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FKDQJHV�RFFXUULQJ�LQ�FKLOGUHQ�XQGHUJRLQJ�05,�XQGHU�JHQHUDO�DQDHVWKHVLD��0DWHULDO�DQG�PHWKRGV��)URP�

0DUFK������ WR�1RYHPEHU���������� FKLOGUHQ�DJHG�EHWZHHQ�RQH�DQG�HLJKW� \HDUV� ROG�XQGHUJRLQJ�05,�

6FDQ�XQGHU�JHQHUDO�DQDHVWKHVLD�ZHUH�UHFUXLWHG�WR�WKH�VWXG\��$[LOODU\�WHPSHUDWXUH�ZDV�UHFRUGHG�DW�LQ�

GXFWLRQ� RI� DQDHVWKHVLD� DQG� DW� WKH� HQG� RI� WKH� 6FDQ� LQ� LQGXFWLRQ� DUHD� XVLQJ� HOHFWURQLF� WKHUPRPHWHU��

3DLUHG�VWXGHQW� W� WHVW�ZDV�XVHG�WR�DQDO\VH� WKH� WHPSHUDWXUH�FKDQJHV��5HVXOWV��7KH�PHDQ�WHPSHUDWXUH�

FKDQJH�ZDV�-�����&��6'�������ZKLFK�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��S���������ZLWK�KLJKHVW�WHPSHUDWXUH�

ORVV�RI�����&�DQG�KLJKHVW�WHPSHUDWXUH�JDLQ�RI�����&���2I�WKH����FKLOGUHQ�������������KDG�WHPSHUDWXUH�

EHORZ� ���&� DW� UHFRYHU\�� 7KLUWHHQ� ������ SDWLHQWV� ZHUH� K\SRWKHUPLF� �����&�� LQ� UHFRYHU\� URRP� DQG�

QRQH�KDG�K\SHUWKHUPLD��!���&���0DMRULW\�RI�WKH�FKLOGUHQ��Q ���������KDG�ERG\�WHPSHUDWXUH�ORVW�GXU�

LQJ�05,�ZLWK�PHDQ�ORVV�RI�-������&��6'�������DQG�VHYHQ�������JDLQHG�ERG\�WHPSHUDWXUH�ZLWK�D�PHDQ�

JDLQ�RI�������&��6'��������7ZR������JDLQHG�!��&�DQG�WZR������PDLQWDLQHG�WKHLU�LQLWLDO�WHPSHUDWXUH��

7KHUH�ZDV�QR�FRPSOLFDWLRQV�REVHUYHG� LQ�DQ\�RI�WKH�FKLOGUHQ�UHODWHG�WR�WHPSHUDWXUH�FKDQJHV��&RQFOX�

VLRQ�� %RG\� WHPSHUDWXUH� EDODQFH� LV� YHU\� XQSUHGLFWDEOH� LQ� FKLOGUHQ� GXULQJ� 05,� 6FDQ� XQGHU�

JHQHUDO�DQDHVWKHVLD��ZLWK�WKH�PDMRULW\�ORVLQJ�ERG\�KHDW�ZKLOH�IHZ�JDLQHG��,W�LV�QHFHVVDU\�WR�WDNH�PD[L�

PXP�SUHFDXWLRQ�WR�SUHYHQW�KHDW�ORVV�DQG�PRQLWRU�ERG\�WHPSHUDWXUH�GXULQJ�05,�VFDQ�LQ�FKLOGUHQ�XQGHU�

JHQHUDO�DQDHVWKHVLD� 

 

.H\�ZRUGV��5HVRQDQFH�,PDJLQJ��ERG\�WHPSHUDWXUH��SDHGLDWULF�SDWLHQWV��JHQHUDO�DQDHVWKHVLD� 

,1752'8&7,21 
0DJQHWLF� 5HVRQDQFH� ,PDJLQJ� �05,�� UHTXLUHV�

SDWLHQWV�WR�VWD\�VWLOO�IRU�ORQJ�SHULRG�RI�WLPH�LQ�

D�QRLV\��FROG�DQG�FODXVWURSKRELF�HQYLURQPHQW��
�� &KLOGUHQ�PD\� UHTXLUH� DQDHVWKHVLD� RU� VHGD�

WLRQ� WR� FRPSOHWH� WKH� VFDQ�� ,W� LV� ZHOO� NQRZQ�

WKDW�XQGHU�DQDHVWKHVLD��SDWLHQWV�WHQG�WR�ORVH���

2ULJLQDO�$UWLFOH 

&RUUHVSRQGHQFH�DXWKRU��*DQDSDWKL�$,7+$/� 
'HSDUWPHQW�RI�$QDHVWKHVLRORJ\��5,3$6�+RVSLWDO��
%DQGDU�6HUL�%HJDZDQ�%D�������%UXQHL�'DUXVVDODP 
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%UXQHL�,QW�0HG�-�������������������-��� 

,1752'8&7,21 
ERG\�KHDW�GXH�ORVV�RI� LQWULQVLF�WKHUPRUHJXOD�

WRU\� UHVSRQVHV�� UHGLVWULEXWLRQ� RI� EORRG� DQG�

FROG�HQYLURQPHQW��3DHGLDWULF�SDWLHQWV��GXH�WR�

ODUJH� VXUIDFH� DUHD� WR� ERG\� ZHLJKW� UDWLR�� DUH�

PRUH� SURQH� WR� GHYHORS� K\SRWKHUPLD� GXULQJ�

DQDHVWKHVLD�ZLWKRXW� DGHTXDWH� SUHFDXWLRQV� WR�

SUHYHQW�KHDW� ORVV�� ��� ��7KH�DPELHQW� WHPSHUD�

WXUH�LQ�05,�VXLWH�LV�JHQHUDOO\�NHSW�ORZ�IRU�WKH�

SURSHU�IXQFWLRQ�RI�WKH�PDJQHWLF�FRLO��)XUWKHU�

PRUH� LW� LV�GLIILFXOW� WR�XVH�KHDWLQJ�GHYLFHV� LQ�



FOXGLQJ�IOXLG�ZDUPHUV�DQG�EHDU�KXJJHUV��FRP�

PRQO\� XVHG� LQ� WKH� RSHUDWLQJ� URRPV� DV� WKH\�

DUH�LQFRPSDWLEOH�ZLWK�05,��+RZHYHU�05,�SUR�

GXFHV� UDGLRIUHTXHQF\� UDGLDWLRQ� �5)5�� WKDW�

WUDQVIRUPV� LQWR� KHDW�ZLWKLQ� WKH� SDWLHQW
V� WLV�

VXHV�ZKLFK�PD\�SDUWLDOO\�RIIVHW� WKH�KHDW� ORVV�

H[SHULHQFHG�E\�PRVW�SDWLHQWV������� 

 

 7KHUH� DUH� VWXGLHV� RQ� ERG\� WHPSHUD�

WXUH� FKDQJHV�GXULQJ�05,� VFDQ�XQGHU�JHQHUDO�

DQDHVWKHVLD� RU� VHGDWLRQ� LQ� FKLOGUHQ�� EXW� UH�

VXOWV� DUH� FRQIOLFWLQJ�� 6RPH� VWXGLHV� KDYH�

VKRZQ� ULVH� LQ� FRUH� ERG\� WHPSHUDWXUH� GXULQJ�

05,� VFDQ� XQGHU� VHGDWLRQ�� ��� �� ZKLOH� DQRWKHU�

VWXG\� UHSRUWHG� WKDW� FOLQLFDOO\� VLJQLILFDQW� FRUH�

ERG\� WHPSHUDWXUH� FKDQJH� LV� XQFRPPRQ� LQ�

FKLOGUHQ�ZKHQ� DQDHVWKHWLVHG�ZLWK� SURSRIRO�� ��

2WKHU� VWXGLHV� KDYH� VKRZQ� WHPSHUDWXUH� ORVV�

GXULQJ� JHQHUDO� DQDHVWKHVLD� IRU� 05,� VFDQ� LQ�

FKLOGUHQ���-��� 

 

 7KLV� VWXG\� ZDV� FRQGXFWHG� WR� LQYHVWL�

JDWH�WKH�WHPSHUDWXUH�FKDQJHV�LQ�FKLOGUHQ�XQ�

GHUJRLQJ�05,�VFDQ�XQGHU�JHQHUDO�DQDHVWKHVLD�

LQ�D�WHUWLDU\�UHIHUUDO�KRVSLWDO�LQ�%UXQHL�'DUXV�

VDODP� 

0$7(5,$/6�$1'�0(7+2'6 
6WXG\�'HVLJQ�DQG�6WXG\�3RSXODWLRQ��7KLV�

LV� D� SURVSHFWLYH� VWXG\� FRQGXFWHG� E\� WKH� DQ�

DHVWKHWLF� GHSDUWPHQW� DV� SDUW� RI� RXU� DQQXDO�

GHSDUWPHQWDO�DXGLW�IRU�VHUYLFH�LPSURYHPHQWV��

3DHGLDWULF� SDWLHQWV� ZLWK� $6$� JUDGH� �� 	� ���

DJHG�EHWZHHQ�RQH�DQG�HLJKW�\HDUV�ROG�XQGHU�

JRLQJ�05,�VWXGLHV�XQGHU�JHQHUDO�DQDHVWKHVLD�

IURP� 0DUFK� ����� WR� 1RYHPEHU� ����� ZHUH�

LQFOXGHG� LQ� WKH� VWXG\�� $OO� SDHGLDWULF� SDWLHQWV�

ZLWK�EDVHOLQH�WHPSHUDWXUH�DERYH����&�RU�EH�

ORZ� ���&� DQG� $6$� �� DQG� ZLWK� $6$� JUDGH�

DERYH� �� ZHUH� H[FOXGHG�� &RQVHQW� ZDV� WDNHQ�

IURP�WKH�SDWLHQW¶V�SDUHQWV�IRU�WKH�05,�VFDQ�DV�

SDUW�RI�WKHLU�FOLQLFDO�PDQDJHPHQW�GHFLVLRQ� 

  

