
(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R�������-XQH������

� ������

��
�
2VWHRJHQHVLV�LPSHUIHFWD�W\SH�,�DQG�SVRULDVLV���D�UHSRUW�RQ�
WZR�FDVHV�
�
�
8ZH�:ROOLQD��0'��DQG�$QGUp�.RFK��0'
�
(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO�����������-XQH�������
�

'HSDUWPHQW�RI�'HUPDWRORJ\��+RVSLWDO�'UHVGHQ�)ULHGULFKVWDGW��
$FDGHPLF�7HDFKLQJ�+RVSLWDO�RI�WKH�7HFKQLFDO�8QLYHUVLW\�RI�'UHVGHQ��
'UHVGHQ��*HUPDQ\�
�
H�PDLO���ZROOLQD�XZ#NKGI�GH�
6XEPLWWHG��0D\�������
$FFHSWHG�IRU�SXEOLFDWLRQ�LQ��0D\���������

�
$EVWUDFW�

2VWHRJHQHVLV�LPSHUIHFWD��2,��W\SH�,�LV�D�GRPLQDQWO\�LQKHULWHG��
JHQHUDOL]HG�FRQQHFWLYH�WLVVXH�GLVRUGHU�FKDUDFWHUL]HG�PDLQO\�E\�ERQH�
IUDJLOLW\�DQG�EOXH�VFOHUDH��:H�UHSRUW�RQ�WZR�PDOH�SDWLHQWV��DJHG����DQG����
\HDUV��ZKR�SUHVHQWHG�ZLWK�D�FRPELQDWLRQ�RI�2,�ZLWK�SVRULDVLV�YXOJDULV���

7KH�PXWDWLRQV�FRXOG�EH�ORFDOL]HG�ZLWKLQ�WKH�&2/�$��JHQH��LQ�FDVH�
��D�KHWHUR]\JRXV�GHOHWLRQ�RI�F\WRVLQH�EDVH�LQ�SRVLWLRQ������RI�H[RQ����
�F�����GHO���LQ�FDVH���D�KHWHUR]\JRXV�SRLQW�PXWDWLRQ�LQ�H[RQ����
�F�����*!$����

&OLQLFDOO\�EOXH�VFOHUDH��ERQH�IUDJLOLW\��KLVWRU\�RI�PXOWLSOH�ERQH�
IUDFWXUHV��GHIRUPLWLHV�RI�ORQJ�ERQHV��DQG�RVWHRSRURVLV�ZHUH�HYLGHQW�LQ�
ERWK�SDWLHQWV��%RWK�VXIIHUHG�IURP�KHDULQJ�LPSDLUPHQW��7KHLU�SVRULDVLV�
ZDV�RI�WKH�FKURQLF�SODTXH�W\SH��7R�WKH�EHVW�RI�RXU�NQRZOHGJH�WKHVH�DUH�
ILUVW�FDVH�UHSRUWV�DERXW�WKH�FRPELQDWLRQ�RI�ERWK�GLVRUGHUV��
��

,QWURGXFWLRQ�
2VWHRJHQHVLV�LPSHUIHFWD��2,��W\SH�,�LV�D�GRPLQDQWO\�LQKHULWHG��

JHQHUDOL]HG�FRQQHFWLYH�WLVVXH�GLVRUGHU�FKDUDFWHUL]HG�PDLQO\�E\�ERQH�



(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R�������-XQH������

� ������

IUDJLOLW\��KHDULQJ�ORVV�DQG�EOXH�VFOHUDH��$GGLWLRQDO�IHDWXUHV�RI�2,�LQFOXGH�
KHDULQJ�ORVV�RI�FRQGXFWLYH�RU�PL[HG�W\SH�LQ�DERXW�����RI�IDPLOLHV��
WLQQLWXV��DQG�YHUWLJR�>�@�)XUWKHUPRUH�WKLQ��HDVLO\�EUXLVHG�VNLQ��PRGHUDWH�
MRLQW�K\SHUPRELOLW\�DQG�N\SKRVFROLRVLV��KHUQLDV��DQG�DUFXV�VHQLOLV�DUH�
TXLWH�FRPPRQ�>�@�>�@�

,QGLYLGXDOV�ZLWK�2,�W\SH�,�KDYH�GLVWLQFWO\�EOXH�VFOHUDH�ZKLFK�UHPDLQ�
LQWHQVHO\�EOXH�WKURXJKRXW�OLIH��LQ�FRQWUDVW�WR�WKH�VFOHUDH�LQ�2,�W\SH�,,,�DQG�
2,�W\SH�,9�ZKLFK�PD\�DOVR�EH�EOXH�DW�ELUWK�DQG�GXULQJ�LQIDQF\��7KH�
LQWHQVLW\�RI�WKH�EOXH�IDGHV�ZLWK�WLPH�VXFK�WKDW�WKHVH�LQGLYLGXDOV�PD\�KDYH�
VFOHUDH�RI�QRUPDO�KXH�E\�DGROHVFHQFH�DQG�DGXOW�OLIH�>�@��

2,�W\SH�,�SKHQRW\SH�FDQ�EH�SURGXFHG�E\�PXWDWLRQ�LQ�HLWKHU�WKH�
&2/�$��JHQH����������RU�WKH�&2/�$��JHQH����������DQG�SRVVLEO\�LQ�
RWKHU�JHQHV��,Q�PRVW�FDVHV��
IXQFWLRQDO�QXOO
�DOOHOHV�RI�&2/�$��RQ�
FKURPRVRPH����RU�&2/�$��RQ�FKURPRVRPH���OHDG�WR�UHGXFHG�DPRXQWV�
RI�QRUPDO�FROODJHQ�,�>�@�+DUWLNND�HW�DO�>�@�IRXQG�WKDW�SDWLHQWV�ZLWK�
&2/�$��PXWDWLRQV�PRUH�IUHTXHQWO\�KDG�EOXH�VFOHUDH�WKDQ�WKRVH�ZLWK�
&2/�$��PXWDWLRQV��,Q�DGGLWLRQ��SDWLHQWV�ZLWK�&2/�$��PXWDWLRQV�WHQGHG�
WR�EH�VKRUWHU�WKDQ�WKRVH�ZLWK�&2/�$��PXWDWLRQV��

$�FRLQFLGHQFH�RI�2,�ZLWK�VNLQ�GLVHDVH�LV�XQFRPPRQ��7KH�RQO\�
H[FHSWLRQ�WR�WKLV�UXOH�PLJKW�EH�HODVWRVLV�SHUIRUDQV�VHUSLQJLQRVD��D�GLVHDVH�
PRUH�RIWHQ�VHHQ�LQ�LQKHULWHG�FRQQHFWLYH�WLVVXH�GLVHDVH�>�@�

&DVH�UHSRUWV�
7KH�WZR�FDVHV�ZHUH�PDOH�SDWLHQWV�ZKR�ZHUH�UHIHUUHG�WR�RXU�

GHSDUWPHQW�EHFDXVH�RI�UHFDOFLWUDQW�SODTXH�W\SH�SVRULDVLV�YXOJDULV��)LJV����
DQG������

�
� �

�
�)LJXUH����&DVH���
�$��%OXH�VFOHUDH���
�%��DQG�&��3VRULDWLF�SODTXHV�RQ�WKH�WKRUD[�DQG�VOLJKW�WKRUDFLF�GHIRUPLW\�
GXH�WR�VFROLRVLV��%�±�IURQW��&�±�EDFN���

��



(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R�������-XQH������

� ������

�

� �
�
�)LJXUH����&DVH���
�$��%OXH�VFOHUDH���
�%��DQG�&��3VRULDWLF�SODTXHV�RQ�WKH�KLSV�DQG�WKH�EDFN��WKRUDFLF�
GHIRUPLW\�DQG�N\SKRVFROLRVLV��%�±�IURQW��&�±�EDFN���

,Q�ERWK�WKH�FRPELQDWLRQ�RI�EOXH�VFOHUDH��D�KLVWRU\�RI�PXOWLSOH�ERQH�
IUDFWXUHV�DQG�ERQH�GHIRUPLWLHV�VXJJHVWHG�D�SRVVLEOH�DIIHFWLRQ�E\�
2,�&OLQLFDO�LQYHVWLJDWLRQV��FRPSXWHUL]HG�WRPRJUDSK\��DQG�JHQHWLF�
DQDO\VLV�FRQILUPHG�WKH�GLDJQRVLV�RI�2,�W\SH�,��,Q�FDVH�WZR�WKHUH�ZDV�D�
IDPLO\�KLVWRU\�IRU�2,�EXW�QRW�LQ�FDVH����'HWDLOV�DUH�VXPPDUL]HG�LQ�WDEOH����

�
�
�
�
�
�
�
�
�
�
�
�
�
�
��



(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R�������-XQH������

� ������

�� &DVH��� &DVH���
$JH��VH[� ����PDOH� ����PDOH�
+HLJKW��ERG\�
ZHLJKW������� ����FP�����NJ� ����FP�����NJ�
)DPLOL\�KLVWRU\� SRVLWLYH�IRU�SVRULDVLV� SRVLWLYH�IRU�2,�
%RQH�IUDJLOLW\�
DQG�IUDFWXUHV� �� ��
%RQH�PLQHUDO�
GHQVLW\��%0'��

�������RI�QRUPDO�
%0'�

�������RI�QRUPDO�%0'�
7�VFRUH������WR������

%RQH�
GHIRUPLWLHV�

FR[D�YDUD��IHPXUD�
YDUD�HW�DQWHFXUYDWD��
OHIW�FRQYH[�VFROLRVLV�

FR[D�YDUD��N\SKRVFROLRVLV�

%RQH�KLVWRORJ\� QRW�GRQH� ORZ�WXUQRYHU�RVWHRSRURVLV�
$UWKURVLV� FR[DUWKURVLV��

JRQDUWKURVLV�
FR[DUWKURVLV��JRQDUWKURVLV��
VSRQ\ORVLV�GHIRUPDQV�

+HDULQJ� ELODWHUDO�KLJK�WXQH�
KHDULQJ�LPSDLUPHQW��

ELODWHUDO�KLJK�WXQH�
KHDULQJ�LPSDLUPHQW��

(\HV� EOXH�VFOHUDH� EOXH�VFOHUDH�

/DERUDWRU\�
LQYHVWLJDWLRQV�

HU\WKURF\WHV������
7SW�/��
�QRUPDO�UDQJH�����
�������
+E�����PPRO�/������
��������
KDHPDWRNULW������/�/��
������������

,J(������8�/������������

*HQHWLFV�

F�����GHO�LQ�H[RQ����
RI�&2/�$���JHQH�
OHDGLQJ�WR�D�VWRS�
FRGRQ��
�
KHWHUR]\JRXV��

F�����*!$�SRLQW�PXWDWLRQ�LQ�
H[RQ����RI�WKH�&2/�$��JHQH�
OHDGLQJ�WR�D�VWRS�FRGRQ�
�S�7US����;���
�KHWHUR]\JRXV�

$VVRFLDWHG�
GLVHDVHV� SVRULDVLV�YXOJDULV� SVRULDVLV�YXOJDULV��FKURQLF�

REVWUXFWLYH�EURQFKLWLV��
7DEOH����6XPPDU\�RI�WKH�WZR�FDVHV�ZLWK�FR�PRUELGLW\�RI�SVRULDVLV�
YXOJDULV�DQG�RVWHRJHQHVLV�LPSHUIHFWD��2,��W\SH�,��

,Q�ERWK�FDVHV�SVRULDVLV�ZDV�REVHUYHG�IURP�WKH�\RXWK�ZKHUH�LW�ZDV�
SRVVLEO\�WULJJHUHG�E\�VWUHSWRFRFFDO�LQIHFWLRQ�LQ�WKH�HDUO\�EHJLQQLQJ��7KH\�
SUHVHQWHG�ZLWK�FKURQLF�SODTXH�W\SH�HU\WKHPDWR�VTXDPRXV�SODTXHV��QDLO�
LQYROYHPHQW�DQG�DIIHFWLRQ�RI�WKH�FDSLOOLWLXP��7KHUH�ZDV�QR�FOLQLFDO�
HYLGHQFH�RU�PHGLFDO�KLVWRU\�VXJJHVWLQJ�SVRULDVLV�DUWKULWLV��7KH\�ZHUH�
WUHDWHG�E\�D�FRPELQDWLRQ�RI�WRSLFDO�WKHUDS\�DQG�89%�LUUDGLDWLRQ��

�



(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R�������-XQH������

� ������

'LVFXVVLRQ�
:H�UHSRUW�RQ�WZR�PDOH�SDWLHQWV�ZLWK�D�FRPELQDWLRQ�RI�2,�W\SH�,�DQG�

ZLGHVSUHDG�SVRULDVLV�YXOJDULV��3VRULDVLV�LWVHOI�LV�FKDUDFWHUL]HG�E\�D�KLJK�
WXUQRYHU�ERQH�UHPRGHOOLQJ�QRW�UHVWULFWHG�WR�SDWLHQWV�ZLWK�SVRULDWLF�
DUWKULWLV�>�@�,Q�FRPELQDWLRQ�ZLWK�VWHURLG�WKHUDS\�RU�KRUPRQDO�LPEDODQFH��
KRZHYHU��WKLV�PD\�OHDG�WR�D�GLPLQLVKHG�ERQH�PLQHUDO�GHQVLW\�>�@�>�@�,Q�
FRQWUDVW��D�ORZ�WXUQRYHU�ERQH�UHPRGHOOLQJ�ZDV�GHWHFWHG�LQ�FDVH����

%RQH�KLVWRPRUSKRPHWULF�VWXGLHV�LQ�FKLOGUHQ�DIIHFWHG�E\�2,�W\SH�,�
VKRZHG�ERWK�UHGXFWLRQ�LQ�WUDEHFXODU�QXPEHU�DQG�WUDEHFXODU�WKLFNQHVV�
OHDGLQJ�WR�GHFUHDVHG�FDQFHOORXV�ERQH�YROXPH��6XUIDFH�EDVHG�SDUDPHWHUV�
RI�ERQH�UHPRGHOOLQJ�ZHUH�LQFUHDVHG�LQ�2,�LQGLFDWLQJ�LQFUHDVHG�
UHFUXLWPHQW�RI�UHPRGHOOLQJ�XQLWV��:DOO�WKLFNQHVV�ZDV�GHFUHDVHG�EXW�QR�
GHIHFW�LQ�PDWUL[�PLQHUDOL]DWLRQ�ZDV�IRXQG�>�@�

7KH�FRPELQDWLRQ�RI�2,�DQG�SVRULDVLV�VHHPV�WR�LQFUHDVH�WKH�ULVN�RI�
DGYHUVH�HIIHFWV�RI�V\VWHPLF�VWHURLG�WKHUDS\�RQ�ERQH�PLQHUDO�GHQVLW\��
,QWUDDUWLFXODU�DQG�V\VWHPLF�VWHURLGV�DUH�FRPPRQO\�LQ�XVH�IRU�SVRULDWLF�
DUWKULWLV��7KH\�PD\�UHGXFH�ERQH�PLQHUDO�GHQVLW\�LQ�FRQWUDVW�WR�
PHWKRWUH[DWH�>�@�$�FDVH�RI�IXOO\�UHYHUVLEOH�WXEXODU�WR[LFLW\�ZLWK�
FRQVHFXWLYH�PHWDEROLF�RVWHRSDWK\�IROORZLQJ�V\VWHPLF�IXPDULF�DFLG�
WKHUDS\�ZDV�UHSRUWHG�LQ�D����\HDU�ROG�ZRPDQ�ZLWK�SVRULDVLV�DQG�'H7RQL�
'HEUH�)DQFRQL�V\QGURPH�>��@�7KLV�VHFRQGDU\�HIIHFW�RI�RUDO�IXPDULF�DFLG�
WKHUDS\�REYLRXVO\�RFFXUV�YHU\�UDUHO\�DQG�ZDV�D�UHVXOW�RI�
K\SRSKRVSKDWDHPLF�RVWHRPDODFLD�GXH�WR�FRPSOH[�GLVWXUEDQFHV�RI�WKH�
UHQDO�WXEXODU�V\VWHP��:HDWKHU�89�WKHUDS\�RI�SVRULDVLV�PD\�KDYH�D�
EHQHILFLDO�HIIHFW�RQ�2,�DVVRFLDWHG�RVWHRSRURVLV�LV�TXHVWLRQDEOH��VLQFH�WKH�
PDMRU�ELRFKHPLFDO�DOWHUDWLRQV�DUH�IRXQG�LQ�FROODJHQ�SURGXFWLRQ�EXW�QRW�
YLWDPLQ�'�PHWDEROLVP�>�@�

,Q�VXPPDU\��GHVSLWH�WKH�UDULW\�RI�2,��LW�VKRXOG�EH�DOVR�VXVSHFWHG�DQG�
FRQILUPHG�LQ�SVRULDVLV�SDWLHQWV�ZKHQ�WKH�W\SLFDO�WULDGH�RI�V\PSWRPV�LV�
REVHUYHG��L�H��ERQH�IUDJLOLW\��KHDULQJ�ORVV�DQG�EOXH�VFOHUDH���

5HIHUHQFHV�
�
���5DXFK�)��*ORULHX[�)+��2VWHRJHQHVLV�LPSHUIHFWD��/DQFHW������������
�����������
�
���+DUWLNND�+��.XXULOD�.��.RUNNR�-��HW�DO��/DFN�RI�FRUUHODWLRQ�EHWZHHQ�WKH�
W\SH�RI�&2/�$��RU�&2/�$��PXWDWLRQ�DQG�KHDULQJ�ORVV�LQ�RVWHRJHQHVLV�
LPSHUIHFWD�SDWLHQWV��+XP�0XWDW��������������������
�
���6LOOHQFH�'2��2VWHRJHQHVLV�LPSHUIHFWD�QRVRORJ\�DQG�JHQHWLFV��$QQ�1<�
$FDG�6FL������������������
�
���0HKWD�5.��%XUURZV�13��3D\QH�&0��HW�DO��(ODVWRVLV�SHUIRUDQV�
VHUSLQJLQRVD�DQG�DVVRFLDWHG�GLVRUGHUV��&OLQ�([S�'HUPDWRO���������������



(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R�������-XQH������

� ������

�����
�
���+HLQ�*��$EHQGURWK�.��0�OOHU�$��:HVVHO�*��6WXGLHV�RQ�SVRULDWLF�
RVWHRDUWKURSDWK\��&OLQ�5KHXPDWRO������������������
�
���&RRSHU�&��3ROO�9��0F/DUHQ�0��HW�DO��$OWHUDWLRQV�LQ�DSSHQGLFXODU�
VNHOHWDO�PDVV�LQ�SDWLHQWV�ZLWK�UKHXPDWRLG�SVRULDVLV�DQG�RVWHRDUWKURSDWK\��
$QQ�5KHXPDW�'LV��������������������
�
���'HO�3XHQWH�$��0DQWRYD�'��0DQGHV�0*��HW�DO��2VWHRSRURVL�HW�DUWULWH�
SVRULDVLFD��5KHXPDWLVPR������������������
�
���5DXFK�)��7UDYHUV�5��3DUILWW�$0��*ORULHX[�)+��6WDWLF�DQG�G\QDPLF�
ERQH�KLVWRPRUSKRPHWU\�LQ�FKLOGUHQ�ZLWK�RVWHRJHQHVLV�LPSHUIHFWD��%RQH�
�������������������
�
���&UDQQH\�$%��0F.HQGU\�5-��:HOOV�*$��HW�DO��7KH�HIIHFW�RI�ORZ�GRVH�
PHWKRWUH[DWH�RQ�ERQH�GHQVLW\��-�5KHXPDWRO����������������������
�
����)OLHJQHU�/��6SLHJHO�3��2VWHRPDOD]LH�DOV�RIIHQVLFKWOLFK�VHOWHQH�
1HEHQZLUNXQJ�GHU�RUDOHQ�)XPDUVlXUHWKHUDSLH��6HNXQGlUHV�'H7RQL�
'HEUH�)DQFRQL�6\QGURP�EHLP�(UZDFKVHQHQ��+DXWDU]W���������������
������
�

�������(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO��
�


