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61)�SURMHFW�QR������

1RUVN�RJ�LQWHUQDVMRQDO�NOLPDSROLWLNN�
��NRQVHNYHQVHU�IRU�VNLSVIDUWVQ ULQJHQ�

�1RUZHJLDQ�DQG�LQWHUQDWLRQDO�FOLPDWH�SROLF\�
��FRQVHTXHQFHV�IRU�WKH�VKLSSLQJ�LQGXVWU\��

�
�
�

7KH�SURMHFW�LV�ILQDQFHG�E\�WKH�1RUZHJLDQ�6KLSRZQHUV�$VVRFLDWLRQ�
�

�
�
�

6,�6���&HQWUH�IRU�,QWHUQDWLRQDO�(FRQRPLFV�DQG�6KLSSLQJ�
�

�
�

)281'$7,21�)25�5(6($5&+�,1�(&2120,&6�$1'�%86,1(66�$'0,1,675$7,21�
%(5*(1��'(&(0%(5������

,661�������������
�

� ��'HWWH�HNVHPSODU�HU�IUHPVWLOW�HWWHU�DYWDOH�
PHG�.23,125��6WHQHUJDWH���������2VOR��
<WWHUOLJHUH�HNVHPSODUIUHPVWLOOLQJ�XWHQ�DYWDOH�
RJ�L�VWULG�PHG�nQGVYHUNORYHQ�HU�VWUDIIEDUW�
RJ�NDQ�PHGI¡UH�HUVWDWQLQJVDQVYDU��
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6,�6���&(175(�)25�,17(51$7,21$/�(&2120,&6�$1'�6+,33,1*�

�

6,�6�±�&HQWUH�IRU�LQWHUQDWLRQDO�HFRQRPLFV�DQG�VKLSSLQJ�±�LV�D�MRLQW�FHQWUH�IRU�7KH�1RUZHJLDQ�
6FKRRO�RI�(FRQRPLFV�DQG�%XVLQHVV�$GPLQLVWUDWLRQ��1++��DQG�7KH�)RXQGDWLRQ�IRU�5HVHDUFK�
LQ�(FRQRPLFV�DQG�%XVLQHVV�$GPLQLVWUDWLRQ��61)����7KH�FHQWUH�LV�UHVSRQVLEOH�IRU�UHVHDUFK�DQG�
WHDFKLQJ�ZLWKLQ�WKH�ILHOGV�RI�LQWHUQDWLRQDO�WUDGH�DQG�VKLSSLQJ��
�
,QWHUQDWLRQDO�7UDGH��
7KH�FHQWUH�ZRUNV�ZLWK�DOO�W\SHV�RI�LVVXHV�UHODWHG�WR�LQWHUQDWLRQDO�WUDGH�DQG�VKLSSLQJ��DQG�KDV�
SDUWLFXODU�H[SHUWLVH�LQ�WKH�DUHDV�RI�LQWHUQDWLRQDO�UHDO�HFRQRPLFV��WUDGH��IDFWRU�PRELOLW\��
HFRQRPLF�LQWHJUDWLRQ�DQG�LQGXVWULDO�SROLF\���LQWHUQDWLRQDO�PDFURHFRQRPLFV�DQG�LQWHUQDWLRQDO�
WD[�SROLF\���5HVHDUFK�DW�WKH�FHQWUH�KDV�LQ�JHQHUDO�EHHQ�GRPLQDWHG�E\�SURMHFWV�DLPLQJ�WR�
SURYLGH�LQFUHDVHG�LQVLJKW�LQWR�JOREDO��VWUXFWXUDO�LVVXHV�DQG�WKH�HIIHFW�RI�UHJLRQDO�HFRQRPLF�
LQWHJUDWLRQ���+RZHYHU��WKH�UHVHDUFKHUV�DW�WKH�FHQWUH�DOVR�SDUWLFLSDWH�DFWLYHO\�LQ�SURMHFWV�
UHODWLQJ�WR�SXEOLF�HFRQRPLFV��LQGXVWULDO�SROLF\�DQG�FRPSHWLWLRQ�SROLF\��
�

,QWHUQDWLRQDO�7UDQVSRUW�

,QWHUQDWLRQDO�WUDQVSRUW�LV�DQRWKHU�FHQWUDO�DUHD�RI�UHVHDUFK�DW�WKH�FHQWUH���:LWKLQ�WKLV�ILHOG��
VWXGLHV�RI�WKH�FRPSHWLWLRQ�EHWZHHQ�GLIIHUHQW�PRGHV�RI�WUDQVSRUW�LQ�(XURSH�DQG�WKH�SRVVLELOLWLHV�
RI�LQFUHDVLQJ�VHD�WUDQVSRUW�ZLWK�D�YLHZ�WR�HDVLQJ�WKH�SUHVVXUH�RQ�WKH�ODQG�EDVHG�WUDQVSRUW�
QHWZRUN�RQ�WKH�&RQWLQHQW�KDYH�EHHQ�FHQWUDO��
�

0DULWLPH�5HVHDUFK�

2QH�RI�WKH�PDLQ�WDVNV�RI�WKH�FHQWUH�LV�WR�DFW�DV�D�OLQN�EHWZHHQ�WKH�PDULWLPH�LQGXVWU\�DQG�WKH�
UHVHDUFK�HQYLURQPHQW�DW�61)�DQG�1++���$�VHULHV�RI�SURMHFWV�WKDW�DUH�ILQDQFHG�E\�WKH�
1RUZHJLDQ�6KLSRZQHUV�$VVRFLDWLRQ�DQG�DLPHG�GLUHFWO\�DW�VKLSRZQLQJ�ILUPV�DQG�RWKHU�
PDULWLPH�FRPSDQLHV�KDYH�EHHQ�FRQGXFWHG�DW�WKH�FHQWUH���7KHVH�SURMHFWV�LQFOXGH�VWXGLHV�RI�
1RUZHJLDQ�VKLSRZQHUV
�PXOWLQDWLRQDO�DFWLYLWLHV��VKLSEXLOGLQJ�LQ�1RUWKHUQ�(XURSH�DQG�WKH�
FRPSHWLWLRQ�LQ�WKH�IHUU\�PDUNHWV��
�

+XPDQ�5HVRXUFHV�

7KH�FHQWUH¶V�KXPDQ�UHVRXUFHV�LQFOXGH�UHVHDUFKHUV�DW�61)�DQG�DIILOLDWHG�SURIHVVRUV�DW�1++�DV�
ZHOO�DV�OHDGLQJ�LQWHUQDWLRQDO�HFRQRPLVWV�ZKR�DUH�DIILOLDWHG�WR�WKH�FHQWUH�WKURXJK�ORQJ�WHUP�
UHODWLRQV���'XULQJ�WKH�ODVW�IHZ�\HDUV�WKH�FHQWUH�KDV�SURGXFHG�ILYH�3K'V�ZLWKLQ�LQWHUQDWLRQDO�
HFRQRPLFV�DQG�VKLSSLQJ��
�

1HWZRUNV�

7KH�FHQWUH�LV�LQYROYHG�LQ�VHYHUDO�PDMRU�(8�SURMHFWV�DQG�FROODERUDWHV�ZLWK�FHQWUDO�UHVHDUFK�DQG�
HGXFDWLRQDO�LQVWLWXWLRQV�DOO�RYHU�(XURSH���7KHUH�LV�SDUWLFXODUO\�FORVH�FRQWDFW�ZLWK�/RQGRQ�
6FKRRO�RI�(FRQRPLFV��8QLYHUVLW\�RI�*ODVJRZ��7KH�*UDGXDWH�,QVWLWXWH�RI�,QWHUQDWLRQDO�6WXGLHV�
LQ�*HQHYD�DQG�7KH�5HVHDUFK�,QVWLWXWH�RI�,QGXVWULDO�(FRQRPLFV��,8,��LQ�6WRFNKROP���7KH�VWDII�
PHPEHUV�SDUWLFLSDWH�LQ�LQWHUQDWLRQDO�UHVHDUFK�QHWZRUNV��LQFOXGLQJ�&HQWUH�IRU�(FRQRPLF�3ROLF\�
5HVHDUFK��&(35���/RQGRQ�DQG�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�0DULWLPH�(FRQRPLVWV��,$0(���

�
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�
�

61)�KDV�UHFHQWO\�GHYHORSHG�D�QHZ�PRGHO�RI�WKH�VWHHO�PDUNHW�DQG�VRPH�RI�WKH�PDMRU�IDFWRU�
PDUNHWV�FRQQHFWHG�WR�WKH�VWHHO�LQGXVWU\��7KH�DLP�RI�WKH�PRGHO�KDV�EHHQ�WR�VWXG\�KRZ�

UHJXODWLRQV�RI�WKH�HPLVVLRQV�RI�FDUERQ�GLR[LGH��&2���LQ�WKH�VWHHO�LQGXVWU\�PLJKW�DIIHFW�WKH�
VWUXFWXUH�RI�WKH�LQGXVWU\��,W�KDV�DOVR�EHHQ�DQ�REMHFWLYH�WR�LQYHVWLJDWH�KRZ�VWUXFWXUDO�FKDQJHV�LQ�

WKH�VWHHO�LQGXVWU\�PLJKW�LQIOXHQFH�RQ�WKH�LQGXVWU\¶V�GHPDQG�IRU�WUDQVSRUW�VHUYLFHV���
�

7KLV�SDSHU�RXWOLQHV�WKH�GHWDLOV�DERXW�WKH�GDWD�WKDW�HQWHU�WKH�PRGHO��,W�GHVFULEHV�WKH�SURFHGXUHV�
WKDW�KDV�EHHQ�XVHG�DQG�KLJKOLJKWV�VRPH�RI�WKH�PDLQ�GDWD�RQ�SURGXFWLRQ��IDFWRU�XVH��IDFWRU�

SULFHV��LQGXVWU\�FRVWV��WUDGH��WUDGH�FRVWV�DQG�&2��HPLVVLRQV�LQ�WKH�VWHHO�LQGXVWU\���
�
�
�
�
�
�
�
�

�������������������������������������������������
�$GGUHVV�RI�FRUUHVSRQGHQFH��61)�6,�6��+HOOHYHLHQ�����1������%HUJHQ��(�PDLO��2WWDU�0DHVWDG#VQI�QR��
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�

61)�KDV�UHFHQWO\�GHYHORSHG�D�QHZ�PRGHO�RI�WKH�VWHHO�PDUNHW�DQG�VRPH�RI�WKH�PDMRU�IDFWRU�

PDUNHWV�FRQQHFWHG�WR�WKH�VWHHO�LQGXVWU\��7KH�DLP�RI�WKH�PRGHO�KDV�EHHQ�WR�VWXG\�KRZ�

UHJXODWLRQV�RI�WKH�HPLVVLRQV�RI�FDUERQ�GLR[LGH��&2���IURP�WKH�VWHHO�LQGXVWU\�PLJKW�DIIHFW�WKH�

VWUXFWXUH�RI�WKH�LQGXVWU\��,W�KDV�DOVR�EHHQ�DQ�REMHFWLYH�WR�LQYHVWLJDWH�KRZ�VWUXFWXUDO�FKDQJHV�LQ�

WKH�VWHHO�LQGXVWU\�PLJKW�LQIOXHQFH�RQ�WKH�LQGXVWU\¶V�GHPDQG�IRU�WUDQVSRUW�VHUYLFHV��7KLV�SDSHU�

RXWOLQHV�WKH�GHWDLOV�DERXW�WKH�GDWD�WKDW�HQWHU�WKH�PRGHO��)RU�D�IXOO�GHVFULSWLRQ�RI�WKH�PRGHO�DQG�

WKH�UHVXOWV�IURP�RXU�DQDO\VLV��VHH�VHSDUDWH�UHSRUWV�E\�0DWKLHVHQ���������0 VWDG���������DQG�

0DWKLHVHQ�DQG�0 VWDG���������

�

7KH�.\RWR�3URWRFRO��ZKLFK�SXWV�ELQGLQJ�OLPLWV�RI�WKH�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV�LQ�WKH�

LQGXVWULDOLVHG�FRXQWULHV��IRUFHV�WKH�LQGXVWULDOLVHG�FRXQWULHV�WR�LPSOHPHQW�SROLFLHV�WKDW�UHGXFH�

WKH�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV��LQFOXGLQJ�FDUERQ�GLR[LGH��6HYHUDO�SROLF\�RSWLRQV�DUH�

DYDLODEOH��VXFK�DV�HPLVVLRQ�WD[HV��D�V\VWHP�RI�WUDGDEOH�HPLVVLRQ�TXRWDV�DQG�GLUHFW�UHJXODWLRQ��

0DUNHW�EDVHG�VROXWLRQV��VXFK�DV�WD[HV�RU�WUDGDEOH�HPLVVLRQ�TXRWDV��DUH�SUHIHUDEOH�IURP�DQ�

HIILFLHQF\�SRLQW�RI�YLHZ���

�

7KH�VWHHO�LQGXVWU\�LV�D�KHDY\�VRXUFH�RI�HPLVVLRQV�RI�FDUERQ�GLR[LGH��+XJH�DPRXQWV�RI�FRDO�DUH�

FRPEXVWHG�LQ�WKH�EODVW�IXUQDFH�SURFHVV��,Q�DGGLWLRQ��WKH�HOHFWULF�DUF�IXUQDFH�LV�DQ�LQGLUHFW�

VRXUFH�RI�FDUERQ�HPLVVLRQV�WKURXJK�FRQVXPSWLRQ�RI�ODUJH�DPRXQWV�RI�HOHFWULFLW\��ZKLFK�LQ�

PRVW�FRXQWULHV�LV�SURGXFHG�E\�IRVVLO�IXHOV��)LQDOO\��WKHUH�DUH�VXEVWDQWLDO�HPLVVLRQV�UHODWHG�WR�

WKH�SURGXFWLRQ�RI�GLUHFWO\�UHGXFHG�LURQ��ZKLFK�LV�EDVHG�RQ�LURQ�RUH�DQG�KXJH�DPRXQWV�RI�

QDWXUDO�JDV���

�

,I�WKH�VWHHO�LQGXVWU\�LQ�WKH�LQGXVWULDOLVHG�FRXQWULHV�ZLOO�KDYH�WR�SD\�IRU�WKHLU�HPLVVLRQV�RI�

FDUERQ�GLR[LGH��HLWKHU�WKURXJK�HPLVVLRQ�WD[HV�RU�WKURXJK�D�V\VWHP�RI�WUDGDEOH�HPLVVLRQ�

TXRWDV��WKH�FRVW�RI�VWHHO�SURGXFWLRQ�PLJKW�LQFUHDVH�TXLWH�VXEVWDQWLDOO\�LQ�WKHVH�UHJLRQV��7KLV�

PLJKW�OHDG�WR�D�UHVWUXFWXULQJ�RI�WKH�VWHHO�LQGXVWU\�DORQJ�VHYHUDO�GLPHQVLRQV��)LUVW��KLJKHU�

SURGXFWLRQ�FRVWV�DQG�KLJKHU�VWHHO�SULFHV�PLJKW�UHGXFH�VWHHO�GHPDQG��6HFRQG��KLJKHU�FRVWV�RI�

SROOXWLQJ�IDFWRUV�PLJKW�OHDG�WR�VXEVWLWXWLRQ�WRZDUGV�D�OHVV�SROOXWLQJ�LQSXW�PL[��7KLUG��UHGXFHG�
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FRPSHWLWLYHQHVV�RI�VWHHO�SURGXFHUV�LQ�WKH�LQGXVWULDOLVHG�FRXQWULHV�PLJKW�LQFUHDVH�WKH�PDUNHW�

VKDUHV�RI�RWKHU�UHJLRQV��IRU�H[DPSOH�VRPH�$VLDQ�FRXQWULHV��)LQDOO\��VLQFH�VWHHO�FDQ�EH�

SURGXFHG�WKURXJK�VHYHUDO�GLIIHUHQW�SURFHVVHV�ZLWK�TXLWH�GLIIHUHQW�LQSXW�UHTXLUHPHQWV��ZH�PD\�

IRUHVHH�D�UHVWUXFWXULQJ�RI�SURGXFWLRQ�EHWZHHQ�GLIIHUHQW�SURFHVVHV��7KH�PRGHO�LV�GHVLJQHG�LQ�

RUGHU�WR�FDSWXUH�WKHVH�NLQGV�RI�VWUXFWXUDO�VKLIWV�DQG�WR�GHULYH�WKH�LPSOLFDWLRQV�RI�WKHVH�FKDQJHV�

IRU�VRPH�RI�WKH�LPSRUWDQW�LQWHUQDWLRQDO�WUDGHV�UHODWHG�WR�WKH�VWHHO�LQGXVWU\��WKH�WUDQVSRUW�RI�LURQ�

RUH��FRDO�DQG�VWHHO�SURGXFWV��

�

6R�PXFK�IRU�WKH�PRGHO��:H�QRZ�WXUQ�WR�WKH�WRSLF�RI�WKLV�SDSHU��WKH�GDWD��:H�VKDOO�SURYLGH�DQ�

RYHUYLHZ�RI�WKH�GDWD�VRXUFHV�DQG�WKH�PHWKRGV�XVHG�LQ�FROOHFWLQJ�DQG�FRPSXWLQJ�WKH�GDWD��,Q�

DGGLWLRQ��ZH�ZLOO�SUHVHQW�VRPH�RI�WKH�NH\�GDWD�WKDW�HQWHU�WKH�PRGHO���

�
'DWD�VRXUFHV�
�

7KH�GDWD�DUH�FROOHFWHG�IURP�D�QXPEHU�RI�GLIIHUHQW�VRXUFHV��7KHVH�DUH��

� 7KH�&58�GDWDEDVH�

7KLV�GDWD�VRXUFH�FRQWDLQV�ILUP�OHYHO�GDWD�IURP����VWHHO�SURGXFWLRQ�SODQWV�DURXQG�WKH�ZRUOG��

UHSUHVHQWLQJ�DURXQG�����RI�WRWDO�VWHHO�SURGXFWLRQ��7KH�GDWDEDVH�FRQWDLQV�GHWDLOV�DERXW�

SURGXFWLRQ�YROXPHV�DQG�FDSDFLWLHV��WKH�XVH�RI�LQSXWV�DW�GLIIHUHQW�VWDJHV�RI�SURGXFWLRQ��LQSXW�

SULFHV�DQG�FRVWV���

� 6WHHO�6WDWLVWLFDO�<HDUERRN�������,QWHUQDWLRQDO�,URQ�DQG�6WHHO�,QVWLWXWH�

� *7$3�YHUVLRQ���

*7$3��*OREDO�7UDGH�$QDO\VLV�3URMHFW��LV�D�JOREDO�GDWDEDVH�FRQWDLQLQJ�GDWD�RQ�SURGXFWLRQ��

FRQVXPSWLRQ��WUDGH��WUDGH�SROLF\�DQG�IDFWRU�XVDJH�LQ�D�QXPEHU�RI�LQGXVWU\�VHFWRUV�DQG�

FRXQWULHV�UHJLRQV���

� ,($�(QHUJ\�EDODQFH��������

� ,($�&RDO�,QIRUPDWLRQ��������

� 5��6��3ODWRX�(FRQRPLF�5HVHDUFK�D�V��

� -RDFKLP�*ULHJ�	�&R�

� 6HOHFWHG�SXEOLFDWLRQV�

� ([SHUW�FRPPHQWV�
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�

7KH�UHJLRQDO�VSOLW��

�
,Q�WKH�PRGHO��WKH�ZRUOG�LV�GLYLGHG�LQWR�WHQ�UHJLRQV��

� (8����(8�H[FHSW�)LQODQG�DQG�6ZHGHQ��
� 5HVW�RI�:HVWHUQ�(XURSH��
� (DVWHUQ�(XURSH�DQG�)RUPHU�6RYLHW�8QLRQ��LQFOXGLQJ�7XUNH\��
� 1RUWK�$PHULFD��86$��&DQDGD��0H[LFR��
� 6RXWK�$PHULFD��5HVW�RI�$PHULFD��
� -DSDQ�
� &KLQD�
� 5HVW�RI�$VLD�
� $XVWUDOLD��$XVWUDOLD�DQG�1HZ�=HDODQG��
� 5HVW�RI�ZRUOG��$IULFD�DQG�0LGGOH�(DVW��

�

7KH�ERUGHUV�EHWZHHQ�UHJLRQV�DUH�GUDZQ�LQ�RUGHU�WR�FDSWXUH�VHYHUDO�LPSRUWDQW�DVSHFWV������

UHJLRQDO�GLIIHUHQFHV�LQ�SURGXFWLRQ�WHFKQRORJ\�DQG�IDFWRU�XVH������VHDERUQH�WUDGH�IORZV�

EHWZHHQ�UHJLRQV�ERWK�LQ�LQSXW�PDUNHWV�DQG�LQ�WKH�PDUNHW�IRU�VWHHO�SURGXFWV��DQG�����ZH�ZDQW�WR�

KDYH�WKH�RSSRUWXQLW\�WR�GLIIHUHQWLDWH�WKH�FOLPDWH�SROLFLHV�EHWZHHQ�UHJLRQV��LQ�SDUWLFXODU�

EHWZHHQ�FRXQWULHV�WKDW�DUH�PHPEHUV�RI�WKH�.\RWR�3URWRFRO�DQG�FRXQWULHV�WKDW�DUH�QRW���

�
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���3URGXFWLRQ�GDWD�
�

7KH�GDWD�VRXUFH�IRU�WKH�SURGXFWLRQ�GDWD�LV�6WHHO�6WDWLVWLFDO�<HDUERRN�������,,6,������D���,Q�

,,6,������D���SURGXFWLRQ�RI�VWHHO�LV�VSOLW�RQ�WKUHH�GLIIHUHQW�SURFHVVHV��

� 2[\JHQ�%ORZQ�&RQYHUWHUV�
� 2SHQ�+HDUWK�)XUQDFH�
� (OHFWULF�$UF�)XUQDFH�

�

2[\JHQ�%ORZQ�&RQYHUWHUV�DUH�WKH�GRPLQDWLQJ�WHFKQRORJ\��DFFRXQWLQJ�IRU��������RI�ZRUOG�

VWHHO�SURGXFWLRQ�LQ�������7KH�SURFHVV�LV�EDVHG�RQ�����PDNLQJ�RI�SLJ�LURQ�IURP�LURQ�DQG�FRNH��

����PDNLQJ�RI�VWHHO�IURP�SLJ�LURQ��ZLWK�WKH�LQFOXVLRQ�RI�D�FHUWDLQ�DPRXQW�RI�VFUDS��2SHQ�

+HDUWK�)XUQDFH�LV�EDVHG�RQ�WKH�VDPH�LQSXW�IDFWRUV�DV�2[\JHQ�%ORZQ�&RQYHUWHUV�EXW�LV�D�PRUH�

ROG�IDVKLRQHG�SURGXFWLRQ�SURFHVV��2SHQ�+HDUWK�)XUQDFH�LV�E\�QRZ�FRPSOHWHO\�DEROLVKHG�LQ�

PRVW�FRXQWULHV��H[FHSW�LQ�WKH�)RUPHU�6RYLHW�8QLRQ��&KLQD��DQG�D�IHZ�RWKHU�GHYHORSLQJ�

FRXQWULHV��,Q�������WKLV�SURFHVV�DFFRXQWHG�IRU����RI�ZRUOG�VWHHO�SURGXFWLRQ��,Q�RXU�PRGHO��

2SHQ�+HDUWK�)XUQDFH�LV�QRW�WUHDWHG�DV�D�VHSDUDWH�SURFHVV�EXW�LV�LQFOXGHG�WRJHWKHU�ZLWK�2[\JHQ�

%ORZQ�&RQYHUWHUV�LQ�WKH�2%�SURFHVV��7KH�RXWSXW�RI�WKLV�SURGXFWLRQ�SURFHVV�LV�FDOOHG�2[\JHQ�

%ORZQ�6WHHO��2%6�VWHHO����

�

,Q�PRVW�DUHDV��WKH�(OHFWULF�$UF�)XUQDFH�LV�EDVHG�RQ�LQSXWV�RI�VFUDS�DQG�HOHFWULFLW\��%XW�LQ�VRPH�

UHJLRQV�GLUHFWO\�UHGXFHG�LURQ��'5,��LV�XVHG�DV�ZHOO��7KH�SURGXFWLRQ�RI�'5,�UHTXLUHV�YDVW�

DPRXQWV�RI�QDWXUDO�JDV��7KHUHIRUH��HOHFWULF�DUF�IXUQDFH�EDVHG�RQ�'5,�LV�IXQGDPHQWDOO\�

GLIIHUHQW�IURP�WKH�PRUH�FRPPRQ�HOHFWULF�DUF�SURFHVV�EDVHG�RQ�VFUDS��:H�WUHDW�WKHVH�SURFHVVHV�

DV�WZR�GLIIHUHQW�RQHV��(OHFWULF�$UF�6WHHO��($6��LV�WKXV�SURGXFHG�HLWKHU�VROHO\�EDVHG�RQ�VFUDS�

�6%�SURFHVV��RU�E\�D�FRPELQDWLRQ�RI�VFUDS�DQG�'5,��'5�SURFHVV���

�

7KHUH�DUH�WKXV�WZR�SURGXFWV��2%6�DQG�($6��SURGXFHG�E\�WKUHH�GLIIHUHQW�SURFHVVHV��2%��6%�

DQG�'5���

�

3URGXFWLRQ�GDWD�IRU�2%6�VWHHO�DQG�($6�VWHHO�DUH�UHDGLO\�REWDLQHG�IRUP�,,6,������D���,Q�RUGHU�

WR�VSOLW�WKH�($6�SURGXFWLRQ�GDWD�RQ�WKH�6%�DQG�'5�SURFHVVHV��WKH�IROORZLQJ�SURFHGXUH�ZDV�

DSSOLHG��3URGXFWLRQ�EDVHG�RQ�'5,�LV�QHJOLJLEOH�LQ�5HVW�RI�:HVWHUQ�(XURSH��-DSDQ��&KLQD�DQG�

$XVWUDOLD��DQG�WKLV�SURFHVV�LV�WKHUHIRUH�LJQRUHG�LQ�WKHVH�UHJLRQV��3URGXFWLRQ�LQ�WKH�UHPDLQLQJ�

UHJLRQV�LV�FDOFXODWHG�E\�XVLQJ�GDWD�IURP�,,6,������D��RQ�DSSDUHQW�FRQVXPSWLRQ�RI�'5,�DQG�E\�

FRPELQJ�WKHVH�GDWD�ZLWK�DQ�HVWLPDWH�RI�WKH�DPRXQW�RI�'5,�XVHG�LQ�WKH�'5�SURFHVV��7KH�ODWWHU�
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7KH�GDWD�RQ�IDFWRU�XVH�KDYH�EHHQ�REWDLQHG�DV�IROORZV��

�

,URQ�RUH��

,URQ�RUH�LV�XVHG�LQ�WKH�SURGXFWLRQ�RI�SLJ�LURQ�LQ�WKH�EODVW�IXUQDFH�SURFHVV�DQG�LQ�WKH�SURGXFWLRQ�

RI�GLUHFWO\�UHGXFHG�LURQ��'5,���)RU�PRVW�UHJLRQV��WKH�LQSXW�RI�LURQ�RUH�LQ�WKH�SURGXFWLRQ�RI�SLJ�

LURQ�LV�WDNHQ�IURP�WKH�&58�GDWDEDVH��7KH�H[FHSWLRQ�LV�&KLQD��ZKHUH�WKH�FRQVXPSWLRQ�RI�LURQ�

RUH�SHU�WRQ�SLJ�LURQ�LV�FDOFXODWHG�E\�DVVXPLQJ�WKDW�WKH�³TXDOLW\�DGMXVWHG´�RUH�LQSXW�LQ�&KLQD�

HTXDOV�WKH�ZRUOG�DYHUDJH��DQG�WKHQ�DGMXVWLQJ�IRU�WKH�IDFW�WKDW�PXFK�RI�WKH�LURQ�RUH�LQSXW�LQ�

&KLQD�LV�RI�LQIHULRU�TXDOLW\���

�

,Q�RUGHU�WR�FDOFXODWH�WKH�LQSXW�RI�SLJ�LURQ�LQ�WKH�2%�SURFHVV��ZH�XVHG�WKH�GDWD�RQ�DSSDUHQW�

FRQVXPSWLRQ�RI�SLJ�LURQ�IURP�,,6,������D����7KH�GDWD�IRU�&KLQD�LV�VWLSXODWHG�EDVHG�RQ�WKH�

DVVXPSWLRQ�WKDW�WKH�SURGXFWLRQ�SURFHVV�LQ�&KLQD�LV�UHODWLYHO\�LQHIILFLHQW�FRPSDUHG�WR�RWKHU�

UHJLRQV���

�

7KH�XVH�RI�LURQ�RUH�LQ�WKH�'5�SURFHVV�KDV�EHHQ�FDOFXODWHG�E\�XVLQJ�WKH�GDWD�IURP�&58�RQ�WKH�

FRQVXPSWLRQ�RI�RUH�SHU�WRQ�'5,�DQG�RQ�WKH�XVH�RI�'5,�LQ�WKH�'5�SURFHVV��

�

&RDO��

)RU�PRVW�UHJLRQV��GDWD�RQ�FRDO�FRQVXPSWLRQ�SHU�XQLW�RI�SLJ�LURQ�DUH�FRQVWUXFWHG�RQ�WKH�EDVLV�RI�

GDWD�IURP�&58��:H�KDYH�XVHG�GDWD�RQ�FRNH�UDWHV��GDWD�RQ�WKH�DPRXQW�RI�FRDO�QHHGHG�WR�

SURGXFH�FRNH�DQG�GDWD�RQ�3&,�FRQVXPSWLRQ��+RZHYHU��IRU�&KLQD�DQG�(DVWHUQ�(XURSH�DQG�

)RUPHU�6RYLHW�8QLRQ��ZH�KDYH�XVHG�FRDO�FRQVXPSWLRQ�GDWD�IURP�,($������E����

�

6FUDS��

6FUDS�LV�XVHG�LQ�DOO�WKUHH�SURFHVVHV��6FUDS�UDWHV�KDYH�EHHQ�FRQVWUXFWHG�RQ�WKH�EDVLV�RI�GDWD�

IURP�,,6,������D���&58�DQG�WKH�,,6,������E����
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��,W�LV�LPSOLFLWO\�DVVXPHG�WKDW�QR�SLJ�LURQ�LV�XVHG�LQ�VFUDS�EDVHG�LQGXVWU\��7KLV�LV�QRW�SHUIHFWO\�FRUUHFW��LPSO\LQJ�
WKDW�WKH�SLJ�LURQ�UDWH�LQ�WKH�2%�SURFHVV�LV�VOLJKWO\�RYHUHVWLPDWHG���
��7KH�ORZ�UDWH�RI�SLJ�LURQ�FRQVXPSWLRQ�LQ�&KLQD�LQ�WKH�,,6,������D��GDWD�PD\�VXJJHVW�WKDW�WKHUH�LV�D�
FRUUHVSRQGLQJO\�KLJK�UDWH�RI�VFUDS�FRQVXPSWLRQ�LQ�WKH�2%�SURFHVV��GXH�WR�VXEVWDQWLDO�SURGXFWLRQ�E\�WKH�2SHQ�
+HDUWK�3URFHVV�LQ�WKLV�FRXQWU\��+RZHYHU��DV�WKH�GLVFXVVLRQ�EHORZ�VKRZV��WKH�LPSOLHG�VFUDS�UDWH�LQ�2%�SURGXFWLRQ�
LQ�&KLQD�LV�YHU\�ORZ��+HQFH��ZH�KDYH�FKRVHQ�WR�DGMXVW�WKH�SLJ�LURQ�UDWH�XSZDUGV��
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7RWDO�VFUDS�FRQVXPSWLRQ�LQ�HDFK�UHJLRQ�KDV�EHHQ�WDNHQ�IURP�,,6,������D���DIWHU�VXEWUDFWLQJ�

WKH�DPRXQW�RI�VFUDS�WKDW�JRHV�WR�IRXQGU\�SURGXFWLRQ�����

�

6FUDS�FRQVXPSWLRQ�KDV�EHHQ�VSOLW�RQ�SURFHVVHV�LQ�WKH�IROORZLQJ�ZD\��)LUVW��ZH�VHSDUDWH�RXW�

VFUDS�IRU�WKH�WZR�HOHFWULF�DUF�SURFHVVHV��6%�DQG�'5���7KLV�LV�GRQH�E\�XVLQJ�GDWD�RQ�VFUDS�

FRQVXPSWLRQ�LQ�WKH�($)�VHFWRU�IURP�,,6,������E���+RZHYHU��WKH�VFUDS�UDWHV�LQ�($)�

SURGXFWLRQ�LQ�:HVWHUQ�(XURSH�KDYH�EHHQ�WDNHQ�GLUHFWO\�IURP�WKH�&58�GDWDEDVH��VLQFH�WKH�

TXDOLW\�RI�WKHVH�GDWD�LV�SDUWLFXODUO\�JRRG��)LQDOO\��WKH�UHVW�RI�WKH�VFUDS�FRQVXPSWLRQ�LV�

DOORFDWHG�WR�WKH�2%�SURFHVV���

�

7KLV�SURFHGXUH�OHDGV�WR�QHJDWLYH�FRQVXPSWLRQ�RI�VFUDS�LQ�WKH�2%�SURFHVV�LQ�&KLQD�DQG�

$XVWUDOLD��)RU�ERWK�WKHVH�UHJLRQV��WKH�VFUDS�UDWH�KDV�EHHQ�DUELWUDULO\�VWLSXODWHG�WR����NJ�SHU�WRQ�

RI�VWHHO��

�

:H�QHHG�WR�VSOLW�WKH�VFUDS�FRQVXPSWLRQ�LQ�HOHFWULF�DUF�SURFHVVHV�RQ�WKH�6%�DQG�WKH�'5�

SURFHVVHV��)RU�WKLV�SXUSRVH�ZH�XVH�GDWD�IURP�&58��:H�VWDUW�ZLWK�GDWD�RQ�WRWDO�PHWDOV�LQSXW�LQ�

($)�DQG�DVVXPH�WKDW�WRWDO�PHWDO�XVH�LV�WKH�VDPH�IRU�ERWK�WKH�6%�DQG�WKH�'5�SURFHVV��:H�WKHQ�

REVHUYH�WKH�VKDUH�RI�'5,�LQ�WRWDO�PHWDO�LQSXW�LQ�WKH�'5�SURFHVV�DQG�FDOFXODWH�WKH�VFUDS�UDWH�LQ�

WKH�'5�SURFHVV�DV�WKH�GLIIHUHQFH�EHWZHHQ�WRWDO�PHWDO�LQSXW�DQG�WKH�XVH�RI�'5,��7KH�UHVW�RI�WKH�

($)�VFUDS�FRQVXPSWLRQ�LV�DOORFDWHG�WR�WKH�6%�SURFHVV��

�

(OHFWULFLW\��

(OHFWULFLW\�FRQVXPSWLRQ�LQ�WKH�2%�SURFHVV�LV�WDNHQ�IURP�&58�GDWD��$V�IRU�HOHFWULF�DUF�

SURGXFWLRQ��ZH�QHHG�WR�VSOLW�WKH�GDWD�IURP�&58�RQ�WKH�WZR�SURFHVVHV��'5�DQG�6%���)RU�WKLV�

SXUSRVH�ZH�XVH�D�VLPSOH�HFRQRPHWULF�SURFHGXUH��RUGLQDU\�2/6��LQ�RUGHU�WR�HVWLPDWH�

HOHFWULFLW\�FRQVXPSWLRQ�DV�D�IXQFWLRQ�RI�WKH�VKDUH�RI�'5,�LQ�WKH�SURGXFWLRQ�SURFHVV��,Q�WKH�6%�

SURFHVV��WKHUH�LV�QR�XVH�RI�'5,��,Q�WKH�'5�SURFHVV��WKH�VKDUH�RI�'5,�YDULHV�EHWZHHQ�UHJLRQV��

7KLV�LQIRUPDWLRQ�LV�XVHG�WR�HVWLPDWH�WKH�FRQVXPSWLRQ�RI�HOHFWULFLW\�LQ�HDFK�UHJLRQ�DV�D�

IXQFWLRQ�RI�WKH�DPRXQW�RI�'5,�LQ�WKH�SURGXFWLRQ�RI�VWHHO��

�
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��6FUDS�FRQVXPSWLRQ�LQ�IRXQGU\�SURGXFWLRQ�KDV�EHHQ�VHW�WR�����NJ�SHU�WRQ�EDVHG�RQ�H[SHUW�DGYLFH��,Q�PRVW�
UHJLRQV�IRXQGU\�SURGXFWLRQ�LV�QHJOLJLEOH��EXW�QRW�LQ�&KLQD��:LWK�RXU�DVVXPSWLRQV�DERXW�VFUDS�UDWHV�LQ�IRXQGU\��
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*DV��

*DV�FRQVXPSWLRQ�UDWHV�DUH�REWDLQHG�IURP�&58��

�

&RPPHQWV�RQ�WKH�GDWD��

� ,Q�WKH�2%�SURFHVV��WKHUH�VHHPV�WR�EH�D�FOHDU�VXEVWLWXWLRQ�EHWZHHQ�VFUDS�DQG�SLJ�LURQ��LQ�

UHJLRQV�ZKHUH�SLJ�LURQ�UDWHV�DUH�KLJK��VFUDS�UDWHV�DUH�W\SLFDOO\�ORZ��6FUDS�UDWHV�DUH�

W\SLFDOO\�KLJKHU�LQ�UHJLRQV�ZLWK�ULFK�VXSSOLHV�RI�VFUDS��+LJK�VFUDS�UDWHV�LQ�)RUPHU�6RYLHW�

8QLRQ�FDQ�EH�SDUWO\�H[SODLQHG�E\�UHODWLYHO\�PRUH�2SHQ�+HDUWK�)XUQDFH�LQ�WKLV�UHJLRQ��

� 'XH�WR�WKH�ORZ�)H�FRQWHQW�RI�&KLQHVH�LURQ�RUH��FRQVXPSWLRQ�UDWHV�RI�LURQ�RUH�DUH�UHODWLYHO\�

KLJK�LQ�&KLQD�����

� &RDO�FRQVXPSWLRQ�LV�UHODWLYHO\�KLJK�LQ�(DVWHUQ�(XURSH�	�)68�DQG�LQ�&KLQD�GXH�WR�ORZ�

HQHUJ\�HIILFLHQF\���

� (OHFWULFLW\�FRQVXPSWLRQ�LV�YHU\�VPDOO�LQ�WKH�2%�SURFHVV�FRPSDUHG�WR�WKH�RWKHU�SURFHVVHV���

� 7KH�'5�SURFHVV�LV�YHU\�HQHUJ\�LQWHQVLYH��ILUVW�KXJH�DPRXQWV�RI�JDV�DUH�XVHG�WR�UHGXFH�WKH�

LURQ��DQG�VHFRQGO\�WKH�FRQVXPSWLRQ�RI�HOHFWULFLW\�LV�W\SLFDOO\�KLJKHU�WKDQ�LQ�SXUH�VFUDS�

EDVHG�SURFHVVHV��

� 6%�SURFHVVHV�LQ�-DSDQ�DUH�UHODWLYHO\�HQHUJ\�HIILFLHQW��ZKLOH�WKH�RSSRVLWH�LV�WKH�FDVH�LQ�

(DVWHUQ�(XURSH�	�)68��7KHVH�GLIIHUHQFHV�PD\�EH�H[SODLQHG�E\�WKH�HQHUJ\�SULFHV��

� ,Q�WKH�'5�SURFHVV��WKH�LQSXWV�RI�HOHFWULFLW\�DQG�JDV�YDU\�VXEVWDQWLDOO\�EHWZHHQ�UHJLRQV��

7KH�GLIIHUHQFHV�FDQ�EH�SDUWO\�H[SODLQHG�E\�GLIIHUHQFHV�LQ�WKH�'5,�VFUDS�PL[��*DV�

FRQVXPSWLRQ�LV�GLUHFWO\�OLQNHG�WR�WKH�'5,�FRQWHQW��)XUWKHUPRUH��HOHFWULFLW\�LV�SRVLWLYHO\�

OLQNHG�WR�WKH�'5,�FRQWHQW�DV�ZHOO���

� 7KH�ORZ�PHWDO�LQSXW�LQ�WKH�6%�SURFHVV�LQ�FHUWDLQ�UHJLRQV��-DSDQ��5HVW�RI�$VLD�DQG�5HVW�RI�

:RUOG��FDQ�DW�OHDVW�SDUWO\�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�LQ�WKHVH�UHJLRQV��WKHUH�LV�VRPH�

FRQVXPSWLRQ�RI�SLJ�LURQ�LQ�WKH�6%�SURFHVV��QRW�LQFOXGHG�LQ�RXU�GDWD����

�
�
�
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WKHUH�ZLOO�EH�QR�VFUDS�OHIW�IRU�WKH�2%�SURFHVV�LQ�&KLQD��7KLV�PD\�LQGLFDWH�WKDW�WKH�DVVXPHG�VFUDS�UDWH�LQ�IRXQGU\�
SURGXFWLRQ�PD\�EH�WRR�KLJK���



� �

7DEOH������2%�SURFHVV��)DFWRU�XVH�SHU�WRQ�FUXGH�VWHHO�DQG�SHU�WRQ�SLJ�LURQ�
)DFWRU�XVH�SHU�WRQ�FUXGH�VWHHO� �

)DFWRU�XVH��
SHU�WRQ�SLJ�LURQ�

�
3LJ�LURQ��W�� 6FUDS��W��

(OHFWULFLW\�
�N:K��

� 2UH��W�� &RDO��W��

(8��� ������ ������ ��� � ������ ������

5R:(XU� ������ ������ ��� � ������ ������

((R)68� ������ ������ ��� � ������ ������

1RUWK$P� ������ ������ ��� � ������ ������

6RXWK$P� ������ ������ ��� � ������ ������

-DSDQ� ������ ������ ��� � ������ ������

&KLQD� ������ ������ ��� � ������ ������

5R$VLD� ������ ������ ��� � ������ ������

$XVWUDO� ������ ������ ��� � ������ ������

5R:� ������ ������ ��� � ������ ������

�
�
7DEOH������6%�SURFHVV��)DFWRU�XVH�SHU�WRQ�FUXGH�VWHHO�

� 6FUDS��W��
(OHFWULFLW\�
�N:K��

(8��� ������ ����
5R:(XU� ������ ����
((R)68� ������ ����
1RUWK$P� ������ ����
6RXWK$P� ������ ����
-DSDQ� ������ ����
&KLQD� ������ ����
5R$VLD� ������ ����
$XVWUDO� ������ ����
5R:� ������ ����

�
�
7DEOH������'5�SURFHVV��)DFWRU�XVH�SHU�WRQ�FUXGH�VWHHO�

� 6FUDS��W�� 2UH��W��
(OHFWULFLW\�
�N:K��

*DV��W��

(8��� ������ ������ ���� ������
((R)68� ������ ������ ���� ������
1RUWK$P� ������ ������ ���� ������
6RXWK$P� ������ ������ ����� �������
5R$VLD� ������ ������ ���� ������
5R:� ������ ������ ���� �������

�
�
�
�
�
�



���

���)DFWRU�SULFHV��
�
)DFWRU�SULFH�GDWD�DUH�EDVHG�RQ�WKH�&58�GDWDEDVH���
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7KH�SULFHV�RI�JDV�DQG�HOHFWULFLW\�DUH�WDNHQ�GLUHFWO\�IURP�&58��1RWH�WKDW�HOHFWULFLW\�SULFHV�LQ�

PDQ\�UHJLRQV�DUH�KLJKHU�LQ�R[\JHQ�EORZQ�SURGXFWLRQ�WKDQ�LQ�HOHFWULF�DUF�SURGXFWLRQ��

3UREDEO\��WKH�HOHFWULFLW\�FRQVXPSWLRQ�RI�WKH�($)�LQGXVWU\�LV�WR�D�JUHDWHU�H[WHQW�FRYHUHG�E\�

ORQJ�WHUP�FRQWUDFWV��PD\EH�DOVR�ZLWK�DQ�HOHPHQW�RI�VWDWH�VXEVLGLHV��

�

7KH�SULFH�RI�LURQ�RUH�LV�EDVHG�RQ�WKH�OXPS�RUH�SULFH�DW�WKH�VWHHO�PLOO��2UH�SULFH�GDWD�IURP�

&KLQD�DUH�PLVVLQJ��$VVXPLQJ�WKDW�WKH�TXDOLW\�DGMXVWHG�RUH�SULFH�LQ�&KLQD�LV�HTXDO�WR�WKH�ZRUOG�

DYHUDJH��ZH�JHW�DQ�RUH�SULFH�HVWLPDWH�RI����86'�WRQ�LQ�&KLQD��%DVHG�RQ�H[SHUW�DGYLFH��ZH�

KDYH�DGMXVWHG�WKLV�QXPEHU�WR����86'�WRQ���

�

6FUDS�SULFHV�LQ�WKH�&58�GDWD�YDU\�EHWZHHQ�SURFHVVHV��2XU�HVWLPDWH�RI�WKH�VFUDS�SULFHV�LV�D�

ZHLJKWHG�DYHUDJH��7KH�VFUDS�SULFH�LQ�&KLQD�LV�VWLSXODWHG�EDVHG�RQ�H[SHUW�DGYLFH��

�

7KH�FRDO�SULFH�LV�WKH�ZHLJKWHG�DYHUDJH�RI�WKH�GHOLYHULQJ�SULFH�RI�FRNLQJ�FRDO�DQG�WKH�SULFH�RI�

FRDO�XVHG�LQ�3&,��SXOYHULVHG�FRDO�LQMHFWLRQ���

�

:H�QRWLFH�WKH�H[WUHPHO\�ORZ�JDV�SULFHV��7KLV�UHIOHFWV�SDUWO\�WKDW�WKH�JDV�XVHG�LQ�'5,�SURFHVVHV�

KDV�D�ORZ�DOWHUQDWLYH�YDOXH��EXW�ZH�DOVR�VXVSHFW�WKDW�WKHUH�PD\�EH�VRPH�FRQIXVLRQ�DERXW�WKH�

XQLWV�RI�DFFRXQW��7KLV�GRHV�QRW�LQIOXHQFH�RXU�DQDO\VLV��KRZHYHU��VLQFH�JDV�SULFHV�DUH�DVVXPHG�
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$Q�LQGXVWU\�FRVW�FXUYH�LV�FRQVWUXFWHG�IRU�HDFK�SURFHVV�LQ�HDFK�UHJLRQ��8QIRUWXQDWHO\��WKH�ILUP�

OHYHO�GDWD�LQ�WKH�&58�GDWDEDVH�GR�QRW�FRYHU�HQRXJK�ILUPV�WR�PDNH�LW�SRVVLEOH�WR�FRQVWUXFW�WKH�

LQGXVWU\�FRVW�FXUYHV�EDVHG�RQ�ILUP�GDWD��,QVWHDG�ZH�XVH�WKH�IROORZLQJ�SURFHGXUH��

�

:H�DVVXPH�WKDW�HDFK�RI�WKH��[���LQGXVWU\�FRVW�FXUYHV�WDNHV�WKH�IROORZLQJ�IXQFWLRQDO�IRUP��

�

& D��T�E�H�

�

ZKHUH�T�LV�WRWDO�SURGXFWLRQ�DQG�D��E�DQG�H�DUH�SDUDPHWHUV��,Q�RUGHU�WR�FDOLEUDWH�WKHVH�

SDUDPHWHUV�ZH�XVH�LQIRUPDWLRQ�RQ��

� WKH�SURGXFWLRQ�FRVWV�RI�WKH�PDUJLQDO�ILUP��L�H���WKH�ILUP�ZLWK�WKH�KLJKHVW�FRVWV��

� WKH�SURGXFWLRQ�FRVWV�RI�DQ�DYHUDJH�ILUP�

� WKH�HODVWLFLW\�RI�VXSSO\�

�

&RVW�GDWD�DUH�EDVHG�RQ�&58�GDWD�EXW�KDYH�EHHQ�VRPHZKDW�DGMXVWHG�RQ�WKH�EDVLV�RI�H[SHUW�

DGYLFH��7KH�SULFH�HODVWLFLWLHV�RI�VXSSO\�DUH�VKRUW�UXQ�HODVWLFLWLHV������\HDUV���DQG�DUH�DOVR�EDVHG�

RQ�H[SHUW�DGYLFH��

� 3ULFH�HODVWLFLW\�RI�VXSSO\��2%�SURFHVV��� � ���� ����

� 3ULFH�HODVWLFLW\�RI�VXSSO\��6%�DQG�'5�SURFHVVHV����� ����

�
�
7DEOH������9DULDEOH�FRVWV�RI�SURGXFWLRQ��86'�WRQ�FUXGH�VWHHO��

�
2[\JHQ�EORZQ�VWHHO��

�2%��
(OHFWULF�DUF�IXUQDFH��

�6%�DQG�'5��
� $YHUDJH� 0DUJLQDO�ILUP� $YHUDJH� 0DUJLQDO�ILUP�

(8��� ���� ���� ���� ����
5R:(XU� ���� ���� ���� ����
(HR)68� ���� ���� ���� ����
1RUWK$P� ���� ���� ���� ����
6RXWK$P� ���� ���� ���� ����
-DSDQ� ���� ���� ���� ����
&KLQD� ���� ���� ���� ����
5R$VLD� ���� ���� ���� ����
$XVWUDO� ���� ���� ���� ����
5R:� ���� ���� ���� ����

�
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7KH�H[DFW�SDUDPHWHU�YDOXHV�RI�WKH�FRVW�IXQFWLRQ�KDYH�EHHQ�FDOLEUDWHG�LQ�0DSOH��,Q�D�IHZ�FDVHV��

WKH�FDOLEUDWHG�YDOXH�RI�WKH�SDUDPHWHU�H�LV�VR�ODUJH�WKDW�LW�ZRXOG�EH�GLIILFXOW�WR�KDQGOH�LQ�

QXPHULFDO�PRGHOV��,Q�WKHVH�FDVHV��WKH�YDOXH�RI�H�KDV�EHHQ�IL[HG�DW�D�ORZHU�OHYHO��EXW�RWKHU�

SDUDPHWHU�YDOXHV�KDYH�DOVR�EHHQ�DOWHUHG�VXFK�WKDW�WKH�HODVWLFLW\�SURSHUWLHV�RI�WKH�LQGXVWU\�FRVW�

FXUYHV�KDYH�EHHQ�UHWDLQHG���

�
�
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���7UDGH�GDWD�
�
�
7KH�PRGHO�LQFOXGHV�WUDGH�GDWD�IRU�ILQLVKHG�DQG�VHPL�ILQLVKHG�VWHHO�LQ�DGGLWLRQ�WR�WKH�WUDGH�GDWD�

IRU�LURQ�RUH�DQG�FRDO��7KH�YROXPH�RI�VHDERUQH�VFUDS�WUDGH�LV�UHODWLYHO\�VPDOO�DQG�WKLV�WUDGH�LV�

WKHUHIRUH�LJQRUHG��

�

7UDGH�LQ�ILQLVKHG�DQG�VHPL�ILQLVKHG�VWHHO��

7KH�VWHHO�WUDGH�PDWUL[�LV�REWDLQHG�IURP�5��6��3ODWRX�(FRQRPLF�5HVHDUFK��7KH�GDWD�KDYH�EHHQ�

DGMXVWHG�WR�FUXGH�VWHHO�HTXLYDOHQWV��DQG�SURGXFWLRQ�IRU�RZQ�FRQVXPSWLRQ�KDV�EHHQ�DGGHG�LQ�

RUGHU�WR�SURGXFH�D�IXOO�SURGXFWLRQ��FRQVXPSWLRQ�DQG�WUDGH�PDWUL[��3URGXFWLRQ�IRU�RZQ�

FRQVXPSWLRQ�LV�WRWDO�SURGXFWLRQ��WDNHQ�IURP�,,6,������D���PLQXV�WRWDO�H[SRUWV��6RPH�PLQRU�

DGMXVWPHQWV�ZHUH�GRQH�LQ�5HVW�RI�:HVWHUQ�(XURSH�LQ�RUGHU�WR�HOLPLQDWH�QHJDWLYH�HQWULHV���

�
7DEOH������3URGXFWLRQ��FRQVXPSWLRQ�DQG�WUDGH�LQ�VWHHO��������PLOO��WRQ�FUXGH�VWHHO�HTXLYDOHQWV��

� (8��� 5R:(XU�
(DVW(	
)68�

1RUWK$P� 6RXWK$P� -DSDQ� &KLQD� 5R$VLD� $XVWUDOLD� 5R:�
3URGXF�
WLRQ�

(8��� ������� ����� ����� ����� ����� ����� ����� ����� ����� ����� ��������
5R:(XU� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �������
(DVW(	)68� ������ ����� ������ ����� ����� ����� ����� ������ ����� ����� ��������
1RUWK$P� ����� ����� ����� ������� ����� ����� ����� ����� ����� ����� ��������
6RXWK$P� ����� ����� ����� ����� ������ ����� ����� ����� ����� ����� �������
-DSDQ� ����� ����� ����� ����� ����� ������ ����� ������ ����� ����� ��������
&KLQD� ����� ����� ����� ����� ����� ����� ������ ������ ����� ����� �������
5R$VLD� ����� ����� ����� ����� ����� ����� ����� ������ ����� ����� �������
$XVWUDOLD� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ������
5R:� ����� ����� ����� ����� ����� ����� ����� ����� ����� ������ �������
&RQVXPS��
WLRQ� ������� ������ ������ ������� ������ ������ ������� ������� ����� ������ ��������

�
�

,Q�WKH�PRGHO��ZH�QHHG�WUDGH�GDWD�IRU�ERWK�R[\JHQ�EORZQ�VWHHO�DQG�HOHFWULF�DUF�VWHHO��:H�

DVVXPH�WKDW�LQ�HDFK�UHJLRQ��WKH�VKDUH�RI�WKH�WZR�VWHHO�SURGXFWV�LQ�H[SRUWV�HTXDOV�WKHLU�VKDUH�RI�

SURGXFWLRQ�LQ�WKH�UHJLRQ���

�

,URQ�RUH�WUDGH��

'DWD�RQ�SURGXFWLRQ��FRQVXPSWLRQ�DQG�JURVV�WUDGH�DUH�FROOHFWHG�IURP�,,6,������D���,Q�RUGHU�WR�

FRQVWUXFW�WKH�ELODWHUDO�WUDGH�SDWWHUQ��ZH�XVHG�GDWD�IURP�,,6,��������DQG�)HDUQOH\V��������WR�

FRQVWUXFW�LPSRUW�VKDUHV��7KHVH�VKDUHV�ZHUH�WKHQ�FRPELQHG�ZLWK�LPSRUW�GDWD�IURP�������7KH�

UHVXOWLQJ�WUDGH�PDWUL[�FRQWDLQV�FHUWDLQ�LQFRQVLVWHQFLHV�ZLWK�UHJDUG�WR�H[SRUW�GDWD��7KHVH�

LQFRQVLVWHQFLHV�ZHUH�FRUUHFWHG�ILUVW�E\�UHFRQFLOLQJ�WKH�GDWD�ZLWK�WKH�DEVROXWH�QXPEHUV�LQ�



���

)HDUQOH\V���������2QO\�VPDOO�GHYLDWLRQV�WKHQ�UHPDLQHG��H[FHSW�LQ�(8����ZKHUH�LQWHUQDO�WUDGH�

ZLWKLQ�WKH�UHJLRQ�ZDV�DGMXVWHG�GRZQ�LQ�RUGHU�WR�FRUUHFW�IRU�D�WRR�KLJK�OHYHO�RI�WRWDO�WUDGH��

)LQDOO\��WKH�UHPDLQLQJ��VPDOO��UHVLGXDOV�RQ�WKH�H[SRUW�VLGH�ZHUH�DOORFDWHG�WR�WKH�52:�UHJLRQ��

7KLV�UHJLRQ�WKXV�SOD\V�WKH�UROH�DV�D�UHVLGXDO�LQ�WKLV�FRQWH[W��

�

:H�DOVR�DGG�SURGXFWLRQ�IRU�RZQ�FRQVXPSWLRQ��7KLV�LV�GRQH�LQ�D�ZD\�WKDW�HQVXUHV�WKDW�WKH�WRWDO�

FRQVXPSWLRQ�RI�LURQ�RUH�LQ�HDFK�UHJLRQ�LV�HTXDO�WR�WKH�QXPEHUV�UHSRUWHG�LQ�,,6,������D����

�
7DEOH������3URGXFWLRQ��FRQVXPSWLRQ�DQG�WUDGH�LQ�LURQ�RUH�IRU�VWHHOPDNLQJ�������������WRQ��

� (8��� 5R:(XU�
(DVW(	�
)68�

1RUWK$P� 6RXWK$P� -DSDQ� &KLQD� 5R$VLD� $XVWUDOLD� 5R:�
3URGXF�
WLRQ�

(8��� ����� ���� ����� ���� �� �� ��� ��� �� �� �����
5R:(XU� ������ ����� ����� ��� �� �� ���� ���� �� ����� ������
(DVW(	)68� �� �� ������� �� �� �� �� �� �� ����� �������
1RUWK$P� ������ ���� ���� ������ �� ����� �� ����� �� ����� �������
6RXWK$P� ������ ����� ����� ������ ������ ������ ������ ������ �� ����� �������
-DSDQ� �� �� �� �� �� �� �� �� �� �� ��
&KLQD� �� �� �� �� �� �� ������� �� �� �� �������
5R$VLD� ����� ���� ���� �� �� ������ ����� ������ �� ����� ������
$XVWUDOLD� ������ ���� ����� ���� �� ������ ������ ������ ������ �� �������
5R:� ������ ���� ����� ���� �� ����� ����� ����� �� ������ ������
&RQVXPS��
WLRQ� ������� ����� ������� ������� ������ ������� ������� ������ ������ ������ �������

�
�
&RDO�WUDGH��

7KH�LQIRUPDWLRQ�RQ�FRDO�WUDGH�LV�EDVHG�LQ�,($������E��DQG�LV�FRQVWUXFWHG�EDVHG�RQ�FRXQWU\�

GDWD�RI�WKH�H[SRUWV�RI�FRNLQJ�FRDO��7KH�FRNH�WUDGH�LV�VPDOO�DQG�LV�WKHUHIRUH�LJQRUHG���

�

'DWD�RQ�WKH�FRQVXPSWLRQ�RI�FRDO�ZHUH�FRQVWUXFWHG�EDVHG�RQ�WKH�LQIRUPDWLRQ�LQ�&58�DQG�,($�

�����E��DERXW�FRDO�FRQVXPSWLRQ�SHU�WRQ�FUXGH�VWHHO��LQ�FRPELQDWLRQ�ZLWK�,,6,������D��GDWD�RQ�

WRWDO�SURGXFWLRQ�RI�VWHHO���

�

%\�FRPELQLQJ�FRQVXPSWLRQ�ILJXUHV�IRU�FRDO�ZLWK�WKH�WUDGH�GDWD�IURP�,($������E���SURGXFWLRQ�

ILJXUHV�DUH�REWDLQHG�DV�UHVLGXDOV��,Q�WZR�FDVHV��5HVW�RI�:HVWHUQ�(XURSH�DQG�-DSDQ���QHJDWLYH�

SURGXFWLRQ�ILJXUHV�RI�FRNLQJ�FRDO�ZHUH�REWDLQHG��3URGXFWLRQ�ZDV�WKHQ�VHW�WR�]HUR�DQG�LPSRUWV�

ZHUH�DGMXVWHG�GRZQ�DFFRUGLQJO\��SURSRUWLRQDO�UHGXFWLRQ�IURP�DOO�LPSRUW�VRXUFHV����

�
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7DEOH������3URGXFWLRQ��FRQVXPSWLRQ�DQG�WUDGH�RI�FRNLQJ�FRDO��������������WRQQHV��
� (8��� 5R:(XU� (DVW(	)68� 1RUWK$P� 6RXWK$P� -DSDQ� &KLQD� 5R$VLD� $XVWUDOLD� 5R:� 3URGXFWLRQ�
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5R:(XU� �� �� �� �� �� �� �� �� �� �� ��
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�
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���7UDGH�FRVWV�
�
�
7UDGH�FRVWV�FRQVLVW�RI�WUDQVSRUW�FRVWV��LPSRUW�EDUULHUV��WDULIIV��DQG�H[SRUW�WD[HV�VXEVLGLHV��

�

7KH�VWHHO�WUDGH��

'DWD�RQ�LPSRUW�WDULIIV�DQG�H[SRUW�VXEVLGLHV�LQ�WKH�VWHHO�LQGXVWU\�DUH�REWDLQHG�IURP�WKH�*7$3�

GDWDEDVH��YHUVLRQ����7KH�LURQ�DQG�VWHHO�VHFWRU�LV�DFFRXQWHG�IRU�VHSDUDWHO\�LQ�WKLV�GDWDEDVH��,Q�

DGGLWLRQ�WR�ILQLVKHG�DQG�VHPL�ILQLVKHG�VWHHO�SURGXFWV��WKH�LURQ�DQG�VWHHO�VHFWRU�LQ�*7$3�

LQFOXGHV�VRPH�RI�WKH�LQSXWV�LQ�VWHHO�SURGXFWLRQ��SLJ�LURQ��VFUDS�DQG�IHUUR�DOOR\V���6LQFH�WUDGH�

EDUULHUV�JHQHUDOO\�DUH�ORZHU�IRU�LQSXWV�WKDQ�IRU�ILQLVKHG�JRRGV��RXU�GDWD�PD\�WKHUHIRUH�

XQGHUHVWLPDWH�WKH�UHDO�WUDGH�EDUULHUV�LQ�WKH�VWHHO�WUDGH��2Q�WKH�RWKHU�KDQG��WKH�WUDGH�YROXPHV�RI�

WKHVH�LQSXWV�DUH�VPDOO�FRPSDUHG�WR�WKH�VWHHO�WUDGH��DERXW�����RI�WKH�YROXPH�RI�VWHHO�WUDGH����

�

([SRUW�WD[HV�VXEVLGLHV�DUH�YHU\�VPDOO�LQ�PRVW�UHJLRQV��2QH�H[FHSWLRQ�LV�&KLQD��ZKHUH�VWHHO�

H[SRUW�LV�VXEVLGLVHG�E\����RQ�DYHUDJH���

�
7DEOH������([SRUW�WD[HV����RI�H[SRUW�YDOXHV��
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(8��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
5R:(XU� ���� ���� ����� ����� ����� ����� ���� ����� ����� ����� �����
((R)68� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
1RUWK$P� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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�
�

7UDQVSRUW�FRVWV�DUH�FDOFXODWHG�EDVHG�RQ�D�FROOHFWLRQ�RI�IUHLJKW�UDWHV�RQ�VSHFLILF�WUDGHV�REWDLQHG�

IURP�5��6��3ODWRX�(FRQRPLF�5HVHDUFK��$�UHJUHVVLRQ�LV�UXQ�DJDLQVW�GLVWDQFH�GDWD�REWDLQHG�IURP�

WKH�VDPH�VRXUFH��,Q�WKLV�ZD\��ZH�DUH�DEOH�WR�FRQVWUXFW�IUHLJKW�UDWHV�IRU�DOO�ELODWHUDO�WUDGH�URXWHV���

�

7UDQVSRUW�FRVWV�YDU\�EHWZHHQ�D�IHZ�SHUFHQW�RI�WKH�IRE�YDOXH�RQ�VKRUW�URXWHV�DQG�XS�WR�DURXQG�

�����RQ�ORQJHU�GLVWDQFHV��

�������������������������������������������������
��6RXUFH��,,6,������D���
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1RUWK$P� ���� ���� ���� ���� ���� ����� ����� ����� ����� ����
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-DSDQ� ����� ����� ����� ����� ����� ���� ���� ���� ���� ����
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5R$VLD� ����� ����� ����� ����� ����� ���� ���� ���� ���� ����
$XVWUDO� ����� ����� ����� ����� ����� ���� ���� ���� ���� �����
5R:� ���� ���� ���� ���� ����� ����� ���� ���� ����� ����

�
�

,PSRUW�WDULIIV�YDU\�EHWZHHQ�����DQG�������7KH�DYHUDJH�WDULII�OHYHO�LV��������7KH�KLJKHVW�

WDULIIV�DUH�REVHUYHG�LQ�GHYHORSLQJ�FRXQWULHV�DQG�LQ�WUDQVLWLRQ�HFRQRPLHV���

�
7DEOH������,PSRUW�WD[HV����RI�FLI�YDOXH��
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6RXWK$P� ���� ���� ���� ���� ���� ���� ����� ���� ���� ����� ����
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7RWDO�� ���� ���� ���� ���� ���� ���� ���� ����� ���� ����� ����

�
�
�
7KH�WUDGH�LQ�FRDO�DQG�LURQ�RUH��

'DWD�RQ�IUHLJKW�UDWHV�RQ�WKH�PRVW�LPSRUWDQW�WUDGHV�KDYH�EHHQ�REWDLQHG�IURP�VKLSEURNHU�

-RDFKLP�*ULHJ�	�&R��7KH�PLVVLQJ�GDWD�KDYH�EHHQ�FRQVWUXFWHG�WKURXJK�UHJUHVVLRQ�DQDO\VLV��E\�

FRXSOLQJ�GDWD�RQ�GLVWDQFH�ZLWK�NQRZQ�IUHLJKW�UDWHV���

�

�

�

�
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���7UDQVSRUW�GLVWDQFHV�
�
�

'DWD�RQ�WUDQVSRUW�GLVWDQFHV�IRU�LURQ�RUH�DQG�FRDO�RQ�WKH�PRVW�LPSRUWDQW�URXWHV�DUH�REWDLQHG�

IURP�)HDUQOH\V���������:H�KDYH�PDGH�RXU�RZQ�HVWLPDWHV�IRU�VRPH�URXWHV�ZLWK�ORZ�WUDGH�

YROXPHV�RQ�WKH�EDVLV�RI�URXJK�LQIRUPDWLRQ�DERXW�WKH�UHODWLYH�GLVWDQFHV�RQ�WKHVH�URXWHV�

FRPSDUHG�WR�RWKHU�URXWHV�ZLWK�NQRZQ�GLVWDQFHV��

�

'LVWDQFH�GDWD�IRU�VWHHO�WUDQVSRUW�KDYH�EHHQ�REWDLQHG�IURP�5��6��3ODWRX�(FRQRPLF�5HVHDUFK���

�

�
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���&2��HPLVVLRQV�
�
�

:H�FDOFXODWH�WKH�&2��HPLVVLRQV�UHODWHG�WR�VWHHO�SURGXFWLRQ�LQ�HDFK�UHJLRQ��:H�WDNH�LQWR�

DFFRXQW�&2��HPLVVLRQ�UHODWHG�WR�WKH�XVH�RI�FRDO��IXHO�RLO�DQG�JDV��DQG�ZH�FDOFXODWH�WKH�

LPSOLFLW�&2��HPLVVLRQ�UHODWHG�WR�WKH�XVH�RI�HOHFWULF�SRZHU��WR�WKH�H[WHQW�WKDW�HOHFWULFLW\�LV�

SURGXFHG�E\�IRVVLO�IXHOV����

�

'DWD�RQ�&2��HPLVVLRQ�LQ�SRZHU�SURGXFWLRQ�DUH�REWDLQHG�E\�FRPELQLQJ�GDWD�RQ�WKH�LQSXW�RI�

IRVVLO�IXHOV�LQ�SRZHU�SURGXFWLRQ��,($������D��ZLWK�HVWLPDWHV�RI�FDUERQ�HPLVVLRQV�IURP�WKH�

FRPEXVWLRQ�RI�FRDO��RLO�DQG�JDV�IURP�WKH�,3&&�JXLGHOLQHV���

�

'DWD�RQ�WKH�HPLVVLRQ�RI�&2��SHU�WRQ�RI�FRDO�DUH�REWDLQHG�E\�FRPELQLQJ�WKH�,3&&�HVWLPDWH�RI�

WKH�&2��HPLVVLRQV�SHU�WRH�RI�FRDO�ZLWK�,($�GDWD�RQ�WKH�FDORULILF�FRQWHQW�RI�FRDO�LQ�YDULRXV�

UHJLRQV��,($������D���

�

:KHQ�LW�FRPHV�WR�JDV�DQG�RLO��ZH�XVH�WKH�,3&&�JXLGHOLQHV�IRU�&2��HPLVVLRQV��LPSO\LQJ�

HPLVVLRQV�IDFWRUV�RI������DQG������WRQQHV�RI�&2��SHU�WRQ�JDV�DQG�RLO��UHVSHFWLYHO\���

�

7KH�FRQVXPSWLRQ�RI�IXHO�RLO�LQ�2[\JHQ�%ORZQ�&RQYHUWHUV�LV�QRW�PRGHOOHG�H[SOLFLWO\��:H�

LQFRUSRUDWH�WKH�&2��HPLVVLRQV�UHODWHG�WR�WKLV�FRQVXPSWLRQ�DV�DQ�H[RJHQRXV�IDFWRU��7KH�VDPH�

LV�WUXH�IRU�VRPH�VPDOO�DPRXQWV�RI�FRDO�WKDW�LV�XVHG�LQ�($)�SURFHVVHV�DQG�VRPH�QDWXUDO�JDV�

XVHG�LQ�2[\JHQ�%ORZQ�&RQYHUWHUV��

�

&2��HPLVVLRQV�IURP�UROOLQJ�DQG�ILQLVKLQJ�SURFHVVHV�KDYH�EHHQ�LQFOXGHG�DV�ZHOO��:H�IROORZ�

WKH�VDPH�SURFHGXUH�DV�LQ�,($���������L�H���ZH�DVVXPH�WKDW�HQHUJ\�FRQVXPSWLRQ�LQ�UROOLQJ�DQG�

ILQLVKLQJ�LV�WKH�VDPH�LQ�DOO�SURFHVVHV�LQ�DOO�UHJLRQV��)XUWKHUPRUH��ZH�DVVXPH�WKDW�WKH�HQHUJ\�

FRQVXPSWLRQ�FRQVLVWV�RI�����HOHFWULFLW\�DQG�WKDW�WKH�UHVW�LV�D�PL[�RI�IRVVLO�IXHOV�ZLWK�DQ�

HPLVVLRQ�IDFWRU�RI������WRQV�RI�&2��SHU�JLJDMRXOH��'LIIHUHQFHV�LQ�HPLVVLRQ�UDWHV�IRU�HOHFWULFLW\�

DUH�GXH�WR�GLIIHUHQW�SURGXFWLRQ�SURFHVVHV�IRU�HOHFWULFLW\�LQ�GLIIHUHQW�UHJLRQV��

�



���
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� &UXGH�VWHHO�SURGXFWLRQ� 5ROOLQJ�DQG�ILQLVKLQJ�
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7RWDO�
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-DSDQ� ����� ����� ����� ����� ����� ����� �����
&KLQD� ����� ����� ����� ����� ����� ����� �����
5R$VLD� ����� ����� ����� ����� ����� ����� �����
$XVWUDO� ����� ����� ����� ����� ����� ����� �����
5R:� ����� ����� ����� ����� ����� ����� �����

�
7DEOH������&2��HPLVVLRQV�LQ�WKH�6%�SURFHVV��WRQ�&2��SHU�WRQ�FUXGH�VWHHO��

� &UXGH�VWHHO�SURGXFWLRQ� 5ROOLQJ�DQG�ILQLVKLQJ�

� &RDO� (OHFWULFLW\� )RVVLO�IXHOV� (OHFWULFLW\�
7RWDO�

(8��� ����� ����� ����� ����� �����
5R:(XU� ����� ����� ����� ����� �����
(HR)68� ����� ����� ����� ����� �����
1RUWK$P� ����� ����� ����� ����� �����
6RXWK$P� ����� ����� ����� ����� �����
-DSDQ� ����� ����� ����� ����� �����
&KLQD� ����� ����� ����� ����� �����
5R$VLD� ����� ����� ����� ����� �����
$XVWUDO� ����� ����� ����� ����� �����
5R:� ����� ����� ����� ����� �����

�
�
7DEOH������&2��HPLVVLRQV�LQ�WKH�'5�SURFHVV��WRQ�&2��SHU�WRQ�FUXGH�VWHHO��

� &UXGH�VWHHO�SURGXFWLRQ� 5ROOLQJ�DQG�ILQLVKLQJ�

� &RDO� *DV� (OHFWULFLW\� )RVVLO�IXHOV� (OHFWULFLW\�
7RWDO�

(8��� ����� ����� ����� ����� ����� �����
(HR)68� ����� ����� ����� ����� ����� �����
1RUWK$P� ����� ����� ����� ����� ����� �����
6RXWK$P� ����� ����� ����� ����� ����� �����
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����'HPDQG�HODVWLFLWLHV�
�

$W�WKH�WRS�OHYHO��WKH�HODVWLFLW\�RI�VWHHO�GHPDQG�LV�VHW�WR�±�����7KLV�LV�LQ�OLQH�ZLWK�RWKHU�VWXGLHV�

RI�WKH�VWHHO�PDUNHW��H�J���:LQWHUV����������

�

7KH�HODVWLFLW\�RI�VXEVWLWXWLRQ�EHWZHHQ�VWHHO�W\SHV�LV�VHW�WR������7KH�QXPEHU�LV�FDOLEUDWHG�EDVHG�

RQ�LQWHUYLHZV�ZLWK�LQGXVWU\�H[SHUWV��

�

7KH�HODVWLFLW\�RI�VXEVWLWXWLRQ�EHWZHHQ�VWHHO�IURP�GLIIHUHQW�UHJLRQV�LV�VHW�WR����7KHUH�LV�QR�

HYLGHQFH�RQ�WKH�YDOXH�RI�WKLV�SDUDPHWHU��DSDUW�IURP�D�JHQHUDO�XQGHUVWDQGLQJ�WKDW�WKH�HODVWLFLW\�

RI�VXEVWLWXWLRQ�EHWZHHQ�UHJLRQV�LV�KLJK����
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����&KHFNLQJ�WKH�GDWD��
�

2XU�GDWD�VHW�LV�EDVHG�WR�D�JUHDW�H[WHQW�RQ�ILUP�OHYHO�GDWD��,I�RXU�VDPSOH�LV�ELDVHG��ZH�UXQ�WKH�

ULVN�RI�PLVUHSUHVHQWLQJ�DJJUHJDWH�GDWD��:H�KDYH�QRW�SHUIRUPHG�DQ\�LQ�GHSWK�LQYHVWLJDWLRQV�RI�

KRZ�RXU�GDWD�PDWFK�ZLWK�DJJUHJDWH�GDWD�IURP�RWKHU�GDWD�VRXUFHV��EXW�D�TXLFN�DQDO\VLV�OHDGV�WR�

WKH�IROORZLQJ�UHVXOWV��

�

&RDO��

2XU�FRDO�FRQVXPSWLRQ�HVWLPDWH�LV�����ORZHU�WKDQ�WKH�,($�ILJXUHV�IRU�DJJUHJDWH�FRDO�

FRQVXPSWLRQ�LQ�VWHHO�SURGXFWLRQ��GHULYHG�IURP�,($������D����

�

,URQ�RUH��

2XU�FRQVXPSWLRQ�HVWLPDWH�IRU�LURQ�RUH�LV�����ORZHU�WKDQ�WKH�ILJXUHV�LQ�,,6,������D��IRU�

DJJUHJDWH�RUH�FRQVXPSWLRQ�DIWHU�GHGXFWLQJ�LURQ�RUH�XVHG�IRU�IRXQGU\��+RZHYHU��GXH�WR�

XQFHUWDLQW\�DERXW�WKH�DPRXQW�RI�LURQ�RUH�LQ�IRXQGU\��WKLV�ILJXUH�PD\�GLIIHU�VRPHZKDW�IURP�WKH�

WUXH�GHYLDWLRQ��

�

3LJ�LURQ��

7RWDO�XVH�RI�SLJ�LURQ�LQ�RXU�GDWD�VHW�LV�����KLJKHU�WKDQ�ZRUOG�SLJ�LURQ�SURGXFWLRQ�DFFRUGLQJ�WR�

,,6,������D���3DUW�RI�WKH�GLIIHUHQFH�PD\�EH�GXH�WR�VWRFN�FKDQJHV���

�

&2��HPLVVLRQV���

2XU�HVWLPDWH�RI�DJJUHJDWH�&2��HPLVVLRQ�IURP�WKH�VWHHO�LQGXVWU\�LV�DOPRVW�LGHQWLFDO�WR�WKH�

HVWLPDWH�SUHVHQWHG�E\�WKH�,($�*UHHQKRXVH�*DV�5HVHDUFK�*URXS��,($����������

�

6WHHO�SURGXFWLRQ�DQG�VFUDS�FRQVXPSWLRQ�DUH�EDVHG�RQ�DXWKRULWDWLYH�DJJUHJDWH�GDWD��DQG�QR�

FKHFN�LV�QHHGHG�WKHUH��2WKHU�LQSXW�GDWD�DUH�GLIILFXOW�WR�FKHFN�DJDLQVW�DOWHUQDWLYH�VRXUFHV���
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�
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HTXLOLEULXP�DSSURDFK´��XQSXEOLVKHG��
�
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