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GXULQJ�WKH�����������VSDZQLQJ�PLJUDWLRQV���,QFRQQX�ZHUH�VWXGLHG�WR�SURYLGH�EDVLF�SRSXODWLRQ
LQIRUPDWLRQ�LQ�RUGHU�WR�VDWLVI\�IHGHUDO�VWDWXWRU\�UHTXLUHPHQWV�IRU�SURWHFWLRQ�DQG�WR�SURYLGH
PDQDJHPHQW�LQIRUPDWLRQ�LQ�FRRSHUDWLRQ�ZLWK�WKH�6WDWH�RI�$ODVND��'DWD�FROOHFWHG�E\�EHDFK�VHLQH
DQG�KRRN�DQG�OLQH�PHWKRGV�ZHUH�XVHG�WR�HPSOR\�D�PRGLILHG�3HWHUVHQ�PRGHO�DQG�WR�JDWKHU�RWKHU
SRSXODWLRQ�LQIRUPDWLRQ���(VWLPDWHV�RI�VSDZQLQJ�LQFRQQX�ZHUH������������FRQILGHQFH�LQWHUYDO
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WKH�YDULRXV�VDPSOHV�ZHUH�DSSUR[LPDWHO\����FP���0LQRU�GLIIHUHQFHV�LQ�OHQJWK�IUHTXHQF\
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RI�-XO\��RQH�PRQWK�HDUOLHU�WKDQ�SUHYLRXVO\�UHFRUGHG���,Q�WKUHH�\HDUV�PRUH�WKDQ�����UDGLR�ORFDWLRQV
ZHUH�UHFRUGHG�GXULQJ�PRELOH�WUDFNLQJ���5DGLRWHOHPHWU\�LQGLFDWHG�VRPH�LQFRQQX�VWD\�LQ�VXPPHU
KROGLQJ�DUHDV�IRU�XS�WR�RQH�PRQWK�SULRU�WR�FRPSOHWLQJ�WKHLU�PLJUDWLRQ���3UHFLSLWDWLRQ�DSSHDUHG�WR
WULJJHU�IXUWKHU�WUDYHO�XSVWUHDP�LQ�ODWH�$XJXVW�DQG�6HSWHPEHU���,QFRQQX�VSDZQHG�LQ�D����NP
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WR�SURWHFW�WKH�6HODZLN�VWRFN�VLPLODU�WR�WKDW�DIIRUGHG�WR�WKH�.REXN�5LYHU�LQFRQQX��WKDW�LV��UHGXFHG
EDJ�OLPLWV���,W�PD\�DOVR�EH�EHQHILFLDO�WR�SURWHFW�WKH�VSDZQLQJ�KDELWDW�E\�SXUFKDVLQJ�SULYDWH
DOORWPHQWV�LQ�WKH�VSDZQLQJ�DUHD�DQG�UHYLHZLQJ�DQ\�VSHFLDO�XVH�SHUPLWV�IRU�UHIXJH�FRPSDWLELOLW\�
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:LOGOLIH�5HIXJH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���²�/HQJWK�IUHTXHQF\�GLVWULEXWLRQV�RI�6HODZLN�5LYHU�VSDZQHUV�IURP�������$��DQG�IURP
WZR�LQFRQQX�ILVKHULHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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,QWURGXFWLRQ

7KH�LQFRQQX��VKHHILVK��6WHQRGXV�OHXFLFKWK\V��DUH�SUHGDWRU\�ZKLWHILVK�IRXQG�LQ�VSHFLILF
$UFWLF�DQG�VXE�$UFWLF�ZDWHUV�RI�$VLD�DQG�1RUWK�$PHULFD��$OW�������������6FRWW�DQG�&URVVPDQ
������0RUURZ���������,Q�WKH�8QLWHG�6WDWHV�WKH\�DUH�HVSHFLDOO\�ZHOO�NQRZQ�LQ�QRUWKZHVW�$ODVND
ZKHUH�WKH\�JURZ�SDUWLFXODUO\�ODUJH�EHFDXVH�RI�HVWXDULQH�IHHGLQJ�DUHDV��$OW���������������,QFRQQX
DUH�QHDU�WKH�WRS�RI�WKH�DTXDWLF�IRRG�FKDLQ�DQG�WKH\�DUH�DQ�LPSRUWDQW�SDUW�RI�WKH�HFRV\VWHP��$OW
��������%HFDXVH�WKH\�FDQ�OLYH�LQ�H[FHVV�RI����\HDUV��$OW������������������DQG�DUH�KLJK�OHYHO
SUHGDWRUV��LQFRQQX�PD\�EH�D�VHQVLWLYH�LQGLFDWRU�VSHFLHV�YXOQHUDEOH�WR�RYHU�KDUYHVW�DQG
HQYLURQPHQWDO�FKDQJH���,Q�������&RQJUHVV�UHFRJQL]HG�WKH�LPSRUWDQFH�RI�LQFRQQX�E\�QDPLQJ�WKH
VSHFLHV�VSHFLILFDOO\�IRU�FRQVHUYDWLRQ�LQ�WKH�$ODVND�1DWLRQDO�,QWHUHVW�/DQGV�&RQVHUYDWLRQ�$FW
�$1,/&$����&RQJUHVV��WKURXJK�$1,/&$��PDQGDWHG�WKDW�LQFRQQX�EH�PDLQWDLQHG�LQ�WKHLU�QDWXUDO
GLYHUVLW\�LQ�WKH�6HODZLN�1DWLRQDO�:LOGOLIH�5HIXJH��6HODZLN�5HIXJH��DQG�WKDW�RSSRUWXQLWLHV�IRU
VXEVLVWHQFH�XVH�EH�PDLQWDLQHG�DV�FRQVLVWHQW�ZLWK�RWKHU�UHIXJH�SXUSRVHV���,QFRQQX�XVH�WKH�.REXN
DQG�6HODZLN�ULYHUV�RQ�DQG�DGMDFHQW�WR�6HODZLN�5HIXJH�IRU�IHHGLQJ��PLJUDWLRQ��DQG�VSDZQLQJ�

%HVLGHV�WKHLU�HFRORJLFDO�DQG�DHVWKHWLF�LPSRUWDQFH��LQFRQQX�KROG�HFRQRPLF�YDOXH�WR�WKH
UHVLGHQWV�RI�QRUWKZHVW�$ODVND���7KH�HFRQRPLF�LPSRUWDQFH�RI�LQFRQQX�VWHPV�IURP�LWV�UROH�DV�D
VXEVLVWHQFH�UHVRXUFH��LWV�YDOXH�WR�WKH�FRPPHUFLDO�ILVKHU\��DQG�WKH�VWDWXUH�DQG�UHSXWDWLRQ�DV�D
WURSK\�VSRUW�ILVK��$OW���������������$V�D�VXEVLVWHQFH�UHVRXUFH��WKH�LQFRQQX�LV�FDSWXUHG�DQG�XVHG�
\HDU�URXQG�IRU�KXPDQ�FRQVXPSWLRQ�DQG�WR�IHHG�VOHG�GRJV���$�VSULQJ�QHW�ILVKHU\�SURYLGHV�IUHVK
ILVK�IRU�LPPHGLDWH�XVH�DQG�GULHG�ILVK�IRU�RWKHU�WLPHV�RI�WKH�\HDU���,Q�VXPPHU�IUHVK�ILVK�LV�SURYLGH
E\�SHRSOH�XVLQJ�QHWV�RU�KRRN�DQG�OLQH����)DOO�DQG�ZLQWHU�ILVKHULHV�LQFOXGH�DQ�XQGHU�WKH�LFH�QHW
ILVKHU\�DQG�WKURXJK�WKH�LFH�MLJ�ILVKHU\�

6XEVLVWHQFH�LQFRQQX�KDUYHVW�KDV�EHHQ�PRQLWRUHG�WR�YDU\LQJ�OHYHOV�RI�LQWHQVLW\�RYHU�WKH
\HDUV�E\�WKH�$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��$')*����(VWLPDWHV�RI�VXEVLVWHQFH�KDUYHVW
KDYH�UDQJHG�GUDVWLFDOO\�ZLWK�WKH�WKRURXJKQHVV�RI�WKH�VXUYH\�SURFHGXUH���3HRSOH�IURP�.RW]HEXH�
1RRUYLN��.LDQD��$PEOHU��.REXN��6HODZLN�DQG�RWKHU�YLOODJHV�DORQJ�WKH�.REXN�DQG�6HODZLN�ULYHUV
SDUWLFLSDWH�LQ�WKHVH�ILVKHULHV���$������HVWLPDWH�RI�VXEVLVWHQFH�KDUYHVW�LQ�WKH�.REXN�5LYHU�ZDV
������LQFRQQX��/HDQ�HW�DO����������)LVKHU\�GDWD�IRU�WKH�ZLQWHU�RI������IURP�+RWKDP�,QOHW�DQG
6HODZLN�/DNH�HVWLPDWHV�KDUYHVW�IURP��������WR��������LQFRQQX��7DXEH�������

&RPPHUFLDO�KDUYHVW�LQ�WKH�.RW]HEXH�'LVWULFW�ZLQWHU�FRPPHUFLDO�LQFRQQX�ILVKHU\�DOVR�KDV
YDULHG�ZLGHO\�����WR�������ILVK��EHWZHHQ������DQG��������7KH�PRVW�UHFHQW�HVWLPDWH�DYDLODEOH�ZDV
D�FDWFK�RI�����ILVK�LQ�������/HDQ�HW�DO����������$�UHFHQW�UHTXHVW�IRU�D�FRPPHUFLDO�ILVKLQJ�SHUPLW
IRU�WKH�YLOODJH�RI�6HODZLN�ZDV�JUDQWHG��EXW�WKH�DGGLWLRQDO�TXRWD�JUDQWHG�IRU�ZKLWHILVK�ZHUH
LQFOXGHG�LQ�WKH�WRWDO�KDUYHVW�TXRWD�IRU�WKH�.RW]HEXH�'LVWULFW���1R�GDWD�DUH�DYDLODEOH�WR�GHWHUPLQH
WKH�HIIHFW�RI�WKLV�QHZ�SHUPLW�RQ�LQFRQQX�RI�WKH�6HODZLN�5LYHU�

6SRUW�ILVKHUPHQ�FDXJKW�DSSUR[LPDWHO\�������LQFRQQX�DQG�KDUYHVWHG�������LQ������IURP
WKH�QRUWKZHVW�$ODVND�DUHD��DOWKRXJK�PRVW�RI�WKH�KDUYHVW�FRPHV�IURP�WKH�.REXN�5LYHU��+RZH�HW
DO�����������6SRUWILVKLQJ�RQ�WKH�6HODZLN�5LYHU�LV�WKRXJKW�WR�EH�PXFK�OHVV�WKDQ�RQ�WKH�.REXN
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5LYHU���,Q�DGGLWLRQ��LW�LV�GLIILFXOW�WR�VHSDUDWH�VSRUW�FDXJKW�LQFRQQX�IURP�WKRVH�FDXJKW�IRU
VXEVLVWHQFH�EHFDXVH�DQJOLQJ�LV�D�FRPPRQ�PHWKRG�RI�KDUYHVW�IRU�ERWK���

,QFRQQX�OLIH�KLVWRU\�LQ�$ODVND�LV�JHQHUDOO\�XQGHUVWRRG�LQ�WKH�.REXN�DQG�6HODZLN�DUHD��$OW
��������������$W�LFH�RXW�WKH�MXYHQLOH�DQG�DGXOW�LQFRQQX�DUH�IRXQG�IHHGLQJ�LQ�WKH�ULYHU�GHOWDV��ODUJH
ODNHV��DQG�LQOHWV�RI�WKH�UHJLRQ���:KLOH�VRPH�LQFRQQX�UHPDLQ�LQ�WKH�ORZHU�ODNHV�DQG�VORXJKV��VRPH
MXYHQLOHV�DQG�QRQ�VSDZQLQJ�DGXOWV�MRLQ�VSDZQHUV�WKDW�JUDGXDOO\�PRYH�XS�HLWKHU�WKH�.REXN�RU
6HODZLN�ULYHUV���%\�-XO\�VSDZQHUV�DUH�WKRXJKW�WR�KDYH�PRYHG�IDUWKHU�XS�WKH�GUDLQDJH�WKDQ�WKH
RWKHU�OLIH�VWDJHV�DQG�PRYH�LQWR�GHHS�KROHV�DQG�UXQV�EHORZ�VSDZQLQJ�DUHDV���%\�PLG�6HSWHPEHU
VSDZQLQJ�LQFRQQX�DUH�ORFDWHG�RQ�WKH�VSDZQLQJ�JURXQGV���6SDZQLQJ�RFFXUV�EHIRUH�RU�GXULQJ�LFH�
XS���(JJV�DUH�EURDGFDVW�RYHU�JUDYHO�DQG�FREEOH�VXEVWUDWHV���6SDZQLQJ�LV�WKRXJKW�WR�EH�D�ELDQQXDO
HYHQW�EDVHG�RQ�HJJ�GLDPHWHUV�IRXQG�LQ�DGXOW�ILVK���$W�WKH�FRPSOHWLRQ�RI�VSDZQLQJ��LQFRQQX�WUDYHO
GRZQVWUHDP�WR�IHHG�LQ�WKH�ODUJH�ZDWHU�ERGLHV�ZKHUH�RYHUZLQWHULQJ�RFFXUV���(JJV�DUH�WKRXJKW�WR
KDWFK�QHDU�WKH�WLPH�RI�LFH�RXW���,W�LV�EHOLHYHG�WKDW�DJH���LQFRQQX�ZDVK�GRZQVWUHDP�ZLWK�WKH�KLJK
ZDWHUV�RI�VSULQJ���)LVK�\RXQJHU�WKDQ�DJH���KDYH�QRW�EHHQ�VDPSOHG�DQG�WKHLU�GLVWULEXWLRQ�UHPDLQV
XQNQRZQ��

7KH�RYHUDOO�SLFWXUH�RI�WKH�SRSXODWLRQ�G\QDPLFV�UHPDLQV�LQFRPSOHWH���3RSXODWLRQ�HVWLPDWHV
IRU�WKH�HQWLUH�SRSXODWLRQ�DUH�LPSUDFWLFDO�EHFDXVH�RI�YDULDEOH�GLVWULEXWLRQ��PRELOLW\��DQG�WKH�ODUJH
JHRJUDSKLF�DUHD�LQ�ZKLFK�WKH�SRSXODWLRQ�LV�IRXQG���,QGH[�HVWLPDWHV�RI�WKH�VSDZQLQJ�SRSXODWLRQ
KDYH�EHHQ�DWWHPSWHG�LQWHUPLWWHQWO\���$HULDO�FRXQWV�RI�VSDZQHUV�RQ�WKH�.REXN�5LYHU�UDQJHG�IURP
������WR�������EHWZHHQ������DQG��������2Q�WKH�6HODZLN�5LYHU�LQ������DQG������DHULDO�FRXQWV
ZHUH�������DQG��������UHVSHFWLYHO\���1R�UHFHQW�LQGH[�QXPEHUV�KDYH�EHHQ�JDWKHUHG���$OW
V�UHYLHZ
�������UHFRPPHQGHG�D�IRXU�\HDU�VWXG\�RI�SRSXODWLRQ�G\QDPLFV�WR�GHWHUPLQH�WKH�OHYHO�RI
VXVWDLQDEOH�KDUYHVW���)HZ�UHVRXUFHV�KDYH�EHHQ�DYDLODEOH�WR�DGGUHVV�WKH�TXHVWLRQ�RI�VXVWDLQDEOH
\LHOG�VLQFH�UHFRPPHQGDWLRQV�ZHUH�FRPSLOHG�LQ������

,Q�WKH�IDOO�RI�������$')*�SURSRVHG�D�PDMRU�VWXG\�RI�.REXN�5LYHU�LQFRQQX�IRU������DQG
�����DQG�VXJJHVWHG�WKH�6HUYLFH�XQGHUWDNH�VLPLODU�ZRUN�RQ�WKH�6HODZLN�5LYHU���7KH�ZRUN�ZDV�WR
SURYLGH�D�UHSHDWDEOH�PHDVXUH�RI�DEXQGDQFH�IRU�VSDZQLQJ�LQFRQQX�DV�ZHOO�DV�RWKHU�SRSXODWLRQ
LQGLFHV�WR�HYDOXDWH�WKHLU�VWDWXV���&XUUHQWO\��PDQDJHUV�KDYH�OLWWOH�LQIRUPDWLRQ�WR�PDNH�GHFLVLRQV�RQ
KDUYHVW�DOORFDWLRQ���7KH�SRSXODWLRQ�LQGLFHV�FROOHFWHG�LQ�WKLV�SURMHFW�SURYLGH�LQIRUPDWLRQ�QHFHVVDU\
WR�HVWLPDWH�\LHOG�DV�VXJJHVWHG�E\�$OW��������

2%-(&7,9(6�

�� 7R�HVWLPDWH�WKH�DEXQGDQFH�RI�VSDZQLQJ�LQFRQQX�LQ�WKH�6HODZLN�5LYHU�GXULQJ�WZR
FRQVHFXWLYH�\HDUV�VXFK�WKDW�WKH�HVWLPDWH�LV�ZLWKLQ�����RI�WKH�WUXH�DEXQGDQFH����
RI�WKH�WLPH�

�� 7R�HVWLPDWH�WKH�OHQJWK�DQG�DJH�FRPSRVLWLRQ�RI�VSDZQLQJ�LQFRQQX�LQ�WKH�6HODZLN
5LYHU�VXFK�WKDW�HVWLPDWHV�DUH�ZLWKLQ����RI�WKH�SRSXODWLRQ�����RI�WKH�WLPH�
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�� 7R�GHVFULEH�PLJUDWLRQ�DQG�KDELWDW�XVH�RI�VSDZQ�LQFRQQX�XVLQJ�UDGLRWHOHPHWU\�DQG
WR�PDS�WKRVH�ORFDWLRQV�WR�GHWHUPLQH�WKH�H[WHQW�RI�VSDZQLQJ�KDELWDW�LQ�WKH�6HODZLN
5LYHU�

6WXG\�$UHD

7KH�6HODZLN�5LYHU�LV�ORFDWHG�LQ�WKH�6HODZLN�5HIXJH�LQ�QRUWKZHVWHUQ�$ODVND��)LJXUH��
WRS����7KH�UHIXJH�H[WHQGV�HDVW�IURP�WKH�VKRUHV�RI�+RWKDP�,QOHW�DQG�6HODZLN�/DNH�VWUDGGOLQJ�WKH
$UFWLF�&LUFOH���7KH�6HODZLN�5LYHU�KDV�WZR�PDMRU�WULEXWDULHV�WKH�.XJDUDN�DQG�7DJDJDZLN�ULYHUV
�)LJXUH���ERWWRP����6HODZLN�5LYHU�DERYH�WKH�.XJDUDN�5LYHU�RULJLQDWHV�LQ�WKH�3HUFHOO�0RXQWDLQV
ZLWKLQ�D�ZLGH�WXQGUD�YDOOH\���7KH�6HODZLN�5HIXJH�H[WHQGV�HDVWZDUG�XSVWUHDP�RI�WKH�7DJDJDZLN
5LYHU�WR�LQFOXGH�WKH�PDMRULW\�RI�WKH�ULYHU�FRUULGRU�DQG�PLQRU�WULEXWDULHV���7KH�6HODZLN�5LYHU�LV�D
GHVLJQDWHG�1DWLRQDO�:LOG�DQG�6FHQLF�5LYHU���/DQG�DGMDFHQW�WR�6HODZLN�5HIXJH�LV�DGPLQLVWHUHG�E\
WKH�%XUHDX�RI�/DQG�0DQDJHPHQW���6RPH�WUDFWV�KDYH�EHHQ�VHOHFWHG�IRU�FRQYH\DQFH�WR�WKH�6WDWH�RI
$ODVND�LQFOXGLQJ�WKH�KHDGZDWHUV�RI�,QJUXNVXNUXN�&UHHN�ZKLFK�KROG�SRWHQWLDOO\�YLDEOH�PLQHUDO
GHSRVLWV�

6DPSOLQJ�IRU�WKH�VWXG\�ZDV�FRQGXFWHG�RQ�WKH�6HODZLN�5LYHU�XSVWUHDP�RI�WKH�7DJDJDZLN
5LYHU��)LJXUH���ERWWRP����,QFRQQX�ZHUH�FDSWXUHG�LQ�GHHSHU�SRROV�DQG�UXQV���7KH�ULYHU�LV
FKDUDFWHUL]HG�E\�PHDQGHULQJ�SRROV�DQG�UXQV�ZLWK�VDQG�ULIIOHV�EHWZHHQ�WKHP���5LYHU�EDQNV�DUH
PXG�FXW�EDQNV��VDQG�EHDFKHV��DQG�RFFDVLRQDO�ZDVWLQJ�EOXIIV���7KH�ULYHU�KDV�DQ�DEXQGDQFH�RI
ZRRG\�GHEULV�IURP�YHJHWDWLRQ�XQGHUFXW�GXULQJ�IORRGLQJ�DQG�LFH�VFRXULQJ���9HJHWDWLRQ�FRQVLVWV�RI
ZLOORZ�DOGHU�WKLFNHWV��JUDVV��VSUXFH�IRUHVW��DQG�SRFNHWV�RI�FRWWRQZRRG���,Q�-XO\�DQG�$XJXVW
WDJJLQJ�ZDV�FRQGXFWHG�LQ�DQ�DUHD�ZKHUH�WKH�VXEVWUDWH�FRQVLVWHG�RI�PXG�DQG�VDQG���,Q�6HSWHPEHU
VDPSOLQJ�ZDV�FRQGXFWHG�DSSUR[LPDWHO\����NP�XSVWUHDP�RI�WDJJLQJ�ZKHUH�WKH�VXEVWUDWH�ZDV
SUHGRPLQDWHO\�JUDYHO�DQG�FREEOH���/DUJH�DPRXQWV�RI�ZRRG\�GHEULV�ZHUH�SUHVHQW�LQ�WKH�VWUHDP
FKDQQHO�LQ�ERWK�DUHDV��

0HWKRGV

6RPH�RI�WKH�IROORZLQJ�PHWKRGRORJ\�LV�DGDSWHG�IURP�$')*�.REXN�5LYHU�,QYHVWLJDWLRQ
3ODQ�GDWHG�$SULO������DQG�LV�XVHG�ZLWK�SHUPLVVLRQ�RI�$')*��)UHG�'HFFLFR��$')*��6SRUW�)LVK
'LYLVLRQ��)DLUEDQNV��$ODVND��SHUVRQDO�FRPPXQLFDWLRQ����$GRSWLQJ�WKH�PHWKRGV�XVHG�E\�$')*�RQ
WKH�.REXN�5LYHU�IDFLOLWDWHG�FRPSDULVRQV�EHWZHHQ�WKH�.REXN�DQG�6HODZLN�ULYHUV�

$EXQGDQFH�RI�6SDZQLQJ�,QFRQQX
)LHOG�VDPSOLQJ�²�$�WZR�VDPSOH�PDUN�DQG�UHFDSWXUH�H[SHULPHQW�XVLQJ�3HWHUVHQ
V�PRGHO

ZLWK�%DLOH\
V�PRGLILFDWLRQ��%HUQDUG�DQG�+DQVHQ�������ZDV�XVHG�WR�HVWLPDWH�WKH�DEXQGDQFH�RI
VSDZQLQJ�LQFRQQX�LQ�WKH�XSSHU�6HODZLN�5LYHU���7KH�H[SHULPHQW�ZDV�DWWHPSWHG�LQ������WKURXJK
�������%DVHG�RQ�D�SUH�SURMHFW�DVVXPSWLRQ�RI�DSSUR[LPDWHO\�������VSDZQLQJ�LQFRQQX��ZH�SODQQHG
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WR�WDJ�����ILVK�GXULQJ�WKH�PDUNLQJ�HYHQW�DQG�H[DPLQH�DQ�HTXDO�QXPEHU�RI�ILVK�GXULQJ�WKH
UHFDSWXUH�HYHQW��5REVRQ�DQG�5HJLHU���������7KH�PDUNLQJ�HYHQW�RFFXUUHG�EHORZ�WKH�VSDZQLQJ
JURXQGV��EXW��DERYH�WKH�7DJDJDZLN�5LYHU�DV�ILVK�PLJUDWHG�WR�SUH�VSDZQ�KROGLQJ�DUHDV���7KH
UHFDSWXUH�HYHQW�RFFXUUHG�GXULQJ�6HSWHPEHU�LQ�WKH�VSDZQLQJ�DUHD�.����NP�XSVWUHDP�RI�WKH
PDUNLQJ�HYHQW�

%HDFK�VHLQH����P�E\����P������FP�VWUHWFK�PHVK���DQG�KRRN�DQG�OLQH�WHFKQLTXHV�ZHUH�XVHG
WR�FDSWXUH�ILVK���$�FUHZ�RI�ILYH�WR�VHYHQ�SHRSOH�VDPSOHG�LQFRQQX�DW�ORFDWLRQV�KROGLQJ�ILVK���D�.�
NP�VHFWLRQ�RI�ULYHU�GXULQJ�PDUNLQJ�DQG�������NP�VHFWLRQ�GXULQJ�UHFDSWXUH�VDPSOLQJ���+ROGLQJ
ORFDWLRQV�ZHUH�YLVLWHG�PXOWLSOH�WLPHV�SHU�ZHHN�RIWHQ�PRUH�WKDQ�RQFH�LQ�D�GD\���/DUJH�VSRRQV�RI
DVVRUWHG�FRORUV����WR����J�LQ�ZHLJKW��VXFK�DV�WKRVH�ZLWK�WKH�WUDGH�QDPHV�³'DUHGHYLOV´�
³.URFRGLOH´��DQG�³&RS�H�FDW´��ZHUH�XVHG�WR�FROOHFW�ILVK�

'DWH��ORFDWLRQ��VFDOH�VDPSOH�QXPEHU��OHQJWK��ZHLJKW��WDJ�QXPEHU��ILQ�FOLSV��VH[��DQG�FUHZ
REVHUYDWLRQ�GDWD�ZHUH�UHFRUGHG���$OO�ILVK�ZHUH�H[DPLQHG�IRU�SULRU�)OR\���WDJV��YLVXDO�LPSODQW
WDJV��DQG�ILQ�FOLSV���/HQJWKV�ZHUH�UHFRUGHG�WR�WKH�QHDUHVW�FP�XVLQJ�D�KLQJHG�ILVK�FUDGOH�WR�UHVWUDLQ
WKH�ILVK���:HLJKWV�ZHUH�IRXQG�E\�KDQJLQJ�LQFRQQX�LQ�D�PHVK�QHW�DWWDFKHG�WR�D�VSULQJ�VFDOH��
:HLJKWV�ZHUH�PHDVXUHG�WR�WKH�QHDUHVW�����NJ�RU������NJ�GHSHQGLQJ�RQ�WKH�VSULQJ�VFDOH�EHLQJ
XVHG���8QWDJJHG�LQFRQQX�LQ�KHDOWK\�FRQGLWLRQ�ZHUH�PDUNHG�ZLWK�)OR\���LQWHUQDO�DQFKRU�WDJV�WKDW
ZHUH�VHTXHQWLDOO\�QXPEHUHG���$QFKRU�WDJV�ZHUH�LQVHUWHG�QHDU�WKH�EDVH�RI�WKH�GRUVDO�ILQ�VR�DV�WR
ORFN�EHWZHHQ�SRVWHULRU�LQWHUQHXUDO�ERQHV���$�VHFRQGDU\�PDUN��YLVXDO�LPSODQW�WDJV��ZHUH�LQVHUWHG
RQ�WKH�ULJKW�VLGH�RI�WKH�ILVK�LQ�WKH�FOHDU�WLVVXH�RI�WKH�SUHRSHUFXOH�ERQHV�DQG�SRVWHULRU�WR�WKH�H\H��
6H[�DQG�PDWXULW\�RI�HDFK�OLYH�ILVK�ZDV�GHWHUPLQHG�E\�WKH�SUHVHQFH�RI�VH[�SURGXFWV����)LVK�IRU
ZKLFK�VH[�FRXOG�QRW�EH�GHWHUPLQHG�ZHUH�UHFRUGHG�DV�XQNQRZQ���/RFDWLRQV�ZHUH�UHFRUGHG�DV
ODWLWXGH�DQG�ORQJLWXGH�UHDGLQJV�IURP�D�*OREDO�3RVLWLRQLQJ�6\VWHP��*36��UHFHLYHU�

5DGLRWHOHPHWU\�ZDV�XVHG�����WR�IXUWKHU�GHILQH�WKH�VSDZQLQJ�DUHD�V��WR�EH�VDPSOHG�LQ�WKH
XSSHU�ULYHU�GXULQJ�WKH�UHFDSWXUH�HYHQW������WR�H[DPLQH�PL[LQJ�RI�WDJJHG�DQG�XQWDJJHG�ILVK��DQG
����WR�PRQLWRU�HPLJUDWLRQ�IURP�WKH�VWXG\�DUHD���5DGLR�WUDQVPLWWHUV�ZHUH�LPSODQWHG�LQ����LQFRQQX
LQ����������LQFRQQX�LQ�������DQG����LQFRQQX�LQ��������6XUJLFDO�DQG�RUDO�LQVHUWLRQ�RI�WUDQVPLWWHUV
ZHUH�XVHG��$SSHQGL[�$�DQG�$SSHQGL[�%����$XWRPDWHG�GDWD�ORJJLQJ�UHFHLYHUV�ZHUH�XVHG�WR
PLQLPL]H�UDGLR�WUDFNLQJ�WLPH���5HFHLYHUV�ZHUH�SODFHG�DW�VLWHV�DERYH�DQG�EHORZ�WKH�VWXG\�DUHD�WR
GHWHFW�HPLJUDWLRQ���(DFK�UHFHLYHU�ZDV�DWWDFKHG�WR�WZR�IRXU�HOHPHQW�\DJL�DQWHQQDV��RQH�DLPHG
XSVWUHDP�DQG�WKH�VHFRQG�DLPHG�GRZQVWUHDP���5HFHLYHUV�UHFRUGHG�WKH�GDWH��WLPH��FKDQQHO�QXPEHU
�IUHTXHQF\���UHODWLYH�SRZHU��DQG�LQGLYLGXDO�WDJ�FRGH���6FDQ�WLPHV�ZHUH�VHW�VR�WKDW�HDFK�IUHTXHQF\
ZDV�VFDQQHG�DW�OHDVW�HYHU\����VHFRQGV���%\�JUDSKLQJ�UHODWLYH�SRZHU�RI�HDFK�DQWHQQD�YHUVXV�WLPH�
WKH�GLUHFWLRQ�RI�D�WUDYHO�RI�HDFK�ILVK�FRXOG�EH�GHWHUPLQHG�

5DGLR�WUDFNLQJ�E\�ERDW�VXSSOHPHQWHG�LQIRUPDWLRQ�IURP�VWDWLRQDU\�UHFHLYHUV���%RDW
WUDFNLQJ�ZDV�GRQH�ZLWK�GDWD�ORJJLQJ�UHFHLYHU�DQG�D�VLQJOH�WKUHH�HOHPHQW�\DJL�DQWHQQD���7KH�ERDW
ZDV�VWRSSHG�WR�YHULI\�WKH�GHWHFWLRQ�RI�D�YDOLG�VLJQDO�DQG�ORFDWLRQV�ZHUH�WKHQ�UHFRUGHG�

'DWD�DQDO\VLV�²�7KH�HVWLPDWRU�XVHG�LV�%DLOH\�
V�PRGLILFDWLRQ�RI�WKH�3HWHUVRQ�HVWLPDWRU
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�6HEHU���������7KLV�HVWLPDWRU�LV�XQELDVHG�IRU�VDPSOLQJ�ZLWK�UHSODFHPHQW�JLYHQ�VWDQGDUG
DVVXPSWLRQV�DUH�PHW���7KH�HVWLPDWRU�LV�DV�IROORZV�

�A�������0��&���
�1� ������������������DQG� ���
�������������5���

����A����������0����&����&�5��
9>1@� ���������������������������� ���
�������������������5�������5���

ZKHUH�

0� �WKH�QXPEHU�PDUNHG�GXULQJ�WKH�ILUVW�VDPSOLQJ�HYHQW�

&� �WKH�QXPEHU�H[DPLQHG�GXULQJ�WKH�VHFRQG�VDPSOLQJ�HYHQW��DQG�

5� �WKH�QXPEHU�FDSWXUHG�GXULQJ�WKH�VHFRQG�VDPSOLQJ�HYHQW�ZLWK�PDUNV
�������IURP�WKH�ILUVW�VDPSOLQJ�HYHQW�

7ZR�HYHQW�PDUN�UHFDSWXUH�H[SHULPHQWV�RQ�D�FORVHG�ILVK�SRSXODWLRQ�DUH�XQELDVHG�LI�WKH
IROORZLQJ�FRQGLWLRQV�DUH�PHW��6HEHU�������%HUQDUG�DQG�+DQVHQ�������

�� 0DUNLQJ�GRHV�QRW�HIIHFW�FDWFKDELOLW\�RI�WKH�ILVK�

�� )LVK�GR�QRW�ORVH�PDUNV�EHWZHHQ�VDPSOLQJ�HYHQWV�

�� 5HFUXLWPHQW�DQG�PRUWDOLW\�GR�QRW�RFFXU�WRJHWKHU�EHWZHHQ�VDPSOLQJ�HYHQWV��

�� )LVK�PXVW�KDYH�DQ�HTXDO�SUREDELOLW\�RI�EHLQJ�PDUNHG�DQG�UHOHDVHG�DOLYH
GXULQJ�WKH�ILUVW�VDPSOLQJ�HYHQW��RU�HYHU\�ILVK�PXVW�KDYH�DQ�HTXDO
SUREDELOLW\�RI�EHLQJ�FDSWXUHG�GXULQJ�WKH�VHFRQG�VDPSOLQJ�HYHQW��RU�PDUNHG
ILVK�PL[�FRPSOHWHO\�ZLWK�XQPDUNHG�ILVK�EHWZHHQ�VDPSOLQJ�HYHQWV�

$VVXPSWLRQV�ZHUH�WHVWHG�DQG�HVWLPDWRU�FRUUHFWLRQV�PDGH�EDVHG�RQ�%HUQDUG�DQG�+DQVHQ�������
VXJJHVWHG�RSWLRQV��&DVH��������7KH�DQDO\VLV�LQFOXGHG�D�GHILQLWLRQ�RI�WKH�VDPSOH�DUHD�EDVHG�RQ
UDGLRWHOHPHWU\�DQG�KRRN�DQG�OLQH�VDPSOLQJ��D�GHILQLWLRQ�RI�WKH�VDPSOH�SRSXODWLRQ��DQ�DQDO\VLV�RI
ELDV��L�H���VL]H�VHOHFWLYLW\���DQ�H[SODQDWLRQ�RI�WKH�DSSURSULDWH�VWUDWLILFDWLRQ�RI�WKH�GDWD��DQG
FDOFXODWLRQ�RI�WKH�HVWLPDWH�DQG�FRQILGHQFH�LQWHUYDOV���.ROPRJRURY�6PLUQRY�WZR�VDPSOH�WHVWV
�.6��RQ�OHQJWKV�DQG�FKL�VTXDUH�WHVWV�RI�OHQJWK�LQWHUYDOV�ZHUH�XVHG�WR�HYDOXDWH�VL]H�VHOHFWLYLW\����
6L]H�LQWHUYDOV�XVHG�E\�WKH�FKL�VTXDUH�WHVW��VHOHFWHG�LQ�DQ�DUELWUDU\�PDQQHU��ZHUH�#���FP��������
FP��DQG�$������6L]H�LQWHUYDOV�IRU�VWUDWLILHG�HVWLPDWHV�ZHUH�VHOHFWHG�E\�DQ�LWHUDWLYH�FKL�VTXDUH
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SURFHGXUH�GHVFULEHG�E\�WKH�FRPSXWHU�SURJUDP�³057HVW´��'DYH�%HUQDUG��$')*��$QFKRUDJH�
SHUVRQDO�
FRPPXQLFDWLRQ����&RQILGHQFH�LQWHUYDOV�IRU�VWUDWLILHG�HVWLPDWHV�ZHUH�HVWLPDWHG�XVLQJ�ERRW�VWUDS
PHWKRGV��%XFNODQG�HW�DO��������

6HYHUDO�DFWLRQV�ZHUH�WDNHQ�WR�LQFUHDVH�WKH�FKDQFH�RI�PHHWLQJ�WKH�DVVXPSWLRQV�OLVWHG
DERYH���2QO\�LQFRQQX�MXGJHG�WR�EH�KHDOWK\�ZHUH�PDUNHG�DQG�UHOHDVHG���:H�VHOHFWHG�D�WDJJLQJ�
DUHD�ZKHUH�ZH�DQWLFLSDWHG�QR�PRUWDOLW\�RI�PDUNHG�ILVK�RU�WKDW�WKH�PLQRU�PRUWDOLW\�RI�D�VPDOO
VXEVLVWHQFH�ILVKHU\�ZRXOG�HTXDOO\�DIIHFW�PDUNHG�DQG�XQPDUNHG�ILVK���$OVR��DW�WKH�WDJJLQJ�DUHD
VHOHFWHG��UHFUXLWPHQW�WR�WKH�SRSXODWLRQ�ZDV�QRW�WKRXJKW�WR�EH�D�SUREOHP�DV�ORQJ�DV�PDUNLQJ�ZDV
FRQGXFWHG�DV�WKH�HQWLUH�VSDZQLQJ�SRSXODWLRQ�PLJUDWHG�SDVW�WKH�WDJJLQJ�DUHD���7R�HQVXUH�WKLV�ZDV
WKH�FDVH�ZH�EHJDQ�VDPSOLQJ�HDUOLHU�HDFK�\HDU�XQWLO������ZKHQ�ZH�IHOW�WKDW�VDPSOLQJ�EHJDQ�EHIRUH
WKH�LQFRQQX�DUULYHG�LQ�WKH�WDJJLQJ�DUHD���6HFRQG��ZH�WHVW�ILVKHG�XSVWUHDP�LQ�-XO\�ZKHQ�ZH�ILUVW
DUULYHG�WR�GHWHUPLQH�WKH�GLVWULEXWLRQ�RI�ILVK�LQ�DQG�DERYH�WKH�WDJJLQJ�DUHD���:H�DOVR�UDGLR�WUDFNHG
WUDQVPLWWHU�LPSODQWHG�ILVK�LQ�WKH�WDJJLQJ�DUHD�WR�GHWHUPLQH�ZKHQ�ILVK�WUDYHOHG�WR�WKH�VSDZQLQJ
DUHD���)LQDOO\��GDWD�ORJJLQJ�UHFHLYHUV�DQG�PRELOH�WUDFNLQJ�ZHUH�XVHG�WR�LGHQWLI\�HPLJUDWLRQ�RXW�RI
WKH�VWXG\�DUHD�E\�UHFRUGLQJ�WKH�GHSDUWXUH�RI�WUDQVPLWWHU�LPSODQWHG�LQFRQQX�IURP�WKDW�DUHD�
�
/HQJWK�DQG�$JH�&RPSRVLWLRQ

)LHOG�VDPSOLQJ�²�'DWD�IURP�ILVK�FDSWXUHG�GXULQJ�WKH�PDUN�DQG�UHFDSWXUH�HIIRUW��DV
GHVFULEHG�DERYH��ZHUH�XVHG�IRU�OHQJWK�DQG�DJH�FRPSRVLWLRQ�DQDO\VLV��7KUHH�WR�ILYH�VFDOHV�ZHUH
UHPRYHG�DQG�VWRUHG���6FDOHV�ZHUH�WDNHQ�IURP�DOO�ILVK���6FDOH�VDPSOHV�ZHUH�UHPRYHG�IURP�WKH�VLGH
RI�WKH�ERG\�PLGZD\�EHWZHHQ�WKH�ODWHUDO�OLQH�DQG�WKH�EDVH�RI�WKH�GRUVDO�ILQ��$OW��������

3UHSDUDWLRQ�DQG�GDWD�DQDO\VLV�²�6DPSOHV�VHOHFWHG�IRU�OHQJWK�DQG�DJH�FRPSRVLWLRQ
DQDO\VLV�ZHUH�EDVHG�RQ�UHFRPPHQGDWLRQV�RI�%HUQDUG�DQG�+DQVHQ��������DIWHU�DQDO\VHV�UHJDUGLQJ
VL]H�VHOHFWLYLW\���6FDOHV�ZHUH�XVHG�WR�DJH�WKH�ILVK�XVLQJ�VWDQGDUG�WHFKQLTXHV��$PEURVH��������
6FDOH�LPSUHVVLRQV�ZHUH�PDGH�RQ�DFHWDWH�VOLGHV����PP�WKLFN�XVLQJ�D�&DUYHU�SUHVV�DW�VL[�PHWULF
WRQV�DQG�KHDWHG�WR�����GHJUHHV�&�IRU����VHFRQGV���6FDOH�LPSUHVVLRQV�ZHUH�UHDG�RQ�D�0LFURQ����
PLFURILFKH�UHDGHU���$QQXOXV�GHWHUPLQDWLRQ�ZDV�PDGH�XVLQJ�FULWHULD�GHVFULEHG�E\�$OW���������
6FDOH�VDPSOHV�ZHUH�UHDG�E\�WZR�UHDGHUV���'LVDJUHHPHQWV�RQ�WKH�DJH�IURP�D�SDUWLFXODU�VDPSOH
ZHUH�HLWKHU�UHFRQFLOHG�RU�WKH�VDPSOH�ZDV�GLVFDUGHG�

/HQJWK�FRPSRVLWLRQ�FDOFXODWLRQV�ZHUH�GLIIHUHQW�IRU�HDFK�\HDU�GHSHQGLQJ�RQ�ZKHWKHU�VL]H�
VHOHFWLYLW\�ZDV�GHWHFWHG�DQG�WKH�HVWLPDWRU�VWUDWLILHG�RU�QRW���&DOFXODWLRQV�IRU�HVWLPDWLQJ�OHQJWK
FRPSRVLWLRQ�ZKHQ�QR�VL]H�VHOHFWLYLW\�ZDV�GHWHFWHG�FDQ�EH�IRXQG�LQ�$SSHQGL[�&���&DOFXODWLRQV�IRU
HVWLPDWLQJ�OHQJWK�FRPSRVLWLRQ�ZKHQ�VL]H�VHOHFWLYLW\�LQGLFDWHG�WKH�QHHG�IRU�VWUDWLILFDWLRQ�FDQ�EH
IRXQG�LQ�$SSHQGL[�'�

6SDZQLQJ�+DELWDW�DQG�0LJUDWLRQ
� )LHOG�VDPSOLQJ�²��3ULRU�WR�WKH�VWXG\�LW�ZDV�GHWHUPLQHG�WKDW�WKH�VSDZQLQJ�JURXQGV�ZHUH
ORFDWHG�DERYH�WKH�7DJDJDZLN�5LYHU���7KLV�ZDV�EDVHG�RQ�DHULDO�VXUYH\V��.HQ�$OW��$')*�UHWLUHG�
)DLUEDQNV��$ODVND��SHUVRQDO�FRPPXQLFDWLRQ��DQG�GLVFXVVLRQV�ZLWK�6HUYLFH�SHUVRQQHO��5LFK
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-RKQVRQ��'DYH�'DXP��DQG�.HQ�7UR\HU��8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��)DLUEDQNV��$ODVND�
SHUVRQDO�FRPPXQLFDWLRQ����$�SUHOLPLQDU\�VXUYH\�ZDV�FRQGXFWHG�LQ�6HSWHPEHU������DQG�VRPH
ILVK�ZHUH�WDJJHG�DQG�UHOHDVHG�ZKHQ�D�FRQFHQWUDWLRQ�RI�LQFRQQX�ZHUH�ORFDWHG���,Q�������������WKH
VWXG\�DUHD�ZDV�VXUYH\HG�WR�ORFDWH�LQFRQQX�XVLQJ�WZR�VDPSOLQJ�WHFKQLTXHV��KRRN�DQG�OLQH�DQG
UDGLRWHOHPHWU\��GLVFXVVHG�DERYH����(DUO\�LQ�HDFK�VHDVRQ�DV�ILVK�PLJUDWHG�XSVWUHDP��D�QHZ
RFFXUUHQFH��ZKHUH�QR�ILVK�KDG�EHHQ�FDXJKW�SUHYLRXVO\��ZDV�LQWHUSUHWHG�DV�D�VLJQ�RI�PLJUDWLRQ�LQWR
DQ�DUHD���7R�LQYHVWLJDWH�SRVW�VSDZQLQJ�PLJUDWLRQ��LQ������D�VWDWLRQDU\�UHFHLYHU�ZLWK�DXWRPDWHG
GDWD�ORJJLQJ�FDSDELOLWLHV�ZDV�LQVWDOOHG�RQ�WKH�ORZHU�6HODZLN�5LYHU�XSVWUHDP�IURP�WKH�HQWUDQFH�WR
,QODQG�/DNH���7KH�SXUSRVH�RI�WKH�VWDWLRQ�ZDV�WR�UHFRUG�DGXOW�GRZQVWUHDP�PLJUDQWV�SUHYLRXVO\
ORFDWHG�RQ�WKH�VSDZQLQJ�JURXQGV���7KH�VWDWLRQ�UDQ�IURP�6HSWHPEHU����XQWLO�'HFHPEHU���������
ZKHQ�SRZHU�UHVHUYHV�ZHUH�H[KDXVWHG�

5HVXOWV

$EXQGDQFH�RI�6SDZQLQJ�,QFRQQX
5HVXOWV�GHVFULELQJ�D�WZR�HYHQW�PDUN�DQG�UHFDSWXUH�HVWLPDWH�VKRXOG�LQFOXGH�D�GHILQLWLRQ�RI

WKH�VDPSOH�DUHD��D�GHILQLWLRQ�RI�WKH�VDPSOH�SRSXODWLRQ��DQ�DQDO\VLV�RI�ELDV��L�H���VL]H�VHOHFWLYLW\��
DQ�H[SODQDWLRQ�RI�WKH�DSSURSULDWH�VWUDWLILFDWLRQ�RI�WKH�GDWD��DQG�FDOFXODWLRQV�RI�WKH�HVWLPDWH�DQG
FRQILGHQFH�LQWHUYDOV���7KH�UHVXOWV�EHORZ�GHVFULEH�HDFK�RI�WKHVH�LQ�WKH�RUGHU�JLYHQ���$GGLWLRQDOO\�
UHDGHUV�QHHG�WR�GLVWLQJXLVK�EHWZHHQ�WKH�PDUNLQJ�HYHQW��RIWHQ�GHVFULEHG�DV�³HYHQW�,´��DQG�WKH
UHFDSWXUH�HYHQW��³HYHQW�,,´���7KH�PDUNLQJ�HYHQW�RFFXUV�ZKHQ�SULPDU\�DQG�VHFRQGDU\�PDUNV�DUH
DSSOLHG�WR�WKH�ILVK��³0´�RI�HTXDWLRQ������,Q�FRQWUDVW��WKH�UHFDSWXUH�HYHQW�RFFXUV�DIWHU�WKH�PDUNLQJ
HYHQW�DQG�GHVFULEHV�WZR�JURXSV�RI�ILVK��WKH�WRWDO�QXPEHU�RI�ILVK�H[DPLQHG��³&´�RI�HTXDWLRQ����
DQG�RI�WKRVH�H[DPLQHG��WKH�WRWDO�IRXQG�WR�KDYH�PDUNV��³5´�RI�HTXDWLRQ������'LVWLQJXLVKLQJ
EHWZHHQ�WKH�³HYHQWV´�DQG�JURXSV�RI�ILVK�ZLWKLQ�HDFK�HYHQW�LV�NH\�WR�XQGHUVWDQGLQJ�WKH�ILQGLQJV
SUHVHQWHG�DQG�WKH�LPSOLFDWLRQV�IRU�HDFK�

$EXQGDQFH�HVWLPDWHV�ZHUH�DWWHPSWHG�LQ�������������DQG�������EXW�RQO\�FRPSOHWHG�IRU�WKH
ODWWHU�WZR�\HDUV�EHFDXVH�IORRGLQJ�KDOWHG�ZRUN�LQ��������7KH�WLPLQJ�RI�PDUN�DQG�UHFDSWXUH�HYHQWV
YDULHG�VOLJKWO\�E\�\HDU���7KH�PDUNLQJ�HYHQWV�UDQ�IURP�-XO\����WR�$XJXVW����������DQG�-XO\����WR
$XJXVW������������5HFDSWXUH�HYHQWV�UDQ�IURP�6HSWHPEHU���WR����������DQG�$XJXVW����WR
6HSWHPEHU����������

5HFDSWXUH�VDPSOLQJ�DUHD�²�7KH�UHFDSWXUH�VDPSOLQJ�DUHD�LV�WKH�DUHD�LQ�ZKLFK�VDPSOLQJ
IRU�³HYHQW�,,´�RFFXUV�DQG�LV�LPSRUWDQW�WR�GHVFULEH�WR�FRQILUP�WKDW�WKH�PDUNHG�SRSXODWLRQ�LV�WKH
VDPH�SRSXODWLRQ�VDPSOHG�IRU�UHFDSWXUH���7KH�VDPSOLQJ�DUHD�ZDV�GHILQHG�EDVHG�RQ�����UDGLR
ORFDWLRQV�FROOHFWHG�LQ�������������DQG��������7KHVH�UDGLR�ORFDWLRQV�ZHUH�WKH�SULPDU\�IDFWRU�LQ
GHWHUPLQLQJ�ZKHUH�WR�VDPSOH�GXULQJ�WKH�UHFDSWXUH�HYHQW�HDFK�\HDU���5DGLR�ORFDWLRQV�SURYLGHG�D
EUDFNHWHG�DUHD�ZKLFK�VKUDQN�LQ�OHQJWK�DV�WKH�LQFRQQX�FRPSOHWHG�WKHLU�PLJUDWLRQ�DQG�DUULYHG�DW
WKHLU�ILQDO�GHVWLQDWLRQ��WKH�VSDZQLQJ�KDELWDW���+RRN�DQG�OLQH�VDPSOLQJ�DERYH�DQG�EHORZ�WKH�UDQJH
RI�UDGLR�WDJJHG�ILVK�YHULILHG�WKH�SUHVHQFH�RU�DEVHQFH�RI�DGGLWLRQDO�LQFRQQX�DQG�WKXV��FUHZV�ZHUH
DEOH�WR�GLUHFW�HIIRUW�HIILFLHQWO\���,Q������WKH�\HDU�RI�JUHDWHVW�WHOHPHWU\�FRYHUDJH��QR�ILVK�ZHUH
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FROOHFWHG�RXWVLGH�WKH�JHRJUDSKLF�OLPLWV�RI�WKH�GLVWULEXWLRQ�VHW�E\�UDGLR�WDJJHG�ILVK��7KH
JHRJUDSKLF�GLVWULEXWLRQ�ZDV�RQO\����NP�LQ�OHQJWK�E\�6HSWHPEHU������3ULRU�WR�WKDW�GDWH�VRPH�ILVK
ZHUH�IRXQG�EHORZ�WKH����NP�VHFWLRQ�DQG�VDPSOLQJ�HIIRUW�ZDV�H[WHQGHG�WR�WKRVH�DUHDV���,Q�\HDUV
ZLWK�IHZHU�UDGLR�WDJV�GHSOR\HG��LQFRQQX�ZHUH�FROOHFWHG�RXWVLGH�WKH�UDQJH�RI�UDGLR�WDJJHG�ILVK��EXW
ZHUH�VWLOO�ZLWKLQ�WKH����NP�JHRJUDSKLF�GLVWULEXWLRQ�HVWDEOLVKHG�LQ������

�1R�QHZ�VSDZQLQJ�DUHDV�ZHUH�ORFDWHG�GHVSLWH�H[WHQVLYH�PRELOH�DQG�VWDWLRQDU\�PRQLWRULQJ��
$OO�UDGLR�WDJV�LQ�HDFK�\HDU�ZHUH�DFFRXQWHG�IRU�ZLWK�WKH�H[FHSWLRQ�RI�RQH�WDJ���0RYHPHQW�E\�ILVK
ZLWKLQ�WKH�VSDZQLQJ�DUHD�ZDV�GRFXPHQWHG�GXULQJ�WKH�VHFRQG�HYHQW�LQ�WKH�ODWHU�WZR�\HDUV���0RVW
UDGLR�WDJJHG�ILVK�PRYHG�DPRQJ�WKH�SRROV�DQG�UXQV�IRXQG�ZLWKLQ�WKH�VSDZQLQJ�DUHD�LQGLFDWLQJ
VRPH�PL[LQJ�RI�WKH�SRSXODWLRQ��

6DPSOH�SRSXODWLRQ�²�,Q�������FUHZV�VXFFHVVIXOO\�PDUNHG�����LQFRQQX�GXULQJ�WKH
PDUNLQJ�HYHQW�DQG�H[DPLQHG�����ILVK�IRU�PDUNV�GXULQJ�WKH�UHFDSWXUH�HYHQW�ILQGLQJ����UHFDSWXUHG
ILVK���,Q������FUHZV�PDUNHG�����LQFRQQX�LQ�WKH�PDUNLQJ�HYHQW�DQG�H[DPLQHG�����ILVK�LQ�WKH
UHFDSWXUH�HYHQW�RI�ZKLFK����ZHUH�UHFDSWXUHG���,Q�HDFK�\HDU�IHZ�ILVK�������ZHUH�FDXJKW�E\�EHDFK
VHLQH�GXULQJ�WDJJLQJ�DQG�QRQH�ZHUH�FDSWXUHG�GXULQJ�WKH�UHFDSWXUH�HYHQW�

7KH�VDPSOH�SRSXODWLRQ�LV�WKH�SRSXODWLRQ�UHSUHVHQWHG�E\�WKH�HVWLPDWH���,I�WKH�UDQJH�RI
OHQJWKV�RI�UHFDSWXUHG�ILVK�LQ�³HYHQW�,,´�LV�WKH�VDPH�DV�WKDW�RI�PDUNHG�ILVK�GXULQJ�³HYHQW�,´��WKHQ
WKH�VDPSOH�SRSXODWLRQ�LQFOXGHV�ILVK�RI�DOO�VL]HV�UHSUHVHQWHG�LQ�WKH�FDWFK���,Q�PRVW�FDVHV��KRZHYHU�
WKH�UDQJH�RI�OHQJWKV�UHSUHVHQWHG�E\�WKH�UHFDSWXUHG�ILVK�RI�³HYHQW�,,´�LV�PXFK�VPDOOHU�WKDQ�WKDW�RI
WKH�PDUNHG�SRSXODWLRQ�³HYHQW�,´�DQG�WKH�VDPSOH�SRSXODWLRQ�PXVW�EH�UHVWULFWHG�WR�ILVK�UHSUHVHQWHG
E\�WKRVH�UHFDSWXUHG�GXULQJ�³HYHQW�,,´���7KH�ODWWHU�FDVH�LV�WKDW�REVHUYHG�LQ�ERWK������DQG�������
7KH�UDQJH�RI�OHQJWKV�LQ������RI�UHFDSWXUHG�ILVK�GXULQJ�³HYHQW�,,´��)LJXUH��%��ZDV�PRUH�UHVWULFWHG
WKDQ�WKH�UDQJH�RI�WKH�PDUNHG�SRSXODWLRQ��)LJXUH��$����,Q������WKH�UDQJH�RI�OHQJWKV�IURP
UHFDSWXUHG�ILVK�IURP�HYHQW�³HYHQW�,,´�ZDV�HYHQ�PRUH�UHVWULFWHG�WKDQ�LQ�������)LJXUH��&���'���
7KH�UDQJH�RI�OHQJWKV�IURP�UHFDSWXUHG�ILVK�ZDV�GLIIHUHQW�LQ�ERWK�\HDUV�UHTXLULQJ�VHSDUDWH
DGMXVWPHQWV�WR�EH�PDGH�WR�DFFXUDWHO\�UHIOHFW�WKH�VDPSOH�SRSXODWLRQV���6WULFWO\�LQWHUSUHWHG��OHQJWK
UDQJHV�RI�WKH�VDPSOHG�SRSXODWLRQV�IRU������DQG������ZRXOG�GLIIHU���������YV���������FP�
UHVSHFWLYHO\���+RZHYHU��WR�SURYLGH�D�FRPSDUDEOH�HVWLPDWH�IRU�WKH�WZR�\HDUV�WKH�VDPSOH�SRSXODWLRQ
ZDV�GHILQHG�IRU�WKH�HVWLPDWH�DV�ILVK�$���DQG�#����FP���7KLV�PHDQV�WKDW�RQO\�ILVK�$���WR�#����FP
DUH�UHSUHVHQWHG�E\�WKH�HVWLPDWH���,Q������RQO\����ILVK�PHW�WKH�OHQJWK�UDQJH�FULWHULD�DQG�FRPSRVHG
WKH�WRWDO�QXPEHU�RI�UHFDSWXUHG�ILVK��³5´�HTXDWLRQ������7KH�QXPEHU�RI�UHFDSWXUHG�ILVK��5 ���
GXULQJ������GLG�QRW�FKDQJH�EHFDXVH�RI�UHVWULFWLRQV�WR�WKH�VDPSOH�SRSXODWLRQ�

6L]H�VHOHFWLYLW\�²�6L]H�VHOHFWLYLW\�LV�D�FRPPRQ�VDPSOLQJ�SKHQRPHQD�WKDW�FDQ�LQWURGXFH
ELDV�LQWR�D�SRSXODWLRQ�HVWLPDWH�E\�RYHU�UHSUHVHQWDWLRQ�RI�RQH�VL]H�RI�ILVK�RYHU�RWKHUV�LQ�WKH�GDWD�
/LQH�JUDSKV�RI�FXPXODWLYH�IUHTXHQF\�DQG�K\SRWKHVLV�WHVWLQJ�ZHUH�XVHG�WR�H[DPLQH�WKH�GDWD�IRU
VL]H�VHOHFWLYLW\���,Q�������FXPXODWLYH�IUHTXHQF\�SORWV��)LJXUH����WRS��LQGLFDWHG�VPDOO�GLIIHUHQFHV
DPRQJ�WKH�PDUNHG��H[DPLQHG��DQG�UHFDSWXUHG�ILVK���5HVXOWV�IURP�.6�DQG�FKL�VTXDUH�WHVWV�RQ�ILVK
WDJJHG�GXULQJ�³HYHQW�,´��YHUVXV�UHFDSWXUHG�GXULQJ�³HYHQW�,,´��LQGLFDWHG�QR�GLIIHUHQFH�EHWZHHQ�WKH
WZR�JURXSV��'

PD[
 ������Q� �����������3� �������DQG�;��� ��������G�I�� ����3� �������UHVSHFWLYHO\���
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$�VHFRQG�WHVW��D�.6�WHVW�RI�ILVK�WDJJHG�GXULQJ�³HYHQW�,´�YHUVXV�WKRVH�H[DPLQHG�³HYHQW�,,´
LQGLFDWHG�WKH�WZR�JURXSV�GLIIHUHG��'

PD[
 ������Q� ����������3� ����������,Q�FRPELQDWLRQ�WKH�WHVWV

VKRZHG�VL]H�VHOHFWLYLW\�ZDV�SUHVHQW�LQ�WKH�PDUNLQJ�HYHQW��EXW�QRW�LQ�WKH�UHFDSWXUH�HYHQW���7KHVH
VWDWLVWLFDO�WHVWV�LQGLFDWH�WKDW�D�VLQJOH�XQVWUDWLILHG�HVWLPDWRU�ZDV�DSSURSULDWH�IRU�������%HUQDUG�DQG
+DQVHQ�������

�,Q�������OLQH�JUDSKV�RI�FXPXODWLYH�IUHTXHQFLHV��)LJXUH����ERWWRP��LQGLFDWHG�D�ODUJH
GLIIHUHQFH�LQ�VDPSOLQJ�VHOHFWLYLW\�EHWZHHQ�VRPH�JURXSV���+\SRWKHVLV�WHVWLQJ�LQGLFDWHG�VL]H
VHOHFWLYLW\�LQ�ERWK�VDPSOLQJ�HYHQWV���5HVXOWV�IURP�.6�DQG�FKL�VTXDUH�WHVWV�RQ�ILVK�WDJJHG�GXULQJ
³HYHQW�,´�YHUVXV�UHFDSWXUHG�GXULQJ�³HYHQW�,,´�LQGLFDWHG�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�JURXSV
�'

PD[
 ������Q� ������3� ���������DQG�;��� �������G�I� ���3� ��������UHVSHFWLYHO\����7KH�VHFRQG

WHVW��D�.6�WHVW�RQ�ILVK�FDSWXUHG�GXULQJ�³HYHQW�,´�YHUVXV�WKRVH�H[DPLQHG�GXULQJ�³HYHQW�,,´�VKRZHG
WKH�WZR�JURXSV�GLG�QRW�GLIIHU��'

PD[
 ������Q� �����3 ��������7KHVH�UHVXOWV�LQGLFDWHG�WKDW�D

VWUDWLILHG�HVWLPDWRU�VKRXOG�EH�XVHG��%HUQDUG�DQG�+DQVHQ���������$Q�LWHUDWLYH�SURFHVV�RI�FKL
VTXDUH�WHVWV�ZDV�XVHG�WR�GHWHUPLQH�WKH�RSWLPDO�VWUDWXP�IRU�WKH�HVWLPDWRU���7KH�VWUDWXP�VHOHFWHG
ZHUH�#���FP�DQG�$����FP��

3RSXODWLRQ�HVWLPDWH�²�%DVHG�RQ�WKH�DERYH�LQIRUPDWLRQ�SRSXODWLRQ�HVWLPDWHV�RI������
DQG�������ZHUH�FDOFXODWHG�IRU������DQG�������UHVSHFWLYHO\��7DEOH������&RQILGHQFH�LQWHUYDOV�ZHUH
ZLGHU�LQ��������$Q�XQVWUDWLILHG�HVWLPDWH�IRU������LQGLFDWHG�WKDW�ELDV�ZDV�VLJQLILFDQW�DQG�VKRXOG
QRW�EH�LJQRUHG�IRU�OHQJWK�FRPSRVLWLRQ�

/HQJWK�DQG�$JH�&RPSRVLWLRQ�
/HQJWK�FRPSRVLWLRQ�²�)RUN�OHQJWK�PHDQ��PHGLDQ��DQG�UDQJH�RI�VSDZQLQJ�LQFRQQX�ZHUH

VLPLODU�LQ�WKH�WKUHH�\HDUV�VDPSOHG�������������7DEOH������,Q�������RQO\�ILVK�VDPSOHG�SULRU�WR
IORRGLQJ�ZHUH�LQFOXGHG�LQ�WKH�GLVWULEXWLRQ�DQG�PD\�QRW�EH�UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ��)LJXUH
���$��7DEOH������,Q�������RQO\�ILVK�IURP�³HYHQW�,,´�ZHUH�XVHG�IRU�OHQJWK�FRPSRVLWLRQ�EHFDXVH�VL]H
VHOHFWLYLW\�ZDV�LQGLFDWHG�LQ�³HYHQW�,´���0XOWLSOH�SHDNV�ZHUH�YLVLEOH�RQ�WKH�OHQJWK�IUHTXHQF\
GLVWULEXWLRQ��)LJXUH����%��7DEOH������,Q�������VL]H�VHOHFWLYLW\�ZDV�HYLGHQW�DQG�DV�D�UHVXOW�WKH�GDWD
IURP�ERWK�VDPSOH�HYHQWV�ZHUH�XVHG�WR�HVWLPDWH�WKH�SURSRUWLRQ�LQ�HDFK�VL]H�LQWHUYDO�LQFRUSRUDWLQJ
D�FRUUHFWLRQ��%HUQDUG�DQG�+DQVHQ���������$JDLQ��PXOWLSOH�SHDNV�ZHUH�HYLGHQW�LQ�������)LJXUH���
&��7DEOH������$�FRPSDULVRQ�RI�OHQJWK�IUHTXHQFLHV�IRU�WKH�WKUHH�\HDUV�LQGLFDWHG�PLQRU�GLIIHUHQFHV
�)LJXUH������)RU�H[DPSOH��LQ������PRUH�ILVK�EHORZ����FP�ZHUH�HYLGHQW���$��î��FKL�VTXDUH�RI�\HDU
E\�VL]H�LQWHUYDO��#���FP�!������FP�!������FP�!���������$�����LQGLFDWHG�GLIIHUHQFHV�DPRQJ�WKH
\HDUV��;�� �������GI� ������3� ����������$Q�H[DPLQDWLRQ�RI�LQGLYLGXDO�FHOO�FKL�VTXDUH�YDOXHV
LQGLFDWHG�ODUJH�YDOXHV�LQ�WKH�������FP�LQWHUYDO�LQ������DV�ZHOO�DV�WKH�!����FP�LQWHUYDO�LQ�����
�7DEOH����

$JH�FRPSRVLWLRQ�²�,Q�������DJH�FRPSRVLWLRQ�ZDV�EDVHG�RQ�ILVK�IURP�WKH�VHFRQG
VDPSOLQJ�HYHQW�EHFDXVH�QR�VL]H�VHOHFWLYLW\�ZDV�LQGLFDWHG�IRU�WKDW�VDPSOH��VHH�DERYH����,QFRQQX
UDQJHG�IURP�DJH���WR����\HDUV��7DEOH������$JH����LQFRQQX�ZHUH�PRVW�SUHYDOHQW�DOWKRXJK�WZR
VHFRQGDU\�PRGHV�RFFXUUHG�DW�DJH���DQG������&RQVLGHUDEOH�RYHUODS�RI�WKH�UDQJH�RI�OHQJWKV�ZHUH
LQGLFDWHG�LQ�D�SORW�RI�OHQJWK�RQ�DJH��)LJXUH������,Q�������DJH�FRPSRVLWLRQ�ZDV�EDVHG�RQ�ILVK�IURP
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ERWK�VDPSOLQJ�HYHQWV��7DEOH������,QFRQQX�UDQJHG�IURP�DJH���WR������$JH����DQG����ILVK�ZHUH�PRVW
QXPHURXV���$�VHFRQGDU\�PRGH�DW�DJH���ZDV�HYLGHQW�

6SDZQLQJ�+DELWDW�DQG�0LJUDWLRQ�
5DGLRWHOHPHWU\������²�,Q�������UDGLR�WUDQVPLWWHUV�ZHUH�VXUJLFDOO\�LPSODQWHG�LQWR���

LQFRQQX�SULRU�WR�ZKHQ�WKH�SURMHFW�ZDV�KDOWHG�GXH�WR�IORRGLQJ���7KLUWHHQ�ILVK�ZHUH�UHFRUGHG
WUDYHOLQJ�GRZQVWUHDP�RXW�RI�WKH�VWXG\�DUHD�E\�WKH�ORZHU�VWDWLRQDU\�UHFHLYHUV���)LYH�ILVK�WUDYHOHG
GRZQVWUHDP�LQ�WLPHV�RI�JUDGXDOO\�LQFUHDVLQJ�GLVFKDUJH�EHWZHHQ�$XJXVW���DQG������7KH�UHPDLQLQJ
HLJKW�ILVK�WUDYHOHG�GRZQVWUHDP�EHWZHHQ�$XJXVW��������D�WLPH�RI�TXLFNO\�LQFUHDVLQJ�GLVFKDUJH�DW
WKH�EHJLQQLQJ�RI�WKH�IORRG���$IWHU�WKH�IORRG��FUHZV�UHFRYHULQJ�HTXLSPHQW�6HSWHPEHU�������IRXQG
HLJKW�UDGLR�WDJJHG�ILVK���6L[�ILVK�ZHUH�IRXQG�LQ�WKH�VXVSHFWHG�VSDZQLQJ�DUHD�DQG�RWKHU�XQWDJJHG
ILVK�ZHUH�FROOHFWHG�LQ�WKRVH�DUHDV���2QH�ILVK�ZDV�IRXQG�DSSUR[LPDWHO\���NP�GRZQVWUHDP�RI�WKH
RWKHUV�DQG�RQH�ILVK�ZDV�ORFDWHG�MXVW�DERYH�WKH�7DJDJDZLN�5LYHU���7KH�ILVK�ORFDWHG�QHDU�WKH
7DJDJDZLN�5LYHU�PRYHG�XSVWUHDP�ZKLOH�EHLQJ�WUDFNHG�RYHU�D����PLQXWH�WLPH�SHULRG�

5DGLRWHOHPHWU\������²�,Q�������UDGLR�WUDQVPLWWHUV�ZHUH�DSSOLHG�WR����LQFRQQX�IURP�-XO\
���WR�$XJXVW������6XUJLFDO�LPSODQWHG�WUDQVPLWWHUV�ZLWK�LQWHUQDO�KHOLFDO�DQWHQQDV�FRPSULVHG����RI
WKH�WRWDO�DQG���WUDQVPLWWHUV�ZLWK�ZKLS�DQWHQQDV�ZHUH�LQVHUWHG�RUDOO\�LQWR�WKH�VWRPDFK���5DGLR
ORFDWLRQV�UHFRUGHG�IURP�D�ERDW�H[FHHGHG�����LQ�WKH�WDJJLQJ�DUHD�DQG�����LQ�WKH�VSDZQLQJ�DUHD��
7KLUW\�ILVK�ZHUH�WUDFNHG�XSVWUHDP�RXW�RI�WKH�WDJJLQJ�DUHD�DQG�LQWR�WKH�DUHD�SUHYLRXVO\�LGHQWLILHG
DV�WKH�OLNHO\�VSDZQLQJ�DUHD���7ZR�ILVK�ZLWK�VXUJLFDOO\�LPSODQWHG�WUDQVPLWWHUV�SURFHHGHG
GRZQVWUHDP�RXW�RI�WKH�VWXG\�DUHD�ZLWKLQ�KRXUV�RI�UHOHDVH�DIWHU�VXUJHU\���7KH�GLVSRVLWLRQ�RI�WKHVH
WZR�ILVK�LV�XQNQRZQ��EXW�LW�LV�OLNHO\�WKDW�WKH\�GLHG�IURP�WKH�HIIHFWV�RI�WKH�VXUJHU\���7KH�UHPDLQLQJ
���ILVK�ZHUH�DFFRXQWHG�IRU�LQ�WKH�XSVWUHDP�VSDZQLQJ�DUHD�XQWLO�FUHZV�VWRSSHG�UDGLR�WUDFNLQJ�RQ
6HSWHPEHU����

,Q�WKH�PDUNLQJ�DUHD�ILVK�UHFHLYLQJ�UDGLR�WDJV�SULRU�WR�$XJXVW���GLG�QRW�PRYH�IDU�IURP
ZKHUH�WKH\�ZHUH�UHOHDVHG�XQWLO�UDLQ�FDXVHG�VLJQLILFDQW�LQFUHDVHV�LQ�GLVFKDUJH�DURXQG�$XJXVW���DQG
����$W�WKDW�WLPH�UDLQIDOO�UDLVHG�6HODZLN�5LYHU�ZDWHU�OHYHOV�E\�DERXW�����P���)URP�$XJXVW���WR����
WKH�PDMRULW\�RI�WKRVH�WDJJHG�ILVK�EHJDQ�PRYLQJ�XSVWUHDP���7KH�PRYHPHQW�RI�ILVK�UDGLR�WDJJHG
DIWHU�$XJXVW���YDULHG�PXFK�PRUH�WKDQ�WKRVH�WDJJHG�HDUO\���2I�WKH�ILVK�WDJJHG�ODWH��D�IHZ�PRYHG
XSVWUHDP�ZLWKLQ�WZR�GD\V�RI�VXUJHU\�ZKLOH�RWKHUV�KHOG�LQ�SODFH�XQWLO�ODWHU���5DLQIDOO�DJDLQ�FDXVHG
WKH�ULYHU�WR�ULVH�$XJXVW����DQG�DGGLWLRQDO�XSVWUHDP�PRYHPHQW�ZDV�REVHUYHG�

,Q�WKH�VSDZQLQJ�DUHD�GXULQJ������KDOI�WKH�WUDFNHG�ILVK�ZHUH�ZLWKLQ�WKH����NP�DUHD�E\
6HSWHPEHU���DQG�WKH�UHPDLQGHU�DUULYHG�E\�6HSWHPEHU������2QFH�LQ�WKH����NP�DUHD�UDGLR�WDJJHG
ILVK�PL[HG�VR�WKDW�QR�SDWWHUQ�EDVHG�RQ�WLPH�RI�UHOHDVH��ORFDWLRQ�RI�UHOHDVH��DQG�UHODWLYH�ORFDWLRQ
GXULQJ�WKH�UHFDSWXUH�HYHQW�FRXOG�EH�GHWHFWHG���0RVW�ILVK�ZHUH�REVHUYHG�LQ�GLIIHUHQW�ORFDWLRQV
HYHU\�IHZ�GD\V��JHQHUDOO\�PRYLQJ�XSVWUHDP�DOWKRXJK�D�IHZ�ILVK�VHHPHG�WR�ZDQGHU�ERWK�XS�DQG
GRZQVWUHDP���6RPH�LQGLYLGXDOV�ZHUH�REVHUYHG�WR�PRYH�XSVWUHDP�WR�WKHLU�IXUWKHVW�XSVWUHDP
SRVLWLRQ�E\�6HSWHPEHU����DQG�KROG�SRVLWLRQ�ZLWKLQ�D�VSHFLILF�VHJPHQW�XQWLO�WUDFNLQJ�ZDV�VWRSSHG
6HSWHPEHU������$�IHZ�ILVK�ZHUH�REVHUYHG�WR�PLJUDWH�WR�WKH�IXUWKHVW�XSVWUHDP�HQG�RI�WKH����NP
VHJPHQW�DQG�ZHUH�VXEVHTXHQWO\�REVHUYHG�KROGLQJ�EDFN�GRZQVWUHDP���7KLV�ODVW�EHKDYLRU�JDYH�WKH
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LPSUHVVLRQ�WKDW�KDELWDW�DW�WKH�IXUWKHVW�XSVWUHDP�SRLQW�ZDV�QRW�VXLWDEOH�IRU�VSDZQLQJ�DQG�WKH�ILVK
PRYHG�EDFN�GRZQVWUHDP�WRZDUGV�WKH�PDLQ�ERG\�RI�KROGLQJ�LQFRQQX�WR�EHWWHU�KDELWDW���,W�ZDV�QRW
WKRXJKW�WKDW�WKHVH�ILVK�KDG�VSDZQHG�DQG�VWDUWHG�WKHLU�GRZQVWUHDP�PLJUDWLRQ�EHFDXVH�QR�IHPDOHV
KDG�EHHQ�REVHUYHG�WR�H[WUXGH�HJJV�ZKLOH�EHLQJ�KDQGOHG���,Q�FRQWUDVW��QHDUO\�DOO�PDOHV�ZHUH
REVHUYHG�WR�KDYH�IORZLQJ�PLOW�

�,Q�������ZH�PRQLWRUHG�WKH�SRVW�VSDZQ�PLJUDWLRQ�GRZQVWUHDP�DW�D�UHFHLYHU�WKDW�ZDV
VWDWLRQHG�DSSUR[LPDWHO\����NP�DERYH�WKH�FKDQQHO�SURYLGLQJ�DFFHVV�WR�,QODQG�/DNH��WKH�ILUVW
RSSRUWXQLW\�WKDW�LQFRQQX�ZRXOG�KDYH�WR�GLVSHUVH�IURP�WKH�6HODZLN�5LYHU�DIWHU�VSDZQLQJ���7KH
GDWD�ORJJLQJ�UHFHLYHU�RSHUDWHG�IURP�6HSWHPEHU����WR�'HFHPEHU������������3RVW�VSDZQLQJ
GRZQVWUHDP�PLJUDQWV�ZHUH�UHFRUGHG�PRYLQJ�SDVW�WKH�UHFHLYHU�IURP�6HSWHPEHU����WR�2FWREHU����
�)LJXUH������:H�GHWHFWHG�DOO����SRWHQWLDO�PLJUDQWV�WUDYHOLQJ�GRZQVWUHDP���7UDYHO�WLPHV�SDVW�WKH
UHFHLYHU�UDQJHG�IURP���WR����PLQXWHV�DQG�DYHUDJHG������PLQXWHV�H[FOXGLQJ�RQH�H[FHSWLRQ�ZKLFK
VWD\HG�ZLWKLQ�UDQJH�RI�WKH�UHFHLYHU�IRU�DSSUR[LPDWHO\����K�

5DGLRWHOHPHWU\������²�,Q����������RI����GHSOR\HG�WUDQVPLWWHUV�ZHUH�ORFDWHG�RQ�WKH
VSDZQLQJ�JURXQGV�E\�6HSWHPEHU�����$OO�GHWHFWHG�UDGLR�WDJJHG�LQFRQQX�ZHUH�ZLWKLQ�WKH
JHRJUDSKLF�OLPLWV�LGHQWLILHG�LQ��������2QH�ILVK�ZDV�XQDFFRXQWHG�IRU�LQ�WKH�WHOHPHWU\�VXUYH\V��
7ZR�ILVK�SDVVHG�WKH�IL[HG�UHFHLYHU�VLWH�EHORZ�WKH�ORZHU�VDPSOLQJ�DUHD��RQH�SDVVHG�ZLWKLQ�DQ�KRXU
DIWHU�LQVHUWLRQ�RI�WKH�WUDQVPLWWHU�DQG�WKH�VHFRQG��WKUHH�GD\V�DIWHU�WKH�WUDQVPLWWHU�DSSOLFDWLRQ��
5DGLR�ORFDWLRQV�WRWDOHG����LQ�WKH�VSDZQLQJ�DUHD���$SSUR[LPDWHO\�KDOI�RI�WKH�ILVK�ORFDWHG�LQ�WKH
VSDZQLQJ�DUHD�PRYHG�WR�D�QHZ�XSVWUHDP�RU�GRZQVWUHDP�ORFDWLRQ�EHWZHHQ�6HSWHPEHU���DQG���

&RQYHQWLRQDO�WDJJLQJ�²�$QFKRU�WDJV�ZHUH�GHSOR\HG�DV�WKH�SULPDU\�PDUN�IURP�6HSWHPEHU
�����XQWLO�WKH�IDOO�RI��������9LVXDO�LPSODQW�WDJV�ZHUH�XVHG�DV�D�VHFRQGDU\�PDUN�DIWHU�������
9LVXDO�LPSODQW�WDJV�ZHUH�DOVR�HYDOXDWHG�DV�D�SRWHQWLDO�ORQJ�WHUP�PDUN���7DJV�ZHUH�FDSWXUHG�LQ
VXEVHTXHQW�\HDUV�RI�VDPSOLQJ�DQG�IURP�ILVKHUV�LQ�WKH�ZLQWHU�ILVKHU\���6RPH�ILVK�UHFDSWXUHG�GXULQJ
RXU�VDPSOLQJ�VKRZHG�FRQVHFXWLYH�\HDU�VSDZQLQJ��7DEOH������7DJ�ORVV�GDWD�EDVHG�RQ�UHFDSWXUHG
ILVK��7DEOH�����LQGLFDWHG�WKDW�DQFKRU�WDJ�UHWHQWLRQ�ZDV�EHWWHU�WKDQ�UHWHQWLRQ�RI�YLVXDO�LPSODQW�WDJV
IRU�VKRUW�WHUP�����WR���\HDUV��VWXG\���+RZHYHU��VDPSOH�VL]HV�ZHUH�WRR�VPDOO�WR�PDNH�VWURQJ
VWDWHPHQWV�DERXW�WDJ�UHWHQWLRQ���7DJV�UHFRYHUHG�E\�ILVKHUV��Q ����LQGLFDWH�WKDW�ILVK�GLVSHUVHG�IURP
WKH�VRXWKHUQ�SRUWLRQ�RI�6HODZLN�/DNH�WR�WKH�QRUWKHUQ�HGJH�RI�+RWKDP�,QOHW�GXULQJ�WKH�ZLQWHUV�RI
�����DQG��������1R�ILVK�WDJJHG�LQ�WKH�6HODZLN�5LYHU�ZHUH�UHFDSWXUHG�LQ�WKH�.REXN�5LYHU�LQ�WKH
WKUHH�\HDUV�RI�VDPSOLQJ�E\�WKH�$')*�RU�E\�UHVLGHQWV�DORQJ�WKH�ULYHU�DV�IDU�DV�ZH�NQRZ��7DXEH�
$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��SHUVRQDO�FRPPXQLFDWLRQ����7KH�RSSRVLWH�ZDV�DOVR�WUXH��
1R�ILVK�WDJJHG�GXULQJ�D�FRQFXUUHQW�VWXG\�LQ�WKH�.REXN�5LYHU��7DXEH�������������ZHUH�UHFDSWXUHG
LQ�WKH�6HODZLN�5LYHU�

'LVFXVVLRQ

,Q������DQG������VWDWLVWLFDOO\�GHIHQVLEOH�SRSXODWLRQ�HVWLPDWHV�IRU�LQFRQQX�ZHUH�PDGH�IRU
WKH�ILUVW�WLPH�IRU�WKH�6HODZLN�5LYHU���7KH�HVWLPDWHV�DUH�KLJKHU�WKDQ�ILUVW�SUHGLFWHG�LQGLFDWLQJ�WKDW
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WKH�VSDZQLQJ�SRSXODWLRQV�DUH�ODUJH�HQRXJK�WR�EH�JHQHWLFDOO\�VWDEOH�DQG�OHVV�YXOQHUDEOH�WR�RYHU
KDUYHVW�WKDQ�SUHYLRXVO\�WKRXJKW���+RZHYHU��WKHVH�ILQGLQJV�DUH�QRW�JURXQGV�IRU�FRPSODFHQF\
EHFDXVH�WKH�KDUYHVW�UDWH�LV�XQNQRZQ�DQG�PRUH�LPSRUWDQW�WKDQ�SRSXODWLRQ�VL]H�ZKHQ�GHWHUPLQLQJ
SRSXODWLRQ�WUHQGV���$�FRPSUHKHQVLYH�HYDOXDWLRQ�RI�KDUYHVW�ZRXOG�FRPSOHPHQW�WKH�SRSXODWLRQ
HVWLPDWHV�DQG�VKRXOG�EH�WKH�QH[W�VWHS�LQ�HYDOXDWLQJ�WKH�SRSXODWLRQ�G\QDPLFV�

7KH�H[WUHPHO\�VLPLODU�HVWLPDWHV��������DQG�������UHVSHFWLYHO\��FRXOG�ZHOO�EH�DQ�DUWLIDFW�RI
FKDQFH�DQG�KROG�OHVV�LPSRUWDQFH�WKDQ�WKH�UDQJH�JLYHQ�E\�WKH�FRQILGHQFH�LQWHUYDOV���&RQILGHQFH
LQWHUYDOV�IRU������DUH�PXFK�QDUURZHU�WKDQ�LQ��������7KLV�UHIOHFWV�WKH�ODUJHU�VDPSOH�VL]H�LQ�����
DQG�D�EHWWHU�HVWLPDWH�DV�D�UHVXOW���6DPSOH�VL]H�ZDV�ORZHU�LQ������EHFDXVH�RI�D�IORRG�ODVWLQJ
DSSUR[LPDWHO\����GD\V�GXULQJ�-XO\�DV�ZHOO�DV�FROGHU�WHPSHUDWXUHV�GXULQJ�6HSWHPEHU�WKDW�ORZHUHG
FDWFK�UDWHV�DQG�UHGXFHG�VDPSOLQJ�E\���GD\V���)LVK�$���WR�#����FP�ZHUH�UHSUHVHQWHG�E\�WKH�LQGH[�
RU�DSSUR[LPDWHO\�����RI�VSDZQHUV�EDVHG�RQ������OHQJWK�IUHTXHQF\�GDWD�

/HQJWK�DQG�DJH�GDWD�ZHUH�VLPLODU�WR�SDVW�VWXGLHV�DQG�FRPSDULVRQ�RI�OHQJWK�GLVWULEXWLRQV
DQG�KDUYHVW�SDWWHUQV�SURYLGH�LQVLJKW�LQWR�WKH�HIIHFW�RI�VRPH�ILVKHULHV�RQ�WKH�SRSXODWLRQ���$OW¶V
VDPSOLQJ�RI�6HODZLN�LQFRQQX�SULPDULO\�RFFXUUHG�LQ�ODNH�DQG�VORXJK�KDELWDW�GXULQJ�WKH�VXPPHU
DQG�QRW�ZLWK�VSDZQLQJ�ILVK��$OW���������������)RU�WKLV�UHDVRQ�KLV�VDPSOH�LQFOXGHG�VPDOOHU�ILVK
DQG�\RXQJHU�DJH�FODVVHV�WKDQ�RXU�VDPSOH���$�FRPSDULVRQ�RI�OHQJWK�IUHTXHQF\�GLVWULEXWLRQV�RI
�����VSDZQHUV��)LJXUH����$���ILVK�KDUYHVWHG�LQ�WKH�VSULQJ�JLOO�QHW�ILVKHU\��)LJXUH����%��DW�6HODZLN
LQ�������XQSXEOLVKHG�GDWD���DQG�ILVK�KDUYHVWHG�LQ�WKH�+RWKDP�,QOHW�JLOO�QHW�ILVKHU\��)LJXUH����&��LQ
1RYHPEHU��7DXEH�������������VKRZHG�WKDW�D�VPDOO�SURSRUWLRQ�RI�VSDZQHUV�ZHUH�KDUYHVWHG�LQ�WKH
VSULQJ�ILVKHU\��)LJXUH����%����,Q�FRQWUDVW��WKH�ZLQWHU�ILVKHU\�KDUYHVWHG�D�ODUJHU�SURSRUWLRQ�RI�WKDW
JURXS��)LJXUH����&���KRZHYHU��KDUYHVW�RI�LQFRQQX�RYHU�����FP�DSSHDUV�WR�EH�LQIUHTXHQW��7DXEH
��������������,Q�DGGLWLRQ��WKHUH�LV�VRPH�HYLGHQFH�WKDW�VSULQJ�VXEVLVWHQFH�ILVKLQJ�HIIRUW�LV
GHFOLQLQJ���7KH�QXPEHU�RI�ILVK�FDPSV�RFFXSLHG�E\�UHVLGHQWV�RI�6HODZLN�9LOODJH�FRXQWHG�LQ
VXUYH\V�ZHUH����LQ����������LQ�������XQSXEOLVKHG�GDWD���DQG���LQ��������,Q�������VL[�DGGLWLRQDO
QHWV�ZHUH�UXQ�GDLO\�IURP�WKH�YLOODJH��.HQ�$OW��$')*�UHWLUHG��SHUVRQDO�FRPPXQLFDWLRQ����7KHVH
REVHUYDWLRQV�LQGLFDWH�WKDW�KDUYHVW�LQ�WKH�VSULQJ�LV�SUREDEO\�ORZHU�QRZ�WKDQ�LQ�SDVW�\HDUV�

7KH�DJH�PRVW�IUHTXHQWO\�RFFXUULQJ�LQ�$OW¶V�GDWD�IRU�WKH�6HODZLN�DUHD��$OW�������ZDV�DJH
����VLPLODU�WR�RXU�GDWD���7KH�\RXQJHVW�ILVK�FDSWXUHG�LQ�WKH�VSDZQLQJ�PLJUDWLRQ�ZDV�DJH���DQG�WKH
ROGHVW�ZDV�DJH������7KH�PD[LPXP�DJH�LV�VOLJKWO\�KLJKHU�WKDQ�WKDW�UHSRUWHG�E\�$OW��������SHUKDSV
EHFDXVH�RI�H[WUHPHO\�KLJK�VXEVLVWHQFH�KDUYHVW�LQ�WKH�ODWH�����V��/HDQ�HW�DO��������7DXEH��������
2XU�DJHV�ZHUH�VLPLODU�WR�WKRVH�UHSRUWHG�E\�7DXEH��������������IRU�WKH�.REXN�5LYHU��7KH�GHJUHH
RYHUODS�LQ�OHQJWKV�DW�DJH�LV�H[WUHPH�DQG�PD\�UHIOHFW�LQDFFXUDFLHV�LQ�DJLQJ���$JLQJ�E\�VFDOHV�KDV
\HW�WR�EH�YDOLGDWHG�IRU�LQFRQQX��EXW�VRPH�FRQVLVWHQF\�EHWZHHQ�HDUOLHU�UHSRUWV�ZDV�SURYLGHG�E\
.HQ�$OW�ZKR�DVVLVWHG�LQ�WUDLQLQJ�VRPH�RI�WKH�VFDOH�UHDGHUV���

9HULILFDWLRQ�RI�WKH�VSDZQLQJ�DUHD�LV�DOVR�DQ�LPSRUWDQW�ILQGLQJ�RI�WKLV�VWXG\���7ZR�UHVXOWV
DUH�VLJQLILFDQW���7KH�ILUVW�LV�WKDW�RQO\�RQH�VSDZQLQJ�DJJUHJDWH�ZDV�IRXQG���3ULRU�WR�WKLV�VWXG\�LW
ZDV�QRW�NQRZQ�LI�PRUH�WKDQ�RQH�VSDZQLQJ�DJJUHJDWH�XVHG�WKH�PDQ\�NLORPHWHUV�RI�KDELWDW�DERYH
WKH�7DJDJDZLN�5LYHU���2XU�GDWD�LQGLFDWHV�WKLV�LV�QRW�WKH�FDVH���6HFRQG��WKH�DJJUHJDWH�ZDV�IRXQG�LQ
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D�VLJQLILFDQWO\�VKRUWHU�VHJPHQW�RI�ULYHU�WKDQ�SUHYLRXVO\�GHVFULEHG��ZKLFK�ZDV�EDVHG�RQ�DHULDO
REVHUYDWLRQV��$OW���������:KLOH�LQFRQQX�GR�KROG�LQ�GHHSHU�SDUWV�RI�WKH�ORZHU�ULYHU�GXULQJ�-XO\
DQG�$XJXVW��UDGLRWHOHPHWU\�FRQILUPHG�WKDW�D�UHODWLYHO\�VKRUW�VHFWLRQ�RI�DSSUR[LPDWHO\����NP�ZDV
XVHG�LQ�6HSWHPEHU���,W�ZDV�XQFOHDU�ZK\�WKLV�DUHD�ZDV�VHOHFWHG�IRU�VSDZQLQJ���3RWHQWLDO�K\SRWKHVHV
LQFOXGH�VHOHFWLRQ�EDVHG�RQ�VXEVWUDWH��JUDGLHQW��RU�JURXQG�ZDWHU�LQWUXVLRQ���7KH�KDELWDW�XVHG�LQ
6HSWHPEHU�ZDV�GLIIHUHQW�IURP�WKDW�XVHG�LQ�-XO\�DQG�$XJXVW���7KH�DUHD�XVHG�HDUOLHU�LQ�WKH�\HDU�KDV
D�ORZHU�JUDGLHQW�ZLWK�VDQG�DQG�PXG�VXEVWUDWH���7KH�6HODZLN�5LYHU�VSDZQLQJ�DUHD�KDV�VXEVWUDWHV
RI�JUDYHO�DQG�FREEOH�ZLWK�RQO\��RFFDVLRQDO�DUHDV�RI�VDQG�RU�PXG���,Q�ERWK�DUHDV�ILVK�ZHUH�RIWHQ
IRXQG�DGMDFHQW�WR�RU�LQ�ZDWHU�GHHSHU�WKDQ���P���+RZHYHU��LQ�6HSWHPEHU�ILVK�ZHUH�DOVR�IRXQG�LQ
VKDOORZHU�ZDWHU�ZLWK�QR�DGMDFHQW�GHHS�ZDWHU�

&DWFK�GXULQJ�VDPSOLQJ��UDGLRWHOHPHWU\��DQG�FRQYHQWLRQDO�WDJ�UHWXUQV�SURYLGHG�LQVLJKW�LQWR
WKH�EHKDYLRU�DQG�PLJUDWLRQ�RI�LQFRQQX���)RU�H[DPSOH��WKH�DUULYDO�RI�ILVK�LQ�WKH�XSVWUHDP�DUHD�LV
QRZ�PRUH�IXOO\�XQGHUVWRRG���3UHYLRXVO\�LW�ZDV�EHOLHYHG�WKDW�XSVWUHDP�PRYHPHQW�RI�VSDZQLQJ
LQFRQQX�ZDV�VORZ�DQG�FRQVWDQW�UHVXOWLQJ�LQ�WKH�DUULYDO�RI�ILVK�LQ�WKH�YLFLQLW\�VXPPHU�KROGLQJ
DUHDV�LQ�HDUO\�$XJXVW���%DVHG�RQ�VDPSOLQJ�FDWFKHV��ILVK�DSSHDU�WR�DUULYH�LQ�VXPPHU�KROGLQJ�DUHDV
DV�HDUO\�DV�WKH�ILUVW�ZHHN�RI�-XO\����5DGLRWHOHPHWU\�LQGLFDWHG�WKDW�LQFRQQX�PD\�KROG�LQ�WKH�ORZHU
ULYHU�IRU�XS�WR�D�PRQWK�EHIRUH�UHVXPLQJ�WKHLU�PLJUDWLRQ����6XPPHU�UDLQV�DQG�LQFUHDVHG�GLVFKDUJH
ZHUH�DVVRFLDWHG�ZLWK�DGGLWLRQDO�PRYHPHQW�XSVWUHDP�WR�WKH�VSDZQLQJ�DUHD�LQ�WKH�PLGGOH�DQG�ODWWHU
SDUW�RI�$XJXVW��

�%HWZHHQ�-XO\�DQG�6HSWHPEHU�WKH�EHKDYLRU�RI�WKH�LQFRQQX�YDULHG�DPRQJ�\HDUV���,Q�PLG�
$XJXVW�RI�������KHDY\�UDLQV�FDXVHG�D����\HDU�IORRG���5DGLR�WDJJHG�LQFRQQX�PRYHG�GRZQVWUHDP
ZLWK�WKH�ULVH�LQ�ZDWHU�OHYHOV���6XEVHTXHQW�WR�WKH�IORRG��DSSUR[LPDWHO\�RQH�WKLUG�RI�WKH�ILVK�ZHUH
ORFDWHG�LQ�WKH�VSDZQLQJ�DUHD���,Q�������WKH�ODFN�RI�UDLQ�FDXVHG�D�PDUNHG�GURS�LQ�ZDWHU�OHYHOV�RQ
WKH�6HODZLN�5LYHU���5DGLR�WDJJHG�LQFRQQX�IRU�WKH�PRVW�SDUW�VWD\HG�LQ�GHHSHU�SRROV�QHDU�ZKHUH�WKH
UDGLR�WDJV�ZHUH�GHSOR\HG���6RPH�ILVK�ZHUH�ORFDWHG�LQ�WKH�VDPH�SRRO�IRU�PRUH�WKDQ�RQH�PRQWK�
ZKLOH�RWKHUV�PRYHG�RIWHQ���/LWWOH�QHW�XSVWUHDP�PRYHPHQW�RI�UDGLR�WDJJHG�ILVK�RFFXUUHG�XQWLO�UDLQ
LQFUHDVHG�GLVFKDUJH�DURXQG�$XJXVW����DQG�$XJXVW������%\�6HSWHPEHU���������DSSUR[LPDWHO\�RQH
KDOI�RI�WKH�UDGLR�WDJJHG�ILVK�KDG�WUDYHOHG�WR�WKH����NP�VHFWLRQ�GHVFULEHG�DV�WKH�VSDZQLQJ�JURXQGV�
-���NP�XSVWUHDP�RI�WKHLU�SUHYLRXV�KROGLQJ�DUHD���

3UHYLRXV�NQRZOHGJH�RI�SRVW�VSDZQLQJ�PLJUDWLRQ�ZDV�EDVHG�RQ�DQHFGRWDO�LQIRUPDWLRQ�RI
UHVLGHQWV�DQG�.REXN�5LYHU�WDJ�UHWXUQV��$OW���������������7HOHPHWU\�GDWD�YHULILHG�WKHVH�HDUOLHU
REVHUYDWLRQV�DV�WUXH�IRU�WKH�6HODZLN�5LYHU�DQG�LQGLFDWHG�D�VSDZQLQJ�WLPH�RI�ODWH�6HSWHPEHU�WR
HDUO\�2FWREHU�LQ��������'RZQVWUHDP�PLJUDWLRQ�RFFXUUHG�LQ�D�UHODWLYHO\�VKRUW�WLPH�SHULRG��)LJXUH
����EHLQJ�FRPSOHWHG�E\�WKH�WKLUG�ZHHN�RI�2FWREHU���5HVRXUFHV�GLG�QRW�DOORZ�FRQILUPDWLRQ�RI�WKH
UHVXOW�IRU�D�VHFRQG�\HDU�LQ������VR�LW�LV�QRW�NQRZQ�LI�VSDZQLQJ�GDWHV�DQG�GRZQVWUHDP�PLJUDWLRQ
UHPDLQ�FRQVLVWHQW�IURP�\HDU�WR�\HDU�
��

&RQYHQWLRQDO�WDJV�SURYLGHG�LQIRUPDWLRQ�RQ�GLVSHUVDO��UHSHDW�VSDZQLQJ��DQG�LQWHU�ULYHU
PRYHPHQW���7DJ�UHWXUQV�IURP�ILVKHUPHQ�LQGLFDWHG�ZLGH�VSUHDG�GLVSHUVDO�RI�SRVW�VSDZQHUV��
'LVSHUVDO�RI�VSDZQHUV�GXULQJ�WKH�ZLQWHU�SURYHG�WR�EH�FRPSOHWH�ZLWKLQ�WKH�6HODZLN�/DNH�²
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+RWKDP�,QOHW�FRPSOH[���6HODZLN�VSDZQHUV�ZHUH�FROOHFWHG�LQ�WKH�VDPH�QHWV�DV�VSDZQHUV�WDJJHG�LQ
WKH�.REXN�5LYHU���$OW��������UHSRUWHG�WDJ�UHWXUQV��IURP�6HODZLN�DUHD�DQG�.REXN�5LYHU�LQFRQQX�
DV�IDU�DZD\�DV�WKH�WRZQ�RI�.RW]HEXH��$ODVND���&OHDUO\��WKH�ILVK�WDJJHG�LQ�WKH�WZR�ULYHUV�PL[�LQ�WKH
ZLQWHU�KDELWDW���7KLV�GDWD�FODULILHV�DQG�FRQILUPV�HDUOLHU�FRQMHFWXUH�RQ�WKH�GLVWULEXWLRQ��$OW�������

5HFDSWXUH�RQ�WKH�VSDZQLQJ�DUHDV�RI�LQFRQQX�WDJJHG�LQ�SUHYLRXV�\HDUV�VKRZ�WKDW�VRPH�ILVK
GR�QRW�VNLS�\HDUV�SULRU�WR�UHWXUQLQJ�WR�WKH�VSDZQLQJ�JURXQGV���%HUJ��������DV�UHSRUWHG�E\�$OW
�������VXJJHVWHG�QRQFRQVHFXWLYH�ZDV�WKH�UXOH�IRU�LQFRQQX���$OW��������UHSRUWHG�IHPDOHV�GXULQJ
WKH�VDPH�WLPH�SHULRG�ZLWK�HJJV������������PP�GLDPHWHU��DQG�RWKHU�IHPDOHV�ZLWK�VRPH�HJJV�OHVV
WKDQ���PP�DQG�PDQ\�HJJV�OHVV�WKDQ�����PP���7ZR�HJJ�VL]HV�GXULQJ�WKH�VDPH�WLPH�SHULRG�PD\
LQGLFDWH�WKDW�VRPH�ILVK�PD\�QRW�EH�VSDZQLQJ�HYHU\�\HDU���,Q�DGGLWLRQ�$OW��������UHSRUWHG�LQFRQQX�
LQ�HDUO\�VXPPHU�IHHGLQJ�DUHDV��ZLWK�VPDOO�HJJV�DQG�HJJV�UHWDLQHG�IURP�WKH�SUHYLRXV�\HDUV
VSDZQLQJ���$OW�DVVRFLDWHG�WKLV�FRQGLWLRQ�ZLWK�QRQFRQVHFXWLYH�VSDZQLQJ���6PDOO�GHYHORSLQJ�HJJV
RFFXUULQJ�ZLWK�UHWDLQHG�HJJV�KDYH�EHHQ�DVVRFLDWHG�ZLWK�DOWHUQDWH�VSDZQLQJ�LQ�WZR�DQDGURPRXV
FRUHJRQLGV�E\�/DPEHUW�DQG�'RGVRQ��������ZKR�DOVR�GHPRQVWUDWHG�WKDW�WKH�HQHUJHWLF�FRVW�RI�WKH
VSDZQLQJ�PLJUDWLRQ�SUHFOXGHG�\HDUO\�VSDZQLQJ���&RQVLGHULQJ�$OW¶V�REVHUYDWLRQV�DQG�WDJ�UHWXUQV
IURP�WKLV�VWXG\��WKH�QXPEHU�RI�\HDUV�EHWZHHQ�UHSHDW�VSDZQLQJ�UHPDLQ�XQFOHDU���,W�LV�FOHDU�WKDW
VRPH�LQFRQQX�GR�PLJUDWH�WR�VSDZQ�LQ�FRQVHFXWLYH�\HDUV��EXW�ZH�FDQQRW�FRQFOXGH�WKDW�DOO�LQFRQQX
VSDZQ�HYHU\�\HDU���7KH�³GHFLVLRQ´�WR�VSDZQ�PD\�EH�JHQGHU�VSHFLILF�DQG�PD\�GHSHQG�RQ�WKH
DEXQGDQFH�RI�IRRG�LQ�WKH�ZLQWHU�KDELWDW�RU�ERG\�FRQGLWLRQ��&UDLJ���������7KH�TXHVWLRQ�RI
FRQVHFXWLYH�YHUVXV�QRQFRQVHFXWLYH�VSDZQLQJ�LV�DQ�LPSRUWDQW�PDQDJHPHQW�FRQVLGHUDWLRQ���7KH
VSDZQLQJ�SRSXODWLRQ�LV�HVVHQWLDOO\�KDOI�WKH�VL]H�LI�FRQVHFXWLYH�\HDU�VSDZQLQJ�LV�QRUPDO�UDWKHU
WKDQ�DOWHUQDWH�\HDU�VSDZQLQJ���)XUWKHU�ZRUN�E\�WKH�$')*�RQ�WKH�.REXN�5LYHU�GXULQJ������PD\
FODULI\�WKH�SLFWXUH��KRZHYHU��D�PRUH�IRFXVHG�VWXG\�PD\�EH�QHHGHG���7KLV�FRXOG�EH�DFFRPSOLVKHG
E\�XVLQJ�SURJUDPPDEOH�UDGLR�WDJV�WKDW�H[WHQG�WKHLU�RSHUDWLRQDO�OLIH�E\�WXUQLQJ�RQ�DQG�RII�RQ�D
SUHGHWHUPLQHG�VFKHGXOH�RYHU�VHYHUDO�\HDUV�

7DJJLQJ�GDWD�SURYLGHV�QR�HYLGHQFH�RI�LQWHU�GUDLQDJH�PRYHPHQW�RI�LQFRQQX�EHWZHHQ�WKH
.REXN�DQG�6HODZLN�ULYHUV���7KH�K\SRWKHVLV�DERXW�LQWHU�GUDLQDJH�PRYHPHQW�VWHPV�IURP�D�-XQH
WDJJLQJ�RSHUDWLRQV�LQ�6HODZLN�DQG�,QODQG�ODNHV��DQG�LQ�WKH�7XNORPDUDN�5LYHU�EHWZHHQ�WKH�WZR
ODNHV��$OW���������$OW��������UHSRUWHG�WKDW�����RI�WKH�WDJ�UHFRYHULHV�RI�WKHVH�ILVK�ZHUH�LQ�WKH
.REXN�5LYHU�DQG�VXJJHVWHG�WKH�SRVVLELOLW\�WKDW�LQFRQQX�PD\�FKRRVH�HLWKHU�ULYHU�LQ�ZKLFK�WR
VSDZQ���,Q�DGGLWLRQ��VLPLODU�JURZWK�SDWWHUQV�ZHUH�JLYHQ�DV�HYLGHQFH�RI�D�VLQJOH�VWRFN�ZLWK
PXOWLSOH�VSDZQLQJ�ORFDWLRQV���$Q�DOWHUQDWH�H[SODQDWLRQ�LV�WKDW�WKH�LQFRQQX�WDJJHG�E\�$OW��������
ZHUH�.REXN�5LYHU�ILVK�WKDW�KDG�GLVSHUVHG�WR�VXPPHU�IHHGLQJ�DUHDV�DQG�QRW�6HODZLN�5LYHU�ILVK
WKDW�ODWHU�VHOHFWHG�WKH�.REXN�5LYHU�IRU�VSDZQLQJ�LQ�VXEVHTXHQW�\HDUV���6LPLODU�JURZWK�SDWWHUQV
ZRXOG�VWHP�IURP�VLPLODU�SULPDU\�IHHGLQJ�DUHDV���*HQHWLF�DQDO\VLV�LQGLFDWHV�D�GHJUHH�RI�LVRODWLRQ
EHWZHHQ�WKH�SRSXODWLRQV��EXW�FDQQRW�FRQFOXVLYHO\�VD\�WKH�VSDZQLQJ�SRSXODWLRQV�UHSUHVHQW
VHSDUDWH�VWRFNV��0LOOHU�HW�DO���������
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&RQFOXVLRQV

7KLV�VWXG\�SURYLGHV�GDWD�WKDW�DOORZV�WKH�HYDOXDWLRQ�RI�VSDZQLQJ�LQFRQQX�RI�WKH�6HODZLN
5LYHU�DV�D�VHSDUDWH�VWRFN���9LHZHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�FRQFXUUHQW�VWXG\�FRPSOHWHG�E\�7DXEH
�������������NQRZOHGJH�RI�LQFRQQX�SRSXODWLRQV�RI�WKH�.REXN�DQG�6HODZLN�GUDLQDJHV�LV�PRUH
FRPSOHWH���6RPH�ELRORJLFDO�TXHVWLRQV�UHPDLQ�XQDQVZHUHG��SDUWLFXODUO\�OLIH�KLVWRU\�DQG�KDELWDW
QHHGV�RI�\RXQJ�RI�WKH�\HDU�LQFRQQX��YDOLGDWLRQ�RI�DJLQJ�WHFKQLTXHV��WKH�TXHVWLRQ�RI�KRZ�RIWHQ
LQFRQQX�VSDZQ��UHDVRQV�EHKLQG�WKH�VHOHFWLRQ�RI�VSDZQLQJ�KDELWDW��DQG�KDUYHVW�UDWHV���3ULRULW\
VKRXOG�EH�JLYHQ�WR�PRQLWRULQJ�WKH�KDUYHVW�RI�WKH�QXPHURXV�FRPSRQHQWV�RI�WKH�ILVKHU\�DQG
LGHQWLI\LQJ�WKH�VL]H�DQG�DJH�FRPSRVLWLRQ�RI�WKH�FDWFK�LQ�HDFK���$Q\�LQFUHDVH�RU�GHFUHDVH�LQ
SRSXODWLRQ�VL]H�LV�D�IXQFWLRQ�RI�WKH�PRUWDOLW\�UDWH�LQGHSHQGHQW�IURP�WKH�VL]H�RI�WKH�SRSXODWLRQ��
7KHUHIRUH��GHVSLWH�WKH�IDFW�WKDW�WKH�VSDZQLQJ�SRSXODWLRQ�ZDV�KLJKHU�WKDQ�H[SHFWHG��WKH�KDUYHVW
UDWH��VXVSHFWHG�DV�WKH�PDMRU�FRQWULEXWRU�WR�PRUWDOLW\��ZLOO�OLNHO\�GHWHUPLQH�WKH�UDWH�RI�FKDQJH�

0RQLWRULQJ�RI�WKH�VSDZQLQJ�SRSXODWLRQ�RQ�WKH�6HODZLN�5LYHU�DQG�UHSHDWLQJ�WKH�SRSXODWLRQ
HVWLPDWH��LV�UHFRPPHQGHG�DW���WR����\HDU�LQWHUYDOV���)XWXUH�PRQLWRULQJ�LV�QHHGHG�WR�PHDVXUH�WKH
HIIHFW�RI�FXUUHQW�KDUYHVW�UDWHV�RQ�WKH�SRSXODWLRQ���$�UHVLVWHQFH�ERDUG�ZHLU�PD\�LPSURYH�WKH�FRVW
HIIHFWLYHQHVV�RI�D�SRSXODWLRQ�HYDOXDWLRQ�EHFDXVH�IORRG�HYHQWV��ZKLFK�KDOWHG�WKH�SURMHFW�RQH�\HDU
DQG�VHYHUHO\�DIIHFWHG�VDPSOLQJ�LQ�D�VHFRQG�\HDU��PD\�QRW�DIIHFW�WKH�RXWFRPH�RI�WKH�SURMHFW��
7KHVH�ULVNV�ZRXOG�KDYH�WR�EH�ZHLJKHG�DJDLQVW�WKH�FRVW�RI�WKH�ZHLU��WUDQVSRUWDWLRQ�WR�WKH�VLWH��WKH
GHEULV�ORDG��DQG�LQFRQQX�EHKDYLRU�WKDW�LQGLFDWH�GRZQVWUHDP�PRYHPHQW�ZLWK�PDMRU�IORRG�HYHQWV�

6RPH�FRQVLGHUDWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�SURWHFWLRQ�RI�WKH�VSDZQLQJ�DUHD�EHFDXVH�WKH
VHOHFWHG�KDELWDW�LV�VR�UHVWULFWHG�����NP�LQ�OHQJWK����7KUHH�DFWLRQV�DUH��UHFRPPHQGHG��VSRUW�KDUYHVW
UHJXODWLRQ�FKDQJHV��DFTXLVLWLRQ�RI�VHOHFWHG�ODQG�LQ�WKH�VSDZQLQJ�DUHD��DQG�UHYLHZ�RI��VSHFLDO�XVH
SHUPLWV�LQ�OLJKW�RI�WKH�QHZ�GDWD���)LUVW��FKDQJLQJ�VSRUW�KDUYHVW�UHJXODWLRQ�WR�OLPLW�WKH�KDUYHVW�RI
LQFRQQX�DERYH�WKH�7DJDJDZLN�5LYHU�VKRXOG�EH�UHFRPPHQGHG�WR�WKH�$ODVND�%RDUG�RI�)LVKHULHV��
&XUUHQWO\��EDJ�DQG�SRVVHVVLRQ�OLPLWV�DUH����LQFRQQX�LQ�WKH�6HODZLN�5LYHU���,Q�FRQWUDVW��VSRUW
KDUYHVW�LV�UHVWULFWHG�RQ�WKH�.REXN�5LYHU�LQFRQQX�VSDZQLQJ�JURXQGV�WR�D�WZR�ILVK�EDJ�DQG
SRVVHVVLRQ�OLPLWV���7KH�6HODZLN�5LYHU�VKRXOG�EH�DIIRUGHG�WKH�VDPH�SURWHFWLRQ���6HFRQG��WKHUH�LV
RQH�SULYDWH�DOORWPHQW�ZLWKLQ�WKH�VSDZQLQJ�DUHD�ZKLFK�FRXOG�EH�GHYHORSHG�RQFH�LW�LV�FRQYH\HG��
'HYHORSPHQW�DV�D�FRPPHUFLDO�VLWH�WR�H[SORLW�WKH�ILVK�DQG�ZLOGOLIH�LQ�WKH�XSSHU�6HODZLN�5LYHU
FRXOG�KDYH�GHWULPHQWDO�HIIHFWV�RQ�WKH�VSDZQLQJ�LQFRQQX���)LQDOO\��WKH�QHZ�LQIRUPDWLRQ�VKRXOG�EH
UHIOHFWHG�LQ�WKH�UHYLHZ�RI�VSHFLDO�XVH�SHUPLWV�RQ�6HODZLN�5HIXJH�ODQGV���7KH�OLPLWHG�QDWXUH�RI�WKH
VSDZQLQJ�KDELWDW�PD\�PDNH�VRPH�DFWLYLWLHV�QRW�FRPSDWLEOH�WR�6HODZLN�5HIXJH�SXUSRVHV�

$FNQRZOHGJPHQWV

7KDQNV�DUH�JLYHQ�WR�WKRVH�ZKR�DVVLVWHG�LQ�WKH�ILHOG�VDPSOLQJ��DGPLQLVWUDWLRQ��DQG�UHYLHZ
RI�WKLV�SURMHFW���7KH\�LQFOXGH�WKH�IROORZLQJ�SHRSOH�0RQW\�0LOODUG��5RG�6LPPRQV��0LNH�0LOODUG�
.HQ�7UR\HU��6WHYH�.OHLQ��6WHYH�.ORVLHZVNL��6WHYH�'XNH��/HVOLH�.HUU��0LNH�5HDUGHQ��5RZHQ
*RXOG��&��%URZQ���0DUN�.RHSVHO��3HWH�'H0DWWHR��:LOO\�-RKQVRQ��3DXO�/LHGEHUJ��+HDWKHU



��

-RKQVRQ��5REHUW�+LQVEXUJHQ��)OR\G�.QR[��5\DQ�7LOEXU\��.HQ�$OW��0DUN�'XIUHVQH��'DYH
8QGHUZRRG��-LP�*LOEHUW��5HEHFFD�*LOEHUW��'DYH�*HUKNH��%UXFH�&DUSHQWHU��$XWXPQ�&DUSHQWHU�
*HQH�+RUQLQJ��%XFN�0D[LP��5RODQG�.QR[��'RQ�+XPPHO��7RP�7DXEH��DQG�)UHG�$QGHUVHQ��
7KDQNV�DOVR�LV�JLYHQ�WR�WKRVH�RI�WKH�9LOODJH�RI�6HODZLN��$ODVND���6SHFLDO�WKDQNV�LV�JLYHQ�WR
YLOODJH�(OGHU�5DOSK�5DPRWK���7KH�SURMHFW�ZRXOG�QRW�KDYH�EHHQ�VXFFHVVIXO�ZLWKRXW�KLP�



��

$33(1',;�$��6XUJLFDO�,QVHUWLRQ�RI�7UDQVPLWWHUV



��

$33(1',;�$���6XUJLFDO�,QVHUWLRQ�RI�7UDQVPLWWHUV
6XUJLFDO�3URFHGXUHV

,QFRQQX�IURP����WR�����FP��IRUN�OHQJWK��ZHUH�FDXJKW�E\�KRRN�DQG�OLQH�DQG�KHOG�LQ�D�OLYH
FDU�SULRU�WR�VXUJHU\���,QLWLDOO\��ZHLJKWV��OHQJWKV��DQG�VFDOHV�ZHUH�WDNHQ�IURP�DOO�ILVK�XQGHUJRLQJ
VXUJHU\��EXW�ODWHU�RQO\�IRUN�OHQJWKV�ZHUH�PHDVXUHG�WR�UHGXFH�KDQGOLQJ�VWUHVV���)LVK�XQGHUJRLQJ
VXUJHU\�ZHUH�WDJJHG�ZLWK�HLWKHU�D�)OD\�DQFKRU�WDJ�RU�D�YLVLEOH�LPSODQW��9,��WDJ���,QLWLDOO\��VRPH
ZHUH�WDJJHG�ZLWK�ERWK���/RWHN�WUDQVPLWWHUV��PRGHO�&)57��&��ZLWK�LQWHUQDO�KHOLFDO�RU�H[WHUQDO
ZKLS�DQWHQQDH�ZHUH�VXUJLFDOO\�LPSODQWHG�LQ�WKH�SHULWRQHDO�FDYLW\���$LU�ZHLJKWV�DQG�GLPHQVLRQV
IRU�WKH�WZR�DQWHQQDH�W\SH�WUDQVPLWWHUV�ZHUH������J�����[����PP��DQG������J�����[������PP�
UHVSHFWLYHO\���7UDQVPLWWHUV�KDG�XQLTXH�GLJLWDO�FRGHV�RQ�RQH�RI�VL[�IUHTXHQFLHV�WKDW�UDQJHG�IURP
�������WR��������PHJDKHUW]�VR�WKDW�LQGLYLGXDO�ILVK�FRXOG�EH�UHFRJQL]HG���

)LVK�ZHUH�SODFHG�LQ�D�%RQDU�0XOWL�7RWH�,,,������[����[����FP��FRQWDLQLQJ����O�RI�ZDWHU
ZLWK�7ULFDQH�0HWKDQHVXOIRQDWH��06������DW�FRQFHQWUDWLRQV�RI��������PJ�/���7KUHH����O
FROODSVLEOH�MXJV�ZHUH�XVHG�WR�LQFUHDVH�WKH�ZDWHU�GHSWK�ZLWKRXW�LQFUHDVLQJ�ZDWHU�YROXPH�DQG
UHGXFH�WKH�DPRXQW�RI�06�����UHTXLUHG�IRU�HDFK�ILVK���6RGLXP�%LFDUERQDWH��%DNLQJ�6RGD��DW
FRQFHQWUDWLRQV�RI���������PJ�SHU�����PJ�RI�06�����ZDV�XVHG�WR�EXIIHU�WKH�VROXWLRQ���:DWHU�ZDV
FKDQJHG�IRU�HDFK�ILVK���,Q������OLWPXV�SDSHU�ZDV�XVHG�WR�PHDVXUH�S+�SULRU�WR�SODFHPHQW�RI�WKH
ILVK�LQWR�WKH�DQHVWKHWLF�VROXWLRQ�DQG�DIWHU�UHPRYDO���1R�FKDQJHV�LQ�S+��XVXDOO\�S+����ZHUH
GRFXPHQWHG���)LVK�ORVW�HTXLOLEULXP�LQ������PLQXWHV�RQ�DYHUDJH�DQG�ORVV�RI�HTXLOLEULXP�UDQJHG
IURP�RQH�WR�VL[�PLQXWHV���$IWHU�ILVK�ZHUH�DQDHVWKHWL]HG��WKH\�ZHUH�SODFHG�YHQWUDO�VLGH�XS�LQ�D
IRDP�OLQHG�FUDGOH���:HW�WRZHOV�ZHUH�SODFHG�RYHU�WKH�KHDG�DQG�WDLO�WR�UHWDLQ�PRLVWXUH���)UHVK�ZDWHU
RU�DQHVWKHWLF�VROXWLRQ�ZDV�DSSOLHG�WR�WKH�JLOOV�WKURXJKRXW�VXUJHU\�WR�PDLQWDLQ�OHYHO�RI�DQHVWKHVLD
QHFHVVDU\�WR�PDLQWDLQ�VRPH�JLOO�PRYHPHQW��EXW�DYRLG�UHVSRQVH�WR�VWLPXOL���

3ULRU�WR�VXUJHU\�DOO�LQVWUXPHQWV�ZHUH�VWHULOL]HG�LQ�&RQWURO�,,,��D�FROG�VWHULODQW��DQG�ULQVHG
XVLQJ�D�VWHULOH�VDOLQH�VROXWLRQ���7ZR�WR�IRXU�URZV�RI�VFDOHV�ZHUH�UHPRYHG�IURP�WKH�EHOO\�SRVWHULRU
RI�WKH�GLVWDO�HQG�RI�WKH�SHFWRUDO�ILQ�ZKHQ�SUHVVHG�IODW�DORQJ�WKH�PLGOLQH���$�VFDOSHO�ZLWK�D�1R����
VWDLQOHVV�VWHHO�EODGH�ZDV�XVHG�WR�EHJLQ�WKH�LQFLVLRQ�WKURXJK�WKH�ERG\�ZDOO���7KH�PLGOLQH�LQFLVLRQ
UHVXOWHG�LQ�UHGXFHG�EOHHGLQJ�EHFDXVH�WKH�ERG\�ZDOO�ZDV�WKLQQHVW�WKHUH�DQG�FRQQHFWLYH�WLVVXH�ZDV
FXW�LQVWHDG�RI�PRUH�YDVFXODUL]HG�PXVFOH���5DW�WRRWKHG�IRUFHSV�ZHUH�XVHG�WR�SXOO�DZD\�VNLQ�DQG
PXVFOH�VR�WKDW�VXUJLFDO�VFLVVRUV�FRXOG�EH�XVHG�WR�FRPSOHWH�WKH�LQFLVLRQ���)LQLVKLQJ�ZLWK�VFLVVRUV
UHGXFHG�WKH�FKDQFH�RI�GDPDJH�WR�LQWHUQDO�RUJDQV���7KH�LQFLVLRQ�ZDV�MXVW�ODUJH�HQRXJK�WR�LQVHUW�WKH
WUDQVPLWWHU�DSSUR[LPDWHO\�����FP�LQWR�WKH�ERG\�FDYLW\���5DGLR�WUDQVPLWWHUV�ZLWK�KHOLFDO�DQWHQQDV
ZHUH�LQVHUWHG�GLUHFWO\�LQWR�WKH�ERG\�FDYLW\��EXW�WUDQVPLWWHUV�ZLWK�ZKLS�DQWHQQDV�UHTXLUHG�WKDW�WKH
DQWHQQDH�EH�WKUHDGHG�WKURXJK�WKH�ERG\�ZDOO���7R�WKUHDG�WKH�DQWHQQDH�D����FP�VWDLQOHVV�VWHHO
KROORZ�QHHGOH�ZDV�LQVHUWHG�SRVWHULRU�WR�WKH�LQFLVLRQ�DQG�DQWHULRU�WR�WKH�SHOYLF�JLUGOH���$�VWDLQOHVV
VWHHO�VSHFXOXP�ZDV�XVHG�WR�VSUHDG�WKH�LQFLVLRQ�DQG�OLIW�WKH�ERG\�ZDOO�WR�IDFLOLWDWH�LQVHUWLRQ�RI�WKH
VXUJLFDO�QHHGOH�ZLWKRXW�GDPDJLQJ�LQWHUQDO�RUJDQV���$IWHU�UHPRYLQJ�WKH�VSHFXOXP�WKH�DQWHQQD�ZDV
WKUHDGHG�WKURXJK�WKH�VXUJLFDO�QHHGOH�ZKLFK�ZDV��UHPRYHG�SULRU�WR�LQVHUWLRQ�RI�WKH�WUDQVPLWWHU��
$IWHU�WKH�WUDQVPLWWHU�ZDV�LQVHUWHG��WKH�DQWLELRWLF�/LTXDP\FLQ��2[\WHWUDF\FOLQH�+&/��ZDV�LQMHFWHG
LQWR�WKH�SHULWRQHDO�FDYLW\�DW���PJ�NJ�RI�ZHLJKW���7KH�LQFLVLRQ�ZDV�VXWXUHG�XVLQJ���2�&3���VXWXUH
ZLWK�D�ò�FLUFOH�FXWWLQJ�QHHGOH���)RXU�WR�VL[�WKUHH�NQRW�VXWXUHV�ZHUH�WLHG�XVLQJ�D�SDLU�RI�VWDLQOHVV



��

VWHHO�KHPRVWDWV�DQG�UDW�WRRWKHG�IRUFHSV���7KH�ERG\�ZDOO�DQG�SHULWRQHXP�ZHUH�VXWXUHG�WRJHWKHU
UDWKHU�WKDQ�VHSDUDWHO\�DQG�WKHQ�GULHG�ZLWK�FRWWRQ�VZDEV���$�WKLQ�OD\HU�RI�9HWERQG��$QLPDO�&DUH
3URGXFWV��0�&RPSDQ\��ZDV�DSSOLHG��WR�VHDO�WKH�LQFLVLRQ��DQG�DOORZHG�WR�GU\���6XUJHULHV�LQLWLDOO\
WRRN�IURP����WR����PLQXWHV��EXW�WLPHV�ZHUH�TXLFNO\�UHGXFHG�WR���WR����PLQXWHV���8SRQ
FRPSOHWLRQ�WKH�ILVK�ZDV�UHWXUQHG�WR�WKH�OLYH�FDU�WR�UHJDLQ�HTXLOLEULXP�ZKLFK�JHQHUDOO\�WRRN�IURP
RQH�WR�IRXU�PLQXWHV���,QLWLDOO\��ILVK�ZHUH�KHOG�RYHUQLJKW�DIWHU�VXUJHU\��EXW�LQ�RXU�MXGJHPHQW�VWUHVV
ZDV�UHGXFHG�E\�UHGXFLQJ�WKH�KROGLQJ�WLPH�VR�DFWLYH�ILVK�ZHUH�ODWHU�KHOG�IRU�DV�OLWWOH�DV�WHQ
PLQXWHV���

3UREOHPV�DQG�0RGLILFDWLRQV
6XUJHULHV�WKH�ILUVW�WZR�GD\V�RI������UHVXOWHG�LQ����DQG����SHUFHQW�PRUWDOLW\��Q ����

,QWHUQDO�DQG�H[WHUQDO�H[DPLQDWLRQV�RI�PRUWDOLWLHV�VKRZHG�OLWWOH�RU�QR�LQWHUQDO�GDPDJH�ZKLFK
VXJJHVWV�WKDW�VWUHVV�RU�DQDHVWKHWLF�PD\�KDYH�FDXVHG�WKH�KLJK�PRUWDOLW\���+DQGOLQJ�ZDV�UHGXFHG
DQG�WKH�DQDHVWKHWLF�FRQFHQWUDWLRQ�ZDV�UHGXFHG�WR�������PJ�O���6XEVHTXHQWO\��ZH�H[SHULHQFHG�RQH
PRUWDOLW\�GXULQJ�VXUJHULHV�

6WUHVVHG�ILVK�VKRZHG�GLVWLQFW�V\PSWRPV���6RPH�ILVK�KHOG�LQ�OLYHFDUV�IRU�VXUJHU\�DQG
WDJJLQJ�GHYHORSHG�ZKDW�WKH�FUHZ�WHUPHG��UHG�ILQ�V\QGURPH��FKDUDFWHUL]HG�E\�D�UHWUDFWLRQ�RI
EORRG�LQWR�WKH�EDVH�RI�WKH�SHOYLF��SHFWRUDO��DQG�FDXGDO�ILQV�DQG�ORWV�RI�VXEFXWDQHRXV�EOHHGLQJ���,Q
DGGLWLRQ��WKH�WUDLOLQJ���FP�RI�DOO�ILQV�EHFDPH�PDUNHGO\�SDOH���)LVK�WKDW�GHYHORSHG��UHG�ILQ
V\QGURPH��GXULQJ�RU�DIWHU�VXUJHU\�RIWHQ�GLHG���7KHUHIRUH��LI�ILVK�VKRZHG�VLJQV�RI��UHG�ILQ
V\QGURPH��SULRU�WR�VXUJHU\��ZH�UHOHDVHG�WKHP�ZLWKRXW�LPSODQWLQJ�D�UHFHLYHU���$�VHFRQG�V\PSWRP
ZDV�QRWLFHDEOH�RQ�VXQQ\�GD\V��WKH�FRUQHDV�RI�VRPH�ILVK�WXUQHG�FORXG\���6HWWLQJ�WKH�OLYHFDU�LQ�WKH
VKDGH�DQG�FRYHULQJ�WKH�KHDG�DQG�WDLO�ZLWK�D�ZHW�WRZHO�GXULQJ�VXUJHU\�DSSHDUHG�WR�UHGXFH�WKLV
SUREOHP���



��

$33(1',;�%��3URFHGXUHV�IRU�2UDO�,QVHUWLRQ�RI�7UDQVPLWWHUV
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$33(1',;�%��3URFHGXUHV�IRU�2UDO�,QVHUWLRQ�RI�7UDQVPLWWHUV

$QDHVWKHWLF�ZDV�DSSOLHG�LQ�WKH�VDPH�PDQQHU�DV�ILVK�XQGHUJRLQJ�VXUJHU\���)LVK�ZHUH
SODFHG�LQ�D�%RQDU�0XOWL�7RWH�,,,������[����[����FP��FRQWDLQLQJ����O�RI�ZDWHU�ZLWK�7ULFDQH
0HWKDQHVXOIRQDWH��06������DW�FRQFHQWUDWLRQV�RI��������PJ�O���7KUHH����O�FROODSVLEOH�MXJV�ZHUH
XVHG�WR�LQFUHDVH�WKH�ZDWHU�GHSWK�ZLWKRXW�LQFUHDVLQJ�ZDWHU�YROXPH�DQG�UHGXFLQJ�WKH�DPRXQW�RI
06�����UHTXLUHG�IRU�HDFK�ILVK���6RGLXP�%LFDUERQDWH��%DNLQJ�6RGD��DW�FRQFHQWUDWLRQV�RI��������
PJ�SHU�����PJ�RI�06�����ZDV�XVHG�WR�EXIIHU�WKH�VROXWLRQ���:DWHU�ZDV�FKDQJHG�IRU�HDFK�ILVK��
(DFK�ILVK�ZDV�KHOG�LQ�WKH�DQDHVWKHWLF�VROXWLRQ�XQWLO�LW�VKRZHG�VLJQV�RI�ORVV�RI�HTXLOLEULXP��

7UDQVPLWWHU�LQVHUWLRQ�ZDV�XVXDOO\�FRPSOHWHG�ZLWKLQ�RQH�PLQXWH�RI�ORVV�RI�HTXLOLEULXP��
7KH�WUDQVPLWWHUV�ZHUH�SODFHG�LQ�D�����FP��LQVLGH�GLDPHWHU��WKLQ�ZDOO�SODVWLF�SLSH�ILWWHG�ZLWK�D
ZRRGHQ�SXVK�URG���7KH�RXWVLGH�HGJH�RI�WKH�SLSH�WKDW�FRQWDFWHG�WKH�ILVK�ZDV�VPRRWKHG�RI�DOO�VKDUS
DQG�URXJK�HGJHV���7KH�SXVK�URG�ZDV�VORWWHG�VR�WKH�ZKLS�DQWHQQDH�FRXOG�UXQ�ZLWKLQ�WKH�VORW�DQG
QRW�ELQG�ZLWK�WKH�SLSH�LQKLELWLQJ�PRYHPHQW���:KHQ�WKH�ILVK�KDG�ORVW�HTXLOLEULXP��WKH�SHUVRQ
WDJJLQJ�ZRXOG�JUDVS�WKH�ORZHU�MDZ�ZLWK�RQH�KDQG�DQG�LQVHUW�DV�D�XQLW�WKH�SLSH��WUDQVPLWWHU��DQG
SXVK�URG���:LWK�VWHDG\�JHQWOH�SUHVVXUH�WKH�URG�ZDV�SXVKHG�WKURXJK�WKH�HVRSKDJXV�DQG�LQWR�WKH
VWRPDFK���7KH�SXVK�URG�ZDV�WKHQ�VORZO\�SXVKHG�IRUFLQJ�WKH�WUDQVPLWWHU�RXW�RI�WKH�SLSH���7KH�SLSH
DQG�SXVK�URG�ZHUH�UHPRYHG�OHDYLQJ�WKH�WUDQVPLWWHU���7KH�DQWHQQDH�SDVVHG�WKURXJK�WKH�HVRSKDJXV
DQG�LQWR�PRXWK�
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�$33(1',;�&���)RUPXODH�IRU�/HQJWK�&RPSRVLWLRQ�:KHQ�WKH�(VWLPDWH�LV�8QVWUDWLILHG



��

�$33(1',;�&���)RUPXODH�IRU�/HQJWK�&RPSRVLWLRQ�:KHQ�WKH�(VWLPDWH�LV�8QVWUDWLILHG

,I�DEXQGDQFH�HVWLPDWHV�DUH�QRW�VWUDWLILHG�GXH�WR�VL]H�VHOHFWLYLW\�LQ�WKH�VDPSOLQJ�JHDU�
HVWLPDWHV�RI�OHQJWK�DQG�DJH�FRPSRVLWLRQ�ZLOO�EH�FDOFXODWHG�DV�IROORZV��&RFKUDQH�������

�� ������������A���������1�-

3M� ������������DQG� ���
������������Q

���������������A������A
����A���������3M����SM��
9>3M@� ���������������� ���
������������������Q����

ZKHUH�

1�-� �WKH�QXPEHU�LQ�WKH�VDPSOH�IURP�JURXS�M�

Q� �WKH�VDPSOH�VL]H��DQG�

3M� �WKH�HVWLPDWHG�IUDFWLRQ�RI�WKH�SRSXODWLRQ�WKDW�LV�PDGH�XS�RI�JURXS�M�

7KH�HVWLPDWHG�DEXQGDQFH�RI�HDFK�JURXS�M�LQ�WKH�SRSXODWLRQ��1-��LV�

������������������������������������������������������������������A����������A
� ������������������������������������������������������1��M� �SM1 ���
ZKHUH�

A
1�-� �WKH�HVWLPDWHG�QXPEHU�RI�ILVK�LQ�WKH�SRSXODWLRQ�LQ�JURXS�M�

3M� �WKH�HVWLPDWHG�IUDFWLRQ�RI�WKH�SRSXODWLRQ�LQ�JURXS�M�
A
1� �WKH�HVWLPDWHG�SRSXODWLRQ�

7KH�YDULDQFH�RI�1-�LV�WKH�H[DFW�YDULDQFH�RI�D�SURGXFW��*RRGPDQ�������

� �������������������������A���������������A����������A����������������������A
��������������������9>1M@� �9>3M@1

����9>1@SM
����9>SM@9>1@ ���
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�$33(1',;�'���)RUPXODH�IRU�/HQJWK�&RPSRVLWLRQ�:KHQ�WKH�(VWLPDWH�LV�6WUDWLILHG
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$33(1',;�'���)RUPXODH�IRU�/HQJWK�&RPSRVLWLRQ�:KHQ�WKH�(VWLPDWH�LV�6WUDWLILHG

,I�DEXQGDQFH�HVWLPDWHV�DUH�VWUDWLILHG�GXH�WR�VL]H�VHOHFWLYLW\�LQ�WKH�VDPSOLQJ�JHDU�HVWLPDWHV�RI
OHQJWK�FRPSRVLWLRQ�ZLOO�EH�FDOFXODWHG�DV�IROORZV�

���������������������A
���������������������S�LM� �Q�LM���Q�L

ZKHUH�

Q�L� �WKH�QXPEHU�VDPSOHG�IURP�VWUDWXP�L�LQ�WKH�PDUN�UHFDSWXUH
�H[SHULPHQW�

Q�LM� �WKH�QXPEHU�VDPSOHG�IURP�VWUDWXP�L�WKDW�EHORQJ�WR�JURXS�M��DQG�

S�LM� �WKH�HVWLPDWHG�IUDFWLRQ�RI�WKH�ILVK�LQ�JURXS�M�LQ�VWUDWXP�L

� �������������������������A
1RWH�WKDW�3�S�LM� �����7KH�YDULDQFH�IRU�S�LM�LV�

�����M

������������������A �����A
����A 3LM�����SLM�
9>SLM@� �������������������� ���

� ������������������QL����

� � ��������������������A
7KH�HVWLPDWHG�DEXQGDQFH�RI�LQFRQQX�LQ�JURXS�M�LQ�WKH�SRSXODWLRQ��1-��LV�

�A���������A���A
1-� �3�S�LM�1�L ���
����������L

������������A
ZKHUH��1L� �WKH�HVWLPDWHG�DEXQGDQFH�LQ�VWUDWXP�L�RI�WKH�PDUN�UHFDSWXUH

A
H[SHULPHQW���7KH�YDULDQFH�IRU�1�-�LV�D�VXP�RI�WKH�H[DFW�YDULDQFH�RI�D�SURGXFW�IURP�*RRGPDQ
�������
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����A �����������A����A �����������A����A����������A���������A
9>1M@� �3��9>S�LM@�1�L

����9>1�L@�S�LM
����9>S�LM�@9>1�L�@� ����

����������L

7KH�HVWLPDWHG�IUDFWLRQ�RI�WKH�SRSXODWLRQ�WKDW�EHORQJV�WR�JURXS�M��SM��LV�

A�������A�����A�
S�M�� �1�M���1 ����

ZKHUH��1� �3�1�L���7KH�YDULDQFH�RI�WKH�HVWLPDWHG�IUDFWLRQ�FDQ�EH�DSSUR[LPDWHG�ZLWK�WKH�GHOWD
PHWKRG��VHH�6HEHU�������

� �������������������A �������������L�������A������A�������A
����A ����������A�������1�L

�� 3��9>1�L�@��S�LM����S�M��
��

9>S�M@� �3�9>�S�LM@���������������������������������������� ����
���L�����������������A �������������������������A

� � ��������1 �������������1��
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5HIHUHQFHV

$OW��.��7����������)RRG�KDELWV�RI�LQFRQQX�LQ�$ODVND���7UDQVDFWLRQV�RI�WKH�$PHULFDQ�)LVKHULHV
6RFLHW\��������������

$OW��.��7����������7D[RQRP\�DQG�HFRORJ\�RI�WKH�LQFRQQX��6WHQRGXV�OHXFLFKWK\V�QHOPD��LQ�$ODVND��
%LRORJLFDO�3DSHUV�RI�WKH�8QLYHUVLW\�RI�$ODVND��1XPEHU���������

$OW��.��7����������$JH�DQG�JURZWK�RI�WKH�LQFRQQX��6WHQRGXV�OHXFLFKWK\V��LQ�$ODVND���-RXUQDO�RI
WKH�5HVRXUFH�%RDUG�RI�&DQDGD������������

$OW��.��7����������,QFRQQX��6WHQRGXV�OHXFLFKWK\V��PLJUDWLRQ�VWXGLHV�LQ�$ODVND�����������-RXUQDO
RI�WKH�5HVRXUFH�%RDUG�RI�&DQDGD�������������

$OW��.��7����������5HYLHZ�RI�LQFRQQX�6WHQRGXV�OHXFLFKWK\V�VWXGLHV�LQ�$ODVND���$ODVND�'HSDUWPHQW
RI�)LVK�DQG�*DPH��)LVKHU\�0DQXVFULSW�1XPEHU����-XQHDX��$ODVND�

$PEURVH��-��5����������$JH�GHWHUPLQDWLRQ���3DJHV���������LQ�/��$��1LHOVHQ�DQG�'��/��-RKQVRQ�
HGLWRUV���)LVKHULHV�WHFKQLTXHV���$PHULFDQ�)LVKHULHV�6RFLHW\��%HWKHVGD��0DU\ODQG�

%HUQDUG��'��5���DQG�3��$��+DQVHQ����������0DUN�UHFDSWXUH�H[SHULPHQWV�WR�HVWLPDWH�WKH�DEXQGDQFH
RI�ILVK���$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�6SRUW�)LVK���6SHFLDO
3XEOLFDWLRQ�1R��������$QFKRUDJH��$ODVND�

%XFNODQG��6��7���DQG�3��$��*DUWKZDLWH����������4XDQWLILHG�SUHFLVLRQ�RI�PDUN�UHFDSWXUH
H[SHULPHQWV�XVLQJ�WKH�ERRWVWUDS�DQG�UHODWHG�PHWKRGV���%LRPHWULFV������������

&RFKUDQH��:��*����������6DPSOLQJ�WHFKQLTXHV���UG�HGLWLRQ���-RKQ�:LOH\	6RQV��,QF���1HZ�<RUN�

&UDLJ��3��&����������$Q�LQWURGXFWLRQ�WR�DQDGURPRXV�ILVKHV�LQ�WKH�$ODVNDQ�$UFWLF���3DJHV�������LQ
'��:��1RUWRQ��HGLWRU��5HVHDUFK�DGYDQFHV�RQ�DQDGURPRXV�ILVK�LQ�DUFWLF�$ODVND�DQG
&DQDGD��1LQH�SDSHUV�FRQWULEXWLQJ�WR�DQG�HFRORJLFDO�V\QWKHVLV���%LRORJLFDO�SDSHUV�RI�WKH
8QLYHUVLW\�RI�$ODVND��1XPEHU����

*RRGPDQ��/��*���������2Q�WKH�H[DFW�YDULDQFH�RI�D�SURGXFW��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO
$VVRFLDWLRQ������������

+RZH��$��/���*��)LGOHU��$��(��%LQJKDP��DQG�0�-��0LOOV����������+DUYHVW��&DWFK��DQG�SDUWLFLSDWLRQ
LQ�$ODVND�VSRUW�)LVKHULHV�'XULQJ��������)LVKHU\�'DWD�6HULHV�1R��������

/DPEHUW�<���DQG�-��-��'RGVRQ����������)UHVKZDWHU�PLJUDWLRQ�DV�D�GHWHUPLQDQW�IDFWRU�LQ�WKH�VRPDWLF
FRVW�RI�UHSURGXFWLRQ�RI�WZR�DQDGURPRXV�FRUHJRQLQHV�RI�-DPHV�%D\���&DQDGLDQ�-RXUQDO
)LVKHULHV�DQG�$TXDWLF�6FLHQFH��������������
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/HDQ��&��)���)�-��%XH��DQG�7��/��/LQJQDX����������$QQXDO�PDQDJHPHQW�UHSRUW�������1RUWRQ�6RXQG
��3RUW�&ODUHQFH���.RW]HEXH��5HJLRQDO�,QIRUPDWLRQ�5HSRUW�1R���$�������$ODVND
'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��$QFKRUDJH�

0LOOHU��6���7��-��8QGHUZRRG��DQG�:��-��6SHDUPDQ���,Q�3UHSDUDWLRQ���*HQHWLF�VWRFN�VWUXFWXUH�RI
LQFRQQX��6WHQRGXV�OHXFLFKWK\V��IURP�WKH�6HODZLN�DQG�.REXN�ULYHUV��$ODVND��XVLQJ�3&5
DQG�5)/3�$QDO\VHV���8�6��)LVK�DQG�:LOGOLIH�6HUYLFH��$ODVND�)LVKHULHV�7HFKQLFDO�5HSRUW�
1XPEHU����

0RUURZ��-��(���������7KH�IUHVKZDWHU�ILVKHV�RI�$ODVND���$ODVND�1RUWKZHVWHUQ�3XEOLVKLQJ
&RPSDQ\��$QFKRUDJH�

5REVRQ��'��6���DQG�+��$��5HJLHU����������6DPSOH�VL]H�LQ�3HWHUVHQ�PDUN�UHFDSWXUH�HVWLPDWHV��
7UDQVDFWLRQV�RI�WKH�$PHULFDQ�)LVKHULHV�6RFLHW\������������

6FRWW��:��%���DQG�(��-��&URVVPDQ����������)UHVKZDWHU�ILVKHV�RI�&DQDGD���)LVKHULHV�5HVHDUFK�%RDUG
RI�&DQDGD��%XOOHWLQ�����

6HEHU��*��$����������7KH�HVWLPDWLRQ�RI�DQLPDO�DEXQGDQFH�DQG�UHODWHG�SDUDPHWHUV��VHFRQG�HGLWLRQ��
&KDUOHV�*ULIILQ�DQG�&RPSDQ\��/LPLWHG��/RQGRQ�

7DXEH��7��7���������$EXQGDQFH�DQG�FRPSRVLWLRQ�RI�VKHHILVK�LQ�WKH�.REXN�5LYHU�������������
$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��)LVKHU\�0DQXVFULSW�1R�������

7DXEH��7��7���������$EXQGDQFH�DQG�FRPSRVLWLRQ�RI�VKHHILVK�LQ�WKH�.REXN�5LYHU���������$ODVND
'HSDUWPHQW�RI�)LVK�DQG�*DPH��)LVKHU\�0DQXVFULSW�1R�������
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7DEOH���²�3RSXODWLRQ�HVWLPDWH�RI�VSDZQLQJ�LQFRQQX�LQ�WKH�6HODZLN�5LYHU�IRU������DQG�������
7KH�SRSXODWLRQ�HVWLPDWH�LQFOXGHV�ILVK�IURP����WR�����FP���7KH������HVWLPDWH�LV�IURP�DQ
XQVWUDWLILHG�&KDSPDQ�HVWLPDWRU���)RU�GDWD�IURP������D�VWUDWLILHG�HVWLPDWRU�ZDV�XVHG�EHFDXVH�RI
VL]H�VHOHFWLYLW\�LQ�VDPSOLQJ���7KH�VWUDWXP�XVHG�ZHUH�ILVK�#�����FP�DQG�WKRVH�IURP�����WR�����FP��
&RQILGHQFH�LQWHUYDOV�DUH�IRU�D�����3RLVVRQ�GLVWULEXWLRQ���7KH�XQVWUDWLILHG�HVWLPDWH�IRU������LV
SUHVHQWHG�IRU�FRPSDULVRQ�RQO\�DQG�VKRZV�WKH�EHQHILW�RI�VWUDWLI\LQJ�WKH�HVWLPDWH�

0DUNHG� ([DPLQHG 5HFDSWXUH (VWLPDWH
&RQILGHQFH
LQWHUYDO
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7DEOH���²�/HQJWK�GDWD�IRU�VSDZQLQJ�LQFRQQX�IURP�WKH�6HODZLN�5LYHU�IRU�WKUHH�\HDUV������
������DQG������E\�VDPSOLQJ�SHULRG�LQFOXGLQJ�DYHUDJH��PHGLDQ��DQG�UDQJHV�RI�IRUN�OHQJWK�LQ�FP�
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7DEOH���²�,QFRQQX�OHQJWK�IUHTXHQF\�GDWD�IRU������IURP�WKH�6HODZLN�5LYHU�ZDV
FROOHFWHG�DERYH�WKH�7DJDJDZLN�5LYHU�GXULQJ�$XJXVW�

/HQJWKV )UHTXHQF\ S 9�S� 6(
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7DEOH���²�,QFRQQX�OHQJWK�IUHTXHQF\�GDWD�IRU������IURP�WKH�6HODZLN�5LYHU�ZDV
FROOHFWHG�DERYH�WKH�7DJDJDZLN�5LYHU�LQ�6HSWHPEHU�

/HQJWKV )UHTXHQF\ S 9�S� 6(
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7DEOH���²�6SDZQLQJ�LQFRQQX�OHQJWK�FRPSRVLWLRQ�IRU������ZDV�FROOHFWHG�DERYH�WKH�7DJDJDZLN�5LYHU�IURP
6HSWHPEHU���WR����������DQG�LV�DGMXVWHG�E\�WKH�VWUDWLILHG�SRSXODWLRQ�HVWLPDWH���7KH�FRXQW�DQG�SUREDELOLW\��SML��DUH�WKH
VDPSOH�GDWD���7KH�DGMXVWHG�FRXQW��1M��DQG�IUHTXHQF\�SM�LQ�VL]H�LQWHUYDO�M�DUH�E\�WKH�VWUDWLILHG�HVWLPDWH���7KH�YDULDQFH
RI�SM�>9�SM�@�DQG�WKH�VWDQGDUG�HUURU�RI�SM�>6(�SM�@�PDNH�XS�WKH�ILQDO�FROXPQV�
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7DEOH���²�5HVXOWV�RI�D��î��FKL�VTXDUH�FRPSDULQJ�WKH�UDWLR�RI�LQFRQQX�SODFHG�LQ�VL]H�
LQWHUYDOV�DPRQJ�WKUHH�\HDUV���'LIIHUHQFH�DPRQJ�WKH�\HDUV��;�� �������GI� ������
3� ��������ZHUH�LQGLFDWHG���&HOO�FKL�VTXDUH�YDOXHV�DUH�DQ�LQGLFDWLRQ�RI�ZKHUH�GLIIHUHQFHV
�PD\�EH�SUHVHQW�
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7DEOH���²�$JH�FRPSRVLWLRQ�RI�LQFRQQX�FROOHFWHG�LQ��������$JH�GDWD�SUHVHQWHG�
DUH�IURP�6HSWHPEHU�RI�WKDW�\HDU��
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7DEOH���²$JH�FRPSRVLWLRQ�RI�LQFRQQX�FROOHFWHG�LQ��������$JH�GDWD�SUHVHQWHG�DUH
�IURP�6HSWHPEHU�RI�WKDW�\HDU�
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7DEOH���²�<HDU�RI�FDWFK��WRWDO�FDWFK��QXPEHU�RI�LQFRQQX�WDJJHG�DQG�UHOHDVHG�HDFK�\HDU��DQG�WKH�QXPEHU�RI
�LQFRQQX�UHFDSWXUHG�IURP�HDFK�\HDU�RI�WDJJLQJ���5HFDSWXUHV�OLVWHG�LQFOXGH�WKRVH�IURP�ERWK�WKH�PDUNLQJ�DQG�
UHFDSWXUH�HYHQWV�RI�HDFK�\HDU�

<HDU�RI�
FDWFK

1XPEHU�RI�LQFRQQX�FDXJKW�IURP�\HDU
7RWDO�FDWFK 7DJV
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7DEOH����²�3URSRUWLRQ�RI�WDJV�ORVW�DIWHU�WKUHH�WLPH�SHULRGV�DW�ODUJH���(DFK�FDWHJRU\�LQFOXGHV�ILVK�IURP�WKH�PDUN�DQG
UHFDSWXUH�HYHQW�GXULQJ�WKH�\HDU���6DPSOH�VL]HV�DUH�WKRVH�RI�WKH�UHFDSWXUHG�ILVK�LQ�7DEOH���ZKLFK�VKRXOG�EH�UHFRJQL]HG
DV�VPDOO�HVSHFLDOO\�IRU�WKH�ORQJHU�WLPH�SHULRG�

<HDU
5HOHDVHG

3UREDELOLW\�RI�WDJ�ORVV�

6DPH�\HDU ��\HDU ��\HDUV

9LVXDO�,PSODQW�7DJ
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