
%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

��

9RO�����6SHFLDO�Q����SS���������6HSWHPEHU�����,661��������������3ULQWHG�LQ�%UD]LO %5$=,/,$1�$5&+,9(6�2)�%,2/2*<�$1'�7(&+12/2*<
$ 1 � , 1 7 ( 5 1 $ 7 , 2 1 $ / � - 2 8 5 1 $ /

%RQH�VHHNLQJ�7KHUDSHXWLF�5DGLRSKDUPDFHXWLFDOV
6XUHVK�&��6ULYDVWDYD
%URRNKDYHQ� 1DWLRQDO� /DERUDWRU\�� 0HGLFDO� 'HSDUWPHQW�� %XLOGLQJ� ����� 3�2�� %R[� ����� 8SWRQ�� �������������������1HZ�<RUN�� 86$��VXUHVK#EQO�JRY

$%675$&7
%RQH�VHHNLQJ�WKHUDSHXWLF�UDGLRSKDUPDFHXWLFDOV�DUH�XWLOL]HG�RQ�WKH�EDVLV�RI�WKH�UDGLRQXFOLGH¶V�SDUWLFXODWH�HPLVVLRQV��SULPDULO\�ORZ�WR LQWHUPHGLDWH�EHWD�HPLVVLRQ����7KH��UHTXLUHPHQWV�WKHUHIRUH�DUH�GLIIHUHQW�IURP�WKRVH�RI�ERQH�LPDJLQJ�DJHQWV� WKDW� FRQVLVW� PDLQO\� RI� VKRUW�OLYHG� VLQJOH� SKRWRQ� HPLWWHUV�� /DWHO\�� WKH� WKHUDSHXWLF� ERQH� VHHNLQJ�UDGLRSKDUPDFHXWLFDOV� KDYH� DWWDLQHG� LQFUHDVLQJ� LPSRUWDQFH� GXH� WR� WKHLU� SRWHQWLDO� UROH� LQ� DOOHYLDWLQJ� SDLQ� IURP�RVVHRXV� PHWDVWDVHV� LQ� FDQFHU� SDWLHQWV�� IRU� WKH� WUHDWPHQW� RI� MRLQW� SDLQ� UHVXOWLQJ� IURP� LQIODPHG� V\QRYLXP��UDGLRV\QRYLRUWKHVLV��RU�UDGLRV\QRYHFWRP\���RU� IURP�YDULRXV�RWKHU� IRUPV�RI�DUWKULWLF�GLVHDVH��7KHUH�LV��KRZHYHU��D�SDXFLW\� RI� SXEOLVKHG� GDWD� RQ� WKH� ELR�SKDUPDFRNLQHWLFV� RI� � WKHVH� DJHQWV� ZKHQ� XVHG� IROORZLQJ� LQWUDYHQRXV�DGPLQLVWUDWLRQ� IRU� ERQH� SDLQ� SDOOLDWLRQ�� 7KLV� SDSHU� ZLOO� EULHIO\� UHYLHZ� DQG� VXPPDUL]H� WKH� SUHVHQWO\� DYDLODEOH�FKHPLFDO� DQG�ELRSKDUPDFRNLQHWLF� LQIRUPDWLRQ� RQ� WKH� YDULRXV� FOLQLFDOO\� DSSURYHG�DV�ZHOO� DV� H[SHULPHQWDO� � ERQH�ORFDOL]LQJ�WKHUDSHXWLF��UDGLRSKDUPDFHXWLFDOV��DQG�PDNH�SURMHFWLRQV�RQ�WKHLU�FOLQLFDO�DSSOLFDWLRQ�IRU�WKH�WUHDWPHQW�RI�SULPDU\�PHWDVWDWLF�FDQFHU�LQ�ERQH�
.H\� ZRUGV�� 7KHUDSHXWLF� UDGLRSKDUPDFHXWLFDOV�� %RQH� VHHNHUV�� 3DLQ� SDOOLDWLRQ�� %LR�SKDUPDFRNLQHWLFV��5DGLRV\QRYHFWRP\


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
7KHUDSHXWLF� UDGLRSKDUPDFHXWLFDOV� DUH� XWLOL]HG� RQ�WKH�EDVLV�RI�WKH�WKHUDSHXWLF�HOHFWURQ��HPLVVLRQV�RI�SDUWLFXODU� UDGLRQXFOLGHV�� VRPH�RI�ZKLFK PD\�DOVR�HPLW�LPDJLQJ�SKRWRQ�V���7KH�LQWHUHVW�LQ�DSSOLFDWLRQ�RI�UDGLRQXFOLGHV� WR� WKHUDS\�RI�ERQH�PDOLJQDQFLHV��SDUWLFXODUO\�IRU�SDOOLDWLYH�UHOLHI�RI�ERQH�SDLQ��LV�QRW�QHZ��EXW�KDV�UHFHQWO\�XQGHUJRQH�D��UHQHZDO���,W�KDG�LWV�RULJLQ�LQ�WKH�HDUOLHVW�GD\V�RI�WKH�QXFOHDU�HUD�EXW�IHOO� LQWR� UHODWLYH� REVFXULW\� IRU� VRPH� WLPH�� XQWLO�DERXW� D� GHFDGH� DJR�� %RWK� VWURQWLXP���� DQG�SKRVSKRUXV���� ZHUH� LQYHVWLJDWHG� DV� HDUO\� DV� WKH�

����¶V� IRU� WKH� WUHDWPHQW� RI� PHWDVWDWLF� FDQFHU� WR�ERQH��3HFKHU��������)ULHGHOO�DQG�6WRUDDVOL����������7KH�ZRUN�RI�)LUXVLDQ�HW�DO���������VXJJHVWHG�DJDLQ�WKDW�VWURQWLXP����ZRXOG�EH�XVHIXO�IRU�UHOLHI�RI�SDLQ�VHFRQGDU\� WR� RVVHRXV� PHWDVWDVHV�� � 5RELQVRQ� DQG�RWKHUV�IXUWKHU�H[SORUHG� WKH�XWLOLW\�RI�VWURQWLXP�����5RELQVRQ��������4XLOW\�HW�DO��������/HZLQJWRQ�HWDO��� ������ 5RELQVRQ�� ������ UHVXOWLQJ� LQ� WKH� )'$�DSSURYDO�IRU�LWV��URXWLQH�DSSOLFDWLRQ�LQ��������7KLV�ZRUN�KDV�DOVR�VWLPXODWHG�FOLQLFDO�UHVHDUFK�LQ�RUGHU�WR� ILQG� RWKHU� UDGLRQXFOLGHV�� ZKLFK� PD\� KDYH�LPSURYHG�SK\VLFDO�SURSHUWLHV�WKDW�SHUPLW�WUHDWPHQW�ZLWK� IHZHU� VLGH� HIIHFWV� RQ� WKH�P\HORSUROLIHUDWLYH�
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FHOOV�LQ�WKH�ERQH�PDUURZ���7KLV�SDSHU�ZLOO�FRPSDUH�WKH�VHYHUDO�DJHQWV�WKDW�PD\�EH�XVHIXO�LQ�WUHDWPHQW�RI�ERQH�PDOLJQDQF\�DQG�GLVFXVV�SRVVLEOH�ZD\V� LQ�ZKLFK� WKH\� PD\� EH� DSSOLHG� WR� SURYLGH� LQFUHDVHG�EHQHILWV� WR� SDWLHQWV�� � $� VKRUW� GLVFXVVLRQ� RI�UDGLRV\QRYHFWRP\�LV�DOVR�LQFOXGHG�
7KH�EDVLV�IRU�WKH�DFWLRQ�RI�WKHVH�WKHUDSHXWLF�DJHQWV�LV� WKHLU� LQFRUSRUDWLRQ� LQWR�ERQH�PLQHUDO� DQG� WKHLU�EHWD�HPLVVLRQ��ZKLFK�OLPLWV�WKHLU�UDQJH�RI�DFWLRQ�WR�WKH� QHDU� QHLJKERUKRRG� RI� WKHLU� LQFUHDVHG�FRQFHQWUDWLRQ� LQ� SDWKRORJLFDO� DUHDV� VXFK� DV�PHWDVWDVHV� ZKHUH� WKH� DWWHPSW� DW� KHDOLQJ� E\� WKH�ERQH� UHVXOWV� LQ� LQFUHDVHG� XSWDNH�� ���P7LQ� LV� DQ�H[FHSWLRQ�LQ�WKDW�LWV�HPLVVLRQ�FRQVLVWV�SULPDULO\�RI�FRQYHUVLRQ� HOHFWURQV� UDWKHU� WKDQ� EHWD� SDUWLFOHV��7DEOH� � OLVWV� WKH� FXUUHQWO\� XVHG� LVRWRSHV� �HLWKHU�DSSURYHG� RU� EHLQJ� LQYHVWLJDWHG�� IRU� ERQH� SDLQ�SDOOLDWLRQ� DQG� WKHLU� QXFOHDU� DQG� SK\VLFDO�FKDUDFWHULVWLFV�� � 7KHVH� VDPH� UDGLRQXFOLGHV�� LQ�DGGLWLRQ� WR� D� IHZ� RWKHUV� GHVFULEHG� LQ� D� ODWHU�VHFWLRQ��DOVR�KDYH�SURSHUWLHV�WKDW�PDNH�WKHP�XVHIXO�IRU�UDGLRV\QRYHFWRP\�
%21(�3$,1�3$//,$7,21
'HVLUDEOH�5DGLRQXFOLGH�&KDUDFWHULVWLFV
+DOI�OLIH�� 7KH� KDOI�OLIH� RI� D� UDGLRQXFOLGH� ZLOO�GHWHUPLQH� WKH� LQLWLDO� GRVH� UDWH� DQG� WKHUHIRUH� WKH�WRWDO� DPRXQW� RI� UDGLRDFWLYLW\� WR� EH� DGPLQLVWHUHG���:KDW� LV� DQ� DSSURSULDWH� SK\VLFDO� 7ò�� LV� QRW� ZHOO�XQGHUVWRRG�� �$�KLJKHU� LQLWLDO�GRVH�UDWH�PD\�UHVXOW�LQ�PRUH� HIIHFWLYH� FHOO� NLOOLQJ�� EXW� WKH� WKHUDSHXWLF�UDWLR� RI�PDOLJQDQW� FHOO� GHVWUXFWLRQ� WR� QRUPDO� FHOO�UHFRYHU\� PD\� EH� OHVV�� � 7RR� ORQJ� D� 7ò� FUHDWHV�REYLRXV�SUREOHPV�LQ�HQYLURQPHQWDO�VDIHW\� LQ�FDVH�RI�VSLOO�RU�HDUO\�GHDWK�RI�WKH�SDWLHQW���$�YHU\�VKRUW�7ò�LV�SUREOHPDWLF�VR�IDU�DV�VKLSSLQJ�DQG�VKHOI�OLIH�DUH� FRQFHUQHG�� � ,W� DOVR� UHTXLUHV� D� ODUJHU� WRWDO� RI�DGPLQLVWHUHG� DFWLYLW\�� ZKLFK� LQFUHDVHV� WKH�UDGLDWLRQ� GRVH� WR� SHUVRQQHO� DQG� IDPLO\� PHPEHUV�DQG� PD\� UHTXLUH� VRPH� KRVSLWDOL]DWLRQ�� WKXV�LQFUHDVLQJ� FRVW�� � 2Q� WKH� RWKHU� KDQG�� UHSHWLWLYH�GRVHV�PD\�EH�JLYHQ�DW�VKRUWHU� LQWHUYDOV�PDNLQJ� LW�SRVVLEOH�WR�WLWUDWH�GRVH�WR�UHVSRQVH�

3KRWRQ� (PLVVLRQ�� $FFRPSDQ\LQJ� SKRWRQ�HPLVVLRQV RI�WKH�DSSURSULDWH�HQHUJ\�FDQ�EH�XVHIXO�LQ� PRQLWRULQJ� WKH� GLVWULEXWLRQ� RI� WKH�UDGLRSKDUPDFHXWLFDO� LQ� WKH� SDWLHQW� IRU� DVVHVVLQJ�GRVLPHWU\�� EXW� DUH� QRW� HVVHQWLDO�� � 7KH\� DOVR�FRQVWLWXWH� D� VRXUFH� RI� H[SRVXUH� WR� SHUVRQQHO� DQG�IDPLO\��EXW�WKLV�KDV�QRW�EHHQ�D�VLJQLILFDQW�SUREOHP�ZLWK�WKH�UDGLRQXFOLGHV�LQYHVWLJDWHG�WR�GDWH�
(OHFWURQ� (PLVVLRQ�� %RWK� VWURQWLXP���� DQG�SKRVSKRUXV�����WKH�HDUOLHVW�UDGLRQXFOLGHV�XVHG�IRU�WKLV�SXUSRVH��KDYH�KLJKO\�HQHUJHWLF�EHWD�HPLVVLRQV���7KHVH�SHQHWUDWH�GHHSO\�LQWR�WKH�PDUURZ�FDYLW\�DQG�PD\� EH� WKH� FDXVH� RI� LQFUHDVHG� P\HORWR[LFLW\���0RUH� UHFHQW� UHVHDUFK� KDV� FRQFHQWUDWHG� RQ�UDGLRQXFOLGHV�� ZKLFK� KDYH� PXFK� ORZHU� HQHUJ\�HOHFWURQ� HPLVVLRQV� DQG� WKHUHIRUH�� SRWHQWLDOO\�UHGXFHG�WR[LFLW\�
2WKHU�)DFWRUV��(DVH�RI�SUHSDUDWLRQ��LQ�YLWUR�DQG�LQ�YLYR� VWDELOLW\�� VKHOI� OLIH�� DQG� FRVW� DUH� RWKHU�FRQVLGHUDWLRQV�� � 5DGLRQXFOLGHV�� ZKLFK� FDQ� EH�SUHSDUHG�LQ�D�UHDFWRU��DUH�XVXDOO\�OHVV�FRVWO\���(DVH�RI� SUHSDUDWLRQ� DQG� FRVW� DUH� GHSHQGHQW� RQ� WKH�QXFOHDU� UHDFWLRQV� DQG� VXEVHTXHQW� UDGLRFKHPLFDO�SURFHVVLQJ�UHTXLUHG�IRU PDQXIDFWXUH�
&RPSDULVRQ�RI�5DGLRSKDUPDFHXWLFDOV
7KH�UHOHYDQW�SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�YDULRXV�UDGLRQXFOLGHV� DUH� JLYHQ� LQ� 7DEOH� ��� 6WURQWLXP����FKORULGH� �0HWDVWURQ�� DQG� 6DPDULXP����� ('703��4XDGUDPHW��KDYH�EHHQ�DSSURYHG�E\�WKH�)RRG�DQG�'UXJ� $GPLQLVWUDWLRQ� ZLWKLQ� WKH� ODVW� WHQ� \HDUV��3KRVSKRUXV���� DV� VRGLXP� SKRVSKDWH� ZDV�JUDQGIDWKHUHG�DV�DQ�DSSURYHG�GUXJ�ZKHQ�WKH�)'$�WRRN� RYHU� MXULVGLFWLRQ� RI� UDGLRSKDUPDFHXWLFDOV�IURP� WKH� $WRPLF� (QHUJ\� &RPPLVVLRQ� PDQ\�GHFDGHV� DJR�� � 6LQFH� 3���� LV� RIWHQ� XVHG� DV� D�EDVHOLQH�IRU�FRPSDULVRQ��LW�ZLOO�EH�GLVFXVVHG�ILUVW��5KHQLXP����� �ZKLFK� LV� DSSURYHG� LQ� PDQ\� QRQ�8�6�� FRXQWULHV��� 5H�����+('3�� DQG� 7LQ����P�6WDQQLF�'73$�DUH� VWLOO� XQGHU� LQYHVWLJDWLRQ� LQ� WKH�8�6��2WKHU�QHZHU� UDGLRODQWKDQLGH�PHWDOV��VXFK�DV�+R������ DQG� /X������ HWF� DUH� DOVR� XQGHUJRLQJ�LQYHVWLJDWLRQ� EXW� ZLOO� QRW� EH� FRYHUHG� KHUH� VLQFH�WKHUH� LV� D� SDXFLW\� RI� GHILQLWLYH� FOLQLFDO� DQG�SKDUPDFRNLQHWLF� LQIRUPDWLRQ� LQ� WKH� OLWHUDWXUH� RQ�WKHVH�DJHQWV�
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3KRVSKRUXV����� 3KRVSKRUXV���� DV� VRGLXP�SKRVSKDWH� �1D+�32���� DV� PHQWLRQHG� HDUOLHU�� ZDV�WKH�HDUOLHVW�XVHG�DJHQW�IRU�SDOOLDWLRQ�RI�SDLQ�IURP�RVVHRXV�PHWDVWDVHV��2ULJLQDOO\�LW�ZDV�EHOLHYHG�WKDW�LWV� HIIHFW�ZDV�PDLQO\� IURP� LQFRUSRUDWLRQ� LQWR� WKH�WXPRU� LWVHOI�� +RZHYHU�� WKH� WXPRU� WR� QRQ�WXPRU�UDWLR�LV�QRW�YHU\�IDYRUDEOH�DQG�WKH�UHOLHI�RI�SDLQ�LV�SULPDULO\�EHFDXVH�RI�LWV�XSWDNH�LQWR�ERQH�PLQHUDO��QRW�WKH�WXPRU��,Q�DGGLWLRQ��XSWDNH�LV�KLJKHU�LQ�DQ\�UDSLGO\� GLYLGLQJ� WLVVXH� VXFK� DV� ERZHO�� EXW�SDUWLFXODUO\�VR�LQ�WKH�UHG�PDUURZ�LWVHOI�LQ�DGGLWLRQ�

WR�LQYROYHG�ERQH�� �7KHUHIRUH�� WKH�ERQH�WR�PDUURZ�UDWLR� LV� ORZ�� � 6LPLODU� WR�6U�����3����KDV� D�KLJKO\�HQHUJHWLF�EHWD�HPLVVLRQ��DQG�KDV�QR�DFFRPSDQ\LQJ�JDPPD� SKRWRQ� PDNLQJ� PRQLWRULQJ� VRPHZKDW�GLIILFXOW�� �5HVXOWV�KDYH�EHHQ�VLPLODU� WR�6U�����EXW�WR[LFLW\� WR� WKH� ERQH� PDUURZ� KDV� EHHQ� VHYHUH� DW�WKHUDSHXWLF� OHYHO DGPLQLVWUDWLRQV�� � 3KRVSKRUXV����KDV�DOVR�EHHQ�XVHG�LQ�WKHUDS\�RI�SRO\F\WKHPLD�YHUD�DQG�OHXNHPLD���0RVW�RI�WKH�LQIRUPDWLRQ�LQ�SDWLHQWV�LQ� UHJDUG� WR� ORFDOL]DWLRQ� DQG�GRVLPHWU\� KDV� FRPH�IURP�VWXGLHV�LQ�VXFK�SDWLHQWV�
7DEOH���� 3K\VLFDO�DQG�QXFOHDU�FKDUDFWHULVWLFV�RI�ERQH�VHHNLQJ�WKHUDSHXWLF�UDGLRQXFOLGHV��

0D[LPXP��� $YHUDJH��� $YHUDJHHQHUJ\ HQHUJ\ 5DQJH 7ò � SKRWRQ�0H9� �0H9�� �PP� �GD\V� �0H9�
6WURQWLXP��� ���� ���� ��� ���� 1RQH
3KRVSKRUXV��� ���� ���� ��� ���� 1RQH
7LQ����P ����� ��� ���� ���� ���������������� ��� ����
(UELXP������������������������� ���������������������������������������������������������������������������������������1RQH
/XWHWLXP��������������������������������������������������������������������������������������������������������������������������
5KHQLXP���� ���� ���� ���� ��� ����������
6DPDULXP���� ���� ���� ���� ��� �����������
+ROPLXP��������������������������������������������������������������������������������������������������������������������������
5KHQLXP������������������������������������������������������� ������������������������������������������������
�$UUDQJHG�LQ�RUGHU�RI�GHFUHDVLQJ�KDOI�OLIH�&RQYHUVLRQ�HOHFWURQV�ZLWK�GLVFUHWH�HQHUJLHV��DQG�UDQJH��
3KDUPDFRNLQHWLFV�� 7KH� DEVHQFH� RI� DQ\� JDPPD�HPLWWLQJ� LVRWRSH� RI� SKRVSKRUXV� KDV�PDGH D� VWXG\�RI�LWV�GLVWULEXWLRQ�DQG�ELRNLQHWLFV�LQ�KXPDQ�EHLQJV�H[WUHPHO\� GLIILFXOW�� � ,Q� D� VWXG\� LQ� DOELQR� UDWV��)ULHGHOO�DQG�6WRUDDVOL��������VKRZHG�WKDW�PRVW�RI�WKH�LQWUDSHULWRQHDOO\�DGPLQLVWHUHG���3�ZDV�WDNHQ�XS�LQ� WKH� VNHOHWRQ� ZLWK� OHVVHU� DPRXQWV� LQ� PXVFOH��GLJHVWLYH�WUDFW��OLYHU��VNLQ�DQG�EUDLQ��7KHUH�ZDV�QR�VHSDUDWLRQ�RI� VNHOHWRQ� LQWR�ERQH�DQG� UHG�PDUURZ��

$IWHU�WZR�ZHHNV������RI�WKH�DGPLQLVWHUHG�DFWLYLW\�KDG�EHHQ�H[FUHWHG������ZDV� LQ�ERQH�DQG�����LQ�WKH� YLVFHUD� DQG� PXVFXODWXUH�� 7KH� DXWKRUV�GHWHUPLQHG�WKDW�WKH�ELRORJLF�KDOI�OLIH�IRU�DFWLYLW\�LQ�WKH�VRIW�WLVVXHV�ZDV�DERXW���GD\V�DQG�RYHU����GD\V�IRU�ERQH��ERQH�DQG�PDUURZ�"��7KH� GLIIHUHQWLDO� DEVRUSWLRQ� UDWLR� RI� UDGLRDFWLYH�SKRVSKRUXV� LQ� SDWLHQWV�ZLWK� FDQFHU� RI� WKH� EUHDVW��VDUFRPD� RI� ERQH�� DQG� O\PSKRPD��ZDV� VWXGLHG� E\�
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.HQQHG\�HW�DO��������� 7KLV�UDWLR�ZDV�GHILQHG�DV�WKH� GLIIHUHQFH� LQ� FRQFHQWUDWLRQ� LQ� WKH� WLVVXH�H[DPLQHG� FRPSDUHG� WR� ZKDW� WKH� FRQFHQWUDWLRQ�ZRXOG�EH� LI� WKH� ��3�ZHUH� WR�EH�GLVWULEXWHG�HYHQO\�WKURXJKRXW�WKH�ERG\��7KHVH�UDWLRV�IRU�EUHDVW�FDQFHU�WLVVXH�UDQJHG�IURP�����WR�����LQ���SDWLHQWV�IURP���WR���GD\V�DIWHU�DGPLQLVWUDWLRQ��ZKHUHDV� LQ�QRUPDO�EUHDVW�WLVVXH�WKH�UDWLR�ZDV�����WR������2Q�WKH�RWKHU�KDQG�� WKH� UDWLR� LQ� RVWHRJHQLF� VDUFRPD� ZDV� PXFK�KLJKHU��XVXDOO\�IURP�����WR�DV�KLJK�DV������1RUPDO�ERQH� GLIIHUHQWLDO� DEVRUSWLRQ� UDWLRV� ZHUH� PRVWO\�OHVV� WKDQ�RQH�� ,Q� VRPH� WXPRU� VSHFLPHQV� WKH� UDWLR�ZDV� OHVV� WKDQ�RQH�� DWWULEXWDEOH� WR� WKH�SUHVHQFH�RI�QHFURVLV�LQ�WKH�VSHFLPHQV��,W�VKRXOG�EH�QRWHG�WKDW���RXW�RI���SDWLHQWV�KDG�KDG�FRQVLGHUDEOH�SUHRSHUDWLYH�UDGLDWLRQ VRPH� WLPH�SULRU� WR� WKH�VXUJHU\�DW�ZKLFK�WKH�VSHFLPHQV�ZHUH�REWDLQHG��
6WURQWLXP����FKORULGH��6WURQWLXP����LV�D�SXUH�EHWD�HPLWWHU�� � 7KH� PD[LPXP� EHWD� HQHUJ\� LV� KLJK� DQG�SHQHWUDWLRQ��DYHUDJH��LQ�VRIW�WLVVXH�LV�����PP���7KH�ORQJ� SK\VLFDO� KDOI�OLIH� PHDQV� WKDW ORZ�DGPLQLVWHUHG�DFWLYLW\�LV�JLYHQ�UHVXOWLQJ�LQ�D�UDWKHU�ORZ� LQLWLDO� GRVH� UDWH�� � ,Q� DGGLWLRQ�� LW� OLPLWV� WKH�SRVVLELOLW\� RI� UHSHDW� GRVHV� XQWLO� PXFK� DIWHU� WKH�LQLWLDO� GRVLQJ�� � 1HYHUWKHOHVV�� LW� KDV� SURYHQ�HIIHFWLYH��/HZLQJWRQ�HW�DO���������5RELQVRQ�HW�DO��������� 0F(ZDQ�� ������ .DWLQ� HW� DO��� ��������$EVHQFH� RI� DQ� DFFRPSDQ\LQJ� JDPPD� SKRWRQ�PDNHV� LW� GLIILFXOW�� EXW� QRW� LPSRVVLEOH�� WR�PRQLWRU�GLVWULEXWLRQ�� � 7KH� HQHUJHWLF� EHWDV� UHVXOW� LQ� D� ORZ�ERQH� WR�PDUURZ� GRVH� UDWLR� EXW�P\HORWR[LFLW\� KDV�QRW�EHHQ�D�PDMRU�IDFWRU�� :KLOH�LQGLYLGXDO�VWXGLHV�YDU\� LQ� UHVXOWV�� WKH� RYHUDOO� HIILFDF\� LQ� WHUPV� RI�SDWLHQWV� H[SHULHQFLQJ� SDLQ� UHOLHI� �FRPSOHWH� ��PDUNHG���PRGHUDWH��DSSHDUV�WR�EH�LQ�WKH�UDQJH�RI����� �0F(ZDQ�� ������ WR� ���� � �5RELQVRQ� HW� DO���������
3KDUPDFRNLQHWLFV��'HVSLWH� LWV�DSSURYHG�VWDWXV�E\�WKH� 8QLWHG� 6WDWHV� )RRG� DQG�'UXJ�$GPLQLVWUDWLRQ��0HWDVWURQ� �� $PHUVKDP� +HDOWKFDUH�� $UOLQJWRQ�+HLJKWV�� ,/��� WKHUH� LV� D� SDXFLW\� RI� GDWD� RQ� WKH�ELRNLQHWLFV� RI� ��6U�� 0XFK� RI� WKH� HDUO\� ZRUN� RQ�ELRGLVWULEXWLRQ� ZDV� SHUIRUPHG� LQ� RUGHU� WR� EHWWHU�XQGHUVWDQG�FDOFLXP�PHWDEROLVP�DQG�DOVR�WR�SUHGLFW�WKH� HIIHFWV� RI� IDOORXW� IURP� QXFOHDU� WHVWV��

&RQVHTXHQWO\�� WKHVH� VWXGLHV� ZHUH� SHUIRUPHG�IROORZLQJ�RUDO�DGPLQLVWUDWLRQ��,Q�DGGLWLRQ��WKH�ODFN�RI�JDPPD�SKRWRQV�KDV�PDGH� LW�GLIILFXOW� WR�REWDLQ�GDWD� UHJDUGLQJ� LQIRUPDWLRQ� JOHDQHG� IURP� LPDJLQJ�VWXGLHV� RI� ZKROH� ERG\� DQG� VSHFLILF� RUJDQ�GLVWULEXWLRQ��DOWKRXJK���6U�ZLWK�D�SK\VLFDO�KDOI�OLIH�RI� ��� GD\V� KDV� EHHQ� XVHG� DV� D� JDPPD�HPLWWLQJ�WUDFHU�� )XUWKHUPRUH�� VWXGLHV� KDYH� EHHQ� PRVWO\� LQ�SDWKRORJLFDO� VLWXDWLRQV�� ZKLFK� PDNHV� HDFK� FDVH�XQLTXH�XQWR�LWVHOI��&RKQ�HW�DO�������� FRPSDUHG�WKH�NLQHWLFV�RI� ��6U�DV� WKH�FKORULGH�ZLWK���&D�FKORULGH�LQ� D� JURXS� RI� SDWLHQWV� ZLWK� YDULRXV� EHQLJQ�FRQGLWLRQV�� 6LJQLILFDQW� GLIIHUHQFHV� EHWZHHQ�FDOFLXP�DQG�VWURQWLXP�ZHUH�REVHUYHG��0XFK�PRUH�RI� WKH� FDOFLXP�ZDV� UHWDLQHG� LQ� WKH� ERG\� DQG� WKH�UHQDO�FOHDUDQFH�ZDV�ORZHU��2YHU�WKH�SHULRG�IURP���WR� ��� GD\V� DIWHU� LQWUDYHQRXV� DGPLQLVWUDWLRQ� WKHUH�ZDV� D� WRWDO� ERG\� ORVV� RI� ������ SHU� GD\� RI� WKH�VWURQWLXP��7KLV�GHFUHDVHG�WR�DQ�DYHUDJH�RI�������SHU� GD\� LQ� WKH� SHULRG� �� WR� ��� GD\V� DIWHU�DGPLQLVWUDWLRQ��5HQDO�FOHDUDQFH�ZDV������OLWHUV�GD\�LQ�WKH�SHULRG������GD\V�DIWHU�DGPLQLVWUDWLRQ�DQG�D�WRWDO� RI� ������ RI� VWURQWLXP� ZDV� H[FUHWHG� LQ� WKH�XULQH� LQ� WKH� ILUVW� ��� GD\V�� )HFDO� H[FUHWLRQ� GXULQJ�WKLV� VDPH� SHULRG� ZDV� ������� 6WURQWLXP� ZDV�H[FUHWHG�SUHIHUHQWLDOO\�E\� WKH�NLGQH\V��LQ�FRQWUDVW�WR� FDOFLXP�� &RQVHTXHQWO\�� ZKROH� ERG\� UHWHQWLRQ�ZDV� OHVV� IRU� VWURQWLXP�� 7KHUH� ZDV� D� KLJKHU�SHUFHQWDJH�RI�FDOFLXP�UHWDLQHG�LQ�SODVPD�DQG�VRIW�WLVVXHV�� +RZHYHU�� DFFUHWLRQ� UDWHV� LQWR� ERQH�ZHUH�VLPLODU� IRU� WKH� WZR� HOHPHQWV�� 0DUVKDOO� �������GHVFULEHG�D�PRGHO�RI�VWURQWLXP�PHWDEROLVP�XVLQJ�D�SRZHU� IXQFWLRQ� IRU� ZKROH� ERG\� UHWHQWLRQ�� 7KH�FRPSRQHQWV� RI� VXFK� D� IXQFWLRQ� ZHUH� DV� IROORZV��DSSRVLWLRQ�DEVRUSWLRQ� UDWH�  � ����� SHU� \HDU��UHVRUSWLRQ�UDWH�RI�FDQFHOORXV�ERQH� ������SHU�\HDU�$�FRPSOLFDWLRQ�RI�DVVHVVLQJ�NLQHWLFV�RI���6U�LV�WKH�ORQJ� SK\VLFDO� KDOI�OLIH�� )RU� UDGLRQXFOLGHV� ZLWK� D�VKRUWHU� KDOI�OLIH�� WKH� GLVWULEXWLRQ� LQ� ERQH� FDQ� EH�FDOFXODWHG�DV�����RQ�WKH�VXUIDFH�RI�FRPSDFW�ERQH�DQG� ���� RQ� WKH� VXUIDFH� RI� WUDEHFXODU� ERQH��+RZHYHU��ZLWK�WKH�ORQJHU�OLYHG�UDGLRQXFOLGHV�VXFK�DV� ��6U�� WKH� GLVWULEXWLRQ�PXVW� EH� FRQVLGHUHG� RQ� D�YROXPH�UDWKHU�WKDQ�D�VXUIDFH�EDVLV��7KHUHIRUH��WKH�ODWHU�WLPH�GLVWULEXWLRQ�LV�LQ�D�UDWLR�RI������FRPSDFW�WR� WUDEHFXODU� ERQH�� 7HQ� VXEMHFWV�ZHUH� VWXGLHG� E\�8FKL\DPD� HW� DO�� ������� DIWHU� LQWUDYHQRXV�



%RQH�6HHNLQJ�7KHUDSHXWLF�5DGLRSKDUPDFHXWLFDOV

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

��
DGPLQLVWUDWLRQ�RI���6U��6L[�RI�WKHVH�KDG�D�GLDJQRVLV�RI� RVWHRSRURVLV�� 5HWHQWLRQ� ZDV� GHWHUPLQHG� E\�PHDVXULQJ� XULQDU\� DQG� IHFDO� H[FUHWLRQ� RYHU� D�SHULRG�RI���WR����GD\V��7KH�UHWHQWLRQ�FXUYHV�ZHUH�ILWWHG�E\�D�VXP�RI�WZR�H[SRQHQWLDO�IXQFWLRQV��7KH�PRUH� UDSLG� FRPSRQHQW� ������������YDULHG�ZLWK� D�7ò� IURP� ���� WR� ���� GD\V�� 7KH� 7ò� RI� VORZHU�FRPSRQHQW� ������������� YDULHG� IURP� �����������GD\V�� %UHHQ� HW� DO�� ������� � VWXGLHG� �� PDOHV� ZLWK�SURVWDWH�FDUFLQRPD�ZLWK�YDULDEOH�H[WHQW RI�GLVHDVH��7KH\�PHDVXUHG�ZKROH�ERG\�UHWHQWLRQ�E\�PHDQV�RI�XULQDU\�DFWLYLW\�OHYHOV�RYHU�D�SHULRG�RI���GD\V��DQG�HYDOXDWHG� EORRG� OHYHOV� RYHU� D� SHULRG� RI� �� GD\V��,PDJLQJ�ZDV�SHUIRUPHG�LQ���RI�WKH�VXEMHFWV�XVLQJ�WKH� IDU� IURP� LGHDO� ��6U��:KROH�ERG\� LPDJHV�ZHUH�REWDLQHG� DW� LQWHUYDOV� IRU� XS� WR� �� ZHHNV�� :KLOH�DFWXDO� QXPEHUV� DUH� QRW� JLYHQ� LQ� WKH� UHSRUW�� WKHUH�ZDV�D�ZLGH�GLVSDULW\�LQ�ZKROH�ERG\�UHWHQWLRQ�DIWHU��� GD\V�� UDQJLQJ� IURP� DERXW� ���� WR� ����� 7KH�IUDFWLRQ�RI�DGPLQLVWHUHG�DFWLYLW\�LQ�WKH�SODVPD�DW���GD\�DQG�EH\RQG�VKRZHG�PXFK�OHVV�YDULDWLRQ��7KH�UHQDO� SODVPD� FOHDUDQFH� UDWHV� YDULHG� IURP� ������OLWHUV�SHU�GD\�WR����������OLWHUV�SHU�GD\��$OWKRXJK�LPDJLQJ� LQGLFDWHG� WKDW� WKHUH� ZDV� VRPH� ERZHO�H[FUHWLRQ�� LW� FRXOG� QRW� EH� TXDQWLILHG� DQG� GLG� QRW�HQWHU� LQWR� GRVH� FDOFXODWLRQV�� &RQFHQWUDWLRQ� RI�VWURQWLXP�LQ�ERQH� OHVLRQV�ZDV�IURP��� WR����WLPHV�WKDW� LQ� QRUPDO� ERQH�� 7KH� ELRORJLFDO� KDOI� WLPHV�ZHUH� DOVR� YHU\� YDULDEOH�� ,Q� QRUPDO� ERQH� WKH\�UDQJHG� IURP� ����� WR� ������� GD\V� ZKLOH� LQ�PHWDVWDWLF� VLWHV� WKH� UDQJH� ZDV� IURP� ����� WR��������GD\V�
6DPDULXP�����('703��7KLV�UDGLRSKDUPDFHXWLFDO�KDV�D�VKRUW�SK\VLFDO�KDOI�OLIH�RI�����GD\V���7KLV�FDQ�EH� DGYDQWDJHRXV� LQ� WKDW� LW� LV� HDVLHU� WR� DGPLQLVWHU�UHSHDWHG�GRVHV���+RZHYHU��LW�PDNHV�PDQXIDFWXULQJ�DQG�GHOLYHU\�D�PRUH�GLIILFXOW�SUREOHP���7KH�UDQJH�RI LWV� EHWD� SDUWLFOHV� LV� VKRUW� �DYHUDJH� ����� PP��UHVXOWLQJ� LQ� JRRG� ERQH� WR� PDUURZ� UDWLRV� UDQJLQJ�EHWZHHQ� ������� � 0\HORWR[LFLW\� KDV� EHHQ�PDQDJHDEOH� DW� WKH� DSSURYHG� GRVH� VFKHGXOH� ���P&L�NJ���DQG�HIILFDF\�LV�LQ�D�VLPLODU�UDQJH�DV�6U�����7XUQHU� DQG� &ODULQJEROG�� ������ )DUKDQJL� HW� DO���������&ROOLQV�HW�DO���������5HVFKH�HW�DO�����������$W�KLJK�OHYHOV�RI�DGPLQLVWHUHG�6P������DQ�LQFUHDVH�LQ�VXUYLYDO�RI�SDWLHQWV�ZLWK�PHWDVWDWLF�SURVWDWH�FDQFHU�

ZDV� GHPRQVWUDWHG�� EXW� DW� WKH� FRVW� RI� VHYHUH�P\HORWR[LFLW\��&ROOLQV�HW�DO���������
3KDUPDFRNLQHWLFV�� $� VHULHV� RI� FKHODWHV� ODEHOHG�ZLWK� ���6P�� DQ� HDVLO\� SURGXFHG� UDGLRQXFOLGH��ZDV�VWXGLHG�E\�*RHFNOHU�HW�DO�������� IRU�WKH�SXUSRVH�RI� GHYHORSLQJ� DQ� DJHQW� ZLWK� D� UHODWLYHO\� VKRUW�SK\VLFDO� KDOI�OLIH�� EHWD� HPLVVLRQV� ZLWK� D� VKRUW�UDQJH� LQ� WLVVXH� LQ� RUGHU� WR� UHGXFH� PDUURZ� GRVH��DQG� D� VXLWDEOH� JDPPD� HPLVVLRQ� IRU� PRQLWRULQJ�GLVWULEXWLRQ�� 7KH� FKHODWH�� ZKLFK� JDYH� WKH� EHVW�GLVWULEXWLRQ� LQ� UDWV�� ZDV� HWK\OHQHGLDPLQH�WHWUDPHWK\OHQH� SKRVSKRQDWH� �('703��� � ,W� ZDV�IRXQG� WKDW� ������������ ZDV� GHSRVLWHG LQ� WKH�VNHOHWRQ��ZKLOH� EORRG�DFWLYLW\�ZDV��������������DQG� OLYHU� ZDV� ������������� RI� DGPLQLVWHUHG�DFWLYLW\� DW� �� KRXUV�� 7KH� ERQH�EORRG� UDWLR� ZDV�����r����� DQG� ERQH�PXVFOH� UDWLR� ����r�����8ULQDU\�H[FUHWLRQ�ZDV�HYHQ�PRUH� UDSLG� WKDQ�ZLWK���P7F�0'3�ZLWK�H[FUHWLRQ�FRPSOHWH�E\���KRXUV��%RQH� XSWDNH� UHDFKHG� D� PD[LPXP� DW� �� KRXU��6WXGLHV� LQ� KXPDQ� EHLQJV� �6LQJK� HW� DO��� ������VKRZHG� QHDUO\� LGHQWLFDO� GLVWULEXWLRQ� RI� ���6P�('703�DQG� ��P7F�0'3�ZLWK�YHU\�VLPLODU� OHVLRQ�WR� QRUPDO� ERQH� UDWLRV�� 7KH� SHUFHQW� DGPLQLVWHUHG�DFWLYLW\� UHPDLQLQJ� LQ� ZKROH� EORRG� ZDV�����r������DW���KRXUV�DQG�����r������DW���KRXUV��&XPXODWLYH�XULQDU\�H[FUHWLRQ�ZDV�RYHU�����E\���KRXUV� DQG� UHPDLQHG� XQFKDQJHG� WKHUHDIWHU�� $�VRPHZKDW�ODUJHU�VHULHV�RI�SDWLHQWV�ZDV�VWXGLHG�E\�%D\RXWK� HW� DO�� �������� 7KH� LQLWLDO� 7ò� RI� EORRG�GLVDSSHDUDQFH�ZDV� ���r����PLQXWHV� DQG� D� VORZHU�FRPSRQHQW�ZDV�����r����PLQXWHV��7KH\�IRXQG�OHVV�WKDQ����RI�WKH�LQMHFWHG�DFWLYLW\�UHPDLQLQJ�LQ�EORRG�DW���KRXUV��6NHOHWDO�XSWDNH�DYHUDJHG�����r�������7KH� ELRORJLFDO� 7ò� IRU� ZKROH� ERG\� UHWHQWLRQ��DVVXPHG�WR�EH�LQ�WKH�VNHOHWRQ��ZDV�GHWHUPLQHG�WR�EH�����KRXUV�
5KHQLXP����� +('3�� 7KH� SK\VLFDO� KDOI�OLIH� RI�UKHQLXP�����LV�����GD\V���7KLV�LV�ORQJ�HQRXJK�WKDW�VKLSPHQW�DQG�VKHOI�OLIH�DUH�OHVV�RI�D�SUREOHP�WKDQ�ZLWK� VDPDULXP������ � ,W� LV� VKRUW� HQRXJK� WKDW�UHSHDWHG� GRVHV� FRXOG� EH� JLYHQ� RYHU� D� UHODWLYHO\�VKRUW� SHULRG� RI� WLPH�� �+RZHYHU�� WKH� DYHUDJH� EHWD�HQHUJ\� LV� FRQVLGHUDEO\� KLJKHU� WKDQ� WKDW� RI�VDPDULXP������ DQG� FRQVHTXHQWO\� WKH� UDQJH� LV�



6ULYDVWDYD��6��&�

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

��
ORQJHU� VR� WKDW�� DW� OHDVW� WKHRUHWLFDOO\�� LW� LV� OHVV�VSDULQJ� RI� WKH� ERQH� PDUURZ� 7KH� GRVH� UDWLR� RI�ERQH� WR�PDUURZ� LV� QRW� SDUWLFXODUO\� IDYRUDEOH� DQG�WKH� FRPSRXQG� LV� OHVV� VWDEOH� WKDQ� WKH� RWKHU�UDGLRSKDUPDFHXWLFDOV�XQGHU�GLVFXVVLRQ� �0D[RQ�HW�DO���������GH.OHUN�HW�DO���������
3KDUPDFRNLQHWLFV� 5KHQLXP����� KDV� HQHUJHWLF�EHWD� HPLVVLRQV� DV ZHOO� DV� D� SKRWRQ� VXLWDEOH� IRU�JDPPD� LPDJLQJ� �7DEOH� ���� 7KLV� FRPELQDWLRQ�VXJJHVWHG� LWV� XVHIXOQHVV� IRU� WKHUDS\� LQ� SDLQIXO�ERQ\� PHWDVWDVHV�� 0HWKRGV� IRU� ODEHOLQJ� WKH�UDGLRQXFOLGH� WR� K\GUR[\HWK\OLGHQH� GLSKRVSKRQDWH��+('3�� ZHUH� VWXGLHG� E\� 0DWKLHX� ������ DQG�(LVHQKXW�������� 7KH�ILUVW�VWXGLHV�LQ�KXPDQV�ZHUH�UHSRUWHG� E\� 0D[RQ� ������� 7KHVH� VWXGLHV� ZHUH�SHUIRUPHG� RQ� SDWLHQWV� ZLWK� H[WHQVLYH� ERQH�LQYROYHPHQW� E\� PDOLJQDQF\�� 7KHUHIRUH�� WKH�GLVWULEXWLRQ� LV� QRW� H[DFWO\� WKDW� ZKLFK� ZRXOG� EH�REWDLQHG� LQ� QRUPDO� LQGLYLGXDOV� DQG� LV� H[WUHPHO\�

YDULDEOH� IURP�RQH�SDWLHQW� WR�DQRWKHU��'LVWULEXWLRQ�ZDV�YHU\�VLPLODU�WR���P7F�0'3�LPDJHV�SHUIRUPHG�RQ� WKH� VDPH� SDWLHQWV�� %ORRG� GLVDSSHDUDQFH� ZDV�UDSLG�ZLWK�����RI�DGPLQLVWHUHG�DFWLYLW\�UHPDLQLQJ�DW� ��� PLQXWHV�� &XPXODWLYH� UHQDO� H[FUHWLRQ� ZDV����� DW� �� KRXUV� DQG� ���� E\� �� GD\V�� $� PRUH�GHWDLOHG�VWXG\�RI�SKDUPDFRNLQHWLFV�ZDV�FDUULHG�RXW�E\� GH� .OHUN� HW� DO�� ������� LQ� ��� SDWLHQWV�� 7KH�IUDFWLRQ�RI�WKH�FOHDUHG�UDGLRDFWLYLW\�DYHUDJHG������ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI�������,Q����KRXUV�WKHUH�ZDV� D� WRWDO� XULQDU\� H[FUHWLRQ� RI� ������� 3URWHLQ�ELQGLQJ� RI� ���5(�+('3� LQ� SODVPD� ZDV� IRXQG� WR�LQFUHDVH�ZLWK� WLPH� IURP�������WR��������2WKHU�SKDUPDFRNLQHWLF� YDOXHV� DUH� VKRZQ� LQ� 7DEOH� ���7KHVH� DXWKRUV� DOVR� XWLOL]HG� WKH� ERQH� VFDQ� LQGH[��%6,��RI�%ODNH����������7KHUH�ZDV� DV�H[SHFWHG��D�JRRG� FRUUHODWLRQ� RI� WKH� %6,� ZLWK� WKH� QRQ�UHQDO�IUDFWLRQ� RI� DFWLYLW\� DQG� ZLWK� WKH� YROXPH� RI�GLVWULEXWLRQ�
7DEOH�� � 3KDUPDFRNLQHWLFV�RI�UKHQLXP�����+('3�3DUDPHWHU %ORRG 3ODVPD 3ODVPD:DWHU�
+DOI�OLIH���K� �������� �������� ��������7RWDO�FOHDUDQFH��P��PLQ� ����� ���� ������5HQDO�FOHDUDQFH��P��PLQ� ���� ���� �����1RQ�UHQDO�FOHDUDQFH���P��PLQ� ����� ���� �����'LVWULE��9RO���/�NJ� �������
$GDSWHG�IURP�GH�.OHUN�HW�DO����������9DOXHV�DUH�PHDQ�� 6'�
7LQ����P� 6WDQQLF� '73$� $W� WKLV� WLPH� RQO\�OLPLWHG�FOLQLFDO�H[SHULHQFH�KDV�EHHQ�REWDLQHG�ZLWK�WKLV� FRPSRXQG� �$WNLQV� HW� DO��� ������$WNLQV� HW� DO��������.ULVKQDPXUWK\�HW�DO���������6ULYDVWDYD�HW�DO���������� � ,WV� SK\VLFDO� FKDUDFWHULVWLFV� DUH� YHU\�IDYRUDEOH�� � 7KH� UDQJH� RI� WKH� HOHFWURQ� HPLVVLRQ��PRQRHQHUJHWLF� FRQYHUVLRQ� HOHFWURQV�� LV� OHVV� WKDQ�WKDW� RI DQ\� RI� WKH� RWKHU� FRPSRXQGV� VR� WKDW� WKH�UDGLDWLRQ� DEVRUEHG� GRVH� WR� WKH� PDUURZ� LV�FRQVLGHUDEO\�OHVV��JLYLQJ�WKH�EHVW�ERQH�WR�PDUURZ�UDWLR��7DEOH������7KH�LQLWLDO�GRVH�UDWH�LV�KLJKHU�WKDQ�WKDW�REWDLQHG�ZLWK�VWURQWLXP����DQG�WKH�KDOI�OLIH�LV�LGHDO� VR� IDU� DV� VKLSPHQW� DQG� VKHOI� OLIH� DUH�FRQFHUQHG�� � ,WV� LQ�YLWUR� DQG� LQ�YLYR� VWDELOLW\� DUH�YHU\� KLJK� �6ULYDVWDYD� HW� DO��� ������� � $Q�

DFFRPSDQ\LQJ� JDPPD� SKRWRQ� LV� XVHIXO� IRU�PRQLWRULQJ�� � 5HVXOWV� VR� IDU� LQGLFDWH� D� YHU\� ORZ�P\HORWR[LFLW\��7DEOH����DQG�WKH�HIILFDF\�LV�VLPLODU�WR�WKH�RWKHU�FRPSRXQGV��6ULYDVWDYD�HW�DO����������
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7DEOH�� � 'RVLPHWU\��RI��ERQH�DJHQWV
 5DGLDWLRQ�'RVH��UDG�P&L%RQH 5HG %RQH�0DUURZ�'RVH6XUIDFHV 0DUURZ 5DWLR
6WURQWLXP���&O� ���� ���� ���5KHQLXP�����+('3 ��� ��� ���6DPDULXP�����('703 ���� ��� ����7LQ����P�6WDQQLF�'73$ ���� ��� ���

'DWD�IURP�OLWHUDWXUH��6ULYDVWDYD�HW�DO���������
3KDUPDFRNLQHWLFV� 7LQ����P� GLIIHUV� IURP� WKH�RWKHU� WKHUDSHXWLF� DJHQWV� LQ� WKDW� LWV� SULPDU\�HPLVVLRQ� LV� FRQYHUVLRQ� HOHFWURQV� RI� GLVFUHWH�HQHUJLHV�� 7KHVH� DUH� DOVR� DFFRPSDQLHG� E\� DQ�H[FHOOHQW� JDPPD� SKRWRQ� IRU� PRQLWRULQJ�GLVWULEXWLRQ��7KH�OLPLWHG�SHQHWUDWLRQ�RI�FRQYHUVLRQ�HOHFWURQV�WKHRUHWLFDOO\�VKRXOG�UHGXFH�WKH�DEVRUEHG�GRVH� WR� WKH� UHG� PDUURZ�� 6WXGLHV� LQ� DQLPDOV��6ULYDVWDYD� HW� DO��� ����� GHPRQVWUDWHG� WKDW� WKH�VWDQQLF� IRUP� RI� 6Q�'73$� EHKDYHG� PXFK�

GLIIHUHQWO\� IURP� WKH� VWDQQRXV� IRUP�� ,W� ZDV� QRW�UDSLGO\�H[FUHWHG�LQWR�WKH�XULQH��DV�H[SHFWHG��EXW�LW�LV� UHWDLQHG� WR� D� FRQVLGHUDEOH� H[WHQW� LQ� ERQH��)XUWKHU�VWXGLHV��2VWHU�HW� O���������VKRZHG�WKDW� LWV�EHKDYLRU�PLPLFNHG� WKDW�RI� ��P7&�0'3� LQ�FHUWDLQ��SDWKRORJLFDO� FRQGLWLRQV�� 7KH� ELRGLVWULEXWLRQ� ZDV�VWXGLHG� LQ� � D� JURXS� RI� SDWLHQWV� ZLWK� DGYDQFHG�PHWDVWDWLF� GLVHDVH� IURP� YDULRXV� SULPDU\�PDOLJQDQFLHV�
7DEOH�� � 0\HORWR[LFLW\�/HYHOV�RI�5DGLRSKDUPDFHXWLFDOV�IRU�%RQH�3DLQ�3DOOLDWLRQ��6ULYDVWDYD�HW�DO���������1R�RI�3DWLHQWV�ZLWK�*UDGH�! �'RVH�*URXS 7R[LFLW\
5DGLRSKDUPDFHXWLFDO �P&L�.J������������ Q :%&��������������������3ODWHOHWV
6U����&O� ������������������������������������������������������ �������������� ��� ���������������������������
5H�����+('3 ������������������������� ��������� ����������
6P�����('703 ����������������� �� ��������� ��������������� � ��������� ��������������� � ���������� ����������
6Q����P�'73$������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������ �����������
�8VLQJ�1&,�FULWHULD��2QO\�KHPDWRORJLFDO�WR[LFLW\#�JUDGH�! ��PHQWLRQHG�
7KH�GLVDSSHDUDQFH�UDWH�IURP�EORRG�DSSHDUHG�WR�EH�FRQVLGHUDEO\� VORZHU� WKDQ� RWKHU� ERQH� DJHQWV� DQG�XULQDU\�H[FUHWLRQ�VORZHU��+RZHYHU��EHFDXVH�RI�LWV�

UDWKHU� ORQJ� SK\VLFDO� KDOI�OLIH� UHODWLYH� WR� WKHVH�ELRORJLF� SDUDPHWHUV�� WKLV� LV� QRW� D� SUREOHP� IRU�UDGLDWLRQ�DEVRUEHG�GRVH�HVWLPDWHV��2QFH�ORFDOL]HG�
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LQ�ERQH��WKH����P6Q�DSSHDUV�WR�UHPDLQ�IL[HG�ZLWK�QR�RU� H[WUHPHO\� VORZ� UHOHDVH� RWKHU� WKDQ� WKURXJK�SK\VLFDO� GHFD\� �$WNLQV� HW� DO��� �������$SSUR[LPDWHO\�����LV� WDNHQ�XS�E\�ERQH��EXW�WKLV�

LV� KLJKO\� YDULDEOH� DQG� GHSHQGV� RQ� WKH� H[WHQW� RI�GLVHDVH�� ,PDJLQJ� VWXGLHV� KDYH� VKRZQ�QR� IRFXV� RI�XSWDNH� RWKHU� WKDQ� ERQH�� 7KH� ELRORJLF� SDUDPHWHUV�DUH�VKRZQ�LQ�7DEOH���
7DEOH�� � 3KDUPDFRNLQHWLFV�RI�6Q����P����'73$��.ULVKQDPXUWK\�HW�DO���������3ODVPD�GLVDSSHDUDQFH 8ULQDU\�H[FUHWLRQ&RPSRQHQW 7�ò��K� � 7�ò� �
� ������������������������������� ������������������� ����
� ���������� �������� ����� ����
7+(5$3<�2)�&$1&(5�,1�%21(
7KH� FRPSRXQGV� GLVFXVVHG� DERYH� KDYH� EHHQ�FRQVLGHUHG� SULPDULO\� DV� DJHQWV� WR� SURYLGH� SDLQ�SDOOLDWLRQ� LQ� IDU� DGYDQFHG� PHWDVWDVHV� LQYROYLQJ�ERQH���7KH�UHTXLUHPHQWV�IRU�DFKLHYLQJ�WKLV�SXUSRVH�DUH� UDWKHU� PRGHVW�� � ,W� LV� QRW� QHFHVVDU\� WR� REWDLQ�PXFK�WXPRU�UHJUHVVLRQ�DQG�LW�LV�GHVLUDEOH�WR�DYRLG�VLJQLILFDQW�WR[LFLW\���7KHUHIRUH��IRU�DFKLHYLQJ�SDLQ�SDOOLDWLRQ�� LW� LV� QRW� QHFHVVDU\� WR DGPLQLVWHU� WKH�KLJKHVW�GRVHV�SRVVLEOH�+RZHYHU�� WKHUH�DUH�KLQWV� WKDW�PRUH� WKDQ� MXVW�SDLQ�SDOOLDWLRQ� FDQ� EH� DFKLHYHG� LQ� WKH� DSSURSULDWH�FOLQLFDO�VLWXDWLRQ���2XU�GDWD�LQGLFDWH�WKDW�DQ�HDUOLHU�RQVHW� RI� UHVSRQVH� RFFXUV� ZLWK� KLJKHU� OHYHOV� RI�DGPLQLVWHUHG� WLQ����P� DFWLYLW\� �6ULYDVWDYD� HW� DO���������� � 7KH� 7UDQV�&DQDGD� 6WXG\� SHUIRUPHG�ZLWK�KLJK� GRVHV� RI� VWURQWLXP���� LQ� SDWLHQWV� ZLWK�UHODWLYHO\� HDUO\�PHWDVWDWLF� GLVHDVH� RI� WKH� SURVWDWH�GHPRQVWUDWHG�WKDW��DV�DQ�DGMXYDQW�WR�H[WHUQDO�EHDP�WUHDWPHQW�� WKH� LQWHUYDO� WR� QHZ SDLQIXO�PHWDVWDVHV�FRXOG� EH� VLJQLILFDQWO\� OHQJWKHQHG� �3RUWHU� HW� DO���������� � ,Q� DGGLWLRQ�� RWKHUV� KDYH� GHPRQVWUDWHG�UHYHUVDO� RI� FKDQJHV� RQ� WKH� UDGLRQXFOLGH� ERQH�LPDJLQJ�VWXG\�ZLWK�VWURQWLXP�����5RELQVRQ�HW�DO���������� � 5DGLRJUDSKV� IROORZLQJ� UDGLRQXFOLGH�WKHUDS\� KDYH� VKRZQ� KHDOLQJ� RI� O\WLF� PHWDVWDVHV��)ULHGHOO� DQG� 6WRUDDVOL�� ������ )RVVD� HW� DO��� ������WKXV�GHPRQVWUDWLQJ� WKDW� WXPRU� UHJUHVVLRQ�DFWXDOO\�FDQ�RFFXU�� � ,W�KDV�DOVR�EHHQ�VKRZQ�WKDW� WUHDWPHQW�RI� HDUOLHU� GLVHDVH� LV� PRUH� VXFFHVVIXO� WKDQ� WKH�WUHDWPHQW�RI�PRUH�DGYDQFHG�GLVHDVH��3URORQJDWLRQ�RI� VXUYLYDO� KDV� EHHQ� UHSRUWHG� XVLQJ� YHU\� KLJK�GRVHV� ����� P&L�NJ�� RI� VDPDULXP����� ('703��&ROOLQV�HW�DO�����������7KLV�KDV�EHHQ�DWWDLQHG�DW�WKH�

H[SHQVH� RI� LQFUHDVHG� PRUELGLW\� DV� HYLGHQFHG� E\�JUHDWHU�LQFUHDVH�LQ�P\HORWR[LFLW\�2Q� WKH� EDVLV� RI� WKHVH� ILQGLQJV� LW� LV� UHDVRQDEOH� WR�ORRN�DW�WKHVH�DJHQWV�LQ�RWKHU�VLWXDWLRQV���7KH\�PD\�EH� YHU\� XVHIXO� DV� DGMXYDQW� WR� H[WHUQDO� EHDP�UDGLDWLRQ� WKHUDS\� DQG� FKHPRWKHUDS\�� � ,Q� SULPDU\�ERQH�PDOLJQDQF\� WKH� XVH� RI� UDGLRQXFOLGH� WKHUDS\�DV� DQ� DGMXYDQW� WR� VXUJHU\� PD\� SUHYHQW� WKH�DSSHDUDQFH� RI� PHWDVWDWLF� GLVHDVH�� � (DUOLHU�DSSOLFDWLRQ�RI�WKHVH�DJHQWV�LQ�D�SURSK\ODFWLF�PRGH�DSSHDUV� ZDUUDQWHG�� � 7KHLU� HDVH� RI� DGPLQLVWUDWLRQ�DQG� UHODWLYH� ODFN� RI� WR[LFLW\� SUHVHQW� D� VWURQJ�DUJXPHQW� IRU� WKLV� DSSURDFK�� � ,I� KLJKHU� GRVHV� GR�SURYH�WR�EH�DGYDQWDJHRXV��WKHQ�WKDW�DJHQW�ZLWK�WKH�ORZHVW� WR[LFLW\� VKRXOG� EH� FRQVLGHUHG� DV� WKH�PRVW�DSSURSULDWH� FDQGLGDWH�� � 7LQ����P� VWDQQLF� '73$�DSSHDUV�WR�EH�WKH�DJHQW�RI�FKRLFH�LI�IXWXUH�VWXGLHV��DQ� H[WHQGHG� 3KDVH� ,,�3KDVH� ,,,� FOLQLFDO� WULDO� LV�XQGHUZD\�� FRQWLQXH� WR� GHPRQVWUDWH UHGXFHG�WR[LFLW\�FRPSDUHG�WR�WKH�RWKHU�DJHQWV��LQ�SDUWLFXODU�VWURQWLXP���� DQG� VDPDULXP������ ,Q� VXPPDU\��JRLQJ�EH\RQG�ERQH�SDLQ�SDOOLDWLRQ��WKH�XVH�RI�WKHVH�ERQH�VHHNLQJ� UDGLRSKDUPDFHXWLFDOV� WR� DFWXDOO\�WUHDW� WKH� SULPDU\�PHWDVWDWLF� FDQFHU� LQ� ERQH� LV�FRQVLGHUHG�WR�EH�D�YHU\�DWWUDFWLYH�SURVSHFW�
5$',$7,21�6<129(&720<
5DGLDWLRQ�V\QRYHFWRP\�LV�DQ�DWWUDFWLYH�DOWHUQDWLYH�WR� FKHPLFDO� RU� VXUJLFDO� V\QRYHFWRP\� IRU� WKH�WUHDWPHQW� RI� LQIODPPDWRU\� V\QRYLDO� GLVHDVH��LQFOXGLQJ�UKHXPDWRLG�DUWKULWLV��DV�ZHOO�DV�WR�VRPH�H[WHQW�� RVWHRDUWKULWLV�� 7KH� SURFHGXUH� HQWDLOV� D�VLQJOH� LQMHFWLRQ� RI� D� EHWD�HPLWWLQJ�UDGLRSKDUPDFHXWLFDO�GLUHFWO\�LQWR�WKH�V\QRYLXP�WR�
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FRQWURO� DQG� DEODWH� LQIODPPDWLRQ�� � 7KH� LQMHFWHG�DJHQWV�� W\SLFDOO\�FROORLGV�RU�ODUJHU�DJJUHJDWHV��DUH�DVVXPHG� WR� EH� UDSLGO\� SKDJRF\WL]HG� E\�V\QRYLRF\WHV� DQG� WKHQ� GLVWULEXWHG� ZLWKLQ� WKH�V\QRYLXP�� SULPDULO\� DW� WKH� VXUIDFH�� � 7KH� PRVW�FRPPRQ� DJHQWV� KDYH� EHHQ� UDGLRFROORLGV� RU�PDFURDJJUHJDWHV� HPSOR\LQJ� KLJK�HQHUJ\� EHWD�HPLWWHUV�� <����� $X������ '\������ DQG� 5H������'HXWVFK� HW� DO��� ������� �:KLOH� WKHVH� DJHQWV� KDYH�VKRZQ� JRRG� UHVXOWV�� WKH\� DUH� QRW� ZLGHO\� XVHG�HVSHFLDOO\� LQ� WKH�8QLWHG�6WDWHV�� �$OO�GLVSOD\�VRPH�GHJUHH� RI� OHDNDJH� RI� WKH� UDGLRQXFOLGH� IURP� WKH�MRLQWV� OHDGLQJ� WR� DQ� LQFUHDVHG� UDGLDWLRQ� GRVH� WRQRUPDO� RUJDQV�� � 7KH� VL]H� RI� WKHVH� UDGLRODEHOHG�SDUWLFOHV� FDQQRW� EH� DGHTXDWHO\� FRQWUROOHG� GXULQJ�IRUPDWLRQ��DQG� LW� LV�DVVXPHG� WKDW� VPDOO� ������P��SDUWLFOHV� OHDN� IURP� WKH� V\QRYLXP� RYHU� WLPH���+RZHYHU�� D� QHZ� W\SH� RI� SDUWLFOH�� PDGH� IURP�K\GUR[\DSDWLWH� �+$��� D QDWXUDO� FRQVWLWXHQW� RI�ERQH�� KDV� EHFRPH� FRPPHUFLDOO\� DYDLODEOH� LQ�YDULRXV� FRQWUROOHG� VL]HV� UDQJLQJ� IURP��� � ����P���5HVHDUFK� LQWHUHVW� KDV� WKXV� IRFXVHG� UHFHQWO\� RQ�LQFRUSRUDWLQJ� +$� SDUWLFOHV� LQWR� QHZ� DJHQWV� IRU�UDGLDWLRQ� V\QRYHFWRP\�� � ,QLWLDO� VWXGLHV� LQ� UDEELWV�ZLWK�DQWLJHQ�LQGXFHG�DUWKULWLV��$,$��XVLQJ�6P�����ODEHOHG� +$�� VKRZHG� PLQLPDO� OHDNDJH� RI� DFWLYLW\�������� RYHU� IRXU� GD\V�� IURP� WKH� WUHDWHG� MRLQW�FRPSDUHG� WR� OHDNDJH� UDWHV� REWDLQHG� ZLWK� RWKHU�UDGLRFROORLG�DJHQWV�����������5HVXOWV�ZLWK�5H�����+$�� KRZHYHU�� VKRZHG� ������ OHDNDJH� RYHU� IRXU�GD\V��&KLQRO�HW�DO���������7KH� SUHVXPHG� KHWHURJHQHRXV� GLVWULEXWLRQ� RI�UDGLRQXFOLGH� ZLWKLQ� WKH� V\QRYLXP� KDV� OLPLWHG�H[LVWLQJ� DJHQWV� WR� RQO\� WKRVH� ODEHOHG� ZLWK� KLJK�HQHUJ\� EHWD� HPLWWHUV�� � ,W� LV� SUHVXPHG� WKDW� WKH�ORQJHU�UDQJH RI�WKHVH�SDUWLFOHV�LV�QHFHVVDU\�WR�WUHDW�PHGLXP� WR� ODUJH� VL]HG� MRLQWV�� � +RZHYHU�� ORZ�HQHUJ\� EHWD� HPLWWHUV� PD\� EH� HTXDOO\� RU� PRUH�HIIHFWLYH� LQ� UHGXFLQJ� LQIODPPDWLRQ� IRU� VPDOO� WR�PHGLXP� MRLQWV�VLQFH�D�PXFK�ODUJHU�UDGLDWLRQ�GRVH�FRXOG� EH� GHOLYHUHG� WR� WKH� V\QRYLXP� ZLWKRXW�H[FHVVLYH� LUUDGLDWLRQ� RI� VXUURXQGLQJ� WLVVXH�� � 7KLV�FRXOG� EH� DQDORJRXV� WR� WKH� HIIHFWLYHQHVV� RI� WKH�VKRUW�UDQJH� FRQYHUVLRQ� HOHFWURQV� IURP� 6Q����P�IRU� ERQH� SDLQ� SDOOLDWLRQ�� FRPSDUHG� WR� WKH� KLJK�HQHUJ\� EHWD� HPLWWHU� 6U���� �6ULYDVWDYD�� ������6ULYDVWDYD� DQG� 'DGDFKRYD�� ������� � 7KH� RQO\�FOLQLFDO� H[DPSOHV� WR� GDWH� IRU� WUHDWLQJ� V\QRYLDO�LQIODPPDWLRQ� XVLQJ� D� ORZ�HQHUJ\� EHWD� HPLWWHU� LV�WKH� XVH� RI� (U����� �£� DYJ� ���� NH9�� FROORLGV� WR�WUHDW� LQIODPPDWLRQ� LQ� WKH� VPDOO� ILQJHU� MRLQWV��'HXWVFK� HW� DO��� ������� � %DVHG RQ� YDULRXV�FRQVLGHUDWLRQV�� DSSURSULDWH�VL]H� SDUWLFOHV� ODEHOHG�

ZLWK� � 6Q����P��6P������ DQG�(U�����ZRXOG� VHHP�WR� EH� WKH� DJHQWV� RI� FKRLFH� IRU� UDGLDWLRQ�V\QRYHFWRP\�
5(6802
5DGLRIiUPDFRV� SDUD� WHUDSLD� HP� QtYHO� yVVHR� VmR�XWLOL]DGRV�GHYLGR�D�HPLVVmR�GH�UDGLDomR�SDUWLFXODU�SHOR�UDGLRQXFOtGHR��SULPDULDPHQWH�EHWD�GH�EDL[D�H�PpGLD��� � 3RUWDQWR�� DV� QHFHVVLGDGHV� VmR� GLIHUHQWHV�GDTXHODV� XVDGDV� SDUD� LPDJHP� yVVHD� TXH� FRQVLVWH�SULQFLSDOPHQWH� GH� HPLVVRUHV� GH� IyWRQV� GH� PHLD�YLGD� FXUWD�� 8OWLPDPHQWH�� D� WHUDSLD� GR� HVTXHOHWR�FRP�UDGLRIiUPDFR�WHP�DOFDQoDGR�XPD�LPSRUWkQFLD�FUHVFHQWH�GHYLGR�DR�SDSHO�HP�SRWHQFLD�GH�DOLYLDU�D�GRU�GH�PHWiVWDVHV�yVVHDV�HP�SDFLHQWHV�FRP�FkQFHU��SDUD�R�WUDWDPHQWR�GH�GRU�QDV�DUWLFXODo}HV�GHYLGR�D�LQIODPDomR� VLQRYLDO� VLQRYLWH� �UDGLRVLQRYLWH� RX�UDGLRVLQRYHFWRPLD���RX�GH�YiULDV�RXWUDV�IRUPDV�GH�GRHQoDV� DUWLFXODUHV�� 3RUWDQWR�� H[LVWH� XPD� IDOWD� GH�SXEOLFDo}HV� VREUH� D� ELR�IDUPDFRFLQpWLFD� GHVVHV�DJHQWHV� TXDQGR� DGPLQLVWUDGRV� LQWUDYHQRVDPHQWH�FRPR� SDOLDWLYR� SDUD� GRU� yVVHD�� (VWH� DUWLJR� LUi�UHYLVDU� UDSLGDPHQWH� H� UHVXPLU� DV� LQIRUPDo}HV�VREUH�D�TXtPLFD�H�D�ELRIDUPDFRFLQpWLFD�GRV�YiULRV�UDGLRIiUPDFRV� DSURYDGRV� FOLQLFDPHQWH� H� HP�H[SHULPHQWDomR� GLVSRQtYHLV� DWp� R� SUHVHQWH�PRPHQWR� SDUD� WHUDSrXWLFD� GR� HVTXHOHWR� H� ID]HU�SURMHo}HV� SDUD� R� WUDWDPHQWR� FOtQLFR� GR� FkQFHU�SULPiULR�PHWDVWiWLFR�QR�RVVR�
$&.12:/('*(0(176
7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� 8QLWHG� 6WDWHV�'HSDUWPHQW� RI� (QHUJ\�� 2IILFH� RI� +HDOWK� DQG�(QYLURQPHQWDO�5HVHDUFK��XQGHU�&RQWUDFW�1R��'(�$&�����&+�������7KH�DVVLVWDQFH�RI�0V��$PDOLD�5XJJLHUR� LQ� WKH� SUHSDUDWLRQ� RI� WKLV�PDQXVFULSW� LV�JUDWHIXOO\�DFNQRZOHGJHG�
5()(5(1&(6
$WNLQV��+��/���0DXVQHU��/��)��DQG�6ULYDVWDYD��6��&��HW�DO���������� +XPDQ� ELRGLVWULEXWLRQ� RI� 6Q����P�����'73$��D�QHZ�DJHQW�IRU�SDOOLDWLYH�WUHDWPHQW�RI�SDLQIXO�RVVHRXV�PHWDVWDVHV��5DGLRORJ\L� �������������$WNLQV��+��/���0DXVQHU��/��)��DQG�6ULYDVWDYD��6��&��HW�DO���������� 7LQ����P����'73$� IRU� SDOOLDWLRQ� RI� SDLQ�IURP�RVVHRXV�PHWDVWDVHV��D�SLORW�VWXG\��-��1XFO��0HG��������������
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%UHHQ��6��/���3RZH��-��(��DQG�3RUWHU��$��7����������'RVH�HVWLPDWLRQ� LQ� VWURQWLXP��� UDGLRWKHUDS\�RI�PHWDVWDWLF�SURVWDWLF�FDUFLQRPD��-��1XFO��0HG�� ���������%ODNH��*��0���=LYDQRYLF��0��$�DQG�%ODTXLUH��5��0��HW�DO�� �������� 6WURQWLXP���� WKHUDS\�� PHDVXUHPHQW� RI�DEVRUEHG� GRVH� WR� VNHOHWDO�PHWDVWDVHV�� -�� 1XFO��0HG���������������%D\RXWK�� -��(���0DFH\��'�� -���.DVL��/��3�� DQG�)DVVHOOD��)�9�� �������� 'RVLPHWU\� DQG� WR[LFLW\� RI� VDPDULXP�����('703� DGPLQLVWHUHG� IRU� ERQH� SDLQ� GXH� WR�VNHOHWDO�PHWDVWDVHV��-��1XFO��0HG�� ����������&KLQRO�� 0��� 9DOODEKDMRXVXOD�� 6�� DQG� *ROGVPLWK�� 6�� HW� DO����������� &KHPLVWU\ DQG� %LRORJLFDO� %HKDYLRU� RI�6DPDULXP����� DQG� 5KHQLXP����� ODEHOHG�+\GUR[\DSDWLWH�3DUWLFOHV��3RWHQWLDO�5DGLRSKDUPDFHXWLFDO�IRU�5DGLDWLRQ�6\QRYHFWRP\��-��1XFO��0HG�� ���������&RKQ�� 6�� +��� /LSSLQFRWW�� 6�� :��� *XVPDQR�� (�� $�� DQG�5REHUWVRQ��-��6����������&RPSDUDWLYH�NLQHWLFV�RI�&D���DQG�6U�� LQ�PDQ��5DGLDW��5HV�� ������������&ROOLQV��&���(DU\��-��)��DQG�'RQDOGVRQ��*��HW�DO����������6DPDULXP�����('703� LQ� ERQH� PHWDVWDVHV� RI�KRUPRQH�UHIUDFWRU\�SURVWDWH�FDQFHU��D�SKDVH�,�,,�WULDO��-��1XFO��0HG����������������GH� .OHUN�� -�� 0�� +��� YDQ� 'LMN�� $�� DQG� YDQ� KHW� 6FKLS������$��'��HW�DO����������3KDUPDFRNLQHWLFV�RI�UKHQLXP�����DIWHU� DGPLQLVWUDWLRQ� RI� UKHQLXP�����+('3� WR�SDWLHQWV� ZLWK� ERQH� PHWDVWDVHV�� -�� 1XFO�� 0HG��� �����������'HXWVFK�� (��� %URDGDFN�� -�� DQG� 'HXWVFK�� .�� ���������5DGLDWLRQ� 6\QRYHFWRP\� 5HYLVLWHG�� (XU�� -�� 1XFO��0HG�� ���������>DQG�UHIHUHQFHV�WKHUHLQ@�(LVHQKXW��0�� ��������3UHSDUDWLRQ�RI�5H�����SHUUKHQDWH�IRU� QXFOHDU� PHGLFDO� SXUSRVHV�� ,QW�� -�� $SSO�� 5DGLDW��,VRW�� �����������)DUKDQJL��0���+ROPHV��5��$�� DQG�9RONHUW� :��$��HW�DO���������� 6DPDULXP����� ('703�� 3KDUPDFR�NLQHWLFV��WR[LFLW\� DQG� SDLQ� UHVSRQVH� XVLQJ� DQ� HVFDODWLQJ� GRVH�VFKHGXOH� LQ� WUHDWPHQW� RI� PHWDVWDWLF� ERQH� FDQFHU�� -��1XFO��0HG� ��������������)ULHGHOO�� +�� /�� DQG� 6WRUDDVOL�� -�� 3�� �������� 7KH� XVH� RI�UDGLRDFWLYH�SKRVSKRUXV�LQ�WKH�WUHDWPHQW�RI�FDUFLQRPD�RI�WKH�EUHDVW�ZLWK�ZLGHVSUHDG�PHWDVWDVHV�WR�ERQH��$P��-��5RHQWJHQRO���������������)LUXVLDQ�� 1��� 0HOOLQ�� 3�� DQG� 6FKPLGW�� &�� *�� ��������5HVXOWV�RI����6U�WKHUDS\�LQ�SDWLHQWV�ZLWK�FDUFLQRPD�RI�WKH�SURVWDWH�DQG�LQFXUDEOH�SDLQ�IURP�ERQH�PHWDVWDVHV��D�SUHOLPLQDU\�UHSRUW��-��8URORJ\� �������������)RVVD�� 6�� '��� 3DXV�� (�� DQG� /RFKRII�� 0�� HW� DO�� ����������6WURQWLXP� LQ� ERQH� PHWDVWDVHV� IURP� KRUPRQH�UHVLVWDQW� SURVWDWH� FDQFHU�� SDOOLDWLRQ� HIIHFW� DQG�ELRFKHPLFDO�FKDQJHV���%ULW��-��&DQFHU� �����������*RHFNOHU��:��)���(GZDUGV��%��DQG�9RONHUW��:��$��HW�DO���������� 6NHOHWDO� ORFDOL]DWLRQ� RI� 6P����� FKHODWHV��SRWHQWLDO� WKHUDSHXWLF� ERQH� DJHQWV�� -��1XFO��0HG�� ������������.DWLQ��0��-���6DOHQLXV��6��$��DQG�%OLW]HU��3��+��HW�DO����������+HPDWRORJLF�HIIHFWV�RI�6U����WUHDWPHQW�IRU�PHWDVWDVHV�WR�ERQH��3URF��$PHU��6RF��&OLQ��2QFRO�� ������
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