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� ,QIRUPDWLRQ�RQ�SROOLQDWLRQ�HFRORJ\�DQG�VHHG�GLVSHUVDO�DVSHFWV�LV�HVVHQWLDO�WR�XQGHUVWDQG�VH[XDO�UHSURGXFWLRQ�LQ�
/DJDVFHD�PROOLV�&DY��7KH�VWXG\�ZDV�DLPHG�DW�SURYLGLQJ�GHWDLOV�RI �SROOHQ�SUHVHQWDWLRQ�V\VWHP��SROOLQDWLRQ�V\QGURPH��
SROOLQDWRUV�DQG�VHHG�GLVSHUVDO�PRGH�IRU�/��PROOLV�EDVHG�PRVWO\�RQ�ILHOG�VWXG\�� �3DSHU�FKURPDWRJUDSK\�WHFKQLTXH�ZDV�
XVHG�IRU�UHFRUGLQJ�VXJDU�DQG�DPLQR�DFLG�W\SHV�LQ�WKH�QHFWDU��VLQFH�WKH\�DUH�LPSRUWDQW�WR�HYDOXDWH�WKH�SROOLQDWLRQ�
V\QGURPH��7KH�VWXG\�LQGLFDWHG�WKDW�/��PROOLV�IORZHUV�GXULQJ�$XJXVW�1RYHPEHU��7KH�SODQW�SURGXFHV�V\QIORUHVFHQFHV�
FRQVLVWLQJ�RI �VHYHUDO�FDSLWXOD��(DFK�FDSLWXOXP�SURGXFHV�D�VLQJOH�GLVF�IORUHW��7KH�SODQW�LV�SURWDQGURXV��WHPSRUDOO\�
GLRHFLRXV�DQG�H[KLELWV�VHFRQGDU\�SROOHQ�SUHVHQWDWLRQ�XVLQJ�EUXVK�PHFKDQLVP�WR�SUHYHQW�DXWRQRPRXV�VHOILQJ��7KH�
IORUDO�FKDUDFWHULVWLFV�VXFK�DV� �KDYLQJ�V\QIORUHVFHQFH��QDUURZ�WXEXODU�FRUROOD��SURGXFWLRQ�RI �VXFURVH�ULFK�QHFWDU�ZLWK�
HVVHQWLDO�DQG�QRQ�HVVHQWLDO�DPLQR�DFLGV�DQG�SROOHQ�FKDUDFWHUVLVWLFV�VXFK�DV�KDYLQJ�VSKHULFDO�VKDSH��WUL�FROSDWH�DSHUWXUHV�
DQG� VWURQJO\� VSLQXORVH� H[LQH� VXJJHVWHG� WKDW� WKH� SODQW� LV� DGDSWHG� IRU� LQVHFW� SROOLQDWLRQ��7KH� SODQW� LV� SULQFLSDOO\�
SV\FKRSKLORXV��2WKHU�LQVHFWV�DOVR�YLVLWHG�WKH�IORUHWV�RSSRUWXQLVWLFDOO\�DQG�DFWHG�DV�VXSSOHPHQWDU\�SROOLQDWRUV��)XUWKHU��
WKULSV� XVHG� WKLV� SODQW� DV� EUHHGLQJ� DQG� IHHGLQJ� VLWHV�� WKHLU� HIIHFW� PRVWO\� JHLWRQRJDP\�� 7KH� IUXLW� LV� DQ� DFKHQH��
DQHPRFKRURXV�DQG�DOVR�DQWKURSRFKRURXV��5HJHQHUDWLRQ�RFFXUUHG�IURP�VHHGV�DQG�SHUHQQLDO�URRW�VWRFN�GXULQJ�UDLQ\�
VHDVRQ��

� .H\ZRUGV�� $QHPRFKRU\�� DQWKURSRFKRU\�� EUXVK� PHFKDQLVP��/DJDVFHD� PROOLV�� SV\FKRSKLO\�� VHFRQGDU\� SROOHQ�
SUHVHQWDWLRQ

,1752'8&7,21

$VWHUDFHDH� LV� D� ODUJH� FRVPRSROLWDQ� JURXS��
3K\ORJHQHWLFDOO\��WKH�IDPLO\�LV�FRQVLGHUHG�DV�KLJKO\�
HYROYHG�DV�LV�VXEVWDQWLDWHG�E\�VSHFLDOL]DWLRQ�LQ�WKH�
IORUDO� DQG� SROOLQDWLRQ� PHFKDQLVP� �0DEEHUOH\�
�������$VWHUDFHDH�LV�JHQHUDOO\�DFFODLPHG�WR�EH�RQH�
RI � WKH� IHZ� ZHOO�NQRZQ� IDPLOLHV� DPRQJ� WKH�
GLFRW\OHGRQV�� ZKHQ� YLHZHG� IURP� VHYHUDO�
VWDQGSRLQWV��0DQ\�VSHFLDOLVWV�VXFK�DV�WD[RQRPLVWV��
ELRV\VWHPDWLFV�� FKHPRWD[RQRPLVWV�� F\WRORJLVWV��
F\WRJHQHWLFLVWV��DQDWRPLVWV�DQG�V\QDQWKHURORJLVWV�
KDYH�EHHQ�DFWLYHO\�SOD\LQJ�WKHLU�LQYHVWLJDWRU\�UROH�
LQ� WKH� IHUWLOH� FRXUW� RI � $VWHUDFHDH�� WKHUHE\�
DFKLHYLQJ�IUXLWIXO�UHVXOWV� &]DUQHFND� �'HQLVRZ�� DQG
������� UHSRUWHG� WKDW�$VWHUDFHDH�SODQWV� VKRZ�DQ�
H[WUHPH�GLYHUVLW\�RI �EUHHGLQJ�V\VWHPV�ZLWK�PDQ\�
VSHFLHV� KDYLQJ� D� SURQRXQFHG� IOH[LELOLW\� LQ� WKH�
EUHHGLQJ�VWUDWHJ\���$VWHUDFHDH�DUH�JHQHUDOLVWV�ZLWK�

IORZHUV� DGDSWHG� WR�SROOLQDWLRQ�E\� VHYHUDO� LQVHFW�
JURXSV� L�H�� +\PHQRSWHUD�� &ROHRSWHUD�� 'LSWHUD�
DQG�/HSLGRSWHUD��.UDWRFKZLO� ������HW�DO� �

$SSUR[LPDWHO\� ��� JHQHUD� ZLWKLQ� WKH�
$VWHUDFHDH�KDYH�VHFRQGDULO\�DJJUHJDWHG�IORZHULQJ�
KHDGV�FDOOHG��V\QIORUHVFHQFHV���:XQGHUOLQ��������
/DJDVFHD� LV� RQH� VXFK� JHQXV� ZLWK� V\QIORUHVFHQFH�
W\SH� RI � LQIORUHVFHQFH��/DJDVFHD� PROOLV� &DY�� �VXE�
IDPLO\� $VWHURLGHDH�� WULEH� +HOLDQWKHDH�� LV� RIWHQ�
FLWHG�E\�IDUPHUV�IRU�LWV�DELOLW\�WR�FRQWURO�QR[LRXV�
ZHHGV� DV�ZHOO� DV� WR� VHUYH� DV� D� IHHG� IRU� DQLPDOV�
�*OLHVVPDQ�������� �/��PROOLV�OHDI �SDVWH�LV�XVHG�WR�
WUHDW�FXWV�DQG�ZRXQGV��ZKLOH�LWV�IORZHUV�DUH�XVHG�
IRU�HDU�FRPSODLQWV��.XPDU�	�$WXO���������'HVSLWH�
LWV�HFRORJLFDO�DQG�PHGLFLQDO�LPSRUWDQFH��WKHUH�LV�
DEVROXWHO\� QR� LQIRUPDWLRQ� RQ� WKH� UHSURGXFWLYH�
ELRORJ\�RI �WKLV�VSHFLHV�WR�XQGHUVWDQG�WKH�IDFWRUV�
FRQWULEXWLQJ� WR� LWV� ZHHG\� QDWXUH�� � 7KH� SUHVHQW�
VWXG\� ZDV� DLPHG� WR� LQYHVWLJDWH� WKH� IROORZLQJ�
REMHFWLYHV�� IORUDO� VWUXFWXUDO� DQG� IXQFWLRQDO�
PRUSKRORJ\�� DQWKHU� GHKLVFHQFH� DQG� SROOHQ��&RUUHVSRQGLQJ�DXWKRU��VRORPRQUDMX#JPDLO�FRP
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SUHVHQWDWLRQ��JURZWK�DQG�EHKDYLRU�RI �VW\OH�GXULQJ�
DQWKHVLV�� SROOLQDWLRQ� PHFKDQLVP�� SROOLQDWLRQ��
SROOLQDWRUV�� VH[XDO� V\VWHP� DQG� VHHG� GLVSHUVDO� LQ�
/DJDVFHD� PROOLV� &DY�� 7KLV� VWXG\� SURYLGH� XVHIXO�
LQIRUPDWLRQ� WR� XQGHUVWDQG� WKH� IXQFWLRQDOLW\� RI �
SROOLQDWLRQ�DQG�VH[XDO�V\VWHPV�LQ�WKLV�SODQW�VSHFLHV�
WKDW�HQDEOHV�WKLV�SODQW�WR�JURZ��VXUYLYH�DV�LVRODWHG�
LQGLYLGXDOV�RU�DV�SRSXODWLRQ�LQ�GLVWXUEHG�DQG�XQ�
GLVWXUEHG�KDELWDWV�

0$7(5,$/6�$1'�0(7+2'6

6WXG\� $UHD�� )ORZHULQJ� 6HDVRQ�� )ORZHU�
0RUSKRORJ\� DQG� ,QIORUHVFHQFH� )ORZHULQJ�
3KHQRORJ\

� 3RSXODWLRQ� RI �/DJDVFHD� PROOLV� JURZLQJ� DW� WKH�
IRRWKLOOV�RI �9LVDNKDSDWQDP�������
�1�DQG������
�
(�ZLWK����P�HOHYDWLRQ�� LQ� WKH�6WDWH�RI �$QGKUD�
3UDGHVK��,QGLD��ZHUH�XVHG�IRU�WKH�VWXG\�� �5HJXODU�
ILHOG� YLVLWV� ZHUH� PDGH� WR� UHFRUG� WKH� IORZHULQJ�
VHDVRQ��7HQ�LQIORUHVFHQFHV�ZKLFK�KDG�QRW�LQLWLDWHG�
IORZHULQJ� ZHUH� WDJJHG� DQG� REVHUYHG� GDLO\� WR�
UHFRUG�WKH�IORZHULQJ�GXUDWLRQ�DQG�WKH�QXPEHU�RI �
IORZHUV�SURGXFHG���7ZHQW\�ILYH�IUHVK�IORUHWV�ZHUH�
XVHG�WR�UHFRUG�WKH�IORUDO�FKDUDFWHUV�

$QWKHVLV�DQG�$QWKHU�'HKLVFHQFH

� $QWKHVLV� ZDV� LQLWLDOO\� UHFRUGHG� E\� REVHUYLQJ�
WKH�PDUNHG�V\QIORUHVFHQFHV�LQ�WKH�ILHOG���/DWHU��WKH�
REVHUYDWLRQV�ZHUH�UHSHDWHG���WLPHV�RQ�GLIIHUHQW�
GD\V�LQ�RUGHU�WR�UHFRUG�DFFXUDWH�DQWKHVLV�VFKHGXOH��
6LPLODUO\�� WKH� PDWXUH� EXGV� ZHUH� IROORZHG� IRU�
UHFRUGLQJ� WKH� WLPH� RI � DQWKHU� GHKLVFHQFH�� 7KH�
SROOHQ�SUHVHQWDWLRQ�SDWWHUQ�ZDV�DOVR�LQYHVWLJDWHG�
E\�UHFRUGLQJ�KRZ�DQWKHUV�GHKLVFHG�DQG�WKH�VDPH�
ZDV�FRQILUPHG�E\�REVHUYLQJ�WKH�DQWKHUV�XQGHU�D�
KDQG�OHQV�KDYLQJ���[�PDJQLILFDWLRQ�

$QDO\VLV�RI �1HFWDU�5HZDUG

� 7KH� SUHVHQFH� RI � QHFWDU� ZDV� GHWHUPLQHG� E\�
JHQWO\�SXOOLQJ� D� IORUHW� IURP� LWV� FDO\[�DQG� ILUPO\�
SUHVVLQJ� LWV� EDVH� DJDLQVW� D� KDUG� VXUIDFH�� 7KH�
PLFURSLSHWWH�ZDV�LQVHUWHG�LQWR�WKH�IORUHW�EDVH�WR�
H[WUDFW�QHFWDU�IRU�PHDVXUHPHQW�� �7KH�DYHUDJH�RI �
QHFWDU�RI �DOO�RSHQ�IORUHWV�RI �WHQ�V\QIORUHVFHQFHV�
ZDV�WDNHQ�DV�WKH�WRWDO�YROXPH�RI �QHFWDU�IORUHW�DQG�
H[SUHVVHG�LQ��/��3DSHU�FKURPDWRJUDSK\�WHFKQLTXH�
ZDV�XVHG� IRU� � UHFRUGLQJ� VXJDU� DQG� DPLQR�DFLGV�
W\SHV�SUHVHQW�LQ�WKH�QHFWDU�

3ROOHQ�2XWSXW

� 7ZHQW\�ILYH�PDWXUH� EXW� XQ�GHKLVFHG� DQWKHUV�
ZHUH�FROOHFWHG�IURP�GLIIHUHQW�SODQWV�DQG�SODFHG�LQ�
D� SHWUL� GLVK�� � /DWHU�� HDFK� RI � WKH� ��� FROOHFWHG�
DQWKHUV� ZDV� WDNHQ� RXW� DQG� SODFHG� RQ� D� FOHDQ�
PLFURVFRSH�VOLGH�����[����PP��DQG�GDEEHG�ZLWK�D�
QHHGOH� LQ�D�GURS�RI � ODFWRSKHQRO�DQLOLQH�EOXH� WR�
FROOHFW�WRWDO�SROOHQ�RI �WKH�FROOHFWHG�DQWKHUV�� �7KH�
SROOHQ�PDVV�ZDV�GUDZQ�LQWR�D�EDQG�DQG�WKH�WRWDO�
QXPEHU� RI � SROOHQ� JUDLQV� ZDV� FRXQWHG� XQGHU� D�
FRPSRXQG�PLFURVFRSH� ���[� REMHFWLYH�� ��[� H\H�
SLHFH����7KLV�SURFHGXUH�ZDV�IROORZHG�E\�FRXQWLQJ�
WKH� QXPEHU� RI � SROOHQ� JUDLQV� LQ� HDFK� DQWKHU�
FROOHFWHG�� � %DVHG� RQ� WKHVH� FRXQWV�� WKH� PHDQ�
QXPEHU� RI � SROOHQ� SURGXFHG� SHU� DQWKHU� ZDV�
GHWHUPLQHG�� �7KH�PHDQ�SROOHQ�RXWSXW�SHU�DQWKHU�
ZDV�PXOWLSOLHG�E\�WKH�QXPEHU�RI �DQWKHUV�LQ�WKH�
IORZHU�IRU�REWDLQLQJ�WKH�PHDQ�QXPEHU�RI �SROOHQ�
JUDLQV�SHU�IORZHU��$QRWKHU�VHW�RI �GHKLVFHG�DQWKHUV�
ZDV� FROOHFWHG� LQ� D� SHWUL� GLVK� DQG� WKH� SROOHQ�
UHPRYHG�IURP�WKHVH�DQWKHUV�ZDV�H[DPLQHG�XQGHU�
PLFURVFRSH� IRU� UHFRUGLQJ� WKH� SROOHQ� JUDLQ�
IHDWXUHV�

6WLJPD�5HFHSWLYLW\

� 7KH�VWLJPD�UHFHSWLYLW\�ZDV�REVHUYHG�YLVXDOO\�
XVLQJ� + 2 � WHVW�� ,Q� YLVXDO� PHWKRG�� WKH� VWLJPD�� �

SK\VLFDO�VWDWH��ZHW�RU�GU\��DQG�WKH�XQIROGLQJ�RI �LWV�
OREHV� ZHUH� FRQVLGHUHG� WR� UHFRUG� WKH�
FRPPHQFHPHQW�RI �UHFHSWLYLW\��ZLWKHULQJ�RI �WKH�
OREHV�ZDV�WDNHQ�DV�ORVV�RI �UHFHSWLYLW\�

)RUDJLQJ�$FWLYLW\�RI �,QVHFWV

� 7KH� LQVHFW� VSHFLHV� ZHUH� REVHUYHG� YLVXDOO\�
XVLQJ�ELQRFXODUV�WR�OLVW�WKHP�RXW��7KHLU�IRUDJLQJ�
DFWLYLWLHV�ZHUH� UHFRUGHG� IRU� ���PLQXWHV� DW� HDFK�
KRXU�IRU�WKH�HQWLUH�GD\���2EVHUYDWLRQ�GXUDWLRQ�ZDV�
���KRXUV�GLVWULEXWHG�RQ�IRXU�GLIIHUHQW�GD\V��7KH�
GDWD�ZHUH�WDEXODWHG�WR�UHFRUG�WKH�IRUDJLQJ�DFWLYLW\�
UDWH�DW�GLIIHUHQW�WLPHV�RI �WKH�GD\�DQG�WR�UHFRUG� � �
WKH�SHUFHQWDJH�RI � IRUDJLQJ�YLVLWV�PDGH�E\�HDFK�
FDWHJRU\�RI � LQVHFWV�SHU�GD\��6LPXOWDQHRXVO\�� WKH�
UROH�RI �WKHVH�LQVHFWV�LQ�DIIHFWLQJ�SROOLQDWLRQ�ZDV�
REVHUYHG�

'HWHUPLQDWLRQ� RI � 3ROOHQ� &DU U \RYHU�

(IILFLHQF\�RI �,QVHFWV

� 7HQ� LQGLYLGXDOV� RI � HDFK� LQVHFW� VSHFLHV� ZHUH�

FDSWXUHG� IURP� WKH� IORUHWV� GXULQJ� WKHLU� SHDN�

���

6HFRQGDU\�SROOHQ�SUHVHQWDWLRQ��SV\FKRSKLO\�DQG�DQHPRFKRU\�LQ�/DJDVFHD�PROOLV�&DY�
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3KHQRORJ\

� ,QIRUPDWLRQ� RQ� WKH� SKHQRORJ\� RI � /DJDVFHD�
PROOLV�LV�ODFNLQJ�� �7KH�SUHVHQW�VWXG\�VKRZHG�WKDW�
WKLV�SODQW�LV DQ�HUHFW�PXFK�EUDQFKHG�DQQXDO�KHUE��
JURZLQJ� SULPDULO\� LQ� VXQQ\� RU� VOLJKWO\� VKDGHG�
ZDVWH�ODQGV��DORQJ�URDGVLGHV�DQG�FXOWLYDWHG�ODQGV�
ZLWK�ZHOO�GUDLQHG�PRLVW�VRLOV��)LJ���D���7KLV�SODQW�
IRUPV�SDWFK\�SRSXODWLRQ� LQ�FHUWDLQ�DUHDV�ZKHUH�
WKHUH�DUH�QR�RWKHU�EXVK\�RU�VKUXEE\�SODQWV�� �,Q�
VXFK�ORFDOLWLHV��WKH�SUHVHQFH�RI �WKLV�VSHFLHV�LV�TXLWH�
GLVWLQFW�DQG�YLVLEOH�HYHQ�IURP�D�GLVWDQFH��6WHPV�
DUH�VOLJKWO\�SXUSOLVK�ZLWK�VWLSLWDWH�JODQGXODU�KDLUV�
ZKLFK�DUH�SURPLQHQW�RQ�\RXQJ�SDUWV��/HDYHV�DUH�
SHWLRODWH�� XVXDOO\� RSSRVLWH�� XSSHU� RQHV� DUH�
VRPHWLPHV� DOWHUQDWH�� RYDWH�ODQFHRODWH�� PDUJLQV�
VHUUDWH�� DSH[� DFXPLQDWH�� GHQVHO\� ZKLWLVK�
SXEHVFHQW�RQ�ERWK� VXUIDFHV��7KH�SODQW� DSSHDUV�
GXULQJ�-XQH�-XO\�ZLWK�WKH�RQVHW�RI �UDLQ\�VHDVRQ�
DQG�GLVDSSHDUV�ZLWK�WKH�RQVHW�RI �ZLQWHU�VHDVRQ��
7KLV� SODQW� H[WHQGV� LWV� JURZWK�� IORZHULQJ� DQG�
IUXLWLQJ�DOPRVW�WKURXJKRXW�WKH�\HDU�ZKHQ�WKH�VRLO��
LV� DGHTXDWHO\� ZHW�� 5H�JURZWK� RFFXUV� IURP�
XQGHUJURXQG� URRW� VWRFN� ZLWKLQ� WKH� JURZLQJ�
VHDVRQ�LQ�DUHDV�ZKHUH�WKH�SODQW�KDV�ZHOO�GHYHORSHG�
XQGHUJURXQG�URRW�VWRFN�� �,UUHVSHFWLYH�RI �WKH�VRLO�
PRLVWXUH�VWDWXV��WKH�SODQW�VKRZV�SHDN�IORZHULQJ�
GXULQJ�$XJXVW�1RYHPEHU� �)LJ�� �E��� � ,QGLYLGXDO�
SODQWV� SURGXFH� V\QIORUHVFHQFHV� ZLWK� SXUSOH�
IORUHWV�� (DFK� SODQW� SURGXFHV� ������ ORQJ�

IRUDJLQJ� DFWLYLW\� SHULRG� DQG� EURXJKW� WR� WKH�

ODERUDWRU\��7KHVH�LQVHFWV�ZHUH�ZDVKHG�ZLWK�HWK\O�

DOFRKRO�� �&RQWHQWV�RI �WKHVH�LQVHFWV�ZHUH�VWDLQHG�

ZLWK� DQLOLQH�EOXH� RQ� D� JODVV� VOLGH� DQG� WKHQ�

REVHUYHG�XQGHU�PLFURVFRSH�WR�FRXQW�WKH�QXPEHU�

RI �SROOHQ�JUDLQV�SUHVHQW�� �WR�UHFRUG�WKHLU�SROOHQ�

FDUU\RYHU�HIILFLHQF\�DQG�WR�GHWHUPLQH�WKHLU�UROH�RQ�

SROOLQDWLRQ�

1DWXUDO�)UXLW�DQG�6HHG�6HW�5DWHV

� $� VDPSOH� RI � IUXLWHG� IORUHWV� IURP� GLIIHUHQW�
V\QIORUHVFHQFHV� ZDV� FROOHFWHG�� %DVHG� RQ� VHHG�
VWDWXV� LQ� HDFK� IUXLWHG� IORUHW�� WKH� IUXLW� VHW� ZDV�
FDOFXODWHG�� �6HHGV�ZHUH�IRXQG�WR�EH�FRQVLVWHG�RI �
WZR� W\SHV� L�H�� � XQILOOHG� RU� KDOI�ILOOHG� DQG�
FRPSOHWHO\�ILOOHG��8VLQJ�WKLV�DV�D�FULWHULRQ��ILOOHG�
VHHG� VHW� ZDV� FDOFXODWHG�� � )LOOHG� VHHGV� ZHUH�
GHVLJQDWHG� DV� YLDEOH� RQHV��ZKLOH� WKH� XQILOOHG� RU�
KDOI�ILOOHG�RQHV�DV�LQ�YLDEOH�RQHV�

6HHG�'LVSHUVDO�DQG�*HUPLQDWLRQ�6HDVRQ

� 7ZHQW\� V\QIORUHVFHQFHV� ZHUH� WDJJHG� DQG�
REVHUYHG� WR� GHWHUPLQH� WKH� GXUDWLRQ� RI � IUXLW�
PDWXUDWLRQ��6HHG�FKDUDFWHULVWLFV�ZHUH�REVHUYHG�WR�
HYDOXDWH�WKHLU�PRGH�RI �GLVSHUVDO��)LHOG�YLVLWV�ZHUH�
PDGH� WR� UHFRUG� ZKHWKHU� WKH� VHHGV� JHUPLQDWHG�
LPPHGLDWHO\� DIWHU� WKH\� ZHUH� GLVSHUVHG� RU� QRW�� �
)XUWKHU��ILHOG�VWXGLHV�ZHUH�FDUULHG�RXW�WR�ILQG�RXW�
ZKHWKHU� � VSURXWHG� IURP� SHUHQQLDO� URRW�/�� PROOLV
VWRFN�DQG�FDUULHG�RXW�VH[XDO�UHSURGXFWLRQ�
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7DEOH����$QWKHVLV�DV�D�IXQFWLRQ�RI �WLPH�LQ�/DJDVFHD�PROOLV

7LPH �
�K� �

1XPEHU �RI �IORUHWV�DQWKHVHG �

'D\�� � � � 'D\�� � � � 'D\�� � � � 'D\�� � � � 'D\�� � � � 7RWDO �

����� � � � � � � � � � � � � � � � � � � � � � � �
����� � � � � � � � � � �� � ���� � � � ��� � � � � � �� �
����� � � � � � � � � � � � � � � � � � � � ��� � ���� �
����� � �� � �� � � � � � � � � � � � � � � � ��� � ���� �
����� � � � � � � � � � � � � � � � � � � � � � � �
����� � � � � � � � � � � � � � � � � � � � � � � �
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SHGXQFOHG��������FP��DQG�GLVFLIRUP�JORPHUXOHG�
IODW�WRSSHG� V\QIORUHVFHQFHV� WHUPLQDOO\�� � (DFK�
V\QIORUHVFHQFH� SURGXFHV� ������� �� ������ XQL�
IORZHUHG�FDSLWXOD�����PP�ORQJ�����PP�GLDPHWHU��
HQFORVHG� E\� ILYH� OHDI�OLNH�� �� PP� ORQJ� WXEXODU�
FDPSDQXODWH�LQYROXFUHV��$OO�FDSLWXOD�SURGXFH�RQO\�
GLVF� IORUHWV�� 7KH� FDSLWXOD� RSHQ� FRQWLQXDOO\� DQG�
DFURSHWDOO\� RYHU� D� SHULRG� RI � �� GD\V� �)LJ�� �F�J��� �
2I � WKH� WRWDO� FDSLWXOD� SURGXFHG� E\� WKH�
V\QIORUHVFHQFH������RI �WKHP�RSHQ�RQ�GD\��������
RQ�GD\����������RQ�GD\����������RQ�GD\���DQG����
RQ�GD\����7DEOH����

)ORZHU�0RUSKRORJ\

� 7KH� IORUDO� GHWDLOV� DUH� QRW� DYDLODEOH� IURP� WKH�
OLWHUDWXUH�� 7KLV� VWXG\� GHVFULEHG� WKH� IORUDO�
FKDUDFWHULVWLFV� WRJHWKHU� ZLWK� IORUDO� SDUW�
PHDVXUHPHQWV� IRU�/��PROOLV��7KH�SODQW�SURGXFHV�
XQL�I ORUHWHG� FDSLWXOD� DJJUHJDWHG� LQWR� D�
JORPHUXOHG��IODW�WRSSHG�V\QIORUHVFHQFH�FRQVLVWLQJ�
RI �RQO\�GLVF�IORUHWV��7KH�IORUHWV�DUH�VPDOO��WXEDWH�
�����������PP�ORQJ������������PP�ZLGH���ZKLWH�
ZLWK� EOXLVK� WLQJH�� RGRUOHVV�� DFWLQRPRUSKLF��
ELVH[XDO�DQG�QHFWDULIHURXV��7KH�FDO\[�LV�UHGXFHG�WR�
OHDI�OLNH�LQYROXFUHV�FRYHUHG�ZLWK�ZKLWH�VLON\�KDLUV�

�7KH�FRUROOD�LV�WXEXODU������������PP�ORQJ����PP�
ZLGH��WLSSHG�ZLWK�ILYH�JODEURXV�OREHV������������
PP�ORQJ������������PP�ZLGH���6WDPHQV�DUH�ILYH�
�����������PP�ORQJ������������PP�ZLGH���ZKLWH��
HSLSHWDORXV� DQG� GLVSOD\� V\QJHQHVLRXV� FRQGLWLRQ�
�)LJ���H��� WKH�DQWKHUV�DUH�����PP�ORQJ������PP�
ZLGH�� GDUN� EURZQ�� GLWKHFRXV� DQG� DSH[�
DSSHQGLFXODWH��7KH�DQWKHUV�DUH�SRVLWLRQHG�DORQJ�
WKH�VLQXVHV�RI �WKH�FRUROOD�OREHV��DOWHUQDWH�WR�WKH�
OREHV��� 7KH� DQWKHU� ILODPHQWV� DUH� IUHH� IURP� WKH�
FRUROOD� MXVW� DERYH� WKH� WXEH� DQG� WKH� WZR� WKHFDH�
�SROOHQ�VDFV��RI �HDFK�VWDPHQ�DUH�FRQQDWH�ZLWK�WKH�
WKHFDH�RI �DGMDFHQW�VWDPHQV�SURGXFLQJ�D�WXEH�WKDW�
VXUURXQGV�WKH�VW\OH��3ROOHQ�LV�VKHG�WR�WKH�LQWHULRU�
RI � WKLV� WXEH��LQWURUVH�GHKLVFHQFH���7KH�RYDU\� LV�
JUHHQ������������PP�ORQJ����PP�ZLGH���REORQJ��
KDLU\��ELFDUSHOODU\��XQLORFXODU�ZLWK�D�VLQJOH�RYXOH�
RQ�EDVDO�SODFHQWDWLRQ��)LJ���M�N����7KH�VW\OH�LV�������
����PP�ORQJ�DQG�LV�WHUPLQDWHG�LQWR���H[WHUQDOO\�
KDLU\�VW\ODU�DUPV�� �$�QHFWDULIHURXV�GLVF�LV�SUHVHQW�
DW�WKH�EDVH�RI �VW\OH�LQVLGH�WKH�FRUROOD�WXEH�� �7KH�
VW\OH�ZLWK�LWV�VW\ODU�EUDQFKHV�H[WHQGV�EH\RQG�WKH�
KHLJKW� RI � DQWKHUV�� WKH� VW\ODU� EUDQFKHV� GLYHUJH�
H[SRVLQJ�WKH�LQQHU�VWLJPDWLF�VXUIDFHV�DQG�FXUYH�
LQZDUGV�RYHU�DUFKLQJ�WKH�IORUHWV��)LJ���J� �L �

���

6HFRQGDU\�SROOHQ�SUHVHQWDWLRQ��SV\FKRSKLO\�DQG�DQHPRFKRU\�LQ�/DJDVFHD�PROOLV�&DY�

)LJXUH���/DJDVFHD�PROOLV��D��+DELWDW��E��&ORVH�XS�YLHZ�RI �IORZHULQJ�LQGLYLGXDOV��F�I��'LIIHUHQW�VWDJHV�RI �PDWXULQJ�DQG�DQWKHVLQJ�
FDSLWXOXP��J��6SHQW�FDSLWXOXP



)ORUDO�%LRORJ\

� 7KH�GLVF�IORUHWV�RSHQHG�GXULQJ�HDUO\�PRUQLQJ�
EHWZHHQ� ������ DQG� ������ KRXUV� RQ� FOHDU� VXQQ\�
GD\V��7DEOH������7KH�IORZHUV�RSHQHG�FRPSOHWHO\�
RQ�VXQQ\�GD\V��ZKHUHDV�WKH\�ZHUH�SDUWLDOO\�RSHQHG�
RQ�UDLQ\�GD\V���,QGLYLGXDO�GLVF�IORUHWV�WRRN�DERXW���
KRXUV�WR�RSHQ�IURP�PDWXUH�EXG�SKDVH��)LJ���D�G���
,QGLYLGXDO� V\QIORUHVFHQFHV� SURGXFHG� DW� WKH�
WHUPLQDO� SDUW� RI � WKH� HUHFW� EUDQFKHV� ZHUH�PRUH�
FRQVSLFXRXV� DQG� WKHUHIRUH�� DFWHG� DV� XQLWV� RI �
DWWUDFWLRQ�WR�IRUDJHUV��)XUWKHUPRUH��WKHLU�DQWKHVLV�
ZDV�RYHU�LQ�D�SHULRG�RI �ILYH�GD\V�DQG�WKHUHIRUH��
SUHVHQWDWLRQ�RI �IUHVK�DQG�DJHG�IORUHWV�IRU�PRUH�
WKDQ� WHQ� GD\V� HQKDQFHG� DWWUDFWLRQ� WR� IRUDJHUV�� �
(DFK� V\QIORUHVFHQFH� FRQVLVWLQJ� RI � VHYHUDO� GLVF�
IORUHWV�HQDEOHG�SROOLQDWRU�LQVHFWV�WR�UHGXFH�IOLJKW�
WLPH��VHDUFK�WLPH�� �7KHUHIRUH��HDFK�YLVLW�SDLG�E\�
LQVHFWV�ZDV�HQHUJHWLFDOO\�UHZDUGLQJ�� �7KH�DQWKHUV�
ZHUH�GHKLVFHG�E\�ORQJLWXGLQDO�VOLWV�GXULQJ�PDWXUH�
EXG� SKDVH� LQGLFDWLQJ� WKDW� WKH� IORUHWV� DUH�
SURWDQGURXV�� �$W�PDWXUH�EXG�VWDJH��WKH�VW\OH�ZLWK�
LWV� DOLJQHG� VW\ODU� DUPV� OLHG� EHORZ� WKH� DQWKHUV�� �
'XULQJ�DQG� LPPHGLDWHO\�DIWHU�DQWKHVLV�� WKH�VW\OH�
JUHZ�� HORQJDWHG� DQG� SDVVHG� WKURXJK� WKH� WXEH�
IRUPHG�E\�WKH�IXVHG�DQWKHUV�EUXVKLQJ�WKH�SROOHQ�
E\�WKH�RXWVLGH�VW\ODU�KDLUV���$W�WKLV�VWDJH��WKH�LQQHU�
VWLJPDWLF� VXUIDFHV� ZHUH� XQ�UHFHSWLYH� DQG� QRW�
H[SRVHG�� WKH� IXQFWLRQDO� VLWXDWLRQ� RI � ZKLFK�
SUHYHQWHG�WKH�RFFXUUHQFH�RI �DXWRJDP\�� �6XFK�D

IRUP� RI � SROOHQ� SUHVHQWDWLRQ� LV� UHIHUUHG� WR� DV�
�VHFRQGDU\� SROOHQ� SUHVHQWDWLRQ� PHFKDQLVP��
ZKLFK� HQVXUHV� WKH� SROOHQ� DYDLODELOLW\� WR� LQVHFWV�
YLVLWLQJ�WKH�FDSLWXOD�RQ�GDLO\�EDVLV���7KH�VW\OH�ZLWK�
LWV�DOLJQHG�EUDQFKHV�JUDGXDOO\�GLYHUJHG�LQ�WKH�HDUO\�
KRXUV� RI � WKH� � � GD\�� WKHQ� WKH� LQQHU� VWLJPDWLF�

QG

VXUIDFHG� WR� DWWDLQ� UHFHSWLYLW\� DQG� UHPDLQHG� VR�
XQWLO�WKH�HQG�RI �WKDW�GD\���7KH�VW\ODU�DUPV�FXUYHG�
LQZDUGV� WRZDUG� WKH� FHQWHU� RI � WKH� IORUHW��
FRPSOHWHO\� H[SRVLQJ� WKH� UHFHSWLYH� VWLJPDWLF�
VXUIDFHV�� �7KH�SROOHQ�JUDLQV�ZHUH�FUHDP\�ZKLWH��
VSKHULFDO� WR� URXQGHG�� WULFROSDWH�� VWURQJO\�
VSLQXORVH�KDYLQJ�VL]H�RI �������������� P��)LJ���I����¬

7KH�SROOHQ�RXWSXW�SHU�DQWKHU�ZDV�������������DQG�
SHU�IORZHU�ZDV���������7KH�SROOHQ�RYXOH�UDWLR�ZDV�
����������$�GLVF�IORUHW�SURGXFHG����� /�RI �QHFWDU�¬

ZKLFK�URVH�XS�DV�LW�DFFXPXODWHG�LQ�WKH�IORUHW�GXH�
WR�QDUURZ�FRUROOD�WXEH���7KH�VXJDU�W\SHV�IRXQG�LQ�
WKH�QHFWDU�LQFOXGHG�VXFURVH�DQG�JOXFRVH�ZLWK�WKH�
ILUVW�RQH�DV�GRPLQDQW��7KH�QHFWDU�FRQWDLQHG�DOO�
WHVWHG� HVVHQWLDO� DQG� QRQ�HVVHQWLDO� DPLQR� DFLGV�� �
$PRQJ�HVVHQWLDO�DPLQR�DFLGV��DUJLQLQH��KLVWLGLQH��
PHWKLRQLQH� DQG� WKUHRQLQH� ZHUH� GRPLQDQW�� �
$PRQJ� QRQ�HVVHQWLDO� DPLQR� DFLGV�� F\VWLQH� DQG�
K\GUR[\SUROLQH�ZHUH�SUHVHQW� LQ� WUDFHV��ZKLOH� DOO�
RWKHUV�ZHUH�SUHVHQW�LQ�VLJQLILFDQW�OHYHOV�ZLWK�VDPH�
OHYHO�RI �RFFXUUHQFH�� �7KH�GLVF� IORUHWV�ZLWKHUHG�
DZD\�DIWHU�WKUHH�GD\V��$IWHU�WKH�LQLWLDWLRQ�RI �IUXLW�
IRUPDWLRQ�� WKH� ZLWKHUHG� SHWDOV� DQG� VWDPHQV�
JUDGXDOO\�IHOO�RII�

���

%,27523,$�9RO�����1R���������

)LJXUH���/DJDVFHD�PROOLV��D�G��'LVF�IORUHWV��H��'LIIHUHQW�VWDJHV�RI �DQWKHVLV��I��6\QJHQHFLRXV�DQWKHUV���J�L��3ROOHQ�JUDLQ��M��6W\ODU�
DUPV�H[SRVLQJ�WKH�LQQHU�UHFHSWLYH�VWLJPDWLF�UHJLRQ��N��2YDU\���O��2YXOH���P��)UXLW��Q��6HHGV



3ROOLQDWLRQ�0HFKDQLVP

� ,Q�$VWHUDFHDH�� VHFRQGDU\�SROOHQ�SUHVHQWDWLRQ�
V\VWHP�LV�DQ�LPSRUWDQW�FKDUDFWHULVWLF��,W�KDV�EHHQ�
FRQVLGHUHG�WR�EH�D�VWUDWHJ\�WR�LPSURYH�DFFXUDF\�LQ�
SROOHQ�UHPRYDO�DQG�GHSRVLWLRQ�LQ�RUGHU�WR�HQKDQFH�
PDOH�DQG�IHPDOH�ILWQHVV��(UEDU�	�/HLQV���������,Q�
WKH� SUHVHQW� VWXG\��/�� PROOLV� LV� SURWDQGURXV�� 7KH�
SROOHQ�VKHG�IURP�WKH�DQWKHUV�ZDV�EUXVKHG�E\�WKH�
VWHULOH�KDLUV��VZHHSLQJ�KDLUV��IURP�WKH�WLS�GRZQ�WR�
WKH�SRVLWLRQ�EHORZ�WKH�EUDQFKLQJ�RI �VW\OH�LQ�WKH�
EXG�VWDJH�ZKHQ�WKH�VW\OH�EUDQFKHV�ZHUH�MRLQHG�DQG�
LQQHU�VWLJPDWLF�VXUIDFHV�ZHUH�QRW�UHFHSWLYH��7KLV�
W\SH�RI �SROOHQ�SUHVHQWDWLRQ�E\�VZHHSLQJ�KDLUV�LV�
WKH�FKDUDFWHULVWLF�RI �EUXVK�PHFKDQLVP��7RUUHV�	�
*DOHWWR���������$V�WKH�VW\OH�JUHZ�RXW�RI �WKH�DQWKHU�
WXEH��WKH�RXWHU�VZHHSLQJ�KDLUV�RI �WKH�VW\OH�DUPV�
SUHVHQWHG� SROOHQ� IRU� SROOLQDWLRQ�� 7KH� UHFHSWLYH�
SDSLOODWH�VWLJPDWLF�VXUIDFH�ZDV�KLGGHQ�EHWZHHQ�WKH�
WZR� DSSUHVVHG� VW\OH� DUPV�� SUHYHQWLQJ� VHOI �
SROOLQDWLRQ��$IWHU�WKH�SROOHQ�SUHVHQWDWLRQ��GXULQJ�
WKH�IXQFWLRQDOO\�IHPDOH�SKDVH�RI �WKH�IORUHW�ZKLFK�
RFFXUUHG� RQ� GD\� ��� WKH� VW\OH� DUPV� VHSDUDWHG�
SDUWLDOO\� H[SRVLQJ� WKH� UHFHSWLYH� SDSLOODH� IRU� WKH�
UHFHLSW� RI � SROOHQ�� 7KH� VW\OH� DUPV� VHUYHG� DV�
VHFRQGDU\� SROOHQ� SUHVHQWHUV� LQ� WKH� VWDPLQDWH�
SKDVH�DQG�H[SRVHG�UHFHSWLYH�VWLJPDWLF�VXUIDFHV�IRU�
SROOHQ�GXULQJ�SLVWLOODWH�SKDVH��7KLV�W\SH�RI �DFWLYH�
SROOHQ�SUHVHQWDWLRQ�ZDV�W\SLFDO�RI �GLVF�IORUHWV�RI �

$VWHUDFHDH�� )URP�GD\� IRXU� RQZDUGV� WKH� IORUHWV�
HQWHUHG� WKH� VHQHVFHQFH� VWDJH�� 7KH� VHFRQGDU\�
SROOHQ�SUHVHQWDWLRQ�V\VWHP�IXQFWLRQDO�LQ�/��PROOLV�
DSSHDUHG�WR�EH�HYROYHG�WR�HQKDQFH�WKH�HIILFLHQF\�
DQG�DFFXUDF\�RI �SROOHQ�H[SRUWDWLRQ�DQG�RU�SROOHQ�
UHFHSWLRQ�� WKXV� LQFUHDVLQJ� PDOH� DQG�RU� IHPDOH�
ILWQHVV�RI �WKH�SODQW��(UEDU�	�/HLQV�������

)RUDJLQJ�$FWLYLW\�DQG�3ROOLQDWLRQ�6\QGURPH

� ,Q� ��WKH�FDSLWXOD�ZHUH�IRUDJHG�E\�EHHV��/��PROOLV
ZDVSV��IOLHV�DQG�EXWWHUIOLHV��7DEOH����)LJ���������2I �
WKHVH� LQVHFWV�� EXWWHUIOLHV�PDGH� ����� EHHV� �����
ZDVSV����DQG� IOLHV����RI � WRWDO� IRUDJLQJ�YLVLWV�� �
7KH�EXWWHUIOLHV�IRUDJHG�GXULQJ�������������KRXUV�
ZLWK� SHDN� IRUDJLQJ� DFWLYLW\� GXULQJ� ������������
KRXUV�ZKLOH�DOO�RWKHU�LQVHFWV�GXULQJ�������������
KRXUV�ZLWK�SHDN� IRUDJLQJ�DFWLYLW\�GXULQJ�������
������KRXUV� �)LJ�� ������ FRLQFLGLQJ�ZHOO�ZLWK� WKH�
VWDQGLQJ�FURS�RI �QHFWDU�GXULQJ�WKDW�SHULRG���%RG\�
ZDVKLQJV� RI � LQVHFWV� FROOHFWHG� IURP� WKH� IORUHWV�
GXULQJ� SHDN� IRUDJLQJ� SHULRG� UHYHDOHG� WKDW� WKH�
LQVHFWV�FDUULHG� �SROOHQ�LQ�DPRXQW�UDQJLQJ�IURP���
WR������7DEOH����
� /DNVKPL�DQG�6RORPRQ�5DMX��������GHVFULEHG�
WKH� IORUDO� FKDUDFWHUV� WKDW� FRQIRUP� WR�EXWWHUIO\�
SROOLQDWLRQ�� �.RVW��������H[SODLQHG�WKH�FKHPLFDO�
FRPPXQLFDWLRQ� EHWZHHQ� IORZHUV� DQG� LQVHFWV�
WKURXJK� QHFWDU� FKHPLVWU\�� 2XU� SUHVHQW� VWXG\�

���

6HFRQGDU\�SROOHQ�SUHVHQWDWLRQ��SV\FKRSKLO\�DQG�DQHPRFKRU\�LQ�/DJDVFHD�PROOLV�&DY�

7DEOH�����/LVW�RI �LQVHFW�IRUDJHUV�RQ�/DJDVFHD�PROOLV

2UGHU � )DPLO\ � *HQXV� 6SHFLHV � &RPPRQ�QDPH � )RUDJH�VRXJKW �
+\PHQRSWHUD � $SLGDH � $SLV � FHUDQD�)� � ,QGLDQ�+RQH\�%HH � 3ROOHQ���1HFWDU �
� � $SLV � IORUHD �)� � 'ZDUI �+RQH\�%HH � 3ROOHQ���1HFWDU �
� � &HUDWLQD � VS� � 6PDOO�&DUSHQWHU�%HH � 3ROOHQ���1HFWDU �
� � &HUDWLQD � VPDUDJGXOD�)� � 6PDOO�&DUSHQWHU�%HH � 3ROOHQ���1HFWDU �
� $QWKRSKRULGDH � ;\ORFRSD � ODWLSHV�/� � /DUJH�&DUSHQWHU�%HH � 1HFWDU �
� � $QWKRSKRUD � ELFLQFWD�)� � %OXH�%DQGHG�%HH � 3ROOHQ���1HFWDU �
� +DOLFWLGDH � 1RPLD � VS� � $ONDOL�%HH � 3ROOHQ���1HFWDU �
� � /DVLRJORVVXP � VS� � 6ZHDW�%HH � 3ROOHQ���1HFWDU �
� 6FROLLGDH � 6FROLD � TXDGULSXVWXODWD�)� � %OXH�:LQJHG�:DVS � 1HFWDU �
� (XPHQLGDH � (XPHQHV � SHWLRODWD�)� � 3RWWHU�:DVS � 1HFWDU �
'LSWHUD � 6DUFRSKDJLGDH � 6DUFRSKDJD � VS� � )OHVK�)O\ � 1HFWDU �
/HSLGRSWHUD � 3LHULGDH � &DWRSVLOLD � S\UDQWKH�/� � 0RWWOHG�(PLJUDQW � 1HFWDU �
� � &RORWLV � HWULGD�%RLVGXYDO � 6PDOO�2UDQJH�7LS � 1HFWDU �
� 1\PSKDOLGDH � $FUDHD � YLRODH �)� � 7DZQ\ �&RDVWHU � 1HFWDU �
� � -XQRQLD � OHPRQLDV�/� � /HPRQ�3DQV\ � 1HFWDU �
� � 3UHFLV � LSKLWD �&UDPHU � &KRFRODWH�3DQV\ � 1HFWDU �
� � 'DQDXV � FKU\VLSSXV�/� � 3ODLQ �7LJHU � 1HFWDU �
� � 'DQDXV � JHQXWLD�&UDPHU � 6WULSHG�7LJHU � 1HFWDU �

� � %\EOLD
�
LOLWK\LD�'UXU\

�
-RNHU � 1HFWDU �

�
/\FDHQLGDH

�
&DVWDOLXV

�
URVLPRQ�)�

�
&RPPRQ�3LHUURW

�
1HFWDU

�
� �

=L]HHULD
�
NDUVDQGUD�0RRUH

�
'DUN�*UDVV�%OXH

�
1HFWDU

�
� �

$]DQXV
�
MHVRXV�*XHULQ

�
$IULFDQ�%DEXO�%OXH

�
1HFWDU

�
6SLQGDVLV YXOFDQXV�)� &RPPRQ�6LOYHU�/LQH 1HFWDU



���

%,27523,$�9RO�����1R���������

)LJXUH��� /DJDVFHD�PROOLV��D��$SLV�FHUDQD��E��$SLV�IORUHD��F��;\ORFRSD�ODWLSHV��G��&HUDWLQD�VS���H��&HUDWLQD�VPDUDJGXOD��I��1RPLD�VS���
J��$QWKRSKRUD�ELFLQFWD��K��6FROLD�TXDGULSXVWXODWD��L��(XPHQHV�SHWLRODWD��M��6DUFRSKDJD�VS��

)LJXUH��� /DJDVFHD�PROOLV��D��	�E��3LHULGV��D��&DWRSVLOLD�S\UDQWKH��E��&RORWLV�HWULGD��F�J��1\PSKDOLGV��F��$FUDHD�YLRODH��G��-XQRQLD�OHPRQLDV��
H��3UHFLV�LSKLWD��I��'DQDXV�FKU\VLSSXV��J��%\EOLD�LOLWK\LD��K��	�L��/\FDHQLGV��K��&DVWDOLXV�URVLPRQ��L��$]DQXV�MHVRXV�

)LJXUH����+RXUO\�IRUDJLQJ�DFWLYLW\�RI �EHHV��ZDVSV�DQG�IOLHV�RQ�/DJDVFHD�PROOLV



���

6HFRQGDU\�SROOHQ�SUHVHQWDWLRQ��SV\FKRSKLO\�DQG�DQHPRFKRU\�LQ�/DJDVFHD�PROOLV�&DY�

VKRZHG�WKDW� �LQ�/��PROOLV��WKH�QHFWDU�ZLWK�VXFURVH�
GRPLQDQFH�FRQWDLQLQJ�HVVHQWLDO�DQG�QRQ�HVVHQWLDO�
DPLQR� DFLGV� ZHUH� SDUWLFXODU� DGDSWDWLRQV� IRU�
SV\FKRSKLO\�� 7KH� V\QIORUHVFHQFHV� SULQFLSDOO\�
DWWUDFWHG� SLHULG�� Q\PSKDOLG� DQG� O\FDHQLG�

EXWWHUIOLHV�� 7KH� Q\PSKDOLG� DQG� O\FDHQLG�
EXWWHUIOLHV� ZHUH� PRUH� VSHFLRVH� DQG� WKH\� ZHUH�
LPSRUWDQW� YLVLWRUV�� ,Q� WKHLU� DFWLRQV�� WKHLU�
SURERVFLV� JDLQHG� FRQWDFW� ZLWK� WKH� VWLJPDWLF�
UHJLRQ�H[SRVHG�E\�WKH�VW\ODU�DUPV��VZHHSLQJ�KDLUV�

)LJXUH����+RXUO\�IRUDJLQJ�DFWLYLW\�RI �EXWWHUIOLHV�RQ�/DJDVFHD�PROOLV

7DEOH�����3ROOHQ�UHFRUGHG�LQ�WKH�ERG\�ZDVKLQJV�RI �EXWWHUIOLHV�RQ�/DJDVFHD�PROOLV

,QVHFW�VSHFLHV�
6DPSOH�VL]H �

�1� �

1XPEHU�RI �SROOHQ�JUDLQV �

5DQJH � 0HDQ � 6' �

%HHV�

$SLV�FHUDQD� �� � ���� ���� � ����� � ����� �
$SLV�IORUHD� �� � ���� ���� � ����� � ����� �
&HUDWLQD���VS�� �� � ���� ��� � ���� � ���� �
&HUDWLQD�VPDUDJGXOD� �� � ���� ��� � ���� � ����� �
;\ORFRSD�ODWLSHV� �� � ���� ��� � ���� � ����� �
$QWKRSKRUD�ELFLQFWD� �� � ���� ��� � ���� � ����� �
1RPLD�VS�� �� � ���� ��� � ���� � ���� �
/DVLRJORVVXP�VS�� �� � ���� ��� � ���� � ����� �
:DVSV�
6FROLD�TXDGULSXVWXODWD� �� � ���� ��� � ���� � ���� �
(XPHQHV�SHWLRODWD� �� � ���� ��� � ���� � ���� �
6DUFRSKDJD�VS�� �� � ��� ��� � ���� � ���� �
%XWWHUIOLHV�
&DWRSVLOLD�S\UDQWKH
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DQG� WKH� GHKLVFHG� DQWKHUV� SRVLWLRQHG�ZLWKLQ� WKH�
FRUROOD�WXEH���$V�D�UHVXOW��VHOI �RU�FURVV�SROOLQDWLRQ�
RFFXUUHG��6HOI �SROOLQDWLRQ�RFFXUUHG�RQO\�WKURXJK�
JHLWRQRJDP\�GXH�WR�WKH�RFFXUUHQFH�RI �VWDPLQDWH�
DQG�SLVWLOODWH�SKDVH�RI �IORUHWV�DW�SODQW�OHYHO��7KH�
SROOHQ� FDUULHG� RQ� WKHLU� SURERVFLV� DQG� IRUHKHDG�
SDUWV� ZDV� VXIILFLHQW� WR� SROOLQDWH� LQGLYLGXDO� GLVF�
IORUHWV� EHFDXVH� WKH� LQGLYLGXDO� GLVF� IORUHWV�
SURGXFHG� RQO\� RQH� RYXOH� SHU� IORUHW�� 7KH�
FRQVLVWHQW� IRUDJLQJ� DFWLYLW\� RI � EXWWHUIOLHV�
REVHUYHG�RQ�/��PROOLV�VXJJHVWHG�WKDW�WKH�EXWWHUIOLHV�
XVHG� WKLV� SODQW� DV� D� PDMRU� QHFWDU� VRXUFH��
7KHUHIRUH��/��PROOLV�LV�SULQFLSDOO\�SV\FKRSKLORXV�
� &KHULDQ��������PHQWLRQHG�WKDW� �LV�DQ�/��PROOLV

LPSRUWDQW�SROOHQ�VRXUFH�IRU� �� � �,Q�WKLV�$SLV�GRUVDWD

VWXG\�� �ZDV�SROOLQDWHG�E\� �EHHV�DV�/��PROOLV ;\ORFRSD

H[FOXVLYH�QHFWDU�FROOHFWRUV��E\�RWKHU�EHHV�PRVWO\�DV�
SROOHQ� FROOHFWRUV�� E\� WKH� RFFDVLRQDO� IRUDJHUV��
ZDVSV� DQG� IOLHV� DV� QHFWDU� FROOHFWRUV�� $OO� WKHVH�
LQVHFWV�FDUULHG�SROOHQ�RQ�WKHLU�ERG\�DQG�WUDQVIHUHG�
SROOHQ�WR�V\QIORUHVFHQFHV�RI �WKH�VDPH�RU�GLIIHUHQW�
SODQWV�DIIHFWLQJ�ERWK�JHLWRQRJDP\�DQG�[HQRJDP\��
/��PROOLV�ZDV�DOVR�XVHG�E\�WKULSV�DV�EUHHGLQJ�DQG�
IHHGLQJ� VLWHV�� )HHGLQJ� DFWLYLW\� GXULQJ� DQG� DIWHU�
DQWKHVLV� UHVXOWHG�PRVWO\� LQ�JHLWRQRJDP\�� �7KHLU�
QHFWDU�IHHGLQJ�DFWLYLW\�SURPRWHG�FURVV�SROOLQDWLRQ�
E\�GULYLQJ�WKH�LQVHFWV�WR�PDNH�PXOWLSOH�YLVLWV�WR�WKH�
VDPH� RU� GLIIHUHQW� SODQWV� LQ� TXHVW� RI � QHFWDU�� �
7KHUHIRUH�� �LV�HQWRPRSKLORXV�LQ�JHQHUDO��/��PROOLV

EXW�SV\FKRSKLORXV�LQ�SDUWLFXODU�

)UXLWLQJ�(FRORJ\�DQG�6HHG�'LVSHUVDO

� 7KH� IHUWLOL]HG� IORUHWV�SURGXFHG�VLQJOH�VHHGHG�
I U X L W V � Z L WK LQ � WZR � ZHHNV� � ,QG LY LGXD O �
V\QIORUHVFHQFHV�SURGXFHG���������IUXLWV�DQG������
���VHHGV��)LJ���O�Q���,Q�RSHQ�SROOLQDWLRQV��IUXLW�VHW�
ZDV���������LQ�ZKLFK�ILOOHG�VHHG�VHW�ZDV��������
ZKLOH� WKH� UHPDLQLQJ� SHUFHQWDJH� RI � IUXLWV� ZHUH�
XQILOOHG� ZKLFK� FRXOG� EH� PRVWO\� IURP� VHOIHG�
IORZHUV��7KH�IUXLW�LV�DQ�RERYRLG�DFKHQH��EODFN����
DQJOHG�� FRPSUHVVHG��ZHDNO\� ULEEHG�� ��PP� ORQJ�
DQG���PP�ZLGH�� LQGHKLVFHQW� DQG� FURZQHG�ZLWK�
PLQXWH� SDSSXV� DW� DSH[�� ,W� LV� VXUURXQGHG� E\�
FRQQDWH�SK\OODULHV�WRSSHG�E\�VFDOHV���7KH�DFKHQHV�
FORWKHG�ZLWK�FRQQDWH�SK\OODULHV�GLG�QRW�EHFRPH�
DLUERUQH�ZKHQ�PDWXUH�DQG�GU\�� �7KH\�IHOO�WR�WKH�
JURXQG�LQ�WKH�YLFLQLW\�RI �WKH�SDUHQWDO�SODQWV�DW�ORZ�
ZLQG� VSHHG� DQG� GLVSHUVHG� IDU� DZD\� IURP� WKH�
SDUHQWDO�SODQWV�DW�KLJK�ZLQG�VSHHG�GXULQJ�WKH�GD\V�
RI �GU\�VSHOO�ZLWKLQ�WKH�UDLQ\�VHDVRQ���$GGLWLRQDOO\��

FRQQDWH� SK\OODULHV� FRYHUHG� E\� ZHOO� GHYHORSHG�
VFDOH�OLNH�KDLUV�DQG�FDUU\LQJ�DFKHQHV�ZHUH�HDVLO\�
DWWDFKHG�WR�FORWKHV��,Q�VXFK�VLWXDWLRQ��KXPDQV�DOVR�
VHUYH�DV�VHHG�GLVSHUVDO�DJHQWV��WKH�PRGH�RI �ZKLFK�
LV�UHIHUUHG�WR�DV�DQWKURSRFKRU\�
� 6HHGV� H[KLELWHG� GRUPDQF\� DQG� JHUPLQDWHG�
RQO\� GXULQJ� WKH� QH[W� UDLQ\� VHDVRQ�� 7KH\�
JHUPLQDWHG� UHDGLO\� LQ�RSHQ�DUHDV�ZLWK�DGHTXDWH�
VRLO�PRLVWXUH�� �7KH�VHHGOLQJV�ZLWKHUHG�DZD\�DQG�
GLVDSSHDUHG�LI �WKHUH�ZDV�D�ORQJ�GU\�VSHOO�GXULQJ�
UDLQ\�VHDVRQ��7KHUHIRUH��WKH�VHHGOLQJV�DSSHDUHG�WR�
EH�FRQVWUDLQHG�WR�H[SDQG�LWV�GLVWULEXWLRQ�UDQJH�
� +RZHYHU��WKH�VSURXWLQJ�RI �WKH�ZHOO�GHYHORSHG�
XQGHUJURXQG�URRW�VWRFN�WR�SURGXFH�QHZ�F\FOH�RI �
VH[XDO�UHSURGXFWLRQ�LQ�DUHDV�ZKHUH�WKH�SODQW�KDV�
HVWDEOLVKHG� D� ODUJH�SRSXODWLRQ�RYHU� WKH� \HDUV� LV�
LQGHHG� D� FRPSHQVDWLRQ� DJDLQVW� WKH� FRQVWUDLQV�
H[SHULHQFHG�E\�WKH�SODQW�WKURXJK�VHHG�PRGH�RI �
UHSURGXFWLRQ�

&21&/86,216

� /DJDVFHD� PROOLV� LV� D� KHUEDFHRXV� VHDVRQDO�
EORRPHU��,W�SURGXFHV�V\QIORUHVFHQFHV�FRQVLVWLQJ�
RI �VHYHUDO�FDSLWXOD��HDFK�ZLWK�RQH�GLVF�IORUHW�� �,W�
H[KLELWV� VHFRQGDU\� SROOHQ� SUHVHQWDWLRQ�
PHFKDQLVP�IXQFWLRQDO�WKURXJK�EUXVK�PHFKDQLVP�
WR� DYRLG� DXWRQRPRXV� VHOILQJ�� PLQLPL]H�
JHLWRQRJDP\� DQG� PD[LPL]H� [HQRJDP\�� ,W� LV�
WHPSRUDOO\� GLRHFLRXV�� VHOI�FRPSDWLEOH� DQG� VHOI�
SROOLQDWLQJ� WKURXJK� JHLWRQRJDP\� DQG� FURVV�
SROOLQDWLQJ� WKURXJK� [HQRJDP\�� 7KH� SODQW� LV�
HQWRPRSKLORXV�� EXW� SULQFLSDOO\� SV\FKRSKLORXV�� �
$QHPRFKRU\�DQG�DQWKURSRFKRU\�DUH� IXQFWLRQDO�
PRGHV� RI � VHHG� GLVSHUVDO�� � 6HHGV� DUH� GRUPDQW�
DQG� JHUPLQDWH� RQO\� GXULQJ� UDLQ\� VHDVRQ�� ,Q�
FHUWDLQ� DUHDV�� SHUHQQLDO� URRW� VWRFN� VSURXWV� DQG�
SURGXFHV� QHZ� JURZWK� DQG� FDUULHV� RXW� VH[XDO�
UHSURGXFWLRQ�

$&.12:/('*0(176

� :H�WKDQN�$QGKUD�8QLYHUVLW\��9LVDNKDSDWQDP��
,QGLD��IRU�SURYLGLQJ�SK\VLFDO�IDFLOLWLHV�WR�FDUU\�RXW�
WKLV�UHVHDUFK�ZRUN��:H�DOVR�WKDQN�'U�.��9HQNDWD�
5DPDQD� � '67�6(5%� <RXQJ� 6FLHQW LVW � �
'HSDUWPHQW� RI � %RWDQ\�� $QGKUD� 8QLYHUVLW\��
9LVDNKDSDWQDP�� IRU� DVVLVWDQFH� GXULQJ� ILHOG�
ZRUN��

���
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5()(5(1&(6

&KHULDQ�.-�� ������ � 3ROOHQ� DQDO\VLV� RI � � KRQH\�$SLV� GRUVDWD
FROOHFWHG� IURP� WKH� :DUGKD�� 0DKDUDVKWUD�� �
(66(1&(���������

&]DUQHFND�%��'HQLVRZ�%�� ������ )ORUDO� ELRORJ\� RI �6HQHFLR�
PDFURSK\OOXV� 0�� %LHE�� �$VWHUDFHDH��� D� UDUH� &HQWUDO�
(XURSHDQ�VWHSSH�SODQW��$FWD�6RF�%RW�3RO����������

(UEDU�&��/HLQV�3��������'LYHUVLW\�RI �VW\OHV�DQG�PHFKDQLVPV�
RI � VHFRQGDU\� SROOHQ� SUHVHQWDWLRQ� LQ� EDVDO�
$VWHUDFHDH��QHZ�LQVLJKWV�LQ�SK\ORJHQ\�DQG�IXQFWLRQ���
)ORUD������������

*OLHVVPDQ� 65�� ������ $SSOLHG� HFRORJ\� DQG� DJURHFRORJ\��
WKHLU�UROH�LQ�WKH�GHVLJQ�RI �DJULFXOWXUDO�SURMHFWV�IRU�WKH�
KXPLG�WURSLFV���,Q��*RRGODQG�5��HGLWRU��5DFH�WR�VDYH�
WKH�WURSLFV��HFRORJ\�DQG�HFRQRPLFV�IRU�D�VXVWDLQDEOH�
IXWXUH���:DVKLQJWRQ�'&��86���,VODQG�3UHVV��S��������

.RVW�&��������&KHPLFDO�FRPPXQLFDWLRQ��,Q��-RUJHQVHQ�6(��
)DWK�%��HGLWRUV��(QF\FORSHGLD�RI �(FRORJ\��2[IRUG�
�8.���(OVHYLHU�3XEOLVKHUV��S����������

.UDWRFKZLO�$��%HLO��0��6FKZDEH�$��������&RPSOH[�VWUXFWXUH�
RI � SROOLQDWRU�SODQW� LQWHUDFWLRQ�ZHEV�� UDQGRP��
QHVWHG�� ZLWK� JUDGLHQWV� RU� PRGXOHV"� � $SLGRORJLH�
����������

.XPDU�63��$WXO�6���������0HGLFLQDO�XWLOLWLHV�RI �ZHHG�IORUD�RI �
DJULFXOWXUH�ILHOG�RI �-1.99��,-3/6����������

/DNVKPL� 39�� 6RORPRQ� 5DMX� $-�� ������ 3V\FKRSKLO\� LQ�
6WDFK\WDUSKHWD� DPDLFHQVLV� �/��� 9DKO�� �9HUEHQDFHDH���
&XUU�6FL�����������

0DEEHUOH\�'-��������0DEEHUOH\
V�SODQW�ERRN��$�SRUWDEOH�
GLFWLRQDU\�RI �SODQWV�� WKHLU�FODVVLILFDWLRQV�DQG�XVHV��
&DPEULGJH��8.���&DPEULGJH�8QLYHUVLW\�3UHVV�

7RUUHV�&��*DOHWWR�/��������6W\OH�PRUSKRORJLFDO�GLYHUVLW\�RI �
VRPH�$VWHUDFHDH�VSHFLHV�IURP�$UJHQWLQD��V\VWHPDWLF�
DQG�IXQFWLRQDO�LPSOLFDWLRQV���-�3ODQW�5HV������������

:XQGHUOLQ� 53��+DQVHQ� %)�� )UDQFN� $5�� (VVLJ� )%�� ������ �
$WODV�RI �)ORULGD�3ODQWV��7DPSD� �86��� ,QVWLWXWH� IRU�
6\VWHPDWLF�%RWDQ\��8QLYHUVLW\�RI �6RXWK�)ORULGD��

���

6HFRQGDU\�SROOHQ�SUHVHQWDWLRQ��SV\FKRSKLO\�DQG�DQHPRFKRU\�LQ�/DJDVFHD�PROOLV�&DY�


