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$EVWUDFW5HFHQWO\�� XVH� RI� QDWXUDOO\ �RFFXUULQJ� ORZ�FRVW� DQG� KDUPOHVV� PDWHULDO� IRU�UHPRYDO�RI�WUDFH�FRQWDPLQDQWV�IURP�FRORUHG�ZDVWHZDWHU�KDV�DWWUDFWHG�H[WHQVLYH�DWWHQWLRQ��,Q�WKLV�VWXG\��VLONZRUP�SXSD�KDV�EHHQ�XVHG�DV�D�EDVLF�G\H�DGVRUEHQW��$GVRUSWLRQ� FDSDFLW\� DQG� LVRWKHUPV� KDYH� EHHQ� DVVHVVHG�� 5HVXOWV� VKRZ� WKDW�DGVRUSWLRQ�LVRWKHUPV�FDQ�EH�H[SUHVVHG�ZHOO�E\�/DQJPXLU�HTXDWLRQ���7KH�HIIHFWV�RI� SDUDPHWHUV� VXFK� DV� S+�� WHPSH UDWXUH�� DJLWDWLRQ� WLPH� DQG� VSHHG� RQ� WKH�DGVRUSWLRQ�HIILFLHQF\�ZHUH�LQYHVWLJDWHG��,W�ZDV�IRXQG�WKDW�DPRQJ�WKRVH�IDFWRUV�WKH� S+� LV� WKH� PRVW� SURQRXQFHG� RQH�� $OVR� WKH� DGVRUSWLRQ� FDSDFLW\� RI� SXSD�WRZDUGV� WKH� YDULRXV� FDWLRQLF� G\HV� LV� FKDQJHG� DV� IROORZV�� EDVLF� EOXH� !EDVLF�\HOORZ�!EDVLF�UHG�.H\ZRUGV� $GVRUSWLRQ�� ,VRWKHUP�� &RORU� 5HPRYDO�� 6LONZRUP� 3XSD�� %DVLF� '\HV��:DVWHZDWHU

�� &RUUHSRQGLQJ�DXWKRU��EQRURR]L#DXW�DF�LU�� $UDPL#DXW�DF�LU�� EQRURR]L#DXW�DF�LU

,QWURGXFWLRQ7H[WLOH� HIIOXHQWV� DUH� DPRQJ� WKH� PRVW�SROOXWLQJ� LQGXVWULDO� ZDVWHV� DQG� GLVSRVDO� RI�VXFK�ZDVWHV� UHTXLUHV�PXFK� DWWHQWLRQ>�@�� 7KHHIIOXHQWV� IURP� WKH� G\HLQJ� DQG� ILQLVKLQJ�SURFHVVHV� DUH� NQRZQ� WR� FRQWDLQ� FRORU�� KLJK�DPRXQWV� RI� VXUIDFWDQWV�� GLVVROYHG� VROLGV� DQG�SRVVLEO\�KHDY\�PHWDOV�VXFK�DV�&U��1L�DQG�&X�>���@�� 6R� WKH� WH[WLOH� LQGXVWU\� LV� FRQWLQXLQJ�FRQFHUQ� IRU� WKH� HQYLURQPHQW� >�@�� )URP� DQ�HQYLURQPHQWDO�SRLQW�RI�YLHZ�� WKH� UHPRYDO�RI�V\QWKHWLF� G\HV� LV� RI� JUHDW� FRQFHUQ�� EHFDXVH�VRPH�G\HV�DQG�WKHLU�GHJUDGDWLRQ�SURGXFWV�DUH�FRQVLGHUHG�WR�EH�FDUFLQRJHQV�>���@�DQG�WR[LF��&RQVHTXHQWO\��LQ�WKHLU�WUHDWPHQW�QRW�RQO\�ELR�

GHJUDGDWLRQ�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW��EXW�DOVR�FRPSOHPHQWDU\�PHWKRGV�RI�WUHDWPHQW�DUH�UHTXLUHG�� 2Q� WKH� RWKHU� KDQG�� G\HV� LPSHGH�OLJKW� SHQHWUDWLRQ�� ZKLFK� FDQ� DIIHFW� WKH�SKRWRV\QWKHWLF� DFWLYLW\� RI� DTXDWLF� SODQWV� DQG�UDLVH�WKH�FKHPLFDO�R[\JHQ�GHPDQG�>�����@��6R�WKH�G\HV�PXVW�EH�HOLPLQDWHG�QRW�RQO\�EHFDXVH�RI� WKHLU� WR[LFLW\ EXW� DOVR�PDLQO\�GXH� WR� WKHLU�YLVLELOLW\�>�@�6HYHUDO� GLIILFXOWLHV� DUH� HQFRXQWHUHG� LQ�UHPRYDO�RI�G\HV�IURP�ZDVWHZDWHU��%\�GHVLJQ��G\HV� DUH� KLJKO\� VWDEOH� PROHFXOHV�� PDGH� WR�UHVLVW� GHJUDGDWLRQ� E\� OLJKW�� FKHPLFDO��ELRORJLFDO�DQG�RWKHU�H[SRVXUHV�>�@��5HFHQWO\��WKH� SRVVLELOLW\� RI� DQ� DGVRUSWLRQ� SURFHVV� WR�
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UHPRYH� G\HVWXIIV� GLVFKDUJHG� IURP� WH[WLOH�LQGXVWULHV�KDV�EHHQ�FRQVLGHUHG�>�@�DQG�LW�KDV�EHHQ� IRXQG� WKDW� DGVRUSWLRQ� LV� VXSHULRU� WR�RWKHU� WHFKQLTXHV� >���@�� $W� SUHVHQW� WKHUH� LV�JURZLQJ� LQWHUHVW� LQ� XVLQJ� ORZ�FRVW��FRPPHUFLDOO\�DYDLODEOH� PDWHULDOV� IRU� WKH�DGVRUSWLRQ� RI� G\HV� >�@�� $OWKRXJK� WKH� PRVW�ZLGHO\� XVHG� LQGXVWULDO� DGVRUEHQW� LV� DFWLYDWHG�FDUERQ� EXW� LW� LV� H[SHQVLYH� DQG� LWV� ILOWUDWLRQ�DQG� UHJHQHUDWLRQ� LV� QRW� FRVW� HIIHFWLYH�� $�ZLGH� YDULHW\� RI� PDWHULDOV� VXFK� DV� IO\� DVK��SHDW�� SKHQROLF� UHVLQV�� PDL]H� FRE�� DFWLYDWHG�VOXGJH��QDWXUDO�FOD\V��ZRRG�FKLSV��VXJDU�EHHW�SXOS��ROLYH�PLOO�SURGXFW��FHOOXORVLF�PDWHULDOV��FKLWLQ�� FKLWRVDQ�� ULFH� KXVN�� FRFRQXW� VKHOO��DOJLQDWH��VDZ�GXVW��OLJQLWH��FRWWRQ�ZDVWH��WHDN�ZRRG� EDUN�� ERLOHU� ERWWRP� DVK�� VXOSKRQDWHG�FRDO�� VSKDJQXP� SHDW�� ]HROLWH�� RUDQJH� SHHO��HJJ� VKHOO� DQG� EHQWRQLWH� KDYH� EHHQ� XVHG� DV�DGVRUEHQWV�IRU�UHPRYDO�RI�G\HV��KHDY\�PHWDOV�DQG�RWKHU�FRQWDPLQDQWV >������������@��,Q�WKLV�ZRUN��WKH�SRVVLELOLW\�RI�XVLQJ�VLONZRUP�SXSD��ZKLFK� LV� WKH�ZDVWH�RI�VLON�VSLQQLQJ� LQGXVWU\��DV� DQ� DGVRUEHQW� IRU� G\HV� UHPRYDO� IURP� WKHLU�DTXHRXV� VROXWLRQ� KDV� EHHQ� LQYHVWLJDWHG��%HFDXVH�RI�DPLQR�DFLG�QDWXUH�RI�SXSD��LW�ZDV�SUHGLFWHG� WKDW� LW� FRXOG� KDYH� D� UHDVRQDEOH�FDSDELOLW\�IRU�G\H�DGVRUSWLRQ��%HFDXVH�RI�WKH�QDWXUH� RI� FDWLRQLF� G\HV�� WKH� DGVRUSWLRQ�HIILFLHQF\� RI� GLIIHUHQW� DGVRUEHQWV� WRZDUGV�WKHP�KDV�EHHQ�UHSRUWHG�WR�EH�ORZ>��@��'XH�WR�WKLV� VKRUWFRPLQJ�� LW� ZDV� GHFLGHG� WR� VWXG\�HOLPLQDWLRQ�RI�EDVLF�G\HV�E\�VLONZRUP�SXSD��7KH� FRPPRQ� DQDO\VLV� RI� VLONZRUP� SXSD� LV�VKRZQ� LQ� 7DEOHV� �� DQG� ��� )LJXUH� �� VKRZV�VLONZRUP�SXSD�LQ�RULJLQDO�DQG�SRZGHU�IRUPV��$GVRUSWLRQ� VWXG\� ZDV� FDUULHG� RXW� E\�DVVHVVPHQW�RI� WZR�DGVRUSWLRQ� LVRWKHUPV�� L�H���/DQJPXLU�DQG�)UHXQGOLFK�
0DWHULDOV�DQG�0HWKRGV����$GVRUEHQW�DQG�'\HV,UDQLDQ�VLONZRUP�SXSD�ZDVWHV��REWDLQHG�IURP�VLON� VSLQQLQJ� SURFHVV�� ZHUH� ZDVKHG�� GULHG��DQG� JURXQG��7KH� SRZGHUHG� SXSD�ZDV� VLHYHG�DQG� XVHG� DV� DQ� DGVRUEHQW�� %DVLF� G\HV�

LQFOXGHG� &�� ,�� %DVLF� 5HG� ���� &�� ,�� %DVLF�<HOORZ� ��� DQG� &�� ,�� %DVLF� %OXH����FRPPHUFLDO�JUDGHV������$GVRUSWLRQ�6WXGLHV%DWFK� VRUSWLRQ� VWXGLHV� ZHUH� FDUULHG� RXW� E\�DJLWDWLQJ�����PO�RI�G\H�VROXWLRQV�RI�GLIIHUHQW�FRQFHQWUDWLRQV�DQG��J�RI�GU\�SXSD�SRZGHU�LQ�D���OLW�EHDNHU�IRU�����KU�DW�URRP�WHPSHUDWXUH���� $ &��� $IWHU� UHDFKLQJ� HTXLOLEULXP�� G\H�VROXWLRQV�FRQFHQWUDWLRQV�ZHUH�PHDVXUHG�E\�D�VSHFWURSKRWRPHWHU� LQ� WKH� PD[LPXP�ZDYHOHQJWK�� 7ZR� DGVRUSWLRQ� LVRWKHUPV��/DQJPXLU� DQG� )UHXQGOLFK�� ZHUH� ILWWHG� DQG�DGVRUSWLRQ� HTXDWLRQ� FRQVWDQWV� ZHUH�GHWHUPLQHG�� 3DUDPHWHUV� VXFK� DV� DJLWDWLRQ�WLPH� DQG� VSHHG�� S+� DQG� G\H� FRQFHQWUDWLRQ�ZHUH�VWXGLHG�
5HVXOWV�DQG�'LVFXVVLRQ7KH�JHQHUDO�DGVRUSWLRQ� LVRWKHUP�LV�VKRZQ�LQ�)LJXUH����7KH� WLPH� WR� UHDFK�HTXLOLEULXP�ZDV�IRXQG� WR� EH� DERXW� ���� KRXUV�� 7R� GHWHUPLQH�ZKLFK� LVRWKHUP� FDQ� EH� ILWWHG� WR� WKHVH� GDWD��WKH� OLQHDU� IRUP� RI� )UHXQGOLFK� DQG�/DQJPXLU�HTXDWLRQV>�����@ �HTXDWLRQ� �� DQG� ���UHVSHFWLYHO\�� ZHUH� DSSOLHG� DQG� UHJUHVVLRQ�FRHIILFLHQWV RI�WZR�FXUYHV�ZHUH�FDOFXODWHG�

HH
H D&DED&E&[P �� � � ���

QHN&P[  ���
ZKHUH� P[ LV�WKH DPRXQW�RI�DGVRUEHG�PDWHULDO�SHU�XQLW�PDVV�RI� DGVRUEHQW� �PJ�J��� H& LV� WKH�HTXLOLEULXP�FRQFHQWUDWLRQ�RI�VROXWLRQ� �PJ�O���D DQG� E DUH�/DQJPXLU�FRQVWDQWV��DQG� N DQG�Q DUH�)UHXQGOLFK�FRQVWDQWV�7KH�UHVXOWV�DUH�VKRZQ�LQ�)LJXUHV���DQG���DQG�7DEOHV� �� DQG� �� $V� LV� VKRZQ�� DOWKRXJK� ERWK�/DQJPXLU� DQG� )UHXQGOLFK� LVRWKHUPV� FDQ� EH�ILWWHG WR�H[SHULPHQWDO�GDWD� WKH�IRUPHU�LV�WKH
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7DEOH��� 6LONZRUP�SXSD�SURWHLQ�QXWULWLRQ�FRPSRQHQWV>��@�3URMHFW 8QLW 5HVXOW 3URMHFW 8QLW 5HVXOW3URWHLQ � ����� =LQF SSP ��)DW � ���� 3KRVSKRU SSP ��:DWHU � ���� &DOFLXP SSP �����$VK � ���� 0DJQHVLXP SSP ������2WKHU � ���� ,URQ SSP ���
7DEOH��� 6LONZRUP�SXSD�SURWHLQ�DPLQR DFLG�DQDO\VLV�

$PLQR�DFLG 6LONZRUP�SXSD�SURWHLQ� $PLQR�DFLG 6LONZRUP�SXSD�SURWHLQ��7KUHRQLQH ���� $VSDUWLF�DFLG ����6XOSKXU�DPLQR�DFLG ���� 6HULQH ����9DOLQH ���� *OXWDPLF�$FLG ����,VROHXFLQH ���� 3UROLQH ����/HXFLQH ���� *O\FLQH ����7U\SWRSKDQ ���� $ODQLQH ����/\VLQH ���� +LVWLGLQH ����$UJLQLQH ����

D E3LFWXUH �� 6LONZRUP�SXSD���D��RULJLQDO�IRUP����E�SRZGHU�IRUP�
PRVW� VXLWDEOH� RQH� IRU� DOO� WKH� WKUHH� G\HV��DFFRUGLQJ� WR� WKH� YDOXHV� RI� 5��� 3DUDPHWHUV�UHODWHG�WR�HDFK�LVRWKHUP�KDYH�EHHQ�VKRZQ�LQ�7DEOH� ��� 0D[LPXP� FDSDFLW\� RI� G\H� DGVRUS�WLRQ� IRU� SXSD� FDQ� EH� FDOFXODWHG� IURP�/DQJPXLU� LVRWKHUP�SDUDPHWHUV�� L�H��4 E�D��,W�LV�FOHDU�WKDW�WKH�FDSDFLW\�RI�WKH�DGVRUEHQW�IRU�WKH�EDVLF�EOXH�G\H�LV�WKH�JUHDWHVW�7KH� HVVHQWLDO� FKDUDFWHULVWLFV RI� WKH� /DQJ�PXLU� LVRWKHUP� FDQ� EH� H[SUHVVHG� E\� D� GLP�HQVLRQOHVV�FRQVWDQW�FDOOHG�HTXLOLEULXP�SDU�DPHWH� 5/�� ZKLFK� LV� GHILQHG� E\� HTXDWLRQ��>��@�5/  ����������E&R� ���

ZKHUH�E LV�WKH�/DQJPXLU�FRQVWDQW�DQG�&R LV�WKH�LQLWLDO�G\H�FRQFHQWUDWLRQ��PJ�O��7KH� VXLWDEOH� 5/ YDOXHV� ZHUH� IRXQG� WR� EH�EHWZHHQ���DQG���� WKH�FDOFXODWHG�YDOXH�RI�5/�IRU� HDFK� G\H LV� OLVWHG� LQ� 7DEOH� ��� ,Q� WKH�SUHVHQW�VWXG\��WKH�FRPSXWHG�YDOXHV�RI�5/ DUH�REVHUYHG�WR�EH�LQ�WKH�UDQJH�RI������LQGLFDWLQJ�WKDW� WKH� DGVRUSWLRQ� SURFHVV� LV� IDYRUDEOH� IRU�WKLV� DGVRUEHQW�� ,Q� WKH� FDVH� RI� )UHXQGOLFK�HTXDWLRQ��Q YDOXHV�ZHUH�IRXQG�WR�EH�OHVV�WKDQ�XQLW\� LQGLFDWLQJ WKDW� WKH� LVRWKHUPV� FDQ EHFKDUDFWHUL]HG� E\� D� FRQYH[� )UHXQGOLFK�LVRWKHUP�
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)LJXUH��� %DVLF�G\H�DGVRUSWLRQ�LVRWKHUP�RI�SXSD�

)LJXUH� �� 7KH� OLQHDU� IRUP� RI� /DQJPXLU� DGVRUSWLRQ�LVRWKHUP

)LJXUH� ���7KH� OLQHDU� IRUP� RI� )UHXQGOLFK� DGVRUSWLRQ�LVRWKHUP�

7DEOH��� /DQJPXLU�DGVRUSWLRQ�LVRWKHUP�SDUDPHWHUV�RI�G\HV�IRU�WKH�DGVRUEHQW�
5�4  D�E�PJ�J�ED'\HV��&��,��%DVLF� ����������������������5HG����

���������������������<HOORZ����
����������������������%OXH���

7DEOH��� )UHXQGOLFK�DGVRUSWLRQ�LVRWKHUP�SDUDPHWHUV�RI�G\HV�IRU�WKH�DGVRUEHQW�
5�NQ'\HV��&��,��%DVLF� �������������5HG���� �������������<HOORZ���� ��������������%OXH���

7DEOH��� (TXLOLEULXP�SDUDPHWHUV�IRU�EDVLF�G\HV�5/ IRU��'\HV��&��,��%DVLF���%OXH���<HOORZ����5HG���&� �PJ�O��
�������������������� �������������������� ��������������������� ��������������������� ��������������������� ���������������������

)LJXUH� �D� (IIHFW� RI� LQLWLDO� G\H� FRQFHQWUDWLRQ� RQ�DGVRUEHG�G\HV



1RURR]L��$UDPL� %DKUDPL

,UDQLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHULQJ��9RO���� 1R��� ��

�
��
��
��

���

��� ��� ��� ��� ���DJLWDWLRQ�VSHHG��USP�

FRORU
�UHPR

YDO���
�

���
����
����
����
��

� � � � � ��S+

FRORU
�UHPR

YDO���
�

�
��
��
��
��
���

� ��� ��� ��� ���&R�PJ�O�
&RORU�

UHPRY
DO����

EDVLF�\HOORZ EDVLF�EOXH EDVLF�UHG

)LJXUH��E� (IIHFW�RI�S+�RQ�WKH�EDVLF�G\HV�UHPRYDO�E\�VLONZRUP�SXSD�$FFRUGLQJ�WR�)LJXUHV���DQG�����E\�LQFUHDVLQJ�WKH� LQLWLDO�G\H�FRQFHQWUDWLRQV�� WKH�SHUFHQWDJH�UHPRYDO� GHFUHDVHV� EXW� WKH� DPRXQW� RI�DGVRUEHG�G\H�SHU�XQLW�PDVV�RI�DGVRUEHQW��TH��LQFUHDVHV�� 7KLV� LQGLFDWHV� WKDW� ODFN� RI�DYDLODEOH� DFWLYH� VLWHV� �H�J��� &22��� IRU� WKH�KLJK� LQLWLDO� FRQFHQWUDWLRQ�� UHGXFHV� UHPRYDO��2Q�WKH�RWKHU�KDQG��WKLV�SKHQRPHQRQ�GHSHQGV�RQ�WKH�S+�RI�WKH�G\H�VROXWLRQV�WKDW�FDQ�DIIHFW�LRQL]DWLRQ� RI� DFLG� DQG� DPLQR� JURXSV�� 7KH�HIIHFW� RI� LQLWLDO� S+� RI� VROXWLRQV� LV� VKRZQ� LQ�)LJXUH����$V�SUHGLFWHG���WKH�ILJXUH�VKRZV�WKDW�DW� ORZ� S+�� DGVRUEHQW� KDV� D� SRVLWLYH� FKDUJH��DFLG� JURXSV� DUH� EORFNHG� ZLWK� WKH� SRVLWLYH�FKDUJHV��� 7KHUHIRUH�� WKHUH� LV� UHSXOVLRQ�EHWZHHQ� G\H� PROHFXOHV� �EDVLF� G\HV�� DQG�DGVRUEHQW��6R��WKH�FRORU�UHPRYDO�ZLOO�EH�ORZ��%\� LQFUHDVLQJ�S+��QHJDWLYH�FKDUJH�LV�FUHDWHG�RQ� WKH� VXUIDFH� RI� DGVRUEHQW� DQG� EHFDXVH� RI�WKH� DWWUDFWLRQ� EHWZHHQ� G\HV� DQG� DGVRUEHQW��KLJK� FRORU� UHPRYDO� HIILFLHQF\� LV� DFKLHYHG��7KHUHIRUH�� LW� FDQ� EH� VXJJHVWHG� WKDW� WKH�SUHGRPLQDQW�PHFKDQLVP�RI�DGVRUSWLRQ�LQ�WKLV�FDVH�LV�FKHPLVRUSWLRQ�$OVR�� WKH� HIIHFW� RI� WKH� DJLWDWLRQ� VSHHG� KDV�EHHQ� LQYHVWLJDWHG�� )LJXUH� �� VKRZV� WKDW�DOWKRXJK� WKHUH� LV� QR� VLJQLILFDQW� FKDQJH� LQ�FRORU� UHPRYDO� E\� LQFUHDVLQJ� WKH� DJLWDWLRQ�VSHHG�� WKHUH� LV� DQ� RSWLPXP� VSHHG� DW� ZKLFK�DGVRUSWLRQ� ZLOO� EH� DW� PD[LPXP�� 7KLV�GLIIHUHQFH�LV�LPSRUWDQW�IRU�FRORU�UHPRYDO�DQG�PXVW� EH� QRWLFHG� ,Q� IDFW�� WKLV� GLIIHUHQFH�YDULHG� EHWZHHQ� ������� IRU� GLIIHUHQW� G\HV�� ,W�

LV� EHOLHYHG� WKDW� DW� ORZ� VSHHG�� WKHUH� LV� QRW�HQRXJK� HIIHFWLYH� FRQWDFW� EHWZHHQ�PROHFXOHV�RI� G\HV� DQG� DGVRUEHQW�� 2Q� WKH� RWKHU� KDQG��KLJK�VSHHG� DJLWDWLRQ� FDQ� EUHDN� ERQGV�EHWZHHQ� G\HV� DQG� DGVRUEHQW� DQG� FDXVH�UHGXFWLRQ�LQ�FRORU�UHPRYDO�

)LJXUH��D� (IIHFW�RI�LQLWLDO�G\H�FRQFHQWUDWLRQ�RQ�FRORU�UHPRYDO

)LJXUH��E� (IIHFW�RI�DJLWDWLRQ�VSHHG�RQ�FRORU�UHPRYDO��&��,��%DVLF�UHG�����
&RQFOXVLRQ,Q�WKLV�VWXG\��LW�KDV�EHHQ IRXQG�WKDW�VLONZRUP�SXSD�KDV�D�IDLUO\�JRRG�DGVRUSWLRQ�SURSHUW\�IRU�EDVLF�G\HV��3DUDPHWHUV� VXFK�DV�S+��DJLWDWLRQ�WLPH� DQG� VSHHG� RI� DJLWDWLRQ� KDYH� EHHQ�LQYHVWLJDWHG�� 7KH� PRVW� LPSRUWDQW� IDFWRU� IRU�WKLV� DGVRUEHQW� LV� S+� RI� WKH� VROXWLRQ�� 7KLV�HIIHFW�FDQ�EH�UHODWHG�WR�WKH�DPLQR�DFLG�QDWXUH�RI� VLONZRUP� SXSD�� 6R�� E\� S+� DGMXVWPHQW� LW�FDQ�EH�XVHG�IRU�RWKHU�G\H�FODVVHV��DV�ZHOO�
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