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7KH�'HOLQHDWLRQ�RI�0LQHUDOL]DWLRQ�DQG�+\GURWKHUPDO�$OWHUDWLRQ�=RQHV�LQ�*LWDWD�
6KHHW������1RUWK�&HQWUDO�1LJHULD

� � � �0DP�'��7� ��(PPDQXHO�(��8� ��$EEDVV�$��$� �DQG�8VPDQ�'��$
�1DWLRQDO�:DWHU�5HVRXUFHV�,QVWLWXWH��0DQGR�5RDG�.DGXQD

�������3K\VLFV�'HSDUWPHQW�)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\�0LQQD

0DP�'��7�HW�DO7KH�'HOLQHDWLRQ�RI�0LQHUDOL]DWLRQ�DQG�+\GURWKHUPDO�$OWHUDWLRQ�=RQHV�LQ�*LWDWD�6KHHW������1RUWK�&HQWUDO�1LJHULD

7KLV�SDSHU�SUHVHQWV�WKH�GHOLQHDWLRQ�RI�SRWHQWLDO�PLQHUDOL]DWLRQ�DQG�K\GURWKHUPDO�DOWHUDWLRQ�
]RQHV�ZLWKLQ�*LWDWD� VKHHW� ������ LQ� QRUWK� FHQWUDO�1LJHULD�XVLQJ�DLUERUQH�JHRSK\VLFDO� GDWD��
$HURPDJQHWLF�DQG�DHUR�UDGLRPHWULF�GDWD�RI�KLJK�UHVROXWLRQ�FRYHULQJ�WKH�DUHD�ZHUH�DFTXLUHG�
DQG� DQDO\]HG� E\� PDSSLQJ� SRVVLEOH� DUHDV� RI� PLQHUDOL]DWLRQ�� VWUXFWXUHV� DQG� K\GURWKHUPDO�
DOWHUDWLRQ��7KH�HQKDQFHPHQW�WHFKQLTXHV�DSSOLHG�WR�WKH�GDWD�ZHUH�WKH�$QDO\WLF�VLJQDO�DQG�&HQWUH�
IRU�([SORUDWLRQ�7DUJHWLQJ��&(7���7KH�PDSV�RI�UDGLRHOHPHQWV�DQG�WKHLU�UDWLRV�ZHUH�XVHG�LQ�WKH�
DQDO\VLV��6WUXFWXUDO�DQDO\VLV�VKRZHG�WKH�GRPLQDQW�VWUXFWXUDO�SDWWHUQ�ZLWKLQ�WKH�VWXG\�DUHD�WR�EH�
1(�6:�DQG�1:�6(�ZKLOH�WKH�QRUWKZHVW�DQG�FHQWUDO�SRUWLRQV�RI�WKH�VWXG\�DUHD�ZHUH�FRUUHODWHG�
ZLWK�D�VWURQJ�DQDO\WLF�VLJQDO�RI������DPSOLWXGH��)DYRUDEOH�PLQHUDOL]DWLRQ�]RQHV�ZHUH�PDSSHG�
IURP�FRPSOH[�VWUXFWXUDO�DQDO\VHV�DQG�FRUUHODWHG�ZLWK�DUHDV�RI�KLJK�DQDO\WLFDO�VLJQDO�ZLWKLQ�WKH�
QRUWKZHVW�DQG�FHQWUDO�SRUWLRQ�RI�WKH�VWXG\�DUHD��,QVSHFWLRQ�RI�DHUR�UDGLRPHWULF�PDSV�KHOSHG�WR�
GHOLQHDWH�K\GURWKHUPDO�DOWHUDWLRQ�]RQHV� WKDW�SUHGRPLQDWH� LQ�XQGLIIHUHQWLDWHG�ROGHU�JUDQLWH��
0LJPDWLWH�DQG�*QHLVV� IROORZHG�E\�VRPH�RFFXUUHQFHV�ZLWKLQ� WKH�SRUSK\ULWLF�JUDQLWHV� LQ� WKH�
HDVWHUQ�SDUW�RI�WKH�VWXG\�DUHD�DQG�WKH�3HOLWLF�VFKLVW�0XVFRYLWH�KDYLQJ�VRPH�RFFXUUHQFH�RI�WKH�
K\GURWKHUPDO�]RQHV�GHOLQHDWHG��$UHDV�ZLWK�VWURQJ�DQDO\WLF�VLJQDO�DQG�FRPSOH[�VWUXFWXUHV�DUH�
FRQVLGHUHG�WR�EH�IDYRUDEOH�IRU�PLQHUDOL]DWLRQ�DV�PLQHUDOL]DWLRQ�IOXLGV�PD\�KDYH�VROLGLILHG�LQ�WKH�
VWUXFWXUHV�DQG�DOVR�DOWHU�WKH�FRPSRVLWLRQ�RI�WKH�KRVW�DQG�DGMDFHQW�URFNV�

.H\ZRUGV� 0LQHUDOL]DWLRQ� +\GURWKHUPDO $OWHUDWLRQ� &RPSOH[ 6WUXFWXUDO $QDO\VLV�
*HRPDJQHWLF�'HFOLQDWLRQ

7KH� UROH�RI�DHURPDJQHWLF�PHWKRG� LQ�PLQHUDO�
H[SORUDWLRQ YDULHV IURP GHOLQHDWLRQ RI
VWUXFWXUHV� OLNH� IDXOWV�� IROGV�� FRQWDFWV�� VKHDU�
]RQHV�DQG�LQWUXVLRQV�WR�DXWRPDWHG�GHWHFWLRQ�RI�
SRUSK\U\�DQG�IDYRUDEOH�DUHDV�RI�RUH�GHSRVLWV�
(ONKDWHHE�DQG�$KPHG���������7KHVH�VWUXFWXUHV�
SOD\� LPSRUWDQW� UROHV� LQ� WKH� ORFDOL]DWLRQ� RI�
PLQHUDOL]DWLRQ�� ,Q� FRPSDULVRQ� ZLWK� RWKHU�
DLUERUQH� JHRSK\VLFDO� PHWKRGV�� JDPPD�UD\�
VSHFWURPHWULF�PHWKRG�VKRZV�PRUH�VXFFHVV�LQ�
PDSSLQJ� VXUIDFH� JHRORJ\� �'DUQOH\� HW� DO�
������� ,Q� DGGLWLRQ�� LW� LV� KHOSIXO� LQ� GHGXFLQJ�
VRPH� VWUXFWXUHV� WKDW� PD\� QRW� EH� UHFRJQL]HG�
WKURXJK� DQDO\]LQJ� SRWHQWLDO� ILHOG� PHWKRGV��
$OVR��WKLV�PHWKRG�LV�PRUH�XVHIXO�DQG�DFFXUDWH�
LQ�WKH�LGHQWLILFDWLRQ�RI�K\GURWKHUPDO�DOWHUDWLRQ�
]RQHV�DQG�WKHLU�GHWHFWLRQ��6KLYHV�HW�DO���������
UHFRPPHQG�WKH�XVH�RI�H7K�.�UDWLR�DV�WKH�EHVW�

LQGLFDWRU� RI� UHFRJQL]LQJ� SRWDVVLF� DOWHUDWLRQ�
]RQHV� 6HYHUDO VWXGLHV KDYH DOVR EHHQ
FRQGXFWHG� IRU� LGHQWLI\LQJ� DOWHUDWLRQ� ]RQHV�
�(ONKDWHHE�DQG�$EGHOODWLI��������)HHEUH\�HW�DO�
������ ,UYLQH� DQG� 6PLWK� ������0RUUHOO� HW� DO�
������ :HPHJDK� HW� DO� ������� $V� VXFK�� WKLV�
ZRUN� LV� DLPHG� DW� GHOLQHDWLQJ� SURVSHFWLYH�
PLQHUDOL]DWLRQ�DQG�K\GURWKHUPDO�]RQHV�ZLWKLQ�
*LWDWD��VKHHW������1LJHULD�
/RFDWLRQ�DQG�7RSRJUDSK\�RI�WKH�6WXG\�$UHD
7KH�DUHD�RI�VWXG\�IDOOV�ZLWKLQ�WZR�VWDWHV�DQG�WKH�
IHGHUDO�FDSLWDO�WHUULWRU\��7KHVH�DUH�.DGXQD�DQG�
1DVDUDZD�VWDWHV��)LJXUH����� ,W� LV�ERXQGHG�E\�

� �� �� �� �ODWLWXGH��� 1�WR��� �� 1�DQG�/RQJLWXGH��� �� (�
��WR�� (��7KH�VWXG\�DUHD�IDOOV�ZLWKLQ�WKH�QRUWK�

FHQWUDO�1LJHULDQ�EDVHPHQW�FRPSOH[�DQG�H[WHQG�
IURP�VRXWK�RI�$EXMD�WR�HDVW�RI�8QJZDU�$OXUD�LQ�
WKH� VRXWK� DQG� IURP� .ZRL� WRZQ� WR� ZHVW� RI�
.DJDUNR�LQ�WKH�QRUWK��

&RUUHVSRQGLQJ�DXWKRU
V�H�PDLO��WDZH\PDP#JPDLO�FRP
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)LJ����/RFDWLRQ�RI�WKH�VWXG\�DUHD

7KH�WRSRJUDSK\�RI�WKH�DUHD�SURYLGHG�E\�6KXWWOH�5DGDU�7RSRJUDSK\�0LVVLRQ��6570���UDQJHV�IURP�
��������P�IRU�ORZ�HOHYDWHG�SDUW�RI�WKH�DUHD�ZLWKLQ�WKH�FHQWUDO�SRUWLRQ�RI�WKH�VWXG\�DUHD�GRZQ�WR�WKH�
VRXWKHUQ�HQG��)LJXUH����WR�DUHDV�KDYLQJ�HOHYDWLRQ�DERYH���������P�IRU�KLJKO\�HOHYDWHG�SDUW�RI�WKH�
PDS�VSHFLILFDOO\�DURXQG�QRUWK�HDVW�DFURVV�WKH�QRUWKHUQ�SDUW�RI�WKH�PDS�WR�QRUWK�ZHVW�WRZDUG�WKH�
ZHVWHUQ�HQG�GRZQ�WR�WKH�VRXWK��)LJXUH����

)LJ����6570�0DS�RI�WKH�$UHD�ZLWK�7RSRJUDSK\
9DULDWLRQ

*HRORJ\�RI�WKH�6WXG\�$UHD
7KH�VWXG\�DUHD� LV�XQGHUODLQ�E\� WKH�EDVHPHQW�
FRPSOH[� URFNV� �)LJXUH���� ��7KH�
EDVHPHQW� FRPSOH[� URFNV� LQ� WKH� DUHD� DUH�
JURXSHG� LQWR� WKUHH�� QDPHO\��

��
7KH 0LJPDWLWH�JQHLVV FRPSOH[ LV 1HR�
3URWHUR]RLF� WR�0HVR�$UFKHDQ� �����0D������
0D��LQ�DJH�DQG�FRPSRVHG�RI PLJPDWLWHV�DQG�
JQHLVVHV��0LJPDWLWH�LV�WKH�PRVW�GRPLQDQW�DQG�
H[WHQVLYH�URFN�W\SH�LQ�WKH�DUHD�RFFXS\LQJ�WKH�
FHQWUDO�SRUWLRQ�RI�WKH�VWXG\�DUHD�IURP�VRXWK�WR�
WKH�QRUWK��)LJXUH�����7KH�ROGHU�JUDQLWHV��RU�3DQ�
$IULFDQ� JUDQLWRLGV�� DUH� 3DQ�$IULFDQ� �����
���0D� LQ DJH DQG FRQVLVW PDLQO\ RI
XQGLIIHUHQWLDWHG� ROGHU� JUDQLWHV� DQG� JQHLVV�
RFFXS\LQJ� WKH� VRXWK� HDVWHUQ�SDUW� RI� WKH�PDS�
DQG�LVRODWHG�RFFXUUHQFH�RI�SRUSK\ULWLF�JUDQLWH��

1*6$������

WKH� 0LJPDWLWH�
*QHLVV� &RPSOH[� �0*&��� WKH� 6FKLVW� %HOW�
�0HWDVHGLPHQWDU\� DQG� 0HWDYROFDQLF� URFNV���
WKH�2OGHU�*UDQLWHV� �3DQ�$IULFDQ� JUDQLWRLGV�
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%RWK WKH� PLJPDWLWHV DQG� JQHLVVHV ZHUH
GHIRUPHG�DQG�LQWUXGHG�E\�WKH�ROGHU�JUDQLWHV��RU�
3DQ�$IULFDQ� JUDQLWRLGV�� GXULQJ� WKH� ��������
0D�3DQ�$IULFDQ�HSLVRGHV��6FKLVWV�ZLWKLQ� WKH�
VWXG\�DUHD�RFFXS\�WKH�ZHVWHUQ�SRUWLRQ�RI�WKH�

PDS��)LJXUH�����GRZQ�WR�WKH�VRXWK�DQG�RWKHU�
VPDOOHU�RFFXUUHQFHV�RI�WKH�6FKLVWV�ZLWKLQ�WKH�
QRUWK��QRUWKHDVW�� VRXWKHDVW�� VRXWK�DQG�FHQWUDO�
SRUWLRQ�RI�WKH�PDS��)LJXUH����

)LJ����*HRORJLF�0DS�RI�WKH�$UHD

0DWHULDOV�DQG�0HWKRGV
+LJK�5HVROXWLRQ�$HURPDJQHWLF�'DWD��+5$'��
DQG� DLUERUQH� UDGLRPHWULF� GDWD� �HTXLYDOHQW�
WKRULXP�DQG�SHUFHQWDJH�SRWDVVLXP�GDWD��RI�SDUW�
RI� FHQWUDO� 1LJHULD� ZHUH� DFTXLUHG� IURP� WKH�
1LJHULD�*HRORJLFDO�6XUYH\�$JHQF\� �1*6$���

�7KH�GDWD�FRYHUHG�DQ�DUHD�RI�DERXW����[����NP
�� � 
�ERXQGHG� E\� ODWLWXGHV� �� ����� �� 1� DQG�

�� � 
ORQJLWXGHV��� ��
���� �� (��7KH�DHURPDJQHWLF�
DQG� UDGLRPHWULF� VXUYH\V� ZHUH� FDUULHG� RXW�
EHWZHHQ� ����� DQG� ����� E\� )XJUR�$LUERUQH�
6XUYH\V�IRU�WKH�1*6$��7KH�GDWD�ZHUH�UHFRUGHG�
DW�DQ�LQWHUYDO�RI�����V��a����P��IRU�PDJQHWLF�
PHDVXUHPHQWV DQG ��� V �a�� P� IRU
UDGLRPHWULF PHDVXUHPHQWV� 7KH DLUERUQH
VXUYH\V�ZHUH� IORZQ� LQ� WKH�1:�6(� GLUHFWLRQ�
SHUSHQGLFXODU�WR�WKH�PDMRU�JHRORJLFDO�WUHQGV�LQ�
WKH� DUHD�� ZLWK� IOLJKW� OLQH� VSDFLQJ� RI� ����P��
WHUUDLQ�FOHDUDQFH�RI����P��DQG�WLH�OLQH�VSDFLQJ�
RI������P�LQ� 1(�6:GLUHFWLRQ��%DVHG�RQ�WKH�

YHU\� VKRUW� UHFRUGLQJ� LQWHUYDO�� ORZHU� VXUYH\�
IOLJKW�KHLJKW�����P���DQG�QDUURZHU�IOLJKW�OLQH�
VSDFLQJ�� WKH� UHVROXWLRQ� RI� WKH� DQRPDOLHV� LV�
LPPHQVHO\�KLJKHU�WKDQ�WKH�FRQYHQWLRQDO�KLJK�
DOWLWXGH� DLU� ERUQH� VXUYH\V��$OO� HVVHQWLDO� GDWD�
FRUUHFWLRQV�� LQFOXGLQJ� WKH� UHPRYDO� RI� ,*5)�
YDOXHV��ZHUH�GRQH�E\�)XJUR�$LUERUQH�6XUYH\V�
7KH� PDSV� ZHUH� SURFHVVHG� XVLQJ� WKH� 2DVLV�
0RQWDM� VRIWZDUH� YHUVLRQ� ����� 7KH� 70,� ZDV�
UHGXFHG WR WKH HTXDWRU� XVLQJ PDJQHWLF
LQFOLQDWLRQ�DQG�GHFOLQDWLRQ�RI�WKH�FHQWUH�SRLQW�
RI�WKH�VWXG\�DUHD��VR�WKDW�DQRPDOLHV�REVHUYHG�
ZRXOG EH GLUHFWO\ SRVLWLRQHG RQ WKHLU
UHVSHFWLYH�FDXVDWLYH�VRXUFH�ERGLHV��8QZDQWHG�
VLJQDOV�ZKLFK�LQFOXGH�WKH�UHJLRQDO�ILHOGV�ZHUH�
UHPRYHG�E\�XSZDUG�FRQWLQXLQJ�WKH�5HGXFHG�
WR�(TXDWRU��57(��PDS�WR�D�KHLJKW�RI����NP��
ZKHUH�WKH�UHVXOWDQW�JULG�ZDV�VXEWUDFWHG�IURP�
WKH� 57(� JULG� WR� REWDLQ� WKH� UHVLGXDO� JULG�
GLVSOD\V�DV�PDS��$QDO\WLF�6LJQDO��$6��VRXUFH�
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HGJH�PDSSLQJ� WHFKQLTXH�ZDV� DSSOLHG� RQ� WKH�
ILOWHUHG�UHVLGXDO�GDWD�WR�GHOLQHDWH�WKH�PDJQHWLF�
VRXUFH�ERXQGDULHV��7KH�DPSOLWXGH�RI�DQDO\WLF�
VLJQDO�ZLWKLQ�WKH�VWXG\�DUHD�ZDV�DFKLHYHG�E\�
FDOFXODWLQJ�WKH�VTXDUH�URRW�RI�VXQ�RI�VTXDUHV�RI�
PDJQHWLF�JUDGLHQW�LQ�[��\�DQG�]�GLUHFWLRQV�XVLQJ�
JULG�H[SUHVVLRQ�RI�2DVLV�0RQWDM��7KH�&(7JULG�
DQDO\VLV�DSSURDFK�ZDV�HPSOR\HG�LQ�WKLV�VWXG\�
WR LGHQWLI\ OLQHDU IHDWXUHV ZLWKLQ WKH
DHURPDJQHWLF GDWD� WKHQ ORFDO VWUXFWXUDO
FRPSOH[LW\� ZDV� DQDO\]HG� XVLQJ� WKH� VSDWLDO�
DVVRFLDWLRQV�EHWZHHQ�DGMDFHQW�OLQHDU�IHDWXUHV��
)LUVWO\��OLQHDPHQWV�RU�VWUXFWXUHV�ZHUH�GHWHFWHG�
EDVHG� RQ� ORFDO� WH[WXUH� �+ROGHQ� HW� DO� �������
7KHQ� WKH� VSDWLDO� DVVRFLDWLRQV�RI� WKH�GHWHFWHG�
OLQHDPHQWV� ZHUH� DQDO\]HG� WR� FRQVWUXFW� WZR�
PDSV�FRUUHVSRQGLQJ�WR�HDFK�RI� WKH�VWUXFWXUDO�
FRPSOH[LW\ FDVHV� QDPHO\ D IHDWXUH
LQWHUVHFWLRQ� FRQWDFW� RFFXUUHQFH� GHQVLW\� PDS�
DQG�D�IHDWXUH�RULHQWDWLRQ�HQWURS\�PDS��7KHVH�
PDSV�VKRZ�WKH�RFFXUUHQFH�RI�WKHVH�VWUXFWXUDO�
VFHQDULRV��ZKLFK�DLGHG�LQ�PDQXDO�SURVSHFWLYLW\�
DQDO\VLV��7KH�UDGLRPHWULF�GDWD�ZKLFK�FRPSULVH�
ERWK�WKH�SHUFHQWDJH�SRWDVVLXP�DQG�HTXLYDOHQW�
WKRULXP�PDSV�ZHUH�GLVSOD\HG�DQG�UDWLR�RI�WKH�
PDSV�ZKLFK� LV��.�H7K�ZDV�REWDLQHG�E\� WKH�
H[SUHVVLRQ

�.
H7K

�. JULG
H7K JULG

���

XVLQJ�WKH�JULG�DQG�H[SUHVVLRQ�IXQFWLRQ�RI�RDVLV�
0RQWDM�YHUVLRQ�����ZKLFK�LV�YHU\�XVHIXO�LQ�WKH�
PDSSLQJ�RI�K\GURWKHUPDO�DOWHUDWLRQ�]RQHV��7KH�
VWUXFWXUDO�PDS�SURGXFHG�IURP�WKH�DQDO\VLV�RI�
DHURPDJQHWLF�GDWD�XVLQJ�&(7 ZHUH�LQWHJUDWHG�
ZLWK WKH K\GURWKHUPDO DOWHUDWLRQ ]RQHV
GHOLQHDWHG� IURP� .�H7K� PDS� WR� SURGXFH� D�
FRPSRVLWH�SURSRVHG�JHRORJLF�PDS�RI�WKH�DUHD�
$QDO\WLF�6LJQDO�0HWKRG
7KH�DQDO\WLF�VLJQDO�RI�WRWDO�PDJQHWLF�LQWHQVLW\�
GDWD� �70,�� KDV� PXFK� OHVV� VHQVLWLYLW\� WR�
JHRPDJQHWLF�ILHOG�LQFOLQDWLRQ�WKDQ�WKH�RULJLQDO�
70,�GDWD�DQG�RIIHUV�D�ZD\�RI�DQDO\]LQJ�ORZ�
ODWLWXGH� PDJQHWLF� ILHOGV� ZLWKRXW� WKH� 573
RSHUDWRU
V� FRQFHUQV�� $QDO\WLF� VLJQDO� LV� D�
FRPPRQ JUDGLHQW HQKDQFHPHQW� ZKLFK� LV
UHODWHG WR WKH PDJQHWLF ILHOGV E\ WKH
GHULYDWLYHV��5RHVW�HW�DO� �������� VKRZHG� WKDW�

WKH� DPSOLWXGH� RI� WKH� DQDO\WLF� VLJQDO� FDQ� EH�
GHWHUPLQHG IURP WKH WKUHH RUWKRJRQDO
JUDGLHQWV�RI�WKH�WRWDO�PDJQHWLF�ILHOG�XVLQJ�WKH�
H[SUHVVLRQ�

���

ZKHUH�$ �[��\��LV�WKH�DQDO\WLF�VLJQDO�DPSOLWXGH�
DW� �[�� \�� DQG� 0� LV� WKH� PDJQHWLF� DQRPDO\�
REVHUYHG�DW��[��\��
,Q�WKH�FRQWH[W�RI�LQWHUSUHWDWLRQ��WKLV�IXQFWLRQ�LV�
H[WUHPHO\�LQWHUHVWLQJ��LQ�WKDW�LW�LV�FRPSOHWHO\�
LQGHSHQGHQW�RI�WKH�GLUHFWLRQ�RI�PDJQHWL]DWLRQ�
DQG�WKH�PDJQHWLF�ILHOG�RI�WKH�HDUWK��7KLV�PHDQV�
DOO� ERGLHV�ZLWK� WKH� VDPH� JHRPHWU\� KDYH� WKH�
VDPH� DQDO\WLF� VLJQDO�� 7KH� DQDO\WLF� VLJQDO�
VKRZV�PD[LPD�RYHU� WKH� HGJHV� RI� WKH� VRXUFH�
ERG\�HYHQ�LI�WKH�PDJQHWL]DWLRQ�GLUHFWLRQ�LV�QRW�
YHUWLFDO�� )XUWKHUPRUH�� VLQFH� WKH� SHDNV� RI�
DQDO\WLF�VLJQDO�IXQFWLRQV�DUH�V\PPHWULFDO�DQG�
RFFXU�GLUHFWO\�RYHU�WKH�HGJHV�RI�EURDG�ERGLHV�
DQG�GLUHFWO\�RYHU�WKH�FHQWHUV�RI�QDUURZ�ERGLHV��
WKH�DQDO\VLV�RI�DQDO\WLF�VLJQDO�PDSV�DQG�LPDJHV�
FDQ� LQ WKHRU\� SURYLGH VLPSOH� HDVLO\
XQGHUVWRRG�LQGLFDWLRQV�RI�WKH�JHRPHWU\�RI�WKH�
PDJQHWLF�VRXUFH��WKH�KDOI�ZLGWKV�RI�WKHVH�SHDNV�
FDQ�EH�OLQHDUO\�UHODWHG�WR�WKH�GHSWKV��LI�WKH�SHDN�
VRXUFHV�DUH�YHUWLFDO�PDJQHWLF�FRQWDFWV��5RHVW�
HW�DO� �������7KH�DQDO\WLF�VLJQDO��DOWKRXJK�RIWHQ�
PRUH�GLVFRQWLQXRXV�WKDQ�WKH�VLPSOH�KRUL]RQWDO�
JUDGLHQW�� KDV� WKH�SURSHUW\� WKDW� LW� JHQHUDWHV� D�
PD[LPXP�GLUHFWO\�RYHU�GLVFUHWH�ERGLHV�DV�ZHOO�
DV� WKHLU� HGJHV��7KH�ZLGWK�RI� D�PD[LPXP��RU�
ULGJH��LV�DQ�LQGLFDWRU�RI�GHSWK�RI�WKH�FRQWDFW��DV�
ORQJ�DV�WKH�VLJQDO�DULVLQJ�IURP�D�VLQJOH�FRQWDFW�
FDQ�EH�UHVROYHG��
&HQWUH�IRU([SORUDWLRQ�7DUJHWLQJ��&(7�
&HQWUH� IRU� ([SORUDWLRQ�7DUJHWLQJ� �&(7�� LV� D�
VXLWH�RI�DOJRULWKPV�WKDW�SURYLGH�HQKDQFHPHQW��
OLQHDPHQW�GHWHFWLRQ�DQG�VWUXFWXUDO�FRPSOH[LW\�
DQDO\VLV�IXQFWLRQDOLWLHV�IRU�SRWHQWLDO�ILHOG�GDWD�
�&RUH�HW� DO� ������+ROGHQ�HW� DO� �������7KLV�
WHFKQLTXH�DXWRPDWLFDOO\�GHOLQHDWHV�OLQHDPHQWV�
DQG�LGHQWLILHV�SURPLVLQJ�DUHDV�RI�RUH�GHSRVLWV�
ZLWKLQ� WKH� VWXG\� DUHD� XVLQJ� WRWDO� PDJQHWLF�
LQWHQVLW\��70,��GDWD�WKURXJK�RXWOLQLQJ�UHJLRQV�
RI FRQYHUJHQFH DQG VWUXFWXUDO HOHPHQW
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GLYHUJHQFH� XVLQJ� VHYHUDO� VWDWLVWLFDO� VWHSV�
LQFOXGLQJ WH[WXUDO DQDO\VLV� OLQHDPHQW
GHWHFWLRQ� YHFWRUL]DWLRQ DQG FRPSOH[LW\
DQDO\VLV� WR� JHQHUDWH� FRQWDFW� RFFXUUHQFH��7KH�
FRQWDFW�RFFXUUHQFH�DUHDV�VKRZ�MXQFWLRQ�DUHDV�
�SRLQW�ZKHUH� WZR� OLQHDPHQWV�PHHW��DQG�KLJK�
OLQHDU�GHQVLW\�DUHDV��7KHVH�DUHDV�DUH�IDYRUDEOH�
IRU�KRVWLQJ�LQWHUHVW�EHDULQJ�GHSRVLWV�DQG�FRXOG�
EH IXUWKHU H[SORUHG �*HRVRIW ������
)XUWKHUPRUH��&(7 JULG�PHWKRG�DOVR�HQKDQFHV�
GLVFRQWLQXLW\� ]RQHV� LQ� PDJQHWLF� GDWD� DQG�
KLJKOLJKWV FULWLFDO PDJQHWLF LQWHQVLW\
LUUHJXODULWLHV�� 6WUXFWXUHV� DUH� IRXQGHG� LQ� WKH�
GDWD�E\�ILQGLQJ�VHYHUDO�]RQHV�RI�WH[WXUH�LQ�WKH�
UHVWULFWHG�PDJQHWLF�UHVSRQVH�EHIRUH�H[DPLQLQJ�
D[HV� RI� V\PPHWU\�� 7KHVH� D[HV� DUH� OLNHO\� WR�
GHWHFW�VWUDLJKW�DEUXSWLRQ�LQ�PDJQHWLF�LQWHQVLW\��
$UHDV�RI�PDJQHWLF�GLVFRQWLQXLW\�DUH�RIWHQ�GXH�
WR� DQG� H[KLELWHG� E\� URFN� HGJHV�� HORQJDWHG�
VWUXFWXUHV��DQG�LQWUXVLRQV�WKDW�DUH�LPSRUWDQW�WR�
DVVXPLQJ�WKH�JHRORJLFDO�IUDPHZRUN�RI�DQ�DUHD�
�.RYHVL ������ =RQHV RI PDJQHW LF
GLVFRQWLQXLW\� DUH� H[SUHVVHG� E\� WKH� XVH� RI�
WH[WXUH�HQKDQFHPHQW�LQ�WKH�IRUP�RI�WKH�VNHOHWDO�
VWUXFWXUH��7KH�RXWSXW�GDWD�GHILQHV�HDFK�UHJLRQ�
RI� WKH� GLVFRQWLQXLW\� ]RQHV� DV� VNHOHWDO� OLQH�
IUDJPHQWV� ZKLFK� EHORQJ� WR� HDFK� RI� WKHP��
VKRZLQJ� WKH� GHYLDWLRQV� ZLWKLQ� WKH� VWUXFWXUDO�
FKDUDFWHULVWLFV� FOHDUO\� LQ� WKH� GLUHFWLRQV� DQG�
RIIVHWV��.RYHVL�������
7KLV� WHFKQLTXH� PDNHV� XVH� RI� WKH� IROORZLQJ�
DFWLRQV��
,�� 7H[WXUH�$QDO\VLV�(QKDQFHPHQW��6WDQGDUG�
'HYLDWLRQ��GHWHUPLQHV�PDJQHWLF�GLVFRQWLQXLW\�
UHODWHG�ZLWK� UHJLRQV�RI�FRPSOLFDWHG� WH[WXUHV��
6WDQGDUG�GHYLDWLRQ�HQDEOHV�WKH�ORFDO�YDULDWLRQ�
WR�EH�GHOLQHDWHG�LQ�WKH�GDWD��7KLV�FDOFXODWHV�WKH�
VWDQGDUG�GHYLDWLRQ�RI�WKH�GDWD�YDOXHV�ZLWKLQ�WKH�
ORFDO�QHLJKERUKRRG�DW�HYHU\�SRLQW�LQ�WKH�JULG��
,PSRUWDQW IHDWXUHV RIWHQ VKRZ D KLJK
YDULDELOLW\� ZLWK� UHVSHFW� WR� WKH� EDFNJURXQG�
VLJQDO��)RU�D�ZLQGRZ�FRQWDLQLQJ�1�FHOOV�ZLWK�D�
PHDQ�YDOXH�RI����WKH�FHOO
V�VWDQGDUG�GHYLDWLRQ�ı�
RI�WKH�FHOO�YDOXHV�

1���� �V� ����6 �[ ±�P�LL �
�
1

���

:KHQ� LQWHUSUHWLQJ� WKH� UHVXOWV�� YDOXHV� ZKLFK�
DSSUR[LPDWH�]HUR�LQGLFDWH�YHU\�OLWWOH�YDULDWLRQ��
ZKHUHDV�KLJK�YDOXHV�LQGLFDWH�ODUJH�YDULDWLRQ�
,,� 3KDVH�6\PPHWU\�±�8WLOL]HV�WKH�WH[WXUH�
HQKDQFHPHQW�UHVXOWV�IRU�GLVWLQJXLVKLQJ�]RQHV�
RI�ODWHUDO�GLVFRQWLQXLW\�
,,,� 'HWHFWLRQ� RI� 6WUXFWXUHV� ±� 8VHV� WKH�
UHVXOWV� RI� SKDVH� V\PPHWU\� WR� UHGXFH� WKH�
GLVFRQWLQXLWLHV� LQFOXGLQJ� ]RQHV� LQWR� OLQH�OLNH�
VWUXFWXUHV�
,9� &RPSOH[�VWUXFWXUDO�$QDO\VLV��&RQWDFW�
2FFXUUHQFH�'HQVLW\�DQG�2ULHQWDWLRQ�(QWURS\�
0DSV�
7KH IHDWXUH LQWHUVHFWLRQ GHQVLW\ PDS LV
JHQHUDWHG E\ D FROOHFWLRQ RI VHOHFWHG
LQWHUVHFWLRQV� ZKLFK LQFOXGH FURVVLQJV�
MXQFWLRQV� DQG� FRUQHUV� RI� WKH� LGHQWLILHG� OLQH�
VHJPHQWV� ILUVW� E\ H[WHQGLQJ HDFK OLQH
VHJPHQW� WR� LQILQLW\��DOO�SURMHFWHG�LQWHUVHFWLRQ�
SRLQWV� DUH� GHWHUPLQHG� IURP� DOO� SDLUV� RI� OLQH�
VHJPHQWV�� &DQGLGDWH� FRQWDFW� SRLQWV� DUH� WKH�
LQWHUVHFWLRQV�RI�WKRVH�H[WHQGHG�OLQH�VHJPHQWV��
6HOHFWLRQ� LV� GHWHUPLQHG� IRU� HDFK� FDQGLGDWH�
XVLQJ� WKH� GLVWDQFH� EHWZHHQ� WKH� LQWHUVHFWLRQ�
SRLQW�DQG�WKHLU�UHVSHFWLYH�OLQH�VHJPHQWV��DQG�
WKH� DQJOH� EHWZHHQ� WKH� OLQH� VHJPHQWV�� ,I� D�
SURMHFWHG� LQWHUVHFWLRQ� SRLQW� OLHV� ZLWKLQ� D�
SHUPLVVLEOH�VHSDUDWLRQ�GLVWDQFH�RI�VD\�����P�
RQ�RQH�RU�ERWK�RI�WKH�OLQH�VHJPHQWV��WKHQ�WKH�
SRLQW� LV� VHOHFWHG� DV� D� FDQGLGDWH�� 7KRVH�
FDQGLGDWH� SRLQWV� ZLOO� EH� IXUWKHU� DQDO\]HG� WR�
UHPRYH� OLQH� VHJPHQW� LQWHUVHFWLRQV�RI� VLPLODU�
RULHQWDWLRQV��8VLQJ�DHURPDJQHWLF�GDWD��D�OLQHDU�
DQRPDO\�FDQ�DSSHDU�DV�EURNHQ�IHDWXUH�GXH�WR�
LQFRPSOHWH VDPSOLQJ RI PDJQHWLF ILHOG
YDULDWLRQV�LQ�WKH�PDJQHWLF�ILHOG��+ROGHQ�HW�DO�
�������7KHVH�IHDWXUHV�WKDW�PD\�EHORQJ�WR�WKH�
VDPH DQRPDO\ PD\ H[KLELW V LPLODU
RULHQWDWLRQV�� DQG� LV� ILOWHUHG� E\� D� WKUHVKROG�
DQJOH� GHYLDWLRQ� L�H�� UHPRYDO� RI� FDQGLGDWH�
SRLQWV� IURP� OLQH� VHJPHQWV� ZLWK� D� GHYLDWLRQ�
DQJOH�OHVV�WKDQ�WKUHVKROG��)LJXUH���VKRZV�WKH�
SURFHVVHV� RI� HOLPLQDWLRQ� IRU� WKH� FDQGLGDWH�
LQWHUVHFWLRQ��
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)LJ����7ZR�H[DPSOH�FDVHV�WKDW�TXDOLI\�DV�YDOLG�
LQWHUVHFWLRQ�SRLQWV��)RU�WKH�SURMHFWHG�GLVWDQFHV�
WR�WKH�LQWHUVHFWLRQ�G��DQG�G���HLWKHU�G��RU�G���RU�
ERWK�DUH�OHVV�WKDQ�WKH�WKUHVKROG�GLVWDQFH�RI�U��
$OVR��LQ�WKH�ILUVW�FDVH��WKH�DQJOH�Į�EHWZHHQ�WKH�
OLQH�VHJPHQWV�DOVR�LQGLFDWHV�WKDW�WKH\�DUH�QRQ�
SDUDOOHO��+ROGHQ HW�DO��������

7KH FRQWDFW RFFXUUHQFH GHQVLW\ PDS LV
FRQVWUXFWHG�XVLQJ�WKH�IROORZLQJ�SURFHVVHV��
)LUVWO\� JLYHQ WKH ILQDO FROOHFWLRQ RI
LQWHUVHFWLRQ� SRLQWV�� HDFK� SRLQW� FRQWULEXWHV� D�
*DXVVLDQ� *L �[��\��V��IRU�D Ȉ GHWHUPLQHG�E\�WKH�
LPDJH�UHVROXWLRQ�DQG�VFDOH�RI�WKH�ORFDO�UHJLRQ�
EHLQJ�DQDO\VHG�IRU�VWUXFWXUDO�FRPSOH[LW\��7KLV�
FDXVHV� DUHDV� ZLWK� PDQ\� YDOLG� LQWHUVHFWLRQ�
SRLQWV� WR� EH� VXSSRUWHG� E\� PDQ\� *DXVVLDQ�
FRQWULEXWLRQV� 7KH UHVXOWLQJ VWUXFWXUDO
FRPSOH[LW\� KHDW� PDS� +� �[�� \� LV� JLYHQ� E\�
VXPPLQJ�DOO�*DXVVLDQV�

���

���

2ULHQWDWLRQ HQWURS\ �GLYHUVLW\� PDS
SURYLGHV� LQIRUPDWLRQ� DERXW� YDULDELOLW\� LQ�
IHDWXUH RULHQWDW LRQV ZLWKLQ D ORFDO
QHLJKERUKRRG��$V�ZLWK�WKH�IHDWXUH�LQWHUVHFWLRQ�
GHQVLW\� PDS�� HDFK� LGHQWLILHG� WH[WXUH� ULGJH�
IHDWXUH� LV� UHSUHVHQWHG� DV� D� FROOHFWLRQ� RI� OLQH�
VHJPHQWV�
7KHVH�OLQH�VHJPHQWV�DUH�WKHQ�XVHG�WR�FDOFXODWH�
WKH� RULHQWDWLRQ� HQWURS\� �L�H��� GLYHUVLW\�� E\�
PHDVXULQJ�KRZ�PDQ\�GLIIHUHQW�RULHQWDWLRQV�DUH�
UHSUHVHQWHG�E\�WKH�OLQH�VHJPHQWV�ZLWKLQ�HDFK�
QHLJKERUKRRG��7KH�UDQJH�IRU�DOO�SRVVLEOH�OLQH�

RULHQWDWLRQ� �L�H��� EHWZHHQ� ��� DQG� ������ LV�
GLYLGHG� LQWR�D�QXPEHU�RI�ELQV��)RU�HDFK� OLQH�
VHJPHQW��WKH�RULHQWDWLRQ�LV�ILUVWO\�TXDQWL]HG�E\�
GHWHUPLQLQJ WKH ELQ ZLWKLQ ZKLFK WKH
RULHQWDW LRQ O LHV � 7KHQ IRU D JLYHQ
QHLJKERUKRRG�� ZH� PHDVXUH� WKH� GLYHUVLW\� RI�
RULHQWDWLRQV RI WKH OLQH VHJPHQWV E\
GHWHUPLQLQJ� KRZ� PDQ\� GLIIHUHQW� ELQV� DUH�
UHSUHVHQWHG�ZLWKLQ�WKH�QHLJKERUKRRG�
7KH�WUDGLWLRQDO�HQWURS\�PHDVXUH��3DUNHU�������
ZDV�DGDSWHG�WR�FRPSXWH�LQIRUPDWLRQ�IRU�HDFK�
SL[HO� RI� WKH� UDZ�RULHQWDWLRQ�GLYHUVLW\� LPDJH��
WKDW�LV�

���

ZKHUH�Q�LV�WKH�QXPEHU�RI�RULHQWDWLRQ�ELQV��DQG�
SL LV� WKH� REVHUYHG� SHUFHQWDJH� RI� SL[HOV�ZLWK�
RULHQWDWLRQ� L� ZLWKLQ� WKH� U� [� U QHLJKERUKRRG�
VXUURXQGLQJ� WKH�SL[HO� �[�� \��� RXW� RI� WKH� WRWDO�
QXPEHU RI SL[HOV FRUUHVSRQGLQJ WR OLQH
VHJPHQWV�� 7KH� VL]H� RI� WKH� QHLJKERUKRRG�
FRQWUROV� WKH� VSDWLDO� H[WHQW� WR� ZKLFK� WKH�
GLVWULEXWLRQ� RI� VWUXFWXUHV� LV� H[DPLQHG�� )RU�
H[DPSOH��JLYHQ�D�SL[HO�ZLWK�D�VSDWLDO�UHVROXWLRQ�
RI����P��D�VTXDUH����[����SL[HO�QHLJKERUKRRG�
UHSUHVHQWV� D� �� [��� NP� DUHD��7KH� DSSURSULDWH�
FKRLFH� RI� WKH� ZLQGRZ� VL]H� GHSHQGV� RQ� WKH�
VSDWLDO�UHVROXWLRQ�RI�WKH�GDWD�DQG�WKH�SHUFHLYHG�
VL]H� RI� WKH VWUXFWXUHV� WKDW� DUH DOORZLQJ�
PRYHPHQW�RI� WKH�PLQHUDOL]LQJ� IOXLG��)LQDOO\��
*DXVVLDQ VPRRWKLQJ LV DSSOLHG WR WKH
RULHQWDWLRQ� GLYHUVLW\� LPDJH� WR� LPSURYH� WKH�
YLVXDOL]DWLRQ� RI� WKH� KHDW�PDS� �+ROGHQ� HW� DO�
������

5HVXOWV�DQG�'LVFXVVLRQV
7KH�WRWDO�PDJQHWLF�LQWHQVLW\�PDS��)LJXUH��D��
UHYHDOV�YDULDWLRQ�LQ�PDJQHWLF�VLJQDWXUHV�ZLWKLQ�
WKH�VWXG\�DUHD�IURP�VRXWK�WR�QRUWK�DQG�IURP�WKH�
HDVW�WR�ZHVW�� 7KH�PDS��)LJXUH��D��LV�SURGXFHG�
LQ�GLIIHUHQW�FRORUV��SLQN�WR�UHG�DQG�JUHHQ�WR�EOXH�
GHSLFWLQJ� SRVLWLYH� DQRPDO\� �PDJQHWLF� KLJK��
DQG� QHJDWLYH� DQRPDO\� �PDJQHWLF� ORZ��� 7KH�
PDJQHWLF� LQWHQVLW\� YDOXHV� ZLWKLQ� WKH� DUHD�
UDQJHV IURP ���������Q7 PLQLPXP WR
����������Q7�PD[LPXP�ZLWK�WRWDO�QXPEHU�RI�
����������GDWD�SRLQWV��7KH�DUHD�LV�PDUNHG�E\�
ERWK�PDJQHWLF� ORZV�DQG�KLJK�FORVXUHV�ZKLFK�
FRXOG� EH� DWWULEXWHG� WR� WKH� GLIIHUHQFH� LQ� WKH�
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OLWKRORJ\�RI�WKH�URFNV�ZLWKLQ�WKH�VWXG\�DUHD�DQG�
GLIIHUHQFH�LQ�WKH�PDJQHWLF�VXVFHSWLELOLW\�RI�WKH�
URFNV� ZLWKLQ� WKH� DUHD�� YDULDWLRQ� LQ� GHSWK� WR�
PDJQHWLF� VRXUFH� ZLWKLQ� WKH� VWXG\� DUHD� DQG�
GHJUHH�RI�VWULNH��7KH�PDJQHWLF�KLJK�WKDW�RFFXUV�
DURXQG� VRXWK�HDVWHUQ� SRUWLRQ� RI� WKH� PDS�
FRLQFLGHG ZLWK WKH ROGHU JUDQLWRLGV
�XQGLIIHUHQWLDWHG�ROGHU�*UDQLWH��0LJPDWLWH�DQG�

JQHLVV���XQGLIIHUHQWLDWHG�VFKLVW�ZLWK�SK\OOLWHV��
SRUSK\ULWLF�*UDQLWH�DQG�WKH�0LJPDWLWH��)LJXUH�
����7KH�PDJQHWLF� ORZ�WKDW�RFFXUV�DURXQG� WKH�
QRUWK� FHQWUDO� SRUWLRQ� RI WKH� VWXG\� DUHD
FRLQFLGHG�ZLWK�WKH�0LJPDWLWH��XQGLIIHUHQWLDWHG�
VFKLVW� ZLWK� SK\OOLWHV�� DQG� WKH� SRUSK\ULWLF�
*UDQLWH�

)LJ�����D��7RWDO�0DJQHWLF�,QWHQVLW\�DQG��E��7RWDO�0DJQHWLF�,QWHQVLW\�5HGXFHG�WR�(TXDWRU�0DSV

$OVR��DURXQG�WKH�QRUWK�ZHVWHUQ�SRUWLRQ�RI�WKH�
PDS�� WKHUH� LV� DQ� REVHUYHG� RFFXUUHQFH� RI�
PL[WXUH� RI� ERWK�PDJQHWLF� ORZ� DQG� KLJK� WKDW�
FRXOG� EH� DWWULEXWHG� WR� WKH� SUHVHQFH� RI� GHHS�
VHDWHG VWUXFWXUHV DQG SRVVLEO\ LJQHRXV
LQWUXVLRQV��
7R�UHDOLJQ�WKH�DQRPDOLHV�DQG�KDYH�WKHLU�SHDNV�
V\PPHW U L FD O O\ FHQ WH UHG RYHU WKH L U
FRUUHVSRQGLQJ�VRXUFHV�EHFDXVH�WKH�VWXG\�DUHD�
LV�YHU\�FORVH� WR� WKH�HTXDWRU�� 7RWDO�PDJQHWLF�
LQWHQVLW\�JULG�RI�WKH�VWXG\�DUHD�ZDV�UHGXFHG�WR�
PDJQHWLF HTXDWRU� JULG ZLWK JHRPDJQHWLF�
LQFOLQDWLRQ RI ������ DQG JHRPDJQHWLF
GHFOLQDWLRQ�RI��������RI�WKH�FHQWUDO�SRLQW�RI�WKH�
VWXG\� DUHD� WR� JHW� WKH� DFWXDO� SRVLWLRQ� RI� WKH
PDJQHWLF DQRPDOLHV ZLWKRXW ORVLQJ DQ\
JHRSK\VLFDO� PHDQLQJ� �)LJXUH� �E��� 7KH� 57(�
PDS��)LJXUH��%��ZKHQ�FRPSDUHG�ZLWK�WKH�70,�
�)LJXUH��D��PDS�VKRZV�VOLJKW�YDULDWLRQ�LQ�WKHLU�
PDJQHWLF� LQWHQVLWLHV�� 7KH� 57(� PDS� KDYH�
PDJQHWLF LQWHQVLWLHV WKDW YDULHV IURP
���������� Q7 PLQLPXP� WR� ��������� Q7
PD[LPXP� FRPSDUHG� WR�70,�PDS�ZKHUH� WKH�
PDJQHWLF� LQWHQVLW\� YDOXHV� ZLWKLQ� WKH� DUHD�
UDQJHV� IURP� ���������� Q7 PLQLPXP� WR�

����������Q7 PD[LPXP��7KH� WRWDO�PDJQHWLF�
PDS� UHGXFHG� WR� HTXDWRU� �)LJXUH� �E��� ZKHQ�
FRPSDUHG�WR�WKH�WRWDO�PDJQHWLF�LQWHQVLW\��70,��
�)LJXUH��D���WKH�PDSV�GLVSOD\�VLPLODU�DQRPDO\�
LQ�WHUPV�RI�DQRPDOLHV�WUHQGV��HVSHFLDOO\�WKHLU�
V\PPHWU\��VWULNH��H[WHQVLRQ��ZLGWK��DPSOLWXGH�
DQG�JUDGLHQWV�H[FHSW�IRU�WKH�PDJQHWLF�ORZ�WKDW�
RFFXU�ZLWKLQ�WKH�QRUWK�FHQWUDO�SRUWLRQ�RI�70,�
PDS�KDV�QRZ�EHHQ�UHGXFHG�LQ�VL]H�LQ�WKH�57(�
PDS� �)LJXUH� �D� DQG� �E���$OVR�� WKH�PDJQHWLF�
KLJK�WKDW�RFFXUV�MXVW�DERYH�WKLV�PDJQHWLF�ORZ�
ZLWKLQ�QRUWKHUQ�SRUWLRQ�RI�70,�PDS�KDV�DOVR�
EHHQ�UHGXFHG�LQ�VL]H�LQ�WKH�57(�PDS��)LJXUH��D�
DQG��E����
7KH�$QDO\WLF�6LJQDO�0DS
7KH�DQDO\WLF�VLJQDO�PDS��)LJXUH����DFFHQWXDWHV�
WKH� YDULDWLRQ� LQ� WKH� PDJQHWL]DWLRQ� RI� WKH�
PDJQHWLF� VRXUFHV� LQ� WKH� VWXG\� DUHD� DQG�
KLJKOLJKWV GLVFRQWLQXLWLHV DQG DQRPDO\
WH[WXUH��7KHVH�VWUXFWXUHV�DUH�REVHUYHG�DURXQG�
WKH�1RUWK�:HVW�DQG�FHQWUDO�SRUWLRQ�RI�WKH�DUHD�
PRVWO\� WUHQGLQJ�1(�6:��7KH� DQDO\WLF� VLJQDO�
DPSOLWXGH� PD[LPL]HV� RYHU� WKH� HGJH� RI� WKH�
PDJQHWLF� VWUXFWXUHV� DV� D� UHVXOW�� WKH� KLJK�
PDJQHWLF�DQRPDOLHV�]RQHV�DUH�DVVRFLDWHG�ZLWK�
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KLJKO\�ULFK�IHUURPDJQHVLDQ�EHDULQJ�URFNV�ZLWK�
PLQRU� IHOVLF� PLQHUDOV� �7HOIRUG� HW� DO�� �������
7KHUHIRUH� WKH $6 PDS �)LJXUH �� KDV
DPSOLWXGHV�WKDW�UDQJHV�IURP�������P�WR�!������
P�� 7KH� PDS� FRXOG� DOVR� EH� VDLG� WR� KDYH�
H[KLELWHG�WKUHH�GLIIHUHQW�PDJQHWLF�]RQHV�LQ�WKLV�
DUHD�RI�VWXG\�EDVHG�RQ�WKH�DPSOLWXGH�
RI�WKH�DQRPDOLHV�ZLWKLQ�WKLV�DUHD��/RZ�WR�IDLUO\�
ORZ� PDJQHWLF� ]RQH� �/0�� ZLWK� DPSOLWXGH�
UDQJHV� RI� ������ P� WR� ������ P� DUH� DUHDV�

)LJ����$QDO\WLF�6LJQDO�0DS

6WUXFWXUDO�&RPSOH[LW\�$QDO\VLV
7KH�DOJRULWKP�RI� WKH�&(7 JULG� DQDO\VLV�ZDV�
DSSOLHG� WR� WKH�57(�PDS�RI� WKH�VWXG\�DUHD� WR�
SURGXFH�WKH�VWUXFWXUDO�FRPSOH[LW\�PDSV�ZKLFK�
DUH VWDQGDUG GHYLDWLRQ PDS� 9HFWRUL]HG
VWUXFWXUDO� PDS�� FRQWDFW� RFFXUUHQFH� GHQVLW\�
PDS�DQG�RULHQWDWLRQ�HQWURS\�PDS�

7KH�6WDQGDUG�'HYLDWLRQ�0DS
7KH�VWDQGDUG�GHYLDWLRQ�PDS�RI�WKH�VWXG\�DUHD�
�)LJXUH��D��LQGLFDWHV�YDULDWLRQ�LQ�WKH�PDJQHWLF�

DVVRFLDWHG� ZLWK� KLJKO\� ZHDWKHUHG� URFNV� DQG�
DUHDV� ZLWK� WKLFN� FRYHU� RI� VHGLPHQWV�� 7KH�
PRGHUDWH�PDJQHWLF�]RQH��00��ZLWK�DPSOLWXGH�
������P�WR�������P�LV�DVVRFLDWHG�ZLWK�JUDQLWH�±�
JQHLVV DV WKHVH URFNV FRQWDLQ KLJK
IHUURPDJQHVLDQ� ZLWK� ORZ� DPRXQW� RI� IHOVLF�
PLQHUDOV��:KLOH�WKH�KLJK�PDJQHWLF�]RQHV�ZLWK�
ODUJH�DPSOLWXGHV�!������FRXOG�EH�DWWULEXWHG�WR�
IUHVKO\�LQWUXGHG�URFNV�

LQWHQVLW\�GDWD�RI� WKH� VWXG\� DUHD��7KH�SLQNLVK�
FRORUDWLRQV�ZLWKLQ�WKH�QRUWK�ZHVWHUQ�SRUWLRQ�RI�
WKH�PDS� LQGLFDWH� KLJK� YDULDWLRQ�ZKHUH� DUHDV�
ZLWK GHHS EOXH FRORUDWLRQ LQGLFDWH ORZ
YDULDWLRQ�LQ�WKH�PDJQHWLF�LQWHQVLW\�DFURVV�WKH�
DUHD��)LJXUH�D���:LWKLQ�WKH�ZHVWHUQ�KDOI�RI�WKH�
PDS��VWUXFWXUHV�DUH�DOLJQLQJ�SUHGRPLQDQWO\�LQ�
1(�6: GLUHFWLRQ� ZKLOH� �)LJXUH� �E�� LV� D�
9HFWRUL]HG VWUXFWXUDO PDS JRWWHQ IURP
VWDQGDUG�GHYLDWLRQ�PDS��

)LJ�����D��6WDQGDUG�'HYLDWLRQ�DQG��E��YHFWRUL]HG�6WUXFWXUDO�0DSV
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)URP� WKH� YHFWRUL]HG� VWUXFWXUDO� PDS� �)LJXUH�
�E���LW�FDQ�EH�REVHUYHG�WKDW�WKH�DUHD�LV�KLJKO\�
IUDFWXUHG�HVSHFLDOO\�WKH�QRUWK�HDVWHUQ�SRUWLRQ�
RI�WKH�PDS�FRPSDUH�WR�WKH�VWDQGDUG�GHYLDWLRQ�
ZKHUH� WKH� SRUWLRQ� LV� KDYLQJ� KLJK� PDJQHWLF�
LQWHQVLW\ YDULDWLRQ DWWULEXWHG WR IUHVKO\
LQWUXGHG� URFNV� ZLWKLQ� WKH� DUHD�� 7KH� FHQWUDO�
SRUWLRQ�RI�WKH�PDS�LV�DOVR�KLJKO\�IDXOWHG�GRZQ�
WR�WKH�VRXWKHUQ�SRUWLRQ�RI�WKH�PDS��)LJXUH��E���
3UHGRPLQDQW� VWUXFWXUDO� WUHQG� EDVHG� RQ� WKH�
YHFWRUL]HG�VWUXFWXUDO�PDS�RI�WKH�DUHD�LV�1(�6:
DQG�1:�6(�
7KH &RQWDFW 2FFXUUHQFH 'HQVLW\ DQG
2ULHQWDWLRQ�(QWURS\�0DSV
7KH� FRQWDFW� RFFXUUHQFH� GHQVLW\� PDS� RI� WKH�

VWXG\�DUHD� �)LJXUH��D��ZDV�GHULYHG� IURP� WKH�
YHFWRUL]HG�VWUXFWXUDO�PDS�RI�WKH�DUHD��)LJXUH�
�E��DQG�LW�GLVSOD\V�WKH�QXPEHU�RI�IDXOW�VKHDU�
LQWHUVHFWLRQ�DQG�VSOD\V��WKDW�LV�ZKHUH�WKH�OLQHDU�
VWUXFWXUHV� LQWHUFHSW� RU� FKDQJHV� GLUHFWLRQ� DQG�
IURP��)LJXUH��D��LW�LV�HYLGHQW�WKDW�RXU�FRQWDFWV�
DV� GLVSOD\HG� LQ� WKH� PDS� VKRZHG� ZKHUH� WKH�
VWUXFWXUHV HLWKHU FKDQJHV GLUHFWLRQ RU
LQWHUFHSWHG E\ DQRWKHU VWUXFWXUH DQG
KLVWRULFDOO\�� WKRVH� DUHDV� ZKHUH� WKH� OLQHDU�
VWUXFWXUHV� LQWHUFHSW� RU� FKDQJH� GLUHFWLRQV� DUH�
DUHDV� ZLWK� KLJK� SURVSHFW� IRU� PLQHUDOL]DWLRQ�
�*HRVRIW�������+ROGHQ�HW�DO��������

)LJ�����D��&RQWDFW�2FFXUUHQFH�'HQVLW\�DQG��E��2ULHQWDWLRQ�(QWURS\�0DSV

$OVR��WKH�JHQHUDWHG�PDS�RI�RULHQWDWLRQ�HQWURS\�
�)LJXUH� �E�� LQGLFDWHV� KLJK� GHQVLW\� ]RQHV� RI�
VWUXFWXUDO�MXQFWLRQV�RU�LQWHUVHFWLRQV��7KHVH�DUH�
DUHDV�DURXQG�WKH�QRUWK�HDVWHUQ�SRUWLRQ�RI� WKH�
HVSHFLDOO\� DORQJ� WKH� ZHVWHUQ� HGJH� DQG� WKH�
FHQWUDO�SRUWLRQ�RI�WKH�PDS��)LJXUH��E���7KHVH�
DUH� DUHDV� SUHVXPHG� IDYRUDEOH� IRU� KRVWLQJ�
GHSRVLWV�RI�LQWHUHVW�ZKLFK�JHQHUDOO\�FRXOG�EH�
*ROG�� 3E�=Q� PLQHUDOL]DWLRQ�� WLQ�� LURQ� RUH��
JHPVWRQH� %LVPXWK� ,,PHQLWH DQG RWKHU
PLQHUDOV�QRW�GLVFRYHUHG�IRU�QRZ�DQG�FRXOG�EH�
IXUWKHU� H[SORUHG� LQ�PRUH�GHWDLO�� ,W� VKRXOG�EH�
QRWHG WKDW WKLV DSSURDFK ZDV RULJLQDOO\
GHVLJQHG� WR� H[SORLW� D� NQRZQ� GHSRVLWV� RI�

$UFKHDQ�*ROG�� EXW� LW�PD\� KDYH� VRPH� XWLOLW\�
KHUH�VLQFH�DFFRUGLQJ�WR�1*6$ ��������WKHUH�LV�
RFFXUUHQFH�RI�*ROG�LQ�VRPH�SDUW�RI�)&7 ZLWK�
/HDG�=LQF� PLQHUDOL]DWLRQ�� 7KH� H[WUDSRODWLRQ�
IURP�DQ�$UFKHDQ�FDVH�WR�WKH�FXUUHQW�VLWXDWLRQ�LQ�
FXUUHQW�VWXG\�DUHD�FRXOG�EH�XVHIXO�VLQFH�VRPH�
SDUW�RI�WKH�)&7 IDOOV�LQ�WKH�VWXG\�DUHD��)LJXUH���
DQG� )LJXUH� ���� LW� PD\� KRVW� VRPH� RI� WKHVH�
PLQHUDOV�
3HUFHQWDJH 3RWDVVLXP ��.�� DQG

(TXLYDOHQW�7KRULXP��H7K��0DSV
7KH�SRWDVVLXP���.���PDS��)LJXUH��D��VKRZV�
GLIIHUHQW�GHJUHHV�RI�SRWDVVLXP�FRQFHQWUDWLRQV�
UDQJLQJ�IURP�������WR�����������WKDW�UHIOHFWV�
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GLIIHUHQW� OLWKRORJLFDO� XQLWV� DQG� DOWHUDWLRQV� LQ�
WKH� DUHD�� 3RWDVVLXP� UDGLDWLRQ� IXQGDPHQWDOO\�
FRPHV�IURP�SRWDVK�IHOGVSDUV��ZKLFK�DUH�PDLQO\�
FRPPRQ�LQ�IHOVLF�LJQHRXV�URFNV��H�J��JUDQLWH��
DQG� DUH� ORZ� LQ�PDILF� URFNV� �H�J�� EDVDOWV� DQG�
DQGHVLWH���*XQQ�HW�DO� ����E���5RFN�DOWHUDWLRQV�
FDQ� DOVR� UHVXOW� LQ� KLJK� .� FRQFHQWUDWLRQV�
�:LOIRUG�HW�DO� ������� $ QXPEHU�RI�SRWDVVLXP�
DQRPDOLHV�DUH�HYLGHQW�LQ�WKH�UDGLRPHWULF�LPDJH�
�)LJXUH��D���7KH�FRORU�EOXH�FRUUHVSRQGV�ZLWK�
ORZ�.�YDOXHV�ZKLOVW�WKH�SLQN�FRUUHVSRQGV�ZLWK�
YHU\�KLJK�.�YDOXHV��7KH�FRORU�UHG�UHSUHVHQWV�
PRGHUDWHO\� KLJK� WR� KLJK� .� YDOXHV� DQG� WKH�
VKDGHV�RI�RUDQJH�WR�\HOORZ�FRORU�UHSUHVHQW�RU�
DUH�DVVRFLDWHG�ZLWK�PRGHUDWHO\�ORZ�.�YDOXHV��
7KHVH� SLQNLVK� FRORUDWLRQV� ZLWK� YHU\� KLJK� .�
YDOXHV�ZLWKLQ�WKH�HDVWHUQ�SRUWLRQ�RI�WKH�PDS�DUH�

D W W U LEX WHG WR WKH R OGH U J UDQ L WR LGV
�XQGLIIHUHQWLDWHG�ROGHU�JUDQLWH�DQG�SRUSK\ULWLF�
JUDQLWH�� $OVR� ILJXUH� �E� VKRZV WKH� H7K�
GLVWULEXWLRQ�PDS� RI� WKH� VWXG\� DUHD��7KH� H7K�
GLVWULEXWLRQ PDS KDV H7K FRQFHQWUDWLRQ
UDQJLQJ� IURP� ������ WR� ������� SSP�� )RU� WKH�
SXUSRVH RI WKLV LQWHUSUHWDWLRQ� WKH H7K
FRQFHQWUDWLRQ� IURP� WKH� OHJHQG� �ILJXUH��E�� LQ�
WKH� VWXG\� DUHD� ZLOO� EH� UHODWLYHO\� JURXSHG� DV�
KLJK��!�������SSP���FRUUHVSRQGLQJ�PRVWO\�WR�
WKH� VFKLVW� ZLWKLQ� QRUWK�HDVWHUQ� SRUWLRQ� DQG�
0LJPDWLWH� DURXQG� WKH�QRUWK�ZLWK�SRUSK\ULWLF�
JUDQLWH� DURXQG� QRUWK�ZHVWHUQ� SRUWLRQ� RI� WKH�
P D S � : K L O H P R G H U D W H O \ K L J K
�������±������SSP�� PRGHUDWHO\ ORZ
������±������� SSP��� DQG� ORZ� �������SSP��
�ILJXUH��E��

)LJ�����D��3HUFHQWDJH�SRWDVVLXP�DQG��E��HTXLYDOHQW�WKRULXP�PDSV

3RWDVVLXP�7KRULXP�5DWLR�0DS
)LJXUH� ��D� GLVSOD\V� .�H7K� PDS� DQG� DV�
SRWDVVLXP�LV�PRUH�PRELOH�WKDQ�WKRULXP��.�H7K�
UDWLR�DQRPDOLHV�FDQ�EH�GLVWLQJXLVKHG�WR�DUHDV�RI�
K\GUR WKHUPDO D O WH UD W LRQ ZKLFK DUH
FKDUDFWHUL]HG� E\� .� HQULFKPHQW�� +RZHYHU��
GHSHQGLQJ�RQ� WKH� IDFW� WKDW� WKH� UDWLR�EHWZHHQ�
SRWDVVLXP� DQG� WKRULXP� LV� UDWKHU� FRQVWDQW� LQ�
PRVW�URFNV��W\SLFDOO\�YDU\LQJ�IURP������WR�����
.�7K�LQ���SSP��+RRYHU�HW�DO� �������5RFNV�
ZLWK�.�H7K�UDWLRV�UHPDUNDEO\�RXWVLGH�RI� WKLV�
UDQJH�KDYH�EHHQ�QDPHG�SRWDVVLXP�RU�WKRULXP�
VSHFLDOL]HG� �3RUWQRY� ������� 6R�� WKH� ]RQHV�

FKDUDFWHUL]HG�E\�WKH�KLJK�.�H7K�UDWLR�YDOXHV�
DUH� WKH� VWURQJ� LQGLFDWRU� RI� K\GURWKHUPDO�
DOWHUDWLRQ��)URP�WKH�.�H7K�UDWLR�PDS��ILJXUH�
��D�� LW� LV� VHHQ� WKDW� WKH� DUHDV� DIIHFWHG�E\� WKH�
K\GURWKHUPDO�SURFHVV�LV�IHDWXUHG�E\�SLQN�FRORU�
DQG�KDYH�D�KLJK�YDOXH�DERXW�������RI�.�H7K�
UDWLR� 7KHVH DUH DUHDV DVVRFLDWHG ZLWK
XQGLIIHUHQWLDWHG�ROGHU�*UDQLWH��0LJPDWLWH�DQG�
JQHLVV�ZLWK�SRUSK\ULWLF�JUDQLWH�LQ�WKH�HDVW�DQG�
VRPH SDUWV RI 0LJPDWLWH DQG SHOLWLF
VFKLVW�PXVFRYLWH� VFKLVW� DURXQG� VRXWKZHVWHUQ�
SRUWLRQ�RI�WKH�PDS��ILJXUH���E��
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)LJ������D��.�H7K�DQG��E��K\GURWKHUPDO�$OWHUDWLRQ�=RQHV�RQ�*HRORJLF�PDS

$HURPDJQHWLF�DQG�$HUR�5DGLRPHWULF�'DWD�
,QWHJUDWLRQ
7KH�UHVXOWV�RI�DHURPDJQHWLF��DHUR�UDGLRPHWULF�
GDWD� VHWV� DQG� JHRORJ\� ZHUH� LQWHJUDWHG� WR�
SURGXFH� D� FRPSRVLWH� PDS� RI� WKH� VWXG\� DUHD�
�ILJXUH������$Q�LQVSHFWLRQ�RI�WKLV�PDS�VKRZHG�
VRPH� SRUWLRQV� RI� WKH� VWXG\� WKDW� DUH� KLJKO\�
IDXOWHG� WR� EH� FRLQFLGHG� ZLWK� K\GURWKHUPDO�

DOWHUDWLRQ�]RQH�WKDW�LV�ORFDWHG�ZLWKLQ�WKH�DUHD��
$OVR�� D� QXPEHU� RI� K\GURWKHUPDOO\� DOWHUHG�
]RQHV�DUH�PDSSHG�IURP�WKH�.�H7K�UDWLR�PDS�
�ILJXUH� ��E��� 6LQFH� WKHVH� ]RQHV� KDYH� RQH� RU�
PRUH� VWUXFWXUHV� DVVRFLDWLRQV�� WKH\� VHUYH� DV�
FKDQQHO�SDWKZD\V�IRU�PLJUDWLQJ�K\GURWKHUPDO�
IOXLGV� WKDW� FRLQFLGHQWDOO\� UHDFWHG� ZLWK� URFN�
IRUPDWLRQ�ZKLFK�JRW�DOWHUHG�VXEVHTXHQWO\�

)LJ�����&RPSRVLWH�3URSRVHG�*HRORJLF�0DS�RI�WKH�$UHD

7RZQ

5RDG

+\GURWKHUPDO $OWHUDWLRQ

%DQGHG *QHLVV�%LRWLWH *QHLVV

*UDQLWH *QHLVV

0LJPDWLWH

3HOLWLF 6FKLVW�0XVFRYLWH 6FKLVW

3RUSK\ULWLF *UDQLWH

8QGLIIHUHQWLDWHG *UDQLWH� 0LJPDWLWH DQG *QHLVV

8QGLIIHUHQWLDWHG 6FKLVW LQFOXGLQJ 3K\OOLWHV

7RZQ

5RDG

+\GURWKHUPDO $OWHUDWLRQ

%DQGHG *QHLVV�%LRWLWH *QHLVV

*UDQLWH *QHLVV

0LJPDWLWH

3HOLWLF 6FKLVW�0XVFRYLWH 6FKLVW

3RUSK\ULWLF *UDQLWH

8QGLIIHUHQWLDWHG *UDQLWH� 0LJPDWLWH DQG *QHLVV

8QGLIIHUHQWLDWHG 6FKLVW LQFOXGLQJ 3K\OOLWHV
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