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$FNQRZOHGJHPHQWV
7KLV�VWXG\�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�ZLWKRXW�WKH�QXPHURXV�LQGLYLGXDOV�DQG
LQVWLWXWLRQV� FRQWULEXWLQJ� WKURXJK� WKHLU� SURIRXQG� NQRZOHGJH� DQG� H[SHUWLVH�
, ZRXOG� OLNH� WR� WKDQN�DOO�RI� WKHP�IRU� WKHLU�ZLOOLQJQHVV�DQG�NLQGQHVV� WR�VXSSRUW
DQG�FRQWULEXWH�WR�WKLV�VWXG\��:LWKRXW�WKH�ZLOOLQJQHVV�RI�QXPHURXV�7KDL�IDUPHUV
WR�SURYLGH�LQIRUPDWLRQ�RQ�WKHLU�FURSSLQJ�SDWWHUQV�DQG�V\VWHPV��WKLV�VWXG\�ZRXOG
QRW�H[LVW��7R�WKHP��P\�ELJJHVW�JUDWLWXGH�
'XULQJ�P\�VWD\�LQ�7KDLODQG�WKH�VXSSRUW�RI�WKH�IROORZLQJ�LQVWLWXWLRQV�LV�JUDWHIXOO\
DFNQRZOHGJHG�� 7KH� 'HSDUWPHQW� RI� $JULFXOWXUH�� 7KH� 7KDLODQG� 'HYHORSPHQW
5HVHDUFK� ,QVWLWXWH� DQG� WKH� 7KDL�*HUPDQ� 3ODQW� 3URWHFWLRQ� 3URJUDPPH�� ,� DP
JUDWHIXO� WR� DOO� RI� WKHP� IRU�PDNLQJ�P\� VWD\� LQ� 7KDLODQG� SRVVLEOH� DQG� IRU� WKHLU
VWURQJ�VXSSRUW�GXULQJ�WKH�UHVHDUFK��$PRQJ�WKHVH��,�OLNH�WR�WKDQN�HVSHFLDOO\�0U�
2FKD�3UDFKXDEPRK�DQG�0U��:LW�1DPUXQJVUL�IURP�WKH�(QWRPRORJ\�'LYLVLRQ�RI
WKH� '2$�� ZKHUH� ,� IRXQG� D� KRPHEDVH�� 'U�� 1LSRQ� 3RDSRQJVDNRUQ� RI� WKH
6HFWRUDO�(FRQRPLFV�3URJUDP�RI�7'5,�ZKR�VXSSRUWHG� WKH� VHFRQG�SDUW� RI�P\
UHVHDUFK� DQG�'U��*XHQWKHU�%DXPDQQ� RI� WKH� 7*333�ZKR� DV� DOZD\V� EHHQ� D
VWURQJ�VRXUFH�RI�LQIRUPDWLRQ�DQG�VXSSRUW�
7R� -DUHH� .LDWVXSLPRO�� -DUXYDQ� -DQVDL�� 1DW� 5DWKDQDGLORN�� /DNFKDL� DQG
3DWFKDUHH� 0HQDNDQLW�� 6DUXW� 6XGL� $URPQD�� 6DUDQFKLW� .UDLULVLNVK�� %RRQUDW
6RRNPDUN� DQG� &KDLQDURQJ� 7RQJSX\� P\� GHHSHVW� WKDQNV�� 7KHLU� DVVLVWDQFH�
VXSSRUW�DQG�IULHQGVKLS�FRQWULEXWHG�WR�P\�UHVHDUFK�LQ�YDULRXV�ZD\V��DQG�PDGH
P\�WLPH�LQ�7KDLODQG�D�YHU\�SOHDVDQW�DQG�PHPRUDEOH�RQH��,�DP�YHU\�JUDWHIXO�IRU
KDYLQJ�KDG�WKH�RSSRUWXQLW\�WR�FRQGXFW�P\�UHVHDUFK�LQ�7KDLODQG�
7KLV�VWXG\�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�ZLWKRXW� WKH� ILQDQFLDO�VXSSRUW�RI� WKH
3HVWLFLGH� 3ROLF\� 3URMHFW� WKURXJK� *7=� DQG� WKH� ORQJ� FRPPLWPHQW� RI
3URI�� 'U�� +�� :DLEHO� WR� DFKLHYH� JUHDWHU� DZDUHQHVV� RI� WKH� PDLQ� LVVXHV
VXUURXQGLQJ� FURS� SURWHFWLRQ� DQG� LWV� SROLFLHV�� ,� ZRXOG� OLNH� WR� WKDQN
3URI��'U��+��:DLEHO� WR�KDYH�JLYHQ�PH� WKH�RSSRUWXQLW\� WR�EH� SDUW� RI� WKH� WHDP
ZRUNLQJ� RQ� WKRVH� LVVXHV� DQG� WR� KDYH� DFFRPSDQLHG� P\� UHVHDUFK� IURP� WKH
EHJLQQLQJ��0\�WKDQNV�DOVR�JRHV�WR�P\�FROOHDJXHV�RI�WKH�,QVWLWXWH�RI�$JULFXOWXUDO
(FRQRPLFV� LQ� *|WWLQJHQ� DQG� WKH� ,QVWLWXWH� RI� +RUWLFXOWXUDO� (FRQRPLFV� LQ
+DQQRYHU�

.KRS�NKXQ�PDD�ND
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7DEOH�RI�&RQWHQWV
/LVW�RI�7DEOHV������������������������������������������������������������������������������������������������������ Y
/LVW�RI�)LJXUHV ���������������������������������������������������������������������������������������������������YLL
/LVW�RI�$EEUHYLDWLRQV�����������������������������������������������������������������������������������������YLLL
� ,QWURGXFWLRQ ���������������������������������������������������������������������������������������������
��� 3UREOHPV�DQG�2EMHFWLYHV�RI�WKH�6WXG\������������������������������������������������������
��� 6WUXFWXUH�RI�WKH�6WXG\ �������������������������������������������������������������������������������

� &URS�3URWHFWLRQ�3ROLF\�LQ�7KDLODQG �������������������������������������������������������
��� $QDO\VLV�RI�&URS�3URWHFWLRQ�3ROLF\ ������������������������������������������������������������
����� 7KH�$JULFXOWXUDO�6HFWRU���&KDUDFWHULVWLFV�DQG�7UHQGV�������������������������
����� 3HVWLFLGH�0DUNHW�DQG�3HVWLFLGH�8VH���������������������������������������������������
����� ,QVWLWXWLRQDO�)UDPHZRUN ���������������������������������������������������������������������
������� 7D[�3ROLF\�������������������������������������������������������������������������������������
������� ,PSRUW��7UDGH�DQG�8VH�5HJXODWLRQV ���������������������������������������������
������� 5HVHDUFK�DQG�([WHQVLRQ ��������������������������������������������������������������
������� 2XWEUHDN�%XGJHW ��������������������������������������������������������������������������
������� &UHGLW�3ROLF\ ���������������������������������������������������������������������������������
������� ,QIRUPDWLRQ�DQG�7UDLQLQJ ��������������������������������������������������������������
������� )DUPHU¶V�3HUFHSWLRQ ���������������������������������������������������������������������

����� 'LVFXVVLRQ �����������������������������������������������������������������������������������������
��� ([WHUQDO�&RVWV�RI�3HVWLFLGH�8VH���������������������������������������������������������������
����� 2FFXSDWLRQDO�3HVWLFLGH�3RLVRQLQJ�����������������������������������������������������
����� 5HVLGXHV�LQ�)RRG�3URGXFWV ���������������������������������������������������������������
����� 5HVLVWDQFH�DQG�5HVXUJHQFH �������������������������������������������������������������
����� 6XPPDU\�$VVHVVPHQW�RI�([WHUQDO�&RVWV�RI�3HVWLFLGH�8VH���������������

��� 6XPPDU\��������������������������������������������������������������������������������������������������
� 7KH�(FRQRPLFV�RI�3HVWLFLGHV�LQ�&URS�3URWHFWLRQ�������������������������������
��� 3URGXFWLRQ�)XQFWLRQV�DQG�3HVWLFLGHV�������������������������������������������������������
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��� 7KH�6SHFLDO�5ROH�RI�3HVWLFLGHV�LQ�(FRQRPLF�$QDO\VLV �����������������������������
����� %HQHILWV�DQG�&RVWV�RI�3HVWLFLGH�8VH �������������������������������������������������
����� &URS�/RVV�DQG�(FRQRPLF�$QDO\VLV����������������������������������������������������
����� 7KH�,PSRUWDQFH�RI�5LVN�LQ�&URS�3URWHFWLRQ ���������������������������������������
����� 7KH�5ROH�RI�,QIRUPDWLRQ���������������������������������������������������������������������

��� 5HOHYDQFH�RI�3DWK�'HSHQGHQF\�LQ�&URS�3URWHFWLRQ ��������������������������������
������� 5HVRXUFH�&RVWV�RI�3HVWLFLGH�8VH�������������������������������������������������
������� 7KH�&RQFHSW�RI�3DWK�'HSHQGHQF\�LQ�5HODWLRQ�WR

3HVWLFLGH�8VH �������������������������������������������������������������������������������
��� (FRQRPLFV�RI�3HVWLFLGHV�LQ�3HUHQQLDO�&URSV �������������������������������������������
����� 3URGXFWLRQ�$VSHFWV ���������������������������������������������������������������������������
����� 3URGXFWLYLW\�$VSHFWV ��������������������������������������������������������������������������

��� 6XPPDU\��������������������������������������������������������������������������������������������������
� &LWUXV�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG �������������������������������������������������
��� 'HYHORSPHQW�RI�&LWUXV�3URGXFWLRQ�LQ�7KDLODQG�����������������������������������������
��� 7DQJHULQH�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG �����������������������������������������������
����� 7DQJHULQH�3URGXFWLRQ�3DWWHUQ �����������������������������������������������������������
����� 7HFKQLFDO�$VSHFWV�RI�7DQJHULQH�3URGXFWLRQ��������������������������������������
����� 0DMRU�3UREOHPV�RI�7DQJHULQH�3URGXFWLRQ��LQ�WKH�6WXG\�$UHD������������
����� 0DMRU�3HVW�RI�7DQJHULQH�LQ�WKH�3URGXFWLRQ�&\FOH������������������������������
����� 3HVWLFLGH�8VH�DQG�3HVW�3UREOHPV�����������������������������������������������������

� 'HVFULSWLYH�$QDO\VLV�RI�7DQJHULQH�3URGXFWLRQ�LQ�WKH
6WXG\�$UHD ����������������������������������������������������������������������������������������������

��� 6WXG\�$UHD�DQG�5HVHDUFK�0HWKRGRORJ\ ��������������������������������������������������
��� 7DQJHULQH�3URGXFWLRQ�LQ�WKH�6WXG\�$UHD ��������������������������������������������������
����� 9DULDEOHV�,QIOXHQFLQJ�7DQJHULQH�3URGXFWLRQ �������������������������������������
����� 7DQJHULQH�)DUPLQJ�LQ�WKH�6WXG\�$UHD �����������������������������������������������
������� 2YHUDOO�6LWXDWLRQ�DQG�/DQG�6WDWXV������������������������������������������������
������� +DUYHVWLQJ�DQG�<LHOGV ������������������������������������������������������������������
������� 3HVWLFLGH�$SSOLFDWLRQ��3HVWLFLGH�DQG�)HUWLOL]HU�8VH ����������������������
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������� &RVWV�DQG�5HWXUQV������������������������������������������������������������������������
� 0DQDJHPHQW�6WUDWHJLHV�LQ�7DQJHULQH�3URGXFWLRQ ������������������������������
��� 6HOHFWLRQ�RI�*URXSLQJ�&ULWHULD ������������������������������������������������������������������
��� &DWHJRUL]DWLRQ�RI�6XUYH\�'DWD �����������������������������������������������������������������
����� 0HWKRGRORJLFDO�&RQFHSW�RI�&OXVWHU�$QDO\VLV�������������������������������������
������� 6HOHFWLRQ�RI�&ODVVLILFDWLRQ�3DUDPHWHUV�����������������������������������������
������� &OXVWHU�6ROXWLRQV�DQG�&RPSDULVRQV���������������������������������������������

����� &DWHJRUL]DWLRQ�RI�6XUYH\�'DWD ����������������������������������������������������������
������� 7KH�6HOHFWLRQ�RI�&OXVWHU�3DUDPHWHUV �������������������������������������������
������� 7KH�&KRLFH�RI�WKH�&OXVWHU�$OJRULWKP ��������������������������������������������
������� 7KH�'HWHUPLQDWLRQ�RI�WKH�1XPEHU�RI�&OXVWHUV������������������������������

��� 6WDWLVWLFDO�$QDO\VLV�RI�,QWHUFODVV�'LIIHUHQFHV
LQ�)DUP�&KDUDFWHULVWLFV ����������������������������������������������������������������������������

����� 9DULDEOH�&RVWV�DQG�3URGXFWLYLW\ ��������������������������������������������������������
����� $QDO\VLV�RI�9DULDQFHV�EHWZHHQ�*URXSV ��������������������������������������������
����� 'LIIHUHQFHV�LQ�3HVWLFLGH�8VH�3DWWHUQV�����������������������������������������������
������� 'LIIHUHQWLDWLRQ�$FFRUGLQJ�WR�3URGXFWLRQ�&\FOH������������������������������
������� 'LIIHUHQWLDWLRQ�$FFRUGLQJ�WR�7\SH�RI�3HVWLFLGH �����������������������������

����� )DUP�%XGJHWV�����������������������������������������������������������������������������������
����� 'LIIHUHQFHV�LQ�0DQDJHPHQW�6\VWHPV���&RQFOXVLRQV������������������������

��� )DFWRU�$QDO\VLV�RI�)DUPHUV�&ULWHULD�IRU�WKH�6HOHFWLRQ�RI�3HVWLFLGHV��������
��� 'LVFXVVLRQ�����������������������������������������������������������������������������������������������

� 3HVWLFLGH�8VH�DQG�7DQJHULQH�3URGXFWLYLW\�XQGHU�'LIIHUHQW
0DQDJHPHQW�5HJLPHV ��������������������������������������������������������������������������

��� 0DQDJHPHQW�6\VWHPV�DQG�WKHLU�,QIOXHQFH�RQ�<LHOGV��
7KH�5HODWLRQ�EHWZHHQ�$JH�DQG�<LHOG������������������������������������������������������

��� 7KH�3URGXFWLRQ�)XQFWLRQ�RI�7DQJHULQH����������������������������������������������������
����� &ULWHULD�IRU�WKH�6HOHFWLRQ�RI�9DULDEOHV�DQG�WKH�)XQFWLRQDO�)RUP ������
����� 5HJUHVVLRQ�5HVXOWV ��������������������������������������������������������������������������

��� 6XVWDLQDEOH�3URGXFWLRQ�DQG�([LVWLQJ�0DQDJHPHQW�6\VWHPV������������������
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����� $�/RFNHG�,Q�6LWXDWLRQ" ���������������������������������������������������������������������
������� 6XQN�&RVWV�LQ�7DQJHULQH�3URGXFWLRQ�������������������������������������������
������� 5HOHYDQFH�RI�,QFUHDVLQJ�5HWXUQV�WR�6FDOH�LQ

7DQJHULQH�3URGXFWLRQ������������������������������������������������������������������
������� 1HWZRUN�([WHUQDOLWLHV�LQ�7DQJHULQH�3URGXFWLRQ ���������������������������
������� &RVWV�RI�D�&KDQJH�LQ�&URS�3URWHFWLRQ�7HFKQRORJ\ ���������������������

����� ,QGLFDWRUV�RI�3DWK�'HSHQGHQF\�LQ�7DQJHULQH�3URGXFWLRQ�����������������
������� 7KH�'HSHQGHQF\�E\�3ODQWDWLRQ�$JH��������������������������������������������
������� 7KH�'HSHQGHQF\�E\�5HJLRQ��������������������������������������������������������
������� 'HYHORSPHQW�RI�3HVWLFLGH�&RVWV �������������������������������������������������

����� 6XPPDU\ ������������������������������������������������������������������������������������������
� 6XPPDU\�DQG�&RQFOXVLRQV������������������������������������������������������������������
��� 6XPPDU\�������������������������������������������������������������������������������������������������
��� &RQFOXVLRQV���������������������������������������������������������������������������������������������

5HIHUHQFHV�������������������������������������������������������������������������������������������������������
$SSHQGL[
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/LVW�RI�7DEOHV

7DEOH����� $YHUDJH�,QVHFWLFLGH�8VH�E\�&URSV�RI�(FRQRPLF�,PSRUWDQFH ����������
7DEOH����� 4XDQWLW\�RI�,PSRUWHG�3HVWLFLGHV�E\�:+2�&ODVVLILFDWLRQ� ����������������
7DEOH����� &DOFXODWLRQ�RI�$FXWH�3RLVRQLQJ�&DVHV�DQG�+HDOWK�&RVWV ��������������
7DEOH����� $VVHVVPHQW�RI�([WHUQDO�&RVWV�RI�&KHPLFDO�3HVWLFLGH�8VH ������������
7DEOH����� 7KDLODQG
V�7HQ�3ULQFLSDO�)UXLWV�E\�)DUP�9DOXH� �����������������������������
7DEOH����� 6KDUH�RI�3URGXFWLRQ�$UHDV�RI�7DQJHULQH�DQG�3XPPHOR�LQ

'LVWDQFH�WR�%DQJNRN�0HWURSROLWDQ�$UHD�����������������������������������������
7DEOH����� 7DQJHULQH�3URGXFWLRQ�LQ�7KDLODQG�SHU�5HJLRQ��������������������������������
7DEOH����� .H\�3UREOHPV�LQ�WKH�6WXG\�$UHD ����������������������������������������������������
7DEOH����� 0DMRU�3HVWV�RI�7DQJHULQH�DFFRUGLQJ�WR�3URGXFWLRQ�6WDJH��������������
7DEOH����� 2YHUYLHZ�RI�WKH�6XUYH\�$UHD ���������������������������������������������������������
7DEOH����� 9DULDEOHV�IRU�WKH�(FRQRPLF�$QDO\VLV�RI�&URS�3URWHFWLRQ�LQ

7DQJHULQH�3URGXFWLRQ���������������������������������������������������������������������
7DEOH����� *HQHUDO�%DFNJURXQG�'DWD��������������������������������������������������������������
7DEOH����� <LHOGV�E\�*URZWK�6WDJH�DQG�3URYLQFH��������������������������������������������
7DEOH����� )DUPHUV
�6RXUFHV�RI�,QIRUPDWLRQ�RQ�3HVWLFLGHV �����������������������������
7DEOH����� &KDQJHV�LQ�3HVWLFLGH�8VH�3DWWHUQ�LQ�5HODWLRQ�WR�3HVWLFLGH

(IILFDF\�DQG�3HVW�'HYHORSPHQW�DV�DVVHVVHG�E\�)DUPHUV�������������
7DEOH����� 0DLQ�3HVWLFLGHV�8VHG��WKHLU�3ULFHV�DQG�:+2�&DWHJRU\ ����������������
7DEOH����� $YHUDJH�/DERU�&RVWV� ��������������������������������������������������������������������
7DEOH����� &RVWV�DQG�5HWXUQV�E\�3ODQWDWLRQ�$JH� �������������������������������������������
7DEOH����� *URXS�'LIIHUHQFHV�IRU�6HOHFWHG�9DULDEOHV

DQG�*URXSLQJ�&ULWHULD���������������������������������������������������������������������
7DEOH����� &RUUHODWLRQ�$QDO\VLV�RI�&OXVWHU�3DUDPHWHUV �����������������������������������
7DEOH����� )��DQG�7�9DOXHV�IRU�&OXVWHU�3DUDPHWHUV ����������������������������������������
7DEOH����� $YHUDJH�/DERU�&RVWV�E\�&OXVWHU ����������������������������������������������������
7DEOH����� 0XOWLSOH�5DQJH�7HVW�IRU�)DUP�&ULWHULD�E\�&OXVWHU���������������������������
7DEOH����� 1XPEHU�RI�)DUPHUV�LQ�&OXVWHU�*URXSV�E\�<LHOG�/HYHO��������������������
7DEOH����� 0XOWLSOH�5DQJH�7HVW�EHWZHHQ�&OXVWHUV�E\�<LHOG�/HYHOV �����������������
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7DEOH����� 5HODWLRQ�RI�<LHOGV�WR�3HVWLFLGH�&RVWV�DQG�4XDQWLWLHV ���������������������
7DEOH����� $YHUDJH�4XDQWLW\��&RVWV�DQG�1XPEHU�RI�$SSOLFDWLRQV

6SOLW�LQWR�3HVWLFLGH�&DWHJRULHV ������������������������������������������������������
7DEOH������ )DUP�%XGJHW�&DOFXODWLRQ�E\�&OXVWHU ���������������������������������������������
7DEOH������ $VSHFWV�RI�3HVWLFLGH�3XUFKDVH�'HFLVLRQV �������������������������������������
7DEOH������ 6FKHPDWLF�3UHVHQWDWLRQ�RI�5RWDWHG�)DFWRU�/RDGLQJV��������������������
7DEOH������ 5RWDWHG�)DFWRU�/RDGLQJV�E\�&OXVWHU����������������������������������������������
7DEOH����� 5HJUHVVLRQ�5HVXOWV�RI�$JH�<LHOG�5HODWLRQVKLS������������������������������
7DEOH����� &KRZ�7HVW�5HVXOWV�IRU�WKH�<LHOG�$JH�5HODWLRQ ������������������������������
7DEOH����� ([SODQDWRU\�9DULDEOHV�RI�WKH�3URGXFWLRQ�)XQFWLRQ ������������������������
7DEOH����� 3DUDPHWHU�(VWLPDWHV�IRU�WKH�3URGXFWLRQ

)XQFWLRQ�6SHFLILFDWLRQ� ������������������������������������������������������������������
7DEOH����� 'LVWULEXWLRQ�RI�&OXVWHUV�SHU�5HJLRQ� ����������������������������������������������
7DEOH����� 3DUDPHWHU�(VWLPDWHV�RI�3HVWLFLGH�&RVW�$JH�5HODWLRQ�������������������
7DEOH����� 3DUDPHWHU�(VWLPDWHV�RI�3HVWLFLGH�&RVWV�)XQFWLRQ ������������������������
7DEOH����� 3DUDPHWHU�(VWLPDWHV�RI�,QVHFWLFLGH�&RVWV�)XQFWLRQ����������������������
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/LVW�RI�)LJXUHV

)LJXUH����� 5HODWLRQ�DPRQJ�)DFWRUV�,QIOXHQFLQJ�WKH�&KRLFH�RI
&URS�3URWHFWLRQ�0HWKRG�LQ�&LWUXV�3URGXFWLRQ����������������������������������

)LJXUH����� ,PSRUWDQW�$JULFXOWXUDO�&URSV�E\�)DUP�9DOXH �����������������������������������
)LJXUH����� 0DUNHW�6KDUH�E\�&URS�DQG�3URGXFW�&ODVV���������������������������������������
)LJXUH����� 9DOXH�RI�3HVWLFLGH�,PSRUWV ��������������������������������������������������������������
)LJXUH����� )HUWLOL]HU�DQG�3HVWLFLGH�,PSRUWV�LQ�3HUFHQW�RI�&URS�9DOXH ��������������
)LJXUH����� 3ULYDWH�DQG�6RFLDO�2SWLPXP�RI�3HVWLFLGH�8VH��������������������������������
)LJXUH����� 7KHRUHWLFDO�'HWHUPLQDWLRQ�RI�<LHOG�DQG�/RVV�/HYHOV����������������������
)LJXUH����� 7KH�2SWLPDO�/HYHO�RI�,QIRUPDWLRQ ���������������������������������������������������
)LJXUH����� 5HVRXUFH�&RVWV�RI�3HVWLFLGH�8VH���������������������������������������������������
)LJXUH����� &RVWV�DQG�5HWXUQV�RI�3HVWLFLGH�8VH�LQ�&XUUHQW��W���DQG

6XEVHTXHQW�3HULRG��W�� ������������������������������������������������������������������
)LJXUH����� )DUP�9DOXH�,QGH[�RI�6HOHFWHG�&URSV ���������������������������������������������
)LJXUH����� 7DQJHULQH�3ULFHV�DW�:KROHVDOH�0DUNHW�LQ�%DQJNRN �����������������������
)LJXUH����� 0RQWKO\�7DQJHULQH�3ULFHV ��������������������������������������������������������������
)LJXUH����� 7DQJHULQH�3URGXFWLRQ�&\FOH�����������������������������������������������������������
)LJXUH����� 3HVWLFLGH�8VH�DFFRUGLQJ�WR�:+2�&ODVVLILFDWLRQ ����������������������������
)LJXUH����� 'HYHORSPHQW�RI�&RVWV�DQG�5HWXUQV�E\�<LHOG�/HYHOV����������������������
)LJXUH����� 'HWHUPLQDWLRQ�RI�WKH�2SWLPDO�1XPEHU�RI�&OXVWHUV �������������������������
)LJXUH����� 0HDQ�'LIIHUHQFHV�EHWZHHQ�&OXVWHUV�IRU�6HOHFWHG�9DULDEOHV����������
)LJXUH����� 0HDQ�9DOXHV�RI�3HVWLFLGH�&RVWV�E\�)UXLW�6WDJHV ���������������������������
)LJXUH����� $JH�<LHOG�5HODWLRQVKLS�RI�7DQJHULQH�LQ�WKH�6WXG\�$UHD����������������
)LJXUH����� 7KH�'HYHORSPHQW�3DWK�RI�&OXVWHUV�E\�*URZWK�6WDJHV������������������
)LJXUH����� 3RVVLEOH�'HYHORSPHQW�RI�3DWK�'HSHQGHQFLHV�LQ�7DQJHULQH���������
)LJXUH����� 'HYHORSPHQW�RI�3HVWLFLGH�&RVWV�E\�&OXVWHU�	�*URZWK�6WDJH �������
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� ,QW URGXFW LRQ

���� 3UREOHPV�DQG�2EMHFWLYHV�RI�WKH�6WXG\
$V�D�FRQVHTXHQFH�RI�WKH�DGRSWLRQ�RI�PRQRFXOWXUH�ZLWK�KLJK�\LHOGLQJ�YDULHWLHV
DQG�KLJK�OHYHOV�RI�IHUWLOL]HU�XVH��WKH�XVH�RI�FKHPLFDO�SHVWLFLGHV�KDV�EHFRPH�WKH
PDLQ� LQVWUXPHQW� RI� SHVW� FRQWURO��� +RZHYHU�� WKH� YHU\� QDWXUH� RI� SHVWLFLGHV
LPSOLHV�H[WHUQDO�HIIHFWV�WR�KXPDQ�KHDOWK�DQG�WR�WKH�HQYLURQPHQW��WKXV�IURP�DQ
HFRQRPLF� SRLQW� RI� YLHZ� FUHDWLQJ� D� GLYHUJHQFH� EHWZHHQ� WKH� SULYDWH� DQG� WKH
VRFLDO�RSWLPXP�RI�XVH�
7KH�RQ�JRLQJ�VXSSRUW�RI�SHVWLFLGHV�LQ�QDWLRQDO�DJULFXOWXUDO�SROLFLHV�KDV�FUHDWHG
DQ�HQYLURQPHQW�ZKHUH�SHUFHSWLRQV�RI�SHVWLFLGH�EHQHILWV�DUH�WDNHQ�IRU�JUDQWHG
DQG� H[WHUQDO� HIIHFWV� RI� SHVWLFLGH� XVH� DUH� QRW� VXIILFLHQWO\� WDNHQ� LQWR� DFFRXQW�
7KHUHIRUH��WKHUH�LV�WKH�GDQJHU�WKDW�DJULFXOWXUDO�SURGXFWLRQ�V\VWHPV�GHYHORS�RQ
D�SHVWLFLGH�GHSHQGHQW�SDWK��FUHDWLQJ�WKH�QHFHVVLW\�RI�LQFUHDVLQJ�SHVWLFLGH�XVH
OHYHOV�
7UDGLWLRQDOO\�IRFXVLQJ�RQ�ULFH�SURGXFWLRQ�� WKH�DJULFXOWXUDO�VHFWRU� LQ�7KDLODQG� LV
WRGD\�EHFRPLQJ�PRUH�GLYHUVLILHG��7KLV�GHYHORSPHQW�LV�GRPLQDWHG�E\�WKH�UDSLG
JURZWK�RI�WKH�KRUWLFXOWXUDO�VHFWRU��,Q�WKLV�VHFWRU�WKH�LQWHQVLW\�RI�SHVWLFLGH�XVH�LV
FRPSDUDWLYH\� KLJK� DQG� FRQWULEXWHV� WR� WKH� RYHUDOO� WUHQG� RI� LQFUHDVLQJ� XVH� RI
FKHPLFDO�SHVWLFLGHV�LQ�7KDL�DJULFXOWXUH�
,Q�WHUPV�RI�SURGXFWLRQ�YDOXH�FLWUXV�UHSUHVHQW�RQH�RI�WKH�PRVW� LPSRUWDQW�FURSV
RI�WKH�KRUWLFXOWXUDO�VHFWRU��7KH�W\SLFDO�SURGXFWLRQ�PHWKRG�RI�FLWUXV�LQ�WKH�FHQWUDO
DUHD�RI�7KDLODQG�LV�FKDUDFWHUL]HG�E\�PRQRFXOWXUH�ZLWK�KLJK�H[WHUQDO�LQSXW�XVH�
$OWKRXJK�VHYHUDO� IDFWRUV� LQGLFDWH� WKDW� WKH� LQWHQVLW\�RI� SHVWLFLGH�XVH� UHVXOWV� LQ
QHJDWLYH�HIIHFWV�� FKHPLFDO�SHVWLFLGHV�DUH�VWLOO� WKH� ILUVW� WHFKQRORJLFDO� FKRLFH� LQ
SHVW� FRQWURO�� 3UREOHPV� OLNH� UHVLVWDQFH� EXLOW�XS�� SHVW� UHVXUJHQFH�� LQGXFHG
IORZHULQJ� DQG� PXOWLSOH� IUXLWLQJ� UDLVH� GRXEWV� DERXW� WKH� VXVWDLQDELOLW\� RI� WKH
FXUUHQW� PDQDJHPHQW� VWUDWHJLHV� DSSOLHG�� 7KHUHIRUH�� WKLV� VWXG\� DLPV� DW
DQDO\]LQJ� WKH� HFRQRPLF� LPSOLFDWLRQV� RI� FURS�PDQDJHPHQW� V\VWHPV� FXUUHQWO\
XVHG�LQ�FLWUXV��6SHFLDO�HPSKDVLV�LV�JLYHQ�WR�WKH�HFRQRPLFV�RI�FURS�SURWHFWLRQ�LQ
FLWUXV�� DOVR� WDNLQJ� LQWR� DFFRXQW� WKH� SROLF\� IUDPHZRUN� WKDW� RIWHQ� SUH�FRQGLWLRQ
WKH�XVH�RI�FKHPLFDO�LQSXWV�

����������������������������������������
�� 7KH� WHUP� 
SHVWLFLGHV
� UHIHUV� WR� DOO� FKHPLFDO� SHVWLFLGHV� XVHG� LQ� SODQW� SURWHFWLRQ�� DQG� LQFOXGHV

LQVHFWLFLGHV��KHUELFLGHV��IXQJLFLGHV��IXPLJDQWV��URGHQWLFLGHV�DQG�SODQW�JURZWK�UHJXODWRUV�



� &KDSWHU����,QWURGXFWLRQ

)LJXUH�����LQGLFDWHV�WKH�UHODWLRQ�EHWZHHQ�DQG�WKH�LQIOXHQFH�RI�UHOHYDQW�IDFWRUV
RQ�WKH�H[LVWLQJ�FURS�SURWHFWLRQ�VWUDWHJ\�LQ�FLWUXV�SURGXFWLRQ�

)LJXUH����� 5HODWLRQ� DPRQJ� )DFWRUV� ,QIOXHQFLQJ� WKH� &KRLFH� RI� &URS
3URWHFWLRQ�0HWKRG�LQ�&LWUXV�3URGXFWLRQ
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1DWXUDO�DQG�(FRQRPLF�&RQGLWLRQV���
0DQDJHPHQW�6\VWHP

6RXUFH� $XWKRU
V�&RPSLODWLRQ

7KH�SURGXFWLYLW\� LQ�WKH�FLWUXV�VHFWRU� LV� LQIOXHQFHG�E\�WKH�PDQDJHPHQW�V\VWHP
DQG� WKH� QDWXUDO� DQG� HFRQRPLF� FRQGLWLRQV� SUHYDLOLQJ�� 5HVXOWLQJ� IURP� WKH
VHOHFWHG� PDQDJHPHQW� V\VWHP� DQG� LWV� SURGXFWLYLW\�� D� GHPDQG� IRU� FURS
SURWHFWLRQ�PHDVXUHV�GHYHORSV��7KHVH�PHDVXUHV�DUH�LQIOXHQFHG�E\�DJULFXOWXUDO
DQG�FURS�SURWHFWLRQ�SROLFLHV��,Q�WXUQ�� WKH�FURS�SURWHFWLRQ�PHDVXUH�VHOHFWHG�E\
WKH�IDUPHU�GHWHUPLQHV�D�SRVVLEOH�SDWK�GHSHQGHQF\��DQG�YLFH�YHUVD�
7KLV� VLPSOLILHG� SUHVHQWDWLRQ� RI� WKH� FRPSOH[� UHODWLRQVKLSV� UHOHYDQW� IRU� DQ
HFRQRPLF� DVVHVVPHQW� RI� FURS� SURWHFWLRQ� OHDGV� WR� WKH� LGHQWLILFDWLRQ� RI� WKUHH
PDLQ�REMHFWLYHV�IRU�WKLV�ZRUN�
�� WR�GHVFULEH�WKH�LPSDFW�RI�WKH�SROLF\�IUDPHZRUN�RQ�FXUUHQW�FURS�PDQDJHPHQW
VWUDWHJLHV

�� WR� DVVHVV� WKH� HFRQRPLFV� RI� FXUUHQW� PDQDJHPHQW� V\VWHPV� LQ� FLWUXV
SURGXFWLRQ�ZLWK�D�VSHFLDO�IRFXV�RQ�SHVWLFLGH�XVH

�� WR� LGHQWLI\� LQGLFDWRUV� RI� D� SRVVLEOH� SDWK�GHSHQGHQF\� RI� FKHPLFDO� FURS
SURWHFWLRQ�LQ�FLWUXV
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���� 6WUXFWXUH�RI�WKH�6WXG\
&KDSWHU��� DQDO\]HV� WKH� LQVWLWXWLRQDO� DQG� SROLWLFDO� EDFNJURXQG� RQ� FURS
SURWHFWLRQ�LQ�7KDLODQG��,W�GHVFULEHV�WKH�FRQGLWLRQV�XQGHU�ZKLFK�FURS�SURWHFWLRQ
LQ�7KDLODQG�LV�WDNLQJ�SODFH��7KH�LQVWLWXWLRQDO�DVSHFWV�RI�FURS�SURWHFWLRQ�FDQ�EH
UHJDUGHG� DV� RQH� PDMRU� GHWHUPLQDQW� IRU� FXUUHQW� GHYHORSPHQWV� LQ� FURS
SURWHFWLRQ�� 9DULRXV� IDFWRUV� LQ� VXSSRUW� RI� SHVWLFLGH� XVH� DQG� WKHLU� LPSDFW� RQ
DJULFXOWXUDO�SURGXFWLRQ�DV�ZHOO�DV�DQ�DVVHVVPHQW�RI�WKH�H[WHUQDO�FRVWV�UHODWHG
WR�SHVWLFLGH�XVH�DUH�GLVFXVVHG�LQ�&KDSWHU���
&KDSWHU��� LQWURGXFHV� WKH� WKHRUHWLFDO� EDFNJURXQG� RI� WKH� HFRQRPLFV� RI� FURS
SURWHFWLRQ�� ,Q� WKH� ILUVW� VHFWLRQ�� WKH� FKDQJLQJ� YLHZV� RQ� WKH� LQFRUSRUDWLRQ� RI
SHVWLFLGHV� LQ� SURGXFWLRQ� IXQFWLRQV� DUH� UHYLHZHG�� $� GLVFXVVLRQ� IROORZV� RQ
GLIIHUHQFHV�RI�SHVWLFLGHV�LQ�FRPSDULVRQ�WR�RWKHU� LQSXW� IDFWRUV�LQ�WKH�HFRQRPLF
DVVHVVPHQW�� ,VVXHV� FRQFHUQLQJ� EHQHILW� DVVHVVPHQW� RI� SHVWLFLGHV�� FURS� ORVV
DVVHVVPHQW�� ULVN�DQG� LQIRUPDWLRQ� IDFWRUV�� UHVRXUFH� FRVWV� DQG� WKH� FRQFHSW� RI
SDWK�GHSHQGHQF\�DUH�DGGUHVVHG�
7KH� SURGXFWLRQ� RI� FLWUXV� LQ� WKH� FHQWUDO� UHJLRQ� RI� 7KDLODQG� LV� LQWURGXFHG� LQ
&KDSWHU���� 7KH� WUDGLWLRQDO�� FRPPRQO\� XVHG� FLWUXV� SURGXFWLRQ� V\VWHP� LV
GHVFULEHG�DQG�LWV�SUREOHPV�DUH�GLVFXVVHG��7KH�VHOHFWHG�VWXG\�DUHD�DV�ZHOO�DV
FRQWHQWV�DQG�PHWKRGRORJ\�RI�WKH�IDUP�VXUYH\�DUH�SUHVHQWHG�LQ�&KDSWHU����7KH
ILQDO�VHFWLRQ�HPSKDVL]HV�RQ�D�GHVFULSWLYH�DQDO\VLV�RI�WKH�IDUP�VXUYH\�
&KDSWHU���LQWURGXFHV�WKH�PHWKRG�RI�FOXVWHU�DQDO\VLV��ZKLFK�LV�XVHG�WR�GHYHORS
D� W\SRORJ\�RI�FURS�PDQDJHPHQW�V\VWHPV��7KHVH�FOXVWHUV��JURXSHG�DFFRUGLQJ
WR�SHVWLFLGH�LQWHQVLW\��DUH�XVHG�WR�LGHQWLI\�SDWWHUQV�RI� LQSXW�XVH�DPRQJ�IDUPHU
JURXSV��7KH�IDFWRUV�DUH�H[DPLQHG�FDXVLQJ�WKH�GLIIHUHQFH�DPRQJ�FOXVWHUV�
,Q� &KDSWHU���� D� SURGXFWLRQ� IXQFWLRQ� LV� HVWLPDWHG� IRU� FLWUXV� SURGXFWLRQ� LQ� WKH
VWXG\�DUHD��7KH�GLVFXVVLRQ�RI�WKH�DSSURSULDWH�IXQFWLRQDO�IRUP�RI�WKH�\LHOG�DJH
UHODWLRQVKLS� LV� IROORZHG�E\�D�PXOWLSOH� UHJUHVVLRQ� DQDO\VLV�� ,Q� WKH� ILQDO� VHFWLRQ
WKH� H[LVWHQFH� RI� SDWK�GHSHQGHQF\� LV� GLVFXVVHG� E\� DQDO\]LQJ� WKH� WLPH�
GHSHQGHQFH�RI�SHVWLFLGH�XVH�OHYHOV�
)LQDOO\��&KDSWHU���VXPPDUL]HV�DQG�GLVFXVVHV�WKH� ILQGLQJV�ZLWK�UHVSHFW� WR� WKH
K\SRWKHVHV� IRUPXODWHG�� )XUWKHUPRUH�� EDVHG� RQ� WKH� UHVXOWV� RI� WKH� HFRQRPLF
DQDO\VLV�� FRQFOXVLRQV� DUH� GUDZQ� ZLWK� UHVSHFW� WR� QHFHVVDU\� UHIRUPV� DW� ERWK
SROLWLFDO� DQG� LQVWLWXWLRQDO� OHYHO� WDUJHWLQJ� WKH� UHGXFWLRQ� RI� WKH� FXUUHQW� OHYHOV� RI
SHVWLFLGH�XVH�



� � &URS�3URWHFW LRQ �3RO LF\� LQ �7KD L ODQG
7KDLODQG
V� FURS� SURWHFWLRQ� SROLF\� GHVFULEHV� WKH� IUDPHZRUN� RI� WKH� HFRQRPLF
DQDO\VLV� RI� WKH� FLWUXV� VHFWRU�� 6HYHUDO� IDFWRUV� LQGLFDWH� WKDW� VXEVLGLHV� IRU
FKHPLFDO� SHVWLFLGHV� FRQWLQXH� WR� H[LVW� LQ� FURS� SURWHFWLRQ� SROLF\� RI� PDQ\
FRXQWULHV� �)$5$+�� ������� ([DPSOHV� LQFOXGH� GLUHFW� LQWHUYHQWLRQ� LQ� GRPHVWLF
SULFLQJ�� ORZ� WDULIIV��SRRU�HQIRUFHPHQW� RI� UHJXODWLRQV�� DQG� UHVHDUFK�� HGXFDWLRQ
DQG�H[WHQVLRQ�IUDPHZRUNV�WKDW� IDYRU�SHVWLFLGH�XVH�� ,Q�DGGLWLRQ��DQ� LPEDODQFH
H[LVWV� ZLWKLQ� WKH� UHVHDUFK�� HGXFDWLRQ� DQG� H[WHQVLRQ� DSSDUDWXV�� VXFK� WKDW
FXUULFXOD� DQG�ZRUN� SURJUDPV�HPSKDVL]H� FKHPLFDO� FRQWURO� RYHU� QRQ�FKHPLFDO
RSWLRQV�
7KH�DQDO\VLV�RI�FURS�SURWHFWLRQ�SROLF\� LQ�7KDLODQG� LV�EDVHG�RQ� WKH� IUDPHZRUN
SUHVHQWHG�LQ�$*1(�HW�DO����������$�PRUH�GHWDLOHG�DQDO\VLV�RI�WKH�FURS�SURWHFWLRQ
VLWXDWLRQ�LQ�7KDLODQG�FDQ�EH�IRXQG�LQ�-81*%/87+���������7KH�FKDSWHU�LV�GLYLGHG
LQWR� WZR� VHFWLRQV�� ,Q� WKH� ILUVW� VHFWLRQ� WKH� VLWXDWLRQ� DQG� GHYHORSPHQW� RI� WKH
DJULFXOWXUDO� VHFWRU� DQG� WKH� SHVWLFLGH� PDUNHW� DUH� GLVFXVVHG�� )XUWKHUPRUH�
LQVWLWXWLRQDO� FRQVWUDLQWV� DQG� IDUPHU
V� SHUVSHFWLYHV� DUH� UHYLHZHG�� 7KH� VHFRQG
VHFWLRQ� FRQFHQWUDWHV� RQ� D� GLVFXVVLRQ� DQG� DVVHVVPHQW� RI� H[WHUQDO� HIIHFWV� RI
SHVWLFLGH�XVH�
���� $QDO\VLV�RI�&URS�3URWHFWLRQ�3ROLF\
������ 7KH�$JULFXOWXUDO�6HFWRU�� �&KDUDFWHULVWLFV�DQG�7UHQGV
$ORQJ� ZLWK� WKH� UDSLG� H[SDQVLRQ� RI� 7KDLODQG
V� RYHUDOO� HFRQRP\� FDPH� D
VWUXFWXUDO�DGMXVWPHQW�DQG�D�GLYHUVLILFDWLRQ�RI�WKH�DJULFXOWXUDO�VHFWRU���$OWKRXJK
PDQXIDFWXULQJ� LV� WKH� OHDGLQJ�VHFWRU� LQ� WKH�FRXQWU\
V�RYHUDOO�GHYHORSPHQW�� WKH
DJULFXOWXUDO� VHFWRU� UHPDLQV� LPSRUWDQW� LQ� WHUPV� RI� FDSLWDO� DFFXPXODWLRQ�
HPSOR\PHQW� DQG� FRQWULEXWLRQ� WR� JRYHUQPHQW¶V� UHYHQXHV� WKURXJK� H[SRUW
HDUQLQJV��7KDLODQG�LV�VWLOO�RQH�RI�WKH�ZRUOG¶V�OHDGLQJ�ULFH�H[SRUWHUV��7KH�VHFWRU
FRQWLQXHV�WR�EH�LPSRUWDQW�IRU�WKH�HFRQRP\�LQ�WHUPV�RI�HPSOR\PHQW�DQG�LWV�UROH
WR�DOOHYLDWH�SRYHUW\��:25/'�%$1.���������
7KH� DJULFXOWXUDO� VHFWRU¶V� VKDUH� RI� WKH� WRWDO� JURVV� GRPHVWLF� SURGXFW� �*'3�
GHFOLQHG�VWHDGLO\�LQ�WKH�ODVW�GHFDGH�WR�������LQ�������DOWKRXJK�LW�FRQWLQXHG�WR
LQFUHDVH�VOLJKWO\� LQ� WRWDO� YDOXH� �%$1.�2)�7+$,/$1'���������7KH�PDQXIDFWXULQJ
VHFWRU� FRQWULEXWHV� PRVW� WR� WKH� *'3� ZKLOH� DJULFXOWXUH� DQG� VHUYLFH� VKRZ� D
����������������������������������������
� $� PDS� RI� 7KDLODQG� LV� VKRZQ� LQ� $SSHQGL[� ,�� $SSHQGL[�,,� SURYLGHV� EDFNJURXQG� LQIRUPDWLRQ� RQ

7KDLODQG¶V�DJULFXOWXUH�



&KDSWHU����&URS�3URWHFWLRQ�3ROLF\�LQ�7KDLODQG �

GHFOLQLQJ�WUHQG���32$321*6$.251��������UDLVHV�WKUHH�PDLQ�SRLQWV�IRU�FKDQJHV
LQ� WKH�DJULFXOWXUDO�VHFWRU�� �D��7KH�GLYHUVLILFDWLRQ�RI�DJULFXOWXUDO�SURGXFWLRQ�� �E�
WKH� PLJUDWLRQ� RI� DJULFXOWXUDO� ODERUHUV� LQWR� RWKHU� VHFWRUV�� DQG� �F�� D� ODFN� RI
PDQSRZHU�LQ�WKH�FHQWUDO�UHJLRQ�
7KH�WRWDO�FXOWLYDWHG�DUHD�LQ�7KDLODQG�LV������PLOOLRQ�KHFWDUHV��������RI�WKH�WRWDO
ODQG�DUHD����������NP����5LFH�VWLOO�UHPDLQV�WKH�PRVW�LPSRUWDQW�DJULFXOWXUDO�FURS
DQG�LV�SODQWHG�RQ�DURXQG�����RI�DUDEOH�ODQG��)LJXUH�����VXPPDUL]HV�WKH�IDUP
YDOXH�RI�LPSRUWDQW�DJULFXOWXUDO�SURGXFWV��)UXLW�DQG�YHJHWDEOHV�KDYH�D�VKDUH�RI
DURXQG�����RI�WRWDO�IDUP�YDOXH�ZKLOH�ULFH�KROGV�D�VKDUH�RI�����

)LJXUH����� ,PSRUWDQW�$JULFXOWXUDO�&URSV�E\�)DUP�9DOXH�������
�7RWDO�IDUP�YDOXH���������PLOOLRQ�%DKW�

5LFH
�����

)UXLW
����9HJHWDEOH

����
6XJDU�
&DQH
����

5XEEHU
�����

&DVVDYD
����

2WKHUV
�����0DL]H

����

6RXUFH� 2IILFH�RI�$JULFXOWXUDO�(FRQRPLFV��$JULFXOWXUDO�6WDWLVWLFV���������

,Q�SDUWLFXODU��WKH�PRVW�LPSRUWDQW�FKDQJHV�LQ�WKH�GHYHORSPHQW�RI�DJULFXOWXUH�DUH
WDNLQJ� SODFH� LQ� WKH� UDSLGO\� JURZLQJ� KRUWLFXOWXUDO� VHFWRU�� 7KH� 0LQLVWU\� RI
$JULFXOWXUH� VWURQJO\� SURPRWHV� IUXLW� SURGXFWLRQ�� $� SURGXFWLRQ� UHVWUXFWXULQJ
SURJUDP� �0,1,675<� 2)� $*5,&8/785(�� ������ KDV� EHHQ� DGRSWHG� WR� WUDQVIRUP
ODQG�FXOWLYDWHG�ZLWK�ULFH��FDVVDYD��FRIIHH�DQG�SHSSHU�LQWR�IUXLW�RUFKDUGV���)UXLW
DQG� YHJHWDEOHV� JDLQ� LQFUHDVLQJ� LPSRUWDQFH� LQ� WHUPV� RI� FURS� YDOXH��� 7KHVH

����������������������������������������
�� 5HIHU�WR�)LJXUH�,,���LQ�WKH�$SSHQGL[�
� 7KH�PDMRU�REMHFWLYH�RI�WKH�SURJUDP�LV�WR�WUDQVIRUP�����PLOOLRQ�UDL�RI�WKH�DFUHDJH�FXUUHQWO\�RFFXSLHG

E\�WKH�DERYH�PHQWLRQHG�FURSV�GXH�WR�WKHLU�PDUNHWLQJ�SUREOHPV��)DUPHUV�UHFHLYH�ORZ�LQWHUHVW�ORDQV
DQG�DGGLWLRQDO�DVVLVWDQFH�LQ�IDFWRU�LQSXWV��%$1*.2.�3267��������

�� 5HIHU�WR�)LJXUH�,,���LQ�WKH�$SSHQGL[�



� &KDSWHU����&URS�3URWHFWLRQ�3ROLF\�LQ�7KDLODQG

FURSV�VKRZ�D� KLJK� LQWHQVLW\�RI� SHVWLFLGH�XVH�ZKLFK�FRQWULEXWHV� WR� WKH�RYHUDOO
WUHQG�RI�LQFUHDVLQJ�DJURFKHPLFDO�XVH�LQ�WKH�FRXQWU\��
7KH� VHYHQWK� 1DWLRQDO� (FRQRPLF� DQG� 6RFLDO� 'HYHORSPHQW� 3ODQ� RI� 7KDLODQG
������������ HPSKDVL]HG� RQ� HIILFLHQW� XVH� RI� QDWXUDO� UHVRXUFHV�� VXSSRUW� RI
UHVHDUFK��GHYHORSPHQW�DQG�WHFKQRORJ\�WUDQVIHU� LQ�DJULFXOWXUH��UHVWUXFWXULQJ�RI
DJULFXOWXUDO� SURGXFWLRQ� DFFRUGLQJ� WR� ORFDO� FRQGLWLRQV� DQG� PDUNHW� GHPDQG�
VXSSRUW� RI� DJUR�LQGXVWU\� DQG� LPSURYHPHQW� RI� DJULFXOWXUDO� DQG� FRRSHUDWLYH
GHYHORSPHQW� V\VWHPV� �7'5,���������&URSV�SURPRWHG�E\� WKH�JRYHUQPHQW�DUH
YHJHWDEOHV�DQG�FXW�IORZHUV�DV�ZHOO�DV�IUXLW�WUHHV��IDVW�JURZLQJ�WUHHV��FDWWOH�GDLU\
DQG�PL[HG�IDUPLQJ�
������ 3HVWLFLGH�0DUNHW�DQG�3HVWLFLGH�8VH
,Q� ������ WKH� SHVWLFLGH� PDUNHW� UHDFKHG� D� VDOHV� YROXPH� RI� ���� PLOOLRQ� 86�
�/$1'(//�0,//6���������+HUELFLGHV�KROG�D�VKDUH�RI������LQVHFWLFLGHV�����DQG
IXQJLFLGHV������:22'�0$&.(1=,(���������
)LJXUH�����VKRZV�PDUNHW�VKDUH�E\�FURS�DQG�SHVWLFLGH�SURGXFW�FODVV���)RU� WKH
KHUELFLGH� PDUNHW� WKH� SODQWDWLRQ� FURS� DQG� WKH� ULFH� VHFWRU� DUH� RI� JUHDW
LPSRUWDQFH�� 0RVW� LPSRUWDQW� IRU� WKH� LQVHFWLFLGH� PDUNHW� DUH� WKH� ULFH� DQG� WKH
KRUWLFXOWXUDO�VHFWRU��&LWUXV�KROGV�D�ODUJH�VKDUH�RI�WKH�LQVHFWLFLGH�DQG�IXQJLFLGH
PDUNHW�
$V�IUXLW�DQG�HVSHFLDOO\�FLWUXV�EHORQJ�WR�WKH�JURXS�RI�SHVWLFLGH�LQWHQVLYH�FURSV�LW
LV� H[SHFWHG� WKDW� SHVWLFLGH� XVH� ZLOO� LQFUHDVH� DJDLQ�� LI� WKH� QHZ� SROLF\� RI� WKH
0LQLVWU\�RI�$JULFXOWXUH�VXFFHVVIXOO\�FKDQJHV�ODQG�SODQWHG�ZLWK�IRRG�FURSV� LQWR
IUXLW�JURZLQJ�DUHDV��7KLV�GHYHORSPHQW�LV�VWLPXODWLQJ�RYHUDOO�SHVWLFLGH�XVH�GXH
WR� WKH� LQFUHDVLQJ� LPSRUWDQFH� RI� WKH� IUXLW� VHFWRU� LQ� DJULFXOWXUDO� H[SRUWV� DQG
FRQVXPHU�GHPDQGV�IRU�XQEOHPLVKHG�SURGXFWV�

����������������������������������������
� 5HIHU�WR�7DEOH�,,,���LQ�WKH�$SSHQGL[�
� 8QIRUWXQDWHO\�� WKHUH� LV� QR� QHZHU�PDUNHW� UHVHDUFK� EDVHG� GDWD� DYDLODEOH� IRU� WKH� SHVWLFLGH�PDUNHW

VLWXDWLRQ�
�� 7KH�WHQ�PRVW� LPSRUWHG�SHVWLFLGHV�KDYH�D� WRWDO� LPSRUW�VKDUH�RI����� IRU� LQVHFWLFLGHV��XS� WR�QHDUO\

����IRU�KHUELFLGHV�DV�ZHOO�DV�IRU�IXQJLFLGHV��UHVSHFWLYHO\�DUH�VKRZQ�LQ�7DEOH�,,,���LQ�WKH�$SSHQGL[�



&KDSWHU����&URS�3URWHFWLRQ�3ROLF\�LQ�7KDLODQG �

)LJXUH����� 0DUNHW�6KDUH�E\�&URS�DQG�3URGXFW�&ODVV�������
+HUELFLGHV

�PDUNHW�YDOXH�86��������PLOOLRQ�

3LQHDSSOH��
6XJDU�FDQH���

5XEEHU���

5LFH��� 2WKHUV����

2LO�SDOP��
6R\EHDQV��

2WKHUV
���

9HJHWDEOHV
���

6R\EHDQV
��&RWWRQ

��
&LWUXV
���

,QVHFWLFLGHV
�PDUNHW�YDOXH�86�������PLOOLRQ�

���
5LFH

)XQJLFLGHV
�PDUNHW��YDOXH�86�������PLOOLRQ�

2WKHUV���

0DQJRHV��
&LWUXV���

9HJHWDEOHV
���

5LFH��
'XULDQ��

9LQH�*UDSHV
���

6RXUFH� /DQGHOO�0LOOV������

7DEOH�����VKRZV�WKH�DYHUDJH�LQWHQVLW\�RI�LQVHFWLFLGH�XVH�IRU�YDULRXV�FURSV��7KH
LQWHQVLW\�RI�LQVHFWLFLGH�XVH�SHU�KHFWDUH�LV�FDOFXODWHG�XVLQJ�WKH�WRWDO�LQVHFWLFLGH
PDUNHW�YROXPH�VSOLW� LQWR� WKH�UHVSHFWLYH�FURSV�DQG�WKH�DUHD�SODQWHG��)UXLW�DQG
YHJHWDEOHV�KDYH�E\�IDU�WKH�KLJKHVW�DYHUDJH�LQWHQVLW\�RI�LQVHFWLFLGH�XVH�

7DEOH����� $YHUDJH� ,QVHFWLFLGH� 8VH� E\� &URSV� RI� (FRQRPLF� ,PSRUWDQFH
�LQ�86��SHVWLFLGH�PDUNHW�YDOXH�KD�

&URS 3ODQWHG�DUHD�KD� 3HUFHQWDJHVKDUH�RILQVHFWLFLGHPDUNHW�

,QVHFWLFLGHPDUNHW�YROXPH
�PLOOLRQ�86���

$YHUDJH�LQWHQVLW\�RILQVHFWLFLGH�XVH�86��KD�
5LFH
&LWUXV
9HJHWDEOH
&RWWRQ
6R\EHDQV
2WKHUV

����������
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7RWDO ���������� ���� ���� ���
6RXUFH� �� �/DQGHOO�0LOOV���������� �)UXLW�6WDWLVWLFV��'2$(���������� �9HJHWDEOH�6WDWLVWLFV��'2$�������RWKHUV��2IILFH�RI�$JULFXOWXUDO�(FRQRPLFV��������$XWKRU¶V�&DOFXODWLRQV



� &KDSWHU����&URS�3URWHFWLRQ�3ROLF\�LQ�7KDLODQG

0DQ\�FRPSDQLHV�LPSRUW�DQG�VHOO�SHVWLFLGHV�LQ�7KDLODQG���$SDUW�IURP�QXPHURXV
WUDGHUV� WKH� PRVW� UHPDUNDEOH� IDFW� RI� WKH� 7KDL� SHVWLFLGH� PDUNHW� LV� WKH� ODUJH
DPRXQW� RI� WUDGH� QDPHV�� )RU� H[DPSOH�� PRQRFURWRSKRV� LV� EHLQJ� VROG� XQGHU
VRPH�����GLIIHUHQW�WUDGH�QDPHV��PHWK\O�SDUDWKLRQ�XQGHU�����DQG�F\SHUPHWKULQ
XQGHU�����WUDGH�QDPHV��5(*8/$725<�',9,6,21���������7KLV�FRQIXVLQJ�QXPEHU
RI� WUDGH� QDPHV� LQ� WKH� SHVWLFLGH� VHFWRU� FRPSOLFDWHV� PDUNHW� WUDQVSDUHQF\� IRU
XVHUV�DQG�WKH�PRQLWRULQJ�DQG�FRQWURO�RI�WKH�PDUNHW�E\�JRYHUQPHQWDO�DJHQFLHV�
)LJXUH�����VKRZV�SHVWLFLGH�LPSRUW�WUHQGV��,QVHFWLFLGHV�FRPSULVLQJ�WKH�PDMRULW\
RI� LPSRUWV� IRU� PDQ\� \HDUV� KDYH� EHHQ� H[FHHGHG� E\� KHUELFLGH� LPSRUWV� VLQFH
�����
)LJXUH����� 9DOXH�RI�3HVWLFLGH�,PSRUWV������������

�
���
���
����
����
����
����
����

���� ���� ���� ���� ���� ���� ���� ���� ���� ����
<HDUV

0LO
OLRQ

�%D
KW

,QVHFWLFLGH
+HUELFLGH
)XQJLFLGH

6RXUFH� 5HJXODWRU\�'LYLVLRQ��3HVWLFLGH�6WDWLVWLFV��YDULRXV�LVVXHV

$V�PRVW�RI� WKH�SHVWLFLGHV�XVHG� LQ�7KDLODQG�DUH� LPSRUWHG� WKH�GHYHORSPHQW�RI
SHVWLFLGH�LPSRUWV�LV�FORVHO\�UHODWHG�WR�GHYHORSPHQW�WUHQGV�RI�SHVWLFLGH�XVH��7KH
XVH� RI� SHVWLFLGHV� DQG� IHUWLOL]HUV� LV� LQFUHDVLQJ� LQ� UHODWLRQ� WR� FURS� YDOXH� ZKLFK
LPSOLHV�WKDW�WKH�LQSXW�LQWHQVLW\�RI�DJULFXOWXUDO�SURGXFWLRQ�LV�ULVLQJ��)LJXUH�������,Q
RWKHU�ZRUGV��PRUH�SHVWLFLGH�DQG�IHUWLOL]HU� LQSXWV�DUH�XVHG� WR�REWDLQ� WKH�VDPH
FURS�YDOXH�

����������������������������������������
�� &XUUHQWO\�� ��� IRUPXODWLQJ� DQG� UHSDFNDJLQJ� SODQWV�� ���� GLVWULEXWRUV� DQG� DURXQG� ������ UHWDLOHUV

FRQGXFW�EXVLQHVV� LQ�7KDLODQG� �'2$�� SHUVRQDO� FRPPXQLFDWLRQ�� �������5HIHU� WR�7DEOH� ,,,��� IRU� WKH
PDLQ�PDQXIDFWXUHUV�DQG�WKHLU�PDLQ�SURGXFWV�DQG�WR�)LJXUH�,,,���VKRZLQJ�WKH�PDUNHW�VKDUHV�RI�PDMRU
SHVWLFLGH�SURGXFHUV�DQG�PDMRU�LPSRUWLQJ�FRXQWULHV�LQ�WKH�$SSHQGL[�



&KDSWHU����&URS�3URWHFWLRQ�3ROLF\�LQ�7KDLODQG �

)LJXUH����� )HUWLOL]HU�DQG�3HVWLFLGH�,PSRUWV�LQ�3HUFHQW�RI�&URS�9DOXH
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�
�
�
�

���� ���� ���� ���� ���� ���� ���� ���� ���� ����
<HDUV

�

IHUWLOL]HUV
SHVWLFLGHV

6RXUFH� 2IILFH�RI�$JULFXOWXUDO�(FRQRPLFV��$JULFXOWXUDO�6WDWLVWLFV��YDULRXV�LVVXHV�$XWKRU¶V�&DOFXODWLRQV

6WLOO�D�ODUJH�DPRXQW�RI�SHVWLFLGHV�LPSRUWHG�WR�7KDLODQG�EHORQJV�WR�WKH�JURXS�RI
PRUH� KD]DUGRXV� SHVWLFLGHV�� ,Q� ������ DFFRUGLQJ� WR�:+2� FODVVLILFDWLRQ� PRUH
WKDQ� ���� RI� WKH� LPSRUWHG� SHVWLFLGHV� EHORQJ� WR� WKH� FODVVHV� 
H[WUHPHO\
� DQG

KLJKO\� KD]DUGRXV
� �6,1+$6(1,�� ������ �7DEOH� ������5HDO� SHVWLFLGH� SULFHV� KDYH
FRQVLVWHQWO\�GHFUHDVHG��7KH�SULFH�RI�PHWK\O�SDUDWKLRQ��D�:+2�FODVV�,�SHVWLFLGH
DQG�RQH�RI� WKH�PRVW� FRPPRQ� KDV� GHFOLQHG� E\� ���� LQ� UHDO� WHUPV��7KLV�PD\
LQGLFDWH� RQH� UHDVRQ� IRU� WKH� H[WHQGHG� XVH� RI� WKH� YHU\� GDQJHURXV� EXW� FKHDS
SHVWLFLGHV���
7DEOH����� 4XDQWLW\�RI�,PSRUWHG�3HVWLFLGHV�E\�:+2�&ODVVLILFDWLRQ�������

+D]DUGRXV�&ODVV 4XDQWLW\��WRQV� 3HUFHQWDJH
,D� ([WUHPHO\�+D]DUGRXV
,E +LJKO\�+D]DUGRXV
,,� 0RGHUDWHO\�+D]DUGRXV
,,, 6OLJKWO\�+D]DUGRXV
,,,� 8QOLNHO\�WR�SUHVHQW�KD]DUGLQ�QRUPDO�XVH
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6RXUFH� 6LQKDVHQL������

����������������������������������������
��� )RU�DQ�RYHUYLHZ�RQ�WKH�GHYHORSPHQW�RI�SHVWLFLGH�SULFHV�UHIHU�WR�)LJXUH�,,,���LQ�WKH�$SSHQGL[�
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������ ,QVWLWXWLRQDO�)UDPHZRUN
3HVWLFLGH� OHJLVODWLRQ� LV�EDVHG�RQ� WKH�+D]DUGRXV�6XEVWDQFHV�$FW�ZKLFK� LV� WKH
PDLQ�DFW�UHJXODWLQJ�SHVWLFLGH�XVH�LQ�DJULFXOWXUH��$W�WKH�PRPHQW�DURXQG�WZHQW\
ODZV� H[LVW� UHODWHG� WR� WKH� FRQWURO� RI� FKHPLFDOV� LQ� DOO� DUHDV� RI� SHVWLFLGH� XVH
�%221�/21*�� ������� $OWKRXJK� SURJUHVV� KDV� EHHQ� LQLWLDWHG� ZLWK� WKH� QHZ� DFW�
LPSOHPHQWDWLRQ� LV� VORZ� DQG� GLIILFXOW�� 6RPH� UHDVRQV� IRU� LQFRQVLVWHQFLHV� LQ
FRPPRQ� SUDFWLFH� DQG� ODZ� HQIRUFHPHQW� DUH� DQ� LQVXIILFLHQW� PRQLWRULQJ� DQG
FRQWURO�RI� WKH�SHVWLFLGH�PDUNHW��D� ODFN�RI�PDUNHW� WUDQVSDUHQF\�GXH� WR�D� ODUJH
QXPEHU� RI� FRPSDQLHV� WUDGLQJ� ZLWK� SHVWLFLGHV� DQG� D� WLPH� ODJ� EHWZHHQ
FRQVWLWXWLRQ�RI�OHJLVODWLRQ�DQG�LWV�LPSOHPHQWDWLRQ���
�������� 7D[�3ROLF\
,PSRUW�WD[HV�FRQVLVW�RI�LPSRUW�GXWLHV��EXVLQHVV�WD[HV�DQG�PXQLFLSDO�WD[HV��7KH
WD[�VWUXFWXUH�UHODWHG�WR�SHVWLFLGHV�KDV�EHHQ�IDYRUDEOH�FRPSDUHG�WR�RWKHU�LQSXWV
DQG� KDV� WKHUHIRUH� KHOSHG� WR� NHHS� SHVWLFLGH� SULFHV� ORZ�� ,PSRUW� GXWLHV� RI
SHVWLFLGHV�GR�QRW�FRQVLGHU� WKH� WR[LFLW\�RI� WKH�SHVWLFLGH��%HIRUH������HIIHFWLYH
WRWDO�WD[�UDWHV�IRU�SHVWLFLGHV�KDYH�EHHQ������FRPSDUHG�WR�������IRU�IHUWLOL]HU
DQG������� IRU�DJULFXOWXUDO�PDFKLQHU\� �:$,%(/���������6LQFH�������SHVWLFLGHV
IRU� DJULFXOWXUDO� XVH� KDYH� EHHQ� H[HPSWHG� IURP� LPSRUW� GXW\�� EXVLQHVV� DQG
PXQLFLSDO� WD[HV� �&867206� '(3$570(17�� ��������� 7KH� WD[� H[HPSWLRQ� LV� DQ
LQGLUHFW�VXEVLG\�WR�SHVWLFLGH�LPSRUWV�DQG�HIIHFWLYHO\�ORZHUV�SHVWLFLGH�SULFHV�
�������� ,PSRUW��7UDGH�DQG�8VH�5HJXODWLRQV
7KH�5HJXODWRU\�'LYLVLRQ�RI� WKH�'HSDUWPHQW� RI�$JULFXOWXUH� LV� LQ� FKDUJH�RI� WKH
SURFHVV� RI� SHVWLFLGH� UHJLVWUDWLRQ�DQG� WKH�VXSHUYLVLRQ� RI� XVH� RI� SHVWLFLGHV��$W
WKH�VDPH�WLPH�� WKH�GLYLVLRQ� LV�UHVSRQVLEOH� IRU�FRQWUROOLQJ� WKH�SHVWLFLGH�PDUNHW
FRQFHUQLQJ� WKH� TXDOLW\� DQG� WKH� GDWH� RI� H[SLUDWLRQ� RI� SHVWLFLGHV�� 3HVWLFLGH
TXDOLW\�FRQWURO�DQG�DQDO\VLV�RI�SHVWLFLGH�UHVLGXHV�LQ�DJULFXOWXUDO�SURGXFWV�LV�WKH
GXW\� RI� WKH� 7R[LF� 6XEVWDQFHV� 'LYLVLRQ� RI� WKH� '2$�� &XUUHQWO\� WKHUH� DUH� ���
DFWLYH�LQJUHGLHQWV�UHJLVWHUHG�LQ�7KDLODQG��DQG�WKHVH�DUH�VROG�XQGHU�PRUH�WKDQ
������WUDGH�QDPHV�
7KH� UHJLVWUDWLRQ� SURFHVV� IDFHV� WZR� PDLQ� SUREOHPV�� 2Q� WKH� RQH� KDQG� WKH
DJHQF\� ODFNV� DGHTXDWH� SHUVRQQHO� DQG� EXGJHW� DQG� RQ� WKH� RWKHU� KDQG� WKHUH
H[LVWV� D� VWURQJ� GHSHQGHQF\� RQ� RWKHU� GLYLVLRQV� RI� WKH� GHSDUWPHQW� IRU
����������������������������������������
��� 5HIHU�WR�32$321*6$.251�HW�DO���������IRU�D�GLVFXVVLRQ�RQ�DSSURDFKHV�WR�SHVWLFLGH�SROLF\�UHIRUP�
��� ,Q� ����� WKH� LPSRUW� GXW\� RQ� IHUWLOL]HU� ZDV� DOVR� UHGXFHG� WR� ���� �IRUPHUO\� DW� ������ $JULFXOWXUDO

PDFKLQHU\�LV�WD[HG�ZLWK�DURXQG�����



&KDSWHU����&URS�3URWHFWLRQ�3ROLF\�LQ�7KDLODQG ��

UHJLVWUDWLRQ� UHODWHG� UHVHDUFK� DQG� UHTXLUHPHQWV� ZKLFK� DUH� QRW� FODVVLILHG� DV
SULRULW\� LVVXHV� LQ� WKHLU� ZRUN� GHVFULSWLRQV�� 3HVWLFLGH� PDUNHW� LQVSHFWLRQ� LV
FXUUHQWO\�FRQGXFWHG�E\�RQO\�IHZ�LQVSHFWRUV�IRU�WKH�ZKROH�FRXQWU\��,QVSHFWLRQ�LV
WKHUHIRUH� OLPLWHG� WR� D� YHU\� VPDOO� VDPSOH� VL]H� DQG� RQO\� D� IHZ� TXDOLW\� FRQWURO
WHVWV�FDQ�EH�FRQGXFWHG��7KLV�UHSUHVHQWV�D�VHULRXV�VKRUWFRPLQJ�RI�WKH�FXUUHQW
OHJLVODWLRQ�� DV� WKH� TXDOLW\� RI� SHVWLFLGHV� LV� D� PDMRU� FRQFHUQ� UHODWHG� WR
LQDSSURSULDWH�SHVWLFLGH�XVH�
6WDUWLQJ� LQ� -XO\� ������ WUDLQLQJ� IRU� UHWDLOHUV� KDV� EHHQ� PDGH� FRPSXOVRU\� IRU
OLFHQVH� KROGLQJ�� +RZHYHU�� WKH� XVHIXOQHVV� RI� D� WZR� GD\� WUDLQLQJ� ZKLFK
VXSHUILFLDOO\�WRXFKHV�XSRQ�PDQ\�DVSHFWV�LV�RSHQ�WR�TXHVWLRQ��5HWDLOHUV�KDYH�D
ODUJH�LPSDFW�RQ�IDUPHUV¶�SHVW�PDQDJHPHQW�GHFLVLRQV�DV�UHWDLOHUV�DUH�RIWHQ�WKH
RQO\� RU� PDLQ� VRXUFH� RI� SHVWLFLGH� UHFRPPHQGDWLRQV� DQG� LQIRUPDWLRQ� IRU� WKH
IDUPHU��.+8$1.$(:��������
�������� 5HVHDUFK�DQG�([WHQVLRQ
3XEOLF�DJULFXOWXUDO�UHVHDUFK�DQG�H[WHQVLRQ�LQ�7KDLODQG�DUH�PDLQO\�FRQGXFWHG�E\
WKH� 0LQLVWU\� RI� $JULFXOWXUH� DQG� &RRSHUDWLYHV� �02$&�� DQG� XQLYHUVLWLHV�
$SSUR[LPDWHO\�� ����RI� WKH� WRWDO� JRYHUQPHQW� EXGJHW� IRU� DJULFXOWXUDO� UHVHDUFK
DQG� H[WHQVLRQ� JRHV� WR� WKH� 02$&�� ZKLOH� DURXQG� ��� DUH� GHGLFDWHG� WR� WKH
XQLYHUVLWLHV��7'5,���������7ZR�GHSDUWPHQWV�ZLWKLQ�WKH�02$&�FRYHU�DOPRVW�DOO
DVSHFWV�RI�DJULFXOWXUDO� FURS�SURGXFWLRQ�SROLF\��7KH\�VKDUH�PRUH� WKDQ�����RI
WKH�02$&¶V�EXGJHW�IRU�UHVHDUFK�DQG�H[WHQVLRQ�
7KH� 'HSDUWPHQW� RI� $JULFXOWXUH� �'2$�� LV� LQ� FKDUJH� RI� DJULFXOWXUDO� UHVHDUFK
SURMHFWV�DQG�UHVSRQVLEOH�IRU�WKH�GHYHORSPHQW�RI�WHFKQRORJLHV�WR�EH�WHVWHG�DQG
WUDQVIHUUHG� WR� WKH� IDUPHUV� E\� WKH� 'HSDUWPHQW� RI� $JULFXOWXUDO� ([WHQVLRQ
�'2$(��� )XQGLQJ� IRU� UHVHDUFK� IROORZHG� UDWKHU� WKDQ� OHG� PDUNHW� VLJQDOV
�6,$0:$//$�HW�DO����������7KH�UDWLR�RI�JRYHUQPHQW�H[SHQGLWXUHV�RQ�H[WHQVLRQ
ZRUN�WR�LWV�UHVHDUFK�LV�DSSUR[LPDWHO\��������6,$0:$//$�HW�DO���������
3ODQW�SURWHFWLRQ�LVVXHV�DUH�GHDOW�ZLWK�E\�WKH�3ODQW�3URWHFWLRQ�6HUYLFH�'LYLVLRQ
�336'�� DQG� WKH�%LR�FRQWURO�&HQWHU� RI�'2$(� DV� ZHOO� DV� VHYHUDO� GLYLVLRQV� RI
'HSDUWPHQW�RI�$JULFXOWXUH��'2$���5HJXODWRU\��7R[LF�6XEVWDQFHV��(QWRPRORJ\�
HWF���� ,Q� WKH�'2$�PRVW� UHVHDUFK� LQ� WKH� ILHOG� RI� SHVWLFLGHV� FRQFHUQV� SHVWLFLGH
HIILFDF\�DQG�DSSOLFDWLRQ�WHFKQLTXHV�
)$5$+� ������� VWDWHG� WKDW� ���� RI� WKH� UHVHDUFK� EXGJHW� ZDV� DOORFDWHG� IRU
FKHPLFDO�SHVWLFLGHV��7KLV�KDV�FKDQJHG�RYHU�WLPH��'XULQJ�WKH�\HDUV����������
WKH� WRWDO� EXGJHW� RI� WKH� '2$(� QHDUO\� GRXEOHG� �2)),&(� 2)� $*5,&8/785$/
(&2120,&6���������ZKLOH�WKH�,30�UHODWHG�EXGJHW�LQFUHDVHG�WR�FXUUHQWO\�QHDUO\
���PLOOLRQ�%DKW� �,30� LQ�YHJHWDEOHV�� IUXLW�� OHJXPLQRXV�SODQWV�� ULFH�DQG�PDL]H��
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$GGLWLRQDOO\�� D� EXGJHW� IRU� ELR�FRQWURO� UHVHDUFK� DQG� H[WHQVLRQ� ZDV� DOORFDWHG
ZKLFK�LQFUHDVHG�PRUH�WKDQ�HLJKW�WLPHV�RYHU�WKH�ODVW�ILYH�\HDUV��+RZHYHU��WKHVH
,30� UHODWHG� EXGJHWV� DUH� VWLOO� RQO\� ���� RI� WKH� EXGJHW� GHGLFDWHG� WR� RXWEUHDN
FRQWURO�
�������� 2XWEUHDN�%XGJHW
7KH� '2$(� RYHUVHHV� D� UHJXODU� EXGJHW� IRU� WKH� SXUFKDVH� RI� SHVWLFLGHV�� 7KLV
EXGJHW�LV�PHDQW�WR�FRPEDW�VXGGHQ�SHVW�RXWEUHDNV�DQG�SHVWLFLGHV�DUH�JLYHQ�WR
IDUPHUV� DW� QR� FRVW�� 7KH� EXGJHW� LV� DOORFDWHG� ZLWKLQ� WKH� FRXQWU\� DFFRUGLQJ� WR
SUHYLRXV� \HDUV¶� HYLGHQFH� RI� SHVW� RXWEUHDNV�� 7KH� FDOFXODWLRQ� RI� WKH� \HDUO\
RXWEUHDN� EXGJHW� UHTXHVW� RI� 336'� LV� EDVHG� RQ� HVWLPDWHG� DUHDV� LQIHVWHG� IRU
ULFH�� ILHOG� FURSV� DQG� WKH� KRUWLFXOWXUDO� VHFWRU� PXOWLSOLHG� E\� WKH� FDOFXODWHG
SHVWLFLGH�H[SHQVHV�SHU�DUHD��7KH�YROXPH�RI�WKH�RXWEUHDN�EXGJHW�LV�EDVHG�RQ
���� RI� WKH� FURSSLQJ� DUHD� URXJKO\�� L�H�� WR� DVVXUH� SHVW� FRQWURO� DV� D� VSHFLDO
PHDVXUH�RI�IRRG�VHFXULW\�DQG�VWDELOL]LQJ�DJULFXOWXUDO�SURGXFWLRQ�
7KH�RXWEUHDN�EXGJHW� ILQDQFHG�SHVWLFLGHV�DUH�GLVWULEXWHG�WKHP�WR� IDUPHUV�DQG
H[WHQVLRQ� RIILFHV� WKURXJKRXW� WKH� FRXQWU\� DQG� WKHLU� XVH� LV� RIWHQ� QRW� IXUWKHU
LQYHVWLJDWHG��,Q������WKH�RXWEUHDN�EXGJHW�DPRXQWHG�WR����PLOOLRQ�%DKW��DURXQG
��� PLOOLRQ� %DKW� IRU� ULFH�� ��� PLOOLRQ� %DKW� IRU� ILHOG� FURSV�� �� PLOOLRQ� %DKW� IRU
KRUWLFXOWXUDO� FURSV� DQG� ��PLOOLRQ�%DKW� IRU� IUXLW�� DQG� URVH� WR� DSSUR[LPDWHO\� ��
PLOOLRQ� %DKW� D� \HDU� ODWHU�� 5HFHQWO\�� WKH� RXWEUHDN� EXGJHW� FRQWDLQV� DOVR� D
FRPSRQHQW�IRU�ELR�FRQWURO�SURGXFWV�
,I�D�SHVW�RXWEUHDN�RFFXUV� WKH�QHFHVVDU\�EXGJHW�PD\�EH�VHYHUDO� WLPHV�KLJKHU
WKDQ�WKH�UHJXODU�DQQXDO�DPRXQW�DV�KDSSHQHG�LQ���������ZKHQ�DQ�RXWEUHDN�RI
WKH� %URZQ� 3ODQW� +RSSHU� HPHUJHG�� 7KH� XVHIXOQHVV� RI� VXFK� D� EXGJHW� LV
TXHVWLRQDEOH� VLQFH� WKH� SDVW� H[SHULHQFH� VKRZHG� WKDW�� ZKHQ� D� SHVW� RXWEUHDN
RFFXUUHG��WKH�DOORFDWLRQ�RI�SHVWLFLGHV�WR� WKH� LQIHVWHG�DUHD�KDV�EHHQ�REVHUYHG
DV�WRR�VORZ�
�������� &UHGLW�3ROLF\
7KH� %DQN� RI� $JULFXOWXUH� DQG� $JULFXOWXUDO� &RRSHUDWLYHV� �%$$&�� LV� WKH� NH\
LQVWLWXWLRQ� IRU� WKH� LPSOHPHQWDWLRQ�RI�DJULFXOWXUDO�FUHGLW�SROLF\� �7'5,��������� ,Q
������VKRUW�WHUP�FUHGLW�RSSRUWXQLWLHV�IRU�DJULFXOWXUDO�LQSXWV�LQFOXGLQJ�SHVWLFLGHV
PDQDJHG�E\�WKH�%$$&�ZHUH�FUHDWHG��*5$1'67$))���������,Q�������VKRUW�WHUP
ORDQV�DPRXQWHG�WR�������RI�WRWDO�OHQGLQJ��7KH�GHPDQG�IRU�ORDQV�ZDV�KLJKHVW
LQ�ULFH�SURGXFWLRQ���������IROORZHG�E\�FDVVDYD�DQG�PDL]H��EXW�OHQGLQJ�IRU�IUXLW
DQG� YHJHWDEOH� SURGXFWLRQ� VKRZV� DQ� LQFUHDVLQJ� WUHQG� �%$$&�� ������
7'5,��������VWDWHV�WKDW�WKLV�WUHQG�FDQ�EH�LQWHUSUHWHG�DV�DQ�HQFRXUDJHPHQW�IRU
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DJULFXOWXUDO� GLYHUVLILFDWLRQ�� :LWKLQ� WKH� JRYHUQPHQWDO� UHVWUXFWXULQJ� SURJUDP
IDUPHUV�UHFHLYH�SDUWO\� IUHH�DJULFXOWXUDO� LQSXWV�DV�ZHOO�DV�VKRUW��DQG� ORQJ�WHUP
FUHGLWV�WKURXJK�%$$&�
$�FUHGLW�SROLF\�ZKLFK�H[SOLFLWO\� LQFOXGHV�SHVWLFLGHV� LQ� LWV�FUHGLW�SURJUDP�KDV�D
VXSSRUWLQJ�HIIHFW�RQ�SHVWLFLGH�XVH��3HVWLFLGHV�DUH�LQFOXGHG�UHJDUGOHVV�RI�WKHLU
QHFHVVLW\�RU�WDNLQJ�LQWR�DFFRXQW�QRQ�FKHPLFDO�FURS�SURWHFWLRQ�PHWKRGV�
�������� ,QIRUPDWLRQ�DQG�7UDLQLQJ
,QIRUPDWLRQ�LV�DQ�HVVHQWLDO�IDFWRU�LQ�FURS�SURWHFWLRQ����7KHUH�DUH�VHYHUDO�NLQGV
RI� LQIRUPDWLRQ�QHHGHG���DW� WKH�SROLF\� OHYHO��DW� WKH�UHVHDUFK�DQG�DW� WKH� IDUPHU
OHYHO�� 7ZR� NLQGV� RI� LQIRUPDWLRQ� UHODWHG� WR� SHVWLFLGH� XVH� DUH� QHHGHG�� 2QH
FRQFHUQV�WKH�EHQHILW�DQG�FRVWV�RI�WKH�XVH�RI�D�FHUWDLQ�SHVWLFLGH�ZKLOH�WKH�RWKHU
FDQ�EH�VHHQ�DV�WKH�QHHG�IRU�JHQHUDO�LQIRUPDWLRQ�DERXW�SRVVLEOH�DOWHUQDWLYHV�WR
SHVWLFLGH�XVH�
$GGLWLRQDOO\�� LQIRUPDWLRQ�DERXW�SHVWLFLGH�TXDOLW\� FDQ�VHULRXVO\�DIIHFW� SHVWLFLGH
XVH�OHYHOV��4XDOLW\�WHVWV�FRQGXFWHG�E\�WKH�'2$�LQGLFDWH�WKDW�D�ODUJH�DPRXQW�RI
SHVWLFLGHV�GR�QRW�IXOILOO�PLQLPXP�VWDQGDUGV��([SLUHG�RU�GHJUDGHG�SURGXFWV�FDQ
EH�IRXQG�LQ�QXPHURXV�UHWDLO�VKRSV��*5$1'67$))���������)RU�H[DPSOH��LQ�����
WKH�LQGXVWU\�VWDUWHG�D�SURGXFW�TXDOLW\�PRQLWRULQJ�SURJUDP�
7KUHH�RI�IRXU�SDUDTXDW�VDPSOHV�ZHUH�EHORZ�VWDQGDUG��ZKLOH�LQ�DQRWKHU�WULDO�WZR
RI�VL[�JO\SKRVDWH�DQG�SDUDTXDW�VDPSOHV�ZHUH�EHORZ�VWDQGDUG��*,)$3��������
,W� KDV� EHHQ� UHSRUWHG� WKDW� IDUPHUV� DSSO\� LQFUHDVHG� GRVDJHV� GXH� WR� WKH
H[SHULHQFH�WKDW�WKH�UHFRPPHQGHG�DPRXQW�ZDV�IRXQG�QRW�WR�EH�HIIHFWLYH�
7KH�PDLQ� EDVLV� IRU� WKH�'2$� UHFRPPHQGDWLRQV� RI� SHVWLFLGH� XVH� DUH� HIILFDF\
WHVWV��$VVHVVPHQW�RI�FURS� ORVV� LV�QRW�FRQGXFWHG�RQ�D� UHJXODU�EDVLV� IRU�HYHU\
FURS�� )RU� VRPH� FURSV� HFRQRPLF� WKUHVKROG� OHYHOV� H[LVW�� +RZHYHU�� SHVWLFLGH
UHFRPPHQGDWLRQV� RI� WKH�'2$� VHHP� WR� EH� IDU� WRR� FRPSOH[� IRU� FRPPRQ� XVH
DQG�DUH�QRW� D�PDMRU� IDFWRU� LQ� IDUPHUV
� GHFLVLRQ�PDNLQJ� LQ� FURS� SURWHFWLRQ�� ,Q
JHQHUDO�WKHVH�PHDVXUHV�HQFRXUDJH�SHVWLFLGH�XVH�DV�WKH�DYDLODEOH�LQIRUPDWLRQ
SURPRWHV�WKH�XVH�RI�SHVWLFLGHV�
,Q� DGGLWLRQ� WR� WKH� JRYHUQPHQW� H[WHQVLRQ� VHUYLFH�� WUDLQLQJ� LV� DOVR� KHOG� E\� WKH
SHVWLFLGH�FRPSDQLHV�E\�FRQGXFWLQJ�VDIH�XVH� WUDLQLQJ��$V� WKH�QDPH� LQGLFDWHV�
WKH�IRFXV�OLHV�RQ�WKH�VDIH�XVH�RI�SHVWLFLGHV�DQG�RQ�WKH�WUDLQLQJ�RQ�DSSOLFDWLRQ
PHWKRGV�

����������������������������������������
��� 5HIHU�WR�VHFWLRQ�������IRU�D�WKHRUHWLFDO�GLVFXVVLRQ�RQ�WKH�UROH�RI�LQIRUPDWLRQ�LQ�FURS�SURWHFWLRQ�
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7KH�WUDLQLQJ�WDNHV�SODFH�GXULQJ�RQH�KDOI�GD\�DQG�SHU�FDSLWD�FRVWV�DUH�DURXQG
����%DKW��2YHUDOO� WKHUH� LV�D�EXGJHW� RI� ����PLOOLRQ�86��GHGLFDWHG� IRU� D� WKUHH
\HDU�VDIH�XVH�SURMHFW��RI�ZKLFK�DURXQG���������86��DUH�IRU�VDIH�XVH�WUDLQLQJ
�*,)$3���������1R�HYDOXDWLRQ�UHVXOWV�KDYH�EHHQ�PDGH�DYDLODEOH�VR�IDU�RQ�WKH
LPSDFW�RI�WKHVH�WUDLQLQJ�FRXUVHV�
�������� )DUPHU¶V�3HUFHSWLRQ
,Q� D� VXUYH\� RI� ���� UDQGRPO\� VHOHFWHG� SHVWLFLGH� IRUPXODWLRQV� FRQGXFWHG� LQ
����������RI�WKH�VDPSOHV�GLIIHUHG�VLJQLILFDQWO\�IURP�WKH�LQGLFDWLRQ�RQ�WKH�ODEHO
�7$<$387&+�� ������� 7DNLQJ� WKLV� LQWR� DFFRXQW�� IDUPHUV� KDYH� OLPLWHG
RSSRUWXQLWLHV�WR�FRQWURO�WKH�DPRXQW�RI�DFWLYH�LQJUHGLHQWV�VSUD\HG�RQ�WKHLU�ODQG�
$ERXW�KDOI�RI�7KDL�IDUPHUV�DSSO\�KLJKHU�WKDQ�UHFRPPHQGHG�FRQFHQWUDWLRQV�DQG
GR�QRW�SD\�DGHTXDWH�DWWHQWLRQ�WR�ODEHOV�DQG�SURWHFWLYH�FORWKLQJ��*5$1'67$))�
������6,1+$6(1,��������
$V� VWDWHG� LQ� D� UHSRUW� RI� )$2�-,&$� ������� D� VWURQJ� SUHIHUHQFH� IRU� FKHDS
SHVWLFLGH� SURGXFWV� VWLOO� H[LVWV� LQ� 7KDLODQG�� 7KLV� H[SODLQV� SDUWO\� WKH� HQRUPRXV
VKDUH�RI�SHVWLFLGHV�FODVVLILHG�DV�PRVW�KD]DUGRXV�LQ�WKH�7KDL�SHVWLFLGH�PDUNHW
ZKLFK�WHQG�WR�EH�FKHDS�RQ�LQWHUQDWLRQDO�PDUNHWV�
2IWHQ�WKH�IDUPHU¶V�ODFN�RI�DZDUHQHVV�LV�VHHQ�DV�RQH�PDMRU�UHDVRQ�IRU�SHVWLFLGH
SUREOHPV��6HYHUDO�VWXGLHV�DERXW�IDUPHUV
�DZDUHQHVV�FRQGXFWHG�LQ�7KDLODQG�LQ
����� �*5$1'67$))�� ������ FRQFOXGHG� WKDW� PRUH� WKDQ� KDOI� RI� WKH� IDUPHUV
DSSOLHG� GRVDJHV� KLJKHU� WKDQ� UHFRPPHQGHG� RQ� WKH� ODEHO�� $OPRVW� DOO� RI� WKH
IDUPHUV� UHJXODUO\� PL[HG� WZR� RU� PRUH� SHVWLFLGHV� IRU� RQH� DSSOLFDWLRQ�
7+21*6$.8/��������VWDWHV�WKDW�DSSOLFDWLRQ�RI�SHVWLFLGH�PL[WXUHV�LV�D�FRPPRQ
SUDFWLFH�LQ�YHJHWDEOHV��'HFLVLRQV�DERXW�SHVWLFLGH�PL[WXUHV�DUH�PDGH�HLWKHU�E\
UHWDLOHU�UHFRPPHQGDWLRQV�RU�DFFRUGLQJ�WR�WKH�HVWDEOLVKHG�SUDFWLFH�LQ�WKH�DUHD
�621*6$.8/���������,Q�VWXGLHV�UHYLHZHG�E\�*5$1'67$))��������WKH�PDMRULW\�RI
IDUPHUV�VSUD\�SHVWLFLGHV� IUHTXHQWO\��HVSHFLDOO\� LQ� WKH�KRUWLFXOWXUDO�VHFWRU��DQG
KDUYHVW�WKHLU�FURSV�IRU�PDUNHWLQJ�EHIRUH�WKH�HQG�RI�WKH�UHFRPPHQGHG�ZDLWLQJ
SHULRG�� 7KH� VWXGLHV� FRQFOXGHG� WKDW� HYHQ� WKRXJK� WKH� IDUPHUV� VWDWH� WKHLU
FRQFHUQ�DERXW�SRVVLEOH�KHDOWK�KD]DUGV��WKHLU�EHKDYLRU�LQ�VSUD\LQJ��PL[LQJ�DQG
KDQGOLQJ� RI� SHVWLFLGHV� DQG� SHVWLFLGH� GLVSRVDOV� LQGLFDWHV� D� ODFN� RI� UHDO
NQRZOHGJH�RU�DZDUHQHVV�RI�DFWXDO�GDQJHU�
������ 'LVFXVVLRQ
$FFRUGLQJ�WR�WKH�DQDO\VHV�RI�WKH�FURS�SURWHFWLRQ�VLWXDWLRQ�LQ�7KDLODQG��SHVWLFLGH
VXSSRUWLQJ� IDFWRUV� FRXOG� EH� LGHQWLILHG�� ZKLFK� FDQ� EH� FDWHJRUL]HG� DV� SULFH
IDFWRUV��LQVWLWXWLRQDO�IDFWRUV�DQG�LQIRUPDWLRQ�IDFWRUV�
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7KH�PRVW�REYLRXV�SULFH�IDFWRU�LV�WKH�WD[�H[HPSWLRQ�IRU�SHVWLFLGHV��)XUWKHUPRUH�
WKH�VXSSO\�RI�IUHH�SHVWLFLGHV�WKURXJK�WKH�RXWEUHDN�EXGJHW�DQG�WKH�HQFORVXUH�RI
SHVWLFLGHV� LQ�FUHGLW�SURJUDPV�RI� WKH�%$$&�FDQ�EH� UHJDUGHG�DV�SULFH� IDFWRUV�
7KLV�DOVR�DSSOLHV�IRU�WKH�JRYHUQPHQWDO�SURJUDP�WR�FRQYHUW�IRUPHU�ULFH�ODQG�LQWR
IUXLW�JURZLQJ�DUHD�
,QVWLWXWLRQDO� IDFWRUV� FRPSULVH� WKH� UHVHDUFK� DQG� H[WHQVLRQ� IRFXV�ZKLFK� LV� VWLOO
GRPLQDWHG� E\� FKHPLFDO� FURS� SURWHFWLRQ�� 7KH� ZHDN� HQIRUFHPHQW� RI� H[LVWLQJ
UXOHV� DQG� UHJXODWLRQV� DV� ZHOO� DV� WKH� ODFN� RI� QHZ� LQFHQWLYHV� IRU� LPSURYHG
SHVWLFLGHV�UHJXODWLRQV�DQG�PRQLWRULQJ�RI�WKH�SHVWLFLGH�PDUNHW�FDQ�EH�DWWULEXWHG
WR� LQVWLWXWLRQDO� VKRUWFRPLQJV� FUHDWLQJ� DQ� HQYLURQPHQW� ZKLFK� VWURQJO\� IDYRUV
SHVWLFLGH�XVH�DQG�ODFNV�WKH�LQFUHDVH�RI�PDUNHW�WUDQVSDUHQF\�
$PRQJ�LQIRUPDWLRQ�IDFWRUV�VXSSRUWLQJ�WKH�XVH�RI�SHVWLFLGHV�WKHUH�DUH�WKH�ODFN
RI� LQIRUPDWLRQ� RQ� FURS� SURWHFWLRQ� DOWHUQDWLYHV� DV� ZHOO� DV� WKH� PLVLQIRUPDWLRQ
UHJDUGLQJ�SHVWLFLGH�HIILFDF\��SHVWLFLGH�EHQHILWV�DQG�LPSDFWV��7KLV�DSSOLHV�WR�WKH
IDUP�OHYHO�DV�ZHOO�DV�WR�WKH�LQVWLWXWLRQDO� OHYHO��$�UHFRQVLGHUDWLRQ�RI�EHQHILWV�RI
SHVWLFLGH�XVH�ZRXOG�WKHQ�LQ�D�VHFRQG�VWHS�UHTXLUH�D�FRQVLGHUDWLRQ�RI�H[WHUQDO
FRVWV�LQ�WKH�LQVWLWXWLRQDO�VHW�XS��$�ODFN�RI�LQIRUPDWLRQ�FRXOG�DOVR�EH�GHWHUPLQHG
LQ� WKH� IDUPHU
V� NQRZOHGJH� DQG� DWWLWXGHV� WRZDUGV� DSSOLFDWLRQ� DQG� PL[LQJ� RI
SHVWLFLGHV�
7KH�SROLWLFDO�DQG�LQVWLWXWLRQDO�IUDPHZRUN�RI�FURS�SURWHFWLRQ�LQ�7KDLODQG�VXSSRUWV
SHVWLFLGH� XVH� DQG� WKHUHIRUH� SHVWLFLGH� LQWHQVLYH� VWUDWHJLHV�� &XUUHQW
GHYHORSPHQWV� LQ� WKH� DJULFXOWXUDO� SROLF\� GR� QRW� \HW� LPSO\� WKDW� D� FKDQJH� RI
SROLWLFDO�GLUHFWLRQV�LV�OLNHO\�WR�RFFXU�LQ�WKH�QHDU�IXWXUH�
���� ([WHUQDO�&RVWV�RI�3HVWLFLGH�8VH
7KLV�VHFWLRQ�GLVFXVVHV�H[LVWLQJ�HYLGHQFH�RI�H[WHUQDO�HIIHFWV�UHODWHG�WR�SHVWLFLGH
XVH� LQ� 7KDLODQG�� 7KHVH� LQFOXGH�� +HDOWK� HIIHFWV�� UHVLGXHV� LQ� IRRG� DQG� WKH
HQYLURQPHQW�� UHVLVWDQFH� DQG� UHVXUJHQFH�� WKH� JRYHUQPHQWDO� EXGJHW� IRU
UHVHDUFK�DQG�H[WHQVLRQ�UHODWHG�WR�SHVWLFLGHV�DQG�WKH�PRQLWRULQJ�DQG�FRQWURO�RI
WKH�SHVWLFLGH�PDUNHW�� ,Q�DGGLWLRQ�RWKHU�H[WHUQDO� HIIHFWV�H[LVW��+RZHYHU�� WKHVH
FDQ� QRW� EH� HVWLPDWHG� DV� VXIILFLHQW� LQIRUPDWLRQ� RQ� WKHLU� UHODWHG� FRVWV� LV� QRW
DYDLODEOH��2WKHU�H[WHUQDO�HIIHFWV�ZKLFK�KDYH�WR�EH�FRQVLGHUHG�LQ�FDOFXODWLQJ�WKH
QHW� VRFLDO� EHQHILW� DUH�� IRU� H[DPSOH�� WKH� GHVWUXFWLRQ� RI� EHQHILFLDO� LQVHFWV�� WKH
UHGXFWLRQ� RI� ELRGLYHUVLW\�� SROOXWLRQ� RI� GULQNLQJ� DQG� VXUIDFH� ZDWHU�� QRQ�
DJULFXOWXUDO� FRQVHTXHQFHV�� ,Q� WKH� IROORZLQJ� VRPH� UHVXOWV� RQ� H[WHUQDOLWLHV� RI
SHVWLFLGH�XVH� LQ�7KDLODQG�DQG� WKH�UHVXOWV�RI�DQ�DVVHVVPHQW�RI�H[WHUQDO�FRVWV
FRQGXFWHG� LQ� -81*%/87+� ������� DUH� SUHVHQWHG�� 7KH� DVVHVVPHQW� RI� H[WHUQDO
FRVWV�LV�VXPPDUL]HG�LQ�7DEOH������S������
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������ 2FFXSDWLRQDO�3HVWLFLGH�3RLVRQLQJ
,Q�7KDLODQG� WKH�'LYLVLRQ�RI�(SLGHPLRORJ\�RI� WKH�0LQLVWU\�RI�3XEOLF�+HDOWK�KDV
WKH�SULPDU\� UHVSRQVLELOLW\� IRU� FROOHFWLQJ�SRLVRQLQJ�GDWD��6LQFH� WKHVH�GDWD� UHO\
RQ�FDVH�UHSRUWV�RI�JRYHUQPHQWDO�KRVSLWDOV�DQG�VRPH�SULYDWH�FOLQLFV��WKH�DFWXDO
SRLVRQLQJ� FDVHV� DUH�PRVW� OLNHO\� XQGHUVWDWHG� �6,1+$6(1,�� ������� $� VXUYH\� RI
SRLVRQLQJ�FDVHV�DPRQJ�DJULFXOWXUDO�ZRUNHUV�E\�:21*3$1,&+��������FRQFOXGHG
WKDW�RQO\������RI�SRLVRQLQJ�YLFWLPV�DUH�UHSRUWHG�WR�KRVSLWDO���
(LJKW\� SHUFHQW� RI� WKH�ZRPHQ� TXHVWLRQHG� LQ� D� VXUYH\� E\� .+8$1.$(:� ������
VWDWH�WKDW�WKH\�KDYH�EHHQ�SRLVRQHG��7KH\�UHSRUWHG�DFXWH�HIIHFWV�OLNH�GL]]LQHVV�
PXVFXODU� SDLQ�� KHDGDFKH�� QDXVHD�� ZHDNQHVV� DQG� GLIILFXOW\� LQ� EUHDWKLQJ�
$FFRUGLQJ� WR� D� VXUYH\� RI� ���� WDQJHULQH� JURZHUV� LQ� 3DWKXP� 7KDQL� �32/5$7�
FLWHG� LQ�6,1+$6(1,�������� WKHUH� LV�D�VLJQLILFDQW� UHODWLRQVKLS�EHWZHHQ�SHVWLFLGH
SRLVRQLQJ� LQFLGHQFH� DQG� WKH� DPRXQW� RI� SRZGHU� SHVWLFLGH� IRUPXODWLRQ� XVHG�
$OPRVW�����RI�WKH�JURZHUV�KDG�D�KLVWRU\�RI�SRLVRQLQJ�V\PSWRPV�DQG�RQO\�KDOI
RI�WKH�SRLVRQHG�SDWLHQWV�ZHQW�WR�JRYHUQPHQW�FOLQLFV�
)RU�DQ�DVVHVVPHQW�RI�KHDOWK�FRVWV� WKH�H[SHQVHV� IRU�PHGLFDO� WUHDWPHQWV�DQG
WKH�LQFRPH�ORVV�GXH�WR�ORVW�ZRUN�GD\V�KDYH�WR�EH�FDOFXODWHG��,PSXWHG�FRVWV�RI
IDWDOLWLHV�ZRXOG�DOVR�KDYH� WR�EH�FRQVLGHUHG��$GGLWLRQDOO\�� ORQJ� WHUP�HIIHFWV�RI
SHVWLFLGH� SRLVRQLQJ� DUH� DOVR� FRQWULEXWLQJ� WR� KHDOWK� FRVWV�� %XW� QR� LQIRUPDWLRQ
DERXW�WKH�H[WHQW�DQG�UHODWHG�FRVWV�RI�ORQJ�WHUP�HIIHFWV�LV�DYDLODEOH�
)RU� D� PRUH� UHDOLVWLF� FDOFXODWLRQ� KHDOWK� FRVWV� DVVHVVHG� LQ� D� VWXG\� E\
:+$1*7+21*7+$0������D��IRU�SRLVRQLQJ�FDVHV�,Q�FLWUXV�SURGXFWLRQ�LQ�&HQWUDO
7KDLODQG�KDYH�EHHQ�XVHG�WR�DUULYH�DW�PRUH�UHDOLVWLF�GDWD�RQ�SRLVRQLQJ�FDVHV�
$FFRUGLQJ�WR�WKH�VXUYH\������RI�SRLVRQLQJ�FDVHV�DUH�WUHDWHG�LQ�KRVSLWDOV�����
LQ� SULYDWH� FOLQLFV� DQG� ���� LQ� KHDOWK� RIILFHV�� 7KH� FRVWV� UHODWHG� WR� WKHVH
WUHDWPHQWV� DUH� ���� %DKW� IRU� KRVSLWDOV� �WKUHH� GD\V� WUHDWPHQW��� ���� %DKW� IRU
FOLQLFV� DQG� ��� %DKW� IRU� KHDOWK� RIILFHV�� 7KH� FRVWV� SHU� ORVW� ODERU� GD\� DUH
FDOFXODWHG� ZLWK� ���� %DKW�� WKH� ORVV� RI� ODERU� GD\V� DPRXQWV� WR� WKUHH� GD\V� IRU
KRVSLWDO�WUHDWPHQW�DQG�����GD\V�IRU�ERWK�FOLQLF�DQG�KHDOWK�RIILFH�WUHDWPHQW��7KH
DYHUDJH�FRVWV�IRU�PHGLFDO� WUHDWPHQW�DQG� ORVW� ODERU�GD\V�DVVHVVHG�DPRXQW� WR
������%DKW���
7R� UHODWH� WKH� SRLVRQLQJ� FDVHV� WR� WKH� LQVHFWLFLGH� PDUNHW� YROXPH�� WKUHH
DVVXPSWLRQV�KDYH�WR�EH�PDGH��)LUVWO\��WKH�UHSRUWHG�SRLVRQLQJ�FDVHV�DUH�PDLQO\
GXH�WR�LQVHFWLFLGH�XVH�DQG�DUH�WKHUHIRUH�UHODWHG�WR�WKH�TXDQWLW\�RI�LQVHFWLFLGHV
����������������������������������������
��� 5HIHU� WR� )LJXUH�,,,��� LQ� WKH� $SSHQGL[�� )LJXUH� ,,,��� LQ� WKH� $SSHQGL[� VKRZV� SRLVRQLQJ� FDVHV

GLIIHUHQWLDWHG�E\�WKH�W\SH�RI�FKHPLFDO�
�� ��������������������������������������������������������� �������%DKW
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XVHG��6HFRQGO\�� SRLVRQLQJ� LQFLGHQWV� DUH� QRW� ORFDWLRQ� VSHFLILF� DQG� ILQDOO\�� WKH
KD]DUGRXVQHVV�RI� WKH�SHVWLFLGHV�XVHG� LV� FRPSDUDEOH� IRU� DOO� FURSV��7DEOH����
H[SODLQV�WKH�FDOFXODWLRQV�RI�DFXWH�KHDOWK�FRVW�DVVHVVPHQW�

7DEOH����� &DOFXODWLRQ�RI�$FXWH�3RLVRQLQJ�&DVHV�DQG�+HDOWK�&RVWV
&DOFXODWLRQV 5HVXOW

�,�� ������LQVHFWLFLGH�SRLVRQLQJ�FDVHV����������UDL ���������LQVHFWLFLGH�SRLVRQLQJ�FDVHV���UDL
�,,�� �,�����������86��LQVHFWLFLGH�XVH���UDL ���������SRLVRQLQJ�FDVHV��86��LQVHFWLFLGH�XVH
�,,,�� �,,��������PLOOLRQ�86�LQVHFWLFLGH�PDUNHW�YROXPH ������LQVHFWLFLGH�SRLVRQLQJ�FDVHV
�,9���,,,����������� ������WRWDO�SRLVRQLQJ�FDVHV
�9�� �,9���������%DKW�KHDOWK�FRVWV �����������%DKWDFXWH�KHDOWK�FRVWV�SHU�\HDU

�,�� 3RLVRQLQJ�FDVHV�DUH�VHW�LQWR�UHODWLRQ�WR�WKH�WDQJHULQH�JURZLQJ�DUHD�RI�3DWKXP�7KDQL���������UDL���,,�� 7KH� FDVHV� SHU� UDL� DUH� UHODWHG� WR� WKH� LQWHQVLW\� RI� LQVHFWLFLGH� XVH� LQ� FLWUXV�����86��KD� ��������86��UDL��UHIHU�WR�7DEOH������S����,,,�� 7KH� GHULYHG� SRLVRQLQJ� FDVHV� SHU� 86�� LQVHFWLFLGH� XVH� DUH� UHODWHG� WR� WKH� WRWDO� LQVHFWLFLGHPDUNHW�LQ�7KDLODQG�������PLOOLRQ�86����,9�� )URP�WKH�UHVXOWLQJ�LQVHFWLFLGH�SRLVRQLQJ�FDVHV�LQ�7KDLODQG�WRWDO�SRLVRQLQJ�FDVHV�DUH�GHULYHG�RQO\�����RI�SRLVRQLQJ�FDVHV�UHVXOW�IURP�LQVHFWLFLGHV���9�� 7RWDO� SRLVRQLQJ� FDVHV� DUH� UHODWHG� WR� WKH� DYHUDJH� KHDOWK� FRVWV� SHU� SHUVRQ� DQG� SRLVRQLQJFDVH�
6RXUFH� $XWKRU
V�&DOFXODWLRQV

&RQVLGHULQJ��DV�LQGLFDWHG�LQ�WKH�VWXG\��WKDW�����RI�WKH�WRWDO�SRLVRQLQJ�FDVHV�RI
WDQJHULQH�JURZHUV�LQ�3DWKXP�7KDQL��������FDVHV��DUH�FDXVHG�E\�LQVHFWLFLGHV�
WKH� QXPEHU� RI� LQVHFWLFLGH� UHODWHG� SRLVRQLQJ� FDVHV� ZRXOG� DPRXQW� WR� ������
)XUWKHUPRUH�� FRQVLGHULQJ� WKDW� ���� RI� DOO� SRLVRQLQJ� FDVHV� DUH� UHODWHG� WR
LQVHFWLFLGHV�ZKLOH�����DUH�UHODWHG�WR�KHUELFLGHV�DQG�RWKHU�SHVWLFLGHV��0,1,675<
2)� 38%/,&� +($/7+�� ��������� WKH� FDOFXODWHG� QXPEHU� RI� LQVHFWLFLGH� SRLVRQLQJ
FDVHV����������LV�XVHG�WR�GHULYH�WKH�WRWDO�QXPEHU�RI�SHVWLFLGH�SRLVRQLQJV�LQ�WKH
FRXQWU\�
7KH�FDOFXODWLRQ� UHVXOWV� LQ�D� WRWDO�QXPEHU�RI��������SRLVRQLQJ�FDVHV�� ,I� WKHVH
FDVHV� DUH� ZHLJKWHG� ZLWK� WKH� DYHUDJH� KHDOWK� FRVWV� SHU� SRLVRQLQJ� FDVH�� WRWDO
KHDOWK�FRVWV�VXP�XS�WR�DOPRVW����PLOOLRQ�%DKW�SHU�\HDU�
����������������������������������������
��� 5HIHU�WR�)LJXUH�,,,���LQ�WKH�$SSHQGL[�
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������ 5HVLGXHV�LQ�)RRG�3URGXFWV
6XUYH\� DQG� PRQLWRULQJ� RI� SHVWLFLGH� UHVLGXHV� LQ� WKH� HQYLURQPHQW� KDYH� EHHQ
FRQGXFWHG�VLQFH�������7$<$387&+�����������6HYHUDO�VWXGLHV�LQGLFDWH�WKDW�WKHUH
LV� D� VWURQJ� HYLGHQFH� RI� SHVWLFLGH� UHVLGXHV� LQ� WKH� HQYLURQPHQW�� 5HVLGXHV� RI
0HWK\O�3DUDWKLRQ�� D� KHDYLO\� XVHG� LQVHFWLFLGH� LQ� YDULRXV� FURSV�� KDYH
LQFUHDVLQJO\� EHHQ� IRXQG� LQ� DJULFXOWXUDO� SURGXFWV�� (IIHFWV� LQ� VRLO� DQG
JURXQGZDWHU� DV� ZHOO� DV� KHDOWK� HIIHFWV� WR� KXPDQV� KDYH� EHHQ� REVHUYHG
�*5$1'67$))��������6,1+$6(1,��������7$<$387&+����������
$QRWKHU� VWXG\� RI� WKH� 'LYLVLRQ� RI� 7R[LF� 6XEVWDQFHV� RQ� UHVLGXHV� LQ� IUXLW� DQG
YHJHWDEOHV�IRXQG�WKDW�DURXQG�����RI� WKH�YHJHWDEOHV�ZHUH�FRQWDPLQDWHG�ZLWK
RUJDQRSKRVSKRURXV� LQVHFWLFLGH� UHVLGXHV�� ���� RI� WDQJHULQH� VDPSOHV� ZHUH
FRQWDPLQDWHG�ZLWK�SHVWLFLGH�UHVLGXHV��DURXQG�����H[FHHGLQJ�WKH�05/��ZKLFK
FRQVLVWHG� PDLQO\� RI� PDODWKLRQ�� PRQRFURWRSKRV� DQG� PHWK\O� SDUDWKLRQ
�3$/$.22/�� ��������� $� UHFHQW� VWXG\� RQ� UHVLGXHV� LQ� DJULFXOWXUDO� SURGXFWV
�68.0$.�� ������ UHYHDOHG� WKDW� RI� ���� YHJHWDEOH� VDPSOHV� ���� ZHUH
FRQWDPLQDWHG��RI�ZKLFK�����H[FHHGLQJ�WKH�05/��)RU�IUXLW�RXW�RI�����VDPSOHV
���� ZHUH� FRQWDPLQDWHG�� RI� ZKLFK� ���� H[FHHGLQJ� WKH� 05/� ���� RI� WRWDO
VDPSOH��
7KH�'LYLVLRQ�RI�7R[LF�6XEVWDQFHV�IRXQG�����RI�WKH�VDPSOHV�RI�WDQJHULQH�DQG
���� RI� NDOH� DV� ZHOO� DV� ���� IRU� FRZSHD� RYHU� WKH� 05/�� $GGLWLRQDOO\�� LW� LV
DVVXPHG� WKDW� WKH� VDPSOH� LV� UHSUHVHQWDWLYH� DQG� WKDW� SURGXFWV� H[FHHGLQJ� WKH
05/�VKRXOG�QRW�EH�PDUNHWHG��7KH� IDUP�YDOXH� IRU�DOO� IUXLW�ZDV��������PLOOLRQ
%DKW� DQG��������PLOOLRQ�%DKW� IRU� YHJHWDEOHV� �7+$,/$1'� ,1�),*85(6�� ������� ,I
����RI� WKH� SURGXFWV�ZRXOG� EH� EDQQHG� IURP�VDOHV� DV� WKH� VWDQGDUGV� VXJJHVW
)RU� YHJHWDEOHV� WKH� ORVV� DPRXQWV� WR� ������PLOOLRQ� %DKW� DQG� WR� ������PLOOLRQ
%DKW�IRU�DOO�IUXLW��7KHVH�FDOFXODWLRQV�WRJHWKHU�ZLWK�WKH�FRVWV�RI�PRQLWRULQJ�PD\
VHUYH� DV� DQ� XSSHU� ERXQGDU\� IRU� WKH� DFWXDO� FRVWV� RI� SHVWLFLGH� UHVLGXHV�� ,I
HIIHFWLYH�PDUNHW�FRQWURO�H[LVWHG��WKH�ULVN�IRU�WKH�SURGXFHU�RI�QRW�EHLQJ�DEOH�WR
PDUNHW�KLV�SURGXFWV�ZRXOG�LQFUHDVH�DQG�DV�D�OLNHO\�UHVXOW�LW�FRXOG�EH�DVVXPHG
WKDW�FDVHV�RI�UHVLGXHV�ZRXOG�GHFUHDVH�

����������������������������������������
�� 7DEOH�,,,���LQ�WKH�$SSHQGL[�SURYLGHV�D�VXPPDU\�RI�WKH�FRPSRXQGV�DQDO\]HG�LQ�UHVLGXH�DQDO\VLV�
��� $�UHFHQW�VWXG\��65,3/$.,&+��������FRQFOXGHG�WKDW�WKH�FXPXODWLYH�GDWD�RQ�SHVWLFLGH�FRQWDPLQDWLRQ�LQ

VXUIDFH��JURXQG�DQG�GULQNLQJ�ZDWHU�LPSOLHV�WKDW�SHVWLFLGH�XVH�VKRXOG�EH�PRUH�UHVWULFWHG�
��� $�VWXG\�RQ�SHVWLFLGH�GHJUDGDWLRQ�LQ�DJULFXOWXUDO�SURGXFWV��780521*6,.8/��������IRXQG�WKDW�DOPRVW

DOO�SHVWLFLGH�DSSOLFDWLRQV�XVHG�DFFRUGLQJ�WR�WKH�UHFRPPHQGDWLRQ�ZHUH�VDIH�IRU�FRQVXPSWLRQ�H[FHSW
FDUERVXOIDQ��&DUERVXOIDQ�ZDV�GHWHFWHG�LQ�RUDQJH����GD\V�DIWHU�WKH�ODVW�DSSOLFDWLRQ�������PJ�NJ�LQ
WKH�ZKROH�IUXLW�H[FHHGLQJ�WKH�05/�ZKLFK�LV�E\�����PJ�NJ�
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7KH�FRVWV�RI� UHVLGXH�PRQLWRULQJ��GLUHFWO\� UHODWHG� WR�SHVWLFLGH�XVH��KDYH� WR�EH
DWWULEXWHG� WR� H[WHUQDO� FRVWV� RI� SHVWLFLGH� XVH� EHFDXVH� ZLWKRXW� WKH� XVH� RI
SHVWLFLGHV� UHVLGXH� FRQWURO� ZRXOG� EH� XQQHFHVVDU\�� 7KH� EXGJHW� RI� UHVLGXH
FRQWURO�LQ�WKH�7R[LF�6XEVWDQFHV�'LYLVLRQ�RI�'2$�LV�WDNHQ�LQWR�DFFRXQW��,I�RQO\
EXGJHW� FRVWV� DUH� FRQVLGHUHG�� LW� LV� LPSOLHG� WKDW� QR� IXUWKHU� FRVWV� RFFXU� GXH� WR
UHVLGXHV�� 7KH� FDOFXODWLRQ� RI� EXGJHW� FRVWV� VHUYHV� DV� D� ORZHU� ERXQGDU\� IRU
UHVLGXH� UHODWHG� FRVWV� LQ� 7DEOH� ����� 7KH� 
UHDO
� FRVWV� LQYROYHG� ZLOO� EH� ORFDWHG
VRPHZKHUH�LQ�EHWZHHQ�WKHVH�ERXQGDULHV�
������ 5HVLVWDQFH�DQG�5HVXUJHQFH
6(7%2216$51*� ������� VWDWHV� WKDW� %3+� RXWEUHDNV� DUH� WKH� PRVW� UHFHQW
H[DPSOH� RI� WKH� EXLOG�XS� RI� SHVW� SRSXODWLRQV���� 'DWD� IURP� 7KDLODQG� VKRZ� D
VWURQJ�FRUUHODWLRQ�EHWZHHQ� LQFUHDVHG�XVH�RI�SHVWLFLGHV�DQG� WKH�%3+� LQIHVWHG
DUHD� �*5$1'67$))��FLWHG� LQ� ,55,���������$QRWKHU�VWXG\� WHVWHG� WKH�HIILFDF\�RI
S\UHWKURLGV� LQ� FRWWRQ���� :LWKLQ� RQH� GHFDGH� HIILFDF\� GHFUHDVHG� IURP� DURXQG
����WR�QHDUO\�]HUR�SHUFHQW��6,1&+$,65,��������
'HSHQGHQF\� RQ� SHVWLFLGHV� LV� DQRWKHU� IDFWRU� ZKLFK� PD\� EH� DGGHG� WR� WKH
H[WHUQDO� FRVWV��7KH�GHSHQGHQF\�RQ� SHVWLFLGHV� FDQ�EH�PRVW� FOHDUO\� VKRZQ� LQ
WKH� DUHD� RI� YHJHWDEOHV� ZKHUH� SUREOHPV� RI� SHVW� UHVLVWDQFH� OHDG� WR� DQ
RYHUGRVLQJ�RI�SHVWLFLGHV�E\�D�IDFWRU�RI�XS�WR�HLJKW�WLPHV�WKH�UHFRPPHQGHG�UDWH
�:$,%(/� DQG� 6(7%2216$51*�� ������� $� UHFHQW� VWXG\� RI� YHJHWDEOH� JURZLQJ
FRQFOXGHG� WKDW� IDUPHUV� VHHP� WR� DFFHSW� WKH� IDFW� WKDW� SHVWV� EXLOG� UHVLVWDQFH
DIWHU�D�VKRUW�SHULRG�RI�WLPH��-285'$,1�DQG�5$77$1$6$7,(1���������7KH�SHULRG
EHWZHHQ� LQWURGXFWLRQ� RI� D� QHZ� SHVWLFLGH� SURGXFW� DQG� ILUVW� RFFXUUHQFH� RI
UHVLVWDQFH� EXLOG�XS� LV� VKULQNLQJ�� DV� WKH� VDPH� SURGXFW� LV� LQWHQVLYHO\� XVHG� E\
DOPRVW�DOO�IDUPHUV�LQ�RQH�UHJLRQ
$W� SUHVHQW� LW� LV� LPSRVVLEOH� WR� DVVHVV� WKH� FRVWV� UHODWHG� WR� UHVLVWDQFH� RI
SHVWLFLGHV�DV�QR�GDWD�DUH�DYDLODEOH�ZKLFK�ZRXOG�LQGLFDWH�WKH�UHODWLRQ�EHWZHHQ
HYLGHQFH� RI� UHVLVWDQFH� DQG� WKH� FRVWV� LQYROYHG�� &RVWV� RI� UHVLVWDQFH� EXLOG�XS
FRXOG� EH� H[SUHVVHG�DV� DQ� LQFUHDVH� LQ� SHVWLFLGH� XVH� RYHU� WLPH� IRU� D� VSHFLILF
FURS�ZLWK�VWDEOH�SHVW�HIIHFWLYHQHVV�RU�WKH�LQFUHDVLQJ�VKDUH�RI�SHVWLFLGHV�LQ�WRWDO
SURGXFWLRQ�FRVWV�
7KH� FDOFXODWLRQ� RI� UHVXUJHQFH� FRVWV� LV� EDVHG� RQ� WKH� FRVWV� ZKLFK� RFFXUUHG
GXULQJ� WKH� ODVW�%3+�RXWEUHDN� LQ����������$VVXPLQJ� WKDW�VXFK�D�VHYHUH�%3+
����������������������������������������
�� 2WKHU�UHDVRQV�IRU�WKH�LQFUHDVH�RI�%3+�DUH�VHHQ�LQ�VXVFHSWLEOH�YDULHWLHV��QDUURZ�SODQWLQJ�GLVWDQFHV

DQG�LQWHQVLYH�XVH�RI�IHUWLOL]HU��580$.20��FLWHG�LQ�22,�������
��� 5HIHU�WR�)LJXUH�,,,���LQ�WKH�$SSHQGL[�
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RXWEUHDN�ZRXOG�RFFXU�HYHU\�WHQ�\HDUV�RQ�DYHUDJH�DQG�DOVR�DVVXPLQJ�WKDW�WKH
GDPDJH� ZRXOG� EH� VLPLODU� WR� WKH� RQH� REVHUYHG� LQ� ��������� DQQXDO� FRVWV� IRU
UHVXUJHQFH�DPRXQW� WR����PLOOLRQ�%DKW� \HDUO\����+RZHYHU�� WKH� 
UHDO
� FRVWV� DUH
DVVXPHG�WR�EH�PXFK�KLJKHU�DV�FURS� ORVVHV�VKRXOG�EH�FRQVLGHUHG�DV�ZHOO�DV
WKH�IDFW�WKDW�VWXGLHV�LQGLFDWH�WKDW�UHVXUJHQFH�FRVWV�LQFUHDVH�RYHU�WLPH��2(5.(
HW�DO���������
������ 6XPPDU\� $VVHVVPHQW� RI� ([WHUQDO� &RVWV� RI� 3HVWLFLGH

8VH
7KH� GLVFXVVLRQ� RI� H[WHUQDOLWLHV� LQ� WKLV� FKDSWHU� LQGLFDWHV� WKH� GLIILFXOWLHV� LQ
DVVHVVLQJ�FRVWV�QRW�LQFOXGHG�LQ�WKH�PDUNHW�SULFH�RI�SHVWLFLGHV��$�KLJK�VKDUH�RI
H[WHUQDO� HIIHFWV� FRXOG� EH� GHWHFWHG� LQ� WKH� YHJHWDEOH� DQG� IUXLW� VHFWRU�� ,W� LV
DVVXPHG�WKDW� WKHVH�FURSSLQJ�V\VWHPV�LQGXFH�PRVW�RI� WKH�SUREOHPV��([WHUQDO
FRVWV� QRW� RQO\� UHODWH� WR� WKH� FRVWV� RI� HIIHFWV� WR� KXPDQ� KHDOWK� DQG� WKH
HQYLURQPHQW�EXW�DOVR�WR�FRVWV�UHODWHG�WR�UHVHDUFK��UHJXODWLRQ�DQG�FRQWURO�RI�WKH
SHVWLFLGH�PDUNHW��7KH�FDOFXODWHG�DGGLWLRQDO�FRVWV�WR�VRFLHW\�IRU�HYHU\�PRQHWDU\
XQLW�VSHQW�RQ�SHVWLFLGHV�DUH�VXPPDUL]HG�LQ�7DEOH�����
,W�FDQ�EH�DVVXPHG�WKDW�WKH�DFWXDO�FRVWV�DUH�OLNHO\�WR�EH�KLJKHU�DV�RQO\�D�VPDOO
UDQJH�RI�DOO�H[WHUQDO�FRVWV�FRXOG�EH�FRQVLGHUHG�LQ�WKH�DVVHVVPHQW��7KH�EXGJHW
FRVWV�FDOFXODWHG�DUH�FRVWV�ZKLFK�KDYH�WR�EH�SDLG�E\�VRFLHW\�IRU�UHVHDUFK�DQG
H[WHQVLRQ� ZRUN� RQ� SHVWLFLGHV� DQG� WKHLU� PRQLWRULQJ� DQG� UHJXODWLRQ�� &RVWV� DV
WKRVH� DVVHVVHG� IRU� UHVLGXHV� DUH� K\SRWKHWLFDO� FRVWV� EHFDXVH� LQ� UHDOLW\
FRQWDPLQDWHG�SURGXFWV�DUH�QRW�DOZD\V�OLNHO\�WR�EH�UHPRYHG�IURP�WKH�PDUNHW�

����������������������������������������
��� 'HULYHG�IURP�WKH���������RXWEUHDN��:+$1*7+21*7+$0������E��

$GGLWLRQDO�VXSSRUW�RI�ULFH�IDUPHUV ����PLOOLRQ�%DKW
6XSSO\�RI�ULFH�VHHGV �����PLOOLRQ�%DKW
7RWDO�IRU�HYHU\�WHQ�\HDUV�����PLOOLRQ�%DKW�������PLOOLRQ�%DKW�SHU�\HDU�



&KDSWHU����&URS�3URWHFWLRQ�3ROLF\�LQ�7KDLODQG ��

7DEOH����� $VVHVVPHQW�RI�([WHUQDO�&RVWV�RI�&KHPLFDO�3HVWLFLGH�8VH
7\SH�RI�FRVWV 'HULYHG�IURP (VWLPDWHG�DQQXDOFRVWV��PLOOLRQ�%DKW�

+HDOWK ��(VWLPDWHG�DFXWH�SRLVRQLQJ�FDVHV��UHODWHG�WR�TXDQWLW\�RI�SHVWLFLGH��XVHG�IURP�FDVH�VWXG\�UHVXOWV ��
5HVLGXHV�LQ�IRRG ��5HVLGXH�DQDO\VLV�LQ�IUXLW��I��DQG��YHJHWDEOH��Y� ��������I��������Y�
5HVLVWDQFH�DQG5HVXUJHQFH ��&RVWV�UHODWHG�WR�%3+�RXWEUHDN�LQ��������� ��
5HVHDUFK�EXGJHW�UHODWHG�WRFKHPLFDO�SHVWLFLGHV ��%XGJHW�RI�(QWRPRORJ\�'LYLVLRQ���'2$��IRU�UHVHDUFK�LQ�SHVWLFLGH��UHODWHG�LVVXHV�

��

3HVWLFLGH�TXDOLW\�DQGUHVLGXH�PRQLWRULQJ�EXGJHW ��%XGJHW�RI�7R[LF�6XEVWDQFHV��'LYLVLRQ��'2$�
��

%XGJHW�IRU�SHVWLFLGHUHJXODWLRQ�DQG�PDUNHWPRQLWRULQJ
��%XGJHW�RI�5HJXODWRU\�'LYLVLRQ���'2$�

��

%XGJHW�IRU�JRYHUQ�PHQWDOH[WHQVLRQ�UHODWHG�WRFKHPLFDO�SHVWLFLGHV
��%XGJHW�RI�336'��'2$(� ���

7RWDO/RZHU�ERXQGDU\�8SSHU�ERXQGDU\� ��������
6RXUFH� � $QQXDO�UHSRUW��(QWRPRORJ\�'LYLVLRQ��'2$��DURXQG�����RI�WKH�WRWDO�EXGJHW�

������������%DKW��DUH�VSHQW�IRU�SHVWLFLGH�UHODWHG�UHVHDUFK
� '2$��SHUVRQDO�FRPPXQLFDWLRQ
� '2$(��SHUVRQDO�FRPPXQLFDWLRQ��$XWKRU¶V�&DOFXODWLRQV
� ORZHU�ERXQGDU\�H[FOXGHV�UHVLGXH�FRVWV�HVWLPDWLRQV
� XSSHU�ERXQGDU\�LQFOXGHV�DOO�FRVWV�OLVWHG�DERYH

7KH�FRPSDULVRQ�RI�WKH�UHVXOW�LQ�7DEOH������������PLOOLRQ�%DKW��WR�WRWDO�SHVWLFLGH
PDUNHW� VDOHV� ����� PLOOLRQ� 86��  � ������ PLOOLRQ� %DKW�� /$1'(//� 0,//6�� �����
LQGLFDWHV�WKDW�DQ�DGGLWLRQDO������%DKW�RI�H[WHUQDO�FRVWV�DUH� LQFXUUHG�IRU�HYHU\
%DKW�VSHQW�RQ�SHVWLFLGH�SXUFKDVHV��7KLV�FRPHV�FORVH�WR�D�UHODWLRQVKLS�RI�����
,Q�FRPSDULVRQ��3,0(17(/�������� LQ�DQ�DVVHVVPHQW�RI�SHVWLFLGH�XVH�UHODWHG� WR
VRFLDO�DQG�HQYLURQPHQWDO�FRVWV�LQ�WKH�8QLWHG�6WDWHV�FDOFXODWHG�D�UHODWLRQ�RI�����
,Q�*HUPDQ\��D�VWXG\��:$,%(/�DQG�)/(,6&+(5��������FRQFOXGHG� WKDW� IRU�HYHU\
*HUPDQ�PDUN�VSHQW�RQ�SHVWLFLGHV�DQ�DGGLWLRQDO������PDUNV�PXVW�EH�SDLG�E\
VRFLHW\��,W�VKRXOG�EH�HPSKDVL]HG�DJDLQ�WKDW�WKH�DVVHVVPHQW�RI�H[WHUQDO�FRVWV
FRQGXFWHG� LQ� WKLV� FKDSWHU� PD\� DV� ZHOO� RYHUHVWLPDWH� VRPH� FRVWV� DV� LW
XQGHUHVWLPDWHV�RWKHU�FRVWV�GXH�WR�D�ODFN�RI�VRPH�GDWD�
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���� 6XPPDU\
7KH� VLWXDWLRQ� DQDO\VLV� RI� WKH� 7KDL� FURS� SURWHFWLRQ� VHFWRU� UHYHDOHG� WKDW� WKH
FXUUHQW�VLWXDWLRQ�LV�FKDUDFWHUL]HG�E\�D�FRQWLQXRXV�LQFUHDVH�LQ�SHVWLFLGH�LPSRUWV
DQG�SHVWLFLGH�XVH��7KH�GHYHORSPHQW�RI�WKH�DJULFXOWXUDO�VHFWRU�KDV�EHHQ�PRUH
GLYHUVLILHG� ODWHO\�� ,QWHQVLILFDWLRQ� RI� SURGXFWLRQ� DV� ZHOO� DV� DQ� LQFUHDVH� LQ
SURGXFWLRQ�DUHD�LV�KLJKHVW�LQ�WKH�IUXLW�DQG�YHJHWDEOH�VHFWRU��6WLOO�D�KLJK�VKDUH�RI
SHVWLFLGHV�XVHG�EHORQJ�WR�WKH�PRVW�KD]DUGRXV�SHVWLFLGHV�� WKXV�LQFUHDVLQJ�WKH
GDQJHU� RI� SHVWLFLGH� SRLVRQLQJV�� 3ULFHV� RI� SHVWLFLGHV� GHFUHDVHG� RYHU� WKH� ODVW
\HDUV��$Q�LQ�GHSWK�FDVH�VWXG\�DQDO\VLV�RI�FURS�SURWHFWLRQ�RQ�WKH�IDUP�OHYHO� LQ
RQH�RI� WKH�SHVWLFLGH�LQWHQVLYH� FURSSLQJ�V\VWHPV� LV� WKH�QH[W� ORJLFDO� VWHS��7KH
IXUWKHU�DQDO\VLV�� WKHUHIRUH��FRQFHQWUDWHV�RQ�WKH�FLWUXV�SURGXFWLRQ�VHFWRU� ��RQH
RI�WKH�FURSSLQJ�V\VWHPV�ZLWK�KLJK�SHVWLFLGH�XVH�
7KH�SUHYLRXV�GLVFXVVLRQ�KDV�VHYHUDO�LPSOLFDWLRQV�IRU�IXUWKHU�UHVHDUFK��,W�FDQ�EH
FRQFOXGHG� WKDW� WKH� RYHUDOO� SROLF\� IUDPHZRUN� VXSSRUWV� SHVWLFLGH� XVH�� $V� WKH
FLWUXV� VHFWRU� LV� RQH� RI� WKH� JURZLQJ� DQG� LQWHQVLYHO\� SURGXFLQJ� VHFWRUV� LW� LV
K\SRWKHVL]HG� WKDW�FRQVHTXHQFHV�RI�SHVWLFLGH�VXEVLGLHV� LQ� WHUPV�RI�SULFH�DQG
LQVWLWXWLRQDO�IDFWRUV�FDQ�EH�VWXGLHG�LQ�WKLV�VHFWRU��%HIRUH�DQ�HPSLULFDO�DQDO\VLV
RQ�WKH�HFRQRPLFV�RI�FURS�SURWHFWLRQ�LQ�FLWUXV�ZLOO�EH�FRQGXFWHG��WKH�WKHRUHWLFDO
EDFNJURXQG�RI�SHVWLFLGHV�LQ�FURS�SURWHFWLRQ�LV�UHYLHZHG�LQ�WKH�QH[W�FKDSWHU�



� � 7KH �(FRQRPLFV �RI �3HVW LF LGHV � LQ �&URS�3URWHFW LRQ
7KLV�FKDSWHU�GLVFXVVHV�WKH�UROH�RI�SHVWLFLGHV�LQ�FURS�SURWHFWLRQ�DQG�UHDVRQV�IRU
WKHLU�RYHU��DQG�PLVXVH��7KH�ILUVW�VHFWLRQ�GLVFXVVHV�WKH�KLVWRULFDO�GHYHORSPHQW
RI� WKH� LQFRUSRUDWLRQ� RI� SHVWLFLGH� XVH� LQ� SURGXFWLRQ� IXQFWLRQV�� 7KH� VHFRQG
VHFWLRQ� FRQFHQWUDWHV� RQ� WKH� TXHVWLRQ� ZK\� SHVWLFLGHV� KDYH� WR� EH� WUHDWHG
GLIIHUHQWO\�IURP�RWKHU�DJULFXOWXUDO�LQSXW�IDFWRUV��%HQHILWV�DQG�FRVWV�RI�SHVWLFLGH
XVH��FURS�ORVV�DVVHVVPHQW��UHVRXUFH�FRVWV��ULVN�DQG�LQIRUPDWLRQ�IDFWRUV�ZLOO�EH
GLVFXVVHG�DV�ZHOO�DV�PDUNHW�DQG�LQVWLWXWLRQDO�IDLOXUH�UHODWHG�WR�H[WHUQDO�HIIHFWV
DUH� GLVFXVVHG� LQ� WKH� WKLUG� VHFWLRQ�� 7KH� ILQDO� VHFWLRQ� FRQFHQWUDWHV� RQ� WKH
UHOHYDQFH�RI�SDWK�GHSHQGHQF\�LQ�FURS�SURWHFWLRQ�DQG�LWV�LPSDFWV�DV�ZHOO�DV�WKH
VSHFLDO� UROH�RI�SHVWLFLGHV� LQ�SHUHQQLDO�FURSV��7KH� UHOHYDQFH�RI� WKH� WKHRUHWLFDO
GLVFXVVLRQ� IRU� DSSOLFDWLRQ� LQ� WKH� FDVH� VWXG\� RI� FLWUXV� LQ� 7KDLODQG� DUH
VXPPDUL]HG�LQ�WKH�ILQDO�VHFWLRQ�
���� 3URGXFWLRQ�)XQFWLRQV�DQG�3HVWLFLGHV
7KH� LQFRUSRUDWLRQ� RI� SHVWLFLGHV� LQWR� WKH� SURGXFWLRQ� IXQFWLRQ� KDV� WKUHH� PDMRU
GLIILFXOWLHV�� )LUVWO\� LQ� WKH� FDVH� RI� SHVWLFLGHV�� LW� LV� GLIILFXOW� WR� VSHFLI\� D� GLUHFW
PHDVXUH�RI�WKH�LQSXW�RXWSXW�UHODWLRQ��1HLWKHU�WKH�H[SUHVVLRQ�RI�SHVWLFLGH�LQSXWV
LQ� WHUPV� RI� TXDQWLWLHV� QRU� FRVWV� FDQ� WDNH� IXOO� DFFRXQW� RI� WKH� PXOWLWXGH� RI
FRPELQDWLRQV� LQ�DFWLYH� LQJUHGLHQWV��DSSOLFDWLRQ�TXDQWLWLHV�� SULFH�GLIIHUHQFHV�RI
SHVWLFLGHV� ZLWK� VLPLODU� PRGH� RI� DFWLRQ� RU� WDUJHWHG� SHVWV�� 6HFRQGO\�� XQOLNH
VWDQGDUG�IDFWRUV�RI�SURGXFWLRQ��ODQG��ODERU��DQG�FDSLWDO��GLUHFW�SURGXFWLYH�LQSXWV
OLNH� IHUWLOL]HU�� SHVWLFLGHV� GR� QRW� LQFUHDVH� SRWHQWLDO� RXWSXW�� ,QVWHDG�� WKH\� DUH
WDUJHWHG�WR�UHGXFH�SRWHQWLDO�FURS�ORVVHV��/,&+7(1%(5*�DQG�=,/%(50$1��������
3HVWLFLGHV� FDQ�� WKHUHIRUH�� EH� GHILQHG� DV� LQSXWV� UHGXFLQJ� FURS� ORVV� EXW� QRW
GLUHFWO\� HQKDQFLQJ� \LHOGV�� 7KLUGO\�� SHVWLFLGH� XVH� LQ� SUHYLRXV� SHULRGV� PD\
LQIOXHQFH�SHVW� SUHVVXUH� LQ� ODWHU� SHULRGV�� L�H�� FDXVLQJ�ZKDW� HQWRPRORJLVWV� FDOO
WKH�SUREOHP�RI�VHFRQGDU\�SHVWV��9$1�'(1�%26&+��������.(1025(�HW�DO��������
2QH� RI� WKH� HDUOLHVW� DWWHPSWV� WR� HVWLPDWH� SHVWLFLGH� SURGXFWLYLW\� LQ� SURGXFWLRQ
IXQFWLRQV� KDV� EHHQ� PDGH� E\� +($'/(<� �������� 7KH� SURGXFWLRQ� IXQFWLRQ� ZDV
GHULYHG� IURP� FURVV� VHFWLRQDO� GDWD� XVLQJ� D� &REE�'RXJODV� IXQFWLRQ� RQ� DQ
DYHUDJH� IDUP� HQWHUSULVH��2XWSXW� LV� H[SUHVVHG� LQ� YDOXH� WHUPV� DQG�� WKHUHIRUH�
WKH� SDUWLDO� GLIIHUHQWLDWLRQ� RI� WKH� UHVSHFWLYH� LQSXW� IDFWRU� SURYLGHV� LWV� PDUJLQDO
YDOXH�SURGXFW��+HDGOH\�DUJXHV� WKDW�SHVWLFLGH�H[SHQGLWXUH� LV�D�JRRG�SUR[\� IRU
WKH�LQSXW�RI�WKH�VSHFLILF�SHVWLFLGH�XVHG��+H�FRQFOXGHV�WKDW�WKH�PDUJLQDO�YDOXH
SURGXFW� RI� SHVWLFLGH� H[SHQGLWXUH� LV� DERXW� ��� VXJJHVWLQJ� WKDW� SHVWLFLGHV� DUH
XQGHUXVHG�



�� &KDSWHU����7KH�(FRQRPLFV�RI�3HVWLFLGHV�LQ�&URS�3URWHFWLRQ

7KH� VWXG\� RI� ),6&+(5� ������� RI� &DQDGLDQ� DSSOH� SURGXFWLRQ� DOVR� DLPHG� WR
FODULI\�WKH�UROH�RI�SHVWLFLGHV�LQ�SHVW�FRQWURO��+H�DVVXPHG�D�SURGXFWLRQ�IXQFWLRQ
RI�DSSOH�RUFKDUGV��ZKHUH�WKH�YDOXH�RI�SURGXFWLRQ�LV�GHSHQGHQW�RQ�WKH�YDOXH�RI
SHVW�FRQWURO��WKH�YDOXH�RI�RWKHU�LQSXWV�DQG�WKH�FDSLWDO�LQYHVWHG��7KH�SXUSRVH�RI
WKH�PRGHO� LV� WR� HVWLPDWH� SURGXFWLRQ� HODVWLFLWLHV� RI� WKH� DQDO\]HG� UHJLRQV� DQG
PDUJLQDO� SURGXFWLYLW\� RI� WKH� LQSXW� IDFWRUV� �SHVW� FRQWURO�RWKHUV��� 5HVXOWV� DOVR
LQGLFDWH�D�PDUJLQDO�SURGXFWLYLW\�RI�SHVWLFLGHV�RI�JUHDWHU�WKDQ�RQH�
&$03%(//
V�VWXG\��������IRFXVHG�RQ�WKH�HVWLPDWLRQ�RI�PDUJLQDO�SURGXFWLYLW\�RI
SHVWLFLGHV� IURP� D� &REE�'RXJODV� SURGXFWLRQ� IXQFWLRQ� GHULYHG� IURP� FURVV
VHFWLRQDO� IDUP� LQSXW�DQG�RXWSXW�GDWD��+H�DUJXHG� WKDW� WKH�SK\VLFDO�SURGXFWLRQ
IXQFWLRQ� FDQ� EH�ZULWWHQ� LQ� YDOXH� WHUPV� VLQFH� IDUPHUV� FDQ� EH� DVVXPHG� WR� EH
SULFH�WDNHUV��+H�LQWURGXFHV�D�IXQFWLRQ�RI�DQWLFLSDWHG�RXWSXW�XSRQ�ZKLFK�IDUPHUV
EDVH�WKHLU�LQSXW�GHFLVLRQV��7KHVH�GHFLVLRQV�PD\�GLIIHU�IURP�DFWXDO�RXWSXWV�GXH
WR�WKH�LQIOXHQFH�RI�FOLPDWH�RU�RWKHU�GLVWXUEDQFHV�LQ�WKH�SURGXFWLRQ�SURFHVV��+H
DOVR�DUULYHV�DW�D�PDUJLQDO�SURGXFW�RI�JUHDWHU�WKDQ�RQH�IRU�SHVWLFLGHV�
+RZHYHU�� E\� LQFRUSRUDWLQJ� D� GDPDJH� FRQWURO� IXQFWLRQ� LQWR� WKH� SURGXFWLRQ
IXQFWLRQ� /,&+7(1%(5*� DQG� =,/%(50$1� ������� WRRN� DFFRXQW� RI� WKH� IDFW� WKDW
SHVWLFLGHV� GR� QRW� GLUHFWO\� HQKDQFH� SURGXFWLYLW\�� 7KH\� DUJXHG� WKDW� WKH� XVH� RI
SHVWLFLGHV� LPSOLHV� FHUWDLQ� GLIILFXOWLHV� QRW� RFFXUULQJ� LQ� FRQQHFWLRQ� ZLWK� RWKHU
LQSXWV� DQG� WKDW� WKH� GDPDJLQJ� DJHQW� LQYROYHG� DGDSWV� WR� WKH� FRQWURO�PHDVXUH
WDNHQ� LQ� WLPH��7KH�RXWSXW�� WKHUHIRUH��FDQ�EH�GLYLGHG� LQWR�SRWHQWLDO�RXWSXW�DQG
ORVVHV� FDXVHG� E\� GDPDJLQJ� DJHQWV�� 7KH� SURGXFWLYLW\� RI� SHVWLFLGHV� FDQ� EH
GHILQHG�LQ�WHUPV�RI�WKHLU�FRQWULEXWLRQ�WR�GDPDJH�DEDWHPHQW��$EDWHPHQW�VKRXOG
WKHQ� EH� GHILQHG� LQ� WHUPV� RI� LWV� LPSDFW� RQ� WKH� GHVWUXFWLYH� FDSDFLW\� RI� WKH
UHOHYDQW�GDPDJLQJ�DJHQWV��7KH�SURSRVHG�DEDWHPHQW�IXQFWLRQ�LQ�WKH�SURGXFWLRQ
IXQFWLRQ� *��;�� UHSUHVHQWV� WKH� SURSRUWLRQ� RI� WKH� GHVWUXFWLYH� FDSDFLW\� RI� WKH
GDPDJLQJ�DJHQW�HOLPLQDWHG�E\�WKH�DSSOLFDWLRQ�RI�D�FHUWDLQ�OHYHO�RI�WKH�GDPDJH
FRQWURO� DJHQW� �;��� 7KH� IXQFWLRQ� LV� PRQRWRQLFDOO\� LQFUHDVLQJ� DQG� FRPSULVHV
YDULDEOHV�UHSUHVHQWLQJ�GDPDJH�FRQWURO�LQSXWV�
7KH�SURGXFWLRQ�IXQFWLRQ 4� �)�[�=��*��;�]�FDQ�EH�FKDUDFWHUL]HG�DV�D�IXQFWLRQ
RI� GLUHFWO\� SURGXFWLYH� LQSXWV� =� DQG� GDPDJH� DEDWHPHQW� *��;��� ,Q� SHVW
PDQDJHPHQW� D� GHFUHDVLQJ� PDUJLQDO� SURGXFWLYLW\� RI� DEDWHPHQW� LV� SUREDEOH
EHFDXVH�IXUWKHU�UHGXFWLRQV�LQ�GDPDJHV�WHQG�WR�GHFOLQH�DV�SHVW�SRSXODWLRQV�JHW
VPDOOHU�� 7KH� DXWKRUV� FRQFOXGH� WKDW� WKH� XVH� RI� D� VWDQGDUG� &REE�'RXJODV
VSHFLILFDWLRQ� WR� HVWLPDWH� SHVWLFLGH� SURGXFWLYLW\� WHQGV� WR� RYHUHVWLPDWH� WKH
PDUJLQDO�SURGXFWLYLW\�RI�WKH�SHVWLFLGH��GXH�WR�WKH�UHVWULFWLRQ�RI�WKH�UDWH�DW�ZKLFK
WKH�PDUJLQDO� HIIHFWLYHQHVV� FXUYH� GHFOLQHV�� DQG� XQGHUHVWLPDWHV� WKH�PDUJLQDO
SURGXFWLYLW\� RI� QDWXUDO� DQG� RPLWWHG� IDFWRUV� DQG� WKDW� WUDGLWLRQDO� VSHFLILFDWLRQV
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SURGXFH�PLVOHDGLQJ� SUHGLFWLRQV� ZKHQ� SHVWLFLGH� SURGXFWLYLW\� LV� FKDQJLQJ� RYHU
WLPH��L�H��GXH�WR�UHVLVWDQFH��
&$55$6&2�7$8%(5�DQG�02)),77� ������� XVHG� WKH� /LFKWHQEHUJ� DQG� =LOEHUPDQ
IUDPHZRUN�WR�SURYLGH�DQ�HPSLULFDO�XWLOL]DWLRQ�RI�GDPDJH�FRQWURO�VSHFLILFDWLRQV
EDVHG�RQ�WKH�VWXG\�RI�+HDGOH\��7KH\�DQDO\]HG������FURVV�VHFWLRQDO�GDWD�DQG
FRPSDUHG� WKUHH� GDPDJH� FRQWURO� VSHFLILFDWLRQV� �:HLEXOO�� ORJLVWLF� DQG
H[SRQHQWLDO�� ZLWK� D� FRQYHQWLRQDO� &REE�'RXJODV� IXQFWLRQ�� 7KH� DQDO\VHV
VKRZHG�UHVXOWV�VLPLODU�WR�WKRVH�IRXQG�E\�+HDGOH\�IRU� WKH�HVWLPDWHG�YDOXHV�RI
PDUJLQDO� SURGXFW� RI� SHVWLFLGHV� RI� WKH� &REE�'RXJODV�� :HLEXOO� DQG� ORJLVWLF
GDPDJH�FRQWURO�VSHFLILFDWLRQV��2QO\� WKH�H[SRQHQWLDO� IRUP�VKRZHG�D�PDUJLQDO
SURGXFWLYLW\�RI�SHVWLFLGHV�RI�OHVV�WKHQ�XQLW\�VXJJHVWLQJ�SHVWLFLGH�RYHUXVH��7KH
DXWKRUV� FRQFOXGHG� WKDW� WKHUH� LV� QHLWKHU� VWURQJ� WKHRUHWLFDO� HYLGHQFH� QRU
HPSLULFDO� UHDVRQ� IRU� WKH�SUHIHUHQFH�RI�D�VSHFLILF� DEDWHPHQW� IXQFWLRQ� WR�RWKHU
VSHFLILFDWLRQV�
$� IXUWKHU� DQDO\VLV� E\�&+$0%(56� DQG� /,&+7(1%(5*� ������� WULHG� WR� JHQHUDOL]H
WKH�/LFKWHQEHUJ�=LOEHUPDQ�VSHFLILFDWLRQ�E\�DSSO\LQJ�D�PXOWL�RXWSXW�VSHFLILFDWLRQ
RI� WKH� GDPDJH� FRQWURO� WHFKQRORJ\� IURP�D� GXDO� DSSURDFK�� ,Q� WKHLU� DQDO\VLV� RI
DJJUHJDWH� WLPH� VHULHV� GDWD� WKH\� DUULYH� DW� LQHODVWLF� DEDWHPHQW� HODVWLFLWHV�
GHULYHG� IURP�SHVWLFLGH�HODVWLFLW\� HVWLPDWHV�� LPSO\LQJ� WKDW�HYHQ� UHODWLYHO\� ODUJH
FKDQJHV� LQ� SULFH� ZLOO� KDYH� VPDOO� HIIHFWV� RQ� DEDWHPHQW� OHYHOV� DQG� WKXV� SHVW
GDPDJH��7KLV�UHVXOW�LV�LQ�DFFRUGDQFH�WR�/LFKWHQEHUJ�DQG�=LOEHUPDQ
V�SUHGLFWLRQ
DERXW� WKH� EHKDYLRU� RI� DEDWHPHQW�� 7KH\� FRQFOXGHG� WKDW� WKH� FKRVHQ
VSHFLILFDWLRQ�DLPV�WR�HQKDQFH�IOH[LELOLW\�RI�PRGHOLQJ�WKH�SURGXFWLRQ�WHFKQRORJ\
DQG�RIIHUV�WKH�SRVVLELOLW\�WR�FDSWXUH�SHVW�GDPDJH�LQGLUHFWO\�IURP�SHVWLFLGH�LQSXW
GDWD�
7KH�VWXG\�RI�&$53(17,(5�DQG�:($9(5������E��HVWDEOLVKHG�IXUWKHU�HYLGHQFH�IRU
DQ�XSZDUG�ELDV� LQ� SDVW� HVWLPDWHV�RI� SHVWLFLGH�SURGXFWLYLW\�� 7KH\� DUJXHG� WKDW
SHVWLFLGHV�UHSUHVHQW�DQ�LQSXW�ZKLFK�LQGLUHFWO\�FRQWULEXWHV�WR�WKH�SURGXFWLYLW\�RI
RWKHU� LQSXWV� DQG� WKDW� WKH� LPSRUWDQFH� RI� SHVWLFLGHV� LV� FRQGLWLRQDO� XSRQ� WKH
RFFXUUHQFH�RI�SHVWV�DQG�WKHLU�DFWXDO�GDPDJH��)URP�WKH�VRFLHW\
V�SRLQW�RI�YLHZ
SHVWLFLGHV� DUH� QRW� DGMXVWHG� WR� VRFLDO� RSWLPD�� 7KHUHIRUH�� LQ� WKHLU� VWXG\� D
UHFRQVLGHUDWLRQ� RI� WKH� PDUJLQDO� SURGXFWLYLW\� RI� LQSXWV� ZDV� SURSRVHG�� 7KH\
VSHFLILHG� D� OHVV� UHVWULFWLYH� &REE� 'RXJODV� IXQFWLRQ� LQ� ZKLFK� WHPSRUDU\� IL[HG
HIIHFWV��TXDVL�IL[HG�HQGRZPHQW��DUH�DOORZHG�DV�ZHOO�DV�WLPH�YDU\LQJ�UHJUHVVLRQ
SDUDPHWHUV�
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ZKHUH�\LW� �QDWXUDO� ORJDULWKP�RI�\LHOG��[SLW� �QDWXUDO� ORJDULWKP�RI�SHVWLFLGH�XVH�[HLW� �QDWXUDO�ORJDULWKP�RI�IHUWLOL]HU�XVH��[GLW� �QDWXUDO�ORJDULWKP�RI�RWKHU�YDULDEOH
LQSXW�XVH�DQG�XLW� �UDQGRP�GLVWXUEDQFH��gW�FDQ�EH�LQWHUSUHWHG�DV�D�SDUDPHWHU
IRU�WHFKQRORJLFDO�SURJUHVV�DQG�aNW�DV�UHVXOWLQJ�IURP�WHFKQLFDO�FKDQJH�RU�RWKHU
WHPSRUDOO\� FRUUHODWHG� HIIHFWV�� 7KLV� VSHFLILFDWLRQ� LQYROYHV� WZR� SULQFLSDO
VWUXFWXUDO� K\SRWKHVHV�� �L�� WKH� H[LVWHQFH� RI� IL[HG� ILUP� �KHWHURJHQHLW\� LQ� WKH
DOORFDWLRQ�RI� ODQG�DFURVV� IDUPV��DQG� WLPH�HIIHFWV�DQG� �LL��D� IXQFWLRQDO� IRUP� LQ
ZKLFK�WKH�UROH�RI�SHVWLFLGHV�LV�V\PPHWULF�ZLWK�WKDW�RI�RWKHU�LQSXWV��&$53(17,(5
DQG�:($9(5������D��
7KH�VSHFLILFDWLRQ�DOORZV�MRLQWQHVV�LQ�SHVW�WUHDWPHQW�DQG�SULYDWH�LQSXW�SURFHVV�
$�VHSDUDWH�VSHFLILFDWLRQ�RI�GDPDJH�DEDWHPHQW� LV�FRQVLGHUHG� LQDSSURSULDWH� LQ
WKH�FDVH�RI�PXOWLSOH�SHVW�RFFXUUHQFH�E\�WKH�DXWKRUV��7KH�VWXG\�RI�SDQHO�GDWD
LQGLFDWHG� WKDW� DQ� RPLVVLRQ� RI� WKH� WHPSRUDOO\� IL[HG� DQG� WLPH� YDU\LQJ� HIIHFWV
UHVXOWV� LQ� VXEVWDQWLDO� RYHUHVWLPDWLRQ� RI� SURGXFWLYLW\� E\� D� IDFWRU� RI� WKUHH� IRU
SHVWLFLGHV��WZR�WLPHV�IRU�IHUWLOL]HUV�DQG�RQH�DQG�D�KDOI�WLPHV�IRU�RWKHU�YDULDEOH
LQSXWV��7KHLU� UHVXOWV� ILQG�HVWLPDWHV�RI�PDUJLQDO�SHVWLFLGH�SURGXFWLYLW\� WKDW�DUH
FRQVLVWHQW� ZLWK� �L�� VOLJKW� RYHUXVH� RI� SHVWLFLGHV� DQG� �LL�� VXEVWDQWLDOO\� ODUJHU
HVWLPDWHV�RI�WKH�RZQ�SULFH�HODVWLFLW\�RI�SHVWLFLGH�GHPDQG�WKDQ�UHSRUWHG�E\�SDVW
HVWLPDWHV� �&$53(17,(5� DQG� :($9(5�� ����D��� 7KH� DXWKRUV� DUJXHG� WKDW� LI
SURGXFHUV� DUH� SURILW� PD[LPL]HUV�� RPLVVLRQ� RI� ILUP�FRUUHODWHG� VSHFLILF� HIIHFWV
LPSO\�VXEVWDQWLDO�XQGHUHVWLPDWLRQ�RI�WKH�RZQ�SULFH�HODVWLFLW\�RI�GHPDQG�IRU�WKH
FRQVLGHUHG� LQSXWV�� 7KLV� VXJJHVWV� WKDW� LQ� WKH� FDVH� RI� DQ� LPSRVLWLRQ� RI� DQ� DG
YDORUHP� WD[��D� UHGXFWLRQ�RI� WKRVH� LQSXWV�ZRXOG�RFFXU�DGRSWLQJ� OHVV� LQWHQVLYH
WHFKQRORJLHV�
6$+$�HW�DO���������IXUWKHU�DGYDQFHG�WKH�/LFKWHQEHUJ�DQG�=LOEHUPDQ�DSSURDFK�
7KH\� DUJXHG� WKDW� IXQFWLRQDO� IRUPV� OLNH� &REE�'RXJODV� RU� WUDQVORJ� UHTXLUH� DOO
LQSXWV� WR� EH� VWULFWO\� SRVLWLYH�� +RZHYHU�� LQ� WKH� FDVH� RI� GDPDJH� FRQWURO� ]HUR
LQSXWV� EXW� SRVLWLYH� RXWSXWV� DUH� SODXVLEOH�� 2WKHU� IXQFWLRQDO� IRUPV� OLNH� WKH
TXDGUDWLF�RU�JHQHUDOL]HG�/HRQWLHI� FDQ�DFFRPPRGDWH� ]HUR� LQSXW� OHYHOV� RQ� WKH
RQH� KDQG��2Q� WKH� RWKHU� KDQG�� ERWK� VSHFLILFDWLRQV� LPSO\� WKDW� LQSXWV� KDYH� QR
HIIHFW�RQ�RXWSXW�YDULDQFH��,Q�WKH�FDVH�RI�SHVWLFLGHV�ZKLFK�DUH�XVHG�WR� UHGXFH
SRWHQWLDO� ORVVHV� LW� LV� XQOLNHO\� WKDW� WKHLU� XVH� KDV� QR� HIIHFW� RQ� WKH� RXWSXW
YDULDELOLW\�� 7KH� VWXG\� SURSRVHV� D� SURGXFWLRQ� IXQFWLRQ� FRPSULVLQJ� D� YHFWRU� RI
GLUHFW�SURGXFWLRQ�LQSXWV�DQG�D�YHFWRU�RI�GDPDJH�FRQWURO�DJHQWV��4� �)�[�=��*
�;�� ]�]��ZKHUH� ]�  �D� VXEVHW�RI� GLUHFW� SURGXFWLRQ� LQSXWV� HQWHUV� WKH� DEDWHPHQW
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IXQFWLRQ��7KLV�VSHFLILFDWLRQ�DOORZV�D�VXEVHW�RI�LQSXWV��]��WR�KDYH�GXDO�UROHV�±�LQ
WKH�GLUHFW�SURGXFWLRQ�IXQFWLRQ�DQG�WKH�GDPDJH�DEDWHPHQW�
9DULRXV�IRUPV�RI�SURGXFWLRQ�IXQFWLRQV�KDYH�EHHQ�WHVWHG��5HVXOWV�DUH�LQ�VXSSRUW
RI� /LFKWHQEHUJ� DQG� =LOEHUPDQ� WKDW� LQFRUUHFW� PRGHO� VSHFLILFDWLRQ� OHDGV� WR
VXEVWDQWLDO� RYHUHVWLPDWLRQ� RI� SHVWLFLGH� PDUJLQDO� SURGXFWLYLW\�� 7KH� DXWKRUV
FRQFOXGHG� WKDW� LW� LV� QHFHVVDU\� WR� PRGHO� SHVWLFLGHV� DQG� IHUWLOL]HUV� GLIIHUHQWO\
IURP� GLUHFW� LQSXWV� ZLWK� IHUWLOL]HUV� KDYLQJ� ERWK� GLUHFW� DQG� GDPDJH� DEDWHPHQW
HIIHFWV�� ,I� WKLV� LV� QRW� WKH� FDVH�� RYHUHVWLPDWLRQ� RI� PDUJLQDO� SURGXFWLYLW\� RI
GDPDJH�FRQWURO�LQSXWV�DQG�LQWHUDFWLYH�LQSXWV�RFFXUV�
7KH�GLVFXVVLRQ�RQ�WKH�YDULRXV�DWWHPSWV�WR� LQFRUSRUDWH�SHVWLFLGH�LQ�SURGXFWLRQ
IXQFWLRQV�VKRZV�WKDW�DV�ORQJ�DV�WKH�IXQFWLRQDO�UHODWLRQ�EHWZHHQ�SHVWLFLGH�LQSXW
DQG�LWV�GDPDJH�FRQWURO� LPSDFW�DUH�QRW�SURSHUO\�DQDO\]HG�� LW� LV�GLIILFXOW� WR� LQIHU
WKH�FRUUHFW�VSHFLILFDWLRQ�RI� WKH�SURGXFWLRQ� IXQFWLRQ��+RZHYHU�� UHVXOWV�RI� WKHVH
HPSLULFDO�DQDO\VHV�VXJJHVW�WKDW�WUHDWLQJ�SHVWLFLGHV�RQO\�DV�D�GLUHFW�LQSXW�IDFWRU
WHQG� WR�RYHUHVWLPDWH�PDUJLQDO�SURGXFWLYLW\�RI�SHVWLFLGHV��(PSLULFDO� ILQGLQJV�RI
WKH� HDUO\� VWXGLHV� RQ� SHVWLFLGH� SURGXFWLYLW\� FRQWULEXWHG� WR� WKH� RYHUDOO� SRVLWLYH
SLFWXUH�SHVWLFLGHV�JDLQHG�LQ�WKH�SDVW�
���� 7KH�6SHFLDO�5ROH�RI�3HVWLFLGHV�LQ�(FRQRPLF�$QDO\VLV
������ %HQHILWV�DQG�&RVWV�RI�3HVWLFLGH�8VH
1HRFODVVLFDO�WKHRU\�KROGV�WKDW�IDUPHUV�XVH�SHVWLFLGHV�OLNH�RWKHU�LQSXWV��LQ�RWKHU
ZRUGV� XS� WR� WKH� SRLQW� DW�ZKLFK�PDUJLQDO� SURGXFWLYLW\� HTXDOV� WKH� IDFWRU� SULFH�
7KLV� FRQFOXVLRQ� LV� ODUJHO\� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� SURGXFHUV� KDYH
FRPSOHWH�DQG�LQVWDQWDQHRXV�LQIRUPDWLRQ�DQG�WKDW�DGMXVWPHQW�LV�ZLWKRXW�FRVW��,Q
SUDFWLFH��KRZHYHU��WKHVH�DVVXPSWLRQV�DUH�QRW�WHQDEOH�LQ�WKH�FDVH�RI�SHVWLFLGH
XVH�� (PSLULFDO� VWXGLHV� KDYH� VKRZQ� WKDW� IDUPHUV� RYHUXVH� SHVWLFLGHV� IURP� D
SULYDWH� HFRQRPLF� SRLQW� RI� YLHZ� �52/$� DQG� 3,1*$/,�� ������ .(1025(�� ������
7KHVH�ILQGLQJV�UHIOHFW�WKDW�IDUPHUV�DUH�FRQIURQWHG�ZLWK�DV\PPHWULF�LQIRUPDWLRQ
UHJDUGLQJ� WKH�SURGXFWLYLW\� LPSDFW�RI� SHVWLFLGHV�� DQG� WKDW� GHFLVLRQV� UHODWLQJ� WR
SHVWLFLGH�XVH�LQYROYH�D�KLJKHU�GHJUHH�RI�VXEMHFWLYLW\�WKDQ�IRU�RWKHU�LQSXWV�
&RQVLGHULQJ�WKH�VRFLDO�FRVWV�DQG�EHQHILWV�RI�SHVWLFLGH�XVH�� LQ� WKH�DEVHQFH�RI
DFFXUDWH�PHDVXUHV�RI�FURS�ORVV��PHDVXUHPHQW�RI�WKH�EHQHILWV�RI�SHVWLFLGH�XVH
LV� OLPLWHG� WR� URXJK� HVWLPDWHV� DW� WKH� IDUP�� QDWLRQDO� DQG� LQWHUQDWLRQDO� OHYHOV�
(VWLPDWLRQ� RI� WKH� VRFLDO� FRVWV� RI� SHVWLFLGH� XVH�� LQFOXGLQJ� GDPDJH� WR� KXPDQ
KHDOWK�DQG�WKH�HQYLURQPHQW�DQG�WKH�GHVWUXFWLRQ�RI�ELRORJLFDO�FRQWURO�DJHQWV��LV
HYHQ� PRUH� FRPSOH[�� 6FLHQWLILF� UHVHDUFK� RQ� WKH� LPSDFW� RI� SHVWLFLGHV� RQ� WKH
HQYLURQPHQW��RQ�FKURQLF�KHDOWK�HIIHFWV�LV�VWLOO�LQ�LWV�LQIDQF\�
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3ROLFLHV� DW� WKH� QDWLRQDO� OHYHO� KDYH� D� VWURQJ� LQIOXHQFH� RQ� WKH� HFRQRPLFV� RI
SHVWLFLGH� XVH�� 6HYHUDO� IDFWRUV� SRLQW� WR� RQJRLQJ� LQFHQWLYHV� IRU� SHVWLFLGH� XVH
UHVXOWLQJ�IURP�WKHVH�SROLFLHV��$�GLVWLQFWLRQ�FDQ�EH�GUDZQ�EHWZHHQ�SULFH�IDFWRUV�
LQVWLWXWLRQDO� IDFWRUV� DQG� LQIRUPDWLRQ� IDFWRUV� �:$,%(/�� ������� 3ULFH� IDFWRUV� DUH
PHDVXUHV�ZKLFK�DUH�YLVLEOH�LQ�WKH�SHVWLFLGH�PDUNHW�DQG�GLUHFWO\�DIIHFW�IDUPHUV

GHPDQG� IRU� SHVWLFLGHV�� ,QVWLWXWLRQDO� IDFWRUV� LQFOXGH� WKRVH� IDFWRUV� ZKLFK
LQFUHDVH� SHVWLFLGH� XVH� GXH� WR� PLVJXLGHG� JRYHUQPHQW� DFWLYLWLHV� WR� PLWLJDWH
HQYLURQPHQWDO� DQG� KHDOWK� GDPDJH� UHVXOWLQJ� IURP� SHVWLFLGH� XVH� UDWKHU� WKDQ
SUHYHQWLQJ� WKRVH� FRVWV� E\� OLPLWLQJ� SHVWLFLGH� XVH�� 2IWHQ� WKHUH� LV� D� ODFN� RI
LQIRUPDWLRQ� DQG� WUDQVSDUHQF\� LQ� WKH� GHFLVLRQ� PDNLQJ� SURFHVV�� 7KH
HVWDEOLVKPHQW�RI�UHJXODWRU\�LQVWLWXWLRQV�DLPV�DW�UHJLVWUDWLRQ��UHVWULFWLRQ�RU�HYHQ
EDQQLQJ� RI� FKHPLFDO� FRPSRXQGV�� ,I� WKHVH� LQVWLWXWLRQV� DUH� QRQ�H[LVWHQW� RU
LQHIIHFWLYH�SHVWLFLGH�SULFHV�DUH�UHGXFHG��$PRQJ�LQIRUPDWLRQ�FRVWV�WKHUH�DUH�WKH
FRVWV�OHDGLQJ�WR�XQUHDOLVWLF�FURS�ORVV�HVWLPDWLRQV�GXH�WR�LQDSSURSULDWH�UHVHDUFK
GHVLJQV�DQG�WKH�SHUVLVWHQFH�LQ�VWDWLF�FRQFHSWV��:$,%(/��������
7KH� LQGLYLGXDO� IDUPHU� DSSOLHV� SHVWLFLGHV� WR� WKH� OHYHO� DW� ZKLFK� KH� RU� VKH
EHOLHYHV� QHW� EHQHILWV� DUH� PD[LPL]HG�� $V� SHVWLFLGH� XVH� DLPV� WR� UHGXFH� FURS
ORVV�� PD[LPL]LQJ� QHW� EHQHILWV� LPSOLHV� WKDW� WKH� PDUJLQDO� YDOXH� SURGXFW� RI
SHVWLFLGH�XVH� LV�HTXDO� WR� WKH�SUHYHQWHG�FURS� ORVV� LQ�PRQHWDU\� WHUPV��7KLV� LV
VKRZQ� LQ� )LJXUH� ���� DV� 3RLQW�$�� )DUPHUV� PDNH� VXEMHFWLYH� DVVHVVPHQWV� RI
SRWHQWLDO� FURS� ORVV�� WKH� HIIHFWLYHQHVV� RI� WKH� FKRVHQ� FRQWURO� PHWKRG� DQG� WKH
FRVWV� DVVRFLDWHG� ZLWK� WKLV� PHWKRG� �SHUFHLYHG� SULYDWH� FRVW� FXUYH��� +RZHYHU�
IDUPHUV� IDFH� LQIRUPDWLRQ�FRQVWUDLQWV�ZLWK� UHJDUG� WR� WKH�SRWHQWLDO� IRU�FURS� ORVV
DQG�WKH�HIIHFWLYHQHVV�RI�FRQWURO�PHDVXUHV��UHVXOWLQJ� LQ�RYHUXVH�RI�SHVWLFLGHV�
%HWWHU� LQIRUPDWLRQ�RQ�WKHVH�YDULDEOHV�ZRXOG�EULQJ�DERXW�DQ�DGMXVWPHQW�RI� WKH
IDUPHU¶V� VXEMHFWLYH� DVVHVVPHQW� RI� SUHYHQWDEOH� ORVV� DQG� SULYDWH� FRVWV�� $V� D
UHVXOW�� WKH� SULYDWH� FRVW� FXUYH� ZRXOG� VKLIW� WR� 3RLQW� %� LQ� WKH� ILJXUH�� WKXV
LQFUHDVLQJ� WKH� IDUPHU¶V� QHW� UHWXUQV� DV� GHQRWHG� E\� WKH� GLVWDQFH� EHWZHHQ� WKH
FRVW��DFWXDO�SULYDWH�FRVW�FXUYH��DQG�WKH�EHQHILW�FXUYH�
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)LJXUH����� 3ULYDWH�DQG�6RFLDO�2SWLPXP�RI�3HVWLFLGH�8VH

%HQHILWV&RVWV

,QGXFHG�'HPDQG�IRU,QYHVWPHQWV�LQWKH�5HGXFWLRQ�RI
3HVWLFLGH�'DPDJH

3UHYHQWHG/RVV
& % $

3HUFHLYHG
3ULYDWH�&RVWV

6RFLDO
&RVWV

%HQHILW�RI
3HVWLFLGH�8VH

'HPDQG�IRU
,QYHVWPHQWV

$FWXDO
3ULYDWH
&RVWV

6RXUFH� :$,%(/������

6RFLHW\¶V� JRDO� LV� WR� PD[LPL]H� QHW� VRFLDO� EHQHILWV�� %HFDXVH� RI� WKH� H[WHUQDO
HIIHFWV� DVVRFLDWHG� ZLWK� SHVWLFLGH� XVH�� QHW� VRFLDO� EHQHILWV� DUH� ORZHU� WKDQ� QHW
EHQHILWV�DFFUXLQJ�WR�WKH�LQGLYLGXDO�IDUPHU��7KH�LQGLYLGXDO�IDUPHU�GRHV�QRW�WDNH
LQWR� DFFRXQW� WKH� FRVWV� LPSRVHG� E\� WKHVH� H[WHUQDOLWLHV� DQG� WKH� LPSOLHG
PLWLJDWLRQ� FRVWV�� :KHQ� WKHVH� QHJDWLYH� H[WHUQDOLWLHV� DUH� LQFOXGHG�� WKH� FRVW
FXUYH� VKLIWV� XSZDUGV� �VRFLDO� FRVW� FXUYH�� DQG� UHGXFHV� WKH� RSWLPXP� OHYHO� RI
SHVWLFLGH�XVH�WR�3RLQW�&��3HVWLFLGHV�ZLOO�WKHUHIRUH�EH�XVHG�DW�OHYHOV�WKDW�H[FHHG
WKH� VRFLDO� RSWLPXP�� 7KH� FRVWV� DVVRFLDWHG� ZLWK� QHJDWLYH� KHDOWK� HIIHFWV� DQG
HQYLURQPHQWDO� GHJUDGDWLRQ� H[FHHG� WKH� VRFLDO� EHQHILWV� DVVRFLDWHG� ZLWK
SUHYHQWLRQ� RI� FURS� ORVV�� &RVWO\� SXEOLF� LQYHVWPHQW� LQ� DGGLWLRQDO� PLWLJDWLRQ
HIIRUWV�� VXFK� DV� UHVLGXH�PRQLWRULQJ�� KHDOWK� FDUH� IDFLOLWLHV� DQG� IDUPHU� WUDLQLQJ
SURJUDPV��LV�DOVR�UHTXLUHG��$*1(�HW�DO���������



�� &KDSWHU����7KH�(FRQRPLFV�RI�3HVWLFLGHV�LQ�&URS�3URWHFWLRQ

������ &URS�/RVV�DQG�(FRQRPLF�$QDO\VLV
7\SLFDOO\�� FURS� ORVV� LV� DVVHVVHG� RQ� WKH� EDVLV� RI� WULDO� GDWD� REWDLQHG� IURP
UHVHDUFK�VWDWLRQV��2IWHQ�D�FRPSDULVRQ�LV�PDGH�EHWZHHQ�D�
QR�VSUD\
�SORW�DQG�D

PD[LPXP�SURWHFWLRQ
� SORW�� 7KLV� FRPPRQ�PHWKRG� RI� DVVHVVPHQW� LJQRUHV� WKH
JUHDW�WHPSRUDO�DQG�VSDWLDO�YDULDWLRQ� LQ� LQFLGHQFH�RI�SHVWV�DQG�GLVHDVHV��/RVV
HVWLPDWHV� IRU� WKH� VDPH� FKHPLFDO� DQG� FURS�� WKHUHIRUH�� YDU\� VXEVWDQWLDOO\
GHSHQGLQJ� RQ� SODQWLQJ� WLPHV�� SORW� VHOHFWLRQ� DQG� SUHYDLOLQJ� SHVW� SRSXODWLRQV
DQG�GLVHDVH�LQFLGHQFH�LQ�WKH�VSHFLILF�VHDVRQ�VHOHFWHG�IRU�VWXG\��:$,%(/�������
SRLQWV� RXW� WKDW� FURS� ORVV� DVVHVVPHQW� RIWHQ� LV� GHULYHG� IURP� XQUHDOLVWLF� WULDO
GHVLJQV�DQG�ORVV�GDWD�IURP�H[WUHPH�VLWXDWLRQV��)RU�H[DPSOH��PDQ\�H[SHULPHQW
VWDWLRQV�DUH�FRQWLQXRXVO\�FURSSHG�DW�KLJK�OHYHOV�RI�LQSXW�XVH��IDFWRUV�FRQGXFLYH
WR�WKH�EXLOG�XS�RI�SHVW�SRSXODWLRQV��$Q�H[DPSOH�IRU�VXFK�JHQHUDOL]HG�FURS�ORVV
DVVHVVPHQWV�DUH� WKH� WULDO� GDWD� SXEOLVKHG�E\�2(5.(�HW� DO�� �������ZKHUH�FURS
ORVVHV� KDYH� EHHQ� FDOFXODWHG� RQ� WKH� GLIIHUHQFH� EHWZHHQ� WHFKQLFDO� PD[LPXP
\LHOGV�DQG�DFWXDO�\LHOGV�REWDLQHG�E\�FRPPRQ�SUDFWLFH��7KH�UHVXOWLQJ�HVWLPDWHV
RI� FURS� ORVV� GR� QRW� DFFRXQW� IRU� WKH� ZLGH� UDQJH� RI� \LHOG� FRQVWUDLQWV� WKDW� DUH
XQUHODWHG�WR�SHVWV�DQG�GLVHDVHV�� LQFOXGLQJ�VRLO�VWUXFWXUH�DQG�IHUWLOLW\��VXQOLJKW�
ZDWHU� FRQWURO�� SODQW� GHQVLW\�� DQG� VR� IRUWK�� ,Q� HFRQRPLF� WHUPV�� 
PD[LPXP
SURWHFWLRQ
� LV� XQOLNHO\� WR� FRLQFLGH� ZLWK� SURILW� PD[LPL]DWLRQ�� ,Q� DGGLWLRQ�
FRPSDULVRQV�IUHTXHQWO\�LJQRUH�WKH�LQFRUSRUDWLRQ�RI�QRQ�FKHPLFDO�PDQDJHPHQW
PHWKRGV�WKDW�PD\�EH�PRUH�HFRQRPLFDOO\�HIILFLHQW�
)LJXUH� ���� SUHVHQWV� DQ� RYHUYLHZ�RI� GLIIHUHQW� HVWLPDWHV� RI� \LHOG� DQG� SRWHQWLDO
ORVV�� DQG� WKH� UHODWLRQVKLS� EHWZHHQ� \LHOG� DQG� ORVV�� /HYHO� $� UHSUHVHQWV� WKH
VLWXDWLRQ�LQ�ZKLFK�QR�FRQWURO�PHWKRGV�DUH�XVHG��7KLV�LV�UHIHUUHG�WR�DV�
SULPLWLYH
\LHOG
��7KH�GLIIHUHQFH�EHWZHHQ�WKH�WKHRUHWLFDO�\LHOG��(��DQG�WKH�DWWDLQDEOH��L�H�
JLYHQ�FXUUHQWO\�DYDLODEOH�WHFKQRORJ\��\LHOG��'��UHSUHVHQWV�DQ�XQDYRLGDEOH�ORVV�
7KH�DWWDLQDEOH�\LHOG�GRHV�QRW�FRQVLGHU�HFRQRPLF�IDFWRUV�VXFK�DV�WKH�HFRQRPLF
UHWXUQV� WR� FRQWURO�PHDVXUHV�� 7KH� HFRQRPLFDO� \LHOG� �&�� WKHUHIRUH� GLIIHUV� IURP
WKH�DWWDLQDEOH� \LHOG�VLQFH�XQSURILWDEOH� FRQWURO�PHDVXUHV�DUH� UHPRYHG�� )DFWRU
DQG� RXWSXW� SULFHV� SOD\� D� UROH� LQ� WKH� GHWHUPLQDWLRQ� RI� WKH� HFRQRPLFDO� \LHOG�
&RVWV� H[FHHG� UHWXUQV� IRU� HYHU\� FRQWURO�PHWKRG� DSSOLHG� DERYH� WKH� HFRQRPLF
RSWLPXP�



&KDSWHU����7KH�(FRQRPLFV�RI�&URS�3URWHFWLRQ ��

)LJXUH����� 7KHRUHWLFDO�'HWHUPLQDWLRQ�RI�<LHOG�DQG�/RVV�/HYHOV

8QDYRLGDEOH�

$YRLGDEOH

&URS�/RVV�DIWHU
)$2�'HILQLWLRQ

&RQWUROQRW�\HW�SD\LQJ

&RQWUROSD\LQJ

68%�237,0$/
6,78$7,21

(&2120,&
237,080

0$;,080

0$;,080
7KHRUHWLFDO/RVV

35,0,7,9(<,(/'

/RVV

7+(25(7,&$/<,(/'

/RVV

(&2120,&$/<,(/'

$&78$/
<,(/'

5HDOL]HG�3URILW

1R�&URS3URWHFWLRQ

$77$,1$%/(<,(/'

3URILW)XWXUH

(

'

&

%

$

7+(25(7,&$/

7(&+1,&$/

6RXUFH� =$'2.6�DQG�6&+(,1������

5HVXOWV� RI� FURS� ORVV� DVVHVVPHQW� UHPDLQ� FRQWURYHUVLDO�� ,Q� $VLD� VWXGLHV� KDYH
VKRZQ� WKDW� LQWHQVLYH� ULFH� SURGXFWLRQ� V\VWHPV� FDQ� EH�PDQDJHG� FKHDSO\� DQG
HIIHFWLYHO\� ZLWKRXW� UHFRXUVH� WR� FKHPLFDO� SHVWLFLGHV�� $Q� HFRQRPLF� VWXG\
FRQGXFWHG�E\�52/$�DQG�3,1*$/,�������� LQ� WKH�3KLOLSSLQHV�� IRU�H[DPSOH�� IRXQG
WKDW� LQVHFWLFLGH� XVH� LQ� ULFH� WXUQV� RXW� WR� EH� XQHFRQRPLFDO� LQ� PRVW� FDVHV�
1HYHUWKHOHVV�� FKHPLFDO� FRPSDQLHV�� QDWLRQDO� DQG� LQWHUQDWLRQDO� UHVHDUFK
RUJDQL]DWLRQV� FRQWLQXH� WR� FRPH� XS� ZLWK� KLJK� HVWLPDWHV� RI� FURS� ORVV� LQ� ULFH�
7KHVH�UHVXOWV�GHSHQG�ODUJHO\�RQ�WKH�REMHFWLYHV�RI�WKH�VWXGLHV�LQ�TXHVWLRQ�DQG
WKH�PHWKRGRORJLHV�DGRSWHG��7(1*���������)XUWKHUPRUH��:266,1.�HW�DO��������
SRLQWHG� RXW� WKDW� WKH� HFRQRPLF� SURILWDELOLW\� RI� FURS� ORVV�PHDVXUHV� FDQQRW� EH
FRQFOXGHG� IURP� FURS� ORVV� HVWLPDWHV� DV� LW� LV� XQNQRZQ� ZKHWKHU� FXUUHQW
SURWHFWLRQ�OHYHOV�DUH�HIILFLHQW�



�� &KDSWHU����7KH�(FRQRPLFV�RI�3HVWLFLGHV�LQ�&URS�3URWHFWLRQ

������ 7KH�,PSRUWDQFH�RI�5LVN�LQ�&URS�3URWHFWLRQ
)DUPHUV
�SHVW�PDQDJHPHQW�SUDFWLFHV��WKHLU�SHUFHSWLRQV�RI�FRQWURO�RSWLRQV�DQG
WKHLU� REMHFWLYHV� LQIOXHQFH� PDQDJHPHQW� SUDFWLFHV� �080)25'� DQG� 125721�
������� 6LQFH� IDUPHUV
� SHUFHSWLRQV� RI� SRWHQWLDO� ORVV� DUH� VXEMHFWLYH�� SHVWLFLGH
XVH� GHFLVLRQV� LQYROYH� ERWK� ULVN� DQG� WKH� IDUPHUV
� VXEMHFWLYH� SUREDELOLWLHV� RQ
SRVVLEOH� RXWFRPHV� RI� DQ� DFWLRQ�� $JULFXOWXUDO� GHFLVLRQV� LQYROYH� XQFHUWDLQW\
VLQFH� \LHOGV� DQG� SURILWV� GHSHQG� RQ� XQSUHGLFWDEOH� IDFWRUV� OLNH� ZHDWKHU�� SHVW
SRSXODWLRQV� DQG� GLVHDVH� LQFLGHQFH�� SURGXFW� SULFHV� DQG� LQWHUHVW� UDWHV�� 7KH
IDUPHU�LV�DEOH�WR�DVVLJQ�VXEMHFWLYH�SUREDELOLWLHV�WR�WKH�RXWFRPH�RI�WKHVH�IDFWRUV
�D� SULRUL� SUREDELOLWLHV��� +H� NQRZV� WKH� FRQVHTXHQFHV� UHVXOWLQJ� IURP� WKH
FRPELQDWLRQ� RI� RQH� GHFLVLRQ� DOWHUQDWLYH� DQG� WKH� HQYLURQPHQWDO� IDFWRU� DQG� LV
YDOXLQJ�WKHP�DFFRUGLQJ�WR�KLV�SHUVRQDO�H[SHFWHG�XWLOLW\��%5$1'(6�HW�DO���������
$17/(��������KLJKOLJKWV�WZR�FKDUDFWHULVWLFV�RI�XQFHUWDLQW\�LQ�SHVW�PDQDJHPHQW�

�D���SURGXFWLYLW\�RI�SHVW�PDQDJHPHQW�LQSXWV�GHSHQGV�RQ�D�UDQGRP�HYHQW��
WKH�SUHVHQFH�RI�WKH�SHVW��LI�WKH�SHVW�RFFXUV��WKH�LQSXW�KDV�DQ�HIIHFW�RQ
SURGXFWLRQ�

�E���EHFDXVH� WKH� SURGXFWLYLW\� RI� SHVW�PDQDJHPHQW� GHSHQGV� RQ� WKH� SHVW
SRSXODWLRQ�� SHVW� PDQDJHPHQW� V\VWHPV� RIWHQ� LQYROYH� LQIRUPDWLRQ
JDWKHUHG�RYHU�WLPH���

7KH�LQGLYLGXDO�IDUPHUV
�ULVN�DWWLWXGH�ZLOO�DIIHFW�KLV�RU�KHU�GHFLVLRQV�FRQFHUQLQJ
SHVW� PDQDJHPHQW�� 5LVN� DWWLWXGHV� FRQFHUQLQJ� SHVW� SUREOHPV� FDQ� OHDG� WKH
GHFLVLRQ� PDNHU� LQWR� GLIIHUHQW� GLUHFWLRQV� DQG� PDQDJHPHQW� GHFLVLRQV�� $� ULVN
DYHUVH� SHUVRQ�PD\� WU\� WR� DFKLHYH�D� FHUWDLQ�PLQLPXP�\LHOG�RU�PLQLPL]H� \LHOG
YDULDQFH��8QFHUWDLQW\�DERXW�VRPH�YDULDEOHV�OLNH�SHVW�RFFXUUHQFH��SHVW�GHQVLW\
DQG�SHVW�PRUWDOLW\�OHDG�WR�D�KLJKHU�SHVWLFLGH�XVH�XQGHU�ULVN�DYHUVLRQ�LQ�RUGHU�WR
VDYH�WKH�H[SHFWHG�\LHOG��)('(5��������
2Q� WKH�RWKHU�KDQG� WKHUH�DUH�DOVR�XQFHUWDLQWLHV�DERXW�SURGXFW�SULFHV�DQG� WKH
H[SHFWHG�\LHOG��ZKLFK�PD\�LQIOXHQFH�WKH�SURILWDELOLW\�RI�SHVWLFLGH�XVH�LQ�VXFK�D
ZD\�WKDW�SHVWLFLGH�XVH�ZRXOG�KDYH�WR�EH�UHGXFHG����$�ULVN�DYHUVH�IDUPHU�PD\
����������������������������������������
��� �$� IXQGDPHQWDO�GLIIHUHQFH�EHWZHHQ�QHRFODVVLFDO�HIILFLHQF\�DQDO\VLV�DQG� WKH�DQDO\VLV�RI�HIILFLHQF\

XQGHU�XQFHUWDLQW\�LV�WKDW�LQ�WKH�IRUPHU�FDVH�WKH�ZHOIDUH�ORVV�IURP�LQHIILFLHQF\�GHSHQGV�RQ�WKH�ILUP
V
WHFKQRORJ\� DQG� SULFHV�� 8QGHU� XQFHUWDLQW\�� HIILFLHQF\� DOVR� GHSHQGV� RQ� WKH� ILUP� PDQDJHU
V� ULVN
DWWLWXGHV�DV�UHSUHVHQWHG�LQ�WKH�XWLOLW\�IXQFWLRQ����$17/(��������S�����

��� 3$11(//��������S�������FRQFOXGHV�WKDW��ULVN�GRHV�QRW�QHFHVVDULO\�OHDG�WR�LQFUHDVHG�SHVWLFLGH�XVH�E\
LQGLYLGXDO�IDUPHUV��8QFHUWDLQW\�DERXW�VRPH�YDULDEOHV��VXFK�DV�SHVW�GHQVLW\�DQG�SHVW�PRUWDOLW\�GRHV
OHDG� WR� KLJKHU� RSWLPDO� SHVWLFLGH� XVH� XQGHU� ULVN� DYHUVLRQ�� +RZHYHU�� XQFHUWDLQW\� DERXW� RWKHU
LPSRUWDQW�YDULDEOHV��VXFK�DV�RXWSXW�SULFH�DQG�\LHOG�� OHDGV�WR� ORZHU�RSWLPDO� OHYHOV�RI�SHVWLFLGH�XVH�
1HJOHFW� RI� WKHVH� YDULDEOHV� LQ� PRVW� VWXGLHV� KDV� OHG� WR� WKH� IDOVH� DVVXPSWLRQ� WKDW� SHVWLFLGHV� DUH
DOZD\V�ULVN�UHGXFLQJ�LQSXWV��



&KDSWHU����7KH�(FRQRPLFV�RI�&URS�3URWHFWLRQ ��

WU\� WR� PLQLPL]H� \LHOG� YDULDQFH�� OHDGLQJ� WR� D� KLJKHU� OHYHO� RI� SHVWLFLGH� XVH
GHSHQGLQJ� RQ� NQRZOHGJH� RI� QRQ�FKHPLFDO� PDQDJHPHQW� PHWKRGV�� +RZHYHU�
ULVN�DYHUVLRQ�FRXOG�DOVR�OHDG�WR�UHGXFH�H[SHQGLWXUHV�RQ�FURS�SURWHFWLRQ�
$V� GLVFXVVHG� DERYH�� IDUPHUV� GR� QRW� SRVVHVV� FRPSOHWH� H[� DQWH� LQIRUPDWLRQ
UHODWLQJ� WR� LQIHVWDWLRQ� OHYHOV�� SHVWLFLGH�HIILFDF\�DQG� WKH�HIILFDF\�RI� RWKHU� SHVW
DQG�GLVHDVH�PDQDJHPHQW�VWUDWHJLHV��)DUPHUV�DOVR�ODFN�LQIRUPDWLRQ�RQ�HQG�RI
VHDVRQ� PDUNHW� SULFHV�� )DUPHUV�� WKHUHIRUH�� UHO\� RQ� VXEMHFWLYH� HVWLPDWHV� RI
WKHVH�YDULDEOHV�LQ�PDNLQJ�FXOWLYDWLRQ�GHFLVLRQV���
7KH�YDOXH�RI�FRQWUROOLQJ�D�SHVW��ZKRVH�LQFLGHQFH�YDULHV�LQ�DQ�XQFHUWDLQ�ZD\��LV
JUHDWHU�WKDQ�WKH�DYHUDJH�ORVV�FDXVHG�WR�WKHP�E\�WKH�SHVW��)DUPHUV�DUH�ZLOOLQJ
WR�SD\�DQ� LQVXUDQFH�SUHPLXP� WR� UHGXFH� ULVN� �7,6'(//� HW� DO��� �������+($'/(<
������� FRQFOXGHV� WKDW� IDUPHUV� DUH� LQWHUHVWHG� LQ� PLQLPL]LQJ� WKH� YDULDELOLW\
VXUURXQGLQJ�UHWXUQV�DQG�\LHOGV��7UDGHRIIV�H[LVW�EHWZHHQ�H[SHFWHG�QHW� UHWXUQV
DQG�\HDU�WR�\HDU�YDULDELOLW\�RI�UHWXUQV��$�KLJK�YDULDELOLW\�LQ�QHW�UHWXUQV�IURP�\HDU
WR�\HDU�PD\�LQGXFH�D�ULVN�DYHUVH�IDUPHU�WR�VHOHFW�D�SHVW�PDQDJHPHQW�V\VWHP
ZLWK�PRUH�FHUWDLQ�RXWFRPH�HYHQ�ZLWK�ORZHU�DYHUDJH�UHWXUQV��,Q�WKH�FDVH�RI�VRLO
FRQVHUYDWLRQ�WHFKQRORJLHV��.5$0(5�HW�DO���������IRXQG�WKDW�SURILW�PD[LPL]DWLRQ
DQG� ULVN� DYHUVLRQ�ZHUH� WKH�PRVW� LPSRUWDQW� FULWHULD� GHWHUPLQLQJ� WKH� FKRLFH� RI
WKH� WHFKQRORJ\��+RZHYHU�� VHYHUDO� VWXGLHV� VXJJHVW� WKDW� WKHUH� LV� QRW� VXIILFLHQW
HYLGHQFH�WR�FRQFOXGH�WKDW�SHVWLFLGHV�UHGXFH�ULVN��3$11(//��������
.$+1(0$1� DQG� 79(56.<� ������� QRWH� WKDW� SHRSOH� WHQG� WR� VHOHFW� DOWHUQDWLYHV
WKDW� UHGXFH� WKH� OLNHOLKRRG� RI� DQ� DEVROXWH� ORVV� HYHQ� LQ� FDVHV� LQ� ZKLFK� WKHVH
DOWHUQDWLYHV� DUH� QRW� VWULFWO\� UDWLRQDO���� ,Q� RWKHU� ZRUGV�� ORVVHV� DUH� ZHLJKWHG
VXEVWDQWLDOO\� PRUH� WKDQ� REMHFWLYHO\� FRPPHQVXUDWH� JDLQV�� 7KLV� KHXULVWLF� UXOH�
UHIHUUHG� WR� DV� 
ORVV� DYHUVLRQ
�� LV� DOVR� UHOHYDQW� WR� FURS� SURWHFWLRQ�� )DUPHUV�
VHHNLQJ� WR�DYRLG� ORVVHV�GXH� WR�SHVWV�DQG�GLVHDVHV��PD\�PDNH�SHVWLFLGH�XVH
GHFLVLRQV� WKDW�DUH�QRW� LQVWUXPHQWDOO\� UDWLRQDO�JLYHQ� WKHLU�RZQ�DVVHVVPHQWV�RI
WKH� SUREDELOLW\� RI� FURS� ORVV�� ,Q� IDFW�� WKLV� EHKDYLRU�PD\� UHVXOW� LQ� D� SRWHQWLDOO\
PRUH�ULVN�SRVLWLYH�DWWLWXGH�WRZDUGV�WKH�XVH�RI�SHVWLFLGHV�
����������������������������������������
��� 7KHVH�VXEMHFWLYH�HVWLPDWHV�DUH�EDVHG�RQ�VHYHUDO�VRXUFHV�RI� LQIRUPDWLRQ��7KH� UROH�RI� LQIRUPDWLRQ

ZLWK�UHJDUG�WR�SHVW�FRQWURO�LV�GLVFXVVHG�LQ�VHFWLRQ�������
��� .$+1(0$11�DQG�79(56.<� ������� GLVWLQJXLVK� EHWZHHQ� WKUHH� HIIHFWV� GHVFULELQJ� 
LUUDWLRQDO
� GHFLVLRQ

PDNLQJ�LQ�D�XWLOLW\�PD[LPL]LQJ�IUDPHZRUN�
�D�� &HUWDLQW\�(IIHFW�GHVFULELQJ�WKDW��SHRSOH�RYHUZHLJKW�RXWFRPHV�WKDW�DUH�FRQVLGHUHG�FHUWDLQ�

UHODWLYH�WR�RXWFRPHV�WKDW�DUH�PHUHO\�SUREDEOH�[���]���S������
�E�� &RPPRQ�&RQVHTXHQFH�(IIHFW�GHVFULELQJ�WKH�IDFW�WKDW�SHRSOH�DFW�ULVN�DYHUVH�ZLWK�UHJDUG

WR�ORVVHV�EXW�ULVN�SRVLWLYH�ZLWK�UHJDUG�WR�JDLQV�
�F�� ,VRODWLRQ� (IIHFW� GHVFULELQJ� WKDW� WKH� RUGHU� RI� LQIOXHQFLQJ� IDFWRUV� OHDGV� WR� YDU\LQJ

SUHIHUHQFHV�



�� &KDSWHU����7KH�(FRQRPLFV�RI�3HVWLFLGHV�LQ�&URS�3URWHFWLRQ

/RVV� DYHUVLRQ�PD\� H[SODLQ� ZK\� VRPH� IDUPHUV� SHUVLVW� LQ� DSSO\LQJ� SHVWLFLGHV
HYHQ�ZKHQ�WKHVH�DSSOLFDWLRQV�DUH�QR�ORQJHU�SURILWDEOH��$Q[LRXV�WR�DYRLG�ORVV�
WKHVH�IDUPHUV�DFW�DV�LI�SHVWLFLGHV�SURYLGHG�D�IRUP�RI� 
LQVXUDQFH
�DJDLQVW� ORVV�
DQG�PDNH�GHFLVLRQV�ZLWKRXW�FRQVLGHULQJ� WKH�PDUJLQDO�FRVW�RI�HDFK�DGGLWLRQDO
DSSOLFDWLRQ�
)RU�SHVWLFLGH�XVH�LQ�7KDLODQG��ELDVHG�LQIRUPDWLRQ�DQG�SHUFHSWLRQV�SOD\�D�YLWDO
UROH�DV�VKRZQ�LQ�WKH�SUHYLRXV�FKDSWHU��+RZHYHU��DV�WKH�SXUSRVH�RI�WKLV�VWXG\�LV
QRW� WR�HVWDEOLVK�RQFH�PRUH�WKH� LQIOXHQFH�RI� ULVN�RQ� IDUPHUV¶�GHFLVLRQ�PDNLQJ�
WKLV�DVSHFW�LV�RPLWWHG�IURP�WKH�FDVH�VWXG\�DQDO\VLV���
������ 7KH�5ROH�RI� ,QIRUPDWLRQ
2QH� LPSRUWDQW�VRXUFH�RI�XQFHUWDLQW\� LQ�DJULFXOWXUH� LV� WKH�VHTXHQWLDO�QDWXUH�RI
DJULFXOWXUDO�SURGXFWLRQ��'HFLVLRQV�PDGH�EHIRUH�WKH�FURSSLQJ�RU�SODQWLQJ�VHDVRQ
EHJLQV�RU�HDUO\� LQ� WKH�VHDVRQ�DIIHFW�RXWFRPHV��7KHVH�RXWFRPHV�FDQ�RQO\�EH
DVVHVVHG�RQ�WKH�EDVLV�RI�VXEMHFWLYH�SUREDELOLWLHV��)DUPHUV¶�LQYHVWPHQWV�LQ�ODQG
SUHSDUDWLRQ�� VHHG� DQG� IHUWLOL]HU� DUH� EDVHG� RQ� WKHLU� SUHGLFWLRQV� UHODWLQJ� WR
IDFWRUV� LQFOXGLQJ�ZHDWKHU��SHVW�DQG�GLVHDVH� LQFLGHQFH�DQG�RXWSXW�SULFHV� ODWHU
LQ�WKH�VHDVRQ�
$OWKRXJK� XQFHUWDLQW\� LV� D� IDFW� RI� OLIH�� EHWWHU� LQIRUPDWLRQ� FDQ� KHOS� IDUPHUV� WR
LPSURYH� WKHLU� GHFLVLRQV��+RZHYHU�� LQIRUPDWLRQ� LV� QRW� IUHH� RI� FKDUJH��*DLQLQJ
DFFHVV�WR�LQIRUPDWLRQ�LQYROYHV�FRVWV�LQ�WKH�IRUP�RI�PRQH\�RU�WLPH�
$Q� LOOXVWUDWLRQ� RI� WKH� HIIHFWV� RI� WKH� UHODWLRQVKLS� EHWZHHQ� LQIRUPDWLRQ� DQG
SURGXFWLYLW\� LV� JLYHQ� LQ� )LJXUH� ����� ,I� D� VSHFLILF� LQIRUPDWLRQ� ZRXOG� EH� IUHH�
SURGXFHUV�ZRXOG� XVH� LQIRUPDWLRQ� XS� WR�3RLQW�(� DQG� WKXV�PD[LPL]H� H[SHFWHG
UHWXUQV��+RZHYHU�� LI�FRVWV�DUH�LQYROYHG�LQ�REWDLQLQJ�DQG�XVLQJ� LQIRUPDWLRQ�WKH
RSWLPDO� OHYHO� RI� LQIRUPDWLRQ� LV� UHSUHVHQWHG� DV� 3RLQW�$�� +HUH� WKH� GLIIHUHQFH
EHWZHHQ� WKH� H[SHFWHG� UHWXUQV� DQG� WKH� FRVW� RI� LQIRUPDWLRQ� LV� JUHDWHVW� �&�%��
8QFHUWDLQW\� LQ� WKH� SURGXFWLRQ� SURFHVV� LQFUHDVHV� WKH� YDOXH� RI� LQIRUPDWLRQ
LQVRIDU� DV� LQIRUPDWLRQ� UHGXFHV� WKH� OLNHOLKRRG� RI� VXE�RSWLPDO� GHFLVLRQV�
+RZHYHU��WKH�SURGXFWLYLW\�LPSDFW�RI�LQIRUPDWLRQ�ZLOO�DOVR�GHSHQG�ODUJHO\�RQ�WKH
LQLWLDO�VLWXDWLRQ��)RU�H[DPSOH��LI� IDUPHUV�DOUHDG\�KDYH�UHDVRQDEOH�HVWLPDWHV�RI
WKH� OLNHOLKRRG� RI� FURS� ORVV�� VPDOO� LQFUHPHQWV� LQ� LQIRUPDWLRQ� ZLOO� KDYH� D
QHJOLJLEOH� LPSDFW� RQ� QHW� UHWXUQV�� )DUPHUV� ZKR� FRQVLVWHQWO\� RYHUHVWLPDWH
SRWHQWLDO�FURS� ORVV�ZLOO�VWDQG� WR�JDLQ�PRUH� IURP�PRGHVW� LPSURYHPHQWV� LQ� WKH
DYDLODELOLW\�RI�DFFXUDWH�LQIRUPDWLRQ�

����������������������������������������
��� 5LVN�DVSHFWV�RI�IDUPHUV
�GHFLVLRQ�PDNLQJ�SURFHVV�LQ�7KDLODQG�ZHUH�PHQWLRQHG�LQ�VHFWLRQ���������



&KDSWHU����7KH�(FRQRPLFV�RI�&URS�3URWHFWLRQ ��

)LJXUH����� 7KH�2SWLPDO�/HYHO�RI�,QIRUPDWLRQ

/HYHO�RI�VSHFLILF
,QIRUPDWLRQ

3URILW
&RVWV ([SHFWHG

3URILW

3URFXUHPHQW
&RVWV�RI
,QIRUPDWLRQ

$
%

& '

(

6RXUFH� %5$1'(6�DQG�2'(1,1*������

7KH� LQFRUSRUDWLRQ� RI� LQIRUPDWLRQ� FRVWV� LQWR� HFRQRPLF� PRGHOV� RI� FURS
PDQDJHPHQW� GHFLVLRQV� LV� QRW� DV� VWUDLJKWIRUZDUG� DV� LW� PD\� DSSHDU� DW� ILUVW
JODQFH��2QH�UHDVRQ�IRU�WKLV� LV�WKH�FORVH�UHODWLRQVKLS�EHWZHHQ�LQIRUPDWLRQ�DQG
LQVWUXPHQWDO� UDWLRQDOLW\�� &RPPRQO\�� WKH� UDWLRQDOLW\� DVVXPSWLRQ�PDLQWDLQV� WKDW
VXE�RSWLPDO� GHFLVLRQV� DUH� DWWULEXWDEOH� WR� LQIRUPDWLRQ� FRQVWUDLQWV�� DQG� WKDW� LQ
WKH� SUHVHQFH� RI� SHUIHFW� LQIRUPDWLRQ� IDUPHUV� DOZD\V� PD[LPL]H� H[SHFWHG� QHW
EHQHILWV�� +RZHYHU�� LW� FDQ� EH� TXHVWLRQHG� ZKHWKHU� LQIRUPDWLRQ� FRQVWUDLQWV
DOZD\V� SURYLGH� DQ� DGHTXDWH� H[SODQDWLRQ� RI� VXE�RSWLPDO� RXWFRPHV�� /RVV
DYHUVLRQ�LV�RQH�H[DPSOH�RI�VXE�RSWLPDOLW\�WKDW�LV�LQGHSHQGHQW�RI�WKH�DYDLODELOLW\
RI�LQIRUPDWLRQ���
7KH�ODWWHU�YLHZ�LV�VXSSRUWHG�E\�WKH�VWXG\�RI�&$53(17,(5�DQG�:($9(5������E�
DQDO\]LQJ� WKH� ZD\V� LQ� ZKLFK� IDUPHUV� XVH� LQIRUPDWLRQ� UHODWLQJ� WR� SHVW
SRSXODWLRQV��7KH\�REVHUYHG�WKDW�IDUPHUV�GR�QRW�XVH�WKH�LQIRUPDWLRQ�JHQHUDWHG
GXULQJ� WKH� SURGXFWLRQ� SURFHVV� WR� XSGDWH� WKHLU� EHOLHIV� FRQFHUQLQJ� SHVW
LQIHVWDWLRQ��LQ�IDFW�WKH\�EHKDYH�UHODWLYHO\�VWDWLF�LQ�WKHLU�FURS�SURWHFWLRQ�PHWKRG
RYHU� WLPH�� $V� D� UHVXOW�� IDUPHUV� IDLO� WR� DGDSW� SHVWLFLGH� XVH� WR� DFWXDO� ILHOG
FRQGLWLRQV�� ,QIRUPDWLRQ� FDQ� EH� VXEVWLWXWHG� IRU� SHVWLFLGHV� GHSHQGLQJ� RQ� LWV
UHODWLYH�FRVWV�DQG�DYDLODELOLW\�DQG�WKH�SHUFHLYHG�XWLOLW\�RI�WKH�IDUPHU�
3($5&(� DQG� 7,1&+� ������� GHVFULEH� D� VLWXDWLRQ� ZKHUH� LPSHUIHFW� LQIRUPDWLRQ
DERXW� WKH� IXWXUH� OHDGV� ILUPV�DQG� UHJXODWRUV� WR�EH�RYHUO\�FRPIRUWDEOH�ZLWK� WKH
VWDWXV� TXR�� OHDGLQJ� WR� LQHIILFLHQWO\� ORZ� OHYHOV� RI� LQYHVWPHQW� LQ� UHVHDUFK� DQG
H[WHQVLRQ�RQ�DOWHUQDWLYHV�WR�SHVWLFLGHV�
$QRWKHU�SUREOHP�LV�WKH�TXDOLW\�RI�WKH�LQIRUPDWLRQ�DYDLODEOH��,QIRUPDWLRQ�UHODWLQJ
WR�FURS�SURWHFWLRQ�� IRU�H[DPSOH��YDULHV�VLJQLILFDQWO\�GHSHQGLQJ�RQ� WKH�VRXUFH�
����������������������������������������
��� 5HIHU�WR�VHFWLRQ�������



�� &KDSWHU����7KH�(FRQRPLFV�RI�3HVWLFLGHV�LQ�&URS�3URWHFWLRQ

3ULYDWH� FRPSDQLHV� WDUJHWLQJ� WR� LQFUHDVH� VDOHV� YROXPH� SUHVHQW� IDUPHUV� ZLWK
VSHFLILF� SURGXFW� LQIRUPDWLRQ�� SURPRWLQJ� WKH� TXDOLW\� RI� WKHLU� SURGXFWV�
*RYHUQPHQW�FURS�SURWHFWLRQ�DJHQFLHV�OLNHO\�RYHUHVWLPDWH�FURS�ORVV�LQ�RUGHU�WR
PLQLPL]H� WKH� SHUFHLYHG� VHYHUHQHVV� LI� D� SHVW� RXWEUHDN� DFWXDOO\� RFFXUV�� 6XFK
ELDVHV� LQ� WKH� LQIRUPDWLRQ� µPDUNHW¶� UDLVH� WKH� FRVWV� RI� REWDLQLQJ� DFFXUDWH� DQG
FRPSOHWH�LQIRUPDWLRQ�
7KH� GLVFXVVLRQ� VXJJHVWV� WKDW� LQIRUPDWLRQ� SOD\V� D� YLWDO� UROH� IRU� WKH� GHFLVLRQ
PDNLQJ�LQ�FURS�SURWHFWLRQ��,QIRUPDWLRQ�LV�RQH�ZD\�WR�UHGXFH�ULVN�LQ�DJULFXOWXUH
DQG� LW� LPSURYHV� GHFLVLRQ�PDNLQJ�� +RZHYHU�� DV� KDV� EHHQ� DUJXHG� LQ� WKH� ODVW
SDUDJUDSK��WKH�XVHIXOQHVV�RI�WKH�LQIRUPDWLRQ�GHSHQGV�RQ�LWV�TXDOLW\��(VSHFLDOO\
LQ� FURS� SURWHFWLRQ� ELDVHG� LQIRUPDWLRQ� RQ� FURS� ORVVHV� DQG� SHVWLFLGHV� EHQHILWV
LQIOXHQFHV�IDUPHUV
�GHFLVLRQ���
���� 5HOHYDQFH�RI�3DWK�'HSHQGHQF\�LQ�&URS�3URWHFWLRQ

�������� 5HVRXUFH�&RVWV�RI�3HVWLFLGH�8VH
$QRWKHU� IDFWRU� WKDW�KDV� WR�EH� WDNHQ� LQWR�DFFRXQW� UHIHUV� WR� WKH�VWDWXV�DQG� WKH
GHYHORSPHQW�RI�WKH�HFRV\VWHP�ZLWKLQ�ZKLFK�EHQHILFLDO�RUJDQLVPV�FDQ�VHUYH�DV
DQ�LPSRUWDQW�QDWXUDO�FRQWURO�IDFWRU��6LQFH�SHVWLFLGHV�GHVWUR\�ELRORJLFDO�FRQWURO
DJHQWV�DQG�LQGXFH�SHVWLFLGH�UHVLVWDQFH�DQG�UHVXUJHQFH��WKH�HFRQRPLFV�RI�SHVW
FRQWURO� DUH� EHVW� YLHZHG� ZLWKLQ� D� G\QDPLF� IUDPHZRUN� WKDW� LQFOXGHV� SHVWLFLGH
XVH�LQ�HDUOLHU�SHULRGV�
)LJXUH�����LOOXVWUDWHV�UHVRXUFH�FRVWV�DVVRFLDWHG�ZLWK�SHVWLFLGH�XVH��7KH�OHYHO�RI
SHVWLFLGH� XVH� WRGD\� KDV� DQ� LQIOXHQFH� RQ� WKH� VWDWXV� RI� WKH� HFRV\VWHP�� 7KH
HFRV\VWHP� LV� FKDQJLQJ� IURP� D� EDODQFHG� OLQH� RI� VXVWDLQDELOLW\� WR� D� FXUYH
LQGLFDWLQJ� WKH� H[LVWHQFH� RI� UHVLVWDQFH� DQG� UHVXUJHQFH�� 7R� SUHYHQW� D� VLPLODU
FURS� ORVV� DV� LQ� SUHYLRXV� SHULRGV� SHVWLFLGH� XVH� OHYHOV� PXVW� LQFUHDVH� RU� HOVH
PRUH�DQG�WKHUHIRUH�PRUH�H[SHQVLYH�HIIHFWLYH�SHVWLFLGHV�KDYH�WR�EH�XVHG��7KH
GLIIHUHQFH�EHWZHHQ� WKH� OHYHO�RI�SHVWLFLGH�XVH� WRGD\� �3/��DQG� WKH� OHYHO� LQ� WKH
IXWXUH��3/
��FDQ�EH�FDOOHG�WKH�UHVRXUFH�FRVWV�

����������������������������������������
��� 6HFWLRQ� �������� GLVFXVVHV� LQIRUPDWLRQ� UHJDUGLQJ� SHVWLFLGH� XVH� LQ� 7KDLODQG� ZKLOH� VHFWLRQ� �����

GLVFXVVHV�LQIRUPDWLRQ�ZLWK�UHJDUGV�WR�WDQJHULQH�SURGXFWLRQ�LQ�WKH�VXUYH\�DUHD�



&KDSWHU����7KH�(FRQRPLFV�RI�&URS�3URWHFWLRQ ��

)LJXUH����� 5HVRXUFH�&RVWV�RI�3HVWLFLGH�8VH

&XUUHQW�3HVWLFLGH
8VH�/HYHO

)XWXUH
3HVWLFLGH
8VH�/HYHO 6(

3/
3/


���(�������� �6WDWXV�RI�(FRV\VWHP
���6�������� �6XVWDLQDELOLW\�/LQH
3/
���3/� �5HVRXUFH�&RVWV

6RXUFH� EDVHG�RQ�:$,%(/�DQG�6(7%2216$51*������

%HFDXVH� SHVWLFLGHV� OHDG� WR� SHVW� UHVLVWDQFH�� SHVWLFLGH� XVH� LQ� HDUOLHU� SHULRGV
UHGXFH�WKHLU�HIIHFWLYHQHVV�LQ�ODWHU�SHULRGV��/,&+7(1%(5*�DQG�=,/%(50$1�������
DUJXH� WKDW� WKH�VWDQGDUG� FKDUDFWHUL]DWLRQ� RI� WKLV� SKHQRPHQRQ� LV� WKDW� IDUPHUV

W\SLFDO�VKRUW�UXQ�UHVSRQVH�WR�WKH�GHYHORSPHQW�RI�UHVLVWDQFH�WR�VRPH�SHVWLFLGHV
LV� WR� LQFUHDVH� XVDJH� OHYHO� DV� FRPSHQVDWLRQ� IRU� WKH� GHFUHDVH� LQ� SHVWLFLGH
SURGXFWLYLW\�� 7KXV�� DQ� HQYLURQPHQWDOO\� LQGXFHG� GHFUHDVH� LQ� SURGXFWLYLW\� RI� D
IDFWRU� ZLOO� LQFUHDVH� GHPDQG� IRU� LW�� +RZHYHU�� LI� SHVWLFLGHV� ZHUH� QHYHU� XVHG�
SRWHQWLDO�FURS�ORVV���DQG�KHQFH�UHWXUQV�WR�SHVWLFLGH�XVH���ZRXOG�EH�ORZHU��7KXV�
DQDO\VLV�RI�WKH�FRVWV�DQG�EHQHILWV�RI�SHVWLFLGH�XVH�LQ�VWDWLF�WHUPV�FRQVLVWHQWO\
OHDGV�WR�DQ�RYHUHVWLPDWLRQ�RI�WKH�EHQHILWV�RI�SHVWLFLGH�XVH�
,Q� *HUPDQ\
V� DJULFXOWXUDO� VHFWRU� LW� KDV� EHHQ� VKRZQ� WKDW� IDUPHUV
� SHVWLFLGH
H[SHQGLWXUHV�DUH�WLPH�GHSHQGHQW��L�H��WKH�OHYHO�RI�SHVWLFLGH�XVH�LQ�SULRU�SHULRGV
LV�SRVLWLYHO\�FRUUHODWHG�WR�FXUUHQW�OHYHOV�RI�XVH��:$,%(/�DQG�)/(,6&+(5��������
,Q� H[WUHPH� FDVHV� VXFK� DV� WURSLFDO� FRWWRQ� SURGXFWLRQ�� SHVW� UHVLVWDQFH� FDQ
UHQGHU�HQWLUH�FURSSLQJ�V\VWHPV�XQYLDEOH��&2:$1�DQG�*81%<��������
)LJXUH� ���� LOOXVWUDWHV� WKH� SUREOHP�� :LWK� UHSHDWHG� SHVWLFLGH� XVH�� WKH� \LHOG
GLIIHUHQFH� EHWZHHQ� WUHDWHG� DQG� XQWUHDWHG� ILHOGV� LQFUHDVHV�� <3� UHSUHVHQWV� D
SURGXFWLRQ� IXQFWLRQ� XVLQJ� SHVWLFLGHV� ZKLOH� <13� UHSUHVHQWV� WKH� SURGXFWLRQ
ZLWKRXW� SHVWLFLGHV��3HVWLFLGH�XVH� LQ� SUHYLRXV�SHULRGV� KDV� LQFUHDVHG�SRWHQWLDO
\LHOG� ORVV� DWWULEXWDEOH� WR� LQVHFW� SHVWV�� 7KLV� LQGXFHV� D� VKLIW� LQ� WKH� LQSXW� FRVW
FXUYH��$V�ORQJ�DV�WKH�GLIIHUHQFH�LQ�UHYHQXHV�LV�JUHDWHU�WKDQ�WKH�FRVW�LQFUHPHQW�
DSSOLFDWLRQ� RI� DGGLWLRQDO� SHVWLFLGHV� ZLOO� SD\� RII�� 7KXV�� SHVWLFLGH� GHSHQGHQF\



�� &KDSWHU����7KH�(FRQRPLFV�RI�3HVWLFLGHV�LQ�&URS�3URWHFWLRQ

PDNHV�LW�DSSHDU�DV�LI�WKHUH�KDV�EHHQ�DQ�LQFUHDVH�LQ�WKH�PDUJLQDO�UDWH�RI�UHWXUQ
WR�SHVWLFLGH�XVH��7KH�IDUPHU�IRFXVLQJ�RQ�VKRUW�WHUP�PD[LPL]DWLRQ�RI�SURILWV� LV
DFWLQJ�P\RSLF� DV� KH� LV� QRW� UHDOL]LQJ� RU� LJQRULQJ� ORQJ�WHUP� HIIHFWV�� 7KH� SDWK
HQWHUHG�E\�WKH�IDUPHU�FDQ�EH�FDOOHG�D�SHUPDQHQW�SDWK�GHSHQGHQFH��%5$1'(6
HW�DO���������
3HVW�UHVLVWDQFH�DQG�UHVXUJHQFH�LQFUHDVH�FRQWURO�FRVWV�DQG�FKDQJH�WKH�UHODWLYH
FRPELQDWLRQ� RI� LQSXW� IDFWRUV� LQ� IDYRU� RI� KLJKHU� OHYHOV� RI� SHVWLFLGH� XVH�� ,I
WHFKQLFDO�SURJUHVV� LV� LQFOXGHG� LQ� WKH�PRGHO� �IRU� H[DPSOH�� LQ� WKH� IRUP�RI� KLJK
\LHOGLQJ�YDULHWLHV�� WKH�SURGXFWLRQ� IXQFWLRQ�<3�VKLIWV�XSZDUGV� LQ� W���'HVSLWH� WKH
LQFUHDVLQJ�VKDUH�RI�SHVWLFLGHV�LQ�WRWDO�FRVWV��XVH�OHYHOV�ZLOO�FRQWLQXH�WR�ULVH�DV
ORQJ�DV�UHYHQXHV�LQFUHDVH�



&KDSWHU����7KH�(FRQRPLFV�RI�&URS�3URWHFWLRQ ��

)LJXUH����� &RVWV� DQG� 5HWXUQV� RI� 3HVWLFLGH� 8VH� LQ� &XUUHQW� �W��� DQG
6XEVHTXHQW�3HULRG��W��

5HWXUQV
&RVWV

,QSXW�IDFWRUV

&,�3

<3

&3�W�

&,

<13

<3�W�

<13�W�

5HWXUQV
&RVWV

,QSXW�IDFWRUV

&,�3

&3�W�

<3

<3�W�

<13

<13�W�

<3�  UHWXUQV�ZLWK�SHVWLFLGHV<13  UHWXUQV�ZLWKRXW�SHVWLFLGHV&,  FRVWV�RI�LQSXW�IDFWRUV&,�3  FRVWV�RI�LQSXW�IDFWRUV�DQG�SHVWLFLGHV<3��W����<13��W����<3��W����<13��W�
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W�



�� &KDSWHU����7KH�(FRQRPLFV�RI�3HVWLFLGHV�LQ�&URS�3URWHFWLRQ

�������� 7KH�&RQFHSW�RI�3DWK�'HSHQGHQF\�LQ�5HODWLRQ�WR�3HVWLFLGH�8VH
3DWK�GHSHQGHQF\�SURYLGHV�DQ�H[SODQDWLRQ�IRU�HFRQRPLF�V\VWHPV�WKDW�VWDELOL]H
DW� GLIIHUHQW� HTXLOLEULD� EHFDXVH� RI� SDVW� GHYHORSPHQW� SDWKV� �%5$1'(6� HW� DO��
������� ,Q� D� SDWK�GHSHQGHQW� HFRQRPLF� VHFWRU� LW� LV� OLNHO\� WKDW� LQIHULRU
WHFKQRORJLFDO� VWDQGDUGV� RU� VWUXFWXUHV� GRPLQDWH� �%$/0$11� DQG�+,/%,*�� ������
$57+85� �������� )$5(//� DQG� 6$/21(5� ������� DQG� .$7=� DQG� 6+$3,52� ������
GHYHORSHG� PRGHOV� LQ� ZKLFK� HYHU\� DJHQW� DFWV� UDWLRQDOO\�� \HW� DQ� LQIHULRU
WHFKQRORJ\�GRPLQDWHV�WKH�PDUNHW��&2:$1���������5HFHQW�VWXGLHV�VKRZHG�WKDW
WKH� SKHQRPHQRQ� RI� SDWK�GHSHQGHQF\� DOVR� DSSOLHV� WR� WKH� DJULFXOWXUDO� VHFWRU
�%$/0$11�� ������ %5$1'(6�� ������ &2:$1� DQG�*81%<�� ������� 'HFLVLYH� IRU� D

ORFNHG�LQ
�VLWXDWLRQ� LV� WKDW� WKH�FRVWV�RI�FKDQJLQJ� WR�DQRWKHU�V\VWHP�DUH�KLJK�
7KH� H[LVWHQFH� RI� VXQN� FRVWV�� LQFUHDVLQJ� UHWXUQV� WR� VFDOH� DQG� QHWZRUN
H[WHUQDOLWLHV�DUH�JHQHUDOO\�UHJDUGHG�DV�UHDVRQV�IRU�SDWK�GHSHQGHQF\���
6XQN� FRVWV�� H�J�� IRU� WKH� LQWURGXFWLRQ� RI� D� QHZ� WHFKQRORJ\�� FDQ� UHVXOW� LQ
WHPSRUDU\�SDWK�GHSHQGHQF\�DV�WKH�FRVWV�LQYROYHG�DUH�LQFXUUHG�LQ�WKH�SDVW�DQG
FDQ�QR�ORQJHU�EH�UHJDLQHG��$GMXVWPHQWV�ZLOO�RQO\�WDNH�SODFH�LQ�WKH�ORQJ�UXQ��L�H�
ZKHQ� WKH� DVVHW� KDV� WR� EH� UHSODFHG�� ,QFUHDVLQJ� UHWXUQV� WR� VFDOH� LQGXFH
SRVLWLYH� VWUHQJWKHQLQJ� RI� WKH� RSWLRQ� FKRVHQ�� ,Q� WKH� FDVH� RI� DJULFXOWXUDO
SURGXFWLRQ�5(,&+(/'(5)(5��������QDPHV�WZR�VRXUFHV�RI�LQFUHDVLQJ�UHWXUQV�WR
VFDOH��)LUVW�� WKH�PDMRULW\�RI� WRWDO�FRVWV�DUH�IL[HG�FRVWV�DQG�WKH� IL[HG�FRVWV�SHU
XQLW� RI� RXWSXW� IDOO� DV� WKH� VL]H� RI� WKH� IDFLOLW\� LQFUHDVHV�� 6HFRQG�� WKHUH� ZLOO� EH
SD\RIIV� WR�JDLQLQJ�H[SHULHQFH� LQ� WKH�SURGXFWLRQ�SURFHVV��'26,� �������DUJXHV
WKDW�WKH�YHU\�SRVVLELOLW\�WKDW�DJHQWV�FDQ�REWDLQ�QHZ�LQIRUPDWLRQ�DQG�NQRZOHGJH
WKURXJK�WKHLU�RZQ�DFWLRQV�DOUHDG\�LPSOLHV�VRPH�IRUP�RI�LQFUHDVLQJ�UHWXUQV�
1HWZRUN� H[WHUQDOLWLHV� DUH� SRVLWLYH� IHHG�EDFNV� EHWZHHQ� SDUWV� RI� D� V\VWHP
LQGXFHG� WKURXJK� LQWHUDFWLRQV���� ,Q� WKH� FDVH� RI� FURS� SURWHFWLRQ�� QHWZRUN
H[WHUQDOLWLHV� H[LVW� H�J�� GXH� WR� WKH� LPSRUWDQFH� RI� LQIRUPDWLRQ� IURP� RWKHU
DGRSWHUV�� WKH� WHFKQRORJ\� LWVHOI� FDXVLQJ� H[WHUQDOLWLHV� WR� RWKHU� XVHUV� DQG� QRQ�

����������������������������������������
��� $FFRUGLQJ� WR� %$/0$11� ������� D� G\QDPLF� V\VWHP� FDQ� EH� FDOOHG� SDWK�GHSHQGHQW� LI� LW� �L�� PRYHV

WRZDUGV�D�ORFDO�RSWLPXP�HLWKHU�LQ�GHSHQGHQFH�RI�LWV�VWDUWLQJ�SRLQW�RU�GXH�WR�H[RJHQRXV�IDFWRUV�DQG
�LL�� WKH� V\VWHP� LV� QRW� DEOH� WR� OHDYH� WKH� ORFDO� RSWLPXP� WRZDUGV� D� JOREDO� RSWLPXP� RYHU� D� ORQJHU
SHULRG�

��� .$7=�DQG�6+$3,52� �������GHILQH�QHWZRUN�H[WHUQDOLWLHV�VXFK�WKDW� WKH�XWLOLW\�RI�D�XVHU�GHULYLQJ� IURP
FRQVXPSWLRQ�RI�WKH�JRRG�LV�LQFUHDVLQJ�ZLWK�WKH�QXPEHU�RI�RWKHU�DJHQWV�FRQVXPLQJ�WKH�JRRG��7KLV
FDQ�EH�DGDSWHG�WR�RWKHU�H[WHUQDOLWLHV�H�J��WKDW�SURGXFW�LQIRUPDWLRQ�LV�PRUH�HDVLO\�DYDLODEOH�IRU�PRUH
SRSXODU� EUDQGV� RU� WKDW� WKH�PDUNHW� VKDUH� RI� D� SURGXFW�PD\� VHUYH� DV� D� VLJQDO� RI� SURGXFW� TXDOLW\�
/,(%2:,7=� DQG�0$5*2/,6� ������� XVH� WKH� WHUP� QHWZRUN� H[WHUQDOLW\� IRU� D� VSHFLILF� NLQG� RI� QHWZRUN
HIIHFW�LQ�ZKLFK�WKH�HTXLOLEULXP�H[KLELWV�XQH[SORLWHG�JDLQV�IURP�WUDGH�UHJDUGLQJ�QHWZRUN�SDUWLFLSDWLRQ�
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XVHUV�DQG�LQFUHDVLQJ�SD\RIIV�LI�WKH�WHFKQRORJ\�LV�DGRSWHG�E\�DOO�IDUPHUV�RI�DQ
DUHD�VLPXOWDQHRXVO\�
&2:$1�DQG�*81%<����������VWDWH�WKDW�V\VWHPV�RSHUDWLQJ�XQGHU�WKH�DVSHFWV�RI
WHFKQRORJLFDO� H[WHUQDOLWLHV�� OHDUQLQJ� DQG� XQFHUWDLQW\� UHGXFWLRQ� VKDUH� WKUHH
IHDWXUHV�� �L�� SDWK�GHSHQGHQF\�� LQ� WKH� VHQVH� WKDW� ORQJ�UXQ� HTXLOLEULXP� FDQ� EH
FKDQJHG�E\�KLVWRULFDO�HYHQWV�DORQJ�WKH�SDWK�WR�LW���LL��LQIOH[LELOLW\��LQ�WKDW�GXULQJ
WKH� SURFHVV� WKH� DELOLW\� WR� DIIHFW� WKH� ILQDO� RXWFRPH� GHFUHDVHV� DQG� �LLL�� WKH
SRVVLELOLW\� RI� UHPDLQLQJ� LQ� D� WHFKQRORJ\� WKDW� GRHV� QRW� SURYLGH� PD[LPXP
SD\RIIV�
&2:$1� ������� JLYHV� DQ� H[DPSOH� RI� WHFKQRORJ\� FKRLFH� ZLWKRXW� XQFHUWDLQW\�
$VVXPH� WKDW� WZR� WHFKQRORJLHV�� $� DQG� %�� DUH� DYDLODEOH� WR� SHUIRUP� WKH� VDPH
WDVN�� DQG� ERWK� DUH� VXEMHFW� WR� LQFUHDVLQJ� UHWXUQV� WR� DGRSWLRQ�� 7KH� VRXUFH� RI
LQFUHDVLQJ� UHWXUQV� LQ� WKLV� FDVH� LV� OHDUQLQJ�� VR� WKH� QHW� EHQHILW� RI� WKH� QH[W
DGRSWHU� LQFUHDVHV� ZLWK� WKH� QXPEHU� RI� SUHYLRXV� DGRSWHUV� RI� WKH� WHFKQRORJ\�
(DFK� SHULRG� RQH� FRQVXPHU� DGRSWV� RQH� RI� WKH� WHFKQRORJLHV�� +LV� GHFLVLRQ� LV
LUUHYRFDEOH�� +H� UHFHLYHV� D� SD\RII� GHILQHG� DV� WKH� SUHVHQW� YDOXH� RI� WKH� QHW
EHQHILW� RI� KLV� XVH� RI� WKH� WHFKQRORJ\�� $VVXPLQJ� WKDW� WKH� ILUVW� DGRSWHU� LQ� WKH
PDUNHW�ZLOO�DGRSW�WHFKQRORJ\�$��7KH�VHFRQG�DGRSWHU�ZLOO�HLWKHU�EH�WKH�VHFRQG
DGRSWHU�RI�WHFKQRORJ\�$�RU�WKH�ILUVW�DGRSWHU�RI�WHFKQRORJ\�%��,QFUHDVLQJ�UHWXUQV
WR�DGRSWLRQ�LPSO\�WKDW� WKH�VHFRQG�DGRSWHU�SUHIHUV� WHFKQRORJ\�$��$OO�DGRSWHUV�
WKHUHIRUH��FKRRVH�WKH�VDPH�WHFKQRORJ\��EHFDXVH�RI�D�KLJKHU�LQLWLDO�SD\RII��7KH
JRYHUQPHQW�FDQ� LQWHUYHQH� LQ� WKLV�SURFHVV�E\�VXEVLGL]LQJ�RQH� WHFKQRORJ\�DQG
WKHUHE\�LQFUHDVLQJ�LWV�SD\RII��7KLV�VLPSOH�PRGHO�FDQ�EH�VSHFLILHG�E\�ORRNLQJ�DW
WHFKQRORJLHV�ZLWKRXW�FHUWDLQ�SD\RIIV��$57+85��������FRQFOXGHV�WKDW�LQ�WKH�FDVH
RI� LQFUHDVLQJ� UHWXUQV� WKHUH� LV� QR� JXDUDQWHH� WKDW� WKH� VXSHULRU� WHFKQRORJ\� ZLOO
GRPLQDWH�WKH�PDUNHW��$�WHFKQRORJ\��WKDW�JDLQV�DQ�HDUO\�OHDG�LQ�DGRSWLRQ��PD\
HYHQWXDOO\� GRPLQDWH� WKH� PDUNHW� RI� SRWHQWLDO� DGRSWHUV� ZLWK� WKH� RWKHU
WHFKQRORJLHV�EHFRPLQJ�ORFNHG�RXW��7KLV�H[DPSOH�RI�WHFKQRORJ\�FKRLFH�DSSOLHV
DOVR� WR� FURS� SURWHFWLRQ� PHWKRGV�� 7KH� IDUPHU� FDQ� FKRRVH� EHWZHHQ� GLIIHUHQW
WHFKQRORJLHV�� EURDGO\� WKLV� FDQ� EH� OLPLWHG� WR� WZR� RSWLRQV�� WKH� DSSOLFDWLRQ� RI
SHVWLFLGHV�DQG� LQFOXVLRQ� RI� FURS�SURWHFWLRQ�DOWHUQDWLYHV�� ,QFUHDVLQJ� UHWXUQV� WR
DGRSWLRQ� H[LVW� IRU� WKH� FKHPLFDO� FURS� SURWHFWLRQ� WHFKQRORJ\� GXH� WR� LWV� VWURQJ
SURPRWLRQ�� %$/0$11� ������� SRLQWV� RXW� WKDW� WKHUH� H[LVWV� DGGLWLRQDO� SDWK�
GHSHQGHQFH�LQ�WKH�VHOHFWLRQ�RI�UHVHDUFK�IRFL�DV�ZHOO�DV�LQ�WKH�GHYHORSPHQW�RI
QHZ�WHFKQRORJLHV��+RZ�D�VHFWRU�PD\�GHYHORS�LV�GHSHQGHQW�RQ�WKH�QXPEHU�RI

����������������������������������������
��� 6HH�DOVR�$57+85��������S������
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ILUPV�DFFHSWLQJ�WKH�UHVHDUFK�ULVNV�DQG�ZKLFK�DGYDQWDJHV�RU�GLVDGYDQWDJHV�DUH
LQYROYHG�LQ�WKH�GHYHORSPHQW�RI�QHZ�WHFKQRORJLHV�
3D\RIIV� RI� WKH� GLIIHUHQW� WHFKQRORJLHV� DUH� RQO\� SDUWO\� NQRZQ� DQG� GLIIHUHQFHV
EHWZHHQ�NQRZOHGJH�OHYHOV�GR�H[LVW�GXH�WR�XQEDODQFHG�NQRZOHGJH�JDLQV�LQ�WKH
WHFKQRORJLFDO�FKRLFHV�DQG�GXH�WR�GLIIHULQJ�DYDLODELOLW\�RI�WKH�WHFKQRORJLHV�RYHU
WLPH��:KHQ�WKH�DGRSWLRQ�SURFHVV�EHJLQV��WKH�EHQHILWV�RI�WKH�WHFKQRORJLHV�DUH
QRW�NQRZQ��7KH�V\VWHP�FDQ�QRZ�ORFN�LQWR�RQH�WHFKQRORJ\�GXH�WR�UHGXFWLRQ�LQ
XQFHUWDLQW\�RU� GXH� WR� WKH� IDFW� WKDW� RQH� WHFKQRORJ\�ZDV�HDUOLHU� SUHVHQW� LQ� WKH
PDUNHW��7KH� 
SRVVLEO\� LQIHULRU� WHFKQRORJ\
� WR�EH� FKRVHQ� UHTXLUHV� ILUVW� WKDW� WKH
HVWLPDWHV�RI� WKH�EHQHILWV�RI� WKH� 
SRVVLEO\�VXSHULRU� WHFKQRORJ\
�DUH� ORZ�� ,W�PD\
RFFXU�WKDW�WKH�LQIHULRU�WHFKQRORJ\�ZLOO�FRQWLQXH�WR�EH�XVHG�DQG�EHOLHIV�DERXW�LW
ZLOO�EH�WDNHQ�DV�WUXWK��%HFDXVH�WKH�VXSHULRU�WHFKQRORJ\�LV�QRW�EHLQJ�XVHG��WKH
DVVXPSWLRQV� DERXW� LW� GR� QRW� FKDQJH� �&2:$1�� ������ DQG� UHVHDUFK� IRFXV
WDUJHWHG� WRZDUGV� WKH� 
SRVVLEO\� LQIHULRU� WHFKQRORJ\
� GRHV� QRW� KHOS� WR� FKDQJH
WKRVH�DVVXPSWLRQV��7KH�ZLQQLQJ�SDWK�RI�D�
SRVVLEO\�LQIHULRU�WHFKQRORJ\
�FDQ�EH
DSSOLHG�WR�FURS�SURWHFWLRQ��&KHPLFDO�FURS�SURWHFWLRQ��ZKLFK�KDV�EHHQ�SURPRWHG
IRU�D�ORQJ�WLPH��KDV�DQ�LQIRUPDWLRQ�DGYDQWDJH�RYHU�DOWHUQDWLYH�WHFKQRORJLHV��$V
WKH� QHJDWLYH� LPSOLFDWLRQV� RI� WKLV� WHFKQRORJ\� DSSHDUHG� ZLWK� D� WLPH�ODJ�� WKH
WHFKQRORJ\�FKRLFH�ZDV�DOUHDG\�VHW�DQG�GLVFUHSDQFLHV�EHWZHHQ�FKHPLFDO�FURS
SURWHFWLRQ�DQG�DOWHUQDWLYHV� �L�H��,QWHJUDWHG�3HVW�0DQDJHPHQW�� ,30���� VHHPHG
WR� EH� H[WUHPHO\� ODUJH�� $V� RWKHU� PHWKRGV� KDYH� QRW� EHHQ� XVHG� LQWHQVLYHO\
DVVXPSWLRQV� DERXW� WKHLU� EHQHILWV� FRXOG� QRW� FKDQJH�� :KLOH� FKHPLFDO� FURS
SURWHFWLRQ�XQGHUZHQW�FRQWLQXRXV� LPSURYHPHQW��RWKHU�PHWKRGV�KDYH�QRW�EHHQ
GHYHORSHG�DFFRUGLQJO\��2QH�FDQ��WKHUHIRUH��VSHDN�RI�D�SDWK�GHSHQGHQF\�LQ�WKH
SROLWLFDO�DQG�LQVWLWXWLRQDO�GLPHQVLRQ�RI�FKHPLFDO�FURS�SURWHFWLRQ���
$QRWKHU� DVSHFW� WR� LQFUHDVH� WKH� SUREDELOLW\� WR� EHFRPH� ORFNHG�LQ� WR� RQH
WHFKQRORJ\�DUH�LQFUHDVLQJ�UHWXUQV��7KH�LQIHULRU�WHFKQRORJ\�RQO\�KDV�WR�EH�XVHG
XQWLO� LW�JDLQV�DQ�DGYDQWDJH� LQ�JDLQHG�NQRZOHGJH��7KH�VWURQJHU� WKH� LQFUHDVLQJ
UHWXUQV�DUH�WKH�HDVLHU�WKH�NQRZOHGJH�JDLQ�LV�UHDFKHG��7KLV�DOVR�DSSOLHV�WR�WKH
FURS� SURWHFWLRQ� LVVXH�� 7KHUH� LV� XQFHUWDLQW\� DERXW� WKH� H[DFW� EHQHILWV� RI
VZLWFKLQJ�WR�,30�PHDVXUHV�DQG�WKH�OHDUQLQJ�OHDG�RI�FKHPLFDO�FURS�SURWHFWLRQ�LV

����������������������������������������
��� ,QWHJUDWHG� 3HVW� 0DQDJHPHQW� ZLOO� EH� XVHG� LQ� WKH� IROORZLQJ� WR� GHVFULEH� FURS� SURWHFWLRQ� PHWKRGV

LQFOXGLQJ�QRQ�FKHPLFDO� FRQWURO�PHDVXUHV��:$,%(/�DQG�=$'2.6� �������S�����GHILQH� ,30�DV�D� FURS
SURWHFWLRQ�V\VWHP�ZKLFK�LV�EDVHG�RQ�UDWLRQDO�DQG�XQELDVHG�LQIRUPDWLRQ�OHDGLQJ�WR�D�EDODQFH�RI�QRQ�
FKHPLFDO�DQG�FKHPLFDO�FRPSRQHQWV�PRYLQJ�SHVWLFLGH�XVH�OHYHOV�DZD\�IURP�WKHLU�SUHVHQW�SROLWLFDO�WR
D�VRFLDO�RSWLPXP�GHILQHG�LQ�WKH�FRQWH[W�RI�ZHOIDUH�HFRQRPLFV�

��� 6HFWLRQV������� DQG�������GLVFXVV�SROLWLFDO� DQG� LQVWLWXWLRQDO� DWWHQWLRQ�FKHPLFDO� FURS�SURWHFWLRQ�KDV
JDLQHG�LQ�7KDLODQG�
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H[WUHPHO\� ODUJH� �� QRW� DW� OHDVW� GXH� WR� VWURQJ� SROLWLFDO� SURPRWLRQ�� &2:$1� DQG
*81%<��������S�������SURSRVH�WKDW

�WKH� WKHRUHWLFDO� OLWHUDWXUH� SUHGLFWV� WKDW� XQGHU� WKHVH� FLUFXPVWDQFHV[LQFUHDVLQJ� UHWXUQV]� WKH� KLVWRU\� RI� SHVW� FRQWURO� VKRXOG� FRQWDLQ� LPSRUWDQWNH\�HYHQWV�WKDW�VKLIW�WKH�SURFHVV�RQWR�RQH�RU�DQRWKHU�SDWK�� ,W�VKRXOG�DOVREH� WUXH�DV� WKH�SURFHVV�GHYHORSV�� WKH�FKRVHQ�SDWK�EHFRPHV�HQWUHQFKHG�DQG� LW� EHFRPHV� GLIILFXOW� WR� FKDQJH� WKH� V\VWHP� WR� DQRWKHU� WHFKQRORJ\�)LQDOO\�� WKH� WKHRU\� SUHVHQWV� WKH� SRVVLELOLW\�� WKDW� KDG� WKH� GRPLQDQWWHFKQRORJ\�EHHQ�GLVFDUGHG�HDUOLHU�RQ��DQG�WKH�RWKHU�GHYHORSHG��DJJUHJDWHSD\RIIV�WR�XVHUV�ZRXOG�EH�KLJKHU��

,Q�DGGLWLRQ��LQ�WKH�FDVH�RI�FURS�SURWHFWLRQ�PRUH�DVSHFWV�WKDQ�LQFUHDVLQJ�UHWXUQV
DQG� XQFHUWDLQW\� EHWZHHQ� WHFKQRORJ\� FKRLFHV� DUH� RI� LPSRUWDQFH�� 7KH
WHFKQRORJLHV�WKHPVHOYHV�GR�LQIOXHQFH�WKH�V\VWHP��DQG�WKHUHIRUH�WKH�FKRLFH�RI
WKH� IDUPHU� LQ� RQH� SHULRG� LV� QRW� XQDIIHFWHG� E\� FKRLFHV� LQ� SUHYLRXV� SHULRGV�
)XUWKHUPRUH�� XQFHUWDLQW\� LV� DOVR� UHODWHG� WR� FOLPDWLFDO� FRQGLWLRQV� LQ� VSHFLILF
\HDUV��$� WHFKQRORJ\�ZKLFK�PDNHV� LW� SRVVLEOH� WR� UHDFW� LPPHGLDWHO\� WR�SHVW� RU
GLVHDVH� RXWEUHDNV� DSSHDUV� SUHIHUDEOH�� <HW�� WKHVH� RXWEUHDNV� VRPHWLPHV� DUH
UHVXOWV�RI�WKH�WHFKQRORJ\�FKRLFH�LWVHOI��L�H��SHVW�UHVXUJHQFH��
,W�KDV�EHHQ�GLVFXVVHG� IURP�D� WKHRUHWLFDO�SRLQW�RI� YLHZ� WKDW� SDWK�GHSHQGHQF\
SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH� GHYHORSPHQW� RI� FURS� SURWHFWLRQ�PHWKRGV� DQG
FXUUHQW�SUHYDOHQFH�RI�FKHPLFDO�FURS�SURWHFWLRQ��3DWK�GHSHQGHQF\�FDQ�H[LVW�RQ
VHYHUDO� OHYHOV��RQ� WKH� IDUP� OHYHO�� LQ�PDUNHWLQJ�FKDQQHOV�� WKH� LQVWLWXWLRQDO� DQG
RUJDQL]DWLRQDO� IUDPHZRUN� DQG� SROLWLFDO� SULRULWLHV�� 7KHLU� UROH� LQ� WKH� KLVWRULFDO
GHYHORSPHQW� RI� FURS� SURWHFWLRQ� VLWXDWLRQ�� SROLFLHV�� UHVHDUFK� DQG� IDUP� OHYHO
RULHQWDWLRQ�FDQQRW�EH�XQGHUHVWLPDWHG��,W�LV�VXJJHVWHG�WKDW�SDWK�GHSHQGHQF\�LV
D� UHOHYDQW� FRQFHSW� WR� H[SODLQ� WKH� GHYHORSPHQW� RI� SHVWLFLGH� XVH� LQ� FLWUXV� LQ
7KDLODQG��7KH�VXUYH\�GDWD�ZLOO��WKHUHIRUH��EH�DQDO\]HG�UHJDUGLQJ�LQGLFDWRUV�IRU
WKH�H[LVWHQFH�RI�SDWK�GHSHQGHQF\���
���� (FRQRPLFV�RI�3HVWLFLGHV�LQ�3HUHQQLDO�&URSV
������ 3URGXFWLRQ�$VSHFWV
%HVLGH� WKH� VSHFLDOWLHV� RI� HVWLPDWLQJ� SHVWLFLGH� SURGXFWLYLW\�� SHVWLFLGH� XVH� DQG
RWKHU� FURS� SURWHFWLRQ� PHDVXUHV� LQ� SHUHQQLDO� FURSV� GLIIHU� LQ� WKUHH� DVSHFWV�

����������������������������������������
��� ,Q� FKDSWHU��� SDWK�GHSHQGHQF\� DVSHFWV� KDYH� EHHQ� GHVFULEHG� RQ� WKH� SROLWLFDO� DQG� RUJDQL]DWLRQDO

OHYHO��ZKLOH�VHFWLRQ�����IRFXVHV�RQ�WKHLU�DQDO\VLV�LQ�FLWUXV�SURGXFWLRQ�
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FXOWLYDWLRQ� DVSHFWV�� DVSHFWV� RI� WHFKQRORJLFDO� FKDQJH� DQG� QDWXUH� RI� FURS
ORVVHV���
&RPPHUFLDO� SURGXFWLRQ� RI� SHUHQQLDO� FURSV� LV� RIWHQ� GRQH� LQ� PRQRFXOWXUH
V\VWHPV�� 3HVW� SUHVVXUH� LQ� PRQRFXOWXUDO� FXOWLYDWLRQ� FDQ� EH� UHJDUGHG� DV
JHQHUDOO\� KLJKHU� WKDQ� LQ� PL[HG� FURSSLQJ� V\VWHPV�� 0RQRFXOWXUDO� SHUHQQLDO
V\VWHPV��WKHUHIRUH��WHQG�WR�KDYH�D�KLJK�H[WHUQDO�LQSXWV�GHPDQG��7KH�SHUHQQLDO
QDWXUH� RI� WKH� FURS� LQFUHDVHV� IXUWKHU� WKH� OLNHOLKRRG� RI� PRUH� VXVFHSWLELOLW\� WR
SHVWV�DQG�GLVHDVHV�DV�OLWWOH�FURSSLQJ�FKDQJH�LV�SRVVLEOH�IRU�D�SHULRG�RI�DW�OHDVW
ILIWHHQ� \HDUV�� 1RUPDOO\�� HYHQ� DIWHU� RQH� FURSSLQJ� F\FOH� WKH� VDPH� DUHDV� DUH
UHSODQWHG� ZLWK� WKH� SHUHQQLDO� FURS� WKXV� VWHDGLO\� LQFUHDVLQJ� GHJUDGDWLRQ� RI
QDWXUDO� FRQGLWLRQV�� 7KH� SURGXFWLRQ� RI� SHUHQQLDO� FURSV� UHTXLUHV� VSHFLDO
NQRZOHGJH�� &XOWLYDWLRQ� PLVWDNHV� RI� RQH� \HDU� PD\� KDYH� QHJDWLYH� UHVXOWV� IRU
VHYHUDO� IROORZLQJ� FURSSLQJ� \HDUV� �H�J�� WKH� JUHHQLQJ� GLVHDVH� DQG� LWV� SRVVLEOH
FRQWURO�WKURXJK�SURSHU�RUFKDUG�PDLQWHQDQFH��
7KH� FXOWLYDWLRQ� RI� SHUHQQLDO� FURSV� RIWHQ� WDNHV� SODFH� RQ� KLJK� LQWHQVLILFDWLRQ
OHYHOV��,QWHQVLILFDWLRQ�LQ�PD[LPL]LQJ�WKH�DPRXQW�KDUYHVWHG�SHU�\HDU�DV�ZHOO�DV
WKH�QXPEHU�RI�KDUYHVWV�SHU�\HDU��$V�LQ�WURSLFDO�UHJLRQV�WKH�SURGXFWLRQ�F\FOH�RI
YDULRXV� FURSV� LV� QRW� GHWHUPLQHG� E\� D� ORZ� WHPSHUDWXUH� VHDVRQ�� FURSV� ZKLFK
QDWXUDOO\�DOORZ�PRUH�WKDQ�RQH�KDUYHVW�SHU�\HDU��DV�IRU�H[DPSOH�WDQJHULQHV��DUH
SXVKHG�WRZDUGV�PXOWLSOH�KDUYHVWV��:LWK�DQ�RYHUDOO�PRUH� LQWHQVLYH�SURGXFWLRQ�
WKH� OHYHO� RI� SHVWLFLGH� XVH� LV� OLNHO\� WR� DOVR� LQFUHDVH� WR� DFFRPPRGDWH�PXOWLSOH
KDUYHVWV�
6HYHUDO�DVSHFWV�RI�WKH�SURGXFWLRQ�RI�SHUHQQLDO�FURSV�UHTXLUH�JRRG�NQRZOHGJH
RI� WKH� SURGXFWLRQ� V\VWHP� DQG� SURGXFWLRQ� SRVVLELOLWLHV�� +RZHYHU�� SHUHQQLDO
FURSV� DUH� RIWHQ� SODQWDWLRQ� FURSV� DQG� DUH� FXOWLYDWHG� ZLWK� D� KLJK� QXPEHU� RI
ODERUHUV�� 7KH� IDUPHU� KLPVHOI�� OLNHO\� WR� KDYH� DFFHVV� WR� LQIRUPDWLRQ� DQG
NQRZOHGJH�� LV�PRVWO\� QRW� WKH� SHUVRQ� FRQGXFWLQJ� WKH� ZRUN� RQ� WKH� SODQWDWLRQ�
7KXV�� URXWLQH� VSUD\LQJ� RI� FKHPLFDO� SHVWLFLGHV� EHFRPHV� DQ� HDV\� PHWKRG� RI
SHVW� FRQWURO�� ,W� LV� HDV\� WR� PRQLWRU� DQG� LW� LV� HDV\� WR� DGYLVH� WR� IDUP� ZRUNHUV�
2WKHU�FURS�SURWHFWLRQ�PHWKRGV�ZRXOG�UHTXLUH�PXFK�KLJKHU�LQSXWV�LQ�PRQLWRULQJ
DQG�H[SODLQLQJ�E\� WKH� IDUPHU��$V�SHVW�SUREOHPV�RFFXU�DOO� \HDU� URXQG�� URXWLQH
VSUD\LQJ� EHFRPHV� DQ� HDV\�PHWKRG� RI� FURS� SURWHFWLRQ�� &DOHQGDU� VSUD\LQJ� LV
HDV\� DQG� FDQ� EH� GRQH� E\� IDUP� ZRUNHUV� ZKLOH� SHVW� PRQLWRULQJ� DQG
FRQVLGHUDWLRQ�RI�WKH�VSHFLDO�SHVW�VLWXDWLRQ�UHTXLUHV�PRUH�NQRZOHGJH��GHSHQGV
RQ�WKH�IDUPHU�KLPVHOI�DQG�LV�PRUH�WLPH�FRQVXPLQJ��$V�RIWHQ�WKH�IDUP�ZRUNHUV
����������������������������������������
��� 7KLV�VHFWLRQ� WDNHV�VWURQJ� UHIHUHQFH� WR� WKH� WDQJHULQH�SURGXFWLRQ� V\VWHP�REVHUYHG� LQ�7KDLODQG�� ,W�

WKHUHIRUH��GRHV�QRW�FODLP�WR�EH�DSSOLFDEOH�IRU�DOO�SHUHQQLDOV�SURGXFHG�LQ�PRQRFXOWXUH�
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DUH�VHDVRQDO�ZRUNHUV��WKH�LQFRUSRUDWLRQ�RI�RWKHU�WKDQ�FKHPLFDO�FURS�SURWHFWLRQ
PHWKRGV�LQFRUSRUDWHV�KLJKHU�LQIRUPDWLRQ�FRVWV�WR�WKH�IDUPHU�DV�KH�PLJKW�KDYH
WR�DGYLVH�VHYHUDO�SHUVRQV�DQG�FDQQRW�QHFHVVDULO\�UHO\�RQ�NQRZOHGJH�JDLQV�
$PRQJ�WKH�DVSHFWV�RI�WHFKQRORJLFDO�FKDQJH�WKHUH�LV�WKH�VKRUW�WR�PHGLXP�WHUP
ORFNHG�LQ� D� IL[HG� SURGXFWLRQ� V\VWHP�� 3URGXFWLRQ� V\VWHP� GHILQHV� WKH� SODQWLQJ
PDWHULDO� DQG� SODQWLQJ�GLVWDQFHV�DV�ZHOO� DV� WKH� OD\�RXW� RI� WKH�SURGXFWLRQ� VLWH�
2QFH�KDYLQJ�VWDUWHG�ZLWK�SODQWLQJ�WKH�SHUHQQLDO�FURS��WKH�IDUPHU�XVXDOO\�VWLFNV
WR� WKH�FKRVHQ�V\VWHP�RI�SURGXFWLRQ� IRU� WKH�QH[W�GHFDGH��7KHUHIRUH��D� IDUPHU
SURGXFLQJ� SHUHQQLDO� FURSV� LV� QRW� DV� IOH[LEOH� DV� IDUPHUV� ZLWK� DQQXDO� FURSV�
,PSURYHPHQWV� LQ� SODQWLQJ�PDWHULDO�� QHZ� UHVHDUFK� ILQGLQJV� RU� QHZ� SURGXFWLRQ
WHFKQRORJLHV� FDQ� RQO\� EH� DGDSWHG� ZLWK� D� WLPH�ODJ�� )OH[LELOLW\� ZLWKLQ� WKH
FXOWLYDWLRQ� SHULRG� LV� ORZ�� 1R� VKLIW� WR� RWKHU� FURSV� LV� SRVVLEOH� LI� SURGXFWLRQ
SUREOHPV�EHFRPH�VHYHUH��7KLV�WHPSRUDOO\�UHPDLQLQJ�LQ�WKH�SURGXFWLRQDO�VHW�XS
GUDZV� DWWHQWLRQ� WR� WKH� YDULDEOH� LQSXWV�� 3UREOHP� VROYLQJ� VWUDWHJLHV� DUH�� WR� D
PXFK�KLJKHU�GHJUHH�UHODWHG�WR�YDULDEOH�LQSXWV��HVSHFLDOO\�SHVWLFLGHV�
3HVW� SUHVVXUH� LV� EHOLHYHG� WR� EH� PDLQO\� FRQWUROOHG� E\� WKH� XVH� RI� FKHPLFDO
SHVWLFLGHV�� +HUH�� QHZ� WHFKQRORJLHV� FDQ� EH� HDVLO\� DGDSWHG� DQG� WKH� XVH� RI
FKHPLFDO� SHVWLFLGHV� DSSHDUV� WR� EH� D� TXLFN� VKRUW�WHUP� VROXWLRQ� IRU� WKH
RFFXUUHQFH�RI�SHVWV�DQG�GLVHDVHV��$GMXVWPHQWV�RI� WKH�SURGXFWLRQ�V\VWHP�DUH
PRVW� OLNHO\� RQO\� WDNLQJ� SODFH� LI� SURGXFWLRQ� EHFRPHV� LPSRVVLEOH�� 7KLV
SKHQRPHQRQ� KDV� EHHQ� GHVFULEHG� E\� &2:$1� DQG� *81%<� ������� IRU� WKH
GHYHORSPHQW�RI�WKH�FLWUXV�VHFWRU�LQ�,VUDHO�
������ 3URGXFWLYLW\�$VSHFWV
*HQHUDOO\��WKH�SURGXFWLYLW\�RI�D�V\VWHP��3��FDQ�EH�H[SUHVVHG�DV�D�IXQFWLRQ�RI
QDWXUDO�DQG�FOLPDWLFDO�FRQGLWLRQV��1&��DV�ZHOO�DV�D�VHW�RI�LQSXW�IDFWRUV��,��DQG
PDQDJHPHQW�VWUDWHJLHV��06���7KH�GHPDQG� IRU�SHVWLFLGHV��3'�� LV�GHWHUPLQHG
E\� WKH� RXWSXW� SURGXFWLYLW\� LWVHOI�� WKH� PDQDJHPHQW� V\VWHP� FKRVHQ�� WKH� SHVW
GHQVLW\��3(���WKH�IDUPHU
V�DVVHVVPHQW�RI�EHQHILWV��3$��DV�ZHOO�DV�WKH�SHVWLFLGH
SROLF\� GLUHFWLRQV� �33��� 7KH� FRQFHSW� RI� SDWK�GHSHQGHQF\� �'���� FDQ� EH
H[SUHVVHG�E\�WKH�GHYHORSPHQW�RI�SHVW�SUHVVXUH�RYHU� WLPH��3(W��� WKH� LQWHQVLW\
RI�SHVWLFLGH�XVH��306��� WKH�LQWHQVLW\�RI�H[WHQVLRQ��(��DV�ZHOO�DV�WKH�RSWLRQ�IRU
DQG� WKH� NQRZOHGJH� DERXW� DGMXVWPHQW� DQG� FRVWV� RI� DOWHUQDWLYHV� �$��� 7KHVH

����������������������������������������
��� :KLOH�UHFRJQL]LQJ�WKDW�WKH�FRQFHSW�RI�SDWK�GHSHQGHQF\�GRHV�QRW�HQWDLO�D�PHDVXUDEOH�IDFWRU��LW�ZLOO�

LI�UHOHYDQW�IRU�WKH�FURS��KDYH�D�FRQVLGHUDEOH�LPSDFW�RQ�SHVWLFLGH�GHPDQG�DQG�WKH�SURGXFWLYLW\�RI�WKH
SURGXFWLRQ� V\VWHP�� 7KHUHIRUH�� LW� KDV� EHHQ� KLJKOLJKWHG� LQ� WKH� IXQFWLRQ� DV� DQ� LQIOXHQFLQJ� IDFWRU�
HVSHFLDOO\�IRU�SHUHQQLDO�FURSV�



�� &KDSWHU����7KH�(FRQRPLFV�RI�3HVWLFLGHV�LQ�&URS�3URWHFWLRQ

WKUHH� DVSHFWV� GHWHUPLQH� WKH� SURGXFWLRQ� V\VWHP� DQG� DUH� VXPPDUL]HG� DV
IROORZV�

3  �I��1&��,��06�
3'  �I��3��06��3(��3$��33��'�
'  �I��3(W��306��(��$�

)RU�WKH�HFRQRPLF�DVVHVVPHQW�RI�WUHH�FURSV��KRZHYHU��LW�LV�HVSHFLDOO\�UHOHYDQW
WR�FRQVLGHU�WKH�GHYHORSPHQW�RI�\LHOGV�RYHU�WLPH��:KHQ�IRFXVLQJ�RQ�WUHH�FURSV
RQH�KDV�WR�FRQVLGHU�WKH�SHUHQQLDO�QDWXUH�RI�WUHHV��<LHOGV�DUH�GHSHQGLQJ�RQ�WKH
DJH�RI�WKH�SODQWDWLRQ��DJH�\LHOG�IXQFWLRQ��
7KH�IROORZLQJ�JHQHUDO�FKDUDFWHULVWLFV�RI�WKH�ELRORJLFDO�\LHOG�GHYHORSPHQW�RI�IUXLW
WUHH� FURSV� RYHU� WLPH� KDYH� WR� EH� FRQVLGHUHG� ZKHQ� HVWLPDWLQJ� WKH� UHODWLRQ
EHWZHHQ�DJH�DQG�\LHOG��+$:257+�DQG�9,1&(17��������:(66(/(5��������

�� ]HUR�SURGXFWLRQ�GXULQJ�WKH�LQLWLDO�\HDUV�
�� UDSLG�ULVH�WR�PD[LPXP�\LHOG�
�� FRQVWDQW�\LHOGV�RYHU�D�QXPEHU�RI�\HDUV�
�� ILQDO�SHULRG�ZLWK�GHFOLQLQJ�\LHOGV�

7KH� IDFW� WKDW� RXWSXW� LV� KLJKO\� GHSHQGLQJ� RQ� WKH� DJH� RI� WKH� SHUHQQLDO� FURS
PDNHV� LW�PRUH� GLIILFXOW� WR� HVWLPDWH� WKH� SURGXFWLYLW\� RI� LQSXWV�� ,I� WKH� \LHOG�DJH
UHODWLRQ� LV� QRW� FRQVLGHUHG� WKH� SURGXFWLYLW\� RI� LQSXWV� ZRXOG� VHHP� WR� LQFUHDVH
RYHU�WKH�\HDUV��7KXV��FRPSDULQJ�WKH�LQSXW�SURGXFWLYLW\�RI�RUFKDUGV�KDV�DOZD\V
WR�EH�FRQGXFWHG�ZLWK�UHVSHFW�WR�SODQWDWLRQ�DJH��7KLV�DOVR�DSSOLHV�WR�SHVWLFLGH
LQSXWV�� 7KHUHIRUH�� ZKHQ� FRQGXFWLQJ� D� SURGXFWLRQ� IXQFWLRQ� DQDO\VLV� WR� WDNH
DFFRXQW�RI� WKH�SHUHQQLDO�QDWXUH�RI� IUXLW�SURGXFWLRQ� LW� LV�QHFHVVDU\� WR� LQWHJUDWH
WKH�SODQWDWLRQ�DJH�LQWR�WKH�IXQFWLRQ��,I�RQH�ZRXOG�LJQRUH�WKLV�UHODWLRQVKLS�LQ�WKH
SURGXFWLRQ�IXQFWLRQ�DQDO\VLV��WKH�HVWLPDWHG�SURGXFWLRQ�IXQFWLRQV�ZRXOG�EHORQJ
WR� GLIIHUHQW� DJH�\LHOG� UHODWLRQV�� $� FDVK�IORZ� DQDO\VLV� RI� D� SHUHQQLDO� FURS�
WKHUHIRUH��VKRXOG�EH�HVWLPDWHG�RYHU�WKH�ZKROH�FURSSLQJ�F\FOH�WR�WDNH�DFFRXQW
RI� WKH� \LHOG�GHYHORSPHQW�RYHU� WLPH��7KH�SURGXFWLYLW\� RI� SHVWLFLGH� LQSXW�� WKHQ�
KDV�WR�EH�MXGJHG�LQ�UHODWLRQ�WR�WKH�ZKROH�FURSSLQJ�SHULRG��,I�QR�WLPH�VHULHV�GDWD
LV� DYDLODEOH� RQH� FDQ� UHO\� RQ� HVWLPDWLRQV� RI� DJH� \LHOG� IXQFWLRQV� ZKLFK� DUH
DSSO\LQJ� WR� WKH�ELRORJLFDO�VSHFLDOWLHV�RI� WUHH�FURSV�DV� OLVWHG�DERYH��+$:257+
DQG� 9,1&(17� ������� HVWLPDWHG� YDULRXV� IXQFWLRQV� DQG� IRXQG� WKDW� D� VHPL�



&KDSWHU����7KH�(FRQRPLFV�RI�&URS�3URWHFWLRQ ��

ORJDULWKPLF� IXQFWLRQ� �
+RHUO
� IXQFWLRQ�� LV� DEOH� WR� SLFWXUH� WKH� \LHOG�DJH
UHODWLRQVKLS�LQ�IUXLW�WUHH�FURSV���
���� 6XPPDU\
7KH�ZD\� DQDO\VWV� WUHDWHG� SHVWLFLGHV� LQ� WKH� SURGXFWLRQ� IXQFWLRQ� KDV� FKDQJHG
RYHU� WKH� ODVW� IRXU�GHFDGHV��:KHUHDV� WKH�HDUO\�DQDO\VHV�FRQFHQWUDWHG�RQ� WKH
GLUHFW�LQIOXHQFH�RI�SHVWLFLGHV�LQ�WKH�SURGXFWLRQ�SURFHVV�DQG�FRQFOXGHG�WR�KLJK
PDUJLQDO�UHWXUQV�RI�SHVWLFLGH�XVH�� LQFUHDVLQJ�FRQFHUQV�DERXW�SHVWLFLGH�XVH� LQ
ODWHU�\HDUV�PDGH�D�UHFRQVLGHUDWLRQ�RI�WKH�EHQHILWV�RI�SHVWLFLGH�XVH�DSSURSULDWH�
/DWHU� VWXGLHV� KDYH� WUHDWHG� SHVWLFLGHV� DV� DQ� LQGLUHFW� LQSXW� WR� WKH� SURGXFWLRQ
IXQFWLRQ� ZLWK� WKH� DUJXPHQW� WKDW� SHVWLFLGHV� DUH� ORVV� SUHYHQWLQJ�� EXW� QRW� \LHOG
HQKDQFLQJ� IDFWRUV�� 7KHVH� VWXGLHV� FRUUHFWHG� RYHUHVWLPDWHG� PDUJLQDO
SURGXFWLYLW\�RI�SHVWLFLGHV��+RZHYHU��WKH�TXHVWLRQV�RI�WKH�DSSURSULDWH�YDULDEOH�LQ
WKH�SURGXFWLRQ� IXQFWLRQ� IRU� SHVWLFLGH�XVH� DQG� WKH� DSSURSULDWH� IXQFWLRQDO� IRUP
KDYH�QRW�\HW�EHHQ�UHVROYHG�
7KHUH�DUH� IRXU�DUJXPHQWV� IRU�D�VSHFLDO� UROH�RI�SHVWLFLGHV�FRPSDUHG� � WR�RWKHU
LQSXWV�� )LUVWO\�� WKHUH� DUH� IDFWRUV� LQ� WKH� SROLWLFDO� DQG� LQVWLWXWLRQDO� VHW�XS�ZKLFK
VXSSRUW�SHVWLFLGH�XVH��6HFRQGO\�� WKH�DQDO\VLV�RI�SHVWLFLGH�EHQHILWV�DQG�FRVWV
JHQHUDOO\� GRHV� QRW� LQFOXGH� H[WHUQDO� HIIHFWV� DQG� WKH� VRFLDOO\� RSWLPDO� OHYHO� RI
SHVWLFLGH� XVH�� 7KXV� DQ� HQYLURQPHQW� LV� FUHDWHG� ZKHUH� WKH� DFWXDO� SULYDWH
SHVWLFLGH�XVH�OHYHO�H[FHHGV�WKH�RSWLPXP�IURP�D�SULYDWH�XVHU¶V�DV�ZHOO�DV�IURP
WKH� VRFLHW\
V� SRLQW� RI� YLHZ�� 5HDVRQV� IRU� WKH� GLVFUHSDQF\� EHWZHHQ� WKH� DFWXDO
EHQHILWV� RI� SHVWLFLGH� XVH� DQG� WKH� SHUFHLYHG� EHQHILWV� E\� WKH� IDUPHU� DUH
WKUHHIROG��&URS�ORVV�HVWLPDWHV�GR�PRVWO\�QRW�FRQVLGHU�DQ�DGRSWLRQ�SURFHVV�RI
WKH� SURGXFWLRQ� V\VWHP� EXW� IRFXV� RQ� D� ³WUHDW´� �� ³QR�WUHDW´� FRPSDULVRQ�� $V� QR
FRPSOHWH� LQIRUPDWLRQ� LV� DYDLODEOH� LQ� WKH� DJULFXOWXUDO� SURGXFWLRQ� SURFHVV�
SHVWLFLGHV�DUH�VHHQ�DV�D�WRRO�WR�UHGXFH�WKH�OLNHOLKRRG�RI�SHVW�LQIHVWDWLRQV��7KH
LQIRUPDWLRQDO� DVSHFWV� VWDQG� LQ� FORVH� UHODWLRQ� WR� ULVN� IDFWRUV�� $V� SURGXFWLRQ
LQFOXGHV� ULVN�DQG�XQFHUWDLQW\�� OHYHOV�RI�SHVWLFLGH�XVH�GHSHQG�RQ� WKH� IDUPHUV

ULVN� RU� ORVV� DYHUVLRQ�� +RZHYHU�� ULVN� DVSHFWV� FDQ� EH� VXEVWLWXWHG� E\� DQ
LQFUHDVHG� SURFXUHPHQW� RI� LQIRUPDWLRQ�� 7KH� QRW� VHOGRPO\� ELDVHG� LQIRUPDWLRQ
DOVR�LQIOXHQFHV�WKH�GLUHFWLRQV�RI�IDUPHUV
�GHFLVLRQ�
5HVLVWDQFH� DQG� UHVXUJHQFH� SUREOHPV� OHW� SHVWLFLGHV� DSSHDU� WR� EH� D� JRRG
VROXWLRQ� IRU� WKH�SUHYHQWLRQ�RI� DGGLWLRQDO� FURS� ORVVHV�� ,W� LV�JHQHUDOO\�QRW� WDNHQ
LQWR�DFFRXQW�RU�QRW�VXIILFLHQW�NQRZOHGJH�H[LVWV��WKDW�SHVWLFLGHV�WKHPVHOYHV�DUH
����������������������������������������
��� 7KH�
+RHUO
�IXQFWLRQ�DQG�LWV�UHJUHVVLRQ�UHVXOWV�IRU�WKH�VXUYH\�GDWD�DUH�GLVFXVVHG�LQ�VHFWLRQ�����



�� &KDSWHU����7KH�(FRQRPLFV�RI�3HVWLFLGHV�LQ�&URS�3URWHFWLRQ

WKH� FDXVH� IRU� PDQ\� H[LVWLQJ� SUREOHPV�� 7KH� GHJUDGDWLRQ� RI� WKH� HFRV\VWHP
FUHDWHV�D�VLWXDWLRQ�LQ�ZKLFK��RYHU�WLPH��SHVWLFLGHV�DUH�UHJDUGHG�DV�LQFUHDVLQJO\
QHFHVVDU\�
7KH� G\QDPLF� SHUVSHFWLYH� RI� SHVWLFLGH� XVH�� WKHUHIRUH�� EHDUV� WKH� GDQJHU� WR
FRQWULEXWH� WR� D� SHVWLFLGH� LQWHQVLYH� GHYHORSPHQW� SDWK�� 7KLV� SDWK�GHSHQGHQW
GHYHORSPHQW�FDQ�EH�GHWHUPLQHG�LQ�UHVHDUFK�HIIRUWV�RQ�DOWHUQDWLYH�WHFKQRORJLHV
DV�ZHOO�DV�LQ�XVH�GHFLVLRQV�RQ�WKH�IDUP�OHYHO�
%DVHG� RQ� WKH� HFRQRPLF� WKHRU\� RI� SHVWLFLGH� XVH�� WKH� IROORZLQJ� FKDSWHUV
FRQFHQWUDWH�RQ�DQ�HFRQRPLF�DVVHVVPHQW�RI�FXUUHQW�PDQDJHPHQW�VWUDWHJLHV�LQ
FLWUXV�SURGXFWLRQ��7KH�K\SRWKHVHV�GHULYHG�IURP�WKH�WKHRUHWLFDO�EDFNJURXQG�IRU
WKH�DQDO\VLV�FDQ�EH�IRUPXODWHG�DV�IROORZV�
�� 3HVWLFLGHV� LQ� FLWUXV� SURGXFWLRQ� LQ�7KDLODQG� DUH� XVHG�DERYH� WKHLU� HFRQRPLF
RSWLPXP�IURP�DQ�SULYDWH�DQG�VRFLDO�SRLQW�RI�YLHZ�

�� &URVV�VHFWLRQDO� GLIIHUHQFHV� LQ� PDQDJHPHQW� VWUDWHJLHV� LQ� FLWUXV� SURGXFWLRQ
UHJDUGLQJ� OHYHOV� RI� LQSXW� DQG� HVSHFLDOO\� SHVWLFLGH� XVH� FDQQRW� VROHO\� EH
H[SODLQHG�E\�HFRQRPLF�PD[LPL]DWLRQ�FULWHULD�

�� 7KH� FLWUXV� SURGXFWLRQ� LQ� WKH� FHQWUDO� UHJLRQ� RI� 7KDLODQG� LV� LQ� D� VLWXDWLRQ� RI
ORFNHG�LQ� IRU� SHVWLFLGH� XVH�� 7KHUHIRUH�� RSWLRQV� IRU� IXWXUH� PDQDJHPHQW
GHFLVLRQ�DUH�OLPLWHG�DQG�D�SHVWLFLGH�GHSHQGHQW�SDWK�LV�OLNHO\�WR�FRQWLQXHG�

7R� FDSWXUH� WKH� FRPSOH[� QDWXUH� RI� SHVWLFLGHV� DQG� YDULDQFH� RI� LWV� XVH�� D
GLIIHUHQWLDWLRQ�RI� WKH�VXUYH\�GDWD�DFFRUGLQJ� WR�PDQDJHPHQW�VWUDWHJLHV�VHHPV
QHFHVVDU\�� 7KLV� GLIIHUHQWLDWLRQ� DOORZV� WKH� FRPSDULVRQ� RI� VWUXFWXUDO
KRPRJHQLWLHV�ZLWKLQ�WKH�JURXSV�ZKLOH�HQDEOLQJ�WR�DQDO\]H�GLIIHUHQFHV�EHWZHHQ
JURXSV��,W�KDV�EHHQ�GHFLGHG�WR�XVH�FOXVWHU�DQDO\VLV�WR�VWUXFWXUH�WKH�VXUYH\�GDWD
LQWR�JURXSV�ZLWK�GLIIHUHQW�PDQDJHPHQW�VWUDWHJLHV�
,Q� WKH� IROORZLQJ� FKDSWHUV�� SHVWLFLGH� XVH� LQ� FLWUXV� SURGXFWLRQ�ZLOO� EH� DQDO\]HG
DQG� LQGLFDWRUV� SUHVHQWHG� WKDW� FDQ� GRFXPHQW� DQ� RYHU�� DQG� PLVXVH� RI
SHVWLFLGHV��7KH�FRPSOH[�PDQDJHPHQW�V\VWHP�RI�FLWUXV�LV�GLVFXVVHG�LQ�WKH�QH[W
FKDSWHU� DQG� FOXVWHUV� RI� PDQDJHPHQW� SDWWHUQV� ZLOO� EH� LGHQWLILHG�� 7KH� ODVW
FKDSWHU�ZLOO� LQYHVWLJDWH� WKH� SURGXFWLYLW\� RI� SHVWLFLGHV� DQG� LQGLFDWRUV� IRU� SDWK�
GHSHQGHQF\�LQ�FURS�SURWHFWLRQ�RI�FLWUXV�SURGXFWLRQ�



� � &L W UXV �3URGXFW LRQ � LQ �&HQWUD O �7KD L ODQG
$PRQJ�WKH�PDQ\�GLIIHUHQW�FLWUXV�VSHFLHV��WKH�VWXG\�FRQFHQWUDWHV�RQ�7DQJHULQH
�&�� UHWLFXODWD��� WKH�PRVW� LPSRUWDQW�FLWUXV�FURS� LQ�7KDLODQG� LQ� WHUPV�RI�SURGXFW
YDOXH�� 0DMRU� FKDUDFWHULVWLFV� RI� WDQJHULQH� SURGXFWLRQ� LQ� WKH� VWXG\� DUHD�� D
GHVFULSWLRQ� RI� WKH� FXUUHQW� SURGXFWLRQ� V\VWHP� DQG� LWV� SUREOHPV� DV� ZHOO� DV
SHVWLFLGH�XVH�SUDFWLFHV�DUH�GLVFXVVHG�
���� 'HYHORSPHQW�RI�&LWUXV�3URGXFWLRQ�LQ�7KDLODQG
)UXLW� SURGXFWLRQ� LQ� 7KDLODQG� KDV� JDLQHG� LQFUHDVLQJ� LPSRUWDQFH� LQ� WKH� ODVW
GHFDGH��/RZ�SULFHV� IRU� ULFH�DUH� UHODWLYHO\�VWDEOH�DQG�KLJK�SULFHV� IRU� IUXLW� DQG
YHJHWDEOHV�FDQ�EH�VHHQ�DV�RQH�UHDVRQ�IRU�WKLV�GHYHORSPHQW��6,$0:$//$�HW�DO��
������� &XUUHQWO\� DURXQG� ��� VSHFLHV� RI� IUXLW� DUH� FRPPHUFLDOO\� JURZQ�� DPRQJ
ZKLFK�FLWUXV�LV�RI�RXWVWDQGLQJ�LPSRUWDQFH��%$80$11���������7KHUH�DUH�VHYHUDO
FLWUXV�VSHFLHV�JURZQ�LQ�7KDLODQG��7KH�PRVW�SRSXODU�DUH� OLPH��&��DXUDQWLIROLD��
WDQJHULQH� �&�� UHWLFXODWD�� DQG� SXPPHOR� �&�� PD[LPD����� 2I� WKHVH�� WDQJHULQH
WDNHV� ILUVW� SODFH� LQ� WHUPV�RI� DUHD�DQG� IDUP�YDOXH��6(7+3$.'((� ������� VWDWHV
WKDW� ���� RI� WKH� FLWUXV� SODQWHG� DQG� ���� RI� WRWDO� FLWUXV� SURGXFWLRQ� DUH
FRQWULEXWHG�E\�WDQJHULQH��7DQJHULQH��LQ�7KDL��6RP�NHDZ�ZDQ��LV�FRQVLGHUHG�D
QDWLYH�VSHFLHV�WR�,QGRFKLQD�DQG�6RXWKHUQ�&KLQD�IURP�ZKHUH�LW�ZDV�FDUULHG�WR
7KDLODQG�DURXQG�WKH���WK�FHQWXU\�
8QOLNH�RWKHU�6RXWK�(DVW�$VLDQ�FRXQWULHV��IUXLW�LQ�7KDLODQG�FRPHV�PDLQO\�IURP
FRPPHUFLDO�RUFKDUGV�UDWKHU�WKDQ�IURP�KRPHJDUGHQV��9(5+(,-�HW�DO���������
)UXLW�JURZLQJ�LV�UHJLRQDOO\�FRQFHQWUDWHG��SDUWO\�GXH�WR�FOLPDWLF�FRQGLWLRQV��DQG
SDUWO\�WR�SROLWLFDO�IDFWRUV����$Q�RYHUYLHZ�RI�WKH�PRVW�LPSRUWDQW�IUXLWV�LQ�WHUPV�RI
IDUP�YDOXH�LV�JLYHQ�LQ�7DEOH�����

����������������������������������������
��� 7KH�QDPH� WDQJHULQH� LV� RIWHQ�XVHG� V\QRQ\PRXVO\�ZLWK�PDQGDULQ��0DQGDULQV�DUH� WKH�PRVW� YDULHG

JURXS� DQG� FDQ�EH� FODVVLILHG� LQWR� ILYH� JURXSV�� 6DWVXPD� �&�� XQVKLX���PHGLWHUUDQHDQ�PDQGDULQ� �&�
GHOLFLRVD���NLQJ�PDQGDULQ��&��QRELOLV���FRPPRQ�PDQGDULQ��&��UHWLFXODWD��DQG�VPDOO�IUXLWHG�PDQGDULQV
�63,(*(/�52<�DQG�*2/'6&+0,'7��������

��� 5HIHU�WR�VHFWLRQ�������DQG���������



�� &KDSWHU����&LWUXV�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG

7DEOH����� 7KDLODQG
V�7HQ�3ULQFLSDO�)UXLWV�E\�)DUP�9DOXH�������
)UXLW 3ODQWHG�$UHD�UDL�EHDULQJ�IUXLW� 3URGXFWLRQ�W� )DUP�SULFH�%DKW�NJ� )DUP�9DOXH�0LOO��%DKW�
'XULDQ
0DQJR
5DPEXWDQ
7DQJHULQH
7DPDULQG
/RQJDQ
%DQDQD
/RQJNRQJ
3LQHDSSOH
/\FKHH
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 0RUH�UHFHQW�GDWD�DUH�QRW�DYDLODEOH
6RXUFH� 7KDLODQG�LQ�)LJXUHV������

7KH� LPSRUWDQFH�RI� IUXLW�KDV� LQFUHDVHG� LQ� ORFDO�PDUNHWV�DV�ZHOO� DV� IRU� H[SRUW�
7KH�YDOXH�RI�H[SRUWV�RI�IUXLW�DQG�IUXLW�SURGXFWV�LQFUHDVHG�WR��������PLOO��%DKW�LQ
����� DQG� PDNHV� XS� ����� RI� WRWDO� DJULFXOWXUDO� H[SRUWV� �2)),&(� 2)� $*5,&�
(&2120,&6���������,Q�FRQWUDVW�WR�RWKHU�IUXLWV�H[SRUWV�RI�WDQJHULQH�DUH�ORZ�VLQFH
ORFDO� GHPDQG� LV� KLJK�� $SSUR[LPDWHO\� ���� RI� WKH� WDQJHULQH� SURGXFWLRQ� LV� IRU
IUHVK�IUXLW�FRQVXPSWLRQ�����LV�H[SRUWHG�WR�QHLJKERULQJ�FRXQWULHV�DQG����LV�IRU
LQGXVWULDO�XVH��3$5$'2518:$7������D���)LJXUH�����SLFWXUHV�WKH�GHYHORSPHQW�RI
WKH� IDUP�YDOXH� LQGH[� IRU�VHOHFWHG� IUXLWV�DQG� YHJHWDEOHV��7KH� LQGH[� FRPELQHV
KLJKHU�SULFHV�DQG�LQFUHDVLQJ�SURGXFWLRQ�
9HJHWDEOHV�DUH�VXPPDUL]HG� LQ�RQH� LQGH[�� ,QFUHDVHV�RI� WKH� LQGH[�DUH�KLJKHVW
IRU�WDQJHULQH�DQG�YHJHWDEOHV��7KH�LQGH[�PRUH�WKDQ�GRXEOHG� LQ� WKH� ODVW�VHYHQ
\HDUV��5LFH�VWD\V�RQ�WKH�VDPH�OHYHO�RYHU�WKH�\HDUV�DV�GRHV�GXULDQ�



&KDSWHU����&LWUXV�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG ��

)LJXUH����� )DUP�9DOXH�,QGH[�RI�6HOHFWHG�&URSV��������������
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7DQJHULQH

5DPEXWDQ

'XULDQ

3XPPHOR

9HJHWDEOHV

0DMRU�5LFH

 ����� ����0DMRU� ULFH� �ULFH�KDUYHVWHG� LQ� WKH�PDMRU� ULFH�JURZLQJ�VHDVRQ��VRPH�DUHDV�DOORZ�PRUH� WKDQ�RQH� ULFHKDUYHVW
6RXUFH� 2IILFH�RI�$JULFXOWXUDO�(FRQRPLFV������

7DEOH�����JLYHV�DQ�H[DPSOH�RI�WKH�PDLQ�SURGXFWLRQ�ORFDWLRQV�RI�WZR�LPSRUWDQW
FLWUXV� IUXLWV� DQG� WKHLU� GLVWDQFH� WR� %DQJNRN� PHWURSROLWDQ� DUHD�� :KHUHDV� WKH
PDMRULW\�RI�WDQJHULQH�LV�JURZQ�LQ�WKH�SURYLQFHV�GLUHFWO\�QHLJKERULQJ�WKH�FHQWHU
DUHD��IRU�H[DPSOH�RQO\�����RI�SXPPHOR�LV�SURGXFHG�LQ�WKH�FHQWHU�



�� &KDSWHU����&LWUXV�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG

7DEOH������6KDUH� RI� 3URGXFWLRQ� $UHDV� RI� 7DQJHULQH� DQG� 3XPPHOR� LQ
'LVWDQFH�WR�%DQJNRN�0HWURSROLWDQ�$UHD

)UXLW $UHD��UDL� $UHD��LQ�SHUFHQW�
7DQJHULQH
5HJLRQ�,
5HJLRQ�,,
5HJLRQ�,,,
7RWDO�3ODQWLQJ�$UHD
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3XPPHOR
5HJLRQ�,
5HJLRQ�,,
5HJLRQ�,,,
7RWDO�3ODQWLQJ�$UHD
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 7KH�UHJLRQ¶V�QXPEHU�LQGLFDWH�WKH�UHODWLYH�GLVWDQFH�WR�%DQJNRN��VPDOOHU�QXPEHU�LQGLFDWHVKRUWHU�GLVWDQFH��RQH�PDMRU�WUDGLQJ�FHQWHU�IRU�IUXLWV5HJLRQ�,� %DQJNRN��1RQWKDEXUL��3DWKXP�7KDQL��1DNKRQ�3DWKRP��6DPXW�6DNRUQ�6DPXW�3UDNDUQ��1DNKRQ�1D\RN5HJLRQ�,,� &KRQEXUL��6DUD�%XUL��$\XWKD\D��6XSKDQ�%XUL��5DWFKDEXUL��6DPXW�6RQJNUDP�6LQJ�%XUL��$QJ�7KRQJ��3UDFKLQEXUL��&KDRFKHQJVDR5HJLRQ�,,,� 5D\RQJ��&KDQWDEXUL��.DQFKDQDEXUL��3HWFKDEXUL��/RSEXUL��1DNKRQ�5DWFKDVLPD��1DNKRQ6DZDQ�8WKDL�7KDQL��7UDW��&KDLQDW
6RXUFH� $XWKRU¶V�&RPSLODWLRQV��'2$(������

6(7+3$.'((��������VWDWHV�WKDW�PRVW�RI�WKH�FLWUXV�IUXLW�SURGXFHG�LQ�7KDLODQG�DUH
RI�PHGLXP�TXDOLW\�DQG�QDPHV�VHYHUDO�FRQVWUDLQWV� WR� LPSURYHG� IUXLW�TXDOLW\�� �L�
WKH�FRPPRQ�SUDFWLFH�WR�KDYH�VHYHUDO�KDUYHVWV�D�\HDU�DVVXUHV�UHJXODU�LQFRPH
DQG�PLQLPL]HV�WKH�ULVN�RI�ORZ�SULFHV��KRZHYHU���LL��LW�DOVR�SUHYHQWV�JURZLQJ�KLJK
TXDOLW\�FURSV�DV�WKH�PDQDJHPHQW�V\VWHP�LV�QRW�WDUJHWHG�WR�RQH�IUXLWLQJ�VWDJH
DQG��LLL��IXUWKHUPRUH��FOLPDWLF�LQIOXHQFHV�LQFUHDVH�WKH�GLIILFXOWLHV�RI�KLJK�TXDOLW\
FURS�SURGXFWLRQ�
63,(*(/�52<�DQG�*2/'6&+0,'7� ������� VXPPDUL]H�DFFRUGLQJO\� WKDW� WKH�PDLQ
GLIILFXOWLHV�RI�FLWULFXOWXUH�LQ�WKH�WURSLFV�DUH�WKH�GLVWRUWLRQ�RI�WKH�SURGXFWLYLW\�F\FOH
DQG�WKH�UHVXOWLQJ�UHGXFHG� IUXLW�TXDOLW\�� ,Q� UHJLRQV�ZLWK�KLJK� WHPSHUDWXUHV�DQG
KXPLGLW\�WUHHV�WHQG�WR�IORZHU�VSDUVHO\�UHVXOWLQJ�LQ�ORZHU�SURGXFWLYLW\��:KLOH�WKH
XQLQWHUUXSWHG�KLJK�WHPSHUDWXUHV�HQKDQFH�IUXLW�JURZWK�DQG�PDWXUDWLRQ��FHUWDLQ
DVSHFWV�RI�IUXLW�TXDOLW\�VXIIHU�OLNH�WKH�LQWHUQDO�TXDOLW\�DQG�WKH�GHYHORSPHQW�RI�D
KLJKO\�SLJPHQWHG�ULQG�



&KDSWHU����&LWUXV�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG ��

���� 7DQJHULQH�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG
������ 7DQJHULQH�3URGXFWLRQ�3DWWHUQ
$W�SUHVHQW��FLWUXV�VSHFLHV�DUH�JURZQ� LQ�PDQ\�SURYLQFHV� WKURXJKRXW�7KDLODQG�
7KH�PDLQ�JURZLQJ�DUHDV�RI�WDQJHULQH�DUH�WKH�FHQWUDO�UHJLRQ�DQG�WKH�SURYLQFHV
&KLDQJ� 0DL�� 3KUDH� DQG� 1DQ� LQ� WKH� QRUWK�� )RUPHU� JURZLQJ� DUHDV� OLNH
3HWFKDEXQ��&KDQWDEXUL�DQG�6XUDW�7KDQL�SURYLQFHV�GR�QRW�SURGXFH�FLWUXV�DQ\
PRUH�GXH�WR�GLVHDVH�SUREOHPV�DQG�D�GHFOLQH�LQ�SURGXFWLRQ�FDQ�EH�REVHUYHG�LQ
WKH� SURYLQFHV� RI� 3KUDH� DQG� 1DQ� �%$80$11�� ������� 7KH� ODUJHVW� DQG� PRVW
LPSRUWDQW�SODQWLQJ�DUHD�LV�ORFDWHG�LQ�WKH�FHQWUDO�UHJLRQ��LQ�WKH�WKUHH�SURYLQFHV
3DWKXP�7KDQL��6DUD�%XUL��1DNKRQ�1D\RN�

7DEOH����� 7DQJHULQH�3URGXFWLRQ�LQ�7KDLODQG�SHU�5HJLRQ�������
5HJLRQ 3ODQWHG�$UHD��5DL� <LHOG�SHU�5DL��NJ�

%HDULQJ 1RW�%HDULQJ 7RWDO
1RUWKHUQ ������ ����� ������ �����
1RUWK�(DVW �� �� ��� ���
&HQWUDO�3ODLQ ������� ������ ������� �����
(DVWHUQ ������ ����� ������ �����
:HVWHUQ ������ ��� ������ �����
6RXWKHUQ ������ ����� ������ �����
:KROH�.LQJGRP ������� ������ ������� �����

6RXUFH� '2$(������

7DQJHULQH� LV� D� IDYRUDEO\� FRQVXPHG� IUXLW� LQ� 7KDLODQG� DQG� KDV� D� VSHFLDO
LPSRUWDQFH�LQ�UHOLJLRXV�IHVWLYDOV�OLNH�WKH�&KLQHVH�1HZ�<HDU��7KH�DYHUDJH�SULFH
IRU� WDQJHULQH� KDV� EHHQ� LQFUHDVLQJ� FRQWLQXRXVO\� RYHU� WKH� ODVW� GHFDGH� �)LJXUH
������9LHZHG� RQ� DQ�DQQXDO� VFDOH� SULFHV� IOXFWXDWH� IURP����%DKW� SHU� NJ� XS� WR
DOPRVW����%DKW�SHU�NJ��)LJXUH�������0DLQ�KDUYHVW�WLPHV�DUH�$SULO�0D\�DQG�-XO\�
$W�WKHVH�WLPHV�SULFHV�DUH�DW�WKHLU�ORZHVW��7KHUH�LV�D�SHDN�LQ�SULFHV�LQ�)HEUXDU\
GXH�WR�KLJK�GHPDQG�IRU�WKH�FHOHEUDWLRQ�RI�&KLQHVH�1HZ�<HDU�DQG�OLPLWHG�IUXLW
VXSSO\�



�� &KDSWHU����&LWUXV�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG

)LJXUH����� 7DQJHULQH�3ULFHV�DW�:KROHVDOH�0DUNHW�LQ�%DQJNRN������������
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DYHUDJH�SULFH
DYHUDJH�SULFHGHIODWHG

6RXUFH� 'HSDUWPHQW�RI�6WDWLVWLFV������

)LJXUH����� 0RQWKO\�7DQJHULQH�3ULFHV�������
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6RXUFH� 'HSDUWPHQW�RI�6WDWLVWLFV������



&KDSWHU����&LWUXV�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG ��

������ 7HFKQLFDO�$VSHFWV�RI�7DQJHULQH�3URGXFWLRQ
7KH�PDMRU�FKDUDFWHULVWLFV�RI�WDQJHULQH�FXOWLYDWLRQ�LQ�WKH�FHQWUDO�UHJLRQ�DUH�OLVWHG
EHORZ��3$5$'2518:$7������D��
�� 7UHHV�DUH�PRVWO\�JURZQ�E\�PDUFRWWLQJ���
�� 7UHHV�DUH�SODQWHG�RQ�UDLVHG�EHGV�RU�VPDOO�ULGJHV�EHWZHHQ�FDQDOV�
�� 7UHH�VL]H�LV�DURXQG�������PHWHUV�
�� 7KH� DYHUDJH� OLIH� VSDQ� RI� WKH� WUHHV� LV� DURXQG� �������� \HDUV� LI� WUHHV� DUH

KHDOWK\�
�� 7\SLFDO�SODQWLQJ�GLVWDQFH� LV�������PHWHUV�EHWZHHQ�SODQWV�DQG�������PHWHUV

EHWZHHQ�URZV�DUH�FRPPRQ��DGGLQJ�XS�WR�DURXQG���������WUHHV�SHU�UDL�
�� )UXLW�SURGXFWLRQ�VWDUWV�DURXQG�������\HDUV�DIWHU�SODQWLQJ��2QH�WUHH�FDQ�KDYH

XS�WR�WKUHH�KDUYHVWV�SHU�DQQXP��7KLV�LPSOLHV�VHYHUDO�IUXLWLQJ�VWDJHV�DW�WKH
VDPH�WUHH�VLPXOWDQHRXVO\�

�� )UXLW�VL]H� LV�VPDOO� WR�PHGLXP�ZLWK�D�JUHHQ�VNLQ��7KH� IUXLWV�DUH�KDUYHVWHG
DIWHU�IORZHULQJ�DURXQG��������PRQWKV�

7KHVH�PDMRU� FKDUDFWHULVWLFV� RI� WKH� VXUYH\� DUHD� KDYH� VHYHUDO� LPSOLFDWLRQV� IRU
WKH�GHYHORSPHQW� WDQJHULQH�SURGXFWLRQ� LQ� WKH�DUHD�DQG� WKH�HFRQRPLF�DQDO\VLV
RI� FURS� SURWHFWLRQ� ZKLFK� ZLOO� EH� GLVFXVVHG� LQ� WKH� IROORZLQJ� VHFWLRQV�� %XW
EHIRUHKDQG��D�VKRUW�LQWURGXFWLRQ�RQ�WKH�WHFKQLFDO�VLGH�RI�WDQJHULQH�SURGXFWLRQ
LQ�WKH�DUHD�LV�JLYHQ�
0RVW� RI� WKH� ZRUN� LQ� WKH� RUFKDUGV� LV� GRQH� PDQXDOO\�� 0HFKDQLFDO� RSHUDWLRQV
LQFOXGH�VSUD\LQJ�RI�SHVWLFLGHV��IHUWLOL]HU�DQG�LUULJDWLRQ��6WHHO�ERDWV�DUH�GULYHQ�RQ
WKH� FDQDOV� EHWZHHQ� WKH� SODQWHG� URZV�� 7KHVH� ERDWV� DUH� DOVR� XVHG� IRU
KDUYHVWLQJ�� ,Q� IRUPHU� WLPHV� VSUD\LQJ�ZDV� FRQGXFWHG�ZLWK� NQDSVDFN� VSUD\HUV
ZKLOH�QRZ�PRVW�IDUPHUV�XVH�ERDWV�HTXLSSHG�ZLWK�VSUD\LQJ�PDFKLQHV�
2UFKDUGV�LQ�WKH�FHQWUDO�UHJLRQ�XVXDOO\�DUH�FRQYHUWHG�SDGG\�ILHOGV�ZLWK�D�VLQJOH
URZ�RI�WUHHV�SODQWHG�RQ�UDLVHG��FDPEHUHG��EHGV�IODQNHG�E\�GLWFKHV��7KLV�FDQDO
V\VWHP� KDV� EHHQ� LQWURGXFHG� PDLQO\� GXH� WR� UHJXODU� IORRGLQJ� SUREOHPV�� 7KH
HQWLUH�SODQWLQJ�DUHD�LV�VXSSRUWHG�E\�ODUJH�LUULJDWLRQ�FDQDOV�DVVXULQJ�FRQWLQXRXV
ZDWHU�VXSSO\�UHVXOWLQJ�IURP�WKH�KLVWRU\�RI�WKH�DUHD�DV�DQ�LUULJDWHG�ULFH�JURZLQJ
UHJLRQ�

����������������������������������������
��� 0DUFRWWLQJ�LV�D�WHFKQLTXH�RI�SURSDJDWLQJ�XVLQJ�DQ�XQGHWDFKHG�VWHP�WR�ZKLFK�WKH�URRWLQJ�PHGLXP�LV

DSSOLHG�E\�VHFXULQJ�LW�LQ�DQ�DSSURSULDWH�FRQWDLQHU��IRU�H[DPSOH��D�SRO\WKHQH�EDJ��V\Q��DLU�OD\HULQJ��



�� &KDSWHU����&LWUXV�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG

)DUP�VL]HV�YDU\�VXEVWDQWLDOO\� LQ� WKH�DUHD��6L]HV� UDQJH� IURP�YHU\�VPDOO� IDUPV
RQ�IRUPHU�ULFH�ODQG�UHFHQWO\�FRQYHUWHG��ZLWK�DURXQG���WR����UDL���WR�YHU\�ODUJH
RUFKDUGV� �ZLWK� DURXQG� ���� WR� ���� UDL� RI� WDQJHULQH��� VRPH� DOUHDG\� FXOWLYDWHG
WZHQW\�\HDUV�RU�PRUH��7DQJHULQH�LV�WKH�SULPDU\�FURS�LQ�WKH�WKUHH�SURYLQFHV��IHZ
RWKHU�FURSV�DUH�FXOWLYDWHG��YHJHWDEOHV�LQ�DQRWKHU�SDUW�RI�3DWKXP�7KDQL��ULFH�LV
RI�GHFOLQLQJ�LPSRUWDQFH�LQ�WKH�DUHD���)DUPHUV�JHQHUDOO\�VSHFLDOL]H�RQ�WDQJHULQH
SURGXFWLRQ�QRW�DGGLWLRQDOO\�JURZLQJ�RWKHU�FURSV������
7KH� WLPH� IUDPH�IRU� WKH�HVWDEOLVKPHQW�RI�DQ�RUFKDUG�DQG� WKH�SURGXFWLRQ�F\FOH
DUH� VKRZQ� LQ� )LJXUH� ����� 7KH� ILUVW� WZR� \HDUV� DUH� VSHQW� RQ� ODQG� SUHSDUDWLRQ�
FRQVWUXFWLRQ� RI� LUULJDWLRQ� FDQDOV� DQG� QXUVHU\� HVWDEOLVKPHQW�� 7KLV� FRQVLVWV
EDVLFDOO\�RI�GLJJLQJ�ODUJH�FDQDOV�ZLWK�D�WUDFWRU�DQG�WKH�VPDOOHU�RQHV�PDQXDOO\�
SORZLQJ�RI�WKH�EHGV�DQG�SUHSDUDWLRQ�RI�WKH�SODQWLQJ�KROHV�

����������������������������������������
��� 7KLV� FKDUDFWHULVWLF� RI� WKH� DUHD� LV� UHOHYDQW� IRU� VRPH� FXOWLYDWLRQ� SUREOHPV� GLVFXVVHG� LQ� WKH� QH[W

VHFWLRQ�
��� 7DEOH� ,9��� LQ� WKH� $SSHQGL[� JLYHV� DQ� RYHUYLHZ� RI� WKH� FRVWV� LQYROYHG� IRU� WKH� HVWDEOLVKPHQW� RI� D

WDQJHULQH�RUFKDUG�RI�����UDL� LQ�WKH�5DQJVLW�DUHD��$W�WKH�HQG�RI�\HDU�WZR�WKH�SODQWLQJ�RI� WDQJHULQH
VWRFNV�WDNHV�SODFH��,Q�\HDU�WKUHH�WKH�ILUVW�ZDWHU�VWUHVV�LV�SXW�RQ�WKH�SODQWV�EULQJLQJ�WKH�ILUVW�KDUYHVW
LQ�\HDU�IRXU��7KH�ILUVW�KDUYHVW�EULQJV�DERXW��������NJ�SHU�WUHH�



)LJXUH����� 7DQJHULQH�3URGXFWLRQ�&\FOH
<HDU � � � � � �
0RQWKV , ,, ,,, ,9 , ,, ,,, ,9 , ,, ,,, ,9 , ,, ,,, ,9 , ,, ,,, ,9 , ,, ,,, ,9
/DQG�3UHSDUDWLRQ
,UULJDWLRQ�&DQDO
+RXVLQJ&RQVWUXFWLRQ
1XUVHU\
3ODQWLQJ
:LQGEUHDN3ODQWLQJ
3UXQLQJ
2UJDQLF�)HUWLOL]HU
:DWHU�6WUHVV
+DUYHVW
:DWHU�6WUHVV
+DUYHVW
6RXUFH� 3$5$'2518:$7������E

<HDU��

�
� � �

� � �

� � �
� �

��
&KDSWHU����&LWUXV�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG



�� &KDSWHU����&LWUXV�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG

:LWK�LQFUHDVLQJ�UDLQIDOO�GUDLQDJH�EHFRPHV�PRUH�LPSRUWDQW�DQG�KHDY\�VRLOV�DUH
PRUH�XQVXLWDEOH��9(5+(,-�HW�DO����������7KH�GLWFKHV�SOD\�D�YLWDO� UROH��QRW�RQO\
EHFDXVH� RI� GUDLQDJH� DQG� WUDQVSRUW�� EXW� DOVR� EHFDXVH� WKH� ZDWHU� LV� XVHG� WR
VXUIDFH�LUULJDWH�WKH�EHGV�DQG�WR�VSUD\�FKHPLFDO�SHVWLFLGHV�E\�ERDWV�
3UXQLQJ� LV�XVXDOO\�GRQH�DIWHU�HDFK�KDUYHVW����7R�VXSSRUW� WKH�EUDQFKHV�RI� WKH
VPDOO� WR�PHGLXP�VL]HG� WDQJHULQH� WUHHV�VXSSRUWLQJ�VWLFNV�DUH� WLHG� WR� WKH� ODUJH
EUDQFKHV� WR�SUHYHQW� WKHP�IURP�EUHDNLQJ��7KLV� LV�GRQH�QRUPDOO\�RQFH�D�\HDU�
6WLFNV� DUH� PDGH� IURP� EDPERR� DQG� KDYH� WR� EH� UHSODFHG� HYHU\� ������ \HDUV�
)DUPHUV� JHQHUDOO\� SURGXFH� WKHLU� RZQ� SODQWLQJ� PDWHULDO� WKURXJK� DLU� OD\HULQJ�
7KLV�PHWKRG�VKRUWHQV�WKH�JURZLQJ�SHULRG��LQ�FRPSDULVRQ�WR�VHHG�SURSDJDWLRQ�
DQG�KHOSV� WR�DFKLHYH�HDUO\� IUXLWLQJ��:HHG�FRQWURO� LV�FRQGXFWHG�DSSUR[LPDWHO\
HYHU\�WKUHH�PRQWKV��8VXDOO\�WKLV�LV�GRQH�E\�KDQG�ZHHGLQJ��EXW�KHUELFLGH�XVH�LV
LQFUHDVLQJ�GXH�WR�ODERU�VKRUWDJH��6RPH�IDUPHUV�XVH�PXOFKLQJ�PDWHULDO�WR�VORZ
ZHHG�JURZWK�
7R�LQGXFH�D�EORRP��ZDWHU�VWUHVV�LV�SXW�RQ�WKH�WUHHV��7KH�ZDWHU�LV�SXPSHG�RXW
RI�WKH�FDQDOV�DQG�WKH�SODQWV�DUH�ZLWKRXW�ZDWHU�IRU�DURXQG����GD\V��$IWHU�WKH�GU\
SHULRG� WKH�ZDWHU� LV�SXPSHG� LQ� WKH�FDQDOV�DJDLQ�DQG� LUULJDWLRQ� LV� UHVXPHG� IRU
WZR�WR�WKUHH�GD\V��7KLV� LQGXFHV�EORRPV����7KH�ZDWHU�VWUHVV�LV�FRQGXFWHG�����
����PRQWKV�EHIRUH�WKH�LQWHQGHG�KDUYHVW��)DUPHUV�WU\�WR�LQGXFH�IORZHULQJ�HYHU\
����GD\V��*5283�',6&866,21������������7R�LQIOXHQFH�EORRPLQJ� LV�QRW�HDV\� LQ
WKH� GU\� DQG� KRW� VHDVRQ� DQG� LV� HDVLHU� LQ� FROGHU� ZHDWKHU�� 7KHUHIRUH�� QRW� DOO
IDUPHUV�DUH�ZLOOLQJ�RU� DEOH� WR� WDUJHW�D� KDUYHVW� IRU� WKH� FHOHEUDWLRQ�RI�&KLQHVH
1HZ� <HDU�� )RU� WKDW� KDUYHVW�� WKH� IORZHULQJ� KDV� WR� EH� LQGXFHG� LQ� 0DUFK�$SULO
ZKLFK� DUH� WKH� KRWWHVW� DQG� GULHVW� PRQWKV� LQ� 7KDLODQG� PDNLQJ� WKH� HIIRUW� D
FRPSDUDEO\� ULVN\�SUDFWLFH��+LJK� UHWXUQV�DUH�JDLQHG� IURP� WKLV� VSHFLILF� KDUYHVW
GXH�WR�KLJK�PDUNHW�SULFHV�
)HUWLOL]HU� DSSOLFDWLRQ� WDNHV� SODFH� WKUHH� WLPHV� SHU� \HDU� RQ� DYHUDJH�� 2UJDQLF
PDQXUH�� OLPH�DQG�ULFH�KXVNV�DUH�DSSOLHG�RQFH�D�\HDU��$GGLWLRQDOO\�� OLTXLG� OHDI
IHUWLOL]HU� LV� DSSOLHG� WRJHWKHU� ZLWK� SHVWLFLGHV�� 5HFRPPHQGDWLRQV� IRU� IHUWLOL]HU
DSSOLFDWLRQ� DUH� DURXQG� ������ NJ�SODQW� RUJDQLF� PDQXUH� DQG� �������� J�SODQW
FKHPLFDO� IHUWLOL]HU� �-,5$3251&+$52(1�� ������� 7KH� PDLQ� SHVWLFLGHV� XVHG� DUH

����������������������������������������
��� 3UXQLQJ�FDQ�EH�GHILQHG�DV� WKH�UHPRYDO�RI�XQZDQWHG�JURZWK� LQ�RUGHU� WR�VWLPXODWH�GHVLUHG�JURZWK�

2SLQLRQV�DERXW� WKH�DGYDQWDJH�RI�SUXQLQJ�GLIIHU��+RZHYHU�� LW� LV�PRVWO\� UHFRPPHQGHG� IRU� FLWUXV� WR
VKDSH�WKH�IUDPHZRUN�RI�WKH�\RXQJ�WUHH�DQG�WR�HOLPLQDWH�XQZDQWHG�EUDQFKHV��9(5+(,-�HW�DO���������

��� :DWHU�VWUHVV�FDQ�EH�GHILQHG�DV� WKH�PDMRU� IORZHU�LQGXFLQJ�VLJQDO�XQGHU�VHPL�WURSLFDO�DQG� WURSLFDO
FRQGLWLRQV�� )ORZHULQJ� LQYDULDEO\� RFFXUV� IROORZLQJ� WKH� UHQHZDO� RI� UDLQ� VXEVHTXHQW� WR� D� SHULRG� RI
GURXJKW��63,(*(/�52<�DQG�*2/'6&+0,'7��������
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LQVHFWLFLGHV�IROORZHG�E\�IXQJLFLGHV��SODQW�JURZWK�UHJXODWRUV�DQG�KHUELFLGHV����,Q
WKH�HDUO\�JURZLQJ�VWDJHV�SHVWLFLGHV�DUH�JHQHUDOO\�DSSOLHG�PRUH�IUHTXHQWO\�
������ 0DMRU�3UREOHPV�RI�7DQJHULQH�3URGXFWLRQ�LQ�WKH�6WXG\

$UHD
$�GHFOLQH�LQ�WKH�\LHOG�VSDQ�RI�WDQJHULQH�RUFKDUGV�FDQ�EH�REVHUYHG� LQ� WKH� ODVW
\HDUV��0RVW�RI�WKH�WUHHV�KDYH�D�\LHOG�VSDQ�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�SRVVLEOH
��������\HDUV��DQG�D�GHFUHDVH�LQ�\LHOGV�RIWHQ�DOUHDG\�RFFXUV�LQ�RUFKDUGV�DJHG
WZHOYH�\HDUV��*5(1=(1%$&+�����������$W� WKLV�DJH�� WKH�SODQWV�VKRXOG�QRUPDOO\
EH� LQ� WKHLU� PRVW� SURGXFWLYH� \HDUV�� 7KH� UDSLG� GHFOLQH� RI� WKH� SURGXFWLYLW\� RI
\RXQJ�WUHHV�LQ�WKH�RUFKDUGV�LV�UHJDUGHG�DV�WKH�PDLQ�FDXVH�RI�ORZ�\LHOGV�
7KH� GHFOLQH� RI� SURGXFWLYLW\� LV� PDLQO\� FDXVHG� E\� WKH� XVH� RI� RZQ� URRW� VWRFNV
EULQJLQJ�DERXW�WKH�VSUHDG�RI�WKUHH�PDLQ�GLVHDVHV���L��PLFURRUJDQLVPV�FDXVLQJ
&LWUXV�7ULVWH]D�9LUXV�GLVHDVH���LL��JUHHQLQJ�GLVHDVH����FRQILQHG�WR�WKH�SODQW�FHOOV
DQG� SURSDJDWHG� WKURXJK� DLU� OD\HULQJV� DQG� �LLL�� SK\WRSKWRUD� URRW� URW�� D� IXQJDO
GLVHDVH��LV�VSUHDG�ZKHQ�WKH�VRLO�LV�XVHG�IRU�DLU�OD\HUV��%$80$11����������
7KH� ODUJH� PRQRFXOWXUH� DUHD�� DOPRVW� HQWLUHO\� JURZQ� ZLWK� WDQJHULQH� RI� RQH
YDULHW\��LV�RQH�IXUWKHU�UHDVRQ�IRU�FXOWLYDWLRQ�SUREOHPV��7KH�RFFXUUHQFH�RI�SHVW
LQIHVWDWLRQV� LV�QRW�KLQGHUHG�E\�RWKHU�FURSV�DQG� WKHLU� QDWXUDO� OLYLQJ�RUJDQLVPV
PDNLQJ� SHVW� UHVXUJHQFH� UHODWLYHO\� FRPPRQ� FRPSDUHG� WR� RWKHU� UHJLRQV�� 7KH
FRPPRQ� XVH� RI� PDUFRWV� IRU� SODQWLQJ� FDUULHV� GLVHDVHV� WR� QHZ� RUFKDUGV� DQG
H[FOXGHV�SRVVLEOH�LPSURYHPHQWV�RI�WKH�YDULHWLHV�JURZQ��9(5+(,-�HW�DO���������
7KH�PRVW�FRPPRQO\�XVHG�YDULHW\�LV�TXLWH�VXVFHSWLEOH�WR�SK\WKRSWKRUD�GLVHDVH
DQG�FLWUXV�WULVWH]D�YLUXV��7DQJHULQH�JURZQ�RQ�UHVLVWDQW�URRWVWRFNV�ZRXOG�FRQWURO
WKH�GLVHDVH�PRUH�HDVLO\���
����������������������������������������
��� 3ODQW�JURZWK�UHJXODWRUV�DUH�XVHG�WR�FRQWURO� WUHH�JURZWK��IORZHULQJ�DQG�IUXLWLQJ�DV�ZHOO�DV�VWDELOL]H

OHYHOV�RI�SURGXFWLRQ��7KH\�FDQ�DOVR�EH�XVHG�WR�LPSURYH�IUXLW�TXDOLW\�E\�FRQWUROOLQJ�WKH�SK\VLRORJ\�RI
PDWXUDWLRQ��,:$*$.,��������

��� 9(5+(,-�HW�DO�� �������VWDWH� WKDW� WDQJHULQH�RUFKDUGV�KDYH�WR�EH�JLYHQ�XS������\HDUV�DIWHU�SODQWLQJ
GXH�WR�GLVHDVH�SUREOHPV�

��� 52,67$&+(5��������VWDWHV�WKDW�JUHHQLQJ�GLVHDVH�LV�RQH�OLPLWLQJ�IDFWRU�IRU�WKH�OLIH�VSDQ�RI�FLWUXV�WUHHV
LQ�7KDLODQG��,W�GHVWUR\V�DERXW�����RI�WKH�WUHHV�HDFK�\HDU�LQ�WKH�VRXWKHUQ�SDUW�RI�WKH�FRXQWU\�

��� 7KH�&LWUXV�7ULVWH]D�9LUXV�GRHV�QRW�VKRZ�REYLRXV�GDPDJH�LQ�WDQJHULQH��KRZHYHU�FRQWULEXWHV�WR�WKH
VWUHVV�RI�WKH�WUHHV��*UHHQLQJ�LV�UHVSRQVLEOH�IRU�KLJK�WUHH�ORVVHV�LQ�WDQJHULQH�RUFKDUGV�XQGHU�XSODQG
FRQGLWLRQV�DQG�FDQ�EH�VHHQ�DV� WKH�PRVW�GHYDVWDWLQJ�FLWUXV�GLVHDVH� LQ�7KDLODQG��3K\WRSKWKRUD� LV
YHU\� VHULRXV� RQ� WDQJHULQH� XQGHU� ORZODQG� FRQGLWLRQV� GXH� WR� WKH� KLJK� VXVFHSWLELOLW\� RI� WKH� YDULHW\
JURZQ�DQG�WKH�SRRU�DHUDWLRQ�RI�KHDY\�SDGG\�VRLOV�FRQYHUWHG�LQWR�RUFKDUGV��%$80$11��������

��� $V�FULWHULD�IRU�WKH�VHOHFWLRQ�RI�FLWUXV�URRWVWRFNV�IRU�7KDL�SURGXFWLRQ�FRQGLWLRQV�KDYH�EHHQ�LGHQWLILHG�
ORZ� VXVFHSWLELOLW\� WR� SK\WRSKWRUD� URRW� URW�� WROHUDQFH� DJDLQVW� WULVWH]D�� WROHUDQFH� RI� SRRU� DHUDWLRQ�
WROHUDQFH� RI� ORZ� S+�� HDUO\� JRRG� DQG� UHJXODU� \LHOGLQJ�� SRVLWLYH� LQIOXHQFH� RQ� IUXLW� TXDOLW\� �7+$,
*(50$1�3/$17�3527(&7,21�352*5$00(��������
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2QH�SDUWLFXODUO\�VHYHUH�SUREOHP�LV�WKH�VSUHDG�RI�WKH�JUHHQLQJ�GLVHDVH�RYHU�WKH
DUHD�� ,I� QRW� PDQDJHG� FDUHIXOO\� JUHHQLQJ� FDQ� UHQGHU� D� ZKROH� SODQWDWLRQ
XQSURGXFWLYH��*UHHQLQJ�KDV�DQ�HIIHFWLYH�YHFWRU� LQ�6RXWK�(DVW�$VLD�� WKH�FLWUXV
SV\OOLG� �9(5+(,-� HW� DO��� ������ 52,67$&+(5�� ������ %$80$11�� ������� ,QIHFWHG
WUHHV� KDYH� D� UHGXFHG� OLIH�VSDQ� DQG� ORZHU� \LHOGV�� $� GLVHDVH� HUDGLFDWLRQ
SURJUDP� DLPHG� DW� SURYLGLQJ� JURZHUV� ZLWK� KHDOWK\� GLVHDVH�IUHH� SODQWLQJ
PDWHULDOV� KDV� EHHQ� VWDUWHG� LQ� UHFHQW� \HDUV� �6(7+3$.'((�� ������� +RZHYHU�
VXSSO\�RI�WKLV�SODQWLQJ�PDWHULDO�LV�VWLOO�YHU\�OLPLWHG�
7KH�VWXG\�DUHD�LV�QRW�SHUIHFWO\�VXLWHG�IRU�WDQJHULQH�FXOWLYDWLRQ�DV�LW�FRQVLVWV�RI
KHDY\��ORZ�S+�VRLOV����)UHTXHQW�IORRGLQJ�ZRUVHQV�WKLV�VLWXDWLRQ�DQG�FRQWULEXWHV
WR� LQFUHDVHG� GLVHDVH� SUHVVXUH�� ,QFUHDVHG� UHVLVWDQFH� LV� DQRWKHU� LQGLFDWRU� RI
GLIILFXOWLHV� LQ� WKH� H[LVWHQW� V\VWHP�� ,QWHQVLYH� SURGXFWLRQ� ZLWK� XS� WR� WKUHH
KDUYHVWV�SHU�\HDU�SXWV�DGGLWLRQDO�VWUHVV�RQ�WKH�SODQWV��)LJXUH�����VXPPDUL]HV
WKH�NH\�SURGXFWLRQ�SUREOHPV�
7DEOH����� .H\�3UREOHPV�LQ�WKH�6WXG\�$UHD

.H\�3HVWV

/HDI�0LQHU
7KULSV
5HG�0LWH
5XVW�0LWH
+HOLRWKLV�DPLJHUD�$PHULFDQ�%ROOZRUP�

.H\�'LVHDVHV 7ULVWH]D���*UHHQLQJ
3K\WRSKWKRUD���&DQNHU

6WUHVV�)DFWRUV

&OD\�6RLOV��6XOIXU�DFLG6RLOV
/DUJH�0RQRFXOWXUH$UHDV
��KDUYHVWV�SHU�\HDU
)UXLW�'URS

6RXUFH� 7KDL�*HUPDQ�3ODQW�3URWHFWLRQ�3URJUDPPH������

����������������������������������������
��� 63,(*(/�52<� DQG�*2/'6&+0,'7� ������� RXWOLQH� WKDW� ZLWK� D� FDUHIXO� DGMXVWPHQW� RI� URRWVWRFNV� DQG

FXOWXUDO�SUDFWLFHV�FLWUXV�FDQ�EH�JURZQ�VDWLVIDFWRULO\�RQ�D�ZLGH�UDQJH�RI�VRLOV��,Q�JHQHUDO��GHHS��ZHOO�
GUDLQHG� VDQG\� ORDPV� DUH� EHVW� VXLWHG� IRU� FLWUXV� SURGXFWLRQ��*RRG� GUDLQDJH� LV� WKH�PRVW� HVVHQWLDO
FKDUDFWHULVWLF� RI� D� JRRG� FLWUXV� VRLO�� ZLWKRXW� LW� SRRU� DHUDWLRQ� DQG� LQMXU\� WR� URRWV� DUH� WKH� UHVXOW�� ,Q
UHJLRQV� RI� KHDY\� UDLQIDOO� URRWV� DUH� PRVW� VXVFHSWLEOH� WR� IXQJDO� LQIHFWLRQ�� /DFN� RI� GUDLQDJH� DOVR
FRQWULEXWHV�WR�VDOLQLW\�HIIHFWV�ZKLFK��LQ�WXUQ��PD\�UHGXFH�\LHOGV�
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)RU�WDQJHULQH�IDUPLQJ�WKH�JRYHUQPHQWDO�H[WHQVLRQ�VHUYLFH�LV�ZHDN��7KH�IRFXV
RI�JRYHUQPHQW�H[WHQVLRQ�LV�VWLOO�RQ�VPDOO�ULFH�SURGXFLQJ�IDUPHUV�RU�WKH�IDUPHUV
ZKR�KDYH� UHFHQWO\�VZLWFKHG� WR� IUXLW�JURZLQJ�ZLWKLQ� WKH� UHVWUXFWXULQJ�SURJUDP�
7KLV�RSHQV�VSDFH� IRU�VDOHV�SHUVRQV� IURP�WKH� LQGXVWU\� WR�DFW�DV�H[WHQVLRQLVWV
SURPRWLQJ�WKHLU�SURGXFWV�
,Q� VXPPDU\�� WKHUH� DUH� ILYH� PDMRU� LQGLFDWRUV� IRU� SURGXFWLRQ� SUREOHPV� LQ� WKH
VWXG\�DUHD�
�� WKH�ODUJH�PRQRFXOWXUH�DUHD�
�� WKH�VXVFHSWLEOH�YDULHW\�DQG�LWV�UHSURGXFWLRQ�WHFKQLTXHV�
�� FXUUHQW�SHVWLFLGH�LQWHQVLYH�PDQDJHPHQW�V\VWHPV�
�� GHSOHWLRQ�RI�VRLOV�WKURXJK�ORQJ�KLVWRU\�RI�WDQJHULQH�JURZLQJ�LQ�WKH
�� DQG� WKH� KHDY\� UHOLDQFH� RQ� FKHPLFDO� SHVWLFLGHV� DV� WKH�PDMRU� SHVW� FRQWUROPHDVXUH�
������ 0DMRU�3HVW�RI�7DQJHULQH�LQ�WKH�3URGXFWLRQ�&\FOH
7KH�JURZWK�VWDJHV�RI�WDQJHULQH�DQG�PDMRU�SHVWV�DW� WKH�UHVSHFWLYH�VWDJHV�DUH
OLVWHG�LQ�7DEOH������)RU�WKH�ILUVW�WZR�PRQWKV�WKH�GHYHORSPHQW�LV�VKRZQ�LQ�GD\V
ZKLOH� LQ� WKH� ODWHU� VWDJHV� LW� LV� EDVHG� RQ� D� PRQWKO\� VFKHGXOH�� 7KH� IORZHULQJ
RFFXUV�DW�WKH�HQG�RI�WKH�ILUVW�PRQWK��,Q�WKH�ILUVW�WKUHH�PRQWKV�SHVW�FUHDWH�PRVW
SUREOHPV�IRU�WKH�SURGXFWLRQ��2FFXUUHQFH�RI�WKH�VDPH�SHVWV�DW�ODWHU�VWDJHV�KDV
D�OLPLWHG�KDUPIXO�HIIHFW�RQ�WKH�FURS���

����������������������������������������
��� 7DEOH�,9���LQ�WKH�$SSHQGL[�KDV�D�FRPSOHWH�OLVW�RI�SHVWV�LQ�WDQJHULQH�LQ�7KDLODQG�
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7DEOH����� 0DMRU�3HVWV�RI�7DQJHULQH�DFFRUGLQJ�WR�3URGXFWLRQ�6WDJH
$JH�RIIUXLW��P� � �
$JH�RIIUXLW��G� � ���� ����� ����� ����� ����� ��
3URGXF�WLRQVWDJH

\RXQJVKRRW�����PPORQJ

\RXQJVKRRW�����FPORQJ

VKRRWZLWK\RXQJIORZHU

IXOO\EORRP �SUHPDWXUH�OHDYHV��YHU\\RXQJ�IUXLW

�PDWXUH�OHDYHV��\RXQJ�IUXLW

�IXOOPDWXUH�OHDYHV��\RXQJIUXLW
0DMRUSHVWV WKULSV WKULSV�OHDI�PLQHU OHDI�PLQHU�DPHULFDQEROO�ZRUP

WKULSV�OHDI�PLQHU WKULSV��PLWHVOHDI�UROOHU�DPHULFDQEROO�ZRUP�FDQNHU

PLWHV�WKULSV�DPHULFDQEROO�ZRUP�FDQNHU

PLWHV�WKULSV

$JH�RIIUXLW��P� � � � � � � � �� ��
*URZWKVWDJH \RXQJ�IUXLW��������FP \RXQJ�IUXLW����FP \RXQJ�IUXLW����FP SUHPDWXUH�IUXLW������FP PDWXUHIUXLW IXOO\�PD�WXUH�IUXLW
0DMRUSHVWV WKULSVPLWHVVFDE

FDQNHUPLWHVUXVW�PLWHWKULSV

IUXLW�VSOLWWLQJUXVW�PLWHPLWHVVXQEXUQ��ZLQWHU�

DQWKUDFQRVH�SUHPDWXUH�GURS�SLQJ��IUXLW�VSOLW�WLQJ��UXVW�PLWH
6RXUFH� EDVHG�RQ�3$5$'2518:$7������D

$FFRUGLQJ�WR�GLVFXVVLRQV�ZLWK�IDUPHUV�WKH�KLJKHVW�\LHOGV�DUH�REWDLQHG�EHWZHHQ
WKH�DJHV�RI�������\HDUV����2Q�UHQWHG�ODQG�OHVV�UHSODQWLQJ�DQG�UHSODFHPHQW�RI
WUHHV� LV�FRQGXFWHG�DV�FRQWUDFWV� ODVW�DURXQG�������\HDUV�DQG� LW� LV�XQFHUWDLQ� LI
WKH�FRQWUDFW�ZLOO�EH�H[SDQGHG�DQG�DQ�LQYHVWPHQW�LQ�\RXQJHU�WUHHV�ZLOO�SD\�RII�
7UHHV�DUH�SODQWHG�ZLWK�KLJKHU�GHQVLW\�RQ�UHQWHG� ODQG� WR�JDLQ�KLJKHU�SURILWV� LQ
VKRUWHU�WLPH��7HQXUH�FDQ�EH�SURORQJHG�IRU�DQRWKHU�WZR�\HDUV�GHSHQGLQJ�RQ�WKH
VWDWXV� RI� WKH� WUHHV�� 7KH� IDUPHUV� UHSRUW� IHZ� H[WHQVLRQ� DFWLYLWLHV� IURP� WKH
JRYHUQPHQW�VHUYLFH��+RZHYHU��IDUPHUV�PHHW�LQ�JURXSV�DQG�GLVFXVV�SUREOHPV�
LI�QHFHVVDU\�FRQVXOWLQJ�H[SHUWV�IURP�XQLYHUVLWLHV�RU�SHVWLFLGH�FRPSDQLHV�
������ 3HVWLFLGH�8VH�DQG�3HVW�3UREOHPV
)HZ�OLWHUDWXUH�DQG�UHIHUHQFHV�H[LVW�RQ�SHVWLFLGH�XVH�LQ�WDQJHULQH�SURGXFWLRQ�LQ
7KDLODQG�� 7KHUHIRUH�� LQIRUPDWLRQ� GUDZV� IURP� WKH� DYDLODEOH� VRXUFHV� DQG
LQVWLWXWLRQV�ZRUNLQJ�RQ�WKHVH� LVVXHV��9(5+(,-�HW�DO�� �������VWDWH� WKDW�ZKHUHDV
LQWHJUDWHG� SHVW� FRQWURO� KDV� EHHQ� DGRSWHG� ZLWK� JUHDW� VXFFHVV� LQ� VHYHUDO
����������������������������������������
��� 7KLV� SDUDJUDSK�GUDZV� RQ�D�JURXS�GLVFXVVLRQ�KHOG� ZLWK� WDQJHULQH� IDUPHUV� LQ�6DUD�%XUL� SURYLQFH�

����������
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VXEWURSLFDO�DUHDV��FRPPHUFLDO�JURZHUV� LQ�6RXWK�(DVW�$VLD� VWLOO� UHO\� RQ�KHDY\
VSUD\LQJ��3HVWLFLGHV�DUH�DOVR�WKH�PDLQ�PHWKRG�RI�SHVW�DQG�GLVHDVH�FRQWURO� LQ
WKH� VXUYH\� DUHD�� ,W� LV� EHOLHYHG� WKDW� DURXQG� WHQ� VSUD\LQJ� URXQGV� ZRXOG� EH
VXIILFLHQW�WR�FRSH�ZLWK�WKH�H[LVWLQJ�SUREOHPV�ZLWKRXW�FKDQJLQJ�WKH�PDQDJHPHQW
V\VWHP� �%$80$11�� 3$5$'2518:$7�� SHUVRQDO� FRPPXQLFDWLRQ�� LQVWHDG� RI� WKH
IRUW\�DSSOLFDWLRQV�DYHUDJHG�E\�IDUPHUV���%$80$11���������$�SDSHU�RI�WKH�7+$,
*(50$1� 3/$17� 3527(&7,21� 352*5$00(� ������� FRQFOXGHV� WKDW� WKH� FXUUHQW
SHVWLFLGH� SUDFWLFHV� DUH� WKH� UHVXOW� RI� SURGXFW� SURPRWLRQ� RI� WKH� FKHPLFDO
FRPSDQLHV�DQG�WKH�UHFRPPHQGDWLRQV�RI�WKH�ORFDO�SHVWLFLGH�GHDOHUV�
9DULRXV� IDFWRUV� FRXOG� VXSSRUW� D� PRUH� VXVWDLQDEOH� LQWHJUDWHG� SURGXFWLRQ
V\VWHP��%85*67$//(5��������VXPPDUL]HV�WKDW�FDUHIXO�PRQLWRULQJ�RI�SHVWV�DQG
WKH�XVH�RI� VHOHFWLYH�SHVWLFLGHV�DQG� LPSURYHG�VSUD\LQJ� WHFKQRORJLHV� FDQ�RQO\
FRQWULEXWH� WR� PRUH� VXVWDLQDEOH� SURGXFWLRQ� LI� DOVR� KHDOWK\� SODQWLQJ� PDWHULDO
DOORZV�D�JRRG�GHYHORSPHQW�RI�\RXQJ�WUHHV��7KHVH�PHDVXUHV�LQ�FRPELQDWLRQ�RI
FXOWXUDO� SUDFWLFHV� OLNH� SUXQLQJ�� LUULJDWLRQ� DQG� IHUWLOL]DWLRQ� FDQ� KHOS� WR� UHGXFH
SHVWLFLGH�XVH�GUDVWLFDOO\�
7KH�IROORZLQJ�IDFWRUV�DUH�EHOLHYHG�WR�EH�UHOHYDQW�LQ�WKH�VXUYH\�DUHD��%$80$11�
3$5$'2518:$7��SHUVRQDO�FRPPXQLFDWLRQ����

�� UHGXFWLRQ�RI�SHVWLFLGH�DSSOLFDWLRQ�UDWHV�DQG�DPRXQWV�VSUD\HG
�� LQFUHDVHG�SHVW�PRQLWRULQJ��HVSHFLDOO\�IRU�SV\OOD��LQVHFW�YHFWRU�RI

JUHHQLQJ�GLVHDVH�
�� XVH�RI�
GLVHDVH�IUHH
�URRWVWRFNV��QR�VHHGOLQJ�SURGXFWLRQ�WKURXJK�DLU

OD\HULQJV
�� LPSURYHG�PDQDJHPHQW�WR�FRQWURO�JUHHQLQJ�GLVHDVH
�� QR�VSUD\LQJ�DJDLQVW�PLWHV
�� UHGXFH�VWUHVV�RQ�SODQWV�E\�UHGXFHG�ZDWHU�VWUHVV��YLUXV�IUHH�SODQWLQJ

PDWHULDO
$FFRUGLQJ� WR�H[SHUW�RSLQLRQ� �%$80$11��SHUVRQDO�FRPPXQLFDWLRQ��FURS� ORVVHV
FDQ� EH� H[SHFWHG� WR� EH� ORZHU� WKDQ� SHUFHLYHG� E\� IDUPHUV���� /RVVHV� GXH� WR
LQVHFWV� DUH� UHODWLYHO\� ORZ� GXH� WR� WKH� IDFW� WKDW� WKH� IUXLW� LV� DOVR� VROG� ZLWK� VNLQ
GDPDJH�ZLWKRXW� SURILW� ORVV� DQG�PRVW� RI� WKH� LQVHFWV� DUH� RQO\� GDQJHURXV� DW� D
����������������������������������������
��� $�OLVW�RI�UHFRPPHQGHG�FXOWXUDO�SUDFWLFHV�WR�UHGXFH�SHVWLFLGH�XVH�LV�VKRZQ�LQ�WKH�$SSHQGL[��7DEOH

,9���
��� ([FHSW�IRU�SK\WRSKWRUD�DQG�JUHHQLQJ�GLVHDVH�



�� &KDSWHU����&LWUXV�3URGXFWLRQ�LQ�&HQWUDO�7KDLODQG

FHUWDLQ�SURGXFWLRQ�VWDJH��3$5$'2518:$7���������7KH�PRVW�LPSRUWDQW�VWDJH�LV
WKH�\RXQJ�IUXLW�VWDJH�IRU�SHVW�FRQWURO��$Q�LPSDFW�RI�H[FHVVLYH�SHVWLFLGH�XVH�FDQ
EH�VHHQ�LQ�UHGXFHG�SRSXODWLRQV�RI�QDWXUDO�HQHPLHV�LQ�WKH�DUHD��7KDL�*HUPDQ
3ODQW�3URWHFWLRQ�3URJUDPPH��7DQJHULQH�7HDP��������
'HWHUPLQDQWV� RI� FXUUHQW� SURGXFWLRQ� V\VWHPV� KDYH� EHHQ� LGHQWLILHG� LQ� WKH
SUHYLRXV�GLVFXVVLRQ��:KLOH�WKH�IROORZLQJ�VHFWLRQ�LQWURGXFHV�WKH�VWXG\�DUHD�DQG
WKH�UHVHDUFK�PHWKRGRORJ\�RI�WKH�IDUP�OHYHO�VXUYH\�RI�WDQJHULQH�SURGXFWLRQ��WKH
ODVW�VHFWLRQ�SURYLGHV�D�ILUVW�GHVFULSWLYH�DQDO\VLV�RI�WKH�VXUYH\�



� � 'HVFU LS W LYH � $QD O \V LV � RI � 7DQJHU LQH � 3URGXFW LRQ� LQ
WKH �6WXG\�$UHD

7KLV� FKDSWHU� LQWHQGV� WR� SURYLGH� D� GHVFULSWLYH� DQDO\VLV� RI� WKH� WDQJHULQH
SURGXFWLRQ� LQ� WKH�VWXG\�DUHD��7KH� ILUVW�VHFWLRQ� LQWURGXFHV� WKH�VWXG\�DUHD�DQG
WKH� UHVHDUFK� PHWKRGRORJ\� XVHG� IRU� WKH� ILHOG� VXUYH\�� 7KH� VHFRQG� VHFWLRQ
GLVFXVVHV� ILUVW� GHVFULSWLYH� FDVH� VWXG\� UHVXOWV�� ,Q� WKH� ILUVW� SDUW� GHWHUPLQDQW
YDULDEOHV�LQ�WDQJHULQH�SURGXFWLRQ�V\VWHPV�DUH�SUHVHQWHG��7R�LQWURGXFH�FXUUHQW
PDQDJHPHQW�V\VWHPV�DQG�SUREOHPV�UHODWHG�WR�WDQJHULQH�FXOWLYDWLRQ�D�JHQHUDO
RYHUYLHZ�RI�WKH�SURGXFWLRQ�VLWXDWLRQ�DQG�IDUPHUV
�SHUFHSWLRQV�DUH�JLYHQ�LQ�WKH
VHFRQG�SDUW�
���� 6WXG\�$UHD�DQG�5HVHDUFK�0HWKRGRORJ\
7KH�VWXG\�DUHD��ORFDWHG�QRUWK�HDVW�RI�%DQJNRN��FRYHUV�WKH�WKUHH�SURYLQFHV�RI
3DWKXP� 7KDQL�� 6DUD� %XUL� DQG� 1DNKRQ� 1D\RN� �UHIHU� WR� )LJXUH�9��� LQ� WKH
$SSHQGL[����:LWKLQ�WKHVH�WKUHH�SURYLQFHV�WKH�WDQJHULQH�DUHD�LV�FRQFHQWUDWHG�LQ
VHYHQ�VXE�SURYLQFHV��$PSKXU���1RQJ�6HXD��/DPOXNND��7KDQMDEXUL� LQ�3DWKXP
7KDQL��:LKDQGDHQJ�DQG�1RQJ�.KDH�LQ�6DUD�%XUL�DQG�2QJNDUDN�DQG�%DDQ�1D
LQ�1DNKRQ�1D\RN�
7KH�VWXG\�DUHD�KDV�EHHQ�FKRVHQ�EHFDXVH�LW�LV�WKH�ODUJHVW�SURGXFWLRQ�DUHD��LWV
ODUJH�XQLIRUPLW\�DQG�WKH�SRVVLELOLW\�WR�REVHUYH�DOO�SURGXFWLRQ�UHODWHG�SUREOHPV�
&OLPDWLF�FRQGLWLRQV�DQG�RWKHU�H[WHUQDO� LQIOXHQFLQJ�IDFWRUV�FDQ�EH�UHJDUGHG�DV
DOPRVW� HTXDO� LQ� WKH� VWXG\� DUHD�� 7KXV�� GLIIHUHQFHV� LQ� WKH� SHUIRUPDQFH� RI
WDQJHULQH� IDUPLQJ� FDQ� EH� DWWULEXWHG� PDLQO\� WR� GLIIHUHQFHV� LQ� PDQDJHPHQW
V\VWHPV�
7DEOH� ���� JLYHV� DQ� RYHUYLHZ� RI� WKH� WKUHH� SURYLQFHV�� WKHLU� GLVWULFWV� DQG� WKH
QXPEHU� RI� TXHVWLRQQDLUHV� GHULYHG� IURP� WKH� WKUHH� SURYLQFHV�� $� WRWDO� RI� ���
IDUPHUV�ZHUH�VXUYH\HG��RI�ZKRP�����KDYH�EHHQ�HQWHUHG�LQWR�WKH�DQDO\VLV����,Q
UHODWLRQ� WR� JURZLQJ� DUHDV� WKH� ODUJHVW� IUDFWLRQ� RI� WKH� VXUYH\� LV� GHULYHG� IURP
3DWKXP�7KDQL�� IROORZHG�E\�6DUD�%XUL� DQG�1DNKRQ�1D\RN��:LWKLQ� WKHVH� VXE�
SURYLQFHV� 1RQJ� 6HXD� KDV� E\� IDU� WKH� ODUJHVW� WDQJHULQH� JURZLQJ� DUHD� ZLWK
������� UDL�� 7KH� WRWDO� WDQJHULQH� DUHD� FRPSULVHV� �������� UDL� �������� KD��
3DWKXP�7KDQL�FDQ�EH�FRQVLGHUHG�DV�WKH�ROGHVW�WDQJHULQH�JURZLQJ�DUHD�RI�WKH
WKUHH� SURYLQFHV�� 7DQJHULQH� KDV� EHHQ� JURZQ� KHUH� IRU� PRUH� WKDQ� ��� \HDUV�
����������������������������������������
��� )LYH� TXHVWLRQQDLUHV� KDYH� EHHQ� H[FOXGHG� IURP� WKH� VDPSOH� DV� WKH\� KDYH� EHHQ� LQFRPSOHWHO\

DQVZHUHG�



�� &KDSWHU����'HVFULSWLYH�$QDO\VLV�RI�7DQJHULQH�3URGXFWLRQ�LQ�WKH�6WXG\�$UHD

)DUPHUV� WKHQ� PRYHG� IURP� 3DWKXP� 7KDQL� WR� 6DUD� %XUL� ZKHUH� RUFKDUGV� DUH
VOLJKWO\� \RXQJHU� DQG�SDUWO\� RZQHG�E\� WKH� VDPH� IDUPHUV�ZKR� H[SDQGHG� WKHLU
RUFKDUG� VL]HV��1DNKRQ�1D\RN�FDQ�EH�FRQVLGHUHG�DV� WKH� \RXQJHVW� UHJLRQ� IRU
WDQJHULQH� JURZLQJ�� 2UFKDUG� HVWDEOLVKPHQW� WKHUH� KDV� LQFUHDVHG� RYHU� WKH� ODVW
ILYH�\HDUV�DQG�WKHUHIRUH��VHYHUDO�\RXQJ�SODQWDWLRQV�FDQ�EH�IRXQG��+RZHYHU��D
ZLGH�UDQJH�RI�RUFKDUG�VL]HV�DQG�GLIIHUHQW�DJHV�FDQ�EH�REVHUYHG�RYHU�WKH�HQWLUH
UHJLRQ�

7DEOH����� 2YHUYLHZ�RI�WKH�6XUYH\�$UHD
3URYLQFH $PSKXU 7DQJHULQH�*URZLQJ$UHD��UDL� 1R��RI4XHVWLRQQDLUHV
3DWKXP�7KDQL 1RQJ�6HXD ������

/DPOXNND ����� ���
7KDQMDEXUL ������

6DUD�%XUL :LKDQGDHQJ ������ ��
1RQJ�.KDH ������

1DNKRQ�1D\RN 2QJNDUDN ����� ��
%DDQ�1D �����

7RWDO ������� ���
6RXUFH� $XWKRU¶V�&RPSLODWLRQV��'2$(�3ODQQLQJ�'LYLVLRQ������

7KH�SXUSRVH� RI� WKH� VXUYH\�ZDV� WR� GHVFULEH� WKH�PDQDJHPHQW� V\VWHP�DQG� WR
TXDQWLI\�WKH�SURGXFWLRQ�FRVWV�RI�WDQJHULQH�LQ�WKH�WKUHH�SURYLQFHV����$�VWUDWLILHG
UDQGRP� VDPSOH� KDV� EHHQ� DSSOLHG� VHOHFWLQJ� RQO\� IDUPHUV� ZLWK� DW� OHDVW� VL[
PRQWK�RI�H[SHULHQFH�ZLWK�WDQJHULQH�JURZLQJ�DQG�D�PLQLPXP�RI�WHQ�UDL�RUFKDUG
VL]H��:KHUH�FRPSOHWH� OLVWV� RI� IDUPHUV�ZHUH�DYDLODEOH� WKH\�ZHUH�XVHG� IRU� WKH
UDQGRP�VDPSOLQJ�� ,Q�DUHDV�ZKHUH� OLVWV�ZHUH�QRW�FRPSOHWHO\�DYDLODEOH�� OLVWV�RI
ORFDO�H[WHQVLRQ�VHUYLFH�DQG�IDUPHU�JURXSV�KDYH�EHHQ�XVHG�IRU�WKH�VHOHFWLRQ�
7KH�VXUYH\�ZDV�FRQGXFWHG� IURP�0DUFK� WR� -XO\�������7KH�TXHVWLRQQDLUH� KDV
EHHQ�GHVLJQHG�LQ�FRRSHUDWLRQ�ZLWK�ORFDO�H[SHUWV�DQG�ZDV�SUHWHVWHG�WZLFH��$IWHU
WKH� ILUVW� SUHWHVW�� FRQGXFWHG� ZLWK� WZHQW\� IDUPHUV� LQ� 3DWKXP� 7KDQL�� LQ�GHSWK
LQWHUYLHZV� ZLWK� IRXU� IDUPHUV� ZHUH� KHOG� DQG� WKH� TXHVWLRQQDLUH� ZDV� DGDSWHG�
7KH� VHFRQG� SUHWHVW� ZDV� LQWHQGHG� WR� LQWURGXFH� WKH� VXUYH\� WHDP� WR� WKH
TXHVWLRQQDLUH�DQG�WKH�DUHD��,Q�DGGLWLRQ�D�JURXS�GLVFXVVLRQ�ZDV�KHOG�WR�GLVFXVV
����������������������������������������
��� 5HIHU�WR�WKH�TXHVWLRQQDLUH�LQ�$SSHQGL[�9,,,�



&KDSWHU����'HVFULSWLYH�$QDO\VLV�RI�7DQJHULQH�3URGXFWLRQ�LQ�WKH�6WXG\�$UHD ��

WKH� PDMRU� FRQFHUQV� RI� WKH� IDUPHUV� UHODWHG� WR� WDQJHULQH� SURGXFWLRQ���� 7KH
VXUYH\� WHDP� ZDV� LQWURGXFHG� WR� WKH� TXHVWLRQQDLUH� GHVLJQ� DQG� LWV� XVH�
,QWHUYLHZV�LQ�JHQHUDO�ODVWHG�IURP�RQH�WR�WZR�KRXUV��)DUPHUV�ZHUH�LQIRUPHG�LQ
DGYDQFH� DQG� DSSRLQWPHQWV� ZHUH�PDGH�� 7KH� TXHVWLRQQDLUHV� ZHUH� GLVFXVVHG
ZLWK� WKH� VXUYH\� WHDP� LQ� WKH� HYHQLQJV� DQG� WR� WKH� H[WHQW� SRVVLEOH� GDWD� ZDV
HQWHUHG�LPPHGLDWHO\��7KHUHIRUH��LQFRQVLVWHQFLHV�FRXOG�EH�GHWHFWHG�TXLFNO\�
,Q�WKH�TXHVWLRQQDLUH�VSHFLDO�DWWHQWLRQ�ZDV�JLYHQ�WR�WKH�XVH�RI�SHVWLFLGHV��7KH
\HDU�KDV�EHHQ�GLYLGHG�LQWR�WKH�SURGXFWLRQ�F\FOH�RI�WDQJHULQH��GLIIHUHQWLDWLQJ�ILYH
GHYHORSPHQW� VWDJHV�� 7KH� GLIIHUHQWLDWLRQ� DFFRUGLQJ� WR� WKH� SURGXFWLRQ� F\FOH
DOORZV�IDUPHUV�WR�UHFDOO�WKHLU�VSUD\LQJ�EHKDYLRU�LQ�WKH�DEVHQFH�RI�IDUP�UHFRUGV�
)DUPHUV�ZHUH�DVNHG�ZKLFK�VSHFLILF�SHVWLFLGH�RU�IHUWLOL]HU��ZKLFK�TXDQWLWLHV�DQG
KRZ�RIWHQ� WKH\�DUH� XVHG� LQ� UHODWLRQ� WR� WKH� IUXLWLQJ� VWDJH�RQ�D�PRQWKO\� EDVLV�
:LWK�WKLV�PHWKRG�GHWDLOHG�LQIRUPDWLRQ�RQ�IDUPHU
V�SUDFWLFHV�UHJDUGLQJ�SHVWLFLGH
DQG�IHUWLOL]HU�XVH�FRXOG�EH�REWDLQHG��7KLV�SURFHGXUH�DOORZV�WKH�GLIIHUHQWLDWLRQ�RI
SHVWLFLGHV� XVHG� E\� IUXLW� VWDJHV�� E\� SHVWLFLGH� FDWHJRULHV� DQG� :+2�FODVVHV�
)XUWKHUPRUH��LW�DOORZV�D�GHWDLOHG�FDOFXODWLRQ�RI�WKH�FRVWV�LQYROYHG��7KH�SULFH�RI
LQGLYLGXDO� SHVWLFLGHV� DQG� IHUWLOL]HUV� ZHUH� WDNHQ� IURP� ORFDO� WUDGHUV�� 8VLQJ� WKLV
PHWKRG�D�FRPSOHWH�RYHUYLHZ�RI�SHVWLFLGH�XVH�DQG�FRVWV�ZDV�REWDLQHG��$SDUW
IURP�SHVWLFLGH�XVH�� LQIRUPDWLRQ�RQ�SHVW�SUHVVXUH�� LQIRUPDWLRQ�IORZV��FURS� ORVV
SHUFHSWLRQV� DQG� RSLQLRQV� UHODWHG� WR� ,30� PHDVXUHV� KDYH� EHHQ� JDWKHUHG�� ,Q
DQRWKHU� VWHS� IDUPHUV� ZHUH� DVNHG� WR� UDQN� LQIRUPDWLRQ� VRXUFHV� IRU� SHVWLFLGHV
DFFRUGLQJ�WR�WKHLU�LPSRUWDQFH�
���� 7DQJHULQH�3URGXFWLRQ�LQ�WKH�6WXG\�$UHD
������ 9DULDEOHV�,QIOXHQFLQJ�7DQJHULQH�3URGXFWLRQ
%DVHG�RQ�WKHRUHWLFDO�EDFNJURXQG��H[SHUW�RSLQLRQ��JURXS�GLVFXVVLRQV�� LQ�GHSWK
LQWHUYLHZV�ZLWK�WDQJHULQH�IDUPHUV�DQG�FRQFOXVLRQV�GUDZQ�IURP�WKH�DQDO\VLV�RI
WKH�DJULFXOWXUDO�SROLF\�VLWXDWLRQ�YDULDEOHV�LQIOXHQFLQJ�WDQJHULQH�SURGXFWLRQ�KDYH
EHHQ�LGHQWLILHG����
7DEOH�����JLYHV�DQ�RYHUYLHZ�RI�WKH�YDULDEOHV�WKDW�ZHUH�LQFOXGHG�LQ�WKH�VXUYH\
RI� WDQJHULQH� IDUPHUV�� 7KHVH� YDULDEOHV� DUH� K\SRWKHVL]HG� WR� EH� XVHIXO� LQ
H[SODLQLQJ� WKH� FRPSOH[HV� RI� FURS� SURGXFWLYLW\�� GHPDQG� IRU� SHVWLFLGHV�� SDWK�
����������������������������������������
��� ���$SULO�����
��� $JULFXOWXUDO�SROLF\�DVSHFWV�DQG�WKHLU�LQIOXHQFHV�RQ�SHVW�PDQDJHPHQW�DUH�GLVFXVVHG�LQ�VHFWLRQ�����

)RU�UHOHYDQW�YDULDEOHV�UHJDUGLQJ�SHVWLFLGH�XVH�UHIHU�WR�VHFWLRQ�����DQG������9DULDEOHV� LPSRUWDQW� LQ
WKH�WDQJHULQH�SURGXFWLRQ�SURFHVV�DUH�GLVFXVVHG�LQ�VHFWLRQ�����



�� &KDSWHU����'HVFULSWLYH�$QDO\VLV�RI�7DQJHULQH�3URGXFWLRQ�LQ�WKH�6WXG\�$UHD

GHSHQGHQF\� DQG� VRFLR�HFRQRPLF� VWDWXV�� 7KHLU� UHOHYDQFH� DQG� LPSDFW� RQ� WKH
WDQJHULQH� SURGXFWLRQ� SURFHVV� ZLOO� EH� LQYHVWLJDWHG� LQ� IXUWKHU� VWDWLVWLFDO� DQG
HFRQRPLF�DQDO\VHV�
7DEOH����� 9DULDEOHV� IRU� WKH� (FRQRPLF� $QDO\VLV� RI� &URS� 3URWHFWLRQ� LQ

7DQJHULQH�3URGXFWLRQ

&URS3URGXFWLYLW\

�� DJH�RI�SODQWDWLRQ
�� FOLPDWLF�FRQGLWLRQV
�� PLFURFOLPDWH�DQG�FRQGLWLRQ�RI�RUFKDUG
�� SODQWLQJ�GLVWDQFH
�� LQSXWV�GHSHQGLQJ�RQ�PDQDJHPHQW�V\VWHP�

H�J��SHVWLFLGHV��IHUWLOL]HU��RUJDQLF�PDQXUH��SODQWLQJ�PDWHULDO�ODERU��PDFKLQHU\
�� QXPEHU�RI�KDUYHVWV
�� QXPEHU�RI�WUHHV�UHSODQWHG

'HPDQGIRU3HVWLFLGHV

�� H[SHFWHG�SURILW�RI�WDQJHULQH�JURZLQJ
�� \HDUV�RI�JURZLQJ�WDQJHULQH
�� SULFH�RI�SHVWLFLGHV
�� SULFH�RI�WDQJHULQH
�� FRVWV�RI�QRQ�FKHPLFDO�DOWHUQDWLYHV
�� GHJUHH�RI�NQRZOHGJH�RQ�FURS�SURWHFWLRQ�DOWHUQDWLYHV
�� SHUVRQDO�DVVHVVPHQW�RI�SHVWLFLGH�EHQHILWV
�� SHUFHLYHG�HIILFDF\�RI�SHVWLFLGH�FKRVHQ
�� PDQDJHPHQW�V\VWHP
�� GHSHQGHQF\�RQ�LQIRUPDWLRQ�RI�UHVRXUFH�SHUVRQV

3DWK�'HSHQGHQF\LQ�3HVWLFLGH8VH

�� LQFUHDVH�LQ�SHVWLFLGH�XVH�RYHU�WKH�\HDUV
�� LQFUHDVLQJ�LQSXW�FRVWV
�� KLJKHU�VSUD\LQJ�IUHTXHQFLHV
�� VL]H�RI�WDQJHULQH�RUFKDUG
�� UHVLVWDQFH�EXLOG�XS
�� LQFUHDVLQJ�SHVW�SUHVVXUH
�� KLJKHU�ZDJH�UDWH�IRU�SHVWLFLGH�DSSOLFDWLRQ
�� FURSSLQJ�GLYHUVLW\
�� DYDLODELOLW\�RI�WHFKQRORJ\�DQG�LQIRUPDWLRQ�RQQRQ�FKHPLFDO�DOWHUQDWLYHV

6RFLR�HFRQRPLF6WDWXV�RI7DQJHULQH)DUPHUV

�� IDUPLQJ�H[SHULHQFH
�� DJH�RI�IDUPHU
�� HGXFDWLRQ
�� LQFRPH�VRXUFHV
�� RSLQLRQ�RQ�LQIRUPDWLRQ�VRXUFHV
�� LQQRYDWLRQ�SRWHQWLDO
�� RSLQLRQ�RQ�PDMRU�SURGXFWLRQ�SUREOHPV

 )RU�D�GLVFXVVLRQ�RQ�DOWHUQDWLYHV�WR�SHVWLFLGHV�UHIHU�WR�VHFWLRQ�����6RXUFH� $XWKRU
V�&RPSLODWLRQV



&KDSWHU����'HVFULSWLYH�$QDO\VLV�RI�7DQJHULQH�3URGXFWLRQ�LQ�WKH�6WXG\�$UHD ��

������ 7DQJHULQH�)DUPLQJ�LQ�WKH�6WXG\�$UHD
7KLV�VHFWLRQ�SUHVHQWV�D�ILUVW�DQDO\VLV�RI�WKH�VLWXDWLRQ�RI�WDQJHULQH�IDUPHUV�LQ�WKH
VWXG\�DUHD��7KH�RYHUDOO�VLWXDWLRQ�RI� WKH�VXUYH\� IDUPHUV�� ODQG�VWDWXV��SHVWLFLGH
DQG�IHUWLOL]HU�XVH��KDUYHVWLQJ�DV�ZHOO�DV�IXWXUH�SODQV�DUH�GLVFXVVHG�
�������� 2YHUDOO�6LWXDWLRQ�DQG�/DQG�6WDWXV
*HQHUDO�EDFNJURXQG�LQIRUPDWLRQ�RI�WKH�IDUPHUV�LV�VKRZQ�LQ�7DEOH������7KH�DJH
RI�WDQJHULQH�IDUPHUV�VKRZV�D�ODUJH�YDULDELOLW\�ZLWK�D�PHDQ�RI�IRUW\�\HDUV��7KH
PDMRULW\�RI�IDUPHUV�KDYH�DWWHQGHG�SULPDU\�DQG�RU�VHFRQGDU\�VFKRRO��(GXFDWLRQ
UHDFKHV� IURP� SULPDU\� VFKRRO� WR� XQLYHUVLW\� HGXFDWLRQ�� $V� RQO\� IDUPHUV� ZKR
KDYH� EHHQ� JURZLQJ� WDQJHULQH� IRU� PRUH� WKDQ� VL[� PRQWKV� DUH� LQFOXGHG� LQ� WKH
VXUYH\�� SODQWDWLRQ� DJHV� UDQJH� IURP� OHVV� WKDQ� RQH� XS� WR� ��� \HDUV�� 2UFKDUG
VL]HV� YDU\� FRQVLGHUDEO\� ZLWK� D� PHDQ� RI� ��� UDL���� +RZHYHU�� WKH� PDMRULW\� RI
IDUPHUV� KDYH� RUFKDUG� VL]HV� DURXQG� RU� EHORZ� ��� UDL�� 2QH� KXQGUHG� ILIW\� IRXU
IDUPHUV�KDYH�RUFKDUGV�EHDULQJ� IUXLW��ZKLOH� LQ����RUFKDUGV� IUXLWLQJ�KDV�QRW�\HW
VWDUWHG�

7DEOH����� *HQHUDO�%DFNJURXQG�'DWD
9DULDEOH 5DQJH $YHUDJH
$JH�RI�)DUPHU ������� ����
7LPH�RI�7DQJHULQH�*URZLQJ��\HDUV� �������� ����
$JH�RI�3ODQWDWLRQ��\HDUV� �������� ���
2UFKDUG�6L]H��UDL�
'LVWULEXWLRQ�

��������
�����UDL

���������UDL
!�����UDL

����
���
���
���

6RXUFH� 2ZQ�6XUYH\

0RUH�WKDQ�����RI�IDUPHUV������IDUPHUV��JUHZ�RWKHU�FURSV�EHIRUH�WKH\�VWDUWHG
WDQJHULQH�JURZLQJ��7KLV�ZDV�PRVWO\�ULFH��������IROORZHG�E\�YHJHWDEOHV�������
$V�UHDVRQV�IRU�FKDQJLQJ�WKH�FURSV�JURZQ�IDUPHUV�QDPHG�ORZ�LQFRPH�������DV
WKH� PDLQ� UHDVRQ�� 7HQ� SHUFHQW� LQGLFDWHG� WKDW� WKH\� ZHUH� LQVSLUHG� E\� WKHLU
QHLJKERUV�WR�VKLIW�WR�WDQJHULQH�SURGXFWLRQ��)RU�WKH�PDMRULW\�RI�IDUPHUV�WDQJHULQH
JURZLQJ� LV� WKHLU� RQO\� HQWHUSULVH� ������� $OPRVW� ���� RI� WKH� IDUPHUV� JURZ
����������������������������������������
��� 2QH�UDL�LV�HTXLYDOHQW�WR������KD�



�� &KDSWHU����'HVFULSWLYH�$QDO\VLV�RI�7DQJHULQH�3URGXFWLRQ�LQ�WKH�6WXG\�$UHD

WDQJHULQH�RQ�WKHLU�RZQ�ODQG��RI�ZKLFK�����FXOWLYDWH�DGGLWLRQDOO\�RQ�UHQWHG�ODQG�
7KH�UHPDLQLQJ�����FXOWLYDWH�RQ�UHQWHG�ODQG�RQO\�
3HVW� DQG� GLVHDVH� SUREOHPV� DUH� SRLQWHG� RXW� DV� RQH� RI� WKH� WKUHH� PDMRU
SURGXFWLRQ�SUREOHPV�E\�����RI�WKH�IDUPHUV��)LIW\�VHYHQ�SHUFHQW�QDPH�WKH�VRLO
FRQGLWLRQV�DQG�WKH�EDG�URRWVWRFNV�DV�D�SUREOHP��ZKLOH�����UDLVH�WKH�SUREOHP
RI�KLJK� LQYHVWPHQW�FRVWV��$OPRVW� WKH�VDPH�VKDUH�RI� IDUPHUV�UHSRUW� WKDW� ODERU
VKRUWDJHV�DUH�EHFRPLQJ�D�PDMRU�SUREOHP�
�������� +DUYHVWLQJ�DQG�<LHOGV
6HYHQW\�VL[�SHUFHQW�RI�WKH�IDUPHUV�KDYH�RUFKDUGV�LQ�SURGXFWLRQ��7KH�UHVW�RI�WKH
IDUPHUV�KDYH�\RXQJ�SODQWDWLRQV��WKDW�KDYH�QRW�\HW�VWDUWHG�EHDULQJ�IUXLW��$PRQJ
KDUYHVWLQJ� IDUPHUV�� ���� KDYH� WZR� KDUYHVWV� SHU� \HDU� DQG� ���� DUH� DEOH� WR
REWDLQ� WKUHH� KDUYHVWV�� WKH� UHVW� KDUYHVWV� RQO\� RQFH� D� \HDU�� )RU� ���� RI� WKH
IDUPHUV�WKH�VXUYH\�\HDU�ZDV�WKHLU�ILUVW�\HDU�RI�KDUYHVWLQJ��7KH�PDLQ�KDUYHVWLQJ
VHDVRQV�DUH�)HEUXDU\���$SULO��ZKHUH�����RI� WKH� IDUPHUV�KDUYHVW��-XO\�$XJXVW
DQG�2FWREHU�1RYHPEHU� DUH� DOVR� SHDN� VHDVRQV� DOWKRXJK� ZLWK� ORZHU� RXWSXWV�
)RUW\�SHUFHQW�RI�WKH�IDUPHUV�KDYH�KDUYHVWV�LQ�-DQXDU\�DW�WKH�WLPH�ZKHQ�SULFHV
DUH�DW�WKHLU�SHDN��+RZHYHU��KDUYHVWLQJ�DFWLYLWLHV�DUH�UHSRUWHG�DOO�\HDU�URXQG�
7DEOH� ���� VKRZV� WKH� GLVWULEXWLRQ� RI� \LHOGV� E\� JURZWK� VWDJHV� DQG� SURYLQFHV�
1DNKRQ�1D\RN� GRHV� QRW� \HW� KDYH� RUFKDUGV� LQ� WKH� JURZWK� VWDJH� RI� ��� WR� ��
\HDUV��2YHUDOO��DQQXDO�WDQJHULQH�\LHOGV�KDYH�D�PHDQ�RI�������NJ�SHU�UDL�����W
SHU�KHFWDUH�UHVSHFWLYHO\���

7DEOH����� <LHOGV�E\�*URZWK�6WDJH�DQG�3URYLQFH��LQ�NJ�SHU�UDL�
*URZWK6WDJHD 3DWKXP�7KDQL 6DUD�%XUL 1DNKRQ�1D\RN

0LQ 0D[ 0HDQ 0LQ 0D[ 0HDQ 0LQ 0D[ 0HDQ
, � ����� ��� � ����� ��� � ����� ���
,, � ����� ����� ��� ����� ����� ��� ����� �����
,,, ��� ����� ����� ��� ����� ����� � �����
,9 ��� ����� ����� ��� ����� ����� � � �

D� �*URZWK�6WDJHV��,� �������\HDUV��,,� �������\HDUV��,,,� ���������\HDUV��,9� ���������\HDUV
6RXUFH� $XWKRU
V�&DOFXODWLRQV

����������������������������������������
��� $URXQG����WRQV�SHU�KHFWDUH�DUH�UHIHUUHG�WR�DV�WKH�PD[LPXP�\LHOG�IRU�WDQJHULQH�LQ�6RXWK�(DVW�$VLD

�9(5+(,-�HW�DO����������7KUHH�SHUFHQW�RI�IDUPHUV����IDUPHUV��LQ�WKH�VWXG\�DUHD�FXUUHQWO\�KDYH�\LHOGV
DURXQG�������NJ�SHU�UDL�
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7KLUW\�HLJKW� SHUFHQW� RI� WKH� IDUPHUV� FRQVLGHUHG� WKHLU� KDUYHVW� DV� ORZ�� ���� DV
QRUPDO�DQG�����DV�KLJK�FRPSDUHG� WR�SUHYLRXV�\HDUV�KDUYHVWV��7KH�DYHUDJH
WDQJHULQH�SULFH�REWDLQHG�ZDV������%DKW�SHU�NJ��UDQJLQJ�IURP������%DKW��7KLUW\
IDUPHUV�JUDGH� WKHLU� IUXLWV�EHIRUH�PDUNHWLQJ�DQG�WKHUHIRUH�REWDLQ�SULFHV�DERYH
DYHUDJH��0RVW�RI� WKH� IDUPHUV� WU\� WR� WDUJHW� WKHLU� KDUYHVWV� WR�PD[LPL]H�SULFHV�
1HDUO\� KDOI� RI� DOO� IDUPHUV� IHHO� WKDW� \LHOGV� KDYH� GHFUHDVHG� RYHU� WKH� ODVW� ILYH
\HDUV�� ZKLOH� ���� EHOLHYH� WKH\� DUH� LQFUHDVLQJ���� 0DUNHWLQJ� LV� DOPRVW� HQWLUHO\
GRQH� WKURXJK�PLGGOHPDQ� ZKR� EX\� WKH� IUXLW� GLUHFWO\� LQ� WKH� ILHOG�� 7KH� WUDGHUV
ZHLJK� WKH� WDQJHULQH� EDVNHWV� LQ� WKH� ILHOG� DQG� WUDQVSRUW� WKH� IUXLW� WR�%DQJNRN
V
ZKROHVDOH� PDUNHWV�� 7KH� WZR� PDMRU� VRXUFHV� RI� PDUNHW� LQIRUPDWLRQ� DUH� RWKHU
IDUPHUV������RI�WKH�IDUPHUV��DQG�ORFDO�WUDGHUV������RI�WKH�IDUPHUV��
�������� 3HVWLFLGH�$SSOLFDWLRQ��3HVWLFLGH�DQG�)HUWLOL]HU�8VH
3HVWLFLGHV�DUH�DSSOLHG� IUHTXHQWO\��$SSOLFDWLRQ� UDWHV� UDQJH� IURP��� WR���� WLPHV
SHU�\HDU�ZLWK�DQ�DYHUDJH�RI����DSSOLFDWLRQV��7KH�PDMRULW\�RI�SHVWLFLGHV�XVHG
DUH� LQVHFWLFLGHV�� 9HU\� IHZ� IDUPHUV� XVH� KHUELFLGHV�� WKH� PDLQ� WRRO� IRU� ZHHG
FRQWURO� LV� PDQXDO� ZHHGLQJ�� +RZHYHU�� WKH� XVH� RI� KHUELFLGHV� LV� UHSRUWHG� WR
LQFUHDVH�GXH�WR�ODERU�VKRUWDJHV�
)LIW\� SHUFHQW� RI� WKH� IDUPHUV� DSSO\� SHVWLFLGHV� ZLWK� D� VSUD\HU� HTXLSSHG
PRWRUERDW��2WKHU�IDUPHUV�XVH�KDQG�SXOOHG�ERDWV�RU�NQDSVDFN�VSUD\HUV��$OPRVW
DOO�IDUPHUV�VSUD\�D�PL[WXUH�RI�VHYHUDO�SHVWLFLGHV���SHVWLFLGH�FRFNWDLOV��7KH�PDLQ
UHDVRQ� LV� WR� VDYH� WLPH� RU� ODERU� FRVWV� DQG� WR� FRQWURO� PDQ\� SHVWV� ZLWK� RQH
DSSOLFDWLRQ��5HFRPPHQGDWLRQV�IRU�WKH�FRFNWDLO�PL[WXUH�DUH�PDLQO\�GHULYHG�IURP
RZQ� H[SHULHQFH� ������� UHFRPPHQGDWLRQV� IURP� SHVWLFLGH� VDOHVPDQ� ������
LQVWUXFWLRQV� IURP� WKH� ODEHO� RI� WKH� SHVWLFLGH� ������ DQG� IULHQGV� DQG� QHLJKERUV
��������� ���� RI� WKH� IDUPHUV� SD\� KLJKHU� ZDJHV� WR� WKH� SHUVRQ� DSSO\LQJ
SHVWLFLGHV� VLQFH� WKH� ZRUN� LV� PRUH� KD]DUGRXV� WKDQ� RWKHU� WDVNV� ZRUN�� 7KHVH
ZDJHV�FDQ�EH�XS�WR�WZLFH�WKH�QRUPDO�ZDJH�
7DEOH� ���� LQGLFDWHV� WKH� VRXUFHV� RI� LQIRUPDWLRQ� FRQFHUQLQJ�ZKLFK� SHVWLFLGH� LV
ERXJKW�� TXDQWLWLHV� DQG� TXDOLW\� RI� WKH� SHVWLFLGH�� )DUPHUV� ZHUH� DVNHG� ZKLFK
ZHUH� WKHLU�PDMRU� VRXUFHV� RI� LQIRUPDWLRQ��:KLFK�SHVWLFLGH� LV� ERXJKW� LV�PDLQO\
����������������������������������������
��� ,W�PLJKW�EH�H[SHFWHG� WKDW� WKH�VWDWHPHQW�RI�KDUYHVW�GHYHORSPHQW� LV� UHODWHG� WR� WKH� SODQWDWLRQ�DJH�

+RZHYHU��WKHUH�LV�QR�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�WKH�DJH�RI�WKH�SODQWDWLRQ�DQG�WKH�VWDWHPHQW�RI
LQFUHDVLQJ�RU�GHFUHDVLQJ�\LHOGV�
�FRUU� ��������W�YDOXH� ������

��� 5HODWLQJ� WKHVH� UHVXOWV� WR� WKH�GLVFXVVLRQ�DERXW� WKH�XVH�RI�SHVWLFLGH�FRFNWDLOV� LQ�VHFWLRQ������� OHWV
DVVXPH�WKDW�WKH�NQRZOHGJH�RQ�WKH�DFWXDO�DPRXQW�RI�D�L��DQG�WKH�HIIHFWLYLW\�RI�WKH�FRFNWDLOV�LV�OLPLWHG
GXH� WR� LQVXIILFLHQW� LQIRUPDWLRQ�� SHVWLFLGH� TXDOLW\� LQDGHTXDFLHV� DQG� PL[WXUHV� RI� SHVWLFLGHV� RI
XQNQRZQ�HIIHFW�
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LQIOXHQFHG� E\� SHVWLFLGH� UHWDLOHUV�� IULHQGV� DQG� QHLJKERUV� ��������� $V� WKH
SHVWLFLGH� VDOHVPHQ� KDYH� D� VWURQJ� SUHVHQFH� LQ� WKH� DUHD� DQG� UHWDLOHU� VKRSV
VHUYH� DOVR� DV� LQIRUPDWLRQ� FHQWHU�� WKH� LQIOXHQFH� RQ� RSLQLRQ� IRUPDWLRQ� LV
H[SHFWHG�WR�EH�KLJK�
'RVDJHV�DUH�PRVWO\�WDNHQ�IURP�WKH�LQIRUPDWLRQ�RQ�WKH�ODEHO��+RZHYHU������RI
WKH� IDUPHUV� VWLOO� FRQVXOW� WKHLU� UHWDLOHU�� 7KH� TXDOLW\� RI� WKH� SHVWLFLGH� LV� MXGJHG
EDVHG� RQ� UHFRPPHQGDWLRQV� RI� UHWDLOHUV�� IULHQGV� DQG� QHLJKERUV�� 7KH� UHVXOWV
HPSKDVL]H�WKH�LPSRUWDQW�UROH�RI�UHWDLOHUV��IULHQGV�DQG�QHLJKERUV�UHJDUGLQJ�WKH
LQIRUPDWLRQ� RI� SHVWLFLGHV�� 7KH� VWURQJ� GHSHQGHQFH� RQ� LQIRUPDWLRQ� RI� UHWDLOHUV
DQG� VDOHVPHQ� VXJJHVWV� WKDW� WKH� JLYHQ� LQIRUPDWLRQ� XQLODWHUDOO\� IRFXV� RQ
SHVWLFLGHV�ZLWKRXW�PXFK�GLVFXVVLRQ�RI�DOWHUQDWLYHV�� ,W�FDQ�EH�UHJDUGHG�DV� WKH
UROH� RI� WKH� JRYHUQPHQWDO� H[WHQVLRQ� WR� LQIRUP� PRUH� REMHFWLYHO\� DERXW� FURS
SURWHFWLRQ�PHWKRGV��KRZHYHU�� DV�7DEOH�����VKRZV�� WKH\�DUH�VHOGRP�XVHG�DV
LQIRUPDWLRQ�VRXUFHV�

7DEOH����� )DUPHUV
� 6RXUFHV� RI� ,QIRUPDWLRQ� RQ� 3HVWLFLGHV
�LQ���RI�IDUPHUV�

7\SH�RILQIRUPDWLRQ 3HVWLFLGHUHWDLOHU )ULHQGV�QHLJKERU 3HVWLFLGHVDOHVPDQ /DEHO ([WHQVLRQ 2ZQH[SHULHQFH
3HVWLFLGH ���� ���� ���� ���� ��� ����
8VH�TXDQWLWLHV ���� ���� ��� ���� ��� ���
4XDOLWLHV ���� ���� ��� ���� ��� ����
 WKUHH�DQVZHUV�SRVVLEOH�SHU�IDUPHU��1� ����
6RXUFH� 2ZQ�6XUYH\��$XWKRU¶V�&DOFXODWLRQV

7DEOH� ���� DQDO\VHV� KRZ� FKDQJHV� LQ� SHVWLFLGH� XVH� SDWWHUQV� DUH� UHODWHG� WR
SHUFHSWLRQV�RQ�SHVWLFLGH�HIILFDF\�DQG�SHVW�GHYHORSPHQW��&KDQJHV�UHSRUWHG�DUH
LQ� WKH� PDMRULW\� LQFUHDVHV� LQ� SHVWLFLGH� XVH� RU� WKH� FKDQJH� WR� PRUH� VHOHFWLYH
SHVWLFLGHV��7KH�ILUVW�OLQH�VKRZV�WKH�SHUFHQWDJH�UHVXOWV�UHODWHG�WR�URZV�ZKLOH�WKH
VHFRQG� OLQH� UHSUHVHQWV� WKH�FROXPQ�SHUFHQWDJH� UHVXOWV��0RUH� WKDQ�KDOI� RI� WKH
IDUPHUV� UHSRUWHG� WKDW� SHVWLFLGH� XVH� SDWWHUQV� KDG� FKDQJHG� RYHU� WKH� ODVW� ILYH
\HDUV� ��������� 2I� WKHVH� IDUPHUV�� ����� �� LQGLFDWHG� WKDW� SHVWLFLGH� HIILFDF\
UHPDLQHG� WKH� VDPH� DQG� ����� �� LQGLFDWHG� WKDW� SHVW� GHYHORSPHQW� ZDV� WKH
VDPH�
1LQHW\�WZR� SHUFHQW� RI� WKH� IDUPHUV� UHSRUWLQJ� VDPH� HIILFDF\� OHYHOV� GLG� QRW
FKDQJH� WKHLU� SHVWLFLGH� XVH� SDWWHUQV�� 6HYHQW\�WKUHH� SHUFHQW� RI� DOO� IDUPHUV
FRQVLGHU� WKH� HIILFDF\� RI� SHVWLFLGHV� DV� PRUH� RU� OHVV� WKH� VDPH�� 0RVW� RI� WKH
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IDUPHUV�UHSRUWLQJ�ORZHU�SHVWLFLGH�HIILFDF\�EHORQJ�WR�WKH�JURXS�RI�IDUPHUV�ZKR
FKDQJHG� WKHLU�SHVWLFLGH�XVH�SDWWHUQV� ���������7KH� UHVXOWV� RI� WKH� DQDO\VLV�RQ
FKDQJHV� LQ� SHVWLFLGH� XVH� SDWWHUQV� FDQ� EH� UHJDUGHG� DV� FRQVLVWHQW� ZLWK
SHUFHSWLRQV�RQ�SHVWLFLGH�HIILFDF\��$OPRVW�KDOI� RI� WKH� IDUPHUV� UHSRUW� WKDW� SHVW
SUREOHPV�LQFUHDVHG�RYHU�WKH�ODVW�ILYH�\HDUV���������+RZHYHU��VHYHQW\�SHUFHQW
RI� WKH� IDUPHUV� ZKR� DUH� UHSRUWLQJ� LQFUHDVLQJ� SHVW� SUHVVXUHV� GLG� QRW� FKDQJH
WKHLU� SHVWLFLGH� XVH� SDWWHUQV��3HUFHSWLRQV� RQ� LQFUHDVLQJ� SHVW� SUHVVXUH� GR� QRW
UHVXOW�LQ�SHVWLFLGH�XVH�FKDQJHV�

7DEOH����� &KDQJHV� LQ� 3HVWLFLGH� 8VH� 3DWWHUQ� LQ� 5HODWLRQ� WR� 3HVWLFLGH
(IILFDF\� DQG� 3HVW� 'HYHORSPHQW� DV� DVVHVVHG� E\� )DUPHUV
�LQ����

&KDQJHV�RI�3HVWLFLGH�8VH3DWWHUQ 3HVWLFLGH�HIILFDF\ 3HVW�GHYHORSPHQW
URZ�SHUFHQW�FROXPQ�SHUFHQW VDPH ORZHU VDPH LQFUHDVLQJ

\HV ���� �������� �������� �������� ��������
QR ���� �������� ������� �������� ��������
7RWDO ���� ���� ���� ����

 1� ����
6RXUFH� $XWKRU
V�&DOFXODWLRQV

6RPH�RI�WKH�PDLQ�SHVWLFLGHV�XVHG�DUH�OLVWHG�LQ�7DEOH������$Q�RYHUYLHZ�LV�JLYHQ
RI� WKH� SHVWLFLGH� SULFHV� DQG� :+2�FDWHJRULHV�� 7KH� PDMRULW\� RI� LQVHFWLFLGHV
FRPHV�IURP�WKH�:+2�FDWHJRULHV�,E�DQG�,,��ZKLOH�IXQJLFLGHV�PDLQO\�VWHP�IURP
FDWHJRU\� ,9�� +RZHYHU�� SULFHV� YDU\� VXEVWDQWLDOO\�� HVSHFLDOO\� IRU� LQVHFWLFLGHV�
7KLV�RULJLQDWHG�IURP�GLIIHUHQW�GRVDJHV�SHU�KHFWDUH��KLJK�SULFHG�SHVWLFLGHV�KDYH
JHQHUDOO\�VPDOOHU�GRVDJH�OHYHOV��
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7DEOH����� 0DLQ�3HVWLFLGHV�8VHG��WKHLU�3ULFHV�DQG�:+2�&DWHJRU\
3HVWLFLGH1DPH &RPPRQ1DPH 3HVWLFLGH&DWHJRU\ :+2�&DWHJRU\ 3ULFH�%DKW�O�NJ�

GLPHWKRDWH GLPHWKRDWH������� LQVHFWLFLGH ,, ��
F\SHUPHWKULQ F\SHUPHWKULQ������� LQVHFWLFLGH ,, ���
F\SHUPHWK\O F\SHUPHWKULQ������� LQVHFWLFLGH ,, ���
PHWDPLGRSKRV PHWDPLGRSKRV������� LQVHFWLFLGH ,E ���
FDVFDGH IOXIHQR[XURQ������ LQVHFWLFLGH ,9 �����
ODQQDWH PHWKRP\O������� LQVHFWLFLGH ,E ���
PRQRFURWRSKRV PRQRFURWRSKRV������� LQVHFWLFLGH ,E ���
FRQILGRU LPLGDFORSULG������ LQVHFWLFLGH ,, �����
FDUERVXOIDQ FDUERVXOIDQ������� LQVHFWLFLGH ,, ���
FDUEHQGD]LP FDUEHQGD]LP������� IXQJLFLGH ,9 ���
FDSWDQ FDSWDQ������� IXQJLFLGH ,9 ���
FRSSHU FRSSHU�R[\FKORULGH������� IXQJLFLGH ,,, ���
PDQFR]HE PDQFR]HE������� IXQJLFLGH ,9 ���
JO\SKRVDWH JO\SKRVDWH������� KHUELFLGH ,9 ���
JUDPPR[RQH SDUDTXDW������� KHUELFLGH ,, ���
6RXUFH� 2ZQ�6XUYH\

7KH� PDMRULW\� RI� LQVHFWLFLGHV� XVHG� EHORQJ� WR� WKH� PRUH� KD]DUGRXV� JURXS
DFFRUGLQJ�WR�:+2�FODVVLILFDWLRQ��+HDOWK�KD]DUGV�LQ�UHODWLRQ�WR�WKH�XVH�RI�WKHVH
KD]DUGRXV� SHVWLFLGHV� DUH� KLJKO\� SUREDEOH���� 7KH� SUREOHP� EHFRPHV� PRUH
REYLRXV�FRQVLGHULQJ�WKDW�KDUGO\�DQ\�SURWHFWLYH�FORWKLQJ�LV�XVHG�IRU�DSSOLFDWLRQ
DQG� WKDW� SHVWLFLGH� FRQWDPLQDWHG� ZDWHU� LQ� WKH� RUFKDUG� FDQDOV� LV� XVHG� IRU
KRXVHKROG� SXUSRVHV� RI� IDUPHUV� RU� IDUP� ZRUNHUV�� )LJXUH� ���� VKRZV� WKH
SHVWLFLGH� FDWHJRULHV� GLYLGHG� LQWR� :+2�FODVVHV�� 2YHU� DOO� FDWHJRULHV�� DOPRVW
����RI� WKH�SHVWLFLGHV�VWHP� IURP�KD]DUGRXV�DQG�PRVW�KD]DUGRXV�FDWHJRULHV�
7KH� VKDUH� RI� WKH� PRUH� KD]DUGRXV� SHVWLFLGHV� LV� KLJKHVW� IRU� LQVHFWLFLGHV
��������� +HUELFLGH� XVH� FRQFHQWUDWHV� EDVLFDOO\� RQ� WZR� W\SHV� RI� KHUELFLGHV
H[SODLQLQJ�WKH�SHDNV�RI�:+2�FODVV�,,�DQG�,9��)XQJLFLGHV�FRPSULVH�PDLQO\�RXW
RI�FODVV�,,,�DQG�,9�SHVWLFLGHV��7KH�JURXS�RI�RWKHU�SHVWLFLGHV����QRW�VKRZQ�LQ�WKH
ILJXUH��FRQVLVWV�RXW�RI�JURXS�,9�DQG�9�SHVWLFLGHV��&ODVV�,D�DQG�,E�SHVWLFLGHV�DUH
XVHG�LQ�LQVHFWLFLGH�DSSOLFDWLRQV�RQO\�

����������������������������������������
��� 5HIHU�WR�:$1*7+21*7$0������D��UHSRUWLQJ�VLPLODU�UHVXOWV�DQG�VHFWLRQ�������
��� 7KH�JURXS�RI�RWKHU�SHVWLFLGHV�VXPPDUL]HV�SODQW�JURZWK�UHJXODWRUV��DGMXYHQWV��WUDFH�HOHPHQWV�DQG

YLWDPLQV�
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)LJXUH����� 3HVWLFLGH� 8VH� DFFRUGLQJ� WR� :+2�&ODVVLILFDWLRQ
�LQ���RI�DSSOLFDWLRQV�SHU�\HDU��
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,QVHFWLFLGH� )XQJLFLGH� +HUELFLGH�
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9�

,D�E� �H[WUHPHO\�DQG�KLJKO\�KD]DUGRXV��,,� �PRGHUDWHO\�KD]DUGRXV��,,,� �VOLJKWO\�KD]DUGRXV�,9� �XQOLNHO\�WR�SUHVHQW�DFXWH�KD]DUGV�LQ�QRUPDO�XVH��9� �QRW�OLVWHG
6RXUFH� $XWKRU
V�&DOFXODWLRQV

2QO\� ��� IDUPHUV� UHSRUW� QRQ�FKHPLFDO�PHWKRGV� DPRQJ�ZKLFK� WKH� VSUD\LQJ� RI
ZDWHU�LV�WKH�PRVW�FRPPRQ�����RI�DOO�IDUPHUV���$GGLWLRQDOO\��VRPH�IDUPHUV�XVH
WUDSV�RU�RWKHU�PRQLWRULQJ�PHWKRGV��5HDVRQV�IRU�QRW�XVLQJ�RWKHU�FURS�SURWHFWLRQ
PHWKRGV� DUH�PDLQO\� WKDW� IDUPHUV� DUH� DIUDLG� WKDW� WKH\�PLJKW� ORRVH� WKHLU� FURS
�������������EHOLHYH�WKDW�RWKHU�PHWKRGV�DUH�QRW�ZRUNLQJ��ZKLOH�����FODLP�WKDW
WKH\� GR� QRW� KDYH� VXIILFLHQW� NQRZOHGJH� WR� XVH� RWKHU�PHWKRGV�� $V�PDMRU� SHVW
DQG� GLVHDVH� SUREOHPV� LQ� WKH� DUHD� DUH� FRQVLGHUHG�� WKULSV�� OHDIPLQHU�
SK\WKRSWKRUD��PLWH�DQG�FDQNHU��LQ�RUGHU�RI�IUHTXHQFLHV���,W�LV�LQWHUHVWLQJ�WR�QRWH
WKDW� RQO\� ����RI� WKH� IDUPHUV� FRQVLGHU� JUHHQLQJ� DV� D�PDMRU� SUREOHP� LQ� WKHLU
RUFKDUGV� ZKHUHDV� JUHHQLQJ� LV� FRQVLGHUHG� DV� WKH� PRVW� GHYDVWDWLQJ� IDFWRU� LQ
WDQJHULQH�SURGXFWLRQ�E\�H[SHUWV����)DUPHUV�HVWLPDWH�FURS�ORVV�FDXVHG�E\�SHVWV
DW� ����RQ�DYHUDJH�� ,I� QR� SHVWLFLGH�ZHUH� XVHG� WKLV� DVVHVVPHQW� LQFUHDVHV� WR
PRUH� WKDQ� ����� 6HYHQW\� HLJKW� SHUFHQW� RI� IDUPHUV� VDLG� WKDW� WKH\� ZRXOG� QRW
FKDQJH�WKHLU�VSUD\LQJ�SDWWHUQV�LI�SHVWLFLGH�SULFHV�ZHUH�KLJKHU�
,Q� WKH� VWXG\� DUHD�� FRPPRQ� SUDFWLFH� LV� WR� XVH� IHUWLOL]HU� DURXQG� WZR� RU� WKUHH
WLPHV�SHU�\HDU��$OPRVW�����RI�IDUPHUV�JDWKHU� LQIRUPDWLRQ�RQ�WKH�FRQGLWLRQ�RI
WKH� VRLO� EHIRUH� XVLQJ� IHUWLOL]HU�� 7KLV� LQIRUPDWLRQ� LV� PDLQO\� GHULYHG� IURP� WKH
RXWORRN� RI� WKH� VRLO� ������� S+�PHWHU� ������ DQG� VRLO� WHVW� IURP� WKH� H[WHQVLRQ
����������������������������������������
��� 0XOWLSOH�DQVZHUV�SRVVLEOH�
��� 5HIHU�WR�VHFWLRQ�������



�� &KDSWHU����'HVFULSWLYH�$QDO\VLV�RI�7DQJHULQH�3URGXFWLRQ�LQ�WKH�6WXG\�$UHD

VHUYLFH��������,Q�DGGLWLRQ�WR�VRLO�IHUWLOL]HUV��IROLDU�IHUWLOL]HUV�DUH�IUHTXHQWO\�XVHG�
7KH\� DUH� DSSOLHG� LQ� FRPELQDWLRQ� ZLWK� SHVWLFLGHV�� $OPRVW� DOO� IDUPHUV� XVH
RUJDQLF� IHUWLOL]HUV�� 7KHVH� DUH� EDVLFDOO\� DQLPDO�PDQXUH� �XVHG� E\� DOO� IDUPHUV��
ULFH�KXVNV��������ERQHV�������DQG�OLPH���������
$V� UHSRUWHG� E\� WKH� IDUPHUV� LQIRUPDWLRQ� DERXW� LQWHJUDWHG� SHVW� PDQDJHPHQW
PHWKRGV� LV� VFDUFH�� 0RUH� WKDQ� ILIW\� SHUFHQW� RI� IDUPHUV� VDLG� WKDW� WKH\� GR� QRW
NQRZ� H[DFWO\�� ZKHUHDV� ���� RI� WKH� IDUPHUV� XQGHUVWDQG� WKDW� ,30�PHDQV� WKH
XVH� RI� SUHGDWRUV� DQG� WUDSV�� ELRORJLFDO� SHVWLFLGHV� DQG� HIIHFWLYH� PLFUR�
RUJDQLVPV��+DOI�RI� WKH�IDUPHUV�IHHO� WKDW� ,30�PHWKRGV�ZRXOG�KDYH�D�QHJDWLYH
HIIHFW�RQ�\LHOG�
�������� &RVWV�DQG�5HWXUQV
7KH� ILUVW� DQDO\VLV� RI� WKH� IDUP� VXUYH\� LQGLFDWH� WKDW� PDQDJHPHQW� V\VWHPV� RI
WDQJHULQH� SURGXFWLRQ� DFURVV� IDUPV� GLIIHU�PRVWO\� LQ� SHVW� DQG� GLVHDVH� FRQWURO�
KDUYHVWLQJ� WLPHV� DQG� RXWSXW� OHYHOV�� /DERU� DQG� FDSLWDO� LQWHQVLW\� GR� QRW� GLIIHU
PXFK�DPRQJ� IDUPHUV�DQG�DUH�DOPRVW�XQUHODWHG� WR�RUFKDUG� VL]H�RU� SODQWDWLRQ
DJH� VXJJHVWLQJ� WKH� QRQ�H[LVWHQFH� RI� VFDOH� HIIHFWV�� 'LIIHUHQFHV� LQ� FRVWV� DQG
UHWXUQV�DUH�GLVFXVVHG�LQ�WKLV�VHFWLRQV�DQG�WKH�IROORZLQJ�FKDSWHU�
$OO�PRQHWDU\�YDOXHV�RI�LQSXW�DQG�RXWSXW�IDFWRUV�DUH�UHIHUUHG�WR�LQ�FRVWV�SHU�UDL
DQG� \HDU�� 7KH� FRVW� RI� SHVWLFLGHV�� IHUWLOL]HU� DQG� RUJDQLF�PDQXUH� DUH� UHWULHYHG
IURP�WKH�DSSOLFDWLRQ�OHYHO�DFFRUGLQJ�WR�IUXLWLQJ�VWDJHV��7KH�SULFHV�IRU�SHVWLFLGHV
DQG�IHUWLOL]HUV�DUH�WDNHQ�IURP�ORFDO� WUDGHUV��2UJDQLF�PDQXUH�SULFHV�DUH�EDVHG
RQ�IDUPHUV�UHFDOO��&RVWV�IRU�UHSODQWLQJ�DUH�FDOFXODWHG�IURP�WKH�DQQXDO�DPRXQW
RI�WUHHV�UHSODQWHG��LQ�WKH�FDVH�RI�PLVVLQJ�GDWD�D�����UHSODFHPHQW�RI�WRWDO�WUHHV
SODQWHG�KDV�EHHQ�DVVXPHG��7KH�SULFHV�RI�WUHHV�IRU�UHSODQWLQJ�KDYH�EHHQ�WDNHQ
IURP�WKH�VXUYH\��&UHGLW�FRVWV�DUH�H[SUHVVHG� LQ�DQQXLWLHV�RI�FUHGLWV�ERUURZHG�
&RVWV�RI�PDFKLQHV�DQG�HTXLSPHQW�DUH�VXPPDUL]HG�LQ�WKH�PDFKLQH�FRVWV�DQG
DUH�OLQHDU�GHSUHFLDWHG�DFFRUGLQJ�WR�WKHLU�HFRQRPLF�OLIH�XVDJH��XQOHVV�LQGLFDWHG
GLIIHUHQWO\�D�OLIH�RI�WHQ�\HDUV�KDV�EHHQ�DVVXPHG���7RWDO�YDULDEOH�FRVWV�FRPSULVH
RI� FRVWV� IRU� SHVWLFLGHV�� IHUWLOL]HU�� RUJDQLF� PDWHULDO� DQG� UHSODQWLQJ� FRVWV�� $V
FRVWV�IRU�PDFKLQHV�DQG�HTXLSPHQW�DUH�QRW�UHJDUGHG�DV�GHWHUPLQLQJ�IDFWRUV�RI
SURGXFWLRQ�GLIIHUHQFHV�� WKH\�DUH� WUHDWHG�VHSDUDWHO\��5HYHQXHV�DUH� FDOFXODWHG
RQ�WKH�LQGLYLGXDO�\LHOG�OHYHO�UHODWHG�WR�WKH�DYHUDJH�WDQJHULQH�SULFH�RI�DOO�IDUPHUV
�������%DKW��

����������������������������������������
��� 5HIHU�WR�D�FRPSOHWH� OLVW�RI�DOO�SHVWLFLGHV�DQG�IHUWLOL]HUV�� WKHLU�FDWHJRULHV��:+2�FODVV�DQG�SULFHV�LQ

WKH�$SSHQGL[��7DEOH�,9���



&KDSWHU����'HVFULSWLYH�$QDO\VLV�RI�7DQJHULQH�3URGXFWLRQ�LQ�WKH�6WXG\�$UHD ��

7DEOH����� VXPPDUL]HV� WKH�DYHUDJH� ODERU� FRVWV�RI� DOO� IDUPV�E\� W\SH� RI� ODERU�
,UULJDWLRQ��SHVWLFLGH�DSSOLFDWLRQ��ZHHGLQJ�DQG� WKH�HVWDEOLVKPHQW�RI� VXSSRUWLQJ
VWLFNV�DUH�WKH�PRVW�WLPH�FRQVXPLQJ�ZRUNV�

7DEOH����� $YHUDJH�/DERU�&RVWV��LQ�%DKW�SHU�UDL�DQG�\HDU�
/DERU 7RWDO
3HVWLFLGH�DSSOLFDWLRQ ������
)HUWLOL]HU�DSSOLFDWLRQ �����
,UULJDWLRQ ������
:HHGLQJ ������
$SSOLFDWLRQ�RI�RUJDQLF�PDQXUH ������
6XSSRUWLQJ�VWLFNV ������
3UXQLQJ ������
&OHDQLQJ�RI�FDQDOV ������
+DUYHVWLQJ ������
6RXUFH� $XWKRU
V�&DOFXODWLRQV

)RU�WKH�FDOFXODWLRQ�RI�FRVWV�DQG�UHWXUQV� LQ� WDQJHULQH�SURGXFWLRQ�RI� WKH�VXUYH\
IDUPHUV�DQG�JLYH�DQ�RYHUYLHZ�RI�WKH�SHUIRUPDQFH�RYHU�WKH�GLIIHUHQW�SODQWDWLRQV
DJHV� WKH� RUFKDUGV� DUH� GLYLGHG� LQ� IRXU� JURZWK� VWDJHV� DFFRUGLQJ� WR� WKHLU
SODQWDWLRQ� DJHV� �7DEOH� ������ 7KH� FRVWV� DQG� UHWXUQV� FDOFXODWHG� UHSUHVHQW� WKH
DYHUDJH�YDOXHV�IRU�WKH�UHVSHFWLYH�JURZWK�VWDJH�

7DEOH����� &RVWV� DQG� 5HWXUQV� E\� 3ODQWDWLRQ� $JH
�DYHUDJH�RI�DOO�IDUPV��LQ�%DKW�SHU�UDL�

*URZWK6WDJH $JH�RI7UHH &RVWV�RI3HVWLFLGH8VH
&RVWV�RI)HUWLOL]HU8VH

7RWDO9DULDEOH&RVWV�
3HVWLFLGH&RVWV��LQ��RI�79&� 5HYHQXH

6WDJH�, ��±�� ����� ����� ����� ���� �����
6WDJH�,, ��±�� ����� ����� ������ ���� ������
6WDJH�,,, ���±��� ����� ����� ������ ���� ������
6WDJH�,9 ������� ����� ����� ������ ���� ������
� �DOO�GDWD�VLJQLILFDQW�DW�WKH�������OHYHO���� �LQFOXGLQJ�ODERU�FRVWV
6RXUFH� $XWKRU
V�&DOFXODWLRQV

3HVWLFLGH�FRVWV�DUH�DOPRVW� FRQVWDQW�RYHU� WKH� ODVW� WKUHH�JURZLQJ�VWDJHV��7KLV
DOVR�DSSOLHV�WR�IHUWLOL]HU�LQSXWV��3HVWLFLGH�FRVWV�DFFRXQW�IRU�DURXQG�����RI�WRWDO



�� &KDSWHU����'HVFULSWLYH�$QDO\VLV�RI�7DQJHULQH�3URGXFWLRQ�LQ�WKH�6WXG\�$UHD

YDULDEOH� FRVWV�� 7KH\� DUH�� WKHUHIRUH�� WKH� ODUJHVW� FRVW� LWHP� DWWULEXWLQJ� WR� WRWDO
YDULDEOH�FRVWV��9DULDEOH�FRVWV�GR�QRW�GLIIHU�ODUJHO\�EHWZHHQ�JURZLQJ�VWDJHV�ZLWK
WKH� H[FHSWLRQ� RI� WKH� \RXQJHVW� VWDJH�� :KLOH� SURILWV� DUH� QHJDWLYH� LQ� WKH� ILUVW
\HDUV��WKH\�LQFUHDVH�UDSLGO\�DIWHU�WKH�ILUVW�KDUYHVWV��0HDQ�UHYHQXHV�RI�WKH�ILUVW
VWDJH�DUH�SRVLWLYH�GXH�WR�D�VKDUH�RI�IDUPHUV�DOUHDG\�LQ�SURGXFWLRQ�
7KH�RYHUYLHZ�RI�FRVWV�DQG�UHWXUQV�VXJJHVWV�WKDW�WKHUH�LV�OLWWOH�GLIIHUHQWLDWLRQ�LQ
WKH� LQWHQVLW\� EHWZHHQ� JURZLQJ� VWDJHV�� ,W� LV� H[SHFWHG� WKDW� WKH� GLIIHUQWLDWLRQ
EHWZHHQ� WKH� SURGXFWLRQ� LQWHQVLW\� RI� GLIIHUHQW� PDQDJHPHQW� VWUDWHJLHV�
LQGHSHQGHQW�RI�WKH�SODQWDWLRQ�DJH��LV�KLJKHU��7KH�IROORZLQJ�FKDSWHU��WKHUHIRUH�
IRFXVHV� RQ� WKH� DQDO\VLV� RI� GLIIHUHQFHV� EHWZHHQ� PDQDJHPHQW� VWUDWHJLHV� E\
GHWHUPLQLQJ�DQG�FRPSDULQJ�IDUP�VXE�JURXSV�ZLWK�VLPLODU�VWUDWHJLHV�



� � 0DQDJHPHQW �6W UDWHJ LHV� LQ �7DQJHU LQH �3URGXFW LRQ
7KH� LGHQWLILFDWLRQ� RI� GLIIHUHQW� WDQJHULQH� PDQDJHPHQW� VWUDWHJLHV� DQG� WKHLU
GHWHUPLQDQWV� DUH� WKH� IRFXV� RI� WKLV� FKDSWHU�� ,Q� WKH� ILUVW� VHFWLRQ� WKH� GDWD� LV
JURXSHG� DFFRUGLQJ� WR� UHJLRQV�� JURZWK� VWDJHV� DQG� \LHOG� OHYHOV�� $V� WKH
FDWHJRUL]DWLRQ� FDQ� RQO\� XQVDWLVIDFWRU\� JURXS� IDUPHUV� DFFRUGLQJ� WR� LQWHQVLW\
OHYHOV�� WKH� VHFRQG� VHFWLRQ� LQWURGXFHV� WKH� FOXVWHU� DQDO\VLV� DV� D� JURXSLQJ
PHWKRGRORJ\��FDWHJRUL]LQJ�WKH�GDWD�DFFRUGLQJ� WR� LQWHQVLW\�RI� LQSXW�XVH�IRU� WKH
GHWHUPLQDWLRQ� RI� GLIIHUHQW� VWUDWHJ\� JURXSV�� 7KH� WKLUG� VHFWLRQ� GLVFXVVHV� WKH
UHVXOWV� RI� WKH� FOXVWHU� DQDO\VLV�ZLWK� UHJDUG� WR� GLIIHUHQFHV� RI� WKH�PDQDJHPHQW
VWUDWHJLHV�� $� VSHFLDO� IRFXV� LV� JLYHQ� WR� GLIIHUHQFHV� LQ� SHVWLFLGH� XVH� DQG� WKHLU
UHDVRQV��7KH�VHFWLRQ�FRQFOXGHV�ZLWK�D�FDWHJRUL]DWLRQ�RI�WKH�FOXVWHU�JURXSV��,Q
WKH� ODVW� SDUW� RI� WKH� FKDSWHU� D� FDWHJRULFDO� GDWD� DQDO\VLV� LV� LQWURGXFHG
GHWHUPLQLQJ�PDMRU�VHOHFWLRQ�FULWHULD�IRU�SHVWLFLGHV�DQG�TXDQWLI\LQJ�WKHLU�LPSDFW�
6HFWLRQ�ILYH�VXPPDUL]HV�WKH�UHVXOWV�DQG�GUDZV�FRQFOXVLRQV�
���� 6HOHFWLRQ�RI�*URXSLQJ�&ULWHULD
5HJLRQV�� JURZWK� VWDJHV� DQG� \LHOG� OHYHOV� KDYH� EHHQ� VHOHFWHG� DV� LQWURGXFWRU\
JURXSLQJ�FULWHULD��7KH� WDUJHW� LV� WR�DQDO\]H� LI� WKHVH�YDULDEOHV�DUH� LPSRUWDQW� IRU
WKH�FOXVWHULQJ�SURFHVV�DQG�ZKLFK�RI�WKHVH�FULWHULD�FDQ�EH�DGGLWLRQDOO\�XVHG�WR
IXUWKHU�GLIIHUHQWLDWH� FOXVWHU�JURXSV��7KH� YDULDEOHV� IRU�ZKLFK� WKHVH� FULWHULD�DUH
GLVFXVVHG�DUH�FRVWV�RI�SHVWLFLGH�XVH��IHUWLOL]HU�FRVWV��FRVWV�RI�UHSODQWLQJ��ODERU
FRVWV��WRWDO�YDULDEOH�FRVWV�DQG�JURVV�PDUJLQV��7KHVH�YDULDEOHV�DUH�VHOHFWHG�DV
LQGLFDWRUV�IRU�GLIIHUHQFHV�DPRQJ�IDUPV�DV�WKH\�LQIRUP�DERXW�WKH�LQWHQVLW\�RI�WKH
JURXSV� DV� ZHOO� DV� DERXW� WKH� RYHUDOO� SHUIRUPDQFH� RI� WKH� IDUP�� 7R� WHVW� WKH
YDOLGLW\�DQG�H[SODQDWRU\�XVH�RI�WKH�JURXSLQJ�IDFWRUV�PXOWLSOH�FRPSDULVRQ�WHVWV
KDYH�EHHQ�FRQGXFWHG��7KHVH�WHVWV�DOORZ�WR�GHWHUPLQH�ZKLFK�JURXS�PHDQV�DUH
UHVSRQVLEOH�IRU�WKH�H[LVWLQJ�GLIIHUHQFHV���
5HJLRQV� KDYH� EHHQ� VHOHFWHG� DV� WKH� ILUVW� PHDQV� RI� JURXSLQJ� WR� FRQFOXGH
ZKHWKHU� UHJLRQDO� LQIOXHQFHV� H[LVW�� $V� 3DWKXP� 7KDQL� LV� WKH� UHJLRQ� ZKHUH
WDQJHULQH�LV�JURZQ�ORQJHVW�DQG�1DNKRQ�1D\RN�KDV�WKH�KLJKHVW�VKDUH�RI�IDUPV
����������������������������������������
��� 7XNH\
V� PXOWLSOH� FRPSDULVRQ� PHWKRG� DQG� 'XQFDQ
V� PXOWLSOH� UDQJH� WHVW� KDYH� EHHQ� XVHG� WR

GHWHUPLQH� JURXS� GLIIHUHQFHV�� 7KH� ILUVW� LV� D� SDLUZLVH� FRPSDULVRQ� WHVW� EDVHG� RQ� WKH� VWXGHQWL]HG
UDQJH�� ,W� GHWHUPLQHV� D� FULWLFDO� QXPEHU� VXFK� WKDW� LI� DQ\� SDLU� RI� VDPSOH� PHDQV� KDV� D� GLIIHUHQFH
JUHDWHU�WKDQ�WKLV�FULWLFDO�QXPEHU��LW�LV�FRQFOXGHG�WKDW�WKH�SDLU
V�WZR�FRUUHVSRQGLQJ�SRSXODWLRQ�PHDQV
DUH�GLIIHUHQW��7KH�VHFRQG�PHWKRG�RIIHUV�WKH�SRVVLELOLW\�RI�VLPXOWDQHRXV�WHVWLQJ��7KH�KRPRJHQHLW\�RI
DOO�PHDQV�LV�WHVWHG�DW�D�FHUWDLQ�OHYHO��0XOWLSOH�UDQJH�WHVWV�FDQ�EH�XVHG�ZLWK�XQHTXDO�FHOO�VL]HV��EXW
PD\�� KRZHYHU�� UHVXOW� LQ� XQGHVLUDEOH� RSHUDWLQJ� FKDUDFWHULVWLFV� LI� FHOO� VL]H� GLIIHUHQFHV� DUH� ODUJH
�6$6�67$7�92/�����������%RWK�WHVW�FRPH�WR�WKH�VDPH�UHVXOWV�IRU�WKH�VXUYH\�GDWD�



�� &KDSWHU����0DQDJHPHQW�6WUDWHJLHV�LQ�7DQJHULQH�3URGXFWLRQ

ZLWK�\RXQJ�SODQWDWLRQV��GLIIHUHQFHV�LQ�FURS�PDQDJHPHQW�FDQ�EH�K\SRWKHVL]HG�
7KH� K\SRWKHVLV� IRU� WKH� FULWHULD� JURZWK� VWDJHV� DQG� \LHOG� OHYHOV� LV� WKDW� WKH
YDULDEOHV� GLIIHU� LQ� UHODWLRQ� WR� WKH� SODQWDWLRQ� DJH� �JURZWK� VWDJH�� RU� SURGXFWLRQ
OHYHOV��\LHOG�OHYHO��RI�WDQJHULQH�RYHU�WLPH��*URZWK�VWDJHV�FDQ�EH�UHJDUGHG�DV�D
GLIIHUHQWLDWLQJ� IDFWRU� GXH� WR� WKH� SHUHQQLDO� QDWXUH� RI� WDQJHULQH� DQG� D� WLPH
GHSHQGHQW� \LHOG� GHYHORSPHQW�� 7KDW� GLIIHUHQFHV� LQ�PDQDJHPHQW� V\VWHPV� DUH
GHWHUPLQHG� E\� YDU\LQJ� RXWSXW� OHYHOV� LV� K\SRWKHVL]HG� IRU� \LHOG� OHYHO
FODVVLILFDWLRQ�� *URZWK� VWDJHV� KDYH� EHHQ� GLIIHUHQWLDWHG� LQ� ILYH� \HDU� SHULRGV
UHVXOWLQJ�LQ�IRXU�JURZWK�VWDJHV��\LHOGV�KDYH�EHHQ�FODVVLILHG�LQ�ILYH�VLPLODU�\LHOG
JURXSV��������NJ�UDQJH���7DEOH�����VKRZV�WKH�GLIIHUHQFHV�RI�WKH�PHDQV�IRU�WKH
VHOHFWHG� YDULDEOHV� IRU� WKH� WKUHH� JURXSLQJ� FULWHULD���� 7KH� SURYLQFHV� 3DWKXP
7KDQL� �37�� DQG� 6DUD� %XUL� �6�� VKRZ� QR� VLJQLILFDQW� JURXS� GLIIHUHQFHV� IRU� WKH
YDULDEOHV�� +RZHYHU�� IRU� SHVWLFLGH� DQG� IHUWLOL]HU� FRVWV� DQG� IRU� WRWDO� YDULDEOH
FRVWV�� PHDQV� DUH� VLJQLILFDQWO\� KLJKHU� WKDQ� LQ� 1DNKRQ� 1D\RN� �11��� *URVV
PDUJLQ� YDOXHV� DUH� ORZHU� LQ� 1DNKRQ� 1D\RN� GXH� WR� ORZHU� DYHUDJH� SODQWDWLRQ
DJHV��/DERU�FRVWV�DUH�KLJKHU�LQ�3DWKXP�7KDQL��ZKLOH�QR�VLJQLILFDQW�GLIIHUHQFHV
H[LVW�IRU�UHSODQWLQJ�FRVWV�

����������������������������������������
��� :KHQ� PXOWLSOH� FRPSDULVRQV� DUH� LQWHUSUHWHG�� LW� KDV� WR� EH� UHPHPEHUHG� WKDW� IDLOXUH� WR� UHMHFW� WKH

K\SRWKHVLV�WKDW�WZR�RU�PRUH�PHDQV�DUH�HTXDO�VKRXOG�QRW�OHDG�WR�WKH�FRQFOXVLRQ�WKDW�WKH�WZR�PHDQV
DUH� LQ� IDFW�HTXDO��)DLOXUH� LQ�UHMHFWLQJ� WKH�QXOO� K\SRWKHVLV� LPSOLHV�RQO\� WKDW� WKH�GLIIHUHQFH�EHWZHHQ
SRSXODWLRQ� PHDQV� LV� QRW� ODUJH� HQRXJK� WR� EH� GHWHFWHG� ZLWK� WKH� JLYHQ� VDPSOH� VL]H� �6$6�67$7
92/����������



7DEOH����� *URXS�'LIIHUHQFHV�IRU�6HOHFWHG�9DULDEOHV�DQG�*URXSLQJ�&ULWHULD
9DULDEOHV

*URXSLQJ�&ULWHULD 1 3HVWLFLGH�&RVWV )HUWLOL]HU�&RVWV 5HSODQWLQJ�&RVWV /DERU�&RVWV 79& *URVV�0DUJLQ
5HJLRQ 37 ��� ����� $ ����� $ ���� $ ����� $ ������ $ ������ $

6% �� ����� $ ����� $ ���� $ ����� % ����� $ ������ $
11 �� ����� % ����� % ���� $ ����� % ����� % ����� %

*URZWK�6WDJHVD , �� ����� % ����� $ ���� $ ����� & ����� % ���� %
,, �� ����� $ ����� $ ���� $ ����� $�% ����� $ ������ $
,,, �� ����� $ ����� $ ���� $ ����� $ ����� $ ������ $
,9 �� ����� $ ����� $ ���� $ ����� $�% ����� $ ������ $

<LHOG�/HYHOVE , �� ����� ' ����� % ���� $ ����� % ����� & ������ (
,, �� ����� %�& ����� $ ���� $ ����� $�% ����� % ��� '
,,, �� ����� $�% ����� % ���� $ ����� $�% ����� % ������ &
,9 �� ����� & ����� $ ���� $ ����� $ ����� % ������ %
9 �� ����� $ ����� $ ���� $ ����� $ ����� $ ������ $

� 0HDQV�ZLWK�WKH�VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW�WKH��������OHYHO��
$
�LQGLFDWHV�WKH�KLJKHVW�PHDQ�YDOXH�RI�DOO�JURXSV�IRU�WKH�UHVSHFWLYH�YDULDEOH
D� �*URZWK
6WDJHV�

, �������\HDUV,, �������\HDUV,,, ��������\HDUV,9 ��������\HDUV

E� �<LHOG�/HYHOV� , QR�KDUYHVW,, ��������NJ�UDL,,, ������±�������NJ�UDL
,9 ������±�������NJ�UDL
9 ��������NJ�UDL

6RXUFH� $XWKRU
V�&DOFXODWLRQV
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&RPSDULQJ� WKH� VHFRQG� JURXSLQJ� FULWHULD�� WKH� IRXU� JURZWK� VWDJHV���� JLYHV� D
VOLJKWO\� GLIIHUHQW� SLFWXUH�� <RXQJ� RUFKDUGV� KDYH� ORZHU� SHVWLFLGH� FRVWV�� ORZHU
WRWDO�YDULDEOH�FRVWV�DQG�ORZHU�JURVV�PDUJLQV�ZKLFK�LV�GXH�WR�WKH�IDFW�WKDW�OHVV
WKDQ�KDOI� RI� WKH� RUFKDUGV� LQ� WKLV� VWDJH�KDYH�QR� KDUYHVW� \HW�� /DERU� FRVWV� DUH
ORZHU�LQ�WKH�HDUO\�DQG�WKH�ODWH�VWDJH�DQG�VLJQLILFDQWO\�KLJKHU�EHWZHHQ�WKH�\HDUV
��������� ZKLFK� LV� WKH� SHULRG� ZKHUH� SURGXFWLRQ� LV� KLJKHVW�� 7KH� DQDO\VLV� RI
YDULDQFH� VKRZV� WKDW� QRW� DOO� YDULDEOHV� VKRZ� VLJQLILFDQW� GLIIHUHQFHV�� 7KH
GLIIHUHQWLDWLRQ� E\� JURZWK� VWDJHV� FDQQRW� VXIILFLHQWO\� SLFWXUH� WKH� GLIIHUHQFHV
EHWZHHQ�DOO�YDULDEOHV�DV�RYHUODSSLQJ�EHWZHHQ�\LHOG�DQG�JURXS�HIIHFWV�VWLOO�H[LVW�
7KHUHIRUH��D�JURXSLQJ�E\�\LHOG� OHYHO�VHHPV�WR�EH�PRUH�DSSURSULDWH�HVSHFLDOO\
IRU�WKH�GHWHUPLQDWLRQ�RI�RXWSXW�GLIIHUHQFHV��$W�DOO� OHYHOV�VLJQLILFDQW�GLIIHUHQFHV
EHWZHHQ� JURXS�PHDQV� H[LVW� IRU� JURVV�PDUJLQ� YDOXHV�� 2Q� WKH� FRVWV� VLGH� WKH
RUFKDUGV�ZLWKRXW� KDUYHVW� KDYH� ORZHU� WRWDO� YDULDEOH� FRVWV� DQG� ORZHU� SHVWLFLGH
FRVWV�� 2UFKDUGV� ZLWK� WKH� KLJKHVW� \LHOGV� DUH� DOVR� RUFKDUGV� ZLWK� WKH� KLJKHVW
SHVWLFLGH� FRVW�� )HUWLOL]HU� FRVWV� DSSHDU� WR� EH� DOPRVW� XQUHODWHG� WR� \LHOG� OHYHOV�
7KLV� DOVR� DSSOLHV� WR� WKH� UHSODQWLQJ� FRVWV�� /DERU� FRVWV� DUH� ORZHVW� LQ� WKH� ILUVW
\LHOG�OHYHO�
)LJXUH� ���� SLFWXUHV� FRVWV� DQG� UHWXUQV� E\� \LHOG� OHYHOV�� 7KH� ODUJH� VKDUH� RI
SHVWLFLGH� FRVWV� RI� WRWDO� YDULDEOH� FRVWV� RYHU� DOO� \LHOG� OHYHOV� EHFRPHV� REYLRXV�
:KLOH�WKH�FRVWV�LWHPV�VWD\�DOPRVW�WKH�VDPH�RYHU�DOO�\LHOG�OHYHOV��JURVV�PDUJLQV
GLIIHU�VXEVWDQWLDOO\��,W�FDQ�EH�VHHQ�WKDW�RXWSXWV�GLIIHU�ODUJHO\�IRU�WKH�UHVSHFWLYH
\LHOG�OHYHOV�ZKLOH�LQSXW�DQG�WRWDO�YDULDEOH�FRVWV�VKRZ�QR�ODUJH�GLIIHUHQFHV�

����������������������������������������
��� )RU�WKH�GHILQLWLRQ�RI�WKH�JURZWK�VWDJHV�DQG�WKH�\LHOG�OHYHOV�UHIHU�WR�7DEOH�����
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)LJXUH����� 'HYHORSPHQW� RI� &RVWV� DQG� 5HWXUQV� E\� <LHOG� /HYHOV
�7RWDO�VDPSOH�

�������
�

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

, ,, ,,, ,9 9
<LHOG�/HYHOV

3HVWLFLGH�&RVWV
/DERU�&RVWV
7RWDO�9DULDEOH�&RVWV
*URVV�0DUJLQ

6RXUFH� $XWKRU
V�&DOFXODWLRQV

7KH� FRPSOH[� LQSXW�RXWSXW� UHODWLRQVKLS� LQ� WDQJHULQH� SURGXFWLRQ� UHTXLUHV
SURGXFWLRQ� IDFWRUV� WR� EH� DQDO\]HG� LQ� WHUPV� RI� PDQDJHPHQW� SDFNDJHV�
7KHUHIRUH� D� W\SRORJ\� RI� PDQDJHPHQW� VWUDWHJLHV� ZLOO� EH� LGHQWLILHG� XVLQJ� WKH
PHWKRG� RI� FOXVWHU� DQDO\VLV�� 7KH� FODVVLILFDWLRQ� RI� \LHOG� OHYHOV�� UHJDUGHG� DV� D
XVHIXO�JURXSLQJ�FULWHULRQ�ZLOO�EH�XVHG� LQ� WKH� IXUWKHU�DQDO\VLV� WR�VXE�JURXS� WKH
PDQDJHPHQW�V\VWHPV�WR�EH�LGHQWLILHG�LQ�WKH�QH[W�VHFWLRQ�
���� &DWHJRUL]DWLRQ�RI�6XUYH\�'DWD
3UHYLRXV�DQDO\VHV�LQGLFDWH�D�ODUJH�YDULDELOLW\�LQ�LQSXW�XVH��7KH�TXHVWLRQ�DULVHV
ZKHWKHU� WKHUH� DUH� V\VWHPDWLF� GLIIHUHQFHV� LQ� WKH� SURGXFWLRQ� SURFHVV� EHWZHHQ
JURXSV�RI� IDUPHUV�� ,Q�RWKHU�ZRUGV�GR� IDUPHUV�ZKR�DUH�XVLQJ�VLPLODU� OHYHOV�RI
SHVWLFLGHV�DOVR�KDYH�RWKHU�LQGLFDWRUV�RI�WKH�SURGXFWLRQ�V\VWHP�LQ�FRPPRQ"
7KH�WDUJHW�RI�WKH�GDWD�FDWHJRUL]DWLRQ�LV�WR�VWUXFWXUH�DQG�JURXS�WKH�VXUYH\�GDWD�
7KHUHIRUH�� JURXSV� VKDOO� EH� LGHQWLILHG� GLIIHULQJ� VLJQLILFDQWO\� LQ� WKHLU� LQSXW
LQWHQVLWLHV�� 7KH� GDWD� FDWHJRUL]DWLRQ� FDQ� GHWHUPLQH� LQ� ZKLFK� RI� WKH� IDFWRUV
LQIOXHQFLQJ� WKH�SURGXFWLRQ�SURFHVV� LQWHUFODVV�GLIIHUHQFHV�H[LVW�� ,W� LV� H[SHFWHG
WKDW� WKH� FDWHJRUL]DWLRQ� ZLOO� KHOS� WR� H[SODLQ� FDXVHV� IRU� GLIIHUHQW� PDQDJHPHQW
V\VWHPV�� &OXVWHU� DQDO\VLV� LV� XVHG� IRU� WKH� GDWD� FDWHJRUL]DWLRQ�� 7KH� ILUVW� VXE�
VHFWLRQ�GLVFXVVHV� WKH�PHWKRGRORJ\�RI�FOXVWHU�DQDO\VLV�ZKLOH� WKH�VHFRQG�VXE�
VHFWLRQ�FRQFHQWUDWHV�RQ�WKH�GDWD�FDWHJRUL]DWLRQ�
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������ 0HWKRGRORJLFDO�&RQFHSW�RI�&OXVWHU�$QDO\VLV
,Q�FRQWUDVW�WR�RWKHU�JURXSLQJ�SURFHVVHV��DQ�LPSRUWDQW�FKDUDFWHULVWLF�RI�FOXVWHU
DQDO\VLV� LV� WKH� VLPXOWDQHRXV� DQDO\VLV� RI� VHYHUDO� FULWHULD� ZLWKLQ� WKH� JURXSLQJ
SURFHVV�� 7KH� VWUXFWXUH� RI� WKH� WRWDO� VDPSOH� LV� SLFWXUHG� LQ� WKH� VLPLODULWLHV� DQG
GLVVLPLODULWLHV�RI�REMHFWV��8VLQJ�WKHVH�VLPLODULWLHV��REMHFWV�FDQ�EH�FODVVLILHG�DQG
WKH� K\SRWKHVLV� WHVWHG�� 7KH� FOXVWHUHG� JURXSV� VKRXOG� EH� KRPRJHQRXV� DV
SRVVLEOH�ZKLOH�OLWWOH�VLPLODULW\�VKRXOG�H[LVW�EHWZHHQ�WKH�FOXVWHU�JURXSV���
7KH� SXUSRVH� RI� WKH� DQDO\VLV� FDQ� EH� GHILQHG� DV� WKH� LGHQWLILFDWLRQ� RI
KRPRJHQRXV� JURXSV� ZLWKLQ� D� KHWHURJHQHRXV� VDPSOH� RI� REMHFWV�� &ULWHULD� IRU
FODVVLFDO� FODVVLILFDWLRQ�PHWKRGV� DUH� WKDW� HDFK�REMHFW� FDQ�RQO\� EHORQJ� WR� RQH
VSHFLILF� JURXS�� HDFK� JURXS� VKRXOG� EH� DV� KRPRJHQRXV� DV� SRVVLEOH�� IRUPHG
JURXSV� VKRXOG� EH� VLJQLILFDQWO\� GLIIHUHQW� IURP� HDFK� RWKHU�� RQO\� IHZ� FOXVWHUV
VKRXOG�EH�VHOHFWHG�DQG�FOXVWHUV�VKRXOG�FRPSULVH�D�VXIILFLHQW�QXPEHU�RI�REMHFWV
�0b5=��������
)LYH� VWHSV� RI� DQDO\]LQJ� FDQ� EH� VXPPDUL]HG� IRU� WKH� FOXVWHULQJ� SURFHGXUH
�%$&.+$86��������
�� WKH�VHOHFWLRQ�RI�SDUDPHWHUV�IRU�FODVVLILFDWLRQ�
�� WKH�FKRLFH�RI�VLPLODULW\�PHDVXUHV�
�� WKH�VHOHFWLRQ�RI�D�FOXVWHULQJ�DOJRULWKP�
�� WKH�GHWHUPLQDWLRQ�RI�D�VXIILFLHQW�QXPEHU�RI�FOXVWHUV�DQG
�� WKH�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�RI�UHVXOWV�

�������� 6HOHFWLRQ�RI�&ODVVLILFDWLRQ�3DUDPHWHUV
7KH�LQLWLDO�FKRLFH�RI�WKH�SDUWLFXODU�VHW�RI�PHDVXUHPHQWV�XVHG�WR�GHVFULEH�HDFK
REMHFW�WR�EH�FOXVWHUHG�UHIOHFWV�WKH�LQYHVWLJDWRU
V�MXGJPHQW�RI�UHOHYDQFH�IRU�WKH
SXUSRVH�RI�FODVVLILFDWLRQ��(9(5,77���������,Q�WKLV�VHQVH��RQO\�WKRVH�SDUDPHWHUV
VKRXOG�EH�VHOHFWHG�ZKLFK�DUH�UHOHYDQW�IRU�WKH�FODVVLILFDWLRQ�SURFHVV�DFFRUGLQJ
WR� D� K\SRWKHVLV� LQ� UHODWLRQ� WR� WKH� FODVVLILFDWLRQ� WDUJHW�� 9DULDEOHV� ZLWK� KLJK
YDULDWLRQV�VKRXOG�EH�XVHG�ZKLOH�YDULDEOHV�VKRZLQJ�KLJK�FRUUHODWLRQ�VKRXOG�EH
RPLWWHG����7KH�ODWWHU�PD\�GLVWRUW�WKH�FOXVWHULQJ�SURFHGXUH�

����������������������������������������
��� )RU�D�GLVFXVVLRQ�RQ�FOXVWHULQJ�WHFKQLTXHV�DQG�DOJRULWKPV�UHIHU�WR�$SSHQGL[�9,,�
��� ,Q� WKLV� FRQWH[W� D� FRUUHODWLRQ� FDQ� EH� FRQVLGHUHG� DV� 
KLJK
� LI� WKH� FRUUHODWLRQ� FRHIILFLHQW� H[FHHGV� D

YDOXH�RI������%$&.+$86�HW�DO���������
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,Q�PDQ\�DSSOLFDWLRQV�WKH�YDULDEOHV�GHVFULELQJ�WKH�REMHFWV�WR�EH�FOXVWHUHG�PD\
QRW�EH�PHDVXUHG�LQ�WKH�VDPH�XQLWV��7KHUHIRUH��HDFK�FOXVWHU�YDULDEOH�KDV�EHHQ
VWDQGDUGL]HG� WR� XQLW� YDULDQFH� SULRU� WR� WKH� DQDO\VLV� XVLQJ� WKH� VWDQGDUG
GHYLDWLRQV� FDOFXODWHG� IURP� WKH� FRPSOHWH� VHW� RI� REMHFWV� WR� EH� FOXVWHUHG
�(9(5,77����������
�������� &OXVWHU�6ROXWLRQV�DQG�&RPSDULVRQV
7ZR�TXHVWLRQV�QHHG�WR�EH�DQVZHUHG�DIWHU�WKH�FOXVWHU�JURXSV�KDYH�EHHQ�IRXQG�
)LUVWO\��ZKDW� LV� WKH�DSSURSULDWH�QXPEHU�RI�FOXVWHUV��DQG�VHFRQGO\�KRZ�GR� WKH
FOXVWHUV�GLIIHU�IURP�HDFK�RWKHU�
7KHUH�LV�QR�VDWLVIDFWRU\�PHWKRG�IRU�GHWHUPLQLQJ�WKH�RSWLPDO�QXPEHU�RI�FOXVWHUV
IRU�DQ\�W\SH�RI�FOXVWHU�DQDO\VLV��6$6���������)RUPDO�DSSURDFKHV�WR�WKH�QXPEHU
RI�FOXVWHU�SUREOHP�KDYH�EHHQ�VXJJHVWHG�E\�VHYHUDO�DXWKRUV����%$&.+$86�HW�DO�
������� SURSRVHV� WR� FRPSDUH� WKH� HUURU� VXP� RI� VTXDUHV� �(66�� ZLWK� WKH
UHVSHFWLYH� QXPEHU� RI� FOXVWHUV�� 7KH� QXPEHU� RI� FOXVWHUV� ZLWKLQ� WKH� SDUWLWLRQ
SURFHGXUH�ZKHUH�WKH�(66�FKDQJHV�ODUJHVW�LV�GHILQHG�DV�WKH�RSWLPDO�QXPEHU�RI
FOXVWHUV��(OERZ�FULWHULRQ��
2QFH�WKH�REMHFWV�KDYH�EHHQ�FOXVWHUHG��WKHUH�LV�D�QHHG�WR�FRPSDUH�WKH�YDULRXV
FOXVWHUV�WR�REVHUYH�KRZ�WKH\�GLIIHU����%$&.+$86�HW�DO���������XVHV�WKH�)�YDOXH
DV�D�FULWHULRQ�IRU�WKH�KRPRJHQHLW\�RI�WKH�FOXVWHUV��7KH�)�YDOXH�IRU�HDFK�YDULDEOH
ZLWKLQ�WKH�FOXVWHU�FRPSXWHV�DV�IROORZV�

) 9 - *
9 -= � � �
� �

ZLWK 9��-�*�  �9DULDQFH�RI�YDULDEOH�-�LQ�JURXS�*
9��-�  �9DULDQFH�RI�YDULDEOH�-�LQ�WKH�WRWDO�VDPSOH

7KH�ORZHU�WKH�)�YDOXH�WKH�VPDOOHU�LV�WKH�YDULDQFH�RI�WKH�UHVSHFWLYH�SDUDPHWHU
LQ� WKH� FOXVWHU� LQ� FRPSDULVRQ� WR� WKH� WRWDO� VDPSOH�� 7KH� )�YDOXHV� KDYH� WR� EH
FDOFXODWHG� IRU� DOO� FOXVWHULQJ� SDUDPHWHUV�� $� FOXVWHU� FDQ� EH� FRQVLGHUHG� DV
KRPRJHQRXV� LI� DOO� )�YDOXHV� GR� QRW� H[FHHG� RQH�� $QRWKHU� FULWHULRQ� IRU� WKH
LQWHUSUHWDWLRQ�RI�WKH�FOXVWHUV�LV�WKH�7�YDOXH�
����������������������������������������
��� +RZHYHU�� D� SXUHO\� REMHFWLYH� VROXWLRQ� RI� WKH� VHOHFWLRQ� SURFHVV� LV� QRW� SRVVLEOH� VLQFH� WKH� VHOHFWHG

SDUDPHWHUV� LQIOXHQFH�WKH�JURXS�IRUPDWLRQ��&ODVVLILFDWLRQ��WKHUHIRUH��UHPDLQV�VXEMHFWLYH�DQG�KLJKO\
GHSHQGHQW�RQ� WKH�FULWHULD�FKRVHQ�DQG�VKRXOG�DOZD\V�EH� LQWHUSUHWHG�ZLWK� UHVSHFW� WR� WKH�JURXSLQJ
SXUSRVH�

��� 5HIHU�WR�(9(5,77���������',//21��������IRU�PRUH�GHWDLOV�RQ�WKHVH�DSSURDFKHV�
��� 9DOLGDWLQJ�WKH�TXDOLW\�RI�D�FOXVWHU�VROXWLRQ� LV�D�GLIILFXOW� LVVXH��',//21���������2UGLQDU\�VLJQLILFDQFH

WHVWV�� VXFK� DV� WKH� )�WHVW� DUH� QRW� YDOLG� IRU� WHVWLQJ� GLIIHUHQFHV� EHWZHHQ� FOXVWHUV� VLQFH� WKH
DVVXPSWLRQV� RI� WKH� XVXDO� VLJQLILFDQFH� WHVWV� DUH� YLRODWHG� DV� WKH� FOXVWHULQJ� PHWKRGV� DWWHPSW� WR
PD[LPL]H�WKH�VHSDUDWLRQ�EHWZHHQ�FOXVWHUV��6$6��������
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7 ; - * ; -
6 -= -� � � � �
� �

ZLWK ; - *� � �  �0HDQ�RI�YDULDEOH�-�LQ�JURXS�*
; -� �  �0HDQ�RI�YDULDEOH�-�LQ�WRWDO�VDPSOH
6 -� �  �6WDQGDUG�GHYLDWLRQ�RI�YDULDEOH�-�LQ

� ����WRWDO�VDPSOH
1HJDWLYH� 7�YDOXHV� LQGLFDWH� WKDW� WKH� SDUDPHWHU� LQ� WKH� UHVSHFWLYH� JURXS� LV
XQGHUUHSUHVHQWHG�FRPSDUHG�WR�WKH�WRWDO�VDPSOH�DQG�YLFH�YHUVD�

������ &DWHJRUL]DWLRQ�RI�6XUYH\�'DWD
7KH�GDWD�FDWHJRUL]DWLRQ�LV�FDUULHG�RXW�WR�JURXS�WKRVH�IDUPV�ZKLFK�DUH�UHODWLYHO\
VLPLODU�LQ�WKHLU�LQSXW�XVHV�EXW�VWLOO�KHWHURJHQHRXV�LQ�RWKHU�YDULDEOHV�H�J��WKH�DJH
RI�WKH�SODQWDWLRQ��IDUP�VL]H��VRFLDO�LQGLFDWRUV�
�������� 7KH�6HOHFWLRQ�RI�&OXVWHU�3DUDPHWHUV
$V�WKH�REMHFWLYH�LV�WR�FDWHJRUL]H�WKH�GDWD�DFFRUGLQJ�WR�GLIIHUHQW�LQWHQVLW\�OHYHOV�
D�ILUVW�VWHS�KDV�WR�DQVZHU�WKH�TXHVWLRQ�ZKLFK�YDULDEOHV�GHWHUPLQH�WKH�LQWHQVLW\
RI�SURGXFWLRQ��$V�GHVFULEHG�LQ�FKDSWHU�IRXU�FOLPDWLF�DQG�VRLO�FRQGLWLRQV�DV�ZHOO
DV�PDFKLQH� FRVWV� GR� QRW� YDU\� JUHDWO\� LQ� WKH� VWXG\� DUHD�� $V� FOXVWHU� DQDO\VLV
IRFXV�RQ�KHWHURJHQHRXV�IDFWRUV��WKHVH�IDFWRUV�FDQ�EH�H[FOXGHG�
7KUHH�YDULDEOHV�KDYH�EHHQ�XVHG� WR� FDWHJRUL]H� WKH�GDWD��QDPHO\� WKH�FRVWV�RI
SHVWLFLGH�LQSXWV�SHU�UDL��WKH�FRVWV�RI�IHUWLOL]HU�LQSXWV�SHU�UDL�DQG�SHVWLFLGH�FRVWV
LQ�SHU�FHQW�RI� WRWDO� YDULDEOH�FRVWV����5HDVRQV� IRU� WKH�VHOHFWLRQ�RI� WKHVH� WKUHH
SDUDPHWHUV�DUH�WKH�IROORZLQJ�
�� 3HVWLFLGH� DQG� IHUWLOL]HU� FRVWV� FRQWULEXWH�PRVW� WR� WKH� YDULDELOLW\� RI� LQWHQVLW\

OHYHOV�RI�VXUYH\�GDWD�
�� )DUPV� ZLWK� ORZ� SHVWLFLGH� LQSXWV� PD\� KDYH� KLJK� IHUWLOL]HU� LQSXWV� DQG� YLFH

YHUVD��7KHUHIRUH��IHUWLOL]HU�FRVWV�FDQ�FRQWULEXWH�WR�D�PRUH�VSHFLILF�FOXVWHULQJ�
�� 3HVWLFLGH�FRVWV�LQ�SHU�FHQW�RI�WRWDO�YDULDEOH�FRVWV�FDQ�DGGLWLRQDOO\�VHUYH�DV

DQ� LQGLFDWRU� IRU� WKH� LQSXW� LQWHQVLW\�� 3HVWLFLGH� FRVWV�PD\� EH� ORZ�� EXW� WKHLU
SHUFHQWDJH� RI� WRWDO� FRVWV� FDQ� VWLOO� EH� UHODWLYHO\� KLJK�� LI� RWKHU� FRVWV� DUH
UHODWLYHO\�ORZ�

����������������������������������������
��� 7KH� FOXVWHULQJ�SURFHGXUH�KDV�EHHQ� FRQGXFWHG� YDULRXV� WLPHV�XVLQJ� GLIIHUHQW� YDULDEOHV� DV�ZHOO� DV

GLIIHUHQW�QXPEHUV�DQG�FRPELQDWLRQV�RI�YDULDEOHV��7KH�WKUHH�YDULDEOHV�GLVFXVVHG�DERYH�UHVXOWHG�LQ
WKH�PRVW�KRPRJHQLF�FOXVWHU�JURXSV�
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,W�LV�DVVXPHG�WKDW�WKH�VHOHFWLRQ�RI�WKHVH�YDULDEOHV�LV�DEOH�WR�ILQG�
JRRG
�FOXVWHUV
ZLWK� VLJQLILFDQW� GLIIHUHQFHV� LQ� WKHLU� LQWHQVLW\� OHYHOV�� 7KH� FOXVWHU� SDUDPHWHUV
KDYH� EHHQ� VWDQGDUGL]HG� EHIRUH� FRQGXFWLQJ� WKH� FOXVWHU� DQDO\VLV���� 7KH
FRUUHODWLRQ�RI� WKH�FOXVWHU� YDULDEOHV�KDV�EHHQ�HVWLPDWHG� LQ�7DEOH� �����5HVXOWV
VXJJHVW�WKDW�WKH�WKUHH�SDUDPHWHUV�FDQ�EH�XVHG�IRU�WKH�FOXVWHU�SURFHGXUH��7KH
KLJKHVW�FRUUHODWLRQ�H[LVWV�EHWZHHQ�SHVWLFLGH�FRVWV�DQG�WKH�SHUFHQWDJH�RI�WRWDO
FRVWV�
7DEOH����� &RUUHODWLRQ�$QDO\VLV�RI�&OXVWHU�3DUDPHWHUV

3HVWLFLGH&RVWV )HUWLOL]HU&RVWV 3HVWLFLGH�&RVWVLQ���RI�79&
3HVWLFLGH�&RVWV ���������� ��������������� ���������������
)HUWLOL]HU�&RVWV ���������� �����������������
3HVWLFLGH�&RVWVLQ���RI�79& ����������
 YDOXHV�LQ�EUDFNHWV�DUH�VLJQLILFDQFH�SUREDELOLWLHV
6RXUFH� $XWKRU
V�&DOFXODWLRQV

�������� 7KH�&KRLFH�RI�WKH�&OXVWHU�$OJRULWKP
7KH� :DUG� (UURU� 6XP� RI� 6TXDUH� 0HWKRG� KDV� EHHQ� FKRVHQ� IRU� WKH� GDWD
FDWHJRUL]DWLRQ��$FFRUGLQJ�WR�%$&.+$86�HW�DO���������WKLV�PHWKRG�LV�DEOH�WR�ILQG
WKH� 
UHDO� FOXVWHU
� DQG� IRUPV� FOXVWHU� RI� VLPLODU� VL]HV���� $V� WKLV� PHWKRG� LV
VXVFHSWLEOH�WR�RXWOLHUV��WKHVH�ZHUH�HOLPLQDWHG�LQ�WKH�FOXVWHULQJ�SURFHGXUH�
7KH�HOLPLQDWLQJ�RI�RXWOLHUV�ZDV�FRQGXFWHG�ZLWKLQ�WKH�FOXVWHULQJ�SURFHGXUH�XVLQJ
DYDLODEOH�RSWLRQV�ZLWKLQ�WKH�VWDWLVWLFDO�SDFNDJH�
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,Q�ZRUGV��WKH�VWDQGDUGL]HG�YDOXH� =LM �IRU�DQ\�L�WK�DWWULEXWH�DQG�M�WK�REMHFW�LV�FDOFXODWHG��520(6%85*�
������

��� 2WKHU�FOXVWHULQJ� WHFKQLTXHV��VLQJOH��DYHUDJH� OLQNDJH��KDYH�EHHQ�WHVWHG��%XW� WKH�UHVXOW� IRUPHG�QR
VDWLVI\LQJ�DQG�UHDOLVWLF�FOXVWHUV�
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�������� 7KH�'HWHUPLQDWLRQ�RI�WKH�1XPEHU�RI�&OXVWHUV
$V�RXWOLQHG�LQ�VHFWLRQ���������WKHUH�H[LVWV�OLWWOH�RSWLRQV�WR�GHWHUPLQH�WKH�RSWLPDO
QXPEHU�RI�FOXVWHUV��7KH�(OERZ�FULWHULRQ�FRPSDUHV� WKH�VXP�RI�VTXDUHV�ZLWKLQ
WKH�IRUPHG�JURXSV�ZLWK�WKH�UHVSHFWLYH�QXPEHU�RI�FOXVWHUV�ZLWKLQ� WKH�JURXSLQJ
SURFHVV��7KH�HUURU�VXP�RI�VTXDUHV�FKDQJHV�ODUJHVW�UHDFKLQJ�WKUHH�FOXVWHUV�LQ
WKH� SDUWLWLRQ� SURFHVV� DV� LV� VKRZQ� LQ� )LJXUH� ����� 7KHUHIRUH�� WKH� WKUHH� FOXVWHU
VROXWLRQ�KDV�EHHQ�FKRVHQ�DQG�ZLOO�IRUP�WKH�EDVLV�IRU�WKH�IROORZLQJ�DQDO\VHV�

)LJXUH����� 'HWHUPLQDWLRQ�RI�WKH�2SWLPDO�1XPEHU�RI�&OXVWHUV
�

��
���
���
���
���
����

���������������������
1XPEHU�RI�&OXVWHUV�

&OX
VWH

UFU
LWHU

LRQ
����

�����
�����

�����

6RXUFH� $XWKRU
V�&DOFXODWLRQV

7KH�)��DQG�7�YDOXH�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�KRPRJHQHLW\�RI�FOXVWHUV�DQG
WKHLU�UHSUHVHQWDWLRQ�LQ�WKH�WRWDO�VDPSOH�UHVSHFWLYHO\���
7DEOH� ���� KDV� WKH� )�� DQG� 7�YDOXHV�� $� FOXVWHU� FDQ� EH� FRQVLGHUHG� DV
KRPRJHQRXV�LI�WKH�)�YDOXH�LV�QRW�H[FHHGLQJ�RQH�IRU�DOO�FOXVWHU�SDUDPHWHUV��)RU
WKH� FRQGXFWHG� FOXVWHU� DQDO\VLV� DOO� YDOXHV� DUH� ORZHU� WKDQ� RQH� DQG�� WKHUHIRUH�
UHSUHVHQW�DQRWKHU�SURYH�RI�WKH�JRRGQHVV�RI�FOXVWHUV��7KH�7�YDOXH�LQGLFDWHV�WKH
RYHU��RU� XQGHU�UHSUHVHQWDWLRQ� RI� WKH� UHVSHFWLYH� FOXVWHU� FRPSDUHG� WR� WKH� WRWDO
VDPSOH�� $V� H[SHFWHG�� WKH� 7�YDOXH� LV� QHJDWLYH� IRU�PRVW� RI� WKH� SDUDPHWHUV� LQ
FOXVWHU���DQG�FOXVWHU���DQG�SRVLWLYH�LQ�FOXVWHU���

7DEOH����� )��DQG�7�9DOXHV�IRU�&OXVWHU�3DUDPHWHUV
����������������������������������������
��� 5HIHU�WR�VHFWLRQ���������IRU�WKH�FDOFXODWLRQ�RI�WKH�)��DQG�7�YDOXHV�
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9DULDEOH &OXVWHU��ORZ�LQWHQVLYH &OXVWHU��PHGLXP�LQWHQVLYH &OXVWHU��KLJK�LQWHQVLYH
)�9DOXH 7�9DOXH )�9DOXH 7�9DOXH )�9DOXH 7�9DOXH

3HVWLFLGH�&RVWV ������ ������� ������ ������� ������ ������
)HUWLOL]HU�&RVWV ������ ������� ������ ������� ������ ������
3HVWLFLGH�&RVWVLQ���RI�79& ������ ������� ������ ������ ������ ������
6RXUFH� $XWKRU
V�&DOFXODWLRQV

���� 6WDWLVWLFDO� $QDO\VLV� RI� ,QWHUFODVV� 'LIIHUHQFHV� LQ� )DUP
&KDUDFWHULVWLFV

,Q� WKLV� VHFWLRQ� WKH� WKUHH� JURXSV� UHVXOWLQJ� IURP� WKH� FOXVWHU� DQDO\VLV� DUH
DQDO\]HG��7KH�WDUJHW�LV�WR�ILQG�RXW�ZKDW�GHWHUPLQHV�WKH�GLIIHUHQW�PDQDJHPHQW
VWUDWHJLHV�LQ�WHUPV�RI�WKHLU�VRFLR�HFRQRPLF�VWDWXV�DQG�WKHLU�FURS�FKDUDFWHULVWLFV
DQG�WR�DQDO\]H� WKH�PDQDJHPHQW�VWUDWHJLHV�UHODWHG� WR�GLIIHUHQFHV� LQ�SHVWLFLGH
XVH�� 7KH� ILUVW� VHFWLRQ� FRQFHQWUDWHV� RQ� WKH� DQDO\VLV� RI� GLIIHUHQFHV� LQ� FURS
FKDUDFWHULVWLFV�� ,Q� WKH� VHFRQG� SDUW� DQ� DQDO\VLV� RI� YDULDQFH� RI� VHOHFWHG� IDUP
FULWHULD�LV�FRQGXFWHG�DQG�JURXS�GLIIHUHQFHV�LGHQWLILHG��5HDVRQV�IRU�GLIIHUHQFHV
LQ�SHVWLFLGH�XVH�DUH� IRFXV�RI� WKH� WKLUG� VHFWLRQ��7KH� ILQDO� VHFWLRQ� VXPPDUL]HV
IDUP�EXGJHWV�IRU�WKH�GLIIHUHQW�FOXVWHUV�DQG�FKDUDFWHUL]HV�WKH�JURXSV�
������ 9DULDEOH�&RVWV�DQG�3URGXFWLYLW\
)LJXUH� ���� VKRZV� WKH� UDWLR� RI�PHDQ� YDOXHV� RI� WKH� UHVSHFWLYH� FOXVWHU� WR� WRWDO
PHDQ�YDOXH�IRU�VHOHFWHG�YDULDEOHV�LQ�JUDSKLFDO�IRUP����7KH�UDWLR�KHOSV�WR�SRLQW
RXW�FOXVWHU�JURXS�GLIIHUHQFHV��,W� LV�REYLRXV�WKDW�FOXVWHU��� LV�WKH�PRVW� LQWHQVLYH
LQGLFDWLQJ�WKH�KLJKHVW�SURGXFWLRQ�FRVWV�SHU�UDL�IRU�PRVW�IDFWRUV��H�J��SODQWDWLRQ
DJH�� QXPEHUV� RI� DSSOLFDWLRQ�� UHSODQWLQJ� FRVWV�� JURVV� PDUJLQ����� $V� VWDQGDUG
GHYLDWLRQ�IRU�VRPH�YDULDEOHV�LV�KLJK�IXUWKHU�DQDO\VLV�RI�WKH�YDULDEOHV�DQG�WKHLU
EHKDYLRU�LV�FRQGXFWHG�LQ�WKH�IROORZLQJ�VHFWLRQ���
:KLOH� FOXVWHU��� IDUPHUV� DUH� H[FHHGLQJ� WKH� DYHUDJH� OHYHO� IRU� PRVW� YDULDEOHV�
FOXVWHU��� DQG� FOXVWHU��� IDUPHUV� DUH� EHORZ�� )RU� WKH� SHUFHQWDJH� RI� SHVWLFLGH
FRVWV� RI� WRWDO� YDULDEOH� FRVWV� FOXVWHU��� IDUPHUV� DUH� DERYH� WKH� WRWDO� PHDQ�
����������������������������������������
��� 7DEOH� 9��� LQ� WKH� $SSHQGL[� VKRZV� WKH� WKUHH� PDQDJHPHQW� VWUDWHJLHV� �FOXVWHUV��� WKH� QXPEHU� RI

IDUPHUV�LQFOXGHG��PHDQV�DQG�VWDQGDUG�GHYLDWLRQV��7KH�DUURZ�LQGLFDWHV�LQFUHDVLQJ�YDOXHV�
��� $�FRUUHODWLRQ�DQDO\VLV�RI�VHOHFWHG�YDULDEOHV�RI�WKH�FOXVWHUV�LV�VKRZQ�LQ�WKH�$SSHQGL[��7DEOH�9���9���
��� )LJXUH�9��� LQ� WKH�$SSHQGL[�VKRZV�WKH�GLVWULEXWLRQ�RI� IDUPHUV�E\�FOXVWHU� IRU�VHOHFWHG�FODVVLILFDWLRQ

YDULDEOHV�
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&OXVWHU��� IDUPHUV� VKRZ� E\� IDU� WKH� ORZHVW� VKDUH� RI� SHVWLFLGH� FRVWV� RI� WRWDO
YDULDEOH�FRVWV�

)LJXUH����� 0HDQ� 'LIIHUHQFHV� EHWZHHQ� &OXVWHUV� IRU� 6HOHFWHG� 9DULDEOHV
�5DWLR��&OXVWHU�7RWDO�

��� ��� ��� ��� � ��� ��� ���

3HVWLFLGH�&RVWV

)HUWLOL]HU�&RVW

3HVWLFLGH�&RVWV�LQ
3HUFHQW�RI�7RWDO

1XPEHU�RI
$SSOLFDWLRQV

&RVW�RI�5HSODQWLQJ

&RVW�RI�0DFKLQHU\

*URVV�0DUJLQ

<LHOG

5HYHQXH

$JH�RI�3ODQWDWLRQ

&OXVWHU��
&OXVWHU��
&OXVWHU��

6RXUFH� $XWKRU
V�&DOFXODWLRQV

7KH�QXPEHU�RI�UHSODQWHG�WUHHV�FDQ�EH�UHJDUGHG�DV�DQ� LQGLFDWRU�RI� WKH�KHDOWK
VWDWXV�RI�WKH�RUFKDUG��$�KLJK�QXPEHU�RI�UHSODQWHG�WUHHV�GXULQJ�WKH�SURGXFWLYH
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SHULRG�RI� WKH�RUFKDUG�FDQ�EH� WDNHQ�D�GLVHDVH�DQG�RYHUSURGXFWLRQ� LQGLFDWRU���
'LIIHUHQFH� FDQ� EH� GHWHUPLQHG� LQ� WKH� QXPEHU� RI� DSSOLFDWLRQV� DPRQJ� WKH
FOXVWHUV��$V�WKH�FOXVWHU�JURXSV�ZLWK�KLJKHU�SHVWLFLGH�FRVWV�DUH�DOVR�WKH�JURXSV
ZLWK�KLJKHU�DSSOLFDWLRQ� UDWHV�� LW� FDQ�EH�FRQFOXGHG� WKDW� KLJKHU�SHVWLFLGH�FRVWV
DQG�PRUH�IUHTXHQW�DSSOLFDWLRQV�DUH�SRVLWLYHO\�UHODWHG���
$OWKRXJK� WKHUH� H[LVW� FRQVLGHUDEOH� GLIIHUHQFHV� LQ� UHYHQXHV� �\LHOGV��� JURVV
PDUJLQV� GLIIHU� RQO\� VOLJKWO\� EHFDXVH� RI� KLJKHU� SURGXFWLRQ� FRVWV� LQ� WKH� KLJK
LQWHQVLW\� FOXVWHU�� 2YHUDOO� JURVV� PDUJLQV� DUH� RQO\� VOLJKWO\� KLJKHU� LQ� FOXVWHU���
+RZHYHU�� WKH� JURVV�PDUJLQ� FDOFXODWLRQ� GRHV�QRW� \HW� GLIIHUHQWLDWH� RUFKDUGV� LQ
WKHLU�PRVW�SURGXFWLYH�\HDUV�IURP�RUFKDUGV�LQ�\HDUV�RI�ORZHU�SURGXFWLYLW\����7KLV
LV�WDNHQ�LQWR�DFFRXQW�LQ�WKH�IROORZLQJ�VHFWLRQ�
$V�ODERU�FRVWV�LWVHOI�DUH�QRW�D�VXIILFLHQW�LQGLFDWRU�WR�GLVFXVV�IDUP�GLIIHUHQFHV�LQ
UHODWLRQ� WR�ZRUN�VFKHGXOHV�� ODERU�FRVWV�DUH� IXUWKHU�GLYLGHG�E\�FOXVWHU� LQWR� WKH
DYHUDJH�ODERU�FRVWV�DFFRUGLQJ�WR�WKH�YDULRXV�IDUP�DFWLYLWLHV��7DEOH������

7DEOH����� $YHUDJH�/DERU�&RVWV�E\�&OXVWHU��LQ�%DKW�SHU�UDL�SHU�\HDU�
/DERU &OXVWHU�� &OXVWHU�� &OXVWHU��
3HVWLFLGH�DSSOLFDWLRQ ������ ������ ������
)HUWLOL]HU�DSSOLFDWLRQ ����� ����� �����
,UULJDWLRQ ������ ������ ������
:HHGLQJ ������ ������ ������
$SSOLFDWLRQ�RI�RUJDQLF�PDQXUH ������ ����� ������
6XSSRUWLQJ�VWLFNV ������ ������ ������
3UXQLQJ ������ ������ ������
&OHDQLQJ�RI�FDQDOV ������ ������ ������
+DUYHVWLQJ ������ ������ ������
6RXUFH� $XWKRU
V�&DOFXODWLRQV

/DERU� FRVWV� DUH� ORZHVW� LQ� FOXVWHU���� &OXVWHU��� KDV� KLJKHU� FRVWV� IRU� LUULJDWLRQ�
ZHHGLQJ� DQG� DSSOLFDWLRQ� RI� RUJDQLF� PDWHULDO�� 7KDW� WKH� WKLUG� FOXVWHU� KDV� WKH
KLJKHVW�FRVWV�IRU�SHVWLFLGH�DSSOLFDWLRQV�GHULYHV�IURP�WKH�IDFW�WKDW�WKH\�DUH�WKH
JURXS�ZLWK� WKH�KLJKHVW�SHVWLFLGH�FRVWV�DQG�QXPEHU�RI�DSSOLFDWLRQV��+RZHYHU�
FOXVWHU��� KDV� WKH� KLJKHVW� ODERU� FRVWV� IRU� SUXQLQJ� DQG� WKH� HVWDEOLVKPHQW� RI
����������������������������������������
��� 5HIHU�WR�GLVFXVVLRQ�RQ�UHSODQWLQJ�LQ�VHFWLRQ�������
��� 5HIHU�WR�FRUUHODWLRQ�UHVXOWV�LQ�$SSHQGL[�9���9���
��� 5HIHU�WR�WKH�GLVFXVVLRQ�RQ�DJH�\LHOG�UHODWLRQVKLS�LQ�������
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VXSSRUWLQJ�VWLFNV��7KLV�PHDVXUHV�FDQ�EH�UHJDUGHG�DV�VXSSRUWLYH�IRU�D�KHDOWK\
RUFKDUG� HQYLURQPHQW��7KLV� LV�D� ILUVW� LQGLFDWRU� WKDW� KLJKHU� SHVWLFLGH� XVH� LV� QRW
DFFRPSDQLHG�E\�OHVV�QRQ�FKHPLFDO�PHWKRGV�
������ $QDO\VLV�RI�9DULDQFHV�EHWZHHQ�*URXSV
$V�LW�EHFDPH�REYLRXV�LQ�WKH�SUHYLRXV�VHFWLRQ��WKH�JURXS�PHDQV�RI�WKH�FOXVWHUV
DUH� QRW� VXIILFLHQW� WR� DQDO\]H� JURXS� GLIIHUHQFHV� EHFDXVH� RI� UHODWLYHO\� KLJK
YDULDWLRQ�ZLWKLQ�WKH�JURXSV��7KHUHIRUH��DQ�DQDO\VLV�RI�YDULDQFHV�LV�FRQGXFWHG�WR
WHVW� LI� WKH� PHDQV� RI� WKH� FOXVWHUV� DUH� VLJQLILFDQWO\� GLIIHUHQW�� $V� WKH� IRUPDO
DQDO\VLV� RI� YDULDQFH� SURFHGXUH� WHVWV� RQO\� WKH� K\SRWKHVLV� ZKHWKHU� JURXSV
PHDQV�GLIIHU�EXW�QRW�ZKHWKHU�DOO� JURXS�PHDQV�DUH� VLJQLILFDQWO\�GLIIHUHQW� IURP
HDFK� RWKHU�� PXOWLSOH� FRPSDULVRQ� WHVWV� KDYH� EHHQ� DSSOLHG���� 7DEOH� ���
VXPPDUL]HV�WKH�UHVXOWV�RI�WKH�PXOWLSOH�FRPSDULVRQ�WHVW�IRU�WKH�FOXVWHUV�

����������������������������������������
��� 7KH�DQDO\VLV�RI�YDULDQFH�DOORZV� WR�FRPSDUH� WZR�RU�PRUH�SRSXODWLRQV� LQ� WHUPV�RI� WKHLU�SRSXODWLRQ

PHDQV�� 7KH� DQDO\VLV� RI� YDULDQFH� WHFKQLTXHV� DQDO\]H� WKH� VDPSOH� YDULDQFH� LQ� RUGHU� WR� WHVW� DQG
HVWLPDWH� WKH�PHDQV� �.HOOHU�HW�DO��� �������7KH�SUREOHP�REMHFWLYH� LQ� WKLV�FDVH� LV� WR�FRPSDUH� WKUHH
SRSXODWLRQV�
7KH�IROORZLQJ�WZR�K\SRWKHVLV�ZHUH�WHVWHG�� +�� m�� �m�� �m�

+�� DW�OHDVW�WZR�PHDQV�GLIIHU
7KH� WHVW� VWDWLVWLF� FRPSXWHG� LV� WKH� $129$� )�WHVW�� 7KH� WHVW� WHOOV� LI� WKH� PHDQV� DUH� VLJQLILFDQWO\
GLIIHUHQW� IURP� HDFK� RWKHU� EXW� LW� GRHV� QRW� WHOO� ZKLFK� PHDQV� GLIIHU� IURP� ZKLFK� RWKHU� PHDQ�� +HUH
PXOWLSOH�FRPSDULVRQ�WHVWV�JLYH�PRUH�GHWDLOHG�LQIRUPDWLRQ�DERXW�GLIIHUHQFHV�DPRQJ�WKH�JURXSV��7KH
FDOFXODWLRQV�KDYH�EHHQ�FRQGXFWHG�XVLQJ�6$6�VRIWZDUH�SURFHGXUHV�IRU�XQEDODQFHG�$129$�
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7DEOH����� 0XOWLSOH�5DQJH�7HVW�IRU�)DUP�&ULWHULD�E\�&OXVWHU
9DULDEOH *URXSLQJ 0HDQ &OXVWHU�

6RFLRHFRQRPLF $JH�RI�)DUPHU $ ���� �
LQGLFDWRUV �\HDUV� %�$ ���� �

% ���� �
/HYHO�RI�(GXFDWLRQ $ ��� �

%�$ ��� �
% ��� �

3HVW 3HVWLFLGH�&RVWV $ ������� �
PDQDJHPHQW �%DKW�SHU�UDL� % ������� �

& ������� �
3HVWLFLGH�&RVWV $ ���� �
���RI�79&� % ���� �

& ���� �
2WKHU )HUWLOL]HU�&RVW $ ������� �
LQSXWV �%DKW�SHU�UDL� % ������� �

& ������� �
&RVW�RI�5HSODQWLQJ $ ���� �
�%DKW�SHU�UDL� %�$ ���� �

% ���� �
/DERU�&RVWV $ ������� �
�%DKW�SHU�UDL� $ ������� �

% ������� �
&RVW�RI�0DFKLQHU\ $ ������� �
�%DKW�SHU�UDL� % ����� �

% ������� �
&RVWV�RI�&UHGLWV $ ����� �
�DQQXLW\�SHU�UDL %�$ ����� �
DQG�\HDU� % ����� �
7RWDO�9DULDEOH�&RVWV $ ������� �
�%DKW�SHU�UDL� % ������� �

& ����� �
2XWSXW <LHOG $ ������� �

�NJ�UDL� % ������� �
% ������� �

5HYHQXH $ �������� �
�%DKW�SHU�UDL� % �������� �

% �������� �
*URVV�0DUJLQ $ �������� �
�%DKW�SHU�UDL� $ ������� �

$ ������� �
 'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQW�JURXS�PHDQ�GLIIHUHQFHV�DW�WKH������VLJQLILFDQFH�OHYHO�
� &/��� ����IDUPHU��&/��� ����IDUPHU��&/��� ����IDUPHU��IRU�FUHGLWV��&/��� ����IDUPHU�&/��� ����IDUPHU��&/��� ����IDUPHU
6RXUFH� $XWKRU
V�&DOFXODWLRQV
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5HJDUGLQJ� WKH� DJH� RI� WKH� IDUPHU� DQG� WKH� HGXFDWLRQDO� OHYHO� VLJQLILFDQW
GLIIHUHQFHV�H[LVW�RQO\�EHWZHHQ�FOXVWHU���DQG�FOXVWHU����)DUPHUV�DJH�LQ�FOXVWHU��
LV� RQ� DYHUDJH� ILYH� \HDUV� EHORZ� WKH� DJH� RI� FOXVWHU��� IDUPHUV�� )DUPHUV� LQ
FOXVWHU��� DUH� RQ� DYHUDJH� EHWWHU� HGXFDWHG� WKHQ� RWKHU� IDUPHUV�� 7KLV� VXJJHVWV
WKDW�\RXQJHU�IDUPHUV�ZLWK�D�KLJKHU�HGXFDWLRQDO�OHYHO�DUH�PRUH�OLNHO\�WR�SURGXFH
RQ� D� KLJK� LQWHQVLYH� OHYHO�� 5HSODQWLQJ� FRVWV�� FRVWV� RI� RUJDQLF� PDQXUH� DQG
PDFKLQH�FRVWV�RI�FOXVWHU���DUH�KLJKHU�WKDQ�WKH�RWKHU�WZR�FOXVWHUV�LQGLFDWLQJ�WKDW
D�KLJK�LQWHQVLW\�RI�SHVWLFLGH�XVH�JRHV�DORQJ�ZLWK�D�KLJK�LQWHQVLW\�RI�WKH�OHYHOV�RI
RWKHU� LQSXWV�� 7KHUHIRUH�� FOXVWHU��� IDUPHUV� FDQ� EH� UHJDUGHG� DV� WKH� IDUPHUV
SURGXFLQJ� ZLWK� WKH� PRVW� LQWHQVLYH� PDQDJHPHQW� V\VWHP�� &OXVWHU��� KDV
VLJQLILFDQWO\� ORZHU� DYHUDJH� ODERU� FRVWV��0HDQ� \LHOGV� DUH� KLJKHVW� LQ� FOXVWHU���
7KLV� VWDQGV� LQ� UHODWLRQ� WR� D� KLJKHU�PHDQ�DJH�RI� WKH� SODQWDWLRQ� UHVXOWLQJ� LQ� D
KLJKHU�VKDUH�RI�IDUPV�LQ�WKH�PRVW�SURGXFWLYH�\HDUV�
7R� WDNH� DFFRXQW� RI� WKH� ELRORJLFDO� DJH�\LHOG� UHODWLRQVKLS� DQG� GLIIHUHQFHV� LQ
SURGXFWLYLW\��WKH�FOXVWHUV�DUH�IXUWKHU�VSOLW�LQWR�\LHOG�OHYHOV�LQ�D�VHFRQG�VWHS��,W�LV
H[SHFWHG�WKDW�WKLV�PHWKRG�UHGXFHV�WKH�YDULDELOLW\�ZLWKLQ�WKH�VXE�JURXSV����7KH
ILYH�\LHOG�OHYHOV��LQWURGXFHG�LQ�7DEOH������DUH�XVHG�IRU�WKH�GLIIHUHQWLDWLRQ��7DEOH
���� VKRZV� WKH� GLVWULEXWLRQ� RI� WKH� VXUYH\� IDUPHUV� E\� FOXVWHU� DQG� \LHOG� OHYHO�
&OXVWHU��� KDV� D� KLJKHU� VKDUH� LQ� WKH� KLJKHU� \LHOG� OHYHOV� ZKLOH� FOXVWHU��� KDV� D
PDMRULW\�RI�IDUPHUV�LQ�WKH�ORZHU�\LHOG�OHYHOV�
7DEOH����� 1XPEHU�RI�)DUPHUV�LQ�&OXVWHU�*URXSV�E\�<LHOG�/HYHO

&OXVWHU <LHOG�/HYHO�, <LHOG�/HYHO�,, <LHOG�/HYHO�,,, <LHOG�/HYHO�,9 <LHOG�/HYHO�9
&OXVWHU�� �� �� � � �
&OXVWHU�� �� � �� �� �
&OXVWHU�� � �� �� �� ��
6RXUFH� 6XUYH\�'DWD

5HVXOWV�RI�WKH�PXOWLSOH�UDQJH�WHVWV�E\�\LHOG�OHYHOV�DUH�VKRZQ�LQ�7DEOH������7KH
WKLUG� FOXVWHU� JURXS� UHPDLQV� WKH� PRVW� LQWHQVLYH� FOXVWHU� RYHU� DOO� \LHOG� OHYHOV�
3HVWLFLGH�FRVWV�YDU\�EHWZHHQ�FOXVWHUV�RQ�DOO�\LHOG�OHYHOV�EXW�GR�QRW�YDU\�ODUJHO\
EHWZHHQ� \LHOG� OHYHOV� ZLWKLQ� FOXVWHUV�� 7KLV� LQGLFDWHV� WKDW� IDUPHUV� LQ� FOXVWHU��
LQGHSHQGHQWO\� RI� WKH� \LHOG� OHYHO� XVH� PRUH� SHVWLFLGHV�� 2Q� DYHUDJH� FOXVWHU��
IDUPHUV� KDYH� WKUHH� WLPHV� KLJKHU� SHVWLFLGH� FRVWV� WKDQ� FOXVWHU��� IDUPHUV
����������������������������������������
��� )RU�D�FRPSOHWH�VHW�RI�YDULDEOHV�DQDO\]HG�UHJDUGLQJ�JURXS�FRPSDULVRQV�UHIHU�WR�WKH�$SSHQGL[��7DEOH

9���9�����'LIIHUHQWLDWLRQ�LV�PDGH�EHWZHHQ�FOXVWHUV��EHWZHHQ�\LHOG� OHYHOV�DQG�EHWZHHQ�FOXVWHUV�E\
\LHOG�OHYHO�



&KDSWHU����0DQDJHPHQW�6WUDWHJLHV�LQ�7DQJHULQH�3URGXFWLRQ ��

DOWKRXJK� WKH\� GR� QRW� SURGXFH� PRUH� RXWSXW�� 7KH� DQDO\VLV� UHYHDOV� WKDW
GLIIHUHQFHV� EHWZHHQ� WKH� PHDQ� SHVWLFLGH� FRVWV� E\� FOXVWHU� VWD\� WKH� VDPH
UHJDUGOHVV�RI�WKH�\LHOG�SRWHQWLDO�
7KH� DQDO\VLV� VKRZV� WKDW� WKHUH� LV� KLJK� YDULDQFH� EHWZHHQ� FOXVWHUV� EXW� ORZ
YDULDQFH�EHWZHHQ� RUFKDUGV� RI� GLIIHUHQW� \LHOG� OHYHOV� EHORQJLQJ� WR� RQH� FOXVWHU�
7KLV�FRQVWDQW�OHYHO�RI�LQWHQVLW\�UHVXOWV�LQ�WRWDO�YDULDEOH�FRVWV�LQ�FOXVWHU���ZKLFK
DUH�RQ�DYHUDJH� WZR� WR� WKUHH� WLPHV�KLJKHU� WKDQ� LQ�FOXVWHU����&OXVWHU��� IDUPHUV
UHPDLQ�ZLWK� WKHLU�FRVW� OHYHO�DOZD\V�EHWZHHQ�WKH�RWKHU� WZR�FOXVWHUV�H[FHSW� IRU
ODERU� FRVWV�ZKLFK� DUH� ORZHVW� LQ� FOXVWHU����+RZHYHU�� WKH� GDWD� GR� QRW� VXJJHVW
WKDW�FOXVWHU���IDUPHUV�FRPSHQVDWH�WKH�ORZHU�SHVWLFLGH�XVH�ZLWK�LQFUHDVHG�ODERU
XVH�DQG�RWKHU�QRQ�FKHPLFDO�LQSXWV�
,W� LV� FRQFOXGHG� WKDW� VLJQLILFDQW� GLIIHUHQFHV� H[LVW� EHWZHHQ� WKH� FOXVWHUV�� ,I� WKH\
DUH� QRW� FRPSOHWHO\� REYLRXV� E\� FOXVWHU� JURXS� FRPSDULVRQ�� WKH\� EHFRPH
DSSDUHQW�LI�WKH�FOXVWHUV�DUH�IXUWKHU�GLYLGHG�LQWR�\LHOG�OHYHOV��7KH�DQDO\VLV�VKRZV
WKDW� WKH� WKUHH�FOXVWHUV� UHSUHVHQW�PDQDJHPHQW�V\VWHPV�ZLWK�YDU\LQJ� OHYHOV�RI
LQWHQVLW\�� 7KH� VXEVHTXHQW� DQDO\VHV� ZLOO� FRQFHQWUDWH� RQ� ILQGLQJ� UHDVRQV� IRU
VXFK�GLIIHUHQW�EHKDYLRU�RI�IDUPHUV�



7DEOH����� 0XOWLSOH�5DQJH�7HVW�EHWZHHQ�&OXVWHUV�E\�<LHOG�/HYHOV
9DULDEOH <LHOG�/HYHO�, <LHOG�/HYHO�,, <LHOG�/HYHO�,,, <LHOG�/HYHO�,9 <LHOG�/HYHO�9

* 0HDQ &/ * 0HDQ &/ * 0HDQ &/ * 0HDQ &/ * 0HDQ &/
3HVWLFLGH $ ������� � $ ������� � $ ������� � $ ������� � $ ������� �
&RVWV % ������� � % ������� � % ������� � % ������� � % ������� �

& ������� � & ������� � & ������� � & ������� � % ������� �
)HUWLOL]HU $ ������� � $ ������� � $ ������� � $ ������� � $ ������� �
&RVWV % ������� � % ������� � % ������� � $ ������� � $ ������� �

% ������� � % ������� � % ������� � % ������� � $ ������� �
&RVW�RI $ ���� � $ ���� � $ ���� � $ ���� � $ ���� �
5HSODQWLQJ $ ���� � $ ���� � $ ���� � %�$ ���� � $ ���� �

$ ���� � $ ���� � $ ���� � % ���� � $ ���� �
/DERU $ ������� � $ ������� � $ ������� � $ ������� � $ ������� �
&RVWV %�$ ������� � $ ������� � $ ������� � $ ������� � %�$ ������� �

% ������� � % ������� � $ ������� � $ ������� � % ������� �
79& $ �������� � $ �������� � $ ������� � $ ������� � $ �������� �

% ������� � % ������� � % ������� � % ������� � % ������� �
% ������� � % ������� � & ������� � % ������� � % ������� �

*URVV $ �������� � $ ������� � $ �������� � $ �������� � $ �������� �
0DUJLQ $ �������� � $ ������� � %�$ �������� � $ �������� � %�$ �������� �

% ��������� � % �������� � % �������� � % �������� � % �������� �
*� �*URXSLQJ�5HVXOWV� &/� �&OXVWHU�� �0HDQV�ZLWK�WKH�VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW�WKH������OHYHO�
6RXUFH� $XWKRU
V�&DOFXODWLRQV

��
&KDSWHU����0DQDJHPHQW�6WUDWHJLHV�LQ�7DQJHULQH�3URGXFWLRQ
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������ 'LIIHUHQFHV�LQ�3HVWLFLGH�8VH�3DWWHUQV
7KLV�VHFWLRQ�DQDO\]HV�WKH�GLIIHUHQFH� LQ�SHVWLFLGH�XVH�EHWZHHQ�WKH�FOXVWHUV��,Q
WKH� VXUYH\� GDWD� ZHUH� FROOHFWHG� ZKLFK� DOORZ� WR� GLIIHUHQWLDWH� SHVWLFLGH� XVH
DFFRUGLQJ� WR� WKH� GHYHORSPHQW� VWDJH� RI� WKH� IUXLW�� $OVR�� WUDGH� QDPHV� DQG� WKH
TXDQWLW\�SHU�DSSOLFDWLRQ�ZDV�DVNHG�IURP�WKH�UHVSRQGHQWV�
�������� 'LIIHUHQWLDWLRQ�$FFRUGLQJ�WR�)UXLW�6WDJH
3HVWLFLGH�XVH�LV�DQDO\]HG�LQ�UHODWLRQ�WR�WKH�IUXLW�VWDJH�EHFDXVH�DV�GLVFXVVHG�LQ
FKDSWHU���SHVWLFLGH� DSSOLFDWLRQ� LQ� VRPH� IUXLW� VWDJHV��+HQFH� WKLV� DQDO\VLV� FDQ
SURYLGH�VRPH�LQGLFDWLRQ�DERXW�WKH�WHFKQLFDO�HIILFLHQF\�RI�SHVW�FRQWURO�
)RU�WKH�SXUSRVH�RI�WKH�DQDO\VHV�WKH�SURGXFWLRQ�F\FOH�ZLWKLQ�WKH�\HDU�KDV�EHHQ
GLYLGHG�LQWR�ILYH�VWDJHV��L�H��\RXQJ�VKRRW��IORZHULQJ��\RXQJ�IUXLW��SUHPDWXUH�IUXLW
DQG�PDWXUH�IUXLW�VWDJH���
)LJXUH����� FRPSDUHV� FRVWV�RI� SHVWLFLGHV� E\� IUXLW� VWDJH� FOXVWHU���� 7KH�KLJKHVW
FRVWV� FDQ� EH� REVHUYHG� LQ� WKH� \RXQJ� VKRRW� VWDJH�� $V� WKH� IUXLW� GHYHORSV� WKH
IDUPHUV�VSUD\�OHVV��)URP�D�WHFKQLFDO�SRLQW�RI�YLHZ�WKLV�JHQHUDOO\�PDNHV�VHQVH�
7KH�\RXQJ�VKRRW� VWDJH� LV� WKH� VWDJH�ZKHUH� LQVHFWV� FDQ�GR�PRVW� KDUP�ZKLFK
H[SODLQV�WKH�KLJKHU�SHVWLFLGH�FRVWV�VSHQG��+RZHYHU��LQ�WKH�IORZHULQJ�VWDJH�LW�LV
QRW�UHFRPPHQGHG�WR�VSUD\�LQ�RUGHU�QRW�WR�KLQGHU�IUXLW�VHWWLQJ��$OWKRXJK�IDUPHUV
VWRS�VSUD\LQJ�GXULQJ� WKLV� VWDJH� WKH�PDMRULW\� LJQRUHV� WKH� UHFRPPHQGDWLRQV�RI
WKH�H[WHQVLRQ�VHUYLFH��,Q�VWDJH���VSUD\LQJ�LV�FRQGXFWHG�PDLQO\�WR�FRQWURO�WKULSV�
&RPSDULQJ�SHVWLFLGH�XVH�DFURVV�FOXVWHUV�VKRZV� WKDW� WKHUH� LV�QR�GLIIHUHQFH� LQ
WKH� WHQGHQF\� RI� XVH�E\� JURZWK� VWDJH�EXW� WKH� OHYHO� RI� XVH� GLIIHUV�� 7KH�PHDQ
YDOXH�RI�SHVWLFLGHV�XVHG�RI�FOXVWHU��� LQ� WKH�\RXQJ�VKRRW�VWDJH� LV�DURXQG� IRXU
WLPHV� WKH� RQH� XVHG� RI� FOXVWHU����2Q� WKH� RWKHU� KDQG� WKH� UHODWLYH� GHFUHDVH� LQ
SHVWLFLGH�FRVWV�LV�PRVW�SURQRXQFHG�IRU�FOXVWHU���

����������������������������������������
��� )RU�WKH�GHVLJQ�RI�WKH�TXHVWLRQ�UHIHU�WR�WKH�TXHVWLRQQDLUH�LQ�$SSHQGL[�9,,,�
��� 5HVSHFWLYH�TXDQWLWLHV�UHVXOW�LQ�D�)LJXUH�RI�VLPLODU�VKDSH�



�� &KDSWHU����0DQDJHPHQW�6WUDWHJLHV�LQ�7DQJHULQH�3URGXFWLRQ

)LJXUH����� 0HDQ�9DOXHV�RI�3HVWLFLGH�&RVWV�E\�)UXLW�6WDJHV
3HVWLFLGH�&RVWV
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5D
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K &OXVWHU��

&OXVWHU��
&OXVWHU��

6WDJH��� <RXQJ�VKRRW6WDJH��� )ORZHULQJ 6WDJH��� <RXQJ�IUXLW��PDWXUH�OHDI6WDJH��� 3UHPDWXUH�IUXLW6WDJH��� 0DWXUH�IUXLW
6RXUFH� $XWKRU
V�&DOFXODWLRQV

7R� DQDO\]H� WKHVH� GLIIHUHQFHV� VWDWLVWLFDOO\� DQ� DQDO\VLV� RI� YDULDQFH� FRPELQHG
ZLWK�PXOWLSOH� FRPSDULVRQ� WHVWV� KDV� EHHQ� FRQGXFWHG�� 7KH� IROORZLQJ� YDULDEOHV
ZHUH� LQFOXGHG� LQ� WKH�DQDO\VHV��SHVWLFLGH�FRVWV�� TXDQWLWLHV�E\� IUXLW� VWDJH�� WRWDO
TXDQWLWLHV��\LHOG�LQ�UHODWLRQ�WR�SHVWLFLGH�TXDQWLWLHV��\LHOG�LQ�UHODWLRQ�WR�SHVWLFLGH
FRVWV��5HVXOWV�FDQ�EH�VXPPDUL]HG�DV�IROORZV��,Q�VWDJH���TXDQWLWLHV�DQG�FRVWV
DUH� VLJQLILFDQWO\� GLIIHUHQW�� LQ� VWDJH� �� FRVWV� DUH� VLJQLILFDQWO\� GLIIHUHQW� DQG
TXDQWLWLHV�DUH� VLJQLILFDQWO\� EHWZHHQ�&/�� DQG�&/���&/��� ,Q� VWDJH���� VWDJH���
VWDJH���WKH�VDPH�UHVXOW�DV�VWDJH���ZHUH�REWDLQHG��7KLV�DQDO\VLV�VXSSRUWV�WKH
LQWHUSUHWDWLRQ�RI�)LJXUH������7KH�DPRXQW�RI�SHVWLFLGHV�DSSOLHG�GHFUHDVHV�RYHU
WKH�IUXLW�VWDJHV�IRU�DOO�WKUHH�FOXVWHUV�DOWKRXJK�WKHUH�DUH�GLIIHUHQFHV�LQ�WKH�OHYHO
RI�SHVWLFLGH�TXDQWLW\�
,Q� RUGHU� WR� GUDZ� VRPH� FRQFOXVLRQV� ZLWK� UHJDUG� WR� SHVWLFLGH� SURGXFWLYLW\�� D
FRPSDULVRQ� LV�PDGH� E\� \LHOG� OHYHO� DQG� WKH� UDWLR� RI� \LHOG� WR� SHVWLFLGH� �7DEOH
�������� ,W� LV� VKRZQ� WKDW� FOXVWHU���KDV�D� VLJQLILFDQWO\� KLJKHU� UDWLR� RQ� DOO� EXW� IRU
\LHOG� OHYHO� 9�� +HQFH� LW� DSSHDUV� WKDW� FOXVWHU��� SURGXFHV� PRUH� SHU� XQLW� RI
SHVWLFLGH�

����������������������������������������
��� )RU�WKH�FODVVLILFDWLRQ�RI�\LHOG�OHYHOV�UHIHU�WR�WKH�H[SODQDWLRQ�LQ�7DEOH�����
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7DEOH����� 5HODWLRQ�RI�<LHOGV�WR�3HVWLFLGH�&RVWV�DQG�4XDQWLWLHV
<LHOG/HYHO�,,� * <LHOG/HYHO�,,, * <LHOG/HYHO�,9 * <LHOG/HYHO�9 *

<LHOG�3HVWLFLGH�&RVWV
&OXVWHU�� ���� $ ���� $ ���� $ ���� $
&OXVWHU�� ���� % ���� % ���� % ���� %
&OXVWHU�� ���� % ���� % ���� % ���� %
� <LHOG�OHYHO�,�LV�QRW�FRQVLGHUHG�DV�RUFKDUGV�DUH�QRW�\HW�LQ�SURGXFWLRQ��\LHOG�LV�H[SUHVVHG�LQ�NJSHU�UDL *� �'XQFDQ�JURXSLQJ��PHDQV�ZLWK�WKH�VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQWDW�WKH������OHYHO NJ�SHU�%DKW
6RXUFH� $XWKRU
V�&DOFXODWLRQV

7KLV� ZDV� DOVR� VKRZQ� LQ� WKH� SUHYLRXV� DQDO\VLV� ZKHUH� SHVWLFLGH� FRVWV� VWD\
DOPRVW�HTXDO�RYHU�WKH�\LHOG�OHYHOV�IRU�HYHU\�FOXVWHU���
�������� 'LIIHUHQWLDWLRQ�$FFRUGLQJ�WR�7\SH�RI�3HVWLFLGH
$V�D�IXUWKHU�VWHS�WR�DQDO\]H�SRVVLEOH�WHFKQLFDO� LQHIILFLHQF\�RI�SHVWLFLGH�XVH�LQ
FLWUXV� WKH� W\SHV�RI�SHVWLFLGHV�XVHG��SHVWLFLGH�FRVWV�DQG�TXDQWLWLHV�DV�ZHOO� DV
WKH�QXPEHU�RI�DSSOLFDWLRQV�DUH�FRPSDUHG��7DEOH������

����������������������������������������
��� 5HIHU�WR�7DEOH�����



��� &KDSWHU����0DQDJHPHQW�6WUDWHJLHV�LQ�7DQJHULQH�3URGXFWLRQ

7DEOH����� $YHUDJH�4XDQWLW\��&RVWV�DQG�1XPEHU�RI�$SSOLFDWLRQV�6SOLW�LQWR
3HVWLFLGH�&DWHJRULHV

,QVHFWLFLGH )XQJLFLGH +HUELFLGH 2WKHUV
&OXVWHU�� 4XDQWLW\��O�UDL� ���� ���� ���� ����

&RVWV��%DKW�UDL� ����� ����� ���� �����
$SSOLFDWLRQV�\HDU ���� ���� ��� ���
��RI�)DUPHUV�8VLQJ ��� ���� ��� ����

&OXVWHU�� 4XDQWLW\��O�UDL� ��� ��� ��� ���
&RVWV��%DKW�UDL� ������� ����� ���� �����
$SSOLFDWLRQV�\HDU ���� ���� ��� ���
��RI�)DUPHUV�8VLQJ ��� ���� ��� ����

&OXVWHU�� 4XDQWLW\��O�UDL� ���� ���� ��� ���
&RVWV��%DKW�UDL� ������� ������� ����� �������
$SSOLFDWLRQV�\HDU ���� ���� ��� ���
��RI�)DUPHUV�8VLQJ ��� ���� ���� ����

 7KH�JURXS�RI�RWKHU�SHVWLFLGHV�VXPPDUL]HV�SODQW�JURZWK�UHJXODWRUV��DGMXYDQWV��WUDFH�HOHPHQWVDQG�YLWDPLQV
6RXUFH� $XWKRU
V�&DOFXODWLRQV

,W� LV�VKRZQ�WKDW�LQVHFWLFLGHV�GRPLQDWH�DOO�RWKHU�W\SHV�RI�SHVWLFLGHV�LQ�WHUPV�RI
TXDQWLW\� XVHG�� QXPEHU� RI� DSSOLFDWLRQV�� FRVWV� DQG� SHUFHQW� IDUPHUV� XVLQJ�� $V
PHQWLRQHG�HDUOLHU��WKH�TXDQWLW\�XVHG�LQFUHDVHV�E\�FOXVWHU��+RZHYHU�WKH�UDWH�RI
DSSOLFDWLRQV� LV� UDWKHU� VLPLODU� ZLWK� RYHU� ��� LQVHFWLFLGH� DSSOLFDWLRQV� SHU� \HDU�
&RQVHTXHQWO\�WKHUH�DUH�KXJH�GLIIHUHQFHV�LQ�WKH�DSSOLFDWLRQ�UDWH�ZKLFK�PLJKW�EH
OLQNHG� WR� WKH� SRVVLELOLW\� RI� UHVLVWDQFH� WR� SHVWLFLGHV�� )XQJLFLGHV� DUH� XVHG� E\
PRVW�IDUPHUV�LQ�FOXVWHU����:KLOH�WKH�TXDQWLW\�DQG�WKH�FRVWV�LQFUHDVH�E\�FOXVWHU
WKH� QXPEHU� RI� DSSOLFDWLRQV� LV� VLPLODU�� 7KLV� DJDLQ� LQGLFDWHV� GLIIHUHQFHV� LQ� WKH
GRVDJH��+HUELFLGHV�DUH�XVHG�E\�RQO\�IHZ�IDUPHUV�EXW�DJDLQ�PRUH�LQ�FOXVWHU���
2WKHU� FKHPLFDOV� RI�ZKLFK� SODQW� JURZWK� UHJXODWRUV� DUH� GRPLQDQW� DUH� XVHG� E\
DERXW�RQH�WKLUG��FOXVWHU����WR�RQH�KDOI��FOXVWHU����RI�WKH�IDUPHUV�
&RPSDULQJ� WKHVH� SHVWLFLGH� XVH� OHYHOV� WR� LQWHUQDWLRQDO� VWDQGDUGV� LQ� IUXLW� WUHH
SURGXFWLRQ� LW� EHFRPHV� FOHDU� WKDW� WKH� DPRXQW� RI� DFWLYH� LQJUHGLHQWV� DSSOLHG
HVSHFLDOO\�E\�IDUPHUV�EHORQJLQJ�WR�FOXVWHU���SHVWLFLGHV�DUH�RQ�WKH�XSSHU�HQG�RI
WKH� VSHFWUXP�� $VVXPLQJ� DQ� DYHUDJH� FRQWHQW� RI� DFWLYH� LQJUHGLHQWV� RI� ��� �
UHVXOWV�LQ������NJ�IRU� LQVHFWLFLGHV�DORQH�LQ�FOXVWHU����)RU�H[DPSOH��IRU�IUXLWV� LQ
WKH� 1HWKHUODQGV� DQ� DYHUDJH� RI� ����� NJ�KD� DQG� IRU� ,WDO\� ����� NJ�KD� ZDV
UHSRUWHG��26.$0�HW�DO���������,Q�WKH�86���DQG����OLWHUV�RI�LQVHFWLFLGH�YROXPHV



&KDSWHU����0DQDJHPHQW�6WUDWHJLHV�LQ�7DQJHULQH�3URGXFWLRQ ���

�QRW� DFWLYH� LQJUHGLHQW�� ZHUH� UHSRUWHG� IRU� &DOLIRUQLD� DQG� )ORULGD� UHVSHFWLYHO\
�86'$�������
������ )DUP�%XGJHWV
7KH�DQDO\VHV�RQ�WKH�GHWHUPLQDWLRQ�RI�FOXVWHU�GLIIHUHQFHV�ZLOO�EH�FRQFOXGHG�E\
D� FRPSDULVRQ� RI� IDUP� EXGJHW� FDOFXODWLRQV� RI� WKH� FOXVWHUV�� 7KH� FDOFXODWLRQ
SURYLGHV�DQ�RYHUYLHZ�RI�GLIIHUHQFHV�LQ�SURGXFWLRQ�DV�ZHOO�DV�RXWSXW�
7DEOH������VKRZV�IDUP�EXGJHW�FDOFXODWLRQV�IRU� WKH�FOXVWHUV�DV�ZHOO�DV�IRU� WKH
WRWDO� VDPSOH�� 9DOXH� WHUPV� DUH� H[SUHVVHG� DV�PHDQ� YDOXHV� RI� JURXSV�� *URVV
PDUJLQ�YDOXHV�DUH�H[SUHVVHG�LQ�YDOXH�SHU�DUHD��UDL��DQG�LQ�YDOXH�SHU�ZRUNLQJ
KRXU�� 5HYHQXHV� DUH� FDOFXODWHG� RQ� WKH� EDVLV� RI� WKH� DYHUDJH� WDQJHULQH� SULFH
�������%DKW�NJ��DQG�LQGLYLGXDO�\LHOGV��5HYHQXHV�DQG�JURVV�PDUJLQV�KDYH�EHHQ
IXUWKHU�GLIIHUHQWLDWHG�DFFRUGLQJ� WR� \LHOG� OHYHOV� WR� UHGXFH�YDULDQFHV�RULJLQDWLQJ
IURP�GLIIHUHQW�JURZWK�DQG�\LHOG�OHYHOV�
'LIIHUHQFHV� EHFRPH� REYLRXV� ZKHQ� FRPSDULQJ� WKH� SURGXFWLRQ� FRVWV� DQG
RXWSXWV�� $OPRVW� DOO� FRVWV� LWHPV� KDYH� LQFUHDVLQJ� YDOXHV� IURP� FOXVWHU��� WR
FOXVWHU���
&RQVLGHULQJ� WKH� RYHUDOO� UHYHQXHV� RI� WKH� FOXVWHUV�� FOXVWHU��� KDV� WKH� KLJKHVW
DYHUDJH�UHYHQXHV��7KLV�SLFWXUH�FKDQJHV�ZKHQ�WKH�UHYHQXHV�DUH�VSOLW�LQWR�\LHOG
OHYHOV�� &OXVWHU��� DQG� FOXVWHU��� KDYH� UHYHQXHV� DERYH� WKH� WRWDO� DYHUDJH� ZKLOH
FOXVWHU��� LV� EHORZ� WKH� DYHUDJH� IRU� DOO� \LHOG� OHYHOV�� 7KH� GLIIHUHQWLDWLRQ� RI
UHYHQXHV� E\� \LHOG� OHYHOV� SRLQWV� RXW� WKDW� WKH� KLJKHU� SURGXFWLRQ� LQWHQVLW\
HVSHFLDOO\� RI� FOXVWHU��� GRHV� QRW� UHVXOW� LQ� KLJKHU� UHYHQXHV�� ,Q� IDFW�� LW� LV� YLFH
YHUVD�UHYHQXHV�DUH�ORZHU��7KLV�UHVXOW�PDNHV�WKH�KLJKHU� LQSXW�XVH�RI�FOXVWHU��
DQG� FOXVWHU��� TXHVWLRQDEOH�� 2QH� FRXOG� K\SRWKHVL]H� WKDW� WKH� FRQVWDQW� KLJKHU
LQSXW� XVH� RI� WKHVH� FOXVWHU� UHVXOWHG� LQ� WKH� QHFHVVLW\� WR� SURGXFH� ZLWK� KLJKHU
LQWHQVLWLHV� GXH� WR� LQFUHDVLQJ� SURGXFWLRQ� SUREOHPV�� ,I� WKH� K\SRWKHVLV� LV� WUXH
FOXVWHU��� IDUPHUV�KDYH� WR�XVH�KLJKHU� LQWHQVLWLHV� WR� EH� DEOH� WR� UHDFK� WDUJHWHG
\LHOGV�
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7DEOH������ )DUP�%XGJHW�&DOFXODWLRQ�E\�&OXVWHU���LQ�%DKW�SHU�5DL�
&OXVWHU�� &OXVWHU�� &OXVWHU�� 7RWDO

2UFKDUG�6L]H��UDL� ����� ����� ����� �����
$YHUDJH�2UFKDUG�$JH��\HDUV� ���� ���� ���� ����
1XPEHU�RI�7UHHV�SHU�UDL ����� ����� ����� �����
<LHOG��NJ�SHU�UDL� �������� �������� �������� ��������
5HYHQXH ��������� ��������� ��������� ���������
5HYHQXH�SHU�UDL�
<LHOG�/HYHO�,
<LHOG�/HYHO�,,
<LHOG�/HYHO�,,,
<LHOG�/HYHO�,9
<LHOG�/HYHO�9
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&RVWV�RI�3HVWLFLGH�8VH �������� �������� �������� ��������
&RVWV�RI�)HUWLOL]HU�8VH �������� �������� �������� ��������
&RVWV�RI�2UJDQLF�0DQXUH ������ ������ ������ ������
&RVWV�RI�5HSODQWLQJ�0DWHULDO ����� ����� ����� �����
7RWDO�9DULDEOH�&RVWV �������� �������� �������� ��������
7RWDO�9DULDEOH�&RVWV�
<LHOG�/HYHO�,
<LHOG�/HYHO�,,
<LHOG�/HYHO�,,,
<LHOG�/HYHO�,9
<LHOG�/HYHO�9
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/DERU�&RVWV �������� �������� �������� ��������
,QWHUHVW�RI�&XUUHQW�$VVHWV ������ ������ ������ ������
*URVV�0DUJLQ �������� �������� ��������� ��������
*URVV�0DUJLQ��
<LHOG�/HYHO�,
<LHOG�/HYHO�,,
<LHOG�/HYHO�,,,
<LHOG�/HYHO�,9
<LHOG�/HYHO�9
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*URVV�0DUJLQ�SHU/DERU�+RXU ����� ����� ����� �����

6RXUFH� $XWKRU
V�&DOFXODWLRQV
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'XH� WR� GLIIHUHQFHV� LQ� SURGXFWLRQ� FRVWV�� JURVV� PDUJLQ� GLIIHUHQFHV� DUH� KLJK�
&OXVWHU��� IDUPHUV� DUH� SURGXFLQJ� ZLWK� D� ORVV� WZLFH� DV� KLJK� DV� LQ� WKH� RWKHU
FOXVWHUV�LQ�WKH�ILUVW�\LHOG�OHYHO��:KLOH�FOXVWHU���DOUHDG\�KDV�RQ�DYHUDJH�SRVLWLYH
YDOXHV�LQ�WKH�VHFRQG�\LHOG�OHYHO��FOXVWHU���IDUPHUV�KDYH�WR�FRSH�ZLWK�ORVVHV�WR
DQ�H[WHQW� WKH� RWKHU� FOXVWHUV� H[SHULHQFHG� LQ� WKH� ILUVW� VWDJH�� $JDLQ�� FOXVWHU��
V
SHUIRUPDQFH� LV� EHORZ� WRWDO� DYHUDJH� JURVV� PDUJLQ� YDOXHV� IRU� DOO� \LHOG� OHYHOV
ZKLOH�FOXVWHU���DQG�FOXVWHU���DUH�DERYH��'XH�WR�D�TXLFNHU�LQFUHDVH�LQ�DYHUDJH
\LHOGV� FOXVWHU��� SHUIRUPV� EHWWHU� LQ� \LHOG� OHYHO�,,� DQG� LV� WKH� RQO\� FOXVWHU� ZLWK
SRVLWLYH�YDOXHV� LQ� WKLV�VWDJH����:KLOH�GLIIHUHQFHV� LQ� UHYHQXHV�DUH�H[LVWHQW�EXW
UHODWLYHO\� VPDOO�� GLIIHUHQFHV� LQ� JURVV� PDUJLQV� DUH� FRQVLGHUDEO\� KLJK�� $V
UHYHQXHV�KDYH�EHHQ�FDOFXODWHG�ZLWK�D�FRQVWDQW�WDQJHULQH�SULFH�WKH�LQFUHDVH�RI
GLIIHUHQFH� EHWZHHQ� FOXVWHUV� FDQ� EH� PRVWO\� UHODWHG� WR� YDU\LQJ� SURGXFWLRQ
FRVWV���
&RQVLGHULQJ�RYHUDOO�JURVV�PDUJLQ�YDOXHV��UHDVRQV�IRU�WKH�KLJKHU�DYHUDJH�JURVV
PDUJLQ�RI�FOXVWHU���FDQ�EH�VHHQ� LQ� WKH� ODUJHU�VKDUH�RI� IDUPHUV� LQ�KLJKHU�\LHOG
OHYHOV�DQG�ZLWK�ROGHU�SODQWDWLRQV����7KLV�DOVR�DSSOLHV�WR�RYHUDOO�UHYHQXHV��7KH
JURVV�PDUJLQ�YDOXH�SHU�ODERU�KRXU�GUDZV�D�GLIIHUHQW�SLFWXUH��$V�FOXVWHU���XVHV
PRUH�ODERU�LW�KDV�WKH�ORZHVW�JURVV�PDUJLQ�YDOXH�SHU�ODERU�KRXU��&OXVWHU���KDV
WKH�KLJKHVW�JURVV�PDUJLQ�YDOXHV�GXH�WKH�ORZHVW�ODERU�FRVWV��7KH�JURVV�PDUJLQ
FDOFXODWLRQ�XQGHUOLQHV� WKH�HDUOLHU�REVHUYDWLRQ� WKDW�KLJK�H[WHUQDO� LQSXWV�GR�QRW
UHVXOW�LQ�KLJKHU�JURVV�PDUJLQV�DQG�KLJKHU�RXWSXWV�
������ 'LIIHUHQFHV�LQ�0DQDJHPHQW�6\VWHPV���&RQFOXVLRQV
,W� VKRXOG� EH� UHFDOOHG� WKDW� IDUPHUV� XVH� EDVLFDOO\� WKH� VDPH� SUH�SODQWLQJ
VWUDWHJLHV��JURZLQJ�PHWKRGV�� LUULJDWLRQ� WHFKQRORJ\�EXW� YDU\� FRQVLGHUDEO\�ZLWK
UHJDUGV� WR�WKH�H[SHQGLWXUHV�RQ�SHVWLFLGHV�DQG� WKH�TXDQWLWLHV�XVHG��*LYHQ� WKH
YHU\� OLPLWHG� GLIIHUHQFHV� LQ� WKH� SURGXFWLRQ� V\VWHPV� DQG� WHFKQRORJ\�� SHVWLFLGH
SURGXFWLYLW\�YDULHV�FRQVLGHUDEO\�DPRQJ�WKH�FOXVWHUV� LQGLFDWLQJ�HLWKHU� WHFKQLFDO
LQHIILFLHQF\�RU�ODUJH�YDULDWLRQ�LQ�SHVW�SRSXODWLRQV�
&OXVWHU��� IDUPHUV� FDQ�EH�FKDUDFWHUL]HG�DV� IDUPHUV�PDQDJLQJ� WKHLU� IDUP�ZLWK
OHVV�LQWHQVLYH�LQSXW�XVH�ZLWK�UHJDUG�WR�WKH�WLPLQJ�RI�KDUYHVW�DQG�XVH�RI�RUJDQLF
PDWHULDOV��%HLQJ�VOLJKWO\�ROGHU�RQ�DYHUDJH��FOXVWHU���IDUPHUV�VSHQG�OHVV�WLPH�LQ
WDQJHULQH�JURZLQJ�DQG�SURGXFH�RQ�\RXQJHU�RUFKDUGV��7KH\�SURGXFH�WDQJHULQH
ZLWK�WKH�ORZ�LQSXW�LQWHQVLW\��+RZHYHU��WKHLU�JURVV�PDUJLQV�DUH�FRPSDUDEO\�KLJK�
����������������������������������������
��� )RU�D�GLVFXVVLRQ�RQ�WKH�UHODWLRQ�EHWZHHQ�DJH�DQG�\LHOG�UHIHU�WR�VHFWLRQ�����
��� 5HIHU�DOVR�WR�7DEOH�����
��� ����RI�&/��������RI�&/���DQG�����RI�&/���EHORQJ�WR�\LHOG�OHYHO�,�DQG�OHYHO�,,�
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&OXVWHU���IDUPHUV�SURGXFH�OHVV�LQWHQVLYHO\�LQ�WHUPV�RI�WKH�QXPEHU�RI�KDUYHVWV
SHU� \HDU�� EXW�ZLWK� KLJKHU� SHVWLFLGH� XVH��ZKLOH� IHUWLOL]HU� DQG�RUJDQLF�PDWHULDOV
DUH�XVHG�OHVV�LQWHQVLYHO\�WKDQ�LQ�WKH�RWKHU�FOXVWHUV��&OXVWHU���IDUPHUV�VHHP�WR
DLP� DW� PD[LPL]LQJ� WKH� VHUYLFH� OLIH� RI� WKHLU� RUFKDUGV� UDWKHU� WKDQ� RQ� WKH
LQWHQVLILFDWLRQ� RI� DQQXDO� RXWSXWV�� &OXVWHU��� IDUPHUV� XVH� KLJKHU� TXDQWLWLHV� RI
SHVWLFLGHV��DUH�PRUH�OLNHO\�WR�XVH�DOO�W\SHV�RI�SHVWLFLGHV�DQG�DUH�XVLQJ�WKH�PRUH
H[SHQVLYH�RQHV��,Q�FOXVWHU���LQSXW�OHYHOV�RI�RWKHU�LQSXW�IDFWRUV�DQG�ODERU�LQSXWV
DUH�ORZHU�
,Q�FOXVWHU��� WKH�XVH�RI�SHVWLFLGHV�DQG�RWKHU� LQSXWV� LV�KLJKHVW��+RZHYHU�� LQSXW
IDFWRUV�ZKLFK�FDQ�EH�UHJDUGHG�DV�VXEVWLWXWHV� IRU�SHVWLFLGH�XVH� L�H�� UHSODQWLQJ
DQG� RUJDQLF�PDWHULDOV� DUH� DOVR� XVHG� RQ� KLJK� OHYHOV�� 7KH� QXPEHU� RI� IDUPHUV
ZLWK�WKUHH�KDUYHVW�LV�KLJK�ZLWK�H[WUHPHO\�KLJK�LQSXW�XVH��3HVWLFLGH�DSSOLFDWLRQ
TXDQWLWLHV� DUH� WKUHH� WLPHV� KLJKHU� RQ� DYHUDJH� WKDQ� LQ� FOXVWHU���� )DUPHUV� LQ
FOXVWHU���WHQG�WR�EH�\RXQJHU��EXW�WKH\�SURGXFH�RQ�ROGHU�RUFKDUGV��WKH�PDMRULW\
EHLQJ� LQ� WKHLU�PRVW�SURGXFWLYH�JURZWK�VWDJHV��*URVV�PDUJLQ�YDOXHV�DUH� ORZHU
WKDQ� LQ� WKH� RWKHU� FOXVWHUV� LI� VSOLW� LQWR� \LHOG� OHYHOV�� &OXVWHU��� IDUPHUV� SURGXFH
ZLWK� WKH�KLJKHVW� LQSXW� LQWHQVLWLHV��DOVR�SLFWXUHG� LQ�KLJKHU�SHVWLFLGH�DSSOLFDWLRQ
UDWHV�DQG�D�EURDGHU�VSHFWUXP�RI�SHVWLFLGH�XVHG��+RZHYHU��WKH�LQSXW�LQWHQVLYH
SURGXFWLRQ�GRHV�QRW�UHVXOW�LQ�KLJKHU�\LHOGV�DQG�UHWXUQV��7KLV�VXJJHVWV�WKDW�WKH
OHYHO�RI�RSWLPDO�LQSXW�XVH�LV�H[FHHGHG�
���� )DFWRU� $QDO\VLV� RI� )DUPHUV� &ULWHULD� IRU� WKH� 6HOHFWLRQ� RI

3HVWLFLGHV
,Q� WKLV�FRQWH[W� IDFWRU�DQDO\VLV� LV� XVHG� WR�DQDO\]H� IDUPHUV�EHKDYLRU� UHJDUGLQJ
SHVWLFLGH� SXUFKDVHV�� :LWK� WKH� KHOS� RI� IDFWRU� DQDO\VLV� D� VHW� RI� YDULDEOHV� LV
H[SUHVVHG� LQ� WHUPV� RI� D� VPDOOHU� QXPEHU� RI� K\SRWKHWLFDO� IDFWRUV� DQG� DLPV� WR
GLVFRYHU�WKH�UHODWLRQ�EHWZHHQ�LQGHSHQGHQW�YDULDEOHV�LV�GLVFRYHUHG��,W�LV�DLPHG
WR� H[WUDFW� PDMRU� IDFWRUV� ZKLFK� DUH� EHOLHYHG� WR� KDYH� DQ� LQIOXHQFH� RQ� WKH
VHOHFWLRQ�RI�SHVWLFLGHV��7KH�WDUJHW�LV�WR�DQVZHU�WKH�TXHVWLRQ�ZKLFK�IDFWRUV�DUH
UHOHYDQW� DQG� ZKHWKHU� WKH� SULFH� RI� WKH� SHVWLFLGH� SOD\V� D� PDMRU� UROH� IRU� WKH
GHFLVLRQ�ZKLFK�SHVWLFLGH�LV�ERXJKW�
,W� LV� H[SHFWHG� WKDW� WKH� IDFWRU� DQDO\VLV� FDQ� FRQWULEXWH� WR� WKH� H[SODQDWLRQ� RI
FOXVWHU� GLIIHUHQFHV� RI� WKH� SUHYLRXV� VHFWLRQ�� )XUWKHUPRUH�� IDFWRU� DQDO\VLV� FDQ
LQGLFDWH� SRVVLEOH� LQWHUYHQWLRQ� VWUDWHJLHV� IRU� WKH� UHGXFWLRQ� RI� FKHPLFDO
SHVWLFLGHV�E\�IDUPHUV����,Q�WKH�IDUP�VXUYH\�D�OLVW�RI�WZHOYH�SRVVLEOH�DVSHFWV�RI
����������������������������������������
��� )RU�DQ�LQWURGXFWLRQ�WR�WKH�PHWKRGRORJLFDO�FRQFHSW�RI�IDFWRU�DQDO\VLV�UHIHU�WR�$SSHQGL[�9,,�
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WKH�LQGLYLGXDO�SHVWLFLGH�SXUFKDVH�GHFLVLRQ�KDYH�EHHQ�SUHVHQWHG�WR�WKH�IDUPHUV
�7DEOH�������
7DEOH������ $VSHFWV�RI�3HVWLFLGH�3XUFKDVH�'HFLVLRQV

,� SURGXFW�QHLJKERUV�RU�IULHQGV�DUH�XVLQJ
,,� IDUPHUV
�NQRZOHGJH�DERXW�SHVWLFLGH�HIILFDF\
,,,� SHVW�RFFXUUHQFH�LQ�IRUPHU�\HDUV
,9� FURS�ORVV�DVVHVVPHQW
9� PDQDJHPHQW�V\VWHP�VXFFHVVIXO�RYHU�ORQJ�WLPH
9,� SHVWLFLGH�SULFH
9,,� SURPRWLRQ�RI�FKHPLFDO�LQGXVWU\
9,,,� UHFRPPHQGDWLRQ�IURP�H[WHQVLRQ�ZRUNHU
,;� RWKHU�SHRSOH��JRYHUQPHQW�RU�1*2�
;� NQRZOHGJH�DERXW�KD]DUGRXVQHVV�RI�SHVWLFLGH�FKRVHQ
;,� LQIRUPDWLRQ�RI�RWKHU�VRXUFHV�OLNH�UDGLR��QHZVSDSHU�PDJD]LQHV�HWF�
;,,� WDQJHULQH�SULFH
6RXUFH� 2ZQ�6XUYH\

7KH� DVSHFWV� ZHUH� GHWHUPLQHG� DV� UHOHYDQW� IRU� SXUFKDVH� GHFLVLRQV� LQ� WKH
SUHOLPLQDU\� VXUYH\V� DQG� JURXS� GLVFXVVLRQV� FRQGXFWHG� IRU� WKH� TXHVWLRQQDLUH�
7KH�OLVW�ZDV�H[SODLQHG�WR�WKH�IDUPHUV�DQG�WKH\�ZHUH�DVNHG�WR�UDQN�WKH�DVSHFWV
DFFRUGLQJ�WR�WKHLU�UHOHYDQFH�LQ�WKHLU�LQGLYLGXDO�GHFLVLRQ�PDNLQJ�
7KH�IDFWRU�DQDO\VLV�KDV�EHHQ�FRQGXFWHG�ZLWK�WKH�6$6�VWDWLVWLFDO�SDFNDJH�XVLQJ
WKH� SULQFLSDO� IDFWRU� PHWKRG�� .DLVHU
V� PHDVXUH� RI� VDPSOLQJ� DGHTXDF\� �06$�
UHVXOWHG�LQ�DQ�RYHUDOO�06$�RI����������7KH�SULQFLSDO�IDFWRU�DQDO\VLV�DOORZV�WKH
UHGXFWLRQ� WR� WZR� IDFWRUV� DFFRUGLQJ� WR� WKH� SURSRUWLRQ� FULWHULRQ���� 7KH� YDULPD[
URWDWLRQ� UHVXOWV� LQ�DQ�DQDO\VLV�RI� WKH�SULQFLSDO�FRPSRQHQWV�RI� WKH� WZR� IDFWRUV�
7KH�YDULDQFH�H[SODLQHG�E\�WKH�ILUVW�IDFWRU�LV��������ZKLOH�WKH�RQH�IRU�WKH�VHFRQG
IDFWRU� LV� ������� $� VHFRQG� URWDWLRQ� DFFRUGLQJ� WR� WKH� SURPD[� PHWKRG� LV
LQFUHDVLQJ�WKH�ORDGLQJV��,QWHU�IDFWRU�FRUUHODWLRQ�EHWZHHQ�IDFWRU���DQG�IDFWRU���LV
�������7KH�DQDO\VLV� UHVXOWV� LQ�D�VLPSOH�VWUXFWXUH�RI� WKH� IDFWRU� ORDGLQJ�PDWUL[�

����������������������������������������
��� .DLVHU
V�06$�JLYHV�D� VXPPDU\� IRU� HDFK� YDULDEOH� DQG� IRU� DOO� YDULDEOHV� RI� KRZ�PXFK� VPDOOHU� WKH

SDUWLDO� FRUUHODWLRQ� DUH� FRPSDUHG� WR� WKH� RULJLQDO� RQHV�� 9DOXHV� RI� ���� RU� KLJKHU� DUH� FRQVLGHUHG� DV
JRRG�� ZKLOH� D� 06$� EHORZ� ���� LV� FRQVLGHUHG� XQDFFHSWDEOH� �%$&.+$86�� ������� 7KHUHIRUH�� WKH
DQDO\VLV�OLHV�LQ�WKH�DFFHSWDEOH�UDQJH�

��� 7KH�SURSRUWLRQ�FULWHULRQ�VSHFLILHV� WKH�SURSRUWLRQ�RI� FRPPRQ�YDULDQFH� WR�EH�DFFRXQWHG� IRU� E\� WKH
UHWDLQHG�IDFWRUV�XVLQJ�WKH�SULRU�FRPPXQDOLW\�HVWLPDWHV��6$6�67$7�9RO����������
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9DULDEOHV�RQO\�ORDG�KLJK�LQ�RQH�IDFWRU�DQG�KDYH�ORZ�YDOXHV�IRU�WKH�RWKHU�IDFWRU�
9DULDEOHV�ZLWK�IDFWRU�ORDGLQJV�KLJKHU�WKDQ�����DUH���

�� )DFWRU��� ,��,,��9��;
�� )DFWRU��� 9,��9,,��9,,,��,;��;,��;,,

)DFWRU���KDV�WKH�KLJKHVW�ORDGLQJV�IRU�YDULDEOHV�,��,,�DQG�;��SURGXFWV�QHLJKERUV
XVLQJ�� HIILFDF\�� KD]DUGRXVQHVV��� IDFWRU��� IRU� YDULDEOH� ;,� �LQIRUPDWLRQ� IURP
UDGLR��PDJD]LQHV������
7DEOH� ����� SUHVHQWV� VFKHPDWLFDOO\� IDFWRU� ORDGLQJV�� 
�
� LQGLFDWHV� SRVLWLYH
ORDGLQJV�� ZKLOH� 
�
� LQGLFDWHV� QHJDWLYH� FRUUHODWLRQ� LQ� UHODWLRQ� WR� WKH� UHVSHFWLYH
IDFWRU��7KH�QHJDWLYH�SUHIL[�RI�YDULDEOHV�,�DQG�9�LQ�IDFWRU���FDQ�EH�LQWHUSUHWHG�DV
D� QHJDWLYH� FRUUHODWLRQ� EHWZHHQ� WKH� YDULDEOHV� 
HIILFDF\
� DQG� 
KD]DUGRXVQHVV

DQG�D�VXFFHVVIXO�PDQDJHPHQW�RYHU�WLPH��UHVSHFWLYHO\�WKH�SURGXFWV�IULHQGV�DQG
QHLJKERUV�DUH�XVLQJ�

7DEOH������ 6FKHPDWLF�3UHVHQWDWLRQ�RI�5RWDWHG�)DFWRU�/RDGLQJV

9DULDEOH
)DFWRU��
,QGLYLGXDO3HUFHSWLRQV

)DFWRU��
3ULFHV�DQG5HFRPPHQ�GDWLRQV

3URGXFWV�RI�QHLJKERUV�DQG�IULHQGV , �
.QRZOHGJH�RQ�HIILFDF\ ,, �
0DQDJHPHQW�V\VWHP�VXFFHVVIXO 9 �
3HVWLFLGH�SULFH 9, �
3URPRWLRQ�RI�FKHPLFDO�LQGXVWU\ 9,, �
5HFRPPHQGDWLRQ�IURP�H[WHQVLRQ 9,,, �
5HFRPPHQGDWLRQ�IURP�RWKHUV ,; �
.QRZOHGJH�RQ�KD]DUGRXVQHVV ; �
,QIRUPDWLRQ�IURP�UDGLR��PDJD]LQHV ;, �
7DQJHULQH�SULFH ;,, �

6RXUFH� $XWKRU
V�&DOFXODWLRQV

7KH� QHJOHFW� RI� WKH� YDULDEOH� 
SHVW� RFFXUUHQFH� LQ� IRUPHU� \HDUV
� LPSOLHV� WKDW
IDUPHUV� GR� QRW� EDVH� WKHLU� FXUUHQW� SHVW� PDQDJHPHQW� GHFLVLRQV� RQ� SUHYLRXV

����������������������������������������
��� 2QO\�WKHVH�IDFWRUV�ZLOO�EH�FRQVLGHUHG�LQ�WKH�IROORZLQJ��7KH�IDFWRUV�
FURS�ORVV�DVVHVVPHQW
��IDFWRU�,9�

DQG�
SHVW�RFFXUUHQFH�LQ�IRUPHU�\HDUV
��IDFWRU�,,,��ZLOO�WKHUHIRUH�QRW�EH�FRQVLGHUHG�IXUWKHU�
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\HDUV� H[SHULHQFH�� 7KH� LQIOXHQFH� RI� RWKHU� VRXUFHV� WKDQ� SHUVRQDO� SURGXFWLRQ
H[SHULHQFHV�VHHP�WR�KDYH�D�PXFK�KLJKHU�LQIOXHQFH�
7ZR�IDFWRUV�DUH�LGHQWLILHG�DV�WKH�PDLQ�IDFWRUV�IRU�WKH�GHFLVLRQ�ZKLFK�SHVWLFLGH
LV�ERXJKW��7KHVH�IDFWRUV�FDQ�EH�WLWOHG�ZLWK� 
LQGLYLGXDO�SHUFHSWLRQV
�DQG� 
SULFHV
DQG�UHFRPPHQGDWLRQV
��7KH�ILUVW�IDFWRU�FRYHUV�SHUVRQDO�SHUFHSWLRQV�DV�ZHOO�DV
WKH�FRPPRQ�SURGXFWLRQ�SUDFWLFH� LQ� WKH�DUHD��7KH�VHFRQG� IDFWRU�FRQFHQWUDWHV
RQ� SULFH� DVSHFWV� DQG� UHFRPPHQGDWLRQV� IURP� RWKHU� VRXUFHV�� LQFOXGLQJ� WKH
FKHPLFDO�LQGXVWU\��7KH�ILUVW�IDFWRU�KDV�E\�IDU�PRUH�LPSRUWDQFH�WKDQ�WKH�VHFRQG
RQH��+RZHYHU�� FRQVLGHULQJ� WKDW� WKH� VDOHV� DJHQWV� IURP� WKH� FKHPLFDO� LQGXVWU\
DUH�VWURQJO\�SURPRWLQJ� WKHLU�SURGXFWV� LQ� WKH�DUHD�RQH�PLJKW�K\SRWKHVL]H� WKDW
HIIHFWV� RI� WKH� SURGXFWV� IULHQGV� DQG� QHLJKERUV� DUH� XVLQJ� RYHUODSV� ZLWK
UHFRPPHQGDWLRQV� IURP� WKH� LQGXVWU\� DQG� LQIOXHQFH� SHUFHSWLRQV�� 3HVWLFLGH
SULFHV� FDQQRW� EH� LGHQWLILHG� DV� RQH� RI� WKH� PRVW� LPSRUWDQW� GHFLVLRQ� PDNLQJ
IDFWRUV�
7R�DQDO\]H�ZKHWKHU�GLIIHUHQFHV�EHWZHHQ�WKH�FOXVWHUV�H[LVW�WKH�IDFWRU�DQDO\VLV
LV� FRQGXFWHG� E\� FOXVWHU� �7DEOH� ������� 'LIIHUHQFHV� RFFXU� EHWZHHQ� FOXVWHUV
UHJDUGLQJ� WKH� VWUXFWXUH� RI� WKH� WZR� IDFWRUV�� ,Q� FOXVWHU��� IDUPHUV� VHHP� WR
FRQVLGHU� FURS� ORVV� HVWLPDWLRQV� DQG� SUHYLRXV� \HDUV� SHVW� SUHVVXUH� LQ� WKHLU
GHFLVLRQ�� 7KLV�PLJKW� H[SODLQ� ZK\� FOXVWHU��� IDUPHUV� DUH� XVLQJ� OHVV� SHVWLFLGHV
WKDQ� WKH� RWKHU� FOXVWHUV�� 7KH\� UHO\� LQ� WKHLU� GHFLVLRQ� RQ� SUHYLRXV� \HDUV
H[SHULHQFH� DQG� DUH� WKHUHIRUH� EHWWHU� DEOH� WR� UHIOHFW� WKHLU� SHVW� PDQDJHPHQW�
)DFWRU��
V� VWUXFWXUH� KDV� WKH� KLJKHVW� ORDGLQJV� RQ� 
UHFRPPHQGDWLRQV� RI
H[WHQVLRQ�VHUYLFH
��IDFWRU�9,,,��



��� &KDSWHU����0DQDJHPHQW�6WUDWHJLHV�LQ�7DQJHULQH�3URGXFWLRQ

7DEOH������ 5RWDWHG�)DFWRU�/RDGLQJV�E\�&OXVWHU
&OXVWHU�� &OXVWHU�� &OXVWHU��

9DULDEOH )DFWRU�� )DFWRU�� )DFWRU�� )DFWRU�� )DFWRU�� )DFWRU��
, ����� ���� ����
,, ���� ����� �����
,,, ����
,9 ���� ����
9 ����� ����
9, ����� ���� ����
9,, ���� ����
9,,, ���� ����� ����
,; ���� ����
; ���� ����� ����� ����
;, ���� ���� ���� ����
;,, ���� ����

 2QO\�ORDGLQJV�!�����DUH�FRQVLGHUHG�
6RXUFH� $XWKRU
V�&DOFXODWLRQV

&OXVWHU���ORDGV�KLJKHVW�RQ�YDULDEOH�,��,,��DQG�9�IRU�IDFWRU���DQG�RQ�YDULDEOHV�;,
DQG� ;,,� IRU� IDFWRU���� 
3URGXFWV� IULHQGV� DQG� QHLJKERUV� DUH� XVLQJ
� DUH� DV
LPSRUWDQW�DV�WKH�WUXVW� LQ�WKH�
FXUUHQWO\�XVHG�PDQDJHPHQW�V\VWHP
��)DFWRU��� LV
PDLQO\� LQIOXHQFHG� RI� SHVWLFLGH� SULFH� DQG� LQGXVWU\
V� SURPRWLRQ�� :LWK� WKH
H[FHSWLRQ� RI� YDULDEOH�,� DQG� 9� FOXVWHU��� VKRZV� QHJDWLYH� ORDGLQJV� IRU� WKH� ILUVW
IDFWRU��7KLV�LPSOLHV�WKDW�WKH�DVSHFWV�
SULFHV�RI�WDQJHULQH
�DQG�
RI�SHVWLFLGHV
�DV
ZHOO� DV� 
H[WHQVLRQ� UHFRPPHQGDWLRQV
� DUH� QHJDWLYHO\� FRUUHODWHG� WR� 
SURGXFWV
IULHQGV�DQG�QHLJKERUV�DUH�XVLQJ
�DV�ZHOO�DV�
RZQ�PDQDJHPHQW�V\VWHP
�
&OXVWHU���KDV�KLJK�ORDGLQJV�IRU�YDULDEOHV�,�DQG�,,�RQ�IDFWRU����ZKHUHDV�IDFWRU��
KDV�KLJKHVW�ORDGLQJV�IRU�YDULDEOHV�9,,,�DQG�;,��,Q�FRQWUDVW�WR�WKH�RWKHU�FOXVWHUV
YDULDEOH�,9��FURS�ORVV�DVVHVVPHQW��LV�ORDGLQJ�RQ�IDFWRU����7KH�SURGXFWV�IULHQGV
DQG�QHLJKERUV�DUH�XVLQJ�DUH�RQH�RI� WKH�PRVW� LPSRUWDQW�YDULDEOHV� LQ�FOXVWHU���
$V�VWDWHG�DERYH��WKH�SHUFHSWLRQV�RI�IULHQG�DQG�QHLJKERUV�FDQ�EH�DVVXPHG�WR
EH� ELDVHG� WKURXJK� VWURQJ� FKHPLFDO� LQGXVWU\� SURPRWLRQ� RI� WKHLU� SURGXFWV�
7KHUHIRUH�� FOXVWHU��� IDUPHUV� FDQ� EH� UHJDUGHG� DV�PRVW� VXVFHSWLEOH� IRU� WKRVH
VWUDWHJLHV�
7KH�GHSHQGHQFH�RQ�PHWKRGV�RI�IULHQGV�DQG�QHLJKERUV�LV�FRQVLGHUHG�WR�SOD\�DQ
LPSRUWDQW� UROH� LQ� WKH� GHFLVLRQ� PDNLQJ� SURFHVV�� 7KHUHIRUH�� RQH� PLJKW� DVN
ZKHWKHU� WKH� ORFDWLRQ� RI� WKH� RUFKDUG� LV� FRUUHODWHG� ZLWK� :+2� FODVVHV� DQG
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SHVWLFLGH�FDWHJRULHV��,I�QHLJKERUV
�UHFRPPHQGDWLRQV�ZRXOG�EH�WKDW�LPSRUWDQW�LW
VKRXOG� EH� SRVVLEOH� WR� LGHQWLI\� D� UHODWLRQ�� 7KH� GDWD� JURXSLQJ� DFFRUGLQJ� WR
UHJLRQV� UHVXOWHG� LQ� DOPRVW� QR� GLIIHUHQFHV� RI� WKHVH� YDULDEOHV� EHWZHHQ� WKH
UHJLRQV��7KHUHIRUH��DQ�UHJLRQDO�LQIOXHQFH�FDQQRW�EH�K\SRWKHVL]HG����
7KH� IDFWRU� DQDO\VLV� UHYHDOV� WKDW� WKH� GHFLVLRQ� PDNLQJ� IDFWRUV� IRU� SHVWLFLGH
SXUFKDVHV� RI� WKH� FOXVWHUV� GLIIHU� LQ� WHUPV� RI� WKHLU� ORDGLQJV�� &OXVWHU��� FDQ� EH
GHVFULEHG�WR�WDNH�FURS�ORVV�DVVHVVPHQW�DVSHFWV�DQG�SHVW�SUHVVXUHV�LQ�IRUPHU
\HDUV� LQWR� FRQVLGHUDWLRQ� ZKLOH� DOVR� FRQVLGHULQJ� H[WHQVLRQ� UHFRPPHQGDWLRQV�
&OXVWHU��� IDUPHUV� FRQFHQWUDWH� RQ� SURGXFWV� ZKLFK� WKH\� KDYH� EHHQ� XVLQJ� IRU
VHYHUDO� \HDUV� DV�ZHOO� DV� QHLJKERUV� DQG� IULHQGV� DUH� XVLQJ�� &OXVWHU��� IDUPHUV
DOVR� FRQVLGHU� WKH� SULFH� RI� WDQJHULQH� DV� D� GHFLVLRQ� PDNLQJ� IDFWRU�� &OXVWHU��
IDUPHUV� UHO\� RQ� QHLJKERUV� DQG� IULHQGV� SHUIRUPDQFH� DQG� RQ� WKHLU� RZQ
SHUFHSWLRQ� RI� SHVWLFLGH� HIILFDF\� IRU� SHVWLFLGH� XVH� GHFLVLRQV�� )XUWKHUPRUH�
QHZVSDSHU�� PDJD]LQH� DQG� H[WHQVLRQ� UHFRPPHQGDWLRQV� DQG� FURS� ORVV
DVVHVVPHQW� DUH� FRQVLGHUHG�� &OXVWHU��� IDUPHUV� KDYH� WKH� SULRULW\� RQ� IDFWRU��
ZKLOH�WKH�RWKHU�FOXVWHU�JURXSV�FRQFHQWUDWH�RQ�IDFWRU���
7KH�IDFWRU�DQDO\VLV�FDQ�FRQWULEXWH�WR�WKH�H[SODQDWLRQ�RI�GLIIHUHQW�LQWHQVLILFDWLRQ
OHYHOV�� &OXVWHU��� IDUPHUV� UHO\� PRUH� RQ� WKHLU� RZQ� H[SHULHQFH� DQG� FRQVLGHU
SUHYLRXV�\HDUV�SHVW�GHYHORSPHQW� LQ� WKHLU�GHFLVLRQ�PDNLQJ�SURFHVV�DOORZLQJ�D
PRUH�VLWXDWLRQ�EDVHG�XVH�RI� SHVWLFLGHV��&OXVWHU��� IDUPHUV� UHO\� RQ� µZKDW� WKH\
KDYH�DOZD\V�GRQH¶�DQG�DUH�LQIOXHQFHG�E\�IULHQGV��QHLJKERUV�DQG�LPSOLFLWO\�WKH
LQGXVWU\� WKURXJK� WKHLU� VDOHVPHQ�� &OXVWHU��� IDUPHUV� DUH� PRUH� UHO\LQJ� RQ
UHFRPPHQGDWLRQV� IURP� RXWVLGH�� 7KH\� DUH� WKHUHIRUH� PRVW� OLNHO\� WR� SURGXFH
PRUH�LQWHQVLYHO\�EHLQJ�WROG�WKDW�KLJK�DPRXQWV�RI�SHVWLFLGHV�DUH�QHHGHG�WR�OLPLW
FURS�ORVVHV�
���� 'LVFXVVLRQ
7KH� FOXVWHU� DQDO\VLV� RI� SHVWLFLGH� XVH� UHYHDOHG� WKDW� WKHUH� DUH� GLIIHUHQFHV� LQ
WHUPV�RI�SHVWLFLGH�FRVWV��TXDQWLWLHV�DQG�WKH�VSHFWUXP�RI�SHVWLFLGHV�XVHG��7KH
GLIIHUHQFHV�LQ�FRVWV�LQGLFDWH�KLJKHU�DSSOLFDWLRQ�UDWHV�DV�ZHOO�DV�WKH�XVH�RI�PRUH
H[SHQVLYH� SHVWLFLGHV�� 1R� GLIIHUHQFH� H[LVWV� UHJDUGLQJ� WKH� WLPLQJ� RI� SHVWLFLGH
XVH�ZLWKLQ�WKH�IUXLW�VWDJH�
7KH� IDUP� EXGJHW� DQDO\VLV� VKRZV� WKDW� KLJKHU� H[WHUQDO� LQSXW� XVH� GRHV� QRW� JR
DORQJ�ZLWK�KLJKHU�RXWSXWV� LI� WKH�JURXSV�DUH�GLIIHUHQWLDWHG�E\�\LHOG� OHYHOV��$OVR
����������������������������������������
���� )RU� UHVXOWV� RI� WKH� DQDO\VLV� RQ�:+2�FODVVLILFDWLRQ�DQG�SHVWLFLGH� FDWHJRULHV� VSOLW� LQWR� UHJLRQV

UHIHU�WR�WKH�$SSHQGL[��7DEOH�9�����9����
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KLJKHU� SHVWLFLGH� XVH� OHYHOV� GR� QRW� LPSO\� WKH� XVH� RI� IHZHU� QRQ�FKHPLFDO
PHWKRGV�
7KH�FOXVWHU�DQDO\VLV�DOORZV�WR�GUDZ�VRPH�FRQFOXVLRQV�RQ�WKH�W\SH�RI� IDUPHUV
WKDW�EHORQJ�WR�WKHVH�FOXVWHUV��&OXVWHU���IDUPHUV��LQ�FRQWUDVW��JURZ�WDQJHULQH�E\
WU\LQJ�WR�PD[LPL]H�WKHLU�DQQXDO�UHWXUQV��7KH\�UHO\�RQ�WKHLU�SHUVRQDO�H[SHULHQFH
UHJDUGLQJ�SHVWLFLGH�HIILFDF\�DQG�SHVW�SUHVVXUHV�LQ�SUHYLRXV�\HDUV��7KH\�PLJKW�
WKHUHIRUH��EH�DEOH�WR�MXGJH�SHVWLFLGH�XVH�OHYHOV�PRUH�VLWXDWLRQ�GHSHQGHQW�
&OXVWHU���IDUPHUV��DOWKRXJK�XVLQJ�KLJKHU�LQSXWV�WKDQ�FOXVWHU���IDUPHUV��PD\�EH
GHILQHG�DV�IDUPHUV�WU\LQJ�WR�PD[LPL]H�WKH�OLIH�SURGXFWLRQ�SHULRG�RI�WKH�RUFKDUG�
7KH� IDFWRU� DQDO\VLV� UHYHDOHG� WKDW� FOXVWHU��� IDUPHUV� DUH� UHO\LQJ� ODUJHO\� RQ
UHFRPPHQGDWLRQV� IURP� VRXUFHV� WKDW� FDQ� EH� UHJDUGHG� DV� EHLQJ� LQ� IDYRU� RI
SHVWLFLGHV�UHODWLYH�WR�QRQ�FKHPLFDO�PHWKRGV�
$OWKRXJK�GLIIHUHQFHV�H[LVW�LQ�PDQDJHPHQW�SUDFWLFHV��WKHUH�DUH�DOVR�VLPLODULWLHV�
7KHUHIRUH�RQH�FDQ�DUJXH� WKDW� IDUPHUV�KDYH�VWDUWHG�RI� WKHLU� SURGXFWLRQ� XVLQJ
VLPLODU�PDQDJHPHQW�SUDFWLFHV��&OXVWHU���IDUPHUV�SURGXFH�ZLWK� ORZHU� OHYHOV�RI
LQSXWV�EXW�UHO\�RQ�FKHPLFDO�SHVWLFLGHV�LQ�FURS�SURWHFWLRQ��+HUH�WKH�SHUFHQWDJH
RI� IDUPHUV� SURGXFLQJ� WKUHH� KDUYHVW� SHU� \HDU� LV� KLJKHVW�� D� PHDVXUH� IRU� WKH
LQWHQVLW\�RI�SURGXFWLRQ��2Q�WKH�RWKHU�KDQG��LQ�FOXVWHU���D�VLPLODU�SHUFHQWDJH�RI
IDUPHUV� KDYH� WKUHH� KDUYHVWV�� EXW� DW� D� KLJKHU� OHYHO� RI� LQSXW� XVH� DQG� D� ZLGHU
UDQJH� RI� FKHPLFDOV� XVHG�� &OXVWHU��� IDUPHUV� WHQG� WR� KDYH� OHVV� KDUYHVWV� SHU
\HDU��ORZHU�ODERU�LQSXWV��EXW�KLJKHU�SHVWLFLGH�XVH�WKDQ�LQ�FOXVWHU����7KH�UDWLR�RI
\LHOG� WR�YDULDEOH�FRVWV� LV�KLJKHVW� LQ�FOXVWHU����$OVR�FOXVWHU��� IDUPHUV�KDYH� WKH
ORZHVW� UHSODQWLQJ� FRVWV�� 7KLV� FDQ� EH� UHJDUGHG� DV� DQ� LQGLFDWRU� IRU� D� KHDOWK\
RUFKDUG�
&RQVLGHULQJ�� WKDW� FOXVWHU��� IDUPHUV� RQ� DYHUDJH� KDYH� WKH� ROGHU� RUFKDUGV�� WKH
TXHVWLRQ� DULVHV� ZKHWKHU� SHVWLFLGH� LQWHQVLW\� OHYHOV� DUH� LQFUHDVLQJ� RYHU� WLPH�
$SDUW�IURP�GLIIHUHQW�SHUFHSWLRQV��GLIIHUHQW�VRXUFHV�RI�LQIRUPDWLRQ�RQ�SHVWLFLGHV�
SRVVLEOH�GLIIHUHQW�ORVV�DWWLWXGHV��GLIIHUHQW�GHFLVLRQ�PDNLQJ�IDFWRUV�DQG�GLIIHUHQW
SHVWLFLGHV� XVHG�� WKLV� PLJKW� JLYH� DQ� H[SODQDWLRQ� IRU� WKH� ODUJH� YDULDWLRQ� LQ
LQWHQVLW\�OHYHOV�
7KH�UHODWLRQ�EHWZHHQ�LQSXW�XVH�DQG�RXWSXW�DUH�LQYHVWLJDWHG�LQ�WKH�QH[W�FKDSWHU�
7KH�TXHVWLRQ�RI�HIILFLHQW�SURGXFWLRQ�LV�DGGUHVVHG��XQGHU�D�GLIIHUHQW�DQJOH�� L�H�
LQYHVWLJDWLQJ�DJH�\LHOG�UHODWLRQV��SURGXFWLRQ�IXQFWLRQV�DQG�WKH�SRVVLELOLW\�RI�WKH
H[LVWHQFH�RI�SDWK�GHSHQGHQF\�



� � 3HVW LF LGH � 8VH� DQG� 7DQJHU LQH� 3URGXFW LY L W \ � XQGHU
'L I IH UHQW �0DQDJHPHQW �5HJLPHV

7KLV� FKDSWHU� GLVFXVVHV� DVSHFWV� RI� WDQJHULQH� SURGXFWLYLW\�� \LHOG� GHYHORSPHQW
RYHU� WKH� WDQJHULQH� SURGXFWLRQ� F\FOH�� WKH� LQIOXHQFH� RI� SHVWLFLGH� XVH� RQ� WKH
SURGXFWLYLW\�DQG�RQ� WKH�GHYHORSPHQW�RI�SHVWLFLGH�XVH�RYHU� WLPH��7KH� UHODWLRQ
EHWZHHQ� DJH� DQG� \LHOG� LV� GLVFXVVHG� LQ� WKH� ILUVW� VHFWLRQ�� 7KH� VHFRQG� VHFWLRQ
DQDO\VHV� WKH� HIIHFW� RI� SHVWLFLGHV� RQ� WKH� SURGXFWLYLW\� RI� WDQJHULQH�� 7KH� WKLUG
VHFWLRQ� LQYHVWLJDWHV� WKH� SRVVLEOH� H[LVWHQFH� RI� SDWK�GHSHQGHQF\� RI� SHVWLFLGH
XVH�LQ�WKH�VXUYH\�DUHD�
���� 0DQDJHPHQW� 6\VWHPV� DQG� WKHLU� ,QIOXHQFH� RQ� <LHOGV� �� 7KH

5HODWLRQ�EHWZHHQ�$JH�DQG�<LHOG
7KH�REMHFWLYH�RI�WKH�DQDO\VLV�LV�WR�REWDLQ�SURGXFWLRQ�UHODWHG�\LHOG�DJH�IXQFWLRQV
UDWKHU�WKDQ�ELRORJLFDO�JURZWK�IXQFWLRQV��7KH�IXQFWLRQV�GHULYHG�IURP�WKH�VXUYH\
GDWD� UHIOHFW� WKH� \LHOG�DJH� UHODWLRQVKLS� IRU� WKH� UHJLRQ� DQG� WKH� RUFKDUGV� DW� WKH
WLPH�RI�WKH�VXUYH\��$V�WKH�VXUYH\�GDWD�LV�RI�FURVV�VHFWLRQDO�RULJLQ��DQ�DQDO\VLV
RI� DJH� DQG� \LHOGV� LV� FRQIURQWHG� ZLWK� WKH� YDULDELOLW\� H[LVWLQJ� GXH� WR� WLPH� DQG
WHFKQRORJLFDO� FKDQJHV�� +RZHYHU�� DV� GHVFULEHG� LQ� FKDSWHU���� SURGXFWLRQ
WHFKQRORJ\�LQ�WKH�VXUYH\�DUHD�KDV�QRW�FKDQJHG�ODUJHO\�RYHU�WLPH��6RPH�HIIHFWV
RQ� SURGXFWLRQ� WKURXJK� WKH� XVH� RI� LPSURYHG� IHUWLOL]HUV� DQG� SHVWLFLGHV� FDQ� EH
DVVXPHG��7KHUHIRUH�� WHFKQRORJLFDO� FKDQJHV�DUH� FRQVLGHUHG� DV� EHLQJ� RI� OLWWOH
UHOHYDQFH�IRU�WKH�\LHOG�DJH�UHODWLRQ�LQ�WKH�VXUYH\�DUHD�
7R�DQDO\]H�WKH�UHODWLRQ�EHWZHHQ�\LHOG�DQG�DJH�LQ�IUXLW�WUHHV��VL[�IXQFWLRQV�KDYH
EHHQ�WHVWHG�E\�+$:257+�DQG�9,1&(17������������7KH\�FRQFOXGHG�WKDW�
+RHUO
V
6SHFLDO�)XQFWLRQ
�FDQ�PRVW� LGHDOO\�SLFWXUH�WKH�\LHOG�GHYHORSPHQW�RI�IUXLW� WUHHV
RYHU�WLPH�����7KH�IXQFWLRQ�KDV�WKH�IROORZLQJ�IRUP�

����������������������������������������
���� 5HIHU�DOVR�WR�WKH�GLVFXVVLRQ�RQ�SURGXFWLYLW\�DVSHFWV�LQ�SHUHQQLDO�FURSV�LQ�VHFWLRQ�������
���� 7KH�RWKHU�IXQFWLRQV�WHVWHG�DUH�

�� TXDGUDWLF� \ D E[ F[= + + �

�� ORJ�TXDGUDWLF� OQ \ $HE[ F[= + �

�� ORJ�UHFLSURFDO� \ $HE [= �

�� PRGLILHG�*RPSHUW]� \ $H HEH G[F[= - -

�� JHQHUDOL]HG�ORJLVWLF� \ $
H E F[= + - -� � �� �f f
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������� \ $[ HE F[=
�ZKHUH� \ = \LHOG� LQ�NJ�SHU�DUHD�DQG� [ = DJH�RI� WUHH�FURS� LQ� \HDUV��DQG

FDQ�EH�H[SUHVVHG�LQ�D�VHPL�ORJ�OLQHDU�IRUP�DV�IROORZV�
������� OQ OQ\ D E [ F[= + +

7KH� IXQFWLRQ� LV� LQWULQVLFDOO\� OLQHDU� LQ� WKH� SDUDPHWHUV� DQG� FDQ� EH� ILWWHG� XVLQJ
RUGLQDU\� OHDVW� VTXDUHV� ZLWK� WKH� DSSURSULDWH� DVVXPSWLRQV� DERXW� WKH� UHVLGXDO
YDULDQFH�� 7KH� 
+RHUO� )XQFWLRQ
� KDV� EHHQ� XVHG� WR� HVWLPDWH� WKH� \LHOG�DJH
UHODWLRQVKLS�RI�WDQJHULQH�LQ�WKH�VXUYH\�DUHD��7KH�ZKROH�GDWD�VHW�KDV�EHHQ�XVHG
IRU� WKH� FDOFXODWLRQ�� ,W� PLJKW� EH� WHPSWLQJ� WR� VLPSOLI\� FXUYH� ILWWLQJ� E\� ILQGLQJ
DYHUDJH�\LHOGV�IRU�HDFK�DJH�RI�RUFKDUG�DQG�WKHQ�ILW�D�FXUYH�WKURXJK�WKH�PHDQV�
+$:257+� DQG� 9,1&(17� ������� DUJXH� WKDW� WKH� JHQHUDOO\� GLIIHUHQW� QXPEHU� RI
REVHUYDWLRQV�DW�HDFK�DJH�VKRXOG�EH�DFFRXQWHG�IRU�LI�D�ELDVHG�FXUYH�ILW�LV�WR�EH
DYRLGHG��7KLV�FDQ�EH�FRQVLGHUHG�IRU�E\�XVLQJ�RUGLQDU\�OHDVW�VTXDUH�HVWLPDWLRQ
DSSOLHG� WR�DOO� UDZ�GDWD�ZKHUH�GLIIHULQJ�QXPEHUV�RI� UHSOLFDWH�YDOXHV�DUH� WDNHQ
LQWR�DFFRXQW�
7KH� ORJ� WUDQVIRUPDWLRQ� WDNHV� DFFRXQW� RI� KHWHURVFHGDVWLFLW\�����2XWOLHUV� ZKLFK
ZHUH�LGHQWLILHG�LQ�D�VFDWWHU�GLDJUDP�IRU�WKH�UHVSHFWLYH�FOXVWHUV�ZHUH�H[FOXGHG�
2QO\�RUFKDUGV�LQ�SURGXFWLRQ�KDYH�EHHQ�LQFOXGHG�LQ�WKH�FDOFXODWLRQ��7KXV��RQH
KXQGUHG� ILIW\� REVHUYDWLRQV� KDYH� EHHQ� FRQVLGHUHG� LQ� WKH� DQDO\VLV�� 7KH
UHJUHVVLRQ� KDV� EHHQ� FRQGXFWHG� DQDO\]LQJ� WKH� WRWDO� VDPSOH� DV� ZHOO� DV
GLIIHUHQWLDWHG� E\� WKH� WKUHH� FOXVWHU� JURXSV�� 7DEOH� ���� VKRZV� WKH� UHJUHVVLRQ
UHVXOWV�� $OO� SDUDPHWHU� HVWLPDWHV� DUH� VLJQLILFDQW� DW� WKH� ����� OHYHO�� H[FHSW� IRU
WZR�FDVHV��7KH�UHJUHVVLRQ�RI�FOXVWHU���KDV�WKH�KLJKHVW�5�VTXDUH�UHVXOWLQJ�IURP
WKH�VPDOOHVW�YDULDQFHV�LQ�\LHOGV�DW�VSHFLILF�\HDUV�

����������������������������������������
���� +HWHURVNHGDVWLFLW\�LV�RIWHQ�GXH�WR�WKH�VNHZQHVV�LQ�WKH�GLVWULEXWLRQ�RI�WKH�YDULDEOHV�XQGHU�VWXG\�

$V� D� UHVXOW� D� VXLWDEOH� WUDQVIRUPDWLRQ� FDQ� PDNH� KHWHURVNHGDVWLFLW\� GLVDSSHDU� ZKLOH� PDNLQJ� WKH
UHODWLRQVKLS�OLQHDU�DW�WKH�VDPH�WLPH��08.+(5-((�HW�DO��������
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7DEOH����� 5HJUHVVLRQ�5HVXOWV�RI�$JH�<LHOG�5HODWLRQVKLS
3DUD�PHWHU 9DOXH 6WG��(UURU 3URE�!�Ô7ß 5�6TXDUH $GMXVWHG�5�64

7RWDO�6DPSOH DEF
�������������������

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

&OXVWHU�� DEF
�������������������

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

&OXVWHU�� DEF
�������������������

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

&OXVWHU�� DEF
�������������������

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

3URE�!�Ô7ß� �SUREDELOLW\�YDOXH�IRU�W�WHVW�VWDWLVWLF
6RXUFH� $XWKRU
V�&DOFXODWLRQV

7KH�IXQFWLRQV�HVWLPDWHG�IRU�WDQJHULQH�DUH�
������� OQ OQ\ � � [ � [= + -��� ��� ��� IRU�WKH�WRWDO�VDPSOH
������� OQ � � OQ �\ [ [= + -��� ��� � � IRU�&OXVWHU��
������� OQ � � OQ �\ [ [= + -� �� ��� �� IRU�&OXVWHU��
������� OQ � � OQ �\ [ [= + -��� � �� � � IRU�&OXVWHU��

)LJXUH� ���� GHSLFWV� WKH� IXQFWLRQV� LQ� JUDSKLFDO� IRUP� �IRU� [� �0LQ����� ���������
$�SURGXFWLRQ�SHULRG�RI�WZHQW\�ILYH�\HDUV�LV�FRQVLGHUHG��0D[LPXP�\LHOGV�IRU�WKH
WRWDO�VDPSOH�DUH�UHDFKHG�DURXQG�\HDU����DQG�GHFOLQH�VWHDGLO\�DIWHUZDUGV��7KH
\LHOG�DJH� IXQFWLRQ� RI� FOXVWHU��� LQFUHDVHV�PRUH� TXLFNO\� FRPSDUHG� WR� FOXVWHU���
0D[LPXP�\LHOG�LV�UHDFKHG�LQ�\HDU����DQG����UHVSHFWLYHO\��ZLWK�FOXVWHU���KDYLQJ
D�VOLJKWO\�KLJKHU�PD[LPXP�\LHOG��&OXVWHU���KDV� WKH� ORZHVW� \LHOGV�PRVW� RI� WKH
WLPH��SHUIRUPLQJ�VOLJKWO\�EHWWHU�WRZDUGV�WKH�ODWHU�VWDJHV�
)URP�WKH�FXUYH�ILWWLQJ�LW�FDQ�EH�H[SHFWHG�WKDW�D�ORQJ�OLIHVSDQ�RI�WKH�RUFKDUG�FDQ
FRQWULEXWH� WR� LQFUHDVH� RUFKDUG� UHWXUQV� RYHU� WKH� FXOWLYDWLRQ� SHULRG�� 7KH
HVWLPDWHG� PD[LPXP� \LHOGV� DUH� DURXQG� ������ NJ� SHU� UDL�� &RQVLGHULQJ� WKDW
SRWHQWLDO�\LHOGV�LQ�WKH�KLJK�\LHOGLQJ�SHULRG�RI�DURXQG�������NJ�SHU�UDL�FRXOG�EH
H[SHFWHG�����WKH�HVWLPDWLRQ�UHYHDOV�PXFK�ORZHU�\LHOG�OHYHOV�
����������������������������������������
���� 5HIHU�WR�VHFWLRQ�������
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)LJXUH����� $JH�<LHOG�5HODWLRQVKLS�RI�7DQJHULQH�LQ�WKH�6WXG\�$UHD

�
���
���
���
���

�����
�����
�����
�����
�����
�����

� � � � � �� �� �� �� �� �� �� ��
$JH�RI�3ODQWDWLRQ��\HDUV�

<LH
OG��

NJ�
SHU

�5D
L�

7RWDO
&/��
&/��
&/��

6RXUFH� $XWKRU
V�&DOFXODWLRQV

%HIRUH� VWDUWLQJ� WR� DQDO\]H� GLIIHUHQFHV� LQ� \LHOG�DJH� UHODWLRQVKLS� DPRQJVW
FOXVWHUV�� RQH� QHHGV� WR� GHWHUPLQH� ZKHWKHU� UHJUHVVLRQV� RI� HDFK� FOXVWHU� DUH
VLJQLILFDQWO\�GLIIHUHQW�LQ�WKHLU�VWUXFWXUH��7KXV��D�WHVW�RI�VWUXFWXUDO�VWDELOLW\�RI�WKH
UHJUHVVLRQ�PRGHOV�KDV�EHHQ�FRQGXFWHG��08.+(5-((�HW�DO����������7KH�&KRZ
7HVW����VHWV�WKH�UHVLGXDO�VXP�RI�VTXDUHV�RI�WKH�WRWDO�JURXS�LQ�UHODWLRQ�WR�WKDW�RI
WKH� VXE�JURXSV� �'28*+(57<�� ������� 7KH� WHVW� KDV� EHHQ� FRQGXFWHG� LQ� SDLUV
�7DEOH� ������ 7KH� UHVXOWV� DOORZ� WKH� UHMHFWLRQ� RI� WKH� +��K\SRWKHVLV� IRU� WKH
IXQFWLRQV� RI� FOXVWHU��� DQG� �� DW� WKH� ����� VLJQLILFDQFH� OHYHO�� 7KHUHIRUH�� WKHVH
IXQFWLRQV�FDQ�EH�UHJDUGHG�DV�VLJQLILFDQWO\�GLIIHUHQW��+��FDQQRW�EH�UHMHFWHG� IRU
WKH�RWKHU�FRPSDULVRQV����

����������������������������������������
���� &KRZ�7HVW�= - -

+ + -
� � �

� � � � �
566 566 566 N

566 566 Q Q N� �

� � � � �
ZKHUH� 566�  � 5HVLGXDO� 6XP� RI� 6TXDUHV�� N�  � QXPEHU� RI� SDUDPHWHUV� HVWLPDWHG�
Q� �WRWDO�SRSXODWLRQ��Q� �Q����Q�����Q��Q�� �VXE�SRSXODWLRQV��*8-$5$7,��������
+��K\SRWKHVLV �IXQFWLRQV�RI�VXE�SRSXODWLRQV�DUH�WKH�VDPH

���� 7KH�RWKHU�SDLUV�DUH�RQO\�VLJQLILFDQWO\�GLIIHUHQW�DW�WKH������OHYHO�
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7DEOH����� &KRZ�7HVW�5HVXOWV�IRU�WKH�<LHOG�$JH�5HODWLRQ
566�� 566�� 566 1 &KRZ�7HVW

&OXVWHU���� ������ ������ ������ �� ����
&OXVWHU���� ������ ������ ������ ��� ����
&OXVWHU���� �������� �������� ������ ��� ����
6RXUFH� $XWKRU
V�&DOFXODWLRQV

,W� LV� ZRUWKZKLOH� QRWLQJ� WKDW� WKH� UHJUHVVLRQ� FRHIILFLHQW� LV� PXFK� ODUJHU� IRU� WKH
FOXVWHU��� UHJUHVVLRQ��7R� UHFDOO�� WKH� ILUVW� FOXVWHU� UHSUHVHQWV� WKH� ORZ� LQSXW� FDVH
VFHQDULR�ZLWK� ORZHU�QXPEHU�RI�DQQXDO�KDUYHVWV�DQG�VOLJKWO\�\RXQJHU�RUFKDUGV
RQ� DYHUDJH�� &OXVWHU��� KDV� PHGLXP� WR� KLJK� LQSXW� XVDJH� DQG� IRFXVHV� RQ� D
PD[LPL]DWLRQ�RI�DQQXDO�KDUYHVWV��&OXVWHU���IDUPHUV�DUH�WKH�E\�IDU�KLJKHVW�LQSXW
XVHUV�ZLWK�RQ�DYHUDJH�VOLJKWO\�ROGHU�RUFKDUGV�DQG�ORZHU�\LHOGV�
,W� FDQ� EH� FRQFOXGHG� WKDW� WKH� SODQWDWLRQ� DJH� FRQWULEXWHV� PXFK� PRUH� WR� WKH
H[SODQDWLRQ� RI� \LHOGV� LQ� FOXVWHU��� WKDQ� LW� GRHV� LQ� WKH� RWKHU� FOXVWHUV��&OXVWHU��
IDUPHUV�DUH�DEOH�WR�REWDLQ�VLPLODU�\LHOGV�DV�IDUPHUV�IURP�WKH�RWKHU�FOXVWHUV�ZLWK
D� PXFK� KLJKHU� LQIOXHQFH� RI� WKH� DJH�\LHOG� UHODWLRQ�� 2QH� FDQ� DVVXPH� WKDW
FOXVWHU��� DQG� FOXVWHU��� IDUPHUV� HLWKHU� XVH� LQSXWV� LQHIILFLHQWO\� ZKLFK� PD\
QHJDWLYHO\� LQIOXHQFHV� WKH� HIIHFW� RI� SODQWDWLRQ� DJH� OHDGLQJ� WR� D� OHVV� IDYRUDEOH
\LHOG�DJH�UHODWLRQ�
7KH� &KRZ� WHVW� UHYHDOHG� WKDW� GLIIHUHQFHV� LQ� WKH� \LHOG�DJH� UHODWLRQVKLS� DUH
PRVWO\� VLJQLILFDQW� EHWZHHQ� FOXVWHU��� DQG� FOXVWHU���� 7KH� DQDO\VLV� VKRZHG� WKDW
WKH� HVWLPDWHG� IXQFWLRQV� UHVXOW� LQ� SURGXFWLRQ� OHYHOV� ZKLFK� DUH� EHORZ� SRWHQWLDO
\LHOGV� LQGLFDWHG� E\� H[SHUWV�� +HQFH�� RQH� FDQ� FRQFOXGH� WKDW� WKH� PDMRULW\� RI
IDUPHUV� LQ� WKH� UHJLRQ� DUH� QRW� UHDFKLQJ� SRWHQWLDO� \LHOGV� XQGHU� WKH� FXUUHQWO\
DSSOLHG�PDQDJHPHQW�V\VWHPV��7KH�\LHOG�DJH�UHODWLRQ�ZLOO�EH�IXUWKHU�WDNHQ�LQWR
FRQVLGHUDWLRQ� LQ� WKH� IROORZLQJ� VHFWLRQ� RQ� SURGXFWLRQ� IXQFWLRQV� LQ� WKH� VXUYH\
DUHD�
���� 7KH�3URGXFWLRQ�)XQFWLRQ�RI�7DQJHULQH
7KLV�VHFWLRQ�GLVFXVVHV�WKH�SURGXFWLRQ�VLWXDWLRQ�RI� WDQJHULQH�SURGXFWLRQ� LQ� WKH
VXUYH\�DUHD��$�VHW�RI�YDULDEOHV�K\SRWKHVL]HG�WR�EH�RI� UHOHYDQFH�IRU� WDQJHULQH
SURGXFWLRQ� LV� GHYHORSHG� RQ� WKH� EDVLV� RI� WKH� SUHYLRXV� DQDO\VHV�� 7KH
VSHFLILFDWLRQ�RI�WKH�SURGXFWLRQ�IXQFWLRQ�DQG�LWV�LPSOLFDWLRQV�DUH�GLVFXVVHG��7KH
WDUJHW� RI� WKLV� VHFWLRQ� LV� WKH� GHWHUPLQDWLRQ� RI� LPSRUWDQW� SDUDPHWHUV� LQ� WKH
SURGXFWLRQ�IXQFWLRQ��,W�LV�H[SHFWHG�WKDW�WKH�PXOWLSOH�UHJUHVVLRQ�DQDO\VLV�DOORZV
VWURQJHU�FRQFOXVLRQV�DERXW�FOXVWHU�GLIIHUHQFHV�DQG�IDUPHUV�LQSXW�EHKDYLRU�
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������ &ULWHULD� IRU� WKH� 6HOHFWLRQ� RI� 9DULDEOHV� DQG� WKH
)XQFWLRQDO�)RUP

)RU� WKH� UHJUHVVLRQ� DQDO\VLV� H[SODQDWRU\� YDULDEOHV� QHHG� WR� EH� VHOHFWHG
DFFRUGLQJ� WR� SURGXFWLRQ� IXQFWLRQ� WKHRU\� DQG� WKHLU� UHOHYDQFH�� *HQHUDOO\� WKH
H[SODQDWRU\� YDULDEOHV� FRYHU� LQSXW� IDFWRUV�� ORFDWLRQ� IDFWRUV�� VWDWXV� IDFWRUV� DQG
LQGLFDWRUV� IRU� WKH� VSHFLDO� IDUP� VLWXDWLRQ��7DEOH� ���� JLYHV� DQ� RYHUYLHZ� RQ� WKH
YDULDEOHV� DVVXPHG� WR� KDYH� DQ� LQIOXHQFH� RQ� SURGXFWLRQ�� GLVFXVVHV� WKHLU
UHOHYDQFH�DQG�LQGLFDWHV�LQ�ZKDW�IRUP�WKH�YDULDEOHV�KDYH�EHHQ�LQFOXGHG�LQ�WKH
UHJUHVVLRQ�
/RFDWLRQ� GHSHQGHQW� IDFWRUV� �OLNH� QDWXUDO� FRQGLWLRQV�� FOLPDWH�� UDLQIDOO�� FDQ� EH
UHJDUGHG� DV� KRPRJHQRXV� IRU� WKH� ZKROH� VDPSOLQJ� DUHD�� 7KXV�� WKH\� DUH� QRW
LQFOXGHG� LQ� WKH� UHJUHVVLRQ�� $PRQJ� WKH� LQSXW� YDULDEOHV� DUH� WKH� XVH� RI
SHVWLFLGHV�� IHUWLOL]HUV�DQG�RUJDQLF�PDQXUH�DV�ZHOO�DV�FRVWV� IRU�PDFKLQHU\�DQG
ODERU��7KH� UHOHYDQFH�RI� WKH�SODQWDWLRQ�DJH� IRU�RXWSXW�KDV�EHHQ�VKRZQ� LQ� WKH
SUHYLRXV�VHFWLRQ�DQG�LV�RQH�RI�WKH�LPSRUWDQW�GHWHUPLQLQJ�IDFWRUV�IRU�SHUHQQLDO
FURSV�� 7KH� RUFKDUG� VL]H�PLJKW� KDYH� DQ� LQIOXHQFH� RQ� RXWSXW� DQG� LV� WKHUHIRUH
FRQVLGHUHG��)LQDOO\��GXPP\�YDULDEOHV�DUH�FKRVHQ� WR�GHVFULEH� WKH�HGXFDWLRQDO
OHYHO��WKH�ODQG�VWDWXV��RZQ�RU�UHQWHG���WKH�QXPEHU�RI�KDUYHVWV��WKH�UHSODQWLQJ�RI
WUHHV�DQG�RWKHU�DVSHFWV�EHOLHYHG�WR�EH�RI�UHOHYDQFH�LQ�WDQJHULQH�SURGXFWLRQ�
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7DEOH����� ([SODQDWRU\�9DULDEOHV�RI�WKH�3URGXFWLRQ�)XQFWLRQ
([SODQDWRU\9DULDEOHV 5HOHYDQFH�$VVXPSWLRQV 0HDVXUHPHQW&ULWHULD

3HVWLFLGH�XVH ,QIOXHQFH�RQ�\LHOG�GHYHORSPHQW &RVWV�RI�LQGLYLGXDO�SHVWLFLGHVFDWHJRULHV�SHU�\HDU
)HUWLOL]HU�XVH 'LUHFW�LQGLUHFW�LQIOXHQFH�RQ�\LHOG &RVWV�RI�IHUWLOL]HUV�XVHG�SHU\HDU
8VH�RI�RUJDQLFPDQXUH 'LUHFW�LQGLUHFW�LQIOXHQFH�RQ�\LHOG &RVWV�RI�RUJDQLF�PDQXUHXVHG�SHU�\HDU
5HSODQWLQJ 'LUHFW�LQIOXHQFH�RQ�\LHOG &RVWV�RI�UHSODQWHG�WUHHV�SHU\HDU
/DERU /DERU�LQSXW�LQ�PDQDJHPHQWV\VWHP /DERU�&RVWV�SHU�\HDU
3ODQWDWLRQ�DJH <LHOG�FKDQJHV�ZLWK�DJH�RI�WUHHV $JH�RI�SODQWDWLRQ�LQ�\HDUV
2UFKDUG�VL]H 6FDOH�HIIHFWV�PLJKW�EH�DSSOLFDEOHLQ�ODUJHU�RUFKDUGV�DQG�PLJKWLPSO\�GLIIHUHQW�VWUDWHJLHV

6L]H�RI�RUFKDUG�LQ�UDL

/HYHO�RI�HGXFDWLRQ 3RVVLEOH�LQIOXHQFH�RQ�\LHOGWKURXJK�LQIRUPDWLRQ�DGYDQWDJH 'XPP\�IRU�HGXFDWLRQDO�OHYHO
([SHULHQFH�RIIDUPHU�LQ�WDQJHULQHJURZLQJ

3RVVLEOH�LQIOXHQFH�RQ�\LHOGWKURXJK�OHDUQLQJ�HIIHFWV 'XPPLHV�IRU�RYHU�ILYH�\HDUVH[SHULHQFHV�LQ�WDQJHULQHIDUPLQJ
1XPEHU�RI�KDUYHVWSHU�\HDU 3RVVLEOH�UHODWLRQ�RI�QXPEHU�RIKDUYHVW�WR�DPRXQW�KDUYHVWHG�KLJKHU�\LHOG�ZLWK�WKUHH�KDUYHVWV�

'XPP\�IRU�WKUHH�KDUYHVWV

/DQG�VWDWXV 3RVVLEOH�SURGXFWLRQ�GLIIHUHQFHVRQ�UHQWHG�RU�RZQ�ODQG 'XPP\�IRU�ODQG�VWDWXV
0DQDJHPHQWV\VWHPV 'LIIHUHQW�LQWHQVLW\�OHYHOV�ZLOOSURGXFH�YDU\LQJ�RXWSXW�OHYHOV 'XPP\�IRU�FOXVWHU�EHORQJLQJ

6RXUFH� $XWKRU
V�&RPSLODWLRQ

,Q�DFFRUGDQFH�ZLWK�+($'/(<��������WKDW�IDUPHUV�DUH�SULFH�WDNHUV�DQG�WKHUHIRUH
YDOXHV�RI�RXWSXW�DQG�LQSXW�FDQ�EH�WDNHQ�LQVWHDG�RI�ZHLJKLQJ�TXDQWLWLHV�DJDLQVW
TXDQWLWLHV�� WKH� YDULDEOHV� LQFOXGHG� LQ� WKH� UHJUHVVLRQ� DUH� LQ� YDOXH� WHUPV�� 7KH
RXWSXW�LV�ZHLJKWHG�E\�WKH�DYHUDJH�SULFH�RI�WDQJHULQH�REWDLQHG�E\�DOO�IDUPHUV�
8VLQJ�YDOXH�WHUPV�LQVWHDG�RI�SHVWLFLGH�TXDQWLWLHV�LV�VXJJHVWHG�E\�WKH�WHFKQLFDO
KHWHURJHQHLW\�RI�SHVWLFLGHV�DV�DQ�LQSXW�IDFWRU��&KRRVLQJ�SHVWLFLGH�TXDQWLWLHV�RU
DPRXQWV�RI�DFWLYH�LQJUHGLHQWV�DV�D�YDULDEOH�ZRXOG�XQGHUHVWLPDWH�WKH�LPSDFW�RI
QHZHU�� ORZ� TXDQWLW\� SHVWLFLGHV�� 3HVWLFLGH� SULFHV� LQVWHDG� KDYH� WKH� RSSRVLWH
HIIHFW�� 2OG�� PRUH� KD]DUGRXV� EXW� FKHDS� SHVWLFLGHV� DUH� QRW� VXIILFLHQWO\� WDNHQ
DFFRXQW� RI�� 'HVSLWH� RI� WKH� SUREOHPV� ZKLFK� DULVH� ZLWK� WKH� LQFRUSRUDWLRQ� RI
SHVWLFLGHV�DV�D�YDULDEOH��%8552:6��������DUJXHV�WKDW�SHVWLFLGHV�H[SUHVVHG�LQ
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YDOXH� WHUPV� SHU� DUHD� DUH� VWLOO� WKH� PRVW� DSSURSULDWH� PHDVXUH�� VLQFH� LW� LV� D
FRPSRVLWH� EHVW� UHIOHFWLQJ� FKHPLFDO� IRUPXODWLRQV�� WR[LFLW\� DQG� TXDQWLWLHV�� ,Q
DGGLWLRQ��WKH�FRVWV�FDQ�FDSWXUH�WKH�KHDY\�XVH�RI�LQH[SHQVLYH�PDWHULDOV�DQG�WKH
XVH�RI�H[SHQVLYH�FRPSRXQGV�DYRLGLQJ�VSXULRXV�TXDQWLW\�SULFH�UHODWLRQV�DFURVV
LQGLYLGXDO�IDUPHUV�
7KH�SURGXFWLRQ�IXQFWLRQ�LV�SURSRVHG�DV�IROORZV�

������ 3)� I �26��$��3L��3I��3R��)��2��/��0��5��&/��'UHQW��'KDUY��'HGX�
ZKHUH�3)�GHQRWHV�RXWSXW��26� �RUFKDUG�VL]H��LQ�UDL���$� �DJH�RI�SODQWDWLRQ��LQ
\HDUV���3L���3I��3R� �SHVWLFLGHV��LQVHFWLFLGHV��IXQJLFLGHV��RWKHU�SHVWLFLGHV�LQ�%DKW
SHU�UDL�DQG�\HDU���)� �IHUWLOL]HUV��LQ�%DKW�SHU�UDL�DQG�\HDU���2� �RUJDQLF�PDQXUH
�LQ�%DKW�SHU�UDL�DQG�\HDU���/� ��ODERU��LQ�%DKW�SHU�UDL�DQG�\HDU���0� �PDFKLQHU\
�LQ� %DKW� SHU� UDL� DQG� \HDU��� 5� �UHSODQWLQJ� �LQ� %DKW� SHU� UDL� DQG� \HDU��
&/� �FOXVWHU� EHORQJLQJ�� 'UHQW� �GXPP\� IRU� UHQWHG� ODQG� �RZQ� ODQG�  ����'KDUY� �GXPP\� IRU� WKUHH� KDUYHVWV� SHU� \HDU� �WKUHH� KDUYHVWV� ����
'HGX� �HGXFDWLRQDO�VWDWXV��DERYH�VHFRQGDU\�VFKRRO� �������
$� &REE�'RXJODV� IXQFWLRQ�� IUHTXHQWO\� XVHG� LQ� HFRQRPLF� DQDO\VLV�� KDV� EHHQ
FKRVHQ� DV� WKH� SURGXFWLRQ� IXQFWLRQ� VSHFLILFDWLRQ�� 8QGHU� WKH� DVVXPSWLRQ� RI
FRPSHWLWLYH� IDFWRU� PDUNHWV�� WKH� SDUDPHWHU� HVWLPDWHV� FDQ� EH� LQWHUSUHWHG� DV
EHLQJ�WKH�SUHGLFWHG�VKDUHV�RI�RXWSXW�HDUQHG�E\�WKH�UHVSHFWLYH�LQSXW��7KH�IDFWRU
VKDUHV�DUH�HTXDO�WR�WKH�PDUJLQDO�SURGXFW�RI�WKH�UHVSHFWLYH�LQSXWV��'28*+(57<�
������
$FFRUGLQJ�WR�&$53(17,(5�DQG�:($9(5���������WKH�&REE�'RXJODV�VSHFLILFDWLRQ
DOORZV�MRLQWQHVV�LQ�SHVW�WUHDWPHQW�DQG�SULYDWH�LQSXW�EHKDYLRU��7KH\�DUJXH�WKDW
D� VHSDUDELOLW\� VSHFLILFDWLRQ� DV� SURSRVHG� E\� /,&+7(1%(5*� DQG� =,/%(50$11
�������PLJKW�EH� LQDSSURSULDWH� LQ�D�PXOWL�SHVW�HQYLURQPHQW�ZLWK�SUREDEO\� MRLQW
SURFHVV� RI� GDPDJH� DEDWHPHQW� DQG� SURGXFWLYLW\� DVSHFWV�� 7KLV� PXOWL� SHVW
HQYLURQPHQW�SUHYDLOV� LQ� WKH�VXUYH\�DUHD��3HVW�SUHVVXUH�FRQWLQXHV� WKURXJKRXW
WKH�\HDU�RQ�D�VLPLODU� OHYHO�DV�GRHV� WKH�SURGXFWLRQ�SURFHVV�DQG� WKH�SHVWLFLGH
LQSXW�DFURVV�WKH�VXUYH\�DUHD�����$V�EHQHILFLDOV�DUH�DOPRVW�QRQ�H[LVWHQW��UHIHU�WR
VHFWLRQ������� LW� LV� OLNHO\� WKDW� SHVW� RXWEUHDNV�RFFXU� LQ� ODUJH�DUHDV� DW� WKH� VDPH
WLPH��'DPDJH�DEDWHPHQW� WKURXJK�SHVWLFLGHV�FDQ�EH�DVVXPHG� WR�KDYH� UDWKHU
����������������������������������������
���� 5LVN� DQG� LQIRUPDWLRQ� IDFWRUV� KDYH� QRW� EHHQ� LQFRUSRUDWHG� LQ� WKH� IXQFWLRQ�� 5HIHU� WR� VHFWLRQV

������DQG�������
���� 3$5$'2518:$7������D��VWDWHV�WKDW�WKH�SUDFWLFH�RI�WKUHH�KDUYHVWV�SHU�\HDU�WRJHWKHU�ZLWK�KLJK

WHPSHUDWXUHV�DQG�KXPLGLW\�FUHDWH�SUREOHPV�RI�SHVW�GDPDJH�DOO�\HDU�URXQG�
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XQLIRUP�HIIHFWV� LQ� WKH�VXUYH\�DUHD��7KHUHIRUH�� WKH� LQFRUSRUDWLRQ�RI�D�GDPDJH
DEDWHPHQW� IXQFWLRQ� LQ� WKH�SURGXFWLRQ� IXQFWLRQ� DV� VXJJHVWHG�E\�/,&+7(1%(5*
DQG�=,/%(50$1��������KDV�QRW�EHHQ�FRQGXFWHG��,Q�WKH�DEVHQFH�RI�GDWD�RQ�WKH
DFWXDO�GDPDJH�DEDWHPHQW�HIIHFWV�LQ�WKH�DUHD��WKH�WUHDWPHQW�RI�SHVWLFLGHV�LQ�WKH
IUDPHZRUN�RI�D�FRQYHQWLRQDO�SURGXFWLRQ� IXQFWLRQ� LV�DVVXPHG� WR�EH�D� IHDVLEOH
DSSURDFK� IRU� D� SHUHQQLDO� FURS�ZLWK� KRPRJHQRXV� SODQWLQJ� FRQGLWLRQV� DQG� WKH
SHUPDQHQW�SUHYDOHQFH�RI�KLJK�OHYHOV�RI�SHVW�RFFXUUHQFH�
7KH� FURVV� VHFWLRQDO� QDWXUH� RI� WKH� GDWD� FDQQRW� WDNH� DFFRXQW� RI� WHPSRUDO
YDULDWLRQV� �&$53(17,(5� DQG�:($9(5�� ������ZKLFK�� LQ� WKH� FDVH� RI� WDQJHULQH�
FDQ�EH� UHJDUGHG� WR�EH�RI�PLQRU� LPSRUWDQFH�GXH� WR� ODUJH�KRPRJHQHLW\� LQ� WKH
SURGXFWLRQ�DUHD�DQG�WKH�SURGXFWLRQ�SURFHVV��+RZHYHU��WKH�FURVV�VHFWLRQDO�GDWD
EDVH�FDQ�WDNH�DFFRXQW�RI�IDUP�VSHFLILF�HIIHFWV�ZKLFK�KDYH�EHHQ�DUJXHG�WR�EH
WKH�PDMRU�GHWHUPLQDQWV�RI�YDULDWLRQV�LQ�WKH�WDQJHULQH�SURGXFWLRQ�DUHD�
,Q�DFFRUGDQFH�WR�WKH�SUHYLRXV�DQDO\VLV�RI� WKH�UHODWLRQ�EHWZHHQ�DJH�DQG�\LHOG
�UHIHU� WR� VHFWLRQ�������ZKHUH� DJH� KDV� D� OLQHDU� DQG� DQ� H[SRQHQWLDO� UHODWLRQ� WR
\LHOG�� WKH� SURGXFWLRQ� IXQFWLRQ� DOVR� DVVXPHV� WKLV� UHODWLRQ�� 2QO\� IDUPV� LQ
SURGXFWLRQ�DUH�LQFOXGHG�LQ�WKH�DQDO\VLV��7KH�SURGXFWLRQ�IXQFWLRQ�VSHFLILHG�LV�D
PRGLILHG� &REE�'RXJODV� IXQFWLRQ� ZLWK� DQ� DGGLWLRQDO� H[SRQHQWLDO� UHODWLRQ� LQ
SODQWDWLRQ�DJH�WR�WDNH�DFFRXQW�RI�GHFUHDVLQJ�RXWSXW�LQ�WKH�ODWH�JURZLQJ�VWDJHV�
7KH�JHQHUDO�IRUP�RI�WKH�IXQFWLRQ�FDQ�EH�ZULWWHQ�DV�IROORZV�
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ZKHUH�<N�GHQRWHV�WKH�YDOXH�RI�RXWSXW�RI�IDUP�N��3�GHQRWHV�WKH�SODQWDWLRQ�DJH�;L�N� LV� WKH�YDOXH�RI� IDUP�N
V� LQSXW� IDFWRU� L��DQG�*� LV�D�FRQVWDQW��)XQFWLRQ� �����
FDQ�EH�ORJ�OLQHDUL]HG�WR�JLYH�
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ZKHUH�\N�LV�WKH�QDWXUDO�ORJDULWKP�RI�ZHLJKWHG�RXWSXW��3�GHQRWHV�WKH�SODQWDWLRQ
DJH�� [L�N� DUH� WKH� QDWXUDO� ORJDULWKPV� RI� IDUP� N
V� LQSXW� IDFWRU� L� DQG� XN� LV� WKH
UDQGRP�GLVWXUEDQFH��7KH� IXQFWLRQ�DOVR� LQFRUSRUDWHV�'XPPLHV� IRU� WKH� FOXVWHU
EHORQJLQJ��WKH�ODQG�VWDWXV��HGXFDWLRQDO�VWDWXV�DQG�WKH�QXPEHU�RI�KDUYHVWV��7KH
GDWD� XVHG� WR� ILW� HTXDWLRQ� ������ DUH� GHULYHG� IURP� WKH� VXUYH\�� 7KH� YDULDEOHV
HQWHULQJ�HTXDWLRQ�������DUH�H[SODLQHG�LQ�7DEOH�����



��� &KDSWHU����3HVWLFLGH�8VH�DQG�7DQJHULQH�3URGXFWLYLW\

������ 5HJUHVVLRQ�5HVXOWV
,W� KDV� EHHQ� WHVWHG� LI� WKH� GDWD� IROORZV� WKH� VWDWLVWLFDOO\� UHTXLUHG� FRQGLWLRQV� RI
PXOWLSOH� UHJUHVVLRQ� DQDO\VLV�� 7KH� HUURU� YDULDEOH� RI� WKH� UHJUHVVLRQ� DQDO\VLV� LV
QRUPDOO\�GLVWULEXWHG��7KH�DQDO\VLV�RI�VWXGHQWL]HG�UHVLGXDOV�UHYHDOV�QR�RXWOLHUV�
$V�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ��WKH�SUREOHP�RI�KHWHURVFHGDVWLFLW\�LV�GHDOW
ZLWK� E\� WKH� ORJDULWKPLF� WUDQVIRUPDWLRQ� RI� WKH�&REE�'RXJODV� IXQFWLRQ�� 7R� WHVW
ZKHWKHU�PXOWLFROOLQHDULW\�H[LVWV�EHWZHHQ�WKH�UHJUHVVLRQ�YDULDEOHV��D�FRUUHODWLRQ
DQDO\VLV� KDV� EHHQ� FRQGXFWHG�� 5HVXOWV� VKRZ� WKDW� WKH� KLJKHVW� FRUUHODWLRQ
FRHIILFLHQWV� DUH� DURXQG� ����� 7KHUHIRUH�� WKH� UHJUHVVLRQ� YDULDEOHV� FDQ� EH
UHJDUGHG�DV�IUHH�IURP�PXOWLFROOLQHDULW\�
7KH�UHJUHVVLRQ�KDV�EHHQ�FRQGXFWHG�XVLQJ�RUGLQDU\�OHDVW�VTXDUH�HVWLPDWLRQ��$OO
REVHUYDWLRQV�ZLWK�RUFKDUGV� LQ�SURGXFWLRQ�KDYH�EHHQ� LQFOXGHG� LQ� WKH�DQDO\VLV�
7R�EH�DEOH�WR�HVWLPDWH�DOO�SHVWLFLGH�FDWHJRULHV�RYHU�DOO�IDUPV��IDUPHUV�QRW�XVLQJ
IXQJLFLGHV� KDYH� EHHQ� H[FOXGHG� ����RUFKDUGV� LQ� SURGXFWLRQ��� 7KHUHIRUH�� ���
RUFKDUGV�DUH�XVHG�LQ�WKH�UHJUHVVLRQ�DQDO\VLV��6RPH�SDUDPHWHUV��K\SRWKHVL]HG
HDUOLHU� WR� EH� RI� UHOHYDQFH�� KDYH� EHHQ� H[FOXGHG� EHFDXVH� RI� YHU\� VPDOO
SDUDPHWHU� HVWLPDWHV�� QR� VLJQLILFDQW� W�YDOXH� DQG� QR� LQFUHDVH� LQ� 5�VTXDUH
WKURXJK�WKHLU�LQFRUSRUDWLRQ��7KHVH�YDULDEOHV�DUH�WKH�WLPH�RI�WDQJHULQH�JURZLQJ
DQG� WKH� GXPP\� IRU� RUJDQLF�PDQXUH� XVH�� 7KH� YDULDEOH� GHVFULELQJ� WKH� XVH� RI
KHUELFLGHV�KDV�QRW�EHHQ�FRQVLGHUHG�DV�RQO\�D�YHU\�VPDOO�VKDUH�RI�IDUPHUV�XVH
KHUELFLGHV�
7KH� UHJUHVVLRQ� KDV� ILUVW� EHHQ� FRQGXFWHG� ZLWK� WKH� WRWDO� VDPSOH� OHDYLQJ� WKH
FOXVWHUV� RXW� RI� FRQVLGHUDWLRQ����� 7KH� DQDO\VLV� UHVXOWV� LQ� QHJDWLYH� PDUJLQDO
SURGXFWLYLW\� IRU� WKH� WKUHH� SHVWLFLGH� YDULDEOHV� �LQVHFWLFLGHV�� IXQJLFLGHV�� RWKHU
SHVWLFLGHV��� )XUWKHUPRUH�� UHVXOWV� IRU� WKH� DJH� RI� SODQWDWLRQ� �OLQHDU� DQG
H[SRQHQWLDO��� WKH� RUFKDUG� VL]H�� ODERU� DQG� RZQ� ODQG� FRQFOXGH� WR� D� SRVLWLYH
PDUJLQDO� SURGXFWLYLW\� RI� WKHVH� YDULDEOHV�� 7KLV� DQDO\VLV� KDV� EHHQ� IXUWKHU
VSHFLILHG�WR�DQDO\]H�WKH�LPSDFW�RI�WKH�WKUHH�FOXVWHUV��'XPP\�YDULDEOHV�IRU�WKH
FOXVWHU�EHORQJLQJ�LQWURGXFH�WKH�LQIOXHQFH�RI�WKH�UHVSHFWLYH�PDQDJHPHQW�JURXS�
7DEOH�����VKRZV�WKH�UHJUHVVLRQ�UHVXOWV�RI�UHJUHVVLRQ�������LQFOXGLQJ�WKH�FOXVWHU
EHORQJLQJ��7KH�SDUDPHWHUV�DUH�WKH�ORJDULWKPLF�YDOXHV�DQG�WKHUHIRUH�UHSUHVHQW
WKH�SURGXFWLRQ�HODVWLFLWLHV��1R�VLJQLILFDQW�UHVXOW�FRXOG�EH�REWDLQHG�IRU� IHUWLOL]HU
LQSXW� DOORZLQJ� WKH� FRQFOXVLRQ� WKDW� IHUWLOL]HU� XVH� RFFXUV� PRUH� RU� OHVV
LQGHSHQGHQW�IURP�RXWSXW�OHYHOV�

����������������������������������������
��� 5HIHU� WR� 7DEOH� 9,��� LQ� WKH� $SSHQGL[�� $� UHJUHVVLRQ� RQO\� FRQVLGHULQJ� FOXVWHUV� ZLWKRXW

LQFRUSRUDWLQJ�SHVWLFLGH�FRVWV�UHVXOW�LQ�PRVWO\�QRW�VLJQLILFDQW�SDUDPHWHUV�
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7DEOH����� 3DUDPHWHU�(VWLPDWHV�IRU�WKH�3URGXFWLRQ�)XQFWLRQ�6SHFLILFDWLRQ
�1� �����

3DUD�PHWHU 9DULDEOH�LQ�ORJDULWKPLF�IRUP� 3DUDPHWHU(VWLPDWH W�UDWLR
g ,QWHUFHSW ������ �����
a�� $JH�RI�3ODQWDWLRQ��OLQHDU� ������ ������
a�� $JH�RI�3ODQWDWLRQ��H[SRQHQWLDO� ������� ������
a�� 2UFKDUG�6L]H ������ ������
a�� )XQJLFLGHV ������� ������
a�� ,QVHFWLFLGHV ������� ������
a�� 2WKHU�3HVWLFLGHV ������� ������
a�� )HUWLOL]HU ������ �����
a�� 2UJDQLF�0DQXUH ������ �����
a�� 5HSODQWLQJ ������ �����
a��� /DERU ������ ������
a��� 0DFKLQHU\ ������ �����
'� &OXVWHU�� ������ ������
'� &OXVWHU�� ������ ������
'� 2ZQ�/DQG ������ ������
'� (GXFDWLRQ ������ �����
'� 7KUHH�+DUYHVWV ������ �����

5�VTXDUH ������
$GMXVWHG�5�VTXDUH ������
)�YDOXH ������

 VLJQLILFDQFH�OHYHO��������  VLJQLILFDQFH�OHYHO��������  VLJQLILFDQFH�OHYHO������
6RXUFH� $XWKRU
V�&DOFXODWLRQV

1DWXUDOO\�� WKH� DJH� RI� WKH� SODQWDWLRQ� KDV� D� KLJK� LQIOXHQFH� RQ� WKH� RXWSXW�� 7KH
QHJDWLYH�SUHIL[� RQ� WKH�H[SRQHQWLDO� FRPSRQHQW� RI� WKH� SODQWDWLRQ� DJH�H[SODLQV
GHFUHDVLQJ�RXWSXWV�LQ�ODWHU�\HDUV��7KH�UHJUHVVLRQ�DQDO\VLV�UHYHDOV�IXUWKHU�WKDW
WKH� RUFKDUG� VL]H� KDV� D� SRVLWLYH� LQIOXHQFH� RQ� RXWSXW�� 7KH� RXWSXW� LV� DOVR
SRVLWLYHO\� LQIOXHQFHG� E\� ODERU� LQSXWV�� 2QH� XQLW� RI� LQFUHDVHG� ODERU� LQSXW
LQFUHDVHV� WKH� RXWSXW� E\� ����� 7KH� YDULDEOH� IRU� PDFKLQHU\� FRVWV� KDV� QR
VLJQLILFDQW�SDUDPHWHU�HVWLPDWH�
7KH� ODQG� VWDWXV� KDV� VRPH� LQIOXHQFH� RQ� WKH� RXWSXW� PHDQLQJ� WKDW� IDUPV
RSHUDWLQJ� RQ� RZQ� ODQG� SHUIRUP� EHWWHU� WKDQ� WKH� RQHV� RQ� UHQWHG� ODQG�� 7KH
FRQFOXVLRQ�WKDW� UHQWHG� ODQG� LV� WUHDWHG�GLIIHUHQWO\� IURP�RZQ� ODQG�FDQ� WKHUHIRUH
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QRW� EH� UHMHFWHG�� 7KH� SDUDPHWHU� VXJJHVWV� EHWWHU� \LHOGV� IURP� RZQ� ODQG� E\� DQ
SDUDPHWHU�RI������ZKLFK�ZRXOG�EH�LQ�OLQH�ZLWK�DVVXPSWLRQV�GUDZQ�IURP�JURXS
GLVFXVVLRQV�LQ�WKH�ILHOG��)DUPHUV�UHSRUW�GLIIHUHQW�EHKDYLRU�RQ�UHQWHG�ODQG�
7KH� UHJUHVVLRQ�SDUDPHWHUV�RI� LQVHFWLFLGH�DQG� IXQJLFLGH� FRVWV� DUH� VLJQLILFDQW�
7KH�UHJUHVVLRQ�SDUDPHWHU�VXJJHVWV�D�QHJDWLYH�SURGXFWLRQ�HODVWLFLW\��$PRQJ�DOO
SHVWLFLGH� FDWHJRULHV�� LQVHFWLFLGH� FRVWV� KDYH� WKH� KLJKHVW� QHJDWLYH� HVWLPDWH
IROORZHG�E\� IXQJLFLGH�FRVWV��ZKHUHDV� WKH�FRVWV�RI�RWKHU�SHVWLFLGHV�VKRZ� OLWWOH
HIIHFW� RQ� RXWSXW�� 7KLV� HVWLPDWRUV� FDQQRW� QHFHVVDULO\� EH� LQWHUSUHWHG� WKDW� KLJK
SHVWLFLGH�XVH�KDV�D�GLUHFW�QHJDWLYH�HIIHFW�RQ�RXWSXW��,Q�IDFW��LW�VKRZV�WKDW�IRU�D
PDMRULW\�RI�IDUPHUV�FXUUHQW�SHVWLFLGH�FRVWV�DUH�QHJDWLYHO\�FRUUHODWHG�WR�RXWSXW�
7KH�VXSSRUWV�ILQGLQJV�IURP�WKH�SUHYLRXV�FKDSWHU�WKDW�IDUPHUV�SURGXFLQJ�PRUH
LQWHQVLYH�DUH� QRW�QHFHVVDULO\� WKH� IDUPHUV�ZLWK�KLJKHVW� RXWSXWV��+RZHYHU�� WKH
FOXVWHU� EHORQJLQJ� SHU� VH� KDV� D� SRVLWLYH� SURGXFWLRQ� HODVWLFLW\� FRQFOXGLQJ� WR
KLJKHU�RXWSXWV�LQ�FOXVWHU���DQG�FOXVWHU����$�SRVLWLYH�PDUJLQDO�UHODWLRQ�EHWZHHQ
WKH�HGXFDWLRQDO�OHYHO�DQG�WKH�RXWSXW�KDV�QR�VLJQLILFDQW�SDUDPHWHU�HVWLPDWHV�DV
LW�LV�WKH�FDVH�ZLWK�WKH�QXPEHU�RI�KDUYHVWV�DQG�UHSODQWLQJ�FRVWV�
7KH�PRVW�VWULNLQJ�UHVXOW�REWDLQHG�IURP�WKH�UHJUHVVLRQ�DQDO\VLV� LV�WKH�QHJDWLYH
PDUJLQDO�SURGXFWLYLW\�RI�SHVWLFLGH�LQSXWV��7KLV�VWDQGV�LQ�FRQWUDVW�WR�SURGXFWLRQ
IXQFWLRQV� HVWLPDWHG� LQ� RWKHU� VWXGLHV� DV� GLVFXVVHG� LQ� VHFWLRQ������ 7KLV� UHVXOW
VXJJHVWV�WKDW�WKH�FXUUHQW�OHYHO�RI�SHVWLFLGHV�LQ�WDQJHULQH�SURGXFWLRQ�LQ�WHUPV�RI
SHVWLFLGH�FRVWV�LV�LQHIILFLHQW�
���� 6XVWDLQDEOH�3URGXFWLRQ�DQG�([LVWLQJ�0DQDJHPHQW�6\VWHPV
6XERSWLPDO�SHVWLFLGH�XVH�UDLVHV�WKH�TXHVWLRQ�RI�VXVWDLQDELOLW\�RI�FXUUHQW�FLWUXV
SHVW�PDQDJHPHQW�VWUDWHJLHV��,W�DOVR�LQGLFDWHV�D�SRVVLELOLW\�RI�WKH�H[LVWHQFH�RI
SDWK�GHSHQGHQF\��L�H��WKH�V\VWHP�PD\�KDYH�HQWHUHG�WKH�SHVWLFLGH�WUHDGPLOO��,Q
WKH� ILUVW� VXE�VHFWLRQ� LQGLFDWRUV� RI� LQHIILFLHQW� SHVWLFLGH� XVH� DUH� GLVFXVVHG�� $V
LQHIILFLHQW�SHVWLFLGH�XVH�OHYHO�LWVHOI�LV�QRW�D�VXIILFLHQW�LQGLFDWRU�IRU�WKH�H[LVWHQFH
RI�SDWK�GHSHQGHQF\��LW�KDV�WR�EH�DQDO\]HG�ZKHWKHU�D�ORFNHG�LQ�VLWXDWLRQ�H[LVWV
�UHIHU�WR�VHFWLRQ�������3RVVLEOH�DVSHFWV�RI�D�ORFNHG�LQ�VLWXDWLRQ�DUH�GLVFXVVHG�LQ
WKH� VHFRQG� VHFWLRQ�� 7KH� WKLUG� VHFWLRQ� FRQFHQWUDWHV� RQ� WKH� VXUYH\� DQG� WKH
H[LVWHQFH�RI�LQGLFDWRUV�RI�SDWK�GHSHQGHQF\�
&$5/621� ������� DUJXHG� WKDW� WKH� GHYHORSPHQW� RI� SHVW� UHVLVWDQFH� LPSOLHV
GHFUHDVLQJ� PDUJLQDO� SHVWLFLGH� SURGXFWLYLW\� RYHU� WLPH� DQG� WKDW� WKH� GHPDQG
VKRXOG�IDOO�IRU�WKRVH�SHVWLFLGHV�ZKLFK�KDYH�GHYHORSHG�UHVLVWDQFH��7KH�VWDQGDUG
FKDUDFWHUL]DWLRQ�RI�WKLV�SKHQRPHQRQ�LV�WKDW�IDUPHUV
�W\SLFDO�VKRUW�UXQ�UHVSRQVH
WR�WKH�GHYHORSPHQW�RI�UHVLVWDQFH�LV�WR�LQFUHDVH�XVDJH�OHYHOV�DV�FRPSHQVDWLRQ
IRU�WKH�GHFUHDVH�LQ�SHVWLFLGH�SURGXFWLYLW\��7KH�XVH�RI� WKH�UHVSHFWLYH�SHVWLFLGH
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ZLOO� RQO\� GHFUHDVH�ZKHQ� LWV�HIIHFWLYHQHVV� LV� ORZHU� WKDQ� WKDW� RI� DQ� DOWHUQDWLYH
SHVWLFLGH� �/,&+7(1%(5*� DQG� =,/%(50$1�� ������� ([LVWLQJ� PDQDJHPHQW
VWUDWHJLHV�FDQ�EH�FRQVLGHUHG�DV�D�UHVXOW�RI�SUHYLRXV�GHFLVLRQV��8QIRUWXQDWHO\�
LQ� WKH� DEVHQFH� RI� D� UHIHUHQFH� V\VWHP�� LW� FDQQRW� EH� FRQFOXGHG� KRZ� IDU� WKH
H[LVWLQJ�SURGXFWLRQ�V\VWHPV�DUH�GLYHUJLQJ�IURP�D�VXVWDLQDEOH�SDWK��'26,�������
DUJXHV� WKDW� WKHUH� LV� WKH� PHWKRGRORJLFDO� SUREOHP� RI� KRZ� WR� UHFRJQL]H� SDWK�
GHSHQGHQF\� ZKHQ� \RX� VHH� LW�� 2QH� MXVW� REVHUYHV� RQH� VDPSOH� SDWK� ZKLFK
DFWXDOO\� RFFXUUHG� LQ� KLVWRU\�� +H� DUJXHV� WKDW� LQ� RUGHU� WR� NQRZ� ZKHWKHU� WKH
RFFXUUHQFH�RI� WKH�FXUUHQW�VLWXDWLRQ�LV�SDWK�GHSHQGHQW�RU�QRW��RQH�RXJKW� WR�EH
DEOH� WR� 
UH�UXQ
� KLVWRU\�� ,Q� WKH� FRQWH[W� RI� SHVWLFLGH� XVH� RQH� PXVW� SURYH� WKDW
VXERSWLPDO�XVH� OHYHOV� OHG� WR�D� ORFNHG�LQ�VLWXDWLRQ�� ,QWHQVLYH�XVH�RI�SHVWLFLGHV
ZLOO� EH� FRQWLQXHG� DV� ORQJ� DV� WKH� VKLIW� WR� DQRWKHU� PDQDJHPHQW� VWUDWHJ\� LV
UHJDUGHG�DV�WRR�FRVWO\��7R�ZKDW�GHJUHH�WKLV�LV�DSSOLFDEOH�WR�WKH�VXUYH\�DUHD�LV
GLVFXVVHG�LQ�WKH�IROORZLQJ�
������ $�/RFNHG�,Q�6LWXDWLRQ"
7KH�SURGXFWLRQ�IXQFWLRQ�DQDO\VLV�LQ�WKH�SUHYLRXV�VHFWLRQ�VKRZHG�WKDW�SHVWLFLGH
RYHUXVH� H[LVWV� DQG� WKDW� WKH� PDUJLQDO� SURGXFW� RI� SHVWLFLGHV� PD\� ZHOO� EH
QHJDWLYH�� 7KH� DQDO\VLV� RQ� WKH� DJH�\LHOG� UHODWLRQ� UHYHDOHG� WKDW� \LHOGV� IRU� WKH
UHVSHFWLYH� FOXVWHU� GLIIHU� RYHU� WLPH�� +RZHYHU�� LQ� WKH� DEVHQFH� RI� D� UHIHUHQFH
V\VWHP��LW�FDQQRW�EH�GHWHUPLQHG�ZKR�LV�SHUIRUPLQJ�EHVW��&RQFOXVLRQ�FDQ�RQO\
EH�GUDZQ�LQ�VR�IDU�DV�DOO�DQDO\VHV�UHYHDOHG�LQHIILFLHQW�SHVWLFLGH�XVH�OHYHOV�
$V� GLVFXVVHG� LQ� HFRQRPLF� OLWHUDWXUH�� WKHUH� DUH� WKUHH� FRQGLWLRQV� IRU� SDWK
GHSHQGHQF\�� VXQN� FRVWV�� LQFUHDVLQJ� UHWXUQV� WR� VFDOH� DQG� QHWZRUN
H[WHUQDOLWLHV����� 7KH� DLP� RI� WKLV� VHFWLRQ� LV�� WKHUHIRUH�� WR� GHWHUPLQH� LI� WKHVH
WKHRUHWLFDOO\� GHULYHG� LQGLFDWRUV� DUH� UHOHYDQW� LQ� WDQJHULQH� SURGXFWLRQ� LQ� WKH
VXUYH\�DUHD��,W�DOVR�KDV�WR�EH�LQYHVWLJDWHG�KRZ�D�PDQDJHPHQW�V\VWHP�FKDQJH
FRXOG�ORRN�OLNH�DQG�ZKDW�WKH�FRVWV�IRU�VXFK�D�FKDQJH�ZRXOG�EH�DV�D�ORFNHG�LQ
VLWXDWLRQ�UHPDLQV�EDVLFDOO\�GXH�WR�KLJK�FRVWV�RI�D�WHFKQRORJ\�FKDQJH�
�������� 6XQN�&RVWV�LQ�7DQJHULQH�3URGXFWLRQ
6XQN�FRVWV�UHODWHG�WR�SHVWLFLGH�XVH�UHIHU��DPRQJ�RWKHUV��WR�WKH�UHVHDUFK�HIIRUWV
IRU� QHZ� YDULHWLHV�� IRU� QHZ� SHVWLFLGHV� DQG� IHUWLOL]HUV� DQG� WKHLU� SURPRWLRQ
SURJUDPV��)RU�PDQ\�\HDUV�JRYHUQPHQWDO�SROLF\�RI�7KDLODQG�KDV�EHHQ�IRFXVLQJ
RQ�WKH�SURPRWLRQ�DQG�VXSSRUW�RI�KLJK�\LHOGLQJ�YDULHWLHV�DQG�WKH�XVH�RI�FKHPLFDO
FURS� SURWHFWLRQ�� 7KLV� LV� MXVWLILHG� E\� WKH� FRPPRQ� RSLQLRQ� WKDW� FKHPLFDO� FURS
����������������������������������������
���� 5HIHU�WR�VHFWLRQ��������
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SURWHFWLRQ� LV� SDUW� RI� DQ� LQVHSDUDEOH� SURGXFWLRQ� SDFNDJH�� $OVR� LQ� WDQJHULQH
SURGXFWLRQ�WKHUH�DUH�SURPRWLRQV�RI�FKHPLFDO�FURS�SURWHFWLRQ��7KH�FRVWV�RI�WKLV
SURPRWLRQ� DV� ZHOO� DV� WR� SURGXFH� QHZ� SHVWLFLGHV�� QRW� \HW� FRQIURQWHG� ZLWK
UHVLVWDQFH�HIIHFWV��FDQ�EH�UHJDUGHG�DV�VXQN�FRVWV�
7KH�HTXLSPHQW�SXUFKDVHG�IRU�FKHPLFDO�FURS�SURWHFWLRQ�FDQ�DOVR�EH�FODVVLILHG
DV�VXQN�FRVWV��)RU�WKH�WDQJHULQH�IDUPHUV�WKLV�FRYHUV�WKH�ERDWV�HTXLSSHG�ZLWK
VSUD\HUV� DQG� NQDSVDFN� VSUD\HUV��2QFH� ERXJKW�� SUDFWLFDOO\� WKHUH� LV� QR� RWKHU
XVH�WKDQ�IRU�VSUD\LQJ�SHVWLFLGHV��7KLV�WHQGV�WR�GLVFRXUDJH�WKH�RUJDQL]DWLRQ�RI
DGGLWLRQDO� LQIRUPDWLRQ� IRU� DOWHUQDWLYHV��$OWHUQDWLYH�PHWKRGV� FDXVH� LQIRUPDWLRQ
FRVWV�� L�H�� KRZ� WR� REWDLQ� WKH� QHFHVVDU\� HTXLSPHQW� DQG� KRZ� WR� XVH� LW�
)XUWKHUPRUH�WKH�SUHVHQFH�RI�SHVWLFLGH�FRPSDQ\¶V�VDOHVPHQ�LQ�WKH�VXUYH\�DUHD
LQIOXHQFHV� WKH� LQIRUPDWLRQ� HQYLURQPHQW� LQ� IDYRU� RI� FKHPLFDO� SHVWLFLGHV�
3HVWLFLGH� UHWDLO� VKRSV� KDYH� WKH� DGGLWLRQDO� IXQFWLRQ� RI� PHHWLQJ� SRLQWV� DQG
GLVFXVVLRQ�FHQWHUV�
$QRWKHU� DVSHFW� RI� VXQN� FRVWV� UHODWHV� WR� WKH� LQYHVWPHQW� LQ� RUFKDUG
HVWDEOLVKPHQW� DQG� WKH� ILUVW� \HDUV� XQWLO� SURGXFWLRQ� EHJLQV�� 7KHVH� FRVWV� OHDYH
WKH�IDUPHU�ZLWK�OLWWOH�FKRLFH�EXW�WR�FRQWLQXH�WDQJHULQH�JURZLQJ�DW�OHDVW�XQWLO�KH
UHDFKHV�WKH�EUHDN�HYHQ�SRLQW��:LWK�RUFKDUG�HVWDEOLVKPHQW�WKH�GHFLVLRQ�RQ�WKH
SODQWLQJ�PDWHULDO� LV�PDGH�� 7KLV� UHGXFHV�PDQDJHPHQW� RSWLRQV� LQ� ODWHU� \HDUV�
7KH� XVH� RI� UHVLVWDQW� URRWVWRFNV� ZRXOG� DOORZ� D� GHFUHDVH� LQ� FKHPLFDO� FURS
SURWHFWLRQ��+RZHYHU��RQFH�SODQWHG��WKH�WUHHV�ZLOO�EH�NHSW�DW�OHDVW�XQWLO�D�FKDQJH
RI�WKH�SODQWLQJ�V\VWHP�ZRXOG�SD\�RII�� ,W�FDQ�WKHUHIRUH�EH�FRQFOXGHG�WKDW�VXQN
FRVWV�SUHYDLO�LQ�WDQJHULQH�SURGXFWLRQ�
�������� 5HOHYDQFH�RI�,QFUHDVLQJ�5HWXUQV�WR�6FDOH�LQ�7DQJHULQH�3URGXFWLRQ
7KH� VHFRQG� DVSHFW� RI� WKH� GHWHUPLQDWLRQ� RI� SDWK�GHSHQGHQF\� LV� WKH� TXHVWLRQ
ZKHWKHU�LQFUHDVLQJ�UHWXUQV�WR�VFDOH�H[LVW��7KUHH�VRXUFHV�RI�LQFUHDVLQJ�UHWXUQV
WR� VFDOH� LQ� DJULFXOWXUDO� SURGXFWLRQ� DUH� OLVWHG� E\�5(,&+(/)(/'(5� �������� )LUVW�
WKH� PDMRULW\� RI� FRVWV� DUH� IL[HG� FRVWV�� 7KLV� LV� SDUWO\� WUXH� IRU� WDQJHULQH
SURGXFWLRQ�� &RQVLGHULQJ� WKDW� WKH� FRVWV� IRU� WKH� RUFKDUG� HVWDEOLVKPHQW� DUH
FDWHJRUL]HG�DV�VXQN�FRVWV��WKH�SHUFHQWDJH�RI�DGGLWLRQDO�IL[HG�FRVWV�LV�UHODWLYHO\
VPDOO�FRPSDUHG� WR�YDULDEOH� LQSXW�FRVWV��+RZHYHU�� LQFUHDVLQJ� UHWXUQV� WR�VFDOH
H[LVW� LQ� WKH� ZD\� WKDW� WKH� FRVWV� SHU� XQLW� RI� RXWSXW� IDOO� IRU� ERDWV�� VSUD\LQJ
HTXLSPHQW��ZDWHU�SXPSV�HWF��DV�RUFKDUG�VL]HV�LQFUHDVH�
7KH� VHFRQG� DVSHFW� UHODWHV� WR� WKH� SD\RIIV� IURP� JDLQLQJ� H[SHULHQFH� LQ� WKH
SURGXFWLRQ� SURFHVV�� 7KH� PRUH� H[SHULHQFHG� IDUPHUV� DUH� WKH� EHWWHU� DQG� WKH
PRUH�DFFXUDWH�PDQDJHPHQW�GHFLVLRQV�FDQ�EH�PDGH��L�H��ZLWK�UHJDUGV�WR�WLPLQJ
DQG�RQ�WKH�PHWKRG�RI�FURS�SURWHFWLRQ�
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,QFUHDVLQJ� UHWXUQV� WR� VFDOH� FDQ� EH� REVHUYHG� LQ� WZR� DVSHFWV� LQ� UHODWLRQ� WR
SHVWLFLGHV��)LUVW��DV�H[SODLQHG�LQ�VHFWLRQ������D�WLPH�GHSHQGHQFH�LQ�WKH�XVH�RI
SHVWLFLGH�PD\�H[LVW��'XH�WR�WKH�HIIHFW�RI�SHVWLFLGHV�RQ�WKH�HFRV\VWHP�WKH�QHHG
IRU� SHVWLFLGHV� PLJKW� ULVH� RYHU� WLPH�� 6HFRQG�� FRQWLQXRXV� LPSURYHPHQW� RI
FKHPLFDO� SHVWLFLGH� SURGXFWV� LQFUHDVHV� WKH� DGYDQWDJH� RI� SHVWLFLGH� XVH�� 1HZ
SURGXFWV�DW�OHDVW�SURPLVH�KLJKHU�HIILFLHQF\��7KXV��RQFH�RQ�WKH�SDWK�RI�FKHPLFDO
SHVWLFLGH� XVH�� WKH� RQJRLQJ� LQWURGXFWLRQ� RI� QHZ� SURGXFWV� DQG� SURGXFW
FRPELQDWLRQV�RSHQV�WKH�RSWLRQ�RI�LQFUHDVHG�UHWXUQV�
�������� 1HWZRUN�([WHUQDOLWLHV�LQ�7DQJHULQH�3URGXFWLRQ
7KH� WKLUG� IDFWRU�� FRQWULEXWLQJ� WR� SDWK� GHSHQGHQF\�� DUH� QHWZRUN� H[WHUQDOLWLHV�
1HWZRUN�H[WHUQDOLWLHV�DUH�GHVFULELQJ�WKH�SKHQRPHQRQ�WKDW�SRVLWLYH�SD\RIIV�FDQ
RFFXU� WKURXJK� LQWHUDFWLRQ� �UHIHU� WR� VHFWLRQ� ������ ,QWHUDFWLRQV� DUH� H[LVWLQJ� RQ
VHYHUDO�OHYHOV�LQ�WDQJHULQH�SURGXFWLRQ�LQ�WKH�VXUYH\�DUHD��7KH�DJUR�HFRV\VWHP
LV�GRPLQDWHG�E\�WDQJHULQH�JURZLQJ��9DULHWLHV�XVHG�DQG�SURGXFWLRQ�PHWKRGV�DUH
VLPLODU��$V�FKHPLFDO�FURS�SURWHFWLRQ�PHWKRGV�DUH�FORVHO\�UHODWHG�WR�SURGXFWLRQ
PHWKRGV� LQ� WKH� DUHD�� LQIRUPDWLRQ� DQG� NQRZOHGJH� FRQFHUQLQJ� FURS� SURWHFWLRQ
LVVXHV�LV�VKDUHG�DPRQJ�IDUPHUV��)DUPHUV�ZKR�VWDUW�WR�JURZ�WDQJHULQH�TXLFNO\
JHW� WR� NQRZ� SHVWLFLGHV� DV� DQ� LQVHSDUDEOH� HOHPHQW� RI� WDQJHULQH� SURGXFWLRQ�
7KXV� WKHLU� NQRZOHGJH� UHJDUGLQJ� SHVWLFLGH� XVH� LV� KLJK� UHODWLYH� WR� RWKHU� FURS
SURWHFWLRQ�PHWKRGV�
5HWDLO�VKRSV�VHUYH�DV�PHHWLQJ�SRLQWV�� WUDLQLQJ�FHQWHU�DQG� LQIRUPDWLRQ�VRXUFH
UHJDUGLQJ� UHOHYDQW� DVSHFWV� RI� WDQJHULQH� SURGXFWLRQ�� 7KLV� LV� QRW� QHFHVVDULO\
OLPLWHG�WR�FURS�SURWHFWLRQ�DQG�IHUWLOL]HU�XVH�� ,Q� IDFW�� LW�VHHPV�WR�EH�SDUW�RI� WKH
VRFLDO� GLVFRXUVH� DPRQJ� IDUPHUV� LQ� WKH� DUHD�� 7KXV�� D� IDUPHU� ZKR� VKRZV� D
FULWLFDO�DWWLWXGH� WRZDUGV�XVLQJ�FKHPLFDO�SHVWLFLGHV� LV�H[FOXGHG� IURP� LPSRUWDQW
LQIRUPDWLRQ�VRXUFHV��$�WKLUG�DVSHFW�RIWHQ�SRLQWHG�RXW�E\�IDUPHUV�LQ�WKH�DUHD�LV
WKH� VRFLDO� SUHVVXUH� RI� UHWDLQLQJ� D� SHVWLFLGH� LQWHQVLYH� VWUDWHJ\�� )DUPHUV� IHDU
WKDW� LI�RQH� IDUPHU�VWRSV�XVLQJ�FKHPLFDO�FURS�SURWHFWLRQ�� WKLV�PLJKW�QHJDWLYHO\
DIIHFW�WKHLU�RUFKDUGV�DQG�WKXV�LQFUHDVH�SHVW�SUHVVXUH�LQ�WKHLU�ILHOGV��2QH�PLJKW
GHVFULEH�WKLV�SKHQRPHQRQ�DV�D�QHJDWLYH�QHWZRUN�H[WHUQDOLW\�
7KH� SURPRWLRQ� RI� FKHPLFDO� FURS� SURWHFWLRQ� PHWKRGV� WKURXJK� JRYHUQPHQW
H[WHQVLRQ� VHUYLFH� DQG� SULYDWH� FRPSDQLHV� IXUWKHU� LQFUHDVHV� WKH� LQIRUPDWLRQ
DGYDQWDJH� RI� FKHPLFDO� FURS� SURWHFWLRQ�� +HQFH� WKH� FRVWV� RI� REWDLQLQJ
LQIRUPDWLRQ�RI�DOWHUQDWLYHV�WR�FKHPLFDO�FURS�SURWHFWLRQ�DUH�KLJK�����
����������������������������������������
���� 7KH� UHDVRQV� IRU� VXFK� GLVFUHSDQFLHV� EHWZHHQ� FKHPLFDO� FURS� SURWHFWLRQ� DQG� DOWHUQDWLYH� RU

DGGLWLRQDO�FURS�SURWHFWLRQ�PHWKRGV�LV�GLVFXVVHG�LQ�FKDSWHU���
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�������� &RVWV�RI�D�&KDQJH�LQ�&URS�3URWHFWLRQ�7HFKQRORJ\
$�ORFNHG�LQ�VLWXDWLRQ�LV�IDYRUHG�E\�KLJK�FRVWV�RI�WHFKQRORJ\�FKDQJH��,QVWHDG��DOO
DSSOLFDEOH� PHDVXUHV� DUH� WDNHQ� LQWR� DFFRXQW� WR� HQDEOH� D� SHVW� SUHYHQWLQJ
HQYLURQPHQW�
,Q� SULQFLSOH� DOWHUQDWLYH� PHWKRGV� RI� SHVW� FRQWURO� DUH� WKH� XVH� RI� UHVLVWDQW
URRWVWRFNV�DQG�WR�VWRS�XVLQJ�PDUFRWWHG�SODQWV��7KLV�LV�H[SHFWHG�WR�LPSURYH�WKH
KHDOWK�RI�WUHHV�DQG�GHFUHDVH�WKHLU�VXVFHSWLELOLW\�WR�SHVWV��52,67$&+(5��������
7KH� FRVWV� IRU� LQWURGXFLQJ� UHVLVWDQW� URRWVWRFNV� DUH� KLJK� IRU� VHYHUDO� UHDVRQV�
)LUVW��UHVLVWDQW�URRWVWRFN�VXSSO\�LV�YHU\�OLPLWHG��3URGXFWLRQ�LV�QRW�\HW�FRQGXFWHG
RQ�ODUJH�VFDOH�GXH�WR�DQ�LQVXIILFLHQW�QXPEHU�DQG�RSHUDWLRQ�RI�QXUVHULHV�DQG�D
JRYHUQPHQW� FRQWUROOHG� SURPRWLRQ� RI� QXUVHULHV�� 6HFRQGO\�� WKH� GHFLVLRQ� RQ
ZKLFK�WUHHV�WR�SODQW�LV�PDGH�DW�WKH�EHJLQQLQJ�RI�RUFKDUG�HVWDEOLVKPHQW��7KLUGO\�
WKH� LQIRUPDWLRQ� RQ� WKH� EHQHILWV� RI� UHVLVWDQW� URRWVWRFNV� LV� XQFHUWDLQ�� $OVR
PDUFRWWLQJ� LV� D� FKHDSHU� DQG� VLPSOHU� PXOWLSOLFDWLRQ�PHWKRG� ZKLFK� WKH� IDUPHU
FDQ�GR�E\�KLPVHOI�
$�VHFRQG�FRPSRQHQW�RI�WKH�DGMXVWPHQW�FRVWV�DUH�FRVWV�IRU�DGGLWLRQDO�UHVHDUFK
RQ� PDQDJHPHQW� V\VWHPV� DOWHUQDWLYHO\�� &XUUHQW� UHVHDUFK� SULRULWLHV� RI� WKH
JRYHUQPHQW� FRQFHQWUDWH�PRVWO\�RQ� FKHPLFDO� FURS�SURWHFWLRQ� DOWKRXJK� ,30� LV
SDUW�LQ�WKH�JRYHUQPHQW¶V�DJULFXOWXUDO�GHYHORSPHQW�SODQ�����
&XUUHQWO\�� WKH�FRVWV�RI� LQIRUPDWLRQ� IRU� D� IDUPHU�ZLOOLQJ� WR�DGRSW�QRQ�FKHPLFDO
PHWKRGV�RI�FRQWURO�DUH�H[WUHPHO\�KLJK��,QIRUPDWLRQ�LV�GLIILFXOW�WR�REWDLQ�DQG�WKH
DGDSWDELOLW\� WR� WKH� IDUPHU
V� VSHFLILF� VLWXDWLRQ� LV� XQFHUWDLQ�� $QRWKHU� DVSHFW�
ZKLFK� FDQ� EH� FODVVLILHG� LQWR� 
FRVWV� RI� FKDQJH
�� LV� WKH� HVWDEOLVKPHQW� RI
PDUNHWLQJ� FKDQQHOV� IRU� KLJKHU� SULFHG� SURGXFWV� FXOWLYDWHG� ZLWK� OHVV� SHVWLFLGH
LQSXWV�DV�LW�LV�HVWDEOLVKHG�LQ�RWKHU�FRXQWULHV��6RPH�HIIRUWV�KDYH�EHHQ�PDGH�LQ
D�VPDOO�VFDOH��RUJDQLF�ULFH��*UHHQ�1HW��µSHVWLFLGH�IUHH�YLOODJH¶��
$QRWKHU�SRVVLELOLW\�LV�WKH�FKDQJH�RI�WKH�LUULJDWLRQ�V\VWHP��7KLV�FRXOG�FRQWULEXWH
WR� D� KHDOWKLHU� RUFKDUG� HQYLURQPHQW�� 6XFK� D� FKDQJH� ZRXOG� LPSO\� WR� VWRS
JURZLQJ�WDQJHULQHV�RQ�GLNHV�DQG�WKH�XVH�RI�VSULQNOHUV�IRU� LUULJDWLRQ��+RZHYHU�
WKLV�LV�D�YHU\�FRVWO\�FKDQJH�DQG�LV�HDVLHU�DGRSWHG�RQ�QHZ�GHYHORSHG�RUFKDUGV�
,Q� IDFW�� WKHUH� DUH� DOUHDG\� VRPH� IDUPHUV� FKDQJLQJ� WKHLU� LUULJDWLRQ� V\VWHP� LQ
QHZO\�GHYHORSHG�RUFKDUG�DUHDV�
7KH�DERYH�GLVFXVVLRQ�VXJJHVWV�WKDW�WKH�JLYHQ�LQIRUPDWLRQ�HQYLURQPHQW�GXH�WR
ODFN� RI� LQFHQWLYHV�� ODFN� RI� UHVHDUFK� DQG� RQO\� ZHDN� SURPRWLRQ� RI� DOWHUQDWLYH
����������������������������������������
���� )RU� VRPH� VXJJHVWLRQV� RQ� ,30� WHFKQRORJLHV� UHIHU� WR� VHFWLRQ� ������ DQG� 7DEOH�,9��� LQ� WKH

$SSHQGL[�
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WHFKQRORJLHV�LV�QRW�VXSSRUWLYH�IRU�FKDQJH�WRZDUGV�PRUH�QRQ�FKHPLFDO�PHWKRGV
RI� FRQWURO�� 7KH� FRVWV� RI� D� V\VWHP� FKDQJH� FDQ� EH� UHJDUGHG� DV� KLJK� DQG
WKHUHIRUH� KLQGHU� WKH� LQWURGXFWLRQ� DQG� GLVVHPLQDWLRQ� RI� DOWHUQDWLYHV�� 7KLV
VXJJHVWV�WKDW�D�ORFNHG�LQ�VLWXDWLRQ�GRHV�LQ�IDFW�H[LVW�
������ ,QGLFDWRUV�RI�3DWK�'HSHQGHQF\�LQ�7DQJHULQH�3URGXFWLRQ
,I� WLPH� VHULHV� GDWD� ZRXOG� EH� DYDLODEOH�� RQH� FRXOG� DQDO\]H� WKH� GHYHORSPHQW
SDWK�RI�D�IDUPHU�DQG�REVHUYH�ZKHWKHU�FURS�SURWHFWLRQ�PHWKRGV�FKDQJHG�RYHU
WLPH�� %$/0$11� DQG� +,/%,*� ������� VLPXODWHG� VWUXFWXUDO� FKDQJH� LQ� DJULFXOWXUH
DQG� XVHG� FOXVWHU� DQDO\VLV� WR� VWUXFWXUH� WKH� GDWD�� 7KH\� FRQFOXGHG� WKDW� LI� WKH
IDUPHUV� VWD\� LQ� WKHLU� FOXVWHU� IRU� D� ORQJ� SHULRG� RI� WLPH�� SDWK�GHSHQGHQF\
SUHYDLOHG�LQ�WKH�VLPXODWHG�DJUDULDQ�VWUXFWXUHV��,Q�WKH�IROORZLQJ��IRXU�RSWLRQV�DUH
GLVFXVVHG� RQ� KRZ� SDWK�GHSHQGHQF\� FDQ� EH� LGHQWLILHG� XVLQJ� FURVV� VHFWLRQDO
GDWD�IRU�WKH�FDVH�RI�SHVWLFLGHV�LQ�FLWLHV��8VLQJ�WKH�VXUYH\�GDWD�FRPSDULVRQV�DUH
PDGH� E\� SODQWDWLRQ� DJH�� UHJLRQDO� GLIIHUHQFHV�� LPSDFWV� RI� WKH� SURGXFWLRQ
IXQFWLRQ�DQG�GLVWULEXWLRQ�ZLWKLQ�WKH�FOXVWHUV�
2QH�ZD\�WR�YHULI\�WKH�K\SRWKHVLV�RI�D�SDWK�GHSHQGHQF\�LV�WR�REVHUYH�ZKHWKHU
IDUPHUV�ZKR�VWDUW�ZLWK� WDQJHULQH�SURGXFWLRQ� IROORZ�D�GLIIHUHQW�FURS�SURWHFWLRQ
VWUDWHJ\�DV�FRPSDUHG�WR�IDUPHUV�ZKR�DUH�SURGXFLQJ�WDQJHULQH�IRU�PDQ\�\HDUV�
7KH�K\SRWKHVLV�WKHUHIRUH�LV�WKDW�IDUPHUV�OHVV�H[SHULHQFHG�LQ�WDQJHULQH�JURZLQJ
DUH�PRUH�IUHTXHQWO\� IRXQG� LQ� WKH� ORZ� LQWHQVLW\�FOXVWHU�±�EXW�RYHU� WLPH�DOUHDG\
IROORZ� WKH� SDWK� RI� WKH�PRUH� H[SHULHQFHG� RUFKDUG� JURZHUV�� 7KHUHIRUH�� LQ� WKH
DQDO\VLV�RUFKDUGV�DUH�FRQVLGHUHG�DV�SRLQWV�LQ�WLPH�DFFRUGLQJ�WR�WKHLU�SODQWDWLRQ
DJH�
�������� 7KH�'HSHQGHQF\�E\�3ODQWDWLRQ�$JH
7R�DQDO\]H�ZKHWKHU� WKHVH�DVVXPSWLRQV�DUH� WUXH�RUFKDUGV�DUH�GLYLGHG�E\�DJH
DQG� FOXVWHUV� �)LJXUH� ������ &OXVWHU��� IDUPHUV� DUH� H[SHFWHG� WR� KDYH� D� KLJKHU
SHUFHQWDJH�RI�ROGHU�RUFKDUGV�FRPSDUHG�WR�WKH�RWKHU�WZR�FOXVWHUV��,Q�DGGLWLRQ�WR
RUFKDUG� DJH� �FRQWUDU\� WR� WKH� DQDO\VHV� LQ� WKH� SUHYLRXV� FKDSWHUV��� UHSODQWHG
RUFKDUGV�DUH� WDNHQ� LQWR�DFFRXQW�� ,Q� WKH�FDVH�RI� D� UHQHZHG�SODQWDWLRQ� RQ� WKH
VDPH�ORFDWLRQ��WKH�JURZLQJ�SHULRG�RI�WKH�IRUPHU��UHSODQWHG��RUFKDUGV�KDV�EHHQ
FRQVLGHUHG� LQ� WKH� FDOFXODWLRQ�� 7KLV� SURFHGXUH� KDV� EHHQ� FKRVHQ� DV� LW� LV
DVVXPHG� WKDW� RUFKDUGV� JURZQ� RQ� UHSODQWHG� WDQJHULQH� ODQG� PLJKW� KDYH� DQ
DIIHFW�RQ�WKH�SHVW�HFRV\VWHP��L�H��KLJKHU�SHVW�SUHVVXUH�PXVW�EH�H[SHFWHG�
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)LJXUH����� 7KH� 'HYHORSPHQW� 3DWK� RI� &OXVWHUV� E\� *URZWK� 6WDJHV
�LQ�SHUFHQW�RI�IDUPHUV�RI�HDFK�FOXVWHU�
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, ,, ,,, ,9 9
*URZWK�6WDJHV

��
RI�)

DUP
HUV

&OXVWHU��
&OXVWHU��
&OXVWHU��

*URZWK�6WDJHV� , � �������\HDUV,, � ��������\HDUV ,,,  ���������\HDUV,9 ���������\HDUV 9 !����\HDUV

6RXUFH� $XWKRU
V�&DOFXODWLRQV

$V� VKRZQ� LQ� )LJXUH� ����� FOXVWHU��� IDUPHUV� KDYH� D� KLJKHU� SHUFHQWDJH� RI
RUFKDUGV�ZLWK�ROGHU�WUHHV��7KH�VKDUH�RI�RUFKDUGV�LQ�JURZWK�VWDJH�WZR�DQG�WKUHH
DQG�LQ�WKH�ROGHVW�JURZWK�VWDJH� LV�KLJKHVW��&OXVWHU��� IDUPHUV�KDYH�WKH�KLJKHVW
SHUFHQWDJH�RI�RUFKDUGV�LQ�WKH�\RXQJ�VWDJH�DQG�KDYH�D�FRQWLQXRXVO\�GHFOLQLQJ
VKDUH�WRZDUGV�WKH�ROGHU�VWDJHV��&OXVWHU���KDV�D�ORZHU�SHUFHQWDJH�LQ�VWDJH�WZR
DQG� WKUHH� DQG� SHDNV� LQ� WKH� \RXQJ� DQG� WKH� ROGHU� VWDJH�� 2OGHU� RUFKDUGV
JHQHUDOO\�SURGXFH�RQ�PRUH�LQWHQVLYH�OHYHOV��L�H��WKH�DYHUDJH�SODQWDWLRQ�DJH�RI
FOXVWHU���LV�VLJQLILFDQWO\�KLJKHU����
�������� 7KH�'HSHQGHQF\�E\�5HJLRQ
7KHUH� DUH� UHJLRQDO� GLIIHUHQFHV� ZLWK� UHJDUGV� WR� WKH� GXUDWLRQ� RI� WDQJHULQH
JURZLQJ�� 7KHUHIRUH� LW� LV� K\SRWKHVL]HG� WKDW� WKH� UHJLRQ� ZLWK� D� ORQJ� KLVWRU\� RI
WDQJHULQH�JURZLQJ�WDQJHULQH�LV�DOVR�WKH�DUHD�ZLWK�D�KLJK�OHYHO�RI�LQWHQVLW\�LQSXW
XVH��L�H��PRUH�IDUPHUV�RI�FOXVWHU���ZRXOG�EH�IRXQG�LQ�WKDW�UHJLRQ��3DWKXP�7KDQL
LV�WKH�µROGHVW¶�SURGXFWLRQ�UHJLRQ�IRU�WDQJHULQH�LQ�WKH�VXUYH\�DUHD��)URP�3DWKXP
7KDQL��WDQJHULQH�SURGXFWLRQ�VSUHDG�WR�WKH�SURYLQFHV�RI�6DUD�%XUL�DQG�1DNKRQ
1D\RN�

����������������������������������������
���� 5HIHU�WR�7DEOH�9���LQ�WKH�$SSHQGL[�
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,Q�)LJXUH�����WKH�UHODWLRQ�EHWZHHQ�SURGXFWLRQ�DUHD��SURYLQFH��DQG�WKH�DYHUDJH
DJH�RI�SODQWDWLRQV�LV�GUDZQ��$V�GHVFULEHG�DERYH�VKDUH�RI�RUFKDUGV�LQ�WKH�OHVV
LQWHQVLYH� FOXVWHUV� LV� KLJKHU� WKDQ� LQ� WKH� µ\RXQJHU¶� SURGXFWLRQ� DUHD� ZKLOH� LQ
3DWKXP�7KDQL�WKH�PDMRULW\�RI�WKH�IDUPV�DUH�LQ�FOXVWHU����7KH�H[LVWHQFH�RI�SDWK
GHSHQGHQFH�ZRXOG�PHDQ�WKDW�WKH�µ\RXQJHU¶�UHJLRQ�IROORZ�WKH�SDWK�RI�WKH�µROGHU¶
UHJLRQ�� ,Q� )LJXUH� ���� WKH� SHDNV� RI� WKH� KH[DJRQ� DUH� LQGLFDWLQJ� WKH� PHDQ
SODQWDWLRQ�DJH�ZKLOH�WKH�ZLGWK�LQGLFDWHV�ZKHUH�WKH�PDMRULW\�RI�FOXVWHU�EHORQJV�
,W�LV�VKRZQ�WKDW�DOO�WKUHH�SURYLQFHV�KDYH�IDUPV�IURP�PRUH�WKDQ�RQH�FOXVWHU�

)LJXUH����� 3RVVLEOH� 'HYHORSPHQW� RI� 3DWK�'HSHQGHQFLHV� LQ
7DQJHULQH�3URGXFWLRQ

,QWHQVLW\�
DFFRUGLQJ�
WR�&OXVWHU

� ��� � � � 0HDQ�
2UFKDUG
�$JH�

6WDJH�� 6WDJH�� 6WDJH��

1DNKRQ�
1D\RN 6DUD�%XUL 3DWKXP

7KDQL

6RXUFH� $XWKRU
V�&DOFXODWLRQV
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7DEOH� ���� VKRZV� WKDW� D� ODUJHU� VKDUH� RI� IDUPHUV� IURP� 3DWKXP� 7KDQL� FDQ� EH
IRXQG� LQ� WKH� WKLUG� FOXVWHU� ZKHUHDV� DURXQG� WKUHH� TXDUWHUV� RI� WKH� IDUPHUV� LQ
1DNKRQ�1D\RN�EHORQJ�WR�FOXVWHU���DQG�FOXVWHU�������

7DEOH����� 'LVWULEXWLRQ�RI�&OXVWHUV�SHU�3URGXFWLRQ�5HJLRQ����
3DWKXP7KDQL 6DUD%XUL 1DNKRQ1D\RN

&OXVWHU�� ���� ���� ����
&OXVWHU�� ���� ���� ����
&OXVWHU�� ���� ���� ����
7RWDO ���� ���� ����
6RXUFH� 6XUYH\�'DWD

&RQVLGHULQJ� WKDW� SURGXFWLRQ� FRQGLWLRQV� DUH� WKH� VDPH� IRU� DOO� WKUHH� DUHDV�� WKH
µ\RXQJHU¶�SURGXFWLRQ�UHJLRQV�IROORZ�WKH�GHYHORSPHQW�SDWK�RI�WKH�µROGHU¶�DUHDV�
7KLV�VXJJHVWV�DQ�LQFUHDVH�RI�LQWHQVLW\�RYHU�WLPH��7KLV�FRXOG�EH�DQ�LQGLFDWRU�IRU
WKH�H[LVWHQFH�RI�SDWK�GHSHQGHQF\�LQ�SHVWLFLGH�XVH�

�������� 'HYHORSPHQW�RI�3HVWLFLGH�&RVWV
$V�GLVFXVVHG� LQ� WKH� SUHYLRXV� VXE�VHFWLRQV�� WKHUH� LV� VRPH� LQGLFDWLRQ� WKDW� WKH
WLPH� IDUPHUV� JURZ� WDQJHULQH� RQ� WKH� VDPH� SLHFH� RI� ODQG� DIIHFWV� WKH
GHYHORSPHQW�RI�SHVWLFLGH�XVH�RYHU�WLPH�
6LPLODU�WR�WKH�VWXG\�RI�%$/0$11�DQG�+,/%,*��������ZKR�FRQFOXGHG�WKDW�IDUPHUV
EHORQJLQJ�WR�D�FHUWDLQ�FOXVWHU�RI�DJUDULDQ�VWUXFWXUH�VWD\�ZLWKLQ�WKH�FOXVWHU�LQ�WKH
FRXUVH�RI�VWUXFWXUDO�GHYHORSPHQW��2QH�FDQ�K\SRWKHVL]H�WKDW�SDWK�GHSHQGHQF\
LQ� SHVWLFLGH� XVH� PD\� H[LVW�� LI� IDUPHUV� VWD\� LQ� WKHLU� FOXVWHU� RYHU� WLPH�� 7KLV
LPSOLHV�WKH�DVVXPSWLRQ�WKDW�WKH�WKUHH�FOXVWHUV�DUH�LQ�IDFW�GLIIHUHQW�PDQDJHPHQW
V\VWHPV�SURGXFLQJ�RQ�GLIIHUHQW�LQWHQVLW\�OHYHOV����
&RQVHTXHQWO\��HDFK�FOXVWHU�LV�GHILQHG�DFFRUGLQJ�WR�WKH�WLPH�WDQJHULQH�LV�JURZQ
RQ�WKH�IDUP��6LPLODU�WR�WKH�DQDO\VLV�RI�DJH�\LHOG�UHODWLRQ����WKH�FURVV�VHFWLRQDO
����������������������������������������
���� )RU� D� WDEOH� RQ� WKH� GLVWULEXWLRQ� RI� WKH� FOXVWHUV� E\� UHJLRQ� DQG� JURZLQJ� VWDJH� UHIHU� $SSHQGL[�

7DEOH�9,���
���� 7KH�FRQWUDU\� DVVXPSWLRQ� DUJXHV� WKDW� OHVV� LQWHQVLYH� IDUPHUV� IROORZ� WKH�SDWK�RI� WKH� LQWHQVLYH

SURGXFLQJ�IDUPHUV�LQ�WKH�FRXUVH�RI�WLPH�
���� 5HIHU�WR�VHFWLRQ�����
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GDWD� DUH� WUHDWHG� DV� WLPH� VHULHV� GDWD�� ,I� WKH� DERYH� K\SRWKHVLV� LV� WUXH�� DQ
LQFUHDVH�LQ�SHVWLFLGH�XVH�RYHU�WLPH�LQ�HDFK�FOXVWHU�VKRXOG�EH�REVHUYHG��)LJXUH
����VKRZV�WKH�DYHUDJH�SHVWLFLGH�FRVWV�E\�FOXVWHU��DFFRUGLQJ�WR�WKH�GXUDWLRQ�RI
WDQJHULQH�JURZLQJ�LQ�RQH�SODFH�����
)LJXUH����� 'HYHORSPHQW�RI�3HVWLFLGH�&RVWV�E\�&OXVWHU�DQG�*URZWK�6WDJH

�DYHUDJH�SHVWLFLGH�FRVWV�LQ�%DKW�SHU�UDL�

6RXUFH� $XWKRU
V�&DOFXODWLRQV

)LJXUH�����VKRZV�WKH�WUHQG�LQ�SHVWLFLGH�XVH�DFFRUGLQJ�WR�WKH�WLPH�RI�WDQJHULQH
JURZLQJ�� ,Q�DOO�FOXVWHUV�SHVWLFLGH�FRVWV�DUH�KLJKHU� LQ�ROGHU�RUFKDUGV��KRZHYHU
WKH�OHYHO�RI�SHVWLFLGH�FRVWV�GLIIHUV�E\�FOXVWHU�
$� OLQHDU� ORJDULWKPLF�FXUYH�KDV�EHHQ� ILWWHG� WR�SHVWLFLGH� FRVWV�DQG� WKH�JURZLQJ
WLPH�GLIIHUHQWLDWHG�E\�FOXVWHU��7KH�IROORZLQJ�IXQFWLRQV�KDV�EHHQ�HVWLPDWHG�

����������������������������������������
���� 7KLV�YDULDEOH�LV�QRW�LGHQWLFDO� WR�WKH�YDULDEOH� 
SODQWDWLRQ�DJH
��+HUH��RUFKDUGV�ZKHUH�UHSODQWLQJ

KDV�RFFXUUHG�DQG�ZKR�DUH�FXUUHQWO\�SURGXFLQJ�LQ�WKHLU�VHFRQG�SURGXFWLRQ�F\FOH�DUH�WDNHQ�DFFRXQW
RI� ZLWK� WKH� WRWDO� WLPH� WDQJHULQH� LV� JURZQ� RQ� WKH� VSHFLILF� ORFDWLRQ�� ,W� LV� DVVXPHG� WKDW� WKH� WLPH
WDQJHULQH�LV�JURZQ�LQ�WKH�VDPH�ORFDWLRQ�KDV�DQ�LQIOXHQFH�RQ�SHVWLFLGH�LQWHQVLW\�GXH�WR� LPSDFWV�RQ
WKH�HFRV\VWHP�

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

�� ��� ��� ���

&OXVWHU��
&OXVWHU��
&OXVWHU��

7LPH�RI�7DQJHULQH�*URZLQJ

3H
VWLF

LGH
�&R

VWV
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��������OQ�3&� �D��b��OQ�7*
��������OQ�3&� �D��b��OQ�7*��b��&/��b��&/��
ZKHUH�3&� �SHVWLFLGH�FRVWV�DQG�7*� �WLPH�RI�JURZLQJ�WDQJHULQH�RQ�WKHVSHFLILF�RUFKDUG����

7KH�UHVXOWV�IRU�IXQFWLRQ��������LV�DV�IROORZV�
OQ�3&� ��������������OQ�7*

ZLWK�DQ�5�VTXDUH� ��������DQG�D�VLJQLILFDQFH�OHYHO�RI�������$GGLQJ�WKH�FOXVWHUV
DV�GXPP\�YDULDEOHV�LQFUHDVHV�WKH�5�VTXDUH�WR�������7DEOH������

7DEOH����� 3DUDPHWHU�(VWLPDWHV�RI�3HVWLFLGH�&RVW�$JH�5HODWLRQ
3DUD�PHWHU 9DULDEOH 3DUDPHWHU(VWLPDWH W�UDWLR

D ,QWHUFHSW ���� �����
b� 7LPH�RI�7DQJHULQH*URZLQJ ���� ����

b� &OXVWHU�� ���� �����
b� &OXVWHU�� ���� �����

5�VTXDUH ������
$GMXVWHG�5�VTXDUH ������
)�YDOXH �����

 VLJQLILFDQFH�OHYHO�������
6RXUFH� $XWKRU
V�&DOFXODWLRQV

7KH�UHJUHVVLRQ�SDUDPHWHU�VKRZV�LQ�D�SRVLWLYH�LQIOXHQFH�RI�WKH�WLPH�RI�JURZLQJ
WDQJHULQH�RQ�SHVWLFLGH�FRVWV��7KH�LPSURYHPHQWV�LQ�WKH�VWDWLVWLFDO�TXDOLW\�RI�WKH
HTXDWLRQV�DV�D�UHVXOW�RI�DGGLQJ�WKH�FOXVWHUV�DV�YDULDEOHV�LV�DQ�LQGLFDWRU�WKDW�WKH
JURXSV�EHORQJ�WR�GLIIHUHQW�SURGXFWLRQ�SDWKV�
,Q� UHJUHVVLRQ� ������� IXUWKHU� H[SODQDWRU\� YDULDEOHV� ZHUH� LQFOXGHG�� 7KHVH� DUH
PLQHUDO� IHUWLOL]HU� DQG� FRVWV� RI� RUJDQLF� PDQXUH�� RUFKDUG� VL]HV� DQG� OHYHO� RI
UHSODQWLQJ�FRVWV��7KHVH�YDULDEOHV�DUH�DVVXPHG�WR�EH�UHODWHG�WR�FURS�SURWHFWLRQ�
7DEOH� ���� VKRZV� WKDW� RQO\� UHSODQWLQJ� FRVWV� KDYH� D� VLJQLILFDQW� LQIOXHQFH� RQ
SHVWLFLGH�FRVWV��7KLV� LV�VXUSULVLQJ�DV� UHSODQWLQJ� LQ� WKHRU\�VKRXOG� LPSURYH� WKH
����������������������������������������
���� 7KLUW\�RQH�IDUPHUV�������DUH�JURZLQJ�WDQJHULQH�RQ�WKHLU�RUFKDUGV�IRU�PRUH�WKDQ�WZHQW\�\HDUV

�UDQJH����±����\HDUV��



&KDSWHU����3HVWLFLGH�8VH�DQG�7DQJHULQH�3URGXFWLYLW\ ���

KHDOWK�VWDWXV�RI�DQ�RUFKDUG��2Q�WKH�RWKHU�KDQG�UHSODQWLQJ�PLJKW�EH�DQ�LQGLFDWRU
RI�SUHYDLOLQJ�SHVW�DQG�GLVHDVH�SUREOHPV�RI�DQ�RUFKDUG�

7DEOH����� 3DUDPHWHU�(VWLPDWHV�RI�3HVWLFLGH�&RVWV�)XQFWLRQ
3DUD�PHWHU 9DULDEOH 3DUDPHWHU(VWLPDWH W�UDWLR

D ,QWHUFHSW ���� �����
b� 7LPH�RI�7DQJHULQH*URZLQJ ���� ����

b� &OXVWHU�� ���� �����
b� &OXVWHU�� ���� �����
b� )HUWLOL]HU ���� ����
b� 2UJDQLF�0DQXUH ���� ����
b� 2UFKDUG�6L]H ����� ����
b� 5HSODQWLQJ�&RVWV ���� ����

5�VTXDUH ������
$GMXVWHG�5�VTXDUH ������
)�YDOXH �����

 VLJQLILFDQFH�OHYHO������� VLJQLILFDQFH�OHYHO������� VLJQLILFDQFH�OHYHO������
6RXUFH� $XWKRU
V�&DOFXODWLRQV

7DEOH� ���� VKRZV� WKH� UHVXOWV� IRU� LQVHFWLFLGHV� DV� WKH� GHSHQGHQW� YDULDEOH�
,QVHFWLFLGHV�DUH�WKH�PDMRU�FRPSRQHQW�RI�SHVWLFLGH�XVH�LQ�WDQJHULQH��6LPLODU�WR
WKH�SUHYLRXV�HTXDWLRQV��GHYHORSPHQW�RI�LQVHFWLFLGH�FRVWV�RYHU�WLPH�GHSHQG�RQ
WKH�WLPH�RI�WDQJHULQH�JURZLQJ�DQG�WKH�FOXVWHU��3DUDPHWHU�HVWLPDWHV�DUH�VLPLODU
WR�WKRVH�RI�WKH�SHVWLFLGH�FRVW�IXQFWLRQ�
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7DEOH����� 3DUDPHWHU�(VWLPDWHV�RI�,QVHFWLFLGH�&RVWV�)XQFWLRQ
3DUD�PHWHU 9DULDEOH 3DUDPHWHU(VWLPDWH W�UDWLR

D ,QWHUFHSW ���� �����
b� 7LPH�RI�7DQJHULQH*URZLQJ ���� ����

b� &OXVWHU�� ���� ����
b� &OXVWHU�� ���� ����
b� )HUWLOL]HU ���� ����
b� 2UJDQLF�0DQXUH ���� ����
b� 2UFKDUG�6L]H ����� ����
b� 5HSODQWLQJ�&RVWV ���� ����

5�VTXDUH ������
$GMXVWHG�5�VTXDUH ������
)�YDOXH �����

 VLJQLILFDQFH�OHYHO������� VLJQLILFDQFH�OHYHO������� VLJQLILFDQFH�OHYHO������
6RXUFH� $XWKRU
V�&DOFXODWLRQV

6XPPLQJ� XS� WKH� UHVXOWV� RI� DOO� WKUHH� HTXDWLRQV� VKRZV� OLWWOH� GLIIHUHQFH� LQ� WKH
VWDWLVWLFDO�TXDOLW\�RI� WKH�HTXDWLRQV��7KH� IDFW� WKDW� WKH� YDULDEOHV� IHUWLOL]HU� FRVWV�
FRVWV� RI� RUJDQLF�PDQXUH� DQG� WKH� OHYHO� RI� UHSODQWLQJ� FRVWV� KDYH� D� VLJQLILFDQW
SRVLWLYH� VLJQ� XQGHUOLQH� HDUOLHU� REVHUYDWLRQV� WKDW� IDUPHUV� ZKR� XVH� D� ORW� RI
SHVWLFLGHV� DOVR� XVH� KLJK� OHYHO� RI� RWKHU� LQSXWV�� 7KH� IDFW� WKDW� UHSODQWLQJ� FRVWV
SRVLWLYHO\�DIIHFW� SHVWLFLGH� FRVWV� LQGLFDWH� WKDW� D� WLPH�GHSHQGHQFH� RI� SHVWLFLGH
FRVWV�PD\� H[LVW�� 7KLV� LV� IXUWKHU� VXSSRUWHG� E\� WKH� IDFW� WKDW� RWKHU� H[SODQDWRU\
YDULDEOHV�KDYH�YHU\�OLWWOH�LQIOXHQFH�RQ�SHVWLFLGH�FRVWV�RYHU�WLPH�
������ 6XPPDU\
7KH�DQDO\VLV�RI�WKH�DJH�\LHOG�UHODWLRQ�VKRZHG�WKDW�D�PDMRU�GHWHUPLQDQW�IRU�WKH
RXWSXW� LV� WKH� DJH�RI� SODQWDWLRQ�� ,W� LV� VKRZQ�DOVR� WKDW� DFWXDO� \LHOGV� DUH� EHORZ
SRWHQWLDO�\LHOGV�ZKHQ�XVLQJ�OLWHUDWXUH�GDWD�DV�D�UHIHUHQFH��7KLV�PLJKW�VHUYH�DV
D� ILUVW� LQGLFDWRU� IRU� VXERSWLPDO� LQSXW� XVH� OHYHOV� RU� HYHQ� LQHIILFLHQW� RYHUDOO
RUFKDUG�PDQDJHPHQW��2Q� WKH� RWKHU� KDQG�� WKHUH�DUH� IDUPHUV� LQ� HYHU\� FOXVWHU
ZKR�DUH�DEOH� WR� UHDFK� WKRVH�SRWHQWLDO� \LHOGV��7KH�SURGXFWLRQ� LQFUHDVHV�TXLWH
UDSLGO\� LQ� WKH�ILUVW�\HDUV��ZLWK�D�SHDN�SURGXFWLRQ�SHULRG�EHWZHHQ�\HDU����DQG
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��� DQG� D� VORZ� GHFOLQH� LQ� \LHOGV� WRZDUGV� WKH� ODWHU� JURZWK� VWDJHV�� $V� WKH
UHJUHVVLRQ� FRHIILFLHQWV� RI� WKH� DJH�\LHOG� UHODWLRQ� DUH� KLJKHU� IRU� FOXVWHU��� WKH
FRQFOXVLRQ� KDV� EHHQ� GUDZQ� WKDW� WKH� SODQWDWLRQ� DJH� H[SODLQV� WKH� RXWSXW� WR� D
KLJKHU� GHJUHH� WKDQ� LQ� WKH� RWKHU� FOXVWHUV�� 7KH� FOXVWHUV� GLIIHU� OHVV� LQ� WKH
PD[LPXP�\LHOGV�REWDLQHG� WKDQ� LQ� WKH�VKDSH�RI� WKH�DJH�\LHOG�FXUYH��$�WHVW�RQ
WKH� GLIIHUHQFH� EHWZHHQ� WKH� IXQFWLRQV� UHVXOWHG� LQ� VLJQLILFDQW� GLIIHUHQFHV
EHWZHHQ�FOXVWHU���DQG�FOXVWHU���
7KH�TXHVWLRQ�DULVHV�ZK\�IDUPHUV�LQ�FOXVWHU���DQG�FOXVWHU���DUH�SURGXFLQJ�ZLWK
KLJK� LQSXW� OHYHOV� UHODWLYH� WR� FOXVWHU� ��� 7KH� H[SODQDWLRQV� DUH� WZRIROG�� )LUVWO\�
HLWKHU� WKH� VXERSWLPDO� XVH� RI� VRPH� LQSXWV� KDV� D� QHJDWLYH� HIIHFW� RQ� WKH
GHYHORSPHQW� RI� WKH� WUHHV�� WKXV� \LHOG� LQFUHDVHV� GXH� WR� WKH� DJH�\LHOG� UHODWLRQ
FDQQRW� EH� UHDOL]HG�� 6HFRQGO\�� RYHU� WLPH�� IDUPHUV� KDYH� WR� XVH� LQFUHDVLQJO\
KLJKHU� OHYHOV� RI� SHVWLFLGHV� WR� REWDLQ� D� JLYHQ� OHYHO� RI� RXWSXWV�� 7KHVH� WZR
H[SODQDWLRQV� FDQ� EH� GHULYHG� IURP� WKH� SURGXFWLRQ� IXQFWLRQ� DQDO\VLV�� +HUH�
&REE�'RXJODV� VSHFLILFDWLRQ�ZDV� FKRVHQ��3HVWLFLGH� FRVWV�ZHUH� LQFOXGHG�DV� D
YDULDEOH� LQ� WKH� SURGXFWLRQ� IXQFWLRQ�� 7KLV� GHYLDWHV� IURP� WKH� WKHRUHWLFDO
FRQFOXVLRQV�RI�WUHDWLQJ�SHVWLFLGHV�LQ�GDPDJH�DEDWHPHQW�IUDPHZRUN��+RZHYHU�
SHVW�SUHVVXUH�LQ�WDQJHULQH�SURGXFWLRQ�LV�H[LVWHQW�WKH�ZKROH�\HDU�EHFDXVH�RI�WKH
UDWKHU�FRQWLQXRXV�SURGXFWLRQ�SURFHVV��$V�D�FDXVH�RI�WKH�PHWKRGRORJ\�FKRVHQ�
DQ�RYHUHVWLPDWLRQ�RI�PDUJLQDO�SURGXFWLYLW\�RI�SHVWLFLGHV�PD\�RFFXU��&RQWUDU\�WR
WKH�GDPDJH�DEDWHPHQW�IXQFWLRQV�WUHDWLQJ�SHVWLFLGHV�DV�DQ�LQSXW�YDULDEOH�LQ�WKH
&REE�'RXJODV�IXQFWLRQ�WKHUH�LV�QR�PD[LPXP�
+RZHYHU��XVH� OHYHOV�VHHP�SDUWO\� WR�EH� LQGHSHQGHQW� IURP�SURILW�PD[LPL]DWLRQ
FULWHULD��7KLV�VWDWHPHQW� LV�XQGHUOLQHG�E\� WKH�QHJDWLYH�PDUJLQDO�SURGXFWLYLW\�RI
SHVWLFLGHV�� LPSO\LQJ� D� VXERSWLPDO� LQWHQVLW\� RI� SHVWLFLGH� XVH�� 'HVSLWH� RI� WKH
PHWKRGRORJLFDO� VKRUW� FRPLQJV� WZR�PDMRU� REVHUYDWLRQV� FDQ� EH�PDGH��2QH� LV
WKDW�VLJQ�RI�WKH�YDULDEOHV�WKDW�LQSXW�XVH�GHFLVLRQV�PD\�QRW�DOZD\V�IROORZ�SURILW
PD[LPL]DWLRQ�FULWHULD��7KH�VHFRQG�REVHUYDWLRQ� LV� WKDW� WKH�PDUJLQDO�SURGXFW�RI
SHVWLFLGHV�PD\�ZHOO�EH�QHJDWLYH��+HQFH�SHVWLFLGHV�PD\�QRW�EH�FRQWULEXWLQJ�WR
FURS�ORVV�UHGXFWLRQ�WR�DQ�H[WHQW�ZKLFK�LV�FRPPRQO\�DVVXPHG�
8QGHU� WKH� DVVXPSWLRQ� WKDW� SHVW� SUHVVXUH� LQFUHDVHV� RYHU� WLPH� GXH� WR
UHVLVWDQFH�DQG�UHVXUJHQFH��WKH�FRQWLQXRV�KLJK�OHYHO�RI�SHVWLFLGH�XVH�VXJJHVWV
D�JURZQ�GHSHQGHQF\�RQ�SHVWLFLGH�XVH��$V� WKH� LQVWLWXWLRQDO�HQYLURQPHQW�H�� J�
FURS�ORVV�DQG�SHVWLFLGH�EHQHILW�DVVHVVPHQW�SURFHGXUHV�DQG�WKH�DYDLODELOLW\�RI
LQIRUPDWLRQ�RQ�DOWHUQDWLYH�PHWKRGV�RI� FRQWURO� VXJJHVWV� VRPH�GHJUHH�RI� SDWK
GHSHQGHQF\�LQ�WKH�VXUYH\�DUHD�
,Q� D� QH[W� VWHS� LW� KDV� EHHQ� DVNHG� ZKHWKHU� FRQGLWLRQV� H[LVWV� OHDGLQJ� WR� SDWK�
GHSHQGHQF\�LQ�WDQJHULQH�SURGXFWLRQ��2Q�RQH�KDQG��WKHUH�DUH�VXQN�FRVWV�ERUQH
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E\� SHVWLFLGH� SURGXFHUV�� L�H�� SHVWLFLGH� GHYHORSPHQW� FRVWV�� FRVWV� IRU� UHVHDUFK
DQG� SURPRWLRQ� RI� WKH� SHVWLFLGH� DQG� KLJK� \LHOGLQJ� YDULHWLHV� UHTXLULQJ� PRUH
FKHPLFDO� LQSXWV�� 2Q� WKH� RWKHU� KDQG�� VXQN� FRVWV� H[LVW� RULJLQDWLQJ� IURP� WKH
WDQJHULQH� SURGXFWLRQ� SURFHVV�� H�J�� IRU� SHVWLFLGH� DSSOLFDWLRQ� HTXLSPHQW�� 7KH
XVH�RI�RWKHU�FURS�SURWHFWLRQ�PHWKRGV�ZRXOG�UHTXLUH�QHZ�LQYHVWPHQWV��$QRWKHU
DVSHFW�RI�VXQN�FRVWV�LV�WKH�RUFKDUG�HVWDEOLVKPHQW��+HUH��WKH�IRXQGDWLRQ�LV�ODLG
IRU� IXWXUH� PDQDJHPHQW� RSWLRQV�� 7KH� SODQWLQJ� RI� URRWVWRFNV� VXVFHSWLEOH� IRU
GLVHDVHV� RU� DOUHDG\� LQIHFWHG� WKURXJK� PDUFRWWLQJ� WHFKQLTXH� LQFUHDVHV� WKH
SUREDELOLW\�RI�LQWHQVLYH�SHVWLFLGH�XVH�LQ�WKH�IXWXUH�
,QFUHDVLQJ� UHWXUQV� WR� VFDOH� H[LVW� LQ� WKH� JDLQLQJ� RI� H[SHULHQFH� WKURXJK
FRQWLQXRXV�SHVWLFLGH�XVH��7KLV�LV�DQ�DGYDQWDJH�RWKHU�PHWKRGV�FDQQRW�RIIHU�DV
OLWWOH�H[SHULHQFH�ZLWK�WKHLU�XVH�H[LVWV��$V�WKH�EHQHILWV�RI�SHVWLFLGH�XVH�DUH�RIWHQ
RYHUHVWLPDWHG� SRVVLEOH� LQFUHDVLQJ� UHWXUQV� RI� SHVWLFLGH� XVH� DUH� DOVR
RYHUHVWLPDWHG�
1HWZRUN�H[WHUQDOLWLHV�H[LVWV�LQ�VHYHUDO�DVSHFWV�LQ�WKH�VXUYH\�DUHD��$V�PRVW�RI
WKH�IDUPHUV�LQ�WKH�DUHD�SURGXFH�WDQJHULQH��WKHUH�LV�D�ODUJH�SRRO�IRU�LQIRUPDWLRQ
H[FKDQJH��)XUWKHUPRUH��D�SUHVVXUH�H[LVWV�WR�FRQWLQXH�FKHPLFDO�FURS�SURWHFWLRQ
DV�WKH�IDUPHUV�EHOLHYH�H[LVWV�WKDW� LI�RQH�VWRSV�VSUD\LQJ��SHVW�SUHVVXUH�RQ�WKH
RWKHU�IDUPHUV�ZLOO� LQFUHDVH��&RVWV�IRU�FKDQJLQJ�FXUUHQW�PDQDJHPHQW�V\VWHPV
FDQ�EH�IXUWKHU�FRQVLGHUHG�DV�WRR�KLJK�IRU�D�V\VWHP�FKDQJH�
:KHWKHU� WKH�H[LVWHQFH�RI�SDWK�GHSHQGHQF\�FDQ�EH�DQDO\]HG�ZLWK� WKH�VXUYH\
GDWD�KDV�EHHQ�DGGUHVVHG�LQ�WKH�ILQDO�VHFWLRQ�RI�WKH�FKDSWHU��7KH�RUFKDUGV�KDYH
EHHQ� GLIIHUHQWLDWHG� E\� JURZLQJ� VWDJHV�� UHJLRQV� DQG� GHYHORSPHQW� ZLWKLQ
FOXVWHUV�� $OWKRXJK� WKH� LQWHUSUHWDWLRQ� RI� VXFK� DQ� DQDO\VLV
� UHVXOWV� LV� OLPLWHG�
HQRXJK�HYLGHQFH�IRU�WKH�H[LVWHQFH�RI�SDWK�GHSHQGHQF\�FRXOG�EH�IRXQG��7KHVH
GLIIHUHQWLDWLRQ� XQGHUOLQHV� WKH� DVVXPSWLRQ� WKDW� D� ORFNHG�LQ� VLWXDWLRQ� H[LVWV� LQ
WDQJHULQH�SURGXFWLRQ�
,I�DOO�IDUPHUV�DUH�PRYLQJ�WRZDUGV�WKH�VDPH�ORFNHG�LQ�VLWXDWLRQ��FXUUHQWO\�EHLQJ
RQ�GLIIHUHQW�GHYHORSPHQW� OHYHOV�RU�ZKHWKHU� WKH� WKUHH�FOXVWHUV�GHSLFW� V\VWHPV
ORFNHG�LQ�RQ�D�FHUWDLQ�OHYHO�RI�SHVWLFLGH�XVH�FRXOG�QRW�EH�FRPSOHWHO\�DQVZHUHG�
+RZHYHU�� WKH� GLIIHUHQWLDWLRQ� E\� FOXVWHUV� UHYHDOHG� WKDW� WKH� IDUPHUV� ZLWKLQ� WKH
FOXVWHUV� DUH� PRYLQJ� RQ� D� GHYHORSPHQW� SDWK� ZKLFK� LQFOXGHV� KLJKHU� LQWHQVLW\
OHYHOV��7KH�IDUPHUV�LQWHQVLI\�WKHLU�FURS�SURWHFWLRQ�EXW�VWLFN�WR�WKHLU�FOXVWHU��7KH
IDUPHUV�PRYH�WRZDUGV�DQ�HTXLOLEULXP�RI�SHVWLFLGH�XVH�ZKLFK�FDQ�EH�UHJDUGHG
DV� D� VXERSWLPDO� RQH�� 7KLV� HTXLOLEULXP� LV� VXSSRVHGO\� RQ� GLIIHUHQW� LQWHQVLW\
OHYHOV�IRU�WKH�WKUHH�FOXVWHUV��$�UHJUHVVLRQ�DQDO\VLV�RI�SHVWLFLGH�FRVWV��LQ�UHODWLRQ
WR� VRPH� H[SODQDWRU\� YDULDEOHV�� VXJJHVWV� WKH� WLPH� GHSHQGHQFH� RI� SHVWLFLGH
FRVWV�FRPELQHG�ZLWK�D�VWURQJ�LQIOXHQFH�RI�FOXVWHU�EHORQJLQJ�
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,W� KDV� WR� EH� FRQFOXGHG� WKDW� XQOHVV� HLWKHU� D� SURGXFWLRQ� FULVLV� RFFXU�� RU
JRYHUQPHQWDO�H[WHQVLRQ� VHUYLFH�DQG�SROLF\�GLUHFWLRQV� DUH� VWURQJHU�SURPRWLQJ
FKHPLFDO� DOWHUQDWLYHV�� LQHIILFLHQFLHV� DQG� PRVW� OLNHO\� SDWK�GHSHQGHQF\� ZLOO
FRQWLQXH�LQ�FXUUHQW�PDQDJHPHQW�VWUDWHJLHV�
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���� 6XPPDU\
7KH� VWXG\� DQDO\VHV� WKH� HFRQRPLF� DQG� SROLWLFDO� IDFWRUV� WKDW� LQIOXHQFH� SHVW
PDQDJHPHQW� LQ� FLWUXV� SURGXFWLRQ�� 7KLV� WRSLF� GUDZV� LWV� UHOHYDQFH� IURP� WKH
RQJRLQJ� SROLWLFDO� DQG� LQVWLWXWLRQDO� GLVFXVVLRQ� DERXW� FKHPLFDO� FURS� SURWHFWLRQ
PHWKRGV�DQG�WKH�LQFUHDVH�LQ�SHVWLFLGH�XVH�GHVSLWH�JURZLQJ�FRQFHUQV�UHJDUGLQJ
H[WHUQDO�HIIHFWV��7KDLODQG�LV�RQH�RI�WKH�FDVH�VWXG\�FRXQWULHV�VHOHFWHG�ZLWKLQ�D
ODUJHU� LQWHUQDWLRQDO� SURMHFW� RQ� SHVWLFLGH� SROLFLHV�� ,W� ZDV� IRXQG� WKDW� VHYHUDO
IDFWRUV�VWLPXODWH�WKH�XVH�RI�SHVWLFLGHV�LQ�PDQ\�DJULFXOWXUDO�SURGXFWLRQ�V\VWHPV
LQ� 7KDLODQG�� $V� RQH� RI� WKH� PDMRU� IUXLWV� DQG� PRVW� FKHPLFDO�LQWHQVLYH� FURSV�
FLWUXV�KDV�EHHQ�FKRVHQ��DV�D�FDVH�VWXG\�
7KH� DQDO\VLV� RI� WKH� FURS� SURWHFWLRQ� VHFWRU� LQ� 7KDLODQG� KDV� UDLVHG� FRQFHUQV
UHODWHG� WR� WKH� XVH� DQG� RQJRLQJ� VXSSRUW� RI� SHVWLFLGHV� DV� WKH� PDLQ� FURS
SURWHFWLRQ� VWUDWHJ\�� 3ULFH� IDFWRUV�� LQVWLWXWLRQDO� IDFWRUV� DQG� LQIRUPDWLRQ� IDFWRUV
KDYH� EHHQ� GHWHUPLQHG� DV� IDYRULQJ� WKH� H[FHVVLYH� XVH� RI� SHVWLFLGHV� DQG
KLQGHULQJ� GHYHORSPHQW� DQG� GLVVHPLQDWLRQ� RI� DOWHUQDWLYH� VWUDWHJLHV�� 7KH
QHJDWLYH� FRQVHTXHQFHV� RI� SHVWLFLGH� XVH� DUH� XQGHUHVWLPDWHG� DQG� DUH� QRW
LQFRUSRUDWHG�LQ�WKH�GHFLVLRQ�PDNLQJ�SURFHVV��QHLWKHU�DW�IDUP�QRU�DW�SROLF\�OHYHO�
$FFRUGLQJ�WR�WKH�:+2�FODVVLILFDWLRQ��PRVW�RI�WKH�SHVWLFLGHV�XVHG�VWLOO�EHORQJ�WR
WKH�
H[WUHPHO\
�DQG�
KLJKO\
�KD]DUGRXV�SHVWLFLGH�JURXSV�
$W� DOO� OHYHOV�� WKH� DYDLODELOLW\� RI� LQIRUPDWLRQ� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH
DJULFXOWXUDO�GHFLVLRQ�PDNLQJ�SURFHVV��%LDVHG�RU�LQVXIILFLHQW�LQIRUPDWLRQ�DFWV�DV
D�FRQVWUDLQW� WR� WKH�GLVVHPLQDWLRQ�RI�DOWHUQDWLYHV� WR�SHVWLFLGHV��)XUWKHUPRUH�� LW
OLPLWV� WKH�RSWLRQV�DYDLODEOH� LQ� WKH�SROLWLFDO� GHFLVLRQ�PDNLQJ�SURFHVV��'HFLVLRQ
PDNLQJ�LV�RIWHQ�EDVHG�RQ�LQIRUPDWLRQ�JLYHQ�E\�UHWDLOHUV�DQG�RWKHU�IDUPHUV��DV
ZHOO�DV�SHVWLFLGH�FRPSDQLHV�
,Q� 7KDLODQG�� WKH� OLEHUDO� SHVWLFLGH� PDUNHW� KDV� OHG� PDQ\� FRPSDQLHV� WR� EH
LQYROYHG� LQ� WKH� LPSRUW� DQG� ORFDO� GLVWULEXWLRQ� RI� SHVWLFLGHV�� &RQWUROOLQJ� WKLV
PDUNHW� LV� GLIILFXOW� DQG� WKH� LPSOHPHQWDWLRQ� RI� H[LVWLQJ� UXOHV� LV� OD[�� 7D[
UHGXFWLRQV� RQ� SHVWLFLGHV� LQFUHDVH� WKH� SURILWDELOLW\� LQ� WKLV� PDUNHW�� ,W� FDQ� EH
DVVXPHG� WKDW� WKH� FXUUHQW� SULFH� RI� SHVWLFLGHV� GRHV� QRW� LQFOXGH� DOO� FRVWV
RFFXUULQJ� LQ� WKH�HFRV\VWHP��6R� IDU�� OLWWOH�KDV�EHHQ�GRQH�DW� WKH�SROLF\� OHYHO� WR
UHGXFH�WKH�GLVWRUWLRQV�LQ�IDYRU�RI�SHVWLFLGH�XVH��:KLOH�VWURQJ�HIIRUWV�DUH�PDGH
WR� LPSURYH� SHVWLFLGH� LQWHQVLYH� PDQDJHPHQW� V\VWHPV�� LQ� UHFHQW� \HDUV� DQ
LQFUHDVHG�HIIRUWV�KDYH�EHHQ� WDNHQ� WR� LQWURGXFH� ,QWHJUDWHG�3HVW�0DQDJHPHQW
�,30�� PHWKRGV�� +RZHYHU�� IRU� D� VXFFHVVIXO� QDWLRQZLGH� ,30� SURJUDP�� LWV



