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.��%��6XPHQD����.��0��/XF\���
-��-��&KXQJDWK��DQG��1��$VKRN�
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�DQG�+LVWRORJ\��
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV��
0DQQXWK\������������7KULVVXU��.HUDOD

�������$VVLVWDQW�3URIHVVRU�
��� 3URIHVVRU
������3URIHVVRU�	�+HDG��5HWG��
�� 3URIHVVRU�	�+HDG

$EVWUDFW
+LVWRORJ\�RI� WKH� VWUDWXP�JHUPLQDWLYXP�

RI� WKH�VNLQ� IURP�GLIIHUHQW� UHJLRQV�RI� WKH�ERG\�
LQ� /DUJH�:KLWH�<RUNVKLUH� SLJV� ZDV� VWXGLHG�
XVLQJ����DQLPDOV�RI�VL[�WR�WHQ�PRQWKV�RI�DJH���
6WUDWXP�EDVDOLV�ZDV�PDGH�XS�RI�D�VLQJOH�OD\HU�RI�
FROXPQDU�FHOOV�ZKLFK�EHFDPH�FXERLGDO�WRZDUGV�
WKH�DSH[�RI�WKH�GHUPDO�SDSLOOD���&HOOV�RI�VWUDWXP�
EDVDOLV�UHVWHG�RQ�D�EDVHPHQW�PHPEUDQH�PDGH�
FRXOG� EH� ORFDWHG� LQ� WKH� VWUDWXP� EDVDOLV� DQG�
VWUDWXP� VSLQRVXP�� � 7KHVH� FHOOV� SRVVHVVHG�
WKH� FKDUDFWHULVWLFV� RI� WKH� /DQJHUKDQ¶V� FHOOV���
6WUDWXP�VSLQRVXP�ZDV�WKH�WKLFNHVW�OD\HU�RI�WKH�
HSLGHUPLV���&HOOV�RI�WKLV�OD\HU�ZHUH�ODUJH��LUUHJXODU�
DQG� SRO\KHGUDO�ZLWK� GLVWLQFW� FHOO� ERXQGDULHV���
7KLFNQHVV� RI� WKLV� OD\HU�ZDV�PD[LPXP� LQ� WKH�
VQRXW�DQG�ZDV�WKLQQHU�DW�WKH�GRUVDO�DQG�YHQWUDO�
QHFN� UHJLRQV� DQG� LQ� WKH� DEGRPLQDO� UHJLRQV���
+HUH� WKH� FHOO� ERXQGDULHV�ZHUH� LQGLVWLQFW� DQG�
WKH� QXFOHXV� VKRZHG�SHULSKHUDO� FRQGHQVDWLRQ�
RI� FKURPDWLQ�� �$W� WKH� FDUSDO� UHJLRQ�� WKH� FHOOV�
ZHUH�FRPSDUDWLYHO\�VPDOOHU�DQG�FORVHO\�SDFNHG���
&\WRSODVPLF� VWDLQLQJ� SURSHUW\� RI� WKH� FHOOV� RI�
WKH�VWUDWXP�VSLQRVXP�YDULHG�LQ�GLIIHUHQW�OD\HUV���
3UHNHUDWLQ�JUDQXOHV�ZHUH�GHWHFWHG�LQ�WKH�XSSHU�
OD\HUV�RI�VWUDWXP�VSLQRVXP�
.H\�ZRUGV�� � 3LJ�� 6WUDWXP� JHUPLQDWLYXP��
5HJLRQDO�KLVWRORJ\

7KH�VWUDWXP�EDVDOH�DQG�VWUDWXP�VSLQRVXP�
RI�WKH�VNLQ�FRPSULVH�WKH�VWUDWXP�JHUPLQDWLYXP���

7KH�SUROLIHUDWLYH�DQG�UHJHQHUDWLYH�DELOLWLHV�RI�WKH�
HSLGHUPDO�FHOOV�RI�WKH�VNLQ�VXJJHVW�D�NH\�UROH�RI�
WKH�NHUDWLQRF\WH�VWHPFHOOV�DQG�SURJHQLWRU�FHOOV�
LQ�WKH�WLVVXH�PDLQWHQDQFH��UHSDLU�DQG�UHQHZDO���
%DQNV� ������� QRWLFHG� WKDW� WKH� WKLFNQHVV� RI�
VWUDWXP�JHUPLQDWLYXP�YDULHG�LQ�GLIIHUHQW�UHJLRQV�
RI� WKH� PDPPDOLDQ� LQWHJXPHQW�� � %HFDXVH�
GHUPDWRORJLF�� FXWDQHRXV�� SKDUPDFRORJLF�
DQG� WR[LFRORJLFDO� VWXGLHV�XWLOLVH� WKH� VNLQ� IURP�
VZLQH��LW�LV�LPSRUWDQW�WR�UHDOLVH�WKH�UHPDUNDEOH�
EHWZHHQ� WKH� VNLQ�RI� SLJV�DQG�KXPDQ�EHLQJV���
IDVW�JURZWK�UDWH�DQG�RWKHU�ELRORJLFDO�DGYDQWDJHV�
FRQWULEXWH�WR�WKH�VHOHFWLRQ�RI�SLJ�DV�D�ELRORJLFDO�
+HQFH�� WKH� SUHVHQW� ZRUN� ZDV� XQGHUWDNHQ�
WR� VWXG\� WKH� UHJLRQDO� KLVWRORJ\� RI� VWUDWXP�
JHUPLQDWLYXP�LQ�/DUJH�:KLWH�<RUNVKLUH�SLJV��
0DWHULDOV�DQG�0HWKRGV

+LVWRORJLFDO�VWXGLHV�ZHUH�FRQGXFWHG�RQ�
WKH�VNLQ�RI�/DUJH�:KLWH�<RUNVKLUH�SLJV�RI�VL[�WR�
WHQ�PRQWKV�RI�DJH�� �6NLQ�VDPSOHV� IURP�HLJKW�
ERG\� UHJLRQV�ZHUH�FROOHFWHG� IURP����DQLPDOV�
�VL[� HDFK� IURP� HLWKHU� VH[�� IURP� WKH� 0HDW�
7HFKQRORJ\�XQLW�RI�.HUDOD�$JULFXOWXUDO�8QLYHUVLW\��
0DQQXWK\�� �7KH� DJH�� VH[� DQG�ERG\ZHLJKW� RI�
WKH�DQLPDOV�ZHUH�UHFRUGHG��6NLQ�VDPSOHV�RI���
FP��DUHD�ZHUH�FROOHFWHG�LPPHGLDWHO\�IROORZLQJ�
H[VDQJXLQDWLRQ� IURP�HLJKW� DUHDV� RI� WKH� ERG\�
YL]���WKH�VQRXW��GRUVDO�QDVDO��GRUVDO�QHFN��YHQWUDO�
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QHFN��GRUVDO�DEGRPHQ��ODWHUDO�DEGRPHQ��YHQWUDO�
QHXWUDO� EXIIHUHG� IRUPDOLQ�� �7KH� WLVVXH� SLHFHV�

ZHUH� WDNHQ� DQG� VWDLQHG� XVLQJ�+DHPDWR[\OOLQ�
DQG�(RVLQ��$\RXE�6KNODU�PHWKRG� IRU� NHUDWLQ�
DQG� SUHNHUDWLQ� �/XQD�� ������ DQG�3$6�$OFLDQ�
EOXH�PHWKRG� IRU�PXFRVXEVWDQFH� �6LQJK� DQG�
6XORFKDQD��������� �0LFURPHWULFDO� SDUDPHWHUV�
ZHUH�PHDVXUHG� XVLQJ� DQ� RFXODU�PLFURPHWHU�
DQG� WKH�UHJUHVVLRQ�ZLVH�FRPSDULVRQ�RI� WKHVH�
SDUDPHWHUV�ZDV�GRQH�E\�RQH�ZD\�$QDO\VLV�RI�
YDULDQFH�7HFKQLTXH��&RFKUDQ�DQG�&R[��������
5HVXOWV�DQG�'LVFXVVLRQ

7KH�HSLGHUPLV�ZDV�IRUPHG�RI�IRXU�OD\HUV��
YL]���VWUDWXP�EDVDOLV��VWUDWXP�VSLQRVXP��VWUDWXP�
JUDQXORVXP�DQG� VWUDWXP� FRUQHXP�H[FHSW� LQ�
VQRXW�� GRUVDO� QDVDO� DQG� YHQWUDO� DEGRPLQDO�
UHJLRQV��ZKHUH�DQ�DGGLWLRQDO�OD\HU��WKH�VWUDWXP�
OXFLGXP�ZDV� QRWHG�� � 6WUDWXP� JHUPLQDWLYXP�
FRPSRVHG�RI�ERWK�VWUDWXP�EDVDOLV�DQG�VWUDWXP�
VSLQRVXP�RI� WKH� HSLGHUPLV� DQG� WKHVH� OD\HUV�

FRQWULEXWHG� WR� WKH�UHQHZDO�RI�HSLGHUPDO�FHOOV���
7KH�HSLGHPLV�SURMHFWHG�LQWR�WKH�GHUPLV�DV�WKH�
UHWH�SHJV��ZKLFK�ZHUH�DEXQGDQW� LQ� WKH�VQRXW�
DQG�WKH�GRUVDO�QDVDO�
6WUDWXP�EDVDOLV

7KLFNQHVV� RI� WKH� VWUDWXP� EDVDOLV� LQ�
GLIIHUHQW�UHJLRQV�RI�WKH�ERG\�LQ�ERWK�PDOH�DQG�
IHPDOH�SLJV�YDULHG�FRQVLGHUDEO\���6WUDWXP�EDVDOLV�
ZDV�PDGH�XS�RI�D�VLQJOH�OD\HU�RI�FROXPQDU�FHOOV�
ZLWK�WKHLU�D[HV�SHUSHQGLFXODU�WR�WKH�EDVDO�ODPLQD�
�)LJ��������7KH�FROXPQDU�FHOOV�PHDVXUHG�DERXW�
QXFOHXV�ZDV� RYDO� LQ� VKDSH�ZLWK� D� SURPLQHQW�
ZLGWK��)LJ������ �+HLJKW�RI� WKHVH�FHOOV�JUDGXDOO\�
UHGXFHG�WRZDUGV�WKH�DSH[�RI�WKH�GHUPDO�SDSLOOD�
DQG� WKH\�EHFDPH�FXERLGDO� LQ� VKDSH� �)LJ�� �����

)URP�WKH� ORZHU�VXUIDFH�RI� WKH�VWUDWXP�EDVDOLV�
FHOOV�� F\WRSODVPLF� SURFHVVHV� JUHZ� LQWR� WKH�
SDSLOODU\� OD\HU� RI� WKH� GHUPLV� �)LJ�� ���� � ,Q� WKH�
FDUSDO� UHJLRQ�� DOO� WKH�EDVDO� FHOOV�ZHUH�DOPRVW�
FXERLGDO�LQ�VKDSH���0RQWDJQD��������RSLQHG�WKDW�
LQ�HDUO\�HPEU\RQLF�VWDJH�� WKH�FHOOV�RI� VWUDWXP�
EDVDOLV�ZHUH�FXERLGDO�ZLWK�D�FOHDUO\� VWDLQDEOH�
ODUJH�QXFOHXV�DQG�VPRRWK�EDVDO�VXUIDFH���7KLV�
FRQWULEXWHG�WR�WKH�HDV\�SHHOLQJ�RI�WKH�HSLGHUPLV�
IURP�WKH�GHUPLV���/DWHU��WKH�EDVDO�FHOOV�EHFDPH�
FROXPQDU� DQG� WKH� ORZHU� VXUIDFH� RI� WKH� FHOOV�
EHFDPH�VHUUDWHG�DV�WKH�F\WRSODVPLF�SURFHVVHV�
LQYDGHG�LQWR�WKH�GHUPLV���&RSHQKDYHU�HW�DO���������
VXJJHVWHG�WKDW�WKH�LUUHJXODU�ERXQGDULHV�RI�WKH�
HSLGHUPLV�DQG�LWV�XQGHUO\LQJ�FRQQHFWLYH�WLVVXH�
DV�ZHOO�DV�WKH�KDOI�GHVPRVRPHV�DFFRXQWHG�IRU�
WKH�DGKHUHQFH�EHWZHHQ�HSLGHUPLV�DQG�GHUPLV���

)LJ����6HFWLRQ�RI�VNLQ�LQ�WKH�GRUVDO�QDVDO�UHJLRQ�VKRZLQJ�WKH�
OD\HUV�RI�WKH�VWUDWXP�JHUPLQDWLYXP��+	�(��[�������6WUDWXP�EDVDOLV�����6WUDWXP�VSLQRVXP�����'HUPDO�SDSLOOD

)LJ����6HFWLRQ�RI�VNLQ�LQ�WKH�GRUVDO�QDVDO�UHJLRQ�VKRZLQJ�UHWH�
SHJ��+	�(��[����
VSLQRVXP�� ��� &OHDU� ]RQH�� ��� )ODWWHQHG� FHOOV� RI� 6WUDWXP�
VSLQRVXP�� ��� 6WUDWXP� JUDQXORVXP�� ��� 'HUPDO� SDSLOOD�
���5HWH�3HJ

)LJ�� �� � 6HFWLRQ� RI� VNLQ� LQ� WKH� QHFN� GRUVDO� UHJLRQ��
$\RXE�6KNODU�PHWKRG�IRU�NHUDWLQ�DQG�SUHNHUDWLQ�[�������'HUPDO�SDSLOOD����&DSLOODULHV����&\WRSODVPLF�SURFHVVHV�RI�
WKH�EDVDO�FHOOV�����%DVHPHQW�PHPEUDQH����'HHSHU�OD\HU�RI�
6WUDWXP�VSLQRVXP
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0RUULV�DQG�+RSHZHOO��������REVHUYHG�WKDW�WKH�
EDVDO�SRUWLRQ�RI�WKH�HSLGHUPLV�ZDV�FRQVLGHUDEO\�
XQGXODWHG�LQ�SLJV�

&HOOV� RI� VWUDWXP� EDVDOLV� UHVWHG� RQ� D�
EDVHPHQW�PHPEUDQH�PDGH� XS� RI� FROODJHQ�
PHPEUDQH�VKRZHG�D�SRVLWLYH�UHDFWLRQ�IRU�3$6�
DOFLDQ�EOXH�VWDLQLQJ���7KH�EDVHPHQW�PHPEUDQH�
EORRG�YHVVHOV�FRXOG�EH�QRWLFHG�LQ�WKH�HSLGHUPLV���
6KDUPD�HW� DO�� ������� GHPRQVWUDWHG� D� WKLFN�
FROODJHQRXV�EDVHPHQW�PHPEUDQH�LQ�WKH�VNLQ�RI�
WKH�\DN���8UPDFKHU��������H[SODLQHG�EDVHPHQW�
PHPEUDQH�DV�D�WKLQ�3$6�SRVLWLYH�OD\HU���

EDVDOLV�DQG�VWUDWXP�VSLQRVXP�VKRZHG�VWDJHV�RI�
PLWRVLV���0RQWHLUR�5LYLHUH��������UHSRUWHG�WKDW�
VRPH�EDVDO�FHOOV�FRXOG�DFW�DV�VWHP�FHOOV�ZLWK�WKH�
DELOLW\�WR�GLYLGH�DQG�SURGXFH�QHZ�FHOOV��ZKHUHDV�
RWKHUV�SULPDULO\�VHUYHG�WR�DQFKRU�WKH�HSLGHUPLV���
PXULQH�DQG�KXPDQ�HSLGHUPDO�VWHP�FHOOV�KDYH�

)LJ����6HFWLRQ�RI�VNLQ�LQ�WKH�YHQWUDO�DEGRPLQDO�UHJLRQ��
+	�(��[������� 3DSLOODU\� GHUPLV�� ��� &OHDU� FHOOV�� ��� 5HQLIRUP� QXFOHXV
���6WUDWXP�VSLQRVXP����6WUDWXP�OXFLGXP����6WUDWXP�FRUQHXP

)LJ�� ��6HFWLRQ� RI� VNLQ� LQ� WKH� GRUVDO� QDVDO� UHJLRQ��
+	�(��[����
���'HUPDO�SDSLOOD�����&DSLOODULHV�����6WUDWXP�EDVDOLV�����6WUDWXP�
VSLQRVXP�����,QWHU�FHOOXODU�SURFHVVHV�EHWZHHQ�DGMDFHQW�FHOOV��
���1XFOHROXV�����6WUDWXP�JUDQXORVXP����6WUDWXP�FRUQHXP

EHHQ�PDGH� E\�.DXU� ��������ZKLFK� SURYLGHG�
LQVLJKWV� LQWR� WKH� IXQGDPHQWDO� SURFHVV� RI� WKH�
WLVVXH�UHQHZDO�DQG�UHSDLU�LQ�WKH�HSLGHUPLV�

&OHDU� FHOOV� FRXOG� EH� ORFDWHG� LQ� WKH�
VWUDWXP�EDVDOLV�DQG�VWUDWXP�VSLQRVXP��)LJ�������
7KHVH�FHOOV�ZHUH�UHODWLYHO\�ODUJHU�DQG�DSSHDUHG�
OLJKWHU� WKDQ� WKH� NHUDWLQRF\WHV�� �&\WRSODVP�RI�
WKHVH� FHOOV� ZDV� FOHDU� DQG� WKH� QXFOHXV�ZDV�
LQGHQWHG��VRPHWLPHV�KDG�D�UHQLIRUP�DSSHDUDQFH�
�)LJ�������7KHVH�FHOOV�SRVVHVVHG�FKDUDFWHULVWLFV�
RI� WKH� /DQJHUKDQ¶V� FHOOV�� �&RSHQKDYHU�HW� DO��
������� UHSRUWHG� LQ� GHWDLO� WKH� /DQJUHUKDQ¶V�
FHOOV� LQ� WKH� XSSHU� OD\HU� RI� VWUDWXP�0DOSLJKLL���
7KHVH�FHOOV�SRVVHVVHG�D�GDUN�VWDLQHG�QXFOHXV�
VXUURXQGHG� E\� DSSDUHQWO\� FOHDU� F\WRSODVP���
,Q� VHFWLRQV� VWDLQHG� E\� JROG� FKORULGH�PHWKRG��
WKHVH� ZHUH� EODFNHQHG� DQG� ZHUH� UHYHDOHG�
DV� VWHOODWH� RU� GHQGULWLF� FHOOV�� � 7KHLU� VOHQGHU�
SURFHVVHV�SHQHWUDWHG�WKH�LQWHUFHOOXODU�VSDFHV�
DPRQJ� WKH� SULFNOH� FHOOV� DQG�ZHUH� GHYRLG� RI�
GHVPRVRPHV�DWWDFKLQJ�WKHP�WR�WKH�QHLJKERULQJ�
FHOOV�� � /DQJHUKDQ¶V� FHOOV� ZHUH� LQWHUSUHWHG�
YDULRXVO\� VXFK� DV�ZRUQ�RXW�PHODQRF\WHV� RU�
DV� GLVWLQFW� VHULHV� RI� FHOOV� GHULYHG� IURP�ERQH�
PDUURZ���(OHFWURQ�PLFURJUDSKV�VKRZHG�WKDW�WKH�
FKDUDFWHULVWLF�%LUEHUFN�JUDQXOHV�RI�/DQJHUKDQ¶V�
FHOOV�ZHUH�GLIIHUHQW�IURP�PHODQLQ�SLJPHQW�

$PRQJ� WKH� UHJLRQV� XQGHU� VWXG\�� WKH�
GRUVDO� DQG� YHQWUDO� QHFN� UHJLRQV� SRVVHVVHG�
D� KLJKHU� FRQFHQWUDWLRQ� RI� WKH� FOHDU� FHOOV�
FRPSDUHG� WR� WKH� RWKHU� UHJLRQV�� � 8UPDFKHU�
������� UHSRUWHG� WKDW� WKH� /DQJHUKDQ¶V� FHOOV�
ZHUH�WKH�LPPXQRORJLF�FHOOV�RI�WKH�VNLQ��ZKLFK�
ZHUH� QHHGHG� WR� LQGXFH� SUROLIHUDWLYH� DQG�
F\WRWR[LF�7�FHOO�UHVSRQVHV�E\�UHFRJQL]LQJ�DQG�
SUHVHQWLQJ�DQWLJHQ�WR�LPPXQRFRPSHWHQW�7�FHOO�

)LJ�� �� 6HFWLRQ� RI� VNLQ� LQ� WKH� GRUVDO� QDVDO� UHJLRQ�
��� 6WUDWXP� FRUQHXP�� ��� 6WUDWXP� OXFLGXP�� ��� 6WUDWXP�
JUDQXORVXP�� ��� 3HULSKHUDO� FHOOV� RI� VWUDWXP� VSLQRVXP�� ���
0LGGOH�OD\HU�RI�VWUDWXP�VSLQRVXP�����'HHSHU�OD\HU�RI�VWUDWXP�
VSLQRVXP�����'HUPDO�SDSLOOD
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O\PSKRF\WHV���/DQJHUKDQ¶V�FHOOV�DOVR�SRVVHVVHG�
$73DVH�VWDLQLQJ�RI�WKH�SODVPD�PHPEUDQH�
6WUDWXP�VSLQRVXP

6WUDWXP� VSLQRVXP� ZDV� WKH� WKLFNHVW�
OD\HU�RI�WKH�HSLGHUPLV���&HOOV�RI�WKLV�OD\HU�ZHUH�
ODUJH�� LUUHJXODU� DQG� SRO\KHGUDO� ZLWK� GLVWLQFW�
FHOO�ERXQGDULHV�DQG�KDG�DQ�DYHUDJH�GLDPHWHU�
DGMDFHQW� FHOOV�RI� WKLV� OD\HU� IURP�RQH�DQRWKHU���
LQWHUFHOOXODU� FRQQHFWLRQV� DQG�JDYH�D� SULFNOHG�
DSSHDUDQFH�WR�WKLV�OD\HU��)LJ�������&RSHQKDYHU�
HW��DO���������DQG�8UPDFKHU��������UHSRUWHG�WKDW�
WKH�SODVPD�PHPEUDQHV�RI�DGMDFHQW�FHOOV�ZHUH�
QRUPDOO\� LQ� FORVH�DSSRVLWLRQ� WKURXJKRXW�PRVW�
RI� WKHLU� H[WHQW�� EXW� GXULQJ� WLVVXH� SURFHVVLQJ��
WKH�FHOOV�VKUXQN�DQG�JRW�SXOOHG�DSDUW��OHDYLQJ�D�
FOHDU�LQWHUFHOOXODU�VSDFH���7KH�FHOOV�RI�VWUDWXP�
VSLQRVXP�SRVVHVVHG� D� ODUJH�� URXQG� WR� RYDO�

OD\HUV�ZHUH�LQ�YDULRXV�VWDJHV�RI�PLWRVLV���7KHVH�
WKH�VXUIDFH�ZLWK�WKHLU�ORQJ�D[HV�SDUDOOHO�WR�WKH�
VXUIDFH��)LJV����DQG����DQG�WKH�FHOOV�PHDVXUHG�
QHZ�FHOOV�IRUPHG�E\�PLWRVLV�PLJUDWHG�RXWZDUG�
OD\HU�RI�WKH�VWUDWXP�FRUQHXP��

$FFRUGLQJ�WR�%ORRP�DQG�)DZFHWW���������
WKH�SULFNOLQJ�DSSHDUDQFH�RI�WKLV�OD\HU�ZDV�IRUPHG�
E\� WKH� VKRUW� SURFHVVHV� RU� VSLQHV� WKDW�ZHUH�
DWWDFKHG� WR� VLPLODU� SURMHFWLRQV� IURP�DGMDFHQW�
FHOOV���%HFDXVH�WKH�FHOO�PHPEUDQHV�DW�WKH�VLWHV�
RI�HQG�WR�HQG�MXQFWLRQ�RI�WKHVH�SURFHVVHV�FRXOG�
QRW� EH� UHVROYHG�ZLWK� OLJKW�PLFURVFRS\�� WKHVH�
VWUXFWXUHV�ZHUH� IRUPHUO\� FDOOHG� ³LQWHUFHOOXODU�
EULGJHV´� LQ� WKH� EHOLHI� WKDW� WKH\� UHSUHVHQWHG�
RSHQ�FRPPXQLFDWLRQV�EHWZHHQ�WKH�HSLGHUPDO�
FHOOV�� � %XW� WKH� HOHFWURQ�PLFURVFRSLF� VWXGLHV�
UHYHDOHG� WKDW� WKHUH� ZDV� QR� SURWRSODVPLF�
FRQWLQXLW\� EHWZHHQ� WKH� FHOOV�� � ,QVWHDG�� WKHVH�
VKRUW�SURFHVVHV�PHW�HQG�WR�HQG�RU�VLGH�WR�VLGH�
GHVPRVRPH�ZKLFK�DSSHDUHG�DV�D� GHQVH�GRW�
RU�JUDQXOH�LQ�HDFK�µEULGJH¶���0RQWHLUR��5LYLHUH�
������� UHSRUWHG� WKDW�GHVPRVRPHV�FRQQHFWHG�
DGMDFHQW�FHOOV�RI�VWUDWXP�VSLQRVXP�DQG�WKHVH�
FHOOV�WR�WKH�FHOOV�RI�VWUDWXP�EDVDOLV�EHORZ�

7KLFNQHVV� RI� WKH� VWUDWXP� VSLQRVXP�
YDULHG�LQ�GLIIHUHQW�ERG\�UHJLRQV���$W�WKH�VQRXW�
UHJLRQ��LQ�WKH�DUHD�FRUUHVSRQGLQJ�WR�WKH�WLS�RI�WKH�
GHUPDO�SDSLOOD��WKLV�OD\HU�ZDV����WR����FHOO�OD\HUV�
WKLFN�DQG�DW�WKH�UHJLRQ�RI�UHWH�SHJ�WKH�WKLFNQHVV�
RI�WKLV�OD\HU�YDULHG�IURP����WR����FHOO�OD\HUV���,Q�
WKH�FDVH�RI�KXPDQ�EHLQJV��PD[LPXP�WKLFNQHVV�
RI�VWUDWXP�VSLQRVXP�ZDV�REVHUYHG�DW�SDOPV�DQG�
VROHV��8UPDFKHU����������0RUULV�DQG�+RSHZHOO�
�������IRXQG�WKDW�WKH�VWUDWXP�VSLQRVXP�DW�WKH�
LQWHUSDSLOODU\�UHJLRQ�ZDV�DERXW�IRXU�FHOOV�WKLFN�
LQ�SLJ�� � � ,Q�GRUVDO�QDVDO� UHJLRQ�� WKH� WKLFNQHVV�
RI� WKH� VWUDWXP�VSLQRVXP�DW� WKH� UHJLRQ�RI� WKH�
GHUPDO� SDSLOOD� DQG� UHWH� SHJ�ZDV� IRXU� WR� VL[�
FHOOV�DQG�WHQ�WR�WZHOYH�FHOOV�UHVSHFWLYHO\��)LJ��
�����,Q�RWKHU�ERG\�UHJLRQV��WKLFNQHVV�RI�WKLV�OD\HU�
ZDV�FRPSDUDWLYHO\� OHVV�DQG� UDQJHG� IURP� WZR�
WR�IRXU�FHOOV�WKLFN�DQG�VL[�WR�VHYHQ�FHOOV�WKLFN��
UHVSHFWLYHO\��)LJ�������7KH�FHOO�ERXQGDULHV�DQG�
WKH� SULFNOLQJ� DSSHDUDQFH� DW� WKH� LQWHUFHOOXODU�
UHJLRQ�ZHUH�PRUH� GLVWLQFW� LQ� WKH� VQRXW� DQG�
FDUSDO�UHJLRQV��6WUDWXP�VSLQRVXP�ZDV�WKLQQHU�
DW�WKH�GRUVDO�DQG�YHQWUDO�QHFN�UHJLRQV�DQG�LQ�WKH�
DEGRPLQDO�UHJLRQ��+HUH�WKH�FHOO�ERXQGDULHV�ZHUH�
LQGLVWLQFW� DQG� WKH� QXFOHXV� VKRZHG�SHULSKHUDO�
FRQGHQVDWLRQ� RI� FKURPDWLQ�� � &RSHQKDYHU�
HW�DO���������FRUUHODWHG�WKH�EDVRSKLOLD�ZLWK�WKH�
ULERVRPDO�FRQWHQW�RI�F\WRSODVP��KHQFH�WKH�FHOOV�
ZHUH�FRQVLGHUHG�DV�DFWLYH�SURWHLQ�V\QWKHVLVLQJ�
FHOOV���3UHNHUDWLQ�JUDQXOHV�ZHUH�SUHVHQW�LQ�WKH�
XSSHU�OD\HUV���7KH�XSSHUPRVW�OD\HUV�RI�VWUDWXP�
VSLQRVXP�FRQWDLQHG�VPDOO�JUDQXOHV�DV�UHSRUWHG�
E\�8UPDFKHU��������LQ�KXPDQ�EHLQJV���7KHVH�
JUDQXOHV�ZHUH�FRPSRVHG�RI�OLSLGV�DQG�QHXWUDO�
VXJDUV�FRQMXJDWHG�WR�SURWHLQV�DQG�OLSLGV���7KHLU�
IXQFWLRQ� LV� WR� SURYLGH� HSLGHUPDO� OLSLGV��ZKLFK�
OD\HU� DQG� DLG� LQ� GHVTXDPDWLRQ� SURFHVV�� � ,W�
LV� DOVR� WKH� VLWH� RI� V\QWKHVLV� DQG� VWRUDJH� RI�
FKROHVWHURO�� �$W� WKH� FDUSDO� UHJLRQ�� WKH� FHOOV�
FORVHO\�SDFNHG�ZLWK�FOHDU�FHOO�ERXQGDULHV�DQG�

&\WRSODVPLF� VWDLQLQJ� SURSHUW\� RI� WKH�
FHOOV�RI�WKH�VWUDWXP�VSLQRVXP�YDULHG�LQ�GLIIHUHQW�
OD\HUV�� ,Q� WKH� GHHSHU� OD\HUV�� WKH� FHOOV�ZHUH�
IDLQWO\�EDVRSKLOLF�DQG�WRZDUGV�WKH�PLGGOH��WKH\�
EHFDPH�HRVLQRSKLOLF�DQG�FORVHO\�SDFNHG���7KH�
SHULSKHUDO�FHOOV�ZHUH�ODUJHU�DQG�WKH�F\WRSODVP�
VKRZHG�EDVRSKLOLF�JUDQXOHV��)LJ�������3UHNHUDWLQ�
JUDQXOHV�FRXOG�EH�GHWHFWHG�LQ�WKH�XSSHU�OD\HUV�
RI�VWUDWXP�VSLQRVXP��)LJ������
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�� 5HJLRQDO�+LVWRORJ\�RI�6WUDWXP�*HUPLQDWLYXP���

%DQNV��������QRWLFHG�WKDW�WKH�WKLFNQHVV�
RI� VWUDWXP� JHUPLQDWLYXP� YDULHG� LQ� GLIIHUHQW�
UHJLRQV�RI�WKH�PDPPDOLDQ�LQWHJXPHQW���,W�ZDV�
XVXDOO\�WKLFN�LQ�KDLUOHVV�DUHDV�RI�WKH�ERG\�DQG�
UDWKHU�WKLQ�LQ�KHDYLO\�KDLUHG�UHJLRQ�
5HIHUHQFHV�
%DQNV��:�-���������$SSOLHG�9HWHULQDU\�+LVWRORJ\���

:LOOLDPV� 	�:LONLQV�� %DOWLPRUH�� SS��������������
���������

%ORRP��:��DQG�)DZFHWW��'�:����������$�7H[WERRN�
RI� +LVWRORJ\�� �WKHG��:�%�� 6DXQGHUV��
&RPSDQ\��3KLODGHOSKLD��SS�����������

&RFKUDQ� � :�*�� DQG� &R[� � *�0�� ������
([SUHULPHQWDO� GHVLJQV�� �QG�HG�� -RKQ�

&RSHQKDYHU��:�0��� �%XQJH��5�3��DQG�%XQJH��
0�%�� ������ � %DLOH\¶V� 7H[W� ERRN� RI���
+LVWRORJ\�� ��WK�HG���:LOOLDPV�	�:LONLQV�
&RPSDQ\���%DOWLPRUH��SS�����������

.DXU�� 3�� ������ ,QWHUIROOLFXODU� HSLGHUPDO� VWHP�
-��LQYHVW��'HUPDWRO������������������

/XQD�� /�*�� ������ �0DQXDO� RI� +LVWRORJLFDO�
6WDLQLQJ�0HWKRGV�RI�WKH�$UPHG�)RUFHV�

,QVWLWXWH�RI�3DWKRORJ\����UG�HG���0F�*UDZ�

0RQWDJQD�� :�� ������ � 7KH� 6WUXFWXUH� DQG�
)XQFWLRQ� RI� 6NLQ�� � �QG� HG�� �$FDGHPLF�

,Q�7H[W� ERRN� RI� 9HWHULQDU\� +LVWRORJ\�
�HGV��'HOOPDQQ��+�'��DQG�(XUHOO��-�$������
�WK�HG���/LSSLQFRWW�:LOOLDPV�DQG�:LONLQV��
3KLODGHOSKLD��SS����������

0RUULV�� *�0�� DQG� +RSHZHOO�� -�:�� � �������
(SLGHUPDO� FHOO� NLQHWLFV� RI� WKH� SLJ�� D�
UHYLHZ���&HOO��7LVVXH��.LQHW��������������

�������+LVWRDUFKLWHFKXUH�RI�VNLQ�RI�<DN�
�%RV� JUXQQLHQV��� � ,QGLDQ� -��9HW��$QDW��
�������

6LQJK��8�%��DQG�6XORFKDQD��6���������+DQGERRN�
RI� KLVWRORJLFDO� DQG� KLVWRFKHPLFDO�
WHFKQLTXHV���3UHPLHU�3XEOLVKLQJ�+RXVH��
+\GHUDEDG��S������

8UPDFKHU��&���������+LVWRORJ\�RI�QRUPDO�VNLQ���
$P��-��6XUJ��3DWKRO��������������


