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2%-(&7,9(��7R�GHWHUPLQH�WKH�DFFXUDF\�RI�OLPLWHG�SURWRFRO�0DJQHWLF�UHVRQDQFH�LPDJLQJ�RI�OXPEDU�VSLQH�
LQ�GHWHUPLQDWLRQ�RI�OXPEDU�GLVF�KHUQLDWLRQ��QHUYH�URRW�FRPSUHVVLRQ�DQG�DQQXODU�WHDU�WDNLQJ�ILQGLQJV�RI�
URXWLQH�05,�DV�D�UHIHUHQFH�VWDQGDUG�� 
0(7+2'2/2*<�� $� GHVFULSWLYH� FURVV-VHFWLRQDO� VWXG\� ZDV� FRQGXFWHG� IURP� $XJXVW� ����� WR� )HEUXDU\�
����� DW� 'RZ� ,QVWLWXWH� RI� 5DGLRORJ\� �',5��� 'RZ� 8QLYHUVLW\� RI� +HDOWK� 6FLHQFHV� �'8+6��� $OO� SDWLHQWV� RI�
HLWKHU� JHQGHU� DJHG� ��� \HDUV� RU� PRUH� SUHVHQWLQJ� IRU� 05,� ZLWK� ORZ� EDFN� SDLQ� ZHUH� LQFOXGHG�� 5RXWLQH�
FRPSOHWH�SURWRFRO�LQFOXGHG�7�:�VSLQ�HFKR��6(��LPDJHV�RQ�WKH�VDJLWWDO�SODQH��IDW�VXSSUHVVLRQ�VHTXHQFH�
RQ�WKH�VDJLWWDO�SODQH�DQG�7�:�IDVW�VSLQ�HFKR��)6(��LPDJHV�RQ�WKH�VDJLWWDO�DQG�D[LDO�SODQHV��ZKLOH�OLPLWHG�
SURWRFRO� LQFOXGHG�7�:� IDVW� VSLQ� HFKR� LPDJHV�RQ� WKH� VDJLWWDO� DQG� D[LDO� SODQHV�� 6WDWLVWLFDO� DQDO\VLV� IRU�
VRFLDO�VFLHQFHV��6366�YHUVLRQ������,QF��86$�ZDV�XVHG�IRU�WKH�SXUSRVH�RI�VWDWLVWLFDO�DQDO\VLV� 
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DQG�$7�ZHUH�IRXQG�WR�EH������WDNLQJ�IXOO�SURWRFRO�IRU�GLVF�KHUQLDWLRQ��QHUYH�URRW�FRPSUHVVLRQ��DQG�$7�
DV�D�JROG�VWDQGDUG��$�VLJQLILFDQW�GLIIHUHQFH�RI�GLVF�KHUQLDWLRQ�ZDV�REVHUYHG�ZLWK�DJH��S-YDOXH�����������
JHQGHU��S-YDOXH����������15&��S-YDOXH�����������DQG�$7��S-YDOXH���������� 
&21&/86,21��/LPLWHG�SURWRFRO�05,�RI�OXPEDU�VSLQH�FDQ�OHDG�WR�D�GHILQLWH�GLDJQRVLV�RI�/'+��15&�DQG�
$7�ZLWKRXW�FDXVLQJ�DQ\�ORVV�RI�LQIRUPDWLRQ� 

.(<:25'6�� /RZ� EDFN� SDLQ�� GLDJQRVWLF� DFFXUDF\�� OLPLWHG� SURWRFRO� 05,�� GLVF� KHUQLDWLRQ�� QHUYH� URRW�
FRPSUHVVLRQ� 
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3DLQ� LQ� WKH� ORZHU� EDFN� ZLWK� RU� ZLWKRXW� VFLDWLFD� LV� D�
FRPPRQ� SUREOHP� LQ� WKH� ZRUOG� GXH� WR� GHJHQHUDWLYH�
GLVHDVH� RI� VSLQH�-��� 7KH� UHSRUWHG� IUHTXHQF\� UDQJHV�
IURP���-���SHUFHQW�-��DQG�LV�D�PDMRU�FDXVH�RI�GLVDELOLW\�
DQG� PRUELGLW\� LQ� SRSXODWLRQ�� 0LOG� GHJHQHUDWLYH�
FKDQJHV� DUH� QRUPDOO\� SUHVHQW� LQ� DQ� DJLQJ� VSLQH��
+RZHYHU�� WKH\� VKRXOG� EH� FRQVLGHUHG� SDWKRORJLFDO� LI�
WKH\� DUH� FDXVLQJ� FOLQLFDO� VLJQV� DQG� V\PSWRPV��
'HJHQHUDWLYH� GLVF� GLVHDVH� �'''�� RI� OXPEDU� VSLQH�
FRPPRQO\�RFFXUV�LQ�WKH�IRUP�RI�OXPEDU�GLVF�KHUQLDWLRQ�
�/'+��ZLWK�RU�ZLWKRXW�15&�RU�VSLQDO�FDQDO�VWHQRVLV��$�
VWXG\�IURP�RXU�SRSXODWLRQ�UHSRUWHG�WKDW�SUHYDOHQFH�RI�
GLVF� KHUQLDWLRQ� LV� ������ DV� D� FDXVH� RI� GLVF�
GHJHQHUDWLRQ���$QQXODU� WHDU� �$7���ZKLFK� LV�JDS� LQ� WKH�
ILEHUV� RI� DQQXOXV� ILEURVXV�� PD\� RFFXU� LQ� '''� RU� LQ�
VHWWLQJ�RI�DFXWH�WUDXPD� 
)RU� LQLWLDO� HYDOXDWLRQ� RI� OXPEDU� VSLQH�� ;-UD\� LV�
FRPPRQO\� SUHVFULEHG� WR� ORRN� IRU� DQ\� JURVV� ERQ\�
DEQRUPDOLW\�� +RZHYHU�� PRVW� RI� WKH� WLPHV� WKH�
DEQRUPDOLW\� LV� UHODWHG� WR� VRIW� WLVVXHV� VXFK� DV�
LQWHUYHUWHEUDO�GLVFV��OLJDPHQWV��VSLQDO�FRUG�DQG�H[LWLQJ�
QHUYH� URRWV�� 3ODLQ� ;-UD\� IDLOV� WR� GLDJQRVH� WKHVH�
DEQRUPDOLWLHV��:LWK�KLJK�VSDWLDO� UHVROXWLRQ�� LPDJLQJ� LQ�
PXOWLSOH�SODQHV�DQG�DFFXUDWH�GHWDLOV�05,�KDV�EHFRPH�

D� SUHIHUUHG� PRGDOLW\� IRU� LQLWLDO� LQYHVWLJDWLRQ� RI� ORZHU�
EDFNDFKH�� $� VWXG\� KDV� UHSRUWHG� GLDJQRVWLF� DFFXUDF\�
RI� IXOO-SURWRFRO� 05,� DV� VHQVLWLYLW\� ������� VSHFLILFLW\�
�������DQG�������LQ�GLDJQRVLV�RI�/'+��DQG�RI�������
DQG������UHVSHFWLYHO\�LQ�GLDJQRVLV�RI�15&�� 
7KHUH�DUH�FHUWDLQ�GUDZEDFNV�RI�IXOO�SURWRFRO�05,�VXFK�
DV� OLPLWHG� DYDLODELOLW\�� LQFUHDVHG� WLPH� WR� SUHIRUP� DQG�
KLJK� FRVW�� $Q� DOWHUQDWLYH� LQYHVWLJDWLRQ� WKDW� GHOLYHUV�
DFFHSWDEOH� UHVXOWV� E\� XWLOL]LQJ� OHVV� WLPH� DQG� FRVW� LV�
UHTXLUHG���/LPLWHG�05�OXPEDU�VSLQH�SURWRFRO�FDQ�DOVR�
EH� WHUPHG� DV� D� VFUHHQLQJ� VWXG\� DQG� XWLOL]HV� 7��
ZHLJKWHG� D[LDO� DQG� VDJLWWDO� VHTXHQFHV�� 7KH� OLPLWHG�
SURWRFRO� 05,� FDQ� EH� SHUIRUPHG� UDSLGO\� DQG� UHGXFHV�
WKH�VWXG\�FRVW�E\�DSSUR[LPDWHO\�PRUH�WKDQ��������7KH�
VHQVLWLYLW\� DQG� VSHFLILFLW\� RI� OLPLWHG� 05,� SURWRFRO� IRU�
/'+� LV� DSSUR[LPDWHO\� ������ DQG� ���� UHVSHFWLYHO\�
DQG� IRU� UDGLFXORSDWK\� LV� ������ DQG� �����
UHVSHFWLYHO\�� 
3DNLVWDQ� LV� D� GHYHORSLQJ� FRXQWU\� ZLWK� VLJQLILFDQW�
GLVHDVH� EXUGHQ� LQ� D� SRSXODWLRQ� ZKLFK� FDQ� QRW� DIIRUG�
TXDOLW\� FDUH�� ,Q� D� GHYHORSLQJ� FRXQWU\� OLNH� 3DNLVWDQ��
DFFXUDWH� LPDJLQJ� LV� UHTXLUHG� WR�SURYLGH�FRVW-HIIHFWLYH�
DQG� HYLGHQFH-EDVHG� WUHDWPHQW�� 7KHUH� DUH� YHU\� IHZ�
VWXGLHV� WR� WHVW� WKH� XVH� RI� D� VSHFLILF� OXPEDU� VSLQH�
WUHDWPHQW� LQ� WKH� GLDJQRVLV� RI� OXPEDU� GLVN�
GHJHQHUDWLRQ��7KHUHIRUH�� WKH�DLP�RI� WKH�FXUUHQW�VWXG\�
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ZDV�WR�GHWHUPLQH�WKH�DFFXUDF\�RI�OLPLWHG�SURWRFRO�05,�
RI�WKH�OXPEDU�VSLQH�LQ�GLDJQRVLV�RI�/'+��15&�DQG�$7�
WDNLQJ�ILQGLQJV�RI�URXWLQH�05,�DV�D�UHIHUHQFH�VWDQGDUG��
0RUHRYHU�� DQRWKHU� REMHFWLYH� ZDV� WR� GHWHUPLQH� WKH�
DVVRFLDWLRQ�RI�/'+�ZLWK�DJH��JHQGHU��15&�DQG�$7� 