&KDSWHU����6XPPDU\�DQG�&RQFOXVLRQV ���

LPSOHPHQWDWLRQ�PXVW�EH�DFFRPSDQLHG�E\�WKH�HQIRUFHPHQW�RI�SROLFLHV�UHODWLQJ
WR�SHVWLFLGH�LPSRUWV��OLFHQVLQJ��UHJLVWUDWLRQ��FRQWURO�DQG�SULFLQJ�
7KH�QHJDWLYH�VLGH�HIIHFWV�RI�FXUUHQW�SHVWLFLGH�XVH�UHVXOW�LQ�FRQVLGHUDEOH�FRVWV
WR� VRFLHW\�� ,I� WKHVH�SHVWLFLGH�UHODWHG�KHDOWK� HIIHFWV� DQG�RWKHU� H[WHUQDO� HIIHFWV
VXFK� DV� L�H�� UHVLVWDQFH�� UHVXUJHQFH�� UHVLGXHV� DQG� ZDWHU� SROOXWLRQ� DUH
FRQVLGHUHG�� WKHQ�� LQ� PDQ\� FDVHV� WKH� HIILFDF\� RI� SHVWLFLGH� XVH� DSSHDUV
GRXEWIXO�� 7KH� DVVHVVPHQW� RI� WKH� H[WHUQDO� FRVWV� UHODWHG� WR� SHVWLFLGH� XVH� LQ
7KDLODQG�SRLQWV�WRZDUGV�D�UDWLR�RI�DOPRVW�RQH�WR�RQH��L�H��IRU�HDFK�%DKW�VSHQW
RQ�SHVWLFLGHV�H[WHUQDO�FRVWV�RI�DOPRVW�RQH�%DKW�KDYH�WR�EH�WDNHQ�LQWR�DFFRXQW�
7KLV� VWXG\� VXJJHVWV� WKDW� WKH� LPSDFWV� RI� SHVWLFLGH� SROLFLHV�� OLNH� VXEVLGLHV�
ELDVHG�LQIRUPDWLRQ�RQ�FRVWV�DQG�EHQHILWV�RI�SHVWLFLGHV��UHVRXUFH�FRVWV�DQG�WKH
SRVVLEOH�H[LVWHQFH�RI�SDWK�GHSHQGHQF\�DUH�EHVW�VWXGLHG�ZLWK�D�FURS�OLNH�FLWUXV
ZKHUH� WKH�KLJK�XVH�RI�H[WHUQDO� LQSXWV�SHUVLVWV�RYHU�D� ORQJ�SHULRG�RI� WLPH��$OO
DVSHFWV� RI� WKH� WKHRUHWLFDO� GLVFXVVLRQ� KDYH� WKHUHIRUH� EHHQ� DQDO\]HG� IRU� WKH
WDQJHULQH� VHFWRU�� WKH� PRVW� LPSRUWDQW� FLWUXV� FURS� LQ� WKH� FHQWUDO� UHJLRQ� RI
7KDLODQG�
,Q� WKH� WKHRUHWLFDO�SDUW�RI� WKH�VWXG\��DQ�HFRQRPLF� IUDPHZRUN� IRU� LQFRUSRUDWLQJ
SHVWLFLGHV�ZDV�FRQFHSWXDOL]HG�� ,Q� WKH�GLVFXVVLRQ�RQ�SURGXFWLRQ� IXQFWLRQV� WKH
PHWKRGRORJLFDO�GLIILFXOWLHV�RI� LQFRUSRUDWLQJ�SHVWLFLGHV�ZHUH�DGGUHVVHG�� ,W�ZDV
DUJXHG� WKDW� LQ� WKH� HFRQRPLF� DVVHVVPHQW� SHVWLFLGHV� FDQQRW� EH� WUHDWHG� OLNH
RWKHU�VWDQGDUG� LQSXW� IDFWRUV��7KLV� LV�PDLQO\�GXH� WR� WKUHH�DVSHFWV��QDPHO\� WKH
PHWKRGRORJLFDO�GLIILFXOWLHV�RI�LQFRUSRUDWLQJ�SHVWLFLGHV� LQ�D�SURGXFWLRQ�IXQFWLRQ�
WKH�GLYHUJHQFH�EHWZHHQ�SHUFHLYHG�DQG� UHDO�SURILWDELOLW\�RI� SHVWLFLGHV�DQG� WKH
QHJOHFW�RI�H[WHUQDO�HIIHFWV��7KH�GLVFXVVLRQ�RQ�FXUUHQW�EHQHILW�FRVW�DVVHVVPHQW�
WKH� TXDQWLILFDWLRQ� RI� FURS� ORVVHV�� LQIRUPDWLRQ� DQG� ULVN� FRQVWUDLQWV� DV� ZHOO� DV
UHVRXUFH� FRVWV� DQG� SDWK�GHSHQGHQF\� VXSSRUW� WKH� SURILWDELOLW\� DVSHFW� ZKLOH
H[WHUQDO�HIIHFWV�DUH�GLVFXVVHG� LQ� UHODWLRQ� WR�SHVWLFLGH�XVH��7KH� UHVXOWV�RI� WKH
WKHRUHWLFDO�DQDO\VLV�OHDG�WR�WKH�IROORZLQJ�ZRUNLQJ�K\SRWKHVLV�
�� 3HVWLFLGHV� LQ� FLWUXV� SURGXFWLRQ� LQ� 7KDLODQG� DUH� XVHG� DERYH� WKHLU� HFRQRPLF

RSWLPXP�IURP�DQ�SULYDWH�DQG�VRFLDO�SRLQW�RI�YLHZ�
�� &URVV�VHFWLRQDO� GLIIHUHQFHV� LQ� PDQDJHPHQW� VWUDWHJLHV� LQ� FLWUXV� SURGXFWLRQ

UHJDUGLQJ� OHYHOV� RI� LQSXW� DQG� HVSHFLDOO\� SHVWLFLGH� XVH� FDQQRW� VROHO\� EH
H[SODLQHG�E\�HFRQRPLF�PD[LPL]DWLRQ�FULWHULD�

�� 7KH� FLWUXV� SURGXFWLRQ� LQ� WKH� FHQWUDO� UHJLRQ� RI� 7KDLODQG� LV� LQ� D� VLWXDWLRQ� RI
ORFNHG�LQ� IRU� SHVWLFLGH� XVH�� 7KHUHIRUH�� RSWLRQV� IRU� IXWXUH� PDQDJHPHQW
GHFLVLRQ�DUH�OLPLWHG�DQG�D�SHVWLFLGH�GHSHQGHQW�SDWK�LV�OLNHO\�WR�FRQWLQXHG�
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7KH�DQDO\VLV�RI�WKH�SURGXFWLRQ�VLWXDWLRQ�LQ�WKH�&HQWUDO�UHJLRQ�UHYHDOHG�WKDW�WKH
QDWXUDO�FRQGLWLRQV�DUH�QRW�EHVW�VXLWHG� IRU� WDQJHULQH�SURGXFWLRQ��1HYHUWKHOHVV�
WKH� ODUJHVW� PRQRFXOWXUDO� WDQJHULQH� SURGXFWLRQ� DUHD� LQ� 7KDLODQG� GHYHORSHG
WKHUH�� ,Q� DGGLWLRQ� WR� WKH� VXERSWLPDO� QDWXUDO� FRQGLWLRQV�� VRPH� PDMRU
VKRUWFRPLQJV� LQ� WKH�FXUUHQW�SURGXFWLRQ�V\VWHPV�HQKDQFH� WKH�VXVFHSWLELOLW\� WR
SHVWV� DQG� GLVHDVHV��ZKLFK� LQ� WXUQ� OHDGV� WR� DQ� LQFUHDVH� LQ� SHVWLFLGH� XVH�� $V
WDQJHULQH� LV�SURGXFHG� WKH�ZKROH�\HDU�SHVW�SUHVVXUH� LV�FRPSDUDEO\�KLJK��7KH
ODFN� RI� NQRZOHGJH� RQ� WKH� QHFHVVLW\� WR� XVH� UHVLVWDQW� URRWVWRFNV�� WKHLU� OLPLWHG
VXSSO\�DQG�WKH�RQJRLQJ�VXSSRUW�RI�SHVWLFLGH�EDVHG�SURGXFWLRQ�V\VWHPV�FDQ�EH
UHJDUGHG� DV� PDMRU� VKRUWFRPLQJV� IURP� WKH� LQVWLWXWLRQDO� VLGH�� 7KH� PRVW
LQIOXHQWLDO� IDFWRU� LGHQWLILHG� LV� SUREDEO\� WKH� VWURQJ� GHSHQGHQFH� RQ� WKH
RPQLSUHVHQW� SHVWLFLGH� VDOHVPHQ� DQG� UHWDLOHUV�� ZKLFK� FUHDWH� SHVWLFLGH
RYHUIULHQGO\� HQYLURQPHQW� DQG� FRQYLQFH� IDUPHUV� RI� WKH� DEVROXWH� QHFHVVLW\� RI
SHVWLFLGH� XVH�� 7KH� GLVFXVVLRQ� RQ� DOWHUQDWLYHV� WR� SHVWLFLGH� XVH� UHYHDOHG� WKDW
UHODWLYHO\� VPDOO� FKDQJHV� LQ� WKH� PDQDJHPHQW� V\VWHP� ZRXOG� OHDG� WR� PRUH
VXVWDLQDEOH��OHVV�SHVWLFLGH�LQWHQVLYH�PDQDJHPHQW�V\VWHPV��6HYHUDO�RSWLRQV�WR
LPSURYH�FXUUHQW�V\VWHPV�DQG�WKXV�UHGXFH�SHVWLFLGH�XVH�KDYH�EHHQ�SUHVHQWHG�
$�IDUP�VXUYH\�KDV�EHHQ�FRQGXFWHG�LQ�WDQJHULQH�SURGXFWLRQ�LQ�&HQWUDO�7KDLODQG
WR� DQDO\]H� PDQDJHPHQW� V\VWHPV� DQG� WKH� XVH� RI� SHVWLFLGHV�� 7KH� VDPSOH
FRYHUV�WKH�ZLGH�UDQJH�RI�RUFKDUG�VL]HV��SODQWDWLRQ�DJHV�DQG�RI�IDUPHUV
�VRFLDO
EDFNJURXQG�� 7KH� PDMRULW\� RI� SHVWLFLGHV� XVHG� DUH� LQVHFWLFLGHV�� RI� ZKLFK� ��
SHUFHQW� EHORQJ� WR� WKH�:+2� FODVVHV� ,D�� ,E� DQG� ,,�� LPSO\LQJ� SRWHQWLDO� KXPDQ
KHDOWK�KD]DUGV��7KH�IDUP�OHYHO�DQDO\VLV�VKRZHG�WKDW�WKH�YDULDQFH�LQ�SHVWLFLGH
FRVWV� XVHG� SHU� UDL� DQG� \HDU� LV� FRPSDUDEO\� KLJK�� LQGLFDWLQJ� WKH� H[LVWHQFH� RI
GLIIHUHQW� SHVW� PDQDJHPHQW� V\VWHPV�� 7KHUHIRUH�� WKH� VXUYH\HG� IDUPHUV� ZHUH
FOXVWHUHG� DFFRUGLQJ� WR� WKH� OHYHO� RI� WKHLU� SURGXFWLRQ� LQWHQVLW\�� 7KH� SURGXFWLRQ
LQWHQVLW\� KDV� EHHQ� GHILQHG� DV� WKH� LQWHQVLW\� RI� SHVWLFLGH� DQG� IHUWLOL]HU� XVH� LQ
WHUPV�RI�DQQXDO�FRVWV�DQG�WKH�VKDUH�RI�SHVWLFLGH�FRVWV� LQ�SHUFHQW�RI� WKH� WRWDO
YDULDEOH�FRVWV��7KH�FOXVWHULQJ�SURFHGXUH�UHVXOWHG�LQ�WKUHH�FOXVWHUV�UHSUHVHQWLQJ
PDQDJHPHQW�V\VWHPV�SURGXFLQJ�DW�GLIIHUHQW�LQWHQVLW\�OHYHOV�
7KH�DQDO\VLV� RI� GLIIHUHQFHV� LQ� IDUP� FKDUDFWHULVWLFV� UHYHDOHG� WKDW� WKH� FOXVWHUV
GLIIHU� LQ� VHYHUDO� SURGXFWLRQ� IDFWRUV�� 7KH� WKLUG� FOXVWHU�� UHSUHVHQWLQJ� WKH� PRVW
SHVWLFLGH� LQWHQVLYH� FOXVWHU��KHUHE\� WXUQV�RXW� WR�EH�DV�ZHOO� WKH�PRVW� LQWHQVLYH
FOXVWHU� IRU�PRVW� RWKHU� IDFWRUV��+RZHYHU�� WKLV� KLJK� OHYHO� RI� LQWHQVLW\� GRHV� QRW
UHVXOW� LQ�KLJKHU�\LHOGV�DQG�UHYHQXHV��$� IXUWKHU�GLIIHUHQWLDWLRQ�RI� IDUP�EXGJHWV
E\�\LHOG� OHYHOV�FRQFOXGHV� WKDW�D�KLJKHU� LQSXW� LQWHQVLW\�GRHV�QRW�FRUUHODWH�ZLWK
KLJKHU�RXWSXWV��7KLV�UHVXOW�LV�D�ILUVW�LQGLFDWRU�IRU�SHVWLFLGH�RYHUXVH�LQ�WKH�DUHD�
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7KH� GDWD� ZHUH� IXUWKHU� DQDO\]HG� IRU� VSHFLILF� LQGLFDWRUV� RI� GLIIHUHQFHV� LQ
SHVWLFLGH�FRVWV��'LIIHUHQWLDWLRQ�KDV�EHHQ�PDGH�LQ�WKH�W\SHV�RI�SHVWLFLGHV�XVHG
DFFRUGLQJ� WR� SHVWLFLGH� FDWHJRULHV�� WKH� GLVWULEXWLRQ� RI� SHVWLFLGH� XVH�ZLWKLQ� WKH
SURGXFWLRQ�F\FOH�DQG�TXDQWLWLHV�DQG�FRVWV�RI�SHVWLFLGHV��0DMRU�GLIIHUHQFHV�H[LVW
LQ� WHUPV�RI� WKH�VSHFWUXP�RI�SHVWLFLGHV�XVHG��7KH�PRUH� LQWHQVLYH�FOXVWHUV�DUH
XVLQJ� D� KLJKHU� VKDUH� RI� SHVWLFLGHV� RWKHU� WKDQ� LQVHFWLFLGHV�� 7KH� WLPLQJ� RI
SHVWLFLGH� DSSOLFDWLRQV� LQ� WKH� FURSSLQJ� F\FOH� LV� VLPLODU� DFURVV� WKH� FOXVWHUV�
LQGLFDWLQJ� VLPLODU� VWUDWHJLHV�� KRZHYHU� DW� YHU\� GLIIHUHQW� LQWHQVLW\� OHYHOV�� 0DMRU
GLIIHUHQFHV�FDQ�EH�GHWHUPLQHG� LQ�WKH�TXDQWLWLHV�RI�SHVWLFLGHV�XVHG��7KH�PRVW
LQWHQVLYH�SURGXFLQJ�IDUPHUV�DSSO\�PRUH�WKDQ�WKUHH�WLPHV�WKH�DPRXQW�XVHG�E\
WKH� ORZ� LQWHQVLYH� IDUPHUV��7KH�DQDO\VLV�RI�DYHUDJH�SHVWLFLGH�SULFHV�E\�:+2
FODVV�UHYHDOHG�WKDW�WKH�LQWHQVLYHO\�SURGXFLQJ�IDUPHUV�DUH��RQ�WKH�RQH�KDQG��WKH
RQHV� XVLQJ� WKH� PRUH� VHOHFWLYH�� OHVV� SRLVRQRXV� SHVWLFLGHV�� +RZHYHU�� RQ� WKH
RWKHU�KDQG��WKH\�DUH�DOVR�XVLQJ�WKH�PRVW�KD]DUGRXV�SHVWLFLGHV�
,Q�VXPPDU\��FOXVWHU���IDUPHUV�FDQ�EH�GHILQHG�DV�WKH�PRUH�HIILFLHQW�SURGXFLQJ
IDUPHUV�� XVLQJ� ORZHU� LQSXW� TXDQWLWLHV�� EXW� REWDLQLQJ� KLJK� RXWSXW�� 7KHLU� WRWDO
YDULDEOH�FRVWV�LQ�SHUFHQW�RI�UHYHQXH�LV�WKH�VPDOOHVW��UHDFKLQJ�IURP����SHUFHQW
LQ� WKH� ORZHVW� WR� OHVV� WKDQ� ��� SHUFHQW� LQ� WKH� KLJKHVW� \LHOG� VWDJHV�� &OXVWHU� �
IDUPHUV�SURGXFH� OHVV� LQWHQVLYHO\� LQ� WHUPV�RI� WKH�QXPEHU�RI�KDUYHVWV�SHU�\HDU
DQG� ODERU� LQSXWV�� EXW�PRUH� LQWHQVLYHO\� WKDQ� FOXVWHU� �� LQ� WHUPV� RI� RWKHU� LQSXW
IDFWRUV�� ,W� FDQ� EH� GHWHUPLQHG� WKDW� FOXVWHU��� IDUPHUV� FRQFHQWUDWH� RQ� WKH
PD[LPL]DWLRQ� RI� SURGXFWLRQ� FRQVLGHULQJ� WKH� ZKROH� OLIH� VSDQ� RI� WKH� RUFKDUG
LQVWHDG�RI�DQQXDO�RXWSXW�PD[LPL]DWLRQ��$OWKRXJK�FOXVWHU��� IDUPHUV�DUH�E\� IDU
WKH�PRVW�LQSXW�LQWHQVLYH�SURGXFLQJ�IDUPHUV��WKHLU�\LHOGV�DUH�QRW�UHIOHFWLQJ�WKHVH
KLJK�LQSXW�XVHV�
&RQVLGHULQJ�WKDW�WKH�VKDUH�RI�IDUPHUV�ZLWK�ROGHU�RUFKDUGV�LV�KLJKHU�LQ�WKH�PRUH
LQWHQVLYH�FOXVWHUV�� WKH�TXHVWLRQ�DULVHV�ZKDW�H[SODLQV�WKH�\LHOG�� WR�ZKDW�H[WHQW
DUH�SHVWLFLGHV�FRQWULEXWLQJ�WR�LW�DQG�ZKHWKHU�SHVWLFLGH�LQWHQVLW\�LQFUHDVHV�RYHU
WLPH�
,Q� WKLV� FRQWH[W� SHVWLFLGHV� KDYH� EHHQ� WUHDWHG� DV� YDULDEOHV� LQ� WKH� SURGXFWLRQ
IXQFWLRQ�� 'HVSLWH� FRQFHUQV� UDLVHG� LQ� WKH� WKHRUHWLFDO� FKDSWHU� UHJDUGLQJ� WKH
GLUHFW� LQFRUSRUDWLRQ� RI� SHVWLFLGHV� LQ� WKH� SURGXFWLRQ� IXQFWLRQ� WKLV�PHWKRG� KDV
EHHQ�FKRVHQ�LQ�WKH�UHJUHVVLRQ�IROORZLQJ�WKUHH�DUJXPHQWV��)LUVW��LW�LV�SRVVLEOH�WR
MRLQWO\�DGGUHVV�SHVW�WUHDWPHQW�DQG�SULYDWH�LQSXW�EHKDYLRU��VHFRQGO\��LW�LV�VDIH�WR
DVVXPH� WKDW� SHVW� SUHVVXUH� SUHYDLOV� WKURXJKRXW� WKH� \HDU�� DQG� WKLUGO\�� QR
LQIRUPDWLRQ� H[LVWV� RQ� GDPDJH� DEDWHPHQW�� $� \LHOG�DJH� UHODWLRQ� DQG� D
SURGXFWLRQ� IXQFWLRQ�KDYH�EHHQ�HVWLPDWHG��7KH�\LHOG�DJH� UHODWLRQ� LV�EDVHG�RQ
WKH� VHPL�ORJDULWKPLF� 
+RHUO
� IXQFWLRQ� ZKLFK� FDQ� PRVW� LGHDOO\� SLFWXUH� WKH



��� &KDSWHU����6XPPDU\�DQG�&RQFOXVLRQV

GHYHORSPHQW�RI�IUXLW�WUHH�FURSV��7KH�UHVXOWV�VKRZ�WKDW�WKH�LPSDFW�RI�SODQWDWLRQ
DJH� LV�KLJKHVW� LQ� FOXVWHU����7KH�KLJKHVW� \LHOGV� DUH� UHDFKHG� EHWZHHQ� \HDU� ��
DQG� ���� +RZHYHU�� WKH� PD[LPXP� \LHOGV� FDOFXODWHG� IURP� WKH� IXQFWLRQ� DUH� IDU
EH\RQG�SRWHQWLDO�\LHOGV�LQGLFDWHG�E\�H[SHUWV��7KHUHIRUH��WKH�DVVXPSWLRQ�DULVHV
WKDW� RWKHU� IDFWRUV� KDYH� D� QHJDWLYH� LQIOXHQFH� RQ� RXWSXW� DV� WKH� PDMRULW\� RI
IDUPHUV�DUH�QRW�DEOH�WR�UHDFK�SRWHQWLDO�PD[LPXP�\LHOGV��)XUWKHU�HYLGHQFH�RQ
WKH�UROH�RI�SHVWLFLGHV�LQ�WDQJHULQH�SURGXFWLRQ�KDV�EHHQ�LQYHVWLJDWHG�EDVHG�RQ�D
SURGXFWLRQ� IXQFWLRQ� DQDO\VLV�� $� &REE�'RXJODV� IXQFWLRQ� KDV� EHHQ� FKRVHQ� DV
IXQFWLRQDO�IRUP�IRU�WKH�SURGXFWLRQ�IXQFWLRQ�
7KH� UHVXOWV� FRQILUP� WKH� SUHYLRXV� DVVXPSWLRQV� RQ� WKH� RYHUXVH� RI� SHVWLFLGHV�
7KH�PDUJLQDO�SURGXFW�RI�SHVWLFLGHV�LV�QHJDWLYH��&OHDUO\�DQ�XQZDQWHG�RXWFRPH�
DV�SHVWLFLGHV� JHQHUDOO\�DUH�DVVXPHG� WR� UHGXFH� FURS� ORVVHV��+RZHYHU� LQ� WKLV
FDVH��UHVXOWV�VXSSRUW�HDUOLHU�PDGH�REVHUYDWLRQ�RI�D�SRWHQWLDO�SHVWLFLGH�RYHUXVH�
7KH� EHORQJLQJ� WR� FOXVWHU� �� DQG� FOXVWHU� �� LQ� LWVHOI� KDV� D� SRVLWLYH� PDUJLQDO
SURGXFWLYLW\�� ,Q� OLQH� ZLWK� REVHUYDWLRQV� IURP� SUHYLRXV� FKDSWHUV�� WKH� IXQFWLRQ
UHVXOWV� LQ� KLJK� UHSODQWLQJ� FRVWV� KDYLQJ� D� QHJDWLYH� PDUJLQDO� SURGXFWLYLW\� RQ
RXWSXW�
0DLQ� IDFWRUV� VXSSRUWLQJ� WKH� RYHUXVH� RI� SHVWLFLGHV� LQ� WKH� VXUYH\� DUHD� KDYH
EHHQ�LGHQWLILHG�DV�IROORZV��WKH�KLJK�SURILWV�GLVFRXUDJLQJ�WKH�QHHG�RI�DGRSWLRQ�RI
PRUH�HIILFLHQW�FURS�SURWHFWLRQ��WKH�ODUJH�PRQRFXOWXUDO�DUHD�PDNLQJ�D�VZLWFK�RI
D� VLQJOH� IDUPHU� WR� RWKHU� FURS� SURWHFWLRQ�PHWKRGV�GLIILFXOW�� WKH� ORQJ�KLVWRU\� RI
SHVWLFLGH�XVH� LQ� WKH�UHJLRQ�� WKH�FRPPRQ�EHOLHI�RI�KLJK�SHVWLFLGH�EHQHILWV�DQG
WKH� LQVXIILFLHQW� NQRZOHGJH�� LQIRUPDWLRQ� DQG� H[WHQVLRQ� RQ� DOWHUQDWLYHV� RU
PDQDJHPHQW�V\VWHP�LPSURYHPHQWV�
7KH�TXHVWLRQ�RI�WKH�H[LVWHQFH�RI�SDWK�GHSHQGHQF\�ZDV�DGGUHVVHG�LQ�WKH�ILQDO
VHFWLRQ� RI� WKH� GLVFXVVLRQ� RQ� WKH� GHWHUPLQDQWV� RI� PDQDJHPHQW� V\VWHPV� LQ
WDQJHULQH� SURGXFWLRQ�� 7ZR� DVSHFWV� KDYH� EHHQ� GLVFXVVHG� LQ� GHWDLO�� ILUVW�
ZKHWKHU� IURP� D� WKHRUHWLFDO� SRLQW� RI� YLHZ� WKH� SUH�FRQGLWLRQV� IRU� SDWK�
GHSHQGHQF\�DUH�UHOHYDQW�LQ�WKH�VXUYH\�DUHD��DQG�VHFRQGO\��ZKHWKHU�LQGLFDWRUV
FDQ� EH� LGHQWLILHG� IURP� WKH� VXUYH\� VXSSRUWLQJ� WKH� WKHRUHWLFDO� FRQVLGHUDWLRQV�
7KH� SUHYDOHQFH� RI� VXERSWLPDO� SHVWLFLGH� XVH� LQ� WKH� VWXG\� DUHD� KDV� EHHQ
H[SOLFLWO\� GHPRQVWUDWHG� LQ� SUHYLRXV� DQDO\VHV�� 7KH� WKUHH� DVSHFWV� RIWHQ
LQGLFDWLQJ� WKH� H[LVWHQFH� RI� SDWK�GHSHQGHQF\�� QDPHO\� VXQN� FRVWV�� LQFUHDVLQJ
UHWXUQV�WR�VFDOH�DQG�QHWZRUN�H[WHUQDOLWLHV��KDYH�EHHQ�DQDO\]HG�ZLWK�UHJDUG�WR
WKHLU�H[LVWHQFH�LQ�WDQJHULQH�SURGXFWLRQ��7KH�UHVXOWV�DOORZ�WKH�FRQFOXVLRQ�WKDW�DOO
PHQWLRQHG� WKUHH� DVSHFWV� DUH� RI� LPSRUWDQFH� LQ� WDQJHULQH� SURGXFWLRQ� LQ
7KDLODQG��)XUWKHUPRUH��WKH�FRVWV�RI�WHFKQRORJLFDO�FKDQJH�FDQ�EH�UHJDUGHG�DV
TXLWH�KLJK��KLQGHULQJ�DQ�LQFUHDVH�LQ�WKH�DGDSWDWLRQ�RI�DOWHUQDWLYHV�WR�SHVWLFLGH
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XVH��7KHUHIRUH��WDQJHULQH�SURGXFWLRQ�LQ�WKH�&HQWUDO�UHJLRQ�RI�7KDLODQG�FDQ�EH
OLNHO\�GHVFULEHG�DV�ORFNHG�LQ�LQ�FKHPLFDO�FURS�SURWHFWLRQ��7R�ILQG�LQGLFDWRUV�IRU
SDWK�GHSHQGHQF\�LQ�WKH�VXUYH\�GDWD��WKH�VDPSOH�KDV�EHHQ�JURXSHG�DFFRUGLQJ
WR�JURZWK�VWDJHV��UHJLRQV�DQG�GHYHORSPHQW�RYHU�WLPH��$OO�WKLV�GLIIHUHQWLDWLRQ�RI
WKH� VDPSOH� KDV� OHG� WR� WKH� FRQFOXVLRQ� WKDW� LQGLFDWRUV� IRU� SDWK�GHSHQGHQF\
H[LVWV�� 7KH� DSSURDFK� XVHG�� KRZHYHU�� FRXOG� QRW� FOHDUO\� DQVZHU� ZKHWKHU� WKH
IDUPHUV� DUH�HLWKHU� FXUUHQWO\�SURGXFLQJ�RQ� YDULRXV� OHYHOV�RI� DQ� LQWHQVLW\� SDWK�
PRYLQJ�WRZDUGV�WKH�VDPH�ORFNHG�LQ�VLWXDWLRQ��RU�ZKHWKHU�WKH�FOXVWHUV�UHSUHVHQW
V\VWHPV�WKDW�DUH�ORFNHG�LQ�DW�YDULRXV�LQWHQVLW\�OHYHOV�RQ�GLIIHUHQW�GHYHORSPHQW
SDWK��7KH�DQDO\VLV�RI�WKH�LQSXW�LQWHQVLW\�RYHU�WLPH�VXJJHVWV�WKH�ODWWHU��,W�FRXOG
IXUWKHU�EHHQ�VKRZQ�WKDW�SHVWLFLGH�FRVWV�DUH�ODUJHO\�GHSHQGLQJ�RQ�RUFKDUG�DJH
DQG� FOXVWHU� EHORQJLQJ�� )DUPHUV� DUH� ORFNHG�LQ� WKHLU� FXUUHQW� FURS� SURWHFWLRQ
VWUDWHJLHV�� 7KH\� KDYH� UHDFKHG� D� OHYHO� RI� SHVWLFLGH� XVH� ZKLFK� H[FHHGV� WKH
RSWLPDO� OHYHO�� 7KH� FRQWLQXRXV� RYHUXVH� RI� SHVWLFLGHV� LV� OLNHO\� WR� FUHDWH� PRUH
SUREOHPV�GULYLQJ�IDUPHUV�GHHSHU�LQWR�SHVWLFLGH�GHSHQGHQF\�
���� &RQFOXVLRQV
7KH� FXUUHQW� FURS� SURWHFWLRQ� SROLF\� GHVLJQ� WDNHV� QHLWKHU� HFRQRPLF� QRU
HQYLURQPHQWDO� LPSOLFDWLRQV� LQWR� FRQVLGHUDWLRQ�� ,Q� DGGLWLRQ�� SROLWLFDO� LQWHUHVWV
DSSHDU�WR�EH�GLUHFWHG�WRZDUGV�PDLQWDLQLQJ�WKH�SUHVHQW�VWDWXV�TXR��UHVXOWLQJ�LQ
WKH� IRUPXODWLRQ�RI�D�VXERSWLPDO�VHW�RI�SROLFLHV��7KH�DQDO\VLV�RI� WKH� WDQJHULQH
VHFWRU� KDV� VKRZQ� WKDW� WKH� FXUUHQW� SROLWLFDO� LQFHQWLYHV� GR� QRW� OLPLW� SHVWLFLGH
RYHUXVH�� $� VLWXDWLRQ� KDV� GHYHORS� LQ� ZKLFK� IDUPHUV� DUH� ORFNHG� LQ� D� SHVWLFLGH
LQWHQVLYH�SURGXFWLRQ�VWUDWHJ\��2QH�FDQ�WKXV�DVVXPH�WKDW�XQOHVV�D�SURGXFWLRQ
FULVLV�RFFXUV��ZKLFK�FRXOG�EH�WKH�FDVH�LI�WKH�JUHHQLQJ�GLVHDVH�EHFRPHV�PRUH
VHYHUH��RU�SROLWLFDO�HIIRUWV�VWURQJO\�IRFXV�RQ�DOWHUQDWLYHV�WR�SHVWLFLGHV��IDUPHUV
ZLOO� KDUGO\� OHDYH� WKHLU� FXUUHQW� SURGXFWLRQ� SDWK�� 7KXV�� LQFUHDVLQJ� LQWHUQDO� DQG
H[WHUQDO� SUREOHPV� UHODWHG� WR� WDQJHULQH� SURGXFWLRQ� FDQ� EH� H[SHFWHG� LQ� WKH
IXWXUH�
7R�UHDFK�D�PRUH�HIIHFWLYH�DQG�DGDSWHG�FURS�SURWHFWLRQ�SROLF\�PRUH�LQIRUPDWLRQ
DERXW�WKH�UHDO�EHQHILWV�DQG�FRVWV�RI�SHVWLFLGHV�� WKH�H[WHUQDO�HIIHFWV�UHODWHG�WR
SHVWLFLGH�XVH�DQG�DOWHUQDWLYH�PDQDJHPHQW�V\VWHPV�DUH�QHHGHG�UHJDUGLQJ�WKH
GHVLJQ�RI�WUDQVIHUDEOH�DQG�VXFFHVVIXO�VWUDWHJLHV�IRU�YDULRXV�FURSV��$GGLWLRQDOO\�
HIIHFWLYH� WUDLQLQJ� DQG� H[WHQVLRQ� PHWKRGRORJLHV� DUH� HVVHQWLDO� WR� VSUHDG� WKH
DOUHDG\�DYDLODEOH� WHFKQRORJLHV��7KH�DPRXQW�RI�PRQH\�FXUUHQWO\� VSHQW� RQ� WKH
RXWEUHDN�EXGJHW��FRXOG�EH�XVHG�PRUH�HIILFLHQWO\�IRU�RWKHU�SXUSRVHV�H�J��IDUPHU
WUDLQLQJ�
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$V� ELDVHG� LQIRUPDWLRQ� KDV� EHHQ� LGHQWLILHG� DV� D� PDMRU� VKRUWFRPLQJ� LQ� WKH
FXUUHQW� VLWXDWLRQ�� LPSURYHG� WUDLQLQJ� DQG� LQIRUPDWLRQ� PHWKRGV� FDQ� HQDEOH
IDUPHUV�WR�XVH�SHVWLFLGHV�LQ�D�PRUH�VXVWDLQDEOH�ZD\�
,Q�VKRUW��SHVWLFLGH�SROLF\�QHHGV�WR�EH�LQWHJUDWHG�LQWR�WKH�EURDGHU�SXEOLF�SROLF\
GHEDWH� FRQFHUQLQJ� WKH� QDWLRQ¶V� DJULFXOWXUDO�� HQYLURQPHQWDO� DQG� KHDOWK
VWUDWHJLHV��3HVWLFLGH�SROLF\�FDQQRW�UHPDLQ�FRQILQHG�WR�VSHFLDOLVWV�LQ�WKH�ILHOG�RI
FURS�SURWHFWLRQ��7ZR�JHQHUDO�SULQFLSOHV�VWLOO�DSSO\��)LUVW��LQ�GHSWK�DQDO\VLV�RI�WKH
FRVWV�DQG�EHQHILWV�RI�SHVWLFLGH�XVH�SURYLGH�D�XVHIXO�WRRO�IRU�WKH�IRUPXODWLRQ�RI
UDWLRQDO� SROLFLHV�� 6HFRQG�� WKH� EURDGHU� DQG�PRUH� RSHQ� WKH� GHEDWH�� WKH�PRUH
OLNHO\� LW� LV� WKDW� WKH� RXWFRPH�ZLOO� VHUYH� WKH� SXEOLF� UDWKHU� WKDQ� VSHFLILF� SULYDWH
LQWHUHVWV�
$�VWURQJHU�UROH�IRU�QRQ�DJULFXOWXUH�LQWHUHVW�JURXSV�LQ�WKH�SROLWLFDO�SURFHVV�FRXOG
EH�D�GHVLUDEOH�VWHS�WRZDUGV�OHVV�ELDVHG�GHFLVLRQ�PDNLQJ��$V�VKRUWFRPLQJV�LQ
WKH�FXUUHQW�FRQGXFW�RI�SHVWLFLGH�OHJLVODWLRQ�KDYH�EHHQ�LGHQWLILHG�DV�VXSSRUWLYH
RI�SHVWLFLGH�RYHUXVH��D�FULWLFDO�DVVHVVPHQW�RI�IRUFHV�DQG�VWUXFWXUHV�ZLWKLQ�WKH
JRYHUQPHQWDO�SURFHGXUHV�FDQ�EH�UHJDUGHG�DV�D�XVHIXO�VWHS��$�FULWLFDO�UHYLHZ�RI
WKH�LQFHQWLYH�VWUXFWXUH�IRU�SHVWLFLGH�XVH�ZRXOG�WKHUHIRUH�EH�KHOSIXO�
,W� ZRXOG� EH� DGYLVDEOH� WR� LQWURGXFH� PRUH� HFRQRPLF� LQVWUXPHQWV� LQ� FURS
SURWHFWLRQ�SROLFLHV�DQG�WR�SXW�PRUH�LQFHQWLYHV�RQ�DOWHUQDWLYHV�WR�SHVWLFLGH�XVH�
&2:$1� ������� DUJXHV� LI� WKHUH� LV� XQFHUWDLQW\� DERXW� WKH� UHODWLYH�PHULWV� RI� WZR
FRPSHWLQJ�WHFKQRORJLHV��WKH�PDUNHW�ZLOO�XQGHUVXSSO\�H[SHULPHQWDWLRQ��7KHUH�LV
QR�LQFHQWLYH�WR�H[SHULPHQW�ZLWK�WKH�VXSSRVHGO\�LQIHULRU�WHFKQRORJ\��LQ�WKLV�FDVH
WKH�XVH�RI�DOWHUQDWLYHV� WR�SHVWLFLGHV�� LQ� WKH�KRSH�RI� LPSURYLQJ� LWV�PHULWV� DQG
SUDFWLFDELOLW\�� 3ROLWLFDO� IRFXV� FDQ� LQWHUQDOL]H� WKLV� H[WHUQDOLW\� DQG� VXSSRUW
LQWHUYHQWLRQV�� 7KLV� ZRXOG� EH� DQ� DGYLVDEOH� VWHS� IRU� D� SROLWLFDO� PRWLYDWHG
LQFUHDVH�RI� UHVHDUFK�RQ�DOWHUQDWLYHV� WR�SHVWLFLGHV� LQ�FURS�SURWHFWLRQ��$57+85
�������DUJXHV�WKDW�LQ�WKH�FDVH�RI�LQFUHDVLQJ�UHWXUQV��ODLVVH]�IDLUH�RI�OHWWLQJ�WKH
VXSHULRU� WHFKQRORJ\� UHYHDO� LWVHOI� JLYHV� QR� JXDUDQWHH� WKDW� WKH� VXSHULRU
WHFKQRORJ\�ZLOO� ILQDOO\�EH�WKH�RQH�WKDW�VXUYLYHV��3ROLWLFDO�GLUHFWLRQV�KDYH�WR�EH
VHW�WR�DOORZ�WKH�DOWHUQDWLYH�VWUDWHJ\�WR�GHYHORS�
7KH�VWXG\�RI�.$7=�DQG�6+$3,52��������FRQFOXGHV�WKDW�SXEOLF�SROLF\�FDQ�KDYH
DQ� LPSRUWDQW� LPSDFW� RQ� SULYDWH� GHFLVLRQV� LQ� WKH� FDVH� RI� WKH� H[LVWHQFH� RI
QHWZRUN�H[WHUQDOLWLHV��3ULYDWH�GHFLVLRQ�GHSHQGV�FUXFLDOO\�RQ�ZKHWKHU�ILUPV�FDQ
DFW� XQLODWHUDOO\� LI� FRQVHQVXV� LV� UHTXLUHG� �ZKLFK� LV� WKH� FDVH� LQ� WDQJHULQH
SURGXFWLRQ� LQ� 7KDLODQG
V� &HQWUDO� UHJLRQ�� DQG� RQ� WKH� IHDVLELOLW\� RI� VLGH
SD\PHQWV�� 3XEOLF� SROLF\� FDQ� LQIOXHQFH� ERWK� DVSHFWV�� 6LPLODU� FRQFOXVLRQV� DUH
GUDZQ� E\� &2:$1� DQG�*81%<� ������� VXJJHVWLQJ� WKDW� LW� PD\� EH� LPSRUWDQW� WR



&KDSWHU����6XPPDU\�DQG�&RQFOXVLRQV ���

IRFXV�SROLF\�LQWHUYHQWLRQV�LQ�RUGHU�WR�FRQFHQWUDWH�UHVRXUFHV�LQ�VXFK�D�ZD\�WKDW
WKH\�DUH�DEOH�WR�RYHUFRPH�WKH�ORFNHG�LQ�RQ�FXUUHQW�VLWXDWLRQV�
$V�GLVFXVVHG�LQ�WKLV�VWXG\��WKHVH�DUJXPHQWV�DSSO\�IRU�FURS�SURWHFWLRQ�DQG�WKH
FLWUXV� VHFWRU� LQ� 7KDLODQG�� 7KH� LQFRUSRUDWLRQ� RI� HFRQRPLF� LQVWUXPHQWV� LQ� FURS
SURWHFWLRQ�SROLF\�PLJKW�EH�DEOH�WR�JLYH�WKH�UHTXLUHG�LQFHQWLYH�DQG�HTXDOO\�IRFXV
RQ�DOWHUQDWLYHV�WR�FKHPLFDO�FURS�SURWHFWLRQ��'HYHORSLQJ�D�VHW�RI�SROLFLHV�LQ�FURS
SURWHFWLRQ� WKDW� DOVR� VHUYH� WKH� SXEOLF� LQWHUHVW� UHTXLUHV�� KRZHYHU�� LQVWLWXWLRQDO
FKDQJHV�WKDW�DOORZ�IRU�D�EURDG�SXEOLF�SDUWLFLSDWLRQ�LQ�WKH�SROLF\�GLDORJXH�



5HIHUHQFHV
$JQH�� 6��� *�� )OHLVFKHU�� )�� -XQJEOXWK�� +�� :DLEHO� �������� *XLGHOLQHV� IRU� 3HVWLFLGH

3ROLF\�6WXGLHV���$�)UDPHZRUN� IRU�$QDO\]LQJ�(FRQRPLF�DQG�3ROLWLFDO�)DFWRUV�RI
3HVWLFLGH� 8VH� LQ� 'HYHORSLQJ� &RXQWULHV�� 3HVWLFLGH� 3ROLF\� 3URMHFW�� 3XEOLFDWLRQ
6HULHV�1R�����*7=�8QLYHUVLW\�RI�+DQQRYHU��+DQQRYHU��*HUPDQ\�

$QWOH�� -�0�� �������� 3HVWLFLGH� 3ROLF\�� 3URGXFWLRQ� 5LVN�� DQG� 3URGXFHU� :HOIDUH� �� $Q
(FRQRPHWULF� $SSURDFK� WR� $SSOLHG� :HOIDUH� (FRQRPLFV�� 5HVRXUFHV� IRU� WKH
)XWXUH��:DVKLQJWRQ�'�&�

$UWKXU��:�%�� �������� &RPSHWLQJ� 7HFKQRORJLHV�� ,QFUHDVLQJ�5HWXUQV�� DQG� /RFN�,Q� E\
+LVWRULFDO�(YHQWV��7KH�(FRQRPLF�-RXUQDO��9RO������SS����������

%$$&� �������� $QQXDO� 5HSRUW� ������ %DQN� RI� $JULFXOWXUH� DQG� $JULFXOWXUDO
&RRSHUDWLYHV����$SULO����������0DUFK�������%DQJNRN��7KDLODQG�

%DFNKDXV�� .�� HW� DO�� �������� 0XOWLYDULDWH� $QDO\VHPHWKRGHQ�� 6SULQJHU� 9HUODJ�� �WK
(GLWLRQ��%HUOLQ��+HLGHOEHUJ��1HZ�<RUN�

%DOPDQQ��$�� ��������3IDGDEKlQJLJNHLWHQ� LP�$JUDUVWUXNWXUZDQGHO��%HJULII��8UVDFKHQ
XQG�.RQVHTXHQ]HQ��'XQFNHU�	�+XPEORW��%HUOLQ��*HUPDQ\�

%DOPDQQ�� $��� &�� +LOELJ� �������� =XU� ,GHQWLILNDWLRQ� YRQ� 3IDGDEKlQJLJNHLWHQ� LQ
KRFKGLPHQVLRQDOHQ� G\QDPLVFKHQ� 6\VWHPHQ�� HLQH� $QZHQGXQJ� PXOWLYDULDWHU
$QDO\VHYHUIDKUHQ� DXI� VLPXOLHUWH� $JUDUVWUXNWXUHQWZLFNOXQJHQ�� :RUNLQJ� 3DSHU
1R���������� GHU� :LUWVFKDIWV�� XQG� 6R]LDOZLVVHQVFKDIWHQ� DQ� GHU
/DQGZLUWVFKDIWOLFK�*lUWQHULVFKHQ� )DNXOWlW�� +XPEROGW�8QLYHUVLWlW�� %HUOLQ�
*HUPDQ\�

%DQJNRN�3RVW���������)DUPHUV�(QFRXUDJHG�WR�6ZLWFK�&URSV��%DQJNRN�3RVW��2FWREHU
����������%DQJNRN��7KDLODQG�

%DQJNRN�3RVW���������%DQJNRN�3RVW�(FRQRPLF�5HYLHZ�<HDU�(QG��������$JULFXOWXUH�
%DQJNRN�3RVW��%DQJNRN��7KDLODQG�

%DQN�RI�7KDLODQG��4XDUWHUO\�-RXUQDO��YDULRXV�LVVXHV��%DQJNRN��7KDLODQG�
%DXPDQQ��*�� �������� *7=�$SSURDFK� WR� WKH� ,30� LQ� 7URSLFDO� )UXLW� 'LVHDVHV�� 3DSHU

SUHVHQWHG�DW� WKH�,QWHUQDWLRQDO�6\PSRVLXP�RQ� 
,QWHJUDWHG�3HVW�0DQDJHPHQW�RI
,QVHFW�ERUQ�9LUXV�'LVHDVHV�RI�7URSLFDO�)UXLWV
��'HFHPEHU�������������3LQJWXQJ�
7DLZDQ�

%DXPRO��:�&���:�(��2DWHV���������7KH�7KHRU\�RI�(QYLURQPHQWDO�3ROLF\��&DPEULGJH
8QLYHUVLW\�3UHVV���QG�(GLWLRQ��&DPEULGJH��1HZ�<RUN��0HOERXUQH�
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%RRQ�/RQJ�� -�� �������� &KHPLFDO� /HJLVODWLRQ� DQG� ,QIUDVWUXFWXUH� LQ� 7KDLODQG�� 3DSHU
SUHVHQWHG�DW� WKH�&RQIHUHQFH�RQ� ,QWHUQDWLRQDO�7UDGH�RI�'DQJHURXV�&KHPLFDOV�
%UXVVHOV������-XO\������

%UDQGHV��:��� 0�� 2GHQLQJ� �������� ,QYHVWLWLRQ�� )LQDQ]LHUXQJ� XQG�:DFKVWXP� LQ� GHU
/DQGZLUWVFKDIW��9HUODJ�(XJHQ�8OPHU�

%UDQGHV��:�� ��������3IDGDEKlQJLJNHLW��(LQ�DXFK� I�U�GLH�$JUDU|NRQRPLN� IUXFKWEDUHV
)RUVFKXQJVSURJUDPP"�$JUDUZLUWVFKDIW��9RO������1R�������SS����������

%UDQGHV�� :��� *�� 5HFNH�� 7�� %HUJHU� �������� 3URGXNWLRQV�� XQG� 8PZHOW|NRQRPLN�
%DQG���� 7UDGLWLRQHOOH� XQG� PRGHUQH� .RQ]HSWH�� 87%� 7DVFKHQE�FKHU� �����
9HUODJ�(XJHQ�8OPHU�

%XUURZV�� 7�0�� �������� 3HVWLFLGH� 'HPDQG� DQG� ,QWHJUDWHG� 3HVW� 0DQDJHPHQW�� $
/LPLWHG� 'HSHQGHQW� 9DULDEOH� $QDO\VLV�� $PHULFDQ� -RXUQDO� RI� $JULFXOWXUDO
(FRQRPLFV��9RO������SS����������

%XUJVWDOOHU�� +�� �������� 'HU� LQWHUJULHUWH� 3IODQ]HQVFKXW]� LP� =LWUXVDQEDX� LQ� 7KDLODQG�
(LQ�%HLVSLHO��EHU�GDV�9HUVWlQGQLV�GHV�LQWHJULHUWHQ�6\VWHPV��,QIR�������$EW������
*HVHOOVFKDIW�I�U�WHFKQLVFKH�=XVDPPHQDUEHLW�*PE+��*7=���(VFKERUQ�

&DPSEHOO�� +�� )�� �������� (VWLPDWLQJ� WKH� 0DUJLQDO� 3URGXFWLYLW\� RI� $JULFXOWXUDO
3HVWLFLGHV��7KH�&DVH� RI�7UHH�)UXLW� )DUPV� LQ� WKH�2NDQDJDQ�9DOOH\�� &DQDGLDQ
-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV��9RO������SS��������

&DQVLHU�� '�� �������� 8PZHOW|NRQRPLH�� 87%� I�U� :LVVHQVFKDIW�� 8QL�7DVFKHQE�FKHU
������*XVWDY�)LVFKHU�9HUODJ��6WXWWJDUW�

&DUSHQWLHU�� $��� 5�'�� :HDYHU� �����D��� 'DPDJH� &RQWURO� 3URGXFWLYLW\�� :K\
(FRQRPLHWULFV�0DWWHUV��$PHULFDQ�-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV��9RO������SS�
������

&DUSHQWLHU��$���5�'��:HDYHU� �����E���3HVWLFLGH�3URGXFWLYLW\�� ,QWHUWHPSRUDO�� ,QWHUILUP
+HWHURJHQLW\��3UHVHQWHG�DW� WKH�6HPLQDU� 
0RGHOLVDWLRQ�GHV�0DUFKHV�$JULFROHV
�
0RQWSHOOLHU���������$SULO�������)UDQFH�

&DUUDVFR�7DXEHU��&���/�-��0RIILWW���������'DPDJH�&RQWURO�(FRQRPHWULFV���)XQFWLRQDO
6SHFLILFDWLRQ� DQG� 3HVWLFLGH� 3URGXFWLYLW\�� $PHULFDQ� -RXUQDO� RI� $JULFXOWXUDO
(FRQRPLFV��9RO������SS����������

&KDPEHUV�� 5�*��� (�� /LFKWHQEHUJ� �������� 6LPSOH� (FRQRPHWULFV� RI� 3HVWLFLGH
3URGXFWLYLW\��$PHULFDQ�-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV��9RO������SS����������
�����

&RZDQ��5�� ��������7RUWRLVHV� DQG�+DUHV��&KRLFH�$PRQJ�7HFKQRORJLHV�RI�8QNQRZQ
0HULW��7KH�(FRQRPLF�-RXUQDO��9RO�������SS����������



��� 5HIHUHQFHV

&RZDQ��5���3��*XQE\���������6SUD\HG�WR�'HDWK��3DWK�'HSHQGHQFH��/RFN�,Q�DQG�3HVW
&RQWURO�6WUDWHJLHV��7KH�(FRQRPLF�-RXUQDO�9RO�������SS����������

&XVWRPV�'HSDUWPHQW���������&XVWRPV�7DULIIV��0LQLVWU\�RI�3XEOLF�)LQDQFH��%DQJNRN�
7KDLODQG�

'HSDUWPHQW�RI�6WDWLVWLFV���������&RPPRGLW\�3ULFHV��%DQJNRN��7KDLODQG�
'2$���������9HJHWDEOH�6WDWLVWLFV��'HSDUWPHQW�RI�$JULFXOWXUH��%DQJNRN��7KDLODQG�
'2$(� �������� 3ROLF\�� 6WUDWHJ\��0HDVXUH� IRU� $JULFXOWXUDO� ([WHQVLRQ�� 'HSDUWPHQW� RI

$JULFXOWXUDO�([WHQVLRQ��2FWREHU�������%DQJNRN��7KDLODQG�
'2$(���������)UXLW�6WDWLVWLFV�������'HSDUWPHQW�RI�$JULFXOWXUDO�([WHQVLRQ��%DQJNRN�

7KDLODQG�
'LOORQ��:�5���0��*ROGVWHLQ���������0XOWLYDULDWH�$QDO\VLV��-RKQ�:LOH\�DQG�6RQV��1HZ

<RUN�
'LYLVLRQ� RI� (QWRPRORJ\� DQG� =RRORJ\� �������� $QQXDO� 5HSRUW� ������ 'HSDUWPHQW� RI

$JULFXOWXUH��%DQJNRN��7KDLODQG�
'RVL�� *�� �������� 2SSRUWXQLWLHV�� ,QFHQWLYHV� DQG� WKH� &ROOHFWLYH� 3DWWHUQV� RI� 7HFKQR�

ORJLFDO�&KDQJH��7KH�(FRQRPLF�-RXUQDO��9RO�������SS������������
'RXJKHUW\�� &�� �������� ,QWURGXFWLRQ� WR� (FRQRPHWULFV�� 2[IRUG� 8QLYHUVLW\� 3UHVV�� 1HZ

<RUN�
(YHULWW��%�6����������&OXVWHU�$QDO\VLV��7KLUG�(GLWLRQ��$UQROG��/RQGRQ�
)$2��3URGXFWLRQ�<HDUERRN��YDULRXV�LVVXHV�DQG�)$2�ZHEVLWH��ZZZ�IDR�RUJ��
)$2���������(FRQRPLF�6LWXDWLRQ�LQ�7KDLODQG��5HJLRQDO�2IILFH�IRU�$VLD�DQG�WKH�3DFLILF�

%DQJNRN��7KDLODQG�
)$2�-,&$���������6XUYH\�RQ�-DSDQ�)$2�$VVRFLDWLRQ��0DUFK�������7KDLODQG�SS�����

���
)DUDK�� -�� �������� 3HVWLFLGH� 3ROLFLHV� LQ� 'HYHORSLQJ� &RXQWULHV�� 'R� 7KH\� (QFRXUDJH

([HVVLYH�3HVWLFLGH�8VH"�:RUOG�%DQN��:DVKLQJWRQ�'�&�
)DUUHOO�� -�� DQG� *�� 6DORQHU� �������� 6WDQGDUGL]DWLRQ�� &RPSDWLELOLW\�� DQG� ,QQRYDWLRQ�

5DQG�-RXUQDO�RI�(FRQRPLFV��9RO������1R�����SS��������
)HGHU��*����������3HVWLFLGHV��,QIRUPDWLRQ��DQG�3HVW�0DQDJHPHQW�XQGHU�8QFHUWDLQW\�

$PHULFDQ�-RXUQDO�RI�$JULFXOWXUH�(FRQRPLFV��9RO������SS���������
)LVFKHU��/��$����������7KH�(FRQRPLFV�RI�3HVW�&RQWURO�LQ�&DQDGLDQ�$SSOH�3URGXFWLRQ�

&DQDGLDQ�-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV��9RO������SS��������
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)OHLVFKHU�� *�� �������� gNRQRPLVFKH� $QVlW]H� LQ� GHU� 3IODQ]HQVFKXW]SROLWLN� �� 'DV
%HLVSLHO� GHU� =XODVVXQJVSU�IXQJ�� /DQGZLUWVFKDIW� XQG� 8PZHOW�� 6FKULIWHQ� ]XU
8PZHOW|NRQRPLN��%DQG�����9DXN�9HUODJ�.LHO�

*,)$3���������0DQXDO�IRU�([WHQVLRQ�RI�6DIH�8VH�3URMHFWV�
*UDQGVWDII��6����������3HVWLFLGH�3ROLF\�LQ�7KDLODQG��7KDLODQG�'HYHORSPHQW�5HVHDUFK

,QVWLWXWH��%DQJNRN��7KDLODQG�
*UHQ]HQEDFK�� (�� �������� 5HSRUW� RQ� D� 6KRUW� 7HUP� &RQVXOWDQF\� 0LVVLRQ�� 6WXG\

(FRQRPLF� DQG�6RFLDO� ,PSDFWV� RI� WKH�3URMHFW�$FWLYLW\� 1R�� ���������� ,QWHJUDWHG
3HVW� 0DQDJHPHQW� 3URMHFW�� 'HXWVFKH� *HVHOOVFKDIW� I�U� WHFKQLVFKH
=XVDPPHQDUEHLW�*PE+��*7=��

*URXS�'LVFXVVLRQ���������6DUD�%XUL�3URYLQFH��JURXS�GLVFXVVLRQ�ZLWK�WZHQW\�IDUPHUV
UHJDUGLQJ�PDMRU�FRQFHUQV�RI�WDQJHULQH�SURGXFWLRQ����$SULO������

+DQOH\��1��-�)��6KRJUHQ��%��:KLWH���������(QYLURQPHQWDO�(FRQRPLFV�,Q�7KHRU\�DQG
3UDFWLFH��0DFPLOODQ�7H[WV�LQ�(FRQRPLFV��0DFPLOODQ�3UHVV��/RQGRQ�

+HDGOH\��-�&����������(VWLPDWLQJ�WKH�3URGXFWLYLW\�RI�$JULFXOWXUDO�3HVWLFLGHV��$PHULFDQ
-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV��9RO������SS��������������

,55,���������,QWHJUDWHG�3HVW�0DQDJHPHQW���7KH�,55,�3HUVSHFWLYH�� ,55,� ,QIRUPDWLRQ
6HULHV�1R�����,55,��/RV�%DxRV��3KLOLSSLQHV�

,ZDJDNL��,����������&LWUXV�3URGXFWLRQ�LQ�-DSDQ��1HZ�7UHQGV�LQ�7HFKQRORJ\��([WHQVLRQ
%XOOHWLQ�1R�������)RRG�DQG�)HUWLOL]HU�7HFKQRORJ\�&HQWHU��7DLSHL��0D\������

-LUDSRUQFKDURHQ�� 6�� �������� 7KH� 8VH� RI� &KHPLFDO� DQG� 2UJDQLF� )HUWLOL]HUV� LQ� &URS
3URGXFWLRQ� LQ� 7KDLODQG��([WHQVLRQ�%XOOHWLQ�1R������� )RRG� DQG� )HUWLOL]HU� 7HFK�
QRORJ\�&HQWHU��7DLSHL��7DLZDQ�

-RXUGDLQ�� '�-�� DQG� &�� 5DWWDQDVDWLHQ� �������� $Q� $QDO\VLV� RI� 3HVWLFLGH� 8VH� LQ
9HJHWDEOH�)DUPLQJ�� WKH�&DVH�RI�7KDLODQG��$JUR�&KHPLFDOV�1HZV� LQ�%ULHI��9RO�
;9,,,��1R�����$SULO�-XQH������

-XQJEOXWK�� )�� �������� &URS� 3URWHFWLRQ� 3ROLF\� LQ� 7KDLODQG� �� (FRQRPLF� )DFWRUV
,QIOXHQFLQJ�3HVWLFLGH�8VH��3HVWLFLGH�3ROLF\�3XEOLFDWLRQ�6HULHV��1R�����8QLYHUVLW\
RI�+DQQRYHU��*HUPDQ\�

.DKQHPDQ��'���$��7YHUVN\���������3URVSHFW�7KHRU\��$Q�$QDO\VLV�RI�'HFLVLRQ�XQGHU
5LVN��(FRQRPHWULFD��9RO������������SS����������

.DRVDUG��0��DQG�6�6��3HGQHNDU���������(QYLURQPHQWDO�6WUDWHJ\�RI�7KDLODQG��1DWXUDO
5HVRXUFHV� DQG� (QYLURQPHQW� 3URJUDP�� 7KDLODQG� 'HYHORSPHQW� 5HVHDUFK
,QVWLWXWH��%DQJNRN�
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.DW]�� 0�/�� DQG� &�� 6KDSLUR� �������� 1HWZRUN� ([WHUQDOLWLHV�� &RPSHWLWLRQ�� DQG
&RPSDWLELOLW\��$PHULFDQ�(FRQRPLF�5HYLHZ��9RO������1R�����SS����������

.HQPRUH�� 3�(��� )�2�� &DULQR�� &�$�� 3HQH]�� 9�$�� '\FN�� $�3�� *XWLHUUH]� �������
3RSXODWLRQ�5HJXODWLRQ�RI� WKH�5LFH�%URZQ�3ODQWKRSSHU� �1LODSDUYDWD�6WDO��ZLWKLQ
5LFH�)LHOGV�LQ�WKH�3KLOLSSLQHV��-RXUQDO�RI�3ODQW�3URWHFWLRQ�LQ�WKH�7URSLFV��9RO����
1R�����SS��������

.HQPRUH��3�(�� �������� ,QWHJUDWHG�3HVW�0DQDJHPHQW� LQ�5LFH�� ,Q�*�-��3HUVOH\� �HG���
%LRWHFKQRORJ\�DQG� ,QWHJUDWHG�3HVW�0DQDJHPHQW��7KH�:RUOG�%DQN��SS�� ������
&$%�,QWHUQDWLRQDO�

.KXDQNDHZ�� 2�� �������� ,30� DQG� :RPHQ�� 5HSRUW� RQ� 6KRUW� 7HUP� &RQVXOWDQF\�
,QWHJUDWHG� 3HVW� 0DQDJHPHQW� LQ� 6HOHFWHG� )UXLW� 7UHHV� 3URMHFW�� 7KDL�*HUPDQ
3ODQW� 3URWHFWLRQ� 3URJUDPPH�� 'HSDUWPHQW� RI� $JULFXOWXUDO� ([WHQVLRQ�� %DQJNRN�
7KDLODQG�

.LP��-��2���&�:��0XHOOHU���������,QWURGXFWLRQ�WR�)DFWRU�$QDO\VLV���:KDW�,W�,V�DQG�+RZ
WR�'R�,W��6DJH�8QLYHUVLW\�3DSHU�6HULHV�RQ�4XDQWLWDWLYH�$SSOLFDWLRQV�LQ�WKH�6RFLDO
6FLHQFH����������1HZEXU\�3DUN��&$��8�6�$�

.UDPHU� 5�$��� :�7�� 0F6ZHHQ\�� 5�:�� 6WDYURV� �������� 6RLO� &RQVHUYDWLRQ� ZLWK
8QFHUWDLQ� 5HYHQXHV� DQG� ,QSXW� 6XSSOLHV�� $PHULFDQ� -RXUQDO� RI� $JULFXOWXUDO
(FRQPLFV��9RO������SS����������

/DQGHOO� 0LOOV� �������� &RQVXOWDQW� 5HSRUW� RQ� 3HVWLFLGH� 8VH� LQ� 9DULRXV� &RXQWULHV�
/RQGRQ��8QLWHG�.LQJGRP�

/LFKWHQEHUJ��(��DQG�'��=LOEHUPDQ���������7KH�(FRQRPHWULFV�RI�'DPDJH�&RQWURO��:K\
6SHFLILFDWLRQ� 0DWWHUV�� $PHULFDQ� -RXUQDO� RI� $JULFXOWXUDO� (FRQRPLFV�� 9RO�����
SS����������

/LFKWHQEHUJ�� (�� �������� $OWHUQDWLYH� $SSURDFKHV� WR� 3HVWLFLGH� 5HJXODWLRQ�� 1RUWK
(DVWHUQ�-RXUQDO�RI�$JULFXOWXUH�DQG�5HVRXUFH�(FRQRPLFV��9RO������SS��������

/LHERZLW]�� 6�-�� DQG� 6�(�� 0DUJROLV� �������� 1HWZRUN� ([WHUQDOLW\�� $Q� 8QFRPPRQ
7UDJHG\��-RXUQDO�RI�(FRQRPLF�3HUVSHFWLYHV��9RO�����1R�����SS����������

0lU]��8����������)DUP�&ODVVLILFDWLRQ�DQG�,PSDFW�$QDO\VLV�RI�0L[HG�)DUPLQJ�6\VWHPV
LQ�1RUWKHUQ�6\ULD��)DUPLQJ�6\VWHPV�DQG�5HVRXUFH�(FRQRPLFV� LQ� WKH�7URSLFV�
:LVVHQVFKDIWVYHUODJ�9DXN�.LHO�

0HHQDNDQLW�� /��� 3�� 0HHQDNDQLW�� 0�0�� (VFDODGD�� .�/�� +HRQJ� �������� )DUPHUV
3DUWLFLSDWRU\� 5HVHDUFK� LQ� 3HVW� 0DQDJHPHQW� IRU� :RPHQ� 5LFH� )DUPHUV� LQ
&HQWUDO� 7KDLODQG�� 5LFH� ,30� 1HWZRUN�� ,55,� DQG� 'HSDUWPHQW� RI� $JULFXOWXUDO
([WHQVLRQ��7KDLODQG�



5HIHUHQFHV ���

0LQLVWU\� RI� $JULFXOWXUH� �������� +D]DUGRXV� 6XEVWDQFHV� $FW�� 0LQLVWU\� RI� $JULFXOWXUH�
%DQJNRN��7KDLODQG�

0LQLVWU\�RI�$JULFXOWXUH���������3URGXFWLRQ�5HVWUXFWXULQJ�3URJUDP��2IILFH�RI�WKH�%RDUG
RI� 6WUXFWXUDO� $GMXVWPHQW� LQ� WKH� $JULFXOWXUDO� 6HFWRU�� 0LQLVWU\� RI� $JULFXOWXUH�
%DQJNRN��7KDLODQG�

0LQLVWU\�RI�3XEOLF�+HDOWK� ��������$QQXDO�(SLGHPLRORJLFDO�6XUYHLOODQFH�5HSRUW��)RRG
DQG�'UXJ�'LYLVLRQ��0LQLVWU\�RI�3XEOLF�+HDOWK��1RQWDEXUL��7KDLODQG�

0LQLVWU\� RI� 3XEOLF� +HDOWK� �������� 3UHOLPLQDU\� $QQXDO� 6XPPDU\� ������ 'LYLVLRQ� RI
(SLGHPLRORJ\��1RQWDEXUL��7KDLODQG�

0XNKHUMHH�� &��� +�� :KLWH�� 0�� :X\WV� �������� (FRQRPHWULFV� DQG� 'DWD� $QDO\VLV� IRU
'HYHORSLQJ�&RXQWULHV��5RXWOHGJH��1HZ�<RUN�

0XPIRUG�� -�'�� DQG� *�$�� 1RUWRQ� �������� (FRQRPLFV� RI� 'HFLVLRQ� 0DNLQJ� LQ� 3HVW
0DQDJHPHQW��$QQXDO�5HYLHZ�RI�(QWRPRORJ\�������9RO������SS���������

0XQDVLQJKH�� 0�� �������� (QYLURQPHQWDO� (FRQRPLFV� DQG� 6XVWDLQDEOH� 'HYHORSPHQW�
:RUOG�%DQN�(QYLURQPHQW�3DSHU�1R�����:DVKLQJWRQ��'�&�

2HUNH�� (��&��� +�:�� 'HKQH�� )�� 6FK|QEHFN�� $��:HEHU� �������� &URS� 3URGXFWLRQ� DQG
&URS� 3URWHFWLRQ� �� (VWLPDWHG� &URS� /RVVHV� LQ� 0DMRU� )RRG� DQG� &DVK� &URSV�
(OVHYLHU�

2IILFH� RI�$JULFXOWXUDO�(FRQRPLFV��$JULFXOWXUDO�6WDWLVWLFV� RI� 7KDLODQG�� YDULRXV� LVVXHV�
0LQLVWU\�RI�$JULFXOWXUH��%DQJNRN��7KDLODQG�

2IILFH� RI� $JULFXOWXUDO� (FRQRPLFV� �������� 7DUJHWV� IRU� 6RPH� ,PSRUWDQW� $JULFXOWXUDO
3URGXFWV������������0LQLVWU\�RI�$JULFXOWXUH��%DQJNRN��7KDLODQG�

2RL��3�$�&���*�6��/LP��7�+��+R��3�/��0DQDOR��-��:DDJH��HGV�����������,QWHJUDWHG�3HVW
0DQDJHPHQW� LQ� WKH� $VLD�3DFLILF� 5HJLRQ�� 3URFHHGLQJV� RI� WKH� &RQIHUHQFH� RQ
,QWHJUDWHG� 3HVW� 0DQDJHPHQW� LQ� WKH� $VLD�3DFLILF� 5HJLRQ�� ������ 6HSWHPEHU
������.XDOD�/XPSXU��0DOD\VLD��&$%�,QWHUQDWLRQDO��$VLDQ�'HYHORSPHQW�%DQN�

2SVFKRRU�� -�%�� DQG� 5�.�� 7XUQHU� �������� (QYLURQPHQWDO� (FRQRPLFV� DQG
(QYLURQPHQWDO�3ROLF\�,QVWUXPHQWV��,QWURGXFWLRQ�DQG�2YHUYLHZ��,Q�2SVFKRRU��-�%�
DQG� 5�.�� 7XUQHU� �HGV���� (FRQRPLF� ,QFHQWLYHV� DQG� (QYLURQPHQWDO� 3ROLFLHV�
3ULQFLSOHV� DPG� 3UDFWLFH�� .OXZHU� $FDGHPLF� 3XEOLVKHUV�� 'RUGUHFKW�� 7KH
1HWKHUODQGV�

2VNDP��$�-���+�� YDQ�=HLMWV��*�-��7KLMVVHQ��*�$�$��:RVVLQN��5�� 9LIWLQJVFKLOG� �������
3HVWLFLGH�8VH�DQG�3HVWLFLGH�3ROLF\� LQ� WKH�1HWKHUODQGV��:DJHQLQJHQ�(FRQRPLF
6WXGLHV��1R������:DJHQLQJHQ�$JULFXOWXUDO�8QLYHUVLW\�



��� 5HIHUHQFHV

3DQQHOO�� '�-�� �������� 3HVW� DQG� 3HVWLFLGHV�� 5LVN� DQG� 5LVN� $YHUVLRQ�� $JULFXOWXUDO
(FRQRPLFV��9RO�����SS����������

3DODNRRO�� 6��� 6�� 6XNDPDN�� %�� 'HHQUX\� �������� 3HVWLFLGH� 5HVLGXHV� LQ� )UXLW� DQG
9HJHWDEOHV��3URFHHGLQJV�RI� WKH�)LUVW�7HFKQLFDO�&RQIHUHQFH�RI� WKH�$JULFXOWXUDO
7R[LF�6XEVWDQFHV�'LYLVLRQ��$JULFXOWXUDO�7R[LF�6XEVWDQFHV�'LYLVLRQ��'HSDUWPHQW
RI�$JULFXOWXUH��������$XJXVW�������%DQJNRN��7KDLODQG�

3DUDGRUQXZDW��$�� �����D���7DQJHULQH�)DUPLQJ� LQ� WKH�5R\DO�5DQJVLW� ,UULJDWLRQ�$UHD�
3DSHU� SUHVHQWHG� DW� WKH� 
6HPL�DQQXDO� :RUNVKRS� RQ� ,QWHJUDWHG� 3HVW
0DQDJHPHQW� LQ� )UXLW� 2UFKDUGV
�� 7KDL�*HUPDQ� 3ODQW� 3URWHFWLRQ� 3URJUDPPH�
-XQH�������������5DPD�*DUGHQ�+RWHO��%DQJNRN��7KDLODQG�

3DUDGRUQXZDW�� $��� 5�� 3DUDGRUQXZDW� �����E��� 7KH� (VWDEOLVKPHQW� RI� D� 7DQJHULQH
2UFKDUG� RI� ���� 5DL�� 'HSDUWPHQW� RI� 3ODQW� 3DWKRORJ\�� )DFXOW\� RI� $JULFXOWXUH�
.DVHWVDUW�8QLYHUVLW\��%DQJNRN��7KDLODQG�

3HDUFH�� '�:��� 5�.�� 7XUQHU� �������� (FRQRPLFV� RI� 1DWXUDO� 5HVVRXUFHV� DQG� WKH
(QYLURQPHQW��%DOWLPRUH��7KH�-RKQ�+RSNLQV�8QLYHUVLW\�3UHVV�

3HDUFH��'���5��7LQFK���������7KH�7UXH�3ULFH�RI�3HVWLFLGHV��,Q�:��9RUOH\��'��.HHQH\
�HGV����%XJV�LQ�WKH�6\VWHP���5HGHVLJQLQJ�WKH�3HVWLFLGH�,QGXVWU\�IRU�6XVWDLQDEOH
$JULFXOWXUH��(DUWKVFDQ�3XEOLFDWLRQV�/WG���/RQGRQ�

3LPHQWHO�� '��� +�� $FTXD\�� 0�� %LOWRQHQ�� 3�� 5LFH�� 0�� 6LOYD�� -�� 1HOVRQ�� 9�� /LSQHU�� 6�
*LRUGDQR��$��+RURZLW]��0��'¶$PRUH���������$VVHVVPHQW�RI�(QYLURQPHQWDO�DQG
(FRQRPLF�,PSDFWV�RI�3HVWLFLGH�8VH��,Q�'��3LPHQWHO�DQG�+��/HKPDQQ��HGV����7KH
3HVWLFLGH� 4XHVWLRQ� �� (QYLURQPHQW�� (FRQRPLFV� DQG� (WKLFV�� &KDSPDQ� 	� +DOO�
1HZ�<RUN��/RQGRQ�

3RDSRQJVDNRUQ�� 1�� �������� 7UDQVIRUPDWLRQ� LQ� WKH� 7KDL� 5XUDO� /DERU� 0DUNHW�� ,Q� %�
.RSSHO��-��+DZNLQV��:��-DPHV� �HGV����'HYHORSPHQW�RU�'HWHULRUDWLRQ"�:RUN� LQ
5XUDO�$VLD��/\QQHV�5LHPHU�3XE���%RXOGHU��/RQGRQ�

3RDSRQJVDNRUQ��1���/��0HHQDNDQLW��+��:DLEHO��)�� -XQJEOXWK� ��������$SSURDFKHV� WR
3HVWLFLGH� 3ROLF\� 5HIRUP� ±� %XLOGLQJ� &RQVHQVXV� IRU� )XWXUH� $FWLRQ�� 3HVWLFLGH
3ROLF\�3URMHFW��3XEOLFDWLRQ�6HULHV�1R�����*7=�8QLYHUVLW\�RI�+DQQRYHU��+DQQRYHU�
*HUPDQ\�

3UDQQRN� 9LGKD\D� 3XEOLVKHU� �������� 0DS� RI� %DQJNRN� DQG� $GMDFHQW�� %DQJNRN� 1RL�
%DQJNRN��7KDLODQG��,6%1���������������

5DWDQDZDUDKD��&���3��6ULFKDURHQ��6��:RQJ�HN���������7KH�3HVWLFLGH�5HJLVWUDWLRQ�LQ
7KDLODQG��3DSHU�SUHVHQWHG�DW�WKH�:RUNVKRS�RQ�
$VVHVVPHQW�DQG�0DQDJHPHQW
RI�5LVNV�IURP�3HVWLFLGH�8VH�LQ�6RXWK�(DVW�$VLD
��%DQJNRN��7KDLODQG�������1RY�
�����



5HIHUHQFHV ���

5HJXODWRU\� 'LYLVLRQ�� 6WDWLVWLFV� RI� ,PSRUWHG� 3HVWLFLGHV� ������ YDULRXV� LVVXHV�
'HSDUWPHQW�RI�$JULFXOWXUH��%DQJNRN��7KDLODQG�

5HJXODWRU\� 'LYLVLRQ� �������� 5HJLVWUDWLRQ� RI� 7R[LF� 6XEVWDQFHV� LQ� 7KDLODQG�
'HSDUWPHQW�RI�$JULFXOWXUH��%DQJNRN��7KDLODQG�

5HJXODWRU\�'LYLVLRQ���������/LVW�RI�%DQQHG�DQG�5HJLVWHUHG�3HVWLFLGHV��'HSDUWPHQW�RI
$JULFXOWXUH��%DQJNRN��7KDLODQG�

5HLFKHOGHUIHU��.�+����������(FRQRPLF�)HDVLELOLW\�RI�%LRORJLFDO�&RQWURO�RI�&URS�3HVWV�
,Q�*�&��3DSDYL]DV��%�<��(QGR��'�/��.OLQJPDQ��/�9��.QXWVRQ��5�'��/XPVGHQ��-�/�
9DXJKDQ� �HGV���� %LRORJLFDO� &RQWURO� LQ� &URS� 3URGXFWLRQ�� $OODQKHOG�� 2VPXQ
3XEOLVKHUV�

5ROD��$���3��3LQJDOL� ��������3HVWLFLGHV��5LFH�3URGXFWLYLW\��DQG�)DUPHUV
�+HDOWK� ��$Q
(FRQRPLF�$VVHVVPHQW��,55,��/RV�%DxRV��3KLOLSSLQHV�

5RLVWDFKHU��&��1����������2XWOLQH�RI�$�&LWUXV�&HUWLILFDWLRQ�3URJUDP�IRU�7KDLODQG��6KRUW
7HUP� &RQVXOWDQF\� 5HSRUW� WR� 7KDL�*HUPDQ� 3ODQW� 3URWHFWLRQ� 3URJUDPPH

,QWHJUDWHG�3HVW�0DQDJHPHQW�LQ�6HOHFWHG�)UXLW�7UHHV
��)HEUXDU\������

5RPHVEXUJ�� +�� &�� �������� &OXVWHU� $QDQO\VLV� IRU� 5HVHDUFKHUV�� 5REHUW� (�� .ULHJHU
3XEOLVKLQJ�&RPSDQ\��0DODEDU��)ORULGD�

5XKV�� 0��� 1�� 3RDSRQJVDNRUQ�� 1�� 5DWWDQDGLORN� �������� 3HVWLFLGH� 8VH� LQ� 7KDL
$JULFXOWXUH��3UREOHPV�DQG�3ROLFLHV��,Q��
$SSURDFKHV�WR�3HVWLFLGH�3ROLF\�5HIRUP�
%XLOGLQJ�&RQVHQVXV�IRU�)XWXUH�$FWLRQ
��3URFHHGLQJV�RI�WKH�:RUNVKRS��������-XO\�
+XD�+LQ��3HVWLFLGH�3ROLF\�3URMHFW��3XEOLFDWLRQ�6HULHV�1R�����*7=�8QLYHUVLW\� RI
+DQQRYHU��+DQQRYHU��*HUPDQ\�

6DKD��$���&�5��6KXPZD\��$��+DYHQQHU���������7KH�(FRQRPLFV�DQG�(FRQRPHWULFV�RI
'DPDJH�&RQWURO��$PHULFDQ�-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV��9RO������SS������
����

6$6���������6$6�6\VWHP�IRU�(OHPHQWDU\�6WDWLVWLFDO�$QDO\VLV��6$6�,QVWLWXH�,QF���1&�
86$�

6$6� �������� 6$6�67$7� 8VHU
V� *XLGH�� 9ROXPH� �� DQG� 9ROXPH� ��� 9HUVLRQ� ��� �WK
(GLWLRQ��6$6�,QVWLWXH�,QF���1&��86$�

6HLW]�� :�� '��� *�&�� 1HOVRQ�� +�*�� +DOFURZ� �������� (FRQRPLFV� RI� 5HVRXUFHV�
$JULFXOWXUH��DQG�)RRG��$JULFXOWXUH�6HULHV��0F*UDZ�+LOO�,QWHUQDWLRQDO�(GLWLRQV�



��� 5HIHUHQFHV

6HWERRQVDUQJ��6����������(QYLURQPHQWDO�&RQVWUDLQWV�WR�7KDL�$JULFXOWXUH��,Q�$�0��5DH
DQG� $�'�� 0HLVWHU� �HGV���� (QYLURQPHQWDO� &RQVWUDLQWV� WR� 3DFLILF� $JULFXOWXUH�
&HQWUH�IRU�$JULFXOWXUDO�3ROLF\�6WXGLHV��0DVVH\�8QLYHUVLW\��1HZ�=HDODQG�

6HWKSDNGHH�� 5�� �������� &LWUXV� 3URGXFWLRQ� LQ� 7KDLODQG�� ([WHQVLRQ� %XOOHWLQ� 1R�� ����
)RRG�DQG�)HUWLOL]HU�7HFKQRORJ\�&HQWHU��7DLSHL��0DUFK������

6LDPZDOOD�� $�� HW� DO�� �������� 3XEOLF� 3ROLFLHV� 7RZDUG� $JULFXOWXUDO� 'LYHUVLILFDWLRQ� LQ
7KDLODQG��,Q�%DUJKRXWL�HW�DO���7UHQGV� LQ�$JULFXOWXUDO�'LYHUVLILFDWLRQ��:RUOG�%DQN
7HFKQLFDO�3DSHU�1R�������:DVKLQJWRQ��'�&�

6LDPZDOOD�� $�� �������� 5XUDO� &UHGLW� DQG� 5XUDO� 3RYHUW\�� ,Q�� 5XUDO� 3RYHUW\� LQ� $VLD�
3ULRULW\�,VVXHV�DQG�3ROLF\�2SWLRQV��SS����������

6LQFKDLVUL�� 1�� �������� 3HVWLFLGH�5HVLVWDQFH� LQ� 7KDLODQG�� ,Q�3�6��� 7HQJ�� .�/�� +HRQJ
�HGV����3HVWLFLGH�0DQDJHPHQW� DQG� ,QWHJUDWHG�3HVW�0DQDJHPHQW� LQ�6RXWKHDVW
$VLD��86$,'�

6LQKDVHQL�� 3�� �������� 5HJLRQDO� 3HVWLFLGH� 5HYLHZ� �� 7KDLODQG�� ,QWHUQDWLRQDO
'HYHORSPHQW� 5HVHDUFK� &HQWUH�� &KXODORQJNRUQ� 8QLYHUVLW\�� 0DUFK� �����
%DQJNRN��7KDLODQG�

6LQKDVHQL��3����������7R[LFRORJLFDO�&RQFHSWV��5HJXODWRU\�3URYLVLRQ�DQG�$SSURSULDWH
7HFKQRORJ\�IRU�3HVWLFLGH�6DIH�8VH��DQ�([SHULHQFH� LQ�7KDLODQG��3HVWLFLGH�6DIH
8VH�8QLW��)DFXOW\�RI�3KDUPDFHXWLFDO�6FLHQFHV��&KXODORQJNRUQ�8QLYHUVLW\��-XQH
������%DQJNRN��7KDLODQG�

6RQJVDNXO�� 7�� �������� (IIHFWV� RI� 8UEDQL]DWLRQ� DQG� (QYLURQPHQW� RQ� 9HJHWDEOH
&XOWLYDWLRQ��$�&DVH�6WXG\�RI�9LOODJH�1R���%DQ�0DL�6XE�'LVWULFW��3DWKXP�7KDQL
3URYLQFH��0DVWHU�7KHVLV��$VLDQ�,QVWLWXW�RI�7HFKQRORJ\��%DQJNRN��7KDLODQG�

6SLHJHO�5R\��3���(�(��*ROGVFKPLGW���������%LRORJ\�RI�&LWUXV��%LRORJ\�RI�+RUWLFXOWXUDO
&URSV��&DPEULGJH�8QLYHUVLW\�3UHVV�

6ULSODNLFK��&�� ��������3HVWLFLGH�5HVLGXHV� LQ�'ULQNLQJ�:DWHU�� ,Q��3URFHHGLQJV�RI� WKH
6HFRQG� 7HFKQLFDO� &RQIHUHQFH� RI� WKH� $JULFXOWXUDO� 7R[LF� 6XEVWDQFHV� 'LYLVLRQ�
'HSDUWPHQW�RI�$JULFXOWXUH��0LQLVWU\�RI�$JULFXOWXUH�DQG�&RRSHUDWLYHV��%DQJNRN�
7KDLODQG�

6XNPDN��6�� ��������3HVWLFLGH�5HVLGXHV� LQ�$JULFXOWXUDO�3URGXFWV�� ,Q��3URFHHGLQJV�RI
WKH�6HFRQG�7HFKQLFDO�&RQIHUHQFH�RI�WKH�$JULFXOWXUDO�7R[LF�6XEVWDQFHV�'LYLVLRQ�
'HSDUWPHQW�RI�$JULFXOWXUH��0LQLVWU\�RI�$JULFXOWXUH�DQG�&RRSHUDWLYHV��%DQJNRN�
7KDLODQG�



5HIHUHQFHV ���

7D\DSXWFK�� 1�� �������� 3HVWLFLGH� 5HVLGXHV� LQ� 7KDLODQG�� ,Q� 3�6�7HQJ�� .�/�� +HRQJ
�HGV����3HVWLFLGH�0DQDJHPHQW� DQG� ,QWHJUDWHG�3HVW�0DQDJHPHQW� LQ�6RXWKHDVW
$VLD��3URFHHGLQJV�RI�WKH�6RXWKHDVW�$VLD�3HVWLFLGH�0DQDJHPHQW�DQG�,QWHJUDWHG
3HVW� 0DQDJHPHQW� :RUNVKRS�� )HEUXDU\� ������� ������ 3DWWD\D�� 7KDLODQG�� SS�
��������

7D\DSXWFK��1����������)DWH�RI�3HVWLFLGHV�LQ�7URSLFDO�(QYLURQPHQWV�RI�7KDLODQG��3K'
7KHVLV��8QLYHUVLW\�RI�$JULFXOWXUH�7RN\R��-DSDQ�

7D\DSXWFK�� 1�� �������� 3HVWLFLGH� 5HVLGXHV� LQ� 5LFH� 3DGG\� (QYLURQPHQW� LQ� 6HOHFWHG
9LOODJHV� LQ� &HQWUDO� 7KDLODQG�� 7R[LF� 6XEVWDQFHV� 'LYLVLRQ�� 'HSDUWPHQW� RI
$JULFXOWXUH��%DQJNRN��7KDLODQG�

7'5,� �������� 7KH�0RQLWRULQJ� DQG� &RQWURO� RI� +D]DUGRXV�:DVWH�� +D]DUGRXV�:DVWH
0DQDJHPHQW� LQ� 7KDLODQG�� 1DWXUDO� 5HVRXUFHV� DQG� (QYLURQPHQW� 3URJUDP�
7KDLODQG�'HYHORSPHQW�5HVHDUFK�,QVWLWXWH��)HEUXDU\�������%DQJNRN��7KDLODQG�

7HQJ��3�6����������&URS�/RVV�$VVHVVPHQW��D�5HYLHZ�RI�5HSUHVHQWDWLYH�$SSURDFKHV
DQG�&XUUHQW�7HFKQRORJ\��,Q��&URS�/RVV�$VVHVVPHQW�LQ�5LFH��3URFHHGLQJV�RI�WKH
,QWHUQDWLRQDO�:RUNVKRS�RQ�&URS�/RVV�WR�,PSURYH�3HVW�0DQDJHPHQW�LQ�5LFH�DQG
5LFH�EDVHG� &URSSLQJ� 6\VWHPV� LQ� 6RXWK� DQG� 6RXWKHDVW� $VLD�� ������ 2FWREHU
������,55,��/RV�%DxRV��3KLOLSSLQHV�

7KDL�*HUPDQ� 3ODQW� 3URWHFWLRQ� 3URJUDPPH� �������� 3URMHFW� 3UHVHQWDWLRQ�� ,QWHJUDWHG
3HVW�0DQDJHPHQW� LQ� 6HOHFWHG� )UXLW� 7UHHV�3URMHFW�� 'HSDUWPHQW� RI�$JULFXOWXUDO
([WHQVLRQ��%DQJNRN��7KDLODQG�

7KDL�*HUPDQ� 3ODQW� 3URWHFWLRQ� 3URJUDPPH�� 7DQJHULQH� 7HDP� �������� 4XDUWHUO\
5HSRUW�� ,QWHUQDO� 5HSRUW� RI� WKH� ,QWHJUDWHG� 3HVW� 0DQDJHPHQW� LQ� 6HOHFWHG� )UXLW
7UHHV�3URMHFW��'HSDUWPHQW�RI�$JULFXOWXUDO�([WHQVLRQ��%DQJNRN��7KDLODQG�

7KDL�*HUPDQ�3ODQW�3URWHFWLRQ�3URJUDPPH���������2UJDQL]DWLRQ��&RQWHQW�DQG�6WHSV
RI� ,30� 7HFKQRORJ\� 'HYHORSPHQW� LQ� 6HOHFWHG� )UXLW� 7UHHV� LQ� 7KDLODQG�� 3DSHU
SUHVHQWHG�DW� WKH�$6($1�:RUNVKRS� 
,30�LQ�)UXLW�7UHHV
��0D\������� ,QWHJUDWHG
3HVW�0DQDJHPHQW� LQ� 6HOHFWHG� )UXLW� 7UHHV�3URMHFW�� 'HSDUWPHQW� RI�$JULFXOWXUDO
([WHQVLRQ��%DQJNRN��7KDLODQG�

7KDLODQG� LQ� )LJXUHV� �������� 3XEOLVKHG� E\� $OSKD� 5HVHDUFK� &R�� DQG� 0DQDJHU
,QIRUPDWLRQ�6HUYLFH�&R����UG�(GLWLRQ������������%DQJNRN��7KDLODQG�
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