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5DLQJDUGHQ�VRLOV�DQG�HIILFLHQF\�
6DP�7URZVGDOH�DQG�5RE\Q�6LPFRFN�

/DQGFDUH�5HVHDUFK��3ULYDWH�%DJ��������$XFNODQG��1HZ�=HDODQG�
&RUUHVSRQGLQJ�DXWKRU��H�PDLO�WURZVGDOHV#ODQGFDUHUHVHDUFK�FR�Q]�

�
$%675$&7�
$� UDLQJDUGHQ� ����� P���� UHFHLYLQJ� ZDWHU� IURP� D� OLJKW� LQGXVWULDO� FDWFKPHQW� LQFOXGLQJ� D� URDG�
WUDYHOOHG� E\� DERXW� ������� FDUV� DQG� ������ WUXFNV� HDFK� ZHHNGD\�� KDV� EHHQ� PRQLWRUHG� IRU� VRLO�
FRPSRVLWLRQ� DQG� K\GURORJLFDO� DQG� K\GURFKHPLFDO� HIILFLHQF\�� 5DLQJDUGHQ� VRLOV� KDG� KLJK� PHWDO�
UHPRYDO�SRWHQWLDO�DQG�KLJK�SHUPHDELOLW\�WR�FRPSHQVDWH�IRU�XQGHUVL]HG�JDUGHQ�YROXPH��7KH�LQIORZ�
K\GURJUDSK� ZDV� D� VHULHV� RI� YHU\� VKDUS� SHDNV� ZLWK� OLWWOH� EDVHIORZ�� W\SLFDO� RI� UXQRII� IURP�
LPSHUYLRXV� VXUIDFHV�� 7KH� UDLQJDUGHQ� VPRRWKHG� WKH� K\GURJUDSK� E\� UHGXFLQJ� SHDN� IORZ� DQG�
YROXPH� IRU� DOO� ILYH� HYHQWV� PRQLWRUHG�� 2YHUIORZ� RFFXUUHG� LQ� IRXU� RI� WKH� HYHQWV� LQGLFDWLQJ� WKH�
LQFUHDVHG�SHUPHDELOLW\�KDV�QRW�IXOO\�FRPSHQVDWHG�IRU�WKH�XQGHUVL]HG�YROXPH��5XQRII�ZDV�KHDYLO\�
SROOXWHG�ZLWK�VHGLPHQW�DQG�PHWDOV��SDUWLFXODUO\�]LQF��7KH�PDMRULW\�RI�WKH�]LQF��OHDG�DQG�766�ZHUH�
UHPRYHG� IURP� WKH� VWRUPZDWHU� WKDW� IORZHG� WKURXJK� WKH� UDLQJDUGHQ�� ZLWK� 766� DQG� WRWDO� ]LQF�
FRQFHQWUDWLRQV� UHGXFLQJ� E\� RUGHUV� RI� PDJQLWXGH�� 'HVSLWH� KLJK� UHPRYDO� HIILFLHQF\�� PHGLDQ�
FRQFHQWUDWLRQV�RI�]LQF�H[LWLQJ�WKH�UDLQJDUGHQ�VWLOO�H[FHHGHG�HFRV\VWHP�KHDOWK�JXLGHOLQHV�DQG�WKH�
UDLQJDUGHQ�ZDV�ERWK�D�VRXUFH�DQG�VLQN�RI�FRSSHU��0HWDO�FRQFHQWUDWLRQV�LQFUHDVHG�GUDPDWLFDOO\�LQ�
WKH�PXOFK�DQG�VHGLPHQW�DFFXPXODWHG�QHDU�LQOHWV�UHTXLUH�ODQGILOO�GLVSRVDO���
.(<:25'6�
5DLQJDUGHQ��UXQRII��VRLOV��VWRUPZDWHU��
,1752'8&7,21��
5DLQJDUGHQV� DUH� ELRORJLFDOO\� DFWLYH� VRLO� DQG� SODQW� V\VWHPV� WKDW� GHOD\� DQG� UHGXFH� VWRUPZDWHU�
SHDNIORZV��YROXPHV�DQG�FRQWDPLQDQWV��7KH�3DXO�0DWWKHZV�5DLQJDUGHQ������P���ZDV�LQVWDOOHG�LQ�
ZLQWHU������DQG�UHFHLYHG�LWV�ILUVW�LQIORZV�LQ�-XO\������DV�ZDVKRII�IURP�D�³KHDYLO\�WUDIILFNHG�ORFDO�
URDG´� �%DUU\�&DUWHU�� SHUV�� FRPP�� ������ZLWK� D� VLQJOH� FDUULDJHZD\� LQ� HDFK� GLUHFWLRQ� LQ� D� OLJKW�
LQGXVWULDO� FDWFKPHQW� ������P��� LQ�$XFNODQG�� 1HZ�=HDODQG�� 6P\WKH� HW� DO�� ������� GHVFULEH� WKH�
FDWFKPHQW�DQG�WKH�UDLQJDUGHQ�GHVLJQ�DQG�FRQVWUXFWLRQ�� LQFOXGLQJ�LQVWDOODWLRQ�RI�DQ�LPSHUPHDEOH�
OLQHU�WKDW�H[WHQGV�DERYH�WKH�SRQGLQJ�GHSWK�DQG�WKH�PDQKROHV�DQG�SLSHV�WKDW�WUDQVSRUW�WKH�LQIORZV��
RYHUIORZV�DQG�RXWIORZV��7R�FRPSOHWH�WKH�VWRU\�WKH�NH\�ELRORJLFDO�IHDWXUHV��VXEVWUDWHV�DQG�SODQWV��
DUH�GHVFULEHG�EHORZ�EHIRUH�RSHUDWLRQDO�GDWD�DUH�XVHG�WR�DVVHVV�WKH�JDUGHQ¶V�HIILFLHQF\���
�
7KH� LQ� VLWX� VRLOV�ZHUH�H[FDYDWHG�DQG�QRW� UHXVHG�EHFDXVH�VXEVRLOV�ZHUH�ZHDNO\�VWUXFWXUHG�� ORZ�
SHUPHDELOLW\��DQWKURSRJHQLF�VRLOV�FUHDWHG�E\�ODQGILOOLQJ�FOD\V�DQG�VLOWV��DQG�WRSVRLOV�ZHUH�SRRUO\�
GHYHORSHG� DQG� KDG� D� UDPSDQW� JURZWK� RI� NLNX\X�� D� VXEWURSLFDO� JUDVV� WKDW� VSUHDGV� IURP� ERWK�
UKL]RPHV� DQG� VHHG� VR� GHPDQG� D� JUHDW� GHDO� RI� ZHHGLQJ�� 5DLQJDUGHQ� VXEVWUDWHV�ZHUH� FKRVHQ� WR�
DFKLHYH�KLJK�PHWDO�UHPRYDO�HIILFLHQF\�DQG�SHUPHDELOLW\��!���PP�K��EHFDXVH�WKH�YROXPH�RI�WKH�
UDLQJDUGHQ� ZDV� ���� RI� WKDW� UHFRPPHQGHG� E\� ORFDO� JXLGHOLQHV� �6P\WKH� HW� DO��� ������� 7KH�
JXLGHOLQHV�VSHFLI\�D�PLQLPXP�SHUPHDELOLW\�RI����PP�K��$5&���������7KH�UDLQJDUGHQ�ZDV�EXLOW�
LQ� PXOWLSOH� OD\HUV� �)LJXUH� ��� EHFDXVH� VLQJOH�OD\HU� UDLQJDUGHQV� LQKLELW� WKH� XVH� RI� RUJDQLF�ULFK�
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VXEVWUDWHV� EHFDXVH� XQGHU� DQDHURELF� FRQGLWLRQV� EUHDNGRZQ� RI� RUJDQLF�PDWWHU� UHOHDVHV� K\GURJHQ�
VXOSKLGH�DQG�RWKHU�VXEVWDQFHV�WR[LF�WR�SODQWV��
�
$�WKLQ�GUDLQDJH�OD\HU�RI�FRDUVH�VDQG������!��PP�GLDPHWHU�E\�ZHLJKW��ZDV�LQVWDOOHG�DW�WKH�EDVH�
RI�WKH�UDLQJDUGHQ��)LJXUH�����7KH�GUDLQDJH�OD\HU�ZDV�FRYHUHG�E\�D�OD\HU�RI�VXEVRLO����±����PP�
GHHS�VRXUFHG�IURP�RYHUEXUGHQ�DW�D�OLPHVWRQH�TXDUU\��7KH�VXEVRLO�ZDV�D�PL[WXUH�RI�IUHH�GUDLQLQJ��
ZHOO�VWUXFWXUHG�VXEVRLOV�ZLWK�DSSUHFLDEOH�FOD\�FRQWHQW�DQG�XQGHUO\LQJ�UXEEO\��ZHDWKHUHG��UHMHFW��
OLPHVWRQH��7KH�VXEVRLO�ZDV�FRYHUHG�ZLWK�D�OD\HU�RI� WRSVRLO����±����PP�GHHS��7KH�WRSVRLO�ZDV�
SXUFKDVHG� IURP� D� QHDUE\� ODQGVFDSLQJ� GHSRW��PDUNHWHG� DV� ³ODZQ�PL[´�� DQG� FRQWDLQHG� D�PL[� RI�
SXPLFH�VDQG�DQG�IHUWLOH�KRUWLFXOWXUDO�VRLOV��7KH�UDLQJDUGHQ�ZDV�FRPSOHWHG�ZLWK�D����PP�OD\HU�RI�
ORQJ�ILEUH��VWHULOH��FORVHG�YHVVHO��FRPSRVWHG�PXOFK�FUHDWHG�IURP�FLW\�JUHHQZDVWH��7KH�NH\�UROHV�
RI� WKH�PXOFK�ZHUH� WR�VXSSUHVV�ZHHGV��DQ�XQDYRLGDEOH�VLGH�HIIHFW�RI�XVLQJ�D�QDWXUDO� WRSVRLO��� WR�
SURWHFW�WKH�VRLO�VXUIDFH�IURP�ZDWHU�HURVLRQ�DQG�FORJJLQJ��WR�FXVKLRQ�WKH�VRLO�DJDLQVW�FRPSDFWLRQ�
GXULQJ�SODQWLQJ��DQG�RI�FRXUVH�UHPRYH�PHWDOV�IURP�VWRUPZDWHU��7KH�ORQJ�ILEUH�PXOFK�VHOHFWHG�GLG�
QRW�IORDW��$OWHUQDWLYH�PXOFKHV�ZHUH�FRQVLGHUHG�� LQFOXGLQJ�LQRUJDQLF�PDWHULDO�VXFK�DV�JUDYHOV��F��
�±���PP��DQG�DQ�HURVLRQ�EODQNHW�VXFK�DV�MXWH�PDWWLQJ��7KHUH�DUH�DGYDQWDJHV�WR�VXFK�PXOFKHV�LQ�
WKDW�WKH\�FDQ�EH�DHVWKHWLFDOO\�DWWUDFWLYH�DQG�DUH�SRWHQWLDOO\�OHVV�OLNHO\�WR�FORJ�EXW�WKH\�DUH�XQOLNHO\�
WR� FRQWULEXWH� VXEVWDQWLDOO\� WR� WKH� EXLOG�XS�RI� VRLO� ELRORJ\�RU� UHPRYDO� RI�PHWDOV� FRPSDUHG�ZLWK�
RUJDQLF�PXOFKHV��
�
7KH� ODQGVFDSH� DUFKLWHFW� VSHFLILHG� D� VLQJOH� SODQW� VSHFLHV� IRU� WKH� UDLQJDUGHQ� WR� HPSKDVLVH� WKH�
UDLQJDUGHQ¶V�ERXQGDULHV�DQG�FRPSOHPHQW�WKH�LQGXVWULDO�QDWXUH�RI�WKH�VLWH��5HODWLYHO\�ODUJH�SODQWV�
RI� D� QDWLYH� MRLQWHG� UXVK�� RLRL� �$SRGDVPLD� VLPLOLV���ZHUH� SODQWHG� DW� D� GHQVLW\� RI� �� SODQWV�P�� WR�
HQVXUH� UDSLG� UDLQJDUGHQ� FRYHU� GHVLUDEOH� JLYHQ� WKH� SXEOLF� QDWXUH� RI� WKH� VLWH�� 2LRL� LV� D� ORZ�ULVN�
VSHFLHV�IRU�D�UDLQJDUGHQ��LWV�UKL]RPHV�VSUHDG�WR�SURGXFH�D�GHQVH��ZHHG�VXSUHVVLQJ�FDQRS\�XS�WR�
DERXW� ��P� WDOO� DQG� LW� LV� WROHUDQW� RI� ERWK� SRQGHG� DQG� VXPPHU�GU\� FRQGLWLRQV�� IXOO� VXQOLJKW� DQG�
ZLQG��7KLQ� VWHPV� DQG� QRQ�EXQFKLQJ� KDELW� RIIHU� OLWWOH� UHVLVWDQFH� WR� VXUIDFH�ZDWHU� IORZ�� WKHUHE\�
DYRLGLQJ�FRQFHQWUDWLQJ�VXUIDFH�IORZV�DQG�KHOSLQJ�WR�ILOWHU�OLWWHU��
0(7+2'6�
9HKLFOHV� XVLQJ� WKH� URDG� WKDW� GUDLQV� WR� WKH� UDLQJDUGHQ� ZHUH� FRXQWHG� E\� W\SH� GXULQJ� WKH� ZHHN�
HQGLQJ� ��� -XO\� ������5DLQIDOO�ZDV�PHDVXUHG� DW� D� WLSSLQJ� EXFNHW� UDLQJDXJH� F�� ����P� IURP� WKH�
UDLQJDUGHQ�DQG�RQ����'HFHPEHU������D�����PO�WLSSLQJ�JDXJH�ZDV�LQVWDOOHG�RQVLWH���
�
6RLO� VDPSOHV�ZHUH� WDNHQ� GXULQJ� UDLQJDUGHQ� LQVWDOODWLRQ� �-XQH� ������ DQG�ZHUH� DQDO\VHG� IRU� WKH�
SDUDPHWHUV�OLVWHG�LQ�7DEOH���XVLQJ�VWDQGDUG�PHWKRGV��/DQGFDUH�5HVHDUFK���������7RSVRLO�VWRUDJH�
PHDVXUHPHQWV� ZHUH� PDGH� RQ� LQWDFW�� ����PP�GLDPHWHU� DQG� ���PP�GHHS� VWDLQOHVV� VWHHO� FRUHV��
$IWHU� VDWXUDWLRQ�� FRUHV� ZHUH� VXEMHFWHG� WR� ��� .SD� WHQVLRQ� �QRPLQDOO\� µILHOG� FDSDFLW\¶�� XQWLO�
GUDLQDJH�VWDELOL]HG��DOORZLQJ�FDOFXODWLRQ�RI�QRPLQDO�DLU�ILOOHG�SRURVLW\��7KH�FRUHV�ZHUH�WKHQ�VXE�
VDPSOHG�XVLQJ����PP�GLDPHWHU�DQG����PP�GHHS�LQWDFW�FRUHV��ZKLFK�ZHUH�SODFHG�LQ�SUHVVXUH�SRWV�
DW� ���� N3D� WHQVLRQ� WR� GHWHUPLQH� VRLO� PRLVWXUH� DW� WKLV� µUHDGLO\� DYDLODEOH� ZDWHU¶� OHYHO�� /RRVH�
VDPSOHV�ZHUH�SODFHG�DW������N3D� WHQVLRQ� WR�GHWHUPLQH� WKH� ORZHU�ERXQGDU\�RI�PRLVWXUH� VWRUDJH�
WKDW� ZDV� DYDLODEOH� WR� SODQWV� RU� µSHUPDQHQW� ZLOWLQJ� SRLQW¶�� 7RWDO� SRURVLW\� ZDV� FDOFXODWHG� IURP�
PHDVXUHG�SDUWLFOH�GHQVLW\�DQG�EXON�GHQVLW\���
�
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6HGLPHQW�EXLOG�XS�DW�WKH�WKUHH�LQOHWV�ZDV�WHVWHG�DIWHU���\HDU�RI�RSHUDWLRQ�LQ�-XQH�������7DEOH�����
$W� WKH�VDPH�WLPH�PXOFK��DQG�WRSVRLO�DW� IRXU�GHSWKV���±���PP����±����PP�����±����PP��DQG�
���±����PP��ZHUH� VDPSOHG� ��P� IURP� HDFK� RI� WKH� WKUHH� LQOHWV� DQG� DQDO\VHG� IRU� S+� DQG� WRWDO�
FRSSHU��OHDG�DQG�]LQF�DQG�ZHUH�DOVR�VDPSOHG�IRU�NH\�PHWDO�FRQFHQWUDWLRQV�LQ�OHDFKDWH�XVLQJ�WKH�
86(3$�7R[LFLW\�&KDUDFWHULVWLF�/HDFKLQJ�3URFHGXUH�0HWKRG������86(3$��������7KH�VHGLPHQW�
FROOHFWHG�DW�D�FDWFKSLW�LQ�DQ�DGMDFHQW�VHFWLRQ�RI�WKH�VDPH�URDG�ZDV�VDPSOHG�MXVW�SULRU�WR�LWV�DQQXDO�
FOHDQ��-XQH��������,QILOWUDWLRQ�UDWHV�ZHUH�PHDVXUHG�DW�ILYH�VXEVRLO�VLWHV�GXULQJ�FRQVWUXFWLRQ��-XQH�
������DQG�LQ�WKH�WRSVRLO��DIWHU�UHPRYLQJ�WKH�PXOFK�OD\HU��DW�VL[�VLWHV�RQH�\HDU�DIWHU�FRQVWUXFWLRQ�
�-XQH� ������ XVLQJ� WKH� WZLQ�ULQJ�PHWKRG�� LQ�ZKLFK�ZDWHU�ZDV�PDLQWDLQHG� DW� D� SRQGHG�GHSWK� RI�
DERXW����PP�XQWLO�D�FRQVWDQW�UDWH�RI�LQIORZ�ZDV�UHFRUGHG��
�

�
)LJXUH����6WUDWLJUDSK\�RI�WKH�3DXO�0DWWKHZV�5DLQJDUGHQ��
�
+\GURORJLFDO� VWDJH� ZDV� PHDVXUHG� DW� ��� DQG� ��PLQ� LQWHUYDOV� GXULQJ� VWRUPIORZ� DQG� ORZ� IORZ�
UHVSHFWLYHO\��DW�WKH�UDLQJDUGHQ�LQIORZ��RYHUIORZ�DQG�RXWIORZ��XVLQJ�SUHVVXUH�WUDQVGXFHUV�LQVWDOOHG�
EHKLQG�ZHLUV��%HUQRXOOL� UDWLQJ� HTXDWLRQV�ZHUH� XVHG� WR� FDOFXODWH� GLVFKDUJH��$XWRPDWLF� VDPSOHUV�
FROOHFWHG� GLVFUHWH�ZDWHU� VDPSOHV� DW� JLYHQ� GLVFKDUJH� YROXPHV� DW� WKH� LQIORZ� DQG� RXWIORZ��:DWHU�
VDPSOHV� ZHUH� FROOHFWHG� ZLWKLQ� ��� K� DQG� SUHSDUHG� DQG� DQDO\VHG� IRU� WKH� FRQWDPLQDQWV� WRWDO�
VXVSHQGHG�VHGLPHQWV��766���WRWDO�SKRVSKRURXV�DQG�QLWURJHQ��DPPRQLXP��QLWUDWH��WRWDO�SHWUROHXP�
K\GURFDUERQV��DQG�GLVVROYHG�DQG�WRWDO�FRSSHU�� OHDG�DQG�]LQF��XVLQJ�VWDQGDUG�PHWKRGV��/DQGFDUH�
5HVHDUFK���������2YHUIORZ�ZDWHU�TXDOLW\�ZDV�DVVXPHG�VLPLODU�WR�LQIORZ��7KLV�SDSHU�SUHVHQWV�WKH�
VHGLPHQW�DQG�PHWDO�GDWD��RI�SULPDU\�FRQFHUQ� LQ� WKH� ORFDO�FRQWH[W��FROOHFWHG�EHWZHHQ�1RYHPEHU�
�����DQG�-DQXDU\������LQFOXVLYH��
5(68/76�$1'�',6&866,21�
5RDG�FKDUDFWHULVWLFV�
7KHUH�ZHUH��������YHKLFOH�PRYHPHQWV�RQ�WKH�URDG�WKDW�GUDLQV�WR�WKH�UDLQJDUGHQ�GXULQJ�WKH�ZHHN�
PRQLWRUHG��:HHNGD\�WUDIILF�ZDV�QHDUO\�GRXEOH�WKDW�RI�ZHHNHQG�WUDIILF��DQG�VDZ��������FDUV�DQG�
OLJKW� YHKLFOHV� ������P� OHQJWK�� DQG� ������ WUXFNV� SDVV� WKH� VLWH�� 7KLV� HTXDWHV� WR� QHDUO\� ��PLOOLRQ�
YHKLFOHV�DQQXDOO\��
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6RLO�SHUPHDELOLW\�DQG�FKHPLVWU\�
6XEVRLO�LQILOWUDWLRQ�UDWHV�DW�WKH�WLPH�RI�FRQVWUXFWLRQ�ZHUH�KLJK��ZLWK�D�PHDQ�RI�����PP�K��UDQJH�
���±����PP�K���7KH�UDWHV�ZHUH�H[SHFWHG�WR�UHGXFH�E\�XS�WR�����DIWHU�WKH�SODFHPHQW�RI�WRSVRLO�
DQG� VHWWOLQJ� RYHU� WKH� ILUVW� ��PRQWKV� RI� RSHUDWLRQ��7RSVRLO� LQILOWUDWLRQ� UDWHV� DIWHU� RQH� \HDU�ZHUH�
JHQHUDOO\�KLJK�ZLWK�D�PHDQ�RI�����PP�K�DQG�D�UDQJH�RI���±����PP�K��)LJXUH�����7RSVRLO�WRWDO�
VDWXUDWHG�VWRUDJH�ZDV�����PP�LQ� LWV�����PP�GHSWK��ZKLFK� LQFOXGHG����PP�RI�³IUHH�ZDWHU´�RU�
ZDWHU� WHPSRUDOO\� VWRUHG� LQ� ODUJH� SRUHV� QRUPDOO\� DLU�ILOOHG� EHWZHHQ� UDLQ� HYHQWV� �)LJXUH� ���� 7KH�
VXEVRLO� KDG�KLJK�DQLRQ� �SKRVSKDWH�� UHWHQWLRQ� WR�SURPRWH� WKH� UHPRYDO� RI� GLVVROYHG�PHWDOV� IURP�
VWRUPZDWHU� WKURXJK� FKHPLFDO� DGVRUSWLRQ� �7DEOH� ���� 5HPRYDO� RI� ]LQF� IURP� VWRUPZDWHU� �EHORZ��
ZDV�DLGHG�E\�D�KLJK�S+�������ZKLFK�DVVLVWV�SUHFLSLWDWLRQ�RI�PHWDOV��7KH�WRSVRLO�KDG�D�PRGHUDWH�
FDUERQ�FRQWHQW�DQG�ORZ�&�1�UDWLR�VR�QLWURJHQ�IHUWLOLVHU�ZDV�QRW�QHHGHG�WR�HVWDEOLVK�SODQWV�LQ�WKH�
UDLQJDUGHQ�DQG�VROXEOH�QLWURJHQ�PD\�KDYH�EHHQ�UHOHDVHG�LQ�WKH�VKRUW�WHUP��

�
)LJXUH�����/HIW��7RSVRLO�LQILOWUDWLRQ�UDWHV�PHDVXUHG�LQ�-XQH������DV�ER[�DQG�ZKLVNHU�SORW�ZKHUH�
WKH�KRUL]RQWDO� OLQH�LQ�WKH�FHQWUH�RI� WKH�ER[�LGHQWLILHV� WKH�PHDQ�YDOXH�DQG�ZKLVNHUV�VKRZ�WKH����
DQG����SHUFHQWLOH�YDOXHV���5LJKW��9ROXPH�RI�ZDWHU��PP��VWRUHG�DW�GLIIHUHQW�WHQVLRQV�SHU����PP�
RI�WKH�UDLQJDUGHQ�WRSVRLO��
�
7KH�VDQG�GUDLQDJH� OD\HU�DW� WKH�EDVH�ZDV�UHODWLYHO\� LQHUW��ZLWK�D� ORZ�DQLRQ�DQG�FDWLRQ�H[FKDQJH�
FDSDFLW\� �7DEOH� ��� DQG� ZDV� QRW� H[SHFWHG� WR� FRQWULEXWH� WR� VWRUPZDWHU� WUHDWPHQW�� RWKHU� WKDQ� WR�
SURWHFW�WKH�XQGHUO\LQJ�GUDLQV�IURP�EORFNLQJ�ZLWK�DQ\�ILQH�PDWHULDO�ZDVKHG�IURP�WKH�VXEVRLOV���
�
6RLOV�FKHPLVWU\�DIWHU�RQH�\HDU�RI�RSHUDWLRQ��
=LQF� FRQFHQWUDWLRQV� LQ� WKH� UDLQJDUGHQ� PXOFK� LQFUHDVHG� ILYH�IROG� WR� ����PJ�NJ� �7DEOH� ���� 7KH�
QHDU�VXUIDFH� PDWHULDOV� KDG� 86� (3$� 7R[LFLW\� &KDUDFWHULVWLF� /HDFKLQJ� 3URFHGXUH� �7&/3�� ]LQF�
OHYHOV�RI����±�����PJ�O��UHTXLULQJ�&ODVV�$�ODQGILOO�GLVSRVDO��7KH�&ODVV�$�ODQGILOO�VFUHHQLQJ�OHYHOV�
RI�FRSSHU��OHDG�DQG�]LQF�DUH������DQG����PJ�O�DQG�&ODVV�%����������DQG���PJ�O��0I(���������7KH�
HOHYDWHG� ]LQF� FRQFHQWUDWLRQV�ZHUH� UHVWULFWHG� WR� WKH� XSSHU� ����PP�RI� WKH� UDLQJDUGHQ� VRLOV�� DQG�
LQFUHDVHV�LQ�OHDG�FRQFHQWUDWLRQ�WR�WKH�XSSHU����PP��7DEOH�����2I�LQWHUHVW�LV�WKH�FRPSDUDWLYHO\�ORZ�
PHWDO�FRQFHQWUDWLRQ�UHFRUGHG�LQ�WKH�URDG�FDWFKSLW��SUHVXPDEO\�UHIOHFWLQJ�WKH�FRDUVHU�QDWXUH�RI�WKH�
VHGLPHQW�WUDSSHG�LQ�FDWFKSLWV��
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7URZVGDOH�DQG�6LPFRFN�� � ��
� �
�

7DEOH����&KHPLFDO�SURSHUWLHV�RI�WKH�UDLQJDUGHQ�VRLO�DQG�PXOFK�EHIRUH�UDLQJDUGHQ�RSHUDWLRQ�
$QDO\VLV� 0XOFK� 7RSVRLO� 6XEVRLO� 6DQG�
6WRQHV�!��PP� �� �� �� ���
S+� ���� ���� ���� ����
7RWDO�&DUERQ����� ����� ���� ���� ��
7RWDO�1LWURJHQ����� ���� ����� ����� �����
&�1�5DWLR� ��� �� ��� ��
7RWDO�3KRVSKRUXV��PJ�NJ�� ����� ���� ���� ����
2OVHQ�3KRVSKRUXV��PJ�NJ�� ���� ��� �� ��
3KRVSKDWH�5HWHQWLRQ����� �� ��� ��� ��
&DWLRQ�([FKDQJH�&DSDFLW\��FPRO��NJ�� ��� ��� ��� ��
%DVH�6DWXUDWLRQ����� ���� ��� ���� ���
7RWDO�&RSSHU��PJ�NJ�� ��� ��� ��� ��
7RWDO�/HDG��PJ�NJ�� ��� �� �� ��
7RWDO�=LQF��PJ�NJ�� ���� ��� ��� ���
�
7DEOH����&KHPLFDO�SURSHUWLHV�RI�VHGLPHQW��PXOFK�DQG�UDLQJDUGHQ�VRLO�DIWHU�RQH�\HDU�RI�RSHUDWLRQ��
³,QOHW´�VDPSOHV�RI�VHGLPHQW�DFFXPXODWHG�DW�LQOHWV�ZKHUH�LQOHW�$�ZDV�FORVHVW�WR�WKH�URDG�DQG�KDG�
FRDUVHVW� VHGLPHQWV� DQG� LQOHW� &� ZDV� IXUWKHVW� IURP� WKH� URDG� DQG� KDG� ILQHU� VHGLPHQWV�� ³7&/3´�
UHSUHVHQW�7R[LFLW\�/HDFKLQJ��86(3$��������
$QDO\VLV�

,QOHW�$� ,QOHW�%� ,QOHW�&� &DWFKSLW�
0XOFK�
��±��FP�

7RSVRLO�
�±�����FP�

7RSVRLO�
�±�����FP�

7RSVRLO�
��±���FP�

7RSVRLO�
��±���FP�

S+� ���� ���� ���� ���� ���� ���� ���� ���� ����
7RWDO�&X�� ��� ��� ��� ��� ��� ��� ��� ��� ���
7RWDO�3E�� ��� ��� ��� ��� ��� �� �� �� ��
7RWDO�=Q�� ���� ���� ����� ���� ���� ���� ���� ���� ����
7&/3�&X�� ����� ������ ������ ������ ����� ����� ������ ����� ������
7&/3�3E�� ������ ������� ������� ������ ������� ������� ������� ������� �������
7&/3�=Q� ����� ����� ����� ����� ����� ���� ����� ����� �����
7RWDO� ��PJ�NJ��DQG�7&/3� ��PJ�O��
�
(YHQW�K\GURORJ\��
$� WRWDO� RI� ILYH� HYHQWV� ZHUH� PRQLWRUHG� WKDW� KDG� VL[� RU� PRUH� GLVFUHWH� ZDWHU� TXDOLW\� VDPSOHV�
FROOHFWHG� DW� ERWK� WKH� LQIORZ� DQG� RXWIORZ�� (YHQW� GXUDWLRQ�� UDLQIDOO�� LQIORZ� SHDN� DQG� UDLQJDUGHQ�
GLVFKDUJH� DUH� VKRZQ� LQ�7DEOH����7KH� LQIORZ�K\GURJUDSK�ZDV�D� VHULHV�RI�YHU\� VKDUS�SHDNV�ZLWK�
OLWWOH� EDVHIORZ�� W\SLFDO� RI� UXQRII� IURP� LPSHUYLRXV� VXUIDFHV�� 7KH� UDLQJDUGHQ� VPRRWKHG� WKH�
K\GURJUDSK�E\�UHGXFLQJ�SHDN�IORZ�DQG�YROXPH�IRU�DOO�WKH�HYHQWV�PRQLWRUHG��
�
,QIORZ�UDQJHG�IURP�D� WRWDO�RI����P�� �HYHQW�'�� WR�����P�� �HYHQW�&���GXULQJ�WKH� ODWWHU� WKHUH�ZDV�
�����PP�RI� UDLQIDOO��$VVXPLQJ�����RI� WKH� UDLQIDOO� EHFDPH� UXQRII� LPSOLHV� D� FDWFKPHQW� DUHD�RI�
������P��IRU�WKH�PRVW�LQWHQVH�HYHQW��&��DQG�������P��IRU�DOO�RWKHU�HYHQWV��PXFK�ODUJHU�WKDQ�WKH�
GHVLJQ�DUHD� ������P���GHVFULEHG�E\�6P\WKH�HW�DO�� ��������'XULQJ� WKH�PRVW� LQWHQVH� HYHQW� WKHUH�
PD\� KDYH� EHHQ� VRPH� RYHUIORZ� RU� VSLOO� IURP� QHLJKERXULQJ� FDWFKPHQWV� �H�J�� ZDUHKRXVH� URRIV���
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1HYHUWKHOHVV��WKH�FRQVHUYDWLYH�FDWFKPHQW�DUHD�RI������P��LV�VWLOO�PRUH�WKDQ�WZLFH�DV�ODUJH�DV�WKH�
GHVLJQ�DUHD��$�FDWFKPHQW�RI�WKLV�VL]H�ZRXOG�PDNH�WKH�JXLGHOLQH��$5&��������UDLQJDUGHQ�VXUIDFH�
DUHD�HTXDO�WR�����P���7KH�DFWXDO�UDLQJDUGHQ�LV�MXVW�����WKDW�VL]H������P����%XW�VRLO�SHUPHDELOLW\�
ZDV�LQFUHDVHG�WR�!���PP�KU�IURP�WKH�JXLGHOLQH�RI�!���PP�KU��7KH�LQFUHDVHG�SHUPHDELOLW\�ZLOO�
DOORZ�ZDWHU�WR�GUDLQ�PRUH�TXLFNO\�EXW�GRHV�QRW�DFFRXQW�IRU�VWRUDJH�RI�WKH�UXQRII�EHIRUH�WUHDWPHQW��
7KH�OLYH�VWRUDJH�RI�D�����P��UDLQJDUGHQ��DVVXPLQJ�DQ�DYHUDJH�SRQGLQJ�GHSWK�RI�����PP��LV�MXVW�
���P���2I� FRXUVH�� VWRUDJH�ZLOO� EH�ELJJHU� WKDQ� WKLV� GXH� WR� WKH� IUHHO\� DYDLODEOH� VRLO� VWRUDJH��%XW�
JXLGHOLQH� OLYH� VWRUDJH� ZDV� ��� P�� VR� WKH� JDUGHQ� LV� H[SHFWHG� WR� H[SHULHQFH� E\SDVV� IORZ�� 7KH�
FDOFXODWLRQV� UHLQIRUFH� WKH�QHHG� WR� DFFXUDWHO\�GHWHUPLQH� FDWFKPHQW�ERXQGDULHV� DQG�KLJKOLJKW� WKH�
YDOXH�RI�WUHDWPHQW�WUDLQV�WKDW�VORZ�WKH�GHOLYHU\�RI�ZDWHU��DOORZLQJ�WKH�WUHDWPHQW�RI�ODUJH�YROXPHV�
RI�ZDWHU�XVLQJ�VPDOO�GHYLFHV�ZLWK�KLJK�SHUPHDELOLW\���
�
7DEOH����5DLQIDOO��UXQRII�DQG�UDLQJDUGHQ�IORZV�IRU�ILYH�HYHQWV�DW�WKH�3DXO�0DWWKHZV�5DLQJDUGHQ��
� � 5DLQIDOO� 5DLQIDOO�,QWHQVLW\� 3HDN� 7RWDO�IORZ�YROXPH�
(YHQW� 'XUDWLRQ��

7RWDO� ��PLQ�� ��K� ���K� LQIORZ�
,QIORZ� %\SDVV� 2XWIORZ�

5DLQ�
JDUGHQ�

� PLQ� PP� PP�K� PP�K� PP�K� /�V� P�� P�� P�� P��
$� ����� ����� ����� ���� ���� ��� ���� ��� ��� ���
%� ����� ���� ���� ���� ���� ��� ��� �� ��� ���
&� ����� ����� ����� ���� ���� ��� ���� ��� ��� ����
'� ����� ���� ���� ���� ���� �� ��� �� ��� ���
(� ����� ����� ����� ����� ���� ��� ���� ��� ��� ��
�
7KH�GDWD�VKRZ�WKDW�EHWZHHQ����DQG�����RI�LQIORZ�GUDLQHG�WKURXJK�WKH�JDUGHQ�WR�EHFRPH�RXWIORZ��
WKH� DYHUDJH� EHLQJ� ����� $V� H[SHFWHG�� WKH� WZR� VPDOOHVW� SHUFHQWDJHV� FRUUHVSRQGHG� WR� WKH� WZR�
ODUJHVW� HYHQWV�ZKHQ�PXFK� RI� WKH� LQIORZ� E\SDVVHG� WKH� JDUGHQ��ZKLOH� WKH� ODUJHVW�ZDV�PHDVXUHG�
GXULQJ�WKH�ORQJHVW�HYHQW��7KHUH�ZDV�D�VPDOO�YROXPH�RI�UDLQ�LQ�HYHQWV�%�DQG�'��UHVXOWLQJ�LQ�VPDOO�
E\SDVV�IORZV��(YHQW�%�ZDV�WKH�VKRUWHVW�LQ�GXUDWLRQ�DQG�ZDV�UHODWLYHO\�VPDOO�YROXPH�UHVXOWLQJ�LQ�
����RI�WKH�LQIORZ�EHFRPLQJ�E\SDVV�IORZ��(YHQW�'�ZDV�WKH�RQO\�HYHQW�QRW�WR�H[SHULHQFH�E\SDVV�
IORZ�� UHIOHFWLQJ� WKH� VOLJKWO\� ORQJHU� WLPH� RI� GHOLYHU\�� (YHQW� (� ZDV� WKH� ORQJHVW� GXUDWLRQ� DQG��
DOWKRXJK�FRPSDUDWLYHO\�LQWHQVH�DW�WKH���PLQ�DQG���K�VFDOH��WKHUH�ZDV�OHVV�UDLQIDOO�WKDQ�LQ�HYHQWV�$�
DQG�&��7KH�UHODWLYHO\�VORZ�GHOLYHU\�RI�ZDWHU�WR�WKH�JDUGHQ�LQ�HYHQW�(�ZDV�UHIOHFWHG�LQ�WKH�VPDOOHU�
E\SDVV�YROXPH�WKDW�ZDV�����RI�LQIORZ���
�
7KH�YROXPH�RI�LQIORZ�QRW�PHDVXUHG�LQ�HLWKHU�WKH�E\SDVV�IORZ�RU�RXWIORZ�LV�UHIHUUHG�WR�KHUH�DV�WKH�
³UDLQJDUGHQ�YROXPH´��7KH�����P�� UDLQJDUGHQ�SURYLGHV�D�VWHDG\�VWDWH�WRWDO�DYDLODEOH�VRLO�VWRUDJH�
YROXPH� RI� ��� P�� LQFOXGLQJ� ��� P�� RI� IUHH� ZDWHU�� DVVXPLQJ� WRSVRLO� VWRUDJH� YDOXHV� WKURXJKRXW�
�)LJXUH�����2I�FRXUVH��UDLQJDUGHQ�YROXPH�ZLOO�DOVR�LQFOXGH�HYDSRUDWLRQ��WUDQVSLUDWLRQ�DQG�VHHSDJH�
ORVV�DURXQG�WKH�LPSHUPHDEOH�OLQHU��$OO�HYHQWV�H[FHSW�&�H[SHULHQFHG�OHVV�WKDQ�WKH�PD[LPXP����P��
VRLO� VWRUDJH�� DQG� UDLQJDUGHQ� YROXPHV�ZHUH� FORVHU� WR�� RU� OHVV� WKDQ�� WKH� IUHH�ZDWHU� YROXPH�� 7KH�
ODUJHVW� UDLQJDUGHQ� YROXPH� �&�� FRUUHVSRQGHG� WR� WKH� ODUJHVW� LQIORZ� YROXPH� ZKHUH� ���� RI� WKH�
LQIORZ�ZDWHU�ZDV� QRW� DFFRXQWHG� IRU�� VXJJHVWLQJ� WKDW� WKHUH�PD\� KDYH� EHHQ� VRPH� RWKHU� IRUP� RI�
E\SDVV��SHUKDSV�D�VHFRQGDU\�OHDNDJH�VXFK�DV�RYHUIORZ�RI�WKH�RXWIORZ�PDQKROH��



��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�8UEDQ�'UDLQDJH��(GLQEXUJK��6FRWODQG��8.��������
�

7URZVGDOH�DQG�6LPFRFN�� � ��
� �
�

(YHQW�K\GURFKHPLVWU\�DQG�UDLQJDUGHQ�HIILFLHQF\�
7KH�FRQFHQWUDWLRQV�RI�WKH�ZDWHU�TXDOLW\�GHWHUPLQDQWV�LQ�WKH�LQIORZ�DQG�RXWIORZ�DUH�SUHVHQWHG�DV�
ER[� SORWV� LQ� )LJXUH� ��� $V� H[SHFWHG� �:LOOLDPVRQ�� ������ WKHUH� ZDV� OLWWOH� GLVVROYHG� OHDG� DQG�
FRQFHQWUDWLRQV�ZHUH�DERXW�GHWHFWLRQ�OLPLWV�VR�WKH\�DUH�QRW�GLVFXVVHG�IXUWKHU��0D[LPXP�WRWDO�OHDG�
FRQFHQWUDWLRQV� LQ� WKH� LQIORZ� DQG� RXWIORZ�ZHUH� ���� DQG� ���� XJ�/� UHVSHFWLYHO\��7KH� UDLQJDUGHQ�
UHGXFHG�WKH�PHGLDQ�LQIORZ�FRQFHQWUDWLRQ�RI����XJ�/�WR�����XJ�/�LQ�RXWIORZ��ZKLFK�LV�ORZHU�WKDQ�
WKH�$1=(&&��������JXLGHOLQHV�IRU�WKH�����VSHFLHV�SURWHFWLRQ������XJ�/���
�
7KH�FKDQJH�LQ�766�FRQFHQWUDWLRQ�ZDV�YLVLEOH�LQ�WKH�ILHOG��,QIORZ�VDPSOHV�ZHUH�GLVFRORXUHG�ZLWK�
VHGLPHQW� ZKLOH� RXWIORZ� VDPSOHV� ZHUH� FOHDU�� 7KH� GDWD� VXSSRUWHG� WKH� REVHUYDWLRQ� DQG� WKH�
FRQFHQWUDWLRQ�RI�766�LQ�WKH�LQIORZ��PHGLDQ����PJ�/��PD[�����PJ�/��ZDV�UHGXFHG�VLJQLILFDQWO\�
E\�WKH�UDLQJDUGHQ��7KH�PHGLDQ�DQG�PD[LPXP�FRQFHQWUDWLRQV�PHDVXUHG�LQ�WKH�RXWIORZ�ZHUH�MXVW���
DQG����PJ�/��UHVSHFWLYHO\��
�

�
)LJXUH�����/HIW��%R[�SORWV�XVLQJ�TXDUWLOHV�RI�WKH�FRQFHQWUDWLRQV�RI�WKH�ZDWHU�TXDOLW\�GHWHUPLQDQWV�
LQ�WKH�LQIORZ�DQG�RXWIORZ���5LJKW��7RWDO�ORDG�LQ�WKH�LQIORZ��E\SDVV�DQG�RYHUIORZ�IRU�HDFK�HYHQW��
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�
7KH� FRQFHQWUDWLRQV� RI� WRWDO� DQG� GLVVROYHG� ]LQF�ZHUH�PXFK� KLJKHU� WKDQ� H[SHFWHG� LQ� WKH� LQIORZ��
ZLWK�PHGLDQV�RI�����DQG�����XJ�/�UHVSHFWLYHO\��7KH�UDLQJDUGHQ�UHPRYHG�PXFK�RI�WKH�]LQF�IURP�
WKH�ZDWHU�UHGXFLQJ�WKH�PHGLDQ�WRWDO�FRQFHQWUDWLRQ�WR����XJ�/�DQG�WKH�GLVVROYHG�WR����XJ�/��EXW�
WKDW�LV�VWLOO�WZLFH�WKH�$1=(&&�����WULJJHU�YDOXH����XJ�/���
�
&RSSHU�FRQFHQWUDWLRQV�KDG�D�GLIIHUHQW�SDWWHUQ�WR�WKH�RWKHU�PHWDOV�DQG�WKH�PHGLDQ�FRQFHQWUDWLRQ�RI�
GLVVROYHG�FRSSHU�LQ�WKH�RXWIORZ�����XJ�/��ZDV�JUHDWHU�WKDQ�WKDW�PHDVXUHG�LQ�WKH�LQIORZ����XJ�/���
7KH� GLVVROYHG� FRSSHU� FRQFHQWUDWLRQV� VNHZHG� WKH� WRWDO� FRQFHQWUDWLRQV� VR� WKDW� WKH� PHGLDQ� ZDV�
VLPLODU� LQ� WKH� LQIORZ� DQG� RXWIORZ� �F�� ��� XJ�/�� DQG� WKH� UDLQJDUGHQ� DSSHDUHG� QRW� WR� UHGXFH� WKH�
FRQFHQWUDWLRQ��7KH�VRLOV�DQDO\VLV�DW�WKH�WLPH�RI�FRQVWUXFWLRQ��7DEOH����VXJJHVWV�WKH�VXEVWUDWHV�DUH�
QRW�D�FRSSHU�VRXUFH��7KH�GLVVROYHG�FRSSHU�PD\�KDYH�FRPH� IURP�VORZ�UHOHDVH� IXQJLFLGHV� LQ� WKH�
SRWWLQJ�PL[�RU�XVHG�RQ�SODQWV�LQ�WKH�QXUVHU\��DSSDUHQWO\�D�FRPPRQ�SUDFWLFH��7HUU\�:HDUPRXWK��
SHUV��FRPP����������&RSSHU�WHQGV�WR�PRYH��HTXLOLEUDWH��EHWZHHQ�WKH�VROLG�DQG�GLVVROYHG�SKDVHV��
VR� LW�PD\� EH� WKDW� WKH� JDUGHQ� LV� DFFXPXODWLQJ� FRSSHU� FRQWDPLQDWHG� VHGLPHQW� �7DEOH� ��� DQG� WKH�
FRSSHU�LV�PRYLQJ�LQWR�VROXWLRQ��7KH�UHODWLYH�ORDGV�RI�WKH�PHWDOV�DUH�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ��
�
1RUPDO� SUREDELOLW\� SORWV� RI� ORJ�WUDQVIRUPHG� HYHQW�PHDQ� FRQFHQWUDWLRQV� �)LJXUH� ��� VXSSRUW� WKH�
QXPHULFDO� UHVXOWV� SUHVHQWHG� LQ� WKH�ER[� SORWV� DQG� SURYLGH� DGGLWLRQDO� LQIRUPDWLRQ� DERXW� KRZ� WKH�
UDLQJDUGHQ� SHUIRUPHG�� 2YHUDOO� WKH� LQIORZ� YDOXHV� ZHUH� KLJKHU� WKDQ� RXWIORZV� VKRZLQJ� WKDW� WKH�
UDLQJDUGHQ�UHGXFHG�FRQWDPLQDQW�FRQFHQWUDWLRQV��H[FHSW�IRU�FRSSHU��7KH�HYHQW�PHDQ�FRQFHQWUDWLRQ�
RI�766�ZDV�ORZ�WR�DYHUDJH�FRPSDUHG�ZLWK�ORFDO�KLVWRULFDO�GDWD��:LOOLDPVRQ���������7KHUH�ZDV�D�
FRQVLVWHQWO\�KLJK�766�UHGXFWLRQ�IRU�WKH�UDQJH�RI�HYHQW�FRQFHQWUDWLRQV�PRQLWRUHG�VR�WKDW�766�LQ�
WKH�UDLQJDUGHQ�RXWIORZ�ZDV�YHU\�ORZ��'LVVROYHG�]LQF�KDG�D�VLPLODU�SDWWHUQ�WR�766��
�
&RPSDUHG�ZLWK�KLVWRULFDO�GDWD��:LOOLDPVRQ��������WKH�HYHQW�PHDQ�FRQFHQWUDWLRQ�RI�OHDG�LQ�LQIORZ�
ZDV� ORZ� DQG� WKH� JDUGHQ� DFWHG� WR� UHGXFH� LW� IXUWKHU��%XW� WRWDO� ]LQF� LQIORZV�ZHUH� YHU\� KLJK��7KH�
UDLQJDUGHQ� UHGXFHG� WKH� WRWDO� ]LQF� HYHQW� FRQFHQWUDWLRQ� VLJQLILFDQWO\�� H[FHSW� LQ� HYHQW�$�ZKHQ� LW�
UHPDLQHG� KLJK� LQ� WKH� RXWIORZ�� DQG� VR� WKH� SUREDELOLW\� SORWV� VKRZ� D� GHFUHDVH� LQ� UDLQJDUGHQ�
HIILFLHQF\�ZLWK�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI�WRWDO�]LQF��
�
(YHQW�PHDQ�FRSSHU�FRQFHQWUDWLRQV�ZHUH�LQ�WKH�UDQJH�RI�ORZ�WR�DERYH�DYHUDJH�FRPSDUHG�ZLWK�WKH�
:LOOLDPVRQ� GDWDVHW��7KH� UDLQJDUGHQ� UHGXFHG� WKH� FRQFHQWUDWLRQ� RI� GLVVROYHG� FRSSHU�ZKHQ� HYHQW�
PHDQ�FRQFHQWUDWLRQV�ZHUH�ORZ������XJ�/���EXW�WKH�JDUGHQ�LQFUHDVHG�WKH�FRQFHQWUDWLRQ�RI�GLVVROYHG�
FRSSHU�ZKHQ�HYHQW�FRQFHQWUDWLRQV�LQFUHDVHG��7RWDO�FRSSHU�FRQFHQWUDWLRQV�ZHUH�FOHDUO\�VNHZHG�E\�
WKH� GLVVROYHG� IUDFWLRQ�� VR� WKDW� ZKHQ� GLVVROYHG� FRQFHQWUDWLRQV� ZHUH� SDUWLFXODUO\� KLJK� RXWIORZ�
FRQFHQWUDWLRQV�ZHUH�KLJKHU�WKDQ�WKH�LQIORZ��
�
7KH� ORDG�RI�766� LQ� WKH� LQIORZ�ZDV�TXLWH� FORVHO\�FRUUHODWHG� WR� WKH� LQIORZ�YROXPH��7KH�RXWIORZ�
IURP�WKH�UDLQJDUGHQ�FDUULHG�YHU\�OLWWOH�VHGLPHQW��7KH�ORDG�RI�766�LQ�WKH�RXWIORZ�ZDV�MXVW��±���RI�
WKH� LQIORZ�VR� WKH�UDLQJDUGHQ�FDQ�EH�VDLG� WR�SHUIRUP�YHU\�ZHOO�DW� UHPRYLQJ� WKH� ORDG�RI�766�IRU�
IORZ�WKURXJK�WKH�JDUGHQ��,QWHUHVWLQJO\�WKHUH�ZHUH����NJ�RI�VHGLPHQW�WUDQVSRUWHG�LQWR�WKH�JDUGHQ�
GXULQJ� HYHQW� &� �)LJXUH� ���� WKH� ODUJHVW� DQG� PRVW� LQWHQVH� UDLQIDOO� HYHQW�� 6WLOO�� WKH� DPRXQW� RI�
VHGLPHQW�ZDV�GLVSURSRUWLRQDWHO\� ODUJH�FRPSDUHG�ZLWK� WKH�RWKHU�HYHQWV��7KH�UHVXOW� VXJJHVWV� WKDW�
WKH�KLJK�HQHUJ\�HYHQW�&�PD\�KDYH�PRELOLVHG�VHGLPHQWV� WKDW�ZHUH�QRW�PRELOLVHG�E\� WKH�VPDOOHU�
HYHQWV�� 7KH� UHVXOW� DOVR� VXJJHVWV� WKDW� VHGLPHQWV� ZHUH� QRW� VRXUFH� OLPLWHG� HYHQ� WKRXJK� WKH�
FDWFKPHQW� LV� LPSHUYLRXV�� 3HUKDSV� LQWHQVH� HYHQWV� WUDQVSRUW� VHGLPHQW� IURP� DGMDFHQW� SURSHUWLHV��
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7URZVGDOH�DQG�6LPFRFN�� � ��
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%\SDVV�IORZ�ZDV�UHVSRQVLEOH�IRU�VKRUW�FLUFXLWLQJ�ODUJH�766�ORDGV�ZKHUH�IORZV�ZHUH�ODUJH��HYHQWV�
$��&� DQG�(���$V� H[SHFWHG��ZKHQ� E\SDVV� IORZ�ZDV� LQVLJQLILFDQW� VR�ZDV� WKH� E\SDVV� ORDG��+LJK�
E\SDVV�IORZ�FRPSDUHG�WR�LQIORZ�LQ�HYHQW�$�PHDQW�WKH�WRWDO�UHGXFWLRQ�RI�766�ZDV�RQO\������EXW�
WKLV� ZDV� WKH� RXWOLHU� DQG� WKH� DFWXDO� UHGXFWLRQ� PD\� KDYH� EHHQ� KLJKHU� JLYHQ� WKDW� E\SDVV� 766�
FRQFHQWUDWLRQ�ZDV�LQIHUUHG�IURP�WKH�LQIORZ�VR�ZDV�SUREDEO\�RYHUHVWLPDWHG��,Q�JHQHUDO��ZKHQ�766�
ZDV�KLJK�WKH�PHWDOV�WHQGHG�WR�EH�KLJK�DQG�YLFH�YHUVD�EXW�WKHUH�ZDV�QR�FOHDU�VWDWLVWLFDO�UHODWLRQVKLS�
EHWZHHQ�766�DQG�PHWDOV�ORDGV��
�

�
)LJXUH����1RUPDO�SUREDELOLW\�SORWV�RI�ORJ�WUDQVIRUPHG�HYHQW�PHDQ�FRQFHQWUDWLRQV��
�
'LVVROYHG�FRSSHU�ZDV�WKH�RQO\�SDUDPHWHU�WKDW�LQFUHDVHG�LQ�ORDG�EHWZHHQ�WKH�LQIORZ�DQG�RXWIORZ�
�HYHQWV�&� DQG�'�� DV� GLVFXVVHG� DERYH��7KH� UDLQJDUGHQ� UHPRYHG�PXFK�RI� WKH�SDUWLFXODWH� FRSSHU�
IURP�WKH�ZDWHU��EXW�WKH�WRWDO�FRSSHU�ZDV�VRPHWLPHV�LQFUHDVHG�E\�WKH�HOHYDWHG�GLVVROYHG�FRSSHU�LQ�
WKH�RXWIORZ��7KH�ODUJHVW�ORDG�RI�GLVVROYHG�FRSSHU�LQ�WKH�RXWIORZ�ZDV�PHDVXUHG�LQ�HYHQWV�&�DQG�(��
WKH� ODUJHVW� YROXPH� RXWIORZV� IURP� WKH� JDUGHQ�� VXJJHVWLQJ� WKDW� WKH� IOXVKLQJ� RI� GLVVROYHG� FRSSHU�
ZDV�OLQNHG�WR�WKH�YROXPH�RI�IORZ��
�
7KH� WRWDO� ]LQF� ORDG� SHDNHG� DW� ���� J� LQWR� WKH� JDUGHQ� �HYHQW�$�� DQG�ZDV� DERYH� ��� J� LQ� DOO� WKH�
HYHQWV��7KH� ODUJHVW� OHDG�DQG� WRWDO�DQG�GLVVROYHG�]LQF� ORDGV�ZHUH�PHDVXUHG� LQ� WKH� LQIORZ�GXULQJ�
HYHQW�$��7KH� ORDGV�ZHUH�JUHDWHU� WKDQ� H[SHFWHG� FRPSDUHG�ZLWK� WKH�RWKHU� HYHQWV��7KH� UHODWLYHO\�
LQWHQVH� DQG� ODUJH�YROXPH� HYHQW� PD\� KDYH� PRELOLVHG� FRQWDPLQDQWV� QRW� PRELOLVHG� GXULQJ� RWKHU�
HYHQWV� DV� GLVFXVVHG� DERYH� IRU� VHGLPHQWV�� 3HUKDSV� ]LQF� ZDV� ZDVKHG� RII� JDOYDQLVHG�FODG�
ZDUHKRXVHV�DEXQGDQW�LQ�WKLV� LQGXVWULDO�FDWFKPHQW��7KH�UDLQJDUGHQ�UHPRYHG�PXFK�RI�WKH�ORDG�RI�
GLVVROYHG�]LQF�LQ�DOO�WKH�HYHQWV�DQG�VXEVWDQWLDOO\�UHGXFHG�WKH�ORDG�RI�WRWDO�OHDG�DQG�]LQF��
�
7KH�GDWD�SUHVHQWHG�KHUH�VKRZ�WKDW�WKH�UDLQJDUGHQ�JRHV�VRPH�ZD\�WR�WUHDWLQJ�WKH�SROOXWHG�UXQRII�
DQG�ZRUNV�SDUWLFXODUO\�ZHOO�IRU�VHGLPHQWV�DQG�]LQF��+RZHYHU��WKH�UDLQJDUGHQ�WUHDWV�WKH�V\PSWRPV�
UDWKHU�WKDQ�WKH�FDXVH��HQYLURQPHQWDO�GHJUDGDWLRQ�GXH�WR�YHKLFOHV�DQG�EXLOGLQJV�PDWHULDOV��DQG�E\�
PDVNLQJ� WKH� LPSDFWV� RI� RXU� DFWLRQV� WUHDWPHQW� GHYLFHV�PD\� DFWXDOO\� VORZ� WKH� DGDSWDWLRQ� RI� RXU�
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EHKDYLRXU�QHFHVVDU\�WR�SURWHFW�RXU�HQYLURQPHQW��,QWHUHVWLQJO\��WKH�GDWD�VKRZ�WKDW�UDLQJDUGHQV�FDQ�
UDSLGO\�DFFXPXODWH�SROOXWHG�PDWHULDOV�QHDU� WR� WKHLU�VXUIDFH��VR�SROOXWHG� LQ�IDFW� WKDW� WKH\�UHTXLUH�
ODQGILOO� GLVSRVDO�� 5DLQJDUGHQV� E\� WKHLU� YHU\� QDWXUH� DUH� YHJHWDWHG� DUHDV� HPSOR\HG� LQ� FLWLHV� DQG�
FXUUHQW� WUHQGV� SURPRWH� WKHLU� PXOWL�SXUSRVH� IXQFWLRQDOLW\�� $V� D� UHVXOW� UDLQJDUGHQV� DUH� EHLQJ�
LQVWDOOHG�LQ�SXEOLF�SODFHV�VXFK�DV�RXWVLGH�FDIHV�DQG�VRPH�HYHQ�KDYH�SXEOLF�VHDWLQJ�LQFRUSRUDWHG�
LQWR� WKHP�� *LYHQ� WKH� FRQWDPLQDWHG� QDWXUH� RI� WKH� VHGLPHQWV� SHUKDSV� LW� LV� WLPH� WR� UHDVVHVV� WKH�
ZLVGRP� RI� VXFK� LQLWLDWLYHV�� ,Q� WKH� YHU\� OHDVW� WKH� UDLQJDUGHQV� VKRXOG� EH� PDLQWDLQHG� LQ� GHQVH�
YHJHWDWLRQ�WR�SUHYHQW�GXVW�EHLQJ�JHQHUDWHG�DQG�SHRSOH�VKRXOG�EH�GLVFRXUDJHG�IURP�WUHDGLQJ�WKH�
DFFXPXODWLRQ�]RQH��
&21&/86,216�
$� OLJKW� LQGXVWULDO� FDWFKPHQW� ZLWK� D� KHDYLO\� WUDIILFNHG� URDG� JHQHUDWHG� VWRUPZDWHU� UXQRII� ZLWK�
FRQFHQWUDWLRQV�RI�VHGLPHQW��]LQF��OHDG�DQG�FRSSHU�OLNHO\�WR�FDXVH�GHJUDGDWLRQ�RI�HFRV\VWHPV��=LQF�
ZDV�WKH�FRQWDPLQDQW�RI�JUHDWHVW�FRQFHUQ��RFFXUULQJ�DW�YHU\�KLJK�FRQFHQWUDWLRQV��$�UHODWLYHO\�VPDOO�
DQG�RYHUORDGHG��PXOWL�OD\HUHG�UDLQJDUGHQ�FRQVLVWHQWO\�UHGXFHG�WKH�FRQFHQWUDWLRQ�RI�VHGLPHQW�DQG�
]LQF� E\� RUGHUV� RI� PDJQLWXGH�� KRZHYHU�� PHGLDQ� FRQFHQWUDWLRQV� RI� GLVVROYHG� ]LQF� H[LWLQJ� WKH�
UDLQJDUGHQ� VWLOO�H[FHHGHG�HFRV\VWHP�KHDOWK�JXLGHOLQHV��7KH� UDLQJDUGHQ�DFWHG�DV�ERWK�D� VLQN�DQG�
VRXUFH� IRU�FRSSHU�DQG�RYHUDOO�ZDV� UHODWLYHO\� LQHIIHFWLYH�DW� UHGXFLQJ�FRSSHU�FRQFHQWUDWLRQV��7KH�
RUJDQLF�PXOFK�ZDV�D�PDMRU�VLQN�IRU�FRQWDPLQDQWV�DQG�DIWHU�RQH�\HDU�RI�RSHUDWLRQ�WKH�VHGLPHQWV�
DFFXPXODWHG�QHDU�WR�WKH�VXUIDFH�UHTXLUH�ODQGILOO�GLVSRVDO��
$&.12:/('*(0(176�
7KH� DXWKRUV� WKDQN� WKH� VXSSRUW� RI� $OH[DQGHU� &LYLO� &RQVWUXFWLRQ�� 6FRWW� 7HFKQLFDO�� 1RUWK� 6KRUH�
&LW\� &RXQFLO� DQG� $XFNODQG� 5HJLRQDO� &RXQFLO�� 7KH� VWXG\� ZDV� IXQGHG� E\� WKH� )RXQGDWLRQ� IRU�
5HVHDUFK�� 6FLHQFH� DQG� 7HFKQRORJ\� �&2�;������ /RZ� ,PSDFW� 8UEDQ� 'HVLJQ�� DQG� $XFNODQG�
5HJLRQDO� &RXQFLO�� 7KDQNV� WR� 7RP� 'XWWRQ� DQG� /LQGD� +LOO� RI� WKH� /DQGFDUH� 5HVHDUFK�
(QYLURQPHQWDO�&KHPLVWU\�/DERUDWRU\�DQG�-RKQ�'DQGR�IRU�VRLO�SK\VLFV�ILHOGZRUN�DQG�DQDO\VLV��
5()(5(1&(6�
$5&�� �������� 6WRUPZDWHU� PDQDJHPHQW� GHYLFHV�� GHVLJQ� JXLGHOLQH� PDQXDO�� �QG� HGQ�� 7HFKQLFDO� 3XEOLFDWLRQ� ����

$XFNODQG�5HJLRQDO�&RXQFLO��$XFNODQG��
$3+$�� �������� 0HWKRG� ����� %�� (OHFWURWKHUPDO� $WRPLF� $EVRUSWLRQ� 6SHFWURPHWU\�� ,Q�� 6WDQGDUG� PHWKRGV� IRU� WKH�

DQDO\VLV�RI�ZDWHU�DQG�ZDVWHZDWHU����WK�HGQ��$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ��:DVKLQJWRQ�'&��
$1=(&&����������$XVWUDOLDQ�DQG�1HZ�=HDODQG�JXLGHOLQHV�IRU�IUHVK�DQG�PDULQH�ZDWHU�TXDOLW\��$XVWUDOLDQ�DQG�1HZ�

=HDODQG� (QYLURQPHQW� DQG� &RQVHUYDWLRQ� &RXQFLO� DQG� WKH� $JULFXOWXUH� DQG� 5HVRXUFH� 0DQDJHPHQW� &RXQFLO� RI�
$XVWUDOLD�DQG�1HZ�=HDODQG��&DQEHUUD��$XVWUDOLD��

%DUU\�&DUWHU��������1RUWK�6KRUH�&LW\�&RXQFLO����7KH�6WUDQG��7DNDSXQD��$XFNODQG�1=��6WRUPZDWHU�0DQDJHU���
0I(��������0RGXOH�����+D]DUGRXV�:DVWH�*XLGHOLQHV��/DQGILOO�ZDVWH�DFFHSWDQFH�FULWHULD�DQG�ODQGILOO�FODVVLILFDWLRQ��

0LQLVWU\� IRU� WKH� (QYLURQPHQW�� :HOOLQJWRQ�� 1=� DYDLODEOH� DW� KWWS���ZZZ�PIH�JRYW�Q]�SXEOLFDWLRQV�ZDVWH�KD]�
ZDVWH�JXLGH�PRGXOH���PD\���LQGH[�KWPO�

/DQGFDUH� 5HVHDUFK�� �������� 0HWKRGV� XVHG� WR� DQDO\VH� VRLOV� DQG� ZDWHU�� $YDLODEOH� DW�
KWWS���ZZZ�ODQGFDUHUHVHDUFK�FR�Q]�VHUYLFHV�ODERUDWRULHV�HFODE�HFODEWHVWBOLVW�DVS�

6P\WKH�&��'L\DJDPD�7��&DUWHU�%�DQG�6HUYDDV�%����������$�UDLQJDUGHQ�ZLWK�D�GLIIHUHQFH��1HZ�=HDODQG�:DWHU�DQG�
:DVWHU�$VVRFLDWLRQ��WK�6RXWK�3DFLILF�6WRUPZDWHU�&RQIHUHQFH�������$XFNODQG��1HZ�=HDODQG��

7HUU\�:HDUPRXWK��������.DXUL�3DUN�1XUVHULHV��VWDWH�+LJKZD\����.DLZDND��1=��3ODQW�VXSSOLHU�IRU�WKH�5DLQJDUGHQ��
86(3$� ������� 86(3$� 0HWKRG� ���� 7R[LFLW\� &KDUDFWHULVWLF� /HDFKLQJ� 3URFHGXUH� DYDLODEOH� DW�

KWWS���ZZZ�HSD�JRY�VZ�����SGIV������SGI�
:LOOLDPVRQ�5�%����������8UEDQ�UXQRII�GDWD�ERRN��$�PDQXDO� IRU�SUHOLPLQDU\�HYDOXDWLRQ�RI�VWRUPZDWHU� LPSDFWV���QG�

HGQ��:DWHU�4XDOLW\�&HQWUH�3XEOLFDWLRQ�����3S���±����


