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$EVWUDFW��0RWKHU�WR�FKLOG�WUDQVPLVVLRQ�RI�+HSDWLWLV�%�9LUXV�LV�FRQVLGHUHG�DV�WKH�PDMRU�URXWH�RI�+%9�LQIHFWLRQ�LQ�QHZERUQV�LQ�$VLD��%XW�WKHUH�LV�QRW�HQRXJK�GDWD�DYDLODEOH�RQ�SHUFHQWDJH�RI�+%9�WUDQVSODFHQWDO�WUDQVPLVVLRQ�LQ�,UDQ�������SUHJQDQW�ZRPHQ�RI�0D]DQGDUDQ�SURYLQFH�ZHUH�VFUHHQHG�IRU�+%9�PDUNHUV��+%V$J��DQWL�+%F�DQG�DQWL�+%V���7KH�LQIDQWV�ERUQ�WR�+%9�SRVLWLYH�PRWKHUV�ZHUH�WHVWHG� IRU� WKH� VDPH�PDUNHUV� E\� HQ]\PH�OLQNHG� LPPXQRVRUEHQW� DVVD\��3UHVHQFH� RI� +%9�'1$� LQ�+%V$J� DQG� DQWL�+%F� SRVLWLYH�PRWKHUV� DQG� FRUG� EORRG� RI� WKHLU� EDELHV�ZHUH� DOVR� WHVWHG� E\�3&5�WHFKQLTXH��+%V$J�ZDV�GHWHFWHG�LQ������RI�PRWKHUV��EXW�RQO\�������������RI�QHRQDWHV�FRUG�EORRG�RI�FDUULHU� PRWKHUV� ZHUH� +%V$J� SRVLWLYH�� +HSDWLWLV� %�H$J� ZDV� GHWHFWHG� LQ� ��� ��� ������ RI� FDUULHUV�PRWKHUV�DQG�LQ�FRUG�EORRG�RI�WKHLU�EDELHV��+%9�'1$�ZDV�GHWHFWHG�LQ�������������RI�FDUULHU�PRWKHUV�EXW�QRQH�RI�WKH�EDELHV¶�ZHUH�SRVLWLYH�IRU�LW��0HDQZKLOH��+%9�'1$�ZDV�GHWHFWHG�LQ��������������RI�+%V$J�QHJDWLYH�PRWKHUV�ZKR�ZHUH�DQWL�+%F�SRVLWLYH��'HVSLWH�SUHVHQFH�RI������FDUULHU�PRWKHUV�LQ�0D]DQGDUDQ� SURYLQFH�� PDWHUQDO� WUDQVPLVVLRQ� RI� +%9� GRVH� QRW� VHHP� WR� EH� WKH� PDLQ� URXWH� RI�LQIHFWLRQ�.H\ZRUGV� x WUDQVSODFHQWDO�x PRWKHU�x FRUG�EORRG�x +%9�x ,UDQ

,QWURGXFWLRQ
HSDWLWLV� %� LV� D� PDMRU� SXEOLF� KHDOWK�SUREOHP� WKURXJKRXW� WKH� ZRUOG�� 7KH�3HRSOH� KDUERULQJ� WKLV� YLUXV� DUH� DW� ULVN�IRU�GHYHORSLQJ�FKURQLF�KHSDWLWLV��OLYHU�FLUUKRVLV�DQG�SULPDU\�KHSDWRFHOOXODU�FDUFLQRPD�>�@�$VLD� LV� NQRZQ� DV� DQ� HQGHPLF� UHJLRQ� IRU� +%9�LQIHFWLRQ� 6RXWK�(DVW�$VLD�DQG�SDUWV�RI�0LGGOH�(DVW�ZLWK� LQIHFWLRQ� UDWH� RI� ������� DUH� FRQVLGHUHG� WKH�KLJKO\� HQGHPLF�DUHDV� IRU� WKLV� LQIHFWLRQ� >���@��7KH�KLJK� UDWH� RI� +%V$J� FDUULHUV� LQ� WKH� $VLDQ�SRSXODWLRQ� LV� DVVXPHG� WR� EH� GXH� WR� VHTXHQWLDO�PDWHUQDO� QHRQDWH� WUDQVPLVVLRQ� >�@�� 7KH� ULVN� RI�+%9� WUDQV�PLVVLRQ� IURP� +%H$J� RU� +%9� '1$�SRVLWLYH�PRWKHUV�WR�LQIDQW�LV�HVWLPDWHG�WR�EH�DURXQG�������� >�@�� 0RUH� WKDQ� ���� RI� WKH� LQIHFWHG�FKLOGUHQ� EHFRPH� FKURQLF� FDUULHUV� >�@� DQG� ���� RU�

PRUH�GLH�IURP�SULPDU\�KHSDWRFHOOXODU�FDUFLQRPD�RU�OLYHU�FLUUKRVLV�>����@�7KH� SDWWHUQ� RI� +%9� WUDQVPLVVLRQ� YDULHV� LQ�GLIIHUHQW� DUHDV� RI� $VLD�� ,Q� 6RXWK� (DVW� $VLD���YHUWLFDO�WUDQVPLVVLRQ�LV�WKH�PDLQ�URXWH�RI�LQIHFWLRQ��+%H$J� LV� SRVLWLYH� LQ� ������� RI� +%V$J� FDUULHU�PRWKHUV�� EXW� LQ� WKH� 0LGGOH� (DVW� ZLWK� IDLUO\� ORZ�UDWH� RI� +%H$J�� KRUL]RQWDO� WUDQVPLVVLRQ� EHWZHHQ�VLEOLQJV� LV� DVVXPHG� WR� EH� WKH� PDLQ� URXWH� RI�WUDQVPLVVLRQ�>����@��3UHYDOHQFH�RI�+%V$J�LQ�,UDQ� LV�DERXW���>�@��DQG�WKH� UDWH� RI� +%H$J� SRVLWLYLW\� LQ� +%V$J� FDUULHU�PRWKHUV�ZDV�VKRZQ� WR�EH�DERXW�����>��@� ��8S�WR�SUHVHQW�� QR�GDWD�RQ� WKH� UDWH�RI�+%9� WUDQVPLVVLRQ�IURP�PRWKHU�WR�FKLOG�LV�DYDLODEOH�LQ�,UDQ��+HUH�ZH�UHSRUW�WKH�UROH�RI�WKLV�URXWH�RI�+%9�WUDQVPLVVLRQ�LQ�0D]DQGDUDQ� SURYLQFH�� DV� DQ� HQGHPLF� UHJLRQ� LQ�,UDQ�

+

&RUUHVSRQGLQJ�$XWKRU ���6��+HNPDW�'90SDVWHXU�$YH��7HKUDQ� ������(PDLO��KHNPDWVK#�SDVWHXU�DF�LU��7HO�� ������ ��������� )D[�� ������ ��������7KLV� SURMHFW�ZDV�VXSSRUWHG�E\�3DVWHXU ,QVWLWXWH�RI�,UDQ�



7UDQVSODFHQWDO�7UDQVPLVVLRQ�RI�+HSDWLWLV�%�9LUXV�LQ�0D]DQGDUDQ�3URYLQFH�RI�,UDQ
6XEMHFWV�DQG�PHWKRGV

����� SUHJQDQW�ZRPHQ� UHIHUUHG� WR� ��� KRVSLWDOV� LQ���� FLWLHV� RI� 0D]DQGDUDQ� SURYLQFH� RI� ,UDQ� ZHUH�UHJLVWHUHG�LQ�WKLV�VWXG\�IURP������WR�������3DLUHG�EORRG� VDPSOHV� ZHUH� FROOHFWHG� IURP� PRWKHUV� DQG�FRUG�EORRG�RI�QHRQDWHV�RQ�GHOLYHU\� WLPH��0RWKHUV�ZHUH� LQIRUPHG�RI�WKH�SURJUDP��$OO�VHUXP�VDPSOHV�ZHUH�VWRUHG�DW����Û&�XQWLO�XVHG�
6HURORJLFDO�WHVWV$OO� PDWHUQDO� VHUD� ZHUH� WHVWHG� IRU� +%V$J� XVLQJ�(/,6$� �%LRWHVW� �� +%V$J� NLW� 'HXWVFK��� 7KH�+%V$J�QHJDWLYH�VDPSOHV�ZHUH�DOVR�WHVWHG�IRU�DQWL�+%F� �%HKULQJ� (Q]\JQRVW� DQWL�+%F� PRQRFORQDO�NLW� *HUPDQ\��� 6HUXP� VDPSOH� IURP� PRWKHUV� ZKR�ZHUH� QHJDWLYH� IRU� +%V$J� DQG� DQWL�+%F�� ZHUH�IXUWKHU� WHVWHG� IRU� DQWL�+%V� �%HKULQJ±(Q]\JQRVW�DQWL�+%V� PRQRFORQDO� NLW� *HUPDQ\�� DFFRUGLQJ� WR�PDQXIDFWXUHU¶V� LQVWUXFWLRQV�� 3RVLWLYH� VHUD� IRU�+%V$J�ZHUH�DOVR�WHVWHG�IRU�DQWL�+%F�DQG�+%H$J���DQWL�+%H� �%HKULQJ� B(Q]\JQRVW� +%H� $J�$E�PRQRFORQDO�NLW� *HUPDQ\��7R� HYDOXDWH� +%9� WUDQVPLVVLRQ� IURP� PRWKHUV� WR�QHRQDWHV�� FRUG� EORRG� RI� EDELHV� ERUQ� WR� +%9�H[SRVHG�PRWKHUV�ZHUH�WHVWHG�IRU�+%V$J��DQWL�+%F��DQWL�+%V�DQG�+%H$J�$E�
3&5�GHWHFWLRQ RI�+%9�'1$6HUD�IURP�+%V$J�SRVLWLYH�PRWKHUV�DQG�FRUG�EORRG�VDPSOHV�ZHUH� DOVR� WHVWHG� IRU�+%9�'1$�E\�3&5��'1$� ZDV� H[WUDFWHG� IURP� HDFK� VHUXP� XVLQJ� WKH�PHWKRG� GHVFULEHG� E\� :DQJ� ������ ZLWK� VRPH�PRGLILFDWLRQ����6DPSOHV�ZHUH�DPSOLILHG�E\�3&5�IRU���� F\FOHV� XVLQJ� SULPHUV� GHVLJQHG� IURP� 6� UHJLRQ��$%��������ZLWK�WKH�IROORZLQJ�VHTXHQFHV���ï *$77&&7$**$&&&&7*&7&*7*77$&�����ï �QW�����������ï $$77$*$**$&$$$&***&$$&$7$&&����ï �QW���������$IWHU� DQ� LQLWLDO� KHDWLQJ� DW� ��Û&� IRU� �� PLQ�� DPSOLILFDWLRQ� ZDV� SHUIRUPHG� IRU� ��� F\FOHV� DW� GHQDWXUDWLRQ� ��Û&� IRU� �� PLQ�� DQQHDOLQJ� ��Û&� IRU� �PLQ�DQG�H[WHQVLRQ���Û&�IRU���PLQ��$Q�DGGLWLRQDO� VWHS� DW� ��Û&� IRU� ��� PLQ� ZDV� DOVR� LQFOXGHG� LQ� WKH� SURJUDP�3&5�SURGXFWV�ZHUH�YLVXDOL]HG�LQ������DJDURVH�JHOV� IROORZLQJ�HOHFWURSKRUHVLV��$�����ES�3&5�SURGXFW� ZDV�DQ�LQGLFDWLRQ�RI�D�+%9�'1$�SRVLWLYH�VDPSOH� �)LJ���,Q�HDFK�RI WKH�3&5�H[SHULPHQWV��VWHULOH�ZDWHU�DQG�D� QRUPDO� VHUXP� ZHUH� XVHG� DV� QHJDWLYH� FRQWUROV�� 6HQVLWLYLW\� RI� WKH� 3&5� ZDV� HYDOXDWHG� XVLQJ�
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SRVLWLYH� FRQWURO� IURP� 94&� FDWDORJXH� �6������3(/,63<� +%9�'1$����� ����� FRSLHV�PO�� PDUFK�������� 5HVXOWV
3UHYDOHQFH� RI� KHSDWLWLV� %� PDUNHUV� �+%V$J�� DQWL�+%V� DQG� DQWL�+%F�� LQ� PRWKHUV� DQG� FRUG� EORRG�VDPSOHV�IURP�WKHLU�EDELHV�DUH�SUHVHQWHG�LQ�WDEOH����7KH�UDWH�RI�+%V$J��DQWL�+%F�DQG�DQWL�+%V�DPRQJ�PRWKHUV� ZHUH� ����� ����������� ������ �����������DQG� ������ ����������� UHVSHFWLYHO\�� $OO� FDUULHU�PRWKHUV� ZHUH� DOVR� SRVLWLYH� IRU� DQWL�+%F�� $PRQJ�WKH����FRUG�EORRG�IURP�+%V$J�SRVLWLYH�PRWKHUV����������KDG�GHWHFWDEOH�+%V$J�+%H$J� DQG� DQWL�+%H� DQWLERG\� ZHUH� GHWHFWHG� LQ����� ������� DQG� ���� �������� RI� FDUULHU� PRWKHUV�UHVSHFWLYHO\� �WDEOH� ���� 6LPXOWDQHRXV� SUHVHQFH� RI�+%H$J�DQWL�+%H�ZDV� GHPRQVWUDWHG� LQ� ��� �������RI�FDUULHU�PRWKHUV�ZKLOH������������ZHUH�QHJDWLYH�IRU� ERWK� +%H$J� DQG� DQWL�+EH� DQWLERG\�� %DELHV�ERUQ� WR� FDUULHU�PRWKHUV� KDYLQJ�+%H$J�� DQWL�+%H�DQG� +%H$J�$E� ZHUH� ����� SRVLWLYH� IRU� HDFK�PDUNHU��ZKLOH�QRQH�RI�WKH�FRUG�EORRG�VDPSOHV�ZHUH�SRVLWLYH�IRU�+%9�'1$��GDWD�QRW�VKRZQ��7KH� GLVWULEXWLRQ� RI� +EH$J� DQG� +%9�'1$� ZDV�FRPSDUHG�LQ�+%V$J�SRVLWLYH�DQG�QHJDWLYH�PRWKHUV��WDEOH� ����+%9�'1$�ZDV�GHWHFWHG� LQ����� �������RI�FDUULHUV�DQG�������������RI�QRQ�FDUULHU�PRWKHUV�ZLWK�DQWL�+%F��VWDWLVWLFDOO\�ZDV�QRW�VLJQLILFDQW��'LVFXVVLRQ
7KH�KLJK�UDWH�RI�+%V$J�WUDQVPLVVLRQ�LQ�WKH�$VLDQ�SRSXODWLRQ� LV� VXSSRVHG� WR� EH� DVVRFLDWHG� ZLWK�PDWHUQDO�QHRQDWH�FORVH�FRQWDFW�GXULQJ�ELUWK�RU�VRRQ�DIWHU� >��� �@�� 7KH� ULVN� RI� +%9� WUDQVPLVVLRQ� WRLQIDQWV�IURP�+%H$J�SRVLWLYH�PRWKHUV�LV�HVWLPDWHG�WR�EH���������ZLWK�PRUH� WKDQ�����RI� WKH�LQIDQWV�EHFRPLQJ�FKURQLF�FDUULHUV>�@��2XU� VWXG\� LQGLFDWHG� WKDW� ����� RI� WKH� SUHJQDQW�ZRPHQ�ZHUH�+%V$J�SRVLWLYH��WKLV�LV�VLPLODU�WR�RXU�SUHYLRXV� VWXG\� ����� LQ� 7HKUDQ� >��@�� 7KH� UDWH� RI�+%V$J� FDUULDJH� LQ� RXU� VWXG\� LV� VLPLODU� WR�)UDQFH�ZLWK������>��@�DQG�ORZHU�WKDQ�6HQHJDO��(J\SW�DQG�,QGLD� ZLWK� ������� ������ DQG� ������ UHVSHFWLYHO\�>���������@��KLJKHU�WKDQ����LQ�ERWK�6ZLW]HUODQG�DQG�8QLWHG�6WDWHV�>������@�0DWHUQDO�WUDQVPLVVLRQ�RI�+%9�PD\�RFFXU�LQ�XWHUR��SHULQDWDOO\� DQG�SRVW�QDWDOO\� >�����@� �� ,Q�RXU� VWXG\�+%V$J�ZDV�SRVLWLYH�LQ�����RI�FRUG�EORRG�VDPSOHV��WDEOH����VLPLODU�WR�(J\SW>�@�DQG�,QGLD�>��@�ZKHUH�+%V$J�ZDV�VKRZQ�WR�EH�WUDQVPLWWHG�WKURXJK�FRUG�
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)LJ�� 3&5�DPSOLILFDWLRQ�RI�+%9�'1$��/DQH��0:�0DUNHU���NE���/DQH���1HJDWLYH�FRQWURO�VHUXP��/DQH����+%9�'1$�SRVLWLYH�3&5�FRQWURO���/DQH����QHJDWLYH�VDPSOHV�DQG�/DQH����+%9�'1$�SRVLWLYH�3&5�VDPSOH�
7DEOH�� )UHTXHQF\�RI�+%V$J��DQWL�+%F�DQG�DQWL�+%V�LQ�PRWKHUV�DQG�FRUG�EORRG�IURP�+%9�H[SRVHG�PRWKHUV�LQ�0D]DQGDUDQ�SURYLQFH�RI�,UDQ������� 0DUNHU 1R��WHVWHG 3RVLWLYH����

+%V$J ���� ��������$QWL�+%F ���� ���������$QWL�+%V ���� ���������0RWKHU
7RWDO ���� ���������+%V$J �� �������$QWL�+%F �� ��������$QWL�+%V �� ��������&RUG�EORRG�VDPSOHV�IURP�+%9�H[SRVHG�PRWKHU 7RWDO ��� ����������DOO�PRWKHU�FDUULHUV�ZHUH�SRVLWLYH�IRU�DQWL�+%F�

7DEOH� � 5DWH� RI� +%V$J� LQ� FRUGV� EORRG� LQ� UHODWLRQ� WR� +%H$J�$QWL�+%H� VWDWXV� RI� +%V$J� SRVLWLYH�PRWKHUV��0D]DQGDUDQ�SURYLQFH�RI�,UDQ������ %DELHV¶�FRUG�EORRG+%V$J��YH�PRWKHUV� +%H$J��YH� +%H�$E�YH� +%H$J�$E��YH� +%H�$J�$E�±YH�
+%H�$J��YH��Q �� ��� � � �+%H��$E�YH��Q ��� � ��� � �+%H� $J�$E� �YH��Q �� � � ��� �
+%H� $J�$E� ±YH��Q �� � � � �
7RWDO��Q ��� � � � �
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7DEOH�� 3URSRUWLRQ�RI�+%H$J�DQG�+%9�'1$�LQ�UHODWLRQ�ZLWK�PRWKHU�FDUULHUV�DQG�DQWL�+%F�SRVLWLYH�PRWKHUV��0D]DQGDUDQ�SURYLQFH�RI�,UDQ������
&DUULHUV�PRWKHU 1R��7HVWHG +%H$J3RVLWLYH���� +%9�'1$3RVLWLYH����
+%V$J�SRVLWLYH �� ������� �������$QWL�+%F SRVLWLYH �� ������ ������3�YDOXH�� ������ ������
EORRG� LQ� ���� DQG� ���� RI� QHRQDWHV� UHVSHFWLYHO\�DQG�LV�KLJKHU�WKDQ�WKH�UHSRUW�IURP�6HQHJDO�VKRZLQJ�WKDW�+%V$J�LV�SDVVHG�WKURXJK�FRUG�EORRG�LQ����RI�FDVHV>��@�3UHVHQFH� RI� +%H$J� LV� VKRZQ� WR� EH� D� PDMRU�LQGLFDWLRQ� IRU�+%9� LQIHFWLRQ�� ,Q� WKLV� VWXG\������FRUG� EORRG� RI� QHRQDWHV� IURP� +%H$J� SRVLWLYH�PRWKHUV�ZHUH�SRVLWLYH�IRU�WKLV�PDUNHU�>WDEOH��@���,Q�7DLZDQ�DQG�-DSDQ�+%H$J�ZDV�GHWHFWHG�LQ��������RI�+%V$J�FDUULHU�PRWKHUV�OHDGLQJ�WR�LQIHFWLRQ�RYHU����� RI� WKHLU� QHRQDWHV� >�@�� ,Q� (XURSH� DQG� 86$�ZKHUH�WKHUH�DUH�IHZ�+%H$J�SRVLWLYH�PRWKHUV����������WKH�UDWH�RI�+%9�WUDQVPLVVLRQ�IURP�PRWKHU�WR�FKLOG�LV�YHU\�ORZ�>��@��&RQVLGHULQJ�D�UHODWLYHO\�ORZ�UDWH�RI�+%H$J��������LQ�+%V$J�SRVLWLYH�PRWKHUV�LQ� %DERO� D� FLW\� LQ� 0D]DQGDUDQ� SURYLQFH� RI� ,UDQ�>��@�DQG�WKH�������ZH�IRXQG�LQ�WKLV�VWXG\��LW�VHHPV�WKDW� YHUWLFDO� WUDQVPLVVLRQ� LV� QRW� WKH�PDLQ� URXW� RI�+%9� LQIHFWLRQ� LQ� 0D]DQGDUDQ� ZKLOH� KRUL]RQWDO�WUDQVPLVVLRQ� DQG� VLEOLQJ� LQIHFWLYLW\� FRXOG� EH�FRQVLGHUHG� DV� WKH� PRUH� OLNHO\� URXWH� RI� +%9�LQIHFWLRQ�3UHVHQFH�RI�DQWL�+%H�LQ�SDWLHQWV�UHIOHFWV�UHGXFWLRQ�RI� YLUDO� UHSOLFDWLRQ� DQG� ORZHU� LQIHFWLYLW\� DQG�WKHUHIRUH�OHVV�YHUWLFDO�WUDQVPLVVLRQ�RI�+%9�>�@��,Q�RXU�VWXG\�+%V$J�ZDV�SUHVHQW�LQ������FRUG�EORRG�RI� EDELHV� ERUQ� WR� +%V$J�DQWL�+%H� SRVLWLYH�PRWKHUV� 7KLV�LV�KLJKHU�WKDQ�WKH�UDWH�RI�FRUG�EORRG�SRVLWLYLW\�UHSRUWHG�E\�<DVLQ�LQ�(J\SW������>�@�2XU� GDWD� DOVR� VKRZV� WKDW� ����� RI� FRUG� EORRG�VDPSOHV� IURP� EDELHV� ERUQ� WR� FDUULHU� PRWKHUV�KDYLQJ� +%H$J�DQWL�+%H� PDUNHUV� ZHUH� +%V$J�SRVLWLYH��7DEOH�����,Q�FRQWUDVW�<DVLQ�HW�DO�>�@�IRXQG�WKDW� ���� RI� +%H$J�DQWL�+%H� SRVLWLYH� PRWKHUV�FRXOG� WUDQVPLW� +%9� LQIHFWLRQ� WR� WKHLU� QHRQDWHV��3UREDEO\�� EDODQFH� EHWZHHQ� +%H$J� DQG� DQWL�+%H�VKRXOG�EH�FRQVLGHUHG�IRU�GLIIHUHQW�UHVXOWV� LQ� WKHVH�VWXGLHV�� LI� WKH�SHUFHQWDJH�RI�+%H$J� LV�PRUH� WKDQDQWL�+%H�� FKDQFH�RI�+%9� LQIHFWLRQ� LV� KLJKHU� DQG�YLFH� YHUVD�� ,Q� RXU� VWXG\� WKH� UDWH� RI� DQWL�+%H�ZDV�KLJKHU� WKDQ� +%H$J� LQ� PRWKHUV� ����� YV� ������VKRZLQJ� D� ORZHU� ULVN� RI� YHUWLFDO� WUDQVPLVVLRQ� LQ�0D]DQGDUQ� SURYLQFH�� 6LPLODU� WR� D� UHSRUW� IURP�

7KDLODQG� >��@�� RXU� VWXG\� LQGLFDWHG� WKDW� QRQH� RI�FRUG� EORRG� RI� EDELHV� ERUQ� WR� +%H$J�DQWL�+%H�QHJDWLYH�PRWKHUV�ZDV�SRVLWLYH�IRU�+%V$J��WDEOH�����,Q�FRQWUDVW��/HH�DQG�KLV�FROOHDJXHV�LQ�+RQJ�.RQJ�>��@� VKRZHG� D� UDWH� RI� ���� +%V$J� LQ� QHRQDWHV¶�FRUG�EORRG�IURP�+%H$J�QHJDWLYH�PRWKHUV�$OH[DQGHU� DQG� (GGOHVWRQ� >��@� EHOLHYH� WKDW� VRPH�WLPHV� YLUXV� LV� WUDQVPLWWHG� WKURXJK� FRUG� EORRG� EXW�PDWHUQDO� DQWL�+%F� LQKLELWV� YLUDO� UHSOLFDWLRQ� DQG�DQWLJHQ� SUHVHQWDWLRQ�� &KDQJ� HW� DO� >��@� IRXQG� WKDW�QRQH�RI�WKH����LQIDQWV�ZLWK�D�KLJK�WLWHU�RI�PDWHUQDO�DQWL�+%F��!���������EHFDPH�+%V�$J�FDUULHUV��ZKLOH����RI� WKH���� LQIDQWV�ZLWK�PDWHUQDO�DQWL�+%F�WLWHU�EHWZHHQ� ��������������� DQG� ���� RI� WKH� ��� LQIDQWV�ZLWK� ORZ�WLWHU�PDWHUQDO�DQWL�+%F�����������EHFDPH�+%V$J�FDUULHUV��6R�WKH\�VXJJHVW�D�SRVLWLYH�UROH�RI�DQWL�+%F� LQ WKH� PRGXODWLRQ� RI� PRWKHU�WR�LQIDQW�WUDQVPLVVLRQ� RI� +%9�� $� KLJK� PDWHUQDO� DQWL�+%F�OHYHO� LQ� VHUXP� PD\� EH� D� QHJDWLYH� SUHGLFWRU� RI�LPPXQRSURSK\OD[LV�IDLOXUH�LQ�KLJK�ULVN�LQIDQWV��,Q�RXU� VWXG\� DOO� FDUULHU� PRWKHUV� ZHUH� DOVR� DQWL�+%F�SRVLWLYH�DQG�'1$�ZDV�QRW�GHWHFWHG�LQ�FRUG�EORRG�VDPSOHV� E\� 3&5� HYHQ� LQ� +%V$J� SRVLWLYH� FDVHV��7DEOH� ���� 7KLV� PD\� EH� LQGLFDWLYH� RI� WKH� UROH� RI�PDWHUQDO�DQWL�+%F�LQ�LQKLELWLRQ�RI�YLUDO�UHSOLFDWLRQ�LQ�FRUG�EORRG�>��@�,Q�VRPH�FDUULHUV�LQ�VSLWH�RI�WKH�SUHVHQFH�RI�YLUXV��+%V$J�FDQ�QRW�EH�GHWHFWHG�LQ�WKH�VHUXP��,Q�WKHVH�FDVHV� GHWHFWLRQ� RI�+%9�'1$� LV� D�PRUH� VHQVLWLYH�PHWKRG� IRU�HYDOXDWLRQ�RI�+%9�LQIHFWLRQ�����������2XU�VWXG\�VKRZHG�GHWHFWLRQ�RI�+%9�'1$�LQ������RI� +%V$J� QHJDWLYH� PRWKHUV� ZKR� KDG� DQWL�+%F��7DEOH�����7KLV�UDWH�ZDV�DERXW������LQ�7DLZDQ�>��@�DQG�����LQ�,QGLD�>��@��7KHVH�GDWD�HPSKDVL]HG�WKDW�+%V$J�FDQ�QRW�EH� FRQVLGHUHG� DV� WKH�RQO\�PDUNHU�RI� +%9� LQIHFWLRQ� DQG� SUREDEO\� LQ� VXFK� FDVHV�GHWHFWLRQ� RI� QXFOHLF� DFLG� LV� D�PRUH� UHOLDEOH� SDUD�PHWHU�,Q� FRQFOXVLRQ�� RXU� UHVXOWV� LQGLFDWH� WKDW� PDWHUQDO�+%9� WUDQVPLVVLRQ� LV� QRW� WKH� PDLQ� URXWH� RI�LQIHFWLRQ�LQ�0D]DQGDUDQ�SURYLQFH�DQG�WUDQVPLVVLRQ�RFFXUV�PRUH� OLNHO\�ODWHU�LQ�LQIDQF\�DQG�FKLOGKRRG��
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6R�+%9�LQIHFWLRQ�FDQ�EH�SUHYHQWHG�E\� WKH�XVH�RI�+HSDWLWLV�%�YDFFLQH�DV�SDUW�RI�(3,�SURJUDPV�
$FNQRZOHGJPHQWV

7KLV� SURMHFW� ZDV� JUDQWHG� E\� 3DVWHXU� ,QVWLWXWH� RI�,UDQ��:H�WKDQN�RXU�FROOHDJXHV�0UV��6��/DPLDQ�DQG�0U��0��1RURX]L]DGHK�IRU�WKHLU�WHFKQLFDO�DVVLVWDQFH�LQ� SHUIRUPLQJ� VHURORJLFDO� WHVWV� RQ� VWXG\� VDPSOHV��:H�DOVR�WKDQN�RXU�FROOHDJXHV�VSHFLDOO\�0U��,PDQL�DQG� KLV� FROOHDJXHV� LQ� 3DVWHXU� ,QVWLWXWH� RI� ,UDQ� LQ�$PRO� �0D]DQGDUDQ�� IRU� VDPSOLQJ� DQG� GDWD�FROOHFWLRQ� LQ� KRVSLWDOV� RI� 0D]DQGDUDQ� SURYLQFH��2XU�VSHFLDO�WKDQNV�WR�'U�65��1DGGDI�IRU�UHYLHZLQJ�WKH�PDQXVFULSW�DQG�YDOXDEOH�GLVFXVVLRQ�GXULQJ�WKLV�VWXG\� 5HIHUHQFHV
� *KHQGRQ�<���������3HULQDWDO�WUDQVPLVVLRQ�RI�KHSDWLWLV�%�YLUXV�LQ�KLJK�LQFLGHQFH�FRXQWULHV��-�9LURO�0HWKRGV��$XJ����������������� &KHQ� '6��� ������ 3XEOLF� KHDOWK� PHDVXUHV� WR� FRQWURO�KHSDWLWLV�%�YLUXV�LQIHFWLRQ�LQ�WKH�GHYHORSLQJ�FRXQWULHV�RIWKH� $VLD�3DFLILF� UHJLRQ�� -� *DVWURHQWHURO� +HSDWRO�� 0D\�����6XSSO��(������ 7RXNDQ�$8�� 6KDUDLKD�=.��EX�HO�5XE�2$��+PRXG�0.��'DKERXU� 66�� EX�+DVVDQ� +�� HW� DO� �� ����� �� 7KH�HSLGHPLRORJ\� RI� KHSDWLWLV� %� YLUXV� DPRQJ� IDPLO\�PHPEHUV� LQ� WKH� 0LGGOH� (DVW�� $P� -� (SLGHPLRO��$XJ����������������� *KDIIDU� <$�� HO6REN\�0.�� 5DRXI� $$�� 'RUJKDP� /6�� ��������0RWKHU�WR�FKLOG� WUDQVPLVVLRQ� RI� KHSDWLWLV�%� YLUXV�LQ� D� VHPLUXUDO� SRSXODWLRQ� LQ� (J\SW�� -� 7URS� 0HG� +\J��)HE�������������� 0DKRQH\�)-����������8SGDWH�RQ�GLDJQRVLV��PDQDJHPHQW��DQG� SUHYHQWLRQ� RI� KHSDWLWLV� %� YLUXV� LQIHFWLRQ�� &OLQ�0LFURELRO�5HY��$SU���������������� 6Q\GPDQ�'5��� ������+HSDWLWLV� LQ� SUHJQDQF\��1� (QJO� -�0HG��1RY����������������������� %HDVOH\�53��+ZDQJ�/<�� ��������3RVWQDWDO�LQIHFWLYLW\�RI�KHSDWLWLV�%�VXUIDFH�DQWLJHQ�FDUULHU�PRWKHUV��-�,QIHFW�'LV��)HE����������������� 6WHYHQV� &(�� %HDVOH\� 53�� 7VXL� -�� /HH� :&�� �� ������9HUWLFDO�WUDQVPLVVLRQ�RI�KHSDWLWLV�%�DQWLJHQ�LQ�7DLZDQ��1�(QJO�-�0HG��$SU�������������������� $PLQL�6��0DKPRRGL�0)��$QGDOLEL�6��6RODWL�$$����������6HURHSLGHPLRORJ\� RI� KHSDWLWLV� %�� GHOWD� DQG� KXPDQ�LPPXQRGHILFLHQF\� YLUXV� LQIHFWLRQV� LQ� +DPDGDQ� SURY�LQFH�� ,UDQ�� D� SRSXODWLRQ� EDVHG� VWXG\�� -� 7URS�0HG�+\J��2FW����������������� +DVVDQMDQLB5RVKDQ� 0�5�� =S<�� �� ������ (IILFDF\� RI�+%,*� DQG�YDFFLQH� LQ� LQIDQWV�RI�+%V$J�SRVLWLYH� FDUULHU�PRWKHUV��$UFKLYHV�RI�,UDQLDQ�0HGLFLQH�������������� :DQJ� -7��:DQJ� 7+�� 6KHX� -&�� 6KLK�/1�� /LQ� -7��&KHQ�'6�� ������ �� 'HWHFWLRQ� RI� KHSDWLWLV� %� YLUXV� '1$� E\�SRO\PHUDVH�FKDLQ� UHDFWLRQ� LQ�SODVPD�RI�YROXQWHHU�EORRG�

GRQRUV�QHJDWLYH� IRU� KHSDWLWLV�%�VXUIDFH�DQWLJHQ�� -� ,QIHFW�'LV��)HE����������������� $PLQL� 6�� 0DKPRRGL� 0)� $6�� �� ������ 3UHYDOHQFH� RI�+%V$J� FDUULHU� DPRQJ� SUHJQDQW� ZRPHQ� LQ� 7HKUDQ��+HSDWRORJ\��������� 6RXOLH� -&�� /DUVHQ�0��*RXGHDX�$�� 3DUQHW� )��'XERLV�)��3LQRQ�)�� HW� DO�� �������7KH� SHULQDWDO� WUDQVPLVVLRQ�RI� WKH�KHSDWLWLV� %� YLUXV� LQ� WKH� 3DULV� DUHD��$QQ�3HGLDWU� �3DULV���1RY������������������ 5RLQJHDUG� 3��'LRXI� $�� 6DQNDOH� -/��%R\H�&��0ERXS�6��'LDGKLRX� )�� HW� DO�� ������� 3HULQDWDO� WUDQVPLVVLRQ� RI�KHSDWLWLV�%�YLUXV�LQ�6HQHJDO��ZHVW�$IULFD�9LUDO�,PPXQRO��������������� 0LWWDO� 6.�� 5DR� 6�� 5DVWRJL� $�� $JJDUZDO� 9�� .XPDUL� 6����������+HSDWLWLV�%�SRWHQWLDO�RI�SHULQDWDO�WUDQVPLVVLRQ�LQ�,QGLD��7URS�*DVWURHQWHURO��-XO���������������� %DUW�3$��-DFTXLHU�3��=XEHU�3/��/DYDQFK\�'��)UHL�3&���������� 6HURSUHYDOHQFH� RI� +%9� �DQWL�+%F�� +%V$J� DQG�DQWL�+%V�� DQG� +'9 LQIHFWLRQV� DPRQJ� ����� ZRPHQ� DW�GHOLYHU\��/LYHU��$SU���������������� 6WHYHQV� &(�� 7R\� 37�� 7RQJ� 0-�� 7D\ORU� 3(�� 9\DV� *1��1DLU� 39�� HW� DO�� ������ �� 3HULQDWDO� KHSDWLWLV� %� YLUXV�WUDQVPLVVLRQ�LQ�WKH�8QLWHG�6WDWHV��3UHYHQWLRQ�E\�SDVVLYH�DFWLYH�LPPXQL]DWLRQ��-$0$��0DU��������������������� /HH�6'��/R�.-��7VDL�<7��:X�-&��:X�7&��<DQJ�=/��HW�DO�� ������ �� 5ROH� RI� FDHVDUHDQ� VHFWLRQ� LQ� SUHYHQWLRQ� RI�PRWKHU�LQIDQW� WUDQVPLVVLRQ� RI� KHSDWLWLV�%� YLUXV�� /DQFHW��2FW������������������� /LQ�++��/HH�7<��&KHQ�'6��6XQJ�-/��2KWR�+��(WRK�7��HW�DO�� ������ �� 7UDQVSODFHQWDO� OHDNDJH� RI� +%H$J�SRVLWLYH�PDWHUQDO� EORRG� DV� WKH� PRVW� OLNHO\� URXWH� LQ� FDXVLQJ�LQWUDXWHULQH� LQIHFWLRQ� ZLWK� KHSDWLWLV� %� YLUXV�� -� 3HGLDWU��'HF��������3W������������� 6XYDWWH� 9�� $VVDWHHUDZDWWV� $��� ������ 9HUWLFDO� WUDQV�PLVVLRQ� RI� WKH� KHSDWLWLV� %� VXUIDFH� DQWLJHQ� LQ� 7KDLODQG��6RXWKHDVW� $VLDQ� -� 7URS� 0HG� 3XEOLF� +HDOWK��'HF��������������� /HH� $.�� ,S� +0�� :RQJ� 9&�� �� ������ 0HFKDQLVPV� RI�PDWHUQDO�IHWDO� WUDQVPLVVLRQ�RI�KHSDWLWLV�%�YLUXV�� -� ,QIHFW�'LV��1RY������������������ $OH[DQGHU� *-�� (GGOHVWRQ� $/��� ������ 'RHV� PDWHUQDO�DQWLERG\� WR� FRUH� DQWLJHQ� SUHYHQW� UHFRJQLWLRQ� RI� WUDQV�SODFHQWDO� WUDQVPLVVLRQ� RI� KHSDWLWLV�%�YLUXV� LQIHFWLRQ"�/DQFHW��)HE�������������������� &KDQJ�0+��+VX�+<��+XDQJ�/0��/HH�3,��/LQ�++��/HH�&<�� �� ������7KH� UROH� RI� WUDQVSODFHQWDO� KHSDWLWLV�% FRUH�DQWLERG\�LQ�WKH�PRWKHU�WR�LQIDQW�WUDQVPLVVLRQ�RI�KHSDWLWLV�%�YLUXV��-�+HSDWRO��-XQ���������������� 7DQDND� -��� ������ +HSDWLWLV� %� HSLGHPLRORJ\� LQ� /DWLQ�$PHULFD��9DFFLQH��)HE�������6XSSO���6���6����� 7KLHUV� 9�� 1DNDMLPD� (�� .UHPVGRUI� '�� 0DFN� '��6FKHOOHNHQV� +� 'ULVV� )�� HW� DO�� ������ �� 7UDQVPLVVLRQ� RI�KHSDWLWLV� %� IURP� KHSDWLWLV�%�VHURQHJDWLYH� VXEMHFWV��/DQFHW��'HF�������������������� :DQJ�=��=KDQJ�-��<DQJ�+��/L�;��:HQ�6��*XR�<��HW�DO��������� 4XDQWLWDWLYH� DQDO\VLV� RI� +%9� '1$� OHYHO� DQG�+%H$J� WLWHU� LQ� KHSDWLWLV� %� VXUIDFH� DQWLJHQ� SRVLWLYH�PRWKHUV� DQG� WKHLU� EDELHV�� +%H$J� SDVVDJH� WKURXJK� WKH�SODFHQWD� DQG� WKH� UDWH� RI� GHFD\� LQ� EDELHV�� -�0HG�9LURO��1RY���������������� 1DQGL� -�� %DQHUMHH� .��� ������ 'HWHFWLRQ� RI� KHSDWLWLV� %�YLUXV� '1$� LQ� GRQRU� EORRG� E\� WKH� SRO\PHUDVH� FKDLQ�UHDFWLRQ��1DWO�0HG�-�,QGLD��-DQ�����������
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