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1XPHULFDO�$QDO\VLV�RI�WKH�*HRPHPEUDQH�%HKDYLRU�LQ�WKH�6DU�&KHVKPHK�&RSSHU�0LQH�7DLOLQJV�'DP��+DPLGUH]D�$KPDGDJKDHL�'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��'DPDYDQG�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��'DPDYDQG��,UDQ�&RUUHVSRQGLQJ�DXWKRU���KBDKPDGDJKDHL#\DKRR�FRP��$EVWUDFW�7KH�XVH�RI�*HRPHPEUDQHV�DV�7DWUDYD�VXUIDFH�FDQ�EH�FRQVLGHUHG�DV�YDOXDEOH�DQG�DIIRUGDEOH�VROXWLRQ�FRPSDUHG�WR�RWKHU� WHFKQLTXHV� IRU� VHDOLQJ� RI� HDUWK� GDPV�� ,Q� RQH�2I� � WKH� HDUWK� GDPV� LQ� ,UDQ� �� 6DU�&KHVPHK�&RSSHU�PLQH� GDP��� WKH�*HRPHPEUDQH�LV�XVHG�WR�LQFUHDVH�WKH�KHLJKW�RI� WKH�GDP��,Q�WKLV�VWXG\��XVLQJ�E\�VRIWZDUH�PRGHOLQJ�WR�WU\�WR�DFKLHYH�WKH�RSWLPXP�WKLFNQHVV�IRU�*HRPHPEUDQHV�XVHG�LQ�7KH�VKHOO�ZDV�DGGHG�WR�WKH�ROG�GDP��EDVHG�RQ�DQDO\VLV�RI�6HHSDJH�DQG�VORSH�VWDELOLW\�GRZQVWUHDP�VORSH�RI�GDP��6R�XVLQJ�E\�REWDLQHG�WKLFNQHVV�RI�WKH�*HRPHPEUDQH��WKH�VPDOOHVW�OHDN�FDQ�FDXVH��DQG�'RZQVWUHDP�VORSH�RI�GDP�FDQ�PDLQWDLQ�LWV�FRQVLVWHQF\�DQG�HFRQRPLF�DVSHFWV�DUH�DOVR�FRQVLGHUHG�IRU�LPSOHPHQWDWLRQ��7R�DFKLHYH� WKLV� SXUSRVH�� � *HRPHPEUDQHV� ZLWK� GLIIHUHQW� WKLFNQHVV� LQ� WKH� UHVSHFWLYH� SODFH�� &RQVLGHUHG� DV� D� PRGHO� DQG�GHWHUPLQH� WKH� RSWLPDO� WKLFNQHVV� RI� WKH� *HRPHPEUDQH� %\� FRPSDULQJ� WKH� UHVXOWV� IURP� WKH� DQDO\VLV� RI� OHDNDJH�� 7KHQ�GRZQVWUHDP�VORSH�GDP�VWDELOLW\�ZLOO�H[DPLQH��WKHQ�ZLWK�XVLQJ�RI�6,*0$�:�SURJUDP�IURP�*HR6WXGLR�VRIWZDUH�LV�DSSOLHG�WR�HYDOXDWH�*HRPHPEUDQH��EHKDYLRU�LQ�DGGLWLRQ�FUXVW�WR�ROG�GDP�DQG�UHVHDUFK�EH�GRQH�DERXW�VXIILFLHQF\�DQG�LQVXIILFLHQF\�DJDLQVW�HQWHU�IRUFHV�WKDW�WKLV�HYDOXDWLRQ�LV�GRQH�EDVH�RQ�VWUHVV��VWUDLQ�DQDO\VLV��>+DPLGUH]D�$KPDGDJKDHL� 1XPHULFDO�$QDO\VLV�RI� WKH�*HRPHPEUDQH�%HKDYLRU� LQ� WKH�6DU�&KHVKPHK�&RSSHU�0LQH�7DLOLQJV�'DP��-RXUQDO�RI�$PHULFDQ�6FLHQFH������������������@���,661��������������KWWS���ZZZ�DPHULFDQVFLHQFH�RUJ��.H\ZRUGV��*HRPHPEUDQH��(DUWK�GDPV��1XPHULFDO�$QDO\VLV��6HDOLQJ�

� ±�,QWURGXFWLRQ�*HRPHPEUDQH� LV� PDGH� RI� SRO\PHU� SODVWLF� RU� UXEEHU�PHPEUDQHV� WKDW�KDYH�YHU\� ORZ�SHUPHDELOLW\��3RO\PHULF�PDWHULDOV�ZKLFK� DUH�PDLQO\� XVHG� LQ� WKH�PDQXIDFWXUH�RI�*HRPHPEUDQHV� LV� D� WKHUPRSODVWLF� SRO\PHU�� 7KH� PRVW�LPSRUWDQW� DSSOLFDWLRQ�RI�*HRPHPEUDQHV�� FRQIURQW�ZLWK�OHDNDJH� SKHQRPHQRQ� RU� LQILOWUDWLRQ� ZDWHU� RU� RWKHU�OLTXLGV�DQG�JDVHV��WR[LF�DQG�KD]DUGRXV�LQ�WKHLU�FDUH�VLWHV��$FFRUGLQJ� WR�WKH�,QWHUQDWLRQDO�&RPPLWWHH�*HRV\QWKHWLF��,*6�� 6RFLHW\� *HRV\QWKHWLFV� ,QWHUQDWLRQDO���*HRPHPEUDQH�ZKLFK�DUH�XVHG�WR�LQ�FLYLO�HQJLQHHULQJ�DUH�SDQHOV�� UHODWLYHO\� LPSHUPHDEOH� DQG� WKH� SRO\PHU� LQ�FRQWDFW� ZLWK� VRLO�� URFN� RU� RWKHU� JHRWHFKQLFDO� PDWHULDO��%HWZHHQ� WKH� *HRPHPEUDQH� DQG� RWKHU� *HRV\QWKHWLF��*HRWH[WLOH�� D� *HRJULG�� HWF���� WKHUH� DUH� LPSRUWDQW�GLIIHUHQFHV�� *HRPHPEUDQHV� 7KH\� DUH� GHVLJQHG� VR� WKDW�KDYH�D�ORZ�SHUPHDELOLW\�DV�SRVVLEOH��,Q�RWKHU�ZRUGV��WKH�*HRPHPEUDQH� WR� UHVWULFW� IOXLG� IORZ�� ZKLOH� RWKHU�*HRV\QWKHWLF� FDXVH� IORZ� RI� OLTXLG� RU� FRQGXFW� RI� LW��*HRPHPEUDQH�W\SHV�LQFOXGH�����SRO\PHU�*HRPHPEUDQH���� DQG� %LWXPLQRXV� *HRPHPEUDQH�� 3RO\PHULF�*HRPHPEUDQHV�LQFOXGH�WKHUPR�SODVWLF��(,$���39&���WKH�FU\VWDOOLQH� WKHUPRSODVWLF� �9/'3(� �� //'3(� �� +'3(���7KHUPRSODVWLF� $ODVWYPWUKD\� �&3(� �� &63(���*HRPHPEUDQHV�DUH�XVHG�LQ�HDUWK�GDPV��WKH�FRUH�RI�HDUWK�GDPV�� WR�LQFUHDVH�RI�GDP�KHLJKW��:DOOV�RI�ZDWHU�DQG�WR�UHSDLU�OHDNLQJ�GDPV���
�� ���6DU�&KHVKPHK�&RSSHU�0LQH�7DLOLQJV�'DP��6DU� FKHVKPHK� &RSSHU� 0LQH� LV� ORFDWHG� ��� NLORPHWHUV�IURP�FLW\�RI�5DIVDQMDQ��,W�LV�XVHG�IRU�UHFRYHU\�RSHUDWLRQV�RI� WKH�FRSSHU�DQG�ZDWHU� ��7KHUHIRUH��WKH�UHTXLUHG�ZDWHU�LV�VXSSOLHG�IURP�WKH�ZHOOV��6DOW�ULYHUV��5HWXUQ�ZDWHU�DQG�LQ� WKH� RXWSXW� LQ�PLQLQJ�� WKH� DPRXQW� RI�ZHDVNHVW�ZDWHU�IORZ� LV� ����� OLWHUV� SHU� VHFRQG�� WKDW�� )LUVWO\� LW�PXVW� EH�PDLQWDLQHG� DQG� FRQWURO� LQ� SODFH� WR� SUHYHQW�HQYLURQPHQWDO�SROOXWLRQ��$QG�VHFRQGO\��DIWHU�VHSDUDWLQJ�

WKH� GU\�PDWHULDO� WKURXJK� VHGLPHQWDWLRQ��ZDWHU� UHWXUQHG�WR� WKH� IDFWRU\� DQG� LW� LV� XVHG� DJDLQ�� 7KH� VHGLPHQW�UHWHQWLRQ�GDP�DERXW����NP�GRZQVWUHDP�RI�WKH�PLQH�VLWH�,Q� RUGHU� WR� FROOHFW� WKH� ZHDVNHVW� ZDWHU� SODQW� ZDV�ODXQFKHG� DQG� ZDV� RSHUDWLQJ�� 7KH� SULPDU\� 6HGLPHQW�UHWHQWLRQ�GDP�ZDV�NLQG�RI�JUDYHO�GDPV�ZLWK�FRSSHU�FRUH�DQG�KDYH� EHHQ�+HLJKW�RI����PHWHUV�RI� ULYHU�ERWWRP�� ,Q�WHUPV�RI�VSHFLILFDWLRQV��VXFK�DV�WKH�GDP�KDV�D�ZLGWK�RI���P�LQ�WKH�FUHVW��*HRPHPEUDQH�LV�XVHG��%HFDXVH�RI�WKH�ORZ�ZLGWK� FOD\�FRUH� LQ� WKH� �SULPDU\�VHGLPHQW� UHWHQWLRQ�GDP� � �DERXW� ��PHWHUV���&RQVHTXHQWO\��7KH� LQLWLDO� VWDJH�RI� VHGLPHQW� UHWHQWLRQ� GDP�&RQVLVWLQJ� RI� JUDYHO�ZLWK� D�FOD\� FRUH� KHLJKW� RI� ��� P�� KDV� EHHQ� FKDQJHG� WR� 7KH�JUDYHO� GDP� ZLWK� D� PL[WXUH� RI� FOD\� DQG� *HRPHPEUDQH�VHDOLQJ�V\VWHP�DQG�ZLWK�D�KHLJKW�RI�����PHWHUV���$QG�D�WRWDO�RI��������VTXDUH�PHWHUV�RI�39&�*HRPHPEUDQH�LV�XVHG���
���$QDO\VLV�RI� WKH� OHDN� LQ� WKH�6DU�FKHVKPHK�&RSSHU�GDP�7KH� � *HR6WXGLR� VRIWZDUH� � LV� � XVHG� WR� DQDO\VLV� RI� WKH�/HDN� LQ� WKH� PHQWLRQHG� GDP�� � *HR6WXGLR� VRIWZDUH� LV�LQFOXGLQJ� JHRWHFKQLFDO� VRIWZDUH� %DVHG� � RQ� )LQLWH�(OHPHQWV��7KURXJK�LWV��FDQ�EH�H[DPLQH�DQDO\]HV�VXFK�DV�WKH� VWUHVV� �� VWUDLQ�� OHDNDJH�� IORZ�� 6ORSH� VWDELOLW\� DQG�'\QDPLF�$QDO\VLV��7KLV�VRIWZDUH�LQFOXGHV�SDUWV�6,*0$�� :�IRU�WKH�DQDO\VLV��RI�WKH�VWUHVV���VWUDLQ��6((3���:�IRU�WKH� DQDO\VLV� RI� WKH� IORZ� DQG� /HDNDJH�� 6/23(� ��:� IRU�WKH�DQDO\VLV�RI� WKH� VORSH�VWDELOLW\��48$.(���:�IRU� WKH�G\QDPLF� DQDO\VLV� � DQG� RWKHU� DSSOLFDWLRQ� DUHDV�� ,Q� WKLV�VHFWLRQ�� XVLQJ� WKH� 6((3� �� :� � ZLOO� EH� DQDO\VLV� RI� WKH�/HDNDJH�LQ�WKH�VDU�FKHVKPHK�FRRSHU�GDP��6DU�FKHVKPHK�FRSSHU�GDP�LV�VKRZQ�LQ�)LJXUH�����$OVR�WKH�JHRWHFKQLFDO�SDUDPHWHUV� DQG� OHDNDJH�EDUULHU�PDWHULDO� LV�SUHVHQWHG� LQ�7DEOH����
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)LJXUH�����VHFWLRQ�RI�WKH�6DU�&KHVKPHK�&RSSHU�GDP��
7DEOH�����*HRWHFKQLFDO�SDUDPHWHUV�DQG�OHDNDJH�RI�WKH�EDUULHU�PDWHULDOV��0DWHULDO��SURSHUWLHV�
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GRZQVWUHDP�ZHLU� ��� ��� �� ��� ���� �����
WKH�VKHOO�ZDV�DGGHG� ����� ��� �� ��� ���� �����
*HRPHPEUDQH � �� �� �� �� ������
7KH�DQGHVLWH�)RXQGDWLRQ� ����� �� �� ���� ���� �î�����

$[LDO� � VWDQGDUG� � WHVW� � UHVXOWV� RQ� *HRPHPEUDQH� FRYHU�VKRZ� DQWLVHSWLF� YDOXHV� OLNH� GHOLYHU\� VWUHVV� ����� 3D��UDSWXUH� VWUHVV� LQ� ����� 3D� WHQVLRQ� � DQG� � UDSWXUH� � VWUDLQ����� �� )RU� ILQGLQJ� XVHIXO� DQG� RSWLPL]HG� ZLGWK� RI�*HRPHPEUDQH� LQ� GDP�� LW� LV� QHFHVVDU\� WKDW�*HRPHPEUDQH� � ZLWK� GLIIHUHQW�ZLGWKV� DUH�PRGHOHG� OLNH�)LJXUH� ���:LWK� XVLQJ� RI� 6((3�:� SURJUDP� LV� DQDO\]HG�OHDNDJH� RI� 6DU� FKHVKPHK� FRSSHU� PLQH� 7DLOLQJV� 'DP��)LUVW��VDLG�GDP�VHFWLRQ�LV�PRGHOHG�LQ�6((3�:�SURJUDP��)LJXUH� ���� WKHQ�*HRPHPEUDQH�ZLWK���� ��� �� DQG���PP�WKLFNQHVV� LV� PRGHOHG� LQ� DGG� FUXVW� ORFDWLRQ� WR� ROG� GDP�DQG�LQ�WKUHH�VHFWLRQ�RI�GDP��WKH�UDWH�RI�SDVVLQJ�IORZ�UDWH�LV� FDOFXODWHG� IURP� WKHLU� VHFWLRQV� E\� VRIWZDUH�� )LQDOO\��ZLWK�QRWLFH� WR�SDVVLQJ�IORZ� UDWH� DQG�HFRQRPLFDO�DVSHFW�RI�SODQ��RSWLPL]H�WKLFNQHVV�JHW�EDVH�RQ�OHDNDJH�DQDO\VLV��:DWHU�KHDG�LV�VKRZQ�ZLWK�UHG�FRORU�SRLQW�RQ�GDP�ERG\��

)LJXUH� ���PRGHOLQJ� VHFWLRQ� RI�6DU� FKHVKPHK� FRSSHU�PLQH�LQ�6((3�:�SURJUDP�6HFWLRQV� WKDW� DUH� FRQVLGHUHG� IRU� SDVVLQJ� IORZ� UDWH�FDOFXODWLRQ�DUH����� 2QH�VHFWLRQ�LV�FRQVLGHUHG�IURP�GDP�XSVLGH�WR�GDP�VXEVWUDWXP��
��� $ VHFWLRQ�WKDW�SDVV�IURP�GDP�FHQWHU���� $ WDQJHQW� VHFWLRQ� WR� GDP� ERG\� LQ� GRZQVLGH�WKDW� JHW� ILQDO� VHGLPHQW� UDWH� IURP� VXEVWUDWXP�DQG�GDP�ERG\��WRWDO�VHGLPHQW���

6HFWLRQ�QXPEHU��7KLV�VHFWLRQ�LV�VKRZQ�LQ�)LJXUH���WKDW�VWDUWV�IURP�XSVLGH�SDUW�DQG�LW�FRQWLQXHV�WR�GDP�VXEVWUDWXP��7KLV�VHFWLRQ�LV�FKRVHQ�ZLWK�HUURU�DQG�H[DP�ZD\�WKDW�FDQ�VD\�DERXW�PRVW�RI� SDVVLQJ� IORZ� UDWH� LQ� GDP� ERG\� LV� UHODWHG� WR� WKLV�VHFWLRQ��

)LJXUH����6HFWLRQ�1XPEHU���$IWHU� FKRRVLQJ� VHFWLRQ�� DUH� GRQH� DQDO\VLV� DFWLYLWLHV��3DVVLQJ� IORZ� UDWH� IURP� VHFWLRQ� LV� VKRZQ� IRU� GLIIHUHQW�VWDWHV�LQ�7DEOH����
7DEOH� ��� SDVVLQJ� IORZ� UDWH� IURP� VHFWLRQ� QXPEHU� ��XQGHU� LQIOXHQFH� RI� *HRPHPEUDQH� ZLWK� GLIIHUHQW�WKLFNQHVVHV��
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:LWK� QRWLFH� WR� 7DEOH� ��� UHGXFH� SHUFHQWDJH� RI� SDVVLQJ�IORZ� UDWH� LV� LOOXVWUDWHG� LQ� 7DEOH� �� IRU� GLIIHUHQW�WKLFNQHVVHV� RI� *HRPHPEUDQH� LQ� SURSRUWLRQ� WR� ZLWKRXW�*HRPHPEUDQH�VWDWH�IRU�VHFWLRQ�QXPEHU����
7DEOH� ��� UHGXFH�SHUFHQWDJH�RI�SDVVLQJ� IORZ�UDWH� IRU�GLIIHUHQW�WKLFNQHVVHV�RI�*HRPHPEUDQH�LQ�SURSRUWLRQ�WR�ZLWKRXW�*HRPHPEUDQH�VWDWH�IRU�VHFWLRQ�QXPEHU�����

����*HRPHPEUDQH�WKLFNQHVV��PP��

���������������5HGXFWLRQ�RI�SDVVLQJ�IORZ�UDWH�LQ� SURSRUWLRQ� WR� ZLWKRXW�*HRPHPEUDQH�����

:LWK� QRWLFH� WR� 7DEOH� �� FDQ� EH� VDLG� WKDW� RSWLPL]H�WKLFNQHVV� IRU�*HRPHPEUDQH� EDVH� RQ� SDVVLQJ� IORZ� UDWH�IURP� VHFWLRQ� QXPEHU� �� LV� ��PP� EHFDXVH� SDVVLQJ� IORZ�UDWH� UHGXFHV� LQ� SURSRUWLRQ� ZLWKRXW� *HRPHPEUDQH� DV�����DQG� VR� WKH� UHGXFWLRQ� UDWH�RI�SDVVLQJ�IORZ� UDWH� IRU�WKLFNQHVV� OHVV� WKDQ� �� PP� LQ� FRPSDULQJ� ZLWK� ZLWKRXW�*HRPHPEUDQH� VWDWH� LV� OHVV� WKDQ� WKUHVKROG� WKDW� LW� FDQ�SURSHU� GDP� VWDELOLW\�� $ERXW� �� PP� WKLFNQHVV� KRZHYHU�SDVVLQJ� IORZ� UDWH� LQ� SURSRUWLRQ� WR� ZLWKRXW�*HRPHPEUDQH� VWDWH� UHGXFH� ��� SHUFHQWDJHV� EXW� ZLWK�QRWLFH�WR�FRVW�RI�*HRPHPEUDQH�SHUIRUPDQFH��XVLQJ�RI���PP�WKLFNQHVV�LV�QRW�DFFHSWDEOH�RI�HFRQRPLFDO�DVSHFW��
6HFWLRQ�QXPEHU���7KLV� VHFWLRQ� LV� VKRZQ� LQ� )LJXUH� �� DQG� LW� SDVVHV� IURP�GDP�FHQWHU��

)LJXUH����6HFWLRQ�1XPEHU���$IWHU� FKRRVLQJ� VHFWLRQ�� DUH� GRQH� DQDO\VLV� DFWLYLWLHV��3DVVLQJ� IORZ� UDWH� IURP� VHFWLRQ� LV� VKRZQ� IRU� GLIIHUHQW�VWDWHV�LQ�7DEOH����
7DEOH� ��� SDVVLQJ� IORZ� UDWH� IURP� VHFWLRQ� QXPEHU� ��
XQGHU� LQIOXHQFH� RI� *HRPHPEUDQH� ZLWK� GLIIHUHQW�WKLFNQHVVHV��

:LWK� QRWLFH� WR� WDEOH� ��� UHGXFH� SHUFHQWDJH� RI� SDVVLQJ�IORZ� UDWH� LV� LOOXVWUDWHG� LQ� 7DEOH� �� IRU� GLIIHUHQW�WKLFNQHVVHV� RI� *HRPHPEUDQH� LQ� SURSRUWLRQ� WR� ZLWKRXW�*HRPHPEUDQH�VWDWH�IRU�VHFWLRQ�QXPEHU����

7DEOH� ��� UHGXFH�SHUFHQWDJH�RI�SDVVLQJ� IORZ�UDWH� IRU�GLIIHUHQW�WKLFNQHVVHV�RI�*HRPHPEUDQH�LQ�SURSRUWLRQ�WR�ZLWKRXW�*HRPHPEUDQH�VWDWH�IRU�VHFWLRQ�QXPEHU����
����*HRPHPEUDQH�WKLFNQHVV��PP��

��������������������������5HGXFWLRQ� RI� SDVVLQJ�IORZ� UDWH� LQ�SURSRUWLRQ� WR�ZLWKRXW�*HRPHPEUDQH�����

:LWK� QRWLFH� WR� 7DEOH� �� FDQ� EH� VDLG� WKDW� RSWLPL]H�WKLFNQHVV� IRU�*HRPHPEUDQH� EDVH� RQ� SDVVLQJ� IORZ� UDWH�IURP� VHFWLRQ� QXPEHU� �� LV� ��PP� EHFDXVH� SDVVLQJ� IORZ�UDWH� UHGXFHV� LQ� SURSRUWLRQ� ZLWKRXW� *HRPHPEUDQH� DV�������� DQG� VR� WKH� UHGXFWLRQ� UDWH� RI� SDVVLQJ� IORZ� UDWH�IRU�WKLFNQHVV�OHVV�WKDQ���PP�LQ�FRPSDULQJ�ZLWK�ZLWKRXW�*HRPHPEUDQH� VWDWH� LV� OHVV� WKDQ� WKUHVKROG� WKDW� LW� FDQ�SURSHU� GDP� VWDELOLW\�� $ERXW� �� PP� WKLFNQHVV� KRZHYHU�SDVVLQJ� IORZ� UDWH� LQ� SURSRUWLRQ� WR� ZLWKRXW�*HRPHPEUDQH� VWDWH� UHGXFH� ����� SHUFHQWDJHV� EXW� ZLWK�QRWLFH�WR�FRVW�RI�*HRPHPEUDQH�SHUIRUPDQFH��XVLQJ�RI���PP�WKLFNQHVV�LV�QRW�DFFHSWDEOH�RI�HFRQRPLFDO�DVSHFW��
6HFWLRQ�QXPEHU��7KLV�VHFWLRQ�LV�VKRZQ�LQ�)LJXUH����LW�LV�D�VHFWLRQ�WKDW� LV�WDQJHQW� RQ� GDP� ERG\� LQ� GRZQVLGH� WKDW� LW� JLYHV� ILQDO�VHGLPHQW� UDWH� IURP� GDP� VXEVWUDWXP� DQG� ERG\� �WRWDO�VHGLPHQW���)RU�FOHDULQJ�WKLV�VHFWLRQ�VKRXOG�EH�FOLFNHG�RQ�DOO�SRLQWV�RI�GDP�ERG\�IXQGDPHQWDO�LQ�GRZQVLGH��

)LJXUH����6HFWLRQ�1XPEHU���$IWHU� FKRRVLQJ� VHFWLRQ�� DUH� GRQH� DQDO\VLV� DFWLYLWLHV��3DVVLQJ� IORZ� UDWH� IURP� VHFWLRQ� LV� VKRZQ� IRU� GLIIHUHQW�VWDWHV�LQ�7DEOH����
7DEOH� ��� SDVVLQJ� IORZ� UDWH� IURP� VHFWLRQ� QXPEHU� ��XQGHU� LQIOXHQFH� RI� *HRPHPEUDQH� ZLWK� GLIIHUHQW�WKLFNQHVVHV�
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-RXUQDO�RI�$PHULFDQ�6FLHQFH���������������������������������������������������������������KWWS���ZZZ�DPHULFDQVFLHQFH�RUJ

KWWS���ZZZ�DPHULFDQVFLHQFH�RUJ HGLWRU#DPHULFDQVFLHQFH�RUJ���

:LWK� QRWLFH� WR� WDEOH� ��� UHGXFH� SHUFHQWDJH� RI� SDVVLQJ�IORZ� UDWH� LV� LOOXVWUDWHG� LQ� 7DEOH� �� IRU� GLIIHUHQW�WKLFNQHVVHV� RI� *HRPHPEUDQH� LQ� SURSRUWLRQ� WR� ZLWKRXW�*HRPHPEUDQH�VWDWH�IRU�VHFWLRQ�QXPEHU�����
7DEOH� ��� UHGXFH�SHUFHQWDJH�RI�SDVVLQJ� IORZ�UDWH� IRU�GLIIHUHQW�WKLFNQHVVHV�RI�*HRPHPEUDQH�LQ�SURSRUWLRQ�WR�ZLWKRXW�*HRPHPEUDQH�VWDWH�IRU�VHFWLRQ�QXPEHU����

����*HRPHPEUDQH�WKLFNQHVV��PP��

���������������������������5HGXFWLRQ�RI�SDVVLQJ�IORZ� UDWH� LQ�SURSRUWLRQ� WR�ZLWKRXW�*HRPHPEUDQH�����

:LWK� QRWLFH� WR� 7DEOH� �� FDQ� EH� VDLG� WKDW� RSWLPL]H�WKLFNQHVV� IRU�*HRPHPEUDQH� EDVH� RQ� SDVVLQJ� IORZ� UDWH�IURP� VHFWLRQ� QXPEHU� �� LV� ��PP� EHFDXVH� SDVVLQJ� IORZ�UDWH� UHGXFHV� LQ� SURSRUWLRQ� ZLWKRXW� *HRPHPEUDQH� DV�������� DQG� VR� WKH� UHGXFWLRQ� UDWH� RI� SDVVLQJ� IORZ� UDWH�IRU�WKLFNQHVV�OHVV�WKDQ���PP�LQ�FRPSDULQJ�ZLWK�ZLWKRXW�*HRPHPEUDQH� VWDWH� LV� OHVV� WKDQ� WKUHVKROG� WKDW� LW� FDQ�SURSHU� GDP� VWDELOLW\�� $ERXW� �� PP� WKLFNQHVV� KRZHYHU�SDVVLQJ� IORZ� UDWH� LQ� SURSRUWLRQ� WR� ZLWKRXW�*HRPHPEUDQH� VWDWH� UHGXFH� ������SHUFHQWDJHV� EXW�ZLWK�QRWLFH�WR�FRVW�RI�*HRPHPEUDQH�SHUIRUPDQFH��XVLQJ�RI���PP�WKLFNQHVV�LV�QRW�DFFHSWDEOH�RI�HFRQRPLFDO�DVSHFW��:LWK�QRWLFH�WR�UHVXOWV�RI�WKUHH�VHFWLRQV��FDQ�EH�VDLG�EDVH�RQ�OHDNDJH�DQDO\VLV�WKDW�IRU�XVLQJ�*HRPHPEUDQH�DV�DGG�FUXVW� FRYHU� WR� ROG� GDP� LV� FRQVLGHUHG� �� PP� WKLFNQHVV��$IWHU� VHOHFWLQJ� D� WKLFNQHVV�RI��PP�IRU�*HRPHPEUDQHV�XVHG� LQ�WKH�VKHOO�ZDV�DGGHG�WR�WKH�ROG�GDP��FKHFN�GDP�GRZQVWUHDP�VORSH�VWDELOLW\�DUH�DGGUHVVHG�LQ�WZR�PRGHV��2QH�FDVH�LV�ZKHQ�GR�QRW�XVH�WKH�*HRPHPEUDQH�DQG�WKH�ODWWHU� LV� ZKHQ� WKH�*HRPHPEUDQH� WKLFNQHVV� �PP� WR� EH�XVHG�� 7R� FKHFN� WKH� VWDELOLW\� RI� WKH� GDP� GRZQVWUHDP�VORSH�IURP�6/23(���:�VHFWLRQ���*HR6WXGLR�VRIWZDUH�LV�XVHG��)RU�WKLV�SXUSRVH��WKH�VWDEOH�IORZ�LV�FRQVLGHUHG���,Q�)LJXUH� �� VOLS� VXUIDFHV� LQ� WKH� GRZQVWUHDP� RI� WKH� GDP�ZKHQ�LV�QRW�XVHG�WKH�*HRPHPEUDQH�LV�GLVSOD\HG��$QG�,Q�)LJXUH� �� VOLS� VXUIDFHV� LQ� WKH� GRZQVWUHDP� RI� WKH� GDP�

ZKHQ� WKH� *HRPHPEUDQH� WKLFNQHVV� �PP� WR� EH� XVHG� LV�GLVSOD\HG���

)LJXUH� �� �� 7KH� VOLS� VXUIDFHV� UHODWHG� WR�:LWKRXW� WKH�*HRPHPEUDQH��

)LJXUH�����WKH�6OLS�VXUIDFHV�DVVRFLDWHG�ZLWK�WKH�XVH�RI�*HRPHPEUDQHV�ZLWK�D�WKLFNQHVV�RI��PP��,W�VKRXOG�EH�QRWHG�WKDW�WKH�UHG�FRORU�VKRZQ�LQ�)LJXUHV���DQG����6KRZV� WKH�FULWLFDO�PRGH�RI�WKH�VOLS��$QG�IDUWKHU�DZD\� IURP� WKH� UHG�� ZH� FDQ� UHGXFH� WKH� ULVN� RI� VOLS��2EWDLQHG� &RHIILFLHQW� RI� FRQILGHQFH� � LV� REWDLQHG� LQ� WKH�FDVH�ZLWKRXW�WKH�*HRPHPEUDQH�E\������DQG�LQ�WKH��PP�WKLFNQHVV� RI� WKH� *HRPHPEUDQH� E\� WKH� ������� 7KDW�PHDQV�ZKHQ� LV� QRW� XVHG� WKH�*HRPHPEUDQH�� � WKH� ORZHU�GDP� ZRXOG� EH� XQVWDEOH�� ZKHQ� WKH� *HRPHPEUDQH�WKLFNQHVV� �PP� WR� EH� XVHG� �� VWDELOLW\� RI� WKH� 'DP� ZLOO�SURYLGH��
6WUHVV� ±� VWUDLQ� $QDO\VLV� � ZLWK� WKH� � 6,*0$�:�SURJUDP0RGHOLQJ� VHFWLRQ� RI� GDP� LQ� 6,*0$�:� SURJUDP� LV�VKRZQ�LQ�)LJXUH����

)LJXUH�����FURVV�RI�WKH�PRGHOLQJ�DW�WKH�'DP�&RSSHU�LQ�WKH�6,*0$�:�SURJUDP��5HVXOWV�RI�6,*0$�:�SURJUDP�LV�VKRZQ�LQ�ILJXUH�������DV�JUDSKLFDO��
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-RXUQDO�RI�$PHULFDQ�6FLHQFH���������������������������������������������������������������KWWS���ZZZ�DPHULFDQVFLHQFH�RUJ

KWWS���ZZZ�DPHULFDQVFLHQFH�RUJ HGLWRU#DPHULFDQVFLHQFH�RUJ���

)LJ�����PHWHU�RI�KRUL]RQWDO�WRWDO�VWUHVV��

)LJ������PHWHU�RI�YHUWLFDO�WRWDO�VWUHVV�

)LJ������PHWHU�RI�KRUL]RQWDO�HIIHFWLYH�VWUHVV��

)LJ������PHWHU�RI�YHUWLFDO�HIIHFWLYH�VWUHVV��

)LJ������PHWHU�RI�3UHVVXUH�RI�KROH�ZDWHU��

)LJ������PHWHU�RI�KRUL]RQWDO�VWUDLQ��



-RXUQDO�RI�$PHULFDQ�6FLHQFH���������������������������������������������������������������KWWS���ZZZ�DPHULFDQVFLHQFH�RUJ

KWWS���ZZZ�DPHULFDQVFLHQFH�RUJ HGLWRU#DPHULFDQVFLHQFH�RUJ���

)LJ������PHWHU�RI�YHUWLFDO�VWUDLQ��&RQFOXVLRQ�,PSHUPHDEOH�*HRPHPEUDQH�XVHG� DV� FRYHU� LQ� WKH� GDPV�LV� D� QHZ� PHWKRG�� 6LPLODU� GDPV� XVHG� LQ� WKH� ORZHU�HOHYDWLRQV� RI� WKH� GDP� ZLWK� KHLJKW� &RSSHU� LV� YHU\�OLPLWHG�� 6LPLODU� DSSOLFDWLRQ�RI� WKDW� LQ�GDPV�ZLWK� ORZHU�KLHJKW�WKDQ�6DU�FKHVKPHK�&RSSHU�GDP��:LWK�LQFUHDVH�RI�WKH�KHLJKW� LV�YHU\� OLPLWHG�� ,Q� WKH�6DU� FKHVKPHK�&RSSHU�GDP� GXH� WR� GDP� FRQVWUXFWLRQ�� LWV� VHDOLQJ� WR� SUHYHQW�GHVWUXFWLYH� OHDNDJH� ,V� RI� FRQVLGHUDEOH� LPSRUWDQFH��%HFDXVH�RI�WKH�ORZ�ZLGWK�RI�WKH�FOD\�FRUH�LQ�WKH�ROG�GDP�WR� LQFUHDVH� WKH� KHLJKW� RI� WKH� GDP� PXVW� EH� XVHG�*HRPHPEUDQH� IRU� WKH� VHDOLQJ� EDUULHU�� 'XH� WR� WKH� KLJK�FRVW�RI�WKH�*HRPHPEUDQH�LPSOHPHQWLQJ��*HRPHPEUDQH�WKLFNQHVV�XVHG�ZLOO�LPSDFW�VLJQLILFDQWO\�RQ�SURMHFW�FRVWV��6R�� WKH� *HRPHPEUDQH� PXVW� EH� XVHG� ZLWK� UHTXLUHG�PLQLPDO� WKLFNQHVV�� :H� FDQ� VD\� RSWLPL]HG� IRU�*HRPHPEUDQHV�XVHG�LQ�VKHOO�WKLFNQHVV�ZDV�DGGHG�WR�WKH�ROG�GDP��LV���PP��2EWDLQHG�&RHIILFLHQW�RI�FRQILGHQFH�LV�REWDLQHG�LQ�WKH�FDVH�ZLWKRXW�WKH�*HRPHPEUDQH�E\������DQG� LQ� WKH� �PP� WKLFNQHVV� RI� WKH�*HRPHPEUDQH�E\� WKH�������7KDW�PHDQV�ZKHQ� LV�QRW�XVHG� WKH�*HRPHPEUDQH���WKH� ORZHU� GDP� ZRXOG� EH� XQVWDEOH�� ZKHQ� WKH�*HRPHPEUDQH� WKLFNQHVV� �PP� WR� EH� XVHG� �� VWDELOLW\� RI�WKH�'DP�ZLOO�SURYLGH��:LWK�QRWLFH�WR�ILJXUHV�������KDYH�VHHQ�WKDW�UHJLRQV�WKDW�DUH�XVHG�*HRPHPEUDQH��FRYHU��LQ��WKHLU� VXUIDFH� DUH� LOOXVWUDWHG� VWUHVV� LQ� DFFHSWDEOH� UDQJH�GRPLQDQWO\�EOXH�DQG�JUHHQ�� ,Q� ILJXUH��� WKDW� LV�PHWHU�RI�KROH� ZDWHU� SUHVVXUH�� KDYH� EHHQ� VHHQ� WKDW� LQ� XSVLGH� RI�GDP�IURP�EDVH�IORRU�WR�DSSUR[LPDWHO\�KHLJKW����P�IURP�XSVLGH�EDVH��KROH�ZDWHU�SUHVVXUH�KDYH�PD[LPXP�YDOXH��%HVW�ZD\�IRU�GHFUHDVLQJ�ZDWHU�OHDQNDJH�LQ�WKLV�DUHD�ZLOO�EH� XVH� RI�*HRPHPEUDQH� � WR� � GHFUHDVH� XQWLO� UDQJH� UDWH�WKDW� LV� KDSSHQ� �PD[LPXP� � KROH� �ZDWHU� �SUHVVXUH��:LWK��QRWLFH�WR��WHQVLRQ��PHWHU���PD[LPXP�RI��SURGXFH��WHQVLRQ��LV� � ��������3D� DQG� LV� WHQVLRQDO� LQ� D� UDQJH� WKDW� LV� XVHG�*HRPHPEUDQH� � $QG� ZLWK� QRWLFH� WR� WHQVLRQ� UDWH� DQG�UDSWXUH� WHQVLRQ� LQ� WHQVLRQDO� IRU� XVLQJ�*HRPHPEUDQH� LV������ 3D� DQG� ����� 3D� UHVSHFWLYHO\�� 6R� XVLQJ�*HRPHPEUDQH� � DJDLQVW� � HQWHU� WHQVLRQ� � VKRZ� HQRXJK��UHVLVWDQFH��$OVR�PD[LPXP� UDWH� �RI� � SURGXFH� � VWUDLQ� � LQ��*HRPHPEUDQH� LV� ������ DQG� ZLWK� QRWLFH� WR�*HRPHPEUDQH��UDSWXUH��VWUDLQ�LV������VR�SURGXFH�VWUDLQV�LQ�JHRPHPEUDLQ�LV�ORFDWHG�LQ�DFFHSWDEOH�UDQJH�WRR���

5HIHUHQFHV��>�@� 2�$UWLHUHV� �� .�2EHUUHLWHU� DQG� )�$VFKDXHU�� ³�*HRV\QWKHWLFV� V\VWHPV� IRU� HDUWK� GDP�� ��� \HDUV� RI�H[SHULHQFH´���>�@� $�� 0�� 6FXHUR�� ³� 7KH� QHZ� ,&2/'� %XOOHWLQ� RQ�LPSHUYLRXV�*HRPHPEUDQHV�IRU�GDPV´��,&2/'�%XOOHWLQ��>�@� :�5�0RUULVRQ�� ³:DWHUWLJKW� JHRPHPEUDQHV� IRU�GDPV´��,&2/'�%XOOHWLQ��>�@� 5REHUW� 0�� .RHUQHU�� ³� /LIHWLPH� SUHGLFWLRQ� RI�SRO\PHULF�*HRPHPEUDQH�XVHG�LQ�QHZ�GDP�FRQVWUXFWLRQ�DQG�GDP�UHKDELOLWDWLRQ´���������>�@� � 5H]D� 1XU]DG� DQG� 0DMLG� +DMLUL� $]DU�� ³%DVHPHQW�PHPEUDQH��JHRPHPEUDQH��´���>�@�6DG�$I]DU�FRPSDQ\��³5HSRUW�DERXW�KRZ�WR�LQFUHDVH�KHLJKW�RI�6DU�&KHVKPHK�GDP´���>�@�³6WDWLF�DQG�G\QDPLF�DQDO\VLV�RI�HDUWK�GDPV�E\�XVLQJ�*HR6WXGLR´� ZULWWHQ� E\� $PLU5H]D� $PLQ� -DYDKHUL� DQG�(KVDQ�3DN�1L\DW��>�@� &�7�:HEHU�� ³� 1XPHULFDO� $QDO\VLV� RI� /HDNDJH�WKURXJK� *HRPHPEUDQH� /LQLQJ� 6\VWHPV� IRU� 'DPV´ ��0DUFK�������>�@�)X�FKHQ�/LX��4XDQ�ID��³2SWLPL]DWLRQ�$QDO\VLV�RI�WKH�6WDELOLW\� LQ� ,QFOLQHG�ZDOO¶V� *HRPHPEUDQH� ,PSHUYLRXV�%RG\´��>��@�.RHUQHU��5�0��³'HVLJQLQJ�ZLWK�*HRV\QWKHWLFV´��>��@� '�/RXGLHUH�� ³7KH� %HKDYLRU� RI� *HRPHPEUDQHV� LQ�5HODWLRQ�WR�WKH�6RLO´��>��@� *LURXG�� -�3�� ³$JLQJ� RI� 39&� *HRPHPEUHDQHV� LQ�8UDQLXP�0LQH�7DLOLQJ�3RQGV´��>��@� � 8�6�� 6RFLHW\� RQ� 'DPV�� ³0DWHULDOV� IRU�(PEDQNPHQW�'DPV´���
���������


