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%LRGLYHUVLW\� LV� UDSLGO\�EHLQJ� ORVW� LQ�D�ZRUOG� LQFUHDV�
LQJO\� WUDQVIRUPHG� E\� KXPDQ� DFWLYLWLHV� DQG� WKHUH� LV� D
QHHG� WR�XQGHUVWDQG� WKH� IDFWRUV�PHGLDWLQJ� VSHFLHV� FRH[�
LVWHQFH�DQG�ORFDO�ELRGLYHUVLW\��6KDOORZ�HQFORVHG�ODJRRQV
VLPXOWDQHRXVO\� SURYLGH� QXUVHU\� KDELWDW� IRU� ILVK� DQG� LQ�
YHUWHEUDWHV�� EXW� DUH� HVSHFLDOO\� YXOQHUDEOH� EHFDXVH� WKH\
KDYH�OLPLWHG�H[FKDQJH�RI�ZDWHU�DQG�IDXQD�ZLWK�WKH�RSHQ
VHD�DQG�DOUHDG\�H[SHULHQFH�QDWXUDO�VWUHVVHV�VXFK�DV�ODUJH
DQQXDO�VDOLQLW\�YDULDWLRQV��ZKLFK�VKDSH�WKH�XQLTXH�IDXQD
DQG�KDELWDWV��8QGHUVWDQGLQJ�WKH�GULYHUV�RI�GLYHUVLW\�SHU�
PLWV� SUHGLFWLRQV� UHJDUGLQJ� WKH� LQIOXHQFH� RI� DQWKURSR�
JHQLF� DFWLYLWLHV�� (QYLURQPHQWV� ZLWK� VWHHS� JUDGLHQWV� LQ
KDELWDW�FKDUDFWHULVWLFV�DOORZ�IRU�VSDWLDO�QLFKH�VHJUHJDWLRQ
DPRQJ�VSHFLHV�DQG�VSHFLHV�VRUWLQJ�E\�KDELWDW� �0RXLOORW�
������� ,Q� VXFK�D� VLWXDWLRQ� IDXQDO� GLYHUVLW\� GHSHQGV� SUL�
PDULO\�RQ�WKH�DYDLODELOLW\�RI�QLFKHV��WKRVH�GLUHFWO\�UHODWHG
WR�KDELWDW�DV�ZHOO�DV�UHVRXUFH�QLFKHV�LQGLUHFWO\�UHODWHG�WR
KDELWDW��VXFK�DV�WURSKLF�QLFKHV��:LOVRQ���������7KH�WRWDO
QXPEHU� RI� QLFKHV� WKHQ� LV� GHWHUPLQHG� E\� KDELWDW� GLYHU�
VLW\�� ZKRVH� FRPSRQHQWV� DUH� KDELWDW� KHWHURJHQHLW\� DQG
KDELWDW� FRPSOH[LW\� �=LY�� ������ *XLGHWWL� 	� %XVVRWWL�
�������+DELWDW�KHWHURJHQHLW\�UHIHUV� WR�WKH�UHODWLYH�DEXQ�
GDQFH� RI� WKH� YDULRXV� VWUXFWXUDO� FRPSRQHQWV� ZLWKLQ� D
KDELWDW�� DQG� WKHLU� YDULDELOLW\�� ZKLOH� FRPSOH[LW\� GHDOV
ZLWK� WKH� DEVROXWH� DEXQGDQFH� RI� WKH� YDULRXV� VWUXFWXUDO
FRPSRQHQWV�

)RU� H[DPSOH�� WKH� SUHVHQFH�RI� VHDJUDVV� DW� D� ORFDWLRQ
RIWHQ�KDV�D�SRVLWLYH�HIIHFW�RQ�IDXQDO�GLYHUVLW\�GXH�ERWK�WR
LWV� VWUXFWXUDO� FRPSOH[LW\� �+RUL�HW� DO��� ������ DQG� LWV� KHW�
HURJHQHLW\��ZKLFK�LQFOXGHV�VSDWLDO�YDULDELOLW\�LQ�VHDJUDVV
VSHFLHV�� VKRRW� GHQVLW\�� DQG� VKRRW� PRUSKRORJ\� �%HOO� 	
:HVWRE\������D��E���/LNHZLVH�� URFN�KDELWDWV�DUH� NQRZQ
WR� KDYH� KLJK� IDXQDO� GLYHUVLW\� RI� FU\SWREHQWKLF� VSHFLHV
VXFK�DV�%OHQQLGDH�DQG�*RELLGDH��ZKLFK� LQFUHDVHV�ZLWK
LQFUHDVLQJ�FRPSOH[LW\�DQG�KHWHURJHQHLW\��0DFSKHUVRQ�	
=LND��������*UDWZLFNH�	�6SUHLJKW��������/D�0HVD�HW�DO��
������ /LQJR� 	� 6]HGOPD\HU�� ������ 2UODQGR�%RQDFD� 	
/LSHM���������(YHQ�VHGLPHQWV��ODFNLQJ�WKUHH�GLPHQVLRQDO
FRPSOH[LW\� RQ� D� VFDOH� RI� PDFURIDXQDO� ERG\� VL]H�� DUH
QHYHUWKHOHVV� UHSRUWHG� WR�VXSSRUW�D�PRUH�GLYHUVH�PDFUR�
IDXQD� ZKHQ� KHWHURJHQHRXV� LQ� SDUWLFOH� VL]H� �+LOELJ� 	
%ODNH��������-D\DUDM�HW�DO����������7KLV�LV�EHFDXVH�SDUWL�
FOH� VL]H� LQIOXHQFHV� SK\VLFDO� YDULDEOHV�� LQFOXGLQJ� ZDWHU
DQG�RUJDQLF�PDWWHU�FRQWHQW��.UXVFKHO�HW�DO����������R[\�
JHQ� FRQFHQWUDWLRQ� �5RVHQEHUJ� HW� DO��� ������� DQG� VHGL�
PHQW�UHVXVSHQVLRQ�UDWHV��5XW]OHU�HW�DO����������ZKLFK�DOO
LQIOXHQFH� WKH� KDELWDW� FKRLFH� RI� LQIDXQD� DQG� VXUIDFH� RU�
JDQLVPV� �$ORQJL�	�&KULVWRIIHUVRQ�� �������*HQHUDOO\�� LQ�
FUHDVHG�KDELWDW�GLYHUVLW\��FRPSOH[LW\�DQG�KHWHURJHQHLW\�
LV� H[SHFWHG� WR� LQFUHDVH� WKH� QXPEHU� RI� IRRG� UHVRXUFH
QLFKHV��H�J��HSLIDXQD�DQG�HSLSK\WHV�RQ�VHDJUDVV��6LURWD�	
+RYHO��������DQG�URFN��&RQVROL�HW�DO���������RU�LQIDXQD
�6FLEHUUDV� HW� DO��� ������ LQ� KHWHURJHQHRXV� VHGLPHQWV�
WKHUHE\� LQFUHDVLQJ� IDXQDO� GLYHUVLW\� WKURXJK� UHGXFHG

FRPSHWLWLRQ�ZKHQ�GLHW�RYHUODS�LV�ORZ��0RUHQR�5XHGD�HW
DO���������

7KH�VKDOORZ�EHQWKRV�RI�WKH�1RYLJUDG�6HD�LV�VSDWLDOO\
KHWHURJHQHRXV�� )XQGDPHQWDOO\� GLIIHUHQW� KDELWDWV� ZLWK
WKUHH�GLPHQVLRQDO�VWUXFWXUH��PDFURDOJDH��URFN��VHDJUDVV�
DQG�XQFRQVROLGDWHG�VHGLPHQWV�RFFXU�LQ�D�SDWFK\�PRVDLF
DW�WKH�VFDOH�RI�D�IHZ�PHWHUV��,I�VSHFLHV�VRUWLQJ�DQG�QLFKH
DYDLODELOLW\� ZHUH� LQ� IDFW� WKH�PDLQ� GULYHUV� RI� IDXQDO� DV�
VHPEO\� DQG� GLYHUVLW\� LQ� WKH� 1RYLJUDG� 6HD� ODJRRQ�� ZH
ZRXOG� SUHGLFW� WR� REVHUYH� ���� KDELWDW� VSHFLILF� IDXQDO� DV�
VHPEODJHV�WKDW�DUH�VSDWLDOO\�VWDEOH��DFURVV�VLWHV���DQG�WKDW
����VLWH�YDULDELOLW\�LQ�IDXQDO�GLYHUVLW\�IRU�HDFK�RI�WKH�EDVLF
KDELWDW�DVVRFLDWHG�DVVHPEODJHV�FDQ�EH�H[SODLQHG�E\�WKH
VLWH�YDULDELOLW\�LQ�KDELWDW�GLYHUVLW\�

0$7(5,$/�$1'�0(7+2'6

*HRJUDSKLFDO�ORFDWLRQ�DQG�VDPSOH�ORFDWLRQV

7KH� 1RYLJUDG� 6HD�� &URDWLD� ������
1�� �����
(�� LV� D
SURWHFWHG�ODJRRQ�RI����NP���DSSUR[LPDWHO\�����NP�ORQJ�
LQ� WKH�HDVWHUQ�$GULDWLF� 6HD�� ,W� LV�FRQQHFWHG� WR� WKH�RSHQ
$GULDWLF�E\� WKH�9HOHELW�&KDQQHO�YLD�D�QDUURZ�VWUDLW�� WKH
0DVOHQLFD�&KDQQHO��)LJ������7KH�VWXG\�DUHD�LV�LQIOXHQFHG
E\� IUHVKZDWHU� LQIORZ� IURP� WKH� =UPDQMD� 5LYHU�� D� IHZ
VPDOO� VHDVRQDO� FUHHNV�� DQG� D� FDQDO� LQ� WKH� IDU� ZHVWHUQ
FRUQHU��6LQRYáLß�HW�DO���������0DWLß�6NRNR�HW�DO���������

)LJ�����$SSUR[LPDWH�ORFDWLRQ�RI�WKH�WHQ�VWXG\�VLWHV��$�-�
LQ�WKH�1RYLJUDG�6HD�
6O�� ��� 3ULEOLËQH� ORNDFLMH� GHVHWLK� REUDYQDYDQLK� REPRàLM
�$�-��Y�1RYLJUDMVNHP�PRUMX�
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7KH� WRWDO� ZDWHU� YROXPH� LV� DSSUR[LPDWHO\� ���� NP�� DQG
UHDFKHV� PD[LPXP� GHSWK� RI� ��� P� QHDU� WKH� FKDQQHO
PRXWK��7LGDO�GLIIHUHQFHV�DUH����FP�RU�OHVV��:DYH�KHLJKWV
XS�WR�DERXW���P�RFFXU�XQGHU�VWURQJ�ZLQGV��7KH�VKDOORZ
EHQWKLF�KDELWDWV��OHVV�WKDQ�DERXW���PHWHUV�GHSWK��LQFOXGH
GHQVH�PDFURDOJDH�URFN�� XQFRQVROLGDWHG� VHGLPHQWV�� DQG
VSDUVH� WR� GHQVH� VHDJUDVV� RQ�PXG�� VDQG�� RU� JUDYHO�� 7KH
VHDJUDVV� LV�PRVW� H[SDQVLYH� LQ� WKH� ORZ� JUDGLHQW�ZHVWHUQ
SRUWLRQ�QHDU�3RVHGDUMH��6FKXOW]�HW�DO���������� ,W�ZDV�WKLV
DUHD�FKRVHQ� IRU� WKH� VWXG\�GXH� WR� WKH�SUHVHQFH�RI� HTXDO
UHSUHVHQWDWLRQ�RI� HDFK�RI� WKH�PDMRU� EHQWKLF� KDELWDWV� RI
VKDOORZ�SURWHFWHG�ZDWHUV�RI� WKH�$GULDWLF� �VHDJUDVV�� URFN
IURP� SHEEOH� WR� EHGURFN�� PDFURDOJDH�� XQFRQVROLGDWHG
VDQG� DQG� JUDYHO��� DOO� LQWHUPL[HG� DQG� QHLJKERULQJ� HDFK
RWKHU�RQ�D� VPDOO�VSDWLDO� VFDOH� DORQJ�D� VKRUHOLQH� VHYHUDO
NLORPHWHUV� LQ� OHQJWK� �%DNUDQ�3HWULFLROL� HW� DO��� ������ -D�
QHNRYLß�HW�DO���������

*URXQG�FRYHU�KDELWDW�GLVWULEXWLRQ

$ORQJ�YLVXDO�FHQVXV�6&8%$�WUDQVHFWV�D�WRWDO�RI�����
P�RI�PDFURDOJDH��$��������P�RI�EDUH�URFN� �5��������P
RI�GHQVH� VHDJUDVV� �6'��������P�RI� VSDUVH� VHDJUDVV� �66��

DQG� ����� P� RI� EDUH�� XQFRQVROLGDWHG� PXG�� VDQG� RU
JUDYHO��8��ZHUH�HQFRXQWHUHG��ZLWK�HDFK�FDWHJRU\�VFRUHG
DW� D� UHVROXWLRQ� RI� DERXW� ����P�� $OO� VHDJUDVV� YHJHWDWLRQ
RFFXSLHG�PXG�� VDQG�RU� JUDYHO��$OJDH� �&\VWRVHLUD� DQG�D
IHZ�XQLGHQWLILHG�EURZQ�DQG�JUHHQ�DOJDH���ZHUH�DWWDFKHG
WR� URFNV� RI� DOO� VL]HV�� )RU� D� GHWDLOHG� GHVFULSWLRQ� RI� WKH
VWUXFWXUDO� KHWHURJHQHLW\� ZLWKLQ� WKH� ILYH� EDVLF� KDELWDW
FDWHJRULHV�VHH�7DEOH����:KLOH�DOO�ILYH�JURXQG�FRYHU�W\SHV
ZHUH� REVHUYHG� DW� DOO� VDPSOHG� GHSWKV�� DOJDH� DQG� URFN
GRPLQDWHG� WKH� VKDOORZHVW� VDPSOLQJ�]RQH� �����P��� EDUH
XQFRQVROLGDWHG� JURXQG� WKH� LQWHUPHGLDWH� ]RQH� ��������
P��� DQG� VHDJUDVV� WKH� GHHSHVW� ]RQH� ������� P�� �)LJ�� ���
7KUHH� SDUDOOHO� WR� WKH� VKRUH� WUDQVHFWV�� RQH� LQ� HDFK� VDP�
SOLQJ� ]RQH�� ZKHUH� LQYHVWLJDWHG� DW� WHQ� VWXG\� VLWHV� �$�-�
WKDW�YDULHG�LQ�WKH�REVHUYHG�SURSRUWLRQV�RI� WKH�ILYH�EDVLF
JURXQG�FRYHUV�DYHUDJHG�DFURVV�DOO�WKUHH�]RQHV��)LJ�����

9LVXDO�FHQVXV�WUDQVHFWV

7KH� DEXQGDQFH� RI�PDFURIDXQD�ZDV� FHQVXVHG� DORQJ
��P� ZLGH� 6&8%$� EHOW� WUDQVHFWV� �1DJHONHUNHQ� HW� DO��
������ +RULQRXFKL� HW� DO��� ������� 9LVXDO� FHQVXV� DOORZV
TXDQWLILFDWLRQ�RI�KDELWDW�RFFXSDWLRQ�E\� HDFK� LQGLYLGXDO

7DE�����.H\�WR�WKH�LGHQWLILFDWLRQ�RI�PLFURKDELWDWV�ZLWKLQ�WKH�EDVLF�KDELWDWV��6HDJUDVV�LV�LGHQWLILHG�E\�VSHFLHV�DQG�YLV�
XDO�GHQVLW\� �JURXQG�FRYHUDJH�SURSRUWLRQ���XQFRQVROLGDWHG�VHGLPHQWV�E\�JUDLQ�VL]H�� DOJDH�E\� VSHFLHV�DQG� URFN�E\
VL]H�DQG�FRYHU��7KH�VHGLPHQW�JUDLQ�VL]H�DQG�URFN�VL]H�FDWHJRUL]DWLRQ�LV�D�PRGLILHG�YHUVLRQ�RI�/DUVRQQHXU���������LQ
81(3��������
7DE�� ��� .OMXà� ]D� LGHQWLILNDFLMR� PLNURKDELWDWRY� ]QRWUDM� RVQRYQLK� KDELWDWRY�� +DELWDW� PRUVNH� WUDYH� MH� GRORàHQ� ]
YUVWDPL�LQ�YL]XDOQR�RFHQMHQR�JRVWRWR��GHOHË�SRNURYQRVWL�WDO���QHXWUMHQL�VHGLPHQWL�]�YHOLNRVWMR�GHOFHY��DOJH�]�YUVWDPL
LQ�VNDOH�]�YHOLNRVWMR� LQ�SRUDÉàHQRVWMR��.DWHJRUL]DFLMD�YHOLNRVWL�GHOFHY�SUL� VHGLPHQWLK� LQ�YHOLNRVWL� VNDO�SR�SULUHMHQL
/DUVRQQHXU�YHU]LML���������Y�81(3��������

VHDJUDVV��VSDUVH��66�DQG�GHQVH��6'�ZLWK�PDWFKLQJ�JURXQG�FRYHUDJH�SURSRUWLRQV��������
1 =RVWHUD�QROWLL �� �66 ��������
= =��PDULQD �� �66 ����������
& &\PRGRFHD�QRGRVD �� �6' ��������
FRPELQDWLRQV��VHTXHQFH� �GRPLQDQFH
==� �HLWKHU�1=�RU�=1��VHH�7DEOH���

�� �6' �

XQFRQVROLGDWHG�VHGLPHQWV DOJDH
�� �PXG��������P� $� &\VRVHLUD�VSS
�� �VDQG������P�������PP� $RWK RWKHU�DOJDH

8
�� �VDQGJUDYHO���������PP�
�� �JUDYHO����PP����FP�
�� �VDQG�ZLWKLQ�URFNV
�� �JUDYHO�ZLWKLQ�URFNV

' VHGLPHQW�FRYHUHG�ZLWK�GHDG�VHDJUDVV
+ KXPDQ�ZDVWHV
EDUH�URFNV
5 EDUH�URFN �� �SHEEOH���FP���ILVW�
57 URFN�FRYHUHG�LQ�DOJDO

WXUI
�� �FREEOH��ILVW���KHDG�

05 URFN�FRYHUHG�LQ�0\WKLOXV �� �URFN��KHDG���ERG\�
�� �ERXOGHU��!�ERG\�
�� �EHGURFN
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)LJ�����5HODWLYH�DEXQGDQFH�RI�WKH�ILYH�EDVLF�KDELWDWV��8�
XQFRQVROLGDWHG� VHGLPHQWV�� 66�� VSDUVH� VHDJUDVV�� 6'�
GHQVH�VHDJUDVV��5��EDUH�URFNV��$��DOJDH��DFURVV�GHSWK�UH�
ODWHG� ]RQHV� �$�5�� DOJDH� DQG� URFNV�� 8�� XQFRQVROLGDWHG
VHGLPHQWV��6*��VHDJUDVV��LQ�ZKLFK�PDFURIDXQD�ZDV�YLVX�
DOO\�FHQVXVHG�DORQJ�SDUDOOHO�WUDQVHFWV��RQH�SHU�]RQH��
6O�����5HODWLYQD�ÉWHYLOàQRVW�SHWLK�RVQRYQLK�KDELWDWRY��8�
QHXWUMHQL� VHGLPHQWL��66�� UHGND�PRUVND� WUDYD�� 6'��JRVWD
PRUVND�WUDYD��5��QHSRUDÉàHQH�VNDOH��$��DOJH��SR�JORELQ�
VNLK� REPRàMLK� �$�5�� DOJH� LQ� VNDOH�� 8�� QHXWUMHQL� VHGL�
PHQWL��6*��PRUVND�WUDYD���Y�NDWHULK�MH�ELOD�PDNURIDYQD
YL]XDOQR� SRSLVDQD� Y]GROË� SDUDOHOQLK� WUDQVHNWRY� �HGHQ
QD�REPRàMH��

)LJ�����5HODWLYH�DEXQGDQFH�RI�WKH�ILYH�EDVLF�KDELWDWV��8�
XQFRQVROLGDWHG� VHGLPHQWV�� 66�� VSDUVH� VHDJUDVV�� 6'�
GHQVH�VHDJUDVV��5��EDUH�URFNV��$��DOJDH��DORQJ�ORQJ�WUDQ�
VHFWV�ZLWKLQ�VLWHV��$�-��
6O�����5HODWLYQD�ÉWHYLOàQRVW�SHWLK�RVQRYQLK�KDELWDWRY��8�
QHXWUMHQL� VHGLPHQWL��66�� UHGND�PRUVND� WUDYD�� 6'��JRVWD
PRUVND� WUDYD�� 5�� QHSRUDÉàHQH� VNDOH�� $�� DOJH�� Y]GROË
GROJLK�WUDQVHNWRY�]QRWUDM�REPRàLM��$�-��

DQLPDO��DW�DOO�VXEVWUDWHV�DQG�RQ�D�VPDOO�VFDOH��ERG\�VL]H�
/LSHM�	�2UODQGR�%RQDFD���������7KLV�LV�QRW�SRVVLEOH�IRU
RWKHU�SRSXODU�PHWKRGV� VXFK�DV� WUDZO� RU� VHLQH� QHW� VDP�
SOLQJ��*UD\�HW�DO���������+LQGHOO�	�-HQNLQV��������+RUL�
QRXFKL�HW�DO����������0DFURIDXQD�REVHUYHG�FRPSULVHG�DOO
ILVK�VSHFLHV�DQG�DOO�LQYHUWHEUDWHV�ODUJH�HQRXJK�WR�EH�GH�
WHFWDEOH�E\�QDNHG�H\H�DQG�ZLWKRXW�SK\VLFDOO\�GLVWXUELQJ
WKH�KDELWDW��$OO�LQGLYLGXDOV�RI�DOO�WD[D�ZHUH�UHFRUGHG�EXW
IRU� WKH� SUHVHQWHG� DQDO\VHV�� REVHUYDWLRQDO� XQLWV� FDOOHG
�JURXSV�� ZHUH� XVHG�� GHILQHG� DV� VSDWLDO� FOXVWHUV� RI� �� RU
PRUH� LQGLYLGXDOV� RI� WKH� VDPH� VSHFLHV� REVHUYHG� DW� WKH
VDPH�PRPHQW�� )RU� VWDWLVWLFDO� WHVWV�� WKH� DSSURSULDWH� XQLW
RI� UHSOLFDWLRQ� LV� SUREDEO\� WKH� JURXS�� VLQFH� LQGLYLGXDOV
ZLWKLQ� D� JURXS� DUH� QRW� LQGHSHQGHQW� REVHUYDWLRQV�� DQG
QLQHW\�HLJKW� SHUFHQW� RI� DOO� JURXSV� REVHUYHG� FRPSULVHG
��� RU� OHVV� LQGLYLGXDOV�� 7UDQVHFWV� ZHUH� IROORZHG� DW� D
VSHHG� RI� DSSUR[LPDWHO\� ���� P�VHF� GXULQJ� WKH� GD\� DQG
�����P�VHF�GXULQJ�WKH�QLJKW��7UDQVHFW�OHQJWK�UDQJHG�IURP
����P�WR�����P�

'*36�YLGHRJUDSK\

'XULQJ� WKH� GD\WLPH� VDPSOLQJ�� WKH� GLYHU� FDUULHG� D
YLGHR�VHQVRU��6RQ\������FRORU�79/��WKDW�FRQWLQXRXVO\�UH�
FRUGHG� WKH� VHD� ERWWRP�� 6LPXOWDQHRXVO\� RYHUODLG� RQ� WKH
YLGHR� LPDJH�ZDV�VDWHOOLWH� WLPH� UHFRUGHG�HYHU\� WZR� VHF�
RQGV��'HSWK�ZDV� UHFRUGHG�E\�D� ����.+]�� �������� VLQ�
JOH�EHDP� WUDQVGXFHU�� +RUL]RQWDO� '*36� FRRUGLQDWHV
������7ULPEOH�3UR�;56��ZHUH� WDNHQ�ZLWK� UHDO�WLPH�VXE�
PHWHU� DFFXUDF\� IURP� UDGLR� EHDFRQ� WUDQVPLVVLRQV� WR� D
*36�DQWHQQD�KHOG�E\�ND\DN�RSHUDWRU�GLUHFWO\�DERYH� WKH
YLGHR�VHQVRU�YLVLEOH�IURP�WKH�VXUIDFH��1RUULV�HW�DO��������
'DXZDOWHU�HW�DO���������6FKXOW]���������7KH�QLJKW�GLYHV
IROORZHG� WKH� VDPH� WUDQVHFWV� DV� WKH� GD\� GLYHV� XVXDOO\
ZLWKLQ����KRXUV��E\� VXEPHWHU� UHDO�WLPH�QDYLJDWLRQ�RYHU
WKH�'*36�WUDFNV�RI�WKDW�GD\¤V�GLYH�WUDQVHFWV��7KLV�KDG�WKH
DGYDQWDJH� RI� QRW� XVLQJ� XQGHUZDWHU� VXUYH\� PDUNHUV� RU
WDSH�PHDVXUHV�ZKLFK�KDYH�EHHQ�REVHUYHG�WR�DWWUDFW�ILVK�
7KH� SURSRUWLRQ� RI� HDFK� PLFURKDELWDW�� GHILQHG� DV� VXE�
KDELWDWV�ZLWKLQ�WKH�ILYH�EDVLF�KDELWDWV��URFN��5���DOJDH��$��
GHQVH� VHDJUDVV� �6'��� VSDUVH� VHDJUDVV� �66��� DQG� XQFRQ�
VROLGDWHG� VHGLPHQWV� �8��� RFFXS\LQJ� WKH� WUDQVHFW�� ZDV
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PHDVXUHG� E\� DQDO\VLV� RI� WKH� YLGHR� �IRU� PLFURKDELWDW
LGHQWLILFDWLRQ�NH\�VHH�7DEOH�����(DFK�VHFRQG�RI�WKH�YLGHR
ZDV� LGHQWLILHG� DV� UHSUHVHQWLQJ� RQH� RI� WKHVH�PLFURKDEL�
WDWV��DQG� WKHQ� WKH� OLQHDU� H[WHQW�RI� WUDQVHFW�RFFXSLHG�E\
HDFK�RI�WKH�PLFURKDELWDWV�ZDV�FDOFXODWHG�IURP�WKH�DVVR�
FLDWHG�'*36� SRVLWLRQV� �6FKXOW]�� �������2QH� VHFRQG� RI
YLGHR�UHSUHVHQWV�DSSUR[LPDWHO\�����P�RI�WUDQVHFWV�

&DOFXODWLRQ�RI�IDXQD�DQG�KDELWDW�UHODWHG�YDULDEOHV

7RWDO�DEXQGDQFH�RI�D� IDXQDO� VSHFLHV�ZDV�GHILQHG�DV
WKH�QXPEHU�RI�REVHUYDWLRQDO�XQLWV�RU�JURXSV�HQFRXQWHUHG
SHU�PHWHU�RI�YLVXDO�FHQVXV�WUDQVHFW��5HODWLYH�DEXQGDQFH
RI�D�VSHFLHV�ZLWKLQ�D�VLWH�KDELWDW�FRPELQDWLRQ�ZDV�HTXDO
WR� WKH�DEVROXWH�DEXQGDQFH� LQ� WKDW�FRPELQDWLRQ�GLYLGHG
E\�WKH�WRWDO�DEXQGDQFH�RI�DOO�VSHFLHV�ZLWKLQ�WKDW�FRPEL�
QDWLRQ��)DXQDO�GLYHUVLW\�ZDV�FDOFXODWHG�DV�WKH�6LPSVRQ
V
UHFLSURFDO� LQGH[�� HTXDO� WR� WKH�PXOWLSOLFDWLYH� LQYHUVH� RI
WKH�SUREDELOLW\�WKDW�WZR�UDQGRP�JURXSV�RI�IDXQD�DUH�WKH
VDPH�VSHFLHV��7KLV�ZH�UHIHU�WR�DV�WKH��HIIHFWLYH��QXPEHU
RI�VSHFLHV�RU�WKH�QXPEHU�RI�VSHFLHV�LQ�WKH�VLWH�KDELWDW� LI
DOO� VSHFLHV� ZHUH� HTXDOO\� DEXQGDQW�� JLYHQ� WKH� REVHUYHG
SUREDELOLW\� WKDW� WZR� UDQGRP� JURXSV� DUH� WKH� VDPH� VSH�
FLHV�� +DELWDW� GLYHUVLW\� �� DJDLQ� DV� 6LPSVRQ
V� UHFLSURFDO
LQGH[�� LQ� WKLV�FDVH� WKH�UHFLSURFDO�RI� WKH�SUREDELOLW\� WKDW
WZR�UDQGRP�VHFRQGV�RI�WUDQVHFW�YLGHR�VKRZHG�WKH�VDPH
ERWWRP�PLFURKDELWDW��7KLV�LV�UHIHUUHG�WR�LQ�WKH�WH[W�DV�WKH
�H[SHFWHG�� QXPEHU� RI� PLFURKDELWDW� W\SHV� IRU� D� VLWH�
KDELWDW�FRPELQDWLRQ��7RWDO�PLFURKDELWDW�DEXQGDQFH�ZDV
HTXDO� WR� WKH� QXPEHU� RI� YLGHR� VHFRQGV� VKRZLQJ� D� SDU�
WLFXODU�PLFURKDELWDW� W\SH�ZLWKLQ�D� WUDQVHFW��5HODWLYH�PL�
FURKDELWDW� DEXQGDQFH� ZLWKLQ� D� JLYHQ� VLWH�KDELWDW� ZDV
HTXDO� WR� LWV� DEVROXWH� DEXQGDQFH� GLYLGHG� E\� WKH� WRWDO
QXPEHU�RI�VHFRQGV�LQ�WKH�WUDQVHFW�YLGHR�

'DWD�DQDO\VLV

$OO� FRQILUPDWRU\� VWDWLVWLFDO� WHVWV� ZHUH� FRQGXFWHG
ZLWKLQ� JHQHUDO� OLQHDU� PRGHOV�� LQFOXGLQJ� XQHTXDO� YDUL�
DQFH�W�WHVWV��VLQJOH�IDFWRU�$129$�DQG�OLQHDU�UHJUHVVLRQ�
DIWHU�FKHFNLQJ�IRU�QRUPDOLW\�DQG�KRPRVFHGDVWLFLW\�

5(68/76

$V�UHSRUWHG�LQ�D�SUHYLRXV�SXEOLFDWLRQ��6FKXOW]�HW�DO��
�������RYHU�D�WRWDO�GLYH�WUDQVHFW�OHQJWK�RI����NP�DFFRP�
SOLVKHG�LQ����KRXUV�RI�GLYLQJ���������DQLPDOV�KDYH�EHHQ
REVHUYHG���������ILVK�EHORQJLQJ�WR����WD[D�DQG������LQ�
YHUWHEUDWHV�EHORQJLQJ�WR���� WD[D�� ,QGLYLGXDOV�KDYH�EHHQ
UHFRUGHG�LQ��������REVHUYDWLRQDO�ILVK�JURXSV�DQG������
REVHUYDWLRQDO� JURXSV� RI� LQYHUWHEUDWHV�� 7KH� WRWDO� IDXQDO
GHQVLW\�ZDV�����DQLPDOV�SHU�WUDQVHFW�PHWHU������ILVK�DQG
�����LQYHUWHEUDWHV���RU������REVHUYDWLRQDO�XQLWV�SHU�WUDQ�
VHFW�PHWHU�������ILVK�DQG������LQYHUWHEUDWH��

+DELWDW�VSHFLILF�IDXQDO�DVVHPEODJHV

7KH� FOXVWHU� DQDO\VHV� RI� WKH� VLWH� VSHFLILF� UHODWLYH
DEXQGDQFHV� RI� IDXQDO� WD[D� REVHUYHG� LQ� HDFK� RI� WKH
VLWH�KDELWDWV�UHYHDOHG�VHYHQ�PDLQ�VLJQLILFDQW�FOXVWHUV��)LJ�
����ZLWK� HDFK� FOXVWHU� UHSUHVHQWLQJ� RQH�RI� WKH� ILYH� EDVLF
KDELWDWV��LQFOXGLQJ��VSDUVH�VHDJUDVV��66��FOXVWHU�����GHQVH
VHDJUDVV��6'��FOXVWHUV���DQG�����URFN��5��FOXVWHUV���DQG����
XQFRQVROLGDWHG� VHGLPHQWV� �8�� FOXVWHU� ���� DQG� DOJDH� �$�
FOXVWHU����� )RU� HDFK�RI� WKH� VHYHQ�PDLQ� FOXVWHUV� 7DEOH� �
JLYHV�LQIRUPDWLRQ�RQ�WRWDO� IDXQDO�DQG�PLFURKDELWDW� ULFK�
QHVV�DQG�WD[RQ�GRPLQDQFH�DQG�LQGLFDWHV�LQ�ZKLFK�RI�WKH
ILYH� EDVLF� KDELWDWV� �$�� 5�� 66�� 6'�� 8�� WD[D� UHDFK� WKHLU
KLJKHVW� UHODWLYH� DEXQGDQFH�� 7KH� QXPEHU� RI� GRPLQDQW
WD[D� �FRPSULVLQJ� ���� RI� WKH� WRWDO� IDXQDO� DEXQGDQFH�
ZLWKLQ�HDFK�PDLQ�FOXVWHU�SRVLWLYHO\�FRUUHODWHG�ZLWK�VXE�
FOXVWHU� KDELWDW� ULFKQHVV� �7DE�� ���� )DXQDO� ULFKQHVV� DQG
KDELWDW�ULFKQHVV�ZDV�KLJKHVW�DW�EDUH�VHGLPHQW��FOXVWHU����
LQ� VSDUVH� VHDJUDVV� �FOXVWHU� ���� DQG� LQ� GHQVH� VHDJUDVV
�FOXVWHU� ���� 7D[D� FRPSULVLQJ� ���� RI� WKH� WRWDO� IDXQDO
DEXQGDQFH� LQ� WKH� VSDUVH� VHDJUDVV� �FOXVWHU���� DQG� LQ� WKH
URFN�KDELWDW� �FOXVWHU����ZHUH�PRVW�HYHQ� LQ� WKHLU� UHODWLYH
DEXQGDQFHV�� ZKHUHDV� WKH� IDXQDO� DVVHPEODJH� DW� EDUH
VHGLPHQWV� ZDV� GRPLQDWHG� E\�*RELXV� QLJHU� DQG� JRELLG
MXYHQLOHV��FRPSULVLQJ�PRUH�WKDQ�����RI�WKH�WRWDO�IDXQDO
DEXQGDQFH��7DE�����

5RFN�KDELWDW��FOXVWHUV���DQG���

*RELLGV� �*RELXV� FRELWLV� �*RFR��� *�� SDJDQHOOXV
�*RSD���*��FUXHQWDWXV��*RFU���DQG�*��EXFFKLFKLL��*REX�
UHDFKHG� WKHLU� KLJKHVW� UHODWLYH� DEXQGDQFH� LQ� WKH� URFN
KDELWDW� DQG� VHYHUDO� EOHQQLGV� �3DUDEOHQQLXV� VDQJXLQR�
OHQWXV�� 3�� LQFRJQLWRV�� 3�� JDWWRUXJLQH� �3DJD��� /LSRSKU\V
GDOPDWLQXV��DQG�/��SDYR���DQG�6HUUDQXV�VFULED�ZDV�IRXQG
WKHUH� H[FOXVLYHO\�� ,QYHUWHEUDWHV� IRXQG� VROHO\� RQ� URFNV
ZHUH�WKH�VTXDG�OREVWHUV�RI�WKH�JHQXV�*DODWKHD��WKH�FUDE
(ULSKLD�YHUUXFRVD�� WKH�XUFKLQ�3DUDFHQWURWXV� OLYLGXV��DQG
R\VWHUV��2VWUHLGDH���7KH�VKULPS�3DODHPRQ�HOHJDQV��3DHO�
KDG� LWV� KLJKHVW� UHODWLYH� DEXQGDQFH� KHUH�� ZKLOH� ODEULGV
�6\PSKRGXV�RFHOODWXV��6\RF��DQG�6��URLVVDOL��6\URL���ZHUH
YHU\� FRPPRQ�� \HW� KDG� DQ� HYHQ� KLJKHU� UHODWLYH� DEXQ�
GDQFH�LQ�DOJDO�YHJHWDWLRQ�

$OJDH�KDELWDW��FOXVWHU���

7KH� DOJDO� YHJHWDWLRQ�DVVHPEODJH� LV� FKDUDFWHUL]HG� E\
WZR� VSHFLHV�RI� ODEULGV�6��RFHOODWXV� �6\RF�� DQG� 6�� URLVVDOL
�6\URL���DQG�WKH�VKULPS�3��HOHJDQV��3DHO��DOO�RI�ZKLFK�DOVR
DVVRFLDWH�ZLWK�URFNV��$OJDO�DVVHPEODJHV�RI�GLIIHUHQW�ORFD�
WLRQV� YDU\�SULPDULO\� LQ� WKH� UHODWLYH� DEXQGDQFHV� RI� WKHVH
ODEULGV� DQG� VKULPS�� DV� ODEULGV� LQFUHDVH� WKH� VKULPS� GH�
FUHDVHV�DQG�YLFH�YHUVD��/LNH�WKH�WZR�ODEULGV��$WKHULQD�VSS�
�$WK�� UHDFKHV� LWV� KLJKHVW� DEXQGDQFH� LQ� WKH� DOJDO� KDELWDW
ZKHUH�DW�QLJKW� LQGLYLGXDOV�RU�VPDOO�JURXSV�KRYHU� LQ�FDQ�
RS\�JDSV�ZLWKLQ�VWDQGV�RI�ODUJH�&\VWRVHLUD�LQGLYLGXDOV�
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7DE�����&RPSDULVRQ�RI�WKH�PDLQ�VLWH�KDELWDW�FOXVWHUV��)LJ�����E\�UHODWLYH�DEXQGDQFH�RI�FRPPRQ�WD[D� �FRPSULVLQJ
����RI�WKH�WRWDO�DEXQGDQFH��DQG�WRWDO�IDXQDO�ULFKQHVV��DERYH��DQG�E\�UHODWLYH�DEXQGDQFH�RI�PLFURKDELWDWV�DQG�PL�
FURKDELWDW�ULFKQHVV��)RU�PLFURKDELWDW� LGHQWLILFDWLRQ�UHIHUV�WR�7DEOH����+LJKOLJKWHG�DEEUHYLDWLRQV�IRU�FRPPRQ�DQL�
PDO�WD[D��VHH�WH[W�IRU�IXOO�VSHFLHV�QDPHV��LQGLFDWH�LQ�ZKLFK�KDELWDW�WD[D�UHDFKHG�WKHLU�SHDN�UHODWLYH�DEXQGDQFH�
7DE�����3ULPHUMDYD�JODYQLK�VNXSLQ�REPRàMH�KDELWDW��6O�����]�UHODWLYQR�ÉWHYLOàQRVWMR�JODYQLK�YUVW������FHORWQH�ÉWHYL�
OàQRVWL��LQ�FHORWQHJD�ERJDVWYD�IDYQH��]JRUDM��WHU�]�UHODWLYQR�ÉWHYLOàQRVWMR�PLNURKDELWDWRY�LQ�ERJDVWYD�PLNURKDELWD�
WRY��=D�LGHQWLILNDFLMR�PLNURKDELWDWRY�JOHM�7DEHOR����3RXGDUMHQH�RNUDMÉDYH�]D�JODYQH�ËLYDOVNH�YUVWH��JOHM�EHVHGLOR�]D
SROQR�LPH�YUVWH��R]QDàXMHMR�KDELWDW��Y�NDWHUHP�MH�YUVWD�GRVHJOD�QDMYHàMR�UHODWLYQR�ÉWHYLOàQRVW�

6'��GHQVH�VHDJUDVV� 5��URFNV� 8��VHGLPHQWV� 66��VSDUVH
VHDJUDVV�

$��DOJDH�

&OXVWHU�� SURS� &OXVWHU�� SURS� &OXVWHU�� SURS� &OXVWHU�� SURS� &OXVWHU�� SURS� &OXVWHU�� SURS� &OXVWHU�� SURS�

UHODWLYH�IDXQDO�DEXQGDQFHV
3VPL ����� $WK ����� 3DHO ����� *RQL ����� *RQL ����� *RQL ����� $WK �����
=RRS ����� 3VPL ����� *RQL ����� *REX ����� *RMXY ����� =RRS ����� 6\RF �����
$WK ����� =RRS ����� *RMXY ����� *RFR ����� $WK ����� $WK ����� 6\URL �����
3DHO ����� 3DHO ����� $WK ����� $WK ����� 3DJXUXV ����� %UDFK\XUD ����� 3DHO �����
$QVX ����� $QVX ����� %UDFK\XUD ����� 3DHO ����� 3DHO ����� 3DJXUXV ����� %UDFK\XUD �����
+HWU ����� %UDFK\XUD ����� =RRS ����� 6\URL ����� %UDFK\XUD ����� *RMXY �����
%UDFK\XUD ����� *RQL ����� 6\RF ����� *RFU ����� MXY� ����� 3DHO �����
3DJXUXV ����� 3DJXUXV ����� 3DJD ����� 6\RF ����� *REX ����� +HWU �����

$QDQ ����� %UDFK\XUD ����� 6\URL ����� $QVX �����
6\RF ����� *RSD ����� 6\RF ����� 3VPL �����

*RFR ����� 6\RF �����
+HWU ����� *REX �����
*RFU ����� 6\URL �����
MXY� ����� MXY� �����

�����WD[D ����� �����WD[D ����� ����WD[D ����� �����WD[D ����� �����WD[D ����� �����WD[D ����� �����WD[D �����

UHODWLYH�KDELWDW�DEXQGDQFHV
==� ����� ==� ����� 5� ����� 5� ����� 8� ����� 1� ����� $� �����
1� ����� 1� ����� 5� ����� 57� ����� 8� ����� ==� ����� $RWK �����
&� ����� &� ����� 5� ����� 5� ����� ' ����� 1� �����
==� ����� ==� ����� 57� ����� 5� ����� 8� ����� 5� �����

1� ����� 57� ����� 57� ����� 8� ����� &� �����
1� ����� 57� ����� 5� ����� 5� �����
&� ����� 5� ����� 5� ����� =� �����
==� ����� 05� ����� 8� ����� ==� �����
=� ����� 05� ����� 5� ����� =� �����
1� ����� 5� ����� 57� ����� 57� �����
=� ����� 57� ����� 57� �����
&� ����� 57� ����� 57� �����
==� �����

���
KDELWDWV

�����
���

KDELWDWV �����

8QFRQVROLGDWHG�VHGLPHQW�KDELWDW��FOXVWHU���

&RPPRQ� LQKDELWDQWV� RQ� EDUH� VDQG�JUDYHO� QHDU� WKH
URFNV�LQ�VKDOORZ�ZDWHU�DUH�WKH�JRE\�*RELXV�QLJHU��*RQL�
DQG� KHUPLW� FUDEV� RI� WKH� JHQXV� 3DJXUXV�� &RPPRQ� LQ�
KDELWDQWV�RQ�EDUH�VDQG�JUDYHO�QHDU�WKH�ORZHU�OLPLWV�RI�WKH
&\PRGRFHD� QRGRVD� EHGV� LQ� GHHSHU� ZDWHU� LQFOXGH� WKH
ELYDOYH�3HFWHQ� MDFREHXV�� WKH� JDVWURSRG�+H[DSOH[� WUXQ�
FXOXV� �+HWU��� DQG� WKH� ILVK� 6\PSKRGXV� FLQHUHXV�� 7D[D
FRPPRQ� LQ� PRUH� H[SDQVLYH� DUHDV� RI� EDUH� VDQG�JUDYHO
LQFOXGH� VPDOO� JRELLGV�� PDLQO\�3RPDWRVFKLVWXV� VSS��� MX�

YHQLOHV�RI�*��QLJHU��*RMXY���DQG�EHQWKR�SHODJLF�MXYHQLOH
ILVK�ZLWK�VFKRROLQJ�EHKDYLRU��MXY��DQG�MXY���

6SDUVH�VHDJUDVV��FOXVWHU���

6SHFLHV� IUHTXHQWO\� REVHUYHG� LQ� VSDUVH� VHDJUDVV� DUH
DVVRFLDWHG�HLWKHU�ZLWK� VKDOORZHU�=RVWHUD�EHGV� �=RVWHULV�
HVVRU� RSKLRFHSKDOXV� �=RRS�� DQG� $QHPRQLD� YLULGLV
�$QYL��� RU� GHHSHU� &\PRGRFHD� EHGV� DQG� WKH� DGMDFHQW
GHHS�XQYHJHWDWHG� VHGLPHQWV� �+�� WUXQFXOXV� �+HWU���3�� MD�
FREDHXV��6��FLQHUHXV��6SLFDUD�VPDULV��
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)LJ�����'HQGURJUDP�RI�VLWH�KDELWDW�FRPELQDWLRQV�EDVHG�RQ�WD[D�DEXQGDQFH�SHU�OLQHDU�WUDQVHFW�PHWHU�UHODWLYH�WR�WKH
WRWDO�ZLWKLQ�HDFK�RI�WKH�ILYH�VXEVWUDWHV��DOO�VDPSOLQJ�WLPHV��GLHO��VHDVRQDO��DQG�DOO�VLWHV��$�-��SRROHG��6LJQLILFDQW�FOXV�
WHUV��PXOWLVFDOH�ERRWVWUDS�UHVDPSOLQJ�SUREDELOLW\�!������DUH�HQFORVHG�LQ�UHFWDQJOHV��0DLQ�VXEFOXVWHUV�UHSUHVHQWLQJ
RQH�RI�WKH�ILYH�EDVLF�KDELWDWV��VHH�)LJ�����DUH�QXPEHUHG��3ULPDU\�VXEFOXVWHUV�ZLWKLQ�PDLQ�KDELWDW�FOXVWHUV�DUH�LQGL�
FDWHG�ZLWK�WKH�OHWWHUV��D��DQG��E��LQ�DGGLWLRQ�WR�WKH�FOXVWHU�QXPEHU��7RWDO�IDXQDO�DEXQGDQFH���VW�YDOXH��DQG�GLYHUVLW\
LQGLFHV��SUREDELOLW\���QG�YDOXH��DQG�HIIHFWLYH�QXPEHU�RI�WD[D���UG�YDOXH��ZHUH�GLVSOD\HG�DORQJ�ZLWK�WKH�QDPH�RI�HDFK
RI�WKH�ILIW\�VLWH�KDELWDW�FRPELQDWLRQV�
6O�� ��� 'HQGURJUDP� NRPELQDFLM� REPRàMH�KDELWDW� QD� SRGODJL� ÉWHYLOàQRVWL� WDNVRQRY� QD� PHWHU� OLQHDUQHJD� WUDQVHNWD
JOHGH�QD�FHORWR�]QRWUDM� YVDNHJD�RG�SHWLK� VXEVWUDWRY��YVHK�àDVRY�Y]RUàHQMD� �GQHYQLK�� VH]RQVNLK�� LQ�YVHK�REPRàLM
Y]RUàHQMD� �$�-��� 6WDWLVWLàQR� ]QDàLOQH� VNXSLQH� �PXOWLVFDOH� ERRWVWUDS� UHVDPSOLQJ� YHUMHWQRVW� !������ VR� R]QDàHQH� ]
RNYLUL��*ODYQH�SRGVNXSLQH�� NL� SUHGVWDYOMDMR� HQHJD�RG� SHWLK� JODYQLK� KDELWDWRY� �JOHM� 6O�� ���� VR� RÉWHYLOàHQH��*ODYQH
SRGVNXSLQH�]QRWUDM�JODYQLK�KDELWDWQLK�VNXSLQ�VR�R]QDàHQH�V�àUNDPL��D��LQ��E��SROHJ�ÉWHYLONH�VNXSLQH��&HORWQD�ÉWHYL�
OàQRVW� ����YUHGQRVW�� LQ�GLYHU]LWHWQL� LQGHNV� �YHUMHWQRVW����� YUHGQRVW�� LQ�GHMDQVNR� ÉWHYLOR� WDNVRQRQY����� YUHGQRVW�� VR
SULSLVDQL�LPHQX�YVDNH�RG�SHWGHVHWLK�NRPELQDFLM�REPRàMH�KDELWDW�

'HQVH�VHDJUDVV��FOXVWHUV���DQG���

7KH� GHQVH� VHDJUDVV� DVVHPEODJH� LV� FKDUDFWHUL]HG� E\
WKH�KLJKHVW�UHODWLYH�DEXQGDQFHV�RI�WZR�LQYHUWHEUDWHV��WKH
VQDNHORFN� DQHPRQH�$�� YLULGLV� �$QYL�� DQG� WKH� JUHHQ� XU�
FKLQ�3VDPPHFKLQXV�PLFURWXEHUFXODWXV� �3VPL��� DOWKRXJK
WKH�DEXQGDQFH�RI�WKH�XUFKLQ�LV�VHDVRQDO��KLJKHVW�LQ�ZLQ�
WHU��DQG�SDWFK\��VHH�)LJ�����FOXVWHU���LV�VHSDUDWHG�IURP�DOO
RWKHUV� RQ� WKH� EDVLV� RI� KLJK� UHODWLYH� �3VPL�� DEXQGDQFH��
/LNHZLVH� $�� YLULGLV� �$QYL�� KDYH� EHHQ� REVHUYHG� WR� LQ�
FUHDVH� WHPSRUDULO\� LQ� VSULQJ� ZKHQ� WKH\� FRYHU� VHDJUDVV
EODGHV� LQ� GHQVH� SDWFKHV�� )LVK� WD[D� UHDFKLQJ� WKHLU� SHDN
DEXQGDQFH� LQ� GHQVH� VHDJUDVV� DUH� WZR� VHDJUDVV� UHVLGHQW
SUHGDWRUV�� WKH� (XURSHDQ� HHO�� $QJXLOOD� DQJXLOOD� �$QDQ��
DQG� WKH�JUDVV�JRE\��=��RSKLRFHSKDOXV� �=RRS���$OWKRXJK
WKH�ODEULG�6��FLQHUHXV�SUHIHUV�GHHSHU�VSDUVH�&\PRGRFHD
DQG�DGMDFHQW�VHGLPHQWV�IRU�IRUDJLQJ��QHVWV�RI�WKLV�VSHFLHV

�LGHQWLILHG�E\�WKH�SUHVHQFH�RI�D�WHUULWRULDO�PDOH��DUH�DVVR�
FLDWHG� ZLWK� GHQVH� VHDJUDVV�� :KLOH� $WKHULQD� VSS�� �$WK�
IUHTXHQWO\�DQG�TXLFNO\�SDVVHV�LQ�VFKRROV�RYHU�DOO�KDELWDWV
GXULQJ�WKH�GD\�ZLWK�OLWWOH�SUHIHUHQFH��LW�QRWLFHDEO\�VHHNV
RXW�GHQVH�VHDJUDVV�DW�QLJKW��KRYHULQJ�LQ�VPDOO�JURXSV�RU
LQGLYLGXDOO\�DW�D�GLVWDQFH�DERYH�WKH�FDQRS\�

6LWH�YDULDELOLW\�LQ�KDELWDW�VSHFLILF�IDXQDO�ULFKQHVV�
GLYHUVLW\��DQG�DEXQGDQFH

5RFN�KDELWDW��FOXVWHUV���DQG���

7KH� WZR� PDLQ� URFN� DVVHPEODJHV� �FOXVWHUV� �� DQG� ��
ZHUH� PDUNHGO\� GLIIHUHQW� LQ� WD[RQ� ULFKQHVV� ���� YV�� ��
WD[D�� �7DE������\HW� WKH� OLNHZLVH� ODUJH�GLIIHUHQFH� LQ�PHDQ
GLYHUVLW\��H�J�������YV����HIIHFWLYH�WD[D��ZDV�QRW�TXLWH�VLJ�
QLILFDQW��7DE������ZKLOH�PHDQ�IDXQDO�DEXQGDQFH�ZDV�VLJ�
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7DE�����6XPPDU\�RI�WKH�FRPSDULVRQV�RI�PHDQ�VLWH�GLYHUVLW\�DQG�PHDQ�WRWDO�VLWH�DEXQGDQFH�ZLWKLQ�VXE�FOXVWHUV�RI
EDVLF� KDELWDWV��ZLWK� W� WHVW� UHVXOWV� JLYHQ� LQ� FROXPQV������ ,Q� DGGLWLRQ� VXE�FOXVWHU� ULFKQHVV� �FROXPQ� ���� VXE�FOXVWHU
UHODWLYH�SURSRUWLRQ�RI�PDLQ�KDELWDWV��FROXPQ�����DQG�PLFURKDELWDW�KHWHURJHQHLW\�LQGLFDWRUV�DQG�WKHLU�UHODWLYH�DEXQ�
GDQFH�IRU�HDFK�VXE�FOXVWHU�DUH�OLVWHG��FROXPQ����
7DE�����3RY]HWHN�SULPHUMDYH�SRYSUHàQH�GLYHU]LWHWH�REPRàMD� LQ�SRYSUHàQH�ÉWHYLOàQRVWL�FHORWQHJD�REPRàMD�]QRWUDM
SRGVNXSLQ�RVQRYQLK�KDELWDWRY��SUL�àHPHU�VR�UH]XOWDWL� W� WHVWD�]DSLVDQL�Y�VWROSFLK������'RGDQH�VR�YUHGQRVWL�]D�ER�
JDVWYR�SRGVNXSLQ�����VWROSHF���]D�UHODWLYQL�GHOHË�JODYQLK�KDELWDWRY�SR�SRGVNXSLQDK�����VWROSHF��LQ�LQGLNDWRUML�PLNUR�
KDELWDWQH�KHWHURJHQRVWL�WHU�QMLKRYD�UHODWLYQD�ÉWHYLOàQRVW�]D�YVDNR�SRGVNXSLQR�����VWROSHF��

KDELWDW &OXVWHU
�ULFKQHVV�

VLWH�VSHFLILF
YDULDEOHV

PHDQ GI W�YDOXH S VLWH�KDELWDW
SURSRUWLRQV

KHWHURJHQHLW\ SURS

,QGH[ �������� �� ������� �����H��� =��QROWLL �����
������ SUREDELOLW\ ����� ����� �

�������
��������� ����������� =��PDULQD�&��QRGRVD �����

GHQVH DEXQGDQFH �������� ����� ������� ������ PHDQ����� YHU\�GHQVH�VHDJUDVV �����
VHDJUDVV ,QGH[ �������� =��QROWLL �����

������ SUREDELOLW\ ����� ���������� =��PDULQD�&��QRGRVD ����
DEXQGDQFH �������� PHDQ����� YHU\�GHQVH�VHDJUDVV �����
,QGH[ ����� ����� ������ ������ SHEEOHV�FREEOHV �����

������ SUREDELOLW\ ������ ����� ����� ������ ����������� WXUI�FRYHUHG �����
URFN\ DEXQGDQFH ������ ����� ������� ������� PHDQ����� ERXOGHUV QRQH

JURXQGFRYHU ,QGH[ ����� SHEEOHV�FREEOHV �����
������ SUREDELOLW\ ������ ����������� WXUI�FRYHUHG �����

DEXQGDQFH ������ PHDQ����� ERXOGHUV �����
,QGH[ �������� ����� ������ ��������� JUDYHO �����

�D����� SUREDELOLW\ ������� ����� ������� �������� ����������� ZLWKLQ�URFNV �����
XQFRQVROLGDWHG DEXQGDQFH ������� ����� ������ ������� PHDQ����� GHDG�VHDJUDVV �����
VHGLPHQWV ,QGH[ �������� JUDYHO �����

�E����� SUREDELOLW\ ������� ����������� ZLWKLQ�URFNV �����
DEXQGDQFH ������� PHDQ����� GHDG�VHDJUDVV �����
,QGH[ �������� ����� ����� ������� =��QROWLL �����

�D����� SUREDELOLW\ ��������� ����� ������ �������� ����������� =��PDULQD �����
VSDUVH DEXQGDQFH �������� ����� ������ ������ PHDQ����� &��QRGRVD �����
VHDJUDVV ,QGH[ �������� =��QROWLL �����

�E����� SUREDELOLW\ ��������� ����������� =��PDULQD �����
DEXQGDQFH �������� PHDQ����� &��QRGRVD �����
,QGH[ �������� ����� ������ ������

�D����� SUREDELOLW\ ��������� ���� ������ ������� ����������� &\VWRVHLUD�VSS� �����
DOJDH DEXQGDQFH �������� ����� ����� ������ PHDQ�����

,QGH[ ��������
�E����� SUREDELOLW\ ��������� ����������� &\VWRVHLUD�VSS� �����

DEXQGDQFH �������� PHDQ�����

QLILFDQWO\�KLJKHU� IRU�VLWHV� LQ�FOXVWHU����+DELWDW�FRPSRVL�
WLRQ� GLIIHUHG� LQ� WKH� WZR� JURXSV� RI� URFN� VLWHV�� FOXVWHU� �
VLWHV�ZHUH�GRPLQDWHG�E\�SHEEOHV�DQG�FREEOH�VL]HG�URFNV
������DQG�ODFNHG�ERXOGHUV��ZKLOH�VLWHV�LQ�FOXVWHU���ZHUH
WR�����RFFXSLHG�E\�URFNV�ODUJHU�WKDQ�SHEEOHV�DQG�FRE�
EOHV��RI�ZKLFK����ZHUH�ERXOGHUV��7DE������$OVR�D�KLJKHU
SURSRUWLRQ�RI�URFNV�LQ�FOXVWHU���VLWHV�ZHUH�FRYHUHG�LQ�WXUI
DOJDH� DQG�0\WLOXV� WKDQ� LQ� FOXVWHU� ��VLWHV� �WXUI�� ���� YV�
����0\WLOXV�������YV��QRQH��&RQVLGHULQJ�DOO� URFN� VLWHV�
UHJDUGOHVV�RI�WKHLU�FOXVWHU�SRVLWLRQ������RI�WKH�YDULDWLRQ
DPRQJ� VLWHV� LQ� IDXQDO� GLYHUVLW\� ZDV� H[SODLQHG� E\� URFN
GLYHUVLW\� �)LJ�� ��� 7DE�� ���� 5RFN� IDXQDO� DEXQGDQFH� ZDV
SRVLWLYHO\�FRUUHODWHG�ZLWK�IDXQDO�GLYHUVLW\�DQG�H[SODLQHG
����RI�LWV�YDULDQFH��7DE�����

8QFRQVROLGDWHG� VHGLPHQW� KDELWDW� �VXE�FOXVWHUV� �D� DQG
E�

7KH�WZR�PDLQ�XQFRQVROLGDWHG�VHGLPHQW�DVVHPEODJHV
GLIIHUHG�VLJQLILFDQWO\�LQ�IDXQDO�GLYHUVLW\��7DE������\HW�WKH\
KDG�HTXDO�WD[RQ�ULFKQHVV�����DQG������6LWHV�LQ�FOXVWHU��D
KDG�D� VLJQLILFDQWO\�KLJKHU�PHDQ� IDXQDO� DEXQGDQFH�� SUL�
PDULO\�GXH� WR� WKH�KLJK�DEXQGDQFH�RI�*RELXV�QLJHU� DQG
MXYHQLOH�JRELLGV�������DQG�����SHU�WUDQVHFW�PHWHU���FRP�
SULVLQJ�����RI�WKH�WRWDO�IDXQDO�DEXQGDQFH��6HGLPHQWV�LQ
�D�VLWHV� GLG� QRW� GLIIHU� DV�PXFK� LQ�JUDLQ� VL]H� IURP� VHGL�
PHQWV�LQ��E�VLWHV������YV������FRDUVH�VDQG�DQG�JUDYHO�
DV� LQ� VSDWLDO� UHODWLRQ� WR� QHLJKERULQJ� KDELWDWV� �URFN� YV�
VHDJUDVV���7DE������0RUH�RI�WKH�XQFRQVROLGDWHG�VHGLPHQW
LQ� �D�VLWHV� WKDQ� LQ� �E�VLWHV� FRPSULVHG� VPDOO� SDWFKHV
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7DE�����6LWH�IDXQDO�GLYHUVLW\�DV�D�IXQFWLRQ�RI�D�VLWH£V�KDELWDW�GLYHUVLW\� LQ�WKH�URFN�DQG�VSDUVH�VHDJUDVV�KDELWDW��)RU
HDFK�KDELWDW����PLFURKDELWDW�W\SHV�ZHUH�GHILQHG��IRU�GHWDLOV�VHH�7DEOH����DQG�TXDQWLILHG�LQ�'*36�DVVLVWHG�YLGHRV�RI
WKH�EHQWKRV��6LJQLILFDQFH�RI�FRUUHODWLRQ�LV�LQGLFDWHG�E\�S�YDOXHV�ZKLFK�DUH�JLYHQ�DORQJ�ZLWK�U��YDOXHV�
7DE�����)DYQLVWLàQD�GLYHU]LWHWD�REPRàMD�NRW�IXQNFLMD�KDELWDWQH�GLYHU]LWHWH�REPRàMD�]D�KDELWDW�VNDO�LQ�KDELWDW�UHGNH
PRUVNH�WUDYH��=D�YVDN�KDELWDW�VPR�GRORàLOL����PLNURKDELWDWQLK�WLSRY��]D�SRGUREQRVWL�JOHM�7DEHOR����LQ�MLK�NROLàLQVNR
RSUHGHOLOL�]�'*36�YLGHR�PHULWYLMR�GQD��=QDàLOQRVW�NRUHODFLMH�MH�SRGDQD�Y�YUHGQRVWL�S�LQ�U��

GI W�YDOXH S�YDOXH ) U��YDOXH
5HVSRQVH��IDXQDO�GLYHUVLW\�URFN\�KDELWDW��5�
KDELWDW�GLYHUVLW\ � ����� ������ ����� ������
IDXQDO�DEXQGDQFH � ����� ������ ����� ������
5HVSRQVH��IDXQDO�GLYHUVLW\�VSDUVH�VHDJUDVV�KDELWDW��66�
KDELWDW�GLYHUVLW\ � ����� ������ ����� ������
5HVSRQVH��IDXQDO�GLYHUVLW\�XQFRQVROLGDWHG�VHGLPHQW�KDELWDW��8�
IDXQDO�DEXQGDQFH � ������ ������� ����� ������

)LJ�����6LWH�KDELWDW�WD[RQ�GLYHUVLWLHV��HIIHFWLYH�QXPEHU�RI�WD[D��IRU�WKH�URFN��ULJKW��DQG�VSDUVH�VHDJUDVV��OHIW��KDELWDW
DV�D�IXQFWLRQ�RI�D�VLWH£V�KDELWDW�GLYHUVLW\��HIIHFWLYH�QXPEHU�RI�PLFURKDELWDWV���(DFK�RI�WKH����VLWHV�LV�UHSUHVHQWHG�E\
D�OHWWHU��$�-���)RU�VLWH�ORFDWLRQ�VHH�)LJ�����IRU�PLFURKDELWDW�FDWHJRUL]DWLRQ�ZLWKLQ�EDVLF�KDELWDWV�UHIHUV�WR�7DEOH���
0LFURKDELWDWV�ZHUH�TXDQWLILHG�IRU�HDFK�VHFRQG������P��LQ�'*36�DVVLVWHG�YLGHRV�RI�WKH�EHQWKRV��6LJQLILFDQFH�RI�FRU�
UHODWLRQ�LV�LQGLFDWHG�E\�S�YDOXHV�JLYHQ�DORQJ�ZLWK�U��YDOXHV�RQ�WRS�RI�HDFK�ILJXUH��IRU�GHWDLOV�RI�WKH�$129$�UHVXOWV
VHH�7DEOH����
6O�����9UVWQD�GLYHU]LWHWD�]D�REPRàMH�KDELWDW� �GHMDQVNR�ÉWHYLOR�YUVW��]D�KDELWDW� VNDO� �GHVQR�� LQ� UHGNH�PRUVNH� WUDYH
�OHYR�� NRW� IXQNFLMD� KDELWDWQH�GLYHU]LWHWH�]D�SRVDPH]QR�REPRàMH� �GHMDQVNR� ÉWHYLOR�PLNURKDELWDWRY���9VDNR� RG� ��
REPRàLM�MH�R]QDàHQR�V�àUNR��$�-���=D�ORNDFLMR�REPRàMD�JOHM�6O�����]D�NDWHJRUL]DFLMR�PLNURKDELWDWD�]QRWUDM�RVQRYQLK
KDELWDWRY�JOHM�7DEHOR����0LNURKDELWDWL�VR�ELOL�NROLàLQVNR�RSUHGHOMHQL�]D�YVDNR�VHNXQGR������P��Y�'*36�YLGHR�PHULWYL
GQD��=QDàLOQRVW�NRUHODFLMH�MH�SRGDQD�Y�YUHGQRVWL�S�LQ�U��QD�YUKX�YVDNHJD�JUDID��]D�SRGUREQRVWL�$129$�UH]XOWDWRY
JOHM�7DEHOR����
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DPRQJ�URFNV� �����YV�������ZKLOH� OHVV�VHGLPHQW� LQ��D�
VLWHV�WKDQ�LQ��E�VLWHV�ZDV�FRYHUHG�LQ�GHDG�VHDJUDVV������
YV�� ����� �7DE�� ���� &RQVLGHULQJ� DOO� VHGLPHQW� VLWHV�� UH�
JDUGOHVV� RI� WKHLU� FOXVWHU� ORFDWLRQ�� IDXQDO� DEXQGDQFH� LV
QHJDWLYHO\�FRUUHODWHG�ZLWK� IDXQDO�GLYHUVLW\� DQG�H[SODLQV
����RI�LWV�YDULDWLRQ��7DE�����

6SDUVH�VHDJUDVV��VXE�FOXVWHU��D�DQG�E�

7KH� WZR� PDLQ� VSDUVH� VHDJUDVV� DVVHPEODJHV� �VXE�
FOXVWHUV��D�DQG�E�� VLJQLILFDQWO\� GLIIHUHG� LQ� IDXQDO� GLYHU�
VLW\��7DE�����ZKLFK�FRLQFLGHG�ZLWK�PDUNHG�GLIIHUHQFHV�LQ
WKH�VSDUVH�VHDJUDVV�KDELWDW�FRPSRVLWLRQ��6SDUVH�VHDJUDVV
LQ��E�VLWHV�ZDV� WR�����FRPSULVHG�RI�=RVWHUD�QROWLL�� WKH
VHDJUDVV� RFFXS\LQJ� WKH� VKDOORZHU� EHQWKRV� ������� P��
ZKLOH� VLWHV�FOXVWHUHG� LQ��D�KDG� VLJQLILFDQWO\�KLJKHU�SUR�
SRUWLRQV� RI� RWKHU� VHDJUDVV� VSHFLHV� WKDQ� �E�VLWHV�� GHHS
������P�� VSDUVH� &\PRGRFHD� ����� WLPHV� KLJKHU�� DQG
VSDUVH�=��PDULQD� ��� WLPHV� KLJKHU�� �7DE�� ���� &RQVLGHULQJ
DOO� VSDUVH� VHDJUDVV� VLWHV�� UHJDUGOHVV� RI� WKHLU� DVVRFLDWLRQ
ZLWK�FOXVWHU��VLWH�YDULDELOLW\�LQ�VSDUVH�VHDJUDVV�KDELWDW�GL�
YHUVLW\� ZDV� VLJQLILFDQWO\� FRUUHODWHG� ZLWK� DQG� H[SODLQHG
����RI�WKH�VLWH�YDULDELOLW\�LQ�IDXQDO�GLYHUVLW\��)LJ�����7DE�
���

'HQVH�VHDJUDVV��FOXVWHUV���DQG���
7KH�WZR�PDLQ�GHQVH�VHDJUDVV�DVVHPEODJHV��FOXVWHUV��

DQG� ��� VLJQLILFDQWO\� GLIIHUHG� LQ� IDXQDO� GLYHUVLW\� �7DE�� ��
DQG�LQ�IDXQDO�ULFKQHVV�����YV�������ZKLFK�FRLQFLGHG�ZLWK
PDUNHG� GLIIHUHQFHV� LQ� WKH� GHQVH� VHDJUDVV� VLWH� FRYHUDJH
���� YV�� ������ GHQVLW\�� DQG� UHODWLYH� DEXQGDQFH� RI� VHD�
JUDVV� VSHFLHV�� 6LWHV� LQ� FOXVWHU� �� ZHUH� GRPLQDWHG� E\�=�
QROWLL� ������DQG�KDG�D�KLJKHU�SURSRUWLRQ�RI�YHU\�GHQVH
VHDJUDVV��SHU�WUDQVHFW�PHWHU�FRYHUDJH� ���WKDQ�FOXVWHU���
VLWHV������YV���������7DE�����

$OJDH��FOXVWHUV��D�DQG�E�

7KH� VLWHV�RI� WKH� WZR�PDLQ�DOJDO�FOXVWHUV�GLG�QRW� VLJ�
QLILFDQWO\�GLIIHU�LQ�IDXQDO�GLYHUVLW\��IDXQDO�DEXQGDQFH��RU
DOJDO�KDELWDW�GLYHUVLW\��7DE�����

',6&866,21

7KH� VWXG\� DUHD� LQGHHG� FRPSULVHG� KDELWDW� VSHFLILF
IDXQDO�DVVHPEODJHV��)LJ������(DFK�RI� WKH�ILYH�EDVLF�KDEL�
WDWV��DOJDH��$���URFN� �5��� VSDUVH��66��DQG�GHQVH� �6'��VHD�
JUDVV� DQG� XQFRQVROLGDWHG� VHGLPHQW� �8�� ZHUH� FOHDUO\
GRPLQDWHG�E\�D�GLIIHUHQW�VHW�RI� WD[D� �H�J��� ODEULGV� LQ� WKH
DOJDH�� IRXU� DVVRFLDWHG� JRELHV� LQ� WKH� URFN\� KDELWDW�
3VDPPHFKLQXV� WXEHUFXODULV� �3VPL�� DQG� =RVWHULVHVVRU
RSKLRFHSKDOXV��=RRS��LQ�VHDJUDVV��DQG�MXYHQLOH�ILVK��JR�
ELLGV� DQG� YDULRXV� XQLGHQWLILHG�� DW� EDUH� VHGLPHQWV� �7DE�
����$OVR��DOO�KDELWDWV�ZHUH�KRPH�IRU�D�QXPEHU�RI�H[FOX�
VLYH�WD[D��H�J���$QJXLOOD�DQJXLOOD��$QDQ��LQ�VHDJUDVV��YDUL�
RXV�EOHQQLGV�DQG� LQYHUWHEUDWH�VSHFLHV� LQ� WKH� URFN�KDEL�

WDW�� DQG� PROOXVNV� VXFK� DV� 3HFWHQ� MDFREHDXV� DQG
+H[DSOH[�WUXQFXOXV��+HWU��LQ�VSDUVH�&\PRGRFHD�QRGRVD
DQG�DGMDFHQW�VHGLPHQWV��7KHVH�ILQGLQJV�DUH�LQ�DJUHHPHQW
ZLWK� KDELWDW� SUHIHUHQFHV� FDOFXODWHG� E\� 6FKXOW]� HW� DO�
������� IRU� WKH�1RYLJUDG�6HD� VKDOORZ�EHQWKRV� WD[D�� 7KH
REVHUYHG�KDELWDW� VSHFLILF� IDXQDO� DVVHPEODJHV�ZHUH� VSD�
WLDOO\� VWDEOH�� WD[D� GLG� QRW� H[KLELW� GLIIHUHQW� KDELWDW� DVVR�
FLDWLRQV� DW� GLIIHUHQW� VLWHV��+RZHYHU�� WKH� GLYHUVLW\� RI� WKH
EDVLF�DVVHPEODJHV�GLG�YDU\�DPRQJ�VLWHV��7DE������ZKLFK
ZDV� FRUUHODWHG� ZLWK� PLFURKDELWDW� GLYHUVLW\� ZKLFK� WR
VRPH�H[WHQW�ZDV�FRUUHODWHG�ZLWK�VLWH�YDULDELOLW\�LQ�IDXQDO
DEXQGDQFH��SRVLWLYH�LQ�WKH�URFN�KDELWDW��QHJDWLYH�DW�EDUH
VHGLPHQWV���:LWKLQ� WKH�1RYLJUDG�6HD� URFN� KDELWDW�� URFN
VL]H�YDULDELOLW\�DQG�WKH�FRYHUDJH�ZLWK�UDWLR�RI�EDUH�URFNV
YHUVXV� URFNV�FRYHUHG�ZLWK� WXUI�DQG�PXVVHOV�PD\�EH� WKH
PRVW� LPSRUWDQW� PLFURKDELWDW� GHVFULSWRUV� LQ� H[SODLQLQJ
IDXQDO� GLYHUVLW\� YDULDELOLW\�� ,Q� VSDUVH� VHDJUDVV� WKH�PRVW
LPSRUWDQW� IDFWRU� PD\� EH� VHDJUDVV� VSHFLHV� GLYHUVLW\�
ZKLFK� LQ� WKH�1RYLJUDG�6HD� LV� OLQNHG� WR�GHSWK�� ,Q�GHQVH
VHDJUDVV�SDWFKHV�VLWH�DUHD�FRYHUDJH�DQG�GHQVLW\�PD\�EH
PRVW�LPSRUWDQW��ZKLOH�DW�EDUH�VHGLPHQWV�WKH�LQIOXHQFH�RI
QHLJKERULQJ�KDELWDWV��URFN�YV��VHDJUDVV��UDWKHU�WKDQ�JUDLQ
VL]H�FRLQFLGHG�ZLWK�GLIIHUHQFHV� LQ� IDXQDO�GLYHUVLW\��)DX�
QDO�GLYHUVLW\�KDV�EHHQ�UHSRUWHG�WR�SRVLWLYHO\�UHVSRQG�WR�D
YDULHW\�RI�URFN�FKDUDFWHULVWLFV��LQFOXGLQJ��UXJRVLW\��/XFN�
KXUVW�	�/XFNKXUVW��������� WXUI�FRYHUDJH� �)HLUHLUUD�HW�DO��
������� FRYHUDJH� ZLWK� KDELWDW� HQJLQHHULQJ� VHVVLOH� DQL�
PDOV��H�J��PXVVOHV� �)HLUHLUUD�HW�DO���������%XVFKEDXP�HW
DO��� ������� YHUWLFDO� UHOLHI� �*UDWZLFNH�	� 6SUHLJKW�� ������
DQG�LQWHUVWLWLDO�VSDFH�YDULHW\��6FKPXGH�HW�DO����������)RU
WKH� 0HGLWHUUDQHDQ� 6HD� SRVLWLYH� UHODWLRQVKLSV� EHWZHHQ
URFN� KDELWDW� GLYHUVLW\� DQG� IDXQDO� GLYHUVLW\� KDYH� EHHQ
IRXQG�IRU�EOHQQLRLGV�E\�0DFSKHUVRQ�	�=LND��������DQG
IRU� EOHQQLRLGV� DQG� RWKHU� FU\SWREHQWKLF� ILVK� E\� 3DW]QHU
�������� %OHQQLRLG� GLYHUVLW\� KDV� EHHQ� LQYHVWLJDWHG� LQ
JUHDWHU� GHWDLO� LQ� VKDOORZ� $GULDWLF� KDELWDWV� E\� 2UODQGR�
%RQDFD�	�/LSHM��������ZKR�GLVFRYHUHG�WKDW�DPRQJ�RWKHU
PLFURKDELWDW�GHVFULSWRUV�WKH�SUHVHQFH�DEVHQFH�RI�WXUI�DO�
JDH�DQG�VHVVLOH� LQYHUWHEUDWHV�� URFN�VL]H��DQG� WKH�SUHFLVH
SRVLWLRQ� DW� ERXOGHUV�� DOO� UHVXOWHG� LQ� EOHQQ\� DVVHPEODJH
YDULDELOLW\��$�VWXG\�LQFOXGLQJ�D�YDULHW\�RI�IDPLOLHV�RI�URFN
UHVLGHQW� FU\SWR�EHQWKLF� ILVK� FRQFOXGHG� WKDW� KDELWDW
FKRLFH�ZDV�DOPRVW�HQWLUHO\�EDVHG�RQ�ZKHWKHU�URFNV�ZHUH
FRYHUHG� LQ� YHJHWDWLRQ� RU� EDUH� �/D� 0HVD� HW� DO��� ������
/HWRXUQHXU� HW� DO�� ������� IRXQG� IRU� WKH� QRUWK�ZHVWHUQ
0HGLWHUUDQHDQ� WKDW� URFN� FRYHU� SHU� VH� DQG� ZLWKLQ� WKH
URFN�KDELWDW�YDULDELOLW\�LQ�URFN�VL]H�ZHUH�PRVW�SRZHUIXO
LQ�H[SODLQLQJ�ILVK�GLVWULEXWLRQ��*DUFLD�&KDUWRQ�	�5X]DID
������� ������ UHSRUWHG� IURP� WKH� VRXWK�ZHVWHUQ�0HGLWHU�
UDQHDQ� D� SRVLWLYH� UHODWLRQ� EHWZHHQ� KDELWDW� FRPSOH[LW\
DQG�ILVK�ULFKQHVV�DQG�DEXQGDQFH��ZLWK�WKH�VL]H�YDULDELO�
LW\�RI�ERXOGHUV��HVSHFLDOO\�WKH�QXPEHU�RI� ODUJH�ERXOGHUV
KDYLQJ� WKH� ODUJHVW�SRVLWLYH�HIIHFW�RQ� ULFKQHVV�DQG�DEXQ�
GDQFH��DQG�&RQVROL�HW�DO�� ������� FRPSDUHG� WKUHH� URFN\
VKRUHV� H[KLELWLQJ� VLJQLILFDQW� GLIIHUHQFHV� LQ� URFN� KDELWDW
FRPSOH[LW\�LQ�WKH�FHQWUDO�0HGLWHUUDQHDQ�ZKHUH�WKH�PRVW
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FRPSOH[�KDELWDW�KDUERUHG�WKH�PRVW�DEXQGDQW�ILVK�IDXQD
PRVW� OLNHO\� DV� D� UHVXOW� RI� LQFUHDVHG� VSDWLDO� DQG� WURSKLF
QLFKHV�

7KH� SUHVHQFH� RI� WKUHH� VHDJUDVV� VSHFLHV� DV� ZHOO� DV
WKHLU�KLJK�VKRRW�GHQVLWLHV�LQ�WKH�1RYLJUDG�6HD�LV�XQLTXH
FRPSDUHG� WR� QHDUE\� HPED\PHQWV� OHVV� VHSDUDWHG� IURP
WKH� RSHQ� $GULDWLF� DQG� OHVV� LQIOXHQFHG� E\� IUHVK� ZDWHU
�6WLHIHO�� ������� 6HDJUDVV� DGDSWHG� VHDUFK�DQG�DWWDFN� DQG
DPEXVK� SUHGDWRUV�� VXFK� DV� $�� DQJXLOOD� DQG� =�� RSKLR�
FHSKDOXV� EHQHILW� IURP� WKLV� VLWXDWLRQ� �6FKXOW]� HW� DO��
������� DV� ZHOO� DV� WKH� JUHHQ� XUFKLQ� ZKLFK� FRPSULVHV
!����RI�WKH�IDXQDO�DEXQGDQFH�LQ�VLWHV�ZLWK�KLJK�=RVWHUD
PDULQD� SURSRUWLRQV� �7DE�� ���� ,Q� WKH�1RYLJUDG� 6HD� VXFK
HOHYDWHG� SURSRUWLRQV� RI�=�� PDULQD� DUH� D� VLJQ� RI� GLVWXU�
EDQFH� �.UXVFKHO� HW� DO��� ������� ZKLFK� PD\� FRPH� DORQJ
ZLWK� WD[RQ� GRPLQDQFH� DQG� UHGXFHG� IDXQDO� GLYHUVLW\
�1HLUD�HW�DO����������,Q�WKH�1RYLJUDG�6HD�WKH�GLVWULEXWLRQ
RI� VHDJUDVV� VSHFLHV� LV� GHSWK� GHSHQGHQW� DQG� VKDOORZ
=RVWHUD� VHDJUDVV� EHGV� VXSSRUW� D� GLIIHUHQW� IDXQD� IURP
GHHS�&\PRGRFHD�EHGV��6FKXOW]�HW�DO���������

7ZR�SRVVLEOH�UHDVRQV�IRU�WKH�REVHUYHG�GLIIHUHQFHV�LQ
IDXQDO�GLYHUVLW\�DUH�WKDW�����GHHSHU�VHDJUDVV�VHHPV�WR�DW�
WUDFW� D� YDULHW\� RI� LQYHUWHEUDWHV� DEVHQW� IURP� VKDOORZHU
ZDWHUV�� DQG� ���� =RVWHUD� EHGV� DUH� DYRLGHG� E\� ILVK� WD[D
VXFK� DV� ODEULGV� DQG� JRELLGV� LQ� IDYRU� RI� DOJDO� DQG� VHGL�
PHQW� KDELWDWV� EHFDXVH� RI� WKH� KLJKHU� ULVN� RI� SUHGDWLRQ
SRVHG�E\�WKH�=RVWHUD�UHVLGHQW�SUHGDWRUV�$��DQJXLOOD�DQG
=��RSKLRFHSKDOXV� �.UXVFKHO�	�6FKXOW]��������6FKXOW]�	
.UXVFKHO�� ������� $OJDO�DVVRFLDWHG� ODEULGV� VXFK� DV� 6\P�
SKRGXV� RFHOODWXV� �6\RF�� DQG�6�� FLQHUHXV� DV� ZHOO� DV� WKH
VHGLPHQW�DVVRFLDWHG�*RELXV� QLJHU� �*RQL�� DUH� NQRZQ� WR
SUHIHU� VHDJUDVV� LQ� RWKHU� ORFDWLRQV� �:LHGHUKROP�� �����
*XLGHWWL�� ������ ������ 6WLHIHO�� ������� 'LYHUVLW\� GLIIHU�
HQFHV�LQ�WKH�XQFRQVROLGDWHG�VHGLPHQW�IDXQD�DUH�SULPDU�
LO\� GULYHQ� E\� HYHQQHVV� UDWKHU� WKDQ� VSHFLHV� ULFKQHVV�� DV
WKH�UHODWLYH�DEXQGDQFH�RI� WKH�PRVW�FRPPRQ�VSHFLHV�*�
QLJHU� �DGXOWV�DQG�MXYHQLOHV�� WHQGV�WR�SHDN�LQ�DEXQGDQFH
RQ� VHGLPHQWV� QHDU� URFN� UDWKHU� WKDQ� QHDU� VHDJUDVV�� 7KLV
GLVWULEXWLRQ�PD\�EH�D� UHVSRQVH� WR� WKH� ULVN� RI� SUHGDWLRQ
E\� DQG�RU� WR� VSDWLDO� FRPSHWLWLRQ� ZLWK� WKH� ODUJHU� DQG
PRUH�VXFFHVVIXO�SUHGDWRU�=��RSKLRFHSKDOXV�DV�KDV�EHHQ
GHPRQVWUDWHG�LQ�ILHOG�DQG�WDQN�H[SHULPHQWV�E\�6FKXOW]�	
.UXVFKHO� �������DQG�.UXVFKHO�	�6FKXOW]� ��������6LPLODU
FDVHV�RI� FRPSHWLWLRQ�� DQG�SUHGDWLRQ�GULYHQ�QLFKH�SDUWL�
WLRQLQJ� DPRQJ� JRELLG� VSHFLHV� KDV� EHHQ� UHSRUWHG� HOVH�

ZKHUH��:LHGHUKROP��������6FKRILHOG��������0DODYDVL�HW
DO���������

&21&/86,216

,Q�DJUHHPHQW�ZLWK�RXU�SUHGLFWLRQ�� WKH�1RYLJUDG�6HD
FRQWDLQV� KDELWDW�VSHFLILF� IDXQDO� DVVHPEODJHV�� DQG� WKH
PLFURKDELWDW�GLYHUVLW\�ZLWKLQ�IRXU�RI�WKH�ILYH�EDVLF�KDEL�
WDWV�FRLQFLGHV�ZLWK�VLWH�GLIIHUHQFHV�LQ�GLYHUVLW\�RI�WKH�DV�
VRFLDWHG�IDXQDO�DVVHPEODJHV��<HW��RQO\�LQ�WKH�URFN�KDEL�
WDW� PD\� VSHFLHV� GLYHUVLW\� EH� GLUHFWO\� OLQNHG� WR� PLFUR�
KDELWDW�QLFKH�DYDLODELOLW\�� ,Q� WKH� VHDJUDVV� KDELWDW�� QHJD�
WLYH�LQWHUDFWLRQV�EHWZHHQ�VHDJUDVV�UHVLGHQW�SUHGDWRUV�DQG
WKHLU� SRWHQWLDO� SUH\�� DQG� GHSWK�UHODWHG� GLIIHUHQFHV� LQ
VHDJUDVV� PLFURKDELWDW� FRPSRVLWLRQ� PD\� EH� UHVSRQVLEOH
IRU� WKH� VSHFLHV� VRUWLQJ�� 6LPLODUO\�� WD[RQ� GLYHUVLW\� GLIIHU�
HQFHV�DPRQJ� VHGLPHQW� VLWHV�PD\�EH� D� UHVXOW� RI� VSHFLHV
FRPSHWLWLRQ��*RELGDH��DQG�RU�DYRLGDQFH�RI�SUHGDWLRQ�LQ
WKH� SRWHQWLDOO\� DYDLODEOH� QHLJKERULQJ� VHDJUDVV� KDELWDW
�*RELLGDH�DQG� MXYHQLOH� ILVK���2YHUDOO� IDXQDO�GLYHUVLW\� LQ
WKH�1RYLJUDG�6HD�VHHPV�WR�EH�GULYHQ�E\�KDELWDW�GLYHUVLW\�
HLWKHU� WKURXJK� LQFUHDVHG� DYDLODELOLW\� RI� VSDWLDO� DQG� UH�
VRXUFH�QLFKHV�RU�WKURXJK�IDFLOLWDWLRQ�RI�VSDWLDO�DYRLGDQFH
RI�FRPSHWLWRUV�RU�SUHGDWRUV�

3URWHFWLRQ� RI� IDXQDO� GLYHUVLW\� LQ� WKH� 1RYLJUDG� 6HD
VKRXOG�WKHUHIRUH�IRFXV�RQ�PDLQWHQDQFH�RI�WKH�PRVDLF�OLNH
GLVWULEXWLRQ� RI� WKH� ILYH� EDVLF� KDELWDWV� DQG� WKHLU� PLFUR�
KDELWDWV��7KH� ORVV�RI� WKH� URFN\�DOJDO�KDELWDW�ZRXOG� OLNHO\
UHVXOW� LQ�D�JUHDWHU� UHGXFWLRQ� LQ�ELRGLYHUVLW\� WKDQ� WKH� ORVV
RI�RWKHU�KDELWDWV��DV� WKURXJK� VKRUHOLQH�GHYHORSPHQW��HV�
SHFLDOO\� WKH�FRQYHUVLRQ�RI� WKH�QDWXUDO� VXEOLWWRUDO�KDELWDW
WR�FRQFUHWH�VHDZDOO��7KH�ORVV�RI�GHHS�&\PRGRFHD�QRGRVD
ZRXOG�DOVR� UHVXOW� LQ� WKH� ORVV�RI�XQLTXH�ELRGLYHUVLW\��DV� LW
FRPSULVHV�D�XQLTXH�LQYHUWHEUDWH�IDXQD�DQG�GRHV�QRW�VXS�
SRUW� UHVLGHQW� SUHGDWRUV� VXFK� DV� =RVWHULVHVVRU� RSKLR�
FHSKDOXV�RU�$QJXLOOD�DQJXLOOD��&��QRGRVD�LQ�WKH�1RYLJUDG
6HD� LV� WKUHDWHQHG� E\� FRPSHWLWLRQ�ZLWK� =RVWHUD� VSHFLHV�
ZKLFK� DUH� VWLPXODWHG� E\� DQWKURSRJHQLF� GLVWXUEDQFH
�.UXVFKHO�HW�DO����������DQG�LV�PRVW�VHQVLWLYH�WR�LQFUHDVHG
WXUELGLW\�GXH�WR�LWV�UHVWULFWLRQ�WR�GHHSHU�DUHDV��7KH�ORVV�RI
VKDOORZ�ZDWHU�VHGLPHQW�SDWFKHV�� WKH�SUHIHUUHG�KDELWDW�RI
D�YDULHW\�RI�MXYHQLOH�ILVK��H�J���WKURXJK�=RVWHUD�H[SDQVLRQ�
ZRXOG�OLNHO\�FDXVH�D�UHGXFWLRQ�LQ�WKH�QXUVHU\�IXQFWLRQ�RI
WKH�1RYLJUDG� 6HD�� OHDGLQJ� HYHQWXDOO\� WR� D� UHGXFWLRQ� RI
ILVK�GLYHUVLW\�DQG�DEXQGDQFH�
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&ODXGLD�.586&+(/�	�6WHZDUW�7��6&+8/7=
8QLYHUVLW\�RI�=DGDU��'HSDUWPHQW�RI�0DULWLPH�6FLHQFHV��+5�������=DGDU��0��3DYOLQRYLFD�EE��&URDWLD

(�PDLO��FODXGLD#FODXGLDNUXVFKHO�FRP

329=(7(.

3RSLV�EHQWRÈNH�PDNURIDYQH�SOLWYLK�SUHGHORY� �����P��1RYLJUDMVNHJD�PRUMD�Y�RVUHGQMHP�KUYDÈNHP�-DGUDQX� MH�ELO
L]YHGHQ�Y�WUHK�OHWQLK�ßDVLK���������LQ�Y�RNYLUX�SHWLK�KDELWDWQLK�WLSRY�QD�GHVHWLK�REPRßMLK��5HODWLYQR�ÈWHYLOßQRVW�YVHK
LGHQWLILFLUDQLK�ÊLYDOVNLK�YUVW�Y�RNYLUX�SHWGHVHWLK�KDELWDW�[�ORNDFLMD�NRPELQDFLM�VPR�REUDYQDYDOL�V�NODVWHUVNR�DQDOL]R�
3RND]DOD�VH�MH�PRßQD�WHQGHQFD�JUXSLUDQMD�KDELWDWRY��NDU�NDÊH�QD�L]UHGQR�SRYH]DQRVW� IDYQH�]�QMHQLP�SUHGQRVWQLP
KDELWDWRP�WHU�QMXQR�SURVWRUVNR�VWDELOQRVW��3RG�UD]YUÈßDQMH�]QRWUDM�ÈWLULK�JODYQLK�KDELWDWQLK�WLSRY�VH�XMHPD�]�YDULDELO�
QRVWMR�REPRßMD�Y�ÈWHYLOX�YUVW�LQ�GLYHU]LWHWL��1H�JOHGH�QD�NODVWHUVNR�DQDOL]R�SD�ODKNR�V�KDELWDWQR�GLYHU]LWHWR�SRMDVQLPR
����IDYQLVWLßQH�GLYHU]LWHWH�QD�VNDOQDWLK�ORNDFLMDK�LQ�����QD�ORNDFLMDK��UHGNR�SRUDVOLK�]�PRUVNR�WUDYR��PHGWHP�NR
ÈWHYLOßQRVW�IDYQH�SRMDVQL�����IDYQLVWLßQH�GLYHU]LWHWH�Y�VNDOQLK�KDELWDWLK��SR]LWLYQD�NRUHODFLMD��LQ�����QD�QHXWUMHQLK
VHGLPHQWLK��QHJDWLYQD�NRUHODFLMD��

.OMXÞQH�EHVHGH��SHVWURVW�KDELWDWRY��SHVWURVW�YUVW��*36��YLGHRJUDILMD��-DGUDQVNR�PRUMH

5()(5(1&(6

$ORQJL�� '�� 0�� 	� 3�� &KULVWRIIHUVRQ� �������� %HQWKLF� LQ�
IDXQD� DQG� RUJDQLVPV�VHGLPHQW� UHODWLRQV� LQ� D� VKDOORZ�
WURSLFDO�FRDVWDO�DUHD���LQIOXHQFH�RI�RXWZHOOHG�PDQJURYH
GHWULWXV�DQG�SK\VLFDO�GLVWXUEDQFH��0DU��(FRO��3URJ��6HU��
������������
%DNUDQ�3HWULFLROL�� 7���2�� $QWRQLF��'�� %XNRYHF��'�� 3HW�
ULFLROL�� ,�� -DQHNRYLF�� -��.UL]DQ��9��.XVDQ�	�6��'XMPRYLF
�������0RGHOOLQJ�VSDWLDO�GLVWULEXWLRQ�RI�WKH�&URDWLDQ�PD�
ULQH�EHQWKLF�KDELWDWV��(FRO��0RGHO������������������
%HOO�� -��'��	�0��:HVWRE\� �����D���$EXQGDQFH�RI�PDF�
URIDXQD� LQ� GHQVH� VHDJUDVV� LV� GXH� WR� KDELWDW� SUHIHUHQFH�
QRW�SUHGDWLRQ��2HFRORJLD�����������������
%HOO��-��'��	�0��:HVWRE\������E���9DULDWLRQ�LQ�6HDJUDVV
+HLJKW�DQG�'HQVLW\�RYHU�D�:LGH�6SDWLDO� 6FDOH� ��(IIHFWV
RQ�&RPPRQ�)LVK�DQG�'HFDSRGV��-��([S��0DU��%LRO��(FRO��
������������������
%XVFKEDXP�� &��� 6�� 'LWWPDQ�� -�� +RQJ�� ,�� +ZDQJ�� 0�
6WUDVVHU��0��7KLHO��1��9DOGLYLD�	�6��<RRQ���������0\WLOLG
PXVVHOV�� JOREDO� KDELWDW� HQJLQHHUV� LQ� FRDVWDO� VHGLPHQWV�
+HOJRO��0DU��5HV�������������
&RQVROL�� 3��� 7�� 5RPHR�� 8�� *LRQJUDQGL� 	� )�� $QGDORUR
��������'LIIHUHQFHV� DPRQJ� ILVK� DVVHPEODJHV� DVVRFLDWHG
ZLWK� D� QHDUVKRUH� YHUPHWLG� UHHI� DQG� WZR� RWKHU� URFN\
KDELWDWV�DORQJ�WKH�VKRUHV�RI�&DSH�0LOD]]R��QRUWKHUQ�6LF�
LO\��FHQWUDO�0HGLWHUUDQHDQ�6HD���-��0DU��%LRO��$VVRF��8�.��
���������������

'DXZDOWHU�� '�� &��� :�� /�� )LVKHU� 	� .�� &�� %HOW� �������
0DSSLQJ� VWUHDP� KDELWDWV� ZLWK� D� JREDO� SRVLWLRQLQJ� V\V�
WHP�� $FFXUDF\�� SUHFLVLRQ�� DQG� FRPSDULVRQ� ZLWK� WUDGL�
WLRQDO�PHWKRGV��(QYLURQ��0DQDJH������������������
)HLUHLUUD�� &�� (�� /��� -�� (�� $�� *RQFDOYH]� 	� 5�� &RXWLQKR
��������&RPPXQLW\�VWUXFWXUH�RI� ILVKHV�DQG�KDELWDW�FRP�
SOH[LW\� RQ� D� WURSLFDO� URFN\� VKRUH�� (QYLURQ�� %LRO�� )LVK��
������������
*DUFLD�&KDUWRQ��-��$��*��	�$��3��5X]DID���������&RUUH�
ODWLRQ�EHWZHHQ�KDELWDW�VWUXFWXUH�DQG�D�URFN\�UHHI�ILVK�DV�
VHPEODJH� LQ� WKH� VRXWKZHVW� 0HGLWHUUDQHDQ�� 3�6�=�1�,
0DU��(FRO���������������
*DUFLD�&KDUWRQ��-��$��*��	�$��3��5X]DID���������6SDWLDO
SDWWHUQ� DQG� WKH� KDELWDW� VWUXFWXUH� RI� D� 0HGLWHUUDQHDQ
URFN\� UHHI� ILVK� ORFDO� DVVHPEODJH��0DU��%LRO��� ����� ����
����
*UDWZLFNH��%��	�0��5��6SUHLJKW���������7KH�UHODWLRQVKLS
EHWZHHQ� ILVK� VSHFLHV� ULFKQHVV�� DEXQGDQFH� DQG� KDELWDW
FRPSOH[LW\� LQ� D� UDQJH� RI� VKDOORZ� WURSLFDO�PDULQH� KDEL�
WDWV��-��)LVK�%LRO���������������
*UD\��&��$���5��&��&KLFN�	�'��-��0F(OOLJRW���������'LHO
&KDQJHV� LQ� $VVHPEODJHV� RI� )LVKHV� $VVRFLDWHG� ZLWK
6KDOORZ� 6HDJUDVV� DQG� %DUH� 6DQG�� (VW�� &RDVW�� 6KHOI� 6FL��
������������
*XLGHWWL�� 3�� 	� 6�� %XVFRWWL� �������� (IIHFWV� RI� VHDJUDVV
FDQRS\� UHPRYDO� RQ� ILVK� LQ� VKDOORZ�0HGLWHUUDQHDQ� VHD�
JUDVV��&\PRGRFHD�QRGRVD�DQG�=RVWHUD�QROWLL��PHDGRZV�
D�ORFDO�VFDOH�DSSURDFK��0DU��(FRO����������������



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

&ODXGLD�.586&+(/�	�6WHZDUW�7��6&+8/7=��5(/$7,216�2)�0$&52)$81$/�',9(56,7<�:,7+�+$%,7$7�',9(56,7<����������

��

*XLGHWWL�� 3�� �������� 'LIIHUHQFHV� $PRQJ� )LVK� $VVHP�
EODJHV� $VVRFLDWHG� ZLWK� 1HDUVKRUH� 3RVLGRQLD� RFHDQLFD
6HDJUDVV�%HGV��5RFN\�DOJDO�5HHIV�DQG�8QYHJHWDWHG�6DQG
+DELWDWV� LQ� WKH� $GULDWLF� 6HD�� (VW�� &RDVW�� 6KHOI� 6FL��� ���
��������
+LOELJ�� %�� 	� -�� $�� %ODNH� �������� /RQJ�WHUP� DQDO\VLV� RI
SRO\FKDHWH�GRPLQDWHG�EHQWKLF� LQIDXQDO� FRPPXQLWLHV� LQ
0DVVDFKXVHWWV� %D\�� 86$�� %XOO�� 0DU�� 6FL��� ������� ����
����
+LQGHOO��*��6��	�*��3��-HQNLQV���������$VVHVVLQJ�SDWWHUQV
RI�ILVK�]RQDWLRQ�LQ�WHPSHUDWH�PDQJURYHV��ZLWK�HPSKDVLV
RQ� HYDOXDWLQJ� VDPSOLQJ� DUWLIDFWV�� 0DU�� (FRO�� 3URJ�� 6HU��
�������������
+RUL��0���7��6X]XNL��<��0RQWKXP��7�� 6ULVRPEDW��<��7D�
QDND��0��1DNDRND�	�+��0XNDL���������+LJK�VHDJUDVV�GL�
YHUVLW\�DQG�FDQRS\�KHLJKW�LQFUHDVH�DVVRFLDWHG�ILVK�GLYHU�
VLW\�DQG�DEXQGDQFH��0DU��%LRO������������������
+RULQRXFKL�� 0��� =�� 1DNDPXUD� 	� 6�� 0LWVXKLNR� �������
&RPSDUDWLYH� DQDO\VLV� RI� YLVXDO� FHQVXVHV� XVLQJ� GLIIHUHQW
ZLGWK� VWULS�WUDQVHFWV� IRU�D� ILVK�DVVHPEODJH� LQ� D� VHDJUDVV
EHG��(VW��&RDVW��6KHOI�6FL�������������
-DQHNRYLÜ�� ,��� 2�� $QWRQLÜ�� -�� .ULÉDQ�� '�� %XNRYHF� 	� 7�
%DNUDQ�3HWULFLROL� �������� 0RGHOOLQJ� EDVLF� SK\VLFDO� SD�
UDPHWHUV�LQ�WKH�$GULDWLF�6HD�DV�WKH�EDVLV�IRU�PDULQH�EHQ�
WKLF�KDELWDWV�PDSSLQJ��(FRO��0RGHO��������������
-D\DUDM��.��$���3��6KHHED��-�� -DNRE��&��5HYLFKDQGUDQ��3�
.�� $UXQ�� .�� 6�� 3UDVHHGD�� 3�� $��1LVKD�	� .�� $�� 5DVKHHG
��������5HVSRQVH�RI� LQIDXQDO�PDFUREHQWKRV�WR�WKH�VHGL�
PHQW� JUDQXORPHWU\� LQ� D� WURSLFDO� FRQWLQHQWDO� PDUJLQH�
VRXWKZHVW�FRDVW�RI�,QGLD��(VW��&RDVW��6KHOI�6FL�����������
����
.UXVFKHO��&��	�6��7��6FKXOW]���������/XUH�DVVLVWHG�YLVXDO
FHQVXV��$� QHZ�PHWKRG� IRU� TXDQWLI\LQJ� ILVK� DEXQGDQFH�
EHKDYLRU��DQG�SUHGDWLRQ�ULVN�LQ�VKDOORZ�FRDVWDO�KDELWDWV�
0DU��)UHVKZ��5HV���,Q�UHYLHZ�
.UXVFKHO��&���6��7��6FKXOW]�	�6��'DKONH���������(YLGHQFH
IRU� VHDJUDVV� FRPSHWLWLRQ� LQ� D� &HQWUDO� $GULDWLF� &URDWLDQ
ODJRRQ��$QQDOHV��6HU��+LVW��1DW���������������
/D�0HVD��*���6��'L�0XFFLR�	�0��9DFFKL� ��������6WUXF�
WXUH� RI� D� 0HGLWHUUDQHDQ� FU\SWREHQWKLF� ILVK� FRPPXQLW\
DQG� LWV� UHODWLRQVKLSV� ZLWK� KDELWDW� FKDUDFWHULVWLFV�� 0DU�
%LRO����������������
/HWRXUQHXU��<���6��5XLWWRQ�	�6��6DUWRUHWWR���������(QYL�
URQPHQWDO� DQG� EHQWKLF� KDELWDW� IDFWRUV� VWUXFWXULQJ� WKH
VSDWLDO�GLVWULEXWLRQ�RI�D� VXPPHU� LQIUDOLWWRUDO� ILVK� DVVHP�
EODJH� LQ� WKH� QRUWK�ZHVWHUQ� 0HGLWHUUDQHDQ� 6HD�� -�� 0DU�
%LRO��$VV��8�.���������������
/LQJR��0��$��	�6��7��6]HGOPD\HU� ��������7KH� LQIOXHQFH
RI� KDELWDW� FRPSOH[LW\� RQ� UHHI� ILVK� FRPPXQLWLHV� LQ� WKH
QRUWKHDVWHUQ� *XOI� RI� 0H[LFR�� (QYLURQ�� %LRO�� )LVK��� ���
������
/LSHM��/���	�0��2UODQGR�%RQDFD���������$VVHVVLQJ�EOHQ�
QLRLG� ILVK� SRSXODWLRQV� LQ� WKH� VKDOORZ�*XOI� RI� 7ULHVWH�� D
FRPSDULVRQ�RI� IRXU� LQ� VLWX�PHWKRGV�� 3HULRG�� %LRO��� ����
��������

/XFNKXUVW��%��(��	�.��/XFNKXUVW� ��������$QDO\VLV�RI� WKH
LQIOXHQFH�RI� VXEVWUDWH� YDULDEOHV� RQ� FRUDO� UHHI� ILVK� FRP�
PXQLWLHV��0DU��%LRO���������������
0DFSKHUVRQ��(��	�8��=LND���������7HPSRUDO�DQG�VSDWLDO
YDULDELOLW\�RI�VHWWOHPHQW�VXFFHVV�DQG�UHFUXLWPHQW�OHYHO�LQ
WKUHH�EOHQQRLG�ILVKHV�LQ�WKH�QRUWKZHVWHUQ�0HGLWHUUDQHDQ�
0DU��(FRO��3URJ��6HU����������������
0DODYDVL�� 6��� $�� )UDQFR�� 5�� )LRULQ�� 3�� )UDQ]R�� 3�� 7RUUL�
FHOOL� 	� '��0DLQDUGL� �������� 7KH� VKDOORZ� ZDWHU� JRELLG
DVVHPEODJH�RI�WKH�9HQLFH�/DJRRQ��DEXQGDQFH��VHDVRQDO
YDULDWLRQ�DQG�KDELWDW�SDUWLWLRQLQJ��-��)LVK�%LRO������6XSSO�
%�����������
0DWLÜ�6NRNR��6���0��3HKDUGD��$��3DOODRUR��0��&XNURY�	
%��%DÉGDULÜ� �������� ,QIUDOLWWRUDO� ILVK�DVVHPEODJHV� LQ� WKH
=UPDQMD� HVWXDU\�� $GULDWLF� 6HD�� $FWD� $GULDW��� ������� ���
���
0RUHQR�5XHGD�� *��� 0�� 3L]DUUR�� '�� 2QWLYHURV� 	� -�� 0�
3OHJXH]XHORV� �������� 7KH� FRH[LVWHQFH� RI� WKH� HDJOHV
$TXLOD� FKU\VDHWRV� DQG� +LHUDDHWXV� IDVFLDWXV� LQFUHDVHV
ZLWK� ORZ� KXPDQ� SRSXODWLRQ� GHQVLW\�� LQWHUPHGLDWH� WHP�
SHUDWXUH��DQG�KLJK�SUH\�GLYHUVLW\��$QQ��=RRO��)HQQ������
��������
0RXLOORWH�� '�� �������� 1LFKH�DVVHPEO\� YV�� GLVSHUVDO�
DVVHPEO\� UXOHV� LQ� FRDVWDO� ILVK� PHWDFRPPXQLWLHV�� PHWD�
FRPPXQLWLHV�� LPSOLFDWLRQV� IRU�PDQDJHPHQW�RI�ELRGLYHU�
VLW\�LQ�EUDFNLVK�ODJRRQV��-��$SSO��(FRO���������������
1DJHONHUNHQ��,���*��YDQ�GHU�9HOGH��0��:��*RULVVHQ��*�
-��0HLMHU��7��YDQ¡W�+RI�	�&��GHQ�+DUWRJ��������� ,PSRU�
WDQFH�RI�PDQJURYHV��VHDJUDVV�EHGV�DQG�WKH�VKDOORZ�FRUDO
UHHI�DV�D�QXUVHU\� IRU� LPSRUWDQW�FRUDO� UHHI� ILVKHV��XVLQJ�D
YLVXDO�FHQVXV�WHFKQLTXH��(VW��&RDVW��6KHOI�6FL�������������
���
1HLUD�� &��� /�� $�� /HYLQ�� (�� '�� *URVKRO]� 	�*��0HQGR]D
�������� ,QIOXHQFH�RI� LQYDVLYH�6SDUWLQD�JURZWK� VWDJHV�RQ
DVVRFLDWHG�PDFURIDXQDO�FRPPXQLWLHV��%LRO��,QYDVLRQV����
��������
1RUULV��-��*���6��:\OOLH�(FKHYLHUUD��7��0XPIRUG��$��%DL�
OH\�	�7��7XUQHU� �������� (VWLPDWLQJ�EDVDO� DUHD�FRYHUDJH
RI�VXEWLGDO�VHDJUDVV�EHGV�XVLQJ�XQGHUZDWHU�YLGHRJUDSK\�
$TXDW��%RW���������������
2UODQGR�%RQDFD�� 0�� 	� /�� /LSHM� �������� 0LFURKDELWDW
SUHIHUHQFHV� DQG� GHSWK� GLVWULEXWLRQ� RI� FRPEWRRWK� EOHQ�
QLHV� �%OHQQLLGDH�� LQ� WKH� *XOI� RI� 7ULHVWH� �1RUWK� $GULDWLF
6HD���0DU��(FRO���������������
3DW]QHU��5��$����������+DELWDW�XWLOL]DWLRQ�DQG�GHSWK�GLV�
WULEXWLRQ�RI� VPDOO� FU\SWREHQWKLF� ILVKHV� �%OHQQLLGDH��*R�
ELHVRFLGDH�� *RELLGDH�� 7ULSWHU\JLLGDH�� LQ� ,EL]D� �ZHVWHUQ
0HGLWHUUDQHDQ�6HD���(QYLURQ��%LRO��)LVK���������������
5RVHQEHUJ��5���6��$JUHQLXV��%��+HOOPDQ��+��&��1LOVVRQ�	
.��1RUOLQJ���������5HFRYHU\�RI�PDULQH�EHQWKLF�KDELWDWV
DQG�IDXQD�LQ�D�6ZHGLVK�IMRUG�IROORZLQJ�LPSURYHG�R[\JHQ
FRQGLWLRQV��0DU��(FRO��3URJ��6HU��������������
5XW]OHU��.���0��&��'LD]��5��:��0��YDQ�6RHVW��6��=HD��.�
3�� 6PLWK�� %�� $OYDUH]� 	� -�� :XOII� �������� 'LYHUVLW\� RI
VSRQJH�IDXQD�LQ�PDQJURYH�SRQGV��3HOLFDQH�ED\��%HOL]H�
$WROO�5HV��%XOO����������������
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6FKPXGH�� .��� 0�� -�� -HQQLQJV�� .�� 2WLV� 	� 5�� 5�� 3LHWWH
�������� (IIHFWV� RI� KDELWDW� FRPSOH[LW\� RQ� PDFURLQYHUWH�
EUDWH� FRORQL]DWLRQ� RI� DUWLILFLDO� VXEVWUDWHV� LQ� QRUWK� WHP�
SHUDWH�ODNHV��-��1��$P��%HQWKRO��6RF����������������
6FKRILHOG��3�� �������� 3UHGDWLRQ�YXOQHUDELOLW\�RI� WZR�JR�
ELHV��0LFURJRELXV�JXORVXV��*RELRVRPD�UREXVWXP�� LV�QRW
UHODWHG�WR�SUHVHQFH�RI�VHDJUDVV��)OD��6FL����������������
6FKXOW]�� 6�� 7�� 	� &�� .UXVFKHO� �����D��� )UHTXHQF\� DQG
VXFFHVV� RI� DPEXVK� DQG� FKDVH� SUHGDWLRQ� LQ� ILVK� DVVHP�
EODJHV�DVVRFLDWHG�ZLWK�VHDJUDVV�DQG�EDUH�VHGLPHQW�LQ�DQ
$GULDWLF�ODJRRQ��+\GURELRORJLD�������������
6FKXOW]��6��7�� ��������6HDJUDVV�PRQLWRULQJ�E\�XQGHUZD�
WHU� YLGHRJUDSK\�� 'LVWXUEDQH� UHJLPHV�� VDPSOLQJ� GHVLJQ�
DQG�VWDWLVWLFDO�SRZHU��$TXDW��%RW���������������
6FKXOW]��6��7���&��.UXVFKHO�	�7��%DNUDQ�3HWULFLROL��������
,QIOXHQFH�RI�VHDJUDVV�PHDGRZV�RQ�SUHGDWRU�SUH\�KDELWDW
VHJUHJDWLRQ�LQ�DQ�$GULDWLF�ODJRRQ��0DU��(FRO��3URJ��6HU��
�����������
6FLEHUUDV��0���0�� 5L]]R�� -�� 5��0LIVXG�� .�� &DPLOOHUL�� $�
%RUJ�� (�� /DQIUDQFR� 	� 3�� -�� 6FKHPEUL� �������� +DELWDW
VWUXFWXUH�DQG�ELRORJLFDO�FKDUDFWHULVWLFV�RI�D�PDHUO�EHG�RII
WKH� QRUWKHDVWHUQ� FRDVW� RI� WKH� 0DOWHVH� ,VODQGV� �FHQWUDO
0HGLWHUUDQHDQ���0DU��%LRGLYHUVLW\��������������
6LQRYÞLÜ��*���0��)UDQLÞHYLÜ�	�9��ÝLNHÇ�.HÞ���������8Q�
XVXDO�RFFXUDQFH�DQG�VRPH�DVSHFWV�RI�ELRORJ\�RI�MXYHQLOH
JLOW�VDUGLQH��6DUGLQHOOD�DXULWD�9HOHQFLHQQHV��������LQ�WKH
=UPDQMD�5LYHU�HVWXDU\��HDVWHUQ�$GULDWLF���$SSO��,FKWK\RO��
����������

6LURWD�� /�� 	� .�� $�� +RYHO� �������� 6LPXODWHG� HHOJUDVV
=RVWHUD� PDULQD� VWUXFWXUDO� FRPSOH[LW\�� HIIHFWV� RI� VKRRW
OHQJWK� VKRRW�GHQVLW\��DQG�VXUIDFH�DUHD�RQ� WKH�HSLIDXQDO
FRPPXQLW\� RI� 6DQ� 'LHJR� %D\�� &DOLIRUQLD�� 86$�� 0DU�
(FRO��3URJ��6HU����������������
6WLHIHO�� -�� �������� )DXQDO� FRPPXQLWLHV� RI� VKDOORZ� EHQ�
WKLF�KDELWDWV�LQ�WKH�&URDWLDQ�$GULDWLF��%�6F��7KHVLV��(UQVW�
0RULW]�$UQGW�8QLYHUVLW\�*UHLIVZDOG��*HUPDQ\�
81(3���������$QQH[�,�DQG�,,��'UDIW�FODVVLILFDWLRQ�RI�PD�
ULQH� KDELWDW� W\SHV� IRU� WKH� 0HGLWHUUDQHDQ� UHJLRQ�� :*�
�������0HGLWHUUDQHDQ�DFWLRQ�SODQ��0HHWLQJ�RI�H[SHUWV�RQ
PDULQH� KDELWDW� W\SHV� LQ� WKH� 0HGLWHUUDQHDQ� UHJLRQ�
63$�5$&��7XQLV�
:LHGHUKROP�� $�� �������� +DELWDW� VHOHFWLRQ� DQG� LQWHUDF�
WLRQV� EHWZHHQ� WKUHH� PDULQH� ILVK� VSHFLHV� �*RELLGDH��
2LNRV������������
:LOVRQ�� -��%�� ��������*XLOGV�� IXQFWLRQDO� W\SHV� DQG� HFR�
ORJLFDO�JURXSV��2LNRV��������������
=LY�� <�� �������� 7KH� HIIHFW� RI� KDELWDW� KHWHURJHQHLW\� RQ
VSHFLHV� GLYHUVLW\� SDWWHUQV�� D� FRPPXQLW\�OHYHO� DSSURDFK
XVLQJ� DQ� REMHFW�RULHQWHG� ODQGVFDSH� VLPXODWLRQ� PRGHO
�6+$/20���(FRO��0RGHO����������������


