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7DEOH�RI�&RQWHQWV��
$EVWUDFW«««««««««««««««««««««««««««««««««««��
,QWURGXFWLRQ«««««««««««««««««««««««««««««««««����

Ɣ $�QRWH�RQ�&29,'���««««««««««««««««««««««««««�����
&DVH�6WXGLHV«««««««««««««««««««««««««««««««««���

Ɣ ,QGLDQD�%ULGJHV�&DVH�6WXG\««««««««««««««««««««««««���
Ɣ %DWWHU\�5HF\FOLQJ�3ODQW�6WXG\«««««««««««««««««««««««���
Ɣ (GHQVSDFH�6\VWHPV««««««««««««««««««««««««««�������
Ɣ 2PDKD�/HDG�6XSHUIXQG�6LWH«««««««««««««««««««««««�����

&KHODWRUV«««««««««««««««««««««««««««««««««�������
+\SHUDFFXPXODWRUV«««««««««««««««««««««««««««««�������
0HWKRGV««««««««««««««««««««««««««««««««««����

Ɣ *ULG««««««««««««««««««««««««««««««««�������
Ɣ 6RLO�6DPSOLQJ�DQG�$QDO\VLV«««««««««««««««««««««««������
Ɣ 5HPHGLDWLRQ�&RVW�$QDO\VLV«««««««««««««««««««««««�������

5HVXOWV««««««««««««««««««««««««««««««««««�������
Ɣ 6SDWLDOO\�5HIHUHQFHG�/HDG�9DOXHV«««««««««««««««««««««����
Ɣ &RVW�$QDO\VLV�5HVXOWV«««««««««««««««««««««««««�������

'LVFXVVLRQ�DQG�5HFRPPHQGDWLRQV«««««««««««««««««««««««�������
&RQFOXVLRQ«««««««««««««««««««««««««««««««««����
$FNQRZOHGJHPHQWV«««««««««««««««««««««««««««����«�������
:RUNV�&LWHG««««««««««««««««««««««««««««««««������
$SSHQGL[«««««««««««««««««««««««««««««««««������

�
$EVWUDFW��

�
/HDG�LV�D�KHDY\�PHWDO�WKDW�SRVHV�VHYHUH�KHDOWK�ULVNV��HVSHFLDOO\�WR�FKLOGUHQ��DW�DQ\�OHYHO�RI�

H[SRVXUH��$V�D�UHVXOW�RI�LWV�KLVWRULF�XVH�LQ�JDV��SDLQWV��DQG�LQIUDVWUXFWXUH��OHDG�FRQWDPLQDWHG�VRLOV�
DUH�ZLGHVSUHDG��5HPHGLDWLQJ�FRQWDPLQDWHG�DUHDV�FDQ�EH�ERWK�HFRQRPLFDOO\�DQG�HQYLURQPHQWDOO\�
FRVWO\�LI�QRW�GRQH�ZLWK�FDUHIXO�SODQQLQJ��/LNH�PDQ\�XUEDQ�DQG�VXEXUEDQ�VRLOV��6NLGPRUH�
&ROOHJH¶V�H[�FRPPXQLW\�JDUGHQ�FRQWDLQV�XQVDIH�OHYHOV�RI�OHDG�DQG�VKRXOG�EH�UHPHGLDWHG�EHIRUH�
DQ\�IXWXUH�FRQVWUXFWLRQ��,Q�RUGHU�WR�TXDQWLI\�WKH�H[WHQW�RI�WKH�FRQWDPLQDWLRQ��ZH�JULG�VDPSOHG�WKH�
VLWH�DW�WZR�GHSWKV�������FP�DQG�������FP���7KH�DYHUDJH�FRQFHQWUDWLRQ�RI�OHDG�ZDV�VLPLODU�DW�ERWK�
GHSWKV������SSP�DW������FP�DQG�����SSP�DW�������FP��ZLWK�WKH�KLJKHVW�FRQFHQWUDWLRQ�H[FHHGLQJ�
������SSP��:H�UHFRPPHQG�KLJK�UHVROXWLRQ�PDSSLQJ�DQG�VHOHFWLYH�H[FDYDWLRQ�FRXSOHG�ZLWK�VRLO�
UHSODFHPHQW�DQG�ELRVWDELOL]DWLRQ�DV�FRVW�HIIHFWLYH�DOWHUQDWLYHV�WR�LQGLVFULPLQDWH�EXON�H[FDYDWLRQ��
:H�HVWLPDWH�WKDW� �D�SULRUL��VDPSOLQJ�ZLWK�VHOHFWLYH�UHPHGLDWLRQ�FRXOG�VDYH�6NLGPRUH�RYHU�
���������FRPSDUHG�WR�FRQYHQWLRQDO�UHPHGLDWLRQ��ZKLOH�PLWLJDWLQJ�WKH�KDUPIXO�HQYLURQPHQWDO�
LPSDFWV�DVVRFLDWHG�ZLWK�VRLO�UHPRYDO�DQG�WUHDWPHQW��)XUWKHU��WKLV�WHFKQLTXH�FRXOG�EH�XVHG�WR�
UHGXFH�FRVWV�RI�RWKHU�VPDOO�VFDOH�OHDG�UHPHGLDWLRQ�SURMHFWV��
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,QWURGXFWLRQ��
�
��������FKLOGUHQ�LQ�WKH�8QLWHG�6WDWHV�DJHG���WR���\HDUV�KDYH�EORRG�OHDG�OHYHOV�KLJK�

HQRXJK�WR�GDPDJH�WKHLU�KHDOWK��&'&���������:KHQ�WKH�ERG\�DEVRUEV�OHDG��LW�LV�VWRUHG�LQ�WKH�

ERQHV��WLVVXH��DQG�EORRG�ZKHUH�LW�DFFXPXODWHV�DQG�OHDGV�WR�D�YDULHW\�RI�DGYHUVH�HIIHFWV�RQ�KXPDQ�

KHDOWK��7KXV��QR�OHYHO�RI�OHDG�H[SRVXUH�LV�VDIH��:+2���������6KRUW�WHUP�OHDG�H[SRVXUH�

V\PSWRPV�LQFOXGH�DEGRPLQDO�SDLQ��FRQVWLSDWLRQ��OHWKDUJ\��KHDGDFKH��LUULWDELOLW\��ORVV�RI�DSSHWLWH��

PHPRU\�ORVV��DQG�SDLQ�RU�WLQJOLQJ�LQ�WKH�KDQGV�RU�IHHW��7KHVH�V\PSWRPV�DUH�RIWHQ�PLVWDNHQO\�

GLDJQRVHG�DV�FRPPRQ�DLOPHQWV��OHDGLQJ�WR�GLIILFXOW\�GLDJQRVLQJ�OHDG�H[SRVXUH��/HDG�SRLVRQLQJ�LV�

D�FRQFHUQ�IRU�WKRVH�ZKR�H[SHULHQFH�ORQJ�WHUP�OHDG�H[SRVXUH��DQG�FDQ�UHVXOW�LQ�GHSUHVVLRQ��

JDVWURLQWHVWLQDO�LOOQHVV��DQG�ORVV�RI�VKRUW�WHUP�PHPRU\��$GGLWLRQDOO\��ORQJ�WHUP�H[SRVXUH�FDQ�

OHDG�WR�DQ�LQFUHDVHG�ULVN�IRU�KLJK�EORRG�SUHVVXUH��KHDUW�GLVHDVH��NLGQH\�GLVHDVH��DQG�UHGXFHG�

IHUWLOLW\��&'&���������

/HDG�LV�IRXQG�QDWXUDOO\�ZLWKLQ�(DUWK¶V�FUXVW�DQG�KDV�EHFRPH�D�VLJQLILFDQW�SXEOLF�KHDOWK�

FRQFHUQ�GXH�WR�LWV�SDVW�ZLGHVSUHDG�XVH�DQG�KLJK�OHYHO�RI�WR[LFLW\��/HDG�ZDV�D�FRPSRQHQW�RI�

FRQYHQWLRQDO�KRXVHKROG�SDLQWV��SLSHV��DQG�JDVROLQH�IURP�WKH�����V�XQWLO�WKH�����V�ZKHQ�LW�ZDV�

GHWHUPLQHG�WR�EH�D�WKUHDW�WR�SXEOLF�KHDOWK��/HZLV���������(YHQ�WKRXJK�OHDG�LV�QR�ORQJHU�XVHG�LQ�

FRPPHUFLDO�SURGXFWV��LWV�LPSDFW�UHPDLQV��GXH�WR�FRQWDPLQDWLRQ�RI�KRPHV��JDUGHQV��DQG�LQGXVWULDO�

VLWHV��7KLV�FRQWDPLQDWLRQ�UHVXOWV�LQ�OHDG�H[SRVXUH�YLD�WKH�LQKDODWLRQ�RI�OHDG�SDUWLFOHV�ZKHQ�

ZRUNLQJ�ZLWK�FRQWDPLQDWHG�SDLQW�RU�EXUQLQJ�RI�PDWHULDOV�FRQWDLQLQJ�OHDG��WKH�LQJHVWLRQ�RI�GXVW�

DQG�ZDWHU�ZKLFK�KDV�FRPH�LQWR�FRQWDFW�ZLWK�OHDGHG�PDWHULDOV��DQG�WKH�LQJHVWLRQ�RI�IRRG�ZKLFK�

ZDV�JURZQ�RU�VWRUHG�LQ�OHDG�FRQWDPLQDWHG�DUHDV��:+2���������

��



7KH�GHYHORSLQJ�ERGLHV�RI�FKLOGUHQ�DUH�PRUH�SURIRXQGO\�DIIHFWHG�E\�OHDG�SRLVRQLQJ��DQG�

WKH\�DUH�DOVR�PRUH�OLNHO\�WR�EH�H[SRVHG��,QIDQWV�URXWLQHO\�XVH�WKHLU�PRXWKV�WR�H[SORUH�WKH�

HQYLURQPHQW�DURXQG�WKHP��ZKLFK�FDQ�EH�GDQJHURXV�LQ�KRXVHKROGV�WKDW�VWLOO�FRQWDLQ�OHDG�SDLQW��

2OG�WR\V�DQG�WR\V�IURP�RWKHU�FRXQWULHV�PD\�FRQWDLQ�OHDG�DV�ZHOO��6WDQIRUG���������$GGLWLRQDOO\��

OHDG�WDVWHV�VZHHW��DQG�\RXQJ�FKLOGUHQ�PD\�EH�WHPSWHG�WR�HDW�SDLQW�FKLSV��0LHONH����������/HDG�LV�

DOVR�PRUH�HDVLO\�DEVRUEHG�LQWR�FHOOV�E\�FKLOGUHQ�WKDQ�DGXOWV��DQG�FKLOGUHQ�ZKR�DUH�H[SRVHG�WR�

KLJK�OHYHOV�RI�OHDG�FDQ�EH�OHIW�ZLWK�EUDLQ�GDPDJH��DPRQJ�RWKHU�OLIH�WKUHDWHQLQJ�DOWHULQJ�LOOQHVVHV�

�6WDQIRUG���������&KLOGUHQ�LQ�ORZ�LQFRPH�DUHDV�DUH�PRUH�OLNHO\�WR�EH�DW�ULVN�RI�OHDG�H[SRVXUH�

WKDQ�FKLOGUHQ�LQ�PRUH�DIIOXHQW�DUHDV��$HOLRQ�HW�DO����������

$�VLJQLILFDQW�SDWKZD\�RI�H[SRVXUH�IRU�FKLOGUHQ�DQG�DGXOWV�DUH�VRLOV�ZKLFK�FRQWDLQ�OHDG�

IURP�XQGHUJURXQG�SLSHV�RU�SDLQW�FKLSV��&'&���������/HDG�LQ�VRLO�LV�GLIILFXOW�WR�GHWHFW�ZLWKRXW�

SULRU�NQRZOHGJH�RI�FRQWDPLQDWLRQ��*DUGHQV�DQG�UHFUHDWLRQDO�DUHDV�ZKRVH�VRLOV�FRQWDLQ�OHDG�FRXOG�

EHFRPH�PDMRU�KHDOWK�LVVXHV��+LJK�GHQVLW\�XUEDQ�DUHDV�ZLWK�ROGHU�KRXVHV��ZKHUH�PRVW�

ORZ�LQFRPH�PLQRULWLHV�OLYH��DUH�DW�WKH�KLJKHVW�ULVN�RI�OHDG�FRQWDPLQDWLRQ��PDNLQJ�OHDG�UHPRYDO�

SDUWLFXODUO\�LPSRUWDQW�LQ�WKHVH�DUHDV��0F&OLQWRFN���������([FDYDWLQJ��WUDQVSRUWLQJ��DQG�VDIHO\�

GLVSRVLQJ�RI�WKHVH�VRLOV�LV�RIWHQ�H[SHQVLYH�DQG�QRW�D�YLDEOH�RSWLRQ�IRU�ORZ�LQFRPH�IDPLOLHV���

7KHUH�DUH�VHYHUDO�FRQYHQWLRQDO�UHPHGLDWLRQ�PHWKRGV�IRU�OHDG�FRQWDPLQDWHG�VRLO��

([WUDFWLRQ�LQYROYHV�UHPRYLQJ�VRLO�IURP�WKH�FRQWDPLQDWHG�VLWH��H[�VLWX��DQG�WUHDWLQJ�LW�ZLWK�D�

ZDVKLQJ�VROXWLRQ�DQG�PHFKDQLFDO�DJLWDWLRQ��VRLO�ZDVKLQJ���RU�XVLQJ�DFLGV�WR�PRELOL]H�OHDG�IRU�

HDVLHU�UHFRYHU\��DFLG�OHDFKLQJ���$QRWKHU�FRQYHQWLRQDO�SURFHVV�LV�VROLGLILFDWLRQ�VWDELOL]DWLRQ��LQ�

ZKLFK�FRQWDPLQDWHG�VRLO�LV�PL[HG�ZLWK�D�ELQGLQJ�DJHQW�DQG�ZDWHU�WR�PLQLPL]H�SRWHQWLDO�PLJUDWLRQ�

��



RQ�VLWH��9LWULILFDWLRQ��DQRWKHU�LQ�VLWX�PHWKRG��LQYROYHV�FRQYHUWLQJ�VRLOV�LQWR�XQUHDFWLYH�JODVV�DQG�

FU\VWDOOLQH�PDWHULDOV�E\�WKHUPDO�WUHDWPHQW��(3$����������

7KHVH�WKUHH�PHWKRGV�DUH�HIIHFWLYH�DW�UHPRYLQJ�OHDG�IURP�VRLO�XQGHU�FHUWDLQ�FRQGLWLRQV��

EXW�WKHUH�DUH�VHULRXV�OLPLWDWLRQV�DVVRFLDWHG�ZLWK�HDFK��([WUDFWLRQ�SURGXFHV�DTXHRXV�ZDVWH�VWUHDPV�

DQG�ILQH�SDUWLFOHV�WKDW�UHTXLUH�VXEVHTXHQW�WUHDWPHQW��6ROLGLILFDWLRQ�VWDELOL]DWLRQ�LQFUHDVHV�WKH�

YROXPH�RI�WUHDWHG�PDWHULDO�E\�DGGLQJ�UHDJHQWV��GRHV�QRW�WUHDW�RUJDQLFV��DQG�SUHVHQWV�GLIILFXOWLHV�LQ�

XQLIRUP�PL[LQJ�DQG�WUHDWPHQW�LQ�VLWX��9LWULILFDWLRQ�LV�HQHUJ\�LQWHQVLYH��FDQ�OHDG�WR�KDUPIXO�

YRODWLOHV��DQG�UHTXLUHV�VSHFLDO�DWWHQWLRQ�WR�HQVXUH�DQ�LPSHUPHDEOH�FDS�KDV�IRUPHG��(3$���������

7KHVH�VWUDWHJLHV�DUH�FRVWO\�DQG�RIWHQ�GHWULPHQWDO�WR�VRLO�KHDOWK��

3K\WRUHPHGLDWLRQ��DQ�DOWHUQDWLYH�UHPHGLDWLRQ�SUDFWLFH��LV�D�JURZLQJ�DUHD�RI�VWXG\�WKDW�

H[LVWV�XQGHU�WKH�XPEUHOOD�RI�ELRUHPHGLDWLRQ��WKH�XVH�RI�OLYLQJ�RUJDQLVPV�WR�GHJUDGH�

HQYLURQPHQWDO�FRQWDPLQDQWV�LQWR�OHVV�WR[LF�IRUPV��6SHFLILFDOO\��SK\WRUHPHGLDWLRQ�LV�

YHJHWDWLRQ�EDVHG�UHPHGLDWLRQ�ZKHUHE\�SODQWV�DFFXPXODWH��LPPRELOL]H�DQG�WUDQVIRUP�

FRQWDPLQDQWV�LQ�VRLO�DQG�ZDWHU��9LGDOL���������3ODQWV�QDWXUDOO\�WDNH�XS�HVVHQWLDO�PHWDO�LRQV�IRU�

JURZWK�DQG�GHYHORSPHQW��:KHQ�SODQWV�WDNH�XS�XQQHFHVVDU\�KHDY\�PHWDO�LRQV��WKH\�NHHS�

WKHPVHOYHV�VDIH�E\�LPPRELOL]LQJ�WKHP�LQ�URRW�DQG�FHOO�ZDOOV��7DNLQJ�DGYDQWDJH�RI�WKLV�WROHUDQFH�

WR�WUDQVSRUW�DQG�FRQFHQWUDWH�FRQWDPLQDQWV�IURP�WKH�VRLO�LQWR�DERYH�JURXQG�VKRRWV�LV�FDOOHG�

SK\WRH[WUDFWLRQ��*DUELVX�DQG�$ONRUWD���������3K\WRVWDELOL]DWLRQ�LV�DQRWKHU�IRUP�RI�

SK\WRUHPHGLDWLRQ�WKDW�XVHV�URRWV�DQG�UKL]RVSKHUHV�WR�KROG�FRQWDPLQDQWV�LQ�SODFH�WR�SUHYHQW�

OHDFKLQJ��7KLV�VWUDWHJ\�UHTXLUHV�OHVV�HIIRUW��EXW�GRHV�QRW�DOORZ�VHTXHVWHUHG�OHDG�WR�EH�UHPRYHG�

IURP�WKH�VLWH��%LGDU�HW�DO����������

��



2QH�RI�WKH�ODUJHVW�DGYDQWDJHV�WR�SK\WRUHPHGLDWLRQ�RYHU�FRQYHQWLRQDO�UHPHGLDWLRQ�LV�WKH�

WRWDO�FRVWV��&RQYHQWLRQDO�LQ�VLWX�PHWKRGV�RI�UHPHGLDWLRQ�DUH�FRVWO\��DQG�ZLWK�H[�VLWX�PHWKRGV�DUH�

HYHQ�PRUH�VR��ZLWK�DYHUDJH�FRVWV�ULVLQJ�HYHU\�\HDU��&XQQLQJKDP�HW�DO���������:DQ�HW�DO����������

$GGLWLRQDOO\��SODQWLQJ�IORZHUV�DV�RSSRVHG�WR�SDYLQJ�RYHU�D�ODUJH�DUHD�RI�ODQG�FDQ�EH�PRUH�HDVLO\�

DFFHSWHG�E\�FRPPXQLWLHV��9LGDOL���������)RU�H[DPSOH��WKH�WUDGLWLRQDOO\�UHPHGLDWHG�1LDJUD�

0RKDZN�3RZHU�&RUSRUDWLRQ�6XSHUIXQG�VLWH�LQ�6DUDWRJD�6SULQJV�KDV�EHHQ�D�GXOO�DQG�YDFDQW���

DFUH�SORW�IRU�GHFDGHV��DQ�XSVHWWLQJ�VWDLQ�LQ�DQ�RWKHUZLVH�JUHHQ�DUHD��(3$���������

3K\WRUHPHGLDWLRQ�LV�DOVR�IDYRUDEOH�IRU�WKH�YDOXH�RI�ELRPDVV�LQ�VHFRQGDU\�PDUNHWV�DQG�WKH�

IHDVLELOLW\�RI�ODUJH�DUHD�UHPHGLDWLRQ��

7KH�HIILFDF\�RI�SK\WRUHPHGLDWLRQ�ODUJHO\�GHSHQGV�RQ�WKH�TXDOLW\�RI�WKH�VRLO�EHLQJ�

UHPHGLDWHG�DQG�WKH�ELRDFFXPXODWLQJ�SODQW��7KH�LGHDO�SODQW�VKRXOG�EH�WROHUDQW�WR�KLJK�OHDG�OHYHOV��

DFFXPXODWH�OHDG�LQ�LWV�KDUYHVWDEOH�SDUWV��KDYH�D�UDSLG�JURZWK�UDWH��SURGXFH�D�KLJK�ELRPDVV�LQ�WKH�

ILHOG��DQG�KDYH�D�SURIXVH�URRW�V\VWHP��*DUELVX�DQG�$ONRUWD���������,W�LV�DOVR�EHQHILFLDO�LI�WKH�

SODQWV�XVHG�DUH�QDWLYH�WR�WKH�FRQWDPLQDWHG�DUHD��&RUQ�� �=HD�PD\V����D�WDOO�JUDVV�QDWLYH�WR�WKH�

$PHULFDV��LV�DQ�HIIHFWLYH�DFFXPXODWRU�RI�OHDG�FRQWDPLQDWHG�VRLOV��0RMLUL���������2WKHU�OHDG�

ELRDFFXPXODWRUV�LQFOXGH�VHYHUDO�SODQWV�RI�WKH� �%UDVVLFD��JHQXV��WKH�VXQIORZHU�� �+HOLDQWKXV�DQQXXV�

/���� �$JURVWLV�FDSLOODULV�� �VHYHUDO�SRSODU�VSHFLHV�� �7ULWLFXP�YXOJDUH�� �DQG� �2U\]D�VDWLYD� �/��7DQJDKX�HW�

DO����������6HYHUDO�RI�WKHVH�SODQWV�UHTXLUH�WKH�DGGLWLRQ�RI�FKHODWHV��FRPSRXQGV�WKDW�ELQG�WR�D�

FHQWUDO�PHWDO�DQG�PDNH�WKHP�ZDWHU�VROXEOH��,Q�WKLV�VWDWH��KHDY\�PHWDOV�OLNH�OHDG�FDQ�EH�WDNHQ�LQ�

E\�WUDQVSLUDWLRQ��&KHODWHV��KRZHYHU��PRELOL]H�PHWDO�DWRPV�ZKLFK�PD\�OHDFK�LQWR�VXUURXQGLQJ�

JURXQGZDWHU���

��



6NLGPRUH�&ROOHJH�HVWDEOLVKHG�LWV�ILUVW�FRPPXQLW\�JDUGHQ�LQ�$SULO������RQ�D�SORW�RI�ODQG�

DGMDFHQW�WR�WKH�&ROWRQ�$OXPQL�+RXVH��,Q�$XJXVW��������DQ�DQDO\VLV�RI�WKH�JDUGHQ�VRLO�LQGLFDWHG�

WKDW�OHDG�OHYHOV�ZHUH����SSP�LQ�WKH�LQQHU�]RQH�RI�WKH�JDUGHQ��DQG�����SSP�LQ�WKH�RXWHU�]RQH��

7KH�(3$�VWDQGDUG�IRU�SOD\�DUHDV�LV�DQ\WKLQJ�EHORZ����SSP��DQG�IRU�QRQ�SOD\�DUHDV��DQ\WKLQJ�

EHORZ�����SSP�� �$76'5����������$V�D�UHVXOW��WKH�FRPPXQLW\�JDUGHQ�ZDV�UHORFDWHG��DQG�WKH�

RULJLQDO�SORW�RI�ODQG�ZDV�FRYHUHG�ZLWK�D�OD\HU�RI�VRG��5RJHUV��SHUVRQDO�FRPPXQLFDWLRQ����������

6SDFH�LV�D�YDOXDEOH�FRPPRGLW\�DW�6NLGPRUH�&ROOHJH��7KH�VZLQJ�VSDFH�XVHG�WR�KRXVH�

VFLHQFH�IDFLOLWLHV�ZKLOH�6NLGPRUH¶V�QHZ�&HQWHU�IRU�,QWHJUDWHG�6FLHQFHV�EXLOGLQJ�LV�EHLQJ�

FRQVWUXFWHG�ZDV�LQLWLDOO\�HVWLPDWHG�WR�WDNH�XS��������VTXDUH�IHHW��DQG�UHTXLUHG��������VTXDUH�IHHW�

GHIRUHVWDWLRQ�RI�6NLGPRUH¶V�1RUWK�:RRGV��'XH�WR�VWXGHQW�SURWHVWV��WKH�SUHVLGHQW�DSSURYHG�

UHFRPPHQGDWLRQV�IRU�D�WZR�VWRU\�VZLQJ�VSDFH�LQVWHDG��EXW�GHIRUHVWDWLRQ�RI�WKH�QRUWKZRRGV�ZDV�

VWLOO�D�QHFHVVDU\�PHDVXUH�IRU�LWV�FRQVWUXFWLRQ��6NLGPRUH�&ROOHJH���������$V�PRUH�VSDFH�LV�QHHGHG�

IRU�DGGLWLRQDO�EXLOGLQJV��LW�LV�SUREDEOH�WKDW�WKH�SORW�RI�ODQG�RQ�ZKLFK�WKH�RULJLQDO�FRPPXQLW\�

JDUGHQ�ZDV�ORFDWHG�ZLOO�HYHQWXDOO\�EH�XVHG�IRU�FRQVWUXFWLRQ��

&RQVWUXFWLRQ�LQ�JHQHUDO�LV�D�VRXUFH�RI�DLU�SROOXWLRQ��$V�KHDY\�FRQVWUXFWLRQ�HTXLSPHQW�

FUHDWHV�SDUWLFXODWH�PDWWHU�DW�GLDPHWHUV�RI����ȝP�RU�OHVV��ZKLFK�DUH�UHVSLUDEOH�DQG�KDUPIXO�WR�

KXPDQ�KHDOWK�DQG�WKH�QDWXUDO�HQYLURQPHQW��-XQJ�HW�DO����������%ODVWLQJ�WR�UHPRYH�URFN�DQG�

H[FDYDWH�WKH�HDUWK�KDV�EHHQ�QHFHVVDU\�LQ�SUHYLRXV�6NLGPRUH�FRQVWUXFWLRQ�SURMHFWV��6NLGPRUH��

�������%ODVWLQJ�LV�DOVR�DQ�DFWLYLW\�WKDW�SXWV�ZRUNHUV�DW�D�KLJK�ULVN�RI�OHDG�H[SRVXUH��26+$��

�������:H�H[SHFW�WKDW�FRQVWUXFWLRQ�RQ�WKH�H[�FRPPXQLW\�JDUGHQ�ORW�FRXOG�PRELOL]H�OHDG�IURP�WKH�

FRQWDPLQDWHG�VRLO��SRVLQJ�D�SRWHQWLDO�KHDOWK�ULVN�WR�FRQVWUXFWLRQ�ZRUNHUV�DQG�WKH�ZLGHU�6DUDWRJD�

6SULQJV�FRPPXQLW\��3K\WRUHPHGLDWLRQ�RI�OHDG�LV�VORZ��EXW�FRQYHQWLRQDO�UHPHGLDWLRQ�FDQ�EH�

��



FRVWO\��VR�LW�LV�LPSHUDWLYH�WKDW�WKH�6NLGPRUH�DGPLQLVWUDWLYH�VWDII�FRQVLGHU�D�SODQ�IRU�OHDG�UHPRYDO�

WKDW�LV�ERWK�WLPHO\�DQG�FRVW�HIIHFWLYH��+HUH�ZH�H[DPLQH�WKH�GLVWULEXWLRQ�DQG�FRQFHQWUDWLRQ�RI�OHDG�

LQ�WKH�H[�FRPPXQLW\�JDUGHQ¶V�VRLO�DQG�HYDOXDWH�WKH�FRVWV�DQG�SUDFWLFDOLW\�RI�D�UDQJH�RI�SRWHQWLDO�

UHPHGLDWLRQ�DSSURDFKHV��:H�SUHGLFW�WKDW�DQ�XQHYHQ�GLVWULEXWLRQ�RI�OHDG�LQ�RXU�VLWH�ZLOO�

GHPRQVWUDWH�WKDW�ILQH�VFDOH�VDPSOLQJ�FRXSOHG�ZLWK�D�K\EULG�UHPHGLDWLRQ�DSSURDFK�ZLOO�UHGXFH�

RYHUDOO�DEDWHPHQW�FRVW��

�

$�QRWH�RQ�&29,'����LQ�WKH�6SULQJ�RI������

:H�LQLWLDOO\�SODQQHG�WR�DOVR�FRPSDUH�WKH�UHODWLYH�HIILFDF\�RI�VXQIORZHU��EURZQ�PXVWDUG��DQG�FRUQ�

SODQWV�DV�SK\WRH[WUDFWRUV�LQ�6NLGPRUH¶V�JUHHQKRXVH��:H�XVHG�VRLO�WUHDWHG�ZLWK�OHDG�DFHWDWH�DQG�D�

FLWULF�DFLG�FKHODWRU��:H�UHSOLFDWHG�WKH�JURZWK�FRQGLWLRQV�RI�WKH�JDUGHQ�SORW��DQG�XVHG�VRLO�IURP�

WKH�SORW�DQG�WKH�6$,/�IDFLOLW\�WR�DQDO\]H�WKH�DPRXQW�RI�OHDG�UHPHGLDWHG�E\�HDFK�SODQW��'XH�WR�WKH�

VSUHDG�RI�&29,'����VHQGLQJ�XV�KRPH��ZH�ZHUH�QRW�DEOH�WR�FRPSOHWH�WKH�FRPSDULVRQ�RI�

SK\WRH[WUDFWRUV��DQG�LQVWHDG�FRPSDUHG�SODQWV�XVLQJ�SDVW�UHVHDUFK��

�
�
&DVH�6WXGLHV��

�

,QGLDQD�%ULGJHV�&DVH�6WXG\��%DQNV�HW�DO���������

&KDOOHQJH���7KH�,QGLDQD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�LGHQWLILHG�VHYHUDO�VLWHV�ZLWK�OHDG�
FRQWDPLQDWLRQ��7KH�OHDG�RULJLQDWHG�LQ�WKH�SDLQW�RI�QHDUE\�KLJKZD\�EULGJHV��

$FWLRQ ���,Q�DQ�DWWHPSW�WR�E\SDVV�SRWHQWLDOO\�H[SHQVLYH�DQG�ORJLVWLFDOO\�SUREOHPDWLF�
FRQYHQWLRQDO�VROXWLRQV��WKH�-RLQW�7UDQVSRUWDWLRQ�5HVHDUFK�3URJUDP�WHVWHG�RWKHU�WHFKQLTXHV�LQ�
VLWX��7KH\�SODQWHG�VXQIORZHUV�DW�VRPH�VLWHV�DQG�DGGHG�VROXEOH�SKRVSKDWH�DW�RWKHUV��

2XWFRPHV ���3K\WRUHPHGLDWLRQ�ZDV�QRW�VXFFHVVIXO�GXH�WR�JURZLQJ�GLIILFXOWLHV�DQG�VXQIORZHUV¶�
ODFN�RI�DIILQLW\�IRU�OHDG��$GGLQJ�SKRVSKDWH�WR�LPPRELOL]H�3E�DQG�UHGXFH�LWV�ELRDFFHVVLELOLW\�
ZDV�IDU�PRUH�HIIHFWLYH��0XFK�OHVV�H[SHQVLYH�WKDQ�ODQGILOOLQJ�RU�VRLO�H[WUDFWLRQ��WKH�UHVHDUFK�
JURXS¶V�ILQDO�UHFRPPHQGDWLRQ�ZDV�LQFRUSRUDWLQJ�SKRVSKDWH�WR�D�GHSWK�RI���FP�LQ�FRQWDPLQDWHG�

��



DUHDV��7KH�JHQHUDO�ODFN�RI�OHDG�VHYHULW\�ZDV�D�FRQWULEXWLQJ�IDFWRU�WR�WKHLU�UHFRPPHQGDWLRQ��

�
�

%DWWHU\�5HF\FOLQJ�3ODQW�6WXG\��GH�$UD~MR�HW�DO���������

&KDOOHQJH���5HVHDUFKHUV�FROOHFWHG�VRLO�IURP�DQ�DXWRPRELOH�EDWWHU\�UHF\FOLQJ�IDFLOLW\�DW�GHSWKV�
RI������FP�DQG�IRXQG�D�KRPRJHQL]HG�OHDG�FRQWHQW�RI�������SSP��

$FWLRQ ���5HVHDUFKHUV�SODQWHG�PDL]H�LQ�SRWV�DQG�WHVWHG�WKH�HIILFDF\�RI�ELRGHJUDGDEOH�FKHODWHV�
17$��QLWULORWULDFHWLF�DFLG��DQG�FLWULF�DFLG��DV�ZHOO�DV�FRQYHQWLRQDOO\�XVHG�FKHODWH�('7$�
�HWK\OHQHGLDPLQHWHWUDDFHWLF�DFLG���

2XWFRPH�� �7KH�DGGLWLRQ�RI�('7$�VROXELOL]HG�PRUH�3E�WKDQ�RWKHU�FKHODWHV��EXW�UHVXOWHG�LQ�
VROXELOL]HG�OHDG�WKDW�IDU�H[FHHGHG�WKH�SODQWV¶�XSWDNH�DELOLW\��UHVXOWLQJ�LQ�OHDFKLQJ�IURP�WKH�
UKL]RVSKHUH��&LWULF�DFLG�DGGLWLRQ�UHVXOWHG�LQ�WKH�OHDVW�VROXELOL]DWLRQ��EXW�VWLOO�FDXVHG�D����IROG�
LQFUHDVH�LQ�OHDG�XSWDNH�FRPSDUHG�WR�WKH�FRQWURO�ZKHQ�XVLQJ����PPRO�GP �����GH�$UD~MR�HW�DO�
FRQFOXGHG�E\�HPSKDVL]LQJ�WKH�VDIHW\�RI�FLWULF�DFLG�DQG�WKH�HIILFDF\�RI�PDL]H�DV�D�
K\SHUDFFXPXODWRU��

�

5HJUHVVLRQV�EHWZHHQ�WKH�QHW�UHPRYDO�RI�3E��PJ�SRW ������E\�PDL]H�VKRRWV�DQG�FUHVFHQW�GRVHV�RI�
('7$��&LWULF�$FLG��DQG�17$�DGGHG�WR�WKH�VRLO��

�
�

��



(GHQVSDFH�6\VWHPV�&DVH�6WXGLHV��+HQU\��������

'HVSLWH�WKH�SRWHQWLDO�XWLOLW\�RI�SK\WRUHPHGLDWLRQ��VWXGLHV�WHQG�WR�RFFXU�PRUH�IUHTXHQWO\�LQ�WKH�
ODE�WKHQ�WKH�ILHOG��DQG�FRPPHUFLDO�DFFHVV�WR�SK\WRUHPHGLDWLRQ�LV�OLPLWHG��7KH�����V�VDZ�VRPH�
RI�WKH�ILUVW�FRPPHUFLDO�SK\WRUHPHGLDWLRQ�FRPSDQLHV��LQFOXGLQJ�D�FRPSDQ\�FDOOHG�3K\WRWHFK��
7KH�FRPSDQ\�ODWHU�FROODSVHG�GXH�WR�D�ODFN�RI�JRYHUQPHQW�IXQGLQJ�DQG�LQYHVWRUV��EXW�LW�ODWHU�
VROG�LWV�HTXLSPHQW�WR�D�FRPSDQ\�FDOOHG�(GHQVSDFH��ZKLFK�KDV�GRQH�VRPH�ZRUN�ZLWK�
FRPPHUFLDO�SK\WRUHPHGLDWLRQ��FRQGXFWLQJ�VHYHUDO�VWXGLHV�LQ�WKH�ILHOG�WKDW�DOVR�VHUYHG�DV�
UHPHGLDWLRQ�SURMHFWV�RI�FRQWDPLQDWHG�DUHDV��

%D\RQQH��1-�

&KDOOHQJH� ��7KH�ILUVW�VWXG\�WRRN�SODFH�LQ������DW�D�OHDG�FRQWDPLQDWHG�LQGXVWULDO�VLWH�LQ�
%D\RQQH��1-��SROOXWHG�E\�FDEOH�PDQXIDFWXULQJ�RSHUDWLRQV��

$FWLRQ�� �5HVHDUFKHUV�XVHG� �%UDVVLFD�MXQFHD ���,QGLDQ�PXVWDUG��DQG�('7$�DV�D�FKHODWLQJ�DJHQW�DW�
��PPRO�NJ��7KUHH�FURSV�ZHUH�JURZQ�IRU���ZHHNV�EHIRUH�KDUYHVWLQJ���

2XWFRPH�� �6XUIDFH�OHYHO�VRLOV�GURSSHG�IURP�������WR�����PJ�NJ�OHDG��DQG�VXEVXUIDFH�VRLOV�
GURSSHG�IURP�������WR�����PJ�NJ��$QRWKHU�LQ�'RUFKHVWHU��0(�VDZ�VXEVXUIDFH�OHDG�OHYHOV�WKDW�
LQFUHDVHG�VOLJKWO\�IURP�����WR�����PJ�NJ��OLNHO\�GXH�WR�OHDFKLQJ�IURP�VXUIDFH�VRLOV���EXW�
GURSSHG�IURP�����WR�����PJ�NJ�RQ�WKH�VXUIDFH��7KLV�VWXG\�WRRN�SODFH�LQ�D�KHDYLO\�SRSXODWHG�
XUEDQ�UHVLGHQWLDO�DUHD��GHPRQVWUDWLQJ�KRZ�SK\WRUHPHGLDWLRQ�FRXOG�EH�XVHG�LQ�D�YDULHW\�RI�
ORFDWLRQV��

7UHQWRQ��1-�

&KDOOHQJH���$QRWKHU�VWXG\�WRRN�SODFH�DW�D�%URZQILHOG�VLWH�LQ�7UHQWRQ��1-�ZKHUH�VRLO�KDG�EHHQ�
FRQWDPLQDWHG�E\�WKH�PDQXIDFWXULQJ�RI�OHDG�DFLG�EDWWHULHV��

$FWLRQ�� �$JDLQ��UHVHDUFKHUV�XVHG� �%UDVVLFD�MXQFHD ��DQG�('7$�DV�D�FKHODWLQJ�DJHQW��7KH�FURS�
ZDV�JURZQ�IRU���ZHHNV�RYHU�������VT��IW��

2XWFRPH�� �6XUIDFH�OHDG�GURSSHG�IURP�����WR�����PJ�NJ��DQG�VXEVXUIDFH�GURSSHG�IURP�����WR�
����PJ�NJ��VKRZLQJ�OHVV�HIILFDF\�WKDQ�%D\RQQH��

6LPVEXU\��&7�

&KDOOHQJH�� �$������DFUHV�RI�DQ�RSHQ�EXUQ�RSHQ�GHWRQDWLRQ�DUHD�ZLWK�OHDG�FRQFHQWUDWLRQV�UDQJHG�
IURP�����������PJ�NJ��

$FWLRQ�� �5HVHDUFKHUV�XVHG� �%UDVVLFD�MXQFHD ��DQG� �+HOLDQWKXV�DQQXV� ��6XQIORZHU��DQG�XQVSHFLILHG�
VRLO�DPHQGPHQWV�WR�LQFUHDVH�OHDG�PRELOLW\��

���



2XWFRPH� �7RWDO�DYHUDJH�VRLO�OHDG�OHYHOV�GURSSHG�IURP�����WR�����PJ�NJ��ZLWK�SODQWV�WDNLQJ�XS�
DQ�DYHUDJH�RI������PJ�NJ��$ERYH�DOO��WKHVH�FDVH�VWXGLHV�GHPRQVWUDWH�WKH�YHUVDWLOLW\�RI�
SK\WRUHPHGLDWLRQ�DW�D�YDULHW\�RI�FRQWDPLQDWHG�VLWHV��

�
�

2PDKD�/HDG�6XSHUIXQG�6LWH��(3$��������

&KDOOHQJH�� �)RU�RYHU�D�FHQWXU\��$DURQ�)HUHU�DQG�6RQV�&RPSDQ\�UDQ�D�OHDG�UHILQHU\�LQ�
GRZQWRZQ�2PDKD��1HEUDVND��/DWHU��*RXOG�(OHFWURQLFV�RSHUDWHG�D�OHDG�EDWWHU\�UHF\FOLQJ�SODQW�
QHDUE\��/HDG�SDUWLFOHV�HQWHUHG�WKH�DLU�WKURXJK�VPRNHVWDFNV�DQG�ZHUH�GHSRVLWHG�LQ�PRUH�WKDQ�
�������UHVLGHQWLDO�SURSHUWLHV��

$FWLRQ�� �7KH�(3$�ZDV�DVNHG�IRU�DVVLVWDQFH�LQ�0DUFK�RI�������DQG�WHVWLQJ�RI�VRLO��H[WHULRU�SDLQW��
DQG�LQWHULRU�GXVW�ZDV�FRQGXFWHG�DW�QR�H[SHQVH�WR�WKH�SURSHUW\�RZQHU��3URSHUWLHV�ZLWK�OHDG�
OHYHOV�JUHDWHU�WKDQ�����SSP�ZHUH�FOHDQHG�E\�H[WUDFWLQJ�FRQWDPLQDWHG�VRLO��UHSODFLQJ�LW�ZLWK�
FOHDQ�EDFNILOO��DQG�FDSSLQJ�WKH�ODQG�ZLWK�D�OD\HU�RI�VRG��

2XWFRPH�� �$V�RI�'HFHPEHU�������WKH�(3$�
FRPSOHWHG�LWV�DFWLRQ�DQG�����RI�FRQWDPLQDWHG�
SURSHUWLHV�ZHUH�SURSHUO\�FOHDQHG��(IIRUWV�FRQWLQXH�
WR�DGGUHVV�WKH�FRQWDPLQDWHG�SURSHUWLHV�ZKHUH�
RZQHUV�GLG�QRW�DOORZ�VRLO�WHVWV�RU�FOHDQXS��

�

�
�
�
�
�

���



&KHODWRUV��
�
&KHODWRUV�DUH�ODUJH�RUJDQLF�PROHFXOHV�WKDW�PHWDO�LRQV�ELQG�WR�LQ�RUGHU�WR�DOORZ�IRU�JUHDWHU�

XSWDNH�E\�SODQWV��,QFRUUHFW�GRVHV�RI�FKHODWRUV�FDQ�FUHDWH�D�WR[LF�HQYLURQPHQW�IRU�SODQWV��UHVXOWLQJ�

LQ�LQKLELWHG�JURZWK�DQG�GHDWK�LI�QRW�XVHG�LQ�WKH�FRUUHFW�FRQFHQWUDWLRQ��+RQJ�HW�DO����������

$GGLWLRQDOO\��KHDY\�FKHODWH�DSSOLFDWLRQ�FDQ�UHVXOW�LQ�VXEVHTXHQW�OHDFKLQJ�RI�KHDY\�PHWDOV�LQWR�

JURXQGZDWHU��+RZHYHU��LQVXIILFLHQW�FKHODWH�DSSOLFDWLRQ�DQG�WKHUH�LV�OLPLWHG�XSWDNH��7KHUH�DUH�D�

ZLGH�UDQJH�RI�FKHODWRUV��EXW�WKH�PRVW�ZLGHO\�XVHG�DQG�HIIHFWLYH�FKHODWRU�LV�(7'$��2YLHWR���������

,WV�HIILFDF\�ZLWK�PDQ\�W\SHV�RI�PHWDOV�DQG�LWV�KLJK�UDWH�RI�FKHODWLRQ�PDNH�LW�D�SRSXODU�FKRLFH�IRU�

SK\WRH[WUDFWLRQ��'XH�WR�FLWULF�DFLG¶V�UHODWLYHO\�ORZ�FRVW�DQG�ORZ�HQYLURQPHQWDO�LPSDFWV�ZH�

UHFRPPHQG�LW�EH�XVHG�LI�SK\WRH[WUDFWLRQ�LV�WKH�FKRVHQ�UHPHGLDWLRQ�VWUDWHJ\��

�
&KHODWH� 3URV� &RQV�
('7$ ����� 0RVW�HIIHFWLYH�FKHODWRU� 1HJDWLYHO\�DIIHFW�ELRPDVV�RI�SODQWV�

�
6DIH�IRU�KXPDQV�DQG�XVHG�LQ�FKHODWLRQ�
WKHUDS\�

&DQ�OHDG�WR�JURXQGZDWHU�
FRQWDPLQDWLRQ�

� 9HUVDWLOH�
3RRU�ELRGHJUDGDELOLW\�LQ�WKH�
HQYLURQPHQW�

� � 3OD\V�D�UROH�LQ�HXWURSKLFDWLRQ�
� � 7R[LF�WR�SKRWRV\QWKHWLF�RUJDQLVPV�

&LWULF�$FLG ��� /RZ�GRVHV�GR�QRW�DIIHFW�SODQW�JURZWK� ,QFUHDVHV�DFLGLW\�RI�VRLO�LQ�KLJK�GRVHV�
� 1RQH�/RZ�HQYLURQPHQWDO�LPSDFWV� 1RW�DV�HIIHFWLYH�DV�('7$�
� (DVLO\�DFFHVVLEOH� �
� &RVW�HIIHFWLYH� �

(''6 ����� +LJK�ELRGHJUDGDELOLW\� 1RW�DV�HIIHFWLYH�DV�&LWULF�$FLG�
� 5HVLGXDO�LQ�VRLO�GRHV�QRW�KDUP�IXWXUH�SODQWV� (IIHFWLYH�RQ�OLPLWHG�KHDY\�PHWDOV�

�
0HWDOV�LQ�OHDFKDWH�DUH�PRUH�UHDGLO\�
DEVRUEHG�FRPSDUHG�WR�('7$� �

2[DOLF�
$FLG��� 5HODWLYHO\�VPDOO�HQYLURQPHQWDO�LPSDFW� /LPLWHG�VXFFHVV�LQ�UHVHDUFK�

���



� 1R�SODQW�WR[LFLW\� �
� 1R�LPSDFW�RQ�SODQW�ELRPDVV� �

7DEOH���� �3URV�DQG�FRQV�RI�V\QWKHWLF�DQG�ELRGHJUDGDEOH�FKHODWHV�
�

�
+\SHUDFFXPXODWRUV��

�
,Q�DGGLWLRQ�WR�EHLQJ�ZHOO�VXLWHG�WR�ORFDO�FOLPDWH��SODQWV�VHOHFWHG�IRU�SK\WRUHPHGLDWLRQ�

VKRXOG�UHIOHFW�WKH�FRQWDPLQDWLRQ�FRQFHQWUDWLRQV�WKH\�ZLOO�DGGUHVV��DQG�WKHLU�URRWLQJ�GHSWK�VKRXOG�

EH�DSSURSULDWH�WR�UHDFK�VRLO�FRQWDPLQDWLRQ��/LNH�FKHODWRUV��GLIIHUHQW�SODQWV�DUH�PRUH�HIIHFWLYH�DW�

WDUJHWLQJ�VSHFLILF�FRQWDPLQDQWV��)XUWKHU��VRPH�SODQWV�DUH�PRUH�WROHUDQW�WR�FKHODWRUV�DQG�

FRQWDPLQDWLRQ�WKDQ�RWKHUV��

�
6SHFLHV� 5RRW�GHSWK� 8VH�ZLWK�FLWULF�DFLG�

&RUQ��]HD�PD\V�� ����IW�EXON��XS�WR���IW���
���PPRO�SHU�NJ�ZDV�YHU\�
HIIHFWLYH���

,QGLDQ�0XVWDUG��EUDVVLFD�MXQFHD�� a����IW���
:RUNV�ZLWK�KHDY\�PHWDOV��3E�
QRW�WHVWHG����

6XQIORZHU��KHOLDQWKXV�DQQXXV�� ����IW�EXON����IW�WDS���

+LJKHU�3E�FRQFHQWUDWLRQV�WKDQ�
FRQWURO��VDIHU�WKDQ�('7$�DQG�
'73$�GXH�WR�OHVV�OHDFKLQJ���

5DSHVHHG��EUDVVLFD�QDSXV�� �����IHHW���� 8VHG�IRU�FDGPLXP��QRW�3E����

:KLWH�FDEEDJH��EUDVVLFD�
ROHUDFHD�� ������IHHW����

+DV�QRW�EHHQ�XVHG�ZLWK�
FKHODWHV�

�
7DEOH���� �+\SHUDFFXPXODWRUV�DQG�WKHLU�XVH�ZLWK�FLWULF�DFLG�FKHODWRU�

�
�
�
�
�
�
�
�
�
�

���



0HWKRGV��
�

6LWH�GHVFULSWLRQ��

7KH�FRQWDPLQDWHG�SORW�LV�ORFDWHG�DW�����1RUWK�%URDGZD\�LQ�6DUDWRJD�6SULQJV��1HZ�<RUN�

������
�����1������
�����:���7KH�SORW�LV�������P����DQG�FRQWDLQV�ORDP\�VRLO�ZLWK�D�WKUHH�WR�HLJKW�

SHUFHQW�VORSH��86'$���������)LJXUH������

�

�
)LJXUH�� ���/RFDWLRQ�RI�6WXG\�6LWH��

�
*ULG��

:H�HVWDEOLVKHG�D������[������PHWHU�JULG��VDPSOLQJ�DW������FP�DQG�������FP��DW�����PHWHU�

LQWHUYDOV�WKURXJKRXW��:H�WKHQ�XVHG�D�*HR�;+������7ULPEOH�XQLW�WR�PDUN�WKH�FRUQHUV�ZLWKLQ�D�

���LQFK�HUURU�PDUJLQ��)LJXUH������

���



�
)LJXUH��� ��6WXG\�GHVLJQ��(DFK�FHOO�LQ�WKH�JULG�LV� �����P���

�
6RLO�6DPSOLQJ�DQG�$QDO\VLV��

8VLQJ�WKH�SURSHU�VDIHW\�HTXLSPHQW�DQG�D�SXVK�SUREH��ZH�GLYLGHG�VRLO�FRUHV�LQWR������FP�

VRLO�DQG�������FP�VRLO��DQG�WUDQVIHUUHG�WKHP�WR�WKH�ODE�IRU�VWRUDJH�DW���Ϋ��:H�SXW�WKH�VRLO�VDPSOHV�

LQ�ODEHOHG�]LSORFN�EDJV�DQG�VWRUHG�WKHP�LQ�D�UHIULJHUDWRU��:H�ILOWHUHG�DOO�VDPSOHV�ZLWK�D���PP�

PHVK�VLHYH�IRU�KRPRJHQL]DWLRQ�DQG�WR�UHPRYH�URFNV��URRWV��DQG�ODUJH�RUJDQLF�PDWHULDO��:H�WKHQ�

PDFHUDWHG�HDFK�VDPSOH�ZLWK�D�PRUWDU�DQG�SHVWOH��

(DFK�VDPSOH�DVVRFLDWHG�ZLWK�WKH�H[�FRPPXQLW\�JDUGHQ�ZDV�GLJHVWHG�XVLQJ����P/�RI�SXUH�

QLWULF�DFLG�DQG�D�PLFURZDYH�GLJHVWHU��:H�ILOWHUHG�WKH�GLJHVWHG�VDPSOHV�DQG�XVHG�WKH�$WRPLF�

���



$EVRUSWLRQ�6SHFWURSKRWRPHWHU�LQ�WKH�6NLGPRUH�6$,/�IDFLOLW\�WR�DQDO\]H�3E�FRQFHQWUDWLRQ�

�6DURMDP���������:H�VFDOHG�OHDG�FRQFHQWUDWLRQ�WR�D�SHU�JUDP�RI�GU\�VRLO�EDVLV��

5HPHGLDWLRQ�&RVW�$QDO\VLV���

:H�XVHG�4*,6�WR�MRLQ�WKH�OHDG�GDWD�ZLWK�HDFK�SRLQW�RQ�WKH�JULG��DQG�YLVXDOL]H�WKH�OHDG�

GLVWULEXWLRQ�RYHU�WKH�SORW��DV�ZHOO�DV�VXEGLYLGH�WKH�SORW�LQWR�UHJLRQV�RI�SRWHQWLDO�UHPHGLDWLRQ�IRU�

FRVW�DQDO\VLV��:H�UHDFKHG�RXW�WR�VRLO�UHPHGLDWLRQ�JURXSV�LQ�WKH�&DSLWDO�5HJLRQ�DQG�FROOHFWHG�

HVWLPDWHV�IRU�H[FDYDWLRQV��WUDQVSRUW��DQG�GLVSRVDO�FRVWV�DW�WKUHH�GLIIHUHQW�VFDOHV��WRWDO�DUHD�

H[FDYDWLRQ��H[FDYDWLRQ�RI�OHDG�FRQFHQWUDWLRQV�DERYH�����SSP��DQG�H[FDYDWLRQ�RI�OHDG�

FRQFHQWUDWLRQV�DERYH������SSP��(VWLPDWHV�RI�HDFK�VWDJH�RI�UHPHGLDWLRQ�ZHUH�DYHUDJHG�IURP�

GLIIHUHQW�VRLO�UHPHGLDWLRQ�JURXSV��DQG�UHSUHVHQW�RQO\�DSSUR[LPDWH�YDOXHV��7KH�SURFHVVLQJ�RI�D�

VLQJOH�VRLO�VDPSOH�ZDV�HVWLPDWHG�WR�FRVW������0LGZHVW�/DERUDWRULHV��3HUVRQDO�&RPPXQLFDWLRQ��

�������

�

�

�

�

�

�

�

�

�

�

���



5HVXOWV��

6SDWLDOO\�5HIHUHQFHG�/HDG�9DOXHV��
6HH�DSSHQGL[�IRU�OHDG�YDOXHV��

�
)LJXUH��� ��)LHOG�FKDUDFWHUL]DWLRQ�RI�WKH�3E�FRQFHQWUDWLRQV��SSP��DW�6NLGPRUH¶V�H[�FRPPXQLW\�
JDUGHQ�DW������FP�DQG�������FP��

�
7KH�PHDQ�VRLO�OHDG�FRQFHQWUDWLRQ�DW�GHSWKV�RI������FP�ZDV�����SSP���������SSP��0HDQ�

����6(���0HDQ�VRLO�OHDG�FRQFHQWUDWLRQ�DW�GHSWKV�RI�������FP�ZDV�����SSP����������SSP��

�
�

���



&RVW�DQDO\VLV�UHVXOWV��

:H�REWDLQHG�DQ�HVWLPDWH�IURP�&OHDQ�0DQDJHPHQW�(QYLURQPHQWDO�*URXS�DQG�0&�

(QYLURQPHQWDO�6HUYLFHV�IRU�WKH�WUDQVSRUWDWLRQ�DQG�GLVSRVDO�RI�VRLO��7KH\�HVWLPDWHG���������IRU�

���P����� ������������ �����������IRU�������P����� ������������ ���DQG����������IRU�������P����� ������������ ��RI�

VRLO�DW�GHSWKV�RI����FP��2QO\�0&�(QYLURQPHQWDO�6HUYLFHV�FRXOG�JLYH�XV�DQ�HVWLPDWH�RI�

H[FDYDWLRQ�FRVWV��7KHVH�ZHUH���������IRU����P �������������IRU�������P�����DQG���������IRU�������P���

RI�VRLO�DW�GHSWKV�RI����FP��

�
�

'LVFXVVLRQ�DQG�UHFRPPHQGDWLRQV��

�

)LJXUH��� ��/HDG�FRQFHQWUDWLRQV�FDWHJRUL]HG�E\�(3$�VWDQGDUGV��(DFK�FHOO����� �P�����UHSUHVHQWV�WKH�
KLJKHVW�YDOXH�DW�HDFK�RI�LWV�FRUQHUV�DQG�DW�ERWK�GHSWKV��

���



/HDG�ZDV�GLVWULEXWHG�XQHYHQO\�WKURXJKRXW�WKH�VLWH��ZLWK�FRQFHQWUDWLRQV�RYHU������SSP�

�XQVDIH�OHYHOV��DSSHDULQJ�PRUH�IUHTXHQWO\�WR�WKH�VRXWK�DQG�WR�WKH�ZHVW��DQG�YDOXHV�XQGHU�����SSP�

�VDIH�IRU�SOD\�DUHDV��DSSHDULQJ�PRUH�IUHTXHQWO\�WR�WKH�QRUWK��)LJXUH�����

,Q�EORFNV�RI�HDVLO\�UHPRYDEOH�DUHDV��ZH�GLYLGHG�RXU�PDS�LQWR�OHDG�FRQFHQWUDWLRQV�EHORZ�

����SSP��ZKLFK�LV�VDIH�IRU�SOD\�DUHDV�E\�(3$�VWDQGDUGV��EHWZHHQ�����DQG������SSP��ZKLFK�LV�

VDIH�IRU�QRQ�SOD\�DUHDV�E\�(3$�VWDQGDUGV��DQG�DERYH������SSP��ZKLFK�LV�XQVDIH�E\�(3$�

VWDQGDUGV��)LJXUH�����7KHVH�VFDOHV�UHSUHVHQW�GLIIHUHQW�PDJQLWXGHV�RI�UHPHGLDWLRQ�IRU�6NLGPRUH�

&ROOHJH�WR�FKRRVH�IURP��,I�WKH\�DUH�SODQQLQJ�RQ�XVLQJ�WKH�SORW�RI�ODQG�IRU�FKLOG�UHODWHG�SXUSRVHV��

WKH\�FDQ�H[FDYDWH�VRLO�WR�WKH�����SSP�OHYHO��IRU�H[DPSOH��$�GLVWLQFW�DGYDQWDJH�RI�ILQH�VFDOH�

PDSSLQJ�LV�WKH�DELOLW\�WR�WDLORU�UHPHGLDWLRQ�WR�ODQG�XVH��

�
)LJXUH���� �&RVW�DQDO\VLV�YLVXDOL]HG��5HG�DUHDV�UHSUHVHQW���P ����H[FDYDWHG��DQG�UHG�DQG�RUDQJH�
DUHDV�FRPELQHG�UHSUHVHQW�����P ����H[FDYDWHG��

���



:KHQ�D�SURSHUW\�RZQHU�GLVFRYHUV�XQVDIH�OHYHOV�RI�OHDG�FRQWDPLQDWLRQ�LQ�WKHLU�VRLO��WKH\�

FDQ�DSSURDFK�UHPHGLDWLRQ�LQ�GLIIHUHQW�ZD\V��)LJXUH�����7KHLU�ILUVW�RSWLRQ�LV�WR�UHO\�RQ�WKH�RQH�

VDPSOH�WKH\�KDYH�DQG�SD\�DQ�HQYLURQPHQWDO�VHUYLFHV�JURXS�WR�H[FDYDWH�DOO�RI�WKH�VRLO�ZLWKLQ�D�

IL[HG�DUHD��7KH�FRVWV�RI�WKLV�PHWKRG�FRPH�IURP�WKH�H[FDYDWLRQ�LWVHOI��WKH�WUDQVSRUW��DQG�WKH�

GLVSRVDO�RI�WKH�H[KXPHG�VRLO��7KH�ODQGRZQHU�LQFXUV�DGGLWLRQDO�H[SHQVHV�IRU�SXUFKDVLQJ��

WUDQVSRUWLQJ��DQG�SODFLQJ�FOHDQ�ILOO��

)LJXUH� ������3URFHVV�GLDJUDP�IRU�OHDG�FRQWDPLQDWHG�VRLO�UHPHGLDWLRQ���

���



7KH�SURSHUW\�RZQHU¶V�RWKHU�RSWLRQ�LV�WDNLQJ�VRLO�VDPSOHV�LQ�D�JULG�V\VWHP�DQG�VHQGLQJ�

WKHP�WR�D�ODE�WR�FUHDWH�D�PDS�RI�OHDG�FRQFHQWUDWLRQ��7KLV�³ILQH�VFDOH�PDSSLQJ´�FRPHV�ZLWK�WKH�

FRVW�RI�WLPH�DQG�ODE�IHHV��EXW�SUHVHQWV�VHYHUDO�DGYDQWDJHV�WR�EXON�H[WUDFWLRQ��7KH�SURSHUW\�RZQHU�

KDV�WKH�IUHHGRP�WR�GHFLGH�ZKDW�OHYHO�RI�OHDG�FRQFHQWUDWLRQ�WKH\�DUH�FRPIRUWDEOH�ZLWK��ZKHWKHU�LW�

EH������SSP�RU�����SSP��DQG�FDQ�H[KXPH�RQO\�VRLO�ZLWK�FRQFHQWUDWLRQV�KLJKHU�WKDQ�WKHLU�FKRVHQ�

YDOXH��/HVV�VRLO�UHGXFHV�H[FDYDWLRQ��WUDQVSRUWDWLRQ��DQG�GLVSRVDO�FRVW��DV�ZHOO�DV�WKH�DPRXQW�RI�

VRLO�QHHGHG�WR�UHILOO�KROHV��

$YHUDJH�FRVWV�LQ�WKH�OLWHUDWXUH�RI�LQ�VLWX�UHPHGLDWLRQ�WHQG�WR�UDQJH�IURP�����WR������SHU�

P����DQG�XS�WR������IRU�H[�VLWX�SURFHVVHV��2XU�SHUVRQDO�RXWUHDFK�WR�FRQWUDFWRUV�IRXQG�H[WUDFWLRQ�

FRVWV�WR�DYHUDJH�DURXQG���������SHU�P �����,Q�FRPSDULVRQ��SK\WRUHPHGLDWLRQ�FDQ�FRVW�DV�ORZ�DV�

������SHU�P�����:DQ�HW�DO����������

�

&RXUVH�RI�$FWLRQ�
$UHD�
�P�����

9ROXPH�
�P�����

>3E@�RI�VRLO�
H[WUDFWHG�
�SSP��

6DPSOLQJ�
&RVWV� ([FDYDWLRQ�

7UDQVSRUW�
DQG�
GLVSRVDO� 7RWDO�&RVW�

(QWLUH�SORW�H[FDYDWHG� ������ ����� !�� ������� �������� ��������� ������������
6DPSOLQJ�DQG�VHOHFWLYH�
H[WUDFWLRQ��D�� ������ ����� !���� ���������� �������� �������� ������������
6DPSOLQJ�DQG�VHOHFWLYH�
H[WUDFWLRQ��E�� ��� ��� !����� ���������� �������� �������� �����������

7DEOH���� �&RVW�DQDO\VLV�IRU�6NLGPRUH¶V�WKUHH�UHPHGLDWLRQ�VWUDWHJLHV�

:H�SUHVHQW���RSWLRQV�WKDW�ZRXOG�DOORZ�6NLGPRUH�&ROOHJH�WR�UHPHGLDWH�WKH�OHDG�

FRQWDPLQDWHG�H[�FRPPXQLW\�JDUGHQ��7DEOH�����

���



�� 7KH�PRVW�FRVWO\�RSWLRQ��DW�����������LV�IRU�6NLGPRUH�LV�WR�UHPHGLDWH�WKH�HQWLUH�������P ���

VLWH��7KLV�LV�XQVXUSULVLQJ�EHFDXVH�LW�UHTXLUHV�WKH�JUHDWHVW�YROXPH�RI�VRLO�H[FDYDWHG��

WUDQVSRUWHG��GLVSRVHG�RI��DQG�UHSODFHG��

�� 0RUH�WKDQ���������GROODUV�OHVV�H[SHQVLYH��6NLGPRUH�FRXOG�HPSOR\�ILQH�VFDOH�PDSSLQJ�

DQG�UHPHGLDWH����P ����OHVV�VRLO��RQO\�WKH�UHG�DQG�RUDQJH�EORFNV�LQ�)LJXUH����DQG�WKH�DUHD�

FRXOG�EHFRPH�³SOD\�DUHD�VDIH´��

�� )RU���������OHVV�WKDQ�WKDW��6NLGPRUH�FRXOG�UHPHGLDWH�RQO\����P ����RI� ���VRLO��OHDYLQJ�DQ\�VRLO�

ZLWK�OHDG�FRQFHQWUDWLRQV�OHVV�WKDQ������SSP�LQ�VLWX��

)LQH�VFDOH�PDSSLQJ�ZLOO�UHGXFH�RYHUDOO�FRVW�DQG�SXW�6NLGPRUH�&ROOHJH�LQ�D�SRVLWLRQ�RI�

IXOO�FRQWURO�RYHU�WKH�UHPHGLDWLRQ�SURFHVV��:H�UHFRPPHQG�6NLGPRUH�&ROOHJH�LQFOXGH�ILQH�VFDOH�

PDSSLQJ�ZKHQ�UHPHGLDWLQJ�WKH�H[�FRPPXQLW\�JDUGHQ���

'XH�WR�WKH�KLJK�OHDG�FRQFHQWUDWLRQV�LQ�WKH�H[�FRPPXQLW\�JDUGHQ��ZH�GR�QRW�UHFRPPHQG�

SK\WRH[WUDFWLRQ�DV�D�YLDEOH�UHPHGLDWLRQ�VWUDWHJ\��6LPLODU�SK\WRUHPHGLDWLRQ�VWXGLHV�ZLWK�KLJK�OHDG�

OHYHOV�HVWLPDWH�KXQGUHGV�RI�\HDUV�IRU�GHFRQWDPLQDWLRQ��&KHQJ�HW�DO����������6NLGPRUH�&ROOHJH�LV�

JURZLQJ�TXLFNO\��DQG�WR�KDYH�D�������P ����DUHD�RI�ODQG�RII�OLPLWV�IRU�JHQHUDWLRQV�ZRXOG�EH�D�KHDY\�

EXUGHQ��+RZHYHU��ZH�VWLOO�GR�UHFRPPHQG�SK\WRVWDELOL]DWLRQ�RQ�WKH�UHPDLQLQJ�VRLO�RQFH�WKH�DERYH�

WKUHVKROG�DUHDV�KDYH�EHHQ�H[FDYDWHG��/HDG�FRQFHQWUDWLRQV�RI������DQG�����SSP�FDQ�VWLOO�EH�

KD]DUGRXV�WKURXJK�OHDFKLQJ��3K\WRVWDELOL]DWLRQ�LPPRELOL]H¶V�KHDY\�PHWDOV�SUHYHQWLQJ�OHDFKLQJ�

DQG�DLUERUQH�WUDQVSRUW��8QOLNH�SK\WRH[WUDFWLRQ��WKH�EHVW�SODQWV�IRU�SK\WRVWDELOL]DWLRQ�NHHS�WKH�

KHDY\�PHWDOV�LQ�WKH�URRWV�DV�RSSRVHG�WR�WKH�VKRRWV��'XH�WR�WKHLU�3E�WROHUDQFH��URRW�VWRUDJH��DQG�

XELTXLWRXV�SUHVHQFH�LQ�WKH�1RUWKHDVW�UHJLRQ�� �7ULIROLXP�UHSHQVH�� �ZKLWH�FORYHU��DQG� �/ROLXP�

���



SHUHQQH� ��SHUHQQLDO�U\HJUDVV��DUH�ERWK�VXLWDEOH�SK\WRVWDELOL]HUV��%LGDU�HW�DO����������/HDG�

LPPRELOL]DWLRQ�FDQ�DOVR�EH�DFFRPSOLVKHG�ZLWK�WKH�DGGLWLRQ�RI�SKRVSKDWH��DV�LQ�WKH�,QGLDQD�

%ULGJHV�&DVH�VWXG\��PDQXUH��FRPSRVW��ELRFKDU��FOD\�PLQHUDOV��DQG�FRDO�IO\�DVK��3DODQVRRUL\D�HW�

DO����������5HJDUGOHVV�RI�WHFKQLTXH��WKLV�WLHUHG�DSSURDFK�RI�SK\VLRFKHPLFDO�UHPHGLDWLRQ�IRU�TXLFN�

UHGXFWLRQ�LQ�FRQWDPLQDQW�FRQFHQWUDWLRQ��IROORZHG�E\�SK\WRH[WUDFWLRQ�LPPRELOL]DWLRQ�DV�WKH�ILQDO�

VWHS��LV�XVHG�LQ�PDQ\�FDVHV�RI�KLJK��KHDY\�PHWDO�FRQWDPLQDWLRQ��$ONRUWD�HW�DO����������

3K\WRVWDELOL]HUV�DUH�QRW�UHOLDQW�RQ�ELRDYDLODEOH�KHDY\�PHWDOV��VR�ZH�GR�QRW�UHFRPPHQG�WKH�XVH�RI�

FKHODWRUV�DW�WKLV�VWDJH��&KHODWRUV�ZRXOG�LQFUHDVH�VKRRW�XSWDNH�RI�OHDG��ZKHQ�WKH�JRDO�RI�

VWDELOL]DWLRQ�LV�WR�NHHS�KHDY\�PHWDOV�FRQILQHG�LQ�WKH�UKL]RVSKHUH�RU�WKH�URRWV��

�
&RQFOXVLRQ��

7KH�RXWFRPH�RI�RXU�VWXG\�LV�UHOHYDQW�WR�DQ\�SURSHUW\�RZQHU�ZLWK�OHDG�LQ�WKHLU�VRLO��)RU�

PDQ\��UHPHGLDWLRQ�LV�PRUH�D�TXHVWLRQ�RI�FRVW�WKDQ�VDIHW\��7KRVH�LQ�ORZ�LQFRPH�KRXVLQJ�RU�VPDOO�

RUJDQL]DWLRQV��IRU�H[DPSOH��PD\�EH�LQKLELWHG�E\�WKH�VXEVWDQWLDO�H[SHQVH��/XFNLO\��ILQH�VFDOH�

PDSSLQJ�LV�QRW�UHVHUYHG�VROHO\�IRU�RUJDQL]DWLRQV�ZLWK�GLUHFW�DFFHVV�WR�PLFURZDYH�GLJHVWHUV�DQG�

DWRPL]HUV�IRU�$$6��5HVLGHQWV�FDQ�ILQG�\DUG�VDPSOLQJ�SURWRFRO�RQOLQH�DQG�PDLO�WKHLU�VDPSOHV�WR�

SULYDWH�DQDO\WLFDO�ODEV�DQG�VRPH�XQLYHUVLWLHV�IRU�LQH[SHQVLYH�WHVWLQJ��%HUHVRYR\����������

7KRVH�OLYLQJ�LQ�XUEDQ�DUHDV�DUH�PRVW�DW�ULVN��&LWLHV�FRQWDLQ�GHQVH�LQIUDVWUXFWXUH�ZKHUH�

XQGHUJURXQG�OHDG�SLSHV�UHPDLQ��7KH\�ZHUH�KRWVSRWV�RI�YHKLFOH�XVH�ZKHQ�OHDG�ZDV�XVHG�LQ�

JDVROLQH��DQG�LQGXVWULDO�XVH�EHIRUH�OHDG�ZDV�NQRZQ�WR�EH�GDQJHURXV��=DOHVNL���������%UDQG�QHZ�

FDVHV�RI�OHDG�FRQWDPLQDWLRQ�LQ�XUEDQ�DUHDV�DSSHDU�IUHTXHQWO\��6NLGPRUH�&DSVWRQH�VWXGHQWV�IRXQG�

���



VRPH�6DUDWRJD�6SULQJV�KRPH�JDUGHQV�KDG�OHDG�FRQFHQWUDWLRQV�DV�KLJK�DV�����SSP���/RYHMR\�DQG�

6HPDU���������6WDWH�KHDOWK�RIILFLDOV�IRXQG���UHVLGHQFHV�LQ�WKH�QHDUE\�6SD�&LW\�ZLWK�GULQNLQJ�

ZDWHU�WKDW�H[FHHGHG�(3$�UHJXODWLRQV��&DPSEHOO���������,Q�������DWWHQWLRQ�ZDV�GLUHFWHG�WRZDUGV�

D�IRUPHU�OHDG�VPHOWLQJ�VLWH�LQ�1RUWK�3KLODGHOSKLD��0RUH�WKDQ����\HDUV�DIWHU�WKH�DUHD�ZDV�

UHSXUSRVHG��WHVWV�UHYHDOHG�D�KLJK�QXPEHU�RI�FKLOGUHQ�ZLWK�HOHYDWHG�EORRG�OHDG�OHYHOV��%HHOHU��

�������7RGD\��KDOI�D�PLOOLRQ�$PHULFDQ�FKLOGUHQ�EHWZHHQ���DQG���KDYH�FRQFHUQLQJ�EORRG�OHDG�

OHYHOV��7KHVH�FKLOGUHQ�EHORQJ�WR�ORZHU�LQFRPH��PLQRULW\�FRPPXQLWLHV�DQG�DUH�DOUHDG\�DW�ULVN��

&RQVLGHULQJ�KLJKHU�OHYHOV�RI�OHDG�H[SRVXUH�DUH�FRUUHODWHG�ZLWK�ORZHU�WHVW�VFRUHV�DQG�KLJKHU�UDWHV�

RI�FULPLQDO�DFWLYLW\��D�WHUULEOH�IHHGEDFN�ORRS�WDNHV�IRUP��=DOHVNL���������/RZ�LQFRPH�

FRPPXQLWLHV�FRXOG�EHQHILW�IURP�WKH�ORZHU�FRVW�RI�ILQH�VFDOH�PDSSLQJ��SURYLGHG�WKH�JRYHUQPHQW�

LV�QRW�SD\LQJ�IRU�UHPHGLDWLRQ�WKHPVHOYHV���

)LQH�VFDOH�PDSSLQJ�LV�DOVR�DSSOLFDEOH�WR�ODUJHU�SURMHFWV��7KH�2PDKD�/HDG�6XSHUIXQG�6LWH�

FDVH�VWXG\�LOOXVWUDWHV�MXVW�KRZ�ORQJ�ODUJH�VFDOH�UHPHGLDWLRQ�SURMHFWV�FDQ�WDNH��7KH�(3$�

FRQFOXGHG�LWV�LQYROYHPHQW�ZLWK�WKH�FLW\�DIWHU�PRUH�WKDQ����\HDUV��GXULQJ�ZKLFK��DW�ULVN�FKLOGUHQ�

PD\�KDYH�EHHQ�H[SRVHG��7KH�VDPSOLQJ�PHWKRG�LQ�2PDKD�GLYLGHG�HDFK�UHVLGHQFH�LQWR�TXDGUDQWV�

DQG�H[FDYDWHG�DQ\�TXDGUDQW�ZLWK�D�OHDG�FRQFHQWUDWLRQ�JUHDWHU�WKDQ�����SSP��RU�����SSP�LI�D�

FKLOG�OLYHG�WKHUH��(3$���������7KLV�LV�PRUH�HIILFLHQW�WKDQ�EXON�H[FDYDWLRQ��EXW�WKHLU�PHWKRG�

FRXOG�VWLOO�KDYH�EHHQ�LPSURYHG�LI�VDPSOLQJ�KDG�EHHQ�LQFUHDVHG�WR�PDS�ILQH�VFDOH�FRQFHQWUDWLRQ�

YDULDELOLW\��([FDYDWLRQ�WLPH�ZRXOG�KDYH�GHFUHDVHG��VDIH�VRLO�ZRXOG�KDYH�EHHQ�VDYHG��DQG�WKH�

VXSHUIXQG�RSHUDWLRQ�FRXOG�KDYH�EHHQ�FRPSOHWHG�VRRQHU��

���



7KH�QH[W�VWHS�LQ�RXU�VWXG\�LV�WR�PDNH�ILQH�VFDOH�PDSSLQJ�DFFHVVLEOH�WR�KRPHRZQHUV�DQG�

FRQWUDFWRUV�LQ�UHVLGHQWLDO�VHWWLQJV��)LQH�VFDOH�VRLO�PDSSLQJ��DV�LW�H[LVWV�LQ�WKLV�VWXG\��UHTXLUHV�

WHFKQLFDO�H[SHUWLVH�SUHFOXGLQJ�ZLGHVSUHDG�XVH��$FFRUGLQJO\��WKHUH�LV�D�QHHG�IRU�DQ�DSSOLFDWLRQ�

WKDW�FDQ�WDNH�VDPSOH�GDWD��DVVLJQ�WKHP�WR�SRLQWV�RQ�D�UDVWHU�PDS��DQG�JHQHUDWH�D�YLVXDO�VLPLODU�WR�

RXU�FRVW�DQDO\VLV��)LJXUH�����ZLWK�PLQLPDO�XVHU�LQSXW��

%\�H[SORLWLQJ�PRGHUQ�VRLO�PDSSLQJ�WHFKQLTXHV��SURSHUW\�RZQHUV�FDQ�JUHDWO\�UHGXFH�FRVWV�

DV�FRPSDUHG�ZLWK�EXON�H[FDYDWLRQ�ZKLOH�DFKLHYLQJ�VLPLODU�UHVXOWV��$XWRPDWLQJ�WKH�PDSSLQJ�

SURFHVV�ZRXOG�IXUWKHU�UHGXFH�HQG�XVHU�FRVWV��HQFRXUDJLQJ�PRUH�UHPHGLDWLRQ�DQG�DOOHYLDWLQJ�D�

FRPPRQ�XUEDQ�SROOXWDQW��

�

$FNQRZOHGJHPHQWV��

:H�ZRXOG�OLNH�WR�H[SUHVV�RXU�JUDWLWXGH�WR�WKH�YDULRXV�SHRSOH�ZKRVH�DVVLVWDQFH�DQG�

VXSSRUW�ZDV�LQWHJUDO�WR�WKH�FRPSOHWLRQ�RI�RXU�SURMHFW��:H�DUH�JUDWHIXO�WR�.ULVWRIHU�&RYH\�IRU�

FUXVKLQJ�LW�ZLWK�XV�HYHU\�VWHS�RI�WKH�ZD\��:H�RZH�D�GHEW�RI�JUDWLWXGH�WRZDUGV�/LVD�4XLPE\�IRU�

DFTXDLQWLQJ�XV�ZLWK�WKH�PLFURZDYH�GLJHVWHU�DQG�UXQQLQJ�RXU�VDPSOHV�WKURXJK�WKH�$$6��JXDUGLDQ�

DQJHO���:H�ZRXOG�DOVR�OLNH�WR�WKDQN�.DUHQ�.HOORJJ��.XUW�6PHPR��/HYL�5RJHUV��-RVK�1HVV��$-�

6FKQHOOHU��DQG�1XUFDQ�$WDODQ�+HOLFNH���

�
�
�
�
�
�
�
�

���



:RUNV�&LWHG��
�

$HOLRQ��&��0���'DYLV��+��7���/DZVRQ��$��%���&DL��%���	�0F'HUPRWW��6����������$VVRFLDWLRQV�
EHWZHHQ�VRLO�OHDG�FRQFHQWUDWLRQV�DQG�SRSXODWLRQV�E\�UDFH�HWKQLFLW\�DQG�LQFRPH�WR�SRYHUW\�UDWLR�
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