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7KLV� PHPR� LV� D� FRQWLQXDWLRQ� RI� UHVXOWV
UHSRUWHG�IURP�D�VWXG\�WKDW�FRPSDUHG�EURDGFDVW
EXUQLQJ� WR� DOWHUQDWLYH� VLWH� SUHSDUDWLRQ� SUDF�
WLFHV�� )RXU� VLWH� SUHSDUDWLRQ� WUHDWPHQWV� LQ�
FOXGLQJ� GLVF� WUHQFKLQJ�� SLOH�DQG�EXUQ�� EURDG�
FDVW�EXUQLQJ��DQG�QR�WUHDWPHQW�ZHUH�FRPSDUHG

IRU� GLIIHUHQFHV� LQ� VRLO� SURSHUWLHV�� VRLO� GLV�
WXUEDQFH� OHYHOV�� DQG� VHHGOLQJ� SHUIRUPDQFH�� ,Q
WKLV� PHPR�� VHHGOLQJ� UHVSRQVH� DIWHU� WKUHH
JURZLQJ� VHDVRQV� ZLOO� EH� H[DPLQHG� DFURVV� WKH
WUHDWPHQWV��DV�ZHOO�DV�URRW�JURZWK�IURP�YDULRXV
WUHDWPHQW�PLFURVLWHV�
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7KH� VWXG\� LV� ORFDWHG� ��� NP� QRUWKHDVW� RI
6PLWKHUV� LQ� WKH� %XONOH\� )RUHVW� 'LVWULFW�� RQ� D
PHVLF� VLWH� ZLWK� D� JHQWO\� VORSLQJ� QRUWK� DVSHFW�
WUDQVLWLRQDO� EHWZHHQ� WKH� 6%6PF� DQG� (66)PF
VXE]RQHV��HOHYDWLRQ�����P���7KH�VLWH�KDV�ZHOO�
GUDLQHG� WR� PRGHUDWHO\� ZHOO�GUDLQHG� VRLOV� RI
ORDP� WR� VLOW\� FOD\� ORDP� WH[WXUH�� D� YDULDEOH
FRDUVH� IUDJPHQW� FRQWHQW� ������� YROXPH��� ���
FP�RI� IRUHVW� IORRU� �KHPLPRU��� DQG�KDV� D� JHQWOH
VORSH�JUDGLHQW��������

$� UDQGRPL]HG� VWXG\� GHVLJQ� ZDV� XVHG�
ZLWK� WKUHH� UHSOLFDWHV� QHVWHG� ZLWKLQ� IRXU� VLWH
SUHSDUDWLRQ� WUHDWPHQW� W\SHV� �EURDGFDVW� EXUQ�
SLOH�DQG�EXUQ�� GLVF� WUHQFK�� DQG� QR� WUHDWPHQW��
(DFK� WUHDWPHQW� XQLW� ZDV� SODQWHG� ZLWK
ORGJHSROH�SLQH��3LQXV�FRQWRUWD�'RXJO��H[�/RXG�
DQG� K\EULG� ZKLWH� VSUXFH� �3LFHD� JODXFD

>0RHQFK@� 9RVV� [� HQJHOPDQQLL�3DUU\� H[� (QJHO�
PDQQ�� VHHGOLQJV� ����� ���� SLQH� VWRFN�� ���� ���
VSUXFH�VWRFN��

0HDVXUHPHQWV� RI� KHLJKW� JURZWK� DQG
FDOLSHU�ZHUH�WDNHQ�DIWHU�WKUHH�JURZLQJ�VHDVRQV
IRU���� VHHGOLQJV� IURP�HDFK� UHSOLFDWH��7KH�GLVF�
WUHQFK� VHHGOLQJV� ZHUH� SODQWHG� DW� WKH� KLQJH
PLFURVLWH�� ZKLOH� WKH� SLOH�DQG�EXUQ� VHHGOLQJV
ZHUH�SODQWHG�RQ�DQG�EHWZHHQ�EXUQ�SLOHV��5RRW
JURZWK�ZDV�H[DPLQHG�DIWHU�WKH�VHFRQG�JURZLQJ
VHDVRQ� E\� UDQGRPO\� VHOHFWLQJ� DQG� H[FDYDWLQJ
VHHGOLQJV� IURP�QLQH�GLIIHUHQW�PLFURVLWHV�DFURVV
WKH� IRXU� WUHDWPHQWV�� $W� OHDVW� IRXU� VHHGOLQJV
ZHUH� VDPSOHG� IURP� HDFK� PLFURVLWH�� (PHUJHQW
URRWV� ZHUH� FOLSSHG� IURP� WKH� SOXJ�� GULHG�� DQG
ZHLJKHG�� 1R� VWDWLVWLFDO� DQDO\VLV� ZDV� PDGH� RI
WKH�URRW�GDWD�EHFDXVH�RI�WKH�VPDOO�VDPSOH�VL]HV�
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6HHGOLQJ�VXUYLYDO�FDQ�EH�DIIHFWHG�E\�IDFWRUV
VXFK�DV�YHJHWDWLRQ�FRPSHWLWLRQ�RU� IURVW�HYHQWV�
2QH�RI� WKH�JRDOV� RI� VLWH�SUHSDUDWLRQ� LV� WR�DOWHU
FRQGLWLRQV�VR�WKDW�VHHGOLQJ�VXUYLYDO�DQG�JURZWK
LV�LPSURYHG��2Q�WKLV�VLWH��KRZHYHU��WKH�VXUYLYDO
RI� WKH� SODQWHG� VHHGOLQJV� ZDV� KLJK� �!� ����
UHJDUGOHVV�RI�WUHDWPHQW��7DEOH����

$IWHU� WKUHH� JURZLQJ� VHDVRQV�� VRPH
LQFUHDVHV�LQ�VHHGOLQJ�KHLJKW�JURZWK�ZHUH�IRXQG
IRU� WKH� EURDGFDVW�EXUQ� DQG� GLVF�WUHQFK� WUHDW�
PHQWV� �7DEOH� ��� )LJXUH� ���� 1R� VLJQLILFDQW

GLIIHUHQFHV� ZHUH� IRXQG� IRU� GLDPHWHU�� 3RRUHU
KHLJKW� JURZWK� ZDV� IRXQG� IRU� WKH� QR�VLWH�
SUHSDUDWLRQ�DQG�SLOH�DQG�EXUQ�WUHDWPHQWV��7KH
VHHGOLQJ�UHVSRQVH�SUREDEO\�UHIOHFWV� WKH� FKDQJH
LQ� VRLO� SURSHUWLHV� EURXJKW� RQ� E\� VLWH� SUHS�
DUDWLRQ��%URDGFDVW� EXUQLQJ� DQG�GLVF� WUHQFKLQJ
LPSURYHG�VRLO�ZDUPLQJ��GUDLQDJH��DQG�QXWULHQW
UHOHDVH�� EXW� SLOH�DQG�EXUQ� WUHDWPHQWV� DOVR
FDXVHG� VRPH� VOLJKW� LQFUHDVHV� LQ� VRLO� EXON
GHQVLW\�IURP�FRPSDFWLRQ��<ROH�DQG�.UDQDEHWWHU
������

7$%/(���� 6HHGOLQJ�VXUYLYDO��KHLJKW��DQG�GLDPHWHU�DIWHU���JURZLQJ�VHDVRQV

6XUYLYDO���� KHLJKW��FP� GLDPHWHU��PP�
7UHDWPHQW SLQH VSUXFH SLQH VSUXFH SLQH VSUXFH

QR�WUHDWPHQW �� �� ����DE ����E ����D ���D

EURDGFDVW�EXUQ �� �� ����D ����D ����D ����D

GLVF�WUHQFK�KLQJH �� ��� ����DE ����D ����D ����D

SLOH�DQG�EXUQ �� �� ����E ����E ����D ���D

�0HDQV�IROORZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW�S�������7XNH\
V�0XOWLSOH�5DQJH�7HVW�

),*85(���� 6HHGOLQJ� KHLJKW� DIWHU� WKUHH� JURZLQJ� VHDVRQV� �%%¦EURDGFDVW� EXUQ�� '7¦GLVF
WUHQFK��17¦QR�WUHDWPHQW��3%¦SLOH�DQG�EXUQ��
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$PRQJ�WKH�VLWH�SUHSDUDWLRQ� WUHDWPHQWV� IRU
ERWK� ORGJHSROH� SLQH� DQG� K\EULG� ZKLWH� VSUXFH�
WKH�XQWUHDWHG�VRLOV�JHQHUDOO\�VKRZHG�SRRU�URRW
JURZWK� FRPSDUHG� WR� WKH� IDYRXUDEOH� PLFURVLWHV
�)LJXUH� ���� 7UHDWPHQWV� WKDW� UHPRYH� ORJJLQJ
VODVK��ORRVHQ�WKH�VRLO��RU�UHOHDVH�PRUH�QXWULHQWV
UHVXOW�LQ�EHWWHU�URRW�JURZWK��5RRW�JURZWK�LQ�WKH
EHUP� PLFURVLWH� LV� FRPSDUDEOH� WR� WKH� KLQJH
PLFURVLWH��ZKLFK� VXJJHVWV� WKDW� ERWK�PLFURVLWHV
ZRXOG� EH� IDYRXUDEOH� SODQWLQJ� VSRWV�� ,Q� WKLV
HFRV\VWHP� �6%6�(66)� WUDQVLWLRQ�� WKH� EHUP
PLFURVLWH� LV� XQOLNHO\� WR� GU\� HQRXJK� WR� KDPSHU
VHHGOLQJ�JURZWK��DV�FDQ�KDSSHQ� LQ�RWKHU��GULHU
HFRV\VWHPV�� ,Q� DGGLWLRQ�� WKH� KLQJH� PLFURVLWH

PD\� H[SHULHQFH� PRUH� VZHHS� RI� WKH� VHHGOLQJ
VWHP�EHFDXVH�RI�VQRZ�FUHHS�LQWR�WKH�WUHQFK�

$�UDQJH�RI�UHVSRQVHV�ZDV�IRXQG�IRU�WKH
SLOH�DQG�EXUQ� WUHDWPHQW�� ZKLFK� LOOXVWUDWHV� WKH
IDYRXUDEOH�DQG�XQIDYRXUDEOH�PLFURVLWHV�FUHDWHG
E\�WKLV�WUHDWPHQW��7KH�EXUQ�SLOH�PLFURVLWH�KDV
IDYRXUDEOH� PLFURFOLPDWH� DQG� QXWULHQW� VXSSO\�
ZKLFK�OHDGV�WR�JRRG�URRW�JURZWK��7KH�URRWV�IURP
WKH�WUDFN�PLFURVLWHV�ZHUH�TXLWH�EODFN��ZLWK�YHU\
OLWWOH�URRW�WLS�JURZWK�IURP�WKH�RULJLQDO�VHHGOLQJ
SOXJ��7KLV�LV�D�UHVXOW�RI�JURZLQJ�LQ�WKH�ZHWWHU�
GHQVHU�VRLO�FUHDWHG�E\�WKH�H[FDYDWRU�WUDFN�

),*85(��� 0HDQ� URRW� ELRPDVV� IRU� VHYHUDO� PLFURVLWHV� DQG� WUHDWPHQWV� DIWHU� WZR� JURZLQJ
VHDVRQV��'7¦GLVF�WUHQFK��3%¦SLOH�DQG�EXUQ��
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6LWH�SUHSDUDWLRQ�ZDV�QRW�UHTXLUHG�WR�HQVXUH
DGHTXDWH� VWRFNLQJ� DW� WKLV� VLWH�� VLQFH� VHHGOLQJ
VXUYLYDO�ZDV�YHU\�KLJK�ZLWKRXW�DQ\�WUHDWPHQW�
6HHGOLQJ�JURZWK�GLG�EHQHILW�IURP�VRPH�IRUPV�RI
VLWH� SUHSDUDWLRQ�� KRZHYHU�� EHFDXVH� RI� WKH�ZHW�
FRRO�VRLOV�

3UHOLPLQDU\� UHVXOWV� LQGLFDWH� WKDW� GLVF�
WUHQFK� DQG� EURDGFDVW�EXUQ� WUHDWPHQWV� ZHUH
ERWK� HIIHFWLYH� LQ� LPSURYLQJ� VHHGOLQJ� JURZWK
FRPSDUHG� WR� QR� WUHDWPHQW�� 7KH� GLVF�WUHQFK
WUHDWPHQW�ZDV�SODQWHG��DV� LV�FRPPRQ�SUDFWLFH�
DW� WKH� KLQJH�PLFURVLWH�� $� EHWWHU� SODQWLQJ� VSRW



�

PD\� EH� EHWZHHQ� WKH� WRS� RI� WKH� EHUP� DQG� WKH
KLQJH�� 7KLV� PLFURVLWH� ZRXOG� KDYH� EHWWHU� VRLO
FRQGLWLRQV� WKDQ� WKH� KLQJH� PLFURVLWH� DQG� OHVV
ULVN�RI�PRLVWXUH�VWUHVV�GXULQJ�D�GU\�\HDU� WKDQ
WKH�WRS�RI�WKH�EHUP�

7KH� SLOH�DQG�EXUQ� WUHDWPHQW� PD\
LPSURYH� VRPH� VLWH� FRQGLWLRQV� E\� UHPRYLQJ
ORJJLQJ� VODVK�� EXW� WKH� H[FDYDWRU� DOVR� FDXVHG
OLJKW� GLVWXUEDQFH�� ZKLFK� UHVXOWHG� LQ� VRPH
FRPSDFWLRQ� RI� WKH� VRLO�� 6HHGOLQJ� URRW� JURZWK
ZDV� KLQGHUHG� E\� WKLV� FRPSDFWLRQ�� DQG�� VXE�
VHTXHQWO\�� QR� RYHUDOO� LQFUHDVH� ZDV� IRXQG� IRU
VHHGOLQJ�JURZWK�LQ�WKH�SLOH�DQG�EXUQ�WUHDWPHQW
FRPSDUHG� WR� WKH� FRQWURO�� 7KHVH� HDUO\� UHVXOWV
VXJJHVW� WKHUH� DUH� PRUH� ULVNV� WR� VRLO� SUR�
GXFWLYLW\� ZLWK� SLOH�DQG�EXUQ� WUHDWPHQWV� WKDQ
ZLWK�EURDGFDVW�EXUQLQJ�RU�GLVF�WUHQFKLQJ�

0RUH� LQIRUPDWLRQ� RQ� PHWKRGRORJ\� DQG
WUHDWPHQW�UHVSRQVH� LV�FRQWDLQHG�LQ�WKH�VHFRQG�
\HDU� SURJUHVV� UHSRUW�� ZKLFK� PD\� EH� REWDLQHG
WKURXJK� WKH� 0LQLVWU\� RI� )RUHVWV� �6PLWKHUV�
5HJLRQDO�)RUHVW�6FLHQFH�6HFWLRQ�
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<ROH�'��DQG�-�0��.UDQDEHWWHU��������(IIHFWV�RI
VLWH� SUHSDUDWLRQ� WUHDWPHQWV� RQ� VRLO
SURSHUWLHV¦DOWHUQDWLYHV� WR� EURDGFDVW
EXUQLQJ� LQ� WKH� QRUWK�FHQWUDO� ,QWHULRU�
&DQ�� )RU�� 6HUY�� DQG� %�&�� 0LQ�� )RU��
9LFWRULD��%�&��)5'$�PHPR�1R������
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