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PREFACE 

 

The possibility of generating electrical power from ocean currents in Indonesia has been 
recognized. Ocean current power demonstrates as possible significant energy resources 
for developing renewable energy. One of the advantages of ocean current energy 
utilization, i.e., the production of electricity, is more predictable and more 
environmentally friendly. Highlighting the importance of its research and contribution 
to the country, our Marine Geological Institute (MGI) has selected several straits in the 
Lesser Sunda Islands for sea current research, and in this issue results of such studies 
are presented.   
 
The first edition of Bulletin of Marine Geology (BoMG) in the year 2021 proudly 
presents five inspiring papers as great stimuli in marine science. The first paper is 
Quartz-Feldspar-Lithics (QFL) and Lithofacies: Predicting Reservoir Quality of the 
Middle Miocene Deep-water Facies in Kutei and North Makassar Basins, contributed 
by the Faculty of Geological Engineering, Universitas Padjadjaran. The second, 
Distribution of Subsurface Quaternary Sediment in South Bintan Island Waters as a 
Potential Heavy Mineral Placer or Rare Earth Element Deposit Based on Seismic 
Interpretation, contributed by MGI in collaboration with the Faculty of Geological 
Engineering, Universitas Padjadjaran. The third, Assessment of Potential Marine 
Current Energy in the Straits of the Lesser Sunda Islands, contributed by MGI. The 
fourth, The Seawater and Freshwater Influence on Expansivity Behaviors of Clay 
Minerals, contributed by the Faculty of Fisheries and Marine Science, Diponegoro 
University. Just as importantly the fifth, Petrophysical Analysis And Seismic 
Stratigraphy Interpretation To Determine Hydrocarbon Reservoir In Tarakan Basin, 
Bunyu Island Waters contributed by the Geophysics Department, Faculty of 
Mathematics and Natural Sciences, Universitas Padjadjaran and MGI. The editors 
appreciate the valuable contribution of the authors for this edition.  
 
 
 
 
 

Chief Editor 
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RIIVKRUH�� �7KHVH�URFN�VDPSOHV�DUH�ERXQGHG�E\�WKH�NH\�ELRVWUDWLJUDSK\�LQWHUYDOV�RI�0��0����0��0���
0��0����0LGGOH�0LRFHQH���DQG�0��0����0��0����0��0����0��0����/DWH�0LRFHQH����6XEGLYLVLRQV
RI�WKH�UHVHUYRLUV�FRQVLGHUHG�WKH�VDQGVWRQH�OLWKR�IDFLHV��17*�UDWLR��VRUWLQJ��DQG�JUDLQ�VL]H��WR�FRPH�XS�ZLWK
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.XWHL�EDVLQ�LV�RQH�RI�WKH�PDMRU�K\GURFDUERQ�EDVLQV�LQ

,QGRQHVLD� ZLWK� PXOWL�ELOOLRQV� EDUUHO� UHVHUYHV� RI� RLO
HTXLYDOHQW��EERH��KDYH�EHHQ�GLVFRYHUHG�WR�GDWH���0RUH�WKDQ
����NP� WKLFN� VHGLPHQW� KDV� EHHQ� GHSRVLWHG� LQ� WKH� EDVLQ
ZKHUH� WKH� WKLFNHVW� LV� UHDFKHG� DURXQG� WKH� PRGHUQ�GD\
0DKDNDP�GHOWD��DIWHU�+DOO�	�1LFKROV��������LQ�:LWWV�HW�DO��
��������7KH�VWXG\�DUHD�LQFOXGHV�WKH�RQVKRUH�DQG�RIIVKRUH
SDUWV�RI�WKH�.XWHL�DQG�QRUWK�0DNDVVDU�EDVLQV��)LJXUH����
$IWHU�WKH�ODVW�ELJ�GLVFRYHULHV�RI�WKH�³FODVVLFDO´�PLGGOH�WR�
ODWH�0LRFHQH� GHOWDLF� SOD\�� 6LVL� DQG�1:�3HFLNR� �'XYDO�
�������WKH�VHTXHQFH�VWUDWLJUDSKLF�FRQFHSW�ZDV�DSSOLHG�WR
GHOLQHDWH�PRUH�K\GURFDUERQ�UHVHUYHV�LQ�WKH�ODWH�0LRFHQH�
WR�3OLRFHQH�GHHS�ZDWHU�SOD\��

7R�SURYH�WKH�FRQFHSW��8QRFDO�,QGRQHVLD�LQLWLDWHG�WKH�6;
GHHS�ZDWHU�GULOOLQJ�WHFKQRORJ\�DQG�SLRQHHUHG�D�EDFN�WR�
EDFN� GULOOLQJ� FDPSDLJQ� DORQJ� WKH� PRGHUQ�GD\� GHHS�
ZDWHU�VORSH�GXULQJ�WKH������WR�������8QRFDO�,QGRQHVLD
([SORUDWLRQ�DQG�'ULOOLQJ�7HDP��������LQ�1XJUDKDQWR�HW
DO�����������6HYHUDO�GHHS�ZDWHU�ZHOOV��LQFOXGLQJ�WKH�GLV-
FRYHU\�RQHV�KDG�FRQILUPHG�WKH�GHOWDLF�SURJUDGDWLRQ�HDVW-
HUO\�IURP�0LRFHQH�WR�5HFHQW�LQWHUYDOV��KRZHYHU�PRVW�RI
WKH� PLGGOH�0LRFHQH� GHHS�ZDWHU� SOD\� UHPDLQV� XQSHQH-
WUDWHG���7KH�LQWHJUDWLRQ�RI�VHLVPLF�VWUDWLJUDSK\��FRUH�ORJ
IDFLHV� GHVFULSWLRQ�� DQG� SHWURORJ\� GDWD� KDG� EHHQ� LQWH-
JUDWHG�WR�FRUUHODWH�DQG�GHVFULEH�WKH�UHODWLRQVKLS�EHWZHHQ
VHGLPHQWDU\�UDWH�DQG� IDFLHV��ZLWK� WKH�PLQHUDO�FRPSRVL-

WLRQ�DW�GLIIHUHQW�DJHV���7KH�DLP�RI�WKH�VWXG\�LV�WR�FODVVLI\
WKH� FOXVWHUV� RI� TXDUW]�� IHOGVSDU�� DQG� OLWKLF� IUDJPHQWV
�4)/��FRPSRVLWLRQ�ZLWK�UHVSHFW�WR�WKH�UHVHUYRLU�DJH��DQG
TXDOLWDWLYH� UHVHUYRLU� TXDOLW\� RI� WKH� PLGGOH�0LRFHQH� DV
WKH�IRFXV�RI�WKH�VWXG\��WR�WKH�ODWH�0LRFHQH�UHVHUYRLUV�WR
EH�FRPSDUHG�ZLWK��

7KH�VWXG\�DUHD�LV�WHFWRQLFDOO\�VLWXDWHG�RQ�WKH�FRQWLQHQWDO
FUXVW� WKDW� DFFUHWHG� WR� WKH� 6XQGDODQG� GXULQJ� WKH� &UHWD-
FHRXV�WR�&HQR]RLF��DQG�LV�VLGH�E\�VLGH�ZLWK�VHYHUDO�FRQ-
WLQHQWDO�EORFNV�GHULYHG�IURP�WKH�*RQGZDQDODQG�VXFK�DV
0DQJNDOLKDW��:HVW�6XODZHVL��3DWHUQRVWHU��DQG�VRXWKZHVW
%RUQHR� � LQ� WKH� ODWH� 7ULDVVLF� WR� ODWH� -XUDVVLF� �0HWFDOI�
�����DQG�������+DOO�DQG�6HYDVWMDQRYD��������� �6HYHUDO
NH\�PDMRU�WHFWRQR�VWUDWLJUDSKLF�HYHQWV�LQ�WKH�VWXG\�DUHD
DUH��

���7KH� UHVXOWV� RI�=LUFRQ�8�3E� GDWLQJ� FRQGXFWHG� LQ� WKH
2OLJRFHQH� DQG� HDUO\� 0LRFHQH� URFN� VDPSOHV� DW� %DULWR
%DVLQ��:LWWV�HW�DO����������DQG�WKH�VDPH�GDWLQJ�IURP�WKH
LQVLWX� GLRULWH� SRUSKLU\� DW� /DPDQGDX� �6KXDQJ� /L� HW� DO��
������� ERWK� VXJJHVWHG� WKH� ODWHVW� SODWH�WHFWRQLF� UHODWHG
YROFDQLVPV�LQ�WKH�%RUQHR�ZDV�UHFRUGHG�DW�WKH�/DWH�&UH-
WDFHRXV�RI�������0D���

���7KH�6RXWK�&KLQD�6HD� ULIWLQJ� RSHQHG� LQ� WKH�(RFHQH�
2OLJRFHQH�DQG�WULJJHUHG�PRYHPHQW�RI�WKH�/XFRQLD�&RQ-
WLQHQW�WR�WKH�VRXWKHDVW�GLUHFWLRQ���,W�OHG�SDUW�RI�WKH�6RXWK
&KLQD�6HD�3ODWH�VXEGXFWHG�EHQHDWK�WKH�6XQGDODQG���'XH
WR� WKH� RSHQLQJ� RI� 6RXWK� &KLQD� 6HD� 3ODWH�� WKH� /XFRQLD

)LJXUH����� ,W�VKRZV�VLPSOLILHG�VXUIDFH�JHRORJLFDO�PDS��PRGLILHG�IURP�6XSULDWQD�HW�DO����������K\GURFDUERQ�ILHOGV��ZHOO�
V\PEROV���'�VHLVPLF�OLQHV��.XWHL�VHGLPHQWDU\�LVRSDFK��DQG�ZDWHU�GHSWK���%ODFN�UHFWDQJOH�LV�WKH�VWXG\�DUHD���,QGH[�
PDS�VKRZV�WKH�PDMRU�ERXQGLQJ�IDXOWV��IURP�1XJUDKDQWR�HW�DO����������
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FRQWLQHQWDO�FUXVW�KDG�FROOLGHG�DQG�GRFNHG�RQWR�WKH�QRUWK-
HUQ�WLS�RI�RI�WKH�6XQGDODQG�GXULQJ�WKH�0LGGOH�2OLJRFHQH
�'DLQHV�� ����� DQG� � +XWFKLVRQ�� ������ ERWK� LQ� 6RHULD�
$WPDGMD�HW�DO�����������7KH�FXUYDWXUH�VXWXUH�RI�WKLV�FROOL-
VLRQ� LV� DVVRFLDWHG� ZLWK� WKH� WKH� /XSDU� /LQH� ZKHUH� WKH
LPEULFDWHG� RSKLROLWHV� DUH� IRXQG�� � 7KH� /DWH� (RFHQH� WR
2OLJRFHQH� VDJ�UHODWHG� GHHS�WR�VKDOORZ� PDULQH� ILQH�
JUDLQHG�PDWHULDOV�GHSRVLWHG�LQ�D�ODUJH�HPED\PHQW�SDOHR-
JHRJUDSK\� �0RUOH\� DQG�0RUOH\�� ������ LQ� +DOO�� ������
7KLV�VXE�UHJLRQDO�VDJ�ZDV�SRWHQWLDOO\�DVVRFLDWHG�ZLWK�WKH
a��R� FRXQWHU�FORFN� ZLVHG� �&&:�� %RUQHR� URWDWLRQ
�$GYRNDDW�HW�DO���������

��� $V� WKH� VXEVLGHQFH� JUDGXDOO\� FHDVHG� E\� /DWH� 2OLJR-
FHQH�� EDFN�VWHSSLQJ� UHHIDO� FDUERQDWHV� GHYHORSHG� RYHU
WKH�V\Q�GHSRVLWLRQDO�KLJKV�DORQJ�WKH�VRXWKHUQ�DQG�QRUWK-
HUQ�HGJHV�RI�WKH�.XWHL�%DVLQ��YDQ�GH�:HHUG�HW�DO��������
LQ�6DOOHU�DQG�9LMD\D����������

���(DUO\�0LRFHQH�XSOLIW�DQG�HURVLRQ�DORQJ�ZLWK�WKH�LQLWL-
DWLRQ� RI� KXJH� FODVWLFV� SURJUDGDWLRQ� �&KDPEHUV� DQG
'DOH\��������LQ�:HUGD\D�HW�DO���������KDG�UHVXOWHG�LQ�WKH
SURWR�0DKDNDP�GHOWDLF� VXFFHVVLRQ� XQWLO� WKH�/DWH�0LR-
FHQH�WRZDUGV�WKH�SUHVHQW�GD\��HDVWHUO\��0RVV�DQG�&KDP-
EHUV��������LQ�:HUGD\D�HW�DO�����������7KLV�FRQWUDFWLRQDO
HYHQW� LV� LQWHUSUHWHG�GXH� WR�DQRWKHU�a��R�FRXQWHU�FORFN-
ZLVH�%RUQHR�URWDWLRQ��$GYRNDDW�HW�DO���������

��� 7KH� SURJUDGHG� GHOWDLF� V\VWHPV� UHDFKHG� LWV� KLJKHVW
VHGLPHQWDWLRQ� UDWH� LQ�0LGGOH�0LRFHQH�� NQRZQ�0LGGOH
0LRFHQH�8QFRQIRUPLW\��008��WKDW�FRUUHVSRQGV�WR�WKH
9,0��������DQG�XS�WR�WKH�HDUOLHVW�ODWH�0LRFHQH�WKDW�ILWV
ZLWK�WKH�9,0��������0RUOH\�HW�DO�����������

���3OLRFHQH�FRPSUHVVLRQDO�HYHQW�KDG�HPHUJHG�WKH�:HVW
6XODZHVL� KLJKODQGV� WR� H[SRVH� DQG� HURGH� WKH� 0DPDVD
JUDQLWRLG� WKHQ� WUDQVSRUWHG� LW� LQWR� WKH� GHHS�ZDWHU� .XWHL
%DVLQ� XQWLO� WKH� 5HFHQW�� $W� WKH� VDPH� WLPH�� 1�6� WUHQG
6DPDULQGD�$QWLFOLQRULXP�KDG�EHHQ�IRUPHG��0RVV�HW�DO��
������

0(7+2'6�$1'�0$7(5,$/6
6HLVPLF�VHTXHQFH�VWUDWLJUDSK\

%DVLF�FRQFHSW� RI� VHTXHQFH� VWUDWLJUDSK\� LV� DSSOLHG� DV� LW
GLVFXVVHV� URFNV� UHODWLRQVKLSV� LQ� D� FKURQRVWUDWLJUDSKLF
IUDPHZRUN� RI� UHSHWLWLYH�� JHQHWLFDOO\�UHODWHG� VWUDWD
ERXQGHG�E\�HLWKHU�HURVLRQDO�VXUIDFHV��KLDWXV��RU�FRUUHOD-
WLYH� FRQIRUPDEOH� VWUDWDV� �:DJRQHU� HW� DO��� ������ LQ
1XJUDKDQWR�HW�DO���������� �/RZVWDQG��WUDQVJUHVVLYH��DQG
KLJKVWDQG�V\VWHP�WUDFWV��/67��767��+67��DUH�GHVFULEHG
EDVHG� RQ� WKH� SDUDVHTXHQFH�VHWV�� � 7KH� PRVW� LPSRUWDQW
V\VWHP� WUDFW� WR� QRWLFH� LV� WKH� W\SH��� VHTXHQFH� ERXQGDU\
�/67�� WKDW� VHLVPLFDOO\� PD\� LQGLFDWH� IRUFHG�UHJUHVVLYH
VKHOI� EUHDNV� �3RVDPHQWLHU�� ������ LQ�1XJUDKDQWR� HW� DO��

��������$W�WKH�VDPH�WLPH��LW�FDQ�JHQHUDWH�LQFLVHG�YDOOH\
HURVLRQDO� VKDSH� WR�GHOLYHU� FODVWLFV�GHSRVLWV� IXUWKHU� LQWR
WKH�VORSH�EUHDN�DQG�EDVLQ�IORRU�GXULQJ�VLJQLILFDQW�IDOO�RI
UHODWLYH�VHD�OHYHO�

7KH�RWKHU�DOWHUQDWLYH�ZRXOG�EH�D�JUDYLW\�GULYHQ�PHFKD-
QLVP�DW�WKH�GRZQ�VORSH�DORQJ�WKH�VXE�PDULQH�VKHOI�PDU-
JLQ�ZDV�LQWURGXFHG�E\�6KDQPXJDP�������������������
DV� WKH� UHDVRQDEOH� SURFHVV� LQ� WUDQVSRUWLQJ� WKH� JUDYHO� WR
FRDUVH�JUDLQHG�FODVWLFV�LQWR�WKH�VORSH�DQG�EDVLQ�IORRU�VHW-
WLQJV�� � 7KH� SURFHVV� LQFOXGHV� GHEULV� IORZ�� VOXPS�� DQG
VOLGH�

,QWHJUDWLQJ� WKH�RXWFURSV��ZHOOV�� DQG��'�VHLVPLF�GDWD�DUH
HVVHQWLDO� WR� JHQHUDWH� WKH� FKURQRVWUDWLJUDSKLF� FKDUW�� LVR-
SDFK� PDSV�� DQG� JURVV� GHSRVLWLRQDO� HQYLURQPHQW� �*'(�
PDSV��1XJUDKDQWR�HW�DO�����������7KHVH�DUH�DEOH�WR�GHILQH
WKH�GHSRVLWLRQDO�WUHQGV�RQVKRUH�DQG�RIIVKRUH�

6HGLPHQWDU\�URFN�SHWURORJ\

7KH�WHFWRQLF�VHWWLQJ�RI�WKH�SURYHQDQFH�PD\�FRQWULEXWH�WR
WKH� FODVWLF�URFNV� FRPSRVLWLRQ� �'LFNLQVRQ� DQG� 6XF]HN�
������ LQ�7DQHDQ�� ������ DQG� WKH� VHGLPHQWDU\� HYROXWLRQ
WKDW� FRUUHVSRQGV� WR� WKH� PRUSKRORJ\� JUDGLHQW�� GHSRVL-
WLRQDO�HQYLURQPHQWV��GLVWDQFH�EHWZHHQ�WKH�KLQWHUODQG�WR
EDVLQ��VXEVLGHQFH�UDWH�� DQG�ZHDWKHULQJ�SRWHQWLDO��+HLQV
HW� DO��� ������� � 7KH� ORQJ� SURFHVV� RI� WUDQVSRUWDWLRQ� DQG
VHGLPHQWDWLRQ�WKURXJK�WKH�3URWR�0DKDNDP¶V�IOXYLR�GHO-
WDLF� GUDLQDJH�V\VWHPV� WRZDUG� WKH� GHHS�ZDWHU� VHWWLQJ� RI
QRUWK�0DNDVVDU�%DVLQ�EHFRPH�LPSRUWDQW�DVSHFW�WR�LQGL-
FDWH�� � 7KH� PDVVLYH� VHGLPHQW� WUDQVSRUW� WKURXJK� WKH
LQFLVHG� YDOOH\V� �,9�� GXULQJ� SHULRGLF� UHODWLYH� VHD�OHYHO
GURSV� LV� WKRXJKW� WR� EH� LQOLQH� ZLWK� KLJK�VHGLPHQWDWLRQ
UDWHV���'XULQJ�WKH�WUDQVSRUWDWLRQ�SURFHVV��WKH�URFNV�ZHQW
WKURXJK�WKH�JUDLQ�VRUWLQJ��FKDQJHG�LQ�WKH�JUDLQ�VL]H�DQG
VKDSH�� XQWLO� WKH� SRVW�VHGLPHQWDWLRQ� SURFHVVHV� RI� EXULDO
FRPSDFWLRQ�DQG�DW�WKH�VDPH�WLPH�GHSUHVVHG�DQG�H[SRVHG
WR�WKH�KLJK�WHPSHUDWXUHV��7DQHDQ�HW�DO���������

7R�H[WHQG�WKH�DXWKRU¶V�SUHYLRXV�SXEOLFDWLRQ�RQ�WKH�(DUO\
0LRFHQH¶V� URFN� VDPSOHV� LQ�:HUGD\D� HW� DO�� �������� WKLV
VWXG\� IRFXVHV� WR� WKH� 0LGGOH� 0LRFHQH¶V� SHWURJUDSK\
GDWDVHW� WDNHQ� IURP�SRLQW�FRXQW� DQDO\VLV� DW� WKH� FRQYHQ-
WLRQDO� FRUH�DQG�VLGH�ZDOO� FRUH� GDWD�� � ,Q� DGGLWLRQ� WR� WKH
SUHYLRXV�ZHOO�GDWD�� WKLV� VWXG\�KDV�DGGHG� WKH�RWKHU�GDWD
SRLQWV�RQVKRUH�WUDQVLWLRQ�DUHDV�IURP�7DQHDQ��������DQG
7DQHDQ�HW�DO����������DV�ZHOO�DV�WHQ�DGGLWLRQDO�ZHOOERUHV
ORFDWHG�RIIVKRUH�.XWHL�DQG�GHHS�ZDWHU�1RUWK�0DNDVVDU
�&RUHODE�� ������� � ,W� LV� LPSRUWDQW� WR� QRWLFH� WKDW� YDULRXV
SHWURJUDSKHUV� DQG� VHUYLFH� FRQWUDFWRUV��ZKR� KDG� ORRNHG
DW�WKH�RQVKRUH�DQG�RIIVKRUH�GDWDVHW�PD\�DSSO\�GLIIHUHQW
OHYHO�RI�GHWDLO�LQ�WKHLU�PLQHUDORJLFDO�GHVFULSWLRQV�

7KLV�VWXG\�ZLOO�TXDOLWDWLYHO\�SUHGLFW�WKH�UHVHUYRLU�TXDOLW\
DW� WKH� 0LGGOH� 0LRFHQH¶V� GHHS�ZDWHU� LQWHUYDO� XVLQJ
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TXDUW]��IHOGVSDU��DQG�OLWKLFV��4)/��WHUQDU\�GLDJUDP�LQWUR-
GXFHG�E\�)RON�������� LQ�$U\DWL�HW�DO�����������7KH�4)/
JHQHUDOO\� GHPRQVWUDWHV� WKH� VHGLPHQWDU\�VRXUFH� SURYH-
QDQFH�� DV� ZHOO� DV� WKH� GRPLQDQW� FRPSRVLWLRQ� RI� TXDUW]
PLQHUDOV� UHODWLYH� WR� WKH� OLWKLFV� DQG� IHOGVSDUV� WKDW� KDYH
PDLQO\�UHODWHG�WR�WKH�GHSRVLWLRQDO�IDFLHV���7KH�ULJLG�PLQ-
HUDOV� FRPSULVH� WKH� OLWKLFV� DQG� IHOGVSDU� FRPSRQHQWV�
ZKLOH�WKH�GXFWLOH�PLQHUDOV�FRQVLVW�RI�FKHUW�DQG�FOD\�PLQ-
HUDOV�� �%RWK�PLQHUDOV�FRUUHVSRQG� WR�QRQ�UHVHUYRLU�FRP-
SRQHQWV�DV�WKH\�KDYH�EHHQ�YHU\�VHQVLWLYH�WR�WKH�GHSWK�RI
EXULDO��:HUGD\D�HW�DO�����������)RU�WKH�SXUSRVH�RI�H[KLE-
LWLQJ� WKH� UHVHUYRLU� TXDOLW\�� WKH� DXWKRUV� RQO\� XWLOL]H� WKH
SRURVLW\� DQG� SHUPHDELOLW\� GDWD� IURP� FRQYHQWLRQDO� FRUH
GDWD�

5(68/76
6XE�UHJLRQDO� 6WUXFWXUH� *HRORJ\� DQG� 'HSRVLWLRQDO
6\VWHP

$�VFKHPDWLF�FURVV�VHFWLRQ�ZDV�JHQHUDWHG�XVLQJ�WKH�ZHVW�
QRUWKZHVW� WR� HDVW�VRXWKHDVW� �:1:�(6(�� �'� VHLVPLF
FRPSRVLWH�OLQHV�DW�WKH�QRUWKHUQ�SRUWLRQ�RI�WKH�VWXG\�DUHD�
7KH� VHLVPLF�ELRVWUDWLJUDSK\� FRUUHODWLRQ� RI� WKH� ³0´
PDUNHUV�KDG�EHHQ�FDUHIXOO\�FRUUHODWHG�WR�WKH�VHGLPHQWD-
WLRQ� UDWHV� �0RUOH\� HW� DO��� ������ LQ�1XJUDKDQWR� HW� DO��
��������7KLV�VHFWLRQ�VKRZV�DQ�RYHUDO�SURJUDGLQJ�SDFNDJH
ZLWK�SRWHQWLDO�LQFLVHG�YDOOH\��,9��IHDWXUHV�HDVWHUO\���7KH
ZHVWHUQ� WLS� RI� WKH� FURVV� VHFWLRQ� VWUXFWXUDOO\� VXJJHVWV� D
JHQHUDO� WUHQG� RI� VRXWK�VRXWKZHVW� WR� QRUWK�QRUWKHDVW
�66:�11(��KLJK�UHOLHI�DQG�WLJKW�LQYHUWHG�IROG�EHOWV�WKDW
VKLIWHG�LQWR�ORZHU�UHOLHI�DQG�ZLGHU�IROGV�WRZDUG�WKH�SUHV-
HQW�GD\�GHHS�ZDWHU�VORSH���,W�ILQDOO\�FKDQJHV�LQWR�PXFK
ORZHU�WR�QR�UHOLHI�VWUXFWXUH�LQWR�WKH�GHHS�ZDWHU�VHWWLQJ�DW
WKH�HDVWHUQ�WLS�RI�WKH�VWXG\�DUHD��)LJXUH����

7KH�LVRSDFK�PDSV�ZLWKLQ�WKH�³0�PDUNHUV´�DUH�XWLOL]HG�LQ
JHQHUDWLQJ�VHYHUDO�*'(�PDSV� �)LJXUH����GHVSLWH�RI�WKH
OLPLWDWLRQ� RI� PLGGOH� 0LRFHQH� GDWD� SRLQWV� DQG� VHLVPLF
TXDOLW\� RIIVKRUH� GHHS�ZDWHU� �1XJUDKDQWR� HW� DO��� ������

3URWR�0DKDNDP�5LYHU�� UHG� FRORU� LQ� )LJXUH� �� KDV� EHHQ
EHOLHYHG� WKH� SDOHR�GUDLQDJH� V\VWHP� LQ� WKH� 8SSHU� DQG
/RZHU�.XWHL�%DVLQV�FRYHULQJ�WKH�RQVKRUH�DUHDV�VXFK�DV
1\DDQ�� 0X\XS�� .HOLDQ�� 0XDUD� :DKDX�� %XVDQJ�� DQG
FRQWLQXHV� WR� WKH� RIIVKRUH� GHSRVLWLRQDO� VHWWLQJV� LQWR� WKH
VWXG\� DUHD�� � 7KLFNHU� LVRSDFK� LQ� )LJXUH� �� VKRZV� WKH
SRWHQWLDO� SDOHR�GUDLQDJH� V\VWHPV� WKDW� PD\� UHSUHVHQW
LQFLVHG�YDOOH\� �,9�� ILOO� DV� ZHOO� DV� VHGLPHQWDU\� SRGV� LQ
WKH� GHOWDLF� LQWR� WKH� VKDOORZ� PDULQH� HQYLURQPHQWV�� � ,W
HVWDEOLVKHG� WKH�SRWHQWLDO�FODVWLF�UHVHUYRLU� ILOOHG� LQWR� WKH
VORSH�DQG�EDVLQ�IORRU�VHWWLQJV�RI�WKH�GHHS�ZDWHU�HQYLURQ-
PHQW���7KLQQHU�LVRSDFK�PRUH�HDVWHUO\�UHODWHV�WR�WKH�GLVWDO
DQG� �� RU�FRQGHQVHG�VHFWLRQV� WKURXJKRXW� WKH�GHHS�ZDWHU
UHJLRQ�

4)/�&RPSRVLWLRQ

3UHYLRXV�DQDO\VHV�DW�PDLQO\�RQVKRUH�SHWURJUDSKLF� VDP-
SOHV�WKURXJKRXW�WKH�GHOWD�WR�PDULQH�IDFLHV�RI�WKH�HDUO\�WR�
ODWH�0LRFHQH¶V�VHGLPHQWV�SURYLGHG�IRXU�DSSDUHQW�SHWUR-
ORJLF� VXEGLYLVLRQV� �7DQHDQ�� ����� DQG� 7DQHDQ� HW� DO��
������� ��� WKH� HDUO\� 0LRFHQH¶V� VHGLPHQW� ������� 0D��
ZKLFK� ZDV� ROGHU� WKDQ� WKH� 0��� PDUNHU� KDG� PRGHUDWH
TXDUW]�DQG�OLWKLF�FRPSRQHQWV�EXW�KLJK�LQ�YROFDQLF�OLWKLF
FRPSRQHQWV�� ��� WKH� ODWHVW� HDUO\�0LRFHQH� WR� WKH�HDUOLHVW
0LGGOH�0LRFHQH¶V� VDQGVWRQHV� ���������0D�� WKDW�QHDUO\
FRUUHODWHG�WR�WKH�0���0���]RQH�ZHUH�GRPLQDQWO\�YROFD-
QRJHQLF�� ���0LGGOH� WR� /DWH�0LRFHQH¶V� VDQGVWRQHV�� WKH
HTXLYDOHQW�WR�WKH�0���0���]RQH��ZHUH�KLJKO\�FRPSRVHG
E\� TXDUW]� ZLWK� QRQ�DVVRFLDWHG� YROFDQLF� PLQHUDOV�� DQG
ILQDOO\����WKH�3OLRFHQH�WR�5HFHQW�VDQGVWRQHV�ZHUH�VLPLODU
WR�WKH�W\SH����YROFDQRJHQLF����$OO�URFN�VDPSOHV�ZHUH�WKH
UHF\FOHG�RURJHQ�GRPLQDWHG�E\�WKH�OLWKLF�FRPSRQHQWV�WKDW
JUDGXDOO\� FKDQJHG� WR� TXDUW]� GRPLQDQW� WRZDUGV� WKH
\RXQJHU�DJH�IRUPDWLRQV�

6DPSOHV� LQ� WKLV� VWXG\� FRPH� IURP� WZHQW\�QLQH� RQVKRUH
ZHOOV�DW�WKH�6(��37��%��1$��1%��%$��0$��0%��DQG�3$
ILHOGV�� DQG� RIIVKRUH�ZHOOV� DW� WKH�$��56�� *$��*%��*&�
*(�� DQG� 35� ILHOGV� �)LJXUH� ��� UHSUHVHQW� WKH� GHOWDLF� WR

)LJXUH����� $��'�VHLVPLF�FRPSRVLWH�OLQH�VKRZLQJ�³0´�PDUNHUV�LQ�SURJUDGLQJ�VXFFHVVLRQ�ZLWK�0LRFHQH¶V�VWUDWLJUDSKLF�FROXPQ�
DQG�DYHUDJH�VHGLPHQWDWLRQ�UDWHV��PRGLILHG�IURP�1XJUDKDQWR�HW�DO���������

)LJXUH����� $��'�VHLVPLF�FRPSRVLWH�OLQH�VKRZLQJ�³0´�PDUNHUV�LQ�SURJUDGLQJ�VXFFHVVLRQ�ZLWK�0LRFHQH¶V�VWUDWLJUDSKLF�FROXPQ�
DQG�DYHUDJH�VHGLPHQWDWLRQ�UDWHV��PRGLILHG�IURP�1XJUDKDQWR�HW�DO���������

)LJXUH����� $��'�VHLVPLF�FRPSRVLWH�OLQH�VKRZLQJ�³0´�PDUNHUV�LQ�SURJUDGLQJ�VXFFHVVLRQ�ZLWK�0LRFHQH¶V�VWUDWLJUDSKLF�FROXPQ�
DQG�DYHUDJH�VHGLPHQWDWLRQ�UDWHV��PRGLILHG�IURP�1XJUDKDQWR�HW�DO���������)LJXUH��� $��'�VHLVPLF�FRPSRVLWH�OLQH�VKRZLQJ�³0´�PDUNHUV�LQ�SURJUDGLQJ�VXFFHVVLRQ�ZLWK�0LRFHQH¶V�VWUDWLJUDSKLF�FROXPQ�
DQG�DYHUDJH�VHGLPHQWDWLRQ�UDWHV��PRGLILHG�IURP�1XJUDKDQWR�HW�DO���������

�
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GHHS�PDULQH�GHSRVLWLRQDO�VHWWLQJV�RI�WKH�.XWHL�DQG�1RUWK
0DNDVVDU�%DVLQV��)LJXUHV���DQG������7KH�4)/�SORW�RI�WKH
0LGGOH�WR�/DWH�0LRFHQH�FODVWLFV�VKRZV�WKDW�WKH�VDPSOHV
PDLQO\�OLH�DORQJ�WKH�OLWKDUHQLWLF�WUHQG�RQ�WKH�ULJKW�VLGH�RI
WKH�WHUQDU\�GLDJUDP���7KH�UHPDLQLQJ�VDPSOHV�DUH�ORFDWHG
DORQJ�WKH�DUNRVLF�WUHQGV�DV�VKRZQ�RQ�WKH�OHIW�KDQG�VLGH
RI�WKH�WHUQDU\�GLDJUDP��)LJXUH������

7KH�&UHWDFHRXV�DJH�URFNV�H[SRVHG�DORQJ�WKH�6LEX�5DMDQJ
$FFUHWLRQDU\�3ULVP� LV� LQWHUSUHWHG� WR� EH� WKH� VHGLPHQWDU\
SURYHQDQFH�IRU�WKH�(DUO\�0LRFHQH¶V��1��1��RU�ROGHU�WKDQ

0���PDUNHU��PRGHUDWHO\� TXDUW]RVH� VDQGVWRQHV� �7DQHDQ
HW�DO���������6RHULD�$WPDGMD�HW�DO����������ZKHUH�PRVW�RI
WKH�OLWKLF�FRQWHQW�LV� IURP� WKH�VHGLPHQWDU\�DQG�PHWDPRU-
SKLF�URFN�SDUWLFOHV��:HUGD\D�HW�DO���������� �*RLQJ�XS�WR

WKH� \RXQJHU� VHFWLRQ� WKDW� HTXLYDOHQW� WR� WKH� 0��0��
�1�$�HDUO\�1�����YROFDQRJHQLF�VDQGVWRQHV�ZHUH�GHILQHG
VLQFH� WKH� YROFDQLF�OLWKLF� IUDJPHQWV� LQ� LW� LQFUHDVHG� IURP
WKH� DYHUDJH� RI� ����� WR�!����RI� WKH� IUDPHZRUN� JUDLQV
�7DQHDQ�HW�DO�����������7KH�RYHUDOO�0LGGOH�0LRFHQH�VHF-
WLRQV� �0���0��� RU� 1���1���� ZDV� FDWHJRUL]HG� KLJK�
TXDUW]RVH�VDQGVWRQHV�DV�WKH\�KDYH�DQ�DYHUDJH�RI�!����RI
WKH�IUDPHZRUN�JUDLQV��7DQHDQ�HW�DO���������DQG�)LJXUH��
LQ� WKLV� VWXG\�� ������� � 7KH�0LGGOH�0LRFHQH¶V� �0��0��
DQG�0��0����DQG�WKH�ORZHU�SDUW�RI�/DWH�0LRFHQH¶V�VDP-

SOHV� �0��0���� KDYH� WKH�KLJKHVW�TXDUW]� �WKH�DYHUDJH�RI
!�����EXW�RSSRVLWHO\�KDYH�WKH�ORZHVW�IHOGVSDU�DQG�OLWKLF
FRPSRVLWLRQV��)LJXUH����� �,Q�VXPPDU\��WKH�URFN�VDPSOHV
LQ�WKLV�VWXG\�H[KLELW�D�WXUWOH�VKDSHG�WUHQG�WKDW�JRHV�IURP

)LJXUH���� 0���0���LVRSDFK�PDSV��OHIW��VKRZLQJ�WKH�SDOHR�GUDLQDJH�SDWWHUQV��DQG�D�*'(�PDS��1XJUDKDQWR�HW�DO���������RI�LWV�
XSSHUPRVW�SDUW�RI�WKH�0���0����ULJKW��LOOXVWUDWLQJ�WKH�QRUWKHUQ�DQG�VRXWKHUQ�GUDLQDJH�V\VWHPV�

)LJXUH����� $�1:�6(�VHFWLRQ�DQG�EDVHPDS�VKRZLQJ�WKH�GDUN�JUH\�DQG�OLJKW�JUH\�SRO\JRQV��ZKLFK�DUH�WKH�PDJPDWLF�EHOW�RI�
/DWH�2OLJRFHQH�WR�0LGGOH�0LRFHQH��(RFHQH�VXEGXFWLRQ��DQG�0LGGOH�0LRFHQH�WR�3OLRFHQH��3DODZDQ�VXEGXFWLRQ���
UHVSHFWLYHO\��PRGLILHG�IURP�6RHULD�$WPDGMD�HW�DO�����������7KH�WHUQDU\�GLDJUDP�LV�WKH�4)/�JURXSLQJ�RI�WKH�0LGGOH�
WR�/DWH�0LRFHQH�PLQHUDORJ\�LQ�WKH�VWXG\�DUHD�

�
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WKH� ORZHUPRVW� SDUW� RI�0LGGOH�0LRFHQH� �0��0����ZLWK
WKH� ORZ�TXDUW]�FRQWHQW� EXW�KLJK� LQ� ULJLG�PDWHULDOV� �IHOG-
VSDU�DQG�OLWKLFV����,W�JUDGXDOO\�FKDQJHV�LQWR�WKH�PDMRULW\�RI
WKH� 0LGGOH� WR� /DWH� 0LRFHQH� URFN� VDPSOHV� WKDW� VKRZ
KLJKHU�TXDUW]� FRQWHQW� EXW� ORZ� LQ� ULJLG� PDWHULDOV�� � $QG
LQWHUHVWLQJO\�� WKH� XSSHUPRVW� SDUW� RI� /DWH� 0LRFHQH

�0��0���� LV� QHDUO\� VLPLODU� WR� WKH� FRPSRVLWLRQ� RI� WKH
0��0��¶V�URFN�VDPSOHV��)LJXUH������

',6&866,216
7KLV� VWXG\� REVHUYHV� WKH� 4)/� FODVVLILFDWLRQ� RI� WKH
RQVKRUH� DQG� RIIVKRUH� VDPSOHV�� EXW� PDLQO\� IRFXVHV� LQ
SUHGLFWLQJ� WKH� XQSHQHWUDWHG� 0LGGOH� 0LRFHQH¶V� GHHS�
ZDWHU� VDQGVWRQHV�� � 7R� EH� FRPSDUHG� ZLWK� WKH� H[LVWLQJ
GHHS�ZDWHU¶V� SURGXFLQJ� VDQGVWRQHV�� WKLV� VWXG\� LQFOXGHV
WKH�/DWH�0LRFHQH¶V�URFN�VDPSOHV���7KH�KLJKHVW�VHGLPHQ-
WDWLRQ�UDWH�RI�WKH�.XWHL�DQG�RXWERDUG�6DEDK�%DVLQV�ZDV
LQGLFDWHG�LQ�WKH�PLGGOH�WR�ODWH�0LRFHQH�DV�WKH�UHVXOW�RI
6DEDK�XSOLIW�DQG�HURVLRQ��+XWFKLQVRQ�������� LQ�0RUOH\
HW�DO����������DQG�LV�SRWHQWLDOO\�DEOH�WR�GHOLYHU�KXJH�FODV-
WLFV� PDWHULDOV� LQWR� WKH� SDOHR� GHHS�ZDWHU� VORSH� RI� WKH
QRUWK�0DNDVVDU�%DVLQ� WKURXJK� WKH� LQFLVHG� YDOOH\V� �,9�
DQG� VOXPS� VFDUV� WUHQGLQJ� SDUDOOHO\� WR� WKH� DQWLFOLQH� RI
7XQX� )LHOG� �<RJD� HW� DO�� ����� LQ� 1XJUDKDQWR� HW� DO��
��������7KLV�KXJH�VHGLPHQWDU\�PDVV�LQLWLDWHG�WKH�JUDYLWD-
WLRQDO�IORZ�WR�IRUP� WKH� WRH�WKUXVW�IROG�EHOW� LQ� WKH�GLVWDO
SDUW� RI� WKH� V\VWHP� �0F&OD\�� ������� � 7KHVH� UHIHUHQFHV

KDG�LQVSLUHG�WKLV�VWXG\¶V�K\SRWKHVLV�WKDW�WKHUH�PXVW�KDYH
EHHQ�ORQJ�EXW�VXIILFLHQW�SURFHVVHV�RI�VHGLPHQW�WUDQVSRUW
DQG� LWV� VHGLPHQWDWLRQ� WKURXJK� WKH� GUDLQDJH� V\VWHPV� RI
WKH�SURWR�0DKDNDP¶V�GHOWDLF��.XWHL�%DVLQ�� WRZDUGV� WKH
GHHS�ZDWHU�VHWWLQJV�DW� WKH�1RUWK�0DNDVVDU�%DVLQV��)LJ-
XUHV���DQG�������

7KLV� VWXG\� SD\V� PRUH� DWWHQWLRQ� WR� ORZVWDQG� DQG� KLJK-
VWDQG�V\VWHP�WUDFWV��/67�DQG�+67��WKDW�HQDEOH�SHULRGLF
VXE�UHJLRQDO� LQFLVLRQV� DQG� �� RU� FROODSVHV� DORQJ� WKH
PDULQH�VKHOI�HGJH���)RUFHG�UHJUHVVLRQV�WKDW�UHVSRQGHG�WR
WKH� UHODWLYH� VHD�OHYHO� IDOO� ZHUH� REVHUYHG� E\� ZHOO� DQG
VHLVPLF� GDWD� RQVKRUH� DQG� RIIVKRUH� �1XJUDKDQWR� HW� DO��
������� �7KHVH�HYHQWV�ZHUH� LQGLFDWHG�E\� WKH� LQFUHDVH� LQ
VHGLPHQWDWLRQ�UDWHV�ZLWK�VLJQLILFDQW�VKHOI�EUHDN�SURJUD-
GDWLRQ� DW� WKH� QRUWKHUQ� DQG� VRXWKHUQ� SDUWV� RI� WKH�.XWHL
%DVLQ� GXULQJ� WKH� GHSRVLWLRQ� RI� 0��0��� LQWHUYDOV�
'HFUHDVLQJ�RI�WKH�VHGLPHQWDWLRQ�UDWHV�WRRN�SODFH�DW� WKH
ORZHU�SDUW�RI�WKH�0��0����DQG�KDG�UHDFKHG�WKH�ORZHVW
UDWH�DW�WKH�WRS�PRVW�RI�WKH�0���EHIRUH�WKH�UDWH�ZDV�EDFN
WR� LQFUHDVH� WRZDUGV� WKH� WRS� RI� 0��� PDUNHU�� � 7KHVH
G\QDPLF�SURFHVV�RI�0LGGOH�0LRFHQH�GHSRVLWLRQ�KDG�VXE-
GLYLGHG�GUDLQDJH�FOXVWHUV� RI� WKH�.XWHL�%DVLQ� LQWR� QRUWK
DQG�VRXWK��)LJXUH����

0LGGOH� 0LRFHQH¶V� 0LQHUDORJ\�� /LWKR� )DFLHV�� DQG
5HVHUYRLU�4XDOLW\

7KH� 0LGGOH� 0LRFHQH¶V� URFN� VDPSOHV� DUH� WDNHQ� IURP
DURXQG� WKLUW\� ZHOOERUHV� ORFDWHG� RQVKRUH�� � 7KH� GHSRVL-

)LJXUH����� $�EDU�JUDSK�VKRZLQJ�WKH�DYHUDJH�FRPSRVLWLRQ�RI�QRUPDOL]HG�4)/�JUDLQV�IURP�WKH�HDUOLHVW�0LGGOH�0LRFHQH�
�0��0����WR�WKH�XSSHU�SDUW�RI�/DWH�0LRFHQH��0��0����

)LJXUH����� $�EDU�JUDSK�VKRZLQJ�WKH�DYHUDJH�FRPSRVLWLRQ�RI�QRUPDOL]HG�4)/�JUDLQV�IURP�WKH�HDUOLHVW�0LGGOH�0LRFHQH�
�0��0����WR�WKH�XSSHU�SDUW�RI�/DWH�0LRFHQH��0��0����

)LJXUH����� $�EDU�JUDSK�VKRZLQJ�WKH�DYHUDJH�FRPSRVLWLRQ�RI�QRUPDOL]HG�4)/�JUDLQV�IURP�WKH�HDUOLHVW�0LGGOH�0LRFHQH�
�0��0����WR�WKH�XSSHU�SDUW�RI�/DWH�0LRFHQH��0��0����

)LJXUH����� $�EDU�JUDSK�VKRZLQJ�WKH�DYHUDJH�FRPSRVLWLRQ�RI�QRUPDOL]HG�4)/�JUDLQV�IURP�WKH�HDUOLHVW�0LGGOH�0LRFHQH�
�0��0����WR�WKH�XSSHU�SDUW�RI�/DWH�0LRFHQH��0��0����

)LJXUH����� $�EDU�JUDSK�VKRZLQJ�WKH�DYHUDJH�FRPSRVLWLRQ�RI�QRUPDOL]HG�4)/�JUDLQV�IURP�WKH�HDUOLHVW�0LGGOH�0LRFHQH�
�0��0����WR�WKH�XSSHU�SDUW�RI�/DWH�0LRFHQH��0��0����

)LJXUH����� $�EDU�JUDSK�VKRZLQJ�WKH�DYHUDJH�FRPSRVLWLRQ�RI�QRUPDOL]HG�4)/�JUDLQV�IURP�WKH�HDUOLHVW�0LGGOH�0LRFHQH�
�0��0����WR�WKH�XSSHU�SDUW�RI�/DWH�0LRFHQH��0��0����

)LJXUH����� $�EDU�JUDSK�VKRZLQJ�WKH�DYHUDJH�FRPSRVLWLRQ�RI�QRUPDOL]HG�4)/�JUDLQV�IURP�WKH�HDUOLHVW�0LGGOH�0LRFHQH�
�0��0����WR�WKH�XSSHU�SDUW�RI�/DWH�0LRFHQH��0��0����
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WLRQDO�HQYLURQPHQW�RI�WKH�VDQGVWRQH�UHVHUYRLUV�LV�GLYLGHG
LQWR� IOXYLDO�GHOWDLF� SODLQ� FKDQQHOV� DQG� GHOWD�IURQW� EDUV�
7KH� VDQGVWRQH¶V� OLWKR� IDFLHV� LV� IXUWKHU� VXEGLYLGHG� LQWR
IRXU� FODVVLILFDWLRQV�� ��� FURVV�EHGGHG� IOXYLDO� VDQGVWRQHV
�)/8B6;� DQG�'&B6;��� ��� PDVVLYH� GLVWULEXWDU\� FKDQ-
QHOV� �'&B60��� ��� ELRWXUEDWHG� GLVWULEXWDU\� FKDQQHOV
�'&B6%��� ��� ELRWXUEDWHG� ZLWK� PXG�FOD\� GUDSSHG� EDUV
�')B6&����7KHVH�DUH�LOOXVWUDWHG�LQ�WKH�)LJXUH����DV�ZHOO
DV� WKH�GHWDLOHG�FRUH�GHVFULSWLRQ��FRUH�SKRWRV��DQG�ZHOO�
ORJ� W\SHV� �PRGLILHG� IURP� %XWWHUZRUWK� HW� DO��� �����
/DPELDVH�HW�DO���������5LDGL�HW�DO���������

)LJXUH� �� GHPRQVWUDWHV� WKH� EHVW� TXDOLW\� RI� VDQGVWRQH¶V
OLWKR�IDFLHV�DUH�GRPLQDWHG�E\�)/8B6;�RI�ERWK�0��0��
DQG�0��0���VHFWLRQV��ZKLOH�VPDOO�SDUW�RI�WKLV�FDWHJRU\
LV� UHSUHVHQWHG� E\� WKH� OLWKR� IDFLHV� '&B6;�RI�0��0��
DQG� ')B6&� RI�0��0���� � 7KH� GHWDLOHG� GHVFULSWLRQ� RI
WKHVH� OLWKR� IDFLHV� FKDUDFWHUL]HG� E\� XSSHU� PHGLXP�� WR
ORZHU�FRDUVH�JUDLQHG�VXEOLWKDUHQLWH�VDQGVWRQHV�WKDW�KDYH
FURVV�EHGGLQJ�VWUXFWXUHV��RYHUDOO�EORFN\�WR�XSZDUGV�ILQ-
LQJ�VXFFHVVLRQ��EXW�UHODWLYHO\�PDVVLYH�WH[WXUHV��QRQ�ODP-
LQDWHG��� PRGHUDWHO\� WR� ZHOO� VRUWLQJ�� VXEDQJXODU� WR
VXEURXQGHG� JUDLQV�� QRQH� WR� WUDFHV� SRUHILOOLQJ� FHPHQWV�
RYHUJURZWK� RI� TXDUW]� ��������� FDUERQDWH� ������VLGHU-
LWH���DQG�FOD\�PDWHULDOV������RI�NDROLQLWH���

&RPPRQ�VHGLPHQWDU\�VWUXFWXUHV�DVVRFLDWHG�ZLWK�FRQFUH-
WLRQ�ULFK� OD\HUV� DUH� SDUDOOHO� ODPLQDH� DQG� WURXJK� FURVV�
EHGGLQJ�ZLWK�KLJK�HQHUJ\�WKDW�FORVHO\�UHODWH�WR�LQVLJQLIL-
FDQW�IDOO�RI�UHODWLYH�VHD�OHYHO���7KH�RWKHU�KLJK�HQHUJ\�IHD-
WXUHV�DUH�LOOXVWUDWHG�E\�SODQDU�DQG�WURXJK�FURVV�EHGGLQJV
�&KLDUHOOD�	�/RQJKLWDQR��������/RQJKLWDQR� HW�DO������
ERWK�LQ�*KD]QDYL�HW�DO�����������7KH�FRDUVH�JUDLQHG�VHGL-
PHQWV�VXJJHVW�D�UDQJH�RI�PRGHUDWH�WR�KLJK�HQHUJ\�GHSR-
VLWLRQV� �%RJJV�� ������ LQ�*KD]QDYL� HW� DO��� ������� ZKLOH
WKH� ZHOO�VRUWHG� DQG� VXEURXQGHG� JUDLQV� DUH� GHYRLG� RI
PDWUL[��DOVR�LQGLFDWLQJ�D�KLJK�HQHUJ\�EHDFK�VXEHQYLURQ-
PHQW� �*KD]QDYL� HW� DO��� ������� � 7KH� ORZ�FDUERQDWH
FHPHQWV� KDG� XVXDOO\� EHHQ� REVHUYHG� LQ� WKH� KLJK�HQHUJ\
GHSRVLWLRQ�OLNH�WKH�GLVWULEXWDU\�FKDQQHOV��:HUGD\D�HW�DO��
��������7KHVH�UHIHUHQFHV�VXJJHVW�WKH�)/8B6;��'&B6;�
DQG� ')B6&� RI� WKH� 0LGGOH� 0LRFHQH� �0��0��� DQG
0��0���� VDQGVWRQH¶V� OLWKR� IDFLHV� KDG� EHHQ� DVVRFLDWHG
ZLWK� WKH� KLJK�VHGLPHQWDWLRQ� UDWH� �0RUOH\� HW� DO��� �����
VKRZQ� LQ� WKH� )LJXUH� ���� ZKLFK� PLJKW� SRWHQWLDOO\� EH
UHODWHG� WR� WKH� UHODWLYH� VHD�OHYHO� IDOO� �1XJUDKDQWR� HW� DO��
������

,Q� FRQWUDVW� WR� WKH� EHVW� VDQGVWRQH� UHVHUYRLU� DIRUHPHQ-
WLRQHG�� WKH� ERWWRP�OHIW� FRUQHU� RI� )LJXUH� �� GLVSOD\V� WKH
SRRU� TXDOLW\� RI� VDQGVWRQH¶V� OLWKR� IDFLHV� ')B6&
�0��0�����'&B6;��0��0���DQG�0��0�����)/8B6;
�0��0����� DQG� '&B6%� �0��0����� � 7KLV� FDWHJRU\
UHIOHFWV� KLJK� YDULDWLRQ� LQ� WKH� OLWKR� IDFLHV�� KRZHYHU� WKH

PRVW�GLVWLQFWLYH�DVSHFWV� WKDW� VHW� WKHP� LQWR�SRRU�TXDOLW\
DUH�PL[HG�PHGLXP�WR�ILQH�JUDLQHG�DQG�PDLQO\�ODPLQDWHG
VDQGVWRQHV�ZLWK�PRUH�SRUH� ILOOHG�ZLWK�FHPHQWV�VXFK�DV
FDOFLWH� DQG� GRORPLWHV� �WUDFH� ±� XS� WR� ������ DQG� TXDUW]
������ �� ����� LQ� DGGLWLRQ� WR� WKH� VLGHULWH� DQG� NDROLQLWH
ZLWKLQ� WKH� EHVW� UHVHUYRLU� TXDOLW\�� � 7KLV� VWXG\� DOVR
REVHUYHG� WKH� LQFUHDVH� RI� ULJLG� PDWHULDOV� �IHOGVSDU� DQG
OLWKLFV��� � +RZHYHU�� QRUPDOL]HG� OLWKLFV� LQFUHPHQWDO� RI
!������XS�WR�����ORRNV�PRUH�VLJQLILFDQW�WKDQ�WKH�IHOG-
VSDU��ZKLFK�DUH�ERWK�KLJKHU�WKDQ�WKH�RQH�DW�EHVW�TXDOLW\
VDQGVWRQH¶V�OLWKR�IDFLHV�

$KPDG�HW�DO��������LQ�*KD]QDYL�HW�DO���������IRXQG�WKDW
D�ORZ�HQHUJ\�HQYLURQPHQW�LV�UHSUHVHQWHG�E\�WKH�J\SVLI-
HURXV� VKDOH�DQG�VLOWVWRQH�WR� VDQGVWRQH�IDFLHV�� �:HUGD\D
HW�DO���������VXJJHVWHG�WKH�(DUO\�0LRFHQH�VDQGVWRQHV�DUH
PDLQO\� FRPSRVHG� E\� GXFWLOH� WR� ULJLG� GHWULWDO� PLQHUDOV
DVVRFLDWHG� ZLWK� ORZ�HQHUJ\� RI� GHSRVLWLRQ�� ZKLFK� PD\
SRWHQWLDOO\�EH�VHQVLWLYH�WR�WKH�GHSWK�RI�EXULDO���/LNHZLVH�
WKH� SRURVLW\� RI� WKH� VDQGVWRQHV� GUDPDWLFDOO\� UHGXFH� WR
����ZKHQ�WKH�FDUERQDWH�FHPHQW�H[FHHGV�!����DQG�WKH
SHUPHDELOLW\�GRZQ� WR� ����P'� WR�EHFRPH�QRQ�UHVHUYRLU
URFN���,Q�OLQH�ZLWK�WKHVH�FLWDWLRQV��WKH�LQFUHDVH�RI�EXULDO
GHSWK� LQ� WKH� VWXG\� DUHD� PD\� GDPDJH� WKH� ')B6&�
'&B6;��)/8B6;��DQG�'&B6%�OLWKR�IDFLHV�HYHQ�LI�WKH\
ZHUH�PHGLXP�JUDLQHG�VDQGVWRQHV���$ORQJ�ZLWK�WKH�GHSWK
RI�EXULDO�DVSHFW��KLJKHU�TXDUW]�FHPHQW�ZRXOG�GHILQLWHO\
UHGXFH� WKHVH� OLWKR� IDFLHV� LQWR�QRQH� UHVHUYRLU�TXDOLW\�� LQ
SDUWLFXODU�WKH�')B6&�OLWKR�IDFLHV�WKDW�GHPRQVWUDWH����
FRUH�SRURVLW\�DQG������P'�FRUH�SHUPHDELOLW\��)LJXUH����

7KH� WHUQDU\� GLDJUDP� LQ� )LJXUH� �� VKRZV� ILYH� JURXS� RI
URFN� VDPSOHV�� �D�� WKH� VDPSOHV� IURP� /5� DQG� 3$� ZHOOV
GHPRQVWUDWH�WKH�ROGHU� VWUDWD��0��0���� LQ� WKH�VRXWKHUQ
GUDLQDJH� V\VWHP� LV� GRPLQDWHG� E\� WKH� VKDOORZ�PDULQH
VDQGVWRQHV�� �7KH\�KDYH�GRPLQDQW�OLWKLF�DUNRVH�WR�IHOGV-
SDWKLF� OLWKDUHQLWH� FODVVLILFDWLRQ�� � �E�� 7KH� UHPDLQLQJ
0��0��� VDPSOHV� IURP� 1$�� 1%�� DQG� 3� ZHOOV� LQ� WKH
QRUWKHUQ�GUDLQDJH�DUH�PDLQO\�VXEOLWKDUHQLWH�WR�OLWKDUHQLWH
FRPSRVLWLRQ���7KH�GHFUHDVLQJ�RI�IHOGVSDU�DQG�OLWKLF�FRQ-
WHQWV� LQ� WKH� \RXQJHU� VWUDWD� RI� 0��0��� FDQ� EH� VXEGL-
YLGHG�LQWR�WZR�VXE�FODVVLILFDWLRQV���F��D�ZLGH�UDQJH�IURP
VXEOLWKDUHQLWH�� IHOGVSDWKLF� OLWKDUHQLWH�� DQG� OLWKDUHQLWH� DW
WKH�6(�DQG�3�ZHOOERUHV�UHSUHVHQWLQJ�WKH�QRUWKHUQ�GUDLQ-
DJH��DQG��G��VXEDUNRVLF�GRPLQDQW�DV�VKRZQ�LQ�WKH�VDP-
SOHV� IURP� 35� DQG� 3$� ZHOOV� UHSUHVHQWLQJ� WKH� VRXWKHUQ
GUDLQDJH�� ��H��7KH�XSSHUPRVW�0LGGOH�0LRFHQH�VDPSOHV
RI�0��0���KDYH� OHVV� IHOGVSDU�DQG� OLWKLF�FRQWHQWV� WKDQ
WKH�SUHYLRXV�WZR�LQWHUYDOV�DW�ERWK�WKH�QRUWKHUQ��1$�DQG
1%�ZHOOV��DQG�WKH�VRXWKHUQ��0$�DQG�0%�ZHOOV��GUDLQ-
DJHV�

7KH� WHUQDU\� GLDJUDP� LQ� )LJXUH� �� VKRZV� WKH� RSSRVLWH
WUHQG� IURP� WKH� ROGHU� �0��0���� WR� WKH� \RXQJHU



� .XQWDGL�1XJUDKDQWR��HW�DO�

�0��0���� VHFWLRQV�� ZKHUH� �D�� WR� �G�� UHIOHFWV� WKH
GHFUHDVH� RI� TXDUW]DUHQLWH� DQG� VXEOLWKDUHQLWH� FRPSRVL-

WLRQV�WR�EHFRPH�PRUH�IHOGVSDWKLF� OLWKDUHQLWH�DQG�OLWKDU-
HQLWH�

,W� LV� LPSRUWDQW� WR� QRWLFH� WKDW� WKH� EHVW� VDQGVWRQH¶V� OLWKR
IDFLHV� RI� )/8B6;� FRPPRQO\� KDV� EORFN\� DQG� �� RU
XSZDUGV� ILQLQJ� �EHOO�VKDSHG�� *5�ORJ�� � &RQWUDULO\�� WKH
SRRU� VDQGVWRQH¶V� OLWKR� IDFLHV� RI� ')B6&�� '&B6;�
)/8B6;��DQG�'&B6%�DUH�YDULRXV�LQ�WKH�ZHOO�ORJ�W\SHV
GXH�WR�PL[HG�GHVFULSWLRQV�RI�JUDLQ�VL]H��ILQH�WR�PHGLXP��
GHSWK� RI� EXULDO�� DQG� FHPHQWDWLRQV�� � 7KH� ORZHVW� FRUH
SRURVLW\�DQG�SHUPHDELOLW\�YDOXHV�DUH�PDLQO\�REVHUYHG�LQ
WKH�')B6&�OLWKR� IDFLHV�WKDW�XVXDOO\�KDV�XSZDUGV�FRDUV-
HQLQJ��IXQQHO�VKDSHG��*5�ORJ��)LJXUHV���DQG����

/DWH�0LRFHQH¶V�0LQHUDORJ\��/LWKR�)DFLHV��DQG�5HVHU-
YRLU�4XDOLW\

7KH�/DWH�0LRFHQH¶V�VDPSOHV�IURP�WHQ�ZHOOERUHV�ORFDWHG
RIIVKRUH�KDYH�EHHQ�HYDOXDWHG�LQ�RUGHU�WR�FKDUDFWHUL]H�WKH
GHSRVLWLRQDO�HQYLURQPHQW�RI�WKH�VDQGVWRQH�UHVHUYRLUV���,W
LV�QRWHZRUWK\�PRVW�RI�WKHVH� URFN�VDPSOHV�GR�QRW� UHDFK
WKH�ORZHVW�SDUW�RI�WKH�/DWH�0LRFHQH��0��0����LQWHUYDO
H[FHSW�WKUHH�ZHOOERUHV�LQ�WKH�QRUWKHUQ�GUDLQDJH���5HJUHW-
WDEO\�� WKHUH� KDYH� EHHQ� QRQH� RI� FRQYHQWLRQDO� FRUH� GDWD
UHSUHVHQWLQJ�WKH�GHHS�ZDWHU�VORSH�WR�EDVLQ�IORRU�VHWWLQJV
LQ�WKH�0��0�����7KHUHIRUH��WKLV�VWXG\�UHIHUV�WR�6DOOHU�HW
DO���������ZKR�KDG�GHVFULEHG� WKH�FRUH�GDWD�RI�*HQGDOR
/DWH�0LRFHQH������VDQGVWRQH���±��0D����7KLV�LV�HTXLYD-
OHQW�WR�WKH�0��0���PDUNHU��ZKLFK�LV�DVVRFLDWHG�ZLWK�WKH
KLJKHVW� VHGLPHQWDWLRQ� UDWH� RU� PD[LPXP� SURJUDGDWLRQ

WKURXJKRXW� WKH�.XWDL�%DVLQ� �)LJXUH����� �7KH�FRKHUHQF\
DWWULEXWH�IURP���'�VHLVPLF�GDWD��6DOOHU�HW�DO���������DQG

UHJLRQDO� LVRSDFK� PDS� �1XJUDKDQWR� HW� DO��� ������ KDG
GHILQHG�WKH�QRUWKZHVWHUQ�IHHGHU�V\VWHP�DV�WKH�VRXUFH�RI
VHGLPHQWV�IRU� WKH�GHHS�ZDWHU�VORSH�IDQV�LQ�WKLV�VSHFLILF
DUHD�

7KHUH�DUH�IRXU�OLWKR�IDFLHV�KDG�EHHQ�UHSRUWHG�LV�6DOOHU�HW
DO�� �������� ��� +LJK� QHW�WR�JURVV� �17*�� UDWLR� RI� ����
�����VDQG��FDOOHG�7D�±�WKH�ILQH�JUDLQHG�PDVVLYH�VDQG-
VWRQH�ZLWK� JRRG� SRURVLW\� ���������� DQG� SHUPHDELOLW\
����������� P'�� WKDW� KDV� DQ� DYHUDJH� LQGLYLGXDO� VDQG
EHGV�RI������IHHW��EXW�UDUHO\�DPDOJDPDWHG�� ����0HGLXP
17*�UDWLR�RI���������VDQG��DVVLJQHG�7E�DQG�7F�±�WKH
7E� LV� ILQH�JUDLQHG� DQG� SDUDOOHO� ODPLQDH�VDQGVWRQH�ZLWK
FRDO�RUJDQLF�PDWWHUV��ZKLOH� WKH�7F� LV�YHU\� ILQH�JUDLQHG
ULSSOHG�VDQGVWRQH������/RZ�17*�UDWLR�RI����������VDQG
�7F��� DQG� ��� 1RQ�UHVHUYRLU� ZLWK� 17*� UDWLR� RI� �����
ZKLFK� DUH� PDLQO\� VKDOH� DQG� GHEULWHV� �)LJXUH� ���� � 7KH
VDQGVWRQHV� DUH� JHQHUDOO\� GDUN� FRORU� DV� WKH\� FRPSULVH
DEXQGDQW� FDUERQDFHRXV�RUJDQLF� PDWWHUV� WKDW� DUH� FRP-
PRQO\�UHYHDOHG�ZLWKLQ�WKH�SDUDOOHO�ODPLQDWHG�VDQGVWRQHV
�7E���6DOOHU�HW�DO��������LQ�6DOOHU�HW�DO���������

7KLV� VWXG\� KDG� REVHUYHG� GHHS�ZDWHU¶V� OLWKR� IDFLHV� LQ
UHODWLRQVKLS�ZLWK�WKHLU�UHVHUYRLU�TXDOLW\��DV�VKRZQ�DW�)LJ-
XUH�����L��D�JURXS�RI�KLJK�SRURVLW\��!�����ZLWK�PRGHUDWH
�!���P'��WR�KLJK��!����P'��SHUPHDELOLW\��ZKLFK�LV�SUH-
GRPLQDQWO\� ZHOO�VRUWHG�� ILQH� WR� PHGLXP�JUDLQHG� VDQG-
VWRQHV�� �LL�� DQRWKHU� JURXS� RI�PRGHUDWH� SRURVLW\� �����
�����ZLWK�PRGHUDWH��!�������P'��WR�KLJK�SHUPHDELOLW\
�!���� P'�� WKDW� VKRZV� ZHOO�VRUWHG�� ILQH�JUDLQHG� VDQG-

)LJXUH���� &RUH�IDFLHV�7\SH�RI�WKH�0LGGOH�0LRFHQH�GHOWDLF�VDQGVWRQHV��PRGLILHG�IURP�%XWWHUZRUWK�HW�DO���������/DPELDVH�HW�
DO���������DQG�5LDGL�HW�DO����������DORQJ�ZLWK�WKHLU�4)/�JURXSLQJ�LQ�WKH�WHUQDU\�GLDJUDP�

)LJXUH���� &RUH�IDFLHV�7\SH�RI�WKH�0LGGOH�0LRFHQH�GHOWDLF�VDQGVWRQHV��PRGLILHG�IURP�%XWWHUZRUWK�HW�DO���������/DPELDVH�HW�
DO���������DQG�5LDGL�HW�DO����������DORQJ�ZLWK�WKHLU�4)/�JURXSLQJ�LQ�WKH�WHUQDU\�GLDJUDP�
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VWRQH�� � %RWK� JURXS� �L�� DQG� �LL�� DUH� PDLQO\� ZHOO�VRUWHG
VDQGVWRQHV��66:6��ZLWK�PLQRU�H[FHSWLRQ�IURP�PHGLXP�
JUDLQHG��SRRUO\�VRUWHG�VDQGVWRQHV��6636��WKDW�KDYH�QHJ-
OLJLEOH� FOD\�PDWUL[�� EXW� VOLJKWO\� KLJK� FHPHQWV� �!�����
DQG�IURP�ILQH��WR�PHGLXP�JUDLQHG��SRRUO\�VRUWHG�PXGG\
VDQGVWRQH��0636��WKDW�FRQWDLQV�ORZ�FOD\�PDWUL[��QRQH�WR
������DQG�ORZ�FHPHQWV�������� �7KH�ODVW�JURXS� �LLL�� LV
ORZ�WR�PRGHUDWH�SRURVLW\��XS�WR������ZLWK�ORZ�SHUPHD-
ELOLW\� ����� P'�� SRRUO\� VRUWHG� VDQGVWRQH� �6636��� DQG
SRRUO\� VRUWHG� PXGG\� VDQGVWRQH� �0636�� ZLWK� OLWWOH
DQRPDO\� IURP�ZHOO�VRUWHG�VDQGVWRQH��66:6��DQG�ZHOO�
VRUWHG�PXGG\�VDQGVWRQH��06:6���ZKHUH�DOO�FRQWDLQLQJ

KLJK�FOD\�PDWUL[� RI� !���� �� XS� WR� ����� � ,PSRUWDQW� WR
QRWH�WKH�FRUH�SRURVLW\�DQG�SHUPHDELOLW\�GDWD�#DPELHQW
FRQGLWLRQ� LV� VHOHFWHG� WR� UHSUHVHQW� PRUH� VDPSOHV� �WKDQ
#RYHUEXUGHQ� FRQGLWLRQ�� VLQFH� WKH� GLIIHUHQFH� RI� ERWK
FRQGLWLRQV�DUH�FRQVLGHUDEO\�VPDOO�����WR����

$OLJQLQJ� WKH�17*�EDVHG� �6DOOHU� HW�DO��������� DQG�VRUW-
LQJ�EDVHG� �WKLV� VWXG\�� ������ RI� WKH� GHHS�ZDWHU¶V� OLWKR�
IDFLHV�JURXSLQJ��FRQFOXGH�WKDW�KLJK�17*�UDWLR�LV�FORVHO\
UHODWHG�WR�ZHOO�VRUWHG�VDQGVWRQH�OLWKR�IDFLHV��ZKLOH�ORZHU
17*�UDWLR� LV� DVVRFLDWHG� ZLWK� SRRUO\�VRUWHG� VDQGVWRQH
OLWKR�IDFLHV�

)LJXUH���� &RUH�IDFLHV�7\SH�RI�WKH�0LGGOH�0LRFHQH�GHOWDLF�VDQGVWRQHV��PRGLILHG�IURP�%XWWHUZRUWK�HW�DO���������/DPELDVH�HW�
DO���������DQG�5LDGL�HW�DO����������DORQJ�ZLWK�WKHLU�4)/�JURXSLQJ�LQ�WKH�WHUQDU\�GLDJUDP�

)LJXUH����$�FURVV�SORW�RI�FRUH�SRURVLW\�YV��FRUH�SHUPHDELOLW\�LQ�UHODWLRQ�WR�WKH�VDQGVWRQH¶V�OLWKR�W\SHV�LQ�WKH�0LGGOH�0LRFHQH�
VHFWLRQ�

)LJXUH�����$�FURVV�SORW�RI�FRUH�SRURVLW\�YV��FRUH�SHUPHDELOLW\�LQ�UHODWLRQ�WR�WKH�VDQGVWRQH¶V�OLWKR�W\SHV�LQ�WKH�0LGGOH�0LRFHQH�
VHFWLRQ�

)LJXUH�����$�FURVV�SORW�RI�FRUH�SRURVLW\�YV��FRUH�SHUPHDELOLW\�LQ�UHODWLRQ�WR�WKH�VDQGVWRQH¶V�OLWKR�W\SHV�LQ�WKH�0LGGOH�0LRFHQH�
VHFWLRQ�

)LJXUH���� &RUH�IDFLHV�7\SH�RI�WKH�0LGGOH�0LRFHQH�GHOWDLF�VDQGVWRQHV��PRGLILHG�IURP�%XWWHUZRUWK�HW�DO���������/DPELDVH�HW�
DO���������DQG�5LDGL�HW�DO����������DORQJ�ZLWK�WKHLU�4)/�JURXSLQJ�LQ�WKH�WHUQDU\�GLDJUDP�

)LJXUH����$�FURVV�SORW�RI�FRUH�SRURVLW\�YV��FRUH�SHUPHDELOLW\�LQ�UHODWLRQ�WR�WKH�VDQGVWRQH¶V�OLWKR�W\SHV�LQ�WKH�0LGGOH�0LRFHQH�
VHFWLRQ�

)LJXUH����� $�FURVV�SORW�RI�FRUH�SRURVLW\�YV��FRUH�SHUPHDELOLW\�LQ�UHODWLRQ�WR�WKH�VDQGVWRQH¶V�OLWKR�W\SHV�LQ�WKH�0LGGOH�0LRFHQH�
VHFWLRQ�

�

)LJXUH����� &RUH�IDFLHV�7\SH�RI�WKH�/DWH�0LRFHQH�GHHS�ZDWHU�VDQGVWRQHV��PRGLILHG�IURP�6DOOHU�HW�DO���������ZLWK�WKH�WHUQDU\�
GLDJUDP�VKRZLQJ�WKH�4)/�JURXSLQJ�RI�WKH�/DWH�0LRFHQH�LQWHUYDO�

�
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7KH�RYHUDOO�VDPSOHV� LQ�WKH�/DWH�0LRFHQH�VWUDWDV
KDYH� QHJOLJLEOH� DUNRVLF� FRQWHQW� DQG� SUHGRPL-
QDQWO\�OLWKDUHQLWLF�DV�VHHQ�RQ�WKH�ULJKW�KDQG�VLGH
RI� WKH� WHUQDU\�GLDJUDP�� �2SSRVLWH� WR� WKH�0LGGOH
0LRFHQH¶V�4)/�WUHQG��WKH�/DWH�0LRFHQH¶V�VKRZV
LQFUHPHQWDO�OLWKLF�EXW�UHGXFWLRQ�LQ�TXDUW]�FRQWHQWV
WRZDUG� WKH� \RXQJHU� VWUDWD� IURP�0��0��� �D�� WR
0��0����G��VWUDWD��)LJXUH����

3UHGLFWLQJ�WKH�5HVHUYRLU�4XDOLW\

5HODWLRQDO�WUHQGV�RI�WKH�FRUH�EDVHG�SRURVLW\�ZLWK
PD[LPXP�EXULDO�GHSWK�DQG�WKHLU�DVVRFLDWHG�OLWKR
IDFLHV�DUH�LOOXVWUDWHG�LQ�WKH�)LJXUH����� �7KH� URFN
VDPSOHV� DUH� IURP� FRQYHQWLRQDO� FRUH� GDWD� LQ� WKH
ZHOOERUHV�ORFDWHG�RQVKRUH�DQG�RIIVKRUH�ZKHUH�WKH
FLUFOHV�DUH�WKH�/DWH�0LRFHQH¶V�GHHS�ZDWHU�IDFLHV�
DQG�WKH�VTXDUHV�DUH�WKH�0LGGOH�0LRFHQH¶V�GHOWDLF
IDFLHV� GDWD� SRLQW�� � 7KUHH� SHUPHDELOLW\� FXW�RII
WUHQGV�DUH�SORWWHG�WR�FODVVLI\�WKH�TXDOLW\�RI�UHVHU-
YRLUV�� ZKLFK� KDYH� EHHQ� GLYLGHG� LQWR� QRQH�SRRU
����� P'��� PRGHUDWH�JRRG� �������� P'��� DQG
H[FHOOHQW��!�����P'��UHVHUYRLU�TXDOLW\�� �$V�GLV-
FXVVHG� HDUOLHU�� WKH� 0LGGOH� 0LRFHQH¶V� GHOWDLF
)/8B6;��'&B6;��DQG�'&B60�OLWKR�IDFLHV�UHS-
UHVHQW� WKH� H[FHOOHQW� UHVHUYRLU� TXDOLW\�� ZKLOH� WKH
')B6&� OLWKR� IDFLHV� GRPLQDWHV� WKH� QRQH�SRRU
RQHV���7KH�H[FHOOHQW�UHVHUYRLU�TXDOLW\�RI�WKH�/DWH

�

)LJXUH����� $�FURVV�SORW�RI�FRUH�EDVHG�KHOLXP�SRURVLW\�����YHUVXV�WKH�PD[LPXP�EXULDO�GHSWK��LQ�IHHW���ZKLFK�LV�EHORZ�PXGOLQH�
�EPO��IRU�WKH�RIIVKRUH�ZHOOERUHV���7KH�FLUFOHV�DUH�WKH�/DWH�0LRFHQH��ZKLOH�WKH�VTXDUH�RQHV�DUH�WKH�0LGGOH�
0LRFHQH¶V�URFN�VDPSOHV�GDWD�SRLQW�

)LJXUH����� $�FURVV�SORW�RI�FRUH�EDVHG�KHOLXP�SRURVLW\�����YHUVXV�WKH�
PD[LPXP�EXULDO�GHSWK��LQ�IHHW���ZKLFK�LV�EHORZ�PXGOLQH��EPO��
IRU�WKH�RIIVKRUH�ZHOOERUHV���7KH�FLUFOHV�DUH�WKH�/DWH�0LRFHQH��
ZKLOH�WKH�VTXDUH�RQHV�DUH�WKH�0LGGOH�0LRFHQH¶V�URFN�VDPSOHV�
GDWD�SRLQW�
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0LRFHQH¶V� GHHS�ZDWHU� UHVHUYRLU� KDV� EHHQ� GRPLQDWHG� E\
WKH�66:6�OLWKRIDFLHV��ZKLOH�WKH�QRQH�SRRU�RQHV�DUH�SRU-
WUD\HG�E\�WKH�6636�DQG�0636�OLWKR�IDFLHV�

7KH�FURVV�SORW�RI�WKH�FRUH�EDVHG�SRURVLW\�YHUVXV�GHSWK�LQ
)LJXUH� ��� VKRZV� D� JHQHUDO� WUHQG� RI� GHFUHDVLQJ� SRURVLW\
ZLWK�LQFUHDVLQJ�RI�GHSWK���2QH�WKLQJ�WKDW�VWDQGV�RXW�PRVW
ZKHQ�WKH�GHFUHDVH�RI�FRUH�EDVHG�SHUPHDELOLW\¶V�WUHQG�OLQH
ZLWK�GHSWK�LV�QRW�DV�PXFK�DV�WKH�RWKHU�WZR�SHUPHDELOLW\
WUHQG� OLQHV�� � ,W� LV� FOHDUO\� VHHQ� WKDW� WKH� UHVHUYRLU¶V� OLWKR
IDFLHV� RI� FOHDQ� �ORZ� FOD\� PDWUL[� DQG� FHPHQWV��� ILQH� WR
PHGLXP�JUDLQ�VL]H��DQG�ZHOO�VRUWLQJ�LV�DEOH�WR�PDLQWDLQ�LWV
TXDOLW\�DJDLQVW�WKH�GHSWK�RI�EXULDO�

&RPSUHKHQVLYH�VHLVPLF�DQG�ZHOO�EDVHG�*'(�PDSSLQJ�LV
FRQVLGHUDEO\�YHU\�LPSRUWDQW�WR�DVVHVV�DQG�ORFDWH�WKH�OLWKR
IDFLHV� YDULDWLRQ� HVSHFLDOO\� WKH� RQHV� DVVRFLDWHG� ZLWK� WKH
KLJK�HQHUJ\�GHSRVLWLRQ���([WUDFWLQJ�WKH�OLWKR�IDFLHV�LQIRU-
PDWLRQ�IURP�WKH�*'(�PDS�ZRXOG�EH�DEOH�WR�SUHGLFW� WKH
SRURVLW\� DQG� SHUPHDELOLW\� RI� WKH� XQSHQHWUDWHG� 0LGGOH
0LRFHQH¶V�GHHS�ZDWHU�UHVHUYRLUV���

&21&/86,216
7KH� 0LGGOH� WR� /DWH� 0LRFHQH� �0��� WR� 0��� PDUNHUV�
URFN� VDPSOHV� UHYHDO� D� VWURQJ� FRUUHODWLRQ� EHWZHHQ� WKH
KLJK�TXDUW]�DQG�ORZ�IHOGVSDU�OLWKLFV�WUHQG�ZLWK�WKH�KLJK
SHDNV� RI� VHGLPHQWDWLRQ�UDWH� SDFNDJH�� ZKLFK� LV� PXFK
KLJKHU� WKDQ� DQ\� SHDNV�ZLWKLQ� WKH�/DWH�0LRFHQH� WR� WKH
PRGHUQ�GD\�0DKDNDP���7KH�SURWR�0DKDNDP�5LYHU�KDV
EHHQ�ZLGHO\�FRQVLGHUHG�DV�WKH�1HRJHQH¶V�GUDLQDJH�V\V-
WHPV� WKDW� GHOLYHUHG� PRVW� RI� WKH� VHGLPHQWV� WRZDUG� WKH
.XWHL�DQG�1RUWK�0DNDVVDU�EDVLQV���7KLFNHU�LVRSDFK�SUR-
YLGHG�SDOHR�GUDLQDJH�V\VWHPV�RI�HLWKHU�LQFLVHG�YDOOH\�ILOO
DQG���RU�VHGLPHQWDU\�SRGV�LQ�WKH�GHOWDLF�WR�PDULQH�VKHOI
VHWWLQJV��DQG�OHG�WKH�SRWHQWLDO�KLJK�HQHUJ\�GHSRVLWLRQ�RI
FODVWLF�UHVHUYRLUV� IXUWKHU� LQWR� WKH� GHHS�ZDWHU� VORSH� DQG
EDVLQ�IORRU�VHWWLQJV���

&RQWUDULO\� WR� WKH�0��� WR�0��� LQWHUYDO�� ORZ�TXDUW]� EXW
KLJK�FRQWHQW�LQ�ULJLG�PDWHULDOV��IHOGVSDU�DQG�OLWKLFV��DUH
H[KLELWHG� LQ� WKH� URFN� VDPSOHV� IURP� WKH� RQVKRUH� ZHOO-
ERUHV�RI�WKH�ROGHU�0LGGOH�0LRFHQH��0��0����WR�(DUO\
0LRFHQH��0���DQG�ROGHU���DV�ZHOO�DV�WKH�XSSHUPRVW�SDUW
RI� /DWH� 0LRFHQH� �0��0����� � 7KH� 0��0��� LQ� WKH
VRXWKHUQ�GUDLQDJH�V\VWHP�LV�GRPLQDWHG�E\�OLWKLF�DUNRVH
WR� IHOGVSDWKLF� OLWKDUHQLWH��ZKLOH�WKH�URFN�VDPSOHV� LQ�WKH
QRUWKHUQ�GUDLQDJH�DUH�PDLQO\�VXEOLWKDUHQLWH�WR�OLWKDUHQLWH
FRPSRVLWLRQ�

7KH�0LGGOH�0LRFHQH�)/8B6;�GHOWDLF� OLWKR� IDFLHV� WKDW
FRPPRQO\� KDV� XSZDUGV� ILQLQJ� �EHOO�VKDSHG�� WR� EORFN\
*5�ORJ�LV�LGHQWLILHG�WKH�EHVW�UHVHUYRLU�TXDOLW\�DPRQJ�WKH
URFN�VDPSOHV� IURP�WKH�RQVKRUH�ZHOOERUHV�� �7KH�0LGGOH
0LRFHQH� ')B6&�� '&B6;�� '&B6%�� DQG� HYHQ� WKH

)/8B6;�GHOWDLF�OLWKR�IDFLHV�DUH�REVHUYHG�SRRUHU�LQ�UHV-
HUYRLU�TXDOLW\�GXH� WR�KXJH�YDULDWLRQ� LQ� ILQHU�JUDLQ� VL]H�
GHSWK� RI� EXULDO�� DV� ZHOO� DV� WKH� FDUERQDWH� FHPHQWDWLRQ�
7KH� XSZDUGV� FRDUVHQLQJ� �IXQQHO�VKDSHG�� *5� ORJ� RI
')B6&�OLWKR�IDFLHV�LV�FRPPRQO\�IRXQG�WKH�ZRUVW�LQ�UHV-
HUYRLU�TXDOLW\�

,Q�WKH�DEVHQFH�RI�GHHS�ZDWHU�IDFLHV�URFN�VDPSOHV��HVSH-
FLDOO\�WKH�FRQYHQWLRQDO�FRUH�GDWD�IURP�WKH�0LGGOH�0LR-
FHQH� DJH�� WKLV� VWXG\� KDV� FODVVLILHG� WKH� /DWH�0LRFHQH¶V
GHHS�ZDWHU�OLWKR�IDFLHV�LQWR�JURXSV�DQG�IRXQG�WKH�DOLJQ-
PHQW� EHWZHHQ�17*�EDVHG�ZLWK� WKH� VRUWLQJ�EDVHG� OLWKR
IDFLHV���,W�VXPPDUL]HV�WKDW�WKH�EHVW�GHHS�ZDWHU�VDQGVWRQH
UHVHUYRLU� KDV� KLJK�17*� UDWLR� DQG� JRRG� VRUWLQJ�� ZKLOH
RSSRVLWHO\�WKH� ORZHU�17*�UDWLR�DQG�SRRUO\�VRUWHG�RQHV
UHSUHVHQW�WKH�ZRUVW�UHVHUYRLU�TXDOLW\���7KH�/DWH�0LRFHQH
URFN� VDPSOHV� UHYHDO� QHJOLJLEOH� DUNRVLF� ZLWK� SUHGRPL-
QDQWO\�OLWKDUHQLWLF�FRQWHQWV��DQG�H[KLELWV�WKH�LQFUHDVH�LQ
OLWKLF� EXW� UHGXFWLRQ� LQ� WKH� TXDUW]� FRQWHQWV� WRZDUG� WKH
\RXQJHU�VWUDWD�IURP�0��0����D��WR�0��0����G��VWUDWD�

7KH� OLWKR� IDFLHV� RI� ILQH�WR� PHGLXP�JUDLQHG�� DQG� ZHOO�
VRUWHG�VDQGVWRQH�UHVHUYRLUV�WKDW�FRQWDLQ�QHJOLJLEOH�WR�ORZ
FOD\�PDWUL[� DQG� FHPHQWV� ZRXOG� EH� DEOH� WR� SUHVHUYH� LWV
TXDOLW\�DJDLQVW�WKH�EXULDO�GHSWK�� �7KH�FURVV�SORW�H[KLELWV
WKH� GHFUHDVH� RI� WKH� H[FHOOHQW� SHUPHDELOLW\¶V� WUHQG� OLQH
ZLWK�GHSWK�LV�QRW�DV�DJJUHVVLYH�DV�WKH�RWKHU�WZR�SHUPHD-
ELOLW\�WUHQG�OLQHV���7KH�*'(�PDSSLQJ�LV�YHU\�HVVHQWLDO�WR
DIIRUG�WKH�LPSRUWDQW�LQIRUPDWLRQ�RI�WKH�OLWKR�IDFLHV�WKDW�JR
DORQJ� ZLWK� WKH� KLJK�HQHUJ\� GHSRVLWLRQ�� ZKLFK� PD\� EH
DEOH�WR�SURYLGH�WKH�H[FHOOHQW�UHVHUYRLU�TXDOLW\���

$&.12:/('*(0(176
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�)DFXOW\�RI�*HRORJLFDO
(QJLQHHULQJ�RI�WKH�8QLYHUVLW\�RI�3DGMDGMDUDQ��8QSDG���DV
ZHOO�DV� WKH�&HQWUH�RI�'DWD�DQG� ,QIRUPDWLRQ�7HFKQRORJ\
�3XVGDWLQ��� ZKLFK� LV� XQGHU� WKH�0LQLVWU\� RI� (QHUJ\� DQG
0LQHUDO�5HVRXUFHV��(6'0��RI�,QGRQHVLD��7KH�VXSSRUWLQJ
GDWD�IURP��DQG�WKH�WHFKQLFDO�FRQVXOWDWLRQ�ZLWK�WKH�([SOR-
UDWLRQ�1HZ�9HQWXUHV�7HDP�DW�8SVWUHDP�6XEKROGLQJ�3HU-
WDPLQD�+XOX�(QHUJL��3+(�6+8���3HUWDPLQD�+XOX�6DQJD
6DQJD� �3+66��� 3HUWDPLQD� +XOX� .DOLPDQWDQ� 7LPXU
�3+.7��� DQG� 3HUWDPLQD� +XOX� 0DKDNDP� �3+0�� KDYH
EHHQ�UHDOO\�FRQVWUXFWLYH��:LWKRXW�DOO�RI�WKHVH�FRQWLQXLQJ
VXSSRUWV��WKLV�VWXG\�ZRXOG�KDYH�QRW�EHHQ�FRPSOHWHG���2XU
JUDWLWXGH�LV�DOVR�FRQYH\HG�WR�HYHU\�SDUWLHV�ZKRVH�FRQWUL-
EXWLRQ�ZHUH� VLJQLILFDQW� LQ� WKLV� VWXG\�� ZKLFK� LV� .XQWDGL
1XJUDKDQWR¶V� WKHVLV� DW� WKH�PDJLVWHU� SURJUDP�RI�8QSDG�
7KLV�VWXG\�LV�WKH�DXWKRUV
�SHUVRQDO�YLHZ�KHQFH�GR�QRW�UHS-
UHVHQW�DOO�WKH�DERYH�PHQWLRQHG�RUJDQL]DWLRQV�

5()(5(1&(6
$GYRNDDW�� (�/��� 0DUVKDOO�� 1�7��� /L�� 6��� 6SDNPDQ�� :��

.ULMJVPDQ��:���DQG�YDQ�+LQVEHUJHQ��'�-�-��������
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&HQR]RLF� 5RWDWLRQ� +LVWRU\� RI� %RUQHR� DQG
6XQGDODQG��6(�$VLD�5HYHDOHG�E\�3DOHRPDJQHWLVP�
6HLVPLF� 7RPRJUDSK\�� DQG� .LQHPDWLF
5HFRQVWUXFWLRQ��7HFWRQLFV�-XO\�������S������

%DU\DWL�� )��'��� 6HWLDZDQ��7���0HLODQ\��<���$VVDODP��$��
������ 7KH� 3URJUHVVLYH� ,OOLWL]DWLRQ� 3URFHVV�
'LDJHQHWLF�0HFKDQLVP�DQG�,WV�(IIHFW�RQ�5HVHUYRLU
4XDOLW\� %DVHG� 2Q� 6(0�� %XULDO� +LVWRU\�� DQG
6LPXOWDQHRXV�0XOWL�:HOO�$QDO\VLV��$�&DVH�6WXG\
LQ� 7KH� 6DQJD�6DQJD� %ORFN�� .XWDL� %DVLQ�� (DVW
.DOLPDQWDQ�� �3URFHHGLQJV� ,QGRQHVLDQ� 3HWUROHXP
$VVRFLDWLRQ� ��UG� $QQXDO� &RQYHQWLRQ� DQG
([KLELWLRQ��2FWREHU������

%XWWHUZRUWK��3�-���&RRN��3���'HZDQWR��+���'UXPPRQG��'��
.LHVRZ�� 8��� � 0F0DKRQ�� ,�7��� 5LSSOH�� 5�$��
6HWRSXWUL�� $��� DQG� 6LGL�� )�+��� ������ 5HVHUYRLU
$UFKLWHFWXUH� RI� DQ� ,QFLVHG� 9DOOH\�ILOO� IURP� 7KH
1LODP�)LHOG��.XWDL�%DVLQ��,QGRQHVLD��3URFHHGLQJV
,QGRQHVLDQ� 3HWUROHXP� $VVRFLDWLRQ� ��WK� $QQXDO
&RQYHQWLRQ�DQG�([KLELWLRQ��2FWREHU������

�ŽƌĞůĂď͕�ϮϬϬϯ͘�<ƵƚĞŝ��ĂƐŝŶ�ZĞŐŝŽŶĂů��ǀĂůƵĂƚŝŽŶ͕��ŚĂƉƚĞƌ
ϲ͗� ZĞƐĞƌǀŽŝƌ� YƵĂůŝƚǇ͕� ^ĞĐƚŝŽŶ� ϲ͘ϯ͗� WĞƚƌŽŐƌĂƉŚŝĐ
�ŶĂůǇƐŝƐ�ŽĨ��ŝĂŐĞŶĞƚŝĐ��ĨĨĞĐƚƐ͘� /ŶƚĞƌŶĂů�ZĞƉŽƌƚ�ŽĨ
hŶŽĐĂů�/ŶĚŽŶĞƐŝĂ͕�ƵŶƉƵďůŝƐŚĞĚ͘

'XYDO��%�&���GH�-DQYU\��*��&���/RLUHW��%����������2IIVKRUH
7HFKQRORJ\� &RQIHUHQFH�� ���� 0D\�� +RXVWRQ�
7H[DV�

*KD]QDYL�� $�� $��� 4XDVLP�� 0�� $��� $KPDG�� $�� +�� 0��
*KRVK�� 6�� .��� ������ � *UDQXORPHWULF� DQG� IDFLHV
DQDO\VLV� RI� 0LGGOH�8SSHU� -XUDVVLF� URFNV� RI� /HU
'RPH�� .DFKFKK�� ZHVWHUQ� ,QGLD�� DQ� DWWHPSW� WR
UHFRQVWUXFW� WKH� GHSRVLWLRQDO� HQYLURQPHQW�
*HRORJRV���������������������

+DOO��5��DQG�6HYDVWMDQRYD�� ,���������$XVWUDOLDQ�&UXVW� LQ
,QGRQHVLD��$XVWUDOLDQ� -RXUQDO� RI�(DUWK� 6FLHQFHV�
�������������

+DOO��5��� ������7KH�3DODHRJHRJUDSK\� RI� 6XQGDODQG� DQG
:DOODFHD� 6LQFH� WKH� /DWH� -XUDVVLF�� -�� /LPQRO��
���V���� ��� *HRORJLFDO� +LVWRU\�� '2,�� ��������
MOLPQRO������V��H�

+HLQV��:��$���.DLUR��6����������3UHGLFWLQJ�VDQG�FKDUDFWHU
ZLWK� LQWHJUDWHG� JHQHWLF� DQDO\VLV�� � *HRORJLFDO
6RFLHW\� RI� $PHULFD� 6SHFLDO� 3DSHUV� ������ ����
��������� '2,����������������������
GRZQORDGHG� IURP� VSHFLDOSDSHUV�JVDSXEV�RUJ� RQ
-XQH����������

/DPELDVH��-��-���5LDGL��5��6���1LUVDO��1���+XVHLQ��6��������
7UDQVJUHVVLYH� VXFFHVVLRQV�RI� WKH�0DKDNDP�'HOWD
3URYLQFH�� ,QGRQHVLD�� � )URP�� +DPSVRQ�� *�� -��
5H\QROGV��$��'���.RVWLF��%��	�:HOOV��0��5���HGV�
������ 6HGLPHQWRORJ\� RI� 3DUDOLF� 5HVHUYRLUV�
5HFHQW� $GYDQFHV�� *HRORJLFDO� 6RFLHW\�� /RQGRQ�
6SHFLDO�3XEOLFDWLRQV�����������±����

0F&OD\�� .��� 'RROH\�� 7��� )HUJXVRQ�� $��� DQG� 3REOHW�� -��
������ 7HFWRQLF� (YROXWLRQ� RI� WKH� 6DQJD� 6DQJD

%ORFN�� 0DKDNDP� 'HOWD�� .DOLPDQWDQ�� ,QGRQHVLD�
7KH� $PHULFDQ� $VVRFLDWLRQ� RI� 3HWUROHXP
*HRORJLVWV��$$3*��%XOOHWLQ�����������������

0HWFDOIH��,���������7HFWRQLF�)UDPHZRUN�DQG�3KDQHUR]RLF
(YROXWLRQ�RI�6XQGDODQG��*RQGZDQD�5HVHDUFK�����
�����

0HWFDOIH�� ,��� ������ *RQGZDQD� 'LVSHUVLRQ� DQG� $VLDQ
$FFUHWLRQ�� 7HFWRQLF� DQG� 3DODHJHRJUDSKLF
(YROXWLRQ� RI� (DVWHUQ� 7HWK\V�� � -RXUQDO� RI� $VLDQ
(DUWK�6FLHQFHV�����������

0RUOH\�� -�0��� 0RUOH\�� +�3��� DQG� 6ZLHFLFNL�� 7��� �����
0LR�3OLRFHQH� 3DODHRJHRJUDSK\�� 8SODQGV� DQG
5LYHU� 6\VWHPV� RI� WKH� 6XQGD� 5HJLRQ� %DVHG� 2Q
0DSSLQJ�:LWKLQ� $� )UDPHZRUN� RI� 9,0� 'HSRVL�
WLRQDO�&\FOHV��3URFHHGLQJV��,QGRQHVLDQ�3HWUROHXP
$VVRFLDWLRQ� ��WK� $QQXDO� &RQYHQWLRQ� DQG
([KLELWLRQ��0D\������

0RVV��6�-���&KDPEHUV��-���&ORNH��,���6DWULD��'���$OL�� -�5��
%DNHU�� 6��� 0LOVRP�� -��� DQG� &DUWHU��� ������ 1HZ
2EVHUYDWLRQ� RQ� WKH� VHGLPHQWDU\� DQG� WHFWRQLF
HYROXWLRQ� RI� WKH� 7HUWLDU\� .XWDL� %DVLQ�� (DVW
.DOLPDQWDQ���LQ�)UDVHU��$��-���0DWWKHZV��6��-���DQG
0XUSK\�� 5�� :�� �(GV���� 3HWUROHXP� *HRORJ\� RI
6RXWKHDVW� $VLD�� *HRORJLFDO� 6RFLHW\� 6SHFLDO
3XEOLFDWLRQ���������������

1XJUDKDQWR�� .��� 6\DIUL�� ,��� 0XOMDQD�� %��� �����
'HSRVLWLRQDO� (QYLURQPHQW� RI� 'HHS�:DWHU� )DQ
)DFLHV�� $� &DVH� 6WXG\� RI� WKH� 0LGGOH� 0LRFHQH
,QWHUYDO�DW� WKH�.XWHL�DQG�1RUWK�0DNDVVDU�%DVLQV�
-RXUQDO�RI�*HRORJ\�DQG�0LQHUDO�5HVRXUFHV��9RO�
����1R����)HEUXDUL������KDO�������

5LDGL��5��6���3HUPDQD��5��&���6HWRSXWUL��$���$QGDU\DQL��6��
�������)UHVK�2XWORRN�RI�5HVHUYRLU�8QGHUVWDQGLQJ
DQG�,PSOLFDWLRQ�IRU�)XUWKHU�'HYHORSPHQW�6WUDWHJ\
RI�0DWXUH�)LHOGV��&DVH�6WXG\�IURP�6HPEHUDK�DQG
0XWLDUD� )LHOGV�� .XWHL� %DVLQ�� ,QGRQHVLD�
3URFHHGLQJV�� ,QGRQHVLDQ� 3HWUROHXP� $VVRFLDWLRQ
��QG� $QQXDO� &RQYHQWLRQ� DQG� ([KLELWLRQ�� 0D\
�����

6DOOHU�� $�+��� DQG� 9LMD\D�� 6��� ������ 'HSRVLWLRQDO� DQG
'LDJHQHWLF� +LVWRU\� RI� WKH� .HUHQGDQ� &DUERQDWH
3ODWIRUP�� 2OLJRFHQH�� &HQWUDO� .DOLPDQWDQ�
,QGRQHVLD��-RXUQDO� RI�3HWUROHXP�*HRORJ\�� ������
��������

6DOOHU�� $��� :HUQHU�� .��� 6XJLDPDQ�� )��� &HEDVWLDQW�� $��
0D\�� 5��� *OHQQ�� '��� DQG� %DUNHU�� &��� �����
&KDUDFWHULVWLFV� RI� 3OHLVWRFHQH� 'HHS�ZDWHU� )DQ
/REHV�DQG�7KHLU�$SSOLFDWLRQ�WR�DQ�8SSHU�0LRFHQH
5HVHUYRLU� 0RGHO�� 2IIVKRUH� (DVW� .DOLPDQWDQ�
,QGRQHVLD�� 7KH� $PHULFDQ� $VVRFLDWLRQ� RI
3HWUROHXP�*HRORJLVWV�%XOOHWLQ������������±����

6KDQPXJDP��*���������1HZ�3HUVSHFWLYHV�RQ�'HHS�ZDWHU
6DQGVWRQHV�� ,PSOLFDWLRQV�� 3HWURO�� ([SORU�
'HYHORS�������������±����



�������������������������������������������������������������������������������������������������������������������������������%XOOHWLQ�RI�WKH�0DULQH�*HRORJ\ ��
��������������������������������������������������������������������������������������������������������������������������������9RO������1R�����-XQH�����

6KDQPXJDP��*���������/LWKRIDFLHV�3DODHRJHRJUDSK\�DQG
6HGLPHQWRORJ\� �� 6XEPDULQH� )DQV�� $� &ULWLFDO
5HWURVSHFWLYH� ������������� -RXUQDO� RI
3DODHRJHRJUDSK\������������������������

6KDQPXJDP�� *��� ������ &RQWRXULWHV�� 3K\VLFDO
2FHDQRJUDSK\�� 3URFHVV� 6HGLPHQWRORJ\� DQG
3HWUROHXP� *HRORJ\�� 3HWUROHXP� ([SORUDWLRQ� DQG
'HYHORSPHQW���������±����

6KXDQJ�/L��6���<DQJ��;���6XQ��:����������7KH�/DPDQGDX
,2&*� GHSRVLW�� VRXWKZHVWHUQ� .DOLPDQWDQ� ,VODQG�
,QGRQHVLD�� (YLGHQFH� IRU� LWV� IRUPDWLRQ� IURP
JHRFKURQRORJ\�� PLQHUDORJ\�� DQG� SHWURJHQHVLV� RI
LJQHRXV� KRVW� URFNV�� � 2UH� *HRORJ\� 5HYLHZV� ��
�������������

6RHULD�$WPDGMD�� 5��� 1RHUDGL�� '��� 3ULDGL�� %��� �����
&HQR]RLF� PDJPDWLVP� LQ� .DOLPDQWDQ� DQG� LWV
UHODWHG� JHRG\QDPLF� HYROXWLRQ�� � -RXUQDO� RI� $VLDQ
(DUWK�6FLHQFHV������������������

6XSULDWQD��� 6��� 6XNDUGL�� DQG� 5XVWDQGL�� (��� �����
*HRORJLFDO�0DS� RI� 6DPDULQGD� 6KHHW�� ����������
*HRORJLFDO� 5HVHDUFK� DQG� 'HYHORSPHQW� &HQWHU�
%DQGXQJ��,QGRQHVLD�

7DQHDQ�� +��� ������ � 3HWURORJ\� DQG� 3URYHQDQFH� RI� WKH
0LRFHQH�6HGLPHQWV�LQ�WKH�.XWDL�%DVLQ��$SSHQGL[
����� 5HVHUYRLU� 6WXGLHV� ±� +RQGLUR� 7DQHDQ�� � )LOH�
5HSRUW� 1R�� *5��������� 0DS� 1R��� ��������
9LUJLQLD� ,QGRQHVLD� &RPSDQ\� �9,&2��
XQSXEOLVKHG�

7DQHDQ��+���3DWHUVRQ��'��:���(QGKDUWR��0���������6RXUFH
3URYHQDQFH� ,QWHUSUHWDWLRQ� RI� .XWHL� %DVLQ
6DQGVWRQHV�DQG�7KH�,PSOLFDWLRQV�IRU�7KH�7HFWRQR�
6WUDWLJUDSKLF� (YROXWLRQ� RI� .DOLPDQWDQ�
3URFHHGLQJV� ,QGRQHVLDQ� 3HWUROHXP� $VVRFLDWLRQ
��WK� 6LOYHU� $QQLYHUVDU\� &RQYHQWLRQ� DQG
([KLELWLRQ��2FWREHU������

:HUGD\D�� $��� $OH[DQGUD�� 0��� 1XJUDKDQWR�� .��� $QVKRUL�
5��� 3UDGLSWD�� $��� $UPLWDJH�� 3��� �����
&RPSUHKHQVLYH� (YDOXDWLRQ� RI� 5HVHUYRLU� 4XDOLW\
LQ�WKH�(DUO\�0LRFHQH��.XWHL�%DVLQ��2QVKRUH�(DVW
.DOLPDQWDQ�� �3URFHHGLQJV� ,QGRQHVLDQ� 3HWUROHXP
$VVRFLDWLRQ� ��VW� $QQXDO� &RQYHQWLRQ� DQG
([KLELWLRQ��0D\������

:LWWV�� '��� 'DYLHV�� /���0RUOH\�� 5��� ������ � 8SOLIW� RI� WKH
0HUDWXV� &RPSOH[�� 6HGLPHQWRORJ\�
%LRVWUDWLJUDSK\�� 3URYHQDQFH�� DQG� 6WUXFWXUH�
3URFHHGLQJV� ,QGRQHVLDQ� 3HWUROHXP� $VVRFLDWLRQ
��WK� $QQXDO� &RQYHQWLRQ� DQG� ([KLELWLRQ�� 0D\
�����

:LWWV�� '��� 'DYLHV�� /��� 0RUOH\�� -�0��� DQG� $QGHUVRQ�� /��
������1HRJHQH�'HIRUPDWLRQ�RI�(DVW�.DOLPDQWDQ�
$�5HJLRQDO� 3HUVSHFWLYH��3URFHHGLQJV� ,QGRQHVLDQ
3HWUROHXP� $VVRFLDWLRQ� ��WK� $QQXDO� &RQYHQWLRQ
DQG�([KLELWLRQ��0D\������



�� .XQWDGL�1XJUDKDQWR��HW�DO�



%XOOHWLQ�RI�WKH�0DULQH�*HRORJ\��9RO������1R�����-XQH�������SS�����WR���
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',675,%87,21�2)�68%685)$&(�6(',0(17$7,21�$6�$�
327(17,$/�0,1(5$/�3/$&(5�'(326,76�,1�6287+�%,17$1�
,6/$1'�:$7(56�

6(%$5$1�6(',0(17$6,�%$:$+�3(508.$$1�6(%$*$,�
327(16,�(1'$3$1�0,1(5$/�3/$&(5�',�3(5$,5$1�6(/$7$1�
38/$8�%,17$1

0XKDPPDG�=XOILNDU�����1D]DU�1XUGLQ���1RRU�&DK\R�'ZL�$UL\DQWR���,OGUHP�6\DIUL���%XGL�0XO\DQD���
$QGL�$JXV�1XU�

�4UVEZ�1SPHSBN�PG�.BTUFS�'BDVMUZ�PG�(FPMPHJDBM�&OHJOFFSJOH�1BEKBEKBSBO�6OJWFSTJUZ
��+M��3BZB�+BUJOBOHPS�,N�����#BOEVOH�*OEPOFTJB
�.BSJOF�(FPMPHJDBM�*OTUJUVUF�PG�*OEPOFTJB
��+M��%S��%KVOKVOBO�/P�����#BOEVOH�*OEPOFTJB
�'BDVMUZ�PG�(FPMPHJDBM�&OHJOFFSJOH�1BEKBEKBSBO�6OJWFSTJUZ
��+M��3BZB�+BUJOBOHPS�,N�����#BOEVOH�*OEPOFTJB

$PSSFTQPOEJOH�BVUIPS��NVIBNNBE�����!NBJM�VOQBE�BD�JE��NVIBNNBE�[VMGJLBS!FTEN�HP�JE

	3FDFJWFE����+VOF�������JO�SFWJTFE�GSPN����+VOF�������BDDFQUFE�����+VMZ�����


$%675$&7 �%LQWDQ�,VODQG�LV�RQH�RI�WKH�DUHDV�WUDYHUVHG�E\�WKH�6RXWKHDVW�$VLDQ�JUDQLWRLG�EHOW�ZKLFK�LV
NQRZQ�WR�KDYH�WKH�SRWHQWLDO�IRU�KHDY\�PLQHUDO�SODFHU�GHSRVLWV��'XH�WR�WKH�GZLQGOLQJ�SUHVHQFH�RI�KHDY\
PLQHUDO� SODFHU�GHSRVLWV� LQ� ODQG� DUHDV�� LW� LV� QHFHVVDU\� WR� H[SORUH� LQ�ZDWHU� DUHDV��'HOLQHDWLRQ�RI�GHSRVLWV
DFFRPPRGDWLRQ�RI�KHDY\�PLQHUDO�SODFHU�LQ�WKH�GHILQHG�DUHD�DUH�UHTXLUHV�VXEVXUIDFH�LPDJLQJ�LQYHVWLJDWLRQV�
7KH�PHWKRG�XVHG�LQ�WKLV�VXEVXUIDFH�PDSSLQJ�LV�D�VLQJOH�FKDQQHO�VHLVPLF�PHWKRG�ZLWK�D�WRWDO�RI�����OLQHV�IURP
QRUWKHDVW�VRXWKZHVW�DQG�ZHVW���HDVW�GLUHFWLRQV��7KH�UHVXOWV�RI�WKLV�VHLVPLF�UHFRUG�DUH�WKHQ�LQWHUSUHWHG�DV�WKH
ERXQGDULHV�RI�WKH�VHLVPLF�IDFLHV�XQLW�DQG�GLVWULEXWHG�XVLQJ�WKH�NULJLQJ�PHWKRG��)XUWKHUPRUH��WKH�WKLFNQHVV
FDOFXODWHV�E\�XVLQJ�WKH�DVVXPSWLRQ�YHORFLW\�RI������P�V�
%DVHG�RQ�WKH�IDFLHV�XQLW�ERXQGDULHV�WKDW�KDYH�EHHQ�LQWHUSUHWHG��WKH�TXDWHUQDU\�VHGLPHQWV�WKDW�IRUPHG�LQ�WKH
VWXG\�DUHD�DUH�GLYLGHG�LQWR���W\SHV�RI�XQLWV��QDPHO\��8QLW���ZKLFK�LV�HVWLPDWHG�WR�EH�IOXYLDO���WUDQVLWLRQDO
VHGLPHQW�� DQG�8QLW� ��ZKLFK� LV� HVWLPDWHG� WR� EH� WUDQVLWLRQDO� �� VKDOORZ�PDULQH� VHGLPHQW�� 7KHUH� LV� DOVR� D
GLIIHUHQFH�LQ�WKLFNQHVV�SDWWHUQV�LQ�WKHVH�WZR�XQLWV��ZKHUH�8QLW���VKRZV�D�SDWWHUQ�RI�VHGLPHQW�WKLFNHQLQJ�WKDW
UHVHPEOHV�D�SDOHRFKDQQHO�WUHQGLQJ�QRUWKHDVW���VRXWKZHVW��ZKLOH�8QLW���LV�UHODWLYHO\�XQLIRUP�
)URP�WKH�UHVXOWV�RI�WKLV�VWXG\��LW�FDQ�EH�VDLG�WKDW�WKH�DUHD�WKDW�KDV�SRWHQWLDO�RI�KHDY\�PLQHUDO�SODFHU�GHSRVLWV�LV
LQ�WKH�ZHVW�FHQWHU�RI�WKH�VRXWKHUQ�ZDWHUV�RI�%LQWDQ�,VODQG��:KHUH�WKH�SRWHQWLDO�IRU�KHDY\�PLQHUDO�SODFHU
GHSRVLWV�VKRXOG�EH�LQ�WKH�SDOHRFKDQQHO�GHSRVLWV�WKDW�DUH�SDUW�RI�8QLW���

.H\ZRUGV�� 4XDWHUQDU\� 6HGLPHQWV�� +HDY\� 0LQHUDO� 3ODFHU� 'HSRVLWV�� 5DUH� (DUWK� (OHPHQWV�� 6RXWKHUQ
:DWHUV�RI�%LQWDQ

$%675$. � 3XODX�%LQWDQ�PHUXSDNDQ�VDODK�VDWX�ZLOD\DK�\DQJ�GLODOXL�ROHK�MDOXU�JUDQLWRLG�$VLD�7HQJJDUD
\DQJ�GLNHQDO�PHPLOLNL�SRWHQVL�NHWHUGDSDWDQ�PLQHUDO�EHUDW�SODVHU��$NLEDW�NHEHUDGDDQ�PLQHUDO�EHUDW�SODVHU�GL
ZLOD\DK� GDUDWDQ� VHPDNLQ� PHQLSLV�� PDND� GLODNXNDQ� SHQFDULDQ� SRWHQVL� WHUVHEXW� GL� ZLOD\DK� SHUDLUDQ�
'HOLQHDVL�ZDGDK�PLQHUDO�EHUDW�SODVHU�SDGD�DUHD�LQL�PHPHUOXNDQ�SHQ\HOLGLNDQ�FLWUD�EDZDK�SHUPXNDDQ��
3HPHWDDQ� EDZDK� SHUPXNDDQ� LQL�PHQJJXQDNDQ�PHWRGH� VHLVPLN� VLQJOH� FKDQQHO� GHQJDQ� MXPODK� OLQWDVDQ
VHEDQ\DN�����OLQWDVDQ�GDUL�WLPXUODXW���EDUDWGD\D�GDQ�EDUDW���WLPXU��+DVLO�UHNDPDQ�VHLVPLN�LQL�NHPXGLDQ
GLLQWHUSUHWDVL�EDWDV�EDWDV�XQLW� IDVLHVQ\D�GDQ�GLVHEDU�GHQJDQ�PHQJJXQDNDQ�PHWRGH�NULJLQJ��6HODQMXWQ\D
GLKLWXQJ�NHWHEDODQQ\D�GHQJDQ�PHQJJXQDNDQ�DVXPVL�FHSDW�UDPEDW������P�V��
%HUGDVDUNDQ�EDWDV�XQLW�IDVLHV�\DQJ�WHODK�GLLQWHUSUHWDVL�VHGLPHQ�NXDUWHU�\DQJ�WHUEHQWXN�GL�GDHUDK�SHQHOLWLDQ
WHUEDJL�PHQMDGL���MHQLV�XQLW�\DLWX��8QLW���\DQJ�GLSHUNLUDNDQ��PHUXSDNDQ�VHGLPHQ�IOXYLDO���WUDQVLVL��GDQ�8QLW
�� \DQJ� GLSHUNLUDNDQ� VHEDJDL� VHGLPHQ� WUDQVLVL� �� ODXW� GDQJNDO�� 7HUOLKDW� SXOD� DGDQ\D� SHUEHGDDQ� SROD
NHWHEDODQ� VHGLPHQ� SDGD� NHGXD�8QLW� LQL�� GLPDQD�8QLW� �� PHQXQMXNNDQ� DGDQ\D� SROD� SHQHEDODQ� VHGLPHQ
PHQ\HUXSDL�SDOHRFKDQQHO�EHUDUDK�WLPXUODXW���EDUDWGD\D�VHGDQJNDQ�SDGD�8QLW���UHODWLI�WHUOLKDW�VHUDJDP�



�� 0XKDPPDG�=XOILNDU��HW�DO�

'DUL�KDVLO�SHQHOLWLDQ�LQL�GDSDW�GLVLPSXONDQ�EDKZD�GDHUDK�\DQJ�PHPLOLNL�SRWHQVL�HQGDSDQ�PLQHUDO�EHUDW
SODVHU�EHUDGD�GL�%DUDW�NH�WHQJDK�GDHUDK�SHUDLUDQ�VHODWDQ�3XODX�%LQWDQ��'LPDQD�SRWHQVL�HQGDSDQ�SHPEDZD
PLQHUDO�EHUDW�SODVHU�VHKDUXVQ\D�EHUDGD�SDGD�HQGDSDQ�SDOHRFKDQQHO�\DQJ�PHUXSDNDQ�EDJLDQ�GDUL�8QLW���

.DWD�.XQFL�� 6HGLPHQ�.XDUWHU��(QGDSDQ�0LQHUDO�%HUDW�3ODVHU��8QVXU�7DQDK�-DUDQJ��3HUDLUDQ�6HODWDQ
%LQWDQ

,1752'8&7,21
6RXWKHDVW�$VLD� LV�RQH�RI�WKH�DUHDV�WUDYHUVHG�E\� WKH

JUDQLWRLG�URXWH�WKDW�FDUULHV�HFRQRPLFDOO\�KHDY\�PLQHUDOV�
:KHUH� WKLV� JUDQLWRLG� OLQH� VWUHWFKHV� IRU� ����� NP� IURP
%XUPD� WR�:HVW�.DOLPDQWDQ�� QRW� SDVVLQJ� WKURXJK�%LQWDQ
,VODQG�DQG�WKH�VXUURXQGLQJ�ZDWHUV��&REELQJ���������$V�LW
LV� NQRZQ� WKDW� WKH� GLVWULEXWLRQ� RI� WKHVH� JUDQLWRLGV� LV� QRW
RQO\�RQ�ODQG��EXW�DOVR�VSUHDGV�WR�WKH�ZDWHUV��=XOILNDU�HW�DO��
������� 7KH� SUHVHQFH� RI� SODFHU�KHDY\� PLQHUDOV� RQ� ODQG
WKURXJK�ZKLFK�WKH�6RXWKHDVW�$VLDQ�JUDQLWRLG�URXWH�SDVVHV
LV�OLPLWHG��7KLV�IRUFHV�JHRORJLFDO�H[SORUHUV�WR�ORRN�IRU�QHZ
UHVHUYHV�LQ�WHUULWRULDO�ZDWHUV��7KH�PLQHUDO�SODFHU�GHSRVLWV
H[SORUDWLRQ�LV�LQWULQVLFDOO\�OLQNHG�ZLWK�WKH�PLQHUDO�GHSRVLW
DFFRPPRGDWLRQ�� :H� QHHG� WR� ILQG� WKLV� KHDY\� PLQHUDOV
SODFHU� GHSRVLW� DFFRPRGDWLRQ� WKDW� FRQWDLQ� IDLUO\� ODUJH
PLQHUDO�SODFHU�DFFXPXODWLRQ�

7KH� REMHFWLYHV� RI� WKLV� VWXG\� DUH� WR� LQYHVWLJDWH� WKH
SUHVHQFH� RI� DFFRPPRGDWLRQ� RI� KHDY\� PLQHUDO� DQG� UDUH
HDUWK� HOHPHQWV� GHSRVLWV� LQ� 6RXWK� %LQWDQ� ,VODQG�:DWHUV

EDVHG�RQ�VXEVXUIDFH�VHGLPHQWDU\�SDWWHUQ�E\�XVLQJ�VLQJOH�
FKDQQHO� VHLVPLF� GDWD� LQWHUSUHWDWLRQ�� 'DWD� DQDO\VLV� ZDV
SHUIRUPHG�E\�LGHQWLI\LQJ�UHIOHFWRU�FRQILJXUDWLRQ�SDWWHUQV
DQG� WKRVH� FRQWLQXLW\�� :KHUH� VHGLPHQW� XQLWV� WKDW� DUH
HVWLPDWHG�WR�KDYH�WKH�SRWHQWLDO�IRU�SODFHU�PLQHUDO�GHSRVLWV
DUH� JHQHUDOO\� VHGLPHQW� XQLWV� ORFDWHG� MXVW� DERYH� WKH
DFRXVWLF�EDVHPHQW��JUDQLWH""��RU�XQLW���ZLWK�D�SDOHRYDOOH\
RU�SDOHRFKDQQHO�VKDSH��7KHVH�FKDUDFWHUL]HV��SDOHRYDOOH\�
SDOHRFKDQQHO��VKRZHG�DOOXYLDO�GHSRVLWV�DQG�JHQHUDOO\�KDV
SRWHQWLDO�WR�FRQWDLQ�SODFHU�PLQHUDOV��$ULILQ��������5DKDUMR�
������

7KH�VWXG\�DUHD�LV�ORFDWHG� LQ�WKH� VRXWKHUQ�ZDWHUV�RI
%LQWDQ� ,VODQG�� SDUW� RI� (DVW� %LQWDQ� 'LVWULFW�� %LQWDQ
5HJHQF\��5LDX�,VODQGV�3URYLQFH��,W�OLHV�ZLWKLQ�WKH�ODWLWXGH
���������� P1� WR� ���������� P1� DQG� WKH� ORQJLWXGH
����������� P(� WR� ����������� P(� �)LJXUH� ���
*HRJUDSKLFDOO\�� LW� LV� SDUW� RI� QRUWKHUQ� KHPLVSKHUH�870
=RQH����1�

)LJXUH����6WXG\�DUHD
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*HRORJ\�RI�%LQWDQ�,VODQG�DQG�LWV�VXUURXQGLQJV
$FFRUGLQJ�WR�.XVQDPD��������%LQWDQ�,VODQG�DQG�LWV

VXUURXQGLQJV� DUH� SDUW� RI� WKH�5LDX�$UFKLSHODJR�ZKLFK� LV
JHQHUDOO\�FRPSRVHG�RI�LQWUXVLYH�LJQHRXV�URFNV�LQ�WKH�IRUP
RI�JUDQLWH�DQG�GLRULWH�RI�SUH�WHUWLDU\� �7ULDVVLF��DJH��7KLV
EUHDNWKURXJK�URFN� LV�WKH�ROGHVW�URFN�RQ�WKH�PDLQODQG�RI
%LQWDQ�,VODQG�ZLWK�HQRXJK�WR�GRPLQDWH�DERXW�����RI�WKH
WRWDO�ODQG�RQ�%LQWDQ�,VODQG��)LJXUH����

,Q�D�VPDOO�SDUW�LQ�WKH�VRXWKZHVW�SDUW�RI�%LQWDQ�,VODQG�

VHGLPHQWDU\�URFNV�RI�&UHWDFHRXV�DJH�ZHUH�IRXQG��QDPHO\
WKH�3DQFXU�)RUPDWLRQ�DQG�WKH�6HPDUXQJ�)RUPDWLRQ��7KH
3DQFXU�)RUPDWLRQ�LV�FRPSRVHG�RI�FOD\VWRQH�VKDOH�ZLWK�D
UHGGLVK�FRORU�ZLWK�D�SHQFLO�VWUXFWXUH��LQ�VRPH�SODFHV�WKHUH
DUH� LQVHUWV� RI� ZHOO�OD\HUHG� DQG� ZHOO�VHSDUDWHG� TXDUW]
VDQGVWRQH��7KLV�IRUPDWLRQ�LV�QRW�DOLJQHG�ZLWK�WKH�JUDQLWH
URFN�ZKLFK� LV� WKRXJKW� WR�EH� WKH�DFRXVWLF�EHGURFN� LQ� WKH
%LQWDQ�,VODQG�DUHD��0HDQZKLOH��WKH�6HPDUXQJ�)RUPDWLRQ
LV�FRPSRVHG�RI�PHGLXP�FRDUVH�JUDLQHG�DUFRVH�VDQGVWRQHV�
ZHOO�FRQVROLGDWHG�DQG�WKHUH�DUH�FOD\VWRQH�LQVHUWV�ZLWK�OLJKW
JUD\�FRORU�DQG�WKLQ�OD\HUV��7KH�6HPDUXQJ�)RUPDWLRQ�ZDV
GHSRVLWHG�LQ�D�WHUUHVWULDO�HQYLURQPHQW�XQWLO� WKH�WUDQVLWLRQ
ZKLFK�DOVR�RYHUODSV�ZLWK�WKH�3DQFXU�)RUPDWLRQ�

$ERYH�WKH�7ULDVVLF�DJHG�JUDQLWH��DQGHVLWH�URFNV�DUH
IRUPHG�ZLWK�WKH�FRPSRVLWLRQ�RI�SODJLRFODVH��KRUQEOHQGH�
DQG�ELRWLWH��7KLV�URFN�KDV�D�SRUSK\ULWLF�WH[WXUH�ZLWK�D�EDVH
PDVV�RI�PLFUR�FU\VWDOOLQH�IHOGVSDU�DQG�LV�JHQHUDOO\�IUHVK
URFN��7KLV� DQGHVLWH� URFN� LV� HVWLPDWHG� WR� EH� LQ� WKH�(DUO\
0LRFHQH�WR�/DWH�0LRFHQH�DJH��$ERYH�WKHVH�DQGHVLWH�URFNV

WKH� *RXQJRQ� )RUPDWLRQ� LV� GHSRVLWHG� ZKLFK� GRPLQDWHV
DOPRVW� DOO� SDUWV� RI� WKH� PDLQODQG� RI� %LQWDQ� ,VODQG�� 7KH
*RXQJRQ� )RUPDWLRQ� LV� FRPSRVHG� RI� ZKLWH� WXIIDFHRXV
VDQGVWRQH�� ILQH� WR� PHGLXP� JUDLQHG�� KDV� D� SDUDOOHO
ODPLQDWHG�VWUXFWXUH�� ,Q�DGGLWLRQ��WKHUH�DUH�DOVR� VLOWVWRQHV
DQG�GDFLWDQ�WXII�DQG�IHOGVSDWKLF�OLWKLF�WXII��VPRRWK��ZKLWH
LQ� FRORU� DQG� ORFDOO\� LQWHUVSHUVHG� ZLWK� WXIIDFHRXV
VDQGVWRQHV��7KLV� IRUPDWLRQ�ZDV� GHSRVLWHG� LQ�D� IOXYLDWLOH
HQYLURQPHQW� DQG� LV� 3OLRFHQH� �� 3OHLVWRFHQH� LQ� DJH��7KHQ

DERYH�WKH�*RXQJRQ�)RUPDWLRQ��DOOXYLXP�RI�+RORFHQH�DJH
ZDV�GHSRVLWHG�ZKLFK�ZDV�FRPSRVHG�RI�VDQG��\HOORZLVK�UHG
ZLWK� D� FRPSRVLWLRQ� RI� TXDUW]�� IHOGVSDU�� KRUQEOHQGH� DQG
ELRWLWH� ZKLFK� LV� D� UHPQDQW� RI� JUDQLWH� HURVLRQ�� 7KLV
DOOXYLXP�XQLW�LV�WKH�UHVXOW�RI�ULYHU�DQG�FRDVWDO�GHSRVLWV�WKDW
FRYHU� XQFRQIRUPDEO\� DERYH� WKH�*RXQJRQ�)RUPDWLRQ� RU
ROGHU� URFNV��$OO� URFN� IRUPDWLRQV� LQ� WKH� VWXG\� DUHD� DUH
VKRZQ�LQ�WKH�UHJLRQDO�VWUDWLJUDSKLF�WDEOH��)LJXUH����

4XDWHUQDU\� 6HGLPHQWV� RI� %LQWDQ� ,VODQG� DQG� LWV
VXUURXQGLQJV

$W� WKH� DJH� RI� WKH� TXDUWHU� DURXQG� ������� �� ������
\HDUV� DJR� GXULQJ� WKH� /DVW� *ODFLDO� 0D[LPXP� �/*0��
%LQWDQ� ,VODQG� ZDV� VWLOO� SDUW� RI� WKH� 6XQGD� 6KHOI� ZKLFK
VWUHWFKHG� IURP� &KLQD� WR� 0DGXUD� ,VODQG� DQG� (DVW
.DOLPDQWDQ��$W�WKDW�WLPH��WKH�ZDWHUV�RI�%LQWDQ�,VODQG�DQG
LWV� VXUURXQGLQJV� ZHUH� VWLOO� LQ� WKH� IRUP� RI� ODQG�� DURXQG
ZKLFK�PDQ\�DQFLHQW�ULYHU�SDWWHUQV�GHYHORSHG�WKDW�IORZHG
LQWR� WKH� 6RXWK� &KLQD� 6HD� �+DQHEXWK� HW� DO��� �����
0ROHQJUDDII� 	� :HEHU�� ������ 3XFKD"D� HW� DO��� �����

)LJXUH����*HRORJLFDO�URFN�IRUPDWLRQ��.XVQDPD��������DQG�VHLVPLF�OLQHV�PDS



�� 0XKDPPDG�=XOILNDU��HW�DO�

6DWKLDPXUWK\�	�5DKPDQ��������6ROLKXGGLQ��������9RULV�
������

3UH�TXDWHUQDU\� URFNV� WKDW� ORFDWHG� RQ�%LQWDQ� ,VODQG
DQG� LWV� VXUURXQGLQJV� DUH� GRPLQDWHG� E\� 7ULDVVLF�DJHG
JUDQLWH��7KLV�JUDQLWH�URFN�LV�WKRXJKW�WR�EH�D�ODUJH�EDWKROLWK
ERG\�� ,Q� VRPH� SODFHV�� WKH� ERG\� RI� WKLV� EDWKROLWK� ZHUH
LQWUXGHG�DJDLQ�E\�DQGHVLWH�DW�WKH�2OLJRFHQH���0LRFHQH�DJH�
$OO�RI�WKHVH�URFNV�WKHQ�XQGHUJR�D�ZHDWKHULQJ�SURFHVV�DQG
ZHUH�HURGHG�E\�WKH�GUDLQDJH�V\VWHP�RU�WKH�HYROYLQJ�IOXYLDO
V\VWHP��7KXV��DOO�RI�WKH�HURGHG�PDWHULDOV�ZHUH�WUDQVSRUWHG
DQG�GHSRVLWHG��7KH�VHGLPHQWDU\�PDWHULDOV�WKDW�WUDQVSRUWHG
IURP� WKH�SUHYLRXV� URFN�ZHUH� DFFXPXODWH� LQ�GHSRVLW� WUDS
�YDOOH\��� 7KHVH� DUHD� KDYH� D� UHODWLYHO\� ORZ� PRUSKRORJ\
FRPSDUHG�WR�WKH�VRXUFH�URFN��7KLV�SURFHVV�FRQWLQXHV�XQWLO
WKH�/DVW�*ODFLDO�0D[LPXP�RFFXUV�DQG�FDXVHV�JOREDO�ODQG
VLQNLQJ�E\�VHD�OHYHO�ULVH�

7KH� VLQNLQJ� WKDW� RFFXUUHG� GXULQJ� WKH� /DVW� *ODFLDO
0D[LPXP� FDXVHG� VHD� OHYHOV� ULVH� WR� FRYHUHG� IOXYLDO
GHSRVLWLRQDO�SDWWHUQV��7KH�VHD�OHYHO�ZKLFK�ZDV�RULJLQDOO\
XQGHU�����PHWHUV� IURP�WKH�VHD�OHYHO� WRGD\��WHQGV� WR� ULVH
XQWLO�WKH�GHSRVLWLRQDO�HQYLURQPHQW�ZKLFK�ZDV�RULJLQDOO\�D
WHUUHVWULDO�HQYLURQPHQW� WXUQV� LQWR�D�PDULQH�HQYLURQPHQW�
7KLV�LQFOXGHV�WKH�VRXWKHUQ�ZDWHUV�RI�%LQWDQ�,VODQG�DQG�LWV
VXUURXQGLQJV��7HUUHVWULDO�GHSRVLWLRQDO�IDFLHV��ZKLFK�ZHUH
RULJLQDOO\�URFNV�ROGHU�WKDQ�WKH�TXDUWHU��ZHUH�ODWHU�FRYHUHG
E\�WUDQVLWLRQDO�DQG�PDULQH�IDFLHV���

+HDY\� 0LQHUDOV� DQG� 5DUH� (DUWK� (OHPHQWV
3RWHQWLDO�RQ�%LQWDQ�,VODQG

7KH� HQWLUH� DUHD� WKDW� WUDYHUVHG� E\� 6RXWKHDVW�$VLDQ
JUDQLWRLG� EHOW� KDV� SRWHQWLDO� IRU� SUHVHQFH� KHDY\�PLQHUDO
SODFHU� GHSRVLWV�� 7KHVH� GHSRVLWV� ZHUH� IRUPHG� IURP
IUDJPHQWV� RI� JUDQLWRLG� URFNV� WKDW� FDUU\� KHDY\�PLQHUDOV�
&REELQJ� ������� FODVVLILHV� WKDW� WKH�*UDQLWRLGV� LQ� %LQWDQ

,VODQG� DUH� ,�W\SH� JUDQLWRLGV�� *HQHWLFDOO\��:LQWHU� ������
FRQVLGHUV�WKDW�WKLV�,�W\SH�JUDQLWH�LV�D�JUDQLWH�WKDW�IRUPHG�E\
SDUWLDO� PHOWLQJ� RI� PDILF� PDQWOH� LJQHRXV� PDWHULDO� IURP
VXEGXFWLRQ� ]RQHV� ZKLFK� UHVXOWV� LQ� WKH� IRUPDWLRQ� RI
EUHDNWKURXJK� URFN� ZLWK� D� GLVWLQFWLYH� FKHPLFDO
FRPSRVLWLRQ�

3UHYLRXV� UHVHDUFK� VWDWHG� WKDW� WKH� ,�W\SH� JUDQLWRLGV
KDYH�KHDY\�PLQHUDO�SRWHQWLDO�VXFK�DV�&X�DQG�0R��ZKLFK
ZHUH� IRUPHG� IURP� YROFDQLF� DUF� JUDQLWH� �3HDUFH� HW� DO��
�������0RUHRYHU��6HWLDG\�DQG�6DUPLOL��������VWDWHG�WKDW
VHDEHG� VHGLPHQWV� DQG� FRDVWDO� VHGLPHQWV� LQ� WKH� ZDWHUV
DURXQG�%DWDP�,VODQG�DQG�WKH�ZHVWHUQ�SDUW�RI�%LQWDQ�,VODQG
FRQWDLQ�YDULRXV�PHWDOOLF�PLQHUDOV��7KHVH�KHDY\�PLQHUDOV
DUH� PDJQHWLWH�� LOPHQLWH�� PRQD]LWH�� FDVVLWHULWH�� KHPDWLWH�
HWF�� 7KLV� LV� DOOHJHGO\� GXH� WR� WKH� GHSRVLWLRQ� RI� SODFHU
PLQHUDOV�UHVXOWLQJ�IURP�WKH�EUHDNGRZQ�RI�JUDQLWH�URFNV�RQ
%DWDP�,VODQG�DQG�%LQWDQ�,VODQG�

,Q�DGGLWLRQ��DV�LV�ZHOO�NQRZQ��PRVW�RI�%LQWDQ�,VODQG�LV
ULFK�LQ�EDX[LWH�FRQWHQW��:KHUH�WKLV�EDX[LWH�LV�IRXQG�LQ�FOD\
IURP� ZHDWKHUHG� JUDQLWH� ZLWK� D� KLJK� DOXPLQD� FRQWHQW
�5RKPDQD�HW�DO���������<XVXI�HW�DO����������7KH�IRUPDWLRQ
RI�EDX[LWH�LV�GXH�WR�YHU\�LQWHQVH�ZHDWKHULQJ��FDXVLQJ�WKH
ODWHULWL]HG�]RQH�RI�JUDQLWH�WR�EH�HQULFKHG�E\�EDX[LWH�DQG
GHSRVLWHG�DERYH�WKH�VRXUFH�URFN��(YHQ�LQ�WKH�QRUWKHUQ�DQG
HDVWHUQ�SDUWV�RI�%LQWDQ�,VODQG��D�URFN�VWUXFWXUH�LQ�WKH�IRUP
RI�&RUHVWRQH�LV�IRUPHG�ZKLFK�LV�D�VLJQ�RI�IDLUO\�PDVVLYH
JUDQLWH�ZHDWKHULQJ��+XWDEDUDW�HW�DO���������

,Q� DGGLWLRQ� WR� WKH� SRWHQWLDO� IRU� KHDY\� PLQHUDOV�
%LQWDQ� ,VODQG� DOVR� KDV� D� KLJK� SRWHQWLDO� IRU� UDUH� HDUWK
HOHPHQWV�� ,U]RQ� DQG�$ELGLQ� �������PHQWLRQ� WKDW� JUDQLWH
URFNV�LQ�WKH�QRUWK�RI�%LQWDQ�,VODQG�KDYH�D�KLJK�FRQWHQW�RI
UDUH� HDUWK� HOHPHQWV��:KHUH� UHJLRQDOO\��.XVQDPD� ������
VWDWHG� WKDW�� WKH�JUDQLWH� LQ� WKH�QRUWK�RI�%LQWDQ� ,VODQG�KDV

)LJXUH����5HJLRQDO�VWUDWLJUDSK\�RI�%LQWDQ�,VODQG�DQG�VXUURXQGLQJV��.XVQDPD�������
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VLPLODULWLHV�ZLWK�WKH�JUDQLWH�LQ�WKH�VRXWK�RI�%LQWDQ�,VODQG�
7KH� LGHQWLILFDWLRQ� RI� SODFHU� PLQHUDO� GHSRVLWV� XVLQJ� D
VHLVPLF�VWUDWLJUDSKLF�LQWHUSUHWDWLRQ�DSSURDFK�LQ�WKH�ZDWHUV
ZLOO�SURYLGH�FOXHV�WR�WKH�GULOOLQJ�WDUJHW�DQG�GHOLQHDWLRQ�RI
WKH� ERXQGDU\� RI� WKH� SODFHU�PLQHUDO� GHSRVLWV� �%DWFKHORU�
�������%DWFKHORU
V�VXFFHHGHG�LQ�H[SORULQJ�SODFHU�PLQHUDOV
�LQ� WKLV� FDVH� RIIVKRUH� WLQ��� ZLWK� WKH� FRQFHSW� WKDW� WKH
SRWHQWLDO�RI�SODFHU�PLQHUDOV�GHSRVLWV�LV�QRW�RQO\�LQ�\RXQJ
DOOXYLXP�YDOOH\V��ZKLFK�DUH�WKH�UHVXOW�RI�RQVKRUH�VRXUFH
URFN�GHSRVLWV���%XW�LW�LV�DOVR�ORFDWHG�LQ�WKH�ROG�VHGLPHQWDU\
IDFLHV�ZKLFK�LV�D�VXEVXUIDFH�KHDY\�PLQHUDO�EHDULQJ�URFN
GHSRVLW�� 7KHVH� HYHQW� RFFXUUHG� EHIRUH� WKH� ODVW� JODFLDO
PD[LPXP� SHULRG�� ZKHQ� 6XQGDODQG� VWLOO� H[LVW�� 6R� WKH
WKLFNQHVV� VWUDWLJUDSKLF� XQLW� GLVWULEXWLRQ� EHFRPHV
LPSRUWDQW�

0(7+2'6
7KH� VXEVXUIDFH� JHRORJLFDO� FRQGLWLRQV� LQ� WKLV� VWXG\

ZHUH�LGHQWLILHG�XVLQJ�VKDOORZ�UHIOHFWHG�VHLVPLF��7KH�WRWDO
QXPEHU� RI� OLQHV� DFTXLUHG� DV� D� UHVXOW� RI� ���� URXWHV
VWUHWFKLQJ�IURP�WKH�ZHVWHUQ�ZDWHUV�RI�WKH�VRXWK�RI�%LQWDQ
,VODQG�DQG�WKH�HDVW�RI�WKH�VRXWKHUQ�ZDWHUV�RI�%LQWDQ�,VODQG�
ZKLOH�WKH�QRUWKHUQ�DQG�VRXWKHUQ�SDUWV�RI�WKH�UHVHDUFK�DUHD
DUH�ORFDWHG�LQ�WKH�VWUDLW�EHWZHHQ�WKH�VRXWK�RI�%LQWDQ�,VODQG
DQG� WKH�QRUWK�RI�0DQWDQJ� ,VODQG��7KH� LQWHUYDOV�EHWZHHQ
OLQHV� DUH� UDQJH� IURP� ���� �� ���� P� ZLWK� WKH� PDLQ� OLQH
GLUHFWLRQ�UHODWLYH�WR�WKH�QRUWKHDVW���VRXWKZHVW�DV�PDQ\�DV
����OLQHV�DQG�D�FURVV�VHFWLRQ�ZLWK�D�ZHVW���HDVW�GLUHFWLRQ�DV
PDQ\�DV����OLQHV��7KH�OHQJWK�RI�HDFK�WUDFN�UDQJHV�IURP����
PHWHUV��������PHWHUV�

6LQJOH�FKDQQHO� VHLVPLF� UHIOHFWLRQ� XVLQJ� D� W\SLFDO
VLQJOH�SODWH�ERRPHU�VRXQG�VRXUFH�ZLWK�D�WRWDO�SRZHU�RI����
MRXOHV�WR�SURGXFH�VRXQG�ZDYHV�DW�HYHU\�����VHFRQGV�RI�VKRW
LQWHUYDO��6XFK�ZDYHV�SURSDJDWH�WRZDUGV�WKH�VHDEHG�DQG�DUH
UHIOHFWHG�EDFN�WR�WKH�VWUHDPHU�K\GURSKRQH��3DUDPHWHU�RI
WKHVH� ZDYH� SURSDJDWLRQ� FRQWDLQV� LQIRUPDWLRQ� DERXW� WKH
SURSHUWLHV�RI�WKH�VXEVXUIDFH��6HLVPLF�UHFRUGLQJ�H[HFXWHG
E\�XVLQJ�6RQDUZL]���VRIWZDUH�ZLWK�WKH�RXSXW�RI�GLJLWDO�GDWD
UHFRUGHG�LQ�WKH�6(*�<�IRUPDW��ILOHQDPH�H[WHQVLRQ��VJ\�

7KH� GDWD� RXWSXWWLQJ� IURP� VHLVPLF� DFTXLVLWLRQ� KDV
EHHQ�IXUWKHU�SURFHVVHG�WR�HQKDQFH�WKH�TXDOLW\�RI�VHLVPLF
LPDJHV�E\�GHQRLVLQJ�WHFKQLTXH�XVLQJ�EDQG�SDVV�ILOWHULQJ�
7KHVH� EDQG� SDVV� ILOWHULQJ� SURFHVVHV� ZDV� VHWWLQJV� ZLWK
IROORZLQJ�IUHTXHQF\�OLPLWDWLRQ��ORZ�FXW�IUHTXHQF\����+]�
ORZ�SDVV�IUHTXHQF\�����+]��KLJK�FXW�IUHTXHQF\�����+]�DQG
KLJK�SDVV�IUHTXHQF\������+]��$OO�RI�WKHVH�SURFHVVHG�DUH
XVHG� RYHU� D� UDQJH� RI� ���� VDPSOHV�� 7R� VKDUSHQ� WKH
UHVROXWLRQ�RI�WKH�VHLVPLF�LPDJH�ZH�XVHG�D�JDLQ�VHWWLQJ�RI
�[�����G%�

)URP� WKHUH� RQ�� ZH� GLG� WKH� LQWHUSUHWDWLRQ� RI
VHGLPHQWDU\� XQLW� ERXQGDULHV� �KRUL]RQ�� EDVHG� RQ
FKDUDFWHULVWLFV�RI�VHLVPLF�IDFLHV�WKDW�GHULYHG�IURP�UHIOHFWRU
FRQILJXUDWLRQ�RI�VHLVPLF�SURILOH��0LWFKXP��HW�DO��������LQ
9HHNHQ���������$IWHU�WKDW��ZH�FUHDWHG�DQ�LVRSDFK�PDS�WKDW
LOOXVWUDWHV� WKH� VWUDWLJUDSKLF� WKLFNQHVV�SDWWHUQ�EHWZHHQ�DQ
XSSHU�DQG�ORZHU�KRUL]RQ��:H�FRQVLGHU�NULJLQJ�DV�D�ILWWHG
JHRVWDWLVWLFDO� PHWKRG� WR� EH� XVHG� LQ� SUHGLFWLQJ� VSDWLDO

GLVWULEXWLRQ�RI�WKHVH�KRUL]RQV��)XUWKHUPRUH��WR�GHWHUPLQH
WKH� GLVWULEXWLRQ� RI� VHGLPHQW� XQLW� WKLFNQHVV� LQ� PHWHUV
�LVRSDFK��� ZH� XVHG� D� WLPH� WR� GHSWK� FRQYHUVLRQ� ZLWK� D
YHORFLW\� DVVXPSWLRQ�DURXQG������P�V� IRU� VHDEHG� �ZDWHU
YHORFLWLHV�� DQG� ����� P�V� IRU� VXEVXUIDFH� VHGLPHQW
�3XFKDOD����������7KH�ZKROH�SURFHVVLQJ�DQG�LQWHUSUHWDWLRQ
ZDV�SHUIRUPHG�E\�6RQDUZL]�DQG�3HWUHO�VRIWZDUH�

5(68/76
7RWDO�RI�����VHLVPLF�OLQHV�WKDW�KDYH�EHHQ�LQWHUSUHWHG

LQ�WKLV�VWXG\�DUHD��7KH�WUDFN�FRQVLVWV�RI�D�PDLQ�OLQH�ZLWK�D
QRUWKHDVW���VRXWKZHVW�GLUHFWLRQ��DQG�D�FURVVOLQH�ZLWK�D�ZHVW
�� HDVW� GLUHFWLRQ�� %DVHG� RQ� WKH� UHIOHFWRU� FRQILJXUDWLRQ
DQDO\VLV� IURP� WKH� VHLVPLF� UHFRUGV�� WKHUH� DUH� �� VHLVPLF
KRUL]RQV� WKDW� ERXQGHG� �� VHLVPLF� IDFLHV� XQLWV� DERYH� WKH
DFRXVWLF� EDVHPHQW� ZLWK� YDULRXV� WKLFNQHVV� SDWWHUQV� DQG
PDUNHGO\�GLIIHUHQW�GLVWULEXWLRQ�SDWWHUQV��7KHVH���KRUL]RQV
DUH�SUHVXPHG�WR�EH�TXDWHUQDU\�VHGLPHQWV�FRQVLVWV�RI�WKH
VHDEHG��KRUL]RQ�����ERWWRP�XQLW����KRUL]RQ����DQG�DFRXVWLF
EDVHPHQW��KRUL]RQ����

6HLVPLF�&RUUHODWLRQ�6XUIDFH� DQG� 6HLVPLF�)DFLHV
8QLW

6HLVPLF�&RUUHODWLRQ�6XUIDFH
7KH� LQWHUSUHWDWLRQ� RI� WKH� WKUHH� KRUL]RQV� WKHQ

FRUUHODWHG�DV�D�VXUIDFH��ZKLFK�ZHUH�GLVWULEXWH�WKURXJKRXW
WKH� HQWLUH� DUHD�� 7KH� UHVXOW� RI� WKLV� VHLVPLF� KRUL]RQ
LQWHUSUHWDWLRQ� VKRZV� WKH� SDOHRJHRJUDSKLF� SDWWHUQ� LQ� WKH
DUHD�� (DFK� KRUL]RQ� KDV� D� GLIIHUHQFH� SDWWHUQ�� KRUL]RQ� �
VKRZV�D�GHSWK�SDWWHUQ�WKDW�LV�UHODWLYHO\�GLIIHUHQW�IURP�WKH
UHFHQW� EDWK\PHWU\�� 7KLV� VXUIDFH� VKRZV� WKH� VWHHS� KLJKV
FRXQWRXUV�DQG�WKH�RWKHU�SODFH�VKRZV�D�FRQWLQXRXV�YDOOH\�
0HDQZKLOH�� KRUL]RQ� �� GRHV� QRW� VKRZ� D� VLJQLILFDQW
GLIIHUHQFH� LQ� GHSWK�SDWWHUQ� IURP�KRUL]RQ���ZKLFK� LV� WKH
FXUUHQW�EDWK\PHWU\�

6HLVPLF�)DFLHV�8QLW
%DVHG�RQ�WKH�UHVXOWV�RI�WKH�FRUUHODWLRQ�EHWZHHQ�WKH

VXUIDFH�DUHD�ERXQGDULHV�� WKH�VWXG\�DUHD�LV�GLYLGHG�LQWR��
VHLVPLF�IDFLHV�XQLWV��QDPHO\�

)DFLHV�8QLW�����$FRXVWLF�%DVHPHQW
7KLV�IDFLHV�XQLW�LV�WKH�ROGHVW�IDFLHV�LQ�WKH�VWXG\�DUHD�

7RS�RI�WKLV�XQLW�RYHUODLQ�E\�WKH�VXUIDFH�RI�ERWWRP�XQLW���DQG
WKH�ERWWRP�ERXQGDU\�RI�WKHVH�XQLW�DSSHDU�FOHDU�GHVSLWH�WKH
XVHG�RI�PD[LPXP�SHQHWUDWLRQ�GXULQJ�VHLVPLF�DFTXLVLWLRQ�

7KH� UHIOHFWRU� FKDUDFWHULVWLFV� LQ� WKH� HQWLUH� VHLVPLF
UHFRUGV�RI�WKLV�XQLW�VKRZV�D�ZHDN�IUHTXHQF\��VXESDUDOOHO��
FKDRWLF��DQG�PRGHUDWH�DPSOLWXGH��%DVHG�RQ�WKH� UHIOHFWRU
SDWWHUQ�� WKLV� XQLW� FDQ� EH� GLYLGHG� LQWR� �� W\SHV�� QDPHO\
DFRXVWLF� EDVHPHQW� ZKLFK� LV� HVWLPDWHG� DV� EHGURFN
�JUDQLWRLG"��DQG�VHGLPHQWDU\�URFN��$FRXVWLF�EDVHPHQW�LV
JHQHUDOO\� GRPLQDWHV� WKH� ZKROH� DUHD� FKDUDFWHUL]HG� E\
FKDRWLF�DQG�K\SHUEROLF�UHIOHFWRU�SDWWHUQV��)LJXUHV���DQG����
0HDQZKLOH�� IDFLHV� XQLW� �� ZKLFK� LV� D� VHGLPHQWDU\� URFN
DSSHDUV� UHODWLYHO\� VXESDUDOOHO� �� FKDRWLF� UHIOHFWRU�SDWWHUQ�
7KH�WKLFNQHVV�UDQJH�RI�WKLV�IDFLHV�XQLW�FDQQRW�EH�LGHQWLILHG
EHFDXVH�WKH�ORZHU�ERXQGDULHV�RI�WKLV�XQLW�FDQQRW�EH�NQRZQ�

��
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)DFLHV�8QLW��
7KLV� IDFLHV� XQLW

LV� D� VHGLPHQWDU\
IDFLHV� ZKRVH� WRS� LV
ERXQGHG� E\� WKH
VXUIDFH�RI�WKH�ERWWRP
XQLW� ��WRS� XQLW� �
�KRUL]RQ� ��� DQG� WKH
ERWWRP�LV�ERXQGHG�E\
VXUIDFH� RI� ERWWRP
XQLW� ��WRS� XQLW� �
�KRUL]RQ� ���ZKLFK� LV
SUHVXPDEO\
VHGLPHQWDU\� URFN�� ,Q
VRPH�SODFHV�WKHUH�DUH
GLUHFWO\� DGMDFHQW� WR
WKH� DFRXVWLF
EDVHPHQW� ZLWK
UHIOHFWRU� SDWWHUQV� LQ
WKH� IRUP� RI� FKDRWLF
DQG� UHODWLYHO\
K\SHUEROLF� VKDSHV
VWLFNLQJ� XS� OLNH
JUDQLWRLGV�

7KH� UHIOHFWRU
FKDUDFWHULVWLFV� LQ� WKH
HQWLUH� VHLVPLF

UHFRUGV� RI� WKLV� XQLW
VKRZV� D� PRGHUDWH
IUHTXHQF\�� VXESDUDOOHO
��FKDRWLF��DQG�PHGLXP
DPSOLWXGH�� ,W� LV
HVWLPDWHG� WKDW� WKH
VHGLPHQW� GHSRVLWHG� LV
D� PHGLXP�FRDUVH
IUDFWLRQ� VHGLPHQW
UHVXOWLQJ� IURP� WKH
SUHYLRXV� URFNV
ZHDWKHULQJ� ZKRVH
WUDQVSRUWDWLRQ� SURFHVV
LV�QRW�WRR�IDU�IURP�WKH
VRXUFH� URFN�� ,Q� VRPH
SODFHV�� FRQWLQXRXV
YDOOH\� WKDW� IRUPLQJ� D
SDOHRFKDQQHO� ZHUH
DOVR� IRXQG� �)LJXUHV� �
DQG� ���� 7KH
GHSRVLWLRQDO� SDWWHUQ
WKDW� GHYHORSHG� LQ� WKLV
XQLW�LV�WKRXJKW�WR�EH�D
IOXYLDO� �� WUDQVLWLRQDO
GHSRVLWLRQDO� IDFLHV�
7KH�WKLFNQHVV�UDQJH�RI
WKLV�IDFLHV�XQLW�LV�TXLWH
KLJK�� UDQJLQJ� IURP
����������PHWHUV�

)LJXUH����,QWHUSUHWDWLRQ�RI�VHLVPLF�OLQH�;%B���

)LJXUH����/%B����DQG�/%B����VHLVPLF�OLQHV�LQWHUSUHWDWLRQ
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)DFLHV�8QLW��
7KLV� IDFLHV� XQLW

LV�WKH�\RXQJHVW�IDFLHV
XQLW� RU� UHFHQW
VHGLPHQWDU\� IDFLHV
ZKLFK� LV� ERXQGHG� DW
WKH�WRS�E\�WKH�VHDEHG
DQG�DW� WKH�ERWWRP�E\
WKH�ERWWRP�XQLW���WRS
XQLW���

7KLV�XQLW�KDV�WKH
FKDUDFWHULVWLFV� RI
KLJK� IUHTXHQF\�� WKH
GRPLQDQW� UHIOHFWRU
SDWWHUQ� LV� VLPSOH
SDUDOOHO� FRQWLQXRXV
ZLWK� D� VPDOO� SDUW
WKHUH� LV� VXESDUDOOHO�
DQG� WKH� DPSOLWXGH� LV
PHGLXP� �� KLJK��7KLV
LV�DOOHJHGO\�GXH�WR�WKH
VHGLPHQW�GHSRVLWHG�DW
WKLV� WLPH� LV� VHGLPHQW
UHVXOWLQJ� IURP� WKH
GHSRVLWLRQ� RI� D
VKDOORZ� PDULQH
HQYLURQPHQW� ZKLFK
WHQGV�WR�EH�LQIOXHQFHG

E\� WLGHV� DQG� ZDYHV
DQG�KDV�QRW�EHHQ�ZHOO
FRPSDFWHG�

7KH� VHGLPHQWV
LQ� WKLV� XQLW� DUH
HVWLPDWHG� WR� EH
GRPLQDWHG� E\� ILQH
IUDFWLRQ� VHGLPHQWV
DQG� LQ� VRPH� SODFHV
WKHUH� DUH� DOVR
VHGLPHQWV�GRPLQDWHG
E\� VKHOO� IUDJPHQWV
�1XUGLQ�HW�DO���������
7KLV� LV� GXH� WR� WKH
JRRG� OLJKWLQJ� DQG
QXWULWLRQ� RI� WKH
HQYLURQPHQW�
PDNLQJ� LW� D� JRRG
SODFH� IRU� PROOXVFV
DQG� FRUDO� UHHIV� WR
JURZ�� ,Q� DGGLWLRQ�
WKLV� DOVR� VKRZV� WKDW
WKH� GHSRVLWLRQDO
HQYLURQPHQW� LQ� WKH
DUHD�LV�GRPLQDWHG�E\
WLGHV� DQG� ZDYHV
ZKHUH� WKLV
HQYLURQPHQW� LV� LQ� D)LJXUH����/%B����VHLVPLF�OLQH�LQWHUSUHWDWLRQ

)LJXUH����;%B����VHLVPLF�OLQH�LQWHUSUHWDWLRQ
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FRUDO�UHHIV�GR�QRW�OLNH�SODFHV�ZKHUH�WKH�ZDWHU�LV�FORXG\�
ZKLFK� LV� D� GRPLQDQW� IHDWXUH� RI� IOXYLDO� GHSRVLWLRQ�� 7KH
WKLFNQHVV�UDQJH�RI�WKLV�XQLW�UDQJHV�IURP����������PHWHUV�

',6&866,216
6HGLPHQW� 'LVWULEXWLRQ� 3DWWHUQ� LQ� WKH� 6RXWKHUQ

:DWHUV�RI�%LQWDQ�,VODQG
7KH� GLVWULEXWLRQ� RI� TXDWHUQDU\� VHGLPHQWV� LQ� WKH

6RXWKHUQ� :DWHUV� RI� %LQWDQ� ,VODQG� VKRZV� SDWWHUQV� RI
WKLQQLQJ�DQG�WKLFNHQLQJ�RI�VHGLPHQWV�LQ�XQLW���DQG�XQLW���
+RZHYHU��WKH�WHQGHQF\�RI�VHGLPHQW�WKLFNHQLQJ�RU�WKLQQLQJ
LQ� XQLW� �� DQG� XQLW� �� LV� GLIIHUHQW�� 7KLV� LV� EHFDXVH� WKH
GHSRVLWLRQDO� IDFLHV� LQ� HDFK� XQLW� DUH� GLIIHUHQW�� VR� WKH
GHSRVLWLRQDO�SDWWHUQV�DUH�GLIIHUHQW�

4XDWHUQDU\�VHGLPHQWV�8QLW��
8QLW����ZKLFK�LV�HVWLPDWHG�WR�EH�D�IOXYLDO�WUDQVLWLRQDO

GHSRVLWLRQDO�IDFLHV�XQLW��VKRZV�D�YDULHG�WKLFNQHVV�SDWWHUQ
ZLWK�D�ZLGH�UDQJH�UDQJLQJ�IURP�����������PHWHUV��)LJXUH
����,I�ZH�ORRN�DW�WKH�SDWWHUQ�RI�XQLW���VHGLPHQW�WKLFNQHVV
IRUPHG� LQ� WKH� VWXG\� DUHD�� WKHUH� DUH� GLIIHUHQFHV� LQ� WKH
SDWWHUQ�EHWZHHQ�WKH�ZHVW���FHQWHU�RI�WKH�VWXG\�DUHD�DQG�WKH
HDVW���FHQWHU�RI�WKH�VWXG\�DUHD��

,Q� WKH� FHQWUDO� WR� ZHVWHUQ� SDUW� RI� WKH� VWXG\� DUHD�
VHGLPHQW� WKLFNHQLQJ� RFFXUV�ZLWK� D� SDWWHUQ� UHVHPEOLQJ� D
SDOHRFKDQQHO�� 7KH� VHGLPHQWV� IRUPHG� ZHUH� UHODWLYHO\
WKLFNHQHG� WRZDUGV� VRXWKZHVW� RI� WKH� VWXG\� DUHD�� 7KLV
SDOHRFKDQQHO� LV� WKRXJKW� WR� EH� D� IOXYLDO� GHSRVLW�IRUPLQJ
JURRYH�ZKLFK�WKHQ�FRQWLQXHV�WR�WKH�ODUJHU�PDLQ�ULYHU�

,Q� WKH�FHQWUDO� WR�HDVWHUQ�SDUW�RI� WKH� VWXG\�DUHD�� WKH
GRPLQDQW�VHGLPHQW�WKLFNQHVV�SDWWHUQ�UDQJHV�IURP��������
PHWHUV�� ,Q� VRPH�SODFHV�FORVH� WR� WKH�PDLQODQG�� WKHUH� LV�D
WKLFNHQLQJ�RI�XS�WR����PHWHUV��WKLV�LV�DOOHJHGO\�GXH�WR�WKH
LQIOXHQFH�RI� VHGLPHQWDWLRQ�IURP�ULYHUV�RQ� WKH�PDLQODQG�

7KH� IDUWKHU� IURP� WKH� PDLQODQG�� WKH� WKLFNQHVV� SDWWHUQ� LV
UHODWLYHO\�XQLIRUP��:KLOH�WKHUH�LV�DOVR�VHGLPHQW�WKLQQLQJ
XS� WR� �� PHWHUV�� WKLV� LV� DOOHJHGO\� GXH� WR� WKH� DFRXVWLF
EDVHPHQW�LQ�WKH�DUHD�EHLQJ�FORVHU�WR�WKH�VXUIDFH��+RZHYHU�
WKH�VHGLPHQW�LQ�FHQWUDO�WR�HDVWHUQ�VWXG\�DUHD�PRUH�WKLQQHU
WKDQ�FHQWUDO�WR�ZHVWHUQ�VWXG\�DUHD��7KLV�FDQ�EH�VHHQ�IURP
WKH�LQIOXHQFH�RI�URFN�UHVLVWDQFH�WR�ZHDWKHULQJ��6R�WKDW�WKH
IOXYLDO�VHGLPHQWDWLRQ�WKDW�LV�IRUPHG�LV�QRW�ZHOO�GHYHORSHG�
,Q� UHJLRQDOO\�� .XVQDPD� ������� SURYLGHV� D� IRUPDWLRQ
ERXQGDU\�LQ�WKH�VRXWK�RI�%LQWDQ�,VODQG�EHWZHHQ�WKH�ZHVW
DQG� WKH� HDVW�� 7KH� ZHVWHUQ� SDUW� LV� GRPLQDWHG� E\� WKH
*RXQJRQ� )RUPDWLRQ� �4WJ��� ZKLOH� WKH� HDVWHUQ� SDUW� LV
GRPLQDWHG�E\�7ULDVVLF�DJHG�JUDQLWH��7UJ��

2YHUDOO�� WKH� WKLFNQHVV� SDWWHUQ� LQ� XQLW� �� VKRZV� D
UHODWLYHO\�GLYHUVH�VHGLPHQW�WKLFNQHVV��:KHUH�LQ�WKH�FHQWUDO
��ZHVWHUQ�SDUW�RI�WKH�VWXG\�DUHD��WKLFNHQLQJ�RI�WKH�VHGLPHQW
LV�VHHQ�ZLWK�SDWWHUQV�UHVHPEOLQJ�SDOHRFKDQQHOV�ZKLFK�DUH
FORVHO\� UHODWHG� WR� IOXYLDO� GHSRVLWV�� 0HDQZKLOH�� LQ� WKH
FHQWHU���HDVW�VWXG\�DUHD�VHGLPHQW�GHSOHWLRQ�LV�VHHQ��:KLFK
LV�HVWLPDWHG�WR�EH�LQ�WKLV�DUHD�D�UHODWLYHO\�KLJK�OHYHO�WKDW�LV
VWLOO�UHVLVWDQW�WR�ZHDWKHULQJ��7KLV�LQGLFDWHV�WKH�XQLW�RI�WKLV
SDUW�LV�WHUUHVWULDO�GHSRVLWLRQDO�V\VWHP��:KHUH�WKH�WHUUHVWULDO

GHSRVLWLRQDO�V\VWHP�DOORZV�WKH�IRUPDWLRQ�RI�SDOHRFKDQQHO
SDWWHUQV�

$FFRUGLQJ�WR�9RULV���������LQ�WKH�SHULRG�EHIRUH�ODVW
JODFLDO� PD[LPXP�� WKHUH� ZHUH� �� ODUJH� ULYHUV� IRUPHG� LQ
6RXWKHDVW� $VLD�� QDPHO\� WKH� 1RUWK� 6XQGD� 5LYHU�� 6LDP
5LYHU��0DODFD�5LYHU� DQG�6RXWK�6XQGD�5LYHU��6HGLPHQWV
RULJLQDWLQJ�IURP�WKHVH�ODUJH�ULYHUV�IORZ�IURP�WKH�KLJKODQGV
DQG� WKHQ� KHDG� WRZDUGV� WKH� RSHQ� VHD�� 7KH� SUHVHQFH� RI
SDOHRFKDQQHOV�VHHQ�LQ�WKH�VWXG\�DUHD�LV�HVWLPDWHG�WR�OHDG�WR
RQH�RI�WKH�WZR�PDMRU�ULYHUV��QDPHO\�WKH�1RUWK�6XQGD�5LYHU

)LJXUH����8QLW���LVRSDFK�PDS
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RU�WKH�6LDP�5LYHU��-XGJLQJ�IURP�LWV�JHRJUDSKLFDO�ORFDWLRQ�
WKLV�SDOHRFKDQQHO�WHQGV�WR�MRLQ�WKH�1RUWK�6XQGD�5LYHU�WR
WKH�6RXWK�&KLQD�6HD�

4XDWHUQDU\�6HGLPHQW�8QLW��
7KLV� XQLW� LV� LQWHUSUHWHG� DV� D� WUDQVLWLRQDO� �� PDULQH

IDFLHV� XQLW�� ,W� KDV� VLPSOH� SDUDOOHO� �� VXESDUDOOHO� UHIOHFWRU
SDWWHUQV�ZKLFK�VKRZ�D�QRQ�YDULHG�WKLFNQHVV�SDWWHUQ�ZLWK�D
VKRUWHU�UDQJH�WKDW�UDQJLQJ�IURP����������PHWHUV��)LJXUH����
7KH� WKLFNQHVV� SDWWHUQ� LQ� WKLV� 8QLW� �� VHGLPHQW� VKRZV� D
GLIIHUHQW�SDWWHUQ�LQ�WKH�PLGGOH���HDVW�SDUW�RI�WKH�VWXG\�DUHD
FRPSDUHG�WR�WKH�ZHVWHUQ�SDUW�RI�WKH�VWXG\�DUHD�

7KH� SDWWHUQ� RI� VHGLPHQW� WKLFNQHVV� LQ� WKH�PLGGOH� �
ZHVW�RI� WKH�VWXG\�DUHD�VKRZV�D�GRPLQDQW�WKLFNQHVV�ZLWK
UDQJH�EHWZHHQ�������PHWHUV��+RZHYHU��LQ�ZHVW�DQG�FHQWUDO
SDUW�WKHUH�DUH�FORVH�WR�WKH�PDLQ�ULYHU�LQ�%LQWDQ�,VODQG�RU
0DQWDQJ�,VODQG�KDV�D�VHGLPHQW�WKLFNHQLQJ�SDWWHUQ�XS�WR���
PHWHUV�� 7KLV� LV� DOOHJHGO\� GXH� WR� WKH� LQIOXHQFH� RI
VHGLPHQWDWLRQ�IURP�WKH�ULYHUV��7KH�IDUWKHU�IURP�WKHVH�ULYHU
KDV�D�XQLIRUP�WKLFNQHVV�SDWWHUQ��2Q�WKH�RWKHU�KDQG�WKHUH�LV
DOVR�VHGLPHQW�GHSOHWLRQ�XS�WR���PHWHUV��7KLV�LV�DOOHJHGO\
GXH� WR� WKH� EDVHPHQW� DFRXVWLFV� LQ� WKH� DUHD� FORVHU� WR� WKH
VXUIDFH��7KXV��WKH�DFFRPPRGDWLRQ�VSDFH�IRU�WKH�VHGLPHQW
LV�JHWWLQJ�VKDOORZHU�

0HDQZKLOH��LQ�WKH�FHQWUDO���HDVWHUQ�SDUW�RI�WKH�VWXG\
DUHD�KDV�D� WKLQQHU�SDWWHUQ� WKDQ�FHQWUDO� ��ZHVW�VWXG\�DUHD
ZLWK�GRPLQDQW�SDWWHUQ�RI�VHGLPHQW�WKLFNQHVV�UDQJHV�IURP��
����PHWHUV��+RZHYHU��LQ�VRPH�SODFHV�WKDW�DUH�FORVH�WR�ULYHU
LQ� PDLQODQG� VKRZLQJ� WKH� VDPH� SDWWHUQ� DV� WKH� PLG�ZHVW
DUHD��,W�FDQ�EH�VHHQ�IURP�D�WKLFNHQLQJ�XS�WR����PHWHUV��:H
LQWHUSUHWHG�WKHUH�FDXVH�RI�WKH�VHGLPHQWDWLRQ�IURP�WKH�PDLQ
ULYHUV�RQ�WKH�PDLQODQG�DIIHFWV�WKH�VHGLPHQWDWLRQ�SDWWHUQ�
7KH�IDUWKHU�IURP�WKH�PDLQODQG��VKRZV�D�XQLIRUP�WKLFNQHVV

SDWWHUQ��,Q�DGGLWLRQ��WKHUH�LV�DOVR�VHGLPHQW�GHSOHWLRQ�XS�WR��
PHWHU�� 7KLV� LV� SUHVXPDEO\� GXH� WR� WKH� UHGXFHG
DFFRPPRGDWLRQ�VSDFH�FDXVHG�E\� WKH�EDVHPHQW�DFRXVWLFV
JHWWLQJ� FORVHU� WR� WKH� VXUIDFH�� 7KLV� SDWWHUQ� LV� UHODWLYHO\
VLPLODU� WR� WKH� WKLFNQHVV� SDWWHUQ� LQ� 8QLW� ��� :KHUH� WKH
VHGLPHQW�WHQGV�WR�IROORZ�WKH�VKDSH�RI�LWV�DFFRPPRGDWLRQ
VSDFH��VDPH�DV�LWV�8QLW����

2YHUDOO��WKH�WKLFNQHVV�SDWWHUQ�LQ�XQLW���VKRZV�D�IDLUO\
ZLGH�VSUHDG�RI�VHGLPHQW��,W�LV�VKRZV�WKHVH�XQLW�LV�D�SDUW�RI
VKDOORZ�PDULQH�GHSRVLWLRQDO�V\VWHP��VDPH�DV�WKH�FXUUHQW
HQYLURQPHQWDO� FRQGLWLRQV��� :KHUH� WKLV� VKDOORZ� PDULQH

GHSRVLWLRQ�V\VWHP�LV�GRPLQDWHG�E\�WLGHV�DQG�ZDYHV�
7KH�3RWHQWLDO�RI�+HDY\�0LQHUDO�3ODFHU�'HSRVLWV

RU� 5DUH� (DUWK� (OHPHQWV� LQ� WKH� 6RXWKHUQ�:DWHUV� RI
%LQWDQ�,VODQG

%DVHG� RQ� FRQVLGHUDWLRQ� RI� VHGLPHQW� WKLFNQHVV� DQG
SDOHRFKDQQHO� SDWWHUQ� LQ� 8QLW� ��� ZKLFK� GHYHORSV� LQ� D
QRUWKHDVW�VRXWKZHVW�GLUHFWLRQ�ZLWK�DFRXVWLF�EDVHPHQW�WKDW
VKDOORZ�WR�WKH�VXUIDFH��7KH�DUHD�WKDW�KDV�JUHDWHU�SRWHQWLDO�LV
LQ� FHQWUDO� WR� ZHVW� DUHD��:KHUH� LQ� WKLV� DUHD� 8QLW� �� KDV
SDOHRFKDQQHO�DV�D�PLQHUDO�SODFHU�GHSRVLW�DFFRPPRGDWLRQ�
HYHQ�PRUH�ORFDWLRQ�RI�WKH�VRXUFH�URFN��DFRXVWLF�EDVHPHQW�
QRW�WRR�IDU�DZD\�IURP�WKH�GHSRVLWV��5HJDUGLQJ�WKH�W\SH�DQG
DPRXQW� RI� PLQHUDO� FRQWHQW�� IXUWKHU� UHVHDUFK� LV� QHHGHG
XVLQJ�GULOO�GDWD�DQG�ODERUDWRU\�DQDO\VLV�

$&.12:/('*(0(176
:H� ZRXOG� OLNH� WR� WKDQN� WKH� +HDG� RI� 0DULQH

*HRORJLFDO� ,QVWLWXWH� DQG� DOO� WKH� WHDP� PHPEHUV� ZKR
LQYROYHG� GXULQJ� GDWD� DFTXLVLWLRQ�� DV� ZHOO� DV� WKRVH� ZKR
FRQWULEXWHG�WR�WKH�VXFFHVV�RI�WKLV�UHVHDUFK�SURJUDP�

)LJXUH����8QLW���LVRSDFK�PDS
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&21&/86,21
� 4XDWHUQDU\�VHGLPHQW�GHSRVLWV�LQ�WKH�6RXWKHUQ�:DWHUV

RI�%LQWDQ� ,VODQG� FRQVLVW� RI� �� XQLWV�� QDPHO\��8QLW� �
ZKLFK� LV� VKDOORZ� PDULQH� VHGLPHQWV� ZLWK� D
SUHGRPLQDQFH�RI� ILQH� IUDFWLRQV�DQG�8QLW���ZKLFK� LV
IOXYLDO��� WUDQVLWLRQDO�VHGLPHQWV�ZLWK�D�GRPLQDQFH�RI
PHGLXP���FRDUVH�IUDFWLRQV�

� $UHDV�WKDW�KDYH�WKH�SRWHQWLDO�IRU�KHDY\�PLQHUDO�SODFHU
GHSRVLWV� DUH� WKH� ZHVWHUQ� ±� FHQWUDO� DUHDV� RI� WKH
6RXWKHUQ�:DWHUV�RI�%LQWDQ�,VODQG��7KH�SRWHQWLDO� IRU
WKLV� KHDY\� PLQHUDO� SODFHU� GHSRVLW� LV� LQ� WKH
SDOHRFKDQQHO�GHSRVLWV�ZKLFK�DUH�SDUW�RI�8QLW����

5()(5(1&(6
$ULILQ�� /��� ������ ,GHQWLILNDVL�$OXU� 6XQJDL� 3XUED� GDQ

(QGDSDQ� 3ODVHU� GL� 3HUDLUDQ�/HPEDU� 3HWD� ����
.DOLPDQWDQ� 6HODWDQ�� -XUQDO� 6XPEHU� 'D\D
*HRORJL�

%DWFKHORU�� %�&��� ������ *HRORJLFDO� &KDUDFWHULVWLFV� RI
&HUWDLQ� &RDVWDO� DQG� 2IIVKRUH� 3ODFHUV� DV
(VVHQWLDO� *XLGHV� IRU� 7LQ� ([SORUDWLRQ� LQ
6XQGDODQG�� 6RXWKHDVW� $VLD�� *HRO�� 6RF�
0DOD\VLD��SS���������

&REELQJ��(�� -��� ������*UDQLWHV�� ,Q�6XPDWUD��*HRORJ\�
5HVRXUFHV�DQG�7HFWRQLF�(YROXWLRQ��9RO������SS�
��������*HRORJLFDO�6RFLHW\�

+DQHEXWK��7��-���6WDWWHJJHU��.���	�6DLWR��<���������7KH
VWUDWLJUDSKLF� DUFKLWHFWXUH� RI� WKH� FHQWUDO� 6XQGD
6KHOI� �6(�$VLD�� UHFRUGHG� E\� VKDOORZ�VHLVPLF
VXUYH\LQJ�� *HR�0DULQH� /HWWHUV�� ������� ������
KWWSV���GRL�RUJ���������V�����������������

+XWDEDUDW�� -��� 6\DIUL�� ,��� 6XODNVDQD�� 1��� 6XNL\DK�� (��
)DX]LHOO\��/���	�6XGUDGMDW��$���������)HQRPHQD
3HODSXNDQ� *UDQLW� �&RUHVWRQHV�� GL� 'DHUDK
%DJLDQ�7LPXU�GDQ�8WDUD�3XODX�%LQWDQ��6HPLQDU
1DVLRQDO� .H� �� ,,,� )DNXOWDV� 7HNQLN� *HRORJL
8QLYHUVLWDV�3DGMDGDMUDQ�

,U]RQ�� 5��� 	�$ELGLQ�� +�� =��� ������ .DQGXQJDQ�8QVXU
7DQDK�-DUDQJ�SDGD�*UDQLW�3XWLK�.HPHUDKDQ�GDUL
'DHUDK�/DJRL�GDQ�3HUEDQGLQJDQ�GHQJDQ�%DWXDQ
6HMHQLV� GL� WHPSDW� ODLQ�� -XUQDO� *HRORJL� 'DQ
6XPEHUGD\D�0LQHUDO�����������������

0ROHQJUDDII��*��$��)���	�:HEHU��0���������3URFHHGLQJV
5R\DO�$FDGHPLF�$PVWHUGDP��;;,,,����������

1XUGLQ��1���=XOILNDU��0���.DPLOXGLQ��8��� 6HWLDG\��'��
0XVWDID��0��$��� 6HW\DQWR��$���:LGLDWPRNR��+�
&��� 6HWLDGL�� ,��� +DQV�� '�� =��� 3LUDQWL�� 6�� $��
$U\DQWR��1��&��'���	�+DU\DQWR��$��'�� �������
8SD\D�3HQDPEDKDQ�3RWHQVL�&DGDQJDQ�0LQHUDO
6WUDWHJLV� .HODXWDQ� GL� -DOXU� *UDQLWRLG� 7DKDS��
�/RNDVL�� %LQWDQ� 6HODWDQ� GDQ� 6HNLWDUQ\D�
.DEXSDWHQ� %LQWDQ�� 3URYLQVL� .HSXODXDQ� 5LDX��
3XVDW� 3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� *HRORJL

.HODXWDQ�� %DQGXQJ�� %DGDQ� 3HQHOLWLDQ� GDQ
3HQJHPEDQJDQ� (QHUJL� GDQ� 6XPEHUGD\D
0LQHUDO��.HPHQWHULDQ�(QHUJL� GDQ� 6XPEHUGD\D
0LQHUDO��,QWHUQDO�UHSRUW����S��8QSXEOLVKHG�

3HDUFH��-��$���+DUULV��1��%��:���	�7LQGOH��$��*��������
7UDFH� HOHPHQW� GLVFULPLQDWLRQ� GLDJUDPV� IRU� WKH
WHFWRQLF�LQWHUSUHWDWLRQ�RI�JUDQLWLF�URFNV��-RXUQDO
RI� 3HWURORJ\�� ������� ��������� KWWSV���GRL�RUJ�
��������SHWURORJ\����������

3XFKD"D�� 5�� -��� 3RUEVNL�� 6�� -��� "OLZL"VNL�� :�� 5��� 	
$XJXVW�� &�� -��� ������ 3OHLVWRFHQH� WR� +RORFHQH
WUDQVLWLRQ� LQ� WKH� FHQWUDO� EDVLQ� RI� WKH� *XOI� RI
7KDLODQG�� EDVHG� RQ� JHRDFRXVWLF� VXUYH\� DQG
UDGLRFDUERQ� DJHV�� 0DULQH� *HRORJ\�� ���������
��������� KWWSV���GRL�RUJ���������
M�PDUJHR�������������

5DKDUMR��3���	�$ULILQ��/���������,GHQWLILNDVL�$OXU�3XUED
%HUGDVDUNDQ� 6HLVPLN� 3DQWXO� 'DQJNDO� GL
3HUDLUDQ� %DQJND� 8WDUD� /HPEDU� 3HWD� �����
-XUQDO�*HRORJL�.HODXWDQ��9RO�����������������

5RKPDQD�� 'MXQDHGL� (�.�� 	� 0�3�� 3��� �����
,QYHQWDULVDVL� %DKDQ� *DOLDQ�� 3URFHHGLQJ
3HPDSDUDQ�+DVLO�.HJDLWDQ�/DSDQJDQ�'DQ�1RQ
/DSDQJDQ�� ������ KWWS���SVGJ�EJO�HVGP�JR�LG�
NRORNLXP� �����.216(59$6,�3URVLGLQJ�
%LQWDQ�SGI�

6DWKLDPXUWK\�� (��� 	� 5DKPDQ�� 0�� 0��� ������ /DWH
TXDWHUQDU\� SDOHR� IOXYLDO� V\VWHP� UHVHDUFK� RI
VXQGD� VKHOI�� $� UHYLHZ�� %XOOHWLQ� RI� WKH
*HRORJLFDO�6RFLHW\�RI�0DOD\VLD�����'HFHPEHU��
�������KWWSV���GRL�RUJ���������EJVP���������

6HWLDG\�� '��� 	� 6DUPLOL�� /��� ������ .HWHUGDSDWDQ
%HEHUDSD� 0LQHUDO� %HUDW� 'L� 3HUDLUDQ� 3XODX
%LQWDQ� 'DQ� 6HNLWDUQ\D� 6HEDJDL� +DVLO
5RPEDNDQ�'DUL�6HGLPHQ�+RORVHQ�$VDO�3DSDUDQ
6XQGD�� -XUQDO� *HRORJL� .HODXWDQ�� ������ ����
KWWSV���GRL�RUJ����������MJN��������������

6ROLKXGGLQ��7���������$�'URZQLQJ�6XQGD�6KHOI�PRGHO
GXULQJ� /DVW� *ODFLDO� 0D[LPXP� �/*0�� DQG
+RORFHQH�� $� UHYLHZ�� ,QGRQHVLDQ� -RXUQDO� RQ
*HRVFLHQFH�� ������ �������� KWWSV���GRL�RUJ�
���������LMRJ�Y�L������

9HHNHQ�� 3�� &�� +��� ������ +DQGERRN� RI� *HRSK\VLFDO
([SORUDWLRQ�� 6HLVPLF� ([SORUDWLRQ�� ,Q� (OVHYLHU
�9RO�� ����� KWWSV���GRL�RUJ���������6�����
����������������

9RULV��+��.���������0DSV�RI�3OHLVWRFHQH�VHD� OHYHOV� LQ
6RXWKHDVW�$VLD�� 6KRUHOLQHV�� ULYHU� V\VWHPV� DQG
WLPH�GXUDWLRQV��-RXUQDO�RI�%LRJHRJUDSK\��������
����������� KWWSV���GRL�RUJ���������M������
����������������[�



�������������������������������������������������������������������������������������������������������������������������������%XOOHWLQ�RI�WKH�0DULQH�*HRORJ\ ��
��������������������������������������������������������������������������������������������������������������������������������9RO������1R�����-XQH�����

:LQWHU�� -�� '��� ������$Q� ,QWURGXFWLRQ� WR� ,JQHRXV� DQG
0HWDPRUSKLF�3HWURORJ\��3UHQWLFH�+DOO�

<XVXI��$��)���3��0��5���6D\HNWL��%���	�$ZDOXGLQ��������
,QYHQWDULVDVL� GDQ� 3HQ\HOLGLNDQ� %DKDQ� *DOLDQ
,QGXVWUL� .DEXSDWHQ� .HSXODXDQ� 5LDX�� 3URYLQVL
.HSXODXDQ� 5LDX�� 3URFHHGLQJ� 3HPDSDUDQ�+DVLO
.HJLDWDQ�/DSDQJDQ�'DQ�1RQ�/DSDQJDQ������

=XOILNDU��0���$U\DQWR��1��&��'���1XU��$��$���	�6\DIUL�
,��� ������ 6WXG\� RI� *UDQLWRLG� 'LVWULEXWLRQ� DW
7RERDOL� :DWHUV�� %DQJND� %HOLWXQJ� 3URYLQFH�
6HLVPLF� GDWD� LQWHUSUHWDWLRQ� DSSURDFK�� %XOOHWLQ
RI� WKH� 0DULQH� *HRORJ\�� ������� ������� KWWSV���
GRL�RUJ����������ERPJ��������������
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%XOOHWLQ�RI�WKH�0DULQH�*HRORJ\��9RO������1R�����-XQH�������SS�����WR���
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$66(660(17�2)�327(17,$/�0$5,1(�&855(17�(1(5*<�,1�
7+(�675$,76�2)�7+(�/(66(5�681'$�,6/$1'6�

.$-,$1�327(16,�(1(5*,�$586�/$87�',�6(/$7�6(/$7�

.(38/$8$1�681'$�.(&,/

$L�<XQLQJVLK��DQG�0DULR�'��6DSXWUD�

�.BSJOF�(FPMPHJDBM�*OTUJUVUF�PG�*OEPOFTJB
��+M��%S��%KVOKVOBO�/P�����#BOEVOH�*OEPOFTJB

$PSSFTQPOEJOH�BVUIPS��BJ�ZVOJOHTJI!FTEN�HP�JE

	3FDFJWFE�����.BZ�������JO�SFWJTFE�GSPN����.BZ�������BDDFQUFE�����4FQUFNCFS�����


$%675$&7 � 7KH�/HVVHU� 6XQGD� ,VODQGV� H[WHQG� IURP�%DOL� WR�7LPRU� DQG� FRQVLVW� RI� WZR� JHRORJLFDOO\
GLVWLQFW�SDUWV�IRUPHG�E\�D�VXEGXFWLRQ�V\VWHP�RI�RFHDQLF�FUXVW�DORQJ�WKH�-DYD�7LPRU�7UHQFK��7KH�QRUWKHUQ
SDUW�ZKLFK�LQFOXGHV�%DOL��/RPERN��6XPEDZD��)ORUHV��:HWDU��3DQWDU�DQG�$ORU��LV�YROFDQLF�LQ�RULJLQ��ZKLOVW�WKH
VRXWKHUQ�SDUW�LV�QRQ�YROFDQLF��HQFRPSDVVLQJ�WKH�LVODQGV�RI�6XPED��7LPRU�DQG�5RWH��7KH�VWUDLWV�DORQJ�WKH
/HVVHU�6XQGD�,VODQGV�DUH�IRUPHG�DV�D�UHVXOW�RI�YHU\�FRPSOH[�JHRORJLFDO�SURFHVVHV�DQG�WHFWRQLFV�LQ�WKLV�DUHD�
7KHVH�VWUDLWV�DUH�WKH�PRVW�LPSRUWDQW�FURVV�VHFWLRQV�LQ�WKH�VRXWKHUQ�SDUW�RI�WKH�,QGRQHVLDQ�7KURXJKIORZ��,7)��
IXQFWLRQLQJ�DV�RXWOHWV�IRU�WKH�PDVV�IORZV�RI�VHDZDWHU�IURP�WKH�3DFLILF�2FHDQ�WR�WKH�,QGLDQ�2FHDQ�WKURXJK�WKH
)ORUHV�DQG�WKH�6DYX�6HDV��,Q�WKHVH�VWUDLWV��UHODWLYHO\�KLJK�FXUUHQW�VSHHGV�DUH�RFFXUUHG��QRW�RQO\�FDXVHG�E\�WKH
,7)�EXW�DOVR�GXH�WR�LWV�JHRPHWU\��WKH�LQIOXHQFH�RI�WLGDO�IORZ��DQG�PRQVRRQDO�FXUUHQWV��
6LWH�VWXG\�DQG�RFHDQ�FXUUHQW�PHDVXUHPHQW�ZHUH�FRQGXFWHG�E\�XVLQJ�DQ�HFKRVRXQGHU��D�SDLU�RI�$FRXVWLF
'RSSOHU�&XUUHQW�3URILOHUV��$'&3���DQG�RWKHU�VXSSRUWLQJ�HTXLSPHQW��,Q�JHQHUDO��WKH�DYHUDJH�RI�PRVW�RFHDQ
FXUUHQW�VSHHGV�LV�OHVV�WKDQ�����P�V�ZLWK�D�GXUDWLRQ�IORZ�RI�������KRXUV�D�GD\��DQG�WKH�PD[LPXP�VSHHG�UHDFKHV
XS�WR���P�V��7KH�WLGDO�W\SHV�LQ�DOPRVW�DOO�WKH�VWUDLWV�DUH�PL[HG�VHPLGLXUQDO�WLGHV��LQ�ZKLFK�WZR�KLJK�ZDWHUV�DQG
WZR�ORZ�ZDWHUV�RFFXU�WZLFH�D�GD\��ZLWK�WKH�KLJK�DQG�ORZ�WLGHV�GLIIHU�LQ�KHLJKW�
7KH�/HVVHU�6XQGD�6WUDLWV�ZHUH�VHOHFWHG�DV�WKH�SRWHQWLDO�VLWHV�IRU�RFHDQ�FXUUHQW�SRZHU�SODQW�EHFDXVH�WKHLU
FXUUHQW�VSHHGV�DUH�UHODWLYHO\�KLJK�DQG�WKHLU�FKDUDFWHULVWLFV�DUH�PRUH�SUHGLFWDEOH�FRPSDUHG�ZLWK�RWKHU�VWUDLWV
IURP�RWKHU�UHJLRQV��%DVHG�RQ�WKH�UHVXOWV�RI�EDWK\PHWU\�VXUYH\�DQG�FXUUHQW�FKDUDFWHULVWLFV�IURP�WKH�GHSOR\HG
$'&3�DW�D�IL[HG��VWDWLRQDU\��ORFDWLRQ�RQ�WKH�VHDEHG��WKH�EHVW�ORFDWLRQ�IRU�WKH�FXUUHQW�SRZHU�WXUELQHV�LV�DW�WKH
GHSWK�RI�������P�ZKHUH�WKH�VHDEHG�JHQWO\�VORSLQJ�

.H\ZRUGV�� 2FHDQ�&XUUHQW��6XQGD�/HVVHU��5HQHZDEOH�(QHUJ\

$%675$.��.HSXODXDQ�6XQGD�.HFLO�PHPEHQWDQJ�GDUL�%DOL�NH�7LPRU�\DQJ�WHUEDJL�PHQMDGL�GXD�EDJLDQ�\DQJ
.HSXODXDQ�6XQGD�.HFLO�PHPEHQWDQJ�GDUL�%DOL�NH�7LPRU�\DQJ�WHUEDJL�PHQMDGL�GXD�EDJLDQ�\DQJ�EHUEHGD
VHFDUD�JHRORJLV�GDQ�WHUEHQWXN�NDUHQD�VXEGXNVL�NHUDN�VDPXGHUD�GL�VHSDQMDQJ�3DOXQJ�-DZD�7LPRU��%DJLDQ
XWDUD�.HSXODXDQ� 6XQGD�.HFLO�� \DQJ�PHOLSXWL�%DOL�� /RPERN�� 6XPEDZD��)ORUHV��:HWDU��3DQWDU� GDQ�$ORU�
PHUXSDNDQ�NHSXODXDQ�EXVXU� YXONDQLN�� VHGDQJNDQ� SXODX�SXODX�GL�EDJLDQ�VHODWDQQ\D� DGDODK� SXODX� QRQ�
YXONDQLN�\DQJ�PHQFDNXS�6XPED��7LPRU�GDQ�5RWH��6HODW�VHODW�GL�VHSDQMDQJ�.HSXODXDQ�6XQGD�.HFLO�DGDODK
EHQWXNDQ�GDUL�SURVHV�JHRORJL�GDQ�WHNWRQLN�\DQJ�NRPSOHNV�\DQJ�WHUMDGL�GL�GDHUDK�LQL��6HODW�VHODW�WHUVHEXW
PHQMDGL� SHUSRWRQJDQ� \DQJ� SDOLQJ� SHQWLQJ� SDGD� EDJLDQ� VHODWDQ� $UXV� /LQWDV� ,QGRQHVLD� �$UOLQGR�� GDQ
EHUIXQJVL� VHEDJDL�DOXU�NHOXDU� DOLUDQ�PDVVD�DLU� ODXW� GDUL�6DPXGHUD�3DVLILN�\DQJ�PHOLQWDV�PHODOXL� /DXW
)ORUHV�GDQ�/DXW�6DZX�KLQJJD�NH�6DPXGUD�+LQGLD��.HFHSDWDQ�DUXV�GL�VHODW�VHODW�WHUVHEXW�UHODWLI�WLQJJL��+DO
LQL� WLGDN� KDQ\D�GLVHEDENDQ� ROHK� DGDQ\D�$UOLQGR�� WHWDSL� MXJD� NDUHQD�DGDQ\D� SHQJDUXK� JHRPHWUL�� VLNOXV
SDVDQJ�VXUXW�GDQ�DUXV�0XVRQ�
6WXGL�ORNDVL�GDQ�SHQJXNXUDQ�DUXV�ODXW�WHODK�GLODNXNDQ�GHQJDQ�PHQJJXQDNDQ�DODW�SHUXP�JHPD��VHSDVDQJ
$FRXVWLF�'RSSOHU�&XUUHQW�3URILOHU��$'&3��GDQ�SHUDODWDQ�SHQGXNXQJ�ODLQQ\D��6HFDUD�XPXP�NHFHSDWDQ�DUXV
ODXW�UDWD�UDWD�NXUDQJ�GDUL�����P�GHWLN�GHQJDQ�GXUDVL�DOLUDQ�������MDP�SHU�KDUL��GDQ�NHFHSDWDQ�PDNVLPXP
ELVD�PHQFDSDL�OHELK�GDUL���P�GHWLN��-HQLV�SDVDQJ�VXUXW�GL�KDPSLU�VHPXD�VHODW�SHUDLUDQ�6XQGD�.HFLO�DGDODK
SDVDQJ�VXUXW�FDPSXUDQ�KDULDQ�JDQGD��\DLWX�GDODP�VDWX�KDUL�WHUMDGL�GXD�NDOL�SDVDQJ�QDLN�GDQ�GXD�NDOL
SDVDQJ�VXUXW�\DQJ�EHUEHGD�WLQJJL�
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6HODW�VHODW� GL� SHUDLUDQ� 6XQGD�.HFLO�GDSDW� GLMDGLNDQ�SLOLKDQ� VHEDJDL� ORNDVL�SRWHQVLDO� XQWXN� SHPEDQJNLW
OLVWULN�DUXV�ODXW�NDUHQD�NHFHSDWDQ�DUXVQ\D�\DQJ�UHODWLI�WLQJJL�GDQ�NDUDNWHULVWLN�GDUL�DUXV�\DQJ�OHELK�GDSDW
GLSUHGLNVL� GLEDQGLQJNDQ� GHQJDQ� VHODW�VHODW� GL� ODLQ� GDHUDK�� %HUGDVDUNDQ� KDVLO� VXUYHL� EDWLPHWUL� GDQ
NDUDNWHULVWLN�DUXV�GDUL�$'&3�VWDVLRQHU�GL�GDVDU�ODXW��ORNDVL�WHUEDLN�XQWXN�SHPEDQJNLW�OLVWULN�VDDW�LQL�DGDODK
SDGD�NHGDODPDQ�������P�\DQJ�PHPLOLNL�NHPLULQJDQ�GDVDU�ODXW�\DQJ�ODQGDL�
.DWD�.XQFL��$UXV�/DXW��6XQGD�.HFLO��(QHUJL�7HUEDUXNDQ

,1752'8&7,21
7KH�SRVVLELOLW\�RI�JHQHUDWLQJ�HOHFWULFDO�SRZHU�IURP

WKH� RFHDQ� FXUUHQW� LQ� ,QGRQHVLD� KDV� EHHQ� UHFRJQL]HG� IRU
PDQ\� \HDUV�� ,W� VWDUWHG� VLQFH� �����ZKHQ� WKH�0LQLVWU\� RI
(QHUJ\�DQG�0LQHUDO�5HVRXUFHV� HVWDEOLVKHG�1XVD�3HQLGD
,VODQG� DV� WKH� VHOHFWHG� 5HQHZDEOH� (QHUJ\� 9LOODJH� IRU
UHQHZDEOH� HQHUJ\� GHYHORSPHQW� SURJUDP� �/XELV� DQG
<XQLQJVLK�� ������� +RZHYHU�� VLJQLILFDQW� UHVHDUFK� DQG
GHYHORSPHQW�RI�UHQHZDEOH�HQHUJ\�IURP�WKH�RFHDQ�VXFK�DV
RFHDQ� FXUUHQW�� WLGDO�� ZDYH� DQG� RFHDQ� WKHUPDO� HQHUJ\
FRQYHUVLRQV�LQ�WKLV�DUHD�KDV�RQO\�VWDUWHG�UHFHQWO\�

&XUUHQWO\�� RFHDQ� FXUUHQW� SRZHU� GHPRQVWUDWHV� DV� D
SRVVLEOH�DQG�VLJQLILFDQW�HQHUJ\�UHVRXUFHV�IRU�GHYHORSLQJ
UHQHZDEOH�HQHUJ\��7KHUH�DUH�VHYHUDO�DGYDQWDJHV�RI�RFHDQ
FXUUHQW� HQHUJ\� XWLOL]DWLRQ� FRPSDUHG� WR� RWKHU� HQHUJ\
JHQHUDWLRQ��7KH�SURGXFWLRQ�RI�HOHFWULFLW\�JHQHUDWHG� IURP
RFHDQ�FXUUHQWV� LV� UHQHZDEOH��PRUH�SUHGLFWDEOH�DQG�PRUH
HQYLURQPHQWDOO\� IULHQGO\�� $Q� LPSRUWDQW� LQLWLDO� VWHS� LQ
H[SORULQJ�RFHDQ�HQHUJ\�LV�WR�FKDUDFWHUL]H�DQG�WR�PDS�WKH
UHVRXUFHV� RI� RFHDQ� FXUUHQWV� IRU� JHQHUDWLQJ� HOHFWULFDO
HQHUJ\�� 7KH� XWLOL]DWLRQ� RI� RFHDQ� FXUUHQWV� WR� SURGXFH
HOHFWULFLW\��KRZHYHU�� LV� VWLOO�QRW�GHYHORSHG�IDYRUDEO\�DQG
QHHG�WR�VWXG\�LQ�PRUH�GHSWK��+LGD\DWL�HW�DO����������+HQFH�
VLWH� VWXG\� DQG� RFHDQ� FXUUHQW� UHVRXUFHV� REVHUYDWLRQ� KDV
EHHQ� FRQGXFWHG� E\� 0DULQH� *HRORJLFDO� ,QVWLWXWH� LQ� WKH
VHOHFWHG�VWUDLWV�RI�WKH�/HVVHU�6XQGD�,VODQGV��VXFK�DV�%DOL
DQG�(DVW�1XVD�7HQJJDUD�DUHD��)LJXUH����

7KH� /HVVHU� 6XQGD� ,VODQGV� DUH� D� JURXS� RI� LVODQGV
ORFDWHG� EHWZHHQ� WKH� ZDWHUV� RI� 6RXWKHDVW� $VLD� DQG
1RUWKHUQ�$XVWUDOLD��7KH�/HVVHU�6XQGD�,VODQGV�LV�D�YROFDQLF
VWULS� RI� WKH� 6XQGD� $UF�� FRQVLVWV� RI� WZR� JHRORJLFDOO\
GLVWLQFW�SDUWV� IRUPHG�E\�D�VXEGXFWLRQ�V\VWHP�RI�RFHDQLF
FUXVW�DORQJ�WKH� -DYD�7LPRU�7UHQFK��7KH�QRUWKHUQ�SDUW�RI
WKH� /HVVHU� 6XQGD� ,VODQG� DUH� DFWLYH� YROFDQLF� LQ� RULJLQ
FRQVLVWV�RI�WKH�LVODQGV�RI�%DOL��/RPERN��6XPEDZD��)ORUHV�
:HWDU�� 3DQWDU� DQG�$ORU�� 0HDQZKLOH�� WKH� LVODQGV� LQ� WKH
VRXWKHUQ�SDUW�� VXFK�DV� WKH� LVODQGV�RI� 6XPED��7LPRU� DQG
5RWH�� DUH� QRQ�YROFDQLF� DUFKLSHODJRV� ZKLFK� DUH
JHRORJLFDOO\� GHULYHG� IURP� WKH� $XVWUDOLDQ� SODWH�
*HRORJLFDOO\�� )ORUHV� 6HD� LV� D� PRUSKRVWUXFWXUH� IHDWXUH�
FRLQFLGLQJ�D�EDFN�DUF�EDVLQ�GXH�WR�WKH�FROOLVLRQ�EHWZHHQ
WKH�1XVD�7HQJJDUD�LVODQG�DUF�DQG�WKH�$XVWUDOLDQ�FRQWLQHQW
�3UDVHW\R�DQG�6DUPLOL���������7KH�JHRORJLFDO�VWUXFWXUH�RI
WKLV�DUHD�LV�TXLWH�FRPSOH[��&RPSUHVVLRQ�WHFWRQLFV�LQ�WKH
)ORUHV�%DVLQ�WR�7LPRU�+LJK�UHVXOWHG�LQ�WKH�IRUPDWLRQ�RI�D
KRUL]RQWDO�IDXOW�DQG�D�ULVLQJ�IDXOW�DORQJ�WKH�/HVVHU�6XQGD
,VODQGV��7KH�LQWHUVHFWLRQV�RI�WKH�IDXOW�]RQHV�LQ�WKH�/HVVHU
6XQGD� ,VODQGV� IRUPHG� VWUDLWV�� FRQQHFWLQJ� WKH�)ORUHV� 6HD
DQG�WKH�6DYX�6HD��7KHVH�VWUDLWV�EHFRPH�WKH�PRVW�LPSRUWDQW
FURVV� VHFWLRQ� RI� WKH� ,QGRQHVLDQ� 7KURXJK� )ORZ� �,7)��
IXUWKHU�IXQFWLRQ�DV�DQ�RXWOHWV�IRU�WKH�PDVV�IORZ�RI�VHDZDWHU
IURP�WKH�3DFLILF�2FHDQ�WKURXJK�WKH�)ORUHV�6HD�WR�WKH�6DYX
6HD�DQG�WKHQ�WR�WKH�,QGLDQ�2FHDQ��*RUGRQ�$�/����������,Q
WKHVH�VWUDLWV��UHODWLYHO\�KLJK�FXUUHQW�VSHHGV�RFFXU��QRW�RQO\

)LJXUH����6LWH�VWXG\�DUHD�ORFDWHG�DW�WKH�VWUDLWV�RI�/HVVHU�6XQGD�,VODQGV��,QGRQHVLD�
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FDXVHG� E\� WKH� ,7)� EXW� DOVR� GXH� WR� LWV� JHRPHWU\�� WKH
LQIOXHQFH�RI�WKH�PRQVRRQ�FXUUHQWV��DQG� WKH�6RXWK�&KLQD
6HD� �� ,QGRQHVLDQ� 6HDV�7UDQVSRUW�([FKDQJH� �6,7(���7KH
ORFDWLRQV�RI�,7)��6,7(�DQG�7UDGHV�LQIOXHQFHV�DUH�VKRZQ�LQ
)LJXUH���

,Q� JHQHUDO�� WKH� HOHFWULFLW\� GLVWULEXWLRQ� LQ� %DOL� DQG
1XVD�7HQJJDUD� LV� VWLOO� LQVXIILFLHQW� IRU� WKH� HQWLUH� LVODQGV�
UHVXOWLQJ� HOHFWULFDO� EODFNRXW� DUUDQJHPHQWV� LQ� VRPH
VHWWOHPHQWV� IRU� PRUH� WKDQ� �� KRXUV� SHU� GD\�� 7R� KLQGHU
LQVXIILFLHQF\� RI� HOHFWULFLW\�� 37� 3/1�� WKH� QDWLRQDO
HOHFWULFLW\� FRPSDQ\�� KDV� EHHQ� KLULQJ� PRUH� GLHVHO
JHQHUDWRUV�WR�LQFUHDVH�WKH�VXSSO\�RI�HOHFWULFLW\��%DVHG�RQ
GDWD�LVVXHG�LQ�������WKH�UDWLR�RI�VHWWOHPHQW�HOHFWULILFDWLRQ
IDFLOLWDWHG�E\�37�3/1� LQ� WKH�LVODQGV�LV� VWLOO�TXLWH� ORZ�DW
RQO\�OHVV�WKDQ�������7KLV�QXPEHU�LV�PXFK�OHVV�EHORZ�WKH
QDWLRQDO� DYHUDJH� HOHFWULFLW\� FRQVXPSWLRQ�ZKLFK� UHDFKHG
����������DW�WKH�VDPH�\HDU�

7KH� SXUSRVH� RI� WKH� VWXG\� LV� WR� LGHQWLI\� WKH
FKDUDFWHULVWLFV�RI�RFHDQ�FXUUHQWV�LQ�WKH�VWUDLWV�RI�WKH�/HVVHU
6XQGD�,VODQGV�LQ�RUGHU�WR�REVHUYH�WKH�SRWHQWLDO�RI�RFHDQ
FXUUHQWV�DV�UHQHZDEOH�HQHUJ\�UHVRXUFHV�LQ�WKH�VWUDLW�DUHDV�
5HVHDUFK�ZDV�FRQGXFWHG�WR�FROOHFW�GDWD�IURP�WKH�VHOHFWHG
VLWHV� E\� GHWHUPLQLQJ� WKH� VHDEHG� PRUSKRORJ\� DQG� WKH
K\GUR�RFHDQRJUDSKLF�FKDUDFWHULVWLFV��

0(7+2'6
6XUYH\�PHWKRGV� DSSOLHG� GXULQJ� ILHOG�ZRUNV� DW� WKH

VWUDLW�RI�WKH�/HVVHU�6XQGD�,VODQGV� IURP�����������ZHUH
PHDVXUHPHQW�RI�FXUUHQWV��WLGDO�REVHUYDWLRQ��REVHUYDWLRQ�RI
PHWHRURORJLFDO� SDUDPHWHUV�� FRQGLWLRQV� RI� WKH� VHDEHG
PRUSKRORJ\��VHDEHG�QDWXUH�DQG�WKH�FRDVWDO�FKDUDFWHULVWLFV�
$GGLWLRQDOO\��VRPH�PHWKRGV�RI�REVHUYDWLRQV�ZHUH�DSSOLHG
WR� FROOHFW� ILHOG� GDWD� WR� DVVHVV� WKH� VHOHFWHG� VLWH� DQG� WKH
SURSHU�W\SH�RI�RFHDQ�FXUUHQW�SRZHU�WXUELQH�IRU�JHQHUDWLQJ

VXIILFLHQW�HOHFWULFLW\��5HIHUULQJ�WR�WKH�RFHDQ�FXUUHQW�WXUELQH
VLWH�VHOHFWLRQ�FULWHULD�IURP�0DULQH�&XUUHQW�7XUELQH�/WG���D
GHFHQW�ORFDWLRQ�WR�GHYHORS�RFHDQ�FXUUHQW�SRZHU�JHQHUDWLRQ
PXVW�EH�ORFDWHG�QRW�IDU�IURP�WKH�EHDFK��EH�FORVHG�WR�WKH
SRZHU�JULG��KDYH�DQ�RFHDQ�FXUUHQW�VSHHG�RI�����������P�V

�GHSHQGLQJ�RQ�WKH�WXUELQH�W\SH��� DQG�KDYH�UHODWLYHO\�IODW
VHDEHG�PRUSKRORJ\��$LQVZRUWK�DQG�7KDNH��������

,Q�WKLV�VWXG\��7LGDO�5DQJH�2EVHUYDWLRQ�ZDV�PHDVXUHG
E\�XVLQJ�DQ�(OHFWURQLF�7LGH�*DXJH�DQG�D�WLGDO�KDUPRQLF
DQDO\VLV� ZDV� FDUULHG� RXW� E\� DSSO\LQJ� 5R\DO�$GPLUDOW\
PHWKRG�� 7R� REWDLQ� WKH� WLGDO� FKDUDFWHULVWLFV�� WKLV
PHDVXUHPHQW�ZDV�DOVR�QHFHVVDU\�LQ�RUGHU�WR�GHWHUPLQH�WKH
&KDUW�'DWXP�IRU�EDWK\PHWULF�VXUYH\�UHVXOW�FRUUHFWLRQ�DQG
WR�REWDLQ�FRUUHODWLQJ�GDWD�ZLWK�WKH�FXUUHQW�REVHUYDWLRQV��

2FHDQ� &XUUHQW� &KDUDFWHULVWLFV� ZDV� PHDVXUHG� E\
XVLQJ� DQ� $FRXVWLF� 'RSSOHU� &XUUHQW� 3URILOHU� �$'&3��
7KHUH�ZHUH�WZR�VXUYH\�PHWKRGV�DSSOLHG��VXFK�DV�7UDQVHFW
DQG�6WDWLRQDU\�6XUYH\V��$�WUDQVHFW�VXUYH\�LV�FDUULHG�RXW�E\
WRZLQJ�DQ�$'&3�LQVWUXPHQW�WR�PHDVXUH�WKH�FXUUHQWV�XQGHU
D� PRYLQJ� ERDW��$� VWDWLF� VXUYH\� LV� VR� FDOOHG� EHFDXVH� LW
HQJDJHV� WKH� GHSOR\PHQW� RI� D� VHD� FXUUHQW� PHDVXUHPHQW
GHYLFH��$'&3��DW�D�VLWH�WR�PRRU�RQ�WKH�VHDEHG��7\SLFDOO\�
$'&3�PHDVXUHPHQWV�RI�WKH�WLGDO�FXUUHQWV�PXVW�EH�WDNHQ
IRU�DW�OHDVW����GD\V��7KLV�DOORZV�D�WLGDO�KDUPRQLF�DQDO\VLV
RI�WKH�IORZ�WR�EH�FRPSOHWHG��(0(&��������

%DWK\PHWULF� VXUYH\� ZDV� FRQGXFWHG� XVLQJ� D� VLQJOH
EHDP�HFKRVRXQGHU��6%(6��ZLWK�VSDFLQJ�RI�VRXQGLQJ�OLQHV
DSSUR[LPDWHO\����������PHWHUV��0RELOH�$'&3�DQG�6LQJOH
&KDQQHO� (FKRVRXQGHU� HTXLSPHQW� ZHUH� LQWHJUDWHG� E\
*OREDO�3RVLWLRQLQJ�6\VWHP��*36��GHYLFH��%RWK�HTXLSPHQW
UHFRUGHG� GDWD� RI� FXUUHQW� VSHHGV� DQG� RFHDQ� GHSWKV
DFFRUGLQJ�WR�VXUYH\�VKLS�WUDMHFWRULHV��7KH�RFHDQ�GHSWK�GDWD
ZDV�WKHQ�FRUUHODWHG�ZLWK�WKH�UHVXOW�VWUHDP�GDWD�IURP�WKH
UHFRUGLQJ� RI� PRELOH� $'&3� WR� LQIHU� WKH� UHODWLRQVKLS

)LJXUH����7KH�LQIOXHQFHV�RI�,7)��6,7(��DQG�7UDGHV��PRQVRRQ�FXUUHQWV��LQ�,QGRQHVLDQ�ZDWHU�DUHD��DIWHU�6XVDQWR��HW�DO���������



�� $L�<XQLQJVLK��HW�DO�

EHWZHHQ� WKH�PRUSKRORJ\� RI� WKH� VHDEHG� DQG� WKH� FXUUHQW
YHORFLW\�GLVWULEXWLRQ�

2FHDQ� &XUUHQW� 'DWD� UHFRUGHG� IURP� PRELOH�$'&3
DQG� VWDWLF�$'&3� ZDV� FRUUHODWHG� ZLWK� WKH� WLGDO� GDWD� WR
LQGLFDWH�SDWWHUQ�PRYHPHQWV�RI�WKH�RFHDQ�FXUUHQWV�DW�KLJK
DQG�ORZ�WLGH�FRQGLWLRQV�

:HDWKHU�2EVHUYDWLRQ�ZDV�FRQGXFWHG�E\
XVLQJ� DQ�$XWRPDWLF�:HDWKHU� 6WDWLRQ� �$:6�
GXULQJ� WKH� ILHOG� ZRUNV�� 7KH�$:6� PHDVXUHV
ZHDWKHU�SDUDPHWHUV�� VXFK� DV�DLU� WHPSHUDWXUH�
KXPLGLW\�� ZLQG� VSHHG� DQG� GLUHFWLRQV�� DLU
SUHVVXUH��DQG�UDLQIDOO��:HDWKHU�FRQGLWLRQV�FDQ
FKDQJH�WKH�FXUUHQW�IORZ��/DUJH�SUHVVXUH�V\VWHP
PD\�HQKDQFH�RU� UHGXFH�WKH�FXUUHQW� IORZ��DQG
VWRUP� VXUJHV� FDQ� FDXVH� VWURQJ� IORZ� WKDW� FDQ
GDPDJH� WKH�WXUELQHV��:HDWKHU�FDQ�DOVR�DIIHFW
GHSOR\PHQW� DQG� PDLQWHQDQFH� E\� OLPLWLQJ
DFFHVV�WR�WKH�VLWH��(0(&��������

&XUUHQW� 'DWD� REWDLQHG� IURP� ILHOG
PHDVXUHPHQWV� ZHUH� SUHVHQWHG� LQ� WLPH� JUDSK
VHULHV�� VFDWWHU� SORWV�� VWLFN� SORWV�� DQG� FXUUHQW
URVH��

,Q� WKLV� VWXG\� WKH� FXUUHQW� HQHUJ\
FRQYHUVLRQ�FDOFXODWHG�IURP�WKH�FXUUHQW�VSHHG
GDWD�LV�LQGLFDWHG�LQ�WKH�IRUP�RI�SRZHU�GHQVLW\
XQLW� �ZDWW�P����:H� DGRSW� WKH� IRUPXOD� IURP
)UDHQNHO� �������� WKH� SRZHU� GHQVLW\� FDQ� EH
REWDLQHG�WKURXJK�WKH�IROORZLQJ�HTXDWLRQ��

3�$� � �[� [� ��«««««�««�������

ZKHUH�3� LV�SRZHU� �:DWW���ȡ� � LV� WKH
GHQVLW\� RI� VHDZDWHU� �NJ�P���� $� LV� WKH
FURVV�VHFWLRQDO� DUHD� RI� WKH� WXUELQH
ORFDWLRQ��P����DQG�9�LV�WKH�VSHHG�RI�WKH
RFHDQ�FXUUHQW��P�V���7KH�GHQVLW\�YDOXH�RI
VHDZDWHU�XVHG� KHUH� LV� WKH� VDPH� DV�����
NJ�P���7KH� WXUELQH� FURVV�VHFWLRQDO� DUHD
�$��LV�FRQVLGHUHG�WR�EH���P���VR�WKDW�WKH
PRVW� LQIOXHQWLDO� YDULDEOHV� LQ� WKH
FRQYHUVLRQ� FDOFXODWLRQ� SURFHVV� LQWR
HOHFWULF� FXUUHQW� DUH� WKH� FXUUHQW� YHORFLW\
DQG�WKH�WXUELQH�DUHD��)UDHQNHO��������

5(68/76�$1'�',6&866,21
�����7LGDO�&KDUDFWHULVWLFV
%DVHG�RQ�WKH�KDUPRQLF�WLGDO�DQDO\VLV�XVLQJ�WKH�5R\DO

$GPLUDOW\�PHWKRG��WKH�WLGDO�W\SH�LQ�DOPRVW�DOO�RI�WKH�VWUDLWV
DUH�PL[HG�VHPLGLXUQDO�WLGHV��ZLWK�WZR�KLJK�WLGHV�DQG�WZR
ORZ�WLGHV�HDFK�GD\��7KH�KLJK�DQG�ORZ�WLGHV�YDULDELOLW\�FDQ
EH�VHHQ� LQ�)LJXUH���� �7KH� WLGDO�FXUYH�RI����GD\�F\FOH�DW
7R\DSDNHK�6WUDLW��)LJXUH����VKRZV�WKH�WLGDO�FXUUHQW�SDWWHUQ
LQ�ZKLFK�WZR�KLJK�WLGHV�DQG�WZR�ORZ�WLGHV�RFFXUV�ZLWKLQ���
KRXUV� ZLWK� D� PD[LPXP� ZDWHU� OHYHO� RI� ����� P�� 7KLV
VLWXDWLRQ�FDXVHV�WKH�WLPH�OHQJWK�GXULQJ�KLJK�WLGH�DQG�ORZ
WLGH�FRQGLWLRQV�DUH�DERXW�����KRXUV�RQ�DYHUDJH�LQ�WKH�VSULQJ

WLGH��ZKLOH�WKH�QHDS�WLGH�KDV�VKRUWHU�WLPH�OHQJWK��+DYH�WKH
VSULQJ�WLGH�VKRZQ�WKH�VORSH�RI�WKH�ZDWHU�OHYHO�DW�KLJK�DQG
ORZ�WLGHV��WKLV�FRQGLWLRQ�ZLOO�EH�IROORZHG�E\�DQ�LQFUHDVHG
FXUUHQW� VSHHG�� 7KXV�� WKH� FXUUHQW� VSHHG� ZLOO� UHDFK� LWV
PD[LPXP�FRQGLWLRQ��

�����&XUUHQW�6SHHG�DQG�'LUHFWLRQ�
7KH� /HVVHU� 6XQGD� 6WUDLWV� ZHUH� VHOHFWHG� DV� WKH

SRWHQWLDO� VLWH� IRU� VHD� FXUUHQW� SRZHU� SODQW� GXH� WR� WKHLU
UHODWLYHO\�KLJK�FXUUHQW�VSHHGV�DQG�WKHLU�PRUH�SUHGLFWDEOH
FKDUDFWHULVWLFV��7KH�URXWH�RI�WKH�FXUUHQW�H[FKDQJHV�UHYHDOV
WKDW� RZLQJ� WR� WKH� QDUURZ� VWUDLWV� RI� WKH� /HVVHU� 6XQGD
,VODQGV��LQIORZ�ZDWHUV�DUH�WUDSSHG�KHUH�EHIRUH�IORZLQJ�WR
WKH� ,QGLDQ� 2FHDQ�� 7KLV� LV� WKH� UHDVRQ� ZK\� WKH� FXUUHQW
VSHHGV�RI�WKH�VWUDLWV�DUH�UHODWLYHO\�KLJK��

)LJXUH����$����KRXU�SORW�RI�WKH�WLGDO�UDQJH�DW�7R\DSDNHK�6WUDLW��1XVD�3HQLGD�

)LJXUH���� 7LGDO�FXUYH�RI����GD\�F\FOH�DW�7R\DSDNHK�6WUDLW��1XVD�3HQLGD�
�<XQLQJVLK�HW�DO���������

�
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7DEOH� �� VKRZV� WKH� UDQJH� RI� FXUUHQW
YHORFLWLHV� IRU� FHUWDLQ� GHSWKV�� 7KH� FXUUHQW
YHORFLW\� LQ� WKLV� WDEOH� LV� WKH� PLQLPXP� DQG
PD[LPXP�YHORFLWLHV�UHFRUGHG�E\�D�GHYLFH�GXULQJ
KLJK� DQG� ORZ� WLGHV� DW� XS� WR� ��� P� GHSWK��7KH
PD[LPXP�YHORFLW\� LV�DERYH���P�V��SDUWLFXODUO\
DERYH���P�V�IURP���P�WR����P�GHSWK�ZKHUH�WKH
JUHDWHVW�VSHHG�LV�DW�WKH�GHSWK�RI���P��%DVHG�RQ�WKH
FXUUHQW�GLVWULEXWLRQ�GDWD�DQG�WKH�SHUIRUPDQFH�RI
FRQWLQXRXV� ORQJ�WHUP� FXUUHQW� PHDVXUHPHQWV�
RQH�FDQ�HVWLPDWH�WKH�EHVW�SRVLWLRQ�DQG�GHSWK�IRU
WKH�SODFHPHQW�RI�WKH�RFHDQ�FXUUHQW�SRZHU�SODQW
HTXLSPHQW�WXUELQH�

7KH� UHVXOW� RI� VWDWLRQDU\� FXUUHQW
PHDVXUHPHQW�DQG�FXUUHQW�WUDQVHFW�VXUYH\�GXULQJ
KLJK� DQG� ORZ� WLGHV� LQGLFDWHV� WKDW� LQ� KLJK� WLGH
FRQGLWLRQV�WKH�FXUUHQW�GLUHFWLRQ�WHQGV�WRZDUG�WKH
QRUWKHDVW��DQG�GXULQJ�WKH�ORZ�WLGH�FRQGLWLRQV�WKH

FXUUHQW� WHQGV� WR� IORZ� WR� VRXWKZHVW� GLUHFWLRQ� �<XQLQJVLK
DQG� /XELV�� ������� 7KH� FXUUHQW� VSHHG� DQG� GLUHFWLRQ� DW
/DUDQWXND�6WUDLW�ZLWK� WKH�WZR�FRQGLWLRQV�� L�H��GXULQJ� WKH
KLJK�DQG� ORZ� WLGHV�� DUH� VKRZQ� LQ�)LJXUH����ZKHUHDV� WKH
GLVWULEXWLRQ� RI� WKH� FXUUHQW� VSHHG� GHULYHG� IURP� WKH� VKLS�
PRXQWHG�$'&3�VXUYH\�GXULQJ�WKH�ILHOG�ZRUN�DUH�VKRZQ�LQ
7DEOH���

6SHFLILFDOO\�IRU�WKH�7R\DSDNHK�6WUDLW���1XVD�3HQLGD�
WKH�FXUUHQW�GLUHFWLRQ�KDV�D�XQLTXH�SDWWHUQ��7KH�UHVXOWV�RI
ILHOG�PHDVXUHPHQWV�DQG�REVHUYDWLRQV�GXULQJ�WKH�VXUYH\�DUH
SORWWHG�LQ�D�FXUUHQW�URVH�GLDJUDP��,W�VKRZV�WKH�GRPLQDQW

FXUUHQW�GLUHFWLRQ�WR�WKH�VRXWKZHVW�LQ�DOO�WKH�KLJK�DQG�ORZ
WLGHV� FRQGLWLRQV�� DV� ZHOO� DV� LQ� DOO� WKH� FRQGLWLRQV� RI� WKH
VSULQJ�DQG�QHDS�WLGHV��)LJXUH�����

%DVHG�RQ�WKH�UHVXOWV�RI�FXUUHQW�GDWD�SURFHVVLQJ�XVLQJ
:RUOG�&XUUHQW������DIWHU�/HYHUDQL�HW�DO����������WKH�W\SHV
RI� FXUUHQWV� LQ� 7R\DSDNHK� 6WUDLW� DUH� WLGDO� FXUUHQWV�� 7KH
FXUUHQW� GLUHFWLRQ� GHVFULEHV� WKH� PRYHPHQW� RI� WZR
GLUHFWLRQV� �EL�GLUHFWLRQDO� FXUUHQW��� QDPHO\� VRXWKZHVW� �
QRUWKHDVW�GLUHFWLRQ��7KH�GLUHFWLRQ�RI�WKH�FXUUHQW�LV�IRUPHG
GXH� WR� WKH� FKDQJHV� LQ� ZDWHU� OHYHO� HOHYDWLRQ� DQG� VHDEHG
PRUSKRORJ\��

7DEOH���� 7KH�UDQJH�RI�FXUUHQW�YHORFLWLHV�IRU�HDFK�GHSWK�DW�/DUDQWXND�
6WUDLW�EDVHG�RQ�FXUUHQW�WUDQVHFW�VXUYH\�GXULQJ�VSULQJ�WLGH

)LJXUH����7LGDO�FXUUHQWV�WHQG�WR�IORZ�QRUWKHDVWZDUG�GXULQJ�WKH�KLJK�WLGH��D��DQG�VRXWKZHVWZDUG�GXULQJ�WKH�ORZ�WLGH��E��

�

�

�����������D��'XULQJ�KLJK�WLGH��QRUWKHDVWZDUG�FXUUHQW�����������������������������������E��'XULQJ�ORZ�WLGH��VRXWKZHVWZDUG�FXUUHQW�



�� $L�<XQLQJVLK��HW�DO�

�����%DWK\PHWU\
9HUWLFDOO\� DQG� KRUL]RQWDOO\�� WKH� FXUUHQW� YHORFLW\

GLVWULEXWLRQ�LQ�WKH�VWUDLWV�RI�WKH�/HVVHU�6XQGD�,VODQG�DUH�QRW
RQO\� LQIOXHQFHG� E\� WKH� WLGDO� FRQGLWLRQV�� EXW� DOVR� E\� WKH
FRQGLWLRQ�RI�VHDEHG�PRUSKRORJ\��WKH�ZLGWK�RI�WKH�VWUDLW�DQG
WKH� GHSWK� RI� WKH� VHD�� %DVHG� RQ� GDWD� IURP� VHYHUDO
WUDMHFWRULHV� RI� WKH� VKLS�PRXQWHG� $'&3�� WKH� FXUUHQW
YHORFLW\�LQ�WKHVH�VWUDLW�FRUUHODWHV�ZLWK�WKH�GHSWK�RI�WKH�VHD�
ZKHUH� WKH� FXUUHQW� VSHHG� LV� UHODWLYHO\� KLJK��7KH� KLJKHVW
FXUUHQW�YHORFLW\�RFFXUV�LQ�WKH�GHHSHVW�DQG�QDUURZHVW�SDUW�RI
WKH�VWUDLW�FKDQQHO�GXULQJ�WKH�KLJK�DQG�ORZ�WLGHV��)LJXUH��
DQG�)LJXUH����

,Q�JHQHUDO��SRWHQWLDO�HQHUJ\�RI�RFHDQ�FXUUHQW�WKDW�LV
SRVVLEOH� WR�KDUYHVW� GHSHQGV� RQ� ERWK�SDUDPHWHUV�� L�H�� WKH
FXUUHQW� VSHHG� DQG� WKH� VZHSW� DUHD� RI� WKH�PDULQH� WXUELQH
EODGHV� �7KRPDV�� ������ )UDHQNHO�� ������� $QRWKHU
LPSRUWDQW�FRQVLGHUDWLRQ�WKDW�KDV�D�VLJQLILFDQW�LPSDFW�WR�WKH
RFHDQ�FXUUHQW�SRZHU�SODQW�LV�WKH�ULJKW�SRVLWLRQ�RI�WXUELQH
LQVWDOODWLRQ�DW�WKH�SURSHU�GHSWK�ZKHUH�WKH�RSWLPDO�FXUUHQW
VSHHG�RFFXUV���

7KH� EDVLF� WHFKQLFDO� IDFWRUV� WKDW� PD\� DIIHFW� WKH
DVVHVVPHQW� RI�D� VLWH� IRU� WXUELQH� GHSOR\PHQW� DUH� WKH� VLWH

PXVW�KDYH�D�ODUJH�HQRXJK�FXUUHQW�VSHHG�EHWZHHQ����
P�V�������P�V�ZLWK�UHODWLYHO\�XQLIRUP�YHORFLW\�IURP
WKH�VXUIDFH�WR�WKH�ERWWRP��WKH�VLWH�PXVW�EH�QRW�WRR�IDU
IURP� WKH� EHDFK� �LGHDOO\� OHVV� WKDQ� �� NP��� WKH� VHD
GHSWK�PXVW�EH�UDQJLQJ�IURP����P������P��DQG�WKH
PRUSKRORJ\�RI�WKH�VHDEHG�PXVW�KDYH�D�JHQWOH�VORSH��

7KH�ZDWHU�GHSWK�DW� WKH�7R\DSDNHK�6WUDLW� DQG
%ROHQJ�6WUDLW�JHQHUDOO\�UDQJHV�EHWZHHQ������PHWHUV
LQ� WKH� RXWHU� FKDQQHO� ZLWK� D� JHQWOH� VHDEHG
PRUSKRORJ\�� ZKHUHDV� LQ� WKH� PLGGOH� FKDQQHO� WKH
GHSWK� LV� LQFUHDVLQJ� JUDGXDOO\� WR� PRUH� WKDQ� ���
PHWHUV� �)LJXUH� �� DQG� ����� %DWK\PHWULF� FRQWRXU
SDWWHUQ�IURP�ERWK�VWUDLWV�VKRZV�D�VWHHS�DQG�QDUURZ
PRUSKRORJ\�� 6RPH� FORVHG�SDWWHUQ� FRQWRXUV� DUH
IRXQG� DW� WKH� GHSWK� XS� WR� ���� PHWHUV�� LQGLFDWLQJ
VHYHUDO�GHHS�KROH�PRUSKRORJLHV��+HUHLQ��VRPH�RI�WKH
FORVHG� EDWK\PHWULF� FRQWRXU� SDWWHUQV� RI�PRUH� WKDQ
���� PHWHUV� GHSWK� KDYH� WKH� SRWHQWLDO� WR� FDXVH� D
YRUWH[�RI�RFHDQ�FXUUHQWV��

)LJXUH��� &XUUHQW�5RVH�GLDJUDP�IURP�ILHOG�PHDVXUHPHQW�
UHVXOWV�

�

)LJXUH���� &RUUHODWLRQ�EHWZHHQ�YHUWLFDO�DQG�KRUL]RQWDO�GLVWULEXWLRQ�RI�
FXUUHQW�YHORFLW\�DQG�VHD�GHSWK�

)LJXUH���� %DWK\PHWU\�DQG�KRUL]RQWDO�GLVWULEXWLRQ�RI�FXUUHQW�
VSHHG�DORQJ�WKH�VKLS�PRXQWHG�$'&3�VXUYH\�DW���
PHWHUV�GHSWK�DW�/DUDQWXND�6WUDLW��<XQLQJVLK�DQG�
0DVGXNL�������

�
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7KH� EDWK\PHWU\� RI� DOPRVW� DOO� VWUDLWV� UHIOHFWV� WKH
WHFWRQLF�DFWLYLW\�LQ�WKH�DUHD��ZKLFK�LV�FKDUDFWHUL]HG�E\�D
GHHS�FKDQQHO�LQ�WKH�PLGGOH�DQG�D�VPDOO�VKDOORZ�SODWIRUP�LQ
WKH� RXWHU� FKDQQHO� RQ� D� JHQWOH� VHDEHG�PRUSKRORJ\��7KLV
FRQGLWLRQ�JLYHV� ULVH� WR�D� VWURQJ� WLGDO�FXUUHQW� WKDW�FDQ�EH

XWLOL]HG�WR�JHQHUDWH�HOHFWULFLW\��2QH�RI�YDULRXV�LQIRUPDWLRQ
IURP�WKH�DUHD�IRU�GHVLJQLQJ�DQ�RFHDQ�FXUUHQW�WXUELQH�LV�WKH
VHGLPHQWV� WKDW� FRPSRVHG� WKH� VHDIORRU� DQG� FRDVWDO� DUHD
�.XUQLR�HW�DO���������

�
)LJXUH���� %DWK\PHWU\�RI�7R\DSDNHK�6WUDLW���1XVD�3HQLGD��%DOL��<XQLQJVLK�HW�DO��������

)LJXUH�����'HSWK�FRQWRXU�DQG�VHDEHG�PRUSKRORJ\�RI�%ROHQJ�6WUDLW��<XQLQJVLK�HW�DO���������
�



�� $L�<XQLQJVLK��HW�DO�

$W�WKH�/DUDQWXND�6WUDLW��WKH�ZDWHU�GHSWK�UDQJHV�IURP
��WR����PHWHUV�RQ�D�JHQWOH�VORSH�PRUSKRORJ\��)LJXUH����
2EVHUYLQJ� WKH� VWUDLW� ZLGWK�� WKH� EDWK\PHWULF� FRQWRXU
SDWWHUQ��WKH�GHSWK��DQG�WKH�VHDEHG�PRUSKRORJ\��WKHUH�LV�D
SRVVLELOLW\� IRU� D� IDVW� FKDQQHOLQJ� RI� WKH� PDVV� IORZ� RI
VHDZDWHU� WR�RFFXU� IURP� WKH�)ORUHV� 6HD� WR� WKH�6DYX�6HD�
HVSHFLDOO\�RI�WKH�VXUIDFH�RFHDQ�FXUUHQWV��1R�SRWHQWLDO�IRU�D
YRUWH[�RI�RFHDQ�FXUUHQWV�ZDV�IRXQG��7KH�FXUUHQW�SDWWHUQ�LQ
WKH� /DUDQWXND� VWUDLW� LV� DOVR�PRUH� SUHGLFWDEOH� WKDQ� RWKHU
VWUDLWV�� )URP� VRPH� RI� WKHVH� WHFKQLFDO� DVSHFWV�� WKH
/DUDQWXND�6WUDLW�LV�PRUH�SUHIHUDEOH�WR�EH�VHOHFWHG�DV�D�VLWH
IRU�RFHDQ�FXUUHQW�SRZHU�SODQW�FRPSDUHG�WR�RWKHU�VWUDLWV��

����&XUUHQW�(QHUJ\�&RQYHUVLRQ
%DVHG� RQ� RFHDQ� FXUUHQW� FKDUDFWHULVWLF� DQG� WKH

WHUULWRULDO� ZDWHU� SURILOH�� WKH� VWUDLWV� RI� WKH� /HVVHU� 6XQGD
,VODQGV�KDYH�D�JUHDW�SRWHQWLDO�IRU�WKH�XWLOL]DWLRQ�RI�RFHDQ
FXUUHQW�SRZHU�SODQWV��$OWKRXJK�WKH�RFHDQ�FXUUHQW�SRZHU�LV
QRW�ZLGHO\�LPSOHPHQWHG�DW�SUHVHQW�LQ�,QGRQHVLD��LW�KDV�DQ
LPSRUWDQW� SRWHQWLDO� IRU� IXWXUH� UHQHZDEOH� HOHFWULFLW\
JHQHUDWLRQ��HVSHFLDOO\�LQ�UHPRWH�FRDVWDO�DUHDV��

7KHUH� DUH�PDQ\� VHOHFWHG� VLWHV� RI� WKH� VWUDLWV� RI� WKH
/HVVHU� 6XQGD� ,VODQGV� WKDW� KDYH� SRWHQF\� WR� JHQHUDWH
HOHFWULFLW\�GXH�WR�WKH�VLJQLILFDQW�FXUUHQW�VSHHG�RI�PRUH�WKDQ
����P�V��,Q�JHQHUDO��WKH�DYHUDJH�RI�VHD�FXUUHQW�VSHHGV�LQ�WKH
/HVVHU�6XQGD�6WUDLWV�DUH�OHVV�WKDQ�����P�V�ZLWK�WKH�GXUDWLRQ
IORZ�RI������KRXUV�D�GD\��7KH�PD[LPXP�VSHHG�UHDFKHV����
P�V�XS�WR�PRUH�WKDQ�����P�V�ZLWK�WKH�GXUDWLRQ�IORZ�RI����
KRXUV�D�GD\�

7KH�FDOFXODWLRQ�UHVXOW�RI�RFHDQ�FXUUHQW�HQHUJ\�XVLQJ
)UDHQNHO� IRUPXODWLRQ� ������� LQ� WKH� VHYHUDO� VWUDLWV�RI� WKH
/HVVHU� 6XQGD� ,VODQGV�� H�J�� 7R\DSDNHK� 6WUDLW�� /DUDQWXND
6WUDLW��DQG�%ROHQJ�6WUDLW��LV�VKRZQ�LQ�7DEOH����7KH�RFHDQ
FXUUHQW� SRZHU� FDOFXODWHG� IURP� WKH� FXUUHQW� VSHHG� GDWD� LV
LQGLFDWHG�LQ�WKH�IRUP�RI�SRZHU�GHQVLW\�XQLW��:�P����

����

&21&/86,21
7KH� VWXG\� FRQGXFWHG� LQ� WKH� /HVVHU� 6XQGD� 6WUDLWV

GUDZV�VRPH�FRQFOXVLRQV�DV�IROORZV�
� 7KH�VWUDLWV�WKURXJK�%DOL�DQG�1XVD�7HQJJDUD�QDPHO\

WKH� /HVVHU� 6XQGD� 6WUDLWV� FDQ� EH� VHOHFWHG� DV� WKH
SRWHQWLDO�VLWHV�IRU�WKH�VHD�FXUUHQW�SRZHU�SODQW�GXH�WR
WKH� VWURQJ� FXUUHQW� VSHHGV� EHWZHHQ� ����P�V� WR�PRUH
WKDQ�����P�VHF�

� ,Q� JHQHUDO�� WKH� FXUUHQW� GLUHFWLRQ� WHQGV� WRZDUG� WKH
QRUWKHDVW� GXULQJ� WKH� KLJK� WLGHV� DQG� WRZDUG� WKH

VRXWKZHVW�GXULQJ�WKH�ORZ�WLGHV��
� %DVHG�RQ�VHYHUDO�PRYLQJ�$'&3�WUDMHFWRULHV�GDWD��WKH

UHODWLYHO\� KLJK� FXUUHQW� YHORFLW\� LQ� WKHVH� VWUDLWV� LV
FRUUHODWHG� ZLWK� WKH� GHSWK� RI� WKH� VHD�� 7KH� KLJKHVW
FXUUHQW�YHORFLW\�RFFXUV�LQ�WKH�GHHSHVW�DQG�QDUURZHVW
SDUW�RI�WKH�VWUDLW�FKDQQHO�GXULQJ�KLJK�WLGH�DQG�ORZ�WLGH
FRQGLWLRQV�

� )URP�VRPH�RI�WKH�WHFKQLFDO�DVSHFWV��L�H��WKH�WLGH��WKH
FXUUHQW� VSHHG�� WKH� EDWK\PHWU\� DQG� WKH� VHDEHG
PRUSKRORJ\��WKH�/DUDQWXND�6WUDLW�LV�PRUH�SUHIHUDEOH
WR�EH� WKH�VHOHFWHG�VLWH� IRU�GHYHORSLQJ�RFHDQ�FXUUHQW
SRZHU�SODQW��

� %DVHG�RQ�WKH�VSHHG�DQG�WKH�GXUDWLRQ�RI�WKH�IORZLQJ
FXUUHQW��WKH�RFHDQ�FXUUHQW�WXUELQH�WHFKQRORJ\�VXLWDEOH
WR�DSSO\�LQ�WKH�ZDWHUV�DURXQG�%DOL�1XVD�7HQJJDUD�LV
WKH� WHFKQRORJ\�ZKLFK� UHTXLUHV�D�PLQLPXP�VSHHG� WR
PRYH� �ORZ� FXW� LQ� VSHHG�� ���� �� �� P�V�� WR� REWDLQ
VXIILFLHQW�HOHFWULFDO�SRZHU�

$&.12:/('*(0(176
7KH�DXWKRUV�ZRXOG�OLNH�WR�HVSHFLDOO\�WKDQN�0U��+HGL

+LGD\DW� DV� WKH�'LUHFWRU� RI�0DULQH�*HRORJLFDO� ,QVWLWXWH�
7KH� DXWKRUV� DSSUHFLDWH� DOO� WKH� WHDP� PHPEHUV� IURP� WKH
PDULQH� UHQHZDEOH� HQHUJ\� UHVHDUFK� JURXS� IRU� WKHLU
GHGLFDWLRQ��DVVLVWDQFH�DQG�VXSSRUW��ERWK� LQ� WKH� ILHOG�DQG
GXULQJ�GDWD�SURFHVVLQJ��6SHFLDO�WKDQNV�LV�DOVR�DGGUHVVHG�WR
0U�� 6XEDNWLDQ� /XELV� IRU� KLV� SUHFLRXV� VXJJHVWLRQV� DQG
FRQWLQXRXV�VXSSRUW��:H� WKDQN�*RGZLQ�/DWXSXWW\�IRU�KLV
KHOS�LQ�GUDZLQJ�WKH�PDSV��)LQDOO\��WKH�TXDOLW\�RI�WKLV�SDSHU
LV�DOVR�HQKDQFHG�E\�WKH�UHYLHZV�DQG�YDOXDEOH�LQSXW�IURP
WKH�UHYLHZHU�DQG�RXU�FROOHDJXHV�

5()(5(1&(6
(XURSHDQ�0DULQH�(QHUJ\�&HQWUH�/WG� �(0(&��� �����

$VVHVVPHQW� RI� 7LGDO� (QHUJ\� 5HVRXUFH�� 8QLWHG
.LQJGRP��,6%1������������������

)UDHQNHO�� 3�/�� ������ 3RZHU� IURP� 0DULQH� &XUUHQWV�
3URFHHGLQJV� RI� WKH� ,QVWLWXWLRQ� RI� 0HFKDQLFDO
(QJLQHHUV�� 3DUW� $�� -RXUQDO� RI� 3RZHU� DQG
(QHUJ\�� �������� ������ '2,�� ��������
������������������

7DEOH���� 7KH�FDOFXODWLRQ�UHVXOWV�GHULYHG�IURP�FXUUHQW�VSHHG�GDWD�DW�VHYHUDO�VWUDLWV�RI�6XQGD�
/HVVHU�
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*RUGRQ��$�/�� ������2FHDQRJUDSK\� RI� WKH� ,QGRQHVLDQ
6HDV� DQG� WKHLU� 7KURXJKIORZ�� 2FHDQRJUDSK\�
�����±���

+LGD\DWL��1���0DKPXGL��0���6DSXWUD��'�.���0XVD��0��
3XUQDZDOL��+�6���������2FHDQ�&XUUHQWV�(QHUJ\
IRU� (OHFWULFLW\� *HQHUDWLRQ� DQG� ,WV� 3RWHQWLDO� LQ
(DVW� -DYD� :DWHU�� -RXUQDO� RI� (QYLURQPHQWDO
(QJLQHHULQJ� 	� 6XVWDLQDEOH� 7HFKQRORJ\�� YRO�
����������������

.XUQLR�� +��� <XQLQJVLK�� $��� =XUDLGD�� 5��� �����
&KDUDFWHULVWLFV�RI�%ROHQJ�6WUDLW�6HGLPHQWV��(DVW
1XVD� 7HQJJDUD�� DQG� LWV� 5HODWLRQVKLS� ZLWK
&XUUHQW� 9HORFLW\�� %XOOHWLQ� RI� WKH� 0DULQH
*HRORJ\��YRO���������������

/XELV��6��DQG�<XQLQJVLK��$���������6HD�&XUUHQW�3DWWHUQV
LQ� WKH� 6WUDLWV� RI� /HVVHU� 6XQGD� DV� D� 3RVVLEOH
/RFDWLRQ�IRU�5HQHZDEOH�(QHUJ\�'HYHORSPHQWV�
SUHVHQWHG� DW� 0(7,� ,QWHUQDWLRQDO� &RQIHUHQFH�
%DOL��,QGRQHVLD���XQSXEOLVKHG�SDSHU��

3UDVHW\R�� +�� DQG� 6DUPLOL�� /��� ������ 6WUXFWXUDO� DQG
7HFWRQLF�'HYHORSPHQW�RI�:HVW�(DVW�,QGRQHVLDQ
%DFNDUF� 7UDQVLWLRQ� =RQH�� ,PSOLFDWLRQ� IRU
+\GURFDUERQ� 3URVSHFW�� %XOOHWLQ� RI� WKH� 0DULQH
*HRORJLFDO��YRO��������������

5DFKPDW�� %��� <XQLQJVLK�� $��� DQG� $VWMDULR�� 3�� �����
3UHOLPLQDU\� 5HVHDUFK� RQ� ,QVWDOODWLRQ� RI� 6HD
&XUUHQW� (QHUJ\� IRU� (OHFWULFLW\� 7XUELQ� IURP
&XUUHQW� DQG� 6HDIORRU� 0RUSKRORJ\� GDWD� RI
%ROHQJ� 6WUDLW�� (DVWHUQ� /HVVHU� 6XQGD� ,VODQGV�
-XUQDO�*HRORJL�.HODXWDQ�� ��������� �LQ�%DKDVD
,QGRQHVLD��

6XVDQWR�� 5�'��� *RUGRQ�� $�/��� 6SULQWDOO�� -�� DQG
+HUXQDGL�� %��� ������ ,QGRQHVLDQ� 7KURXJKIORZ�
,QWUDVHDVRQDO�YDULDELOLW\�DQG�7LGHV� LQ�0DNDVVDU
6WUDLW�� *HRSK\VLFDO� 5HVHDUFK� /HWWHUV�� YRO�
�������������������

6\DULI��$�,���<XQLQJVLK��$��� 6\DILXGLQ�$�6��:DUGKDQL�
������ 7KH� 6WXG\� RI� 7LGDO� (QHUJ\� 6HOHFWLRQ� �
7KH� &DVH� RI� 7R\RSDNHK� 6WUDLW�� 1XVD� 3HQLGD�
%DOL��3UHVHQWHG�DQG�3URFHHGLQJ�DW�,QWHUQDWLRQDO
&RQIHUHQFH� RQ� 2FHDQ�� 0HFKDQLFDO� DQG
$HURVSDFH� IRU� 6FLHQWLVW� DQG� (QJLQHHU�� �� �� �
1RYHPEHU� ������ 8QLYHUVLWL� 0DOD\VLD
7HUHQJJDQX���3URFHHGLQJ�S����������

7KRPDV�� .��� ������ /RZ� 6SHHG� (QHUJ\� &RQYHUVLRQ
IURP� 0DULQH� &XUUHQWV�� &RPSUHKHQVLYH
6XPPDULHV� RI� 8SSVDOD� 'LVVHUWDWLRQV� IURP� WKH

)DFXOW\�RI� 6FLHQFH� DQG�7HFKQRORJ\������ ,6%1
�����������������

:\UWNL�� .��� ������ 3K\VLFDO� RFHDQRJUDSK\� RI� WKH
6RXWKHDVW� $VLDQ� :DWHUV�� 1DJD� 5HS�� ��� 7KH
8QLYHUVLW\�RI�&DOLIRUQLD�/D�-ROOD��&DOLIRUQLD��S�
���

<XQLQJVLK��$�� 6XMRQR�� (�+��� 5DFKPDW�� %�� /XELV�� 6��
������ 3URVSHN� (QHUJL� $UXV� /DXW� VHEDJDL
6XPEHU� 7HQDJD� /LVWULN� GL� 6HODW�VHODW� 3HUDLUDQ
1XVD� 7HQJJDUD�� ,QGRQHVLD�� 3URVLGLQJ� 6HPLQDU
1DVLRQDO�(QHUJL�������8QLYHUVLWDV�3DGMDGMDUDQ�
,661��������±������

<XQLQJVLK���$��$QG��0DVGXNL��$���������7KH�3RWHQWLDO
RI� 2FHDQ� &XUUHQW� (QHUJ\� IRU� (OHFWULF� 3RZHU
3ODQWV� LQ� WKH� &RDVWDO� $UHD� RI� (DVW� )ORUHV�
-RXUQDO� RI� 7URSLFDO� 0DULQH� 6FLHQFH� DQG
7HFKQRORJ\�� ,62,� ±� ,3%�� ,661�&HWDN� �� ����� �
������,661�(OHNWURQLN��������±������

<XQLQJVLK��$��DQG�/XELV��6���������1XVD�3HQLGD�6WUDLW�
D� 3URVSHFW� /RFDWLRQ� IRU� 'HYHORSLQJ� (OHFWULFDO
&RUUHQW� 3RZHU� DV� 5HOLDEOH� 5HQHZDEOH� (QHUJ\
6RXUFH��3URFHHGLQJ� ,QWHUQDWLRQDO� &RQJUHVV� RQ
2FHDQ� (QHUJ\� DQG� 'HHS� 2FHDQ� :DWHU
$SSOLFDWLRQ���'2:$�-DSDQ��%DOL��,QGRQHVLD�

<XQLQJVLK�$��5DFKPDW��%���.XUQLR��+���6XUDFKPDQ��0��
6XU\RNR�� 0�$��� DQG� 1XUGLQ�� 1��� ������ 2FHDQ
&XUUHQW�(QHUJ\�5HVHDUFK�DV�D�5HQHZDEOH�(QHUJ\
6RXUFH� DW� %ROHQJ� 6WUDLW�� (DVW� 1XVD� 7HQJJDUD�
3XVDW� 3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� *HRORJL
.HODXWDQ��%DGDQ�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ
(QHUJL� GDQ� 6XPEHUGD\D� 0LQHUDO�� 'HSDUWHPHQ
(QHUJL� GDQ� 6XPEHUGD\D� 0LQHUDO�� ,QWHUQDO
5HSRUW�����S��8QSXEOLVKHG�

<XQLQJVLK��$��� ������ 0HDVXUHPHQW� RI� 2FHDQ� &XUUHQW
&KDUDFWHULVWLFV� LQ� WKH� 7R\DSDNHK� 6WUDLW�� 1XVD
3HQLGD��WR�6XSSRUW�3/7$/
V�'HWDLOHG�(QJLQHHULQJ
'HVLJQ� �'('���0LQHUDO� DQG� (QHUJ\� 0DJD]LQH�
YRO����������S����������LQ�%DKDVD�,QGRQHVLD��

<XQLQJVLK�$�� 5DFKPDW�� %���<RVL�� 0��� 6DSXWUD�� 0�'��
5DKDUMR�� 3��� /XJUD�� ,�:��� DQG�5DKDUGLDZDQ�� 5�
������ 6LWH� &KDUDFWHUL]DWLRQ� DQG� 5HVRXUFH
2EVHUYDWLRQ� IRU�2FHDQ�&XUUHQW�3RZHU�3ODQW� DW
7R\DSDNHK� 6WUDLW� �� 1XVD� 3HQLGD�� %DOL�� 3XVDW
3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� *HRORJL
.HODXWDQ��%DGDQ�3HQHOLWLDQ�GDQ�3HQJHPEDQJDQ
(QHUJL� GDQ� 6XPEHUGD\D� 0LQHUDO�� 'HSDUWHPHQ
(QHUJL� GDQ� 6XPEHUGD\D� 0LQHUDO�� ,QWHUQDO
5HSRUW�����S��8QSXEOLVKHG�
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�'HSDUWPHQW�RI�*HRORJLFDO�(QJLQHHULQJ��8QLYHUVLWDV�'LSRQHJRUR��-O��3URI��6RHGKDUWR��6+���7HPEDODQJ��6HPDUDQJ��,QGRQHVLD
�,QGRQHVLDQ�6RFLHW\�RI�*HRWHFKLFDO�(QJLQHHULQJ��-DNDUWD��,QGRQHVLD

$PSSFTQPOEJOH�BVUIPS��EJBOBHVT!MFDUVSFS�VOEJQ�BD�JE

	3FDFJWFE�����+VMZ�������JO�SFWJTFE�GSPN����+VMZ�������BDDFQUFE������4FQUFNCFS�����


$%675$&7 � 6HPDUDQJ�&LW\�VXEVXUIDFH�JHRORJ\�LV�FKDUDFWHUL]HG�E\�DQ�LQWHUFDODWLQJ�RI�ORDP�VLOW�DQG
FOD\H\�XQLWV��7KH�EHKDYLRU�RI�FOD\�PDWHULDOV�DUH�WKHLU�H[SDQVLYLW\�SRWHQF\�RI�WKHLU�YROXPH�ZKHQ�LQ�FRQWDFW
ZLWK�ZDWHU�� 6RPH� SUREOHPV� LQ� WKH�SUHVHQFH� RI� WLGDO� IORRGLQJ� DSSHDUV�ZKHQ� WKH� VHDZDWHU� LQJUHVV� WR� WKH
VKRUHODQG�WKDW�FDXVHV�VHYHUH�GDPDJH�WR�LQIUDVWUXFWXUHV��7KLV�UHVHDUFK�DWWHPSWV�WR�UHYHDO�WKH�LQIOXHQFH�RI�ERWK
VHDZDWHU� DQG� IUHVKZDWHU� RQ� WKH� H[SDQVLYLW\� EHKDYLRUV� RI� WKH� FOD\H\� PDWHULDOV� EDVHG� RQ� LWV� PLQHUDO
FRPSRVLWLRQ��,Q�RUGHU�WR�REVHUYH�H[SDQVLYLW\�SRWHQF\�RI�FOD\�PLQHUDOV�����VDPSOHV� IURP�IRXU�GULOO�KROH
VDPSOHV�ZHUH�VRDNHG�LQ�VHDZDWHU�DQG�IUHVKZDWHU�IRU�WZHQW\�IRXU�KRXUV��7KH�LQLWLDO�YROXPH�RI�HDFK�VDPSOHV
ZHUH�WKHQ�FRPSDUHG�ZLWK�WKH�VDPSOHV�YROXPH�DIWHU�EHLQJ�VRDNHG�;�5D\�'LIIUDFWLRQ��;5'��DQDO\VLV�ZDV
DOVR�FRQGXFWHG�RQ�VHOHFWHG�VDPSOHV�WR�GHWHUPLQH�WKHLU�PLQHUDO�FRPSRVLWLRQ��7KH�$129$�WHVW�ZDV�WKHQ
LQWURGXFHG�WR�GLVWLQJXLVK�WKH�LQIOXHQFH�RI�FHUWDLQ�PLQHUDO�W\SHV�DQG�FRPSRVLWLRQ��WR�WKH�FOD\�H[SDQVLYLW\
EHKDYLRUV��&RQILGHQFH�OHYHO�DQG�DOSKD��Į��DUH�DERXW�QLQHW\�ILYH�SHUFHQW�DQG�DERXW�ILYH�SHUFHQW��UHVSHFWLYHO\�
7KH�UHVXOW�RI�WKLV�UHVHDUFK�KDV�SURYHQ�WKDW�PRQWPRULORQLWH� LV�FOD\�PLQHUDO�W\SH�WKDW�LV�PRVW�DIIHFWHG�E\
H[SDQVLYLW\�EHKDYLRUV�ZKHQ�LPPHUVHG�LQ�VHDZDWHU�DQG�IUHVKZDWHU�FRPSDUHG�WR�NDROLQLWH�DQG�LOOLWH�PLQHUDOV�

.H\ZRUGV�� &OD\�PLQHUDOV��PRQWPRULOORQLWH��H[SDQVLYLW\��VHDZDWHU��IUHVKZDWHU��WLGDO�IORRGLQJ�

$%675$.��.RWD�6HPDUDQJ�WHUVXVXQ�GDUL�VDWXDQ�ODQDX�GDQ�OHPSXQJ��0LQHUDO�OHPSXQJ�PHPLOLNL
VLIDW� NHPEDQJ� VXVXW�GDUL� VHJL� YROXPHQ\D�NHWLND�PHQJDODPL� NRQWDN�GHQJDQ�DLU��3HUPDVDODKDQ
\DQJ�WLPEXO�DNLEDW�WHUMDGLQ\D�SHULVWLZD�EDQMLU�SDVDQJ�GL�SHUNRWDDQ��DGDODK�PDVXNQ\D�DLU�ODXW
PHQXMX�NH�SDQWDL�GDQ�GDUDWDQ�\DQJ�GDSDW�PHUXVDN�LQIUDVWUXNWXU��3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN
PHQXQMXNNDQ�GDPSDN�\DQJ�GLWLPEXONDQ�ROHK�DLU�WDZDU�PDXSXQ�DLU�ODXW�WHUKDGDS�NHPEDQJ�VXVXW
PLQHUDO�OHPSXQJ�EHUGDVDUNDQ�NRPSRVLVL�PLQHUDOQ\D��8QWXN�PHQJDPDWL�SHUXEDKDQ�YROXPH�GDODP
PLQHUDO�OHPSXQJ��VHEDQ\DN����VDPSHO�GDUL�HPSDW�VDPSHO�VXPXU�ERU�GLUHQGDP�GDODP�DLU�WDZDU
GDQ�DLU�ODXW�VHODPD����MDP��.HPXGLDQ�YROXPH�DZDO�VHWLDS�VDPSHO�GLEDQGLQJNDQ�GHQJDQ�YROXPH
VDPSHO� VHVXGDK� � GLODNXNDQ� SHUHQGDPDQ�� ��8ML�;�5D\�'LIIUDFWLRQ� �;5'�� MXJD� GLODNXNDQ�SDGD
VDPSHO�SLOLKDQ�XQWXN�PHQJHWDKXL�NRPSRVLVL�PLQHUDO�VDPSHO�WHUVHEXW��8ML�$129$�GHQJDQ�WLQJNDW
NHSHUFD\DDQ�����GDQ�DOSKD��į�����GLWHUDSNDQ�XQWXN�PHQJHWDKXL�SHQJDUXK�WLSH�GDQ�NRPSRVLVL
PLQHUDO� OHPSXQJ� WHUWHQWX� WHUKDGDS� NHPEDQJ� VXVXW� \DQJ� WHUMDGL�� 3HQHOLWLDQ� LQL� EHUKDVLO
PHPEXNWLNDQ�EDKZD�PRQWPRULORQLW�PHUXSDNDQ�MHQLV�PLQHUDO�OHPSXQJ�\DQJ�SDOLQJ�WHUSHQJDUXK
ROHK�VLIDW�NHPEDQJ�VXVXW�GL�GDHUDK�SHQHOLWLDQ�NHWLND�GLUHQGDP�GHQJDQ�DLU� WDZDU�GDQ�DLU� ODXW�
GLEDQGLQJNDQ�GHQJDQ�NDROLQLW�GDQ�LOLW��

.DWD�.XQFL��0LQHUDO�OHPSXQJ��PRQWPRULORQLW��NHPEDQJ�VXVXW��DLU�ODXW��DLU�WDZDU��EDQMLU�SDVDQJ
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,1752'8&7,21
,Q�JHQHUDO��D�FOD\H\�PDWHULDO�LV�DQ�LPSRUWDQW�SDUW�RI

WKH� VRLO��ZKLFK�PRVWO\� LQYROYHV� FKHPLFDO�ZHDWKHULQJ� RI
URFN�IRUPLQJ� PLQHUDOV� DQG� ZLOO� FKDQJH� LQ� VRPH
HQJLQHHULQJ�EHKDYLRUV�ZKHQ�LW�FRQWDFWV�VHDZDWHU��$NVR\�HW
DO��� ������� 6RPH� UHVHDUFK� RQ� PLQHUDORJLFDO� DQG
JHRWHFKQLFDO� DSSURDFKHV� LQ� FRDVWDO� DUHDV� ZLWK� D
SUHGRPLQDQFH� RI� FOD\� OLWKRORJ\� KDV� EHHQ� SHUIRUPHG
ZLGHO\�LQ�VHYHUDO�FRXQWULHV��)RU�H[DPSOH��9HHUDVLQJDP�HW
$O�������� VWXGLHG� PLQHUDORJ\� DQG� JHRWHFKQLF� � IRU� D
FRQVWUXFWLRQ�SODQQLQJ�LQ�/LDQ\XQJDQJ�±�D�UHJLRQ�RI�&KLQD
WKDW�UHTXLUHV�VRPH�LQYHVWLJDWLYH�GDWD�UHJDUGLQJ�WKH�RULJLQ
RI� URFNV�� DQG� VRPH� JHRWHFKQLFDO� VWXGLHV� RI� WKH� FOD\
PLQHUDOV�RQVLWH�E\�/LX�HW�DO����������6LPLODU�FDVH�IURP�WKH
&KDQJL�SURMHFW�LQ�6LQJDSRUH�ZLWKLQ�4XDWHUQDU\�VHGLPHQW�
ZKLFK� DUH� FRPSRVHG� RI� VRIW�PDULQH� FOD\� UHFRJQL]HG� DV
SUREOHPDWLF� VRLO� IRU� JHRWHFKQLFDO� HQJLQHHULQJ� SXUSRVHV
�%R� HW� DO��� ������� 7KH� PDMRU� GHFLVLRQ� LQ� FRQVWUXFWLRQ
SURFHVV�LQYROYHV��VHOHFWLQJ�D�VXLWDEOH�VLWH�ZLWK�WKH�EHVW�VRLO
FRQGLWLRQV��0DQLPDUDQ�HW�DO����������

%DVHG�RQ�JHRORJLFDO�VHWWLQJ��6HPDUDQJ�&LW\�LV�D�SDUW
RI�WKH�+RORFHQH�VHGLPHQW�ZKLFK�LV�FRPSRVHG�RI�D�ULYHU�
IORRG�SODLQ��VZDPS��WLGDO��DQG�FRDVWDO�GHSRVLWV��7KDQGHQ
HW� DO��� ������� 7KH� VHGLPHQW� LV� FKDUDFWHUL]HG� E\
LQWHUFDODWLQJ�RI�D�GRPLQDQW� ORDP�VLOW� DQG� FOD\�XQLWV� DQG
FRQVWLWXWHG� QRUPDOO\� FRQVROLGDWHG� FOD\V�ZLWK� D� VRIW� DQG
YHU\�VRIW�FRQVLVWHQF\��:LGLDUVR�HW�DO����������7KLV�FLW\�LV
WKH�FDSLWDO�FLW\�RI�&HQWUDO�-DYD�3URYLQFH��ORFDWHG�LQ�D�ODUJH
FRDVWDO�GHSRVLW�DUHD�ZLWK�VLJQLILFDQW�HQYLURQPHQWDO�LVVXH�
2QH�SUREOHP�VXFK�DV�WLGDO�IORRGLQJ�LQ�ZKLFK�WKH�VHDZDWHU
LQJUHVVHV� IUHTXHQWO\� WR� WKH� VKRUHODQG�DUHD�GXULQJ�D�KLJK
WLGH� SHULRG� �:DK\XGL��������� � FDXVHV� VHULRXV� GDPDJH� LQ
LQIUDVWUXFWXUHV� DQG� UHVLGHQWLDO� DUHDV� �0DUIDL� DQG� .LQJ�
������ 0XVOLP� HW� DO��� ������� 7KH� TXDOLW\� RI� WKH
FLUFXPIHUHQFH�GHFUHDVHV�GXH�WR�EHLQJ�LQIOXHQFHG�E\�WLGDO
IORRGLQJ� �6XODNVDQD� HW� DO��� ������� 2QH� RI� WKH� PRVW
LPSRUWDQW�JRDOV�RI�GLVDVWHU�PDQDJHPHQW�WHDPV�LV�WR�SURWHFW
WKH� DVVHWV� DQG� LQIUDVWUXFWXUHV� RI� WKH� FRPPXQLW\� � IURP
QDWXUDO�GLVDVWHUV�VXFK�DV�IORRGV��'DUDQL�DQG�%DVKLUL��������

%DVHG� RQ� SUHYLRXV� UHVHDUFK�� LW� ZDV� H[SODLQHG� WKDW
FOD\VWRQH�ZKLFK�KDV�PRQWPRULOORQLWH�PLQHUDO�FRPSRVLWLRQ
PRUH�WKDQ�����PD\�LQGLFDWH�D�UHGXFWLRQ�LQ�WKH�H[SDQVLYLW\
RI� WKH� FOD\� PDWHULDO� ZKHQ� PL[HG� ZLWK� VHDZDWHU�
FRQYHUVHO\�� LW� H[KLELWV� OHVV� H[SDQVLYH�ZKHQ�PL[HG�ZLWK
IUHVKZDWHU� �(OPDVKDG� DQG�$WD�� ������� 6XSSRUWLQJ� WKDW
VWXG\�UHVXOW��RWKHU�VWXGLHV�H[SODLQHG�WKDW�WKH�FOD\�PLQHUDOV
VXFK� DV� NDROLQLWH�� FKORULWH�� DQG� PL[LQJ� RI� RWKHU� FOD\
PLQHUDOV� KDYH� D� ORZHU� UHDFWLRQ� �ORZ� UHDFWLYLW\�� WKDQ
PRQWPRULOORQLWH�PLQHUDO�ZKHQ�PL[HG
ZLWK� VHDZDWHU� �$NVR\� HW� DO�� ������
7KHUHIRUH�� WKH� DXWKRUV� LQWHQG� WR
SUHVHQW� WKLV� UHVHDUFK� WR� VWXG\� � WKH
LQIOXHQFH�RI�VHDZDWHU�DQG�IUHVKZDWHU
RQ� WKH�H[SDQVLYLW\�EHKDYLRUV�RI�FOD\
PDWHULDOV�EDVHG�RQ�SDUWLFXODU�PLQHUDO
FRPSRVLWLRQ��

&OD\�0LQHUDOV�2YHUYLHZ

6RLO� LV� GHILQHG� DV� D� FRQVWLWXHQW� PLQHUDO� ZLWK� RU
ZLWKRXW�RUJDQLF�PDWHULDO� OHIW�RYHU�IURP�SODQWV�DQG�IDXQD
WKDW�DUH�ZHDWKHUHG��VWUXFWXUHG��DQG�WH[WXUHG��,W�LV�XVHIXO�DV
D� FRQVWUXFWLRQ� PDWHULDO� LQ� YDULRXV� NLQGV� RI� FLYLO
HQJLQHHULQJ�ZRUNV��$V�DGGLWLRQ���WKH�ODQG�DOVR�IXQFWLRQV�DV
D�VXSSRUW�IRU�EXLOGLQJ�IRXQGDWLRQ��'DV���������%DVHG�RQ
WKH�FRKHVLYLW\��VRLOV�FDQ�EH�GLVWLQJXLVKHG�DV�FRKHVLYH�DQG
QRQ�FRKHVLYH� VRLOV�� ILQH�JUDLQHG� RU� FRDUVH�JUDLQHG� VRLOV
�%RZOHV���������

7KH�DEXQGDQFH�RI�FOD\�PLQHUDOV� LQ� WKH� VRLOV�YDULHV
JUHDWO\��LQIOXHQFHG�E\�YDULRXV�WKLQJV��LQFOXGLQJ�WKH�W\SH�RI
RULJLQ� URFN�� ZHDWKHULQJ�� DQG� GLDJHQHVLV� SURFHVV�� ZKLFK
FDXVH� YDULDWLRQV� ERWK� YHUWLFDOO\� DQG� ODWHUDOO\�� 7KH� PRVW
LQIOXHQWLDO�IDFWRU�WKDW�GHWHUPLQHV�VRLO�W\SHV�LV�WKH�SDUWLFOH
VL]H�GLVWULEXWLRQ��.DUHDP�HW�DO����������&OD\�PDWHULDOV�ZLWK
SDUWLFOH�VL]HV�VPDOOHU�WKDQ�������PP�FDQ�EH�GLYLGHG�LQWR
WKUHH�VXEJURXSV�RI�FOD\�PLQHUDOV��DUH�NDROLQLWH��LOOLWH��DQG
PRQWPRULOORQLWH��'XQQ�HW�DO���������

7LGDO�)ORRG
7LGDO� IORRG� LV� D� IORRG� WKDW� LQXQGDWLQJ� WKH� ORZODQG

DUHDV�RQ�WKH�FRDVW��LQFOXGLQJ�HVWXDULHV�DQG�GHOWDV��UHVXOWLQJ
LQ� VDOW\�EUDFNLVK� JURXQGZDWHU� �0DUIDL�� ������� 7KH
XQGHUO\LQJ�SUREOHP�RI�WLGDO�IORRGLQJ�DIIHFWLQJ�VKRUHODQG
DQG�FRDVWDO�DUHD�LV�WKDW�WKH�ODQG�OHYHO�LV�ORZHU�WKDQ�WKH�KLJK
WLGH� OHYHO�� )XUWKHUPRUH�� � KXPDQ� DFWLYLWLHV� LQFOXGH
H[FHVVLYH� JURXQGZDWHU� H[WUDFWLRQ�� GUHGJLQJ� RQ� WKH
VKLSSLQJ�OLQHV��FRDVWDO�UHFODPDWLRQ��HWF���DUH��VRPH�IDFWRUV
FRQWULEXWH�WKH�WLGDO�IORRGLQJ�

0(7+2'6��$1'�0$7(5,$/6�
7KH�UHVHDUFK�DUHD�LV�LQ�6HPDUDQJ�&LW\��HVSHFLDOO\�RQ

WKH�DOOXYLXP�DQG�IORRG�SODLQV�DV�UHIHUULQJ�WR�WKH�*HRORJLFDO
0DS� RI�0DJHODQJ� DQG�6HPDUDQJ�� -DYD� �7KDQGHQ� HW� DO��
�������7KH�VRLO�PHFKDQLFV�ODERUDWRU\�WHVWV�DUH�SHUIRUPHG
RQ�����FOD\�VRLO�VDPSOHV��VHOHFWHG�IURP����IRXU��GULOO�KROH
VDPSOHV��%0����%0����%0����DQG�%0���LQ�)LJXUH����
7KH�GHSWKV�RI�WKH�GULOO�KROH�VDPSOHV�DUH���P����P����P�
DQG���P��UHVSHFWLYHO\��7KH�VDPSOHV�ZHUH�WKHQ�VRDNHG�G�LQ
VHDZDWHU� DQG� IUHVKZDWHU� IRU� WZHQW\�IRXU� KRXUV�� 7KH
VDPSOHV�YROXPH�ZHUH�PHDVXUHG�SULRU�DQG�DIWHU�WKH�VRDNLQJ
WHVW��'XULQJ� WKH� WLPH��ZH�REVHUYHG� � WKH�FKDQJHV� LQ� WKHLU
YROXPHWULF� SDUDPHWHUV�� 7KH� GLIIHUHQFH� RI� WKH� OLWKRORJLF
YROXPH� LV� D� SURGXFW� RI� WKH� UHGXFWLRQ� EHWZHHQ� D� ILQDO
YROXPH� DQG� WKH� LQLWLDO� YROXPH�� 7KH� IUHVKZDWHU� DQG
VHDZDWHU�XVHG�LQ�WKH�VRDNLQJ�WHVWV�KDYH�EHHQ�DQDO\]HG�LQ
WHUPV�RI�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV�LQ�*URXQGZDWHU
8WLOL]DWLRQ� 6HFWRU�� *HRORJLFDO� $JHQF\�� 0LQLVWU\� RI
(QHUJ\�DQG�0LQHUDO�5HVRXUFHV��%DQGXQJ���7DEOH����

7DEOH����7KH�UHVXOWV�RI�FKHPLFDO�DQDO\VLV�RI�IUHVK�ZDWHU�DQG�VHDZDWHU�VDPSOH
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�;�5D\�'LIIUDFWLRQ��;5'��WHVWV�ZHUH�SHUIRUPHG�RQ
WKH�VLPLODU�VDPSOHV�DV�WKH�VRDNLQJ�WHVW��7KH�SXUSRVH�RI�WKLV
DQDO\VLV� LV� � WR� GHWHUPLQH� WKH� FOD\� PLQHUDO� W\SH� RI� WKH
VDPSOHV��7KH�UHVXOWV�ZHUH�WKHQ�SURFHVVHG�E\��XVLQJ�;�SHUW
+LJKVFRUH�DQG�6LURTXDQW�VRIWZDUH��7KH�VRIWZDUH�LV�XVHG�WR
REWDLQ�WKH�TXDQWLWDWLYH�GDWD�RQ�WKH�GLIIUDFWLRQ�SDWWHUQ�RI�D
VDPSOH�� � $129$�ZDV� WKHQ� SHUIRUPHG� WR� REVHUYH� � WKH
HIIHFW� RI� PLQHUDO� W\SHV� DQG� FRPSRVLWLRQ� RQ� WKH� FOD\
PLQHUDO�H[SDQVLYLW\��,W�LV�DOVR�XVHG�DV�DQ�DQDO\WLFDO�WRRO�WR
WHVW� WKH� K\SRWKHVLV� E\� DVVHVVLQJ� ZKHWKHU� WKHUH� DUH� DQ\
GLIIHUHQFHV� DPRQJ� WKH� JURXSV�� +\SRWKHVLV� WHVWLQJ� LV
SHUIRUPHG�DW�D� �QLQHW\�ILYH�SHUFHQW�FRQILGHQFH�OHYHO�DQG
DOSKD��Į��ILYH�SHUFHQW��

5(68/76�$1'�',6&866,21
7KH��UHVXOW�RI��WKH�VRDNLQJ�WHVW�LV�VKRZQ�LQ�7DEOH����LW

LV�REVHUYHG�WKDW���VDPSOHV�ZHUH�EURNHQ�DIWHU� VRDNLQJ� LQ
ERWK�VHDZDWHU�DQG�IUHVKZDWHU��%0�������%0�������%0����
���� 7KHUHIRUH�� WKHVH� WKUHH� VDPSOHV� ZHUH� QRW� WDNHQ� LQWR
DFFRXQW�IRU��VWDWLVWLFDO�$129$�WHVW��,Q�DGGLWLRQ�WR�WKHVH
WKUHH�VDPSOHV��RQH�VDPSOH�%0������ZDV�DOVR�EURNHQ�DIWHU
VRDNLQJ�LQ�IUHVKZDWHU��0HDQZKLOH��WKH�UHVXOW�RI�;5'��;�
UD\�GLIIUDFWLRQ��DQDO\VLV�LQ�WKH�FOD\�PLQHUDO�FRPSRVLWLRQV
LV�GHPRQVWUDWHG�LQ�7DEOH���

)LJXUH����*HRWHFKQLFDO�'ULOOLQJ�0DS

7DEOH����7HVW�SDUDPHWHUV�RI�VRDNLQJ
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6WDWLVWLFDO�7HVW�RQ�6RDNLQJ�LQ�6HDZDWHU
7KH�LQGHSHQGHQW�YDULDEOHV�LQ�WKH�VWDWLVWLFDO�WHVW�ZLWK

$129$�ZHUH�WKH�PLQHUDO�FRQWHQW�LQ�WKH�VDPSOH��ZKLFK�DUH
NDROLQLWH��PRQWPRULOORQLWH��DQG�LOOLWH��6WDWLVWLFDO�WHVWV�ZHUH
FDUULHG�RXW� E\�REVHUYLQJ� FKDQJHV� LQ� WKH� VDPSOH� YROXPH
EHIRUH� DQG� DIWHU� VRDNLQJ� ZLWKRXW� � FRQVLGHULQJ� WKH� VRLO
ZDWHU�FRQWHQW��7KH�FRHIILFLHQW�RI�VLJQLILFDQFH�YDOXH��Į��LV

GHWHUPLQHG� DW� ������ 7KH� VLJQLILFDQFH� RU� SUREDELOLW\
FROXPQ�RI� WKH�$129$� WHVW� UHVXOWV� LQGLFDWH� WKH� OHYHO� RI
VLJQLILFDQFH��7KH�VLJQLILFDQFHYDOXH��VLJ�YDOXH��LV�XVHG�DV�D
FXW�RII� PRGHO� WR� GHWHUPLQH� LI� WKH� LQGHSHQGHQW� YDULDEOH
DIIHFWV� RU� GRHV� QRW� DIIHFW� WKH� GHSHQGHQW� YDULDEOH�� 7KH
LQGHSHQGHQW�YDULDEOH�LV�FRQVLGHUHG�WR�DIIHFW�WKH�GHSHQGHQW
YDULDEOH�LI�WKH�VLJ�YDOXH�LV�ORZHU�WKDQ������

7DEOH����3HUFHQWDJH�RI�LGHQWLILHG�PLQHUDO�IURP�;5'�DQDO\VLV
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%DVHG�RQ�7DEOH����LW�VKRZV�WKDW�WKH�VLJ�YDOXH�LV�������
VPDOOHU�WKDQ�������Į���VXJJHVWV�WKDW��WKH�PRGHO�SDVVHG�DQG
FDQ�EH�XVHG�WR�VSHFLI\�WKH�LQIOXHQFH�RI�WKH�PLQHUDO�FRQWHQWV
LQ� VDPSOHV� RQ� VDPSOH� YROXPH� FKDQJHV� � DIWHU� VRDNHG� LQ
VHDZDWHU�� 7KH� SUREDELOLW\� YDOXH� �VLJQLILFDQFH�� LV� EHORZ
������ LQGLFDWHV� DOO� LQGHSHQGHQW� YDULDEOHV� LQIOXHQFH� WKH
GHSHQGHQW�YDULDEOH�DQG�YLFH�YHUVD�

D��'HSHQGHQW�YDULDEOH��DIWHU�VRDNHG�LQ�VHDZDWHU
E��3UHGLFWRUV���FRQVWDQW���PRQWPRULOORQLWH��NDROLQLWH�

DQG�LOOLWH�
$IWHUZDUGV��WKH�)�FRXQW�YDOXH��)�LQ�WDEOH����LV�WKHQ

FRPSDUHG�WR�WKH�)�WDEOH�SDUDPHWHU���7KH�)�WDEOH�LV�REWDLQHG
E\�FDOFXODWLQJ�WKH�QXPEHU�RI�GI��GHJUHH�RI�IUHHGRP���7KH
GI�RI�PXOWLSOH�UHJUHVVLRQ�FRQVLVWV�RI�GI��DQG�GI��ZLWK�WKH
IROORZLQJ�IRUPXOD�

GI� N��������������������««««««««««««���
GI� Q�N���������««««««««««««««����
XQGHU�IROORZLQJ�FRQGLWLRQ�
Q� �QXPEHU�RI�VDPSOHV
N� �QXPEHU�RI�LQGHSHQGHQW�YDULDEOHV
)RU�WKLV�VWDWLVWLFDO�WHVWV�����VDPSOHV�ZHUH�DQDO\]HG�

$V�KDV�EHHQ�PHQWLRQHG�EHIRUH��IURP�WRWDO����VDPSOHV���
VDPSOHV��%0�������%0�������DQG�%0�������ZHUH��EURNHQ
DIWHU� EHLQJ� VRDNHG� LQ� VHDZDWHU�� WKHUHIRUH� ZHUH� QRW
FRQVLGHUHG� IRU� WKH� VWDWLVWLFDO� WHVW�� 7KH� VRDNLQJ� WHVW� LQ
VHDZDWHU�KDV�N�YDOXH� ���DQG�Q� �����+HQFH���WKH�YDOXHV�RI
GI�� ���DQG�GI�� ����DUH�REWDLQHG��%DVHG�RQ�)�GLVWULEXWLRQ
WDEOH�DW������VLJ�OHYHO��WKH�)�WDEOH�YDOXH�LV��������1XU\DGL
HW� DO��� ������� ZKLFK� LV� VPDOOHU� WKDQ� )�FRXQW� ��������
7KHUHIRUH�� LW� FDQ� EH� FRQFOXGHG� WKDW� DOO� LQGHSHQGHQW
YDULDEOHV�LQIOXHQFH�WKH�GHSHQGHQW�YDULDEOH��7KH�WHVW�UHVXOWV
RI� WKH� FRHIILFLHQW� YDOXH� RQ� WKH� VRDNLQJ� LQ� VHDZDWHU� LV
GLVSOD\HG�LQ�7DEOH���

,Q� 7DEOH� ��� � W� YDOXH� LV� WKH� EHQFKPDUN� WR� VHH� WKH
LQIOXHQFH�RI�YDULDEOH� �SDUWLDO��E\�FRPSDULQJ�WKHLU�HDFK�W
YDOXH� WR� WKH� W�WDEOH� YDOXH��:KHQ� WKH�YDOXH� RI� W�FRXQW� LV
JUHDWHU�WKDQ�WKH�W�WDEOH�YDOXH��GHQRWHV�WKH�YDULDEOH�KDV�DQ
LPSDFW�� %\� FDOFXODWLQJ� WKH� QXPEHU� RI� GI� �GHJUHH� RI
IUHHGRP���W�WDEOH�LV�REWDLQHG�ZLWK�WKH�IROORZLQJ�IRUPXOD��

GI Q±�N±������«««««««««««���

XQGHU�WKH�IROORZLQJ�FRQGLWLRQ�
Q� �QXPEHU�RI�VDPSOHV
N� �QXPEHU�RI�LQGHSHQGHQW�YDULDEOHV

7KH�FDOFXODWLRQ�RI�GI��GHJUHH�RI�IUHHGRP��� ���
±���±��� �����

%DVHG�RQ�W�WDEOH�YDOXH�IRU�PXOWLSOH�UHJUHVVLRQ
GI����DW�VLJ������LV����������1XU\DGL�HW�DO����������7�FRXQW
YDOXH�RI�PRQWPRULOORQLWH�PLQHUDO�UHYHDOV�D�YDOXH�RI������
�7DEOH�����ZKLFK�LV�JUHDWHU�WKDQ�W�WDEOH�YDOXH��,Q�FRQWUDVW��W�
FRXQW�YDOXH� RI�NDROLQLWH�DQG� LOOLWH�DUH� �������DQG�������
UHVSHFWLYHO\��ZKLFK�DUH�ORZHU�WKDQ�W�WDEOH������������,W�LV
FRQFOXGHG� WKDW� PRQWPRULOORQLWH� PLQHUDO� KDV� WKH� PRVW
LQIOXHQFH�RQ�WKH�FKDQJHV�LQ�VDPSOH�YROXPHWULF�ZKHQ�LW�LV
VRDNHG� LQ� VHDZDWHU� FRPSDUHG� WR� NDROLQLWH� DQG� LOOLWH
PLQHUDOV�

7KH�VLJ�FROXPQ�LQ�7DEOH���UHSUHVHQWV�WKH�VLJQLILFDQFH
OHYHO�RI�HDFK�LQGHSHQGHQW�YDULDEOH�WR�GHWHUPLQH�ZKHWKHU
WKH� YDULDEOHV� LQIOXHQFH� WKH� GHSHQGHQW� YDULDEOH� RU� QRW�
:KHQ�VLJ�YDOXH�LV�VPDOOHU�WKDQ�������Į���VLJQLI\�WKDW�WKHUH
LV�VLJQLILFDQW� LPSDFW�� LQ�FRQWUDVW��ZKHQ� LW� LV�JUHDWHU�WKDQ
������Į���WKHQ�WKHUH�LV�QR�LQIOXHQFH�DW�DOO��7KH�UHVXOW�UHYHDOV
WKDW�RQO\�VLJ�YDOXH�RI�PRQWPRULOORQLWH�PLQHUDO�KDV�D�ORZHU
YDOXH�WKDQ���������������6R��PRQWPRULOORQLWH�PLQHUDO�KDV
WKH� PRVW� LQIOXHQFH� RQ� FKDQJHV� LQ� VDPSOH� YROXPH
FRPSDUHG�WR�NDROLQLWH�DQG�LOOLWH�PLQHUDOV�ZKHQ�VRDNHG�LQ
VHDZDWHU�

6WDWLVWLFDO�7HVW�RQ�6RDNLQJ�LQ�)UHVKZDWHU
7KH� GDWD� LV� SURFHVVHG� XVLQJ� PXOWLSOH� UHJUHVVLRQ

DQDO\VLV� PHWKRGV� ZLWK� WKH� GHSHQGHQW� YDULDEOH� LV� WKH
SHUFHQWDJH�RI�GLIIHUHQFH�EHWZHHQ�WKH�LQLWLDO�YROXPH�ZLWK
WKH� VDPSOH� ILQDO� YROXPH�� DIWHU� VRDNHG� LQ� IUHVKZDWHU� IRU

7DEHO����$129$�WHVW�UHVXOW�RQ�VRDNLQJ�LQ�VHDZDWHU



�� 'LDQ�$JXV�:LGLDUVR��HW�DO�

WZHQW\�IRXU�KRXUV��7KH�$129$�WHVW�UHVXOW�VKRZQ�LQ�7DEOH
��ZLWK�WKH�VLJ�YDOXH�RI�DERXW�������

'HSHQGHQW�YDULDEOH��DIWHU�VRDNHG�LQ�IUHVKZDWHU
3UHGLFWRUV�� �&RQVWDQW��� PRQWPRULOORQLWH�� NDROLQLWH�

DQG�LOOLWH
7KH�YDOXH� LV�JUHDWHU� WKDQ������ �Į���VR� WKH�PRGHO� LV

FRQVLGHUHG� IDLOHG�� � DQG�FDQQRW�EH� XVHG� WR�GHWHUPLQH� WKH
LQIOXHQFH�RI� VDPSOH¶V�PLQHUDO�FRQWHQW� LQ� WKH�FKDQJHV�RI
VDPSOH� YROXPH� DIWHU� EHLQJ� VRDNHG� LQ� IUHVKZDWHU�� 7KH
SUREDELOLW\�YDOXH��VLJQLILFDQFH��LV�DERYH�������VXJJHVWV�QRW
DOO�LQGHSHQGHQW�YDULDEOHV�KDYH�DQ�DIIHFW�RQ�WKH�GHSHQGHQW
YDULDEOH�DQG�YLFH�YHUVD�

2QO\� ��� RXW� RI� ��� VDPSOHV� ZHUH� DQDO\]HG� LQ� WKH
VWDWLVWLFDO� WHVWV�DIWHU�EHLQJ�VRDNHG� LQ� IUHVKZDWHU�EHFDXVH
IRXU�VDPSOHV��%0�������%0�������%0�������%0�������
ZHUH� EURNHQ� DIWHU� EHLQJ� VRDNHG�� � 7KH� VRDNLQJ� WHVW� LQ
IUHVKZDWHU�KDV�D�YDOXH�RI�N� ���DQG�D�YDOXH�RI�Q� �����VR�WKDW
WKH�YDOXHV�RI�GI�� ���DQG�GI�� ����DUH�REWDLQHG��%DVHG�RQ
WKH�)�GLVWULEXWLRQ� WDEOH�DW� WKH������VLJ� OHYHO�� WKH�)�WDEOH
YDOXH�LV��������1XU\DGL�HW�DO����������JUHDWHU�WKDQ�WKH�)�
FRXQW�DPRXQWLQJ�WR��������7DEOH�����,W�FDQ�EH�FRQFOXGHG
WKDW�QRW�DOO�LQGHSHQGHQW�YDULDEOHV�KDYH�DQ�LQIOXHQFH�RQ�WKH
GHSHQGHQW�YDULDEOH�

7KH�GI�YDOXH�IRU�WKH�VRDNLQJ�WHVW� LQ�IUHVKZDWHU�LV� 
��±��±��� �����%DVHG�RQ�WKH�W�WDEOH�YDOXH�IRU�WKH�PXOWLSOH
UHJUHVVLRQ� GI����DW� VLJ������ LV��������� �1XU\DGL�� HW� DO��
�������7KH�W�FRXQW�YDOXH�RI�WKH�PRQWPRULOORQLWH�PLQHUDO�LQ
7DEOH����VKRZV�D�YDOXH�RI��������VR�WKH�PRQWPRULOORQLWH
PLQHUDO�KDV�WKH�PRVW�LQIOXHQFH�LQ�WKH�FKDQJHV�RI�VDPSOH
YROXPH�FRPSDUHG�WR�WKH�NDROLQLWH�DQG�LOOLWH�PLQHUDOV�ZKHQ
VRDNHG�LQ�IUHVKZDWHU�

%DVHG�RQ�D�FRPSDULVRQ�RI�WKH�$129$�GLIIHUHQFH�WHVW
IRU� VRDNLQJ� RI� WKH� FOD\� PLQHUDOV� LQ� VHDZDWHU� DQG
IUHVKZDWHU��LW�LV�REWDLQHG�WKDW�WKH�)�YDOXH�LV�������ZLWK�D�VLJ
RI��������ZKLOH�WKH�UHVXOWV�RI�VRDNLQJ�LQ�IUHVKZDWHU��WKH�)
YDOXH�LV�������ZLWK�VLJ�YDOXH�������+HQFH��LW�LV�VXJJHVWHG

WKDW� VHDZDWHU�KDV�D�PRUH� VLJQLILFDQW� LQIOXHQFH�RQ
WKH� H[SDQVLRQ� SURFHVV� RI� WKH� FOD\� PLQHUDOV
FRPSDUHG�WR�IUHVKZDWHU�

0RQWPRULOORQLWH�LV�D�PLQHUDO�IRUPHG�E\�WZR
VKHHWV� RI� VLOLFD� DQG� RQH� VKHHW� RI� DOXPLQLXP��7KH
RFWDKHGUDO�VKHHW�LV�ORFDWHG�EHWZHHQ�WZR�VLOLFD�VKHHWV
ZLWK�WKH�HQGV�RI�WKH�WHWUDKHGUD��7HWUDKHGUD�LV�PL[HG
ZLWK� K\GUR[\O� RI� WKH� RFWDKHGUDO� VKHHW� WR� IRUP� DQ
DOXPLQLXP�VLQJOH�OD\HU�E\�PDJQHVLXP��'XH�WR�WKH

ZHDN�9DQ�GHU�:DDOV�ERQGLQJ�IRUFHV��ERQGV�GXH�WR�FKDQJHV
LQ�WKH�QXPEHU�RI�HOHFWURQV�DW�DQ\�WLPH�LQ�RQH�SDUW�RI�WKH
DWRPLF�QXFOHXV��EHWZHHQ�WKH�HQGV�RI�WKH�VLOLFD�VKHHW�DQG
WKH�ODFN�RI�QHJDWLYH�FKDUJH�LQ�WKH�RFWDKHGUDO�VKHHW��ZDWHU
�+�2��DQG�PRYLQJ�LRQV�FDQ�HQWHU�DQG�VHSDUDWH�WKH�OD\HUV
�$ULHVQDZDQ�� ������� 7KLV�� UHVXOWV� LQ� KLJK� VZHOOLQJ
SURSHUWLHV��7KH�LRQLF�FRQWHQW�RI�VHDZDWHU�ZKLFK�LV�KLJKHU
WKDQ�WKDW�LQ�IUHVK�ZDWHU��LQGXFHV�WKH�VZHOOLQJ�SURSHUWLHV�RI
PLQHUDO� PRQWPRULOORQLWH� WR� EH� PRUH� GHYHORSHG� ZKHQ
H[SRVHG�WR�VHDZDWHU�WKDQ�ZKHQ�H[SRVHG�WR�IUHVK�ZDWHU�

&21&/866,216
,W�LV�SURYHQ�WKDW��PRQWPRULOORQLWH�PLQHUDO�LV�WKH�PRVW

LQIOXHQWLDO�LQ�FKDQJLQJ�WKH�YROXPHWULF�H[SDQVLYLW\�RI��VRLO
ZKHQ� WKH� VRLO� LV� VRDNHG� LQ� VHDZDWHU� DQG� IUHVKZDWHU
FRPSDUHG� WR� NDROLQLWH� DQG� LOOLWH� PLQHUDOV�� 7KH
PRQWPRULOORQLWH�PLQHUDOV�KDYH�PRUH�HIIHFW�RQ��YROXPHWULF
FKDQJHV�ZKHQ�WKH�FOD\�PLQHUDOV�DUH�LPPHUVHG�LQ�VHDZDWHU
WKDQ�ZKHQ� WKH\�DUH� � LPPHUVHG�LQ�IUHVKZDWHU��7KLV� VWXG\
SURYLGHV�DQ�XQGHUVWDQGLQJ�WKDW�LW�LV�DOVR�QHFHVVDU\�WR�KDYH
D� JRRG� NQRZOHGJH� UHJDUGLQJ� WKH� FRPSRVLWLRQ� RI� FOD\
PLQHUDOV�LQ�WKH�SODQQLQJ��HVSHFLDOO\�ZKHQ�WKH�ODQG�DUHD�LV
GRPLQDWHG�E\�FOD\�PDWHULDO�DQG�DIIHFWHG�E\�WLGDO�IORRGLQJ�
(QJLQHHULQJ�JHRORJLFDO�SODQQLQJ�VKRXOG�QRW�RQO\�REVHUYH
WKH�SK\VLFDO�SURSHUWLHV�RI�OLWKRORJ\��WKH\�PXVW�FRQVLGHU�WKH
FKHPLFDO�SURSHUWLHV�RI�OLWKRORJ\�DV�ZHOO�

$&.12:/('*(0(176
7KLV�SDSHU� LV�D�SDUW�RI�5HVHDUFK�'HYHORSPHQW�DQG

,PSOHPHQWDWLRQ�5HVHDUFK��533��)XQG�6RXUFHV�$SDUW�IURP
WKH� 'LSRQHJRUR� 8QLYHUVLW\� 6WDWH� %XGJHW� IRU� WKH� ����
)LVFDO�<HDU��7KH�DXWKRUV�DUH�JUDWHIXO�WR�DOO�WKRVH�ZKR�KDYH
VXSSRUWHG�DQG�KHOSHG�GXULQJ�WKH�UHVHDUFK�SURFHVV����

7DEHO����&RHIILFLHQW�WHVW�UHVXOW�RI�VRDNHG�LQ�VHDZDWHU

7DEHO����$129$�WHVW�UHVXOW�RQ�VRDNHG�LQ�IUHVKZDWHU

7DEOH����&RHIILFLHQW�WHVW�UHVXOW�RI�VRDNHG�LQ�IUHVKZDWHU
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5()(5(1&(6
$NVR\�� <�� <��� .D\D�� $��� 2UHQ�� $�� +��� ������ 6HDZDWHU

HIIHFW� RQ� FRQVLVWHQF\� OLPLWV� DQG� FRPSUHVVLELOLW\
FKDUDFWHULVLFV�RI�FOD\V��(QJLQHHULQJ�*HRORJ\������
�������

$ULHVQDZDQ�� 5��$��� ������7KH�0HFKDQLF�$QG� '\QDPLF
&KDUDFWHULVWLF� RI� 7XEDQ� &OD\� 6KDOH� 'XH� 7R
&KDQJHV� RI� :DWHU� &RQWHQW�� 7KHVLV�� ,QVWLWXW
7HNQRORJL�6HSXOXK�1RSHPEHU�6XUDED\D�

%R�� 0�� :���$UXOUDMDK��$��� 6XNPD�� 3��� +RUSLEXOVXN�� 6��
������0LQHUDORJ\�DQG�*HRWHFKQLFDO�3URSHUWLHV�RI
6LQJDSRUH� 0DULQH� &OD\� DW� &KDQJL�� 6RLOV� DQG
)RXQGDWLRQ���������������

%RZOHV�� -�� (��� ������ 3K\VLFDO� DQG� *HRWHFKQLFDO
3URSHUWLHV� RI� 6RLOV�� 0F*UDZ�+LOO� ,QWHUQDWLRQDO
%RRN�&RPSDQ\��

'DUDQL�� 6�� .���%DVKLUL��0��� ������$�0XOWL�GLVWULFW�$VVHW
3URWHFWLRQ� 3UREOHP� ZLWK� 7LPH� :LQGRZV� IRU
'LVDVWHU� 0DQDJHPHQW�� ,QWHUQDWLRQDO� -RXUQDO� RI
(QJLQHHULQJ��������������������

'DV�� %�� 0��� ������ $GYDQFHG� 6RLO� 0HFKDQLFV�� 7KLUG
(GLWLRQ��7D\ORU�	�)UDQFLV�*URXS�

'XQQ�� ,�� 6���$QGHUVRQ�� ,�� 5��� GDQ� .LHIHU�� )��:��� �����
%DVLFV� RI� *HRWHFKQLFDO� $QDO\VLV�� )LUVW� (GLWLRQ�
,.,3�6HPDUDQJ�3UHVV��

(OPDVKDG�� 0�� (��� DQG� $WD�� $�� $��� ������ (IIHFW� 2I
6HDZDWHU� 2Q� &RQVLVWHQF\�� ,QILOWUDWLRQ� 5DWH�$QG
6ZHOOLQJ�&KDUDFWHULVWLFV�2I�0RQWPRULOORQLWH�&OD\�
+RXVLQJ�DQG�%XLOGLQJ�1DWLRQDO�5HVHDUFK�&HQWHU�
������������

.DUHDP��.��:��$��)DWWDK��0��<���.KDOHG��=��6��0��������
$VVHVVPHQW� RI� &KDQJHV� LQ� 6KHDU� 6WUHQJWK
3DUDPHWHUV� IRU� 6RLOV� EHORZ� &LUFXODU� 0DFKLQH
)RXQGDWLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�(QJLQHHULQJ�
�����������������

/LX�� 6�� <��� 6KDR�� *�� +��� 'X�� <�� -��� &DL�� *�� -��� �����
'HSRVLWLRQDO� DQG� *HRWHFKQLFDO� SURSHUWLHV� RI
0DULQH�&OD\V�LQ�/LDQ\XQJDQJ��&KLQD��(QJLQHHULQJ
*HRORJ\������������

0DQLPDUDQ��$��� 6HHQX�� 6���5DYLFKDQGUD�� 3��7��1��� �����
6WLPXODWLRQ�%HKDYLRXU�6WXG\�RQ�&OD\�7UHDWHG�ZLWK
*URXQG�*UDQXODWHG�%ODVW�6ODJ�DQG�*URXQGQXWVKHOO
$VK�� ,QWHUQDWLRQDO� -RXUQDO� RI� (QJLQHHULQJ�
���������������

0DUIDL�� 0��$��� ������7LGDO� )ORRG�+D]DUGV�$VVHVVPHQW�
0RGHOOLQJ�LQ�5DVWHU�*,6��&DVH�LQ�:HVWHUQ�3DUW�RI
6HPDUDQJ� &RDVWDO� $UHD�� ,QGRQHVLDQ� -RXUQDO� RI
*HRJUDSK\���������������

0DUIDL��0��$��DQG�.LQJ��/���������3RWHQWLDO�9XOQHUDELOLW\
,PSOLFDWLRQV� LI�&RDVWDOLQXQGDWLRQ�'XH�6HD�/HYHO
5LVH� IRU� 7KH� &RDVWDO� =RQH� 2I� 6HPDUDQJ� &LW\�
,QGRQHVLD�� -RXUQDO� (QYLURQPHQWDO� *HRORJ\�
��������������

0XVOLP��'��+DHUDQL�(���0XVOLP�)��1��DQG�0XVOLP�*��2��
������ 7RZDUG� WKH� 6DIH� /LYH�DEOH� %XLOW
(QYLURQPHQW� DURXQG� &LOHWXK�3DODEXKDQUDWX
*HRSDUN�$UHD� LQ� 6XNDEXPL� 5HJHQF\�� ,QGRQHVLD�
,23� &RQI�� 6HULHV�� (DUWK� DQG� (QYLURQPHQWDO
6FLHQFH�� ����� �������� GRL�������������������
�������������

1XU\DGL��$VWXWL��7��'���8WDPL��(��6���%XGLDQWDUD��0�������
'DVDU�GDVDU� 6WDWLVWLN� 3HQHOLWLDQ�� 6LEXNX� 0HGLD�
<RJ\DNDUWD��

6XODNVDQD�� 1��� ,VNDQGDUV\DK�� 7�� <�:�0��� 5LIDL�� $��
5HQGUD��3�3�5��DQG�6XODVWUL��0��������3URVSHFWLYH
=RQH�$UHD� IRU�$JULFXOWXUH�DQG�5HVLGHQWLDO�%DVHG
RQ� *HRORJLFDO� 'LVDVWHU� 3RWHQWLDOV� LQ� 6RXWK
%DQGXQJ�5HJLRQ��-RXUQDO�RI�*HRORJLFDO�6FLHQFHV
DQG�$SSOLHG�*HRORJ\��������������

7KDQGHQ�� 5�� (��� 6XPDGLUGMD�� +��� 5LFKDUGV�� 3�� :��� GDQ
6XWLVQD�� .��� ������ 3HWD� *HRORJL� /HPEDU
0DJHODQJ�GDQ�6HPDUDQJ��-DZD�VNDOD�����������
3XVDW�6XUYH\�*HRORJL�

9HHUDVLQJDP�� 6���9HQNDWDFKDODSDWK\�� 5��� 5DPNXPDU��7��
������ 'LVWULEXWLRQ� RI� &OD\� 0LQHUDOV� LQ� 0DULQH
6HGLPHQWV� RI� &KHQQDL�� %D\� RI� %HQJDO�� ,QGLD�
,QGLFDWRUV� RI� 6HGLPHQW� 6RXUFHV� DQG� 7UDQVSRUW
3URFHVVHV�� ,QWHUQDWLRQDO� -RXUQDO� RI� 6HGLPHQW
5HVHDUFK�����������

:DK\XGL�� ������ 7LQJNDW� 3HQJDUXK� (OHYDVL� 3DVDQJ� /DXW
7HUKDGDS� %DQMLU� GDQ� 5RE� GL� .DZDVDQ� .DOLJDZH
6HPDUDQJ��-XUQDO�GDODP�5LSWHN�������������

:LGLDUVR��'��$���+DU\DQWR��:���0XVOLP��'���=DNDULD��=�
DQG� ,VNDQGDUV\DK�� 7�� <��� ������ 3RWHQWLDO
&RQVROLGDWLRQ�6HWWOHPHQW�'XH�WR�/RDG�6WUHVVHV�RI
%XLOGLQJ� 6WUXFWXUHV�� ,QWHUQDWLRQDO� -RXUQDO� RI
*(20$7(�����������������



�� 'LDQ�$JXV�:LGLDUVR��HW�DO�



%XOOHWLQ�RI�WKH�0DULQH�*HRORJ\��9RO������1R�����-XQH�������SS�����WR���

��

3(7523+<6,&$/�$1$/<6,6�$1'�6(,60,&�675$7,*5$3+<�
,17(535(7$7,21�72�'(7(50,1(�+<'52&$5%21�
5(6(592,5�,1�7$5$.$1�%$6,1��%81<8�,6/$1'�:$7(56

$1$/,6,6�3(752),6,.$�'$1�,17(535(7$6,�6(,60,.�
675$7,*5$),�8178.�0(1(178.$1�5(6(592$5�
+,'52.$5%21�',�&(.81*$1�7$5$.$1��3(5$,5$1�38/$8�
%81<8

'DIID�']DNZDQ�6KLGGLT���(OHRQRUD�$JXVWLQH���7XPSDO�%HUQKDUG�1DLQJJRODQ���,PDP�6HWLDGL��DQG�
6KDVND�=XOLYDQGDPD�

�(FPQIZTJDT�%FQBSUNFOU�'BDVMUZ�PG�.BUIFNBUJDT�BOE�/BUVSBM�4DJFODFT�6OJWFSTJUBT�1BEKBEKBSBO�+M��3BZB�#BOEVOH�4VNFEBOH�,.�����
��+BUJOBOHPS������
�.BSJOF�(FPMPHJDBM�*OTUJUVUF�+M��%S��%KVOEKVOBO�/P������#BOEVOH������

$PSSFTQPOEJOH�BVUIPS��EBGGBE[BLXBO����!HNBJM�DPN

	3FDFJWFE�����+VOF�������JO�SFWJTFE�GSPN����+VOF�������BDDFQUFE������0DUPCFS�����


$%675$&7 � 7DUDNDQ�%DVLQ�DUHD�RI�%XQ\X�,VODQG�:DWHUV�LV�NQRZQ�WR�KDYH�K\GURFDUERQ�SRWHQWLDO�ZLWK
FRPSOH[� JHRORJLFDO� VWUXFWXUHV�� 7KLV� VWXG\� DLPV� WR� GHWHUPLQH� UHVHUYRLU� FKDUDFWHUL]DWLRQ� DQG� WR� REWDLQ
SURVSHFW� RI� K\GURFDUERQ� UHVHUYRLU� ]RQHV� EDVHG� RQ�SHWURSK\VLFDO� DQG�VHLVPLF� VWUDWLJUDSK\� DQDO\VLV�ZLWK
UHIHUHQFH�WR�:HOO�''6���DQG��'�VHLVPLF�/LQH�6����3HWURSK\VLFDO�DQDO\VLV�UHVXOWV���]RQHV�WKDW�KDYH�SRWHQWLDO
DV�K\GURFDUERQ�UHVHUYRLUV��%DVHG�RQ�SHWURSK\VLFDO�TXDQWLWDWLYH�DQDO\VLV��=RQH���KDV�YDOXHV�RI��������IRU
VKDOH�YROXPH���������IRU�HIIHFWLYH�SRURVLW\���������IRU�ZDWHU�VDWXUDWLRQ�DQG�������P'�IRU�SHUPHDELOLW\�
=RQH���KDV�YDOXHV�RI��������IRU�VKDOH�YROXPH���������IRU�HIIHFWLYH�SRURVLW\��������IRU�ZDWHU�VDWXUDWLRQ�DQG
�����P'�IRU�SHUPHDELOLW\��=RQH���KDV�YDOXHV�RI��������IRU�VKDOH�YROXPH��������IRU�HIIHFWLYH�SRURVLW\�
�������IRU�ZDWHU�VDWXUDWLRQ�DQG������P'�IRU�SHUPHDELOLW\��2XW�RI�WKHVH�WKUHH�UHVHUYRLU�]RQHV�LQ�:HOO�''6�
���=RQH���KDV�WKH�SURVSHFW�RI�K\GURFDUERQV�ZKLFK�LV�VXSSRUWHG�E\� WKH�QHW�SD\�YDOXH��%DVHG�RQ�VHLVPLF
VWUDWLJUDSK\� LQWHUSUHWDWLRQ�� WKH� UHVHUYRLU� ]RQH� LV� FRUUHODWHG� WR� WKH� 7DEXO� )RUPDWLRQ�� ZKLFK� FRPSULVHV
FDOFDUHRXV�FOD\�DQG�OLPHVWRQH��

.H\ZRUGV�� K\GURFDUERQ� UHVHUYRLU�� SHWURSK\VLFDO� DQDO\VLV�� VHLVPLF� VWUDWLJUDSK\�� 7DEXO� )RUPDWLRQ�
7DUDNDQ�%DVLQ

$%675$.��:LOD\DK�&HNXQJDQ�7DUDNDQ�SDGD�3HUDLUDQ�3XODX�%XQ\X�GLNHQDO�PHPLOLNL�SRWHQVL�KLGURNDUERQ
GHQJDQ�VWUXNWXU�JHRORJL�\DQJ�NRPSOHNV��6WXGL�LQL�EHUWXMXDQ�XQWXN�PHQJHWDKXL�NDUDNWHULVWLN�UHVHUYRDU�GDQ
PHQGDSDWNDQ�SURVSHN�]RQD�UHVHUYRDU�KLGURNDUERQ�EHUGDVDUNDQ�DQDOLVLV�SHWURILVLND�GDQ�VHLVPLN�VWUDWLJUDIL�
'DODP�DQDOLVLV�SHWURILVLND�GDQ�VHLVPLN�VWUDWLJUDIL��GLJXQDNDQ�GDWD�VXPXU�''6���GDQ�VHLVPLN��'�OLQWDVDQ
6����3DGD�KDVLO�DQDOLVLV�SHWURILVLND��GLWXQMXNNDQ�DGDQ\D���]RQD�\DQJ�EHUSRWHQVL�VHEDJDL�]RQD�UHVHUYRDU
KLGURNDUERQ��%HUGDVDUNDQ�SHUKLWXQJDQ�SHWURILVLND��=RQD���PHPLOLNL�QLODL�YROXPH�VKDOH���������SRURVLWDV
HIHNWLI� �������� VDWXUDVL� DLU� �������GDQ� SHUPHDELOLWDV� ������P'��=RQD� ��PHPLOLNL� QLODL� YROXPH� VKDOH
��������SRURVLWDV�HIHNWLI���������VDWXUDVL�DLU�������GDQ�SHUPHDELOLWDV������P'��=RQD���PHPLOLNL�QLODL
YROXPH�VKDOH���������SRURVLWDV�HIHNWLI��������VDWXUDVL�DLU��������GDQ�SHUPHDELOLWDV������P'��'DUL�NHWLJD
]RQD�UHVHUYRDU�SDGD�VXPXU�''6����=RQD���PHPLOLNL�SURVSHN�DGDQ\D�KLGURNDUERQ�\DQJ�GLGXNXQJ�ROHK�QLODL
QHW�SD\��%HUGDVDUNDQ�LQWHUSUHWDVL�VHLVPLN�VWUDWLJUDIL��]RQD�UHVHUYRDU�VHEDQGLQJ�GHQJDQ�)RUPDVL�7DEXO�\DQJ
PHQXQMXNNDQ�NHWHUGDSDWDQ�EDWXOHPSXQJ�NDUERQDWDQ�GDQ�EDWXJDPSLQJ�

.DWD�.XQFL��UHVHUYRDU�KLGURNDUERQ��DQDOLVLV�SHWURILVLND��VHLVPLN�VWUDWLJUDIL��)RUPDVL�7DEXO��&HNXQJDQ�
��������������������7DUDNDQ
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,1752'8&7,21
7R�PHDVXUH� K\GURFDUERQ� UHVHUYHV� LQ�%XQ\X� ,VODQG

:DWHUV�� DQ� LQWHJUDWHG� PHWKRG� LV� QHHGHG� WR� GHWHFW� WKH
SUHVHQFH�RI�K\GURFDUERQV�LQ�UHVHUYRLU�URFNV�WR�REWDLQ�DQG
SURGXFH�K\GURFDUERQV��7KH�REMHFWLYH�RI�WKLV�UHVHDUFK�LV�WR
GHWHUPLQH�K\GURFDUERQ�SRWHQWLDO�LQ�UHVHUYRLU�URFNV�EDVHG
RQ� SHWURSK\VLFDO� DQG� VHLVPLF� VWUDWLJUDSK\� DQDO\VLV�
3HWURSK\VLFDO�DQDO\VLV�LV�XVHG�WR�GHWHUPLQH�WKH�DELOLW\�RI
URFNV�WR�VWRUH�DQG�UHOHDVH�IOXLGV�EDVHG�RQ�WKH�SDUDPHWHUV�RI
VKDOH�YROXPH��SRURVLW\��ZDWHU�VDWXUDWLRQ��SHUPHDELOLW\��QHW
UHVHUYRLU�DQG�QHW�SD\�RI�UHVHUYRLU�URFNV��'DUOLQJ��������
6HLVPLF� VWUDWLJUDSK\� DQDO\VLV� LV� XVHG� WR� DQDO\]H� WKH

SUHVHQFH�RI� UHVHUYRLU� URFNV�EDVHG�RQ� URFN� OLWKRORJ\�DQG
VWUDWLJUDSK\� REWDLQHG� IURP� VHLVPLF� DQG� ZHOO� ORJ� GDWD
�9HHNHQ��������

*(2/2*,&$/�6(77,1*6
7DUDNDQ�%DVLQ�LV�RQH�RI�WKH�WKUHH�PDLQ�7HUWLDU\�EDVLQV

LQ� WKH� HDVWHUQ� SDUW� RI� .DOLPDQWDQ� ,VODQG�� ZKLFK� LV
FKDUDFWHUL]HG�E\�WKH�SUHVHQFH�RI�FODVWLF�VHGLPHQWDU\�URFNV
DV� WKH� GRPLQDQW� FRQVWLWXHQW�ZLWK� ILQH� WR� FRDUVH� JUDLQHG

VDQGVWRQHV�DQG�VHYHUDO�FDOFDUHRXV�GHSRVLWV��6HW\RZL\RWR
HW�DO����������7DUDNDQ�%DVLQ�LV�ERUGHUHG�E\�6HNDWDN�%HUDX
5LGJH� WR� WKH�ZHVW�� 6XLNHUEURRG�5LGJH� DQG�0DQJNDOLKDW
3HQLQVXOD�WR�WKH�VRXWK��6HPSXUQD�3HQLQVXOD�WR�WKH�QRUWK�
DQG�6XODZHVL�6HD�WR�WKH�HDVW��7DUDNDQ�%DVLQ�LV�ORFDWHG�LQ
WKH�PLGGOH�RI�WKH�HVWXDU\�RI�WKH�6DMDX�5LYHU��)LJXUH����

6WUDWLJUDSKLFDOO\�� WKH�7DUDNDQ�%DVLQ�LV�GLYLGHG�LQWR
WZR�VHGLPHQWDU\�V\VWHPV��L�H���WKH�ROGHU��QRQ�GHOWDLF��PDLQ
VHGLPHQWV� DQG� WKH� \RXQJHU� GHOWDLF� VHGLPHQWV��7KH� QRQ�
GHOWDLF�VHGLPHQWDU\�V\VWHPV�RFFXUV�GXULQJ�WKH�(RFHQH�WR
(DUO\� 0LRFHQH�� 7KLV� VHGLPHQWDU\� V\VWHP� FRQWDLQV
YROFDQLF� PDWHULDO�� GLVWULEXWHG� IURP� WKH� GHHS� VHD� WR� WKH

PDLQODQG��7KLV�VHGLPHQW�LV�GHWHFWHG�DERYH�WKH�EDVHPHQW
FRPSOH[� RI� PHWDPRUSKLF�LJQHRXV� URFN� ZKLFK� ZDV
GHIRUPHG� E\� IDXOWV�� 7KH� OLWKRVWUDWLJUDSK\� RI� WKH� QRQ�
GHOWDLF� VHGLPHQWDU\� V\VWHPV� FDQ� EH� LGHQWLILHG� DV� WKH
6HPEDNXQJ�� 6DMDX�� 6HLORU�� 0DQJNDEXD�� 7HPSLODQ�
7DEDODU��0HVDORL��DQG�1DLQWXSR�)RUPDWLRQV��0HDQZKLOH�
WKH� GHOWD� VHGLPHQWDU\� V\VWHP� RFFXUV� GXULQJ� WKH�0LGGOH
0LRFHQH� WR� WKH� 4XDWHUQDU\�� 7KLV� V\VWHP� FRQVLVWV� RI