0(7+2'2/2*< 

$�SURVSHFWLYH�VWXG\�RI�05,�VFDQV�ZDV�SHUIRUPHG�IURP�
$XJXVW������WLOO�)HEUXDU\�������%RWK�PDOH�DQG�IHPDOH�
SDWLHQWV�DJHG���-���\HDUV�RU�PRUH�SUHVHQWLQJ�IRU�05,�
ZLWK�ORZ�EDFN�SDLQ�IRU�GXUDWLRQ�RI�RQH�RU�PRUH�PRQWKV�
ZHUH� LQFOXGHG�� 3DWLHQWV� KDYLQJ� D� KLVWRU\� RI� VSLQDO�
VXUJHU\� RU� WKRVH� GLDJQRVHG� ZLWK� /'+�� 15&� DQG� $7�
DQG� SUHVHQWLQJ� IRU� IROORZ� XS� ZHUH� H[FOXGHG�� 7DNLQJ�
VHQVLWLYLW\� ������� VSHFLILFLW\� ����� SUHYDOHQFH� �������
FRQILGHQFH� LQWHUYDO� ���� DQG� DEVROXWH� SUHFLVLRQ� ����
WKH� VDPSOH� VL]H� FDPH� RXW� WR� EH� ���� EXW� D� ODUJHU�
VDPSOH�VL]H�RI�����ZDV�FROOHFWHG� 
/'+�RQ�05,�ZDV�FKDUDFWHUL]HG�E\�GLIIXVH�GLVN�EXOJH��
GLVF� SURWUXVLRQ�� RU� VHTXHVWUDWLRQ�� 7KH� GLIIXVH� GLVN�
EXOJH�ZDV�GHVFULEHG�DV�D�GLIIXVHO\�EXOJLQJ�GLVN�ZKLFK�
H[WHQGV�V\PPHWULFDOO\�EH\RQG�WKH�PDUJLQV�RI�DGMDFHQW�
YHUWHEUDO� ERGLHV� E\� PRUH� WKDQ� WZR� PP�� 'LVF�
SURWUXVLRQ�KDV�EHHQ�LGHQWLILHG�DV�DQ�DV\PPHWULF�IRFDO�
H[SDQVLRQ� RI� WKH� GLVF� WLVVXH� EH\RQG� WKH� YHUWHEUDO�
ERG\� PDUJLQ�� 'LVF� H[WUXVLRQ� ZDV� FKDUDFWHUL]HG� DV�
GLVUXSWLRQ� RI� WKH� DQQXOXV
� RXWHU� ILEHUV�� DQG� WKH�
DEQRUPDOLW\� RI� WKH� GLVF� ZDV� W\SLFDOO\� JUHDWHU� LQ� LWV�
DQWHURSRVWHULRU� GLPHQVLRQV� WKDQ� DW� LWV� EDVH��
6HTXHVWUDWLRQ� ZDV� GHVFULEHG� DV� DQ� H[WUXGHG� GLVN�
PDWHULDO�WKDW�ORVW�LWV�SDUHQW�GLVN�FRQQHFWLRQ� 
15&�RQ�05,�ZDV�FKDUDFWHUL]HG�DV� WKH�REOLWHUDWLRQ�RI�
WKH� HSLGXUDO� IDW� SODQH� E\� D� KHUQLDWHG� GLVN� LQ� WKH�
PHGLDO��ODWHUDO�RU�ERWK�DVSHFWV�RI�WKH�QHUYH�URRWV��DQ\�
FKDQJH� LQ� QHUYH� URRW� WKLFNQHVV� FRPSDUHG� WR� WKH�
RSSRVLWH� QHUYH� URRW�� RU� DQ\� GLVSODFHPHQW� RI� QHUYH�
URRW� 
$7�RQ�05,�ZDV�FODVVLILHG�RQ�7��ZHLJKWHG�LPDJHV�DV�D�
]RQH�RI�K\SHULQWHQVLW\�DQG�RQ�7��ZHLJKWHG�LPDJHV�DV�
D� UHJLRQ� RI� LVR-LQWHQVLW\� RU� K\SR-LQWHQVLW\�� ORFDWHG� LQ�
WKH�DQQXOXV� ILEURVXV�QRW�H[WHQGLQJ�XS� WR� WKH�QXFOHXV�
SXOSRVXV�� 
/XPERVDFUDO� VSLQH�05,� ZDV� FRQGXFWHG� ZLWK� D� ���-7�
VFDQQHU��*(�0HGLFDO�6\VWHPV��0LOZDXNHH��:,��86$���
7ZR� LPDJLQJ� VHWV� ZHUH� DFTXLUHG� IRU� HDFK� SDWLHQW��
5RXWLQH� FRPSOHWH� SURWRFRO� LQFOXGHG� 7�:� VSLQ� HFKR�
�6(�� LPDJHV� LQ� WKH� VDJLWWDO� SODQH�� IDW� VXSSUHVVLRQ�
VHTXHQFH� LQ� WKH� VDJLWWDO� SODQH� DQG� 7�:� VWURQJ� VSLQ�
HFKR� �)6(�� LPDJHV� LQ� WKH� VDJLWWDO� DQG� D[LDO� SODQHV�
ZKLOH� PLQLPDO� SURWRFRO� LQFOXGHG� 7�:� )6(� LQ� WKH�
VDJLWWDO� DQG� D[LDO� SODQHV�� %RWK� VWXGLHV� ZHUH�
LQWHUSUHWHG�E\�D�FRQVXOWDQW�UDGLRORJLVW�ZLWK�PRUH�WKDQ�
�� \HDUV¶� H[SHULHQFH� LQ� UHSRUWLQJ� 05,� VFDQV� RI�
OXPERVDFUDO�VSLQH�� 
6WDWLVWLFDO�DQDO\VLV� IRU�VRFLDO�VFLHQFHV� �6366�YHUVLRQ�
����� ,QF��86$�ZDV�XVHG� IRU� WKH�SXUSRVH�RI� VWDWLVWLFDO�

DQDO\VLV��7KH�DVVRFLDWLRQ�RI�GHSHQGHQW�YDULDEOH� �GLVF�
KHUQLDWLRQ�� ZLWK� LQGHSHQGHQW� YDULDEOHV� OLNH� DJH��
JHQGHU�� 15&�� DQG� $7�� 3-YDOXH� ������ ZDV� WDNHQ� DV�
VLJQLILFDQW�� 'LDJQRVWLF� DFFXUDF\� RI� PLQLPDO� OXPEDU�
VSLQH�05,� SURFHGXUH� LQ� WKH� GLDJQRVLV� RI� OXPEDU� GLVN�
KHUQLDWLRQ��QHUYH�URRW�FRPSUHVVLRQ��DQG�$7�ZDV�DOVR�
H[SORUHG� XVLQJ� URXWLQH� 05,� DV� D� VWDQGDUG� RI�
UHIHUHQFH�� 6HQVLWLYLW\�� VSHFLILFLW\�� QHJDWLYH� SUHGLFWHG�
YDOXH� �139��� SRVLWLYH� SUHGLFWHG� YDOXH� �339��� DQG�
RYHUDOO�GLDJQRVWLF�DFFXUDF\�ZDV�PHDVXUHG� 
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$�WRWDO�RI�����SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��7KH�
PHDQ�DJH�RI�WKH�SDWLHQWV�ZDV�������������\HDUV����-
��� \HDUV��� 0DMRULW\� �Q ����� ������� SDWLHQWV� ZHUH�
SUHVHQWHG�ZLWK�����\HDUV�RI�DJH�ZKHUHDV�������������
SDWLHQWV�ZHUH�SUHVHQWHG�ZLWK�!���\HDUV�RI�DJH��7KHUH�
ZHUH�������������PDOHV��������������IHPDOHV�� 
7KH� VHQVLWLYLW\� DQG� VSHFLILFLW\� RI� OLPLWHG� SURWRFRO� GLVF�
KHUQLDWLRQ�� OLPLWHG� SURWRFRO� 15&� DQG� OLPLWHG� SURWRFRO�
$7� ZDV� IRXQG� WR� EH� ����� WDNLQJ� IXOO� SURWRFRO� GLVF�
KHUQLDWLRQ�� IXOO� SURWRFRO� 15&� DQG� IXOO� SURWRFRO� $7�
UHVSHFWLYHO\� 
'LVF� KHUQLDWLRQ� ZDV� REVHUYHG� LQ� ���� ���������
SDWLHQWV�� +RZHYHU�� LQ� PRVW� RI� WKH� SDWLHQWV�� GLVF�
KHUQLDWLRQ�ZDV�REVHUYHG�DW�YDULRXV�OHYHOV��,Q�WRWDO�����
GLVF� KHUQLDWLRQV� ZDV� REVHUYHG�� RI� WKHVH�� GLVF� EXOJH�
ZDV� REVHUYHG� LQ� PDMRULW\� �Q ����� ������� RI� WKH�
SDWLHQWV� IROORZHG� E\� SURWUXVLRQ� �Q ����� ��������
H[WUXVLRQ� �Q ���� ������ ZKLOH� VHTXHVWUDWLRQ� ZDV�
REVHUYHG� LQ� RQO\� �� ������� SDWLHQWV�� /HYHO� RI� GLVF�
KHUQLDWLRQ� VKRZHG� WKDW� /��/�� OHYHO� ZDV� REVHUYHG� LQ�
PDMRULW\� �Q �������������� IROORZHG�E\�/��6�� �Q �����
��������� /��/�� �Q ���� �������� /��/�� �Q ���� ��������
ZKLOH�/��/��LQ�RQO\�����������SDWLHQWV� 
15&� RQ� OLPLWHG� DQG� IXOO� SURWRFRO� VKRZHG� WKDW� WKHUH�
ZHUH� ���� WUXH� SRVLWLYH� DQG� ���� WUXH� QHJDWLYH� FDVHV��
$PRQJ� WKHVH� ���� SRVLWLYH� FDVHV�� ELODWHUDO� VLWH� ZDV�
IRXQG� KLJKHU� �Q ����� �������� IROORZHG� E\� OHIW� VLGH�
����� ������� DQG� ULJKW� VLGH� �Q ���� �������� /HYHO� RI�
15&� VKRZHG� WKDW� /��6�� 15&� ZDV� IRXQG� KLJKHU�
�Q ������������� IROORZHG�E\�/��/���Q ��������������
/��/���Q ������������/��/���Q �����������ZKLOH�RQO\�
�� �������� SDWLHQWV� ZHUH� SUHVHQWHG� ZLWK� /��/�� QHUYH�
URRW�FRPSUHVVLRQ� 
$QQXDO� WHDU� RQ� OLPLWHG� DQG� IXOO� SURWRFRO� VKRZHG� WKDW�
WKHUH� ZHUH� ��� WUXH� SRVLWLYH� DQG� ����� WUXH� QHJDWLYH�
FDVHV�� /HYHO� RI� DQQXDO� WHDU� VKRZHG� WKDW� /��6�� OHYHO�
ZDV� IRXQG� KLJKHU� �Q ���� �������� IROORZHG� E\� /��/��
�Q ���� �������� ZKLOH� /��/�� ZHUH� SUHVHQWHG� LQ� ��
��������SDWLHQWV� 
$� VLJQLILFDQW� GLIIHUHQFH� RI� GLVF� KHUQLDWLRQ� ZDV�
REVHUYHG�ZLWK� DJH� �S-YDOXH���������� JHQGHU� �S-YDOXH�
�������� 15&� �S-YDOXH� ��������� DQG� DQQXDO� WHDU� 
�S-YDOXH�����������7DEOH�,�� 

/LPLWHG�05,�IRU�/XPEDU�'LVF�'HJHQHUDWLRQ� 

�� 
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)LJXUH�,��05,�VDJLWWDO�7��YLHZ�DQG�D[LDO�7���WDNHQ�DW�
/��/�� OHYHO�� GHPRQVWUDWHV� GLIIXVH� GLVF� EXOJH�
FDXVLQJ� WKHFDO� LQGHQGDWLRQ� DQG� PLOG� OHIW� VLGHG�
QHXUDO� IRUPDPLQD�QDUURZLQJ� UHVXOWLQJ� LQ�PLOG� OHIW�
VLGHG�QHUYH�URRW�FRPSUHVVLRQ�DW�WKLV�OHYHO 

',6&866,21 

:LWK� DQ� LQFUHDVH� LQ� OLIH� H[SHFWDQF\� DQG� LQFUHDVLQJ�
SRSXODWLRQ� DJH�� WKH� SUHYDOHQFH� RI� '''� DV� ZHOO� DV�
FOLQLFDO� GLVDELOLW\� UHODWHG� WR� GLVF� GHJHQHUDWLRQ� LV� DOVR�
RQ� WKH� ULVH�� /'+� LV� DQ� LPSRUWDQW� DVSHFW� RI� '''��
$GYHQW� RI� 05,� KDV� OHG� WR� D� FKDQJH� LQ� PDQDJHPHQW�
WUHQG�RI�'''��)ROORZLQJ�FOLQLFDO�H[DPLQDWLRQ��05,�PD\�

KHOS� LQ� GLDJQRVLV� RI� 15&� WKXV� PDNLQJ� LW� D� VXLWDEOH�
LQYHVWLJDWLRQ� LQ� SDWLHQW� XQGHU� FRQVLGHUDWLRQ� IRU�
VXUJHU\���� &XUUHQW� VWXG\� ZDV� DQ� DWWHPSW� WR� HYDOXDWH�
WKH� XVH� RI� D[LDO� DQG� VDJLWWDO� 7�� ZHLJKWHG� LPDJHV�
�7�:,�� DV� D� OLPLWHG� SURWRFRO� IRU� HYDOXDWLRQ� RI� /'+��
UDGLFXORSDWK\� DQG� $7� LQ� D� FRXQWU\� ZKHUH�PDMRULW\� RI�
WKH� SRSXODWLRQ� EHORQJV� WR� D� ORZHU� RU� PLGGOH� FODVV�
VRFLRHFRQRPLF� VWDWXV���� ,Q� HYDOXDWLQJ� WKH� VWDWHG�

5DEDLO�*XO�6KDLNK��0XQDZDU�+XVVDLQ��6RKDLO�$KPHG�.KDQ��$PMDG�6DWWDU 

�� 

7$%/(�,�� 
&203$5,621�2)�',6&�+(51,$7,21�:,7+�*(1(5$/�&+$5$&7(5,67,&6�2)�7+(�3$7,(176��Q ���� 
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$QQXDO�WHDU�      

<HV ��������� ����� ��������� ����� 
������� 

1R ���������� �������� ���������� ������� 

&KL-VTXDUH�WHVW�ZDV�DSSOLHG��S-YDOXH�������ZDV�WDNHQ�DV�VLJQLILFDQW 
A'LVF�KHUQLDWLRQ�ZDV�REVHUYHG�DW�YDULRXV�OHYHOV�LQ�VLQJOH�SDWLHQW�LQ�PDMRULW\�RI�WKH�FDVHV��+RZHYHU��WRWDO�QXPEHU�
RI�SDWLHQWV�ZLWK�GLVF�+HUQLDWLRQ�ZDV����� 

)LJXUH� ,,��05,�VDJLWWDO�7�:,�DQG�D[LDO�7�:,� �WDNHQ�
DW� WKH� OHYHO� RI� /��6���� 6DJLWWDO� 7�:,� VKRZV�
PXOWLOHYHO�GLVF�GHJHQHUDWLRQ�LQ�OXPEHU�VSLQH��PRUH�
PDUNHG� DW� /��/�� DQG� /��6�� GHPRQVWUDWHV� GLVF�
H[WUXVLRQ�ZLWK�LQIHULRU�PLJUDWLRQ 
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VHTXHQFHV�DV�OLPLWHG�SURWRFRO�LQ�FRPSDULVRQ�WR�URXWLQH�
05,�� ZH� IRXQG� WKDW� ILQGLQJV� ZHUH� LGHQWLILHG� ZLWKRXW�
DQ\�DSSUHFLDEOH�ORVV�RI�LQIRUPDWLRQ�� 
7KH� ILQGLQJV� RI� WKLV� VWXG\� UHSRUW� D� KLJK� DFFXUDF\� LQ�
GLDJQRVLV� RI� /'+�� ,Q� FRQWUDVW�� &KDZDOSDULW� HW� DO��
UHSRUWHG� D� ORZHU� DFFXUDF\� RI� OLPLWHG� SURWRFRO� LQ�
GLDJQRVLV�RI�/'+��$�SRWHQWLDO�UHDVRQ�IRU�WKLV�FRXOG�EH�
WKH�XVH�RI�RQO\�VDJLWWDO�7�:,�IRU�GLDJQRVLV��0RUHRYHU��
DQRWKHU� VWXG\� E\� 0XOODQ� &3� ������� DOVR� XWLOL]HG�
VDJLWWDO� 7�� IRU� D� OLPLWHG� SURWRFRO� DQG� VKRZHG� ORZHU�
VHQVLWLYLW\� LQ� GHWHFWLRQ� RI� WKHFDO� VDF� LQGHQWDWLRQ��
7KHFDO� VDF� LQGHQWDWLRQV� XVXDOO\� RFFXU� DV� D� UHVXOW� RI�
GLVF� KHUQLDWLRQ� DQG� XWLOL]DWLRQ� RI� VDJLWWDO� DQG� D[LDO�
7�:,� LPDJHV� DV� D� OLPLWHG� VFUHHQLQJ� SURWRFRO� FRXOG�
LPSURYH�GHWHFWLRQ�RI�/'+�UHVXOWLQJ�LQ�KLJKHU�DFFXUDF\� 
5HVXOWV�RI�RXU�VWXG\�VKRZHG�WKDW�XWLOL]DWLRQ�RI�VDJLWWDO�
DQG�D[LDO�7��DV�D�OLPLWHG�SURWRFRO�KDV�D�KLJK�DFFXUDF\�
LQ�GLDJQRVLV�RI�15&�ZKLFK�LV�FRPPRQO\�RFFXUUHG�DV�D�
UHVXOW�RI�/'+��3UHYLRXV�VWXGLHV�����VKRZ�WKDW�UHVXOWV�RI�
OLPLWHG�SURWRFRO�DUH� OHVV�VDWLVIDFWRU\� LQ�FRPSDULVRQ�WR�
RXU�UHVXOWV��8WLOL]DWLRQ�RI�RQO\�VDJLWWDO�7��LPDJHV�FRXOG�
DOVR� EH� D� SRWHQWLDO� IDFWRU� LQ� ORZ� VHQVLWLYLW\� DQG�
VSHFLILFLW\�LQ�GLDJQRVLV�RI�15&��$[LDO�7�:,��LQ�DGGLWLRQ�
WR�VDJLWWDO�7�:,��FDQ�SURYLGH�PRUH�XVHIXO� LQIRUPDWLRQ�
IRU�GHWHFWLRQ�RI�15&��5REHUWVRQ�HW�DO���DOVR�HYDOXDWHG�
15&�XWLOL]LQJ�VLPLODU�VHTXHQFHV�DV�XVHG� LQ�RXU�VWXG\�
KRZHYHU�WKHLU�UHVXOWV�ZHUH�DOVR�QRW�PXFK�VDWLVIDFWRU\��
7KLV� FDQ� EH� GXH� WR� WKH� IDFW� WKDW� LQ� WKH� VWXG\� E\�
5REHUWVRQ�HW� DO�� WKH� VFDQQLQJ� SURWRFRO� RI� OLPLWHG�DQG�
IXOO� SURWRFRO�ZHUH�GLIIHUHQW��7KH\�XWLOL]HG� VPDOO�PDWUL[�
VL]H�� WKLFNHU�VOLFHV�DQG�D�UHODWLYHO\�VKRUWHU�DFTXLVLWLRQ�
WLPH� WKDW� FRXOG� KDYH� UHVXOWHG� LQ� OHVV� DFFHSWDEOH�
UHVXOWV� GXH� WR� SRRU� VSDWLDO� UHVROXWLRQ� DQG� LPDJH�
TXDOLW\�� 7KHUH� ZDV� QR� FKDQJH� LQ� SDUDPHWHU� LQ� RXU�
OLPLWHG�DQG�URXWLQH�SURWRFRO�05,�WKHUHE\�OHDGLQJ�WR�QR�
FKDQJH�LQ�TXDOLW\�RI�LPDJH�RU�VSDWLDO�UHVROXWLRQ�� 
:H� REVHUYHG� D� KLJKHU� VHQVLWLYLW\� DQG� FRPSDUDEOH�
VSHFLILFLW\� RI� OLPLWHG� SURWRFRO� LQ� GLDJQRVLV� RI� $7� LQ�
FRPSDULVRQ� WR� WKRVH� UHSRUWHG� HDUOLHU� E\� 0XOODQ� &3�
������� DSSHDU� DV� D� ]RQH� RI� KLJK� VLJQDO� LQWHQVLW\� LQ�
DQQXOXV�ILEURVXV�RQ�IOXLG�VHQVLWLYH�VHTXHQFHV��7�:,���
,Q������� WKH� WHUP�³KLJK� LQWHQVLW\�]RQH´�ZDV�FRLQHG� WR�
GHVFULEH�D�7��K\SHULQWHQVH�DUHD� LQ�SRVWHULRU�DQQXOXV�
ILEURVXV���� 7KHVH� KDYH� EHHQ� GHVFULEHG� DV� 05,�
ELRPDUNHU�IRU�WKH�ORZ�EDFN�SDLQ��-����&RQFXUUHQW�XVH�RI�
D[LDO� DQG� VDJLWWDO� 7�:,� LQ� RXU� VWXG\� DV� RSSRVHG� WR�
VDJLWWDO�7�:,�XVHG�E\�0XOOHU�HW�DO�FRXOG�KDYH�OHG�WR�DQ�
LQFUHDVHG�VHQVLWLYLW\�LQ�$7�GHSLFWLRQ�� 
$JLQJ�DQG�GHJHQHUDWLRQ�DUH� LPSRUWDQW�FDXVHV�RI�GLVF�
KHUQLDWLRQ�� /'+� DQG� '''� DUH� XVXDOO\� GLDJQRVHG�
FRH[LVWHQWO\�� ,Q� WKH� FXUUHQW� VWXG\�� ZH� ZHUH� DEOH� WR�
VKRZ�WKDW�GLVF�KHUQLDWLRQ�KDV�D�VLJQLILFDQW�DVVRFLDWLRQ�
ZLWK� DJH�� '''� LV� WKH� FRQGLWLRQ� WKDW� PD\� EH� WKH�
HWLRORJ\� RI� XQGHUO\LQJ� /'+�� 7KH� UHVXOWV� RI� RXU� VWXG\�
DUH� FRPSDUDEOH� WR� WKRVH� UHSRUWHG� E\� 6LHPLRQRZ� .�
��������LQ�WKHLU�VWXG\�WKH\�GHVFULEHG�D�GLUHFW�UHODWLRQ�RI�
DJH� ZLWK� GLVF� GHJHQHUDWLRQ� DQG� D� JRRG� FRUUHODWLRQ�
EHWZHHQ�DJH�DQG�GLVF�GHJHQHUDWLRQ��0RUHRYHU�� LW�FDQ�

DOVR�EH�K\SRWKHVL]HG�WKDW�HQJDJLQJ� LQ�ODERULRXV�ZRUN�
DW�DQ�HDUO\�DJH�FDQ� OHDG�WR�GLVF�KHUQLDWLRQ�DQG�'''��
2XU�UHVXOWV�DOVR�UHSRUW�D�VLJQLILFDQW�DVVRFLDWLRQ�RI�GLVF�
KHUQLDWLRQ� ZLWK� JHQGHU�� EXW� WKHVH� ILQGLQJV� DUH� QRW�
FRPSDUDEOH� WR� WKRVH� UHSRUWHG� LQ� HDUOLHU���� ,W� FDQ� EH�
SRVWXODWHG�WKDW�HWKQLF�GLIIHUHQFHV�PD\�EH�UHVSRQVLEOH� 
$FFRUGLQJ�WR�D�VWXG\���SDWLHQWV�XQGHUJRLQJ�05,�ZLWK�D�
OLPLWHG�SURWRFRO�DUH�VDWLVILHG�PRUH�WKDQ�WKRVH�SDWLHQWV�
ZKR� KDYH� XQGHUJRQH� SODLQ� UDGLRJUDSK\�� 7KLV�
VDWLVIDFWLRQ� ZDV� UHODWHG� WR� D� UHGXFWLRQ� LQ� KRVSLWDO�
UHIHUUDOV�� UHGXFWLRQ� LQ� FRVW� VSHQW� RQ� DGGLWLRQDO� WHVWV�
DQG�D�EHWWHU�UHDVVXUDQFH�UHVXOWLQJ�LQ�DQ�LPSURYHG�OLIH�
TXDOLW\��$QRWKHU�SRWHQWLDO�DGYDQWDJH�FRXOG�EH�LQ�WHUPV�
RI� FODXVWURSKRELD� L�H�� FODXVWURSKRELF� SDWLHQWV� FDQ�
UDSLGO\�XQGHUJR�WKLV�05,�DQG�KDYH�D�SURSHU�HYDOXDWLRQ�
IRU�ORZHU�EDFN�V\PSWRPV� 
05,�SURWRFROV�WKDW�DUH�WLPH�HIILFLHQW�DQG�FRVW�HIIHFWLYH�
KDYH� D� JUHDW� SRWHQWLDO� LQ� PXVFXORVNHOHWDO� LPDJLQJ��
/LPLWHG� 05,� SURWRFROV� KDYH� EHHQ� H[SORUHG� LQ�
HYDOXDWLRQ� RI� GLIIHUHQW� PXVFXORVNHOHWDO� UHJLRQV� VXFK�
DV� KLSV������ DQG� FHUYLFDO� VSLQH��� DQG� KDYH� \LHOGHG�
DFFHSWDEOH� UHVXOWV�� ,Q� GHYHORSLQJ� FRXQWULHV� OLNH�
3DNLVWDQ��VXFK�SURWRFROV�FDQ�KHOS�LPSURYH�WKH�SDWLHQW�
FDUH�E\�OLPLWLQJ�WKH�FRVW� 
2XU� VWXG\� ZDV� QRW� ZLWKRXW� FHUWDLQ� OLPLWDWLRQV�� $Q�
LPSRUWDQW� OLPLWDWLRQ� LQ� RXU� VWXG\� ZDV� WKDW� ZH� XWLOL]HG�
URXWLQH� IXOO� SURWRFRO� 05,� OXPEDU� VSLQH� DV� VWDQGDUG�
UHIHUHQFH� DQG� GLG� QRW� KDYH� DQ\� VXUJLFDO� FRUUHODWLRQ��
$QRWKHU�SRWHQWLDO�OLPLWDWLRQ�ZDV�WKDW�05,�REVHUYDWLRQV�
ZHUH� PDGH� E\� D� VLQJOH� REVHUYHU� DQG� ZH� GLG� QRW�
HYDOXDWH� WKH� LQWHUREVHUYHU� UHOLDELOLW\� RI� WKH� OLPLWHG�
SURWRFRO�� 'LIIHUHQW� REVHUYHUV� KDYH� GLIIHUHQW� ZD\� WR�
LQWHUSUHW� OXPEDU� VSLQH� LPDJLQJ� ILQGLQJV�� 2EVHUYHU�
YDULDELOLW\�DQG�ZD\V�WR�PLQLPL]H�WKLV�YDULDELOLW\�FDQ�DLG�
LQ�LPSURYHPHQW�RI�GLDJQRVLV�DQG�SURYLGHV�DQ�HIIHFWLYH�
PHDVXUH� RI� FRPPXQLFDWLRQ� EHWZHHQ� UDGLRORJLVW� DQG�
FOLQLFLDQ� 
'HVSLWH� WKHVH� OLPLWDWLRQV�� ZH� EHOLHYH� WKDW� UHVXOWV� RI�
FXUUHQW� VWXG\� FDUU\� D� SRWHQWLDO� UROH� LQ� HYDOXDWLRQ� RI�
GLVF� KHUQLDWLRQ�� 15&� DQG� $7�� $GHTXDWH� GLDJQRVLV�
HDUO\� FDQ� VDYH� WKH� SDWLHQW� IURP� XQGHUJRLQJ� WLPH�
FRQVXPLQJ� H[SHQVLYH� LQYHVWLJDWLRQV�� &DUU\LQJ� DOPRVW�
QR�LRQL]LQJ�UDGLDWLRQ�DQG�VRIW�WLVVXH�UHVXOWV�EHWWHU�WKDQ�
SODLQ� UDGLRJUDSK\�� OLPLWHG� SURWRFRO� 05,� VKRXOG� EH�
FRQVLGHUHG� DV� DQ� LQLWLDO� LPDJLQJ� WHFKQLTXH� LQ�
V\PSWRPDWLF� SDWLHQWV�� +RZHYHU�� LW� LV� UHFRPPHQGHG�
WKDW� IXUWKHU�PXOWLFHQWULF� VWXGLHV� VKRXOG�EH� FDUULHG�RXW�
WR� JHQHUDOL]H� WKH� UHVXOWV� RI� OLPLWHG� SURWRFRO� 05,��
0RUHRYHU��LW�LV�DOVR�UHFRPPHQGHG�WKDW�SDWLHQWV�KDYLQJ�
QRQ-FRQFOXVLYH�OLPLWHG�05,�VKRXOG�XQGHUJR�URXWLQH�IXOO�
05,�VWXG\�IRU�IXUWKHU�HYDOXDWLRQ��)XUWKHUPRUH��SDWLHQWV�
KDYLQJ�VXVSLFLRQ�RI�DQ\�LQIHFWLYH�RU�QHRSODVWLF�GLVHDVH�
SURFHVV�VKRXOG�XQGHUJR�HYDOXDWLRQ�ZLWK�IXOO�05,�VWXG\�
GLUHFWO\�� SUHIHUDEO\� ZLWK� FRQWUDVW�� WR� PDNH� DGHTXDWH�
GLDJQRVLV�SRVVLEOH� 

&21&/86,21 

8WLOL]DWLRQ�RI�D[LDO�DQG�VDJLWWDO�7��ZHLJKWHG�LPDJHV�DV�

/LPLWHG�05,�IRU�/XPEDU�'LVF�'HJHQHUDWLRQ 

�� 
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D� OLPLWHG� SURWRFRO� FDQ� OHDG� WR� D� GLDJQRVLV� RI� /'+��
15&�DQG�$7�ZLWK�KLJK�DFFXUDF\�ZLWKRXW�FDXVLQJ�DQ\�
ORVV� RI� LQIRUPDWLRQ�� +RZHYHU�� IRU� HYDOXDWLRQ� RI�
LQIHFWLRQV� RU� QHRSODVPV�� D� GLUHFW� HYDOXDWLRQ� ZLWK�
URXWLQH� IXOO� SURWRFRO� 05,� ZLWK� FRQWUDVW� VKRXOG� EH�
SHUIRUPHG� 

(WKLFDO� SHUPLVVLRQ�� &ROOHJH� RI� 3K\VLFLDQV� 	�
6XUJHRQV� 3DNLVWDQ� OHWWHU� 1R�� &363�5(8�5$'-����-
���-������GDWHG���-��-����� 
&RQIOLFW�RI� LQWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�
LQ�DXWKRUV� 
)XQGLQJ��7KHUH�ZDV�QR�IXQGLQJ�IURP�DQ\�DJHQF\� 

$87+25�&2175,%87,216 

6KDLNK�5*��'HVLJQLQJ�DQG�FRQFHSWLRQ�RI� VWXG\�� GDWD�
DFFXVDWLRQ��GUDIWLQJ�RI�PDQXVFULSW 
+XVVDLQ� 0�� 'HVLJQLQJ� DQG� FRQFHSWLRQ� RI� VWXG\�� ILQDO�
DSSURYDO�RI�PDQXVFULSW 
.KDQ� 6$�� 5HYLHZ� RI� WKH� PDQXVFULSW� IRU� LPSRUWDQW�
LQWHOOHFWXDO�FRQWHQW��ILQDO�DSSURYDO�RI�WKH�VWXG\ 
6DWWDU� $�� 5HYLHZ� RI� WKH� PDQXVFULSW� IRU� LPSRUWDQW�
LQWHOOHFWXDO�FRQWHQW��ILQDO�DSSURYDO�RI�WKH�VWXG\ 

5()(5(1&(6 

�� 'LPLWURXODV� 7�� /DPEH� 7�� 5DSKDHO� -+�� .LWDV� *'��
'XDUWH�59�� %LRORJLF�'UXJV� DV�$QDOJHVLFV� IRU� WKH�
0DQDJHPHQW�RI�/RZ�%DFN�3DLQ�DQG�6FLDWLFD��3DLQ�
0HGLFLQH�������������������-������ 

�� 3HQQLFRRNH�%��0RULJXFKL�<��+XVVDLQ�,��%RQVVDU�/��
+lUWO� 5�� %LRORJLFDO� WUHDWPHQW� DSSURDFKHV� IRU�
GHJHQHUDWLYH� GLVF� GLVHDVH�� D� UHYLHZ� RI� FOLQLFDO�
WULDOV� DQG� IXWXUH� GLUHFWLRQV�� &XUHXV�� ������ �������
H����� 

�� <DWHV� 0�� 2OLYHLUD� &%�� *DOORZD\� -%�� 0DKHU� &*��
'HILQLQJ�DQG�PHDVXULQJ� LPDJLQJ�DSSURSULDWHQHVV�
LQ� ORZ� EDFN� SDLQ� VWXGLHV�� D� VFRSLQJ� UHYLHZ�
>SXEOLVKHG� RQOLQH� DKHDG� RI� SULQW�� ����� -DQ�
��@� (XU� 6SLQH� -�� ������ ��������V�����-���-
�����-��� 

�� 0XUUD\� &-�� %DUEHU� 50�� )RUHPDQ� .-�� 2]JRUHQ�
$$�� $EG-$OODK� )�� $EHUD� 6)�� HW� DO�� *OREDO��
UHJLRQDO�� DQG� QDWLRQDO� GLVDELOLW\-DGMXVWHG� OLIH�
\HDUV��'$/<V��IRU�����GLVHDVHV�DQG�LQMXULHV�DQG�
KHDOWK\�OLIH�H[SHFWDQF\��+$/(��IRU�����FRXQWULHV��
����-������ TXDQWLI\LQJ� WKH� HSLGHPLRORJLFDO�
WUDQVLWLRQ��/DQFHW�����������������–����� 

�� (KUOLFK� *(�� /RZ� EDFN� SDLQ�� %XOO� :RUOG� +HDOWK�
2UJDQ������������������-���� 

�� (OGHUV�/$��%XUGRUI�$��3UHYDOHQFH�� LQFLGHQFH��DQG�
UHFXUUHQFH�RI�ORZ�EDFN�SDLQ�LQ�VFDIIROGHUV�GXULQJ�D�
�-\HDU� IROORZ-XS� VWXG\�� 6SLQH� �3KLOD� 3D� �������
������ ������� (���-(����� GRL�� �����������EUV��
�������������������� 

�� 6DOHHP� 6�� $VODP� +0�� 5HKPDQL� 0$�� 5DHHV� $��
$OYL� $$�� $VKUDI� -�� /XPEDU� GLVF� GHJHQHUDWLYH�
GLVHDVH�� GLVF� GHJHQHUDWLRQ� V\PSWRPV� DQG�
PDJQHWLF� UHVRQDQFH� LPDJH� ILQGLQJV��$VLDQ�6SLQH�
-�����������������-���� 

�� &KDZDOSDULW� 2�� &KXURMDQD� $�� &KLHZYLW� 3��
7KDQDSLSDWVLU� 6�� 9DPYDQLM� 9�� &KDUQFKDRZDQLVK�
3��7KH�OLPLWHG�SURWRFRO�05,�LQ�GLDJQRVLV�RI�OXPEDU�
GLVF� KHUQLDWLRQ�� -� 0HG� $VVRF� 7KDL�� ������ �������
���-�� 

�� :DQJ�%��)LQWHOPDQQ�)-��.DPDWK�56��.DWWDSXUDP�
69�� 5RVHQWKDO� ',�� /LPLWHG� PDJQHWLF� UHVRQDQFH�
LPDJLQJ� RI� WKH� OXPEDU� VSLQH� KDV� KLJK� VHQVLWLYLW\�
IRU� GHWHFWLRQ� RI� DFXWH� IUDFWXUHV�� LQIHFWLRQ�� DQG�
PDOLJQDQF\�� 6NHOHWDO� UDGLRORJ\�� ������ ��������
����-������GRL����������V�����-���-����-�� 

��� &KDPEOHU� $):�� &DUU� $-�� $VSHFWV� RI� FXUUHQW�
PDQDJHPHQW�� -�%RQH� -RLQW�6XUJ�%U�� ������ ��-%��
���-��� 

��� %H\QRQ�5��(OZHQVSRHN�00��6KHSSDUG�$��+LJJLQV�
-1��.ROLDV�$*��/DLQJ�5-��:KLWLQJ�3��+ROOLQJZRUWK�
:�� 7KH� XWLOLW\� RI� GLDJQRVWLF� VHOHFWLYH� QHUYH� URRW�
EORFNV�LQ�WKH�PDQDJHPHQW�RI�SDWLHQWV�ZLWK�OXPEDU�
UDGLFXORSDWK\�� D� V\VWHPDWLF� UHYLHZ�� %0-� RSHQ��
������������H������� 

��� .LP�-+��YDQ�5LMQ�50��YDQ�7XOGHU�0:��.RHV�%:��
GH�%RHU�05��*LQDL�$=��HW�DO��'LDJQRVWLF�DFFXUDF\�
RI�GLDJQRVWLF�LPDJLQJ�IRU�OXPEDU�GLVF�KHUQLDWLRQ�LQ�
DGXOWV�ZLWK�ORZ�EDFN�SDLQ�RU�VFLDWLFD�LV�XQNQRZQ��D�
V\VWHPDWLF� UHYLHZ�� &KLURSUDFWLF� 	� PDQXDO�
WKHUDSLHV������������������ 

��� 0XOODQ� &3�� .HOO\� %(�� 0DJQHWLF� UHVRQDQFH� �05��
LPDJLQJ� RI� OXPEDU� VSLQH�� XVH� RI� D� VKRUWHQHG�
SURWRFRO� IRU� LQLWLDO� LQYHVWLJDWLRQ� RI� GHJHQHUDWLYH�
GLVHDVH��8OVWHU�0HG�-������������������ 

��� 5REHUWVRQ�:'�� -DUYLN� -*�� 7VXUXGD� -6�� .RHSVHOO�
7'�� 0DUDYLOOD� .5�� 7KH� FRPSDULVRQ� RI� D� UDSLG�
VFUHHQLQJ� 05� SURWRFRO� ZLWK� D� FRQYHQWLRQDO� 05�
SURWRFRO� IRU� OXPEDU� VSRQG\ORVLV�� $-5� $P� -�
5RHQWJHQRO���������������-��� 

��� $SULOO� &�� %RJGXN� 1�� +LJK-LQWHQVLW\� ]RQH�� $�
GLDJQRVWLF�VLJQ�RI�SDLQIXO�OXPEDU�GLVF�RQ�PDJQHWLF�
UHVRQDQFH� LPDJLQJ�� %U� -� 5DGLRO�� ������ ���������
���-�� 

��� 7HUDJXFKL� 0�� <LP� 5�� &KHXQJ� -3�� 6DPDUW]LV� '��
7KH� DVVRFLDWLRQ� RI� KLJK-LQWHQVLW\� ]RQHV� RQ� 05,�
DQG�ORZ�EDFN�SDLQ��D�V\VWHPDWLF�UHYLHZ��6FROLRVLV�
DQG�VSLQDO�GLVRUGHUV������������������� 

��� 3DQJ�+��%RZ�&��&KHXQJ�-3��=HKUD�8��%RUWKDNXU�
$��.DUSSLQHQ�-��HW�DO��7KH�87(�'LVF�6LJQ�RQ�05,��
D� QRYHO� LPDJLQJ� ELRPDUNHU� DVVRFLDWHG� ZLWK�
GHJHQHUDWLYH� VSLQH� FKDQJHV�� ORZ� EDFN� SDLQ� DQG�
GLVDELOLW\��6SLQH�������������������� 

��� .KDQ� $1�� -DFREVHQ� +(�� .KDQ� -�� )LOLSSL� &*��
/HYLQH� 0�� /HKPDQ� 5�� HW� DO�� ,QIODPPDWRU\�
ELRPDUNHUV� RI� ORZ� EDFN� SDLQ� DQG� GLVF�
GHJHQHUDWLRQ�� D� UHYLHZ�� $QQDOV� RI� WKH� 1HZ� <RUN�
$FDG�6FL�������������������� 

��� 6LHPLRQRZ�.��$Q�+��0DVXGD�.��$QGHUVVRQ�*��&V-
6]DER� *�� 7KH� HIIHFWV� RI� DJH�� JHQGHU�� HWKQLFLW\��
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