL]HG�WRWDO�SURMHFW�FRVWV�DQG�RWKHU�1('�FRVWV��$QQXDO�'LIIHUHQWLDO�2SHUDWLRQV�DQG
0DLQWHQDQFH�WR�PDLQWDLQ�FKDQQHO�GHSWK�DQG�$QQXDO�'LVVROYHG�2[\JHQ�0LWLJDWLRQ�0DLQWHQDQFH��

7KH� SURMHFW� EHQHILW� FRVW� HVWLPDWHV� LQFRUSRUDWH� FRPPRGLW\� DQG� IOHHW� IRUHFDVWV� DV
GHWDLOHG�LQ�WKLV�HFRQRPLF�DSSHQGL[�FRPELQHG�ZLWK�SURMHFW�FRVW�HVWLPDWHV�SURYLGHG�E\
WKH�86$&(�6DYDQQDK�'LVWULFW���$W�WKH�SURMHFW�FRVW�OHYHOV�LGHQWLILHG��DOO�SURMHFWV�XQGHU
FRQVLGHUDWLRQ�KDYH�EHQHILW�FRVW� UDWLRV� JUHDWHU� WKDQ�RQH�� � %HQHILWV� DQG� FRVWV� IRU� HDFK
DOWHUQDWLYH� DUH� FDOFXODWHG� XVLQJ� WKH� )HGHUDO� GLVFRXQW� UDWH� RI� ������ SHUFHQW�� � 7KH
DQDO\VLV�DVVXPHV�EHQHILWV� IURP�WKH�SURMHFW�DUH�GHULYHG� IURP�FRQWDLQHUVKLSV�� WDQNHUV�
DQG�GU\�EXON�YHVVHOV���7KH�6DYDQQDK�+DUERU�FRPPRGLW\�IRUHFDVW�DVVXPHV�JURZWK�LQ
GHPDQG�ZLWKRXW� VKLIWV� LQ� VKDUH� WR� RU� IURP� FRPSHWLQJ�SRUWV�� � 7KH� YHVVHO� RSHUDWLRQV
IRUHFDVW�IRU�6DYDQQDK�+DUERU�DVVXPHV�YHVVHO�RSHUDWRUV�ZLOO�ORDG�ODUJH�FRQWDLQHUVKLSV
VLPLODU�WR�KRZ�WKH\�KDYH�EHHQ�ORDGHG�LQ�WKH�SDVW�

7R� LGHQWLI\� ULVN� DQG�XQFHUWDLQW\� IDFWRUV� DURXQG� WKHVH� HVWLPDWHV�� VHQVLWLYLW\� DQDO\VLV
ZDV� SHUIRUPHG� DURXQG�PHWKRGRORJ\� DVVXPSWLRQV� DQG� UHVXOWV�� � 6HQVLWLYLW\� DQDO\VLV
ZDV�SHUIRUPHG�RQ�WKH�IROORZLQJ�DVVXPSWLRQV�

• /LJKW�ORDGLQJ���KRZ�OLJKW�ORDGLQJ�ZLOO�FKDQJH�LQ�WKH�IXWXUH��XQGHU�DOWHUQDWLYHV

• 7UDIILF�PL[���KRZ�VRRQ�GHHSHU�FHOOXODU�YHVVHOV�DUH�LQWURGXFHG�LQWR�WKH�IOHHW



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� 6XPPDU\�DQG�&RQFOXVLRQV

• &RVWV���KRZ�YHVVHO�FRVW�FKDQJHV�DIIHFW�EHQHILWV�IURP�ODUJHU�YHVVHOV��H�J������
7(8�VKLSV�

• &RQWLQJHQF\�FRVWV�DV�D�SRUWLRQ�RI�WKH�WRWDO�SURMHFW�FRVWV

• 9ROXPH�RI�WUDGH���7UDGH�WRQQDJH�UHODWHG�WR�WUDIILF�OHYHOV�DQG�VKLS�FDOOV�

7KH� VHQVLWLYLW\�DQDO\VLV�RI� WKHVH�YDULDEOHV� UHYHDOV� WKH�SURMHFW� FRVW� HVWLPDWHV� DQG� WKH
VKLIW�LQ�WKH�OLJKW�ORDGLQJ�RI�YHVVHOV�DUH�WKH�FULWLFDO�GHWHUPLQDQWV�RI�EHQHILWV�OHYHOV�

��� (FRQRPLFDOO\�-XVWLILDEOH�1('�3ODQ

7KH�HFRQRPLF�DQDO\VLV�GHPRQVWUDWHV�WKDW�WKH����IRRW�SURMHFW�DOWHUQDWLYH�PD[LPL]HV�QHW
SURMHFW�EHQHILWV�RI�������������JLYHQ�WKH�DVVXPSWLRQV�GRFXPHQWHG�DERYH�� �7KHUHIRUH
WKH� ���IRRW� SURMHFW� LV� WKH� WHQWDWLYH� 1DWLRQDO� (FRQRPLF� 'HYHORSPHQW� SODQ�� LQ
DFFRUGDQFH� ZLWK� WKH� (FRQRPLF� DQG� (QYLURQPHQWDO� 3ULQFLSOHV� DQG� *XLGHOLQHV� IRU
:DWHU�DQG�5HODWHG�/DQG�5HVRXUFHV�,PSOHPHQWDWLRQ�6WXGLHV�



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� +LVWRULF�$QG�)RUHFDVW�&RPPRGLW\�7UDIILF

�� +,6725,&�$1'�)25(&$67�&2002',7<�75$)),&

��� +LVWRULF�&RPPRGLW\�7UDIILF�LQ�6DYDQQDK�+DUERU

7KH� JURZWK� LQ� ZDWHUERUQH� IUHLJKW� FRPPHUFH� WKURXJK� 6DYDQQDK� +DUERU� LV
VXPPDUL]HG� LQ�([KLELW������ �7KH� LQWHUQDWLRQDO� WUDGH�VKDUH�RI� WRWDO� 6DYDQQDK�+DUERU
WRQQDJH�KDV�LQFUHDVHG�IURP����SHUFHQW�LQ������WR����SHUFHQW�LQ������

([KLELW����
+LVWRULF�)UHLJKW�7UDIILF�7KURXJK�6DYDQQDK�+DUERU�������������

�6KRUW�7RQV�
&RDVWZLVH<HDU 7RWDO
 ,PSRUWV ([SRUWV

5HFHLSWV 6KLSPHQWV
���� ��������� ��������� ��������� ��������� �������
���� ��������� ��������� ��������� ��������� �������
���� ��������� ��������� ��������� ��������� �������
���� ��������� ��������� ��������� ��������� �������
���� ��������� ��������� ��������� ��������� �������
���� ��������� ��������� ��������� ��������� �������
���� ��������� ��������� ��������� ��������� �������
���� ��������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������
���� ���������� ��������� ��������� ��������� �������

6RXUFH� :DWHUERUQH�&RPPHUFH�RI�WKH�8QLWHG�6WDWHV
1RWH��
�� ,QFOXGHV�WUDIILF�RQ�WKH�$WODQWLF�,QWUDFRDVWDO�:DWHUZD\�DQG�VKLSPHQWV�ZLWKLQ�WKH�6DYDQQDK�+DUERU�



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� +LVWRULF�$QG�)RUHFDVW�&RPPRGLW\�7UDIILF

7KH� 6DYDQQDK�+DUERU� IRUHLJQ� DQG� GRPHVWLF� ZDWHUERUQH� FRPPHUFH�� E\� FRPPRGLW\
JURXS�LQ�������LV�VXPPDUL]HG�LQ�([KLELW�����EHORZ�

([KLELW����
�����)RUHLJQ�DQG�'RPHVWLF�)UHLJKW�7UDIILF

7KURXJK�WKH�3RUW�RI�6DYDQQDK��E\�&RPPRGLW\�*URXS
�7KRXVDQG�RI�6KRUW�7RQV�

)RUHLJQ
 'RPHVWLF
&RPPRGLW\ ,PSRUWV ([SRUWV 5HFHLSWV 6KLSPHQWV

&RDO ��� � � �
3HWUROHXP�3URGXFWV�
����&UXGH�3HWUROHXP ��� � � �
����2WKHU�3HWUROHXP�3URGXFWV ��� �� ����� ���
&KHPLFDOV�	�5HODWHG�3URGXFWV�
����)HUWLOL]HUV �� � �� �
����2WKHU�&KHPLFDOV ��� ��� ��� �
&UXGH�0DWHULDOV�
����)RUHVW�3URGXFWV ��� ��� � �
����3XOS��:DVWH�3DSHU ��� ��� � �
����6RLO��6DQG��*UDYHO��HWF� ��� �� � �
����,URQ�2UH�	�6FUDS �� � � �
����0DULQH�6KHOOV � � � �
����1RQ�)HUURXV�2UHV�	�6FUDS ��� �� � �
����6XOIXU��&OD\�	�6DOW � ����� � �
����6ODJ ��� � � �
����2WKHU�1RQ�0HWDOOLF�0LQHUDOV ��� �� � �
3ULPDU\�0DQXIDFWXUHG�*RRGV�
����3DSHU�3URGXFWV �� ��� � �
����/LPH��&HPHQW�	�*ODVV ��� �� �� �
����,URQ�	�6WHHO�3URGXFWV ��� �� � �
����1RQ�)HUURXV�0HWDO�3URGXFWV ��� �� �� �
����:RRG�3URGXFWV ��� �� � ��
)RRG�	�)DUP�3URGXFWV�
����)LVK � � � �
����*UDLQ � �� � �
����2LOVHHGV � �� � �
����9HJHWDEOH�3URGXFWV �� �� � �
����3URFHVVHG�*UDLQ�	�$QLPDO�)HHG � �� � �
����2WKHU�$JULFXOWXUDO�3URGXFWV ��� ��� ��� �
0DQXIDFWXUHG�(TXLSPHQW ��� ��� � ��
2WKHU�&RPPRGLWLHV �� � � �
727$/ ����� ����� ����� ���

6RXUFH� %RR]³$OOHQ�DQDO\VLV�RI�:DWHUERUQH�&RPPHUFH�RI�WKH�8QLWHG�6WDWHV�GDWD�
1RWH��
�� ,QFOXGHV�&DQDGLDQ�LPSRUWV�DQG�H[SRUWV�
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6HFWLRQ� +LVWRULF�$QG�)RUHFDVW�&RPPRGLW\�7UDIILF

��� )RUHFDVW�&RPPRGLW\�7UDIILF�WKURXJK�WKH�6RXWK�$WODQWLF�3RUW�5DQJH

'HWDLOV�RQ�WKH�FRQWDLQHUL]HG�FRPPRGLW\�IRUHFDVW�IRU�WKH�6RXWK�$WODQWLF�SRUW�UDQJH�DUH
SUHVHQWHG�LQ�([KLELWV�����IRU�GHWDLOHG�WUDGH�SDUWQHU�UHJLRQV�IRU������WR������

([KLELW����
)RUHFDVW�&RQWDLQHU�&DUJR�7UDIILF�7KURXJK�6RXWK�$WODQWLF�3RUWV�

%\�7UDGH�3DUWQHU�5HJLRQ�������������
�7KRXVDQGV�RI�7(8V�

5HJLRQ ���� ���� ���� ���� ���� ���� ����

&DQDGD ��� ���� ���� ���� ���� ����� �����

1RUWK�(XURSH ����� ������� ������� ������� ������� ������� �������

0HGLWHUUDQHDQ ����� ����� ����� ����� ������� ������� �������

-DSDQ�6RXWK�.RUHD��7DLZDQ ����� ����� ����� ����� ������� ������� �������

+RQJ�.RQJ ���� ����� ����� ����� ����� ����� �������

&KLQD ����� ����� ����� ������� ������� ������� �������

6RXWKHDVW�$VLD ����� ����� ����� ����� ������� ������� �������

$XVWUDOLD�1HZ�=HDODQG ���� ���� ����� ����� ����� ����� �����

,QGLDQ�6XEFRQWLQHQW ���� ���� ����� ����� ����� ����� �����

(DVW�&RDVW�RI�6RXWK�$PHULFD ����� ����� ����� ������� ������� ������� �������

&RORPELD ���� ���� ����� ����� ����� ����� �������

:HVW�&RDVW�RI�6RXWK�$PHULFD ���� ����� ����� ����� ����� ����� �������

&HQWUDO�$PHULFD ����� ����� ����� ������� ������� ������� �������

&DULEEHDQ ����� ����� ����� ������� ������� ������� �������

(DVWHUQ�(XURSH ���� ����� ����� ����� ������� ������� �������

$IULFD ���� ����� ����� ����� ����� ����� �������

3HUVLDQ�*XOI�DQG�2WKHUV ���� ����� ����� ����� ����� ������� �������

7RWDO ������� ������� ������� �������� �������� �������� ��������
6RXUFH� 0DUNHW�VKDUHV�DQG�WUDGH�UHJLRQV�EDVHG�RQ������3,(56�GDWD��,&)�.DLVHU�WUDGH�IRUHFDVW����������
1RWH� 1XPEHUV�PD\�QRW�DGG�GXH�WR�URXQGLQJ�

��� )RUHFDVW�&RPPRGLW\�7UDIILF�LQ�6DYDQQDK�+DUERU

7KH� FRQWDLQHUL]HG� WUDGH� IRUHFDVW� IRU� 6DYDQQDK� LV� VKRZQ� LQ� ([KLELW� ���� EHORZ�� � 7KH
IRUHFDVW�LV�E\�WUDGH�SDUWQHU�UHJLRQ�LQ�7(8V�IURP������WR������
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([KLELW����
)RUHFDVW�7(8�9ROXPHV��7KURXJK�WKH�3RUW�RI�6DYDQQDK�

E\�7UDGH�3DUWQHU�5HJLRQ�������������
&RQWDLQHUL]HG�&RPPRGLWLHV�LQ�7(8V

5HJLRQ ���� ���� ���� ���� ���� ���� ����

(XURSH�0HG� ������� ������� ������� ������� ������� ������� ���������

/DWLQ�$PHULFD ������ ������ ������� ������� ������� ������� �������

1RUWK�(DVW�$VLD ������� ������� ������� ������� ��������� ��������� ���������

6RXWK�(DVW�$VLD ������ ������ ������ ������� ������� ������� �������

6XEFRQWLQHQW ������ ������ ������ ������ ������ ������� �������

2WKHU ������ ������ ������� ������� ������� ������� �������

7RWDO ������� ������� ��������� ��������� ��������� ��������� ���������

*URZWK�5DWH ���� ���� ���� ���� ���� ����

6RXUFH� 0DUNHW�VKDUHV�DQG�WUDGH�UHJLRQV�EDVHG�RQ������3,(56�GDWD��,&)�.DLVHU�WUDGH�IRUHFDVW����������

7KH� IRUHFDVW� IRU� FRQWDLQHUL]HG�PHWULF� WRQV� E\� WUDGH� URXWH� IRU� 6DYDQQDK�+DUERU� DUH
VKRZQ�LQ�([KLELW�����EHORZ��

([KLELW����
)RUHFDVW�&RQWDLQHU�7UDIILF�7KURXJK�WKH�3RUW�RI�6DYDQQDK�

E\�7UDGH�3DUWQHU�5HJLRQ�������������
�0HWULF�7RQV�

5HJLRQ ���� ���� ���� ���� ���� ���� ����

(XURSH ��������� ��������� ��������� ��������� ��������� ��������� ����������

)DU�(DVW ��������� ��������� ��������� ��������� ���������� ���������� ����������

/DWLQ�$PHULFD ������� ������� ��������� ��������� ��������� ��������� ���������

2WKHU ������� ������� ��������� ��������� ��������� ��������� ���������

7RWDO ��������� ��������� ��������� ���������� ���������� ���������� ����������
6RXUFH� 0DUNHW�VKDUHV�DQG�WUDGH�UHJLRQV�EDVHG�RQ������3,(56�GDWD��,&)�.DLVHU�WUDGH�IRUHFDVW������������%RR]³$OOHQ

DQDO\VLV�

7KH� HVWLPDWHG� 6DYDQQDK� +DUERU� 7(8� WUDIILF� IRUHFDVW� WKDW� PDWFKHV� WKH� *3$·V
GHILQLWLRQ�RI�7(8�YROXPHV�KDQGOHG��LQFOXGLQJ�OLIWV�RI�HPSW\�FRQWDLQHUV��LV�SUHVHQWHG
LQ�([KLELW�������7KH�IRUHFDVW�JURZWK�UDWH�LV�LGHQWLFDO�WR�WKH�ORDGHG�FRQWDLQHU�IRUHFDVWV
SUHVHQWHG�SUHYLRXVO\�EXW�XVHV�*3$·V�)LVFDO�<HDU������7(8�6DYDQQDK�+DUERU�FRXQWV
DV�D�EDVH�
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([KLELW����
)RUHFDVW�RI�&RQWDLQHU�9ROXPHV�7KURXJK�*3$�)DFLOLWLHV�DW�WKH�3RUW�RI�6DYDQQDK�������������

�7(8V��,QFOXGLQJ�(VWLPDWHV�RI�(PSWLHV��7UDQVVKLSPHQWV�DQG�0XOWLSOH�+DQGOLQJ�
���� ���� ���� ���� ���� ���� ����

7RWDO�*3$�7(8V ������� ������� ��������� ��������� ��������� ��������� ���������

6RXUFH� %RR]³$OOHQ�DQDO\VLV�RI�*3$�GDWD�DQG�,&)�.DLVHU�WUDGH�IRUHFDVW�IRU�������������
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� &RPPRGLW\�)RUHFDVW�0HWKRGRORJLHV

��� &2002',7<�)25(&$67�0(7+2'2/2*,(6

���� 0HWKRGRORJ\�)RU�&RPPRGLW\�7UDGH�)RUHFDVWV

������ ,QWURGXFWLRQ

$V� WKH� IXWXUH� RI� FRPPRGLW\� WUDGH� SDVVLQJ� WKURXJK� 6DYDQQDK� H[LVWV� PDLQO\� LQ� WKH
FRQWH[W�RI�ZKDW�ZLOO�KDSSHQ�WR� LQWHUQDWLRQDO� WUDGH�� WKH� IXWXUH�RI�86�WUDGH�DQG�WUDGH
WKURXJK� WKH� 86� 6RXWK� $WODQWLF� SRUW� UHJLRQ� LV� FULWLFDO� WR� WKLV� VWXG\�� � 7R� HQVXUH
FRPSUHKHQVLYHQHVV�RI�WUDGH�DQDO\VLV��%RR]Ã$OOHQ�KDV�XVHG�FRPPRGLW\�WUDGH�IRUHFDVWV
IURP� ,&)� .DLVHU·V� 7UDGH� DQG� 7UDQVSRUWDWLRQ� *URXS�� � ,&)� .DLVHU� LV� RQH� RI� WKH
FRPPHUFLDO� SURYLGHUV� RI� GHWDLOHG� RFHDQ� ERUQH� WUDGH� IRUHFDVWV� ZLWK� SUHYLRXV
H[SHULHQFH�IRUHFDVWLQJ�YHU\�ORQJ�WHUP�FRPPRGLW\�IORZV�IRU�GHHS�GUDIW�SRUW�IHDVLELOLW\
VWXGLHV���7KH�,&)�.DLVHU�PRGHOLQJ�V\VWHP�IRUHFDVWV�WUDGH�WKURXJK�D�V\VWHP�RI�JOREDO
FRPPRGLW\�PRGHOV� WKDW� FDSWXUH� LQGLYLGXDO� FRXQWU\�GHPDQGV� IRU� LPSRUWV�� OLQNHG� WR
HFRQRPLF� JURZWK� DQG�GRPHVWLF�SURGXFWLRQ�� E\� LQGXVWU\��ZLWKLQ� HDFK� FRXQWU\�� � 7KH
VKRUW�DQG�PHGLXP�WHUP�PDFURHFRQRPLF�IRUHFDVWV�XVHG�LQ�WKH�WUDGH�PRGHOV�FRPH�IURP
WKH� FRXQWU\� DQG� UHJLRQDO� PRGHOV� SURGXFHG� E\� WKH� HFRQRPLF� IRUHFDVWLQJ� ILUP�� WKH
:()$� *URXS�� � 7KH� YHU\� ORQJ�WHUP� IRUHFDVWV� DUH� GULYHQ� E\� D� VSHFLDO� VWDJHV�RI�
GHYHORSPHQW� ZRUOG� UHJLRQDO� JURZWK� PRGHO�� � 2XWSXWV� RI� WKH� WUDGH� PRGHOV� LQFOXGH
LQGLYLGXDO�FRPPRGLW\�PRYHPHQWV�LQ�YDOXH�DQG�YROXPH�WHUPV�PHDVXUHG�LQ�86�GROODUV
DQG�PHWULF� WRQV�� � )RU� OLQHU� WUDGHV�� FRQWDLQHUL]HG�PHWULF� WRQV� DQG� FRQWDLQHU� YROXPH
PHDVXUHG�LQ�7(8V�DUH�DOVR�JHQHUDWHG�E\�WKH�PRGHOV�� �)RU�WKH�8QLWHG�6WDWHV�� WUDGH�LV
IXUWKHU�GLVDJJUHJDWHG�E\�SRUW�UDQJH���7KH�86�DQG�6RXWK�$WODQWLF�SRUW�UDQJH�IRUHFDVWV
XVHG� LQ� WKLV�VWXG\�FRPH�IURP�WKLV�PRGHOLQJ�V\VWHP�� �7KH�IRUHFDVW� IRU� WUDGH� WKURXJK
6DYDQQDK� LV� GHULYHG� IURP� WKH� 6RXWK� $WODQWLF� SRUW� UDQJH� IRUHFDVW�� � $� GHWDLOHG
GLVFXVVLRQ�RI�WKH�WUDGH�PRGHO�PHWKRGRORJ\�IROORZV�

���� %DFNJURXQG�7R�&RPPRGLW\�0RGHOLQJ�$SSURDFK

$V�WUDGH�GHPDQG�IRU�VSHFLILF�YHVVHO�W\SHV�LV�XOWLPDWHO\�UHTXLUHG�LQ�WKH�DQDO\VLV�IRU�WKLV
VWXG\�� WUDGH�PXVW�EH� IRUHFDVW� DW� D� OHYHO�GHWDLOHG� HQRXJK� WR�GLVWLQJXLVK�EHWZHHQ� WKH
W\SH�RI�WUDGH��RQ�D�FRPPRGLW\�E\�FRPPRGLW\�EDVLV���$�JOREDO�WUDGH�PRGHO�V\VWHP�WKDW
FRYHUV� D� VXIILFLHQW�QXPEHU�RI� FRPPRGLW\� DQG� LQGXVWULDO� IORZV�SURYLGHV� WKH�QHHGHG
SODQQLQJ� WRRO� IRU� WKLV� DQDO\VLV�� � 'HYHORSLQJ� WKLV� W\SH� RI�PRGHO� V\VWHP� DQG� UHODWHG
GDWD�EDVHV��KRZHYHU�� UHTXLUHV� WKH�DQDO\VW� WR� FURVV� D�QXPEHU�RI�GLIIHUHQW� WKUHVKROGV�
QRW�WKH�OHDVW�RI�ZKLFK�LV�WKH�LQVXUDQFH�RI�D�TXDOLW\�RI�GDWD�WKDW�FDQ�VXSSRUW�WKLV�IRUP�RI
HFRQRPLF� DQDO\VLV�� � ,Q� UHDOLW\� GHYHORSLQJ� D� JOREDO� WUDGH�PRGHO� V\VWHP� UHTXLUHV� WKH
HFRQRPLVW� WR�PDNH�D�QXPEHU�RI�GLIILFXOW�GHVLJQ� FKRLFHV� DQG�FRPSURPLVHV� WR� LQVXUH
WKDW�WKH�UHVXOWV�PHHWV�WHVWV�RI�UHOLDELOLW\�DQG�VHQVLELOLW\�

:KDW� DUH� WKHVH� IRUHFDVW� GHVLJQ� FKRLFHV"� � $W� WKH� VWDUW� RI� WKH� SURFHVV� RI� PRGHO
GHYHORSPHQW��PRGHO�VWUXFWXUH�PXVW�EH�GHWHUPLQHG���7UDGH�GDWD�LV�QRUPDOO\�RUJDQL]HG
LQ�WHUPV�RI�UHSRUWHU�DQG�SDUWQHU�FRXQWU\�GDWD���*LYHQ�WKDW�WKLV�LQIRUPDWLRQ�LV�FROOHFWHG
E\� VWDWLVWLFDO� RUJDQL]DWLRQV� LQ� HDFK� FRXQWU\� WKHUH� FDQ� EH� D� � VLJQLILFDQW� GHJUHH� RI
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� &RPPRGLW\�)RUHFDVW�0HWKRGRORJLHV

GLVVLPLODULW\�EHWZHHQ�GDWD�VRXUFHV���$�UHFHQW�VWXG\�E\�$OH[DQGHU�<DWHV�DW�WKH�:RUOG
%DQN�VXJJHVWV�WKDW�ELODWHUDO�WUDGH�GDWD�LV�D�SRRU�PHDVXUH�RI�WUXH�WUDGH�RU�DW�OHDVW�ILQGV
WKDW� WKHUH� LV� VXFK� D� VLJQLILFDQW� GLIIHUHQFH� LQ� UHSRUWHG� WUDGH� RI� DQ� H[SRUWHU� WR� DQ
LPSRUWHU�FRPSDUHG�WR�DQ�LPSRUWHU�IURP�DQ�H[SRUWHU� WR�FDVW�GRXEW�RQ�WKH�YDOLGLW\�RI
HLWKHU�GLUHFWLRQ�RI�WUDGH���'HVSLWH�WKLV��UHVHDUFKHUV�KDYH�OLWWOH�FKRLFH�EXW�WR�UHO\�XSRQ
VWDWLVWLFDO� RUJDQL]DWLRQV� WR� H[WUDFW� WKH� WUXWK� IURP� WKH� IORZ� RI� JRRGV� WKURXJKRXW� WKH
ZRUOG���:LWK�WKH�LQFUHDVLQJ�YROXPH�RI�WKLV�WUDGH�DQG�WKH�LPSRUWDQFH�RI�LW�WR�FRXQWULHV�
LW� LV� OLNHO\� WKDW� WKH� VWDWLVWLFDO� UHOLDELOLW\� RI� WKH� GDWD� FROOHFWLRQ� DQG� UHSRUWLQJ� ZLOO
LPSURYH�RYHU�WLPH��

7KH� TXHVWLRQ� RI� WUDGH� PRGHO� VWUXFWXUH� WKXV� QHHGV� WR� EH� DVVHVVHG� LQ� OLJKW� RI� WKH
SUREOHPV�DVVRFLDWHG�ZLWK�WUDGH�VWDWLVWLFV���+RZ�PDQ\�FRXQWULHV�DQG�UHJLRQV�VKRXOG�EH
LQFOXGHG"� � 6KRXOG� WKH�PRGHO� UHIOHFW� WKH� VKDUH� RI� WRWDO� LPSRUWV� DQG� H[SRUWV� RI� HDFK
FRXQWU\� RU� UHJLRQ� RU� UHIOHFW� WKH� ERWWRP� XS�� FRPPRGLW\�E\�FRPPRGLW\� DSSURDFK"�
6KRXOG�RQH�DVVHVV� WUDGH� LQ� WHUPV�RI� D� FRPPRGLW\� IORZ�DQG� WKH� UHVXOWLQJ�EDODQFH� LQ
ZRUOGZLGH�GHPDQG�DQG�VXSSO\�RU�DW� WKH� LQGLYLGXDO�FRXQWU\� OHYHO�ZLWK� WKH� WRWDO� IRU
WKH�FRPPRGLW\�GHWHUPLQHG�E\�WKH�DSSRUWLRQLQJ�RI�WKH�LPSRUW�GHPDQG�DPRQJ�PDQ\
FRPSHWLQJ� SURGXFWV"� � ,I� RQH� IROORZV� WKH� IRUPHU� FRXUVH� WKHQ� WUDGH� JURZWK� ZLOO� EH
XQFRQWUROOHG�EHFDXVH�HDFK�IORZ�LV�LQGHSHQGHQW�RI�HDFK�RWKHU���,I�WKH�ODWHU�DSSURDFK�LV
WDNHQ�� H[SRUWV� DUH�DVVXPHG� WR� EH� D� UHIOHFWLRQ�RI� FKRLFH�ZLWKLQ� D� EXGJHW� FRQVWUDLQW��
$QG�ZKLOH�WKH�FRQFHSW�RI�D�EXGJHW�FRQVWUDLQW�IRU�SRRU�FRXQWULHV�LV�D�UHDVRQDEOH�RQH�
VXFK� D� FRQVWUDLQW� IRU� WKH� FRXQWULHV� ZLWK� FRQYHUWLEOH� FXUUHQFLHV� �DQG� IUHH� IORDWLQJ
H[FKDQJH�UDWHV��LV�LQDSSURSULDWH�

7KH� WUDGH�PRGHO� HPSOR\HG� KHUH� XVHV� D� ERWWRP�XS� DSSURDFK�ZLWK� D� VHW� RI� FRQWUROV
LPSRVHG���7KH�ERWWRP�XS�DSSURDFK�DVVXPHV�WKDW�WUDGH�LQ�HDFK�FRPPRGLW\�UHSUHVHQWV
D�XQLYHUVH�RI� LQGLYLGXDO�GHFLVLRQV�E\�FRPSDQLHV�DQG�FRQVXPHUV�� � ,W� LV� D�PRGHO� WKDW
UHIOHFWV�WKH�LPSHUIHFWO\�FRPSHWLWLYH�QDWXUH�DQG�WKH�OLPLWHG�DPRXQW�RI�LQIRUPDWLRQ�WKDW
PD\� EH� DYDLODEOH� WR� FRQVXPHUV� UHJDUGLQJ� SRWHQWLDO� VXSSOLHUV� ZRUOGZLGH�� � 7UDGH
PRYHV�DORQJ�SUH�GHILQHG� URXWHV�ZLWK�RQO\�D�PRGHVW� DELOLW\� WR� VKLIW� VXSSOLHUV� LQ� WKH
VKRUW�UXQ���,Q�WKH�PRGHO��FRPSHWLWLRQ�LV�LQWURGXFHG�EHWZHHQ�H[SRUW�VRXUFHV�E\�IRUFLQJ
IRUHFDVW�WUDGH�IRU�HDFK�H[SRUWHU�WR�EH�HTXDO�WR�D�VHSDUDWHO\�HVWLPDWHG�LPSRUW�GHPDQG
IURP�D�JURXS�RI�H[SRUWHUV�DV�D�ZKROH���)RU�H[DPSOH��LI�H[SRUWV�DUH�HVWLPDWHG�VHSDUDWHO\
IRU�HDFK�RI� WKH�2(&'�FRXQWULHV� WR� WKH�8QLWHG�6WDWHV� DQG� WKH� LPSRUW�GHPDQG�RI� WKH
8QLWHG� 6WDWHV� IURP� WKH� 2(&'� LV� DOVR� HVWLPDWHG� VHSDUDWHO\�� RQH� DSSURDFK� WR� WKLV
SUREOHP�ZRXOG�EH�WR�VFDOH�WKH�PRGHO�GHYHORSHG�IRUHFDVWV�WR�WKH�´WRSOLQHµ�RU�2(&'�
ZLGH� HVWLPDWH� RI� LPSRUWV�� � 8VLQJ� WKLV� DSSURDFK�� GLIIHUHQWLDO� SULFH� DQG� SURGXFWLRQ
IDFWRUV�ZRXOG�EH�WDNHQ�LQWR�DFFRXQW�DV�D�UHVXOW�RI�WKH�VFDOLQJ�SURFHVV�VLQFH�WKH�PDUNHW
VKDUHV� ZRXOG� EH� GHWHUPLQHG� E\� WKH� UHODWLYH� FRPSHWLWLYHQHVV� RI� HDFK� H[SRUWLQJ
FRXQWU\�

,Q�EXLOGLQJ�VXFK�D�PRGHO�WKH�DQDO\VW�QHHGV�WR�ILUVW�GHWHUPLQH�WKH�FKDUDFWHULVWLFV�RI�WKH
GHVLUHG�RXWSXWV�� �7KRXJK� LW� LV�SRVVLEOH� WKDW� D� VHW� RI� EURDG� WUDGH� DJJUHJDWHV�PD\�EH
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LGHDO�IRU�VRPH�W\SHV�RI�PDFURHFRQRPLF�VWXGLHV��GHHS�GUDIW�QDYLJDWLRQ�EHQHILWV�VWXGLHV
QHHG� PRUH� GHWDLO� LQ� FRPPRGLW\� FRYHUDJH� DQG� LQ� WKH� LQWHU�UHJLRQDO� UHODWLRQVKLSV
DVVHVVHG�� �7KLV�LV�WKH�GHWDLO� WKDW�DOORZV�WKH�FODVVLILFDWLRQ�RI� WUDGH�E\�YHVVHO� W\SH�DQG
WUDGH�URXWH���)RU�FRPSUHKHQVLYHQHVV��WKH�PRGHO�HPSOR\HG�FRYHUV�WKH�IXOO�ZRUOG�WUDGH
LQFOXGLQJ�WKH� LQWUD�/'&�WUDGH�EHWZHHQ�FRXQWULHV�DQG�UHJLRQV�� �8VLQJ�WKLV�DSSURDFK�
WKH�VLJQLILFDQW�FRPPRGLW\�WUDGH�GHWDLO� LV�PDLQWDLQHG�ZKLOH� WKH� WRWDO�RI� WUDGHV� IRU�DOO
WUDGH�SDUWQHUV�DQG�GDWD� UHSRUWLQJ�FRXQWULHV�DGGV�XS� WR�ZRUOG� WUDGH�ZLWKRXW�GRXEOH
FRXQWLQJ���7KLV�PHDQV�WKDW�E\�GHILQLWLRQ��H[SRUWV�RI�DOO�FRXQWULHV�UHJLRQV�WR�WKH�ZRUOG
DUH�H[DFWO\�HTXDO�WR�LPSRUWV�RI�DOO�FRXQWULHV�UHJLRQV�IURP�WKH�ZRUOG�

7KH� FKDOOHQJH� IRU� WKH� DQDO\VW� LV� WR� FKRRVH� WKH� EHVW� HFRQRPLF� PRGHO� VWUXFWXUH� WKDW
DOORZV�IRU�WKH�IXOO�UDQJH�RI�SRVVLEOH�FRXQWU\�VL]HV�DQG�VWUHQJWKV���%HFDXVH�RI�WKH�YHU\
QDWXUH�RI�JRRGV�H[FKDQJH�EHWZHHQ�FRXQWULHV��RQH�DVVXPHV� WKDW� WUDGH� LV�QRW� VROHO\�D
UHIOHFWLRQ�RI�VSHFLILF�FRXQWU\�H[SHULHQFH� LQ� LVRODWLRQ�� �7UDGH�FDQ�EH�UHSUHVHQWHG�E\�D
V\VWHP�RI�PRGHOV�VKDULQJ�WKH�VDPH�JHQHUDO�VWUXFWXUH�WKDW�WDNH�LQWR�DFFRXQW�SDWWHUQV�RI
LQYHVWPHQW� DQG� FRQVXPSWLRQ�� � 3UHYLRXV� UHVHDUFK� KDV� VKRZQ� WKDW� WKH� FRPPRQ� RU
IUDPHZRUN� PRGHO� LV� VXSHULRU� WR� VWDQGDUG� WLPH� VHULHV� PRGHOV� LQ� IRUHFDVWLQJ
LQWHUQDWLRQDO� WUDGH�� � 7KLV� LV� EHFDXVH� WKH� IUDPHZRUN� PRGHOV� FDSWXUH� WKH� SUHGLFWLYH
LQIRUPDWLRQ�LQ�D�FURVV�FRXQWU\�GDWD�VHW�DV�ZHOO�DV�WKH�WLPH�GLPHQVLRQ�LQ�WKH�KLVWRULFDO
REVHUYDWLRQV���7KH�UHVXOWLQJ�IRUHFDVWV�EHWWHU�UHIOHFW�WKH�ORQJ�WHUP�UHODWLRQVKLS�EHWZHHQ
WUDGH�DQG�HFRQRPLF�JURZWK�E\�DOORZLQJ�FRXQWULHV�WR�DGDSW�DQG�FKDQJH�RYHU�WKH�ORQJ�
WHUP��

7UDGH�KDV�EHFRPH�PRUH�YRODWLOH�LQ�WKH�ODVW�IHZ�GHFDGHV��ZLWK�PDQ\�H[DPSOHV�RI�WUDGH
IORZV�JURZLQJ�E\��������DQG�WKHQ�IDOOLQJ�E\�WKH�VDPH�DPRXQW�WKH�QH[W�SHULRG���7KLV
YRODWLOLW\� PDNHV� D� WLPH� VHULHV� PRGHO� OHVV� HIILFLHQW� LQ� GHFLSKHULQJ� WKH� XQGHUO\LQJ
IDFWRUV� WKDW�DUH�DW�ZRUN�� �$�SRROHG�GDWD� VHW� FRPELQLQJ� FRXQWU\� VSHFLILF� LQIRUPDWLRQ
RYHU� WLPH� DQG� PXOWL�FRXQWU\� LQIRUPDWLRQ� RIIHUV� D� EHWWHU� PRGHO� IRU� DVVHVVLQJ� WKH
IDFWRUV�WKDW�DUH�DW�ZRUN���:LWK�WKLV�DSSURDFK��D�SRRU�FRXQWU\�FDQ��RYHU�WLPH��EHFRPH
ULFKHU���$V�D�FRXQWU\�PRYHV�WKURXJK�YDULRXV�VWDJHV�RI�HFRQRPLF�JURZWK�LW�H[SHULHQFHV
GLIIHUHQW�QHHGV�DQG�WUDGHV�FRPPRGLWLHV�LQ�GLIIHUHQW�DEVROXWH�DQG�UHODWLYH�YROXPHV�

,Q� WKH� WUDGH�PRGHO�PHWKRGRORJ\� HPSOR\HG�KHUH�� HDFK� FRPPRGLW\�PRGHO� RI� �ZRUOG
WUDGH�LV�ILUVW�HVWLPDWHG�E\�LWVHOI��GHILQLQJ�WKH�LQWHUUHODWLRQVKLS�EHWZHHQ�H[SRUWHUV�DQG
LPSRUWHUV� WUDGLQJ� LQ�D� VLQJOH�FRPPRGLW\�FDWHJRU\�� �)RU�HDFK�FRPPRGLW\�� WKH�PRGHO
DWWHPSWV�WR�PHDVXUH�WKH�JOREDO�FRPSHWLWLYH�EDODQFH�EHWZHHQ�H[SRUWHUV�DQG�LPSRUWHUV�
�8QOLNH�RWKHU�DWWHPSWV�DW�ZRUOG�WUDGH�PRGHO�GHYHORSPHQW�WKHVH�PRGHOV�GR�QRW�EHJLQ
ZLWK� D� WRS� GRZQ� HVWLPDWH� RI� WRWDO� WUDGH� GHPDQG� EXW� UDWKHU� DUH� EXLOW� XS�� LQ� ORJLFDO
VWHSV��IURP�GHPDQG�DQG�VXSSO\� WR�HDFK�SDUWQHU�UHJLRQ�� �(FRQRPHWULF�PRGHOV�GHILQH
LPSRUW� GHPDQG� DQG� H[SRUW� VXSSO\� SRWHQWLDO� ZKHUHYHU� SRVVLEOH�� � ,I� � VHSDUDWH
HFRQRPHWULF�PRGHOV�DUH�LQDSSURSULDWH�GXH�WR� WKH�VSDUVHQHVV�RI� WKH�GDWD�DYDLODEOH�RU
GXH� WR� D� IDLOXUH� WR� ILQG� D� VWDWLVWLFDOO\� VLJQLILFDQW� PRGHO� VWUXFWXUH� XVLQJ� WKH� EHVW
HFRQRPHWULF� WHFKQLTXHV�� SDUDPHWHU�PRGHOV� DUH� VXEVWLWXWHG� � LQ� UHODWLRQVKLS�ZLWK� WKH
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HFRQRPHWULF�PRGHO� IRUHFDVWV�� �:LWK� WKLV� DSSURDFK�� WKH� EHVW� HVWLPDWHV� DUH�PDGH� IRU
HDFK� FRPPRGLW\� FDWHJRU\� WUDGHG�� � 7KH� WUDGH� PRGHO� LQGXVWU\� � DQG� FRPPRGLW\
FDWHJRULHV�DUH�GHWDLOHG�LQ�([KLELW������DW�WKH�HQG�RI�WKLV�DWWDFKPHQW�

86�PHUFKDQGLVH�WUDGH�VWDWLVWLFV�IURP�WKH�%XUHDX�RI�WKH�&HQVXV�VHUYH�DV�WKH�IRXQGDWLRQ
IRU� LQWHUQDWLRQDO� WUDGH� WR� DQG� IURP� WKH� 8QLWHG� 6WDWHV�� � :RUOG� WUDGH� GDWD� LV� GUDZQ
SULPDULO\� IURP� GHWDLOHG�� FRPPRGLW\� VSHFLILF�� WUDGH� GDWD� FRYHULQJ� ���� FRXQWULHV
ZRUOGZLGH� GHYHORSHG� IURP� 8QLWHG� 1DWLRQV� WUDGH� LQIRUPDWLRQ� VRXUFHV� E\� 6WDWLVWLFV
&DQDGD�� �7KLV�GDWD�UHIOHFWV�6WDWLVWLFV�&DQDGD·V�HVWLPDWHV�RI�ELODWHUDO�IORZV�� �7KH�GDWD
EDVH�FRYHUV�D�VLQJOH�GLUHFWLRQ�RI��WUDGH��L�H��0H[LFDQ�LPSRUWV�IURP�-DSDQ�DUH�LGHQWLFDO
WR� -DSDQHVH� H[SRUWV� WR� 0H[LFR�� � $OO� WUDGH� PRGHOV� DUH� VSHFLILHG� DV� LPSRUW� GHPDQG
PRGHOV�� � ([SRUW� VXSSO\� LV� GHULYHG� IURP� LPSRUW� GHPDQG� IURP� D� VSHFLILF� UHJLRQ� RU
FRXQWU\���$����FRXQWU\�UHJLRQ�PDWUL[�RI�WUDGLQJ�SDUWQHUV�KDV�EHHQ�VHOHFWHG���7KHUH�DUH
DSSUR[LPDWHO\� ��� FRXQWULHV� SOXV� ��� DGGLWLRQDO� UHJLRQV� FRPSULVLQJ� WKH�ZRUOG� XQGHU
WKLV� RUJDQL]DWLRQ� RI� WKH� GDWD�� � �VHH� WUDGH� FRXQWU\� �� UHJLRQ� H[KLELW� EHORZ��� � 7KHVH
FRXQWULHV�DQG�UHJLRQV�DJJUHJDWH�WR�WKH�ZRUOG��DV�GHILQHG�E\�WKH�LQLWLDO�����FRXQWU\�VHW
RI�WUDGH�GDWD�DYDLODEOH�LQ�WKH�6WDWLVWLFV�&DQDGD�GDWD�VHW���DQG�WUDGH�GDWD�LV�DUUDQJHG�LQ
D�V\PPHWULFDO�GDWD�VHW�ZKHUH�WKHUH�DUH�DQ�HTXDO�QXPEHU�RI�SDUWQHU�UHJLRQV�DV�UHSRUWHU
FRXQWULHV�� � ,PSRUW� GHPDQG� HTXDWLRQV� DUH� HVWLPDWHG� EDVHG� RQ� WKH� :()$� *URXS·V
LQWHUQDWLRQDO�PDFURHFRQRPLF�GDWD��SULFH�GDWD��DQG�H[SRUWHU�SHUIRUPDQFH�PHDVXUHV�²
UHODWLYH�ZDJHV�DQG�UHODWLYH�UDWHV�RI�SURGXFWLYLW\�JURZWK���

���� 7KHRUHWLFDO�)UDPHZRUN��,QWHUQDWLRQDO�7UDGH�/LIH�&\FOH

7KH�VWURQJ�JURZWK�H[SHULHQFHG�LQ�WKH�ZRUOG�HFRQRP\�RYHU�WKH�SHULRG�VWDUWLQJ�LQ�WKH
HDUO\�����·V�DQG�FRQWLQXLQJ�WKURXJK������UHIOHFWV� WKH� LQFUHDVLQJ� LQWHUQDWLRQDOL]DWLRQ
RI� SURGXFWLRQ�� � ,QFUHDVLQJO\� LQWHUQDWLRQDO� WUDGH� LV� OHVV� D� IXQFWLRQ� RI� QDWLRQDO
GHYHORSPHQW� WKDQ� D� IXQFWLRQ� RI� LQWHUQDWLRQDO� GHYHORSPHQW�� 7UDGH� IORZV� DUH� WKHQ� D
GLUHFW� UHVXOW� RI� IRUHLJQ� LQYHVWPHQWV� DQG� WKH� LQFUHDVLQJ� GLIIXVLRQ� RI� WHFKQRORJLFDO
LQIRUPDWLRQ�IURP�WKH�FRUH�RU�PRUH�DGYDQFHG�QDWLRQV�WR�WKH�OHVV�DGYDQFHG�RQHV���$V�D
UHVXOW�� XQGHUVWDQGLQJ� WKH� IDFWRUV� WKDW� DUH� GULYLQJ� WKLV� VKLIW� DQG� IRUHFDVWLQJ� IXWXUH
SDWWHUQV�RI�JURZWK�PXVW�UHO\�XSRQ�HFRQRPLF�PRGHOV�WKDW�DUH�QRW�OLQHDU�LQ�RULHQWDWLRQ�
L�H��WKDW�GR�QRW�UHIOHFW�D�JURZWK�DORQJ�D�VLQJOH�SURGXFWLRQ�SDWK��EXW�UDWKHU�UHIOHFW�WKH
PXOWLSOLFLW\�RI�SURGXFWLRQ�SDWKV�WKDW�DUH�DSSDUHQW���&RXQWULHV�FRQWLQXDOO\�OHDS�IURJ�DV
QHZ�LQYHVWPHQWV�DUH�PDGH�DQG�QHZ�HQWHUSULVHV�GHYHORS��

7UDGH� UHIOHFWV� HFRQRPLF� PDWXULW\�� � &RXQWULHV� PRYH� WKURXJK� YDULRXV� SKDVHV� IURP
UHODWLYHO\� SRRU� DQG� XQGHYHORSHG�� ZLWK� LPSRUWV� FRQVWUDLQHG� E\� FDSDELOLW\� DQG
ILQDQFLDO�FDSLWDO�DYDLODELOLW\��WR�HPHUJLQJ�JURZWK��ZKHQ�LPSRUWV�PD\�LQFUHDVH�DV�WKH\
ILOO� LQ� JDSV� LQ� GRPHVWLF� SURGXFWLRQ� WKDW� DUH� RIWHQ� RULHQWHG� WRZDUGV� H[SRUWV�� DQG
WKURXJK� PRUH� PDWXUH� HPHUJLQJ� PDUNHWV�� ZKHQ� GRPHVWLF� SURGXFHUV� VXEVWLWXWH� IRU
IRUHLJQ��LPSRUW�GHPDQG�PD\�WKHQ�IDOO�DV�PRUH�ORFDO�SURGXFWLRQ�VXEVWLWXWHV�IRU�IRUHLJQ
SURGXFWLRQ����$W�VRPH�SRLQW�FRXQWULHV�UHDFK�D�PDWXUH�VWDJH�LQ�ZKLFK�LPSRUWV�LQFUHDVH
DV�IRUHLJQ�SURGXFHUV�UHSODFH�GRPHVWLF�SURGXFHUV���7KLV�ODWHU�VWDJH�UHIOHFWV�WKH�PDWXULW\
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RI�WKH�SURGXFWLRQ�EDVH�DV�LW�VKLIWV�IURP�ORZHU�YDOXHG�WR�KLJKHU�YDOXHG�SURGXFWLRQ�DQG
IURP�PDQXIDFWXULQJ�WR�VHUYLFHV�

([KLELW�����
,GHDOL]HG�6WDJH�RI�(FRQRPLF�'HYHORSPHQW

0RGHO�IRU�,PSRUW�'HPDQG

Imports

Import demand depressed by relative poverty and backwardness.

Import demand grows strongly as new companies enter market. Imports
may be inputs to exports of finished products.

Domestic production base sufficient to substitute domestic

production for foreign-made imports .

Import demand increases as economy matures and

higher value production replaces lower valued production .

