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� ,QGRQHVLD�LV�D�FRXQWU\�ZLWK�WKH�ZRUOG
V�ODUJHVW�WURSLFDO�SHDWODQGV�RI �DERXW������PLOOLRQ�KHFWDUHV�WKDW�KDYH�LPSRUWDQW�
UROHV�WKDW�VXSSRUW�OLIH��8QIRUWXQDWHO\��WKHUH�ZHUH�PDQ\�ILUHV�LQ�SHDWODQGV��,Q�.DOLPDQWDQ��SHDWODQG�ILUHV�ZKLFK�DUH�
FKDUDFWHUL]HG�E\�KRWVSRW�RFFXUUHQFHV�UHDFKHG�DQ�DYHUDJH�RI �������LQ�WKLV�GHFDGH��$FFRUGLQJ�WR�H[SHUWV�DQG�ILHOG�
IRUHVW�ILUH�ILJKWHUV��ILUH�KRWVSRWV�WKDW�DSSHDU�LQ�D�VHTXHQFH�RI �WZR�WR�WKUHH�GD\V�DW�WKH�VDPH�ORFDWLRQ�KDV�D�KLJK�SRWHQWLDO�
RI �EHFRPLQJ�D�IRUHVW�ILUH��7KLV�VWXG\�DLPV�WR�GHWHUPLQH�WKH�VHTXHQWLDO�SDWWHUQV�RI �KRWVSRWV�RFFXUUHQFH��FODVVLI\�
VDWHOOLWH�LPDJH�GDWD�DQG�LGHQWLI\�WKH�ILUH�VSRW��)LUH�VSRW�LGHQWLILFDWLRQ�ZDV�GRQH�XVLQJ�KRWVSRWV�VHTXHQFHV�SDWWHUQV�WKDW�
ZHUH�RYHUODLG�ZLWK�EXUQHG�DUHD�FODVVLILFDWLRQ�UHVXOWV��6HTXHQWLDO�SDWWHUQ�PLQLQJ�XVLQJ�WKH�3UHIL[�6SDQ�DOJRULWKP�ZDV�
DSSOLHG�WR�LGHQWLI\�VHTXHQFHV�RI �KRWVSRW�RFFXUUHQFH��0HDQZKLOH��FODVVLILFDWLRQ�XVLQJ�0D[LPXP�/LNHOLKRRG�PHWKRG�
ZDV�DSSOLHG�WR�VDWHOOLWH�LPDJH�/DQGVDW���WR�LGHQWLI\�EXUQHG�DUHDV�LQ�3XODQJ�3LVDX�DQG�3DODQJNDUD\D�&HQWUDO�.DOLPDQWDQ�
DQG�3RQWLDQDN�LQ�:HVW�.DOLPDQWDQ��)XUWKHUPRUH��VHTXHQFH�SDWWHUQV�ZHUH�RYHUODLG�ZLWK�LPDJH�FODVVLILFDWLRQ�UHVXOWV��
7KH�UHVXOWV�VKRZ�WKDW�LQ�3XODQJ�3LVDX���������RI �VHTXHQFHV�SDWWHUQV�DUH�ORFDWHG�LQ�EXUQHG�DUHDV�DQG��������VHTXHQFH�
SDWWHUQV�DUH�LQ�WKH�EXIIHU�RI �EXUQHG�DUHD�ZLWKLQ�D�UDGLXV�RI �RQH�NLORPHWHU��$V�IRU�3DODQJNDUD\D��WKHUH�DUH��������
VHTXHQFHV�SDWWHUQV�DUH�ORFDWHG�LQ�EXUQHG�DUHDV�DQG��������VHTXHQFH�SDWWHUQV�DUH�LQ�WKH�EXIIHU�RI �EXUQHG�DUHD�ZLWK�WKH�
UDGLXV�RI �RQH�NLORPHWHU��,W�LV�FRQFOXGHG�WKDW�LQ�3XODQJ�3LVDX�DQG�3DODQJNDUD\D�WKHUH�DUH�UHVSHFWLYHO\��������DQG�
�������ILUH�KRWVSRWV�ZKLFK�DUH�VWURQJ�LQGLFDWRUV�RI �SHDWODQG�ILUHV��

� .H\ZRUGV��ILUH�VSRW�LGHQWLILFDWLRQ��KRWVSRW��PD[LPXP�OLNHOLKRRG��3UHIL[�6SDQ��VHTXHQWLDO�SDWWHUQ�PLQLQJ
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,QGRQHVLD� LV� D� WURSLFDO� FRXQWU\� WKDW� KDV� WKH�
ZRUOG
V� ODUJHVW� SHDWODQGV� ZLWK� ��� WR� ���PLOOLRQ�
KHFWDUHV� RI � SHDWODQG� IRUHVW� �6\DXILQD� �������
3HDWODQGV�KDYH�LPSRUWDQW�HFRORJLFDO�UROHV��VXFK�DV�
WKH�VWRUDJH�RI �ZDWHU�LQ�WKH�UDLQ\�VHDVRQ�WKDW�ZLOO�EH�
UHOHDVHG�DV�ZDWHU�VXSSO\�LQ�WKH�GU\�VHDVRQ��:DWHU�
DEVRUEHG� E\� SHDWODQGV� LQ� UDLQ\� VHDVRQ� FDQ� DOVR�
SUHYHQW� IORRGV�� $GGLWLRQDOO\�� SHDWODQG� LV� DOVR� D�
KDELWDW�IRU�PDQ\�DQLPDOV��LQFOXGLQJ�ILVK��3HDWODQGV�
LQ� ,QGRQHVLD� DUH� VSUHDG� RYHU� VHYHUDO� LVODQGV�
LQFOXGLQJ�6XPDWHUD��.DOLPDQWDQ�DQG�3DSXD�

8QIRUWXQDWHO\��QRZDGD\V�PDQ\�ILUHV�KDSSHQ�LQ�
SHDWODQGV��,Q�.DOLPDQWDQ��SHDWODQG�ILUHV�ZKLFK�DUH�
FKDUDFWHUL]HG�E\�KRWVSRW�RFFXUUHQFHV�UHDFKHG�DQ�
DYHUDJH�RI �������LQ�WKLV�GHFDGH��7KH�QXPEHU�RI �
ILUH� KRWVSRWV� LQ� SHDWODQGV� DOVR� LQFUHDVHG� DQG

UHDFKHG�LWV�SHDN�LQ�������::)�,QGRQHVLD��������
7KLV� FDXVHV� QXPHURXV� HQYLURQPHQWDO� LPSDFWV��
LQFOXGLQJ� ORVV� RI � ELRPDVV� DQG� ELRGLYHUVLW\��
VXEVLGHQFH��ORVV�RI �HFRV\VWHP�IXQFWLRQ�LQFOXGLQJ�
FDUERQ�VHTXHVWUDWLRQ��DQG�WKH�HPHUJHQFH�RI �VPRJ�
FDXVLQJ� KHDOWK� DQG� WUDQVSRUWDWLRQ� SUREOHPV�
�6\DXILQD� ������� 3HDWODQG� ILUHV� DUH� JURXQG� RU�
VXEVXUIDFH�ILUHV��VSUHDGLQJ�XQGHU�WKH�VXUIDFH�ZLWK�
QR� IODPLQJ� EXW� VPROGHULQJ� �6\DXILQD� ������� �
&RPSDUHG�WR�RWKHU�ILUH�W\SHV��JURXQG�ILUHV�PD\�
NLOO�WUHHV�DQG�VKUXEV�JURZ�RQ�WKH�VXUIDFH�DV�WKH\�
EXUQ� WKURXJK�DQG�GDPDJH� WKH� URRWV��6XFK� ILUHV�
PDNH� ILUHILJKWLQJ� GLIILFXOW�� ZLWK� WKH� IDOOHQ� DQG�
GHDG� WUHHV� WKDW� DUH� VWLOO� VWDQGLQJ� XSULJKW� DOVR�
FRPSOLFDWLQJ� ILUHILJKWLQJ�� ,Q� DGGLWLRQ�� LQ� WKH�
VPROGHULQJ�SHDW��ILUHV�FDQ�ODVW�ORQJHU�DQG�SURGXFH�
GHQVH�VPRNH��%DVHG�RQ�WKDW��LW�FDQ�EH�FRQFOXGHG�
WKDW�SHDWODQG�ILUH�DUH�PRUH�GDQJHURXV�WKDQ�QRQ�
SHDW�ILUHV�
�&RUUHVSRQGLQJ�DXWKRU��QDODU�LVWLTRPDK��#JPDLO�FRP
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6HYHUDO� VWXGLHV� RI � SHDWODQG� KDYH� EHHQ�
FRQGXFWHG�� 6LWDQJJDQJ� HW� DO�� ������� DSSOLHG� D�
VSDWLDO�GHFLVLRQ�WUHH�DOJRULWKP�RQ�VSDWLDO�GDWD�RI �
IRUHVW�ILUHV��7KH�UHVXOW�RI �WKLV�VWXG\�LV�D�SUXQHG�
VSDWLDO�GHFLVLRQ�WUHH�ZLWK�����OHDYHV�ZLWK�DFFXUDF\�
RI ���������)URP�WKLV�VWXG\�LW�ZDV�DOVR�IRXQGWKDW�
WKH�VSDWLDO�WUHH�SURGXFHG�D�KLJKHU�DFFXUDF\�WKDQ�
WKH�QRQ�VSDWLDO�WUHHV�WKDW�ZHUH�FUHDWHG�XVLQJ�WKH�
,'��DQG�&����DOJRULWKP��7KH�,'��KDG�DFFXUDF\�RI �
������� DQG� WKH� DFFXUDF\� RI �&����ZDV� �������� �
6LWDQJJDQJ� ������� DOVR� FRQGXFWHG� VWXG\� WR�
GLVFRYHU� WKH� SRVVLEOH� LQIOXHQFH� IDFWRUV� RQ� WKH�
RFFXUUHQFH�RI �ILUH�HYHQWV�XVLQJ�$SULRUL�DOJRULWKP�
LQ� 5RNDQ� +LOLU� 5LDX� 3URYLQFH� ,QGRQHVLD�� 7KH�
$SULRUL� DOJRULWKP� ZDV� DSSOLHG� RQ� D� IRUHVW� ILUH�
GDWDVHW� ZKLFK� FRQWDLQHG� GDWD� RQ� SK\VLFDO�
HQYLURQPHQW�� VRFLR�HFRQRPLF�� ZHDWKHU� DQG�
SHDWODQGV��7KH�UHVXOWV�VKRZ�WKDW�WKHUH�DUH�VWURQJ�
UHODWLRQVKLSV� EHWZHHQ� KRWVSRW� RFFXUUHQFH� DQG�
LQIOXHQWLDO�IDFWRUV�IRU�WKH�VXSSRUW�DERXW���������
WKH�FRQILGHQFH�RI ����DQG�WKH�OLIW�RI �������6XSSRUW�
RI � DVVRFLDWLRQ�EHWZHHQ�KRWVSRW�RFFXUUHQFH�DQG�
DQ� LQIOXHQWLDO� IDFWRU� LV� WKH� SHUFHQWDJH� RI �
WUDQVDFWLRQ�LQ�D�GDWDVHW�WKDW�FRQWDLQ�ERWK�KRWVSRW�
RFFXUUHQFH�DQG�WKH�LQIOXHQWLDO�IDFWRU���&RQILGHQFH�
LV� WKH� SHUFHQWDJH� RI � WUDQVDFWLRQV� LQ� D� GDWDVHW�
FRQWDLQLQJ�KRWVSRW�RFFXUUHQFH�WKDW�DOVR�FRQWDLQ�
DQ�LQIOXHQWLDO�IDFWRU��/LIW�PHDVXUHV�WKH�FRUUHODWLRQ�
EHWZHHQ� KRWVSRW� RFFXUUHQFH� DQG� DQ� LQIOXHQWLDO�
IDFWRU� LQ� WKH� DVVRFLDWLRQ� UXOH� KRWVSRW� RFFXUUHQFH� �
LQIOXHQWLDO�IDFWRU��0RUHRYHU��$QQLVD�HW�DO���������XVHG�
.XOOGRUII
V� 6FDQ� 6WDWLVWLFV� �.66�� PHWKRG� ZLWK�
3RLVVRQ� PRGHO� WR� UHFRJQL]H� WKH� GLVWULEXWLRQ�
SDWWHUQ� RI � KRWVSRW� FOXVWHUV� LQ� WKH� 6XPDWUD�
SHDWODQG�DUHDV� LQ�������5HVXOWV�VKRZHG�WKDW� WKH�
PHWKRG� LV� UHOLDEOH� WR� GHWHFW� WKH� FOXVWHUV� RI �
KRWVSRWV�ZKLFK�KDYH�WKH�DFFXUDF\�RI �����

7KH� RFFXUUHQFH� RI � ILUH� KRWVSRWV� LV� XVHG� DV�
IRUHVW� ILUH� LQGLFDWRU�� +RWVSRW� GDWD� KDYH� EHHQ�
ZLGHO\� FROOHFWHG� E\� YDULRXV� LQVWLWXWLRQV��
0HDQZKLOH��H[SHUWV�DQG�SUDFWLWLRQHUV�VWDWHG�WKDW�
WKH� KRWVSRWV� WKDW� DSSHDU� WZR� RU� WKUHH� GD\V� LQ�
VHTXHQFH� DW� WKH� VDPH� ORFDWLRQ� KDYH� D� KLJK�
SRWHQWLDO� RI � EHFRPLQJ� D� IRUHVW� ILUH�� 7KHUHIRUH��
VHTXHQWLDO�SDWWHUQ�PLQLQJ�FDQ�EH�DSSOLHG�WR�REWDLQ�
KRWVSRW�VHTXHQFH�SDWWHUQV�IRU�ILUH�LGHQWLILFDWLRQ�

5HVHDUFK� RQ� VHTXHQWLDO� SDWWHUQ� PLQLQJ� KDV�
EHHQ� FDUULHG� RXW� E\� 1XUXOKDT� DQG� 6LWDQJJDQJ�
��������7KLV�VWXG\�FRQGXFWHG�VHTXHQWLDO�SDWWHUQ�
PLQLQJ�RI �GDWD�KRWVSRWV�LQ�5LDX�3URYLQFH�LQ������
XQWLO� �����XVLQJ� WKH�3UHIL[6SDQ� DOJRULWKP��7KH�
RFFXUUHQFHV�RI �D�VHTXHQWLDO�SDWWHUQ�RI �KRWVSRWV�

ZHUH�JHQHUDWHG�HDFK�\HDU�ZLWK�VHYHUDO�YDOXHV�RI �
WKH�PLQLPXP�VXSSRUW��7KH�VHTXHQWLDO�SDWWHUQ�RI �
KRWVSRW�LQ������DQG������ZHUH�DQDO\]HG�EHFDXVH�
LWV�QXPEHU�RI �KRWVSRW�RFFXUUHQFHV�LV�JUHDWHU�WKDQ�
RWKHU� \HDUV�� 7KLV� VWXG\� SURGXFHG� SDWWHUQV� WKDW�
KDYH�OHQJWK�XS�WR���KRWVSRW�RFFXUUHQFHV��LQ�������
DQG���KRWVSRW�RFFXUUHQFHV��LQ�������

+RZHYHU�� KRWVSRW� RFFXUUHQFHV� GR� QRW�
QHFHVVDULO\�LQGLFDWH�WKH�RFFXUUHQFH�RI �IRUHVW�ILUHV��
6R�ODQG�PDQDJHUV�W\SLFDOO\�KDYH�WR�FKHFN�KRWVSRWV�
LQWR�WKH�ILHOG�WR�ILQG�RXW�LI �WKH�KRWVSRW�LV�D�IRUHVW�
ILUH� RU� QRW�� 7KLV� UHTXLUHV�PXFK� WLPH� DQG� FRVW��
HVSHFLDOO\� IRU� DUHDV� WKDW� DUH� GLIILFXOW� WR� UHDFK��
7KHUHIRUH��WKHUH�LV�D�QHHG�IRU�D�HDV\�DQG�HIILFLHQW�
YDOLGDWLRQ� PHWKRG� RI � VHTXHQFH� SDWWHUQV� RI �
KRWVSRW�RFFXUUHQFH�

7R� REVHUYH� WKH� H[WHQW� DQG� LPSDFW� RI � WKH�
SHDWODQG� ILUHV�� WHFKQRORJLHV� FDQ� SURYLGH�
LQIRUPDWLRQ�WKDW�FRYHU�ODUJH�DUHDV�DV�QHHGHG��2QH�
RI � WKHP� LV� UHPRWH� VHQVLQJ�� XVXDOO\� GRQH� IURP�
VDWHOOLWHV��EXW�DOVR�IURP�DLUFUDIW�DQG�LQFUHDVLQJO\�
IURP�GURQHV��/RFDWLRQ�RI �ILUHV��LQWHQVLW\�RI �ILUHV�
DQG� EXUQHG� DUHD� FDQ� EH� GHWHUPLQHG� HDVLO\� DQG�
HIIHFWLYHO\� IURP�VDWHOOLWH� �-XVWLFH��������2QH�RI �
PHWKRG� WKDW� FDQ� EH� XVHG� LV� VDWWHOLWH� LPDJHU\�
FODVVLILFDWLRQ�� 6HYHUDO� VWXGLHV� KDYH� EHHQ�
FRQGXFWHG�LQ�WKLV�ILHOG��RQH�RI �WKHP�LV�VWXG\�E\�
0LWUL� DQG� *LWDV� ������� XVLQJ� REMHFW�RULHQWHG�
FODVVLILFDWLRQ� PRGHO�� ,Q� WKLV� VWXG\�� VDWHOOLWH�
LPDJHU\�IURP�0HGLWHUDQLD�6SDQ\RO�ZDV�FODVVLILHG�
WR� LGHQWLI\� EXUQHG� DUHD�� 7KLV� LGHQWLILHG� D� WRWDO�
EXUQHG�DUHD�RI������KD��ZLWK�D�����DFFXUDF\�

.KDLUD� HW� DO� ������� DOVR� SHUIRUPHG� VDWHOOLWH�
LPDJH� FODVVLILFDWLRQ� XVLQJ� 690�� ,Q� WKLV� VWXG\��
/DQGVDW� �� DQG� �� LPDJHV� ZHUH� FODVVLILHG� WR�
GHWHUPLQH�WKH�ODQG�FRYHU�FKDQJHV��WKH�DFFXUDF\�RI �
FODVVLILFDWLRQ� ZDV� ������� � 7KHQ�� 7KDULTD� HW� DO��
�������FRQGXFWHG�D�FRPSDULVRQ�RI �GHFLVLRQ�WUHH�
DOJRULWKPV�WR�FODVVLI\�VDWHOOLWH�LPDJHU\��)URP�WKLV�
VWXG\�LV�NQRZQ�WKDW�WKH�EHVW�DOJRULWKPV�IRU�LPDJH�
FODVVLILFDWLRQ�RI �IRUHVW�ILUHV�DUH�WKH�&����ZLWK�DQ�
DFFXUDF\�RI ��������

0RUHRYHU��6LWDQJJDQJ�HW�DO���������SURFHVVHG�
/DQGVDW�70�LPDJH�WR�GHWHUPLQH�WKH�UDGLXV�RI �D�
KRWVSRW� VXFK� WKDW� UDQGRP�SRLQWV� DUH�JHQHUDWHG�
RXWVLGH� D� KRWVSRW� EXIIHU� DV� IDOVH� DODUP� GDWD��
&OXVWHULQJ�DQG�PDMRULW\�ILOWHULQJ�ZHUH�SHUIRUPHG�
WR�H[WUDFW�EXUQ�VFDUV�LQ�5RNDQ�+LOLU��5LDX�3URYLQFH�
,QGRQHVLD�� ,W� UHVXOWHG� WKH� UDGLXV� RI � D� KRWVSRW�
������ NP��%HVLGH� WKH� ,'�� DOJRULWKP��&���� DQG�
H[WHQGHG� VSDWLDO� ,'�� KDYH� EHHQ� DSSOLHG�� 7KH�
UHVXOWV� DUH� GHFLVLRQ� WUHHV� IRU�PRGHOLQJ� KRWVSRW�
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6WXGL�$UHD�DQG�'DWDVHWV�

� 7KH�VWXG\�DUHD�RI �WKLV�UHVHDUFK�LV�SHDWODQG�LQ�
:HVW� .DOLPDQWDQ� DQG� &HQWUDO� .DOLPDQWDQ��
,QGRQHVLD��IRFXVHG�RQ�SURYLQFHV�WKDW�KDYH�PDQ\�
SHDWODQG� ILUHV��7KLV� VWXG\�XVHG�VDWHOOLWH� LPDJHU\�
/DQGVDW����SHDWODQG�PDS�GDWD��DQG�KRWVSRWV�IRU�
�����DQG�������+RWVSRW�GDWD�ZHUH�FROOHFWHG�IURP�
WKH�)LUH�,QIRUPDWLRQ�IRU�5HVRXUFH�0DQDJHPHQW�
6\VWHP� 0RGHUDWH� 5HVROXW LRQ� ,PDJLQJ�
6SHFWURPHWHU� 1DWLRQDO� $HURQDXWLFV� DQG� 6SDFH�
$GPLQLVWUDWLRQ� �),506� 02',6� 1$6$��
KWWSV���HDUWKGDWD�QDVD�JRY�HDUWK�REVHUYDWLRQ�
GDWD�QHDU�UHDO�WLPH�ILUPV���7KH�VDWHOOLWH�LPDJHU\�
XVHG�IRU�WKH�FODVVLILFDWLRQ�SURFHVV�LV�/DQGVDW���LQ�
3XODQJ� 3LVDX� DQG� 3DODQJNDUD\D�� &HQWUDO�
.DOLPDQWDQ�SURYLQFH��/DQGVDW���LPDJH�ZHUH�WDNHQ�
IURP�8QLWHG� 6WDWHV�*HRORJLFDO� 6XUYH\� �86*6���
,PDJH�DFTXLVLWLRQ�GDWH�LV�DGMXVWHG�WR�WKH�GDWH�RI �
VHTXHQFHV�RI �KRWVSRW�DQG�DYDLODELOLW\�RI �LPDJH�DW�
WKH� 86*6�� ZKLFK� LV� GDWHG� 2FWREHU� ���� ������
3HDWODQG�PDS�LQ������ZDV�XVHG�WR�VHOHFW�WKH�SHDW�
ODQG�FRYHU�RQ�/DQGVDW�VDWHOOLWH�LPDJHU\��0DSSLQJ�
RI � SHDWODQG� DUHDV�ZDV� REWDLQHG� IURP�:HWODQGV�
,QWHUQDWLRQDO�

5HVHDUFK�0HWKRGV

� 7KLV� VWXG\� FRQVLVWV� RI � WKUHH�PDMRU� SDUWV� DV�
GHSLFWHG� LQ� )LJXUH� ��� ��� GHWHUPLQH� VHTXHQFH�
SDWWHUQV� RI � KRWVSRWV� LQ� ����� DQG� ����� XVLQJ�
3UHIL[�6SDQ�DOJRULWKP�����FODVVLI\�VDWHOOLWH�LPDJH�
RI �EXUQ�DUHD��DQG����LGHQWLI\�ILUH�VSRWV�

�� 'DWD�3UHSURFHVVLQJ
� 'DWD�SUHSURFHVVLQJ�FRQVLVWV�RI �GDWD�VHOHFWLRQ��

GDWD� FOHDQLQJ�� GDWD� WUDQVIRUPDWLRQ� DQG�

RFFXUUHQFH�ZKLFK�KDYH� WKH�DFFXUDF\�RI ��������
IRU� WKH� ,'��GHFLVLRQ� WUHH�� ������� IRU� WKH�&����
GHFLVLRQ�WUHH��DQG��������IRU�WKH�H[WHQGHG�VSDWLDO�
,'��GHFLVLRQ�WUHH�

,Q�DGGLWLRQ��WKHUH�DUH�RWKHU�LPDJH�FODVVLILFDWLRQ�
DOJRULWKPV� WKDW�FDQ�EH�XVHG� �/X��������2QH�RI �
WKHP�LV�WKH�SHU�SL[HO�FODVVLILFDWLRQ�DSSURDFK�WKDW�
FDQ�EH�GRQH�ZLWK�PD[LPXP�OLNHOLKRRG�PHWKRG��
7KLV�PHWKRG�KDV�DGYDQWDJHV�VXFK�DV�LWV�UREXVWQHVV�
DQG�ZLGH�DYDLODELOLW\�LQ�DOPRVW�DOO�LPDJH�SURFHVVLQJ�
VRIWZDUH� �/X� ������� 0D[LPXP� OLNHOLKRRG�
HVWLPDWHV�OHVV�SDUDPHWHUV��VR�WKDW�WKLV�PHWKRG�FDQ�
FODVVLI\� LPDJHV� YHU\� TXLFNO\� �&DQW\�� ������� 7KH�
UHVXOWV�RI �WKH�FODVVLILFDWLRQ�RI �VDWHOOLWH�LPDJHU\�FDQ�
EH�XVHG�WR�YDOLGDWH�WKH�KRWVSRWV�VHTXHQFH�SDWWHUQ��
%\�RYHUOD\LQJ�WKH�UHVXOWV�RI � LPDJH�FODVVLILFDWLRQ�
ZLWK� WKH� KRWVSRWV� VHTXHQFHV� SDWWHUQ�� ZH� FDQ�
LGHQWLI\�ZKHWKHU VHTXHQFH�SDWWHUQV�DUH�ORFDWHG�LQ��
EXUQHG�DUHD �RU�QRW��+RWVSRWV�VHTXHQFH�SDWWHUQ�LQ�V
EXUQHG �DUH�FDOOHG�WKH� ��DUHDV WUXH�ILUH�RFFXUUHQFHV

%DVHG� RQ� H[SODQDWLRQ� DERYH�� WKH� TXHVWLRQ�
DULVHV�KRZ�WR�LGHQWLI\�ILUH�VSRWV�RQ�WKH�KRWVSRWV�
VHTXHQFHV�SDWWHUQ�DQG�VDWHOOLWH�LPDJH�EXUQHG�DUHD�
FODVVLILFDWLRQ"�7R�DQVZHU�WKHVH�TXHVWLRQV��D�VWXG\�
ZDV�FRQGXFWHG�WR�GR�VHTXHQWLDO�SDWWHUQ�PLQLQJ�RI �
KRWVSRW�GDWD�XVLQJ�WKH�3UHIL[�6SDQ� ��7KH�DOJRULWKP
UHVXOWV�RI �KRWVSRW� VHTXHQFHV�SDWWHUQ�ZHUH� WKHQ�
HYDOXDWHG� XVLQJ� VDWHOOLWH� LPDJH� GDWD� WKDW� UH�ZH
FODVVLILHG� E\� WKH� PD[LPXP� OLNHOLKRRG� PHWKRG��
7KH�SXUSRVH�RI �WKLV�VWXG\�LV�WR�REWDLQ�VHTXHQWLDO�
SDWWHUQV�RI �KRWVSRWV�RFFXUUHQFH�XVLQJ�WKH�3UHIL[�
6SDQ�DOJRULWKP��WR�DSSO\�WKH�PD[LPXP�OLNHOLKRRG�
PHWKRG�WR�FODVVLI\�VDWHOOLWH�LPDJH�GDWD�RI �EXUQHG�
DUHD�DQG��XOWLPDWHO\�WR�LGHQWLI\�WKH�ILUH�VSRWV��)LUH�
VSRW� LGHQWLILFDWLRQ� ZDV� GRQH� XVLQJ KRWVSRWV��
VHTXHQFHV�SDWWHUQV�WKDW�RYHUODLG�ZLWK�EXUQHG�DUHD�
FODVVLILFDWLRQ�UHVXOWV�

���
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JHQHUDWLRQ� RI � GDWD� VHTXHQWLDO� XVLQJ� WKH� 5�
VRIWZDUH��,Q�GDWD�VHOHFWLRQ�DWWULEXWHV�WKDW�ZLOO�
EH� XVHG� LQ� WKLV� VWXG\� ZHUH� VHOHFWHG�� 'DWD�
FOHDQLQJ�ZDV�GRQH�E\�UHPRYLQJ�WKH�DWWULEXWHV�
RU�GDWD�WKDW�KDYH�PLVVLQJ�YDOXH�RU�QRLVH��,Q�GDWD�
WUDQVIRUPDWLRQ� ZH� WUDQVIRUP� WKH� DWWULEXWHV�
W\SHV�� 6HTXHQWLDO� GDWD� ZHUH� JHQHUDWHG� E\�
VRUWLQJ�WKH�GDWD�E\�ORQJLWXGH��ODWLWXGH�DQG�GDWH�
DWWULEXWH�

� 'DWD� SUHSURFHVVLQJ� ZDV� DOVR� SHUIRUPHG� RQ�
VDWHOOLWH�LPDJH�/DQGVDW����)LOOLQJ�WKH�JDS�RQ�WKH�
LPDJH��EDQG�FRPELQDWLRQ��DQG�VXEVHWLQJ�LPDJH�
ZHUH�GRQH� LQ�SUHSURFHVVLQJ�VWDJH��)LOOLQJ� WKH�
JDS�ZDV�SHUIRUPHG�WR�ILOO�SDUW�RI � LPDJH�WKDW�
KDYH�QR�YDOXH��)LOOLQJ�WKH�JDS�ZDV�GRQH�XVLQJ�
JDS�PDVN�WR�GHWHUPLQH�WKH�ORFDWLRQ�RI �WKH�SL[HO�
WR�EH�ILOOHG��7KLV�WDVN�ZDV�GRQH�XVLQJ�4XDQWXP�
*,6�� 0RUHRYHU�� EDQG� FRPELQDWLRQ� ZDV�
SHUIRUPHG� WR� JHW� WKH� 5*%� FRORU� IURP� WKH�
LPDJH�� &RORU� 5HG� LV� UHSUHVHQWHG� E\� EDQG� ���
*UHHQ� LV� UHSUHVHQWHG� E\� EDQG� �� DQG�%OXH� LV�
UHSUHVHQWHG�E\�EDQG����)XUWKHUPRUH��VDWHOOLWH�
LPDJHV� ZHUH� VHOHFWHG� WR� GHWHUPLQH� DUHD� RI �
LQWHUHVW�ZKLFK�LV�SHDWODQG�

�� 6HTXHQWLDO�3DWWHUQ�0LQLQJ�RQ�+RWVSRW�'DWD
� 6HTXHQWLDO�GDWD�JHQHUDWHG�IURP�SUHSURFHVVLQJ�

VWDJH� ZHUH� XVHG� WR� GHWHUPLQH� VHTXHQWLDO�
SDWWHUQ� XVLQJ� WKH� 3UHIL[6SDQ� DOJRULWKP��
3UHIL[6SDQ� DSSOLHV� D� 
GLYLGH� DQG� FRQTXHU
�
DSSURDFK�WKDW�UHFXUVLYHO\�SURMHFWV�WKH�GDWDEDVH�
LQWR� D� VHW� RI � VPDOOHU� GDWD� EDVH� EDVHG� RQ�
UHSHWLWLYH� SDWWHUQ� DW� WKH� WLPH�� 7KHQ� WKH�
SURMHFWLRQ� LV� XVHG� WR� REWDLQ� WKH� SDWWHUQV��
3UHIL[6SDQ�SURMHFW�RQO\�SUHIL[�RI �WKH�SDWWHUQ��
VR� WKH� VL]H� RI � WKH� SURMHFWHG� GDWDEDVH� ZLOO�
FRQWLQXH� WR� VKULQN� DQG� UHGXQGDQF\� WHVWV� RQ�
HYHU\�SRVVLEOH�SRVLWLRQ�RI �SRWHQWLDO�FDQGLGDWH�
ZLOO�EH�UHGXFHG��3HL�HW�DO�������

�� 6DWHOOLWH�,PDJH�&ODVVLILFDWLRQ�XVLQJ�0D[LPXP�
/LNHOLKRRG

� 6WDJHV� RI � LPDJH� FODVVLILFDWLRQ� DUH� LPDJH�
SUHSURFHVVLQJ�� FODVVLILFDWLRQ� XVLQJ� PD[LPXP�
OLNHOLKRRG� DQG� ILOWHULQJ� FODVVLILHG� LPDJH�� 7KH�
LPDJHV�DV�WKH�UHVXOW�RI �GDWD�SUHSURFHVVLQJ�WKHQ�
ZHUH�FODVVLILHG�XVLQJ�WKH�PD[LPXP�OLNHOLKRRG�
PHWKRG��&ODVVLILFDWLRQ�ZDV�GRQH�XWLOL]LQJ� WKH�
,/:,6� VRIWZDUH�� %HIRUH� SHUIRUPLQJ�
FODVVLILFDWLRQ�� GDWD� VDPSOLQJ� LV� QHFHVVDU\� IRU�
HDFK� LPDJH�� 6DPSOHV� FRQWDLQ� H[DPSOHV� RI �
EXUQHG� DQG�QRW� EXUQHG�SL[HOV�� ,Q� WKLV� VWXG\��
VDPSOHVZDV� WDNHQ� IURP� WKH�SL[HO� LPDJH�ZLWK�
EDQG� FRPELQDWLRQ� RI � ��� ��� DQG� ��� 5HG� SL[HO�

UHSUHVHQWV� EXUQHG� DUHD�� ZKLOH� RWKHU� SL[HOV�
UHSUHVHQW�QRW�EXUQHG�DUHD��)XUWKHUPRUH��WKH�
F ODVV L I LFDW LRQ� UHVXO WV � ZHUH� I L O WHUHG� �
&ODVVLILFDWLRQ� UHVXOWV� KDYH� VDOW�DQG�SHSSHU�
QRLVHV�� 1RLVH� ZDV� UHPRYHG� XVLQJ� WKH�
VPRRWKLQJ� ILOWHU�� 7KLV� VWXG\� XVHV� D�PDMRULW\�
ILOWHU� IRU� VPRRWKLQJ� LPDJH� DV� WKH� UHVXOWV� RI �
FODVVLILFDWLRQ�

�� )LUH�VSRW�LGHQWLILFDWLRQ
� $FFRUGLQJ� WR� WKH� UHVXOWV� RI � VDWHOOLWH� LPDJH�

FODVVLILFDWLRQ�� SL[HOV� ZKLFK� LQGLFDWH� EXUQHG�
DQG�QRW�EXUQHG�DUHD�DUH�LGHQWLILHG��0HDQZKLOH��
IURP�WKH�UHVXOWV�RI �VHTXHQWLDO�SDWWHUQ�PLQLQJ�
XVLQJ� 3UHIL[6SDQ�� VHTXHQFHV� SDWWHUQ� RI �
KRWVSRW� RFFXUUHQFHV� LQ� .DOLPDQWDQ� ZHUH�
H[WUDFWHG� IURP� WKH� KRWVSRW� GDWDVHW��
)XUWKHUPRUH�� WKH�KRWVSRW� VHTXHQFH�SDWWHUQV�
ZHUH� FRPSDUHG� ZLWK� WKH� FODVVLILHG� LPDJH� WR�
LGHQWLI\�VHTXHQFHV�SDWWHUQV�WKDW�DUH�ORFDWHG�LQ�
EXUQHG�DUHDV��+RWVSRW�VHTXHQFH�SDWWHUQ�WKDW�
DUH�RFFXUUHG�LQ�EXUQHG�DUHD�DUH�FRQVLGHUHG�DV�
ILUH�VSRWV�

5(68/76�$1'�',6&866,21

'DWD�3UHSURFHVVLQJ

� ,Q� SUHSURFHVVLQJ� VWDJH�� GDWD� VHOHFWLRQ�� GDWD�
WUDQVIRUPDWLRQ� DQG� GDWD� VHTXHQWLDO� JHQHUDWLRQ�
ZHUH� SHUIRUPHG�� 'DWD� VHOHFWLRQ� ZDV� GRQH� E\�
VHOHFWLQJ�DWWULEXWHV�WKDW�ZLOO�EH�XVHG�LQ�WKLV�VWXG\��
7KH�VHOHFWHG�DWWULEXWHV�RI �D�KRWVSRW�DUH�ORQJLWXGH��
ODWLWXGH� DQG� GDWH� RI � DFTXLVLWLRQ� RI � KRWVSRW�� �
)XUWKHUPRUH��KRWVSRWV�ZHUH�VHOHFWHG�LQ�WKH�VWXG\�
DUHD�QDPHO\�SHDWODQGV�LQ�.DOLPDQWDQ�
� ,Q�GDWD�WUDQVIRUPDWLRQ��WKH�W\SH�RI �DWWULEXWH�
DFTXLVWLRQGDWH�LV�FRQYHUWHG�WR�LQWHJHU�GHQRWHG�DV�
GDWH�FRGH����,Q�WKLV�VWXG\��WKH�FRGH�LV�DVVLJQHG�WR���
XQWLO������FRGH���UHSUHVHQWV��-DQXDU\������DQG�VR�
RQ�XQWLO�GDWH�FRGH�����UHSUHVHQWLQJ����'HFHPEHU�
������,Q�DGGLWLRQ��LQ�WKH�GDWD�WUDQVIRUPDWLRQ��WKH�
GHFLPDO� GLJLWV� RI � ORQJLWXGH� DQG� ODWLWXGH� ZHUH�
URXQGHG� LQWR���VLJQLILFDQW�GLJLWV��5RXQGLQJ�ZDV�
SHUIRUPHG� WR� REWDLQ� PRUH� WKDQ� RQH� KRWVSRW�
RFFXUUHQFHV�LQ�D�UDGLXV�RI ���NP�
� 7KH�ODVW�GDWD�SUHSURFHVVLQJ�VWDJH�LV�VHTXHQWLDO�
GDWD� JHQHUDWLRQ�� 2QH� VHTXHQFH� LV� D� VHULHV� RI �
HYHQWV�LQ�RQH�ORFDWLRQ��7DEOH���LV�DQ�H[DPSOH�RI �
VHTXHQFH�RI �KRWVSRWV��$FFRUGLQJ�WR�7DEOH����LW�FDQ�
EH�VHHQ�WKDW�LQ�D�ORFDWLRQ�ZLWK�ORQJLWXGH�RI ��������
DQG� ODWLWXGH� RI � ������� WKHUH� DUH� KRWVSRW�

���
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RFFXUUHQFHV�RQ�GD\�RI ������ZKLFK�LV����6HSWHPEHU�
������ DQG� GD\� RI � ���� �ZKLFK� LV� ��� 6HSWHPEHU�
������� 7KLV� VHTXHQFH� PHDQV� WKDW� KRWVSRW�
RFFXUUHQFH� DW� WKDW� ORFDWLRQ� KDV� D� VSDQ� RI � HLJKW�
GD\V�
� 6DWHOOLWH�LPDJHV�XVHG�LQ�WKLV�VWHS�ZHUH�FROOHFWHG�
IURP� 86*6� ZHEVLWH� ZKLFK� FDQ� EH� DFFHVVHG�
RQKWWS���HDUWKH[SORUHU�XVJV�JRY��� 6DWHOOLWH�
LPDJHV� ZHUH� VHOHFWHG� EDVHG� RQ� GLVWULFW� ZKHUH�
VHTXHQFH� SDWWHUQV� WRRN� SODFH� DQG� GDWH� ZKHQ�
VHTXHQFH�SDWWHUQV�RFFXUUHG�
� 7KHUH�DUH�WZR�LPDJHV�WKDW�DUH�VXLWDEOH�IRU�WKH�
VHTXHQFHV� QDPHO\� IRU� WKH� DUHD� 3RQWLDQDN� RQ� ��
6HSWHPEHU�������3 LVDX�XODQJ�3 DQG�3DODQJNDUD\D�
RQ� 2FWREHU� ���� � %RWK� WKH� LPDJHV� ZHUH���� �
SUHSURFHVVHG��FODVVLILHG�DQG�ILOWHUHG�WR�JHW�EXUQHG�
DUHD�� LOOLQJ� WKH� JDS�� EDQG� FRPELQDWLRQV� DQG�)
VXEVHWV�RI �LPDJHV�ZHUH� Q�WKH�SUHSURFHVVLQJ�GRQH�L
VWDJH�
� 7KH�HQWLUH�/DQGVDW���VDWHOOLWH�LPDJHU\�EHJDQ�RQ�
��0D\������KDV�D�JDS�GXH�WR�GDPDJH�RQ�WKH�6/&��
7KH�JDS�FDXVHV�SL[HOV�WR�KDYH�QR�YDOXH��6XFK�D�JDS�
ZLOO�DOVR�OHDG�WR�ORZ�TXDOLW\�RI �FODVVLILFDWLRQ�UHVXOWV��
)RU�WKHVH�UHDVRQV��LW�LV�QHFHVVDU\�WR�ILOO�WKH�JDS�E\�
HVWLPDWLQJ� WKH� YDOXH�RI � WKH�PLVVLQJ�SL[HOV��7KLV�
VWXG\� FRQGXFWHG� JDS� ILOOLQJ� XVLQJ� WKH� 4*,6�
VRIWZDUH�DQG�JDS�PDVN�WKDW�DUH�REWDLQHG�IURP�WKH�
86*6��)LOOLQJ�JDS�ZDV�GRQH�RQ�HDFK�EDQG�XVLQJ�

WKH� JDS�PDVN� IRU� EDQG� WKDW� RSHUDWHG��)LJXUH� ��
VKRZ�WKH�UHVXOW�RI �ILOOLQJ�JDS�RQ�EDQG������DQG���

6HTXHQWLDO� 3DWWHUQV� XVLQJ� 3UHIL[� 6SDQ�
$OJRULWKP

� ,Q� WKLV� VWXG\�� VHTXHQWLDO� SDWWHUQ� PLQLQJ� ZDV�
SHUIRUPHG�RQ�WKH�VHTXHQFH�GDWDVHW�RI �KRWVSRW�LQ�
.DOLPDQWDQ� LQ� ����� DQG� ������ 7KH� YDOXH� RI �
PLQLPXP� VXSSRUW� XVHG� LV� ���� 7KH� UHVXOWLQJ�
SDWWHUQ� KDV� OHQJWK� RI � �� HYHQW� WR� �� HYHQWV�� )RU�
IXUWKHU�DQDO\VLV�ZH�XVH�RQO\�VHTXHQFHV�SDWWHUQ�RI �
OHQJWK� �� WR� �� HYHQWV� EHFDXVH� WKHVH� SDWWHUQV� DUH�
FRQVLGHUHG�WR�EHFRPH�ILUH�VSRWV�
� 7DEOH���VKRZV�QXPEHU�RI �VHTXHQFH�SDWWHUQV�
RI � KRWVSRWV� IRU� HDFK� GDWDVHW� JHQHUDWHG� XVLQJ�
3UHIL[6SDQ� DOJRULWKP� WKDW� LV� DYDLODEOH� LQ� WKH�
VHTXHQWLDO� SDWWHUQ� PLQLQJ� IUDPHZRUN� �630)��
IUDPHZRUN� �KWWS���ZZZ�SKLOLSSH�IRXUQLHU�
YLJHU�FRP�VSPI����
� 7DEOH���H[SODLQV�WKDW�WKH�VHTXHQFH�SDWWHUQV�LQ�
������DUH�ZLGHO\�RFFXUUHG�LQ�(DVW�.DOLPDQWDQ��$V�
LQ� ������ WKH� VHTXHQFH� SDWWHUQV� DUH� FRPPRQ� LQ�
:HVW� .DOLPDQWDQ� DQG� &HQWUDO� .DOLPDQWDQ�� ,Q�
:HVW�.DOLPDQWDQ��WKHUH�DUH����VHTXHQFHV�ZLWK�WKH�
OHQJWK�RI ���HYHQWV�ZKLOH�LQ�&HQWUDO�.DOLPDQWDQ��
WKHUH�DUH����VHTXHQFHV�ZLWK�WKH�OHQJWK�RI ���HYHQWV�
DQG���VHTXHQFH�ZLWK�WKH�OHQJWK�RI ���HYHQWV�

���
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7DEOH��6DPSOH�RI �KRWVSRW�VHTXHQFHV

/RQJLWXGH � /DWLWXGH � 6HTXHQFH �
������ � ���� � ������ �
������ � ����� � ������������� �
������ � ���� � ���������������������������������� �

�

)LJXUH���([DPSOH�RI �ILOOLQJ�JDS�RQ�EDQG������DQG��

7DEOH���1XPEHU�RI �VHTXHQFH�SDWWHUQ�RI �KRWVSRWV

:HVW�.DOLPDQWDQ � 6RXWK�.DOLPDQWDQ �&HQWUDO�.DOLPDQWDQ � (DVW�.DOLPDQWDQ �.DOLPDQWDQ ,VODQG
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� ,Q� WKLV� VWXG\�� WKH� VHTXHQFH� SDWWHUQV� LQ�:HVW�
.DOLPDQWDQ�DQG�&HQWUDO�.DOLPDQWDQ�LQ������ZHUH�
DQDO\]HG�IXUWKHU��7DEOH���UHSUHVHQWV�WKH�UHVXOWV�RI �
VHTXHQFH� SDWWHUQV� LQ� ����� LQ�:HVW� DQG� &HQWUDO�
.DOLPDQWDQ�ZLWK� WKH� OHQJWK� RI � �� DQG� �� HYHQWV��
7KRVH�SDWWHUQV�DUH�PRVWO\� IRXQG� LQ�.XEX�5D\D�
DQG�3RQWLDQDN��:HVW�.DOLPDQWDQ�DQG�DOVR�3XODQJ�
3LVDX�DQG�3DODQJNDUD\D��&HQWUDO�.DOLPDQWDQ�
� $V�PDQ\�DV����VHTXHQFH�SDWWHUQV�ZLWK�OHQJWKV�
RI ���RU���HYHQWV�JHQHUDWHG�LQ������ZHUH�PRVWO\�
IRXQG�LQ�(DVW�.DOLPDQWDQ��HVSHFLDOO\�LQ�WKH�DUHD�RI �
.HWDSDQJ�DQG�6DPEDV�LQ���WK�6HSWHPEHU�������,Q�
DGGLWLRQ�� VHTXHQFH� SDWWHUQ� RI � KRWVSRWV� ZDV�

IUHTXHQWO\�IRXQG�LQ�:HVW�.DOLPDQWDQ�DQG�&HQWUDO�
.DOLPDQWDQ�LQ�������$V�PDQ\����VHTXHQFHV�ZLWK�
OHQJWK� RI � �� HYHQWV� ZHUH� IRXQG� LQ� :HVW�
.DOLPDQWDQ� HVSHFLDOO\� LQ� WKH� DUHD� RI �.HWDSDQJ�
DQG� .D\RQJ� 8WDUD� RQ� WKH� ��WK� DQG� ��VW�
6HSWHPEHU� ������ � )XUWKHUPRUH�� WKHUH� DUH� ���
VHTXHQFHV�ZLWK�OHQJWK�RI ���RU���HYHQWV�IRXQG�LQ�
&HQWUDO� .DOLPDQWDQ�� HVSHFLDOO\� LQ� WKH� DUHDV� RI �
.DSXDV� DQG� .DWLQJDQ� RQ� WKH� �WK� DQG� ��WK�
2FWREHU������

6DWHOOLWH� ,PDJH� &ODVVLILFDWLRQ� XVLQJ�
0D[LPXP�/LNHOLKRRG

%,27523,$�9RO�����1R���������

7DEOH���+RWVSRW�VHTXHQFH�SDWWHUQV�LQ�:HVW�DQG�&HQWUDO�.DOLPDQWDQ�����

3URYLQFH�
6HTXHQFH���HYHQWV�

�LQ�GDWH�FRGH��
6HTXHQFHV�GDWH�

6HTXHQFH���HYHQWV�
�LQ�GDWH�FRGH��

6HTXHQFHV�GDWH�
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�D��2YHUOD\�WKH�LPDJH ����������������E��&OLSSLQJ�WKH�LPDJH�

)LJXUH���2YHUOD\��D��DQG�FOLSSLQJ��E��WKH�LPDJH�ZLWK�SHDWODQG�PDS



���

� 7KLV�VWXG\�XVH�WKH�EDQG�FRPELQDWLRQ�RI ������
DQG� ��� 7KLV� FRPELQDWLRQ� LV� YDOLG� WR� EH� XVHG� WR�
GHWHFW�WKH�EXUQHG�DUHD��4XLQQ��������7R�JHW�WKH�
LPDJH�LQ�SHDWODQGV��LW�LV�QHFHVVDU\�WR�SURFHVV�WKH�
LPDJH�VXEVHW��,Q�RUGHU�WR�REWDLQ�WKH�LPDJH�VXEVHW�
ZH�GLG�LPDJH�RYHUOD\�DQG�FOLSSLQJ�XVLQJ�SHDWODQGV�
PDS��2YHUOD\�ZDV�FRQGXFWHG�WR�GHWHUPLQH�WKH�DUHD�
RI �SHDWODQG��DQG�FOLSSLQJ�SURFHVV�ZDV�GRQH�WR�WDNH�
SDUW� RI� SHDWODQG� RQO\�� )LJXUH� �� LOOXVWUDWHV� WKH�
RYHUOD\�DQG�FOLSSLQJ�SURFHVV�
� 7R�SHUIRUP�LPDJH�FODVVLILFDWLRQ��VDPSOLQJ�ZDV�
QHFHVVDU\��,Q�WKLV�VWXG\��UHG�SL[HOV�ZHUH�WDNHQ�DV�
VDPSOHV�RI �EXUQHG�FODVV��ZKLOH�RWKHU�FRORXUV�ZHUH�
WDNHQ�DV�WKH�VDPSOHV�RI �QRW�EXUQHG�FODVV��7KHQ�WKH�
VDPSOHV� ZHUH� XVHG� WR� SHUIRUP� WKH� LPDJH�
F O D V V L I L F D W L RQ � X V LQJ � ,/:,6 � VR I WZD U H �
�KWWSV���ZZZ�LWF�QO�LOZLV���� )LJXUH� �� VKRZV� WKH�
UHVXOW�RI �LPDJH�FODVVLILFDWLRQ�IRU�DUHD�RI �3XODQJ�
3LVDX�FRPSDUHG�WR�LWV�RULJLQDO�LPDJH��)LJXUH�VKRZV�
WKH� UHVXOW� RI � LPDJH� FODVVLILFDWLRQ� IRU� DUHD� RI �

3DODQJNDUD\D�FRPSDUHG�WR�LWV�RULJLQDO�LPDJH�
� ,Q� )LJXUH� �� DQG� ��� WKH� UHG� FRORU� UHSUHVHQWV�
EXUQHG� DUHDV��ZKLOH� JUHHQ� UHSUHVHQWV� XQEXUQHG�
DUHDV�� $V� FDQ� EH� VHHQ� LQ� )LJXUHV� �� DQG� ��� WKH�
FODVVLILFDWLRQ�UHVXOWV�FORVH�WR�WKH�RULJLQDO�LPDJHV��
7KHUHIRUH��FODVVLILFDWLRQ�UHVXOWV�DUH�JRRG�HQRXJK��
,PDJH�FODVVLILFDWLRQ�UHVXOWV�ZHUH�XVHG�LQ�WKH�ILUH�
VSRW�LGHQWLILFDWLRQ�

)LUH�6SRW�,GHQWLILFDWLRQ

� 7R� JHW� DFFXUDWH� ORFDWLRQV� RI � KRWVSRW�
VHTXHQFHV�� YDOXHV� RI � ORQJLWXGH� DQG� ODWLWXGH� RI �
VHTXHQFH� SDWWHUQV� ZHUH� UHVWRUHG� WR� �� GHFLPDO�
SODFHV��)XUWKHUPRUH�� SDWWHUQV� WKDW�RFFXU� LQ� WKH�
VDPH�SHULRG�RI � WKH� LPDJHU\�ZHUH�VHOHFWHG��7KH�
FODVVLILHG� LPDJH� ZDV� RYHUODLG� ZLWK� VHOHFWHG�
VHTXHQFH� SDWWHUQ�� )LJXUH� �� VKRZV� VHTXHQFH�
SDWWHUQV�RYHUODLG�ZLWK�FODVVLILHG�LPDJH�IRU�DUHD�RI �
3XODQJ�3LVDX�DQG�3DODQJNDUD\D�

)LUH�6SRW�,GHQWLILFDWLRQ�EDVHG�RQ�+RWVSRW�6HTXHQWLDO�3DWWHUQ�DQG�%XUQHG«

�

�D�� �E����
�D�� � � ��E��

)LJXUH��� 3XODQJ�3LVDX� LPDJH��FODVVLILFDWLRQ�UHVXOWV� �D��DQG�
RULJLQDO�LPDJH��E�

)LJXUH���3DODQJNDUD\D�LPDJH��FODVVLILFDWLRQ�UHVXOWV��D��DQG�
RULJLQDO�LPDJH��E�

�D��3XODQJ�3LVDX� �E��3DODQJNDUD\D

)LJXUH��� 6HTXHQFHV�SDWWHUQ�RI �KRWVSRWV�RYHUODLG�ZLWK�FODVVLILHG�LPDJHV�IRU�WKH�DUHD��RI ��D��3XODQJ�3LVDX�DQG��E��
3DODQJNDUD\D



���

� 6HTXHQFHV� SDWWHUQV� LQ� EXUQHG� DUHD� DQG� QRW�
EXUQHG� DUHD� ZHUH� GHWHUPLQHG� E\� H[HFXWLQJ� WKH�
64/�VWDWHPHQWV��,I �D�SDWWHUQ�LV�LQ�WKH�DUHD�RQ�ILUH��
WKHQ�LW�LV�ODEHOHG�DV�´\HVµ�RWKHUZLVH�LW�LV�ODEHOHG�DV�
´QRµ��,GHQWLILFDWLRQ�DOVR�GRQH�LQ�EXIIHU�ZLWK�WKH�
UDGLXV�RI ���NP�DURXQG�EXUQHG�DUHD�
� 7KH�VHTXHQFH�SDWWHUQV�RI �KRWVSRW� ORFDWHG� LQ�
WKH� EXUQHG� DUHD� UHSUHVHQWV� ILUH� VSRWV�� 7KH�
VHTXHQFH�SDWWHUQV�RI �KRWVSRW�ORFDWHG�LQ�WKH�EXIIHU�
RI � EXUQHG� DUHDV� UHSUHVHQW� VHTXHQFH� SDWWHUQV�
DURXQG� DUHD� RI � SHDWODQG� ILUHV�� 7DEOH� �� VKRZV�
SHUFHQWDJH�RI �VHTXHQFH�SDWWHUQV�RI �KRWVSRWV� LQ�
EXUQHG�DUHD�DQG�LQ�WKH�EXIIHU�DUHD�
� )URP�7DEOH����LW�LV�NQRZQ�WKDW�SHUFHQWDJH�RI �
VHTXHQFH� SDWWHUQV� LQ� EXUQHG� DQG� EXIIHU� DUHD� LV�
JUHDWHU�WKDQ�WKRVH�RQO\�LQ�EXUQHG�DUHD��,W�LV�FDXVHG�
E\� LQDELOLW\� RI � WKH� FODVVLILFDWLRQ� DOJRULWKP� WR�
LGHQWLI\�EXUQHG�DUHD�LQ�WKH�LPDJH�ZKHUH�WKHUH�LV�
PXFK�VPRNH��:LWK�WKLV�WDNHQ�LQWR�DFFRXQW���LW�FDQ�
EH� FRQFOXGHG� WKDW� LQ� 3XODQJ� 3LVDX� WKHUH� ZHUH�
�������VHTXHQFH�SDWWHUQV�WKDW�EHFRPH�IRUHVW�ILUH��
0HDQZKLOH� LQ� 3DODQJNDUD\D�� WKHUH� ZHUH� �������
VHTXHQFH�SDWWHUQV�WKDW�EHFRPH�IRUHVW�ILUH�

&21&/86,216

� 7KH� 3UHIL[� 6SDQ� DOJRULWKP� ZDV� VXFFHVVIXOO\�
DSSOLHG� WR� GHWHUPLQH� WKH� VHTXHQFH� SDWWHUQV� RI �
KRWVSRWV�LQ�WZR�SHDWODQG�DUHDV�LQ�.DOLPDQWDQ�IRU�
�����DQG��������6HTXHQFH�SDWWHUQV�ZLWK�OHQJWKV�RI �
��RU���HYHQWV�JHQHUDWHG�LQ������ZHUH�PRVWO\�IRXQG�
LQ� WKH� DUHD� RI � .HWDSDQJ� DQG� 6DPEDV� (DVW�
.DOLPDQWDQ�� �,Q�DGGLWLRQ��VHTXHQFHV�ZLWK�OHQJWK�
RI ���HYHQWV�ZHUH�IRXQG�LQ�HVSHFLDOO\�LQ�WKH�DUHD�RI �
.HWDSDQJ�DQG�.D\RQJ�8WDUD�:HVW�.DOLPDQWDQ�LQ�
������,Q�&HQWUDO�.DOLPDQWDQ��KRWVSRW�VHTXHQFHV�
ZLWK�OHQJWK�RI ���RU���HYHQWV�ZHUH�PRVWO\�IRXQG�LQ�
WKH�DUHDV�RI �.DSXDV�DQG�.DWLQJDQ�LQ������
� 7KH�H[SHULPHQWDO�UHVXOW�VKRZV�WKDW�IRU�WKH�DUHD�
RI �3XODQJ�3LVDX�� WKHUH� DUH� ������� DQG� �������
VHTXHQFH�SDWWHUQV�WKDW�DUH�ORFDWHG�LQ�EXUQHG�DUHDV�
DQG� LQ� WKH� EXIIHU� DUHD� UHVSHFWLYHO\�� $V� IRU�
3DODQJNDUD\D�� WKHUH� DUH� ������� DQG� �������
VHTXHQFH�SDWWHUQV�WKDW�DUH�ORFDWHG�LQ�EXUQHG�DUHDV�

DQG� LQ� WKH� EXIIHU� DUHD� UHVSHFWLYHO\�� 7KLV� VWXG\�
VKRZV�WKDW�DERXW��������DQG������� KRWVSRWV��
VHTXHQWLDOO\� RFFXUUHG� LQ� 3XODQJ� 3LVDX� DQG�
3DODQJNDUD\D� UHVSHFWLYHO\�� 7KRVH� KRWVSRWV� DUH�
FRQVLGHUHG� DV� ILUH� VSRWV� WKDW� EHFRPH� VWURQJ�
LQGLFDWRU�IRU�SHDWODQG�ILUHV�

5()(5(1&(6

&DQW\� 0-�� ������ ,PDJH� $QDO\VLV�� &ODVVLILFDWLRQ�� DQG� &KDQJH�
'HWHFWLRQ� LQ�5HPRWH�6HQVLQJ���WK�(GLWLRQ��86$��&5&�
3UHVV�

-XVWLFH�&2��0DOLQJUHDX�-3��6HW]HU�$:��������6DWHOOLWH�UHPRWH�
VHQVLQJ� RI � ILUHV�� SRWHQWLDO� DQG� OLPLWDWLRQV�� 3��
&UXW]HQ��	�-��*ROGDPPHU��������

.LUDQD� $3�� 6LWDQJJDQJ� ,6�� 6\DXILQD� /������� 3RLVVRQ�
&OXVWHULQJ� 3URFHVV� RQ� +RWVSRW� LQ� 3HDWODQG� $UHD�
XVLQJ� .XOOGRUII
V� 6FDQ� 6WDWLVWLFV� 0HWKRG��
7(/.201,.$�������������������

.KDLUD� 8�� 6LWDQJJDQJ� ,6�� /DLODQ� 6�� ������ 'HWHFWLRQ� DQG�
3UHGLFWLRQ� RI � 3HDWODQG� &RYHU� &KDQJHV� 8VLQJ�
6XSSRUW�9HFWRU�0DFKLQH�DQG�0DUNRY�&KDLQ�0RGHO��
7(/.201,.$����������������

/X�'��������$�VXUYH\�RI �LPDJH�FODVVLILFDWLRQ�PHWKRGV�DQG�
WHFKQLTXHV� IRU� LPSURYLQJ� FODVV LI LFDW LRQ�
SHUIRUPDQFH�� ,QWHUQDWLRQDO� -RXUQDO� RI � 5HPRWH�
6HQVLQJ����������������

1XUXOKDT� 1=�� 6LWDQJJDQJ� ,6�� ������ 6HTXHQWLDO� SDWWHUQ�
PLQLQJ� SDGD� GDWD� WLWLN� SDQDV� PHQJJXQDNDQ�
DOJRULWPH�SUHIL�[VSDQ��,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
$GDSWLYH�DQG�,QWHOOLJHQW�$JUR�LQGXVWU\��,&$,$��

3HL�-��+DQ�-��0RUWD]DYL�$VO�%��:DQJ�-��3LQWR�+��&KHQ�4��
'D\DO�8��+VX�0��������0LQLQJ�VHTXHQWLDO�SDWWHUQV�
E\� SDWWHUQ�JURZWK�� 7KH� 3UHIL[� 6SDQ� DSSURDFK��
,(((�7UDQV�.QRZO�'DWD�(QJ�������������������

6LWDQJJDQJ�,6��������6SDWLDO�0XOWLGLPHQVLRQDO�$VVRFLDWLRQ�
5XOHV�0LQLQJ�LQ�)RUHVW�)LUH�'DWD��-RXUQDO�RI �'DWD�
$QDO\VLV�DQG�,QIRUPDWLRQ�3URFHVVLQJ��������������

6LWDQJJDQJ�,6��<DDNRE�5��0XVWDSKD�1�DQG�$LQXGGLQ�$1��
������ $� 'HFLVLRQ� 7UHH� %DVHG� RQ� 6SDWLDO�
5HODWLRQVKLSV�IRU�3UHGLFWLQJ�+RWVSRWV�LQ�3HDWODQGV��
7(/.201,.$����������������

6LWDQJJDQJ�,�6��<DDNRE�5��0XVWDSKD�1�DQG�$LQXGGLQ�$1��
������ %XUQ� $UHD� 3URFHVVLQJ� WR� *HQHUDWH� )DOVH�
$ODUP� 'DWD� IRU� +RWVSRW� 3UHGLFWLRQ� 0RGHOV��
7(/.201,.$������������������

%,27523,$�9RO�����1R���������

7DEOH����3HUFHQWDJHV�RI �VHTXHQFH�SDWWHUQV�RI �KRWVSRWV�LQ�EXUQHG�DQG�EXIIHU�DUHDV

$UHD� ,Q�EXUQHG�DUHD � ,Q�EXUQHG�DQG�EXIIHU�DUHD �

3XODQJ�3LVDX� ������ � ������ �
3DODQJNDUD\D� ������ � ������ �



���

6\DXILQD�/�� ������.HEDNDUDQ�+XWDQ� GDQ�/DKDQ� GL� ,QGRQHVLD��
3HULODNX�$SL��3HQ\HEDE��GDQ�'DPSDN�.HEDNDUDQ��0DODQJ�
�,'���%D\XPHGLD�3XEOLVKLQJ�

7KDULTD�3��������&RPSDUDWLYH�$QDO\VLV�RI �6SDWLDO�'HFLVLRQ�
7UHH� $OJRULWKPV� IRU� %XUQHG� $UHD� RI � 3HDWODQG� LQ�
5RNDQ�+LOLU�5LDX��7(/.201,.$��������

4XLQQ� -:�� >LQWHUQHW@�� ������ %DQG� &RPELQDWLRQV��
KWWS���ZHE�SG[�HGX�aHPFK�LS��EDQGFRPELQDWLR
QV�KWPO��>XSGDWHG������0HL���@�

::)� >,QWHUQHW@��������)RUHVW�)LUH�� >FLWHG������1RY���@��
$YD L O DE OH � I URP� � KW WS ���ZZZ�ZZI�RU� LG��
WHQWDQJBZZI�XSD\DBNDPL�LNOLPBGDQBHQHUJL�VROX
VLNDPL�DGDSWDVL�IRUHVWBILUH�FIP�

)LUH�6SRW�,GHQWLILFDWLRQ�EDVHG�RQ�+RWVSRW�6HTXHQWLDO�3DWWHUQ�DQG�%XUQHG«