'HPRJUDSKLF�GDWD� VXFK�DV�DJH�� JHQ�

GHU� DQG� ZHLJKW� ZHUH� FROOHFWHG� IURP� WKH� SD�

WLHQWV¶�HOHFWURQLF� UHFRUGV�NHSW� LQ�RXU�KRVSLWDO�

%UX-+,0V�V\VWHP��$OO�SDWLHQWV�UHFHLYHG�VWDQG�

DUG�DQDHVWKHVLD�FDUH�ZKLFK�LQFOXGHG�WKH�SUHV�

HQFH� RI� DW� OHDVW� RQH� DQDHVWKHWLVW� RQ� VLWH��

VWDQGDUG�PRQLWRULQJ�VXFK�DV�VDWXUDWLRQ��HOHF�

WURFDUGLRJUDSK\�� EORRG� SUHVVXUH�� SXOVH� UDWH��

UHVSLUDWRU\� UDWH� DQG� HQG-WLGDO� FDUERQ� GLR[LGH�

�(7&2���PRQLWRULQJ��$V�D�VWDQGDUG�SUDFWLFH�WR�

FRQVHUYH� KHDW�� FLUFOH� DEVRUEHU�ZDV� XVHG� DQG�

DOO� SDWLHQWV� ZHUH� DGHTXDWHO\� FRYHUHG� ZLWK�

EODQNHWV� DV� PXFK� DV� SRVVLEOH� GXULQJ� 05,�

VWXGLHV�� $[LOODU\� WHPSHUDWXUH� UHDGLQJV�PHDV�

XUHG�XVLQJ�HOHFWURQLF�WKHUPRPHWHU�DW�WKH�WLPH�

RI�LQGXFWLRQ�RI�JHQHUDO�DQDHVWKHVLD�DQG�DW�WKH�

HQG�RI�WKH�05,�VWXG\�ZHUH�DOVR�FROOHFWHG� 

 

7KH� 05,� VFDQQHU� XVHG� ZDV� WKH� 6LH�

PHQV�9HULR���7HVOD�05,�V\VWHP�ORFDWHG�DW�WKH�

05,�VXLWH�DW�WKH�EDVHPHQW�RI�WKH�'HSDUWPHQW�

RI� 5DGLRORJ\�� 7KH� WLPH� RI� VWDUW� RI� 05,� VWXG\�

DQG� WKH� WLPH� RI� FRPSOHWLRQ� IRU� HDFK� SDWLHQW�

ZHUH�FROOHFWHG�DQG�XVHG�WR�FDOFXODWH�WKH�GXUD�

WLRQ� RI� WKH� 05,� VWXG\�� $QDHVWKHWLF� DJHQWV�

XVHG�IRU�LQGXFWLRQ�DQG�PDLQWHQDQFH�RI�DQDHV�

WKHVLD� DV� ZHOO� DV� DLUZD\� PDQDJHPHQW� ZDV�

FDUULHG�RXW� DW� WKH�GLVFUHWLRQ�RI� WKH�DWWHQGLQJ�

DQDHVWKHWLVWV� 

 

6WDWLVWLFDO� $QDO\VLV�� 7KH� GDWD� ZHUH� HQ�

WHUHG�LQ�0LFURVRIW�([FHO�VSUHDGVKHHW��'HVFULS�

WLYH�VWDWLVWLFDO�DQDO\VLV�ZHUH�FDUULHG�RXW�RQ�WKH�

GDWD�XVLQJ�0LFURVRIW�([FHO�6WDWLVWLFDO�IXQFWLRQV�

DQG� UHVXOWV� ZHUH� SUHVHQWHG� DV� PHDQ� �6'���

&KLOGUHQ�ZLWK�D[LOODU\�WHPSHUDWXUH�EHORZ����&�

PHDVXUHG�DW�WKH�HQG�RI�WKH�05,�VWXG\� LQ�WKH�

UHFRYHU\� URRP�ZHUH� FRQVLGHUHG� DV� K\SRWKHU�

PLF� DQG� FOLQLFDOO\� PDQDJHPHQW� DV� DSSURSUL�

DWHO\��7HPSHUDWXUH�FKDQJHV�GXULQJ�WKH�SURFH�

GXUH�ZHUH�DQDO\VHG� IRU�VWDWLVWLFDO�VLJQLILFDQFH�

XVLQJ� SDLUHG� VWXGHQW� W-WHVW� DQG� D� S� YDOXH� RI�

OHVV� WKDQ� ����� ZHUH� DFFHSWHG� DV� VWDWLVWLFDO�

VLJQLILFDQW� FKDQJH�� 5HJUHVVLRQ� DQDO\VLV� ZDV�

FDUULHG�RXW�WR�DVVHVV�WKH�HIIHFW�RI�DJH��ZHLJKW�

DQG�GXUDWLRQ�RI�05,�RQ�WHPSHUDWXUH�FKDQJHV� 

5(68/76 
7KHUH� ZDV� D� WRWDO� RI� ��� FKLOGUHQ� XQGHUJRLQJ�

05,�VFDQQLQJ�XQGHU�JHQHUDO�DQDHVWKHVLD� VDW�

LVILHG�RXU�VWXG\� LQFOXVLRQ�DQG�H[FOXVLRQ�FULWH�

$,7+$/�HW�DO��%UXQHL�,QW�0HG�-������������������� 



7HPSHUDWXUH�EHIRUH�05, 

7HPSHUDWXUH�DIWHU�05, 

ULD�DQG�ZHUH�LQFOXGHG�LQ�RXU�VWXG\��7KH�PHDQ�

DJH� RI� WKH� JURXS� ZDV� ������ PRQWKV� �6'�

������� UDQJH� ��-��� PRQWKV��� 7ZHQW\-ILYH�

������ZHUH�PDOH�DQG����������ZHUH�IHPDOH��

0HDQ� ERG\�ZHLJKW�ZDV� ������ NJV� �6'�������

UDQJH�����-�����NJ�� 

 

,QWUDYHQRXV� LQGXFWLRQ� ZLWK� 3URSRIRO�

ZDV� XVHG� LQ� ��� ������ SDWLHQWV� IROORZHG� E\�

,QKDODWLRQ� LQGXFWLRQ� ZLWK� 6HYRIOXUDQH� LQ� ���

������ SDWLHQWV�� 6HYRIOXUDQH� ZDV� WKH� VROH�

PDLQWHQDQFH� DJHQW� IRU� DOO� SDWLHQWV�� $LUZD\�

ZDV� PDLQWDLQHG� ZLWK� ODU\QJHDO� PDVN� DLUZD\�

�/0$�� LQ� ��� �������� DQG� HQGRWUDFKHDO� WXEH�

�(77��LQ�IRXU��������SDWLHQWV� 

 

7RWDO� GXUDWLRQ� RI� 05,� VFDQ� ZDV� UHF�

RUGHG�LQ�RQO\����RXW�RI����SDWLHQWV��0HDQ�GX�

UDWLRQ�RI�SURFHGXUH�ZDV����PLQXWHV��UDQJH���

-���PLQXWHV��� 

 

*HQHUDOO\��PRVW� SDWLHQWV� H[SHULHQFHG�

WHPSHUDWXUH�ORVV�GXULQJ�WKH�LPDJLQJ��)LJXUH���

UHSUHVHQW�WKH�ERG\�WHPSHUDWXUH�RI�DOO�WKH�SD�

WLHQWV�EHIRUH�DQG�DIWHU�05,��,QLWLDO�ERG\�WHP�

SHUDWXUH� DW� LQGXFWLRQ� LQ� ��� ������ SDWLHQWV�

ZDV� EHORZ� ���&�� $W� WKH� HQG� RI� WKH� VFDQ� ���

�������� SDWLHQWV� KDG� WHPSHUDWXUH� EHORZ�

���&� LQ� WKH� UHFRYHU\� URRP�� 7KLUWHHQ� ������

SDWLHQWV�ZHUH�FOLQLFDOO\�K\SRWKHUPLF�ZLWK�D[LO�

ODU\� WHPSHUDWXUH� EHORZ� ���&� LQ� WKH� UHFRYHU\�

URRP�� 1R� SDWLHQW� GHYHORSHG� K\SHUWKHUPLD�

�D[LOODU\� WHPSHUDWXUH� !���&�� DW� WKH� HQG� RI�

WKH� VWXG\�� 7KH� PHDQ� WHPSHUDWXUH� FKDQJHV�

ZHUH�-�����&��6'������ZLWK�KLJKHVW�WHPSHUD�

WXUH� ORVV� RI� ����&� DQG� KLJKHVW� WHPSHUDWXUH�

JDLQ� RI� ����&� �3DLUHG� 6WXGHQW� W-WHVW��

S��������� 

 

2XW�RI����FKLOGUHQ�����������VXIIHUHG�

VLJQLILFDQW� ERG\� WHPSHUDWXUH� ORVV� GXULQJ�05,�

VWXG\� ZLWK�PHDQ� ORVV� RI� -����� �&� �6'� ������

UDQJH� -����&� WR� -����&��� 6HYHQ� ������ FKLO�

GUHQ� JDLQHG� ERG\� WHPSHUDWXUH� ZLWK� PHDQ�

JDLQ� RI� ����� �&� �6'� ������ DQG� WZR� �����

PDLQWDLQHG� WKHLU� ERG\� WHPSHUDWXUH� WKURXJK�

RXW� WKH� GXUDWLRQ� RI� WKH� 05,� VWXG\�� 2XW� RI�

WKRVH�ZKR�KDG�JDLQHG�ERG\�WHPSHUDWXUH��WZR�

�����KDG�ERG\�WHPSHUDWXUH�ULVH�E\�!��&�� 

 

5HJUHVVLRQ�DQDO\VLV�GLG�QRW�VKRZ�DQ\�

FRUUHODWLRQ� EHWZHHQ� WHPSHUDWXUH� YDULDWLRQ�

DQG�DJH��ZHLJKW�RU�GXUDWLRQ�RI�05,� 

 

