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6FRXU�RI�6DQG�%HGV�E\�/RQJ�DQG�6KRUW�,PSLQJLQJ�-HWV� 6LPLODULWLHV�DQG�'LIIHUHQFHV�

0DKPXG�5DVKHGXO�$PLQ�����1DOODPXWKX�5DMDUDWQDP��� DQG 'DYLG�=KX���

������� 8QLYHUVLW\�RI�$OEHUWD��(GPRQWRQ��&DQDGD�
PDPLQ#XDOEHUWD�FD��QUDMDUDWQDP#XDOEHUWD�FD� G]KX#XDOEHUWD�FD

$EVWUDFW

$�JRRG�QXPEHU�RI�VWXGLHV�ZHUH�FRQGXFWHG SUHYLRXVO\�RQ�WKH�VFRXU�RI�VDQG�EHGV�E\�YHUWLFDOO\�LPSLQJLQJ�FLUFXODU�
MHWV�VLQFH�LW�UHSUHVHQWV�PDQ\�SUDFWLFDO�VFRXU�SKHQRPHQD��7KHVH�VWXGLHV�ZHUH�EDVHG�RQ�PRVWO\�ORQJ�LPSLQJLQJ�
MHWV�� ZKHUH� WKH� LPSLQJLQJ� KHLJKW�K LV� ORQJHU� WKDQ� ���� WLPHV� WKH� MHW� GLDPHWHU�G�� +RZHYHU�� LQ�PDQ\� SUDFWLFDO�
DSSOLFDWLRQV�� D� VKRUW� LPSLQJLQJ� MHW� ZLWK� K �� ���G LV� GHVLUHG� VR� WKDW� WKH� DYHUDJH� YHORFLW\� RI� WKH� MHW� DW� WKH�
LPSLQJHPHQW�UHJLRQ�LV�KLJKHU�DQG�PRUH�XQLIRUP��7KLV�VWXG\�IRFXVHV�RQ�WKH�GLIIHUHQFHV�DQG�VLPLODULWLHV�RI�ORQJ�
DQG� VKRUW� LPSLQJLQJ� MHW� VFRXU�� EDVHG� RQ� ODERUDWRU\� H[SHULPHQWV� DQG� SUHYLRXV� VWXGLHV�� 3UHOLPLQDU\� UHVXOWV�
VXJJHVW� WKDW� WKH� VFRXU�PHFKDQLVP��GHYHORSPHQW� RI� VFRXU� KROH�� DQG�SURILOH� RI� WKH�GLPHQVLRQOHVV� VKDSH�DUH�
GLIIHUHQW�

.H\ZRUGV� 6DQG�EHG�VFRXU��&LUFXODU�MHW��&RKHVLRQOHVV�VRLO��-HW�LPSLQJHPHQW

�� ,1752'8&7,21

6FRXU� LV� DQ� LPSRUWDQW� DQG� SUDFWLFDO� SUREOHP�� )DLOXUH� RI� K\GUDXOLF� VWUXFWXUHV� LV RIWHQ� DVVRFLDWHG� ZLWK�
XQFRQWUROOHG�VFRXU�DURXQG�WKH�IRXQGDWLRQ��6FRXU�LQ�FRKHVLRQOHVV�VRLO�LV�RI�SDUWLFXODU�LQWHUHVW�EHFDXVH�WKH�EHG�RI�
PDQ\�QDWXUDO�VWUHDPV�LV FRPSRVHG�RI�FRKHVLRQOHVV�VRLO��0DQ\�UHVHDUFKHUV�XVHG�D�VXEPHUJHG�LPSLQJLQJ�FLUFXODU�
MHW�WR�LQYHVWLJDWH�WKH�HURGLELOLW\�RI�VRLOV��H�J����'RGGLDK�HW�DO���������3RUHK�DQG�+HIH]� ������:HVWULFK�DQG�.REXV��
������$GHULELJEH�DQG�5DMDUDWQDP��������$QVDUL�HW�DO���������0D]XUHN�DQG +RVVDLQ��������DQG�RWKHUV���+RZHYHU��
WKHVH�VWXGLHV�PRVWO\�XVHG�D� MHW�ZLWK�D� ORQJ� LPSLQJLQJ�KHLJKW��%DVHG�RQ� WKH�REVHUYDWLRQV�RI�5DMDUDWQDP�DQG�
%HOWDRV� ��������D� MHW� FDQ�EH�FRQVLGHUHG�HLWKHU�D� ORQJ�RU�VKRUW� MHW� LI� WKH� LPSLQJLQJ�KHLJKW�K!���G��RU�K����G��
UHVSHFWLYHO\��ZKHUH�G� LV� WKH� MHW�QR]]OH�GLDPHWHU�� -HW� LPSLQJLQJ�KHLJKWV�EHWZHHQ� WKLV� UDQJH� ����G�K����G�� LV�
FRQVLGHUHG�DV�WKH�WUDQVLWLRQ�UHJLRQ��6FRXU�E\�D�VKRUW�LPSLQJLQJ�MHW�LV�LPSRUWDQW�EHFDXVH�LW�LQYROYHV�D�VWURQJHU�
MHW�ZLWK�PRUH�VFRXULQJ�SRWHQWLDO��0DQ\ HQJLQHHULQJ�DSSOLFDWLRQV�LQYROYH�VFRXULQJ�E\�D�VKRUW�MHW��H�J���XQGHUZDWHU�
MHW�WUHQFKLQJ�RSHUDWLRQ��=KDQJ�HW�DO����������IOXLGL]DWLRQ�RI�VWUHDP�EHGV�E\�MHWV�IRU�GUHGJLQJ��6XOOLYDQ���������DQG�
IRU�FODP�KDUYHVWLQJ��0DQQLQJ���������$OWKRXJK�D�IHZ�VWXGLHV�LQYROYHG�H[SHULPHQWV�ZLWK�VKRUW�MHWV��$GHULELJEH�
DQG�5DMDUDWQDP��������5DMDUDWQDP�DQG�%HOWDRV���������WKHVH�VWXGLHV�ODFN�DGHTXDWH�H[SHULPHQWDO�GDWD��2QO\�
UHFHQWO\��$PLQ� HW� DO�� ������� FRQGXFWHG� ODERUDWRU\� H[SHULPHQWV�ZLWK� VKRUW� LPSLQJLQJ� MHWV� DQG� UHSRUWHG� VRPH
LQWHUHVWLQJ�H[SHULPHQWDO�UHVXOWV�

7KLV� VWXG\� FRPSDUHV� WKH� UHVXOWV� RI� VKRUW� LPSLQJLQJ� MHW� H[SHULPHQWV� LQ� FRQWUDVW� WR� WKH� UHVXOWV� RI� ORQJ�
LPSLQJLQJ�MHW�H[SHULPHQWV�EDVHG�RQ�SUHYLRXV�H[SHULPHQWDO�GDWD��DQG�VRPH�QHZ�H[SHULPHQWV�FRQGXFWHG�LQ�WKH�
ODERUDWRU\��)ORZ�UHJLPHV�DQG�VFRXU�PHFKDQLVP�IRU�WKH�VKRUW�LPSLQJLQJ�MHW�DUH GLVFXVVHG�EDVHG�RQ�WKH�QHZO\�
REWDLQHG�H[SHULPHQWDO� UHVXOWV�� ,W�ZLOO�HQKDQFH� WKH�XQGHUVWDQGLQJ�RI�VFRXU� LQ�FRQKHVLRQOHVV�EHGV�ZLWK� MHWV�RI�
GLIIHUHQW�LPSLQJLQJ�KHLJKWV�

�� (;3(5,0(17$/�6(783�$1'�(;3(5,0(176

7ZR�VHWV�RI�H[SHULPHQWV ZHUH�FRQGXFWHG�LQ�WKH�%HOFK�+\GUDXOLF�ODE�DW�WKH�8QLYHUVLW\�RI�$OEHUWD��7KH�ILUVW�
VHW�FRQWDLQV�D�3DUWLFOH�,PDJH�9HORFLPHWU\��3,9��H[SHULPHQW�RI�WKH�KDOI�PRGHO�RI�D�VFRXU�KROH��$�����P�ORQJ������
P�ZLGH��DQG������P�GHHS�SOH[LJODVV�VDQGER[�ZDV�NHSW�LQVLGH�D����P�ORQJ������P�ZLGH��DQG�����P�GHHS�JODVV�
ZDOOHG�WDQN��7KH�VDQG�ER[�ZDV�ILOOHG�ZLWK�VDQG�RI�PHDQ�JUDLQ�VL]H�'��  ������PP��$�ZHOO�GHVLJQHG�QR]]OH�RI�
GLDPHWHU�G� ������PP�ZDV�DWWDFKHG�WR�WKH�HQG�RI�D�YHUWLFDO�39&�SLSH�WR�FUHDWH�WKH�MHW��7KH�QR]]OH�ZDV�NHSW����
PP�DERYH�WKH�VDQG�EHG�VR�WKDW�WKH�LPSLQJLQJ�KHLJKW�K RI�WKH�MHW�ZDV�VKRUW��K  ��G���7KH�WDQN�ZDV�ILOOHG�ZLWK�
ZDWHU�XS WR�D�GHSWK�RI�����P�VR� WKDW� WKH�VDQG�EHG�DQG�WKH� MHW�QR]]OH�ZHUH�UHPDLQHG�VXEPHUJHG�GXULQJ� WKH�
H[SHULPHQW��$�����KS�FHQWULIXJDO�SXPS�GHOLYHUHG�ZDWHU�WR�WKH�39&�SLSH�VR�WKDW�WKH�MHW�YHORFLW\�DW�QR]]OH�8M  �
����� PV���� 7KH� 39&� SLSH� ZDV� NHSW� ZLWKLQ� ���� PP� IURP� WKH� VLGHZDOO� RI� WKH� WDQN� WR� FUHDWH� D� KDOI�PRGHO�
DUUDQJHPHQW��7KLV�DUUDQJHPHQW�LV�DOVR�XVHG�E\�3DJOLDUD�HW�DO����������DQG�RWKHUV�WR�IDFLOLWDWH�WKH�REVHUYDWLRQ�RI�
VFRXU�G\QDPLFV�IURP�WKH�VLGH�RI�WKH�WDQN��7KH�HTXLYDOHQW�IXOO�PRGHO�MHW�GLDPHWHU�LV�JLYHQ�E\�GIXOO ¥��G��ZKLOH�WKH�
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MHW�YHORFLW\�IRU�WKH�IXOO�DQG�KDOI�PRGHO�UHPDLQV�WKH�VDPH��7KH�VFRXU�KROH�ZDV�LOOXPLQDWHG�ZLWK�D�OHG�ODPS�IURP�
WKH� VLGH� RI� WKH� WDQN�� $� KLJK�VSHHG� FDPHUD� �3KDQWRP� Y����� 9LVLRQ� 5HVHDUFK�� :D\QH�� 1HZ� -HUVH\�� ZDV�
SRVLWLRQHG�DW�WKH�VLGH�RI�WKH�WDQN�IRFXVLQJ�RQ�WKH�FHQWHU�RI�WKH�VDQG�ER[��7KH�FDPHUD�UHFRUGHG�WKH�PRWLRQ�RI�
WKH�VDQG�SDUWLFOHV�LQVLGH�WKH�VFRXU�KROH�DW�D�IUHTXHQF\�RI������LPDJHV�SHU�VHFRQG��7KH�3,9�DQDO\VLV�RI�WKH�VDQG�
PRWLRQ�ZDV�FRQGXFWHG�XVLQJ�WKH�3,9ODE�VRIWZDUH��7KLHOLFNH�DQG�6WDPKXLV�������� )LJXUH ��VKRZV�WKH�GHILQLWLRQ�
VNHWFK�RI�WKH�H[SHULPHQWV�

)LJXUH����'HILQLWLRQ�VNHWFK�RI�WKH�H[SHULPHQWV�

7KH�VHFRQG�VHW�RI�H[SHULPHQWV�ZDV FRQGXFWHG�LQVLGH�D�KH[DJRQDO�SOH[LJODVV�WDQN�ZLWK�D�IXOO�PRGHO�VHWXS��
$�SRLQW�JDXJH�ZDV�XVHG�IRU�WKH�VWDWLF�GLPHQVLRQV�RI�WKH�VFRXU�KROH�ZKLOH�D�GHSWK�URG�ZDV�XVHG�IRU�WKH�G\QDPLF�
GHSWK�PHDVXUHPHQW��'HWDLOV�RI�WKLV�VHWXS�FDQ�EH�IRXQG�LQ�$PLQ�HW�DO����������7DEOH���VKRZV�WKH�GHWDLOV�RI�WKH�
H[SHULPHQWV�

7DEOH��� 6XPPDU\ RI�WKH�H[SHULPHQWV �SDUWLDOO\�DGDSWHG�IURP�$PLQ�HW�DO�������
([S��1R� '�� 4 8M K K�G 5H 5HPDUNV

�PP� �/�V� �P�V� �PP�
��%�� ���� ���� ���� �� � ����� 3,9�H[SHULPHQWV
��6�� ���� ���� ���� � � ����� 6FRXU�WHVWLQJ�ZLWK�

VWDWLF�DQG�
G\QDPLF�GHSWK�
PHDVXUHPHQWV

��6�� ���� ���� ���� �� � �����
��6�� ���� ���� ���� �� � �����
��%�� ���� ���� ���� � � �����
��%�� ���� ���� ���� �� � �����
��%�� ���� ���� ���� �� � �����

1RWH��5H 8MG�Ȟ  �MHW�5H\QROGV�QXPEHU��ZKHUH�Ȟ LV�WKH�NLQHPDWLF�YLVFRVLW\�RI�ZDWHU��4  �IORZ�UDWH�

�� 5(68/76�$1'�',6&866,216

��� 6DQG�PRWLRQ

%DVHG�RQ�WKH�IORZ�SDWWHUQ�LQVLGH�WKH�VFRXU�KROH��SUHYLRXV�DWWHPSWV�KDYH�EHHQ�PDGH�WR�FODVVLI\�WKH�IORZ�
UHJLPHV�LQVLGH�WKH�VFRXU�KROH��5RXVH ������ REVHUYHG�WKH�IORZ�SDWWHUQ�IRU�LPSLQJHPHQW�RI�D�YHUWLFDO�SODQH�MHW�
LQVLGH�WKH�VFRXU�KROH�LQ�FRKHVLRQOHVV�VRLO��+H�WHUPHG�WKH�IORZ�SDWWHUQ�DV�µPD[LPXP�MHW�GHIOHFWLRQ¶��ZKHQ�WKH�MHW�
GHIOHFWV�QHDUO\�DW����� DQJOH�DQG�µPLQLPXP�MHW�GHIOHFWLRQ¶�ZKHQ�WKH�IORZ�IROORZV�WKH�ERXQGDU\�RI�WKH�VFRXU�KROH�
XS WR�WKH�ULGJH��6LPLODUO\��$GHULELJEH�DQG�5DMDUDWQDP ������ WHUPHG�WKH�IORZ�SDWWHUQ�LQVLGH�WKH�VFRXU�KROH�DV�
µVWURQJO\� GHIOHFWHG� MHW� UHJLPH� �6'-5�¶� DQG� µZHDNO\� GHIOHFWHG� MHW� UHJLPH� �:'-5�¶�� UHVSHFWLYHO\�� 7KH\� KDYH�
LGHQWLILHG�WKDW�IRU������(F�������WKH�IORZ�UHJLPH�LV�:'-5�DQG�IRU��(F!������WKH�IORZ�UHJLPH�LV�6'5-��)RU�VKRUW�
LPSLQJLQJ�MHW�VFRXU��W\SLFDOO\�(F LV�ZHOO�DERYH�������XQOHVV�HLWKHU�WKH�MHW�YHORFLW\�RU�MHW�GLDPHWHU�LV�WRR�VPDOO��)ORZ�
SDWWHUQ�LQ�6'5-�IORZ�UHJLPH�LV�ERWK�FRPSOH[�DQG�LQWHUHVWLQJ��EHFDXVH�RI�WKH�UHFLUFXODWRU\�IORZ�DQG�VHGLPHQW�
IORZ�LQWHUDFWLRQ�LQ�YRUWLFHV�LQVLGH�WKH VFRXU�KROH��0XOWLSOH�YRUWLFHV�PD\�IRUP�LQVLGH�WKH�VFRXU�KROH�ZKLFK�HQWUDS�
VHGLPHQWV�LQ�VXVSHQGHG�PRWLRQ��:KHQ�WKH�MHW�LV�VWRSSHG��WKH�VHGLPHQWV�VXVSHQGHG�LQ�YRUWLFHV�VHWWOH�GRZQ�DQG�
WKXV�UHGXFH�WKH�GHSWK�RI�VFRXU�KROH��7KHUHIRUH��IRU�6'5-�IORZ�UHJLPH��WKH VWDWLF�DQG�G\QDPLF�GHSWK�RI�VFRXU�
DUH� GLIIHUHQW�� ,W� LV� LPSRUWDQW� WR� VWXG\� WKH� VHGLPHQW�PRWLRQ� LQVLGH� WKH� VFRXU� KROH� IRU� D� VKRUW� LPSLQJLQJ� MHW� WR�
XQGHUVWDQG�WKH�VFRXU�SURFHVV�IRU�VXFK�MHW�
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)LJXUH ��VKRZV�WKH�3,9�UHVXOWV�IRU�WKH�KDOI�PRGHO�VHWXS��7KH�VWUHDPOLQHV�DQG�WKH�YRUWLFLW\�PDS�VKRZ�WKH�
SUHVHQFH� RI�PXOWLSOH� YRUWLFHV��&RQVLGHULQJ� RQO\� WKH�PDMRU� YRUWLFHV�� WZR� YRUWLFHV� DUH� SUHVHQW� MXVW� EHIRUH� WKH�
RSSRVLWH� ULGJHV�DQG�URWDWH� LQ�RSSRVLWH�GLUHFWLRQV��$�FHQWUDO�YRUWH[� LV�SUHVHQW�EHVLGH� WKH� LPSLQJLQJ� MHW��ZKLFK�
VSRQWDQHRXVO\ PRYHV�DURXQG�WKH�MHW��7KH�GHIOHFWHG�MHW�FDUULHV�VHGLPHQW�IURP�WKH�ERWWRP�RI�WKH�VFRXU�KROH�DQG�
IHHGV�VHGLPHQWV�WR�WKHVH�YRUWLFHV��'XH�WR�WKH�GLIIHUHQFH�LQ�VHGLPHQW�DQG�ZDWHU�GHQVLW\��DQG�FHQWULIXJDO�IRUFH�RI�
WKH�YRUWLFHV��ELJJHU� VDQG�SDUWLFOHV�JHW�PRUH�PRPHQWXP� WKDW� VHWV WKHP� IUHH� IURP� WKH�YRUWH[�DQG� WKH\�PRYH�
WRZDUGV�WKH�ULGJH��7KXV�ZLWK�WLPH�WKH�ULGJH�JHWV�WDOOHU��7KH�VHGLPHQWV�WKDW�UHPDLQ�VXVSHQGHG�LQ�WKH�YRUWLFHV�IDOO�
WR�WKH�ERWWRP�RI�VFRXU�KROH�LI�WKH�MHW�LV�VWRSSHG��UHVXOWLQJ�LQ�VWDWLF�VFRXU�GHSWK��7KH�YRUWLFHV�QHDU�WKH�ULGJH�NHHS�
D�G\QDPLF�HTXLOLEULXP�EHWZHHQ�WKH�VFRXU�KROH�VLGHZDOO�DQG�WKH�GHIOHFWHG�MHW��7KH�VDQG�RQ�WKH�VLGHZDOO�VOLGHV�
GRZQ� LQWR� WKH�VFRXU�KROH��ZKLOH� WKH�GHIOHFWHG� MHW�SXVKHV� WKHP�RXWVLGH�RI� WKH�VFRXU�KROH��7KH�YRUWLFHV�URWDWH�
EHWZHHQ�WKH�VLGHZDOO�DQG�WKH�MHW�WR�NHHS�D�G\QDPLF�HTXLOLEULXP�

)LJXUH��� 6DQG�PRWLRQ�LQVLGH�WKH�VFRXU�KROH��9HORFLW\�DQG�YRUWLFLW\�XQLWV�DUH�PV���DQG�V����UHVSHFWLYHO\�

,Q�)LJXUH ���WKH�X DQG�Y � YHORFLW\ FRPSRQHQWV�LQ�WKH�SRVLWLYH�[ DQG�] GLUHFWLRQV�DUH�SRVLWLYH��UHVSHFWLYHO\��
7KH�X�± YHORFLW\�FRPSRQHQW�VKRZV�WKDW�WKH�VHGLPHQWV�DUH�DFFHOHUDWLQJ�WRZDUGV�WKH�ULGJHV��ZKLOH�WKH�Y ± YHORFLW\�
FRPSRQHQW�VKRZV�WKDW�WKH�VHGLPHQWV�DUH�EHLQJ�FDUULHG�WR�WKH�XSZDUG�GLUHFWLRQ�E\�WKH�GHIOHFWHG�MHW��&RPELQHG�
HIIHFWV�RI�WKH�X� DQG�Y ± YHORFLW\�FRPSRQHQWV�DUH�VKRZQ�LQ�WKH�YHORFLW\�PDJQLWXGH�ILJXUH�ZLWK�YHORFLW\�YHFWRUV�
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��� 'LPHQVLRQV�RI�WKH�VFRXU�KROH�LQ�VWHDG\�VWDWH

$GHULELJEH�DQG�5DMDUDWQDP ������ VKRZHG�WKDW�WKH�OHQJWK�VFDOHV�RI�WKH�VFRXU�KROH�LQ�VWHDG\�VWDWH�LV�D�
IXQFWLRQ�RI�WKH�GLPHQVLRQOHVV�TXDQWLW\��WKH�HURVLRQ�SDUDPHWHU��(F���JLYHQ�E\
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+RZHYHU��(F LWVHOI� LV�D�IXQFWLRQ�RI� WKH�GHQVLRPHWULF�)URXGH�QXPEHU��)U  �8M�¥>^�ȡV�ȡZ��ȡZ` J'��@��DQG�WKH�
UHODWLYH�LPSLQJLQJ�KHLJKW��K�G���+HUH��ȡV DQG�ȡZ DUH�WKH�GHQFLW\�RI�VDQG�DQG�ZDWHU��UHVSHFWLYHO\��)RU�WKH�MHW�QR]]OH�
YHU\�FORVH� WR� WKH�VDQG�EHG��L�H���K�G§����(F EHFRPHV�H[WUHPHO\�ELJ� �(F ĺ����)XUWKHU��%HOWDRV�	�5DMDUDWQDP�
������ VKRZHG�WKDW�IRU�VKRUW�LPSLQJLQJ�MHWV��WKH�HIIHFW�RI�G EHFRPHV�VLJQLILFDQW�LQ�WKH�IORZ�UHJLPH�FRPSDUHG�WR�
K� 7KHUHIRUH��+DHKQHO�HW�DO� ��������DQG�UHFHQWO\�$PLQ HW�DO�������� SURSRVHG�WKH�IROORZLQJ�PRGLILFDWLRQ�WR�WKH�
HURVLRQ�SDUDPHWHU�
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7KH�FDOFXODWHG�(F YDOXHV�LQ�WKLV�VWXG\�DUH�EDVHG�RQ�(T�����$FFRUGLQJ�WR�$GHULELJEH�DQG�5DMDUDWQDP ��������
WKH�FKDUDFWHULVWLF�OHQJWKV�RI�WKH�VFRXU�KROH�LQ�VWHDG\�VWDWH�FDQ�EH�H[SUHVVHG�E\�D�SRZHU�IXQFWLRQ�RI�(F�
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ZKHUH�&���&�� DQG P�DUH�FRQVWDQWV��߯ஶ LV�WKH�FKDUDFWHULVWLF�OHQJWK�RI�WKH�VFRXU�KROH�DW�VWHDG\�VWDWH��(T����LV�
YHULILHG�IRU�ORQJ�LPSLQJLQJ�VFRXU�WHVW�UHVXOWV�REWDLQHG�IURP�WKH�VWXGLHV�RI�$GHULELJEH�DQG�5DMDUDWQDP �������
$QVDUL HW�DO� ��������DQG 5DMDUDWQDP���������DQG�VKRZQ�LQ�)LJXUH ��
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)LJXUH��� &KDUDFWHULVWLF�OHQJWKV�RI�WKH�VFRXU�KROH�DW�VWHDG\�VWDWH�DV�D�IXQFWLRQ�RI�(F IRU�VFRXU�E\�ORQJ�
LPSLQJLQJ�MHWV��1RWH�WKDW�WKH�VXEVFULSW�� LQ�WKH�ILJXUH�LQGLFDWH�WKH�GLPHQVLRQV�LQ�VWHDG\�VWDWH�

)RU�DOO�WKH�FDVHV��WKH�SRZHU�IXQFWLRQ�DV�SUHVHQWHG�LQ�(T����ILWV�ZHOO�WKH�FKDUDFWHULVWLF�OHQJWKV�ZLWK�5� EHWZHHQ�
�����DQG�������+RZHYHU��IRU�VKRUW�LPSLQJLQJ�MHW�VFRXU��WKH�VFRXU�WHVW�GDWD�UHSRUWHG�LQ�$PLQ�HW�DO���������VKRZV�
WKDW�D�OLQHDU�IXQFWLRQ�RI�(F�FDQ�EH�XVHG�WR�SUHGLFW�WKH�FKDUDFWHULVWLFV�VFRXU�GLPHQVLRQV�
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IRU�VFRXU�E\�VKRUW�LPSLQJLQJ�MHW��(T����ILWV�WKH�FKDUDFWHULVWLF�GLPHQVLRQV�ZHOO�ZLWK�5� EHWZHHQ������WR�������$PLQ�
HW�DO���������DWWULEXWHG�WKH�GLIIHUHQFH�LQ�WKH�IXQFWLRQDO�UHODWLRQV�EHWZHHQ�WKH�FKDUDFWHULVWLF�GLPHQVLRQV�DQG�(F
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3URFHHGLQJV�RI�WKH���WK ,$+5�:RUOG�&RQJUHVV
������-XQH������ *UDQDGD��6SDLQ

����� ,$+5��8VHG�ZLWK�SHUPLVVLRQ���,661�/����������

)LJXUH��� &KDUDFWHULVWLF�OHQJWKV�RI WKH�VFRXU�KROH�DW�VWHDG\�VWDWH�DV�D�IXQFWLRQ�RI�(F�IRU�VFRXU�E\�VKRUW�
LPSLQJLQJ�MHWV

��� 6LPLODULW\�RI�SURILOHV�DW�VWHDG\�VWDWH

6LPLODU� WR� WKH�REVHUYDWLRQ�RI� WKH� ORQJ� LPSLQJLQJ� MHW�H[SHULPHQWV��GLPHQVLRQOHVV�SURILOHV�RI� WKH�VFRXU�KROH�DW�
VWHDG\�VWDWH�DOVR�VKRZ�VHOI�VLPLODULW\�IRU�VKRUW�LPSLQJLQJ�MHWV��)LJXUH �D�VKRZV�VFRXU�KROH�SURILOHV�IRU�VFRXU�WHVWV�
ZLWK�ZLWK�8M  �����������PV����K  ���± ���PP��G  ������PP��DQG�'��  ������PP��)LJXUH �E�VKRZV� WKDW� WKH�
GLPHQVLRQOHVV�SURILOHV� IRU�DOO� WKH� WHVWV�FROODSVH� LQWR�D�VLQJOH�SURILOH��)RU� ORQJ� LPSLQJLQJ� MHW�H[SHULPHQWV�� WKH�
GLPHQVLRQOHVV�SURILOH�LV�*DXVVLDQ��$GHULELJEH�DQG�5DMDUDWQDP���������+RZHYHU��IRU�VKRUW�LPSLQJLQJ�MHWV��WKLV�
SURILOH�KDV�OLQHDU�VLGH�VORSH��FRUUHVSRQGLQJ�WR�WKH�VXEPHUJHG�DQJOH�RI�UHSRVH�RI�WKH�VDQG��$PLQ�HW�DO���������

�D�

�E�
)LJXUH��� 6FRXU�KROH�SURILOHV�DW�VWHDG\�VWDWH�IRU��D��VFRXU�WHVWV�ZLWK�8M  �����������PV����K  ���± ���PP��

G  �����PP��'��  ������PP��DQG��E��VLPLODULW\�LQ�GLPHQVLRQOHVV�SURILOHV�

�� &21&/86,216

%DVHG�RQ�SUHYLRXV�VWXGLHV�RQ�WKH�VFRXU�RI�VDQG�EHGV�E\�ORQJ�LPSLQJLQJ�MHWV��DQG�VRPH�UHFHQW�H[SHULPHQWV�
ZLWK�VKRUW�LPSLQJLQJ�MHWV��WKLV�ZRUN�VKRZV�D�FRPSDUDWLYH�VWXG\�RI�WKH�UHVXOWV�RI�WKH�VFRXU�H[SHULPHQWV�ZLWK�MHWV�
RI�GLIIHUHQW�LPSLQJLQJ�KHLJKWV��,W�LV�IRXQG�WKDW�WKHUH�DUH�VRPH�LQWHUHVWLQJ�DQG�QRWHZRUWK\�GLIIHUHQFHV�LQ�WKH�VFRXU�
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3URFHHGLQJV�RI�WKH���WK ,$+5�:RUOG�&RQJUHVV
������-XQH������ *UDQDGD��6SDLQ

WHVWLQJ�UHVXOWV�IRU�ORQJ�DQG�VKRUW�LPSLQJLQJ�MHWV��7KH�FKDUDFWHULVWLF�VFRXU�OHQJWKV�IRU�ORQJ�DQG�VKRUW�LPSLQJLQJ�
MHWV�KDYH�GLIIHUHQW�IXQFWLRQDO�UHODWLRQV�ZLWK�WKH�HURVLRQ�SDUDPHWHU��7KH�VWHDG\�VWDWH�VFRXU�SURILOHV�IRU�ORQJ�DQG�
VKRUW�MHW�H[SHULPHQWV�DUH�DOVR�GLIIHUHQW��3DUWLFOH�LPDJH�YHORFLPHWU\��3,9��H[SHULPHQWV�ZHUH�FDUULHG�RXW�WR�H[SORUH�
WKH� VHGLPHQW� G\QDPLFV� IRU� VKRUW� LPSLQJLQJ� MHWV�� ([SHULPHQWDO� UHVXOWV� VKRZHG� WKDW� WKH� VKRUW� LPSLQJLQJ� MHW�
VFRXULQJ�KDV�D�UHVHPEODQFH�WR�WKH� µVWURQJO\�GHIOHFWHG�MHW�UHJLPH¶�RI� ORQJ�LPSLQJLQJ�MHWV��7KLV� LV�EHFDXVH�WKH�
HURVLRQ�SDUDPHWHU�IRU�D�VKRUW�LPSLQJLQJ�MHW�H[SHULPHQW�LV�W\SLFDOO\�PRUH�WKDQ�������XQOHVV�WKH�MHW�GLDPHWHU�RU�
QR]]OH�YHORFLW\�LV�WRR�VPDOO�

�� $&.12:/('*(0(176

7KH�DXWKRUV�DUH�WKDQNIXO�WR�3HUU\�)HGXQ��WKH�:DWHU�5HVRXUFHV�*URXS�/DE�6XSHUYLVRU�IRU�KLV�LQYDOXDEOH�
VXSSRUW�LQ�WKH�H[SHULPHQWDO�VHWXS�
�

�� 5()(5(1&(6

$GHULELJEH��2��� DQG 5DMDUDWQDP��1�� ��������(URVLRQ�RI� ORRVH�EHGV�E\�VXEPHUJHG�FLUFXODU� LPSLQJLQJ�YHUWLFDO�
WXUEXOHQW�MHWV��-RXUQDO�RI�+\GUDXOLF�5HVHDUFK�����������±���

$PLQ��0�5���5DMDUDWQDP��1���DQG�=KX��'�=�� ��������6FRXULQJ�RI�VDQG�EHGV�E\�VKRUW� LPSLQJLQJ� WXUEXOHQW� MHWV��
3URFHHGLQJV�RI�WKH�,QVWLWXWLRQ�RI�&LYLO�(QJLQHHUV�� :DWHU�0DQDJHPHQW�������������±����

$QVDUL�� 6�$��� .RWK\DUL�� 8�&��� DQG 5DMX�� .�*�5�� �������� ,QIOXHQFH� RI� &RKHVLRQ� RQ� 6FRXU� XQGHU� 6XEPHUJHG�
&LUFXODU�9HUWLFDO�-HWV��-RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ���������������±�����

%HOWDRV��6���DQG 5DMDUDWQDP��1�� �������� ,PSLQJLQJ�FLUFXODU� WXUEXOHQW� MHWV��-RXUQDO�RI� WKH�+\GUDXOLFV�'LYLVLRQ��
�������������±�����

'RGGLDK��'���$OEHUWVRQ��0�/���DQG 7KRPDV��5����������6FRXU�IURP�-HWV��,Q�3URFHHGLQJV�RI��WK�,$+5�&RQJUHVV��
,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� +\GUDXOLF� 5HVHDUFK�� 0LQQHDSROLV�� &2�� 86$�� ,QWHUQDWLRQDO $VVRFLDWLRQ� IRU�
+\GUDXOLF�5HVHDUFK��0DGULG��6SDLQ��SS�����±����

+DHKQHO��5�%���&XVKPDQ�URLVLQ��%���DQG�'DGH��:�%����������&UDWHULQJ�E\�D�VXEVRQLF�MHW�LPSLQJLQJ�RQ�D�EHG�RI�
ORRVH� SDUWLFOHV�� ,Q� 3URFHHGLQJV� RI (DUWK� DQG� 6SDFH� ����� � ��WK� %LHQQLDO� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
(QJLQHHULQJ��&RQVWUXFWLRQ��DQG�2SHUDWLRQV�LQ�&KDOOHQJLQJ�(QYLURQPHQWV��+RXVWRQ��7;��8QLWHG�VWDWHV� SS� ��
��

0DQQLQJ�-+��������&RPPHUFLDO�DQG�ELRORJLFDO�XVHV�RI�0DU\ODQG�FODP GUHGJH��,Q�3URFHHGLQJV�RI�WKH���WK�$QQXDO�
*XOI�DQG�&DULEEHDQ�)LVKHULHV�,QVWLWXWH��*XOI�DQG�&DULEEHDQ�)LVKHULHV�,QVWLWXWH��&RUDO *DEOHV��)/��86$��SS��
��±���

0D]XUHN��.�$���DQG +RVVDLQ��7����������6FRXU�E\�MHWV�LQ�FRKHVLRQOHVV�DQG�FRKHVLYH�VRLOV��&DQDGLDQ�-RXUQDO�RI�
&LYLO (QJLQHHULQJ������������±����

3DJOLDUD��6���$PLGHL��0���DQG�+DJHU��:�+����������+\GUDXOLFV�RI��'�3OXQJH�3RRO�6FRXU� -RXUQDO�RI�+\GUDXOLF�
(QJLQHHULQJ� �������������±�����

3RUHK�0�DQG�+HIH] (��������,QLWLDO�VFRXU�DQG�VHGLPHQW�PRWLRQ�GXH�WR DQ�LPSLQJLQJ�MHW��3URFHHGLQJV�RI�WKH���WK�
&RQJUHVV� RI� WKH� ,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� +\GUDXOLF� 5HVHDUFK� �,$+5��� )RUW� &ROOLQV�� &2�� 86$��
,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�+\GUDXOLF 5HVHDUFK��0DGULG��6SDLQ��S� ��

5DMDUDWQDP��1����������(URVLRQ�E\�VXEPHUJHG�FLUFXODU�MHWV��-RXUQDO�RI�WKH�+\GUDXOLFV�'LYLVLRQ�������������±����
5DMDUDWQDP��1���DQG %HOWDRV��6�� ��������(URVLRQ�E\� LPSLQJLQJ�FLUFXODU� WXUEXOHQW� MHWV��-�+\GUDXO�'LY�����������

����±�����
5RXVH� +� ������� &ULWHULD� IRU� VLPLODULW\� LQ� WKH� WUDQVSRUWDWLRQ� RI VHGLPHQW�� ,Q� 3URFHHGLQJV� RI� �VW� +\GUDXOLF�

&RQIHUHQFH��8QLYHUVLW\ RI�,RZD��,RZD�&LW\��,$��86$��SS����±���
6XOOLYDQ��1����������7KH�XVH�RI�DJLWDWLRQ�GUHGJLQJ��ZDWHU�LQMHFWLRQ�GUHGJLQJ�DQG�VLGHFDVWLQJ��5HVXOWV�RI�D VXUYH\�

RI�SRUWV�LQ�(QJODQG�DQG�:DOHV��7HUUD $TXD��������±���
7KLHOLFNH��:���DQG�6WDPKXLV��(�-����������3,9ODE�± 7RZDUGV�XVHU�IULHQGO\��DIIRUGDEOH�DQG�DFFXUDWH�GLJLWDO�SDUWLFOH�

LPDJH�YHORFLPHWU\�LQ 0$7/$%��-RXUQDO�RI�2SHQ�5HVHDUFK�6RIWZDUH�������������
:HVWULFK�%�DQG�.REXV�+��������(URVLRQ�RI�D�XQLIRUP�VDQG�EHG�E\ FRQWLQXRXV�DQG�SXOVDWLQJ�MHWV��3URFHHGLQJV�

RI�WKH���WK�,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�+\GUDXOLF�5HVHDUFK��,$+5��&RQJUHVV��,VWDQEXO� 7XUNH\��SS����±���
=KDQJ�6��*H�7��=KDR�0�DQG�:DQJ�&��������7KH SUHGLFWLRQ�RI�WUDYHOLQJ MHW�WUHQFKLQJ�LQ�VWLII�FOD\�EDVHG�RQ�WKH�

HURVLRQ�IDLOXUH�PHFKDQLVP� 0DULQH�*HRUHVRXUFHV�DQG�*HRWHFKQRORJ\� ����������±����


