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0XVFXORVNHOHWDO�0HGLFLQH� 

%5$,1�02'8/$7,21� 
)25�&+521,&�

7(032520$1',%8/$5�
',625'(56 

  
7HPSRURPDQGLEXODU� GLVRUGHUV�

�70'�� RIWHQ� UHVXOW� LQ� SDLQ� DQG�
PDVWLFDWRU\� G\VIXQFWLRQ�� GHVSLWH� D�
UDQJH� RI� WUHDWPHQWV�� $V� VHYHUDO�
VWXGLHV� KDYH� VKRZQ� WKDW� VWLPXODWLRQ�
RI� WKH� SULPDU\� PRWRU� FRUWH[� FDQ�
SURYLGH� DQDOJHVLD� LQ� SDWLHQWV� ZLWK�
UHIUDFWRU\� FHQWUDO� SDLQ�� WKLV� VWXG\�
DVVHVVHG�WKH�HIIHFW�RI�KLJK�GHILQLWLRQ�
WUDQVFUDQLDO�GLUHFW�FXUUHQW�VWLPXODWLRQ�
�W'&6�� LQ� SDWLHQWV� ZLWK� SDLQ-UHODWHG�
70'� 
6XEMHFWV� ZHUH� ��� IHPDOH� DGXOWV�

ZLWK�FKURQLF�P\RIDVFLDO�70'�SDLQ��DOO�
ZLWK� GDLO\�� FKURQLF� SDLQ� DQG�
G\VIXQFWLRQ� IRU� DW� OHDVW� RQH� \HDU��
3DLQ� ZDV� PHDVXUHG� ZLWK� D� 9LVXDO�
$QDORJXH� 6FDOH� �9$6��� WKH� 6KRUW�
)RUP� RI� WKH� 0F*LOO� 3DLQ�
4XHVWLRQQDLUH�DQG�3DLQ�7UHN��DV�ZHOO�
DV� SDLQ-IUHH� PRXWK� RSHQLQJ�� $OO�
VXEMHFWV� XQGHUZHQW� ��-PLQXWH�
VHVVLRQV�RI�DFWLYH�RU�VKDP���P$�+'-�
W'&6�DW�WKH�0��VWLPXODWLRQ�DUHD��ILYH�
WLPHV�SHU�GD\��7KH�SULPDU\�RXWFRPH�
PHDVXUH� ZDV� D� SDLQ� 9$6� GHFUHDVH�
RI�����RU�JUHDWHU� IURP�ZHHN�RQH� WR�
ZHHN�VL[� 
$W�ZHHN�VL[��QLQH�RI����LQ�WKH�DFWLYH�

JURXS� DQG� WKUHH� RI� ��� LQ� WKH� VKDP�
JURXS� DFKLHYHG� D� JUHDWHU� WKDQ� ����
GHFUHDVH� LQ� 9$6� SDLQ� �S �������
7KHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH� LQ�
WKH� FKDQJH� LQ� SDLQ� IUHH� RSHQLQJ� RI�
WKH� PRXWK� IURP� ZHHN� RQH� WR� ZHHN�
WKUHH� �S�������� EXW� QRW� DW� ZHHN� VL[�
�S ������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

IHPDOH� SDWLHQWV� ZLWK� FKURQLF�
WHPSRURPDQGLEXODU� GLVRUGHUV� IRXQG�
WKDW�KLJK�GHILQLWLRQ�WUDQVFUDQLDO�GLUHFW�

FXUUHQW� VWLPXODWLRQ� FDQ� SURGXFH�
PHDQLQJIXO��ORQJ-WHUP�SDLQ�UHOLHI� 

  
'RQQHOO��$���HW�DO��+LJK�'HILQLWLRQ�DQG�
1RQLQYDVLYH� %UDLQ� 0RGXODWLRQ� RI�
3DLQ� DQG� 0RWRU� '\VIXQFWLRQ� LQ�
&KURQLF� 70'�� %UDLQ� 6WLP�� ������
1RYHPEHU-� 'HFHPEHU�� ������ ����-
����� 

  

(0(5*(1&<�5220�9,6,76�)25�
',(7$5<�6833/(0(17�

5($&7,216 
  
$SSUR[LPDWHO\� KDOI� RI� WKH�DGXOWV� LQ�

WKH� 8QLWHG� 6WDWHV� KDYH� UHSRUWHG�
XVLQJ� DW� OHDVW� RQH� GLHWDU\�
VXSSOHPHQW� LQ� WKH� SDVW� PRQWK�� $V�
WKH� UHJXODWRU\� IUDPHZRUN� IRU�
VXSSOHPHQWV� GLIIHUV� IURP� WKDW� RI�
SUHVFULSWLRQ� RU� RYHU-WKH-� FRXQWHU�
SKDUPDFHXWLFDOV�� QHLWKHU� VDIHW\�
WHVWLQJ�QRU�)'$�DSSURYDO� LV�UHTXLUHG�
EHIRUH� WKHVH� VXEVWDQFHV� DUH�
PDUNHWHG�� $V� WKH� VDIHW\� RI� GLHWDU\�
VXSSOHPHQWV� UHPDLQV� SRRUO\�
GHVFULEHG�� WKLV� VWXG\� ZDV� GHVLJQHG�
WR� HVWLPDWH� WKH� QXPEHU� RI�
HPHUJHQF\� GHSDUWPHQW� �('�� YLVLWV�
IRU�DGYHUVH�HYHQWV� UHODWHG� WR�GLHWDU\�
VXSSOHPHQWV� 
'DWD� IRU� WKLV� VWXG\� ZHUH� FROOHFWHG�

E\� WKH� 1DWLRQDO� (OHFWURQLF� ,QMXU\�
6XUYHLOODQFH� 6\VWHP-&RRSHUDWLYH�
$GYHUVH� 'UXJ� (YHQW� 6XUYHLOODQFH�
�1(,66-&$'(6��EHWZHHQ�-DQXDU\����
������DQG�'HFHPEHU�����������)URP�
WKHVH�GDWD��('�YLVLWV�ZHUH� LGHQWLILHG�
IRU� ZKLFK� WKH� WUHDWLQJ� SK\VLFLDQ�
H[SOLFLWO\� DWWULEXWHG� WR� WKH� XVH� RI�
GLHWDU\�VXSSOHPHQWV��$GYHUVH�HYHQWV�
ZHUH� FDWHJRUL]HG� DV� DOOHUJLF�
UHDFWLRQV�� H[FHVV� GRVHV��
XQVXSHUYLVHG� LQJHVWLRQ� E\� FKLOGUHQ��
RU�RWKHU� 
([WUDSRODWLQJ� IURP� WKH�VDPSOH�� WKH�

DXWKRUV� HVWLPDWHG� DQ� DYHUDJH� RI�

������� DQQXDO�('� YLVLWV� IRU� DGYHUVH�
HYHQWV�� ZLWK� ������ KRVSLWDOL]DWLRQV��
2I� WKH� WRWDO�� ������ RI� WKH� ('� YLVLWV�
LQYROYHG� XQVXSHUYLVHG� LQJHVWLRQ� E\�
FKLOGUHQ�� DQG� ���� LQYROYHG� DGXOWV�
EHWZHHQ� WKH� DJHV� RI� ��� DQG� ���
\HDUV�� $IWHU� H[FOXGLQJ� XQVXSHUYLVHG�
LQJHVWLRQ� E\� FKLOGUHQ�� ������ RI� ('�
YLVLWV� LQYROYHG� D� VLQJOH� KHUEDO� RU�
FRPSOHPHQWDU\� QXWULWLRQDO� SURGXFW��
&DUGLDF� V\PSWRPV� ZHUH� WKH� PRVW�
FRPPRQ� V\PSWRPV� DVVRFLDWHG� ZLWK�
ZHLJKW� ORVV� SURGXFWV� DQG� HQHUJ\�
SURGXFWV�� ZLWK� WKH� PRVW� FRPPRQ�
DGYHUVH� HYHQWV� IURP� PRVW�
PLFURQXWULHQWV� EHLQJ� PLOG� WR�
PRGHUDWH� DOOHUJLF� UHDFWLRQV��
&RQFOXVLRQ�� 7KLV�VWXG\�HVWLPDWHG�
WKDW� GLHWDU\� VXSSOHPHQWV� DUH�
LPSOLFDWHG� LQ� DQ� DYHUDJH� RI� �������
HPHUJHQF\� URRP� YLVLWV� DQG� ������
KRVSLWDOL]DWLRQV�DQQXDOO\� 

  
*HOOHU�� $��� HW� DO�� (PHUJHQF\�
'HSDUWPHQW� 9LVLWV� IRU� $GYHUVH�
(YHQWV� 5HODWHG� WR� 'LHWDU\�
6XSSOHPHQWV��1� (QJO� -� 0HG�� ������
2FWREHU�������������-����� 

  
&20%,1,1*�67(0�&(//6�$1'�

8/75$6281'�352027(6�%21(�
+($/,1* 

  
/RZ� LQWHQVLW\� SXOVHG� XOWUDVRXQG�

�/,386��KDV�EHHQ� IRXQG� WR�KDYH�XS�
WR� DQ� ���� FXUH� UDWH� IRU� QRQXQLRQ��
FRPSDUDEOH� LQ� HIILFDF\� WR� VXUJHU\��
5HFHQW� UHSRUWV� KDYH� VKRZQ� WKDW�
PHVHQFK\PDO� VWHP� FHOOV� DOVR�
SDUWLFLSDWH� LQ� ERQH� WLVVXH� UHSDLU� DQG�
UHJHQHUDWLRQ��7KLV�VWXG\�LQYHVWLJDWHG�
WKH� HIILFDF\� RI� FRPELQLQJ� VWHP� FHOOV�
ZLWK�/,386�IRU�WKH�KHDOLQJ�RI�ERQH� 
6SUDJXH� 'DZOH\� UDWV� ZLWK�

VXUJLFDOO\� FUHDWHG� IHPRUDO� GHIHFWV�
ZHUH� SODFHG� LQ� IRXU� JURXSV� RI� ����
LQFOXGLQJ�VRGLXP�DOJLQDWH�SOXV�VKDP�

9ROXPH����1XPEHU�� 1RYHPEHU�������� 
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XOWUDVRXQG� �86��� /,386� SOXV� VRGLXP�
DOJLQDWH�� VWHP�FHOOV� SOXV� VKDP�86�RU�
/,386� SOXV� VWHP� FHOOV�� 7KRVH� LQ� WKH�
/,386�JURXS�XQGHUZHQW�VRQLFDWLRQ�IRU�
��� PLQXWHV� SHU� GD\� IRU� ILYH�
FRQVHFXWLYH� GD\V�� 6WHP� FHOO�
SUROLIHUDWLRQ� ZDV� PRQLWRUHG� ZLWK� DQ�
077� DVVD\�� ZLWK� FHOO� SUROLIHUDWLRQ�
GHWHUPLQHG�ZLWK� IORZ�F\WRPHWU\��%RQH�
UHSDUDWLRQ�ZDV�HYDOXDWHG�E\�[-UD\� 
&HOO�SUROLIHUDWLRQ�LQ�WKH�/,386�JURXS�

ZDV�KLJKHU�WKDQ�WKDW�LQ�WKH�FRQWUROV��$W�
WKH�HQG�RI�WZR�ZHHNV��WKH�FRPELQDWLRQ�
JURXS� GHPRQVWUDWHG� KRPRJHQHRXV�
ERQH�WKDW�ZDV�VLPLODU�LQ�GHQVLW\�WR�WKH�
QRUPDO� VXUURXQGLQJ� ERQH�� $IWHU� IRXU�
ZHHNV�� ERQH� GHIHFWV� FRXOG� QRW� EH�
REVHUYHG�E\�[-UD\�LQ�DOO�IRXU�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� WKDW� XOWUDVRXQG� FDQ�
HQKDQFH� FHOO� SUROLIHUDWLRQ�� ZLWK� WKLV�
SURFHVV� HQKDQFHG� E\� WKH� DGGLWLRQ� RI�
VWHP�FHOOV� 

  
+H�� 5��� HW� DO�� &RPELQDWLRQ� RI� /RZ�
,QWHQVLW\� 3XOVHG� 8OWUDVRXQG� DQG�
&�+��7���� &HOOV� 3URPRWHV� %RQH�
'HIHFW� +HDOLQJ�� ,QW� 2UWKRS�� ������
1RYHPEHU��������������-����� 

  
&RQFOXVLRQ�� 7KLV� ODUJH� VWXG\� RI�

FRPPHUFLDO� LQVXUDQFH� DQG� 0HGLFDUH�
FODLPV� GDWD� IRXQG� WKDW� DIWHU� IUDJLOLW\�
IUDFWXUHV�� WUHDWPHQW� ZLWK� DQWL-�
RVWHRSRURWLF�PHGLFDWLRQV�FDQ�UHVXOW� LQ�

 

D� VLJQLILFDQW� ULVN� UHGXFWLRQ� LQ� VXFK�
IUDFWXUHV� 

  
%DZD�� +� HW� DO�� $QWL-–� 2VWHRSRURWLF�
7KHUDS\� DIWHU� )UDJLOLW\� )UDFWXUH�
/RZHUV�5DWH� RI� 6XEVHTXHQW�)UDFWXUH��
-� %RQH� -RLQW� 6XUJ� �$P��� ������
2FWREHU����������������–������ 

  
 
)$6&,$�&585,6�7($5�$7�7+(�

$77$&+0(17�2)�7+(�$&+,//(6�
7(1'21 

  
,QMXU\� WR� WKH� IDVFLD� FUXULV� DW� WKH�

DWWDFKPHQW� WR� WKH�$FKLOOHV� LV�QRW�RIWHQ�
FRQVLGHUHG� WR� EH� D� FDXVH� RI�
DFKLOORG\QLD�� 7KLV� SDSHU� GHVFULEHV� D�
FDVH�VHULHV�RI�DWKOHWHV�ZLWK�SDLQ�LQ�WKH�
$FKLOOHV�UHJLRQ�DQG�WHDUV�RI� WKH�IDVFLD�
FUXULV� 
7KLV� UHWURVSHFWLYH� UHYLHZ� GHVFULEHV�

D� VHULHV� RI� QLQH� SDWLHQWV� SUHVHQWLQJ�
ZLWK�SDLQ� LQ� WKH�$FKLOOHV��DOO�VHHQ� LQ�D�
VLQJOH� VSRUWV� LQMXU\� FOLQLF� EHWZHHQ�
����� DQG� ������ $OO� VXEMHFWV� ZHUH�
LGHQWLILHG� E\� XOWUDVRXQG� DV� KDYLQJ�
WHDUV� LQ� WKH� IDVFLD� FUXULV� DW� WKH�
DWWDFKPHQW�WR�WKH�$FKLOOHV�WHQGRQ� 
7KH�SDWLHQWV�SUHVHQWHG�DW�D�PHDQ�RI�

���� ZHHNV� DIWHU� V\PSWRP� RQVHW�� 7KH�
SDWLHQWV� W\SLFDOO\� UHSRUWHG�D�VHQVDWLRQ�
RI� FDOI� WLJKWQHVV� RYHU� WKH� SUHFHGLQJ�
GD\V�RU�ZHHNV��DQG�WKHQ�D�UDSLG�RQVHW�
RI� SDLQ� LQ� WKH� $FKLOOHV� UHJLRQ� GXULQJ�
DFWLYLW\��7KH�SDLQ�DQG�WHQGHUQHVV�ZHUH�
ORFDOL]HG� RYHU� WKH� PHGLDO� RU� ODWHUDO�
ERUGHU� RI� WKH� $FKLOOHV� DQG� ZHUH�
DVVRFLDWHG� ZLWK� VZHOOLQJ�� &OLQLFDOO\��
PLOG� VZHOOLQJ�ZDV� VHHQ� RYHU� WKH�PLG-
XSSHU� SRUWLRQ� RI� WKH� $FKLOOHV� WHQGRQ��
ZKLFK� ZDV� WHQGHU� WR� WKH� WRXFK��
'LDJQRVWLF� XOWUDVRXQG� LGHQWLILHG�
ILQGLQJV� FRPSDWLEOH� ZLWK� D� WHDU� RI� WKH�
IDVFLD� FUXULV� DW� WKH� DWWDFKPHQW� WR�
$FKLOOHV� WHQGRQ��7UHDWPHQW� LQYROYHG�D�
FRPELQDWLRQ� RI� FRQVHUYDWLYH�
PHDVXUHV�� UHVXOWLQJ� LQ� D� UHWXUQ� WR� IXOO�
DFWLYLWLHV�DW�DQ�DYHUDJH�RI�����ZHHNV� 
&RQFOXVLRQ�� 7KLV� FDVH� VHULHV�

GHVFULEHV� SDWLHQWV� ZLWK� D� WHDU� WR� WKH�
IDVFLD� FUXULV� DW� LWV� DWWDFKPHQW� WR� WKH�
$FKLOOHV� WHQGRQ�� WKRXJKW� WR�EH� UHODWHG�
WR�WKH�SDWLHQWV¶�$FKLOORG\QLD� 

  
:HEERUQ��1��� HW�DO��$FXWH�7HDU�RI� WKH�
)DVFLD�&UXULV�DW�WKH�$WWDFKPHQW�WR�WKH�
$FKLOOHV�7HQGRQ��$�1HZ�'LDJQRVLV��%U�

-� 6SRUW� 0HG�� ������ 1RYHPEHU�� ���
���������-����� 

  
 

)5$&785(�35(9$/(1&(�
$021*�:20(1�81'(5*2,1*�
&+521,&�*/8&2&257,&2,'�

7+(5$3< 
  
*OXFRFRUWLFRLG��*&��PHGLFDWLRQV�DUH�

ZLGHO\� XVHG� WR� WUHDW� YDULRXV�
LQIODPPDWRU\� DQG� DXWRLPPXQH�
GLVRUGHUV�� $V� *&� WKHUDS\� LV�
DVVRFLDWHG� ZLWK� DQ� LQFUHDVHG� ULVN� RI�
IUDFWXUHV�� WKLV� VWXG\� UHYLHZHG� WKH�
SUHYDOHQFH� RI� IUDFWXUHV� LQ� SDWLHQWV�
XVLQJ� *&� WKHUDS\� IRU� DXWRLPPXQH�
GLVRUGHUV� 
7KLV� SRSXODWLRQ-EDVHG�� FURVV-�

VHFWLRQDO�� RXWSDWLHQW� VWXG\� ZDV�
FRQGXFWHG� LQ� ��� FHQWHUV� LQ� 6SDLQ�
LQFOXGLQJ� DGXOW�� IHPDOH� RXWSDWLHQWV��
GLDJQRVHG� ZLWK� UKHXPDWRLG� DUWKULWLV�
DQG�RU� V\VWHPLF� OXSXV� HU\WKHPDWRXV��
DOO� RI� ZKRP� ZHUH� SUHVFULEHG� *&�
WUHDWPHQW�DW�����PJ�RU�PRUH�RQ�D�GDLO\�
EDVLV� IRU� DW� OHDVW� WKUHH� PRQWKV�� $W�
YLVLWV� WR� WKHLU� UKHXPDWRORJLVWV�� WKH�
SDUWLFLSDQWV� ZHUH� DVVHVVHG� IRU�
YHUWHEUDO� DQG� QRQ-YHUWHEUDO� IUDFWXUHV��
DV�ZHOO�DV�IRU�KHDOWK-UHODWHG� TXDOLW\-RI 

-OLIH�� 9HUWHEUDO� IUDFWXUHV� ZHUH�
DVVHVVHG� XVLQJ� [-UD\V�� ZLWK� QRQ-�
YHUWHEUDO� IUDFWXUHV� DVVHVVHG� E\�
TXHVWLRQQDLUH�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� WKH� SHUFHQWDJH� RI�
ZRPHQ� ZLWK� PRUSKRPHWULF� YHUWHEUDO�
IUDFWXUHV� 
2I� WKH� ���� LQFOXGHG� LQ� WKH� VWXG\��

PRUSKRPHWULF�YHUWHEUDO� IUDFWXUHV�ZHUH�
IRXQG�LQ�������RYHUDOO��ZLWK�RQO\������
DZDUH�RI�WKH�YHUWHEUDO�IUDFWXUHV�EHIRUH�
[-UD\�� ,Q� WKH� UDGLRJUDSKLF�
DVVHVVPHQWV�� ���� YHUWHEUDO� IUDFWXUHV�
ZHUH� GHWHFWHG� LQ� ���� SDWLHQWV�� 1RQ-�
YHUWHEUDO� IUDFWXUHV� ZHUH� UHSRUWHG� E\�
�����RI�SDWLHQWV�ZLWK�5$�DQG�E\������
RI� WKRVH� ZLWK� 6/(�� 7KH� FXPXODWLYH�
GRVH�RI�*&�DQG�WKH�WLPH�IURP�WKH�VWDUW�
RI� *&� XVH� ZHUH� QRW� VLJQLILFDQWO\�
GLIIHUHQW�EHWZHHQ�WKRVH�ZLWK�DQG�WKRVH�
ZLWKRXW� PRUSKRPHWULF�
YHUWHEUDOIUDFWXUHV��7KH�FXPXODWLYH�*&�
GRVH�ZDV�����KLJKHU�IRU�SDWLHQWV�ZLWK��
DV� FRPSDUHG� WR� WKRVH� ZLWKRXW�� VHOI-�
UHSRUWHG�YHUWHEUDO�IUDFWXUHV��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG� D�

KLJKHU� UDWH� RI� YHUWHEUDO� IUDFWXUHV� LQ�
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ZRPHQ� ZLWK� UKHXPDWRLG� DUWKULWLV� DQG��
RU� V\VWHPLF� OXSXV� HU\WKHPDWRXV� ZKR�
ZHUH� FKURQLFDOO\� WUHDWHG� ZLWK�
JOXFRFRUWLFRLG� VWHURLGV�� ZLWK� QHJDWLYH�
LPSDFWV� RQ� TXDOLW\-RI-OLIH�� SDUWLFXODUO\�
SK\VLFDO�IXQFWLRQLQJ� 

  
5HQWHUR�� 0��� HW� DO�� 3UHYDOHQFH� RI�
)UDFWXUHV� LQ�:RPHQ�ZLWK�5KHXPDWRLG�
$UWKULWLV� DQG�RU� 6\VWHPLF� /XSXV�
(U\WKHPDWRXV RQ &KURQLF�
*OXFRFRUWLFRLG� 7KHUDS\�� %0&�
0XVFXORVNHO� 'LV�� ������ 2FWREHU��
������� 

  
+,*+-)5(48(1&<�63,1$/�&25'�
67,08/$7,21�)25�&+521,&�

%$&.�$1'�/(*�3$,1 
  
6SLQDO� FRUG� VWLPXODWLRQ� �6&6�� LV�

DSSURYHG� IRU� WKH� WUHDWPHQW�RI� FKURQLF��
LQWUDFWDEOH�SDLQ�RI�WKH�WUXQN�DQG�OLPEV��
7UDGLWLRQDO� 6&6� VXFFHVV� KDV� EHHQ�
OHVV� WKDQ� RSWLPDO�� $V� SUHYLRXV� ZRUN�
KDV�VXJJHVWHG�DQ�DGYDQWDJH�RI�KLJKHU�
IUHTXHQF\�VWLPXODWLRQ��+)6���WKLV�VWXG\�
FRPSDUHG�WKH�HIIHFWV�RI�+)6�DW���N+=�
WR� WKRVH� RI� WUDGLWLRQDO� ORZ-IUHTXHQF\�
�/)6�� DW� �N+=� IRU� WKH� WUHDWPHQW� RI�
FKURQLF�EDFN�SDLQ� 
6XEMHFWV� ZHUH� ���� SDWLHQWV� ZLWK�

FKURQLF� LQWUDFWDEOH� SDLQ� RI� WKH� WUXQN�
DQG�RU� OLPEV� ZKR� TXDOLILHG� WR� UHFHLYH�
LPSODQWHG� 6&6� V\VWHPV�� 7KHVH�
SDWLHQWV� ZHUH� UDQGRPL]HG� WR� WZR�
JURXSV�� RQH� UHFHLYLQJ� +)6� DQG� RQH�
UHFHLYLQJ� /)6�� 2XWFRPH� PHDVXUHV�
LQFOXGHG� D� YLVXDO� DQDORJXH� VFDOH� IRU�
SDLQ� �9$6��� WKH� 2VZHVWU\� 'LVDELOLW\�
LQGH[�� WKH� *OREDO� $VVHVVPHQW� RI�
)XQFWLRQLQJ�� VXEMHFW� VDWLVIDFWLRQ��
DGYHUVH� HYHQWV�� DQG� D� VWDQGDUG�
QHXURORJLF� DVVHVVPHQW�� (YDOXDWLRQV�
ZHUH� SHUIRUPHG� DW� EDVHOLQH� DQG� DW�
WKUHH�� VL[�� QLQH� DQG� ��� PRQWKV� DIWHU�
WKH�IROORZ-XS� 
$W�WKUHH�PRQWKV��DPRQJ�SHUPDQHQWO\�

LPSODQWHG� VXEMHFWV�� ������ ZHUH� EDFN�
SDLQ� UHVSRQGHUV� ������ UHGXFWLRQ� LQ�
9$6� VFRUH�� ZLWK� +)6� WKHUDS\�� DV�
FRPSDUHG� ZLWK� ������ ZLWK� WUDGLWLRQDO�
/)6� WUHDWPHQW� �S�������� 7KH� UHODWLYH�
UDWLR�IRU�UHVSRQGHUV�WR�KLJK�YHUVXV�ORZ�
IUHTXHQF\�VWLPXODWLRQ�ZDV�����IRU�EDFN�
DQG� ���� OHJ� SDLQ�� 7KH� DGYDQWDJH� RI�
+)6� RYHU� /)6� IRU� ERWK� OHJ� DQG� EDFN�
SDLQ�ZDV�VXVWDLQHG�DW����PRQWKV��2QH�
WKLUG�RI� WKH�VXEMHFWV� LQ� WKH�+)6�JURXS�

UHGXFHG� RU� HOLPLQDWHG� WKHLU� RSLRLG�
DQDOJHVLF�LQWDNH�GHVSLWH�DQ�DYHUDJH�RI�
���\HDUV�RI�FKURQLF�SDLQ� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK� FKURQLF� EDFN� DQG� OHJ� SDLQ� IRXQG�
WKDW� VSLQDO� FRUG� VWLPXODWLRQ� DW� ��� N+]�
IUHTXHQF\� LV� VXSHULRU� WR� WUDGLWLRQDO�
VSLQDO� FRUG� VWLPXODWLRQ� IRU� WUHDWLQJ� OHJ�
DQG�EDFN�SDLQ�� 

  
.DSXUDO��/���HW�DO��1RYHO����.K]�+LJK-�
)UHTXHQF\�7KHUDS\��+)����7KHUDS\��LV�
6XSHULRU�WR�7UDGLWLRQDO�/RZ-�)UHTXHQF\�
6SLQDO� &RUG� 6WLPXODWLRQ� IRU� WKH�
7UHDWPHQW� RI� &KURQLF� %DFN� DQG� /HJ�
3DLQ�� $QHVWKHVLRORJ\�� ������ 2FWREHU��
������������-��� 

  
+,3�$1'�.1((�675(1*7+(1,1*�

(;(5&,6(6� 
)25�.1((�3$,1 

  
)RU� SDWLHQWV� ZLWK� NQHH� RVWHRDUWKULWLV�

�2$���WKHUH�LV�FRQVLVWHQW�HYLGHQFH�WKDW�
H[HUFLVH� WKHUDS\� LV� EHQHILFLDO� IRU�
LPSURYLQJ�SDLQ�� IXQFWLRQ�DQG�TXDOLW\�RI�
OLIH�� +RZHYHU�� WKH� PRVW� HIIHFWLYH�
H[HUFLVH�SUHVFULSWLRQ�IRU�WKHVH�SDWLHQWV�
KDV� \HW� WR� EH� HVWDEOLVKHG�� 7KLV� VWXG\�
FRPSDUHG� WKH� LVRODWHG� HIIHFWV� RI� KLS�
VWUHQJWKHQLQJ� WR� OHJ� VWUHQJWKHQLQJ�
H[HUFLVH�IRU�SDWLHQWV�ZLWK�NQHH�2$� 
7KLV� VLQJOH-EOLQGHG� VWXG\� LQFOXGHG�

SDWLHQWV� ZLWK� NQHH� 2$� DQG� D� SDLQ�
VXEVFDOH� VFRUH� RI� ��� RU� OHVV� RQ� WKH�
NQHH� LQMXU\� DQG� RVWHRDUWKULWLV� VFRUH�
�.226��� 3DWLHQWV� ZHUH� UDQGRPO\�
DVVLJQHG�WR����ZHHNV�RI�HLWKHU�LVRODWHG�
KLS� RU� LVRODWHG� OHJ� VWUHQJWK� DQG�
IOH[LELOLW\�H[HUFLVHV��FRPSOHWHG�WKUHH�WR�
ILYH� GD\V� SHU� ZHHN�� 2XWFRPH�
PHDVXUHV�LQFOXGHG�WKH�.226��DQG�WKH�
:HVWHUQ� 2QWDULR� DQG� 0F0DVWHU�
$UWKULWLV ,QGH[ �:20$&��
TXHVWLRQQDLUH��WKH�VL[-PLQXWH�ZDON�WHVW��
UDQJH�RI�PRWLRQ�DQG�PXVFOH�VWUHQJWK� 
2I� WKH� ��� SDWLHQWV� FRPSOHWLQJ� WKH�

VWXG\�� ERWK� JURXSV� GHPRQVWUDWHG�
VLJQLILFDQW� LPSURYHPHQW� RQ� WKH�.226�
DQG� WKH� :20$&� SDLQ� VXEVFDOH�
VFRUHV�� 1R� FOLQLFDOO\� RU� VWDWLVWLFDOO\�
VLJQLILFDQW� GLIIHUHQFHV� ZHUH� IRXQG�
EHWZHHQ�WKH�WZR�JURXSV�RQ�WKH�.226�
VFRUHV� ZLWK� D� VWDWLVWLFDOO\� VLJQLILFDQW�
GLIIHUHQFH� LQ� WKH�:20$&� VFRUHV�� 1R�
VLJQLILFDQW� FKDQJHV� LQ� WKH� VL[-PLQXWH�
ZDON� WHVW� RU� UDQJH� RI� PRWLRQ� ZHUH�
QRWHG�LQ�HLWKHU�JURXS� 

&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�
ZLWK� RVWHRDUWKULWLV� RI� WKH� NQHH� IRXQG�
WKDW� NQHH� DQG� OHJ� VWUHQJWKHQLQJ�
H[HUFLVHV SURYLGHG HTXDO�
LPSURYHPHQW� LQ� SDLQ� DQG� NQHH�
IXQFWLRQ� 

  
/XQ�� 9��� HW� DO�� (IILFDF\� RI� +LS�
6WUHQJWKHQLQJ� ([HUFLVHV� &RPSDUHG�
ZLWK� /LNH� 6WUHQJWKHQLQJ� ([HUFLVHV� RQ�
.QHH�3DLQ��)XQFWLRQ�4XDOLW\-2I-/LIH� LQ�
3DWLHQWV�ZLWK�.QHH�2VWHRDUWKULWLV��&OLQ�
-� 6SRUWV� 0HG�� ������ 1RYHPEHU�� ���
��������-���� 

  
+25021(�5(3/$&(0(17�

7+(5$3<�$1'�$57+523/$67<�
6859,9$/ 

  
$V� WKHUH� LV� QR� NQRZQ� FXUH� IRU�

RVWHRDUWKULWLV� �2$��� WRWDO� MRLQW�
DUWKURSODVW\�UHPDLQV�WKH�PRVW�HIIHFWLYH�
WUHDWPHQW�IRU�VHYHUH�NQHH�DQG�KLS�2$��
7KH�PDLQ�FDXVHV�IRU� IDLOXUH� LQ� WKH�ILUVW�
\HDU� DIWHU� VXUJHU\� DUH� RVWHRO\VLV� DQG�
DVHSWLF� ORRVHQLQJ��DFFRXQWLQJ� IRU�����
DQG� ���� RI� UHYLVLRQ� VXUJHULHV� DIWHU�
WRWDO� KLS� DUWKURSODVW\� DQG� WRWDO� NQHH�
DUWKURSODVW\�� UHVSHFWLYHO\��$V�KRUPRQH�
UHSODFHPHQW� WKHUDS\� �+57�� KDV� DQWL-
UHVRUSWLYH� HIIHFWV�� WKLV� VWXG\� UHYLHZHG�
WKH�HIIHFWV�RI�WKLV�WUHDWPHQW�RQ�LPSODQW�
VXUYLYDO� IROORZLQJ� NQHH� RU� KLS�
DUWKURSODVW\� 
7KLV� SRSXODWLRQ� EDVHG�� UHWURVSHFWLYH�

FRKRUW� VWXG\� LQFOXGHG� SDWLHQWV� ZLWK�
GDWD� UHFRUGHG� LQ� WKH�*HQHUDO� 3UDFWLFH�
5HVHDUFK� 'DWDEDVH� RI� WKH� 8QLWHG�
.LQJGRP�� ZKR� ZHUH� VHHQ� EHWZHHQ�
����� DQG� ����� IRU� WRWDO� KLS�
DUWKURSODVW\�RU� WRWDO� NQHH�DUWKURSODVW\��
:RPHQ� ZLWK� DW� OHDVW� VL[� PRQWKV� RI�
+57� ZHUH� LGHQWLILHG� DV� XVHUV�� $� WRWDO�
RI� ������ +57� XVHUV� ZHUH� FRPSDUHG�
ZLWK� ������ QRQXVHUV�� ZLWK� GDWD�
IROORZHG�IRU�D�PHGLDQ�RI�����\HDUV�DIWHU�
VXUJHU\� WR� DVVHVV� WKH� VXUYLYDO� RI� WKH�
LPSODQWV� 
7KH�RYHUDOO�FXPXODWLYH�UHYLVLRQ�UDWHV�

DW�WKUHH�\HDUV�ZHUH�������IRU�WRWDO�KLS�
DUWKURSODVW\� DQG� ������ IRU� WRWDO� NQHH�
DUWKURSODVW\�� +57� XVH� IRU� OHDVW� VL[�
PRQWKV� ZDV� DVVRFLDWHG� ZLWK� D�
UHGXFWLRQ� LQ� ULVN� RI� IDLOXUH�� ZLWK� D�
FRUUHVSRQGLQJ� KD]DUG� UDWLR� RI� �����
�S ��������7KH�XVH�RI�+57� IRU� D� \HDU�
RU� PRUH� ZDV� UHODWHG� WR� D� IXUWKHU�
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UHGXFWLRQ� LQ� IDLOXUH� ULVN�� ZLWK� D�
KD]DUG�UDWLR�RI�������S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�XQGHUJRLQJ�WRWDO�KLS�RU�WRWDO�
NQHH� DUWKURSODVW\� IRU� RVWHRDUWKULWLV�
RI� WKH� MRLQW� IRXQG� WKDW� KRUPRQH�
UHSODFHPHQW� WKHUDS\� IRU�DW� OHDVW�VL[�
PRQWKV� ZDV� UHODWHG� WR� D� VLJQLILFDQW�
LQFUHDVH�LQ�LPSODQW�VXUYLYDO� 

  
3ULHWR-$OKDPEUD��'���HW�DO��+RUPRQH�
5HSODFHPHQW� 7KHUDS\� DQG� 0LG-
7HUP� ,PSODQW� 6XUYLYDO� IROORZLQJ�
.QHH� RU� +LS� $UWKURSODVW\� IRU�
2VWHRDUWKULWLV�� $� 3RSXODWLRQ� %DVHG�
&RKRUW�6WXG\��$QQDOV� RI� 5KHXPDWLF�
'LV�����������������-���� 

  
75$16&5$1,$/�0$*1(7,&�

67,08/$7,21�$1'&(59,&$/�
'<6721,$ 

  
6WXGLHV� KDYH� VXJJHVWHG� WKDW�

SHRSOH� ZLWK� FHUYLFDO� G\VWRQLD� �&'��
PD\� KDYH� LPSDLUHG� VHQVRULPRWRU�
LQWHJUDWLRQ� DQG� SODVWLFLW\�� ZLWK�
RYHUDFWLYLW\� RI� WKH� SULPDU\� PRWRU�
FRUWH[� �0��� ZLWK� UHGXFHG�
LQWUDFRUWLFDO� LQKLELWLRQ�� 7KLV� VWXG\�
H[DPLQHG� ZKHWKHU� WKH� XVH� RI�
UHSHWLWLYH� WUDQVFUDQLDO� PDJQHWLF�
VWLPXODWLRQ� �U706�� WR� LQKLELW� WKH�
VHQVRULPRWRU� FRUWH[� FDQ� QRUPDOL]H�
HYRNHG� SRWHQWLDO� DPSOLWXGHV� DQG�
VKRUW�ODWHQF\�DIIHUHQW�LQKLELWLRQ��6$,��
LQ�SDWLHQWV�ZLWK�&'� 
7ZHOYH� SDWLHQWV� ZLWK� &'�

XQGHUZHQW� RQH� VHVVLRQ� RI� U706�
RYHU� WKH� OHIW�SULPDU\�VHQVRU\�FRUWH[�
DV� DQ� DFWLYH� FRQGLWLRQ� DQG� D�
VHSDUDWH�VHVVLRQ�DW� WKH� OHIW�SULPDU\�
PRWRU�FRUWH[��DV�D�FRQWURO�FRQGLWLRQ��
(LJKW�� KHDOWK\�� FRQWURO� SDWLHQWV�
XQGHUZHQW� RQH� VHVVLRQ� RI� U706�
RYHU� WKH� OHIW�SULPDU\�VHQVRU\�FRUWH[�
RQO\��0RWRU� HYRNHG� SRWHQWLDO� �0(3��
DPSOLWXGHV� DQG� VKRUW� ODWHQF\�
DIIHUHQW� LQKLELWLRQ� �6$,�� ZHUH�
PHDVXUHG�EHIRUH�DQG�DIWHU� U706�DW�
WKH� ULJKW� ILUVW� GRUVDO� LQWHURVVHRXV�
PXVFOH� DQG� WKH� ULJKW� LQGH[� ILQJHU��
UHVSHFWLYHO\� 
$W� EDVHOLQH�� 0(3� DPSOLWXGHV� GLG�

QRW� GLIIHU� EHWZHHQ� WKH� JURXSV��
+RZHYHU�� WKH� 6$,� ZDV� UHODWLYHO\�
GHFUHDVHG�LQ�VXEMHFWV�ZLWK�&'��$IWHU�
WKH� LQKLELWRU\� U706� WR� WKH� SULPDU\�
VHQVRU\� FRUWH[�� 0(3� DPSOLWXGHV�

LQFUHDVHG�� 7KLV� ZDV� QRW� WUXH� ZLWK�
VWLPXODWLRQ� WR� WKH� SULPDU\� PRWRU�
FRUWH[�� ,Q� FRQWUDVW�� 6$,� QRUPDOL]HG�
DIWHU� U706� WR� ERWK� WKH� SULPDU\�
VHQVRU\�DQG�PRWRU�FRUWLFHV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�FHUYLFDO�G\VWRQLD�IRXQG�
WKDW� WKHLU� LPSDLUHG� VHQVRULPRWRU�
LQWHJUDWLRQ� FRXOG� EH� QRUPDOL]HG� E\�
LQKLELWRU\� VWLPXODWLRQ� WR� WKH� SULPDU\�
VHQVRU\� DQG� PRWRU� FRUWLFHV� XVLQJ�
U706� 

  
=LWWHO�� 6��� HW� DO� 1RUPDOL]DWLRQ� RI�
6HQVRULPRWRU� ,QWHJUDWLRQ� E\�
5HSHWLWLYH� 7UDQVFUDQLDO� 0DJQHWLF�
6WLPXODWLRQ� LQ� &HUYLFDO� '\VWRQLD�� -�
1HXU��������$XJXVW���������������- 
����� 

  
+80$1�*52:7+�)$&725�72�

0$,17$,1�&$57,/$*(�+($/7+ 
  
7KH� OLIHWLPH� ULVN� RI� V\PSWRPDWLF�

NQHH�RVWHRDUWKULWLV� �2$�� LV������7R�
GDWH�QR�GLVHDVH�PRGLI\LQJ�2$�GUXJ�
�'02$'�� KDV� EHHQ� VKRZQ� WR�
PRGLI\� VWUXFWXUDO� SDWKRORJLF�
SURJUHVVLRQ� LQ� WKH� V\QRYLDO� WLVVXH��
0RVW� VWXGLHV� RI� '02$'V� KDYH�
HYDOXDWHG� VWUXFWXUDO� SURJUHVVLRQ� DV�
D� UHGXFWLRQ� LQ� UDGLRJUDSKLF� MRLQW�
VSDFH� ZLGWK�� 7KLV� VWXG\� HYDOXDWHG�
WKH� HIIHFW� RI� UHFRPELQDQW� KXPDQ�
JURZWK� IDFWRU� ��� �6SULIHUPDQ�� RQ�
FDUWLODJH�ORVV� 
7KLV� PXOWLFHQWHU�� UDQGRPL]HG��

GRXEOH-EOLQG��SODFHER-FRQWUROOHG�WULDO�
LQFOXGHG� SDWLHQWV� ZLWK� UDGLRJUDSKLF�
HYLGHQFH� RI� 2$� RI� WKH� NQHH�� 7KH�
LQLWLDO� VWXG\� HYDOXDWHG� ���� SDWLHQWV�
XVLQJ� 6SULIHUPDQ� LQWUDDUWLFXODU�
LQMHFWLRQV� DW� ���� ��� DQG� ���� �J� RU�
SODFHER��0HGLFDWLRQV�ZHUH�UHFHLYHG�
RQFH�SHU�ZHHN� IRU� WKUHH�ZHHNV�DQG�
DJDLQ� DGPLQLVWHUHG� WKUHH� PRQWKV�
ODWHU�� JLYHQ� RYHU� WKUHH� ZHHNV��
0DJQHWLF� UHVRQDQFH� LPDJLQJ� ZDV�
FRPSOHWHG�DW�EDVHOLQH�DQG�DW� WKUHH��
VL[� DQG� ��� PRQWKV� DIWHU� WUHDWPHQW��
ZLWK� FRPSDULVRQV� PDGH� EHWZHHQ�
VXEMHFWV� DW� VXE-UHJLRQV� RI� WKH� MRLQW�
WKDW� GLVSOD\HG� FDUWLODJH� ORVV� DQG� DW�
WKRVH�WKDW�GLVSOD\HG�FDUWLODJH�JDLQ� 
2QH� \HDU� IURP� EDVHOLQH�� WKH�

GLIIHUHQFH�LQ�FDUWLODJH�WKLFNQHVV�ORVV�
LQ� VXE-UHJLRQV� H[SHULHQFLQJ� ORVV�
ZDV� VLJQLILFDQWO\� OHVV� LQ� WKRVH�

WUHDWHG� ZLWK���� �J� 6SULIHUPDQ��
FRPSDUHG� WR� SODFHER� �S � ������� ,Q�
WKH�VXE-UHJLRQV�GHPRQVWUDWLQJ�JDLQ��
WKRVH� WUHDWHG� ZLWK� ���� �J�
6SULIHUPDQ� GLVSOD\HG� JUHDWHU�
FDUWLODJH� WKLFNHQLQJ� WKDQ� GLG� WKRVH�
WUHDWHG�ZLWK�SODFHER���S �������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� NQHH� RVWHRDUWKULWLV�
VXJJHVWV� WKDW��ZKHQ�FRPSDUHG�ZLWK�
SODFHER��WUHDWPHQW�ZLWK�UHFRPELQDQW�
KXPDQ�JURZWK�IDFWRU�����6SULIHUPLQ��
UHVXOWV� LQ� DGGHG� FDUWLODJH� LQ� VRPH�
ORFDWLRQV�DQG�UHGXFHG�FDUWLODJH�ORVV�
LQ�RWKHUV� 

  
(FNVWHLQ�� )��� HW� DO�� ,QWUD-$UWLFXODU�
6SULIHUPDQ� 1RW� 2QO\� ,QFUHDVHV�
&DUWLODJH� 7KLFNQHVV�� EXW� $OVR�
5HGXFHV� &DUWLODJH� /RVV�� /RFDWLRQ-�
,QGHSHQGHQW� 3RVW-+RF� $QDO\VLV�
8VLQJ� 0DJQHWLF� 5HVRQDQFH�
,PDJLQJ�� $UWKULWLV� 5KHXP�������
1RYHPEHU�������������-����� 

  
 

