
6�OH\PDQ�'HPLUHO�hQLYHUVLWHVL�øNWLVDGL�YH�øGDUL�%LOLPOHU�)DN�OWHVL��<�������&�����6���V���������
(/(&75,&,7<�&2168037,21�,1�785.(<��$1$/<6,6�2)�6385,286�5(*5(66,21�9,$�&2,17(*5$7,21�$1'�)25(&$67,1*��

�7h5.ø<(¶'(�(/(.75ø.�7h.(7ø0ø��.2ø17(*5$6<21�9(�7$+0ø1�<2/8��ø/(�6$+7(�5(*5(6<21�$1$/ø=ø��
�

$VVLVW�3URI��0HOWHP�ù(1*h1�8&$/
$VVLVW�3URI��6H\KXQ�'2ö$1�

$%675$&7���
:KHQ� WKH� IRUHFDVWLQJ�PRGHOV� DQG� SURMHFWLRQV� IRU� HOHFWULFDO� HQHUJ\�FRQVXPSWLRQ�RI�7XUNH\�DUH�DQDO\]HG��LW�LV�H[SHFWHG�WKDW�WKH�HOHFWULFDO�HQHUJ\�GHPDQG� ZLOO� FRQWLQXH� WR� ����� LQFUHDVH� DQG� HQHUJ\� LQWHQVLW\� ZLWK� WKH� KLJK�

UDWHV�ZLOO�DOVR�KDYH�D�WHQGHQF\�WR�LQFUHDVH��:KHWKHU� WKH� UHJUHVVLRQ� PRGHO� FRQVWUXFWHG� IRU� HOHFWULFDO� HQHUJ\�FRQVXPSWLRQ�UHIOHFWV�D�UHDO�RU�D�VSXULRXV�UHODWLRQ�LV�DQDO\]HG�E\�D�XQLW�URRW�
WHVW� ZLWKLQ� WKH� FRQWH[W� RI� FRLQWHJUDWLRQ�� � $FFRUGLQJ� WR� WKH� UHVXOWV� RI� WKH�DQDO\VLV�� LW� LV� FRQFOXGHG� WKDW� WKH� UHJUHVVLRQ� PRGHO� LV� QRW� VSXULRXV�� � $IWHU�REWDLQLQJ�WKH�UHDO�UHJUHVVLRQ��WKH�HOHFWULFDO�HQHUJ\�FRQVXPSWLRQ�WLOO�WKH�\HDU������ LV� SURMHFWHG� XVLQJ� IRUHFDVWLQJ� DQDO\VLV� DQG� LW� LV� FRQFOXGHG� WKDW� WKH�
FRQVXPSWLRQ�RI�HOHFWULFDO�HQHUJ\�KDV�D�WHQGHQF\�WR�ULVH��

g=(7�7�UNL\H¶QLQ� HOHNWULN� HQHUMLVL� W�NHWLPL� LoLQ� \DSÕODQ� WDKPLQ�
PRGHOOHULQH� YH� SURMHNVL\RQODUÕQD� EDNÕOGÕ÷ÕQGD�� HOHNWULN� HQHUMLVL� WDOHELQLQ������\ÕOÕQD�NDGDU�DUWÕú�WUHQGLQL�GHYDP�HWWLUHFH÷L�YH�HQHUML�\R÷XQOX÷XQXQ�GD�\�NVHN�RUDQODUD�XODúDUDN��DUWÕú�H÷LOLPL�J|VWHUHFH÷L�EHNOHQPHNWHGLU��
� (OHNWULN� HQHUMLVL� W�NHWLPL� LoLQ� ROXúWXUXODQ� UHJUHV\RQ� PRGHOLQLQ�JHUoHN� ELU� LOLúNL\L� PL� \RNVD� VDKWH� ELU� LOLúNL\L� PL� \DQVÕWWÕ÷Õ� NRLQWHJUDV\RQ�NRQXVX�LoLQGH�\HU�DODQ�ELULP�N|N�WHVWL�LOH�DQDOL]�HGLOPLúWLU��$QDOL]�VRQXoODUÕQD�J|UH��ROXúWXUXODQ� UHJUHV\RQ�PRGHOLQLQ� VDKWH�ROPDGÕ÷Õ�DQODúÕOPÕúWÕU��*HUoHN�
UHJUHV\RQD�XODúÕOGÕNWDQ� VRQUD� HOHNWULN� HQHUMLVL� W�NHWLPL�� JHOHFHN������ \ÕOÕQD�NDGDU� JHOHFHN� WDKPLQ� DQDOL]L� LOH� WHVSLW� HGLOPLú� YH� HOHNWULN� HQHUMLVL�\R÷XQOX÷XQXQ�DUWÕú�WUHQGLQGH�ROGX÷X�VRQXFXQD�XODúÕOPÕúWÕU��
�(QHUML��(OHNWULN��(OHNWULN�7�NHWLPL��6DKWH�5HJUHV\RQ��(QHUJ\��(OHFWULFLW\��(OHFWULFLW\�FRQVXPSWLRQ��6SXULRXV�UHJUHVVLRQ��
�
 .DGLU�+DV�8QLYHUVLW\��)DFXOW\�RI�(FRQRPLFV�DQG�$GPLQLVWUDWLYH��'HSDUWPHQW�RI�(FRQRPLFV��,VWDQEXO��7XUNH\�� ,VWDQEXO�8QLYHUVLW\��)DFXOW\�RI�(FRQRPLFV��'HSDUWPHQW�RI�(FRQRPLFV��,VWDQEXO��7XUNH\�
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,1752'8&7,21�
(QHUJ\�LV�DQ�LQSXW�ZKLFK�KDV�D�VWUDWHJLF�VLJQLILFDQFH�LQ�HYHU\�DUHD�RI�VRFLDO�OLIH���7KLV�DVSHFW�RI�HQHUJ\�PDNHV�LW�DQ�LQGLVSHQVDEOH�HQG�SURGXFW�QRW�RQO\�LQ�LQGXVWULDOL]DWLRQ�SURFHVV�EXW�DOVR�LQ�VRFLR�FXOWXUDO�DFWLYLWLHV�DQG�GDLO\�OLIH����
'XH� WR� LWV� VWUXFWXUDO� UHODWLRQ� WR�RWKHU�VHFWRUV�DV�D�SURGXFWLRQ� LQSXW��HQHUJ\�LV�WKH�SUHUHTXLVLWH�RI�HFRQRPLF�GHYHORSPHQW���7KXV��WKRVH�FRQVXPHUV�DUH�SURYLGHG�ZLWK�HQHUJ\�ZLWK�D�UHDVRQDEOH�SULFH�DV�PXFK�DV�LWV�SURGXFWLRQ�LV�ZLWKLQ� WKH� GRPDLQ� RI� SXEOLF� UHVSRQVLELOLW\�� � 5HJXODWLYH� DQG� VXSHUYLVRU\�LQWHUYHQWLRQ� RI� WKH� VWDWH� LQ� WKH� FRQVWUXFWLRQ� RI� D� FRPSHWLWLYH�PDUNHW� LQ� WKH�VHFWRU�ZRXOG�FHUWDLQO\�LQFUHDVH�WKH�HIILFDF\�RI�SULYDWL]DWLRQ��
3HU�FDSLWD�HQHUJ\�FRQVXPSWLRQ�LV�KLJK�LQ�FRXQWULHV�ZKHUH�SHU�FDSLWD�LQFRPH�LV�KLJK���7KLV�LQGLFDWHV�WKDW�WKHUH�LV�D�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�HOHFWULFDO�FRQVXPSWLRQ�DQG�HFRQRPLF�JURZWK�� �0RUH�HQHUJ\� LV�FRQVXPHG� LQ�GHYHORSLQJ� FRXQWULHV� ZKHQ� WKH� SDFH� RI� LQGXVWULDOL]DWLRQ� LV� IDVW�� +RZHYHU��VLQFH�HQHUJ\�LV�QRW�XWLOL]HG�HIILFLHQWO\��DERYH�PHQWLRQHG�FRXQWULHV�H[SHULHQFH�D FRQWLQXRXV�ULVH�LQ�DGGLWLRQDO�HQHUJ\�GHPDQG��
7KLV� UHVHDUFK�� WDNLQJ� LQWR� DFFRXQW� WKH� VWUXFWXUDO� WUDQVIRUPDWLRQ� RI�WKH� HQHUJ\� VHFWRU� LQ� 7XUNH\� VLQFH� WKH� )LIWK� 3ODQQLQJ� 3HULRG�� FRQVWUXFWV� D�IRUHFDVWLQJ� PRGHO� DQG� SURMHFWLRQ� IRU� HOHFWULFDO� HQHUJ\� FRQVXPSWLRQ� DQG�HYDOXDWHV�WKH�UHVXOWV��
�
���(/(&75,&$/�(1(5*<�&2168037,21�,1�785.(<�
'HYHORSPHQWV� VXFK� DV� WKH� UDSLG� LQFUHDVH� RI� SRSXODWLRQ��LQGXVWULDOL]DWLRQ� DQG� WKH� VSUHDG� RI� WKH� PHDQV� RI� PDVV� FRPPXQLFDWLRQ�FRQVWDQWO\� LQFUHDVH�ZRUOG� HQHUJ\� FRQVXPSWLRQ�� � &RQVHTXHQWO\�� WKH� LVVXH� RI�FRQWUROOLQJ� ZRUOG� HQHUJ\� UHVRXUFHV� FDUULHG� D� FXWWKURDW� FRPSHWLWLRQ� DPRQJ�FRXQWULHV�ZHOO�LQWR�WKH���VW�FHQWXU\��
+RZHYHU��ZKLOH�WKH�GHYHORSLQJ�FRXQWULHV�LPSOHPHQW�SROLFLHV�WR�ILQG�VROXWLRQV�WR�WKHLU�HQHUJ\�SUREOHPV��WKH\�IDFH�WKH�QHHG�WR�HVWDEOLVK�D�FRPPRQ�HTXLOLEULXP�EHWZHHQ�HQHUJ\�VRXUFHV�DQG�HFRQRPLF�JURZWK� IRU�D� VXVWDLQDEOH�GHYHORSPHQW�� � ,Q� WKLV� UHJDUG�� WKH� IXQFWLRQDO� UHODWLRQ� DPRQJ�FRVW�HIILFLHQF\�JURZWK�LV�WKH�VWDUWLQJ�SRLQW�IRU�D�SURFHVV�LQ�VHDUFK�IRU�D�FRPPRQ�HTXLOLEULXP���
(YHQ�WKRXJK�7XUNH\�LV�DPRQJ�WKH�ILUVW�WZHQW\�ELJ�HFRQRPLHV�RI�WKH�ZRUOG�DQG�KDV�D�SRSXODWLRQ�RI�DERXW�VHYHQW\�PLOOLRQ��LW�LV�QRW�VHOI�VXIILFLHQW�LQ�WHUPV�RI�HQHUJ\���7KXV��7XUNH\¶V�HQHUJ\�GHPDQG�LV�LQFUHDVLQJ�IDVW��PDNLQJ�LW�QHFHVVDU\�WR�LPSRUW�PRUH��HVSHFLDOO\�RLO�DQG�QDWXUDO�JDV��
$V� WKH�HQHUJ\�DOWHUQDWLYHV�RI�7XUNH\� LQFOXGH�FHUWDLQ�FRQIXVLRQ�DQG�GDQJHUV��WKH�SUREOHP�RI�IURP�ZKHUH�DQG�KRZ�WKH�HQHUJ\�LV�REWDLQHG�UHPDLQV�WR�EH�FUXFLDO��$V�7XUNH\�GRHV�QRW�ZLVK� WR�EH�GHSHQGHQW�RQ�D� VLQJOH�HQHUJ\�VRXUFH��HQHUJ\�KDV�EHFRPH�DQ�LPSRUWDQW�FRPSRQHQW�RI�7XUNH\¶V�LQWHUQDWLRQDO�
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SROLF\���7KH�JRDO�RI�GHFUHDVLQJ�HQHUJ\�GHSHQGHQF\�KDV�HYROYHG�LQWR�WKH�PRVW�FUXFLDO�HOHPHQW�RI�7XUNH\¶V�RYHUDOO�UHJLRQDO�HQHUJ\�VWUDWHJ\��
7KH�VWUXFWXUH�RI�7XUNH\¶V�HQHUJ\�VHFWRU�KDV�XQGHUJRQH�D�VLJQLILFDQW�FKDQJH� VLQFH� WKH� )LIWK� 3ODQQLQJ� 3HULRG� ������������� � 1DWXUDO� JDV�� DV� DQ�DOWHUQDWLYH� WR� RLO� DQG� FRDO�� KDV� LQFUHDVHG� LWV� VKDUH� DQG� LPSRUWDQFH� LQ� WKH�VHFWRU�� �)URP������RQZDUG�� OLTXLGLWLHV�QDWXUDO�JDV��/3*��KDV� IRXQG� LWV�ZD\�LQWR� WKH� HQHUJ\� VHFWRU� DV� ZHOO�� � 1DWXUDO� JDV� LV� H[SHFWHG� WR� UHWDLQ� LWV�LPSRUWDQFH� GXULQJ� WKH� (LJKWK� 3ODQQLQJ� 3HULRG� DQG� RQZDUGV�� 7KHUHIRUH��7XUNH\¶V�GHSHQGHQFH�RQ�LPSRUW�LV�JRLQJ�WR�FRQWLQXH����
,Q� WKH� )LIWK� 3ODQQLQJ� 3HULRG� ������������� DQQXDO� HQHUJ\�FRQVXPSWLRQ�ZHQW� XS� IURP������PWHS� WR� �����PWHS� E\� DQ� DYHUDJH� LQFUHDVH�UDWH�RI�������� � ,Q�DGGLWLRQ� WR� WKH� LPSRUW�RI�QDWXUDO�JDV� IURP�5XVVLD� IRU� WKH�ILUVW� WLPH�� WKH� VWHDG\� GHFUHDVH� RI� HOHFWULFDO� HQHUJ\� LPSRUW� DQG� KDYLQJ� WKH�HIIRUWV�RI� VHFWRU�SULYDWL]DWLRQ�VSHHGHG�XS��ZHUH� WKH� LPSRUWDQW�GHYHORSPHQWV�RI�WKH�SHULRG��
'XULQJ� WKH� 6L[WK� 3ODQQLQJ� 3HULRG� ������������� WKH� WDUJHWV�FRQFHUQLQJ� WKH� HQHUJ\� VHFWRU� ZHUH� H[SUHVVHG� DV�� SODQQHG� H[SDQVLRQ� RI� WKH�QDWXUDO�JDV�FRQVXPSWLRQ�DFFRUGLQJ� WR�HFRQRPLF�FULWHULD�� WKH�FRQWLQXDWLRQ�RI�SULYDWL]DWLRQ�HIIRUWV��LQFUHDVLQJ�WKH�VKDUH�RI�SULYDWH�VHFWRU�LQ�LQYHVWPHQWV�DQG�HPEDUNLQJ� RQ� WKH� SURFHVV� RI� WUDQVLWLRQ� WR� QXFOHDU� HQHUJ\� WHFKQRORJLHV��'XULQJ� WKLV�SHULRG�SULPDU\�HQHUJ\�FRQVXPSWLRQ� LQFUHDVHG�E\�DQ�DYHUDJH�RI������ DQQXDOO\� ������� IRU� WKH� QDWXUDO� JDV� FRQVXPSWLRQ��� � %HVLGHV�� 7XUNLVK�(OHFWULFLW\� ,QVWLWXWLRQ� �7(.�� *HQHUDO� 'LUHFWRUDWH� ZDV� GLYLGHG� LQWR� WZR� DV�JHQHUDO� GLUHFWRUDWHV� RI� 7XUNLVK� (OHFWULFLW\� *HQHUDWLRQ�� 7UDQVPLVVLRQ� -RLQW�6WRFN�&RUSRUDWLRQ� �7($6�� DQG�7XUNLVK�(OHFWULFLW\�'LVWULEXWLRQ� -RLQW� 6WRFN�&RUSRUDWLRQ� �7('$6�� DV� D� SDUW� RI� WKH� SULYDWL]DWLRQ� SURFHVV� DQG� %XLOG�2SHUDWH�7UDQVIHU�SURMHFWV�FRQWUDFWHG�E\�WKH�SULYDWH�VHFWRU�JDLQHG�PRPHQWXP��
'XULQJ� WKH� 6HYHQWK� 3ODQQLQJ� 3HULRG�� SULPDU\� HQHUJ\� SURGXFWLRQ�LQFUHDVHG� E\� ����� DQG� SULPDU\� HQHUJ\� FRQVXPSWLRQ� ZHQW� XS� E\� ������$OWKRXJK� WKH� LQYHVWPHQWV� IRU� HOHFWULFDO� HQHUJ\� SURGXFWLRQ� FRQVWLWXWHG� �����RI�WKH�WRWDO�LQYHVWPHQWV��WKH�LQFUHDVH�LQ�FRQVXPSWLRQ�ZDV�DERXW����DQQXDOO\���7KH� HFRQRPLF� FULVLV� 7XUNH\� ZHQW� WKURXJK� LQ� WKH� \HDU� ������ UHVXOWHG� LQ� D�GHFUHDVH�LQ�WKH�XSZDUG�WUHQG�RI�HQHUJ\�GHPDQG�DV�LW�GLG�GXULQJ�WKH�FULVLV�RI��������:KHQ�WKH�FRQVXPSWLRQ�RI�HOHFWULFDO�HQHUJ\�LV�DQDO\]HG��LW�LV�VHHQ�WKDW�HVSHFLDOO\�WKH�VKDUH�RI�WKH�LQGXVWULDO�VHFWRU�GHFUHDVHG�WR��������

� %�� 6DVOH\�� ³����¶ODUGD� 7�UNL\H¶QLQ� (QHUML� 3ROLWLNDODUÕ� �7XUNH\¶V� (QHUJ\� 3ROLFLHV� 'XULQJ������´�� *�Q�P�]GH� 7�UNL\H¶QLQ� 'Õú� 3ROLWLNDVÕ� GHU�� %DUU\� 5XELQ�.HPDO� .LULúoL��%�h�<D\ÕQHYL��øVWDQEXO��������S������
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7DEOH�,�� 5DLVH�RI�*URZWK��(QHUJ\��3URGXFWLRQ�DQG�&RQVXPSWLRQ� LQ�7XUNH\¶V�3ODQQHG�7HUPV�
7HUPV� *13�

5DLVH�����
3ULPDU\�(QHUJ\�

3URGXFWLRQ�5DLVH�����
3ULPDU\�(QHUJ\�

&RQVXPSWLRQ�5DLVH�����
�WK 3ODQQHG�7HUP������������������������� ���� ���� ����
�WK�3ODQQHG�7HUP������������������������� ���� ���� ����
�WK�3ODQQHG�7HUP������������� ���� ���� ����
�WK 3ODQQHG�7HUP��������������� ���� ���� ����

���)RUHFDVW��6RXUFH��6WDWH�3ODQQLQJ�2UJDQL]DWLRQ���WK��WK�DQG��WK�)LYH�<HDU�'HYHORSPHQW�3ODQV�
7KH�LQFUHDVH�LQ�WKH�SULPDU\�HOHFWULFLW\�SURGXFWLRQ�GXULQJ�WKH�(LJKWK�3ODQQLQJ� 3HULRG� LV� HVWLPDWHG� WR� EH� ������ ZKHUHDV� WKH� LQFUHDVH� LQ� SULPDU\�HOHFWULFLW\�FRQVXPSWLRQ�LV�H[SHFWHG�WR�EH�������
7KHUH� LV� D� FORVH� UHODWLRQ� EHWZHHQ� HFRQRPLF� JURZWK� DQG� HQHUJ\�FRQVXPSWLRQ�� �7KH� LQFUHDVH� LQ�HOHFWULFLW\�FRQVXPSWLRQ�KDV�EHHQ�KLJK� LQ� WKH�KLJK�UDWH�JURZWK�SHULRG�IROORZLQJ�WKH�HFRQRPLF�FULVLV�RI��������7KH�LQFUHDVH�LQ� HOHFWULFLW\� FRQVXPSWLRQ� KDV� EHHQ� OLPLWHG� RZLQJ� WR� WKH� IUHTXHQW� FULVHV�H[SHULHQFHG� LQ� WKH� HFRQRP\�� � 7KH� QHW� HOHFWULFLW\� FRQVXPSWLRQ�� ZKLFK� ZDV��������*ZK�LQ� WKH�\HDU�������GHFUHDVHG� WR��������*ZK�LQ������GXH� WR� WKH�HFRQRPLF� FULVLV� �*UDSK� ,��� 1HW� SHU� FDSLWD� FRQVXPSWLRQ� GHFUHDVHG� WR� ������NZK�LQ�WKH�\HDU��������$V�WKH�FULVLV�LV�RYHU�DQG�WUDQVLWLRQ�WR�D�VWDEOH�JURZWK�LV�DFKLHYHG��HOHFWULFDO�HQHUJ\�FRQVXPSWLRQ�LV�H[SHFWHG�WR�LQFUHDVH��
(YHQ� WKRXJK� WKH� LQVWDOOHG� JHQHUDWLQJ� SRZHU� RI� HOHFWULFDO� HQHUJ\� LQ�7XUNH\�ZKLFK�ZDV����������0:�LQ�������LQFUHDVHG�WR����������0:�LQ������DQG� WR� ��������� 0:� LQ� ������ SXEOLF� VHFWRU� IDLOHG� WR� LQYHVW� LQ� HOHFWULFDO�HQHUJ\� DV�QHHGHG�� �6LQFH� WKH�\HDU� RI� ������ SXEOLF� LQYHVWPHQWV�KDYH� ODJJHG�EHKLQG� WKH� SODQQHG� RQHV� DQG� HVSHFLDOO\� LQ� ����� �3URJUDP�� ���� PLOOLRQ� ��5HDOL]DWLRQ������PLOOLRQ����� LQ�������3URJUDP��������0LOOLRQ���5HDOL]DWLRQ������PLOOLRQ�����LQ�������3URJUDP��������PLOOLRQ���±5HDOL]DWLRQ������PLOOLRQ����� DQG� ����� �3URJUDP�� ������ PLOOLRQ� ��5HDOL]DWLRQ�� ������ PLOOLRQ� ���� WKH�SURJUDPV� RI� HOHFWULFLW\�� WUDQVPLVVLRQ� DQG� GLVWULEXWLRQ� LQYHVWPHQW� ZHUH�UHDOL]HG� DV� IDU� EHKLQG� WKH� SODQQHG�� 7KLV� KDV� EHHQ� WKH� VRXUFH� RI� GLIILFXOWLHV�7XUNH\�H[SHULHQFHG�LQ�HQHUJ\�VXSSO\���
$FFRUGLQJ� WR� WKH� SODQV� RI� WKH� 0LQLVWU\� RI� (QHUJ\� DQG� 1DWXUDO�5HVRXUFHV� �(7.%�� DQG�7($6��QR� OHVV� WKDQ� D���ELOOLRQ�GROODU� LQYHVWPHQW� LV�UHTXLUHG� DQQXDOO\� IRU� WKH� UHDOL]DWLRQ� RI� HOHFWULFLW\� SURGXFWLRQ�� WUDQVPLVVLRQ�DQG�GLVWULEXWLRQ�SODQWV��(YHU\�\HDU�LQ�ZKLFK�WKH�QHFHVVDU\�LQYHVWPHQW�LV�QRW�PDGH�� LQFUHDVHV� WKH� LQYHVWPHQW� UHTXLUHG� IRU� WKH� QH[W� \HDU�� 7KH� QHFHVVDU\�ILQDQFLQJ� WR� UHDOL]H� VHFWRU� LQYHVWPHQWV� DQG� UHVRXUFH� LPSRUW� LV� H[SHFWHG� WR�

�
� 7h6ø$'� �7XUNLVK� ,QGXVWULDOLVWV¶� DQG� %XVLQHVVPHQ¶V� $VVRFLDWLRQ��� ���<�]\ÕOD� *LUHUNHQ�7�UNL\H¶QLQ� (QHUML� 6WUDWHMLVLQLQ� 'H÷HUOHQGLULOPHVL� �7KH� $VVHVPHQW� RI� 7XUNH\¶V� (QHUJ\�6WUDWHJ\�DW�WKH�%HJLQQLJ�RI�����&HQWXU\���1R��7h6ø$'�7������������øVWDQEXO��������S�����
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FDXVH� VLJQLILFDQW�ERWWOHQHFNV�YLD� HFRQRP\�� ,Q� WKLV� UHJDUG�� WKH� UHDOL]DWLRQ�RI�WKH�LQYHVWPHQWV�FDQ�RQO\�EH�SRVVLEOH�ZLWK�WKH�SDUWLFLSDWLRQ�RI�ERWK�GRPHVWLF�DQG�IRUHLJQ�LQYHVWPHQWV��
$FWXDO�HOHFWULFLW\�SURGXFWLRQ�ZDV�������ELOOLRQ�NZK�LQ�WKH�\HDU��������7KH� QHW� HOHFWULFLW\� LPSRUW� ZKLFK� ZDV� ���� ELOOLRQ� NZK� LQ� ������ ZDV� LQ� WKH�RUGHU�RI�����ELOOLRQ�NZK�LQ�WKH�\HDU�������7DEOH�,,���
7DEOH�,,��3URJUHVV�RI�7XUNLVK�(OHFWULFLW\�3RZHU�&RQVXPSWLRQ�
7HUPV� ����� ����� ����� ����� �����*HQHUDWLRQ��&DSDFLW\�0:K�� �������� ��������� ��������� ��������� ���������3URGXFWLRQ����������*:K���� ��������� ������� ��������� ���������� ����������

,PSRUW� �*:K���� ���������� ���� � ���� �������� ��������
([SRUW�� �*:K���� ������������ ���� � ������ ������ ������
&RQVXPSWLRQ�*URVV���*:K������������������������ ������� ��������� ������������� ����������3HU�&DSLWD�&RQVXPSWLRQ�*URVV�� ���� ������ ������ ������ ������
1HW� ���� ���� ������ ������ ������

6RXUFH��9DULRXV�LVVXHV�RI�7XUNLVK�0LQLVWU\�RI�(QHUJ\�DQG�1DWXUDO�5HVRXUFHV��DQG� 7XUNLVK� (OHFWULFLW\� � 3URGXFWLRQ� 7UDQVPLVVLRQ� &RUSRUDWLRQ�VWDWLVWLFV��� *UDSK�,��1HW�(OHFWULFLW\�3RZHU�&RQVXPSWLRQ��1HSF�

7DEOH�,,,��� $FFRUGLQJ� WR�&RQVXPHU�*URXSV�'LVWULEXWLRQ�RI�7XUNLVK�� (OHFWULFLW\�3RZHU�&RQVXPSWLRQ�������
7LPH�5HVLGHQWLDO�9LOODJH�&RPPHUFLDO��*RYHUQPHQW�,QGXVWULDO��*HQHUDO�����2WKHUV�7RWDO����2IILFHV������������������,OOXPLQDWLRQ� ����
����� ����� ���� ���� ���� ����� ��������������� ���������������������������� ������������ ����������������������������������� ���� ����� ��������������� ��������������������� ����� ��� ���� ���� ����� ���� ��������������������� ����� ��� ���� ���� ����� ���� ��������������������� ������ ���� ���� ���� ����� ���� ����������������
6RXUFH�� 9DULRXV� LVVXHV� RI� 7XUNLVK� (OHFWULFLW\� 3URGXFWLRQ� 7UDQVPLVVLRQ�������� &RUSRUDWLRQ����VWDWLVWLFV��
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,Q�WKH�GLVWULEXWLRQ�RI�HOHFWULFDO�HQHUJ\�LQ�WHUPV�RI�FRQVXPHU�JURXSV��WKH�VKDUH�RI�LQGXVWULDO�VHFWRU�ZDV�XQGHU�����LQ������DQG�������WKH�VKDUH�RI�UHVLGHQWLDO�FRQVXPSWLRQ�ZDV��������FRPPHUFLDO�FRQVXPSWLRQ�ZDV�������DQG�JRYHUQPHQW�RIILFHV�DQG�SXEOLF�OLJKWLQJ¶V�VKDUH�ZDV����LQ�������
�

���&267�$1'�6$/(6�2)�(/(&75,&,7<�
,Q� RUGHU� WKDW� 7XUNLVK� LQGXVWU\� FDQ� FRPSHWH� ZLWK� (XURSHDQ� 8QLRQ�DQG�JHW�PRUH�VKDUH�LQ�ZRUOG�WUDGH��WKH�VXSSO\�DQG�FRVW�RI�HQHUJ\�DV�RQH�RI�WKH�PRVW�LPSRUWDQW�LQSXWV�RI�LQGXVWU\�KDV�D�FUXFLDO�VLJQLILFDQFH��,W�LV�NQRZQ�WKDW�LQ�KLJKO\�FRPSHWLWLYH�VHFWRUV�ZKLOH�WKH�SURILW�UDWH�GHFUHDVHV�WKH�FRVW�RI�LQSXW�LQFUHDVHV� LQ� LPSRUWDQFH��$V�D� UHVXOW�RI� WKLV��SULFH�RI�HQHUJ\�DV�FRPSDUHG� WR�WKH�SULFHV�RI�RWKHU�FRXQWULHV�GHWHUPLQHV�WKH�FRPSHWLWLYHQHVV�RI�WKH�GRPHVWLF�LQGXVWU\��
,Q�7XUNH\��ZKLOH� WKH� FRVW�RI� HOHFWULFDO� HQHUJ\� LV�GHWHUPLQHG�E\� WKH�*HQHUDO�'LUHFWRUDWHV�RI�7($6�DQG�7('$6��WKH�VHOOLQJ�SULFHV�RI�GLVWULEXWLRQ�FRPSDQLHV�DUH�GHWHUPLQHG�E\� WKH�FRPSDQLHV� WKHPVHOYHV� LQ�DFFRUGDQFH�ZLWK�WKH� 7('$6� SULFH� OLVWV� DQG� DUH� DSSURYHG� E\� WKH� 0LQLVWU\� RI� (QHUJ\� DQG�1DWXUDO�5HVRXUFHV��
7KH�VHOOLQJ�SULFHV�RI�HOHFWULFDO�HQHUJ\�DUH�GHWHUPLQHG�E\�WKH�ERDUG�RI�7('$6� LQ�DFFRUGDQFH�ZLWK� WKH�SULQFLSOHV� VWDWHG� LQ�³5HJXODWLRQV�5HJDUGLQJ�(OHFWULFLW\� 3ULFH´� E\� WKH� 0LQLVWU\� DFFRUGLQJ� WR� WKH� $UWLFOH� 1R�� ��� RI� WKH�GHFUHH� KDYLQJ� WKH� IRUFH� RI� D� ODZ� 1R�� ����� 7KHUH� DUH� FRPSDQLHV� ZKLFK�GLVWULEXWH�HOHFWULFLW\�RWKHU� WKDQ�7('$6��$V� WKH�0LQLVWU\�KROGV� WKH�SULQFLSOH�RI� DSSO\LQJ� WKH� VDPH� SULFH� WR� DOO� FRQVXPHU� JURXSV�� WKH� DERYH� PHQWLRQHG�FRPSDQLHV�DOVR�DFW�LQ�DFFRUGDQFH�ZLWK�WKH�SULFH�OLVW�RI�7('$6���
7DEOH�,9��&RVW�DQG�6DOH�RI�(OHFWULFLW\�3RZHU�LQ�7XUNH\�
� &RVWV����������������������������������������������������������������������������6DOHV��$YHUDJH�*URVV���������������������'HOLYHULQJ�3RLQW���������������7RWDO�(OHFWULFLW\������$YHUDJH����������������������������������������������������������������������3URGXFWLRQ�&RVW���������,QGXVWULDO�&RVW������&RPPHUFLDO�&RVW����3RZHU�6DOH��6DOH��3ULFH��

7/�N:K &HQW�N:K 7/�N:K &HQW�N:K 7/�N:K &HQW�N:K�� *:K 7/�N:K &HQW�N:K����� ����� ����� ������ ����� ������ ����� �������� ������ ����������� ������������������� ���������� ����� ������� �������������������� ������������ ���������� ������������� ����� �������������������������������������������������������������������� ���������� ��������������� ������������������ ��������������� ����� ������������������������� �����
6RXUFH��9DULRXV�LVVXHV�RI�7XUNLVK�0LQLVWU\�RI�(QHUJ\�DQG�1DWXUDO�5HVRXUFHV�DQG� 7XUNLVK� (OHFWULFLW\� 3URGXFWLRQ� 7UDQVPLVVLRQ� &RUSRUDWLRQ�VWDWLVWLFV��

0RUHRYHU�� DXWR� SURGXFHUV� FDQ� VHOO� WKH� VXUSOXV� HOHFWULFLW\� WR�7($6��7('$6�DQG�WKH�DIILOLDWHV�RI�7('$6�ZLWK�D�SULFH�ZKLFK�FDQ�EH�DW�PRVW�����

�
� ø62� �,VWDQEXO� &KDPEHU� RI� ,QGXVWU\�� DQG� $62� �$QNDUD� &KDPEHU� RI� ,QGXVWU\��� (OHNWULN�(QHUMLVLQGH�8OXVDO�3ROLWLND��1DWLRQDO�3ROLF\�LQ�(OHFWULFLW\�(QHUJ\���������SS��������
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PRUH� RI� WKH� VHOOLQJ� SULFH� RI� HOHFWULFLW\� DV� VROG� WR� HQG� FRQVXPHUV� E\�GLVWULEXWLRQ�FRPSDQLHV��
$FFRUGLQJ� WR� WKH� UHSRUW� RI� ,QWHUQDWLRQDO� (QHUJ\�$JHQF\�� DV� RI� WKH�GDWD� RI� WKH� ODVW� TXDUWHU� RI� ������ WKH� SULFH� RI� HOHFWULFLW\� XVHG� LQ� LQGXVWU\� LQ�7XUNH\� LV�DERYH� WKH�SULFHV�RI� WKH�FRXQWULHV�ZLWK�ZKLFK�7XUNH\�FRPSHWHV� LQ�ZRUOG�PDUNHW�� ,I�ZH� WDNH� LQWR� FRQVLGHUDWLRQ� WKDW� WKH� SULFH� RI� HOHFWULFLW\� IRU�LQGXVWU\� LQ� (XURSHDQ� FRXQWULHV� LV� ����� 7XUNH\� LV� WKH� VHFRQG� FRXQWU\� DIWHU�-DSDQ� DV� WKH� FRXQWU\� ZLWK� WKH� KLJKHVW� SULFH� IRU� HOHFWULFLW\� DPRQJ� WKH� ���FRXQWULHV�PRVW�RI�ZKLFK�DUH�GHYHORSHG�FRXQWULHV��
7DEOH�9����3ULFH� RI� ,QGXVWULDO� (QHUJ\� &RQVXPSWLRQ� E\� 6HOHFWHG�� &RXQWULHV�����������8QLW��

)XHO�2LO������������1DWXUDO�*DV����������&RDO����������(OHFWULFLW\�3RZHU��&RXQWULHV�� ���WRQ��� ������������A��NFDO�� ����WRQ��� �����������N:K��,QGXVWULDO���5HVLGHQWLDO
7XUNH\��� ������� ������� ������ ������� �������86$� ������� ������� ������ ������� �������&DQDGD������� ������� ������� ������� ������� �������-DSDQ���� ������� ������� ���������� �������������������������*HUPDQ\� ������� ������� ��� ������� �������)UDQFH� ������� ������� ������� ������� �������(QJODQG� ������� ������� ������ ������� �������)LQODQG�� ������� ������� ������ ������� �������%HOJLXP� ������� ������� ��� ������� �������'HQPDUN� ����������� ��� ������ ������� �������3RUWXJDO� ������� ������� ������ ������� �������&]HFK�5HSXEOLF����������������� ������� ������ ������� �������+XQJDU\� ������� ������� ������ ������� �������3RODQG�� ������� ������� ������ ������� �������6ORYDNLD� ������� �������� ���������� ���������������� ����������������<HDU�)RXUWK�7HUP�5HWDLO�3ULFHV��
6RXUFH�� ,($� �,QWHUQDWLRQDO� (QHUJ\� $JHQF\��� :RUOG� (QHUJ\� 6WDWLVWLFV�������

7KH�SULFHV�IRU�HOHFWULFLW\�LQ�7XUNH\�KDG�D�VKDUS�LQFUHDVH�LQ������DQG�WKLV�LQFUHDVH�ZDV������IRU�WKH�SHULRG�RI�-DQXDU\��VW��'HFHPEHU���VW� 'XULQJ�WKH� VWDWHG� SHULRG�:3,�ZDV� ������ DQG�&3,� ������� � $V� D� UHVXOW� RI� WKLV�� DQ�DGGLWLRQDO� FRVW� ZDV� FUHDWHG� EHWZHHQ� WKH� :3,� IRU� LQGXVWULDO� VHFWRU� DQG�HOHFWULFLW\�SULFHV� DQG�KHQFH� D� GHFUHDVH� LQ� FRPSHWLWLYHQHVV�ZDV� UHDOL]HG�� � ,Q�WKH�SUHYDLOLQJ�HFRQRPLF�VLWXDWLRQ�RI������ZKHQ�WKH�VKDUS�GHFUHDVH�LQ�GHPDQG�FDXVHG�WKH�SURGXFWLRQ�WR�VORZ�GRZQ��LQSXW�SULFHV�LQFUHDVHG�HQRUPRXVO\�DV�WKH�EXVLQHVV�FRXOG�QRW�WUDQVIHU�WKH�KXJH�LQFUHDVHV�LQ�LQSXW�SULFHV�WR�VDOHV�DQG�WKH\�ZRUNHG�XQGHU�WKHLU�SURGXFWLRQ�FDSDFLW\��7KXV�WKH�FRPSDQLHV�ZHUH�QRW�DEOH�WR�UDLVH�WKHLU�DVVHWV��
:KLOH�WKH�SULFHV�RI�LQGXVWULDO�JRRGV�RI�7XUNH\�DUH�EHORZ�WKH�SULFHV�RI� RWKHU� FRXQWULHV�� 7XUNH\� LV� DPRQJ� WKH� ILUVW� IHZ� FRXQWULHV� LQ� WHUPV� RI� WKH�

�
� '37� �6WDWH� 3ODQQLQJ� 2UJDQL]DWLRQ��� 6HNL]LQFL� %Hú� <ÕOOÕN� .DONÕQPD� 3ODQÕ� � (QHUML� g]HO�øKWLVDV� .RPLV\RQX� 5DSRUX� �(LJKWK� )LYH�<HDU� 'HYHORSPHQW� 3ODQ�� (QHUJ\� 3ULYDWH�6SHFLDOL]DWLRQ�&RPPLVVLRQ�5HSRUW���1R�'37�������g.������$QNDUD��������S�����
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SULFH� RI� HOHFWULFLW\� XVHG� DV� DQ� LQSXW� LQ� WKH� SURGXFWLRQ� RI� LQGXVWULDO� JRRGV��7XUNH\�LV�WKH�VHFRQG�FRXQWU\�IROORZLQJ�-DSDQ��DV�WKH�FRXQWU\�ZKHUH�WKH�SULFH�RI�HOHFWULFLW\�DV�DQ�HQHUJ\�UHVRXUFH�XVHG�LQWHQVLYHO\�LQ�LQGXVWU\�LV�WKH�KLJKHVW��
,Q� 7XUNH\�� ZKHUHDV� GLIIHUHQW� SULFHV� DUH� DSSOLHG� WR� QDWXUDO� JDV� DQG�IXHO�RLO��WKLV�LV�QRW�WKH�FDVH�IRU�HOHFWULFLW\���+RZHYHU��WKDW�WKHUH�LV�DOPRVW�QR�SULFH� GLIIHUHQFH� IRU� UHVLGHQWLDO� DQG� FRPPHUFLDO� EXLOGLQJV� LV� D� VWULNLQJ� IDFW���)RU�LQVWDQFH��LQ�WKH�8�6�$��*HUPDQ\��(QJODQG��)LQODQG�DQG�3RODQG�SULFHV�IRU�UHVLGHQWLDO� EXLOGLQJV� LV� WZLFH� DV� WKH� RQHV� IRU� FRPPHUFLDO� EXLOGLQJV� DQG� WKH�UDWLR�LV�WKUHH�WLPHV�RU�PRUH�IRU�%HOJLXP�DQG�'HQPDUN��
7KH� FRVW� RI� HQHUJ\�ZKHWKHU� LW� LV� RI� SURGXFWLRQ� RU� LPSRUW� PXVW� EH�UHIOHFWHG�LQ�WKH�SULFHV�FRPSOHWHO\�DQG�REMHFWLYHO\�DQG�DQ�RSWLPDO�SURGXFWLRQ�VWUXFWXUH� LQ� WKH� LQGXVWU\�PXVW� EH� HVWDEOLVKHG�� � ,PSOHPHQWLQJ� DQ� DSSURSULDWH�SULFH�SROLF\�IRU�LQSXWV�DQG�HVSHFLDOO\�IRU�HQHUJ\�LV�WKH�SUHUHTXLVLWH�IRU�SURSHU�VWUXFWXULQJ� RI� WKH� LQGXVWU\�� IRU� WKH� ULJKW� FKRLFH� LQ� SURGXFWLRQ�PHWKRGV� DQG�WHFKQRORJLHV�DQG�SURILWDELOLW\��
7KDW� WKH� SULFH� RI� HOHFWULFDO� HQHUJ\� LQ� 7XUNH\� LV� KLJK� KDV� LWV� RZQ�VLJQLILFDQW� UHDVRQV�� �2QH� RI� WKHVH� UHDVRQV� LV� WKH� H[WUHPHO\� KLJK� ORVVHV� DQG�LOOHJDO�FRQVXPSWLRQ���7KH�UDWH�RI�ORVVHV�DQG�LOOHJDO�FRQVXPSWLRQ�LQ�HOHFWULFLW\�KDV�FRQWLQXRXVO\�EHHQ�LQFUHDVLQJ�VLQFH��������7KH�UDWH�ZKLFK�ZDV�������LQ������ZLWK�IUHH�RI�FKDUJH�FRQVXPSWLRQ��2(&'�DYHUDJH�LV������DQG�(XURSHDQ�8QLRQ�DYHUDJH�LV��������ZHQW�XS�WR�������DV�RI��������7KH�FRVW�RI�ORVVHV�DQG�LOOHJDO�FRQVXPSWLRQ�LV�HVWLPDWHG�WR�EH�����ELOOLRQ���IRU�WKH�\HDU�������
$QRWKHU�UHDVRQ�IRU�WKLV�LV� WKH�KLJK�SHUFHQWDJH�RI�9DOXH�$GGHG�7D[��9$7�� RQ� HQHUJ\� SULFHV� DQG� RWKHU� H[SHQVHV�� � 7KH� 9$7� UDWH� RI� ���� RQ�HOHFWULFLW\�SULFH�LV�H[WUHPHO\�KLJK���%HVLGHV��ZKHQ�WKH�FRVWV�WKDW�DUH�QRW�WD[�GHGXFWLEOH�VXFK�DV�WKH�0XQLFLSDO�&RQVXPSWLRQ�7D[��VKDUH�IRU�7XUNLVK�5DGLR�DQG� 7HOHYLVLRQ� �757�� DGGHG�� WKH\� UHVXOW� LQ� D� VLJQLILFDQW� HQHUJ\� FRVW� IRU�LQGXVWULDOLVWV��
��� 0XQLFLSDO� &RQVXPSWLRQ� 7D[� LV� FROOHFWHG� RQ� HOHFWULFLW\�� 7KH�JRYHUQPHQW�GHFUHDVHG�WKH������757�VKDUH�WR����LQ�RUGHU�WR�DEROLVK�WKH�757�VKDUH� FKDUJHG� RQ� JURVV� VDOHV� RI� HOHFWULFLW\� JUDGXDOO\� ZLWK� WKH� DLP� RI�GHFUHDVLQJ�HOHFWULFLW\�SULFH���+RZHYHU��LQ�RUGHU�WKDW�WKH�JURZWK�E\�H[SRUW�FDQ�EH�VXVWDLQHG�DQG�IRUHLJQ�FDSLWDO�FDQ�EH�DWWUDFWHG�WR�WKH�FRXQWU\��HQHUJ\�FRVWV�DUH�QHHGHG�WR�EH�GHFUHDVHG�WR�WKH�OHYHO�RI�ULYDO�FRXQWULHV�DQG�EH�NHSW�DW�WKDW�OHYHO��
$QRWKHU� UHDVRQ� IRU� WKH� KLJK� HOHFWULFLW\� SULFH� LV� WKDW� FRVWO\� HQHUJ\�DJUHHPHQWV� DUH� VLJQHG�� 7HUPV� DQG� FRQGLWLRQV� RI� PDQ\� LQWHUQDWLRQDO�DJUHHPHQWV� DERXW� HQHUJ\� DUH� QRW� UHYHDOHG� WR� WKH�SXEOLF��7KH� UHDVRQ� IRU� WKH�KLJK� SULFH� LV� HLWKHU� LQWHUPHGLDU\� FRPSDQLHV� VHW� KLJK� SURILW� UDWHV� RU� WKH�DJUHHPHQWV� VLJQHG�� 7KH� HQHUJ\� SURGXFHG� E\� WKH� %XLOG�2SHUDWH�7UDQVIHU�

�
� ø62��³����¶GH�6DQD\L\L�(WNLOH\HQ�6RUXQODU�$UWDQ�(QHUML�0DOL\HWL´��3UREOHPV�,QIOXHQFH�7KH�,QGXVWU\��,QFUHDVLQJ�(QHUJ\�&RVW�LQ���������ø62�'HUJLVL� ùXEDW�������øVWDQEXO��S������ 7h6ø$'��(QHUML� 6HNW|U�QGH�*HOHFH÷H� %DNÕú� $U]� 7DOHS� YH� 3ROLWLNDODU� �)XWXUH� 9LHZ� WR�(QHUJ\� 6HFWRU�� 6XSSO\�� 'HPDQG� DQG� 3ROLFLHV��� 1R�� 7h6ø$'�7������������ øVWDQEXO�� ������S������
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PRGHOV� LPSOHPHQWHG�E\� WKH�JRYHUQPHQW�KDG� WR�EH�ERXJKW�E\� WKH�VWDWH�ZLWK�KLJK�FRVWV�DQG�WKDW�LQFUHDVHG�WKH�HQHUJ\�SURGXFWLRQ�FRVWV��
0RUHRYHU�� EHFDXVH� WKH� RSHUDWLRQ� ULJKWV� RI� WKH� WKHUPLF� SODQWV� �WRWDO�SURGXFWLRQ�VKDUH� LV�DSSUR[LPDWHO\������FRXOG�QRW�EH� WUDQVIHUUHG��QHFHVVDU\�LQYHVWPHQWV�FRXOG�QRW�EH�PDGH�DQG�WKHVH�SODQWV�FRXOG�QRW�EH�UXQ�HIILFLHQWO\�FDXVH�WKH�HQHUJ\�SURGXFWLRQ�FRVWV�WR�LQFUHDVH��
3HUVRQQHO� DQG�RUJDQL]DWLRQ�FRVWV� �HVSHFLDOO\�EHFDXVH� WKH�HIILFLHQF\�DFFRUGLQJ�WR�WKH�LQFUHDVLQJ�QXPEHU�RI�SHUVRQQHO�LV�ORZ��DUH�DPRQJ�WKH�RWKHU�UHDVRQV�ZK\�WKH�HOHFWULFLW\�FRVWV�DUH�KLJK��
:LWK� WKH� LQWURGXFWLRQ� RI� (OHFWULFLW\� 0DUNHW� /DZ� 1R�� ����� DQG�1DWXUDO� *DV� 0DUNHW� /DZ� 1R�� ����� WKDW� ZHQW� LQWR� HIIHFW� LQ� ������ D�WUDQVIRUPDWLRQ�LQ�HOHFWULF�DQG�QDWXUDO�JDV�VHFWRUV�LV�LQWHQGHG�E\�ZKLFK�SULYDWH�FRPSDQLHV� FDQ� IUHHO\� RSHUDWH�ZLWKLQ� WKH� IUDPH� RI� FHUWDLQ� UHJXODWLRQV� DQG� D�OLEHUDO�HFRQRP\�ZKHUH�FRPSHWLWLRQ�WDNHV�SODFH���7KLV�QHZ�VWUXFWXULQJ�ZLOO�EH�HIIHFWLYH� LQ�GHFUHDVLQJ� WKH�HOHFWULFLW\�SULFHV�� �%HVLGHV��E\� WKH�3HWURO�0DUNHW�/DZ� WKDW� ZDV� SXW� LQWR� HIIHFW� LQ� WKH� ODWH� ����� DQG� DLPHG� WR� GLVFLSOLQH� WKH�VHFWRU��DQRWKHU�LPSRUWDQW�VWHS�ZDV�WDNHQ�WR�OHW�WKH�SHWURO�SULFHV�EH�GHWHUPLQHG�E\� WKH� ZRUOG� IUHH� PDUNHW�� %\� WKLV� ODZ�� WKH� DFWLYLWLHV� VXFK� DV� UHILQLQJ��SURFHVVLQJ�� WUDQVPLVVLRQ� ZHUH� FRPELQHG� XQGHU� D� VLQJOH� ODZ� DQG� WKH�,QVWLWXWLRQ�RI�(QHUJ\�0DUNHW�5HJXODWLRQ�ZDV�DXWKRUL]HG�UHJDUGLQJ�WKH�SHWURO�PDUNHW�DV�ZHOO���
7DNLQJ�LQWR�FRQVLGHUDWLRQ�WKDW�WKHUH�FRPSDQLHV�ZKLFK�DSSOLHG�WR�WKH�,QVWLWXWLRQ�RI�(QHUJ\�0DUNHW�5HJXODWLRQ�DQG�XQGHUWRRN�WKH�UHVSRQVLELOLW\�RI�JHQHUDWLQJ� HOHFWULFLW\�ZLWK� D�PXFK� ORZHU� SULFH� DQG� DVNHG� IRU� OLFHQVH�� VWDWH�RZQHG�SURGXFHUV�ZLOO�KDYH� WR� UHFRQVLGHU� WKHLU�SULFHV��0RUHRYHU��SURGXFWLRQ�IDFLOLWLHV� WKDW� QHHG� UHQRYDWLRQ� LQYHVWPHQWV� LQ� D� ODUJH� VFDOH� KDYH� WR� EH�SULYDWL]HG� XUJHQWO\� DV� D� UHVXOW� RI� ILQDQFLDO� SUREOHPV�� � 2WKHUZLVH�� ORVVHV� RI�7($6� ZLOO� JHW� ODUJHU�� � 3ULFHV� PXVW� EH� GHFUHDVHG� E\� HOLPLQDWLQJ� WKH� KLJK�SULFHV� RI� WKH� %XLOG�2SHUDWH�7UDQVIHU� DQG� %XLOG�2SHUDWH� SODQWV� WKDW� ZHUH�HVWDEOLVKHG�ZLWK�WKH�FRQWUDFWV�ZKLFK�JXDUDQWHHG�WKH�SXUFKDVH�RI�7('$6��
�
���$ 02'(/�)25�(/(&75,&,7<�'(0$1'�(67,0$7,21�$1'�)25(&$67,1*�
7KH�H[LVWLQJ�OLWHUDWXUH�LQ�HOHFWULFLW\�GHPDQG�DQDO\VLV��2QH�RI�WKH�ILUVW�DSSOLFDWLRQV� RI� WKH� (QJOH� DQG�*UDQJHU� ������� FRLQWHJUDWLRQ�PHWKRG�ZDV� WR�IRUHFDVW�PRQWKO\� HOHFWULFLW\� VDOHV�� $EH\VLQJKH� DQG�%RRQ� ������� WHVWHG� VL[�PHWKRGV�IRU�HVWLPDWLQJ�HODVWLFLW\��'DKO��������VXUYH\HG�VWXGLHV�RQ�HOHFWULFLW\�GHPDQG�DQG� IRXQG� WKDW�PRVW�RI� WKH�VWXGLHV�XVHG�VWDWLF�RU�SDUWLDO�DGMXVWPHQW�PRGHOV�� -RQHV� ������� WHVWHG� WKH� IRUHFDVWLQJ� DELOLW\� RI� WKH� VWDWLF� DQG� SDUWLDO�DGMXVWPHQWV�PRGHOV� FRPSDULQJ� WKHP�ZLWK� WKH� JHQHUDO� WR� VSHFLILF� �*76�� RU�

�
� 5�)��(QJOH� ��&��0XVWDID� � DQG�-��5LFH�� ³0RGHOOLQJ�3HDN�(OHFWULFLW\�'HPDQG´��8QLYHUVLW\�RI�&DOLIRUQLD��6DQ�'LDJR�'HSDUWPHQW�RI�(FRQRPLFV´��:RUNLQJ�3DSHU� -XO\�������SS���������
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G\QDPLF� UHJUHVVLRQ� PRGHO�� -RQHV� ������� FRQFOXGHG� WKDW� ³WKH� JHQHUDO� WR�VLPSOH�DSSURDFK�DSSHDU�WR�RIIHU�D�VDWLVI\LQJ�QHZ�PHWKRGRORJ\�IRU�JHQHUDWLQJ�VXSHULRU� IRUHFDVW� PRGHOV� RI� SHWUROHXP� FRQVXPSWLRQ� DQG� RWKHU� HQHUJ\� XVH�SDWWHUQV�� &KDQ� DQG� /HH� ������� GLVSXWHG� WKH� -RQHV� UHVXOWV�� DUJXLQJ� WKDW�DOWKRXJK� WKH� *76� DSSURDFK� KDG� WKH� DGYDQWDJH� RI� UHGXFLQJ� SRWHQWLDO�PLVVSHFLILFDWLRQ�HUURUV��LW�PD\�RYHUORRN�WKDW�PRVW�RI�WKH�WLPH�VHULHV�GDWD�DUH�QRQ�VWDWLRQDU\�� )DWDL�� 2[OH\�� 6FULPJHRXU� ������� DWWHPSW� WR� PRGHO� DQG�IRUHFDVW� HOHFWULFLW\� GHPDQG� XVLQJ� WZR� HFRQRPHWULF� DSSURDFKHV�� (QJOH�*UDQJHU¶V�HUURU�FRUUHFWLRQ�PRGHO��(&0���DQG�WKH�$XWRUHJUHVVLYH�'LVWULEXWHG�/DJ� UHJUHVVLRQ� �$5'/�� DSSURDFK�� 7KH\� LQYHVWLJDWHG� ZKLFK� PRGHO� KDV� WKH�
ORZHVW� IRUHFDVWLQJ�HUURU�XVLQJ�D� VHULHV�RI� IRUHFDVWLQJ�PHDVXUHV� 6DDE��%DGU��
1DVU� ������� DQG� $O�,ULDQL� ������� VWXGLHG� RQ� PRGHOLQJ� DQG� IRUHFDVWLQJ�GHPDQG� IRU� HOHFWULFLW\�� (DFK� RI� SDSHUV� XVHG� WKH� GLIIHUHQW� PRGHOLQJ�PHWKRGRORJ\�IURP�WKLV�SDSHU����

,Q� WKLV� SDSHU�� WKH� HOHFWULFLW\� FRQVXPSWLRQ� RI� 7XUNH\� GXULQJ� WKH�SHULRG� RI� ���������� LV� DQDO\]HG� E\� XVLQJ� D� DQQXDO� WLPH� VHULHV� GDWD�� � ,W� LV�DLPHG�WR�HOLPLQDWH�WKH�SUREOHP�RI�VSXULRXV�UHJUHVVLRQ�E\�WDNLQJ�WKH�WUHQG�LQ�WLPH�VHULHV�LQWR�DFFRXQW���:KHWKHU�WKH�UHJUHVVLRQ�UHIOHFWV�D�UHDO�UHODWLRQ�RU�D�VSXULRXV� RQH� LV� RI� YLWDO� LPSRUWDQFH� LQ� DQ� DQDO\VLV�� ,Q� UHJUHVVLRQV� WKDW� XVH�WLPH� VHULHV�� D� VSXULRXV� UHJUHVVLRQ� RFFXUV� ZKHQ� WKH� YDOXHV� REWDLQHG� DUH�VDWLVIDFWRU\� EXW� ZKHQ� DQDO\]HG� IXUWKHU� GRXEWIXO� UHVXOWV� DUH� REWDLQHG�� � 7KLV�VLWXDWLRQ� LV� H[SODLQHG� E\� D� FRLQWHJUDWLRQ� FRQFHSW� LQ� WLPH� VHULHV�� � %\� D�FRLQWHJUDWLRQ� SUH�WHVWLQJ�� VSXULRXV� UHJUHVVLRQ� LV� DYRLGHG�� 7KHUH� DUH� WZR�LPSRUWDQW� FRQFHSWV� LQ� FRLQWHJUDWLRQ�� WKHVH� DUH�� WKH� FKDUDFWHULVWLF� RI� EHLQJ�VWDWLRQDU\�DQG�WKH�XQLW�URRW�WHVW�ZKLFK�LV�XVHG�WR�GHWHUPLQH�WKLV�TXDOLW\��
7KH�PRVW�FRPPRQ�WHVW�RI�EHLQJ�VWDWLRQDU\�LQ�WLPH�VHULHV�LV�WKH�XQLW�URRW�WHVW���7KLV�WHVW�LV�XVHG�WR�GHWHUPLQH�WKH�GHJUHH�RI�EHLQJ�VWDWLRQDU\�RI�WKH�VHULHV�� 7KH� PRVW� FRPPRQ� WHVW� WKDW� LV� DSSOLHG� LV� 'LFNH\�)XOOHU� WHVW�� 7KH�FULWLFDO� YDOXHV� RI� WKLV� WHVW� ZLWK� ���� ��� DQG� ���� LPSRUWDQFH� GHJUHHV� DUH�FDOFXODWHG�DFFRUGLQJ�WR�0RQWH�&DUOR�6LPXODWLRQV�GRQH�E\�0DFNLQQRQ��
7LPH� VHULHV� PLJKW� QRW� EH� VWDWLRQDU\� DV� D� UHVXOW� RI� WUHQG���&RQVHTXHQWO\�� WKH� UHODWLRQ�EHWZHHQ�PD\�GHSHQG�RQ� WKH� WUHQG�� �+RZHYHU�� LI�WKH\�DUH�DOO�VWDWLRQDU\�RI�WKH�VDPH�RUGHU��WKHQ�ZH�FDQ�WDON�RI�D�FRLQWHJUDWLRQ�DPRQJ�VHULHV��DQG�WKLV� LV� WKH� LQGLFDWLRQ�WKDW� WKH�UHJUHVVLRQ�LV�QRW�VSXULRXV���7KDW�LV��WKH�UHODWLRQV�RI�WKH�UHJUHVVLRQ�DUH�UHDO��
<W  <W���� W DFFRUGLQJ�WR�WKH�HTXDOLW\�RI�+R�  ��� � DQG�

WWW << HG � ' �� DFFRUGLQJ�WR�WKH�HTXDOLW\�RI�
+R�  ���

�
� '�-�� +RGJVRQ�� ³6SXULRXV� 5HJUHVVLRQ� DQG� *HQHUDOL]HG� /HDVW� 6TXDUHV´�� � (FRQRPHWULF��7KHRU\� 9RO������1R����������S������� +�2��=DSDWD�DQG�$�1��5DPEDOGL��³0RQWH�&DUOR�(YLGHQFH�RQ�&RLQWHJUDWLRQ�DQG�&DXVDWLRQ´��2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV� 9RO�����������SS������������� 3�&�%�� 3KLOOLSV�� ³8QGHUVWDQGLQJ� 6SXULRXV� 5HJUHVVLRQV� LQ� (FRQRPHWULFV´�� -RXUQDO� RI�(FRQRPHWULFV� 9RO������1R����������S������
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+\SRWKHVLV� UHIOHFWV� WKH� VWDWH� RI� EHLQJ� QRQ�VWDWLRQDU\�� :LWKLQ� WKH�IUDPH� RI� WKHVH� K\SRWKHVLV�� LI� WKH� DEVROXWH� YDOXH� RI� ')� WHVW� VWDWLVWLFV� �LQ�SUDFWLFH��WKH�YDOXH�FDOOHG�W��WDX��RU�')�VWDWLVWLFV��LV�WDNHQ�DV�D�EDVH�LQVWHDG�RI�IUHTXHQWO\�XVHG�W�VWDWLVWLFV��LV�ODUJHU�WKDQ�WKH�DEVROXWH�YDOXH�RI�FULWLFDO�YDOXHV��+R�LV�UHMHFWHG�DQG�WKDW�WKH�VHULHV�LV�VWDWLRQDU\�FDQ�EH�LQIHUUHG��
�����7KH�(PSLULFDO�0RGHO�

� 'XULQJ� WKH� SHULRG� RI� ����������� WKDW� WKH� GHPDQG� IRU� HOHFWULFLW\� LQ�7XUNH\�ZDV� DIIHFWHG�E\�SRSXODWLRQ�� SULFH� DQG� VKDUH�RI� UHVLGHQWLDO� EXLOGLQJV�DQG�LQGXVWU\�IURP�*'3�LV�DFFHSWHG�� �7KLV�ZDV�FRQFOXGHG�E\�WULDOV� LQ�ZKLFK�QXPHURXV� DIIHFWLQJ� IDFWRUV� ZHUH� WDNHQ� LQWR� DFFRXQW�� � 6WDWLVWLFDOO\� QRQ�VLJQLILFDQW� YDULDEOHV�ZHUH� HOLPLQDWHG� IURP� WKH�PRGHO� DQG� WKH� EHVW� SRVVLEOH�PRGHO�ZDV�DWWDLQHG��

�����X3323,1'+/11(3&
����������H�3323�,1'�+1(3&
��������������323�,1'�+I�31(3&
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�������$QDO\VLV�RI�6SXULRXV�5HJUHVVLRQ�YLD�&RLQWHJUDWLRQ�
,Q�WKH�PRGHO�
1(3&7 � 1HW�HOHFWULFLW\�SRZHU�FRQVXPSWLRQ�LQ�WLPH�W� � �
3W � 7KH�UHDO�SULFH�RI�HOHFWULFLW\�LQ�WLPH�W��
,1'W � 7KH�VKDUH�RI�LQGXVWU\�IURP�*'3�LQ�WLPH�W�
+W � 7KH�VKDUH�RI�UHVLGHQWLDO�EXLOGLQJV�IURP�*'3�LQ�WLPH�W�
323W � 3RSXODWLRQ�LQ�WLPH�W�
%HORZ�DUH�WKH�JUDSKV�RI�WKH�RULJLQDO�IRUP�RI�WKH�VHULHV�LQFOXGHG�LQ�WKH�PRGHO��

� *UDSK�,,��2ULJLQDO�7LPH�6HULHV�'DWH�

�
 ���$OO�WKH�YDULDEOHV�FRQVLGHUHG�LQ�WKH�PRGHO�DUH�DQQXDO�DQG�H[SUHVVHG�LQ�QDWXUDO�ORJDULWKPV���� ���,W�GRHVQ¶W�PDNH�SUREOHP�QRQ�VWDWLRQDU\�GDWD�EHFDXVH�RI�FRLQWHJUDWLRQ�DSSURDFKHV��

�����

�����

�����

�����

������

�� �� �� �� �� �� �� ��
1(3&
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7KH�VHULHV�LQ�UHJUHVVLRQ�DUH�DQDO\]HG�ZLWK�WKH�DVVXPSWLRQ�WKDW�WKHLU�ORJDULWKPV�PXVW�EH�XVHG��*UDSK�,,��� �7KXV�REWDLQHG�UHJUHVVLRQ�LV�WKHQ�DJDLQ�DQDO\]HG�ZLWKLQ�WKH�FRLQWHJUDWLRQ�FRQFHSW�WR�VHH�ZKHWKHU�WKH\�DUH�VSXULRXV�RU�QRW��DQG�VHULHV�ZHUH�WHVWHG�WR�VHH�LI�WKH\�ZHUH�FRLQWHJUDWHG�E\�XVLQJ�XQLW�URRW�WHVWV��
$')�7HVW�6WDWLVWLF� ������ ��� &ULWLFDO�9DOXH� ��������

������ &ULWLFDO�9DOXH� ��������
��������&ULWLFDO�9DOXH� ��������

0DFNLQQRQ�FULWLFDO�YDOXHV�IRU�UHMHFWLRQ�RI�K\SRWKHVLV�RI�D�XQLW�URRW��
:KHQ� ZH� FRQVLGHU� WKH� DERYH� UHVXOWV� DIWHU� QXPHURXV� WULDOV�� WKH�ORJDULWKPLF�IRUP�RI�WKH�QHW�HOHFWULFLW\�FRQVXPSWLRQ�LV�VWDWLRQDU\�RI�D�VHFRQG�RUGHU���7KH�UHDVRQ�IRU�WKLV�LV�WKDW��$')�WHVW�VWDWLVWLFV�±���������LV�ODUJHU�WKH�DEVROXWH� YDOXH� RI� WKH� FULWLFDO� YDOXH� RI� 0DFNLQQRQ�� � 7KDW� LV�� WKH� VHULHV� LV�FRLQWHJUDWHG�RI�D�VHFRQG�RUGHU��
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$')�7HVW�6WDWLVWLF� ����������� ��� &ULWLFDO�9DOXH� �������
��� &ULWLFDO�9DOXH� �������
���� &ULWLFDO�9DOXH� ��������

0DFNLQQRQ�FULWLFDO�YDOXHV�IRU�UHMHFWLRQ�RI�K\SRWKHVLV�RI�D�XQLW�URRW��
$JDLQ�LI�ZH�FRQVLGHU�WKH�UHVXOWV�RI�PDQ\�WULDOV��WKH�ORJDULWKPLF�IRUP�RI� WKH� VKDUH� UHVLGHQWLDO� EXLOGLQJV� JHW� IURP� *'3� LV� VWDWLRQDU\� RI� D� VHFRQG�RUGHU���)RU�WKH�$')�VWDWLVWLFV�±���������LV�ODUJHU�WKDQ�WKH�0DFNLQQRQ�FULWLFDO�YDOXH� LQ� WHUPV� RI� DEVROXWH� YDOXH�� � 7KH� VKDUH� RI� UHVLGHQFLDO� EXLOGLQJV� IURP�*'3�LV�FRLQWHJUDWHG�RI�D�VHFRQG�RUGHU��

$')�7HVW�6WDWLVWLF����� ����������� ��� &ULWLFDO�9DOXH� �������
��������&ULWLFDO�9DOXH����� �������
�������&ULWLFDO�9DOXH� ��������

0DFNLQQRQ�FULWLFDO�YDOXHV�IRU�UHMHFWLRQ�RI�K\SRWKHVLV�RI�D�XQLW�URRW��
:KHQ� WKH� DERYH� UHVXOWV� DUH� H[DPLQHG�� WKH� ORJDULWKPLF� IRUP�RI� WKH�VKDUH� RI� LQGXVWU\� IURP�*'3� LV� VWDWLRQDU\� RI� D� VHFRQG� RUGHU�� )RU�� WKH�$')�VWDWLVWLFV� ±������ ��� LV� ODUJHU� WKDQ� WKH�0DFNLQQRQ� FULWLFDO� YDOXH� LQ� DEVROXWH�YDOXH���7KH�VKDUH�RI�LQGXVWU\�IURP�*'3�LV�FRLQWHJUDWHG�RI�D�VHFRQG�RUGHU��

$')�7HVW�6WDWLVWLF�� ���������� ��� &ULWLFDO�9DOXH� �������
� ������� &ULWLFDO�9DOXH��� ��������
� �������&ULWLFDO�9DOXH� ��������
0DFNLQQRQ�FULWLFDO�YDOXHV�IRU�UHMHFWLRQ�RI�K\SRWKHVLV�RI�D�XQLW�URRW��

:H�VHH�WKDW�WKH�ORJDULWKPLF�IRUP�RI�WKH�SULFH�RI�HOHFWULFDO�HQHUJ\�LV�VWDWLRQDU\�RI�D�VHFRQG�RUGHU�IURP�WKH�DERYH�UHVXOWV��)RU��WKH�$')�VWDWLVWLFV�±��������� LV� ODUJHU� WKDQ� WKH�0DFNLQQRQ�FULWLFDO�YDOXH� LQ�DEVROXWH�YDOXH��7KH�VHULHV�LV�FRLQWHJUDWHG�RI�D�VHFRQG�RUGHU��
7KH� ORJDULWKPLF� IRUP� RI� WKH� SRSXODWLRQ� LV� VWDWLRQDU\� RI� D� VHFRQG�RUGHU� DFFRUGLQJ� WR� WKH� EHVW� UHVXOWV� REWDLQHG� IURP� WKH� WULDOV� GRQH�� � )RU�� WKH�$')�VWDWLVWLFV�±���������LV�ODUJHU�WKDQ�WKH�0DFNLQQRQ�FULWLFDO�YDOXH�LQ�WHUP�RI�DEVROXWH�YDOXH��$FFRUGLQJO\��WKH�VHULHV�LV�FRLQWHJUDWHG�RI�D�VHFRQG�RUGHU��
$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WKH�XQLW�URRW�WHVW��DOO�WKH�VHULHV�WR�EH�XVHG�LQ�WKH�GHPDQG�DQDO\VLV�DUH�FRLQWHJUDWHG���)RU��DOO�RI�WKH�VHULHV�DUH�FRLQWHJUDWHG�RI�WKH�VDPH�RUGHU���7KH�UHJUHVVLRQ�DQDO\VLV�EDVHG�RQ�WKLV�UHVXOW�ZRXOG�SURYLGH�XV� ZLWK� D� UHDO� UHODWLRQ�� � 7KXV� WKH� UHOLDELOLW\� RI� WKH� UHVXOWV� REWDLQHG� ZRXOG�LQFUHDVH��
:KHQ� WKH� ������ PRGHO� LV� DQDO\]HG� E\� WKH�2/6� UHJUHVVLRQ� DQDO\VLV��7DEOH�9,���DFFRUGLQJ�WR�WKH�UHVXOWV�ZH�REWDLQ�WKH�EHORZ�PRGHO��
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7DEOH�9,��(VWLPDWLRQ� 5HVXOWV� RI� 0RGHO� ������ 0RGLILHG� IRU� 7LPH�� 6HULHV�&KDUDFWHULVWLFV�RI�'DWD�
9DULDEOH� &RHIILFLHQW� 6WG��(UURU� W�6WDWLVWLF� 3URE��

&RQVWDQW� ��������� ��������� ��������� �������
/1,1'� ��������� ��������� ��������� �������
/1+� ��������� ��������� ��������� �������
/13� ���������� ��������� ���������� �������
/1323� ��������� ��������� ��������� �������
5�VTXDUHG� ��������� � � �
V ��������� � � �
':� ��������� � � �
$FFRUGLQJ�WR�WKH�DERYH�UHVXOWV��
,Q1(3&W  ����������,Q,1'W�����,Q+W������,Q3W�����,Q323W ������

7KH�WHVW�VWDWLVWLFV�RI�WKH�H[SODQDWRU\�YDULDEOH�,1'W LQ�������PRGHO�LV�VLJQLILFDQW�LQ�S ��������������7KHUH�H[LVWV�D�UHODWLRQ�EHWZHHQ�WKH�GHSHQGHQW�YDULDEOH�DQG�,1'W YDULDEOH�ZKLFK�LV�H[SHFWHG�WR�EH�SRVLWLYH�� �7KDW� LV��DV� WKH�VKDUH� RI� LQGXVWU\� IURP� *'3� LQFUHDVHV�� WKH� HOHFWULFLW\� FRQVXPSWLRQ� DOVR�LQFUHDVHV��
7KH� WHVW� VWDWLVWLFV� RI� WKH� H[SODQDWRU\� YDULDEOH� +W LV� VLJQLILFDQW� LQ�S ������������ 7KH� GHSHQGHQW� YDULDEOH� DQG� WKH� +W YDULDEOH� DUH� GLUHFWO\�SURSRUWLRQDO�� �$V�WKH�VKDUH�RI�UHVLGHQFHV�IURP�*'3�LQFUHDVHV�QHW�HOHFWULFLW\�FRQVXPSWLRQ�LQFUHDVHV�DV�ZHOO��
7�WHVW�VWDWLVWLFV�RI�YDULDEOH�3W LV�VLJQLILFDQW�LQ�S ������������ 7KH�GHSHQGHQW� YDULDEOH� DQG� WKH� SULFH� RI� HOHFWULFLW\� DUH� LQYHUVHO\� SURSRUWLRQDO��:KHQ� WKH� SULFH� LQFUHDVHV�� WKH� QHW� HOHFWULFLW\� FRQVXPSWLRQ� GHFUHDVHV� DQG�SHRSOH�VKRZ�D�WHQGHQF\�WR�FRQVXPH�HOHFWULFLW\�PRUH�HIILFLHQWO\��
7KH� W�WHVW� VWDWLVWLFV� RI� 323W YDULDEOH� LV� VLJQLILFDQW� LQ�S ������������ 7KH�GHSHQGHQW�YDULDEOH�DQG�WKH�H[SODQDWRU\�YDULDEOH�323WLV� GLUHFWO\� SURSRUWLRQDO�� � $V� WKH� SRSXODWLRQ� LQFUHDVHV� WKH� FRQVXPHG� HQHUJ\�DOZD\V� LQFUHDVHV� DFFRUGLQJO\�� &RQVHTXHQWO\�� HOHFWULFDO� HQHUJ\� FRQVXPSWLRQ�ZRXOG�LQFUHDVH�DV�ZHOO��
7KH�PRVW�FUXFLDO�FRQFOXVLRQ�UHDFKHG�DW� WKLV�VWDJH�RI� WKH�DQDO\VLV� LV�WKDW� WKH� UHJUHVVLRQ� EHWZHHQ� WKH� WLPH� VHULHV� LQ� GHPDQG� DQDO\VLV� LV� UHDO� E\�XVLQJ�WKH�XQLW�URRW�WHVW��
�������)RUHFDVWLQJ�$QDO\VLV�
$WWDLQLQJ� WKH� UHJUHVVLRQ� DQDO\VLV�� WKH� HVWLPDWLRQ� RI� WKH� FRXUVH� RI�HOHFWULFDO�HQHUJ\�FRQVXPSWLRQ�LQ�7XUNH\�WLOO�WKH�\HDU������LV�WKH�VHFRQG�VWDJH�RI�WKLV�UHVHDUFK��
(OHFWULFDO� HQHUJ\� LQWHQVLW\� WKDW� LV� WKH� DPRXQW� RI� QHW� HOHFWULFLW\�FRQVXPSWLRQ� SHU� XQLW� RI�*'3� �1(3&�*'3�� ZKLFK�ZDV� REWDLQHG� E\� XVLQJ�
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WKH�H[SHFWHG�QHW�HOHFWULFDO�HQHUJ\�VHULHV�HVWLPDWHG�E\�WKH�������PRGHO��VKRZHG�DQ�LQFUHDVLQJ�WUHQG�GXULQJ�WKH�IRUHFDVW�SHULRG��7DEOH�9,,���
7DEOH�9,,��([SHFWHG�1HW�(OHFWULFLW\�3RZHU�&RQVXPSWLRQ�,QWHQVLW\�

� ����� ����� �����
1(3&)��*ZK�� ���������� ���������� ����������
*'3)�������3�%LOOLRQ�7/�� ���������� ���������� ����������
1(3&)���*'3)� ����� ����� �����
3HU�FDSLWD�1(3&)����.ZK�� ������� ������� �������

���)RUHFDVW��
'HSHQGLQJ� FORVHO\� RQ� WKH� VWUXFWXUH� RI� LQGXVWU\� DQG� JHRJUDSKLFDO�ORFDWLRQ� RI� HDFK� FRXQWU\�� WKH� QDWLRQDO� LQFRPH� DQG� WKH� SHU� FDSLWD� HOHFWULFDO�HQHUJ\�FRQVXPSWLRQ�YDOXHV��LQWHQVLW\�RI�HOHFWULFDO�HQHUJ\��FKDQJHV��,QWHQVLW\�YDOXHV� DUH� GHFUHDVHG� DQG� WKXV� IHZHU� ILQDQFLDO� PHDQV� DUH� XVHG� E\�PRGLILFDWLRQV� LQ� WKH� OLIH� VW\OHV� RI� SHRSOH� DQG� WKH� WHFKQRORJLHV� XVHG� LQ� WKH�FRQVXPSWLRQ�RI�HOHFWULFDO�HQHUJ\�DQG�HFRQRPL]LQJ�RQ�WKH�HQHUJ\��
:LWK� WKH� H[LVWLQJ� WHFKQRORJ\� OHYHO� DQG� FXUUHQW� HQHUJ\� SULFHV� LQ�GHYHORSLQJ� FRXQWULHV�� ���� VDYLQJ� RQ� FRPPHUFLDO� HQHUJ\� FRQVXPSWLRQ� LV�HVWLPDWHG���
�

&21&/86,21�
6LQFH�WKH�7XUNH\¶V�)LIWK�3ODQQLQJ�3HULRG��������������WKH�LQFUHDVHG�VKDUH�RI�QDWXUDO�JDV�DV�DQ�DOWHUQDWLYH�UHVRXUFH�IRU�RLO�DQG�FRDO�LV�H[SHFWHG�WR�LQFUHDVH� GXULQJ� WKH�(LJKWK�3ODQQLQJ�3HULRG� ������������ DQG�RQZDUGV��7KLV�PHDQV� WKDW� 7XUNH\¶V� GHSHQGHQF\� RQ� LPSRUW� UHJDUGLQJ� HQHUJ\� LV� JRLQJ� WR�FRQWLQXH����
:KHUHDV�� LW� LV� RI� FUXFLDO� LPSRUWDQFH� WKDW� WKH� SROLFLHV�ZKLFK�ZRXOG�GHFUHDVH� RU� HOLPLQDWH� WKH� GHSHQGHQF\�RQ� LPSRUW� IRU�7XUNH\� LQ� FRQVWUXFWLQJ�HQHUJ\� SROLFLHV� LQ� DQ� HQYLURQPHQW� ZKHUH� WKH� GHPDQG� IRU� HQHUJ\� LQFUHDVHV�UDSLGO\� EH� FKRVHQ�� 7KH� XVDJH� RI� GRPHVWLF� UHVRXUFHV� LQ� HQHUJ\� SURGXFWLRQ�ZRXOG�HOLPLQDWH�WKH�HFRQRPLF�DQG�SROLWLFDO�ULVNV�RI�GHSHQGHQF\�RQ�LPSRUW��
:KHQ� LPSRUW� LV� LPSHUDWLYH� GXH� WR� WKH� LQDGHTXDF\� RI� GRPHVWLF�UHVRXUFHV�� LW� LV� REYLRXV� WKDW� WKH� GLIIHUHQWLDWLRQ� RI� WKH� HQHUJ\� UHVRXUFHV�LPSRUWHG� DQG� WKH� FRXQWULHV� FRQWUDFWHG� IRU� LPSRUW� ZRXOG� GHFUHDVH� WKH�PHQWLRQHG�ULVNV�WR�PLQLPXP���,Q�WKLV�UHJDUG��HVSHFLDOO\�WKH�HQHUJ\�UHVRXUFHV�ZKLFK�ZH�GHSHQG�RQ�LPSRUW�PXVW�EH�VXEVWLWXWHG�E\�GRPHVWLF�UHVRXUFHV���,W�LV�RI�QHFHVVLW\�IRU�WKH�VHFXULW\�RI�VXSSO\�V\VWHP�WKDW�GRPHVWLF�UHVRXUFHV�KDYH�D�ODUJH�VKDUH�DQG�LPSRUW�VRXUFHV�EH�GLIIHUHQWLDWHG��

�
��� 7h6ø$'��(QHUML� 6HNW|U�QGH�*HOHFH÷H� %DNÕú� $U]� 7DOHS� YH� 3ROLWLNDODU� �)XWXUH� 9LHZ� WR�(QHUJ\�6HFWRU��6XSSO\��'HPDQG�DQG�3ROLFLHV���SS���������
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��

�����

:KHQ�WKH�IRUHFDVWLQJ�PRGHOV�DQG�SURMHFWLRQV�RI�WKH�HOHFWULFDO�HQHUJ\�FRQVXPSWLRQ� LQ� 7XUNH\� DUH� DQDO\]HG�� WKDW� WKH� GHPDQG� IRU� HOHFWULFDO� HQHUJ\�ZLOO�FRQWLQXH�WR�LQFUHDVH�WLOO������DQG�HQHUJ\�LQWHQVLW\�ZLOO�LQFUHDVH�UHDFKLQJ�KLJK� UDWHV� LV� H[SUHVVHG�� � 7KLV� VKRZV� WKDW� WKH� LVVXH� RI� UHDFKLQJ� D� EDODQFH�EHWZHHQ� GHPDQG� DQG� VXSSO\� LQ� WKH� HQHUJ\� VHFWRU� ZLOO� FRQWLQXH� WR� KDYH� DQ�LPSRUWDQW� SODFH� LQ� WKH� FRQVWUXFWLRQ� RI� IXWXUH� VWUDWHJLHV� DQG� SROLFLHV� RI�7XUNH\�� $V� D� PDWWHU� RI� IDFW�� WKLV� WKH� IXQGDPHQWDO� LVVXH� IRU� D� VXVWDLQDEOH�JURZWK�DQG�LQGXVWULDOL]DWLRQ��
:KHWKHU� WKH� UHJUHVVLRQ� PRGHO� IRU� 7XUNH\¶V� HOHFWULFDO� HQHUJ\�FRQVXPSWLRQ� UHIOHFWV� D� UHDO� RU� VSXULRXV� UHODWLRQ� LV� DQDO\]HG�E\�XVLQJ� D� XQLW�URRW�WHVW�ZLWKLQ�WKH�FRQWH[W�RI�FRLQWHJUDWLRQ�DQG�DFFRUGLQJ�WR�WKH�UHVXOWV�RI�WKH�WHVWV��LW�LV�IRXQG�RXW�WKDW�DOO�WKH�VHULHV�WR�EH�XVHG�LQ�WKH�DQDO\VLV�RI�HOHFWULFDO�HQHUJ\�GHPDQG�DUH�FRLQWHJUDWHG�VHULHV���)RU��DOO�WKH�VHULHV�DUH�FRLQWHJUDWHG�RI�WKH� VDPH�RUGHU��7KH� UHJUHVVLRQ�ZKLFK� LV� IRUPHG�EDVHG�RQ� WKLV� UHVXOW�ZRXOG�JLYH�XV�D�UHDO�UHODWLRQ��$FFRUGLQJO\��WKH�UHOLDELOLW\�RI�WKH�UHVXOWV�WKXV�REWDLQHG�ZRXOG�LQFUHDVH�DQG�FRUUHFW�UHVXOWV�LQ�IRUHFDVWLQJ�ZRXOG�EH�DWWDLQHG��
7KH�PRVW� LPSRUWDQW� UHVXOW� RI� WKLV� UHVHDUFK� LV� WKDW� WKH� UHJUHVVLRQ�RI�WKH�WLPH�VHULHV�XVHG�LQ�HOHFWULFDO�HQHUJ\�FRQVXPSWLRQ�DQDO\VLV�LV�UHDO�E\�XVLQJ�WKH�XQLW�URRW�WHVW�DQG�KDYLQJ�D�UHOLDEOH�IRUHFDVWLQJ�DFFRUGLQJO\���
�

5()(5(1&(6�
��� $O�,ULDQL�� 0DKPRXG� $��� ³(OHFWULFLW\� 'HPDQG� 0DQDJHPHQW� LQ� 7KH�8QLWHG� $UDE� (PLUDWHV´��&ROOHJH� RI� %XVLQHVV� DQG� (FRQRPLFV� 8�$�(��8QLYHUVLW\��������SS������
��� &KDQ��+�/��DQG�6�.��/HH��³0RGHOOLQJ�DQG�IRUHFDVWLQJ�GHPDQG�IRU�FRDO�LQ�&KLQD´��(QHUJ\�(FRQRPLFV� 9RO�����,VVXH����-XO\�������SS����������
��� 'DKO�� &��� ³$� VXUYH\� RI� HQHUJ\� GHPDQG� HODVWLFLW\� IRU� WKH� GHYHORSLQJ�ZRUOG´��-RXUQDO�RI�(QHUJ\�'HYHORSPHQW� ������SS�������
��� '37� �6WDWH� 3ODQQLQJ� 2UJDQL]DWLRQ��� 6HNL]LQFL� %Hú� <ÕOOÕN� .DONÕQPD�3ODQÕ� (QHUML� g]HO� øKWLVDV� .RPLV\RQX� 5DSRUX� �(LJKWK� )LYH�<HDU�'HYHORSPHQW�3ODQ��(QHUJ\�3ULYDWH�6SHFLDOL]DWLRQ�&RPPLVVLRQ�5HSRUW���1R�'37������g.������$QNDUD��������
��� (QJOH� 5�)�� �� &�� 0XVWDID� � DQG� -�� 5LFH�� ³0RGHOLQJ� 3HDN� (OHFWULFLW\�'HPDQG´�� 8QLYHUVLW\� RI� &DOLIRUQLD�� 6DQ� 'LDJR� 'HSDUWPHQW� RI�(FRQRPLFV´��:RUNLQJ�3DSHU� -XO\�������SS��������
��� (7.%��7XUNLVK�0LQLVWU\�RI�(QHUJ\���(QHUJ\�6WDWLVWLFV� ������
��� )DWDL� .�� �� /HV� 2[OH\� DQG� )�� 6FULPJHRXU�� ³0RGHOOLQJ� DQG� )RUHFDVWLQJ�'HPDQG� IRU� (OHFWULFLW\� LQ� 1HZ� =HDODQG�� $� &RPSDULVRQ� RI� 7ZR�$SSURDFKHV´��7KH�(QHUJ\�-RXUQDO� 9RO�����-DQ��������SS���������
��� +RGJVRQ�� '�-��� ³6SXULRXV� 5HJUHVVLRQ� DQG� *HQHUDOL]HG� /HDVW� 6TXDUHV´��(FRQRPHWULF�7KHRU\� 9RO�����1R����������SS����������
��� -RQHV�� &�7��� ³$� VLQJOH�HTXDWLRQ� VWXG\� RI�8�6�� 3HWUROHXP� FRQVXPSWLRQ��WKH�UROH�RI�PRGHO�VSHFLILFDWLRQ´��6RXWKHUQ�(FRQRPLF�-RXUQDO� 9RO�����������SS����������
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���� ,($��,QWHUQDWLRQDO�(QHUJ\�$JHQF\���:RUOG�(QHUJ\�6WDWLVWLFV� ������
���� ø62� �,VWDQEXO� &KDPEHU� RI� ,QGXVWU\�� DQG� $62� �$QNDUD� &KDPEHU� RI�,QGXVWU\��� (OHNWULN� (QHUMLVLQGH� 8OXVDO� 3ROLWLND� �1DWLRQDO� 3ROLF\� LQ�(OHFWULFLW\�(QHUJ\����������
���� ø62�� ³����¶GH� 6DQD\L\L� (WNLOH\HQ� 6RUXQODU� $UWDQ� (QHUML� 0DOL\HWL��3UREOHPV� ,QIOXHQFH� 7KH� ,QGXVWU\�� ,QFUHDVLQJ� (QHUJ\� &RVW� LQ� �����´��ø62�'HUJLVL� ùXEDW�������øVWDQEXO��S�����
���� 3KLOOLSV�� 3�&�%��� ³8QGHUVWDQGLQJ� 6SXULRXV� 5HJUHVVLRQV� LQ�(FRQRPHWULFV´��-RXUQDO�RI�(FRQRPHWULFV� 9RO�����1R����������SS����������
���� 6DDE��6����(��%DGU�DQG�*��1DVU��³8QLYDULDWH�0RGHOLQJ�DQG�)RUHFDVWLQJ�RI�(QHUJ\� &RQVXPSWLRQ�� 7KH� &DVH� RI� (OHFWULFLW\� LQ� /HEDQRQ´�� (QHUJ\�9RO�����������SS�������
���� 6DVOH\��%���³����¶ODUGD�7�UNL\H¶QLQ�(QHUML�3ROLWLNDODUÕ��7XUNH\¶V�(QHUJ\�3ROLFLHV� 'XULQJ� �����´�� *�Q�P�]GH� 7�UNL\H¶QLQ� 'Õú� 3ROLWLNDVÕ�GHU�%DUU\�5XELQ�.HPDO�.LULúoL��%�h��<D\ÕQHYL�� øVWDQEXO��������SS����������
���� 7($ù� �7XUNLVK� (OHFWULFLW\� 3URGXFWLRQ� 7UDQVPLVVLRQ� &RUSRUDWLRQ���(OHFWULFLW\�6WDWLVWLFV� ������
���� 7h6ø$'� �7XUNLVK� ,QGXVWULDOLVWV¶� DQG� %XVLQHVVPHQ¶V� $VVRFLDWLRQ������<�]\ÕOD� *LUHUNHQ� 7�UNL\H¶QLQ� (QHUML� 6WUDWHMLVLQLQ�'H÷HUOHQGLULOPHVL� �7KH�$VVHVPHQW�RI�7XUNH\¶V�(QHUJ\�6WUDWHJ\�DW� WKH�%HJLQQLJ�RI�����&HQWXU\���1R�7h6ø$'�7������������øVWDQEXO��������
���� 7h6ø$'��(QHUML�6HNW|U�QGH�*HOHFH÷H�%DNÕú�$U]�7DOHS�YH�3ROLWLNDODU��)XWXUH� 9LHZ� WR� (QHUJ\� 6HFWRU�� 6XSSO\�� 'HPDQG� DQG� 3ROLFLHV���1R�7h6ø$'�7������������øVWDQEXO��������
���� =DSDWD�� +�2�� DQG� $�1�� 5DPEDOGL�� ³0RQWH� &DUOR� (YLGHQFH� RQ�&RLQWHJUDWLRQ� DQG� &DXVDWLRQ´�� 2[IRUG� %XOOHWLQ� RI� (FRQRPLFV� DQG�6WDWLVWLFV� 9RO�����������SS����������


