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$EVWUDFW
7KLV� UHSRUW� GRFXPHQWV� WKH� ����� 1HWKHUODQGV¶� DQQXDO� VXEPLVVLRQ� RI� LWV� JUHHQKRXVH� JDV� HPLVVLRQ
LQYHQWRU\� LQ� DFFRUGDQFH� ZLWK� WKH� 8QLWHG� 1DWLRQ¶V� )UDPHZRUN� &RQYHQWLRQ� RQ� &OLPDWH� &KDQJH
�81)&&&��DQG�WKH�(XURSHDQ�8QLRQ¶V�*UHHQKRXVH�*DV�0RQLWRULQJ�0HFKDQLVP��7KH�UHSRUW�FRPSULVHV
H[SODQDWLRQV�RI�REVHUYHG�WUHQGV�LQ�HPLVVLRQV��D�GHVFULSWLRQ�RI�D�ILUVW�DVVHVVPHQW�RI�NH\�VRXUFHV�DQG
WKHLU� XQFHUWDLQW\�� GRFXPHQWDWLRQ� RI� PHWKRGV�� GDWD� VRXUFHV� DQG� HPLVVLRQ� IDFWRUV� DSSOLHG�� DQG� D
GHVFULSWLRQ�RI�WKH�TXDOLW\�DVVXUDQFH�V\VWHP�DQG�WKH�YHULILFDWLRQ�DFWLYLWLHV�SHUIRUPHG�RQ�WKH�GDWD��7RWDO
&2��HTXLYDOHQW� HPLVVLRQV� RI� WKH� VL[� JUHHQKRXVH� JDVHV� WRJHWKHU� LQFUHDVHG� LQ� ����� E\� DERXW� ��UHODWLYH� WR� ����� ������ IRU� IOXRULQDWHG� JDVHV��� 7KLV� LQFUHDVH� ZRXOG� EH� D� KDOI� SHU� FHQW� OHVV� ZKHQ
FRPSDULQJ�WHPSHUDWXUH�FRUUHFWHG�HPLVVLRQV��:LWKRXW�SROLF\�PHDVXUHV��HPLVVLRQV�LQ������ZRXOG�KDYH
EHHQ�DERXW�����KLJKHU��'XH�WR�UHFDOFXODWLRQV��WRWDO�&2��HT��HPLVVLRQV�IRU�WKH�EDVH�\HDU�GHFUHDVHG�E\����7J�&2��HT�� RU� ������PDLQO\� FDXVHG� E\� WKH� DSSOLFDWLRQ� RI� QHZ��PHDVXUHG� HPLVVLRQ� IDFWRUV� DQGHOLPLQDWLRQ� RI� VWDWLVWLFDO� GLIIHUHQFHV� LQ� WKH� HQHUJ\� EDODQFH�� 7KH� XQFHUWDLQW\� LQ� WRWDO� DQQXDO� &2��HTXLYDOHQW�HPLVVLRQV�LV�HVWLPDWHG�DW�����WKH�XQFHUWDLQW\�LQ�WKH��������������WUHQG�RI�WRWDO�HPLVVLRQV
LV� DERXW� ��� SRLQWV�� EDVHG� RQ� WKH� ,3&&� 7LHU� �� WUHQG� XQFHUWDLQW\� DVVHVVPHQW� ����� FRQILGHQFH
LQWHUYDO��� (PLVVLRQV� RI� &2� DQG� 1�2 KDYH� LQFUHDVHG� IURP� ����� WR� ����� E\� DERXW� ��� DQG� ���
UHVSHFWLYHO\�� ZKLOH� LQ� WKH� VDPH� SHULRG� &+� HPLVVLRQV� KDYH� GHFUHDVHG� E\� ����� 2I� WKH� IOXRULQDWHGJUHHQKRXVH�JDVHV��IRU�ZKLFK������LV�WKH�UHIHUHQFH�\HDU��HPLVVLRQV�RI�+)&V��3)&V�DQG�6)� GHFUHDVHGE\����������DQG����LQ�������UHVSHFWLYHO\��3HU�LQGLYLGXDO�JDV��WKH�,3&&�7LHU���WUHQG�XQFHUWDLQW\�LQ
WRWDO�HPLVVLRQV�RI�&2�� &+�� 1�2 DQG�WKH�WRWDO�JURXS�RI�)�JDVHV�KDV�EHHQ�FDOFXODWHG�DW����������
�����DQG������SRLQWV��UHVSHFWLYHO\�
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5,90�UHSRUW����������� SDJH���RI����

([HFXWLYH�6XPPDU\
7KLV� UHSRUW� GRFXPHQWV� WKH� �����1HWKHUODQGV¶� DQQXDO� VXEPLVVLRQ� RI� LWV� JUHHQKRXVH� JDV� HPLVVLRQ� LQYHQWRU\� LQ
DFFRUGDQFH�ZLWK�WKH�8QLWHG�1DWLRQ¶V�)UDPHZRUN�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH��81)&&&��DQG�WKH�(XURSHDQ
8QLRQ¶V� *UHHQKRXVH� *DV� 0RQLWRULQJ� 0HFKDQLVP�� 7KH� UHSRUW� FRPSULVHV� �D�� H[SODQDWLRQV� RI� WKH� WUHQGV� LQ
JUHHQKRXVH�JDV�HPLVVLRQV� IRU� WKH�SHULRG������������ �E�� D� ILUVW� DVVHVVPHQW�RI� VR�FDOOHG� 
NH\� VRXUFHV
� DQG� WKHLU
XQFHUWDLQW\�IROORZLQJ�WKH�7LHU���DQG�7LHU���DSSURDFK�RI�WKH�,3&&�*RRG�3UDFWLFH�*XLGDQFH� �F��GRFXPHQWDWLRQ�RI
PHWKRGV��GDWD�VRXUFHV�DQG�HPLVVLRQ�IDFWRUV�DSSOLHG��DQG��G��RI�4XDOLW\�$VVXUDQFH�DQG�4XDOLW\�&RQWURO�DFWLYLWLHV�
(OHFWURQLF� GDWD� RQ� HPLVVLRQV�� DFWLYLW\� GDWD� DQG� LPSOLHG� HPLVVLRQ� IDFWRUV� LQ� WKH� VR�FDOOHG�&RPPRQ� 5HSRUWLQJ
)RUPDW��&5)��VSUHDGVKHHW�ILOHV�DV�UHTXHVWHG�E\�WKH�81)&&&�VHFUHWDULDW�DUH�D�VHSDUDWH�DQQH[�WR�WKLV�UHSRUW��,Q
WKH�DSSHQGLFHV�WR�WKLV�UHSRUW�D�FRS\�LV�LQFOXGHG�RI�WKH�&5)�7UHQG�7DEOHV����DQG�WKH�,3&&�6XPPDU\�7DEOHV��$
IRU� WKH� SHULRG� ���������� �DOO� ����� GDWD� DUH� SUHOLPLQDU\��� 5HFDOFXODWLRQ� DQG� ([SODQDWLRQV� 7DEOHV� �� DQG
&RPSOHWHQHVV�7DEOHV�IURP�WKH�&5)�ILOHV�

7KH�HPLVVLRQV�GDWD�UHSRUWHG�LQ�WKHVH�WDEOHV�GLIIHU�IURP�WKH�GDWD�UHSRUWHG�LQ�WKH�SUHYLRXV�UHSRUW��PDLQO\�GXH
WR�HOLPLQDWLRQ�RI�VWDWLVWLFDO�GLIIHUHQFHV�LQ�WKH�HQHUJ\�EDODQFHV�RI������DQG������������LQFOXGLQJ�DQ�LPSURYHPHQW
LQ� WKH�HQHUJ\�VWDWLVWLFV�RI� IXHO� FRQVXPSWLRQ�GDWD� LQ� WKH� FKHPLFDO� LQGXVWU\�� UHFDOFXODWLRQ�RI�&2� HPLVVLRQV� DQGVLQNV�WR�/8&)��UHFDOFXODWLRQ�RI�1�2 HPLVVLRQV�IURP�WUDQVSRUW�DQG�IURP�QLWULF�DFLG�SURGXFWLRQ��UHYLVLRQ�RI�+)&
HPLVVLRQV� DQG� DGGLWLRQ� RI� DQ� 6)� VRXUFH� �SURGXFWLRQ� RI� VRXQGSURRI� GRXEOH� JOD]HG� ZLQGRZV��� 'XH� WR� WKHVHUHFDOFXODWLRQV��WRWDO�&2��HT��HPLVVLRQV�LQ�WKH�EDVH�\HDU�GHFUHDVHG�E\�����7J�&2��HT��RU�������(PLVVLRQV�RI�&2�DQG�1�2 LQ� ����� KDYH� GHFUHDVHG� E\� ���� DQG� ���� 7J� &2��HT��� UHVSHFWLYHO\�� GXH� WR� WKHVH� UHFDOFXODWLRQV�� +)&HPLVVLRQV�GHFUHDVHG�LQ������E\�����7J�&2��HT��ZKLOH�6)� HPLVVLRQV�LQFUHDVHG�E\�����7J�&2��HT��7KLV�LV�PDLQO\FDXVHG� E\� WKH� DSSOLFDWLRQ� RI� QHZ��PHDVXUHG� HPLVVLRQ� IDFWRUV� DQG� HOLPLQDWLRQ� RI� VWDWLVWLFDO� GLIIHUHQFHV� LQ� WKH
HQHUJ\�EDODQFH�

,Q� 7DEOH� ���� WUHQGV� LQ� QDWLRQDO� WRWDO� �QHW�� HPLVVLRQV� DUH� VXPPDULVHG� IRU� ���������� �XQFRUUHFWHG� IRU
WHPSHUDWXUH���7RWDO�&2� HTXLYDOHQW�HPLVVLRQV�RI�WKH�VL[�JUHHQKRXVH�JDVHV� WRJHWKHU� LQFUHDVHG� LQ������E\�DERXW���UHODWLYH� WR������������IRU� IOXRULQDWHG�JDVHV���7KLV� LQFUHDVH�ZRXOG�EH�D�KDOI�SHU�FHQW� OHVV�ZKHQ�FRPSDULQJ
WHPSHUDWXUH�FRUUHFWHG� HPLVVLRQV�� :LWKRXW� SROLF\� PHDVXUHV� HPLVVLRQV� LQ� ����� ZRXOG� KDYH� EHHQ� DERXW� ���
KLJKHU��(PLVVLRQV�RI�&2� DQG�1�2 KDYH�LQFUHDVHG�IURP������WR������E\�DERXW����DQG�����UHVSHFWLYHO\��ZKLOH
LQ�WKH�VDPH�SHULRG�&+� HPLVVLRQV�KDYH�GHFUHDVHG�E\������2I�WKH�IOXRULQDWHG�JUHHQKRXVH�JDVHV��IRU�ZKLFK�����LV�WKH�UHIHUHQFH�\HDU��HPLVVLRQV�RI�+)&V�DQG�3)&V�GHFUHDVHG�E\����DQG�����LQ������� UHVSHFWLYHO\��ZKLOH�6)�HPLVVLRQV��FRPSOHWHO\�UHFDOFXODWHG��GHFUHDVHG�E\�DERXW����

,Q�WKH�SHULRG�����������WKH�ODUJHVW�VHFWRUDO�JURZWK�RI�&2� HPLVVLRQV�RFFXUUHG�LQ�WKH�WUDQVSRUW�VHFWRU�����RU�����0WRQ��� ,Q� ������ WRWDO�&2� HPLVVLRQV� LQFUHDVHG�E\���� �����0WRQ�� FRPSDUHG� WR�������7KLV�ZDV�PDLQO\
FDXVHG�E\�LQFUHDVHG�HQHUJ\�FRQVXPSWLRQ�LQ�WKH�LQGXVWU\��GRPHVWLF�DQG�WUDQVSRUW�VHFWRUV��,Q������� WHPSHUDWXUH�
FRUUHFWHG�&2� HPLVVLRQV�ZHUH�����0WRQ�RU����KLJKHU�WKDQ�WRWDO�QDWLRQDO�XQFRUUHFWHG�&2� HPLVVLRQV��7KH�UHVXOWVRI� D� SURYLVLRQDO� ,3&&� 5HIHUHQFH� $SSURDFK� FDOFXODWLRQ� IRU� &2� VKRZHG� WKDW� RQ� DYHUDJH� WKH� VXP� RI� DQQXDOVHFWRUDO�HPLVVLRQV�GLIIHUV������IURP�WKH�UHIHUHQFH�FDOFXODWLRQ�

,Q������� WRWDO�&+� HPLVVLRQV�KDYH�GHFUHDVHG�E\�����FRPSDUHG� WR� WKH������ OHYHO��6HFWRUV� WKDW�FRQWULEXWHGPRVW�WR�WKH�GHFUHDVH�ZHUH�WKH�ZDVWH�VHFWRU��������DQG�WKH�DJULFXOWXUDO�VHFWRU��������ZLWK�����DQG�����0WRQ�&2��HT��� UHVSHFWLYHO\�� � ,Q������� WRWDO�1�2 HPLVVLRQV� LQFUHDVHG�E\� DERXW� ���FRPSDUHG� WR� ������PDLQO\� GXH� WR� WKH
LQFUHDVH� RI� WKH� HPLVVLRQ� IURP� DJULFXOWXUH� ������ DQG� IURP� WUDQVSRUW� ������ ZLWK� ���� DQG� ����0WRQ� &2��HT��UHVSHFWLYHO\���,Q�������WRWDO�HPLVVLRQV�RI�DOO�)�JDVHV�GHFUHDVHG�E\�DERXW�����FRPSDUHG�WR�WKH������OHYHO�����
FRPSDUHG�WR��������ZKLFK�LV�HTXLYDOHQW�WR�����0WRQ�&2��HT�7KH�XQFHUWDLQW\�LQ�WRWDO�DQQXDO�&2� HTXLYDOHQW�HPLVVLRQV�LV�HVWLPDWHG�DW�����WKH�XQFHUWDLQW\�LQ�WKH��������������WUHQG�RI�WRWDO�HPLVVLRQV�LV�DERXW�����SRLQWV��EDVHG�RQ�WKH�,3&&�7LHU���WUHQG�XQFHUWDLQW\�DVVHVVPHQW�����
FRQILGHQFH�LQWHUYDO���)RU�LQGLYLGXDO�FRPSRXQGV�RXU�FXUUHQW�RYHUDOO�XQFHUWDLQW\�HVWLPDWH� LQ�DQQXDO�HPLVVLRQV� LV
����IRU�&2�� �����IRU�&+�� �����IRU�1�2�������DQG�IRU�+)&V��3)&V�DQG�6)�� ������3HU�LQGLYLGXDO�JDV��WKH7LHU���WUHQG�XQFHUWDLQW\�LQ�WRWDO�HPLVVLRQV�RI�&2�� &+�� 1�2 DQG�WKH�WRWDO�JURXS�RI�)�JDVHV�KDV�EHHQ�FDOFXODWHG
DW����������������DQG������SRLQWV��UHVSHFWLYHO\�

+RZHYHU��WKH�DQQXDO�XQFHUWDLQW\�LQ������HPLVVLRQV�DQG�LQ�WKH�WUHQG�LV�SUREDEO\�ODUJHU�GXH�WR�WKH�WHPSRUDULO\
GHWHULRUDWLRQ�RI�GDWD�TXDOLW\�LQ�WKH�ODVW�\HDUV�FRPSDUHG�ZLWK�GDWD�IRU�HDUOLHU�\HDUV��7KLV�LV�GXH�WR�FKDQJHV�LQ��D�
GDWD�FROOHFWLRQ�IURP�LQGLYLGXDO�FRPSDQLHV�DQG��E��GHOD\V�LQ�FRPSLOLQJ��SUHOLPLQDU\��VWDWLVWLFV�IRU�WKH�ODVW�EXW�RQH
FDOHQGDU�\HDU��QRWDEO\�IRU�HQHUJ\�FRQVXPSWLRQ�
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6DPHQYDWWLQJ��'XWFK�
'LW� UDSSRUW� RYHU� GH� 1HGHUODQGVH� LQYHQWDULVDWLH� YDQ� EURHLNDVJDVHPLVVLHV� LV� JHVFKUHYHQ� RP� WH� YROGRHQ� DDQ� GH
QDWLRQDOH�UDSSRUWDJHYHUSOLFKWLQJHQ�LQ������YDQ�KHW�.OLPDDWYHUGUDJ�YDQ�GH�9HUHQLJGH�1DWLHV��81�)&&&��HQ�YDQ
KHW� %HZDNLQJVPHFKDQLVPH� %URHLNDVJDVVHQ� YDQ� GH� (XURSHVH� 8QLH�� 'LW� UDSSRUW� EHYDW� WUHQGDQDO\VHV� YRRU� GH
HPLVVLHV� YDQ� EURHLNDVJDVVHQ� LQ� GH� SHULRGH� ����������� HHQ� HHUVWH� DQDO\VH� YDQ� ]JQ�� VOHXWHOEURQQHQ� HQ� GH
RQ]HNHUKHLG�LQ�KXQ�HPLVVLHV�YROJHQV�GH�
7LHU��
�PHWKRGLHN�YDQ�KHW�,3&&�UDSSRUW�RYHU�*RRG�3UDFWLFH�*XLGDQFH�
GRFXPHQWDWLH�YDQ�JHEUXLNWH�EHUHNHQLQJVPHWKRGHQ��GDWDEURQQHQ�HQ�WRHJHSDVWH�HPLVVLHIDFWRUHQ��HQ�HHQ�RYHU]LFKW
YDQ� KHW� NZDOLWHLWVV\VWHHP� HQ� GH� YHULILFDWLH� YDQ� GH� HPLVVLHFLMIHUV� YRRU� GH� 1HGHUODQGVH� (PLVVLH�5HJLVWUDWLH�
(OHFWURQLVFKH� GDWD� RS� ILOH� RYHU� HPLVVLHV�� DFWLYLWHLWHQGDWD� HQ� DIJHOHLGH� HPLVVLHIDFWRUHQ� LQ� KHW� ]JQ�� &RPPRQ
5HSRUWLQJ�)RUPDW��&5)���ZDDU�GRRU�KHW�91�.OLPDDW�VHFUHWDULDDW�RP�ZRUGW�YHU]RFKW��YRUPHQ�HHQ�DSDUWH�DQQH[
ELM�GLW�UDSSRUW��,Q�GH�DSSHQGLFHV�ELM�GLW�UDSSRUW�]LMQ�GH�&5)�WUHQG�WDEHOOHQ�HQ�GH�,3&&�WDEHOOHQ�
�$
�RSJHQRPHQ
YRRU������������DOOH�FLMIHUV�YRRU������]LMQ�YRRUORSLJ���DOVPHGH�WDEHOOHQ�RYHU�KHUEHUHNHQLQJHQ�HQ�FRPSOHHWKHLG
YDQ�HPLVVLHEURQQHQ�

'H�HPLVVLHFLMIHUV�]RDOV�KLHU�JHUDSSRUWHHUG�YHUVFKLOOHQ�YDQ�GH�YRULJH�UDSSRUWDJH��PHW�QDPH�DOV�KHW�JHYROJ�YDQ
ZLM]LJLQJHQ� GRRU� KHW� ZHJZHUNHQ� YDQ� VWDWLVWLVFKH� YHUVFKLOOHQ� LQ� GH� HQHUJLHEDODQVHQ� YDQ� ����� HQ� ����������
ZDDUELM� JHOLMNWLMGLJ� GH� HQHUJLHVWDWLVWLHNHQ� YDQ� KHW� EUDQGVWRIJHEUXLN� LQ� GH� FKHPLVFKH� LQGXVWULH� ]LMQ� ELMJHZHUNW�
$QGHUH� RRU]DNHQ� YDQ� YHUVFKLOOHQ� ]LMQ� GH� KHUEHUHNHQLQJ� YDQ�&2� YDVWOHJJLQJ� LQ� ELRPDVVD�� KHUEHUHNHQLQJ� YDQ1�2 HPLVVLHV�LQ�GH�WUDQVSRUW�VHFWRU�HQ�VDOSHWHU]XXUIDEULFDJH��KHU]LHQLQJ�YDQ�+)&�HPLVVLHV�HQ�KHW�WRHYRHJHQ�YDQ
HHQ� HPLVVLHEURQ� YRRU� 6)� �JHOXLGLVROHUHQG� GXEEHO� JODV��� $OV� JHYROJ� YDQ� GH]H� KHUEHUHNHQLQJHQ� ]LMQ� LQ� KHW
EDVLVMDDU�GH�WRWDOH�&2��HTXLYDOHQWH�HPLVVLHV�PHW�����7J�&2��HT��RI������JHGDDOG��,Q�WRWDDO�]LMQ�GH�HPLVVLHV�LQKHW� EDVLVMDDU� YDQ� &2�� 1�2 HQ� +).¶V� UHVS�� ���� �� ���� HQ� ����0WRQ� &2��HTXLYDOHQW� ODJHU� JHZRUGHQ�� � GH� 6)�HPLVVLHV�]LMQ�LQ������WRHJHQRPHQ�PHW�����0WRQ�&2��HT��'LW�ZRUGW�PHW�QDPH�YHURRU]DDNW�GRRU�KHW�JHEUXLN�YDQQLHXZH��JHPHWHQ�HPLVVLHIDFWRUHQ�HQ�GRRU�GH�HOLPLQDWLH�YDQ�KHW�VWDWLVWLVFK�YHUVFKLO�LQ�GH�QDWLRQDOH�HQHUJLHEDODQV�
� ,Q�7DEHO����� ]LMQ� GH� WRWDOH� HPLVVLHWUHQGV� ���������� VDPHQJHYDW� �]RQGHU� WHPSHUDWXXUFRUUHFWLH���'H� WRWDOH
QHWWR�&2��HT��HPLVVLHV�ZDUHQ�LQ���������KRJHU�GDQ�LQ������������YRRU�GH�)�JDVVHQ���'LW�ZRUGW�HHQ�KDOI�SURFHQWPLQGHU� QD� WHPSHUDWXXUFRUUHFWLH�� =RQGHU� EHOHLGVPDDWUHJHOHQ� ]RXGHQ� GH� HPLVVLHV� LQ� ����� FD�� ���� KRJHU� ]LMQ
JHZHHVW��,Q�GLH�SHULRGH�]LMQ�GH�HPLVVLHV�YDQ�&2� HQ�1�2 PHW�UHVS�����HQ����JHVWHJHQ��WHUZLMO�GH�&+��HPLVVLHVPHW�����GDDOGHQ��9DQ�GH�]JQ��)�JDVVHQ��ZDDUYRRU������KHW�UHIHUHQWLHMDDU�LV��GDDOGHQ�GH�+).��HQ�3).�HPLVVLHV
PHW�UHVS������DQG�����LQ������WHQ�RS]LFKWH�YDQ�������WHUZLMO�GH�HPLVVLHV�YDQ�6)� PHW����GDDOGHQ�� ,Q�GH� SHULRGH� ���������� YRQG� GH� JURRWVWH� VHFWRUDOH� JURHL� LQ� GH�&2��HPLVVLHV� SODDWV� LQ� GH� WUDQVSRUWVHFWRU�����RI�����0WRQ���,Q������]LMQ�GH�WRWDOH�&2��HPLVVLHV�PHW������0WRQ�JHVWHJHQ�WHQ�RS]LFKW�YDQ�������'LW�ZHUG
PHW� QDPH� YHURRU]DDNW� GRRU� HHQ� WRHQDPH� YDQ� KHW� HQHUJLHJHEUXLN� GRRU� LQGXVWULH�� FRQVXPHQWHQ� HQ� GH
WUDQVSRUWVHFWRU��'H�UHVXOWDWHQ�YDQ�HHQ�YRRUORSLJH�]JQ��,3&&�5HIHUHQWLHEHUHNHQLQJ�YRRU�&2� OLHWHQ�HHQ�YHUVFKLO]LHQ�YDQ�JHPLGGHOG������PHW�GH�VRP�YDQ�GH�MDDUOLMNVH�VHFWRUDOH�HPLVVLHV�

,Q� �����ZDUHQ� GH�PHWKDDQHPLVVLHV� ���� ODJHU� GDQ� LQ� ������ 'H� DIYDOVHFWRU� ������� HQ� GH� ODQGERXZVHFWRU
�������GURHJHQ�KLHUDDQ�KHW�PHHVW�ELM� �UHVS�� ���� HQ�����0WRQ�&2��HT����'H�1�2�HPLVVLHV� ]LMQ� LQ������ FD�� ��JHVWHJHQ� WHQ�RS]LFKWH�YDQ�������YRRUDO�DOV�JHYROJ�YDQ�HHQ�VWLMJLQJ�YDQ�HPLVVLHV�XLW�GH� ODQGERXZ�������HQ�GH
WUDQVSRUWVHFWRU� ������ �UHVS�� ���� HQ� ����0WRQ� &2��HT���� 'H� DFWXHOH� HPLVVLHV� YDQ� )�JDVVHQ� ]LMQ� LQ� GH� SHULRGH����������PHW�����DIJHQRPHQ������W�R�Y���������KHWJHHQ�RYHUHHQNRPW�PHW�����0WRQ�&2��HT�'H�RQ]HNHUKHLG� LQ�GH� WRWDOH� MDDUOLMNVH� HPLVVLHV�ZRUGW� JHVFKDW� RS� ���� GH� RQ]HNHUKHLG� LQ� GH� WUHQG�RYHU� GH
SHULRGH��������������ZRUGW�RS�����SXQWHQ�JHVFKDW��JHEDVHHUG�RS�GH�]JQ��
7LHU��
�PHWKRGLHN�YDQ�GH�,3&&�YRRU
WUHQGRQ]HNHUKHGHQ� �PHW� ���� EHWURXZEDDUKHLGVLQWHUYDO��9RRU� GH� DI]RQGHUOLMNH� VWRIIHQ� ZRUGW� WKDQV� GH
RQ]HNHUKHLG�LQ�GH�MDDUOLMNVH�HPLVVLHV�DOV�YROJW�JHVFKDW��YRRU�&2� �����&+� ������1�2 ������+).¶V��3).
V�HQ
6)�� ������'H� WUHQGRQ]HNHUKHLG�ZRUGW�YRRU�&2�� &+�� 1�2 HQ�YRRU�DOOH�)�JDVVHQ�DOV�JURHS�JHVFKDW�RS� UHVS�
���������������DQG������SXQWHQ�

'DDUELM�PRHW�ZRUGHQ� RSJHPHUNW� GDW� GH� RQ]HNHUKHLG� LQ� GH� HPLVVLHFLMIHUV� YRRU� ����� HQ� LQ� GH� HPLVVLHWUHQG
ZDDUVFKLMQOLMN�JURWHU� LV�GDQ�KLHUERYHQ�JHQRHPG� LV�� DOV�JHYROJ�YDQ�HHQ� WLMGHOLMN�YHUVOHFKWHULQJ�YDQ�GH�NZDOLWHLW
YDQ�GH�HPLVVLHFLMIHUV�YRRU�GH� ODDWVWH� MDUHQ� WHQ�RS]LFKWH�YDQ�GH�GDWD�YRRU�HHUGHUH� MDUHQ��'LW�ZRUGW�YHURRU]DDNW
GRRU��D��HHQ�DQGHUH�UDSSRUWDJHZLM]H�GRRU� LQGLYLGXHOH�EHGULMYHQ��WKDQV�UHFKWVWUHHNV�YLD�GH�PLOLHXMDDUYHUVODJHQ�
HQ� �E�� YHUWUDJLQJ� LQ� GH� EHVFKLNEDDUKHLG� YDQ� �YRRUORSLJH�� VWDWLVWLHNHQ� YRRU� KHW� YRRUJDDQGH� NDOHQGHUMDDU�� PHW
QDPH�YRRU�HQHUJLHJHEUXLN�



5,90�UHSRUW����������� SDJH���RI����

&KHPLFDO�FRPSRXQGV
&)� 3HUIOXRURPHWKDQH��WHWUDIOXRURPHWKDQH�&�)� 3HUIOXRURHWKDQH��KH[DIOXRURHWKDQH�&+� 0HWKDQH&2 &DUERQ�PRQR[LGH&2� &DUERQ�GLR[LGH),&V )OXRURLRGRFDUERQV+&)&V +\GURFKORURIOXRURFDUERQV+)&V +\GURIOXRURFDUERQV+12� 1LWULF�$FLG1+� $PPRQLD12[ 1LWURJHQ�R[LGH��12�DQG�12����H[SUHVVHG�DV�12�1�2 1LWURXV�R[LGH1092& 1RQ�0HWKDQH�9RODWLOH�2UJDQLF�&RPSRXQGV3)&V 3HUIOXRURFDUERQV6)� 6XOSKXU�KH[DIOXRULGH62� 6XOSKXU�GLR[LGH92& 9RODWLOH�2UJDQLF�&RPSRXQGV��PD\�LQFOXGH�RU�H[FOXGH�PHWKDQH�

8QLWV
0- 0HJD�-RXOH����� -RXOH�*- *LJD�-RXOH����� -RXOH�7- 7HUD�-RXOH�������-RXOH�3- 3HWD�-RXOH�������-RXOH�
0J 0HJD�JUDPPH����� JUDPPH�*J *LJD�JUDPPH����� JUDPPH�7J 7HUD�JUDPPH�������JUDPPH�3J 3HWD�JUDPPH�������JUDPPH�
WRQ PHWULF�WRQ�� �������NLORJUDPPH� ����0J�NWRQ NLORWRQ�� �������PHWULF�WRQ� ���*J�0WRQ 0HJDWRQ�� �����������PHWULF�WRQ� ���7J�
KD KHFWDUH�� ���� P��NKD NLOR�KHFWDUH�� �������KHFWDUH� ���� P�  ���NP��
POQ PLOOLRQ�� �����POG PLOOLDUG�� �����

&RQYHUVLRQ�IDFWRUV�IRU�HPLVVLRQV
)URP�HOHPHQW�EDVLV�WR�IXOO�PROHFXODU�PDVV����������������)URP�IXOO�PROHFXODU�PDVV�WR�HOHPHQW�EDVLV�&� &2� � [������� ����� &2� �& � [������� �����&� &+� � [������� ����� &+� �& � [������� �����&� &2�� [������� ����� &2� � & � [������� �����1� 1�2 � [������� ����� 1�2 �1 � [������� �����1� 12�� [������� ����� 12� �1 � [������� �����1� 12� � [������� ����� 12� �1 � [������� �����1� 1+� � [������� ����� 1+� �1 � [������� �����1� +12� � [������� ����� +12� �1 � [������� �����
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��� ,QWURGXFWLRQ
7KLV� UHSRUW� GRFXPHQWV� WKH� ����� 1HWKHUODQGV¶� DQQXDO� VXEPLVVLRQ� RI� LWV� JUHHQKRXVH� JDV� HPLVVLRQLQYHQWRU\�LQ�DFFRUGDQFH�ZLWK�WKH�JXLGHOLQHV�SURYLGHG�E\�WKH�8QLWHG�1DWLRQ¶V�)UDPHZRUN�&RQYHQWLRQ
RQ &OLPDWH�&KDQJH��81)&&&��DQG�WKH�(XURSHDQ�8QLRQ¶V�*UHHQKRXVH�*DV�0RQLWRULQJ�0HFKDQLVP�7KHVH� JXLGHOLQHV� DLP� DW� IDFLOLWDWLQJ� YHULILFDWLRQ�� WHFKQLFDO� DVVHVVPHQW� DQG� H[SHUW� UHYLHZ� RI� WKHLQYHQWRU\� LQIRUPDWLRQ�� )RU� WKLV� SXUSRVH� WKH� LQYHQWRULHV� VKRXOG� EH� WUDQVSDUHQW�� FRQVLVWHQW�
FRPSDUDEOH�� FRPSOHWH� DQG� DFFXUDWH� DV� GHILQHG� LQ� 81)&&&� ������� DQG� EH� SUHSDUHG� XVLQJ� JRRG
SUDFWLFH�DV�GHVFULEHG�LQ�,3&&��������7KXV��WKLV�UHSRUW�FRPSULVHV�H[SODQDWLRQV�RI�WKH�WUHQGV�LQ�JUHHQKRXVH�JDV�HPLVVLRQV�IRU�WKH�SHULRG����������DQG�GHVFULSWLRQV�RI�PHWKRGV�DQG�GDWD�VRXUFHV��RI�7LHU���DVVHVVPHQWV�RI�WKH�XQFHUWDLQW\�LQDQQXDO�HPLVVLRQV�DQG� LQ�HPLVVLRQ� WUHQGV��RI�D�SUHOLPLQDU\�DVVHVVPHQW�RI�NH\� VRXUFHV� IROORZLQJ� WKH7LHU� �� DQG� 7LHU� �� DSSURDFK� RI� WKH� ,3&&� *RRG� 3UDFWLFH� *XLGDQFH� �,3&&�� ������� DQG� RI� 4XDOLW\$VVXUDQFH�DQG�4XDOLW\�&RQWURO�DFWLYLWLHV��7KH�HPLVVLRQV�GDWD�SUHVHQWHG�LQ�WKLV�UHSRUW�DUH�LGHQWLFDO�WRWKRVH� RIILFLDOO\� SXEOLVKHG� LQ� WKH�(PLVVLRQ�0RQLWRU� ����� �9DQ�+DUPHOHQ� HW� DO�� ������ DQG� XVHG� LQ5,90� �����D��� :H� QRWH� WKDW� DOO� GDWD� LQ� WKLV� GDWDVHW� SUHVHQWHG� IRU� ����� DUH� SUHOLPLQDU\�� )RUDVVHVVPHQWV�WR�ZKDW�H[WHQW�FKDQJHV�LQ�HPLVVLRQV�DV�H[SODLQHG�LQ�WKLV�UHSRUW�DUH�GXH�WR�LPSOHPHQWDWLRQRI SROLF\�PHDVXUHV��ZH�UHIHU�WR�WKH�DQQXDO�(QYLURQPHQWDO�%DODQFH�SXEOLVKHG�E\�5,90��5,90�������LQ� 'XWFK��� WKH�7KLUG� 1HWKHUODQGV
� 1DWLRQDO� &RPPXQLFDWLRQ� RQ� &OLPDWH� &KDQJH� 3ROLFLHV� �9520������� DQG� VSHFLDO� DVVHVVPHQWV� >9DQ� GHQ� :LMQJDDUW� DQG� <EHPD� �������� %HNHU� DQG� 3HHN� �������0HQNYHOG�HW�DO��������@�DYDLODEOH�LQ�'XWFK�DQG�(QJOLVK�(OHFWURQLF�GDWD�RQ�HPLVVLRQV��DFWLYLW\�GDWD�DQG�LPSOLHG�HPLVVLRQ�IDFWRUV�LQ�WKH�VR�FDOOHG�&RPPRQ
5HSRUWLQJ�)RUPDW��&5)��VSUHDGVKHHW�ILOHV�DV�UHTXHVWHG�E\�WKH�81)&&&�VHFUHWDULDW�DUH�DYDLODEOH�DV�� &RPPRQ�5HSRUWLQJ� )RUPDW� �&5)�� GDWD� ILOHV�� QDPHG� 
FUI�QOG������11�[OV
 ZLWK�11� � ��� ��� ���FRPSUHVVHG� LQWR� WKUHH� ]LS�ILOHV� FUI�QOG������Y��������]LS�� FUI�QOG������Y��������]LS�� FUI�QOG������Y��������]LS� ZKLFK�DFFRPSDQ\�WKLV�UHSRUW���,Q�$QQH[���RI�WKLV�UHSRUW�D�FRS\�LV�LQFOXGHG�RI�WKH�7UHQG7DEOHV� ��� DQG� D� VHOHFWLRQ� RI� ,3&&� 6XPPDU\� 7DEOHV� �$� IRU� WKH� SHULRG� ���������� ������ GDWD� DUHSUHOLPLQDU\���5HFDOFXODWLRQ�DQG�([SODQDWLRQ�7DEOHV���DQG�&RPSOHWHQHVV�7DEOHV�IURP�WKH�&5)�ILOHV�

3UHVHQWDWLRQ�RI�VRXUFHV��1HWKHUODQGV
�7DUJHW�*URXSV�DQG�,3&&�VRXUFH�FDWHJRULHV
81)&&&� JXLGHOLQHV� IRU� UHSRUWLQJ� JUHHQKRXVH� JDV� HPLVVLRQV� �81)&&&�� ������ UHTXLUH� WKH� XVH� RIVRXUFH� FDWHJRULHV� DV� GHILQHG� LQ� 5HYLVHG� ����� ,3&&� *XLGHOLQHV� IRU� QDWLRQDO� *UHHQKRXVH� JDV
,QYHQWRULHV� �,3&&�� �������7KH� ,3&&�JXLGHOLQHV�PDNH� D� VXEGLYLVLRQ� LQWR� ��PDLQ� VRXUFH� FDWHJRULHV�VHSDUDWLQJ�FRPEXVWLRQ��RU�IXHO�UHODWHG��DQG�QRQ�FRPEXVWLRQ��RU�
SURFHVV
��HPLVVLRQV��� (QHUJ\�� ,QGXVWULDO�SURFHVVHV�� 6ROYHQWV�DQG�RWKHU�SURGXFW�XVH��� $JULFXOWXUH��� /DQG�8VH�&KDQJH�DQG�)RUHVWU\�� :DVWH�� 0LVFHOODQHRXV7KH� ILUVW� FDWHJRU\� FRPSULVHV� ERWK� IRVVLO� DQG� ELRIXHO� IXHO� XVH�� DQG� LV� VXEGLYLGHG� LQ� �$� )XHO
&RPEXVWLRQ� DQG� �%�)XJLWLYH� HPLVVLRQV� IURP�)XHOV�� )RU� XVHUV� LQ� WKH�1HWKHUODQGV�� ZKHUH� XVXDOO\� DVXEGLYLVLRQ� RI� HPLVVLRQV� VRXUFHV� LV�PDGH� LQWR� VR�FDOOHG�7DUJHW�*URXSV�� ZH� VKRZ� LQ�7DEOH� ���� WKHFRUUHVSRQGHQFH� EHWZHHQ�1HWKHUODQGV
� 7DUJHW� *URXS� HPLVVLRQV� WR� QRPHQFODWXUH� RI� 81)&&&�,3&&VRXUFH�FDWHJRULHV�XVHG�LQ�WKLV�UHSRUW�
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7DEOH������&RUUHVSRQGHQFH�EHWZHHQ�1HWKHUODQGV�7DUJHW�*URXS�HPLVVLRQV�WR�,3&&�VRXUFH�FDWHJRULHV
7DUJHW�*URXS &RGH ,3&&��&RPEXVWLRQ�HPLVVLRQV &RGH ,3&&��3URFHVV�HPLVVLRQV
$JULFXOWXUH �$�F )XHO�FRPEXVWLRQ��2WKHU�VHFWRUV��F � $JULFXOWXUH���
,QGXVWU\ �$� )XHO�FRPEXVWLRQ��0DQXIDFWXULQJ�,QGXVWULHVDQG�&RQVWUXFWLRQ��� � ,QGXVWULDO�SURFHVVHV���
5HILQHULHV �$�E )XHO�FRPEXVWLRQ��(QHUJ\�,QGXVWULHV��VXE�E�HOHFWULFLW\�DQG�KHDW�SURGXFWLRQ� �%� )XJLWLYH�HPLVVLRQV�IURP�RLO�DQGQDWXUDO�JDV
(QHUJ\�VHFWRU� SRZHU�JHQHUDWLRQ �$�D )XHO�FRPEXVWLRQ��(QHUJ\�,QGXVWULHV��D �% )XJLWLYH�HPLVVLRQV���
� IRVVLO�IXHO�SURGXFWLRQ�WUDQVPLVVLRQ � �%� )XJLWLYH�HPLVVLRQV�IURP�RLO�DQGQDWXUDO�JDV
:DVWH�KDQGOLQJ� ODQGILOOV � �$ :DVWH��6ROLG�:DVWH�'LVSRVDO� ZDVWH�LQFLQHUDWLRQ �$D )XHO�FRPEXVWLRQ��(QHUJ\�,QGXVWULHV��D���� ::73 �% :DVWH��:DVWHZDWHU�+DQGOLQJ
7UDQVSRUW�DQG�7UDIILF �$� )XHO�FRPEXVWLRQ��7UDQVSRUW �
&RQVXPHUV �$�E )XHO�FRPEXVWLRQ��2WKHU�VHFWRUV��E�UHVLGHQWLDO� � 6ROYHQWV�DQG�RWKHU�SURGXFW�XVH���
7UDGH��6HUYLFHV�*RYHUQPHQW �$�D )XHO�FRPEXVWLRQ��2WKHU�VHFWRUV��D�FRPPHUFLDO�LQVWLWXWLRQDO� � 6ROYHQWV�DQG�RWKHU�SURGXFW�XVH���
&RQVWUXFWLRQ �$� )XHO�FRPEXVWLRQ��0DQXIDFWXULQJ�,QGXVWULHVDQG�&RQVWUXFWLRQ � ,QGXVWULDO�SURFHVVHV
'ULQNLQJ�ZDWHUWUHDWPHQW �$�D )XHO�FRPEXVWLRQ��2WKHU�VHFWRUV��D�FRPPHUFLDO�LQVWLWXWLRQDO� � 0LVFHOODQHRXV��&+��
1RWHV���� 1�2 IURP�SROOXWHG�VXUIDFH�ZDWHU��� 0LVFHOODQHRXV��� &2� IURP�QRQ�HQHUJ\�XVH�RI�IXHOV�H�J��FKHPLFDO�IHHGVWRFN�DUH�UHSRUWHG�XQGHU��$�)XHO�FRPEXVWLRQ��� &2� IURP�IOXH�JDV�GHVXOSKXULVDWLRQ��� ,QGXVWULDO�SURFHVVHV� VXE�*��� ,W�KDV�EHHQ�DVVXPHG�WKDW�DOO�ZDVWH�LQFLQHUDWLRQ�IDFLOLWLHV�DOVR�SURGXFH�HOHFWULFLW\�RU�KHDW�XVHG�IRU�HQHUJHWLF�SXUSRVHV������&+� DQG�1092&��� 0LVFHOODQHRXV�

,QYHQWRU\�SUHSDUDWLRQ��TXDOLW\�DVVXUDQFH�TXDOLW\�FRQWURO
&KDSWHU� �� GHVFULEHV� WKH� 'XWFK� 1DWLRQDO� (PLVVLRQ� ,QYHQWRU\� 6\VWHP� DQG� WKH� 4XDOLW\� $VVXUDQFH�4XDOLW\� &RQWURO� DFWLYLWLHV� SHUIRUPHG�� 7KLV� LQFOXGHV� WKH� UHVSRQVH� WR� LVVXHV� UDLVHG� LQ� UHYLHZV� E\81)&&&�DQG�RWKHUV�

7UHQG�DVVHVVPHQWV
,Q�&KDSWHU��� WKH�DJJUHJDWHG� WUHQGV�DQG� WKH�FRQWULEXWLRQ�RI� HPLVVLRQV�SHU�JUHHQKRXVH�JDV� WR� DQQXDO&2��HT�� HPLVVLRQV� DUH� GHVFULEHG�� ,Q� DGGLWLRQ�� LQ� &KDSWHUV� �� DQG� �� WKH� WUHQGV� LQ� HPLVVLRQV� RIJUHHQKRXVH�JDV� DQG�RI�SUHFXUVRU�JDVHV� DUH�GHVFULEHG�DQG�H[SODLQHG� LQ�GHWDLO��$�FRPSDULVRQ�ZLWK� DSURYLVLRQDO�&2� 5HIHUHQFH�$SSURDFK�FDOFXODWLRQ� IRU� WKH�����������SHULRG� VKRZHG� WKDW� WKH� VXP�RIDQQXDO� VHFWRUDO�&2� HPLVVLRQV� GLIIHU� E\� ����� RQ� DYHUDJH� IURP� WKH� UHIHUHQFH� FDOFXODWLRQ� �UDQJH� RI����SRLQWV��� 7KH� DQDO\VLV� RI� WUHQGV� DQG� XQFHUWDLQW\� HVWLPDWHV� LQ� HPLVVLRQV� �VHH� &KDSWHU� ��� RI� WKHYDULRXV� VRXUFHV� KDV� EHHQ� PDGH� LQ� FRRSHUDWLRQ� ZLWK� WKH� IROORZLQJ� 5,90� H[SHUWV�� 0U�� 'LN� %HNHU�ZDVWH���0U��5REHUW�YDQ�GHQ�%ULQN��WUDQVSRUW���0U��.ODDV�YDQ�GHU�+RHN��DJULFXOWXUH���0UV��-RKDQQD0RQWIRRUW� �IXJLWLYH� HPLVVLRQV�� HQHUJ\��� 0U�� .HHV� 3HHN� �LQGXVWU\�� DQG� 0U�� 'XUN� 1LMGDP� �VPDOOFRPEXVWLRQ���,Q�DGGLWLRQ��0U��(G�=RQQHYHOG�RI�&%6�SURYLGHG�SLYRWDO�LQIRUPDWLRQ�RQ�&2� UHODWHG�WRHQHUJ\�XVH��7KH�JURXS�DOVR�SURYLGHG�DFWLYLW\�GDWD� IRU� WKH�&5)�ILOHV�� LQ�FDVHV�ZKHUH� WKHVH�ZHUH�QRWLQFOXGHG�LQ�WKH�GDWD�VKHHWV�VXEPLWWHG�E\�WKH�(5�7DVN�*URXSV�
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&RXQWU\�VSHFLILF�GHILQLWLRQV�DQG�FKDQJHV
,Q� &KDSWHU� �� WKH� HPLVVLRQ� FDOFXODWLRQ� PHWKRGV� DQG� GDWD� VRXUFHV� DUH� EULHIO\� GHVFULEHG� DQGGRFXPHQWHG�� 7R� LPSURYH� WKH� FRQVLVWHQF\� RI� WLPHV� VHULHV�� FKDQJHV� KDYH� EHHQ� PDGH� LQ� WKH� VRXUFHDOORFDWLRQ� IRU� WKH� SHULRG� ����������� 7KHVH� FKDQJHV� DUH� GLVFXVVHG� EULHIO\� LQ� &KDSWHU� ��� 7KLV� DOVRLQFOXGHV�D�VXPPDU\�RI�WKH�GHJUHH�RI�FRPSOHWHQHVV�RI�WKH�&5)�GDWD�ILOHV�
� WKH�&5)� ILOHV� IRU������DQG�����������QRZ�DOVR� LQFOXGH� VHFWRUDO�EDFNJURXQG� GDWD� IRU� �$�)XHOFRPEXVWLRQ�
� &2� HPLVVLRQV�RI�FHPHQW�FOLQNHU�SURGXFWLRQ�LQFOXGHG�
� &2��VLQNV�IURP�FDWHJRU\��$�KDYH�QRZ�EHHQ�FDOFXODWHG�IRU�DOO�\HDUV�
� 6)� HPLVVLRQV�ZHUH�DGGHG�IURP�WKH�SURGXFWLRQ�RI�GRXEOH�JOD]HG�ZLQGRZV�
&RXQWU\�VSHFLILF�GHILQLWLRQV�RI�VRXUFH�FDWHJRULHV�DUH�SURYLGHG�LQ�&KDSWHU����7KLV�LQFOXGHV�D�VXPPDU\RI� LGHQWLILHG�PLVVLQJ� VRXUFHV�� 7KH� HPLVVLRQ� GDWD� IRU� ����� DQG� ���������� DV� UHSRUWHG� LQ� WKH� &5)WDEOHV�GLIIHU�IURP�WKH�GDWD�UHSRUWHG�LQ�WKH�SUHYLRXV�1,5������PDLQO\�GXH�WR�
� HOLPLQDWLRQ�RI�VWDWLVWLFDO�GLIIHUHQFHV�LQ�WKH�HQHUJ\�EDODQFHV�RI������DQG������������LQFOXGLQJ�DQLPSURYHPHQW�LQ�WKH�HQHUJ\�VWDWLVWLFV�RI�IXHO�FRQVXPSWLRQ�GDWD�LQ�WKH�FKHPLFDO�LQGXVWU\�
� UHFDOFXODWLRQ�RI�&2� HPLVVLRQV�DQG�VLQNV�IURP�IRUHVWU\�
� UHFDOFXODWLRQ�RI�1�2 HPLVVLRQV�IURP�WUDQVSRUW�DQG�IURP�QLWULF�DFLG�SURGXFWLRQ�
� UHYLVLRQ�RI�+)&�HPLVVLRQV�
� DGGLWLRQ�RI�D�6)� VRXUFH��SURGXFWLRQ�RI�VRXQGSURRI�GRXEOH�JOD]HG�ZLQGRZV��
'XH�WR�WKHVH�UHFDOFXODWLRQV��WRWDO�&2��HT��HPLVVLRQV�LQ�WKH�EDVH�\HDU�GHFUHDVHG�E\�����7J�&2��HT��RU������(PLVVLRQV�RI�&2� DQG�1�2 LQ������KDYH�GHFUHDVHG�E\�����DQG�����7J�&2��HT��� UHVSHFWLYHO\�+)&�HPLVVLRQV�GHFUHDVHG�LQ������E\�����7J�&2��HT��ZKLOH�6)� HPLVVLRQV�LQFUHDVHG�E\�����7J�&2��HT��LQ������

.H\�VRXUFH�DQG�XQFHUWDLQW\�DVVHVVPHQW
,Q�&KDSWHU���D�XQFHUWDLQW\�DVVHVVPHQW�LV�SUHVHQWHG�DV�ZHOO�DV�D�SUHOLPLQDU\�DVVHVVPHQW�RI�NH\�VRXUFHV�WKDW�KDV�EHHQ�PDGH�XVLQJ�ERWK�WKH�7LHU���DQG�7LHU���DSSURDFK�RI�WKH�,3&&�*RRG�3UDFWLFH�*XLGDQFHUHSRUW�7KH� XQFHUWDLQW\� LQ� WKH� HPLVVLRQ� HVWLPDWHV� SHU� JDV� LV� EDVHG� RQ� DQ� ,3&&� 7LHU� �� XQFHUWDLQW\DVVHVVPHQW� RI� WKH� XQFHUWDLQW\� LQ� WKH� XQGHUO\LQJ� HPLVVLRQ� IDFWRUV� DQG� DFWLYLW\� GDWD� IRU� WKH� OLVW� RISRVVLEOH�NH\�VRXUFHV��$OO�XQFHUWDLQW\�ILJXUHV�LQ�WKLV�UHSRUW�VKRXOG�EH�LQWHUSUHWHG�DV�����FRQILGHQFHUDQJHV��LQ�FRQIRUPLW\�ZLWK�WKH�,3&&�UHSRUW�RQ�*RRG�3UDFWLFH�*XLGDQFH�DQG�8QFHUWDLQW\�0DQDJHPHQW�,3&&���������7KHVH�XQFHUWDLQWLHV�DUH�EDVHG�RQ�WKH�UHVXOWV�RI�D�QDWLRQDO�ZRUNVKRS�RQ�GDWD�TXDOLW\�KHOGLQ� ����� �9DQ� $PVWHO� HW� DO�� ����D��� 5,90� IDFWVKHHWV� RQ� HPLVVLRQ� GDWD� TXDOLW\�� GHIDXOW� YDOXHVSURYLGHG� LQ� WKH� ,3&&� *RRG� 3UDFWLFH� *XLGDQFH� DQG� H[SHUW� MXGJHPHQW� E\� 5,90� H[SHUWV�� ,Q� WKH&KDSWHU� �� WKH� XQFHUWDLQW\� HVWLPDWHV� IRU� ERWK� DQQXDO� XQFHUWDLQW\� DQG� WKH� WUHQG� XQFHUWDLQW\� DUHFDOFXODWHG�XVLQJ�VLPSOH��VWDQGDUG�HUURU�SURSDJDWLRQ�RI�WKH�RYHUDOO�XQFHUWDLQW\�SHU�JUHHQKRXVH�JDV�DVGHILQHG� LQ� WKH� ,3&&� 7LHU� �� DSSURDFK� DQG� DVVXPLQJ� QR� FRUUHODWLRQ� EHWZHHQ� VRXUFHV� DQG� QRUPDOGLVWULEXWLRQ� RI� WKH� XQFHUWDLQWLHV�� 2XU� DFWXDO� RYHUDOO� HVWLPDWH� RI� WRWDO� DQQXDO XQFHUWDLQW\� SHUJUHHQKRXVH�JDV��ZKLFK�LV�EDVHG�RQ�WKH�,3&&�7LHU���XQFHUWDLQW\�DVVHVVPHQW������FRQILGHQFH�LQWHUYDO��LV�FXUUHQWO\�HVWLPDWHG�E\�5,90�DV�

&2� ��� +)&V ����������������
&+� ���� 3)&V ����������������
1�2 ���� 6)� ����
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7KH�UHVXOWLQJ�XQFHUWDLQW\�LQ�QDWLRQDO�WRWDO�DQQXDO�&2��HT��HPLVVLRQV�LV�DERXW�����7KH�XQFHUWDLQW\�LQWKH� WUHQG� RI� WRWDO� HPLVVLRQV� LV� DERXW� ��� SRLQWV�� EDVHG� RQ� WKH� ,3&&� 7LHU� �� WUHQG� XQFHUWDLQW\DVVHVVPHQW��3HU�LQGLYLGXDO�JDV��WKH�7LHU���WUHQG�XQFHUWDLQW\�LQ�WRWDO�HPLVVLRQV�RI�&2�� &+�� 1�2 DQG
WKH�WRWDO�JURXS�RI�)�JDVHV�KDV�EHHQ�FDOFXODWHG�DW����������������DQG������SRLQWV��UHVSHFWLYHO\�
8VLQJ�WKH�,3&&�7LHU���XQFHUWDLQW\�DSSURDFK�� WKH�XQFHUWDLQWLHV� LQ�QDWLRQDO�DQQXDO� WRWDO�HPLVVLRQV�RISUHFXUVRU�JDVHV�DUH�HVWLPDWHG�DW��5,90������������D��

&2 ����
12[ ����
1092& ����
62� ���

:H� QRWH� WKDW� LQ� WKH� ,3&&� 7LHU� �� XQFHUWDLQW\� DVVHVVPHQW� QR� FRUUHFWLRQ� LV� PDGH� IRU� SRVVLEOHFRUUHODWLRQV�RU�QRW�UHSRUWHG�VRXUFHV���0RUHRYHU��WKH�SUHVHQWHG�ILJXUHV�PD\�QRW�EH�YDOLG�IRU�WKH�����SURYLVLRQDO�HPLVVLRQV��GXH�WR�DGGLWLRQDO�XQFHUWDLQWLHV�LQ�WKLV�GDWDVHW��VHH�6HFWLRQ������

3ULQW�RXW�RI�&5)�VXPPDU\�WDEOHV
)LQDOO\��LQ�WKH�DQQH[HV�D�GHVFULSWLRQ�RI�WKH�PHWKRG�IRU�/8&)���$���WKH�WHPSHUDWXUH�FRUUHFWLRQ�PHWKRGDQG�D�SULQWHG�VXPPDU\�YHUVLRQ�RI�WKH�&5)�ILOHV�DUH�SURYLGHG�
� ,3&&�6XPPDU\�7DEOHV��$�IRU������������&5)�6XPPDULHV����� 5HFDOFXODWLRQ�7DEOHV�DQG�([SODQDWLRQ�7DEOH���D�DQG���E�IRU������DQG������������ &RPSOHWHQHVV�7DEOH���IRU������� 7UHQG�7DEOHV����IRU�HDFK�JDV�LQGLYLGXDOO\�DQG�IRU�DOO�JDVHV�DQG�VRXUFH�LQ�&2��HT��� 7UHQG�7DEOHV����IRU�SUHFXUVRU�JDVHV�
7KH� FRPSOHWH� VHW� RI� &5)� ILOHV� DV� ZHOO� DV� WKH� 1,5� LQ� SGI� IRUPDW� LV� DYDLODEOH� DW� 5,90
V� ZHEVLWH�ZZZ�ULYP�QO��

3UHVHQWDWLRQ�RI�ILJXUHV��URXQGLQJ�DQG�VXPPDWLRQ
3OHDVH� QRWH� WKDW� LQ� DOO� WDEOHV� WKH� VDPH� QXPEHU� RI� GHFLPDO� GLJLWV� LV� XVHG� ZLWKLQ� D� WDEOH� �RU� SHUFRPSRXQG�FROXPQ���7KHUHIRUH�� WKH�QXPEHU�RI� �GHFLPDO��GLJLWV� VKRZQ�GRHV�QRW�FRUUHVSRQG�ZLWK� WKHQXPEHU�VLJQLILFDQW�GLJLWV�RI�WKH�ILJXUHV�SUHVHQWHG��3OHDVH�QRWH�WRR�WKDW�LQ�WKH�WDEOHV�WKH�ILJXUHV�PD\QRW H[DFWO\� DGG� XS� WR� WKH� �VXE�WRWDOV� EHFDXVH� RI� LQGHSHQGHQW� URXQGLQJ��:H� UHIHU� WR� &KDSWHU� �� IRULQIRUPDWLRQ�DERXW�WKH�XQFHUWDLQW\�LQ�VHFWRUDO�DQG�QDWLRQDO�WRWDO�HPLVVLRQV�

http://www.rivm.nl)/
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��� ,QYHQWRU\�3UHSDUDWLRQ��4XDOLW\�$VVXUDQFH�4XDOLW\
&RQWURO

�����,QWURGXFWLRQ
'DWD� FROOHFWHG� LQ� WKH� 1DWLRQDO� ,QYHQWRU\� 5HSRUW� DUH� EDVHG� RQ� WKH� 1DWLRQDO� 3ROOXWDQW� (PLVVLRQ
5HJLVWHU� �3(5�RU�VKRUW� 
(5
���DOVR�FDOOHG� WKH�(PLVVLRQ�,QYHQWRU\�6\VWHP��7KLV� V\VWHP�FRPSURPLVHVWKH� UHJLVWUDWLRQ��DQDO\VLV�� ORFDOLVDWLRQ�DQG�SUHVHQWDWLRQ�RI�HPLVVLRQ�GDWD�RI�ERWK� LQGXVWULDO� DQG�QRQ�LQGXVWULDO�VRXUFHV�LQ�WKH�1HWKHUODQGV��6HFWLRQ�����JLYHV�PRUH�LQIRUPDWLRQ�RQ�WKH�(PLVVLRQ�,QYHQWRU\6\VWHP��$QQXDOO\��LQ�\HDU�W ILQDO�HPLVVLRQV�DUH�FDOFXODWHG�IRU�\HDU�W���DQG�SUHOLPLQDU\�HVWLPDWHV�DUHPDGH� IRU� HPLVVLRQV� RI� WKH� ODVW� \HDU� EXW� RQH� �W����� ,Q� DGGLWLRQ�� LQ� FDVH� RI�PHWKRGRORJLFDO� FKDQJHV�HPLVVLRQV�DUH�UHFDOFXODWHG�IRU� W���DV�ZHOO�DV�IRU������DQG�������7KLV�PHDQV� WKDW� LQ������HPLVVLRQVZHUH��UH�FDOFXODWHG�IRU������������������������DQG������7KH� GDWD� IURP� WKH�3(5�KDYH� WR� EH� ³WUDQVODWHG´� WR� WKH�&RPPRQ�5HSRUW� )RUPDW� �&5)���$OVRDGGLWLRQDO� LQIRUPDWLRQ� DQG� FDOFXODWLRQV� DUH� QHFHVVDU\� WR� ILOO� WKH� &5)�ILOHV�� 6HYHUDO� LQVWLWXWHV� DUHLQYROYHG� LQ� WKLV� SURFHVV�� 7R� LPSURYH� WKH� WUDQVSDUHQF\� RI� WKLV� SURFHVV�� WKH� DFWXDO� VLWXDWLRQ� LQ� WKH1HWKHUODQGV�ZLWK� UHVSHFW� WRW� WKH� ,3&&�*RRG� 3UDFWLFH�*XLGHOLQHV�ZDV� HYDOXDWHG�� ,Q� VHFWLRQ� ���� WKHFRQFOXVLRQV� IURP� WKLV� VWXG\�DUH� LQFOXGHG�� ,Q�6HFWLRQV�����DQG����� WKH�TXDOLW\�DVVXUDQFH�DQG�FRQWURODFWLYLWLHV�RI�WKH�'XWFK�(PLVVLRQ�,QYHQWRU\�LQ������DUH�GHVFULEHG��UHVSHFWLYHO\�,Q������D�*UHHQKRXVH�*DV�,QYHQWRU\�,PSURYHPHQW�3URJUDPPH�ZDV�VWDUWHG��7KLV�SURJUDPPH�LVJXLGHG� E\� D�:RUNLQJ� *URXS� (PLVVLRQ� 0RQLWRULQJ� RI� *UHHQKRXVH� *DVHV� �:(%��� 7KLV� FRPPLWWHHGLUHFWV� IXWXUH� DFWLRQV� DLPHG� DW� LPSURYLQJ� WKH�PRQLWRULQJ� RI� JUHHQKRXVH� JDV� HPLVVLRQV�� UHOHYDQW� WRUHSRUW�WR�WKH�81)&&�LQ�DOO�DVSHFWV��,Q�VHFWLRQ�����ZH�VXPPDULVH�WKH�PDLQ�DFWLRQV��2QH�RI�WKH�DFWLRQLV�DLPHG�DW�LPSURYLQJ�WKH�SURFHVV�RI�GDWD�FROOHFWLRQ�DQG�FDOFXODWLRQV�E\�WKH�XVH�RI�SURWRFROV��WKDW�LQ�����VKRXOG�EH�LQFOXGHG�LQ�WKH�3(5�V\VWHP��VHH�6HFWLRQ������,Q�WKH�UHYLHZV�RQ�WKH�1DWLRQDO�,QYHQWRU\�5HSRUW��LQFOXGLQJ�&5)�ILOHV��VXJJHVWLRQV�ZHUH�PDGH�WRLPSURYH�WKH�TXDOLW\��,Q�6HFWLRQ�����ZH�GHVFULEH�WKH�1HWKHUODQGV
�UHVSRQVH�WR�WKH�LVVXHV�UDLVHG�LQ�WKRVHUHYLHZV�

�����1DWLRQDO�(PLVVLRQ�,QYHQWRU\�6\VWHP
7KH�1HWKHUODQGV�KDV�DOUHDG\�IRU�PDQ\�\HDUV�D�SROOXWDQW�HPLVVLRQ�LQYHQWRU\�V\VWHP�WKDW�FROOHFWV�GDWDRQ HPLVVLRQV�WR�DLU��ZDWHU�DQG�VRLO��7KLV�LQYHQWRU\�KDV�EHHQ�HVWDEOLVKHG�LQ�D�FR�RSHUDWLRQ�EHWZHHQ�� ,QVSHFWRUDWH� IRU�(QYLURQPHQWDO�3URWHFWLRQ�RI� WKH�0LQLVWU\�RI�+RXVLQJ��6SDWLDO�3ODQQLQJ�DQG� WKH(QYLURQPHQW� �9520�+,0+�� >IURP� -DQXDU\� ����� WKH� 
,QVSHFWRUDWH�+,0+
� FKDQJHG� WR� 
9520,QVSHFWRUDWH
@� 6WDWLVWLFV�1HWKHUODQGV��&%6�� 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�(QYLURQPHQW��5,90�� 0LQLVWU\�RI�$JULFXOWXUH��1DWXUH�&RQVHUYDWLRQ�DQG�)LVKHU\� �/19�� WKURXJK� UHSUHVHQWDWLRQ�E\� WKH1DWLRQDO�5HIHUHQFH�&HQWUH�IRU�$JULFXOWXUH��(&�/19��IRUPHUO\�,.&�/�� 0LQLVWU\�RI�7UDQVSRUW��3XEOLF�:RUNV�DQG�:DWHU�0DQDJHPHQW��9	:��WKURXJK�UHSUHVHQWDWLRQ�E\WKH�1DWLRQDO�,QVWLWXWH�RI�:DWHU�0DQDJHPHQW�DQG�:DVWH�7UHDWPHQW��5:6�5,=$���DQG� 1HWKHUODQGV�2UJDQLVDWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK��712�
$JUHHPHQW� RQ� GHILQLWLRQV�� PHWKRGV� DQG� HPLVVLRQ� IDFWRUV�� LV� HVWDEOLVKHG� LQ� WKH� &R�RUGLQDWLRQ
&RPPLWWHH�IRU�0RQLWRULQJ�RI�7DUJHW�*URXSV��&&'0���EDVHG�RQ�UHSRUWV�E\�H[SHUW�JURXSV��6R�FDOOHG
7DVN�*URXSV�FROOHFW�WKH�GDWD�UHTXLUHG�DQG�SHUIRUP�WKH�HPLVVLRQ�FDOFXODWLRQV�7KH�HPLVVLRQV�RI�ODUJH�LQGXVWULDO�SRLQW�VRXUFHV�DUH�UHJLVWHUHG�LQGLYLGXDOO\��EDVHG�XSRQ�GHWDLOHGLQIRUPDWLRQ�RI� HDFK� LQGLYLGXDO�SODQW��7KLV�SURFHVV�� KRZHYHU�� KDV� EHHQ� FKDQJHG� VXEVWDQWLDOO\� LQ� WKH



SDJH����RI���� 5,90�UHSRUW������������

ODVW�\HDUV��VHH�%R[�����DQG�)LJXUH�������$V�H[SODLQHG�LQ�%R[����� LQ�WKH�WUDQVLWLRQ�SHULRG�RI�FRPSDQLHVWR�DQRWKHU�UHSRUWLQJ�V\VWHP�DQG�DQRWKHU�UHSRUWLQJ�IRUPDW��WKH�TXDOLW\�RI�WKH�HPLVVLRQ�GDWD�UHOHYDQW�IRUWKH� 1,5�&5)� KDV� WHPSRUDULO\� GHWHULRUDWHG�� ,Q� WKH� QH[W� VHFWLRQ� ZH� GLVFXVV� DFWLRQV� WKDW� VWDUWHG� WRLPSURYH�GDWD�TXDOLW\�DJDLQ��7KH�HPLVVLRQV�RI�VPDOO�DQG�PHGLXP�VL]HG�HQWHUSULVHV�DV�ZHOO�DV�RI�QRQ�LQGXVWULDO�VRXUFHV�DUH�FDOFXODWHG�FROOHFWLYHO\�ZLWK�VWDWLVWLFDO�DFWLYLW\�GDWD�DQG�HPLVVLRQ�IDFWRUV�

)LJXUH������&KDQJHV�LQ�WLPH�LQ�GDWD�VRXUFHV�XVHG�IRU�WKH�LQGLYLGXDOO\�UHJLVWHUHG�SRLQW�VRXUFHV�LQ�WKH�3(5��IRU
DEEUHYLDWLRQV�VHH�%R[������
%R[������0DMRU�FKDQJHV�LQ�GDWD�FROOHFWLRQ�DQG�VXEPLVVLRQ�RI�HPLVVLRQV�DQG�DFWLYLW\�GDWD�E\�ODUJH�FRPSDQLHV
7KH�PHWKRG�IRU�WKH�FROOHFWLRQ�RI�HPLVVLRQV�RI� ODUJH� LQGXVWULDO�SRLQW�VRXUFHV�KDV�EHHQ�FKDQJHG�VLQFH�������VHH)LJXUH�������%HIRUH�������WKH�
(5�,
�GDWD�FROOHFWLRQ�IRU�DLU�HPLVVLRQV�RI�DERXW�����ODUJH�FRPSDQLHV�ZDV�LQLWLDWHGE\� WKH� 0LQLVWU\� RI� 9520� ZLWK� 712� DVVLVWLQJ�� ZKHQ� UHTXHVWHG�� WKH� FRPSDQLHV� LQ� HVWLPDWLQJ� WKHLU� DQQXDOHPLVVLRQV��7KH�DFWLYLW\�GDWD�DQG�HPLVVLRQV�RI� WKHVH� ODUJH� LQGXVWULDO�SRLQW� VRXUFHV�ZHUH�FROOHFWHG��FKHFNHG� DQGSURFHVVHG� E\� 712�� 7KHVH� ���� SRLQW� VRXUFHV� LQFOXGHG� DERXW� ���� ODUJH� FRPEXVWLRQ� SODQWV� ZKLFK� VXEPLWWHGLQIRUPDWLRQ�RQ�IXHO�FRQVXPSWLRQ�DQG�12[ DQG�62� HPLVVLRQV�XQGHU�WKH�
%((6�$
�UHJXODWLRQ��,Q������WKH�QXPEHURI�SRLQW�VRXUFHV�ZDV�UHGXFHG�WR�����6LQFH� ������ WKLV� GDWD� FROOHFWLRQ� LV� JUDGXDOO\� UHSODFHG� E\� GDWD� UHSRUWHG� E\� LQGXVWU\� LQ� WKHLU� DQQXDOHQYLURQPHQWDO� UHSRUWV� �0-9V��� 7KH� 3ROOXWDQW� (PLVVLRQ� 5HJLVWHU� �3(5�� KDV� XVHG� WKHVH� UHSRUWV� VLQFH� ����� IRUPRUH� DQG�PRUH� FRPSDQLHV�� )RU� WKH� ����� 3(5�� ���� FRPSDQLHV� UHSRUWHG� WKHLU� HPLVVLRQV� LQ� WKH� IRUPDW� RI� WKHDQQXDO�HQYLURQPHQWDO�UHSRUWV��7KHVH�ZHUH�SURFHVVHG�E\�712�DQG�LQFOXGHG�LQ�WKH�(5�,�GDWDEDVH�)RU� WKH� HPLVVLRQV�RI� ����� DQG� VXEVHTXHQW� \HDUV�� WKH� DQQXDO� HQYLURQPHQWDO� UHSRUWV� DUH� FROOHFWHG� DQG�� DIWHUDSSURYDO�E\�WKH�SURYLQFHV��SURFHVVHG�DQG� LQFOXGHG� LQ�D�GDWDEDVH�E\� WKH�)DFLOLWDWLQJ�2UJDQLVDWLRQ� IRU�,QGXVWU\�)2,���)RU�WKH������3(5��D�JURXS�RI�����FRPSDQLHV�ZHUH�REOLJHG�WR�UHSRUW�WKHLU�HPLVVLRQV�LQ�WKH�IRUPDW�RI�WKHDQQXDO� HQYLURQPHQWDO� UHSRUWV� �0-9V��� $Q� DGGLWLRQDO� QXPEHU� RI� ��� FRPSDQLHV� UHSRUWHG� WKHLU� HPLVVLRQV� LQ� DYROXQWDU\�0-9��6XEVHTXHQWO\� WKLV�DGPLQLVWUDWLYH�)2,�GDWDEDVH� LV� FKHFNHG� IRU� FRQVLVWHQF\� DQG� WUDQVIRUPHG�E\712� WR�EH� LQFOXGHG� LQ� WKH�3(5��'XH� WR�SRRU�TXDOLW\�RQO\����RI� WKH� FRPSDQLHV�ZHUH� SURFHVVHG� E\�712� DQGLQFOXGHG� LQ� WKH�(5�,�GDWDEDVH��7KH�HPLVVLRQV�RI� WKH�UHPDLQLQJ�FRPSDQLHV�ZHUH�QRW� UHJLVWHUHG� LQGLYLGXDOO\�EXWZHUH�XVHG�DV�SDUW�RI�WKH�VXSSOHPHQWDU\�HVWLPDWH��UHVXOWLQJ�LQ�D�VPDOOHU�GHWDLOHG�GDWD�VHW�IRU�LQGLYLGXDO�UHJLVWHUHGFRPSDQLHV��7KH�3(5�GDWD�VHW�ZDV�H[WHQGHG�DV� LQ� IRUPHU�\HDUV�ZLWK� UHSRUWHG� LQIRUPDWLRQ�RQ� IXHO�FRQVXPSWLRQDQG�HPLVVLRQV�IURP�DOO�FRPSDQLHV�UHTXLUHG�WR�GR�VR�XQGHU�WKH�
%((6�$
�UHJXODWLRQ��ODUJH�FRPEXVWLRQ�SODQWV���,QDGGLWLRQ�712�FROOHFWHG�GDWD�IURP����LQGXVWULHV�DFFRUGLQJ�WR�WKH�
ROG
�PHWKRG��,Q�OLQH�ZLWK�WKH�\HDU������DOVR�WKHYROXQWDULO\�VXEPLWWHG�0-9V�ZHUH�LQFOXGHG�LQ�WKH�(5�,��,Q�WRWDO� WKH�LQGLYLGXDO�GDWD�VHW�KROGV�HPLVVLRQV�IRU����FRPSDQLHV�7KH�3(5������LQFOXGHV�WKH�LQGLYLGXDO�UHJLVWHUHG�HPLVVLRQV�EDVHG�RQ�WKH�0-9V�UHSRUWHG�E\�����FRPSDQLHV�$OVR�HPLVVLRQ�GDWD�IURP�D�UHJLRQDO�3(5��IURP�WKH�SURYLQFH�1RRUG�%UDEDQW��DUH�LQFOXGHG��6R�WKH�LQGLYLGXDO�GDWDVHW�KROGV�HPLVVLRQV�IRU�����FRPSDQLHV��7KLV�GDWD�VHW�ZDV�XVHG�WR�FRPSLOH�WKH�&5)�GDWD�IRU�������ILQDO�GDWD��DQGZDV�DOVR�XVHG�WR�PDNH�WKH�SUHOLPLQDU\�HVWLPDWH�IRU�WKH�&5)�GDWD�IRU������,Q������ WKH�PLQLVWU\�RI�9520� LPSURYHG� WKH� UHSRUWLQJ� IRUPDW� LQ�ZKLFK� WKH� LQGLYLGXDO� FRPSDQLHV� KDYH� WRUHSRUW�WKHLU�HPLVVLRQV��7KLV�FRPELQHG�ZLWK�WKH�DFWLRQ�WR�PDNH�WKH�IRUPDW�HOHFWURQLFDOO\�DYDLODEOH�LV�H[SHFWHG�WRLPSURYH� GDWD� TXDOLW\� IRU� WKH� HPLVVLRQ� ILJXUHV� IURP� ����� RQZDUGV�� 4XDOLW\� FRQWURO� LQ� WKLV� QHZ� V\VWHP� LV� VWLOOVXEMHFW�RI�GLVFXVVLRQ�
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�����4XDOLW\�$VVXUDQFH
4XDOLW\�$VVXUDQFH�IRU�WKH�1HWKHUODQGV
�3(5
7KH� ,QVSHFWRUDWH� RI� WKH� 0LQLVWU\� RI� 9520� FRPPLVVLRQV� 712� WR� GUDIW� D� GHWDLOHG� SODQ� IRU� WKHFRPSLODWLRQ� RI� WKH� HPLVVLRQ� LQYHQWRU\� IRU� WKH� IRUWKFRPLQJ� \HDU�� 7KLV� SURMHFW� SODQ� LQFOXGHVUHVSRQVLELOLWLHV�RI� WKH� LQYROYHG�SDUWLHV�� WKH�PHPEHUV�RI� WKH�7DVN�*URXSV�� WKH�GLYLVLRQ�RI� WDVNV�� WKHVHOHFWLRQ� RI� VXEVWDQFHV� DQG� \HDUV�� WKH� OLVW� RI� VRXUFH� FDWHJRULHV� DQG� WKH� WLPH� VFKHGXOH�� (DFK� 7DVN*URXS�KDV�WKH�WDVN�WR�GHILQH�RU�XSGDWH�D�SURWRFRO�IRU�WKH�PRQLWRULQJ�SURFHVV�RI�WKHLU�VSHFLILF�7DUJHW*URXS��7KLV�SURWRFRO�FRYHUV�WKH�GDWD�FROOHFWLRQ��YDOLGDWLRQ��GDWD�VWRUDJH��GDWD�PDQDJHPHQW�DQG�GDWDGLVVHPLQDWLRQ�DQG�LV�GRFXPHQWHG�LQ�D�UHSRUW�DQG�D�PHWD�LQIRUPDWLRQ�VKHHW��$W�WKH�HQG�RI�WKH�SURMHFW�WKH� 3(5� 3URMHFW� *URXS� UHSRUWV� WKH� QHFHVVDU\� LPSURYHPHQWV� LGHQWLILHG� IRU� QH[W� \HDU
V� HPLVVLRQLQYHQWRU\�XSGDWH�,Q������WKH�TXDOLW\�DVVXUDQFH�V\VWHP�,62������KDV�EHHQ�LQWURGXFHG�WR�DVFHUWDLQ�WKH�TXDOLW\�RI�WKHPRQLWRULQJ�SURFHVV�UHODWHG�WR�WKH�3(5��$OO�SURFHGXUDO�DFWLYLWLHV�E\�WKH�,QVSHFWRUDWH��712�DQG�5,90DUH�VXEMHFW�WR�WKLV�TXDOLW\�FRQWURO�DV�ZHOO�DV�WKH�PDLQWHQDQFH�RI�WKH�3(5�GDWDEDVH�E\�5,90��+RZHYHU�WKH�DFWLYLWLHV�RI�DFWXDO�GDWD�FROOHFWLRQ�DQG�HPLVVLRQ�FDOFXODWLRQ�E\�WKH�7DVN�*URXSV�DUH�QRW�\HW�SDUW�RIWKH�IRUPDO�,62�TXDOLW\�DVVXUDQFH�SURJUDP�
4XDOLW\�RI�$QQXDO�(QYLURQPHQWDO�5HSRUWV��0-9V�
$V�SUHVHQWHG�LQ�)LJXUH�����DQG�%R[����� WKH�$QQXDO�(QYLURQPHQWDO�5HSRUWV� �LQ�'XWFK�� 
0-9V
��KROGWKH� GDWD� IRU� WKH� ODUJH� FRPSDQLHV� WKDW� DUH� LQSXW� IRU� WKH� 3(5�� 7KH� ����� 0-9V� ZHUH� DQDO\VHG� WRHVWDEOLVK�WKH�TXDOLW\�RI�WKH�GDWD��DV�LW�ZDV�WKH�ILUVW�WLPH�WKDW�WKH�ODUJH�FRPSDQLHV�E\�YLUWXH�RI�VWDWXWRU\REOLJDWLRQ�SUHSDUHG�WKLV�UHSRUW�WKHPVHOYHV��$QDO\VLV�RQ�WKHVH�0-9V�DQG�D�WUHQG�DQDO\VLV�RQ�HPLVVLRQGDWD� ����� DQG� ����� IRU� ���� FRPSDQLHV� UHVXOWHG� LQ� GRXEWV� DERXW� WKH� TXDOLW\�� )RU� H[DPSOH� &2�HPLVVLRQV�UHGXFHG�IURP������WR������IRU�WKHVH�����FRPSDQLHV�E\������$GGLWLRQDO�LQ�GHSWK�UHVHDUFKRQ ���0-9V�ZDV�FRQGXFWHG��6RPH�GLIIHUHQFHV�EHWZHHQ������DQG������GDWD�FRXOG�EH�WUDFHG�EDFN�WRFKDQJHV� LQ� SURGXFWLRQ� RI� HQHUJ\� XVH�� WR� WHFKQLFDO� LPSURYHPHQWV�� SURGXFWLRQ� GLVWXUEDQFH� DQGLPSURYHG�PHDVXUHPHQWV��$OVR�PLVWDNHV�LQ�XQLWV��FDOFXODWLRQV�HWF��VKRZHG��2YHUDOO�WKH�LPSURYHG�GDWDIRU�WKHVH�FRPSDQLHV�UHVXOW�LQ�D�QHZ�ILJXUH�IRU�&2� HPLVVLRQV��7KH�&2� UHGXFWLRQ�ZDV�QRW������EXW�� �+HVOLQJD������D��$V� PHQWLRQHG� LQ� 6HFWLRQ� ����� WKH� &5)� ILOHV� QRZ� DOVR� LQFOXGH� VHFWRUDO� EDFNJURXQG� GDWD� �L�H�HPLVVLRQV� SHU� IXHO� W\SH�� IRU� �$� )XHO� FRPEXVWLRQ� LQFOXGLQJ� �$��� (QHUJ\� ,QGXVWULHV� DQG� �$��
0DQXIDFWXULQJ� ,QGXVWULHV� IRU� WKH� \HDUV� ����� DQG� ����������� � +RZHYHU�� LQ� FDVHV� ZKHUH� &2� DQGUHODWHG�IRVVLO�IXHO�FRQVXPSWLRQ�ZHUH�QRW�UHSRUWHG�SHU�IXHO�W\SH�E\�LQGLYLGXDO�FRPSDQLHV�RU�ZKHQ�WKH\GLG�QRW�SURSHUO\�PDWFK��IXHO�FRQVXPSWLRQ�DQG�&2� HPLVVLRQV�KDYH�EHHQ�DOORFDWHG�LQ�WKH�&5)�6HFWRUDO%DFNJURXQG�7DEOHV�XQGHU� 
2WKHU�IXHOV
� 7KLV�IUDFWLRQ�RI�QDWLRQDO�WRWDO�&2� HPLVVLRQV�LQFUHDVHV�IURPDERXW�����RI�IRVVLO�IXHO�UHODWHG�HPLVVLRQV�LQ������WR�����LQ�����������DQG�WR�����LQ�������L�H��WKLVSHUFHQWDJH�RI�QDWLRQDO�&2� HPLVVLRQV�FRXOG�QRW�EH�DOORFDWHG�WR�D�VSHFLILF�IXHO�W\SH�LQ�HLWKHU�DQ�HQHUJ\RU PDQXIDFWXULQJ� LQGXVWU\� VHFWRU�� ,Q� RWKHU� ZRUGV�� GXH� WR� OLPLWHG� GDWD� TXDOLW\� DQG� FRPSOHWHQHVV� RISRLQW�VRXUFH�GDWD��DERXW����WR�����RI�QDWLRQDO�&2� HPLVVLRQV�IURP�IRVVLO�IXHO�FRQVXPSWLRQ�FRXOG�QRWEH�UHSRUWHG�DV�JDV��RLO�RU�FRDO��EXW�KDV�EHHQ� LQFOXGHG�XQGHU� 
2WKHU� IXHOV
� IRU�ZKLFK�QR�FRUUHFW�DQGPHDQLQJIXO�VR�FDOOHG�
,PSOLHG�(PLVVLRQ�)DFWRUV
�FRXOG�EH�SURYLGHG�LQ�WKH�&5)��7KLV�SULPDULO\�UHIHUVWR�WKUHH�JURXSV�RI�HFRQRPLF�VHFWRUV��WKDW�DFFRXQW�IRU�DOPRVW�DOO�RI�WKH�XQVSHFLILHG�HPLVVLRQV�LQ������HDFK� FRQWULEXWLQJ� DERXW� RQH�WKLUG�� �D�� UHILQHULHV� DQG� LURQ� DQG� VWHHO� SURGXFWLRQ�� RI� ZKLFK� DOO� &2�HPLVVLRQV�LQ������FRXOG�QRW���RU�QRW�SURSHUO\���DVVRFLDWHG�ZLWK�UHSRUWHG�IRVVLO�IXHO�FRQVXPSWLRQ���E�SXEOLF�HOHFWULFLW\�SURGXFWLRQ��DQG��F��WKH�FKHPLFDO�LQGXVWU\��:H�UHIHU�WR�6HFWLRQV�������DQG�������IRUPRUH�GHWDLOV�$OVR� DQ� LQYHVWLJDWLRQ� KDV� EHHQ� PDGH� RI� WKH� TXDOLW\� RI� 0-9V� VXEPLWWHG� RQ� ����� HPLVVLRQV�+HVOLQJD������E���,Q�WKH�0-9�WKH�HQHUJ\�LQSXW��VSHFLILHG�E\�HQHUJ\�VRXUFHV��VKRXOG�EH�UHSRUWHG��,WZDV� FRQFOXGHG� WKDW� RQO\� IRU� ���� WKLV� GHWDLO� LQIRUPDWLRQ� FRXOG� EH� XVHG�� $QG� WKLV� LQIRUPDWLRQ� LVHVVHQWLDO�DV�DFWLYLW\�GDWD�DV�ZHOO�DV�IRU�WKH�FDOFXODWLRQ�RI�*+*�HPLVVLRQV��,Q�WKH�0-9V�LQ�WRWDO����7J&2� HPLVVLRQV�LV�UHSRUWHG��,Q�WKH�TXDOLW\�UHVHDUFK�LW�ZDV�FRQFOXGHG�WKDW�WKH�HQHUJ\�LQSXW�FRXOG�QRW�EH
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YHULILHG�IRU�����FRPSDQLHV��UHVSRQVLEOH�IRU����7J�&2�� 7KLV�LV�DOVR�WKH�VLWXDWLRQ�IRU�12[� ���*J�RXWRI D�WRWDO�RI����*J��7KHVH�UHPDUNV�IRU������DQG������GR�QRW�PHDQ�WR�VD\�WKDW�WKHVH�GDWD�DUH�ZURQJ�EXW� UDWKHU� LW� PHDQV� WKDW� UHSRUWHG� HPLVVLRQV� FRXOG� QRW� EH� FURVV�FKHFNHG� ZLWK� XQGHUO\LQJ� IXHOFRQVXPSWLRQ�GDWD�DW�FRPSDQ\�OHYHO�7KH� ,QVSHFWRUDWH� RI� WKH�0LQLVWU\� RI�9520� VWDUWHG� LPSURYHPHQW� DFWLRQV�� ,Q� ����� WKH� VHYHUDOUHSRUWLQJ�IRUPDWV�IRU�WKH�0-9�LV�UHGXFHG�WR�RQH�IRUPDW��ZKLFK�KDV�WR�EH�XVHG�IRU�WKH�0-9�������,QWKLV� IRUPDW� WKH� FRPSDQLHV� KDV� WR� UHSRUW� IRU� VHYHUDO� SURFHVVHV�� 7KLV� FODVVLILFDWLRQ� RI� WKH� SURFHVVHVPDNHV�WKH�GLIIHUHQFHV�EHWZHHQ�IXHO�FRPEXVWLRQ�DQG�QRQ�FRPEXVWLRQ�HPLVVLRQV�PRUH�WUDQVSDUHQW��7KH0LQLVWU\�RI�9520�ZLOO�DQQXDOO\�UHSRUW�WKH�SURJUHVV�LQ�WKLV�LPSURYHPHQW�SODQ��9520��������
'RFXPHQWDWLRQ�RI�PHWKRGRORJLHV�XVHG�LQ�WKH�3(5
,Q�WKH�FRXUVH�RI�WLPH��WKH�PHWKRGRORJ\�IRU�FDOFXODWLQJ�HPLVVLRQV�WR�DLU�DQG�ZDWHU�LQ�WKH�1HWKHUODQGV
(PLVVLRQ�5HJLVWUDWLRQ�KDV�GHVFULEHG�LQ�D�QXPEHU�RI�UHSRUWV�� JHQHUDO�PHWKRGRORJLHV�DQG�GDWD�LQ�9DQ�GHU�0RVW�HW�DO���������>LQ�'XWFK@�� WKH�PHWKRGRORJ\�IRU�FDOFXODWLQJ�JUHHQKRXVH�JDV�HPLVVLRQV�LV�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�6SDNPDQ

HW�DO���������>LQ�'XWFK@�� VSHFLILF� FKDQJHV� LQ�PHWKRGV� RI� GDWDVHWV� DUH� GHVFULEHG� LQ� WKH� DQQXDO� UHSRUWV� RQ� (PLVVLRQV� DQG:DVWH��H�J��9DQ�+DUPHOHQ�HW�DO���������>LQ�'XWFK@��7KHVH�UHSRUWV�DOVR�VXPPDULVH�WKH�TXDOLW\�RIQDWLRQDO� WRWDO� HPLVVLRQV� RI� VHYHUDO� FRPSRXQGV� E\� D� TXDOLWDWLYH� FODVVLILFDWLRQ� EDVHG� RQ� H[SHUWMXGJHPHQW�LQ�WHUPV�RI�VKDUHV�RI�TXDOLW\�FODVVHV�$�WR�(�LQ�FRQIRUPLW\�ZLWK�(0(3�&25,1$,5�DQG(3$�PHWKRGV��$�VXPPDU\�RI�WKHVH�UHSRUWV�LV�DOVR�SXEOLVKHG�LQ�(QJOLVK��H�J��9DQ�+DUPHOHQ�HW�DO��������� D VHW�RI�VRXUFH�FDWHJRU\�UHSRUWV�GRFXPHQWLQJ�RU�VXPPDULVLQJ�WKH�PHWKRGRORJ\�XVHG�E\�WKH�7DVN*URXSV�LV�LQ�SUHSDUDWLRQ��VR�FDOOHG�PHWD�GDWD�ILOHV���712��������)LQDOO\�� VLQFH� ����� FKDQJHV� LQ�PHWKRGRORJLHV�� GHYLDWLQJ� VRXUFH� GHILQLWLRQV� DQG� FKDQJHV� LQ� VRXUFHDOORFDWLRQV� LQ� JUHHQKRXVH� JDV� HPLVVLRQV� DUH� UHSRUWHG� LQ� WKH� DQQXDO� 1DWLRQDO� ,QYHQWRU\� 5HSRUWV� RQJUHHQKRXVH�JDV� HPLVVLRQV� LQ� WKH�1HWKHUODQGV�SUHSDUHG�FRRUGLQDWHG�E\�5,90� IRU� VXEPLVVLRQ� WR� WKH81)&&&�DQG�WKH�(8�*UHHQKRXVH�*DV�0RQLWRULQJ�0HFKDQLVP�
4$�4&�V\VWHP�IRU�WKH�1,5�&5)�SURFHVV
,Q������WKH�:RUNLQJ�*URXS�(PLVVLRQ�0RQLWRULQJ�RI�*UHHQKRXVH�*DVHV��:(%��VWDUWHG�D� WZR�SKDVHSURMHFW��WR�GHYHORS�D�4$�4&�V\VWHP�IRU�WKH�'XWFK�1,5�&5)�SURFHVV�ZKLFK�LV�LQ�OLQH�ZLWK�WKH�4$�4&JXLGHOLQHV�IURP�WKH�81)&&&�DQG�WKH�,3&&��7KH�ILUVW�SKDVH�HYDOXDWHG�H[LVWLQJ�SUDFWLFHV��WKH�VHFRQGSKDVH� LV�GLUHFWHG� WR�GHYHORS�DQG� LPSOHPHQW� WKH�4$�4&�V\VWHP� LWVHOI� DQG�ZLOO� VWDUW� LQ�������6HYHQDVSHFWV�RI�H[LVWLQJ�SUDFWLFH�ZHUH�UHYLHZHG��'+9����������D��LQYHQWRU\�DJHQW�� ��E��4$�4&�SODQ�DQGUHSRUW���F��JHQHUDO�4&�SURFHGXUHV��7LHU������G��VRXUFH�FDWHJRU\�VSHFLILF�4&�SURFHGXUHV��7LHU������H�4$�SURFHGXUHV���I��YHULILFDWLRQ��DQG��J��GRFXPHQWDWLRQ��DUFKLYLQJ�DQG�UHSRUWLQJ��)URP�WKH�RYHUYLHZRI WKH� JHQHUDO� SURFHVV� DQG� WKH� JDS� DQDO\VHV� FRQFOXVLRQV� ZHUH� GUDZQ� DQG� UHFRPPHQGDWLRQV� ZHUHIRUPXODWHG�� 7KH� PDLQ� FRQFOXVLRQ� IURP� SKDVH� �� LV� WKDW� LQ� JHQHUDO� WKH� WUDQVSDUHQF\� RI� WKH� 'XWFKV\VWHP��WKH�FRQVLVWHQF\�DQG�FRPSDUDELOLW\�RI�WKH�HPLVVLRQ�GDWD�FRXOG�EH�LPSURYHG��7KH�FRPSOHWHQHVVDQG�FRPSDUDELOLW\��L�H��GDWD�DUH�XQELDVHG�DQG�D�WUXH�UHIOHFWLRQ�RI�QDWLRQDO�HPLVVLRQV��DUH�LQ�FRQIRUPLW\ZLWK�81)&&&�JXLGHOLQHV��'+9��������
3URWRFROV�IRU�&2� DQG�QRQ�&2� JUHHQKRXVH�JDV�HPLVVLRQV
,Q������D�SURMHFW�ZDV�VWDUWHG� WR�GHYHORS�VSHFLILF�PRQLWRULQJ�SURWRFROV� IRU� WKH�QRQ�&2� JUHHQKRXVHJDV� HPLVVLRQV� LQ� WKH�1HWKHUODQGV��ZKLFK� LV� FR�RUGLQDWHG� E\�1RYHP��:LWK� NH\� ILUPV�� RUJDQLVDWLRQVLQYROYHG� LQ� WKH�3(5�SURFHVV�DQG�RWKHU� UHVHDUFK� LQVWLWXWHV�D�GLVFXVVLRQ�ZDV�VWDUWHG� WR�GRFXPHQW� WKHPHWKRGV�XVHG��WKH�ZLOOLQJQHVV�WR�SURYLGH��FRQILGHQWLDO��GDWD��DQG�WR�FKDQJH�PHWKRGV�WR�EULQJ�WKHVH�LQOLQH�ZLWK�WKH�,3&&�*RRG�3UDFWLFH�JXLGHOLQHV��)RU�IRXU��NH\��VRXUFHV�WKH�ILUVW�SKDVH�ILQLVKHG�LQ�����ZLWK�GUDIW�SURWRFROV��1�2 UHODWHG�WR�QLWULF�DFLG�SURGXFWLRQ��+)&����UHODWHG�WR�+&)&����SURGXFWLRQ�&+� UHODWHG�WR�ODQGILOOV��DQG�6)� IRU�WKH�KLJK�YROWDJH�VZLWFKJHDU��*,6��PDQXIDFWXUHU�DQG�*,6�XVHUV��,Q
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WKH�VHFRQG�SKDVH�� WKHVH�GUDIW�SURWRFROV�ZLOO�EH�GLVFXVVHG�ZLWK� WKH�(5�7DVN�*URXSV�DQG��XOWLPDWHO\�DSSURYHG�E\� WKH�&&'0��7KH�DLP� LV� WR� LQFRUSRUDWH� WKHVH�SURWRFROV� LQ� WKH�3(5�SURFHVV�E\������� ,Q�����DOVR�D�VWDUW�ZDV�PDGH�ZLWK�GHYHORSLQJ�SURWRFROV�IRU�&2� HPLVVLRQV�
'RFXPHQWDWLRQ�RI�FRPSOHWLQJ�&5)�ILOHV
7KH�3(5�GDWDEDVH�GRHV�QRW�KROG�DOO�LQIRUPDWLRQ�QHFHVVDU\�WR�ILOO�WKH�&5)�ILOHV��,Q�JHQHUDO�DGGLWLRQDOGDWD�DUH�QHHGHG�IRU�IRXU�JURXSV�� GDWD�IRU�WKH�,3&&�5HIHUHQFH�$SSURDFK�IRU�&2���IURP�IXHO�FRPEXVWLRQ�� UHFDOFXODWLRQV� �DQG� DGGLWLRQDO� GDWD�� IRU� WKH� \HDUV� ����������� ����������� ZKLFK� ZHUH� QRWFRQVLGHUHG�LQ�WKH�LQYHQWRU\�XSGDWH�SURMHFW�LQ������� GRFXPHQWDWLRQ� RQ� UHFDOFXODWLRQV� DV� GHVFULEHG� LQ� WKH� 81)&&&� JXLGHOLQHV� DQG� WKH� ,3&&�*RRG3UDFWLFH�UHSRUW��UHVSHFWLYHO\�� DGGLWLRQDO�DFWLYLW\�GDWD�IRU�WKH�DJULFXOWXUDO�VHFWRU��IRU�WKH�ZDVWH�VHFWRU�DQG�IRU�IXHO�FRPEXVWLRQ�� GDWD�UHODWHG�WR�/DQG�8VH�&KDQJH�DQG�)RUHVWU\��VLQNV��&KDQJHV�LQ�WKH�GDWD�DUH�UHSRUWHG�LQ�WKH�&5)�5HFDOFXODWLRQ�7DEOHV��D�E��VHH�$QQH[�������7KH�DFWLYLWLHVDQG�GDWD� VRXUFHV� WR� FRPSOHWH� WKH�&5)� ILOHV� KDYH� EHHQ� GRFXPHQWHG� LQ�'XWFK� LQ�&RHQHQ� HQ�2OLYLHU�������

�����4XDOLW\�&RQWURO
7KH� 4XDOLW\� &RQWURO� �4&�� DFWLYLWLHV� RI� WKH� 'XWFK� (PLVVLRQ� ,QYHQWRU\� FDQ� EH� GLYLGHG� LQ� VHYHUDOSKDVHV�� 4&�E\�(5�7DVN�*URXSV�EHIRUH�GDWD�GHOLYHU\�WR�712� 4&�E\�712� 4&�E\�(5�7DVN�*URXSV�EHIRUH�WKH�WUHQG�YHULILFDWLRQ�ZRUNVKRS� 4&�E\�(5�7DVN�*URXSV�DQG�7DUJHW�*URXS�FR�RUGLQDWRUV�RI�5,90�DW�WKH�ZRUNVKRS� 4&�IRU�WKH�,3&&�VXPPDU\�WDEOHV�LQFOXGHG�LQ�WKH�DQQXDO�µ(PLVVLRQ�0RQLWRU¶�
9HULILFDWLRQ�E\�(5�7DVN�*URXSV�DQG�712�GXULQJ�WKH�SUHSDUDWLRQ�RI�WKH�QHZ�LQYHQWRU\
7KH�GDWD�GHOLYHULHV�DQG�IHHGEDFN�WR�WKH�7DVN�*URXSV�LV�SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK�WKH�SURFHGXUH³'DWD�KDQGOLQJ�DQG�SUHVHQWDWLRQ´�IURP�WKH�TXDOLW\�DVVXUDQFH�V\VWHP�RI�WKH�'XWFK�(PLVVLRQ�,QYHQWRU\6\VWHP��7KH�7DVN�*URXSV�ILOOHG�D�VWDQGDUG�IRUPDW�VSUHDGVKHHW�GHOLYHUHG�E\�712�ZLWK�HPLVVLRQ�GDWDIRU� ������ ����� DQG� ����� DQG� IRU� WKH� \HDUV� ����� DQG� ������ 7KH� HPLVVLRQ� ILOH� LV� FKHFNHG� E\� WKHFKDLUPHQ�RI�WKH�7DVN�*URXSV�DQG�WKHQ�VHQW�WR�712��712�SHUIRUPHG�4&�DFWLYLWLHV�VXFK�DV�FKHFNV�RQFRPSOHWHQHVV��FRQVLVWHQF\�DQG�IRUPDWV��7KH��FRUUHFWHG��GDWD�ZDV�SURFHVVHG�WR�D�FRPSUHKHQVLYH�GUDIWGDWD� ILOH��7KH�UHOHYDQW�HPLVVLRQV� LQ� WKH�GUDIW�GDWD� ILOH�DUH� VHQW�EDFN� WR� WKH�7DVN�*URXSV� LQ�RUGHU� WRFKHFN�WKH�GDWD�KDQGOLQJ�RI�712��2EVHUYHG�HUURUV�DQG�LQIRUPDWLRQ�DERXW�KRZ�WKH�TXDOLW\�FRQWUROV�DUHSHUIRUPHG�E\� WKH�7DVN�*URXSV� DUH� UHSRUWHG� WR�712��$IWHU� FRUUHFWLRQV�PDGH� LQ� WKH� GUDIW� GDWD� ILOH�712�VHQW�WKH�QHZ�ILOH�WR�WKH�FKDLUPHQ�RI�WKH�7DVN�*URXSV�,Q�-XO\������D�ZRUNVKRS�ZDV�KHOG� IRU� WUHQG�DQDO\VLV�RI�HPLVVLRQV� WR�DLU�� ,Q�DGYDQFH�� WKH�7DVN*URXSV�FRPSDUHG� WKH� HPLVVLRQV� LQ� WKH�QHZ�GUDIW� GDWD� ILOH� IRU� HDFK� VRXUFH� FDWHJRU\�ZLWK� HPLVVLRQVSUHYLRXVO\� SURYLGHG� IURP� WKH� VDPH� VRXUFH� FDWHJRU\� DQG� FKHFNHG� IRU� FRQVLVWHQF\� LQ� WKHDOJRULWKP�PHWKRG� XVHG� IRU� FDOFXODWLRQV� WKURXJKRXW� WKH� WLPH� VHULHV�� 7KH� 7DVN� *URXSV� SHUIRUPHGFKHFNV� IRU�� DPRQJVW� RWKHUV�� WKH� JUHHQKRXVH� JDVHV� FDUERQ� GLR[LGH�� PHWKDQH� DQG� QLWURXV� R[LGHHPLVVLRQV�IURP�DOO�VHFWRUV�IRU�WKH�\HDUV������������������������DQG�������)LUVWO\�� WKH�WRWDOV�IRU�WKHVHFWRUV� ZHUH� FRPSDUHG�ZLWK� ODVW� \HDU
V� GDWDVHW��:KHQ� VLJQLILFDQW� GLIIHUHQFHV�ZHUH� IRXQG� WKH� 7DVN*URXSV�ORRNHG�DW�WKH�HPLVVLRQ�GDWD�LQ�PRUH�GHWDLO��7KH�UHVXOWV�RI�WKHVH�FKHFNV�ZHUH�GLVFXVVHG�DW�WKHZRUNVKRS��7KH�SURSRVHG�FKDQJHV�KDYH�EHHQ�VHQW�WR�WKH�FKDLUPHQ�RI�WKH�7DVN�*URXSV�DQG�WKHQ�VLJQHGDV� FRUUHFW��7KH�QHZ�HPLVVLRQ� VSUHDGVKHHW�ZDV� WKHQ� VHQW� WR�712��ZKLFK�SURFHVVHG� WKH� VHFRQG�GDWD
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GHOLYHU\�LQWR�D�QHZ�FRPSUHKHQVLYH�GDWD�ILOH��7KH�FKDLUPHQ�DSSURYHG�WKH�QHZ�GDWD�ILOH�DQG�WKHQ� WKHHPLVVLRQ�GDWD�ZHUH�UHOHDVHG�E\�712�WR�WKH�SDUWLFLSDWLQJ�DJHQFLHV�712�PDGH� WLPH�VHULHV�RI�HPLVVLRQV�SHU� VXEVWDQFH� IRU� WKH� LQGLYLGXDO�7DUJHW�*URXSV��7KH�7DVN*URXS�PHPEHUV��WKH�FKDLUPDQ�RI�WKH�7DVN�*URXS�DQG�WKH�FR�RUGLQDWRU�RI�WKH�7DUJHW�*URXS�H[DPLQHGWKHVH� WLPH�VHULHV��5HPDUNDEOH� WUHQG� FKDQJHV� DUH� QRWHG� DQG� GLVFXVVHG� DW� WKH�ZRUNVKRS�� ,I� WKH�7DVN*URXS�PHPEHUV�FRXOG�H[SODLQ�D�ODUJH�FKDQJH�LQ�WKH�WUHQG��LW�ZDV�UHPRYHG�IURP�WKH�OLVW��,QH[SOLFDEOHWUHQG� FKDQJHV� DUH� VWXGLHG� LQ�PRUH� GHWDLO� DW� HPLVVLRQ� VRXUFH� OHYHO� DIWHU� WKH� ZRUNVKRS�� ,Q� WKH� GD\VGLUHFWO\� DIWHU� WKH� ZRUNVKRS� WKH� UHVXOWV� DUH� VHQG� E\� PDLO� EHWZHHQ� WKH� LQVWLWXWHV�� 3RLQWV� RI� VSHFLDOLQWHUHVW�FRQFHUQLQJ�FRPEXVWLRQ�HPLVVLRQV�KDYH�EHHQ�GLVFXVVHG�ZLWK�WKH�FKDLUPDQ�RI�WKH�7DVN�*URXS�,Q�VRPH�FDVHV�WKH�GLIIHUHQFHV�FRXOG�EH�H[SODLQHG�RU�WKH�HPLVVLRQ�ILJXUHV�DUH�FRUUHFWHG�DQG�VHQG�WR�WKHFKDLUPHQ�RI�WKH�7DVN�*URXSV��)LQDOO\�� WKH�7DVN�*URXSV�PDGH�D� OLVW�RI� UHFRPPHQGHG� LPSURYHPHQWVIRU�QH[W�\HDU
V�LQYHQWRU\�FRPSLODWLRQ�
%R[������5HVXOWV�RI�WKH�WUHQG�YHULILFDWLRQ�ZRUNVKRS
)RUW\�DFWLRQV�ZHUH�IRUPXODWHG�DQG�GLVFXVVHG�DW� WKH�ZRUNVKRS��7KRVH�UHOHYDQW� IRU�JUHHQKRXVH�JDVHV�DUH� OLVWHG
EHORZ�
7DVN�*URXS�(QHUJ\��,QGXVWU\�DQG�:DVWH�+DQGOLQJ�
� $FWLRQ�712��&%6��FRUUHFWLRQ�RI�JDVHRXV�DQG�OLTXLG�IXHO�ILJXUHV�LQ�WKH�LQGXVWU\�VHFWRU�
� $FWLRQ�5,90��FKHFN�FDUERQ�GLR[LGH�HPLVVLRQV�RI�PHWDO�LQGXVWU\��VLQFH�WKHVH�PD\�FRQWDLQ�GRXEOH�FRXQWLQJ�
7DVN�*URXS�5HVLGHQWLDO��&RPPHUFLDO�DQG�&RQVWUXFWLRQ�VHFWRUV�
� $FWLRQ�712��5,90��FKHFN�1092&��1+� DQG�30���HPLVVLRQV�RI�UHVLGHQWLDO�VHFWRU��WKHVH�PD\�FRQWDLQGRXEOLQJV�RU�HUURUV�
7DVN�*URXS�7UDIILF�DQG�7UDQVSRUW�
� $FWLRQ�&%6��5,90��FKHFN�JUHHQKRXVH�JDV�HPLVVLRQV��WKHVH�PD\�FRQWDLQ�GRXEOLQJV�
7DVN�*URXS�$JULFXOWXUH�
� $FWLRQ�712��QR�SUREOHPV�REVHUYHG�RQ�JUHHQKRXVH�JDVHV�
$OO�7DVN�*URXSV�
�$FWLRQ��PHWKRGRORJLFDO�FKDQJHV�PXVW�EH�GRFXPHQWHG�LQ�PHWD�LQIRUPDWLRQ�GRFXPHQWV�DQG�VHQW�WR�712�

9HULILFDWLRQ�DW�,3&&�VRXUFH�FDWHJRU\�OHYHO�DIWHU�ILQDOLVLQJ�WKH�QHZ�LQYHQWRU\
7KH� DQQXDOO\� SXEOLVKHG� QDWLRQDO� HPLVVLRQV� UHSRUW� �9DQ�+DUPHOHQ� HW� DO��� ������ FRQWDLQV� WKH� ,3&&6XPPDU\�7DEOHV��$�IRU�WKH�ODVW� WKUHH�\HDUV��7KXV��VXEVHTXHQWO\�WKH�HPLVVLRQV�IRU� WKHVH�\HDUV�ZHUHDJJUHJDWHG�LQ�WKH�IRUPDW�RI�,3&&�6XPPDU\�7DEOH��$��$�GLVWLQFW�GLIIHUHQFH�ZLWK�WKH�QDWLRQDO�VHFWRUDOUHSRUWLQJ� LV� WKDW� IRU� LQWHUQDWLRQDO� UHSRUWLQJ� DFFRUGLQJ� WR� WKH� ,3&&� IRUPDW� WKH� VHFWRUDO� HPLVVLRQVRXUFHV� RI� PRVW� VR�FDOOHG� 7DUJHW� *URXSV� DUH� VSOLW� LQWR� IXHO� FRPEXVWLRQ� DQG� QRQ�FRPEXVWLRQHPLVVLRQV��7KHUHIRUH��WKH�GDWD�ZHUH�FKHFNHG�DW�WKH�UHSRUWLQJ�IRUPDW�OHYHO�IRU�RXWOLHUV�LQ�WZR�ZD\V���D�WKH�OHYHOV�IRU������DQG������ZHUH�FRPSDUHG�ZLWK�WKH�WDEOH�SXEOLVKHG�ODVW�\HDU���E��DQQXDO�WUHQGV�IRU������DQG�����������KDYH�EHHQ�FDOFXODWHG�DV�SHUFHQWDJHV�7KH�1,5�FR�RUGLQDWRU�VXPPDULVHG�REVHUYHG�UHODWLYHO\�ODUJH�GLIIHUHQFHV�DQG�FRQWDFWV�WKH�UHOHYDQWVHFWRUDO�H[SHUW�RI�5,90�LQ�WKH�7DVN�*URXSV�WR�FKHFN�WKH�FRUUHFWQHVV�RI�WKH�VRXUFH�DOORFDWLRQ�DQG�WKHSODXVLELOLW\�RI�WKH�GLIIHUHQFH�IRU�DOO�IODJJHG�LWHPV��7KLV�UHVXOWV�LQ�D�FRQILUPDWLRQ�RU�FRUUHFWLRQ��H�J��RIWKH� ,3&&� VRXUFH� DOORFDWLRQ�� DQG� LQ� H[SODQDWLRQV� LQ� WHUPV� RI� HLWKHU� D� GHOLEHUDWH� UHFDOFXODWLRQ� RU� DSUREDEOH�FDXVH� LQ�FDVH�RI� ODUJH�DQQXDO�FKDQJHV��7KLV�KDV�EHHQ�GRQH� IRU� WKH�JUHHQKRXVH�JDVHV�&2��&+� DQG�1�2 DV�ZHOO�DV�IRU�WKH�IRXU�SUHFXUVRU�JDVHV�)LQDOO\��LQ�SUHSDULQJ�WKH�&5)�GDWDVHW��VLPLODU�WUHQG�DQG�OHYHO�FKHFNV�RI�RXWOLHUV�ZHUH�FDUULHG�RXWDW�D�PRUH�GHWDLOHG�OHYHO�RI�WKH�VXE�VRXUFHV�RI�DOO�VHFWRUDO�EDFNJURXQG�WDEOHV�� DQQXDO�FKDQJHV�LQ�HPLVVLRQV�RI�WKH�VL[�JUHHQKRXVH�JDVHV�� DQQXDO�FKDQJHV�LQ�DFWLYLW\�GDWD�� DQQXDO�FKDQJHV�LQ�LPSOLHG�HPLVVLRQ�IDFWRUV�RI�&2�� &+� DQG�1�2�� OHYHO�YDOXHV�RI�LPSOLHG�HPLVVLRQ�IDFWRUV��LQ�SDUWLFXODU�RI�&2� IURP�FRPEXVWLRQ�
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7KH�DJHQF\�UHVSRQVLEOH�IRU�WKH�GDWD�HQWU\�FKHFNV�DOO�IODJJHG�LWHPV�IRU�FRUUHFWQHVV�RI�WKH�ILJXUHV�DQGWKH�SODXVLELOLW\�RI�WKH�GLIIHUHQFH��$JDLQ��UHPDLQLQJ�IODJJHG�LWHPV�DUH�FRPPXQLFDWHG�ZLWK�WKH�UHOHYDQWVHFWRUDO�H[SHUW�RI�5,90� LQ� WKH�(5�7DVN�*URXSV� WR� H[SODLQ� WKH�PDUNHG� LWHPV��7KH�H[SODQDWLRQV�RIERWK� FKHFNV� DUH� XVHG� WR� GRFXPHQW� WKH� GLIIHUHQFHV� ZLWK� WKH� SUHYLRXV� UHOHDVH� RI� WKH� &5)� LQ� WKHUHFDOFXODWLRQ� WDEOHV� DQG� WR� H[SODLQ� XQXVXDO� WUHQGV� LQ� WKH� 1,5�� 6LQFH� ����� WKHVH� DFWLYLWLHV� DUHGRFXPHQWHG��VHH��H�J���&RHQHQ�DQG�2OLYLHU��������

�����5HVSRQVH�WR�WKH�LVVXHV�UDLVHG�LQ�UHYLHZV
�������81)&&&�UHYLHZV
$W�SUHVHQW�WKH�1HWKHUODQGV�JUHHQKRXVH�JDV�LQYHQWRU\�ZHUH�VXEMHFWHG�WR�WKH�IROORZLQJ�UHYLHZV�E\�WKH&OLPDWH�6HFUHWDULDW���D��'HVN�5HYLHZ�DQG�&HQWUDOLVHG�5HYLHZ�RI�WKH�1,5��������E��&RXQWU\�VHFWLRQ�RI6\QWKHVLV�	�$VVHVVPHQW�UHSRUW�RQ� WKH�1,5������� ,Q�JHQHUDO� WKH� ILQGLQJV�RI� WKH�GLIIHUHQW�81)&&&UHYLHZV� DUH� ZHOO� REVHUYHG� DQG� GHVFULEHG�� 7KH� 1HWKHUODQGV� UHVSRQVH� WR� WKH� JHQHUDO� UHPDUNV� LV� DVIROORZV�� ,QFRQVLVWHQF\�LQ�WLPH�VHULHV6RPH�RI�WKH�DSSDUHQW�LQFRQVLVWHQFLHV�LQ�WLPH�VHULHV�DUH�GXH�WR��D��OLPLWHG�UHFDOFXODWLRQV��RQO\�IRU�����������DQG�WKH�ODVW�WKUHH�\HDUV��GXH�WR�WKH�OLPLWDWLRQ�LQ�WKH�DQQXDO�3(5�SURMHFW�RI�WKH�\HDUVFRQVLGHUHG� LQ� WKH� XSGDWH�� DQG� �E�� WR� GLIIHUHQW� VRXUFH� DOORFDWLRQV� XVHG� IRU� GLIIHUHQW� \HDUV� �LQSDUWLFXODU�����������DQG������������GXH�WR�D�GLIIHUHQW�QDWLRQDO�VRXUFH�FRGLQJ�V\VWHP�IRU�WKHVH\HDUV��7KHUHIRUH��ZLWK�WKH�FXUUHQW�3(5�SUDFWLFHV��FRQVLVWHQF\�RYHU�WKH�FRPSOHWH�WLPH�SHULRG�FDQQRW� EH� JXDUDQWHHG�� +RZHYHU�� DV� H[SODLQHG� LQ� WKH� QH[W� 6HFWLRQ� ���� WKLV� DVSHFW� LV� SDUW� RI� WKHLPSURYHPHQW�SURJUDPPH�� 0LVVLQJ�QRWDWLRQ�NH\V�DQG�RWKHU�GRFXPHQWDWLRQ�LQ�&5)�WDEOHV7KH�XVH�RI�QRWDWLRQ�NH\V�FRXOG�EH�LPSURYHG��KRZHYHU��GXH�WR�WKH�UHGXQGDQF\�LQ�WKH�YDULRXV�WDEOHVDQG� ILOHV�� LW� LV� QRW� DQ� HDV\� WDVN� WR� GR��:H� LQFOXGHG� PRVW� RI� WKHP� QRZ� LQ� WKH� 6%7� DQG� KDYHGRFXPHQWHG�ZKHUH�
,(
 NH\V�UHIHU�WR��,(� �
,QFOXGHG�(OVHZKHUH
��� ,QFRPSOHWHQHVV�RI�&5)�DQG�1,5$ ORW�RI�FRPPHQWV� UHIHU� WR� LQFRPSOHWHQHVV�RI� WKH�&5)��ZKLFK�ZDV�GXH� WR� OLPLWHG�FDSDFLW\�DQGOLPLWHG�GDWD�DYDLODELOLW\�LQ�WKH�SURSHU�IRUPDW��+RZHYHU��DOVR�VRPH�WDEOHV�DUH�LQ�IDFW�UHGXQGDQW�LQWKH�&5)�� H�J�� WKH�7UHQG�7DEOHV� IRU� WKH�JUHHQKRXVH�JDVHV� DUH� LGHQWLFDO� LQ� DOO� ILOHV� DQG�FRXOG�EHOLQNHG�WR�RWKHU�WDEOHV�LQ�WKH�&5)��,QVWUXFWLRQV�DUH�QRW�DOZD\V�FOHDU�WR�ZKDW�H[WHQW�GRFXPHQWDWLRQVKRXOG� EH� SURYLGHG� LQ� WKH� &5)� DQG� ZKLFK� SDUW� VKRXOG� EH� H[SODLQHG� LQ� WKH� 1,5�� ,Q� WKH� ����VXEPLVVLRQ�PRVW�RI�WKH�LWHPV�DUH�LQFOXGHG��ZKLFK�ZHUH�REVHUYHG�DV�PLVVLQJ�LQ�WKH�1,5������� $GGLWLRQDO�LQIR�LQ�1,57KH� UHYLHZ�UHSRUWV�PDNH� UHFRPPHQGDWLRQV�RQ� LQFOXVLRQ� LQ� WKH�1,5�RI� LQIRUPDWLRQ�SURYLGHG� LQRWKHU� 'XWFK� UHSRUWV�� ZKLFK� DUH� FLWHG�� ,Q� JHQHUDO� WKLV� ULVHV� WKH� TXHVWLRQ� KRZ� H[WHQVLYH� WKHH[SODQDWLRQV�LQ�WKH�1,5�VKRXOG�EH��JLYHQ�WKDW�WKH�UHSRUW�QHHGV�WR�EH�VXEPLWWHG�DQQXDOO\��7KH�WKLVUHSRUW�ZH�KDYH�DGGHG�DQ�DQQH[�ZLWK�UHIHUHQFHV�WR�RWKHU�UHSRUWV�
WKDW�VKRXOG�EH�FRQVLGHUHG�DV�SDUWRI WKH� 1,5
�� ZKLFK� DUH� DOVR� SXEOLFO\� DYDLODEOH� WKURXJK� WKH� LQWHUQHW�� DV� DUH� WKH� 1,5� DQG� WKHFRUUHVSRQGLQJ�&5)�ILOHV�� &RPSDULVRQ�RI�DFWLYLW\�GDWD�ZLWK�LQWHUQDWLRQDO�VWDWLVWLFV,Q� FRPSDULQJ� ZLWK� LQWHUQDWLRQDO� GDWD�� ZH� VWUHVV� WKDW� LQ� JHQHUDO� VWDWLVWLFDO� GDWD� SXEOLVKHG� E\LQWHUQDWLRQDO� RUJDQLVDWLRQV� OLNH� 81�� ,($� DQG� )$2�� WKRXJK� HVVHQWLDOO\� RIILFLDOO\� VXEPLWWHGQDWLRQDO� GDWD�� DUH� XOWLPDWHO\� WKH� UHVSRQVLELOLW\� RI� WKHVH� RUJDQLVDWLRQV��$Q\� GLVFUHSDQFLHV� IRXQGFRXOG� EH� GXH� WR� YDULRXV� UHDVRQV�� DPRQJVW� RWKHUV�� �D�� DSSDUHQW� HUURUV� LQ� RQH� RI� WKH� QDWLRQDOVXEPLVVLRQV���E��HUURUV�LQ�GDWD�SURFHVVLQJ�E\�WKH�LQWHUQDWLRQDO�VWDWLVWLFDO�DJHQF\���F��HUURUV�DULVLQJIURP� GDWD� FRQYHUVLRQV� SULRU� RU� DIWHU� VXEPLVVLRQ�� �G�� GLIIHUHQFHV� LQ� DFWLYLW\� GHILQLWLRQV�� �H�GLIIHUHQFHV� LQ� GDWDVHWV� FRPSDUHG� GXH� WR� UHYLVLRQV� LQ� VXEVHTXHQW� HGLWLRQV�� �I�� PRGLILFDWLRQV� RUHVWLPDWHV�PDGH�E\� WKH� LQWHUQDWLRQDO� VWDWLVWLFDO� DJHQF\��ZKHQ� LQFRQVLVWHQFLHV� RU� RPLVVLRQV�ZHUH
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IRXQG� LQ� WKH� GDWDVHW� DQG� QDWLRQDO� DJHQFLHV� GLG� QRW� FRQFOXVLYHO\� UHVSRQG� WR� UHTXHVWV� IRUFODULILFDWLRQV��+RZHYHU��GLVFUHSDQFLHV�IRXQG�DUH�VWLOO�RI�LPSRUWDQFH�WR�FKHFN�LI�HUURUV�KDYH�EHHQPDGH�LQ�WKH�HPLVVLRQ�FRPSLODWLRQ�RU�UHSRUWLQJ�SURFHVV�
,Q�WKH�1,5�&5)������WKH�IROORZLQJ�VSHFLILF�FKDQJHV�ZHUH�PDGH�LQ�WKH�&5)�WDEOHV��SDUWO\�LQ�UHVSRQVHWR�WKH�UHYLHZV�DQG�SDUWO\�DV�D�UHVXOW�RI�WKH�QDWLRQDO�LPSURYHPHQW�SURJUDPPH�� &5)�WDEOHV�LPSURYHG�E\�UHSODFLQJ���E\�QRWDWLRQ�NH\V�1(��12��,(��&��ZKHUH�DSSURSULDWH�� &5)� WDEOHV� LPSURYHG� E\� DGGLQJ� WR� WKH� FRPSOHWHQHVV� WDEOH� DQG� RWKHU� GRFXPHQWDWLRQ� ER[HV� WKHVRXUFH�DOORFDWLRQ�XVHG�LQ�FDVHV�RI�
,(
�� 0DQ\� GDWD� JDSV� LQ� VHFWRUDO� EDFNJURXQG� WDEOHV� KDYH� EHHQ� ILOOHG� �DFWLYLW\� GDWD� DQG� HPLVVLRQV�LQFOXGLQJ� 6%7� �$� �H[FHSWLRQV�� ���������� GDWD� IRU� FDWHJRULHV� �$��� �$��� �$��� FDWHJRU\� �H[FOXGLQJ�FHPHQW�FOLQNHU�DQG�DOXPLQLXP�SURGXFWLRQ��DQG�DOO�GDWD�IRU�FDWHJRULHV��%�(��� &RUUHFWLRQ�RI�W\SLQJ�XQLW�HUURUV�DV�REVHUYHG�� ,()�IRU�&2� IURP�IXHO�FRPEXVWLRQ�KDYH�EHHQ�LPSURYHG�VXEVWDQWLDOO\�E\�PRYLQJ�DOO�SRLQW�VRXUFHGDWD�ZLWK�LQFRQVLVWHQW���L�H��LQFRPSOHWH���IXHO�HPLVVLRQV�GDWD�WR�WKH�FDWHJRU\�
RWKHU�IXHOV
�� &2� IURP�FHPHQW�FOLQNHU�SURGXFWLRQ�����������ZHUH�DGGHG�FRUUHFWHG��DERXW�����*J��� &+� IURP�HQWHULF�IHUPHQWDWLRQ�E\�KRUVHV�LQ�����������KDV�EHHQ�DGGHG��DERXW���*J�&+���
/LNHZLVH��WKH�IROORZLQJ�VSHFLILF�FKDQJHV�ZHUH�PDGH�LQ�WKH�1,5������� $GGLWLRQ�RI�PHWKRGRORJLFDO�GHVFULSWLRQ�IRU�1�2 HPLVVLRQV�IURP�URDG�WUDQVSRUW��6HFWLRQ������� $GGLWLRQ�RI�H[SODQDWLRQ�DERXW�DQQXDO�YDULDELOLW\�RI�1�2 IURP�QLWULF�DFLG�DQG�+)&�HPLVVLRQV�IURP+)&�XVDJH��6HFWLRQ������ $GGLWLRQ�RI�H[SODQDWLRQ�RQ�DFFRXQWLQJ�RI�&2� IURP�ELRIXHOV� LQ�UHODWLRQ� WR�FDWHJRU\��$�ZLWKRXWGRXEOH�FRXQWLQJ��&KDSWHU����6HFWLRQ������DQG�$QQH[���� 6SHFLILFDWLRQ�DGGHG�RI�
RWKHU�RLO
 FDWHJRU\�LQ�&2� 5HIHUHQFH�$SSURDFK��6HFWLRQ�������� 6SHFLILFDWLRQ�DGGHG�WKDW�
DYLDWLRQ�JDVROLQH
 LV�LQFOXGHG�XQGHU�
MHW�NHURVHQH
 �6HFWLRQ��������� 1RWH�DGGHG�WKDW�&2� IURP�FHPHQW�FOLQNHU�SURGXFWLRQ�DUH�HVWLPDWHG�XVLQJ�FOLQNHU�SURGXFWLRQ��QRWFHPHQW�SURGXFWLRQ��6HFWLRQ�������� ([SODQDWLRQ� DGGHG� RQ� WKH� PL[� RI� GDLU\� DQG� QRQ�GDLU\� FDWWOH� VXEW\SHV�� UHVXOWLQJ� LQ� FKDQJLQJLPSOLHG�HPLVVLRQ�IDFWRUV�RI�&+� IRU�HQWHULF� IHUPHQWDWLRQ�RI� WKH�FDWHJRULHV�GDLU\�FDWWOH�DQG�QRQ�GDLU\�FDWWOH��6HFWLRQ�������� 1RWH�DGGHG�RQ�1�2 IURP�FURS�UHVLGXHV�DQG�FXOWLYDWLRQ�RI�KLVWRVROV��6HFWLRQ�������� ([SODQDWLRQ� DGGHG� RQ� KRZ� LQGLUHFW�1�2 HPLVVLRQV� IURP� DJULFXOWXUH�ZHUH� HVWLPDWHG� DQG�ZKHUHUHSRUWHG��&KDSWHU���DQG�6HFWLRQ�������� 1RWH�DGGHG�RQ�KRZ�ZKHUH�1�2 IURP�KXPDQ�VHZDJH�ZDV�HVWLPDWHG��&KDSWHU���DQG�6HFWLRQ��������

�������2WKHU�H[WHUQDO�UHYLHZV
$OWKRXJK�WKH�FRQWHQWV�RI�WKH�3(5�DV�D�ZKROH�LV�QRW�VXEMHFWHG� WR�UHJXODU�H[WHUQDO� UHYLHZV�� LQ�UHFHQW\HDUV�D�QXPEHU�D�UHYLHZV�KDYH�EHHQ�FRQGXFWHG�UHJDUGLQJ�WKH�JUHHQKRXVH�JDV�HPLVVLRQV�GDWD�DQG�RQWKH�3(5�DV�1DWLRQDO�6\VWHP�IRU�FRPSLOLQJ�WKH�QDWLRQDO�JUHHQKRXVH�JDV�LQYHQWRU\�� 2Q� UHTXHVW� RI� 5,90�� LQ� ����� 8WUHFKW� 8QLYHUVLW\� KDV� UHYLHZHG� WKH� TXDOLW\� RI� DQQXDO� FDUERQGLR[LGH�HPLVVLRQV�RI�WKH�3(5�DQG�WUHQG�DVVHVVPHQWV�PDGH�E\�5,90�IRU�LWV�DQQXDO�HYDOXDWLRQ�RIHPLVVLRQ� WUHQGV�ZLWKLQ� WKH� IUDPHZRUN�RI� WKH�(QYLURQPHQWDO�%DODQFH� �7XUNHQEXUJ�DQG�9DQ�GHU6OXLMV���������$V�D�UHVXOW�RI�WKHVH�UHYLHZV�RI�DQDO\VHV�PDGH�IRU�WKH�(QYLURQPHQWDO�%DODQFH� LW�ZDVFRQFOXGHG� WKDW� PRUH� DWWHQWLRQ� VKRXOG� EH� JLYHQ� WR� D�� GRFXPHQWDWLRQ� RI� PHWKRGRORJLHV�� E�GRFXPHQWDWLRQ�RI�GDWD�TXDOLW\�LQFOXGLQJ�XQFHUWDLQW\�HVWLPDWHV��F��D�ZLGHU�FRQVXOWDWLRQ�RI�H[SHUWVWR�DQDO\VH�WKH�XQFHUWDLQW\�LQ�WKH�GDWD�� 2Q�UHTXHVW�RI� WKH�81)&&&�VHFUHWDULDW��D�FRQVXOWDQW�KDV�GHVFULEHG�DQG�HYDOXDWHG� WKH�TXDOLW\�RIWKH�1HWKHUODQGV
�SUHVHQW�1DWLRQDO�6\VWHP�IRU�FRPSLOLQJ� WKH�1DWLRQDO�*UHHQKRXVH�*DV�(PLVVLRQ,QYHQWRU\��0DUHFNRYD��������
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�����,QYHQWRU\�LPSURYHPHQW�SURJUDPPH
7KH� SUHSDUDWLRQ� RI� WKH� JUHHQKRXVH� JDV� HPLVVLRQ� GDWD� LV� MXVW� D� SDUW� RI� WKH� ODUJHU� QDWLRQDO� DQQXDOHPLVVLRQ� LQYHQWRU\� FRQWDLQLQJ� RYHU� ���� GLIIHUHQW� SROOXWDQWV� IURP� SRLQW� VRXUFHV�� DUHD� VRXUFHV� DQGGLIIXVH�VRXUFHV�ZLWK�HPLVVLRQV�WR�DLU��ZDWHU��VRLO�DQG�LQFOXGLQJ�ZDVWH�KDQGOLQJ�GDWD��7KLV�SURFHVV�LVRUJDQLVHG�DV�D�SURMHFW�ZLWK�DQ�DQQXDO�F\FOH��3ULRU�WR�WKH�QH[W�GDWD�FROOHFWLRQ�FKDQJHV�LQ�FRYHUDJH�RIVRXUFHV�DQG�SROOXWDQWV�DQG�SULRULWLHV�IRU�LPSURYHPHQW�DUH�GLVFXVVHG�DQG�GRFXPHQWHG�LQ�D�SURMHFW�SODQ�:J�($-5�&&'0���������,Q�SDUWLFXODU��VWXGLHV�KDYH�EHHQ�FDUULHG�WR�HYDOXDWH�DQG�LPSURYH�WKH�TXDOLW\DQG�XQFHUWDLQW\�RI�WKH�HPLVVLRQV�SUHVHQWO\�UHSRUWHG�E\�LQGLYLGXDO�FRPSDQLHV��WKURXJK�0-9�DQG�(5�,��+HVOLQJD������D�E��(QJHOHQ���������6RPH�KLJKOLJKWV�DUH�SUHVHQWHG�LQ�6HFWLRQ�����
7KH� LQYHQWRU\� IRU� WKH� JUHHQKRXVH� JDVHV� KDV� GLIIHUHQW� UHTXLUHPHQWV� GXH� WR� WKH� RWKHU� VWDWXV� RI� WKHVHHPLVVLRQV� �H�J�� SRVVLEO\� VXEMHFW� WR� LQWHUQDWLRQDO� WUDGLQJ�� DQG� GXH� WR� WKH� UHSRUWLQJ� JXLGHOLQHV� RI81)&&&�DQG�(8�DV�ZHOO�DV�WKH�JXLGHOLQHV�IRU�WKH�1DWLRQDO�6\VWHP��7KHUHIRUH�LW�ZDV�GHFLGHG�WR�VWDUWD VHSDUDWH� SURFHVV� WR� LPSURYH� ��ZKHUH� QHFHVVDU\� �� GDWD� TXDOLW\��PHWKRGRORJLHV�� GRFXPHQWDWLRQ� DQGGDWD�FRPSLODWLRQ�SURFHGXUHV��QRWDEO\�RI�JUHHQKRXVH�JDV�HPLVVLRQV��,Q������WZR�ZRUNVKRSV�ZHUH�KHOGRQ WKH� TXDOLW\� RI� PHWKRGRORJ\� DQG� GDWD� XVHG� IRU� FDOFXODWLRQ� JUHHQKRXVH� JDV� HPLVVLRQV� LQ� WKH1HWKHUODQGV��7KLV�ZRUNVKRS�ZDV�DWWHQGHG�ERWK�E\�H[SHUWV� LQYROYHG� LQ� WKH�(5�SURMHFW�DV�ZHOO�DV�E\RWKHU� 'XWFK� H[SHUWV� RQ� JUHHQKRXVH� JDV� HPLVVLRQ� HVWLPDWLRQ� IURP� XQLYHUVLWLHV� DQG� RWKHU� UHVHDUFK
LQVWLWXWHV��9DQ�$PVWHO�HW�DO�� ����D�E���6XEVHTXHQWO\�� WKH�:RUNLQJ�*URXS�(PLVVLRQ�0RQLWRULQJ�RI
*UHHQKRXVH�*DVHV��:(%��ZDV�FUHDWHG�WR�GLUHFW�IXWXUH�DFWLRQV�DLPHG�DW�LPSURYLQJ�WKH�PRQLWRULQJ�RIJUHHQKRXVH� JDV� HPLVVLRQV� LQ� DOO� DVSHFWV�� %HVLGHV� JHQHUDO� LPSURYHPHQWV� RI� SURFHGXUHV� DQGGRFXPHQWDWLRQ�� GDWD� TXDOLW\� LPSURYHPHQW� DFWLRQV� IRU� VSHFLILF� VRXUFHV� DUH� GLVFXVVHG�� GHILQHG� DQGDSSURYHG� IRU� H[HFXWLRQ�� 7KH� UHVXOWV� RI� WKHVH� DFWLYLWLHV� ZLOO� OHDG� WR� DGDSWDWLRQV� LQ� WKH� UHJXODU� (5SURMHFW�DFWLYLWLHV��7KH�:(%�KDV�WKUHH�VXEJURXSV��WKH�3URMHFW�*URXSV�RQ�&2�� RQ�QRQ�&2� DQG�6LQNV�:(%�DQG�SURMHFW�JURXSV�DUH�FRPSRVHG�RI�SHUVRQV�IURP�WKH�UHOHYDQW�PLQLVWULHV�DQG�LQVWLWXWHV��XVXDOO\DOVR�LQYROYHG�LQ�WKH�(PLVVLRQ�5HJLVWUDWLRQ�SURMHFW�� LQ�RUGHU�WR�LQFOXGH�WKH�DSSURSULDWH�H[SHUWLVH�DQGIRU�RSWLPDO�FRPPXQLFDWLRQ�ZLWK�WKH�SDUWLHV�RI�WKH�(5�SURMHFW��7KH�:(%�DFWLRQV�DUH�FDUULHG�RXW�XQGHUIRUPDO� UHVSRQVLELOLWLHV� RI� WKH�0LQLVWU\� IRU� (QYLURQPHQW� �9520�� DQG� DUH� FR�RUGLQDWHG� E\�1RYHP�7KLV�SURJUDPPH�LQFOXGHV�DFWLRQV�VXFK�DV�
� LPSURYHPHQW�RI�VSHFLILF�GDWD��HPLVVLRQ�IDFWRUV��HWF��� GHYHORSLQJ� SURWRFROV� IRU�PRQLWRULQJ� RI�&2� HPLVVLRQV�� QRQ�&2� HPLVVLRQV� DQG� IRU� VLQNV��ZLWKFOHDU�DQG�XSGDWHG�GHVFULSWLRQV�RI�PHWKRGV��SURFHGXUHV��ZRUNLQJ�SURFHVVHV�DQG�UHVSRQVLELOLWLHV�� LPSURYHPHQW�RI�WKH�4$�4&�SURFHGXUHV�� LPSURYHPHQW�RI�XQFHUWDLQW\�PDQDJHPHQW��LQFOXGLQJ�D�7LHU���XQFHUWDLQW\�DVVHVVPHQW�
,Q�������WKH�:(%�VWDUWHG�WKUHH�SURMHFWV�UHOHYDQW�IRU�WKH�1,5��)LUVWO\��D�SURMHFW�WR�GHYHORS�D�4$�4&V\VWHP� IRU� WKH� 'XWFK� 1,5�&5)� SURFHVV�� RI� ZKLFK� WKH� ILUVW� SKDVH� ZDV� ILQLVKHG� �VHH� 6HFWLRQ� �����6HFRQGO\��D�SURMHFW� WR� LPSURYH� WKH�GHJUHH�RI�FRPSOHWHQHVV�RI� WKH�&5)�ILOHV��)RU� IRUHVWU\� �FDWHJRU\�$��WKLV�UHVXOWHG�LQ�QHZ�GDWD�IRU�&5)�7DEOH��$��)RU�WKH�RWKHU�&5)�7DEOHV�RQ�/8&)�QHZ�LQIRUPDWLRQUHODWHG�WR�ODQG�XVH�DQG�VRLOV�LV�QRZ�XQGHU�GLVFXVVLRQ��VHH�&KDSWHU���DQG�$QQH[�����7KLUGO\��D�SURMHFWWR�FDUU\�RXW�DQ�,3&&�7LHU���XQFHUWDLQW\�DQDO\VLV�RI�WKH�'XWFK�HPLVVLRQ�LQYHQWRU\�DQG�WR�HYDOXDWH�WKHGLIIHUHQFHV�IRXQG�EHWZHHQ�WKH�7LHU���DQG�7LHU���PHWKRGV��,Q�WKH�QH[W�1,5�WKH�UHVXOWV�RI�WKLV�SURMHFWZLOO�EH�LQFOXGHG�

)XUWKHUPRUH��WKH�3URMHFW�*URXS�&2��LQLWLDWHG�D�VWXG\�WR�HYDOXDWH�WKH�GRFXPHQWDWLRQ�DQG�YDOLGLW\RI WKH�SUHVHQW�VHW�RI�FRXQWU\�VSHFLILF�&2� HPLVVLRQ�IDFWRUV�IRU�IXHOV���7KLV�VWXG\�VKRZHG�WKDW�IRU�VRPHVRXUFHV� QDWLRQDO� &2� HPLVVLRQ� IDFWRUV� VKRXOG� EH� FKDQJHG�� EXW� DOVR� WKDW� IRU� VRPH� IXHOV� GDWD� IRUHVWDEOLVKLQJ�FRXQWU\�VSHFLILF�QDWLRQDO�HPLVVLRQ�IDFWRUV�DUH� ODFNLQJ��$�UHFRPPHQGDWLRQ�ZDV�PDGH� WRGUDZ�XS�D�VHW�RI�JXLGHOLQHV�RQ�WKH�SURSHU�DSSOLFDWLRQ�RI�WKH�VHW�RI�QDWLRQDO�HPLVVLRQ�IDFWRUV�WKDW�KDVEHHQ�DJUHHG�XSRQ�DQG�WR�FRPPXQLFDWH�WKRVH�EURDGO\��H�J��WR�WKH�FRPSDQLHV�WKDW�UHSRUW�WKHLU�HPLVVLRQVWKURXJK� WKH�0-9��9DQ�+DUPHOHQ�DQG�.RFK���������7KLV�KDV�EHHQ�SODQQHG� IRU�������$W�SUHVHQW�QRFKDQJH� RI� QDWLRQDO� HPLVVLRQ� IDFWRUV� IRU� &2� LV� EHLQJ� FRQVLGHUHG�� $QRWKHU� VWXG\� GHDOV� ZLWK� &2�
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HPLVVLRQV�UHODWHG�WR�QRQ�HQHUJHWLF�XVH�RI�HQHUJ\�FDUULHUV��QRWDEO\�DV�FKHPLFDO�IHHGVWRFN���:LWKLQ�WKH(8�SURMHFW� RQ�1RQ�HQHUJ\� XVH� DQG�&2� HPLVVLRQV� �3DWHO� HW� DO��� ������ DFFRXQWLQJ� WDEOHV� DUH� EHLQJGHYHORSHG�� 7KHVH� DUH� XVHG� WR� HYDOXDWH� WKH� SUHVHQW� PHWKRGV� WR� GHILQH� WKH� QRQ�HQHUJ\� XVH� DQG� WR
HVWLPDWH��WKH�UHODWHG�&2� HPLVVLRQV��7KH�3URMHFW�*URXS�1RQ�&2� SHUIRUPHG�D�VWXG\�WR�LGHQWLI\�WKRVHVRXUFHV�RI�QRQ�&2� JUHHQKRXVH�JDVHV�ZKLFK�DUH�\HW�XQNQRZQ��,Q�WRWDO�DERXW����µQHZ¶�VRXUFHV�KDYHEHHQ�UHFRUGHG��'+9���������6RPH�RI�WKHVH�VRXUFHV��VXFK�DV�6)� IURP�WKH�SURGXFWLRQ�RI�GRXEOH�JOD]HGZLQGRZV��KDYH�DOUHDG\�LQFOXGHG�LQ�WKH�3(5������DQG��WKXV��DOVR�LQ�WKLV�1,5��,Q�SDUWLFXODU�SRWHQWLDOVRXUFHV�UHODWHG�WR�ZDVWH�KDQGOLQJ�V\VWHPV�ZHUH�LGHQWLILHG��,W�KDV�WR�EH�GHWHUPLQHG�WR�ZKDW�H[WHQW�WKHVHDUH� DOUHDG\�FRYHUHG�E\� WKH� SUHVHQW� HPLVVLRQ� HVWLPDWLQJ�PHWKRGV��$V�PHQWLRQHG� DERYH�� WKLV� 3URMHFW*URXS�DOVR�LQLWLDWHG�WKH�GHYHORSPHQW�RI�PRQLWRULQJ�SURWRFROV�IRU�QRQ�&2� JUHHQKRXVH�JDV�HPLVVLRQV�
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��� 7UHQGV�LQ�WRWDO�JUHHQKRXVH�JDV�HPLVVLRQV
7KH�WUHQG�LQ�WRWDO�&2��HT��HPLVVLRQV�RI�JUHHQKRXVH�JDVHV�DQG�FRPSDULVRQ�RI�WKH�FRQWULEXWLRQ�RI�WKHYDULRXV� JDVHV� KDV� EHHQ� FDOFXODWHG� XVLQJ� WKH� ,3&&�*OREDO� :DUPLQJ� 3RWHQWLDOV� �*:3�� IRU� D� WLPHKRUL]RQ�RI�����\HDUV��)RU�WKH�R]RQH�SUHFXUVRU�JDVHV�&2��12[ DQG�1092&�QR�WRWDO�*:3�H[LVW��$OVRIRU�62� QR�*:3�LV�DYDLODEOH�

,Q�7DEOH����� WUHQGV�LQ�QDWLRQDO�WRWDO��QHW��HPLVVLRQV�DUH�VXPPDULVHG�IRU������������7KH� WUHQGVDUH� DOVR�YLVXDOLVHG� LQ�)LJXUHV�����DQG� ���� VKRZLQJ� WKH� UHODWLYH� FRQWULEXWLRQ� RI� HDFK� JDV� WR� DQQXDOWRWDO�HPLVVLRQV��6\QWKHVLV�DQDO\VHV�E\�JDV�FDQ�EH�IRXQG�LQ�&KDSWHU����7UHQGV�LQ�&2��HTXLYDOHQWV�E\JDV�DQG�E\�PDLQ�VRXUFH�FDWHJRU\�DUH�SURYLGHG�LQ�$QQH[������7RWDO�&2��HTXLYDOHQW�HPLVVLRQV�RI� WKHVL[�JUHHQKRXVH�JDVHV�WRJHWKHU�LQFUHDVHG�E\�DERXW����LQ������UHODWLYH�WR������������IRU�IOXRULQDWHGJDVHV���:LWKRXW� SROLF\� PHDVXUHV� HPLVVLRQV� LQ� ����� ZRXOG� KDYH� EHHQ� DERXW� ���� KLJKHU� �5,90�����D��� &2� HPLVVLRQV� LQFUHDVHG� E\� DERXW� ��� �WHPSHUDWXUH�FRUUHFWHG�� ���� IURP� ����� WR� �����PDLQO\�GXH�WR�WKH�LQFUHDVH�RI�WKH�HPLVVLRQ�LQ�WKH�HQHUJ\�VHFWRU�������DQG�WUDQVSRUW�VHFWRU�������&+� HPLVVLRQV� KDYH� GHFUHDVHG� E\� ���� LQ� ����� FRPSDUHG� WR� WKH� ����� OHYHO�� PDLQO\� GXH� WKHGHFUHDVH�LQ�WKH�ZDVWH�VHFWRU��������DQG�WKH�DJULFXOWXUDO�VHFWRU���������1�2 HPLVVLRQV� LQFUHDVHG�E\DERXW� ��� LQ� ����� FRPSDUHG� WR� ������PDLQO\� GXH� WR� WKH� LQFUHDVH� RI� WKH� HPLVVLRQ� IURP� DJULFXOWXUH������DQG�IURP�WUDQVSRUW��������2I�WKH�IOXRULQDWHG�JUHHQKRXVH�JDVHV��IRU�ZKLFK������LV�WKH�UHIHUHQFH\HDU��HPLVVLRQV�RI�+)&V��3)&V�DQG�6)� GHFUHDVHG�LQ������E\����������DQG�����7RWDO�HPLVVLRQV�RIDOO�)�JDVHV�GHFUHDVHG�E\�DERXW�����FRPSDUHG�WR�WKH������OHYHO������FRPSDUHG�WR�������
7DEOH������7RWDO�JUHHQKRXVH�JDV�HPLVVLRQV�LQ�&2��HT��DQG�LQGH[HG��QR�7�FRUUHFWLRQ�����������

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ������
(PLVVLRQV��7J�&2��HT�&2�

�� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&+� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1�2 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
+)&V ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
3)&V ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
6)� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
7RWDO�>JURXS�RI�VL[@ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
,QGH[������ ����
,QGH[�&2� ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
,QGH[�&+� ��� ����� ���� ���� ���� ���� ���� ���� ���� ���� ����
,QGH[�1�2 ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
7RWDO�>JURXS�RI�WKUHH@ ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
,QGH[�+)&V ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����
,QGH[�3)&V ��� ����� ���� ���� ���� ���� ���� ���� ���� ���� ����
,QGH[�6)� �SRWHQWLDO� ��� ���� ���� ���� ���� ����� ����� ����� ����� ����� �����
,QGH[�>JURXS�RI�VL[@ ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
,QGH[������� �����
,QGH[�+)&V ���� ���� ���� ���� ����� ��� ����� ����� ����� ���� ����
,QGH[�3)&V ����� ����� ����� ����� ����� ��� ����� ����� ���� ���� ����
,QGH[�6)� �SRWHQWLDO� ���� ���� ���� ���� ���� ��� ����� ����� ����� ���� ����
,QGH[�>JURXS�RI�)�JDVHV@ ���� ���� ���� ���� ����� ����� ����� ����� ����� ���� ����
,QGH[��
����QHZ�JDVHV�
������
,QGH[�>JURXS�RI�VL[�FRPSRVLWH@ ���� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
,QWHUQDWLRQDO�EXQNHUV�&2�

�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
,QGH[�EXQNHUV�&2� ������ ����� ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
���'DWD�IRU������DUH�SUHOLPLQDU\��,Q�SDUWLFXODU�LQ�WKLV�VXEPLVVLRQ�WKLV� 
W��
�GDWDVHW�LV�RI�D�UHODWLYHO\�ORZ�TXDOLW\��VHH�6HFWLRQ�����
���1HW�HPLVVLRQV��LQFOXGLQJ�/8&)��FDWHJRU\��$��
���%DVH�\HDU� �����
���(PLVVLRQV�IURP�LQWHUQDWLRQDO�PDULQH�DQG�DYLDWLRQ�EXQNHUV�DUH�QRW�LQFOXGHG�LQ�QDWLRQDO�WRWDOV�
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7KH�XQFHUWDLQW\� LQ�&2��HTXLYDOHQW�HPLVVLRQV�RI� WKH� VL[�JUHHQKRXVH�JDVHV� WRJHWKHU� LV�DERXW����SRLQWV��EDVHG�RQ�WKH�,3&&�7LHU���WUHQG�XQFHUWDLQW\�DVVHVVPHQW��VHH�6HFWLRQ�������3HU�LQGLYLGXDO�JDV�WKH�WUHQG�XQFHUWDLQW\�LQ�WRWDO�HPLVVLRQV�RI�&2�� &+�� 1�2 DQG�WKH�WRWDO�JURXS�RI�)�JDVHV��DV�FDOFXODWHG
ZLWK�WKH�7LHU���,3&&�*RRG�3UDFWLFH�PHWKRG�GHVFULEHG�LQ�&KDSWHU����LV�HVWLPDWHG�DW���������������DQG� ����� SRLQWV�� UHVSHFWLYHO\� �)LJXUH� ������ +RZHYHU�� LW� VKRXOG� EH� NHSW� LQ� PLQG� WKDW� WKH� ����HPLVVLRQV��DOWKRXJK�SUHOLPLQDU\�E\�GHILQLWLRQ��LQFOXGH�DGGLWLRQDO�XQFHUWDLQW\�DV�H[SODLQHG�LQ�6HFWLRQ���� 7KH� XQFHUWDLQW\� LQ� DQQXDO� HPLVVLRQV� RI� 1�2 DQG� &+� LV� HVWLPDWHG� DW� ����� DQG� �����UHVSHFWLYHO\��)RU�&2� WKH�HVWLPDWH�RI�XQFHUWDLQW\� LQ�DQQXDO HPLVVLRQV� LV������IRU�+)&V��3)&V�DQG6)� ������VHH�&KDSWHU����,Q�FRPSDULVRQ�ZLWK�WKH�SUHYLRXV�VXEPLVVLRQ�UHSRUWHG�E\�2OLYLHU�HW�DO� ��������1�2 LV�QR�ORQJHU�WKHVHFRQG�JUHHQKRXVH�JDV�LQ�WKH�1HWKHUODQGV��7KLV�LV�WKH�UHVXOW�RI�WKH�UHFDOFXODWLRQ�RI�1�2 HPLVVLRQV�LQWKH�WUDQVSRUW�DQG�LQGXVWU\�VHFWRUV������RU������7J�&2��HT����VHH�&KDSWHU����

)LJXUH������6KDUHV�RI�JUHHQKRXVH�JDVHV�LQ�WRWDO�HPLVVLRQV�LQ�������OHIW��DQG��������ULJKW�

)LJXUH������6KDUHV�DQG�WUHQGV�LQ�JUHHQKRXVH�JDV�HPLVVLRQV�SHU�JDV����������������������QHZ�JDVHV�
�DOVR�VKRZLQJ�&2� ZLWK�WHPSHUDWXUH�FRUUHFWLRQ�

���������IRU�)�JDVHV�
PFCs

1%
HFCs

3%

CH4

13%

N2O

8%

SF6 (potential )

0%

CO2

75%

����

CO2
79.9%

CH4
9.6%

N2O
7.9%

HFCs
1.8%

SF6 
(potent ial)

0.2%

PFCs
0.7%

&2��H T ��WUH QGV �DQG �VKD UH V �LQ �����

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

&2�

&+�

1�2

+)&

3)&

6)�

&2��:LWK�7�FRUU

' LIIH UHQFH ���������� ���

6KDUH �LQ ����� �����
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)LJXUH� ����� 7UHQGV� LQ� JUHHQKRXVH� JDV� HPLVVLRQV� SHU� JDV� ���������� ����������� QHZ� JDVHV�� DQG� WKHLU
XQFHUWDLQW\� DFFRUGLQJ� WR� WKH� ,3&&� 7LHU� �� WUHQG� XQFHUWDLQW\� DQDO\VLV� �DOVR� VKRZLQJ� &2� ZLWK� WHPSHUDWXUHFRUUHFWLRQ�
7DEOH������7RWDO�JUHHQKRXVH�JDV�HPLVVLRQV�ZLWK�WHPSHUDWXUH�FRUUHFWLRQ��LQ�&2��HT��DQG�LQGH[HG�����������

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ������
(PLVVLRQV��7J�&2��HT�&2���7�FRUUHFWHG���� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&+� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1�2 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
+)&V ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
3)&V ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
6)� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
7RWDO�>JURXS�RI�VL[@ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
,QGH[������� �����
,QGH[�&2���7�FRUUHFWHG� ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
,QGH[�&+� ��� ����� ���� ���� ���� ���� ���� ���� ���� ���� ����
,QGH[�1�2 ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
7RWDO�>JURXS�RI�WKUHH@ ��� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
,QGH[��
����)�JDVHV�
������
,QGH[�>JURXS�RI�VL[�FRPSRVLWH@ ���� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
���'DWD�IRU������DUH�SUHOLPLQDU\��,Q�SDUWLFXODU�LQ�WKLV�VXEPLVVLRQ�WKLV� 
W��
�GDWDVHW�LV�RI�D�UHODWLYHO\�ORZ�TXDOLW\��VHH�6HFWLRQ�����
���1HW�HPLVVLRQV��LQFOXGLQJ�/8&)��FDWHJRU\��$��
���%DVH�\HDU� �����
,Q�7DEOH�����WKH�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV�DUH�SUHVHQWHG�EXW�QRZ�ZLWK�&2� HPLVVLRQV�FRUUHFWHGIRU�WHPSHUDWXUH�LQ�RUGHU�WR�H[FOXGH�WKH�FOLPDWLF�LQIOXHQFH�WKDW�SDUWLDOO\�PDVNV�WKH�WUHQGV�LQ�HPLVVLRQV�:LWK�WHPSHUDWXUH�FRUUHFWLRQ��WKH�����������LQFUHDVH�RI�&2� HPLVVLRQV�LV���SHU�FHQW�SRLQW� OHVV� WKDQZLWKRXW� WKLV�FRUUHFWLRQ��7KH� LQIOXHQFH�RI� WKH�ZHDWKHU�RQ�DQQXDO�HPLVVLRQV��H�J��DV� VXJJHVWHG�E\� WKHEXPS�LQ������LQ�)LJXUH����� FDQ�LQGHHG�EH�WUDFHG�EDFN�E\�DQQXDO�YDULDWLRQ�LQ�UHVLGHQWLDO��FRPPHUFLDODQG� DJULFXOWXUDO� HPLVVLRQV� DV� SUHVHQWHG� LQ�)LJXUH� ���� %RWK� WKH� FROG� ZLQWHU� LQ� ����� DQG� WKH�PLOG

7UHQG�LQ�����������HP LVVLRQV�DQG�,3&&�7LH U���WUHQG�XQFHUWD LQW\

�� ��

����

��

����

����

����

����

����

����

��

���

���

&2� &2��7�FRUUH FWHG &+� 1�2 )�JDVHV
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ZLQWHU� LQ������FDXVH� WKH� HPLVVLRQV� IURP� WKH� µVPDOO� FRPEXVWLRQ� VHFWRU¶� WR� FOHDUO\� GHYLDWH� IURP� WKHWUHQG��)RU�PRUH�GHWDLOV�ZH�UHIHU�WR�6HFWLRQ�������&2� HPLVVLRQV� LQFUHDVHG� E\� ���� �WHPSHUDWXUH�FRUUHFWHG�� ���� LQ� WKH� SHULRG� ����������� ZKLOHIURP������WLOO������WKH�&2� HPLVVLRQV�GHFUHDVHG�E\�DERXW�����WHPS��FRUUHFWHG��������,Q�������WRWDO&2� HPLVVLRQV� LQFUHDVHG� E\� ��� ����� 0WRQ�� FRPSDUHG� WR� ������ 7KLV� ZDV� PDLQO\� FDXVHG� E\� WKHLQFUHDVHG�HQHUJ\�XVH�LQ�WKH�LQGXVWU\��GRPHVWLF�DQG�WUDQVSRUW�VHFWRU��,Q�������WRWDO�&+� HPLVVLRQV�KDYHGHFUHDVHG�E\�����FRPSDUHG�WR�WKH������OHYHO��6HFWRUV�WKDW�FRQWULEXWHG�PRVW�WR�WKH�GHFUHDVH�ZHUH�WKHZDVWH�VHFWRU��������DQG�WKH�DJULFXOWXUDO�VHFWRU��������ZLWK�����DQG�����0WRQ�&2��HT���UHVSHFWLYHO\�,Q�������WRWDO�1�2 HPLVVLRQV�LQFUHDVHG�E\�DERXW����FRPSDUHG�WR�������PDLQO\�GXH�WR�WKH�LQFUHDVH�RIWKH� HPLVVLRQ� IURP� DJULFXOWXUH� ������ DQG� IURP� WUDQVSRUW� ������ ZLWK� ���� DQG� ���� 0WRQ� &2��HT��UHVSHFWLYHO\�� ,Q������� WRWDO�HPLVVLRQV�RI�DOO�)�JDVHV�GHFUHDVHG�E\�DERXW�����FRPSDUHG� WR� WKH�����OHYHO������FRPSDUHG�WR��������ZKLFK�LV�HTXLYDOHQW�WR�����0WRQ�&2��HT�,Q�)LJXUHV� ���� DQG� ���� WKH� WUHQG� LQ� WRWDO� &2��HT�� HPLVVLRQV� �L�H�� IRU� DOO� VL[� JDVHV� MRLQWO\�� LVSUHVHQWHG�SHU�,3&&�VRXUFH�FDWHJRU\��)URP�)LJXUH�����LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�VHFWRU�WKDW�VKRZHGWKH� ODUJHVW� JURZWK� LQ� &2��HT�� HPLVVLRQV� LQ� WKH� SDVW� WHQ� \HDUV� LV� WKH� WUDQVSRUW� VHFWRU� �DERXW� �����ZKHUHDV�WKH�HQHUJ\�VHFWRU�VKRZHG�D�JURZWK�RI�DERXW�����&OHDU�H[FHSWLRQV�DUH�WKH�ZDVWH�VHFWRU�DQGDJULFXOWXUH��ZKLFK�VKRZHG�D�GHFUHDVH�LQ�&2��HT��HPLVVLRQV�RI�����DQG�����UHVSHFWLYHO\��(PLVVLRQVIURP� WKH� UHVLGHQWLDO�DQG�VHUYLFH� VHFWRUV�GHFUHDVHG�E\�����EXW� WKHVH� DUH� VXEVWDQWLDOO\� LQIOXHQFHG�E\FOLPDWLF�HIIHFW��ZKHQ�LQFOXGLQJ�WKH�WHPSHUDWXUH�FRUUHFWLRQ�WKHVH�HPLVVLRQV�GHFUHDVHG�E\�DERXW����

)LJXUH������ 6KDUHV�DQG� WUHQGV� LQ�&2��HT�� HPLVVLRQV�SHU� VHFWRU����������� ����������� IRU� QHZ� JDVHV�� �QR�7�FRUUHFWLRQ�

7UHQGV�LQ�HPLVVLRQV�SHU�,33&�VHFWRU������������&2��HT�

���� ���� �� ��� ��� ��� ��� ����

��$//�(1(5*<

�$�)XHO�FRPEXVWLRQ���WRWDO

�$�(QHUJ\�WUDQVIRUPDWLRQ

�$��,1'8675<�

�$��75$163257

�$��6PDOO�FRPEXVWLRQ

�$��27+(5

�%��)XJLWLYH�HPLVVLRQV

���,QGXVWULDO�SURFHVVHV��,6,&�

���6ROYHQW�DQG�RWKHU�SURGXFW�XVH

���$JULFXOWXUH

���/DQG�XVH�FKDQJH�DQG�IRUHVWU\

���:DVWH

���2WKHU��VSHFLILHG�

'LIIHUHQFH����������

6KDUH�LQ�����
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)LJXUH������7UHQG�LQ�JUHHQKRXVH�JDV�HPLVVLRQV�SHU�JDV������������QR�7�FRUUHFWLRQ�

)LJXUH�������7UHQG�LQ�&2��HT��HPLVVLRQV�SHU�VHFWRU������������QR�7�FRUUHFWLRQ�

7RWDO�JUHHQKRXVH�JDV�HPLVVLRQV�LQ�&2��HT��NWRQ��QR�7�FRUU��
����������

�

��

���

���

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

6)�
�SRWHQWLDO�

3)&V

+)&V

1�2

&+�

&2�

7RWDO�JUHHQKRXVH�JDV�HPLVVLRQV�LQ�&2��HT�SHU�,3&&�VHFWRU����������

�
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���

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

���2WKHU��VSHFLILHG�

���:DVWH

���/DQG�XVH�FKDQJH�DQG
IRUHVWU\
���$JULFXOWXUH

���6ROYHQW�DQG�RWKHU
SURGXFW�XVH
���,QGXVWULDO�SURFHVVHV
�,6,&�
�%�)XJLWLYH�IXHO
HPLVVLRQV
��6PDOO�FRPEXVWLRQ

��7UDQVSRUW

��,QGXVWU\�

��(QHUJ\�WUDQVIRUPDWLRQ
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��� *HQHUDO�0HWKRGRORJLFDO�2YHUYLHZ
7KH� JHQHUDO� PHWKRGRORJ\� IRU� FDOFXODWLQJ� HPLVVLRQV� WR� DLU� DQG� ZDWHU� LQ� WKH� 1HWKHUODQGV
� (PLVVLRQ5HJLVWUDWLRQ�LV�GHVFULEHG�LQ�9DQ�GHU�0RVW�HW�DO���������>LQ�'XWFK@��7KH�PHWKRGRORJ\�IRU�FDOFXODWLQJHPLVVLRQV�RI�JUHHQKRXVH�JDVHV�LV�GHVFULEHG�LQ�PRUH�GHWDLO� LQ�6SDNPDQ�HW�DO���������>LQ�'XWFK@��)RUPHWKDQH� DQG� QLWURXV� R[LGH� WKHVH�PHWKRGV� KDYH� EHHQ� EDVHG� RQ� EDFNJURXQG� GRFXPHQWV� >LQ�(QJOLVK@SUHSDUHG� E\� 9DQ�$PVWHO� HW� DO� ������� DQG� .URH]H� �������� 2WKHU� GRFXPHQWV� LQ� (QJOLVK� SURYLGLQJGHVFULSWLRQV�RI� HPLVVLRQ�FDOFXODWLRQ�PHWKRGRORJ\�DUH� WKH�SURFHHGLQJV�RI�ZRUNVKRSV�RQ�JUHHQKRXVHJDV�HPLVVLRQV�DQG�VLQNV� LQ� WKH�1HWKHUODQGV�KHOG� LQ������ �9DQ�$PVWHO�HW�DO�� ����D�E�� >LQ�(QJOLVK@�7KHVH�DQG�RWKHU�NH\�UHSRUWV�GRFXPHQWLQJ�WKH�PHWKRGRORJLHV�DQG�GDWD�VRXUFHV�XVHG�LQ�WKH�1HWKHUODQGVDUH�OLVWHG�LQ�$QQH[����%HORZ�ZH�ZLOO�VXPPDULVH�VRPH�VSHFLILF�IHDWXUHV�RI�WKH�1HWKHUODQGV�FRXQWU\�VSHFLILF� PHWKRGRORJ\�� ZKHUHDV� 7DEOH� ���� VKRZV� WKH� &5)� 6XPPDU\� �� WDEOH� IRU� WKH� PHWKRGV� DQGHPLVVLRQ�IDFWRUV�XVHG��0DMRU�PHWKRGRORJLFDO�FKDQJHV�FRPSDUHG�WR�WKH�SUHYLRXV�UHSRUW�DUH�� 1�2 IURP�WUDQVSRUW��QRWDEO\�URDG�WUDQVSRUW�� 1�2 IURP�QLWULF� DFLG�PDQXIDFWXUH�� H[FHSW� IRU�����������DQG������������ZLWK� HPLVVLRQ� IDFWRUVQRZ�EDVHG�RQ�PHDVXUHPHQWV�LQVWHDG�RI�GHIDXOW�,3&&�HPLVVLRQ�IDFWRUV�� &2� IURP�HOLPLQDWLRQ�RI�VWDWLVWLFDO�GLIIHUHQFHV�LQ�WKH�HQHUJ\�EDODQFHV�KDYH�EHHQ�UHPRYHG�IRU�DOO\HDUV� H[FHSW� �����������ZKLFK� KDV� DOVR� DIIHFWHG�&2� HPLVVLRQV� LQ� RWKHU� �$� VRXUFH� FDWHJRULHV�DOVR�GXH�WR�RWKHU�HQHUJ\�GDWD�LPSURYHPHQWV��� +)&�DQG�3)&�HPLVVLRQV�IURP�+)&�XVH�DQG�DOXPLQLXP��UHVSHFWLYHO\�� &2� IURP�VLQNV��ZKHUH�WKH�XQGHUO\LQJ�GDWDVHWV�KDYH�EHHQ�UHILQHG�DQG��ZKHUH�QHFHVVDU\��FRUUHFWHG�

�����&DUERQ�GLR[LGH�HPLVVLRQV
&DUERQ�GLR[LGH�HPLVVLRQV�DUH�PDLQO\�FDXVHG�E\�WKH�FRPEXVWLRQ�RI�IXHO�DQG�DUH�FDOFXODWHG�RQ�WKH�EDVLVRI GHWDLOHG� HQHUJ\� VWDWLVWLFV� DQG� FDUERQ� FRQWHQW� RI� WKH� HQHUJ\� FDUULHUV�� +RZHYHU�� HPLVVLRQV� IURPSXEOLF� HOHFWULFLW\� SURGXFWLRQ�� UHILQHULHV�� ODUJH� LQGXVWULHV� DQG�ZDVWH� LQFLQHUDWLRQ� DUH� IRU� DERXW� ���GLUHFWO\�UHSRUWHG�E\�WKH�LQGLYLGXDO�FRPSDQLHV��VHH�)LJXUH�������7KLV�SDUW�RI�WKH�3(5�LV�FDOOHG�
(5�,
�)RU� WKHVH�VHFWRUV�� WKH�UHPDLQGHU�RI� WKH�HPLVVLRQV� LV�FDOFXODWHG�RQ� WKH�EDVLV�RI�FDOFXODWHG� UHPDLQLQJIXHO� FRQVXPSWLRQ� �GLIIHUHQFH� RI� QDWLRQDO� HQHUJ\� VWDWLVWLFV� IRU� WKH� VHFWRU� DQG� HQHUJ\� FRQVXPSWLRQUHSRUWHG�E\�WKHVH�ODUJH�FRPSDQLHV��DQG�VWDQGDUG�HPLVVLRQ�IDFWRUV�,Q� DGGLWLRQ�� SHU� HFRQRPLF� VXE�VHFWRU� WKH� WRWDO� &2� HPLVVLRQV� UHSRUWHG� E\� WKHVH� LQGLYLGXDO
FRPSDQLHV�DUH�FRPSDUHG�ZLWK�WKH�DPRXQW�FDOFXODWHG�ZLWK�WKH�VWDQGDUG�1HWKHUODQGV¶�HPLVVLRQ�IDFWRUVIRU�&2��� ,I� WKH�GLIIHUHQFH�LV�PRUH�WKDQ����� WKHQ� WKHVH� ODUJH�GHYLDWLRQV�DUH�FRUUHFWHG� WR�D�PD[LPXPGHYLDWLRQ�RI����YLD�PRGLILFDWLRQ�RI�WKH�UHPDLQLQJ�HQHUJ\�FRQVXPSWLRQ�XVHG�IRU�DGGLWLRQDO�HVWLPDWH�RI&2� HPLVVLRQV� IRU� QRQ�(5�,�UHSRUWLQJ� ILUPV� ZLWKLQ� WKH�7DUJHW� *URXS� 7KLV� SURFHGXUH� LV� IROORZHGEHFDXVH�LQ�WKRVH�FDVHV�LW�LV�LPSOLFLWO\�DVVXPHG�WKDW�WKH�VXEPLWWHG�IXHO�FRQVXPSWLRQ�GDWD�DUH�LQFRUUHFWDQG�EHFDXVH� WKH�3(5� LV�QRW�DOORZHG� WR� UHYLVH� LQGLYLGXDOO\� UHSRUWHG�HPLVVLRQV� ILJXUHV��7KLV� HQVXUHVWKDW� WRWDO� &2� HPLVVLRQV� SHU� LQGXVWULDO� VXE�VHFWRU� FDQQRW� EH� RII� IURP� WKH� UHIHUHQFH� FDOFXODWLRQ� E\PRUH�WKDQ�����LQ�SUDFWLFH��WKH�JURXS�WRWDO�PD\�VKRZ�PXFK�OHVV�GHYLDWLRQ��)RU�QDWLRQDO�SROLF\�SXUSRVHV��HPLVVLRQV�IURP�URDG�WUDQVSRUW�DUH�LQ�JHQHUDO�FDOFXODWHG�IURP�WUDQVSRUWVWDWLVWLFV�RQ�YHKLFOH�NP��7KH�PHDQV�WKDW�IRU�URDG�WUDQVSRUW�&2� HPLVVLRQV�DUH�ILUVW�FDOFXODWHG�LQ�WKHQDWLRQDO�DSSURDFK�IURP�HQHUJ\�FRQVXPSWLRQ�GHULYHG�IURP�WUDQVSRUW�VWDWLVWLFV�LQ�WHUPV�RI�YHKLFOH�NPDQG� DVVXPSWLRQV� IRU� IXHO� HIILFLHQF\� SHU� YHKLFOH�NP� WUDYHOOHG�� +RZHYHU�� VLQFH� WKH� 5HYLVHG� ,3&&
*XLGHOLQHV�DVN� FRXQWULHV� WR� UHSRUW� JUHHQKRXVH� JDV� HPLVVLRQV� IURP� FRPEXVWLRQ� RQ� WKH� EDVLV� RI� IXHOFRQVXPSWLRQ� ZLWKLQ� WKH� QDWLRQDO� WHUULWRU\�� D� FRUUHFWLRQ� ZDV� PDGH� WR� FRQYHUW� HPLVVLRQV� UHODWHG� WRYHKLFOH�NP�WR�HPLVVLRQV�UHODWHG�WR�VWDWLVWLFV�IRU�IXHO�VDOHV��7KXV��QH[W��WR�PHHW�WKH�,3&&�GHILQLWLRQ�IRU&2�� &+� DQG�1�2 HPLVVLRQV� IURP� WKLV� VRXUFH� FDWHJRU\�� WKH� DPRXQWV� RI� IXHO� FRQVXPSWLRQ� LQ� WKHQDWLRQDO�DSSURDFK�DUH�VFDOHG��SHU�IXHO�W\SH��WR�PDWFK�WKH�VWDWLVWLFV�IRU�IXHO�VXSSO\�WR�IXHOOLQJ�VWDWLRQVLQFOXGHG�LQ�WKH�QDWLRQDO�HQHUJ\�EDODQFH��)RU�PRUH�GHWDLOV�RQ�WKH�DFWXDO�GLIIHUHQFHV�EHWZHHQ�WKHVH�WZRDSSURDFKHV� VHH� 6HFWLRQ� ������� �(PLVVLRQV� RI� DOO� RWKHU� FRPSRXQGV�� LQFOXGLQJ� R]RQH� SUHFXUVRUV� DQG
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62�� ZKLFK�DUH�PRUH�GLUHFWO\�LQYROYHG�LQ�DLU�TXDOLW\��DUH�WKHUHIRUH�FDOFXODWHG�XVLQJ�WUDIILF�DFWLYLW\�GDWDZLWKRXW�VXEVHTXHQWO\�FRUUHFWLQJ�WR�PDWFK�ZLWK�IXHO�VXSSO\�VWDWLVWLFV���

&2��(0,66,216�,1�7+(�1(7+(5/$1'6�%<�6285&(�$1'�)8(/������
,3&&�6HFWRU

� 5(6,'(17,$/ �� &200� � $*5,&8/7���

�$��6PDOO�FRPEXVWLRQ �JDV� ���JDV� �JDV�

�� ���RLO�

�$��7UDQVSRUW 75$163257 ��

�� 5RDG��� �RLO� 1RQ�URDG���

,1'8675< ��

�$��,QGXVWU\ (5, )XHO �� (5, )HHGVWRFN��� QRQ�(5,���

�� ���FRDO����RLO� ���RLO����JDV� �JDV�

�$�D�(OHFWU��SURG� 32:(5�*(1(5$7,21��� QRQ�(5,��

�� (5, ����FRDO� ���JDV� �JDV�

�$�F�5HILQHULHV 5(),1(5,(6�����DOO�(5,� ���RLO����JDV�

��

 �JDV

 �RLO

 �FRDO

 �(5�,��LQGLYLGXDOO\�UHSRUWLQJ�ILUPV� �FRPSLOHG�E\�5,90�2OLYLHU�

�$��6WDWLVWLFDO�GLII�

)LJXUH������6FKHPDWLF�RYHUYLHZ�RI�&2� HPLVVLRQV�IURP�IXHO�FRPEXVWLRQ��7J���,3&&�FDWHJRU\��$���VKRZLQJ�WKHUHODWLYH�VKDUHV�RI�VXE�VHFWRUV�DV�ZHOO�DV�PDLQ�IXHO�W\SHV�DQG�WKH�WRWDO�FRQWULEXWLRQ�RI�LQGLYLGXDOO\�UHSRUWLQJ�ILUPV
�(5�,���'DWD�DUH�UHSUHVHQWDWLYH�IRU�WKH�SHULRG������WR�������VRXUFH��9DQ�$PVWHO�HW�DO�������D�

)RU�WKH�FDOFXODWLRQ�RI�WKH�FDUERQ�VWRUDJH�LQ�WKH�,3&&�5HIHUHQFH�$SSURDFK�IRU�&2�� FDUERQ�VWRUDJHIUDFWLRQV�LQ�SURGXFWV�OLNH�SODVWLFV�DQG�ELWXPHQ�ZHUH�WDNHQ�IURP�DQ�DQDO\VLV�RI�SHWURFKHPLFDO�SURGXFWV�KDOI�SURGXFWV�DQG�IHHGVWRFN�XVH��RI�HQHUJ\�FDUULHUV��E\�*LHOHQ� ��������7KH�&2� HPLVVLRQV� UHSRUWHGXQGHU� FRPEXVWLRQ� E\� WKH�PDQXIDFWXULQJ� LQGXVWULHV� LQFOXGH� D� VXEVWDQWLDO� DPRXQW� RI� &2� DVVRFLDWHGZLWK�QRQ�VWRUHG�FDUERQ�LQ�QRQ�HQHUJ\�DSSOLFDWLRQV�RI�JDV��RLO�SURGXFWV�DQG�FRNHV��RI�WKH�RUGHU�RI���0WRQ�RI�D�WRWDO�RI�DURXQG����0WRQ���6RPH����0WRQ�LV�FDOFXODWHG�DV�VWRUHG��L�H��QRW�HPLWWHG��FDUERQ�ZLWK� D� IL[HG� VWRUDJH� IUDFWLRQ� SHU� HQHUJ\� FDUULHU� XVHG� IRU� QRQ�HQHUJ\� SXUSRVHV� �7DEOH� ������ 7KLVUHIHUHQFH�FDOFXODWLRQ�LV�DOVR�XVHG�WR�FDOFXODWH�WKH�UHPDLQGHU�RI�IHHGVWRFN�HPLVVLRQV�LQ�FDVH�WRWDO�&2�IURP�IHHGVWRFNV�UHSRUWHG�E\�WKH�SHWURFKHPLFDO�LQGXVWULHV�LV�OHVV�WKDQ�WKH�UHIHUHQFH�YDOXH��,Q�DGGLWLRQ�FDUERQ� GLR[LGH� HPLVVLRQV� DUH� FDOFXODWHG� IRU� IRVVLO�IXHO� UHODWHG� FDUERQ� �H�J�� SODVWLFV�� LQ� LQFLQHUDWHGZDVWH��7KH�DFFRXQWV�IRU�DERXW���0WRQ�RI�&2�� DQQXDOO\�)RVVLO�EDVHG�&2� HPLVVLRQV�IURP�ZDVWH�LQFLQHUDWLRQ�LV�FDOFXODWHG�IURP�WKH�WRWDO�DPRXQW�RI�ZDVWHWKDW�LV�LQFLQHUDWHG��VSOLW�LQWR���ZDVWH�W\SHV��HDFK�ZLWK�D�VSHFLILF�FDUERQ�FRQWHQW�DQG�IUDFWLRQ�RI�IRVVLO& LQ�WRWDO�&��EDVHG�RQ�DQ�DQDO\VLV�E\�'H�-DJHU�DQG�%ORN���������,Q�UHFHQW�\HDUV�WKLV�DPRXQWHG�DERXW��0WRQ��7KH�IXHO�XVH�UHODWHG� WR�VWDWLVWLFDO�GLIIHUHQFHV� LV�VWLOO� LQFOXGHG�DV�D�VRXUFH�RI�&2� IRU�����������VLQFH�LW�ZDV�DVVXPHG�WKDW�WKH�DVVRFLDWHG�IXHO�XVH�LV�UHDO�DQG�QRW�DFFRXQWHG�IRU�LQ�LQGLYLGXDO�HQG�XVHVHFWRUV��3HU�HQHUJ\�FDUULHU��KRZHYHU�� WKH�GLIIHUHQFH�PD\�YDU\�ERWK� LQ� VLJQ�DQG� VL]H�� DV� LV� VKRZQ� LQ
7DEOH������ 6WDWLVWLFV�1HWKHUODQGV��&%6��KDV�UHYLVHG�LQ�WKH�QDWLRQDO�HQHUJ\�EDODQFHV�WKH�PHWKRG�IRUHVWDEOLVKLQJ�WKH�VWDWLVWLFDO�GLIIHUHQFH�EHWZHHQ�WKH�DSSDUHQW�QDWLRQDO�HQHUJ\�FRQVXPSWLRQ��LQGLJHQRXVSURGXFWLRQ���LPSRUW���H[SRUW���EXQNHUV���VWRFN�FKDQJH��DQG�WKH�ERWWRP�XS�VXP�RI�DOO�VHFWRUDO�HQHUJ\
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XVH��7KH�VWDWLVWLFDO�GLIIHUHQFH�ZDV�HOLPLQDWHG�IRU�DOO�\HDUV�IURP������RQZDUGV��H[FHSW�IRU�����������WKURXJK�LQFRUSRUDWLRQ�RI��IRUPHUO\�UHPDLQLQJ��GLIIHUHQFHV�LQWR�RWKHU�SDUWV�RI�WKH�HQHUJ\�EDODQFH��VHH6HFWLRQ� ���� IRU� PRUH� GHWDLOV��� 6LQFH� WKH� HQHUJ\� EDODQFHV� ���������� KDYH� QRW� EHHQ� UHYLVHG�� LW� LVFXUUHQWO\� QRW� SRVVLEOH� WR� SURYLGH� D� FRQVLVWHQW� WLPH� VHULHV� IRU� WKLV� 
VRXUFH� FDWHJRU\
� IRU� WKH� ZKROHSHULRG�����������)LQDOO\��IRU�GRPHVWLF�HQYLURQPHQWDO�SROLF\�SXUSRVHV�D�WHPSHUDWXUH�FRUUHFWLRQ�RI�IXHO�XVH�IRU�VSDFHKHDWLQJ�LV�DSSOLHG��EXW�RQO\�WR�&2� HPLVVLRQV�IURP�QDWXUDO�JDV�FRQVXPSWLRQ��7KH�UHVWULFWLRQ�WR�QDWXUDOJDV�LV�EHFDXVH�WKLV�LV�E\�IDU�WKH�GRPLQDQW�IXHO�W\SH�IRU�VSDFH�KHDWLQJ��VHH�)LJXUH�������$�GHVFULSWLRQRI WKLV�PHWKRG�LV�JLYHQ�LQ�$QQH[���
7DEOH������&DUERQ�VWRUDJH�IUDFWLRQV�IRU�HQHUJ\�FDUULHUV�XVHG�DV�FKHPLFDO�IHHGVWRFN��FRQVWDQW�IRU�DOO�\HDUV�

6RXUFH��*LHOHQ��������1RWH�� 7KH� IUDFWLRQ� XVHG� IRU� DOO� RLO� SURGXFWV� LV� WKH� ZHLJKWHG� DYHUDJH� RI� IUDFWLRQV� GHWHUPLQHG� IRU� LQGLYLGXDO� RLO� SURGXFWV�6SDNPDQ�HW�DO���������

�����&2� IURP�VLQNV
7KH�1HWKHUODQGV�SUHVHQWO\�RQO\�HVWLPDWHV�&2� UHPRYDOV�IRU�/8&)�FDWHJRU\���$� )RU�WKH�SHULRG���������� WKH�GDWD�RQ�FDUERQ�VWRFN�DQG�FDUERQ�FKDQJHV�DUH�EDVHG�RQ�� IRUHVW�DUHD��LQ�KD���� DYHUDJH�DQQXDO�JURZWK�E\�FDWHJRU\��LQ�P��KD�\HDU��� KDUYHVW�E\�FDWHJRU\��LQ�P��KD�\HDU��1R�FRUUHFWLRQ�LV�PDGH�IRU�WKH�DPRXQW�RI�IXHOZRRG�KDUYHVWHG��VLQFH�WKLV�DPRXQW�LV�LPSOLFLWO\�LQFOXGHGLQ� WKHVH� WKUHH� YDULDEOHV�� )RU� IRUHVW� VWRFN� WKH� )$2� GHILQLWLRQ� LV� XVHG�� EXW� IRU� WKH� ZRRG� YROXPH� DWKUHVKROG� OHYHO�RI���FP�GLDPHWHU� LV� XVHG� IRU�81)&&&� UHSRUWLQJ��$OO� FRQYHUVLRQ� IDFWRUV�KDYH�EHHQFKHFNHG� IRU� UHSODFLQJ� ,3&&�GHIDXOW�YDOXHV�E\�FRXQWU\�VSHFLILF�YDOXHV�� ,W�ZDV�GHFLGHG� WR�XVH� IRU� DOOYDULDEOHV� ,3&&� GHIDXOW� YDOXHV�� H[FHSW� IRU� WKH� FRQYHUVLRQ� UDWLR� IURP� YROXPH� �LQ�P�� WR� GU\�PDWWHU�WRQQH�GP���IRU�ZKLFK�WKH�1HWKHUODQGV�XVHV�PRUH�GHWDLOHG�ILJXUHV������DQG�����W�GP�P� IRU�FRQLIHURXVDQG�EURDGOHDI�IRUHVW��UHVSHFWLYHO\��6HH�$QQH[���IRU�D�GHWDLOHG�GHVFULSWLRQ�

�����0HWKDQH
0HWKDQH� IURP� FRPEXVWLRQ� LV� HVWLPDWHG� XVLQJ� WKH� HQHUJ\� VWDWLVWLFV� DQG� HPLVVLRQ� IDFWRUV� IURP� WKHDQQXDO�(PLVVLRQ�0RQLWRU�ZLWK�ILJXUHV�SURYLGHG�E\�WKH�(PLVVLRQ�5HJLVWUDWLRQ�V\VWHP��3(5���0HWKDQHHPLVVLRQV� IURP� RLO� DQG� JDV� DUH� HVWLPDWHG� IRU� RQVKRUH� DQG� RIIVKRUH� VLWHV� VHSDUDWHO\��0HWKDQH� IURPDJULFXOWXUH� LV� HVWLPDWHG� RQ� WKH� EDVLV� RI� HPLVVLRQ� IDFWRUV� GHYHORSHG� LQ� WKH� PHWKDQH� EDFNJURXQG
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GRFXPHQW� E\�9DQ�$PVWHO� HW� DO�� �������� DQG� DJULFXOWXUDO� VWDWLVWLFV� IRU� DQLPDO� QXPEHUV� DQG�PDQXUHSURGXFWLRQ�IURP�6WDWLVWLFV�1HWKHUODQGV��&%6���)RU�GDLU\�DQG�QRQ�GDLU\�FDWWOH�WKH�HPLVVLRQ�IDFWRUV�IRUHQWHULF�IHUPHQWDWLRQ�DUH�EDVHG�RQ�DQ�,3&&�7LHU���DQDO\VLV�PDGH�IRU�WKH�1HWKHUODQGV�FDWWOH� LQ������)RU�VXEVHTXHQW�\HDUV��WKHVH�HPLVVLRQ�IDFWRUV�DUH�XVHG��KRZHYHU��VSHFLILF�IDFWRUV�DUH�DSSOLHG�WR���DQG��VXEFDWHJRULHV�ZLWKLQ�GDLU\�DQG�QRQ�GDLU\�FDWWOH��UHVSHFWLYHO\�0HWKDQH� HPLVVLRQV� IURP� ODQGILOOV� DUH� FDOFXODWHG� XVLQJ� D� ILUVW� RUGHU� GHFRPSRVLWLRQ�PRGHO� �ILUVWRUGHU� GHFD\� IXQFWLRQ�� ZLWK� DQQXDO� LQSXW� RI� WKH� WRWDO� DPRXQWV� GHSRVLWHG� DQG� FKDUDFWHULVWLFV� RI� WKHODQGILOOHG� ZDVWH� DQG� WKH� DPRXQW� RI� ODQGILOO� JDV� H[WUDFWHG�� 3DUDPHWHU� YDOXHV� XVHG� LQ� WKH� ODQGILOOHPLVVLRQV�PRGHO�DUH�� IUDFWLRQ�RI�'HJUDGDEOH�2UJDQLF�&DUERQ��'2&���GHFUHDVHV�IURP�����LQ������WR�����LQ������� PHWKDQH� JHQHUDWLRQ� �L�H�� GHFRPSRVLWLRQ�� UDWH� FRQVWDQW� �N��� ������ XS� WR� DQG� LQFOXGLQJ� �����GHFUHDVLQJ�WR��������LQ������DQG�FRQVWDQW�WKHUHDIWHU��WKLV�FRUUHVSRQGV�WR�KDOI�OLIH�WLPHV�RI�����DQG�� \HDU��UHVSHFWLYHO\�� PHWKDQH�R[LGDWLRQ�IDFWRU������� IUDFWLRQ�PHWKDQH�LQ�ODQGILOO�JDV������� IUDFWLRQ�RI�'2&�DFWXDOO\�GLVVLPLODWHG��'2&)��������7KH�FKDQJH�LQ�'2&�YDOXHV�LV�DPRQJVW�RWKHUV�GXH�WR�WKH�SURKLELWLRQ�RI�ODQGILOOLQJ�FRPEXVWLEOH�ZDVWHV�ZKHUHDV�WKH�FKDQJH�LQ�N�YDOXHV�LV�FDXVHG�E\�D�VWURQJ�LQFUHDVH�RI�WKH�UHF\FOLQJ�RI�YHJHWDEOH��IUXLW�DQGJDUGHQ�ZDVWH�LQ�WKH�HDUO\�����V��7KH�LQWHJUDWLRQ�WLPH�IRU�WKH�HPLVVLRQ�FDOFXODWLRQ�LV�IRU�DOO�\HDUV�WKHSHULRG�IURP������WR�WKH�\HDU�IRU�ZKLFK�WKH�FDOFXODWLRQ�LV�PDGH�0HWKDQH�HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV�DUH�UHJDUGHG�DV� 
QDWXUDO
��QRQ�DQWKURSRJHQLF��DQG�DUHHVWLPDWHG� RQ� WKH� EDVLV� RI� WKH�PHWKDQH� EDFNJURXQG� GRFXPHQW�� 7KH\� DUH� UHSRUWHG� DV� DQWKURSRJHQLFHPLVVLRQV� XQGHU� ,3&&� FDWHJRU\� ��� 5RDG� WUDIILF� HPLVVLRQV� RI� &+� DUH� FDOFXODWHG� DQG� UHSRUWHGDFFRUGLQJ�WR�WKH�5HYLVHG�,3&&�*XLGHOLQHV��L�H��LQLWLDOO\�EDVHG�RQ�YHKLFOH�NP��WKHQ�FDOLEUDWHG�WR�IXHOVXSSO\�VWDWLVWLFV�� IRU�PRUH�GHWDLOV�ZH�UHIHU�WR�WKH�GHVFULSWLRQ�SURYLGHG�IRU�&2�� )XUWKHUPRUH��
QDWXUDOHPLVVLRQV
�DUH�PHWKDQH�HPLVVLRQV�IURP�ZHWODQGV�DQG�ZDWHU�

�����1LWURXV�R[LGH
7KH� QLWURXV� R[LGH� HPLVVLRQV� HVWLPDWH� LV� EDVHG� RQ� WKH� PHWKRGV� GHVFULEHG� LQ� WKH� QLWURXV� R[LGHEDFNJURXQG� GRFXPHQW� E\� .URH]H� �������� :H� QRWH� WKDW� LQGLUHFW� 1�2 HPLVVLRQV� IURP� DWPRVSKHULFGHSRVLWLRQ� DUH� QRW� \HW� HVWLPDWHG�� 2WKHU� LQGLUHFW� 1�2 HPLVVLRQV� DUH� HLWKHU� LQFOXGHG� XQGHU� 
��'
%DFNJURXQG� DJULFXOWXUDO� VRLOV
� RU� DV� FDWHJRU\� � 
3ROOXWHG� VXUIDFH� ZDWHU
�� 7KHVH� 
EDFNJURXQG
HPLVVLRQV� LQFOXGH� 1�2 HPLVVLRQV� IURP� FXOWLYDWLRQ� RI� KLVWRVROV� DQG� HPLVVLRQV� IURP� PDQXUH� DQGIHUWLOLVHU�DSSOLFDWLRQV�LQ�WKH�SDVW��7KLV�LV�WR�UHIOHFW�WKDW�DJULFXOWXUDO�VRLO�HPLVVLRQV�ZLOO�QRW�VWRS�ZKHQDJULFXOWXUDO�DFWLYLWLHV�DUH� VWRSSHG��$OVR�HPLVVLRQV� DUH� LQFOXGHG� IURP�FURS� UHVLGXHV� OHIW� LQ� WKH� ILHOG�7KH�ODWWHU�FDWHJRU\���LV�D�IL[HG�YDOXH�WKDW�FRPSULVHV�OHDFKLQJ�DQG�UXQ�RII�IURP�DJULFXOWXUDO�DFWLYLWLHV������DQG�IURP�RWKHU�QLWURJHQ�VRXUFHV��������LQFOXGLQJ�KXPDQ�VHZDJH��6LQFH�WKLV�ILJXUH�LQFOXGHV�PRUHWKDQ�RQO\�DJULFXOWXUH�UHODWHG�HPLVVLRQV�ZH�GR�QRW�UHSRUW�WKHVH�XQGHU���'�EXW�DV�D�VHSDUDWH�FDWHJRU\�
�
�
1�2 HPLVVLRQV�IURP�KXPDQ�VHZDJH�DUH�UHSRUWHG�SDUWO\�XQGHU�FDWHJRU\��%�
:DVWHZDWHU�KDQGOLQJ
�DQG
SDUWO\�XQGHU�FDWHJRU\���DV�
3ROOXWHG�VXUIDFH�ZDWHU
� )RU�PRUH�GHWDLOV�RQ�WKH�H[DFW�GHILQLWLRQ�RI�WKHVHLQGLUHFW�1�2 VRXUFH�WHUPV�ZH�UHIHU�WR�.URH]H��������7KH� FDOFXODWLRQ� RI� DQLPDO�PDQXUH� SURGXFWLRQ� DQG� ZDVWH� PDQDJHPHQW� V\VWHPV� LV� GHVFULEHG� LQ9DQ�GHU�+RHN�HW�DO����������(PLVVLRQV�IURP�WKH�SURGXFWLRQ�RI�FKHPLFDOV�LQFOXGH�1�2 IURP�QLWULF�DFLG�DFU\ORQLWULO�DQG�FDSURODFWDP�SURGXFWLRQ�DV�UHSRUWHG�E\�WKH�PDQXIDFWXULQJ�LQGXVWU\�DQG�LQFOXGHG�LQ�WKH1HWKHUODQGV
�(PLVVLRQ�5HJLVWUDWLRQ�V\VWHP��3(5���6SDNPDQ�HW�DO����������5RDG� WUDIILF�HPLVVLRQV�RI1�2 DUH� FDOFXODWHG� DQG� UHSRUWHG� DFFRUGLQJ� WR� WKH�5HYLVHG� ,3&&�*XLGHOLQHV� �L�H�� LQLWLDOO\� EDVHG� RQYHKLFOH�NP�� WKHQ� FDOLEUDWHG� WR� IXHO� VXSSO\� VWDWLVWLFV��� IRU� PRUH� GHWDLOV� ZH� UHIHU� WR� WKH� GHVFULSWLRQSURYLGHG�IRU�&2�� )RU�PRUH�GHWDLOV�RQ�WKH�HPLVVLRQ�IDFWRUV�ZH�UHIHU�WR�6HFWLRQ�������
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�����+)&V��3)&V�DQG�6)�
(PLVVLRQV� IURP� +)&� FRQVXPSWLRQ� DUH� FDOFXODWHG� XVLQJ� 7LHU� �� PHWKRGRORJLHV� DV� GHVFULEHG� E\0DWWKLMVHQ� DQG� .URH]H� �������� +)&� DQG� 3)&� HPLVVLRQV� IURP� +&)&���� SURGXFWLRQ� DQG� SULPDU\DOXPLQLXP�SURGXFWLRQ�� UHVSHFWLYHO\�� DUH�EDVHG�RQ�PHDVXUHG�GDWD� UHSRUWHG�E\�SURGXFLQJ�FRPSDQLHV�(PLVVLRQV�RI�6)� DUH�EDVHG�RQ�HVWLPDWHV�RI�6)� FRQVXPSWLRQ�IRU�WKH�H[LVWLQJ�VWRFN�RI�*DV�,QVXODWHG6ZLWFKJHDU��*,6��HTXLSPHQW��DGGLWLRQ�RI�QHZ�*,6�HTXLSPHQW�DQG�PDQXIDFWXULQJ�RI�*,6�HTXLSPHQWDQG� IRU� VHPLFRQGXFWRU� PDQXIDFWXUH�� $V� RI� WKLV� \HDU�� 6)� HPLVVLRQV� IURP� WKH� SURGXFWLRQ� RI� 6)�FRQWDLQLQJ�VRXQGSURRI�GRXEOH�JOD]HG�ZLQGRZV�KDYH�EHHQ�LQFOXGHG�IRU������RQZDUGV�

�����'DWD�VRXUFHV
7KH� IROORZLQJ� SULPDU\� GDWD� VRXUFHV� DUH� XVHG� IRU� WKH� DQQXDO� DFWLYLW\� GDWD� XVHG� LQ� WKH� HPLVVLRQFDOFXODWLRQV�� IRVVLO� IXHO� GDWD�� �D�� DQQXDO� LQYHQWRU\� UHSRUWV� E\� LQGLYLGXDO� ILUPV� �LQFOXGLQJ� ELRIXHO� GDWD��� �E�QDWLRQDO�HQHUJ\�VWDWLVWLFV�IURP�&%6��1DWLRQDO�(QHUJ\�6WDWLVWLFV��(QHUJ\�0RQLWRU����F��DJULFXOWXUDOJDV�FRQVXPSWLRQ��/(,�� UHVLGHQWLDO�ELRIXHO�GDWD���D��DQQXDO�VXUYH\�RI�UHVLGHQWLDO�ZRRGVWRYH�DQG�ILUHSODFH�SHQHWUDWLRQ�E\WKH�$VVRFLDWLRQ�IRU�&RPIRUWDEOH�/LYLQJ��LQ�'XWFK��9HUHQLJLQJ�&RPIRUWDEHO�:RQHQ����E��D�VXUYH\LQ������RQ�ZRRG�FRQVXPSWLRQ�E\�UHVLGHQWLDO�ZRRGVWRYH�DQG�ILUHSODFH�RZQHUV�E\� WKH�6WRYH�DQG6WDFN�$VVRFLDWLRQ��LQ�'XWFK��9HUHQLJLQJ�YDQ�+DDUG�HQ�5RRNNDQDDO��9+5�� WUDQVSRUW�VWDWLVWLFV��PRQWKO\�VWDWLVWLFV�IRU�WUDIILF�DQG�WUDQVSRUWDWLRQ�IURP�&%6� LQGXVWULDO� SURGXFWLRQ� VWDWLVWLFV�� �D�� DQQXDO� LQYHQWRU\� UHSRUWV� E\� LQGLYLGXDO� ILUPV�� �E�� QDWLRQDOVWDWLVWLFV�IURP�&%6� FRQVXPSWLRQ�RI�+)&V��DQQXDO�UHSRUWV�E\�DFFRXQWDQW�ILUP�.30*��RQO\�+)&�GDWD�DUH�XVHG�GXH�WRLQFRQVLVWHQF\�IRU�3)&V�DQG�6)� ZLWK�HPLVVLRQV�UHSRUWHG�RWKHUZLVH�� FRQVXPSWLRQ�HPLVVLRQV�RI�3)&V�DQG�6)�� UHSRUWHG�E\�LQGLYLGXDO�ILUPV� DQLPDO�QXPEHUV��DJULFXOWXUDO�GDWDEDVH�IURP�&%6�/(,�'/2�ZLWK�GDWD�IURP�WKH�DJULFXOWXUDO�DQQXDOFHQVXV� PDQXUH�SURGXFWLRQ�DQG�KDQGOLQJ��QDWLRQDO�VWDWLVWLFV�IURP�&%6�/(,�'/2� IHUWLOLVHU�VWDWLVWLFV��DJULFXOWXUDO�VWDWLVWLFV�IURP�/(,�'/2� IRUHVW�DQG�ZRRG�VWDWLVWLFV���D��IRUHVW�DUHD������DQG�������&%6��������DQG�'LUNVHQ�HW�DO���������UHVSHFWLYHO\�� VXSSOHPHQWHG�ZLWK�DJULFXOWXUDO� VWDWLVWLFV�RQ�RUFKDUGV� DQG�QXUVHULHV� IURP�/(,�&%6��������&%6���������������'DDPHQ��������DQG�(GHOHQERVFK��������IRU�WKH�\HDUV�LQ�EHWZHHQ���E�VWHP� YROXPH�� DQQXDO� JURZWK� DQG� IHOOLQJV�� 6FKRRQGHUZRHUG� �������� 6WROS� ������� DQG� 'DDPHQ�������� ZDVWH�SURGXFWLRQ�DQG�KDQGOLQJ��:RUNLQJ�*URXS�RQ�:DVWH�5HJLVWUDWLRQ��:$5���&%6��5,90� PHWKDQH�UHFRYHU\�IURP�ODQGILOOV��99$9��5,90�HVWLPDWHV�IRU�UHFHQW�\HDUV�
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7DEOH������&5)�6XPPDU\�WDEOH���ZLWK�PHWKRGV�DQG�HPLVVLRQ�IDFWRUV�DSSOLHG

([SODQDWLRQ�RI�QRWDWLRQ�NH\V�XVHG�� WR�VSHFLI\�WKH�PHWKRG�DSSOLHG�
' �,3&&�GHIDXOW���5$��5HIHUHQFH�$SSURDFK�
7���,3&&�7LHU���
7�D��7�E��7�F��,3&&�7LHU��D��7LHU��E�DQG�7LHU��F��UHVSHFWLYHO\�
7���,3&&�7LHU���
7���,3&&�7LHU���
& �&25,1$,5���&6 �&RXQWU\�6SHFLILF���0 �0RGHO�

� WR�VSHFLI\�WKH�HPLVVLRQ�IDFWRU�XVHG�
' �,3&&�GHIDXOW�
& �&25,1$,5�
&6 �&RXQWU\�6SHFLILF�
36��3ODQW�6SHFLILF�
0 �0RGHO��
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��� 2YHUYLHZ�RI�5HFDOFXODWLRQV
,Q� WKLV� FKDSWHU�ZH� RXWOLQH� WKH� NH\� GLIIHUHQFHV� FRPSDUHG�ZLWK� WKH� SUHYLRXV� VXEPLVVLRQ� UHSRUWHG� E\2OLYLHU�HW�DO����������%HFDXVH�PRVW�FKDQJHV�DUH�RQO\�RI�D�PLQRU�QDWXUH�DQG�VLQFH�UHFDOFXODWLRQV�KDYHQRW EHHQ�SHUIRUPHG�IRU�DOO�\HDUV�SULRU�WR�������EXW�PRVWO\�RQO\�WR������DQG�������HPLVVLRQ�ILJXUHV�RIDOO�JDVHV�KDYH�EHHQ�NHSW�XQFKDQJHG� IRU� WKH�\HDUV�����������FRPSDUHG� WR� WKH�SUHYLRXV�VXEPLVVLRQ�)RU�WKHVH�\HDUV��KRZHYHU��D�QXPEHU�RI�VRXUFH�DOORFDWLRQ�LPSURYHPHQWV�KDYH�EHHQ�PDGH��$Q�H[FHSWLRQLV�WKH�HPLVVLRQV�RI�+)&V��3)&V�DQG�6)�� ZKLFK�KDYH�EHHQ�UHYLVHG�IRU� WKH�ZKROH� WLPH�SHULRG�����������

�����'LIIHUHQFHV�GXH�WR�FKDQJHV�LQ�PHWKRGRORJ\�RU�GDWD
,Q�������LQ�FDVH�RI�PHWKRGRORJLFDO�FKDQJHV�UHFDOFXODWLRQV�ZHUH�PDGH�IRU�WKH�\HDUV����������������������� DQG� �QHZ�� ������ 7KLV�PHDQV� WKDW� IRU� ���������� DQG� ���������� QR� UHFDOFXODWLRQV� KDYH� EHHQPDGH��H[FHSW�LQ�WKH�FDVHV�H[SOLFLWO\�PHQWLRQHG�EHORZ�7KH� PDLQ� UHFDOFXODWLRQV� DUH� GXH� WR� �D�� HOLPLQDWLRQ� RI� VWDWLVWLFDO� GLIIHUHQFHV� LQ� WKH� HQHUJ\EDODQFHV� RI� ����� DQG� ����������� LQFOXGLQJ� DQ� LPSURYHPHQW� LQ� WKH� HQHUJ\� VWDWLVWLFV� RI� IXHOFRQVXPSWLRQ�GDWD�LQ�WKH�FKHPLFDO�LQGXVWU\���E��UHFDOFXODWLRQ�RI�&2� HPLVVLRQV�DQG�VLQNV�WR�/8&)���F�UHFDOFXODWLRQ�RI�1�2 HPLVVLRQV�IURP�WUDQVSRUW�DQG��G��IURP�QLWULF�DFLG�SURGXFWLRQ���H��UHYLVLRQ�RI�3)&DQG� +)&� HPLVVLRQV� DQG� DGGLWLRQ� RI� DQ� 6)� VRXUFH� �SURGXFWLRQ� RI� VRXQGSURRI� GRXEOH� JOD]HGZLQGRZV���'XH�WR�WKHVH�UHFDOFXODWLRQV��WRWDO�&2��HT��HPLVVLRQV�LQ�WKH�EDVH�\HDU�GHFUHDVHG�E\�����7J&2��HT�� RU� ������(PLVVLRQV� RI�&2� DQG�1�2 LQ� ����� KDYH� GHFUHDVHG� E\� ���� DQG� ����7J�&2��HT��UHVSHFWLYHO\��GXH�WR�WKHVH�UHFDOFXODWLRQV��+)&�HPLVVLRQV�GHFUHDVHG�LQ������E\�����7J�&2��HT��ZKLOH6)� HPLVVLRQV�LQFUHDVHG�E\�����7J�&2��HT��7KLV�LV�PDLQO\�FDXVHG�E\�WKH�DSSOLFDWLRQ�RI�QHZ��PHDVXUHGHPLVVLRQ�IDFWRUV�DQG�HOLPLQDWLRQ�RI�VWDWLVWLFDO�GLIIHUHQFHV�LQ�WKH�HQHUJ\�EDODQFH�

�������(OLPLQDWLRQ�RI�VWDWLVWLFDO�GLIIHUHQFHV�LQ�WKH�HQHUJ\�EDODQFHV�RI
�����DQG�����������>�$@

7KLV�PDMRU�UHFDOFXODWLRQ�KDV�DIIHFWHG�WKH�&2� HPLVVLRQV�LQ�FDWHJRU\��$���2WKHU���DQG�FRQYHUVHO\�DOORWKHU� FRPEXVWLRQ� HPLVVLRQV� �$����� LQ� SDUWLFXODU� WKH� FDWHJRULHV� �$�� �0DQXIDFWXULQJ� ,QGXVWU\� DQG�$���2WKHU�VHFWRUV� QRWDEO\��$�D�&RPPHUFLDO�,QVWLWXWLRQDO�VHUYLFHV���+RZHYHU��DOVR�LQ�FDWHJRU\��$��(QHUJ\�LQGXVWULHV� VRPH�FKDQJHV�ZHUH�PDGH��,Q�DGGLWLRQ��IRU�VRPH�OLTXLG�IXHOV�LQ�WKH�FDWHJRULHV��$��7UDQVSRUW� QRWDEO\� �$�F�5RDG� WUDQVSRUW� DQG� ,QWHUQDWLRQDO� %XQNHUV� WKH� FRQVXPSWLRQ� GDWD� ZHUHDGMXVWHG�7KHUH� DUH� WZR�PHWKRGV� WR� FROOHFW� LQIRUPDWLRQ� RQ� WKH� QDWLRQDO� HQHUJ\� XVH�� 2QH� LV� WKH� QDWLRQDOHQHUJ\� FRQVXPSWLRQ� LV� WKH� VXP� RI� LQGLJHQRXV� SURGXFWLRQ� SOXV� LPSRUW�PLQXV� H[SRUW�PLQXV� EXQNHUVSOXV�PLQXV� VWRFN� FKDQJH�� 7KH� RWKHU� LV� D� ERWWRP�XS� VXP� RI� DOO� VHFWRUDO� HQHUJ\� XVH�� ,Q� WKHRU\� ERWKPHWKRGV�VKRXOG�UHVXOW� LQ�WKH�VDPH�YDOXH��EXW�DV�VWDWLVWLFDO�REVHUYDWLRQV�DUH�QHYHU������DFFXUDWH�� LQSUDFWLFH� WKHUH� LV�RIWHQ�D� �VPDOO��GLIIHUHQFH�EHWZHHQ� WKH� WZR��7KH� IXHO�XVH� UHODWHG� WRW� WKLV�VWDWLVWLFDO
GLIIHUHQFHV�LV�LQFOXGHG�DV�D�VRXUFH�RI�&2�� VLQFH�LW�LV�DVVXPHG�WKDW�WKH�DVVRFLDWHG�IXHO�XVH�LV�UHDO�DQGQRW DFFRXQWHG� IRU� LQ� LQGLYLGXDO� HQG�XVH� VHFWRUV�� ,Q�PLG�����¶V� WKLV� VWDWLVWLFDO� GLIIHUHQFHV� LQFUHDVHGDQG� VHYHUDO� LQVWLWXWHV� LQ� WKH�1HWKHUODQGV� VWDUWHG� WR� UHFDOFXODWH� WKLV� HQHUJ\� XVH� WR� VHFWRUV��7KH�&%6'LYLVLRQ�RQ�(QHUJ\�6WDWLVWLFV�VWDUWHG�D�SURMHFW�WR�HOLPLQDWH�WKLV�VWDWLVWLFDO�GLIIHUHQFH�WR�HQVXUH�WKDW�DOOLQVWLWXWHV�FDQ�XVH�D�VDPH�VHW�RI�GDWD�RQ�QDWLRQDO�HQHUJ\�FRQVXPSWLRQ��,Q�WKLV�UHFDOFXODWLRQ�SURMHFW�DOVRRWKHU�UHOHYDQW�HOHPHQWV�WR�LPSURYH�WKH�TXDOLW\�RI�WKH�HQHUJ\�VWDWLVWLFV�ZHUH�LQFOXGHG�� HOLPLQDWLRQ�RI� WKH�VWDWLVWLFDO�GLIIHUHQFHV� LQ� WKH�QDWLRQDO�HQHUJ\�EDODQFH�IRU������DQG�IURP�����RQZDUGV�� LPSURYHG�GDWD�RQ�HQHUJ\�XVH�LQ�WKH�SHWURFKHPLFDO��VHFWRU�IRU������DQG�������DPRQJVW�RWKHUV�WKHIUDFWLRQ�RI�IXHOV�XVHG�DV�FKHPLFDO�IHHGVWRFN�
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� UHDUUDQJHPHQW�RI�WKH�FRPSDQLHV�IRU�WKH�\HDU�������XVLQJ�WKH�QHZ�VHFWRUDO�FRGLQJ�V\VWHP��6%,����WKDW�LV�LQ�OLQH�ZLWK�WKH�QHZ�1$&(�V\VWHP�� FKDQJH�RI�WKH�WUDGH�V\VWHP�IRU�LQFOXGLQJ�LPSRUW�H[SRUW�LQ�WKH�HQHUJ\�GDWD�������DPRQJVW�RWKHUV�WRWKH�
JHQHUDO�WUDGH
�V\VWHP��� LPSURYHG�DOORFDWLRQ�RI�HQHUJ\�SURGXFWV�LQ�FXVWRP�HQWUHSRWV�IRU������
(OLPLQDWLRQ�RI�WKH�VWDWLVWLFDO�GLIIHUHQFHV�LQ�WKH�HQHUJ\�EDODQFHV�IRU������DQG�����
RQZDUGV
,Q� ������ 6WDWLVWLFV� 1HWKHUODQGV� SXEOLVKHG� WKH� ����� QDWLRQDO� HQHUJ\� EDODQFH� LQ� WKDW� WKH� VWDWLVWLFDOGLIIHUHQFH� ZDV� HIIHFWLYHO\� HOLPLQDWHG� �&%6�� ����D��� 7KH� GDWD� ���������� LQ� WKH� 1HWKHUODQGV
JUHHQKRXVH�JDV�LQYHQWRU\� LQFOXGHG� WKH�IXHO�XVH�UHODWHG� WR�VWDWLVWLFDO�GLIIHUHQFHV�DV�D�VRXUFH�RI�&2��VLQFH�LW�KDV�EHHQ�DVVXPHG�WKDW�WKH�DVVRFLDWHG�IXHO�XVH�LV�UHDO�EXW�QRW�DFFRXQWHG�IRU�LQ�LQGLYLGXDO�HQG�XVH�VHFWRUV��7KH�VWDWLVWLFDO�GLIIHUHQFH�EHWZHHQ�VXSSO\�DQG�GHPDQG�ZDV�XVXDOO\�VPDOOHU�WKDQ�����EXWEHFDPH�PXFK�ODUJHU�LQ�WKH�VHFRQG�KDOI�RI�WKH�����V��3HU�HQHUJ\�FDUULHU�WKH�GLIIHUHQFH�PD\�YDU\�ERWKLQ�VLJQ�DQG�VL]H��DV�LV�VKRZQ�LQ�7DEOH�����
7DEOH������(QHUJ\�XVH�UHODWHG�WR�WKH�VWDWLVWLFDO�GLIIHUHQFHV������������1,5������DQG������>FDWHJRU\��$�@
6XEPLVVLRQ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
$��(QHUJ\��3-�
� &RDO � � �� � �� �� �� �� �� �
� 2LO �� �� �� �� �� �� �� �� �� �
� 1DWXUDO�JDV ��� ��� ��� ��� �� ��� ��� ��� ��� �
%��&2� HPLVVLRQV��7J�
� &RDO ��� ��� ���� ��� ���� ��� ��� ��� ��� ���
� 2LO ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� 1DWXUDO�JDV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���
7RWDO�1,5����� ��� ��� ���� ��� ��� ��� ��� ��� ��� ���
7RWDO�1,5����� ��� ��� ���� ��� ��� ��� ��� ��� ��� ���
7KH�HOLPLQDWLRQ�RI�WKH�VWDWLVWLFDO�GLIIHUHQFHV�VWDUWHG�IRU�WKH�\HDU�������)RU�WKDW�\HDU�IRU�HDFK�HQHUJ\FDUULHU�WKH�ILUVW�VWHS�ZDV�WR�DOORFDWH�WKH�VRXUFH�IRU�WKH�GLIIHUHQFHV�LQ�WKH�HQG�XVH�HQHUJ\�GDWD�DQG�WRUHVHDUFK�IRU�DGGLWLRQDO�GDWD�WR�LPSURYH�WKH�HQHUJ\�GDWD��(�J��LQ�WKH�RULJLQDO�HQHUJ\�EDODQFH������WKHDYDLODEOH�DPRXQW�RI�JDVROLQH�ZDV�����PLOOLRQ�NJ�KLJKHU�WKDQ�WKH�XVH��:LWK�DGGLWLRQDO�LQIRUPDWLRQ�WKHHQHUJ\�XVH�IRU�PRELOH�YHKLFOHV��LQ�DJULFXOWXUH�DQG�FRQVWUXFWLRQ�VHFWRU��DQG�IRU�LQODQG�ZDWHU�WUDQVSRUWZDV�LPSURYHG��7KH�QH[W�VWHS�ZDV�DQDO\VLQJ�LPSRUW�DQG�H[SRUW�GDWD��,Q�WKLV�H[DPSOH�WKH�H[SRUW�GDWDIRU� JDVROLQH� LQFUHDVHG� LQ� D� FRPELQHG� UHVHDUFK� IRU� WKH� HQHUJ\� VWDWLVWLFV� DQG� WKH� LPSRUW� DQG� H[SRUWVWDWLVWLFV��$�VLPLODU�SURFHVV�ZDV�FRQGXFWHG�IRU�FRDO��ZKLFK�UHVXOWHG�LQ�DQ�DGMXVWHG�ILJXUH�IRU�H[SRUW�)RU������DERXW�����RI�WKH�VWDWLVWLFDO�GLIIHUHQFHV�ZDV�VROYHG�XVLQJ�D�PRUH�FRPSOHWH�REVHUYDWLRQ�RI�WKHIRUHLJQ� WUDGH�� HVSHFLDOO\� WKH� H[SRUW� DQG� PRUH� GHWDLOHG� LQIRUPDWLRQ� RQ� WKH� HQHUJ\� XVH� IRU� VHFWRUV�$ERXW�����LV�DOORFDWHG�RQ�EHVW�ILW�ZLWKLQ�WKH�HQHUJ\�EDODQFH�$ QH[W�VWHS�ZDV�WR�LPSURYH�WKH�GDWD�IRU�WKH�SHULRG������������)RU�����������WKH�HQHUJ\�EDODQFHZDV�UHFDOFXODWHG��EDVHG�RQ�H[WUDSRODWLRQV�IRU�WKH�QHZ�EDODQFH�GDWD������DQG�WKH�RULJLQDO�EDODQFH�GDWD���������� �VHH�$QQH[��� IRU�GHWDLOV�RQ� WKH�FKDQJHV�SHU� IXHO� W\SH���)RU� WKH�\HDU������DQ� DGGLWLRQDOHOHPHQW� ZDV� LQFOXGHG� LQ� WKLV� UHFDOFXODWLRQ�� DGMXVWHG� GDWD� IRU� WKH� SHWURFKHPLFDO� VHFWRU� �VHH� QH[WSDUDJUDSK���7KH�HYDOXDWLRQ�RI�HQHUJ\�GDWD�UHSRUWHG�LQ�PRQLWRULQJ�WKH�/RQJ�7HUP�$JUHHPHQW�DQG�WKHHQHUJ\� VWDWLVWLFV� RIIHUHG� D� ORW� RI� DGGLWLRQDO� GHWDLO� LQIRUPDWLRQ� RQ� WKH� HQHUJ\� HQG� XVH� WKDW� PDGH� LWSRVVLEOH�WR�DOORFDWH�PRUH�SUHFLVH�WKH�XVH�RI�HQHUJ\�FDUULHUV�$V�D�ILQDO�VWHS�WKH�VWDWLVWLFV�IRU������ZHUH�DQDO\VHG��$�VSHFLILF�SUREOHP�IRU�WKLV�\HDU�ZDV�WKDW�WKHHQHUJ\�GDWD�ZHUH�RUJDQLVHG� IRU� VHFWRUV��EDVHG�RQ�FRPSDQ\�FODVVLILFDWLRQV� WKDW�FKDQJHG� LQ�������6RDGGLWLRQDO� WR� WKH� UHFDOFXODWLRQ� RI� WKH� GDWD�� WKH� DOORFDWLRQ� LQWR� VHFWRUV� LQ� OLQH� ZLWK� WKH� QHZFODVVLILFDWLRQ�V\VWHP��6%,����ZDV�FRQGXFWHG��%XW�IRU������DOVR�WKH�LPSRUW�H[SRUW�GDWD�ZHUH�SUHVHQWHGLQ�WKH�JHQHUDO�WUDGH�V\VWHP�IRU�WKH�IRUHLJQ�WUDGH��ZKLOH�LQ�PRUH�UHFHQW�\HDUV�WKHVH�GDWD�DUH�SUHVHQWHG
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LQ�WKH�VSHFLDO�WUDGH�V\VWHP��7KH�GLIIHUHQFHV�EHWZHHQ�WKHVH�WZR�PHWKRGV�DUH�WKDW�LQ�WKH�JHQHUDO�WUDGHV\VWHP�WKH�HQHUJ\�FDUULHUV�ORFDWHG�LQ�FXVWRP�HQWUHSRWV�DUH�LQFOXGHG�LQ�WKH�GRPHVWLF�HQHUJ\�XVH�DQG�LQWKH�VSHFLDO�WUDGH�V\VWHP�WKHVH�DUH�QRW�LQFOXGHG��DOORFDWHG�WR�DEURDG�XVH���$Q�DGGLWLRQDO�SUREOHP�IRUWKH� UHFDOFXODWLRQ� LV�D�FKDQJH� LQ�D� IXQFWLRQ�RI� WKH� FXVWRP�HQWUHSRWV�� WKH�EOHQGLQJ�RI� HQHUJ\�FDUULHUVZLWKLQ�WKHVH�HQWUHSRWV�ZDV�LQ������FRPPRQ�SUDFWLFH��EXW�GHFOLQHG�KHDYLO\�LQ�ODWHU�\HDUV��$V�UHVXOW�WKHFDOFXODWLRQV�IRU������ZHUH�PRUH�FRPSOLFDWHG�WKDQ�IRU�����������DQG�PRUH�DVVXPSWLRQV�ZHUH�QHHGHG�6R�OHVV�GHWDLOHG�WDEOHV�DUH�DYDLODEOH�IRU�WKH�UHFDOFXODWHG�HQHUJ\�XVH������7KHVH� UHFDOFXODWLRQV� IRU� ����� DQG� ����� RQZDUGV� UHVXOWHG� QRW� RQO\� LQ� D� UHGLVWULEXWLRQ� RI� WKHHQHUJ\�XVHG�DPRQJVW�HQG�XVHUV��EXW�DV�D�UHVXOW�IURP�FKDQJHV�LQ�HQHUJ\�LPSRUW�DQG�H[SRUW�GDWD��DOVRWRWDO�QDWLRQDO�HQHUJ\�XVH�FKDQJHG��7KHVH�QHZ�GDWD�ZHUH�XVHG�LQ�FRPELQDWLRQ�ZLWK�RWKHU�GDWD�IURP�WKHQDWLRQDO�3ROOXWDQW�(PLVVLRQ�5HJLVWHU�WR�UHFDOFXODWH�WKH�VHFWRUDO�HPLVVLRQV��VHH�EHORZ�LQ�WKLV�VHFWLRQ��5HFDOFXODWLQJ�HQHUJ\�GDWD�IRU�WKH�\HDUV�����������LV�DW�OHDVW�DV�FRPSOLFDWHG�DV�IRU�WKH�\HDU�������'XHWR� SULRULW\� VHWWLQJ� DW� 6WDWLVWLFV�1HWKHUODQGV�� LW� KDV� QRW� EHHQ� SRVVLEOH� WR� SURGXFH� DQ� HQHUJ\� EDODQFHZLWKRXW� VWDWLVWLFDO� GLIIHUHQFHV� IRU� WKRVH� \HDUV�� 6R� IRU� ���������� WKH� VDPH� HPLVVLRQV� FDXVHG� E\VWDWLVWLFDO�GLIIHUHQFHV�DUH�LQFOXGHG�LQ�WKH������VXEPLVVLRQV�DV�LQ�������VHH�7DEOH������
,PSURYHPHQW�LQ�WKH�HQHUJ\�VWDWLVWLFV�RI�IXHO�FRQVXPSWLRQ�GDWD�LQ�WKH�FKHPLFDO�LQGXVWU\
7KH� 0LQLVWU\� RI� (FRQRPLF� $IIDLUV� KDG� /RQJ� 7HUP� $JUHHPHQWV� �/7$V�� RQ� HQHUJ\� HIILFLHQF\LPSURYHPHQWV�ZLWK� LQGXVWULDO�VHFWRUV� IRU� WKH�SHULRG������������2Q�RI� WKH�VHFWRUV�ZDV� WKH�FKHPLFDOLQGXVWU\�� 7KH� DQQXDO� PRQLWRULQJ� UHSRUWV� VKRZHG� LPSURYHPHQWV� LQ� WKH� HQHUJ\� HIILFLHQF\�� EXW� WKHXQGHUO\LQJ�HQHUJ\�XVH�ZDV�QRW�LQ�OLQH�ZLWK�WKH�HQHUJ\�XVH�UHSRUWHG�E\�WKH�(QHUJ\�6WDWLVWLFV��,Q�7DEOH
���� WKH� SULPDU\� HQHUJ\� XVH� IRU� HQHUJHWLF� XVH� DV� FDOFXODWHG� IURP� WKH� HQHUJ\� EDODQFHV� DQG� WKHPRQLWRULQJ�DUH�SUHVHQWHG�
7DEOH������&DOFXODWHG�SULPDU\�HQHUJ\�XVH� IRU�HQHUJHWLF�XVH� LQ� WKH�FKHPLFDO�VHFWRU������������XQUHYLVHG�GDWD
�XQLW��3-�
'DWD�VRXUFH ���� ���� ���� ���� ���� ���� ���� ���� ����
(QHUJ\�6WDWLVWLFV ��� ��� ��� ��� ��� ��� ��� ��� ���
0RQLWRULQJ�/7$ ��� ��� ��� ��� ��� ��� ��� ��� ���
'LIIHUHQFH � � �� �� � �� � �� ��
6RXUFH��LQWHUQDO�1RYHP�SDSHU�
0LG�����V�WKH�&%6�'LYLVLRQ�RQ�(QHUJ\�6WDWLVWLFV��1RYHP�DV�RUJDQLVHU�RI�WKH�PRQLWRULQJ�SURFHVV�IRUWKH�/7$�DQG�WKH�SHWURFKHPLFDO�FRPSDQLHV�FRQGXFWHG�D�FRPELQHG�SURMHFW�WR�HYDOXDWH�WKH�HQHUJ\�GDWD�7KH�PDMRULW\�RI�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�VRXUFHV�ZHUH�FDXVHG�E\�WZR�HOHPHQWV�� 'LIIHUHQFHV�LQ�GHILQLWLRQV��7KH�JURXS�SHWURFKHPLFDO�LQGXVWU\�LQ�WKH�/7$�GLG�QRW�KROG�H[DFWO\�WKHVDPH�FRPSDQLHV�DV�WKH�VHFWRU�SHWURFKHPLFDO�LQGXVWU\�LQ�WKH�HQHUJ\�EDODQFHV��7KH�FDOFXODWLRQ�RIWKH�HQHUJ\�XVH�RI�&+3�XQLWV�GLIIHUV�DV�ZHOO�DV�WKH�DOORFDWLRQ�RI�&+3�XQLWV�WR�VHFWRUV�� 'LIIHUHQFHV�LQ�RULJLQDO�HQHUJ\�GDWD��7KH�(QHUJ\�6WDWLVWLFV�XVH�LQIRUPDWLRQ�IURP�HQHUJ\�FRVWV�DQGSURGXFWLRQ�VWDWLVWLFV�ZKLOH�WKH�/7$�PRQLWRULQJ�FROOHFWHG�WKH�LQIRUPDWLRQ�IURP�HQHUJ\�PDQDJHUV�$OVR�WKH�ZD\�RI�GHILQLQJ�QRQ�HQHUJ\�XVH��IHHGVWRFN��ZDV�GLIIHUHQW�8VLQJ� WKH� GHWDLOHG� LQIRUPDWLRQ� IURP� WKH� HQHUJ\�PDQDJHUV�� WKH� LQWHUSUHWDWLRQ� RI� WKH� GDWD� RQ� HQHUJ\FRVWV�FRXOG�EH�LPSURYHG��7KH�HQHUJ\�XVH�LQ�IHHGVWRFN�LQ�WKH�UHYLVHG�GDWD�LV�ORZHU�IRU������DQG�����DQG�KLJKHU�IRU�����������WKDQ�LQ�WKH�SUHYLRXV�VXEPLVVLRQ��VHH�7DEOH�������0RUH�GHWDLOHG�LQIRUPDWLRQLV�SUHVHQWHG�LQ�$QQH[���
7DEOH������1RQ�HQHUJHWLF�XVH��IHHGVWRFN��LQ������DQG������������LQ�3-��XVHG�LQ�1,5������DQG�1,5�����
6XEPLVVLRQ ���� ���� ���� ���� ����
1,5����� �� ��� ��� ��� ���
1,5����� ��� ��� ��� ��� ���
'LIIHUHQFH ����� ���� � �� ��
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5HYLVHG�VHFWRUDO�HQHUJ\�GDWD�DQG�&2� HPLVVLRQV�>�$@
2QH� RI� WKH� HOHPHQWV� LQ� WKH� VWDWLVWLFDO� GLIIHUHQFHV� QRW� PHQWLRQHG� DERYH� ZDV� D� GLIIHUHQFH� LQ� WKHPHDVXUHG�GRPHVWLF�JDV�VXSSO\�DQG�WKH�PHDVXUHG�JDV�GHOLYHUHG�E\�WKH�JDV�GLVWULEXWLRQ�FRPSDQLHV��,QWKH�UHYLVHG�HQHUJ\�EDODQFHV�WKLV�GLIIHUHQFH�KDV�EHHQ�HOLPLQDWHG�E\�DGMXVWLQJ��LQFUHDVLQJ��WKH�QDWLRQDOJDV�SURGXFWLRQ�ILJXUHV��)RU� WKH�FDOFXODWLRQ�RI� WKH�HPLVVLRQ� WKLV�DSSURDFK�ZDV�QRW� IROORZHG��EXW� WKHVDPH�PHWKRG�DV�IRU�WKH�����������GDWD�ZDV�FRQWLQXHG��7KLV�PHWKRG�DGMXVWV��GHFUHDVHV��JDV�XVH�IRUWKH� 'XWFK� VHFWRU� µ2WKHU� XVHUV¶� �,3&&� FDWHJRU\� �$�� 
2WKHU� VHFWRUV
� DV� UHSRUWHG� E\� LQ� WKH� HQHUJ\EDODQFH�WR�WKH��RULJLQDO��ORZHU�OHYHO�RI�WKH�PHDVXUHG�JDV�VXSSO\�
7DEOH������&2� HPLVVLRQV�IURP�IXHO�FRPEXVWLRQ�>FDWHJRU\��$@��1,5������DQG�1,5�����
&2� HPLVVLRQV��7J� ���� ���� ���� ���� ����
1,5����� 7RWDO�FDWHJRU\��$ ����� ����� ����� ����� �����
1,5����� 7RWDO�FDWHJRU\��$ ����� ����� ����� ����� �����
'LIIHUHQFH ��� ��� ��� ���� ���
1,5����� 6WDWLVWLFDO�GLIIHUHQFHV�>�$�@ ��� ��� ��� ��� ���

7DEOH� ����� (IIHFWV� RI� UHFDOFXODWLRQ� RI� &2� HPLVVLRQV� IURP� IXHO� FRPEXVWLRQ� �LQFOXGLQJ� QRQ�HQHUJ\� XVH� DVIHHGVWRFN��>FDWHJRU\��$@��XQLW��7J�&2��
6RXUFH�FDWHJRU\ ���� ���� ���� ���� ���� ����

�$�D (OHFWULFLW\�DQG�KHDW�SURGXFWLRQ QHZ ���� ���� ���� ���� ���� ����
�$�D (OHFWULFLW\�DQG�KHDW�SURGXFWLRQ ROG ���� ���� ���� ���� ���� ����
�$�D (OHFWULFLW\�DQG�KHDW�SURGXFWLRQ GLII� ���� ��� ���� ��� ��� ���
�$�EF 2WKHU�WUDQVIRUPDWLRQ QHZ ���� ���� ���� ���� ���� ����
�$�EF 2WKHU�WUDQVIRUPDWLRQ ROG ���� ���� ���� ���� ���� ����
�$�EF 2WKHU�WUDQVIRUPDWLRQ GLII� ���� ���� ��� ��� ��� ���
�$� ,QGXVWU\ QHZ ���� ���� ���� ���� ���� �����$� ,QGXVWU\ ROG ���� ���� ���� ���� ���� ����
�$� ,QGXVWU\ GLII� ��� ���� ��� ���� ���� ����
�$�E 5RDG�WUDQVSRUW QHZ ���� ���� ���� ���� ���� ����
�$�E 5RDG�WUDQVSRUW ROG ���� 1$ ���� ���� ���� ����
�$�E 5RDG�WUDQVSRUW GLII� ��� 1$ ���� ��� ��� ���
�$�[ 2WKHU�GRPHVWLF�WUDQVSRUW QHZ ��� ��� ��� ��� ��� ���
�$�[ 2WKHU�GRPHVWLF�WUDQVSRUW ROG ��� 1$ ��� ��� ��� ���
�$�[ 2WKHU�GRPHVWLF�WUDQVSRUW GLII� ��� 1$ ��� ��� ��� ���
�$�D &RPPHUFLDO���,QVWLWXWLRQDO QHZ ��� ��� ��� ��� ��� ���
�$�D &RPPHUFLDO���,QVWLWXWLRQDO ROG ��� ��� ���� ��� ��� ���
�$�D &RPPHUFLDO���,QVWLWXWLRQDO GLII� ���� ���� ���� ���� ���� ����
�$�E 5HVLGHQWLDO QHZ ���� ���� ���� ���� ���� ����
�$�E 5HVLGHQWLDO ROG ���� ���� ���� ���� ���� ����
�$�E 5HVLGHQWLDO GLII� ��� ��� ��� ��� ���� ���
�$�F $JULFXOWXUH���)RUHVWU\���)LVKLQJ QHZ ��� ��� ��� ��� ��� ���
�$�F $JULFXOWXUH���)RUHVWU\���)LVKLQJ ROG ��� ��� ���� ��� ��� ���
�$�F $JULFXOWXUH���)RUHVWU\���)LVKLQJ GLII� ��� ���� ���� ���� ��� ����
�$� 2WKHU QHZ ��� ��� ��� ��� ��� ���
�$� 2WKHU ROG ��� ��� ��� ��� ��� ���
�$� 2WKHU GLII� ���� ���� ���� ���� ���� ���
1RWH�� ���������� GXH� WR� HOLPLQDWLRQ� RI� VWDWLVWLFDO� GLIIHUHQFHV� DQG� LPSURYHPHQW� LQ� FKHPLFDO� LQGXVWU\�� ����� GXH� WR� ILQDOHVWLPDWH�LQ�SUHVHQW�UHSRUW�YV��SUHOLPLQDU\�GDWD�LQ�1,5������
0RUHRYHU��WKH�UHYLVHG�HQHUJ\�GDWD�ZHUH�FRPELQHG�ZLWK�GDWD�IURP�VHYHUDO�VRXUFHV�WR�FDOFXODWH�HQHUJ\XVH�DQG�HPLVVLRQV�IRU�WKH�YDULRXV�IXHO�W\SHV�DQG�HQG�XVH�VHFWRUV��7ZR�PDLQ�RWKHU�GDWD�VRXUFHV�DUH�� HQHUJ\�XVH�LQ�WKH�DJULFXOWXUDO�VHFWRU��IRU�HPLVVLRQ�HVWLPDWHV�LQ�WKH�3(5�VSHFLILHG�E\�/(,�� HQHUJ\�XVH�LQ�WKH�3(5�,QGLYLGXDO�&RPSDQLHV�IRU�LQGXVWU\�DQG�HQHUJ\�WUDQVIRUPDWLRQ�VHFWRUV�
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$IWHU� WKH� TXDOLW\� LPSURYHPHQWV� DQG� WKH� HOLPLQDWLRQ� RI� VWDWLVWLFDO� GLIIHUHQFHV� LQ� JHQHUDO�� WKH� &2�HPLVVLRQV� IRU� ����� DQG� ���������� DUH� KLJKHU�� ,Q� 7DEOH� ���� WKH� UHVXOWLQJ� UHYLVLRQ� RI� WRWDO� &2�HPLVVLRQ�GDWD�IRU�WKH�,3&&�FDWHJRU\��$�LV�VXPPDULVHG��ZKHUHDV�LQ�7DEOH�����WKH�FKDQJHV�DW�VHFWRUDOOHYHO�DUH�SUHVHQWHG��)URP�WKLV�WDEOH�LW�FDQ�EH�FRQFOXGHG��WKDW�WKH�����������WUHQGV�KDYH�QRW�FKDQJHGVLJQLILFDQWO\��H[FHSW�IRU�WKH�FRPPHUFLDO�DQG�DJULFXOWXUDO�VHFWRUV�>FDWHJRULHV��$�D�DQG��$�F@��ZKHUHWKH�WUHQG�FKDQJHG�IURP������WR�����DQG�IURP������WR������UHVSHFWLYHO\�
,QWHUQDWLRQDO�PDULQH�EXQNHUV
$V�D�SDUW�RI� WKH�SURMHFW� WR�HOLPLQDWH�VWDWLVWLFDO�GLIIHUHQFHV� LW�EHFDPH�FOHDU� WKDW�PDULQH�EXQNHUV�DOVRKROG� VRPH� OXEULFDQWV�� ,Q� WKH� 1,5� ����� RQO\� WKH� ����� PDULQH� EXQNHU� GDWD� LQFOXGHG� OXEULFDQWVFRQVXPSWLRQ��1RZ�DOVR�GDWD�IRU������DQG�����������LQFOXGH�OXEULFDQW�FRQVXPSWLRQ��)RU�VRPH�\HDUVWKHUH�ZDV�DOVR�D�VOLJKW�FKDQJH� LQ�RQH�RI� WKH�RWKHU� IXHO� W\SHV�� ,Q�7DEOH����� WKH�GDWD� IRU�ERWK�HQHUJ\FRQVXPSWLRQ� DQG� &2� HPLVVLRQV� IURP� LQWHUQDWLRQDO� DLU� WUDQVSRUW� DQG� LQWHUQDWLRQDO� VKLSSLQJ� DUHSUHVHQWHG�SHU�IXHO�W\SH�

7DEOH�����D��,QWHUQDWLRQDO�EXQNHUV�1,5�������HQHUJ\�FRQVXPSWLRQ��LQ�3-��DQG�UHODWHG�&2� HPLVVLRQV��LQ�*J�
1,5����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
(QHUJ\�FRQVXPSWLRQ
0DULQH�EXQNHUV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ��KHDY\�IXHO�RLO ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� ��OXEULFDQW � � � � � � �
� ��JDVROLQH �� �� �� �� �� ��� �� �� �� �� ��
$YLDWLRQ�%XQNHUV �� �� �� �� �� ��� ��� ��� ��� ��� ���
727$/�%XQNHUV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
(PLVVLRQV
0DULQH�EXQNHUV �������� �������� �������� �������� �������� �������� �������� �������� ������ ������ ������� ��KHDY\�IXHO�RLO �������� �������� �������� �������� �������� �������� �������� �������� ������ ������ ������
����OXEULFDQW ��� ��� ��� ��� ��� ��� ���
� ��JDVROLQH ��������� ��������� ��������� ��������� ��������� ��������� ��������� ��������� ����� ����� �����
$YLDWLRQ�%XQNHUV ��������� ��������� ��������� ��������� ��������� ��������� ��������� ��������� ����� ������ ������
727$/�%XQNHUV �������� �������� �������� �������� �������� �������� �������� �������� ������ ������ ������
6RXUFH���&%6�������������1(+�(QHUJ\�0RQLWRU��7DEOH������UHYLVHG�GDWD�

7DEOH�����E��,QWHUQDWLRQDO�EXQNHUV��1,5��������HQHUJ\�FRQVXPSWLRQ��LQ�3-��DQG�UHODWHG�&2� HPLVVLRQV��LQ�*J�
2OG��1,5������ ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
(QHUJ\�FRQVXPSWLRQ
0DULQH�EXQNHUV� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ��KHDY\�IXHO�RLO ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� ��JDVROLQH �� �� �� �� �� ��� �� �� �� ��
$YLDWLRQ�%XQNHUV �� �� �� �� �� ��� ��� ��� ��� ���
727$/�%XQNHUV ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
(PLVVLRQV
0DULQH�EXQNHUV� ��������� ��������� ��������� ��������� ��������� ��������� ��������� ��������� ������ ������� ��KHDY\�IXHO�RLO ��������� �������� ��������� ��������� ��������� ��������� ��������� ��������� ������ ������
� ��JDVROLQH ���������� ��������� ��������� ��������� ��������� ��������� ��������� ��������� ����� �����
$YLDWLRQ�%XQNHUV ���������� ��������� ��������� �������� ��������� ��������� ��������� ��������� ����� ������
727$/�%XQNHUV ��������� ��������� ��������� ��������� ��������� ��������� ��������� �������� ������ ������
6RXUFH���&%6�������������1(+�(QHUJ\�0RQLWRU��7DEOH����� )RU�������LQ�WKH�1,5������DOVR�DQ�DPRXQW�RI�OXEULFDQW�FRQVXPSWLRQ�LQ�PDULQH�EXQNHUV�ZDV�UHSRUWHG�RI�����3-��ZKLFK�LVHTXLYDOHQW�WR�����7J�&2��
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7DEOH�����F��5HFDOFXODWLRQ�UHVXOWV�IRU�LQWHUQDWLRQDO�PDULQH�EXQNHU�&2� HPLVVLRQV��LQ�7J�
���� ���� ���� ���� ���� ���� ���� ���� ���� ����

1,5������PDULQH�EXQNHUV ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1,5������PDULQH�EXQNHUV ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'LIIHUHQFH ��� ��� ��� ��� ��� ���� ��� ��� ��� ����
'LIIHUHQFH����RI�WRWDO� ���� ���� ���� ���� ���� ����� ���� ���� ���� �����

,3&&�5HIHUHQFH�$SSURDFK�DQG�&2� IURP�IHHGVWRFNV�LQ�WKH�5HIHUHQFH�$SSURDFK
$V�GLVFXVVHG�DERYH��WKH�HOLPLQDWLRQ�RI�WKH�VWDWLVWLFDO�GLIIHUHQFHV�IRU������DQG�����������UHVXOWHG�LQDGMXVWPHQWV�RI�VWDWLVWLFV�IRU�LPSRUW��H[SRUW�DQG�EXQNHUV�DV�ZHOO�DV�LQ�FKDQJHV�LQ�DPRXQWV�RI�IXHOV�XVHGIRU�QRQ�HQHUJ\�SXUSRVHV��,Q�DGGLWLRQ��JDV�SURGXFWLRQ�VWDWLVWLFV�ZHUH�DGMXVWHG�DV�ZHOO��0RUH�GHWDLOV�RQWKH�FKDQJHV�LQ�3-�FDQ�EH�IRXQG�LQ�$QQH[����,Q�7DEOH�����WKH�UHVXOWLQJ�FKDQJHV�LQ�WKH�,3&&�5HIHUHQFH
$SSURDFK� �5$�� FDOFXODWLRQV� DUH� SUHVHQWHG��7KLV�ZLOO� DOVR� DIIHFW� WKH� FRPSDULVRQ�PDGH� EHWZHHQ� WKHVHFWRUDO� WRWDOV� LQ� WKH� QDWLRQDO� DSSURDFK� DQG� WKH� UHVXOWV� RI� WKH�5$��+RZHYHU��ZH� UHFDOO� WKDW� DOO�5$FDOFXODWLRQV�DUH�SUHOLPLQDU\�VLQFH�QR�RIILFLDO�FDUERQ�FRQWHQW�ILJXUH�IRU�FUXGH�RLO�FRQVXPSWLRQ�LQ�WKH1HWKHUODQGV�KDV�EHHQ�DSSRLQWHG�\HW�
7DEOH� ����� &KDQJHV� LQ� SUHOLPLQDU\� &2� 5HIHUHQFH� $SSURDFK� UHVXOWV� IRU� ����� DQG� ���������� GXH� WR
UHFDOFXODWLRQ�RI�HQHUJ\�EDODQFHV��LQ�7J�

���� ���� ���� ���� ����
1,5����� /LTXLGV ���� ���� ���� ���� ����

6ROLGV ���� ���� ���� ���� ����
*DVHRXV ���� ���� ���� ���� ����
7RWDO ����� ����� ����� ����� �����

1,5����� /LTXLGV ���� ���� ���� ���� ����
6ROLGV ���� ���� ���� ���� ����
*DVHRXV ���� ���� ���� ���� ����
7RWDO ����� ����� ����� ����� �����

'LIIHUHQFH /LTXLGV ��� ���� ���� ���� ����
6ROLGV ���� ���� ���� ���� ����
*DVHRXV ��� ��� ��� ��� ���
7RWDO ��� ���� ���� ���� ����

'LIIHUHQFH���� /LTXLGV���� ���� ����� ����� ����� �����
6ROLGV���� ����� ����� ����� ����� �����
*DVHRXV���� ���� ���� ���� ���� ����
7RWDO���� ���� ����� ����� ����� �����

�������5HFDOFXODWLRQ�RI�&2� UHPRYDOV�GXH�WR�/8&)�����������>�$@
,Q������VSHFLDO�DWWHQWLRQ�KDV�EHHQ�JLYHQ� WR� LPSURYH� LQIRUPDWLRQ�RQ�HPLVVLRQV� UHODWHG� WR�/DQG�8VH
&KDQJH� DQG� )RUHVWU\� )RU� FDWHJRU\� ��$� �&KDQJHV� LQ� IRUHVW� DQG� RWKHU� ZRRG\� ELRPDVV� VWRFNV�� DQLPSURYHG�DQG�FRPSOHWHG�IRUHVWU\�GDWDVHW� IRU� WKH�ZKROH�SHULRG�����������KDV�EHHQ� LQFOXGHG� LQ� WKLVUHSRUW��'DDPHQ���������,Q�$QQH[���D�IXOO�GHVFULSWLRQ�RI�PHWKRGRORJ\�DQG�GDWD�VRXUFHV�LV�SURYLGHG�,W�ZDV�GHFLGHG�WR�XVH�IRU�DOO�YDULDEOHV�,3&&�GHIDXOW�YDOXHV��H[FHSW�IRU�WKH�FRQYHUVLRQ�UDWLR�IURPYROXPH��LQ�P�� WR�GU\�PDWWHU��WRQQH�GP���IRU�ZKLFK�WKH�1HWKHUODQGV�XVHV�PRUH�GHWDLOHG�ILJXUHV�����DQG� ���� W� GP�P� IRU� FRQLIHURXV� DQG� EURDGOHDI� IRUHVW�� UHVSHFWLYHO\�� ,Q� WKH� 1,5� ����� WKH� 6HFWRUDO
%DFNJURXQG�7DEOH��$��6%7��KHOG�RQO\�GDWD� IRU������������DQG�������7KH�JURXS�7HPSHUDWH��RWKHUKDG�EHHQ�VSHFLILHG�IRU�H[SORLWHG��QRQ�H[SORLWHG�DQG�IRU�RWKHU�IRUHVW��7KH�JURXS�1RQ�IRUHVW�WUHHV�KDGEHHQ� VSHFLILHG� IRU� WUHHV� LQ� OLQH�� VROLWDLUHV�� XUEDQ� SDUNV�� IUXLW� WUHHV� DQG� QXUVHULHV�� 7KH� JURXS� 7RWDO
ELRPDVV� UHPRYHG� KDG� EHHQ� VSHFLILHG� IRU� IRUHVW� DQG� QRQ�IRUHVW�� ,Q� WKLV� 1,5�&5)�� GDWD� KDYH� EHHQLQFOXGHG�LQ�6%7��$�IRU�DOO�\HDUV��LQ�DGGLWLRQ��WKH�VSHFLILFDWLRQV�IRU�DOO�JURXSV�KDYH�EHHQ�FKDQJHG��$VWZR�UDWLRV�DUH�XVHG�WR�FRQYHUW�YROXPH�WR�GU\�PDWWHU��WKH�JURXSV�7HPSHUDWH��RWKHU�DV�ZHOO�DV�%LRPDVV
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UHPRYHG� DUH�QRZ�VSHFLILHG� IRU�FRQLIHURXV�DQG� IRU�EURDGOHDI� VHSDUDWHO\��7KH�JURXS�1RQ�IRUHVW� WUHHVQRZ DOVR�KROGV� WKLV�VSHFLILFDWLRQ�� ,Q�7DEOH����� WKH�PDLQ�GDWD�FKDQJHV�DUH� VXPPDULVHG� IRU� WKH�\HDUV�����������DQG������
7DEOH������&RPSDULVRQ�RI�NH\�GDWD�IRU�/8&)�FDWHJRU\��$�LQ�1,5�������ROG��DQG�1,5�������QHZ�
9DULDEOH 8QLW ���� ���� ����

2OG 1HZ 2OG 1HZ 2OG 1HZ
7HPSHUDWH�IRUHVW *J�& ��� ��� ��� ��� ��� ���
1RQ�IRUHVW�WUHHV *J�& ��� �� ��� ��� ��� ��
7RWDO�ELRPDVV�UHPRYHG *J�& ��� ��� ��� ��� ��� ���
1HW�HPLVVLRQV *J�&2� ������ ������ ������ ������ ������ ������

%DVHG�RQ� WKH�PRUH�GHWDLOHG�GDWD� IRU������������DQG������ LQ� WKH� SUHYLRXV�1,5������ D� VLPSOHHVWLPDWH�ZDV�PDGH�IRU� WKH�RWKHU�\HDUV�� ,Q� WKLV�1,5�WKH�FDOFXODWLRQ�IRU�DOO�\HDUV�RI�&2� UHPRYDOV� LQFDWHJRU\���$�DUH�EDVHG�RQ�WKH�QHZ�GDWDVHW��,Q�7DEOH�����WKH�FKDQJHV�LQ�UHPRYDOV�IRU�WKH�SHULRG���������� DUH� VXPPDULVHG�� 7KH� GLIIHUHQFHV� DUH� PDLQO\� FDXVHG� E\� GLIIHUHQFHV� LQ� ILJXUHV� IRU� UHPRYHGELRPDVV�)RU� /8&)� VXEFDWHJRULHV� �%��(� DOVR� QHZ� GDWDVHWV� ZHUH� EHLQJ� FRPSLOHG�� RI� ZKLFK� VRPHSUHOLPLQDU\�UHVXOWV�DUH�SUHVHQWHG�LQ�$QQH[��� +RZHYHU��VLQFH�WKHVH�DUH�VWLOO�XQGHU�GLVFXVVLRQ��QR�QHZGDWD�DUH�IRU�WKH�RWKHU�VXEFDWHJRULHV��%�WR��(�KDYH�EHHQ�LQFOXGHG�LQ�WKLV�VXEPLVVLRQ�
7DEOH������(IIHFWV�RI�UHFDOFXODWLRQ�RI�&2� HPLVVLRQV�UHPRYDOV�IRU�FKDQJHV�LQ�IRUHVW�DQG�RWKHU�ZRRG\�ELRPDVVVWRFNV�>�$@��*J�&2��
6XEPLVVLRQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1,5����� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
1,5����� ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
'LIIHUHQFH �� �� ��� ���� ����� ��� ��� ��� ��� ���

�������5HFDOFXODWLRQ�RI�1�2 HPLVVLRQV�IURP�WUDQVSRUW�����������>�$�@
,Q� ������ WKH� (5� 7DVN� *URXS� 7UDIILF� DQG� 7UDQVSRUW� UHYLVHG� WKH� 1�2 HPLVVLRQ� IDFWRUV� IRUWUDQVSRUWDWLRQ��7KH�PDLQ�UHDVRQ�IRU�WKH�UHYLVLRQ�ZHUH�WKH�UHVXOWV�RI�D�'XWFK�UHVHDUFK�SURMHFW�LQ�ZKLFK�� SHWURO�IXHOOHG�SDVVHQJHU�FDUV�ZHUH�WHVWHG��UDQJLQJ�IURP�WKH�(XUR���WR�(XUR���FDWHJRU\��DV�ZHOO�DV��GLHVHO�IXHOOHG�FDUV�DQG���/3*�IXHOOHG�FDUV��)HLMHQ�-HXULVVHQ�HW�DO�� �������7KH�ILQGLQJV�LQ�WKLV�VWXG\ZHUH� UHFHQWO\� DOVR� UHSRUWHG� LQ� *HQVH� DQG� 9HUPHXOHQ� ������� �VHH� %R[� ������ 7KH� PRVW� LPSRUWDQWILQGLQJV�RI�WKLV�UHVHDUFK�ZHUH�
� WKH�HPLVVLRQ�IDFWRUV�RI�FXUUHQW�JHQHUDWLRQ�FDWDO\VW�HTXLSSHG�SHWURO�FDUV�DUH�ORZHU�WKDQ�RI�WKH�ILUVW�JHQHUDWLRQ�FDWDO\VW�HTXLSSHG�FDUV�ZKLFK�HQWHUHG�WKH�PDUNHW�LQ�WKH�HDUO\�QLQHWLHV�
� FXUUHQW�KHDY\�GXW\�GLHVHO�HQJLQHV�HPLW�KDUGO\�DQ\�1�2 HPLVVLRQV�
� R[LGDWLRQ�FDWDO\VWV�XVHG�LQ�QHZ�OLJKW�GXW\�GLHVHO�YHKLFOHV���LQ�RUGHU�WR�UHGXFH�VROXEOH�SDUWLFXODWHV�&2�DQG�1092&���DSSHDU�WR�IRUP�VLJQLILFDQW�DPRXQWV�RI�1�2�
3DVVHQJHU�FDUV
,Q� WKH�HPLVVLRQ�IDFWRUV�DSSOLHG�SUHYLRXVO\� WKH� WUHQG�RI�QHZHU�FDWDO\VW�HTXLSSHG�SHWURO�FDUV�HPLWWLQJOHVV�1�2 ZDV� DOUHDG\� LQFRUSRUDWHG��7KLV�ZDV� EHFDXVH� WKH�1�2 HPLVVLRQ� IDFWRU�ZDV� EHOLHYHG� WR� EHGHSHQGHQW�RQ�WKH�12[ HPLVVLRQ�DQG�WKH�12[ HPLVVLRQV�ZHUH�UHGXFHG�DV�D�UHVXOW�RI�HPLVVLRQ�FRQWUROSROLF\��+RZHYHU��WKH�HPLVVLRQ�IDFWRUV�XVHG�LQ�WKH�1,5������ZHUH�TXLWH�GLIIHUHQW�IURP�WKRVH�PHDVXUHGE\�)HLMHQ�-HXULVVHQ�HW�DO� ��������UHFHQWO\�DOVR�SXEOLVKHG�LQ�*HQVH�DQG�9HUPHXOHQ���������$W�WKH�WLPHRI FRPSLODWLRQ�RI� WKH������3(5�GDWDVHW� �VSULQJ������� WKH� GDWD� SXEOLVKHG� LQ�)HLMHQ�-HXULVVHQ�HW� DO��������ZHUH� WKH�RQO\�DYDLODEOH�GDWD�ZKLFK�DUH�PRUH�RU� OHVV�UHSUHVHQWDWLYH� IRU�SDVVHQJHU�FDUV� LQ� WKH1HWKHUODQGV��7KHUHIRUH�WKH�HPLVVLRQ�IDFWRUV�SHU�HQYLURQPHQWDO�FODVV�DV�UHSRUWHG�LQ�)HLMHQ�-HXULVVHQ�HW
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DO� �������ZHUH� DGRSWHG� IRU� XUEDQ�� UXUDO� DQG� KLJKZD\� GULYLQJ� FRQGLWLRQV� �VHH�%R[� ���� DIWHU� EHLQJURXQGHG� WR� XQLWV� RI� ��PJ�NP��7DEOH� ����� VKRZV� WKHVH� HPLVVLRQ� IDFWRUV� IRU� SDVVHQJHU� FDUV� WKDW� DUHSUHVHQWO\�XVHG�DV�ZHOO�DV�WKH�HPLVVLRQ�IDFWRUV�XVHG�LQ�WKH�1,5�������7KH�SUHVHQW�HPLVVLRQ�IDFWRUV�IRUXUEDQ�GULYLQJ�DUH�����ORZHU�WKDQ�WKH�FRUUHVSRQGLQJ�1,5������IDFWRUV��KLJKZD\�HPLVVLRQ�IDFWRUV����ORZHU�DQG�UXUDO�IDFWRUV�����ORZHU�
%R[� ����� $SSURDFK� DQG� FODVVLILFDWLRQ� RI� SDVVHQJHU� FDUV� ZLWK� 1�2 HPLVVLRQ� IDFWRUV� PHDVXUHG� E\� *HQVH� DQG
9HUPHXOHQ��������DQG�SUHOLPLQDU\�UHVXOWV�UHSRUWHG�LQ�)HLMHQ�-HXULVVHQ�HW�DO��������
1XPEHU�RI�FDUV�
� ���SHWURO�IXHOOHG�FDUV�UDQJLQJ�IURP�(XUR��WR�(XUR������(XUR������(XUR������(XUR���
�LQ�*HQVH�DQG�9HUPHXOHQ�������DQG�����UHVSHFWLYHO\�
� ��GLHVHO�IXHOOHG�FDUV�UDQJLQJ�IURP�SUH�(XUR�WR�(XUR�
� ��/3*�IXHOOHG�FDUV��RQO\�(XUR��
9LQWDJH�RI�WHFKQRORJ\�W\SHV�
� (XUR��FDUV�ZHUH�SURGXFHG�EHWZHHQ������HQ�����
� (XUR��FDUV�ZHUH�SURGXFHG�EHWZHHQ������HQ�����
� (XUR��FDUV�ZHUH�SURGXFHG�DIWHU�����
%DVLV�RI�HPLVVLRQ�IDFWRUV�XVHG�LQ�1,5������DUH�WKH�UHSRUWHG�PHDVXUHG�HPLVVLRQ�IDFWRUV�IRU�WKH�XUEDQ�DQG�H[WUD�
XUEDQ��UXUDO��SDUW�RI�WKH�VWDQGDUGLVHG�(XURSHDQ�'ULYLQJ�&\FOH��('&��DQG�IRU�D�KLJKZD\�GULYLQJ�F\FOH�DV�UHSRUWHG
LQ�)HLMHQ�-HXULVVHQ�HW�DO���������
� XUEDQ�HPLVVLRQ�IDFWRU��8UEDQ�'ULYLQJ�&\FOH�FROG�HQJLQH��SDUW�RI�(&(�'ULYLQJ�&\FOH�
� UXUDO�HPLVVLRQ�IDFWRU��([WUD�8UEDQ�'ULYLQJ�&\FOH��SDUW�RI�(&(�'ULYLQJ�&\FOH�
� KLJKZD\�HPLVVLRQ�IDFWRU��+LJKZD\�&\FOH��IUHH�IORZ�WUDIILF��VSHHG�OLPLW�����NP�K�
,Q� WKH� ILQDO� UHSRUW� �*HQVH� DQG� 9HUPHXOHQ�� ������� SXEOLVKHG� HDUO\� ������ WKHVH� HPLVVLRQ� IDFWRUV� KDYH� EHHQ
FRQYHUWHG�LQWR�
UHDO�ZRUOG
�IDFWRUV�IRU�XUEDQ��UXUDO�DQG�KLJKZD\�GULYLQJ�XVLQJ��D��FRUUHFWLRQ�IDFWRUV�IRU�UHDO�ZRUOG
GULYLQJ�EHKDYLRXU��DQG��E��D�FRUUHFWLRQ�IRU�DPELHQW� WHPSHUDWXUH��EDVHG�RQ�DGGLWLRQDO�PHDVXUHPHQW�GDWD� IRU���
SHWURO�IXHOOHG�FDUV�XQGHU�UHDO�ZRUOG�GULYLQJ�FRQGLWLRQV��7KHVH�FRUUHFWHG�HPLVVLRQ�IDFWRUV�KDYH�QRW�EHHQ�XVHG�LQ
WKLV�1,5������
1R�FRUUHFWLRQ�IDFWRU�IRU�DJHLQJ�RI�WKH�FDWDO\VW�FRXOG�EH�REWDLQHG�IURP�WKH�PHDVXUHPHQW�UHVXOWV�GXH�WR�WKH�OLPLWHG
QXPEHU�RI� GDWD� DYDLODEOH��+RZHYHU�� WR� EH� DEOH� WR� XVH� WKH� HPLVVLRQ� IDFWRUV� LQ� IXWXUH� HPLVVLRQ� LQYHQWRULHV�� WKH
HIIHFW�RI�DJHLQJ�VKRXOG�EH�NQRZQ��HVSHFLDOO\�IRU�(XUR���FDUV�ZLWK�UHODWLYHO\�QHZ�FDWDO\VWV�
'DWD�TXDOLW\�
� RQO\�IHZ�(XUR���SHWURO�FDUV��GLHVHO�FDUV�DQG�/3*�FDUV�ZHUH�WHVWHG�
� VRPH�YHKLFOHV�ZHUH�WHVWHG�LQ�WKH�+LJKZD\�&\FOH�ZLWK�FRROHG�GRZQ�HQJLQHV��ZKLOH�LQ�UHDO�ZRUOG�FRQGLWLRQV

WKLV�ZLOO�QRW�EH�WKH�FDVH��7KLV�UHVXOWV�LQ�DQ�RYHUHVWLPDWLRQ�RI�KLJKZD\�HPLVVLRQ�IDFWRUV�DV�SUHVHQWO\�XVHG�
� IDFWRUV� XVHG� LQ�1,5� ����� KDYH� QRW� \HW� EHHQ� FRUUHFWHG� IRU� UHDO�ZRUOG� FRQGLWLRQV� DV� UHFHQWO\� SXEOLVKHG� LQ

*HQVH�DQG�9HUPHXOHQ��������
� LI�FRUUHFWHG�HPLVVLRQ�IDFWRUV�IURP�*HQVH�DQG�9HUPHXOHQ������D�E��ZRXOG�KDYH�EHHQ�XVHG��WKH�HVWLPDWH�IRU

WKH� 1�2 HPLVVLRQV� IURP� SDVVHQJHU� FDUV� LQ� ����� KDG� EHHQ� DSSUR[LPDWHO\� ���� *J� ORZHU� DQG� WRWDO� 1�2HPLVVLRQV�E\�URDG�WUDQVSRUW�LQ������ZRXOG�KDYH�EHHQ�DURXQG�����ORZHU��WKH�SUHVHQW�HPLVVLRQ�IDFWRUV�ZLOO
EH�UHYLVHG�LQ�WKH�IXWXUH�ZKHQ�WKH�UHVXOWV�RI�D�QHZ�PHDVXUHPHQW�SURJUDPPH��WR�EH�FDUULHG�RXW�GXULQJ������
ZLOO�EHFRPH�DYDLODEOH�

4XDQWLWDWLYH�XQFHUWDLQW\� HVWLPDWHV�ZHUH�QRW� SURYLGHG� LQ� WKH� UHSRUWV�� EXW� WKH�YDULDELOLW\� RI� WKH� HPLVVLRQ� IDFWRUV
EHWZHHQ�FDUV�RI�WKH�VDPH�WHFKQRORJ\�W\SH�ZDV�YHU\�ODUJH������RU�PRUH��

/LJKW�GXW\�YHKLFOHV��YDQV�
)RU� OLJKW�GXW\� YHKLFOHV� ZLWK� SHWURO�IXHOOHG� DQG� /3*�IXHOOHG� HQJLQHV�� WKH� HPLVVLRQ� IDFWRUV� IRUSDVVHQJHU� FDU� IURP� 7DEOH� ����� ZHUH� DGRSWHG� EHFDXVH� SHWURO� DQG� /3*�IXHOOHG� YDQV� �OLJKW� GXW\YHKLFOHV��KDUGO\�GLIIHU�IURP�SDVVHQJHU�FDUV��)RU�GLHVHO�YDQV�WKH�,3&&�GHIDXOWV�ZHUH�DGRSWHG��VLQFH�WKHPHDVXUHPHQW�EDVLV�ZDV�MXGJHG�WRR�VPDOO�WR�EH�UHSUHVHQWDWLYH�IRU�DYHUDJH�IOHHW�FRQGLWLRQV��VHH�7DEOH
������
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7DEOH�������&RPSDULVRQ�RI�ROG�DQG�QHZ�1�2 HPLVVLRQ�IDFWRUV�IRU�SDVVHQJHU�FDUV�SHU�IXHO�W\SH��HQYLURQPHQWDOFODVV�DQG�GULYLQJ�F\FOH��PJ�NP�
1,5����� 1,5�����

3DVVHQJHU�FDUV XUEDQ UXUDO KLJKZD\ XUEDQ UXUDO KLJKZD\
3HWURO�/3*�ZLWKRXW�FDWDO\VW � � �
3HWURO�/3*�(XUR�� �� �� ��
3HWURO�/3*�(XUR�� �� � �
3HWURO�/3*�(XUR�� �� � �
3HWURO�WRWDO������� �� �� �� �� �� ��'LIIHUHQFH ���� ���� ����
'LHVHO�ZLWKRXW�R[LGDWLRQ�FDW� � � �
'LHVHO�ZLWK�R[LGDWLRQ�FDW� �� �� ��
'LHVHO�WRWDO������� �� � �� � � �'LIIHUHQFH ���� ���� ����
727$/������� �� �� �� �� �� ��'LIIHUHQFH ���� ���� ����
6RXUFH��EDVHG�RQ�)H\HQ�-HXULVVHQ�HW�DO� ��������H[FHSW�IRU�JUD\�YDOXHV��ZKLFK�DUH�EDVHG�RQ�,3&&��������

+HDY\�GXW\�YHKLFOHV��WUXFNV�ORUULHV�
*HQVH� DQG� 9HUPHXOHQ� ������� IRXQG� WKDW� KHDY\�GXW\� GLHVHO� HQJLQHV� HPLW� KDUGO\� DQ\� 1�2�� 7KHHPLVVLRQ�IDFWRUV�XVHG�LQ�WKH�SUHYLRXV�1,5�ZHUH�EDVHG�RQ�D�OLWHUDWXUH�UHVHDUFK�LQ������E\�%DDV��������ZKR� IRXQG� D� EURDG� UDQJH� RI� �������PJ�NP� IRU� WKH�1�2 HPLVVLRQ� IDFWRU� RI� KHDY\� GXW\� WUXFNV� DQGSURSRVHG�����PJ�DV�EHVW�HVWLPDWH��:H�SUHVXPH�QRZ�WKDW�WKH�KLJK�HVWLPDWH�LQ�%DDV��������LV�GXH�WR1�2 IRUPDWLRQ�LQ�WKH�PHDVXUHPHQW�VDPSOH��)RU�WKH�WLPH�EHLQJ��EHFDXVH�*HQVH�DQG�9HUPHXOHQ�������RQO\�WHVWHG�RQH�VLQJOH�WUXFN�HQJLQH��LW�ZDV�GHFLGHG� WR�DGRSW� WKH� ,3&&�GHIDXOW�HPLVVLRQ�IDFWRU�RI���PJ�NP� �,3&&�� ������� 7DEOH� ����� VKRZV� WKH� GLIIHUHQFH� EHWZHHQ� HPLVVLRQ� IDFWRU� IRU� KHDY\�GXW\YHKLFOHV�LQ�WKH�SUHVHQW�UHSRUW�DQG�LQ�WKH�1,5������
7DEOH�������&RPSDULVRQ�RI�ROG�DQG�QHZ�1�2 HPLVVLRQ�IDFWRUV�IRU�RWKHU�URDG�DQG�IRU�QRQ�URDG�WUDQVSRUW

IXHO�W\SH 1,5����� 1,5����� GLIIHUHQFH
5RDG�WUDQVSRUW >PJ�NP@ >PJ�NP@
OLJKW�GXW\�YHKLFOHV��� SHWURO�/3* �� ��

GLHVHO �� ��
>WRWDO�������@ >��@ >��@ >����@

KHDY\�GXW\�YHKLFOHV GLHVHO ���±����� ��
PRSHGV SHWURO ��� � �����
PRWRU�F\FOHV SHWURO ��� � ����
1RQ�URDG�WUDQVSRUW >J�NJ�IXHO@ >J�NJ�IXHO@
DYLDWLRQ MHW�NHURVLQH ���� ���� ����
QDYLJDWLRQ GLHVHO ���� ���� ����
PRELOH�PDFKLQHU\ GLHVHO ���� ���� ����
UDLO�WUDQVSRUW GLHVHO ���� ���� ����
6RXUFH��SHWURO�/3*�IXHOOHG�OLJKW�GXW\�YHKLFOHV�EDVHG�RQ�)HLMHQ�-HXULVVHQ�HW�DO� ��������RWKHUV��JUD\�YDOXHV��DUH

EDVHG�RQ�,3&&��������
��� ([FOXGLQJ�SDVVHQJHU�FDUV�
��� ,Q�WKH�1,5������1�2 HPLVVLRQ�IDFWRUV�ZHUH�VXSSRVHG�WR�EH�GHSHQGHQW�RQ�12[ HPLVVLRQ�OHYHOV�DQG�12[HPLVVLRQ�OHYHOV�GLIIHU�IRU�VLQJOH�WUXFNV�DQG�DUWLFXODWHG�WUXFNV�
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1RQ�URDG�WUDQVSRUW
7KH� HPLVVLRQ� IDFWRUV� IRU� 1�2 IURP� QRQ�URDG� WUDQVSRUW� LQ� WKH� 1,5� ����� ZHUH� EDVHG� RQ� WKH� UDWLREHWZHHQ�1�2 DQG�12[ IRU�KHDY\�GXW\�GLHVHO�YHKLFOHV��%HFDXVH�WKH�,3&&�GHIDXOW�YDOXH�ZDV�DGRSWHG�LQWKH� FDVH� RI� KHDY\�GXW\� URDG� YHKLFOHV�� WKLV� ZDV� DOVR� GRQH� IRU� QRQ�URDG� WUDQVSRUW��7DEOH� ����� DJDLQVKRZV�WKH�GLIIHUHQFHV�EHWZHHQ�1,5������DQG�1,5������ZLWK�HPLVVLRQ�IDFWRUV�H[SUHVVHG�DV�HPLVVLRQVSHU�NJ�IXHO�XVH�

7DEOH������VKRZV�WKH�HIIHFW�RI�WKH�UHFDOFXODWLRQ�RQ�WKH�HPLVVLRQV�LQ������������DQG�������7KHHPLVVLRQ�OHYHOV�LQ�WKH�SUHVHQW�UHSRUW�DUH����WR�����ORZHU�WKDQ�LQ�WKH�1,5�������ZKLFK�LV�LQ�SDUWLFXODUFDXVHG�E\�WKH�DGRSWLRQ�RI�RWKHU�HPLVVLRQ�IDFWRUV�IRU�KHDY\�GXW\�GLHVHO�HQJLQHV��ERWK�URDG�DQG�QRQ�URDG���7KH�WUHQG�LQ�WKH�1,5������RI�GHFUHDVLQJ�1�2 HPLVVLRQV�IURP�WUDQVSRUW�EHWZHHQ������DQG�����KDV�QRZ�FKDQJHG�LQ�D�VOLJKW�LQFUHDVH�RI�1�2 HPLVVLRQV�
7DEOH�������(IIHFWV�RI�UHFDOFXODWLRQ�RI�1�2 HPLVVLRQV�IRU�WUDQVSRUW������������*J�
6RXUFH ���� ���� ����

1,5����� 1,5����� 1,5����� 1,5����� 1,5����� 1,5�����
3DVVHQJHU�FDUV ��� ��� ��� ��� ��� ���
/LJKW�GXW\�YHKLFOHV ��� ��� ��� ��� ��� ���
+HDY\�GXW\�YHKLFOHV ��� ��� ��� ��� ��� ���
7RWDO�URDG�WUDQVSRUW ��� ��� ��� ��� ��� ���
1RQ�URDG�WUDQVSRUW ��� ��� ��� ��� ��� ���
7RWDO�WUDQVSRUW ��� ��� ��� ��� ��� ���'LIIHUHQFH ���� ���� ����

�������5HFDOFXODWLRQ�RI�1�2 HPLVVLRQV�IURP�QLWULF�DFLG�SURGXFWLRQ�LQ
�����������DQG�����������>�%@

%DVHG� RQ� UHFHQW� PHDVXUHPHQWV� RI� 1�2 HPLVVLRQV� IURP� QLWULF� DFLG� PDQXIDFWXUH�� LQ� WKH� SUHVHQWLQYHQWRU\� QHZ� HPLVVLRQ� IDFWRUV� DUH� DSSOLHG� WKDQ� KDYH� EHHQ� XVHG� SUHYLRXVO\�� 7KH� UHFDOFXODWLRQ�KRZHYHU��ZDV�RQO\�PDGH� IRU� WKH�\HDUV������������DQG������������ZKLFK�ZHUH� WKH�\HDUV� WKDW� KDYHEHHQ�XSGDWHG�LQ�WKH�3(5������GDWDVHW�8QWLO�UHFHQWO\��1�2 HPLVVLRQV�IURP�QLWULF�DFLG�SURGXFWLRQ�ZHUH�EDVHG�RQ�GHIDXOW�,3&&�HPLVVLRQIDFWRUV��+RZHYHU��1�2 HPLVVLRQ�PHDVXUHPHQWV�PDGH�LQ������DQG������DW�DOO���PDQXIDFWXULQJ�SODQWVKDYH�UHVXOWHG�LQ�QHZ��SODQW�VSHFLILF�HPLVVLRQ�IDFWRUV��$V�WKH�DFFXUDF\�RI�WKH�HPLVVLRQ�IDFWRUV�REWDLQHGIURP� SODQW�VSHFLILF�PHDVXUHPHQWV� LV�PXFK� EHWWHU� WKDQ� WKH� SUHYLRXV� XVHG� GHIDXOW� IDFWRUV�� WKH\� KDYHQRZ� EHHQ� XVHG� WR� UHFDOFXODWH� WKH� SURFHVV� HPLVVLRQV� RI� 1�2 IURP� WKHVH� SODQWV�� $OVR�� LW� PD\� EHDVVXPHG�WKDW�WKH�HPLVVLRQ�IDFWRUV�GLG�DQG�GR�QRW�FKDQJH�RYHU�WLPH��VLQFH�WKH�RSHUDWLRQ�FRQGLWLRQV�GLGQRW FKDQJH�RYHU�WLPH�DQG�QR�HPLVVLRQ�FRQWURO�PHDVXUHV�KDYH�EHHQ�WDNHQ��$V�WKLV�VRXUFH�FDWHJRU\�LVDOVR� D� NH\� VRXUFH� �VHH� 6HFWLRQV� ���� DQG� ������ WKLV� FDQ� EH� FRQVLGHUHG� DV� WKH� ILUVW� VWHS� WRZDUGV� WKHDSSOLFDWLRQ�RI�D�7LHU���PHWKRGRORJ\��7KH�QHZ�PHWKRG�XVHG�IRU� WKLV�VXEPLVVLRQ� LV� WR�FDOFXODWH�1�2HPLVVLRQV�DW�SODQW�OHYHO�E\�WKH�LQGLYLGXDO�PDQXIDFWXULQJ�FRPSDQLHV�E\�PXOWLSO\LQJ�WKH�DQQXDO�DFWLYLW\GDWD�E\�WKH�QHZ�HPLVVLRQ�IDFWRUV�DQG�WR�UHSRUW�UHVXOWLQJ�WRWDO�HPLVVLRQV��2QO\�WKH�UHVXOWLQJ�HPLVVLRQVGDWD�IRU������������DQG�����������KDYH�EHHQ�SXEOLVKHG�� WKH�XQGHUO\LQJ�DFWLYLW\�GDWD�DQG�HPLVVLRQIDFWRUV�DUH�NHSW�FRQILGHQWLDO��,Q�7DEOH������DQ�RYHUYLHZ�LV�SURYLGHG�RI�WKH�HIIHFW�RI�WKH�UHFDOFXODWLRQRQ WKH�OHYHO�DQG�WUHQG�RI�WKH�1�2 HPLVVLRQV�
7DEOH��������(IIHFWV�RI�UHFDOFXODWLRQ�RI�1�2 HPLVVLRQV�IURP�QLWULF�DFLG�SURGXFWLRQ������������LQ�*J�6XEPLVVLRQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1,5����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1,5����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'LIIHUHQFH ��� ��� ���� ����
 (PLVVLRQV� IRU� ���������� DQG� ����� DQG� ����� KDYH� QRW� \HW� EHHQ� UHFDOFXODWHG�� WKLV� ZLOO� GRQH� IRU� WKH� QH[W
VXEPLVVLRQ�
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%HFDXVH�QR�PHDVXUHV�KDYHQ�EHHQ� WDNHQ�GXULQJ� WKH�SHULRG������������ WKH�HPLVVLRQ� IDFWRUV�REWDLQHGIURP�WKH������PHDVXUHPHQWV�KDYH�DOVR�EHHQ�XVHG�WR�UHFDOFXODWH�WKH�HPLVVLRQV�IRU������DQG������

�������5HFDOFXODWLRQ�UHYLVLRQ�RI�)�JDV�HPLVVLRQV�LQ������DQG����������
5HFDOFXODWLRQV�RI�HPLVVLRQV�RI�IOXRULQDWHG�JDVHV�KDYH�EHHQ�PDGH�GXH�WR�QHZ�GDWD�WKDW�KDYH�EHFRPHDYDLODEOH�IURP�PHDVXUHPHQWV�DQG�VHFWRU�VWXGLHV�DV�ZHOO�DV�WKH�LGHQWLILFDWLRQ�RI�D�QHZ�VRXUFH�FDWHJRU\�+RZHYHU��QRW�DOO�UHFDOFXODWLRQV�KDYH�\HW�EHHQ�PDGH�IRU�WKH�FRPSOHWH�WLPH�VHULHV������������DV�ZLOO�EHGHVFULEHG�EHORZ�
3)&V�IURP�DOXPLQLXP�SURGXFWLRQ
%DVHG�RQ�UHFHQW�PHDVXUHPHQWV�RI�3)&�HPLVVLRQV�IURP�DOXPLQLXP�SURGXFWLRQ�LQ�WKH�SUHVHQW�LQYHQWRU\ORZHU�HPLVVLRQ�IDFWRUV�DUH�DSSOLHG�WKDQ�SUHYLRXVO\�ZHUH�XVHG��$�UHFDOFXODWLRQ��ZDV�PDGH�IRU�WKH�\HDUV����������E\�DSSO\LQJ�GLIIHUHQW�HPLVVLRQ�IDFWRUV�E\�RQH�RI�WKH�WZR�SURGXFWLRQ�IDFLOLWLHV��ZKLFK�KDVVZLWFKHG�IURP�VLGH�IHHG� WR�SRLQW� IHHG� LQ�������'XH� WR� WKLV� �HUURU��FRUUHFWLRQ� WKH�QDWLRQDO� WRWDO�3)&HPLVVLRQV�LQ������DUH�QRZ�DERXW�RQH�WKLUG�ORZHU�WKDQ�LQ�WKH�SUHYLRXV�VXEPLVVLRQ�
+)&�HPLVVLRQV�IURP�+)&�XVH
%DVHG� RQ� D� UHFHQW� VWXG\� RI� WKH� UHIULJHUDWLRQ� VHFWRU� QHZ� OHDNDJH� IUDFWLRQV� IRU� ����� KDYH� EHFRPHDYDLODEOH�� ��� RQ� DYHUDJH� IRU� VWDWLRQDU\� UHIULJHUDWLRQ� DQG� DLU�FRQGLWLRQLQJ� DQG� ��� IRU� PRELOH� DLU�FRQGLWLRQLQJ�LQ�������67(.���������7KHVH�IUDFWLRQV�ZHUH�DOVR�XVHG�IRU������HPLVVLRQV��7KH�DFFXUDF\RI WKLV�ILJXUH�LV�EHWWHU�WKDQ�WKH�ROG�OHDNDJH�IUDFWLRQV�RI����WR�����IRU�VWDWLRQDU\�UHIULJHUDWLRQ�LQ�����WR�������UHVSHFWLYHO\��DQG�����IRU�PRELOH�DLU�FRQGLWLRQLQJ��ZKLFK�ZHUH�EDVHG�RQ�DQ�H[WUDSRODWLRQ�RID OHDN�IUDFWLRQ�RI� WKH�HDUO\�����V��7KH�QHZ�OHDNDJH�IUDFWLRQV�����DQG� WKH�DFWLYLW\� OHYHOV�KDYH�EHHQXVHG�WR��UH�FDOFXODWH�WKH�DFWXDO�HPLVVLRQV�RI�WKLV�VHFWRU�7KLV�UHFDOFXODWLRQ�ZDV�PDGH�E\�UHSODFLQJ�WKH�ROG�OHDNDJH�IUDFWLRQ�IRU������DQG������E\�WKH�QHZOHDNDJH�IUDFWLRQ��)RU�����������QHZ�OHDNDJH�IUDFWLRQV�KDYH�EHHQ�GHULYHG�E\�LQWHUSRODWLRQ�WR�����LQ����� IRU� VWDWLRQDU\� UHIULJHUDWLRQ� DQG� E\� DVVXPLQJ� ���� OHDNDJH� IRU�PRELOH� DLU�FRQGLWLRQLQJ� IRU� DOO\HDUV�XS�WR�������67(.���������7DEOH������SURYLGHV�DQ�RYHUYLHZ�RI�WKH�HIIHFW�RI�WKH�UHFDOFXODWLRQ�RQWKH�OHYHO�DQG�WUHQG�RI�WKH�+)&�HPLVVLRQV�IURP�+)&�XVDJH�
7DEOH�������(IIHFW�RI�UHFDOFXODWLRQ�RI�+)&�HPLVVLRQV�IURP�+)&�XVH������������LQ�WRQ�
6XEPLVVLRQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1,5����� � � � � �� ��� ��� ��� ��� ���
1,5����� � � � � �� ��� ��� ��� ��� ���
'LIIHUHQFH � � � � �� �� �� ��� ��� ���

6)� HPLVVLRQV�IURP�6)� XVH
$ VWXG\� WR� LGHQWLI\� SRVVLEOH�PLVVLQJ� VRXUFHV� RI� 6)� UHYHDOHG� WKH� SURGXFWLRQ� RI� VRXQGSURRI� GRXEOHJOD]HG�ZLQGRZV�FRQWDLQLQJ�6)��DV�D�PLVVLQJ�VRXUFH�LQ�WKH�1HWKHUODQGV�� WKDW�DFFRXQW�IRU�DERXW�VDPH6)� HPLVVLRQV�DV�WKH�RWKHU�VRXUFHV�DOUHDG\�LQFOXGHG�LQ�WKH�LQYHQWRU\��7R�LPSURYH�WKH�FRPSOHWHQHVV�RIWKH� QDWLRQDO� JUHHQKRXVH� JDV� LQYHQWRU\�� WKLV� \HDU� WKH� HPLVVLRQV� IRU� WKLV� VRXUFH� FDWHJRU\� KDYH� EHHQDGGHG�WR�WKH�QDWLRQDO�LQYHQWRU\��,Q�DGGLWLRQ��WKH�H[LVWLQJ�HVWLPDWHV�IRU�6)� IURP�WKH�HOHFWULFLW\�VHFWRUKDV�EHHQ�XSGDWHG�IRU������
7DEOH�������(IIHFW�RI�UHFDOFXODWLRQ�RI�6)� HPLVVLRQV�IURP�6)� XVH�LQ������������LQ�WRQ�
6XEPLVVLRQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1,5����� ��� ��� ��� ��� ��� ���� ���� ���� ���� ����
1,5����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
'LIIHUHQFH ��� ��� ��� ��� ��� ��� ��� ��� ��� ���



SDJH����RI���� 5,90�UHSRUW������������

7KH� DFWXDO� 6)� HPLVVLRQV� IURP� WKH� SURGXFWLRQ� RI� GRXEOH� JOD]HG� ZLQGRZV� RQO\� FDPH� DYDLODEOH� IRU����� 7R� UHFDOFXODWH� WKH� ���������� SHULRG�� DFWXDO� HPLVVLRQV� KDYH� EHHQ� HVWLPDWHG� E\� H[WUDSRODWLRQEDFN�LQ�WLPH��(PLVVLRQV�IRU�����������KDYH�QRW�EHHQ�HVWLPDWHG�IRU�WKLV�VRXUFH�FDWHJRU\�DV� LW� LV�QRWDFFXUDWHO\�NQRZQ�ZKHQ�WKH�XVH�RI�6)� IRU�WKLV�DSSOLFDWLRQ�VWDUWHG��7DEOH������SURYLGHV�DQ�RYHUYLHZ�RIWKH�HIIHFW�RI�WKH�UHYLVLRQ�RQ�WKH�OHYHO�DQG�WUHQG�RI�WRWDO�6)� HPLVVLRQV�

�������&KDQJHV�LQ�R]RQH�SUHFXUVRUV�DQG�62� VLQFH�WKH�SUHYLRXVVXEPLVVLRQ
7KH�HPLVVLRQV�GDWD�UHSRUWHG�LQ�WKHVH�WDEOHV�GLIIHU�IURP�WKH�GDWD�UHSRUWHG�LQ�WKH�SUHYLRXV�UHSRUW��VHH
7DEOH��������PDLQO\�GXH�WR�
� HPLVVLRQV�IURP�URDG�WUDQVSRUW�EDVHG�RQ�D�QHZ�PHDVXUHPHQW�SURJUDPPH�RI�HPLVVLRQ�IDFWRUV�IURPSDVVHQJHU�FDUV�
� UHYLVHG�VHFWRUDO�HQHUJ\�GDWD�IRU������DQG�����������
� D VKLIW�IURP�QRQ�FRPEXVWLRQ�SURFHVVHV�WR�FRPEXVWLRQ�SURFHVVHV�LQ�WKH�LQGXVWULDO�VHFWRU�
7KH�ILJXUHV�UHSRUWHG�KHUH�FRPSO\�ZLWK�WKH�(QYLURQPHQWDO�%DODQFH�������5,90������D�E��DQG�ZLWKWKH� DQQXDO� (PLVVLRQ�0RQLWRU� ����� GHVFULELQJ� HPLVVLRQV� DQG� ZDVWH� LQ� ������ ����� DQG� ����� �9DQ+DUPHOHQ�HW� DO��� ������� H[FHSW� VRPH�PLQRU� GLIIHUHQFHV��PDLQO\� VRXUFH� DOORFDWLRQV�� GXH� WR� GLIIHUHQWSURGXFWLRQ�GDWHV��:H�UHFDOO� WKDW�DOO�GDWD� LQ� WKLV� UHSRUW�SUHVHQWHG� IRU������DUH�SUHOLPLQDU\� �VHH�DOVR6HFWLRQ������
7DEOH�������(IIHFW�RI�UHFDOFXODWLRQV�RQ�HPLVVLRQV�RI�SUHFXUVRU�JDVHV�LQ�1,5������DQG�1,5�������LQ�*J�
,QGLUHFW�JUHHQKRXVH�JDVHV�DQG�62� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1,5������12[ ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1,5������12[ ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
'LIIHUHQFH ���� � � � � ����� ���� ����� ��� ����
1,5������&2 ������ ������ ����� ����� ����� ����� ����� ����� ����� �����
1,5������&2 ������ ������ ����� ����� ����� ����� ����� ����� ����� �����
'LIIHUHQFH ���� � � � � ��� ���� ����� ���� ����
1,5������1092& ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1,5������1092& ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
'LIIHUHQFH ��� � � � � ���� � ���� ��� ���
1,5������62� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1,5������62� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
'LIIHUHQFH ��� � � � � ���� ��� �� ��� ���

�����6XPPDU\�RI�HUURU�FRUUHFWLRQV
'HWDLOHG�DQDO\VLV�RI�WKH�SUHYLRXV�VXEPLVVLRQ�DV�UHSRUWHG�LQ�WKH�SUHYLRXV�1,5�XQFRYHUHG�D�IHZ�HUURUVLQ�WKH������ILOHV��7KHVH�ZHUH�UHFWLILHG�LQ�WKH������VXEPLVVLRQ�DQG�ZHUH�UHODWHG�WR�� &HPHQW� FOLQNHU� SURGXFWLRQ� IRU� ���������� WKH� &2� HPLVVLRQV� IURP� FOLQNHU� SURGXFWLRQ� LQ� WKHFHPHQW�LQGXVWU\�ZDV�QRW�LQFOXGHG�LQ�WKH�LQYHQWRU\��%DVHG�RQ�����������FHPHQW�SURGXFWLRQ�GDWD�WKH�HPLVVLRQV�IURP�WKLV�SURFHVV�ZHUH�HVWLPDWHG�WR����������DQG�����*J�&2�� UHVSHFWLYHO\�� (PLVVLRQV�IURP�ELRPDVV��,Q�WKH�SUHYLRXV�VXEPLVVLRQ�VRPH�RI�WKH�&2� HPLVVLRQV�RULJLQDWLQJ�IURPELRPDVV� FRPEXVWLRQ�ZHUH� HUURQHRXVO\� DOORFDWHG�XQGHU� IRVVLO� IXHO� HPLVVLRQV�� ,Q� WKLV� VXEPLVVLRQLPSURYHPHQWV�ZHUH�PDGH� WR� LGHQWLI\� ELRPDVV� LQ� WKH� IRVVLO� IXHO� GDWD� DQG� VXEVHTXHQWO\�PDNH� DSURSHU� DOORFDWLRQ� IRU� WKH� UHODWHG�&2� HPLVVLRQV�� ,PSURYHPHQWV�ZHUH� LQFRUSRUDWHG� IRU� WKH� \HDUV�����������DQG������WR������DPRXQWLQJ�FKDQJHV�RI�QDWLRQDO�&2� HPLVVLRQV�RI�����������������DQG��� 7J��UHVSHFWLYHO\�
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�����5HYLVHG�VRXUFH�DOORFDWLRQV
,Q� WKH� 1HWKHUODQGV� IRU� GRPHVWLF� SXUSRVHV� HPLVVLRQV� DUH� JURXSHG� E\� VR�FDOOHG� 7DUJHW� *URXSV�� RQZKLFK�HQYLURQPHQWDO�SROLF\� LV� IRFXVHG��7KH�GHILQLWLRQ�RI� WKHVH�JURXSV� LV�SURYLGHG� LQ�2OLYLHU�HW�DO��������� $Q� XSGDWHG� FRUUHVSRQGHQFH� WDEOH� IRU� HPLVVLRQV� IURP� 7DUJHW� *URXSV� DQG� ,3&&� VRXUFHFDWHJRULHV� LV�SURYLGHG� LQ�7DEOH����� $V� D�QH[W� VWHS� WRZDUGV�XQLIRUP� UHSRUWLQJ� DW� WKH�PRUH� GHWDLOHGVRXUFH� FDWHJRU\� OHYHO� RI� WKH� &RPPRQ� 5HSRUWLQJ� )RUPDW� �&5)��� DOO� VXEFDWHJRULHV� DW� WKH� ORZHVWDJJUHJDWLRQ� OHYHO� FXUUHQWO\� XVHG� IRU� UHSRUWLQJ� IRU� GRPHVWLF� SXUSRVHV� �VR�FDOOHG� 
UDSFRGHV
�� KDYHUHFHLYHG�DQ�DGGLWLRQDO�DWWULEXWH�
,3&&�VXEVHFWRU
���,Q�WKH�\HDU������WKH�µUDSFRGHV¶�XVHG�LQ�SDVW�\HDUV�ZHUH� UHYLVHG� LQ�RUGHU� WR� LPSURYH� WKH� OLQN�EHWZHHQ�HPLVVLRQV� DQG� ,3&&�VXEVHFWRUV��%DVHG�RQ� WKHVHQHZ�UDSFRGHV�� LPSURYHPHQWV�RI�WKH�UDSFRGH�WR� 
,3&&�VHFWRU
�FRUUHVSRQGHQFH� WDEOH�KDYH�EHHQ�PDGH�7KLV�ZDV�GRQH�WR�DFKLHYH�WKH�EHVW�SRVVLEOH�FRPSOLDQFH�ZLWK�VRXUFH�FDWHJRU\�GHILQLWLRQV�LQ�WKH�5HYLVHG
����� ,3&&� *XLGHOLQHV� ZLWKLQ� WKH� FRQVWUDLQWV� RI� ORZHVW� VXE�VRXUFH� FDWHJRULHV� SUHVHQWO\� LGHQWLILHG�UDSFRGHV��LQ�WKH�1HWKHUODQGV
�(PLVVLRQ�5HJLVWUDWLRQ�V\VWHP��&RHQHQ�DQG�2OLYLHU��������$OO� HPLVVLRQ� GDWD� IRU� WKH� \HDU� ������ ������ ������ ����� DQG� ����� ZHUH� VXEPLWWHG� WR� WKH1HWKHUODQGV
� (PLVVLRQ� 5HJLVWUDWLRQ� V\VWHP� XVLQJ� WKH� XSGDWHG� VRXUFH� FRGHV�� UHVXOWLQJ� LQ� D� WRWDOO\FRPSDUDEOH�VRXUFH�DOORFDWLRQ�LQ�WKH�&5)�IRU�WKHVH�\HDUV�
� &2�� UHDOORFDWLRQ�EHWZHHQ�DQG�ZLWKLQ�FDWHJRULHV������DQG���PDLQO\�GXH�WR�LPSURYHG�LGHQWLILFDWLRQRI�FRPEXVWLRQ��SURFHVV�DQG�ELRPDVV�HPLVVLRQV�LQ�WKH�LQYHQWRU\�GDWD�
� &2�� FDWHJRU\��$�UHFDOFXODWLRQ�DQG�DOORFDWLRQ�LQWR�VXEFDWHJRULHV�
)RU�WKH�\HDUV������DQG������RQO\�WKH�HPLVVLRQV�LQ�WKH�VHFWRUV���$���DQG���$���ZHUH�VXEPLWWHG�XVLQJWKH�XSGDWHG�UDSFRGHV��UHVXOWLQJ�LQ�D�FKDQJH�LQ�DOORFDWLRQ�ZLWKLQ�WKHVH�FDWHJRULHV��)XUWKHUPRUH�� &2�� FDWHJRU\��$�UHFDOFXODWLRQ�DQG�DOORFDWLRQ�LQWR�VXEFDWHJRULHV�
7KH� KLVWRULF� LQYHQWRU\� GDWDVHWV� XVHG� IRU� UHSRUWLQJ� GDWD� IRU� WKH� ���������� SHULRG� ZHUH� RQO\� SDUWO\UHYLVHG�HQ�WKXV�WKH�RYHUDOO�VRXUFH�DOORFDWLRQ�GLG�QRW�FKDQJH�IRU�WKHVH�\HDUV��1HYHUWKHOHVV�IRU�WKH�\HDUV����������WKH�IROORZLQJ�LPSURYHPHQWV�RQ�VXE�VHFWRU�OHYHO�ZHUH�PDGH�
� &2�� FDWHJRU\��$�UHFDOFXODWLRQ�DQG�DOORFDWLRQ�LQWR�VXEFDWHJRULHV
� &2�� GHWDLOHG�IXHO�DOORFDWLRQ�IRU���$����WUDQVSRUW��
� &+�� DQG� 1�2�� UHDOORFDWLRQ� ZLWKLQ� FDWHJRULHV� �$� DQG� �%� UHODWHG� WR� VSOLW� LQWR� WKH� DQLPDOVXEFDWHJRULHV�
� 1�2��UHDOORFDWLRQ�ZLWKLQ�FDWHJRULHV���'�UHODWHG�WR�WKH�VSOLW�LQWR�WKH�VXEFDWHJRULHV�

�����([SODQDWLRQ�RI�PDMRU�FKDQJHV�LQ�WKH�\HDU�����
7KH�'XWFK�WRWDO�&2� HTXLYDOHQW�HPLVVLRQV��ZLWK�/DQG�8VH�&KDQJH�DQG�)RUHVWU\� IRU������DUH�QRZFDOFXODWHG������������7J�&2� HTXLYDOHQW��OHVV�WKDQ�LQ�WKH�SUHYLRXV�VXEPLVVLRQ��7KLV�GHFUHDVH�FDQ�EHH[SODLQHG�E\�WKH�IROORZLQJ�PRVW�UHOHYDQW�FKDQJHV��DOO�LQ�&2� HTXLYDOHQW��)RU�&2��� ������*J�GHFUHDVH�LQ�WKH�FDWHJRU\�(QHUJ\�>�$@��PDLQO\�GXH�WR�UHPRYDO�RI�WKH�VWDWLVWLFDO�GLIIHUHQFHLQ��$��DQG�LPSURYHG�DOORFDWLRQ�� ����*J�GHFUHDVH�LQ�)XJLWLYH�HPLVVLRQV�IURP�2LO�DQG�*DV�>�%�@�GXH�WR�UHFDOFXODWLRQ�� ����*J�LQFUHDVH�LQ�:DVWH�>�'@�RQ�WKH�EDVLV�RI�LPSURYHG�DOORFDWLRQ�RI�IXHO�UHODWHG�HPLVVLRQV�� ���� *J� GHFUHDVH� LQ� WKH� FDWHJRU\� ,QGXVWULDO� SURFHVVHV� >�@� GXH� WR� HUURU� FRUUHFWLRQV� LQ� VRXUFHDOORFDWLRQ�� � DQG�HUURU�FRUUHFWLRQ�LQ�WKH�HPLVVLRQV�IURP�FHPHQW�FOLQNHU�SURGXFWLRQ�� ��)RU�&+��� ���*J�GHFUHDVH� LQ� WKH�FDWHJRU\�(QHUJ\� >�$@��PDLQO\�GXH� WR� UHFDOFXODWLRQ� LQ�)XJLWLYH�HPLVVLRQV

IURP�2LO�DQG�*DV�>�%�@�DQG�LPSURYHG�DOORFDWLRQ�� ���*J�LQFUHDVH�LQ�0DQXUH�PDQDJHPHQW�>�%@�GXH�WR�LPSURYHG�GDWD�)RU�1�2�
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� ������*J�GHFUHDVH� GXH� WR� UHFDOFXODWLRQ� RI� HPLVVLRQV� IURP�7UDQVSRUW� >�$�@�� LQ� SDUWLFXODU� IURPSDVVHQJHU�FDUV�� ������*J�GHFUHDVH�GXH�WR�UHFDOFXODWLRQ�RI�HPLVVLRQV�IURP�1LWULF�$FLG�SURGXFWLRQ�>�%@�)RU�+)&V�� D GHFUHDVH�RI�����*J�LQ������DQG�����*J�LQ������GXH�WR�UHFDOFXODWLRQ�RI�HPLVVLRQV�IURP�+&)&�
���SURGXFWLRQ�>�(@� D GHFUHDVH�RI����*J�LQ������IRU�+)&�FRQVXPSWLRQ� >�)@�GXH� WR� LPSURYHG�GDWD�RQ� OHDNDJH�IURPUHIULJHUDWLRQ�DQG�DLU�FRQGLWLRQLQJ�HTXLSPHQW�)RU�6)��� DQ� LQFUHDVH� RI� ���� *J� LQ� ����� GXH� WR� QHZ� VRXUFH�� SURGXFWLRQ� RI� VRXQGSURRI� GRXEOH� JOD]LQJZLQGRZV�7KHVH� FKDQJHV� DUH� GHVFULEHG� LQ� GHWDLO� LQ� WKH� SUHYLRXV� SDUDJUDSKV�� ,PSURYHG� GDWD� DQG� FKDQJHV� LQVRXUFH�DOORFDWLRQ�FDQ�H[SODLQ�WKH�UHPDLQGHU�RI�WKH�GLIIHUHQFHV�LQ�HPLVVLRQV� ��

�����&KDQJHV�LQ�&5)�ILOHV�FRPSDUHG�WR�WKH�SUHYLRXV�VXEPLVVLRQ
7KH�WDEOHV�LQFOXGHG�LQ�WKH�$QQH[���UHSUHVHQW�WKH�SULQWHG�VXPPDU\�YHUVLRQ�RI�WKH������1HWKHUODQGV¶DQQXDO�VXEPLVVLRQ�RI�WKH�&5)�ILOHV�RI�LWV�JUHHQKRXVH�JDV�HPLVVLRQ�LQYHQWRU\�LQ�DFFRUGDQFH�ZLWK�WKH81)&&&�DQG�WKH�(XURSHDQ�8QLRQ¶V�*UHHQKRXVH�*DV�0RQLWRULQJ�0HFKDQLVP�DQG�LQFOXGH�
� ,3&&�6XPPDU\�7DEOHV��$� IRU�EDVH�\HDUV������DQG������DQG� IRU� WKH� ODVW� WZR�\HDUV� ������DQGSUHOLPLQDU\��������&5)�6XPPDULHV����� 7UHQG�7DEOHV����IRU�HDFK�JDV�LQGLYLGXDOO\�DQG�IRU�DOO�JDVHV�DQG�VRXUFH�LQ�&2��HT���LV�LQFOXGHG�LQFUI�QOG���������[OV��� 7UHQG�7DEOHV����IRU�SUHFXUVRU�JDVHV��LQ�FUI�QOG���������[OV��� 5HFDOFXODWLRQ�7DEOHV� DQG�([SODQDWLRQ�7DEOH���D� DQG���E� IRU�EDVH�\HDUV������DQG������DQG� IRU����������� &RPSOHWHQHVV�7DEOH���IRU������
7KH�ODUJHVW�FKDQJHV�DUH��VHH�FRS\�RI�UHFDOFXODWLRQ�FKHFNOLVW�EHORZ��
� 'DWD�IRU������DQG������ZHUH�XSGDWHG�������GDWD�ZHUH�SUHOLPLQDU\�LQ�WKH�SUHYLRXV�VXEPLVVLRQ��
� 'DWD�IRU������KDV�EHHQ�DGGHG��DOO�ILJXUHV�IRU������DUH�SUHOLPLQDU\�GDWD��
� 'DWD�IRU�����������ZHUH�XSGDWHG��DFFRUGLQJ�WR�WKH�ODWHVW�GDWD�DQG�PHWKRGRORJ\��VHH�DOVR�����WR������LQFOXGLQJ�FKDQJHV�DQQRXQFHG�LQ�WKH�SUHYLRXV�WKUHH�LQYHQWRU\�UHSRUWV��
� $OVR�PRUH�GHWDLOHG�GDWD�KDYH�EHHQ�DGGHG�WR�WKH�VHW�RI�&5)�ILOHV�WKDW�DFFRPSDQ\�WKLV�UHSRUW�

½ ,Q�SDUWLFXODU� IRU� IXHO�FRPEXVWLRQ� �,3&&�FDWHJRU\��$�� LQ� WKH�\HDUV������������ WR������� WKHVSOLW�RI�WKH�HPLVVLRQV�GDWD�SHU�VHFWRU�E\�IXHO�W\SH�ZDV�XQLIRUPHG�DQG�LPSURYHG�IRU�WKH�IRVVLOIXHO�W\SHV�VROLG�� OLTXLG�DQG�JDVHRXV��)RU�WKH�\HDUV������DQG������WKLV�FRXOG�QRW�EH�GRQH� LQODUJH�H[WHQW�GXH�WR�OLPLWHG�GHWDLO�LQ�WKH�UHSRUWV�RI�WKH�LQGLYLGXDO�FRPSDQLHV�WKDW�PDNH�XS�WKHODUJHVW�SDUW�LQ�WKH�VRXUFH�FDWHJRULHV��$��DQG��$��
½ ,PSURYHPHQW�RI�DJULFXOWXUH�DFWLYLW\�GDWD�DQG�UHODWHG�HPLVVLRQV��PLQRU�FKDQJHV��
½ )RU� WKH� \HDUV� ����� WR� ����� WKH� IXHO� VSOLW� DQG� UHODWHG� HPLVVLRQV� LQ� �$�� �WUDQVSRUW�� ZHUHLPSURYHG�DQG�XQLIRUPHG�
½ 7KH�&2� HPLVVLRQV�VLQNV�GXH� WR�/8&)� IRU� WKH�\HDUV������ WR������ZHUH� �UH�FDOFXODWHG� DQGLQFOXGHG�LQ�WKH�&5)�ILOHV�
� )RU�+)&V�DQG�6)� WKH�FRPSOHWH�WLPH�VHULHV�����������KDV�EHHQ�UHYLVHG��)RU�+)&V�IURP�����RQZDUGV�� QHZ� VRXUFH� RI� 6)� HPLVVLRQV� �SURGXFWLRQ� RI� VRXQGSURRI� GRXEOH� JOD]HG�ZLQGRZV�KDV�EHHQ�DGGHG�IRU������DQG�����������

,Q�WKH�ILOHV�IRU������WR������RQO\�GDWD�IRU�+)&V��/8&)��DJULFXOWXUH�DQG�WUDQVSRUW�KDYH�EHHQ�FKDQJHGGXH�WR�WKH�DERYH�PHQWLRQHG�UHFDOFXODWLRQV�
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6WDWXV�UHSRUWV�RQ�UHFDOFXODWLRQV
)RU�LQIRUPDWLRQ�ZH�VXPPDULVH�WKH�&5)�VWDWXV�UHSRUWV�RQ�UHFDOFXODWLRQV�EHORZ�
5HFDOFXODWLRQV�IRU�����������

5HFDOFXODWLRQV�IRU������������������UHFDOFXODWLRQV�EDVHG�RQ�PRUH�GHWDLOHG�GDWD

5HFDOFXODWLRQV� IRU������� IXOO�UHFDOFXODWLRQ��VLQFH�SUHYLRXV�GDWD�KDG�VWDWXV�³SUHOLPLQDU\´��ZKLFK� LV
QRZ FKDQJHG�LQ��ILQDO��

&RPSOHWHQHVV�RI�WKH�&5)�ILOHV
$V�PHQWLRQHG�DERYH�� WKH�&5)�ILOHV� IRU������DQG�����������QRZ�DOVR� LQFOXGH� VHFWRUDO�EDFNJURXQGGDWD�IRU��$��)XHO�FRPEXVWLRQ� LQFOXGLQJ��$���(QHUJ\�,QGXVWULHV�DQG��$���0DQXIDFWXULQJ�,QGXVWULHV�7KDW�LV�WR�VD\��WR�WKH�H[WHQW�WKDW�LQ�WKH�YDULRXV�LQGXVWU\�VHFWRUV�HPLVVLRQV�ZHUH�UHSRUWHG�LQ�WKH�QDWLRQDO(PLVVLRQ� 5HJLVWUDWLRQ� V\VWHP� SHU� IXHO� W\SH� �VROLG�� OLTXLG�� JDVHRXV��� )RU� WKLV� 1,5� UHSRUW�� D� VSHFLDOHIIRUW�ZDV�PDGH� WR� UHFDOFXODWH�&2� HPLVVLRQV� IRU������DQG������GXH� WR� WKH� UHYLVLRQ�RI� WKH� HQHUJ\EDODQFHV��'HULYHG�JDVHV��FRNH�RYHQ�JDV��EODVW�IXUQDFH�JDV�HWF���ZHUH�LQFOXGHG�XQGHU�
6ROLG�IXHOV
��7KHHPLVVLRQV� QRW� UHSRUWHG� E\� IXHO� W\SH� DUH� VXPPHG� DQG� UHSRUWHG� XQGHU� 
2WKHU� IXHOV
�� DV� LV� WRWDO� IXHOFRQVXPSWLRQ�DVVRFLDWHG�ZLWK�WKHVH�XQVSHFLILHG�HPLVVLRQV��7KLV�IUDFWLRQ�LQFUHDVHV�IURP�DERXW�����RIIRVVLO�IXHO�UHODWHG�HPLVVLRQV�LQ������WR�����LQ�����������DQG�WR�����LQ�������L�H��WKLV�SHUFHQWDJH�RI&2� HPLVVLRQV�FRXOG�QRW�EH�DOORFDWHG�WR�D�VSHFLILF�IXHO�W\SH��,Q�DGGLWLRQ��VHFWRUDO�EDFNJURXQG�GDWD�DUHQRZ� FRPSOHWHG� IRU� �$�� 7UDQVSRUW� �DOO� \HDUV�� DQG� �$�� 2WKHU� VHFWRUV� ������ DQG� �����������0RUHRYHU�� VHFWRUDO� EDFNJURXQG� GDWD� RQ� �%�� )XJLWLYH� RLO� DQG� JDV� DUH� QRZ� SURYLGHG� IRU� ����� DQG����������DV�ZHOO�DV�����������GDWD�IRU�FHPHQW�FOLQNHU�SURGXFWLRQ�>�$�@�DQG�DOXPLQLXP�SURGXFWLRQ>�&�@�� &+� IURP� HQWHULF� IHUPHQWDWLRQ� DQG� IURP� PDQXUH� PDQDJHPHQW� >�$� DQG� �%@�� 1�2 IURP

(QHUJ\ ,QG�3URFHVVHV 6ROYHQW�8VH /8&) $JULFXOWXUH :DVWH

&2� :$$5 :$$5 :$$5 :$$5 21:$$5 :$$5

&+� :$$5 :$$5 21:$$5 21:$$5 :$$5 :$$5

1�2 :$$5 :$$5 :$$5 21:$$5 :$$5 :$$5

+)&V��3)&V��6)� :$$5

([SODQDWLRQV� :$$5 :$$5 21:$$5 :$$5 :$$5 :$$5

5HFDOFXODWLRQ�WDEOHV�IRU�DOO�UHFDOFXODWHG�\HDUV�
:$$5

)XOO�&5)�IRU�WKH�UHFDOFXODWHG�EDVH�\HDU� :$$5

5
HF
DO
FX
OD
WLR
Q�

(QHUJ\ ,QG�3URFHVVHV 6ROYHQW�8VH /8&) $JULFXOWXUH :DVWH

&2� :$$5 :$$5 21:$$5 :$$5 21:$$5 :$$5

&+� :$$5 :$$5 21:$$5 21:$$5 :$$5 :$$5

1�2 :$$5 :$$5 :$$5 21:$$5 :$$5 :$$5

+)&V��3)&V��6)� :$$5

([SODQDWLRQV� :$$5 :$$5 21:$$5 :$$5 :$$5 :$$5

5HFDOFXODWLRQ�WDEOHV�IRU�DOO�UHFDOFXODWHG�\HDUV�
:$$5

)XOO�&5)�IRU�WKH�UHFDOFXODWHG�EDVH�\HDU� :$$5

5
HF
DO
FX
OD
WLR
Q�

(QHUJ\ ,QG�3URFHVVHV 6ROYHQW�8VH /8&) $JULFXOWXUH :DVWH

&2� :$$5 21:$$5 21:$$5 :$$5 21:$$5 21:$$5

&+� :$$5 21:$$5 21:$$5 21:$$5 :$$5 21:$$5

1�2 :$$5 21:$$5 21:$$5 21:$$5 :$$5 21:$$5

+)&V��3)&V��6)� :$$5

([SODQDWLRQV� :$$5 :$$5 21:$$5 :$$5 :$$5 21:$$5

5HFDOFXODWLRQ�WDEOHV�IRU�DOO�UHFDOFXODWHG�\HDUV�
:$$5

)XOO�&5)�IRU�WKH�UHFDOFXODWHG�EDVH�\HDU� :$$5

5
HF
DO
FX
OD
WLR
Q�
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DJULFXOWXUDO�VRLOV� >�'@�DQG�&2� UHPRYDOV� IURP�/8&)�VXEFDWHJRU\��$�� ,Q�DGGLWLRQ��D� VSHFLDO�HIIRUWZDV�PDGH�WR�LQFOXGH�EDFNJURXQG�GDWD�IRU�FDWHJRU\��$�
6ROLG�ZDVWH�GLVSRVDO
�,Q� JHQHUDO�� FRPSOHWHQHVV� RI� WKH� &5)� WDEOHV� LV� OLPLWHG� E\� SUHVHQW� OHYHO� RI� GHWDLO� RI� (5�,� GDWDVWRUDJH��LQ�SDUWLFXODU�IRU�,3&&�FDWHJRULHV��$����$��DQG����VHH�7DEOH��������7KHVH�DUH�WKH�VHFWRUV�WKDWDUH�IRU�D�YHU\�ODUJH�SDUW�UHSRUWHG�E\�LQGLYLGXDO�ILUPV�RI�ZKLFK�WKH�OHYHO�RI�GHWDLO��FRPSOHWHQHVV�DQGTXDOLW\�YDULHV�FRQVLGHUDEO\��VHH�6HFWLRQ�����RQ�4XDOLW\�$VVXUDQFH���)RU�H[DPSOH��LQ�FDVHV�ZKHUH�SRLQWVRXUFHV� UHSRUWHG�GLIIHUHQW�� WKXV� LQFRQVLVWHQW�� IXHO�FRQVXPSWLRQ� ILJXUHV�DVVRFLDWHG�ZLWK� HPLVVLRQV�RI&2�� &+� DQG�1�2��UHVSHFWLYHO\��LW�ZDV�GHFLGHG�WR�XVH�WKH�IXHO�GDWD�IRU�&2� LQ�WKH�&5)�WDEOHV��VLQFH&2� LV� EH� IDU� WKH�PRVW� LPSRUWDQW� JDV� RI� WKH� WKUHH��$V� D� FRQVHTXHQFH�� KRZHYHU�� LQ� WKHVH� FDVHV� WKHLPSOLHG�HPLVVLRQ�IDFWRUV�IRU�&+� DQG�1�2 ZLOO�VKRZ�DQRWKHU�YDOXH�WKDQ�FRXOG�EH�FDOFXODWHG�IURP�WKHRULJLQDO�UHSRUWHG�DFWLYLW\�GDWD�)RU�3)&V�DQG�6)� SUHVHQWO\�QR�SRWHQWLDO�HPLVVLRQV�� �WRWDO�FRQVXPSWLRQ�GDWD��DUH�UHSRUWHG��7KLVLV� GXH� WR� WKH� OLPLWHG� QXPEHU� RI� FRPSDQLHV� IRU�ZKLFK� FXUUHQWO\� LQGLYLGXDO� FRQVXPSWLRQ� ILJXUHV� DUHDYDLODEOH� DQG�ZKLFK� DUH�QRZ�XVHG� IRU� HVWLPDWLQJ� DFWXDO� HPLVVLRQV� �VR�FDOOHG�&RQILGHQWLDO�%XVLQHVV,QIRUPDWLRQ��� 7KLV� UHSODFHV� WKH� XVH� RI� DJJUHJDWHG� ILJXUHV� IURP� WKH� DQQXDO� .30*� UHSRUW� RQFRQVXPSWLRQ� RI� &)&V�� KDORQV�� +&)&V�� +)&V�� 3)&V� DQG� 6)�� 6RPH� RI� WKHVH� HQWULHV� DUH� WKHUHIRUHODEHOOHG� 
&
�� EXW� SOHDVH� QRWH� WKDW� DV� D� UHVXOW� RI� WKH�&5)� VWUXFWXUH��PRVW� RI� WKH� VXPPHG� ILJXUHV� IRUSRWHQWLDO�HPLVVLRQV�RI�3)&V�DQG�6)� VKRZ�������7DEOH������SURYLGHV�D�VXPPDU\�RI�WKH�FRPSOHWHQHVV�RI�WKH�&5)�ILOHV�SHU�,3&&�VRXUFH�FDWHJRU\�:KHUH� 
,()
� LV� LQFOXGHG��ERWK�HPLVVLRQV�DQG�DFWLYLW\�GDWD�ZHUH�SURYLGHG� LQ� WKH�VHFWRUDO�EDFNJURXQGWDEOHV�� ,Q� VRPH� FDVHV� FRQILGHQWLDOLW\� �
&
�� SURKLELWHG� WKLV�� &RPSDUHG� WR� WKH� SUHYLRXV� VXEPLVVLRQFRPSOHWHQHVV�RI�VHFWRUDO�EDFNJURXQG�WDEOHV�KDV�LPSURYHG�VXEVWDQWLDOO\�DV�ZDV�QRWHG�DERYH��7KH�VWLOOOLPLWHG�FRPSOHWHQHVV�IRU�WKH�\HDUV�����������LQ�VXEFDWHJRULHV��$�DQG��%�LV�PDLQO\�GXH� WR�IDFW� WKHLPSRUWLQJ�GDWD�LQWR�WKH�&5)�LV�YHU\�WLPH�FRQVXPLQJ�EHFDXVH�JUHDW�DFFXUDF\�LV�UHTXLUHG�DQG�LW�LV�GRQHIRU�WKH�ILUVW�WLPH��,W�FDQ�EH�H[SHFWHG�WKDW�QH[W�\HDU�PRUH�FRPSOHWH�GDWD�IRU�VRPH�VXEFDWHJRULHV�ZLOO�EHSURYLGHG�
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7DEOH������D��6XPPDU\�RI�FRPSOHWHQHVV�RI�&RPPRQ�5HSRUWLQJ�)RUPDW�ILOHV����������

)RU�QRWHV�VHH�QH[W�SDJH�
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7DEOH������E��6XPPDU\�RI�FRPSOHWHQHVV�RI�&RPPRQ�5HSRUWLQJ�)RUPDW�ILOHV������������LQGXVWULDO�SURFHVVHV

$EEUHYLDWLRQV�
,()� �,PSOLHG�(PLVVLRQ�)DFWRU��(0� �(PLVVLRQV��QR�,()��
(0�� �(PLVVLRQV��QR�DFWLYLW\�GDWD��WKRXJK�QRW�FRQILGHQWLDO�
12� �1RW�2FFXUULQJ��1(� �1RW�(VWLPDWHG��,(� �,QFOXGHG�(OVHZKHUH�
&  �&RQILGHQWLDO�%XVLQHVV�,QIRUPDWLRQ��RQO\�HPLVVLRQV��
1RWHV�
���,PSOLHG�HPLVVLRQ�IDFWRUV�RI�&2 � IRU�VROLG��OLTXLG�DQG�JDVHRXV�IRVVLO�IXHO�XVH�DUH�QRZ�LQ�OLQH�ZLWK�XQGHUO\LQJIXHO�FRQVXPSWLRQ�GXH�WR�DOORFDWLRQ�XQGHU�
RWKHU�IXHOV
�LQ�FDVH�&2 � DQG�UHODWHG�IXHO�FRQVXPSWLRQ�GLG�QRW�SURSHUO\PDWFK��KRZHYHU��WKLV�DSSURDFK�GLG�QRW�VLPXOWDQHRXVO\�LPSURYH�WKH�,()V�IRU�&+� DQG�1� 2��'XH�WR�OLPLWHG�GDWDTXDOLW\�DQG�FRPSOHWHQHVV�RI�SRLQW�VRXUFH�GDWD��DERXW����WR�����RI�IRVVLO�IXHO�FRQVXPSWLRQ�LV�QRW�UHSRUWHG�DV�JDV�
RLO�RU�FRDO��EXW�KDV�EHHQ�LQFOXGHG�XQGHU�
RWKHU�IXHOV
�
���2QO\�,()V�IRU�&+�� QRW�IRU�IODULQJ�YHQWLQJ�VHSDUDWHO\����,()V�IRU�3)&V��RWKHU�SURFHVV�HPLVVLRQV�DUH�LQFOXGHV�HOVHZKHUH�
���$FWLYLW\�GDWD�DUH�LQFOXGHG�ZKHQ�QRW�FRQVLGHUHG�FRQILGHQWLDO�
���1R�VSOLW�RI�DPRXQW�RI�PDQXUH�SHU�W\SH�RI�DQLPDO�ZDVWH�PDQDJHPHQW�V\VWHP�
���,QFOXGHG�XQGHU�
%DFNJURXQG�DJULFXOWXUDO�VRLOV

���1RW�\HW�HVWLPDWHG��6HH�6HFWLRQ�����IRU�LPSURYHPHQW�DFWLYLWLHV�
���,QFOXGHG�XQGHU�FDWHJRULHV��%�:DVWHZDWHU�6OXGJH�WUHDWPHQW�DQG�� 3ROOXWHG�VXUIDFH�ZDWHU�
���2QO\�IRU�&2 � �&+� DQG�1� 2 QRW�HVWLPDWHG��
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��� 6RXUFH�$OORFDWLRQ�DQG�&RPSOHWHQHVV
�����7HUULWRULDO�DVSHFWV��LPSRUW�H[SRUWV
7KH�WHUULWRU\�RI�WKH�1HWKHUODQGV�IURP�ZKLFK�HPLVVLRQV�DUH�UHSRUWHG�LV�WKH�OHJDO�WHUULWRU\��LQFOXGLQJ�DWZHOYH� PLOHV� ]RQH� IURP� WKH� FRDVWOLQH� DQG� LQODQG� ZDWHU� ERGLHV�� 7KLV� H[FOXGHV� $UXED� DQG� WKH1HWKHUODQGV� $QWLOOHV�� ZKLFK� DUH� VHOI�JRYHUQLQJ� GHSHQGHQFLHV� RI� WKH� 5R\DO� .LQJGRP� RI� WKH1HWKHUODQGV�� (PLVVLRQV� IURP� RIIVKRUH� RLO� DQG� JDV� SURGXFWLRQ� DW� WKH� 1HWKHUODQGV
� SDUW� RI� WKHFRQWLQHQWDO� VKHOI� DUH� LQFOXGHG�� (PLVVLRQV� IURP� DOO� HOHFWULFLW\� JHQHUDWLRQ� LQ� WKH� 1HWKHUODQGV� DUHDFFRXQWHG� IRU�� LQFOXGLQJ� WKH� IUDFWLRQ� RI� WKH� SURGXFHG� HOHFWULFLW\� WKDW� LV� H[SRUWHG�� 8QWLO� ������ WKH1HWKHUODQGV�LPSRUWHG�DERXW�����RI�LWV�HOHFWULFLW\��LQ�������KRZHYHU��WKH�QHW�LPSRUW�LQFUHDVHG�E\����GXH�WR�WKH�OLEHUDOLVDWLRQ�RI�WKH�(XURSHDQ�HOHFWULFLW\�PDUNHWV�

�����6RXUFH�DOORFDWLRQV�DQG�QDWLRQDO�HPLVVLRQV
:H�UHFDOO� WKDW�GXH� WR�GDWD�SURFHVVLQJ� OLPLWDWLRQV�VRPH�VXE�FDWHJRULHV�KDYH�EHHQ�GHILQHG�VRPHZKDWGLIIHUHQWO\�WKDQ�WKH�VRXUFH�FDWHJRU\�GHILQLWLRQ�LQ�WKH�5HYLVHG�,3&&�*XLGHOLQHV��,3&&���������$OVR�WKHVRXUFH�DOORFDWLRQ�IRU�����������PD\�EH�GLIIHUHQW�WKDQ�IRU�RWKHU�\HDUV�GXH�WR�VXEVHTXHQW�UHYLVLRQV�RIQDWLRQDO�VRXUFH�FRGHV�DQG�RI� WKH�FRUUHVSRQGHQFH� WDEOH�ZLWK� ,3&&�VHFWRUV��ZKLFK�KDYH�QRW�\HW�EHHQLPSOHPHQWHG� IRU� WKHVH� \HDUV�� 7KLV�PD\� VKRZ� XS� DV� GLVFRQWLQXLWLHV� DW� VXEFDWHJRU\� OHYHOV� IRU� \HDUV������DQG�������

�������$OORFDWLRQ�RI�IHHGVWRFN�HPLVVLRQV��QRQ�HQHUJ\�
,Q�OLQH�ZLWK�WKH�FRPSDULVRQ�PDGH�LQ�WKH�&5)�EHWZHHQ�&2� HPLVVLRQV�IURP�VRXUFH�FDWHJRU\��$�
)XHOFRPEXVWLRQ
�DQG�&2� HPLVVLRQV�FDOFXODWLRQ�XVLQJ�WKH�,3&&�5HIHUHQFH�$SSURDFK� WKH�&2� HPLVVLRQVIURP�IHHGVWRFN�XVH�RI�HQHUJ\�FDUULHUV�KDYH�EHHQ�UHSRUWHG�LQ�FDWHJRU\��$�� 
0DQXIDFWXULQJ�,QGXVWULHV
DQG &RQVWUXFWLRQ
�

�������$OORFDWLRQ�RI�HPLVVLRQV�LQ�WKH�WUDQVSRUWDWLRQ�VHFWRU
7KH�WUDQVSRUW�VHFWRU�FRPSULVHV�URDG�WUDIILF��PRELOH�RII�URDG�HTXLSPHQW�VXFK�DV�WUDFWRUV��DQG�URDG�DQGEXLOGLQJ�FRQVWUXFWLRQ�HTXLSPHQW�� UDLO� WUDQVSRUW�� VKLSV��DQG�DLUFUDIW��7KH� ODWWHU� WZR�FDQ�EH� VHSDUDWHGLQWR�GRPHVWLF��LQODQG��WUDQVSRUW�DQG�LQWHUQDWLRQDO�WUDQVSRUW��EXQNHUV���,Q�DGGLWLRQ��SLSHOLQH�WUDQVSRUW�H[FOXGLQJ�QDWXUDO�JDV��LV�DOVR�LQFOXGHG�LQ�WKLV�VHFWRU�
5RDG�WUDQVSRUW
)RU�QDWLRQDO�SROLF\�SXUSRVHV��DLU�SROOXWLRQ�IURP�URDG�WUDQVSRUW�LV�LQ�JHQHUDO�FDOFXODWHG�IURP�VWDWLVWLFVRQ YHKLFOH�NP�� +RZHYHU�� IXHO� FRQVXPSWLRQ� WKDW� LV� EDVHG� RQ� YHKLFOH�NP� LV� VPDOOHU� WKDQ� WKH� IXHOFRQVXPSWLRQ� DV� LQFOXGHG� LQ� WKH� HQHUJ\� VDOHV� VWDWLVWLFV� RI� WKH� 1HWKHUODQGV�� 7KH� 5HYLVHG� ,3&&
*XLGHOLQHV�DVN� FRXQWULHV� WR� UHSRUW� JUHHQKRXVH� JDV� HPLVVLRQV� IURP� FRPEXVWLRQ� RQ� WKH� EDVLV� RI� IXHOFRQVXPSWLRQ�ZLWKLQ�WKH�QDWLRQDO�WHUULWRU\��7KXV��URDG�WUDIILF�HPLVVLRQV�RI�WKH�GLUHFW�JUHHQKRXVH�JDVHV&2�� &+� DQG�1�2 DUH� FDOFXODWHG� DQG� UHSRUWHG� DFFRUGLQJ� WR� WKHVH� *XLGHOLQHV� �L�H�� D� FRUUHFWLRQ� LVPDGH� WR� FRQYHUW� HPLVVLRQV� UHODWHG� WR� YHKLFOH�NP� WR� HPLVVLRQV� UHODWHG� WR� HQHUJ\� VDOHV� VWDWLVWLFV��(PLVVLRQV� RI� DOO� RWKHU� FRPSRXQGV�� LQFOXGLQJ� R]RQH� SUHFXUVRUV� DQG� 62�� ZKLFK� DUH� PRUH� GLUHFWO\LQYROYHG�LQ�DLU�TXDOLW\��DUH�WKHUHIRUH�FDOFXODWHG�XVLQJ�WUDIILF�DFWLYLW\�GDWD��L�H��ZLWK�IXHO�FRQVXPSWLRQILJXUHV�WKDW�DUH�VRPHZKDW�GLIIHUHQW�IURP�HQHUJ\�VXSSO\�VWDWLVWLFV��VHH�6HFWLRQ�������IRU�PRUH�GHWDLOV��
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6KLSSLQJ
,Q� WKH�1HWKHUODQGV�� WKH� QDWLRQDO�(PLVVLRQ�5HJLVWUDWLRQ� �(5�� GLVWLQJXLVKHV� EHWZHHQ� LQODQG� VKLSSLQJDQG�LQWHUQDWLRQDO�VKLSSLQJ� WKH�IRUPHU�EDVHG�RQ�IXHO�VROG�ZLWKLQ�WKH�1HWKHUODQGV�DQG�WKH�ODWWHU�EDVHGRQ IXHO�VROG�IURP�VR�FDOOHG�EXQNHUV��+RZHYHU��D�VPDOO�SDUW�RI�LQODQG�VKLSV�DOVR�FRQVXPH�
'XWFK
�IXHOLQ� RWKHU� FRXQWULHV�� H�J�� ZKHQ� PRYLQJ� DORQJ� LQWHUQDWLRQDO� ZDWHUZD\V�� RI� ZKLFK� WKH� HPLVVLRQV� DUHH[FOXGHG�LQ�WKH�(5�UHSRUWV��,W�ZDV�FKRVHQ�WR�FRS\�WKLV�PLQRU�FRUUHFWLRQ�IRU�UHSRUWV�LQ�WKH�,3&&�IRUPDW�DOWKRXJK� WKH� *XLGHOLQHV� ZDQW� DOO� HPLVVLRQV� IURP� 'XWFK� IXHO� WR� EH� DOORFDWHG� WR� WKH� 1HWKHUODQGV��&RQYHUVHO\�� LQWHUQDWLRQDO� VKLSV� FRQVXPH� D� VPDOO� SDUW� RI� WKHLU� EXQNHUHG� IXHO� LQ� WKH� 1HWKHUODQGV
WHUULWRULDO� ZDWHUV�� 7KH� FRUUHVSRQGLQJ� QRQ�&2� HPLVVLRQV� DUH� LQFOXGH� LQ� WKH� RIILFLDO� 1HWKHUODQGV
QDWLRQDO�LQYHQWRU\�ZLWK�HPLVVLRQV�IRU�DOO�FRPSRXQGV��FDOOHG�WKH�QDWLRQDO�3ROOXWDQW�(PLVVLRQ�5HJLVWHU�3(5�� � �VHH�7DEOH�������7KHVH��EXQNHU��HPLVVLRQV�DUH�KRZHYHU�H[FOXGHG� IURP�1DWLRQDO� WRWDOV�ZKHQUHSRUWLQJ�LQ�WKH�,3&&�IRUPDW��7KHUHIRUH�WKH�HPLVVLRQV�IRU�12[� DQG�62� RI�WKH�WDUJHW�JURXS�WUDQVSRUWDV� UHSRUWHG� LQ� RIILFLDO�1HWKHUODQGV
� LQYHQWRULHV�� DUH� KLJKHU� WKDQ� WKH� HPLVVLRQV� IURP� WKH� ,3&&� �$�

7UDQVSRUW
�FDWHJRU\��)RU�RWKHU�FRPSRXQGV�KRZHYHU��WKLV�GLIIHUHQFH�LV�UDWKHU�VPDOO�

7DEOH� ���� $OORFDWLRQ� RI� QRQ�&2� HPLVVLRQV� IURP� VKLSSLQJ� DQG� DLUFUDIW� LQ� GRPHVWLF� QDWLRQDO� LQYHQWRULHV� DQGLQYHQWRULHV�VXEPLWWHG�WR�WKH�81)&&&
6RXUFH�VHFWRU 3(5 81)&&&
6KLSSLQJ�HPLVVLRQV��QRQ�&2��� 1DWLRQDO�LQYHQWRU\

� ,QWHUQDWLRQDO

� ,QODQG�VKLSSLQJ�HPLVVLRQV�FRUUHFWHG�IRU�IXHO�XVH�DEURDG
� ,QWHUQDWLRQDO�VKLSSLQJ�RQO\� WKH� VPDOO� SDUW� HPLWWHG� LQWHUULWRULDO�ZDWHUV

� ,ELGHP

� $OO� VKLSSLQJ� HPLVVLRQV� DFFRUGLQJ� WREXQNHU�IXHO�VDOHV�LQ�WKH�1HWKHUODQGV���
$LUFUDIW�HPLVVLRQV��QRQ�&2��� 1DWLRQDO�LQYHQWRU\

� ,QWHUQDWLRQDO

� (PLVVLRQV� IURP� /72� F\FOHV� DW6FKLSKRO� $LUSRUW� �RWKHU� DLUSRUWVDUH�QHJOHFWHG�

� 1RW�UHFRUGHG

� ,ELGHP�� QRW� FRUUHFWHG� IRU� WKH� ODUJH� IUDFWLRQRI�/72�F\FOHV� UHODWHG� WR� FRPEXVWLRQRI�EXQNHUHG�IXHO�� QRW� FRUUHFWHG� IRU� WKH� VPDOOHPLVVLRQV� UHODWHG� WR� GRPHVWLF� FUXLVHIOLJKWV
� $OO� LQWHUQDWLRQDO� DLUFUDIW� HPLVVLRQVDFFRUGLQJ� WR�EXQNHU� IXHO� VDOHV� LQ� WKH1HWKHUODQGV���

���3UHVHQWO\�QRW�UHSRUWHG��H[FHSW�IRU�&2���

$LU�WUDIILF
)RU� FDOFXODWLQJ� &2� HPLVVLRQV� IURP� GRPHVWLF� DLU� WUDQVSRUW� GRPHVWLF� IXHO� VDOHV� ILJXUHV� IRU� DLUFUDIWIURP�WKH�1HWKHUODQGV
�(QHUJ\�6WDWLVWLFV�ZHUH�XVHG��7KLV� LV�GLIIHUHQW� IURP� WKH�HPLVVLRQV� UHFRUGHG� LQWKH�QDWLRQDO�(PLVVLRQV�5HJLVWUDWLRQ��ZKLFK�DFFRXQWV�RQO\� IRU�DLUFUDIW� HPLVVLRQV� DVVRFLDWHG�ZLWK� WKH/72�F\FOHV�RI�6FKLSKRO�$LUSRUW��RWKHU�DLUSRUWV�DUH�QHJOHFWHG���,QGHHG��LQ�WKH�1HWKHUODQGV�E\�IDU�WKHPRVW�DLUFUDIW�DFWLYLWLHV��!�����DUH�UHODWHG�WR�6FKLSKRO�$LUSRUW�)RU�WKH�HPLVVLRQV�RI�QRQ�&2� JUHHQKRXVH�JDVHV��WKH�LQYHQWRU\�RI�WKH�QDWLRQDO�3ROOXWDQW�(PLVVLRQ5HJLVWHU��3(5��LV�XVHG��,Q�WKH�3(5�V\VWHP��KRZHYHU�� WKH�HPSKDVLV�LV�PXFK�PRUH�RQ�DLU�TXDOLW\�DQGWKHUHIRUH�RQ�ORFDO�HPLVVLRQV��$�JRRG�HVWLPDWH�RI�UHOHYDQW�HPLVVLRQV�LV�WKH�/72�HPLVVLRQV�DW�6FKLSKRO$LUSRUW��$PVWHUGDP���L�H��/72�F\FOHV�DW�RWKHU�DLUSRUWV�DUH�QHJOHFWHG��2Q�WKH�RWKHU�KDQG��WKH�PDLQ�SDUWRI WKHVH�/72�F\FOHV�FRQFHUQ�WKH�FRPEXVWLRQ�RI�EXQNHUHG�IXHO��ZKLFK�VKRXOG�EH�UHSRUWHG���DFFRUGLQJWR�WKH�*XLGHOLQHV���DV�LQWHUQDWLRQDO�HPLVVLRQV��,Q�WKLV�UHSRUW��QR�DWWHPSW�ZDV�PDGH�WR�HVWLPDWH�VSHFLILFHPLVVLRQV� UHODWHG� WR� DOO� GRPHVWLF� IOLJKWV� �LQFOXGLQJ� FUXLVH� HPLVVLRQV� RI� WKHVH� IOLJKWV��� VLQFH� WKHVHHPLVVLRQV�DUH�DOPRVW�QHJOLJLEOH�DQ\ZD\�
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2II�URDG�PRELOH�VRXUFHV
7KLV� FDWHJRU\� FRPSULVHV� DJULFXOWXUDO� PDFKLQHU\� VXFK� DV� WUDFWRUV�� URDG� DQG� EXLOGLQJ� FRQVWUXFWLRQPDFKLQHU\��(PLVVLRQV�RI�WKHVH�VRXUFHV�DUH�UHSRUWHG�XQGHU��$���
7UDQVSRUW
�

�������$OORFDWLRQ�RI�HPLVVLRQV�RI�FRJHQHUDWLRQ�IURP�DXWRSURGXFHUV
7KHVH� HPLVVLRQV� DUH� DOORFDWHG� WR� WKH� YDULRXV�7DUJHW�*URXSV� WKDW� RZQ� WKH� FRJHQHUDWLRQ� �&RPELQHG+HDW�DQG�3RZHU��&+3��IDFLOLWLHV��7KHVH�DUH�QRWDEO\�WKH�(QHUJ\�6HFWRU��SXEOLF�HOHFWULFLW\�JHQHUDWLRQ��,QGXVWU\��$JULFXOWXUH��5HWDLO�6HUYLFHV�*RYHUQPHQW��DQG�WKH�5HVLGHQWLDO�6HFWRU��7KXV��WKH�FRPEXVWLRQHPLVVLRQV�GXH�WR�FRJHQHUDWLRQ�DUH�UHSRUWHG�XQGHU� WKH�,3&&�6HFWRUV� WKDW�FRUUHVSRQG�WR� WKHVH�7DUJHW
*URXSV��2IWHQ�QHZ�&+3�LQVWDOODWLRQV�DUH�RSHUDWHG�DV�D�MRLQW�YHQWXUH�ZLWK�WKH�HQHUJ\�VHFWRU��LQ�ZKLFKDOO�KHDW�LV�GHOLYHUHG�WR�WKH�LQGXVWULDO�SODQW�DQG�DOO�HOHFWULFLW\�LV�VROG�WR�WKH�HQHUJ\�VHFWRU��,Q�WKLV�FDVHWKH�&+3�LQVWDOODWLRQ�LV�UHJDUGHG�DV�D�YHQWXUH�ZLWK�PDLQ�DFWLYLW\�WR�SURGXFH�KHDW�DQG�HOHFWULFLW\��DQG�LWLV� WKHUHIRUH� DOORFDWHG� ZLWKLQ� WKH� HQHUJ\� VHFWRU�� 6R� WKH� VWDELOLVDWLRQ� RI� LQGXVWULDO� &2� HPLVVLRQV� LVSDUWO\�FDXVHG�E\�WKH�DOORFDWLRQ�RI�HPLVVLRQV�WRZDUGV�WKH�HQHUJ\�VHFWRU��,Q�WRWDO��HOHFWULFLW\�SURGXFWLRQE\�&+3�FRPSULVHV�DOPRVW�����RI�DOO�GRPHVWLF�HOHFWULFLW\�SURGXFWLRQ��VHH�7DEOH������

�������$OORFDWLRQ�RI�HPLVVLRQV�IURP�FRNH�RYHQV�DQG�RWKHU�HQHUJ\
WUDQVIRUPDWLRQ

(PLVVLRQV� IURP� FRNH� RYHQV� DUH� LQFOXGHG� XQGHU� �$��� 
,QGXVWU\
� 8QGHU� �$�F�� 
2WKHU� (QHUJ\
WUDQVIRUPDWLRQ
�ZH�LQFOXGH�QRW�RQO\�WKH�HPLVVLRQV�IURP�UHILQHULHV��EXW�DOVR�IURP�OXEULFDQWV�DQG�ZD[HVPDQXIDFWXULQJ�DQG�FRPEXVWLRQ�HPLVVLRQV�IURP�WKH�RLO�DQG�JDV�SURGXFWLRQ�DQG�GLVWULEXWLRQ�LQGXVWU\�
�������$OORFDWLRQ�RI�HPLVVLRQV�IURP�PLOLWDU\�DFWLYLWLHV
0LOLWDU\�HPLVVLRQ�VRXUFHV�FDQ�EH�GLVWLQJXLVKHG�LQWR�PRELOH�DQG�VWDWLRQDU\�VRXUFHV�
� (PLVVLRQV� RI� PRELOH� PLOLWDU\� VRXUFHV� PD\� EH� LQFOXGHG� LQ� WKH� 7DUJHW� *URXS� 
7UDIILF� DQG

7UDQVSRUW
��7KHVH�DUH�UHSRUWHG�XQGHU�,3&&�FDWHJRU\�$���
7UDQVSRUW
�� (PLVVLRQV�RI�VWDWLRQDU\�PLOLWDU\�VRXUFHV��H�J��VSDFH�KHDWLQJ�RI�EXLOGLQJV��PD\�EH�LQFOXGHG�LQ�WKH7DUJHW� *URXS� 5HWDLO�6HUYLFHV�*RYHUQPHQW�� 7KH� FRPEXVWLRQ� HPLVVLRQV� RI� WKLV� FDWHJRU\� DUHUHSRUWHG� XQGHU� �$�D�� 
&RPPHUFLDO�,QVWLWXWLRQDO
�� ZKHUHDV� WKH� SURFHVV� HPLVVLRQV� DUH� UHSRUWHGXQGHU����
6ROYHQWV�DQG�RWKHU�SURGXFW�XVH
��)RU�WKHVH�DFWLYLWLHV�QR�VHSDUDWH�HPLVVLRQ�HVWLPDWHV�PD\EH�DYDLODEOH�

�����&RPSOHWHQHVV�RI�VRXUFHV
,Q� WKLV� VXEPLVVLRQ� WKH� IROORZLQJ� VRXUFHV� DUH� QRZ� LQFOXGHG�� ZKLFK� ZHUH� QRW� HVWLPDWHG� LQ� WKH� 1,5�����
� &2� IURP�FHPHQW�FOLQNHU�SURGXFWLRQ�ZDV�PLVVLQJ�IRU������������WKLV�DFFRXQWV�IRU�DERXW�����7J&2��� &2� VLQNV�IURP�FDWHJRU\��$��
&KDQJHV�LQ�IRUHVW�DQG�RWKHU�ZRRG\�ELRPDVV�VWRFNV
�KDYH�QRZ�EHHQFDOFXODWHG�IURP�EDVLF�GDWD�IRU�DOO�\HDUV������������ &+� IURP�HQWHULF�IHUPHQWDWLRQ�E\�KRUVHV�����������ZDV�PLVVLQJ�DERXW���*J�&+��� 6)� IURP�WKH�SURGXFWLRQ�RI�VRXQG�LQVXODWLQJ�GRXEOH�JOD]HG�ZLQGRZV�
7KH�1HWKHUODQGV� JUHHQKRXVH� JDV� HPLVVLRQ� LQYHQWRU\� LQFOXGHV� DOO� VRXUFHV� LGHQWLILHG� E\� WKH�5HYLVHG
,3&&�*XLGHOLQHV�H[FHSW�IRU�WKH�IROORZLQJ�
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� ,QGLUHFW�1�2 HPLVVLRQV�IURP�DWPRVSKHULF�GHSRVLWLRQ��FDWHJRU\��'��DUH�QRW�HVWLPDWHG�UHSRUWHG�� &2� HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV��FDWHJRU\��'��DUH�QRW�HVWLPDWHG�UHSRUWHG�� ,Q� DGGLWLRQ�� LW� KDV� EHHQ� REVHUYHG� WKDW�&+� DQG� 1�2 IURP� PDQXUH� RI� KRUVHV� �FDWHJRU\� �%�� LVPLVVLQJ�� WKLV� LV� GXH� WR� WKH� IDFW� WKDW� XQWLO� QRZ�QR�PDQXUH� SURGXFWLRQ� HVWLPDWHV� IURP�KRUVHV� DUHEHLQJ�PDGH�DQG�WKDW�QR�HPLVVLRQ�IDFWRUV�IRU�WKLV�VRXUFH�FDWHJRU\�KDYH�EHHQ�GHILQHG�� &+� HPLVVLRQV�IURP�VRLOV�GHFHDVHG�LQ�ODVW����\HDUV�GXH�WR�GUDLQDJH�DQG�ORZHULQJ�RI�ZDWHU�WDEOHV�WKHVH� HPLVVLRQV� KDYH� EHHQ� LQFOXGHG� LQ� WKH� QDWXUDO� WRWDO�� WKXV� QR� QHW� �SRVLWLYH�� DQWKURSRJHQLFHPLVVLRQV�� &+�� 1�2 DQG� RWKHU� QRQ�&2� HPLVVLRQV� IURP� LQWHUQDWLRQDO� EXQNHUV� DUH� QRW� \HW� HVWLPDWHG�UHSRUWHG�
)RU�/8&)�VXEFDWHJRULHV��%��(�DOVR�QHZ�GDWDVHWV�ZHUH�EHLQJ�FRPSLOHG��RI�ZKLFK�VRPH�SUHOLPLQDU\UHVXOWV�DUH�SUHVHQWHG�LQ�$QQH[��� +RZHYHU��VLQFH�WKHVH�DUH�VWLOO�XQGHU�GLVFXVVLRQ��QR�QHZ�GDWD�DUH�IRUWKH�RWKHU�VXEFDWHJRULHV��%�WR��(�KDYH�EHHQ�LQFOXGHG�LQ�WKLV�VXEPLVVLRQ�
,Q�DGGLWLRQ��ZKHQ�YHULI\LQJ�WKH�GDWD�LQ�WKH�&5)�ILOHV��LW�ZDV�IRXQG�WKDW�LQFRUUHFW�QRWDWLRQ�NH\V�ZHUHXVHG�IRU�WKH�IROORZLQJ�VRXUFHV�
� 12�LQVWHDG�RI�1(�IRU�HPLVVLRQV�IURP�KRUVH�PDQXUH�>�%@� � LQVWHDG�RI�1(�IRU�&2 � HPLVVLRQV�VLQNV�IURP�DJULFXOWXUDO�VRLOV�>�'@� 12�LQVWHDG�RI�1(�IRU�HPLVVLRQV�IURP��%�WR��(
7KHVH� DFFLGHQWDO� HUURUV� ZLOO� EH� LPSURYHG� LQ� D� QH[W� XSGDWH� RI� WKH� LQYHQWRU\�� )RU� PRUH� GHWDLOV� RQVRXUFHV� UHSRUWHG� HOVHZKHUH� VHH� WKH� &RPSOHWHQHVV� 7DEOH� �� IRU� ����� LQ� $QQH[� ���� DQG� WKHGRFXPHQWDWLRQ�ER[HV�LQ�WKH�&5)�ILOHV�
$ VXUYH\�PDGH�WR�FKHFN�IRU�SRVVLEO\�XQLGHQWLILHG�VRXUFHV�RI�QRQ�&2� HPLVVLRQV� LQ� WKH�1HWKHUODQGVVKRZHG� WKDW� VRPH�PLQRU� VRXUFHV� DUH� QRW� LQFOXGHG� LQ� WKH� SUHVHQW� JUHHQKRXVH� JDV� LQYHQWRU\� �'+9�������
� &+�� QRWDEO\�ODUJH�VFDOH�FRPSRVW�SURGXFWLRQ�IURP�RUJDQLF�ZDVWH�DQG�ZDVWH�ZDWHU�WUHDWPHQW��WR�EHLQFOXGHG� ZKHQ� PRQLWRUHG� UHJXODUO\� DQG� ZKHQ� QRW� DOUHDG\� LQFOXGHG� LQ� WKH� SUHVHQW� HPLVVLRQLQYHQWRU\�� 1�2��QRWDEO\� ODUJH�VFDOH�FRPSRVW�SURGXFWLRQ� IURP�RUJDQLF�ZDVWH�DQG�ZDVWH�ZDWHU� WUHDWPHQW�� WREH� LQFOXGHG�ZKHQ�PRQLWRUHG� UHJXODUO\� DQG�ZKHQ� QRW� DOUHDG\� LQFOXGHG� LQ� WKH� SUHVHQW� HPLVVLRQLQYHQWRU\�� 3)&V�� VRPH� PLQRU� VRXUFHV�� WR� EH� LQFOXGHG� ZKHQ� PRQLWRUHG� UHJXODUO\� DQG� ZKHQ� QRW� DOUHDG\LQFOXGHG�LQ�WKH�SUHVHQW�HPLVVLRQ�LQYHQWRU\�
7KHVH�VRXUFHV�PD\�EH�LQFOXGHG�LQ�D�ODWHU�VWDJH��ZKHQ�FKHFNHG�WKDW�WKH\�DUH�QRW�DOUHDG\�LQFOXGHG�LQ�WKHSUHVHQW�HPLVVLRQ�LQYHQWRU\�DQG�ZKHQ�LW�KDV�EHHQ�GHFLGHG�WR�PRQLWRU�WKHP�UHJXODUO\�
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��� 8QFHUWDLQW\�DQG�.H\�6RXUFH�$VVHVVPHQW
7KH�QHZO\�GHYHORSHG�,3&&�7LHU���PHWKRGRORJ\�IRU�HVWLPDWLQJ�XQFHUWDLQW\�LQ�DQQXDO�HPLVVLRQV�DQG
LQ� WUHQGV� KDV� UHFHQWO\� EHHQ� DSSOLHG� WR� WKH�PRUH� GHWDLOHG� ,3&&� OLVW� RI� SRVVLEOH� NH\� VRXUFHV� �,3&&�������� 7KLV� ZDV� GRQH� WR� JHW� D� PRUH� GHWDLOHG� ILUVW� RUGHU� HVWLPDWH� RI� WKH� XQFHUWDLQW\� LQ� WKH� DQQXDOHPLVVLRQV� DV� ZHOO� DV� LQ� WKH� WUHQG�� 6HFRQGO\�� WKHVH� XQFHUWDLQWLHV� FRXOG� EH� XVHG� IRU� D� ILUVW� 7LHU� �DQDO\VLV� WR� LGHQWLI\� 
NH\� VRXUFHV
� DV� GHILQHG� LQ� WKH� ,3&&� *RRG� 3UDFWLFH� *XLGDQFH� UHSRUW� �,3&&��������+RZHYHU��VLQFH�NH\�VRXUFH� LGHQWLILFDWLRQ�FDQ�EH�GRQH�XVLQJ�PDQ\�PRUH�FULWHULD��DQG�ZLOO�EHLPSRUWDQW� IRU�PHHWLQJ� WKH�1DWLRQDO�6\VWHP� UHTXLUHPHQWV�� WKH� LQIRUPDWLRQ�SUHVHQWHG� LQ� WKLV�&KDSWHUVKRXOG�EH�RQO\�EH�FRQVLGHUHG�DV�D�ILUVW�VWHS�LQ�WKLV�SURFHVV�

�����8QFHUWDLQW\�DVVHVVPHQW��,3&&�7LHU���
)RU�HVWLPDWLQJ�WKH�XQFHUWDLQW\�LQ�DFWLYLW\�GDWD�DQG�HPLVVLRQ�IDFWRUV��WKH�IROORZLQJ�LQIRUPDWLRQ�VRXUFHVZHUH�XVHG��2OLYLHU�DQG�%UDQGHV��������� $W� D� QDWLRQDO� ZRUNVKRS� LQ� ����� HVWLPDWHV� XVHG� IRU� UHSRUWLQJ� XQFHUWDLQW\� LQ� JUHHQKRXVH� JDVHVHPLVVLRQV�LQ�WKH�1HWKHUODQGV�ZHUH�GLVFXVVHG��9DQ�$PVWHO�HW�DO�� ����D��� 'HIDXOW� XQFHUWDLQW\� HVWLPDWHV� SURYLGHG� LQ� WKH� ,3&&� *RRG� 3UDFWLFH� *XLGDQFH� UHSRUW� �,3&&�������� 5,90�IDFWVKHHWV�RQ�FDOFXODWLRQ�PHWKRGRORJ\�DQG�GDWD�XQFHUWDLQW\�� $Q\�RWKHU�UHFHQW�LQIRUPDWLRQ�RQ�WKH�GDWD�TXDOLW\�
7KHVH�ZHUH�VXSSOHPHQWHG�ZLWK�H[SHUW�MXGJHPHQW�RI�5,90�HPLVVLRQ�H[SHUWV��1H[W��HPLVVLRQV�LQ�����DQG������ZHUH� VSOLW� DFFRUGLQJ� WR� WKH� ,3&&�7LHU� ��PHWKRGRORJ\� IRU� HVWLPDWLQJ� XQFHUWDLQW\� LQ� ERWKDQQXDO�HPLVVLRQV�DV�ZHOO�DV�LQ�WKH�HPLVVLRQ�WUHQG�ZDV�DSSOLHG�WR�WKH�HPLVVLRQV�IRU�WKH�1HWKHUODQGV�
'DWD�XVHG
)RU�HVWLPDWLQJ�WRWDO�XQFHUWDLQW\�LQ�ERWK�DQQXDO HPLVVLRQV�DQG�LQ�HPLVVLRQ�WUHQGV�ZH�DSSOLHG�WKH�,3&&
7LHU���XQFHUWDLQW\�DSSURDFK�DW�WKH�OHYHO�RI�WKH�,3&&�OLVW�RI�SRVVLEOH�NH\�VRXUFHV��7KH�HPLVVLRQV�GDWDIRU������DQG������ZHUH�WDNHQ�IURP�WKH�SUHOLPLQDU\�VXEPLVVLRQ�WR�WKH�(8�DQG�DOORFDWHG�WR�WKH�,3&&VRXUFH� FDWHJRU\� OLVW�� L�H�� ZKHQ� WKHVH� HPLVVLRQV� FRXOG� EH� VHSDUDWHG� IRU� WKHVH� VRXUFH� FDWHJRULHV�+RZHYHU��WKH�,3&&�OLVW�ZDV�VOLJKWO\�DGMXVWHG��,Q�YLHZ�RI�WKH�LPSRUWDQFH�IRU�WKH�1HWKHUODQGV�RI�&2�IURP�IHHGVWRFNV�DQG�WKH�UHODWLYHO\�KLJK�XQFHUWDLQW\�LQ�WKHVH�HPLVVLRQV��ZH�VHSDUDWHG�&2� IURP�QRQ�HQHUJ\� XVH� IURP� &2� IURP� IXHO� FRPEXVWLRQ�� $OO� XQFHUWDLQW\� ILJXUHV� DUH� WR� EH� LQWHUSUHWHG� DVFRUUHVSRQGLQJ� ZLWK� DQ� FRQILGHQFH� LQWHUYDO� RI� �� VWDQGDUG� GHYLDWLRQV� �� � RU� ����� ,Q� FDVHV� ZKHUHDV\PPHWULF�XQFHUWDLQW\�UDQJHV�ZHUH�DVVXPHG��WKH�ODUJHVW�SHUFHQWDJH�ZDV�XVHG�LQ�WKH�FDOFXODWLRQ�
5HVXOWV
7KH� UHVXOWV� RI� WKH� XQFHUWDLQW\� FDOFXODWLRQ� DFFRUGLQJ� WR� WKH� ,3&&� 7LHU� �� XQFHUWDLQW\� DSSURDFK� DUHVXPPDULVHG�LQ�7DEOH����� 7KH�7LHU���FDOFXODWLRQ�RI�DQQXDO�XQFHUWDLQW\�LQ�&2��HT��HPLVVLRQV�UHVXOWV�LQ�������������DQG�����IRU�&2�� &+�� 1�2 DQG�)�JDVHV��UHVSHFWLYHO\��DQG�LQ�RYHUDOO�XQFHUWDLQW\�RI����+RZHYHU��WKHVH�ILJXUHV�GR�QRW�LQFOXGH�WKH�FRUUHODWLRQ�WKDW�H[LVWV�EHWZHHQ�VRXUFH�FDWHJRULHV��H�J�HQHUJ\�DPRXQWV�IRU�IHHGVWRFNV�DQG�IRU�IXHO�FRPEXVWLRQ��FDWWOH�QXPEHUV�IRU�HQWHULF�IHUPHQWDWLRQ�DQGIRU�DQLPDO�PDQXUH�SURGXFWLRQ��QRU� LQFOXGH�FRUUHFWLRQ�RI�QRW�UHSRUWHG�VRXUFHV��7KHUHIRUH�� WKH�DFWXDOXQFHUWDLQW\�RI�WRWDO�DQQXDO HPLVVLRQV�SHU�FRPSRXQG�DQG�RI�WKH�WRWDO�ZLOO�EH�VRPHZKDW�KLJKHU��DQG�LVFXUUHQWO\�HVWLPDWHG�E\�5,90�DW�

&2 � ��� +)&V ������������
&+� ���� 3)&V ������������
1� 2 ���� 6)� ����
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7DEOH������7LHU���OHYHO�XQFHUWDLQW\�DVVHVVPHQW�RI�VRXUFH�FDWHJRULHV�RI�WKH�,3&&�SRWHQWLDO�NH\�VRXUFH�OLVW��ZLWKRXW
DGMXVWPHQW�IRU�FRUUHODWLRQV�EHWZHHQ�VRXUFHV��������OHYHO�������IRU�)�JDVHV�
,3&& 6RXUFH�FDWHJRU\

&2��HT��
����� &2��HT������ $'�XQF ()�XQF (0�XQF

�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��JDV ������ ������ �� �� ��
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��FRDO ������ ������ �� �� ��
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV ������ ������ �� �� ��
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��RLO ������ ������ �� �� ��
�$ )HHGVWRFN�JDV ����� ����� �� ��� ���
�$ )HHGVWRFN�RLO ����� ����� ��� ��� ���
�$ 0RELOH�FRPEXVWLRQ��RWKHU ����� ����� ��� �� ���
�$ 0RELOH�FRPEXVWLRQ��ZDWHU�ERUQH�QDYLJDWLRQ ��� ����� ���� �� ����
�$ 0RELOH�FRPEXVWLRQ��DLUFUDIW ��� ��� ��� �� ���
�$ )HHGVWRFN�FRDO ��� ��� �� ��� ���
� 2WKHU�LQGXVWULDO��&2� ����� ��� ��� �� ���
� (PLVVLRQV�IURP�FHPHQW�SURGXFWLRQ ��� ��� �� ��� ���
� 0LVF��&2� ��� ����� ��� ��� ���

7RWDO�&2� ������� ������� ��
�!���

�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��QRQ�&2� ��� ��� �� ��� ���
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV ��� �� �� ��� ���
�$ 0RELOH�FRPEXVWLRQ��RWKHU � � ��� ���� ����
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��JDV�SURGXFWLRQ ����� ����� �� ��� ���
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��JDV�GLVWULEXWLRQ ����� ����� �� ��� ���
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��RWKHU ��� �� ��� ��� ���
� 2WKHU�LQGXVWULDO��&+� �� �� ��� ��� ���
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��FDWWOH ����� ����� �� ��� ���
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��VZLQH ��� ��� �� ��� ���
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��VKHHS ��� ��� �� ��� ���
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��RWKHU �� �� �� ��� ���
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���VZLQH ����� ��� ��� ���� ����
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���FDWWOH ��� ��� ��� ���� ����
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���SRXOWU\ ��� ��� ��� ���� ����
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���RWKHU �� �� ��� ���� ����
�$ &+��HPLVVLRQV�IURP�VROLG�ZDVWH�GLVSRVDO�VLWHV ������ ����� ��� ��� ���
�% (PLVVLRQV�IURP�ZDVWHZDWHU�KDQGOLQJ ��� �� ��� ��� ���
� 0LVF��&+� �� �� ��� ��� ���

7RWDO�&+� ������ ������ ���
�!����

�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV ��� ��� �� ��� ���
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��QRQ�&2� ��� ��� �� ��� ���
�$ 0RELOH�FRPEXVWLRQ��RWKHU �� �� ��� ���� ����
� (PLVVLRQV�IURP�QLWULF�DFLG�SURGXFWLRQ ����� ����� ��� ��� ���
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW� ��� ��� ��� ���� ����
�' 'LUHFW�1�2�HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV ����� ����� ��� ��� ���
�' ,QGLUHFW�1�2�HPLVVLRQV�IURP�QLWURJHQ�XVHG�LQ�DJULFXOWXUH ����� ����� ��� ���� ����
�% (PLVVLRQV�IURP�ZDVWHZDWHU�KDQGOLQJ ��� ��� ��� ��� ���
� 3ROOXWHG�VXUIDFH�ZDWHU ����� ����� ��� ���� ����
� 0LVF��1�2 ��� ��� ��� ��� ���

7RWDO�1�2 ������ ������ ���
�!����

� +)&����HPLVVLRQV�IURP�+&)&����PDQXIDFWXUH ����� ����� ��� ��� ���
� (PLVVLRQV�IURP�VXEVWLWXWHV�IRU�R]RQH�GHSOHWLQJ�VXEVWDQFHV��2'6�VXEVWLWXWHV���+)&��� ����� ��� ��� ���
� 3)&�HPLVVLRQV�IURP�DOXPLQLXP�SURGXFWLRQ ����� ����� �� ��� ���
� 3)&�HPLVVLRQV�IURP�3)&�XVH �� ��� �� ��� ���
� 6)��HPLVVLRQV�IURP�6)��XVH ��� ��� ��� ��� ���

7RWDO�)�JDVHV ����� ����� ���
�!�����IRU�+)&V��3)&V�DQG�6)�

7RWDO�1HWKHUODQGV��&2��HT�� ������ ������ ��
�!���

1RWH��,Q�VRPH�FDVHV�WKH�YDOXH�XVHG�IRU�XQFHUWDLQW\�LQ�WKH�HPLVVLRQ�IDFWRU�LV�WKH�HTXLYDOHQW�YDOXH�RI�WKH�VXP�RI�D7LHU���XQFHUWDLQW\�HVWLPDWH�IRU�WKH�VXP�RI�XQGHUO\LQJ�VXE�VRXUFHV��$OVR��IRU�&2� IURP�IRVVLO�IXHO�ZH�XVHGWKH�&2� GDWD�IURP�WKH�,3&&�5HIHUHQFH�$SSURDFK� LQFOXGLQJ�IHHGVWRFN�GDWD��DGMXVWHG�WR�PDWFK�WKH�WRWDO�LQWKH�1DWLRQDO�$SSURDFK���FRPELQHG�ZLWK�WUDQVSRUW�GDWD�
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7KH�UHVXOWLQJ�XQFHUWDLQW\�LQ�QDWLRQDO�WRWDO�DQQXDO�&2��HT��HPLVVLRQV�LV�HVWLPDWHG�WR�EH�DERXW�����,IZH� UDQN� WKH� VRXUFHV� DFFRUGLQJ� WR� WKHLU� FRQWULEXWLRQ� WR� WKH� XQFHUWDLQW\� LQ� WRWDO� QDWLRQDO� HPLVVLRQV�XVLQJ�WKH�FROXPQ�µ&RPELQHG�8QFHUWDLQW\�DV���RI�WRWDO�QDWLRQDO�HPLVVLRQV�LQ�����¶�LQ�7DEOH�������WKHVRXUFHV�FRQWULEXWLQJ�PRVW�WR�WRWDO�DQQXDO�XQFHUWDLQW\�LQ������DUH�
,3&& ,3&&�6RXUFH�FDWHJRU\ 8QFHUWDLQW\��DV���RI�WRWDO

QDWLRQDO�HPLVVLRQV�LQ������
� 1� 2 HPLVVLRQV�IURP�QLWULF�DFLG�SURGXFWLRQ ����
�' 'LUHFW�1� 2 HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV ����
�' ,QGLUHFW�1� 2 HPLVVLRQV�IURP�QLWURJHQ�XVHG�LQ�DJULFXOWXUH ����
�$ &+� HPLVVLRQV�IURP�VROLG�ZDVWH�GLVSRVDO�VLWHV ����
� 1� 2 HPLVVLRQV�IURP�SROOXWHG�VXUIDFH�ZDWHU ����
�$ &2 � HPLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ�JDV ����
�$ &2 � HPLVVLRQV�IURP�IHHGVWRFN��RLO ����
�$ &2 � HPLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��FRDO ����
�$ &+� HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��FDWWOH ����
�$ &2 � HPLVVLRQV�IURP�PRELOH�FRPEXVWLRQ��RWKHU ����

,Q�7DEOH�����WKH�HVWLPDWH�RI�WKH�WUHQG�XQFHUWDLQW\�����������FDOFXODWHG�DFFRUGLQJ�WR�WKH�,3&&�7LHU��DSSURDFK� LQ� WKH� ,3&&�*RRG�3UDFWLFH�*XLGDQFH� �,3&&�� ������ LV� VXPPDULVHG��7KH� UHVXOW� LV� D� WUHQGXQFHUWDLQW\� LQ� WKH� WRWDO� &2��HT�� HPLVVLRQV� IRU� ���������� ������ IRU� )�JDVHV�� RI� ���� SRLQWV�� 7KLVPHDQV�WKDW�WKH�LQFUHDVH�LQ�WRWDO�&2��HT��HPLVVLRQV�EHWZHHQ������DQG�������ZKLFK�LV�FDOFXODWHG�WR�EH����ZLOO�OLH�EHWZHHQ���DQG�����3HU�LQGLYLGXDO�JDV��WKH�7LHU���WUHQG�XQFHUWDLQW\�LQ�WRWDO�HPLVVLRQV�RI
&2�� &+�� 1�2 DQG� WKH� WRWDO�JURXS�RI�)�JDVHV�KDV�EHHQ�FDOFXODWHG�DW����������������DQG�����SRLQWV��UHVSHFWLYHO\��6RXUFHV�FRQWULEXWLQJ�PRVW�WR�WUHQG�XQFHUWDLQW\�LQ�WKH�QDWLRQDO�WRWDO�DUH�
,3&& ,3&&�6RXUFH�FDWHJRU\ 8QFHUWDLQW\��DV���LQWR�WUHQG�LQ

WRWDO�QDWLRQDO�HPLVVLRQV�
�$ &2 � HPLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��JDV ����
�$ &+� HPLVVLRQ�IURP�VROLG�ZDVWH�GLVSRVDO��VLWHV ����
�$ &2 � HPLVVLRQV�IURP�PRELOH�FRPEXVWLRQ��RWKHU ����
�$ &2 � HPLVVLRQV�IURP�PRELOH�FRPEXVWLRQ��ZDWHU�ERUQH�QDYLJDWLRQ ����
�$ &2 � HPLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��FRDO ����
�$ &2 � HPLVVLRQV�IURP�IHHGVWRFN��RLO ����
� 1� 2 HPLVVLRQV�IURP�QLWULF�DFLG�SURGXFWLRQ ����
�' ,QGLUHFW�1� 2 HPLVVLRQV�IURP�QLWURJHQ�XVHG�LQ�DJULFXOWXUH ����
� +)&����HPLVVLRQV�IURP�+&)&����PDQXIDFWXUH ����
�' 'LUHFW�1� 2 HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV ����
:KHQ�ZH�FRPSDUH� WKLV� OLVW�ZLWK� WKH���� ODUJHVW�FRQWULEXWRUV� WR�DQQXDO�XQFHUWDLQW\��ZH�FDQ�FRQFOXGHWKDW�H[FHSW�IRU�&2� IURP�ZDWHU�ERUQH�QDYLJDWLRQ��1�2 IURP�SROOXWHG�VXUIDFH�ZDWHU�&+�� IURP�HQWHULFIHUPHQWDWLRQ�RI�FDWWOH�DQG�+)&�IURP�+&)&����PDQXIDFWXUH��DOO���RWKHUV�DUH�LQFOXGHG�ERWK�OLVWV�%HFDXVH� RI� WKH� SUREOHPV� LGHQWLILHG� ZLWK� DQQXDO� HQYLURQPHQWDO� UHSRUWV� �VHH�%R[� ���� DQ� H[WUDXQFHUWDLQW\�LQ�QDWLRQDO�&2� HPLVVLRQV�LV�HVWLPDWHG�IRU������RI������+HVOLQJD������E���,Q�DGGLWLRQDO�GHOD\V� LQ� FRPSLOLQJ� �SUHOLPLQDU\�� VWDWLVWLFV� IRU� WKH� ODVW� EXW� RQH� FDOHQGDU� \HDU�� QRWDEO\� IRU� HQHUJ\FRQVXPSWLRQ��KDYH�FDXVHG�H[WUD�XQFHUWDLQW\�IRU�VRPH�VHFWRUV�GXH�WR�WKH�XVH�RI�HVWLPDWHG�GDWD�IRU�WKH�WK�TXDUWHU�RI�������)RU�WKH�VDPH�UHDVRQ�WKH�RWKHU�JUHHQKRXVH�JDV�HPLVVLRQV�DUH�DOVR�PRUH�XQFHUWDLQ�LQ������EXW�WKLV�H[WUD�XQFHUWDLQW\�KDV�QRW�EHHQ�TXDQWLILHG�
/LPLWDWLRQV
7KH� XQFHUWDLQW\� HVWLPDWHV� SUHVHQWHG� LQ� 7DEOH� ���� KDYH� EHHQ� FDOFXODWHG� DFFRUGLQJ� WR� WKH� 7LHU� �XQFHUWDLQW\�HVWLPDWH�RI�,3&&��,Q�WKLV�PHWKRG�XQFHUWDLQW\�UDQJHV�DUH�VXPPHG�IRU�DOO�VHFWRUV�RU�JDVHVXVLQJ�WKH�VWDQGDUG�FDOFXODWLRQ�IRU�HUURU�SURSDJDWLRQ��WRWDO�HUURU�LV�WKH�URRW�RI�WKH�VXP�RI�VTXDUHV�RI�WKHHUURU� LQ� WKH� XQGHUO\LQJ� VRXUFHV�� 6WULFWO\� VSHDNLQJ�� WKLV� LV� RQO\� YDOLG� LI� WKH� XQFHUWDLQWLHV� PHHW� WKH



SDJH����RI���� 5,90�UHSRUW������������

7DEOH������7LHU���WUHQG�XQFHUWDLQW\�DVVHVVPHQW������������IRU�)�JDVHV�ZLWK�EDVH�\HDU�������ZLWK�WKH�FDWHJRULHV
RI�WKH�,3&&�SRWHQWLDO�NH\�VRXUFH�OLVW��ZLWKRXW�DGMXVWPHQW�IRU�FRUUHODWLRQV�EHWZHHQ�VRXUFHV�

,3&& ,3&&�6RXUFH�FDWHJRU\ *DV

%DVH�\HDU�
HPLVVLRQV�
�����������

�����
(PLVVLRQV

$FWLYLW\�
GDWD�

XQFHUWDLQW\

(PLVVLRQ�
IDFWRU�

XQFHUWDLQ
W\

&RPELQHG�
8QFHUWDLQW\

&RPELQHG�
8QFHUWDLQW
\�DV���RI�
WRWDO�

QDWLRQDO�
HPLVVLRQV�
LQ�����

�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��JDV &2� ����� ����� �� �� �� ����
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��FRDO &2� ����� ����� �� �� �� ����
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��RLO &2� ����� ����� �� �� �� ����
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV &2� ����� ����� �� �� �� ����
�$ 0RELOH�FRPEXVWLRQ��RWKHU &2� ���� ���� ��� �� ��� ����
�$ 0RELOH�FRPEXVWLRQ��ZDWHU�ERUQH�QDYLJDWLRQ &2� ��� ���� ���� �� ���� ����
�$ 0RELOH�FRPEXVWLRQ��DLUFUDIW &2� ��� ��� ��� �� ��� ����
�$ )HHGVWRFN�JDV &2� ���� ���� �� ��� ��� ����

�$ )HHGVWRFN�RLO &2� ���� ���� ��� ��� ��� ����
�$ )HHGVWRFN�FRDO &2� ��� ��� �� ��� ��� ����
�; (PLVVLRQV�IURP�FHPHQW�SURGXFWLRQ &2� ��� ��� �� ��� ��� ����
�; 2WKHU�LQGXVWULDO��&2� &2� ���� ��� ��� �� ��� ����
� 0LVF��&2� &2� ��� ���� ��� ��� ��� ����

727$/�&2� &2� ������ ������ �� LQFUHDVH
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��QRQ�&2� &+� ��� ��� �� ��� ��� ����

�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV &+� ��� �� �� ��� ��� ����
�$ 0RELOH�FRPEXVWLRQ��RWKHU &+� � � ��� ���� ���� ����
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��JDV�SURGXFWLRQ &+� ���� ���� �� ��� ��� ����
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��JDV�GLVWULEXWLRQ &+� ���� ���� �� ��� ��� ����
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��RWKHU &+� ��� �� ��� ��� ��� ����
�; 2WKHU�LQGXVWULDO��&+� &+� �� �� ��� ��� ��� ����
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��FDWWOH &+� ���� ���� �� ��� ��� ����
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��VZLQH &+� ��� ��� �� ��� ��� ����
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��VKHHS &+� ��� ��� �� ��� ��� ����
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��RWKHU &+� �� �� �� ��� ��� ����
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���VZLQH &+� ���� ��� ��� ���� ���� ����
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���FDWWOH &+� ��� ��� ��� ���� ���� ����
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���SRXOWU\ &+� ��� ��� ��� ���� ���� ����
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���RWKHU &+� �� �� ��� ���� ���� ����
�$ &+��HPLVVLRQV�IURP�VROLG�ZDVWH�GLVSRVDO�VLWHV &+� ����� ���� ��� ��� ��� ����
�% (PLVVLRQV�IURP�ZDVWHZDWHU�KDQGOLQJ &+� ��� �� ��� ��� ��� ����
�; 0LVF��&+� &+� �� �� ��� ��� ��� ����

727$/�&+� &+� ����� ����� ���� � �GHFUHDVH�
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��QRQ�&2� 1�2 ��� ��� �� ��� ��� ����
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV 1�2 ��� ��� �� ��� ��� ����

�$ 0RELOH�FRPEXVWLRQ��RWKHU 1�2 �� �� ��� ���� ���� ����
� (PLVVLRQV�IURP�QLWULF�DFLG�SURGXFWLRQ 1�2 ���� ���� ��� ��� ��� ����
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW� 1�2 ��� ��� ��� ���� ���� ����
�' 'LUHFW�1�2�HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV 1�2 ���� ���� ��� ��� ��� ����
�' ,QGLUHFW�1�2�HPLVVLRQV�IURP�QLWURJHQ�XVHG�LQ�DJULFXOWXUH 1�2 ���� ���� ��� ���� ���� ����
�% (PLVVLRQV�IURP�ZDVWHZDWHU�KDQGOLQJ 1�2 ��� ��� ��� ��� ��� ����
� 3ROOXWHG�VXUIDFH�ZDWHU 1�2 ���� ���� ��� ���� ���� ����
�; 0LVF��1�2 1�2 ��� ��� ��� ��� ��� ����

727$/�1�2 1�2 ����� ����� �� LQFUHDVH
� +)&����HPLVVLRQV�IURP�+&)&����PDQXIDFWXUH +)& ���� ���� ��� ��� ��� ����
�; (PLVVLRQV�IURP�VXEVWLWXWHV�IRU�2'6�VXEVWLWXWHV��+)& +)& ��� ���� ��� ��� ��� ����
�; 3)&�HPLVVLRQV�IURP�DOXPLQLXP�SURGXFWLRQ 3)& ���� ���� �� ��� ��� ����

�; 3)&�HPLVVLRQV�IURP�3)&�XVH 3)& �� ��� �� ��� ��� ����
�; 6)��HPLVVLRQV�IURP�6)��XVH 6)� ��� ��� ��� ��� ��� ����

727$/�)�JDVHV )�JDVHV ���� ���� ���� � �GHFUHDVH�
727$/�&2��HT� *+* ������ ������ �� LQFUHDVH ����
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7DEOH������FRQWLQXHG��7LHU���WUHQG�XQFHUWDLQW\�DVVHVVPHQW������������IRU�)�JDVHV�ZLWK�EDVH�\HDU�������ZLWK�WKH
FDWHJRULHV�RI�WKH�,3&&�SRWHQWLDO�NH\�VRXUFH�OLVW��ZLWKRXW�DGMXVWPHQW�IRU�FRUUHODWLRQV�EHWZHHQ�VRXUFHV�

,3&& ,3&&�6RXUFH�FDWHJRU\ *DV
7\SH�$�

VHQVLWLYLW\
7\SH�%�

VHQVLWLYLW\

8QFHUWDLQW\�
LQ�WUHQG�LQ�
QDWLRQDO�
HPLVVLRQV�
LQWURGXFHG�
E\�HPLVVLRQ�

IDFWRU�
XQFHUWDLQW\

8QFHUWDLQW\�
LQ�WUHQG�LQ�
QDWLRQDO�
HPLVVLRQV�
LQWURGXFHG�
E\�DFWLYLW\�

GDWD�
XQFHUWDLQW\

8QFHUWDLQW\�
LQWURGXFHG�
LQWR�WKH�
WUHQG�LQ�
WRWDO�

QDWLRQDO�
HPLVVLRQV

(PLVVLRQ�
IDFWRU�
TXDOLW\�
LQGLFDWRU

$FWLYLW\�
GDWD�

TXDOLW\�
LQGLFDWRU

�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��JDV &2� ���� ��� ���� ���� ���� 5 5
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��FRDO &2� ����� ��� ����� ���� ���� 5 5
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��RLO &2� ����� ��� ���� ���� ���� 5 5
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV &2� ���� ��� ���� ���� ���� 5 5
�$ 0RELOH�FRPEXVWLRQ��RWKHU &2� ����� �� ���� ���� ���� 5 5
�$ 0RELOH�FRPEXVWLRQ��ZDWHU�ERUQH�QDYLJDWLRQ &2� ���� �� ���� ���� ���� 5 5
�$ 0RELOH�FRPEXVWLRQ��DLUFUDIW &2� ����� �� ���� ���� ���� 5 5
�$ )HHGVWRFN�JDV &2� ���� �� ���� ���� ���� 5 5

�$ )HHGVWRFN�RLO &2� ���� �� ���� ���� ���� 5 5
�$ )HHGVWRFN�FRDO &2� ����� �� ���� ���� ���� 5 5
�; (PLVVLRQV�IURP�FHPHQW�SURGXFWLRQ &2� ���� �� ���� ���� ���� 5 '
�; 2WKHU�LQGXVWULDO��&2� &2� ����� �� ���� ���� ���� 5 5
� 0LVF��&2� &2� ���� �� ���� ���� ���� 5 5

727$/�&2� &2� ��S��LQ�WUHQG�RI���
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��QRQ�&2� &+� ���� �� ���� ���� ���� 5 5

�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV &+� ����� �� ����� ���� ���� 5 5
�$ 0RELOH�FRPEXVWLRQ��RWKHU &+� ���� �� ���� ���� ���� 5 5
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��JDV�SURGXFWLRQ &+� ����� �� ����� ���� ���� 5 5
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��JDV�GLVWULEXWLRQ &+� ���� �� ���� ���� ���� 5 5
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��RWKHU &+� ����� �� ����� ���� ���� 5 5
�; 2WKHU�LQGXVWULDO��&+� &+� ���� �� ���� ���� ���� 5 5
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��FDWWOH &+� ���� ��� ���� ���� ���� 5 '
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��VZLQH &+� ���� �� ���� ���� ���� ' 5
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��VKHHS &+� ���� �� ���� ���� ���� ' 5
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��RWKHU &+� ���� �� ���� ���� ���� ' 5
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���VZLQH &+� ���� �� ���� ���� ���� ' 5
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���FDWWOH &+� ���� �� ���� ���� ���� ' 5
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���SRXOWU\ &+� ���� �� ���� ���� ���� ' 5
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���RWKHU &+� ���� �� ���� ���� ���� ' 5
�$ &+��HPLVVLRQV�IURP�VROLG�ZDVWH�GLVSRVDO�VLWHV &+� ����� ��� ����� ���� ���� 5 5
�% (PLVVLRQV�IURP�ZDVWHZDWHU�KDQGOLQJ &+� ����� �� ���� ���� ���� 5 5
�; 0LVF��&+� &+� ���� �� ���� ���� ���� 5 5

727$/�&+� &+� ��S��LQ�WUHQG�RI�����
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��QRQ�&2� 1�2 ����� �� ����� ���� ���� 5 5
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV 1�2 ���� �� ���� ���� ���� 5 5

�$ 0RELOH�FRPEXVWLRQ��RWKHU 1�2 ���� �� ���� ���� ���� 5 5
� (PLVVLRQV�IURP�QLWULF�DFLG�SURGXFWLRQ 1�2 ����� ��� ����� ���� ���� 5 5
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW� 1�2 ����� �� ����� ���� ���� ' 5
�' 'LUHFW�1�2�HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV 1�2 ���� ��� ���� ���� ���� ' '
�' ,QGLUHFW�1�2�HPLVVLRQV�IURP�QLWURJHQ�XVHG�LQ�DJULFXOWXUH 1�2 ����� �� ����� ���� ���� ' 5
�% (PLVVLRQV�IURP�ZDVWHZDWHU�KDQGOLQJ 1�2 ���� �� ���� ���� ���� 5 5
� 3ROOXWHG�VXUIDFH�ZDWHU 1�2 ����� �� ����� ���� ���� 5 5
�; 0LVF��1�2 1�2 ����� �� ����� ���� ���� 5 5

727$/�1�2 1�2 ���S��LQ�WUHQG�RI���
� +)&����HPLVVLRQV�IURP�+&)&����PDQXIDFWXUH +)& ������ ��� ����� ���� ���� 0�5 '
�; (PLVVLRQV�IURP�VXEVWLWXWHV�IRU�2'6�VXEVWLWXWHV��+)& +)& ����� ��� ���� ���� ���� ' '
�; 3)&�HPLVVLRQV�IURP�DOXPLQLXP�SURGXFWLRQ 3)& ���� ��� ���� ���� ���� 0�5 '

�; 3)&�HPLVVLRQV�IURP�3)&�XVH 3)& ���� �� ���� ���� ���� 0�5 '
�; 6)��HPLVVLRQV�IURP�6)��XVH 6)� ���� �� ���� ���� ���� 5 5

727$/�)�JDVHV )�JDVHV ���S��LQ�WUHQG�RI�����
727$/�&2��HT� *+* ��� XQF��LQ�����WUHQG

1RWH��6HQVLWLYLW\�YDOXHV�UHIHU�WR�WKH�WUHQG�LQ�WRWDO�&2��HTXLYDOHQW�HPLVVLRQV��7KH�WUHQG�XQFHUWDLQWLHV�SHU�JDV�LQFOXGHG�LQ�WKHVKHHW�ZHUH�FDOFXODWHG�ZLWK�GLIIHUHQW��JDV�VSHFLILF� VHQVLWLYLW\�YDOXHV��$OVR�� IRU�&2� IURP� IRVVLO� IXHO�ZH�XVHG� WKH�&2�GDWD� IURP� WKH� ,3&&� 5HIHUHQFH� $SSURDFK� LQFOXGLQJ� IHHGVWRFN� GDWD� �DGMXVWHG� WR� PDWFK� WKH� WRWDO� LQ� WKH� 1DWLRQDO
$SSURDFK���FRPELQHG�ZLWK�WUDQVSRUW�GDWD�

1RWDWLRQ�NH\V�XVHG�IRU�EDVLV�RI�XQFHUWDLQW\�LQ�HPLVVLRQ�IDFWRUV��()��DQG�DFWLYLW\�GDWD��$'��'  �'HIDXOW�RI�,3&&�VRXUFH�FDWHJRU\5  �1DWLRQDO�5HIHUHQFHG�GDWD0  �0HDVXUHPHQW�EDVHG



SDJH����RI���� 5,90�UHSRUW������������

IROORZLQJ�FRQGLWLRQV��D��VWDQGDUG�QRUPDO�GLYLVLRQ��
*DXVVLDQ
���E���s VPDOOHU� WKDQ������F��VHFWRU� WRVHFWRU��VXEVWDQFH�WR�VXEVWDQFH�DUH�LQGHSHQGHQW��,QGHHG�IRU�D�QXPEHU�RI�VRXUFHV�LW�LV�FOHDU�WKDW�DFWLYLW\GDWD� RU� HPLVVLRQ� IDFWRUV� DUH� FRUUHODWHG�� ZKLFK� LQFUHDVHV� WKH� RYHUDOO� XQFHUWDLQW\� RI� WKH� VXP� WR� DQXQNQRZQ�H[WHQW��$OVR�� IRU� VRPH� VRXUFHV� LW� LV� DOUHDG\�NQRZQ� WKDW� WKH�SUREDELOLW\�GLVWULEXWLRQ� LV�QRWQRUPDO��LQ�SDUWLFXODU�ZKHQ�XQFHUWDLQWLHV�DUH�YHU\�KLJK��RUGHU�RI�������LW�LV�FOHDU�WKDW�WKH�GLVWULEXWLRQZLOO�EH�VNHZHG� WRZDUGV�]HUR��(YHQ�PRUH� LPSRUWDQW� LV� WKDW�� DOWKRXJK� WKH�XQFHUWDLQW\� HVWLPDWHV�KDYHEHHQ�EDVHG�RQ�WKH�GRFXPHQWHG�XQFHUWDLQWLHV�PHQWLRQHG�DERYH��XQDYRLGDEO\�XQFHUWDLQW\�HVWLPDWHV�DUHLQ� WKH� HQG�EDVHG�RQ� H[SHUW� MXGJHPHQW� RI� UHSUHVHQWDWLYLW\� IRU� WKH�1HWKHUODQGV
� FLUFXPVWDQFHV� RI� WKHSDUWLFXODU� VRXUFH� FDWHJRU\�� 6RPHWLPHV�� KRZHYHU�� RQO\� OLPLWHG� UHIHUHQFH� WR� DFWXDO�1HWKHUODQGV� GDWDZDV� SRVVLEOH� WR� VXSSRUW� WKHVH� HVWLPDWHV�� )RFXVVLQJ� RQ� WKH� RUGHU� RI� PDJQLWXGH� RI� WKH� LQGLYLGXDOXQFHUWDLQW\� HVWLPDWHV� ZH� EHOLHYH� WKDW� WKLV� GDWDVHW� SURYLGHV� D� UHDVRQDEOH� ILUVW� DVVHVVPHQW� RI� WKHXQFHUWDLQW\�RI�NH\�VRXUFH�FDWHJRULHV�LQ�WKH�1HWKHUODQGV�)XUWKHUPRUH�� LQ�XVLQJ� WKH�XQFHUWDLQW\� HVWLPDWHV�SUHVHQWHG� LQ�7DEOH� ���� ZH� KDYH� QHJOHFWHG� WKHXQFHUWDLQW\�LQWURGXFHG�E\�WKH�HPLVVLRQV�IURP�WKH�VRXUFHV�RI�WKH�(5�,��,QGLYLGXDOO\�UHSRUWLQJ�ILUPV��RI ZKLFK�WKH�XQFHUWDLQW\�LV�DFWXDOO\�XQNQRZQ��7KHVH�VRXUFHV�LQ�WKH�(PLVVLRQ�5HJLVWUDWLRQ�DFFRXQW�IRUDERXW�KDOI�RI�WKH�WRWDO�&2� HPLVVLRQV�LQ�WKH�1HWKHUODQGV��VHH�)LJXUH�������+RZHYHU��DV�GHVFULEHG�LQ&KDSWHU����WRWDO�&2� HPLVVLRQV�SHU�LQGXVWULDO�VXE�VHFWRU�FDQQRW�EH�RII�IURP�WKH�UHIHUHQFH�FDOFXODWLRQE\�PRUH�WKDQ�����LQ�SUDFWLFH��WKH�JURXS�WRWDO�PD\�VKRZ�PXFK�OHVV�GHYLDWLRQ��

�����.H\�6RXUFH�,GHQWLILFDWLRQ��SUHOLPLQDU\�DVVHVVPHQW�
)RU�SUHOLPLQDU\�LGHQWLILFDWLRQ�RI�NH\�VRXUFHV�DFFRUGLQJ�WR�WKH�,3&&�*RRG�3UDFWLFH�DSSURDFK��,3&&��������ZH�DOORFDWHG� WKH�QDWLRQDO�HPLVVLRQV�DFFRUGLQJ� WR� WKH� ,3&&
V�SRWHQWLDO�NH\�VRXUFH� OLVW��ZKHUHSRVVLEOH�� )RU� WKH� 1HWKHUODQGV�� ZLWK� LWV� KLJK� VKDUH� RI� IHHGVWRFN� XVH� RI� IXHOV�� WKLV� QRQ�FRPEXVWLRQFDWHJRU\�RI�&2� KDV�EHHQ�DGGHG�WR�WKH�OLVW��$�QXPEHU�RI�RWKHUV�FRXOG�QRW�EH�FOHDUO\�LGHQWLILHG�LQ�WKHSUHVHQW� GDWDVHW�� WKH� ODUJHVW� EHLQJ� &2� IURP� LURQ� DQG� VWHHO� SURGXFWLRQ�� 7KH� ,3&&� 7LHU� �� PHWKRGFRQVLVWV� RI� UDQNLQJ� WKLV� OLVW� RI� VRXUFH� FDWHJRU\�JDV� FRPELQDWLRQV� ERWK� IRU� WKH� FRQWULEXWLRQ� WR� WKHQDWLRQDO� WRWDO� DQQXDO� HPLVVLRQV� DQG� WR� WKH� QDWLRQDO� WRWDO� WUHQG�� 7KH� UHVXOWV� RI� WKHVH� OLVWLQJV� DUHSUHVHQWHG� LQ�7DEOH� ���� DQG�7DEOH� ���� UHVSHFWLYHO\�� 7KH� JUH\� DUHDV� DW� WKH� WRS� RI� WKH� WDEOHV� DUH� WKHODUJHVW� VRXUFHV� RI� ZKLFK� WKH� WRWDO� DGGV� WR� ���� RI� WKH� QDWLRQDO� WRWDO�� ��� VRXUFHV� IRU� DQQXDO� OHYHODVVHVVPHQW� DQG���� VRXUFHV� IRU� WKH� WUHQG� DVVHVVPHQW� RXW� RI� D� WRWDO� RI� ��� VRXUFHV��%RWK� OLVWV� FDQ� EHFRPELQHG� WR� JHW� DQ� RYHUYLHZ� RI� VRXUFHV�� ZKLFK�PHHW� DQ\� RI� WKHVH� WZR� FULWHULD�� 7KH� ,3&&� 7LHU� �PHWKRG�IRU�LGHQWLILFDWLRQ�RI�NH\�VRXUFHV�UHTXLUHV�WKH�LQFRUSRUDWLRQ�RI�WKH�XQFHUWDLQW\�WR�HDFK�RI�WKHVHVRXUFHV� EHIRUH� RUGHULQJ� WKH� OLVW� RI� VKDUHV�� 7KLV� KDV� EHHQ� GRQH� XVLQJ� WKH� XQFHUWDLQW\� HVWLPDWHVGLVFXVVHG�DERYH��7KH�UHVXOWV�RI�WKH�7LHU���DQG�7LHU���OHYHO�DQG�WUHQG�DVVHVVPHQW�DUH�VXPPDULVHG�LQ
7DEOH����� $V�FRXOG�EH�H[SHFWHG�� WKH�7LHU��� OHYHO�DQG� WUHQG�DVVHVVPHQW� LQFUHDVHV� WKH� LPSRUWDQFH�RIVPDOO�VRXUFHV�WKDW�DUH�UHODWLYHO\�YHU\�XQFHUWDLQ��6RPH�RI�WKHVH�VRXUFHV�ZKLFK�DUH�EHORZ�WKH�����FXW�RII�OLQH�LQ�WKH�7LHU���DVVHVVPHQW�DUH�VKLIWHG�DERYH�WKLV�OLQH�LQ�WKH�7LHU���DVVHVVPHQW�
.H\�VRXUFH�LGHQWLILFDWLRQ�DQG�PHWKRGRORJLFDO�FKRLFH
7KH�UHVXOW�LV�D�OLVW�RI�DERXW����VRXUFH�FDWHJRULHV�RXW�RI�D�WRWDO�RI�����ZKLFK�FRXOG�EH�LGHQWLILHG�DV�
NH\VRXUFHV
�DFFRUGLQJ�WR�WKH�GHILQLWLRQ�RI�WKH�,3&&�*RRG�3UDFWLFH�*XLGDQFH�UHSRUW��'HSHQGLQJ�RQ�ZKDWFULWHULD�LV�XVHG�WR�GHWHUPLQH�WKHP��OHYHO��WUHQG��RU�ERWK��RU�TXDOLWDWLYH�FULWHULD�VXFK�DV�H[SHFWHG�KLJKJURZWK�RU�GHFUHDVH�UDWHV��PRUH�RU�OHVV�VRXUFH�FDWHJRULHV�DUH�VHOHFWHG��,Q�DQ\�FDVH��D�IHZ�FRQFOXVLRQVFDQ�DOUHDG\�EH�GUDZQ�� LQ�FRQQHFWLRQ�ZLWK� WKH�PHWKRGRORJ\�DQG�HPLVVLRQ� IDFWRU� W\SH� ODEHO�DGGHG� WR
7DEOH� ����� )RU� PDQ\� RI� WKH� FRXQWU\�VSHFLILF� PHWKRGV� WKH� DVVRFLDWHG� ,3&&� 7LHU� KDV� VWLOO� WR� EHGHWHUPLQHG��EXW�LW�VHHPV�FOHDU�WKDW�IRU�LQVWDQFH�IRU�&+� IURP�QDWLRQDO�JDV�GLVWULEXWLRQ�DQG�&+� IURPHQWHULF�IHUPHQWDWLRQ�RI�FDWWOH�WKH�PHWKRGV�XVHG�ZLOO�SUREDEO\�QHHG�WR�EH�LPSURYHG�LQ�IXWXUH��+RZHYHU�D FRPSUHKHQVLYH�DQDO\VLV�KDV�\HW�WR�EH�PDGH�
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7DEOH������6RXUFH�UDQNLQJ�XVLQJ�,3&&�7LHU���OHYHO�DVVHVVPHQW�������DPRXQWV�LQ�*J�&2��HT��
,3&& &DWHJRU\ *DV

&2��HT�
���� 6KDUH

&XP��
VKDUH

�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��JDV &2� ����� ��� ���
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV &2� ����� ��� ���
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��FRDO &2� ����� ��� ���
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��RLO &2� ����� ��� ���
�$ &+��HPLVVLRQV�IURP�VROLG�ZDVWH�GLVSRVDO�VLWHV &+� ���� �� ���
� (PLVVLRQV�IURP�QLWULF�DFLG�SURGXFWLRQ 1�2 ���� �� ���
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��FDWWOH &+� ���� �� ���
�' 'LUHFW�1�2�HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV 1�2 ���� �� ���
�$ )HHGVWRFN�JDV &2� ���� �� ���
�$ )HHGVWRFN�RLO &2� ���� �� ���
� +)&����HPLVVLRQV�IURP�+&)&����PDQXIDFWXUH +)& ���� �� ���
�$ 0RELOH�FRPEXVWLRQ��RWKHU &2� ���� �� ���
� 0LVF��&2� &2� ���� �� ���
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��JDV�SURGXFWLRQ &+� ���� �� ���
�' ,QGLUHFW�1�2�HPLVVLRQV�IURP�QLWURJHQ�XVHG�LQ�DJULFXOWXUH 1�2 ���� �� ���
� 3)&�HPLVVLRQV�IURP�DOXPLQLXP�SURGXFWLRQ 3)& ���� �� ���
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��JDV�GLVWULEXWLRQ &+� ���� �� ���
� 3ROOXWHG�VXUIDFH�ZDWHU 1�2 ���� �� ���
� (PLVVLRQV�IURP�&)&�VXEVWLWXWHV��+)& +)& ���� �� ���
�$ 0RELOH�FRPEXVWLRQ��ZDWHU�ERUQH�QDYLJDWLRQ &2� ���� �� ���
� 2WKHU�LQGXVWULDO��&2� &2� ��� �� ���
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���VZLQH &+� ��� �� ���
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���FDWWOH &+� ��� �� ���
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��QRQ�&2� &+� ��� �� ���
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV 1�2 ��� �� ���
� (PLVVLRQV�IURP�FHPHQW�SURGXFWLRQ &2� ��� �� ���
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��VZLQH &+� ��� �� ���
�$ )HHGVWRFN�FRDO &2� ��� �� ���
� 6)��HPLVVLRQV�IURP�6)��XVH 6)� ��� �� ���
�$ 0RELOH�FRPEXVWLRQ��DLUFUDIW &2� ��� �� ���
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��VKHHS &+� ��� �� ���
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW� 1�2 ��� �� ���
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���SRXOWU\ &+� ��� �� ���
�% (PLVVLRQV�IURP�ZDVWHZDWHU�KDQGOLQJ 1�2 ��� �� ����
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��QRQ�&2� 1�2 ��� �� ����
� 0LVF��1�2 1�2 ��� �� ����
� 3)&�HPLVVLRQV�IURP�3)&�XVH 3)& ��� �� ����
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV &+� �� �� ����
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��RWKHU &+� �� �� ����
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��RWKHU &+� �� �� ����
� 2WKHU�LQGXVWULDO��&+� &+� �� �� ����
�% (PLVVLRQV�IURP�ZDVWHZDWHU�KDQGOLQJ &+� �� �� ����
� 0LVF��&+� &+� �� �� ����
�$ 0RELOH�FRPEXVWLRQ��RWKHU 1�2 �� �� ����
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���RWKHU &+� �� �� ����
�$ 0RELOH�FRPEXVWLRQ��RWKHU &+� � �� ����

727$/ ������

�% (PLVVLRQV�IURP�DJULFXOWXUDO�UHVLGXH�EXUQLQJ Q�&2� 12
� (PLVVLRQV�IURP�OLPH�FRQVXPSWLRQ &2� ,(
� (PLVVLRQV�IURP�LURQ�DQG�VWHHO�LQGXVWU\ &2� ,(
� 3)&��+)&��6)��HPLVVLRQV�IURP�VHPLFRQGXFWRU�PDQXIDFWXULQJ��*:3� 3)& ,(
� 2WKHU�LQGXVWULDO��1�2 1�2 ,(
�& (PLVVLRQV�IURP�ZDVWH�LQFLQHUDWLRQ Q�&2� ,(

12� �1RW�2FFXULQJ��1$� �1RW�$SSOLFDEOH��,(� �,QFOXGHG�(OVHZKHUH�6RXUFHV��2OLYLHU�HW� DO�� ������� >HPLVVLRQV@��9DQ�$PVWHO�HW� DO�� �����D��� ,3&&� ������� DQG�RZQ�5,90�H[SHUW� MXGJHPHQW� RIXQFHUWDLQWLHV�

/LPLWDWLRQV
:H�UHFDOO�WKDW�7LHU���NH\�VRXUFH�DVVHVVPHQWV�DUH�VXEMHFW�WR�WKH�OLPLWDWLRQV�RI�WKH�7LHU���XQFHUWDLQW\HVWLPDWHV� DV� GLVFXVVHG� LQ� 6HFWLRQ� ����� 1HYHUWKHOHVV�� LW� SURYLGHV� FOHDU� LQGLFDWLRQV� RI� WKH� LQFUHDVLQJLPSRUWDQFH�RI�VRPH�VPDOOHU�EXW�YHU\�XQFHUWDLQ�VRXUFHV��LQ�SDUWLFXODU�� &+� IURP�PDQXUH�PDQDJHPHQW�RI�FDWWOH�DQG�VZLQH�� ,QGLUHFW�1�2 HPLVVLRQV�IURP�QLWURJHQ�XVHG�LQ�DJULFXOWXUH�
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7DEOH������6RXUFH�UDQNLQJ�XVLQJ�,3&&�7LHU���WUHQG�DVVHVVPHQW��DPRXQWV�LQ�*J�&2��HT��

,3&& &DWHJRU\ *DV
&2��HT�

����
&2��HT�

����

/HYHO�
DVVHVV��

PHQW������

/HYHO�
DVVHVV��
PHQW�
����

7UHQG�
DVVHVV�
PHQW

��&RQWU��
WR�WUHQG

&XPX��
ODWLYH�
WRWDO

� +)&����HPLVVLRQV�IURP�+&)&����PDQXIDFWXUH +)& ���� ���� �� �� ���� ��� ���
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��JDV &2� ����� ����� ��� ��� ���� ��� ���
�$ &+��HPLVVLRQV�IURP�VROLG�ZDVWH�GLVSRVDO�VLWHV &+� ����� ���� �� �� ���� ��� ���
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��FRDO &2� ����� ����� ��� ��� ���� ��� ���
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV &2� ����� ����� ��� ��� ���� ��� ���
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��FDWWOH &+� ���� ���� �� �� ���� �� ���
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��JDV�SURGXFWLRQ &+� ���� ���� �� �� ���� �� ���
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��RLO &2� ����� ����� �� ��� ���� �� ���
�$ )HHGVWRFN�RLO &2� ���� ���� �� �� ���� �� ���
� (PLVVLRQV�IURP�QLWULF�DFLG�SURGXFWLRQ 1�2 ���� ���� �� �� ���� �� ���
� 3)&�HPLVVLRQV�IURP�DOXPLQLXP�SURGXFWLRQ 3)& ���� ���� �� �� ���� �� ���
� 2WKHU�LQGXVWULDO��&2� &2� ���� ��� �� �� ���� �� ���
�' 'LUHFW�1�2�HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV 1�2 ���� ���� �� �� ���� �� ���
� 0LVF��&2� &2� ��� ���� �� �� ���� �� ���
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��JDV�GLVWULEXWLRQ &+� ���� ���� �� �� ���� �� ���
�$ 0RELOH�FRPEXVWLRQ��DLUFUDIW &2� ��� ��� �� �� ���� �� ���
�$ )HHGVWRFN�JDV &2� ���� ���� �� �� ���� �� ���
�% (PLVVLRQV�IURP�ZDVWHZDWHU�KDQGOLQJ &+� ��� �� �� �� ���� �� ���
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���FDWWOH &+� ��� ��� �� �� ���� �� ���
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���VZLQH &+� ���� ��� �� �� ���� �� ���
� (PLVVLRQV�IURP�&)&�VXEVWLWXWHV��+)& +)& ��� ���� �� �� ���� �� ���
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV 1�2 ��� ��� �� �� ���� �� ���
�$ 0RELOH�FRPEXVWLRQ��URDG�YHKLFOHV &+� ��� �� �� �� ���� �� ���
�% )XJLWLYH�HPLVVLRQV�IURP�RLO�DQG�JDV�RSHUDWLRQV��RWKHU &+� ��� �� �� �� ���� �� ���
� 0LVF��1�2 1�2 ��� ��� �� �� ���� �� ���
�$ )HHGVWRFN�FRDO &2� ��� ��� �� �� ���� �� ���
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��VKHHS &+� ��� ��� �� �� ���� �� ���
�$ 0RELOH�FRPEXVWLRQ��ZDWHU�ERUQH�QDYLJDWLRQ &2� ��� ���� �� �� ���� �� ���
� 6)��HPLVVLRQV�IURP�6)��XVH 6)� ��� ��� �� �� ���� �� ���
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��QRQ�&2� 1�2 ��� ��� �� �� ���� �� ���
�$ 0RELOH�FRPEXVWLRQ��RWKHU &2� ���� ���� �� �� ���� �� ���
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��VZLQH &+� ��� ��� �� �� ���� �� ���
�' ,QGLUHFW�1�2�HPLVVLRQV�IURP�QLWURJHQ�XVHG�LQ�DJULFXOWXUH 1�2 ���� ���� �� �� ���� �� ���
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���SRXOWU\ &+� ��� ��� �� �� ���� �� ���
�% (PLVVLRQV�IURP�ZDVWHZDWHU�KDQGOLQJ 1�2 ��� ��� �� �� ���� �� ����
� 3)&�HPLVVLRQV�IURP�3)&�XVH 3)& �� ��� �� �� ���� �� ����
� 3ROOXWHG�VXUIDFH�ZDWHU 1�2 ���� ���� �� �� ���� �� ����
� (PLVVLRQV�IURP�FHPHQW�SURGXFWLRQ &2� ��� ��� �� �� ���� �� ����
�$ (PLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��QRQ�&2� &+� ��� ��� �� �� ���� �� ����
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�LQ�GRPHVWLF�OLYHVWRFN��RWKHU &+� �� �� �� �� ���� �� ����
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW� 1�2 ��� ��� �� �� ���� �� ����
� 2WKHU�LQGXVWULDO��&+� &+� �� �� �� �� ���� �� ����
� 0LVF��&+� &+� �� �� �� �� ���� �� ����
�$ 0RELOH�FRPEXVWLRQ��RWKHU 1�2 �� �� �� �� ���� �� ����
�% (PLVVLRQV�IURP�PDQXUH�PDQDJHPHQW���RWKHU &+� �� �� �� �� ���� �� ����
�$ 0RELOH�FRPEXVWLRQ��RWKHU &+� � � �� �� ���� �� ����

727$/ ������ ������ ���� ���� ��� ����

$EEUHYLDWLRQV�12� �1RW�2FFXULQJ�1$� �1RW�$SSOLFDEOH�,(� �,QFOXGHG�(OVHZKHUH��VHH�7DEOH�����
6RXUFHV��9DQ�$PVWHO�HW�DO�������D���,3&&��������DQG�RZQ�5,90�H[SHUW�MXGJHPHQW�RI�XQFHUWDLQWLHV�
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7DEOH������3UHOLPLQDU\�NH\�VRXUFH�LGHQWLILFDWLRQ�XVLQJ�WR�WKH�,3&&�7LHU���DQG���DSSURDFK

/HJHQG�IRU�QRWDWLRQ�NH\V�XVHG�IRU�PHWKRG�DQG�HPLVVLRQ�IDFWRUV��VHH�ERWWRP�SDUW�RI�WKH�WDEOH�DQG�WKH�IRRWQRWHV�RI�7DEOH�����
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��� *UHHQKRXVH�*DV�,QYHQWRU\�E\�*DV�DQG�6RXUFH
&DWHJRU\

,Q�WKLV�FKDSWHU�WKH�WUHQGV�LQ�HPLVVLRQV�DUH�SUHVHQWHG�SHU�,3&&�FDWHJRU\�LQ�WDEXODU�DQG�JUDSKLF�IRUP�:H�UHFDOO�WKDW�WKH�GDWD�IRU������DUH�DOO�SUHOLPLQDU\�GDWD��7KH�ILJXUHV�VKRZ�ERWK�SHUFHQWDJH�FKDQJH�RIHPLVVLRQV� EHWZHHQ� ����� DQG� ����� DQG� WKH� VKDUH� RI� WKH� VHFWRUV� LQ� ������ :KHQ� LQWHUSUHWLQJ� WKHUHOHYDQFH�RI�ODUJH�FKDQJHV�IRU�QDWLRQDO�WRWDO�HPLVVLRQV��WKHVH�VKDUHV�QHHG�WR�EH�WDNHQ�LQWR�DFFRXQW�DVZHOO�� ,Q�DGGLWLRQ��ZH�UHIHU� WR�&KDSWHU��� IRU� WKH�XQFHUWDLQW\�HVWLPDWH� LQ�DQQXDO�HPLVVLRQV�DQG� LQ� WKHRYHUDOO�WUHQG�

�����(PLVVLRQV�DQG�6LQNV�RI�&2�
%R[������&2� NH\�VRXUFH�LGHQWLILFDWLRQ�XVLQJ�WR�WKH�,3&&�7LHU���DQG���DSSURDFK��/ �/HYHO��7 �7UHQG��$ &2 � HPLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��JDV .H\��/�7�
�$ &2 � HPLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��RLO .H\��/�7��
�$ &2 � HPLVVLRQV�IURP�VWDWLRQDU\�FRPEXVWLRQ��FRDO .H\��/�7�
�$ &2 � HPLVVLRQV�IURP�PRELOH�FRPEXVWLRQ��URDG�YHKLFOHV .H\��/�7�
�$ &2 � HPLVVLRQV�IURP�PRELOH�FRPEXVWLRQ��ZDWHU�ERUQH�QDYLJDWLRQ .H\��/��7��
�$ &2 � HPLVVLRQV�IURP�PRELOH�FRPEXVWLRQ��DLUFUDIW .H\��7�
�$ &2 � HPLVVLRQV�IURP�PRELOH�FRPEXVWLRQ��RWKHU .H\��/�
�$ &2 � HPLVVLRQV�IURP�IHHGVWRFN��JDV .H\��/��7��
�$ &2 � HPLVVLRQV�IURP�IHHGVWRFN��RLO .H\��/�7�
� 2WKHU�LQGXVWULDO��&2 � .H\��7�
� 0LVF��&2 � .H\��/�7�
,Q�%R[����� WKH�&2� NH\�VRXUFHV�EDVHG�RQ� OHYHO�� WUHQG�RU�ERWK� DUH�SUHVHQWHG��7KHVH� VRXUFHV�ZLOO� EHGLVFXVVHG� LQ� WKH� QH[W� SDUDJUDSKV�� 6WDWLRQDU\� FRPEXVWLRQ� SHU� IXHO� W\SH�ZLOO� EH� GLVFXVVHG� SHU� ,3&&VXEVHFWRU��IHHGVWRFN�HPLVVLRQV�DUH�GLVFXVVHG�XQGHU�LQGXVWULDO�FRPEXVWLRQ��0LVFHOODQHRXV�&2� VRXUFHVFRPSULVH�IXJLWLYH�HPLVVLRQV��VROYHQW�XVH�DQG�ZDVWH�7UHQGV�LQ�HPLVVLRQV�SHU�,3&&�VHFWRU�KDYH�EHHQ�VXPPDULVHG�LQ�7DEOH�����DQG�)LJXUH����� ,Q�����QHW�WRWDO�&2��HPLVVLRQV�LQFUHDVHG�E\�DERXW����FRPSDUHG�WR����������ZKHQ�FRPSDULQJ�WHPSHUDWXUH�FRUUHFWHG� HPLVVLRQV�� VHH� &KDSWHU� ���� 7KH� ODUJHVW� LQFUHDVH� RI� HPLVVLRQV� ����� 7J�� RFFXUUHG� LQ� WKHWUDQVSRUW�VHFWRU��7DEOH�������7KH�GHFUHDVH�LQ�WKH�HOHFWULFLW\�SURGXFWLRQ�VHFWRU���$�D��LQ������LV�GXH�WRWKH�PDUNHG�LQFUHDVH�RI�LPSRUWHG�HOHFWULFLW\�VLQFH�������ZKLFK�DOPRVW�GRXEOHG�FRPSDUHG�ZLWK������DQG� WR� D� UHODWLYHO\� ODUJH� VKLIW� IURP� FRDO� WR� RLO� DQG� QDWXUDO� JDV� LQ� ������ 7KH� LQFUHDVH� LQ� IRVVLO�IXHOUHODWHG�HPLVVLRQV� LQ� WKH� LQGXVWU\� DSSHDUV� WR�E\�FDXVHG�E\� DQ� LQFUHDVH�RI� IHHGVWRFN�HPLVVLRQV�� WRWDOFRPEXVWLRQ� HPLVVLRQV� UHPDLQHG� DOPRVW� FRQVWDQW�� � (PLVVLRQV� IURP� DJULFXOWXUH�� EHLQJ� UHFDOFXODWHG�QRZ VKRZ� D� GHFUHDVLQJ� WUHQG�� ,Q� WKH� IROORZLQJ� VHFWLRQV� WKH� HPLVVLRQ� WUHQGV� IRU� WKH� HQHUJ\� VHFWRU�LQGXVWU\�� WUDQVSRUW� DQG� WKH� RWKHU� VHFWRUV� DUH� GLVFXVVHG� LQ� PRUH� GHWDLO�� ,Q� DGGLWLRQ�� WUHQGV� LQ� &2�DVVRFLDWHG�ZLWK�VWDWLVWLFDO�GLIIHUHQFHV�DQG�&2� IURP�LQWHUQDWLRQDO�EXQNHUV�DUH�GLVFXVVHG�7KH� XQFHUWDLQW\� LQ� DQQXDO� HPLVVLRQ� HVWLPDWHV� IURP� IRVVLO� IXHO� FRPEXVWLRQ�� ZKLFK� LV� UHODWHG� WRXQFHUWDLQW\� LQ� DFWLYLW\� GDWD� �HQHUJ\� VWDWLVWLFV�� DQG� HPLVVLRQ� IDFWRUV� IRU� &2� �EDVLFDOO\�� WKH� FDUERQFRQWHQW�RI� WKH�IXHOV��� LV�FXUUHQWO\�HVWLPDWHG� WR�EH�DERXW�����ZLWK�RUGHU�RI�PDJQLWXGH�IDFWRU�RI������VHH�&KDSWHU�����7KH�XQFHUWDLQW\�LV�QRW�ZHOO�NQRZQ�IRU�RWKHU�VRXUFHV��LQ�SDUWLFXODU�IRU�IHHGVWRFN�XVH�RIRLO�SURGXFWV��+RZHYHU��GXH� WR� WKH�PLQRU�VKDUH�RI� WKHVH�RWKHU�VRXUFHV�� WKH�XQFHUWDLQW\� LQ� WKH�RYHUDOO
DQQXDO WRWDO�LV�HVWLPDWHG�WR�EH�DERXW�����WKH�7LHU���WUHQG�XQFHUWDLQW\�LQ�WRWDO�&2� HPLVVLRQV�KDV�EHHQFDOFXODWHG�DW�����SRLQWV�
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7DEOH������&2� HPLVVLRQV�DQG�VLQNV�SHU�,3&&�VHFWRU������������QR�7�FRUUHFWLRQ���7J�
,3&&�6HFWRU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ������
727$/�1(7�1$7,21$/�(0,66,216 ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
���$OO�(QHUJ\��FRPEXVWLRQ�DQG�IXJLWLYH� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

$ )XHO�FRPEXVWLRQ���WRWDO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
� D (OHFWULFLW\�	�KHDW�SURGXFWLRQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� EF 2WKHU�WUDQVIRUPDWLRQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� ,QGXVWU\ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� 7UDQVSRUW ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� D &RPPHUFLDO�,QVWLWXWLRQDO ��� ���� ��� ���� ���� ��� ��� ��� ��� ��� ���
� E 5HVLGHQWLDO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� F $JULFXOWXUH�)RUHVWU\�)LVKLQJ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� 2WKHU ��� ��� ���� ��� ��� ��� ��� ��� ��� ��� ���

% )XJLWLYH�IXHO�HPLVVLRQV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� &UXGH�RLO�DQG�QDWXUDO�JDV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

���,QGXVWULDO�SURFHVVHV��,6,&� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
���6ROYHQW�DQG�RWKHU�SURGXFW�XVH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
���/DQG�XVH�FKDQJH�DQG�IRUHVWU\ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���:DVWH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
%XQNHUV��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

$YLDWLRQ�EXQNHUV ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ����
0DULQH�EXQNHUV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

� ��'DWD�IRU������DUH�SUHOLPLQDU\��,Q�SDUWLFXODU�LQ�WKLV�VXEPLVVLRQ�WKLV�
W��
�GDWDVHW�LV�RI�D�UHODWLYHO\�ORZ�TXDOLW\��VHH
6HFWLRQ������

� ��(PLVVLRQV�IURP�EXQNHUV�DUH�QRW�LQFOXGHG�LQ�QDWLRQDO�WRWDOV�

)LJXUH�����&2� HPLVVLRQ�VKDUHV�DQG�WUHQGV�SHU�,3&&�VHFWRU������������QR�7�FRUUHFWLRQ�

&2�� VHFWRUDO�WUHQGV�DQG�VKDUHV�LQ�����

���� ���� ��� ��� ��� ��� ���

�$�D�(OHFWULFLW\�DQG�KHDW�SURGXFWLRQ

�$�F�2WKHU�WUDQVIRUPDWLRQ

�$��,1'8675<�

�$��75$163257

�$�D�&RPPHUFLDO���,QVWLWXWLRQDO

�$�E�5HVLGHQWLDO

�$�F�$JULFXOWXUH���)RUHVWU\���)LVKLQJ

��/$1'�86(�&+$1*(�$1'�)25(675<

��:$67(

'LIIHUHQFH����������

6KDUH�LQ�����
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�������,3&&�5HIHUHQFH�$SSURDFK�IRU�&2�
,QFOXGHG�LQ�WKH�&5)�ILOHV�LV�D�SURYLVLRQDO�FDOFXODWLRQ�RI�WKH�,3&&�5HIHUHQFH�$SSURDFK��5$��IRU�&2�IURP�HQHUJ\�XVH��ZKLFK�XVHV�DSSDUHQW�FRQVXPSWLRQ�GDWD�SHU�IXHO�W\SH�WR�HVWLPDWH�&2� HPLVVLRQV�IURPIRVVLO� IXHO�XVH��'XH� WR�D�FXUUHQW� ODFN�RI� LQIRUPDWLRQ�RQ� WKH�FDUERQ�FRQWHQW�RI�FUXGH�RLO��QDWXUDO�JDVOLTXLGV�DQG�RWKHU�UHILQHU\�LQSXWV��ZKLFK�LV�UHTXLUHG�IRU�WKLV�UHIHUHQFH�FDOFXODWLRQ��WKLV�FRXOG�RQO\�EHGRQH ZLWK�HVWLPDWHG�ILJXUHV�IRU�WKH�FDUERQ�FRQWHQW�RI�UHILQHU\�LQSXWV� ,Q�7DEOH�����WKH�UHVXOWV�RI�WKH5HIHUHQFH�$SSURDFK�FDOFXODWLRQ�DUH�SUHVHQWHG�IRU�����������DQG�FRPSDUHG�ZLWK�WKH�RIILFLDO�QDWLRQDOWRWDOV��7KH�DQQXDO�GLIIHUHQFH�YDULHV�EHWZHHQ�������IRU������DQG�������IRU������ZLWK�DQ�DYHUDJH�RI������7KH�UHODWLYHO\�ODUJH�GLIIHUHQFH�IRU������LV�GXH�WR�WKH�QRUPDO�SUHOLPLQDU\�VWDWXV�RI�GDWD�IRU�WKHODVW�EXW�RQH�\HDU��KRZHYHU��ZH�UHFDOO�WKDW�GXH�WR�FKDQJHV�LQ�GDWD�FROOHFWLRQ�IURP�LQGLYLGXDO�FRPSDQLHVDQG� GHOD\V� LQ� FRPSLOLQJ� �SUHOLPLQDU\�� HQHUJ\� FRQVXPSWLRQ� VWDWLVWLFV� IRU� ����� WKH� WRWDO� VHFWRUDOHVWLPDWH�QRZ�LQFOXGHV�DGGLWLRQDO�XQFHUWDLQW\���7KH�����������WUHQGV�GLIIHU�E\����SRLQW�������IRU�WKH1DWLRQDO�$SSURDFK�� �VXP�RI�VHFWRUDO�HPLVVLRQV��DQG������IRU�WKH�SURYLVLRQDO�5HIHUHQFH�$SSURDFK�7KH�HQHUJ\�EDODQFH�GDWD�VKRZ�DQ�����LQFUHDVH�LQ�HPLVVLRQV�IURP�OLTXLG�IXHOV�DQG�����LQFUHDVH�IURPJDVHRXV�IXHOV��&2� HPLVVLRQV�IURP�VROLG�IXHOV�GHFUHDVHG�LQ�WKLV�SHULRG�E\�����
7DEOH������&RPSDULVRQ�RI�&2� HPLVVLRQV��7J���5HIHUHQFH�$SSURDFK��YHUVXV�1DWLRQDO�$SSURDFK
)XHO�W\SH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
/LTXLG�IXHOV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
6ROLG�IXHOV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
*DVHRXV�IXHOV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
7RWDO�5$ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1DWLRQDO�$SSURDFK ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
'LIIHUHQFH ���� ����� ����� ����� ����� ����� ���� ���� ���� ����� ����
 3UHOLPLQDU\�FDOFXODWLRQ��XVLQJ�SURYLVLRQDO�FDUERQ�IDFWRUV�IRU�FUXGH�RLO�DQG�QDWXUDO�JDV�OLTXLGV��1*/���3UHOLPLQDU\�GDWD��6SHFLILFDWLRQ�RI�QDWLRQDO�IXHO�W\SHV�XVHG�LQ�WKH�,3&&�IXHO�W\SH�FDWHJRULHV�*DVROLQH��MHWIXHO��JDVROLQH�EDVLV��DYLDWLRQ�JDVROLQH��PRWRU�JDVROLQH2WKHU�.HURVHQH��SHWUROHXP2WKHU�2LO��RLO�DURPDWHV��RWKHU�OLJKW�RLOV��RWKHU�RLO�SURGXFWV2WKHU�%LWXPLQRXV�&RDO��DOO�KDUG�FRDO��OLJQLWH�EURZQ�FRDO%.%�DQG�3DWHQW�)XHO��FRDO�GHULYDWLYHV
)RU� WKH� \HDUV� ����������&2�� HPLVVLRQV� DVVRFLDWHG�ZLWK� VWDWLVWLFDO� GLIIHUHQFHV� LQ� FRDO�� RLO� DQG� JDVFRQVXPSWLRQ� DUH� LQFOXGHG� LQ� WKH� ,3&&� 5HIHUHQFH� $SSURDFK� )RU� DOO� RWKHU� \HDUV� WKH� VWDWLVWLFDOGLIIHUHQFH�KDYH�EHHQ�HIIHFWLYHO\�HOLPLQDWHG�IURP�WKH�QDWLRQDO�HQHUJ\�EDODQFH�UHVXOWLQJ�LQ�D�QHZ�VHW�RIGDWD�IRU�WKH�QDWLRQDO�DSSURDFK�DV�ZHOO�DV�WKH�,3&&�5HIHUHQFH�$SSURDFK��VHH�6HFWLRQV�����DQG��������,Q�7DEOH�����WKH�ROG�DQG�WKH�QHZ�GDWDVHW�DUH�FRPSDUHG��+HUH�ZH�SUHVHQW�LQ�7DEOH�����WKH�GLIIHUHQFHV�LQUHVXOWV�RI� WKH� FRPSDULVRQ� RI�&2 � IURP� IRVVLO� IXHO� FRPEXVWLRQ� LQ� WKH�1DWLRQDO�$SSURDFK� YHUVXV� WKH,3&&� 5HIHUHQFH� $SSURDFK� DFFRUGLQJ� WR� WKH� SUHVHQW� DQG� ODVW� \HDU
V� GDWDVHW�� 7KH� PDLQ� GLIIHUHQFHEHWZHHQ�WKH�FRPSDULVRQV�ZLWK�SUHOLPLQDU\�,3&&�5HIHUHQFH�$SSURDFK�GDWD�LV�IRXQG�LQ�WKH������DQG���� GDWD��RI�ZKLFK�WKH�GLIIHUHQFH�EHWZHHQ�WKH�DSSURDFKHV�FKDQJHG�IURP�������WR�������IRU�����DQG�IURP�������WR�������IRU������
7DEOH������(IIHFWV�RI�UHFDOFXODWLRQ�RQ�FRPSDULVRQ�RI�&2� HPLVVLRQV�1DWLRQDO�YHUVXV�5HIHUHQFH�$SSURDFK��7J�

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1$�1,5����� ����� ����� ����� ����� �����
5$�1,5����� ����� ����� ����� ����� �����
'LIIHUHQFH���� ���� ����� ���� ���� ����
1$�1,5����� ����� ����� ����� ����� �����
5$�1,5����� ����� ����� ����� ����� �����
'LIIHUHQFH���� ����� ���� ���� ����� �����
 3UHOLPLQDU\�FDOFXODWLRQ��XVLQJ�SURYLVLRQDO�FDUERQ�IDFWRUV�IRU�FUXGH�RLO�DQG�QDWXUDO�JDV�OLTXLGV��1*/��1�%��'LIIHUHQFH� �5$�1$����LQ����
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:H� VWUHVV� WKDW� WKHVH� UHVXOWV� DUH� SUHOLPLQDU\�� VLQFH� WKH� UHIHUHQFH� FDOFXODWLRQ� IRU� WKH�1HWKHUODQGV� LVUDWKHU�VHQVLWLYH�IRU�WKH�FDUERQ�FRQWHQW�RI�FUXGH�RLO�LQSXW�ILJXUHV�GXH�WR�WKH�UHODWLYHO\�KLJK�DPRXQWV�RIFUXGH�RLO�UHILQHG�DQG�RLO�SURGXFWV�H[SRUWHG��$�VHQVLWLYLW\�DQDO\VLV�IRU�IRXU�VHWV�RI�FDUERQ�FRQWHQWV�IRUFUXGH�RLO� VKRZHG� WKDW� WKH�DQQXDO�DYHUDJH�GLIIHUHQFH�RI� VHFWRUDO�DQG� UHIHUHQFH�FDOFXODWLRQ�PD\�YDU\EHWZHHQ������DQG�������2OLYLHU�HW�DO�� �������$V�D�SDUW�RI�WKH�JUHHQKRXVH�JDV�LQYHQWRU\�LPSURYHPHQWSURJUDPPH��D�VWXG\�LV�EHLQJ�PDGH�WR�HVWDEOLVK�FRXQWU\�VSHFLILF�FDUERQ�FRQWHQW� IDFWRUV� IRU�FUXGH�RLODQG� QDWXUDO� JDV� OLTXLGV� XVHG� E\� UHILQHULHV� LQ� WKH� 1HWKHUODQGV�� )LQDO� UHVXOWV� DUH� QRW� \HW� DYDLODEOH�KRZHYHU�� LW� LV�H[SHFWHG� WKDW� IRU�FUXGH�RLO� D�QHZ�D� VHW� RI�QDWLRQDO� HPLVVLRQ� IDFWRUV� FDQ�EH�SURYLGHGEDVHG�RQ�VRPH�SURSHUWLHV�OLNH�$3,�JUDYLW\�

�������7HPSHUDWXUH�FRUUHFWLRQ�IRU�&2�
$OO� &2� ILJXUHV� SUHVHQWHG� LQ� WKH� &5)� WDEOHV� DQG�PRVW� WDEOHV� SUHVHQWHG� LQ� WKLV� UHSRUW� DUH� ZLWKRXWWHPSHUDWXUH�FRUUHFWLRQ��+RZHYHU��LQ�WKH�1HWKHUODQGV�WKH�DQQXDO�YDULDWLRQ�RI�KHDWLQJ�GHJUHH�GD\V�FDQEH�FRQVLGHUDEOH��HVSHFLDOO\� LQ� WKH�FDWHJRU\��$��� 
2WKHU�VHFWRUV
� ZKHUH�PRVW�RI� WKH� IXHO� LV� XVHG� IRUVSDFH�KHDWLQJ��,Q�SDUWLFXODU�LQ������WKH�ZLQWHU�ZDV�UHODWLYHO\�YHU\�ZDUP��EXW�DOVR�LQ����������������������DQG������ZLQWHUV�ZHUH�UHODWLYHO\�ZDUP��ZKHUHDV�WKH�ZLQWHU�RI������ZDV�UHODWLYHO\�FROG�)RU�SROLF\�SXUSRVHV��WUHQGV�LQ�&2� HPLVVLRQV�DUH�WKHUHIRUH�FRUUHFWHG�IRU�FOLPDWH�YDULDWLRQ�RI�IXHOFRQVXPSWLRQ�IRU�VSDFH�KHDWLQJ��,Q�7DEOH�����ZH�SUHVHQW�WKH�WHPSHUDWXUH�FRUUHFWLRQ�XVHG�E\�5,90�LQWKH�WUHQG�DQDO\VLV�RI�VHFWRUDO�&2� HPLVVLRQ�WUHQGV��ZKLFK�LV�RQO\�DSSOLHG�WR�QDWXUDO�JDV�FRQVXPSWLRQVLQFH�WKH�DPRXQW�RI�RWKHU�IXHOV�XVHG�IRU�VSDFH�KHDWLQJ�LV�QHJOLJLEOH��$�GHVFULSWLRQ�RI�WKH�PHWKRGRORJ\IRU�WKLV�FRUUHFWLRQ�LV�SURYLGHG�LQ�$QQH[����3RVLWLYH�ILJXUHV�LQ�WKH�WDEOH�LQGLFDWH�DQ�DGGLWLRQ�RI�QDWXUDOJDV�FRQVXPSWLRQ�DQG�WKXV�&2� HPLVVLRQV�GXH�WR�D�UHODWLYHO\�ZDUP�ZLQWHU�LQ�WKDW�FDOHQGDU�\HDU��7KHFRUUHFWLRQ�IDFWRU�IRU�JDV�FRQVXPSWLRQ�YDULHV�EHWZHHQ������LQ������WR������LQ�������,Q�������&2�HPLVVLRQV�ZHUH� FRUUHFWHG� E\� ����7J� RU� ���RI� WRWDO� QDWLRQDO� HPLVVLRQV��ZKLOH� ����� HPLVVLRQV� KDYHEHHQ�FRUUHFWHG�E\�����7J�RU����RI�WKH�WRWDO�QDWLRQDO�HPLVVLRQV�
7DEOH�����7HPSHUDWXUH�FRUUHFWLRQ�YDOXHV�IRU�HQHUJ\�DQG�&2� HPLVVLRQV�SHU�,3&&�VHFWRU����������

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
+HDWLQJ�'HJUHH�'D\V��+''�W��>+''@ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
+''�����\HDU�PRYLQJ�DYHUDJH��+''�DY� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
7 FRUUHFWLRQ�IDFWRU�� +''�DY�+''�W� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
6SDFH�KHDWLQJ�QDWXUDO�JDV�>3-@
�$�D (OHFWULFLW\�	�KHDW�SURGXFWLRQ ��� ��� ��� ��� ��� ��� ���� ��� ��� ��� ���
�$�D�H ,QGXVWU\ ���� ��� ��� ��� ��� ��� ���� ��� ��� ���� ����
�$�D &RPPHUFLDO�,QVWLWXWLRQDO ���� ��� ���� ��� ���� ��� ����� ��� ���� ���� ����
�$�E +RXVHKROGV ���� ��� ���� ��� ���� ���� ����� ���� ���� ���� ����
�$�F $JULFXOWXUH�)RUHVWU\�)LVKLQJ ���� ��� ���� ��� ���� ��� ����� ��� ���� ���� ����
727$/�FRUUHFWLRQ�JDV�FRQVXPSWLRQ ����� ��� ���� ���� ���� ���� ����� ���� ���� ���� ����
&2� (PLVVLRQV�>*J@�$�D (OHFWULFLW\�	�KHDW�SURGXFWLRQ ��� �� ��� �� ��� �� ���� �� ��� ��� ���
�$�D�H ,QGXVWU\ ��� �� ��� ��� ��� ��� ���� ��� ��� ��� ���
�$�D &RPPHUFLDO�,QVWLWXWLRQDO ���� �� ��� ��� ��� ��� ���� ��� ��� ���� ���
�$�E +RXVHKROGV ���� ��� ���� ��� ���� ���� ����� ���� ���� ���� ����
�$�F $JULFXOWXU�)RUHVWU\�)LVKLQJ ���� �� ��� ��� ��� ��� ���� ��� ��� ��� ���
7RWDO�FRUUHFWLRQ�&2� HPLVVLRQV ���� ��� ���� ���� ���� ���� ����� ���� ���� ���� ����
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�������&2� HPLVVLRQV�IURP�WKH�HQHUJ\�VHFWRU�>�$�@
7KH�WUHQG�LQ�HPLVVLRQV�RI�&2� IURP�WKH�HQHUJ\�VHFWRU�LV�VXPPDULVHG�LQ�7DEOH������%HWZHHQ������DQG���� WKH� HPLVVLRQV� LQFUHDVHG� E\� ���� IURP� ��� WR� ��� 7J�� $� PDMRU� SDUW� RI� WKLV� LQFUHDVH� FDQ� EHDWWULEXWHG�WR�WKH�LQFUHDVH�RI�WKH�HPLVVLRQV�IURP�HOHFWULFLW\�SURGXFWLRQ�ZKLFK�FRUUHVSRQGV�ZLWK��D��DQLQFUHDVH� RI� WKH� XVH� RI� IRVVLO� IXHO� E\� SRZHU� SODQWV�� �E�� D� VKLIW� IURP� FRDO� WR� QDWXUDO� JDV�� DQG� �F�� DQLQFUHDVH�RI�WKH�HIILFLHQF\�RI�SRZHU�SODQWV�$V�FDQ�EH�VHHQ� IURP�7DEOH����� WKH�HPLVVLRQV�RI�&2� LQFUHDVH�XS� WR������� ,Q������KRZHYHU� WKHHPLVVLRQV�RI�SXEOLF�HOHFWULFLW\�DQG�KHDW�SURGXFWLRQ�DUH����ORZHU�WKDQ� LQ�������ZKLOH� WKH�HOHFWULFLW\FRQVXPSWLRQ� LQ� WKH�1HWKHUODQGV� LQ������ LV����KLJKHU� WKDQ� LQ� ����� �7DEOH� ������7KLV� GLIIHUHQFH� LQWUHQGV�LV�GXH�WR�WKH�PDUNHG�LQFUHDVH�RI�LPSRUWHG�HOHFWULFLW\�LQ�������ZKLFK�DOPRVW�GRXEOHG�FRPSDUHGZLWK�������DQG�WR�D�UHODWLYHO\�ODUJH�VKLIW�IURP�FRDO�WR�RLO�DQG�QDWXUDO�JDV�LQ�������)LJXUH�������7KHKLJKHU�LPSRUW�FRUUHVSRQGV�ZLWK�DQ�HPLVVLRQ�RI�DERXW���7J�&2�� WKH�VKLIW�IURP�FRDO�WR�QDWXUDO�JDV�DQGRLO�ZLWK�DERXW���7J�&2�� ,Q� WKH�\HDU������ LPSRUW�RI�HOHFWULFLW\�UHPDLQV�DW� WKH� VDPH�KLJK� OHYHO��QHWLPSRUW�� HPLVVLRQV� IURP� WKH� SXEOLF� HOHFWULFLW\� DQG� KHDW� SURGXFWLRQ�� DV�ZHOO� DV� WRWDO� FRQVXPSWLRQ� RIHOHFWULFLW\�DOO�ULVH�ZLWK�DSSUR[LPDWHO\����
7DEOH������&2� HPLVVLRQV�IURP�WKH�HQHUJ\�VHFWRU������������7J�
6RXUFH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
3XEOLF�(OHFWULFLW\�DQG�+HDW�3URGXFWLRQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
R�Z��/LTXLG�)XHOV ��� ��� ��� ��� ��� ��� ���
R�Z��6ROLG�)XHOV ���� ���� ���� ���� ���� ���� ����
R�Z��*DVHRXV�)XHOV ���� ���� ���� ���� ���� ���� ����
R�Z��2WKHU�)XHOV�8QVSHFLILHG�(PLVVLRQV� ��� ��� ��� ��� ��� ���� ���
3HWUROHXP�5HILQLQJ ��� ,( ,( ,( ,( ��� ���� ���� ���� ���� ����
2WKHU�HQHUJ\�LQGXVWULHV ��� ���� ���� ���� ���� ��� ��� ��� ��� ��� ���
7RWDO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1RWH��7R�UHIOHFW�WKH�GHJUHH�RI�FRPSOHWHQHVV��RQO\�HPLVVLRQV�UHSRUWHG�LQ�WKH�&5)�ILOHV�KDYH�EHHQ�LQFOXGHG�KHUH� 7KH�HPLVVLRQV�QRW�UHSRUWHG�E\�IXHO�W\SH�KDYH�EHHQ�VXPPHG�DQG�UHSRUWHG�LQ�WKH�&5)�XQGHU��2WKHU�IXHOV���DV�LV

WRWDO�IXHO�FRQVXPSWLRQ�DVVRFLDWHG�ZLWK�WKHVH�XQVSHFLILHG�HPLVVLRQV��7KLV�PD\�H[SODLQ�WKH�LQYLVLELOLW\�LQ�WKLV
WDEOH�RI�WKH�LQFUHDVH�RI�OLTXLG�IXHO�HPLVVLRQV�LQ������REVHUYHG�LQ�)LJXUH�����

$V� PHQWLRQHG� LQ� 6HFWLRQ� ����� LQ� FDVHV� ZKHUH� &2� DQG� UHODWHG� IRVVLO� IXHO� FRQVXPSWLRQ� ZHUH� QRWUHSRUWHG� SHU� IXHO� W\SH� E\� LQGLYLGXDO� FRPSDQLHV� RU� ZKHQ� WKH\� GLG� QRW� SURSHUO\� PDWFK�� IXHOFRQVXPSWLRQ�DQG�&2� HPLVVLRQV�KDYH�EHHQ�DOORFDWHG�LQ�WKH�&5)�6HFWRUDO�%DFNJURXQG�7DEOHV�XQGHU
2WKHU�IXHOV
� ,Q�7DEOH������ZKHUH�WKHVH�GDWD�DUH�SUHVHQWHG�IRU�WKH�HQHUJ\�VHFWRU��LW�FOHDUO\�VKRZV�WKDWIRU�WKH�SXEOLF�HOHFWULFLW\�DQG�KHDW�SURGXFWLRQ�VHFWRU�WKH�IUDFWLRQ�RI�XQVSHFLILHG�IRVVLO�IXHO�UHODWHG�&2�HPLVVLRQV� LV�TXLWH� VPDOO� IRU�DOO�\HDUV�H[FHSW� IRU������DQG������ZKHUH� WKHVH� IUDFWLRQV�DUH�����DQG�����UHVSHFWLYHO\��,QVSHFWLRQ�RI�WKH�UHILQHU\�GDWD�UHYHDOV�WKDW�WKH�KLJK�XQDOORFDWHG�IUDFWLRQV�LQ�UHFHQW\HDUV�IRU�WKH�WRWDO�HQHUJ\�VHFWRU�DOVR�UHODWH�WR�UHILQHULHV��RI�ZKLFK�DOO�UHSRUWHG�&2� HPLVVLRQV�LQ�����FRXOG�QRW���RU�QRW�SURSHUO\���DVVRFLDWHG�ZLWK�UHSRUWHG�IRVVLO�IXHO�FRQVXPSWLRQ��,Q�������WKHVH�IUDFWLRQVZHUH�RQO\�DERXW����IRU�ERWK�SRZHU�JHQHUDWLRQ�DQG�UHILQHULHV�
7DEOH������*URVV�SURGXFWLRQ��LPSRUW��H[SRUW��DQG�JURVV�FRQVXPSWLRQ�RI�HOHFWULFLW\�����������������POQ��N:K�
6RXUFH��&%6������D�

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
*URVV�SURGXFWLRQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
)RVVLO�IXHO��QRQ�&+3 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1XFOHDU ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
&+3�DQG�RWKHU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
,PSRUW ��� ��� ��� ���� ���� ���� ���� ���� ���� ���� ����
([SRUW ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
*URVV�GRPHVWLF�XVH ���� ���� ���� ���� ���� ���� ���� ���� ����� ����� �����
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)LJXUH������6KDUHV�RI�IXHO�XVH�E\�SRZHU�SODQWV�����������&%6��VHYHUDO�\HDUV�

�������&2� HPLVVLRQV�IURP�PDQXIDFWXULQJ�LQGXVWULHV�>�$�@
%HWZHHQ������DQG������WKH�HPLVVLRQV�RI�&2� GXH�WR�IRVVLO�IXHO�XVH�E\�LQGXVWU\�KDYH�LQFUHDVHG�IURP�����WR������7J��������7DEOH�������ZKLFK�LV�GRPLQDWHG�E\�WKH�FKHPLFDO�LQGXVWU\��7KLV�LQFOXGHV�DFWXDOHPLVVLRQV�RI�&2� IURP�IHHGVWRFN�XVH�RI�HQHUJ\�FDUULHUV�RI�����DQG�����7J��UHVSHFWLYHO\��ZKLFK�DSSHDUVWR�EH�WKH�PDLQ�FDXVH�RI�WKH���7J�LQFUHDVH�LQ�LQGXVWULDO�IRVVLO�IXHO�HPLVVLRQV��$V�VKRZQ�LQ�7DEOH����DQG�7DEOH�����WKH�FRPEXVWLRQ�HPLVVLRQV��DOVR�RI�RWKHU�LQGXVWULDO�VHFWRUV��UHPDLQHG�IDLUO\�FRQVWDQW�LQWKLV�SHULRG��,Q�WKH�����������SHULRG�DFFRUGLQJ�WR�QDWLRQDO�HQHUJ\�VWDWLVWLFV�EHWZHHQ����DQG����7J�&2�LV�DQQXDOO\� VWRUHG� LQ�RLO�SURGXFWV� �7DEOH��������&RPSDUHG� WR� WKH�JURZWK�RI� LQGXVWULDO�SURGXFWLRQ� LQWKLV�SHULRG�RI������LQ�PRQHWDU\�XQLWV��� WKH�LQFUHDVH�RI����LQ�&2� HPLVVLRQV�LV�UHODWLYHO\�ORZ��7KLVGLIIHUHQFH�FDQ�EH�H[SODLQHG�PDLQO\�E\�HQHUJ\�FRQVHUYDWLRQ��%HWZHHQ������DQG�������WKH�1HWKHUODQGV
LQGXVWU\�KDV�DWWDLQHG�DQ�LPSURYHPHQW�RI�LWV�HQHUJ\�HIILFLHQF\�RI�DERXW������ZKLFK�LV�HTXLYDOHQW�ZLWKDQ�HQHUJ\�FRQVHUYDWLRQ�RI�����3-��(=��������RU�DERXW�����7J�&2� HPLVVLRQV�RU�PRUH��GHSHQGLQJ�RQWKH�IXHO�PL[�DVVXPHG���,Q�DGGLWLRQ��ZH�QRWH�WKDW�WKH�WUHQG�LQ�HQHUJ\�FRQVXPSWLRQ�LQ�WKH�LQGXVWU\��DQGWKXV� LQ�&2� HPLVVLRQV�� LV� LQIOXHQFHG�E\� WKH� IUDFWLRQ�RI� IXHO�XVHG� IRU�SULYDWHO\� RZQHG� FRJHQHUDWLRQIDFLOLWLHV��VHH�6HFWLRQ�������RQ�DOORFDWLQJ�&+3�WR�HLWKHU�WKH�LQGXVWU\�RU�WKH�HQHUJ\�VHFWRU��
7DEOH������&2� HPLVVLRQV�IURP�IXHO�XVH�LQ�PDQXIDFWXULQJ�LQGXVWULHV�DQG�FRQVWUXFWLRQ��XQLW��7J�
6XEVHFWRU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
D���,URQ�DQG�6WHHO�� � ��� 1$ 1$ 1$ 1$ ��� ��� ��� ��� ��� ���
E���1RQ�)HUURXV�0HWDOV ��� 1$ 1$ 1$ 1$ ��� ��� ��� ��� ��� ���
F���&KHPLFDOV�� � ���� 1$ 1$ 1$ 1$ ���� ���� ���� ���� ���� ����
G���3XOS��3DSHU�DQG�3ULQW ��� 1$ 1$ 1$ 1$ ��� ��� ��� ��� ��� ���
H���)RRG�3URFHVVLQJ� � � ��� 1$ 1$ 1$ 1$ ��� ��� ��� ��� ��� ���
I���2WKHU ��� ���� ���� ���� ���� ��� ��� ��� ��� ��� ���
��$���0DQXIDFWXULQJ�LQGXVWULHV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� ��,QFOXGLQJ�QRQ�HQHUJ\�XVH�RI�IXHOV�H�J��DV�FKHPLFDO�IHHGVWRFN
� ��,QFOXGLQJ�%HYHUDJHV�DQG�7REDFFR
1RWH��1$� �1RW�$YDLODEOH��IRU�����������QR�EUHDNXS�LQ�VXE�VHFWRUV�KDV�EHHQ�PDGH�LQ�WKH�&5)�ILOHV��
$V� PHQWLRQHG� LQ� 6HFWLRQ� ����� LQ� FDVHV� ZKHUH� &2� DQG� UHODWHG� IRVVLO� IXHO� FRQVXPSWLRQ� ZHUH� QRWUHSRUWHG� SHU� IXHO� W\SH� E\� LQGLYLGXDO� FRPSDQLHV� RU� ZKHQ� WKH\� GLG� QRW� SURSHUO\� PDWFK�� IXHOFRQVXPSWLRQ�DQG�&2� HPLVVLRQV�KDYH�EHHQ�DOORFDWHG�LQ�WKH�&5)�6HFWRUDO�%DFNJURXQG�7DEOHV�XQGHU
2WKHU�IXHOV
� ,Q�7DEOH����� ZKHUH�WKHVH�GDWD�DUH�SUHVHQWHG�IRU�WKH�WRWDO�LQGXVWU\�VHFWRU��LW�FOHDUO\�VKRZV

)XHO�XVH�E\�SRZHU�JHQHUDWLRQ
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���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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2WKHU
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WKDW�WKH�IUDFWLRQ�RI�XQVSHFLILHG�IRVVLO�IXHO�UHODWHG�HPLVVLRQV�ZDV�DERXW�����XS�WR�������EXW�LQFUHDVHGWR� DERXW� ���� LQ� WKH� \HDUV� ����� WR� ������ ,QVSHFWLRQ� RI� WKH� VXEVHFWRUDO� GDWD� UHYHDOV� WKDW� WKH� KLJKIUDFWLRQV� LQ� UHFHQW� \HDUV� UHODWH� WR� WKH� LURQ� DQG� VWHHO� LQGXVWU\�� RI� ZKLFK� DOO� &2 � HPLVVLRQV� DUH� QRWUHODWHG�WR�IXHO�FRQVXPSWLRQ�DQG� WR� WKH�FKHPLFDO� LQGXVWU\��ZKHUH�����RI�UHSRUWHG�&2 � HPLVVLRQV�ZDVQRW RU�QRW�SURSHUO\� DVVRFLDWHG�ZLWK� UHSRUWHG� IRVVLO� IXHO� FRQVXPSWLRQ�� ,Q������� WKHVH� IUDFWLRQV�ZHUHRQO\�����DQG������UHVSHFWLYHO\�
7DEOH������&2� HPLVVLRQV�E\�IXHO�W\SH�LQ�WKH�PDQXIDFWXULQJ�LQGXVWULHV�DQG�FRQVWUXFWLRQ��XQLW��7J�

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
7RWDO�LQGXVWULDO�FRPEXVWLRQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
R�Z��/LTXLG�IXHOV ��� ��� ��� ��� ��� ��� ���
R�Z��6ROLG�IXHOV ��� ��� ��� ��� ��� ��� ���
R�Z��*DVHRXV�IXHOV ���� ���� ���� ���� ���� ���� ����
R�Z��2WKHU�IXHOV�8QVSHFLILHG�HPLVVLRQV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
)UDFWLRQ�XQVSHFLILHG ��� ��� ��� ��� ��� ��� ���
1RWH��7R�UHIOHFW�WKH�GHJUHH�RI�FRPSOHWHQHVV��RQO\�HPLVVLRQV�UHSRUWHG�LQ�WKH�&5)�ILOHV�KDYH�EHHQ�LQFOXGHG�KHUH�
7KH� LQGXVWU\� LQ� WKH� 1HWKHUODQGV� KDV� D� UHODWLYHO\� ODUJH� SHWURFKHPLFDO� LQGXVWU\�� ZKLFK� VKRZV� XS� LQDFWXDO�&2� HPLVVLRQV�DVVRFLDWHG�ZLWK�QRQ�HQHUJ\�XVH�RI�RLO�SURGXFWV�DQG�QDWXUDO�JDV��)RU�LQIRUPDWLRQZH�VKRZ�LQ�7DEOHV�����DQG������WKH�&2� HPLWWHG�DQG�VWRUHG�LQ�IHHGVWRFN�SURGXFWV�DV�LQFOXGHG�LQ�WKH,3&&� 5HIHUHQFH� $SSURDFK� FDOFXODWLRQ� IRU� &2�� :H� VWUHVV�� KRZHYHU�� WKDW� WKH� DPRXQWV� DFWXDOO\LQFOXGHG� LQ� WKH� VHFWRUDO� DSSURDFK�� ZKLFK� DUH� WR� D� ODUJH� H[WHQW� EDVHG� RQ� UHSRUWV� E\� LQGLYLGXDOFRPSDQLHV��PD\�GLIIHU�VXEVWDQWLDOO\��$FFRUGLQJ�WR�WKH�5HIHUHQFH�$SSURDFK�FDOFXODWLRQ�WKH�IHHGVWRFNHPLVVLRQV�FDQ�YDU\�VXEVWDQWLDOO\�IURP�\HDU�WR�\HDU�
7DEOH� ����� 7UHQG� LQ� &2� HPLWWHG� E\� IHHGVWRFN� XVH� RI� HQHUJ\� FDUULHUV� DFFRUGLQJ� WR� WKH� ,3&&� 5HIHUHQFH$SSURDFK��*J�

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
/LTXLGV ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
6ROLGV ��� ��� ��� ��� ����� ��� ��� ��� ��� 1( 1(
*DVHRXV ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
7RWDO ����� ����� ����� ����� ������ ����� ����� ����� ����� ����� �����
 8VLQJ�FRXQWU\�VSHFLILF�FDUERQ�VWRUDJH�IDFWRUV�
�'XH�WR�FKDQJH�LQ�GHILQLWLRQ�RI�IHHGVWRFN�DQG�HQHUJHWLF�XVH�RI�FRNH�DQG�FRDO�LQ�LURQ�DQG�VWHHO�SURGXFWLRQ��QR

GDWD�DUH�DYDLODEOH�IRU������DQG������DFFRUGLQJ�WR�WKH�ROG�GHILQLWLRQ�
7DEOH�������7UHQG�LQ�&2� VWRUDJH�LQ�IHHGVWRFNV�DFFRUGLQJ�WR�WKH�GHIDXOW�,3&&�5HIHUHQFH�$SSURDFK��*J�

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
/LTXLG ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
6ROLG�)XHOV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
*DVHRXV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
7RWDO ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
 8VLQJ�FRXQWU\�VSHFLILF�FDUERQ�VWRUDJH�IDFWRUV�

�������&2� HPLVVLRQV�IURP�WUDQVSRUW�>�$�@
%\�IDU�WKH�ODUJHVW�FRQWULEXWRU�WR�WKLV�VHFWRU�LV�URDG�WUDQVSRUW��ZKLFK�DFFRXQWHG�LQ������IRU������7DEOH
�������1H[W�DUH�RII�URDG�YHKLFOHV��FRQWULEXWLQJ�DERXW����LQ�������7KHVH�RII�URDG�YHKLFOHV�DUH�XVHG�LQDJULFXOWXUH�DQG�IRU�EXLOGLQJ�DQG�URDG�FRQVWUXFWLRQ��&2� HPLVVLRQV�IURP�WRWDO�WUDQVSRUW�KDYH�LQFUHDVHGE\�����LQ�WKH�SHULRG�����������7KLV�LQFUHDVH�LV�SUHGRPLQDQWO\�FDXVHG�E\�DQ�LQFUHDVH�LQ�HQHUJ\�FRQVXPSWLRQ�E\�URDG�WUDQVSRUW�RI ZKLFK�IXHO�FRQVXPSWLRQ�LQFUHDVHG�E\�����LQ�WKLV�SHULRG��,Q�7DEOH������IXHO�FRQVXPSWLRQ�E\�URDGWUDQVSRUW� LV� SUHVHQWHG�� ERWK� IRU� WKH� ,3&&� DSSURDFK� ZKLFK� LV� EDVHG� RQ� IXHO� GHOLYHULHV� DQG� IRU� WKH
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QDWLRQDO�DSSURDFK�ZKLFK� LV�EDVHG�RQ� WUDQVSRUW�VWDWLVWLFV� LQ� WHUPV�RI�YHKLFOH�NP�WUDYHOOHG��:KLOH� WKHVKDUH�RI�JDVROLQH�KDV�UHPDLQHG�UDWKHU�FRQVWDQW�RYHU�WKH�ZKROH�SHULRG��WKHUH�KDV�EHHQ�D�VKLIW�IURP�/3*WR�GLHVHO�IXHO��HIIHFWLYHO\�LQFUHDVLQJ�WKH�VKDUH�RI�GLHVHO�LQ�URDG�WUDQVSRUW�IXHO�FRQVXPSWLRQ�IURP����LQ������WR�����LQ�������)LJXUH������
7DEOH�������&2� HPLVVLRQV�IURP�WUDQVSRUW�LQ������DQG�������E\�WUDQVSRUW�PRGH��7J�
7UDQVSRUW�PRGH (PLVVLRQV���� 6KDUH�LQ���� (PLVVLRQV���� 6KDUH�LQ���� ,QFUHDVH����������

��� ��� �7J� ���
5RDG�7UDQVSRUWDWLRQ ���� ��� ���� ��� ��� ���
2WKHU�7UDQVSRUWDWLRQ��RII�URDG� ��� �� ��� �� ��� ��
,QWHUQDO�QDYLJDWLRQ ��� �� ��� �� ��� ���
&LYLO�DYLDWLRQ ��� �� ��� �� ���� ����
5DLOZD\V ��� �� ��� �� ��� ���
7RWDO ���� ���� ��� ���

)LJXUH������6KDUHV�RI�JDVROLQH��GLHVHO�DQG�/3*�LQ�IXHO�FRQVXPSWLRQ�IRU�URDG�WUDQVSRUW������DQG�����
$QRWKHU� REVHUYDWLRQ� WKDW� FDQ� EH� PDGH� IURP� 7DEOH� ����� LV�� WKDW� WKHUH� LV� D� GLIIHUHQFH� LQ� IXHOFRQVXPSWLRQ� LQIHUUHG� IURP� WUDQVSRUW� VWDWLVWLFV� DQG� IURP� VXSSO\� VWDWLVWLFV� RI� GHOLYHULHV� WR� IXHOOLQJVWDWLRQV� RI� DERXW� ������� 7KLV� GLIIHUHQFH� LV� QRW� VR� PXFK� FDXVHG� E\� JDVROLQH�� ZKLFK� VKRZV� RQO\GLIIHUHQFHV�XS� WR�����ZLWK� DQ� DYHUDJH� RI� ������ EXW� UDWKHU� E\� GLHVHO� DQG�/3*� ILJXUHV��ZKLFK� GLIIHUDQQXDOO\�XS�WR�������ZLWK�DQ�DYHUDJH�RI�DERXW�����DQG������IRU�GLHVHO�DQG�/3*��UHVSHFWLYHO\��)LJXUH

������ 7KHVH� GLIIHUHQFHV� FDQ� EH� H[SODLQHG� WR� VRPH� H[WHQW�� H�J�� E\� IXHO� ERXJKW� DW� ERWK� VLGHV� RI� WKH1HWKHUODQGV
�ERUGHUV�EXW�FRQVXPHG�DW�WKH�RWKHU�VLGH��9DQ�$PVWHO�HW�DO�� ����D���EXW�QRW�FRPSOHWHO\�$V�LOOXVWUDWHG�LQ�)LJXUH����� SHU�IXHO�W\SH�WKH�DQQXDO�GLIIHUHQFHV�KDYH�PRUH�RU�OHVV�WKH�VDPH�VLJQ�IRUWKH�ZKROH�SHULRG��7KH�GLVFUHSDQF\�EHWZHHQ�WRWDO�URDG�IXHO�FRQVXPSWLRQ�DQG�IXHO�GHOLYHULHV�WHQGV�WRGHFUHDVH� LQ� WKH� ODVW� ILYH� \HDUV�� ,W� FDQ� EH� FRQFOXGHG� WKDW� E\� DQG� ODUJH�� ERWK�PHWKRGV� VKRZ� VLPLODUWUHQGV�LQ�IXHO�FRQVXPSWLRQ�E\�IXHO�W\SH�RYHU�WKH�ODVW����\HDUV�

IXHO�PL[�LQ�URDG�WUDQVSRUW�����

JDVROLQH
���

GLHVHO
���

/3*
��� JDVROLQH

GLHVHO

/3*

IXHO�PL[�LQ�URDG�WUDQVSRUW�����

GLHVHO
���

/3*
��

JDVROLQH
���

JDVROLQH

GLHVHO

/3*
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7DEOH�������)XHO�FRQVXPSWLRQ�E\�URDG�WUDQVSRUW������������IXHO�GHOLYHULHV�YHUVXV�IXHO�FRQVXPSWLRQ�EDVHG�RQ
URDG�WUDQVSRUW�VWDWLVWLFV

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���������
$��GHOLYHULHVJDVROLQH ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ���GLHVHO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ���/3* ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
727$/ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ���
%��FRQVXPSWLRQJDVROLQH ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ���GLHVHO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ���/3* ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
727$/ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ���
'LIIHUHQFH�>�%�$��$@ DYHUDJHJDVROLQH ��� �� �� �� �� �� �� �� �� �� �� ����GLHVHO ���� ���� ���� ���� ���� ���� ���� ���� ���� ��� ��� ������/3* ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ������
727$/ ��� ��� ��� ���� ��� ��� ��� ��� ��� ��� �� �����

$QQXDO�GLIIHUHQFH�LQ�1DWLRQDO�DSSURDFK�FRPSDUHG�WR�,3&&�DSSURDFK

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

���

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

JDVROLQH
GLHVHO
/3*

)LJXUH������$QQXDO�GLIIHUHQFHV�SHU�IXHO�W\SH�EHWZHHQ�IXHO�FRQVXPSWLRQ�DFFRUGLQJ�WR�WKH�QDWLRQDO�DSSURDFK
�EDVHG�RQ�YHKLFOH�NP�VWDWLVWLFV��DQG�WKH�,3&&�DSSURDFK��EDVHG�RQ�IXHO�GHOLYHULHV�WR�IXHOOLQJ�VWDWLRQV�

������� &2� HPLVVLRQV�IURP�WKH�RWKHU�VHFWRUV�>�$�@
7KLV�VHFWRU�FRPSULVHV�WKH�UHVLGHQWLDO�VHFWRU��FRPPHUFLDO�LQVWLWXWLRQDO�VHUYLFHV�DQG�DJULFXOWXUH��$V�FDQEH�REVHUYHG� IURP� WKH� WHPSHUDWXUH�FRUUHFWLRQ�GDWD� LQ�7DEOH����� LQ�SDUWLFXODU� WKHVH� VHFWRUV� DUH�TXLWHVHQVLWLYH� WR� ZHDWKHU� FRQGLWLRQV� VLQFH� WKH� ODUJHVW� SDUW� RI� WKH� IXHO� XVH� LQ� WKHVH� VHFWRUV� LV� IRU� VSDFHKHDWLQJ��:LWK�WHPSHUDWXUH�FRUUHFWLRQ��WKH�HPLVVLRQV�LQ�WKHVH�VHFWRUV�FKDQJHG�E\�±���UHVLGHQWLDO������FRPPHUFLDO���DQG�������DJULFXOWXUH��LQ�WKH�����������SHULRG��7DEOH�������:H� QRWH� WKDW� WKH� HQHUJ\� FRQVXPSWLRQ� GDWD� IRU� WKH� WRWDO� FDWHJRU\� 
�$��2WKHU� VHFWRUV
� LV�PXFKPRUH� DFFXUDWH� WKDQ� WKH� GDWD� IRU� WKH� WKUHH� VXEVHFWRUV�� ,Q� SDUWLFXODU� HQHUJ\� FRQVXPSWLRQ� E\� WKHFRPPHUFLDO�DQG���WR�D�OHVVHU�H[WHQW���WKH�DJULFXOWXUDO�VXEVHFWRUV�DUH�OHVV�DFFXUDWH�PRQLWRUHG�WKDQ�WKHUHVLGHQWLDO� VHFWRU�� RI� ZKLFK� JDV� FRQVXPSWLRQ� LV� DQQXDOO\� PRQLWRUHG� LQ� WKH� 
%$.
� VXUYH\�� 7KLV� LVUHIOHFWHG�LQ�WKH�FKDQJHV�LQ�WKH�����������WUHQGV�RI�WKH�VHFWRUV��LQ�WKH�SUHYLRXV�1,5�������L�H��EHIRUHHOLPLQDWLRQ� RI� WKH� VWDWLVWLFDO� GLIIHUHQFHV�� FRPPHUFLDO� VHFWRU� HPLVVLRQV� LQFUHDVHG� LQ� ���������� E\DERXW�����DQG�DJULFXOWXUDO�HPLVVLRQV�UHPDLQHG�DOPRVW�FRQVWDQW�LQ�WKH�����������SHULRG��������6R
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WUHQG� FRQFOXVLRQV� IRU� WKHVH� VXEFDWHJRULHV� VKRXOG� EH� WUHDWHG� ZLWK� VRPH� FDXWLRQ� �VHH� 7DEOH� ���� LQ6HFWLRQ�����IRU�GHWDLOV��
7DEOH�������7HPSHUDWXUH�FRUUHFWHG�&2� HPLVVLRQV�IURP�WKH�UHVLGHQWLDO��FRPPHUFLDO�DQG�DJULFXOWXUDO�VHFWRUV�7J�

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
5HVLGHQWLDO�VHFWRU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
&RPPHUFLDO�VHFWRU ��� ���� ���� ���� ���� ��� ��� ��� ��� ��� ���
$JULFXOWXUH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
7RWDO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
7KH�GHFUHDVH�RI����LQ�WKH�UHVLGHQWLDO�VHFWRU�VHHPV�LQFRPSDWLEOH�ZLWK�WKH�LQFUHDVH�RI�WKH�QXPEHU�RILQKDELWDQWV�DQG�KRXVHKROGV�LQ�WKH�1HWKHUODQGV��)LJXUH�������EXW�FDQ�EH�H[SODLQHG�E\�WKH�LQFUHDVH�RIHQHUJ\� FRQVHUYDWLRQ� E\� KRXVHKROGV� LQ� WKH� SDVW� GHFDGH�� ,Q� SDUWLFXODU� WKH� LQFUHDVHG� XVH� RI� KLJKO\HIILFLHQW� KHDWLQJ� DSSOLDQFHV� DQG� WKH� LPSURYHPHQW� RI� WKH� LQVXODWLRQ� RI� KRXVHV� LQ� WKLV� SHULRG� KDYHDWWULEXWHG�WR�WKLV�WUHQG��5,90������D��

)LJXUH������'HYHORSPHQW�RI�WKH�QXPEHU�RI�LQKDELWDQWV�DQG�KRXVHKROGV�LQ�WKH�1HWKHUODQGV��������������6RXUFH�
5,90������E�

)RU�WKH�FRPPHUFLDO�LQVWLWXWLRQDO�VHFWRU�WKH�LQFUHDVH�EHWZHHQ������DQG������RI�SHUVRQV�HPSOR\HGRI �����5,90�&%6������E��LV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH����LQFUHDVH�RI�WKH�WHPSHUDWXUH�FRUUHFWHG&2� HPLVVLRQV��/DUJH�SDUW�RI�WKLV�GLIIHUHQFH�LV�GXH�WR�HQHUJ\�FRQVHUYDWLRQ�PHDVXUHV�LPSOHPHQWHG�LQWKH�VHFWRU�7HPSHUDWXUH�FRUUHFWHG� &2� HPLVVLRQV� IURP� WKH� DJULFXOWXUDO� VHFWRU� GHFUHDVHG� E\� ���� LQ� WKHSHULRG������������7KLV�LV�PDLQO\�GXH�WR�HQHUJ\�FRQVHUYDWLRQ�PHDVXUHV�LQ�WKH�JUHHQKRXVH�KRUWLFXOWXUH�ZKLFK�DFFRXQWV� IRU� DSSUR[LPDWHO\�����RI� WKH�SULPDU\� HQHUJ\� XVH� RI� WKH� DJULFXOWXUDO� VHFWRU�� 6SDFHKHDWLQJ� DQG� DUWLILFLDO� OLJKWLQJ� DUH� WKH� GRPLQDQW� XVHV� KHUH�� 7KLV� VHFWRU� KDV� LPSURYHG� LWV� HQHUJ\HIILFLHQF\� LQ� WKH�SDVW�GHFDGH�VLJQLILFDQWO\�� ,Q� WKH�SHULRG����������� WKH�SK\VLFDO�SURGXFWLRQ� �LQ�P��LQFUHDVHG�E\������ZKLOH�WKH�SULPDU\�XVH�RI�HQHUJ\��L�H��LQFOXGLQJ�HOHFWULFLW\��RI�WKH�DJULFXOWXUDO�VHFWRUGHFUHDVHG�E\�DOPRVW�����9DQ�+DUPHOHQ�HW�DO����������:H�VKRXOG�QRWH��KRZHYHU��WKDW�LQFOXGHG�LQ�WKH&2� HPLVVLRQV� IURP� WKLV� VHFWRU� LV� IXHO� FRQVXPSWLRQ� IRU� SULYDWHO\� RZQHG� FR�JHQHUDWLRQ� IDFLOLWLHV�ZKLFK�PD\�DOVR�SURYLGH�HOHFWULFLW\�WR�WKH�SXEOLF�JULG�

+RXVHKROGV�DQG�LQKDELWDQWV�LQ�7KH�1HWKHUODQGV�
�����������
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���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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�������&2� HPLVVLRQV�UHODWHG�WR�VWDWLVWLFDO�GLIIHUHQFHV�>�$�@
,Q�SUHYLRXV�1,5
V�IXHO�XVH�UHODWHG�WR�VWDWLVWLFDO�GLIIHUHQFHV�ZDV�LQFOXGHG�DV�D�VRXUFH�RI�&2� HPLVVLRQVLQFH�LW�KDV�EHHQ�DVVXPHG�WKDW�WKH�DVVRFLDWHG�IXHO�XVH�LV�UHDO�EXW�QRW�DFFRXQWHG�IRU�LQ�LQGLYLGXDO�HQG�XVH�VHFWRUV��7KH�VWDWLVWLFDO�GLIIHUHQFH�EHWZHHQ�VXSSO\�DQG�GHPDQG�ZDV�XVXDOO\�VPDOOHU�WKDQ�����3HUHQHUJ\� FDUULHU�� KRZHYHU�� WKH� GLIIHUHQFH� YDULHG� ERWK� LQ� VLJQ� DQG� VL]H�� DV� LV� VKRZQ� LQ� 7DEOH� ����5HFHQWO\�� 6WDWLVWLFV� 1HWKHUODQGV� �&%6�� KDV� UHYLVHG� WKH� QDWLRQDO� HQHUJ\� EDODQFHV� DQG� HIIHFWLYHO\HOLPLQDWHG� WKH� VWDWLVWLFDO� GLIIHUHQFHV� IRU� DOO� \HDUV� IURP� ����� RQZDUGV�� H[FHSW� IRU� ���������� �VHH6HFWLRQ����� IRU�PRUH�GHWDLOV���6LQFH� WKH�HQHUJ\�EDODQFHV�����������KDYH�QRW�EHHQ� UHYLVHG�� WKH�&2 �UHODWHG�WR�VWDWLVWLFDO�GLIIHUHQFHV�UHPDLQ�LQ�WKH�LQYHQWRU\�IRU�WKHVH�\HDUV��7DEOH�������$W�SUHVHQW��WKHUH�DUH�QR�SODQV�WR�UHYLVH�WKH�HQHUJ\�EDODQFHV�IRU�WKH�\HDUV�����������LQ�WKH�VDPHIDVKLRQ�� VLQFH� WKH�&2� HPLVVLRQV� UHODWHG� WR� WKH� VWDWLVWLFDO� GLIIHUHQFHV� IRU� WKHVH� \HDUV� DUH� UHODWLYHO\VPDOO�FRPSDUHG�WR�PRUH�UHFHQW�\HDUV��)XUWKHUPRUH��UHYLVLRQ�RI�WKH�HQHUJ\�EDODQFHV�RI�WKHVH�\HDUV�LVH[SHFWHG� WR� EH� PXFK� PRUH� GLIILFXOW� WKDQ� WKH� UHYLVLRQV� PDGH� GXH� WR� D� PDMRU� FKDQJH� LQ� WKH� VHFWRUFODVVLILFDWLRQ�LQ�WKH�'XWFK�VWDWLVWLFV�VLQFH������

7DEOH��������&2� HPLVVLRQV�IURP�VWDWLVWLFDO�GLIIHUHQFHV����������)XHO�W\SH ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
$��(QHUJ\��3-�
&RDO � �� � ��
2LO �� �� �� ��
1DWXUDO�JDV ��� ��� ��� ��
%��&2� HPLVVLRQV��7J�
&RDO ��� ���� ��� ����
2LO ��� ��� ��� ���
1DWXUDO�JDV ���� ���� ���� ����
7RWDO ��� ��� ���� ��� ��� ��� ��� ��� ��� ���
6RXUFH��&%6�������������1(+�(QHUJ\�0RQLWRU��

������� &2� HPLVVLRQV�IURP�LQGXVWULDO�SURFHVVHV�>�@
&2� HPLVVLRQV� IURP� LQGXVWULDO� SURFHVV� LQ� WKH� 1HWKHUODQGV� RFFXU� PDLQO\� GXULQJ� WKH� SURGXFWLRQ� RIFHPHQW�FOLQNHU��OLPH�XVH�IRU�PLQHUDO�SURGXFWV�DQG�DV�DQ�HPLVVLRQ�IURP�IOXH�JDV�GHVXOSKXULVDWLRQ�XQLWVLQ�SRZHU�SODQWV���,Q�7DEOH������DQ�RYHUYLHZ�RI�WKH�WUHQG�LQ�&2� HPLVVLRQV�IURP�LQGXVWULDO�SURFHVVHV�LVJLYHQ��:H�QRWH�WKDW�&2� IURP�FHPHQW�SURGXFWLRQ�DUH�HVWLPDWHG�XVLQJ�FOLQNHU�SURGXFWLRQ��QRW�FHPHQWSURGXFWLRQ�� 7KH� 1HWKHUODQGV� LPSRUWV� D� ODUJH� IUDFWLRQ� RI� WKH� FHPHQW� FOLQNHU� XVHG� IRU� FHPHQWSURGXFWLRQ�� VR� FRPSDULVRQ�ZLWK� HPLVVLRQ� IDFWRUV� EDVHG� RQ� FHPHQW� SURGXFWLRQ�ZRXOG� JLYH� D�ZURQJSLFWXUH�
7DEOH�������(PLVVLRQV�RI�&2� IURP�LQGXVWULDO�SURFHVVHV������������*J�6RXUFH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
3RZHU�JHQHUDWLRQ��IOXH�JDV�GHVXOSKXULVDWLRQ� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
&HPHQW�FOLQNHU�SURGXFWLRQ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
/LPH�XVH�IRU�PLQHUDO�SURGXFWV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
2WKHU ��� ��� ��� � ��� �� ��� ��� � �� ��
7RWDN ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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������� &2� HPLVVLRQV�IURP�IXJLWLYH�RLO�DQG�JDV��VROYHQW�XVH�DQG�ZDVWH>�%�������'@
7KH�&2� HPLVVLRQV�IURP�FDWHJRU\��%�� FRPSULVH�QRQ�FRPEXVWLRQ�HPLVVLRQV� IURP�UHILQHULHV�� IODULQJDQG�YHQWLQJ�HPLVVLRQV�IURP�RLO�DQG�JDV�SURGXFWLRQ�DQG�FRPSUHVVRU�HPLVVLRQV�IURP�JDV�WUDQVSRUW�DQGGLVWULEXWLRQ�QHWZRUNV��7KH�LQFUHDVLQJ�WUHQG�LV�GXH�WR�D�ODUJH�LQFUHDVH�LQ�QRQ�FRPEXVWLRQ�HPLVVLRQV�DVUHSRUWHG�E\�UHILQHULHV��ZKLFK�KDYH�E\�IDU�WKH�ODUJHVW�VKDUH�LQ�WKLV�VXEFDWHJRU\��+RZHYHU��WKLV�GRHV�QRWQHFHVVDULO\� FRUUHVSRQG�D� ODUJH� ULVH� LQ�&2� HPLVVLRQV� VLQFH� WKH� VHSDUDWLRQ� EHWZHHQ� FRPEXVWLRQ� DQGSURFHVV�HPLVVLRQV�DV�RIILFLDOO\�UHSRUWHG�E\�UHILQHULHV�YDULHV�VXEVWDQWLDOO\�RYHU� WLPH��7KH�PLQRU�&2�HPLVVLRQV� IURP� FDWHJRU\� �� UHIHU� WR� ILUHZRUNV�� ZKHUHDV� WKH� &2� HPLVVLRQV� WKDW� DUH� UHSRUWHG� XQGHUFDWHJRU\� �'� FRPSULVH� FRPEXVWLRQ� HPLVVLRQV� IURP� ZDVWHZDWHU� WUHDWPHQW� SODQWV� DQG� PLVFHOODQHRXVQRQ�FRPEXVWLRQ�HPLVVLRQV�IURP�RWKHU�ZDVWH�KDQGOLQJ�DFWLYLWLHV�

��������&2� VLQNV�IURP�ODQG�XVH�FKDQJH�DQG�IRUHVWU\�>�$@
)RU�ODQG�XVH�FKDQJH�QHZ�GDWD�ZHUH�UHVHDUFKHG�DQG�WKH�SUHOLPLQDU\�UHVXOWV�DUH�VWLOO�XQGHU�GLVFXVVLRQ�6R�&2� VLQNV�GDWD�DUH�RQO\� UHODWHG� WR� IRUHVWU\�DQG�RWKHU�ZRRG\�ELRPDVV� VWRFNV� �WDEOH��$���)RU� WKHSHULRG�����������WKH�QHZ�GDWD�RQ�&�VWRFN�DQG�FKDQJHV�IRUHVWU\�DUH�EDVHG�RQ�WKUHH�HOHPHQWV��IRUHVWVWRFN� �LQ� KD��� DYHUDJH� DQQXDO� JURZWK� E\� FDWHJRU\� �LQ� P��KD�\HDU�� DQG� KDUYHVW� E\� FDWHJRU\� �LQP��KD�\HDU���7KH�DPRXQW�RI�IXHOZRRG�FRQVXPHG�LV�LPSOLFLWO\�LQFOXGHG�LQ�WKHVH�YDULDEOHV��VR�LQFOXGLQJWKHP�VHSDUDWHO\�ZRXOG�UHVXOW�LQ�GRXEOH�FRXQWLQJ��7KH�WRWDO�DQQXDO�LQFUHPHQW�LV�DERXW�����WR�������*J&��ZLWK�H[FHSWLRQ�RI�������ZKHQ� WKH� LQFUHPHQW� LV������ ,Q� WKDW�\HDU� WKH� FDUERQ�XSWDNH� LQFUHPHQW� LVRQO\�������*J�&2� �VHH�7DEOH��������7KH�DUHDV�RI�ELRPDVV�LQFUHDVH�VORZO\��LQ�WKH�SHULRG����������E\����KD��$ERXW�ô�RI�WKH�JURZWK�ZDV�IRU�WKH�EURDGOHDYHG�IRUHVWODQG�DUHD�WKDW�LQFUHDVHG�IURP�����KDLQ������WKURXJK�����KD�LQ������WR�����KD�LQ�WKH�\HDU�������7KH�FRQLIHURXV�IRUHVW�DUHD�LQFUHDVHG�IURP����KD�LQ������WKURXJK�����KD�LQ������WR�����KD�LQ������2Q�DYHUDJH��WUHHV�LQ�WKH�1HWKHUODQGV�DUH�JURZLQJ�ROGHU�DQG�KHDYLHU��6LQFH�������D�VORZ�UHGXFWLRQLQ� JURZWK� UDWH� �EHFDXVH� RI� PDWXULQJ� IRUHVWV�� KDV� EHHQ� VOLJKWO\� RYHUFRPSHQVDWHG� E\� SODQWLQJ� IDVW�JURZLQJ� VSHFLHV� OLNH� SRSODU� DQG� 'RXJODV� 7KH� DYHUDJH� DQQXDO� JURZWK� UDWH� IRU� EURDGOHDYHG� IRUHVWLQFUHDVHG�IURP������W�GP�KD�LQ�WKH�\HDU������WR������LQ�������%HFDXVH�RI�IHOOLQJV��SDUW�RI�WKH�YROXPHLQFUHPHQW�RI�ELRPDVV�LV�UHGXFHG��,Q�WKH�\HDUV�����������WKH�IHOOLQJV�UHGXFHG�VOLJKWO\��EXW�IURP�����RQZDUGV�\HDUO\�DERXW������NP� ZRRG�LV�UHPRYHG��7KH�UHVXOWLQJ�FDUERQ�UHOHDVH�FOHDUO\�VKRZV�XS� LQ
7DEOH������

7DEOH�������&2� HPLVVLRQV�IRU�FKDQJHV�LQ�IRUHVW�DQG�RWKHU�ZRRG\�ELRPDVV�VWRFNV
*J�&2� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
&DUERQ�XSWDNH�LQFUHPHQW ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
&DUERQ�UHOHDVH� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1HW�&2 � UHPRYDOV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
 )RUHVW�DQG�QRQ�IRUHVW�WUHHV��%LRPDVV�FRQVXPSWLRQ�IURP�VWRFNV�
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��������&2� HPLVVLRQV�IURP�LQWHUQDWLRQDO�EXQNHUV
,Q� 7DEOH� ����� ERWK� HQHUJ\� FRQVXPSWLRQ� DQG� &2� HPLVVLRQV� IURP� LQWHUQDWLRQDO� DLU� WUDQVSRUW� DQGLQWHUQDWLRQDO�VKLSSLQJ�DUH�SUHVHQWHG�SHU�IXHO�W\SH��,Q�������EXQNHU�HPLVVLRQV�RI�&2� KDYH�LQFUHDVHGE\�DERXW������7J�RU�����FRPSDUHG�WR�������,Q�SDUWLFXODU�LQWHUQDWLRQDO�DYLDWLRQ�KDV�VKRZQ�D�YHU\�KLJKJURZWK� RI� DERXW� ������ZKHUHDV� LQWHUQDWLRQDO� VKLSSLQJ� LQFUHDVHG� E\� �����%HFDXVH� WKH�PDMRULW\� RIEXQNHUV� HPLVVLRQV� VWHP� IURP�PDULQH� EXQNHUV�� LQWHUQDWLRQDO� VKLSSLQJ� DQG� DYLDWLRQ� FRQWULEXWHG� ERWKDERXW� HTXDOO\� WR� WKLV� LQFUHDVH�RI������7J�&2�� 'XH� WR� WKH�PXFK� KLJKHU� JURZWK� RI� LQWHUQDWLRQDO� DLUWUDIILF�LWV�VKDUH�LQ�LQWHUQDWLRQDO�EXQNHUV�HPLVVLRQV�KDV�GRXEOHG�IURP�DERXW�����LQ������WR�DERXW����LQ� ������ 'XH� WR� HOLPLQDWLRQ� RI� VWDWLVWLFDO� GLIIHUHQFHV� �VHH� 6HFWLRQ� ������� QHZ� GDWD� IRU� OXEULFDQWFRQVXPSWLRQ�IRU������DQG�����������LV�DGGHG�WR�7DEOH������
7DEOH�������,QWHUQDWLRQDO�EXQNHUV��HQHUJ\�FRQVXPSWLRQ��3-��DQG�UHODWHG�&2� HPLVVLRQV��*J�����������
6RXUFH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
(QHUJ\�FRQVXPSWLRQ
0DULQH�EXQNHUV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ��KHDY\�IXHO�RLO ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ��JDVROLQH �� �� �� �� �� ��� �� �� �� �� ��� ��OXEULFDQW � 1( 1( 1( 1( � � � � � �
$YLDWLRQ�%XQNHUV �� �� �� �� �� ��� ��� ��� ��� ��� ���� MHWIXHO��NHURVLQH� �� �� �� �� �� ��� ��� ��� ��� ��� ���� DYLDWLRQ�JDVROLQH ,( ,( ,( ,( ,( ,( ,( ,( ,( ,( ,(
727$/�%XQNHUV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
(PLVVLRQV
0DULQH�EXQNHUV ������ �������� �������� �������� �������� �������� �������� �������� ������ ������ ������� ��KHDY\�IXHO�RLO �������� �������� �������� �������� �������� �������� �������� �������� ������ ������ ������� ��JDVROLQH �������� ��������� ��������� ��������� ��������� ��������� ��������� ��������� ����� ����� ���������OXEULFDQW ��� ��� ��� ��� ��� ��� ���
$YLDWLRQ�%XQNHUV ������ ��������� ��������� ��������� ��������� ��������� ��������� ��������� ����� ������ ������� MHWIXHO��NHURVLQH� ������ ��������� ��������� ��������� ��������� ��������� ��������� ��������� ����� ������ ������� DYLDWLRQ�JDVROLQH ,( ,( ,( ,( ,( ,( ,( ,( ,( ,( ,(
7RWDO�%XQNHUV ������ �������� �������� �������� �������� �������� �������� �������� ������ ������ ������
6RXUFH���&%6�������������1(+�(QHUJ\�0RQLWRU��7DEOH������UHYLVHG�GDWD��1�%��$YLDWLRQ�JDVROLQH�LV�LQFOXGHG�XQGHU�MHWIXHO�
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�����(PLVVLRQV�RI�&+�
%R[������&+� NH\�VRXUFH�LGHQWLILFDWLRQ�XVLQJ�WR�WKH�,3&&�7LHU���DQG���DSSURDFK��/ �/HYHO��7 �7UHQG��$ &+��HPLVVLRQV�IURP�PRELOH�FRPEXVWLRQ��URDG�YHKLFOHV .H\��7��
�% )XJLWLYH�&+��HPLVVLRQV�IURP�RLO�DQG�JDV��JDV�SURGXFWLRQ .H\��/��7�
�% )XJLWLYH�&+��HPLVVLRQV�IURP�RLO�DQG�JDV��JDV�GLVWULEXWLRQ .H\��/��7�
�% )XJLWLYH�&+��HPLVVLRQV�IURP�RLO�DQG�JDV��RWKHU .H\��7��
�$ &+��HPLVVLRQV�IURP�HQWHULF�IHUPHWDWLRQ��FDWWOH .H\��/�7�
�% &+��HPLVVLRQV�IURP�PDQXUH�PDQDJHPHQW��FDWWOH .H\��/��7��
�% &+��HPLVVLRQV�IURP�PDQXUH�PDQDJHPHQW��VZLQH .H\��/��7��
�$ &+��HPLVVLRQV�IURP�VROLG�ZDVWH�GLVSRVDO�VLWHV .H\��/�7�
�% &+��HPLVVLRQV�IURP�ZDVWH�ZDWHU�KDQGOLQJ .H\��7�
,Q�%R[����� WKH�&+� NH\�VRXUFHV�EDVHG�RQ� OHYHO�� WUHQG�RU�ERWK� DUH�SUHVHQWHG��7KHVH� VRXUFHV�ZLOO� EHGLVFXVVHG� SHU� ,3&&� VXEVHFWRU� LQ� WKH� QH[W� SDUDJUDSKV�� ,Q� ������ WRWDO� PHWKDQH� HPLVVLRQV� KDYHGHFUHDVHG�E\�����FRPSDUHG�WR�WKH������OHYHO��6HFWRUV�WKDW�FRQWULEXWHG�PRVW�WR�WKH�GHFUHDVH�ZHUH�WKHZDVWH�VHFWRU��������DQG�WKH�DJULFXOWXUDO�VHFWRU��������ZLWK�����DQG�����0WRQ�&2��HT��� UHVSHFWLYHO\�VHH� 7DEOH� ����� DQG� )LJXUH� ������ /RZHU� TXDQWLWLHV� RI� RUJDQLF� FDUERQ� GHSRVLWHG� LQWR� ODQGILOOV� DQGKLJKHU�PHWKDQH�UHFRYHU\�UDWHV�IURP�ODQGILOOV��GHFUHDVLQJ�QXPEHUV�RI�OLYHVWRFN��DQG�DOVR�ORZHU�IXJLWLYHIXHO� HPLVVLRQV� ZHUH� PDMRU� GHWHUPLQLQJ� IDFWRUV� IRU� WKLV� GHFUHDVH�� ,Q� WKH� IROORZLQJ� VHFWLRQV� WKHHPLVVLRQ�WUHQGV�IRU�WKHVH�VHFWRUV�DUH�GLVFXVVHG�LQ�PRUH�GHWDLO�7KH�XQFHUWDLQW\�LQ�HPLVVLRQ�HVWLPDWHV�RI�&+� HPLVVLRQV�IURP�PRVW�VHFWRUV�LV�HVWLPDWHG�EHWZHHQ�� DQG������ZLWK� DQ� H[FHSWLRQ� IRU� WKH�XQFHUWDLQW\� LQ� HPLVVLRQV� IURP� DQLPDO�PDQXUH�PDQDJHPHQW�HVWLPDWHG�DW�DERXW�������7KH�XQFHUWDLQW\�LQ�WKH�RYHUDOO�DQQXDO WRWDO�ZLOO�EH�URXJKO\�DERXW������ZLWKRUGHU�RI�PDJQLWXGH�IDFWRU�RI�������VHH�&KDSWHU�����7KH�7LHU���WUHQG�XQFHUWDLQW\�LQ�WRWDO�&+� HPLVVLRQVKDV�EHHQ�FDOFXODWHG�DW�����SRLQWV�
7DEOH�������&+� HPLVVLRQV�SHU�,3&&�VHFWRU������������*J�
,3&&�6HFWRU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

727$/�1(7�1$7,21$/�(0,66,216 ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ �����

���$OO�(QHUJ\��FRPEXVWLRQ�DQG�IXJLWLYH� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

$ )XHO�FRPEXVWLRQ��WRWDO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

� (QHUJ\ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

� ,QGXVWU\ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

� 7UDQVSRUW ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

� D &RPPHUFLDO��,QVWLWXWLRQDO ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

� E 5HVLGHQWLDO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

� F $JULFXOWXUH�)RUHVWU\�)LVKLQJ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

% )XJLWLYH�IXHO�HPLVVLRQV ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

� &UXGH�RLO�DQG�QDWXUDO�JDV�
SURFHVV�HPLVVLRQV

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

���,QGXVWULDO�SURFHVVHV��,6,&� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

���6ROYHQW�DQG�RWKHU�SURGXFW�XVH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

���$JULFXOWXUH ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

$ (QWHULF�IHUPHQWDWLRQ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

% 0DQXUH�PDQDJHPHQW ����� ����� ����� ����� ����� ����� ���� ���� ���� ���� ����

���/DQG�XVH�FKDQJH�DQG�IRUHVWU\ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

���:DVWH ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

$ 6ROLG�ZDVWH�GLVSRVDO�RQ�ODQG

% :DVWH�ZDWHU�KDQGOLQJ

���2WKHU ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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)LJXUH������&+� HPLVVLRQ�VKDUHV�DQG�WUHQGV�SHU�,3&&�VHFWRU����������

�������&+� IURP�URDG�WUDQVSRUW�>�$�@
&+� HPLVVLRQV� IURP� URDG� WUDQVSRUW� ZHUH� FDOFXODWHG� XVLQJ�PDVV� IUDFWLRQV� RI� WRWDO� 92&�� 7KH� PDVVIUDFWLRQ�LV�GHSHQGHQW�RQ�IXHO�W\SH�DQG�ZKHWKHU�D�SHWURO�IXHOOHG�YHKLFOH�LV�HTXLSSHG�ZLWK�D�FDWDO\VW�RUQRW��3HWURO�IXHOOHG�YHKLFOHV�HTXLSSHG�ZLWK�D�FDWDO\VW�HPLW�PRUH�&+� SHU�XQLW�RI�92&�WKDQ�YHKLFOHVZLWKRXW�D�FDWDO\VW�� ,Q�DEVROXWH� WHUPV��KRZHYHU��SDVVHQJHU�FDUV�ZLWK�FDWDO\VWV�HPLW� IDU� OHVV�&+� WKDQSDVVHQJHU�FDUV�ZLWKRXW�FDWDO\VW�7RWDO�&+� HPLVVLRQV�E\�URDG�WUDQVSRUW�UHGXFHG�E\�����EHWZHHQ������DQG�������SHWURO�YHKLFOHVIURP� �� WR� ����*J�� GLHVHO� YHKLFOHV� IURP� ���� WR� ����*J� DQG� /3*� YHKLFOHV� IURP� ���� WR� ����*J�� 7KLVUHGXFWLRQ� LV� UHODWHG� WR� WKH� UHGXFWLRQ� RI� WRWDO� 92&� HPLVVLRQV�� ZKLFK� ZDV� WKH� UHVXOW� RI� (XURSHDQHPLVVLRQ� OHJLVODWLRQ� IRU� QHZ� URDG� YHKLFOHV�� WRWDO� FRPEXVWLRQ� DQG� IXJLWLYH�92&� HPLVVLRQV� E\� URDGWUDQVSRUW�GHFUHDVHG�E\�DSSUR[LPDWHO\�����LQ� WKH�����������SHULRG��7KLV� UHGXFWLRQ�ZDV�PDLQO\� WKHUHVXOW� RI� WKH� SHQHWUDWLRQ� RI� FDWDO\VW�HTXLSSHG� FDUV� LQWR� WKH� SDVVHQJHU� FDU� IOHHW�� ,Q� WKH� SHULRG� ��������� WKH�DYHUDJH�HPLVVLRQ�IDFWRU�IRU�SHWURO�IXHOOHG�URDG�YHKLFOHV�GHFUHDVHG�IURP����WR����J�*-��ZKLOHWKH�HPLVVLRQ�IDFWRUV�RI�/3*�IXHOOHG�YHKLFOHV�GHFUHDVHG�IURP����WR���J�*-�LQ�WKH�VDPH�SHULRG�'LHVHO�IXHOOHG�YHKLFOHV�HPLW�OHVV�&+� SHU�XQLW�RI�WRWDO�92&�WKDQ�SHWURO�IXHOOHG�YHKLFOHV�� ,Q� WKHVDPH�SHULRG������WKHLU�DYHUDJH�HPLVVLRQ�IDFWRU�GHFUHDVHG�IURP���WR���J�*-�

�������&+� IURP�IXJLWLYH�RLO�DQG�QDWXUDO�JDV�HPLVVLRQV�>�%�@
7KH� IXJLWLYH� HPLVVLRQV� RI� &+� DUH� DOPRVW� FRPSOHWHO\� GXH� WR� WKH� SURGXFWLRQ�� WUDQVPLVVLRQ� DQGGLVWULEXWLRQ�RI�QDWXUDO� JDV��7KH�HPLVVLRQ� WUHQGV� DUH� VXPPDULVHG� LQ�7DEOH������ ,Q� WKH�SHULRG���������� WKH� HVWLPDWHG� HPLVVLRQ� RI� &+� GHFUHDVHG� IURP� ���� WR� ���� *J� SHU� \HDU� �������� 7KLV� PDMRUUHGXFWLRQ� RI� WKH� HPLVVLRQV� LV� QRW� WKH� UHVXOW� RI� D� GHFUHDVH� LQ� DFWLYLW\� GDWD�� ERWK� DPRXQWV� RI� JDVGLVWULEXWLRQ� DQG�JDV� WUDQVPLVVLRQ� LQFUHDVHG��ZKLOH�JDV�SURGXFWLRQ�GHFUHDVHG�RQO\� VOLJKWO\�� DOWKRXJKWKHUH�ZDV�D�PRYHPHQW�WRZDUGV�PRUH�RIIVKRUH�SURGXFWLRQ�RI�JDV�DQG�OHVV�RQVKRUH�SURGXFWLRQ��7DEOH
�������(PLVVLRQ�UHGXFWLRQV�DUH�PDLQO\�WKH�UHVXOW�RI�WKH�LPSOHPHQWDWLRQ�RI�FRVW�HIIHFWLYH�PHDVXUHV�WRSUHYHQW� YHQWLQJ� RI� QDWXUDO� JDV� GXULQJ� SURGXFWLRQ� �12*(3$�� ������ ������ 1$0�� ����D�� ����E��7KHVH�PHDVXUHV�KDYH�EHHQ�DSSOLHG� LQ�DFFRUGDQFH�ZLWK� WKH�1HWKHUODQGV�(PLVVLRQ�'LUHFWLYHV� IRU� WKHSURGXFWLRQ� RI� QDWXUDO� JDV� DQG� RLO� �1(5�� ������� 7KH� JDV� OHDNDJH� IURP� GLVWULEXWLRQ� QHWZRUNV� LVDVVXPHG�WR�GHFUHDVH�EHFDXVH�RI�WKH�JUDGXDO�UHSODFHPHQW�RI�ROG�FDVW�LURQ�SLSHV�E\�PRGHUQ�PDWHULDOV�,Q�)LJXUH�����WKH�WUHQGV�RI�WKH�SURGXFWLRQ�DQG�WUDQVPLVVLRQ�RI�QDWXUDO�JDV�DQG�UHODWHG�&+� HPLVVLRQVDUH�VKRZQ��LQFOXGLQJ�HPLVVLRQV�IURP�RLO���7KH�SHDN�HPLVVLRQV�LQ������DUH�GXH�WR�WKH�UHODWLYHO\�FROGZLQWHU��VHH�7DEOH�������LQ�ZKLFK�WKH�DPRXQW�RI�JDV�FRQVXPSWLRQ�DQG�SURGXFWLRQ�ZDV�PXFK�KLJKHU�WKDQLQ�RWKHU�\HDUV�

&+ � ��VHF WR UD O�WUHQ GV �DQ G �VK D UHV �LQ �����

�� �� �� �� � �� ��� ��� � �� ���

� ��$O O�( Q H UJ \��FR P EX V WLR Q �D Q G �IX J D WLYH �

$�)X H O�FR P EX V WLR Q ���WR WD O

� �D �& RP P H UF LD O ���,Q V WLWX WLR Q D O

� �E �5 H V LG H Q WLD O

� ��6 R OYH Q W�D Q G �R WK H U�S UR G X FW�X V H

� ��$J ULFX O WX UH

$�(Q WH ULF �IH UP H Q WD WLR Q

% �0D Q X UH �P D Q D J H P H Q W

� ��:D V WH

' LIIH UH QF H �� ��� �� ���
6KDUH �LQ �� � ��



SDJH����RI���� 5,90�UHSRUW������������

7DEOH�������&+� HPLVVLRQV�RI�SURGXFWLRQ��WUDQVPLVVLRQ�DQG�GLVWULEXWLRQ�RI�RLO�DQG�JDV�����������*J�
���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

3URGXFWLRQ�3URFHVVLQJ ��� ��� �� �� ��� �� ��� �� �� �� ��
7UDQVPLVVLRQ � � � � � � � � � � �
'LVWULEXWLRQ �� �� �� �� �� �� �� �� �� �� ��
7RWDO ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
7DEOH�������$FWLYLW\�GDWD�RI�SURGXFWLRQ��WUDQVPLVVLRQ�DQG�GLVWULEXWLRQ������������VRXUFH��(=��������*DVXQLH�
�����DQG������
6RXUFH 8QLW ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
2LO�SURGXFWLRQ POQ�P� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
*DV�SURGXFWLRQ 3- ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
*DV�WUDQVPLVVLRQ 3- ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
*DV�GLVWULEXWLRQ 3- ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

3URGXFWLRQ�DQG�WUDQVPLVVLRQ�RI�QDWXUDO�JDV�DQG�UHODWHG�&+��HPLVVLRQV�

�

��

��

��

��

���

���

���

���

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

,QGH[������ ����

*DV�SURGXFWLRQ

*DV�WUDQVPLVVLRQ

*DV�GLVWULEXWLRQ

&+��IURP�SURGXFWLRQ�SURFHVVLQJ

&+��IURP�WUDQVPLVVLRQ�

&+��IURP�GLVWULEXWLRQ

)LJXUH�������7UHQGV�LQ�SURGXFWLRQ��WUDQVPLVVLRQ�DQG�GLVWULEXWLRQ�RI�QDWXUDO�JDV�DQG�RLO�DQG�UHODWHG�&+�HPLVVLRQV�LQ�WKH�SHULRG����������

������� &+� HPLVVLRQV�IURP�HQWHULF�IHUPHQWDWLRQ�>�$@
7KH� WUHQG� LQ� &+� HPLVVLRQV� GXH� WR� HQWHULF� IHUPHQWDWLRQ� LV� VXPPDULVHG� LQ�7DEOH� ������7KH� DQQXDOHPLVVLRQ�E\�GDLU\�FDWWOH�DV�ZHOO�DV�QRQ�GDLU\�FDWWOH�LV�GHWHUPLQHG�RQ�EDVLV�RI�WKH�QXPEHU�RI�FDWWOH�LQWKDW�\HDU�DQG�HPLVVLRQ�IDFWRUV��DPRXQW�RI�&+� SHU�DQLPDO�SHU�\HDU���6LQFH������WKH�QXPEHU�RI�GDLU\DQG� QRQ�GDLU\� FDWWOH� LQ� WKH�1HWKHUODQGV� KDV� GHFUHDVHG� IURP� ���� WR� ����PLOOLRQ� DQLPDOV� ������� DQGIURP������ WR������PLOOLRQ�DQLPDOV� ������� UHVSHFWLYHO\� �7DEOH�������� ,W� LV� REYLRXV� WKDW� WKHVH� VPDOOHUQXPEHUV�RI�FDWWOH�DUH�WKH�PDLQ�FDXVH�RI�WKH�GHFUHDVH�RI�WKH�&+� HPLVVLRQV�,Q�)LJXUH����� WKH�GHYHORSPHQW�RI� WKH�QXPEHU�RI�FDWWOH�DQG� WKHLU�HPLVVLRQ�RI�&+� GXH� WR�HQWHULFIHUPHQWDWLRQ�LV�VKRZQ��7KHUH� LV�D�FORVH�UHODWLRQ�EHWZHHQ� WKH� WUHQGV�RI� WKH�QXPEHU�RI�FDWWOH�DQG� WKHHPLVVLRQ�RI�&+� GXH�WR�HQWHULF�IHUPHQWDWLRQ��7KH�UHPDLQGHU�RI�WKH�GLIIHUHQFH�LQ�WKH�WUHQG�RI�FDWWOH�FDQEH�H[SODLQHG�E\�WKH�VKLIW�LQ�VKDUHV�RI�WKH�VXEW\SHV�FRQVLGHUHG�LQ�WKH�HPLVVLRQ�FDOFXODWLRQ��HDFK�KDYLQJD GLIIHUHQW�HPLVVLRQ�IDFWRU��VHH�7DEOH�������



5,90�UHSRUW����������� SDJH����RI����

7DEOH�������&+� HPLVVLRQV�GXH�WR�HQWHULF�IHUPHQWDWLRQ������������*J�
$QLPDO�W\SH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
&DWWOH ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
'DLU\�&DWWOH ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1RQ�'DLU\�&DWWOH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
6KHHS ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
*RDWV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
+RUVHV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
6ZLQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
3RXOWU\ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
727$/ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1RWH��7R�UHIOHFW�WKH�GHJUHH�RI�FRPSOHWHQHVV��RQO\�HPLVVLRQV�UHSRUWHG�LQ�WKH�&5)�ILOHV�KDYH�EHHQ�LQFOXGHG�KHUH�
7DEOH�������1XPEHU�RI�DQLPDOV����������������KHDG���&%6�5,90�������
$QLPDO�W\SH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
&DWWOH ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
'DLU\�&DWWOH ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1RQ�'DLU\�&DWWOH ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
6KHHS ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
*RDWV �� �� �� �� �� �� ��� ��� ��� ��� ���
+RUVHV �� �� �� �� �� ��� ��� ��� ��� ��� ���
3LJV ������ ������ ������ ������ ������ ������ ������ ������ ������ ������ ������
7DEOH�������6XEW\SHV�RI�GDLU\�DQG�QRQ�GDLU\�FDWWOH�������KHDG��DQG�UHVXOWLQJ�WUHQG�LQ�LPSOLHG�HPLVVLRQ�IDFWRUV
�,()�
$QLPDO��VXE�W\SH &+� ()��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'DLU\�FDWWOH
� ��\U�\RXQJ �������� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
! ��\U�\RXQJ�IHPDOH ������� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
IHPDOH ������ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
! ��\U�PDOH ������� �� �� �� �� �� �� �� �� �� �� ��
,()�'DLU\�FDWWOH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1RQ�GDLU\�FDWWOH
9HDO�FDOYHV ������� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
6WHHUV ������� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
)HPDOH�!���\U� � � ������ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
,()�1RQ�GDLU\�FDWWOH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� ��(PLVVLRQ�IDFWRU�IRU�&+� IURP�HQWHULF�IHUPHQWDWLRQ�LQ�NJ�&+��KHDG�\HDU��6RXUFH��9DQ�$PVWHO�HW�DO���������
�� 6XFNOLQJ�FRZV�
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1XPEHU�RI�'DLU\�DQG�1RQ�'DLU\�&DWWOH�DQG�&+��HPLVVLRQV�GXH�WR�
HQWHULF�IHUPHQWDWLRQ
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1XPEHU�RI�'DLU\�&DWWOH
(PLVVLRQV�RI�&+��E\�'DLU\�&DWWOH
1XPEHU�RI�1RQ�'DLU\�&DWWOH
(PLVVLRQV�RI�&+��E\�1RQ�'DLU\�&DWWOH

)LJXUH������1XPEHU�RI�FDWWOH�DQG�HPLVVLRQV�RI�&+� GXH�WR�HQWHULF�IHUPHQWDWLRQ�IURP�FDWWOH

�������&+� HPLVVLRQV�IURP�PDQXUH�PDQDJHPHQW�>�%@
7KH�WUHQG�LQ�HPLVVLRQV�RI�&+� GXH�WR�PDQXUH�PDQDJHPHQW�LV�VXPPDULVHG�LQ�7DEOH������ ,Q�WKH�SHULRG����������WKH�HPLVVLRQ�RI�&+� GHFUHDVHG�IURP�����WR����*J���������$V�FDQ�EH�VHHQ�IURP�7DEOH�����WKLV�GHFUHDVH� LV�PDLQO\� GXH� WRR� WKH� GHFUHDVH� RI� HPLVVLRQV� IURP�PDQXUH�PDQDJHPHQW� RI� VZLQH� ����*J���GDLU\�FDWWOH������*J���DQG�QRQ�GDLU\�FDWWOH������*J��
7DEOH�������7UHQG�LQ�&+� HPLVVLRQV�IURP�PDQXUH�PDQDJHPHQW������������*J�
$QLPDO�W\SH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���������
&DWWOH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'DLU\�&DWWOH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1RQ�'DLU\�&DWWOH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
6KHHS ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
*RDWV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
6ZLQH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
3RXOWU\ ���� ���� ���� ���� ��� ��� ��� ��� ��� ��� ���
727$/ ����� ����� ����� ����� ����� ����� ���� ���� ���� ���� ����
7KH� DQQXDO� &+� HPLVVLRQV� DUH� GHWHUPLQHG� RQ� EDVLV� RI� WKH� DPRXQW� RI� VWDEOH� PDQXUH� SHU� \HDU� DQGHPLVVLRQ� IDFWRUV� �DPRXQW�RI�&+� SHU�P� VWDEOH�PDQXUH���7KH�HPLVVLRQ� IDFWRUV� DUH� GLIIHUHQW� IRU� WKHYDULRXV� DQLPDO� W\SHV�� $V� KDV� EHHQ� GHVFULEHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� WKH� QXPEHU� RI� FDWWOH� LQ� WKH1HWKHUODQGV�KDV�GHFUHDVHG�E\�����LQ�WKH�SHULRG������������7KLV�GHFUHDVH�LV�UHIOHFWHG�LQ�WKH�DPRXQWRI VWDEOH�PDQXUH�DQG�WKH�UHODWHG�HPLVVLRQV�RI�&+��7DEOH� ����� DOVR� VKRZV� WKDW� WKH� QXPEHU� RI� VZLQH� KDV� KDUGO\� FKDQJHG� EHWZHHQ� ����� DQG� �����+RZHYHU�IRU�VZLQH�WKH�GHFUHDVH�RI�WKH�&+� HPLVVLRQV�IURP�PDQXUH�PDQDJHPHQW��������LV�UHODWHG�WRWKH� GHFUHDVH� RI� WKH� DPRXQW� RI� PDQXUH� SURGXFHG� SHU� VZLQH�� 'XULQJ� WKH� ODVW� \HDUV� WKH� DPRXQW� RIPDQXUH�SHU�VZLQH�KDV�GHFUHDVHG�E\�DSSUR[LPDWHO\����DV�D�UHVXOW�RI�FKDQJHV�LQ�DJULFXOWXUDO�SUDFWLFH�LQWKH�1HWKHUODQGV��7DEOH������DQG�)LJXUH������



5,90�UHSRUW����������� SDJH����RI����

7DEOH�������1XPEHU�RI�VZLQH�DQG�PDQXUH�IURP�VZLQH������������&%6�5,90�������
���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

1XPEHU�RI�VZLQH� �������������
)DWWHQLQJ�SLJV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
6RZV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
7RWDO ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
0DQXUH�SURGXFWLRQ�E\�VZLQH��POQ�NJ�
727$/ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
����:KHQ�SLJOHWV�DUH� LQFOXGHG� WKH�DPRXQW�RI� VZLQH� LV�FRQVLGHUDEO\�KLJKHU� �FI��7DEOH��������6LQFH� WKH�PDQXUH�SURGXFHG�E\SLJOHWV�LV�DWWULEXWHG�WR�WKH�VRZV��SLJOHWV�DUH�QRW�UHOHYDQW�IRU�WKH�FDOFXODWLRQ�RI�WKH�DPRXQW�RI�PDQXUH�

)LJXUH������7UHQG�RI�WKH�QXPEHU�RI�VZLQH�DQG�WKH�DPRXQW�RI�PDQXUH�IURP�VZLQH�EHWZHHQ������DQG�����

�������&+� HPLVVLRQV�IURP�VROLG�ZDVWH�GLVSRVDO�VLWHV�>�$@
7KH�HPLVVLRQ�WUHQG�IRU�ODQGILOOV�LV�VXPPDULVHG�LQ�7DEOH������ ,Q�WKLV�WDEOH�DOVR�WKH�DPRXQW�RI�&+� LVVKRZQ�WKDW�KDV�EHHQ�UHFRYHUHG��PRVWO\�IRU�HQHUJ\�XVH���,Q�WKH�SHULRG�����������WKH�HPLVVLRQV�RI�&+�KDYH�GHFUHDVHG�IURP�����WR�����*J�SHU�\HDU���������7KLV�GHFUHDVH�LV�GXH�WR�WKH�WKUHHIROG�LQFUHDVH�RIWKH�DPRXQW�RI�&+� UHFRYHUHG�IURP�DERXW����LQ������WR�����LQ�������7DEOH��������EXW�DOVR�GXH�WR�WKHGHFUHDVH� RI� WKH� DPRXQW� RI� PHWKDQH� SURGXFHG� LQ� VROLG� ZDVWH� GLVSRVDO� VLWHV�� 7KH� PDLQ� IDFWRUV� WKDWLQIOXHQFH� WKH� TXDQWLW\� RI� &+� SURGXFHG� DUH� WKH� DPRXQW� RI� ZDVWH� GLVSRVHG� RI� RQ� ODQG� DQG� WKH
FRQFHQWUDWLRQ�RI�&��FDUERQ��LQ�WKDW�ZDVWH�
7DEOH�������1HW�&+� HPLVVLRQV�DQG�&+� UHFRYHUHG�IURP�VROLG�ZDVWH�GLVSRVDO�VLWHV������������*J�

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
&+� HPLVVLRQV��QHW� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���&+� UHFRYHUHG �� �� �� �� �� �� �� �� �� �� ��� RI�JURVV�HPLVVLRQV �� �� �� ��� ��� ��� ��� ��� ��� ��� ���
 3UHOLPLQDU\�GDWD�
6LQFH� ������ WKH� DPRXQWV� RI�ZDVWH� DV�ZHOO� DV� WKH� FRQFHQWUDWLRQ� RI� &� KDYH� GHFUHDVHG�� DQG� WKXV� WKHTXDQWLW\�RI�&+� SURGXFHG�KDV�GHFUHDVHG�WRR��7KHVH�GHFUHDVHV�DUH�WKH�UHVXOW�RI�HQYLURQPHQWDO�SROLF\�LQWKH� 1HWKHUODQGV� WR� PLQLPLVH� WKH� GLVSRVDO� RI� ZDVWH� LQ� ODQGILOOV� DQG� WR� LQFUHDVH� UHF\FOLQJ� DQGLQFLQHUDWLRQ�RI�ZDVWH��7DEOH������VKRZV�WKH�ZDVWH�GLVSRVDO�VLWXDWLRQ�LQ�WKH�1HWKHUODQGV�IRU�WKH�SHULRG�����������,W�FOHDUO\�VKRZV�WKDW�LQ�SDUWLFXODU�WKH�DPRXQW�RI�ZDVWH�GLVSRVHG�RI�LQ�ODQGILOOV�GHFUHDVHGVXEVWDQWLDOO\��:LWK� UHVSHFW� WR� WKH� FRPSRVLWLRQ�� WKH� GHFUHDVLQJ� FDUERQ� FRQFHQWUDWLRQ� LV� UHIOHFWHG� E\ORZHU�SHUFHQWDJHV�RI�SDSHU�DQG�KLJKHU�SHUFHQWDJHV�RI�µLQHUW¶�PDWHULDOV�

1XPEHU�RI�6ZLQH�DQG�$PRXQW�RI�0DQXUH
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1XPEHU�RI�VZLQH
$PRXQW�RI�PDQXUH
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7DEOH�������:DVWH�GLVSRVDO��H[FOXGLQJ�GLVFKDUJH�LQWR�VXUIDFH�ZDWHU��0WRQ��DQG�WKH�FRPSRVLWLRQ�RI�WKH�ODQGILOOHG
ZDVWH��NJ�&�WRQ�

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
,QFLQHUDWHG ��� ��� � ��� ��� ��� ��� ��� ��� ��� ���
5HXVHG�UHF\FOHG ���� ���� ���� ���� ���� ���� ���� �� ���� ���� ����
/DQGILOOHG ���� ���� ���� ���� ��� ��� ��� ��� ��� ��� ���
&RPSRVLWLRQ�RI�ODQGILOOHG�ZDVWH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
 3UHOLPLQDU\�GDWD�
�8QLW��NJ�&�WRQ�ZDVWH�

�������&+� HPLVVLRQV�IURP�RWKHU�VRXUFHV�>�$������%�'���@
7KH� &+� HPLVVLRQV� IURP� FDWHJRU\� �$� PDLQO\� VWHP� IURP� WKH� UHVLGHQWLDO� VHFWRU�� SDUWO\� IURP� JDVFRQVXPSWLRQ�IRU�FRRNLQJ��VWDUW�XS�ORVVHV���VSDFH�KHDWLQJ�DQG�ZDWHU�KHDWLQJ��DQG�SDUWO\� IURP�ELRIXHOFRPEXVWLRQ� LQ� WKLV� VHFWRU�� 6LQFH� QRQ�FRPEXVWLRQ� HPLVVLRQV� RI� &+� IURP� WKH� UHVLGHQWLDO� DQG
FRPPHUFLDO�VHFWRUV�FDQQRW�EH�UHSRUWHG�LQ�WKH�&5)�XQGHU�,3&&�FDWHJRU\��� WKHVH�DUH�UHSRUWHG�XQGHU
FDWHJRU\� �� 
6ROYHQWV� DQG� RWKHU� SURGXFW� XVH
��7KHVH� LQFOXGH� WREDFFR� VPRNLQJ� DQG� HPLVVLRQV� IURPILUHZRUNV�

7KH�VPDOO�&+� HPLVVLRQV�IURP�FDWHJRU\���VWHP�PDLQO\�IURP�YDULRXV�QRQ�FRPEXVWLRQ�SURFHVVHVLQ�WKH�FKHPLFDO�LQGXVWU\���%���,Q�DGGLWLRQ�YHU\�VPDOO�&+� HPLVVLRQV�IURP�WKLV�FDWHJRU\�DUH�UHSRUWHGXQGHU��$��UHIHUULQJ�WR�QRQ�FRPEXVWLRQ�HPLVVLRQV�IURP�FHUDPLFV��JODVV�DQG�PLQHUDO�EXLOGLQJ�PDWHULDOVSURGXFWLRQ��DQG�XQGHU�FDWHJRU\��*��FRPSULVLQJ�PLVFHOODQHRXV�QRQ�FRPEXVWLRQ�HPLVVLRQV�IURP�IRRGSURFHVVLQJ�DQG�PDQXIDFWXUH�RI�WH[WLOH��OHDWKHU��SDSHU�DQG�ERDUG��DQG�ZRRG�SURGXFWV�
7KH�GHFUHDVH�RI�HPLVVLRQV�IURP�FDWHJRU\��%�ZDVWHZDWHU�WUHDWPHQW�SODQWV��::73��DIWHU������LVFDXVHG�E\�WKH�LQWURGXFWLRQ�RI�D�QHZ�VOXGJH�VWDELOLVDWLRQ�V\VWHP�LQ�RQH�RI�WKH�ODUJHVW�::73V�LQ������RI ZKLFK�WKH�RSHUDWLRQ�WRRN�D�IHZ�\HDUV�WR�JHW�RSWLPLVHG��7KLV�FDXVHG�PXFK�PRUH�YHQWLQJ�HPLVVLRQVLQ�WKH�LQWURGXFWRU\�WKDQ�GXULQJ�QRUPDO�RSHUDWLRQ�FRQGLWLRQV��7KH�LQWHUDQQXDO�FKDQJHV�LQ�WKH�ODWH���
VDUH�GXH�WR�YDU\LQJ�IUDFWLRQV�RI�PHWKDQH�EHLQJ�IODUHG�LQVWHDG�RI�YHQWHG�RU�XVHG�IRU�HQHUJ\�SXUSRVHV�
7KH� YHU\� VPDOO� &+� HPLVVLRQV� IURP� FDWHJRU\� �'� FRPSULVH� FRPEXVWLRQ� HPLVVLRQV� IURPZDVWHZDWHU�WUHDWPHQW�SODQWV�DQG�PLVFHOODQHRXV�QRQ�FRPEXVWLRQ�HPLVVLRQV�IURP�RWKHU�ZDVWH�KDQGOLQJDFWLYLWLHV�
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�����(PLVVLRQV�RI�1�2
%R[������1�2 NH\�VRXUFH�LGHQWLILFDWLRQ�XVLQJ�WR�WKH�,3&&�7LHU���DQG���DSSURDFK��/ �/HYHO��7 �7UHQG��$ 1� 2 HPLVVLRQV�IURP�PRELOH�FRPEXVWLRQ��URDG�YHKLFOHV .H\��7��
� 1� 2 HPLVVLRQV�IURP�QLWULF�DFLG�SURGXFWLRQ .H\��/�7�
�' 'LUHFW�1� 2 HPLVVLRQV�IURP�DJULFXOWXUDO�VRLOV .H\��/�7�
�' ,QGLUHFW�1� 2 HPLVVLRQV�IURP�QLWURJHQ�XVHG�LQ�DJULFXOWXUH .H\��/�7��
� 1� 2 HPLVVLRQV�IURP�SROOXWHG�VXUIDFH�ZDWHU .H\��/��
� 0LVF��1� 2 .H\��/��
:H� UHFDOO� WKDW� WKH�1HWKHUODQGV� GRHV� QRW� XVH� WKH� ,3&&�PHWKRG� IRU� HVWLPDWLQJ� LQGLUHFW� HPLVVLRQV� RI
1� 2� ,QGLUHFW� 1� 2 HPLVVLRQV� DUH� SDUWO\� HVWLPDWHG� IRU� WKH� 1HWKHUODQGV� DQG� UHSRUWHG� XQGHU� ,3&&
FDWHJRULHV��'���%�DQG�� �3ROOXWHG�VXUIDFH�ZDWHU���7KH\�GR QRW� LQFOXGH�VHFRQGDU\�HPLVVLRQV�GXH� WRDWPRVSKHULF�GHSRVLWLRQ�,Q������WRWDO�1�2 HPLVVLRQV�LQFUHDVHG�E\�DERXW����FRPSDUHG�WR�������7DEOH��������PDLQO\�GXHWR� WKH� LQFUHDVH�RI� WKH�HPLVVLRQ� IURP�DJULFXOWXUH� ������DQG� WUDQVSRUW� ������ZLWK����� DQG�����0WRQ&2��HT��� UHVSHFWLYHO\� �7DEOH� ����� DQG� )LJXUH� ������� ,Q� URDG� WUDQVSRUW�� LQFUHDVLQJ� �WKRXJK� GXH� WRUHFDOFXODWLRQ�PXFK� ORZHU�� HPLVVLRQV�GXH� WR� WKH� IXUWKHU�SHQHWUDWLRQ�RI� FDWDO\VW�HTXLSSHG�SHWURO� FDUVZHUH�SDUWO\�FRPSHQVDWHG�E\�GHFUHDVLQJ�1�2 HPLVVLRQV�IURP�GLHVHO�YHKLFOHV�UHVXOWLQJ�LQ�HPLVVLRQV�LQWKLV� VHFWRU� HIIHFWLYHO\� GHFUHDVLQJ� IURP� ������ $OWKRXJK� LQ� WKH� SHULRG� ���������� WKH� DPRXQW� RIQLWURJHQ�LQ�PDQXUH�WKDW�KDV�EHHQ�DSSOLHG�WR�DJULFXOWXUDO�VRLOV�GHFUHDVHG�ZLWK�DSSUR[LPDWHO\�����WKHHPLVVLRQV�RI�1�2 DUH�PXFK�KLJKHU�EHFDXVH�WKH�DSSOLFDWLRQ�PHWKRG�KDV�FKDQJHG�FRQVLGHUDEO\��,Q�%R[
����WKH�1�2 NH\�VRXUFHV�EDVHG�RQ�OHYHO��WUHQG�RU�ERWK�DUH�SUHVHQWHG��,Q�WKH�QH[W�VHFWLRQV�WKH�HPLVVLRQWUHQG�IRU�WKH�NH\V�VRXUFHV�DJULFXOWXUDO�VHFWRU�DQG�URDG�WUDQVSRUW�VHFWRU�LV�GLVFXVVHG�LQ�PRUH�GHWDLO�7KH�XQFHUWDLQW\�LQ�HPLVVLRQ�HVWLPDWHV�IRU�1�2 HPLVVLRQV�LV�UHODWHG�WR�XQFHUWDLQW\�LQ�DFWLYLW\�GDWDDQG�LQ�HPLVVLRQ�IDFWRUV�IRU�1�2��&RPSDUHG�WR�VRXUFHV�RI�&2� DQG�&+�� WKH�XQFHUWDLQW\�LQ�HPLVVLRQIDFWRUV�IRU�LGHQWLILHG�VRXUFHV�LV�RIWHQ�IDLUO\� ODUJH�� LQ� WKH�RUGHU�RI���� WR�������DQG�IRU� LQGLUHFW�1�2HPLVVLRQV�IURP�DJULFXOWXUH�HYHQ�PRUH��$OVR��VRPH�VRXUFHV�DUH�QRW�ZHOO�NQRZQ�RU�PD\�QRW�KDYH�EHHQLGHQWLILHG� \HW�� 7KH� XQFHUWDLQW\� LQ� WKH� RYHUDOO� DQQXDO� WRWDO� RI� VRXUFHV� LQFOXGHG� LQ� WKH� LQYHQWRU\� LVHVWLPDWHG�WR�EH�URXJKO\�DERXW������ZLWK�RUGHU�RI�PDJQLWXGH�IDFWRU�RI�������VHH�&KDSWHU�����7KH�7LHU��
WUHQG�XQFHUWDLQW\�LQ�WRWDO�1�2 HPLVVLRQV�KDV�EHHQ�FDOFXODWHG�DW������SRLQWV�
7DEOH�������1�2 HPLVVLRQV�SHU�,3&&�VHFWRU������������*J�
,3&&�6HFWRU ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
727$/�1(7�1$7,21$/�(0,66,216 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���$OO�(QHUJ\��FRPEXVWLRQ�DQG�IXJLWLYH� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

$ )XHO�FRPEXVWLRQ���WRWDO ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� (QHUJ\�WUDQVIRUPDWLRQ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� ,QGXVWU\ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� 7UDQVSRUW ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� 6PDOO�FRPEXVWLRQ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� 2WKHU ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

% )XJLWLYH�IXHO�HPLVVLRQV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
���,QGXVWULDO�SURFHVVHV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���6ROYHQW�DQG�RWKHU�SURGXFW�XVH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
���$JULFXOWXUH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
���/DQG�XVH�FKDQJH�DQG�IRUHVWU\ � � � � � � � � � � �
���:DVWH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
���2WKHU��SROOXWHG�VXUIDFH�ZDWHU� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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)LJXUH��������1�2 HPLVVLRQ�VKDUHV�DQG�WUHQGV�SHU�,3&&�VHFWRU����������

�������1�2 HPLVVLRQV�IURP�URDG�WUDQVSRUW�>�$�@
7KH�1�2 HPLVVLRQV�IURP�WUDQVSRUW�KDYH�KDYH�EHHQ�UHFDOFXODWHG�EHFDXVH�RI�QHZ�LQVLJKWV� LQ� WKH�1�2HPLVVLRQV� RI� HVSHFLDOO\� GLHVHO� HQJLQHV� �VHH� 6HFWLRQ� �������� )URP� QRZ� RQ�� 7KH� 1HWKHUODQGV� XVHPHDVXUHPHQW�UHVXOWV�IURP�712��*HQVH�DQG�9HUPHXOHQ��������IRU�WKH�1�2 HPLVVLRQV�IURP�SDVVHQJHUFDUV��)RU�RWKHU�URDG�YHKLFOHV�DQG�QRQ�URDG�YHKLFOHV�WKH�,3&&�GHIDXOWV�DUH�XVHG��,3&&��������'XH�WR�WKH�UHFDOFXODWLRQ��HPLVVLRQV�LQ������GLPLQLVKHG�IURP�����7J�LQ�WKH�1,5������WR�����7J�LQWKH�1,5�������,Q�WKH�UHYLVHG�HVWLPDWHV�WKH�1�2 HPLVVLRQV�IURP�URDG�WUDQVSRUW�LQFUHDVH�IURP�����7J�LQ���� WR�����7J�LQ�������%HWZHHQ������DQG������WKH�1�2 HPLVVLRQ�IURP�WUDQVSRUW�GLG�QRW�LQFUHDVH�DQ\IXUWKHU��7KH�LQFUHDVLQJ�WUHQG�XS�WRW������FRXOG�EH�H[SHFWHG�IURP�WKH�LQFUHDVH�LQ�YHKLFOHV�NLORPHWUHVDQG�IURP�WKH�LQFUHDVLQJ�VKDUH�RI�JDVROLQH�FDUV�HTXLSSHG�ZLWK�D�FDWDO\WLF�FRQYHUWHU��ZKLFK�KDYH�D�PXFKKLJKHU�HPLVVLRQ�IDFWRU�WKDQ�FDUV�ZLWKRXW�WKLV�HPLVVLRQ�FRQWURO�WHFKQRORJ\��7DEOH��������7KH�IDFW�WKDW1�2 HPLVVLRQV� IURP� WUDQVSRUW�PDLQWDLQHG�FRQVWDQW�EHWZHHQ������DQG�������GHVSLWH� WKH� LQFUHDVH� LQYHKLFOH�NLORPHWUHV��FDQ�EH�H[SODLQHG�IURP�D�PL[�RI�GHYHORSPHQWV�� VXEVHTXHQW� JHQHUDWLRQV� RI� FDWDO\WLF� FRQYHUWHUV� �WKH� VHFRQG� ZDV� LQWURGXFHG� LQ� ������ DSSHDU� WRKDYH�ORZHU�1�2 HPLVVLRQ�IDFWRUV��*HQVH�DQG�9HUPHXOHQ��������� WKH�VKDUH�RI�GLHVHO�FDUV�LQ�URDG�SDVVHQJHU�WUDQVSRUW��ZKLFK�DUH�DVVXPHG�WR�KDYH�D�ORZHU�HPLVVLRQIDFWRU�WKDQ�FDWDO\VW�HTXLSSHG�JDVROLQH�FDUV��KDV�LQFUHDVHG�RYHU�WKH�ODVW�IHZ�\HDUV�7KHVH� WUHQGV�KDYH�EHHQ�VXPPDULVHG� LQ�7DEOH������ %RWK� WKH�GHFUHDVLQJ�HPLVVLRQ�IDFWRU� IRU�FDWDO\VWHTXLSSHG�FDUV�DV�ZHOO�DV�WKH�LQFUHDVLQJ�VKDUH�RI�GLHVHO�FDUV�ZLWK�UHODWLYHO\�ORZ�1�2 HPLVVLRQ�IDFWRUVFDXVH�WKH�RYHUDOO�HPLVVLRQ�IDFWRU�IRU�1�2 IURP�URDG�WUDQVSRUW�WR�PDLQWDLQ�FRQVWDQW�EHWZHHQ������DQG������7KLV�KDV�EHHQ�YLVXDOLVHG�LQ�)LJXUHV������DQG������

1�2��VHFWRUDO�WUHQGV�DQG�VKDUHV�LQ�����

���� ���� ��� ��� ��� ��� ���

���$OO�(QHUJ\��FRPEXVWLRQ�DQG�IXJDWLYH�

$�)XHO�FRPEXVWLRQ���WRWDO

��7UDQVSRUW

���,QGXVWULDO�SURFHVVHV

���6ROYHQW�DQG�RWKHU�SURGXFW�XVH

���$JULFXOWXUH

���:DVWH

���2WKHU��VSHFLILHG�

6KDUH�LQ�����

'LIIHUHQFH����������



5,90�UHSRUW����������� SDJH����RI����

7DEOH�������7UHQG�LQ�1�2 HPLVVLRQ�IDFWRUV�IRU�SDVVHQJHU�FDUV������������J�NP�
���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

$��%\�IXHO�W\SH
*DVROLQH�WRWDO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
R�Z��JDVROLQH�ZLWKRXW�FDW� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
R�Z��JDVROLQH�ZLWK�FDW� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
6KDUH�RI�FDUV�ZLWK�FDW� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
'LHVHO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
/3* ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
%��6KDUH�RI�IXHOV�LQSDVVHQJHU�FDU�NPJDVROLQH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
GLHVHO ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
/3* ��� ��� ��� ��� ��� ��� ��� ��� ��� �� ��
&��$YHUDJH�IDFWRU ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

)LJXUH�������7UHQG� LQ�HPLVVLRQ� IDFWRUV� IRU�1�2 IURP
JDVROLQH� SDVVHQJHU� FDUV� LQ� WKH� 1HWKHUODQGV� �����
�����GXH�WR�LQFUHDVLQJ�VKDUHV�RI�FDUV�HTXLSSHG�ZLWK�D
FDWDO\WLF�FRQYHUWHU

)LJXUH�������7UHQG� LQ�HPLVVLRQ� IDFWRUV� IRU�1�2 IURP
SDVVHQJHU�FDUV�LQ�WKH�1HWKHUODQGV�����������E\� IXHO
W\SH��JDVROLQH��GLHVHO��/3*�

�������1�2 HPLVVLRQV�IURP�LQGXVWULDO�SURFHVVHV�>�%@
7KH� PRVW� LPSRUWDQW� LQGXVWULDO� QRQ�FRPEXVWLRQ� SURFHVV� LQ� WKH� 1HWKHUODQGV� ZLWK� DVVRFLDWHG� 1�2HPLVVLRQV� LV� QLWULF� DFLG� SURGXFWLRQ�� ,Q� 7DEOH� ����� DQ� RYHUYLHZ� LV� SUHVHQWHG� RI� WKH� WUHQG� LQ� 1�2HPLVVLRQV�IURP�LQGXVWULDO�SURFHVVHV�LQ�WKH�SHULRG������������7KH�HPLVVLRQV�UHPDLQHG�UDWKHU�FRQVWDQWLQ�WKLV�SHULRG��EHFDXVH�QR�PHDVXUHV�ZHUH�WDNHQ�WR�FRQWURO�WKHVH�HPLVVLRQV��7KH�DSSDUHQW�LQFRQVLVWHQWYDOXHV�LQ�����������DQG�����������DUH�FDXVHG�E\�WKH�IDFW�WKDW�HPLVVLRQV�IRU�WKHVH�\HDUV�KDYH�QRW�\HWEHHQ�UHFDOFXODWHG�
7DEOH�������1�2 HPLVVLRQV�IURP�LQGXVWULDO�SURFHVVHV������������*J�1�2�
6RXUFH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1LWULF�DFLG�SURGXFWLRQ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
2WKHU�FKHPLFDO�LQGXVWU\ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
7RWDO ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

1�2�HPLVVLRQ�IDFWRUV�IRU�JDVROLQH�SDVVHQJHU�FDUV�
ZLWK�RU�ZLWKRXW�FDWDO\WLF�FRQYHUWHU

�

�

�

�

�

��

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

J�
*
-

JDVROLQH�ZLWK�FDWDO\VW
JDVROLQH�727$/
JDVROLQH�ZLWKRXW�FDWDO\VW

1�2�HPLVVLRQ�IDFWRUV�IRU�JDVROLQH�SDVVHQJHU�FDUV�
SHU�IXHO�W\SH

�

�

�

�

�

��

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

J�
*
-

/3*
JDVROLQH�727$/
GLHVHO
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�������1�2 HPLVVLRQV�IURP�DJULFXOWXUH�>�%��'@
7KH� 1HWKHUODQGV� GRHV� QRW� XVH� WKH� ,3&&� PHWKRG� WR� HVWLPDWH� LQGLUHFW� 1�2 HPLVVLRQV�� LQVWHDG�HQKDQFHG�� EDFNJURXQG� HPLVVLRQV� IURP� IRUHJRLQJ� DSSOLFDWLRQV� RI� PDQXUH� DQG� IHUWLOLVHUV� RQDJULFXOWXUDO� VRLOV� EHHQ� FDOFXODWHG� DQG� UHSRUWHG� XQGHU� ��'� 
2WKHU
� DV� 
%DFNJURXQG� HPLVVLRQV� IURP
DJULFXOWXUDO�VRLOV
� 7KHVH�LQFOXGH�HPLVVLRQV�GXH�WR�WKH�FXOWLYDWLRQ�RI�KLVWRVRLOV�DQG�IURP�FURS�UHVLGXHVOHIW�LQ�WKH�ILHOG��7KHVH�KDYH�EHHQ�FDOFXODWHG�XVLQJ�D�FRXQWU\�VSHFLILF�PHWKRG��VHH�&KDSWHU���IRU�PRUHLQIRUPDWLRQ��7KH� WUHQG� LQ�1�2 HPLVVLRQV� IURP� DJULFXOWXUDO� VRLOV� LV� VXPPDULVHG� LQ�7DEOH� ������ ,Q� WKH� SHULRG����������WKH�HPLVVLRQ�RI�1�2 KDV�LQFUHDVHG�IURP������WR������*J���������7KLV�LQFUHDVH�LV�DOPRVWFRPSOHWHO\� GXH� WR� WKH� LQFUHDVH� RI� WKH� HPLVVLRQV� UHODWHG� WR� WKH� DSSOLFDWLRQ� RI� DQLPDO� PDQXUH� WRDJULFXOWXUDO�VRLOV��$OWKRXJK�LQ�WKH�SHULRG�����������WKH�DPRXQW�RI�QLWURJHQ�LQ�PDQXUH�WKDW�KDV�EHHQDSSOLHG�WR�DJULFXOWXUDO�VRLOV�GHFUHDVHG�ZLWK�DSSUR[LPDWHO\�����WKH�HPLVVLRQV�RI�1�2 DUH�PXFK�KLJKHUEHFDXVH� WKH� DSSOLFDWLRQ� PHWKRG� KDV� FKDQJHG� FRQVLGHUDEO\�� %HIRUH� ����� PDQXUH� ZDV� DSSOLHG� E\VXUIDFH�VSUHDGLQJ�RQ JUDVVODQGV�DV�ZHOO�DV�DJULFXOWXUDO�VRLOV��$V�D�UHVXOW�RI�WKH�SROLF\�IRU�UHGXFWLRQ�RIDPPRQLD�HPLVVLRQV��LQ�WKH�SDVW����\HDUV�WKLV�SUDFWLFH�KDV�FKDQJHG�WR�LQFRUSRUDWLRQ�RI�PDQXUH�LQWR�WKHVRLO� �LQMHFWLRQ�DQG�SORXJKLQJ� LQ���'XH� WR� WKLV�QHZ� LQFRUSRUDWLRQ�PHWKRG� WKH� ORFDO� FRQFHQWUDWLRQ� RIQLWURJHQ�LQ�WKH�XSSHU�OD\HU�RI�WKH�VRLO�LV�KLJKHU��ZKLFK�OHDGV�WR�FKDQJHV�LQ�WKH�PLFURELDO�HQYLURQPHQWDQG� LQ�PLFURELDO� SURFHVVHV� DQG� XOWLPDWHO\� WR� DQ� LQFUHDVH� RI�1�2 HPLVVLRQV� SHU� DPRXQW� RI�PDQXUHDSSOLHG�,QFLGHQWDOO\��LQ������WKH�HPLVVLRQ�ZDV�ORZHU�WKDQ�LQ������GXH�WR�WKH�UDLQ\�ZHDWKHU�LQ�WKH�VHFRQGKDOI� RI� ������ 7KHUHIRUH� SDUW� RI� WKH�PDQXUH� FRXOG� QRW� EH� DSSOLHG� LQ� ����� DQG� SDUW� RI� WKH�PDQXUHDSSOLFDWLRQ�ZDV�SRVWSRQHG�WR�������&RQVHTXHQWO\��WKH�HPLVVLRQV�LQ������KDYH�EHHQ�UHODWLYHO\�KLJK�
7DEOH�������1�2 (PLVVLRQV�IURP�DJULFXOWXUDO�VRLOV�����������*J�1�2�6RXUFH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
'LUHFW�6RLO�(PLVVLRQV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
R�Z��6\QWKHWLF�)HUWLOLVHUV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
R�Z��$QLPDO�:DVWHV�$SSOLHG�WR�6RLOV ��� ��� ���� ���� ���� ���� ���� ���� ��� ���� ���
R�Z��1�IL[LQJ�&URSV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
$QLPDO�3URGXFWLRQ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
%DFNJURXQG�DJULFXOWXUDO�VRLOV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
7RWDO�FDWHJRU\��' ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
 ([FOXGLQJ�HPLVVLRQV�IURP�DQLPDO�KRXVHV��ZKLFK�DUH�LQFOXGHG�LQ�,3&&�FDWHJRU\���$�$JULFXOWXUH�LQ�7DEOH������

�������1�2 HPLVVLRQV�IURP�RWKHU�VRXUFHV�>�$������%�'���@
7KH� QHJOLJLEOH� HPLVVLRQV� IURP� FDWHJRU\� �$� PDLQO\� VWHP� IURP� URDG� WUDQVSRUW�� (PLVVLRQV� IURPVWDWLRQDU\�FRPEXVWLRQ�RI�IRVVLO�IXHOV�DQG�ELRIXHO�DUH�PDLQO\�GXH�WR�FRDO�FRPEXVWLRQ�IRU�SXEOLF�SRZHU
JHQHUDWLRQ��7KH�1�2 HPLVVLRQV�IURP�FDWHJRU\���UHIHU�WR�WKH�XVH�RI�QLWURXV�R[LGH�DV�DQHVWKHVLD�DQG�DVSURSHOODQW� LQ� VSUD\� FDQV� DQG� WR� HPLVVLRQV� IURP� ILUHZRUNV�� ZKHUHDV� WKH� QHJOLJLEOH� 1�2 HPLVVLRQV
UHSRUWHG�XQGHU�FDWHJRU\� �'� FRPSULVH� FRPEXVWLRQ� HPLVVLRQV� IURP�ZDVWHZDWHU� WUHDWPHQW� SODQWV� DQG
RWKHU� ZDVWH� KDQGOLQJ� DFWLYLWLHV�� 1�2 HPLVVLRQV� IURP� KXPDQ� VHZDJH� DUH� UHSRUWHG� SDUWO\� XQGHU
FDWHJRU\��%�
:DVWHZDWHU�KDQGOLQJ
�DQG�SDUWO\�XQGHU�FDWHJRU\���DV�
3ROOXWHG�VXUIDFH�ZDWHU
� 7KH�ODWWHULQFOXGHV� LQGLUHFW� 1�2 HPLVVLRQV� IURP� OHDFKLQJ� DQG� UXQ�RII� RI� QLWURJHQ� IURP� DJULFXOWXUDO� DQGLQGXVWULDO�VRXUFHV��RI�ZKLFK�WKUHH�TXDUWHU�VWHPV�IURP�DJULFXOWXUDO�VRXUFHV�
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�����(PLVVLRQV�RI�IOXRULQDWHG�KDORFDUERQV
%R[������)�JDV�NH\�VRXUFHV��/ �/HYHO��7 �7UHQG�
� +)&����HPLVVLRQV�IURP�+&)&����PDQXIDFWXUH��E\�SURGXFW� .H\��/�7�
� 3)&�HPLVVLRQV�IURP�DOXPLQLXP�SURGXFWLRQ��E\�SURGXFW� .H\��/��7�
� +)&�HPLVVLRQV�IURP�VXEVWLWXWHV�IRU�&)&V .H\��7��
,Q�%R[�����WKH�)�JDV�NH\�VRXUFHV�EDVHG�RQ�OHYHO��WUHQG�RU�ERWK�DUH�SUHVHQWHG��,Q�WKH�QH[W�VHFWLRQV�ZHZLOO�GLVFXVV�WKH�WUHQGV�LQ�HPLVVLRQV�IURP�SURGXFWLRQ�SURFHVVHV�DQG�WKH�XVH�RI�)�JDVHV�LQ�PRUH�GHWDLO�,Q�7DEOH������DQ�RYHUYLHZ�RI�WKH�WUHQG�LQ�)�JDV�HPLVVLRQV�GXULQJ�����������LV�JLYHQ��,W�VKRZV�WKDWWKH�)�JDV�HPLVVLRQV�KDYH�GHFUHDVHG�LQ������E\�����FRPSDUHG�WR�����������FRPSDUHG�WR��������7KHXQFHUWDLQW\�LQ�DFWXDO�HPLVVLRQ�HVWLPDWHV�RI�+)&��3)&�DQG�6)� LV�UHODWHG�WR�WKH�XQFHUWDLQW\�LQ�DFWLYLW\GDWD��HPLVVLRQ�IDFWRUV��DQG�RWKHU�IDFWRUV�VXFK�DV�GXUDWLRQ�RI�VWRUDJH�DQG�OHDNDJH�UDWHV��$FWLYLW\�GDWDDUH�RIWHQ�UDWKHU�SUHFLVH��WKH�ODUJHVW�XQFHUWDLQWLHV�DUH�IRXQG�LQ�WKH�RWKHU�GDWD�
7DEOH�������$FWXDO�HPLVVLRQV�RI�+)&V���3)&V�DQG�6)� �����������*J�&2��HT��
&RPSRXQG�JURXS ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
+)&�WRWDO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
3)&�WRWDO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
6)� WRWDO ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
7RWDO�+)&�3)&�6)� � ��� ����� ����� ����� ����� ����� ����� ������ ������ ����� �����

�������)�JDV�HPLVVLRQV�IURP�SURGXFWLRQ�SURFHVVHV��E\�SURGXFWV��>�&��(@
3URGXFWLRQ� SURFHVVHV� ZKHUH� )�JDV� E\�SURGXFW� HPLVVLRQV� RFFXU� LQ� WKH� 1HWKHUODQGV� DUH� +&)&���SURGXFWLRQ��+)&�����DQG�SULPDU\�DOXPLQLXP�LQGXVWU\��3)&V���,Q�7DEOH������DQ�RYHUYLHZ�RI�WKH�WUHQGLQ�)�JDV� HPLVVLRQV� IURP�SURGXFWLRQ� SURFHVVHV� GXULQJ� WKH� SHULRG� ���������� LV� JLYHQ�� ,Q� WKH� SHULRG����������WKH�HPLVVLRQ�RI�+)&����IURP�WKH�PDQXIDFWXUH�RI�+&)&����GHFUHDVHG�ZLWK������EHFDXVHD WKHUPDO�DIWHUEXUQHU�ZDV�LQVWDOOHG�3)&� HPLVVLRQV� IURP� WKH� SULPDU\� DOXPLQLXP� SURGXFWLRQ� KDYH� EHHQ� XSGDWHG� IRU� ����� DQG���������� DQG� ����� GDWD�ZHUH� SUHOLPLQDU\� LQ� WKH� SUHYLRXV� VXEPLVVLRQ��� 7KH� 3)&� HPLVVLRQV� IURPDOXPLQLXP�SURGXFWLRQ� GHFUHDVHG� E\� DERXW� ����GXULQJ� WKH� SHULRG� ����������� 6ZLWFKLQJ� IURP� VLGHIHHGLQJ�WR�SRLQW�IHHGLQJ�DW�RQH�RI�WKH�SURGXFLQJ�FRPSDQLHV�LV�WKH�PDLQ�FDXVH�,QWHUDQQXDO� FKDQJHV� RI� DERXW� ���� DV� FDQ� EH� REVHUYHG�� +RZHYHU�� WKHVH� FKDQJHV� UHODWH� WRYDULDWLRQV�LQ�DQQXDO�SURGXFWLRQ�OHYHOV��WKDW�PD\�RFFXU�LQ�SUDFWLFH�
7DEOH�������$FWXDO�+)&�DQG�3)&�HPLVVLRQV�SHU�FRPSRXQG�IURP�SURGXFWLRQ�SURFHVVHV������������*J�&2��HT��
&RPSRXQG ,3&& ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
+)&��� �( ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
+)&�WRWDO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&)� �3)&���� �& ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
&� )� �3)&����� �& ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
3)&�WRWDO ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
7RWDO�+)&�3)& ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1RWH���(�UHIHUV�WR�+&)&����PDQXIDFWXUH���&�UHIHUV�WR�SULPDU\�DOXPLQLXP�SURGXFWLRQ�
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�������&RQVXPSWLRQ�RI�+)&V��3)&V�DQG�6)� >�)@
7UHQGV� LQ� DFWXDO� HPLVVLRQV� IURP� ����� RQZDUGV� DUH� SUHVHQWHG� LQ� 7DEOH� ����� ZKHUHDV� SRWHQWLDO
HPLVVLRQV��RU�VR�FDOOHG�DSSDUHQW�FRQVXPSWLRQ� DUH�VKRZQ�LQ�7DEOH������ $FWXDO�HPLVVLRQV�RI�+)&VIRU� ����� RQZDUGV� KDYH� EHHQ� UHFDOFXODWHG� GXH� WR� QHZ� LQIRUPDWLRQ� RQ� WKH� VKDUHV� RI� YDULRXVDSSOLFDWLRQV�� ,W� VKRZV� WKDW� +)&� HPLVVLRQV� DUH� D� IDFWRU� RI� �� KLJKHU� LQ� ����� WKDQ� LQ� ������ ODUJHO\EHFDXVH�RI�DQ� LQFUHDVH� LQ�+)&�FRQVXPSWLRQ�DV� D� VXEVWLWXWH� IRU� �+�&)&�XVH�� LQ�SDUWLFXODU�RI�+)&����D��VHH�)LJXUH��������7KH�VRPHWLPHV�ODUJH�LQWHUDQQXDO�YDULDWLRQ�RI�FRQVXPSWLRQ�DQG�HPLVVLRQV�RIVRPH�VRXUFHV�FDQ�EH�H[SODLQHG�E\�WKH�YDULDWLRQ�LQ�SURGXFWLRQ�KDQGOLQJ�OHYHOV�RI�VSHFLILF�LQGXVWULHV�)URP������RQZDUGV�D�PLVVLQJ�VRXUFH���SURGXFWLRQ�RI�VRXQG�LQVXODWLQJ�GRXEOH�JOD]HG�ZLQGRZV���KDVEHHQ�DGGHG�WRW�WKH�DFWXDO�HPLVVLRQV�RI�6)����,Q�DGGLWLRQ��WKH�6)� HPLVVLRQ�RI������KDV�EHHQ�XSGDWHG��,QWKH�SHULRG�����������WKH�DFWXDO�HPLVVLRQ�RI�6)� NHSW�VWDEOH�
7DEOH��������$FWXDO�HPLVVLRQV�SHU�FRPSRXQG�IURP�WKH�XVH�RI�+)&V��3)&V�DQG�6)� �����������*J�&2��HT��
&RPSRXQG ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
+)&����D � � � � �� ��� ��� ��� ��� ��� ���
+)&����D � � � � � � �� �� ��� ��� ���
+)&���� � � � � � �� �� �� ��� ��� ���
+)&����D � � � � � � � � � � �
+)&��� � � � � � � � � � � �
2WKHU�+)&V � � � � � � � ��� ��� ��� ���
+)&�727$/ � � � � �� ��� ��� ����� ����� ����� �����
3)&�XVH �� �� �� �� �� �� �� �� ��� ��� ���
6)��XVH ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
727$/+)&�3)&�6)�

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

7DEOH��������3RWHQWLDO�HPLVVLRQV�SHU�FRPSRXQG�IURP�WKH�XVH�RI�+)&V��3)&V�DQG�6)� �����������*J�&2��HT��
&RPSRXQG ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
+)&����D � � � � ��� ��� ����� ����� ����� ����� �����
+)&����D � � � � � ��� ��� ��� ��� ��� ���
+)&���� � � � � � ��� ��� ��� ��� ��� ���
+)&��XQVSHFLILHG� � � � � � �� ��� ��� ��� �� ��
+)&�727$/ � � � � ��� ��� ����� ����� ����� ����� �����
3)&�XVH & & & & & & & & & & &
6)� XVH & & & & & & & & & & &
727$/�+)&�3)&�6)� � � � � ��� ��� ����� ����� ����� ����� �����
1RWH��&� �&RQILGHQWLDO�%XVLQHVV�,QIRUPDWLRQ�
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)LJXUH�������6KDUHV�DQG�WUHQGV�LQ�DFWXDO�HPLVVLRQV�RI�IOXRULQDWHG�JDVHV����������

) OX R U LQ D WH G �K D OR FDUER Q V ��WUH Q G V ��� ��� �DQ G �VK DUH V �LQ ����� �S H U �J DV

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

+)&����D

+)&����D

+)&����

+)&���

+)&����D

2 WKH U �+)&
V �

+)&�727$ /
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3)&�727$ /

6)��X V H

727$ /�+)&�3)&�6)�
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��� (PLVVLRQ�WUHQGV�RI�SUHFXUVRU�JDVHV�DQG�62�
7UHQGV�LQ�WRWDO�HPLVVLRQV�RI�&2��12[� 1092&��DQG�62� DUH�SUHVHQWHG�LQ�7DEOH�����DQG�LQ�)LJXUH����WR����� ,Q�7DEOH�����DQG�)LJXUH�����LW�FOHDUO\�VKRZV�WKDW�WKH�&2�DQG�1092&�HPLVVLRQV�DUH�LQ�����UHGXFHG�E\�DERXW��������FRPSDUHG�WR�������IRU�62� HYHQ������EXW�IRU�12[� WKH������HPLVVLRQV�DUHDERXW����� ORZHU� WKDQ� WKH������ OHYHO��:H� UHFDOO� WKDW� LQ� FRQWUDVW�ZLWK� WKH� GLUHFW� JUHHQKRXVH� JDVHV�HPLVVLRQV�RI�SUHFXUVRUV�IURP�URDG� WUDQVSRUW�KDYH�QRW�EHHQ�FRUUHFWHG�IRU� IXHO�VDOHV�DFFRUGLQJ� WR� WKHQDWLRQDO�HQHUJ\�VWDWLVWLFV�EXW�DUH�GLUHFWO\�UHODWHG�WR�WUDQVSRUW�VWDWLVWLFV�RQ�YHKLFOH�NP��ZKLFK�GLIIHU�WRVRPH�H[WHQW�IURP�WKH�,3&&�DSSURDFK��VHH�&KDSWHU����([FHSW�IRU�1092&��PRVW�RI�WKH�HPLVVLRQV�VWHP�IURP�IXHO�FRPEXVWLRQ��RI�ZKLFK�WKH�XQFHUWDLQW\LQ�WKH�HPLVVLRQ�IDFWRU�IRU�12[� &2�DQG�1092&�LV�RIWHQ�HVWLPDWHG�WR�EH�LQ�WKH�UDQJH�RI���������)RUHPLVVLRQ� IDFWRUV� IRU� 62� IURP� IXHO� FRPEXVWLRQ� �EDVLFDOO\� WKH� VXOSKXU� FRQWHQW� RI� WKH� IXHOV�� WKHXQFHUWDLQW\� LV� HVWLPDWHG� LQ� WKH� UDQJH� RI� �������� 7KH� XQFHUWDLQW\� LQ� WKH� DFWLYLW\� GDWD� LV� VPDOOFRPSDUHG� WR� WKH�DFFXUDF\�RI� WKH�HPLVVLRQ� IDFWRUV��7KHUHIRUH�� WKH�XQFHUWDLQW\� LQ� WKH�RYHUDOO� WRWDO�RIVRXUFHV�LQFOXGHG�LQ�WKH�LQYHQWRU\�LV�HVWLPDWHG�WR�EH�RI�WKH�RUGHU�RI�����IRU�&2������IRU�12[ DQG62� DQG�DERXW�����IRU�1092&���5,90������D��
7DEOH������7UHQG�LQ�HPLVVLRQV�RI�SUHFXUVRUV���������
,QGLUHFW�JUHHQKRXVH�JDVHV�DQG�62� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
(PLVVLRQV�LQ�NWRQ
7RWDO�12[ ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
7RWDO�&2 ������ ������ ����� ����� ����� ����� ����� ����� ����� ����� �����
7RWDO�1092& ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
7RWDO�62� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����
,QGH[������������
,QGH[�7RWDO�12[ ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
,QGH[�7RWDO�&2 ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
,QGH[�7RWDO�1092& ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
,QGH[�7RWDO�62� ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

)LJXUH������7UHQGV�LQ�WRWDO�HPLVVLRQV�RI�12[� &2��1092&�DQG�62� ���������

(PLVVLRQV�RI�SUHFXUVRU�JDVHV�LQ�*J�DQG�LQGH[HG����������
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5HIHUHQFHV
%DDV��-���������1LWURXV�R[LGH�HPLVVLRQV�IURP�URDG�WUDQVSRUW�LQ�7KH�1HWKHUODQGV� 712��'HOIW��712�UHSRUW�5�������
%HNHU��'���3HHN��&�-���������5HIHUHQFH�SURMHFWLRQV�IRU�QRQ�&2��JUHHQKRXVH�JDVHV��HPLVVLRQ�SURMHFWLRQV�IRU�������

�������LQ�'XWFK���5,90�5HSRUW������������5,90��%LOWKRYHQ�
&%6��������)RUHVW�VWDWLVWLFV�RI�WKH�1HWKHUODQGV��3DUW����)RUHVW�DUHD������������LQ�'XWFK���&%6��9RRUEXUJ�
&%6�� ������ )RUHVW� VWDWLVWLFV� RI� WKH� 1HWKHUODQGV�� 3DUW� ��� 1RQ�IRUHVW� SODQWDWLRQV� ���������� �LQ� 'XWFK��� &%6�

9RRUEXUJ�
&%6������D��(QHUJ\�0RQLWRU���������LQ�'XWFK���&%6��9RRUEXUJ�+HHUOHQ�
&%6������E��6WDWLVWLFV�RQ�ZDVWH�IURP�LQGXVWU\��VHYHUDO�\HDUV��LQ�'XWFK���&%6��9RRUEXUJ�+HHUOHQ�
&%6������F��6WDWLVWLFV�RQ�ZDVWH�IURP�PXQLFLSDOLWLHV��VHYHUDO�\HDUV��LQ�'XWFK���&%6��9RRUEXUJ�+HHUOHQ�
&%6��VHYHUDO�\HDUV��6WDWLVWLFV�RQ�HQHUJ\�VXSSO\�LQ�WKH�1HWKHUODQGV��VHYHUDO�\HDUV� &%6��9RRUEXUJ�+HHUOHQ�
&RHQHQ��3�:�+�*�DQG�-�*�-��2OLYLHU��������'RFXPHQWDWLRQ�RI�WKH�DFWLYLWLHV�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�FRPSOHWLRQ

RI�WKH�&5)�IRU�WKH������VXEPLVVLRQ�WR�WKH�81)&&&� 712�0(3��$SHOGRRUQ��,Q�SUHS�
&RUQHOLVVHQ�� $�$�-�� DQG� '�� %HNHU�� ������ ,QYHVWLJDWLRQ� RI� WKH� SK\VLFDO� FRPSRVLWLRQ� RI� KRXVHKROG� ZDVWH� LQ� WKH

1HWKHUODQGV��5HVXOWV�IRU�������LQ�'XWFK����5,90��%LOWKRYHQ��5HSRUW�QR�������������
'DDPHQ��:�3�� ������7HPSHUDWH�DQG�%RUHDO�)RUHVW�5HVRXUFH�$VVHVVPHQW� ������ 7KH�1HWKHUODQGV��&RPPHQWV� DQG

H[SODQDWLRQV�WR�WKH�7%)5$�����HQTXLU\��)RUHVW�'DWD�)RXQGDWLRQ���6W��%RVGDWD���:DJHQLQJHQ�
'DDPHQ��:�3���������)RUHVW�ELRPDVV�VWRFNV��,3&&���3DUW����&DOFXODWLRQ�PHWKRG�1HWKHUODQGV
�1DWLRQDO� ,QYHQWRU\

5HSRUWV�1DWLRQDO� &RPPXQLFDWLRQV�� 3DUW� ��� $QDO\VLV� RI� WKH� FRQVHTXHQFHV� RI� DSSOLFDWLRQ� RI� ,3&&
*XLGHOLQHV� IRU� UHSRUWLQJ� DQG� UHFRPPHQGDWLRQ� IRU� FDOFXODWLRQ� PHWKRG� 1HWKHUODQGV¶� 1DWLRQDO� ,QYHQWRU\
UHSRUWV�1DWLRQDO� &RPPXQLFDWLRQV� IRU� ���������� �LQ� 'XWFK��� )RUHVW� 'DWD� )RXQGDWLRQ� �6W�� %RVGDWD��
:DJHQLQJHQ��,Q�SUHS�

'H� -DJHU�� '��� DQG� .�� %ORN�� ������&DUERQ� EDODQFH� RI� WKH� ZDVWH� V\VWHP� LQ� WKH� 1HWKHUODQGV� �LQ� 'XWFK��� (FRI\V�
8WUHFKW�

'+9��������2YHUYLHZ�DQG�H[SODQDWLRQ�RI�UHVXOWV�RI�SURMHFW�
,GHQWLILFDWLRQ�RI�XQNQRZQ�VRXUFHV�RI�RWKHU�JUHHQKRXVH
JDVHV
� �LQ� 'XWFK��� 129(0�� 8WUHFKW�� 'HFHPEHU� ������ 3URMHFW� QR�� ������������ '+9� QR�� 0/�7%����
������'+9��$PHUVIRRUW

'+9�� ������4XDOLW\� $VVXUDQFH� DQG�4XDOLW\� &RQWURO� IRU� WKH� 'XWFK� 1DWLRQDO� ,QYHQWRU\� 5HSRUW�� 5HSRUW� 3KDVH� ��
5HSRUW�QR�0/�%%�����������'+9��$PHUVIRRUW��-DQXDU\������

'LUNVHQ��*�0���'DDPHQ��:�3��DQG�&��6FKXLOLQJ��������([SODQDWLRQ� WR� WKH� IRUHVW�PDS� �LQ�'XWFK���5HSRUW�QR������
$OWHUUD��:DJHQLQJHQ�

(GHOHQERVFK��1�+���������([�SRVW�HYDOXDWLRQ�RI�WKH�IRUHVW�H[SDQVLRQ�SROLF\�RI�WKH�1HWKHUODQGV�LQ�WKH�SHULRG������
������LQ�'XWFK���,%1�'/2�UHSRUW�QR�������$OWHUUD��:DJHQLQJHQ�

(O]HQJD�� +�(��� 6PLW�� -�5�.�� DQG� +�� 9HUKDJHQ�� ������ ,QGXVWULDO� ZDVWH� ���������� �LQ� 'XWFK��� 5,90�� %LOWKRYHQ�
5HSRUW�QR�������������

(QHUJLH1HG��������5HVXOWV�RI�WKH�(QYLURQPHQWDO�$FWLRQ�RI�WKH�HQHUJ\�GLVWULEXWLRQ�VHFWRU�������LQ�'XWFK���(QHUJLH1HG�
$UQKHP�

(QJHOHQ��3�$�&���3LODJH��(�+�:���6QHHN��(�-��DQG�-�+��9LVVHU��-�������6WXG\�RI�WKH�XQFHUWDLQW\�LQ�HPLVVLRQ�GDWD��3DUW�RI
WKH�3URMHFW�(PLVVLRQ�5HJLVWUDWLRQ��0���������LQ�'XWFK���5HSRUW�QR�����������.36�7&0����������.(0$�
$UQKHP�� ��� -XO\� ������ 3XEOLF� YHUVLRQ� RI� D� UHSRUW�� LQ� ZKLFK� FRQILGHQWLDO� EXVLQHVV� LQIRUPDWLRQ� KDV� EHHQ
UHPRYHG�

(=��������$JUHHPHQWV�RQ�HQHUJ\�HIILFLHQF\��5HVXOWV�IRU�������LQ�'XWFK���0LQLVWU\�RI�(FRQRPLF�$IIDLUV��7KH�+DJXH�
(=��������2LO�DQG�*DV�LQ�WKH�1HWKHUODQGV��([SORUDWLRQ�DQG�3URGXFWLRQ�����������LQ�'XWFK���0LQLVWU\�RI�(FRQRPLF

$IIDLUV��7KH�+DJXH�
(=��������$JUHHPHQWV�RQ�HQHUJ\�HIILFLHQF\��5HVXOWV�IRU�������LQ�'XWFK���0LQLVWU\�RI�(FRQRPLF�$IIDLUV��7KH�+DJXH�
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(=��������2LO�DQG�*DV�LQ�WKH�1HWKHUODQGV��([SORUDWLRQ�DQG�3URGXFWLRQ������������LQ�'XWFK���RQ�ZZZ�PLQH]�QO�
)HLMHQ�-HXULVVHQ��0���2RQN��+��� DQG�1��*HQVH�� ������1�2 HPLVVLRQV� IURP�PRELOH� VRXUFHV�� HPLVVLRQV� DQG� WUHQGV�

712��$SHOGRRUQ�
*DVXQLH��������$QQXDO�5HSRUW��������*URQLQJHQ�
*DVXQLH��������$FWLYLW\�GDWD�RQ�ZZZ�JDVXQLH�QO�
*HQVH��1�-�/��DQG�5�-��9HUPHXOHQ��������1�2 HPLVVLRQV�IURP�SDVVHQJHU�FDUV� 712��'HOIW�
*LHOHQ��'�-���������3RWHQWLDO�&2� HPLVVLRQV� LQ� WKH�1HWKHUODQGV�GXH� WR�FDUERQ�VWRUDJH� LQ�PDWHULDOV�DQG�SURGXFWV�1HWKHUODQGV�(QHUJ\�5HVHDUFK�&HQWUH��(&1���3HWWHQ�
+HVOLQJD��'���0DUFK�����D��,QYHVWLJDWLRQ�RI�WKH�TXDOLW\�RI�WKH�GDWDVHW�RI�LQGLYLGXDO�FRPSDQLHV�IRU�������LQ�'XWFK��

712��$SHOGRRUQ�
+HVOLQJD��'HFHPEHU� ����E�� ,QYHVWLJDWLRQ� RI� WKH� TXDOLW\� RI� $QQXDO� (QYLURQPHQWDO� 5HSRUWV� � IRU� ����� �LQ� 'XWFK��

712��$SHOGRRUQ�
,3&&��������5HYLVHG������ ,3&&�*XLGHOLQHV� IRU�1DWLRQDO�*UHHQKRXVH�*DV�(PLVVLRQ� ,QYHQWRULHV��7KUHH�YROXPHV�

5HIHUHQFH�PDQXDO��5HSRUWLQJ�*XLGHOLQHV�DQG�:RUNERRN��,3&&�2(&'�,($��,3&&�:*��7HFKQLFDO�6XSSRUW
8QLW��+DGOH\�&HQWUH��0HWHRURORJLFDO�2IILFH��%UDFNQHOO��8.�

,3&&�� ������*RRG� 3UDFWLFH� *XLGDQFH� DQG� 8QFHUWDLQW\� 0DQDJHPHQW� LQ� 1DWLRQDO� *UHHQKRXVH� *DV� ,QYHQWRULHV�
,3&&�768�1**,3��-DSDQ�

.URH]H�� &��� ������1LWURXV� R[LGH� �1�2��� (PLVVLRQ� LQYHQWRU\� DQG� RSWLRQV� IRU� FRQWURO� LQ� WKH� 1HWKHUODQGV�� 5,90�
%LOWKRYHQ��5HSRUW�QR�������������

/(,�&%6��������$JULFXOWXUH�DQG�KRUWLFXOWXUH�VWDWLVWLFV������ /(,�&%6��7KH�+DJXH�9RRUEXUJ�
0DUHFNRYD�� .��� ������ 5HSRUW� RQ� H[LVWLQJ� V\VWHP� IRU� SUHSDULQJ� QDWLRQDO� *+*� LQYHQWRULHV� LQ� WKH� 1HWKHUODQGV�

81)&&&�VHFUHWDULDW��%RQQ�
0DWWKLMVHQ��$�-�&�0��DQG�&��.URH]H��������(PLVVLRQV�RI�+)&V��3)&V��),&V�DQG�6)� LQ� WKH�1HWKHUODQGV� LQ�����������������������������DQG�������LQ�'XWFK���5,90��%LOWKRYHQ��5HSRUW�QR�������������
0HQNYHOG�� 0��� 'DQLHOV�� %�:��� 9DQ� 'ULO�� $�:�1��� -HHQLQJD�� +��� <EHPD�� -�5��� $QQHPD�� -�$�� DQG� 5�� YDQ� GHQ

:LMQJDDUW�� ������ $GGLWLRQDO� HIIHFWV� RQ� &2� HPLVVLRQV� RI� SROLF\� LQVWUXPHQWV� WKDW� DUH� FXUUHQWO\� LQ
SUHSDUDWLRQ��LQ�'XWFK���5HSRUW�QR��(&1�&����������(&1��3HWWHQ��)HEUXDU\������

1$0������D��(QYLURQPHQWDO�5HSRUW��LQ�'XWFK���1HGHUODQGVH�$DUGROLH�0DDWVFKDSSLM�%�9���$VVHQ�
1$0������E��3UHOLPLQDU\�(QYLURQPHQWDO�3ROLF\�3ODQ����������� �LQ�'XWFK���1HGHUODQGVH�$DUGROLH�0DDWVFKDSSLM

%�9��$VVHQ�
1(5��������6SHFLDO�UHJXODWLRQ����������,QVWDOODWLRQV�IRU�SURGXFWLRQ�RI�QDWXUDO�JDV�DQG�RLO��LQ�'XWFK���1HWKHUODQGV

(PLVVLRQ�*XLGHOLQHV��1(5���%LOWKRYHQ�
12*(3$�� ������ ,QGXVWU\� (QYLURQPHQWDO� 3ODQ�� ,PSOHPHQWDWLRQ� HQYLURQPHQWDO� SODQ� IRU� SURGXFWLRQ� RI� RLO� DQG

QDWXUDO�JDV������������LQ�'XWFK���12*(3$��7KH�+DJXH�
12*(3$��������3UHOLPLQDU\�,QGXVWU\�(QYLURQPHQWDO�3ODQ��,PSOHPHQWDWLRQ�HQYLURQPHQWDO�SODQ�IRU�SURGXFWLRQ�RI

RLO�DQG�QDWXUDO�JDV��1R���� �����������LQ�'XWFK���12*(3$��7KH�+DJXH�
2OLYLHU��-�*�-��DQG�/�-��%UDQGHV��������(VWLPDWH�RI�DQQXDO�DQG�WUHQG�XQFHUWDLQW\�IRU�'XWFK�VRXUFHV�RI�JUHHQKRXVH

JDV�HPLVVLRQV�XVLQJ�WKH�,3&&�7LHU���DSSURDFK��5,90��%LOWKRYHQ� LQ�SUHS�
2OLYLHU�� -�*�-��� YDQ� GHQ� %HUJ�� -�&�� DQG� -�$�+�:�� 3HWHUV�� ������ *UHHQKRXVH� JDV� HPLVVLRQV� LQ� WKH� 1HWKHUODQGV�

6XPPDU\�5HSRUW������������,3&&�7DEOHV������ 5,90��%LOWKRYHQ��-XO\���5HSRUW�QR�������������
2OLYLHU�� -�*�-��� 7KRPDV�� 5��� %UDQGHV�� /�-��� 3HWHUV�� -�$�+�:��� DQG� &RHQHQ�� 3�:�+�*��� ������ *UHHQKRXVH� *DV

(PLVVLRQV�LQ�WKH�1HWKHUODQGV������������1DWLRQDO�,QYHQWRU\�5HSRUW������ 5,90��%LOWKRYHQ��$SULO��5HSRUW
QR�������������

2OVWKRRUQ��&�6�0���(PLVVLRQ�PRQLWRU��$QQXDO� ILJXUHV� IRU������DQG�SURYLVLRQDO� GDWD� IRU������ �LQ�'XWFK���5HSRUW
6HULHV�7DUJHW�*URXS�0RQLWRULQJ��1R������1RYHPEHU������

http://www.gasunie.nl/
http://www.minez.nl/
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2RQN�� +��� ������ 0RQLWRULQJ�� PRUH� WKDQ� RQO\� PHDVXULQJ�� 1�2 HPLVVLRQV� IURP� WKUHH�ZD\� FDWDO\WLF� FRQYHUWHUV
GUDVWLFDOO\�UHGXFHG� 712�0(3��$SHOGRRUQ��6XVWDLQDEOH�1HZV��1HZVOHWWHU� ���� -DQXDU\������

3DWHO��0��HW�DO��������,QWHUQDWLRQDO�1HWZRUN�1(8�&2�� )LQDO�UHSRUW�RI�WKH�ILUVW�SKDVH�RI�WKH�QHWZRUN��-DQXDU\������-XQH������
5,90��������0HDVXULQJ��0RGHOOLQJ�DQG�8QFHUWDLQW\� �LQ�'XWFK���5,90��%LOWKRYHQ��)HEUXDU\��5HSRUW�QR��������

�����PDLQ�UHSRUW�DQG�DGGHQGXP��
5,90������D��(QYLURQPHQWDO�%DODQFH������ �LQ�'XWFK���6DPVRQ�+�'��7MHHQN�:LOOLQN�3XEOLVKHUV��$OSKHQ� DDQ� GH

5LMQ�
5,90�&%6�� ����E�� (QYLURQPHQWDO� &RPSHQGLXP� ������ 7KH� HQYLURQPHQW� LQ� ILJXUHV� �WDEOHV� LQ� (QJOLVK��� 5,90�

%LOWKRYHQ�� %DFNJURXQG� GDWD� WR� WKH� (QYLURQPHQWDO� %DODQFH� ������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � $OVR� RQ
KWWS���ZZZ�ULYP�QO�PLOLHXFRPSHQGLXP�LQGH[�KWPO�

6FKRRQGHUZRHUG��+��������5HVXOWV�RI� WKH� LQYHQWRU\�RI� OLQH�SODQWDWLRQV� LQ�UXUDO�DUHDV� LQ� WKH�1HWKHUODQGV������ �LQ
'XWFK���5HSRUW�����0DDWVFKDS�'DDPHQ��6FKRRQGHUZRHUG��0LHGHPD�	�'H�.OHLQ�

6FKRRQGHUZRHUG��+��DQG�:�3��'DDPHQ��������$VSHFWV�RI�IRUHVW�DQG�IRUHVW�PDQDJHPHQW�LQ�WKH�1HWKHUODQGV��5HVXOWV
RI�KDUYHVWHG�ZRRG�VWDWLVWLFV������������LQ�'XWFK���)RUHVW�'DWD�)RXQGDWLRQ���6W��%RVGDWD���:DJHQLQJHQ�

6SDNPDQ��-���2OLYLHU��-�*�-��DQG�$�5��YDQ�$PVWHO��������*UHHQKRXVH�JDV�HPLVVLRQV�LQ�WKH�1HWKHUODQGV�����������
0HWKRGRORJ\�DQG�GDWD�IRU������DQG�SURYLVLRQDO�GDWD�IRU������ 5,90��%LOWKRYHQ��5HSRUW�QR�������������

6SDNPDQ��-���9DQ�/RRQ��0�0�-���9DQ�GHU�$XZHUDHUW��5�-�.���*LHOHQ��'�-���2OLYLHU��-�*�-���DQG�(�$��=RQQHYHOG�������
0HWKRG�IRU�FDOFXODWLRQ�RI�JUHHQKRXVH�JDV�HPLVVLRQV��LQ�'XWFK���9520�+,0+��7KH�+DJXH��5HSRUW�6HULHV
(PLVVLRQ�5HJLVWUDWLRQ�QR������-XO\������

67(.��������7KH�1DWLRQDO�,QYHVWLJDWLRQ�RQ�5HIULJHUDQW�)ORZV��LQ�'XWFK���67(.��8WUHFKW�
6WROS��-�$�1���������6HH�WKH�ZRRG�IRU�WKH�WUHHV��5HVXOWV�RI� IRUHVW� LQYHQWRULHV�������+263���LQ�'XWFK���)RXQGDWLRQ

)RUHVW�DQG�:RRG��6W��%RV�HQ�+RXW���:DJHQLQJHQ�
712��������0HWD�LQIRUPDWLRQ�RQ�3(5������GDWDVHW��LQ�'XWFK���712��$SHOGRRUQ��LQ�SUHS�
7XUNHQEXUJ��:��DQG�-��YDQ�GHU�6OXLMV��������5HYLHZ�5,90�LQVWUXPHQWV�IRU�WKH�&2� HPLVVLRQV�LQYHQWRU\�XVHG�IRU�WKH(QYLURQPHQWDO� %DODQFH� �LQ� 'XWFK��� 1:	6�������� ,Q�� 2QGHUGHOLQGHQ�� '�� �HG���� 5HYLHZ� RI� 5,90

LQVWUXPHQWV� XVHG� IRU�(QYLURQPHQWDO�%DODQFH������ >LQ�'XWFK@��5,90��%LOWKRYHQ��5HSRUW� QR�� ����������
6HSWHPEHU������

81)&&&�� ������ 81)&&&� *XLGHOLQHV� IRU� UHSRUWLQJ� DQG� UHYLHZ�� 81)&&&� 6HFUHWDULDW�� %RQQ�� 'RF�� QR
)&&&�&3���������-DQXDU\������

9DQ�$PVWHO��$�5���6ZDUW��5�-���.URO��0�6���%HFN��-�3���%RXZPDQ��$�)��DQG�.�:��YDQ�GHU�+RHN��������0HWKDQH�WKH
RWKHU�JUHHQKRXVH�JDV��UHVHDUFK�DQG�SROLF\�LQ�WKH�1HWKHUODQGV��5,90��%LOWKRYHQ��5HSRUW�QR�������������
$SULO�������

9DQ� $PVWHO�� $�5��� -�*�-�� 2OLYLHU� DQG� 3�*�� 5X\VVHQDDUV� �HGV���� ����D��0RQLWRULQJ� RI� *UHHQKRXVH� *DVHV� LQ� WKH
1HWKHUODQGV�� 8QFHUWDLQW\� DQG� 3ULRULWLHV� IRU� ,PSURYHPHQW�� 3URFHHGLQJV� RI� D� 1DWLRQDO�:RUNVKRS� KHOG� LQ
%LOWKRYHQ��7KH�1HWKHUODQGV����6HSWHPEHU������ :,0(.�UHSRUW��5,90�UHSRUW�QR��������������%LOWKRYHQ�
0D\������

9DQ�$PVWHO��$�5���HG��������E��0RQLWRULQJ�&2� 6LQNV�LQ�WKH�1HWKHUODQGV��3ULRULWLHV�IRU�,PSURYHPHQW� 3URFHHGLQJVRI� D� 1DWLRQDO� :RUNVKRS� KHOG� LQ� :DJHQLQJHQ�� 7KH� 1HWKHUODQGV�� ��� 1RYHPEHU� ������ :DJHQLQJHQ
8QLYHUVLW\�(QYLURQPHQWDO�6FLHQFHV�UHSRUW��:DJHQLQJHQ�

9DQ�GHQ�%ULQN��5�0�0���'XYRRUW��*�/���0HLMHU��3�-��6WHLQ��'��DQG�+��9HUKDJHQ� �HGV���� ������0RQLWRULQJ�SULRULW\
ZDVWH�VWUHDPV��GDWD�������5,90��%LOWKRYHQ��5HSRUW�QR�������������

9DQ� +DUPHOHQ�� $�.�� .RFK��:�:�5�� � &RHQHQ�� 3�:�+�*��� 'UDDLMHUV�� 9DQ� GHQ� 5RRYDDUW�� -�&�� 2OVWKRRUQ�� &�6�0��
������(PLVVLRQ�0RQLWRU��'DWD�IRU������DQG�HVWLPDWHV�IRU������IRU�HPLVVLRQV�DQG�ZDVWHV��LQ�'XWFK���5HSRUW
6HULHV�(QYLURQPHQWDO�0RQLWRULQJ��QR�����0LQLVWU\�9520�9,��IRUPHUO\�+,0+���7KH�+DJXH��1RYHPEHU�

9DQ� +DUPHOHQ�� $�.�� .RFK�� :�:�5�� � &RHQHQ�� 3�:�+�*��� 9DQ� *URRWYHOG�� *��� ������ (PLVVLRQ� 0RQLWRU� IRU� WKH
1HWKHUODQGV�� ����� DQG� HVWLPDWHV� IRU� ������ 5HSRUW� 6HULHV� (QYLURQPHQWDO� 0RQLWRULQJ�� QR�� ��� 0LQLVWU\
9520�9,��IRUPHUO\�+,0+���7KH�+DJXH��)HEUXDU\�

9DQ�+DUPHOHQ��$�.��DQG�:�5�5��.RFK��������&2� HPLVVLRQ�IDFWRUV�IRU�IXHOV�LQ�WKH�1HWKHUODQGV� 712��$SHOGRRUQ�
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9DQ�GHU�+RHN��.�:��HW�DO���������(PLVVLRQV�RI�QLWURJHQ�FRPSRXQGV��PHWKDQH��SKRVSKRUXV��DQG�KHDY\�PHWDOV�IURP
DJULFXOWXUH������������LQ�'XWFK���5,90�,.&�/DQGERXZ�/(,�'/2��'UDIW�5,90�UHSRUW�QR���������[[[�

9DQ�GHU�0RVW��3�)�-���9DQ�/RRQ��0�0�-���$XOEHUV��-�$�:��DQG�+�-�$�0��YDQ�'DHOHQ��������0HWKRGV�IRU�FDOFXODWLRQ
RI� HPLVVLRQV� WR� DLU� DQG� ZDWHU� �LQ� 'XWFK��� 9520�+,0+�� 7KH� +DJXH�� ������ 5HSRUW� 6HULHV� (PLVVLRQ
5HJLVWUDWLRQ�QR������'HFHPEHU������

9DQ�GHQ�:LMQJDDUW�� DQG�-�5��<EHPD��������5HIHUHQFH�SURMHFWLRQV� IRU�JUHHQKRXVH�JDVHV��HPLVVLRQ�SURMHFWLRQV� IRU
��������������LQ�'XWFK���5,90�5HSRUW������������5,90��%LOWKRYHQ�

9520�� ������ 7KLUG� 1HWKHUODQGV� 1DWLRQDO� &RPPXQLFDWLRQ� RQ� &OLPDWH� &KDQJH� 3ROLFLHV�� 0LQLVWU\� RI� +RXVLQJ�
6SDWLDO�3ODQQLQJ�DQG�WKH�(QYLURQPHQW��9520���7KH�+DJXH��2FWREHU������

9520��������/HWWHU�IURP�0LQLVWHU�3URQN�WR�3DUOLDPHQW�RQ�LQYHVWLJDWLRQ�RI�WKH�LPSOHPHQWDWLRQ�RI�WKH�'HFUHH�RQ�WKH
$QQXDO�(QYLURQPHQWDO5HSRUWV��LQ�'XWFK���GDWHG����-DQXDU\�������9520��7KH�+DJXH�

9520�9,��IRUPHUO\�+,0+���7KH�+DJXH��)HEUXDU\�������5HSRUW�6HULHV�(QYLURQPHQWDO�0RQLWRULQJ��QR����
99$9��������$QQXDO�UHSRUW� VHYHUDO�\HDUV��LQ�'XWFK���9HUHQLJLQJ�YDQ�$IYDOYHUZHUNHUV��8WUHFKW�
:(0��&&'0��������3URMHFW�3ODQ�$QQXDO�(PLVVLRQ�0RQLWRU�������0LQLVWU\�9520�9,��7KH�+DJXH��-DQXDU\������
:J� ($-5� &&'0�� ������3URMHFW� 3ODQ� $QQXDO� (PLVVLRQ� DQG� :DVWH� 5HSRUW� ������0LQLVWU\� 9520�+,0+�� 7KH

+DJXH��1RYHPEHU�
:LHOHPDQ��)���������*URVV�103�0HWKRG��&2� FDOFXODWLRQV�LQFOXGLQJ�WHPSHUDWXUH�FRUUHFWLRQ��GUDIW��LQ�'XWFK��0LQLVWU\�RI�(FRQRPLF�$IIDLUV��7KH�+DJXH�
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$11(;����$GGLWLRQDO�LQIRUPDWLRQ�WR�EH�FRQVLGHUHG�DV�SDUW
RI�WKH�1,5�VXEPLVVLRQ

7KH�IROORZLQJ�UHSRUWV�VKRXOG�EH�FRQVLGHUHG�DV�SDUW�RI�WKLV�1,5�VXEPLVVLRQ�
$�� PHWKRGRORJLFDO�GHVFULSWLRQ
� 6SDNPDQ�� -��� 9DQ� /RRQ��0�0�-��� 9DQ� GHU�$XZHUDHUW�� 5�-�.��� *LHOHQ��'�-��� 2OLYLHU�� -�*�-�� DQG� (�$�=RQQHYHOG�� ������0HWKRG� IRU� FDOFXODWLRQ� RI� JUHHQKRXVH� JDV� HPLVVLRQV� 9520�+,0+��7KH�+DJXH�5HSRUW�(PLVVLRQ�5HJLVWUDWLRQ�QR������-XO\�������7UDQVODWLRQ�LQ�(QJOLVK�LQ�SUHS�
� 712��������0HWD�LQIRUPDWLRQ�RQ�3(5������GDWDVHW�>LQ�'XWFK@��712��$SHOGRRUQ��LQ�SUHS�
%�� GRFXPHQWDWLRQ� RI� XQFHUWDLQWLHV� XVHG� LQ� ,3&&� 7LHU� �� XQFHUWDLQW\� DVVHVVPHQWV� DQG� 7LHU� �� NH\

VRXUFH�LGHQWLILFDWLRQ
� 2OLYLHU��-�*�-���������(VWLPDWH�RI�DQQXDO�DQG�WUHQG�XQFHUWDLQW\�IRU�'XWFK�VRXUFHV�RI�JUHHQKRXVH�JDV

HPLVVLRQV�XVLQJ�WKH�,3&&�7LHU���DSSURDFK��5,90��%LOWKRYHQ� LQ�SUHS�
&�� GHWDLOHG�PHWKRGRORJ\�DQG�XQFHUWDLQW\�GLVFXVVLRQ�SDSHUV
� 9DQ�$PVWHO��$�5���-�*�-��2OLYLHU�DQG�3�*��5X\VVHQDDUV��HGV��������D��0RQLWRULQJ�RI�*UHHQKRXVH�*DVHV

LQ�WKH�1HWKHUODQGV��8QFHUWDLQW\�DQG�3ULRULWLHV�IRU�,PSURYHPHQW��3URFHHGLQJV�RI�D�1DWLRQDO�:RUNVKRSKHOG�LQ�%LOWKRYHQ��7KH�1HWKHUODQGV����6HSWHPEHU������ :,0(.�UHSRUW�5,90�UHSRUW�QR�������������%LOWKRYHQ��0D\������
� 9DQ�$PVWHO��$�5���6ZDUW��5�-���.URO��0�6���%HFN��-�3���%RXZPDQ��$�)��DQG�.�:��YDQ�GHU�+RHN�������

0HWKDQH�WKH�RWKHU�JUHHQKRXVH�JDV��UHVHDUFK�DQG�SROLF\�LQ�WKH�1HWKHUODQGV��5,90��%LOWKRYHQ��5HSRUWQR� ������������$SULO�������
� .URH]H��&���������1LWURXV�R[LGH��1�2���(PLVVLRQ�LQYHQWRU\�DQG�RSWLRQV�IRU�FRQWURO�LQ�WKH�1HWKHUODQGV�5,90��%LOWKRYHQ��5HSRUW�QR�������������
� 0DWWKLMVHQ�� $�-�&�0�� DQG� &�� .URH]H�� ������ (PLVVLRQV� RI� +)&V�� 3)&V�� ),&V� DQG� 6)� LQ� WKH

1HWKHUODQGV� LQ� ������ ������ ������ ������ ����� DQG� ����� �LQ� 'XWFK��� 5,90�� %LOWKRYHQ�� 5HSRUW� QR������� ����
� 'DDPHQ�� :�3��� ������ )RUHVW� ELRPDVV� VWRFNV� �,3&&��� 3DUW� ��� &DOFXODWLRQ� PHWKRG� 1HWKHUODQGV


1DWLRQDO� ,QYHQWRU\� 5HSRUWV�1DWLRQDO� &RPPXQLFDWLRQV�� 3DUW� ��� $QDO\VLV� RI� WKH� FRQVHTXHQFHV� RI
DSSOLFDWLRQ� RI� ,3&&� *XLGHOLQHV� IRU� UHSRUWLQJ� DQG� UHFRPPHQGDWLRQ� IRU� FDOFXODWLRQ� PHWKRG
1HWKHUODQGV¶�1DWLRQDO� ,QYHQWRU\�UHSRUWV�1DWLRQDO�&RPPXQLFDWLRQV� IRU����������� �LQ�'XWFK���)RUHVW'DWD�)RXQGDWLRQ��6W��%RVGDWD���:DJHQLQJHQ��,Q�SUHS�

'�� GRFXPHQWDWLRQ�RI�SUHVHQW�4XDOLW\�$VVXUDQFH�DQG�4XDOLW\�&RQWURO� IRU�QDWLRQDO�JUHHQKRXVH�JDV
LQYHQWRU\�FRPSLODWLRQ�DQG�UHSRUWLQJ

� '+9��������4XDOLW\�$VVXUDQFH�DQG�4XDOLW\�&RQWURO�IRU�WKH�'XWFK�1DWLRQDO�,QYHQWRU\�5HSRUW��UHSRUW
RQ SKDVH��� -DQXDU\�������UHSRUW�QR��0/�%%�����������'+9��$PHUVIRRUW�

� :J�($-5�&&'0��������3URMHFW�3ODQ�$QQXDO�(PLVVLRQ�DQG�:DVWH�5HSRUW������>LQ�'XWFK@��0LQLVWU\RI 9520�+,0+��7KH�+DJXH��1RYHPEHU�
� &RHQHQ��3�:�+�*�DQG�-�*�-��2OLYLHU��������'RFXPHQWDWLRQ�RI�WKH� DFWLYLWLHV�ZLWKLQ�WKH�IUDPHZRUN�RI

WKH�FRPSOHWLRQ�RI�WKH�&5)�IRU�WKH������VXEPLVVLRQ�WR�WKH�81)&&&� 712�0(3��$SHOGRRUQ��,Q�SUHS�



SDJH�����RI����� 5,90�UHSRUW�����������



5,90�UHSRUW�����������������������������������������������������������������������������������������������������������������������������������SDJH�����RI�����

$11(;����'HWDLOHG�0HWKRGRORJLFDO�GHVFULSWLRQ�RI�WKH
/8&)�FDWHJRU\��$

)RU�FDWHJRU\��$��&KDQJHV�LQ�IRUHVW�DQG�RWKHU�ZRRG\�ELRPDVV�VWRFNV��DQ�LPSURYHG�DQG�FRPSOHWHG�IRUHVWU\GDWDVHW�IRU�WKH�ZKROH�SHULRG�����������KDV�EHHQ�FRPSLOHG�DQG�LQFOXGHG�LQ�WKH�1,5��7KH�PHWKRG�DQG�GDWDVRXUFHV�XVHG�WR�HVWLPDWH�&2 � UHPRYDOV�DV�GHVFULEHG�LQ�6SDNPDQ�HW�DO���������KDYH�EHHQ�UHILQHG�DQG�DOVRFRPSOHWHG� IRU� \HDUV� QRW� FDOFXODWHG� VRIDU� �L�H�� DOO� \HDUV� H[FHSW� ������ ����� DQG� ������� ,Q� WKLV�$QQH[� WKHGHVFULSWLRQ�RI�ERWK�PHWKRGRORJ\� DQG� GDWD� VRXUFHV� LV� SURYLGHG�� EDVHG� RQ� D�PRUH� GHWDLOHG� DVVHVVPHQW� E\'DDPHQ� �������� ,Q� DGGLWLRQ�� ZH� SURYLGH� VRPH� LQIRUPDWLRQ� RQ� /8&)� VWXGLHV� WKDW� DUH� VWLOO� LQ� SURJUHVV�'HWDLOV�RQ�KRZ�WKH�QHZ�GDWD�GLIIHU�IURP�WKH�SUHYLRXV�1,5������DUH�SURYLGHG�LQ�6HFWLRQ�������7KH�1HWKHUODQGV
�IRUHVWV�UHSRUWHG�LQ�WKH�&5)�XQGHU�WKH�KHDGHU�
7HPSHUDWH��RWKHU
�VSOLW�LQWR�FRQLIHURXVDQG�EURDGOHDI�IRUHVW�DUH�WKH�VXP�RI�H[SORLWHG��QRQ�H[SORLWHG�DQG�RWKHU�IRUHVWV��,Q�WKH�&5)�WKH�JURXS�1RQ�
IRUHVW�WUHHV�KDV�EHHQ�VSHFLILHG�IRU�WUHHV�LQ�OLQH��VROLWDLUHV��XUEDQ�SDUNV��IUXLW�WUHHV��RUFKDUGV��DQG�QXUVHULHV�,Q�WKH�1HWKHUODQGV�WUHHV�DUH��RQ�WKH�DYHUDJH��JHWWLQJ�ROGHU�DQG�KHDYLHU�� WKH�PDWXULQJ�RI�IRUHVWV��$OVR��WKHWRWDO� IRUHVW� DUHD� LV� LQFUHDVLQJ� EHFDXVH� RI� IRUHVW� H[SDQVLRQ�� %HVLGHV� WKLV� JURZWK�� WKHUH� DUH� IHOOLQJV� WKDWUHGXFH�ZRRG\�OLYHVWRFN��7KH�RYHUDOO�EDODQFH�RI�WKHVH�SURFHVVHV�OHDGV�WR�D�VLQN�RI�FDUERQ�GLR[LGH��ZKLFKYDULHV�EHWZHHQ�����DQG�����7J�&2� SHU�\HDU�LQ�WKH�SHULRG������������,Q�WKH�1HWKHUODQGV��WKH�FDUERQ�VLQN�LQELRPDVV� �,3&&� FDWHJRU\� �$�� UHIHUV� WR� WKH� QHW� JURZWK� RI� IRUHVWV� DQG� RWKHU� WUHHV� GHILQHG� DV� YROXPHLQFUHPHQW�PLQXV�YROXPH�RI� IHOOLQJV��7KLV� LV�EDVHG�RQ� WKUHH�NH\�SDUDPHWHUV�� IRUHVW� DUHD� �LQ� KD��� DYHUDJHDQQXDO�JURZWK�E\�FDWHJRU\��LQ�P��KD�\HDU��DQG�KDUYHVW�E\�FDWHJRU\��LQ�P��KD�\HDU���1R�FRUUHFWLRQ�LV�PDGHIRU�WKH�DPRXQW�RI�IXHOZRRG�KDUYHVWHG��VLQFH�WKLV�DPRXQW�LV�LPSOLFLWO\�LQFOXGHG�LQ�WKHVH�WKUHH�YDULDEOHV�)RU� IRUHVW� DUHD� �LQ� KD�� LQ� WKH� 1HWKHUODQGV� WKH� )$2� GHILQLWLRQ� RI� 7)%5$����� LV� XVHG� �(&(�)$2��������ZLWK�WKH�IROORZLQJ�GHYLDWLRQV��SULQWHG�LQ�LWDOLFV��
� ODQG�ZLWK�WUHH�FURZQ�FRYHU�RI�PRUH�WKDQ������LQVWHDG�RI�)$2�GHILQLWLRQ�RI������DQG ZLGWK�RI�PRUH

WKDQ����PHWKRGV�LQVWHDG�RI����P�� LQFOXGLQJ� \RXQJ� QDWXUDO� VWDQGV� DQG� SODQWDWLRQV� ZKLFK� KDYH� \HW� WR� UHDFK� D� FURZQ� GHQVLW\� RI� ����LQVWHDG�RI�)$2�GHILQLWLRQ�RI������DUH�LQFOXGHG�XQGHU�IRUHVW�� IRUHVW�URDGV��FOHDUHG�WUDFWV��ILUHEUHDNV�DQG�RWKHU�VPDOO�DUHDV�ZLWKLQ�IRUHVW�DUH�LQFOXGHG��KRZHYHU�ZLWK�D
PD[LPXP�ZLGWK�RI���P�� ZLQGEUHDNV�DQG�VKHOWHUEHOGV�RI�WUHHV�DUH�LQFOXGHG��KRZHYHU�RQO\�ZLWK�D�ZLGWK�RI�PRUH�WKDQ����PHWKRGV� IRU�GHWHUPLQLQJ�WKH�ZRRG�YROXPH�RI�WKH�IRUHVW�VWRFN� WKH�1HWKHUODQGV�XVHV�D�WKUHVKROG�RI���FP�GLDPHWHU
PLQLPXP� �LQVWHDG� RI� QR� WKUHVKROG��� KRZHYHU�� WKLV� KDV� KRZ� QHJOLJLEOH� HIIHFW� RQ� WKH� WRWDO� YROXPH�'DDPHQ��������

:H�QRWH� WKDW� WKLV� LV� WKH�GHILQLWLRQ�RI�ZKDW� VKRXOG�EH� UHSRUWHG�XQGHU� WKH�81�)UDPHZRUN�&RQYHQWLRQ�RQ&OLPDWH�&KDQJH��7KH� GHILQLWLRQ� RI� HPLVVLRQV�VLQNV� WR� EH� LQFOXGHG� LQ� WKH� QDWLRQDO� WRWDO� XQGHU� WKH�.\RWR3URWRFRO�LV�TXLWH�GLIIHUHQW�DQG�LV�QRW�GHILQHG�KHUH��QRU�UHSRUWHG�LQ�WKH�1,5�

1HZ�FRQVLVWHQW�GDWDVHW�IRU����������
$��$FWLYLW\�GDWD�DQG�YROXPH�SHU�KHFWDUH)RU� IRUHVW� ELRPDVV� VWRFN� DQ� LPSURYHG� GDWDVHW�ZDV� FRPSLOHG� DQG� FRPSOHWHG� IRU� DOO� \HDUV� ���������� E\'DDPHQ���������LQ�ZKLFK�GHILQLWLRQV��GDWD�VRXUFHV�DQG�DVVXPSWLRQV�KDYH�EHHQ�GRFXPHQWHG�WKDW�DUH�XVHG�WRHVWLPDWH�WKH�&2� UHPRYDO�LQ�VRXUFH�VLQN�FDWHJRU\��$��)RU�WKH�SHULRG�����������WKH�GDWD�RQ�FDUERQ�VWRFNDQG�FDUERQ�FKDQJHV�DUH�EDVHG�RQ�
� IRUHVW�DUHD��LQ�KD��
� QRQ�IRUHVW�WUHHV��LQ�KD��
� DYHUDJH�DQQXDO�JURZWK�E\�FDWHJRU\��LQ�P��KD�\HDU��
� KDUYHVW��IHOOLQJV��E\�FDWHJRU\��LQ�P��KD�\HDU��
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7KH�����������GDWD�RQ�IRUHVW�DUHD�DUH�WDNHQ�IURP�WKH�IROORZLQJ�GDWD�VRXUFHV�� &%6��������IRU�WKH�WRWDO�IRUHVW�DUHD�LQ������� 'LUNVHQ�HW DO� �������IRU�WKH�WRWDO�IRUHVW�DUHD�LQ������� LQ� FRQMXQFWLRQ�ZLWK� WKH� SUHYLRXV� HVWLPDWHV� IRU� ����� DQG� ������ WKH� IROORZLQJ� VRXUFHV� ZHUH� XVHG� WRHVWLPDWH�WKH�WRWDO�IRUHVW�DUHD�LQ�������&%6��������������IRU�IRUHVW�DUHD�LQ������������'DDPHQ�������IRU�IRUHVW�DUHD�LQ�������DQG�(GHOHQERVFK��������IRU�IRUHVW�H[SDQVLRQ�LQ�WKH�SHULRG������������ IRU�WKH�\HDUV�����������D�OLQHDU�LQWHUSRODWLRQ�RI��WKH������DQG������HVWLPDWHV�ZDV�XVHG�7KH�ILUVW�UHVXOWV�RI�WKH�
0RQLWRULQJ�1HWZRUN�)XQFWLRQV
�HVWLPDWH�WKH�WRWDO�IRUHVW�DUHD�LQ������DW�����NKD��DQLQFUHDVH�RI�DERXW����FRPSDUHG�WR�WKH�����NKD�HVWLPDWHG�IRU������
7KH�HVWLPDWHV�IRU�WKH�RWKHU�IRUHVWHG�DUHD�DUH�WDNHQ�IURP�WKH�IROORZLQJ�GDWD�VRXUFHV�� 6FKRRQGHUZRHUG��������IRU�WUHHV�LQ�OLQH�SODQWDWLRQV�ZLWK�D�PD[LPXP�ZLGWK�RI����P��ZLWK�&%6�������IRU�VWHP�YROXPH�GDWD�� &%6��������IRU�VROLWDU\�WUHHV�� /(,�&%6�DJULFXOWXUDO�VWDWLVWLFV�RQ�RUFKDUGV�DQG�QXUVHULHV��/(,�&%6��������� &%6��������IRU�RWKHU�QRQ�IRUHVW�DUHDV��H�J��XUEDQ�SDUNV��GHILQHG�DV�DUHDV�������KD�DQG�RU�ZLGWK� OHVVWKDQ����P�7KH�DUHD�IRU�DOO� WKHVH�FDWHJRULHV�KDV�EHHQ�DVVXPHG�WR�EH�FRQVWDQW��H[FHSW� IRU�RUFKDUGV�DQG�QXUVHULHV� IRUZKLFK� DQQXDO� DUHD� VWDWLVWLFV� DUH� DYDLODEOH�� $OVR� WKH� VWHP� YROXPH� LV� DVVXPHG� WR� EH� FRQVWDQW� IRU� DOO� VL[VXEFDWHJRULHV�

7KH�����������GDWD�RQ�VWHP�YROXPH� XVHG�WR�GHWHUPLQH�WKH�DQQXDO�YROXPH�LQFUHPHQW�IURP�JURZWK��DQG�RQ
IHOOLQJV�DUH�WDNHQ�IURP�WKH�IROORZLQJ�GDWD�VRXUFHV�
��� DQQXDO�+263�UHSRUWV�IRU�DERXW�����NKD�IRUHVW�ODQG��KLJK�IRUHVW��ZLWK�GDWD�RQ�VWHP�YROXPH�JURZWK�DQGIHOOLQJV�KDUYHVW� IURP� WKH�+263�SURMHFW�� D� FRPSLODWLRQ� LV� SURYLGHG� LQ� 6FKRRQGHUZRHUG� DQG�'DDPHQ�������DQG�6WROS��������
��� +263�UHSRUWV�RQ�DGGLWLRQDO�IRUHVW�ODQG��FRSSLFH��QHZ�IRUHVWV�SODQWHG������������DPHQLW\�SODQWDWLRQVHWF���IRU�DERXW����NKD�ZLWK�GDWD�RQ�VWHP�YROXPH�JURZWK�IURP������RQZDUGV�DQG�IHOOLQJV�KDUYHVW�IURP���� RQZDUGV��
+263��
��SURYLGHG�LQ�'DDPHQ���������7%)5$�������
��� UHPDLQLQJ�IRUHVW�DUHD��ODQG�FRYHUHG�ZLWK�IRUHVW�ZLWK�RWKHU�IRUP�RI�ODQG�XVH��H�J��UHFUHDWLRQ��]RR��EXLOGXS� DUHDV�� DFFRUGLQJ� WR� WKH� �WK� IRUHVW� VWDWLVWLFV� DQG� QRW� FRYHUHG� E\� WKH� SUHYLRXV� WZR� LQYHQWRULHV�'DDPHQ��������
)RU� WKH� ODWWHU�FDWHJRU\�QR�FKDQJHV� LQ� VWHP�YROXPH�DQG�QHJOLJLEOH� IHOOLQJV�KDUYHVW�DUH�DVVXPHG�� ,Q�7DEOH
$����� WKH� DUHD� RI� WKH� GLVWLQJXLVKHG� VXEFDWHJRULHV� KDYH� EHHQ� VXPPDULVHG��0RUH� GHWDLOV� FDQ� EH� IRXQG� LQ'DDPHQ��������
7DEOH�$������)RUHVW�DQG�QRQ�IRUHVW�WUHH�DUHD�LQ�WKH�1HWKHUODQGV������������NKD�
)RUHVW�WUHH�W\SH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
)RUHVW�ODQG
FRQLIHURXV ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
EURDGOHDYHG ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
7RWDO�IRUHVW�ODQG ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
1RQ�)RUHVW�7UHHV
IRUHVWV�����KD��FRQLIHURXV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
IRUHVWV�����KD�EURDGOHDYHG ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
OLQH�SODQWDWLRQV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
VROLWDLUHV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
RUFKDUGV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
QXUVHULHV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
7RWDO�1RQ�)RUHVW�7UHHV ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
7RWDO�WUHHV ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����
6RXUFH��'DDPHQ�������
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%��&RQYHUVLRQ�IDFWRUV$OO�FRQYHUVLRQ�IDFWRUV�KDYH�EHHQ�FKHFNHG�IRU�UHSODFLQJ�,3&&�GHIDXOW�YDOXHV�E\�FRXQWU\�VSHFLILF�YDOXHV��,WZDV�GHFLGHG�WR�XVH�IRU�DOO�YDULDEOHV�,3&&�GHIDXOW�YDOXHV��H[FHSW�IRU�WKH�FRQYHUVLRQ�UDWLR�IURP�YROXPH��LQP�� WR�GU\�PDWWHU��WRQQH�GP���IRU�ZKLFK�WKH�1HWKHUODQGV�XVHV�PRUH�GHWDLOHG�ILJXUHV������DQG�����W�GP�P� IRUFRQLIHURXV� DQG�EURDGOHDI� IRUHVW�� UHVSHFWLYHO\��7DEOH�$����� VXPPDULVHV� DOO� FRQYHUVLRQ� IDFWRUV�XVHG� LQ� WKHFDOFXODWLRQ�IRU�VRXUFH�VLQN�FDWHJRU\��$��$JDLQ�PRUH�GHWDLOV�FDQ�EH�IRXQG�LQ�'DDPHQ��������
7DEOH�$�����&RQYHUVLRQ�IDFWRUV�XVHG�WR�HVWLPDWH�WKH�1HWKHUODQGV
�&2� VRXUFH�UHPRYDO�,3&&�FDWHJRU\��$�
)DFWRU 9DOXH�XQLW
9ROXPH�DGGLWLRQ�IRU�EUDQFKHV��WUHH�WRS�DQG�URRWV��'� ����RI�VWHP�YROXPH�LQFOXGLQJ�EDUN
0DVV�GHQVLW\�FRQLIHURXV�WUHH��(� � ����NJ�GP�P�

0DVV�GHQVLW\�EURDGOHDI�WUHH��(� � ����NJ�GP�P�

&DUERQ�FRQWHQW��(� � ����NJ�&�NJ�GP
6RXUFH��6SDNPDQ�HW�DO����������'DDPHQ�������
7KH�QHW�DQQXDO�&2 � HPLVVLRQV�UHPRYDOV�FDQ�QRZ�EH�FDOFXODWHG�XVLQJ�WKH�IRUPXOD�

&2� UHPRYDO�LQ�\HDU�W �NJ�\HDU�� �>�$W  �%W�� &W� ���)W � )W��� @�����'�������(�  (�  �����

ZKHUH�
$  �)RUHVW�$UHD�ZLWK�JURZWK�DQG�IHOOLQJV�>NKD@%  �9ROXPH�LQFUHPHQW�>P��KD�\U@��DERXW���P��KD�\U&  �)HOOLQJV�>P��KD�\U@��DERXW���DQG�����P��KD�\U�IRU�FRQLIHURXV�DQG�EURDGOHDI�IRUHVWV��UHVSHFWLYHO\'  �9ROXPH�DGGLWLRQ�IRU�EUDQFKHV��WUHH�WRS�DQG�URRWV�>�@(�  0DVV�GHQVLW\�>NJ�GU\�PDWWHU�P�@(�  &DUERQ�FRQWHQW�>NJ�FDUERQ�NJ�GU\�PDWWHU@)  �&KDQJH�LQ�VWRFN�RI�QRQ�JURZLQJ�FDWHJRULHV�GXH�WR�FKDQJHV�LQ�DUHD�EHWZHHQ�\HDU�W DQG�\HDU�W�������� �&RQYHUVLRQ�IDFWRU�IURP�&�WR�&2�

7KH�ILUVW�IDFWRU�$��IRUHVW�DUHD�ZLWK�JURZWK�DQG�IHOOLQJV�� UHIHUV� WR�IRUHVWV�PRQLWRUHG� LQ� WKH�+263�SURMHFWDQG�WKH�+263���IRUHVW��7KH�UHPDLQLQJ�IRUHVW�DUHD�DFFRUGLQJ�WR�WKH��WK� IRUHVW�VWDWLVWLFV�DQG�WKH�QRQ�IRUHVWWUHHV� DUH� VXPPDULVHG� LQ� IDFWRU� )�� 7DEOH� $����� VXPPDULVHV� WKH� DQQXDO� JURZWK� DQG� IHOOLQJV� XVHG� LQ� WKHFDOFXODWLRQV�
)URP������RQZDUGV�WKH�GDWD�VRXUFH�IRU�DQQXDO�JURZWK�DQG�IHOOLQJV�ZLOO�EH�EDVHG�IURP�D�QHZ�VRXUFH��D�QHZPRQLWRULQJ�QHWZRUN��LQ�'XWFK�FDOOHG�
0HHWQHW�)XQFWLHYHUYXOOLQJ
� 7KLV�VDPSOLQJ�QHWZRUN�ZLOO�SURYLGH�QHZGDWD�RQ�IRUHVW�DUHD��VWDQGLQJ�YROXPH�DQG�DQQXDO�YROXPH�LQFUHPHQW��VXEGLYLGHG�LQWR�WUHH�VSHFLHV��1HZ�GDWDRQ� KDUYHVW�ZLOO� QRW� EH� DYDLODEOH� EHIRUH� WKH� FRPSOHWLRQ� RI� WKH� VHFRQG� IRXU� \HDUV� VDPSOLQJ� F\FOH� �DW� WKHHDUOLHVW�LQ�������
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7DEOH� $����� � $QQXDO� JURZWK� LQFUHPHQW� DQG� DQQXDO� IHOOLQJV� LQ� 1HWKHUODQGV
� IRUHVWV� ���������� � �VRXUFH�� 'DDPHQ�
������

$QQXDO�JURZWK�LQFUHPHQW
���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

7RWDO�JURZWK�>P��KD@ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� FRQLIHURXV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� EURDGOHDI ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
*URZWK�>�����P��\U@
+263 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� FRQLIHURXV ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
� EURDGOHDI ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
+263�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� FRQLIHURXV �� �� �� �� �� �� �� �� �� �� ��
� EURDGOHDI ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

$QQXDO�IHOOLQJV
���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

)HOOLQJV�>P� KD�\U@ ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� FRQLIHURXV ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
� EURDGOHDI ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
)HOOLQJV�>�����P��\U@
+263 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����� FRQLIHURXV ���� ���� ��� ��� ��� ���� ���� ���� ���� ���� ����
� EURDGOHDI ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
+263��� �� �� �� �� �� �� �� �� �� �� ��� FRQLIHURXV � � � � � � � � � � �
� EURDGOHDI �� �� �� �� �� �� �� �� �� �� ��
 +DUYHVW�������+DUYHVW�LV�NQRZQ�IRU�WKLV�FDWHJRU\��7KH�FRQYHUVLRQ�IURP�KDUYHVW�WR�IHOOLQJV��������LV�EDVHG�RQ�WKH
UDWLRQ�IRU�+263�IRUHVW�

/8&)�VWXGLHV�LQ�SURJUHVV
)RU� /8&)� VXEFDWHJRULHV� �%��(� DOVR� QHZ� GDWDVHWV� DUH� EHLQJ� FRPSLOHG�� RI� ZKLFK� VRPH� LQIRUPDWLRQ� LVSUHVHQWHG�EHORZ��+RZHYHU��WKH�UHVXOWV�DUH�VWLOO�XQGHU�GLVFXVVLRQ�/LWHUDWXUH� KDV� EHHQ� UHYLHZHG� IRU� TXDQWLWDWLYH� GDWD� RQ� FDUERQ� VWRFNV� DQG� &2� HPLVVLRQV� IRUPDJULFXOWXUDO�VRLOV��IRUHVW�VRLOV�DQG�RWKHU�QDWXUH�VRLOV�LQ�WKH�1HWKHUODQGV��.XLNPDQ�HW�DO�� �������7R�HVWLPDWHDQG�LPSURYH�WKH�FDOFXODWLRQ�RI�WKH�&2� HPLVVLRQV�IURP�VRLOV�GXH�WR�FKDQJH�RI�FDUERQ�VWRFNV��WKH�XVH�RI�DFRPSXWHU�PRGHO�ZDV�UHFRPPHQGHG��WKDW�SDUDPHWHULVHV�ILYH�DUDEOH�FURSV��WRJHWKHU�FRPSULVLQJ�����RI�WKHDUHD�XVH�IRU�DUDEOH�IDUPLQJ��DQG�JUDVV���)RU�DJULFXOWXUDO�VRLOV�WKH�GDWD�LQ�WKH�VWXG\�DUH�EDVHG�RQ�WKH�PDLQFURSV�LQ�WKH�1HWKHUODQGV��L�H��JUDVVODQG�DQG�FURSODQG�ZLWK�PDL]H��SRWDWR��EHHWV�DQG�JUDLQV��$�VSHFLDO�LWHPZDV�WKH�RUJDQLF�VRLOV�LQ�ORZ�DUHDV�WKDW�KDYH�EHHQ�GUDLQHG��7KUHH�GDWDEDVHV�DQG�DSSURDFKHV�DUH�RSWLRQV�WRDVVHVV�VRLO�FDUERQ�VWRFNV�
� EDVHG�RQ�WKH�WRSRJUDSKLF�VRLO�PDS�FRXSOHG�ZLWK�WKH�VRLOV�LQIRUPDWLRQ�V\VWHP�
� EDVHG�RQ�WKH�1HWKHUODQGV
�VRLO�PRQLWRULQJ�SURJUDP�
� EDVHG�RQ�WKH�PRQLWRULQJ�VRLOV�LQ�IRUHVW�DQG�QDWXUH�HFRV\VWHP�
,Q������ WKH�UHVXOWV�ZLOO�EH�HYDOXDWHG�DQG�D�GHFLVLRQ�PDGH� WR�ZKDW�H[WHQW�GDWD�FDQ�EH� LQFOXGHG� LQ� IXWXUHHGLWLRQV�RI�WKH�1HWKHUODQGV
�JUHHQKRXVH�JDV�LQYHQWRU\�
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$11(;����1DWLRQDO�(QHUJ\�%DODQFHV��&KDQJHV�LQ�HQHUJ\
GDWD�IRU�,3&&�5HIHUHQFH�$SSURDFK����������

7DEOH�$������(IIHFW�RI�HOLPLQDWLRQ�RI�VWDWLVWLFDO�GLIIHUHQFHV�RQ�SURGXFWLRQ��LPSRUW��H[SRUW��DQG�EXQNHU�VWDWLVWLFV����
DQG�����������
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7DEOH�$������(IIHFW�RI�HOLPLQDWLRQ�RI�VWDWLVWLFDO�GLIIHUHQFHV�DQG�LPSURYHPHQW�LQ�FKHPLFDO�LQGXVWU\�RQ�IHHGVWRFN�XVH�RI
HQHUJ\�FDUULHUV������DQG�����������

��� )XHO�W\SHV�ZLWKRXW�FKDQJHV�DUH�QRW�SUHVHQWHG�KHUH�
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$11(;����7HPSHUDWXUH�FRUUHFWLRQ�IRU�&2� IURP�HQHUJ\FRQVXPSWLRQ�IRU�VSDFH�KHDWLQJ
$ VLJQLILFDQW� SDUW� RI� WKH� HQHUJ\� FRQVXPSWLRQ� LQ� WKH� 1HWKHUODQGV� LV� XVHG� IRU� VSDFH� KHDWLQJ�� 'HVSLWH� WKHPRGHUDWH� VHD�FOLPDWH�� WKH�HQHUJ\�FRQVXPSWLRQ� LQ�FROG�ZLQWHUV� LV� VXEVWDQWLDOO\�KLJKHU� WKDQ� LQ�PLOG�ZLQWHUV�OHDGLQJ�WR�D�GLVWXUEDQFH�LQ�WKH�&2� WUHQG�RI�XS�WR�����)RU�GRPHVWLF�SROLF\�SXUSRVHV��KRZHYHU��LW�LV�GHVLUDEOHWR�VHSDUDWH�WKHVH�FOLPDWLF�GLVWXUEDQFHV�IURP�IOXFWXDWLRQV�LQ�&2� HPLVVLRQV�GXH�WR�RWKHU�FDXVHV�OLNH�HFRQRPLFGHYHORSPHQWV�� HIILFLHQF\� LPSURYHPHQWV� DQG� SROLF\� PHDVXUHV�� 7KHUHIRUH�� LQ� RUGHU� WR� HQDEOH� DQ� DFFXUDWHPRQLWRULQJ� RI� WKH� HIIHFWLYHQHVV� RI� SROLF\� LQVWUXPHQWV�� WKH� 1HWKHUODQGV
� &2� HPLVVLRQV� DUH� FRUUHFWHG� IRURXWVLGH�WHPSHUDWXUH�YDULDWLRQV�XVLQJ�D�PHWKRG�GHVFULEHG� LQ�6SDNPDQ�HW�DO�� �������DQG�RXWOLQHG�EHORZ��)RURWKHU�JUHHQKRXVH�JDVHV��WKH�FRQWULEXWLRQ�IURP�HQHUJ\�FRQVXPSWLRQ�LV�PXFK�OHVV�WKDQ�LQ�WKH�FDVH�RI�&2�� WKHXQFHUWDLQW\�RI�HPLVVLRQ�HVWLPDWHV�IRU�WKHVH�JDVHV�LV�DOVR�PXFK�ODUJHU�WKDQ�IRU�&2�� 7KHUHIRUH�QR�WHPSHUDWXUHFRUUHFWLRQ�LV�FDUULHG�RXW�IRU�QRQ�&2� JDVHV��7KH�FDOFXODWLRQ�LV�GHVFULEHG�LQ�GHWDLO�EHORZ�
���/LPLWDWLRQ�WR�QDWXUDO�JDV
1HDUO\� DOO� WKH� VSDFH� KHDWLQJ� LQ� WKH� 1HWKHUODQGV� LV� GRQH� ZLWK� QDWXUDO� JDV�� 7KXV�� RQO\� QDWXUDO� JDVFRQVXPSWLRQ�LV�FRUUHFWHG�IRU�RXWVLGH�WHPSHUDWXUH�YDULDWLRQV�
���&RUUHFWLRQ�IRUPXOD
7KH�WHPSHUDWXUH�FRUUHFWLRQ�UHTXLUHV�WZR�PXOWLSOLFDWLRQ�IDFWRUV��RQH�IRU�HDFK�HFRQRPLF�VHFWRU�

� WKH�+HDWLQJ�'HJUHH�'D\��+''��FRUUHFWLRQ�IDFWRU�*7� WKH�VHFWRU�VSHFLILF�DSSOLFDWLRQ�IDFWRU�76�
7KH� WRWDO�FRUUHFWLRQ� IDFWRU� IRU� JDV� FRQVXPSWLRQ� LQ� VSDFH� KHDWLQJ� RI� D� VHFWRU�6� LQ� \HDU�7� LV� FDOFXODWHG� E\PXOWLSO\LQJ�WKH�+''�FRUUHFWLRQ�IDFWRU�*7 LQ�\HDU�7�E\�WKH�VHFWRUDO�DSSOLFDWLRQ�IDFWRU�76� 7R�JLYH�FRUUHFWHGHQHUJ\�FRQVXPSWLRQ�DV�

JDV�FRQVXPSWLRQ��\HDU�7��VHFWRU�6�FRUUHFWHG�� ��JDV�FRQVXPSWLRQ��\HDU�7��VHFWRU�6�XQFRUUHFWHG��*7� 76

7KH�+HDWLQJ�'HJUHH� 'D\� FRUUHFWLRQ� IDFWRU� IRU� D� VSHFLILF� \HDU� LV� GHILQHG� DV� WKH� UDWLR� RI� WKH� QXPEHU� RI+HDWLQJ�'HJUHH�'D\V��+''V��RI�D�µQRUPDO¶�\HDU��GHILQHG�DV�D����\HDU�PRYLQJ�DYHUDJH��L�H��WKH�+''�DYHUDJHRI� WKH�QXPEHU�RI�+''�RI� WKH�SUHYLRXV����\HDUV�� WR� WKH�DFWXDO� QXPEHU�RI�+''� LQ� WKH�\HDU� IRU�ZKLFK� WKHFRUUHFWLRQ�IDFWRU�LV�FDOFXODWHG��)RU�D�UHODWLYHO\�ZDUP�\HDU��L�H��FRPSDUHG�WR�WKH�SUHYLRXV����\HDUV���WKH�+''FRUUHFWLRQ�IDFWRU�LV�ODUJHU�WKDQ����6XEVHTXHQWO\��HQHUJ\�FRQVXPSWLRQ�DQG�UHODWHG�HPLVVLRQV�DUH�LQFUHDVHG�WRDUULYH�DW�WKH�WHPSHUDWXUH�FRUUHFWHG�YDOXHV�>VR�FDOOHG�µDGGLWLRQ�IDFWRU¶� �����+''�FRUUHFWLRQ�IDFWRU��!��@��7KHFDOFXODWHG�QXPEHUV�RI�+''V�RI�D�µQRUPDO¶�\HDU�DUH�SUHVHQWHG�LQ�7DEOH�%���IRU�WKH�SHULRG�����������
���&DOFXODWLRQ�RI�+HDWLQJ�'HJUHH�'D\V
7KH�QXPEHU�RI�+HDWLQJ�'HJUHH�'D\V��+''��GDLO\�LV�FDOFXODWHG�XQLIRUPO\�IRU�WKH�1HWKHUODQGV�DV�D�ZKROH�RQWKH�EDVLV�RI�WKH�WHPSHUDWXUH�UHFRUG�RI�RQH�FHQWUDOO\�ORFDWHG�VWDWLRQ��'H�%LOW��7KXV��QR�UHJLRQDO�FDOFXODWLRQV�DUHFDUULHG�RXW��,QGRRU�VSDFH�KHDWLQJ�LV�DVVXPHG�WR�WDNH�SODFH�ZKHQ�RXWGRRU�WHPSHUDWXUHV�DUH�EHORZ�����&��7KHQXPEHU� RI� +''V� IRU� D� VSHFLILF� GD\� LV� GHILQHG� DV� WKH� QXPEHU� RI� GHJUHHV� &HQWLJUDGH� RI� WKH� PHDQ� GDLO\WHPSHUDWXUH�EHORZ�WKH�����&�WKUHVKROG��,I��IRU�H[DPSOH��WKH�PHDQ�GDLO\�WHPSHUDWXUH�IRU�D�VSHFLILF�GD\�LV�����&�WKH�QXPEHU�RI�+''V�IRU�WKDW�GD\�LV������� ����)RU�D�QRUPDO�\HDU�WKH�WRWDO�QXPEHU�RI�+''�LV�DERXW�������IRUD FDOHQGDU� \HDU� ZLWK� UHODWLYHO\� FROG� ZLQWHU� PRQWKV�� LW� LV� KLJKHU� �H�J�� ����� LQ� ������ DQG� IRU� \HDUV� ZLWKUHODWLYHO\�ZDUP�ZLQWHU�PRQWKV��LW�LV�ORZHU��H�J�������LQ��������7KH�WRWDO�DQQXDO�QXPEHU�RI�+''V�LV�FDOFXODWHGE\� (QHUJLH1HG� XVLQJ� GDWD� RQ�PHDQ� GDLO\� WHPSHUDWXUH� SURYLGHG� E\� WKH� 5R\DO� 1HWKHUODQGV�0HWHRURORJLFDO,QVWLWXWH��.10,���VHH�7DEOH�$������
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)RU�WKH�VDNH�RI�VLPSOLFLW\��XQZHLJKWHG�+''V�DUH�XVHG��L�H��ZKHQ�GDLO\�PHDQ�WHPSHUDWXUHV�DUH�WKH�VDPH��QRFRUUHFWLRQ�LV�FDUULHG�RXW�RI�WKH�REVHUYHG�GLIIHUHQFH�LQ�FRQVXPHU�EHKDYLRXU�RI�OHVV�GDLO\�IXHO�FRQVXPSWLRQ�IRUVSDFH� KHDWLQJ� LQ� DXWXPQ� DQG� VSULQJ� FRPSDUHG� ZLWK� GDLO\� FRQVXPSWLRQ� LQ� ZLQWHU� PRQWKV�� 7KLV� KDV� WKHDGYDQWDJH�WKDW�FDOFXODWLRQV�FDQ�EH�SHUIRUPHG�RQ�WKH�EDVLV�RI�WRWDO�DQQXDO��LQ�SUHIHUHQFH�WR�PRQWKO\��ILJXUHV�IRUERWK�+''�DQG�JDV�FRQVXPSWLRQ�
7DEOH�$����� �$QQXDO�QXPEHU�RI�+HDWLQJ�'HJUHH�'D\��+''������\HDU�PRYLQJ�DYHUDJH�IRU�QRUPDO�QXPEHU�RI�+''V

DQG�WKH�+''�FRUUHFWLRQ�IDFWRU�IRU�WKH�SHULRG�����������EDVHG�RQ�ZHDWKHU�VWDWLVWLFV�IRU�'H�%LOW
<HDU $FWXDO

QXPEHU�RI
+''

���\HDU
µQRUPDO¶
+''

+''
FRUUHFWLRQ
IDFWRU

<HDU $FWXDO
QXPEHU�RI
+''

���\HDU
µQRUPDO¶
+''

+''
FRUUHFWLRQ
IDFWRU

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

6RXUFH��(QHUJLH1HG��������SHUV��FRPP���DQG�ZZZ�HQHUJLHQHG��QO

���'HILQLWLRQ�RI�QRUPDO�+HDWLQJ�'HJUHH�'D\V
7KH�QXPEHU�RI�+''�IRU�D� µQRUPDO¶�\HDU�7� LV�GHILQHG�DV� WKH�DYHUDJH�QXPEHU�RI�+''V�RI� WKH�SUHYLRXV���\HDUV��7KLV����\HDU�PRYLQJ�DYHUDJH�KDV�EHHQ�VHOHFWHG�LQ�SUHIHUHQFH�WR�D�IL[HG�UHIHUHQFH�\HDU��H�J��WKH����\HDUDYHUDJH�RI�WKH�SHULRG������������WR�EH�DEOH�WR�DFFRXQW���DQG�WKXV�WR�FRUUHFW���IRU�WUHQGV�LQ�GDLO\�WHPSHUDWXUHV�L�H��FDXVHG�E\�FOLPDWLF�FKDQJHV��&RPSDUHG� WR� WKLV�PRYLQJ�DYHUDJH��ZLQWHUV� LQ� WKH�1HWKHUODQGV�KDYH� LQ� UHFHQW�\HDUV�EHHQ�JHWWLQJ�PLOGHU�)URP������WR������DQG������WR������HDFK�ZLQWHU�ZDV�PLOGHU�WKDQ�WKH�DYHUDJH�RI�WKH�SUHYLRXV����\HDUV��WKXVPDNLQJ�WKH�+''�FRUUHFWLRQ�IDFWRU�!��IRU�WKHVH�\HDUV��7KH�ZLQWHU�RI������ZDV�UHODWLYHO\�FROG��7KH�PRYLQJ����\HDU�DYHUDJH�QXPEHU�RI�+''V�GHFUHDVHG�E\�������IURP�������WR������EHWZHHQ������DQG������QRW�RQO\�DV�DUHVXOW�E\�WKH�UHODWLYHO\�PLOG�ZLQWHUV�RI�UHFHQW�\HDUV�VKLIWLQJ�LQWR�WKH����\HDU�DYHUDJH��EXW�DOVR�GXH�WR�VKLIWLQJIURP�WKH�PRYLQJ�DYHUDJH�RI�FROG�ZLQWHUV��H�J��WKRVH�RI�����������
���)UDFWLRQ�RI�HQHUJ\�FRQVXPSWLRQ�XVHG�IRU�VSDFH�KHDWLQJ
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