)LJXUH����0DS�RI�5HVHDUFK�/RFDWLRQ�LQ�%XQ\X�,VODQG�:DWHUV
�
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LQWHUILQJHULQJ�EHWZHHQ�GHOWDLF�GHSRVLWV�DQG�SURGHOWD
GHSRVLWV� RI� WKH� 1DLQWXSR� )RUPDWLRQ�� 7KH� FODVWLF
PDWHULDO�RI�WKH�GHOWD�ZDV�RULJLQDWHG�IURP�WKH�ZHVWHUQ
SDUW� RI� WKH� 7DUDNDQ� %DVLQ�� ZKLFK� LV� NQRZQ� DV� WKH
&HQWUDO� .DOLPDQWDQ� 0RXQWDLQV� RU� WKH� .XFKLQJ
3ODWHDX�� 7KH� JHQHUDO� VWUDWLJUDSK\� RI� WKH� 7DUDNDQ
%DVLQ�FDQ�EH�VHHQ�LQ�)LJXUH���

'$7$�$1'�0(7+2'6
7KH�VWXG\�XVHV�RQH�ZHOO�GDWD��:HOO�''6����DQG

RQH�SRVW�VWDFN�WLPH�PLJUDWLRQ��'�VHLVPLF�OLQH�GDWD
�/LQH� 6����� :HOO� GDWD� LV� XVHG� IRU� TXDQWLWDWLYH
SHWURSK\VLFDO�DQDO\VLV�DQG�OLWKRORJLFDO�LGHQWLILFDWLRQ�
ZKLOH�SRVW�VWDFN� WLPH�PLJUDWLRQ��'�VHLVPLF�GDWD�LV
XVHG� IRU� VHLVPLF� VWUDWLJUDSK\� LQWHUSUHWDWLRQ� WR
SURYLGH�OLWKRORJLFDO�DQG�VWUDWLJUDSKLF�LQIRUPDWLRQ�RQ
WKH�VXEVXUIDFH�DUHD��7KH�IORZ�FKDUW�RI�WKLV�UHVHDUFK
FDQ�EH�VHHQ�LQ�)LJXUH����

5HVHUYRLU�=RQH�,GHQWLILFDWLRQ
5HVHUYRLU� ]RQH� LGHQWLILFDWLRQ� LV� FRQGXFWHG� E\

DQDO\]LQJ� WKH� OLWKRORJ\� ORJV� RI� JDPPD� UD\� DQG
VSRQWDQHRXV� SRWHQWLDO�� WKH� UHVLVWLYLW\� ORJV� RI
/DWHUDORJ� 'HHS� �//'��� /DWHUDORJ� 6KDOORZ� �//6��
0LFUR� 6SKHULFDOO\� )RFXVHG� /RJ� �06)/�� ZKLFK
SURYLGHV�IOXLG�LQIRUPDWLRQ��DQG�WKH�SRURVLW\�ORJV�RI
GHQVLW\��QHXWURQ�DQG�VRQLF��1RSL\DQWL� HW�DO���������
7KH� LGHQWLILFDWLRQ� RI� WKH� UHVHUYRLU� ]RQH� LV� GHULYHG
IURP�WKH�FXUYH�SDWWHUQ�RI�OLWKRORJ\�ORJV�ZKLFK�VKRZV
WKH� GHSWK� RI� VDQGVWRQH� RU� FDUERQDWH� URFNV�� 7KH

)LJXUH����*HRWHFKQLFDO�'ULOOLQJ�0DS

�
)LJXUH���� 5HJLRQDO�*HRORJ\�RI�7DUDNDQ�%DVLQ��PRGLILHG�IURP�

$FKPDG�DQG�6DPXHO�������

�
)LJXUH���� 5HJLRQDO�6WUDWLJUDSK\�RI�7DUDNDQ�%DVLQ��/HQWLQL�DQG�'DUPDQ�������
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UHVLVWLYLW\� ORJ� VKRZV� D� IDLUO\� KLJK� UHVLVWLYLW\� YDOXH
LQGLFDWHG� E\� LWV� K\GURFDUERQV� DQG� IUHVK�ZDWHU� FRQWHQWV�
7KH�SRURVLW\�ORJ�VKRZV�WKH�SRURVLW\�RI�WKH�URFN�IRUPDWLRQ
�3XUED�HW�DO����������

6KDOH�9ROXPH
6KDOH�YROXPH�LV�WKH�YROXPH�RI�VKDOH�IUDFWLRQ�LQ�WKH

IRUPDWLRQ�GHWHUPLQHG�E\�WKH�YROXPH�RI�FOD\�FRQWHQW�RYHU
WKH� WRWDO� YROXPH� RI� WKH� IRUPDWLRQ�� 6KDOH� YROXPH
FDOFXODWLRQ�ZKLFK�LV�EDVHG�RQ�JDPPD�UD\�ORJ�XVHV�D�OLQHDU

PHWKRG��$VTXLWK�	�.U\JRZVNL��������ZLWK�WKH�IROORZLQJ
HTXDWLRQ�

�
)LJXUH���� 7KH�IORZFKDUW�RI�SHWURSK\VLFDO�DQG�VHLVPLF�VWUDWLJUDSK\�DQDO\VLV
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ZKHUH�
9VK  �6KDOH�9ROXPH����
,*5  �*DPPD�5D\�,QGH[����
*5ORJ  �*DPPD�UD\�ORJ�UHDGLQJ��$3,�
*5FOHDQ  �/RJ�UHVSRQVH�LQ�VKDOH�IUHH�]RQH�
*5VKDOH  �/RJ�UHVSRQVH�LQ�WKH�VKDOH�]RQH�

3RURVLW\
3RURVLW\� LV� WKH� VL]H� RI� WKH� SRUH� VSDFH� LQ� WKH� URFN

ZKLFK�IXQFWLRQV�DV�D�VWRUDJH�DUHD�IRU�IOXLGV��ZDWHU��RLO��DQG
JDV���7KH�SRURVLW\�LQWHQGHG�WR�REWDLQ�IURP�WKLV�UHVHDUFK�LV
HIIHFWLYH�SRURVLW\�EHFDXVH�LW�VKRZV�WKH�SURSHUWLHV�RI�URFN
SRUHV�WKDW�DUH�LQWHUFRQQHFWHG��DOORZLQJ�WKH�IOXLG�WR�IORZ�
5RFN� SRUHV� WKDW� DUH� XQDEOH� WR� WUDQVPLW� IOXLG� DUH� QRW
LQFOXGHG� LQ� WKH� W\SH� RI� HIIHFWLYH� SRURVLW\� �$VTXLWK� 	
.U\JRZVNL�� ������� ,Q� WKLV� VWXG\� DUHD�� WKH�:\OOLH� 6RQLF
3RURVLW\� HTXDWLRQ� LV� XVHG� EHFDXVH� WKH� WLPH� DFRXVWLF
SDUDPHWHUV��OLWKRORJ\�RI�URFN�W\SH��ǻWPD���DQG�IOXLG�W\SH
RI�SRUH�ILOOHU��ǻWI��DUH�NQRZQ�WR�VKRZ�OLWKRORJ\�DQG�IOXLG
FRQWHQW�LQ�WKH�]RQLQJ�DUHD��$FFRUGLQJ�WR�:\OOLH���������WKH
SRURVLW\�HTXDWLRQ�FDQ�EH�ZULWWHQ�DV�IROORZ�

ZKHUH�
�Ɏ�  �3RURVLW\����
¨WPD  �,QWHUYDO�WUDQVLW�WLPH�LQ�WKH�URFN�PDWUL[�

����PVHF�IW�
¨WVK  �,QWHUYDO�WUDQVLW�WLPH�LQ�WKH�VKDOH�]RQH��PVHF�IW�
¨WIO  �,QWHUYDO�WUDQVLW�WLPH�LQ�WKH�IOXLG�LQ�IRUPDWLRQ�

����PVHF�IW�

7KH�SRURVLW\�YDOXH�LQ�HTXDWLRQ�����LV�WKH�YDOXH�RI�WRWDO
SRURVLW\��ZKLOH�WKH�SRURVLW\�YDOXH�XVHG�LQ�WKLV�UHVHDUFK�LV
WKH� HIIHFWLYH� SRURVLW\�� .U\JRZVNL� ������� XVHG� WKH
IROORZLQJ� HTXDWLRQV� WR� REWDLQ� WKH� YDOXH� RI� HIIHFWLYH
SRURVLW\�

:KHUH�
ɎH  �(IIHFWLYH�SRURVLW\��������������������������������
ȡVK  �6KDOH�GHQVLW\��J�FF�����������
9VK  �6KDOH�9ROXPH�����
ɎW  �7RWDO�SRURVLW\�������������������������������������
ȡIO  �)OXLGV�GHQVLW\��J�FF�
ɎVK�  �7RWDO�SRURVLW\�LQ�WKH�VKDOH�]RQH��������
ȡ'VK  �'U\�VKDOH�GHQVLW\��J�FF�

:DWHU�6DWXUDWLRQ
:DWHU� VDWXUDWLRQ� �6Z��LV� WKH�SDUW�RI� WKH�SRUH�VSDFH

ILOOHG�ZLWK�ZDWHU��ZKLOH�WKH�SDUW�ILOOHG�ZLWK�K\GURFDUERQV�LV
FDOOHG�K\GURFDUERQ�VDWXUDWLRQ��6K��ZKLFK�KDV�D�YDOXH�RI���

��6Z�� �+DUVRQR���������,Q�WKLV�VWXG\�DUHD�� WKH�,QGRQHVLD
HTXDWLRQ�LV�DSSOLHG�WR�DFTXLUH�WKH�YDOXH�RI�ZDWHU�VDWXUDWLRQ
EHFDXVH� WKLV� HTXDWLRQ� FRQVLGHUV� WKH� VKDOH� HIIHFW� RQ� WKH
EDVLV�RI�VKDOH�YROXPH��9VK���DV�ZHOO�DV�WKH�UHVLVWLYLW\�RI
VKDOH�������WR�UHGXFH�WKH�HIIHFW�RI�WKH�VKDOH��'ZL\RQR�DQG
:LQDUGL���������7KH�,QGRQHVLD�HTXDWLRQ�FDQ�EH�ZULWWHQ
ZLWK�WKH�IROORZLQJ�HTXDWLRQ�

:KHUH�
6Z  �:DWHU�VDWXUDWLRQ����
5Z  �)RUPDWLRQ�ZDWHU�UHVLVWLYLW\��RKP�P�
5W  �)RUPDWLRQ�WUXH�UHVLVWLYLW\�YDOXH��RKP�P�
Ɏ  �3RURVLW\����
9VK  �6KDOH�9ROXPH����
5VK  �5HVLWLYLW\�RI�VKDOH
D  �7RUWXRVLW\�IDFWRU����
P  �&HPHQWDWLRQ�H[SRQHQW����
Q  6DWXUDWLRQ�H[SRQHQW����

3HUPHDELOLW\
3HUPHDELOLW\�LV�WKH�DELOLW\�RI�URFNV�WR�EH�SDVVHG�E\

IOXLGV��,Q�WKLV�VWXG\��WKH�&RDWHV�)UHH�)OXLG�,QGH[�HTXDWLRQ
ZDV�XVHG��7KH�&RDWHV�)UHH�)OXLG� ,QGH[�HTXDWLRQ�FDQ�EH
ZULWWHQ�ZLWK�WKH�IROORZLQJ�HTXDWLRQ�

:KHUH�
.  �3HUPHDELOLW\��P'�
�Ɏ�H  �(IIHFWLYH�SRURVLW\����
6ZLUU  �,UUHGXFLEOH�ZDWHU�VDWXUDWLRQ����
&  �7KH�FRDWHV�FRQVWDQW�����

&XW�RII�(YDOXDWLRQ
&XW�RII�YDOXH�LV�FDOFXODWHG�WR�GHWHUPLQH�WKH�UHVHUYRLU

]RQH�ZLWK�KLJK�SURVSHFW�RI�K\GURFDUERQ��7KLV�FDOFXODWLRQ
LV�EDVHG�RQ�WKH�FURVVSORWV�RQ�SRURVLW\�SHUPHDELOLW\��VKDOH�
SRURVLW\� YROXPH� DQG� ZDWHU�SRURVLW\� VDWXUDWLRQ
�:RUWKLQJWRQ�DQG�&RVHQWLQR���������,QGUL\DQL�HW�DO��������
SURSRVHG�:HVWHUQ�&XOWXUH�PHWKRG�WR�GHWHUPLQH�WKH�FXW�RII
YDOXH� IRU� SRURVLW\�� VKDOH� YROXPH�� DQG� ZDWHU� VDWXUDWLRQ�
ZKHUHDV�WKH�FXW�RII�YDOXH�RI�SHUPHDELOLW\�LV�DVVXPHG�DV�WKH
PLQLPXP�DEVROXWH�SHUPHDELOLW\�YDOXH��:RUWKLQJWRQ�DQG
&RVHQWLQR��������

7KH�DVVXPSWLRQ�IRU�WKH�FXW�RII�YDOXH�RI�SHUPHDELOLW\
LV� GHULYHG� IURP� WKH� DVVXPSWLRQ� RI� WKH� IOXLG� W\SH� LQ� WKH
UHVHUYRLU�]RQH�� ,I� WKH� W\SH�RI� IOXLG� LV� JDV�� WKH�PLQLPXP
DEVROXWH� SHUPHDELOLW\� LV� ���� P'�� ZKLOH� RLO� KDV� WKH
PLQLPXP� DEVROXWH� SHUPHDELOLW\� RI� �� P'� �:RUWKLQJWRQ
DQG�&RVHQWLQR���������7KH�ZHOO�UHSRUW�RI� WKH� VWXG\�DUHD
UHYHDOV�WKDW�WKH�W\SH�RI�LWV�UHVHUYRLU�IOXLG�LV�JDV��WKXV�WKH
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PLQLPXP�DEVROXWH�SHUPHDELOLW\� LV� ����P'��7KLV� FXW�RII
SHUPHDELOLW\� YDOXH� LV� XVHG� WR� GHWHUPLQH� WKH� HIIHFWLYH
SRURVLW\� YDOXH� IURP� WKH� SRURVLW\�SHUPHDELOLW\� FURVVSORW
DQG�WKHQ�DSSO\LQJ�WKH�ZHVWHUQ�FXOWXUH�PHWKRG��WKH�FXW�RII
YDOXH�RI�SRURVLW\�LV�XVHG�WR�GHWHUPLQH�WKH�FXW�RII�YDOXH�RI
VKDOH�YROXPH�ZLFK�ZDV�REWDLQHG� IURP� WKH�VKDOH�YROXPH
YHUVXV�SRURVLW\�FURVVSORW��7KH�VDPH�SRURVLW\�YDOXH�LV�DOVR
XVHG� WR� GHWHUPLQH� WKH� FXW�RII� YDOXH� RI� ZDWHU� VDWXUDWLRQ
GHULYLQJ� IURP� WKH� ZDWHU� VDWXUDWLRQ� YHUVXV� SRURVLW\
FURVVSORW�

1HW�5HVHUYRLU�DQG�1HW�3D\
1HW� 5HVHUYRLU� UHSUHVHQWV� WKH� WRWDO� YDOXH� RI� WKH

IRUPDWLRQ� WKLFNQHVV� ZKLFK� KDV� WKH� TXDOLW\� RI� UHVHUYRLU
URFN�� 1HW� 3D\� VKRZV� WKH� YDOXH� RI� WKH� UHVHUYRLU� URFN
LQWHUYDO�RI�K\GURFDUERQ�UHVHUYRLU��1HW�5HVHUYRLU�DQG�1HW
3D\�FDQ�EH�REWDLQHG�IURP�WKH�SHWURSK\VLFDO�SDUDPHWHUV�E\
GHWHUPLQLQJ�WKH�FXW�RII�YDOXH��

%DVHG�RQ�)LJXUH� ��� LW� VKRZV� WKH�SUHVHQFH� RI� JURVV
URFN� ZKLFK� GHWHUPLQHV� DOO� UHVHUYRLU� URFN� LQWHUYDOV� WKDW
EHLQJ�HYDOXDWHG��*URVV�UHVHUYRLU�LV�D�SDUW�RI�WKH�JURVV�URFN
WKDW�PHHWV�WKH�VKDOH�YROXPH�FXW�RII�YDOXH��1HW�5HVHUYRLU�LV
D� IUDFWLRQ� RI� WKH� JURVV� UHVHUYRLU� WKDW� ILWV� WKH� FXW�RII� RI

)LJXUH����6FKHPDWLF�RI�QHW�SDUDPHWHUV��:RUWKLQJWRQ�DQG�&RVHQWLQR�������

�

)LJXUH����&URVVSORWV�RI�SHWURSK\VLFDO�SDUDPHWHUV�LQ�:HOO�''6��
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SRURVLW\�DQG�SHUPHDELOLW\�YDOXH��1HW�3D\�GHQRWHV�D�SRUWLRQ
RI� WKH� 1HW� 5HVHUYRLU� WKDW� IXOILOOV� WKH� FXW�RII� RI� ZDWHU
VDWXUDWLRQ�YDOXH��:RUWKLQJWRQ�DQG�&RVHQWLQR��������

6HLVPLF�6WUDWLJUDSK\�$QDO\VLV
6HLVPLF� VWUDWLJUDSK\� DQDO\VLV� LV� FRQGXFWHG� WR

GHWHUPLQH� WKH� RUGHU� RI� WKH� VXEVXUIDFH� URFN� W\SHV
FRQWDLQLQJ� VWUDWLJUDSKLF� LQIRUPDWLRQ� EDVHG� RQ� WKH
LQWHUSUHWDWLRQ�RI�WKH��'�VHLVPLF�GDWD��9HHNHQ���������2QH
RI� WKH� EDVLF� FRQFHSWV� RI� VHLVPLF� VWUDWLJUDSK\� LV� WKDW
VHGLPHQWDU\�UHIOHFWLRQV�FDQ�UHVSRQG�DV�D�VLQJOH�WLPHOLQH�
7KHVH� UHIOHFWLRQV� UHSUHVHQW� WLPH� LQWHUYDOV� RI� FRQWLQXRXV
VHGLPHQWDWLRQ�FRQGLWLRQV��(DFK�UHIOHFWRU�FRLQFLGHV�ZLWK�D
SHULRG� RI� WLPH� RI� D� VLPLODU� GHSRVLWLRQDO� VWDWH� LQ� D
JHRORJLFDO�VHQVH��6HWLDG\�HW�DO����������

,Q� VHLVPLF� VWUDWLJUDSK\�� WKHUH� DUH� WZR� W\SHV� RI
VXEVXUIDFH� VHLVPLF� UHIOHFWLRQV�� 7KH� ILUVW� LV� VHGLPHQWDU\
UHIOHFWLRQV� ZKLFK� UHSUHVHQW� WKH� DUHD� RI� ��WKH� EHGGLQJ�
VKRZLQJ� FRQIRUPLW\� FKDQJHV� LQ� WKH� GHSRVLWLRQDO� UHJLPH
�)LJXUH� �D��� 7KH� VHFRQG�� QRQ�VHGLPHQWDU\� UHIOHFWLRQV
ZKLFK�LQGLFDWH�WKH�SUHVHQFH�RI�D�IDXOW�SODQH�FKDUDFWHUL]HG
E\� SURPLQHQW� VHLVPLF� UHIOHFWLRQV�� ,W� LV� XVXDOO\� REVHUYHG
ZKHQ�D�KLJK�LPSHGDQFH�DFRXVWLF�FRQWUDVW�H[LVWV�EHWZHHQ
WZR�GLIIHUHQW�OLWKRORJLHV�RQ�HLWKHU�VLGH�RI�WKH�IDXOW�SODQH
�)LJXUH� �E���7KH� FRKHUHQFH� RI� WKH� IDXOW� SODQH� HQHUJ\� LV
QRUPDOO\�DWWHQXDWHG�LQ�VHLVPLF�SURFHVVLQJ�EHFDXVH�RI�LWV
KLJK� GLS�� )OXLG� FRQWDFW� EHWZHHQ� SRURXV� ERGLHV�� VXFK� DV
IOXLG� �RLO�JDV�ZDWHU�� FRQWDFW� RU� ZDWHU� SUHVHQFH� LQ� WKH
K\GURFDUERQ�EHDULQJ� UHVHUYRLU�� DOVR� VKRZV� LWV� UHIOHFWLRQ
�9HHNHQ��������

5(68/76
3XUED�HW�DO���������DUJXHG�WKDW�:HOO�''6���KDV�JRRG

SRURVLW\�EDVHG�RQ�WKH�RYHUOD\�RI� LWV�GHQVLW\�DQG�QHXWURQ
ORJV� DORQJ� ZLWK� WKH� DFRXVWLF� YDOXH� RI� VORZ�ZDYH
SURSDJDWLRQ� WLPH� RI� LWV� VRQLF� ORJ��$QDO\]LQJ� ORJ� FXUYH
SDWWHUQV� RI� :HOO� ''6��� OLWKRORJ\� WR� LGHQWLI\� WKH
FKDUDFWHULVWLF� RI� WKH� UHVHUYRLU� ]RQH� UHVXOWV� LQ� WKUHH
UHVHUYRLU�]RQHV��QDPHO\�=RQH���DW�WKH�GHSWK�RI������������
PHWHUV��=RQH���DW� WKH�GHSWK�RI������ �������PHWHUV�� DQG
=RQH���DW�WKH�GHSWK�RI�������������PHWHUV���)LJXUH�����

6KDOH�YROXPH�FDOFXODWLRQ�JLYHV�WKH�DYHUDJH�YDOXH�RI
�������IRU�=RQH�����������IRU�=RQH���DQG��������IRU
=RQH����%DVHG�RQ�WKHVH�UHVXOWV��DOO�RI�WKH�WKUHH�]RQHV�KDYH
FOD\� RU� VKDOH� FRQWHQW�� EXW� WKH\� FDQ� SRWHQWLDOO\� EHFRPH
K\GURFDUERQ� UHVHUYRLU� URFNV� DIWHU� FRUUHFWLQJ� WKH
FDOFXODWLRQ�RI�WKH�HIIHFWLYH�SRURVLW\�DQG�ZDWHU�VDWXUDWLRQ�DV
SURSRVHG�E\�.DPHO�DQG�0DEURXN��������

7KH� FDOFXODWLRQ� RI� HIIHFWLYH� SRURVLW\� \LHOGV� WKH
DYHUDJH�YDOXH�RI��������IRU�=RQH�����������IRU�=RQH���
DQG� ������ IRU� =RQH� ��� 7KH� SRURVLW\� FODVVLILFDWLRQ� RI
.RHVRHPDGLQDWD� ������� VKRZV� WKDW� =RQH� �� KDV� JRRG
SRURVLW\��=RQH� ��KDV� IDLU� SRURVLW\�� DQG�=RQH� �� KDV� SRRU
SRURVLW\�

�

)LJXUH���� 6HGLPHQWDU\�UHIOHFWLRQV��D��DQG�QRQ�VHGLPHQWDU\�
UHIOHFWLRQV��E���9HHNHQ�������

)LJXUH���� 5HVHUYRLU�]RQH����D���]RQH����E��DQG�]RQH����F��RI�
:HOO�''6���

�
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&DOFXODWLQJ�ZDWHU� VDWXUDWLRQ� UHVXOWV� LQ� WKH� DYHUDJH
YDOXH�RI��������IRU�=RQH����������IRU�=RQH���DQG�������
IRU� =RQH� ��� 7KH� ZDWHU� VDWXUDWLRQ� YDOXHV� LQ� WKHVH� WKUHH
]RQHV�UHYHDO�WKDW�HDFK�YDOXH�LV�FRQVLGHUHG�DV�ORZ��������
ZKLFK�PHDQV�WKDW�WKH�VDWXUDWLRQ�YDOXH�RI�WKH�K\GURFDUERQV
LV�KLJK��WKXV�LQGLFDWLQJ�WKH�SUHVHQFH�RI�K\GURFDUERQ�IOXLGV�

7KH�SRWHQWLDO�IRU�K\GURFDUERQ�UHVHUYRLUV�LQ�WKH�WKUHH
]RQHV�LV�FRQILUPHG�E\�WKH�SHUPHDELOLW\�SDUDPHWHU�DV�WKH
ILQDO� UHVXOW� RI� SHWURSK\VLFDO� FDOFXODWLRQV�� SURYLGLQJ� WKH
LQIRUPDWLRQ�RQ�WKH�DELOLW\�RI�URFNV�WR�SDVV�WKH�IOXLG��:LWK
UHIHUHQFH� WR� WKH� SDUDPHWHU� RI� SHUPHDELOLW\�� WKH� DYHUDJH
YDOXH�LV�������P'�IRU�=RQH��������P'�IRU�=RQH���DQG�����
P'�IRU�=RQH���

$OO�WKH�SHWURSK\VLF�FDOFXODWLRQ�UHVXOWV�RI�:HOO�''6�
��DQDO\VLV�DUH�OLVWHG�LQ�7DEOH���EHORZ�

'HWHUPLQLQJ�WKH�SHWURSK\VLFDO�FXW�RII�YDOXHV�GHULYHG
IURP�WKH�FURVV�SORW�UHVXOWV��WKH�SHUPHDELOLW\�FXW�RII�YDOXH
LV��������WKH�SRURVLW\�FXW�RII�LV��������WKH�VKDOH�YROXPH
FXW�RII�LV��������DQG�WKH�ZDWHU�VDWXUDWLRQ�FXW�RII�LV������
�7DEOH�����7KHVH�UHVXOWV�FDQ�EH�XVHG�WR�HOLPLQDWH�LQWHUYDOV

RXWVLGH�WKH�FXW�RII�YDOXH�WR�GHILQH�WKH�QHW�UHVHUYRLU�DQG�QHW
SD\�]RQHV�

7KH�OXPSLQJ�SURFHVVLQJ�RQ�WKH�UHVXOWV�RI�WKH�FXW�RII
YDOXHV�REWDLQV�1HW�5HVHUYRLU�DQG�1HW�3D\�DQG�GHWHUPLQHV
ZKHWKHU� WKH� UHVHUYRLU� ]RQH� KDV� JRRG� UHVHUYRLU
FKDUDFWHULVWLFV�RU�QRW��$SSO\LQJ�LW��WDEOH���VKRZV�WKDW�=RQH

��KDV�1HW�5HVHUYRLU�YDOXH�RI������PHWHUV�DW�WKH�LQWHUYDOV�RI
���������������PHWHUV�DQG�RI�������������������PHWHUV�
=RQH� �� KDV� YDOXHV� RI� ������� PHWHUV� DW� WKH� LQWHUYDO� RI
������������������PHWHUV�DQG������PHWHUV�DW�WKH�LQWHUYDOV
RI� �������� �� ��������PHWHUV��ZKHUHDV�=RQH� �� GRHV� QRW
KDYH�1HW�5HVHUYRLU�YDOXH��&RQVHTXHQWO\��UHVHUYRLU�]RQHV
WKDW�DUH�JRRG�IRU�SDVVLQJ�IOXLG�DUH�=RQH���DQG�=RQH����

7DEOH� �� VKRZV� WKDW� 1HW� 3D\� IRXQG� LQ� =RQH� �� KDV

YDOXHV�RI������PHWHUV�DW�WKH�LQWHUYDOV�RI�����������������
PHWHUV� DQG� RI� �����PHWHUV� DW� WKH� LQWHUYDOV� RI� �������� �
��������PHWHUV��=RQH���KDV�YDOXHV�RI��������PHWHUV�DW�WKH
LQWHUYDOV�RI������������������PHWHUV�DQG������PHWHUV�DW�WKH
LQWHUYDOV�RI��������� �� ��������PHWHUV��7KH�H[LVWHQFH�RI
1HW�3D\�YDOXHV�LQGLFDWH�WKDW�UHVHUYRLU�URFNV�IRXQG�LQ�=RQH
�� DQG� =RQH� �� KDYH� WKH� SRWHQWLDO� WR� VWRUH� DQG� UHOHDVH
K\GURFDUERQ�IOXLGV�

$QDO\]LQJ� WKH� �'� VHLVPLF� GDWD� RI� /LQH� 6���
VRPH�IRUPDWLRQV�DUH�DGMXVWHG�UHIHUULQJ�WR�WKH�PDUNHU
GDWD� LQ� WKH�ZHOO� UHSRUW� DQG� WKH�KRUL]RQ�SLFNLQJ�� DV
ZHOO� DV� GHSLFWLRQ� RI� WKH� IUDFWXUH� VWUXFWXUHV� VHHQ
GXULQJ�WKH�IDXOW�SLFNLQJ��)LJXUH����
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',6&866,21
7KH�LQWHUSUHWDWLRQ�RI�JDPPD�UD\�ORJ�RI�:HOO�''6��

DQG� �'� VHLVPLF� VHFWLRQ� /LQH� 6��� LQ� WKH� %XQ\X� ,VODQG
ZDWHUV�VKRZV�WKH�SUHVHQFH�RI�D�SHWUROHXP�V\VWHP��)LJXUH
����7KH�SRWHQWLDO�IRU�VRXUFH�URFN�LV�EHWZHHQ�WKH�7RS�5HHI
DQG�%DVH�3ODWIRUP�&DUERQDWH�ERXQGDULHV�� LQGLFDWHG�E\�D
KLJK�JDPPD�UD\�YDOXH��%DVHG� RQ� WKH� LQIRUPDWLRQ� LQ� WKH
ZHOO�UHSRUW��WKH�VRXUFH�URFN�LV�LQ�WKH�0LGGOH�0LRFHQH�DUHD
DQG�LV�FRPSDUDEOH�WR�WKH�FDUERQDWH� VKDOH�URFN�RI�0HOLDW
)RUPDWLRQ��7KLV�URFN�W\SH�RI�0HOLDW�)RUPDWLRQ�LV�FDSDEOH
RI�EHLQJ�D�SODFH�IRU�WKH�K\GURFDUERQ�PDWXUDWLRQ�SURFHVV
�6HW\RZL\RWR� HW�DO����������:H� UHIHU� WKLV� VRXUFH� URFN�DV
7RS�5HHI�%DVH�3ODWIRUP�&DUERQDWH�)RUPDWLRQ�

7KH�K\GURFDUERQ�LQ�WKH�VRXUFH�URFN�PRYHV�WRZDUGV
WKH� VXUIDFH� DQG� PLJUDWHV� WR� WKH� UHVHUYRLU� URFN� WKURXJK
UHYHUVH�IDXOWV��)LJXUH������7KH�SRWHQWLDO�IRU�UHVHUYRLU�URFNV

LV�EHWZHHQ�WKH�7RS�0LRFHQH�DQG�7RS�5HHI�ERXQGDULHV�DW
WKH�GHSWK�UDQJH�RI������WR������PHWHUV��$V�UHSRUWHG�LQ�WKH
ZHOO� UHSRUW�� WKH� UHVHUYRLU� URFN� LV� LQ� WKH� /DWH� WR�0LGGOH
0LRFHQH� DUHD� ZKLFK� LV� FRPSDUDEOH� WR� WKH� FDUERQDWH
FOD\VWRQH�DQG�OLPHVWRQH�RI�7DEXO�)RUPDWLRQ��$FFRUGLQJ�WR
6HW\RZL\RWR� HW� DO�� �������� WKH� 7RS� 0LRFHQH�7RS� 5HHI
)RUPDWLRQ�FDQ�VWRUH�JDVHRXV�K\GURFDUERQV��%DVHG�RQ�WKH
JDPPD�UD\�ORJ�LQ�)LJXUH�����WKH�WKUHH�UHVHUYRLU�]RQHV�RI
:HOO� ''6��� VKRZV� ORZ� JDPPD�UD\� YDOXHV�� )XUWKHU
DQDO\VLV� RI� WKHVH� UHVHUYRLU� ]RQHV� GLVFORVH� WKDW� UHVHUYRLU
]RQH���DQG�UHVHUYRLU�]RQH���KDYH�ORZ�VKDOH�FRQWHQWV��KHQFH
WKH� SRWHQWLDO� WR� EHFRPH� UHVHUYRLU� URFNV� IRU� VWRULQJ
K\GURFDUERQ��)LJXUH������

2YHUO\LQJ�WKH�7RS�0LRFHQH�7RS�5HHI�)RUPDWLRQ�LV
WKH� SRWHQWLDO� FDSURFN�� LQGLFDWHG� E\� KLJK� YDOXH� LQ� WKH
JDPPD�UD\�ORJ��7KH�ZHOO�UHSRUW�UHYHDOV�WKH�FDSURFN�LV�LQ
WKH�/DWH�0LRFHQH�DUHD�ZKLFK�LV�FRPSDUDEOH�WR�WKH�GHOWDLF

�

)LJXUH����5HVXOWV�RI�KRUL]RQ�DQG�IDXOW�SLFNLQJ�LQWHUSUHWHG�IURP��'�VHLVPLF�GDWD�RI�/LQH�6����

)LJXUH�����6HLVPLF�VWUDWLJUDSK\�LQWHUSUHWDWLRQ�RI�/LQH�6���

�
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FOD\VWRQH�RI�6DQWXO�)RUPDWLRQ��6HW\RZL\RWR�HW�DO���������
$W� WKH� XSSHU� ERXQGDU\� RI� WKH� 7RS� 0LRFHQH�7RS� 5HHI
)RUPDWLRQ�� UHIOHFWLRQ� PLVDOLJQPHQWV� FDQ� EH� VHHQ� DQG
LQWHUSUHWHG�DV�D�K\GURFDUERQ�WUDS�V\VWHP��6HW\RZL\RWR�HW
DO���������FODVVLILHG�WKLV�WUDS�W\SH�LQ�%XQ\X�,VODQGV�ZDWHUV
DV�DQ�XQFRQIRUPLW\�VWUDWLJUDSKLF�WUDS��IRUPHG�E\�VWUXFWXUDO
SURFHVVHV�IROORZHG�E\�WKH�GHSRVLWLRQ�RI�ILQH�VHGLPHQWDU\
URFN�DVVRFLDWHG�ZLWK�WKH�GHOWDLF�GHSRVLWLRQDO�HQYLURQPHQW��

,Q� WHUPV� RI� UHVHUYRLU� ]RQH� GHWHUPLQHG� IURP� WKH
:HOO�''6����WKH�FDOFXODWLRQ�RI�VKDOH�YROXPH�VKRZV�WKH
KLJKHVW�VKDOH�FRQWHQW�DW��������LQ�=RQH���ZKLFK�KDV�WKH
PRVW� LQKLELWLQJ� SURSHUWLHV� RI� URFN� LQ� IORZLQJ� IOXLG�
FRPSDUHG� WR� =RQH� �� DQG� =RQH� ���$PRQJ� WKH� WKUHH
]RQHV��=RQH���KDV�WKH�ORZHVW�SRURVLW\�DQG�SHUPHDELOLW\
YDOXHV�� 7KHUHIRUH�� =RQH� �� LV� FDWHJRUL]HG� DV� D� EDG
UHVHUYRLU�]RQH��

9DOXLQJ� WKH� SRWHQWLDO� UHVHUYRLUV� RI� =RQH� �� DQG
=RQH����WKHLU�QHW�SD\�SDUDPHWHUV�LQGLFDWH�WKH�SUHVHQFH
RI�K\GURFDUERQ�LQ�WKH�UHVHUYRLU�URFN��+RZHYHU��EDVHG
RQ� WKH�SHUPHDELOLW\� FODVVLILFDWLRQ�RI�.RHVRHPDGLQDWD
�������� =RQH� �� KDV� D� SRRU� SHUPHDELOLW\� DW� �����P'�
VXJJHVWLQJ�WKH�]RQH�FDQQRW�SURSHUO\�VWRUH�IOXLG� LQ�WKH
UHVHUYRLU�URFN�

&21&/86,216
7KH�SHWURSK\VLFDO�DQG�VHLVPLF�VWUDWLJUDSK\�DQDO\VLV

DVVHVV�WKH�DELOLW\�RI�UHVHUYRLU�URFNV�WR�VWRUH�IOXLG�EDVHG�RQ
WKHLU� URFN� OLWKRORJ\�� ,Q� WKLV� VWXG\�� WKH� FDOFXODWLRQ� RI
SHWURSK\VLFDO�SDUDPHWHUV�LQ�WKH�:HOO�''6���VKRZV�WKUHH
]RQHV� RI� UHVHUYRLU� URFNV� EXW�RQO\�=RQH��� ������ ±�����
PHWHUV�� KDV� UHVHUYRLU� FKDUDFWHULVWLFV� WKDW� FDQ� VWRUH
K\GURFDUERQV�� ZKLOH� =RQH� �� ������ ±� �����PHWHUV�� DQG
=RQH��� ������±������PHWHUV��DUH�QRW��7KH�K\GURFDUERQ
SURVSHFWV� RI� =RQH� �� LQGLFDWHV� JDV�W\SHG� K\GURFDUERQ�
6HLVPLF�VWUDWLJUDSK\�LQWHUSUHWDWLRQ�RI�/LQH�6���GHWHUPLQHV
WKH�WKUHH�UHVHUYRLU�]RQHV�DUH�LQ�WKH�VDPH�IRUPDWLRQ��L�H���WKH

7RS� 0LRFHQH�7RS� 5HHI� )RUPDWLRQ�� FRPSDUDEOH� WR� WKH
FDUERQDWH�FOD\VWRQH�DQG�OLPHVWRQH�RI�7DEXO�)RUPDWLRQ�

$&.12:/('*(0(176
2XU� VLQFHUH� DSSUHFLDWLRQ� DQG� JUDWLWXGH� WR� WKH

KRQRUDEOH�+HDG�RI�0DULQH�*HRORJLFDO�,QVWLWXWH�IRU�KLV�WUXVW
DQG�VXSHUYLVLRQ��2XU�WUXO\�DSSUHFLDWLRQ�WR�WKH�,QIRUPDWLRQ
7HFKQRORJ\� DQG� 'DWD� &HQWUH� �� 0LQLVWU\� RI� (QHUJ\� DQG
0LQHUDO� 5HVRXUFHV� IRU� SURYLGLQJ� ZHOO� ORJ� DQG� VHLVPLF
GDWD���

5()(5(1&(6
$FKPDG�� =�� DQG� 6DPXHO�� /��� ������ 6WUDWLJUDSK\� DQG

GHSRVLWLRQDO�F\FOHV�LQ�WKH�1�(��.DOLPDQWDQ�%DVLQ�
3URFHHGLQJV�RI�,QGRQHVLDQ�3HWUROHXP�$VVRFLDWLRQ
��WK� $QQXDO� &RQYHQWLRQ�� ����������� KWWS���
GRL�RUJ����������LSD�������������

'DUOLQJ��7���������:HOO�ORJJLQJ�DQG�IRUPDWLRQ�HYDOXDWLRQ�
(OVHYLHU� ,QF��� ���S�� KWWS���GRL�RUJ���������%����
��������������;������

,QGUL\DQL�� 3�'��� +DUMD��$�� DQG� 1DLQJJRODQ�� 7�%��� �����
3HWURSK\VLFDO�DQDO\VLV� WR�GHWHUPLQH� UHVHUYRLU�DQG
VRXUFH�URFNV�LQ�%HUDX�%DVLQ��:HVW�3DSXD�:DWHUV�
%XOOHWLQ�RI�WKH�0DULQH�*HRORJ\���������������KWWS��
�GRL�RUJ����������ERPJ��������������

.DPHO��0�+�� DQG�0DEURXN��:�0��� ������(VWLPDWLRQ� RI
VKDOH� YROXPH� XVLQJ� D� FRPELQDWLRQ� RI� WKH� WKUHH
SRURVLW\� ORJV�� -RXUQDO� RI�3HWUROHXP� 6FLHQFH� DQG
(QJLQHHULQJ�� ����������������� KWWS���GRL�RUJ�
��������6���������������������

.RHVRHPDGLQDWD�� 5�3�� ������ *HRORJL� PLQ\DN� GDQ� JDV
EXPL�(G�����3HQHUELW�,7%�����S�

/HQWLQL�� 0�5�� DQG� 'DUPDQ�� +�� ������ $VSHFWV� RI� WKH
1HRJHQ�WHFWRQLF�KLVWRU\�DQG�K\GURFDUERQ�JHRORJ\
RI� WKH�7DUDNDQ�%DVLQ��3URFHHGLQJV� RI� ,QGRQHVLDQ

)LJXUH�����5HVHUYRLU�]RQDWLRQV�LQ�:HOO�''6��

�
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3HWUROHXP� $VVRFLDWLRQ� ��WK� $QQXDO� &RQYHQWLRQ�
����������

1RSL\DQWL�� 7��� 1DLQJJRODQ�� 7�%��� 'HZDQWR�2�� DQG� +DT�
'�$��� ������:HOO� ORJ� DQDO\VLV� DQG� JHRFKHPLFDO
GDWD� WR� LGHQWLI\� VRXUFH� URFN� DQG� K\GURFDUERQ
UHVHUYRLU�� 1RUWKHDVW� -DYD� %DVLQ� VWXG\� FDVH�� $,3
&RQIHUHQFH� 3URFHHGLQJV� ������ ������� �������
KWWS���GRL�RUJ������������������

3XUED�� /�5��� 'HZDQWR�� 2�� DQG� 0XO\DWQR�� %�6��� �����
(VWLPDVL�NDQGXQJDQ�VHUSLK��9VK���SRURVLWDV�HIHNWLI
��H� GDQ� VDWXUDVL� DLU� �6Z�� XQWXN� PHQJKLWXQJ
FDGDQJDQ� KLGURNDUERQ� SDGD� UHVHUYRDU� OLPHVWRQH
/DSDQJDQ� ³35%´� GL� 6XPDWHUD� 6HODWDQ
PHQJJXQDNDQ� GDWD� ORJ� GDQ� SHWURILVLND�� -XUQDO
*HRILVLND� (NVSORUDVL�� ������������� KWWS���GRL�RUJ�
���������MJH�Y�L����

6HWLDG\��'���$VWDZD��,�1���+HUPDQV\DK��*�0���/XJUD��,�:�
DQG� 1DLQJJRODQ�� 7�%��� ������ 6WUDWLJUDIL� SHUDLUDQ
8WDUD� %DOL� GDUL� KDVLO� LQWHUSUHWDVL� VHLVPLN� �'�
-XUQDO� *HRORJL� .HODXWDQ�� �������������� KWWS���
GRL�RUJ����������MJN��������������

6HW\RZL\RWR�� -��� )DGKLOD�� 5�� DQG� $WPRNR�� :��� �����
3HQHQWXDQ� =RQD� 3RWHQVL� +LGURNDUERQ� SDGD
)RUPDVL� 6HPEDNXQJ�� 7DEDODU�� GDQ� %LUDQJ
&HNXQJDQ�7DUDNDQ��.DOLPDQWDQ�7LPXU��3URVLGLQJ
6HPLQDU� 1DVLRQDO� .HEXPLDQ� .H����� 7HNQLN
*HRORJL�� )DNXOWDV� 7HNQLN�� 8QLYHUVLWDV� *DGMDK
0DGD��SS��������

6\DULI��$��� ,UZDQ]DK�� =��� +DQGD\DQL�� 7�� DQG� 'RJUD�� 6��
������6XFFHVVIXO�GHYHORSPHQW� GULOOLQJ� JXLGHG�E\
FURVVZHOO� VHLVPLF� LPDJLQJ�� %HLMLQJ� ����
,QWHUQDWLRQDO� *HRSK\VLFDO� &RQIHUHQFH� 	
([SRVLWLRQ�� KWWS���GRL�RUJ���������
,*&%HLMLQJ��������

9HHNHQ�� 3�� &�� +��� ������ 6HLVPLF� VWUDWLJUDSK\�� EDVLQ
DQDO\VLV� DQG� UHVHUYRLU� FKDUDFWHULVDWLRQ�
+DQGERRN�RI�*HRSK\VLFDO�([SORUDWLRQ������������
KWWS���GRL�RUJ���������6����������������

:RUWKLQJWRQ�� 3�)�� DQG� &RVHQWLQR�� /��� ������7KH� UROH� RI
FXW�RIIV� LQ� LQWHJUDWHG� UHVHUYRLU� VWXGLHV�� 63(
5HVHUYRLU� (YDOXDWLRQ� 	� (QJLQHHULQJ�� ���������
�����KWWS���GRL�RUJ���������������3$
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