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'HSDUWPHQW�RI�3K\VLFV�

)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\�0LQQD��1LJHULD�
(PDLO� DLVKD�DONDOL#IXWPLQQD�HGX�QJ 3KRQH�1R�������������������

$EVWUDFW
,QWHUSUHWDWLRQ�RI�0DJQHWLF�6LJQDWXUHV�RYHU�SDUWV�RI�FHQWUDO�%LGD�%DVLQ��1LJHULD�ZDV FDUULHG�
RXW� WR�KLJKOLJKW� OLQHDU�VWUXFWXUHV�DQG� WR�VXJJHVW� WKH�YLDELOLW\�RI� WKH�EDVLQ� IRU�K\GURFDUERQ�
SRWHQWLDOV� LQ�WKH�VXUYH\�DUHD��$HURPDJQHWLF�GDWD�RYHU�WKH�VWXG\�DUHD�ERXQGHG�E\�ODWLWXGHV�
�����1�WR�������1�DQG�ORQJLWXGHV������(�WR������(�ZDV�LQWHUSUHWHG�ZLWK�D�YLHZ�WR�VWXG\�WKH�
PDJQHWLF� WUHQGV� DQG� WR� HVWLPDWH� WKH� VHGLPHQWDU\� WKLFNQHVV� ZLWKLQ� WKH� VWXG\� DUHD�� 7UHQG�
FKDUDFWHULVWLFV�RI�PDJQHWLF� OLQHDPHQWV�ZHUH�DQDO\VH XVLQJ�)LUVW�9HUWLFDO�'HULYDWLYH��6RXUFH�
3DUDPHWHU�,PDJLQJ�ZDV�XVHG�WR�HVWLPDWH�WKH�VHGLPHQWDU\�WKLFNQHVV��7KH�/LQHDPHQWV�IURP�
WKH�)LUVW�9HUWLFDO�'HULYDWLYH�WUHQGV�PDMRUO\�LQ�1(�6:�GLUHFWLRQ��7KH�RFFXUUHQFH�RI�VXEVXUIDFH�
OLQHDU�VWUXFWXUHV�PD\�EH�GXH�WR�GLVFRQWLQXLWLHV�FDXVHG�E\�IDXOWLQJ�RI�FRXQWU\�URFN�DQG�WKLV�LV�
LQ� FRQIRUPLW\� ZLWK� WKH� KLVWRU\� RI� WKH� IRUPDWLRQ� RI� WKH� %LGD� %DVLQ�� 7KH� UHVXOW� RI� 6RXUFH�
3DUDPHWHU� ,PDJLQJ� VKRZV� WKDW� GHSWK� WR�PDJQHWLF� VRXUFHV� KDV� LWV�PD[LPXP� VHGLPHQWDU\�
WKLFNQHVV�RI�DERXW�����NP�LQ�WKH�VRXWK�DQG�FHQWUDO�SDUW�RI�WKH�VWXG\�DUHD��7KH�VHGLPHQWDU\�
WKLFNQHVV�RI�DERXW�����NP PLJKW�EH�VXIILFLHQW�IRU�K\GURFDUERQ�PDWXUDWLRQ�LQ�WKH�DUHD�

.H\ZRUGV� %DVHPHQW�� /LQHDPHQWV�� 0DJQHWLF� 7UHQG�� 6RXUFH� 3DUDPHWHU� ,PDJLQJ�� )LUVW�
9HUWLFDO�

'HULYDWLYH�

,QWURGXFWLRQ
7KH�LQWHUSUHWDWLRQ�RI�DHURPDJQHWLF�PDSV�LQYROYHV�LQWHUSUHWLQJ�WKH�EDVHPHQW�VWUXFWXUHV�DQG�
GHWDLOHG�H[DPLQDWLRQ�RI�VWUXFWXUHV��7KH�GLJLWL]DWLRQ�PHWKRG�DGRSWHG� IRU�WKH�VWXG\�ZDV� WKH�
PDQXDO� YLVXDO� LQWHUSRODWLRQ�PHWKRG�� 7KH� DLP� RI� D�PDJQHWLF� VXUYH\� LV� WR� LQYHVWLJDWH� VXE�
VXUIDFH�JHRORJ\�RQ�WKH�EDVLV�RI�DQRPDOLHV� LQ� WKH�HDUWK¶V�PDJQHWLF� ILHOG� UHVXOWLQJ� IURP� WKH�
PDJQHWLF� SURSHUWLHV� RI� WKH� XQGHUO\LQJ� URFNV�� 7KHUHIRUH�� WKH� DLP� LV� WR� GHWHUPLQH� WKH�
WKLFNQHVV� RI� %LGD� %DVHPHQW�� 0DJQHWLF� SURVSHFWLQJ� WKXV� LQYROYHV� WKH� PHDVXUHPHQW� RI�
YDULDWLRQV�LQ�WKH�HDUWK¶V�PDJQHWLF�ILHOG��,W�LV�QDWXUDO�VRXUFH�PHWKRGV�LQ�ZKLFK�ORFDO�YDULDWLRQV�
LQWURGXFHG�E\�PDJQHWLF�SURSHUWLHV�RI� URFN�QHDU� WKH� VXUIDFH� FDXVHV�PLQXWH� FKDQJHV� LQ� WKH�
PDLQ�ILHOG��'HWHUPLQDWLRQ�RI�WKH�VWUXFWXUH�DQG�QDWXUH�RI�WKH�PDJQHWL]HG�PDWHULDO�LV�WKHUHIRUH�
DQ� LQYHUVH� SUREOHP� RI� SRWHQWLDO� ILHOG� WKHRU\�� 7KDW� LV�� WKH� VRXUFH� LV� GHWHUPLQHG� IURP� LWV�
SRWHQWLDO��*UDQW�DQG�:HVW���������

*HRORJ\�RI�WKH�$UHD
7KH�VWXG\�DUHD�LV�ORFDWHG�ZLWKLQ�WKH�%LGD�%DVLQ��DOVR�NQRZQ�DV�WKH�0LGGOH�1LJHU�%DVLQ�RU�WKH�
1XSH� %DVLQ�� LQ� WKH� ZHVW� � FHQWUDO� SDUW� RI� 1LJHULD�� 7KH VWXG\� DUHDV� FRYHU� )DVKH�� $NHUUH��
0RNZD�� (JEDNR�� /DILDJL� DQG� 3DWHJL�� $OO� WKH� URFNV� LQ� WKH� VWXG\� DUHD� EHORQJ� HLWKHU� WR� WKH�
8SSHU�&UHWDFHRXV�RU� WR� WKH�3UHFDPEULDQ��7KH�VDQGVWRQHV�RI� WKH�%LGD�%DVLQ�EHORQJ� WR� WKH�
8SSHU� &UHWDFHRXV� DQG� WKH\� DUH� XQGHUODLQ� E\� WKH� 3UHFDPEULDQ� URFNV� RI� WKH� %DVHPHQW�
&RPSOH[���5XVV��������$GHOH\H�������DQG�������8GHQVL HW�DO� �������7KH�1XSH�VDQGVWRQHV�
FRQVLVW� RI� VOLJKWO\� FHPHQWHG� ILQH� WR� FRDUVH�JUDLQHG� VDQGVWRQHV� DQG� VLOWVWRQHV� ZLWK�
LQWHUEHGGHG�WKLQ�EHGV�RI�FDUERQDFHRXV�VKDOHV�DQG�FOD\V��7KH�1XSH�VDQGVWRQH�DSSHDUV�WR�OLH�
GLUHFWO\�RQ�WKH�%DVHPHQW��$GHOH\H���������)LJXUH����0DS�RI�1LJHULD��VKRZV�WKH�ORFDWLRQ�RI�
WKH� 6WXG\� $UHD� DQG� )LJXUH� �� LV� WKH� JHRORJLFDO� PDS� RI� WKH� DUHD�� ,W� OLHV� EHWZHHQ� ODWLWXGH�
�����1�DQG�������1�DQG�ORQJLWXGH������(�DQG������(�
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)LJXUH����*HRORJLFDO�0DS�RI�WKH�6WXG\�$UHD��$GDSWHG�IURP�1LJHULD�*HRORJLFDO

678'<�$5($

)LJXUH����*HQHUDOL]HG�*HRORJLFDO�0DS�RI�1LJHULD��2ODVHKLQGH�DQG�$PDGL�������
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6XUYH\�$JHQF\�������

0DWHULDOV�DQG�0HWKRG
0DWHULDOV
'DWD�DFTXLVLWLRQ�DQG�DQDO\VLV��$LUERUQH�PDJQHWLF�VXUYH\�RI�D�VXEVWDQWLDO�SDUW�RI�1LJHULD�ZDV�
FDUULHG� RXW E\� WKH� 1LJHULDQ� *HRORJLFDO� 6XUYH\� $JHQF\� EHWZHHQ� ����� DQG� ������ 7KH�
PDJQHWLF�LQIRUPDWLRQ�FRQVLVWV�RI�SURILOHV�RU�UHSHWLWLRQ�IOLJKW�OLQHV�SORWWHG�RQ�FRQWLQXRXV�VWULS�
FKDUW�RU�WDSH�UHFRUGV��7R�DFKLHYH�WKLV��WKH�1LJHULDQ�ODQGPDVV�ZDV�GLYLGHG�LQWR�EORFNV��7KH
PDJQHWLF� GDWD�ZHUH� FROOHFWHG� DW� D� QRPLQDO� IOLJKW� DOWLWXGH�RI� ���� IW� ������P�� DORQJ�QRUWK�
VRXWK�IOLJKW�OLQHV�VSDFHG�DSSUR[LPDWHO\���NP�DSDUW��7KH�GDWD�ZHUH�SXEOLVKHG�LQ�WKH�IRUP�RI�
ò�GHJUHH�E\�ò�GHJUHH�DHURPDJQHWLF�PDSV�RQ�D�VFDOH�RI�������������7KH�PDJQHWLF�YDOXHV�
ZHUH�SORWWHG�DW����Q7�LQWHUYDOV��7KH�PDSV�ZHUH�QXPEHUHG�DQG�QDPHV�RI�WKH�SODFHV�RI�HDFK�
PDS�FRYHUV�ZHUH�ZULWWHQ�RQ�WKHP�IRU�HDV\�UHIHUHQFH��$�WRWDO�RI�����PDSV�FRYHU�WKH�HQWLUH�
FRXQWU\�� 7KH� DHURPDJQHWLF� PDSV� FRYHULQJ� WKH� VWXG\� DUHD� KDYH� EHHQ� DFTXLUHG� IURP� WKH�
1LJHULD�*HRORJLFDO�6XUYH\�$JHQF\��7KH�VWXG\�DUHD�LV�FRYHUHG�E\�DHURPDJQHWLF�PDSV�RI�VKHHW�
QXPEHU�����������������������DQG������7KH�DFWXDO�PDJQHWLF�YDOXHV�ZLWKLQ�WKLV�EORFN�ZHUH�
UHGXFHG�E\��������Q7�EHIRUH�SORWWLQJ�WKH�FRQWRXU�PDSV��7KLV�PHDQV�WKDW�D�YDOXH�RI��������
Q7�ZDV�DGGHG�WR�WKH�FRQWRXU�YDOXHV�VR�DV�WR�REWDLQHG�WKH�DFWXDO�ILHOG�DW�D�JLYHQ�SRLQW�

$� FRUUHFWLRQ� EDVHG� RQ� WKH� ,QWHUQDWLRQDO� *HRPDJQHWLF� 5HIHUHQFH� )LHOG� �,*5)�� HSRFK� GDWH�
-DQXDU\� ��� ����� ZDV� LQFOXGHG� LQ� DOO� WKH� DHURPDJQHWLF� PDSV� SXEOLVKHG� E\� WKH� 1LJHULDQ�
*HRORJLFDO�6XUYH\�$JHQF\�

$HURPDJQHWLF�0DS�'LJLWL]DWLRQ�
7KH�0DJQHWLF�GDWD�IRU�WKLV�UHVHDUFK�ZDV�DFTXLUHG�IURP�WKH�DHURPDJQHWLF�PDSV�FRYHULQJ�SDUW�
RI� WKH� %LGD� %DVLQ�� 7KH� GLJLWL]DWLRQ�PHWKRG� DGRSWHG� IRU� WKLV� VWXG\� ZDV� WKH�PDQXDO YLVXDO�
LQWHUSRODWLRQ� PHWKRG�� 7KH� YLVXDO� LQWHUSRODWLRQ� PHWKRG� LQYROYHV� GUDZLQJ� RI� VWUDLJKW� OLQHV�
YHUWLFDOO\� DQG� KRUL]RQWDOO\� DW� HTXDO� VSDFLQJ� RQ� D� WUDFLQJ� SDSHU� WR� IRUP�D� JULG� OD\RXW�� 7KH�
ERXQGDULHV�RI�WKH�OD\RXW�PXVW�FRLQFLGH�ZLWK�WKH�ERXQGDULHV�RI�WKH�DHURPDJQHWLF�PDS�OD\RXW�
WR�EH�XVHG�IRU�GLJLWL]DWLRQ��8GHQVL�HW�DO����������7KH�OD\RXW�LV�RYHUODLQ�RQ�WKH�DHURPDJQHWLF�
PDS�DQG�PDJQHWLF�YDOXHV�ZHUH�UHDG�DW�WKH�MXQFWLRQV�RU�FURVV�SRLQWV�RQ�WKH�JULG�V\VWHP��$W�
JULG�SRLQWV�ZKHUH�WKH�FRQWRXU�OLQHV�GR�QRW�FURVV��YLVXDO�LQWHUSRODWLRQ�WR�WKH�FORVHVW�FRQWRXU�
OLQH�LV�PDGH�VR�DV�WR�HVWLPDWH�WKH�PDJQHWLF�YDOXH�DW�WKH�JULG�SRLQW��6LQFH�WKH�JULG�SRLQWV�DUH�
HYHQO\�VSDFHG��LW�LV�HDV\�WR�GHWHUPLQH�WKH�ORQJLWXGH�DQG�ODWLWXGH�RI�HDFK�JULG�SRLQW��7KH�JULG�
OD\RXW�PD\�EH�UHFWDQJXODU�RU�VTXDUH�GHSHQGLQJ�RQ�WKH�ZLVK�RI�WKH�LQWHUSUHWHU�RU�WKH�QDWXUH�
RI�WKH�DUHD�FRQFHUQHG�

3URGXFWLRQ�RI�'DWDVHW��6XSHU�'DWD�
7KH�GDWD�IURP�HDFK�GLJLWL]HG�PDS�LV�VWRUHG�LQ�D����E\����FRGLQJ�VKHHW��(DFK�VKHHW�FRQWDLQV�
UHFRUGV�RI�WKH�ERXQGDU\�ORQJLWXGH�DQG ODWLWXGH��WKH�PDS�QXPEHU�DQG�QDPH�RI�WKH�WRZQ��7KH�
SUREOHP�RI�ERXQGDU\��HGJH��KDV�WR�EH�VROYHG�EHIRUH�WKH�FRPELQHG�GDWDVHW�LV�SURGXFHG��7KLV�
SUREOHP�LV�LOOXVWUDWHG�LQ��)LJXUH�����ZKLFK�UHSUHVHQWV�D�UHFWDQJXODU�RXWOLQH�RI�WKH�VWXG\�DUHD��
/DILDJL��3DWHJL��0RNZD��(JEDNR��)DVKH�DQG�$NHUUH�VKHHWV��(DFK�VPDOO�PDS�LV�UHSUHVHQWHG�E\�
WKH�PDS�QXPEHU�DQG�FRQWDLQV����E\����GLJLWL]HG�PDJQHWLF�YDOXHV��$W�WKH�ERXQGDU\�RI�WZR�
PDSV�IRU�H[DPSOH��PDSV�������DQG������� WKH�ILHOG�YDOXHV�LQ�WKH�ODVW�FROXPQ�RI�PDS�������
KDYH�WKH VDPH�FRRUGLQDWHV��ODWLWXGH�DQG�ORQJLWXGH��DV�WKH�ILHOG�YDOXHV�DW�WKH�ILUVW�FROXPQ�RI�
PDS��������$OVR�DW�WKH�ERXQGDU\�EHWZHHQ�PDS�������DQG�������WKH�ILHOG�YDOXHV�DW�WKH�ODVW�
URZ� RI�PDS� ������ KDYH� WKH� VDPH� FRRUGLQDWHV� DV� WKH� ILHOG� YDOXHV� LQ� WKH� ILUVW� URZ� RI�PDS�
�������
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7R�KDYH�D�GDWDVHW�WKHUHIRUH��DOO�PDJQHWLF�YDOXHV�ZLWK�WKH�VDPH�FRRUGLQDWH�PXVW�EH�DGGHG�
DQG� DYHUDJHG�� 6R�ZLWK� WKLV�� WKH� URZV� DQG� FROXPQV�RI�PDJQHWLF� SRLQWV�ZLWK� WKH� VDPH� FR�
RUGLQDWH�ZLOO�QRW�H[LVW��7ZR�ZD\V�WKURXJK�ZKLFK�WKLV�WDVN�FRXOG�EH�DFKLHYHG�DUH�
�L� $�FRPSXWHU�SURJUDP�FDQ�EH�GHVLJQHG�WR�DFKLHYHG�WKH�DLP�ZKHUH�RQH�LV�GHDOLQJ�ZLWK�

ODUJH�QXPEHUV�RI�PDSV�VD\�IURP�WHQ�XSZDUGV��
�LL� 8VH�RI�PDQXDO�PDQLSXODWLRQ�ZKHQ�GHDOLQJ�ZLWK�PDSV�EHORZ�WHQ��DQG�FDUH�PXVW�EH�

WDNHQ�QRW WR�UXQ�LQWR�XQQHFHVVDU\�HUURUV������

:KHQ�WKH�ODVW�FROXPQ�DQG�ILUVW�FROXPQ�RI�WKH�DGMRLQLQJ�PDS�LV�DYHUDJHG��WKH�QHZ�GDWD�YDOXH�
JHQHUDWHG�LV�UHFRUGHG�LQ�SODFH�RI�WKH�LQLWLDO�GDWD�YDOXH��WKH�VDPH�SURFHVV�LV�UHSHDWHG�IRU�WKH�
URZV�EHWZHHQ�WZR�PDSV��$W�WKH�HQG�RI�WKLV�SURFHVV��D VHW�RI�GDWD�WKDW�LV����E\����JULG�ZDV�
REWDLQHG�� 7KLV� JLYHV� D� WRWDO� RI� ����� GDWD� SRLQWV� LQ� WKH� VXSHU� PDS�� 7KHUHIRUH�� PDQXDO�
PDQLSXODWLRQ�SURFHVV�ZDV�XVHG�IRU�FROOHFWLRQ�RI�GDWD�

3URGXFWLRQ�RI�WKH�8QLILHG�$HURPDJQHWLF�0DS��6XSHU�0DS��RI�WKH�6WXG\�$UHD
7KH� GDWDVHW� �VXSHU� GDWD�� FDQQRW� \HW� EH� FRQWRXUHG� EHFDXVH� WKH� FRRUGLQDWHV� �ODWLWXGH� DQG�
ORQJLWXGH�� RI� HDFK� RI� WKH� GDWD� SRLQWV� DUH� \HW� WR� EH� VXSSOLHG�� 7KLV� ZDV� DFKLHYHG� XVLQJ�
DQRWKHU�3URJUDP�OLNH�WKH�RQH�XVHG�IRU�WKH�VPDOO�PDSV��ZKLFK�UHDGV�WKH�GDWD�SRLQWV�URZ�E\�
URZ�� DQG� FDOFXODWH� WKHLU� ODWLWXGHV� DQG� ORQJLWXGHV� XVLQJ� EDVH� YDOXHV� DOUHDG\� VXSSOLHG�� 7KH�
RXWSXW� LV� WKHQ� LQ� WKH� IRUP� RI� FROXPQV� RI� [�� \�� ]� ZKHUH� [�� \� DQG� ]� UHSUHVHQW� ORQJLWXGH��
ODWLWXGH�DQG� WKH�PDJQHWLF�YDOXH�RI� WKH�JLYHQ�GDWD�SRLQW� UHVSHFWLYHO\��7KH�RXWSXW� ILOH� IURP�
WKLV�SURJUDP�LV�VXEVHTXHQWO\�IHG�LQWR�WKH�685)(5� SDFNDJH�IRU�WKH�SURGXFWLRQ�RI�WKH�XQLILHG�
DHURPDJQHWLF�PDS��

0DJQHWLF�GDWD�REVHUYHG�LQ�JHRSK\VLFDO�VXUYH\V�DUH�WKH�VXP�RI�PDJQHWLF�ILHOGV�SURGXFHG�E\�
DOO� XQGHUJURXQG� VRXUFHV�� 7KH� WHUPV� ³UHVLGXDO´� DQG� ³UHJLRQDO´� DUH� XVHG� WR� GLIIHUHQWLDWH�
EHWZHHQ� DQRPDOLHV� IURP� ORFDO�� QHDU� VXUIDFH� PDVVHV� DQG� WKRVH� DULVLQJ� IURP� ODUJHU� DQG�
GHHSHU� IHDWXUHV�� UHVSHFWLYHO\�� 7KH� WDUJHW� IRU� VSHFLILF� LQYHVWLJDWLRQV� DUH� RIWHQ� VPDOO�VFDOH�
VWUXFWXUHV� EXULHG� DW� VKDOORZ� GHSWKV�� DQG� WKH� PDJQHWLF� UHVSRQVH� RI� WKHVH� WDUJHWV� DUH�
HPEHGGHG� LQ� D� UHJLRQDO� ILHOG� WKDW� DULVHV� IURP�PDJQHWLF� VRXUFHV� WKDW� DUH� ODUJHU� RU�GHHSHU�
WKDQ�WKH�WDUJHW�RU�DUH�ORFDWHG�IDUWKHU�DZD\��&RUUHFW�HVWLPDWLRQ�DQG�UHPRYDO�RI�WKH�UHJLRQDO�
ILHOG� IURP� WKH� LQLWLDO� ILHOG� REVHUYDWLRQ� \LHOGV� WKH� UHVLGXDO� ILHOG� SURGXFHG� E\� WKH� WDUJHW�
VRXUFHV�� ,QWHUSUHWDWLRQ�DQG�QXPHULFDO�PRGHOOLQJ�DUH�FDUULHG�RXW�RQ� WKH� UHVLGXDO� ILHOG�GDWD��
DQG�WKH�UHOLDELOLW\�RI�WKH� LQWHUSUHWDWLRQ�GHSHQGV�WR�D�JUHDW�H[WHQG�XSRQ�WKH�VXFFHVV�RI�WKH�
UHJLRQDO�UHVLGXDO�VHSDUDWLRQ���/L�	 2OGHQEXUJ��������

0HWKRGV
9HUWLFDO�GHULYDWLYH
$�GHULYDWLYH� WHQGV� WR� VKDUSHQ� WKH� HGJHV�RI� DQRPDOLHV DQG� HQKDQFH� VKDOORZ� IHDWXUHV�� 7KH�
YHUWLFDO�GHULYDWLYH�PDS�LV�PXFK�PRUH�UHVSRQVLYH�WR�ORFDO�LQIOXHQFH�WKDQ�WR�EURDG�RU�UHJLRQDO�
HIIHFW�DQG� WKHUHIRUH� WHQGV� WR�JLYH�VKDUSHU�SLFWXUH� WKDQ� WKH�PDS�RI� WKH� WRWDO� ILHOG��9HUWLFDO�
GHULYDWLYH�RSHUDWRU�LQ�WKH�IUHTXHQF\�GRPDLQ�LV�JLYHQ�
E\

���
:KHUH�Q�LV�WKH�RUGHU�RI�GLIIHUHQWLDWLRQ��DQG�U�LV�WKH�ZDYHQXPEHU �UDGLDQV�JURXQG�XQLW��7KH�
YHUWLFDO� GHULYDWLYH� LV� FRPPRQO\� DSSOLHG� WR� WRWDO� PDJQHWLF� ILHOG� GDWD� WR� HQKDQFH� WKH�
VKDOORZHVW� JHRORJLF� VRXUFHV� LQ� WKH� GDWD�� $V� ZLWK� RWKHU� ILOWHUV� WKDW� HQKDQFH� WKH� KLJK�
ZDYHQXPEHU� FRPSRQHQWV� RI� WKH� VSHFWUXP�� \RX�PXVW� RIWHQ� DOVR� DSSO\� ORZ�SDVV� ILOWHUV� WR�
UHPRYH�KLJK�ZDYH�QXPEHU�QRLVH��7KLV�LV�D�PHDVXUH�RI�WKH�FXUYDWXUH�RI�WKH�ILHOG��7KH�VHFRQG�
YHUWLFDO� GHULYDWLYH� HQKDQFHV� JHRORJLF� IHDWXUH� ZKLFK� JHQHUDWH� JUHDWHU� FXUYDWXUH� RI� WKH�
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PDJQHWLF� ILHOG��7KLV� LV� WKH�FDVH� IRU�DQRPDOLHV� IURP�JHRORJLF� IHDWXUHV� WKDW�DUH�FORVH� WR� WKH�
VXUIDFH��,Q�DGGLWLRQ�WR�HQKDQFLQJ�ZHDNHU�DQRPDOLHV��WKH�VHFRQG�YHUWLFDO�GHULYDWLYH�FDQ�RIWHQ�
EH�XVHG�WR�GHOLQHDWH�WKH�FRQWDFWV�RI�OLWKRORJLHV�ZLWK�FRQWUDVWLQJ�SK\VLFDO�SURSHUWLHV�VXFK�DV�
GHQVLWLHV��DQG�VXVFHSWLELOLWLHV���%KDWWDFKDU\\D��������+HQGHUVRQ�	 =LHW]���������

6RXUFH�3DUDPHWHU�,PDJLQJ��63,�
6RXUFH� 3DUDPHWHU� ,PDJLQJ� �63,�� IXQFWLRQ� LV� D� TXLFN�� HDV\�� DQG� SRZHUIXO� PHWKRG� IRU�
FDOFXODWLQJ�WKH�GHSWK�RI�PDJQHWLF�VRXUFHV��,WV�DFFXUDF\�KDV�EHHQ�VKRZQ�WR�EH���� ����LQ�
WHVWV� RQ� UHDO� GDWD� VHWV� ZLWK� GULOO� KROH� FRQWURO�� 7KLV� DFFXUDF\� LV� VLPLODU� WR� WKDW� RI� (XOHU�
GHFRQYROXWLRQ�� KRZHYHU� 63,� KDV� WKH� DGYDQWDJH� RI� SURGXFLQJ� D� PRUH� FRPSOHWH� VHW� RI�
FRKHUHQW�VROXWLRQ�SRLQWV�DQG�LW�LV�HDVLHU�WR�XVH�

$�VWDWHG�JRDO�RI�WKH�63,�PHWKRG��7KXUVWRQ�DQG�6PLWK��������LV�WKDW�WKH�UHVXOWLQJ�LPDJHV�FDQ�
EH� HDVLO\� LQWHUSUHWHG�E\� VRPHRQH�ZKR� LV� DQ� H[SHUW� LQ� WKH� ORFDO� JHRORJ\��7KH�63,�PHWKRG�
�7KXUVWRQ� DQG� 6PLWK�� ������ HVWLPDWHV� WKH� GHSWK� IURP� WKH� ORFDO� ZDYH� QXPEHU� RI� WKH�
DQDO\WLFDO� VLJQDO�� 7KH� DQDO\WLFDO� VLJQDO� LV� GHILQHG� E\� 1DELJKLDQ� ������� DV�

�������������������������������������������������������������������������������������������������������

:KHUH� LV� WKH�PDJQLWXGH� RI� WKH� DQRPDORXV� WRWDO�PDJQHWLF� ILHOG�� M� LV� WKH� LPDJLQDU\�
QXPEHU�� ]� DQG� [� DUH� &DUWHVLDQ� FRRUGLQDWHV� IRU� WKH� YHUWLFDO� GLUHFWLRQ� DQG� WKH� KRUL]RQWDO�
GLUHFWLRQ�UHVSHFWLYHO\��)URP�WKH�ZRUN�RI�1DELJKLDQ���������KH�VKRZV�WKDW�WKH�KRUL]RQWDO�DQG�
YHUWLFDO�GHULYDWLYHV�FRPSULVLQJ� WKH� UHDO�DQG� LPDJLQDU\�SDUWV�RI� WKH��'�DQDO\WLFDO� VLJQDO�DUH�
UHODWHG�DV�IROORZV�

���

:KHUH� GHQRWHV� D�+LOEHUW� WUDQVIRUPDWLRQ� SDLU�� 7KH� ORFDO�ZDYH� QXPEHU� LV� GHILQHG� E\�
7KXUVWRQ�DQG�6PLWK��������WR�EH

���
7KH�FRQFHSW�RI�DQ�DQDO\WLFDO�VLJQDO�FRPSULVLQJ�VHFRQG�RUGHU�GHULYDWLYHV�RI�WKH�WRWDO�ILHOG��FDQ�
EH�XVHG�LQ�D�PDQQHU�VLPLODU�WR�WKDW�XVHG�E\�+VX�HW�DO����������7KH�+LOEHUW�WUDQVIRUP�DQG�WKH�
YHUWLFDO�GHULYDWLYH�RSHUDWRUV�DUH� OLQHDU��VR�WKH�YHUWLFDO�GHULYDWLYH�RI�����ZLOO�JLYH�WKH�+LOEHUW�
WUDQVIRUP�SDLU�

���

7KXV� WKH� DQDO\WLFDO� VLJQDO� FRXOG� EH� GHILQHG� EDVHG� RQ� VHFRQG�RUGHU� GHULYDWLYHV�� ��
ZKHUH

���

7KLV�JLYHV�ULVH�WR�D�VHFRQG�RUGHU�ORFDO�ZDYH�QXPEHU ��ZKHUH
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��

���

7KH�ILUVW� DQG�VHFRQG�RUGHU�ORFDO�ZDYH�QXPEHUV�DUH�XVHG�WR�GHWHUPLQH�WKH�PRVW�DSSURSULDWH�
PRGHO�DQG�GHSWK�HVWLPDWH�LQGHSHQGHQW�RI�DQ\�DVVXPSWLRQV�DERXW�D�PRGHO�

1DELJKLDQ��������JLYHV�WKH�H[SUHVVLRQ� IRU� WKH�YHUWLFDO�DQG�KRUL]RQWDO�JUDGLHQW�RI�D�VORSLQJ�
FRQWDFW�PRGHO�DV�

���

���

:KHUH� .� LV� WKH� VXVFHSWLELOLW\� FRQWUDVW� DW� WKH� FRQWDFW�� )� LV� WKH� PDJQLWXGH� RI� WKH� HDUWK¶V�
PDJQHWLF�ILHOG��WKH�LQGXFLQJ�ILHOG��� LV�WKH�DQJOH�EHWZHHQ�WKH�SRVLWLYH�[�
D[LV� DQG� PDJQHWLF� QRUWK�� LV� WKH� DPELHQW�ILHOG� LQFOLQDWLRQ�� �� G� LV� WKH� GLS�
�PHDVXUHG� IURP� WKH� SRVLWLYH� [�D[LV��� LV� WKH� GHSWK� WR� WKH� WRS� RI� WKH� FRQWDFW� DQG� DOO�
WULJRQRPHWULF�DUJXPHQWV�DUH�LQ�GHJUHHV��7KH�FRRUGLQDWH�V\VWHP�KDV�EHHQ�GHILQHG�VXFK�WKDW�
WKH�RULJLQ�RI�WKH�SURILOH�OLQH� LV�GLUHFWO\�RYHU�WKH�HGJH�

7KH�H[SUHVVLRQ�IRU�WKH�PDJQHWLF�ILHOG�DQRPDO\�GXH�WR�D�GLSSLQJ�WKLQ�VKHHW�LV�

����

ZKHUH� LV�WKH�WKLFNQHVV�DQG� WKH�GHSWK�WR�WKH�WRS�RI�WKH�WKLQ�VKHHW��7KH�H[SUHVVLRQ�IRU�
WKH�PDJQHWLF�ILHOG�DQRPDO\�GXH� WR�D� ORQJ�KRUL]RQWDO� F\OLQGHU�DFFRUGLQJ� WR�1DELJKLDQ��0�1��
���������LV

����

6� LV� WKH� FURVV�VHFWLRQDO� DUHD� DQG� LV� WKH� GHSWK� WR� WKH� FHQWUH� RI� WKH� KRUL]RQWDO� F\OLQGHU�
6XEVWLWXWLQJ����������������DQG������LQWR�WKH�H[SUHVVLRQ�IRU�WKH�ILUVW� DQG�VHFRQG�RUGHU�ORFDO�
ZDYH�QXPEHU��.� 	�.���$IWHU�VRPH�VLPSOLILFDWLRQ�\LHOG�D�UHPDUNDEOH�UHVXOW �����DQG������DV�
ZHUH�REWDLQHG��

����
DQG

����
:KHUH� LV�WKH�63,�VWUXFWXUDO�LQGH[��VXEVFULSW ��DQG�

DQG IRU�WKH�FRQWDFW��WKLQ�VKHHW�DQG�KRUL]RQWDO�F\OLQGHU�PRGHOV��UHVSHFWLYHO\��

)URP������DQG������DERYH��LW�LV�HYLGHQW�WKDW�WKH�ILUVW� DQG�VHFRQG�RUGHU�ORFDO�ZDYH�QXPEHUV�
DUH� LQGHSHQGHQW� RI� WKH� VXVFHSWLELOLW\� FRQWUDVW�� WKH� GLS� RI� WKH� VRXUFH� DQG� WKH� LQFOLQDWLRQ��
GHFOLQDWLRQ��DQG�WKH�VWUHQJWK�RI�WKH�HDUWK¶V�PDJQHWLF�ILHOG�
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5HVXOWV�DQG�'LVFXVVLRQ
4XDOLWDWLYH�WUHQG�DQDO\VLV
)LJXUH��� LV�WKH�WRWDO�PDJQHWLF� LQWHQVLW\�PDS�RI�WKH�VWXG\�DUHD��,W�VKRZV�D�FRORXU�UDQJH�RI�
WRWDO�PDJQHWLF�LQWHQVLW\�DQRPDOLHV�RI�KLJK�DQG�ORZ�PDJQHWLF LQWHQVLW\�YDOXHV�ZKLFK�GRPLQDWH�
QRUWKHDVW�VRXWKZHVW� WUHQGV�� 7KH� EODQN� DUHD� LQ� WKH�PDS� VKRZV� SODLQ� RU�PLVVLQJ� GDWD�� WKH�
WRWDO�PDJQHWLF� LQWHQVLW\� DQRPDO\� KLJKV� DUH� GRPLQDQW� LQ� WKH� QRUWK�HDVWHUQ�� VRXWK� HDVWHUQ�
DQG�ZHVW±FHQWUDO� SDUW� RI� WKH� %LGD� %DVLQ�� ZKLOH� WRWDO�PDJQHWLF� LQWHQVLW\� DQRPDO\� ORZV� DUH�
GRPLQDQW� LQ�WKH�QRUWK��FHQWUDO�DQG�VRXWKHUQ�SRUWLRQV�RI�WKH�VWXG\�DUHD��6LQFH�VHGLPHQWDU\�
URFNV� KDYH� ORZ� VXVFHSWLELOLW\� YDOXHV�� WKH� REVHUYHG�PDJQHWLF� KLJK� DQRPDO\� FORVXUHV�ZLWKLQ�
WKH�EDVLQ�DUHD�PD\�RULJLQDWH�IURP�WKH�XQGHUO\LQJ�EDVHPHQW�URFNV�EHQHDWK�WKH�EDVLQ�RU�IURP�
LQWUXVLYH�URFNV�ZKLFK�PLJKW�KDYH�LQWUXGHG�LQWR�WKH�EDVLQ�VHFWLRQ��8GHQVL�HW�DO����������7KH�
UHVXOWDQW�70,�PDS�LQ�)LJXUH���FRPSULVHV�RI�KLJK��ORZ�DQG�LQWHUPHGLDWH�PDJQHWLF�VLJQDWXUHV�
ZKLFK�FRXOG�EH�DWWULEXWHG�WR��D��URFN�VXVFHSWLELOLW\��E��GHSWK�WR�WKH�VRXUFH�PDJQHWLF�URFN��F��
GHJUHH�RI�VWULNH�DQG��G��UHPQDQW�PDJQHWL]DWLRQ��6XQGD\��������

7UHQG�DQG� OLQHDWLRQ�DUH� WKH�PDMRU� LQIRUPDWLRQ�RI�TXDOLWDWLYH�DQDO\VLV�ZKLFK�DUH�XVXDOO\� DQ�
LQGLFDWLRQ�RI�WKH�IHDWXUHV�WKDW�JLYH�ULVH�WR�IDXOWV�DQG�IUDFWXUHV �8GHQVL�HW�DO����������,Q�WKH�
VWXG\�DUHD���)LJXUH����VKRZV�D�FRORXU�UDQJH�RI�WRWDO�PDJQHWLF�LQWHQVLW\�YDOXHV��ZLWK�SLQN�DV�
KLJK�DQG�EOXH�DV�ORZ��7KH�GRPLQDQW�WUHQGV�LV�1RUWKHDVW�6RXWKZHVW�WUHQGV�DQG�DUH�REVHUYHG�
DURXQG�0RNZD�DUHD� LQ� WKH�1RUWKZHVW�SRUWLRQ�DQG�DURXQG�3DWHJL� LQ� WKH�6RXWKHDVW�SRUWLRQ��
$OVR�� QRUWKHDVW�VRXWKZHVW� WUHQG� LV� REVHUYHG� DURXQG� /DILDJL� LQ� WKH� FHQWUDO� SRUWLRQ� RI� WKH�
DUHD��6HYHUDO�PDJQHWLF�KLJK�DQG�ORZ�GRW�WKH�VWXG\�DUHD�DQG�DUH�XVXDOO\�SDLUHG�WRJHWKHU��7KH�
KLJK� DUH� FRQFHQWUDWHG� RQ� WKH� 6RXWKHDVW� GLUHFWLRQ� ZKLOH� WKH� ORZ� DUH� FRQFHQWUDWHG� RQ� WKH�
QRUWKZHVW�GLUHFWLRQ�� ,W� DOVR� VKRZV� WKDW� WKH�DUHD� LV� FRPSRVHG�RI�GLIIHUHQW�PDJQHWLF� UHJLRQ�
WKDW� DUH� GLIIHUHQWLDWHG� RQ� WKH� EDVLV� RI� YDULDWLRQ� RI� LQWHQVLWLHV� RI� PDJQHWLF� UHVSRQVH�� 7KH�
1RUWK�ZHVWHUQ�SDUW�RI�WKH�VWXG\�DUHD�LV�FKDUDFWHUL]HG�E\�KLJK�PDJQHWLF�UHVSRQVH��WUHQGLQJ�
1RUWKHDVW�6RXWKZHVW�� 7KH� 1RUWK�(DVWHUQ� SDUW� RI� WKH� PDS� LV� DOVR� FKDUDFWHUL]HG� E\� KLJK�
PDJQHWLF�DQRPDOLHV�DQG�ORZV�PDJQHWLF�DQRPDOLHV�WUHQGLQJ�(DVW�ZHVW�GLUHFWLRQ��)LQDOO\� WKH�
FHQWUDO� SDUW� RI� WKH�PDS� UHSUHVHQWHG� E\� WKH� EOXH� FRORXU� LV� FKDUDFWHUL]HG� E\� ORZ�PDJQHWLF�
UHVSRQVH�WUHQGLQJ�(DVWZHVW�DQG�1RUWKHDVW�6RXWKZHVW�GLUHFWLRQ�UHSUHVHQW�3DQ�$IULFDQ�WUHQG��
7KLV�LV�LQ�DFFRUGDQFH�RI�WKH�ZRUN�FDUULHG�RXW�E\ �%XVHU���������+H�HVWDEOLVKHG�WKH�H[LVWHQFH�
RI� 3DOHRVWUXFWXUHV� ZKLFK� ZHUH� GXH� WR� WHFWRQLF� PRYHPHQWV�� LQWUXVLRQ�� PHWDPRUSKLVP��
VHGLPHQWDWLRQ��PLQHUDOL]DWLRQ��YROFDQLVP�DQG�GUDLQDJH�

)LUVW�9HUWLFDO�'HULYDWLYH
)LJXUH� �� VKRZV� WKH� OLQHDPHQW� GHULYHG� IURP� WKH� ILUVW� YHUWLFDO� GHULYDWLYH� PDS�� 6HYHUDO�
OLQHDPHQWV� ZHUH� ODEHOOHG� IURP� )��)���� 7KH� VRXWKHUQ� SDUW� RI� WKH� PDS� LV� UHPDUNDEO\�
FKDUDFWHUL]HG� E\� KLJK� GLVWRUWLRQ� LQ� WKH� PDJQHWLF� VLJQDWXUHV� ZKLFK� DUH� VLJQDWXUHV� RI�
EDVHPHQW� UHJLRQV�� 7KH� FHQWUDO� SDUW� LV� FKDUDFWHUL]HG� E\� ORQJ�ZDYHOHQJWK� DQRPDOLHV�ZKLFK�
UHSUHVHQW�WKH�VHGLPHQWDU\�UHJLRQ��7KHVH�OLQHDPHQWV�KDYH�EHHQ�LQWHUSUHWHG�DV�FRPELQDWLRQV�
RI� OLWKRORJLF� FRQWDFWV�� EDVHPHQW� IDXOW� OLQH�� 0RVW� RI� WKH� IDXOW� OLQH� DQG� IUDFWXUHV� LGHQWLILHG�
ZLWKLQ�WKH�VWXG\�DUHD�DUH�WUHQGLQJ�1(�6: DQG�WKLV� LV� LQ�FRQIRUPLW\�ZLWK�WKH�KLVWRU\�RI�WKH�
IRUPDWLRQ�RI�WKH�%LGD�%DVLQ��8GHQVL�HW�DO���������

&RUUHODWLRQ�RI�)LUVW�9HUWLFDO�'HULYDWLYH�0DS�DQG�/LQHDPHQW�0DS
)LJXUH���VKRZV� WKH� FRUUHODWLRQ�RI� ILUVW�YHUWLFDO� GHULYDWLYH�PDS�DQG� OLQHDPHQW�PDSV�RQ� WKH�
EDVLV� RI� OLQHDPHQWV�� 7KH� SURPLQHQW� WUHQG� GLUHFWLRQV� FRPPRQ� WR� ERWK� PDSV� DUH� WKH�
QRUWKHDVW�VRXWKZHVW�DQG�QRUWKZHVW�VRXWKHDVW�GLUHFWLRQV��7KLV� LV� LQ�DJUHHPHQW�ZLWK�8GHQVL�
HW�DO����������DQG�$MDNDL\H�HW�DO�����������
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6RXUFH�3DUDPHWHU�,PDJLQJ��63,��
7KH�UHVXOW�RI�WKH�6RXUFH�3DUDPHWHU�,PDJLQJ�DQDO\VLV�RI�WKH�DHURPDJQHWLF�GDWD�RYHU�SDUW�RI�
%LGD�%DVLQ� LGHQWLILHG� WZR�PDLQ�PDJQHWLF�KRUL]RQV�XQGHU� WKH�DUHD�� WKH�GHHSHU� VRXUFHV�DUH�
UHSUHVHQWHG� E\� WKH� ORZ� IUHTXHQF\� FRPSRQHQWV� ZKLOH� VKDOORZHU� PDJQHWLF� VRXUFHV� DUH�
UHSUHVHQWHG� E\� WKH� KLJK� IUHTXHQF\� FRPSRQHQWV� �)LJXUH� �D��� 7KH� PD[LPXP� WKLFNQHVV� RI�
VHGLPHQW�IRXQG�LQ�WKH�VWXG\�DUHD�LV�DERXW�����NP��7KHVH�DUHDV�DUH�WDUJHWV�IRU�K\GURFDUERQ�
DFFXPXODWLRQ�LQ�WKH�%LGD�%DVLQ�

)LJXUH����7RWDO�0DJQHWLF�,QWHQVLW\�0DS�RI�WKH 6WXG\ $UHD�DIWHU�������Q7�KDYH�
%HHQ 5HPRYHG
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)LJXUH����)LUVW�9HUWLFDO�'HULYDWLYH�0DS�RI�WKH�VWXG\�DUHD� )LJXUH����/LQHDPHQW�
0DS

3�

3�
3�
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)LJXUH���D�� 6RXUFH�3DUDPHWHU�,PDJLQJ�RI�WKH�6WXG\�$UHD����E��63,�ZLWK�7KUHH�
3URILOH�/LQHV

7KUHH�SURILOHV�ZHUH�GUDZQ�DFURVV�63,�0DS��)LJXUH��E��7KHVH�SURILOHV�ZHUH�FDUHIXOO\�GUDZQ�
VXFK�WKDW�WKH�DUHDV�RI�FRQVLGHUDEOH�VHGLPHQWDU\�WKLFNQHVVHV�ZHUH�FRYHUHG��3URILOH����)LJXUH�
�D�� ZDV� GUDZQ� LQ� WKH� GLUHFWLRQ� RI� 11:�66(�� 7KH� SURILOH� KDV� LWV� KLJKHVW� VHGLPHQWDU\�
WKLFNQHVV�RI�DERXW�����NP�DW�WKH�HGJH�RI�WKH�SURILOH��3URILOH����)LJXUH��E��ZDV�GUDZQ�LQ�WKH�
GLUHFWLRQ�RI�1:�6(��7KH�SURILOH�KDV�LWV�KLJKHVW�VHGLPHQWDU\�WKLFNQHVV�RI�DERXW�����NP�DW�WKH�
FHQWUDO�SRUWLRQ�RI�WKH�SURILOH��3URILOH����)LJXUH��F��ZDV�GUDZQ�LQ�WKH�GLUHFWLRQ�RI�6:�1(��7KH�
SURILOH�KDV�LWV�KLJKHVW�VHGLPHQWDU\�WKLFNQHVV�RI�DERXW�����NP�DW�HGJH�RI�WKH�SURILOH��3URILOH���
�)LJXUH��E��KDV�WKH�KLJKHVW�VHGLPHQWDU\�WKLFNQHVV�DORQJ�0RNZD�DUHD�LQ�WKH�1:�SRUWLRQ�DQG�
DURXQG�SDWHJL�LQ�WKH�6(�SDUW�RI�WKH VWXG\�DUHD�

'LVWDQFH

)LJXUH��D��3URILOH���GUDZQ�LQ�11:�66(�GLUHFWLRQ�LQ�)LJXUH��E

'LVWDQFH

)LJXUH��E��3URILOH���GUDZQ�LQ�1:�6(�GLUHFWLRQ�LQ�)LJXUH��E�
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'LVWDQFH

)LJXUH��F��3URILOH���GUDZQ�LQ�6:�1(�GLUHFWLRQ�LQ�)LJXUH��E

&RQFOXVLRQ�
,QYHVWLJDWLRQ�RI�0DJQHWLF�7UHQGV�XVLQJ�DHURPDJQHWLF�PDS�ZDV�FDUULHG�RXW�LQ�WKH�FHQWUDO�SDUW�
RI�WKH�%LGD�%DVLQ�XVLQJ�9HUWLFDO�'HULYDWLYH��DQG�6RXUFH�3DUDPHWHU�,PDJLQJ��$QDO\VLV�RI�WKH�
7RWDO�0DJQHWLF�,QWHQVLW\�PDS�VKRZV�D�FRPELQDWLRQ�RI�ERWK�KLJK�DQG�ORZ�PDJQHWLF�FORVXUHV�
GXH�WR�YDULDWLRQ� LQ� LQWHQVLW\�YDOXHV��7KH�KLJKV�� ORZV�DQG� LQWHUPHGLDWH�PDJQHWLF�VLJQDWXUHV�
FRXOG� EH� DWWULEXWHG� WR�� �D�� URFN� VXVFHSWLELOLW\�� �E�� GHSWK� WR� WKH� VRXUFH�PDJQHWLF� URFN�� �F��
GHJUHH�RI� VWULNH�DQG� �G�� UHPDQDQW�PDJQHWL]DWLRQ��7KH� WRWDO�PDJQHWLF� LQWHQVLW\� �70,��GDWD�
ZDV�UHGXFHG�WR�HTXDWRU�

7KH� $HURPDJQHWLF� 'DWD� ZDV� DQDO\VHG� XVLQJ� WKH� )LUVW� 9HUWLFDO� 'HULYDWLYH� DQDO\VLV� ZKLFK�
UHSUHVHQW�VHGLPHQWDU\�UHJLRQ�ZLWK�VHYHUDO�OLQHDPHQWV�ODEHOOHG�DV�)��)����7KHVH�OLQHDPHQWV�
KDYH�EHHQ�LQWHUSUHWHG�DV�FRPELQDWLRQV�RI�OLWKRORJLFDO�FRQWDFWV��DQG�EDVHPHQW�IDXOW�OLQH��0RVW�
RI�WKH�IDXOW�OLQH�DQG�IUDFWXUHV�LGHQWLILHG�ZLWKLQ�WKH�VWXG\�DUHD�DUH�WUHQGLQJ�1(�6:�DQG�WKLV�LV�
LQ� FRQIRUPLW\� ZLWK� WKH� KLVWRU\� RI� WKH� IRUPDWLRQ� RI� WKH� %LGD� EDVLQ�� 7KH� HFRQRPLF�PLQHUDO�
SUHVHQW� LQ� WKH� VWXG\� DUHD� PD\� EH� IRXQG� DORQJ� WKH� OLQHDPHQWV� GHOLQHDWHG�� VLQFH� PRVW�
PDJQHWLF�PLQHUDOV�DUH�VWUXFWXUDOO\�FRQWUROOHG�

7KH�UHVXOW�RI�WKH�6RXUFH�3DUDPHWHU�,PDJLQJ�DQDO\VLV�LGHQWLILHG�WZR�PDLQ�PDJQHWLF�KRUL]RQV�
XQGHU� WKH� DUHD�� WKH� GHHSHU� VRXUFHV� DUH� UHSUHVHQWHG� E\� WKH� ORZ� IUHTXHQF\� VRXUFHV� ZKLOH�
VKDOORZHU� PDJQHWLF� VRXUFHV DUH� UHSUHVHQWHG� E\� WKH� KLJK� IUHTXHQF\� VRXUFHV� DQG� WKH�
WKLFNQHVV�RI�VHGLPHQW�RI�DERXW�����NP�LV�IRXQG�LQ�WKH�VRXWK�DQG�FHQWUDO�SDUW�RI�WKH�VWXG\�
DUHD�� 7KHVH� DUHDV� DUH� WDUJHWV� IRU� WKH� K\GURFDUERQ� DFFXPXODWLRQ� LQ� WKH� %LGD� %DVLQ� DQG�
WKHUHIRUH�UHFRPPHQGHG�IRU�VHLVPLF�VXUYH\�DQG�ERUHKROH�ORJJLQJ�IRU�IXUWKHU�LQYHVWLJDWLRQ�

5HIHUHQFHV�

$GHOH\H��'� 5����������2ULJLQ�RI� LURQVWRQHV� $Q�H[DPSOH�IURP�PLGGOH�1LJHU�YDOOH\� 1LJHULDQ�
-RXUQDO�RI�6HGLPHQWDU\�3HWURORJ\��������� � ����

$GHOH\H�� '� 5�� �������� 7KH� JHRORJ\� RI� PLGGOH� 1LJHU� EDVLQ� &� $�� .RJEH� �HGLWRU�� /DJRV�
*HRORJ\�RI�1LJHULD��(OL]DEHWKDQ� ��� � ����
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��������

%KDWWDFKDU\\D��%� 9��.����������$�PHWKRG�IRU�FRPSXWLQJ�WKH�WRWDO�PDJQHWL]DWLRQ�YHFWRU�DQG�
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+HQGHUVRQ�� 5� *�� 	� =LHW]�� ,�� ������� 7KH� FRPSXWDWLRQ� RI� VHFRQG� YHUWLFDO� GHULYDWLYH� RI�����
JHRPDJQHWLF�ILHOGV��0LQLQJ�*HRSK\VLFV�������� � ����

+VX�� 6� .��� 6LEXHW�� -�� &�� 	 6K\X�� &� 7�� ������� +LJK� UHVROXWLRQ� GHWHFWLRQ� RI� JHRORJLF�����������
ERXQGDULHV� IURP�3RWHQWLDO� )LHOG� $QRPDOLHV�� $Q� HQKDQFHG� DQDO\WLF� VLJQDO� WHFKQLTXH�����������
*HRSK\VLFV� ��� ��� � ����

/L��<�� 	�2OGHQEXUJ��'��:����������6HSDUDWLRQ�RI�UHJLRQDO�DQG�UHVLGXDO�PDJQHWLF�ILHOG GDWD�
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1DELJKLDQ�� 0� 1�� �������� 7KH� DQDO\WLFDO� VLJQDO� RI� WZR� GLPHQVLRQDO� ERGLHV� ZLWK� SRO\JRQDO�
FURVV� VHFWLRQ�� ,WV� SURSHUWLHV� DQG� XVH� IRU� DXWRPDWHG� DQRPDO\� LQWHUSUHWDWLRQ��
*HRSK\VLFV��������� � ����

1DELJKLDQ��0� 1� ��������7RZDUG�D� WKUHH�GLPHQVLRQDO�DXWRPDWLF� LQWHUSUHWDWLRQ�RI�SRWHQWLDO�
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5XVV��:����������7KH�*HRORJ\�RI�SDUW�RI�1LJHU��=DULD�DQG�6RNRWR�3URYLQFH� *HRORJLFDO�6XUYH\�
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6XQGD\� -�� �������� (VWLPDWLRQ� RI� PDJQHWLF� VRXUFH� GHSWKV� IURP� DHURPDJQHWLF� GDWD� RI�
0DLGXJXUL� VRXUFH� GHSWKV� IURP� DHURPDJQHWLF� GDWD� RI� 0DLGXJXUL� XVLQJ� JUDGLHQW�
LQYHUVLRQ� 0� 6F�7KHVLV��'HSDUWPHQW�RI�SK\VLFV��XQLYHUVLW\�RI�,OORULQ�
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