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$EVWUDFW
&RXPDULQ� GHULYDWLYHV� DUH� WKRXJKW� WR� EH� WHUDWRJHQLF� ZKHQ� WKH\� DUH� DGPLQLVWHUHG� GXULQJSUHJQDQF\��:H�SUHVHQW�DQ�RYHUYLHZ�RI�WKH�DQRPDOLHV�GHVFULEHG�LQ�FDVH�UHSRUWV��7KHVH�LQFOXGHIDFLDO�DQG�VNHOHWDO�DQRPDOLHV��ZDUIDULQ�HPEU\RSDWK\��DQG�PDMRU�VWUXFWXUDO�PDOIRUPDWLRQV�RIWKH�FHQWUDO�QHUYRXV�V\VWHP�DQG�RWKHU�WUDFWV��%DVHG�RQ�D�UHYLHZ�RI�����SUHJQDQFLHV�LQ�ZKLFKFRXPDULQV�ZHUH�SUHVFULEHG��WKH�SUHYDOHQFH�RI�ZDUIDULQ�HPEU\RSDWK\�LV����DQG�RI�WKH�FHQWUDOQHUYRXV� V\VWHP� DQRPDOLHV� ���� 1R� FDVHV� RI� ZDUIDULQ� HPEU\RSDWK\� DUH� IRXQG� ZKHQFRXPDULQV�ZHUH�XVHG�IURP�WKH�VHFRQG�WULPHVWHU�RI�SUHJQDQF\�RQZDUGV��,Q�RUGHU�WR�HYDOXDWHWKH�ORQJ�WHUP�LPSOLFDWLRQV�RI�FRXPDULQ�H[SRVXUH�LQ�XWHUR��ZH�UHYLHZ�WKH�IROORZ�XS�ILQGLQJVLQ�FKLOGUHQ�ERUQ�ZLWK�FRXPDULQ�UHODWHG�DQRPDOLHV�DV�ZHOO�DV�FRXPDULQ�H[SRVHG�FKLOGUHQ�ZKRZHUH� ERUQ� DSSDUHQWO\� QRUPDO�� 7KH�PDMRULW\� RI� FKLOGUHQ�ZLWK� DQRPDOLHV�� ERWK� DW� ELUWK� DQGIROORZ�XS��ZHUH�H[SRVHG�WR�FRXPDULQV�GXULQJ�WKH�ILUVW�WULPHVWHU�RI�SUHJQDQF\��7KHUH�LV�OLWWOHLQIRUPDWLRQ�DERXW� WKH� LPSOLFDWLRQV�RI�VHFRQG�DQG�WKLUG� WULPHVWHU�H[SRVXUH�RQ�JURZWK�DQGORQJ�WHUP�GHYHORSPHQW�
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,QWURGXFWLRQ
7KH� UHSRUW� E\� 'L6DLD��� GHVFULELQJ� D� FKLOG� ZKR� ZDV� ERUQ� ZLWK� FRQJHQLWDO� DQRPDOLHV� DIWHUH[SRVXUH� WR� ZDUIDULQ� LQ� XWHUR� LQFUHDVHG� DZDUHQHVV� RI� WKH� SRWHQWLDO� WHUDWRJHQLF� HIIHFW� RIFRXPDULQV�� &RXPDULQ� GHULYDWLYHV�� L�H�� FRXPDGLQ� �ZDUIDULQ��� DFHQRFRXPDURO�� DQGSKHQSURFRXPRQ��DUH�RUDO�DQWLFRDJXODQWV�ZKLFK�UHDGLO\�FURVV�WKH�SODFHQWD��,W�KDG�EHHQ�NQRZQIRU�D�ORQJ�WLPH�WKDW�DGPLQLVWUDWLRQ�RI�FRXPDULQV�WR�WKH�PRWKHU�FRXOG�FDXVH�SHULQDWDO�GHDWKGXH� WR� KDHPRUUKDJHV� LQ� WKH� FKLOG� GXULQJ� GHOLYHU\��� $QLPDO� VWXGLHV� VKRZHG� WKDW� IRHWDOKDHPRUUKDJHV�DQG�GHDWK�FRXOG�EH�SUHYHQWHG�E\�ZLWKGUDZDO�RI�FRXPDULQV�D�IHZ�GD\V�EHIRUHSDUWXULWLRQ���7KH�FRQJHQLWDO�DQRPDOLHV�GHVFULEHG�E\�'L6DLD�LQ������KDG�QRW�EHHQ�DVVRFLDWHGZLWK�FRXPDULQV�XS�WR�WKDW� WLPH��6XEVHTXHQW�WR�KLV�UHSRUW��PDQ\�FDVHV�ZHUH�GHVFULEHG�ZLWKVLPLODU�IRHWDO�DEQRUPDOLWLHV�LQ�UHODWLRQ�WR�FRXPDULQ�H[SRVXUH�LQ�XWHUR��$OWKRXJK�FDVH�UHSRUWVFDQQRW� EH� XVHG� WR� HVWLPDWH� WKH� SUHYDOHQFH� RI� WKH� FRQJHQLWDO� DQRPDOLHV� DVVRFLDWHG� ZLWKFRXPDULQ�H[SRVXUH�LQ�XWHUR��DQ�RYHUYLHZ�RI�FDVHV�PD\�SURYLGH�LQIRUPDWLRQ�DERXW�WKH�FOLQLFDOIHDWXUHV�DQG�WKH�SRVVLEOH�SDWWHUQ�V��RI�WHUDWRJHQLFLW\�7HUDWRJHQLF�LQWHUIHUHQFH�LQ�WKH�SHULRG�RI�RUJDQRJHQHVLV��ZKHQ�PRVW�PDMRU�RUJDQV�DQG�ERG\UHJLRQV�DUH�EHLQJ�HVWDEOLVKHG��LV�UHODWHG�WR�PDMRU�VWUXFWXUDO�DQRPDOLHV��6LQFH�WKH�IRHWDO�SHULRGLV�FKDUDFWHUL]HG�E\�KLVWRJHQHVLV�DQG�IXQFWLRQDO�PDWXUDWLRQ��WKH�LQIOXHQFH�RI�D�WHUDWRJHQ�LQ�WKLVSHULRG�PD\� FDXVH� JURZWK� UHVWULFWLRQ�RU� IXQFWLRQDO�GLVWXUEDQFHV���7KH� ODWWHU� DUH� XVXDOO\� QRWHYLGHQW� DW� ELUWK� EXW� EHFRPH� DSSDUHQW� ODWHU� LQ� FKLOGKRRG�GXULQJ� JURZWK� DQG� GHYHORSPHQW�:KHQ�HYDOXDWLQJ�WKH�LPSOLFDWLRQV�RI�LQ�XWHUR�H[SRVXUH�WR�FRXPDULQV��IROORZ�XS�LQIRUPDWLRQRQ�FKLOGUHQ�ZKR�DUH�SUHQDWDOO\�H[SRVHG�DQG�ERUQ�DSSDUHQWO\�QRUPDO�LV�HVVHQWLDO�7KH�HDUOLHVW�FRQFHSWV�RI�WKH�SDWKRJHQHVLV�RI� WKH�FRQJHQLWDO�DQRPDOLHV� IRXQG�DIWHU� LQ�XWHURH[SRVXUH�WR�FRXPDULQ�GHULYDWLYHV�ZHUH�EDVHG�RQ�WKH�PDLQ�FOLQLFDO�HIIHFW��WKH�SURORQJDWLRQ�RIEORRG� FORWWLQJ� WLPH�� ,W� ZDV� VXJJHVWHG� WKDW� GHIRUPLWLHV� LQ� WKH� FKLOG� ZHUH� FDXVHG� E\PLFURKDHPRUUKDJHV� DQG� VXEVHTXHQW� VFDUULQJ� DQG� FDOFLILFDWLRQ��� 5HFHQWO\�� WKH� UHVXOWV� RIDQLPDO�VWXGLHV�EURXJKW�QHZ�LQVLJKWV�LQWR�WKH�SDWKRJHQHVLV�RI�IRHWDO�DEQRUPDOLWLHV�DVVRFLDWHGZLWK� SUHQDWDO� FRXPDULQ� H[SRVXUH�� &RXPDULQ� GHULYDWLYHV� DUH� 9LWDPLQ� .� DQWDJRQLVWV�� WKH\LQKLELW�WKH�UHF\FOLQJ�RI�9LWDPLQ�.�LQ�WKH�FHOO��,Q�ERQH��FDUWLODJH��DQG�WKH�GHYHORSLQJ�FHQWUDOQHUYRXV�V\VWHP��9LWDPLQ�.�GHSHQGHQW�SURWHLQV�KDYH�EHHQ� LGHQWLILHG����� ,Q� DGGLWLRQ�� DQLPDOVWXGLHV�FRQILUPHG�DQ�HIIHFW�RI�ZDUIDULQ�RQ�WKH�GHYHORSLQJ�ERQH�DQG�FHQWUDO�QHUYRXV�V\VWHP�����7KH�DLP�RI�WKLV�SDSHU�LV�WR�JLYH�DQ�RYHUYLHZ�RI�WKH�FOLQLFDO�IHDWXUHV�DVVRFLDWHG�ZLWK�SUHQDWDOH[SRVXUH�WR�FRXPDULQV�LQ�UHODWLRQ�WR�WKH�H[SRVXUH�SHULRG�GXULQJ�JHVWDWLRQ��,Q�DGGLWLRQ�WR�WKHDQRPDOLHV� IRXQG� GLUHFWO\� SRVW� SDUWXP�� ZH� IRFXV� RQ� WKH� ORQJ�WHUP� HIIHFWV� RI� FRXPDULQH[SRVXUH�RQ�JURZWK�DQG�GHYHORSPHQW�ERWK� LQ�FKLOGUHQ�ERUQ�ZLWK�PDOIRUPDWLRQV�DV�ZHOO�DVFKLOGUHQ�ERUQ�DSSDUHQWO\�QRUPDO��)XUWKHUPRUH��ZH�UHYLHZ�WKH�IUHTXHQF\�RI�FRXPDULQ�UHODWHG
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DQRPDOLHV� LQ� FRKRUW� VWXGLHV� RI� DQWLFRDJXODWHG� SUHJQDQW� ZRPHQ�� )LQDOO\�� WKH� SRVVLEOHSDWKRJHQHWLF�PHFKDQLVPV�DUH�VXPPDUL]HG�
0HWKRGV
7R�LGHQWLI\�DQRPDOLHV�LQ�QHZERUQV�ZKLFK�DUH�DVVRFLDWHG�ZLWK�LQ�XWHUR�H[SRVXUH�WR�FRXPDULQGHULYDWLYHV��ZH�VHDUFKHG�0HGOLQH�������������DQG�&XUUHQW�&RQWHQWV��,Q�WKLV�VHDUFK��ZH�XVHGWKH� NH\� ZRUGV� 
ZDUIDULQ
�� 
FRXPDULQ�V�
�� 
RUDO� DQWLFRDJXODQW�V�
�� 
FRQJHQLWDODQRPDOLHV
�
PDOIRUPDWLRQV
�� DQG� 
HPEU\RSDWK\
�� ,Q� DGGLWLRQ�� ZH� ORRNHG� IRU� IROORZ�XSILQGLQJV� LQ� FKLOGUHQ� ERUQ� ZLWK� FRXPDULQ�UHODWHG� FRQJHQLWDO� DQRPDOLHV�� 7KH� IROORZLQJPDQXVFULSWV�ZHUH�DQDO\]HG�x UHSRUWV� GHVFULELQJ� LQIDQWV� ERUQ� DIWHU� LQ� XWHUR� H[SRVXUH� WR� WKH� FRXPDULQ� GHULYDWLYHVDFHQRFRXPDURO��SKHQSURFRXPRQ��RU�FRXPDGLQ�DQGx DUWLFOHV�ZULWWHQ�LQ�(QJOLVK��'XWFK��RU�*HUPDQ�DQG�SXEOLVKHG�EHWZHHQ������DQG������:H�PDGH�D�GLVWLQFWLRQ�EHWZHHQ�V\PSWRPV�WKDW�ZHUH�SUHVHQW�EHWZHHQ�ELUWK�DQG�VL[�PRQWKVRI� DJH� DQG� ILQGLQJV� IRXQG� DW� IROORZ�XS�� IURP� VHYHQ�PRQWKV�RI� DJH� RQZDUGV��7KLV� FXW�RIISRLQW�ZDV�FKRVHQ�EHFDXVH�PDQ\�UHSRUWV�GHVFULEH�WKH�FOLQLFDO�VLWXDWLRQ�RI�WKH�FKLOG�GXULQJ�WKHILUVW�IHZ�PRQWKV�DIWHU�ELUWK��$�ORQJHU�IROORZ�XS�SHULRG�LV�QHFHVVDU\�WR�JDLQ�LQVLJKW�LQWR�WKHLPSOLFDWLRQV�RI�FRXPDULQ�UHODWHG�DQRPDOLHV�LQ�WKH�ORQJ�WHUP�,Q�DGGLWLRQ��ZH�SHUIRUPHG�D�VHFRQG�VHDUFK�WKURXJK�0HGOLQH�������������LQ�RUGHU�WR�HVWLPDWHWKH� SUHYDOHQFH� RI� FRXPDULQ�UHODWHG� DQRPDOLHV� DW� ELUWK�� ,Q� WKLV� VHDUFK� WKH� NH\� ZRUGV
SUHJQDQF\
�DQG�
FRXPDULQ
�RU�
ZDUIDULQ
�ZHUH�XVHG��7KH�IROORZLQJ�VWXGLHV�ZHUH�HYDOXDWHG�x FRKRUW�VWXGLHV�RQ�WUHDWPHQW�ZLWK�FRXPDULQ�GHULYDWLYHV�GXULQJ�SUHJQDQF\�x DUWLFOHV�ZULWWHQ�DQG�SXEOLVKHG�LQ�(QJOLVK�EHWZHHQ������DQG�������DQGx VWXGLHV� LQFOXGLQJ� IRHWDO�RXWFRPH� LQ� FRPELQDWLRQ�ZLWK� D� FOHDU� GHVFULSWLRQ�RI� WKH� IRHWDOH[SRVXUH�$� WKLUG� VHDUFK� WKURXJK� 0HGOLQH� ������������ DQG� &XUUHQW� &RQWHQWV� ZDV� SHUIRUPHG� WRHYDOXDWH� WKH� ODWH� HIIHFWV� RI� SUHQDWDO� FRXPDULQ� H[SRVXUH� RQ� JURZWK� DQG� GHYHORSPHQW� RIFKLOGUHQ� ZKR� ZHUH� ERUQ� DSSDUHQWO\� QRUPDO�� ,Q� WKLV� VHDUFK�� NH\� ZRUGV� LQFOXGHG� 
SUHQDWDOH[SRVXUH
��
ZDUIDULQ
��
FRXPDULQ
��DQG�
IROORZ�XS
��,QFOXVLRQ�FULWHULD�FRPSULVHG�x VWXGLHV�GHVFULELQJ�WKH�IROORZ�XS�DVVHVVPHQW�RI�FRKRUWV�RI�FKLOGUHQ�H[SRVHG�WR�FRXPDULQGHULYDWLYHV�GXULQJ�SUHJQDQF\�DQGx DUWLFOHV�ZULWWHQ�DQG�SXEOLVKHG�LQ�(QJOLVK�EHWZHHQ������DQG������
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&RXPDULQ�UHODWHG�DQRPDOLHV�DW�ELUWK
:H�IRXQG����UHSRUWV�GHVFULELQJ����FDVHV�RI�FRQJHQLWDO�DQRPDOLHV�DW�ELUWK�DIWHU�H[SRVXUH�WRFRXPDULQ�GHULYDWLYHV�LQ�XWHUR��7DEOH�����)RUW\�HLJKW�RI�WKHVH�FDVHV�ZHUH�SUHQDWDOO\�H[SRVHG�WRZDUIDULQ��ILYH�WR�DFHQRFRXPDURO��HLJKW�WR�SKHQSURFRXPRQ��DQG�RQH�FDVH�ZDV�SDUWO\�H[SRVHGWR� SKHQSURFRXPRQ� DQG� SDUWO\� WR� DFHQRFRXPDURO�� 7KH� UHSRUWV� LQFOXGHG� ILQGLQJV� LQ� WKUHHHOHFWLYH�DERUWLRQV��ILYH�VWLOOELUWKV��DQG����OLYHERUQ�FKLOGUHQ�RI�ZKLFK� WHQ�GLHG�QHRQDWDOO\��,QWKUHH�VWLOOERUQ�FKLOGUHQ�D�EOHHGLQJ�ZDV�HVWDEOLVKHG��HLWKHU�DQ� LQWUDFUDQLDO� �Q ���RU�D�JHQHUDOYLVFHUDO� EOHHGLQJ� �Q ���� &DXVHV� RI� QHRQDWDO� GHDWK� LQFOXGHG� PDMRU� VWUXFWXUDO� DQRPDOLHVLQFRPSDWLEOH� ZLWK� OLIH� �Q ���� VHYHUH� UHVSLUDWRU\� GLVWUHVV� RU� SQHXPRQLD� �Q ���� SUHPDWXULW\ZLWK�LQWUDXWHULQH�JURZWK�UHVWULFWLRQ��Q ����DQG�LQWUDFUDQLDO�EOHHGLQJ��Q ���2I�WKH����UHSRUWHG�FDVHV�����������KDG�VNHOHWDO�DQRPDOLHV�DW�ELUWK��0LGIDFLDO�K\SRSODVLD�ZDVWKH� PRVW� FRQVLVWHQW� FOLQLFDO� IHDWXUH� �Q ����� LQFOXGLQJ� D� GHSUHVVHG� QDVDO� EULGJH�XQGHUGHYHORSPHQW� RU� DEVHQFH� RI� WKH� QDVDO� VHSWXP�� D� VPDOO� XSWXUQHG� QRVH� ZLWK� JURRYHVEHWZHHQ�WKH�WLS�RI�WKH�QRVH�DQG�WKH�DODH�QDVL��PLFURJQDWLD��D�SURPLQHQW�IRUHKHDG��DQG�D�IODWDSSHDUDQFH�RI�WKH�IDFH��'HSHQGLQJ�RQ�WKH�VHYHULW\�RI�WKH�QDVDO�K\SRSODVLD��FKRDQDO�VWHQRVLVRU�DWUHVLD�ZDV�SUHVHQW��UHVXOWLQJ�LQ�EUHDWKLQJ�DQG�IHHGLQJ�SUREOHPV�����RI� WKH����FKLOGUHQ��$QRWKHU�FRPPRQ�IHDWXUH�ZDV�FDOFLILF�VWLSSOLQJ��Q �����L�H��HFWRSLF�FDOFLILFDWLRQV��ZKLFK�ZHUHVHHQ�RQ�;�UD\V�LQ�WKH�HSLSK\VHDO�UHJLRQV�RI�KXPHUL��IHPRUD��YHUWHEUDH��FDOFDQHL��FXERLGV��RU�GLVWDO�� SKDODQJHV� ,Q� VRPH� UHSRUWV�� VNHOHWDO� GHIRUPLWLHV� VXFK� DV� UKL]RPHOLD�� EUDFK\GDFW\O\�DQG�K\SRSODVWLF�QDLOV�ZHUH�GHVFULEHG��7KH�DERYH�PHQWLRQHG�IDFLDO�DQG�VNHOHWDO�DEQRUPDOLWLHVDUH�UDUH�FRQGLWLRQV�LQ�WKH�QRUPDO�SRSXODWLRQ��7KH�FRPELQDWLRQ�RI�WKHVH�DQRPDOLHV�VHHQ�DIWHULQ�XWHUR� H[SRVXUH� WR� FRXPDULQV� DUH� UHIHUUHG� WR� DV� 
FRXPDULQ� RU�ZDUIDULQ� HPEU\RSDWK\
�� ,Q������+DOO�SURSRVHG�WKDW�WKLV�HPEU\RSDWK\�LV�GXH�WR�FRXPDULQ�H[SRVXUH�EHWZHHQ�WKH�� WK DQGWKH� �WK JHVWDWLRQDO� ZHHN���� ,Q� RXU� UHYLHZ�� ��� RI� WKH� ��� FKLOGUHQ� SUHVHQWLQJ� ZLWK� VNHOHWDODQRPDOLHV� DW� ELUWK� ZHUH� H[SRVHG� GXULQJ� �SDUW� RI�� WKLV� ZLQGRZ�� 2I� WKH� UHPDLQLQJ� WKUHHFKLOGUHQ�� RQH� KDG� WKH� W\SLFDO� K\SRSODVWLF� QRVH�� EXW� ZDV� H[SRVHG� XQWLO� WKH� � WK ZHHN� RIJHVWDWLRQ� DQG� IURP� WKH� ��WK ZHHN� RQZDUGV���� 7KH� RWKHU� WZR� FKLOGUHQ� VKRZHG� ELIURQWDOQDUURZLQJ�DQG�ZHUH�H[SRVHG�GXULQJ�WKH�VHFRQG�DQG�WKLUG�WULPHVWHU�RI�SUHJQDQF\������,Q����UHSRUWHG�FDVHV��FHQWUDO�QHUYRXV�V\VWHP�PDOIRUPDWLRQV�ZHUH�SUHVHQW�DW�ELUWK��$QRPDOLHVRI� PLGOLQH� VWUXFWXUHV�� H�J�� DJHQHVLV� RI� WKH� FRUSXV� FDOORVXP�� VFKL]HQFHSKDO\�� PHQLQJRFHOH�'DQG\�:DONHU�PDOIRUPDWLRQ��DQG�RSWLF�DWURSK\��DV�ZHOO�DV�PRUH�JHQHUDO�FRQGLWLRQV��VXFK�DVPLFURFHSKDO\�� FHUHEUDO� DWURSK\�� K\GURFHSKDOXV� RU� YHQWULFXORPHJDO\�� KHDULQJ� ORVV�� DQGUHWDUGDWLRQ� RU� VORZ� GHYHORSPHQW� ZHUH� GHVFULEHG�� ,Q� ILYH� FKLOGUHQ� DQ� LQWUDFUDQLDOKDHPRUUKDJH�ZDV�SUHVHQW�DW�ELUWK��8VXDOO\�D�FRPELQDWLRQ�RI�QHUYRXV�V\VWHP�PDOIRUPDWLRQVZHUH� UHSRUWHG��PDQ\�RI� WKHP�UHIOHFWLQJ� D�GLVRUGHU� LQ� WKH�PLJUDWLRQ�RI�QHX� URQDO� FHOOV��$OOFKLOGUHQ� ZLWK� DQRPDOLHV� RI� PLGOLQH� VWUXFWXUHV�ZHUH� DW� OHDVW� H[SRVHG� WR� FRXPDULQV� GXULQJRUJDQRJHQHVLV���ILUVW�ZHHNV�RI�SUHJQDQF\���H[FHSW��WZR�FKLOGUHQ��ZLWK�RSWLF�DWURSK\�ZKR�ZHUH
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5HIHUHQFH $QWLFRDJXODQWGDLO\�GRVH��PJ� 3HULRG 3DUWXV�ZN�
 )DFH�DQG�VNHOHWRQ

