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LPSDLUPHQW��+,��DPRQJ�FDVHV�DQG�FRQWUROV� 
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'HSDUWPHQW� RI� (17�� /LDTXDW� 8QLYHUVLW\� RI� 0HGLFDO� DQG� +HDOWK� 6FLHQFHV� �/80+6�� -DPVKRUR� IURP�
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PLQLPXP� LQWHQVLW\� ZKLFK� ZDV� KHDUG� DQG� WKH� JUDSK� ZDV� SORWWHG� RQ� $XGLRJUDP�� +HDULQJ� WKUHVKROGV�
DPRQJ�VXEMHFWV�DQG�+,�ZHUH�LQYHVWLJDWHG� 
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REVHUYHG�LQ�ULJKW�HDU�DW�����������������������DQG������+]�IUHTXHQFLHV��S-YDOXH ���������������������������
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7KH�+HDULQJ�ORVV�GHILQHV�DV�PRUH�WKDQ����G%�KHDULQJ�
LPSDLUPHQW�DV�SXUH� WRQH� WKUHVKROGV� LQ� WKH�EHWWHU�HDU��
GXH�WR�ZKLFK�D�SHUVRQ�PD\�QRW�KHDU��SDUWV�RI�ZRUGV�RU�
DOO� RI�ZRUGV� LQ� JHQHUDO� FRPPXQLFDWLRQ���$FFRUGLQJ� WR�
:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2�������PLOOLRQ�SHRSOH�
RYHU� WKH� JOREH� KDYH� +,� UHSUHVHQWV� ��� RI� WKH�
SRSXODWLRQ�RI�DOO�FRQWLQHQWV�RYHU�WKH�HDUWK��WKLV�QXPEHU�
ZLOO� LQFUHDVH� WR� QHDUE\� ���� PLOOLRQ� LQ� WKH� QH[W� WKUHH�
GHFDGHV��� 
7KH�H[WHUQDO�HDU�FROOHFWV�VRXQG�HQHUJ\�DQG�PLGGOH�HDU�
PRGLILHV� LW� IRU� WUDQVPLVVLRQ� WR� WKH� FRFKOHD�� WKH�
LQWHUIHUHQFH�ZLWK�WKH�WUDQVPLVVLRQ�RI�WKH�VRXQG�VLJQDO�
DW�DQ\�SRLQW�EHWZHHQ�WKH�H[WHUQDO�HDU�DQG�WKH�DXGLWRU\�
FRPSOH[� FDQ� UHVXOW� LQ� +,��� +,� PD\� EH� FRQJHQLWDO� RU�
DFTXLUHG�� *HQHWLF� GLVRUGHUV�� FKURQLF� ORXG� QRLVH�
H[SRVXUH�� FKURQLF� (�1�7� LQIHFWLRQV�� WUDXPD� WR� KHDG��
FHUWDLQ�DQWLELRWLFV�DQG�F\WRWR[LF�PHGLFLQHV��DJLQJ��DQG�
FKURQLF�PHWDEROLF�GLVWXUEDQFH�OLNH�'0�PD\�FDXVH�+,���
+,� KDV� EHHQ� FDWHJRULVHG� DV� VOLJKW��PRGHUDWH�� VHYHUH�
DQG�SURIRXQG��'LVDEOLQJ�+,�LV�WR�EH�QDPHG�IURP�JUDGH�
��DQG�DERYH��'HDI�SHRSOH�KDYH�SURIRXQG�+,���*UDGHV�
RI� KHDULQJ� LPSDLUPHQW� LQ� 'HFLEHO� �G%�� DFFRUGLQJ� WR�
:+2�DUH�IROORZLQJ� 
� �12�/266���-��G%��������������������������������������������������������������� 
� �6/,*+7�RU�0,/'�/266����-��G%� 
� �02'(5$7(�/266����-��G%� 

� �6(9(5(�/266����-��G%� 
� �352)281'�/266����G%�DQG�DERYH� 
'LDEHWHV� PHOOLWXV� �'0�� LV� D� QRQ-FRPPXQLFDEOH�
GLVHDVH�FKDUDFWHUL]HG�E\�H[WUDFHOOXODU�K\SHUJO\FDHPLD�
DQG� LQWUDFHOOXODU�K\SRJO\FDHPLD�FDXVHG�E\�GHILFLHQF\�
RI� LQVXOLQ� VHFUHWLRQ�� UHVLVWDQFH� RI� LQVXOLQ� WR� ZRUN� RU�
ERWK����� 7KH� SUHYDOHQFH� RI� '0� LQ� 3DNLVWDQ� LV� �����
DQG�UDQNHG��WK�LQ�WKH�OLVW�RI�FRXQWULHV�ZKR�KDV�D�PDMRU�
RI�'0�DQG�ZRXOG�EH�H[SHFWHG�WR�WDNH��WK�SODFH�LQ�WKH�
FRXSOH� RI� GHFDGHV��� $FFRUGLQJ� WR� ,QWHUQDWLRQDO�
'LDEHWHV�)HGHUDWLRQ� �,')������������PLOOLRQ�FDVHV�RI�
'0�ZHUH� UHJLVWHUHG� DOO� DURXQG� WKH�ZRUOG�DQG� LQ� QH[W�
FRXSOH�RI�GHFDGHV�LW�ZLOO�ULVH�XS�WR�����PLOOLRQ�� 
7KH�QXPEHU�RI�FKDQJHV�WKDW�DUH�YDULHG�WLPH�WR�WLPH�LQ�
WKH� YDVFXODU� DQG� QHUYRXV� V\VWHP� FDQ� EH� OLQNHG� WR�
FKURQLF� FRPSOLFDWLRQV� RI� '0� DQG� FHOOV� OLNH� RUJDQ� RI�
FRUWL� RYHU� WLPH� E\� KLJK� EORRG� JOXFRVH� OHYHO� OHDGV� WR�
GHJHQHUDWLRQ� WKDW� LQDSSURSULDWHO\� SXW� LPSDFW� RQ� WKH�
TXDOLW\� RI� OLIH��7KH� UHODWLRQVKLS� EHWZHHQ� '0� DQG� +,�
ZDV�ILUVW�GHVFULEHG�LQ�D�FDVH�UHSRUWHG�E\�-25'$2�LQ�
������+,�LV�RQH�RI�WKH�NQRZQ�FRPSOLFDWLRQV�RI�'0�� 
5HFHQW� HSLGHPLRORJLFDO� VWXGLHV� KDYH� GHVFULEHG� DQ�
LQFUHDVHG� ULVN� IRU� +,� LQ� GLDEHWLFVDQG� LW� JHQHUDOO\�
WDUJHWV� KLJK� IUHTXHQF\� WRQHV��� 7KH� EXUGHQ� RI� '0� LV�
LQFUHDVLQJ� GD\� E\� GD\� DQG� GLIIHUHQW� V\VWHPV� RI� WKH�
ERG\� DUH� DIIHFWHG� GXH� WR� LW�� 7KH� \RXQJVWHUV� DUH�
H[WHQVLYHO\� GLDJQRVHG� GLDEHWLF� DV� WKH� SUHYDOHQFH� RI�
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'0� LV� LQFUHDVLQJ�� 7KLV� VWXG\� ZDV� GHVLJQHG� WR�
GHWHUPLQH�WKH�KHDULQJ� LPSDLUPHQW� LQ�UHODWLRQ�ZLWK�'0�
LQ�\RXQJ�DGXOWV�WR�SURGXFH�ORFDO�GDWD��WKH�RXWFRPHV�RI�
ZKLFK�ZRXOG�EH�DGGHG�WR�ORFDO�GDWD�EDVH�DQG�FRXOG�EH�
KHOSIXO� IRU� SXEOLF� DZDUHQHVV�� ,W� DOVR� SURYLGHG� WKH�
LQIRUPDWLRQ� WR� JHQHUDO� SUDFWLWLRQHU� IRU� HDUO\�
PDQDJHPHQW�RI�'0�DQG�HDUO\�(17�UHIHUUDO� 

0(7+2'2/2*< 

7KLV� ZDV� D� SURVSHFWLYH� &DVH� FRQWURO� VWXG\� ZDV�
FRQGXFWHG� LQ� WKH� GHSDUWPHQW� RI� 3K\VLRORJ\� LQ�
FROODERUDWLRQ�ZLWK� WKH�'LDEHWLF� FOLQLF� DQG�'HSDUWPHQW�
RI� (17� /LDTXDW� 8QLYHUVLW\� RI� 0HGLFDO� 	� +HDOWK�
6FLHQFHV�IURP�)HEUXDU\�WR�-XO\������RQ�����VXEMHFWV��
6XEMHFWV� ZHUH� GLYLGHG� LQWR� WZR� JURXSV�� ��� FRQWUROV�
DQG� ��� FDVHV�� $OO� NQRZQ� 'LDEHWLF� DGXOWV� XS-WR� ���
\HDUV�GXUDWLRQ� RI� ERWK� JHQGHU�GLYLGHG� LQ�ERWK� FRQWURO�
DQG�FDVHV�DJH�IURP���-���\HDUV��DQG�ZKR�KDG�JLYHQ�
FRQVHQW�WR�EH�D�SDUW�RI�WKH�VWXG\�ZHUH�LQFOXGHG�LQ�WKH�
VWXG\��:KLOH�WKRVH�ZKR�KDG�*HVWDWLRQDO�'0��KLVWRU\�RI�
RWRWR[LF� GUXJV�� KHDG� LQMXU\�� HDU� WUDXPD� DQG� GLVHDVH��
H[SRVXUH�WR�LQGXVWULDO�RU�RFFXSDWLRQDO�QRLVH��VPRNLQJ��
XSSHU�UHVSLUDWRU\� WUDFW� LQIHFWLRQ� LQ� WKH� ODVW�RQH�PRQWK�
DQG�V\VWHPLF�GLVHDVH�OLNH�K\SHUWHQVLRQ�ZHUH�H[FOXGHG�
IURP� WKH� VWXG\�� $OO� GDWD� ZDV� UHFRUGHG� LQ� D� SUH-
GHVLJQHG�SURIRUPD� 
$IWHU� WDNLQJ� DQ� LQIRUPHG� ZULWWHQ� FRQVHQW� E\� DOO�
SDUWLFLSDQWV� WKHLU� HDU� H[DPLQDWLRQV� DQG� SXUH� WRQH�
DXGLRPHWU\�ZDV�FRQGXFWHG�DFFRUGLQJ�WR�WKH�JXLGHOLQHV�
RI� WKH�%ULWLVK�VRFLHW\�RI�DXGLRORJ\���$�GHWDLOHG�KLVWRU\�
ZDV� WDNHQ� DQG� WKRURXJK� SK\VLFDO� H[DPLQDWLRQ� ZDV�
GRQH�� %ORRG� SUHVVXUH� ZDV� UHFRUGHG� E\� DQHURLG�
VSK\JPRPDQRPHWHU� �&HUWH]D�� *HUPDQ\�� FDSLOODU\�
UDQGRP�EORRG�JOXFRVH�FKHFNHG�E\�JOXFRPHWHU��$FFX-
FKHN�� 5RFKH� *HUPDQ\��� 7KH� HDUV¶� H[DPLQDWLRQ� ZDV�
GRQH� E\� 2WRORJLVW� LQ� ZKLFK� QRUPDO� ODQGPDUNV� DQG�
PRELOLW\� RI� W\PSDQLF� PHPEUDQH� ZHUH� DVVHVVHG�
DIWHUZDUGV�KHDULQJ� WHVW�ZDV�SHUIRUPHG�E\� WXQLQJ� IRUN�
�7�)�� ���+]� L�H�5LQQH¶V��:HEHU¶V� DQG� DEVROXWH� ERQH�
FRQGXFWLRQ� 
%ORRG� VXJDU� ZDV� FKHFNHG� EHIRUH� $XGLRPHWU\� ZDV�
GRQH�LQ�WKH�QRLVH�IUHH�HQYLURQPHQW�E\�DQ�$XGLRPHWHU�
�0$,&2-0� ���� *HUPDQ\��� 6XSUD-DXUDO� KHDGSKRQHV�
�7'+-����*HUPDQ\��ZHUH�WR�EH�SODFHG�RQ�ERWK�HDUV�RI�
VXEMHFWV� DIWHU� UHPRYLQJ� DQ\� REVWUXFWLRQ� WKDW� FRXOG�
LQWHUYHQH� ZLWK� SODFHPHQW� RI� WKH� HDUSKRQH� FXVKLRQV�
RYHU�WKH�H[WHUQDO�DXGLWRU\�PHDWXV� 
$�EHWWHU�HDU�ZDV�WHVWHG�ILUVW��WKH�UHVSRQVHV�ZHUH�JLYHQ�
ZKHQ� WKH� WRQHV� KHDUG� E\� UDLVLQJ� WKH� FRUUHVSRQGLQJ�
KDQG� RI� WKH� VXEMHFWV¶�� 7KH� PRVW� FRPPRQO\� XVHG�
SURFHGXUH� IRU� KHDULQJ� WKUHVKROG� LV� FDOOHG� D� PRGLILHG�
+XJKVRQ�:HVWODNH� SURFHGXUH��� 7KLV� LV� GHILQHG� DV� DW�
ILUVW� ��� G%� LQWHQVLW\� VWLPXOL� ZDV� JLYHQ� DW� �����
IUHTXHQF\�+=�WR�PDNH�LGHQWLILFDWLRQ�DERXW�WKH�VWLPXOL��
2QH� E\� RQH� HDFK� HDU� WKUHVKROG� ZDV� VHQVHG� RI� WKH�
YROXQWHHUV� E\� ��� GRZQ� DQG� �� XS� PHWKRG� DW� ������
������ ������ ������ ������ ���� DQG� ���� +=� LQ�
UHVSHFWLYH�RUGHU��5HSHDWHG� WKH�VDPH����GRZQ�DQG���

XS� PHWKRG� IRU� �� WLPHV�� 7ZR� RXW� RI� WKUHH� DVFHQGLQJ�
UHVSRQVHV� LQGLFDWHG� WKH�KHDULQJ� WKUHVKROG�RI� WKDW�HDU�
IRU�UHVSHFWLYH�IUHTXHQF\�LQ�+=� 
$W�DXGLRJUDP��ULJKW�HDU�KHDULQJ�WKUHVKROG�LQGLFDWHG�E\�
2� DQG� OHIW� HDU� E\� ;� V\PERO�� +,� ZDV� FODVVLILHG�
DFFRUGLQJ� WR� :+2��� $ERXW� ��-��� PLQXWHV� ZHUH�
FRQVXPHG� LQ� DXGLRPHWULF� H[DPLQDWLRQ� RI� HDFK�
VXEMHFWV¶�WKHQ�WKH\�ZHUH�IUHH�WR�JR�� 
7KH� GDWD� ZDV� DQDO\VHG� ZLWK� 6366� YHUVLRQ� ����
)UHTXHQF\� DQG� SHUFHQWDJHV� RI� FDWHJRULFDO� YDULDEOHV�
ZHUH�FDOFXODWHG�DQG�VWDWLVWLFDO�GLIIHUHQFHV�ZHUH�WHVWHG�
E\� DSSO\LQJ� &KL-VTXDUH� WHVW�� TXDQWLWDWLYH� YDULDEOHV�
ZHUH� FRPSXWHG� E\� PHDQ� �VWDQGDUG� GHYLDWLRQ� DQG�
VWDWLVWLFDO�GLIIHUHQFHV�ZHUH�WHVWHG�E\�DSSO\LQJ�W-WHVW��S-
YDOXH�������ZDV�FRQVLGHUHG�WR�EH�VLJQLILFDQW� 
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0HDQ� 5%6� IRU� FRQWURO� VXEMHFWV� �Q ���� ZDV�
������������ DQG� IRU� FDVHV� �Q ���� LW� ZDV� 
������� �������� 7KHUH� ZDV� D� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ�WZR�JURXSV���S-YDOXH� ����������7DEOH�,� 
7KH�PHDQ�ULJKW�HDU�KHDULQJ�WKUHVKROG�ZDV�VLJQLILFDQWO\�
KLJKHU�IRU�FDVHV�DV�FRPSDUHG�WR�FRQWUROV��7KHUH�ZDV�D�
VLJQLILFDQW�GLIIHUHQFH�QRWHG� LQ�PHDQ� ULJKW�HDU�KHDULQJ�
WKUHVKROG�DPRQJ�FDVHV�DQG�FRQWUROV�DW�IUHTXHQFLHV�RI�
����+]�� ����+]�� ����+]�� ����+]� DQG� ���+]� �S-
YDOXHV�  ������� ������� ������� ������� ������
UHVSHFWLYHO\���+RZHYHU� QRQ-VLJQLILFDQW� GLIIHUHQFH�ZDV�
IRXQG� LQ� PHDQ� ULJKW� HDU� KHDULQJ� WKUHVKROG� DW�
IUHTXHQFLHV�RI�����+]�DQG�����+=� �S-YDOXHV� ������
DQG�������UHVSHFWLYHO\��EHWZHHQ�WZR�JURXSV��7DEOH�,,� 
7KH�PHDQ� OHIW�HDU�KHDULQJ� WKUHVKROG�ZDV�VLJQLILFDQWO\�
KLJKHU�IRU�FDVHV�DV�FRPSDUHG�WR�FRQWUROV��7KHUH�ZDV�D�
VLJQLILFDQW� GLIIHUHQFH� QRWHG� LQ� PHDQ� OHIW� HDU� KHDULQJ�
WKUHVKROG�DPRQJ�FDVHV�DQG�FRQWUROV�DW�IUHTXHQFLHV�RI�
����+]������+]������+]��DQG����+]��S-YDOXH �������
������� ������� DQG� ������ UHVSHFWLYHO\��� ZKLOH� QRQ-
VLJQLILFDQW� GLIIHUHQFH� ZDV� IRXQG� LQ� PHDQ� OHIW� HDU�
KHDULQJ� WKUHVKROG� DW� IUHTXHQFLHV� RI� ����+]�� ����+]�
DQG� ���� +=� �S-YDOXHV�  ������� ������ DQG� ������
UHVSHFWLYHO\��EHWZHHQ�WZR�JURXSV��7DEOH�,,,� 
7KH�GHJUHH�RI�VOLJKW�+,�ZDV�QRWHG� LQ����VXEMHFWV�RXW�
RI� WKHP����ZHUH� FDVHV� DQG����ZDV�FRQWURO� DQG�RQO\�
��� PRGHUDWH� GHJUHH� RI� +,� ZDV� REVHUYHG� WKDW�
EHORQJHG� WR� D� FDVHV� JURXS�� $� VLJQLILFDQW� GLIIHUHQFH�
REVHUYHG� LQ� WKH� GHJUHH� RI� +,� EHWZHHQ� WZR� JURXSV� 
�S-YDOXH ��������7DEOH�,9�� 
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6LJQLILFDQW 

',6&866,21 

,Q�WKH�SUHVHQW�VWXG\��VLJQLILFDQW�+,�ZDV�IRXQG�LQ�FDVHV�
DV� FRPSDUHG� WR� FRQWUROV�� LW� ZDV� VOLJKW� WR� PRGHUDWH�
GHJUHH��$�6LJQLILFDQW�GLIIHUHQFH�ZDV�REVHUYHG�LQ�+,�DW�
KLJKHU� IUHTXHQFLHV�� � $OPRVW� ���� RI� FDVHV� KDYH� JRW�
VOLJKW� WR� PRGHUDWH� +,� DW� KLJKHU� IUHTXHQFLHV� LQ� WKH�

SUHVHQW�VWXG\��6LPLODU� ILQGLQJV�ZHUH�PDGH�E\� )DURRT�
0� �������� ,UVKDG� 0� �������� 0DMHHG� 6� ��������
5DPODNKDQ�0���������-RVKL�.'� ��������DQG�0LVKUD�5�
��������EXW�WKHVH�ILQGLQJV�ZHUH�LQ�FRQWUDVW�WR�ILQGLQJV�
E\�9LJQHVK�66��������� )DURRT�0�������� IRXQG�����
+,�LQ�GLDEHWLFV��ZKLOH�5DPODNKDQ�0��������IRXQG�����
+,�LQ�GLDEHWLFV�DW�KLJKHU�IUHTXHQFLHV��0LVKUD�5��������
FRQGXFWHG�VWXG\� LQ� ,QGLD�KDYH�JRW�VOLJKW� WR�PRGHUDWH�
+,� LQ� FDVHV� WKURXJK� SXUH� WRQH� DXGLRPHWU\� IURP�
IUHTXHQFLHV� ����� WR� ����+]� ZLWK� QRUPDO� PHDQ�
KHDULQJ� WKUHVKROGV� EHORZ� IUHTXHQFLHV� ����+]� ZLWK�
PHDQ� DJH� RI� ����� \HDUV��0DMHHG� 6� ������� LQ� D� ����
FDVHV�VWXG\�REVHUYHG�D�VLJQLILFDQW�+,�LQ�DERXW�����RI�
FDVHV����ZKLOH�1GXEXLVL�1ZRVX�-�������LQ�D�����FDVHV�
VWXG\�VKRZHG�D�VLJQLILFDQW�+,�LQ�DERXW�����RI�FDVHV� 
,UVKDG� 0� ������� LQ� D� ���� FDVHV� VWXG\� REVHUYHG� D�
VLJQLILFDQW�+,� LQ�DERXW�������RI�FDVHV��ZKLOH�/HUPDQ-
*DUEHU�,�HW�DO���REVHUYHG�������KHDULQJ�LPSDLUPHQW�LQ�
��� FDVHV�� KH� KDG� IRXQG� VLJQLILFDQWO\� KLJKHU� PHDQ�
KHDULQJ� WKUHVKROGV� DW� DOO� IUHTXHQFLHV� LQ� FDVHV� WKDQ�
FRQWURO� VXEMHFWV� DQG� VLJQLILFDQW� ELODWHUDO� WKUHVKROG�
GLIIHUHQFH� DERYH� ����+]�� WKHVH� ILQGLQJV� DUH�
FRPSDUDEOH� ZLWK� ILQGLQJV� REVHUYHG� LQ� WKH� SUHVHQW�
VWXG\�� <LNDZH� 66� �������VKRZHG� VLJQLILFDQWO\� KLJKHU�
PHDQ� KHDULQJ� WKUHVKROGV� DW� KLJKHU� IUHTXHQFLHV� LQ�
FDVHV��,Q-+ZDQ�2K�HW�DO���� 9LMD\DVXQGDUDP�9� �������
DQG�1GXEXLVL�1ZRVX�-� ������ UHSRUWHG� WKDW� LQFLGHQFH�
RI� +,� ZDV� WZR� WLPHV� KLJKHU� LQ� FDVHV� WKDQ� FRQWUROV�
ZKLFK�ZDV�PRVWO\�KLJK�IUHTXHQF\�LPSDLUPHQW�� 
7DEDWDEDHL� )� ������� GHPRQVWUDWHG� D� VLJQLILFDQW�
GLIIHUHQFH� LQ� PHDQ� KHDULQJ� WKUHVKROGV� LQ� FDVHV��
)RURJK� %� ������� IRXQG� VLJQLILFDQWO\� KLJKHU� KHDULQJ�
WKUHVKROGV� DW� ������ ������ DQG� ����+]� IRU� ERWK� HDUV�
DPRQJ� FDVHV� DV� FRPSDUHG� WR� FRQWURO� VXEMHFWV� ZLWK�
PHDQ� DJH� RI� ��� \HDUV� EXW� ZLWKLQ� QRUPDO� KHDULQJ�
UDQJHV��WKH�ILQGLQJV�FRUUHODWH�ZLWK�WKH�SUHVHQW�VWXG\� 
6LJQLILFDQWO\� KLJKHU� KHDULQJ� WKUHVKROGV� KDYH� EHHQ�
REVHUYHG� E\� ,Q-+ZDQ�2K� HW� DO��� DW� ����+]� LQ� FDVHV�
DPRQJ���-���\HDUV�RI�DJH��WKH�ILQGLQJ�OLNHZLVH�LQ�WKH�
FXUUHQW�VWXG\�SRLQWLQJ�RXW� WKDW�+,�FRPPHQFHV�DW�KLJK�
IUHTXHQFLHV� LQ� \RXQJHU� WKHQ� SURJUHVV� DW� QRUPDO�
IUHTXHQF\� RI� KXPDQ� VSHHFK�� ODWHU� RQ� LQYROYHPHQW� RI�
ORZ� IUHTXHQF\� KHDULQJ� WKUHVKROGV��0LVUD�9� ������� LQ�
FRPSDUDWLYH�VWXG\�REVHUYHG�VLJQLILFDQWO\�KLJKHU�PHDQ�
KHDULQJ� WKUHVKROGV� DPRQJ� FDVHV� DW� ����� DQG� �����
+]�� WKHVH� ILQGLQJV�DUH� LQ�DJUHHPHQW�ZLWK� WKH�SUHVHQW�
VWXG\� 
,W�ZRXOG�EH�HDV\�WR�NQRZ�+,�E\�VFUHHQLQJ�WKDW�FDQ�EH�
VOLJKW� ZKLFK� RWKHUZLVH� FRXOG� QRW� EH� GHWHFWHG��
'LDEHWLFV�GLG�QRW�NQRZ�DERXW� WKHLU�+,� WKDW¶V�ZK\� WKH\�
FRXOG�QRW�VHOI�QRWLFH�DQG�PLJKW�EH�PLVVHG���� WKDW�KDV�
EHHQ� GHPRQVWUDWHG� LQ� WKH� FXUUHQW� VWXG\� GXULQJ� SXUH�
WRQH� DXGLRPHWU\�� 'XULQJ� HDUO\� SKDVHV� RI� +,� GDLO\�
KDSSHQLQJV� DUH� QRW� GLVWXUEHG� DQG� DW� GDLO\� VSHDNLQJ�
UDQJH� RI� ���� WR� ����� +]� WKH� RUJDQV� DUH� QRW�
GHVWDELOLVHG� EXW� LW� ZRXOG� EH� KDUG� WR�PDNH� GLIIHUHQFH�
EHWZHHQ� VSHHFK� MXGJHPHQW� DQG� FRQVRQDQWV� VRXQGV�
OHDGLQJ�WR�VRXQG�SHUFHSWLRQ�FRPSURPLVH��� 
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7KH�SUHVHQW�VWXG\�ZRXOG�EH�UHOHYDQW�GXH�WR� LQFOXVLRQ�
RI� \RXQJHU� VXEMHFWV� E\� ZKLFK� PDQ\� FRQIRXQGLQJ�
YDULDEOHV�ZKLFK�PD\�FDXVH�+,�ZHUH�DYRLGHG��1XPEHU�
RI�VWXGLHV�KDYH�GHVFULEHG� WKH�SULPH�UHODWLRQ�EHWZHHQ�
'0�DQG�+,�PRVWO\�IRU�WKH�KLJK�IUHTXHQF\�WRQHV�ZKLFK�
ZHUH�VXEFOLQLFDO�LQ�WKH�\RXQJHU�DJH�VXEMHFWV�E\�ZKLFK�
RWKHU�FDXVHV�RI�WKH�VDPH�DUH�QRW�FRPPRQ���������� 

&21&/86,21 

+HDULQJ�LPSDLUPHQW�ZDV�VLJQLILFDQWO\�PRUH�FRPPRQ�LQ�
FDVHV�DV�FRPSDUHG�WR�FRQWUROV��0HDQ�ULJKW�DQG�OHIW�HDU�
KHDULQJ� WKUHVKROG� ZDV� VLJQLILFDQWO\� PRUH� FRPPRQ� DW�
KLJKHU� IUHTXHQFLHV� LQ�FDVHV�DV�FRPSDUHG� WR�FRQWUROV��
$XGLRPHWULF� WHVWLQJ� VKRXOG� EH� UHFRPPHQGHG� LQ� DOO�
GLDEHWLFV� DW� WKH� WLPH� RI� GLDJQRVLV� WR� VFUHHQ� RXW�
VXEFOLQLFDO� KHDULQJ� LPSDLUPHQW� DQG� SUHYHQW� IXUWKHU�
ORVV� 

(WKLFDO� SHUPLVVLRQ�� /LDTXDW�8QLYHUVLW\�RI�0HGLFDO�
	�+HDOWK�6FLHQFHV�(5&�OHWWHU�1R��/80+6�5(&�-�����
GDWHG����-��-����� 

&RQIOLFW�RI� ,QWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�
WR�UHSRUW�E\�DQ\�RI�WKH�DXWKRUV�� 

)XQGLQJ�� 7KHUH�ZDV�QR� IXQGLQJ� IURP�DQ\� DJHQF\�
RU�LQVWLWXWLRQ� 

5()(5(1&(6 

�� 2UJDQL]DWLRQ�:+��*OREDO�HVWLPDWHV�RQ�SUHYDOHQFH�
RI�KHDULQJ� ORVV��:RUOG�+HDOWK�2UJDQL]DWLRQ��������
*HQHYD� 6ZLW]HUODQG�� $YDLODEOH� IURP�� KWWSV���
ZZZ�ZKR�LQW��GHDIQHVV�HVWLPDWHV�HQ� 

�� +RULNDZD� &�� .RGDPD� 6�� 7DQDND� 6�� )XMLKDUD� .��
+LUDVDZD�5�� <DFKL� <�� HW� DO��'LDEHWHV� DQG� ULVN� RI�
KHDULQJ� LPSDLUPHQW� LQ� DGXOWV�� $�PHWD-DQDO\VLV�� -�
&OLQ� (QGRFULQRO� 0HWDERO�� ������ ������� ��-���
GRL���������MF�����-����� 

�� %KDVNDU�.1��&KDOLKDGDQ�6��9DVZDQL�5��5HKDPDQ�
&3$�� &OLQLFDO� DQG� DXGLRPHWULF� $VVHVVPHQW� RI�
+HDULQJ�/RVV�LQ�'LDEHWHV�0HOOLWXV��,QW�-�6FL�6WXG\��
��������������-�� 

�� 2UJDQL]DWLRQ� :+�� )HGHUDWLRQ� ,'�� 'HILQLWLRQ� DQG�
GLDJQRVLV� RI� GLDEHWHV� PHOOLWXV� DQG� LQWHUPHGLDWH�
K\SHUJO\FDHPLD�� :+2�� ,')� &RQVXOWDWLRQ��
*HQHYD�� :+2� 3UHVV�� ������ $YDLODEOH� IURP��
KWWSV���ZZZ�ZKR�LQW�GLDEHWHV�SXEOLFDWLRQV�
GLDJQRVLVBGLDEHWHV�����HQ� 

�� <DJLKDVKL� 6�� ,QDED� :�� 0L]XNDPL� +�� � '\QDPLF�
SDWKRORJ\� RI� ,VOHW� HQGRFULQH� FHOOV� LQ� W\SH-��
GLDEHWHV�� ȕ-FHOO� JURZWK�� GHDWK�� UHJHQHUDWLRQ� DQG�
WKHLU� FOLQLFDO� LPSOLFDWLRQV�� -� 'LDEHWHV� ,QYHVWLJ��
���������������-����GRL����������MGL������� 

�� .DUXUDQJD� 6�� )HUQDQGHV� -'�� +XDQJ� <�� 0DODQGD�
%�� 'LDEHWHV� $WODV� �WK� (GLWLRQ�� ,QWHUQDWLRQDO�
'LDEHWHV�)HGHUDWLRQ�3UHVV��������$YDLODEOH� IURP��
ZZZ�GLDEHWHVDWODV�RUJ� 

�� 1GXEXLVL� 1ZRVX� -�� 1NHFKL� &KLPH� (�� +HDULQJ�
7KUHVKROGV� LQ� DGXOW� 1LJHULDQV� ZLWK� 'LDEHWHV�
0HOOLWXV�� D� FDVH-FRQWURO� VWXG\�� 'LDEHWHV� 0HWDE�

6\QGU� 2EHV�� ������ ������-����� GRL���������
'062�6������ 

�� %ULWLVK� 6RFLHW\� RI� $XGLRORJ\�� 5HFRPPHQGHG�
SURFHGXUH� SXUH-WRQH� DLU-FRQGXFWLRQ� DQG� ERQH�
FRQGXFWLRQ�WKUHVKROG�DXGLRPHWU\�ZLWK�DQG�ZLWKRXW�
PDVNLQJ�� %ULWLVK� 6RFLHW\� RI� $XGLRORJ\� �%6$��� ���
%ULJKWRQ� 5RDG�� 5HDGLQJ�� %HUNVKLUH�� 5*�� �36��
8.��������$YDLODEOH�IURP��ZZZ�WKHEVD�RUJ� 

�� %DLGXF� 5�� 3ROLQJ� */�� +RQJ� 2�� 'KDU� 6�� &OLQLFDO�
PHDVXUHV� RI� DXGLWRU\� IXQFWLRQ�� 7KH� FRFKOHD� DQG�
%H\RQG�� 'LV� 0RQ�� ������ ������� ���-�����
GRL���������M�GLVDPRQWK������������� 

��� )DURRT� 0�� $KPHG� $�� 0HKPRRG� =�� :DKHHG� $��
)UHTXHQF\�RI�VHQVRU\�QHXUDO�KHDULQJ�ORVV��61+/��
LQ� W\SH� �� DQG� W\SH� �� GLDEHWLFV� SDWLHQWV�� 3DN� -�
2WRODU\QJRO�����������������-��� 

��� ,UVKDG� 0�� ,VKDTXH� 0�� 0DKPRRG� .�� 'DU� 8)��
$VVRFLDWLRQ� EHWZHHQ� VHQVRULQHXUDO� KHDULQJ� ORVV�
DQG� FRPSOLFDWHG� GLDEHWHV� PHOOLWXV�� 3DN� -� 0HG�
+HDOWK�6FL������������������-�� 

��� 0DMHHG�6��0XPWD]�1��6DTXODLQ�*��3UHYDOHQFH�RI�
VHQVRULQHXUDO� KHDULQJ� ORVV� DPRQJ� SDWLHQWV� RI�
GLDEHWHV�PHOOLWXV� LQ� VRXWKHUQ�3XQMDE��3DNLVWDQ�� -�
6KLID� 7DPHHU� 0LOODW� 8QLY�� ������ ������ ��-���
GRL����������MVWPX�9RO��,VV����� 

��� 5DPODNKDQ�0��'LYLM�6��6RQNK\D��1��(YDOXDWLRQ�RI�
+HDULQJ� ORVV� LQ� SDWLHQWV� ZLWK� W\SH-�� 'LDEHWHV�
0HOOLWXV�� ,QW� -�5HV�0HG�6FL�� �������� ����� ����-���
GRL��������������-������LMUPV���������� 

��� -RVKL� .'�� *DODJDOL� -5�� 6LQJK� 6.�� $� 6WXG\� RI�
'LDEHWHV� 0HOOLWXV� RQ� DXGLWRU\� V\VWHP�� 5RP� -�
'LDEHWHV�1XWU�0HWDE�'LV�����������������-��� 

��� 0LVKUD�5��6DQMX�+.��.XPDU�3��$XGLWRU\�7HPSRUDO�
5HVROXWLRQ� LQ� ,QGLYLGXDOV� ZLWK� 'LDEHWHV� 0HOOLWXV�
7\SH� ��� ,QW� $UFK� 2WRUKLQRODU\QJRO�� ������ �������
���-�����GRL���������V-����-������� 

��� 9LJQHVK�66��-D\D�9��0XUDOHHGKDUDQ�$��,GHQWLI\LQJ�
(DUO\�2QVHW�RI�+HDULQJ�/RVV�LQ�<RXQJ�$GXOWV�ZLWK�
'LDEHWHV� 0HOOLWXV� 7\SH-�� 8VLQJ� +LJK� )UHTXHQF\�
$XGLRPHWU\�� ,QGLDQ� -� 2WRODU\QJRO� +HDG� 1HFN�
6XUJ������������������-���GRL���������V�����-���
-����-�� 

��� /HUPDQ-*DUEHU� ,�� &XHYDV-5DPRV� '�� 9DOGHV� 6��
(UQLTXH]� /�� /REDWR� 0�� 2VRUQLR� 0�� HW� DO��
6HQVRULQHXUDO�+HDULQJ� /RVV� -� $�&RPPRQ� ILQGLQJ�
LQ� HDUO\� RQVHW� 7\SH-�� 'LDEHWHV� 0HOOLWXV�� (QGRFU�
3UDFW�� ������������� ���-���� GRL���������
(3������25� 

��� <LNDZH�66��5REHUW�,VHK�.��6DELU�$$��6RORPRQ�-+��
0DQ\D�&��$OL\X�1��(IIHFW�RI�'XUDWLRQ�RI�'LDEHWHV�
0HOOLWXV� RQ� +HDULQJ� 7KUHVKROG� DPRQJ� W\SH-��
'LDEHWLFV��,QGLDQ�-�2WRO������������������-�� 

��� ,Q-+ZDQ�2K��/HH�-+��3DUN�'&��.LP�0��&KXQJ�-��
.LP�6��HW�DO��+HDULQJ�/RVV�DV�D�)XQFWLRQ�RI�$JLQJ�
DQG� 'LDEHWHV� 0HOOLWXV�� $� &URVV� 6HFWLRQDO� 6WXG\��
3/R6� 2QH�� ������ ������� �-���� GRL�� ��������
MRXUQDO�SRQH��������� 

��� 9LMD\DVXQGDUDP� 9�� .DUWKLNH\DQ� 3�� &RXPDUH� 1��

(IIHFW�RI�'LDEHWHV�0HOOLWXV�RQ�WKH�6HQVH�RI�+HDULQJ 
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3XUH� WRQH� DXGLRPHWULF� HYDOXDWLRQ� LQ� 1RQ-LQVXOLQ�
GHSHQGHQW�'LDEHWLF�SDWLHQWV�� ,QW�-�&XU�5HY�������
��������-��� 

��� 7DEDWDEDHL�)��5D]]DJKL�5��6ROHLPDQL�=��1RXUL�6��
7KH� ULVN� IDFWRUV� RI� KHDULQJ� ORVV� LQ� 'LDEHWHV�
0HOOLWXV�� -� 5HV� 0HG� 'HQW� 6FL�� ������ ������ ��-���
GRL���������MUPGV���������� 

��� )RURJK�%��=HLQRODEHGLQL�5��$NEDUL�0��0LDQHKVD]�

(�� (YDOXDWLRQ� RI� KHDULQJ� LQ� PLGGOH-DJHG� SDWLHQWV�
ZLWK�'LDEHWHV�0HOOLWXV�7\SH-���-�%LRPHG�6FL�(QJ���
�����������-����GRL���������MELVH��������$���� 

��� 0LVUD� 9�� $JDUZDO� &*�� %KDWLD� 1�� 6KXNOD� *.��
6HQVRULQHXUDO� 'HDIQHVV� LQ� 3DWLHQWV� RI� 7\SH-��
'LDEHWHV�0HOOLWXV� LQ�8WWDU�3UDGHVK��$�3LORW�6WXG\��
,QGLDQ� -� 2WRODU\QJRO� +HDG� 1HFN� 6XUJ�� ������ ��
�6XSSO��������-���GRL���������V�����-���-����-��� 
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