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W� GHWHFW� DQ\� HQWHURYLUDO� PHQLQJLWLV� GXULQJ� WKH� VXPPHU��)LQGLQJ� RI� WKLV� VWXG\� UHSUHVHQWV HQWHURYLUDO� PHQLQJLWLV� LV� WKH�PRVW� FRPPRQ� FDXVH� RI�DVHSWLF�PHQLQJLWLV�LQ�$KYD]�FLW\��(DUO\�GLDJQRVLV�DQG�XQGHUVWDQGLQJ�RI�WKH�UROH�RI�YLUXVHV�LQ�DVHSWLF�PHQLQJLWLV�ZLOO�KHOS�SK\VLFLDQV�WR�PDQDJH�WKH�SDWLHQWV�VXIIHULQJ�IURP�DVHSWLF�PHQLQJLWLV�DQG�SODQQLQJ�IRU�SUHYHQWLRQ�RI�WKLV�V\QGURPH�.H\ZRUGV� x (QWHURYLUDO�PHQLQJLWLV x &6) x 57�3&5 x $KYD]

,QWURGXFWLRQ
QWHURYLUXVHV� FRPSULVH� D� ODUJH� JHQXV�EHORQJLQJ�WR�WKH�SLFRUQDYLULGDH DQG�VKRZ�VLPLODU� PRUSKRORJLFDO�� VWUXFWXUDO� DQG�PROHFXODU� SURSHUWLHV� DQG� UHSOLFDWLRQ� VWUDWHJLHV��6L[W\�VL[� LPPXQRORJLFDO� GLVWLQFW� VHURW\SHV� DUH�NQRZQ� WR� FLUFXODWH� ZRUOG� ZLGH� DQG� WR� FDXVH�LQIHFWLRQV� LQ� KXPDQV� ������� 7KH\� DUH� FODVVLILHG�DFFRUGLQJ� WR� WKHLU� DQWLJHQLF� SURSHUWLHV� DV�FR[VDFNLHYLUXVHV� JURXSV� $� DQG� %�� HFKRYLUXVHV��SROLRYLUXVHV�� DQG� HQWHURYLUXVHV� W\SH� ������ �������(QWHURYLUXVHV� DUH� UHVSRQVLEOH� IRU� VLJQLILFDQW� DQG�IUHTXHQW� KXPDQ� LOOQHVV�� UDQJLQJ� IURP� PLOG� WR�VHYHUH� GLVHDVH�� LQFOXGLQJ� PHQLQJRHQFHSKDOLWLV��P\RFDUGLWLV�� SDUDO\VLV�� DQG� HYHQ� GHDWK� ����� 0RUH�

WKDQ������RI�DOO�FDVHV�RI�DVHSWLF�PHQLQJLWLV�ZRUOG�ZLGH�DUH�HVWLPDWHG� WR�EH�FDXVHG�E\�HQWHURYLUXVHV��&KLOGUHQ�IUHTXHQWO\�GHYHORS�HQWHURYLUDO�PHQLQJLWLV�HVSHFLDOO\� GXULQJ� WKH� VXPPHU� DQG� DXWXPQ��ZKLFK�OHDGV� WR� PRUH� KRVSLWDOL]DWLRQ� LQ� PRVW� RI� WKH�SDWLHQWV� ������� 7KHUH� LV� FXUUHQWO\� QR� VSHFLILF�WUHDWPHQW� RI� HQWHURYLUXV� LQIHFWLRQV�� DOWKRXJK�WUHDWPHQW� RI� ROGHU� FKLOGUHQ� DQG� DGXOWV� ZLWK�SOHFRQDULO��D�QRYHO�DQWL�SLFRUQDYLUDO�FRPSRXQG��KDV�EHHQ�DVVRFLDWHG�ZLWK�UHGXFHG�VHYHULW\�DQG�GXUDWLRQ�RI� V\PSWRPV� ������� 6WXGLHV� RQ� WKH� PROHFXODU�HSLGHPLRORJ\�RI�HQWHURYLUXVHV�KDYH�IRFXVHG�RQ�WKH�HYROXWLRQDU\� LQIHUHQFH� GHULYHG� IURP� WKH�FRPSDULVRQ�RI�YLUXV�LVRODWHV�ZLWKLQ�D�VHURW\SH�RYHU�WLPH��DV�ZHOO�DV�FRPSDULVRQ�RI� LVRODWHV� IURP GLIIHUHQW� VHURW\SHV� DQG� HYHQ�EHWZHHQ�GLIIHUHQW�JHQHUD�ZLWKLQ�WKH�3LFRUQDYLULGDH��7KH� WUDGLWLRQDO� SURFHGXUH� IRU� HQWHURYLUXV�LGHQWLILFDWLRQ� NQRZQ� DV� QHXWUDOL]DWLRQ� WHVW� LV�JHQHUDOO\� UHOLDEOH��SRVHV�D�QXPEHU�RI�GUDZ�EDFNV��&RUUHVSRQGLQJ� DXWKRU � $PLU� 6RKUDEL�� 'HSDUWPHQW� RI� 0HGLFDO�9LURORJ\�� $KYD]� -RQGLVKDSRXU� 8QLYHUVLW\� RI� 0HGLFDO� 6FLHQFHV��,UDQ��7HO������������������(�PDLO�� VRKUDELBDPLU#ZDOOD�FRP
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,W� LV� ODERU�LQWHQVLYH�� WLPH�FRQVXPLQJ�DQG�PD\�IDLO�GXH� WR� DQWLJHQLF� GULIW�� UHFRPELQDWLRQ�� RU� WKH�SUHVHQFH�RI�YLUXV�PL[WXUHV��7KH�PRGHUQ�PROHFXODU�ELRORJ\� WHFKQRORJ\�XVHV� WKH� UHYHUVH� WUDQVFULSWDVH�SRO\PHUDVH� FKDLQ� UHDFWLRQ� �57�3&5�� IRU� UDSLG�GLDJQRVLV� RI� HQWHURYLUXV� LQIHFWLRQ�PLQLPL]LQJ� WKH�UHTXLUHPHQW� IRU� LVRODWLQJ� HQWHURYLUXVHV� LQ� FXOWXUH�IRU�PRVW� FRPPRQ� GLDJQRVWLF� DQG� HSLGHPLRORJLFDO�DSSOLFDWLRQV� ��������� 7KH� HSLGHPLRORJ\� RI�SHGLDWULF�HQWHURYLUXV�LQIHFWLRQV�LQ�PDQ\�UHJLRQV�RI�,UDQ�LV�VWLOO�XQNQRZQ��,Q�WKH�SUHVHQW�FURVV�VHFWLRQDO�VWXG\��ZH�FRQGXFWHG�D���\HDU�UHVHDUFK�WR�GHWHUPLQH�WKH�SUHYDOHQFH�RI�HQWHURYLUDO�PHQLQJLWLV�LQ�FKLOGUHQ�ZLWK� DVHSWLF� PHQLQJLWLV�� 57�3&5� DQG� +H/D� FHOO�FXOWXUH� RI� &6)� IRU� HQWHURYLUXV� GHWHFWLRQ� ZHUH�V\VWHPDWLFDOO\�SHUIRUPHG�0DWHULDOV�DQG�0HWKRGV
3DWLHQW�VDPSOHV)URP�1RYHPEHU������WR�1RYHPEHU������D�WRWDO��������PDOHV� DQG� ��� IHPDOHV�� FKLOGUHQ� \RXQJHU� WKDQ���� \HDUV�� KRVSLWDOL]HG� LQ� WKH� SHGLDWULF� LQIHFWLRXV�ZDUG� ZLWK� WKH� GLDJQRVLV� RI� DVHSWLF� PHQLQJLWLV� LQ�$ER]DU� KRVSLWDO� RI� $KYD]�� ,UDQ�� 7KH� SUHOLPLQDU\�GLDJQRVLV�RI�DVHSWLF�PHQLQJLWLV�ZDV�EDVHG�RQ����D��FOLQLFDO� V\PSWRPV� LQGLFDWLYH�RI�PHQLQJLWLV� �IHYHU��KHDGDFKH�� DQG� QHFN� VWLIIQHVV��� �E�� SOHRVLWRVLV� �!��ZKLWH�EORRG�FHOOV�PP���LQ�&6)��DQG��F��WKH�ODFN�RI�DQ� DOWHUQDWLYH� GLDJQRVLV� �L�H�� QHJDWLYH� FXOWXUH� IRU�EDFWHULD� DQG� IXQJL��� &RPSOHWH� FOLQLFDO� GDWD� ZHUH�JDWKHUHG�IURP�SDWLHQW
V�PHGLFDO�UHFRUGV��7KHQ�&6)�VSHFLPHQV�ZHUH�FROOHFWHG�DQG� WUDQVSRUWHG�E\�FRRO�ER[� WR� YLURORJ\� ODERUDWRU\� RI� $KYD]� PHGLFDO�IDFXOW\�DQG�VWRUHG�DW�����&�XQWLO�H[SHULPHQW�
&HOO�FXOWXUH'XH�WR�ODFN�RI�FHOO�OLQHV�DQG�ODUJH�QXPEHU�RI�&6)�VDPSOHV��ZH�RQO\�FRXOG�FXOWXUH����&6)�VDPSOHV�LQ�+H/D�FHOOV��+H/D�FHOOV�ZHUH�JURZQ� LQ�'XOEHFFR�V�PRGLILHG� HDJOH� PHGLXP� �+LPHGLD� �� ,QGLD��VXSSOHPHQWHG�ZLWK�����IHWDO�FDOI�VHUXP���*LEFR���8.�� �� ���� X�PO� RI� SHQLFLOOLQ� �� ���� �J�PO� RIVWUHSWRP\FLQ���DQG����J�PO�RI�DPSKRWHULFLQ�%���$�PLQLPXP� RI� ���� �O� RI� HDFK� &6)� VSHFLPHQ� ZDV�LQRFXODWHG� LQWR� PRQROD\HUV� RI� +H/D� FHOOV� LQ� ���ZHOO�SODWHV�FRQWDLQLQJ�'0(0�VXSSOHPHQWHG�ZLWK�����IHWDO�FDOI�VHUXP��,QIHFWHG�FHOOV�ZHUH�LQFXEDWHG�DW����&�LQ�DQ�DWPRVSKHUH�FRQWDLQLQJ�����&2���7KH�FHOOV� ZHUH� REVHUYHG� GDLO\� IRU� ��� WR� ��� GD\V� IRU�F\WRSDWKLF� HIIHFW� FKDUDFWHULVWLF� IRU� HQWHURYLUXVHV��&3(�RI�SRVLWLYH�VSHFLPHQV�ZHUH�REVHUYDEOH�ZLWKLQ�����GD\V��)LJ����

)LJ���� 3RVLWLYH�&6)�VDPSOH
([WUDFWLRQ�RI YLUDO�51$9LUDO� 51$� IURP� ���� �O� RI� &6)� ZDV� H[WUDFWHG�XVLQJ� WKH�+LJK�SXUH�YLUDO�QXFOHLF�DFLG�NLW��5RFKH��*HUPDQ\��� DFFRUGLQJ� WR� WKH� PDQXIDFWXUH�LQVWUXFWLRQ�� 51$� RI� VDELQ� SROLR� YDFFLQH� ZDV�H[WUDFWHG�WR�EH�XVHG�DV�SRVLWLYH�FRQWURO�LQ�57�3&5�
57�3&5�)RU� F'1$ SUHSDUDWLRQ� DOO� H[WUDFWHG� 51$� ZHUH�LQFXEDWHG�DW����&�IRU����PLQ� WKHQ�SXW�RQ�LFH�IRU���PLQ�� %ULHIO\� �� WKH� V\QWKHVLV� RI� F'1$� ZDV�SHUIRUPHG�LQ�D�����O�UHDFWLRQ�YROXPH�FRQWDLQLQJ����O� ([SDQG� 57� EXIIHU� �5RFKH�� �� �� �O� ���� P0�GLWKLRWKUHLWRO� �'77�� �5RFKH�� �� �� �O� ��� P0�GHR[\QXFOHRVLGH� WULSKRVSKDWH� PL[WXUH� �G173V���5RFKH��������O�����X��O��51DVH�LQKLELWRU�SURWHFWRU��5RFKH�� �� ���� �O� ��� X��O� ([SDQG� UHYHUVH�WUDQVFULSWDVH� �5RFKH�� �� �� �O� ��� �P� RI� DQWLVHQVH�SULPHU� � DQG� ���� �O� RI� D� VROXWLRQ� ZLWK� H[WUDFWHG�51$���7KH�PL[WXUH�ZDV� LQFXEDWHG�DW����&�IRU����PLQ��$IWHU�HORQJDWLRQ�� WKH� WXEHV�ZHUH� LQDFWLYHG�DW���� &� IRU� �� PLQ�� 7KH� 3&5� DPSOLILFDWLRQ� ZDV�FDUULHG�RXW� LQ� D�����O� UHDFWLRQ�YROXPH�FRQWDLQLQJ����� �O� ��[� 3&5� EXIIHU� �5RFKH��� ���� �O� ��P0�GHR[\QXFOHRVLGH� WULSKRVSKDWH� PL[WXUH� �G173V���5RFKH��� ����� �O� ���P� RI� VHQVH� SULPHU�� �
�**&&&&7*$$7*&**&7$$7��
�������O����P�DQWLVHQVH� SULPHU�� �
�$77*7&$&&$7$$*&$*&&$��
��7,%�0ROELRO��*HUPDQ\��� ���� �O� 7DT� '1$� SRO\PHUDVH� ��� X��O���5RFKH��� DQG� ��� �O� RI� WKH� F'1$� SURGXFW� �� 7KLV�UHDFWLRQ�PL[WXUH�ZDV� DPSOLILHG� IRU����F\FOHV� LQ�D�SURJUDPPDEOH� WKHUPDO�F\FOHU� �7HFKQH��8.��XVLQJ�WKH�IROORZLQJ�FRQGLWLRQV����� &�IRU���V����� &�IRU���V�� DQG� ��� � &� IRU� ��V�� SOXV� D� ILQDO� H[WHQVLRQ�SHULRG� DW���� &� IRU� ��PLQ��7KH�57�3&5�SURGXFWV�ZHUH�DQDO\]HG�E\�HOHFWURSKRUHVLV�RQ�D����DJDURVH�JHO� FRQWDLQLQJ� HWKLGLXP� EURPLGH� �5RFKH��� DQG�
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(SLGHPLRORJLFDO�6XUYH\�RI�(QWHURYLUDO�0HQLQJLWLV�LQ�&KLOGUHQ�<RXQJHU�«
ZHUH�YLVXDOL]HG�XQGHU�XOWUDYLROHW�OLJKW��7KH�����ES�'1$�ODGGHU��5RFKH��ZDV�XVHG�DV�D�VL]H�PDUNHU�WR�HVWLPDWH� WKH� OHQJWK� RI� SURGXFWV�� $� SRVLWLYH� 57�3&5� UHDFWLRQ� ZDV� H[SHFWHG� WR� SURGXFH� D� ����ES�EDQG��)LJ���� �����������

)LJ�� �� $JDURVH�JHO�HOHFWURSKRUHVLV������IROORZLQJ� 57�3&5�RI�&6)V�IRU�HQWHURYLUXVHV��7UDFNV���DQG�� VKRZ� ���� ES� '1$� ODGGHU�� /LQH� �� LQGLFDWHV� QHJDWLYH�FRQWURO��/LQH���EHORQJV�WR�SRVLWLYH�FRQWURO� �VDELQ� YDFFLQH��� /LQH� �� DQG� �� LQGLFDWH� �� SRVLWLYH�� &6)��VDPSOHV��DQG�OLQH����GHPRQVWUDWHV�D�QHJDWLYH� &6)�VDPSOH�UHVXOW� 5HVXOWV
2I�WKH����&6)�VDPSOHV�WHVWHG�E\�57�3&5�����&6)� VDPSOHV�����������ZHUH�SRVLWLYH�IRU�HQWHURYLUXVHV� DQG� RI� WKH� ��� &6)� VDPSOHV� LQRFXODWHG� RQ� +H/D� FHOOV�� ��� &6)� ������� ��� ZHUH� SRVLWLYH� IRU� HQWHURYLUXVHV�� PRVW� RI� WKH� &3(V� ZHUH� REVHUYHG� ZLWKLQ�����GD\V��7KH�DYHUDJH�DJH�RI�FKLOGUHQ�ZLWK� SRVLWLYH�UHVXOWV�IRU�HQWHURYLUXVHV�ZDV���\HDUV��7KH� UDWH�RI�HQWHURYLUDO�PHQLQJLWLV� LQ�PDOHV�ZDV�KLJKHU� WKDQ� LQ� IHPDOHV� ������ �� YHUVXV� ����� �� UHVSHFWLYHO\��EXW�WKLV�GLIIHUHQFH�ZDV�QRW�VWDWLVWLFDO\� VLJQLILFRQW� �E\� 6366� VRIWZDUH� YHUVLRQ������ &KL� VTXDUH� WHVW�� S!������� 7KH� LQFLGHQFH� RI� HQWHURYLUDO� PHQLQJLWLV� ZDV� LQ� DXWXPQ���������ZLQWHU� �������� DQG� LQ� VSULQJ� ���� ���� EXW� ZH� FRXOGQ
W� GHWHFW� DQ\� HQWHURYLUDO� PHQLQJLWLV� GXULQJ� WKH� VXPPHU�� 7KLUW\� HQWHURYLUXV�SRVLWLYH�&6)�VDPSOHV�����������KDG�D� PHGLDQ� RI� ���� ZKLWH� EORRG� FHOOV� �PP� �UDQJHG� EHWZHHQ�� �� WR� ������� ����� O\PSKRF\WH�DQG������ QHXWURSKLO�� 0HGLDQ� OHYHO� RI� &6)� SURWHLQ� DQG� JOXFRVH� ZHUH� ����� PJ�GO� DQG� ����� PJ�GO� UHVSHFWLYHO\�� 2XW� RI� ��� SRVLWLYH� FDVHV� RI� &6)� VDPSOHV�IRU�HQWHURYLUDO�PHQLQJLWLV�����������KDG�D� FOHDU�DSSHDUDQFH�DQG����������ZHUH�VHPL�WXUELG��
19       ,-9��9ROXPH�2��1XPEHU�1&2��-XO\����8

'LVFXVVLRQ
7KLV� HSLGHPLRORJLFDO� VWXG\� LV� WKH� ILUVW� VWXG\� RI�HQWHURYLUDO�PHQLQJLWLV� LQ�WKH�FLW\�RI�LQ�$KYD]��,UDQ��(QFHSKDOLWLV�DQG�PHQLQJLWLV�FDVHV�IUHTXHQWO\�RFFXUU�LQ� ,UDQ�� EXW� WKHUH� DUH� IHZ� UHSRUWV� LQGLFDWLQJ� WKH�SUHYDOHQFH� RI� DVHSWLF� PHQLQJLWLV� LQ� WKLV� FRXQWU\��6LQFH��HQWHURYLUXVHV�DUH�WKH�PRVW�FRPPRQ�FDXVH�RI�DVHSWLF� PHQLQJLWLV�� 7KHUH� DUH� VHYHUDO� IDFWRUV�DIIHFWLQJ� HSLGHPLRORJ\� RI� WKHVH� YLUXVHV�� LQFOXGLQJ�VH[�� DJH�� VHDVRQDOLW\�� JHRJUDSKLF� DUHD��HQYLURQPHQWDO� ± K\JLHQLF�� VRFLR�HFRQRPLFDO�FRQGLWLRQV�� HWF�� 7KH� GDWD� FROOHFWHG� IURP� YDULRXV�SDUWV� RI� WKH�ZRUOG� LPSOLHV� WKH�GLIIHUHQW� LPSDFWV� RI�WKHVH�YLUXVHV�DV�DQ�HWLRORJ\�RI�DVHSWLF�PHQLQJLWLV��,Q�WKLV�VWXG\��HQWHURYLUXVHV�ZHUH�GHWHFWHG�E\�57�3&5�LQ� ������ �� RI� FKLOGUHQ� \RXQJHU� WKDQ� ��� \HDUV�VXIIHULQJ� IURP� DVHSWLF� PHQLQJLWLV�� $FFRUGLQJ� WR�UHVHDUFKHV�FRQGXFWHG�LQ�7HKUDQ��,UDQ��WKH�SUHYDOHQFH�RI� HQWHURYLUDO� PHQLQJLWLV� ZDV� ��� �� ��������� EXW�SUHYDOHQFH� RI� HQWHURYLUDO� PHQLQJLWLV� LQ� VRPH� DUHD�OLNH� 7XQLVLD� DQG� 7XUNH\� KDV� EHHQ� UHSRUWHG� WR� EH�KLJKHU�WKDQ�RXU�UHVXOWV������DQG�����UHVSHFWLYHO\���������� 7KLV� GLVFRUGDQFH� EHWZHHQ� SUHYDOHQFH� RI�HQWHURYLUDO�PHQLQJLWLV� LQ�7HKUDQ�DQG�$KYD]�FDQ�EH�DWWULEXWHG�WR�SRRU�K\JLHQLF�SUDFWLFH�LQ�WKH�SRSXODWLRQ�LV�VRPH�UHVLGHQWLDO�DUHD�LQ�$KZD]��DQG�WKH�PDMRULW\�RI� WKH� SDWLHQWV� UHIHUUHG� WR� WKH� KRVSLWDO� EHFDXVH� RI�DVHSWLF�PHQLQJLWLV�EHORQJHG�WR�SRRU�SDUWV�RI�WKH�FLW\��7KHUHIRUH� WKH� KLJKHU� SUHYDOHQFH� RI� HQWHURYLUDO�PHQLQJLWLV� LQ� $KYD]� LQ� FRPSDUH� WR� 7HKUDQ�LVSUREDEO\�GXH� WR�KLJKHU� VDQLWDWLRQ LQ� WKH� ODWWHU�� ,Q�WKLV�VWXG\�LW�ZDV�IRXQG�WKDW�HQWHURYLUDO�PHQLQJLWLV�LV�PRUH� SUHYDOHQW� LQ� PDOHV� WKDQ� IHPDOHV�� OLNH� RWKHU�VWXGLHV� UHSRUWHG� E\� UHVHDUFKHUV� ��������� 6HDVRQDO�YDULDWLRQ� RI� HQWHURYLUDO� PHQLQJLWLV� LQ� GLIIHUHQW�VWXGLHV� IURP� YDULRXV� UHJLRQV� KDV� EHHQ� REVHUYHG����������7KH�SHDN� RI� HQWHURYLUDO�PHQLQJLWLV�ZDV� LQ�DXWXPQ�DQG�ZLQWHU�EXW�ZH�FRXOGQ
W�GHWHFW�DQ\�FDVH�RI�HQWHURYLUDO�PHQLQJLWLV�LQ�VXPPHU��,Q�WKH�VXPPHU��$KYD]�LV�YHU\�ZDUP��������&���SUREDEO\�WKLV�GHJUHH�RI�ZDUPWK�LV�QRW�LQ�IDYRU�RI�HQWHURYLUXV�VXUYLYDO��2Q�WKH� FRQWUDU\�� $KYD]� KDV� D� PLOG� IDOO� DQG� ZLQWHU�FOLPDWH�� 7KHUHIRUH�� WKH� SHDN� RI� GHWHFWLRQ� RI�HQWHURYLUXVHV� LQ� WKHVH� VHDVRQV� LQ� $KYD]� ZDV� QRW�VXUSULVLQJ�� $OO� WKH� PHDVXUHG� LQGH[HV� RI� &6)�VDPSOHV� LQ� WKH� SDWLHQWV�ZHUH� QRUPDO� VLPLODU� WR� WKH�&6)V� LQGH[HV� UHSRUWHG� E\� RWKHU� UHVHDUFKHV� ������(DUO\� GLDJQRVLV� RI� DVHSWLF� PHQLQJLWLV� ZLOO� KHOS�SK\VLFLDQV� IRU� EHWWHU� PDQDJHPHQW� RI� WKH� SDWLHQWV�VXIIHULQJ� IURP� WKLV� LOOQHVV�� %HVLGHV�� WKH� GDWD� ZLOOKHOS� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� UROH� RI� YLUXVHV� LQ�
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DVHSWLF� PHQLQJLWLV� DQG� SODQQLQJ� IRU� SUHYHQWLRQ� RI�FHQWUDO� QHUYRXV� V\VWHP� LQIHFWLRQ�� 'XH� WR� ODFN� RI�DGHTXDWH� HTXLSPHQWV� DQG� LQVXIILFLVHQW� ILQDQFLDO�VXSSRUW� ZH� FRXOG� QRW� W\SH� WKH� LVRODWHV� RI�HQWHURYLUXVH� DQG� IXUWKHU� VWXGLH� DUH� UTXLUHG� IRU�FRPSOHWH� LGHQWLILFDWLRQ� RI� WKHUH� DJHQWV�� &RXOGQ
W�W\SLQJ�RI�HQWHURYLUXVHV�� LW� LV�KRSHG�WKDW�WR�SURYH�WR�EH�WUXH�LQ�IXWXUH�$FNQRZOHGJPHQWV
:H�DUH�LQGHEWHG�WR�0LVKDU�.OLVKDGL�IRU�KHOSLQJ�XV�LQ� FHOO� FXOWXUH� DQG� 57�3&5�� :H� DUH� JUDWHIXO� WR�ODERUDWRU\� ZRUNHUV� DQG� QXUVHV� RI� $KYD]� $ER]DU�KRVSLWDO�IRU�JDWKHULQJ�&6)�VDPSOHV��7KLV�VWXG\�ZDV�ILQDQFLDOO\� VXSSRUWHG� E\� GHSXW\� RI� UHVHDUFK� RI�$KYD]� -RQGL� 6KDSRXU� 8QLYHUVLW\� RI� 0HGLFDO�6FLHQFHV�

5HIHUHQFHV
� 0XLU�� 3��8�� .DPPHUHU��� .�� .RUQ���1�0�� 0XOGHUV� ��� 7��3R\U\����%�:HLVVEULFK��DQG�HW�DO��������0ROHFXODU�W\SLQJ�RI�HQWHURYLUXVHV��&XUUHQW�VWDWXV�	�IXWXUH�UHTXLUHPHQWV�-��&OLQ�0LFURELRO�5HY���������������� *KDUEL��-���+��-DLGDQH����%�0��0¶KDGKHE���(�5��+LDU����&��&KRXFKHQH� ��� 1�0�� *XHGGLFKH� � DQG� HW� DO�� ������(SLGHPLRORJLFDO� VWXG\� RI� QRQ�SROLR� HQWHURYLUXVHV�QHXURORJLFDO� LQIHFWLRQV� LQ� FKLOGUHQ� LQ� WKH� UHJLRQ� RI�0RQDVWLU�� 7XQLVLD�-�� 'LDJ�0LFURELRO� ,QIHFW� 'LV� � ���������� 2EHUVWH�� 0�6��� .�� 0DKHU� � DQG� 0�5�� )OHPLVWHU� �������&RPSDULVRQ� RI� FODVVLF� DQG� PROHFXODU� DSSURDFKHV�IRU� WKH� LGHQWLILFDWLRQ�RI�XQW\SHDEOH�HQWHURYLUXVHV�-��&OLQ�0LFURELRO�������������� ,VKLNR��+���<��6KLPDPGD����0��<RQDKD����2��+DVKLPRWR����$�� +D\DVKL� ��� .�� 6DNDH� � DQG� HW� DO�� ������ 0ROHFXODU�GLDJQRVLV� RI� KXPDQ� HQWHURYLUXVHV� E\� SK\ORJHQ\�EDVHFODVVLILFDWLRQ� E\� XVH� RI� WKH� YS�� VHTXHQFH�� -�,QIHFW�'LV���������������� 0HOQLF�� -�/�� ������ (QWHURYLUXVHV�� 3ROLRYLUXVHV��FR[VDFNLHYLUXVHV�� HFKRYLUXVHV�� DQG� QHZHU� HQWHURYLUXVHV��,Q�� )LHOGV� 9LURORJ\�� 9RO�� ��� )LHOGV�� NQLSH�� +RZOH\��&KDQRFN�� 0HOQLFN�� 0RQDWK� DQG� HW� DO� HG��� /LSSLQFRWW�5DYHQ��3KLODGHOSKLD�SS����������� 0RGOLQ�� -�)������� 8SGDWH� RQ� HQWHURYLUXV� LQIHFWLRQV� LQ�LQIDQWV�DQG�FKLOGUHQ�-��$GY�3HGLDWU�,QIHFW�'LV������������� 9RNVKRRU��$��� /��0RRUH�� ������9LUDO�0HQLQJLWLV�>FRGH�DYDLODEOH� DW KWWS���ZZZ�HPHGLFLQH�FRP�� QHXUR��7RSLF����KWP@�� $E]XJ��0�-��� *�� &ORXG� ��� -�� %UDGOH\��� 3�-�� 6DQFKH]��� -��5RPHUR��� '�3RZHOO� DQG� HW� DO�� ������ 'RXEOH� EOLQG�

SODFHER�FRQWUROOHG� WULDO� RI� SOHFRQDULO� LQ� LQIDQWV� ZLWK�HQWHURYLUXV�PHQLQJLWLV��-��3HGLDWU�,QIHFW�'LV������������� 7RUPH\�� 9�-��� -�5�� %XVFRPEH��� 0�$�� -RKQVRQ��� $�3��7KRPVRQ� DQG� $�'� :HEVWHU�� ������ � 6SHFW� VFDQV� IRU�PRQLWRULQJ� UHVSRQVH� WR� SOHFRQDULO� WKHUDS\� LQ� FKURQLF�HQWHURYLUDO�PHQLQJRHQFHSKDOLWLV�-��,QIHFW�������������� *HRUJRSRXORX�� $��� 3�� 0DUNRXODWRV� ��� 1�� 6S\URX� ��� 1��9DNDOLV��7�$�� %HL� � DQG� 1�&�� 9DPYDNRSRXORV� �� ������+LJK�VHTXHQFH��GLYHUJHQFH�� LQ�WKH����QRQ�FRGLQJ�UHJLRQ�RI� UHIHUHQFH� FR[VDFNLH� %� DQG� HFKR� YLUDO� VWUDLQV� DQG�FOLQLFDO� LVRODWHV� UHYHDOHG� E\� UHVWULFWLRQ� IUDJPHQW� OHQJWK�SRO\PRUSKLVP�DQDO\VLV�-��0RO�&HOO�3UREHV������������� *RUJLHYVNL��+�0���-�'��6FKXPDFKHU�DQG�1��9LOLPRQRYLF��������'HWHFWLRQ�E\�3&5RI�HQWHURYLUXVHV�LQ�FHUHEURVSLQDO�IOXLG�GXULQJ�D�VXPPHU�RXWEUHDN�RI�DVHSWLF�PHQLQJLWLV�LQ�6ZLW]HUODQG�-��&OLQ�0LFURELRO����������� =ROO��-�*���*�-�:��0HOFKHUV���+��.RSHFND���*��-DPEURHV���'�9�$�-�+�� 3RHO� DQG� '�0�-�� *DODPD�� ������ *HQHUDO�SULPHU�PHGLDWHG�SRO\PHUDVH�FKDLQ�UHDFWLRQ�IRU�GHWHFWLRQ�RI� HQWHURYLUXVHV��$SSOLFDWLRQ� IRU� GLDJQRVWLF5RXWLQH� DQG�SHUVLVWHQW�LQIHFWLRQV�-��&OLQ�0LFURELRO����������������� 0RQSRHFKR�� 6��� $�� 0DXO� ��� &�%�� 0LJQRWWH��� /��6FKZDUW]EURG��� 6�� %LOODXGHO� DQG� 9�� )HUUH�� ������ � %HVW�YLUDO� HOXWLRQ� PHWKRG� DYDLODEOH� IRU� TXDQWLILFDWLRQ� RI�HQWHURYLUXVHV� LQ� VOXGJH�E\�ERWK�FHOO� FXOWXUH�DQG� UHYHUVH�WUDQVFULSWDVH� 3&5�-�� $SSOLHG� DQG� (QYLURQPHQWDO�0LFURELRO������������������ 6DPDOOLQJ�� :�7��� (�6�6HIHUV��� +�/L� DQG� :�<�� 7DQJ��������0ROHFXODU�DSSURDFKHV�WR�GHWHFWLQJ�KHUSHV�VLPSOH[�YLUXV� DQG� HQWHURYLUXVHV� LQ� WKH� FHQWUDO� QHUYRXV� V\VWHP��-�&OLQ�0LFURELRO������������������ 0RGDUUHV��6���6��0RGDUUHV�DQG�0��*KRIUDQL��������$FXWH�DVHSWLF�PHQLQJLWLV�DQG�HQFHSKDOLWLV�ZLWK�YLUDO�HWLRORJ\�LQ�FKLOGUHQ�IURP�7HKUDQ��-��,UQ�0HG�6FL������	�������� 6DULMORR��0�DQG�5�1DWHJK� �� ������'HWHUPLQDWLRQ�RI� WKH�UROH� RI� HQWHURYLUXVHV� LQ� PHQLQJLWLV� DQG�PHQLQJRHQFHSKDOLWLV� LQ� WKH� SDWLHQWV� UHIHUUHG� WR�GLIIHUHQW�KRVSLWDOV E\� 57�3&5� LQ� 7HKUDQ� >GLVVHUWDWLRQ@�� 8QLY��7HKUDQ��SS���������� *XQH\��&���(�2]ND\D���0��<DSDU����,��*XPXV���$��.XEDU��DQG� 'RJDQFL� /�� ������ /DERUDWRU\� GLDJQRVLV� RI�HQWHURYLUDO� LQIHFWLRQV� RI� WKH� FHQWUDO� QHUYRXV� V\VWHP� E\�XVLQJ� D� QHVWHG� 57�SRO\PHUDVH� FKDLQ� UHDFWLRQ� �3&5��DVVD\�-��'LDJ�0LFURELRO�,QIHFW�'LV�������������� *ULVW��1�5���(�-��%HOO�DQG�)��$VVDG���������(QWHURYLUXVHV�LQ�KXPDQ�GLVHDVH�-��3URJ�0HG�9LURO�������������� 'XD�� 3�� ������ (QWHURYLUXVHV� >FRGH� DYDLODEOH� DW�KWWS���ZZZ�HPHGLFLQH�FRP�PHG�WRSLF����KWP@��� 'DJDQ��5��������1RQ�SROLR�HQWHURYLUXVHV�DQG�WKH�IHEULOH�\RXQJ� LQIDQW�� (SLGHPLRORJLF�� FOLQLFDO� DQG� GLDJQRVWLF�DVSHFWV�-��3HGLDWU�,QIHFW�'LV������������� 9HUERRQ0DFLROHN��0�$��7�*��.UHGLHW���$�0��9DQORRQ����-�$�.DDQ���-�0�'��*DODPD���/�-��*HUDUGV�DQG�HW�DO��������(SLGHPLRORJLFDO� VXUYH\� RI� QHRQDWDO� QRQ�SROLR�HQWHURYLUXVHV� LQIHFWLRQ� LQ� WKH�1HWKHUODQGV�-��0HG�9LURO�������������� 6HHKXVHQ� �$�'��� 0�0�� 5HHYHV� DQG� $�'�� )RPLQ�� ������&HUHEURVSLQDO�IOXLG�DQDO\VLV�-��$P�)DP�3K\���������������
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