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SDSHU�LV�DQ�XQHGLWHG�FRS\�RI�WKH�ILQDO�UHSRUW���

�� 7KH� DXWKRUV�ZRXOG� OLNH� WR� WKDQN� -DVSHU� 5RRV� DQG�2VFDU� /HPPHUV� IRU� WKHLU�ZRUN� RQ� WKH�
WUDGH� GDWD�� )XUWKHUPRUH�� ZH� WKDQN� 3LHW� 9HUELHVW� DQG� 5HLQLHU� %LNNHU� IRU� FRPPHQWV� DQG�
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6XPPDU\��

)RU�HFRQRPLVWV�WR�DQDO\VH�HFRQRPLF�GHYHORSPHQWV�LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�
GULYLQJ� IRUFHV� RI� HFRQRPLF� JURZWK�� 2QH� RI� WKH� DQDO\VHV� ZKLFK� LV� XVHG� LV� WKH�
DWWULEXWLRQ� RI� *'3� JURZWK� UDWHV� WR� ILQDO� GHPDQG� FRPSRQHQWV� VXFK� DV� KRXVHKROG�
FRQVXPSWLRQ��JURVV�IL[HG�FDSLWDO�IRUPDWLRQ�DQG�H[SRUWV��7ZR�PHWKRGV�DUH�DYDLODEOH��
)LUVWO\�� WKHUH� LV� WKH�³QHW�H[SRUWV�PHWKRG´�ZKLFK� LV�XVHG� LQ� WKH�0RQWKO\�%XOOHWLQ�RI�
WKH�(&%��(&%��������S�����,Q�WKLV�PHWKRG��WKH�JURZWK�UDWH�LV�GHFRPSRVHG�XVLQJ�D�
QHW�PHDVXUH�IRU�H[SRUWV�L�H��LPSRUWV�DUH�VXEWUDFWHG�IURP�H[SRUWV��6HFRQGO\��WKHUH�LV�
WKH� ³DWWULEXWLRQ� PHWKRG´� ZKLFK� DGRSWV� LQSXW�RXWSXW� PRGHOOLQJ� WHFKQLTXHV� WR�
GHFRPSRVH�WKH�HIIHFWV�RI�FKDQJHV�LQ�ILQDO�GHPDQG�FRPSRQHQWV���

,Q� D� SUHYLRXV� VWXG\� IRU� WKH� (&%�� +RHNVWUD� HW� DO�� ������� VKRZHG� WKDW� WKDW� WKH�
DWWULEXWLRQ� PHWKRG� OHDGV� WR� PRUH� IUXLWIXO� HFRQRPLF� DQDO\VLV� EXW� WKDW� WKH� GDWD�
UHTXLUHPHQWV�DUH�ODUJHU�EHFDXVH�WKH�PHWKRG�UHTXLUHV�DQ�LQSXW�RXWSXW�WDEOH��,27��IRU�
WKH�HXUR�DUHD��($��� ,Q� WKH�UHSRUW�DQ�,27�IRU������IRU� WKH�($�ZDV�FRQVWUXFWHG�DQG�
ZDV� XVHG� IRU� WKH� DWWULEXWLRQ�PHWKRG� IRU� DQQXDO� ������������ DQG� TXDUWHUO\� JURZWK�
UDWHV������4������4����

7KH�FXUUHQW� UHSRUW�EXLOGV�RQ� WKH�ZRUN�GRQH� LQ�+RHNVWUD�HW�DO�� ��������($�,27�IRU�
������ ����� DQG� ����� DUH� SURGXFHG� DQG� XVHG� WR� DWWULEXWH� DQQXDO� ������������ DQG�
TXDUWHUO\� �����4������4��� JURZWK� UDWHV� WR� ILQDO� GHPDQG� FRPSRQHQWV�� 0DQ\�
LPSURYHPHQWV�KDYH�EHHQ� LQWURGXFHG�DORQJ� WKH�ZD\��EXW� IRXU�VWDQG�RXW��)LUVWO\�� WKH�
GDWD�VLWXDWLRQ�LQ�WKH�(XURVWDW�WUDQVPLVVLRQ�SURJUDP�KDV�LPSURYHG��6HFRQGO\��WKH�,27�
ZKLFK�KDYH�EHHQ�SURGXFHG�DUH�FRQVLVWHQW�ZLWK�WKH�ODWHVW�PDFUR�HFRQRPLF�DJJUHJDWHV�
VHULHV� SURGXFHG� E\� WKH�(&%��7KLUGO\�� ,27� IRU�PXOWLSOH� \HDUV�KDYH� EHHQ� SURGXFHG�
������� ����� DQG� ������� )LQDOO\�� RQH� RI� WKH� SUREOHPV� LGHQWLILHG� LQ� WKH� SUHYLRXV�
UHSRUW��UH�H[SRUWV�DQG�WUDQVLW�WUDGH��IRU�WKH�1HWKHUODQGV���KDV�EHHQ�WDFNOHG�XVLQJ�QHZ�
GDWD�IURP�WKH�GHSDUWPHQW�RI�WUDGH�VWDWLVWLFV�RI�6WDWLVWLFV�1HWKHUODQGV��

,Q� WKH� UHSRUW� ZH� DOVR� GLVFXVV� ZKLFK� VWHSV� ZRXOG� EH� QHFHVVDU\� WR� SURGXFH� WKH�
687�,27�DQG�DWWULEXWLRQ�FDOFXODWLRQV�RQ�D�UHJXODU�EDVLV��3RWHQWLDO�LPSURYHPHQWV�DQG�
IXUWKHU� UHVHDUFK�DUH�DOVR�GLVFXVVHG��'HWDLOHG�DSSHQGLFHV�� LQ�ZKLFK�WKH�GDWD�ZRUN� LV�
GHVFULEHG�DQG�VHQVLWLYLW\�DQDO\VHV�SUHVHQWHG�DUH�DOVR�LQFOXGHG��
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.H\ZRUGV�� *'3� JURZWK� UDWH�� DWWULEXWLRQ� PHWKRG�� DWWULEXWLRQ� WR� ILQDO� GHPDQG�
FRPSRQHQWV��LQSXW�RXWSXW�PRGHOOLQJ��DV\PPHWULHV��(XURSHDQ�LQSXW�RXWSXW�WDEOHV��
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7DEOH�RI�&RQWHQWV�
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5H�H[SRUWV�RI�WKH�($������������������������������������������������������������������������������������������������

��� &RPSDULVRQ�WR�SUHYLRXV�VWXG\������������������������������������������������������������������������������
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$SSHQGL[�$��0DWKHPDWLFDO�GHULYDWLRQ�RI�GHFRPSRVLWLRQ�PHWKRGV������������������������������

$����1HW�H[SRUWV�PHWKRG������������������������������������������������������������������������������������������
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$SSHQGL[�%��'DWD�FRQVWUXFWLRQ�DQG�DWWULEXWLRQ�FDOFXODWLRQV����������������������������������������

%����&RQVWUXFW�687�IRU����� �����������������������������������������������������������������������������������

%���D��&ROOHFW�WKH�PRVW�UHFHQW�687����������������������������������������������������������������������

%���E��&KRRVH�IRUPDW�687�����������������������������������������������������������������������������������

%���F��),6,0�DQG�FODVVLILHG�LQIRUPDWLRQ��������������������������������������������������������������

%���G��3URGXFH�687�IRU�$7��%(��'(��),��)5��,7��/8��1/��37�DQG�6, ����������������

%���H�3URGXFH�687�IRU�*5��,(�DQG�(6� ���������������������������������������������������������������

(YDOXDWLRQ�RI�6WHS�����������������������������������������������������������������������������������������������
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%����&RQYHUW�XVH�WDEOHV�WR�EDVLF�SULFHV���������������������������������������������������������������������

%���D��,QVHUW�GDWD�IRU�(6��),�DQG�1/���������������������������������������������������������������������

%���E�&RQYHUW�XVH�WDEOH�RI�*(��)5��,(��,7�DQG�6,������������������������������������������������

%���F��&RQYHUW�XVH�WDEOH�RI�$7��%(��*5��/8�DQG�37 ������������������������������������������

(YDOXDWLRQ�RI�VWHS������������������������������������������������������������������������������������������������

%����3URGXFH�XVH�WDEOHV�LQ�GRPHVWLF�DQG�LPSRUWHG�FRPPRGLWLHV �����������������������������

%���D��6SOLW�WKH�XVH�WDEOH�IRU�(6 ���������������������������������������������������������������������������

%���E��6SOLW�WKH�XVH�WDEOHV�IRU�$7��%(��),��)5��*(��,(��,7��1/��37�DQG�6, ���������

%���F��6SOLW�WKH�XVH�WDEOH�IRU�*5�DQG�/8��������������������������������������������������������������
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%���E��6ROYH�DV\PPHWULHV�LQ�JRRGV ����������������������������������������������������������������������

%���F��6ROYH�DV\PPHWULHV�LQ�VHUYLFHV �������������������������������������������������������������������

%���G��6ROYH�DV\PPHWULHV�IRU�SXUFKDVHV�DEURDG�E\�UHVLGHQWV ������������������������������

%���H��(VWLPDWH�UH�H[SRUWV ������������������������������������������������������������������������������������

%���I��3URGXFH�WKH��XVH�WDEOHV�LQ�EDVLF�SULFHV �������������������������������������������������������
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(YDOXDWLRQ�RI�VWHS������������������������������������������������������������������������������������������������

%����([WUDSRODWH�($�,27������WR������DQG���������������������������������������������������������
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(YDOXDWLRQ�RI�VWHS������������������������������������������������������������������������������������������������

&RPSDULVRQ�WR�+RHNVWUD�HW�DO�������� ����������������������������������������������������������������������
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&RQVLVWHQW�($�DJJUHJDWHV ������������������������������������������������������������������������������������
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$EEUHYLDWLRQV�

%(&� � %URDG�(FRQRPLF�&DWHJRULHV�
&%6� � 6WDWLVWLFV�1HWKHUODQGV�
&36� � &XPXODWHG�3URGXFWLRQ�6WUXFWXUH�
&20(;7� 'DWDEDVH�FRQWDLQLQJ�(8�WUDGH�GDWD�
&3$� � &ODVVLILFDWLRQ�RI�3URGXFWV�E\�$FWLYLWLHV�
&3%� � 1HWKHUODQGV�%XUHDX�IRU�(FRQRPLF�3ROLF\�$QDO\VLV�
&1� � &RPELQHG�1RPHQFODWXUH�
'1%� � 'XWFK�1DWLRQDO�%DQN�
($� � (XUR�$UHD�
(&%� � (XURSHDQ�&HQWUDO�%DQN�
%3� � %DVLF�3ULFHV�
+6� � +DUPRQL]HG�6\VWHP�
,27�� � ,QSXW�RXWSXW�WDEOH�
,76� � ,QWHUQDWLRQDO�WUDGH�LQ�VHUYLFHV�GDWD�
0('� � 0DFUR�HFRQRPLF�DJJUHJDWHV�
13,6+��� 1RQ�SURILW�RUJDQLVDWLRQV�VHUYLQJ�KRXVHKROGV�
33� � 3XUFKDVHU�SULFHV�
7/6� � 7D[HV�OHVV�VXEVLGLHV�RQ�SURGXFWV�
687� � 6XSSO\�DQG�XVH�WDEOHV�
770� � 7UDGH�DQG�WUDQVSRUW�PDUJLQV�
:,1$'-867� &%6�/DJUDQJLDQ�EDODQFLQJ�SURJUDP��YDQ�'DOHQ�DQG�6OXLV���������
�

&RXQWU\�ODEHOV��

$7� $XVWULD�
%(� %HOJLXP�
'(� *HUPDQ\�
(6� 6SDLQ�
),� )LQODQG�
)5� )UDQFH�
*5� *UHHFH�
,(� ,UHODQG�
,7� ,WDO\�
/8� /X[HPEXUJ�
1/� 7KH�1HWKHUODQGV�
37� 3RUWXJDO�
6,� 6ORYHQLD�
�
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��� ,QWURGXFWLRQ�

)RU�HFRQRPLVWV�WR�DQDO\VH�HFRQRPLF�GHYHORSPHQWV�LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�
GULYLQJ� IRUFHV� RI� HFRQRPLF� JURZWK�� 2QH� RI� WKH� DQDO\VHV� ZKLFK� LV� XVHG� LV� WKH�
DWWULEXWLRQ� RI� *'3� JURZWK� UDWHV� WR� ILQDO� GHPDQG� FRPSRQHQWV� VXFK� DV� KRXVHKROG�
FRQVXPSWLRQ��JURVV�IL[HG�FDSLWDO�IRUPDWLRQ�DQG�H[SRUWV��7ZR�PHWKRGV�DUH�DYDLODEOH��
)LUVWO\�� WKHUH� LV� WKH�³QHW�H[SRUWV�PHWKRG´�ZKLFK� LV�XVHG� LQ� WKH�0RQWKO\�%XOOHWLQ�RI�
WKH�(&%��(&%��������S�����,Q�WKLV�PHWKRG��WKH�JURZWK�UDWH�LV�GHFRPSRVHG�XVLQJ�D�
QHW�PHDVXUH�IRU�H[SRUWV�L�H��LPSRUWV�DUH�VXEWUDFWHG�IURP�H[SRUWV��6HFRQGO\��WKHUH�LV�
WKH� ³DWWULEXWLRQ� PHWKRG´� ZKLFK� DGRSWV� LQSXW�RXWSXW� PRGHOOLQJ� WHFKQLTXHV� WR�
GHFRPSRVH�WKH�HIIHFWV�RI�FKDQJHV�LQ�ILQDO�GHPDQG�FRPSRQHQWV���

,Q� D� SUHYLRXV� VWXG\� IRU� WKH� (&%�� +RHNVWUD� HW� DO�� ������� VKRZHG� WKDW� WKDW� WKH�
DWWULEXWLRQ� PHWKRG� OHDGV� WR� PRUH� IUXLWIXO� HFRQRPLF� DQDO\VLV� EXW� WKDW� WKH� GDWD�
UHTXLUHPHQWV�DUH�ODUJHU�EHFDXVH�WKH�PHWKRG�UHTXLUHV�DQ�LQSXW�RXWSXW�WDEOH��,27��IRU�
WKH�HXUR�DUHD��($��� ,Q� WKH�UHSRUW�DQ�,27�IRU������IRU� WKH�($�ZDV�FRQVWUXFWHG�DQG�
ZDV� XVHG� IRU� WKH� DWWULEXWLRQ�PHWKRG� IRU� DQQXDO� ������������ DQG� TXDUWHUO\� JURZWK�
UDWHV������4������4����

7KH�FXUUHQW� UHSRUW�EXLOGV�RQ� WKH�ZRUN�GRQH� LQ�+RHNVWUD�HW�DO�� ��������($�,27�IRU�
������ ����� DQG� ����� DUH� SURGXFHG� DQG� XVHG� WR� DWWULEXWH� DQQXDO� ������������ DQG�
TXDUWHUO\� �����4������4��� JURZWK� UDWHV� WR� ILQDO� GHPDQG� FRPSRQHQWV�� 0DQ\�
LPSURYHPHQWV�KDYH�EHHQ� LQWURGXFHG�DORQJ� WKH�ZD\�EXW� IRXU� VWDQG�RXW��)LUVWO\�� WKH�
GDWD�VLWXDWLRQ�LQ�WKH�(XURVWDW�WUDQVPLVVLRQ�SURJUDP�KDV�LPSURYHG��6HFRQGO\��WKH�,27�
ZKLFK�KDYH�EHHQ�SURGXFHG�DUH�FRQVLVWHQW�ZLWK�WKH�ODWHVW�PDFUR�HFRQRPLF�DJJUHJDWHV�
VHULHV� SURGXFHG� E\� WKH�(&%��7KLUGO\�� ,27� IRU�PXOWLSOH� \HDUV�KDYH� EHHQ� SURGXFHG�
������� ����� DQG� ������� )LQDOO\�� RQH� RI� WKH� SUREOHPV� LGHQWLILHG� LQ� WKH� SUHYLRXV�
UHSRUW��UH�H[SRUWV�DQG�WUDQVLW�WUDGH��IRU�WKH�1HWKHUODQGV���KDV�EHHQ�WDFNOHG�XVLQJ�QHZ�
GDWD�IURP�WKH�GHSDUWPHQW�RI�WUDGH�VWDWLVWLFV�RI�6WDWLVWLFV�1HWKHUODQGV��

�

7KHRU\�

7KH�WZR�DOWHUQDWLYH�PHWKRGV� WR�DWWULEXWH�*'3�JURZWK� WR�ILQDO�GHPDQG�FRPSRQHQWV�
DUH�FDOOHG�WKH�QHW�H[SRUWV�PHWKRG��DQG�DWWULEXWLRQ�PHWKRG���

7KH�(&%�FXUUHQWO\�XVHV�WKH�QHW�H[SRUWV�PHWKRG��7R�DSSO\�WKLV�PHWKRG��LPSRUWV�DUH�
VXEWUDFWHG�IURP�WKH�H[SRUWV�ZKHQ�WKH�JURZWK�UDWHV�RI�WKH�ILQDO�GHPDQG�FRPSRQHQWV�
DUH�DQDO\VHG��7KH�UHVXOWV�RI�WKLV�W\SH�RI�DQDO\VLV�DUH�SXEOLVKHG�LQ�WKH�(&%¶V�0RQWKO\�
EXOOHWLQ��VHH�IRU�H[DPSOH�(&%��������S�����,Q�WKHVH�FDOFXODWLRQV�WKH�HXUR�DUHD��($��
TXDUWHUO\� *'3� JURZWK� UDWHV� DUH� DWWULEXWHG� WR� GRPHVWLF� GHPDQG�� FKDQJH� LQ�
LQYHQWRULHV��DQG�QHW�H[SRUWV���

������������������������������������������������������
��7KH�WHUP�³QHW�WUDGH´�LV�VRPHWLPHV�DOVR�XVHG��³1HW�H[SRUWV´�LV�XVHG�LQ� WKLV�UHSRUW�EHFDXVH�

WKLV�LV�XVHG�LQ�WKH�FKDUWV�DQG�WH[WV�RI�WKH�0RQWKO\�%XOOHWLQ�RI�WKH�(&%����
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$Q�DOWHUQDWLYH�DSSURDFK�LV�WKH�DWWULEXWLRQ�PHWKRG�ZKLFK�XVHV�LQSXW�RXWSXW�PRGHOOLQJ�
WHFKQLTXHV�WR�DWWULEXWH�*'3�DQG�LPSRUWV�WR�ILQDO�GHPDQG�FRPSRQHQWV��7KLV�PHWKRG�
ZDV��WR�RXU�NQRZOHGJH��ILUVW�LQWURGXFHG�E\�WKH�'XWFK�1DWLRQDO�%DQN��'1%���$OGHUV��
�������6XEVHTXHQWO\� LW�KDV�EHHQ�DGRSWHG�E\� WKH�1HWKHUODQGV�%XUHDX� IRU�(FRQRPLF�
3ROLF\�$QDO\VLV��&3%���VHH�IRU�H[DPSOH�.UDQHQGRQN�DQG�9HUEUXJJHQ��������������
DQG�6WDWLVWLFV�1HWKHUODQGV��&%6���GH�%RHU���������,W¶V�SRSXODULW\�LQ�WKH�1HWKHUODQGV�
H[SODLQV�ZK\� LW� LV� VRPHWLPHV� UHIHUUHG� WR� DV� WKH� µ'XWFK�PHWKRG¶� �.UDQHQGRQN� DQG�
9HUEUXJJHQ�� �������� +RZHYHU� PRUH� UHFHQWO\�� WKH� PHWKRG� KDV� FDXJKW� RQ� LQ� RWKHU�
FRXQWULHV�DV�ZHOO��&DQDGD��&DPHURQ�DQG�&URVV��������DQG�&URVV���������'HQPDUN�
�0LQLVWU\�RI�)LQDQFH���������DQG�)UDQFH��+HLW]�DQG�5LQL���������

$� IXOO� GHULYDWLRQ� RI� WKH� IRUPXODV� LV� SUHVHQWHG� LQ� $SSHQGL[� $�� +RZHYHU�� D� VKRUW�
VXPPDU\�LV�SURYLGHG�EHORZ�����

(TXDWLRQV� �� DQG� �� SURYLGH� VLPSOH� IRUPXOD� IRU� WKH� QHW�H[SRUWV� DQG� DWWULEXWLRQ�
PHWKRG��7ZR�ILQDO�GHPDQG�FRPSRQHQWV��GRPHVWLF�ILQDO�GHPDQG��F��DQG�H[SRUWV��H��
DUH�GLVWLQJXLVKHG��(TXDWLRQ���VKRZV�WKDW�WKH�JURZWK�RI�*'3��\��FDQ�EH�GHFRPSRVHG�
LQWR� WKH� FRQWULEXWLRQ� RI� GRPHVWLF� FRQVXPSWLRQ� �'F�� DQG� QHW�H[SRUWV� �'H��� 7KH�
HTXDWLRQV� VKRZ� WKDW� LQ� WKH� QHW�H[SRUWV� PHWKRG� WKH� FKDQJH� LQ� LPSRUWV� �P�� LV�
LQFRUSRUDWHG�LQ�WKH�FRQWULEXWLRQ�RI�H[SRUWV��ZKLFK�LV�ZK\�LW�LV�UHIHUUHG�WR�DV�WKH�QHW�
H[SRUWV�PHWKRG��,Q�HTXDWLRQ�VHW����WKH�JURZWK�RI�LPSRUWV�KDV�DQ�LQGLUHFW�HIIHFW�ZKLFK�
DIIHFWV� ERWK� GRPHVWLF� ILQDO� GHPDQG� DQG� H[SRUWV��7KH� LPSRUWV� DUH� DWWULEXWHG� WR� WKH�
ILQDO�GHPDQG�FDWHJRULHV�WKURXJK�WKH�*'3�DWWULEXWLRQ�VKDUHV�� ��ZKLFK�DUH�FDOFXODWHG�
XVLQJ�LQSXW�RXWSXW�WHFKQLTXHV���������

�
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��.UDQHQGRQN�DQG�9HUEUXJJHQ� ������� UHIHU� WR� WKH�QHW�H[SRUWV�PHWKRG�DV� WKH� ³LQWHUQDWLRQDO�

PHWKRG´��,Q�D�UHFHQW�SXEOLFDWLRQ�WKH\�UHIHU�WR�WKH�DWWULEXWLRQ�PHWKRG�DV�WKH�³LPSRUW�DGMXVWHG�

PHWKRG´��.UDQHQGRQN�DQG�9HUEUXJJHQ������������
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:KHUH�

W\ � *'3�

\� � *'3�JURZWK�UDWH�
WP � ,PSRUWV��

WF � 'RPHVWLF�ILQDO�FRQVXPSWLRQ��
WH � ([SRUWV�
W
Fα � $WWULEXWHG�*'3�VKDUH�RI�GRPHVWLF�ILQDO�GHPDQG��VFDODU���
W
Hα � $WWULEXWHG�*'3�VKDUH�RI�H[SRUWV��VFDODU���
QHW
F' � &RQWULEXWLRQ�RI�GRPHVWLF�ILQDO�GHPDQG�XVLQJ�WKH�QHW�H[SRUWV�PHWKRG�
QHW
H' � &RQWULEXWLRQ�RI�H[SRUWV�XVLQJ�WKH�QHW�H[SRUWV�PHWKRG�

�DWW
F' � &RQWULEXWLRQ�RI�GRPHVWLF�ILQDO�GHPDQG�XVLQJ�WKH�DWWULEXWLRQ�PHWKRG�

�DWW
H' � &RQWULEXWLRQ�RI�H[SRUWV�XVLQJ�WKH�DWWULEXWLRQ�PHWKRG�

�

$V�WKH�HTXDWLRQV�VKRZ��WKH�HFRQRPLF�LQWHUSUHWDWLRQ�RI�WKHVH�PHWKRGV�LV�GLIIHUHQW��,Q�
WKH� QHW�H[SRUWV� PHWKRG� WKH� FRQWULEXWLRQ� RI� GRPHVWLF� ILQDO� GHPDQG� GRHV� QRW�
GLVWLQJXLVK�EHWZHHQ�WKH�VRXUFH�RI�WKH�SURGXFWV��GRPHVWLF�RU�LPSRUWHG���)RU�H[DPSOH��
DVVXPH� WKDW� WRWDO� FRQVXPSWLRQ� LQFUHDVHV� IURP�SHULRG��� WR����$VVXPH�DOVR� WKDW� WKH�
LQFUHDVH� LV� HQWLUHO\� VXSSOLHG� E\� DQ� LQFUHDVH� LQ� LPSRUWV� ZKLOH� DOO� RWKHU� YDULDEOHV�
UHPDLQ� WKH�VDPH��7KLV�PHDQV� WKDW� WKH� LQFUHDVH� LQ�FRQVXPSWLRQ�GRHV�QRW� OHDG� WR�DQ�
LQFUHDVH� LQ� *'3�� +RZHYHU�� WKH� QHW�H[SRUWV� PHWKRG� ZRXOG� VKRZ� D� SRVLWLYH�
FRQWULEXWLRQ� RI� FRQVXPSWLRQ� ZLWK� D� FRUUHVSRQGLQJ� QHJDWLYH� FRQWULEXWLRQ� RI� QHW�
H[SRUWV��7KH� DWWULEXWLRQ�PHWKRG�ZRXOG� VKRZ�QR�FRQWULEXWLRQ� WR�*'3�JURZWK� IURP�
GRPHVWLF�FRQVXPSWLRQ��RU�H[SRUWV����

0DQ\� DXWKRUV� KDYH� VWUHVVHG� WKDW�� GHVSLWH� WKH� JUHDWHU� GDWD� HIIRUW�� WKH� DWWULEXWLRQ�
PHWKRG� LV� SUHIHUDEOH� EHFDXVH� RI� WKH� HFRQRPLF� LQWHUSUHWDWLRQ� �(&%�� ������
.UDQHQGRQN�DQG�9HUEUXJJHQ��������������+RHNVWUD�HW�DO���������0RVW�DXWKRUV�SRLQW�
WR�WKH�IDFW�WKDW�WKH�QHW�H[SRUW�PHWKRG�OHDGV�WR�XQGHUHVWLPDWLRQ�RI�WKH�H[WHUQDO�VHFWRU���
)RU� H[DPSOH�� WKH�0RQWKO\�%XOOHWLQ� RI� -XQH� ����� �%R[���� S� ������� FRQFOXGHV� WKDW�
³2YHUDOO��ZKLOH�QHW� WUDGH� DQG�H[SRUWV� DUH�XVHIXO�PHDVXUHV�RI� DFWLYLW\�� LW� VKRXOG�EH�
ERUQH� LQ� PLQG� WKDW� WKH� IRUPHU� PD\� LQ� VRPH� FLUFXPVWDQFHV� JLYH� DQ� XQGHUVWDWHG�
SLFWXUH� RI� WKH� LPSXOVH� RI� WKH� H[WHUQDO� VHFWRU�� ,Q� $SSHQGL[� $� WKH� PDWKHPDWLFDO�
FRQGLWLRQV�XQGHU�ZKLFK�WKH�XQGHUHVWLPDWLRQ�RFFXUV�DUH�GLVFXVVHG���
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'DWD�FRQVWUXFWLRQ���

7R�SHUIRUP�WKH�DWWULEXWLRQ�PHWKRG�FDOFXODWLRQV��WKUHH�,27��IRU������������DQG�������
IRU� WKH� HXUR� DUHD� ZHUH� SURGXFHG�� %HIRUH� ZH� GLVFXVV� WKH� GDWD� FRQVWUXFWLRQ�
PHWKRGRORJ\��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�FRQFHSWXDO�FKDOOHQJHV�UHODWHG�WR�($�
DJJUHJDWHV�����

7KHUH�DUH�D�QXPEHU�RI�FRQFHSWXDO�UHDVRQV�ZK\�WKH�($�DJJUHJDWHV�DUH�QRW�VLPSO\�WKH�
VXPPDWLRQ� RI� QDWLRQDO� DFFRXQWV� GDWD� VXSSOLHG� E\� WKH� PHPEHU� VWDWHV�� )LUVW� RI� DOO�
(XURSHDQ�LQVWLWXWLRQV�KDYH�WR�EH�DGGHG�EHFDXVH�WKHVH�DUH�QRW�FRQVLGHUHG�³UHVLGHQWV´�
RI� DQ\� RI� WKH�PHPEHU� VWDWHV�� 6HFRQGO\�� WKH� DJJUHJDWLRQ� RI� 52:� DFFRXQWV� RI� WKH�
PHPEHU� VWDWHV� LQFOXGHV� LQWUD�($� WUDGH��ZKLFK� VKRXOG� EH� H[FOXGHG� LI� RQH�ZDQWV� WR�
FRUUHFWO\� GHSLFW� WKH� H[WHUQDO� WUDGH� RI� WKH� ($�� 7R� FRUUHFW� IRU� LQWUD�($� WUDGH�� WKH�
SUREOHP�RI�DV\PPHWULHV��WKH� IDFW� WKDW� LQWUD�($� LPSRUWV�DQG�H[SRUWV�DUH�QRW�HTXDO��
KDV� WR�EH� UHVROYHG�� ,Q� WKH�SURFHVV�RI� UHFRQFLOLQJ� WKHVH� DV\PPHWULHV� LW�XQDYRLGDEOH�
WKDW�DJJUHJDWHV�IRU�WKH�LQGXVWU\�DQG�JRRGV�OHYHOV�DV�ZHOO�DV�WKH�WRWDO�HFRQRP\�ZLOO�
GLIIHU�IURP�WKH�VXPPDWLRQ�RI�DOO�FRXQWULHV���

5HFHQWO\��WKH�(&%�KDV�SURGXFHG�D�WLPH�VHULHV�RI�($�DJJUHJDWHV�LQ�ZKLFK�WKH�DERYH�
FRQFHSWXDO�LVVXHV�DUH�WDFNOHG��IRU�IXUWKHU�GHWDLOV�VHH��7)46$����������+RZHYHU��WKLV�
GDWD� VHW�RQO\�SURYLGHV�PDFUR�HFRQRPLF�DJJUHJDWHV� VXFK�DV�*'3�DQG� WKH� WRWDOV� IRU�
WKH�ILQDO�GHPDQG�FDWHJRULHV��,Q�WKLV�SURMHFW�687�,27�IRU������������DQG������KDYH�
EHHQ�SURGXFHG�ZKLFK�DUH�FRQVLVWHQW�WR�WKHVH�DJJUHJDWHV��7KLV�PHDQV�WKDW��IRU�WKHVH�
\HDUV�� WKHUH� LV�D� FRPSOHWH� VHW� RI� FRQVLVWHQW�SURGXFWLRQ� DFFRXQWV� �LQ� FXUUHQW�SULFHV��
DYDLODEOH�IRU�WKH�($���

1RZ�ZH�DUH� UHDG\� WR�GLVFXVV�EULHIO\� WKH�PHWKRG�E\�ZKLFK� WKLV� WLPH�VHULHV�RI� ,27�
ZDV�SURGXFHG��D�IXOO�GHVFULSWLRQ�LV�SURYLGHG�LQ�$SSHQGL[�%���7KHUH�DUH�ILYH�W\SHV�RI�
GDWD�ZKLFK�KDYH�EHHQ�XVHG�LQ�WKLV�SURMHFW��6XSSO\�DQG�XVH�WDEOHV��687���,QSXW�RXWSXW�
WDEOHV��,27���0DFUR�HFRQRPLF�GDWD��0('���,QWHUQDWLRQDO�WUDGH�LQ�JRRGV��&20(;7��
DQG�,QWHUQDWLRQDO�WUDGH�LQ�VHUYLFHV��,76���7KH�DGYDQWDJH�RI�WKH�DSSURDFK�XVHG�LQ�WKLV�
UHSRUW� LV� WKDW� LW� LV� DOPRVW� HQWLUHO\� EDVHG� RQ� GDWD� DYDLODEOH� IURP� WKH� (6$���
WUDQVPLVVLRQ�SURJUDP�DQG�WKH�($�VHULHV�SURGXFHG�E\�WKH�(&%��2QO\�LQ�D�FRXSOH�RI�
LQVWDQFHV�ZDV�WKH�GDWD�VXSSOHPHQWHG�ZLWK�LQIRUPDWLRQ�IURP�LQGLYLGXDO�FRXQWULHV���

7KH� ,27� UHTXLUHG� LV� DQ� ³,27� H[FOXGLQJ� LPSRUWV� LQ� EDVLF� SULFHV´� DV� VKRZQ� LQ� WKH�
WDEOH� EHORZ�� ,Q� WKLV� W\SH� RI� ,27� WKH� LPSRUWV� DQG� WD[HV� OHVV� VXEVLGLHV� RQ� SURGXFWV�
�7/6��DUH�SUHVHQWHG�LQ�WKH�URZV�RI�WKH�WDEOH��7KH�ILQDO�FROXPQ�LV�HTXDO�WR�GRPHVWLF�
SURGXFWLRQ�RI�JRRGV�DQG�VHUYLFHV���

7KH�SURGXFWLRQ�RI�WKH�GDWD�FDQ�EH�VSOLW�LQWR�VL[�VWHSV��,Q�WKH�ILUVW�ILYH�VWHSV�DQ�($�
,27�IRU������LV�SURGXFHG�XVLQJ�FRXQWU\�OHYHO�GDWD��7KH�PRVW�UHFHQW�687�DQG�,27�
GDWD� LV� XVHG� DV�ZHOO� DV�0('�&20(;7�,76� GDWD� IRU� ������$IWHU� WKH�($�,27� IRU�
�����LV�FRPSOHWHG�LW�LV�H[WUDSRODWHG�WR������DQG������XVLQJ�GDWD�DW�WKH�($�OHYHO����

�

�

�
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,QSXW�RXWSXW�WDEOH�H[FOXGLQJ�LPSRUWV�LQ�EDVLF�SULFHV��
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&RPPRGLW\��� � � � � � �

«� � � � � � �

&RPPRGLW\�Q� � � � � � �

9DOXH�DGGHG� � � � � � �

7/6� � � � � � �

,PSRUWV� � � � � � �

7RWDO� � � � � � �

�

,Q�VWHS����WKH�687�DUH�FRQVWUXFWHG�IRU�WKH����FRXQWULHV�RI�WKH�($�IRU�WKH�\HDU�������
)RU�WKLV�SURMHFW��WKH�(XURVWDW�WUDQVPLVVLRQ�SURJUDP�SURYLGHG�KDUPRQL]HG�687�IRU����
RI� WKH���� FRXQWULHV� IRU�������7KH�RWKHU�687�KDG� WR�EH�SURGXFHG�E\�H[WUDSRODWLQJ�
ROGHU�687�ZLWK�0('��&20(;7�DQG�,76�GDWD���(6�������*5�������,(�����������

6WHS���LQYROYHG�WKH�FRQYHUVLRQ�RI�WKH�XVH�WDEOH�LQ�SXUFKDVHU�SULFHV�WR�EDVLF�SULFHV��
7KH�WUDGH�DQG�WUDQVSRUW�PDUJLQV��770��DQG�WD[HV�OHVV�VXEVLGLHV�UHODWHG�WR�SURGXFWV�
�7/6�� DUH� FDOFXODWHG� IRU� WKH� ��� XVH� WDEOHV�� ,27� RU� VSHFLDO� XVH� WDEOHV� IURP� WKH�
WUDQVPLVVLRQ�SURJUDP�DUH�XVHG�DV�ZHOO�DV�FRXQWU\�VSHFLILF�LQIRUPDWLRQ�������

,Q�VWHS���� WKH����XVH�WDEOHV�LQ�EDVLF�SULFHV�DUH�VSOLW�LQWR�WKH�GRPHVWLF�DQG�LPSRUWHG�
FRPSRQHQWV�� 7KLV� LV� GRQH� XVLQJ� WKH� ,27� RU� VSHFLDO� XVH� WDEOHV� IURP� WKH� (XURVWDW�
WUDQVPLVVLRQ�SURJUDP�RU�VSHFLILF�LQIRUPDWLRQ�IRU�LQGLYLGXDO�FRXQWULHV��������

6WHS� �� OHDGV� WR� WKH� SURGXFWLRQ� RI� WKH� 687� IRU� ����� IRU� WKH� ($��7KLV� LV� GRQH� E\�
DJJUHJDWLQJ�WKH�687��VXSSO\�WDEOHV�IURP�VWHS���DQG�XVH�WDEOHV�LQ�EDVLF�SULFHV�IURP�
VWHS����IRU�WKH����HXUR�FRXQWULHV�DQG�VXEWUDFWLQJ�WKH�LQWUD�($�WUDGH�IURP�WKH�LPSRUWV�
DQG�H[SRUWV��7KH� LQWUD�($� WUDGH�DV\PPHWULHV�DUH� UHVROYHG� LQ� WKLV� VWHS��7KH� LPSRUW�
PDWUL[�RI�WKH�($�LV�EDVHG�RQ�WKH�UHVXOWV�RI�WKH�DV\PPHWU\�FDOFXODWLRQV�DV�ZHOO�DV�WKH�
%URDG� (FRQRPLF� &DWHJRULHV� �%(&�� FODVVLILFDWLRQ� VFKHPH�� $� QRYHO� DVSHFW� RI� WKLV�
SURMHFW�ZDV� WKH� LQFOXVLRQ� RI� WKH� UH�H[SRUWV� GDWD�ZKLFK�ZDV� SURGXFHG� E\� WKH� WUDGH�
VWDWLVWLFV� GHSDUWPHQW� RI� WKH� &%6�� 7KHVH� GDWD� IRU� WKH� 1HWKHUODQGV� ZHUH� FRPELQHG�
ZLWK�WKH�RWKHU�DYDLODEOH�GDWD�RI�WKH�($�FRXQWULHV�WR�SURGXFH�DQ�($�UH�H[SRUW�VHULHV���

,Q�VWHS���WKH�,27�IRU�WKH�($�IRU�WKH�\HDU������LV�FDOFXODWHG�E\�DSSO\LQJ�WKH�LQGXVWU\�
WHFKQRORJ\�DVVXPSWLRQ�WR�WKH�VXSSO\�DQG�XVH�WDEOHV�IURP�VWHS����7KH�UHVXOWLQJ�,27�
GLVWLQJXLVKHV� ��� FRPPRGLWLHV� DV� ZHOO� DV� �� ILQDO� GHPDQG� FRPSRQHQWV� �KRXVHKROG�
FRQVXPSWLRQ�� FRQVXPSWLRQ� E\� 13,6+�� JRYHUQPHQW� FRQVXPSWLRQ�� JURVV� FDSLWDO�
IRUPDWLRQ�DQG�H[SRUWV������
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� ���

,Q�VWHS���WKH�,27�IRU������LV�H[WUDSRODWHG�WR������DQG������XVLQJ�0('��&20(;7�
DQG� ,76�GDWD� DW� WKH�($�OHYHO��1RWH� WKDW� WKH�0('� WKDW� DUH� UHIHUUHG� WR�KHUH� DUH� WKH�
PDFUR�HFRQRPLF�VHULHV�SURGXFHG�E\�WKH�(&%����

�

��� 5HVXOWV�

7KH�,27�IRU������������DQ�������ZKLFK�ZHUH�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��ZHUH�
XVHG�WR�DSSO\�WKH�DWWULEXWLRQ�PHWKRG�WR�DQQXDO�DQG�TXDUWHUO\�*'3�JURZWK�UDWHV��7KH�
*'3�JURZWK�UDWH�LV�DWWULEXWHG�WR�WKH�ILQDO�FRQVXPSWLRQ�H[SHQGLWXUHV�E\�KRXVHKROGV�
DQG� 13,6+��� WKH� ILQDO� FRQVXPSWLRQ� E\� JRYHUQPHQW�� JURVV� FDSLWDO� IRUPDWLRQ� DQG�
H[SRUWV��'HWDLOV�RI�WKHVH�FDOFXODWLRQV�DUH�SURYLGHG�LQ�DSSHQGL[�$��)RU�WKLV�SXUSRVH�RI�
WKH� FDOFXODWLRQV�� DWWULEXWLRQ�PHWKRG��� KDV� EHHQ� DGRSWHG��$SSHQGL[�(� SURYLGHV� WKH�
UHVXOWV�IRU�WKH�QHW�H[SRUWV�PHWKRG�DQG�DWWULEXWLRQ�PHWKRG�����

7KH� UHVXOWV� RI� WKHVH� FDOFXODWLRQV� DUH� SURYLGHG� LQ�7DEOHV� ���� DQG� )LJXUHV� ����� 7KH�
DQQXDO�UHVXOWV�DUH�SURYLGHG�IRU�WKH�\HDUV������WR�������7DEOH���DQG�)LJXUH�����7DEOH�
�� DQG� )LJXUH� �� SURYLGH� WKH� TXDUWHUO\� UHVXOWV� �VHDVRQDOO\� DGMXVWHG�� FRPSDUHG� WR�
SUHYLRXV�TXDUWHU�� IRU�TXDUWHUV�����4��WR�����4���7DEOH���DQG�)LJXUH���VKRZV�WKH�
UHVXOWV�IRU�WKH�JURZWK�UDWHV�FRPSDUHG�WR�WKH�VDPH�TXDUWHU�LQ�WKH�SUHYLRXV���

7KH� DQQXDO� UHVXOWV� VKRZV� WKDW� WKH� FRQWULEXWLRQ� RI� JRYHUQPHQW� H[SHQGLWXUHV� LV�
UHPDLQV�IDLUO\�VWDEOH�DW�DURXQG�����WR�������7KH�PRVW�YRODWLOH�GHWHUPLQDQW�RI�JURZWK�
LV�WKH�FKDQJHV�LQ�JURVV�FDSLWDO�IRUPDWLRQ�ZKLFK�FRQWULEXWHG�QHJDWLYHO\�LQ������DQG�
�����ZKLOH�LW�ZDV�WKH�VHFRQG�PRVW�LPSRUWDQW�IDFWRU�IRU�SRVLWLYH�JURZWK�LQ�������7KH�
VORZ�GRZQ� RI� ����� DQG� ����� ZHUH� FDXVHG� SULPDULO\� E\� D� GHFUHDVH� LQ� WKH� JURVV�
FDSLWDO� IRUPDWLRQ� ������� DQG� D� VORZ� GRZQ� LQ� FRQVXPSWLRQ� ������ DQG� ������ DQG�
H[SRUWV���������$IWHU������WKH�HFRQRP\�UHFRYHUV�WR�D�KLJK�RI�QHDUO\����JURZWK�LQ�
������ 7KH� UHFRYHU\� LV� FDXVHG� PDLQO\� E\� WKH� JURZWK� LQ� H[SRUWV� DQG� JURVV� FDSLWDO�
IRUPDWLRQ��EXW�FRQVXPSWLRQ�JURZWK�GRHV�QRW�VKRZ�DV�VWURQJ�D�UHFRYHU\���

7KH�TXDUWHUO\�JURZWK�UDWHV�DUH�SURYLGHG�RQ�D�TXDUWHU�E\�TXDUWHU�EDVLV��7DEOH�)LJXUH�
���DQG�RQ�D�\HDU�RQ�\HDU�EDVLV��7DEOH�)LJXUH�����7KH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWHV��
ZKLFK� ZKHQ� DGGHG� WRJHWKHU� VKRXOG� DSSUR[LPDWH� EXW� QRW� H[DFWO\� HTXDO� WKH� DQQXDO�
JURZWK�UDWH��VKRZV�WKDW�WKH�LQIOXHQFH�RI�WKH�ILQDO�GHPDQG�FDWHJRULHV�LV�YHU\�YDULDEOH�
RYHU� WKH�TXDUWHUV��3DUWLFXODUO\� H[SRUWV� DQG�*&)�VKRZ� ODUJH�YDULDWLRQV�SHU�TXDUWHU��
7KH�FRQFOXVLRQV�IURP�WKH�\HDU�RQ�\HDU�TXDUWHUO\�JURZWK�DQDO\VLV�DUH�VLPLODU�WR�WKRVH�
RI� WKH�DQQXDO� UHVXOWV�� JURZWK� LV�SULPDULO\� FDXVHG�E\�H[SRUWV�DQG�*&)��ZLWK� UDWKHU�
VWDEOH�FRQWULEXWLRQ�IURP�KRXVHKROG�FRQVXPSWLRQ�DQG�*&)������

������������������������������������������������������
�� 7KH� ,27� GLVWLQJXLVK� EHWZHHQ� FRQVXPSWLRQ� E\� KRXVHKROGV� DQG� 13,6+� EXW� WKH� ($� GDWD�

VHULHV� GR� QRW�� 7KH� DWWULEXWLRQ� FDOFXODWLRQV� DUH� WKHUHIRUH� GRQH� IRU� WKH� DJJUHJDWH� RI� ERWK�

FDWHJRULHV���
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7DEOH����$QQXDO�JURZWK�UDWH�GHFRPSRVLWLRQ�UHVXOWV�

'RPHVWLF�GHPDQG�<HDU� *'3�
JURZWK�
UDWH�

&RQVXPSWLRQ�
E\�+RXVHKROGV�
DQG�13,6+�

&RQVXPSWLRQ�
E\�

*RYHUQPHQW�

*URVV�FDSLWDO�
IRUPDWLRQ�

7RWDO�

([SRUWV�

����� ����� ����� ����� ������ ����� �����
����� ����� ����� ����� ������ ����� �����
����� ����� ����� ����� ����� ����� �����
����� ����� ����� ����� ����� ����� �����
����� ����� ����� ����� ����� ����� �����
����� ����� ����� ����� ����� ����� �����
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+RXVHKROGV *29 *&) (;3 *'3

�

)LJXUH����$QQXDO�JURZWK�UDWH�GHFRPSRVLWLRQ�UHVXOWV��

�
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�

7DEOH����4XDUWHU�RQ�TXDUWHU�TXDUWHUO\�JURZWK�UDWH�GHFRPSRVLWLRQ�UHVXOWV�

'RPHVWLF�GHPDQG�4XDUWHU� *'3�
JURZWK�
UDWH�

&RQVXPSWLRQ�
E\�+RXVHKROGV�
DQG�13,6+�

&RQVXPSWLRQ�
E\�

*RYHUQPHQW�

*URVV�FDSLWDO�
IRUPDWLRQ�

7RWDO�

([SRUWV�

����4�� ����� ����� ����� ������ ����� �����
����4�� ����� ������ ����� ����� ����� �����
����4�� ����� ����� ������ ����� ����� �����
����4�� ����� ������ ����� ����� ����� ������
����4�� ����� ����� ����� ������ ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ������ ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ������ ����� �����
����4�� ����� ������ ����� ����� ����� �����

�

�

�

�

����

���

���

���

���

���

���

���

����4� ����4� ����4� ����4� ����4� ����4� ����4�

+RXVHKROGV *29 *&) (;3 *'3

�

)LJXUH����4XDUWHU�RQ�TXDUWHU�TXDUWHUO\�JURZWK�UDWH�GHFRPSRVLWLRQ�UHVXOWV�

�



$WWULEXWLQJ�WKH�4XDUWHUO\�*'3�*URZWK�5DWH�RI�WKH�(XUR�$UHD�WR�)LQDO�'HPDQG�&RPSRQHQWV�

����

�

7DEOH����<HDU�RQ�\HDU�TXDUWHUO\�JURZWK�UDWH�GHFRPSRVLWLRQ�UHVXOWV�

'RPHVWLF�GHPDQG�4XDUWHU� *'3�
JURZWK�
UDWH�

&RQVXPSWLRQ�
E\�+RXVHKROGV�
DQG�13,6+�

&RQVXPSWLRQ�
E\�

*RYHUQPHQW�

*URVV�FDSLWDO�
IRUPDWLRQ�

7RWDO�

([SRUWV�

����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ����� ����� �����
����4�� ����� ����� ����� ����� ����� �����
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+RXVHKROGV *29 *&) (;3 *'3

�)LJXUH����<HDU�RQ�\HDU�TXDUWHUO\�JURZWK�UDWH�GHFRPSRVLWLRQ�UHVXOWV�
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6XPPDU\�VWDWLVWLFV�RI�WKH�,27�

7DEOH� �� VKRZV� WKH� ³&XPXODWHG�3URGXFWLRQ�6WUXFWXUH´� �&36�� RI� WKH� ,27� IRU� ������
7KH� &36� EUHDNV� GRZQ� WKH� WRWDO� ILQDO� GHPDQG� LQWR� DWWULEXWHG� *'3� DQG� DWWULEXWHG�
LPSRUWV��7KH�DWWULEXWHG�*'3�DQG�LPSRUWV�DUH�FRPSRVHG�RI�D�GLUHFW�SRUWLRQ��³ILQDO´��
DQG�DQ�LQWHUPHGLDU\�SRUWLRQ��RI�ZKLFK�WKH�ODWWHU�LV�FDOFXODWHG�XVLQJ�WKH�LQSXW�RXWSXW�
PRGHO��VHH�$SSHQGL[�$�IRU�D�IXUWKHU�H[SODQDWLRQ�RI�WKH�&36���

7KH� WDEOH� VKRZV� WRWDO� *'3� RI� WKH� ($� LV� ����� WKRXVDQG� PLOOLRQ� LQ� ������ 7RWDO�
LPSRUWV�RI�WKH�($�IURP�WKH�UHVW�RI�WKH�ZRUOG�DUH������WKRXVDQG�PLOOLRQ�HXURV�ZKLOH�
WKH�H[SRUWV�DUH������WKRXVDQG�PLOOLRQ��1RWH�WKDW�DOO�WKHVH�WRWDOV�DUH�FRQVLVWHQW�WR�WKH�
($�VHULHV�SXEOLVKHG�E\�WKH�(&%�����

1RWH�WKDW�WKH�,27�ZKLFK�DUH�SURGXFHG�IRU������������DQG������FDQ�EH�XVHG�LQ�WKH�
DWWULEXWLRQ� RI� JURZWK� UDWHV�� EXW� PD\� DOVR� EH� XVHG� IRU� WKH� RWKHU� PRGHOOLQJ�
DSSOLFDWLRQV���

�

7DEOH����&XPXODWHG�3URGXFWLRQ�6WUXFWXUH��&36��PDWUL[�IRU�WKH�($��������WKRXVDQG�
PLOOLRQ�HXUR�DQG�UDWLR¶V��

� +RXVHKROGV� 13,6+� *RYHUQPHQW�

*URVV�
FDSLWDO�
IRUPDWLRQ� ([SRUWV� 7RWDO�

$WWULEXWHG�*'3� ����� ��� ����� ����� ����� �����
�)LQDO�*'3� ���� �� �� ���� �� ����
�,QWHUPHGDLU\�*'3� ����� ��� ����� ����� ����� �����
$WWULEXWHG�LPSRUWV� ���� �� ���� ���� ���� �����
�)LQDO�LPSRUWV� ���� �� ��� ���� ��� ����
�,QWHUPHGLDU\�LPSRUWV� ���� �� ��� ���� ���� �����
7RWDO�GHPDQG� ����� ��� ����� ����� ����� �����
�$WWULEXWHG�*'3�VKDUH� ����� ����� ����� ����� ����� �����
�$WWULEXWHG�LPSRUWV�
VKDUH� ����� ����� ����� ����� ����� �����
�*'3�FRQWULEXWLRQ� ����� ����� ����� ����� ����� �����
�

$WWULEXWHG�*'3�VKDUHV�

)RU� WKH� DWWULEXWLRQ�PHWKRG�� WKH� DWWULEXWHG�*'3�VKDUHV�RI� WKH� DQQXDO� ,27� IRU������
DQG������DQG������DUH�XVHG�DV�D�ILUVW�HVWLPDWH�IRU�WKH�TXDUWHUO\�GDWD��+RZHYHU��WKH�
EDODQFLQJ�URXWLQH�DGRSWHG�LQ�DWWULEXWLRQ�PHWKRG���OHDGV�WR�DQ�HVWLPDWH�RI�WKH�LPSOLFLW�
DWWULEXWLRQ� VKDUHV� SHU� TXDUWHU�� )LJXUH� �� VKRZV� KRZ� WKHVH� DWWULEXWLRQ� VKDUHV� RI� WKH�
GLIIHUHQW�ILQDO�GHPDQG�FDWHJRULHV�GHYHORS�IURP�����4��WR�����4���7KH�VKDGHG�DUHD�
VKRZV� WKH� SHULRG� IRU� ZKLFK� DQ� ,27� ZDV� SURGXFHG�� *HQHUDOO\�� WKH� VKDUHV� UHPDLQ�
ZLWKLQ�D�IDLUO\�QDUURZ�UDQJH��$OO�WKH�VKDUHV��H[FHSW�WKH�JRYHUQPHQW�VKDUHV��DSSHDU�WR�
LQFUHDVH� VOLJKWO\� DW� ILUVW� DQG� WKHQ� GHFUHDVH�� 3DUWLFXODUO\� H[SRUWV� VKRZ� D� VLJQLILFDQW�
GHFUHDVH� LQ� WKH� DWWULEXWHG�*'3� VKDUH�ZKLFK� LV� FDXVHG� E\� ERWK� WKH� LQFUHDVH� LQ� UH�
H[SRUWV�DQG�DQ�LQFUHDVH�RI�LPSRUWV�XVHG�LQWHUPHGLDWHO\���

�
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�

)LJXUH����4XDUWHUO\�DWWULEXWLRQ�*'3�VKDUHV�RI�ILQDO�GHPDQG�FDWHJRULHV�

�

1RWH�WKDW�WKH�YDOXHV�LQ�)LJXUH���DUH�QRW�REVHUYDWLRQV��EXW�UDWKHU�PRGHOOLQJ�RXWFRPHV�
RI� WKH� DWWULEXWLRQ� PHWKRG� ��� 7KH� UHVXOWV� WKHUHIRUH� DOVR� SURYLGH� VRPH� KLQWV� DERXW�
SRVVLEOH�LPSURYHPHQWV�WR�WKH�DWWULEXWLRQ�PHWKRG��,W�LV�IRU�H[DPSOH�LQWHUHVWLQJ�WR�QRWH�
WKDW�WKH�FKDQJH�LQ�WKH�DWWULEXWHG�*'3�VKDUH�LV�RIWHQ�TXLWH�ODUJH�IURP�WKH�IRXUWK�WR�WKH�
ILUVW�TXDUWHU��VHH�IRU�H[DPSOH�WKH�FKDQJHV�IRU�����4������4����7KHUH�LV�QR�ZD\�RI�
FKHFNLQJ� ZKHWKHU� WKLV� LV� D� UHDO� SKHQRPHQRQ� RU� D�PRGHOOLQJ� DUWHIDFW� DOWKRXJK� WKH�
ODWWHU�GRHV�VHHP�IDLUO\�SODXVLEOH��7KHUH�DUH�WZR�ZD\V�RI�UHVROYLQJ�WKLV�LVVXH��)LUVWO\�
RQH�PLJKW�VPRRWK� WKH�GHYHORSPHQWV�LQ�WKH�DWWULEXWHG�VKDUHV�XVLQJ�SURFHGXUHV�VXFK�
DV� WKH� 'HQWRQ� PHWKRG� �%LNNHU� DQG� %XLMWHQKHN�� ������ 7)�46$�� 0DUFK� �������
6HFRQGO\��RQH�FRXOG�WU\�WR�DGG�PRUH�VSHFLILF�TXDUWHUO\�GDWD�WR�WKH�FDOFXODWLRQV��)RU�
H[DPSOH�� LI�TXDUWHUO\�HVWLPDWHV�RI� UH�H[SRUWV�ZHUH�DYDLODEOH�RU�D�EUHDNGRZQ�RI�WKH�
SURGXFWV�ZKLFK�DUH�FRQVXPHG�E\�KRXVHKROGV�SHU�TXDUWHU�� LW�ZRXOG�KHOS�WR�SURGXFH�
PRUH�DFFXUDWH�HVWLPDWHV�RI�WKH�TXDUWHUO\�*'3�VKDUHV���

�

5H�H[SRUWV�RI�WKH�($�

$�PDMRU� LPSURYHPHQW� LQ� WKH�GDWD�RI� WKLV�SURMHFW�KDV�EHHQ� WKH�FRQVWUXFWLRQ�RI� WLPH�
VHULHV�RI�UH�H[SRUWV�IRU�WKH�($��7KH�GDWD�LV�EDVHG�RQ�DJJUHJDWH�GDWD�ZKLFK�ZH�ZHUH�
DEOH� WR� ILQG� IRU� UH�H[SRUWV� IRU� LQGLYLGXDO� FRXQWULHV�� LQ� SDUWLFXODU� WKH� �� PDMRU� UH�
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H[SRUWHUV�*HUPDQ\�� WKH�1HWKHUODQGV��%HOJLXP�DQG�)UDQFH�� �ZKLFK�FRQVWLWXWH�DERXW�
����RI�WKH�UH�H[SRUWV�IURP�D�QDWLRQDO�SHUVSHFWLYH����

+RZHYHU�� QRW� DOO� WKHVH� QDWLRQDO� GDWD� DUH� UH�H[SRUWV� IURP� WKH� ($�FRPPXQLW\�
SHUVSHFWLYH�� 7KH� WUDGH� VWDWLVWLFV� GHSDUWPHQW� RI� WKH� 6WDWLVWLFV� 1HWKHUODQGV� ZHUH�
WKHUHIRUH�DVNHG�WR�GLVWLQJXLVK�WKH�VRXUFH�DQG�GHVWLQDWLRQ�RI�WKH�UH�H[SRUWV�VR�WKDW�WKH�
UH�H[SRUWV� FDQ� EH� UHFDOFXODWHG� XVLQJ� WKH� FRPPXQLW\� FRQFHSW�� 7KHLU� PHWKRG� LV�
GLVFXVVHG�LQ�GHWDLO�LQ�DSSHQGL[�'���

7DEOH���VKRZV�WKH�SHUFHQWDJHV�RI�WKH�UH�H[SRUWV�SHU�VRXUFH�GHVWLQDWLRQ�FRPELQDWLRQ�
�($�(XUR�DUHD��1($�1RQ�HXUR�DUHD��IRU�WKH�1HWKHUODQGV��7KH�UHVXOWV�VKRZ�WKDW�����
RI�WKH�UH�H[SRUWV�RI�WKH�1HWKHUODQGV�LQ������DUH�UH�H[SRUWV�IURP�WKH�($�FRPPXQLW\�
SHUVSHFWLYH�� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� LPSRUWDQFH� RI� ($� UH�H[SRUWV� LV�
LQFUHDVLQJ�IRU�WKLV�SHULRG���

�

7DEOH����6RXUFH�DQG�GHVWLQDWLRQ�RI�UH�H[SRUWV�IRU�WKH�1HWKHUODQGV����������������

� 6RXUFH�GHVWLQDWLRQ�
� ($�($� 1($�($� ($�1($� 1($�1($�
����� ���� ���� ���� ����
����� ���� ���� ���� ����
����� ���� ���� ���� ����
����� ���� ���� ���� ����
�

7DEOH���VKRZV�WKH�UHVXOWLQJ�HVWLPDWHV�RI�WKH�UH�H[SRUWV�RI�WKH�($�LQ�WKRXVDQG�PLOOLRQ�
HXURV��7KH�ILJXUHV�VKRZ�WKDW� WKH�'XWFK�ILJXUHV�FRQVWLWXWH�DERXW�D�WKLUG�RI� WKH� WRWDO�
HVWLPDWH��)XUWKHUPRUH��WKH�GDWD�VKRZV�WKDW�DOWKRXJK�UH�H[SRUWV�DUH�IDLUO\�PRGHVW�DV�D�
SHUFHQWDJH�RI�WKH�WRWDO�H[SRUWV��WKH\�DUH�JURZLQJ�IDVWHU�WKDQ�WRWDO�H[SRUWV���

�

7DEOH����5H�H[SRUWV�HVWLPDWHV�IRU�WKH�($������������������PLOOLRQ�HXUR�DQG����

� ����� ����� ����� �����
5H�H[SRUWV�1/��($�FRPPXQLW\�SULQFLSOH�� ������ ������ ������ ������
5H�H[SRUWV�($� ������ ������ ������ �������
([SRUWV�($� �������� �������� �������� ��������
5DWLR�UH�H[SRUWV�H[SRUWV�($� ����� ����� ����� �����
�

������������������������������������������������������
��1RWH�WKDW�)UDQFH�KDV�UHYLVHG�LWV�UH�H[SRUWV�VLJQLILFDQWO\�LQ�WKH�ODWHVW�WUDQVPLVVLRQ�RI�LWV�,27��

,Q�SUHYLRXV�YHUVLRQV��)UDQFH�VKRZHG�UH�H[SRUWV�RI�DURXQG���������PLOOLRQ�ZKLOH�WKH�YDOXHV�

DUH�QRZ�ORZHU�WKDQ��������PLOOLRQ���
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��� &RPSDULVRQ�WR�SUHYLRXV�VWXG\�

0HWKRGRORJLFDO�LPSURYHPHQWV�

7KLV�UHSRUW�FRQWDLQV�D�QXPEHU�RI�LPSRUWDQW�LPSURYHPHQWV�FRPSDUHG�WR�WKH�SUHYLRXV�
VWXG\��+RHNVWUD�HW�DO����������

��� %HWWHU� GDWD� VLWXDWLRQ�� 7KH� WLPHOLQHVV� DQG� FRQVLVWHQF\� RI� WKH� (XURVWDW�
WUDQVPLVVLRQ�SURJUDP�KDV� LPSURYHG��)LUVWO\��PRUH�687�ZHUH� DYDLODEOH� IRU�
WKH� \HDU� IRU� ZKLFK� WKH� EHQFKPDUN� ZDV� FUHDWHG�� 6HFRQGO\�� WKH� PDFUR�
HFRQRPLF� DJJUHJDWHV� RI� FRXQWULHV� ZHUH� JHQHUDOO\� PRUH� FRQVLVWHQW� WR� WKH�
687��SDUWLFXODUO\�EHFDXVH�),6,0�UHJLVWUDWLRQ�ZDV�QRZ�FRQVLVWHQWO\�DGRSWHG�
LQ�WKH�0('�DQG�687�VHULHV���

��� 0DFUR�DJJUHJDWHV�FRQVLVWHQW� WR�(&%�DJJUHJDWHV�� ,Q� WKH�SUHYLRXV�VWXG\�� WKH�
JURZWK�UDWHV�LQ�WKH�UHSRUW�DQG�WKH�(&%�JURZWK�UDWHV�ZHUH�QRW�WKH�VDPH��,Q�
WKLV�SURMHFW��ZH�KDYH�KDUPRQL]HG�WKH�687�DQG�,27�IRU������������DQG������
WR�WKH�ODWHVW�PDFUR�HFRQRPLF�GDWD�VHULHV�ZKLFK�KDYH�EHHQ�SXEOLVKHG�E\�WKH�
(&%��7KLV�PHDQV� WKDW� WKHUH� LV� D� FRQVLVWHQW� VHW� RI� SURGXFWLRQ� DFFRXQWV� IRU�
WKHVH�\HDUV���

��� ,27�IRU�PXOWLSOH�\HDUV��,Q�+RHNVWUD�HW�DO���������D�VLQJOH�,27�ZDV�SURGXFHG�
IRU������� ,Q� WKLV�VWXG\�D�WLPH�VHULHV�������������DQG�������ZDV�SURGXFHG��
ZKLFK�DOVR�PHDQV�WKDW�WKH�WLPH�SHULRG�EHWZHHQ�WKH�ODVW�,27�DQG�WKH�TXDUWHU�
EHLQJ�DQDO\VHG�LV�VPDOOHU��LQ�WKH�ROG�VWXG\�����4��ZDV�DQDO\VHG�XVLQJ�WKH�
,27� IRU� ����� ZKLOH� QRZ� ����4�� LV� EDVHG� RQ� WKH� ,27� IRU� ������� 1RWH�
KRZHYHU�WKDW�WKH�TXDOLW\�RI�WKH�,27�GRHV�GLIIHU�������LV�EDVHG�RQ�WKH�GDWD�RI�
WKH� LQGLYLGXDO� FRXQWULHV��ZKLOH������DQG������DUH� H[WUDSRODWLRQV�EDVHG�RQ�
($�GDWD��%HFDXVH�RI� WKH� DYDLODELOLW\�RI� ,27� IRU���\HDUV�ZH�DUH�DEOH� WR�GR�
VHQVLWLYLW\�DQDO\VLV�RQ�RXU�DWWULEXWLRQ�FDOFXODWLRQV��VHH�DSSHQGL[�)������������

��� ,PSURYHPHQWV� LQ� UH�H[SRUWV� HVWLPDWHV�� $� PDMRU� LPSURYHPHQW� RI� WKLV�
H[HUFLVH� KDV� EHHQ� WKH� LQWURGXFWLRQ� RI� VSHFLILF� UH�H[SRUWV� GDWD� IRU� WKH�
1HWKHUODQGV��%\�LGHQWLI\LQJ�WKH�VRXUFH�DQG�GHVWLQDWLRQ�RI�WKHVH�WUDGH�IORZV��
WKH� UH�H[SRUWV� IURP� DQ� ($�FRPPXQLW\� SULQFLSOH� FDQ� EH� HVWDEOLVKHG�� 7KH�
'XWFK�GDWD�ZDV�FRPELQHG�ZLWK�RWKHU�GDWD�RI�WKH�PDMRU�UH�H[SRUWV��*HUPDQ\��
)UDQFH��DQG�%HOJLXP��WR�SURGXFH�DQ�($�UH�H[SRUWV�VHULHV����

��� 0LQRU�LPSURYHPHQWV���

•� ,QFOXVLRQ�RI�\HDU�RQ�\HDU�TXDUWHUO\�JURZWK� UDWHV�� ,Q� WKH�SUHYLRXV�VWXG\�
RQO\� TXDUWHU�RQ�TXDUWHU� TXDUWHUO\� JURZWK� UDWHV� ZHUH� DQDO\VHG�� 7KLV�
UHSRUW�DOVR�LQFOXGHV�UHVXOWV�IRU�WKH�\HDU�RQ�\HDU�JURZWK�UDWHV��

•� 7KH�GLVDJJUHJDWLRQ�RI�WKH�,27�KDV�LQFUHDVHG�IURP����WR����FRPPRGLWLHV��

�
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(PSLULFDO�GLIIHUHQFHV���

,W�LV�QRW�HDV\�WR�FRPSDUH�WKH�WZR�VWXGLHV�HPSLULFDOO\��7KH�PRVW�LPSRUWDQW�SUREOHP�LV�
WKDW� WKH�PDFUR�HFRQRPLF�GDWD��0('�DV�ZHOO�DV�687��DW� WKH�FRXQWU\�DQG�($� OHYHO�
KDYH�EHHQ�UHYLVHG�VLJQLILFDQWO\��EHFDXVH�RI�QHZ�GHOLYHULHV�WR�WKH�(XURVWDW�GDWDEDVH�
DV�ZHOO�DV�QHZ�ZRUN�RQ�($�PDFUR�HFRQRPLF�DJJUHJDWHV�DW�WKH�(&%���,W�LV�WKHUHIRUH�
QRW�YHU\�IUXLWIXO�WR�FRPSDUH�WKH�RXWFRPH�RI�WKH�DWWULEXWLRQ�FDOFXODWLRQV�RU�WKH�PDFUR�
HFRQRPLF�DJJUHJDWHV��1HYHUWKHOHVV�LQ�WKLV�VHFWLRQ�ZH�PDNH�DQ�DWWHPSW�WR�DVVHVV�WKH�
LPSRUWDQFH�RI�WKH�PHWKRGRORJLFDO�LPSURYHPHQWV�GHVFULEHG�DERYH���

7KH�DWWULEXWHG�*'3�VKDUHV�SHU�ILQDO�GHPDQG�FDWHJRU\�DUH�LPSRUWDQW�RXWFRPHV�RI�WKH�
FDOFXODWLRQV�� )LJXUH� �� VKRZV� WKHVH� UDWLRV� IRU� WKH� SUHYLRXV� SURMHFW� �\HDU� ������ DQG�
FXUUHQW�SURMHFW��\HDUV�������������7KH�ILJXUH�LQGLFDWHV�WKDW�WKH�DWWULEXWHG�VKDUHV�DUH�
IDLUO\� VLPLODU� IRU� 13,6+� DQG� *RYHUQPHQW� FRQVXPSWLRQ�� 0RGHVW� FKDQJHV� IRU�
KRXVHKROG�FRQVXPSWLRQ��*&)��KLJKHU��DQG�H[SRUWV��ORZHU��DUH�REVHUYHG������

�

����

����

����

����

����

����

����

���� ���� ���� ���� ����

+RXVHKROGV 13,6+ *29 *&) (;3

)LJXUH����$QQXDO�DWWULEXWLRQ�*'3�VKDUHV�RI�ILQDO�GHPDQG�FDWHJRULHV�

�

7KH� FKDQJHV� LQ� WKH� DWWULEXWHG� *'3� VKDUHV� DUH� SUREDEO\� PRVWO\� WKH� UHVXOW� RI� WKH�
LPSURYHPHQWV� LQ� WKH� UH�H[SRUW� ILJXUHV��ZKLFK� DUH� FRPSDUHG� LQ� ILJXUH����:KLOH� WKH�
SUHYLRXV�VWXG\�HVWLPDWHG�WKDW�WKHVH�IORZV�ZHUH�MXVW�RYHU�D�SHUFHQWDJH�SRLQW�RI�WRWDO�
H[SRUWV��WKH�FXUUHQW�VWXG\�DUULYHV�DW�DERXW�����WR�����SHUFHQW��7KLV�ZLOO�QDWXUDOO\�OHDG�
WR�WKH�ORZHU�DWWULEXWHG�*'3�VKDUH�IRU�H[SRUWV�DQG�DQ�LQFUHDVH�LQ�RWKHU�ILQDO�GHPDQG�
FDWHJRULHV��

��
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�

)LJXUH����5H�H[SRUWV�RI�WKH�($����RI�WRWDO�($�H[SRUWV��

�

��� ,PSOHPHQWDWLRQ�VWUDWHJLHV��

7KH� (&%� KDV� H[SUHVVHG� LWV� GHVLUH� WR� SURGXFH� DQ� ($�687� DQG� ($�,27� DQG� WKH�
GHULYHG� DWWULEXWLRQ� FDOFXODWLRQV� RQ� D� UHJXODU� EDVLV�� 7KLV� QRW� RQO\� SURYLGHV� D� IXOO�
VWDWLVWLFDO�UHSUHVHQWDWLRQ�RI�WKH�SURGXFWLRQ�DFFRXQW�IRU�WKH�($��EXW�FDQ�DOVR�IRUP�D�
EDVLV�IRU�LQSXW�RXWSXW�DQDO\VLV�RU�RWKHU�HFRQRPLF�PRGHOOLQJ�H[HUFLVHV��,Q�WKLV�VHFWLRQ�
ZH� GLVFXVV� KRZ� WKH� ($�,27� PD\� EH� SURGXFHG� RQ� D� UHJXODU� EDVLV� DQG� ZKLFK�
LPSURYHPHQWV�LQ�WKH�GDWD�DYDLODELOLW\�FRXOG�OHDG�WR�LPSURYHPHQWV�LQ�LWV�TXDOLW\����

7KH� SURGXFWLRQ� SURFHVV� LV� FXUUHQWO\� VSOLW� LQWR� �� VWHSV� ZKLFK� KDYH� EHHQ� PDGH� LQ�
OLQNHG� ([FHO� ZRUNERRNV�� 7KHVH� FDQ� EH� TXLFNO\� XSGDWHG� DV� QHZ� 687� DQG� RWKHU�
PDFUR�HFRQRPLF�GDWD�EHFRPH�DYDLODEOH���,I�RQH�ZRXOG�ZDQW�WR�IXUWKHU�DXWRPDWH�WKH�
VWDWLVWLFDO� SURFHVV� �XVLQJ� 0$7/$%� IRU� H[DPSOH�� LW� ZRXOG� EH� ZLVH� WR� ZRUN�
EDFNZDUGV�WKURXJK�WKH�VWHSV���

7KH� TXDOLW\� RI� WKH� ,27� ZRXOG� EHQHILW� IURP� WKH� IROORZLQJ� LPSURYHPHQWV� LQ� WKH�
XQGHUO\LQJ�GDWD��

��� )XUWKHU� KDUPRQL]DWLRQ� RI� GDWD�� 0RUH� FRQVLVWHQW� GDWD� ZRXOG� EHQHILW� WKH�
DXWRPDWLRQ�DQG�TXDOLW\�RI�WKH�GDWD�����

•� 687�,27��7KH�DYDLODELOLW\�DQG�FRQVLVWHQF\�RI�687�DQG�,27�GLIIHUV�
IRU�HDFK�FRXQWU\��7KH�GDWD�SURFHVV�ZRXOG�EH�HDVLHU�WR�DXWRPDWH�LI�DOO�
GDWD��LQFOXGLQJ�DOO� ,27�VXE� WDEOHV��EHFDPH�DYDLODEOH�DW�D�VSHFLILHG�
WLPH��

•� 0('�687��$OWKRXJK� WKH� FRQVLVWHQF\� EHWZHHQ� WKH�0('�DQG�687�
KDV�LPSURYHG�WKHUH�DUH�VWLOO�GLIIHUHQFHV���

������������������������������������������������������
��,Q�WKLV�SURMHFW��WKH�687�IRU������IRU�)UDQFH�EHFDPH�DYDLODEOH�ZKHQ�ZH�KDG�QHDUO\�ILQLVKHG�

WKH�SURMHFW��8SGDWLQJ�RXU�FDOFXODWLRQV�XVLQJ�WKH�QHZ�GDWD�WRRN�DERXW���GD\V���
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•� &20(;7�,76�� )XUWKHU� LPSURYHPHQW� LQ� WKH� UHVROXWLRQ� RI� WUDGH�
DV\PPHWULHV�IRU�JRRGV�DV�ZHOO�DV�VHUYLFHV�ZRXOG�EH�YHU\�XVHIXO�IRU�
WKH�($�,27�FDOFXODWLRQV��$OVR�IXUWKHU�UHVHDUFK�LQWR�WKH�GLIIHUHQFHV�
LQ�WKH�&20(;7�DQG�687�WRWDOV�ZRXOG�EH�XVHIXO���

��� ,PSURYHG�WLPHOLQHVV���

•� 687�,27��7KLV�SURMHFW�ZDV�FDUULHG�RXW�DW�WKH�HQG�RI������EXW������
ZDV� WKH� PRVW� UHFHQW� \HDU� IRU� ZKLFK� D� 687�,27� IRU� WKH� ($� ZDV�
IHDVLEOH�� ,Q� IDFW�� HYHQ� DW� WKDW� VWDJH�� WKUHH� RI� WKH� FRXQWULHV� GLG� QRW�
KDYH� WDEOHV� IRU� ����� DOWKRXJK� WKH� (6$� WUDQVPLVVLRQ� SURJUDPPH�
UHTXLUHV�WKH�DQQXDO�WUDQVPLVVLRQ�RI�687�WDEOHV�DW�W����PRQWKV���

•� 0('��7KH�H[WUDSRODWLRQ�RI�WKH�,27�ZDV�IHDVLEOH�XS�WR�������,I�WKH�
0('�IRU�YDOXH�DGGHG�SHU�1$&(��FRQVXPSWLRQ�HWF�EHFDPH�DYDLODEOH�
PRUH�TXLFNO\�WKHQ�WKH�,27�FRXOG�KDYH�EHHQ�H[WUDSRODWHG�WR��������

��� 0RUH�GHWDLOHG�DYDLODELOLW\�RI�GDWD��

•� 9DOXH�DGGHG�DQG�RXWSXW�SHU�1$&(��7KH�,27�LV�FXUUHQWO\����E\����
FRPPRGLWLHV��7KH�VXSSRUWHG�GHWDLO�ZRXOG�LPSURYH��SHUKDSV�HYHQ�WR�
��� E\� ���� LI� WKH�GDWD� RQ� YDOXH� DGGHG�DQG�RXWSXW�ZHUH� SURYLGHG� LQ�
PRUH�WKDQ�1$&(����7KHVH�ILJXUHV�DUH�UHTXLUHG�LQ�VWHSV���DQG����

•� $YDLODELOLW\�RI�GDWD�E\�FRPPRGLW\�JURXS��,W�ZRXOG�EH�KHOSIXO�RI�WKH�
ILQDO�GHPDQG�DJJUHJDWHV�ZHUH�DVVLJQHG�WR�FRPPRGLW\�JURXSV��&3$�
FODVVLILFDWLRQ��� $OWKRXJK� EUHDNGRZQV� DUH� DYDLODEOH� IRU� ILQDO�
FRQVXPSWLRQ� RI� KRXVHKROGV� �&2,&23�� DQG� ILQDO� FRQVXPSWLRQ� RI�
JRYHUQPHQW� �&2)2*��� WKHVH� DUH� IXQFWLRQDO� FODVVLILFDWLRQV� WKDW� GR�
QRW�QHFHVVDULO\� WUDQVODWH�ZHOO� LQWR�&3$����%UHDNGRZQV�RI� LPSRUWV�
DQG�H[SRUWV�DUH�REWDLQHG�XVLQJ�&20(;7�DQG�,76�GDWD��DQG�*)&)�
GDWD�LV�EURNHQ�GRZQ�XVLQJ�D�KLJKO\�DJJUHJDWH�FODVVLILFDWLRQ��

•� 6SHFLILFDOO\�D�FRPPRGLW\�EUHDNGRZQ�RI�FKDQJHV�LQ�VWRFNV�ZRXOG�EH�
ZHOFRPHG�� 7KH� WUDQVPLVVLRQ� SURJUDP� RQO\� SURYLGHV� IRU� 0('�
FRXQWU\�OHYHO� WRWDOV� RI� VWRFN� FKDQJHV�� $V� D� FRQVHTXHQFH� WKH�
H[WUDSRODWLRQ� SHU� FRPPRGLW\� LV� YHU\� SRRU�� ,QIRUPDWLRQ� RI� WKH�
FKDQJHV�LQ�VWRFNV�SHU�&3$���ZRXOG�LPSURYH�WKLV�VLWXDWLRQ��

��� 1HZ�GDWD�

•� 5H�H[SRUWV��7KLV�SURMHFW�KDV�VKRZQ�WKDW�UH�H[SRUWV�DUH�D�VLJQLILFDQW��
DQG� JURZLQJ�� VKDUH� RI� WRWDO�($� H[SRUWV��7KH� FXUUHQW� HVWLPDWHV� DUH�
RQO\� EDVHG� RQ�'XWFK� GDWD� EXW�ZRXOG� EHQHILW� LI� QHZ�GDWD� EHFRPHV�
DYDLODEOH�IRU�*HUPDQ\��)UDQFH�DQG�%HOJLXP���

•� 4XDUWHUO\� GDWD�� )LJXUH� �� VKRZV� WKH� DWWULEXWHG� VKDUHV� SHU� TXDUWHU��
7KHVH�ZHUH�FDOFXODWHG�E\�XVLQJ�WKH�DQQXDO�VKDUHV�IURP�WKH�,27�DQG�
TXDUWHUO\� DJJUHJDWHV�� 7KH� FDOFXODWLRQV� ZRXOG� EHQHILW� IURP� PRUH�
GHWDLOHG�TXDUWHUO\�GDWD�VXFK�DV�UH�H[SRUWV�RU�KRXVHKROG�SHU�TXDUWHU��
)RU�H[DPSOH��WKH�FRQVXPSWLRQ�SHU�&2,&23�SHU�TXDUWHU�ZRXOG�KHOS�
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WR� EHWWHU� HVWLPDWH� WKH� DWWULEXWHG�*'3� VKDUH� IRU� FRQVXPSWLRQ� IRU� D�
TXDUWHU���

•� 687��,Q�VWHS���WKH�XVH�WDEOHV�LV�FRQYHUWHG�IURP�SXUFKDVHU�SULFHV�WR�
EDVLV�SULFHV�XVLQJ�WKH�PRVW�UHFHQW�,27��7KLV�ZRXOG�EH�PRUH�DFFXUDWH�
LI�XVH�WDEOHV�RQ�7/6��3URGXFW�UHODWHG�WD[HV�OHVV�VXEVLGLHV��DQG�770�
�WUDGH�DQG�WUDQVSRUW�PDUJLQV��ZHUH�DYDLODEOH���

•� 687��,Q�VWHS���WKH�XVH�WDEOHV�LV�VSOLW�LQWR�DQ�LPSRUWHG�DQG�GRPHVWLF�
SDUW�XVLQJ�WKH�PRVW�UHFHQW�,27��7KLV�ZRXOG�EH�PRUH�DFFXUDWH�LI��XVH�
WDEOHV�VHSDUDWLQJ�LPSRUWHG�DQG�GRPHVWLF�XVH�ZHUH�DYDLODEOH���

•� ,W� ZRXOG� EH� YHU\� XVHIXO� LI� WKH� QDWLRQDO� �XVH� RI�� LPSRUWV� WDEOHV�
LQFOXGHG� GLUHFW� JHRJUDSKLFDO� EUHDNGRZQV�� DV� WKLV� ZRXOG� UHGXFH� D�
ODUJH� QXPEHU� RI� HVWLPDWLRQV� IURP� WKH� FRPSLODWLRQ� WKDW� UHO\� RQ�
&20(;7�GDWD��

(DFK� RI� WKHVH� VXJJHVWLRQV� ZRXOG� FRQVWLWXWH� DQ� LPSURYHPHQW� LQ� WKH� TXDOLW\� RI� WKH�
UHVXOWLQJ� ($� ,27�� +RZHYHU�� WKH� IHDVLELOLW\� RI� LQWURGXFLQJ� WKHVH� GDWD� DYDLODELOLW\�
LPSURYHPHQWV�LV�EH\RQG�WKH�VFRSH�RI�WKLV�VWXG\����

�

�
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5HIHUHQFHV��

$OGHUV�� -�� $�� -��� ������ 'H� ELMGUDJH� YDQ� GH� EHVWHGLQJVFDWHJRULHsQ� DDQ� GH� JURHL��
(FRQRPLVFK�6WDWLVWLVFKH�%HULFKWHQ����VHSWHPEHU�������S������������
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GHPDQG�DQG�H[SRUWV�FDQ�EH�FDOFXODWHG�XVLQJ�WKLV�HTXDWLRQ��7KLV�PHWKRG�LV�FXUUHQWO\�
XVHG�DW�6WDWLVWLFV�1HWKHUODQGV��

,Q� FDVHV� ZKHUH� WKHUH� LV� RQO\� RQH� ,27� DYDLODEOH�� DV� LV� WKH� FDVH� LQ� WKLV� SURMHFW�� D�
QXPEHU�RI�DOWHUQDWLYHV�H[LVW�ZKLFK�LV�GHVFULEHG�LQ�VXEVHTXHQW�VHFWLRQV���

�

$����$WWULEXWLRQ�PHWKRG����

.UDQHQGRQN�DQG�9HUEUXJJHQ��������������GHVFULEH�WKH�PHWKRG�XVHG�E\�WKH�&3%��,Q�
WKLV�DSSURDFK� WKH�DWWULEXWHG�*'3�VKDUH� WKDW� LV�GHULYHG�IURP�WKH�,27�LV�DVVXPHG�WR�
UHPDLQ� FRQVWDQW� IRU� DOO� \HDUV� IRU� ZKLFK� WKH� DQDO\VLV� LV� GRQH�� .UDQHQGRQN� DQG�
9HUEUXJJHQ��������S����DUJXH�WKDW�³(DUOLHU�UHVHDUFK�VXJJHVWHG�WKDW�LQ�JHQHUDO�WKHVH�
UDWLRV�DUH�IDLUO\�VWDEOH�RYHU�WLPH��)RU�PRVW�\HDUV��WKH�HUURU�FDXVHG�EHLQJ�FRPPLWWHG�
E\�XVLQJ�IL[HG�UDWLRV�LV�DFFRUGLQJO\� OLPLWHG�´�7KH\�UHIHU� WR�.UDQHQGRQN��������IRU�
FRUURERUDWLRQ��,W�LV�LPSRUWDQW�WR�VWUHVV�WKDW�WKH�&3%�ZRUN�LV�GRQH�DW�D�YHU\�GHWDLOHG�
OHYHO�� ,W� GLVWLQJXLVKHV� RYHU� ��� GLIIHUHQW� GHPDQG� FRPSRQHQWV� DQG� DOVR� KDV�
LQIRUPDWLRQ� DERXW� WKH� ILQDO� LPSRUWV� RI� HDFK��$W� WKLV� OHYHO� RI� GHWDLO� WKH� VKDUHV� DUH�
PRUH� OLNHO\� WR� UHPDLQ� FRQVWDQW� WKDQ� PRUH� DJJUHJDWHG� GDWD�� VXFK� DV� WKLV� SURMHFW��
5HSODFLQJ� ��E\� ��LQ�HTXDWLRQ����WKH�IROORZLQJ�HTXDWLRQ�LV�REWDLQHG���
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F' � &RQWULEXWLRQ�RI�GRPHVWLF�ILQDO�GHPDQG�XVLQJ�DWWULEXWLRQ�PHWKRG���

�DWW
H' � &RQWULEXWLRQ�RI�H[SRUWV�XVLQJ�DWWULEXWLRQ�PHWKRG���

FU � 5HVLGXDO�DWWULEXWHG�WR�GRPHVWLF�ILQDO�GHPDQG�

HU � 5HVLGXDO�DWWULEXWHG�WR�H[SRUWV�

�

7KH� FRQWULEXWLRQV� DUH� WKHUHIRUH� FDOFXODWHG� XVLQJ� D� SXUH� HIIHFW� DQG� D� UHVLGXDO�� 7KH�
UHVLGXDO� HPHUJHV� EHFDXVH� RI� FKDQJHV� LQ� DWWULEXWHG� *'3� VKDUHV�� 7KH� IROORZLQJ�
HTXDWLRQ�VKRZV�WKDW�LI�WKH�DWWULEXWHG�*'3�VKDUHV�UHPDLQ�FRQVWDQW��WKH�UHVLGXDO�HTXDOV�
]HUR��
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.UDQHQGRQN�DQG�9HUEUXJJHQ��������VSOLW�WKH�UHVLGXDO�DFFRUGLQJ�WR�WKH�VKDUH�RI�WKH�
ILQDO�GHPDQG�FRPSRQHQWV�LQ�WKH�DWWULEXWHG�*'3��7KHVH�ZHLJKWV�FDQ�RQO\�EH�DGRSWHG�
IRU�D�\HDU�LQ�ZKLFK�DQ�,27�LV�SUHVHQW��\HDU���LQ�WKLV�FDVH���1RWH�WKDW�WKLV�DSSURDFK�
KDV�WKH�GUDZEDFN�WKDW�WKH�UHVLGXDO�PD\�DFWXDOO\�H[FHHG�WKH�SXUH�HIIHFW�DQG�OHDG�WR�D�
FKDQJH�LQ�VLJQ��.UDQHQGRQN�DQG�9HUEUXJJHQ��������IRRWQRWH�����S���KRZHYHU�VWDWH�
WKDW�IRU�WKH�1HWKHUODQGV��³LQ�WKH�SHULRG������������WKH�UHVLGXDO�OHIW�WR�EH�GLYLGHG�KDV�
EHHQ�DSSUR[LPDWHO\�QLO�RQ�DYHUDJH��DQG�LQ�DEVROXWH�WHUPV��H[FHSW�IRU�RQH�\HDU��LW�KDG�
EHHQ� ���� SHUFHQWDJH� SRLQW� RU� OHVV´�� 7KHLU� SURFHGXUH� LV� VKRZQ� LQ� WKH� IROORZLQJ�
HTXDWLRQ�����
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Fβ � 6KDUH�RI�UHVLGXDO�DVVLJQHG�WR�GRPHVWLF�ILQDO�GHPDQG�

Hβ � 6KDUH�RI�UHVLGXDO�DVVLJQHG�WR�H[SRUWV��
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$����$WWULEXWLRQ�PHWKRG���

6WDWLVWLFV�1HWKHUODQGV� FXUUHQWO\� DGRSWV� DWWULEXWLRQ�PHWKRG� ��� EXW� KDV� DOVR� XVHG� DQ�
DOWHUQDWLYH�DSSURDFK�LQ�����¶V��$VVXPH�WKDW�WDEOH�$���VKRZV�WKH�UHVXOWV�IRU�WKH�\HDU�
IRU� ZKLFK� WKH� ,27� H[LVWV� �\HDU� ���� 7KLV� WDEOH� LV� D� VLPSOH� &XPXODWHG� 3URGXFWLRQ�
6WUXFWXUH��&36��GLVFXVVHG�LQ�.UDQHQGRQN�DQG�9HUEUXJJHQ���������

,I�WKHUH�LV�QR�,27�DYDLODEOH�IRU�\HDU����WKHQ�RQO\�WKH�PDFUR�HFRQRPLF�DJJUHJDWHV�\���
P���F��DQG�H���LQ�SULFHV�RI�\HDU����DUH�NQRZQ��7KH�&%6�HVWLPDWHV�WKH�DWWULEXWHG�*'3�
DQG�DWWULEXWHG�LPSRUWV�IRU�\HDU���LQ�WZR�VWHSV��)LUVW��WKH�DWWULEXWHG�*'3�DQG�LPSRUWV�
DUH�DVVXPHG�WR�KDYH�WKH�VDPH�VKDUHV�DV�LQ�\HDU����6HFRQGO\�� WKHVH�LQLWLDO�HVWLPDWHV�
DUH�ILWWHG�WR�WKH�WDEOH�WRWDOV�XVLQJ�D�:,1$'-867��ZKLFK�LV�D�/DJUDQJLDQ�EDODQFLQJ�
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WHFKQLTXH� XVHG� E\� 6WDWLVWLFV� 1HWKHUODQGV� �YDQ� 'DOHQ� DQG� 6OXLV�� ������� 7KH� &36�
HVWLPDWHV��GHQRWHG�E\�WKH� �V\PEROV��DUH�VKRZQ�LQ�WDEOH�$���������

�

7DEOH�$����&XPXODWHG�3URGXFWLRQ�6WUXFWXUH�IRU�\HDU����

� 'RPHVWLF�ILQDO�
GHPDQG�

([SRUWV� 7RWDO�
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7DEOH�$����&XPXODWHG�3URGXFWLRQ�6WUXFWXUH�IRU�\HDU����
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PHΠ � �P �

7RWDO� �F � �H � �
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\HΠ � (VWLPDWHG�DWWULEXWHG�*'3�RI�H[SRUWV��VFDODU��
W
PFΠ � (VWLPDWHG�DWWULEXWHG�LPSRUWV�RI�GRPHVWLF�ILQDO�GHPDQG��VFDODU��
W
PHΠ � (VWLPDWHG�DWWULEXWHG�LPSRUWV�RI�H[SRUWV��VFDODU��
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H' � &RQWULEXWLRQ�RI�H[SRUWV�XVLQJ�DWWULEXWLRQ�PHWKRG���
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1RWH�WKDW�WKLV�PHWKRG�SURYLGHV�DQ�HVWLPDWH�RI�WKH�DWWULEXWHG�*'3�VKDUHV�LQ�\HDU����
7KH�VKDUHV�DUH�GHILQHG�E\�WKH�IROORZLQJ�HTXDWLRQV���
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$����6XPPDU\��

7DEOH�$���VXPPDUL]HV�WKH�IRUPXODV�ZKLFK�DUH�GHULYHG�LQ�WKH�SUHYLRXV�VHFWLRQV��7KH�
HTXDWLRQV� FOHDUO\� LOOXVWUDWH� WKH� GLIIHUHQFH� EHWZHHQ� WKH� QHW�H[SRUWV� DQG� DWWULEXWLRQ�
PHWKRGV��,Q�WKH�QHW�H[SRUWV�PHWKRG�WKH�LPSRUWV�DUH�GHGXFWHG�IXOO\�IURP�WKH�H[SRUWV�
WR� DVVHVV� WKH� FRQWULEXWLRQ� RI� �QHW�� H[SRUWV�� ZKLOH� LQ� WKH� DWWULEXWLRQ� PHWKRG� WKH�
LPSRUWV�DUH�GLYLGHG�DPRQJVW�WKH�ILQDO�GHPDQG�FRPSRQHQWV�E\�PXOWLSOLFDWLRQ�RI�WKH�
DWWULEXWHG�*'3�VKDUH�FRHIILFLHQWV���

�

7DEOH�$����6XPPDU\�RI�WKH�PHWKRGV�

� &RQWULEXWLRQ�RI�
GRPHVWLF�ILQDO�GHPDQG�

&RQWULEXWLRQ�RI�H[SRUWV�
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0DQ\�DXWKRUV�KDYH�QRWHG�WKDW�WKH�PDLQ�SUREOHP�ZLWK�WKH�QHW�H[SRUWV�LV�WKDW�LW�OHDGV�
WR� DQ� XQGHUHVWLPDWLRQ� RI� WKH� LPSRUWDQFH� RI� H[SRUWV� IRU� *'3� JURZWK� DQG�
RYHUHVWLPDWHV� WKH� LPSRUWDQFH� RI� GRPHVWLF� H[SHQGLWXUH� FDWHJRULHV� �(&%�� ������
.UDQHQGRQN�DQG�9HUEUXJJHQ�������������+RHNVWUD�HW�DO�����������,W�LV�HDV\�WR�VKRZ�
WKDW�WKH�LPSDFW�RI�WKH�GRPHVWLF�ILQDO�GHPDQG�FRPSRQHQW�RI�WKH�QHW�H[SRUWV�PHWKRG�
LV� ODUJHU� WKDQ� WKH� LPSDFW� FDOFXODWHG� WKURXJK� DWWULEXWLRQ�PHWKRG� �� LI� WKH� IROORZLQJ�
FRQGLWLRQ�LV�PHW��

�
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( ) ( ) ��� >+⋅+ FF τ�� � �����
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F� � *URZWK�UDWH�RI�GRPHVWLF�ILQDO�GHPDQG��

Fτ� � *URZWK�UDWH�RI�LPSRUW�VKDUH�RI�GRPHVWLF�ILQDO�GHPDQG�

�
7KLV� FRQGLWLRQ� LQ� HTXDWLRQ� ���ZLOO� RQO\� EH� YLRODWHG� LI� WKH� JURZWK� LQ� WKH� GRPHVWLF�
FRQVXPSWLRQ� F� LV� RII�VHW� E\� D� GHFUHDVH� LQ� WKH� LPSRUW� VKDUH� �� .UDQHQGRQN� DQG�
9HUEUXJJHQ��������VKRZ��IRU�WKH�1HWKHUODQGV��WKDW�WKLV�VLWXDWLRQ�RFFXUV�UHJXODUO\�LQ�
SUDFWLFH������:KHQ�DSSO\LQJ�WKHVH�PHWKRGV�LW�LV�WKHUHIRUH�OLNHO\�WKDW�RQH�ZLOO�ILQG�WKDW�
WKH�QHW�H[SRUWV�PHWKRG�OHDGV�WR�D�KLJKHU�HVWLPDWLRQ�RI�WKH�FRQWULEXWLRQ�RI�GRPHVWLF�
ILQDO�GHPDQG�WR�*'3�JURZWK����

$V�WKH�SUHYLRXV�VHFWLRQ�KDV�DUJXHG��WKH�DWWULEXWLRQ�PHWKRGV���DQG���DUH�VHFRQG�EHVW�
DOWHUQDWLYHV�WKDW�PD\�EH�XVHG�LI�,27�GDWD�LV�QRW�DYDLODEOH�IRU�DOO�WLPH�SHULRGV�RI�WKH�
GHFRPSRVLWLRQ�� %RWK� DUH� EDVHG� RQ� WKH� DWWULEXWLRQ� PHWKRG� DQG� DUH� WKHUHIRUH�
WKHRUHWLFDOO\�SUHIHUDEOH�WR�WKH�QHW�H[SRUWV�PHWKRG��1HYHUWKHOHVV��ERWK�PHWKRGV�KDYH�
WKHLU� GUDZEDFNV�� $WWULEXWLRQ� PHWKRG� �� OHDGV� WR� D� UHVLGXDO� ZKLFK� KDV� WR� EH� VSOLW�
DPRQJVW�WKH�³SXUH´�HIIHFWV��3RWHQWLDOO\��WKH�VLJQ�RI�WKH�SXUH�HIIHFW�DQG�WKH�WRWDO�HIIHFW�
PD\�EH�GLIIHUHQW�EHFDXVH�RI�WKHVH�DGMXVWPHQWV��0HWKRG���KDV�WKH�GLVDGYDQWDJH�WKDW�
WKH�XSGDWLQJ�PHWKRG�LV�EDVHG�RQ�WKH�VKDUHV�RI�WKH�SUHYLRXV�\HDUV��$OWKRXJK�WKLV�KDV�
WKH�DGYDQWDJH�WKDW�LQIRUPDWLRQ�IURP�UHFHQW�WLPH�SHULRGV�LV�EHLQJ�XVHG��WKH�HVWLPDWHV�
IRXQG� DUH� SDWK�GHSHQGHQW� DQG� PD\� YDU\� IURP� WKH� DFWXDO� DWWULEXWHG� *'3� DQG�
DWWULEXWHG�LPSRUWV��1RWH�WKDW�LI�DWWULEXWHG�VKDUHV�UHPDLQ�FRQVWDQW�RYHU�WLPH��DOO�WKUHH�
DWWULEXWLRQ�PHWKRGV�DUH�HTXDO���

7DEOH�$����VXPPDUL]HV�WKH�WKHRUHWLFDO�DQG�SUDFWLFDO�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�
WKH���PHWKRGV�ZKLFK�KDYH�EHHQ�LQWURGXFHG�LQ�WKLV�VHFWLRQ���

�

�

�

7DEOH�$����6XPPDU\�RI�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�WKH�IRXU�PHWKRGV��

� $GYDQWDJHV�� 'LVDGYDQWDJHV�

1HW�
H[SRUWV�
PHWKRG�

(DVH�RI�DSSOLFDWLRQ�GXH�WR�
UHDGLO\�DYDLODEOH�GDWD���

7KHRUHWLFDOO\� SUREOHPDWLF� EHFDXVH�
LPSRUWV�DUH�DWWULEXWHG�HQWLUHO\�WR�H[SRUWV��

/LNHO\� WR� RYHUHVWLPDWH� FRQWULEXWLRQ� RI�
GRPHVWLF�ILQDO�GHPDQG��

$WWULEXWLRQ� 7KHRUHWLFDOO\� SUHIHUDEOH� 5HTXLUHV�,27�IRU�DOO� WLPH�SHULRGV�EHLQJ�

������������������������������������������������������
��� 6LPLODUO\� WKH� (&%¶V� � 0RQWKO\� %XOOHWLQ� RI� -XQH� ����� �%R[� ��� S� ������� FRQFOXGHV� WKDW�
³2YHUDOO��ZKLOH�QHW� WUDGH�DQG�H[SRUWV�DUH�XVHIXO�PHDVXUHV�RI�DFWLYLW\�� LW� VKRXOG�EH�ERUQH� LQ�

PLQG�WKDW�WKH�IRUPHU�PD\�LQ�VRPH�FLUFXPVWDQFHV�JLYH�DQ�XQGHUVWDWHG�SLFWXUH�RI�WKH�LPSXOVH�

RI�WKH�H[WHUQDO�VHFWRU�´�
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PHWKRG��� WR�WKH�QHW�H[SRUWV�PHWKRG�� DQDO\VHG�

$WWULEXWLRQ�
PHWKRG���

7KHRUHWLFDOO\� SUHIHUDEOH�
WR�QHW�H[SRUWV�PHWKRG��EXW�
OHVV� VR� WKDQ� DWWULEXWLRQ�
PHWKRG�����

7KH� DVVXPSWLRQ�RI� D� FRQVWDQW� DWWULEXWHG�
*'3�VKDUH�OHDGV�WR�D�UHVLGXDO��7KH�³SXUH�
HIIHFW´�PD\� WKHUHIRUH� FKDQJH� VLJQ� DIWHU�
FRUUHFWLRQ�IRU�WKH�UHVLGXDO���

$WWULEXWLRQ�
PHWKRG���

7KHRUHWLFDOO\� SUHIHUDEOH�
WR�QHW�H[SRUWV�PHWKRG��EXW�
OHVV� VR� WKDQ� DWWULEXWLRQ�
PHWKRG� ��� 8VHV�
LQIRUPDWLRQ� IURP� UHFHQW�
\HDU�IRU�XSGDWLQJ���

(VWLPDWHV� RI� WKH� DWWULEXWHG� *'3� DQG�
LPSRUWV� DUH� SDWK� GHSHQGHQW� DQG� PD\�
WKHUHIRUH�YDU\�IURP�WKH�UHDO�YDOXHV����

�

�
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$SSHQGL[�%��'DWD�FRQVWUXFWLRQ�DQG�DWWULEXWLRQ�FDOFXODWLRQV�

7KH�GDWD�FRQVWUXFWLRQ�PHWKRGRORJ\�DQG�DWWULEXWLRQ�FDOFXODWLRQV�DUH�XQGHUWDNHQ�LQ���
VWHSV�� 7KH� DLP� RI� WKHVH� VWHSV� LV� WR� SURGXFH� ,27� IRU� ������ ����� DQG� ����� DQG� WR�
SHUIRUP�WKH�DWWULEXWLRQ�FDOFXODWLRQV��,Q�VWHSV������VHFWLRQV�%���%����WKH�($�,27�IRU�
�����LV�SURGXFHG��,Q�VWHS����VHFWLRQ�%����WKH�,27�IRU������DQG������DUH�SURGXFHG�
ZKLOH�WKH�DWWULEXWLRQ�FDOFXODWLRQV�DUH�GHVFULEHG�LQ�VWHS����VHFWLRQ�%�����)LQDOO\�� WKH�
GLIIHUHQFHV�ZLWK�WKH�SUHYLRXV�SURMHFW��+RHNVWUD�HW�DO��������DUH�GLVFXVVHG���

��

%����&RQVWUXFW�687�IRU������

7KHVH�GDWD�FRQVWUXFWLRQ�VWHSV�FDQ�EH� IRXQG� LQ� WKH� IROGHU�³6W�´� LQ����FRXQWU\� ILOHV�
�$7�[OV«���6,�[OV���RQH�VXPPDU\�ILOH��6XPPDU\�6WHS���[OV��DQG�RQH�ILOH�WR�FRQYHUVH�
FXUUHQFLHV�IRU�FRXQWULHV�WKDW�GR�QRW�VXSSO\�687�LQ�HXURV��6,BFRQYHUVLRQ�[OV���

7KH�IRUPDW�RI� WKH�VXSSO\�DQG�XVH� WDEOHV� LQ�UHVSHFWLYHO\�EDVLF�DQG�SXUFKDVHU�SULFHV�
ZKLFK�DUH�SURGXFHG�LQ�WKLV�VHFWLRQ�DUH�VKRZQ�LQ�7DEOHV�%����DQG�%���UHVSHFWLYHO\���
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%���D��&ROOHFW�WKH�PRVW�UHFHQW�687��

7KHUH�DUH�687�DYDLODEOH�IRU������IRU�$7��%(��'(��),��)5��,7��1/��/8��37��)RU�6,�
WKH�687�RI������LV�DYDLODEOH�LQ�PLOOLRQV�RI�6ORYHQLDQ�7RODUV��ZKLFK�DUH�FRQYHUWHG�WR�
HXUR� IRU� WKH� SXUSRVHV� RI� WKLV� SURMHFW�� ,Q� WKH� IXWXUH� WKLV� H[HUFLVH� FDQ� EH� XVHG� WR�
FRQYHUVH�FXUUHQFLHV�RI�QHZ�HXUR�PHPEHU�VWDWHV��7KUHH�FRXQWULHV�KDG�ROGHU�687��(6�
�������� ,(� ������� DQG�*5� ��������$OO� 687�KDYH� D� ��� LQGXVWU\� E\� ��� FRPPRGLW\�
VWUXFWXUH���

�

%���E��&KRRVH�IRUPDW�687�

)RU�WKLV�SURMHFW�ZH�KDYH�FKRVHQ�WR�FRQVWUXFW�VXSSO\�DQG�XVH�WDEOH�ZLWK����LQGXVWULHV�
E\� ��� FRPPRGLWLHV�� $OWKRXJK� WKH� WDEOHV� LQ� WKH� WUDQVPLVVLRQ� SURJUDP� DUH� ���
LQGXVWULHV�E\����FRPPRGLWLHV�� WKH�QHHG�WR�H[WUDSRODWH���FRXQWULHV��(6��,(�DQG�*5��
XVLQJ�YDOXH�DGGHG�GDWD�DQG�RXWSXW�IRU����LQGXVWULHV�PDNHV�WKH����E\����GLPHQVLRQV�
WKH�PD[LPXP�OHYHO�RI�GHWDLO�SRVVLEOH���

)XUWKHUPRUH�WKH�VXSSO\�WDEOH�GLVWLQJXLVKHV�FROXPQV�IRU�LPSRUWV��WD[HV�OHVV�VXEVLGLHV�
�7/6��DQG�IRU�WUDGH�DQG�WUDQVSRUW�PDUJLQV��770���7KH�XVH�WDEOH�FRQWDLQV�DGGLWLRQDO�
FROXPQV� IRU� ILQDO� FRQVXPSWLRQ� H[SHQGLWXUHV� E\� KRXVHKROGV�� E\� QRQ�SURILW�
LQVWLWXWLRQV� VHUYLQJ� KRXVHKROGV� �13,6+�� DQG� E\� JRYHUQPHQWV�� *URVV� &DSLWDO�
)RUPDWLRQ��*&)��DQG�H[SRUWV���

�

%���F��),6,0�DQG�FODVVLILHG�LQIRUPDWLRQ��

7ZHOYH�RXW�RI����($�FRXQWULHV�VXSSOLHG�D�XVH�WDEOH�LQ�ZKLFK�),6,0�ZDV�GLVWULEXWHG�
DPRQJVW�WKH�XVHU��SRVW�UHYLVLRQ�PHWKRG���2QO\�WKH�GDWD�IRU�*5�UHJLVWHUHG�WKH�),6,0�
XVLQJ� WKH�SUH�UHYLVLRQ�PHWKRG��7KH�),6,0�IRU�*5�DUH�GLVWULEXWHG�DFFRUGLQJ� WR� WKH�
XVH�RI�ILQDQFLDO�VHUYLFHV���

7KH�687�RI�/8� LV� LQFRPSOHWH�EHFDXVH� WKH�GDWD� IRU� VRPH� LQGXVWULHV� DUH� FODVVLILHG��
2QO\� WKH� FROXPQ� WRWDOV� DUH� SURYLGHG�� :H� KDYH� XVHG� WKH� LQGXVWU\� VWUXFWXUH� RI�
%HOJLXP�WR�HVWLPDWH�WKH�LQGXVWU\�FROXPQ��7KH�UHPDLQLQJ�GLIIHUHQFHV�DUH�HOLPLQDWHG�
XVLQJ�D�/DJUDQJLDQ�PHWKRG��:,1$'-867���

�

%���G��3URGXFH�687�IRU�$7��%(��'(��),��)5��,7��/8��1/��37�DQG�6,�

7KH�WDEOHV�IRU�WKHVH�FRXQWULHV�DUH�FRQYHUWHG�WR�WKH�IRUPDW�FKRVHQ�LQ�VWHS�%���E��)RU�
WKH�687�RI�6,�LV�FRQYHUWHG�IURP�6ORYHQLD�7RODUV�WR�HXURV���5HPDLQLQJ�GLIIHUHQFHV�LQ�
WKH�WDEOH�WRWDOV�DUH�HOLPLQDWHG�E\�XVLQJ�D�ODJUDQJLDQ�PHWKRG��:,1$'-867��

�
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%���H�3URGXFH�687�IRU�*5��,(�DQG�(6��

7KH�WDEOHV�RI�*5��,(�DQG�(6�DUH�H[WUDSRODWHG�XVLQJ�0('��,76�DQG�&20(;7�GDWD��
7KH�H[WUDSRODWLRQ�LV�GRQH�RQ�D����LQGXVWULHV��WKH�PD[LPXP�DJJUHJDWLRQ�DYDLODEOH�IRU�
YDOXH�DGGHG�DQG�RXWSXW�GDWD��E\����FRPPRGLWLHV�PDWUL[�WR�EH�DV�SUHFLVH�DV�SRVVLEOH����

7RWDO�RXWSXW�IRU�WKH����LQGXVWULHV�RI�WKH�687�IRU������DUH�GHULYHG�GLUHFWO\�IURP�WKH�
0('��7KH� VXSSO\�SHU� FRPPRGLW\� LV� H[WUDSRODWHG�XVLQJ� WKH�RXWSXW�JURZWK�DQG� WKH�
PRVW�UHFHQW�VXSSO\�WDEOH��1R�RXWSXW�SHU�1$&(�ZDV�DYDLODEOH�IRU�(6�HQG�,(��,Q�WKHVH�
FDVHV��YDOXH�DGGHG�ZDV�XVHG�DV�WKH�H[WUDSRODWRU�IRU�RXWSXW���

7RWDO� LQWHUPHGLDWH� XVH� SHU� 1$&(� LV� GHULYHG� IURP� WKH� 0('�� 7KH� LQWHUPHGLDWH�
GHPDQG�SHU�FRPPRGLW\�LV�HVWLPDWHG�E\�PXOWLSOLHG�WKH�JURZWK�RI�LQWHUPHGLDWH�XVH�RI�
WKH�LQGXVWU\�LQ�TXHVWLRQ�E\�GDWD�LQ�WKH�PRVW�UHFHQW�XVH�WDEOH��1R�LQWHUPHGLDWH�XVH�SHU�
1$&(�ZDV�DYDLODEOH�IRU�(6�HQG�,(��JURZWK�RI�YDOXH�DGGHG�ZDV�XVHG�WR�PXOWLSO\�WKH�
ROG�LQWHUPHGLDWH�XVH�YDOXHV��7KH�URZ�RI�YDOXH�DGGHG�ZDV�ILOOHG�ZLWK�WKH�DFWXDO�YDOXH�
DGGHG�QXPEHUV�IURP�WKH�0('��

&RQVXPSWLRQ� E\� KRXVHKROGV� LV� H[WUDSRODWHG� XVLQJ� &2,&23� GDWD� WR� H[WUDSRODWH��
FRQVXPSWLRQ� GDWD� SHU� FRPPRGLW\� IURP� WKH� PRVW� UHFHQW� 687�� 6LQFH� &2,&23�
�IXQFWLRQV��DQG�FRPPRGLW\�FODVVLILFDWLRQV�DUH�QRW�WKH�VDPH��WKH�PRVW�FORVHO\�UHODWHG�
&2,&23�FDWHJRU\�ZDV�XVHG� IRU�D� FRPPRGLW\��7KH�DFWXDO� WRWDO� RI� FRQVXPSWLRQ�E\�
KRXVHKROG�IURP�0('�LV�XVHG�IRU�WKH�FROXPQ�WRWDO�RI�FRQVXPSWLRQ�E\�KRXVHKROGV��

&RQVXPSWLRQ�E\�13,6+�LV�H[WUDSRODWHG�E\�PXOWLSO\LQJ�WKH�GDWD�IURP�WKH�PRVW�UHFHQW�
687�WR�WKH�RXWSXW�JURZWK�RI�WKH�LQGXVWU\�ZKHUH�WKH�SURGXFWLRQ�RI�13,6+�LV�OLNHO\�WR�
EH� ORFDWHG��7KH� DFWXDO� WRWDO� RI� FRQVXPSWLRQ� E\�13,6+� IURP�0('� LV� XVHG� IRU� WKH�
FROXPQ�WRWDO�RI�FRQVXPSWLRQ�E\�13,6+���

&RQVXPSWLRQ�E\�JRYHUQPHQW� LV�H[WUDSRODWHG�E\� OLQNLQJ� WKH�JURZWK�RI� WKH�&2)2*�
WKDW� LV� PRVW� VLPLODU� WR� WKH� SURGXFW� JURXS� WR� WKH� FRQVXPSWLRQ� YHFWRU� RI� WKH� PRVW�
UHFHQW�XVH�WDEOH��1R�&2)2*�ZDV�DYDLODEOH�IRU�(6��WKH�JURZWK�QXPEHU�RI�WKH�WRWDO�
JRYHUQPHQWDO�H[SHQGLWXUH�ZDV�XVHG��7KH�DJJUHJDWH�RI�FRQVXPSWLRQ�E\�JRYHUQPHQW�
LV�WDNHQ�GLUHFWO\�IURP�0('��

*URVV�)L[HG�&DSLWDO�)RUPDWLRQ�LV�H[WUDSRODWHG�E\�OLQNLQJ�WKH�JURZWK�RI�WKH�FDWHJRU\�
RI� WKH� LQYHVWPHQW� EUHDNGRZQ� WKDW� LV� PRVW� VLPLODU� WR� WKH� SURGXFW� JURXS� ZKLFK� LV�
LQYHVWHG��&KDQJHV� LQ� LQYHQWRULHV� DQG� YDOXDEOHV� DUH� FDOFXODWHG� VHSDUDWHO\�� DOWKRXJK�
WKH� GHYHORSPHQWV� RI� WKHVH� FDWHJRULHV� DUH� YHU\� YRODWLOH� RYHU� \HDUV� DQG� PD\� HYHQ�
FKDQJH� LQ� VLJQ�� 7KH� H[WUDSRODWLRQ� RI� LQYHQWRULHV� DQG� YDOXDEOHV� XVLQJ� LQYHVWPHQW�
JURZWK�UDWHV�PLJKW�FDXVH�WKHP�WR�JURZ�FRQWLQXRXVO\�HYHQ�ZKHQ�WKH\�KDYH�D�QHJDWLYH�
VLJQ��7KH�DEVROXWH�GLVWDQFH� IURP�]HUR� LV�FDOFXODWHG� IRU� WKH� VXP�RI� LQYHQWRULHV�DQG�
YDOXDEOHV�IRU�DOO�FRPPRGLWLHV��3URSRUWLRQV�WKDW�OHDG�IURP�WKLV�FDOFXODWLRQ�DUH�XVHG�WR�
GLYLGH�WKH�GLIIHUHQFH�RI�WKH�DJJUHJDWHV�RI������DQG�WKH�PRVW�UHFHQW�687��)LQDOO\�WKH�
SURSRUWLRQ�RI�WKH�GLIIHUHQFH�LV�DGGHG�WR�WKH�WRWDO�RI�WKH�PRVW�UHFHQW�687����

7KH�LPSRUWV�DQG�H[SRUWV�DUH�H[WUDSRODWHG�E\�XVLQJ�WKH�JURZWK�UDWHV�RI�WKH�&20(;7�
DQG� ,76� JRRGV� DQG� VHUYLFHV� GDWD�� 7KH� DJJUHJDWHV� RI� LPSRUW� DQG� H[SRUW� DUH� WDNHQ�
GLUHFWO\�IURP�0('��
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7UDGH�DQG�WUDQVSRUW�PDUJLQV�DUH�H[WUDSRODWHG�E\�OLQNLQJ�WKH�GHYHORSPHQW�RI�1$&(�L�
WR�WKH�YHFWRUV�LQ�WKH�PRVW�UHFHQW�687��7KH�SURGXFW� UHODWHG� WD[HV� OHVV�VXEVLGLHV�DUH�
H[WUDSRODWHG�E\�OLQNLQJ�WKH�JURZWK�RI�WKH�RXWSXW�RI�WKH�1$&(�LQ�ZKLFK�SURGXFWLRQ�
RI�WKH�FRPPRGLW\�LV�OLNHO\�WR�EH�ORFDWHG�WR�WKH�YHFWRU�RI�WKH�PRVW�UHFHQW�VXSSO\�WDEOH��
7KH�DJJUHJDWH�LV�FRUUHFWHG�E\�XVLQJ�WKH�DFWXDO�QXPEHU�RI�WKH�0('��1R�RXWSXW�SHU�
1$&(�ZDV�DYDLODEOH�IRU�,(�DQG�(6��JURVV�YDOXH�DGGHG�ZDV�XVHG�LQVWHDG��

7KH�URZ�WRWDOV�ZKHUH�FDOFXODWHG�LQ���VWHSV�����WKH�URZV�RI�ERWK�WKH�VXSSO\�DQG�XVH�
WDEOHV�ZHUH�VXPPHG�����,I�WKHUH�LV�MXVW�RQH�LQWHUVHFWLRQ�LQ�WKH�LQWHULRU�RI�WKH�VXSSO\�
WDEOH�� WKH� URZ� WRWDO� RI� WKH� VXSSO\� WDEOH� LV� XVHG�� ��� ,I� WKHUH� LV� PRUH� WKHQ� MXVW� RQH�
LQWHUVHFWLRQ��WKH�KLJKHVW�RI�ERWK�WRWDOV�RI�WKH�FDOFXODWHG�URZ�WRWDOV�RI�VXSSO\�DQG�XVH�
WDEOH�LV�XVHG�����7KH�GLIIHUHQFH�RI�WKH�WRWDO�RI�WKH�FROXPQV�DQG�WKH�WRWDO�RI�WKH�URZV�LV�
SURSRUWLRQDOO\�GLYLGHG�RYHU�WKH�URZ�WRWDOV��H[FHSW�WKRVH�ZLWK�MXVW�RQH�LQWHUVHFWLRQ�LQ�
WKH�LQWHULRU�RI�WKH�WDEOH��7KH�UHPDLQLQJ�GLIIHUHQFH�RI�WKH�FROXPQ�WRWDOV�EHWZHHQ�WKH�
VXSSO\�DQG�XVH�WDEOH�LV�GLYLGHG�HTXDOO\�RYHU�WKH�LPSRUW�DQG�H[SRUW�WRWDOV��)LQDOO\�WKH�
VXSSO\� LV� EDODQFHG� E\� XVLQJ�:,1$'-867��$IWHU� SODFLQJ� WKH� WRWDOV� RI� WKH� VXSSO\�
WDEOH�RQ�WKH�XVH�WDEOH��WKH�XVH�WDEOH�LV�DOVR�EDODQFHG�E\�XVLQJ�:,1$'-867��

�

(YDOXDWLRQ�RI�6WHS��

7HQ�RXW�RI�WKLUWHHQ�FRXQWULHV�VXSSOLHG�D�687�IRU�������ZKLFK�FRQVWLWXWHV�����RI�WKH�
($�*'3��,Q�+RHNVWUD�HW�DO��������WKH�FRXQWU\�FRYHUDJH�ZDV�ZRUVH����RXW�RI�WKH����
FRXQWULHV�� DQG� *'3� FRYHUDJH� ZDV� VLPLODU� ������� 7KH� FRXQWULHV� ZKLFK� GLG� QRW�
VXSSO\�687�IRU������ZHUH�(6���������,(��������DQG�*5���������ZKLFK�DFFRXQW�IRU�
��������DQG����RI�WKH�($�WRWDO�UHVSHFWLYHO\����

:LWK� UHVSHFW� WR�),6,0�� WKH� GDWD� VLWXDWLRQ� KDG� LPSURYHG�� ,Q�+RHNVWUD�HW� DO� �������
),6,0�UHJLVWUDWLRQ�ZDV�VWLOO�SUH�UHYLVLRQ�IRU����RI�WKH����FRXQWULHV��)RU�WKH�FXUUHQW�
SURMHFW�RQO\�*5�KDG�QRW�XSGDWHG�WKH�),6,0�UHJLVWUDWLRQ�LQ�WKHLU�687���

:HDN� SRLQW� RI� WKLV� VWHS� UHPDLQV� WKH� FDOFXODWLRQ� RI� WKH� FKDQJHV� LQ� LQYHQWRULHV� DQG�
YDOXDEOHV��WKRXJK�ZH�KDYH�LPSURYHG�WKH�PHWKRG�FRPSDUHG�WR�+RHNVWUD�HW�DO����������
)L[HG� FDSLWDO� IRUPDWLRQ� DQG� WKH� FKDQJHV� LQ� LQYHQWRULHV� DQG� YDOXDEOHV� ZHUH� QRZ��
FDOFXODWHG�VHSDUDWHO\��ZKLFK�PDNHV�WKH�UHVXOW�PRUH�UHOLDEOH��6WLOO��WKHUH�LV�QR�ZD\�WR�
SUHGLFW�WKH�FKDQJHV�LQ�DQG�WKH�VLJQ�RI�ERWK�YDOXDEOHV�DQG�LQYHQWRULHV�E\�FRPPRGLW\��

7KH�GLIIHUHQFH�EHWZHHQ� WKH�*'3�IURP�WKH����687V�DQG� WKH�SXEOLVKHG�($�*'3�LV��
YHU\�VPDOO��DERXW���������

�

%����&RQYHUW�XVH�WDEOHV�WR�EDVLF�SULFHV�

7KHVH�GDWD�FRQVWUXFWLRQ�VWHSV�FDQ�EH�IRXQG�LQ�WKH�IROGHU�³6W���´�LQ����FRXQWU\�ILOHV�
�$7�ES��[OV«��6,�ES��[OV��DQG�RQH�VXPPDU\�ILOH��6XPPDU\�6WHS����[OV��
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,Q�WKLV�VWHS�WKH����XVH�WDEOHV�LQ�SXUFKDVHU�SULFHV�DUH�FRQYHUWHG�WR�XVH�WDEOHV�LQ�EDVLF�
SULFHV��7KH�UHVXOWLQJ�XVH�WDEOHV�KDYH�WKH�IRUPDW�VKRZQ�LQ�WDEOH�%����7KH�H[HUFLVH�LV�
GRQH�XVLQJ�D����LQGXVWULHV�E\����FRPPRGLWLHV�FODVVLILFDWLRQ��

�
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7RWDO� �� � � � � �� ��

�

%���D��,QVHUW�GDWD�IRU�(6��),�DQG�1/�

7KH� XVH� WDEOH� LQ� EDVLF� SULFHV� IRU� ����� ZDV� VXSSOLHG� WKURXJK� WKH� WUDQVPLVVLRQ�
SURJUDP��),��DQG�GLUHFWO\�IURP�WKH�QDWLRQDO�DFFRXQWV�GHSDUWPHQW��1/�����

7KH�XVH�WDEOH�LQ�EDVLF�SULFHV�IRU�(6�LV�DOVR�SURYLGHG�LQ�WKH�WUDQVPLVVLRQ�SURJUDP��IRU�
������ EXW� H[FOXGHV� ),6,0�� 7KH� UDWLR¶V� EHWZHHQ� EDVLF� DQG� SXUFKDVHU� SULFHV� ZHUH�
FDOFXODWHG�IRU������DQG�XVHG�WR�FDOFXODWH�WKH�XVH�WDEOH�LQ�EDVLF�SULFHV�IRU�������7KH�
UHPDLQLQJ�GLIIHUHQFHV�ZHUH�HOLPLQDWHG�XVLQJ�:,1$'-867��

�

%���E�&RQYHUW�XVH�WDEOH�RI�*(��)5��,(��,7�DQG�6,��

7KHVH� FRXQWULHV� KDYH� QRW� SURYLGHG� D� XVH� WDEOH� LQ� EDVLF� SULFHV� WR� WKH� (XURVWDW�
WUDQVPLVVLRQ� SURJUDP� VR� WKH� � PRVW� UHFHQW� ,27� LQ� EDVLF� SULFHV� LV� XVHG�� 6LQFH� DOO�
FRXQWULHV� LQ� WKLV� JURXS� KDYH� SURYLGHG� FRPPRGLW\�E\�FRPPRGLW\� ,27�� WKH� ILQDO�
GHPDQG�YDOXH�LQ�EDVLF�SULFHV�IRU������FDQ�EH�FDOFXODWHG�E\�XVLQJ�WKH�UDWLR¶V�EHWZHHQ�
WKH� XVH� WDEOH� LQ� SXUFKDVHU� SULFHV� DQG� WKH� ,27� LQ� EDVLF� SULFHV�� 7KH� LQWHUPHGLDWH�
FRQVXPSWLRQ�LQ�EDVLF�SULFHV�LV�HVWLPDWHG�E\�ILUVW�FRQYHUWLQJ�WKH�,27�WR�WKH�XVH�WDEOH�
LQ�EDVLF�SULFHV�E\�DVVXPLQJ�WKH�LQGXVWU\�WHFKQRORJ\�DVVXPSWLRQ��.RQLMQ���������7KH�
UDWLRV�RI� WKLV� WDEOH�DQG�WKH�XVH� WDEOH� LQ�SXUFKDVHU�SULFHV�DUH� WKHQ�FDOFXODWHG��7KHVH�
UDWLRV�DUH�WKHQ�XVHG�RQ�WKH������XVH�WDEOH�LQ�SXUFKDVHU�SULFHV��7KH�HVWLPDWHG�WDEOHV�
LQ�EDVLF�SULFH�DUH�EDODQFHG�XVLQJ�:,1$'-867��)5�VXSSOLHG�DQ�,27�IRU�������

�
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%���F��&RQYHUW�XVH�WDEOH�RI�$7��%(��*5��/8�DQG�37�

)RU� WKHVH�FRXQWULHV�� WKH�,27�DUH�DOVR�XVHG��EXW� ILUVW� WKH�SUH�UHYLVLRQ�UHJLVWUDWLRQ�RI�
),6,0� KDV� WR� EH� FRUUHFWHG�� 7KH� ),6,0� LV� WKHUHIRUH� VSOLW� DPRQJVW� WKH� FRQVXPLQJ�
FDWHJRULHV� EDVHG� RQ� WKH� GLVWULEXWLRQ� RI� EDQNLQJ� VHUYLFHV�� 6XEVHTXHQWO\� WKH� VDPH�
SURFHGXUH�LV�XVHG�DV�LQ�VWHS�%���E���

)RU� *5� WKHUH� ZDV� D� KXJH� GLIIHUHQFH� EHWZHHQ� WKH� LQWHUVHFWLRQ� �ILQDQFLDO�
LQWHUPHGLDWLRQ��LQ�EDVLF�������PLOOLRQ�HXUR��DQG�SXUFKDVHU�SULFHV������PLOOLRQ�HXUR���
7KLV� FDXVHG� WURXEOHV� VROYLQJ� WKH� /DJUDQJLDQ� HTXDWLRQV�� 7KH� FROXPQ� WRWDO� ZDV�
GLYLGHG�HTXDOO\�LQ�DFFRUGDQFH�ZLWK�WKH�GLVWULEXWLRQ�LQ�WKH�XVH�WDEOH��

7KHUH�ZHUH�QR�,27�DYDLODEOH�IRU�/8��WKH�VKDUHV�RI�%(�ZHUH�XVHG�WR�SURGXFH�D�XVH�
WDEOH�LQ�EDVLF�SULFHV�IRU�/8��

�

(YDOXDWLRQ�RI�VWHS����

7KHUH�LV�RQO\�VSHFLILF�GDWD�IRU���FRXQWULHV�IRU�������1/�����RI�($�*'3���),�������
7KH�GDWD�IRU�(6�������LV�DYDLODEOH�IRU�������)RU�WKH�RWKHU�FRXQWULHV�WKH�,27�KDG�WR�
EH�DGRSWHG��7KLV�LV�ILQH�IRU� WKH�ILQDO�GHPDQG�FRPSRQHQWV�EXW�PD\�FDXVH�SUREOHPV�
ZKHQ�FDOFXODWLQJ�WKH�UDWLR¶V�IRU�WKH�LQWHUPHGLDWH�LQSXWV�����

'HVSLWH� WKH� IDFW� WKDW� WKLV� VWHS�PLJKW� EH� SUREOHPDWLF� EHFDXVH� RI� WKH� ODFN� RI� GLUHFW�
GDWD�� WKH� DGMXVWPHQWV� ZKLFK� KDYH� WR� EH� PDGH� DUH�� RQ� DJJUHJDWH�� QRW� WKDW� ODUJH��
*HQHUDOO\��WKH�DGMXVWPHQWV�DUH�ORZHU�WKDQ����RI�WKH�WRWDO�XVH�YDOXH��2QO\�,(�DQG�*5�
UHTXLUH�ODUJHU�DGMXVWPHQWV������DQG�����UHVSHFWLYHO\����

�

%����3URGXFH�XVH�WDEOHV�LQ�GRPHVWLF�DQG�LPSRUWHG�FRPPRGLWLHV�

7KHVH�GDWD�FRQVWUXFWLRQ�VWHSV�FDQ�EH�IRXQG�LQ�WKH�IROGHU�³6W���´�LQ����FRXQWU\�ILOHV�
�$7�ES��[OV«��6,�ES��[OV��DQG�RQH�VXPPDU\�ILOH��6XPPDU\�6WHS����[OV��

,Q� WKLV� VWHS� WKH� XVH� WDEOH� LQ� EDVLF� SULFHV� LV� VSOLW� LQWR� GRPHVWLF� DQG� LPSRUWHG�
FRPPRGLWLHV��7KH�IRUPDW�RI�WKH�UHVXOWLQJ�WDEOHV�LV�VKRZQ�LQ�WDEOHV�%���DQG�%������

%���D��6SOLW�WKH�XVH�WDEOH�IRU�(6�

2QO\� RQH� FRXQWU\��(6�� SURYLGHV� GLUHFW� GDWD� WR� WKH� WUDQVPLVVLRQ� SURJUDP� DERXW� WKH�
LPSRUWHG�DQG�GRPHVWLF�SRUWLRQV�RI�WKH�XVH�WDEOH��7KH�WDEOHV�DUH�KRZHYHU�IRU�WKH�\HDU�
������7KH�VKDUHV�RI������DUH�XVHG�WR�SURGXFH�WKH������WDEOHV��

�

%���E��6SOLW�WKH�XVH�WDEOHV�IRU�$7��%(��),��)5��*(��,(��,7��1/��37�DQG�6,�

)RU� DOO� WKHVH� FRXQWULHV� WKH�PRVW� UHFHQW� ,27� LV� XVHG� WR� HVWLPDWH� WKH� XVH� WDEOHV� IRU�
LPSRUWHG�DQG�GRPHVWLFDOO\�SURGXFHG�FRPPRGLWLHV��6LQFH�WKH�,27�IRU�PRVW�FRXQWULHV�
DUH� FRPPRGLW\�E\�FRPPRGLW\�� WKH\� FDQ� EH� XVHG� GLUHFWO\� IRU� WKH� ILQDO� GHPDQG�
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YDOXHV��)RU�WKH�LQWHUPHGLDWH�LQSXW�WKH�LQGXVWU\�WHFKQRORJ\�DVVXPSWLRQ�LV�XVHG�DV�LQ�
VWHS�%���E��)5�SURYLGHG�DQ�,27�IRU�������

7KH� ,27� RI� ),� DQG� 1/� DUH� LQGXVWU\�E\�LQGXVWU\� LQVWHDG� RI� FRPPRGLW\�E\�
FRPPRGLW\��+RZHYHU��ZH�KDYH�DVVXPHG�WKDW�WKH�LPSRUW�GRPHVWLF�LQGXVWU\�VKDUHV�DUH�
UHSUHVHQWDWLYH�RI�WKH�FRPPRGLW\�VKDUHV�RI�WKH�PDLQ�SURGXFW�RI�DQ�LQGXVWU\���

�

7DEOH�%����7KH�XVH�WDEOH��GRPHVWLF��DIWHU�VWHS���
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�

7DEOH�%����7KH�XVH�WDEOH��LPSRUWHG��DIWHU�VWHS���
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�

%���F��6SOLW�WKH�XVH�WDEOH�IRU�*5�DQG�/8�

)RU�*5� WKHUH� DUH� QR� ,27�ZKLFK� GLVWLQJXLVK� LPSRUWHG� DQG� GRPHVWLF� SURGXFWV��7KH�
SURSRUWLRQV� RI� WKH� WRWDOV� RI� UHVSHFWLYHO\� LPSRUWHG� DQG� GRPHVWLF� SURGXFHG�
FRPPRGLWLHV�DUH�XVHG�WR�FDOFXODWH�WKH�LQGLYLGXDO�XVH�WDEOHV��

1R� ,27� LV� DYDLODEOH� IRU� /8�� 7KH� VKDUHV� RI�%(� DUH� WKHUHIRUH� XVHG� WR� VSOLW� WKH� XVH�
WDEOH���

�
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(YDOXDWLRQ�RI�VWHS����

7KH�GDWD�IURP�WKH�WUDQVPLVVLRQ�SURJUDP�LV�QRW�YHU\�JRRG�IRU� WKH�HVWLPDWLRQ�RI�WKH�
LPSRUWHG�VKDUHV��7KHUH�LV�RQO\�VSHFLILF�GDWD�IRU�RQH�FRXQWU\��(6������RI�($�*'3��
DV� ZHOO� DV� WKH� ILQDO� GHPDQG� SRUWLRQ� RI� WKH� ,27� IRU� WKH� FRXQWULHV� ZKLFK� VXSSO\�
FRPPRGLW\�E\�FRPPRGLW\�,27��,Q�VRPH�FDVHV�IDLUO\�ODUJH�DGMXVWPHQWV�DUH�UHTXLUHG�
DIWHU�WKH�ILUVW�HVWLPDWHV�DUH�SURGXFHG��8QOLNH�VWHS����WKLV�LPSOLHV�WKDW�WKH�XVH�RI�,27�
GDWD� GRHV� QRW� OHDG� WR� YHU\� JRRG� UHVXOWV�� $V� IRU� VWHS� ��� WKH� ODUJHVW� �SHUFHQWDJH��
DGMXVWPHQWV�ZHUH�UHTXLUHG�IRU�,(�DQG�/8��

�

%����&RQVWUXFW�687�IRU�WKH�($��

7KHVH� GDWD� FRQVWUXFWLRQ� VWHSV� FDQ� EH� IRXQG� LQ� WKH� IROGHU� ³6W���´LQ� WKH� ILOHV�
($),1$/�������[OV��VHFWLRQ�%���D	I����DV\PPHWU\�FDOFXODWLRQ�[OV��VHFWLRQ�%���E�G���
5HH[SRUWV�1/�[OV��5HH[SRUWV�($�[OV�VHFWLRQ�%���D	I���

�

7DEOH�%����7KH�XVH�WDEOH�LQ�EDVLF�SULFHV�DIWHU�VWHS���
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,PSRUWV� � � � � � � �

7RWDO� �� � � � � �� ��

�

,Q� WKLV� VWHS�� WKH� 687� IRU� WKH� ($� LV� SURGXFHG� E\� DJJUHJDWLQJ� WKH� GDWD� IURP� WKH�
SUHYLRXV�VWHS��)XUWKHUPRUH��D�QXPEHU�RI�LPSRUWDQW�VWHSV�ZLWK�UHVSHFW�WR�($�WUDGH�DUH�
HQFRPSDVVHG� LQ� WKLV� VWHS�� WKH� SUREOHP� RI� DV\PPHWULHV� LQ� WKH� WUDGH� VWDWLVWLFV� DUH�
WDFNOHG�DQG�QRYHO�HVWLPDWHV�RI�WKH�($�UH�H[SRUWV�DUH�SUHVHQWHG�EDVHG�RQ�GDWD�IURP�
WKH�1HWKHUODQGV�WUDGH�VWDWLVWLFV�GHSDUWPHQW�����

�

%���D��$JJUHJDWH����687�

7KH�ILUVW�HVWLPDWH�RI�WKH�687�RI�WKH�($�LV�SURGXFHG�E\�DJJUHJDWLQJ�WKH�687�RI�WKH�
��� GLIIHUHQW�PHPEHU� VWDWHV��+RZHYHU�� LQ� WKLV� DJJUHJDWLRQ� VWHS� WKH� SUREOHP� RI� WKH�
DV\PPHWULHV�DULVHV��7KHRUHWLFDOO\�WKH�LQWUD�($�LPSRUWV�DQG�H[SRUWV�VKRXOG�EH�HTXDO��
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LQ� SUDFWLFH� WKH\� DUH� QRW�� ,Q� WKH� IROORZLQJ� WKUHH� VHFWLRQV�� WKH� UHVROXWLRQ� RI� WKH�
DV\PPHWULHV� LQ� JRRGV�� VHUYLFHV� DQG� SXUFKDVHV� DERDUG� E\� UHVLGHQWV� DUH� GLVFXVVHG�
UHVSHFWLYHO\��,Q�JHQHUDO�WKH�VDPH�SURFHGXUH�KDV�EHHQ�IROORZHG�DV�LQ�+RHNVWUD�HW�DO��
���������

�

%���E��6ROYH�DV\PPHWULHV�LQ�JRRGV�

&20(;7� GDWD� RQ� LPSRUWV� DQG� H[SRUWV� RI� LQGLYLGXDO� FRXQWULHV� FDQ� EH� XVHG� WR�
SURGXFH�LQWUD�($�DQG�H[WUD�($�WUDGH�HVWLPDWHV��7KH�LQWUD�H[WUD�UDWLR¶V�DUH�PXOWLSOLHG�
E\�WKH�H[SRUWV�DQG�LPSRUWV�YDOXHV�IURP�WKH�687¶V��SOXV�WUDQVLW�WUDGH�HVWLPDWH�IRU�WKH�
1HWKHUODQGV��� ,Q� PRVW� FDVHV�� WKH� H[SRUW� HVWLPDWHV� DUH� WDNHQ� DV� LQWUD�($� IORZV�
EHFDXVH�WKHVH�DUH�YLHZHG�DV�PRUH�UHOLDEOH��+RZHYHU��IRU�WKUHH�LQGLYLGXDO�&3$�FRGHV�
��������DQG�����LPSRUWV�KDYH�EHHQ�XVHG�EHFDXVH�LW�LV�VXJJHVWHG�WKDW�WKHUH�LV�XQGHU�
UHSRUWLQJ� RI� H[SRUWV� LQ� WKHVH� FDVHV� �7)�46$�� ������� )LQDOO\� WKH� WRWDO� H[SRUWV� DQG�
LPSRUWV�DUH�VFDOHG�XS�WR�WKH�(&%�DJJUHJDWHV�IRU�JRRGV���

7KLV�SURFHGXUH�\LHOGV�QHZ�VXSSO\�DQG�XVH�WRWDOV�IRU�WKH�($�687�ZKLFK�KDYH�WR�EH�
GLVWULEXWHG� DPRQJVW� WKH� XVH� FDWHJRULHV�� 7KH� GLIIHUHQFHV� DUH� GLVWULEXWHG� DPRQJ�
KRXVHKROG�FRQVXPSWLRQ��JURVV�FDSLWDO� IRUPDWLRQ�DQG� LQWHUPHGLDWH�XVH�DFFRUGLQJ� WR�
WKH� %(&� FODVVLILFDWLRQ� RI� LQWUD�($� LPSRUWV�� 7KH� UHVXOWLQJ� GLIIHUHQFHV� LQ� WKH��
LQWHUPHGLDWH�XVH�DUH�FRPSHQVDWHG�LQ�WKH�YDOXH�DGGHG��

7KH�&20(;7� VKRZV�QHJDWLYH� DV\PPHWULHV� IRU� VRPH� FRPPRGLWLHV� VXFK� DV� SHWUR�
FKHPLFDOV��7KLV�LV�GXH�WR�WKH�FRQILGHQWLDOLW\�WUHDWPHQW�LQ�VRPH�FRXQWULHV¶�&20(;7�
GDWD��7KH�TXDOLW\�RI�WKH�&20(;7�GDWD�ZRXOG�EH�HQKDQFHG�VKRXOG�HXUR�DUHD�GDWD�EH�
DYDLODEOH�ZKHUH�VXFK�IORZV�KDYH�EHHQ�DOORFDWHG�WR�WKH�DSSURSULDWH�FRPPRGLW\�FRGHV�
IRU�WKH�HXUR�DUHD�DJJUHJDWH���

�%���F��6ROYH�DV\PPHWULHV�LQ�VHUYLFHV�

7KH�FDOFXODWLRQV�RI�WKH� WUDGH�DV\PPHWULHV�LQ�VHUYLFHV�DUH�TXLWH�VLPLODU�WR�WKRVH�IRU�
JRRGV��7KH�687� WRWDOV�DUH� VSOLW�XVLQJ� UDWLR¶V� IURP� WKH� ,76�GDWD��7KH� ,76�GDWDEDVH�
GRHV� QRW� XVH� WKH�&3$�FDWHJRUL]DWLRQ�� VR� WKH� FORVHVW� HTXLYDOHQW� KDV� WR� EH� XVHG� SHU�
FRPPRGLW\�RI� WKH�687��7KH�DV\PPHWULHV� DUH�GLVWULEXWHG�SURSRUWLRQDOO\� WR� WKH�XVH�
WDEOH� DPRQJ� KRXVHKROG� FRQVXPSWLRQ� DQG� WKH� LQWHUPHGLDWH� XVH�� *URVV� FDSLWDO�
IRUPDWLRQ�RI� VHUYLFHV� LV�YHU\�XQOLNHO\� IRU�PRVW�RI� WKH� FRPPRGLWLHV��ZKLFK� LV�ZK\�
WKLV�LV�QRW�LQFOXGHG�LQ�WKH�GLVWULEXWLRQ�FDOFXODWLRQV���

�

%���G��6ROYH�DV\PPHWULHV�IRU�SXUFKDVHV�DEURDG�E\�UHVLGHQWV��

$�VSHFLDO�W\SH�RI�VHUYLFH�LV� WKH�SXUFKDVH�DEURDG�E\�UHVLGHQWV��7KH�DV\PPHWULHV�DUH�
EDVHG�RQ�WKH�³WUDYHO�LWHP´�RI�WKH�FXUUHQW�DFFRXQW�ZKLFK�DUH�UHSRUWHG�E\�DOO�FRXQWULHV��
7KH� LQWUD�($� LPSRUWV� DUH� UHSODFHG� E\� WKH� LQWUD�($� H[SRUWV� EHFDXVH� LQ� WKLV� FDVH�
H[SRUWV�DUH�YLHZHG�DV�PRUH�UHOLDEOH���
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�

%���H��(VWLPDWH�UH�H[SRUWV�

,Q� +RHNVWUD� HW� DO�� ������� YHU\� FUXGH� DVVXPSWLRQV� DERXW� ($� UH�H[SRUWV� KDG� WR� EH�
PDGH�EHFDXVH�RI�D�ODFN�RI�GDWD�IRU�WKHVH�IORZV��7R�LPSURYH�WKLV�VLWXDWLRQ��WKH�WUDGH�
VWDWLVWLFV�GHSDUWPHQW�RI�6WDWLVWLFV�1HWKHUODQGV�KDV�SURGXFHG�D�QRYHO�GDWDVHW� IRU� UH�
H[SRUWV�IRU�WKH�1HWKHUODQGV��)RU�HDFK�FRPPRGLW\�WKH�VRXUFH�DQG�GHVWLQDWLRQ�RI�WKH�
UH�H[SRUWV�ZDV�GLVWLOOHG�IURP� WKH�PLFURGDWD��7KLV�HQDEOHG�XV� WR�UHGHILQH� WKH�'XWFK�
UH�H[SRUWV� DFFRUGLQJ� WR� WKH� ($�FRPPXQLW\� SULQFLSOH�� 7KH� 'XWFK� GDWD� ZDV�
VXEVHTXHQWO\�XVHG� WR�SURGXFH�HVWLPDWHV� IRU�RWKHU� UH�H[SRUWLQJ�FRXQWULHV��)RU�D� IXOO�
GLVFXVVLRQ�RI�WKLV�QRYHO�GDWDVHW��ZKLFK�DOVR�LQFOXGHV�WUDQVLW�WUDGH��VHH�DSSHQGL[�'��

�

%���I��3URGXFH�WKH��XVH�WDEOHV�LQ�EDVLF�SULFHV�

7KH� EDODQFLQJ� RI� WKH� WUDGH� DV\PPHWU\� FDOFXODWLRQV� LV� GRQH� XVLQJ� WKH� XVH� WDEOH� LQ�
SXUFKDVHU�SULFHV��7KLV�WDEOH�VXEVHTXHQWO\�KDV�WR�EH�FRQYHUWHG�WR�EDVLF�SULFHV��7KLV�LV�
GRQH�E\�XVLQJ�WKH�VKDUHV�WKDW�DUH�REWDLQHG�E\�VXPPLQJ�DOO����XVH�WDEOHV�LQ�SXUFKDVHU�
SULFHV�DQG�EDVLF�SULFHV��7KH�UHPDLQLQJ�GLIIHUHQFHV�LQ�WKH�XVH�WDEOH�LQ�EDVLF�SULFHV�DUH�
HOLPLQDWHG�XVLQJ�:,1$'-867��

7R� SURGXFH� WKH� GRPHVWLF� DQG� LPSRUWHG� FRPPRGLW\� XVH� WDEOHV�� WKH� %(&�
FODVVLILFDWLRQV�DUH�XVHG��7KH�%(&�SHUFHQWDJHV�GLIIHU�VLJQLILFDQWO\�IURP�WKRVH�IRXQG�
LQ�WKH�($�687��7KHUHIRUH�687�WRWDOV�DUH�XVH�DV�D�EHQFKPDUN�IRU�WKH�GLYLVLRQ�RI�WKH�
%(&�FODVVLILFDWLRQV��7KH�UHVXOWLQJ�IDFWRUV�DUH�XVHG� WR�GHWHUPLQH� WKH�GLVWULEXWLRQ�RI�
WRWDO� LPSRUWV� �H[FOXGLQJ� UH�H[SRUWV�� DPRQJ� JURVV� FDSLWDO� IRUPDWLRQ�� FRQVXPSWLRQ�
DQG� LQWHUPHGLDWH� XVH�� 7KH� GLVWULEXWLRQ� RI� FRQVXPSWLRQ� DPRQJ� FRQVXPSWLRQ� E\�
KRXVHKROG�� JRYHUQPHQW� DQG�13,6+� DV�ZHOO� DV� WKH� GLVWULEXWLRQ� RI� LQWHUPHGLDWH�XVH�
DUH� FDOFXODWHG�XVLQJ� WKH�GLVWULEXWLRQ�RI� WKH� WRWDO� LPSRUW�PDWUL[��7KH�GLVWULEXWLRQ�RI�
VHUYLFHV�LV�FDOFXODWHG�XVLQJ�RQO\�WKH�GLVWULEXWLRQ�GHULYHG�IURP�WKH�WRWDO�LPSRUW�PDWUL[�
DQG�WKH�LPSRUW�WRWDOV�IRU�HDFK�FRPPRGLW\��

���

(YDOXDWLRQ�RI�VWHS����

&OHDUO\��WKLV�VWHS�LV�SUREOHPDWLF�EHFDXVH�RI�WKH�LVVXH�RI�DV\PPHWULHV��,W�ZDV�EH\RQG�
WKH� VFRSH� RI� WKLV� SURMHFW� WR� UHVROYH� WKLV� LVVXH� FRQFOXVLYHO\� DQG� WKHUHIRUH�ZH� KDYH�
DGRSWHG� D� VWUDWHJ\�ZKLFK� LV� FRQVLVWHQW� WR� WKH�ZRUN� LQ� WKH� SUHYLRXV� UHSRUW� DQG� WKH�
(&%�DJJUHJDWHV���

+RZHYHU�WKLV�SURMHFW�KDV�SURGXFHG�PXFK�LPSURYHG�UH�H[SRUWV�HVWLPDWHV�IRU�WKH�($��
/DVW�WLPH�D�YHU\�VLPSOH�UXOH�RI�WKXPE�ZDV�LQWURGXFHG�ZKLOH�QRZ�DQ�HVWLPDWH�IRU�WKH�
($�KDV�EHHQ�EDVHG�RQ�WKH�'XWFK�GDWD��6LQFH�WKH�1HWKHUODQGV�FRQWULEXWHV�DERXW�WKLV�
DERXW�D�WKLUG�RI�UH�H[SRUWV�RI�WKH�($��WKLV�FDQ�EH�VHHQ�DV�PDMRU�LPSURYHPHQW�����

�
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%����&RQVWUXFW�($�,27�������

7KHVH� GDWD� FRQVWUXFWLRQ� VWHSV� FDQ� EH� IRXQG� LQ� WKH� IROGHU� ³6W���´LQ� WKH� ILOH�
($),1$/�������[OV���

7KLV�VWHS�FRQVLVWV�RI�D�IDLUO\�VWUDLJKWIRUZDUG�DSSOLFDWLRQ�WR�WKH�VXSSO\�DQG�XVH�WDEOH�
RI�WKH�($�RI�WKH�LQGXVWU\�WHFKQRORJ\�DVVXPSWLRQ�WR�SURGXFH�D����FRPPRGLW\�E\����
FRPPRGLW\�,27��7KLV�KDV�WKH�IRUPDW�RI�WDEOH�$����

��

(YDOXDWLRQ�RI�VWHS����

7KH� LQGXVWU\� WHFKQRORJ\�DVVXPSWLRQ� LV� DQ� DFFHSWHG�ZD\�RI�SURGXFLQJ� ,27�GHVSLWH�
WKH�IDFW�WKDW�WKH�UHVXOWLQJ�WDEOH�LV�LQFRQVLVWHQW�ZLWK�WKH�DVVXPSWLRQV�RI�WKH�,2�PRGHO��
+RZHYHU��RWKHU�PHWKRGV�RI�SURGXFLQJ�WKH�,27�WDEOHV�KDYH�WKHLU�RZQ�SUREOHPV�RU�DUH�
YHU\�ODERXU�LQWHQVLYH��VHH��.RQLMQ������������

�

%����([WUDSRODWH�($�,27������WR������DQG�������

7KHVH�GDWD�FRQVWUXFWLRQ�VWHSV�FDQ�EH�IRXQG�LQ�WKH�IROGHU�³6W�´LQ�WKH�ILOHV�,QYHQWRULHV�
DQG�YDOXDEOHV�[OV�DQG�([WUDSRODWLRQ�687	,27����������[OV�

7KH�($�,27�IRU������DQG������LV�SURGXFHG�E\�ILUVW�H[WUDSRODWLQJ�WKH�($�687�XVLQJ�
WKH�VDPH�WHFKQLTXHV�DV�WKH�FRXQWU\�H[WUDSRODWLRQV�LQ�VWHS����)LUVW�WKH�687�IRU������
LQ� SXUFKDVHU� SULFHV� LV� FRQVWUXFWHG�XVLQJ�0('� IRU� H[WUDSRODWLQJ� DOO� FHOOV� RI� WKH����
FRPPRGLWLHV�E\����LQGXVWU\�PDWUL[�DQG�WKH�ILQDO�H[SHQGLWXUH�FDWHJRULHV��&KDQJHV�LQ�
LQYHQWRULHV� DQG� YDOXDEOHV� DUH� H[WUDSRODWHG� VHSDUDWHO\�� 7KH� UHVXOWLQJ� 687� DUH� WKHQ�
DGMXVWHG�WR�WKH�(&%�DJJUHJDWHV�XVLQJ�:,1$'-867��6XEVHTXHQWO\�WKH�XVH�WDEOH�LQ�
EDVLF�SULFHV�LV�FDOFXODWHG�XVLQJ�WKH�UDWLRV�EHWZHHQ�WKH�SXUFKDVHU�DQG�EDVLF�SULFHV�RI�
�����DQG�DJDLQ� DGMXVWHG��)LQDOO\� WKH� ,27� IRU������ LV�SURGXFHG�XVLQJ� WKH� LQGXVWU\�
WHFKQRORJ\�DVVXPSWLRQ��6XEVHTXHQWO\��WKH�VDPH�SURFHVV�LV�XVHG�WR�SURGXFH�WKH�,27�
IRU�������

(YDOXDWLRQ�RI�VWHS����

,Q�WKLV�VWHS�ZH�KDYH�SURGXFHG�WKH�SURGXFWLRQ�DFFRXQWV�IRU���\HDUV�������������DQG�
������ ZKLFK� LV� FRQVLVWHQW� WR� WKH� (&%� DJJUHJDWHV� ZKLFK� DUH� FXUUHQWO\� DYDLODEOH��
1HYHUWKHOHVV��H[WUDSRODWLRQ�KDV�LWV�OLPLWDWLRQV��SDUWLFXODUO\�IRU�FDWHJRULHV�VXFK�DV�WKH�
FKDQJH�LQ�LQYHQWRULHV�DQG�YDOXDEOHV�����

%����3HUIRUP�JURZWK�GHFRPSRVLWLRQ��

7KHVH� GDWD� FRQVWUXFWLRQ� VWHSV� FDQ� EH� IRXQG� LQ� ILOHV�� &DOFXODWLRQV$WWULEXWLRQ��[OV��
&DOFXODWLRQV$WWULEXWLRQ��[OV��&DOFXODWLRQV1(�[OV�DQG�WKH�VXPPDU\�ILOH�5HVXOWV�[OV�

7KH�DWWULEXWLRQ�RI�JURZWK�UDWHV�WR�ILQDO�GHPDQG�FDWHJRULHV�RQ�DQQXDO�DQG�TXDUWHUO\�
GDWD� DUH� SHUIRUPHG� XVLQJ� WKH� ,27� SURGXFHG� LQ� %���� $WWULEXWLRQ� PHWKRG� �� LV� QRW�
IHDVLEOH� EHFDXVH� WKLV� SURMHFW� KDV� RQO\� SURGXFHG� ,27� LQ� FXUUHQW� SULFHV�� 1RWH� WKDW�
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DOWKRXJK�WKH�,27�GLVWLQJXLVKHV�KRXVHKROGV�DQG�13,6+��WKHVH�DUH�DJJUHJDWHG�LQ�WKH�
FDOFXODWLRQ� EHFDXVH� WKH� JURZWK� ILJXUHV� IRU� WKHVH� FRPSRQHQWV� DUH� QRW� SXEOLVKHG�
VHSDUDWHO\�IRU�WKH�($���

�

(YDOXDWLRQ�RI�VWHS����

7KH� JURZWK� GHFRPSRVLWLRQV� KDYH� EHHQ� FDOFXODWHG� LQ� DFFRUGLQJ� WR� WKH� PHWKRGV�
GHYHORSHG�LQ�+RHNVWUD�HW�DO������������

�

&RPSDULVRQ�WR�+RHNVWUD�HW�DO���������

&RPSDUHG�WR�WKH�SUHYLRXV�VWXG\�D�QXPEHU�RI�GLIIHUHQFHV�FDQ�EH�GLVWLQJXLVKHG��

�

%HWWHU�GDWD�VLWXDWLRQ��

7KH�GDWD�VLWXDWLRQ�LV�EHWWHU�LQ�WKH�FXUUHQW�SURMHFW�WKDQ�ZDV�WKH�FDVH�IRU�WKH�+RHNVWUD�
HW�DO���������SURMHFW��,Q�WKH�ROG�SURMHFW�WKH�687�DQG�WKH�PDFUR�HFRQRPLF�DJJUHJDWHV�
YHU\�LQFRQVLVWHQW��$�PDMRU�SUREOHP�ZDV�WKH�IDFW�WKDW�WKH�687�GDWD�ZDV�PRVWO\�SUH�
UHYLVLRQ�������ZKLOH�WKH�PDFUR�DJJUHJDWHV�ZHUH�SRVW�UHYLVLRQ��7KLV�DOVR�PHDQW�WKDW�
WKH�WUHDWPHQW�RI�),6,0�ZDV�LQFRQVLVWHQW��7KH�FRQVLVWHQF\�RI�WKH�687�DQG�0('�DUH�
QRZ�PXFK�EHWWHU��7KH�SRVW�UHYLVLRQ� WUHDWPHQW�RI�),6,0�KDV� DOVR�EHHQ� DGRSWHG�E\�
QHDUO\�DOO�FRXQWULHV���

'HVSLWH�WKH�IDFW�WKDW�WKH�GDWD�VLWXDWLRQ�LV�EHWWHU��D�PDMRU�SUREOHP�LV�WKH�IDFW�WKDW�WKHUH�
ZDV�QR�UHFHQW�687�IRU�)5��7KLV�PHDQW�WKDW�WKH�*'3�FRYHUDJH�ZDV�DFWXDOO\�ZRUVH�
WKDQ�LQ�+RHNVWUD�HW�DO���������

�

&RQVLVWHQW�($�DJJUHJDWHV��

,Q�+RHNVWUD� HW� DO�� ������� WKH�($�,27�ZKLFK�ZDV� SURGXFHG� IRU� �����ZDV� XVHG� WR�
FDOLEUDWH� D� QHZ�($�*'3� VHULHV�� 6LQFH� WKH�($� VHULHV� DW� WKH� WLPH�KDG� QRW� UHVROYHG�
LVVXHV�VXFK�DV�DV\PPHWULHV�WKH�UHVXOWLQJ�ILJXUHV�ZHUH��QRW�FRQVLVWHQW�WR�WKH�SXEOLVKHG�
($�VHULHV�DW�WKH�WLPH���

$W�WKH�WLPH�RI�WKLV�FXUUHQW�SURMHFW�� LW�ZDV�QRZ�SRVVLEOH�WR�KDUPRQL]H�WKH�687�,27�
ZLWK�WKH�PDFUR�DJJUHJDWHV�SURGXFHG�E\�WKH�(&%��7KLV�LPSOLHV�WKDW�WKH�687�,27�IRU�
�����������DQG������DUH�QRZ�FRPSOHWH�DQG�FRQVLVWHQW�($�SURGXFWLRQ�DFFRXQWV����

�

,27�IRU�PXOWLSOH�\HDUV�

,Q�+RHNVWUD�HW�DO���������D�VLQJOH�,27�ZDV�SURGXFHG�IRU�������,Q�WKLV�VWXG\�D�WLPH�
VHULHV� ������� ����� DQG� ������ LV� SURGXFHG��ZKLFK� DOVR�PHDQV� WKDW� WKH� WLPH� SHULRG�
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EHWZHHQ� WKH� ODVW� ,27� DQG� WKH� TXDUWHU� EHLQJ� DQDO\VHG� LV� VPDOOHU� �LQ� WKH� ROG� VWXG\�
����4��ZDV� DQDO\VHG�XVLQJ� WKH� ,27� IRU������ZKLOH�QRZ�����4�� LV�EDVHG�RQ� WKH�
,27�IRU��������1RWH�KRZHYHU�WKDW�WKH�TXDOLW\�RI�WKH�,27�GRHV�GLIIHU�������LV�EDVHG�
RQ�WKH�GDWD�RI�WKH�LQGLYLGXDO�FRXQWULHV��ZKLOH������DQG������DUH�H[WUDSRODWLRQV�EDVHG�
RQ�($�GDWD����������

�

5H�H[SRUWV��

7KH�HVWLPDWHV�IRU�UH�H[SRUWV�ZHUH�VLPSO\�SURGXFHG�E\�XVLQJ�D�VLPSOH�UXOH�RI�WKXPE�
LQ�+RHNVWUD�HW�DO����������7KH�VLWXDWLRQ�KDV�QRZ�LPSURYHG�EHFDXVH�RI�WKH�QRYHO�GDWD�
SURGXFHG�E\�WKH�WUDGH�VWDWLVWLFV�GHSDUWPHQW�RI�6WDWLVWLFV�1HWKHUODQGV�����

�

0LQRU�LPSURYHPHQWV��

7KLV�UHSRUW�DOVR�LQFOXGHV�D�QXPEHU�RI�PLQRU�LPSURYHPHQHWV�VXFK�DV��

•� +RHNVWUD�HW�DO��������SURGXFHG����E\����FRPPRGLW\�E\�687�DQG�,27�ZKLOH�
LQ� WKH� FXUUHQW� SURMHFW� WKLV� KDV� EHHQ� H[SDQGHG� WR� D� ���E\���� FRPPRGLW\�
FODVVLILFDWLRQ��

•� 2XU�H[WUDSRODWLRQ�RI�WKH�FKDQJHV�LQ�VWRFN�KDV�DOVR�EHFRPH�VRPHZKDW�EHWWHU��

•� 7KH� DWWULEXWLRQ� FDOFXODWLRQV� QRZ� LQFOXGH� \HDU�RQ�\HDU� TXDUWHUO\� JURZWK�
UDWHV��

�

�
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$SSHQGL[�&��(YDOXDWLRQ�RI�WKH�GDWD�

7KLV�VHFWLRQ�FRQWDLQV�D�GLVFXVVLRQ�RI� WKH�DYDLODELOLW\�DQG�TXDOLW\�RI� WKH�GDWD�ZKLFK�
KDV�EHHQ�XVHG�IRU�WKLV�SURMHFW��,Q�HDFK�VHFWLRQ�ZH�ZLOO�FRPSDUH�WKH�VLWXDWLRQ�WR�WKDW�
IRU�WKH�SUHYLRXV�VWXG\��+RHNVWUD�HW�DO���������

�

687�,27�

7DEOH�&����VKRZV�WKH�DYDLODELOLW\�RI�WKH�687�DQG�,27�GDWD�DYDLODEOH�IRU�WKLV�SURMHFW��
7KH� WDEOH� VKRZV� WKDW����RXW�RI� WKH���� FRXQWULHV�KDYH�SURYLGHG�GDWD� IRU������ �VHH�
FRXQWULHV�LQGLFWHG�ZLWK�DQ�DVWHULVN����

)RU�+RHNVWUD�HW�DO���������SURMHFW�RQO\���RXW�RI�WKH����FRXQWULHV�KDG�SURYLGHG�GDWD�
IRU�WKH�PRVW�UHFHQW�\HDU���������7KH�FRYHUDJH��LQ�WHUPV�RI�WKH�VKDUH�RI�FRXQWULHV��KDV�
WKHUHIRUH�LPSURYHG�VLJQLILFDQWO\��7KH�FRYHUDJH�LQ�WHUPV�RI�*'3�KDV�UHPDLQHG�DERXW�
WKH� VDPH� �����FRPSDUHG� WR�������(6� LV� WKH� ODUJHVW�RPLVVLRQ� �DERXW�����RI�($�
*'3�����

��

7DEOH�&�����0RVW�UHFHQW�687�DQG�,27�DYDLODEOH�IRU�WKLV�SURMHFW��

,27�
GRPHVWLF��

�� �� 687� ,27�

SURGXFWV�

,27�
LPSRUWHG�
SURGXFWV�

,27�
W\SH�

$7
� $XVWULD� ����� ����� ����� ����� SS�
%(
� %HOJLXP� ����� ����� ����� ����� SS�
'(
� *HUPDQ\� ����� ����� ����� ����� SS�
(6� 6SDLQ� ����� ����� ����� ����� SS�
),
� )LQODQG� ����� ����� ����� ����� LL�
)5
� )UDQFH� ����� ����� ����� ����� SS�
*5� *UHHFH� ����� ����� �� �� SS�
,(� ,UHODQG� ����� ����� ����� ����� SS�
,7
� ,WDO\� ����� ����� ����� ����� SS�
/8
� /X[HPERXUJ� ����� �� �� �� ��
1/
� 1HWKHUODQGV� ����� ����� ����� ����� LL�
37
� 3RUWXJDO� ����� ����� ����� ����� SS�
6,
� 6ORYHQLD� ����� ����� ����� ����� SS�
�� �1RW�DYDLODEOH�IRU�DQ\�\HDU�
SS� �SURGXFW�E\�SURGXFW�,27�
LL� �LQGXVWU\�E\�LQGXVWU\�,27��
�

0('�

7KH� DYDLODELOLW\� RI� PDFUR�HFRQRPLF� GDWD� �YDOXH� DGGHG� RXWSXW� SHU� 1$&(��
LQYHVWPHQWV��KRXVHKROG�FRQVXPSWLRQ�SHU�&2,&23��IRU�WKH�LQGLYLGXDO�FRXQWULHV�ZDV�
JRRG�IRU�WKH�+RHNVWUD�HW�DO���������DQG�UHPDLQHG�WKH�VDPH�IRU�WKLV�SURMHFW���

$�PDMRU�SUREOHP� LQ� WKH�SUHYLRXV� VWXG\�ZDV� WKH� LQFRQVLVWHQFLHV�EHWZHHQ� WKH�0('�
DQG�687��2QO\���RI�WKH����FRXQWULHV��,WDO\��$XVWULD�DQG�)UDQFH��KDG�FRQVLVWHQW�0('�
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DQG� 687� DJJUHJDWHV�� 7KLV� ZDV� PRVWO\� EHFDXVH� WKH� 687� ZHUH� SUH�UHYLVLRQ� �����
ZKLOH� WKH� 0('� ZHUH� SRVW�UHYLVLRQ�� )RU� WKH� FXUUHQW� SURMHFW� PRVW� RI� WKHVH�
GLVFUHSDQFLHV� KDYH� EHHQ� HOLPLQDWHG�� )RU� H[DPSOH�� RQH� RI� WKH� PRVW� LPSRUWDQW�
UHYLVLRQV� ZDV� WKH� UHJLVWUDWLRQ� RI� ),6,0�� )RU� WKH� SUHYLRXV� VWXG\� ��� RI� WKH� ���
FRXQWULHV� XVHG� WKH� SUH�UHYLVLRQ� ),6,0� UHJLVWUDWLRQ� LQ� WKHLU� 687�ZKLOH� WKLV� LV� QRZ�
RQO\�GRZQ�WR���FRXQWU\��*5���1HYHUWKHOHVV�LW�LV�VWLOO�XQIRUWXQDWH�WKDW�687�DQG�0('�
SHU�LQGXVWU\�RIWHQ�VWLOO�LQFOXGH�VPDOO�GLVFUHSDQFLHV���������

�

&20(;7�

7KH�&20(;7�GDWDEDVH�ZDV�D�YDOXDEOH�VRXUFH�RI�LQIRUPDWLRQ�IRU�WKH�SUHYLRXV�DQG�
FXUUHQW� SURMHFW�� 7KH� RQO\� SUREOHP� LV� WKH� LVVXH� RI� WUDGH� DV\PPHWULHV� ZKLFK� LV�
GLVFXVVHG�LQ�VHFWLRQ�%���E���

$�FUXFLDO�LQSXW�LQ�WKH�FRPSLODWLRQ�ZDV�WKH�DYDLODELOLW\�RI�&20(;7�GDWD�IRU�WKH�HXUR�
DUHD� FURVV� FODVVLILHG� E\� %(&� DQG� &3$� WR� DOORZ� DQ� LPSURYHG� JHRJUDSKLFDO�
EUHDNGRZQ� RI� WKH� LPSRUW�PDWUL[� GHULYHG� IURP� WKH� VXPPDWLRQ� RI�0HPEHU� 6WDWHV¶��
7KH�XVH�RI�WKH�&20(;7�GDWD�LV�QRW�SUREOHP�IUHH��DV\PPHWULHV�H[LVW�LQ�&20(;7�
GDWD�DW� WKLV�OHYHO�RI�GHWDLO�EHFDXVH�RI�WKH�WUHDWPHQW�RI�FRQILGHQWLDOLW\��QRWDEO\�ZLWK�
UHVSHFW�WR�SHWURFKHPLFDO�SURGXFWV��

,W�LV�DOVR�LQWHUHVWLQJ�WR�QRWH�WKDW�WKHUH�DUH�VWLOO�ODUJH�GLIIHUHQFHV�EHWZHHQ�&20(;7�
DQG� 687� WRWDOV� SHU�&3$� FDWHJRU\�� HYHQ�ZKHQ� FODVVLILFDWLRQ� LVVXHV� VXFK� DV� WUDQVLW�
WUDGH�DUH�UHVROYHG���

�

,76�

7KH�VHUYLFHV�GDWD�ZDV�UDWKHU�SUREOHPDWLF�IRU�WKH�+RHNVWUD�HW�DO��������SURMHFW��7KH�
VHUYLFHV� GDWD� ZDV� QRW� JLYHQ� LQ� &3$� FODVVLILFDWLRQV� EXW� EURDG� FRPSDULVRQV� WR� WKH�
687� VKRZHG� ODUJH� GLIIHUHQFHV� LQ� WKH� OHYHOV� RI� LPSRUWV� DQG� H[SRUWV� LQ� VHUYLFHV��$�
ILQDO�SUREOHP�ZDV�WKDW�WKH�WUDGH�LQ�VHUYLFHV�WR�DQG�IURP�JHRJUDSKLFDO�XQLWV��VXFK�DV�
WKH�($��LV�RQO\�GLVDJJUHJDWHG�WR���VHUYLFH�FDWHJRULHV�����

7KH�DERYH�SUREOHPV�UHPDLQ�IRU�WKLV�SURMHFW�DOWKRXJK�WKH�GLVDJJHJUDWLRQ�RI�WKH�,76�
GDWD�KDV�LPSURYHG�IRU�VRPH�FRXQWULHV����

��

�
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$SSHQGL[�'��5H�H[SRUWV�IRU�WKH�($�������������

,Q�WKH�SUHYLRXV�VWXG\�D�YHU\�FUXGH�PHWKRG�ZDV�XVHG�WR�HVWLPDWH�WKH�UH�H[SRUWV�RI�WKH�
($�� ,Q� WKH�ILQDO�UHSRUW� LW�ZDV�UHFRPPHQGHG� WKDW� WKLV�VLWXDWLRQ�VKRXOG�EH�LPSURYHG�
�+RHNVWUD�HW�DO�����������

7R� LPSURYH� WKLV� VLWXDWLRQ� D� QHZ�PHWKRG� KDV� EHHQ� DGRSWHG�� )LUVW� DOO� WKH� DYDLODEOH�
LQIRUPDWLRQ� DERXW� WKH� GHYHORSPHQW� RI� UH�H[SRUWV� �IURP� D� QDWLRQDO� SHUVSHFWLYH�� LQ�
HDFK� FRXQWU\� KDV� EHHQ� FROOHFWHG�� 3DUWLFXODUO\� WKH� YDOXHV� IRU� WKH� IRXU� ODUJHVW� UH�
H[SRUWHUV�RI�WKH�($��'(��)5��1/�DQG�%(��ZHUH�LPSRUWDQW���

)RU� WKH� 1HWKHUODQGV� WKH� WUDGH� VWDWLVWLFLDQV� ZHUH� DVNHG� WR� VSOLW� WKH� UH�H[SRUWV� �DQG�
WUDQVLW� WUDGH�� LQWR� WKH� VRXUFH� �LQWUD�� RU� H[WUD�($�� DQG� GHVWLQDWLRQV� �LQWUD�� RU� H[WUD�
($��IRU�WKH�\HDUV������������7KLV�HQDEOHG�XV�WR�FRQYHUW�WKH�'XWFK�UH�H[SRUWV�IURP�
WKH�QDWLRQDO�SHUVSHFWLYH�WR�WKH�($�FRPPXQLW\�SHUVSHFWLYH��6LQFH�WKHVH�GDWD�GR�QRW�
H[LVW� IRU� WKH�RWKHU� FRXQWULHV�� DVVXPSWLRQV�EDVHG�RQ� WKH�'XWFK�GDWD�SHU�FRPPRGLW\�
ZHUH�XVHG�IRU�WKH�RWKHU�FRXQWULHV��7KH�UHVXOW�LV�D�WLPH�VHULHV�RI�UH�H[SRUWV�RI�WKH�($�
IRU������������,Q�WKH�IROORZLQJ�VHFWLRQV�WKH�SURFHGXUHV�DUH�GHVFULEHG�LQ�GHWDLO��

�

'����5H�H[SRUWV�IRU�LQGLYLGXDO�FRXQWULHV��

7KH�,27�GDWD�IURP�WKH�WUDQVPLVVLRQ�SURJUDP�VXJJHVWV�WKDW�QLQH�RXW�RI����FRXQWULHV�
KDYH� UH�H[SRUWV�� )RU� ����� WKLV� ZDV� ���� WKRXVDQG� PLOOLRQ� HXURV�� +RZHYHU�� LQ�
DEVROXWH� WHUPV�RQO\� WKH� UH�H[SRUWV�RI�'(����� WKRXVDQG�PLOOLRQ���)5�������1/������
DQG�%(������DUH�YHU\�VLJQLILFDQW��7RJHWKHU� WKH\�DFFRXQW� IRU�����RI� WKH� UH�H[SRUWV�
�IURP�D�QDWLRQDO�SHUVSHFWLYH����

7R�VWDUW�WKH�UH�H[SRUWV�ILJXUHV�IRU�WKH���UH�H[SRUWLQJ�FRXQWULHV�ZHUH��REWDLQHG�IURP�
WKH�PRVW� UHFHQW� ,27� LQ� WKH� WUDQVPLVVLRQ� SURUJDP�� '(� �������� ),� ������� DQG�1/�
��������6,���������$7���������%(��������)5���������,(��������DQG�,7��������$�WLPH�
VHULHV�IRU�WKH�*HUPDQ�UH�H[SRUWV�ZHUH�REWDLQHG�IURP�WKH�6WDWLVWLVFKH�%XQGHVDPEW�IRU�
WKH�SHULRG������������)XUWKHUPRUH�� WKH�GHWDLOHG� LQIRUPDWLRQ� IURP� WKH�1HWKHUODQGV�
ZDV�REWDLQHG�IRU�WKH�SHULRG������������VHH�QH[W�VHFWLRQ����

�

'����5H�H[SRUWV�IRU�WKH�1/��

7KH�'XWFK� WUDGH� ILJXUHV� DUH�PDGH� XS� RI� ³UHJXODU´� LPSRUWV� DQG� H[SRUWV�� UH�H[SRUWV�
DQG�WUDQVLW�WUDGH��)RU�WKH�&20(;7�GDWDEDVH��WKH�WRWDO�LPSRUWV�DQG�H[SRUWV�DUH�XVHG�
LQFOXGLQJ� WUDQVLW� WUDGH� ZKLOH� IRU� 1DWLRQDO� DFFRXQWLQJ� SXUSRVHV� WUDQVLW� WUDGH� DUH�
H[FOXGHG�EHFDXVH�WKHVH�WUDGH�IORZV�DUH�QRW�DWWULEXWDEOH�WR�'XWFK�UHVLGHQWV����

5H�H[SRUWV�DUH�JRRGV��SUHYLRXVO\� LPSRUWHG��ZKLFK�DUH�H[SRUWHG� LQ�DOPRVW� WKH�VDPH�
VWDWH�DV�WKH\�ZHUH�LPSRUWHG��(FRQRPLFDOO\�WKH�UH�H[SRUWV�KDYH�D�GLIIHUHQW�LPSDFW�RQ�
WKH� HFRQRP\� DV� WKH� H[SRUWV� IURP� GRPHVWLF� SURGXFWLRQ�� ,Q� WKH� 1HWKHUODQGV� WKH�
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SRUWLRQ� RI� WKH� UH�H[SRUWV� LQ� WKH� WRWDO� H[SRUWV� LV� UHODWLYHO\� ODUJH� ����� RI� WKH�
&20(;7�WRWDO�LQ������LV�UH�H[SRUWV�DQG�DERXW�����LV�WUDQVLW�WUDGH���7KH�UH�H[SRUWV�
ILJXUHV� DUH� QRW� PHDVXUHG� GLUHFWO\� EXW� DUH� SURGXFHG� XVLQJ� DVVXPSWLRQV� ZKLFK� DUH�
GLVFXVVHG�LQ�WKH�IROORZLQJ�SDUDJUDSKV���

7KH�HVWLPDWLRQV�IRU�WKH�UH�H[SRUWV�VWDUW�ZLWK�WKH�PLFUR�GDWD�RI�WKH�LQWHUQDWLRQDO�WUDGH�
LQ�JRRGV��7KH�PDLQ�SULQFLSOH�RI�WKH�HVWLPDWLRQ�LV�D�FRPSDULVRQ�RI�WKH�LPSRUW�IORZV�
ZLWK� WKH� H[SRUW� IORZV� RI� D� FHUWDLQ� FRPSDQ\��:KHQ� D� FRPSDQ\� H[SRUWV� WKH� VDPH�
JRRGV� DV� LW� LPSRUWV�� WKRVH� H[SRUWV� DUH� UHJDUGHG� DV� UH�H[SRUWV�� :KHQ� D� FRPSDQ\�
H[SRUWV�RWKHU�JRRGV�DV�LW�LPSRUWHG�LW�LV�DVVXPHG�D�SURGXFWLRQ�SURFHVV�WRRN�SODFH�DQG�
LW�FRQVLGHUHG�DQ�LPSRUW�IRU�GRPHVWLF�SURGXFWLRQ���

7KLV�SULQFLSOH�LV�SXW�LQWR�SUDFWLFH�E\�FRPSDULQJ�WKH�LPSRUWV�DQG�H[SRUWV�DW�WKH�+6��
OHYHO�� ,I� WKH� H[SRUW� YDOXH� LV� OHVV� WKDQ� WZLFH� WKH� LPSRUW� YDOXH�� WKH� H[SRUWV� DUH�
FRQVLGHUHG�WR�EH�UH�H[SRUWV��RWKHUZLVH�WKH�H[SRUWV�DUH�FRQVLGHUHG�WR�EH�H[SRUWV�IURP�
GRPHVWLF�SURGXFWLRQ��7KH�SODXVLELOLW\�RI�WKH�HVWLPDWLRQ�LV�LPSURYHG�E\�FKHFNLQJ�WKH�
ODUJHVW�H[SRUWLQJ�FRPSDQLHV�LQGLYLGXDOO\�DV�ZHOO�DV�RWKHU�PDQXDO�FKHFNV���

7KH� FRUUHVSRQGLQJ�YDOXH�RI� WKH� LPSRUW� LV� DVVXPHG� WR�EH�����RI� WKH� H[SRUW� YDOXH��
7KLV� LV� EDVHG� RQ� D� VWXG\� E\� WKH� &3%� 1HWKHUODQGV� %XUHDX� IRU� (FRQRPLF� 3ROLF\�
$QDO\VLV�ZKLFK�IRXQG�WKDW�WKH�DGGHG�YDOXH�RI�RQH�HXUR�UH�H[SRUWV�LV�DERXW����FHQWV��

7KH� DERYH� SURFHGXUH� LV� IROORZHG� LQ� WKH� HVWLPDWLRQ� RI� WKH� UH�H[SRUWV� IURP� WKH�
QDWLRQDO�SHUVSHFWLYH��+RZHYHU��IRU�WKH�SXUSRVHV�RI�WKLV�SURMHFW�WKH�'XWFK�UH�H[SRUWV�
QHHG� WR�EH� UHGHILQHG� IURP� WKH�($�FRPPXQLW\�SHUVSHFWLYH��)RU� WKH�($�D� UH�H[SRUW�
RQO\� FRXQWV� DV� D� UH�H[SRUW�ZKHQ� WKH�JRRGV� DUH� LPSRUWHG� IURP�RXWVLGH� WKH�($�DQG�
H[SRUWHG� WR� D� FRXQWU\� RXWVLGH� WKH� ($�� ,W� LV� WKHUHIRUH� QHFHVVDU\� WR� GHWHUPLQH� WKH�
RULJLQ�DQG�GHVWLQDWLRQ�RI�WKH�'XWFK�UH�H[SRUWV���

)RU� WKH� GHVWLQDWLRQ� RI� WKH� UH�H[SRUWV� WKH� FDOFXODWLRQ� LV� UDWKHU� VLPSOH�� )URP� WKH�
HVWLPDWLRQ� RI� WKH� UH�H[SRUWV� ZH� NQRZ� WKH� DPRXQW� RI� UH�H[SRUWV� DW� WKH� OHYHO� RI�
FRPSDQ\� DQG� FRPPRGLW\� FRGH�� 7KH� UHTXHVWHG� ILJXUHV� DUH� WKHUHIRUH� REWDLQHG� E\�
FRPELQJ� WKH� UH�H[SRUWV� ILJXUHV� WR� WKH� RULJLQDO� GDWD� RI� WKH� LQWHUQDWLRQDO� WUDGH� LQ�
JRRGV��7KH�LPSRUWV�DUH�D�OLWWOH�ELW�PRUH�GLIILFXOW��:H�KDYH�WR�PDNH�WKH�DVVXPSWLRQ�
WKDW�WKHUH�LV�QR�GLIIHUHQFH�EHWZHHQ�WKH�RULJLQ�RI�LPSRUWV�IRU�UH�H[SRUWV�DQG�LPSRUWV�
IRU� GRPHVWLF� XVH�� ,Q� RWKHU�ZRUGV�� LI� ��� SHUFHQW�RI� WKH� LPSRUWHG� JRRGV� FRPH� IURP�
RXWVLGH� WKH�($�� LW� LV� DVVXPHG� WKDW� ��� SHUFHQW� RI� WKH� LPSRUWHG� JRRGV� IRU� UH�H[SRUW�
FRPH� IURP� RXWVLGH� WKH� ($�� 1RWH� KRZHYHU� WKDW� WKLV� DVVXPSWLRQ� LV� DSSOLHG� WR� WKH�
PLFURGDWD��DW�WKH�JRRG�DQG�FRPSDQ\�OHYHO����

$IWHU�DOO�WKH�SUHYLRXV�VWHSV�ZH�JRW�D�ILOH�RI�DOO�WKH�LPSRUWV�DQG�H[SRUWV�LQFOXGLQJ�D�
EUHDNGRZQ�RI�WKH�VRXUFH�DQG�GHVWLQDWLRQ�RI�WKH�UH�H[SRUWV�DQG�WUDQVLW�WUDGH���

�

'����5H�H[SRUWV�IRU�WKH�($��

5H�H[SRUWV� IRU� WKH� ($� DUH� FDOFXODWHG� E\� FRPELQLQJ� WKH� FRXQWU\� GDWD� GHVFULEHG� LQ�
VHFWLRQ� '���� DQG� WKH� VSHFLILF� 'XWFK� GDWD� LQ� VHFWLRQ� '���� 7R� GR� WKLV� D� QXPEHU� RI�
DVVXPSWLRQV�DUH�UHTXLUHG���



$WWULEXWLQJ�WKH�4XDUWHUO\�*'3�*URZWK�5DWH�RI�WKH�(XUR�$UHD�WR�)LQDO�'HPDQG�&RPSRQHQWV�

����

1LQH� FRXQWULHV� UHSRUW� UH�H[SRUWV� LQ� WKH� ,27� ZKLFK� KDYH� EHHQ� SURYLGHG� LQ� WKH�
WUDQVPLVVLRQ�SURJUDP��7KH� ILUVW� VWHS� LV� WR�SURGXFH�D� WLPH�VHULHV� �IURP� WKH�QDWLRQDO�
SHUVSHFWLYH�� IRU� WKH�\HDUV�����������E\�H[WUDSRODWLQJ� WKH�PRVW� UHFHQW� ,27�ILJXUHV�
XVLQJ�WKH�DYDLODEOH�WLPH�VHULHV�IRU�*HUPDQ\�DQG�RU�WKH�1HWKHUODQGV��5H�H[SRUWV�IRU�
WKH�SHULRG�EHIRUH������DUH�H[WUDSRODWHG�XVLQJ�*HUPDQ�GHYHORSPHQWV��)RU������DQG�
������WKH�FRPELQHG�'XWFK�DQG�*HUPDQ�GHYHORSPHQWV�DUH�XVHG��ZKLOH�IRU������WKH�
'XWFK�GHYHORSPHQW�ZDV�WKH�RQO\�SUR[\�DYDLODEOH���

7KH�UHVXOWLQJ�UH�H[SRUWV�ILJXUHV�DUH�WKH�UH�H[SRUW�ILJXUH�IURP�D�QDWLRQDO�SHUVSHFWLYH��
7R�FRQYHUW� WKHVH� WR�($�UH�H[SRUWV� WKH�SHUFHQWDJHV�SHU�FRPPRGLW\� IURP� WKH�'XWFK�
GDWD�DUH�XVHG�� ,W� LV� WKHUHIRUH�DVVXPHG� WKDW� WKH�'XWFK�SHUFHQWDJH�SHU�FRPPRGLW\� LV�
UHSUHVHQWDWLYH� IRU� WKH� ($� UH�H[SRUWV� SHU� FRPPRGLW\�� 7KH� UHVXOWLQJ� HVWLPDWHV� DUH�
SURYLGHG�LQ�7DEOH�'������

�

7DEOH�'���5H�H[SRUWV�RI�WKH�($��PLOOLRQ�HXUR��

� �� ����� ����� ����� �����

D� $JULFXOWXUH��KXQWLQJ�DQG�IRUHVWU\� ���� ���� ����� �����

E� )LVKLQJ� ��� ��� ��� ���

FD� 0LQLQJ�DQG�TXDUU\LQJ�RI�HQHUJ\�SURGXFLQJ�PDWHULDOV� ���� ���� ���� ����

FE� 0LQLQJ�DQG�TXDUU\LQJ�H[HSW�HQHUJ\�SURGXFLQJ�PDWHULDOV� ���� ���� ���� ����

GD� 0DQXIDFWXUH�RI�IRRG�SURGXFWV��EHYHUDJHV�DQG�WREDFFR� ����� ����� ����� �����

GE� 0DQXIDFWXUH�RI�WH[WLOHV�DQG�WH[WLOH�SURGXFWV� ����� ����� ����� �����

GF� 0DQXIDFWXUH�RI�OHDWKHU�DQG�OHDWKHU�SURGXFWV� ���� ���� ���� ����

GG� 0DQXIDFWXUH�RI�ZRRG�DQG�ZRRG�SURGXFWV� ��� ���� ���� ����

GH�
0DQXIDFWXUH�RI�SXOS��SDSHU�DQG�SDSHU�SURGXFWV��SXEOLVKLQJ�DQG�
SULQWLQJ� ���� ���� ���� ����

GI� 0DQXIDFWXUH�RI�FRNH��UHILQHG�SHWUROHXP�SURGXFWV�DQG�QXFOHDU�IXHO� ���� ���� ����� �����

GJ� 0DQXIDFWXUH�RI�FKHPLFDOV��FKHPLFDO�SURGXFWV�DQG�PDQ�PDGH�ILEUHV� ����� ������ ������ ������

GK� 0DQXIDFWXUH�RI�UXEEHU�DQG�SODVWLF�SURGXFWV� ���� ���� ���� ����

GL� 0DQXIDFWXUH�RI�RWKHU�QRQ�PHWDOOLF�PLQHUDO�SURGXFWV� ���� ���� ���� ����

GM� 0DQXIDFWXUH�RI�EDVLF�PHWDOV�DQG�IDEULFDWHG�PHWDO�SURGXFWV� ����� ����� ����� �����

GN� 0DQXIDFWXUH�RI�PDFKLQHU\�DQG�HTXLSPHQW�Q�H�F�� ����� ����� ����� �����

GO� 0DQXIDFWXUH�RI�HOHFWULFDO�DQG�RSWLFDO�HTXLSPHQW� ������ ������ ������ ������

GP� 0DQXIDFWXUH�RI�WUDQVSRUW�HTXLSPHQW� ������ ������ ������ ������

GQ� 0DQXIDFWXULQJ�Q�H�F�� ����� ����� ����� �����

H� (OHFWULFLW\��JDV�DQG�ZDWHU�VXSSO\� �� �� �� ��

I� &RQVWUXFWLRQ� �� �� �� ��

J�
:KROHVDOH�DQG�UHWDLO�WUDGH��UHSDLU�RI�PRWRU�YHKLFOHV��PRWRUF\FOHV�
DQG�SHUVRQDO�DQG�KRXVHKROG�JRRGV� �� �� �� ��

K� +RWHOV�DQG�UHVWDXUDQWV� �� �� �� ��

L� 7UDQVSRUW��VWRUDJH�DQG�FRPPXQLFDWLRQ� ���� ���� ���� ����

M� )LQDQFLDO�LQWHUPHGLDWLRQ� ���� ����� ����� �����

N� 5HDO�HVWDWH��UHQWLQJ�DQG�EXVLQHVV�DFWLYLWLHV� ��� ��� ��� ���

O� 3XEOLF�DGPLQLVWUDWLRQ�DQG�GHIHQFH��FRPSXOVRU\�VRFLDO�VHFXULW\� ��� ���� ���� ����

P� (GXFDWLRQ� �� �� �� ��

Q� +HDOWK�DQG�VRFLDO�ZRUN� �� �� �� ��

R� 2WKHU�FRPPXQLW\��VRFLDO��SHUVRQDO�VHUYLFH�DFWLYLWLHV� ��� ��� ���� ����

S� $FWLYLWLHV�RI�KRXVHKROGV� �� �� �� ��

� �7RWDO� ���������� ���������� ���������� �����������

� 3HUFHQWDJH�RI�WRWDO�($�H[SRUWV� ����� ����� ����� �����
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$SSHQGL[�(��&RPSDULVRQ�RI�QHW�H[SRUWV�DQG�DWWULEXWLRQ�PHWKRGV�

$SSHQGL[�$� GLVFXVVHV� WKH� GLIIHUHQW�ZD\V� LQ�ZKLFK� WKH�*'3� JURZWK� UDWHV�PD\� EH�
GHFRPSRVHG��,Q�WKLV�VHFWLRQ�WKH�UHVXOWV�IRU�WKH�QHW�H[SRUWV�DQG�DWWULEXWLRQ�PHWKRGV���
DQG���DUH�SURYLGHG�IRU�DQQXDO��)LJXUH�����TXDUWHU�RQ�TXDUWHU��)LJXUH����DQG�\HDU�RQ�
\HDU� �)LJXUH� ��� JURZWK� UDWHV� UHVSHFWLYHO\�� 7KH� UHVXOWV� FRQILUP� ZKDW� ZDV� DOUHDG\�
VKRZQ�LQ�WKH�SUHYLRXV�VWXG\��+RHNVWUD�HW�DO���������)LUVWO\��WKH�QHW�H[SRUWV�PHWKRG�
JHQHUDOO\� OHDGV� WR� DQ� XQGHUHVWLPDWLRQ� RI� WKH� H[WHUQDO� VHFWRU�� 6HFRQGO\�� DWWULEXWLRQ�
PHWKRGV���DQG���OHDG�WR�IDLUO\�VLPLODU�UHVXOWV���
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$SSHQGL[�)��6HQVLWLYLW\�DQDO\VLV�

7KH� DQQXDO� DQG� TXDUWHUO\� UHVXOWV� LQ� WKLV� UHSRUW� ZHUH� SURGXFHG� XVLQJ� WKH� ,27� IRU�
�����������DQG�������7KLV�PHDQV�WKDW�WKH�TXDUWHUO\�UHVXOWV�IRU������DQG������ZHUH�
EDVHG� RQ� WKH� ,27� IRU� ������ IRU� H[DPSOH��%XW� KRZ� LPSRUWDQW� LV� LW� WR� XVH� D� UHFHQW�
,27"�:KDW� IRU� H[DPSOH�ZRXOG� EH� WKH� UHVXOW� LI�ZH� XVHG� WKH� ,27� IRU� ����� IRU� WKH�
���������� TXDUWHUV"� 6LQFH�ZH� KDYH� ,27� IRU�PXOWLSOH� \HDUV�ZH� FDQ� GR� VHQVLWLYLW\�
DQDO\VLV�WR�WHVW�WKLV�LVVXH��:H�GLVWLQJXLVK�PHWKRG�$��ZKLFK�XVHG�WKH�,27�IRU�������
�����������OLNH�WKH�UHVW�RI�WKH�UHSRUW��DQG�PHWKRG�%��ZKLFK�XVHV�RQO\�WKH�,27�IRU�
��������

7KH� UHVXOWV� IRU� WKH� DWWULEXWHG�*'3�VKDUHV� DUH�SUHVHQWHG� LQ� ILJXUHV�)��� �PHWKRG�$��
DQG�)����PHWKRG�%���7KH�ILJXUHV�IRU�WKH�TXDUWHUO\�DWWULEXWHG�VKDUHV�ORRN�YHU\�VLPLODU��
7KH�VKDUH�IRU�H[SRUW�KRZHYHU�VKRZV�D�VKDUSHU�GURS�ZKHQ�WKH�DWWULEXWLRQ�FDOFXODWLRQV�
DUH� EDVHG� RQ� ,27� IRU� ����������� 7KH� GLIIHUHQFH� FDQ� EH� H[SODLQHG� SDUWO\� E\� WKH�
LQFUHDVH�RI�WKH�UH�H[SRUWV�IRU�WKLV�SHULRG����

)LJXUHV� )��� DQG� )��� VKRZ� WKH� DQQXDO� DQG� TXDUWHUO\� DWWULEXWLRQ� FDOFXOWDLRQV�
UHVSHFWLYHO\��7KH�UHVXOWV�DUH�DJDLQ�YHU\�VLPLODU�IRU�ERWK�PHWKRGV��7KH�DQQXDO�JURZWK�
FRQWULEXWLRQV� GLIIHU� RQO\� VOLJKWO\� IRU� H[SRUWV� DQG� GRPHVWLF� GHPDQG� IRU� ����� DQG�
������$JDLQ� WKLV� FDQ� EH� H[SODLQHG� E\� WKH� IDFW� WKDW� WKHVH� DUH� \HDUV� WKDW� UH�H[SRUWV�
JUHZ�VLJQLILFDQWO\��*URZWK�FRQWULEXWLRQ�RI�H[SRUW�LV� WKHUHIRUH�VRPHZKDW�KLJKHU�IRU�
PHWKRG�%���VHH�ILJXUH�)����

7KH� UHVXOWV� VXSSRUW� WKH� LGHD� WKDW� VWUXFWXUDO� FKDQJHV� LQ� DQ� HFRQRP\�GR� QRW� FKDQJH�
YHU\� UDSLGO\� �-DPHV� HW� DO��� ����� DQG� )DQNKDXVHU� DQG�0F&R\�� ������� 7KH� UHVXOWV�
KRZHYHU�GR�VKRZ�WKDW�UH�H[SRUWV�FDQ�LQIOXHQFH�WKH�UHVXOWV�TXLWH�VLJQLILFDQWO\��

:H�PXVW� KRZHYHU� UHPHPEHU� KRZ� WKH� ,27�ZHUH� SURGXFHG�� WKH� ,27� IRU� ����� DQG�
�����DUH�H[WUDSRODWLRQV�RI�WKH�,27�������7KLV�SURFHGXUH�PD\�FDXVH� OHVV�VWUXFWXUDO�
FKDQJH� WKDQ� H[LVWV� LQ� UHDOLW\��:KHQ�� LQ� IXWXUH�� ,27� IRU� DOO� \HDUV� DUH� EDVHG� RQ� WKH�
XQGHUO\LQJ�687�WKH�VHQVLWLYLW\�DQDO\VLV�VKRXOG�EH�UHSHDWHG����

�

�
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