7KHUH�ZHUH�QR�FRPSOLFDWLRQV�UHFRUGHG�

LQ�DQ\�RI�WKH�FKLOGUHQ�VWXGLHG�GXULQJ�WKH�05,�

VFDQQLQJ�DQG�LQ�WKH�LPPHGLDWH�UHFRYHU\�SHUL�

RG� 

$,7+$/�HW�DO��%UXQHL�,QW�0HG�-������������������� 

)LJ�����7HPSHUDWXUH�
FKDQJHV�LQ�FDVHV�VWXGLHG 

&DVHV 

� � �� �� �� �� �� �� 

�� 

�� 

�� 

�� 

�� 

�� 

�� 



',6&866,216 
,Q� WKLV� VWXG\� ���� RI� FKLOGUHQ� H[SHULHQFHG�

VLJQLILFDQW�ERG\�WHPSHUDWXUH� ORVV�GXULQJ�05,�

VFDQQLQJ�ZLWK�PHDQ�ORVV�RI�XS�WR�������&��6'�

������� UDQJLQJ� IURP� -����&� WR� -����&�� � $S�

SUR[LPDWHO\�RQH-WKLUG�RI� WKHVH�FKLOGUHQ�DFWX�

DOO\� ORVW� VR� PXFK� ERG\� WHPSHUDWXUH� GXULQJ�

WKH�SURFHGXUH�DV�WR�GHYHORS�FOLQLFDO�K\SRWKHU�

PLD� DW� WKH� HQG� RI� WKH� VWXG\� UHTXLULQJ� DGGL�

WLRQDO� FOLQLFDO� PDQDJHPHQW�� 2QO\� ���� SD�

WLHQWV�DFWXDOO\�JDLQHG�ERG\�WHPSHUDWXUH�GXU�

LQJ�WKH�SURFHGXUH�ZLWK�PHDQ�JDLQ�RI�������&�

�6'�������UDQJH�����&�WR�����&���2QO\�D�VPDOO�

SURSRUWLRQ� ����� XQGHUJRLQJ� 05,� VFDQQLQJ�

XQGHU� JHQHUDO� DQDHVWKHVLD� PDLQWDLQHG� WKHLU�

LQLWLDO�ERG\�WHPSHUDWXUH�� 

 

$FFRUGLQJ� WR� WKLV� VWXG\�� PDLQWDLQLQJ�

ERG\�WHPSHUDWXUH�EDODQFH�LV�YHU\�XQSUHGLFWD�

EOH� ZLWK� PDMRULW\� RI� LQ� FKLOGUHQ� GXULQJ� 05,�

VFDQ� XQGHU� JHQHUDO� DQDHVWKHVLD� ORVLQJ� ERG\�

WHPSHUDWXUH� 

� 

$QDHVWKHWLVHG� FKLOGUHQ� KDYH� WKH� WHQ�

GHQF\� WR� GHYHORS� K\SRWKHUPLD� GXH� WR� WKHU�

PRUHJXODWRU\� LPSDLUPHQW� DQG� ODUJH� VXUIDFH�

DUHD�WR�ERG\�ZHLJKW�UDWLR�������$OVR��05,�VXLWH�

UHTXLUHV� DQ� HQYLURQPHQW�ZLWK� D� ORZ� DPELHQW�

WHPSHUDWXUH� IRU� SURSHU� IXQFWLRQLQJ� RI� PDJ�

QHWLF�FRLO�DQG�RWKHU�WKH�HOHFWURQLF�HTXLSPHQW��

7KLV� ORZ� DPELHQW� WHPSHUDWXUH� RI� WKH� 05,�

VXLWH�ZLOO�IXUWKHU�H[DFHUEDWH�WHPSHUDWXUH�ORVW�

HVSHFLDOO\� LQ� FKLOGUHQ� ZLWK� ORZ� EDVHOLQH� D[LO�

ODU\�WHPSHUDWXUH��ZKLFK�LQ�WKLV�VWXG\�FRQVLVW�

HG�RI�PRUH�WKDQ�KDOI�WKH�VWXG\�SRSXODWLRQ��,W�

LV�NQRZQ�WKDW�05,�VFDQQHU�XVHV�UDGLRIUHTXHQ�

F\� ZDYHV� WR� JHQHUDWH� LPDJH� ZKLFK� LV� DE�

VRUEHG�E\�WKH�SDWLHQW�UHVXOWLQJ�LQ�KHDW�JHQHU�

DWLRQ����7KH�TXDQWLW\�RI�UDGLRIUHTXHQF\�UDGLD�

WLRQ�DEVRUEHG�GXULQJ�05,�H[DPLQDWLRQ� LV�GH�

VFULEHG� DV� 6$5� �6SHFLILF� $EVRUSWLRQ� 5DWH��

:DWWV�.J�� DQG� LQWHUQDWLRQDO� JXLGHOLQHV� OLPLW�

6$5� WR� �:�NJ� RYHU� ���PLQ�� �� +RZHYHU�� WKH�

DPRXQW�RI�KHDW�JHQHUDWHG�WKLV�ZD\�LV�LQVLJQLI�

LFDQW�DV�HYLGHQW�E\�WKH�SURSRUWLRQ�RI�FKLOGUHQ�

ZKR� DFWXDOO\� JDLQHG� ERG\� WHPSHUDWXUH� ULVH�

',6&866,216 
ULVH�GXULQJ�05,�VFDQQLQJ��ZKLFK� LV�RQO\�����

RI�WKH�FKLOGUHQ�LQ�WKLV�VWXG\��7KH�JHQHUDO�UHF�

RPPHQGDWLRQ� LV� WR� PDLQWDLQ� WKH� FRUH� ERG\�

WHPSHUDWXUH�DV�QRUPDO�DV�SRVVLEOH�WR�SUHYHQW�

FRPSOLFDWLRQV� UHODWHG� WR� K\SR� RU� K\SHUWKHU�

PLD�GXULQJ�DQDHVWKHVLD�DQG�UHFRYHU\�SHULRG� 

 

7KH� LGHDO� WHFKQLTXH� IRU� PHDVXULQJ�

WHPSHUDWXUH� VKRXOG� EH� UDSLG�� SDLQOHVV�� DQG�

UHSURGXFLEOH� DQG� DFFXUDWHO\� UHIOHFW� WKH� FRUH�

WHPSHUDWXUH��+DUG�ZLUH�WKHUPLVWRU�RU�WKHUPR�

FRXSOH� EDVHG� VHQVRUV� GXULQJ� 05,� VFDQQLQJ�

DUH�SURQH�WR�HUURU�GXH�WR�WKH�HOHFWURPDJQHWLF�

LQWHUIHUHQFH�� WKH\� LQWHUIHUH� LQ� LPDJH� TXDOLW\�

DQG�DOVR�JHWV�KHDWHG�XS�GXH�WR�5)5�� ���$[LO�

ODU\� WHPSHUDWXUH� PHDVXUHPHQW� XVLQJ� HOHF�

WURQLF� WKHUPRPHWHU� LV� VDIH�� UDSLG� DQG� SDLQ�

OHVV��%RWK�WKH�D[LOOD�DQG�UHFWXP�LV�KLJKO\�DF�

FXUDWH� VLWH� IRU� WKH� H[DPLQDWLRQ� RI� FRUH� ERG\�

WHPSHUDWXUH�DQG�GRHV�QRW�YDU\�XQGHU�YDULHW\�

RI� FRQGLWLRQV�� ���2WKHU� VWXGLHV�DOVR�DSSURYHG�

D[LOODU\� WHPSHUDWXUH�PHDVXUHPHQW� DV� DQ� DO�

WHUQDWLYH�WR�FRUH�ERG\�WHPSHUDWXUH�PHDVXUH�

PHQW�������� 

 

7KHUH�DUH�VHYHUDO�VWXGLHV�RQ�WHPSHUD�

WXUH�FKDQJHV�GXULQJ�05,�VFDQQLQJ�LQ�FKLOGUHQ�

XQGHU�VHGDWLRQ�RU�JHQHUDO�DQDHVWKHVLD��+RZ�

HYHU� WKH� UHVXOWV� KDYH� EHHQ� FRQIOLFWLQJ� ZLWK�

VRPH� VKRZLQJ� QR� FKDQJH�� WHPSHUDWXUH� ORVV�

DQG� HYHQ� WHPSHUDWXUH� JDLQ�� %U\DQ� HW� DO�� ��

VKRZHG�WKDW�FKLOGUHQ�VHGDWHG�ZLWK�FKORUDO�K\�

GUDWH�IRU�EUDLQ�05,�GLG�QRW�EHFRPH�K\SRWKHU�

PLF�EXW� UDWKHU�KDG� LQFUHDVHG�ERG\� WHPSHUD�

WXUH�GHVSLWH�PLQLPDO�EDUULHUV�WR�KHDW�ORVV�DQG�

QR�DFWLYH�ZDUPLQJ��$�VWXG\�E\�0DFKDWD�HW�DO��
�� RQ� LQIDQWV� DQG� FKLOGUHQ� VKRZHG� VLJQLILFDQW�

LQFUHDVH� LQ�ERG\�WHPSHUDWXUH�GXULQJ�����DQG�

�7�05,�H[DPLQDWLRQV��7KLV�LQFUHDVH�ZDV�PRUH�

SURIRXQG� GXULQJ� �7�05,� DQG� SDWLHQW� KHDWLQJ�

RFFXUUHG� GHVSLWH� PLQLPDO� HIIRUWV� WR� UHGXFH�

SDVVLYH�KHDW�ORVV�XQGHU�VHGDWLRQ�DQG�ZLWKRXW�

WKH� XVH� RI� ZDUPLQJ� GHYLFHV�� 2Q� WKH� RWKHU�

KDQG��,VDDFVRQ�HW�DO����FRQFOXGHG�WKDW�FOLQLFDO�

O\� VLJQLILFDQW� FRUH� ERG\� WHPSHUDWXUH� FKDQJH�

$,7+$/�HW�DO��%UXQHL�,QW�0HG�-������������������� 



LV�XQFRPPRQ�LQ�FKLOGUHQ�XQGHUJRLQJ�05,�ZLWK�

GLIIHUHQW� PDJQHWLF� ILHOG� VWUHQJWKV�� DQG� ZLWK�

DQG�ZLWKRXW�3URSRIRO�VHGDWLRQ��2Q�WKH�FRQWUD�

U\��VWXGLHV�RQ�LQIDQWV�DQG�FKLOGUHQ�GXULQJ�05,�

VFDQ� XQGHU� JHQHUDO� DQDHVWKHVLD� VKRZ� GH�

FUHDVH�LQ�ERG\�WHPSHUDWXUH��$Q�DXGLW�E\�0LO�

OHU�HW�DO����UHYHDOHG�WKDW�WKHUH�ZDV�D�VWDWLVWL�

FDOO\�VLJQLILFDQW�GHFUHDVH�LQ�WKH�ERG\�WHPSHU�

DWXUH� IROORZLQJ�05,� VFDQV�XQGHU�JHQHUDO� DQ�

DHVWKHVLD�LQ�WKH�LQIDQW�DJH�JURXS��$�VWXG\�RQ�

FKLOGUHQ� XQGHUJRLQJ�05,� VFDQ� XQGHU� JHQHUDO�

DQDHVWKHVLD�E\�$FDU�HW�DO�����DOVR�VKRZHG�WKDW�

ERG\�WHPSHUDWXUH�ZDV�GHFUHDVHG�LQ�����SD�

WLHQWV��ZKLFK�LV�UHIOHFWLYH�RI�RXU�RZQ�ILQGLQJV��

+H� UHSRUWHG� ERG\� WHPSHUDWXUH� LQFUHDVHG� LQ�

������� DQG� VKRZHG� QR� FKDQJH� LQ� ����� SD�

WLHQW��ZKLFK�LV�D�ORW�KLJKHU�WKDQ�RXU�RZQ�ILQG�

LQJV��/R�HW�DO�����VXJJHVWV�WKDW�PRUH�IRFXV� LV�

QHHGHG� UHJDUGLQJ� WKH� FRROLQJ� HIIHFWV� RI� *$�

DJHQWV�GXULQJ�05,��DV�RSSRVHG�WR�WKH�KHDWLQJ�

HIIHFWV�RI�WKH�05,�VFDQQHU� 

 

2XU� VDPSOH� FRQWDLQHG� SDWLHQWV� ROGHU�

WKDQ�RQH�\HDU�ROG��KHQFH�FDQQRW�EH�FRPSDUHG�

ZLWK� 0LOOHU� HW� DO�� �� ,Q� WKH� SUHVHQW� VWXG\� �7�

GHYLFH�ZDV�XVHG�EXW�RXU� ILQGLQJV�DUH� LQ�FRQ�

WUDVW�ZLWK�WKRVH�RI�%U\DQ�HW�DO����DQG�0DFKDWD�

HW�DO����ZKR�IRXQG�LQFUHDVH�LQ�FRUH�ERG\�WHP�

SHUDWXUH��$OWKRXJK�ZH�GLG�VKRZ�ERG\�WHPSHU�

DWXUH�LQFUHDVHG�DIWHU�WKH�SURFHGXUH�EXW�WKLV�LV�

RQO\� D� VPDOO� SURSRUWLRQ�� LQ� NHHSLQJ�ZLWK� WKH�

ILQGLQJV�IURP�$FDU�HW�DO���ZKLFK�LV�MXVW�VOLJKWO\�

KLJKHU��7KH�GLIIHUHQFHV�PD\�EH�GXH�WR�GHYLF�

HV��DQDHVWKHWLF�DJHQWV�XVHG�DQG�FOLQLFDO�FRQ�

GLWLRQ�UHTXLULQJ�05,�VFDQ�� 

 

7KHUH� DUH� VHYHUDO� OLPLWDWLRQV� LQ� WKLV�

VWXG\�� )LUVW�� WKHUH�ZHUH�PLVVLQJ� GDWD� DQG� LQ�

WKLV� FDVH� RQO\� ���� RI� WKH� VWXG\� SRSXODWLRQ�

KDG�GXUDWLRQ�RI�05,�VWXG\�UHFRUGHG��$QRWKHU�

LV� WKH� VDPSOH� VL]H� ZKLFK� LV� VPDOO�� $OWKRXJK�

WKLV� VWXG\� KDV� VKRZQ� WKDW� WKHUH� LV� D� VLJQLIL�

FDQW� UHGXFWLRQ� LQ� ERG\� WHPSHUDWXUH� DW� WKH�

HQG�RI� WKH�05,�VWXG\� LQ�����RI� WKH�FKLOGUHQ�

XQGHUJRLQJ�05,�VFDQQLQJ�XQGHU�*$�DQG�����

GHYHORSHG�FOLQLFDO�K\SRWKHUPLD��WKHUH�ZHUH�QR�

FOLQLFDO� FRPSOLFDWLRQV� RFFXUULQJ� GXH� WR� WHP�

SHUDWXUH�ORVV� 

 

 ,Q�FRQFOXVLRQ��EDVHG�RQ�WKH�ILQGLQJV�RI�

WKLV� VWXG\� DQG� LQIRUPDWLRQ� IURP� OLWHUDWXUHV��

YDULDWLRQ� LQ� ERG\� WHPSHUDWXUH� LV� YHU\� XQSUH�

GLFWDEOH�GXULQJ�05,�VFDQ�LQ�SDHGLDWULF�SDWLHQWV�

XQGHU�JHQHUDO�DQDHVWKHVLD��,Q�PDMRULW\��WKHUH�

FDQ�EH�D�VLJQLILFDQW�UHGXFWLRQ�LQ�ERG\�WHPSHU�

DWXUH�DW�WKH�HQG�RI�WKH�SURFHGXUH�LQ�PDMRULW\�

RI�WKH�FKLOGUHQ�DQG�D�ULVH�LQ�ERG\�WHPSHUDWXUH�

LQ�WKH�PLQRULW\��7KHUHIRUH�DQDHVWKHWLVW�VKRXOG�

FRQVLGHU� PRQLWRULQJ� WHPSHUDWXUH� WKURXJKRXW�

WKH� VFDQ� GXUDWLRQ� LI� SRVVLEOH� DQG� WDNH� DOO�

PHDVXUHV�WR�DYRLG�VLJQLILFDQW�KHDW�ORVV�DQG�LQ�

WKRVH� ZLWK� VLJQLILFDQW� KHDW� ORVW�� VZLIW� FOLQLFDO�

PDQDJHPHQW�WR�UDLVH�WKH�ERG\�WHPSHUDWXUH�WR�

QRUPDO� EDVHOLQH� OHYHOV� ZLOO� DOOHYLDWH� DQ\� XQ�

QHFHVVDU\�FRPSOLFDWLRQV�IURP�RFFXUULQJ� 

$FNQRZOHGJHPHQWV�� 7KH� DXWKRUV� ZRXOG� OLNH� WR�
WKDQN� WKH�'HSDUWPHQW� RI� $QDHVWKHVLRORJ\� DQG�'H�
SDUWPHQW� RI� 5DGLRORJ\� SDUWLFXODUO\� WKH� 05,� 6WDII��
5,3$6� +RVSLWDO�� %UXQHL� 'DUXVVDODP� IRU� WKHLU� NLQG�
FRRSHUDWLRQ�IRU�WKH�VWXG\� 

5()(5(1&(6 

��� 'HZH\� 0�� 7DQLD� 6�� 'HZH\� &)�� &ODXVWURSKRELD�

GXULQJ�PDJQHWLF�UHVRQDQFH�LPDJLQJ��FRKRUW�VWXG\�LQ�

RYHU� ������� SDWLHQWV�� -� 0DJQ� 5HVRQ� ,PDJ� ������

�������-�� 

���$QWWRQHQ�+��3XKDNND�+��1LVNDQHQ�-��HW�DO��&XWD�

QHRXV�KHDW� ORVV� LQ�FKLOGUHQ�GXULQJ�DQDHVWKHVLD��%U��

-��$QDHVWK��������������-��� 

���%DMZD�6-6��6ZDWL��3HUL-RSHUDWLYH�+\SRWKHUPLD�LQ�

SHGLDWULF� SDWLHQWV�� GLDJQRVLV�� SUHYHQWLRQ� DQG�PDQ�

DJHPHQW��$QDHVWK�3DLQ�,QWHQVLYH�&DUH������������

-���� 

��� 6KHOORFN� )*�� 5DGLRIUHTXHQF\� HQHUJ\� LQGXFHG�

KHDWLQJ�GXULQJ�05,�SURFHGXUHV��D�UHYLHZ��-�0DJQHW�

5HVRQ�,PDJ������������-�� 

���%RWWRPOH\�3$��7XUQLQJ�8S�WKH�KHDW�RQ�05,��-�$P�

&ROO�5DGLRO�������������-��� 

���%U\DQ�<)��7HPSOHWRQ�7:��1LFN�7*��HW�DO��0DJQHW�

LF�UHVRQDQFH�LPDJLQJ�LQFUHDVHV�FRUH�ERG\�WHPSHUD�

WXUH� LQ� VHGDWHG� FKLOGUHQ�� $QHVWK� $QDOJ�� ������

��������-�� 

���0DFKDWD�$0��:LOOVFKNH�+��.DERQ�%��HW�DO��(IIHFW�

RI�EUDLQ�PDJQHWLF�UHVRQDQFH� LPDJLQJ�RQ�ERG\�FRUH�

WHPSHUDWXUH� LQ� VHGDWHG� LQIDQWV� DQG� FKLOGUHQ�� %U� -�

$QDHVWK���������������-�� 

���,VDDFVRQ�'/��<DQRVN\�'-��-RQHV�5$��HW�DO��(IIHFW�

$,7+$/�HW�DO��%UXQHL�,QW�0HG�-������������������� 



RI�05,� VWUHQJWK�DQG�SURSRIRO� VHGDWLRQ�RQ�SHGLDWULF�

FRUH� WHPSHUDWXUH� FKDQJH�� -� 0DJQ� 5HVRQ� ,PDJLQJ�

������������-�� 

���0LOOHU�6��3ULWL�'��*ORULD�2��HW�DO��&KDQJHV� LQ� WKH�

ERG\� WHPSHUDWXUH� IROORZLQJ� 05,� VFDQQLQJ� LQ� LQ�

IDQWV�� $� TXDOLW\� DVVXUDQFH� DXGLW�� $6$� $EVWUDFWV��

2FWREHU����������6DQ�'LHJR��&DOLIRUQLD�86$� 

����$FDU�+9��<DUNDQ�8+��(UX\DU�*��HW�DO��%RG\�WHP�

SHUDWXUH� GHFUHDVHV� LQ� SDHGLDWULF� SDWLHQWV� XQGHUJR�

LQJ�PDJQHWLF�UHVRQDQFH� LPDJLQJ�XQGHU�JHQHUDO�DQ�

DHVWKHVLD��(XURSHDQ�-�$QDHVWKHVLRO�������������� 

���� /R�&��2UPRQG�*��0F'RXJDOO�5��HW�DO��(IIHFW�RI�

PDJQHWLF�UHVRQDQFH�LPDJLQJ�RQ�FRUH�ERG\�WHPSHUD�

WXUH� LQ� DQDHVWKHWL]HG� FKLOGUHQ�� $QDHVWK� ,QWHQVLYH�

&DUH��������������-�� 

����)XOEURRN�3��&RUH�WHPSHUDWXUH�PHDVXUHPHQW��D�

FRPSDULVRQ�RI�UHFWDO��D[LOODU\�DQG�SXOPRQDU\�DUWHU\�

EORRG�WHPSHUDWXUH��,QWHQVLYH�&ULW�&DUH�1XUV��������

�����-��� 

����/RGKD�5��,V�D[LOODU\�WHPSHUDWXUH�DQ�DSSURSULDWH�

VXUURJDWH� IRU� FRUH� WHPSHUDWXUH"� ,QGLDQ� -� 3HGLDWU��

������������-��� 

����*LXIIUH�0��+HLGHQUHLFK�7��&DUQH\-*HUVWHQ�3��HW�

DO��7KH�UHODWLRQVKLS�EHWZHHQ�D[LOODU\�DQG�FRUH�ERG\�

WHPSHUDWXUH�0HDVXUHPHQWV���$SSO�1XUV�5HV��������

����-�� 

���� 9LNUDP� 7�� 6KHOORFN� )*�� 0RQLWRULQJ� ERG\� WHP�

SHUDWXUH� GXULQJ� 05,�� $YDLODEOH� IURP�

ZZZ�05,VDIHW\�FRP��DFFHVVHG�RQ������������� 
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