Backward
and Poor

Emerging and
Fast Growing

Rich and Mature

$100 - $ 500 $500 - $ 7500 $7500 - $ 20,000+

Percapita Gross Domestic Product
6RXUFH� %RR]³$OOHQ�	�+DPLOWRQ�,QF��IURP�,&)�.DLVHU��,QF�

&RXQWULHV� DQG� PDUNHWV� WHQG� WR� UHDFK� SRLQW� RI� PDWXULW\� ZKHQ� FRQVXPHU� PDUNHWV�
EHFRPH�VDWXUDWHG���'XULQJ�WKLV�ODWHU�VWDJH�WKHUH�LV�D�UHSODFHPHQW�RI�ROG�ZLWK�QHZ��EXW
OLWWOH�UHDO�JURZWK���7KHVH�PRUH�PDWXUH�HFRQRPLHV�DOVR�WHQG�WR�EH�VORZHU�JURZLQJ�RQHV
LQ�WHUPV�RI�SRSXODWLRQ�JURZWK��EXW�WKHLU�DEVROXWH�YROXPH�RI�GHPDQG�LV�VXFK�WKDW�WKH\
�EX\�´PRUHµ�WKDQ�RWKHUV�WKDW�DUH�IDVWHU�JURZLQJ�EXW�DUH�FXUUHQWO\�OHVV�ZHOO�GHYHORSHG�
�'HYHORSPHQW� VWDJHV� DOVR� GLFWDWH� WKH� NLQGV� RI� SURGXFWV� WKDW� DUH� FRQVXPHG� DQG� WKH
WUDGH� UHODWLRQVKLSV� HVWDEOLVKHG�� � (FRQRPLHV� WKXV� PRYH� WKURXJK� SKDVHV� DQG� WKHVH
SKDVHV�DUH��SUHGLFWDEOH�XVLQJ�PRGHOV�WKDW�UHODWH�WKHVH�GLIIHULQJ�SDWWHUQV�RI�JURZWK�

���� 7KH�8QGHUO\LQJ�4XDQWLWDWLYH�0RGHO
&URVV�FRXQWU\�PRGHOV�UHIOHFW�VWDJHV�RI�HFRQRPLF�GHYHORSPHQW�E\�XWLOL]LQJ
LQIRUPDWLRQ�IURP�PRUH�WKDQ�RQH�FRXQWU\�LQ�D�MRLQW�HVWLPDWLRQ�SURFHGXUH���7KH
DGYDQWDJHV�RI�WKH�DSSURDFK�DUH�PDQ\��QRW�WKH�OHDVW�RI�ZKLFK�LV�WKH�DELOLW\�WR�PRGHO
WKH�ORQJHU�WHUP�WUHQGV���6KRUW�WHUP�SDWWHUQV��KRZHYHU��PD\�UHTXLUH�LQSXWV�RI�PRUH
FRXQWU\�VSHFLILF�GDWD���$V�D�FRPSURPLVH�EHWZHHQ�WKH�VKRUW�WHUP�EHQHILWV�RI�D�WLPH
VHULHV�PRGHO�DQG�WKH�ORQJ�WHUP�SRZHU�RI�D�FURVV�FRXQWU\�RQH��D�K\EULG�VSHFLILFDWLRQ
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IUDPHZRUN�WKDW�PL[HV�WLPH�VHULHV�GDWD�ZLWK�FURVV�FRXQWU\�GDWD�KDV�EHHQ�VHOHFWHG��
7KXV�DOO�RI�WKH�FRPSRQHQW�WUDGH�PRGHOV�ZHUH�HVWLPDWHG�XVLQJ�D�SRROHG�FURVV�
VHFWLRQDO�GDWD�VHW�ZLWK����FRXQWULHV�UHJLRQV�DQG�ILIWHHQ�\HDUV�RI�LQWHUQDWLRQDO
FRPPRGLW\�WUDGH�GDWD���
7KH�XQGHUO\LQJ�WKHRUHWLFDO�PRGHO�LV�EDVHG�RQ�D�YHU\�WUDGLWLRQDO�LQWHUQDWLRQDO�WUDGH
PRGHO�IRUP�LQ�ZKLFK�LPSRUW�GHPDQG�LV�D�IXQFWLRQ�RI�DJJUHJDWH�GHPDQG�DQG�UHODWLYH
SULFHV�IRU�LPSRUWHG�SURGXFWV���7UDGH�PRGHOV�DUH�´LPSRUW�RULHQWHGµ�PRGHOV�ZLWK
H[SRUW�VXSSO\�DVVXPHG�WR�EH�UDWLRQDOL]HG�DFURVV�PDMRU�UHJLRQDO�JURXSLQJV���([SRUWHU
VXFFHVV�LQ�VHOOLQJ�GHSHQGV�FULWLFDOO\�XSRQ�WKHLU�UHODWLYH�SULFHV��SURGXFWLYLW\�WUHQGV�
DQG�H[FKDQJH�UDWHV���,PSRUW�GHPDQG�LV�GHWHUPLQHG�E\�SHUVRQDO�FRQVXPSWLRQ
H[SHQGLWXUHV��EXVLQHVV�LQYHVWPHQW��DQG�FRQVXPSWLRQ�VWUXFWXUH�
)URP�WKH�SHUVSHFWLYH�RI�GHPDQG�IRU�WUDGHG�SURGXFWV��QHDUO\�DOO�LPSRUW�GHPDQG�FDQ
EH�GHILQHG�E\�GRPHVWLF�HFRQRPLF�DFWLYLW\���$�YHU\�VLPSOH�IRUP�RI�WKLV�W\SH�RI�PRGHO
LV�
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ZKHUH� 0�LV�WKH�PHDQ�LPSRUWV�RYHU�WKH�SHULRG�IRU�FRXQWU\�,�IURP�UHJLRQ�M
IRU�SURGXFW�N

<�LV�WKH�PHDQ�LQFRPH�RYHU�WKDW�VDPH�SHULRG�IRU�FRXQWU\�L���<�LV�HLWKHU
LQFRPH�RU�*'3�

$30�LV�DQ�DYHUDJH�SURSHQVLW\�WR�LPSRUW�DQG�LW�DVVXPHV�WKDW�HDFK�DGGLWLRQDO�GROODU�RI
LQFRPH�OHDGV�WR�D�IL[HG�VKDUH�RI�DGGLWLRQDO�LPSRUWV���$�PRUH�FRPSOH[�IRUP�ZRXOG�EH
WR�H[DPLQH�WKH�PDUJLQDO�LPSRUW�GHPDQG�UHODWLYH�WR�WKH�PDUJLQDO�GROODU�RI�LQFRPH���7R
FRPSXWH�WKLV��RQH�WDNHV�WKH�ILUVW�GLIIHUHQFH�LQ�LPSRUWV�UHODWLYH�WR�WKH�ILUVW�GLIIHUHQFH�LQ
LQFRPH��RU�
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�� 7KLV�LV�WKHUHIRUH�D����[����VDPSOH�RI�GDWD��SRWHQWLDOO\�����REVHUYDWLRQV�DQG��HYHQ�ZLWK�LQGLYLGXDO�FRXQWU\

LQWHUFHSWV��PRUH�WKDQ�����REVHUYDWLRQV���)HZ�WLPH�VHULHV�PRGHOV�FRPH�FORVH�LQ�WHUPV�RI�WRWDO�QXPEHU�RI
REVHUYDWLRQV���6LQFH��WKH�VWDWLVWLFDO�UHOLDELOLW\�LQFUHDVHV�DV�WKH�QXPEHU�RI�REVHUYDWLRQV�LQFUHDVHV��LQ�PRVW�FDVHV
WKH�FRHIILFLHQWV�DUH�VWDWLVWLFDOO\��YDOLG�HYHQ�LI�WKH�W�VWDWLVWLF�LV�OHVV�WKDQ����JUHDWHU�WKDQ�����LV�JHQHUDOO\
DFFHSWDEOH���
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1HLWKHU�$30�RU�030�DUH�HQWLUHO\�VDWLVIDFWRU\���7R�GHPRQVWUDWH�WKLV��RQH�FDQ�H[DPLQH
WKH�H[DPSOH�EHORZ�GUDZQ�IURP�WUDGH�RI�FRXQWULHV�LQ�/DWLQ�$PHULFD���2QH�FDQ�VHH�WKDW
WKHUH�LV�DQ�H[WUHPH�YRODWLOLW\��LQ�WKH�PDUJLQDO�SURSHQVLW\�WR�LPSRUW�UHODWLYH�WR�LQFRPH�
�$W�WKH�VDPH�WLPH��WKHUH�LV�D�VORZ�JURZWK�LQ�WKH�$30�VKRZLQJ�WKDW�LW�LV�QRW�D�FRQVWDQW
EXW�FKDQJHV�RYHU�WLPH����$V�VKRZQ�LQ�([KLELW������EHORZ��WKH�PDUJLQDO�SURSHQVLW\�WR
LPSRUW�LV�H[WUHPHO\�YDULDEOH�ZKLOH�WKH�DYHUDJH�SURSHQVLW\�WR�LPSRUW�LV�UHODWLYHO\�IODW
DQG�ULVLQJ���7KLV�YDULDELOLW\�PDNHV�XVLQJ�WKH�´PDUJLQDOµ�LQGLFDWRU�GLIILFXOW���,W�VXJJHVWV
WKDW�VPDOO�FKDQJHV�LQ�LPSRUWV�PD\�QRW�EH�IXOO\�H[SODLQHG�E\�VPDOO�FKDQJHV�LQ�*'3�

([KLELW�����
&RPSDULVRQ�RI�0DUJLQDO�YHUVXV�$YHUDJH�3URSHQVLW\�WR�,PSRUW

-0.5

0.0

0.5

1.0

1.5

80 85 90 95 00 05 10 15

MPMOLA APMOLA

:KDW� WKHQ� LV� D� PRUH� UREXVW� WKHRUHWLFDO� PRGHO� IRU� GHWHUPLQLQJ� LQWHUQDWLRQDO� WUDGH
SHUIRUPDQFH�DQG�IRUHFDVWLQJ�LW�LQWR�WKH�IXWXUH"��2YHU�WKH�\HDUV�HFRQRPLVWV�KDYH�XVHG
D� YDULHW\� RI� WLPH� VHULHV� HVWLPDWLRQV� WR� SUHGLFW� LPSRUW� GHPDQG�� � 6RPH� KDYH� EHHQ
VSHFLILF� WR� FRPPRGLWLHV�� VRPH� HYHQ� KDYH� PRGHOHG� JURXSV� RI� FRXQWULHV� DQG� FURVV�
FRXQWU\� RU� ELODWHUDO� WUDGH�� EXW� LQ� JHQHUDO� WKHUH� KDYH� EHHQ� IHZ� HFRQRPHWULF�PRGHOV
GHYHORSHG�WKDW�KDYH�XVHG�D�SRROHG�FURVV�VHFWLRQDO�WLPH�VHULHV�PRGHO�IUDPHZRUN�DQG
DUH�FRPPRGLW\�VSHFLILF�DQG�URXWH�VSHFLILF���,Q�GHYHORSLQJ�D�PRUH�VRSKLVWLFDWHG�PRGHO
ZH�QHHG�WR�WDNH�LQWR�DFFRXQW�VWUXFWXUDO�SDUDPHWHUV�WKDW�LPSDFW�WUDGH�SURSHQVLWLHV�
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2YHU�WKH�SHULRG�VWDUWLQJ�LQ�WKH�����·V�DQG�FRQWLQXLQJ�WKURXJK�WKH�����·V�WKHUH�ZDV�D
VWHDG\� LQFUHDVH� LQ� WKH�DYHUDJH�SURSHQVLW\� WR� LPSRUW�� � ,I�ZH� FDQ�XQGHUVWDQG�ZKDW� LV
EHKLQG� WKLV� WUHQG� WKHQ� � ZH� FDQ� XQGHUVWDQG� ZK\� LQWHUQDWLRQDO� WUDGH� KDV� LQFUHDVHG
GUDPDWLFDOO\�VLQFH�WKH�HDUO\�����·V�

2QH�ZD\� WR� XQGHUVWDQG�ZKDW� KDV� KDSSHQHG� LV� WR� GLYLGH�$30� LQWR� LWV� FRPSRQHQW
SDUWV�RU�
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ZKHUH� &*� �3*���(���0�

3*�LV�WKH�SURGXFWLRQ�RI�WUDGHG�JRRGV��(�LV�H[SRUWV�RI�WUDGHG�JRRGV��SRVVLEO\�UHGXFHG
E\� D� IDFWRU� WR� WDNH� LQWR� DFFRXQW� WKH�PDNH�XS� RI� H[SRUWV� E\� WKH� QRQ�PDQXIDFWXULQJ
VHFWRUV�RI�WKH�HFRQRP\���DQG�0�IRU�LPSRUWV�RI�WUDGHG�JRRGV�

7UDGH�LQWHQVLW\�WKXV�LV�QRZ�GHILQHG�LQ�WHUPV�RI�VKDUH�RI�FRQVXPSWLRQ�RI�WUDGHG�JRRGV
UDWKHU�WKDQ�VKDUH�RI�WRWDO�LQFRPH���7KH�UDWLR�RI�FRQVXPHG�JRRGV�WR�LQFRPH��&*�<�� LV
VORZO\�DGMXVWLQJ�DV�FRQVXPSWLRQ�SDWWHUQV�DGMXVW�DQG�FKDQJH���:H�NQRZ�WKDW�WKH�UDWLR
RI� LPSRUWHG� JRRGV� WR� FRQVXPHG� JRRGV��0�&*�� FDQQRW�� E\� GHILQLWLRQ�� H[FHHG� ���
�DOWKRXJK� IRU� VRPH� FRXQWULHV�ZLWK� VLJQLILFDQW� LQIORZV� RI� WUDQVLW� DQG� UH�H[SRUW� WUDGH
WKH�VKDUH�PD\�EH�TXLWH�KLJK����,Q�JHQHUDO�VPDOO�FRXQWULHV�WHQG�WR�KDYH�KLJKHU�LPSRUW
VKDUHV� WKDQ� ODUJHU� RQHV�� � 7KLV� VXJJHVWV� WKDW� WKHUH� LV� JUHDWHU� VSHFLDOL]DWLRQ�� � 7KH
H[DPSOH�FRXQWULHV�RI�WKH�86��WKH�8.��7DLZDQ�DQG�=LPEDEZH�DUH�VKRZQ�LQ�([KLELW����
��EHORZ���7KHUH�KDV�EHHQ�D�JUDGXDO�LQFUHDVH�LQ�WKH�VKDUH�RI�LPSRUWV�WR�FRQVXPSWLRQ�RI
WUDGHG�JRRGV���7KH�LQFUHDVH�LV�VLJQLILFDQW�IRU�WKH�86��WKH�8.�DQG�7DLZDQ���=LPEDEZH·V
VKDUH�KDV� IDOOHQ�RYHU� WLPH�GXH� LQ�SDUW� WR� WKH�HPEDUJR� WKDW� OLPLWHG� LWV�DELOLW\� WR�EX\
IURP�WKH�ZRUOG��ZKHQ�LW�ZDV�NQRZQ�DV�5KRGHVLD��DQG�LQ�SDUW�GXH�WR�LWV�SRYHUW\�DQG
ODFN�RI�KDUG�FXUUHQF\�WR�EX\�IRUHLJQ�LPSRUWV�
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([KLELW�����
,PSRUW�6KDUH�RI�&RQVXPSWLRQ�RI�,QWHUQDWLRQDOO\�7UDGHG�*RRGV
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)RU�WKH�PRUH�DGYDQFHG�QDWLRQV��VXFK�DV�WKH�86�DQG�WKH�8.��WKH�FRQVXPSWLRQ�VKDUH�RI
*'3�KDV�EHHQ�IODW��DV�VKRZQ�LQ�([KLELW������EHORZ���0RVW�RI�WKH�DGYDQFHG�HFRQRPLHV
QRZ� KDYH� D� VLJQLILFDQW� VKDUH� RI� WRWDO� JURVV� RXWSXW� FRQFHQWUDWHG� LQ� VHUYLFHV�� � 7KHVH
HFRQRPLHV� KDYH� D� UHODWLYHO\� VPDOOHU� VKDUH� RI� RXWSXW� WKDW� FDQ� EH� DIIHFWHG� E\� UDSLG
LQFUHDVHV�LQ�LPSRUWV����,PSURYHPHQWV�LQ�WKH�TXDOLW\�RI�OLIH�LQ�WKHVH�HFRQRPLHV�SDUDOOHO
WKH�LQFUHDVH�LQ�FRQVXPSWLRQ�RI�JRRGV�WKDW�FDQ�EH�WUDGHG�LQWHUQDWLRQDOO\�
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��3

0.4

0.5

0.6

0.7

0.8

80 82 84 86 88 90 92 94

US
TAIWAN UK

ZIMBABWE

7KH� WZR� UDWLRV� WKXV� UHSUHVHQW� OLPLWV�� � 2YHU� WLPH�� WKH�&*�*'3� UDWLR�ZLOO� EH� IODW� RU
GHFOLQH� DV� VHUYLFH� WUDGH� WDNHV� D� ODUJHU� VKDUH� RI� WRWDO�*'3�� � ,W� LV� DVVXPHG� WKDW� WKH
LPSRUWV�WR�FRQVXPSWLRQ�UDWLR��0*�&*��ZLOO�UHDFK�DQ�DV\PSWRWLF� OLPLW� OHVV�WKDQ������
1R� FRXQWU\� FDQ� EH� WUXO\� ����� VSHFLDOL]HG� LQ� SURGXFWLRQ�� �0DUJLQDO� DGMXVWPHQWV� LQ
$30�WKDW�FKDQJHV�LQ�WKHVH�WZR�HOHPHQWV�LQGXFH�WHQG�WR�VORZ�DV�D�FRXQWU\�DSSURDFKHV
LWV�DV\PSWRWLF�OLPLWV�� �(YLGHQFH�IRU�WKLV� LV�IRXQG�LQ�:HVWHUQ�(XURSH��ZKHUH�IRU�PRVW
VPDOOHU� FRXQWULHV�� (XURSHDQ� 8QLRQ� LQWHJUDWLRQ� KDV� DOUHDG\� OHG� WR� WUDGH� LQWHQVLW\
PHDVXUHV�WKDW�DUH�DSSURDFKLQJ�XQLW\���������2YHU�WKH�SDVW�WKLUW\�\HDUV��QHDUO\�DOO�WUDGH
JURZWK�LV�UHIOHFWHG�LQ�WKH�LPSRUWV�WR�WRWDO�FRQVXPSWLRQ�UDWLR��DV�WKH�JHQHUDO�WUHQG�LQ
FRQVXPSWLRQ�WR�LQFRPH��IRU�PRVW�FRXQWULHV��KDV��EHHQ�QHJDWLYH�

,QFRPH� FDQ� QH[W� EH� GLYLGHG� LQWR� WZR� FRPSRQHQWV� ��� PDUNHW� VL]H� DQG� ZHDOWK� SHU
FDSLWD���7KH�VKLIW�LQ�GHPDQG�FDQ�EH�UHODWHG�WR�PDUNHW�VL]H�VLQFH�ODUJHU�PDUNHWV�WHQG�WR
GHPDQG�PRUH�RI�VRPH�SURGXFWV��DQG��WKH\�DOVR�WHQG�WR�EH�PRUH�FRPSHWLWLYH�DV�IRUHLJQ
VHOOHUV� ILQG� LW� OHVV� H[SHQVLYH� WR� SHQHWUDWH� ODUJHU� PDUNHWV� �WKH� PDUNHW� SRWHQWLDO� LV
JUHDWHU�DQG�WKXV�WKH�FRVW�RI�HQWU\�SHU�SUREDEOH�XQLW�RI�VDOHV�LV�OHVV����7KH�ZHDOWK�HIIHFW
RQ�WUDGH�LV�XVXDOO\�SRVLWLYH�VLQFH�ZHDOWKLHU�PDUNHWV�DWWUDFW�PRUH�IRUHLJQ�VXSSOLHUV���,W
PD\��KRZHYHU��VRPHWLPHV�EH�QHJDWLYH���:HDOWKLHU�QDWLRQV�PD\�ILQG�LW�WRR�H[SHQVLYH�WR
SURGXFH�ORZHU�YDOXHG�SURGXFWV�DQG�WKXV�ZLOO�WXUQ�WR�LPSRUWV���(YHQ�KLJK�WHFKQRORJ\
SURGXFWV� FDQ� EH� ´ORZ� YDOXHµ� LQ� WHUPV� RI� SURILWDELOLW\�� � $Q� LQFUHDVLQJO\� JOREDO
SURGXFWLRQ� EDVH� DVVXUHV� WKDW� HDFK� WUDGLQJ� QDWLRQ�ZLOO� H[SRUW� SURGXFWV� WKDW� LW� KDV� D
FRPSDUDWLYH� DGYDQWDJH� LQ� �HLWKHU� LQ� WHUPV� RI� ODQG�� WHFKQRORJ\�� NQRZOHGJH�� RU� WKH
VNLOOV� RI� LWV�ZRUN� IRUFH�� DQG� LPSRUW� WKRVH� SURGXFWV� IRU�ZKLFK� LW� KDV� RQO\� D� OLPLWHG
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DGYDQWDJH���,QFUHDVLQJO\�SURGXFWV�DUH�PDGH�LQ�RQH�FRXQWU\�IRU�H[SRUW�WR�VHFRQG�ZLWK
SDUWV�SURGXFHG�LQ�D�WKLUG�

8VLQJ�WKHVH�UHODWLRQVKLSV�WKH�LPSRUW�GHPDQG�PRGHO�FDQ�EH�UHYLVHG�DV�IROORZV�
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ZKHUH�$�LV�WKH�FRQVWDQW�LQWHUFHSW��&*�<�LV�WKH�DYHUDJH�FRQVXPSWLRQ�RI�WUDGHG�JRRGV
WR�LQFRPH��0*�&*�LV�WKH�WUDGH�LQWHQVLW\�PHDVXUH��1�LV�PDUNHW�VL]H��SRSXODWLRQ���DQG
*'3�1�LV�SHU�FDSLWD�LQFRPH�RU�ZHDOWK�

7KLV�PRGHO� LV�QRQ�OLQHDU�� �(DFK�RI�WKHVH�´IDFWRUVµ�KDV�DQ�LPSDFW�RQ�WKH�RWKHUV�� �2QH
FDQ�HVWLPDWH�WKLV�HTXDWLRQ�XVLQJ�D�ORJ�ORJ�VSHFLILFDWLRQ���7KH�EHWDV�WKHQ�EHFRPH�SRLQW
HODVWLFLWLHV�PHDVXULQJ� WKH� UDWH�RI� FKDQJH� LQ� LPSRUWV� UHODWLYH� WR� WKH� UDWH�RI� FKDQJH� LQ
HDFK�RI�WKH�LQGHSHQGHQW�YDULDEOHV���7KH�RULJLQDO�FRQVWDQW�$30�RFFXUV�ZKHQ�WKH�EHWD·V
HVWLPDWHG�DUH�DSSUR[LPDWHO\�HTXDO�WR�������7KH�DSSUR[LPDWH�VL]H�RI�WKH�EHWD�PHDVXUHV
WKH�LPSRUWDQFH�RI�WKH�HIIHFW���,I�WUDGH�LQWHQVLW\�LV�RI�JUHDWHU�LPSRUWDQFH�LQ�H[SODLQLQJ
LPSRUW�GHPDQG�WKHQ�WKH�EHWD�ZLOO�EH�JUHDWHU�WKDQ�������:KHQ�WKH�EHWD�LV�FORVH�WR�]HUR
WKH�QHW�LPSDFW�RI�WKLV�IDFWRU�LV�LQVLJQLILFDQW�DQG�WKH�HQWLUH�FKDQJH�FDQ�EH�H[SODLQHG�E\
WKH�HOHPHQWV�WKDW�DUH�QRQ�]HUR��,I�E��DQG�E��HDFK�ZHUH�HTXDO�WR�������WKHQ�WKH�DYHUDJH
SURSHQVLW\�WR�LPSRUW�ZRXOG�EH�H[DFWO\�HTXDO�WR�
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([SRUW�VXSSO\�IDFWRUV�WKDW�LQIOXHQFH�WUDGH�FDQ�EH�VXPPDUL]HG�E\�WKH�UHODWLYH�UDWH�RI
H[SDQVLRQ� RU� FRQWUDFWLRQ� RI� SURGXFWLRQ� ZLWKLQ� WKH� H[SRUWLQJ� UHJLRQ�� � ,Q� WKH
GHYHORSPHQW�RI�WKHVH�PRGHOV��D�QXPEHU�RI�VWUXFWXUDO�IRUPV�ZHUH�WHVWHG�WR�DFFRXQW�IRU
WKH�LQIOXHQFH�RI�FKDQJLQJ�H[SRUW�VXSSO\�IDFWRUV�RQ�WKH�VL]H�DQG�GLUHFWLRQ�RI�JURZWK�LQ
UHJLRQDO�WUDGH���,Q�WKH�FXUUHQW�PRGHOLQJ�V\VWHP��LW�ZDV�GHFLGHG�WR�UHIOHFW�WKH�UHODWLYH
UDWH�RI�SURGXFWLRQ�JURZWK�LQ�H[SRUWLQJ�UHJLRQV�DORQH���7KLV�YHUVLRQ�RI�WKH�FRPPRGLW\

������������������������������������������������
�� 6LPLODUO\�LI�E��DQG�E��ZHUH�HTXDO�WR�����HDFK��WKHQ�WKH�SURGXFW�RI�<�1�DQG�1�ZRXOG�EH�LGHQWLFDO�WR�<���$V�LW

WXUQV�RXW��LQ�IHZ�FDVHV�DUH�WKHVH�UHODWLRQVKLSV�KRPRJHQHRXV�RI�D�GHJUHH�����ZKLFK�WKLV�FRQGLWLRQ�LPSOLHV���,Q
QHDUO\�DOO�FDVHV�WKH�LPSDFW�RI�HFRQRPLF�VWUXFWXUH��ZHDOWK�DQG�PDUNHW�VL]H�RQ�WUDGH�LQ�D�VSHFLILF��NWK��FRPPRGLW\
YDULHV�
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WUDGH� PRGHOV� HPERG\� VWUXFWXUDO� UHODWLRQVKLSV� IRU� SURGXFWLRQ� LQ� WKH� H[SRUWLQJ
UHJLRQ����

7KH� LPSRUW�PRGHO��KRZHYHU��KDV�EHHQ�IRUPXODWHG�WR�PLUURU�FRUUHFWO\� WKH�VKRUW�WHUP
SDWWHUQV� LQ� PDUNHW� GHPDQG� DV� UHIOHFWHG� E\� WKH� GHPDQG� IRU� FRQVXPHU� SURGXFWV
�SHUVRQDO� FRQVXPSWLRQ� H[SHQGLWXUHV�� DQG� LQYHVWPHQW� JRRGV� �EXVLQHVV� IL[HG
LQYHVWPHQW�VSHQGLQJ����7KH�UHODWLYH�SULFH�WHUP�DGMXVWV�LPSRUW�GHPDQG�WR�UHIOHFW�FURVV�
SULFH� UHODWLRQVKLSV� EHWZHHQ� H[SRUWHU� DQG� LPSRUWHUV�� � ,PSRUW� SULFH� FKDQJHV� DORQH�
KRZHYHU��DUH�DVVXPHG�VXIILFLHQW�WR�DGMXVW�LPSRUW�GHPDQG���(IIRUWV�WR�FRPSDUH�LPSRUW
SULFHV�WR�GRPHVWLF�SULFHV�WHQG�WR�\LHOG�XQVDWLVIDFWRU\�UHVXOWV�SULPDULO\�EHFDXVH�RI�WKH
GLIILFXOW\� LQ� ILQGLQJ� FRPSDUDEOH� SULFH� PHDVXUHV� IRU� ERWK� WKH� H[SRUWHU� DQG� WKH
LPSRUWHU�� �0RUHRYHU�� WUDGH� WHQGV� WR�´ILOO�LQµ�DW� WKH�PDUJLQ�� VR� WKDW� VPDOO� FKDQJHV� LQ
SULFHV�RI� WUDGHG�JRRGV�FDQ� OHDG�WR� ODUJHU�DGMXVWPHQWV� LQ� WUDGH�YROXPHV�� � ,Q�JHQHUDO�
KRZHYHU��SULFH�HODVWLFLWLHV�FDOFXODWHG�XVLQJ�WKLV�DSSURDFK�DUH�FRQVLVWHQW�ZLWK�D�SULRUL
H[SHFWDWLRQV�DQG�IDOO�ZLWKLQ�D�UDQJH�RI����WR���

���� 1RPLQDO�8�6��'ROODU�7UDGH�$QG�5HDO�9ROXPH�7UDGH

2QH�RI�WKH�PRVW�YH[LQJ��SUREOHPV�LQ�LQWHUQDWLRQDO�WUDGH�IRUHFDVWLQJ�LQYROYHV�ILQGLQJ�D
XVHIXO� FRPPRQ� PHDVXUHPHQW� IRU� FRPSDULQJ� UHDO� JURZWK� DFURVV� FRXQWULHV� DQG
EHWZHHQ�UHJLRQV���(FRQRPHWULF�PRGHOV�DUH�W\SLFDOO\�HVWLPDWHG�LQ�WHUPV�RI�UHDO�YROXPH
PHDVXUHV� ZLWK� SULFHV� DVVXPHG� WR� EH� H[WHUQDO� RU� H[RJHQRXVO\� JLYHQ�� � *LYHQ� WKDW
QRPLQDO�GROODU�DPRXQWV�WHQG�WR�UHIOHFW�H[FKDQJH�UDWH�FKDQJHV�WKDW�PD\��RU�PD\�QRW�
LPSDFW�UHDO�GHPDQG�IRU�WKH�SURGXFWV��WKHUH�FDQ�EH�DQ�H[WUHPH�YRODWLOLW\�LQ�WKH�QRPLQDO
YDOXHV�ZKHUH� WKHUH� LV�RQO\�D� OLPLWHG�YRODWLOLW\� LQ� WKH� UHDO�YROXPHV�� �7KLV�GLIIHUHQWLDO
EHFRPHV�HYHQ�PRUH�DSSDUHQW�ZKHQ�ZH�FRPSDUH�&RXQWU\�$�WR�&RXQWU\�%�HVSHFLDOO\�LI
H[FKDQJH�UDWHV�KDYH�FKDQJHG�GUDPDWLFDOO\�RYHU�WLPH��

7KH� YRODWLOLW\� RI� FXUUHQF\� H[FKDQJH� UDWHV� PDNHV� XVH� RI� QRPLQDO� YDOXH� WUDGH� GDWD
SUREOHPDWLF�IRU�IRUHFDVWLQJ���7KLV�YRODWLOLW\�LV�FOHDU�LQ�([KLELW������EHORZ�IRU�*HUPDQ�
-DSDQ�DQG�6LQJDSRUH��(YHQ�LI�WKHUH�ZDV�QR�FKDQJH�LQ�WKH�UHDO�YROXPH�RI�WUDGH��XVH�RI
QRPLQDO� YDOXHV� RYHU� WKLV� SHULRG� ZRXOG� OHDG� WR� ODUJH� VZLQJV� LQ� UHSRUWHG� QRPLQDO
GROODU�WUDGH�

������������������������������������������������
��� 5HODWLYH�ZDJH�DQG�UHODWLYH�SURGXFWLYLW\�PHDVXUHV�DUH�QRW�LQFOXGHG�LQ�WKH�VXSSO\�SRWHQWLDO�SRUWLRQ�RI�WKH

DQDO\VLV���7KHVH�SURYHG�WR�EH�WRR�GLIILFXOW�WR�LQWHUSUHW�ZLWK�DQ\�SUHFLVLRQ���%\�VFDOLQJ�H[SRUW�VXSSO\�IRU�DOO
UHJLRQV�M�WR�LPSRUW�GHPDQG�IURP�WKH�ZRUOG��D�FRQWURO�LV�LPSRVHG�WKDW�DOORZV�IRU�H[SRUW�PDUNHW�VKDUHV�DPRQJ
VXSSOLHUV�WR�VKLIW�RYHU�WLPH��



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� &RPPRGLW\�)RUHFDVW�0HWKRGRORJLHV

([KLELW�����
9RODWLOLW\�LQ�86�'ROODU�)RUHLJQ�&XUUHQF\�([FKDQJH�5DWHV

-DSDQ��*HUPDQ\�DQG�6LQJDSRUH

�� ��
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�� ��
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-$3$1 *(50$1< 6,1*$325(

3ULFHV� DUH� ERWK� GHVFULSWLYH� RI� WKH� FXUUHQW� YDOXH� DQG� DOVR� VWUXFWXUDOO\� LPSRUWDQW�
GHVFULELQJ� WKH� EHKDYLRU� RI� FRQVXPHUV� DV� WKH\� FKDQJH�� � 7R� ILQG� D� FRPPRQ
GHQRPLQDWRU�IRU�DOO�FRXQWULHV�LQ�RUGHU�WR�GR�D�SURSHU�FRPSDULVRQ�WKHQ�WZR�HOHPHQWV
QHHG�EH�FRQVLGHUHG��FRPPRGLW\�SULFH�FKDQJHV�DQG�H[FKDQJH�UDWHV�

7KH� 8QLWHG� 6WDWHV� GROODU� LV� W\SLFDOO\� XVHG� DV� D� PHDVXUH� RI� WUDGH� DQG� HFRQRPLF
SHUIRUPDQFH�� � $VVXPLQJ� WKDW� SULFHV� DUH� LQ� 86� GROODUV�� RQH� KDV� WR� LQVXUH� WKDW� WKH
GROODU�ORFDO�FXUUHQF\�UDWH�LV�KHOG�FRQVWDQW�RYHU�WLPH�VR�WKDW�WKH�YRODWLOH�QDWXUH�RI�WKH
GROODU·V� ULVH� DQG� IDOO� LV� DYRLGHG�� � $� PHDVXUH� ZDV� GHYHORSHG� WKDW� UHIOHFWV� GROODUV
FRQYHUWHG�DV�RI�D�FHUWDLQ�SRLQW�LQ�WLPH���7KLV�ZDV�GRQH�E\�WDNLQJ�RXW�RI�WKH�QRPLQDO
GROODU� YDOXH� RI� FRXQWU\� WUDGH� WKH� FKDQJHV� WKDW� KDYH� RFFXUUHG� VLQFH� WKH� FRQYHUVLRQ
SRLQW�LQ�ERWK�FRPPRGLW\�SULFHV�DQG�H[FKDQJH�UDWHV�

$�VWDQGDUGL]HG��DSSURDFK�WR�DGMXVWPHQW�RI�WUDGH�YDOXH�WR�YROXPH�KDV�EHHQ�GHYHORSHG
WKDW�WDNHV�LQWR�DFFRXQW�ERWK�FRPPRGLW\�SULFHV�DQG�FURVV�H[FKDQJH�UDWHV���&RPPRGLW\
SULFHV�DUH�LQ�WHUPV�RI�86�GROODUV��PHDVXUHG�XVLQJ�6,7&�FRPPRGLW\�EDVHG�H[SRUW�DQG
LPSRUW�SULFH�LQGLFHV�� � ,QGLYLGXDO�FRXQWU\�GLIIHUHQFHV�LQ�SULFH�LQIODWLRQ�UHODWLYH� WR�86
SULFHV�DUH�WDNHQ�LQWR�DFFRXQW�XVLQJ�H[SRUW�SULFH�LQGLFHV���7ZR�SULQFLSDOV�KDYH�JXLGHG
WKLV�DSSURDFK�

�� 5HDO�FKDQJHV�LQ�FRPPRGLW\�SULFHV�VKRXOG�EH�FDSWXUHG�LQ�DQ\�SULFH�LQGH[
DSSOLHG�

�� ([FKDQJH�UDWH�FKDQJHV�VKRXOG�QRW�EH�LQWURGXFHG�PHFKDQLFDOO\��LQ�RUGHU�WR
DYRLG�DVVXPLQJ�WKH�IXOO�HIIHFW�RI�WKH�FKDQJH�LQ�LQWHUQDWLRQDO�SULFHV�DUH
SDVVHG�RQWR�EX\HUV�E\�VHOOHUV�
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7KH� ODFN� RI� IXOO\� FRQVLVWHQW�� WUDGH� VSHFLILF� SULFHV� IRU� FRPPRGLWLHV� LQFOXGHG� LQ� WKLV
VWXG\�KDV�OHG�WR�WKH�GHYHORSPHQW�RI��D�K\EULG�PHWKRGRORJ\�XVLQJ�8QLWHG�6WDWHV�SULFH
VWDWLVWLFV��H[FKDQJH�UDWHV��DQG�JHQHUDO�H[SRUW�SULFH�LQGLFHV�IRU�H[SRUWLQJ�FRXQWULHV�DQG
UHJLRQV���7KHVH�UHSUHVHQWDWLYH�PHDVXUHV�DUH�VSHFLILF�WR�2(&'�DQG�VHOHFWHG�HPHUJLQJ
PDUNHWV��ZLWK�JHQHUDOO\�FRQYHUWLEOH�FXUUHQFLHV��EXW�DUH�QRW�XVHG�WR�FRQYHUW�H[SRUWV�RI
RWKHU� OHVV�GHYHORSHG� FRXQWULHV�� DV� WKHVH� FRXQWULHV� DUH� DVVXPHG� WR� EH� � SULFH� WDNHUV��
7KLV�DSSURDFK�DOVR�DVVXPHV�WKDW�WKH�OHVV�GHYHORSHG�FRXQWU\�WUDGH�YROXPHV�UHIOHFW�86
GROODU�SULFH�DGMXVWPHQWV�RQO\��QRW�H[FKDQJH�UDWHV��

,PSRUW�GHPDQG�SULFH� LQGLFHV�DUH�EDVHG�RQ� �8QLWHG�6WDWHV�%XUHDX�RI�/DERU�6WDWLVWLFV
WUDGH�SULFH�LQGLFHV���7KHVH�LQGLFHV�DUH�GHYHORSHG�XVLQJ�VXUYH\�GDWD�IURP�86�LPSRUWHUV
DQG�H[SRUWHUV���LQGLFHV�DUH�FRPPRGLW\�VSHFLILF���7KH\�DUH�QRW��KRZHYHU��VSHFLILF�WR�DQ\
RQH� WUDGH� SDUWQHU� FRXQWU\� RU� UHJLRQ�� � 3ULFH� LQGH[� IRUHFDVWV� DUH� EDVHG� RQ� IRUHFDVWV
GHULYHG� IURP� 8QLWHG� 6WDWHV� LQSXW�RXWSXW� LQGXVWU\� PRGHOV� DQG� UHIOHFW� WKH
PDFURHFRQRPLF� GHYHORSPHQWV� DQG� IDFWRUV� VSHFLILF� WR� UHODWHG� LQGXVWULHV�� � $Q
LOOXVWUDWLYH� H[DPSOH�PD\�KHOS� H[SODLQ� WKLV�� � 7R�XQGHUVWDQG� WKH� LPSDFW� RI�86�GROODU
FKDQJHV� RQ� -DSDQ·V� H[SRUWV� WR� WKH�ZRUOG�� H[FKDQJH� UDWHV� DQG� -DSDQHVH� H[SRUW� SULFH
DGMXVWPHQWV�QHHG�WR�EH�WDNHQ�LQWR�DFFRXQW�� � ,Q�-DSDQ��H[SRUW�SULFH�WUHQGV�KDYH�RIWHQ
EHHQ�FRXQWHU�WR�H[FKDQJH�UDWH�WUHQGV���([SRUW�SULFHV�LQ�\HQ�GHQRPLQDWHG�WHUPV�KDYH
IDOOHQ� DV� WKH� \HQ�GROODU� UDWH�KDV� DSSUHFLDWHG�� �:KHQ� WKH� UDWH� RI� DGMXVWPHQWV� DUH� RI
HTXDO�DPRXQWV��LQ�RSSRVLWH�GLUHFWLRQV��WKHQ�WKH�QHW�LPSDFW�RI�WKH�\HQ·V�DSSUHFLDWLRQ�LQ
WHUPV�RI�H[SRUW�YROXPH�LV�]HUR���7KXV�WKH�UHSRUWHG�YROXPH�H[SRUWHG�IURP�-DSDQ�PD\
EH� JUHDWHU� WKDQ� LW� ZRXOG� KDYH� EHHQ�� LI� RQO\� WKH� H[FKDQJH� UDWH� DGMXVWPHQW� DQG
FRPPRGLW\�SULFH�FKDQJHV�KDG�EHHQ�DSSOLHG�WR�WKH�QRPLQDO�GROODU�YDOXH�RI�WUDGH�

:KLOH� WKH�DSSURDFK�XVHG� WR�PDNLQJ� LQWHUQDWLRQDO� WUDGH� IORZ�GDWD� FRQVLVWHQW� LQ� UHDO
YROXPH� PHDVXUHV� PD\� DSSHDU� WR� EH� VRPHZKDW� DEVWUDFW�� LW� RIIHUV� WKH� VLJQLILFDQW
DGYDQWDJH� RI� EHLQJ� FRQVLVWHQW� DFURVV� FRXQWULHV� DQG� UHJLRQV�� � ,W� DOVR� DOORZV� IRU
GLIIHUHQWLDO�LPSDFWV�DVVRFLDWHG�ZLWK�GRPHVWLF�SULFH�LQIODWLRQ��RU�GHIODWLRQ����*LYHQ�WKH
LPSRUWDQFH� RI� WKH�$PHULFDQ�PDUNHW� RU� FRPSHWLWLRQ� DJDLQVW�86� GROODU� GHQRPLQDWHG
H[SRUWV��86�FRPPRGLW\�SULFH�WUHQGV�DSSHDU�WR�RIIHU�D�FRQVLVWHQW�VHW�RI�SULFH�LQGLFHV�IRU
GHIODWLQJ�QRPLQDO�YDOXH�GDWD�
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ZKHUH� ,;�LV�WKH�H[SRUW�SULFH�LQGH[�IRU�FRXQWU\�\�IRU�FRPPRGLW\�N�
,&86�LV�WKH�FRPPRGLW\�SULFH�LQGH[�IURP�86�GDWD�IRU�FRPPRGLW\�N�ZLWK

D�EDVH������ ����
,7;�LV�WKH�FRXQWU\�VSHFLILF�H[SRUW�SULFH�LQGH[��ORFDO�FXUUHQF\��IRU�FRXQWU\

M�ZLWK�D�EDVH������ ����
,86�LV�WKH�JHQHUDO�SULFH�LQIODWLRQ�LQGH[�IRU�WKH�8QLWHG�6WDWHV�ZLWK�D�EDVH

����� ����
,(;5�LV�WKH�LQGH[�RI�H[FKDQJH�UDWH�IRU�FRXQWU\�M�LQ�ORFDO�FXUUHQF\�86��

WHUPV�ZLWK�D�EDVH������ �����

7KH�H[SRUW�SULFH�LQGH[�,;�LV�XVHG�WR�GHIODWH�WKH�QRPLQDO�GROODU�WUDGH�RI�WKH�LPSRUWLQJ
FRXQWU\�� � 7KH� QRPLQDO� GROODU� WUDGH� UHIOHFWV� H[FKDQJH� UDWH� DGMXVWPHQWV� LQ� HDFK
LPSRUWLQJ�FRXQWU\���7KXV�WKH�UHVXOWLQJ�UHDO�LPSRUWV�UHIOHFW�D�UHDO�������EDVH��YROXPH�RI
WUDGH�UHPRYLQJ�ERWK�H[FKDQJH�UDWH�DGMXVWPHQW�DQG�FRPPRGLW\�SULFH�WUHQGV�

jk

ijk
ijk IX

NM
M = �

ZKHUH� 0�LV�WKH�UHDO�LPSRUWV�RI�FRXQWU\�L�IURP�UHJLRQ�FRXQWU\�M�RI
SURGXFW�N

10�LV�WKH�QRPLQDO�LPSRUWV�LQ�86�GROODUV�RI�FRXQWU\�L�IURP
UHJLRQ�FRXQWU\�M�RI�SURGXFW�N

,;�LV�WKH�H[SRUW�SULFH�LQGH[�IRU�WKH�MWK�H[SRUWHU�WR�DOO�FRXQWULHV�IRU
SURGXFW�N�

:KHQ�D��FXUUHQF\�DSSUHFLDWHV�UHODWLYH�WR�WKH�GROODU�WKH�H[SRUW�SULFH�LQGH[�LQFUHDVHV���,I
WKH�LPSRUWHU·V�FXUUHQF\�LV�DOVR�DSSUHFLDWLQJ��VR�WKDW�WKH�QRPLQDO�GROODU�LPSRUWV�RI�WKDW
FRXQWU\� DUH� JUHDWHU�� WKHQ� WKH� LPSDFW� RI� WKH� DSSUHFLDWLRQ� RQ� WKH� H[SRUWHU� DQG� WKH
UHVXOWLQJ�ULVH� LQ� WKH�SULFH� LQGH[� LV�UHGXFHG�� �7KH�KLJKHU�GROODU�YDOXH�RI� WKH�UHSRUWHG
LPSRUWV� DQG� WKH�JUHDWHU�YDOXH� LQ� WKH�SULFH� LQGH[� FDQFHO�RXW�� �7KH�DGMXVWPHQW�RI� WKH
FRPPRGLW\�SULFH�IRU�SURGXFW�N��LV�GHVLJQHG�WR�UHODWH�WKH�H[SRUW�SULFH�RI�WKH�H[SRUWHU�WR
WKH�86�JHQHUDO�SULFH�OHYHO���)RU�H[DPSOH��ZKHQ�WKH�-DSDQHVH�\HQ�DSSUHFLDWHG�DJDLQVW
WKH�GROODU�GXULQJ�WKH�PLG�����
V�� WKH� -DSDQHVH�H[SRUW�SULFH�GHFOLQHG��LQ�\HQ�WHUPV���
7KH� UHGXFWLRQ� LQ� WKH� H[SRUW� SULFH� FRXQWHUHG� WKH� DSSUHFLDWLRQ� LQ� WKH� \HQ�GROODU
H[FKDQJH�UDWH��IHZHU�\HQ�SHU�GROODU��

)RU� OHVV� GHYHORSHG� FRXQWU\� �/'&�� H[SRUWHUV� LW� LV� DVVXPHG� WKDW� HDFK� LPSRUWLQJ
FRXQWU\·V� RZQ� GROODU� �QRPLQDO� GROODU�� YROXPH� PD\� EH� SURSHUO\� GHIODWHG� ZLWK� WKH
JHQHUDO�SULFH�LQIODWLRQ�LQ�86�GROODUV���7KLV�DVVXPHV�WKDW�/'&�H[SRUWHUV�DUH�SULFH�WDNHUV
DQG� WKDW� WKH\� UHJXODWH� WKHLU� H[FKDQJH� UDWHV� WR� LQVXUH� WKDW� WKHLU� H[SRUWV� UHPDLQ
FRPSHWLWLYH�LQ�WHUPV�RI�WKH�JHQHUDO�LQIODWLRQ�UDWH�LQ�WKH�$PHULFDQ�PDUNHW���7KXV�ZKHQ
D� ORFDO� HFRQRP\� LV� LQIODWLQJ� UDSLGO\� LW� LV� DVVXPHG� WKDW� WKH� H[SRUW� SULFH� LQ� GROODUV
DGMXVWV�DV�WKH�FRXQWU\·V�RZQ�H[FKDQJH�UDWH�GHYDOXHV�LQ�OLQH�ZLWK�WKH�LQWHUQDO�LQIODWLRQ
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UDWH�� � 7R� WKH� H[WHQW� WKDW� WKLV� GRHV� QRW� RFFXU�� WKH� H[SRUWHUV� ZRXOG� ILQG� WKHPVHOYHV
SULFHG�RXW�RI�WKH�PDUNHW�XQOHVV�WKH\�DUH�DEOH�WR�VXEVLGL]H�WKH�H[SRUWV���,Q�HLWKHU�FDVH
WKH\� FDQQRW� VHOO� WKHLU�SURGXFWV� DW�SULFHV� DERYH� WKH� UDWH�RI�86�SULFH� LQIODWLRQ� IRU� WKH
FRPPRGLW\�LQ�TXHVWLRQ�

���� 7KH�6WUXFWXUH�2I�7KH�*OREDO�7UDGH�0RGHO�6\VWHP

(DFK�WUDGH�UHSUHVHQWV�D�VLQJOH�FRPPRGLW\�WUDGH�IORZ���7KHVH�DUH�QRW�WRS�GRZQ�PRGHOV
EXW�UDWKHU�DUH�EXLOW�XS�IURP�WKH�VXP�RI�WKHLU�SLHFHV���7RWDO�ZRUOG�WUDGH�LV�WKH�UHVXOW�RI
WKH� LQWHUDFWLRQ�RI������ LQGLYLGXDO� WUDGH�URXWHV� IRU�HDFK�RI� WKH����FRPPRGLW\�JURXSV
WKDW� PDNH� XS� WKH� IXOO� VDPSOH�� � (DFK� FRPPRGLW\·V� WUDGH� PRGHO� LV� LQGHSHQGHQWO\
GHYHORSHG�DQG��ZKHQHYHU�SRVVLEOH��LPSRUWHU�H[SRUWHU�UHODWLRQVKLSV�DUH�LQGHSHQGHQWO\
IRUHFDVW�� � $W� WKH� FRPPRGLW\� OHYHO�� KRZHYHU�� WKHUH� DUH� FRQWUROV� LPSRVHG� WR� LQVXUH
FRQVLVWHQF\�ZLWK�SDVW�SHULRGV�DQG�UHDVRQDEOH�IRUHFDVWV�IRU�IXWXUH�SHULRG�JURZWK�

(DFK� PRGHO� LQFOXGHV� D� IXOO\� GHVFULEHG� VHW� RI� KLVWRULFDO� DQG� WUDGH� GDWD� IRU� WKH� ��
FRXQWULHV� DQG� UHJLRQV� ���� FRXQWULHV� DQG� ��� UHJLRQV��� � 7KHUH� DUH� ��� WUDGH� UHSRUWLQJ
UHJLRQV�DQG�FRXQWULHV�DQG����WUDGH�SDUWQHU�UHJLRQV�DQG�FRXQWULHV�� WKXV� WKH�UHVXOWLQJ
PRGHO� UHIOHFWV� D� ELODWHUDO� PDWUL[� RI� ZRUOG� WUDGH�� � 8QOLNH� HDUOLHU� HIIRUWV�� WKLV� PRGHO
FRYHUV� DOO� UHSRUWHG� WUDGH� IORZV� DQG� LV� EDVHG� RQ� GDWD� GHULYHG� IURP� D� ���� FRXQWU\
FROOHFWLRQ�RI�FRPPRGLW\�WUDGH�GDWD��FROOHFWHG�DQQXDOO\�E\�WKH�8QLWHG�1DWLRQV�����7KHVH
UHSRUWV� UHSUHVHQW� D� XQLYHUVH� RI� LQIRUPDWLRQ� GUDZQ� IURP� VRPHWLPHV� FRQIOLFWLQJ
VRXUFHV�� � 7R� LQVXUH� FRQVLVWHQF\�� WKH� KLVWRULFDO� GDWD� EDVH� XVHV� DV� LWV� FRUH�� 8QLWHG
1DWLRQV� ZRUOG� WUDGH� GDWD� VXSSOLHG� E\� 6WDWLVWLFV� &DQDGD� DQG� UHSRUWHG� DV� D
XQLGLUHFWLRQDO�PDWUL[�RI�WUDGH��L�H��RQO\�RQH�GLUHFWLRQ�RI�WUDGH�LQIRUPDWLRQ�LV�UHSRUWHG
IRU�HDFK�FRXQWU\�SDLU������[������

7KH� DGYDQWDJHV� RI� WKLV� DUH� VHYHUDO�� � ,Q� GHYHORSLQJ�PRGHOV� IRU� LQWHUQDWLRQDO� WUDGH��
FRQVLVWHQF\�LV� LPSRUWDQW�DQG�WUDGH�GDWD�RIWHQ� LV� LQFRQVLVWHQW�� �7KLV� LV�HVSHFLDOO\� WUXH
ZLWK�UHVSHFW� WR�ELODWHUDO� WUDGH�ZKHUH� -DSDQHVH� LPSRUWV� IURP�&KLQD�PD\�QRW�EH� IXOO\
FRQVLVWHQW�ZLWK�&KLQHVH�H[SRUWV�WR�-DSDQ���,W�PDNHV�WKH�GHYHORSPHQW�RI�D�WUDGH�PRGHO
OHVV�FRPSOH[�LQ�WKDW�HDFK�IORZ�LV�LQGHSHQGHQW�RI�HDFK�RWKHU���([KLELW������EHORZ�OLVWV
WKH�UHSRUWLQJ�DQG�SDUWQHU�FRXQWU\�WUDGH�UHJLRQV�XVHG�LQ� WKH�PRGHO�� �'HWDLOHG�UHJLRQ
GHILQLWLRQV�DUH�FRQWDLQHG�LQ�([KLELW������DW�WKH�HQG�RI�WKLV�DWWDFKPHQW�
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([KLELW�����
&RXQWULHV�DQG�5HJLRQV�8VHG�LQ

&RPPRGLW\�7UDGH�)RUHFDVWLQJ�0RGHOV

([SRUWV
7R

,PSRUWV
)URP

([SRUWLQJ�&RXQWU\�
+LVWRULFDO�	�)RUHFDVW�

,QWHUQDWLRQDO�7UDGH�'DWD

1RUWK�$PHULFD
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(XURSH
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&HQWUDO�$PHULFD

�����0H[LFR

�����FRVWD�5LFD

�����3DQDPD

�������2WKHU�&HQWUDO�$PHULFD

�������&DULEEHDQ�%DVLQ

/DWLQ�$PHULFD
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�������&RORPELD
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�����6RXWK�$IULFD
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�����&DQDGD

(XURSH
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�����1RUZD\

�����6SDLQ

�����3RUWXJDO

�����6ZHGHQ

�����6ZLW]HUODQG

�����7XUNH\

�����8QLWHG�.LQJGRP

�������2WKHU�:HVWHUQ��(XURSH

(DVWHUQ�(XURSH

�����)RUPHU�&,6

(PHUJLQJ�$VLD

�����&KLQD

�����+RQJ�.RQJ

�����,QGRQHVLD

�����0DOD\VLD

�����3KLOLSSLQHV

�����6LQJDSRUH

�����6RXWK�.RUHD

�����7DLZDQ

�����7KDLODQG

�����9LHWQDP

�������2WKHU�5HJLRQ

,QGLDQ�6XEFRQWLQHQW

�����3DNLVWDQ

�����,QGLD

�������2WKHU�6XEFRQWLQHQW

'HYHORSHG�$VLD

�����-DSDQ

�����$XVWUDOLD

�����1HZ�=HDODQG

&HQWUDO�$PHULFD

�����0H[LFR

�����FRVWD�5LFD

�����3DQDPD

�������2WKHU�&HQWUDO�$PHULFD

�������&DULEEHDQ�%DVLQ

/DWLQ�$PHULFD

�����$UJHQWLQD

�����%UD]LO

�����9HQH]XHOD

�������2WKHU�(DVW�&RDVW�6RXWK�$PHULFD

�������&KLOH

�������&RORPELD

�������3HUX

�������2WKHU�:HVW�&RDVW�6RXWK�$PHULFD

$IULFD�0HGLWHUUDQHDQ�5HJLRQ

�����3HUVLDQ�*XOI

�����,VUDHO

�����0HGLWHUUDQHDQ

�����1RUWKHUQ�$IULFD

�����(DVWHUQ�$IULFD

�����:HVWHUQ�$IULFD

�����6RXWK�$IULFD

�������2WKHU�6RXWKHUQ�$IULFD

,PSRUWLQJ�&RXQWU\�
+LVWRULFDO�	�)RUHFDVW�

,QWHUQDWLRQDO�7UDGH�'DWD

���� 7KH�)RUHFDVW�3URFHVV��7KH�0XOWLVWDJH�$SSURDFK�7R�*OREDO�7UDGH�)RUHFDVWLQJ

$� SRROHG� WLPH� VHULHV� FURVV� VHFWLRQDO� GDWD� EDVH� LV� XVHG� IRU� WKH� HFRQRPHWULF� PRGHO
GHYHORSPHQW�� � (VWLPDWLRQV� GHSHQG� XSRQ� D� ZHLJKWHG� *HQHUDOL]HG� /HDVW� 6TXDUHV
HVWLPDWLRQ�XVLQJ�ZHLJKWV�GHULYHG�IURP�WKH�FR�YDULDQFH�PDWUL[�HVWLPDWHG�LQ�WKH�LQLWLDO
SDVV���� � 3RROHG� FURVV�VHFWLRQDO� WLPH� VHULHV� PRGHOV� FRPELQH� LQIRUPDWLRQ� RQ� PDQ\
FRXQWULHV�ZKLOH�DOORZLQJ�IRU�JHQHUDOO\�FRQVLVWHQW�HVWLPDWRUV�WR�EH�GHYHORSHG�DFURVV�D

������������������������������������������������
�� 7KH�JHQHUDOL]HG�OHDVW�VTXDUHV�DSSURDFK�DOORZV�IRU�LQGLYLGXDO�VHULHV�WR�EH�HVWLPDWHG�HIILFLHQWO\�LQ�D�SRROHG

HVWLPDWLRQ���,QGLYLGXDO�FRXQWU\�GLIIHUHQFHV�DUH�VRPHZKDW�SUREOHPDWLF�VR�WKHVH�DUH�DFFRXQWHG�IRU�XVLQJ�D�VHW�RI
LQGLYLGXDO�FRXQWU\�LQWHUFHSWV�DQG�HPSOR\PHQW�RI�D�ZHLJKWHG�OHDVW�VTXDUHV�DSSURDFK���7KH�ZHLJKWV�IRU�WKH
VHFRQG�LWHUDWLRQ�DUH�GUDZQ�IURP�WKH�LQLWLDO�HUURUV���7KLV�FRUUHFWLRQ�IRU�WKH�LPSOLHG�KHWHURVFHGDVWLFLW\�LQVXUHV
WKDW�WKH�HVWLPDWRUV�LQ�WKH�HTXDWLRQ�DUH�JHQHUDOO\�XQELDVHG�E\�GLIIHUHQFHV�LQ�LQGLYLGXDO�FRXQWU\�VDPSOH�GDWD��
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� &RPPRGLW\�)RUHFDVW�0HWKRGRORJLHV

VKRUWHQHG�WLPH�SHULRG���$W�WKH�SUHVHQW�WLPH��KRZHYHU��WKH�PRGHOV�XVH�WKH�IXOO�VDPSOH
RI�GDWD�VWDUWLQJ�LQ������WKURXJK������������ �7KHUH�DUH����WR����REVHUYDWLRQV�DYDLODEOH
IRU�HDFK�FRXQWU\�SDLU�LQFOXGHG�LQ�WKH�WUDGH�PRGHO���,Q�PRVW�FDVHV�WKHUH�DUH�D�PLQLPXP
RI�RYHU�����REVHUYDWLRQV�LQ�WKH�GDWD�VDPSOH�IRU�HDFK�SRROHG�FURVV�VHFWLRQDO�WLPH�VHULHV
PRGHO�HVWLPDWHG���

,Q�WKH�FURVV�VHFWLRQDO�PRGHO��WKH�IRFXV�LV�WKH�ORQJ�WHUP�WUHQGV�LQ�D�FRXQWU\·V�GHPDQG
IRU�LPSRUWV���)XWXUH�WUDGH�RI�D�SRRU�FRXQWU\�VKRXOG�URXJKO\�IROORZ�WKH�SDWK�LGHQWLILHG
E\� WKH� ULFKHU�FRXQWULHV�� �&URVV�FRXQWU\�PRGHOV� WHQG� WR� UHIOHFW� WKH� VWDJH�RI� HFRQRPLF
GHYHORSPHQW�RI�WKH�FRXQWULHV�LQ�WKH�VDPSOH�VHW�DQG�WKXV�DOORZ�IRU�D�VKLIW�LQ�GHPDQG�WR
RFFXU�DV�FRXQWULHV�SDVV�IURP�RQH�VWDJH�WR�DQRWKHU�

6HSDUDWH� FRXQWU\� LQWHUFHSWV� UHGXFH� WKH� GHJUHH� RI� KHWHURHODVWLFLW\�ZLWKLQ� WKH� VDPSOH
WKXV�DOORZLQJ�HDFK�FRXQWU\�WR�UHIOHFW�LWV�DYHUDJH�VL]H�DV�D�VWDUWLQJ�SRLQW�

7KHUH�DUH�WKUHH�GLIIHUHQW�W\SHV�RI�YDULDEOHV�
�����&RHIILFLHQWV�VSHFLILF�HDFK�FRXQWU\�RU�JURXS�RI�FRXQWULHV�
2.  &RHIILFLHQWV�FRPPRQ�WR�WKH�VHW�RI�DOO�FRXQWULHV��DQG
3.  6SHFLILF�LQWHUFHSWV�

,Q�JHQHUDO�WKH�HTXDWLRQ�KDV�WKH�IROORZLQJ�IRUP�

iiikjk XXM Α+Β+Φ= �

ZKHUH� L�LV�WKH�LPSRUWLQJ�FRXQWU\�IRU�ZKLFK�WKHUH�LV�D�VLQJOH�LQWHUFHSW
WHUP�IRU�HDFK��$��

N�LV�WKH�SURGXFW�W\SH
M�LV�WKH�SDUWQHU�UHJLRQ��

7KH�%��EHWD��UHSUHVHQWV�WKH�JHQHUDOL]HG�FRHIILFLHQWV�MRLQWO\�HVWLPDWHG��ZKLOH�WKH�Φ��SKL�
LV�WKH�FRHIILFLHQW�IRU�LPSRUWHU�DQG�UHJLRQ�VSHFLILF�YDULDEOHV���,Q�JHQHUDO��UHJLRQ�VSHFLILF
YDULDEOHV�DUH�XVHG�IRU�GLIIHUHQWLDO�SULFH�HIIHFWV���,Q�HDUOLHU�UHVHDUFK��LW�KDV�EHHQ�IRXQG
WKDW�WKHUH�DUH�VRPHWLPHV�TXLWH�GLIIHUHQW�UHDFWLRQV�WR�FKDQJHV�LQ�LPSRUW�SULFHV�DPRQJ
FRXQWULHV�DQG�UHJLRQV�

������������������������������������������������
��� $W�WKH�SUHVHQW�WLPH�6WDWLVWLFV�&DQDGD�GDWD�LV�DYDLODEOH�WKURXJK������IRU�DOO�FRXQWULHV��ZLWK�VRPH�H[FHSWLRQV���

7KH�6WDWLVWLFV�&DQDGD������GDWD�ZHUH�PDGH�FRQVLVWHQW�E\�FRPSOHWLQJ�LQGLYLGXDO�VHULHV�WR�LQVXUH�FRQVLVWHQF\��
7KH������FRPPRGLW\�WUDGH�GDWD�IURP�86�'HSDUWPHQW�RI�&RPPHUFH�GDWD�EDVH�KDV�EHHQ�DSSOLHG�IRU�86�WUDGH
URXWHV�

��� 7KHUH�DUH�VRPH�IORZV�ZKLFK�DUH�VSDUVH���)RU�HDFK�IORZ�D�WHVW�RI�DYDLODEOH�GDWD�LV�DSSOLHG�DQG�LI�WKH�VL]H�RI�WKH�GDWD
VDPSOH�LV�LQVXIILFLHQW�SDUDPHWHU�PRGHO�DOWHUQDWLYHV�WR�HFRQRPHWULF�HVWLPDWLRQ�DUH�XVHG�WR�IRUHFDVW�WUDGH�IORZV��
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5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� &RPPRGLW\�)RUHFDVW�0HWKRGRORJLHV

���� (FRQRPHWULF�6SHFLILFDWLRQ�)RU�,PSRUW�'HPDQG�0RGHOV

7KH� HFRQRPHWULF� PRGHO� VSHFLILHG� XVHV� WKH� NH\� YDULDEOHV� LQ� ([KLELW� ����� RQ� WKH
IROORZLQJ�SDJH���7KHVH�FDQ�EH�GLYLGHG�EHWZHHQ�VWUXFWXUDO�YDULDEOHV�WKDW�DSSO\�DFURVV
DOO� LPSRUWHUV� LQ� D� JHQHUDO� ZD\�� PDFURHFRQRPLF� YDULDEOHV� WKDW� UHIOHFW� VKRUW�WHUP
IDFWRUV��UHODWLYH�SULFH�YDULDEOHV��DQG�SDUWQHU�UHJLRQ�SURGXFWLRQ�IDFWRUV�

([KLELW�����
.H\�9DULDEOHV�LQ�WKH�&RPPRGLW\�,PSRUW�'HPDQG�0RGHOV

,QGHSHQGHQW
9DULDEOH

'HVFULSWLRQ�RI�9DULDEOH 7\SH�RI�(IIHFW

&*6+ $SSDUHQW�FRQVXPSWLRQ�VKDUH�RI�WUDGHG�SURGXFWV
UHODWLYH�WR�WRWDO�DSSDUHQW�FRQVXPSWLRQ���7RWDO�DSSDUHQW
FRQVXPSWLRQ�UHIOHFWV�JURVV�RXWSXW�IRU�JRRGV�DQG
VHUYLFHV�OHVV�H[SRUWV�SOXV�LPSRUWV�RI�WUDGHG�JRRGV�

6WUXFWXUDO�3DUDPHWHU

0*&* ,PSRUW�VKDUH�RI�DSSDUHQW�FRQVXPSWLRQ�RI�WUDGHG
JRRGV��5HIOHFWV�WUDGH�FRQFHQWUDWLRQ�RI�RYHUDOO�HFRQRP\�

6WUXFWXUDO�3DUDPHWHU

3&21323�� 3HUVRQDO�&RQVXPSWLRQ�3HU�&DSLWD�RI�*RRGV�DQG
6HUYLFHV�LQ��������

'HPDQG�9DULDEOH

,19�� ,QYHVWPHQW�LQ�������� 'HPDQG�9DULDEOH
,PSRUW�3ULFH ,PSRUW�SULFH�LQGH[�UHIOHFWLQJ�FURVV�H[FKDQJH�UDWHV�DQG

FRPPRGLW\�SULFH�
3ULFH�9DULDEOH

323 3RSXODWLRQ 0DUNHW�6L]H
&RQVXPSWLRQ��
3URGXFWLRQ

&RQVXPSWLRQ�RI�&RPPRGLW\�UHODWLYH�WR�JURZWK�LQ
'RPHVWLF�3URGXFWLRQ

'HPDQG�6XSSO\
5HODWLRQVKLS�LQ
,PSRUWLQJ�0DUNHW

3URGXFWLRQ�RI
&RPPRGLW\

([SRUWHU·V�SURGXFWLRQ�RI�FRPPRGLW\���7KLV�UHIOHFWV�WKH
VXSSO\�SRWHQWLDO�RI�WKH�SDUWQHU�RU�H[SRUW�UHJLRQ�

6XSSO\�9DULDEOH

7KH�PRGHO�VSHFLILFDWLRQ�VHOHFWHG�DOORZV�IRU�VHSDUDWLRQ�RI�UHJLRQDO� LPSDFWV�� �7KLV�KDV
EHHQ� DSSURDFKHG� LQ� WZR� ZD\V�� � 7KH� ILUVW� DVVXPHV� WKDW� WKHUH� LV� D� VLJQLILFDQW�� EXW
JUDGXDOO\�DGMXVWLQJ��IDFWRU�WKDW�VHUYHV�DV�D�OLQNDJH�EHWZHHQ�WZR�HVWLPDWHG�FRHIILFLHQWV�
�)RU�H[DPSOH��LQFOXGHG�LV�D�YDULDEOH�WKDW�JUDGXDOO\�DGMXVWV�LQ�UHODWLRQVKLS�WR�WKH�UDWH�RI
JURZWK�LQ�SHU�FDSLWD�LQFRPH�� �:KHQ�SHU�FDSLWD� LQFRPH�LV� OHVV� WKDQ������������������
SHU�\HDU��WKLV�YDULDEOH�WDNHV�RQ�D�YDOXH�EHWZHHQ�]HUR�DQG������:KHQ�SHU�FDSLWD�LQFRPH
LV� JUHDWHU� WKDQ� �������� WKH� YDULDEOH� LV� HTXDO� WR� ����� � 7KLV� YDULDEOH� FDQ� EH� FDOOHG� DQ
LQFRPH�DGMXVWPHQW� IDFWRU�� �%\�HVWLPDWLQJ� FRHIILFLHQWV� WKDW� DSSO\�DFURVV� DOO� FRXQWULHV
DQG�DOVR�D�VHSDUDWH�FRHIILFLHQW�WKDW� LV�SUH�PXOWLSOLHG�E\�WKLV�IDFWRU��IURP�MXVW�JUHDWHU
WKDQ�]HUR� WR�����PD[LPXP��RQH�FDQ�GLIIHUHQWLDWH� WKH� HODVWLFLW\� LPSDFW�EHWZHHQ�SRRU
DQG�ULFK�QDWLRQV�RYHU�WLPH���7KLV�LV�VKRZQ�LQ�WKH��VRPHZKDW�FRPSOH[��HTXDWLRQ�EHORZ�
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0�LV�LPSRUWV�RI�WKH�LWK�FRXQWU\�IURP�WKH�MWK�SDUWQHU�UHJLRQ�RI�WKH�NWK
FRPPRGLW\�LQGXVWU\�FDWHJRU\�

,�LV�WKH�LQYHVWPHQW�E\�EXVLQHVV��JRYHUQPHQW��DQG�LQGLYLGXDOV�LQ�QHZ�FDSLWDO
HTXLSPHQW��EXLOGLQJV��DQG�LQIUDVWUXFWXUH�

,$�LV�WKH�G\QDPLF�DGMXVWPHQW�IDFWRU�EDVHG�RQ�WKH�UDWLR�RI�SHU�FDSLWD�*'3��<�1����7KH
YDULDEOH�LV�DOZD\V�JUHDWHU�WKDQ�]HUR�EXW�PD\�EH�HTXDO�WR�����ZKHQ�WKH�SHU�FDSLWD
LQFRPH�RI�WKH�FRXQWU\�RU�UHJLRQ�H[FHHGV������������$�PRYLQJ�DYHUDJH�LV�XVHG�WR�LQVXUH
D�VPRRWK�WUDQVLWLRQ�DV�LQFRPH�JURZV�

&*6+�LV�WKH�FRQVXPSWLRQ�RI�WUDGHG�JRRGV�VKDUH�RI�WRWDO�DSSDUHQW�FRQVXPSWLRQ��
7RWDO�DSSDUHQW�FRQVXPSWLRQ�LV�WKH�VXP�RI�JURVV�RXWSXW�IRU�JRRGV�DQG�VHUYLFHV�OHVV
H[SRUWV�SOXV�LPSRUWV�RI�WUDGHG�SURGXFWV�

0*&*�LV�WKH�LPSRUWV�RI�WUDGHG�JRRGV�DV�D�VKDUH�RI��WKH�FRQVXPSWLRQ�RI�WUDGHG�JRRGV�
L�H��WKH�WUDGH�LQWHQVLW\�RI�WKH�LPSRUWHU�L�

3�LV�WKH�SULFH�RI�WKH�H[SRUWHG�FRPPRGLW\�LQ�WKH�LPSRUWLQJ�UHJLRQ�RU�FRXQWU\��L�H��SULFH
RI�H[SRUWV�RI�FRPPRGLW\�N��IURP�UHJLRQ�M��LQ�LPSRUWHU�L���,W�UHSUHVHQWV�WKH�FRPELQDWLRQ
RI�WKH�86�GROODU�FRPPRGLW\�SULFH�RI�N��WKH�H[FKDQJH�UDWH�RI�WKH�MWK�UHJLRQ��DQ
DGMXVWPHQW�WR�WKH�FRPPRGLW\�SULFH�WR�UHSUHVHQW�WKH�GLIIHUHQWLDO�LQIODWLRQ�EHWZHHQ�WKH
MWK�PDUNHW�DQG�WKH�86�PDUNHW��DQG�WKH�LPSRUWHU·V�H[FKDQJH�UDWH�

3&21323���LV�WKH�SHU�FDSLWD�FRQVXPSWLRQ�H[SHQGLWXUH�IRU�WKH�LWK�UHJLRQ�

3&21323����7KH�MRLQW�HODVWLFLW\�UHIOHFWV�WKH�FRPELQDWLRQ�RI
b b PCONPOP b IAi i7 8 92+ ∗ +ln( ) * ��ZKHUH�,$�WDNHV�RQ�D�YDOXH�RI�EHWZHHQ�MXVW�JUHDWHU�WKDQ
]HUR�DQG�����GHSHQGLQJ�XSRQ�WKH�UHODWLYH�ZHDOWK�

'P�LV�D�VHW�RI�LQVWUXPHQWDO�YDULDEOHV�IRU�WKH�IROORZLQJ�SULFH�VHWWLQJ�UHJLRQV��86�
-DSDQ��:HVWHUQ�(XURSH��1HZO\�,QGXVWULDOL]HG�(FRQRPLHV��+RQJ�.RQJ��.RUHD��DQG
7DLZDQ���DQG�2WKHU�'HYHORSHG�(FRQRPLHV���(DFK�YDULDEOH�WDNHV�RQ�D�YDOXH�RI�HLWKHU
]HUR�RU�������7KLV�DOORZV�IRU�D�GLIIHUHQWLDWLRQ�LQ�WKH�SULFH�HIIHFW�EHWZHHQ�WKHVH�PDUNHWV
ZLWK�D�JHQHUDO�SULFH�LPSDFW�DVVXPHG�IRU�WKH�DOO�RWKHU�PDUNHWV���7KH�SULFH�HODVWLFLW\�LV
WKH�VXP�RI�WKH�FRHIILFLHQW�F�FP��ZKHUH�P��UHSUHVHQWV�RQH�RI�WKH�ILYH�UHJLRQV�

&21680�352'�LV�WKH�FRQVXPSWLRQ�RI�FRPPRGLW\�N��IRU�FRXQWU\�L��SURGXFWLRQ�OHVV
H[SRUWV�SOXV�LPSRUWV��RYHU�WKH�SURGXFWLRQ�RI�FRPPRGLW\�N��IRU�FRXQWU\�L���:KHQ�WKLV
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6HFWLRQ� &RPPRGLW\�)RUHFDVW�0HWKRGRORJLHV

UDWLR�LV�LQFUHDVLQJ�LPSRUW�GHPDQG�VKRXOG�LQFUHDVH��ZKHQ�LW�GHFOLQHV�GRPHVWLF
SURGXFWLRQ�PD\�EH�LPSDFWLQJ�LPSRUWV�DQG�UHGXFLQJ�WKH�UHODWLYH�UDWH�RI�LPSRUW
JURZWK�

352'�LV�WKH�SURGXFWLRQ�RI�WKH�MWK�FRXQWU\�RI�FRPPRGLW\�N���,W�PHDVXUHV�WKH�JHQHUDO
VWUHQJWK�RI�WKH�GRPHVWLF�HFRQRP\�DV�DQ�H[SRUWHU�

7KH�MRLQW�HODVWLFLW\�IRU�SHUVRQDO�FRQVXPSWLRQ�H[SHQGLWXUHV�YDULHV�DFURVV�FRXQWULHV�DQG
UHJLRQV�� � )RU� H[DPSOH� WKH� HODVWLFLW\� IRU� UDGLR�� 79� DQG� FRPPXQLFDWLRQV� HTXLSPHQW
�PRVWO\�GRPLQDWHG�E\�WUDGH�LQ�WHOHFRPPXQLFDWLRQV�HTXLSPHQW��IRU�WKH�8QLWHG�6WDWHV
YDULHV�EHWZHHQ�����DQG������ �7KH�HODVWLFLW\�IRU�&KLQD�IRU�WKLV�VDPH�W\SH�RI� LPSRUWV� LV
EHWZHHQ� ���� DQG� ����� =LPEDEZH�� LQ� $IULFD�� KDV� DQ� LPSRUW� GHPDQG� HODVWLFLW\� RI
EHWZHHQ� ����� DQG� ����� ZKLOH� &RVWD� 5LFD� DQ� HODVWLFLW\� RI� EHWZHHQ� ���� DQG� ����� � �7KH
VHFRQG� QXPEHU� UHSUHVHQWV� WKH� HODVWLFLW\� DV� RI� ����� EDVHG� RQ� WKH� IRUHFDVW� IRU� WRWDO
SHUVRQDO� FRQVXPSWLRQ� H[SHQGLWXUH��� � :KDW� LV� FOHDU� LV� WKDW� WKHUH� LV� D� ZLGH� UDQJH
EHWZHHQ�FRXQWULHV�DQG�UHJLRQV�DQG�WKDW��LQ�WKLV�FDVH��WKH�PDUJLQDO�UDWH�RI�JURZWK�LQ
LPSRUW� GHPDQG� GHFOLQHV�� WKXV� IRU� HDFK� DGGLWLRQDO� ��� LQ� SHUVRQDO� FRQVXPSWLRQ� WKH
UHVXOWLQJ� LPSRUW� GHPDQG� JURZWK�ZLOO�PRGHUDWH� DV� WLPH� SDVVHV� DQG� WKH� VL]H� RI� WKH
SHUVRQDO�FRQVXPSWLRQ�H[SHQGLWXUH�SRRO�EHFRPHV�ODUJHU�

���� 3URSHQVLW\�0RGHO�)RU�)RUHFDVWLQJ�,PSRUW�'HPDQG

)RU�PDQ\�WUDGHV�WKHUH�LV�QR�VWUXFWXUDO�PRGHO�WKDW�IDLUO\�PHDVXUHV�WUDGH�SHUIRUPDQFH��
7KLV� SUREOHP�PD\� DIIHFW� DOO� FRXQWULHV� LQ� WKH� GDWD� UHSRUWHU�WUDGH� SDUWQHU� �LPSRUWHU�
H[SRUWHU�� SDLU� RU� LW�PD\� EH� VSHFLILF� WR� D� VHW� RI� FRXQWULHV�ZLWKLQ� WKDW� SDLU� IRU�ZKLFK
WKHUH�LV�LQVXIILFLHQW�GDWD�RU�ZKHUH�WKH�HFRQRPHWULF�VSHFLILFDWLRQ�LQDFFXUDWHO\�SRUWUD\V
WKH�SDWWHUQ�RI�DFWXDO� WUDGH���� � )RU� WUDGH� URXWHV� WKDW�GR�QRW�PHHW� WKH� WHVW�RI� DFFXUDF\
H[SHFWHG�DQ�DOWHUQDWLYH�PRGHO�VSHFLILFDWLRQ�LV�DSSOLHG�

������ $�3DUDPHWULF�0DUNHW�6KDUH�0RGHO

7KH�WUDGH�PRGHOV�FRYHU�PRUH�WKDQ������SRWHQWLDO�URXWHV���,W�LV�WKXV�QRW�XQH[SHFWHG�WR
ILQG� WKDW� WKHUH� DUH� URXWHV� IRU� ZKLFK� REVHUYHG� WUDGH� LV� UHODWLYHO\� VSDUVH�� � )RU� WUDGH
URXWHV�ZKHUH�WKH�HFRQRPHWULF�ILW�RI�WKH�HTXDWLRQ�LV�ZHDN��DOWHUQDWLYH�PHWKRGV�DUH�XVHG
WKDW� UHODWH� WKH�PDUNHW� VKDUH� RI� HDFK� LQGLYLGXDO� SDUWQHU� UHJLRQ� RU� FRXQWU\� ZLWK� WKH
LPSRUW� GHPDQG� DSSDUHQW� IURP� WKH� ZRUOG� DV� D� VLQJOH� UHJLRQ�� � $� VWUDLJKW� IRUZDUG
HFRQRPHWULF� DSSURDFK� LV� XVHG� WR� GHYHORS� WKHVH� DOWHUQDWLYH� HVWLPDWHV� RI� LPSRUW
GHPDQG�IRU�HDFK�VSHFLILF�UHJLRQ���7KLV�DSSURDFK�XWLOL]HV�LQIRUPDWLRQ�GUDZQ�IURP�WKH

������������������������������������������������
��� ,Q�PDQ\�FDVHV�WUDGH�KDV�EHHQ�HUUDWLF�VZLQJLQJ�XS�DQG�GRZQ�E\�RIWHQ�PRUH�WKDQ�������,Q�VXFK�FDVHV�LW�LV

SUHIHUDEOH�WR�LQWURGXFH�DQ�DOWHUQDWLYH��OHVV�G\QDPLF��DSSURDFK�WKDW�UHOLHV�XSRQ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH
UHSRUWHU�SDUWQHU�FRXQWU\�WUDGH�DQG�WKH�UHSRUWHU�ZRUOG�WUDGH���7KH�ODWHU�LV�HVWLPDWHG�LQ�DOO�FDVHV�E\�DQ
HFRQRPHWULF�PRGHO��DQG�WKXV�LW�UHIOHFWV�WKH�§JHQHUDO¨�SDWWHUQ�RI�JURZWK�LQ�WKH�HFRQRP\�DV�D�ZKROH�DQG�IURP�WKH
ZRUOG�LQ�JHQHUDO���6SHFLILF�UHJLRQDO�GHWDLO�LV�WDNHQ�LQWR�DFFRXQW�LQ�WKH�WUHQG�YDULDEOHV��L�H��WKH�FKDQJLQJ�VKDUH�RI
WKH�SDUWQHU�LQ�WHUPV�RI�WKH�ZKROH�UHJLRQ�
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SXUH� HFRQRPHWULF� PRGHO�� � 7R� GR� WKLV� HIIHFWLYHO\�� IRU� HDFK� SDUWQHU� FRXQWU\� LQ� WKH
VDPSOH� RI� WUDGH� GDWD�� D� UDWLR� ZDV� FDOFXODWHG� VKRZLQJ� WKH� VKDUH� IRU� HDFK� UHSRUWHU
FRXQWU\�RI�LWV�LPSRUWV�IURP�HDFK�SDUWQHU�UHJLRQ�UHODWLYH�WR�LWV�LPSRUWV�IURP�WKH�ZRUOG
UHJLRQ���%\�GHILQLWLRQ�WKLV�VHW�RI�PDUNHW�VKDUHV�VXPV�WR�������7KHVH�HTXDWLRQV�WDNH�WKH
IRUP�
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ZKHUH� ,�LV�WKH�LPSRUWHU�
M�LV�WKH�SDUWQHU�UHJLRQ�
N�LV�WKH�FRPPRGLW\��DQG
Z�LV�WKH�ZRUOG�PDUNHW

,I�WKH�UDWH�RI�JURZWK�LQ�LPSRUW�PDUNHW�VKDUH��06��RYHU�WLPH�FDQ�EH�IRUHFDVW��WKHQ�RQH
FDQ�IRUHFDVW�03��WKH�SURSHQVLW\�PRGHO�IRUHFDVW�IRU�LPSRUWV�0�IURP�UHJLRQ�M��RI�SURGXFW
N��E\�PXOWLSO\LQJ�06LMN�E\�0LZN�� �7KH�DSSURDFK�WDNHQ�LV�WR�WUDQVIRUP�06�LQWR�D� ORJLW
IXQFWLRQ�VR�WKDW�WKH�VKDUH�DSSURDFKHV�WKH�DV\PSWRWLF�OLPLW�RI�XQLW\�RU�]HUR�JUDGXDOO\�
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ZKHUH� $�LV�WKH�FRQVWDQW�WHUP�IRU�LWK�LPSRUWHU�
ORJLW�06��LV�ODJJHG�RQH�WLPH�SHULRG��DQG
EL�LV�WKH�LQGLYLGXDO�WLPH�WUHQG�IRU�HDFK�ORJLW�IXQFWLRQ�IRU�HDFK�LPSRUWLQJ

FRXQWU\�UHJLRQ�

7KH�LPSRUW�GHPDQG�IRUHFDVW�XVLQJ�WKH�SURSHQVLW\�PRGHO� LV� WKHQ�WKH�IRUHFDVW� IRU�06
DQG�WKH�IRUHFDVW�IRU�0Z���/LPLWV�DUH�SODFHG�RQ�WKH�SURMHFWHG�UDWH�RI�JURZWK��IURP�WKH
ORJLW�PRGHO��LQ�WKH�06�YDULDEOH�DW�SOXV�RU�PLQXV����SHU�\HDU�DV�D�IXUWKHU�FKHFN�

%4%4, ≤≤−×= ijktikwijkPijk MSwhereMMSM �

������ ,QWHJUDWLRQ�2I��(FRQRPHWULF�$QG�3URSHQVLW\�3URMHFWLRQV���$�6HOI�$GMXVWLQJ
)RUHFDVWLQJ�$SSURDFK

%HFDXVH�RI�WKH�ODUJH��QXPEHU�RI�WUDGH�IORZV�IRUHFDVW�DQG�WKHLU� LQWHUGHSHQGHQFH�� LW� LV
FULWLFDO�WKDW�WKH�ZRUOG�WUDGH�PRGHOV��LQFRUSRUDWH�LQWHUQDO�WHVWV�DQG�OLPLWV�WR�LQVXUH�WKDW
YDOLG�� UHDVRQDEOH� IRUHFDVWV� DUH� GHYHORSHG�� � 6LQFH� ORJDULWKPLF� IRUPV� XVHG� LQ� WKH
HFRQRPHWULF�PRGHOV� FDQ� EH� VRPHWLPHV� H[SORVLYH�� OLPLWV� DUH� LPSRVHG� LQ� WKH�PRGHOV
DVVXULQJ�WKH�TXDOLW\�RI�WKH�IRUHFDVWV�GHYHORSHG�
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7KH� WHVWLQJ� LV� GRQH� WKURXJK� D� VHOI� FRQWDLQHG� H[SHUW� V\VWHP�� � $� QXPEHU� RI� UXOHV
FRQWLQXRXVO\�FKHFN�UHVXOWV�DJDLQVW�SDVW�WUHQGV�LQ�WUDGH���:KHQHYHU�D�SUHOLPLQDU\�IORZ
LV� DVVXPHG� WR� EH� PRYLQJ� HUUDWLFDOO\�� DQ� DOWHUQDWLYH�� PRUH� VWDEOH�� PHWKRG� LV
VXEVWLWXWHG��

*HQHUDOO\�� WKH� H[SHUW� V\VWHP�HPSOR\V�D�KLHUDUFK\�RI� FKRLFHV�� � ,I� WKHUH� DUH� VXIILFLHQW
REVHUYDWLRQV�� WKHQ� � HFRQRPHWULF� PRGHOV� DUH� HVWLPDWHG�� � ,I�� KRZHYHU�� WKHUH� DUH
LQVXIILFLHQW�GHJUHHV�RI� IUHHGRP�IRU�DFFXUDWH� VWDWLVWLFDO�PRGHOV� WR�EH�GHYHORSHG�� WKHQ
DOWHUQDWLYH�� QRQ�HFRQRPHWULF� DSSURDFKHV� FDQ� EH� XVHG�� �2U� LI� WKH� YROXPH� RI� WUDGH� LV
SDUWLFXODUO\�VPDOO�RU�HUUDWLF��WKHQ�QRQ�HFRQRPHWULF�DSSURDFKHV�PD\�DJDLQ�EH�IDYRUHG�

,I�DQ�HFRQRPHWULF�PRGHO�LV�VXIILFLHQWO\�DFFXUDWH����MXGJHG�E\�WKH�6WDQGDUG�(UURU�RI�WKH
EDVH�HTXDWLRQ��DQ� LQLWLDO� WHVW� IRU�VWDWLVWLFDO�DFFXUDF\��� WKHQ� WKH�HTXDWLRQ·V� IRUHFDVWLQJ
DFFXUDF\� LV� WHVWHG� DJDLQVW� WKH� DFWXDO� H[SHULHQFH� ZLWKLQ� WKH� KLVWRULFDO� SHULRG� �����
WKURXJK� ������ LQ� RUGHU� WR� GHWHUPLQH� IRU� ZKLFK� FRXQWULHV� DQG� UHJLRQV� WKH� IRUHFDVWV
EDVHG� RQ� WKH� FURVV�FRXQWU\�PRGHO� VKRXOG� EH� XWLOL]HG� DQG� IRU� ZKLFK� FRXQWULHV� DQG
UHJLRQV�DOWHUQDWLYH��SDUDPHWULF��VSHFLILFDWLRQV�QHHG�WR�EH�DSSOLHG�

0RGHO� DFFXUDF\� LV� FKHFNHG� E\� HVWLPDWLRQ� RI� DQ� DYHUDJH� HUURU� RYHU� WKLV� SHULRG� �WKH
FXPXODWLYH� DYHUDJH� SHUFHQWDJH� GHYLDWLRQ� RI� WKH� IRUHFDVW� IURP� WKH� DFWXDO�� IRU� HDFK
UHSRUWHU� FRXQWU\� RU� UHJLRQ�� � 7KH� SRROHG� FURVV�VHFWLRQDO�PRGHO� WHFKQLTXH� DOORZV� WKH
HDV\� VHSDUDWLRQ� RI� HDFK� RI� WKH� ��� FRXQWU\�UHJLRQ� UHSRUWHUV� RQFH� WKH� PXOWL�FRXQWU\
PRGHO�LV�HVWLPDWHG�
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where n =  number of observations for the period 1982- 94.

,I� WKH� HUURU� IRU� FRXQWU\� L� � IURP� UHJLRQ� M� � IRU�SURGXFW� N� � FDOFXODWHG� RYHU� WKH� IRUHFDVW
LQWHUYDO� ���������� LV� RYHU� D� SUH�GHWHUPLQHG� OLPLW� �0D[(UURU��� WKHQ� WKH� SURSHQVLW\
PRGHO�IRUHFDVW�LV�XVHG�LQ�SODFH�RI�WKH�HFRQRPHWULF�IRUHFDVW���:KHQ�WKH�VWDQGDUG�HUURU
IRU� WKH� FRXQWU\� LV� OHVV� WKDQ� 0D[(UURU�� EXW� JUHDWHU� WKDQ� 0LQ(UURU�� WKHQ� WKH
QRQ�HFRQRPHWULFDOO\�GHWHUPLQHG�HVWLPDWH�RI�WUDGH�LV�XVHG���7KH�IRUHFDVW�PRGHOV�KHUH
XVHG�D�0LQ(UURU�RI����DQG�D�0D[(UURU�RI������$�IRUPXOD�LV�XVHG�WR�IL[�WKH�ZHLJKWV�

$'-867� ��6WDQGDUG�(UURU���0LQ(UURU���0D[(UURU�0LQ(UURU�

)URP�WKLV�IRUPXOD�ZH�FDQ�VHH�WKDW�LI�WKH�6WDQGDUG�(UURU�IRU�WKH�HTXDWLRQ�LV�FORVH�WR�ORZ
HUURU�� WKHQ� WKH� PDMRULW\� RI� WKH� LQIOXHQFH� ZLOO� EH� GHULYHG� IURP� WKH� HFRQRPHWULF
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VSHFLILFDWLRQ���,I��RQ�WKH�RWKHU�KDQG��WKH�6WDQGDUG�(UURU�LV�FORVHU�WR�WKH�0D[HUURU�WKHQ
WKH�RSSRVLWH�LV�WKH�FDVH�

,I�WKH�VWDQGDUG�HUURU�RI�WKH�HTXDWLRQ�LV�OHVV�WKDQ�WKH�0LQ(UURU��WKHQ�RQO\�WKH�IRUHFDVW�LV
XWLOL]HG��,Q�WKLV�FDVH�WKH�IRUHFDVW�WKHQ�GHSHQGV�VROHO\�RQ�WKH�HFRQRPHWULF�UHVXOWV�

������ )LQDO�$GMXVWPHQW�$QG�7HVWLQJ

7KHUH� LV� D� ILQDO� VWHS� WR� WKH� IRUHFDVWV� WR� DVVXUH� WKDW� WKH� PRGHOV� SURGXFH� FRQVLVWHQW
UHVXOWV�� � 7KLV� VWHS� UHTXLUHV� H[WHUQDO� H[SHUW� MXGJPHQW� RQ� WKH� SDUW� RI� WKH� HFRQRPLVWV
FUDIWLQJ�WKH�IRUHFDVWV���7KHUH�DUH�D�QXPEHU�RI�UHDVRQV�ZK\�WKH�IRUHFDVWV�SURGXFHG�DUH
QRW�XQLIRUPO\�SUHFLVH���,QWHUQDWLRQDO�FRPPRGLW\�WUDGH�GDWD�LV�XVXDOO\�TXLWH�YRODWLOH�DW
WKH�YHU\�GHWDLOHG�OHYHO��ZLWK�VZLQJV�RI�VRPHWLPHV�PRUH�WKDQ�����LQ�HLWKHU�GLUHFWLRQ��
7UDGH� KDV� DOVR� EHHQ� JURZLQJ� VWURQJO\� IRU� WKH� ODVW� ILIWHHQ� \HDUV� ZLWK� ZRUOGZLGH
JURZWK� LQ� WKH� ��� UDQJH� ²�PRUH� WKDQ� WZLFH� WKH� UDWH� RI� JURZWK� LQ�*'3�� � 7KLV� WUDGH
SDWWHUQ� LV� D� GHSDUWXUH� IURP� WKH� H[SHULHQFH� RI� HDUOLHU� GHFDGHV� LQ� WKLV� FHQWXU\��
'LIIHUHQFHV� LQ� WUDGH� IORZV� EHWZHHQ� SDUWQHUV� FDQ� DOVR� EH� GUDPDWLF� IURP� SHULRG� WR
SHULRG�� � 7KLV� LV� HVSHFLDOO\� WUXH� JLYHQ� WKH� ODUJH� QXPEHU� RI� WUDGH� SDUWQHUV� WKDW� DUH
LQFOXGHG�LQ�WKH�PRGHO�SURFHGXUHV�

7R�LQVXUH�WKDW�WKH�IRUHFDVWV�UHIOHFW�UHDOLW\��WKH�PRGHO�V\VWHP�LPSRVHV�OLPLWV�WR�VPRRWK
RXW�WKH�SHDNV�DQG�WURXJKV�H[SHULHQFHG�LQ�WKH�IRUHFDVW�LQWHUYDO���:KHQ�JURZWK�H[FHHGV
�������RU�����DQ�DGMXVWPHQW�IDFWRU�LV�DSSOLHG�WR�UHGXFH�WKH�LPSOLHG�JURZWK���$�VPDOOHU
DGMXVWPHQW�IDFWRU�LV�DSSOLHG�ZKHQ�WKH�IRUHFDVW�WUDGH�LV�JUHDWHU�WKDQ�����EXW�OHVV�WKDQ
�������RU����

����� 6XPPDU\

7KH� JOREDO� FRPPRGLW\� WUDGH�PRGHOV� HPSOR\HG� LQ� WKLV� VWXG\� DUH� EDVHG� RQ� D� UREXVW
VWDWLVWLFDO�PRGHO�VSHFLILFDWLRQ�WKDW�SURYLGHV�D�VRXQG�PHWKRGRORJ\�IRU�SURMHFWLQJ�SDVW
DQG�IXWXUH�WUHQGV�LQ�RFHDQ�ERUQH�FRPPRGLW\�WUDGH���'XH�WR�LPEHGGHG�OLPLWDWLRQV�LQ
KLVWRULFDO� UHSRUWHG� WUDGH� GDWD�� WKH� PRGHOV� HPSOR\� D� GHVLJQ� WKDW� UHSUHVHQWV� D
FRPSURPLVH�EHWZHHQ�FRPPRGLW\�GHWDLO�DQG�UHJLRQDO�GHWDLO�� �7KH�IRUHFDVW�RXWSXWV�RI
WKH�PRGHOV��KDYH�EHHQ�XVHG�LQ�FRQMXQFWLRQ�ZLWK�D�FDUHIXO�DQDO\VLV�RI�WKH�IDFWRUV�WKDW
DUH� DW� ZRUN� DIIHFWLQJ� SDWWHUQV� RI� WUDGH�� � /LNH� RWKHU� JRRG� VWDWLVWLFDO� PRGHOLQJ
WHFKQLTXHV��WKLV�IRUHFDVW�DSSURDFK�UHOLHV�XSRQ�RXWVLGH�LQIRUPDWLRQ�WR�SURYLGH�IDFWXDO
VXSSRUW�DQG�YDOLGDWLRQ�

7KH�IRUHFDVWV�GHYHORSHG�XVLQJ�WKLV�PRGHO�DSSURDFK�UHIOHFW� WKH�H[LVWLQJ�FRQGLWLRQV³
WKH�FXUUHQW�SHULRG·V�WUDGH��WKH�LPSDFW�RI�SDVW�WUHQGV�LQ�WUDGH�DQG�WKH�:()$�*URXS·V
ODWHVW� IRUHFDVWV� IRU�PDFURHFRQRPLF� IDFWRUV� WKDW� LQIOXHQFH� WUDGH�� DQG� WKXV� HQDEOH� WKH
WUDGH�PRGHOV�WR�SURMHFW�IXWXUH�JURZWK���8QOLNH�PRUH�WUDGLWLRQDO�WUDGH�PRGHOV�WKDW�UHO\
XSRQ�WLPH�VHULHV�HVWLPDWHV��WKHVH�PRGHOV�DUH�EDVHG�RQ�D�PRUH�JHQHUDOL]HG�DSSURDFK�WR
WUDGH�IRUHFDVWLQJ���7KXV�WKH\�DOORZ�IRU�JUHDWHU�IOH[LELOLW\�IRU�LQGLYLGXDO�FRXQWULHV�DQG
SDUWQHU�UHJLRQV�� �7KH�SRWHQWLDO�WR�´JURZµ�LV� WKHUH�VR� ORQJ�DV� WKH�JHQHUDO� IDFWRUV� WKDW



$SSHQGL[�&�(FRQRPLFV
3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� &RPPRGLW\�)RUHFDVW�0HWKRGRORJLHV

KDYH�KLVWRULFDOO\�GHVFULEHG�WKDW�JURZWK�DFURVV� WKH� IXOO� VDPSOH�RI� FRXQWULHV�DQG�RYHU
WKH� IXOO� WLPH�SHULRG�VXSSRUW� WKLV� W\SH�RI� WUDGH�JURZWK�RU� H[SDQVLRQ�� � )RU� ORQJ�WHUP
IRUHFDVWV�� WKHVH�PRGHOV�SURGXFH�IRUHFDVWV� WKDW�DUH�EHWWHU�JURXQGHG�LQ� WKH� WKHRULHV�RI
HFRQRPLF�GHYHORSPHQW�DQG�PDFURHFRQRPLF�JURZWK�
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����� &RPPRGLW\�7UDGH�)RUHFDVWLQJ�0RGHO�7UDGH�3DUWQHU�&RXQWULHV�$QG�5HJLRQV
([KLELW�����

7UDGH�0RGHO�5HJLRQ�&ODVVLILFDWLRQV
����([SRUWLQJ�5HJLRQV�WR����,PSRUWLQJ�5HJLRQV�

5HJLRQ�1DPH &RXQWU\�5HJLRQ�1DPH &RGH 5HJLRQ�1DPH &RXQWU\�5HJLRQ�1DPH &RGH
'HYHORSHG�&RXQWULHV (PHUJLQJ�0DUNHWV�DQG�'HYHORSLQJ�&RXQWULHV��FRQW��
1RUWK�$PHULFD 8�6� 86 ,QGLDQ

6XEFRQWLQHQW
,QGLD ,$

&DQDGD &$ 3DNLVWDQ 3.
$VLD -DSDQ -3 2WKHU�6XEFRQWLQHQW 2,16
(XURSH *HUPDQ\ '( /DWLQ�$PHULFD $UJHQWLQD $5$5

)UDQFH )5 %UD]LO %5
8QLWHG�.LQJGRP 8. 9HQH]XHOD 9(
,WDO\ ,7 2WKHU�(DVW�&RDVW�6�$� 2(/$
$XVWULD $7 &KLOH &/
%HOJLXP %( &RORPELD &2
'HQPDUN '. 3HUX 3(
)LQODQG ), 2WKHU�:HVW�&RDVW�6�$� 2:/$
*UHHFH *5 0H[LFR 0;
,UHODQG ,( &DULEEHDQ�%DVLQ &%
1HWKHUODQGV 1/ &RVWD�5LFD &5
1RUZD\ 1: 3DQDPD 3$
3RUWXJDO 37 2WKHU�&HQWUDO�$PHULFD 2&/$
6SDLQ (6 &,6�(��(XURSH )RUPHU�6RYLHW�8QLRQ &,6
6ZHGHQ 6( (DVWHUQ�(XURSH ((
6ZLW]HUODQG 6= 0LGGOH�(DVW ,VUDHO ,/
7XUNH\ 75 0HGLWHUUDQHDQ 0('
2WKHU�:HVWHUQ�(XURSH 2:( 3HUVLDQ�*XOI 3*

2FHDQLD $XVWUDOLD $8 $IULFD 1RUWK�$IULFD 1$)
1HZ�=HDODQG 1= (DVWHUQ�$IULFD ($)

(PHUJLQJ�0DUNHWV�DQG�'HYHORSLQJ�&RXQWULHV :HVWHUQ�$IULFD :$)
$VLD +RQJ�.RQJ +. 6RXWK�$IULFD =$

6RXWK�.RUHD .5 2WKHU�6RXWKHUQ�$IULFD 26$)
7DLZDQ 7: 2WKHU 2WKHU�5HJLRQ 25(*
&KLQD &1
,QGRQHVLD ,'
0DOD\VLD 0<
3KLOLSSLQHV 3+
6LQJDSRUH 6*
7KDLODQG 7+
9LHWQDP 91
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([KLELW�����
7UDGH�0RGHO�,QGXVWU\�&RPPRGLW\�&DWHJRULHV

,6,& 'HVFULSWLRQ ,6,& 'HVFULSWLRQ
3ULPDU\ 0DQXIDFWXULQJ��FRQW��

&� $JULFXOWXUH��+XQWLQJ��)RUHVWU\��)LVKLQJ &���� 6\QWKHWLF�5HVLQV
&�$ *UDLQ &���� 3DLQWV��9DUQLVKHV�DQG�/DFTXHUV
&�% 2LO�6HHGV &���� 'UXJV�DQG�0HGLFLQHV
&�& 9HJHWDEOHV��)UXLWV�DQG�(JJV���5HIULJHUDWHG &���� 6RDS�DQG�&OHDQLQJ�3UHSDUDWLRQV
&�' 9HJHWDEOHV�DQG�)UXLWV���QRQ�5HIULJHUDWHG &���� &KHPLFDO�3URGXFWV��QHF�
&�( &RUN�DQG�:RRG &��� 3HWUROHXP�5HILQHULHV
&�) 1DWXUDO�5XEEHU &��� 3HWUROHXP�DQG�&RDO�3URGXFWV
&�* &RWWRQ &���$ %ULTXHWWHV��/LJQLWH��3HDW�DQG�&RNH
&�+ 2WKHU�5DZ�7H[WLOH�0DWHULDOV &���% 5HVLGXDO�3HWUROHXP�3URGXFWV
&�, 2WKHU�$JULFXOWXUH &��� 5XEEHU�3URGXFWV
&� 0LQLQJ�DQG�4XDUU\LQJ &��� 3ODVWLF�3URGXFWV
&�$ 6WRQH��&OD\�DQG�2WKHU�&UXGH�0LQHUDOV &��� 3RWWHU\��&KLQD�HWF�
&�% &UXGH�)HUWLOL]HUV� &��� *ODVV�DQG�3URGXFWV
&�& 2UHV�DQG�6FUDS &��� 1RQ�0HWDOOLF�3URGXFWV�
&�' &RDO�DQG�&RNH &��� ,URQ�DQG�6WHHO
&�( &UXGH�3HWUROHXP &��� 1RQ�)HUURXV�0HWDOV
&�) 1DWXUDO�*DV &��� 0HWDO�3URGXFWV

0DQXIDFWXULQJ &���� (QJLQHV�DQG�7XUELQHV
&��� )RRG &���� $JULFXOWXUDO�0DFKLQHU\
&���$ 0HDW�'DLU\�)LVK���5HIULJHUDWHG &���� 0HWDO�DQG�:RRG�:RUNLQJ�0DFKLQHU\
&���% 2WKHU�0HDW�'DLU\�)LVK�)UXLW�9HJHWDEOHV &���� 6SHFLDO�,QGXVWULDO�0DFKLQHU\
&���& 6XJDU &���� 2IILFH�DQG�&RPSXWLQJ�0DFKLQHU\
&���' $QLPDO�)HHG &���� 0DFKLQHU\�DQG�(TXLSPHQW
&���( $QLPDO�DQG�9HJHWDEOH�2LOV &���� (OHFWULFDO�,QGXVWULDO�0DFKLQHU\
&���) 2WKHU�)RRG &���� 5DGLR��79�DQG�&RPPXQLFDWLRQV

(TXLSPHQW
&��� %HYHUDJHV &����$ 5DGLR�DQG�79
&��� 7REDFFR &����% 6HPL�FRQGXFWRUV��(OHFWURQLF�7XEHV��HWF
&��� 7H[WLOHV &����& 2WKHU�&RPPXQLFDWLRQV�(TXLSPHQW
&��� :HDULQJ�$SSDUHO &���� (OHFWULFDO�$SSOLDQFHV�DQG�+RXVHZDUH
&��� /HDWKHU�3URGXFWV &���� (OHFWULFDO�$SSDUDWXV
&��� )RRWZHDU &���� 6KLSEXLOGLQJ�DQG�5HSDLULQJ
&��� :RRG�3URGXFWV &���� 5DLOURDG�(TXLSPHQW
&��� )XUQLWXUH�DQG�)L[WXUHV &���� 0RWRU�9HKLFOHV�DQG�3DUWV
&��� 3DSHU�3URGXFWV &����$ 0RWRU�9HKLFOHV
&���$ :DVWH�3DSHU &����% 3DUWV�RI�0RWRU�9HKLFOHV
&���% 3XOS &���� 0RWRUF\FOHV�DQG�%LF\FOHV
&���& 3DSHU�DQG�3DSHUERDUG�3URGXFWV &���� $LUFUDIW
&��� 3ULQWLQJ�DQG�3XEOLVKLQJ &���� 7UDQVSRUW�(TXLSPHQW�
&���� %DVLF�,QGXVWULDO�&KHPLFDOV &���� 3URIHVVLRQDO�(TXLSPHQW
&����$ 2UJDQLF�&KHPLFDOV &���� 3KRWRJUDSKLF�DQG�2SWLFDO�*RRGV
&����% ,QRUJDQLF�&KHPLFDOV &���� :DWFKHV�DQG�&ORFNV
&���� )HUWLOL]HUV�DQG�3HVWLFLGHV &��� 2WKHU�0DQXIDFWXULQJ
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6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�)RUHFDVW�0HWKRGRORJLHV

��� )/((7�)25(&$67�0(7+2'2/2*,(6

���� 2YHUYLHZ

7KLV�DWWDFKPHQW�SUHVHQWV�D�GHWDLOHG�GLVFXVVLRQ�RI� WKH�PHWKRGRORJ\�DQG�FDOFXODWLRQV
XVHG�IRU�GHYHORSLQJ�WKH�ZRUOG�DQG�6DYDQQDK�FRQWDLQHUVKLS�IOHHW�IRUHFDVWV���$OWKRXJK
WKH�86$&(�SURYLGHV�JXLGDQFH�LQ�WKH�,QVWLWXWH�IRU�:DWHU�5HVRXUFHV��,:5��'HHS�'UDIW
1('� 3URFHGXUHV� 0DQXDO�� WKHUH� LV� FRQVLGHUDEOH� IOH[LELOLW\� LQ� DSSO\LQJ� WKH
PHWKRGRORJLHV�WR�SDUWLFXODU�VWXGLHV���7KUHH�PHWKRGV�IRU�GHYHORSLQJ�IOHHW�IRUHFDVWV�DUH
RXWOLQHG� LQ� WKH�1('�JXLGHOLQHV��H[SHUW�RSLQLRQ�� WUHQG�DQDO\VLV��DQG�GHPDQG�VXSSO\
DQDO\VLV�� � 7R� HQVXUH� FRPSUHKHQVLYHQHVV� RI� WKH� DQDO\VLV�� %RR]⋅$OOHQ� KDV� XVHG� D
FRPELQDWLRQ�RI�WKH�WKUHH�PHWKRGV�LQ�SURGXFLQJ�D�IRUHFDVW�RI�WKH�ZRUOG�DQG�6DYDQQDK
FHOOXODU�FRQWDLQHUVKLS�IOHHWV�RYHU�WKH�VWXG\�SHULRG�

$V� D� VHJPHQW� RI� WKH� RYHUDOO� DQDO\VLV� OHDGLQJ� WR� 1('� EHQHILWV� IRU� D� GHHS� GUDIW
QDYLJDWLRQ� GHHSHQLQJ� VWXG\�� IOHHW� IRUHFDVWLQJ� LV� WKH� VHFRQG� VWHS� LQ� WKH� SURFHVV�
IROORZLQJ�FRPPRGLW\�IRUHFDVWLQJ�DQG�SULRU�WR�WUDQVSRUWDWLRQ�FRVW�DQG�SURMHFW�DQDO\VLV�
�,Q�FRPELQDWLRQ�ZLWK�FRPPRGLW\�IRUHFDVWV��WUDQVSRUWDWLRQ�FRVWV�IRU�HDFK�ZLWK�SURMHFW
FRQGLWLRQ� DUH� GHWHUPLQHG�� WKHQ� FRPSDUHG� WR� WKH� ZLWKRXW� SURMHFW� FRQGLWLRQ� WR
GHWHUPLQH� WUDQVSRUW� FRVWV� VDYLQJV�� � ,Q� WXUQ�� WKHVH� VDYLQJV� DUH� FRPELQHG� ZLWK� WKH
HQJLQHHULQJ� HVWLPDWHV� WR� GHWHUPLQH� WKH� 1('� EHQHILWV� IRU� FRPSHWLQJ� FKDQQHO
GHHSHQLQJ�SURMHFWV�

���� %DFNJURXQG�7R�)RUHFDVW�0RGHOLQJ�$SSURDFK

7KH�86$&(·V�PHWKRGRORJ\�IRU�GHWHUPLQLQJ�WUDQVSRUWDWLRQ�FRVWV�UHTXLUHV�FDOFXODWLQJ
WKH� GLVWULEXWLRQ� RI� WKH� FDUJR� FDSDFLW\� RI� WKH� IOHHW�� � 7KLV� GLVWULEXWLRQ� LV� GHWHUPLQHG
WKURXJK� WKH� XVH� RI� IOHHW� IRUHFDVWLQJ�� � $� NH\� DVVXPSWLRQ� LQ� WKH� GHYHORSPHQW� RI� WKH
6DYDQQDK�IOHHW�IRUHFDVW�RYHU�WKH�VWXG\�SHULRG��LV�WKDW�WKH�GLVWULEXWLRQ�RI�WKH�6DYDQQDK
IOHHW� ZLOO� DSSURDFK� WKH� GLVWULEXWLRQ� RI� WKH� ZRUOG� FRQWDLQHUVKLS� IOHHW�� � 7KHUHIRUH�
GHYHORSPHQW�RI�WKH�ZRUOG�IOHHW�IRUHFDVW�SUHFHGHV�WKDW�RI�WKH�6DYDQQDK�IRUHFDVW��

7KH�JHQHUDO�DSSURDFK�WR�GHYHORSLQJ�WKH�IOHHW�IRUHFDVW�LV�DQDO\WLFDO�LQ�QDWXUH��DSSO\LQJ
KLVWRULFDO� VWDWLVWLFV� DQG� WUHQG� DQDO\VLV� WR� FDOFXODWH� IOHHW� FDSDFLWLHV�� DYHUDJH� YHVVHO
FDSDFLWLHV��DQG�FDSDFLW\�GLVWULEXWLRQ��E\�GUDIW�FDWHJRULHV���)RU�WUHQG�DQDO\VLV��WKH�IOHHW
IRUHFDVW�EDVH�\HDU�IRU�GDWD�LV�������

7KH�QH[W� VHFWLRQ�ZLOO�GLVFXVV� WKH�PHWKRGRORJ\� IRU�GHWHUPLQLQJ� WKH�GHPDQG� LQ�7(8
FDSDFLW\� LQ� WKH�ZRUOG� FRQWDLQHUVKLS� IOHHW�� � 6XEVHTXHQW� VHFWLRQV�ZLOO� FRYHU� VXSSO\� LQ
ZRUOG�FDSDFLW\�DQG�6DYDQQDK�FDSDFLW\��

���� :RUOG�)OHHW�&DSDFLW\�'HPDQG�)RUHFDVW

7KH�ZRUOG�IOHHW� IRUHFDVW�PHWKRGRORJ\�XVHV�D�PDUNHW�HTXLOLEULXP�SURFHVV��ZKHUH� WKH
VXSSO\�RI�7(8� WUDQVSRUWDWLRQ� FDSDFLW\� RI� WKH� IOHHW� LQ� WKH�ZRUOG� HFRQRP\�DGMXVWV� WR
HTXDO�WKH�ZRUOG�GHPDQG�IRU�7(8�PRYHPHQWV��
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$V�VWDWHG� LQ�6HFWLRQ�&���DERYH�� WUHQG�DQDO\VLV� LV�XVHG� LQ� WKH� IRUHFDVW�PHWKRGRORJ\��
+LVWRULFDO� VWDWLVWLFV� DUH� DQDO\]HG� DQG� WUHQGV� DUH� GHYHORSHG� WR� GHWHUPLQH� WKH� IXWXUH
GLUHFWLRQ�RI�WKH�VWDWLVWLFV���7KH�IRUHFDVW�LQ�GHPDQG�IRU�7(8�WUDQVSRUWDWLRQ�FDSDFLW\�LQ
WKH�ZRUOG�IOHHW�LV�GHWHUPLQHG�XVLQJ�WKH�IROORZLQJ�LQSXWV�

• KLVWRULFDO�DQG�IRUHFDVW�WUDGH�GDWD

• KLVWRULFDO�SHUFHQW�RI�WKH�ZRUOG�WUDGH�VHUYHG�E\�FHOOXODU�VKLSV

• KLVWRULFDO�YHVVHO�XWLOL]DWLRQ�OHYHOV

• D�UDWLR�RI�WKH�VORW�FDSDFLW\�WR�SRUW�OLIWV

• KLVWRULFDO�DQG�FXUUHQW�IOHHW�FDSDFLW\�GDWD

• KLVWRULFDO�DYHUDJH�\HDUO\�WXUQV�SHU�VORW��KRZ�PDQ\�WLPHV�SHU�\HDU�DQ�LQGLYLGXDO
VORW�RQ�D�IXOO\�FHOOXODU�FRQWDLQHUVKLS�LV�XVHG�WR�PRYH�D�7(8�HTXLYDOHQW�ER[��

(DFK�RI�WKHVH�LV�GLVFXVVHG�LQ�WXUQ��

([KLELW������LOOXVWUDWHV�WKH�IORZ�SURFHVV�XWLOL]HG�LQ�WKH�PHWKRGRORJ\�WR�GHWHUPLQH�WKH
OHYHO�RI�7(8�WUDQVSRUWDWLRQ�FDSDFLW\�GXH�WR�ZRUOG�RFHDQ�ERUQH�WUDGH���7KH�QXPEHUV�LQ
WKH�H[KLELW�FRUUHVSRQG�WR�WKH�QXPEHUV�LQ�SDUHQWKHVHV�LQ�WKH�GLVFXVVHG�EHORZ�

([KLELW�����
)ORZFKDUW�IRU�)RUHFDVW�RI�'HPDQG�RI�)XOO\�&HOOXODU�&DSDFLW\�������������

1. Historical/Forecast 
Trade Demand 
Volumes, TEUs

2. Historical/Forecast 
Percent of Trade in 
Containership Fleet

3. Historical/Forecast 
Trade Demand on 

Cellular Ships

4. Historical/Forecast 
Cellular Fleet 

Capacity Utilization

5. Historical/Forecast 
Vessel Capacity 

Required

6. Historical 
Total Cellular 
Fleet Capacity

7. Historical 
Average Turns 

per TEU

Forecast 
Average Turns 

per TEU

Forecast World 
Cellular 
Capacity 

Demand per 
year

6RXUFH� %RR]³$OOHQ�	�+DPLOWRQ

$QQXDO�KLVWRULFDO�DQG�IRUHFDVW�ZRUOG�WUDGH�GHPDQG������IRU�WKH�SHULRG������±������LV
GHYHORSHG�LQ�WKH�FRPPRGLW\�IRUHFDVW�GLVFXVVHG�LQ�&KDSWHU����DQG�$WWDFKPHQWV�$�DQG
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5HYLVLRQ�'DWH� �������
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6HFWLRQ� )OHHW�)RUHFDVW�0HWKRGRORJLHV

%�RI�WKLV�$SSHQGL[���7KH�KLVWRULFDO�SHUFHQWDJH�RI�WUDGH�PRYHG�RQ�IXOO\�FHOOXODU�YHVVHOV
���� LV� WDNHQ� IURP�GDWD�SURYLGHG�E\�SURIHVVLRQDO� DQDO\VLV� DQG�RSLQLRQ���� �$Q� DQQXDO
IRUHFDVW�� RYHU� WKH� VWXG\� SHULRG�� RI� WKH� IXWXUH� SHUFHQWDJH� RI� FDUJR� PRYHG� E\� IXOO\
FHOOXODU�YHVVHOV�ZDV�GHYHORSHG�IURP�WKH�KLVWRULFDO�GDWD�

7KH�LPSRUWDQFH�RI�WKHVH�WZR�IRUHFDVWV�LV�VWUDLJKWIRUZDUG��ZLWK�WKHVH�DQQXDO�VWDWLVWLFV�
KLVWRULFDO� DQG� IXWXUH� DQQXDO� GHPDQG� IRU� 7(8V� WUDQVSRUWHG� E\� IXOO\� FHOOXODU� YHVVHOV
FDQ�EH�GHWHUPLQHG�������+RZHYHU��WKH�UHVXOWLQJ�ILJXUH�LV�RQO\�WKH�DQQXDO�OHYHO�RI�7(8
VORWV�QHFHVVDU\�WR�PRYH�DOO�FRQWDLQHUL]HG�FDUJR�RQ�IXOO\�FHOOXODU�YHVVHOV���%HFDXVH�WKH
VORWV�DUH�XVHG�VHYHUDO�WLPHV�D�\HDU�WR�PRYH�ER[HV��LW�LV�XQQHFHVVDU\�WR�KDYH�DV�PDQ\
VORWV� LQ�WKH�IOHHW�DV�WKHUH�LV�7(8�WUDGH�GHPDQG�� �$�VHFRQG�XWLOL]DWLRQ�IDFWRU�PXVW�EH
LQFRUSRUDWHG�LQWR�WKH�SURFHVV�LQ�RUGHU�WR�GHWHUPLQH�WKH�DFWXDO�QXPEHU�RI�7(8�VORWV�LQ
WKH�IOHHW�

7KH� XWLOL]DWLRQ� IDFWRU� XVHG� DUH� DQQXDO� KLVWRULFDO� FDSDFLW\� XWLOL]DWLRQ� ���� ILJXUHV� IRU
VHYHUDO�PDMRU�WUDGH�ODQHV�LQ�WKH�ZRUOG�PDUNHW��GHWHUPLQHG�IURP�SURIHVVLRQDO�RSLQLRQ
DQG�SULRU�VWXGLHV������,QFRUSRUDWLQJ�WKLV�IDFWRU�UHGXFHV�WKH�DQQXDO�KLVWRULFDO�QXPEHU�RI
7(8�PRYHV� LQ� WKH�ZRUOG� IOHHW�GRZQ� WR� WKH�QXPEHU� RI�PRYHV� DFWXDOO\�PDGH�E\� WKH
WRWDO�FDSDFLW\�RI�WKH�ZRUOG�IOHHW�LQ�D�SDUWLFXODU�\HDU�������7R�EULQJ�WKH�KLVWRULFDO�GDWD�WR
WKH�IXWXUH��PDGH�E\�WKH�YHVVHOV��WRWDO�FDSDFLW\�����RI�WKH�DFWXDO�ZRUOG�IOHHW�LV�QHFHVVDU\�
�8VLQJ�SURIHVVLRQDOO\�SURGXFHG�GDWDEDVHV���WKH�IROORZLQJ�VWDWLVWLFV�DUH�GHYHORSHG��

• 1XPEHU�RI�IXOO\�FHOOXODU�FRQWDLQHUVKLSV�LQ�WKH�ZRUOG�IOHHW

• &DSDFLW\�RI�FRQWDLQHUVKLS�IOHHW��E\�YHVVHO�GHVLJQ�GUDIW�FODVV�DQG�WRWDO

• 2UGHUERRN�FDSDFLW\�E\�GUDIW�FODVV�DQG�WRWDO

• $YHUDJH�FDSDFLW\�RI�YHVVHOV��E\�GHVLJQ�GUDIW

• 'LVWULEXWLRQ�RI�7(8�FDSDFLW\��E\�GHVLJQ�GUDIW�

7KHVH�VWDWLVWLFV�ZHUH�GHWHUPLQHG� IRU� HDFK�\HDU� ����� WR������� IURP� WKH� FRQWDLQHUVKLS
GDWDEDVHV���

������������������������������������������������
��� 'UHZU\ªV�*OREDO�&RQWDLQHU�0DUNHWV��-XO\�����

��� 3ULRU�%RR]⋅$OOHQ�DQDO\VLV�RI�IRXU�PDMRU�WUDGH�ODQHV���(XURSH�1RUWK�$PHULFD��(XURSH�$VLD��6RXWK
$PHULFD�1RUWK�$PHULFD��1RUWK�$PHULFD�$VLD�

�� &ODUNVRQ�5HVHDUFK�6WXGLHV�&RQWDLQHUVKLS�5HJLVWU\���QG�4XDUWHU�������

�� 7KH�IOHHW�IRUHFDVW�ZDV�XSGDWHG�GXULQJ�WKH�ZLQWHU�DQG�VSULQJ�RI������WR�UHIOHFW�WKH�ODWHVW�RUGHUERRN�LQIRUPDWLRQ
IURP�WKH�FRQWDLQHUVKLS�GDWDEDVHV��XVLQJ��UG�4XDUWHU�������WKURXJK��VW�4XDUWHU������GDWDEDVHV�
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:RUNLQJ�EDFNZDUGV��WKH�PHWKRGRORJ\�SURFHVV�GHWHUPLQHV�WKH�DQQXDO�KLVWRULFDO�OHYHO
RI�7(8�FDSDFLW\�LQ�WKH�ZRUOG�IOHHW�IRU������WKURXJK��������:LWK�WKLV�GDWD��WKH�DYHUDJH
QXPEHU�RI�WLPHV�D�FRQWDLQHU�VORW��7(8�VORW��LV�XVHG�LQ�D�JLYHQ�KLVWRULFDO�\HDU�IURP�����
WR������LV�GHWHUPLQHG�E\�GLYLGLQJ�WKH�QXPEHU�RI�PRYHV�E\�WKH�WRWDO�7(8�FDSDFLW\�RI
WKH�IOHHW������DQG�HTXDOV�����������7UHQG�DQDO\VLV�ZDV�FRPSOHWHG�RQ�WKH�KLVWRULFDO�YDOXHV
RI�����DQG�IRUHFDVWHG�RXW�RYHU�WKH�VWXG\�SHULRG��

7KH�IRUHFDVW�FDOFXODWLRQV�WKXV�IDU�KDYH�RQO\�GHWHUPLQHG�WKH�7(8�FDSDFLW\�RI�WKH�IOHHW
UHTXLUHG�WR�PHHW�WKH�IXWXUH�WUDGH�OHYHOV�GLVFXVVHG�LQ�&KDSWHU���RI�WKLV�$SSHQGL[���7KH
QH[W�VWHS�LQ�WKH�SURFHVV�UHTXLUHV�D�FDOFXODWLRQ�RI�WKH�VXSSO\�RI�7(8�FDSDFLW\�DYDLODEOH
WR�PHHW�WKH�GHPDQG�RYHU�WKH�IRUHFDVW�SHULRG��

���� :RUOG�)OHHW�&DSDFLW\�6XSSO\�)RUHFDVW

7KLV�VHFWLRQ�GHVFULEHV�WKH�FDOFXODWLRQV�XVHG�WR�IRUHFDVW�WKH�VXSSO\�RI�7(8�FDSDFLW\�LQ
WKH� IXOO\� FHOOXODU�ZRUOG� IOHHW�� � 7KLV� IRUHFDVW�ZDV� GHYHORSHG� XVLQJ� D� FRPELQDWLRQ� RI
KLVWRULFDO� IOHHW� VWDWLVWLFV�DQG�DVVXPSWLRQV�RQ� WKH�JURZWK� LQ�YHVVHO� VL]H�� � ,Q�DGGLWLRQ�
WKH� IRUHFDVW� FRPSHQVDWHV� IRU� IXWXUH�EXLOGLQJ�RI�QHZ�FDSDFLW\�� UHSODFHPHQW� FDSDFLW\�
DQG�VFUDSSLQJ�RI�UHWLUHG�YHVVHOV��

5HFDOOLQJ� IURP� DERYH�� VHYHUDO� KLVWRULFDO� IOHHW� VWDWLVWLFV� ZHUH� FDOFXODWHG� XVLQJ� WKH
FRQWDLQHUVKLS�GDWDEDVH�� � ,Q�DGGLWLRQ�� D�KLVWRULFDO�GLVWULEXWLRQ�RI�RUGHUERRN� FDSDFLW\�
E\� GUDIW� FDWHJRU\�� E\� \HDU� DQG� WKH� GLVWULEXWLRQ� RI� WKH� ���������� RUGHUERRN� DUH
FDOFXODWHG�� � 7KHVH� VWDWLVWLFV� DUH� XVHG� LQ� WKH� VXSSO\� IRUHFDVW� WR� GHYHORS� D� QHZ
FRQWDLQHUVKLS�IOHHW�WKURXJKRXW�WKH�VWXG\�SHULRG�

([KLELW������EHORZ�SUHVHQWV�D�IORZFKDUW�GHVFULELQJ�WKH�SURFHVV�XVHG�LQ�WKH�ZRUOG�IOHHW
IRUHFDVW� PRGHO� IRU� GHWHUPLQLQJ� WKH� VXSSO\� RI� 7(8� FDSDFLW\� DYDLODEOH� LQ� WKH� IXOO\
FHOOXODU�IOHHW�WR�KDQGOH�WKH�7(8�FDUJR�GHPDQGHG�E\�WKH�ZRUOG�HFRQRP\��E\�GUDIW�
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3DJH������RI�����

5HYLVLRQ�1R� )LQDO
5HYLVLRQ�'DWH� �������
6SRQVRU� *HRUJLD�3RUWV�$XWKRULW\
6HFWLRQ� )OHHW�)RUHFDVW�0HWKRGRORJLHV

([KLELW�����
)ORZFKDUW�RI�:RUOG�)OHHW�&DSDFLW\�6XSSO\�0RGHO

Historic Capacity, 
No. of Ships, by 

Design Draft

Historic/Current 
Orderbook of 
Capacity, by 

Draft, 1980 - 1999
(OBi-20 to OBi-1)

For 
Years i 
=2000 
to 2050

Forecast 
Replacement 

Orderbook Capacity 
by Draft

(ROi = 1.15*OBi-20)

Forecast Average 
Vessel Capacity 

by Draft

Forecast Net 
Additions to 

Replacement 
Orderbook Capacity 

by Draft
(ROi - OBi-20)

Current World 
Fleet Capacity, by 

Draft, 1999
(WF)

Forecast Net Fleet Capacity 
by Draft (WFi = WFi-1 + (ROi 

- OBi-20))

Forecast Net Total New 
Capacity Required to 

meet Demand
(NTCi= DCi - ΣWFi)

Forecast New Capacity 
Orderbook, by draft

(NCi)

1997-1999 
Orderbook 
Capacity 

Distribution,
by Draft

Forecast Total World 
Fleet Capacity, by draft 

(WFi’ = WFi + NCi)

Forecast No. of Ships, 
Capacity Distribution for 

Year i

Set WFi’ as 
WFi

6RXUFH� %RR]³$OOHQ�	�+DPLOWRQ

7KH�H[KLELW� LOOXVWUDWHV� WKDW� WKH�PHWKRGRORJ\�DSSOLHV�DQ� LWHUDWLYH�SURFHVV� WR�FDOFXODWH
IOHHW�VWDWLVWLFV�IRU�HDFK�\HDU�RI�WKH�VWXG\�SHULRG�� �7KH�PHWKRGRORJ\�LQFOXGHV�VWHSV�WR
FRPSHQVDWH� IRU� WKH� VFUDSLQJ� RU� UHWLUHPHQW� RI� DJHG� RU� IXWXUH� FDSDFLW\�� UHSODFHPHQW
FDSDFLW\� IRU� WKH� VFUDSSHG� YHVVHOV�� DQG� DGGLWLRQDO� FDSDFLW\� WR� PHHW� GHPDQG�� � ,Q
DGGLWLRQ�� WKH�PHWKRGRORJ\� IRUHFDVWV�DQ�DYHUDJH�YHVVHO� FDSDFLW\� �LQ�7(8V��E\�GHVLJQ
GUDIW��

)RU�WKH�IRUHFDVW�SHULRG��YHVVHOV�LQ�WKH�FXUUHQW�IOHHW�DUH�UHWLUHG�DQG�RU�VFUDSSHG�EDVHG
RQ�D����\HDU�VHUYLFH� OLIH�� �&DSDFLW\� LV� VFUDSSHG� IURP�WKH� IOHHW�E\�GHOHWLQJ�DOO�YHVVHOV
DQG�WKHLU�FDSDFLW\�IURP�WKH�GDWDEDVH�WKDW�ZHUH�RUGHUHG����\HDUV�SULRU�WR�WKH�FXUUHQW
\HDU�� �)RU�H[DPSOH��LI�WKH�FXUUHQW�\HDU�LV������DQG�LI�LQ������WKH�WRWDO�FDSDFLW\�RI�WKH
IOHHW�ZDV���������7(8��DQG�WKH�FDSDFLW\�LQ�WKH�\HDU������ LV�����������7(8V�� WKHQ�WKH
QHW�FDSDFLW\�VXSSOLHG�GXH�WR�VFUDSSLQJ�HTXDOV���������7(8V��

7R� WDNH�DGYDQWDJH�RI�HFRQRPLHV�RI� VFDOH�ZKLOH� UHSODFLQJ� VFUDSSHG�FDSDFLW\�� RZQHUV
W\SLFDOO\�UHSODFH�YHVVHOV�ZLWK�VOLJKWO\�ODUJHU�FDSDFLW\�YHVVHOV�� �7R�FRPSHQVDWH�IRU�WKH
LQFUHDVHG� FDSDFLW\�� D� PXOWLSOLHU� LV� SODFHG� RQ� WKH� RUGHUERRN� UHSUHVHQWLQJ� WKH
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UHSODFHPHQW�FDSDFLW\�����7KH�DGGLWLRQDO�FDSDFLW\�FUHDWHG�E\�WKH�PXOWLSOLHU�LV�DGGHG�WR
WKH� SUHYLRXV� \HDU� IOHHW� FDSDFLW\� OHVV� WKH� VFUDSSHG� FDSDFLW\�� UHVXOWLQJ� LQ� WKH� FXUUHQW
\HDU�FDSDFLW\��

7KH� FXUUHQW� \HDU� FDSDFLW\� LV� FRPSDUHG� WR� WKH� FDSDFLW\� GHPDQGHG� �FDOFXODWHG� LQ� WKH
6HFWLRQ�&����WR�GHWHUPLQH�LI�WKH�FXUUHQW�IOHHW�FDSDFLW\�LV�VXIILFLHQW�WR�PHHW�GHPDQG���,I
WKH� VXSSO\� FDSDFLW\� LV� KLJKHU� WKDQ� WKH�GHPDQG� FDSDFLW\�� WKHUH� LV� DQ� RYHU� VXSSO\� RI
FDSDFLW\�LQ�WKH�ZRUOG�IOHHW�� � ,I� WKH�GHPDQG�FDSDFLW\�VWLOO�H[FHHGV�WKH�VXSSO\�FDSDFLW\
DIWHU� VFUDSLQJ� DQG� UHSODFHPHQW� RFFXUV�� WKHQ� DGGLWLRQDO� QHZ� EXLOGLQJ� FDSDFLW\� LV
QHFHVVDU\�� � 7KH� DGGLWLRQDO� FDSDFLW\� LV� GLVWULEXWHG� WR� GUDIW� FDWHJRULHV� LQ� DFFRUGDQFH
ZLWK� WKH� ���������� RUGHUERRN� FDSDFLW\� GLVWULEXWLRQ�� � 7KH� VXP� RI� WKH� DGGLWLRQDO
FDSDFLW\�DQG�FXUUHQW�\HDU�FDSDFLW\�GHWHUPLQHV�WKH�WRWDO�\HDU�FDSDFLW\��E\�GUDIW��

7KHVH�FDOFXODWLRQV�DOO�OHDG�WR�WKH�SULPDU\�SXUSRVH�RI�WKH�IOHHW�IRUHFDVW��IRUHFDVWLQJ�WKH
GLVWULEXWLRQ� RI� WKH� IOHHW� FDSDFLW\� DFURVV� WKH� GUDIW� FODVVHV�� � 7KLV� IRUHFDVW� LV� XVHG� WR
SURMHFW� WKH�6DYDQQDK� IOHHW� IRUHFDVW�� �7KH�QH[W� VHFWLRQ�RI� WKLV�$WWDFKPHQW�SURYLGHV� D
GHVFULSWLRQ�RI�PHWKRGRORJ\�DSSOLHG�WR�GHYHORS�WKDW�IRUHFDVW�

���� 7KH�6DYDQQDK�)OHHW�)RUHFDVW�0HWKRGRORJ\

$V� VWDWHG� DERYH�� D� NH\� DVVXPSWLRQ� LQ� WKH� IOHHW� IRUHFDVW� PHWKRGRORJ\� LV� WKDW� WKH
6DYDQQDK�IOHHW�FDSDFLW\�GLVWULEXWLRQ�ZLOO�HYROYH�DQG�UHIOHFW�WKH�FDSDFLW\�RI�WKH�ZRUOG
IOHHW�RYHU�WKH�FRXUVH�RI�WKH�VWXG\�SHULRG���7KLV�DVVXPSWLRQ�LV�EDVHG�RQ�WKH�WHQHW�WKDW�DV
WUDGH� YROXPHV� LQFUHDVH� DW� WKH� 3RUW� RI� 6DYDQQDK�� WKH� 3RUW·V� VLJQLILFDQFH� ZLOO� ULVH��
7KHUHIRUH��ZLWK� WKH�ZRUOG� IOHHW� IRUHFDVW� DV� D� EDFNGURS�� D�PRGHO�ZDV� GHYHORSHG� IRU
GHWHUPLQLQJ�IOHHW�IRUHFDVWV�IRU�6DYDQQDK��

7KH� 6DYDQQDK� IOHHW� IRUHFDVW� PHWKRGRORJ\� LV� VLPLODU� WR� WKH� ZRUOG� IOHHW� IRUHFDVW
PHWKRGRORJ\�� LQ� WKDW� LW� XVHV� WUDGH� IRUHFDVW� GDWD� WR� GHWHUPLQH� WKH� GHPDQG� IRU� 7(8
FDSDFLW\�LQ�6DYDQQDK��WKHQ�FDOFXODWHV�WKH�UHTXLUHG�IOHHW�VXSSO\�QHHGHG�WR�VXSSRUW�WKDW
GHPDQG�� � ,Q� DGGLWLRQ�� LW� DSSOLHV� DQ� LWHUDWLRQ� SURFHVV�� E\� ZKLFK� FDOFXODWLRQV� RI� WKH
VWDWLVWLFV�OHDGLQJ�WR�IOHHW�GLVWULEXWLRQ�DUH�FRPSOHWHG�IRU�HDFK�\HDU�RI�WKH�VWXG\�SHULRG�
EDVHG� RQ� WKH� YDOXHV� FDOFXODWHG� IRU� WKH� SUHYLRXV� \HDU�� � 7KH� FDOFXODWLRQV� ZHUH
FRPSOHWHG�IRU�HDFK�RI�WKUHH�PDMRU�WUDGH�ODQHV�LQWHUVHFWLQJ�DW�6DYDQQDK��(XURSH�1RUWK
$PHULFD��1RUWK�$PHULFD�/DWLQ�$PHULFD��DQG�WKH�$VLD�1RUWK�$PHULFD�ODQHV�

7KH�IRUHFDVW�PHWKRGRORJ\�SURFHVV�LQYROYHV�WKH�IROORZLQJ�VWHSV�

������������������������������������������������
��� 7KLV�PHWKRGRORJ\�LV�GHVFULEHG�LQ�WKH�1('�*XLGHOLQHV�
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• 7KH�KLVWRULFDO���������������QXPEHU�RI�YHVVHOV�DQG�WRWDO�FDSDFLW\�GLVWULEXWLRQ��E\
GHVLJQ� GUDIW� FDWHJRU\� ���� WR� ��� IHHW��� DUH� GHWHUPLQHG�� IURP� *HRUJLD� 3RUWV
$XWKRULW\�DQG�6DYDQQDK�3LORWV�$VVRFLDWLRQ�YHVVHO�ORJV��8VLQJ�KLVWRULFDO�*HRUJLD
3RUWV�$XWKRULW\�GDWD� IURP������ WR� ����� RI� YHVVHO� FDOOV� E\�QDPH�� WKH� KLVWRULFDO
QXPEHU� RI� YHVVHOV� DQG� WRWDO� FDSDFLW\� RI� WKHVH� YHVVHOV� ZDV� FDOFXODWHG��� DQG
VHJUHJDWHG�E\�GHVLJQ�GUDIW�FDWHJRU\��

• )URP� WKH� GDWD� GHWHUPLQHG� DERYH�� WKH� WUHQG� LQ� WKH� DYHUDJH� DYDLODEOH� FDSDFLW\�
SHU�GUDIW�FDWHJRU\�RYHU�WKH�VWXG\�SHULRG��XVLQJ�WKH�KLVWRULFDO�YDOXHV�DV�D�EDVLV�
ZDV�FDOFXODWHG��E\�GLYLGLQJ�WRWDO�DYDLODEOH�FDSDFLW\�GUDIW�E\� WRWDO�YHVVHO� FDOOV��
$V�ZDV�WKH�FDVH�LQ�WKH�ZRUOG�IOHHW�IRUHFDVW��WKH�ILJXUHV�DUH�XVHG�WR�GHWHUPLQH�WKH
GLVWULEXWLRQ�RI�WKH�IOHHW�FDSDFLW\�

• $�VHULHV�RI�FDOFXODWLRQV�DUH�SHUIRUPHG�WR�GHWHUPLQH�WKH�QXPEHU�RI�YHVVHO�FDOOV
SHU�GUDIW�FDWHJRU\�RYHU�WKH�VWXG\�SHULRG�XVLQJ�WKH������*3$�GDWD�DV�D�EDVHOLQH��
,QFRUSRUDWHG�LQ�WKH�FDOFXODWLRQV�DUH�QHDU�WHUP�VHUYLFH�SODQV�GHWHUPLQHG�WKURXJK
LQWHUYLHZV� ZLWK� FDUULHU� RSHUDWRUV�� � 7KH� QXPEHU� RI� YHVVHO� FDOOV� SHU� \HDU� LV
GHWHUPLQHG�XVLQJ� DYHUDJH� 7(8� OLIWV� SHU� GUDIW� FDWHJRU\�� FDUULHU� VHUYLFH� SODQV��
7KH� WRWDO� FDSDFLW\� DYDLODEOH� IURP� WKHVH� YHVVHO� FDOOV� RYHU� WKH� VWXG\� SHULRG� LV
FRPSDUHG�WR�WKH�WUDGH�YROXPHV�IRUHFDVWHG���,I�VKRUWIDOOV�RFFXU��DGGLWLRQDO�VKLSV
FDOOV�DUH�UHTXLUHG�

• 7KH� QXPEHU� RI� DGGLWLRQDO� YHVVHOV� UHTXLUHG�� LV� GHWHUPLQHG� E\� GLYLGLQJ� WKH
VKRUWIDOO�E\�WKH�DYHUDJH�YHVVHO�FDSDFLW\�� �7KH�DGGLWLRQDO�YHVVHOV�DUH�GLVWULEXWHG
WKURXJK�WKH�IOHHW�DW�WKH�WKUHH�GHHSHVW�GUDIW�FDWHJRULHV�DYDLODEOH�WR�RSHUDWH�LQ�WKH
FKDQQHO�� � 7KH� GLVWULEXWLRQ� RI� WKH� 7(8� FDSDFLW\� LV� GHWHUPLQHG� E\�GLYLGLQJ� WKH
FDSDFLW\�RI�HDFK�GUDIW� FDWHJRU\�E\� WRWDO� FDSDFLW\�� IRU�HDFK� WUDGH� ODQH�DQG�ZLWK
SURMHFW� DOWHUQDWLYH�� � 7KHVH� GLVWULEXWLRQV� DUH� XVHG� LQ� WKH� FDOFXODWLRQV� IRU
WUDQVSRUWDWLRQ�FRVWV�

������������������������������������������������
��� &56�&RQWDLQHUVKLS�5HJLVWU\�DQG�/OR\GªV�5HJLVWU\�RI�6KLSV�
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��� 9(66(/�75$)),&�6,08/$7,21�02'(/

���� 9HVVHO�7UDIILF�6LPXODWLRQ�2YHUYLHZ

$� V\VWHP� WKDW� LV� VXLWDEOH� IRU� VLPXODWLRQ� XVXDOO\� FRQVLVWV� RI� DW� OHDVW� RQH� RI� WKH
IROORZLQJ�WZR�FKDUDFWHULVWLFV���)LUVW��WKH�V\VWHP�PLJKW�FRQWDLQ�D�VLJQLILFDQW�DPRXQW�RI
DFWLYLW\� WKDW� LV� SUREDELOLVWLF� LQ� QDWXUH�� � 8QFHUWDLQW\� RI� DQ� DFWLYLW\� PD\� LQIOXHQFH
ZKHWKHU� WKH�DFWLYLW\�RFFXUV��ZKHQ� WKH�DFWLYLW\�RFFXUV��DQG� WR�ZKDW� OHYHO� WKH�DFWLYLW\
RFFXUV�� �)RU�LQVWDQFH�� LQ�PRGHOLQJ�D�VKLS�DUULYLQJ�WR�6DYDQQDK�+DUERU�LQ� WKH� IXWXUH�
WKHUH�DUH�D�QXPEHU�RI�XQFHUWDLQ�HOHPHQWV�

• WLPH�RI�DUULYDO�WR�WKH�V\VWHP

• WLPH�WR�FRPSOHWH�VHUYLFH�DW�WKH�GRFN

• ZKHWKHU�WKH�YHVVHO�LV�LQYROYHG�LQ�DQ�HQFRXQWHU��H�J���PHHWLQJ��SDVVLQJ��FROOLVLRQ�
ZLWK�D�VHFRQG�YHVVHO

• ZKDW�W\SH�RI�YHVVHO�LV�FDOOLQJ

• WKH�FDUJR�ORDGHG�RQ�WKH�YHVVHO��ZKLFK�DIIHFWV�LWV�RSHUDWLQJ�GUDIW��

1RWH� WKDW� DW� VRPH� SRLQW� LQ� WLPH�� WKHVH� HOHPHQWV� PD\� LQ� IDFW� JDLQ� FHUWDLQW\�� � )RU
LQVWDQFH��ZH�PLJKW�NQRZ�ZLWK�DFFXUDF\�ZLWKLQ�PLQXWHV�WKH�DUULYDO�WLPHV�RI�DOO�YHVVHOV
FDOOLQJ�RQ�WKH�3RUW�WRPRUURZ�� �+RZHYHU��WKH�IHDVLELOLW\�VWXG\�DQDO\VLV�DGGUHVVHV�WKH
LVVXH�DV�DQ�XQFHUWDLQ�RQH��JLYHQ�WKH������WR������VWXG\�SHULRG�

7KH�VHFRQG�NH\�V\VWHP�FKDUDFWHULVWLF�WKDW�OHQGV�LWVHOI�WR�D�VLPXODWLRQ�DQDO\VLV�LV�SXUH
FRPSOH[LW\���7KDW�LV��D�V\VWHP�PD\�FRQVLVW�RI�D�QXPEHU�RI�LQWHUDFWLQJ�DFWLYLWLHV��HDFK�RI
ZKLFK� DORQH� PLJKW� EH� DPHQDEOH� WR� DQ� DQDO\WLFDO� VROXWLRQ�� EXW� QRW� WUXH� LQ� WKH
DJJUHJDWH�� � $JDLQ�� ZLWK� UHVSHFW� WR� WKH� KDUERU� V\VWHP�� LW� PLJKW� EH� D� YHU\
VWUDLJKWIRUZDUG� DQDO\VLV� WR� GHILQH� WKH� HTXLSPHQW� QHHGV� RI� D� SDUWLFXODU� GRFN� LQ� WKH
V\VWHP���(YHQ�LI�HDFK�RI�WKHVH�HOHPHQWV�DORQH�FRXOG�EH�HYDOXDWHG�VLPSO\�� LQWHUDFWLRQ
HIIHFWV�PDNH�D�JOREDO�DQDO\VLV�PXFK�PRUH�GLIILFXOW��

)RU� H[DPSOH�� OHW� XV� DJDLQ� FRQVLGHU� WKH� FKDQQHO� V\VWHP�� � 7KHUH� DUH� D� QXPEHU� RI
IXQFWLRQV��ZKLFK�WRJHWKHU�GHILQH�YHVVHO�PRYHPHQWV�

• YHVVHO�WUDQVLW

• SLORWDJH

• GRFNLQJ�SLORW�VHUYLFH

• EXQNHULQJ

• RII�ORDG�RQ�ORDG�

7KH�VLPXODWLRQ�LV�D��:KDW�LI���"��W\SH�RI�WRRO���(DFK�HOHPHQW�LQ�WKH�V\VWHP�LV�GHILQHG�E\
ZKDW�DUH�GHHPHG�WR�EH�LWV�NH\�FKDUDFWHULVWLFV���)RU�LQVWDQFH��LQ�WKLV�VLPXODWLRQ�PRGHO�
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WKH�NH\�FRQFHSW�LV�SK\VLFDO�YHVVHO� LQWHUDFWLRQV�� �:H�PXVW�EH�DZDUH�RI�WKH�LPSDFWV�RI
YHVVHOV�DSSURDFKLQJ�HDFK�RWKHU���HLWKHU�PHHWLQJ�RU�SDVVLQJ���%HFDXVH�RI�WKH�QDWXUH�RI
SLORW�UHVSRQVHV�LQ�VXFK�VLWXDWLRQV��LW�EHFRPHV�QHFHVVDU\�WR�FDSWXUH�LQ�GHSWK�WKH�ZLGWK
DQG� GUDIW� RI� WKH� HQFRXQWHULQJ� YHVVHOV�� � )RU� WKH� FXUUHQW� PRGHO�� WKH� YDULRXV� YHVVHO
FODVVHV�DUH�GLVWLQJXLVKHG�LQ�WKLV�UHJDUG����:H�VKRXOG�QRWH�WKDW��IRU�D�VFHQDULR�VXFK�DV
DQ�DQFKRUDJH�GHYHORSPHQW��DQRWKHU�FKDUDFWHULVWLF� ��YHVVHO�RSHUDWLQJ�FRVWV� ��EHFRPHV
LPSRUWDQW��� � 2QH� FRPPRQ� HOHPHQW� LQ� DOO� VLPXODWLRQ� PRGHOV� LV� WKH� HPSOR\PHQW� RI
YDULRXV� SUREDELOLW\� GLVWULEXWLRQV�� � 7KH� FRQFHSW� RI� D� SUREDELOLW\� GLVWULEXWLRQ� LV� WKDW
VRPH� FKDUDFWHULVWLF� PLJKW� GLIIHU� RYHU� HOHPHQWV� LQ� WKH� V\VWHP�� DQG� WKH� GLVWULEXWLRQ
LQGLFDWHV�KRZ�WKDW�YDULDWLRQ�DULVHV���)RU�LQVWDQFH��D�QXPEHU�RI�GLIIHUHQW�YHVVHO�FODVVHV
FDOO�RQ�6DYDQQDK�� �:H�GHILQH�D�GLVWULEXWLRQ��ZKLFK�HQVXUHV� WKDW� WKH�SURSRUWLRQ�DQG
QXPEHUV� RI� HDFK� FODVV� DUH� FRQVLVWHQW� ZLWK� FXUUHQW� REVHUYDWLRQV� DQG� IXWXUH
H[SHFWDWLRQV��

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�OHYHO�RI�GHWDLO�WR�ZKLFK�DQ�HOHPHQW�LV�PRGHOHG�VKRXOG
GHSHQG� RQ� WKH� TXHVWLRQV� WR� EH� LQYHVWLJDWHG� ZLWK� WKH� VLPXODWLRQ� PRGHO�� � ,W� LV� QRW
SRVVLEOH�WR�FRPSOHWHO\�PLPLF�WKDW�DFWLYLW\�RI�WKH�V\VWHP���$W�WKH�VDPH�WLPH��LPSRUWDQW
FKDUDFWHULVWLFV�VKRXOG�QRW�EH�RPLWWHG��

7KH� ILQDO� HOHPHQW� WKDW� LV� LQKHUHQW� LQ� PRVW� VLPXODWLRQ� PRGHOV� LV� WKH� GHILQLWLRQ� RI
SROLFLHV�� � 0DQ\� V\VWHPV� UHO\� RQ� VRPH� VRUW� RI� GHFLVLRQ� PDNLQJ�� HLWKHU� H[SOLFLWO\� RU
LPSOLFLWO\���9HVVHO�WUDIILF�PRYHV�DW�D�FHUWDLQ�UDWH��D�YHVVHO�LQ�DQ�HQFRXQWHU�ZLWK�DQRWKHU
YHVVHO�DFWV�LQ�VRPH�PDQQHU��LQFRPLQJ�YHVVHOV�DUH�DVVLJQHG�WR�EHUWKV�RU�ZDLW�DW�DQFKRU�
�7R�EH�XVHIXO�� WKH� VLPXODWLRQ�PXVW� LPLWDWH� DFWXDO� EHKDYLRU�� RU� SURYLGH� D� UHDVRQDEOH
DJUHHG�XSRQ�VXUURJDWH��

1RWH�WKDW�WKH�YHVVHO�WUDIILF�VLPXODWLRQ�LV�XVHG�DV�D�WRRO�WKDW�GRHV�QRW�SURYLGH�D�VROXWLRQ
WR�WKH�SUREOHP���,W�FDQQRW�VXJJHVW�WKH�RSWLPDO�SURMHFW�DOWHUQDWLYH�� � ,W�ZLOO�SURYLGH�DQ
XQGHUVWDQGLQJ�RI� KRZ�GLIIHUHQW� SDUWLFXODU� SURMHFW� DOWHUQDWLYH�ZLOO� LPSDFW� WKH� YHVVHO
RSHUDWLRQV�WKURXJK�WKH�QDYLJDWLRQ�FKDQQHO�

���� 7KH�9HVVHO�7UDIILF�6LPXODWLRQ�0RGHO

7KH�VLPXODWLRQ�PRGHO�FUHDWHG�LV�HVVHQWLDOO\�DQ�LPLWDWLRQ�RI�YHVVHO�PRYHPHQWV�ZLWKLQ
WKH� 6DYDQQDK� +DUERU� V\VWHP�� � 7KH� RULJLQDO� YHVVHO� WUDIILF� VLPXODWLRQ� PRGHO� ZDV
RULJLQDOO\�GHYHORSHG�IRU� WKH�*DOYHVWRQ�'LVWULFW�RI� WKH�86�$UP\�&RUSV�RI�(QJLQHHUV�
DQG� ZDV� XVHG� WR� LGHQWLI\� WKH� LPSDFW� RI� GHHSHQLQJ� DQG� ZLGHQLQJ� WKH� PDLQ
+RXVWRQ�*DOYHVWRQ�QDYLJDWLRQ�FKDQQHO����7KH�VLPXODWLRQ�PRGHO�ZDV�DGDSWHG�IRU�WKH
6DYDQQDK�+DUERU�FKDQQHO�XVLQJ�WKH�SK\VLFDO�FKDQQHO�FKDUDFWHULVWLFV�SURYLGHG�E\�WKH
86� $UP\� &RUSV� RI� (QJLQHHUV� DQG� YHVVHO� RSHUDWLQJ� SUDFWLFH� LQIRUPDWLRQ� IURP� WKH
6DYDQQDK�3LORWV�$VVRFLDWLRQ�

7KH�6DYDQQDK�PRGHO�UHIOHFWV�WKH�V\VWHP�FKDUDFWHULVWLFV�UHTXLUHG�IRU� WKH�EHDP�ZLGWK
FRQIOLFW�GHOD\�HVWLPDWLRQ��DQG�LV�DOVR�VLPLODU�WR�WKDW�UHTXLUHG�IRU�D�SUHYLRXV�86�$UP\
&RUSV�RI�(QJLQHHUV�%DOWLPRUH�+DUERU� LPSURYHPHQWV� IHDVLELOLW\� VWXG\�� �7KH� VLPSOHVW
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DQDORJ\� LV� WR� OLNHQ�WKH�PRGHO� WR�D� WXEH� �WKH�FKDQQHO��� LQWR�ZKLFK� LWHPV� �YHVVHOV��DUH
VKRW�IURP�ERWK�HQGV���7KH�PRGHO�FDSWXUHV�WKH�VSHHG�DW�ZKLFK�YHVVHOV�PRYH�WKURXJK
WKH�FKDQQHO��DQG�WKH�UHOHDVH�RI�D�YHVVHO�LV�GHOD\HG�IRU�WKH�FDVH�LQ�ZKLFK�WKH�YHVVHOV�FDQ
QRW�VDIHO\�PHHW�HDFK�RWKHU�LQ�WKH�&KDQQHO���,W�LV�WKLV�GHOD\�LPSDFW�WKDW�ZDV�FULWLFDO�LQ
WKH�SUHYLRXV�VWXGLHV��DQG�LV�DOVR�LPSRUWDQW�IRU�WKH�FXUUHQW�DQDO\VLV�

,W� LV� LPSRUWDQW� WR� QRWH� WKDW� WKH� LPSURYHPHQW� LQ� D� FKDQQHO� GRHV� QRW� QHFHVVDULO\
JHQHUDWH�WKH�HQWLUH�EHQHILWV� LQ�UHGXFHG�GHOD\V�WKDW�PLJKW�DFFRPSDQ\��VD\��D�FKDQQHO
GHHSHQLQJ�� �:KLOH� VXFK� D� H[SDQVLRQ�PHDQV� IUHHU�PRYHPHQW� IRU� WKH� H[LVWLQJ� FDOOLQJ
IOHHW�� LW� VKRXOG� EH� H[SHFWHG� WKDW� LPSURYHG� FRQGLWLRQV� PLJKW� DOVR� UHVXOW� LQ� WKH
RSHUDWLQJ�GLPHQVLRQV�RI�WKH�FDOOLQJ�IOHHW�DOVR�FKDQJLQJ�� �$� ODUJHU�FDOOLQJ�IOHHW�PLJKW
UHVXOW�LQ�RIIVHWWLQJ�VRPH�RI�WKH�LQKHUHQW�DGYDQWDJHV�RI�WKH�FKDQQHO�LPSURYHPHQW���7KH
FKDQJHV� LQ� IOHHW� RSHUDWLRQV� PLJKW� UHVXOW� LQ� HIILFLHQFLHV� RI� GHOLYHU\� DQG� UHFHLSW� RI
JRRGV���6XFK�LPSURYHPHQWV�DUH�JHQHUDOO\�UHFRJQL]HG�LQ�WHUPV�RI�WKH�IROORZLQJ�

• D�UHGXFWLRQ�LQ�WKH�QXPEHU�RI�YHVVHOV�GHOD\HG�RU�VDLOLQJ�OLJKW�WKURXJK�WKH
FKDQQHO

• DQ�LQFUHDVH�LQ�WKH�XVH�RI��PRUH�HIILFLHQW�YHVVHO�VL]H�FODVVHV�

���� 0RGHO�,QSXWV�DQG�2XWSXWV

0RGHO�LQSXWV�FRQVLVWHG�RI�WKH�DQQXDO�QXPEHU�RI�YHVVHOV�IRUHFDVWHG�WR�FDOO�WKH�3RUW�RI
6DYDQQDK� GXULQJ� WKH� VWXG\� SHULRG� DQG� WKH� DYHUDJH� WUDQVLW� WLPH� RI� ���� KRXUV� SHU
YHVVHO���� � 7KH� PRGHO� RXWSXW� VKRZV� WKDW� WKH� DYHUDJH� YHVVHO� ZLOO� UHTXLUH� ��������� RU
DSSUR[LPDWHO\������DGGLWLRQDO�PLQXWHV�WR�WUDQVLW�WKH�FDQDO�

&ULWHULD� IURP� 86$&(� HQJLQHHULQJ� PDQXDOV� ZDV� DSSOLHG� WR� WKH� FKDQQHO� GHVLJQ� WR
GHWHUPLQH�WKH�EHDPV�RI�YHVVHOV�WKDW�ZRXOG�EH�LPSDFWHG�E\�XQL�GLUHFWLRQDO�WUDIILF�IORZ�
�$QDO\VLV� RI� YHVVHO� EHDP� ZDV� FRQGXFWHG� E\� 86$&(� 6DYDQQDK� 'LVWULFW� HQJLQHHUV�
EDVHG�RQ�WKUHH�VFHQDULRV�

• 0D[LPXP�RI���NQRW�FXUUHQW

• 3DVVLQJ�H[LVWLQJ�FKDQQHO�GHVLJQ�YHVVHO

• ,GHDO�FRQGLWLRQV�

([KLELW������SUHVHQWV�WKH�UHVXOWV�RI�WKH�DQDO\VLV�

������������������������������������������������
��� ����KRXUV�DFFRUGLQJ�WR�86$&2(�6DYDQQDK�'LVWULFW�DQG�GLVFXVVLRQV�ZLWK�6DYDQQDK�3LORWV�$VVRFLDWLRQ�
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6RXUFH� 86$&(�6DYDQQDK�'LVWULFW

���� 6XPPDU\

7KH� HVVHQWLDO� YDOXH� RI� WKH� VLPXODWLRQ� OLHV� LQ� WKH� GHWHUPLQDWLRQ� RI� WKH� LPSDFWV� RI� D
VHULHV� RI� FRPSOH[� LQWHUDFWLRQV�� � ,Q� WKH� 6DYDQQDK� +DUERU� V\VWHP�� XQGHU� ZLWK� DQG
ZLWKRXW�SURMHFW� FRQGLWLRQV�� WKHUH� DUH� SURMHFWHG� WR� EH� D� VLJQLILFDQW� QXPEHU� RI� YHVVHO
PRYHPHQWV�RYHU�WKH�VWXG\�SHULRG����%HFDXVH�WKH�IXWXUH�YHVVHO�DUULYDOV�DQG�GHSDUWXUHV
FDQQRW�EH�WLPHG�SUHFLVHO\��WKH�LPSDFWV�RI�LQFUHDVHG�WUDIILF�OHYHOV�LQ�WKH�IXWXUH�FDQQRW
EH�SK\VLFDOO\�SUH�GHWHUPLQHG�� �7KH�YDOXH�RI� WKH�GHOD\�VLPXODWLRQ�DQDO\VLV� OLHV� LQ� LWV
DELOLW\� WR� TXDQWLI\� WKH� DQWLFLSDWHG� LPSDFWV� RI� WKH� WUDIILF� SDWWHUQV�� IRU� HDFK� SURMHFW
DOWHUQDWLYH�


