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&RPSDUDWLYH�6WXG\�RI�,URQ��,,,��5HPRYDO�8VLQJ�&KDUUHG�
6XJDUFDQH�%DJDVVH�DQG�3UHFLSLWDWLQJ�$JHQW�&DOFLXP�+\GUR[LGH�

3XVSD�ODO�+RPDJDL DQG�6XMDQ�3RXGHO�

$PULW�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��7KDPHO��.DWKPDQGX��1HSDO�
(PDLO��KRPDJDLSO#JPDLO�FRP�

$EVWUDFW�

&RPSDUDWLYH� VWXG\� RI� )H�,,,�� UHPRYDO� XVLQJ� FKDUUHG� VXJDUFDQH� EDJDVVH� DQG� SUHFLSLWDWLQJ� UHDJHQW�
FDOFLXP�K\GUR[LGH�&D�2+��� LV� SUHVHQWHG��7KH� HIIHFW� RI� S+�� LQLWLDO�PHWDO� LRQ� FRQFHQWUDWLRQ�DQG�FRQWDFW�
WLPH�RQ�WKH�UHPRYDO�RI�LURQ�ZHUH�LQYHVWLJDWHG��7KH�RSWLPXP�S+�IRU�WKH�FKDUUHG�VXJDUFDQH�EDJDVVH��&6%��
DQG�WKH�SUHFLSLWDQW�FDOFLXP�K\GUR[LGH�ZDV�IRXQG�WR�EH�����DQG����UHVSHFWLYHO\��7KH�PD[LPXP�DGVRUSWLRQ�
FDSDFLW\�IRU�WKH�UHPRYDO�RI�)H�,,,��ZDV�IRXQG�WR�EH���PJ�J�DQG���PJ�J�XVLQJ�&6%�DQG�WKH�SUHFLSLWDWLQJ�
FDSDFLW\� RI� &D�2+���� UHVSHFWLYHO\�� 7KH� HTXLOLEULXP� WLPH� KDV� EHHQ� DFKLHYHG� LQ� ��� PLQXWHV� DQG� IROORZ�
SVHXGR�VHFRQG�RUGHU�NLQHWLFV��7KH�H[SHULPHQWDO�GDWD�ZHUH�ZHOO�ILWWHG�ZLWK�/DQJPXLU�DGVRUSWLRQ�LVRWKHUP�
PRGHO��

.H\ZRUGV��%LR�DGVRUSWLRQ��)H�,,,���FDOFLXP�K\GUR[LGH��FKDUUHG�VXJDUFDQH�EDJDVVH��LVRWKHUP�

,QWURGXFWLRQ�

(QYLURQPHQW�SROOXWLRQ�E\�WR[LF�PHWDOV�UHPDLQV�D�VHULRXV�SUREOHP�WKDW�KDV�EHHQ�IRFXV�RI�DWWHQWLRQ�DOO�
RYHU� WKH�ZRUOG���&RQWDPLQDWLRQ�RI�ZDWHU�� VRLO�� DLU�ZLWK�KD]DUGRXV�DQG� WR[LF�FKHPLFDOV�SOD\V� VLJQLILFDQW�
SUREOHPV�IRU�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW��0HWDOV�DUH�WR[LF�SROOXWDQWV�WKDW�DUH�QRW�ELRGHJUDGDEOH��
XQGHUJR� WUDQVIRUPDWLRQ�� DQG� KDYH� JUHDW� HQYLURQPHQWDO�� SXEOLF� KHDOWK�� DQG� HFRQRPLF� LPSDFWV��� 7KH�
GLIIHUHQW�IRUPV�RI�HOHPHQWV�SUHVHQFH�LQ�WKH�QDWXUH�FUHDWH�D�JUHDW�SUREOHP��6RPH�RI�WKH�HOHPHQWV�VXFK�DV�
LURQ���DUVHQLF���PDQJDQHVH���DQG�FKURPLXP��DUH�PDLQO\�SUHVHQW� LQ�QDWXUDO�ZDWHU�DV� WZR�R[LGDWLRQ�VWDWHV��
)RU� LQVWDQFH��&U�9,���$V�,,,���DQG�$V�9��DUH�NQRZQ�FDUFLQRJHQV��ZKLOH�)H�,,���)H�,,,���0Q�,,���0Q�9,,��
DQG�&U�,,,��DUH�HVVHQWLDO�PLFURQXWULHQWV�IRU�RUJDQLVPV�DQG�SODQWV��+RZHYHU��WKH\�EHFRPH�WR[LF�DW�KLJKHU�
OHYHOV��

,URQ�LV�WKH�IRXUWK�PRVW�DEXQGDQW�HOHPHQW�SUHVHQW�LQ�D�YDULHW\�RI�URFN�DQG�VRLO�PLQHUDOV�ERWK�DV�)H�,,��
DQG�)H�,,,���)H�,,�� LV� UHTXLUHG� IRU�SURSHU� WUDQVSRUW�DQG�VWRUDJH�RI�R[\JHQ�E\�PHDQV�RI�KHPRJORELQ�DQG�
P\RJORELQ�ZKLOH�LWV�R[LGL]HG�IRUPV��PHWKHPRJORELQ�DQG�PHWP\RJORELQ��ZKLFK�FRQWDLQ�)H�,,,���ZLOO�QRW�
ELQG�R[\JHQ���,URQ�SOD\V�JUHDW�UROH�LQ�ELRORJLFDO�IXQFWLRQLQJ�VXFK�DV�LQ�SKRWRV\QWKHVLV�DQG�LV�WKH�OLPLWLQJ�
JURZWK�QXWULHQW�IRU�SK\WRSODQNWRQ�LQ�VRPH�SDUW�RI�WKH�RFHDQ���%RWK�)H�,,��DQG�)H�,,,��DUH�LPSRUWDQW�LQ�WKH�
ELRVSKHUH��VHUYLQJ�DV�DQ�DFWLYH�FHQWUH�RI�D�ZLGH�UDQJH�RI�SURWHLQV�VXFK�DV�R[LGDVHV�DQG�UHGXFWDVHV��:DWHU�
HIIOXHQWV� IURP� VWHHO� WHPSHULQJ�� FRDO� FRNLQJ� DQG� PLQLQJ� LQGXVWULHV� IRU� H[DPSOHV�� FRQWDLQ� VLJQLILFDQW�
TXDQWLWLHV� RI� LURQ�� QLFNHO�� FRSSHU� DQG� ]LQF������ 7KH� DSSOLFDWLRQ� RI� ORZ�FRVW� DGVRUEHQWV� REWDLQHG� IURP�
DJULFXOWXUDO� E\SURGXFW� ZLGHO\� XVHG� LQ� WKH� UHFHQW� UHVHDUFK� DV� D� UHSODFHPHQW� IRU� FRVWO\� FRQYHQWLRQDO�

�&RUUHVSRQGLQJ�DXWKRU� �
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PHWKRGV� RI� UHPRYDO� KHDY\� PHWDO� LRQV� IURP� ZDVWH� ZDWHU������� 'XH� WR� WKH� DGYDQWDJHV� RI� HFRQRPLF�
IHDVLELOLW\�DQG�HQYLURQPHQWDO�IULHQGO\�EHKDYLRU��DGVRUSWLRQ�LV�UHJDUGHG�DV�WKH�EHVW�WHFKQLTXH�IRU�UHPRYLQJ�
KHDY\�PHWDO�LRQV�DW�WUDFH�OHYHOV�������

7KH� REMHFWLYH� RI� WKLV� VWXG\� LV� WR� GHYHORS� ORZ�FRVW� DGVRUEHQW� IURP� VXJDUFDQH� EDJDVVH� PRGLILHG� E\�
FKHPLFDO� WUHDWPHQWV� IRU� WKH� HIIHFWLYH� UHPRYDO� RI� )H�,,,�� LRQV� IURP� FRQWDPLQDWHG� ZDWHU�� 7KH� )7,5�
FKDUDFWHUL]DWLRQ�LQGLFDWHV�WKDW�WKH�FKHPLFDOO\�PRGLILHG�VXJDUFDQH�KDV�WKH�IXQFWLRQDO�JURXSV�OLNH�SKHQROV��
FDUER[\OLF�DFLGV��ODFWRQHV��K\GUR[LGHV�HWF��RQ�WKH�VXUIDFH�RI�DGVRUEHQW�WR�FKDQJH�DQG�LQFUHDVH�WKH�VXUIDFH�
DUHD��7KH�DGVRUSWLRQ�FDSDFLW\�ZDV�JUHDWO\�LQIOXHQFHG�E\�VXUIDFH�JURXS�FKDQJHV��

([SHULPHQWDO�

3UHSDUDWLRQ�RI�$GVRUEHQW�

/RFDOO\� FROOHFWHG� VXJDUFDQH� EDJDVVH� ZDV� GULHG� DQG� JURXQGHG� XVLQJ� PHFKDQLFDO� JULQGHU� ZKLFK� LV�
NQRZQ�DV�UDZ�VXJDUFDQH�EDJDVVH��7KHQ�WKH�UDZ�VXJDUFDQH�EDJDVVH�ZDV�WUHDWHG�ZLWK�FRQFHQWUDWHG�+�62�

LQ������Z�Y���,W�ZDV�ZDVKHG�WLOO�QHXWUDOLW\�ILQDOO\�GULHG�DW�����&�DQG�VWRUHG�DIWHU�NHHSLQJ�LQ�GHVLFFDWRU�DQG�
WKH�VDPSOH�LV�FDOOHG�FKDUUHG�VXJDUFDQH�EDJDVVH�&6%����

&KHPLFDOV�

&KHPLFDOV�DQG�UHDJHQWV�XVHG�LQ�WKH�H[SHULPHQW�ZHUH�DQDO\WLFDO�JUDGH��([DFW������SSP�VWRFN�VROXWLRQ�
ZDV� SUHSDUHG� E\� GLVVROYLQJ� ������ JUDP� RI� VDOW� 1+��)H�62������+�2� LQ� ���� P/� YROXPHWULF� IODVN��
/LNHZLVH�� WKH� VROXWLRQ� RI� ��0�+12��� ����0�1D2+�� ��0�+&O�� ����0�&D�2+����.6&1� VROXWLRQ�ZHUH�
SUHSDUHG�E\�DGGLQJ�FDOFXODWHG�PDVV�RI�WKH�UHTXLUHPHQW��

$GVRUSWLRQ�([SHULPHQWV�

7KH� S+� RI� WKH�ZRUNLQJ� VROXWLRQ� RI� )H�,,,��ZDV� DGMXVWHG� E\� DGGLQJ� HLWKHU� VPDOO� DPRXQW� RI�+&O� RU�
1D2+�DIWHU�DGGLQJ�����0�RI�+(3(6�DV�D�EXIIHULQJ�DJHQW��7KH�IODVNV�ZHUH�VKDNHQ�DW�D�VSHHG�RI�����USP�
LQ�WKH�PHFKDQLFDO�VKDNHU��7KH�LQLWLDO�DQG�HTXLOLEULXP�FRQFHQWUDWLRQ�RI�WKH�PHWDO�LRQV�ZHUH�PHDVXUHG�XVLQJ�
VSHFWURSKRWRPHWHU��7KH�UHPRYDO�HIILFLHQF\��$��RI�WKH�PHWDO�LRQ�ZDV�FDOFXODWHG�IURP�HT������

� � � ����

�7KH�VRUSWLRQ�FDSDFLW\�RI�PHWDO�LRQV�LV�WKH�FRQFHQWUDWLRQ�RI�WKH�PHWDO�LRQV�RQ�WKH�DGVRUEHQW�DQG�FDQ�EH�
FDOFXODWHG�EDVHG�RQ�WKH�PDVV�EDODQFH�SULQFLSOH�XVLQJ�HTXDWLRQ������

� � � � ����

,Q�DERYH�HTXDWLRQV�� �UHSUHVHQWV�WKH�DPRXQW�RI�PHWDO�XSWDNH�SHU�XQLW�PDVV�RI�WKH�DGVRUEHQW��PJ�J�����/�

LV�WKH�YROXPH�RI�WKH�WHVW�VROXWLRQ��P/���:�LV�WKH�GU\�PDVV�RI�WKH�DGVRUEHQW��J��� �DQG� ��WKH�LQLWLDO�DQG�

ILQDO�FRQFHQWUDWLRQV��PJ�GP�����UHVSHFWLYHO\��

5HVXOWV�DQG�'LVFXVVLRQ�

)7,5�$QDO\VLV�

7KH�FKHPLFDO�VWUXFWXUH�RI�WKH�DGVRUEHQW�LV�RI�YLWDO�LPSRUWDQFH�LQ�XQGHUVWDQGLQJ�WKH�DGVRUSWLRQ�SURFHVV��
)7,5�WHFKQLTXH�LV�DQ�LPSRUWDQW�WRRO�WR�LGHQWLI\�WKH�FKDUDFWHULVWLF�IXQFWLRQDO�JURXSV��ZKLFK�DUH�LQYROYHG�LQ�
DGVRUSWLRQ�RI�PHWDO�LRQV��)7,5�DQDO\VLV�ZDV�SHUIRUPHG�LQ�WKLV�VWXG\�WR�LQYHVWLJDWH�WKH�VXUIDFH�IXQFWLRQDO�
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JURXSV� RI� FKDUUHG� VXJDUFDQH�EDJDVVH� EHIRUH� DQG� DIWHU� WKH� DGVRUSWLRQ� RI�)H� �,,,��PHWDO� LRQV��7KH� SHDNV�
UDQJH�VKRZV�WKH�IXQFWLRQDO�JURXS�SUHVHQW�LQ�WKH�WHVW�VDPSOH���

,Q�WKLV�WUDQVIRUPDWLRQ��PDQ\�FKDUDFWHULVWLFV�EDQGV�DUH�VKLIWHG�DW�WKH�PD[LPXP�SHDNV�DQG�DEVRUEDQFH�LV�
FKDQJHG��7KH�SHDN�REVHUYHG�DW���������FP���LV�GXH�WR�VWUHWFKLQJ�YLEUDWLRQ�RI�WKH�2�+�JURXSV��$OWKRXJK�
WKHUH� LV�SRVVLELOLW\�RI�RYHUODSSLQJ�EHWZHHQ�WKH�1�+�DQG�WKH�2�+�VWUHWFKLQJ�YLEUDWLRQV��WKH�VWURQJ�EURDG�
EDQG�DW�WKH�ZDYH�QXPEHU�UHJLRQ�QXPEHU�RI���������WR���������FP���LV�FKDUDFWHULVWLF�RI�WKH�1+�VWUHWFKLQJ�
YLEUDWLRQ�WKH�UDQJH���������WR���������FP����DUH�FORVHO\�UHODWHG�WR�WKH�1+�ELQGLQJ��&�1�VWUHWFKLQJ��DQG�
1�+� URFNLQJ� EDQGV�� 7KH� UDQJH� ������� WR� �������� FP��� PD\� EH� GXH� WR� RYHUODSSLQJ� RI� 2�+� DQG�1�+�
VWUHWFKLQJ��ZKLFK�LV�FRQVLVWHQW�ZLWK�WKH�SHDNV�DW������DQG������FP���DVVLJQHG�WR�DOFRKROLF�&�2�DQG�&�1�
VWUHWFKLQJ�YLEUDWLRQV��

)LJXUH����)7,5�RI�FKDUUHG�VXJDUFDQH�EDJDVVH

(IIHFW�RI�S+�

�7KH�S+�RI�WKH�VROXWLRQ�KDV�VLJQLILFDQW�LPSDFW�RQ�WKH�XSWDNH�RI�)H��,,,��LRQV��VLQFH�LW�GHWHUPLQHV�WKH�
VXUIDFH�FKDUJH�RI�WKH�DGVRUEHQW�DQG�WKH�GHJUHH�RI�LRQL]DWLRQ�RI�WKH�DGVRUEDWH��)LJ����VKRZ�WKH�HIIHFW�RI�S+�
RQ� DGVRUSWLRQ� RI� )H� �,,,�� LRQV� RQWR� &6%� DW� LQLWLDO� FRQFHQWUDWLRQ� RI� ��� SSP� DW� URRP� WHPSHUDWXUH�� 7KH�
H[SHULPHQW�ZDV�FDUULHG�RXW�WR�ILQG�WKH�HIIHFW�RI�S+�IRU�WKH�DGVRUSWLRQ�RI�)H��,,,���WDNLQJ�WKH�S+�UDQJH�RI�
����WR������7KH�SHUFHQWDJH�UHPRYDO�RI�)H��,,,��LRQV�E\�FKDUUHG�VXJDUFDQH�EDJDVVH�LQFUHDVHG�IURP�������WR�
�������ZLWKLQ�WKH�S+�UDQJH�DQG�PD[LPXP�DGVRUSWLRQ�RFFXUV�DW�S+������

,W�ZDV� IRXQG� WKDW� OLWWOH� VRUSWLRQ� RI� )H�,,,�� DW� ORZHU� S+� FRXOG� EH� DVFULEHG�GXH� WR� WKH� K\GURJHQ� LRQV�
FRPSHWLQJ�ZLWK�PHWDO�LRQV�IRU�VRUSWLRQ�VLWHV��$W�KLJKHU�+��FRQFHQWUDWLRQ��WKH�DGVRUEHQW�VXUIDFH�EHFRPHV�
SRVLWLYHO\� FKDUJHG�� WKXV� UHGXFLQJ� WKH� DWWUDFWLRQ� EHWZHHQ� DGVRUEHQW� DQG� PHWDO� LRQV�� $V� S+� LQFUHDVHV�
VXUIDFH� FKDUJH� RI� DGVRUEHQW� EHFRPH� QHJDWLYH� DQG� WKXV� IDFLOLWDWLQJ� JUHDWHU�PHWDO� XSWDNH� GXH� WR� FDWLRQV�
H[FKDQJH�PHFKDQLVP��0D[LPXP�DGVRUSWLRQ�RI�)H�,,,�� DW� KLJKHU�YDOXH�RI�S+� LV� GXH� WR� WKH� HOHFWURVWDWLF�
DWWUDFWLRQ� EHWZHHQ� QHJDWLYH� DQG� SRVLWLYH� VXUIDFH� IXQFWLRQ� RI� WKH� DGVRUEHQW�� 7KH� RSWLPXP� S+� ZDV�
LQYHVWLJDWHG�DV�����IRU�)H�,,,��UHPRYDO�RQWR�&6%��
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)LJXUH�����(IIHFW�RI�S+�IRU�$GVRUSWLRQ�RI�)H��,,,��RQWR�&6%�DQG�&D�2+��

(IIHFW�RI�S+�RQ�3UHFLSLWDQW�&D�2+���
)H��,,,��LRQV�DUH�ZHDNO\�DFLGLF�DQG�K\GURO\]H�LQ�VROXWLRQ�SURGXFLQJ�D�OHVV�VROXEOH�FRPSOH[��:H�NQRZ�

WKDW�WKH�VROXELOLW\�RI�WKH�VDOW�LV�D�IXQFWLRQ�RI�WKH�S+�DQG�LW�LQFUHDVHV�DV�WKH�S+�GHFUHDVHV��7KH�PD[LPXP�
VROXELOLW\� LV� IRXQG� XQGHU� DFLGLF� FRQGLWLRQV� ZKHQ� WKH� FRQFHQWUDWLRQV� RI� WKH� K\GURO\]H� VSHFLHV� EHFDPH�
QHJOLJLEOH��5HPRYDO�RI� WKH�KHDY\�PHWDOV� LRQV�DV�K\GUR[LGH�IRUPDWLRQ�LV� WKH�PRVW�FRPPRQ�KHDY\�PHWDO�
SUHFLSLWDWLRQ�PHWKRG��7KH�DGGLWLRQ�RI�FDOFLXP�K\GUR[LGH�LV�XVHG�WR�UDLVH�WKH�S+�IRU�UHPRYDO�RI�)H�,,,��E\�
SUHFLSLWDWLQJ�DQG�VHWWOLQJ�SURFHVV��5HPRYDO�RI�)H�,,,��LQFUHDVH�ZLWK�WKH�LQFUHDVH�LQ�S+�DQG�WKH�RSWLPXP�
UHPRYDO�ZDV�UHDFKHG�DW�S+����

$GVRUSWLRQ�,VRWKHUPV�

7KH�VXUIDFH�FRYHUDJH�RI�DGVRUEDWH�LV�D�IXQFWLRQ�RI�DGVRUSWLRQ�RI�DGVRUEHQWV�DQG�DGVRUSWLRQ�LVRWKHUP�
GHVFULEHV� WKH� HTXLOLEULXP� RI� WKH� DGVRUSWLRQ� RI� PDWHULDOV� DW� D� VXUIDFH� DW� FRQVWDQW� WHPSHUDWXUH�� +HUH�
LVRWKHUP�VWXGLHV�ZHUH�SHUIRUPHG�XVLQJ�YDULRXV�FRQFHQWUDWLRQ�RI� WKH�PHWDO� LRQ�UDQJLQJ�IURP���� WR������
PJ�/��)RU�EDWFK� DGVRUSWLRQ� H[SHULPHQW�� ���PJ�RI� DGVRUEHQW�ZDV� HTXLOLEUDWHG�ZLWK����P/�RI� V\QWKHWLF�
)H�,,,��VROXWLRQ�LQ�FRQLFDO�IODVN�IRU����KRXUV�WR�DWWDLQ�HTXLOLEULXP��$OO�WKH�DGVRUSWLRQ�GDWD�ZHUH�WHVWHG�ZLWK�
WKH�/DQJPXLU�DQG�)UHXQGOLFK�LVRWKHUP�PRGHO�XVLQJ�OLQHDU�IRUP�DV�UHSUHVHQWHG�E\�HTXDWLRQV�����DQG������

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

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

:KHUH� ��PJ�/��LV�WKH�HTXLOLEULXP�FRQFHQWUDWLRQ�RI�WKH�PHWDO�LRQ�LQ�DTXHRXV�VROXWLRQ�DQG� �LV�WKH�

DPRXQW� )H�,,,�� DGVRUEHG� DW� HTXLOLEULXP� �PJ�J��� 7KH� /DQJPXLU� FRQVWDQW� � �PJ�J�� UHSUHVHQWV� WKH�

PRQROD\HU�DGVRUSWLRQ�FDSDFLW\��E�/�PJ��WKH�ELQGLQJ�FRQVWDQW��Q��GLPHQVLRQOHVV��D�FRQVWDQW�RI�DGVRUSWLRQ�
LQWHQVLW\�DQG�.I� � �/�PJ�� LV�)UHXQGOLFK�FRQVWDQW� FKDUDFWHUL]LQJ� WKH�DGVRUSWLRQ�FDSDFLW\��7R�H[DPLQH� WKH�

UHODWLRQVKLS�EHWZHHQ�WKH�PHWDO�VRUSWLRQ�FDSDFLW\��� ��DQG�WKH�PHWDO�LRQV�DW�HTXLOLEULXP�� ���WKH�VRUSWLRQ�

HTXLOLEULXP� GDWD� IRU� )H�,,,�� ZDV� FRPSDUHG� WR� /DQJPXLU� DQG� )UHXQGOLFK� LVRWKHUP� PRGHOV�� ZKHUH� WKH�
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/DQJPXLU�DQG�)UHXQGOLFK�FRQVWDQWV�DQG�LWV�FRUUHODWLRQ�FRHIILFLHQWV�HYDOXDWHG�IURP�WKH�LVRWKHUP�IRU�)H���

DUH� JLYHQ� LQ� WDEOH� ��� 7KH� VRUSWLRQ� FKDUDFWHULVWLFV� RI� WKH� PHWDO� LRQV� RQ� WKH� FKDUUHG� VXJDUFDQH� EDJDVVH�
IROORZHG�PRUH�FORVHO\�WKH�/DQJPXLU�LVRWKHUP�PRGHO�WKDQ�WKH�)UHXQGOLFK�LVRWKHUP�PRGHO��7KH�KLJK�YDOXH�
RI� /DQJPXLU� FRUUHODWLRQ� FRHIILFLHQW� FRQILUPHG� WKDW� WKH� /DQJPXLU� LVRWKHUP� LV� WKH� EHVW� ILWWHG� WKDQ�
)UHXQGOLFK� LVRWKHUP�RQWR�&6%��7KH�PD[LPXP�DGVRUSWLRQ� FDSDFLW\� EDVHG� RQ� WKH� H[SHULPHQWDO� UHVXOW� LV�
VKRZQ�LQ�)LJXUH���IRU�ERWK�FKDUUHG�VXJDUFDQH�EDJDVVH�DQG�FDOFLXP�K\GUR[LGH�UHVSHFWLYHO\���

2Q� WKH� RWKHU� KDQG�� WKH� WKHRUHWLFDO� PD[LPXP�PRQROD\HU� FDSDFLW\� � �� RI� WKH� PHWDO� LRQ� EDVHG� RQ�

/DQJPXLU� DGVRUSWLRQ� HTXDWLRQ� ZHUH� GHWHUPLQHG� WR� EH� ������ PJ�J� DQG� ������ PJ�J� IURP� ILJXUH� �� IRU�
FKDUUHG�VXJDUFDQH�EDJDVVH�DQG�FDOFLXP�K\GUR[LGH��7KLV�UHVXOW�LV�LQ�FORVHG�DJUHHPHQW�DJDLQVW�HDFK�RWKHU�
VXJJHVWLQJ�WKDW�LURQ�PHWDO�FDQ�EH�TXDQWLWDWLYHO\�VHTXHVWHUHG�RQ�WR�FKDUUHG�VXJDUFDQH�EDJDVVH�DQG�FDOFLXP�
K\GUR[LGH�� 7KH� HVVHQWLDO� FKDUDFWHULVWLFV� DQG� WKH� IHDVLELOLW\� RI� WKH� /DQJPXLU� LVRWKHUP� LQ� WHUPV� RI� D�

GLPHQVLRQOHVV�FRQVWDQW��VHSDUDWLRQ�IDFWRU�RU�HTXLOLEULXP�SDUDPHWHUV �ZKLFK�LV�GHILQHG�DV�E\�HTXDWLRQ�

�����

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

7KH �YDOXH�LQGLFDWHV�WKH�VKDSH�RI�WKH�LVRWKHUP�DV� �!����XQIDYRUDEOH�� � ����OLQHDU������ �!�

���IDYRUDEOH�� �� ����LUUHYHUVLEOH�DGVRUSWLRQ��7KH�YDOXH�RI� �IRXQG�E\�FDOFXODWLQJ�WKH�GDWD�RI�E��WDNLQJ�

LQLWLDO�WKDW�FRQFHQWUDWLRQ�RI�VRUEDWH�DQG�FRQFOXGHG�WKDW�/DQJPXLU�DGVRUSWLRQ�LVRWKHUP�LV�IDYRUDEOH��

)LJXUH����$GVRUSWLRQ�LVRWKHUP�IRU�DGVRUSWLRQ�RI�)H��,,,��RQWR�&6%�DQG�&D�2+��
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)LJXUH�����/DQJPXLU�3ORW�IRU�$GVRUSWLRQ�RI�)H�,,,��LRQV�RQWR�&6%�DQG�&D�2+���

7DEOH����/DQJPXLU�3DUDPHWHUV�IRU�$GVRUSWLRQ�RI�)H�,,,��

61� $GVRUEHQW� 0HWDO� /DQJPXLU�LVRWKHUP�

TP��PJ�J�� E��/�PJ�� 5�

�� &6%� )H�,,,�� ����� ������� ������

�� &D�2+��� )H�,,,�� ������ ������� ������

$GVRUSWLRQ�.LQHWLFV�

7KH�HIIHFW�RI�FRQWDFW�WLPH�RQ�WKH�UHPRYDO�RI�)H��,,,��LRQV�IURP�DTXHRXV�VROXWLRQ�E\�PRGLILHG�DGVREHQW�
ZDV��$GVRUSWLRQ�NLQHWLFV�RI�PHWDO�LRQV�ZHUH�REWDLQHG�ZLWKLQ�FRQWDFW�WLPHV�EHWZHHQ���WR�����PLQXWHV�IRU�
WKH�UHPRYDO�RI�)H��,,,��XVLQJ�&6%�DQG�SUHFLSLWDWLQJ�UHDJHQW�&D��2+����$GVRUSWLRQ�LQFUHDVHV�ZLWK�WLPH�DQG�
ILQDOO\�HTXLOLEULXP�SRLQW�LV�DWWDLQHG�ZKLFK�DUH�VKRZQ�LQ�ILJXUH���DQG����.LQHWLF�VWXGLHV�IRU�WKH�DGVRUSWLRQ�
RI�)H��,,,��ZDV�VWXGLHG�XVLQJ�GLIIHUHQW�NLQHWLF�PRGHOV��SVHXGR�ILUVW�RUGHU��/DJHUJUHQV�������DQG�SVHXGR�
VHFRQG�RUGHU��+R���������7KH�SVHXGR�VHFRQG�RUGHU�NLQHWLF�HTXDWLRQ���LV�ZHOO�ILWWHG�XVHG�DV�WKH�IROORZLQJ�
IRUP��

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

:KHUH� ��PJ�J��LV�WKH�DPRXQW�RI�DGVRUSWLRQ�DW�WLPH�W��PLQ��� ��J�PJ����PLQ������LV�WKH�UDWH�FRQVWDQW�

RI� WKH� SVHXGR� VHFRQG� RUGHU� NLQHWLFV� DGVRUSWLRQ�� 7KH� YDOXHV� RI� � � � DQG� � � � FDQ� EH� REWDLQHG� IURP�

LQWHUFHSW�DQG�VORSH�RI� WKH�SORW�DQG� WKH�H[SHULPHQWDO�GDWD�FDQ�EH�H[SODLQHG�E\� WKH�SVHXGR�VHFRQG�RUGHU�
NLQHWLF�PRGHO�� ZLWK� WKH� FRUUHODWLRQ� FRHIILFLHQW� 5�� EHLQJ� DOPRVW� XQLW\� ������� IRU� WKH� )H� �,,,�� LRQV�� 7KH�

H[SHULPHQWDO�YDOXH�RI� �ZDV�IRXQG�IURP�WKH�SORW�WKDW�LV�EDVHG�RQ�NLQHWLF�PRGHO�DV�VKRZQ�LQ�)LJXUH����
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)LJXUH�����$GVRUSWLRQ�.LQHWLFV�IRU�$GVRUSWLRQ�RI�)H�,,,��RQWR�&6%�

������������������ )LJXUH����.LQHWLFV�IRU�6HSDUDWLRQ�RI�)H�,,,��XVLQJ�&D�2+���

)LJXUH����3VHXGR�6HFRQG�2UGHU�.LQHWLFV�IRU�$GVRUSWLRQ�RI�)H�,,,��RQWR�&6%�DQG�&D�2+��
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3VHXGR�VHFRQG�RUGHU�SORW�RI� �W�TW��YHUVXV� W�JDYH�SHUIHFW�VWUDLJKW� OLQH� IRU� WKH� UHPRYDO�RI�)H�,,,��RQWR�
&6%� DQG� &D�2+��DQG� LW� SURYHV� WKDW� WKH� DGVRUSWLRQ� UHDFWLRQ� IROORZV� WKH� SVHXGR� VHFRQG� RUGHU� NLQHWLFV�
PRGHO�� 7KH� FRUUHODWLRQ� FRHIILFLHQW� LV� ����� FRQIRUP� WKDW� WKH� DGVRUSWLRQ� UHDFWLRQ� IROORZV� SVHXGR� VHFRQG�
RUGHU� PRGHO�� 7KH� YDOXH� RI� FRUUHODWLRQ� FRHIILFLHQW� DQG� WKH� UDWH� FRQVWDQW� IRU� PHWDOV� DQG� DGVRUEHQWV� DUH�
VKRZQ� LQ� WKH� WDEOH��2Q� WKH� LQFUHDVLQJ� WKH� WLPH� WKH�SUHFLSLWDWLQJ� UDWH�ZDV� LQFUHDVHV�ZLWK� WKH� LQLWLDO�GRVH�
�����PJ�/��WKH������UHPRYDO�ZDV�IRXQG�DW�����PLQXWHV�DQG�QHDUO\�WR�����DW����PLQXWHV��

&RQFOXVLRQV�

7KH�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�FKDUUHG�VXJDUFDQH�EDJDVVH�DQG�LQRUJDQLF�EDVH�FDOFLXP�K\GUR[LGH�FDQ�
EH�XVHG�IRU� WKH� UHPRYDO�RI�)H�,,,�� IURP�WKH�DTXHRXV�VROXWLRQ� WKURXJK�DGVRUSWLRQ�DQG�SUHFLSLWDWLRQ��7KH�
HIILFLHQF\� RI� WKH� DGVRUEHQW� FDQ� EH� LQFUHDVHG� E\� FKHPLFDO� PRGLILFDWLRQ�� 7KH� RSWLPXP� S+� IRU� WKH�
DGVRUSWLRQ�RI�)H�,,,��RQWR�&6%�LV�WR�EH�IRXQG�����DQG�SUHFLSLWDWLRQ�LV�FRPSOHWHG�DW�S+���XVLQJ�SUHFLSLWDQW�
&D�2+����7KH�PD[LPXP�DGVRUSWLRQ�TP�ZDV� IRXQG����PJ�J�RQWR�&6%�DQG�TP����PJ�� J�ZDV� IRXQG� IRU�
&D�2+��� DQG� ERWK� IROORZ� WKH� SVHXGR� VHFRQG� RUGHU� NLQHWLFV�� /DQJPXLU� DGVRUSWLRQ� LVRWKHUP�PRGHO�ZDV�
IRXQG�WR�EH�PRUH�ILWWHG�WKDQ�)UHXQGOLFK�PRGHO��7KH�HTXLOLEULXP�WLPH�IRU�WKH�DGVRUSWLRQ�ZDV�IRXQG�WR�EH�
��� PLQXWHV� IRU� WKH� DGVRUSWLRQ� RI� )H�,,,�� LRQV� RQWR� &6%� DQG� IRU� FRPSOHWH� SUHFLSLWDWLRQ� UHTXLUHG� ����
PLQXWHV�XVLQJ�&D��2+�����

%DVHG�RQ�WKLV�VWXG\��LW�LV�FRQFOXGHG�WKDW�PRGLILHG�VXJDUFDQH�EDJDVVH�FDQ�EH�XVHG�DV�ORZ�FRVW�DGVRUEHQW�
IRU�WKH�UHPRYDO�RI�)H�,,,��DQG�LW�LV�VXSHULRU�WR�WKH�LQRUJDQLF�SUHFLSLWDWLQJ�DJHQW�FDOFLXP�K\GUR[LGH��

$FNQRZOHGJHPHQW

7KH� DXWKRUV� DUH� WKDQNIXO� WR� WKH� +HDG� RI� WKH� 'HSDUWPHQW� RI� &KHPLVWU\�� $PULW� &DPSXV�� 7ULEKXYDQ�
8QLYHUVLW\��.DWKPDQGX��1HSDO�IRU�SURYLGLQJ�WKH�DYDLODEOH�UHVHDUFK�IDFLOLWLHV�WR�FRQGXFW�WKLV�UHVHDUFK�ZRUN��

5HIHUHQFHV

�� 3�/���+RPDJDL��-��1HSDO�&KHP��6RF�����������������
�� �9�.��*XSWD��6��6KDUPD��(QYLURQ��6FL��7HFKQRO�� �����������������
�� /�<���0XODXG]L��-�)�9���6WDGHQ��5�,��6WHIDQ���$QDO��&KLP��$FWD�����������������
�� 7���%DODML��+���0DWVXQDJD��$QDO��6FL�������������������
�� $���;XH��6��4LDQ��*��+XDQJ��;��+DQ��$QDO\VW�������������������
�� $��;XH��6��4LDQ��*��+XDQJ��/��&KHQ��-��$QDO��$W��6SHFWURP�������� ����������
�� $��6DIDYL��+��$EGROODKL���-��0LFURFKHP����������������������
�� 5-��.LHEHU��.��:LOOLDPV��-�'��:LOOH\��6��6NUDEDO��*�%��$YHU\�-U���0DULQH�&KHP�����������������
�� =��$NVX��$��&DOLN��$�<��'XUVXQ��=��'HPLUFDQ���3URFHVV�%LRFKHP�����������������
��� �3�/��+RPDJDL��.�1��*KLPLUH��.��,QRXH��6HS��6F��7HFKQRO������������������
��� :�:�6��1DJK��0�$�.�0�+DQDILDK��7HFKQRO�������������������
��� &�5�7��7DUOH\��6�/�&��)HUUHLUD��0�$�=��$UUXGD��-��0LFURFKHP������������������
��� 5�0��5RZHOO��)�0��.HDQ\��)LEHU�ERDUGV�PDGH�IURP�DFHW\ODWHG�EDJDVVH�ILEHUV��:RRG�)LEHU�6FL���

��������������
��� ,��$OL��9�.��*XSWD��1DW��3URWRF����������������������
��� '��0RKDQ��.�3��6LQJK�:DWHU�5HV�������������������
��� '��0RKDQ��-U�&�8��3LWWPDQ��-��+D]DUG��0DWHU�������������������
��� 8��*DUJ��0�3��.DXU��*�.��-DZD��'��6XG��9�.��*DUJ� -��+D]DUG��0DWHU��������������������
��� 0��5DR��$�9��3DUZDWH��$�*��%KROH��:DVWH�0DQDJH������������������
��� (�0��6ROLPDQ��6�$��$KPHG��,QW��-��(QYLURQ��$QDO��&KHP������������������
ϮϬ͘ <�6��+R��*��0F.D\��3URFHVV�%LRFKHP����������������


