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.H\ZRUGV��*HRPHPEUDQH��(DUWK�GDPV��1XPHULFDO�DQDO\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� JHRPHPEUDQHV� LV� D� WKHUPRSODVWLF�SRO\PHU�� 7KH� PRVW� LPSRUWDQW� DSSOLFDWLRQ� RI�JHRPHPEUDQHV�� FRQIURQW� ZLWK� OHDNDJH� SKHQRPHQRQ� RU�LQILOWUDWLRQ�ZDWHU� RU� RWKHU� OLTXLGV� DQG� JDVHV�� WR[LF� DQG�KD]DUGRXV� LQ� WKHLU� FDUH� VLWHV� >�@�� $FFRUGLQJ� WR� WKH�,QWHUQDWLRQDO� &RPPLWWHH� *HRV\QWKHWLF� �,*6�� 6RFLHW\�*HRV\QWKHWLFV� ,QWHUQDWLRQDO��� JHRPHPEUDQH� ZKLFK� DUH�XVHG� WR� LQ� FLYLO� HQJLQHHULQJ� DUH� SDQHOV�� UHODWLYHO\�LPSHUPHDEOH�DQG�WKH�SRO\PHU�LQ�FRQWDFW�ZLWK�VRLO��URFN�RU� RWKHU� JHRWHFKQLFDO� PDWHULDO� >�@�� %HWZHHQ� WKH�JHRPHPEUDQH� DQG� RWKHU� *HRV\QWKHWLF� �JHRWH[WLOH�� D�JHRJULG�� HWF���� WKHUH� DUH� LPSRUWDQW� GLIIHUHQFHV��*HRPHPEUDQHV� 7KH\� DUH� GHVLJQHG� VR� WKDW� KDYH� D� ORZ�SHUPHDELOLW\� DV� SRVVLEOH�� ,Q� RWKHU� ZRUGV�� WKH�JHRPHPEUDQH� WR� UHVWULFW� IOXLG� IORZ�� ZKLOH� RWKHU�*HRV\QWKHWLF� FDXVH� IORZ� RI� OLTXLG� RU� FRQGXFW� RI� LW>�@��*HRPHPEUDQH�W\SHV�LQFOXGH�����SRO\PHU�JHRPHPEUDQH���� DQG� %LWXPLQRXV� JHRPHPEUDQH�� 3RO\PHULF�JHRPHPEUDQHV�LQFOXGH�WKHUPR�SODVWLF��(,$���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��JHRPHPEUDQH�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� JHRPHPEUDQH�VHDOLQJ�V\VWHP�DQG�ZLWK�D�KHLJKW�RI�����PHWHUV�� � $QG�D�WRWDO�RI��������VTXDUH�PHWHUV�RI�39&�JHRPHPEUDQH� LV�XVHG�>�@�� ��
���$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�ILQLWH� HOHPHQWV� �)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�
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FRRSHU�GDP�>�@��VDU�FKHVKPHK�FRRSHU�GDP�LV�VKRZQ�LQ�)LJXUH� ��� � $OVR� WKH� JHRWHFKQLFDO� SDUDPHWHUV� DQG�OHDNDJH�EDUULHU�PDWHULDO�LV�SUHVHQWHG�LQ�7DEOH�����

)LJXUH�����VHFWLRQ�RI�WKH�6DU�&KHVKPHK�&RSSHU�GDP��
7DEOH�����JHRWHFKQLFDO�SDUDPHWHUV�DQG�OHDNDJH�RI�WKH�EDUULHU�PDWHULDOV��
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)RU� � PRGHOLQJ�LQ�WKH�*HR6WXGLR�VRIWZDUH��0XVW�ILUVW�WKH�)RUPLQJ�UHJLRQV�GDP�OHYHO�LQWURGXFH�WR�VRIWZDUH��7R�WKLV�� PXVW� EH� WKH� FRRUGLQDWHV� RI� SRLQWV� IRUPLQJ� D�UHJLRQDO� HQWHUH� LQ� WKH� VRIWZDUH� HQYLURQPHQW�� WKHQ�FRQVWLWXHQW� PDWHULDOV� HDFK� DUHD� DUH� LQWURGXFHG�� :LWK�WKHVH� VWHSV�� WKH�PRGHO� RI� VDU� FKHVKPHK� FRRSHU�GDP� LQ�*HR6WXGLR�HQYLURQPHQW�DUH�VKRZQ� � LQ�)LJXUH�����

)LJXUH�����FURVV�RI�WKH�PRGHOLQJ�DW�WKH�'DP�&RSSHU�LQ�WKH�*HR6WXGLR�VRIWZDUH��
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$FFRUGLQJ� WR�7DEOH���� WKH�SHUFHQWDJH�UHGXFWLRQ�RI�WRWDO�OHDNDJH� IRU� GLIIHUHQW� WKLFNQHVV� RI� JHRPHPEUDQH�� ,Q�FRPSDULVRQ� ZLWK� WKH� FDVH� ZLWKRXW� D� JHRPHPEUDQH� LV�JLYHQ�LQ�7DEOH���� �
�
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7DEOH�����3HUFHQW�UHGXFWLRQ�LQ�OHDNDJH�IRU�GLIIHUHQW�WKLFNQHVV�RI�JHRPHPEUDQH�WKDQ�:LWKRXW�WKH�JHRPHPEUDQH�
WKLFNQHVV�RI�
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$FFRUGLQJ� WR� 7DEOH� ��� ZH� FDQ� VD\� 2SWLPXP�WKLFNQHVV� IRU� JHRPHPEUDQHV�XVHG� LQ�GDP�ROG� DGGHG� WR�WKH�VKHOO��LV��PP�� � %HFDXVH�OHDNDJH�UDWH�,Q�FRPSDULVRQ�ZLWK� WKH� FDVH�ZLWKRXW� D� JHRPHPEUDQH�GHFUHDVHV� ������SHUFHQW�� DOVR� WKH� DPRXQW� RI� OHDNDJH� UHGXFWLRQ� IRU� WKH�FDVH�ZLWKRXW�D�JHRPHPEUDQH�IRU�WKH�WKLFNQHVV�OHVV�WKDQ��PP�LV� 6RPHZKDW� ORZHU� WKDQ� WKDW�ZRXOG�SURYLGH� GDP�VWDELOLW\��$ERXW�WKLFNQHVV���PP��DOWKRXJK�WKH�DPRXQW�RI�OHDNDJH� LV� UHGXFHG� E\� ������� FRPSDUHG� ZLWK� QR�JHRPHPEUDQH��%XW�E\�FRQVLGHU�WKH�HFRQRPLF�DVSHFW��WKH�WKLFNQHVV� RI� �PP� LV� QRW� DFFHSWDEOH�� $IWHU� VHOHFWLQJ� D�WKLFNQHVV� RI� �PP� IRU� JHRPHPEUDQHV� 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�JHRPHPEUDQH�DQG�WKH� ODWWHU�LV�ZKHQ� WKH�JHRPHPEUDQH� 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�JHRPHPEUDQH� LV� GLVSOD\HG�� $QG� ,Q� )LJXUH� �� VOLS�VXUIDFHV� LQ� WKH� GRZQVWUHDP� RI� WKH� GDP� ZKHQ� WKH�JHRPHPEUDQH�WKLFNQHVV��PP�WR�EH�XVHG�LV�GLVSOD\HG���

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

)LJXUH�����WKH�6OLS�VXUIDFHV�DVVRFLDWHG�ZLWK�WKH�XVH�RI�JHRPHPEUDQHV�ZLWK�D�WKLFNQHVV�RI��PP��,W�VKRXOG�EH�QRWHG�WKDW�WKH�UHG�FRORU�VKRZQ�LQ�)LJXUHV���DQG����6KRZV�WKH�FULWLFDO�PRGH�RI� WKH�VOLS��$QG�IDUWKHU�DZD\� IURP� WKH� UHG�� ZH� FDQ� UHGXFH� WKH� ULVN� RI� VOLS��2EWDLQHG�&RHIILFLHQW�RI�FRQILGHQFH� � LV�REWDLQHG� LQ� WKH�FDVH�ZLWKRXW�WKH�JHRPHPEUDQH�E\������DQG�LQ�WKH��PP�WKLFNQHVV�RI�WKH�JHRPHPEUDQH�E\�WKH��������7KDW�PHDQV�ZKHQ� LV� QRW� XVHG� WKH� JHRPHPEUDQH�� WKH� ORZHU� GDP�ZRXOG� EH� XQVWDEOH�� ZKHQ� WKH� JHRPHPEUDQH� WKLFNQHVV��PP�WR�EH�XVHG��VWDELOLW\�RI�WKH�'DP�ZLOO�SURYLGH���
&RQFOXVLRQ�,PSHUPHDEOH� JHRPHPEUDQH� XVHG� DV� FRYHU� LQ� WKH�GDPV�LV�D�QHZ�PHWKRG��6LPLODU�GDPV�XVHG�LQ�WKH�ORZHU�HOHYDWLRQV�RI�WKH�GDP�ZLWK�KHLJKW�&RSSHU�LV�YHU\�OLPLWHG��6LPLODU� DSSOLFDWLRQ� RI� WKDW� LQ� GDPV� ZLWK� ORZHU� KLHJKW�WKDQ� 6DU� FKHVKPHK� &RSSHU� GDP��:LWK� LQFUHDVH� RI� WKH�KHLJKW�LV�YHU\�OLPLWHG��,Q�WKH�6DU�FKHVKPHK�&RSSHU�GDP�GXH� WR� GDP� FRQVWUXFWLRQ�� LWV� VHDOLQJ� WR� SUHYHQW�GHVWUXFWLYH� OHDNDJH� ,V� RI� FRQVLGHUDEOH� LPSRUWDQFH��%HFRXVH� RI� WKH� ORZ� ZLGWK� RI� WKH� FOD\� FRUH� LQ� WKH� ROG�GDP� WR� LQFUHDVH� WKH� KHLJKW� RI� WKH� GDP� PXVW� EH� XVHG�JHRPHPEUDQH� IRU� WKH� VHDOLQJ� EDUULHU�� 'XH� WR� WKH� KLJK�FRVW� RI� WKH�JHRPHPEUDQH� LPSOHPHQWLQJ�� JHRPHPEUDQH�WKLFNQHVV�XVHG�ZLOO�LPSDFW�VLJQLILFDQWO\�RQ�SURMHFW�FRVWV��6R�� WKH� JHRPHPEUDQH� PXVW� EH� XVHG� ZLWK� UHTXLUHG�PLQLPDO� WKLFNQHVV� ��$FFRUGLQJ� WR� 7DEOH� ��� ZH� FDQ� VD\�RSWLPL]HG� IRU� JHRPHPEUDQHV� XVHG� LQ� VKHOO� WKLFNQHVV�ZDV�DGGHG�WR�WKH�ROG�GDP��LV� � �PP��EHFDXVH�WKH�E\SDVV�IORZ�UDWH�RI�WKH�FDVH�ZLWKRXW�JHRPHPEUDQH�����SHUFHQW�LV� GHFUHDVHG�� DOVR� WKH� DPRXQW� RI� OHDNDJH� UHGXFWLRQ� IRU�WKH� FDVH�ZLWKRXW� D� JHRPHPEUDQH� IRU� WKH� WKLFNQHVV� OHVV�WKDQ��PP� LV�6RPHZKDW� ORZHU� WKDQ� WKDW�ZRXOG�SURYLGH�GDP� VWDELOLW\�� $ERXW� WKLFNQHVV� �� PP�� DOWKRXJK� WKH�DPRXQW�RI�OHDNDJH�LV�UHGXFHG�E\�����FRPSDUHG�ZLWK�QR�
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