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,QWURGXFWLRQ�� �/RQDU�FUDWHU��ZKLFK�ZDV�IRUPHG�RQ�

WKH�'HFFDQ�%DVDOW�>�@�a�������\HDUV�DJR��ZLWK�D�UDGLXV�

RI�a���P��LV�FRPSDUDEOH�WR�OXQDU�0DUH�FUDWHUV�EHFDXVH�

RI�WKH�VLPLODU�WDUJHW�URFN��EDVDOW���7KH�GLVWULEXWLRQ�SDW�

WHUQ�RI�HMHFWD�DURXQG�WKH�FUDWHU�ZDV�VWXGLHG�E\�>�@�DQG�

LW�ZDV�REVHUYHG�WKDW��LW�LV�VSUHDG�RXW�IRU�JUHDWHU�WKDQ�WKH�

UDGLXV� RI� WKH� FUDWHU�� (MHFWD�PDSSLQJ� �H[DFW� ERXQGDU\��

DURXQG�WKH�FUDWHU�UHJLRQ�LV�GLIILFXOW�EHFDXVH�RI�WKH�KHW�

HURJHQHRXV�PL[WXUH�RI�WKH�PDWHULDOV��7KH�KHWHURJHQHLW\�

LV� FDXVHG� QRW� RQO\� GXH� WR� WKH� GLVWULEXWLRQ� RI� GLIIHUHQW�

JUDLQ�VL]HV�EXW�DOVR�GXH�WR�GHJUDGDWLRQ�E\�HURVLRQ�SURF�

HVVHV��+HQFH��IUHVK�HMHFWD�LV�GLIILFXOW�WR�ILQG��'XULQJ�WKH�

LPSDFW��WKH�KHDYLHU�PDWHULDO�IDOOV�QHDU�WKH�ULP��ZKHUHDV��

WKH� ILQHU� SDUWLFOHV� ZLOO� EH� WKURZQ� DZD\� IURP� WKH� ULP��

6RPH�RI� WKH� ILQHVW�SDUWLFOHV� DOVR� IDOO� QHDU� WKH� ULP� WKXV�

PDNLQJ� WKH� HMHFWD� PDWHULDO� D� KHWHURJHQHRXV� �YDULRXV�

JUDLQ�VL]HV����6SHFWUDO�PDSSLQJ�RI�HMHFWD�ZLOO�UHYHDO�DQ\�

SRVVLEOH� YDULDWLRQ�ZLWKLQ� WKH� HMHFWD�� 7R� VSHFWUDOO\� GLV�

WLQJXLVK�WKH�HMHFWD�W\SHV��K\SHUVSHFWUDO�LPDJHV�DUH�XVH�

IXO�� +HQFH�� LQ� WKLV� VWXG\� WKH� /RQDU� FUDWHU� HMHFWD� ZDV�

H[DPLQHG� XVLQJ� WKH� VSHFWUD� GHULYHG� IURP� +\SHULRQ�

LPDJH�WR�GLVFULPLQDWH�WKH�YDULDWLRQV�ZLWKLQ�WKH�HMHFWD���

+\SHULRQ� 'DWDVHW�� 7KH� +\SHULRQ� K\SHUVSHFWUDO�

LPDJH� RI� ��� )HEUXDU\� ����� �)LJ�� ��� ZDV� XVHG� LQ� WKLV�

VWXG\��,W�FRQVLVWV�RI�����EDQGV�ZLWK�D�ZDYHOHQJWK�UDQJH�

RI����QP�WR����QP�DQG�ZLWK�D�VSDWLDO�UHVROXWLRQ�RI���P���

+\SHULRQ� LPDJH� FRUUHFWLRQ��7KH� +\SHULRQ� GDWDVHW�

FRQVLVWV� RI� VHYHUDO� ]HUR�EDQG� DQG� VWULS� HUURU�� 6XFK��

LPDJHV�DUH� UHPRYHG�IURP�WKH�GDWDVHW�SULRU� WR�DQDO\VLV��

7KH�)/$$6+��)DVW�/LQH�RI�VLJKW�$WPRVSKHULF�$QDO\�

VLV� RI� 6SHFWUDO�+\SHUFXEHV�� FRUUHFWLRQ�ZDV� SHUIRUPHG�

WR� UHPRYH� WKH� DWPRVSKHULF� HIIHFWV� DQG� WKH� 01)�

�0LQLPXP�1RLVH�)XQFWLRQ��ZDV�SHUIRUPHG�WR�HOLPLQDWH�

WKH� QRLVH� LQ� WKH� LPDJHV�� 7KH� ZDWHU� DEVRUSWLRQV� EDQGV�

a����QP�DQG�a����QP�ZHUH�DOVR�UHPRYHG��$IWHU�SHU�

IRUPLQJ� WKH� DERYH� PHQWLRQHG� FRUUHFWLRQV�� WKH� ILQDO�

GDWDVHW�FRQWDLQV�����EDQGV��

6SHFWUDO� 9DULDWLRQ� RI� (MHFWD�� 'XH� WR� WKH� KHWHUR�

JHQHRXV�QDWXUH��LGHQWLILFDWLRQ�RI�SXUH�HMHFWD�LV�GLIILFXOW��

0RUHRYHU��WKH�UHVROXWLRQ�RI�WKH�+\SHULRQ�LPDJH�LV���P�

ZKLFK� OHDGV� WR� PL[HG� �SL[HO�� VSHFWUD�� 7KXV�� WR� PLQL�

PL]H� WKH� OLPLWDWLRQV� GXH� WR� KHWHURJHQHLW\� DURXQG� WKH�

FUDWHU��WKH�IROORZLQJ�VWHSV�ZHUH�FDUULHG�RXW��

��)LUVW�� LQ� WKH� +\SHULRQ� LPDJH�� WKH� UDQJH� RI� HMHFWD�

IORZ�FRQVLGHUHG�IRU�WKLV�VWXG\�LV�HTXLYDOHQW�WR�RQH�FUD�

WHU� UDGLXV� �a���P��� 7KLV� ZDV� GRQH� EHFDXVH� WKH�HMHFWD�

EH\RQG� WKLV� UDQJH�LV�GLIILFXOW� WR�EH�GLVWLQJXLVKHG��6HF�

RQG�� WKH� KLQGUDQFH� GXH� WR� YHJHWDWLRQ� FRYHU� RQ� ERWK��

LQQHU� DQG� RXWHU� UHJLRQ� RI� WKH� FUDWHU� ZDV� PLQLPL]HG�

XVLQJ� WKH�1'9,�DSSURDFK��1'9,�ZDV�FRPSXWHG�XVLQJ�

WKH� DSSURSULDWH� ZDYHOHQJWKV�� DQG� YHJHWDWLRQ� ZDV� GH�

OLQHDWHG�� 7KH�1'9,� YDOXHV� �� ����ZHUH� FKRVHQ� IRU� WKH�

DQDO\VLV� DQG� DOO� RWKHU� UHJLRQV�ZHUH�PDVNHG�� 7KH� WKLUG�

OLPLWDWLRQ�LV�WKH�EXQGV�LQ�WKH�DJULFXOWXUDO�ILHOGV�RYHU�WKH�

FUDWHU�UHJLRQ��7KHVH�ZHUH�QRW�FRQVLGHUHG�IRU�WKLV�VWXG\����

)LJ�����$YHUDJH�6SHFWUD�RI���FODVVHV�DV�RI�HMHFWD�LQ��

+\SHULRQ�LPDJH��$�	�%�DUH�ZDWHU�DEVRUSWLRQ�EDQGV���

)LJ�����+\SHULRQ�K\SHUVSHFWUDO�LPDJH�RI�/RQDU�FUDWHU�

DQG�LW�HQYLURQV��
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$IWHU�RYHUFRPLQJ� WKH�DERYH�PHQWLRQHG�OLPLWDWLRQV��

WKH� FUDWHU� HMHFWD�DYDLODEOH� IRU� WKLV� VWXG\� VKRZQ� LQ�)LJ��

��� 7R� ILQG� RXW� WKH� FKDUDFWHULVWLFV� YDULDWLRQ� DURXQG� WKH�

/RQDU� UHJLRQ�� WKH� HMHFWD� ZHUH� GLYLGHG� LQWR� �� ]RQHV�

�1�(�6�:��� (DFK� ]RQH� LV� DJDLQ� VSOLW� LQWR� WZR� ZLWK�D�

UDQJH� RI� ò� RI� WKH� FUDWHU� UDGLXV�� H[SDQGLQJ� RXWZDUG�

IURP� WKH� FUDWHU� ULP�� 7KXV� �� ]RQHV� RI� HMHFWD� IRU� WKH�

DQDO\VLV�ZHUH�QDPHG�DV�1��1��(��(��6��6��:�	:���

7KH� UHDVRQ� IRU�FDWHJRULVLQJ� WKH� HMHFWD� LQWR� ]RQHV� LV� WR�

FKHFN�ZKHWKHU� WKHUH� LV� YDULDWLRQ� LQ� WKH� HMHFWD� UDGLDOO\��

$QDO\VLQJ�WKH�HMHFWD�ZLOO�UHYHDO�WKH�YDULDWLRQ�ZLWKLQ�LW��

7KH� VSHFWUDO� YDULDWLRQ� ZDV� FDOFXODWHG� XVLQJ� WKH�

-HIIULHV�0DWXVLWD� 'LVWDQFH� DSSURDFK� �-0�>�@�� ,W� LV� WKH�

DYHUDJH� GLVWDQFH� EHWZHHQ� WKH� WZR� FODVV� GHQVLW\� IXQF�

WLRQV��-0�GLVWDQFH�SHUIRUPV�EHWWHU�DV�D�IHDWXUH�VHOHFWLRQ�

FULWHULRQ� IRU� PXOWLYDULDWH� QRUPDO� FODVVHV� WKDQ� WKH� 'L�

YHUJHQFH� PHWKRG�� 7KH� -0� GLVWDQFH� KDV� XSSHU� DQG�

ORZHU� ERXQGV� WKDW� YDU\� EHWZHHQ� �� DQG� ������ZLWK� WKH�

KLJKHU� YDOXHV� LQGLFDWLQJ� WKH� WRWDO� VHSDUDELOLW\� RI� WKH�

FODVV�SDLUV�LQ�WKH�EDQGV�EHLQJ�XVHG�>�@���

�� 5HVXOWV�� 7KH� -0� VHSDUDELOLW\� DQDO\VLV� ZDV� SHU�

IRUPHG�WR�ILQG�WKH�SRVVLEOH�VHSDUDELOLW\�EHWZHHQ�HMHFWD�

DQG� WKH� RSWLPDO� QXPEHU� RI� EDQGV� WR� GLVWLQJXLVK� EH�

WZHHQ� WKH� HMHFWD� YDULDWLRQV�� 7KH� FRPSXWDWLRQ� WLPH� IRU�

WKH�-0�PHDVXUH�LV�KLJK�DQG�WKH�FRPSOH[LW\�RI�FDOFXOD�

WLRQ� LQFUHDVHV� LI� WKH� QXPEHU� RI� EDQGV� LQFUHDVHV�� 7R�

RYHUFRPH�WKLV�OLPLWDWLRQ��WKH�����EDQGV�ZHUH�VHSDUDWHG�

LQWR� WKUHH� SDUWV�:DYHOHQJWK�5DQJH�� �:5���� EDQGV� ��

����� :DYHOHQJWK� 5DQJH�� �:5� ��� EDQGV� �������� 	�

:DYHOHQJWK�5DQJH���:5����EDQG�����������7KH�WUDLQ�

LQJ�FODVVHV�IRU�VSHFWUDO�VHSDUDELOLW\�DQDO\VLV�ZKHUH�FKR�

VHQ�IURP�WKH���]RQHV��)LJ����FLUFOHG�UHJLRQV���DQG��
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FRPSDUHG�ZLWK� HDFK� RWKHU� WR� ILQG� WKH� VSHFWUDO� VHSDUD�

WLRQ�EHWZHHQ� WKHP��7KHLU�FRUUHVSRQGLQJ�DYHUDJH�VSHF�

WUD� LV� VKRZQ� LQ� )LJ�� ��� 7KH� VHSDUDELOLW\� LV� FRPSDUHG�

EHWZHHQ� WKH� ]RQHV�� 7KH� FDOFXODWHG� VHSDUDELOLW\� LV�

VKRZQ�LQ�)LJ�����6SHFWUDO�VHSDUDELOLW\�XQGHU�HDFK�UDQJH�

DQG� WKH� DSSURSULDWH� ZDYHOHQJWK� UHJLRQV� DUH� JLYHQ� LQ�

7DEOH�����

�� ,QQHU�=RQH��,Q�WKH�LQQHU�]RQH��FODVV�1��(��6��:����

WKH��FRPSXWHG�VHSDUDELOLW\��VKRZV�WKDW�FODVV�(��	�:���

LH� HMHFWD� RQ�(DVW� DQG�:HVW� DUH� VSHFWUDOO\� GLVWLQFW�� 2Q�

WKH� RWKHU� KDQG�� FODVVHV� 1�� 	� 6�� DUH� VLPLODU�� 7KH� (��

FODVV� LQ� WKH�HDVWHUQ�SDUW� RI� WKH� HMHFWD� LV�VSHFWUDOO\�GLV�

WLQFW�FRPSDUHG�WR�DOO�RWKHU�FODVVHV���

�� 2XWHU�=RQH��,Q�WKH�RXWHU�]RQH��FODVV�1��(��6��:���

WKH� FODVVHV� 6��	�:�� VKRZ� KLJK� VHSDUDELOLW\��ZKHUHDV��

FODVVHV��1��	�6��VKRZV�OHVV�VHSDUDELOLW\���

�� &RQFOXVLRQ��7KH� /RQDU� FUDWHU� WDUJHW�PDWHULDO� �ED�

VDOW��ZDV� FRQYHUWHG� LQWR� HMHFWD�GXULQJ� WKH� LPSDFW��7KH�

LPSDFW� LWVHOI� JHQHUDWHG� KHWHURJHQHLW\� LQ� WKH� HMHFWD��

7KHUH� DUH� VHSDUDEOH� FODVVHV� ZLWKLQ� WKH� HMHFWD�� DV� VHHQ�

IURP� WKH�)LJ�����7KLV�VSHFWUDO� VHSDUDELOLW\�PD\�EH�GXH�

WR� WKH� GLIIHUHQW� JUDLQ� VL]HV� RI� EDVDOW� RYHU� WKH� ]RQHV��

7KLV� VWXG\� VKRZV� WKH� DSSURSULDWH�ZDYHOHQJWKV� WR� GLV�

WLQJXLVK�WKH�HMHFWD�LQ�WKH�K\SHULRQ�K\SHUVSHFWUDO�LPDJH�

ERWK�LQ�YLVLEOH�DQG�LQIUDUHG�UHJLRQV��7KHVH�DSSURSULDWH�

ZDYHOHQJWKV� LQGLFDWH� WKH� SUREDEOH� VHSDUDWLRQ� LQ� HMHFWD�

DQG� FDQ� EH� XVHG� IRU� IXUWKHU� FODVVLILFDWLRQ�� 7KLV� DOVR�

UHGXFHV� WKH� YROXPH�RI� K\SHUVSHFWUDO� GDWD� E\� FKRRVLQJ�

WKH�DSSURSULDWH�EDQGV�IRU�WKH�HMHFWD�PDSSLQJ��

�� $FNQRZOHGJHPHQWV�� 7KH� DXWKRUV� WKDQN� WKH� '26�

3/$1(;�SURJUDP�RI�,QGLD�IRU�VXSSRUWLQJ�WKLV�ZRUN��

�� 5HIHUHQFHV��>�@�)UHGULNVVRQ��.����'XEH��$���0LOWRQ��

'�� -��� 	� %DODVXQGDUDP�0�� 6��������6FLHQFH���������

����>�@�*KRVK��6��	�%KDGXUL��6��.���������,QGLDQ�0LQ�

HUDOV� ��������� >�@�6ZDLQ��3��+��	�'DYLV��6��0��������

LQ� 5HPRWH� 6HQVLQJ�� 7KH� 4XDQWLWDWLYH� $SSURDFK��

0F*UDZ�+LOO�>�@�5LFKDUGV��-��$��	�;LXSLQJ�-LD���������

LQ� 5HPRWH� VHQVLQJ� GLJLWDO� LPDJH� DQDO\VLV�� 6SULQJHU�

9HUODJ��%HUOLQ��
�

7DEOH����$SSURSULDWH�ZDYHOHQJWKV�ZLWK�EHVW�6HSDUDELOLW\��
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