 &HQWUDO�1HUYRXV�6\VWHP 2WKHU
%DUU�������� ZDUIDULQ���� ���� ����($ PLGIDFLDO�K\SRSODVLD�EUDFK\GDFW\O\�GLVRUGHUHG�FKRQGURJHQHVLV��3$�&DUVRQ�������� ZDUIDULQ������ ����� �� ELIURQWDO�QDUURZLQJ PLFURFHSKDOXV+RO]JUHYH�������� ZDUIDULQ��� ���� QRVH��VOLJKW� DJHQHVLV�FRUSXVFDOORVXP�K\SRWRQLD��GHOD\SV\FKRPRW�GHYHORSPHQW���PQV�3DXOL�������� ZDUIDULQ������� ���� �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ�IURQWDO�ERVVLQJ V\VW��HMHFWLRQ�PXUPXU
5LFKPDQ�������� ZDUIDULQ ���� �� QRVH�VWLSSOLQJ RSWLF�DWURSK\6KHUPDQ�������� ZDUIDULQ �QG��UG�WULP ELIURQWDO�QDUURZLQJ PLFURFHSKDO\�K\SRWRQLD�GHYHORSPHQWDO�UHWDUGDWLRQ$EERWW�������� ZDUIDULQ���� ���� �� QRVH�VWLSSOLQJ�ODU\QJHDO�FDOFLILFDWLRQV�FRURQDO�FOHIWV�YHUWHEUDH � GLHG�LQ��UG ZHHN�RI�VHYHUHK\DOLQH�PHPEUDQHGLVHDVH&R[�������� ZDUIDULQ ��� ���1' VKRUW�EURDG�GLVWDO�SKDODQJHV��K\SRSODVLDQDLOV DVSOHQLD�V\QGURPH��KHDUWDQG�DEGRPLQDODQRPDOLHV�5DLYLR�������� ZDUIDULQ ���� ����1' QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ � GLHG�LQ��UG ZHHN�RISQHXPRQLD9DQODH\V�������� DFHQRFRXPDURO ���� WHUP QRVH�VWLSSOLQJ5RELQVRQ�������� ZDUIDULQ���� ���� �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ �6PLWK�������� ZDUIDULQ ���� ����1'� QRVH ZLGHO\�VHSDUDWHG�VXWXUHV�ELODWHUDOVXEGXUDO�KHPRUUKDJHV K\SHUWHORULVP
%DLOOLH������� ZDUIDULQ ���� �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ�DEQRUPDO�YHUWHEUDO�ERG\�6��� �
&XUWLQ�������� ZDUIDULQ���� ���� �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ+DOO�������� ZDUIDULQ�������� ����� � FHUHEUDO�DQG�FHUHEHOODU�DWURSK\�YHQWULFXORPHJDO\�RSWLF�DWURSK\



5HIHUHQFH $QWLFRDJXODQWGDLO\�GRVH��PJ� 3HULRG 3DUWXV�ZN�
 )DFH�DQG�VNHOHWRQ

 &HQWUDO�1HUYRXV�6\VWHP 2WKHU
6WHYHQVRQ�������� ZDUIDULQ�� ����QRW�FOHDU �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ ELODWHUDO�RSWLFDWURSK\�PDFURFHSKDO\ PLOG�SHFWXP�FDULQDWXP
:KLWILHOG�������� ZDUIDULQ��� ���� �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ�EUDFK\GDFW\O\�GLVSURSRUW��VWDWXUH+DUURG����������,� ZDUIDULQ����� ���� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ PHVRGHUPDO�G\VJHQHVLVULJKW�H\H�ZLGH�QLSSOHV+DUURG����������,,� ZDUIDULQ ���� QRVH:HHQLQN���������,� SKHQSURFRXPRQ�DFHQRFRXPDURO ���������� �� QRVH
:HHQLQN��������,,� DFHQRFRXPDURO ���� QRVH�VWLSSOLQJ.DSODQ�������� ZDUIDULQ��� ����������� �� � 'DQG\�:DONHU�F\VW�GLODWHGYHQWULFXODU�V\VWHP�DEVHQFHVHSWXP�SHOOXFLGXP/DPRQWDJQH������� ZDUIDULQ���� ���� ���1' QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ��WRHGHIRUPLWLHV � VHYHUH�UHVSLUDWRU\GLVWUHVV��GLHG�DW���ZNVFDUGLRUHVS��DUUHVW6WUXZH�������� SKHQSURFRXPRQ���WDS�GRZQ ���� �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJUKL]RPHOLD�K\SRSODVLD�SHOYLF�ERQHV ORZ�HDUV�DQWLPRQJRORLGH\HV.DSODQ�������� ZDUIDULQ ���� � DJHQHVLV�FRUS��FDOORVXP��'DQG\:DONHU�F\VW��K\GURFHSKDOXV JRQLRG\VJHQHVLV�ULJKWH\H��FHQWUDO�FDWDUDFW�PLFURSKWKDOPLD�3DZORZ����������,� SKHQSURFRXPRQ ���� WHUP QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ��VKRUW�EURDG�KDQG�DQG�IHHW PDFURFHSKDOXV K\SHUWHORULVP�KLJK�SDODWH�H[RSKWKDOPXV�PDFURJORVVLD3DZORZ����������,,� SKHQSURFRXPRQ ���� �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ��VKRUWH[WUHPLWLHV�K\SRSODVWLF�SKDODQJHV�EURDGKDQG�DQG�IHHW

PDFURFHSKDOXV�K\GURFHSKDOXV�DJHQHVLV�FRUSXV�FDOORVXP��LQWUD�YHQWULFXODU�EOHHGLQJ�DEQRUPDO((*
K\SHUWHORULVP�H[RSKWKDOPXV�PDFURJORVVLD

/DSLHGUD�������� DFHQRFRXPDURO ��� �����($ K\GURFHSKDOXV�VFROLRVLV�WHWKHUHGVNLQ�LQ�VDFURFRFF\JHDO�UHJLRQ



5HIHUHQFH $QWLFRDJXODQWGDLO\�GRVH��PJ� 3HULRG 3DUWXV�ZN�
 )DFH�DQG�VNHOHWRQ

 &HQWUDO�1HUYRXV�6\VWHP 2WKHU
=DN]RXN�������� ZDUIDULQ XQFOHDU �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ �5XWKQXP�������� ZDUIDULQ ��� �� EURDG�IRUHKHDG�VPDOO�QDUURZ�MDZ�K\SRSODVLD�GLVWDO�SKDODQJHV���QDLOV KLJK�SDODWH�PLFURJORVVLD
7DPEXUULQL�������� ZDUIDULQ ZKROH QRVH�VWLSSOLQJ K\SHUWHORULVP�OLWWOH�RUELWDODUFKHV�RURSDOSHEUDOV\QFLQHVLD��SDOSHEUDOSWRVLV�OHIW=LSSULFK�������� SKHQSURFRXPRQ ���� �����6% QRVH�VWLSSOLQJ��3$���K\SRSODVLDIHPXUKHDG�DQG�SKDODQJHV LQWUD�XWHULQH�JURZWKUHWDUGDWLRQ��EOHHGLQJRUJDQV%DOGH�������� SKHQSURFRXPRQ��� ��� �� � 7HWUDORJ\�RI�)DOORW�KLJKSDODWH�K\SHUWHORULVP�ORZHDUV�DQWLPRQJRORLG�H\HV+DOO�������� ZDUIDULQ�� ��� ���1' QRVH�EUHDWKLQJ�SUREOHPV�EHOO�VKDSHGFKHVW�FOXE�IRRW�OHIW DEVHQW�OHIW�DQGK\SRSODVWLF�ULJKW�NLGQH\�PDFURSKDOOXV��DQWHULRUSODFHG�DQXV�ORZ�HDUV+RVHQIHOG�������� SKHQSURFRXPRQ������ ���� �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ�UKL]RPHOLD�WDSHULQJ���FOHIWV�YHUWHEUDH ORZ�HDUV
.UH\EHUJ�1RUPDQQ�������� ZDUIDULQ ���� WHUP��1' K\SRSODVWLF�OXQJV�DJHQHVLV�OHIW�GLDSKUDJPD)UHXGH�������� SKHQSURFRXPRQ�� ���� �� QRVH K\SRWRQLD��VWURQJ�0RUR�QRUPDOGHYHORSPHQW����PQV�0DVRQ�������� ZDUIDULQ XQFOHDU �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ�UKL]RPHOLD PDFURFHSKDOXV
'H�9ULHV�������� DFHQRFRXPDURO ��������� �� QRVH�VWLSSOLQJ�UKL]RPHOLD K\GURFHSKDOXV LQWUD�XWHULQH�JURZWKUHWDUGDWLRQ*DUWQHU�������� SKHQSURFRXPRQ��� ���� QRVH�VWLSSOLQJ�K\SRSODVLD�GLVWDOSKDODQJHV����WK ULEV�QDLOG\VWURSK\ PDFURFHSKDOXV�ELODWHUDO�KHDULQJORVV����G%� DWULDO�VHSWDO�GHIHFW�W\SH�,,



5HIHUHQFH $QWLFRDJXODQWGDLO\�GRVH��PJ� 3HULRG 3DUWXV�ZN�
 )DFH�DQG�VNHOHWRQ

 &HQWUDO�1HUYRXV�6\VWHP 2WKHU
9LOOH����������,� ZDUIDULQ���� ����� �����6% LQWUDFUDQLDO�KHPRUUKDJH�FHUHEUDODWURSK\ GHSUHVVHG�IHWDOFRDJXODWLRQ�IDFWRUV9LOOH����������,,� ZDUIDULQ���� ����� �����6% LQWUDYHQWULFXODU�KHPRUUKDJH%DUNHU�������� ZDUIDULQ ���� �� QRVH�EUHDWKLQJ�SUREOHPV�K\SRSODVWLFQDLOV � GH[WUR�FDUGLD�DEGRPLQDOVLWXV�LQYHUVXV3DWL�������� ZDUIDULQ ���� �� PLGIDFLDO�K\SRSODVLD�DUWKURJU\SRVLV�OHJV PLFURFHSKDO\�VFKL]HQFHSKDO\�G\VIXQFWLRQ�WKHUPRUHJXODWLRQ�GHYHORSPHQWDO�GHOD\+RZH�������� ZDUIDULQ����� ���� �� QRVH�EUHDWKLQJ�SUREOHPV�VWLSSOLQJ��K\SR�SODVLD�GLVWDO�SKDODQJHV���FHUY��YHUWHEUDOERGLHV��ORVV�FHUY��ORUGRVLV

SWRVLV�OHIW�H\HOLG
7DNDQR�������� ZDUIDULQ �VW WULP �� QRVH�VWLSSOLQJ�K\SRSODVLD�GLVW�SKDODQJHV K\SRVSDGLD�DWULDO�IOXWWHU
:HOOHVOH\����������,� ZDUIDULQ������ ���� �����($ QRVH�VWLSSOLQJ�UKL]RPHOLD�EUDFK\GDFW\O\�K\SRSODVLD�QDLOV�VKRUW�ILQJHUV��WRHV YHQWULFXORPHJDO\�PDFURFHSKDOXV
:HOOHVOH\���������,,� ZDUIDULQ����� ���� �����6% QRVH�UKL]RPHOLD�VKRUW�ILQJHUV�WRHV7RQJVRQJ�������� ZDUIDULQ��� ���� �����6% QRVH�VWLSSOLQJ�UKL]RPHOLD K\GURFHSKDOXV LQWUD�XWHULQH�JURZWKUHWDUGDWLRQ9DQ�'ULHO�������� DFHQRFRXPDURO ���� �� QRVH�EUHDWKLQJ�SUREOHPV �
($� �HOHFWLYH�DERUWLRQ��6% VWLOOELUWK��1' QHRQDWDO�GHDWK���

QRVH �QDVDO�K\SRSODVLD



&RQJHQLWDO�DQRPDOLHV��DQ�RYHUYLHZ

��

H[SRVHG� LQ� WKH� VHFRQG� DQG� WKLUG� WULPHVWHU� RI� SUHJQDQF\�� )RXU� RWKHU� FKLOGUHQ� ZHUH� QRWH[SRVHG� GXULQJ� WKH� ILUVW� WULPHVWHU� RI� JHVWDWLRQ�� 7ZR� RI� WKHP� GLVSOD\HG� D� FRPELQDWLRQ� RIPLFURFHSKDO\�� FHUHEUDO� DWURSK\� RU� YHQWULFXORPHJDO\�� WKH� RWKHU� WZR� KDG� DQ� LQWUDFUDQLDOKDHPRUUKDJH�,Q����FDVHV��DQRPDOLHV�RI�RWKHU�WUDFWV�ZHUH�GHVFULEHG�LQFOXGLQJ�G\VJHQHVLV�RI�SDUW�RI�WKH�H\H�Q ����WHWUDORJ\�RI�)DOORW��SHUVLVWHQW�WUXQFXV�DUWHULRVXV��DWULDO�VHSWDO�GHIHFW��XQGHILQHG�XULQDU\WUDFW�DQRPDO\��DEVHQFH�RI�WKH�OHIW�DQG�K\SRSODVLD�RI�WKH�ULJKW�NLGQH\��K\SRVSDGLD��K\SRSODVLDRI�WKH�OXQJV�ZLWK�DJHQHVLV�RI�WKH�OHIW�GLDSKUDJPD��GH[WURFDUGLD�DQG�DEGRPLQDO�VLWXV�LQYHUVXV�DQG� DVSOHQLD� V\QGURPH�� 7KHVH� FDVHV� ZHUH� DOO� H[SRVHG� HDUO\� LQ� SUHJQDQF\� GXULQJRUJDQRJHQHVLV�,Q�PDQ\�UHSRUWV�D�FRPELQDWLRQ�RI�PDOIRUPDWLRQV�DIIHFWLQJ�GLIIHUHQW�WUDFWV�ZHUH�GHVFULEHG��,Q���FKLOGUHQ�� D�FRPELQDWLRQ�RI� VNHOHWDO� DQG�FHQWUDO�QHUYRXV�V\VWHP�DQRPDOLHV�ZHUH� SUHVHQW�7KH�H[WHQW�RI�WKH�DEQRUPDOLWLHV�UDQJHG�IRUP�PLOG�WR�VHYHUH��$QRPDOLHV�RI�RWKHU�WUDFWV�ZHUHVHHQ� LQ� FRPELQDWLRQ� ZLWK� ERWK� VNHOHWDO� GHIRUPLWLHV� �Q ��� RU� FHQWUDO� QHUYRXV� V\VWHPPDOIRUPDWLRQV��Q ����,Q� WZR�FKLOGUHQ�VNHOHWDO��QHUYRXV�V\VWHP��DQG�DQRPDOLHV�RI� WKH�KHDUWZHUH� UHSRUWHG�� ,Q� DGGLWLRQ�� PLQRU� SK\VLFDO� DQRPDOLHV� LQFOXGLQJ� ORZ�VHW� HDUV�� SRRUO\GHYHORSHG�HDUV��KLJK�SDODWH��K\SHUWHORULVP��DQWLPRQJRORLG�H\HOLGV��DQG�ZLGHO\�VSDFHG�QLSSOHVZHUH�GHVFULEHG�LQ����FDVHV�
)ROORZ�XS�RI�FKLOGUHQ�ERUQ�ZLWK�FRXPDULQ�UHODWHG�DQRPDOLHV
2I�WKH����UHSRUWHG�FDVHV�ZLWK�FRXPDULQ�UHODWHG�DQRPDOLHV�DW�ELUWK�����FKLOGUHQ�VXUYLYHG�DIWHUWKH� QHRQDWDO� SHULRG� DQG� IROORZ�XS� LQIRUPDWLRQ� FRXOG� EH� IRXQG� RQ� ��� RI� WKHP� �7DEOH� ���7ZHOYH�RI�WKHVH�FKLOGUHQ�GLVSOD\HG�VNHOHWDO�GHIRUPLWLHV�DW�ELUWK��RQH�VKRZHG�FHQWUDO�QHUYRXVV\VWHP�DQRPDOLHV�DQG�VHYHQ�FDVHV�ZHUH�ERUQ�ZLWK�D�FRPELQDWLRQ�RI�ERWK��7KH�GXUDWLRQ�RIIROORZ�XS�YDULHG�EHWZHHQ�VHYHQ�PRQWKV�DQG����\HDUV��LQ�HLJKW�FKLOGUHQ�D�ORQJ�WHUP�IROORZ�XS��ó� \HDUV� RU� PRUH�� ZDV� GHVFULEHG�� 2QH� FKLOG� GLHG� RI� DVSLUDWLRQ� SQHXPRQLD� IROORZLQJ� DJHQHUDOL]HG�VHL]XUH�DW�WHQ�\HDUV�RI�DJH�2I�WKH����FDVHV�ZLWK�PLGIDFLDO�K\SRSODVLD�DW�ELUWK��LQ�VHYHQ�FKLOGUHQ�PDUNHG�QDVDO�K\SRSODVLDZDV�UHSRUWHG�DW�IROORZ�XS��7KH�QRVH�RI�RQH�FKLOG�ZDV�GHVFULEHG�WR�EH�QRUPDO�DQG�LQ�DQRWKHUFDVH�QDVDO�K\SRSODVLD�ZDV�UHSRUWHG�WR�EH�OHVV�VHYHUH��1R�GHVFULSWLRQ�RI�WKH�PLGIDFLDO�UHJLRQZDV�JLYHQ�DW�IROORZ�XS�LQ�WKH�RWKHU�HLJKW�FKLOGUHQ��,Q�DGGLWLRQ��LQ�VHYHQ�FKLOGUHQ�GHIRUPLWLHVRI�WKH�VSLQH�ZHUH�UHSRUWHG�DW�IROORZ�XS��ILYH�RI�ZKRP�GLVSOD\HG�FDOFLILF�VWLSSOLQJ�RI�WKH�VSLQHDW� ELUWK�� 7DNDQR� HW� DO�� GHVFULEHG� ��� \HDUV� RI� IROORZ�XS� LQ� D� FKLOG� ZLWK� GLIIXVH� FDOFLILFVWLSSOLQJ�LQ�WKH�FHUYLFDO�DQG�VDFUDO�VSLQH�DW�ELUWK��$W�WZR�\HDUV�RI�DJH��WKH�SDWLHQW�H[SHULHQFHGQHFN� SDLQ� DQG� � LQWHUPLWWHQW� ORVV� RI� VWUHQJWK� LQ� KLV� OHJV�� 5DGLRORJLF� H[DPLQDWLRQ� UHYHDOHGDEQRUPDO�RVVLILFDWLRQ�RI�WKH�FHUYLFDO�YHUWHEUDO�ERGLHV�ZLWK�DWODQWR�D[LDO�LQVWDELOLW\��2YHU�WLPH�



7DEOH����&DVH�UHSRUWV�ZLWK�IROORZ�XS�GDWD�RI�FKLOGUHQ�ZKR�ZHUH�ERUQ�ZLWK�FRXPDULQ�UHODWHG�DQRPDOLHV��1 ����5HIHUHQFH ([SRVXUHGUXJ��ZHHNV� Á )ROORZ�XS )DFH�DQG�6NHOHWRQ�DW�IROORZ�XS &HQWUDO�1HUYRXV�6\VWHP�DW�IROORZ�XS
'L6DLD������� ZDUIDULQ������DQG������� & ��\UV ZHLJKW�3���KHLJKW�3������PQV���N\SKRVFROLRVLV��\UV� PLOG�UHWDUGDWLRQ���\UV��EOLQG
.HUEHU�������� ZDUIDULQ����PJ������ & ���\UV��GLHG�SURJQDWLVP�VXEOX[DWLRQ�&����SURJUHVVLYHSODW\VSRQG\OLVLV��SRVWHULRU�ZHGJLQJ�WKRUDFLFYHUWHEUDH�VKDOORZ�DFHWDEXOD

FHUHEUDO�DV\PPHWU\�IRFDO�FHUHEUDO�DWURSK\�VKRUWHQLQJROIDFWRU\�WUDFWV�IRFDO�GLVRULHQWDWLRQ�J\UDO�SDWWHUQ�SRVWPRUWHP�H[DP�3HWWLIRU�������� ZDUIDULQ������� 6 ��PRV QRW�UHSRUWHG QRUPDO�PLOHVWRQHV�QRUPDO�YLVLRQ�DOHUW6KDXO�������� ZDUIDULQ������PJ������ & ��PRV QRUPDO�JURZWK QRUPDO�GHYHORSPHQW
&DUVRQ�������� ZDUIDULQ������PJ������� & XQFOHDU QRW�UHSRUWHG PLFURFHSKDO\�VSDVWLFLW\�EOLQG�UHWDUGDWLRQ�FDUHG�IRU�LQ�ORQJ�VWD\�DFFRPPRGDWLRQ�6WHYHQVRQ������� ZDUIDULQ��PJ����XQFOHDU� & ���PRV PLGIDFLDO�K\SRSODVLD�OHVV�VHYHUH�PRVW�VWLSSOLQJLQFRUSRUDWHG�FDOFLILHG�K\RLG�DQG�WK\URLG�FDUWLODJH�KHLJKW���FP���3���ZHLJKW����NJ���3��

ELODWHUDO�RSWLF�DWURSK\�GHOD\HG�PRWRUGHYHORSPHQW�QRUPDO�ODQJXDJH�VNLOOV
:KLWILHOG������� ZDUIDULQ���PJ������ 6 ��\UV QRVH�QRW�DEQRUPDO�GLVSURSRUWLRQDO�VWDWXUH�DWODQWR�D[LDO�LQVWDELOLW\ VORZ�PRWRU�GHYHORSPHQW���PRV��VOLJKWKHPLSDUHVLV�QRUPDO�LQWHOOHFW���\UV�+DUURG���������,� ZDUIDULQ�����PJ������ 6 ���PRV VWULNLQJ�QDVDO�K\SRSODVLD�VWLSSOLQJ�EXWWHUIO\�WKRUDFLFYHUWHEUDH�K\SRSODVLD�GLVWDO�SKDODQJHV��QRUPDOJURZWK

DEQRUPDO�ULJKW�SXSLO�QRUPDO�GHYHORSPHQW
+DUURG���������,,� ZDUIDULQ������� 6 ����\UV PDUNHG�QDVDO�K\SRSODVLD PLOG�KLJK�IUHTXHQF\�KHDULQJ�ORVV�GHOD\HG�ODQJXDJHVNLOOV��EHKDYLRUDO�SUREOHPV:HHQLQN������� SKHQ���������DFHQR������� 6 ��\U QRW�UHSRUWHG QRUPDO�GHYHORSPHQW
6WUXZH�������� SKHQSURFRXPRQ���PJ�WDSHULQJ�������� 6 ��\U VWLSSOLQJ�K\SRSODVLD�GLVWDO�SKDODQJHV�DQG�SHOYLFERQHV QRW�UHSRUWHG
.DSODQ�������� ZDUIDULQ������� 1 ��\UV SURJUHVVLYH�WKRUDFROXPEDU�VFROLRVLV�FRQWUDFWXUHULJKW�KLS��QHHGV�ZDONHU��ELODWHUDO�HTXLQRYDUXV VHL]XUHV�EOLQGQHVV�ULJKW�H\H�ORZ�,4�DW���\HDUV��YHUEDO����SHUI�����



5HIHUHQFH ([SRVXUHGUXJ��ZHHNV� Á )ROORZ�XS )DFH�DQG�6NHOHWRQ�DW�IROORZ�XS &HQWUDO�1HUYRXV�6\VWHP�DW�IROORZ�XS
3DZORZ�������� SKHQSURFRXPRQ������ & ��\UV ELODWHUDO�FOXEIRRW PDFURFHSKDO\�QRUPDO�GHYHORSPHQW
5XWKQXP������� ZDUIDULQ������ 6 ��\U ZHLJKW�3��KHLJKW�3���PLFURJQDWLD�PLFURJORVVLD QRUPDO�SV\FKRPRWRU�GHYHORSPHQW
7DPEXUULQL������� ZDUIDULQ��ZKROH� 6 ���PRV VRPH�UHPDLQLQJ�VWLSSOLQJ�DEQRUPDO�RVVLILFDWLRQFDOFDQHL QRW�UHSRUWHG
+RVHQIHOG������� SKHQ�������PJ������ 6 ���\UV PLGIDFLDO�K\SRSODVLD�LPSDLUHG�QDVDOEUHDWKLQJ�GLVSURSRUWLRQDO�VKRUW�VWDWXUH FRQGXFWLYH�KHDULQJ�ORVV�QRUPDO�LQWHOOHFW
'H�9ULHV������� DFHQRFRXPDURO�����DQG������� & ���\UV GLVSURSRUWLRQDO�VKRUW�VWDWXUH SV\FKRPRWRU�GHYHORSPHQW�QRUPDO�LQWHOOLJHQFH�QRUPDO�,4 �����KHDULQJ�DQG�YLVLRQ�QRUPDO+RZH�������� ZDUIDULQ�����PJ������ 6 ���PRV PD[LOODU\�K\SRSODVLD�FHUYLFDO�N\SKRVLV +RUQHU�V\QGURPH�V\ULQJRP\HOLD�TXDGULSOHJLD
7DNDQR�������� ZDUIDULQ���VWWULP� 6 ���\UV DEQRUPDO�RVVLILFDWLRQ�FHUYLFDO�YHUWHEUDOERGLHV�FHUYLFDO�N\SKRVLV�DWODQWR�D[LDO�LQVWDELOLW\ VXGGHQ�ORVV�RI�VWUHQJWK����\UV��FRPSUHVVLRQ�VSLQDO�FRUGZLWK�SHUVLVWHQW�K\SHUUHIOH[LD�����\UV���QR�PRWRUZHDNQHVV�����\UV�9DQ�'ULHO�� DFHQRFRXPDURO������ 6 ���\UV PLGIDFLDO�K\SRSODVLD�QRUPDO�JURZWK QRUPDO�SV\FKRPRWRU�GHYHORSPHQW�QRUPDO�LQWHOOHFW�,4 ����Á�W\SH�RI�FRQJHQLWDO�DQRPDO\��6 VNHOHWDO�DQRPDOLHV��1 QHUYRXV�V\VWHP�DQRPDOLHV��& FRPELQDWLRQ�RI�ERWK
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WKH�FKLOG�GHYHORSHG�PDUNHG�FHUYLFDO�N\SKRVLV�ZLWK�QDUURZLQJ�RI�WKH�VSLQDO�FDQDO�UHVXOWLQJ�LQFRPSUHVVLRQ�RI�WKH�VSLQDO�FRUG��$W����\HDUV�RI�DJH��KLV�QHXURORJLFDO�H[DP�VKRZHG�SHUVLVWHQWK\SHUUHIOH[LD�LQ�ERWK�OLPEV�ZLWKRXW�PRWRU�ZHDNQHVV��7KH�VSLQDO�GHIRUPLWLHV�LQ�RWKHU�FKLOGUHQZHUH�UHSRUWHG�DIWHU�D�VKRUWHU�SHULRG�RI�IROORZ�XS��7KH\�LQFOXGHG�EXWWHUIO\�WKRUDFLF�YHUWHEUDH�DW� ��� PRQWKV� RI� DJH��� FHUYLFDO� N\SKRVLV� ZLWK� +RUQHU� V\QGURPH�� V\ULQJRPHOLD� DQGTXDGULSOHJLD��DW����PRQWKV���DWODQWR�D[LDO�LQVWDELOLW\�ZLWK�KHPLSDUHVLV����\HDUV���N\SKRVFROLRVLV���\HDUV���DQG�SURJUHVVLYH�WKRUDFROXPEDU�VFROLRVLV����\HDUV���7KH�ODWWHU�FKLOG�KDG�QR�IDFLDO�RUURQWJHQRORJLFDO� DQRPDOLHV� DW� ELUWK�� +H� DOVR� GHYHORSHG� D� FRQWUDFWXUH� RI� KLV� ULJKW� KLS� DQGQHHGHG� D� ZDONHU� WR� PRYH� DURXQG�� ,Q� DGGLWLRQ�� WKH� WHQ�\HDU�ROG� FKLOG� ZKR� GLHG� IURPSQHXPRQLD�ZDV�ERUQ�ZLWK�PLGIDFLDO�K\SRSODVLD��+LV�SRVW�PRUWHP�H[DP�UHYHDOHG�SURJUHVVLYHSODW\VSRQG\OLVLV��VXEOX[DWLRQ�RI�&�����DQG�SRVWHULRU�ZHGJLQJ�RI�WKH�WKRUDFLF�YHUWHEUDH��7KHVNHOHWDO� DQRPDOLHV� UHSRUWHG� DW� IROORZ�XS� LQ� WKH� RWKHU� FKLOGUHQ� LQFOXGHG� SHUVLVWHQFH� RI� DGLVSURSRUWLRQDO� RU� VKRUW� VWDWXUH� GXULQJ� JURZWK� �Q ��� DQG� K\SRSODVLD� RU� DEQRUPDORVVLILFDWLRQ�RI�ERQ\�VWUXFWXUHV��Q ����,Q�WKUHH�FKLOGUHQ�RQO\�SUHVHQWLQJ�VNHOHWDO�DQRPDOLHV�DWELUWK�� KHDULQJ� ORVV� ZDV� GLDJQRVHG� DW� IROORZ�XS�� 2I� WKH� HLJKW� FDVHV� ZLWK� FHQWUDO� QHUYRXVV\VWHP�DQRPDOLHV�DW�ELUWK��QRUPDO�SV\FKRPRWRU�GHYHORSPHQW�ZDV�UHSRUWHG�LQ�WKUHH�FKLOGUHQ�7KHVH� FKLOGUHQ� GLVSOD\HG� K\GURFHSKDO\�� PDFURFHSKDO\�� RU� K\SRWRQLD� DW� ELUWK�� )RXU� RWKHUFKLOGUHQ�VKRZHG�DEQRUPDO�GHYHORSPHQW�DW�IROORZ�XS��2I�WKHVH�FKLOGUHQ��WZR�ZHUH�ERUQ�ZLWKELODWHUDO�RSWLF�DWURSK\��D�GHOD\�LQ�PRWRU�GHYHORSPHQW�ZDV�GHVFULEHG�LQ�RQH�FDVH�DW����PRQWKVRI�DJH��ZKLOH�PHQWDO�UHWDUGDWLRQ�ZLWK�EOLQGQHVV�ZDV�UHSRUWHG�LQ�WKH�RWKHU�FKLOG�DW�ILYH�\HDUVRI�DJH��,Q�DGGLWLRQ��D�FKLOG�ZLWK�PLFURFHSKDO\�DW�ELUWK�GLVSOD\HG�PHQWDO�UHWDUGDWLRQ��VSDVWLFLW\DQG� EOLQGQHVV� DW� IROORZ�XS��ZKHUHDV� D� ORZ� YHUEDO� DQG� SHUIRUPDO� LQWHOOLJHQFH� TXRWLHQW�ZDVIRXQG�DW�VHYHQ�\HDUV�RI�DJH�LQ�D�FKLOG�SUHVHQWLQJ�ZLWK�D�'DQG\�:DONHU�F\VW��K\GURFHSKDOXV�DQG� DEVHQW� VHSWXP� SHOOXFLGXP� DW� ELUWK�� 7KH� FKLOG� ZKR� GLHG� DW� WHQ� \HDUV� RI� DJH� KDG� DQRFFDVLRQDO� VHL]XUH� DQG� VORZ� GHYHORSPHQW� LQ� WKH� ILUVW� PRQWKV� RI� OLIH�� +LV� ORQJ�WHUPGHYHORSPHQW� ZDV� QRW� GHVFULEHG�� EXW� SRVWPRUWHP� H[DPLQDWLRQ� UHYHDOHG� D� VHYHUHGLVRUJDQL]DWLRQ�DQG�DWURSK\�RI�KLV�FHUHEUXP�
3UHYDOHQFH�RI�FRXPDULQ�UHODWHG�FRQJHQLWDO�DQRPDOLHV
,Q�RUGHU�WR�HVWLPDWH�WKH�SUHYDOHQFH�RI�WKH�FRQJHQLWDO�DQRPDOLHV�DVVRFLDWHG�ZLWK�H[SRVXUH�WRFRXPDULQV� GXULQJ� SUHJQDQF\�� ZH� UHYLHZHG� ��� VWXGLHV� �7DEOH� ��� GHVFULELQJ� D� WRWDO� RI� ���SUHJQDQFLHV������� ,Q� ���� RI� WKHVH� SUHJQDQW� ZRPHQ� ZDUIDULQ� ZDV� SUHVFULEHG�� ZKHUHDV� ���ZRPHQ� XVHG� DFHQRFRXPDURO� GXULQJ� SUHJQDQF\� DQG� LQ� ���� SUHJQDQFLHV� WKH� FRXPDULQGHULYDWLYH� ZDV� QRW� VSHFLILHG�� $OO� WKH� ZRPHQ� ZHUH� RQ� ORQJ�WHUP� WKHUDS\� ZLWK� FRXPDULQGHULYDWLYHV� DW� WKH� WLPH�RI� FRQFHSWLRQ�� LQGLFDWLRQV�ZHUH� HLWKHU�D� SURVWKHWLF�KHDUW� YDOYH� RU� DELRSURVWKHVLV�LQ�FRPELQDWLRQ�ZLWK�DWULDO�ILEULOODWLRQ��0RVW�ZRPHQ��Q  ������ZHUH�WUHDWHG�ZLWK



7DEOH����)RHWDO�RXWFRPH�LQ�FRKRUW�VWXGLHV�GHVFULELQJ�PDWHUQDO�XVH�RI�FRXPDULQV�GXULQJ�SUHJQDQF\�2XWFRPH FRXPDULQV�WKURXJKRXWSUHJQDQF\��Q ���� FRXPDULQV�RQO\�LQ��VWWULP��Q ���� FRXPDULQV�UHSODFHG�E\KHSDULQ�LQ��WK����WK ZHHN�Q ����
FRXPDULQV�UHSODFHG�E\KHSDULQ�DIWHU��WK ZHHN�XQWLOHQG��VW WULPHVWHU��Q ���

FRXPDULQV�VWDUW�DIWHU��VWWULP�Q �����/LYHERUQ��QR�FRPSOLFDWLRQV �����SUHWHUP������1'���� �� ����SUHWHUP���� ����SUHWHUP���� ����SUHWHUP������1'����/LYHERUQ��FRPSOLFDWLRQV �� � � � �HPEU\RSDWK\ �� � � � �&16�DQRPDO\ � � � � �FRPELQDWLRQ � � � � �EOHHGLQJ ����&16���1'� � ���1'� � �RWKHU �����1'� � � � �6SRQWDQHRXV�DERUWLRQ ��� � �� �� �(OHFWLYH�DERUWLRQ �� �� � � �6WLOO�ELUWK ������:(����&16�:(� � � � �2WKHU ��HFWRSLF�SUHJQDQF\�DQG��PROD ��PDWHUQDO�GHDWK ��PDWHUQDO���IHWDO�GHDWKDQG���DEUXSWLR�IHWDO�GHDWK � ��PDWHUQDO�GHDWK
1' QHRQDWDO�GHDWK��:( ZDUIDULQ�HPEU\RSDWK\��&16 FHQWUDO�QHUYRXV�V\VWHP��ZLWKGUDZDO�FRXPDULQ�GHULYDWLYHV�ZKHQ�JHVWDWLRQ�HVWDEOLVKHG��VRPH�UHFHLYHG�KHSDULQ�GXULQJ��VW WULPHVWHU
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FRXPDULQV�WKURXJKRXW�SUHJQDQF\��,Q�����SUHJQDQFLHV��FRXPDULQV�ZHUH�UHSODFHG�E\�KHSDULQIURP� WKH� �WK WR� WKH� ��WK JHVWDWLRQDO� ZHHN� LQ� RUGHU� WR� DYRLG� WKH� GHYHORSPHQW� RI� ZDUIDULQHPEU\RSDWK\�2XW�RI�WKH�����SUHJQDQFLHV������FKLOGUHQ�ZHUH�ERUQ�DOLYH��,Q�DFFRUGDQFH�ZLWK�WKH�SURSRVHGWHUDWRJHQLF� ZLQGRZ� IURP� WKH� �WK WR� WKH� �WK JHVWDWLRQDO� ZHHN�� QR� VNHOHWDO� DQRPDOLHVFKDUDFWHULVWLF� RI� ZDUIDULQ� HPEU\RSDWK\� ZHUH� UHSRUWHG� LQ� WKH� RIIVSULQJ� RI� WKH� ZRPHQ� LQZKRP�KHSDULQ�ZDV�VXEVWLWXWHG�IRU�FRXPDULQV�EHWZHHQ�WKH��WK DQG�WKH���WK JHVWDWLRQDO�ZHHN�,Q� DGGLWLRQ�� QR� ZDUIDULQ� HPEU\RSDWK\� ZDV� IRXQG� LQ� WKH� FKLOGUHQ� RI� ZRPHQ� ZKR� XVHGFRXPDULQV�IURP�WKH�VHFRQG�WULPHVWHU�RQZDUGV��7ZHQW\�WZR�FKLOGUHQ�ZLWK�VNHOHWDO�DQRPDOLHVZHUH�IRXQG�RXW�RI�����FKLOGUHQ�ERUQ�DOLYH�WR�PRWKHUV�XVLQJ�FRXPDULQ�GHULYDWLYHV�WKURXJKRXWSUHJQDQF\��7KLV�UHVXOWV�LQ�D�SUHYDOHQFH�UDWH�RI����IRU�ZDUIDULQ�HPEU\RSDWK\��7ZR�FKLOGUHQZLWK� V\PSWRPV� RI� ZDUIDULQ� HPEU\RSDWK\� ZHUH� IRXQG� LQ� WKH� JURXS� RI� ZRPHQ� LQ� ZKRPKHSDULQ�VXEVWLWXWLRQ�VWDUWHG�DIWHU�WKH��WK JHVWDWLRQDO�ZHHN�$�WRWDO�RI����FKLOGUHQ�ZHUH�GHVFULEHG�ZLWK�DQ�DQRPDO\�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP�DW�ELUWK�LQFOXGLQJ� K\GURFHSKDOXV�� DQHQFHSKDO\�� PHQWDO� UHWDUGDWLRQ�� P\HORPHQLQJRFHOH�� DQG� ELILGVSLQH��2XW�RI�����OLYHERUQ�FKLOGUHQ��WKH�HVWLPDWHG�SUHYDOHQFH�UDWH�RI�FHQWUDO�QHUYRXV�V\VWHPDQRPDOLHV� LV�����$OO����FKLOGUHQ�ZHUH�DW� OHDVW�H[SRVHG�GXULQJ�WKH�SHULRG�RI�RUJDQRJHQHVLV�H[FHSW�D�FKLOG�ZLWK�PHQWDO�UHWDUGDWLRQ�ZKR�ZDV�H[SRVHG�IURP�WKH�VHFRQG�WULPHVWHU�RQZDUGV�,Q� HLJKW� FKLOGUHQ� WKH� FHQWUDO� QHUYRXV� V\VWHP� DQRPDO\� FRQVLVWHG� RI� DQ� LQWUDFUDQLDOKDHPRUUKDJH��ZKLFK�ZDV�LQ�WKUHH�FDVHV�UHODWHG�WR�SDUWXULWLRQ�XQGHU�FRXPDULQ�WUHDWPHQW�2I� WKH� ���� SUHJQDQFLHV�� ���� ������ VSRQWDQHRXV� DERUWLRQV� ZHUH� UHSRUWHG�� ��� HOHFWLYHDERUWLRQV� ZHUH� FDUULHG� RXW�� DQG� ��� ����� VWLOOELUWKV� ZHUH� GHVFULEHG�� 7KH� VSRQWDQHRXVDERUWLRQV� RFFXUUHG� PRVW� RIWHQ� GXULQJ� WKH� ILUVW� WULPHVWHU�� 9LWDOH� HW� DO�� VKRZHG� D� FORVHGHSHQGHQF\�EHWZHHQ�ZDUIDULQ�GRVDJH��!��PJ��DQG�IRHWDO�GHDWK��,Q�DGGLWLRQ��SUHPDWXULW\�ZDVUHSRUWHG�LQ������Q ����RI�WKH�����OLYHERUQ�FKLOGUHQ�
)ROORZ�XS�RI�FRKRUWV�RI�FRXPDULQ�H[SRVHG�FKLOGUHQ
,Q� DGGLWLRQ� WR� WKH� IROORZ�XS� RI� FKLOGUHQ� ERUQ� ZLWK� FRXPDULQ�UHODWHG� PDOIRUPDWLRQV�� ZHORRNHG� IRU� VWXGLHV� GHVFULELQJ� ORQJ�WHUP� RXWFRPH� RI� FKLOGUHQ� ZKR� ZHUH� ERUQ� DSSDUHQWO\QRUPDO�DIWHU�LQ�XWHUR�H[SRVXUH�WR�FRXPDULQV��:H�IRXQG�WKUHH�VWXGLHV�GHVFULELQJ�WKH�IROORZ�XS�DVVHVVPHQW�RI�D�FRKRUW�RI�FKLOGUHQ�SUHQDWDOO\�H[SRVHG�WR�FRXPDULQ�GHULYDWLYHV��:RQJ�HWDO�� H[DPLQHG����FKLOGUHQ�ZKR�ZHUH�H[SRVHG�SUHQDWDOO\�WR�ZDUIDULQ�����FKLOGUHQ�ZHUH�DW�OHDVWH[SRVHG� LQ� WKH� ILUVW�WULPHVWHU��ZKLOH�IRXU�FKLOGUHQ�ZHUH�RQO\�H[SRVHG�GXULQJ� WKH�VHFRQG�RUWKLUG�WULPHVWHU�RI�SUHJQDQF\��7KH�DJH�RI�WKH�FKLOGUHQ�DW�H[DPLQDWLRQ�UDQJHG�IURP�����WR�����\HDUV��,Q�WKH�FRKRUW��WZR�FKLOGUHQ�ZHUH�GHVFULEHG�ZLWK�VHYHUH�QDVDO�K\SRSODVLD�DW�IROORZ�XS�,Q�DGGLWLRQ��WZR�FKLOGUHQ�ZHUH�IRXQG�WR�KDYH�D�ORZ�LQWHOOLJHQFH�TXRWLHQW��EHWZHHQ����DQG����
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DW� ����� DQG� ����� \HDUV� RI� DJH�� 7KH� DXWKRUV� GHVFULEHG� PDFURFHSKDO\� LQ� ILYH� DQG� VSHHFKSUREOHPV�LQ� WKUHH�FKLOGUHQ��([FHSW� IRU�WZR�FKLOGUHQ�ZLWK� VSHHFK�SUREOHPV�ZKR�ZHUH�RQO\H[SRVHG�GXULQJ�WKH�VHFRQG�RU�WKLUG�WULPHVWHU��DOO�FKLOGUHQ�ZLWK�DQRPDOLHV�DW�IROORZ�XS�ZHUHH[SRVHG� WKURXJKRXW� SUHJQDQF\�� ,Q� DGGLWLRQ�� D� FKLOG� RI� ���� \HDUV� ROG� ZDV� UHSRUWHG� ZLWKJQDWRSDODWRVFKLVLV�� ELODWHUDO� PLFURSKWKDOPLD�� FDWDUDFW� RI� WKH� ULJKW� H\H�� LQWUDYHQWULFXODUKDHPRUUKDJH��DQG�K\GURFHSKDOXV�$QRWKHU�IROORZ�XS�VWXG\�� DVVHVVHG����ZDUIDULQ�H[SRVHG�FKLOGUHQ�DW�WKH�DYHUDJH�DJH�RI�IRXU\HDUV� �UDQJH� ���� WR� ���� \HDUV��� 7ZR� FKLOGUHQ� LQ� WKLV� JURXS� ZHUH� H[SRVHG� WKURXJKRXWSUHJQDQF\�� ZKHUHDV� ��� FKLOGUHQ� ZHUH� H[SRVHG� GXULQJ� WKH� VHFRQG� RU� WKLUG� WULPHVWHU�� ,QFRPSDULVRQ� WR� ��� PDWFKHG� QRQ�H[SRVHG� FKLOGUHQ�� QR� GLIIHUHQFHV� LQ� SK\VLFDO� DQG� PHQWDOGHYHORSPHQW�ZHUH�IRXQG�2OWKRI�HW�DO�� H[DPLQHG����FRXPDULQ�H[SRVHG�DQG����FRQWURO�FKLOGUHQ�EHWZHHQ�HLJKW�DQG�WHQ\HDUV�RI�DJH��WKUHH�FKLOGUHQ�ZHUH�DW�OHDVW�H[SRVHG�WR�FRXPDULQV�GXULQJ�WKH�ILUVW�WULPHVWHU�RISUHJQDQF\��ZKLOH� WKH�RWKHU����FKLOGUHQ�ZHUH�H[SRVHG�GXULQJ� WKH�VHFRQG�RU� WKLUG� WULPHVWHU�1R� VLJQLILFDQW� GLIIHUHQFHV�ZHUH� IRXQG� EHWZHHQ� WKH� WZR� JURXSV��+RZHYHU�� LQ� WKH� H[SRVHGFRKRUW�WKUHH�FKLOGUHQ�ZHUH�IRXQG�WR�KDYH�ORZ�LQWHOOLJHQFH��,4�������DW�IROORZ�XS��RQH�ZDVH[SRVHG�GXULQJ� WKH� WKLUG� WULPHVWHU�RQO\�DQG� WZR�FKLOGUHQ�ZHUH�H[SRVHG�GXULQJ� WKH� VHFRQGDQG� WKLUG� WULPHVWHU� RI� SUHJQDQF\�� ,Q� DGGLWLRQ�� RQH� FKLOG� ZLWK� VHYHUH� QHXURORJLFDODEQRUPDOLWLHV� FRQVLVWLQJ� RI� FHUHEUDO� SDOV\� ZLWK� SV\FKRPRWRU� UHWDUGDWLRQ�� HSLOHSV\�� DQGK\SRSODVLD�RI�ERWK�RSWLF�QHUYHV�ZDV�IRXQG��7KLV�FKLOG�ZDV�H[SRVHG�WR�FRXPDULQV�GXULQJ�WKHVHFRQG�DQG�WKLUG�WULPHVWHU�RI�SUHJQDQF\��SHGLDWULF�H[DPLQDWLRQ�GLUHFWO\�SRVWSDUWXP�UHYHDOHGQR�DEQRUPDOLWLHV�
3DWKRJHQHWLF�PHFKDQLVPV
,Q�RUGHU� WR�XQGHUVWDQG�WKH� WHUDWRJHQLF� LQWHUIHUHQFH� LQ� IRHWDO�GHYHORSPHQW�� LQVLJKW� LQWR� WKHSDWKRJHQHVLV� RI� FRXPDULQ�UHODWHG� DQRPDOLHV� LV� HVVHQWLDO�� 1HZ� LQVLJKWV� DUH� EDVHG� XSRQ� WKHHIIHFW� RI� FRXPDULQ� GHULYDWLYHV� RQ� 9LWDPLQ� .� PHWDEROLVP� LQ� WKH� FHOO�� &RXPDULQV� LQKLELWLQWUDFHOOXODU� 9LWDPLQ�.� UHF\FOLQJ� �)LJ�� ���� 'XULQJ� FHOOXODU� SURFHVVHV�� WKH� DFWLYH�PHWDEROLWH9LWDPLQ� .� K\GURTXLQRQH� �.+��� LV� R[LGL]HG� LQWR� 9LWDPLQ� .� ���� HSR[LGH� �.���� 7KHPLFURVRPDO�HQ]\PHV�9LWDPLQ�.�HSR[LGH�UHGXFWDVH�DQG�9LWDPLQ�.�UHGXFWDVH�UHGXFH�WKH�LQHUW9LWDPLQ�.��EDFN�LQWR�WKH�DFWLYH�PHWDEROLWH�.+���&RXPDULQ�GHULYDWLYHV�LQKLELW�WKH�UHGXFWDVHHQ]\PHV��VR�WKDW�WKH�VXSSO\�RI�.+��LV�H[KDXVWHG���9LWDPLQ�.�LV�NQRZQ�WR�EH�DQ�LPSRUWDQW�FRIDFWRU�LQ�HQ]\PDWLF�SURFHVVHV�LQ�WKH�FHOO��H�J��£�FDUER[\ODWLRQ� RI� JOXWDPLF� DFLG� �JOX�� UHVLGXHV� LQWR� £�FDUER[\JOXWDPDWH� UHVLGXHV� �JOD�� LQ� DYDULHW\� RI� SURWHLQV� �9LWDPLQ� .�GHSHQGHQW� SURWHLQV��� 7KH� PDMRULW\� RI� NQRZQ� YLWDPLQ� .�GHSHQGHQW� SURWHLQV� DUH� LQYROYHG� LQ� EORRG� FRDJXODWLRQ�� $GPLQLVWUDWLRQ� RI� FRXPDULQ
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GHULYDWLYHV� LQKLELWV� WKH� HVVHQWLDO� SRVWWUDQVODWLRQDO� PRGLILFDWLRQ� VR� WKDW� WKH� FRDJXODWLRQSURWHLQV� UHPDLQ� QRQ�IXQFWLRQDO�� &DUWLODJH�� ERQH�� DQG� WKH� GHYHORSLQJ� QHUYRXV� V\VWHP� DOVRFRQWDLQ�9LWDPLQ�.�GHSHQGHQW�SURWHLQV�,Q� ERQH� DQG� FDUWLODJH�� ERQH� JOX�SURWHLQ� �%*3�� DQG� PDWUL[� JOX�SURWHLQ� �0*3�� KDYH� EHHQLGHQWLILHG���7KHVH�SURWHLQV�DUH�WKRXJKW�WR�SOD\�DQ�LPSRUWDQW�UROH�DV�PLQHUDOL]DWLRQ�LQKLELWRUVLQ� WKH� GHYHORSLQJ� VNHOHWRQ�� ,Q� UDWV�� WKH� OHYHOV� RI�0*3�DQG�%*3�GHFUHDVHG� DIWHU� ZDUIDULQWUHDWPHQW����7KH�H[SRVHG�UDWV�VKRZHG�H[FHVVLYH�PLQHUDOL]DWLRQ�LQ�JURZWK�SODWHV�DQG�WKH�QDVDOVHSWXP�WRJHWKHU�ZLWK�PD[LOORQDVDO�K\SRSODVLD������)HWHLK�HW�DO�� REVHUYHG�D�GLVUXSWLRQ�LQ�WKHFROXPQDU� DUUDQJHPHQW� RI� WKH� K\SHUWURSKLF� FKRQGURF\WHV� LQ� FDUWLODJH� RI� IRHWDO� UDWV� DIWHUZDUIDULQ�H[SRVXUH��,W�ZDV�QRW�FOHDU�ZKHWKHU�WKH�DEQRUPDOLWLHV�ZHUH�GXH�WR�RYHUPLQHUDOL]DWLRQRU�ZKHWKHU�WKH\�ZHUH�WKH�UHVXOW�RI�D�PRUH�IXQGDPHQWDO�GLVWXUEDQFH�RI�WKH�FKRQGURF\WHV���
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7KH� FRQJHQLWDO� DQRPDOLHV� VHHQ� DIWHU� H[SRVXUH� WR� FRXPDULQV� LQ� XWHUR� KDYH� ORQJ� EHHQDVVRFLDWHG�ZLWK�GLIIHUHQW� W\SHV�RI�FKRQGURG\VSODVLD�SXQFWDWD��7KH�VLPLODULWLHV� LQ�SKHQRW\SHVXJJHVW�WKDW�WKH�JHQHWLF�DQG�GUXJ�LQGXFHG�GHIHFWV�XQGHUO\LQJ�WKHVH�V\QGURPHV�PD\�EH�GXH�WRWKH�VDPH�PHWDEROLF�SDWKZD\��,Q�UKL]RPHOLF�FKRQGURG\VSODVLD�SXQFWDWD� �5&'3��� D�GHIHFW� LQSHUR[LVRPDO� ELRJHQHVLV� KDV� EHHQ� HVWDEOLVKHG�� 5HFHQWO\�� GLIIHUHQW� JHQRW\SHV� KDYH� EHHQGHVFULEHG�SRLQWLQJ�WRZDUGV�LQYROYHPHQW�RI�HWKHU�SKRVSKROLSLG�ELRV\QWKHVLV�LQ�HDUO\�VNHOHWDOGHYHORSPHQW������� :DUIDULQ� HPEU\RSDWK\� DOVR� VKDUHV� SKHQRW\SLFDO� IHDWXUHV� ZLWK� ;�OLQNHGUHFHVVLYH� FKRQGURG\VSODVLD� SXQFWDWD� �&'3;��� 7KH� JHQH� IRU� &'3;� ZDV� DVVLJQHG� RQ� WKH;S����� UHJLRQ�� WKH� UHJLRQ� FRGLQJ� IRU� VRPH� PHPEHUV� RI� WKH� VXOSKDWDVH� IDPLO\� �L�H�DU\OVXOSKDWDVH� &�'�(�� DQG� )����� 0XWDWLRQ� DQDO\VLV� LQGLFDWHG� DU\OVXOSKDWDVH� (� DV� WKH� JHQHUHVSRQVLEOH� IRU� &'3;�� ,Q� YLWUR�� D� VLJQLILFDQW� GHFUHDVH� RI� DU\OVXOSKDWDVH� (� DFWLYLW\� ZDVREVHUYHG�ZLWK�KLJK�FRQFHQWUDWLRQV�RI�ZDUIDULQ���,Q�WKH�QHUYRXV�V\VWHP��9LWDPLQ�.�KDV�EHHQ�VKRZQ�WR�VWLPXODWH� WKH�DFWLYLW\�RI�DW� OHDVW� WZRPLFURVRPDO� HQ]\PHV� LQ� WKH� VSKLQJROLSLG� SDWKZD\������ 7KH� UHTXLUHPHQW� RI� SKRVSKRUXV� LQWKHVH�H[SHULPHQWV�VXJJHVWV� WKDW�D�SKRVSKRU\ODWLRQ�VWHS� LV� LQYROYHG����(QG�SURGXFWV�RI� WKLVSDWKZD\� DUH� FHUHEURVLGHV�� VXOIDWLGHV�� JDQJOLRVLGHV�� DQG� VSKLQJRP\HOLQ�� 6SKLQJROLSLGV� DUHLPSRUWDQW� VWUXFWXUDO� FRPSRQHQWV� RI�P\HOLQ�� EXW� WKH\� DOVR� VHUYH� DV� VHFRQG�PHVVHQJHUV� LQLQWUDFHOOXODU� VLJQDO� WUDQVGXFWLRQ� SDWKZD\V������� 6XQGDUDP� VKRZHG� WKDW� ZDUIDULQDGPLQLVWUDWLRQ� UHVXOWHG� LQ� D� VLJQLILFDQW� UHGXFWLRQ� RI� VXOIDWLGHV� LQ� PLFH� EUDLQV� WKURXJKLQKLELWLRQ�RI�WKH�DFWLYLW\�RI�JDODFWRFHUHEURVLGH�VXOIRWUDQVIHUDVH��*67����5HFHQWO\�� D� QHZ� 9LWDPLQ� .�GHSHQGHQW� SURWHLQ� �JOX�SURWHLQ�� ZDV� GLVFRYHUHG�� *DV����� 7KLVJURZWK�IDFWRU�LV�D�OLJDQG�IRU�D�VXEIDPLO\�RI�WKH�UHFHSWRU�W\URVLQH�NLQDVHV��57.
V���57.
V�DUHUHFHSWRUV�ZLWK� DQ� H[WUDFHOOXODU�GRPDLQ��ZKLFK�ELQG� WKH� OLJDQG� DQG� DQ� LQWUDFHOOXODU� W\URVLQHNLQDVH�ZKLFK�LV�LPSRUWDQW�IRU�VLJQDO�WUDQVGXFWLRQ����57.
V�ZHUH�ILUVW�GHVFULEHG�IRU�WKHLU�UROHLQ� FHOO� JURZWK� DQG� SUROLIHUDWLRQ�� EXW� DUH� DOVR� NQRZQ� WR� IXQFWLRQ� LQ� FHOO�PLJUDWLRQ�� D[RQDOSDWKILQGLQJ��FHOO�VXUYLYDO�DQG�QHXUDO�FHOO�W\SH�GHWHUPLQDWLRQ��*DV��DQG�LWV� UHFHSWRU��7\UR���ZHUH� IRXQG� WR� EH� ZLGHO\� GLVWULEXWHG� WKURXJKRXW� WKH� QHUYRXV� V\VWHP�� ,Q� WKH� EUDLQ� RIGHYHORSLQJ�FKLFN�HPEU\RV�� W\URVLQH�SKRVSKRU\ODWLRQ�ZDV�HQKDQFHG�E\�9LWDPLQ�.��ZKHUHDVZDUIDULQ�ZDV�VKRZQ�WR�LQKLELW�WKLV�SKRVSKRU\ODWLRQ�FDVFDGH����6LQFH�WKH�GHYHORSPHQW�RI�WKHQHUYRXV�V\VWHP�RI�WKH�KXPDQ�HPEU\R�LV�GHSHQGHQW�XSRQ�D�KLJKO\�FR�RUGLQDWHG�UHSHUWRLUH�RIFHOO� GLYLVLRQ�� GLIIHUHQWLDWLRQ� DQG�PLJUDWLRQ�� LQKLELWLRQ�RI� UHJXODWRU\� JURZWK� IDFWRUV� OLNH� WKH9LWDPLQ� .�GHSHQGHQW� *DV�� PLJKW� FDXVH� GLVRUJDQL]DWLRQ� RI� WKH� FHQWUDO� QHUYRXV� V\VWHPGXULQJ�GHYHORSPHQW��%HVLGHV� WKH�QHUYRXV� V\VWHP��*DV�� KDV� D�ZLGH� WLVVXH�GLVWULEXWLRQ�� H�J�OXQJ��LQWHVWLQH��KHDUW��WHVWLV����7KHUHIRUH��LW�LV�FRQFHLYDEOH�WKDW�*DV�� LQKLELWLRQ�PLJKW�KDYH�DQHJDWLYH�LQIOXHQFH�RQ�WKH�HPEU\RJHQHVLV�RI�RWKHU�WUDFWV�
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&RQFOXGLQJ�UHPDUNV
&DVH�UHSRUWV�GHVFULEH�D�FRPELQDWLRQ�RI�IDFLDO�DQG�VNHOHWDO�DQRPDOLHV��ZKLFK�DUH�UHODWLYHO\�UDUHLQ�WKH�QRUPDO�SRSXODWLRQ��DIWHU�LQ�XWHUR�H[SRVXUH�WR�FRXPDULQV��0RVW�FDVHV�RI�WKLV�VR�FDOOHGZDUIDULQ� HPEU\RSDWK\�ZHUH� H[SRVHG� GXULQJ� D� WHUDWRJHQLF� ZLQGRZ� IURP� WKH� �WK WR� WKH� �WKJHVWDWLRQDO�ZHHN��7KH�HPEU\RSDWK\�ZDV�QRW�IRXQG�LQ�VWXGLHV�LQ�ZKLFK�SUHJQDQW�ZRPHQ�XVHGFRXPDULQ� GHULYDWLYHV� IURP� WKH� VHFRQG� WULPHVWHU� RQZDUGV�� ,Q� DGGLWLRQ�� PDMRU� VWUXFWXUDOPDOIRUPDWLRQV�� LQFOXGLQJ� WKH� FHQWUDO� QHUYRXV� V\VWHP�� ZHUH� GHVFULEHG� DIWHU� FRXPDULQH[SRVXUH� LQ� XWHUR��7KHVH� DQRPDOLHV�ZLWK� D� ORZ� LQFLGHQFH� LQ� WKH� QRUPDO� SRSXODWLRQ� FRXOGKDYH� EHHQ� IRXQG� E\� FRLQFLGHQFH� DIWHU� FRXPDULQ� H[SRVXUH� LQ� XWHUR�� +RZHYHU�� WKHFRPELQDWLRQ�ZLWK� WKH�W\SLFDO� IDFLDO� DQG� VNHOHWDO� DQRPDOLHV� LQ�����RI� WKHVH� FDVHV� VXJJHVW� DUHODWLRQ�ZLWK� WKH� SUHQDWDO� H[SRVXUH� WR� FRXPDULQ� GHULYDWLYHV��0RVW� RI� WKH�PDMRU� VWUXFWXUDODQRPDOLHV�ZHUH�IRXQG�DIWHU�H[SRVXUH�GXULQJ�WKH�ILUVW�WULPHVWHU�RI�SUHJQDQF\��RUJDQRJHQHVLV��7KHUH� LV� OLWWOH� LQIRUPDWLRQ� DERXW� WKH� ORQJ�WHUP� LPSOLFDWLRQV� RI� LQ� XWHUR� H[SRVXUH� WRFRXPDULQV�ZKHQ�SUHVFULSWLRQ�RI�WKHVH�GUXJV�GXULQJ�WKH�ILUVW�WULPHVWHU�RI�JHVWDWLRQ�LV�DYRLGHG�2QO\�D�IHZ�VPDOO�FRKRUW�VWXGLHV�H[DPLQHG�FKLOGUHQ�ZKR�ZHUH�ERUQ�DSSDUHQWO\�QRUPDO�DIWHU�LQXWHUR� H[SRVXUH� GXULQJ� WKH� VHFRQG� RU� WKLUG� WULPHVWHU� RI� SUHJQDQF\�� 7KHVH� VWXGLHV� VKRZHGFRQWUDGLFWRU\� UHVXOWV� LQFOXGLQJ� D� QRUPDO� DV� ZHOO� DV� DQ� LPSDLUHG� GHYHORSPHQW� RI� WKHVHFKLOGUHQ��,Q�DGGLWLRQ��WKH�FRQFHSWV�RI�WHUDWRJHQLFLW\�RI�FRXPDULQV�DUH�PDLQO\�EDVHG�RQ�DQLPDOPRGHOV� LQFOXGLQJ� UDWV� DQG� PLFH�� ZKLFK� DUH� ERUQ� OHVV� PDWXUH� WKDQ� WKH� KXPDQ� IRHWXV�7KHUHIRUH��WKH�UHVXOWV�RI�WKHVH�VWXGLHV�DUH�GLIILFXOW�WR�H[WUDSRODWH�WR�WKH�KXPDQ�VLWXDWLRQ�:H�FRQFOXGH�WKDW�LQ�RUGHU�WR�DSSURSULDWHO\�WUHDW�SUHJQDQW�ZRPHQ�ZKR�QHHG�DQWLFRDJXODWLRQ�D� ODUJH� FRKRUW� VWXG\� DVVHVVLQJ� JURZWK� DQG� GHYHORSPHQW� RI� FKLOGUHQ� H[SRVHG� WR� FRXPDULQGHULYDWLYHV�GXULQJ�WKH�VHFRQG�DQG�WKLUG�WULPHVWHU�RI�SUHJQDQF\�LV�ZDUUDQWHG�
5HIHUHQFHV
�� 'L6DLD� 3-�� 3UHJQDQF\� DQG� GHOLYHU\� RI� D� SDWLHQW� ZLWK� D� 6WDUU�(GZDUGV� PLWUDO� YDOYH� SURVWKHVLV�2EVWHW�*\QHFRO��������������������� :ULJKW�+3��9HQRXV� WKURPERVLV� GXULQJ� SUHJQDQF\� WUHDWHG�ZLWK� GLFRXPDULQ�� -�2EVWHW�*\QHDFRO%ULW�(PS������������������ +LUVFK� -��&DGH� -)��*DOOXV�$6��)HWDO� HIIHFWV�RI� FRXPDGLQ�DGPLQLVWHUHG�GXULQJ�SUHJQDQF\��%ORRG������������������� &DUOVRQ�%��'HYHORSPHQWDO�GLVRUGHUV��FDXVHV��PHFKDQLVPV��DQG�SDWWHUQV��,Q��&RSODQG�%��&DOGZHOO/�� HGLWRUV��+XPDQ� HPEU\RORJ\� DQG� GHYHORSPHQWDO� ELRORJ\�� �QG� HG�6W�� /RXLV��0LVVRXUL��0RVE\���������������� %HFNHU�0+��*HQLHVHU�1%��)LQHJROG�0��0LUDQGD�'��6SDFNPDQ�7��&KRQGURG\VSODVLD�3XQFWDWD��,VPDWHUQDO�ZDUIDULQ�WKHUDS\�D�IDFWRU"�$P�-�'LV�&KLOG������������������ +RZH�$0��:HEVWHU�:6��9LWDPLQ�.�� LWV� HVVHQWLDO� UROH� LQ�FUDQLRIDFLDO�GHYHORSPHQW��$� UHYLHZ�RI
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WKH�OLWHUDWXUH�UHJDUGLQJ�YLWDPLQ�.�DQG�FUDQLRIDFLDO�GHYHORSPHQW��$XVW�'HQW�-�������������������� 3ULHWR�$/��:HEHU�-/��7UDF\�6��+HHE�0-��/DL�&��*DV���D� OLJDQG�IRU�WKH�UHFHSWRU�SURWHLQ�W\URVLQHNLQDVH�7\UR����LV�ZLGHO\�H[SUHVVHG�LQ�WKH�FHQWUDO�QHUYRXV�V\VWHP��%UDLQ�5HV������������������� +RZH�$0��:HEVWHU�:6��7KH�ZDUIDULQ�HPEU\RSDWK\��D�UDW�PRGHO�VKRZLQJ�PD[LOORQDVDO�K\SRSODVLDDQG�RWKHU�VNHOHWDO�GLVWXUEDQFHV��7HUDWRORJ\������������������ 6XQGDUDP� .6�� /HY� 0�� :DUIDULQ� DGPLQLVWUDWLRQ� UHGXFHV� V\QWKHVLV� RI� VXOIDWLGHV� DQG� RWKHUVSKLQJROLSLGV�LQ�PRXVH�EUDLQ��-�/LSLG�5HV������������������� 6XQGDUDP�.6��)DQ� -+��(QJHONH� -$�� )ROH\�$/�� 6XWWLH� -:��/HY�0��9LWDPLQ�.� VWDWXV� LQIOXHQFHVEUDLQ�VXOIDWLGH�PHWDEROLVP�LQ�\RXQJ�PLFH�DQG�UDWV��-�1XWU��������������������� 4XHQQHYLOOH�*��%DUWRQ�%��0F'HYLWW�(��:ULJKW�,6��7KH�XVH�RI�DQWLFRDJXODQWV�IRU�WKURPERSKOHELWLVGXULQJ�SUHJQDQF\��$P�-�2EVWHW�*\QHFRO����������������������� .HUEHU�,-��:DUU�26��5LFKDUGVRQ�&��3UHJQDQF\�LQ�D�SDWLHQW�ZLWK�D�SURVWKHWLF�PLWUDO�YDOYH��-$0$��������������������� ,NRQHQ� (�� 0HULNDOOLR� (�� 2VWHUOXQG� .�� 6HSSDOD� 0�� 0LWUDO� YDOYH� SURVWKHVLV�� ZDUIDULQDQWLFRDJXODWLRQ��DQG�SUHJQDQF\��/DQFHW�������������� 7HMDQL�1��$QWLFRDJXODQW�WKHUDS\�ZLWK�FDUGLDF�YDOYH�SURVWKHVLV�GXULQJ�SUHJQDQF\��2EVWHW�*\QHFRO��������������������� )RXULH�'7��+D\�,7��:DUIDULQ�DV�D�SRVVLEOH�WHUDWRJHQ��6�$IU�0HG�-������������������� 3HWWLIRU� -0�� %HQVRQ� 5�� &RQJHQLWDO� PDOIRUPDWLRQV� DVVRFLDWHG� ZLWK� WKH� DGPLQLVWUDWLRQ� RI� RUDODQWLFRDJXODQWV�GXULQJ�SUHJQDQF\��-�3HGLDWU���������������������� 6KDXO� :/�� (PHU\� +�� +DOO� -*�� &KRQGURG\VSODVLD� SXQFWDWD� DQG� PDWHUQDO� ZDUIDULQ� XVH� GXULQJSUHJQDQF\��$P�-�'LV�&KLOG������������������� :DUNDQ\�-��%RILQJHU�0��/H�UROH�GH�OD�FRXPDGLQH�GDQV�OHV�PDOIRUPDWLRQV�FRQJHQLWDOHV��0HG�+\J������������������ %DUU�0�� -U��� %XUGL� $5��:DUIDULQ�DVVRFLDWHG� HPEU\RSDWK\� LQ� D� ���ZHHN�ROG� DERUWXV�� 7HUDWRORJ\������������������ &DUVRQ�0��5HLG�0��:DUIDULQ�DQG�IHWDO�DEQRUPDOLW\��/DQFHW�������������� +RO]JUHYH�:��&DUH\�-&��+DOO�%'��:DUIDULQ�LQGXFHG�IHWDO�DEQRUPDOLWLHV��/DQFHW��������������� 3DXOL� 50��0DGGHQ� -'�� .UDQ]OHU� .-�� &XOSHSSHU�:�� 3RUW� 5�� :DUIDULQ� WKHUDS\� LQLWLDWHG� GXULQJSUHJQDQF\�DQG�SKHQRW\SLF�FKRQGURG\VSODVLD�SXQFWDWD��-�3HGLDWU��������������������� 5LFKPDQ�(0��/DKPDQ�-(��)HWDO�DQRPDOLHV�DVVRFLDWHG�ZLWK�ZDUIDULQ�WKHUDS\�LQLWLDWHG�VKRUWO\�SULRUWR�FRQFHSWLRQ��-�3HGLDWU���������������������� 6KHUPDQ�6��+DOO�%'��:DUIDULQ�DQG�IHWDO�DEQRUPDOLW\��/DQFHW������������� $EERWW� $�� 6LEHUW� -5��:HDYHU� -%�� &KRQGURG\VSODVLD� SXQFWDWD� DQG�PDWHUQDO� ZDUIDULQ� WUHDWPHQW�%0-������������������������� &R[� '5�� 0DUWLQ� /�� +DOO� %'�� $VSOHQLD� V\QGURPH� DIWHU� IHWDO� H[SRVXUH� WR� ZDUIDULQ�� /DQFHW������������� 5DLYLR�.2�� ,NRQHQ�(��6DDULNRVNL�6��)HWDO� ULVNV�GXH� WR�ZDUIDULQ� WKHUDS\�GXULQJ�SUHJQDQF\��$FWD3DHGLDWU�6FDQG������������������ 9DQODH\V�5��'HURXEDL[�3��'HURXEDL[�*��/HORQJ�0��/HV� DQWLYLWDPLQHV�.�VRQW�HOOHV� WHUDWRJHQHV"1RXY�3UHVV�0HG��������������� 5RELQVRQ� 0-�� 3DVK� -�� *ULPZDGH� -�� &DPSEHO� -�� )HWDO� ZDUIDULQ� V\QGURPH�� 0HG� -� $XVW����������������� 6PLWK�0)��&DPHURQ�0'��:DUIDULQ�DV�WHUDWRJHQ��/DQFHW��������������������� %DLOOLH� 0�� $OOHQ� '�� (ONLQJWRQ� $5�� 7KH� FRQJHQLWDO� ZDUIDULQ� V\QGURPH�� D� FDVH� UHSRUW�� %U� -2SKWKDOPRO������������������ &XUWLQ�7��0XOKHUQ�%��)RHWDO�ZDUIDULQ�V\QGURPH��,ULVK�0HGLFDO�-RXUQDO���������������������� +DOO�-*��3DXOL�50��:LOVRQ�.0��0DWHUQDO�DQG�IHWDO�VHTXHODH�RI�DQWLFRDJXODWLRQ�GXULQJ�SUHJQDQF\�
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$P�-�0HG������������������� 6WHYHQVRQ� 5(�� %XUWRQ� 20�� )HUODXWR� *-�� 7D\ORU� $�� +D]DUGV� RI� 2UDO� $QWLFRDJXODQWV� GXULQJ3UHJQDQF\��-$0$������������������������� :KLWILHOG� 0)�� &KRQGURG\VSODVLD� SXQFWDWD� DIWHU� ZDUIDULQ� LQ� HDUO\� SUHJQDQF\�� FDVH� UHSRUW� DQGVXPPDU\�RI�WKH�OLWHUDWXUH��$UFK�'LV�&KLOG������������������� +DUURG�-(��6KHUURG�36��:DUIDULQ�HPEU\RSDWK\�LQ�VLEOLQJV��2EVWHW�*\QHFRO��������������������� :HHQLQN� *+�� 9DQ� 'LMN�:LHUGD� &$��0H\ERRP� 5+%�� .RSSH� -*�� 6WDDOPDQ� &5�� 7UHIIHUV� 3(�7HUDWRJHHQ�HIIHFW�YDQ�FRXPDULQH�GHULYDWHQ��17Y*����������������������� .DSODQ�/&��$QGHUVRQ�**��5LQJ�%$��&RQJHQLWDO�K\GURFHSKDOXV�DQG�'DQG\�:DONHU�PDOIRUPDWLRQDVVRFLDWHG�ZLWK�ZDUIDULQ�XVH�GXULQJ�SUHJQDQF\��%LUWK�'HI�2ULJ�$UW�6HU������������������ /DPRQWDJQH� -0�� /HFOHUF� -(�� &DUULHU� &�� %XUHDX� 0�� :DUIDULQ� HPEU\RSDWK\� �� D� FDVH� UHSRUW�� -2WRODU\QJRO��������������������� 6WUXZH�)(��5HLQZHLQ�+��6WLHU�5��&RXPDULQ�HPEU\RSDWKLH��5DGLRORJH������������������ .DSODQ� /&�� &RQJHQLWDO�'DQG\�:DONHU� PDOIRUPDWLRQ� DVVRFLDWHG� ZLWK� ILUVW� WULPHVWHU� ZDUIDULQ�� DFDVH�UHSRUW�DQG�OLWHUDWXUH�UHYLHZ��7HUDWRORJ\������������������ 3DZORZ�,��3DZORZ�9��.XPDULQ�HPEU\RSDWKLH��=�.OLQ�0HG������������������� /DSLHGUD� 2-�� %HUQDO� -0�� 1LQRW� 6�� *RQ]DOH]� ,�� 3DVWRU� (�� 0LUDOOHV� 3-�� 2SHQ� KHDUW� VXUJHU\� IRUWKURPERVLV�RI�D�SURVWKHWLF�PLWUDO�YDOYH�GXULQJ�SUHJQDQF\��)HWDO�K\GURFHSKDOXV��-�&DUGLRYDVF�6XUJ������������������ =DN]RXN�06��7KH�FRQJHQLWDO�ZDUIDULQ�V\QGURPH��-�/DU\QJRO�2WRO������������������� 5XWKQXP�3��7ROPLH�-/��$W\SLFDO�PDOIRUPDWLRQV�LQ�DQ�LQIDQW�H[SRVHG�WR�:DUIDULQ�GXULQJ�WKH�ILUVWWULPHVWHU�RI�SUHJQDQF\��7HUDWRORJ\�������������������� 7DPEXUULQL� 2�� %DUWRORPHR�'H� ,XUL� $�� 'L� *XJOLHOPR� */�� &KRQGURG\VSODVLD� SXQFWDWD� DIWHUZDUIDULQ��FDVH�UHSRUW�ZLWK����PRQWK�IROORZ�XS��3HGLDWU�5DGLRO������������������ =LSSULFK� .:�� &DQ]OHU� (�� +XQGVG|UIHU� 6�� =XU� WHUDWRJHQHQ� ZLUNXQJ� YRQ� NXPDULQHQ�=HQW�EO�*\QlNRO�������������������� %DOGH� 0'�� %UHLWEDFK� *3�� :HWWVWHLQ� $�� +RIIPDQQ� :�� %DVWHUW� *�� )DOORWVFKH� 7HWUDORJLH� QDFK&XPDULQHLQQDKPH� LQ� GHU� )UXKVFKZDQJHUVFKDIW�HLQH� (PEU\RSDWKLH"� *HEXUWVK� X� )UDXHQKHLON����������������� +DOO�%'��:DUIDULQ�HPEU\RSDWK\�DQG�XULQDU\�WUDFW�DQRPDOLHV��SRVVLEOH�QHZ�DVVRFLDWLRQ��$P�-�0HG*HQHW������������������ +RVHQIHOG�'��:LHGHPDQ�+5�� &KRQGURG\VSODVLD� SXQFWDWD� LQ� DQ� DGXOW� UHFRJQL]HG� DV� YLWDPLQ�.DQWDJRQLVW�HPEU\RSDWK\��&OLQ�*HQHW������������������� .UH\EHUJ�1RUPDQQ� (�� 6WUD\�3HGHUVHQ� %�� :DUIDULQ�LQGXFHG� IHWDO� GLDSKUDJPDWLF� KHUQLD�� &DVHUHSRUW��%U�-�2EVWHW�*\QDHFRO������������������� )UHXGH�6��3DELQJHU�)DVFKLQJ�,��.R]HO�/DFKPDQQ�'��%UDXQ�)��3ROODN�$��:DUIDULQ�HPEU\RSDWKLHEHL� P�WWHUOLFKHU� FRXPDULQ�WKHUDSLH� ZHJHQ� SURWHLQ�6�PDQJHOV�� 3lGLDWULH� XQG� 3lGRORJLH������������������ 0DVRQ� -'7��-DUGLQH�$��*LEELQ�.3��)RHWDO�ZDUIDULQ�V\QGURPH�D�FRPSOH[�DLUZD\�SUREOHP��&DVHUHSRUW�DQG�UHYLHZ�RI�WKH�OLWHUDWXUH��-�/DU\QJRO�2WRO�������������������� 'H� 9ULHV� 7:�� 9DQ� GHU� 9HHU� (�� +H\PDQV� +6$�� :DUIDULQ� HPEU\RSDWK\�� SDWLHQW�� SRVVLELOLW\�SDWKRJHQHVLV�DQG�SURJQRVLV��%U�-�2EVWHW�*\QDHFRO�������������������� *lUWQHU� %�� 6HLIHUW� &%��0LFKDON�'9�� 5RWK�%�� 3KHQSURFRXPRQ� WKHUDS\� GXULQJ� SUHJQDQF\�� FDVHUHSRUW� DQG� FRPSDULVRQ� RI� WKH� WHUDWRJHQLF� ULVN� RI� GLIIHUHQW� FRXPDULQ� GHULYDWLYHV�=�*HEXUWVK�X�3HULQDW�������������������� 9LOOH� <�� -HQNLQV� (�� 6KHDUHU� 0-�� +HPOH\� +�� 9DVH\� '3�� /D\WRQ� 0�� 1LFRODLGHV� .+�� )HWDOLQWUDYHQWULFXODU�KDHPRUUKDJH�DQG�PDWHUQDO�ZDUIDULQ��/DQFHW������������������ %DUNHU� '3�� .RQMH� -&�� 5LFKDUGVRQ� -$�� :DUIDULQ� HPEU\RSDWK\� ZLWK� GH[WURFDUGLD� DQG� VLWXV
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