,1)5$3$7(//$5�)$7�3$'�
92/80(�$1'�.1((�

6758&785(�&+$1*(6�,1�
267(2$57+5,7,6 

  
2VWHRDUWKULWLV� �2$�� LV� WKH� PRVW�

FRPPRQ� IRUP�RI� DUWKULWLV��ZLWK�ZHOO-�
NQRZQ� ULVN� IDFWRUV� LQFOXGLQJ� DJH��
JHQGHU� DQG� ERG\� PDVV� LQGH[�� $V�
WKH� ,QIUDSDWHOODU� IDW� SDG� �,3)3�� LV�
ORFDWHG� FORVH� WR� FDUWLODJH� DQG� ERQH�
VXUIDFHV��LW� LV�K\SRWKHVL]HG�WKDW�WKLV�
VWUXFWXUH� PD\� VHUYH� WR� UHGXFH�
ORDGLQJ�RQ�WKH�MRLQW��WKXV�OLPLWLQJ�WKH�
SURJUHVVLRQ�RI�NQHH�2$��7KLV�VWXG\�
DVVHVVHG� WKH� DVVRFLDWLRQ� EHWZHHQ�
WKH� YROXPH� RI� WKH� ,3)3� DQG�
VWUXFWXUDO�PHDVXUHV�DPRQJ�SDWLHQWV�
ZLWK�2$�RI�WKH�NQHH� 
6XEMHFWV� LQFOXGHG� ���� SDWLHQWV�

GLDJQRVHG� ZLWK� NQHH� 2$�� ZLWK� D�
PHDQ� DJH� RI� ����� \HDUV�� 7KH�
VXEMHFWV� ZHUH� DVVHVVHG� E\�
DQWKURSRPHWULF� DQG� UDGLRJUDSKLF�
HYDOXDWLRQV�� ZLWK� 7�-� ZHLJKWHG�05,�
XVHG� WR� HYDOXDWH� NQHH� FDUWLODJH��
&RPSDULVRQV� ZHUH� PDGH� EHWZHHQ�
VWUXFWXUDO� FKDQJHV� RI� WKH� FDUWLODJH�
DQG�WKH�,3)3� 
$IWHU� DGMXVWLQJ� IRU� SRWHQWLDO�

FRQIRXQGHUV��D�JUHDWHU�,3)3�YROXPH�
ZDV� IRXQG� WR� EH� DVVRFLDWHG� ZLWK�
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JUHDWHU� WLELDO� DQG� SDWHOODU� FDUWLODJH�
YROXPH��DQG�IHZHU�FDUWLODJH�GHIHFWV��
DW�DOO�VLWHV�PHDVXUHG��7KH�,3)3�ZDV�
QRW�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�MRLQW�
VSDFH�QDUURZLQJ� 

�&RQFOXVLRQ�� 7KLV� VWXG\� RI�
SDWLHQWV� FOLQLFDOO\� GLDJQRVHG� ZLWK�
RVWHRDUWKULWLV�RI� WKH�NQHH�IRXQG�WKDW�
D� JUHDWHU� LQIUDSDWHOODU� IDW� SDG�
YROXPH� ZDV� DVVRFLDWHG� ZLWK� IHZHU�
VWUXFWXUDO� DEQRUPDOLWLHV�� VXJJHVWLQJ�
D�SURWHFWLYH�UROH� 

  
&DL�� -��� HW� DO�� $VVRFLDWLRQ� EHWZHHQ�
,QIUDSDWHOODU� )DW� 3DG� 9ROXPH� DQG�
.QHH�6WUXFWXUDO�&KDQJHV�LQ�3DWLHQWV�
ZLWK�.QHH�2VWHRDUWKULWLV��-� 5KHXP��
������2FWREHU���������������-����� 

 
 
.,1(6,2�7$3(�$1'�326785$/�

&21752/�,1�6752.( 
  
3RVWXUDO�LQVWDELOLW\�DPRQJ�SDWLHQWV�

ZLWK� VWURNH� LV� WKRXJKW� WR� LPSDFW�
DFWLYLWLHV�RI�GDLO\�OLYLQJ��LQGHSHQGHQW�
OLYLQJ� DQG� JDLW�� $V� SUHYLRXV� VWXGLHV�
KDYH�GHPRQVWUDWHG�WKDW�NLQHVLR�WDSH�
�.7�� FDQ� LPSURYH� SRVWXUDO� FRQWURO�
DQG�JDLW��WKLV�VWXG\�ZDV�GHVLJQHG�WR�
GHWHUPLQH� WKH� VKRUW-WHUP� HIIHFWV� RI�
.7�RQ�DQNOH�VWDELOLW\�LQ�SDWLHQWV�ZLWK�
VWURNH� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK�

FKURQLF�VWURNH��EHWZHHQ�WKH�DJHV�RI�
�� DQG �� \HDUV��
7KH�SDUWLFLSDQWV�VFRUHG����WR����RQ�
WKH�%HUJ�%DODQFH�6FDOH� �%%6���DQG�
VSDVWLFLW\� OHYHOV� RI� WZR� WR� WKUHH� RQ�
WKH� PRGLILHG� $VKZRUWK� 6FDOH�� $OO�
ZHUH� DEOH� WR� VWDQG� IRU� DW� OHDVW� ���
VHFRQGV�� FKDQJH� ZDONLQJ� GLUHFWLRQ�
DQG�XQGHUVWDQG� LQVWUXFWLRQV��)RU� DOO�
SDWLHQWV�� � �.7� � �ZDV� � � � DSSOLHG� � � WR���
WKH�DIIHFWHG�DQNOH�LQ�WKH�GLUHFWLRQ�RI�
GRUVLIOH[LRQ� DQG� HYHUVLRQ� WR� FRUUHFW�
WKH� HTXLQRYDUXV�GHIRUPLW\�� 3RVWXUDO�
FRQWURO�ZDV� HYDOXDWHG� E\� IXQFWLRQDO�
WHVWV�DQG�IRUFH�SODWH�PHDVXUHPHQWV�
EHIRUH� DQG� DIWHU� WKH� DSSOLFDWLRQ� RI�
WKH�WDSH� 
$W� ��� KRXUV�� � VLJQLILFDQW�

GLIIHUHQFHV� ZHUH� VHHQ� EHWZHHQ�
JURXSV� LQ� WKH� IXQFWLRQDO� UHDFK� WHVW�
�S �������DQG�PHGLRODWHUDO�FHQWHU�RI�
SUHVVXUH� DQG� GLVSODFHPHQW�
�S ������� ,PPHGLDWHO\� DIWHU� .7�� WKH�
%%6�VFRUHV�LPSURYHG�VLJQLILFDQWO\�LQ�

WKH�.7�JURXS��S �������ZLWK�QR�RWKHU�
LPPHGLDWH�LPSURYHPHQWV�QRWHG� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� FKURQLF� VWURNH� IRXQG�
WKDW� NLQHVLR� WDSH� FDQ� LPSURYH�
HOHPHQWV� RI� SRVWXUDO� FRQWURO�� ZLWK�
WKHVH� HIIHFWV� PRVW� DSSDUHQW� DW� ���
KRXUV�DIWHU�WDSLQJ� 

  
5RMKDQL-6KLUD]L�� =��� HW� DO�� (IIHFWV� RI�
$QNOH� .LQHVLR� 7DSLQJ� RQ� 3RVWXUDO�
&RQWURO� LQ�6WURNH�3DWLHQWV��-�6WURNH�
&HUHEURYDVF� 'LV�� ������
1RYHPEHU��������������-����� 

  
  
21(-<($5�)2//2:-83�2)�

%$1.$57�5(3$,56 
  
$QWHULRU� VKRXOGHU� LQVWDELOLW\� � FDQ�

EH� PDQDJHG� VXUJLFDOO\� E\� DQ�
DQWHULRU� FDSVXORODEUDO� UHSDLU�
�%DQNDUW� UHSDLU��� 7KH� UHFXUUHQW�
GLVORFDWLRQ� UDWH� DIWHU� %DQNDUW� UHSDLU�
LV�KLJK��ZLWK�HVWLPDWHV�UDQJLQJ�IURP�
QLQH� WR� ����� 7KLV� VWXG\� UHSRUWV� RQ�
UHFXUUHQFH� UDWHV� RI� DQWHULRU�
VKRXOGHU� LQVWDELOLW\� ZLWKRXW� RVVHRXV�
OHVLRQV� ��� \HDUV� DIWHU� %DQNDUW�
UHSDLU� 
7KLV� UHWURVSHFWLYH� FRKRUW� DQDO\VLV�

UHSRUWHG�RQ�WKH�VKRXOGHU�GLVORFDWLRQ�
UHFXUUHQFH�UDWHV�RI����SDWLHQWV�ZKR�
XQGHUZHQW� D� %DQNDUW� SURFHGXUH�
EHWZHHQ� ����� DQG� ����� IRU�
UHFXUUHQW� DQWHULRU� VKRXOGHU�
LQVWDELOLW\�� 3UHRSHUDWLYH� LPDJLQJ�
H[FOXGHG� SDWLHQWV� ZLWK� VLJQLILFDQW�
JOHQRLG� ERQH� ORVV� RU� D� ODUJH� +LOO-
6DFNV�OHVLRQ��2I�WKH����SDWLHQWV�����
XQGHUZHQW� FOLQLFDO� IROORZ-XS� ���
\HDUV�DIWHU�VXUJHU\� 
$W���-\HDU� IROORZ-XS�����RI� WKH����

SDWLHQWV�ZHUH�FRQWDFWHG�DQG�DJUHHG�
WR� EH� HYDOXDWHG��2I� WKRVH�� ���ZHUH�
H[DPLQHG�FOLQLFDOO\�ZLWK�WKH�:HVWHUQ�
2QWDULR� 6KRXOGHU� ,QVWDELOLW\� ,QGH[��
WKH� 5RZH� VFRUH�� WKH� 6XEMHFWLYH�
6KRXOGHU� 9DOXH�� D� YLVXDO� DQDORJXH�
VFDOH�IRU�SDLQ�DQG�UDQJH�RI�PRWLRQ� 
5HFXUUHQW� LQVWDELOLW\� GXULQJ� WKH�

IROORZ-XS� SHULRG� RFFXUUHG� LQ� VHYHQ�
�������� RI� WKH� SDWLHQWV�� 2I� WKRVH��
ILYH� VXVWDLQHG� D� FRPSOHWH�
GLVORFDWLRQ� UHTXLULQJ� UHGXFWLRQ� E\� D�
SK\VLFLDQ�� 6L[� RI� WKH� VHYHQ�
H[SHULHQFHG� WKH� ILUVW� SRVWRSHUDWLYH�
LQVWDELOLW\� HSLVRGH� DIWHU� PRUH� WKDQ�

HLJKW� \HDUV� ZLWKRXW� V\PSWRPV��
7KUHH�ODWH�IDLOXUHV�ZHUH�WKH�UHVXOW�RI�
D� KLJK-HQHUJ\� VSRUWV� LQMXU\� ZKLOH�
WZR�RFFXUUHG�GXH�WR�D�PLQRU�WUDXPD� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� RSHQ� %DQNDUW�
UHSDLU� IRXQG� WKDW�� HYHQ� DIWHU�
H[FOXGLQJ� RVVHRXV� JOHQRLG� GHIHFWV��
WKH� UHFXUUHQFH� RI� LQVWDELOLW\� ZDV�
�������ZLWK�PRVW�HSLVRGHV�RI�IDLOXUH�
DVVRFLDWHG� ZLWK� VKRXOGHU� VSHFLILF�
DFWLYLW\� 

  
0RURGHU�� 3��� HW� DO�� 2SHQ� %DQNDUW�
5HSDLU�IRU�WKH�7UHDWPHQW�RI�$QWHULRU�
6KRXOGHU� ,QVWDELOLW\� ZLWKRXW�
6XEVWDQWLDO� 2VVHRXV� *OHQRLG�
'HIHFWV�� 5HVXOWV� DIWHU� D� 0LQLPXP�
)ROORZ-8S�RI����<HDUV��-�%RQH� -RLQW�
6XUJ��$P���������6HSWHPEHU������ 
����������-����� 

  
287&20(�2)�815(3$,5('�
0(1,6&86�7($56�$)7(5�

$17(5,25�&58&,$7(�/,*$0(17�
5(&216758&7,21 

  
$QWHULRU� FUXFLDWH� OLJDPHQW� �$&/��

WHDUV� DUH� IUHTXHQWO\� DFFRPSDQLHG�
E\� WHDUV� RI� WKH� PHQLVFXV�� 7KH�
PDQDJHPHQW� RI� WKHVH� DVVRFLDWHG�
WHDUV� YDULHV� IURP� OHDYLQJ� WHDUV� LQ�
VLWX�� WR� UHSDLU� DQG� SDUWLDO�
PHQLVFHFWRP\�� :KLOH� SUHYLRXV�
VWXGLHV�KDYH�VXJJHVWHG� WKDW�FHUWDLQ�
WHDUV�RI�WKH�PHQLVFXV�OHIW�LQ�VLWX�FDQ�
UHVXOW�LQ�SRVLWLYH�FOLQLFDO�UHVXOWV��LW�LV�
WKRXJKW� WKDW� FOLQLFDO� RXWFRPHV�
GHSHQG� XSRQ� OHVLRQ� FKDUDFWHULVWLFV��
7KLV� VWXG\� UHSRUWV� RQ� WKH� VL[-\HDU�
RXWFRPHV� RI� PHQLVFDO� WHDUV��
LGHQWLILHG�GXULQJ�$&/�UHFRQVWUXFWLRQ��
OHIW�LQ�VLWX� 
7KLV�PXOWLFHQWHU� WULDO� LQFOXGHG�����

SDWLHQWV�ZLWK�����LGHQWLILHG�PHQLVFDO�
WHDUV�� WUHDWHG� EHWZHHQ� -DQXDU\� RI�
����� DQG�'HFHPEHU� RI� ������ 'DWD�
FROOHFWHG� LQFOXGHG� GHPRJUDSKLF�
YDULDEOHV� DQG� FRPRUELGLWLHV��
PHQLVFDO� WHDU� FKDUDFWHULVWLFV� DQG�
LQIRUPDWLRQ� UHJDUGLQJ� VXEVHTXHQW�
VXUJHU\�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH�ZDV�UHSHDW�VXUJHU\� 
2I� WKH� ������ SDWLHQWV�� �����

�������� KDG� FRQFRPLWDQW� PHQLVFXV�
WHDUV� DW� WKH� WLPH� RI� WKH� LQGH[� $&/�
UHFRQVWUXFWLRQ�� $OO� EXFNHW� KDQGOH�
WHDUV�ZHUH� WUHDWHG��2I� WKH����������
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SDWLHQWV� ������ KDG� PHQLVFXV� WHDUV�
OHIW� LQ� VLWX�� ZLWK� ���� ODWHUDO� ��������
DQG� ��� PHGLDO� ��������� 2I� WKHVH��
������ RI� WKH� ODWHUDO� DQG� ������ RI�
WKH�PHGLDO� XQWUHDWHG� WHDUV� UHTXLUHG�
QR�UHSHDW�VXUJHU\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� DQWHULRU�
FUXFLDWH� OLJDPHQW� UHFRQVWUXFWLRQ�
IRXQG� WKDW� PHQLVFDO� WHDUV� LGHQWLILHG�
GXULQJ� WKH� VXUJHU\�� DQG� OHIW�
XQUHSDLUHG�� UDUHO\� UHTXLUHG� VXUJHU\�
GXULQJ�WKH�IROORZLQJ�VL[-\HDUV� 

  
'XFKPDQ�� .��� HW� DO�� 7KH� )DWH� RI�
0HQLVFXV� 7HDUV� /HIW� LQ� 6LWX� DW� WKH�
7LPH� RI� $QWHULRU� &UXFLDWH� /LJDPHQW�
5HFRQVWUXFWLRQ�� $� �-<HDU�� )ROORZ-
8S� 6WXG\� )URP� WKH�0221� &RKRUW��
$P� -� 6S� 0HG�� ������1RYHPEHU��
�����������-����� 

  
3/$7(/(7�5,&+�3/$60$�)25�
/21*�%21(�121-81,21 

  
1RQXQLRQ� UHPDLQV� D� VLJQLILFDQW�

VRXUFH�RI�PRUELGLW\��ZLWK�D�QHJDWLYH�
LPSDFW� RQ� TXDOLW\-RI-OLIH�� :KLOH�
DXWRORJRXV� FDQFHOORXV� ERQH� LV�
FRQVLGHUHG� WR� EH� WKH� JROG� VWDQGDUG�
IRU� WKH� WUHDWPHQW� RI� QRQXQLRQV�� WKH�
OLPLWHG� VXSSO\� DQG� GRQRU� VLWH�
PRUELGLW\� KDYH� OHG� UHVHDUFKHUV� WR�
H[SORUH� DOWHUQDWLYHV�� $V� SUHYLRXV�
VWXGLHV� KDYH� GHPRQVWUDWHG� WKDW�
SODWHOHW� ULFK� SODVPD� �353�� KDV� WKH��
DELOLW\� WR� DFFHOHUDWH� ERQH� DQG� VRIW�
WLVVXH� KHDOLQJ�� WKLV� VWXG\� UHYLHZHG�
WKH�HIILFDF\�RI�353�LQ�WKH�WUHDWPHQW�
RI� HVWDEOLVKHG� IUDFWXUH� QRQXQLRQ� RI�
ORQJ�ERQHV� 
6XEMHFWV� ZHUH� ��� SDWLHQWV� ZLWK�

HVWDEOLVKHG� QRQXQLRQ� RI� ORQJ� ERQH�
IUDFWXUHV�� ZLWK� VWDEOH� LQWHUQDO�
IL[DWLRQ��VWDEOH UHGXFWLRQ� SODVWHU�
LPPRELOL]DWLRQ�� DFFHSWDEOH�
DOLJQPHQW� IUDFWXUH� IUDJPHQWV� DQG�
PRUH�WKDQ�����FRQWDFW�EHWZHHQ�WKH�
IUDJPHQWV�� 7KH� DYHUDJH� WLPH�
EHWZHHQ� LQMXU\�DQG�SODWHOHW� LQMHFWLRQ�
ZDV� ���� PRQWKV�� 7KH� SDUWLFLSDQWV�
XQGHUZHQW� DXWRORJRXV� 353�
SUHSDUDWLRQ�� ZLWK� LQMHFWLRQ� RI� ��� WR�
��� 0/� RI� 353� XQGHU� LPDJH�
LQWHQVLILHG� JXLGDQFH�� $OO� VXEMHFWV�
ZHUH� DVVHVVHG� FOLQLFDOO\� DQG�
UDGLRORJLFDOO\� IRU� WKH� KHDOLQJ� RI� WKH�
IUDFWXUH� DW� PRQWKO\� LQWHUYDOV� XQWLO�
WKUHH� PRQWKV�� 7KH� DEVHQFH� RI�

ORFDOL]HG� WHQGHUQHVV�� DEQRUPDO�
PRELOLW\� DQG� SDLQ� ZHUH� FRQVLGHUHG�
WKH�FOLQLFDO�FULWHULD�IRU�XQLRQ� 
2I�WKH����SDWLHQWV�����KDG�IUDFWXUH�

KHDOLQJ� DW� IRXU� PRQWKV�� ,Q� WKH�
SDWLHQWV� ZLWK� HDUO\� IUDFWXUH� KHDOLQJ��
WKH� 353� LQMHFWLRQ� KDG� EHHQ� JLYHQ�
ZLWKLQ� WZR� WR� IRXU� PRQWKV� RI� WKH�
GLDJQRVLV� RI� QRQXQLRQ�� 2I� WKH� ���
SDWLHQWV� ZLWK� IDLOHG� XQLRQ�� WKH� 353�
KDG� EHHQ� LQMHFWHG� ��� PRQWKV� RU�
ODWHU�IURP�WKH�GLDJQRVLV�RI�QRQXQLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�QRQXQLRQ�RI� ORQJ�ERQH�
IUDFWXUHV� IRXQG� WKDW� WKH�
DGPLQLVWUDWLRQ� RI� SODWHOHW� ULFK�
SODVPD�FRXOG�DVVLVW�ZLWK�KHDOLQJ� 

  
0DOKRWUD�� 5��� H� W� DO�� 5ROH� RI�
$XWRORJRXV� 3ODWHOHW� 5LFK� 3ODVPD� LQ�
7UHDWPHQW�RI�/RQJ-%RQH�1RQXQLRQV��
$� 3URVSHFWLYH� 6WXG\�� 0XVFXORVNHO�
6XUJ�� ����� '2,� ��������V������ –�
����–������–�� 

  

1$352;(1�:,7+�
&<&/2%(1=$35,1(�9(5686�
23,2,'6�)25�$&87(�/2:� 

%$&.�3$,1 
  
/RZ� EDFN� SDLQ� �/%3�� LV�

UHVSRQVLEOH� IRU������RI�YLVLWV� WR� WKH�
HPHUJHQF\� GHSDUWPHQW� �('�� LQ� WKH�
8QLWHG� 6WDWHV�� ZLWK� ('� SK\VLFLDQV�
RIWHQ� SUHVFULELQJ� QRQVWHURLGDO� DQWL-�
LQIODPPDWRU\�GUXJV��VNHOHWDO�PXVFOH�
UHOD[DQWV� DQG� RSLRLGV� LQ�
FRPELQDWLRQ�� 7KLV� VWXG\� ZDV�
GHVLJQHG� WR� EHWWHU� XQGHUVWDQG� WKH�
HIILFDF\� RI� PXVFOH� UHOD[HUV� RU�
RSLRLGV�� DV� FRPSDUHG� WR�
QRQVWHURLGDO� DQWL-LQIODPPDWRU\�
GUXJV�� IRU� WKH� WUHDWPHQW� RI�
QRQWUDXPDWLF� QRQ-� UDGLFXODU� EDFN�
SDLQ� 
6XEMHFWV� ZHUH� SDWLHQWV� ��� WR� ���

\HDUV� RI� DJH�� SUHVHQWLQJ� WR� WKH� ('�
SULPDULO\� IRU� WKH� PDQDJHPHQW� RI�
DFXWH� /%3�� 3DWLHQWV� H[FOXGHG� KDG�
UDGLFXODU�SDLQ��EDFN�SDLQ�IURP�GLUHFW�
WUDXPD� WR� WKH� EDFN� ZLWKLQ� WKH�
SUHYLRXV� PRQWK�� SDLQ� RI� PRUH� WKDQ�
WZR� ZHHNV¶� GXUDWLRQ� RU� D� UHFHQW�
KLVWRU\� RI� /%3� RI� PRUH� WKDQ� RQH�
HSLVRGH� SHU� \HDU�� $OO� SDWLHQWV�
UHFHLYHG� QDSUR[HQ� ���� PJ�� T� ���
KRXUV�� ,Q� DGGLWLRQ� VXEMHFWV� ZHUH�
UDQGRPL]HG� WR� UHFHLYH�� HYHU\� HLJKW�
KRXUV�� SODFHER�� F\FOREHQ]DSULQH� ��

PJ�� RU� R[\FRGRQH� �� PJ��
DFHWDPLQRSKHQ� ����� 7KH� SULPDU\�
RXWFRPH� YDULDEOH�ZDV� LPSURYHPHQW�
RQ� WKH� 5RODQG-0RUULV� 'LVDELOLW\�
4XHVWLRQQDLUH��50'4�� 
$W�ZHHN�RQH�� LPSURYHPHQW�RQ� WKH�

50'4� IRU� WKRVH� LQ� WKH� SODFHER�
JURXS� ZDV� ����� IRU� WKRVH� LQ� WKH�
F\FOREHQ]DSULQH� ZDV� ����� DQG� IRU�
WKRVH� LQ� WKH� R[\FRGRQH��
DFHWDPLQRSKHQ� JURXS� ZDV� ������
7KHUH� ZHUH� QR� VLJQLILFDQW�
GLIIHUHQFHV� EHWZHHQ� JURXSV�� 7KUHH�
PRQWKV� DIWHU� WKH� HPHUJHQF\�
GHSDUWPHQW�YLVLW��RQH� IRXUWK�RI�HDFK�
VWXG\� JURXS� UHSRUWHG� PRGHUDWH� RU�
VHYHUH� /%3� DQG� XVH� RI� PHGLFDWLRQ�
IRU�WKDW�SDLQ�� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DFXWH� ORZ� EDFN� SDLQ��
VHHQ� LQ� WKH�HPHUJHQF\�GHSDUWPHQW��
IRXQG� WKDW� DGGLQJ� F\FOREHQ]DSULQH�
RU� R[\FRGRQH�DFHWDPLQRSKHQ� WR�
QDSUR[HQ�GLG�QRW� LPSURYH�IXQFWLRQDO�
RXWFRPH�RU�SDLQ�DW�RQH�ZHHN�IROORZ-�
XS� 

  
)ULHGPDQ�� %��� HW� DO�� 1DSUR[HQ��
&\FOREHQ]DSULQH� 2[\FRGRQH��
$FHWDPLQRSKHQ� RU� 3ODFHER� IRU�
7UHDWLQJ� $FXWH� /RZ� %DFN� 3DLQ�� $�
5DQGRPL]HG�� &OLQLFDO� 7ULDO�� -$0$��
������ 2FWREHU� ���� ��������� ����-
����� 

  
352*(67(521(�9(5686�
&257,&267(52,'6�)25�

&$53$/�7811(/�6<1'520( 
  
&DUSDO� WXQQHO� V\QGURPH� �&76�� LV�

WKH� PRVW� FRPPRQ� HQWUDSPHQW�
QHXURSDWK\� RI� WKH� XSSHU� OLPE��
$PRQJ� FRQVHUYDWLYH�� QRQVXUJLFDO�
WUHDWPHQWV�� ORFDO� FRUWLFRVWHURLG�
LQMHFWLRQV� KDYH� EHHQ� IRXQG� WR�
SURYLGH�V\PSWRPDWLF� UHOLHI� IRU�PDQ\�
SDWLHQWV��$V�SURJHVWHURQH�KDV�EHHQ�
IRXQG� WR� KDYH� QHXURSURWHFWLYH�
HIIHFWV�� WKLV� VWXG\� FRPSDUHG� WKH�
HIIHFWV�RI�ORFDO�VWHURLG�LQMHFWLRQV�ZLWK�
WKRVH� RI� ORFDO� SURJHVWHURQH�
LQMHFWLRQV�IRU�SDWLHQWV�ZLWK�&76� 
7KLV���SURVSHFWLYH���VWXG\�LQFOXGHG�

��� KDQGV� RI� SDWLHQWV� ZLWK� ELODWHUDO�
PLOG� RU� PRGHUDWH�� LGLRSDWKLF� &76��
6XEMHFWV� LQ� WKH� FRUWLFRVWHURLG� JURXS�
UHFHLYHG�D�VLQJOH�LQMHFWLRQ�RI����� P/�
WULDPFLQRORQH� DFHWDWH�� ��� PJ� SHU�
P/�� DQG� ����� RI� WZR� SHUFHQW�
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OLGRFDLQH�� 7KRVH� LQ� D� SURJHVWHURQH�
JURXS� UHFHLYHG� D� VLQJOH� ORFDO�
LQMHFWLRQ� RI� ���� P/� ��-DOSKD�
K\GUR[\� SURJHVWHURQH� ����� PJ���
P/��DQG�����P/� OLGRFDLQH�������7KH�
JURXSV�ZHUH�FRPSDUHG� IRU�V\PSWRP�
VHYHULW\�� IXQFWLRQDO� VWDWXV� DQG�
HOHFWURGLDJQRVWLF� WHVW� UHVXOWV�EHIRUH�
DQG� ���ZHHNV� DIWHU� WUHDWPHQW�� 3DLQ�
ZDV� DVVHVVHG� RQ� D� YLVXDO� DQDORJX�
VFDOH��6\PSWRPV�DQG� IXQFWLRQ�ZHUH�
DVVHVVHG� XVLQJ� WKH�%RVWRQH�/HYLQH�
V\PSWRP� VHYHULW\� DQG� IXQFWLRQDO�
VWDWXV� VFDOHV�� (OHFWURGLDJQRVWLF�
VWXGLHV� ZHUH� FRPSOHWHG� EHIRUH� DQG�
DIWHU� WUHDWPHQW�� 3DLQ� VHYHULW\�
GHFUHDVHG�VLJQLILFDQWO\ LQ� ERWK�
JURXSV��S ��������IRU ERWK���
ZLWK� QR� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� WKH� WZR� JURXSV�� 0HGLDQ�
GLVWDO� VHQVRU\� ODWHQF\� LPSURYHG� LQ�
WKH� FRUWLFRVWHURLG� DV� ZHOO� DV� WKH�
SURJHVWHURQH� JURXS� �S �������� DQG�
S ������ UHVSHFWLYHO\�� DV� GLG� WKH�
PRWRU� RQVHW� ODWHQFLHV��S ������DQG�
S ������ UHVSHFWLYHO\��� 7KHUH� ZDV�
QR� PHDQLQJIXO� GLIIHUHQFH� LQ� WKHVH�
PHDVXUHV� EHWZHHQ�WKH� WZR� JURXSV����
3DWLHQW� � VDWLVIDFWLRQ� � ZLWK� WKH�
LQMHFWLRQV� ZDV� JUHDWHU� LQ� WKH�
FRUWLFRVWHURLG� JURXS� ��� ZHHNV� DIWHU�
LQMHFWLRQ� WKDQ� LQ� WKH� SURJHVWHURQH�
JURXS��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�FDUSDO�WXQQHO�V\QGURPH�
IRXQG� WKDW� ERWK� SURJHVWHURQH� DQG�
FRUWLFRVWHURLGV� SURGXFH� VLJQLILFDQW�
LPSURYHPHQW� LQ� SDWLHQW� V\PSWRPV��
ZLWK� QR� VLJQLILFDQW� GLIIHUHQFH� IRXQG�
EHWZHHQ�WKH�WZR�LQWHUYHQWLRQV� 

  
%DKUDPL�� 0��� HW� DO�� &RPSDULVRQ�
EHWZHHQ�WKH�(IIHFWV�RI�3URJHVWHURQH�
YHUVXV� &RUWLFRVWHURLG� /RFDO�
,QMHFWLRQV� LQ� 0LOG� DQG� 0RGHUDWH�
&DUSDO� 7XQQHO� 6\QGURPH�� $�
5DQGRPL]HG�� &OLQLFDO� 7ULDO�� %0&�
0XVFXORVNHO�'LV���������������� 

  
7+(�),)$�����62&&(5�,1-85<�
35(9(17,21�352*5$0 

  
6RFFHU��IRRWEDOO��LV�WKH�PRVW�ZLGHO\�

SOD\HG� VSRUW� ZRUOGZLGH�� ZLWK�
DSSUR[LPDWHO\� ������������
UHJLVWHUHG� SOD\HUV� JOREDOO\�� 7KH�
)HGHUDWLRQ� ,QWHUQDWLRQDOH� GH�
)RRWEDOO� $VVRFLDWLRQ� �),)$�� DQG� LWV�
PHGLFDO� DVVHVVPHQW� DQG� UHVHDUFK�

FHQWHU� KDYH� GHYHORSHG� DQ� LQMXU\�
SUHYHQWLRQ� SURJUDP�� WKH� ),)$� ����
SURJUDP�� LQ� DQ� HIIRUW� WR� UHGXFH� WKH�
LQFLGHQFH� RI� DOO� LQMXULHV� VXVWDLQHG�
GXULQJ� SDUWLFLSDWLRQ�� 7KLV� VWXG\�
HYDOXDWHG� WKH� HIILFDF\� RI� WKH� ),)$�
���� LQ� SUHYHQWLQJ� LQMXULHV� LQ�
FROOHJLDWH�PDOH�VRFFHU�SOD\HUV� 
$OO� 1&$$� 'LYLVLRQ� ,� DQG� ,,� PHQ
V�

FROOHJLDWH� VRFFHU� SURJUDPV� ZHUH�
FRQWDFWHG� WR� SDUWLFLSDWH� LQ� WKLV�
SURVSHFWLYH�� FOXVWHU� UDQGRPL]HG��
FRQWUROOHG� WULDO�� 6L[W\-RQH� WHDPV�
FRPSOHWHG�WKH�VWXG\��ZLWK����FRQWURO
�&�� DQG� ��� LQWHUYHQWLRQ� JURXSV� �,���
7KH� ),)$� ���� SURJUDP� ZDV�
GHOLYHUHG�WR�HDFK�DWKOHWLF� WUDLQHU� LQ� ,�
JURXS�� 'DWD� FRQFHUQLQJ� DWKOHWLF�
H[SRVXUH�� LQMXU\�� XWLOL]DWLRQ� RI� WKH�
SURJUDP� DQG� FRPSOLDQFH� ZHUH�
FRPSLOHG� LQWR� DQ� LQMXU\� VXUYHLOODQFH�
V\VWHP�� ,QMXULHV� ZHUH� FDOFXODWHG� DV�
WKH� QXPEHU� RI� LQMXULHV� SHU� ������
DWKOHWLF�H[SRVXUHV��$(V�� 
7KH� DWKOHWHV� LQ� &� JURXS� ZHUH�

IRXQG� WR� KDYH� ������ LQMXULHV� SHU�
������ $(V�� DV� FRPSDUHG� ZLWK� �����
LQMXULHV� SHU� ������ $(� LQ� JURXS� ,�
�S��������� 7KH� LQWHUYHQWLRQ� JURXS�
DOVR� KDG� IHZHU�PLVVHG� GD\V� GXH� WR�
LQMXU\� DQG� IHZHU� JDPH� LQMXULHV� WKDQ�
GLG�WKH�FRQWURO�JURXS��7KUHH�DQWHULRU�
FUXFLDWH�OLJDPHQW�LQMXULHV�ZHUH�QRWHG�
LQ� WKH� LQWHUYHQWLRQ� JURXS� DQG� ��� LQ�
WKH�FRQWURO�JURXS��S�������� 
&RQFOXVLRQ�� 7KLV� UDQGRPL]HG��

FRQWUROOHG� WULDO�� UHYLHZLQJ� WKH�
HIILFDF\� RI� ),)$� ���� LQ� UHGXFLQJ�
LQMXULHV� LQ� PHQ¶V� FROOHJLDWH� VRFFHU�
SOD\HUV�� IRXQG�D������� UHGXFWLRQ� LQ�
LQMXULHV� DV� FRPSDUHG� WR� D� FRQWURO�
JURXS� 

  
6LOYHUV-*UDQHOOL��+���HW�DO��(IILFDF\�RI�
WKH� ),)$� ���� ,QMXU\� 3UHYHQWLRQ�
3URJUDP� LQ� WKH� &ROOHJLDWH� 0DOH�
6RFFHU� 3OD\HU��$P� -� 6SRUWV� 0HG��
������1RY�������������-����� 

  
/2:(5�(;75(0,7<�685*(5<�

)25�63$67,&�3$5$3/(*,$ 
  
'XULQJ� WKH� SDVW� WZR� GHFDGHV�� WKH�

XVH� RI� WKUHH-GLPHQVLRQDO� JDLW�
DQDO\VLV� KDV� SHUPLWWHG� PXOWLSOH�
GHIRUPLWLHV� WR� EH� FRUUHFWHG� GXULQJ�
RQH� VXUJHU\�� 7KLV� VWXG\� RI� SDWLHQWV�
ZLWK� FHUHEUDO� SDOV\� �&3�� ZDV�
GHVLJQHG�WR�GHWHUPLQH�ZKHWKHU�VXFK�

VXUJHULHV� LPSURYH� JDLW� SDUDPHWHUV�
DQG�JDLW�IXQFWLRQ�RYHU�WLPH� 
6XEMHFWV� LQFOXGHG����FKLOGUHQ�ZLWK�

DQ� DYHUDJH� DJH� ����� \HDUV�� DOO�
GLDJQRVHG� ZLWK� &3� ZLWK� VSDVWLF�
GLSOHJLD�� $PRQJ� WKH� SDWLHQWV�� ����
ORZHU� H[WUHPLW\� VXUJLFDO� SURFHGXUHV�
ZHUH� SHUIRUPHG�� 3UHRSHUDWLYHO\�� DV�
ZHOO� DV� RQH� DQG� ILYH� \HDUV� SRVW-�
RSHUDWLYHO\�� WKH� FKLOGUHQ� XQGHUZHQW�
SK\VLFDO H[DPLQDWLRQ DQG�
LQVWUXPHQWHG��WKUHH-GLPHQVLRQDO�JDLW�
DQDO\VLV�� *DLW� IXQFWLRQ� ZDV�
FRPSDUHG�EHWZHHQ�EDVHOLQH�DQG�ILYH
-\HDU�IROORZ-XS� 
*DLW� IXQFWLRQ�� DV�HYDOXDWHG�E\� WKH�

)XQFWLRQDO� 0RELOLW\� 6FDOH�� LPSURYHG�
IURP�EDVHOLQH�WR�WKH�RQH-\HDU�IROORZ-�
XS� IRU� WKH� ��P� DQG� ���P�GLVWDQFHV�
�S ����� DQG� S ������ UHVSHFWLYHO\���
ZLWKRXW�VLJQLILFDQW�FKDQJH�LQ�WKH�����
P� GLVWDQFH� �S ������� $W� ILYH� \HDUV��
LPSURYHPHQW� LQ� DOO� WKUHH� GLVWDQFHV�
ZDV� VLJQLILFDQW�� DV� FRPSDUHG� ZLWK�
EDVHOLQH�� 0HDVXUHV� RI� JDLW� TXDOLW\��
XVLQJ� WKH� JDLW� SURILOH� VFRUH��
LPSURYHG� IURP� EDVHOLQH� WR� ILYH-\HDU�
IROORZ-XS�� DOWKRXJK� QR� VLJQLILFDQW�
GLIIHUHQFH� ZDV� QRWHG� EHWZHHQ� RQH�
\HDU� DQG� ILYH� \HDUV�� 7KH� PHDQ�
SDUHQWDO� VDWLVIDFWLRQ� VFRUH� ZDV� ����
RQ�D����SRLQW�VFDOH� 
&RQFOXVLRQ�� 7KLV� ILYH-\HDU� IROORZ-�
XS� RI� FKLOGUHQ� ZLWK� &3� DQG� VSDVWLF�
GLSOHJLD�IRXQG�WKDW�VXUJHU\�WR�FRUUHFW�
JDLW� DEQRUPDOLWLHV� UHVXOWHG� LQ�
LPSURYHG�JDLW�DW� ILYH-\HDU� IROORZ-XS��
EDVHG�XSRQ�ILQGLQJV�RI�JDLW�DQDO\VLV�� 
 
7HUMHVHQ��7���HW�DO��*DLW�,PSURYHPHQW�
6XUJHU\� LQ�$PEXODWRU\�&KLOGUHQ�ZLWK�
'LSOHJLF� &HUHEUDO� 3DOV\�� $� )LYH-
<HDU�� )ROORZ-8S� 6WXG\� RI� ���
&KLOGUHQ�� $FWD� 2UWKRSHGLFD�� ������
$XJXVW�����������-���� 

  
&21675$,17�,1'8&('�

029(0(17�7+(5$3<�,1�($5/<�
6752.(�5(+$%,/,7$7,21 

  
&RQVWUDLQW� LQGXFHG� PRYHPHQW�

WKHUDS\� �&,07�� ZDV� RULJLQDOO\�
GHYHORSHG� IRU� SDWLHQWV� ZLWK� FKURQLF�
VWURNH�� DQG� LQFOXGHG� ��� GD\V� RI�
WKHUDS\� IRU� VL[� KRXUV� SHU� GD\�� 7KLV�
VWXG\� DVVHVVHG� WKH� HIIHFW� RI� D�
PRGLILHG�&,07�SURWRFRO�FRQGXFWHG�LQ�
WKH�HDUO\�SKDVH�RI�UHKDELOLWDWLRQ�DIWHU�
VWURNH� 



 

 

0XVFXORVNHOHWDO�LQ�5HYLHZ��06.��LV�
SURGXFHG� E\� SK\VLFLDQV� VSHFLDOL]LQJ�
LQ� PXVFXORVNHOHWDO� DQG� QHXURORJLFDO�
PHGLFLQH�� ZLWK� WKH� FRRSHUDWLRQ� DQG�
DVVLVWDQFH� RI� (PRU\� 8QLYHUVLW\�
6FKRRO� RI� 0HGLFLQH�� � 6XPPDULHV�
DSSHDULQJ� LQ� WKLV� SXEOLFDWLRQ� DUH�
LQWHQGHG� DV� DQ� DLG� LQ� UHYLHZLQJ� WKH�
OLWHUDWXUH� UHOHYDQW� WR� WKH�SUDFWLFH�RI�
FOLQLFDO� PXVFXORVNHOHWDO� PHGLFLQH���
7KH� VXPPDULHV� DSSHDULQJ� LQ� WKLV�
SXEOLFDWLRQ�DUH�LQWHQGHG�DV�DQ�DLG�LQ�
UHYLHZLQJ� WKH� EURDG� EDVH� RI�
OLWHUDWXUH�UHOHYDQW�WR�WKLV�ILHOG������� 
7KHVH� VXPPDULHV�DUH�QRW� LQWHQGHG�

IRU� XVH� DV� WKH� VROH� EDVLV� IRU� FOLQLFDO�
WUHDWPHQW�� RU�DV�D� VXEVWLWXWH� IRU� WKH�
UHDGLQJ�RI�WKH�RULJLQDO�UHVHDUFK��� 
06.� LV� DIILOLDWHG� ZLWK� WKH� :RUOG�

+HDOWK� 2UJDQL]DWLRQ� DQG� PXOWLSOH�
QDWLRQDO� PHGLFDO� VRFLHWLHV�
ZRUOGZLGH� 
���3ULYDWH�VXEVFULSWLRQV�DUH�DYDLODEOH�
E\�HPDLO�DW�PVNLQUHYLHZ#DRO�FRP 
RU�E\��SKRQH�DW����������-������ 

 

��086&8/26.(/(7$/� 
,1�5(9,(: 

�� 
 

3URGXFHG�E\�WKH�'HSDUWPHQW�RI� 
5HKDELOLWDWLRQ�0HGLFLQH��(PRU\�
8QLYHUVLW\�6FKRRO�RI�0HGLFLQH 
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7KLV� VLQJOH-EOLQGHG�� PXOWL-FHQWHU��
UDQGRPL]HG��FRQWUROOHG� WULDO� LQFOXGHG�
SDWLHQWV�ZLWK�D�ILUVW-HYHU�RU�UHFXUUHQW�
VWURNH� DW� PRUH� WKDQ� ILYH�� DQG� OHVV�
WKDQ� ��� GD\V� SULRU� WR� UHFUXLWPHQW��
6XEMHFWV� UDQGRPL]HG� WR� D� &,07�
JURXS� UHFHLYHG� WUHDWPHQW� IRU� ���
FRQVHFXWLYH� ZRUNGD\V� IRU� WKUHH�
KRXUV� SHU� GD\�� 7KH� SDWLHQWV� ZHUH�
HQFRXUDJHG� WR� ZHDU� D� FRQVWUDLQLQJ�
PLWW�RQ�WKH�XQDIIHFWHG�KDQG�IRU�XS�WR�
���� RI� ZDNLQJ� KRXUV�� 7KH� FRQWURO�
JURXS� ZDV� WUHDWHG� DFFRUGLQJ� WR� WKH�
1RUZHJLDQ� JXLGHOLQHV� IRU� VWURNH�
SDWLHQWV�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH� ZDV� WKH� :ROI� 0RWRU�
)XQFWLRQ� WHVW� �:0)7��� ZLWK�
VHFRQGDU\� RXWFRPH� PHDVXUHV�
LQFOXGLQJ� WKH� )XJO-0H\HU� XSSHU�
H[WUHPLW\� PRWRU� DVVHVVPHQW�� WKH�
1LQH-+ROH�3HJ�WHVW��1+37���WKH�DUP�
XVH� UDWLR� DQG� WKH� 6WURNH� ,PSDFW�
6FDOH� 
2I� WKH� ��� &,07� SDUWLFLSDQWV�

DYDLODEOH� IRU� SRVW-WUHDWPHQW�
DVVHVVPHQW�� ��� FRPSOHWHG� DOO� ���
WUHDWPHQW�GD\V��ZLWK�D�PHDQ�WLPH� LQ�
WUHDWPHQW� RI� ��� KRXUV�� $IWHU�

WUHDWPHQW�� :0)7� IXQFWLRQDO� DELOLW\�
VFRUHV� ZHUH� VLJQLILFDQWO\� EHWWHU� LQ�
WKH� WUHDWPHQW� JURXS� �S ������� ,Q�
DGGLWLRQ�� GH[WHULW\�� DV� PHDVXUHG� E\�
WKH�1+37��ZDV�VLJQLILFDQWO\�EHWWHU�LQ�
WKH� WUHDWPHQW� JURXS� WKDQ� LQ� WKH�
FRQWURO� JURXS�� +RZHYHU�� DW� VL[�
PRQWKV�� WKRVH� GLIIHUHQFHV� KDG�
GLVDSSHDUHG� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� LVFKHPLF� VWURNH� IRXQG�
WKDW� FRQVWUDLQW� LQGXFHG� PRYHPHQW�
WKHUDS\� PD\� DFFHOHUDWH� VKRUW-WHUP�
UHFRYHU\�� ZLWK� QR� HYLGHQFH� RI� ORQJ-�
WHUP� EHQHILW� RYHU� FRQYHQWLRQDO�
WUHDWPHQW� 

  
7KUDQH�� *��� HW� DO�� (IILFDF\� RI�
&RQVWUDLQW-,QGXFHG� 0RYHPHQW�
7KHUDS\� LQ� (DUO\� 6WURNH�
5HKDELOLWDWLRQ�� $� 5DQGRPL]HG��
&RQWUROOHG� 0XOWLVLWH� 7ULDO��
1HXRUHKDE� DQG� 1HXUDO� 5HSDLU��
������-XO\������������-���� 

  
 


