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7LFN�6L]H��2UGHU�+DQGOLQJ�5XOHV�DQG�7UDGLQJ�&RVWV
$EVWUDFW

,Q� WKLV� DUWLFOH�� ZH� VKRZ� WKDW� WKH� HIIHFW� RI� WKH� WLFN�VL]H� FKDQJH� RQ� 1DVGDT� VSUHDGV� GHSHQGV�
FULWLFDOO\� RQ� WKH� RUGHU� KDQGOLQJ� UXOHV� �2+5��� 2XU� HPSLULFDO� UHVXOWV� VKRZ� WKDW� WKH� WLFN�VL]H�
UHGXFWLRQ�KDV�QR�LPSDFW�RQ�WKH�VSUHDG�RI�1DVGDT�LVVXHV�WKDW�ZHUH�QRW�VXEMHFW�WR�WKH�QHZ�2+5���,Q�
FRQWUDVW��WKH�WLFN�VL]H�UHGXFWLRQ�KDV�D�VLJQLILFDQW�HIIHFW�RQ�WKH�VSUHDG�RI�1DVGDT�LVVXHV�WKDW�ZHUH�
VXEMHFW�WR�WKH�2+5��7KHVH�UHVXOWV�LQGLFDWH�WKDW�VPDOOHU�WLFN�VL]HV�DUH�YDOXDEOH�LQ�UHGXFLQJ�PDUNHW�
IULFWLRQ��6WROO��������RQO\�LI PDUNHW�PDNHUV�FRPSHWH�RQ�SULFH�ZLWK�SXEOLF�WUDGHUV�IRU�RUGHU�IORZ��
:H�ILQG�WKDW�WKH�WLFN�VL]H�FKDQJH�KDV�QR�LPSDFW�RQ�WKH�TXRWHG�GHSWK�RI�1DVGDT�LVVXHV�
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�� ,QWURGXFWLRQ
7LFN�VL]H�DQG�RUGHU�KDQGOLQJ�UXOHV�DUH�WZR�LPSRUWDQW�SURWRFROV�RI�VHFXULWLHV�PDUNHWV�WKDW�

DIIHFW� WUDGLQJ� FRVWV� DQG� PDUNHW� TXDOLW\�� 7LFN� VL]H� DIIHFWV� PDUNHW� TXDOLW\� EHFDXVH� LW� OLPLWV� WKH�
SULFHV� WKDW� WUDGHUV� FDQ� TXRWH� DQG� WKXV� UHVWULFWV� SULFH� FRPSHWLWLRQ�� 2UGHU� KDQGOLQJ� UXOHV� DIIHFW�
PDUNHW� TXDOLW\� EHFDXVH� WKH\� GHWHUPLQH� WKH� QDWXUH� DQG� GHJUHH� RI FRPSHWLWLRQ� DPRQJ� PDUNHW�
SDUWLFLSDQWV�LQ�WKH�SULFH�GLVFRYHU\�SURFHVV���,Q�WKLV�VWXG\�ZH�SURYLGH�IXUWKHU�HYLGHQFH�RQ�KRZ�WLFN�
VL]H�DQG�RUGHU�KDQGOLQJ�UXOHV�DIIHFW�H[HFXWLRQ�FRVWV�RQ�1DVGDT�

2Q� -XQH���� ������ WKH�PLQLPXP�SULFH�YDULDWLRQ� �L�H��� WLFN� VL]H��RQ�1DVGDT�ZDV� UHGXFHG�
IURP� ����� WR� ������ IRU� VWRFNV� VHOOLQJ� DW� SULFHV� JUHDWHU� WKDQ� RU� HTXDO� WR� ����� ,Q� DGGLWLRQ�� WKH�
6HFXULWLHV�DQG�([FKDQJH�&RPPLVVLRQ� �6(&��HQDFWHG�PDMRU�FKDQJHV�LQ�WKH�RUGHU�KDQGOLQJ�UXOHV�
�2+5��RQ�1DVGDT�IURP�-DQXDU\����������WKURXJK�2FWREHU������������7KH�QHZ�UXOHV�DOORZ�JUHDWHU�
FRPSHWLWLRQ�EHWZHHQ�OLTXLGLW\�SURYLGHUV��GHDOHUV�DQG�SXEOLF�WUDGHUV��LQ�WKH�TXRWH�VHWWLQJ�SURFHVV���
7KH� FORVH� SUR[LPLW\� RI� WKHVH� WZR� HYHQWV� SURYLGHV� DQ� H[FHOOHQW� RSSRUWXQLW\� WR� DQDO\]H� WKH�
FRPSOHPHQWDU\�QDWXUH�RI�WKHLU�HIIHFWV�RQ�PDUNHW�TXDOLW\�

$OWKRXJK�SULRU�VWXGLHV��VHH��H�J���%DUFOD\�HW�DO��������DQG�%HVVHPELQGHU��������H[DPLQHG�
WKH� HIIHFWV� RI� FKDQJHV� LQ� WKH� 2+5� RU� WLFN� VL]H� RQ� 1DVGDT� VSUHDGV�� ZKHWKHU� WKHVH� HIIHFWV� DUH�
LQWHUGHSHQGHQW�KDV�QRW�EHHQ�ZHOO�XQGHUVWRRG��,Q�WKLV�DUWLFOH��ZH�VKRZ�WKDW�WKH�HIIHFW�RI�WKH�WLFN�
VL]H� FKDQJH� RQ� 1DVGDT� VSUHDGV� GHSHQGV� FULWLFDOO\� RQ� WKH� 2+5�� � 6SHFLILFDOO\�� ZH� VKRZ� WKDW�
FKDQJH�LQ�WLFN�VL]H�H[HUWHG�D�VLJQLILFDQW�LPSDFW�RQ�1DVGDT�VSUHDGV�RQO\�DIWHU�WKH�LPSOHPHQWDWLRQ�
RI�WKH�QHZ�2+5� 7KLV�ILQGLQJ�LV�LPSRUWDQW�EHFDXVH�LW�XQGHUVFRUHV�WKH�IDFW�WKDW�VPDOOHU�WLFN�VL]HV�
DUH� YDOXDEOH� LQ� UHGXFLQJ�PDUNHW� IULFWLRQ� �6WROO�� ������ RQO\� LI PDUNHW�PDNHUV� FRPSHWH� RQ� SULFH�
ZLWK�SXEOLF�WUDGHUV�IRU�RUGHU�IORZ�

$KQ��&DR��DQG�&KRH��������H[DPLQH�WKH�FKDQJH�LQ�OLTXLGLW\�ZKHQ�WKH�$PH[�UHGXFHG�WKH�
PLQLPXP� SULFH� YDULDWLRQ� DQG� ILQG� WKDW� ERWK� WKH� VSUHDG� DQG� GHSWK� GHFOLQHG� DIWHU� WKH� WLFN�VL]H�
UHGXFWLRQ��%DFLGRUH���������3RUWHU�DQG�:HDYHU���������$KQ��&DR��DQG�&KRH���������DQG�*ULIILWKV�
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HW� DO�� ������� H[DPLQH� WKH� LPSDFW� RI� WKH� WLFN�VL]H� FKDQJH� RQ� OLTXLGLW\� IRU� VWRFNV� OLVWHG� RQ� WKH�
7RURQWR�6WRFN�([FKDQJH��76(��DQG�VKRZ�WKDW�ERWK�WKH�VSUHDG�DQG�GHSWK�GHFOLQHG�DIWHU�WKH�WLFN�
VL]H�UHGXFWLRQ��%ROOHQ�DQG�:KDOH\��������DQG�*ROGVWHLQ�DQG�.DYDMHF]��������ILQG�VLPLODU�UHVXOWV
IRU�1<6(�OLVWHG�VWRFNV�

+DUULV� �������������KROGV� WKDW� WKH�HIIHFW�RI� WLFN�VL]H�RQ�H[HFXWLRQ�FRVWV� LV� OLNHO\� WR�EH�
VLJQLILFDQW�RQO\� LQ�PDUNHWV�ZLWK�D�SULFH�WLPH�SULRULW\� UXOH�� �+DUULV�FRQMHFWXUHV�WKDW�WKH�WLFN�VL]H�
FKDQJH�ZLOO� KDYH� D� VLJQLILFDQW� HIIHFW� RQ 1DVGDT� VSUHDGV� RQO\� LI�PDUNHW� PDNHUV� FRPSHWH�ZLWK�
SXEOLF� WUDGHUV��$OWKRXJK�SUHYLRXV�VWXGLHV�VKRZ�WKDW�WKH�WLFN�VL]H�FKDQJH�KDV�D�VLJQLILFDQW�HIIHFW�
RQ� VSUHDGV� LQ� K\EULG� �H�J��� 1<6(� DQG� $PH[�� RU� SXUHO\� RUGHU�GULYHQ� �H�J��� 76(��PDUNHWV�� LWV�
HIIHFW�RQ�WKH�VSUHDG�RI�1DVGDT�LVVXHV�KDV�QRW�EHHQ�ZHOO�GRFXPHQWHG��,Q�WKLV�VWXG\��ZH�SHUIRUP�
HPSLULFDO�DQDO\VLV�RI�WKH�HIIHFW�RI�WKH�WLFN�VL]H�FKDQJH�RQ�1DVGDT�VSUHDGV�

6LPDDQ�� :HDYHU�� DQG� :KLWFRPE� ������� DQDO\]H� WKH� TXRWDWLRQ� EHKDYLRU� RI� 1DVGDT�
GHDOHUV� DIWHU� WKH� WLFN�VL]H� FKDQJH��7KH�PDLQ� IRFXV�RI� WKHLU� VWXG\��KRZHYHU�� LV�ZKHWKHU�1DVGDT�
GHDOHUV�FRQWLQXH�WR�DYRLG�RGG�WLFNV�DIWHU�WKH�WLFN�VL]H�UHGXFWLRQ��%HVVHPELQGHU��������VKRZV�WKDW�
TXRWHG�DQG�HIIHFWLYH�VSUHDGV�RQ�1DVGDT�DUH�WZR�WR�IRXU�FHQWV�OHVV�ZKHQ�VWRFNV�WUDGH�EHORZ�����
SHU�VKDUH�ZLWK�D�VPDOOHU�WLFN�VL]H��%HVVHPELQGHU�ILQGV�WKDW�WKH�ODUJHVW�VSUHDG�UHGXFWLRQV�RFFXU�IRU�
VWRFNV�ZKRVH�PDUNHW�PDNHUV� DYRLG� RGG�HLJKWK� TXRWHV��9DQ�1HVV��9DQ�1HVV�� DQG�3UXLWW� �������
H[DPLQH� WKH� HIIHFW� RI� WLFN� VL]H� RQ� YROXPH�� YRODWLOLW\�� DQG� H[HFXWLRQ� FRVWV� IRU� ERWK�1<6(� DQG�
1DVGDT�LVVXHV�

,Q�D�UHFHQW�VWXG\��:HVWRQ��������DQDO\]HV�WKH�HIIHFW�RI�WKH�QHZ�2+5�RQ�WKH�H[HFXWLRQ�
FRVWV�RI�1DVGDT�LVVXHV��7KH�VWXG\�ILQGV�WKDW�FKDQJHV�LQ�LQYHQWRU\�DQG�LQIRUPDWLRQ�FRVWV�FDQQRW�
H[SODLQ� WKH� SRVW�UHIRUP� GHFUHDVH� LQ�1DVGDT� VSUHDGV�� � ,Q� DGGLWLRQ�� WKH� VWXG\�SURYLGHV� HYLGHQFH�
WKDW�WKH�UXOH�FKDQJH�OHG�WR�D�VLJQLILFDQW�UHGXFWLRQ�LQ�WKH�GLIIHUHQFH�EHWZHHQ�1<6(�DQG�1DVGDT�
VSUHDGV�� � 7KH� PDLQ� WKUXVW� RI� :HVWRQ¶V� VWXG\� ZDV�� KRZHYHU�� WR� H[DPLQH� KRZ� WKH� QHZ� 2+5�
DIIHFWHG�FRPSHWLWLRQ�DPRQJ�OLTXLGLW\�SURYLGHUV�RQ�1DVGDT�



�

,Q� FRQWUDVW�� WKH� SUHVHQW� VWXG\� H[DPLQHV� ZKHWKHU� WKH� HIIHFW� RI� WKH� WLFN�VL]H� FKDQJH� RQ�
1DVGDT�VSUHDGV�GLIIHUV�EHWZHHQ�1DVGDT�LVVXHV�WKDW�ZHUH�VXEMHFW�WR�WKH�QHZ�2+5�EHIRUH�DQG�DIWHU�
WKH�LQWURGXFWLRQ�RI�WKH�QHZ WLFN�VL]H���%HFDXVH�WKH�QHZ�2+5�DOORZ�OLPLW�RUGHU�WUDGHUV�RQ�1DVGDT�
WR�EHFRPH�GLUHFW�SDUWLFLSDQWV� LQ� WKH�TXRWH�VHWWLQJ�SURFHVV�� WKH�UHVXOWV�RI� WKH�SUHVHQW�VWXG\�VKHG�
IXUWKHU�OLJKW�RQ�WKH�UROH�RI�OLPLW�RUGHU�WUDGHUV�LQ�SULFH�GLVFRYHU\��

2XU�HPSLULFDO�UHVXOWV�VKRZ�WKDW�WKH�WLFN�VL]H�UHGXFWLRQ�OHG�WR�QDUURZHU�VSUHDGV�IRU�ERWK�
1DVGDT�VWRFNV�DQG�D�FRQWURO�VDPSOH�RI�1<6(�VWRFNV���:KHQ�ZH�VHSDUDWH�RXU�1DVGDT�VWRFNV�LQWR�
WZR�JURXSV�DFFRUGLQJ�WR�ZKHWKHU�D�VWRFN�ZDV�VXEMHFW�WR�WKH�QHZ�2+5�EHIRUH�RU�DIWHU�WKH�WLFN�VL]H�
FKDQJH��ZH� ILQG� WKDW� WKH� WLFN�VL]H� UHGXFWLRQ� KDV� D� VLJQLILFDQW� LPSDFW� RQ� WKH� VSUHDG� RI�1DVGDT�
LVVXHV�WKDW�ZHUH�VXEMHFW�WR�WKH�QHZ�2+5�EHIRUH�WKH�WLFN�VL]H�FKDQJH���)RU�WKH�JURXS�RI�1DVGDT�
LVVXHV�WKDW�ZHUH�QRW�VXEMHFW�WR�WKH�2+5�DW�WKH�WLPH�RI�WKH�WLFN�VL]H�FKDQJH��KRZHYHU��ZH�ILQG�QR�
HYLGHQFH�RI�VSUHDG�FKDQJHV���7KHVH�UHVXOWV�VXSSRUW�+DUULV¶��������FRQMHFWXUH�WKDW�WKH�UHGXFWLRQ�LQ�
WLFN�VL]H�ZLOO�QDUURZ�1DVGDT�VSUHDGV�RQO\�LI� OLPLW�RUGHU�WUDGHUV�DQG�GHDOHUV�FRPSHWH�RQ�TXRWHG�
SULFH�IRU�RUGHU�IORZ���:H�ILQG�WKDW�WKH�WLFN�VL]H�UHGXFWLRQ�KDV�QR�LPSDFW�RQ�WKH�TXRWHG�GHSWK�RI�
1DVGDT� VWRFNV��ZKHUHDV� WKH� FRQWURO� VDPSOH� RI�1<6(� VWRFNV�H[KLELWHG� VPDOOHU�GHSWKV� DIWHU� WKH�
WLFN�VL]H� UHGXFWLRQ�� 2Q� WKH� ZKROH�� RXU� HPSLULFDO� UHVXOWV� VXJJHVW� WKDW� WKH� QHZ� 2+5� DQG� WKH�
VPDOOHU�WLFN�VL]H�MRLQWO\�QDUURZ�VSUHDGV�RQ�1DVGDT�ZLWKRXW�DGYHUVHO\�DIIHFWLQJ�GHSWKV�

7KH�SDSHU�LV�RUJDQL]HG�DV�IROORZV���,Q�6HFWLRQ����ZH�GLVFXVV�WKH�OLNHO\�HIIHFWV�RI�WKH�WLFN�
VL]H� FKDQJH� RQ� WKH� VSUHDG� DQG� GHSWK� RI� 1DVGDT� VWRFNV�� 6HFWLRQ� �� H[SODLQV� RXU� GDWD� DQG�
PHWKRGRORJ\�� 6HFWLRQV� �� DQG� �� SUHVHQW� RXU� HPSLULFDO� ILQGLQJV�� 6HFWLRQ� �� SURYLGHV� D� EULHI�
VXPPDU\�DQG�FRQFOXGLQJ�UHPDUNV�

� 6HH�&KXQJ��9DQ�1HVV��DQG�9DQ�1HVV��������������DQG�.DYDMHF]��������IRU�WKH�GLVFXVVLRQ�RI�WKH�UROH�RI�OLPLW�RUGHU�WUDGHUV�LQ�WKH�TXRWH�VHWWLQJ�SURFHVV�
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�� 3ULFH�WLPH�SULRULW\�UXOH��WLFN�VL]H��DQG�H[HFXWLRQ�FRVWV
2QH�RI�WKH�LPSRUWDQW�SURWRFROV�RI�H[FKDQJH�PDUNHWV� LV�WKH�SULFH�WLPH�SULRULW\�UXOH��7KH�

SULFH�SULRULW\�UXOH�HQVXUHV�WKDW�EX\HUV�ZKR�DUH�ZLOOLQJ�WR�SD\�WKH�KLJKHVW�SULFH�ZLOO�EH�WKH�ILUVW�WR�
EX\� DQG� VHOOHUV�ZKR� DUH�ZLOOLQJ� WR� VHOO� DW� WKH� ORZHVW� SULFH�ZLOO� EH� WKH� ILUVW� WR� VHOO�� � 7KH� WLPH�
SULRULW\� UXOH� DVVXUHV� WKDW� WKH� ILUVW� RUGHU� SODFHG� ZLOO� EH� H[HFXWHG� ILUVW� DPRQJ� WKRVH� RUGHUV�
VXEPLWWHG�ZLWK� WKH� VDPH�ELG� �RU� DVN��SULFH��7KH�SULFH�WLPH�SULRULW\� UXOH� SURPRWHV� FRPSHWLWLRQ�
DPRQJ�OLTXLGLW\�SURYLGHUV�DQG�WKHUHE\�ORZHUV�WUDGLQJ�FRVWV�

$� UHGXFWLRQ� LQ� WKH� PLQLPXP� SULFH� YDULDWLRQ� LV� OLNHO\� WR� GHFUHDVH� H[HFXWLRQ� FRVWV� LQ�
PDUNHWV�ZLWK�D�SULFH�WLPH�SULRULW\�UXOH��VXFK�DV�WKH�1<6(�� 7KH�PLQLPXP�SULFH�YDULDWLRQ�OLPLWV�
WKH�SULFHV�WKDW�WUDGHUV�FDQ�TXRWH�DQG�WKXV�UHVWULFWV�SULFH�FRPSHWLWLRQ�WUDGHUV�FDQQRW�LPSURYH�WKH�
EHVW�ELG�RU�RIIHU�ZKHQ�WKH VSUHDG�LV�HTXDO�WR�WKH�PLQLPXP�SULFH�YDULDWLRQ�� %HFDXVH�WKH�PLQLPXP�
SULFH� YDULDWLRQ� LV� OHVV� OLNHO\� WR� EH� D� ELQGLQJ� FRQVWUDLQW� RQ� DEVROXWH� VSUHDGV�ZKHQ� WLFN� VL]H� LV�
VPDOO��WKH�VSUHDG�LV�H[SHFWHG�WR�GHFUHDVH�ZKHQ�WKHUH�LV�D�UHGXFWLRQ�LQ�WLFN�VL]H��

1DVGDT�GRHV�QRW�JHQHUDOO\�HQIRUFH�WKH�WLPH�SULRULW\�UXOH�DPRQJ�GHDOHU�TXRWHV���7KH�WLPH�
SULRULW\�UXOH�LV�HQIRUFHG�RQO\�DPRQJ�GHDOHU�TXRWHV�IRU�GHDOHUV�ZKR�SDUWLFLSDWH�LQ�WKH�6PDOO�2UGHU�
([HFXWLRQ�6\VWHP� �62(6���+DUULV� �������KROGV� WKDW�D� VPDOOHU� WLFN�VL]H�ZLOO�QDUURZ�VSUHDGV�RQ�
1DVGDT�RQO\� LI� WUDGHUV� FRPSHWH� RQ� SULFH� WR�REWDLQ�RUGHU� IORZ��3ULRU� WR� WKH������1DVGDT�2+5�
FKDQJHV��RQO\�D�IHZ�GHDOHUV�FRPSHWHG�RQ�SULFH�EHFDXVH�WKH\�GLG�QRW�IDFH�FRPSHWLWLRQ�IURP�SXEOLF�
WUDGHUV���$�GHDOHU�ZKR�LPSURYHV�SULFH�GRHV�QRW�DWWUDFW�ODUJH�RUGHU�IORZ�EHFDXVH�DOO�RWKHU�GHDOHUV�
ZLOO�PDWFK� WKH� SULFH� IRU� WKHLU� FOLHQWV��%URNHUV� URXWH�PRVW� UHWDLO� RUGHUV� WR� GHDOHUV� DFFRUGLQJ� WR�
� 2Q�WKH�1<6(��5XOH������UHTXLUHV�WKDW�WKH�WLPH�SULRULW\�UXOH�EH�VWULFWO\�HQIRUFHG�IRU�WKH�ILUVW�SXEOLF�ELG��RU�RIIHU��DW�D�JLYHQ�SULFH��7KH�1<6(�HQIRUFHV�SULFH�SULRULW\�DQG�XVHV�D�FRPELQDWLRQ�RI�RUGHU�VL]H�DQG�RUGHU�SODFHPHQW�WLPH�WR�GHWHUPLQH�SULRULW\�IRU�OLPLW�RUGHUV�WKDW�DUH�WLHG�RQ�SULFH���3ULFH�DQG�WLPH�SULRULW\�UXOHV�DUH�QRW� HQIRUFHG�� KRZHYHU�� DFURVV� WKH�PDUNHWV� WKDW� WUDGH�1<6(�OLVWHG� VWRFNV�� � )RU� H[DPSOH�� OLPLW�RUGHUV� OHIW�ZLWK� %RVWRQ�� 3DFLILF�� RU� &LQFLQQDWL� ([FKDQJHV� GR� QRW� KDYH� WLPH� SULRULW\� RYHU� OLPLW� RUGHUV� OHIW� ZLWK� WKH�1<6(���,Q�WKH�SUHVHQW�VWXG\��ZH�H[FOXGH�RII�1<6(�TXRWHV�IURP�WKH�VWXG\�VDPSOH�
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SUHDUUDQJHG�SUHIHUHQFLQJ�DJUHHPHQWV��+HQFH�� IRU�1DVGDT� VWRFNV��ZH�H[SHFW� WKDW� D� UHGXFWLRQ� LQ�
WLFN�VL]H�ZLOO�KDYH�D VLJQLILFDQW�HIIHFW�RQ�VSUHDGV�RQO\�DIWHU�WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�2+5���
7KHVH�FRQVLGHUDWLRQV�OHDG�WR�WKH�IROORZLQJ�K\SRWKHVLV�
+\SRWKHVLV��� $�UHGXFWLRQ�LQ�WLFN�VL]H�ZLOO�QDUURZ�WKH�VSUHDGV�RI�1DVGDT�VWRFNV�WKDW�DUH�VXEMHFW�WR� WKH� QHZ� 2+5� EHIRUH� WKH WLFN�VL]H� FKDQJH�� )RU� 1DVGDT� VWRFNV� WKDW� DUH� QRW�VXEMHFW�WR�WKH�QHZ�2+5�DW�WKH�WLPH�RI�WKH�WLFN�VL]H�FKDQJH��WKH�HIIHFW�RI�WKH�WLFN�VL]H�FKDQJH�RQ�VSUHDGV�LV�OLNHO\�WR�EH�LQVLJQLILFDQW�

7KH�PLQLPXP�SULFH�YDULDWLRQ�LV�OLNHO\�WR�DIIHFW�TXRWHG�GHSWKV�ZKHQ�WKH�PLQLPXP�SULFH�
YDULDWLRQ� LV� ODUJHU� WKDQ� WKH� VSUHDG� WKDW�GHDOHUV�ZRXOG�RWKHUZLVH�TXRWH�� ,Q� WKLV� FDVH�� WKH�TXRWHG�
VSUHDG� �L�H��� WKH�PLQLPXP�SULFH�YDULDWLRQ�� LV� ODUJHU� WKDQ� WKH�GHVLUHG� VSUHDG�DQG� WKXV�VXSSO\LQJ�
OLTXLGLW\� LV� SURILWDEOH�� ,I� WKH� PDUNHW� HQIRUFHV� WLPH� SUHIHUHQFH�� GHDOHUV� DQG� RWKHU� OLTXLGLW\�
SURYLGHUV�ZLOO�TXHXH�XS�WR�RIIHU�OLTXLGLW\�DQG�TXRWHG�GHSWKV�ZLOO�EH�ODUJH���,I�WKH�PDUNHW�GRHV�QRW�
HQIRUFH� WLPH�SUHIHUHQFH��RU� LI� WUDGH�RFFXUV� LQ�VHYHUDO�PDUNHWV� WKDW�GR�QRW�FRRUGLQDWH� WR�HQIRUFH�
WLPH� SUHIHUHQFH�� WKH� HIIHFW� RI� WKH� PLQLPXP� SULFH� YDULDWLRQ� RQ� TXRWHG� GHSWKV� LV� OLNHO\� WR� EH�
LQVLJQLILFDQW� EHFDXVH� GHDOHUV� PD\� XVH� RWKHU� PHDQV� �H�J��� SD\PHQW� IRU� RUGHU� IORZ� DQG�
LQWHUQDOL]DWLRQ��WR�REWDLQ�RUGHU�IORZ��

7KH�PLQLPXP�SULFH�YDULDWLRQ�PD\�DIIHFW�TXRWHG�GHSWKV HYHQ�LI�TXRWHG�VSUHDGV�DUH�JUHDWHU�
WKDQ� WKH�PLQLPXP� SULFH� YDULDWLRQ� RQ� WKH�1<6(�� 7KH�PLQLPXP� SULFH� YDULDWLRQ� GHWHUPLQHV� WKH�
PLQLPXP� FRVW� RI� DFTXLULQJ� RUGHU� SUHFHGHQFH� WKURXJK� SULFH� SULRULW\� ZKHQ� WLPH� SUHFHGHQFH� LV�
HQIRUFHG��7LPH�SUHFHGHQFH�DQG�D�ODUJH�PLQLPXP�SULFH�YDULDWLRQ�SURWHFW�WUDGHUV�ZKR�GLVSOD\�VL]H�
E\� IRUFLQJ� TXRWH� PDWFKHUV� WR� LPSURYH� SULFH� VLJQLILFDQWO\� LI� WKH\� ZLVK� WR� DFTXLUH� SUHFHGHQFH���
+HQFH��TXRWH�PDWFKHUV�DUH�OHVV�OLNHO\�WR�IURQW�UXQ�LI�WKH�PLQLPXP�SULFH�YDULDWLRQ�LV�ODUJH��7UDGHUV�
RQ�WKH�1<6(�DUH�WKHUHIRUH�PRUH�OLNHO\�WR�TXRWH�ODUJH�GHSWKV�ZKHQ�WKH�PLQLPXP�SULFH�YDULDWLRQ�LV�
� +DUULV� ������� VXJJHVWV� WKDW� WKH� QHJDWLYH� FRUUHODWLRQ� EHWZHHQ� WKH� SHUFHQWDJH� VSUHDG� DQG� VKDUH� SULFH�UHSRUWHG�LQ�SUHYLRXV�VWXGLHV�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�SULFH�OHYHO�GHWHUPLQHV�WKH�SHUFHQWDJH�VSUHDGV�RI�ORZ�SULFH�VWRFNV�IRU�ZKLFK�WKH�PLQLPXP�SULFH�YDULDWLRQ�LV�D�ELQGLQJ�FRQVWUDLQW�RQ�DEVROXWH�VSUHDGV��
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ODUJH���,Q�FRQWUDVW��WKH�UHODWLRQ�EHWZHHQ�TXRWHG�GHSWKV�DQG�WKH�PLQLPXP�SULFH�YDULDWLRQ�LV�OLNHO\�
WR�EH� LQVLJQLILFDQW�IRU�1DVGDT� LVVXHV�EHFDXVH�1DVGDT�GRHV�QRW�HQIRUFH� WLPH�SUHFHGHQFH�DPRQJ�
GHDOHU�TXRWDWLRQV���7KHVH�FRQVLGHUDWLRQV�OHDG�WR�RXU�VHFRQG�K\SRWKHVLV�
+\SRWKHVLV��� 7KH� HIIHFW� RI� WKH� WLFN�VL]H� FKDQJH� RQ� GHSWKV� LV� OLNHO\� WR� EH� LQVLJQLILFDQW� IRU�1DVGDT�VWRFNV���

,Q�WKH�IROORZLQJ�VHFWLRQV��ZH�SUHVHQW�RXU�HPSLULFDO�ILQGLQJV�UHJDUGLQJ�WKHVH�K\SRWKHVHV�
�� 'DWD�VRXUFH�DQG�VDPSOH�VHOHFWLRQ

:H�REWDLQ� WKH�GDWD�XVHG� LQ� WKLV� VWXG\� IURP� WKH�1<6(¶V�7$4�GDWDEDVH�� �$OWKRXJK� WKH�
PDLQ� SXUSRVH� RI� WKLV� VWXG\� LV� WR� H[DPLQH� WKH� HIIHFW� RI� WKH� WLFN�VL]H� FKDQJH�RQ� WKH� VSUHDG� DQG�
GHSWK�RI�1DVGDT�VWRFNV��ZH�LQFOXGH�D�FRQWURO�JURXS�RI�1<6(�VWRFNV�LQ�RXU�VWXG\�VDPSOH�WR�KHOS�
HQVXUH�WKDW�RXU�UHVXOWV�DUH�QRW�GULYHQ�E\�WKH�DWWULEXWHV�RI�RXU�1DVGDT�VWXG\�VDPSOH��:H�XVH�WUDGH�
DQG�TXRWH�GDWD�GXULQJ���� WUDGLQJ�GD\V�EHIRUH� DQG�DIWHU� WKH�GDWHV�RQ�ZKLFK� WKH�PLQLPXP�SULFH�
YDULDWLRQ�FKDQJHG�IURP������WR�������RQ�1DVGDT��-XQH����������DQG�WKH�1<6(��-XQH������������
6LQFH� WKH� WLFN�VL]H� UHGXFWLRQ�RQ�1DVGDT� DSSOLHV�RQO\� WR� VWRFNV� WKDW�KDYH�D�ELG�SULFH�RI�����RU�
PRUH��ZH�H[FOXGH�1DVGDT�DQG�1<6(�VWRFNV WKDW�KDG�D�ELG�SULFH�RI� OHVV� WKDQ�����DW� OHDVW�RQFH�
GXULQJ�WKH�VWXG\�SHULRG��:H�DOVR�UHVWULFW�RXU�1DVGDT�VDPSOH�WR�RQO\�WKRVH�ZLWK�IRXU�OHWWHU�WLFNHU�
V\PEROV���7KLV�OHDYHV�XV�ZLWK�D�VDPSOH�RI�������1DVGDT�VWRFNV�DQG�������1<6(�VWRFNV�

7R� FKHFN� ZKHWKHU� RXU UHVXOWV� DUH� VHQVLWLYH� WR� GLIIHUHQW� VDPSOH� VHOHFWLRQ�PHWKRGV�� ZH�
REWDLQ� D� VDPSOH�RI�1DVGDT� DQG�1<6(� VWRFNV�ZLWK� DW� OHDVW����� WUDGHV�GXULQJ� WKH�VWXG\�SHULRG���
7KLV�VHFRQG�VDPSOH�FRQVLVWV�RI�������1DVGDT�VWRFNV�DQG�������1<6(�VWRFNV�

:H� H[FOXGH� RII�1<6(� TXRWHV� IRU� RXU� 1<6(� VWRFNV�� ,Q� DGGLWLRQ�� ZH� H[FOXGH� WKH�
IROORZLQJ�WUDGHV�DQG�TXRWHV�WR�PLQLPL]H�GDWD�HUURUV������TXRWHV�LI�HLWKHU�WKH�ELG�SULFH�RU�WKH�DVN�
SULFH�LV�QRQ�SRVLWLYH������TXRWHV�LI�HLWKHU�WKH�ELG�VL]H�RU�WKH�DVN�VL]H�LV�QRQ�SRVLWLYH������TXRWHV�LI�
WKH�ELG�DVN� VSUHDG� LV�JUHDWHU� WKDQ����RU�QHJDWLYH�� ���� WUDGHV�DQG�TXRWHV� LI� WKH\�DUH�RXW�RI� WLPH�
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VHTXHQFH�� LQYROYH� DQ�HUURU�� RU� LQYROYH� D� FRUUHFWLRQ�� ����TXRWHV� DVVRFLDWHG�ZLWK� WUDGLQJ�KDOWV�RU�
GHVLJQDWHG�RUGHU�LPEDODQFH������EHIRUH�WKH�RSHQ�DQG�DIWHU�WKH�FORVH�WUDGHV�DQG�TXRWHV������WUDGHV�
LI� WKH�SULFH�RU�YROXPH�LV�QRQ�SRVLWLYH�� ���� WUDGH�SULFH��SW�� LI� � _�SW� ± SW����SW��_ !�������DQG�����DVN�
TXRWH��DW��LI��_�DW�± DW����DW��_ !������DQG��ELG�TXRWH��EW��LI��_�EW�± EW����EW��_!������

7KH�HIIHFW�RI�WKH�WLFN�VL]H�FKDQJH�RQ�VSUHDGV�LV�OLNHO\�WR�YDU\�ZLWK�VWRFN�DWWULEXWHV���)RU�
H[DPSOH��WKH�VSUHDG�RI�ORZ�SULFH�VWRFNV�LV�PRUH�OLNHO\�WR�EH�DIIHFWHG�E\�WKH�WLFN�VL]H�FKDQJH�WKDQ�
WKH� VSUHDG� RI� KLJK�SULFH� VWRFNV� EHFDXVH� WKH� PLQLPXP� SULFH� YDULDWLRQ� LV� PRUH� OLNHO\� WR� EH� D�
ELQGLQJ�FRQVWUDLQW�RQ�DEVROXWH�VSUHDGV�IRU�ORZ�SULFH�VWRFNV���)RU�WKH�VDPH�UHDVRQ��WKH�VSUHDG�RI�
KLJK�YROXPH�VWRFNV�LV�PRUH�OLNHO\�WR�EH�DIIHFWHG�E\�WKH�WLFN�VL]H�FKDQJH�WKDQ�WKH�VSUHDG�RI�ORZ�
YROXPH�VWRFNV��+HQFH��ZH�REWDLQ� WKH� FRQWURO� VDPSOH� RI�1<6(� VWRFNV� WKDW� DUH� VLPLODU� LQ� VKDUH�
SULFH��QXPEHU�RI�WUDGHV��WUDGH�VL]H��UHWXUQ�YRODWLOLW\��DQG�ILUP�VL]H�WR�RXU�VDPSOH�RI�1DVGDT�VWRFNV�

:H�PHDVXUH� VKDUH�SULFH�E\� WKH� DYHUDJH�GDLO\� FORVLQJ�SULFH�DQG� UHWXUQ�YRODWLOLW\�E\� WKH�
VWDQGDUG� GHYLDWLRQ� RI� GDLO\� UHWXUQV GXULQJ� ��� WUDGLQJ� GD\V� EHIRUH� WKH� WLFN�VL]H� FKDQJH�� :H�
PHDVXUH� WUDGH�VL]H�E\�WKH�DYHUDJH�GROODU�WUDQVDFWLRQ�VL]H�GXULQJ�WKH�VDPH�SHULRG�� :H�PHDVXUH�
ILUP�VL]H�E\�WKH�PDUNHW�YDOXH�RI�HTXLW\�RQ�0D\����������

7R�REWDLQ�WKH�FRQWURO�VDPSOH�RI�1<6(�VWRFNV��ZH ILUVW�FDOFXODWH�WKH�IROORZLQJ�FRPSRVLWH�
PDWFK�VFRUH��&06��IRU�HDFK�1DVGDT�VWRFN�DJDLQVW�HDFK�RI�������1<6(�VWRFNV�LQ�RXU�VDPSOH�
��� &06� �6>�<N1 � <N<��^�<N1 ��<N<���`@��
ZKHUH�<N UHSUHVHQWV�RQH�RI�WKH�ILYH�VWRFN�DWWULEXWHV��WKH�VXSHUVFULSWV��1�DQG�<��UHIHU�WR�1DVGDT�DQG�
1<6(��UHVSHFWLYHO\��DQG�6 GHQRWHV�WKH�VXPPDWLRQ�RYHU�N  ���WR�����7KHQ��IRU�HDFK�1DVGDT�VWRFN��
ZH�VHOHFW�WKH�1<6(�VWRFN�ZLWK�WKH�ORZHVW�VFRUH���2QFH�D�1<6(�VWRFN�LV�PDWFKHG�ZLWK�D�1DVGDT�
� 1DVGDT�XVHV�WKH�VDPH�YROXPH�FRXQWLQJ�UXOHV�DV�WKH�1<6(���1RQHWKHOHVV��WKH�UHSRUWHG�QXPEHU�RI�WUDGHV�RQ�1DVGDT� LV� QRW� GLUHFWO\� FRPSDUDEOH� WR� WKDW� RQ� WKH� 1<6(� EHFDXVH� WKHUH� DUH� PDQ\� LQWHU�GHDOHU� WUDGHV� RQ�1DVGDT��%HFDXVH� WKH�UHFRPPHQGHG�DGMXVWPHQW�IDFWRU�IRU�1DVGDT�YROXPH�WKDW�ZLOO�QHXWUDOL]H� WKH�HIIHFW�RI�LQWHU�GHDOHU� WUDGHV� LV� DERXW� ��� WR� ���� �VHH�� H�J��� $WNLQV� DQG� '\O�� ������� ZH� UHSOLFDWH� RXU� PDWFKLQJ�
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LVVXH��WKH�1<6(�VWRFN�LV�QR�ORQJHU�FRQVLGHUHG�IRU VXEVHTXHQW�PDWFKHV��7KLV�SURFHGXUH�UHVXOWV�LQ�
����SDLUV�RI�1DVGDT�DQG�1<6(�VWRFNV�ZLWK�VLPLODU�DWWULEXWHV��

:H�UHSRUW�GHVFULSWLYH�VWDWLVWLFV�RI�WKH�YDULDEOHV�LQ�7DEOH���� �7KH�DYHUDJH�VKDUH�SULFH�RI�
RXU� VDPSOH�RI�1DVGDT� VWRFNV� LV��������DQG� WKH� FRUUHVSRQGLQJ� ILJXUH� IRU�RXU� FRQWURO� VDPSOH� LV�
���������7KH�DYHUDJH�GDLO\�QXPEHU�RI�WUDQVDFWLRQ�DQG�WUDGH�VL]H�IRU�WKH�1DVGDT�VDPSOH�DUH�������
DQG���������� UHVSHFWLYHO\�� DQG� WKH� FRUUHVSRQGLQJ� ILJXUHV� IRU� WKH� FRQWURO� VDPSOH� DUH�������DQG�
����������7KH�PHDQ�YDOXHV�RI�WKH�VWDQGDUG�GHYLDWLRQ�RI�GDLO\�UHWXUQV�IRU�RXU�1DVGDT�DQG�1<6(�
VWRFNV�DUH��������DQG���������UHVSHFWLYHO\���7KH�DYHUDJH�PDUNHW�YDOXHV�RI�HTXLW\�IRU�RXU�1DVGDT�
DQG�1<6(�ILUPV�DUH��������PLOOLRQV�DQG��������PLOOLRQV��UHVSHFWLYHO\���7KH�UHVXOWV�RI�W�WHVW�VKRZ�
WKDW�WKH�PHDQ�YDOXHV�RI�WKHVH�VWRFN�DWWULEXWHV�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�RXU�1DVGDT�
DQG�1<6(�VWXG\�VDPSOHV�����
�� (IIHFWV�RI�WKH�WLFN�VL]H�FKDQJH�RQ�VSUHDGV
���� 7LFN�VL]H�DQG�VSUHDGV�

:H�XVH� WKUHH�PHDVXUHV� RI� WUDGLQJ�FRVWV� LQ� WKLV� VWXG\�� WKH�TXRWHG�GROODU�VSUHDG��TXRWHG�
SHUFHQWDJH�VSUHDG��DQG�HIIHFWLYH�VSUHDG�� 7KH�TXRWHG�GROODU�VSUHDG�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�
SRVWHG�DVN�DQG�ELG�SULFHV��7KH�TXRWHG�SHUFHQWDJH�VSUHDG�LV�REWDLQHG�E\�GLYLGLQJ�WKH�TXRWHG�GROODU�
VSUHDG�E\�WKH�TXRWH�PLGSRLQW���:H�FDOFXODWH�WKH�HIIHFWLYH�VSUHDG�XVLQJ�WKH�IROORZLQJ�IRUPXOD�
��� (IIHFWLYH�VSUHDGLW  ��'LW�3LW � 0LW��
SURFHGXUH�DIWHU�ZH�PXOWLSO\�1<6(�YROXPH�E\������7KH�UHVXOWV�IURP�WKH�QHZ�PDWFKLQJ�VDPSOH��KRZHYHU��GR�QRW�FKDQJH�RXU�PDLQ�UHVXOWV�LQ�DQ\�VLJQLILFDQW�PDQQHU�
� :H� ILQG� WKDW� GLIIHUHQFHV� LQ� RQH� RU� PRUH� VWRFN� DWWULEXWHV� EHWZHHQ� 1DVGDT� DQG� 1<6(� VWRFNV� EHFRPH�FRQVLGHUDEOH� ZKHQ� WKH� &06� H[FHHGV� WKUHH�� � +HQFH�� WR� HQVXUH� WKH� TXDOLW\� RI� RXU� PDWFKLQJ� VDPSOH�� ZH�LQFOXGH�RQO\�WKRVH�SDLUV������SDLUV��ZLWK�D�&06�RI�OHVV�WKDQ�WKUHH�LQ�RXU�VWXG\�VDPSOH�
� $� ODUJH�QXPEHU�RI�TXRWH�XSGDWHV� IRU�1<6(�OLVWHG� VWRFNV�RULJLQDWH� IURP�RII� WKH�1<6(�� �$V�%OXPH�DQG�*ROGVWHLQ��������VKRZ��KRZHYHU��TXRWHV�WKDW�RULJLQDWH�IURP�RII�WKH�1<6(�RQO\�RFFDVLRQDOO\EHWWHU�1<6(�TXRWHV���+HQFH��ZH�XVH�RQO\�1<6(�TXRWHV�LQ�RXU�VWXG\�
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ZKHUH�3LW LV�WKH�WUDQVDFWLRQ�SULFH�IRU�VHFXULW\�L�DW�WLPH�W��0LW LV�WKH�PLGSRLQW�RI�WKH�PRVW�UHFHQWO\�
SRVWHG�ELG�DQG�DVN�TXRWHV�IRU�VHFXULW\�L��DQG�'LW LV�D�ELQDU\�YDULDEOH�ZKLFK�HTXDOV����IRU�FXVWRPHU�
EX\�RUGHUV�DQG����IRU�FXVWRPHU�VHOO�RUGHUV��:H�HVWLPDWH�'LW XVLQJ�WKH�DOJRULWKP�LQ�/HH�DQG�5HDG\�
��������7KH�HIIHFWLYH�VSUHDG�PHDVXUHV�WKH�DFWXDO�H[HFXWLRQ�FRVW�SDLG�E\�WKH�WUDGHU�

7DEOH���VKRZV�WKH�DYHUDJH�WLPH�ZHLJKWHG�GROODU�DQG�SHUFHQWDJH�VSUHDGV�DQG�WKH�DYHUDJH�
WUDGH�ZHLJKWHG�HIIHFWLYH�VSUHDG�IRU�RXU�1DVGDT�VWRFNV�DQG�WKH�FRQWURO�VDPSOH�RI�1<6(�VWRFNV��
7KH� GROODU�� SHUFHQWDJH�� DQG� HIIHFWLYH� VSUHDGV� GXULQJ� WKH� SRVW� WLFN�VL]H� FKDQJH� SHULRG� DUH� DOO�
VPDOOHU�WKDQ�WKRVH�GXULQJ�WKH�SUH�WLFN�VL]H�FKDQJH�SHULRG�IRU�ERWK�1DVGDT�VWRFNV�DQG�WKH�FRQWURO�
VDPSOH�� 2Q� DYHUDJH�� 1DVGDT� VWRFNV� H[SHULHQFHG� D� ����� GHFOLQH� LQ� WKH� GROODU� VSUHDG�ZKHUHDV�
1<6(� VWRFNV� H[SHULHQFHG� DQ� ����� GHFOLQH�� 6LPLODUO\�� 1DVGDT� VWRFNV� H[SHULHQFHG� DQ� ������
GHFOLQH� LQ� WKH�SHUFHQWDJH�VSUHDG�ZKHUHDV� WKH�FRUUHVSRQGLQJ�ILJXUH�IRU�1<6(�VWRFNV�LV��������
)RU� WKH� HIIHFWLYH� VSUHDG��1DVGDT� VWRFNV�H[SHULHQFHG� D� ���GHFOLQH�ZKHUHDV� WKH� FRQWURO� VDPSOH�
H[SHULHQFHG�D�������GHFOLQH��:KHQ�ZH�UHSOLFDWH�WKH�DERYH�DQDO\VLV�XVLQJ�RQO\�WKRVH�VWRFNV�ZLWK�
DW�OHDVW�����WUDGHV�GXULQJ�WKH�VWXG\�SHULRG��WKH�UHVXOWV��VHH�SDQHO�%��DUH�TXDOLWDWLYHO\�VLPLODU�

7KH�DERYH�UHVXOWV� LQGLFDWH� WKDW� WKH� WLFN�VL]H�UHGXFWLRQ� OHG�WR�QDUURZHU�VSUHDGV�IRU�ERWK�
1<6(�DQG�1DVGDT�VWRFNV��DOWKRXJK�WKH�PDJQLWXGH�RI�GHFOLQH�IRU�1DVGDT�VWRFNV�LV�VPDOOHU� WKDQ�
WKH�FRUUHVSRQGLQJ�ILJXUH�IRU�1<6(�VWRFNV�� 1RWH� WKDW�RXU�1DVGDT�VDPSOH�FRQVLVWV�RI�WZR�YHU\�
� 6SUHDGV�DUH�HTXDOO\�ZHLJKWHG�DFURVV�VWRFNV�
� 7KHVH� ILJXUHV� DUH� VPDOOHU� WKDQ� WKH�SUHGLFWLRQ� ������PDGH� LQ�+DUULV� �������� �7KH�REVHUYHG�GLVFUHSDQF\�PD\�EH�GXH�WR�WKH�GLIIHUHQFHV�LQ�VWRFN�DWWULEXWHV�EHWZHHQ�+DUULV¶�DQG�RXU�VWXG\�VDPSOH�RI�VWRFNV�
� 7R� WKH� H[WHQW� WKDW� VSUHDGV� DUH� FRUUHODWHG�ZLWK� WKH� DWWULEXWHV� RI� XQGHUO\LQJ� VWRFNV�� LW� LV� SRVVLEOH� WKDW� WKH�REVHUYHG�FKDQJHV�LQ�VSUHDG�PD\�EH�GXH�WR�FKDQJHV�LQ�WKH�VWRFN�DWWULEXWHV�EHWZHHQ�WKH�WZR�SHULRGV��UDWKHU�WKDQ� WR� WKH� FKDQJH� LQ� WLFN� VL]H� SHU� VH�� 7R�PHDVXUH� WKH� HIIHFW� RI� WKH� WLFN�VL]H� FKDQJH� RQ� WKH� VSUHDG� DIWHU�FRQWUROOLQJ� IRU� FRQFXUUHQW� FKDQJHV� LQ� WKH� VWRFN� DWWULEXWHV�� ZH� HVWLPDWH� WKH� IROORZLQJ� UHJUHVVLRQ� PRGHO��635($'SUH � 635($'SRVW  �D� ��6DL� �;LSUH ± ;LSRVW����H��ZKHUH�635($'�GHQRWHV�WKH�VSUHDG��VXSHUVFULSWV�µSUH¶�DQG�µSRVW¶�GHQRWH��UHVSHFWLYHO\��WKH�SUH�DQG�SRVW�WLFN�VL]H�FKDQJH�YDOXHV�RI�WKH�YDULDEOHV��;L� �L� ���WR����UHSUHVHQWV�RQH�RI�WKH�ILYH�VWRFN�DWWULEXWHV�LQ�7DEOH����6 GHQRWHV�WKH�VXPPDWLRQ�RYHU�L� ���WR����DV�DUH�WKH�UHJUHVVLRQ� FRHIILFLHQWV�� DQG� �H LV� WKH� HUURU� WHUP�� :H� ILQG� WKDW� WKH� HVWLPDWHV� RI�D� DUH� DOO� VLJQLILFDQWO\�GLIIHUHQW� IURP� ]HUR� DQG�DUH� VLPLODU� WR� WKH�REVHUYHG�VSUHDG�GLIIHUHQFHV�EHWZHHQ� WKH� WZR�SHULRGV� VKRZQ�LQ�7DEOH����7KHVH�UHVXOWV�VXJJHVW�WKDW�PRVW�RI�WKH�REVHUYHG�GHFOLQH�LQ�VSUHDG�LV�GXH�WR�WKH�FKDQJH�LQ�WLFN�VL]H��QRW�GXH�WR�DQ\�FRQFXUUHQW�FKDQJHV�LQ�WKH�VWRFN�DWWULEXWHV�
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GLVWLQFW�JURXSV�RI� VWRFNV��VWRFNV�WKDW�ZHUH�VXEMHFW� WR� WKH�QHZ�2+5�EHIRUH� WKH�WLFN�VL]H�FKDQJH�
DQG� VWRFNV� WKDW� ZHUH� VXEMHFW� WR� WKH� UXOHV� DIWHU� WKH� WLFN�VL]H� FKDQJH�� ,Q� WKH� QH[W� VHFWLRQ�� ZH�
SHUIRUP� HPSLULFDO� DQDO\VLV� RI�ZKHWKHU� WKH� REVHUYHG� FKDQJHV� LQ�1DVGDT� VSUHDGV� DUH� GULYHQ� E\�
RQO\�WKH�ILUVW�JURXS�RI�VWRFNV�
���� 2UGHU�KDQGOLQJ�UXOHV�DQG�WKH�HIIHFW�RI�WKH�WLFN�VL]H�FKDQJH�RQ�1DVGDT�VSUHDGV�

7KH�6(&�HQDFWHG�PDMRU�FKDQJHV�LQ�WKH�2+5�RQ�1DVGDT�LQ������� 7KH�ILUVW�UXOH��NQRZQ�
DV�WKH��/LPLW�2UGHU�'LVSOD\�5XOH���ZDV�SKDVHG�LQ�IRU�DOO�1DVGDT�1DWLRQDO�0DUNHW�6\VWHP�LVVXHV�
IURP�-DQXDU\����������WR�2FWREHU������������7KH�UXOH�UHTXLUHV�WKDW�OLPLW�RUGHUV�EH�GLVSOD\HG�LQ�
WKH�1DVGDT� %%2� �L�H��� EHVW� ELG� DQG� RIIHU��ZKHQ� WKH\� DUH� EHWWHU� WKDQ� TXRWHV� SRVWHG� E\�PDUNHW�
PDNHUV��7KLV�QHZ�UXOH�DOORZV�WKH�JHQHUDO�SXEOLF�WR�FRPSHWH�GLUHFWO\�ZLWK�1DVGDT�PDUNHW�PDNHUV�
LQ�WKH�TXRWH�VHWWLQJ�SURFHVV��7KH�VHFRQG�6(&�UXOH��NQRZQ�DV�WKH��4XRWH�5XOH���UHTXLUHV�PDUNHW�
PDNHUV� WR�SXEOLFO\�GLVSOD\�WKHLU�PRVW�FRPSHWLWLYH�TXRWHV���7KLV�UXOH�DOORZV�WKH�SXEOLF�DFFHVV�WR�
VXSHULRU� TXRWHV� SRVWHG� E\� PDUNHW� PDNHUV� LQ� (OHFWURQLF� &RPPXQLFDWLRQ� 1HWZRUNV� �(&1V����
8QGHU� WKH�QHZ�UXOH��LI�D�GHDOHU�SODFHV�D�OLPLW�RUGHU�LQWR�,QVWLQHW�RU�DQRWKHU�(&1��WKH�SULFH�DQG�
TXDQWLW\�DUH�LQFRUSRUDWHG�LQ�WKH�(&1�TXRWH�GLVSOD\HG�RQ�1DVGDT���

1DVGDT�GRHV�QRW�KDYH�D�&HQWUDO�/LPLW�2UGHU�%RRN� �&/2%��� �/LPLW�RUGHUV�SODFHG�ZLWK�
GHDOHUV�PLJKW�KDYH�WR�EH�GLVSOD\HG�LQ�WKH�TXRWHV�GXH�WR�WKH�2+5��EXW�WKHVH�OLPLW�RUGHUV�GR�QRW�
QHFHVVDULO\�KDYH� WLPH�SULRULW\� RYHU�RWKHU� OLPLW�RUGHUV�DW� WKH�VDPH�SULFH�SRVWHG�ZLWK� D�GLIIHUHQW�
�� (&1V�DUH� SURSULHWDU\� WUDGLQJ� V\VWHPV� VXFK� DV� ,QVWLQHW� WKDW� DUH� XVHG� H[FOXVLYHO\�E\�PDUNHWPDNHUV� DQG�ODUJH�LQVWLWXWLRQV�
�� 7KH�WKLUG�6(&�UXOH��NQRZQ�DV�WKH�³$FWXDO�6L]H�5XOH�´�UHGXFHV�WKH�PLQLPXP�TXRWH�VL]H��GHSWK��RI�PDUNHW�PDNHUV�IURP������VKDUHV�WR�����VKDUHV�DQG�WKHUHE\�DOORZV�JUHDWHU�IOH[LELOLW\�LQ�WKHLU�TXRWH�GHFLVLRQV��7KLV�UXOH�ZDV� HQDFWHG� LQ� WKH�EHOLHI� WKDW� WKH� VPDOOHU�PLQLPXP�GHSWK� UHTXLUHPHQW� UHGXFHV� WKH� ULVNV� WKDW�1DVGDT�GHDOHUV�PXVW�WDNH�DQG�WKHUHE\�HQFRXUDJHV�PDUNHW�PDNHUV�WR�PDLQWDLQ�FRPSHWLWLYH�TXRWHV��7KH�ODVW�IHDWXUH�RI�WKH�2+5�FKDQJHV�LQYROYHV�DQ�DPHQGPHQW�LQ�WKH�³([FHVV�6SUHDG�5XOH��(65��´��3ULRU�WR�-DQXDU\�����������WKH� (65� UHTXLUHG� 1DVGDT� GHDOHUV� WR� PDLQWDLQ� WKHLU� VSUHDGV� ZLWKLQ� ����� RI� WKH� DYHUDJH� RI� WKH� WKUHH�QDUURZHVW�VSUHDGV�IRU�HDFK�VWRFN���7KH�DPHQGHG�(65�UHTXLUHV�WKDW�HDFK�GHDOHU¶V�DYHUDJH�VSUHDG�GXULQJ�HDFK�PRQWK�EH�VPDOOHU�WKDQ������RI�WKH�DYHUDJH�RI�WKH�WKUHH�QDUURZHVW�VSUHDGV�RYHU�WKH�PRQWK���7KH�QHZ�(65�
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GHDOHU�� �7KXV��1DVGDT�LV�D�PDUNHW�LQ�ZKLFK�WKH�EHWWHU�SULFHV�JHW�SRVWHG�DFURVV�PXOWLSOH�GHDOHUV��
EXW� RQH�ZLWKRXW� D� VWULFW� WLPH�SULRULW\��1HYHUWKHOHVV��1DVGDT�XQGHU� WKH�QHZ�2+5�PRUH�FORVHO\�
UHVHPEOHV�WKH�V\VWHP�XQGHU�ZKLFK�1<6(�OLVWHG�VWRFNV�DUH�WUDGHG�

+DUULV��������SUHGLFWV�WKDW�1DVGDT�VSUHDGV�ZLOO�QDUURZ�ZLWK�D�VPDOOHU�WLFN�VL]H�LI�SXEOLF�
OLPLW�RUGHUV�KDYH�VXIILFLHQW�SUHFHGHQFH� WR�FRPSHWH�HIIHFWLYHO\�ZLWK�GHDOHUV�� �6LQFH�RXU�1DVGDT�
VDPSOH�LQFOXGHV�VWRFNV�WKDW�ZHUH�VXEMHFW�WR�WKH�QHZ�2+5�EHIRUH�WKH�WLFN�VL]H�FKDQJH�DV�ZHOO�DV�
DIWHU� WKH� WLFN�VL]H� FKDQJH�� WKH� REVHUYHG� HIIHFW� RI� WLFN� VL]H� RQ�1DVGDT� VSUHDGV�PD\� KDYH� EHHQ�
GULYHQ�E\�WKRVH�VWRFNV�WKDW�ZHUH�VXEMHFW�WR�WKH�UXOHV�EHIRUH�WKH�WLFN�VL]H�FKDQJH�

7R� H[DPLQH� ZKHWKHU� WKH� LPSDFW� RI� WLFN� VL]H� RQ� 1DVGDT� VSUHDGV� GLIIHUV� GHSHQGLQJ� RQ�
ZKHWKHU�GHDOHUV�ZHUH�VXEMHFW� WR�FRPSHWLWLRQ�IURP�SXEOLF�OLPLW�RUGHUV��ZH�FRPSDUH�WKH�HIIHFW�RI�
WKH�WLFN�VL]H�FKDQJH�RQ�VSUHDGV�EHWZHHQ�1DVGDT�VWRFNV�WKDW�ZHUH�VXEMHFW�WR�WKH�QHZ�2+5�EHIRUH�
WKH�WLFN�VL]H�UHGXFWLRQ��WKH�2+5�VWRFNV�KHUHDIWHU��DQG�1DVGDT�VWRFNV�WKDW�ZHUH�QRW�VXEMHFW�WR�WKH�
QHZ�2+5�DW� WKH� WLPH�RI� WKH� WLFN�VL]H� UHGXFWLRQ� �WKH�QRQ�2+5� VWRFNV�KHUHDIWHU���$V�RXU� VWXG\�
SHULRG�FRYHUV����WUDGLQJ�GD\V�EHIRUH�DQG�DIWHU�WKH�HYHQW�GDWH��-XQH�����������ZH�VHOHFW�WKH�ILUVW�
JURXS�RI�1DVGDT�VWRFNV�IURP�WKH�ILUVW�IRXU�EDWFKHV�RI����VWRFNV�WKDW�ZHUH�VXEMHFW�WR�WKH�QHZ�2+5�
IURP� -DQXDU\� ���� )HEUXDU\� ���� )HEUXDU\� ���� DQG� $SULO� ���� DQG� WKH� VHFRQG� JURXS� IURP� WKRVH�
1DVGDT�VWRFNV�WKDW�ZHUH�VXEMHFW�WR�WKH�QHZ�UXOHV�DIWHU�-XO\������

:H� REWDLQ� D� FRQWURO� VDPSOH� RI� 1<6(� VWRFNV� IRU� WKH� 2+5� VWRFNV� XVLQJ� WKH� VDPH�
SURFHGXUH�GHVFULEHG�LQ�6HFWLRQ����� /LNHZLVH��ZH�REWDLQ�D�FRQWURO�VDPSOH�RI�1<6(�VWRFNV�IRU�WKH�
QRQ�2+5�VWRFNV���
GHILQHV� FRPSOLDQFH� RQ� D� PRQWKO\� EDVLV� UDWKHU� WKDQ� FRQWLQXRXVO\� DQG� WKHUHIRUH� SRVHV� OHVV� UHVWULFWLRQ� RQ�GHDOHUV¶�DELOLW\�WR�FKDQJH�WKHLU�VSUHDGV���6HH�%DUFOD\�HW�DO���������IRU�D�GHWDLOHG�GHVFULSWLRQ�RI�WKHVH�UXOHV�
�� +HQFH��RXU�VWXG\�VDPSOH�H[FOXGHV����EDWFKHV��$SULO�����0D\����0D\�����0D\�����0D\�����-XQH����-XQH����-XQH�����-XQH�����DQG�-XO\����RI����VWRFNV�WKDW�ZHUH�VXEMHFW�WR�WKH�QHZ�2+5�GXULQJ�WKH����GD\V�EHIRUH�DQG�DIWHU�WKH�FKDQJH�LQ�WLFN�VL]H�
�� :H�XVH����SDLUV�RI�1DVGDT�DQG�1<6(�VWRFNV�ZLWK�D�&06�RI�OHVV�WKDQ�WKUHH�
�� :H�XVH�����SDLUV�RI�1DVGDT�DQG�1<6(�VWRFNV�ZLWK�D�&06�RI�OHVV�WKDQ�WKUHH�
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7DEOH����SDQHO�$��VKRZV�WKDW�WKH�DYHUDJH�GROODU�VSUHDGV�GXULQJ�WKH�SUH�DQG�SRVW�WLFN�VL]H�
FKDQJH�SHULRGV�DUH���������DQG���������� UHVSHFWLYHO\��IRU� WKH�2+5�VWRFNV��:KHQ�ZH�UHSOLFDWH�
WKH� DQDO\VLV� XVLQJ� WKH�SHUFHQWDJH� DQG� HIIHFWLYH� VSUHDGV��ZH� DOVR� ILQG� VPDOOHU� VSUHDGV�DIWHU� WKH�
WLFN�VL]H� FKDQJH�� 7KH� UHVXOWV� RI� W�WHVW� LQGLFDWH� WKDW� WKH� REVHUYHG� FKDQJHV� LQ� VSUHDGV� DUH� DOO�
VWDWLVWLFDOO\�VLJQLILFDQW��:KHQ�ZH� OLPLW�RXU�VWXG\�VDPSOH� WR�VWRFNV�ZLWK�DW� OHDVW����� WUDGHV�� WKH�
UHVXOWV�DUH�LGHQWLFDO�WR�WKRVH�EDVHG�RQ�WKH�ZKROH�VDPSOH���

2YHUDOO�RXU�HPSLULFDO�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�+DUULV¶��������FRQMHFWXUH�WKDW�WKH�WLFN�
VL]H�UHGXFWLRQ�ZLOO�QDUURZ VSUHDGV�IRU�1DVGDT�LVVXHV�LI�SXEOLF�OLPLW�RUGHUV�FRPSHWH�ZLWK�GHDOHU�
TXRWHV� LQ� WKH� TXRWH� VHWWLQJ� SURFHVV�� 1DVGDT� GHDOHUV� DUH� PRUH� OLNHO\� WR� LPSURYH� SULFH� ZLWK� D�
VPDOOHU�WLFN�VL]H�DV�WKH�/LPLW�2UGHU�'LVSOD\�5XOH�VXEMHFWV�WKHP�WR�FRPSHWLWLRQ�IURP�OLPLW�RUGHU�
WUDGHUV���

7DEOH���VKRZV�WKH�HIIHFW�RI�WKH�WLFN�VL]H�FKDQJH�RQ�VSUHDGV�IRU�WKH�QRQ�2+5�VWRFNV���:H�
ILQG� WKDW� WKH� WLFN�VL]H� UHGXFWLRQ� KDV� RQO\� PDUJLQDO� DQG� LQVLJQLILFDQW� HIIHFWV� RQ� WKH� GROODU��
SHUFHQWDJH��DQG�HIIHFWLYH�VSUHDGV���1RWH�WKDW�LQ�DOO�FDVHV��WKH�REVHUYHG�FKDQJHV�LQ�VSUHDGV�DUH�QRW�
VWDWLVWLFDOO\�VLJQLILFDQW���2YHUDOO��RXU�HPSLULFDO�UHVXOW�LQGLFDWHV�WKDW�WKH�VPDOOHU�WLFN�VL]H�GLG�QRW�
QDUURZ�VSUHDGV�RQ�1DVGDT�SULRU�WR�WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�2+5��7KLV�UHVXOW�LV�FRQVLVWHQW�
ZLWK�WKH�SUHGLFWLRQ�RI�+DUULV��������WKDW�WKH�WLFN�VL]H�UHGXFWLRQ�LV�OLNHO\�WR�KDYH�QR�HIIHFW�RQ�WKH�
VSUHDGV� RI� VWRFNV� WUDGHG� LQ� D� GHDOHU�PDUNHW� ZKHUH� D� GHDOHU� IDFHV� QR� FRPSHWLWLRQ� IURP� SXEOLF�
WUDGHUV�

3DQHO� %� RI� 7DEOH� �� VKRZV� WKH� UHVXOWV� IURP� WKH� FRQWURO� VDPSOH� RI�1<6(� VWRFNV�� � 7KH�
UHVXOWV� VKRZ� WKDW� ERWK� JURXSV� RI�1<6(� VWRFNV� H[SHULHQFHG� D� VLJQLILFDQW� UHGXFWLRQ� LQ� VSUHDGV���
%HFDXVH� RXU� FRQWURO� VDPSOH� RI� 1<6(� VWRFNV� �ZLWK� VLPLODU� DWWULEXWHV� DV� WKH� 1DVGDT� VDPSOH��
�� 7KH�UHVXOWV�DUH�DYDLODEOH�IURP�WKH�DXWKRUV�XSRQ�UHTXHVW�
�� 7KH������PDUNHW�UHIRUP�LQYROYHV�RWKHU�UXOH�FKDQJHV�DQG�WKXV�WKH�REVHUYHG�HIIHFW�RI�WKH�WLFN�VL]H�FKDQJH�RQ�VSUHDGV�PD\�UHIOHFW�WKH�HIIHFWV�RI�RWKHU�UXOH�FKDQJHV���2XU�HPSLULFDO�PHDVXUHV��KRZHYHU��FDQQRW�VHSDUDWH�RXW�WKHVH�GLIIHUHQW�HIIHFWV�
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H[SHULHQFHG�D�VLJQLILFDQW�GHFOLQH� LQ�VSUHDGV�� WKH�ODFN�RI�D�VLJQLILFDQW�FKDQJH�LQ�VSUHDGV�IRU� WKH�
QRQ�2+5�VWRFNV�LV�QRW�OLNHO\�WR�EH�GXH�WR�WKHLU�DWWULEXWHV���������

$OWKRXJK� RXU� UHVXOWV� VXJJHVW� WKDW� WKH� WLFN�VL]H� FKDQJH� RQ� 1DVGDT� DIIHFWHG� RQO\� WKRVH�
VWRFNV�VXEMHFW�WR�WKH�QHZ�2+5��LW�LV�SRVVLEOH�WKDW�WKH�UHVXOWV�DUH�GXH WR�WKH�GLIIHUHQFH�LQ�WKH�SUH�
WLFN�VL]H�FKDQJH�VSUHDG�EHWZHHQ�WKH�2+5�VWRFNV�DQG�WKH�QRQ�2+5�VWRFNV���)RU�H[DPSOH��LI�WKH�
ROG�WLFN�VL]H�ZHUH�D�ELQGLQJ�FRQVWUDLQW�IRU�WKH�2+5�VWRFNV�EXW�QRW�IRU�WKH�QRQ�2+5�VWRFNV��WKH�
VPDOOHU�WLFN�VL]H�ZRXOG�OHDG�WR�QDUURZHU�VSUHDGV�RQO\�IRU�WKH�2+5�VWRFNV���7R�H[DPLQH�WKLV�LVVXH��
ZH�SHUIRUP�D�PDWFKLQJ�VDPSOH�FRPSDULVRQ�RI�VSUHDGV�EHWZHHQ�WKH�WZR�JURXSV�RI�1DVGDT�VWRFNV�

7R�REWDLQ�PDWFKLQJ�VDPSOHV�RI�1DVGDT�VWRFNV��ZH�FDOFXODWH�WKH�FRPSRVLWH�PDWFK�VFRUH�
�&06�� IRU� HDFK� 1DVGDT� VWRFN� WKDW� ZDV� VXEMHFW� WR� WKH� QHZ� 2+5� EHIRUH� WKH� WLFN�VL]H� FKDQJH�
DJDLQVW�HDFK�RI�������1DVGDT�LVVXHV�WKDW�ZHUH�VXEMHFW�WR�WKH�QHZ�2+5�DIWHU�WKH�WLFN�VL]H�FKDQJH��
7KHQ��IRU�HDFK�VWRFN�IURP�WKH�ILUVW�JURXS��ZH�VHOHFW�WKH�VWRFN�IURP�WKH�VHFRQG�JURXS�WKDW�KDV�WKH�
ORZHVW�VFRUH���7KLV�SURFHGXUH�UHVXOWV�LQ����SDLUV�RI�1DVGDT�VWRFNV���

:H� VKRZ� WKH� UHVXOWV� LQ� 7DEOH� ���1RWH� WKDW� WKH� UHGXFWLRQ� LQ� WLFN� VL]H� KDV� D� VLJQLILFDQW�
HIIHFW�RQ�DOO�WKUHH�PHDVXUHV�RI�H[HFXWLRQ�FRVW�IRU�WKH�2+5�VWRFNV���,Q�FRQWUDVW��ZH�ILQG�QR�VXFK�
HIIHFW�IRU�WKH�QRQ�2+5�VWRFNV��:H�REWDLQ�VLPLODU�UHVXOWV��QRW�UHSRUWHG��IURP�VWRFNV�ZLWK�DW�OHDVW�
����WUDGHV�GXULQJ�WKH�VWXG\�SHULRG���2Q�WKH�ZKROH��WKHVH�UHVXOWV�VXJJHVW�WKDW�WKH�GLIIHUHQW�HIIHFWV�
RI� WLFN� VL]H� RQ� VSUHDGV� VKRZQ� LQ� 7DEOH� �� PD\� QRW� EH� DWWULEXWHG� WR� WKH� GLIIHUHQFH� LQ� VSUHDGV�
EHWZHHQ�WKH�WZR�1DVGDT�VDPSOHV�EHIRUH�WKH�WLFN�VL]H�FKDQJH�

7DEOH���VKRZV�WKH�SURSRUWLRQV�RI�HYHQ�HLJKWK�TXRWHV�DPRQJ�HLJKWKV�GXULQJ�WKH�SUH�DQG�
SRVW� WLFN�VL]H� FKDQJH� SHULRGV� IRU� ERWK� JURXSV� RI� 1DVGDT� VWRFNV�� � 7KH� UHVXOWV� VKRZ� WKDW� WKH�
DYHUDJH�SURSRUWLRQ�RI�HYHQ�HLJKWK�TXRWHV�IRU�WKH�QRQ�2+5�VWRFNV�LV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�
FRUUHVSRQGLQJ� ILJXUH� IRU� WKH� 2+5� VWRFNV� GXULQJ� ERWK� SHULRGV�� �7KH� W�YDOXHV� IRU� WHVWLQJ� WKH�
�� 7R�HQVXUH�WKH�TXDOLW\�RI�RXU�PDWFKLQJ�VDPSOH��ZH�LQFOXGH�RQO\�WKRVH�SDLUV�����SDLUV��ZLWK�D�&06�RI�OHVV�WKDQ�WKUHH�LQ�RXU�VWXG\�VDPSOH�
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HTXDOLW\�RI�WKH�PHDQ�EHWZHHQ�WKH�WZR�JURXSV�DUH������DQG��������UHVSHFWLYHO\��GXULQJ�WKH�SUH�DQG�
SRVW� WLFN�VL]H� FKDQJH� SHULRGV��� 7KHVH� UHVXOWV� VXSSRUW� WKH� YLHZ� WKDW� 1DVGDT� GHDOHUV� KDYH� OHVV�
LQFHQWLYH�WR�FRPSHWH�RQ�SULFH�EHIRUH�WKH�LPSOHPHQWDWLRQ�RI�WKH�QHZ�2+5��7KH�WDEOH�DOVR�VKRZV�
WKDW� ZKLOH� WKH� SURSRUWLRQV� RI� HYHQ�HLJKWK� TXRWHV� GHFOLQHG� VLJQLILFDQWO\� DIWHU� WKH� WLFN�VL]H�
UHGXFWLRQ� IRU� WKH�2+5� VWRFNV�� VXFK� LV� QRW� WKH� FDVH� IRU� WKH�QRQ�2+5�VWRFNV��7KHVH� UHVXOWV� DUH�
FRQVLVWHQW�ZLWK�RXU�HDUOLHU�ILQGLQJ�WKDW�WKH�WLFN�VL]H�UHGXFWLRQ�OHG�WR�VPDOOHU�VSUHDGV�RQO\�IRU�WKH�
2+5�VWRFNV�������������
�� (IIHFWV�RI�WKH�WLFN�VL]H�FKDQJH�RQ�GHSWKV
���� 7LFN�VL]H�DQG�GHSWKV

3UHYLRXV�VWXGLHV�VKRZ�WKDW�WKH�WLFN�VL]H�UHGXFWLRQ�UHVXOWV�LQ�D�VLJQLILFDQW�GHFUHDVH�LQ�WKH�
TXRWHG� GHSWK� RQ� WKH� 76(� �VHH�� H�J��� +DUULV�� ������ DQG� WKH� 1<6(� �VHH�� H�J��� *ROGVWHLQ� DQG�
.DYDMHF]����������,Q�WKLV�VHFWLRQ�ZH�DQDO\]H�KRZ�WKH�WLFN�VL]H�UHGXFWLRQ�DIIHFWV�WKH�TXRWHG�GHSWK�
RI�1DVGDT�VWRFNV�DQG�FRPSDUH� WKH�UHVXOWV�ZLWK� WKRVH�IURP�WKH�FRQWURO�VDPSOH�RI�1<6(�VWRFNV��
%HFDXVH� WKH�SULFH�WLPH�SULRULW\� UXOH LV�HQIRUFHG�RQ� WKH�76(�DQG�1<6(�EXW�QRW�RQ�1DVGDT�� WKH�
UHVXOWV�RI�WKH�SUHVHQW�VWXG\�VKHG�IXUWKHU�OLJKW�RQ�KRZ�WKH�SULRULW\�UXOH�DIIHFWV� WKH�LPSDFW�RI�WKH�
WLFN�VL]H�FKDQJH�RQ�TXRWHG�GHSWKV���,Q�DGGLWLRQ�ZH�H[DPLQH�KRZ�WKH�QHZ�2+5�DOWHU�WKH�LPSDFW�RI�
WKH�WLFN�VL]H�UHGXFWLRQ�RQ�TXRWHG�GHSWKV�

7KH� 7$4� GDWDEDVH� UHSRUWV� RQO\� WKH� ODUJHVW�� QRW� WKH� DJJUHJDWH�� GHSWK� DW� WKH� LQVLGH� IRU�
1DVGDT�LVVXHV�ZKHUHDV�LW�UHSRUWV�WKH�DJJUHJDWH�GHSWK��VSHFLDOLVW�GHSWK�SOXV�DOO�WKH�OLPLW�RUGHUV�DW�
WKH�TXRWHG�SULFH��IRU�1<6(�LVVXHV���+HQFH��WKH�FURVV�PDUNHW�FRPSDULVRQ�RI�TXRWHG�GHSWKV�LV�QRW�
PHDQLQJIXO��:H�DQDO\]H�WKH�HIIHFW�RI�WLFN�VL]H�RQ�GHSWKV��KRZHYHU��E\�SHUIRUPLQJ�WKH�EHIRUH�DQG�
DIWHU�FRPSDULVRQ�RI�TXRWHG�GHSWKV�DURXQG�WKH�GDWH�RI�WKH�WLFN�VL]H�FKDQJH�ZLWKLQ�HDFK�PDUNHW�

7DEOH���VKRZV� WKH�HIIHFWV�RI� WKH� WLFN�VL]H�FKDQJH�RQ� WKH�TXRWHG�GHSWKV�IRU�RXU�1DVGDT�
VWRFNV�DQG�WKH�FRQWURO�VDPSOH�RI�1<6(�VWRFNV��3DQHO�$�VKRZV�WKH�WLPH�ZHLJKWHG�GHSWK��LQ�URXQG�
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ORWV��GXULQJ�WKH�SUH�DQG�SRVW�WLFN�VL]H�FKDQJH�SHULRGV���:H�UHSRUW�WZR�GHSWK�ILJXUHV��WKH�DYHUDJH�
WLPH�ZHLJKWHG� GHSWK� IRU� RXU� HQWLUH� VWXG\� VDPSOH� RI� VWRFNV� �GHSWK��� DQG� WKH� DYHUDJH� WLPH�
ZHLJKWHG� GHSWK� IRU� WKRVH� VWRFNV� ZLWK� DW� OHDVW� ���� WUDGHV� �GHSWK���� 1RWH� WKDW� WKH� WLFN�VL]H�
UHGXFWLRQ� KDV� D� VLJQLILFDQW�HIIHFW�RQ� WKH�TXRWHG�GHSWK� IRU WKH� FRQWURO� VDPSOH�RI�1<6(� VWRFNV���
7KH� DYHUDJH� GHSWK� GXULQJ� WKH� SUH� WLFN�VL]H� UHGXFWLRQ� SHULRG� LV� ������ZKLOH� WKH� FRUUHVSRQGLQJ�
ILJXUH�GXULQJ�WKH�SRVW�WLFN�VL]H�FKDQJH�SHULRG�LV�RQO\�������7KH�REVHUYHG�GLIIHUHQFH��������LQ�WKH�
GHSWK�EHWZHHQ�WKH�WZR�SHULRGV�LV�VWDWLVWLFDOO\�VLJQLILFDQW���:H�REWDLQ�VLPLODU�UHVXOWV�IURP�VWRFNV�
ZLWK� DW� OHDVW� ���� WUDGHV�� 7KHVH� UHVXOWV� DUH� TXDOLWDWLYHO\� VLPLODU� WR� WKRVH� UHSRUWHG� LQ� SUHYLRXV�
VWXGLHV��VHH��H�J���%ROOHQ�DQG�:KDOH\�������DQG�*ROGVWHLQ�DQG�.DYDMHF]��������DQG�LQGLFDWH�WKDW�
WKH�WLFN�VL]H�UHGXFWLRQ�KDV�D�VLJQLILFDQW�HIIHFW�RQ�TXRWDWLRQ�VL]H�LQ�K\EULG�PDUNHWV�

7DEOH� �� VKRZV� WKDW� WKH� WLFN�VL]H� FKDQJH� KDV� RQO\� D� PDUJLQDO� HIIHFW� RQ� WKH� GHSWK� RI�
1DVGDT� VWRFNV�� 7KH� DYHUDJH� GHSWK� GXULQJ� WKH� SUH� WLFN�VL]H� FKDQJH� SHULRG� LV� ���� ZKHUHDV� WKH�
FRUUHVSRQGLQJ�ILJXUH�DIWHU�WKH�WLFN�VL]H�FKDQJH�LV��������:KLOH�WKH�DYHUDJH�GHSWK�RI�1DVGDT�LVVXHV�
GXULQJ� WKH�SRVW� WLFN�VL]H� FKDQJH�SHULRG� LV� VOLJKWO\�JUHDWHU� WKDQ� WKH�FRUUHVSRQGLQJ� ILJXUH�GXULQJ�
WKH�SUH�WLFN�VL]H�FKDQJH�SHULRG��WKH�GLIIHUHQFH LV�VPDOO�DQG�VWDWLVWLFDOO\�LQVLJQLILFDQW��2YHUDOO��RXU�
HPSLULFDO�UHVXOWV�LQGLFDWH�WKDW�WKH�VPDOOHU�WLFN�VL]H�UHVXOWHG�LQ�QDUURZHU�VSUHDGV�IRU�WKRVH�1DVGDT�
LVVXHV� WKDW�ZHUH� VXEMHFW� WR� WKH�2+5�ZLWKRXW�DGYHUVHO\�DIIHFWLQJ� WKH�TXRWHG�GHSWK�� �+HQFH�� WKH�
WLFN�VL]H�UHGXFWLRQ�OHG�WR�DQ�LQFUHDVH�LQ�WKH�OLTXLGLW\�RI�1DVGDT�LVVXHV���
���� 2UGHU�KDQGOLQJ�UXOHV�DQG�WKH�HIIHFW�RI�WKH�WLFN�VL]H�FKDQJH�RQ�1DVGDT�GHSWKV

:H�QRZ�H[DPLQH�ZKHWKHU�FRPSHWLWLRQ�IURP�OLPLW�RUGHU�WUDGHUV�KDV�FKDQJHG�WKH�ZD\�WKH�
WLFN�VL]H�UHGXFWLRQ DIIHFWV�WKH�TXRWHG�GHSWK���)RU�WKLV��ZH�FDOFXODWH�WKH�GLIIHUHQFH�LQ�TXRWHG�GHSWK�
EHWZHHQ� WKH� SUH� DQG� SRVW� WLFN�VL]H� FKDQJH�SHULRGV� IRU� WKRVH�1DVGDT� LVVXHV� VXEMHFW� WR� WKH�QHZ�
2+5� EHIRUH� WKH� WLFN�VL]H� UHGXFWLRQ�� � 6LPLODUO\�� ZH� FDOFXODWH� WKH� GLIIHUHQFH� LQ� TXRWHG� GHSWK�
�� 7KLV�FRQFOXVLRQ�KDV�OLPLWDWLRQ�DV�WKH�7$4�GDWDEDVH�VKRZV�RQO\�WKH�ODUJHVW�GHSWK�IRU�1DVGDT�LVVXHV�
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EHWZHHQ�WKH�SUH�DQG�SRVW� WLFN�VL]H�FKDQJH�SHULRGV�IRU� WKRVH�1DVGDT� LVVXHV�WKDW�ZHUH�VXEMHFW� WR�
WKH�2+5�DIWHU�WKH�WLFN�VL]H�UHGXFWLRQ�

3DQHO�%�RI�7DEOH���VKRZV�WKDW�WKH�DYHUDJH�WLPH�ZHLJKWHG�GHSWK�GXULQJ�WKH�SUH�WLFN�VL]H�
FKDQJH�SHULRG�LV������DQG�WKH�FRUUHVSRQGLQJ�ILJXUH�GXULQJ�WKH�SRVW�WLFN�VL]H�FKDQJH�SHULRG�LV������
IRU� WKH�2+5�VWRFNV�� �7KH� UHVXOW�RI� W�WHVW� VKRZV� WKDW� WKH�REVHUYHG�GHFOLQH� LQ�GHSWK� ������ LV�QRW�
VWDWLVWLFDOO\�VLJQLILFDQW���)RU�WKH�VDPSOH�RI�1DVGDT�LVVXHV�WKDW�ZHUH�QRW�VXEMHFW�WR�WKH�QHZ�2+5�DW�
WKH�WLPH�RI�WKH�WLFN�VL]H�FKDQJH��WKH�DYHUDJH�WLPH�ZHLJKWHG�GHSWKV�GXULQJ�WKH�SUH�DQG�SRVW�WLFN�
VL]H� FKDQJH� SHULRGV� DUH� ����� DQG� ������ UHVSHFWLYHO\�� 7KH� UHVXOW� RI� W�WHVW� LQGLFDWHV� WKDW� WKH�
REVHUYHG�FKDQJH�LQ�GHSWK��������LV�QRW�VLJQLILFDQWO\ GLIIHUHQW�IURP�]HUR���:H�REWDLQ�VLPLODU�UHVXOWV�
IURP� VWRFNV�ZLWK� DW� OHDVW� ���� WUDGHV�� 7KHVH� UHVXOWV� VXJJHVW� WKDW� WKH� WLFN�VL]H� UHGXFWLRQ� KDV� QR�
LPSDFW� RQ� TXRWHG� GHSWKV�� UHJDUGOHVV� RI� ZKHWKHU� RU� QRW� 1DVGDT� GHDOHUV� ZHUH� VXEMHFW� WR�
FRPSHWLWLRQ�IURP�OLPLW�RUGHU�WUDGHUV�

)LQDOO\��RXU� HPSLULFDO� UHVXOWV� VKRZ� WKDW� WKH� DYHUDJH�GHSWK�RI� WKH�2+5�VWRFNV� LV� ODUJHU�
�VLJQLILFDQW�DW�WKH�����WKDQ�WKH�DYHUDJH�GHSWK�RI�WKH�QRQ�2+5�VWRFNV��7KH�REVHUYHG�LQFUHDVH�LQ�
GHSWK� PD\� LQGLFDWH� WKDW� DIWHU� WKH� 2+5� FKDQJH�� PDUNHW� PDNHUV� VWDUWHG� WR� VKRZ� WKHLU� WUDGLQJ�
LQWHUHVWV��L�H���GHVLUHG� WUDGH�VL]HV��PRUH� IUHTXHQWO\��ZKLOH�EHIRUH�WKH�2+5�FKDQJH��PRVW�PDUNHW�
PDNHUV�SRVWHG�RQO\�WKH�PDQGDWRU\�PLQLPXP�GHSWK���7KH�LQFUHDVH�LQ�GHSWK�PD\�DOVR�LQGLFDWH�WKDW�
ODUJH�OLPLW�RUGHUV�VWDUWHG�WR�VHW�WKH LQVLGH�VSUHDG�DIWHU�WKH�2+5�FKDQJH���
�� &RQFOXGLQJ�UHPDUNV

,Q�WKLV�VWXG\�ZH�H[DPLQH�WKH�HIIHFW�RI�WKH�WLFN�VL]H�FKDQJH�RQ�WKH�VSUHDGV�DQG�GHSWKV�RI�
1DVGDT� LVVXHV�� �:KLOH� WKH� HIIHFW� RI� WLFN� VL]H�RQ� WKH� OLTXLGLW\�RI� VWRFNV� WUDGHG� LQ�SXUHO\�RUGHU�
�� %DUFOD\�HW�DO���������UHSRUWPL[HG�UHVXOWV�IRU�WKH�HIIHFW�RI�WKH�2+5�FKDQJH�RQ�GHSWKV���)RU�WKH�-DQXDU\����VDPSOH��WKH�VWXG\�ILQGV�WKDW�WKH�DJJUHJDWH�TXRWHG�GHSWKV�DW�WKH�LQVLGH�PDUNHW�LV�YLUWXDOO\�XQDIIHFWHG�E\�WKH�UXOH�FKDQJH���)RU�WKRVH�VWRFNV�SKDVHG�LQ�RQ�)HEUXDU\�����KRZHYHU��WKH�VWXG\�ILQGV�WKDW�WKH�DJJUHJDWH�GHSWK�DIWHU� WKH� UXOH� FKDQJH� LV� VLJQLILFDQWO\� JUHDWHU� WKDQ� WKH� FRUUHVSRQGLQJ� ILJXUH� EHIRUH� WKH� UXOH� FKDQJH�� 2XU�
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GULYHQ�RU K\EULG�PDUNHWV�KDV�EHHQ�ZHOO�GRFXPHQWHG��WKH�FRUUHVSRQGLQJ�HIIHFW�LQ�GHDOHU�PDUNHWV�
ZLWKRXW� D� SULFH�WLPH� SULRULW\� UXOH� KDV� UHFHLYHG� UHODWLYHO\� OLWWOH� DWWHQWLRQ�� :KLOH� UHVHDUFKHUV�
FRQMHFWXUH�WKDW�WKH�LPSDFW�RI�WKH�WLFN�VL]H�FKDQJH�RQ�1DVGDT�VSUHDGV�ZLOO�EH LQVLJQLILFDQW�EHIRUH�
WKH�2+5�FKDQJH��QR�GLUHFW�HYLGHQFH�LV�DYDLODEOH�RQ�WKLV�LVVXH��

2XU� HPSLULFDO� UHVXOWV� LQGLFDWH� WKDW� WKH� VPDOOHU� WLFN� VL]H� QDUURZV� VSUHDGV� RQ� ERWK� WKH�
1<6(�DQG�1DVGDT��:KHQ�ZH�VHSDUDWH�1DVGDT�VWRFNV�LQWR�WZR�JURXSV�DFFRUGLQJ�WR�ZKHWKHU�WKH�
WLFN�VL]H�FKDQJH�SUHFHGHG�RU�IROORZHG�WKH�RUGHU�KDQGOLQJ�UXOHV�FKDQJH��ZH�ILQG�WKDW�WKH�WLFN�VL]H�
FKDQJH�KDV�QR�LPSDFW�RQ�WKH�VSUHDG�RI�VWRFNV�IRU�ZKLFK�WKH�WLFN�VL]H�FKDQJH�SUHFHGHG�WKH�RUGHU�
KDQGOLQJ� UXOHV� FKDQJH��7KHVH� UHVXOWV� VXJJHVW� WKDW�1DVGDT� GHDOHUV�GLG�QRW�FRPSHWH�RQ�SULFH� IRU�
RUGHU�IORZ�SULRU�WR�WKH�RUGHU�KDQGOLQJ�UXOHV�FKDQJH��7KLV�LV�QRW�VXUSULVLQJ�EHFDXVH�1DVGDT�GHDOHUV�
KDG�OLWWOH�LQFHQWLYH�WR�GR�VR�ZLWKRXW�D�WLPH�SULRULW\�UXOH�

)RU�WKH�JURXS�RI�1DVGDT�LVVXHV�WKDW�ZHUH�VXEMHFW�WR�WKH�QHZ RUGHU�KDQGOLQJ�UXOHV�SULRU�WR�
WKH� WLFN�VL]H� FKDQJH�� KRZHYHU�� ZH� ILQG� WKDW� WKH� WLFN�VL]H� UHGXFWLRQ� KDV� D� VLJQLILFDQW� HIIHFW� RQ�
VSUHDGV��7KLV�UHVXOW�VXJJHVWV�WKDW�WKH�QHZ�RUGHU�KDQGOLQJ�UXOHV�HIIHFWLYHO\�VXEMHFW�1DVGDT�GHDOHUV�
WR�FRPSHWLWLRQ�IURP�OLPLW�RUGHU�WUDGHUV�DQG�WKHUHE\�IRUFH�WKHP�WR�RIIHU�FRPSHWLWLYH�TXRWHV����,Q�
DGGLWLRQ��ZH�ILQG�WKDW�WKH�WLFN�VL]H�FKDQJH�GLG�QRW�DGYHUVHO\�DIIHFW�TXRWDWLRQ�VL]H�RQ�1DVGDT�

7KH� 1DVGDT� 6WRFN� 0DUNHW� EHJDQ� LWV� GHFLPDO� WHVW� SKDVH� RQ� 0DUFK� ���� ����� ZLWK� ���
VHFXULWLHV�� IROORZHG� E\� DQRWKHU� ���� VHFXULWLHV� RQ� 0DUFK� ���� ������ $OO� UHPDLQLQJ� 1DVGDT�
VHFXULWLHV� FRQYHUWHG� WR� GHFLPDO� WUDGLQJ� RQ� $SULO� ��� ������ � 6RPH� VXJJHVW� WKDW� D� VPDOOHU� SULFH�
LQFUHPHQW�ZRXOG�VKLIW�SRZHU�IURP�SXEOLF� WUDGHUV�WR�SURIHVVLRQDO�WUDGHUV�E\�PDNLQJ�LW�HDVLHU�IRU�
SURIHVVLRQDOV�WR�VWHS�LQ�IURQW�RI�SXEOLF�OLPLW�RUGHUV���$V�D�UHVXOW��SXEOLF�WUDGHUV�ZLOO�GLVSOD\�WKHLU�
RUGHUV�OHVV�RIWHQ�DQG�VZLWFK�IURP�OLPLW�RUGHU�VWUDWHJLHV�WR�PDUNHW�RUGHU�VWUDWHJLHV���2WKHUV�DUJXH�
WKDW� GHFLPDO� SULFHV� DUH� HDVLHU� WR� XVH� WKDQ� IUDFWLRQDO� SULFHV� DQG� WKDW� D� VPDOOHU� SULFH� LQFUHPHQW�
UHVXOWV�DUH�QRW�GLUHFWO\�FRPSDUDEOH�WR�%DUFOD\�HW�DO�
V�EHFDXVH�WKH�7$4�GDWDEDVH�UHSRUWV�RQO\�WKH�ODUJHVW��QRW�WKH�DJJUHJDWH��GHSWK�DW�WKH�LQVLGH�PDUNHW�IRU�1DVGDT�LVVXHV�
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ZRXOG�HQFRXUDJH�SULFH�FRPSHWLWLRQ�DQG�QDUURZ�ELG�DVN�VSUHDGV��7KH�UHVXOWV�RI�WKH�SUHVHQW�VWXG\�
VXJJHVW�WKDW�GHFLPDOL]DWLRQ�LV�OLNHO\�WR�QDUURZ�VSUHDGV�

7KH�HDUO\�HYLGHQFH�LV�FRQVLVWHQW�ZLWK�RXU�SUHGLFWLRQ��1DVGDT�UHSRUWV�WKDW�ERWK�TXRWHG�DQG�
HIIHFWLYH�VSUHDGV�IHOO�E\�DQ�DYHUDJH�RI�����IRU�PRVW�VWRFNV��� 7KH�UHSRUW�DOVR�LQGLFDWHV�WKDW�VPDOO�
UHWDLO� RUGHUV� EHQHILWHG� WKH� PRVW� IURP� WKH� UHGXFHG� VSUHDGV� DQG� WKDW� ODUJH� LQVWLWXWLRQDO� RUGHUV¶�
WUDQVDFWLRQV�FRVWV�GR�QRW�DSSHDU� WR�KDYH�LQFUHDVHG��,Q�DGGLWLRQ��&KDNUDYDUW\��+DUULV��DQG�:RRG�
�����D�� ����E��� %HVVHPELQGHU� �������� DQG� &KXQJ�� 9DQ� 1HVV�� DQG� 9DQ� 1HVV� ������� ILQG� D�
VLJQLILFDQW�GHFUHDVH�LQ�VSUHDGV�RQ�ERWK�WKH�1<6(�DQG�1DVGDT�DIWHU�GHFLPDOL]DWLRQ���

��7KH�LPSDFW�RI�GHFLPDOL]DWLRQ�RQ� WKH�1DVGDT�6WRFN�0DUNHW��)LQDO�5HSRUW� WR�WKH�6(&��1DVGDT�(FRQRPLF�5HVHDUFK��7KH�1DVGDT�6WRFN�0DUNHW��,QF���-XQH����������
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%HVVHPELQGHU��+���������7UDGH�H[HFXWLRQ�FRVWV�DQG�PDUNHW�TXDOLW\ DIWHU�GHFLPDOL]DWLRQ���:RUNLQJ�SDSHU��8QLYHUVLW\�RI�8WDK�
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*ULIILWKV��0���6PLWK��%���7XUQEXOO��'���:KLWH��5���������7KH�UROH�RI�WLFN�VL]H�LQ�XSVWDLUV�WUDGLQJ�DQG�GRZQVWDLUV�WUDGLQJ���-RXUQDO�RI�)LQDQFLDO�,QWHUPHGLDWLRQ������������
+DUULV�� /��� ������ � 0LQLPXP� SULFH� YDULDWLRQV�� GLVFUHWH� ELG�DVN� VSUHDGV�� DQG� TXRWDWLRQ� VL]HV��5HYLHZ�RI�)LQDQFLDO�6WXGLHV������������
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+DUULV�� /��� ������ 'HFLPDOL]DWLRQ�� D� UHYLHZ� RI� WKH� DUJXPHQWV� DQG� HYLGHQFH�� :RUNLQJ� 3DSHU��8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD��
.DYDMHF]��.���������$�VSHFLDOLVW
V�TXRWHG�GHSWK�DQG�WKH�OLPLW�RUGHU�ERRN��-RXUQDO�RI�)LQDQFH��������������
.GG��%���4GCF[��/���������+PHGTTKPI�VTCFG�FKTGEVKQP�HTQO�KPVTCFC[�FCVC��,QWTPCN�QH�(KPCPEG�������������
3RUWHU��'���:HDYHU��'���������'HFLPDOL]DWLRQ�DQG�PDUNHW�TXDOLW\��)LQDQFLDO�0DQDJHPHQW����������
6LPDDQ�� <���:HDYHU�� '���:KLWFRPE�� '��� ������ 7KH� TXRWDWLRQ� EHKDYLRU� RI� (&1V� DQG� 1DVGDT�PDUNHW�PDNHUV��:RUNLQJ�3DSHU��%DUXFK�&ROOHJH��&81<��
6WROO��+���������)ULFWLRQ��-RXUQDO�RI�)LQDQFH������������������
9DQ�1HVV��5���9DQ�1HVV��%���3UXLWW��6���������7KH�LPSDFW�RI�WKH�UHGXFWLRQ�LQ�WLFN�LQFUHPHQWV�LQ�PDMRU� 8�6�� PDUNHWV� RQ� VSUHDGV�� GHSWK�� DQG� YRODWLOLW\�� � 5HYLHZ� RI� 4XDQWLWDWLYH� )LQDQFH� DQG�$FFRXQWLQJ�������������
:HVWRQ��-����������&RPSHWLWLRQ�RQ�WKH�1DVGDT�DQG�WKH�LPSDFW�RI�UHFHQW�PDUNHW�UHIRUPV���-RXUQDO�RI�)LQDQFH�����������������



7DEOH��'HVFULSWLYH�VWDWLVWLFV�IRU�����1DVGDT�VWRFNV�DQG�WKH�FRQWURO�VDPSOH�RI�1<6(�VWRFNV
7R�REWDLQ�WKH�FRQWURO�VDPSOH�RI�1<6(�VWRFNV��ZH�ILUVW�FDOFXODWH�WKH�FRPSRVLWH�PDWFK�VFRUH��&06��IRU�HDFK�1DVGDT�VWRFN�DJDLQVW�HDFK�RI�������1<6(�VRFNV�LQ�RXU�VDPSOH��&06� �6>�<N1 � <N<��^�<N1 ��<N<���`@���ZKHUH�<N UHSUHVHQWV�RQH�RI�WKH�ILYH�VWRFN�DWWULEXWHV��WKH�VXSHUVFULSWV��1�DQG�<��UHIHU�WR�1DVGDT�DQG�1<6(��UHVSHFWLYHO\��DQG�6 GHQRWHV�WKH�VXPPDWLRQ�RYHU�N  ���WR�����7KHQ��IRU�HDFK�1DVGDT�VWRFN��ZH�VHOHFW�WKH�1<6(�VWRFN�ZLWK� WKH�ORZHVW�VFRUH�2QFH�D�1<6(�VWRFN� LV�PDWFKHG�ZLWK�D�1DVGDT�LVVXH�� WKH�1<6(�VWRFN� LV�QR�ORQJHU�FRQVLGHUHG�IRU�VXEVHTXHQW�PDWFKHV�� �7KLV�SURFHGXUH�UHVXOWV�LQ�����SDLUV�RI�1DVGDT�DQG�1<6(�VWRFNV�WKDW�DUH�UHDVRQDEO\�VLPLODU�LQ�WKHLU�DWWULEXWHV���:H�PHDVXUH�VKDUH�SULFH�E\�WKH�DYHUDJH�GDLO\�FORVLQJ�SULFH�DQG�UHWXUQ�YRODWLOLW\� E\� WKH� VWDQGDUG�GHYLDWLRQ� RI� GDLO\� UHWXUQV�GXULQJ���� WUDGLQJ�GD\V�EHIRUH� WKH� WLFN�VL]H� FKDQJH��:H�PHDVXUH� WUDGH� VL]H�E\� WKH�DYHUDJH�GROODU�WUDQVDFWLRQ�VL]H���:H�PHDVXUH�ILUP�VL]H�E\�WKH�PDUNHW�YDOXH�RI�HTXLW\��LQ��PLOOLRQV��RQ�0D\������������BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB3HUFHQWLOHBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB6WDQGDUG9DULDEOH ([FKDQJH 0HDQ��W�YDOXHD� GHYLDWLRQ � �� �� �� ��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
6KDUH�SULFH���� 1DVGDT ������������ ����� ����� ����� ����� ����� �����1<6( ������ ����� ����� ����� ����� ����� �����
1XPEHU�RI 1DVGDT ������������ ������ ���� ����� ����� ����� ������WUDGHV 1<6( ����� ����� ���� ����� ����� ����� ������
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0DUNHW�YDOXH� 1DVGDT ������������� ����� ���� ����� ����� ����� �������RI�HTXLW\ 1<6( ����� ������� ���� ����� ����� ����� �������BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBD7KH�W�VWDWLVWLF�WHVWLQJ�WKH�HTXDOLW\�RI�WKH�PHDQ�EHWZHHQ�1DVGDT�DQG�1<6(�VWRFNV�
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(��6SUHDG ������ ����������� ������� ����
 ������ ������ ������ ����
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%� 5HVXOWV�IURP�WKH�FRQWURO�VDPSOH�RI�1<6(�VWRFNV
��6SUHDG ������ ������ ������������������������
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'HSWK� ���� ���� ���� ����� ����� ���� ���� ����
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB%� 4XRWHG�GHSWKV�RI�1DVGDT�VWRFNV�EHIRUH�DQG�DIWHU�WKH�WLFN�VL]H�FKDQJH�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB1DVGDT VWRFNV�VXEMHFW�WR�WKH�QHZ�2+5�EHIRUH�WKH�WLFN 1DVGDT�VWRFNV�VXEMHFW�WR�WKH�QHZ�2+5�DIWHU�WKH�WLFNVL]H�FKDQJH��WKH�2+5�VWRFNV� VL]H�FKDQJH��WKH�QRQ�2+5�VWRFNV�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB%HIRUH�WKH� $IWHU�WKH 'LIIHUHQFH W�YDOXHD %HIRUH�WKH� $IWHU�WKH� 'LIIHUHQFH W�YDOXHDFKDQJH FKDQJH �EHIRUH�DIWHU� FKDQJH FKDQJH �EHIRUH�DIWHU�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB'HSWK� ���� ���� ��� ���� ���� ���� ���� �����'HSWK� ���� ���� ��� ���� ���� ���� ���� �����BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
6LJQLILFDQW�DW�WKH����OHYHOD7KH�W�VWDWLVWLF�WHVWLQJ�WKH�HTXDOLW\�RI�WKH�PHDQ�EHWZHHQ�WKH�SUH�DQG�SRVW�WLFN�VL]H�FKDQJH�SHULRGV��


	Kee H. Chung*
	Chairat Chuwonganant
	Abstract

