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2%-(&7,9(��7R� LQVSHFW� WKH� LPSDFW�RI� R[LGDWLYH� VWUHVV� DQG� LQIODPPDWLRQ�RQ� WKH� � � FDXVDWLRQ�RI� W\SH���
GLDEHWHV�PHOOLWXV�LQ�KXPDQ�VXEMHFWV� 
0(7+2'2/2*<�� $�&DVH� -� FRQWURO� VWXG\� RQ� ���� UDQGRPO\� HQUROOHG� VXEMHFWV� �DJH� UDQJH� ��-��� \HDUV���
LQFOXGLQJ� ���� 7�� '0� SDWLHQWV� ����PDOHV� DQG� ��� IHPDOHV�� DQG� ���� KHDOWK\� FRQWUROV� ����PDOHV� DQG� ���
IHPDOHV�� PDWFKHG� IRU� VRFLRHFRQRPLF� VWDWXV� ZHUH� UDQGRPO\� HQUROOHG� IURP� DQG� ZHUH� LQKDELWDQWV� RI�
+\GHUDEDG� DQG� -DPVKRUR� GLVWULFWV� RI� 6LQGK� SURYLQFH�� WKLV� UHVHDUFK� ZDV� FRQGXFWHG� DW� SRVWJUDGXDWH�
UHVHDUFK�ODERUDWRU\�RI�,QVWLWXWH�RI�%LRFKHPLVWU\��8QLYHUVLW\�RI�6LQGK�-DPVKRUR�IURP�-DQXDU\-'HFHPEHU�
������6HUXP�VDPSOHV�RI� WKH�VXEMHFWV�ZHUH�DQDO\]HG�E\�NLW�PHWKRGV�IRU�WKH�DPRXQWV�RI�FUHDWLQLQH��XULF�
DFLG��WRWDO�DQWLR[LGDQWV��LURQ��&-UHDFWLYH�SURWHLQ��VXSHUR[LGH�GLVPXWDVH��FDWDODVH��JOXWDWKLRQH�SHUR[LGDVH��
[DQWKLQH�R[LGDVH��ODFWDWH�GHK\GURJHQDVH��PDORQGLDOGHK\GH�DQG�QXFOHDU�IDFWRU�NDSSD-�%��8ULQH�VDPSOHV�
FROOHFWHG�RQ�VSRW�ZHUH�LQYHVWLJDWHG�IRU�S+�DQG�SURWHLQ�FRQWHQW�E\�XVLQJ�XULQH�GLS�VWULS�DXWRPDWLF�UHDGHU�
³8ULV\V�����
�5RFKH´�� 
5(68/76��3K\VLFDO�PHDVXUHPHQWV�GLVFORVHG�WKDW�REHVLW\�ZDV�PRUH�FRPPRQ�LQ�GLDEHWLF�SDWLHQWV�������
WKDQ�LQ�FRQWUROV��������6HUXP�DQDO\VLV�UHVXOWV�VKRZHG�WKDW�7��'0�SDWLHQWV�DV�DJDLQVW�WKH�FRQWUROV�KDG�
VLJQLILFDQWO\�UDLVHG�VXSHUR[LGH�GLVPXWDVH��S�������DQG�&-UHDFWLYH�SURWHLQ��S���������DQG�GHFUHDVHG�XULF�
DFLG� �S��������� LURQ� �S�������DQG�[DQWKLQH�R[LGDVH� �S������� OHYHOV��6SRW�XULQH� DQDO\VLV� UHVXOWV�VKRZHG�
WKDW�FRQWUROV�FRPSDUHG�WR�7��'0�SDWLHQWV�H[FUHWHG�VLJQLILFDQWO\��S��������PRUH�DFLGLF�XULQH� 
&21&/86,21�� )URP� WKH� UHVXOWV� RI� WKLV� VWXG\�� ZH� FRQFOXGHG� WKDW� R[LGDWLYH� VWUHVV� WRJHWKHU� ZLWK� ORZ�
JUDGH�LQIODPPDWLRQ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�FDXVDWLRQ�RI�7��'0� 

.(<:25'6��'LDEHWHV�0HOOLWXV��$QWLR[LGDQWV��,QIODPPDWLRQ��2[LGDWLYH�6WUHVV 
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'LDEHWHV� PHOOLWXV� �'0�� LQ� DGXOW� SHRSOH� LV� D� JOREDO�
FKURQLF� KHDOWK� LVVXH� WKDW� LV� GHYHORSHG� ZKHQ� WKH�
SDQFUHDV� IDLOV� WR� IRUP� VXIILFLHQW� LQVXOLQ� RU� ZKHQ� WKH�
LQVXOLQ�SURGXFHG�E\�WKH�SDQFUHDV�FDQQRW�EH�HIIHFWLYHO\�
XVHG�WR�PDLQWDLQ�WKH�QRUPDO�EORRG�JOXFRVH�OHYHO��7KLV�
XOWLPDWHO\� OHDGV� WR� K\SHUJO\FDHPLD-� DQ� LPSRUWDQW�
IHDWXUH� RI� GLDEHWHV� PHOOLWXV���8QFRQWUROOHG� GLDEHWHV�
PHOOLWXV�LV�NQRZQ�WR�FDXVH�YDULRXV�PLFUR�YDVFXODU�DQG�
PDFUR� YDVFXODU� FRPSOLFDWLRQV��� 7\SH� �� GLDEHWHV�
PHOOLWXV� �7�� '0�� ZDV� FDXVH� RI� DERXW� ILYH� PLOOLRQ�
GHDWKV�LQ�������,QWHUQDWLRQDO�'LDEHWLF�)HGHUDWLRQ��,')��
UHSRUW� RI� ������ VKRZV� WKDW� DERXW� ����PLOOLRQ� SHRSOH�
DUH�YLFWLP�RI�'0�JOREDOO\�DQG�E\�\HDU�������WKLV�ILJXUH�
LV�H[SHFWHG�WR�UHDFK�����PLOOLRQ�� 
7KH� RFFXUUHQFH� RI� '0� KDV� LQFUHDVHG� JOREDOO\��
3UHYLRXVO\�7��'0�ZDV�UHSRUWHG�LQ�DGXOWV�RQO\��EXW�QRZ�
LW� LV� IUHTXHQWO\� UHSRUWHG� LQ� \RXWKV� DQG� FKLOGUHQ� DV�
ZHOO��� 7KH� RYHUDOO� LQFLGHQFH� RI� '0� UHSRUWHG� IRU�
3DNLVWDQ� LV���������'LDEHWHV�0HOOLWXV� W\SH��� LV�PRUH�
FRPPRQ�� LQ� PDOHV� ��������� FRPSDUHG� WR� IHPDOHV�
��������� LQ� XUEDQL]HG� DUHDV� WKDQ� LQ� UXUDO� DUHDV�
��������� ���3DNLVWDQ� LV� RQH� RI� WKH� ORZHVW� SHU� FDSLWD�
LQFRPH� EHDULQJ� FRXQWU\� LQ� 6RXWK� $VLD� ZKHUH� WKH�
IUHTXHQF\� DQG� FRPPRQQHVV� RI� GLDEHWHV� PHOOLWXV� LV�

FRQWLQXRXVO\�ULVLQJ�DQG�ZLOO�FDXVH�PDMRU�FKDOOHQJHV�LQ�
IXWXUH� LI� QRW� EH� UHYHUVHG�� 7KXV�� HOXFLGDWLRQ� RI� WKH�
XQGHUO\LQJ�FDXVH�IRU�LQFUHDVH�LQ�WKH�SUHYDOHQFH�RI�7��
'0�LV�YHU\�PXFK�UHTXLUHG�IRU�WKH�GHYHORSPHQW�RI�QHZ�
WKHUDSHXWLF�RSWLRQV���,Q�WKLV�FRQWH[W��LW�LV�K\SRWKHVL]HG�
WKDW� R[LGDWLYH� VWUHVV� �GHYHORSHG� GXH� WR� DQ\� UHDVRQ��
DQG� LQIODPPDWLRQ� FRXOG� EH� WKH� SRVVLEOH� IDFWRUV�
LQYROYHG�LQ�WKH�FDXVDWLRQ�RI�7��'0�LQ�KXPDQ�VXEMHFWV� 
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$� &DVH� -� FRQWURO� VWXG\� RQ� ���� UDQGRPO\� HQUROOHG�
VXEMHFWV� �DJH� UDQJH� ��-��� \HDUV��� LQFOXGLQJ� ���� 7��
'0� SDWLHQWV� ���� PDOHV� DQG� ��� IHPDOHV�� DQG� ����
KHDOWK\� FRQWUROV� ����PDOHV�DQG���� IHPDOHV��PDWFKHG�
IRU�VRFLRHFRQRPLF�VWDWXV�ZHUH�UDQGRPO\�HQUROOHG�IURP�
+\GHUDEDG� DQG� -DPVKRUR� GLVWULFWV� RI� 6LQGK� SURYLQFH�
ZDV� FRQGXFWHG�� WKH� UHSRUWHG� UHVHDUFK� KDV� EHHQ�
FDUULHG�RXW� LQ�WKH�SRVWJUDGXDWH�UHVHDUFK� ODERUDWRU\�RI�
,QVWLWXWH� RI� %LRFKHPLVWU\�� 8QLYHUVLW\� RI� 6LQGK�
-DPVKRUR� IURP� -DQXDU\-'HFHPEHU� ������ 2I� WKHVH�
VXEMHFWV�� QRQH� ZDV� RQ� DQ\� GLHWDU\� VXSSOHPHQWV� LQ�
DGGLWLRQ� WR� EHLQJ� QRQ-VPRNHUV� DQG� QRQ-DOFRKROLFV��
7KH\�DOVR�KDG�QR�UHODWHG�GLVRUGHUV�VXFK�DV��HQGRFULQH�
GLVRUGHUV�� XULQDU\� WUDFW� LQIHFWLRQV� DQG� LQIODPPDWRU\�
GLVHDVHV�� %HIRUH� JHWWLQJ� ZULWWHQ� LQIRUPHG� FRQVHQW�
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IURP� WKH� SDUWLFLSDQWV� WR� YROXQWDULO\� SDUWLFLSDWH�� DOO� RI�
WKHP�ZHUH� H[SODLQHG� WKH� QDWXUH� DQG� SXUSRVH� RI� WKLV�
VWXG\�DQG�RI�SRVVLEOH�KDUPV�DQG�EHQHILWV�RI�WKH�VWXG\��
%LRHWKLFDO� &RPPLWWHH� RI� WKH� 8QLYHUVLW\� RI� 6LQGK�
-DPVKRUR�SURYLGHG�WKH�HWKLFDO�DSSURYDO�RI�WKH�VWXG\��� 
%RG\� PDVV� LQGH[� �%0,�� RI� HDFK� VWXG\� VXEMHFW� ZDV�
GHWHUPLQHG� E\� GLYLGLQJ� KLV�KHU� ZHLJKW� LQ� NJ� ZLWK�
VTXDUH�RI�WDOOQHVV�LQ�FHQWLPHWHUV� 
6HUXP�FUHDWLQLQH��XULF�DFLG��&53��/'+�DQG�LURQ�OHYHOV�
ZHUH�GHWHUPLQHG�E\�XVLQJ�FRPPHUFLDO�NLWV�VXSSOLHG�E\�
5RFKH�RQ�&REDV������F����$QDO\]HU� 
6HUXP� 0'$�� 62'�� *3[�� ;2� DQG� WRWDO� DQWLR[LGDQWV�
ZHUH� GHWHUPLQHG� E\� XVLQJ� FRPPHUFLDO� (/,6$� .LWV�
VXSSOLHG� E\� .RUHDQ� %LRWHFK� &RPSDQ\� RQ� (OLVD�
5HDGHU�',$�6RXUFH�%HOJLXP�$QDO\]HU� 
6SRW� XULQH� VSHFLPHQV� ZHUH� DQDO\]HG� IRU� DFLG� DQG�
SURWHLQ� FRQWHQW� E\� XVLQJ� XULQH� GLS� VWULS� DXWRPDWLF�
UHDGHU�³8ULV\V�����
�5RFKH´� 
6WDWLVWLFDO� DQDO\VLV� RI� WKH� GDWD� JDWKHUHG� ZDV� FDUULHG�
RXW�E\�XVLQJ�6366�YHUVLRQ�������7KH�UHVXOWV�REWDLQHG�
DUH�SUHVHQWHG�DV�PHDQ���6�'��6WXGHQW¶V�LQGHSHQGHQW�
VDPSOHV� W-WHVW� KDV� EHHQ� DSSOLHG� WR� GHWHFW� DQ\�
VLJQLILFDQW�GLIIHUHQFHV��S��������LQ�WKH�PHDQ�YDOXHV�RI�
WKH� SDUDPHWHUV� PHDVXUHG� EHWZHHQ� 7�� '0� SDWLHQWV�
DQG�FRQWURO�VXEMHFWV� 

5(68/76�� 

%0,� UHVXOWV� �7DEOH� ,�� UHYHDOHG� WKDW� 7�� '0� SDWLHQWV�
ZHUH� PRUH� REHVH� ������ WKDQ� WKH� FRQWURO� VXEMHFWV�
�������6HUXP�DQDO\VLV�UHVXOWV��7DEOH�,,��VKRZ�WKDW�'0�
SDWLHQWV� DV� DJDLQVW� WKH� FRQWUROV� KDG� VLJQLILFDQWO\�
UDLVHG� 62'� �S���������� &53� �S��������� DQG�
GHFUHDVHG� XULF� DFLG� �S���������� LURQ� �S���������� ;2�
�S��������� OHYHOV�� &RPSDULVRQ� RI� XULQH� SDUDPHWHUV�
EHWZHHQ�'0�SDWLHQWV�DQG�FRQWUROV��7DEOH�,,,��GLVFORVHG�
WKDW� WKH� XULQH� RI� FRQWUROV� ZDV� VLJQLILFDQWO\� �S��������
PRUH�DFLGLF�WKDQ�WKH�XULQH�RI�'0�SDWLHQWV�� 
7$%/(�,�� 
%2'<�0$66�,1'(;�2)�5(&58,7('�68%-(&76 

7$%/(�,,��&203$5,621�2)�6(580�
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3$7,(176 
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0DQNLQG�KDV�VXIIHUHG�D�ORW�RZLQJ�WR�GLDEHWHV�PHOOLWXV-
FRQQHFWHG�FRPSOLFDWLRQV��,Q�GHYHORSLQJ�FRXQWULHV��LW�LV�
FRQVLGHUHG�DV�D�FDODPLW\�WR�WKH�SDWLHQWV�DQG�EXUGHQ�WR�
WKHLU�IDPLOLHV�DQG�WKH�VRFLHW\��2XU�UHVXOW�WKDW�REHVLW\�LV�
PRUH� FRPPRQ� LQ� '0� SDWLHQWV� WKDQ� LQ� FRQWUROV�
FRQILUPV� WKH� UHSRUWV� RI� SUHYLRXV� LQYHVWLJDWRUV� ZKR�
SURSRVHG�WKDW�REHVLW\�LV�WKH�NH\�FXOSULW�LQYROYHG�LQ�WKH�
FDXVDWLRQ� RI� '0����� �'LHW�� DQG� VHGHQWDU\� OLIHVW\OHV��

KDYH� EHHQ� DVVRFLDWHG� ZLWK� DQ� LQFUHDVH� LQ� WKH�
LQFLGHQFH� RI� REHVLW\� DPRQJ� FKLOGUHQ� DQG� \RXWKV��
&RQVXPSWLRQ� RI� LQFUHDVHG� DPRXQWV� RI� UHG� PHDW��
VZHHWV� DQG� IULHG� IRRG� KDV� EHHQ� LPSOLFDWHG� ZLWK� WKH�
KLJKHU� ULVN� RI� GHYHORSPHQW� RI� LQVXOLQ� UHVLVWDQFH� DQG�
7��'0��ZKLOH� IUHTXHQW� LQWDNH�RI�YHJHWDEOHV�DQG�IUXLWV�
KDV�EHHQ�VKRZQ�WR�UHGXFH�WKH�LQFLGHQFH�RI�'0�� 
3K\VLFDO�LQDFWLYLW\�KDV�EHHQ�OLQNHG�WR�LQFUHDVHG�ULVN�RI�
GHYHORSLQJ�7��'0���DV� LW� GLPLQLVKHV� LQVXOLQ�VHQVLWLYLW\�
DQG� HQKDQFHV� LQVXOLQ� UHVLVWDQFH�� 7KLV� DORQJ� ZLWK�
GLVRUGHUV� LQ�JOXFRVH�	�IDWW\�DFLG�PHWDEROLVP�DUH�QRZ�
FRQVLGHUHG� DV� IRUHPRVW� LQLWLDWRUV� RI� '0����7KLV� KDV�
EHHQ� VXJJHVWHG� EHFDXVH�DEQRUPDO� JOXFRVH� DQG� IDWW\�
DFLGV� PHWDEROLVPV� FRXOG� UHVXOW� LQ� JHQHUDWLRQ� RI�
UHDFWLYH�R[\JHQ�VSHFLHV�FDSDEOH�RI��GDPDJLQJ�FHOOXODU�
RUJDQHOOHV�DQG�HQ]\PHV��LQFUHDVHG�OLSLG�SHUR[LGDWLRQ��
GHYHORSPHQW�RI� LQVXOLQ�UHVLVWDQFH��6LJQLILFDQWO\�UDLVHG�
VHUXP� 62'� �FDXVH� RI� R[LGDWLYH� VWUHVV�� DQG� &53�
�PDUNHU�RI�ORZ-�JUDGH�LQIODPPDWLRQ��OHYHOV�GHWHFWHG�LQ�
'0� SDWLHQWV� DV� DJDLQVW� WKH� FRQWUROV� LQGLFDWHV� WKDW�
R[LGDWLYH�VWUHVV�FUHDWHV�VXE-FOLQLFDO� LQIODPPDWLRQ� WKDW�
OHDGV�WR�LQVXOLQ�UHVLVWDQFH�DQG�KHQFH�WR�GHYHORSPHQW�
DQG�DGYDQFHPHQW�RI�7��'0��� 
:H�REVHUYHG�VLJQLILFDQWO\�ORZ�OHYHOV�RI�VHUXP�XULF�DFLG�

(YDOXDWLRQ�RI�WKH�5ROH�RI�2[LGDWLYH�6WUHVV�DQG�,QIODPPDWLRQ 
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�S��������� LQ� '0� SDWLHQWV� FRPSDUHG� WR� FRQWURO�
VXEMHFWV�� 2XU� ILQGLQJ� LV� LQ� DFFRUG� ZLWK� PDQ\� RWKHU�
LQYHVWLJDWRUV��-����7KH�GHFUHDVHG�VHUXP�XULF�DFLG�OHYHO�
LQ� '0� SDWLHQWV� FRXOG� EH� EHFDXVH� RI� LQFUHDVHG� XUDWH�
H[FUHWLRQ��� 

:H� IRXQG� VLJQLILFDQWO\� UHGXFHG� VHUXP� LURQ� OHYHOV� LQ�
'0�SDWLHQWV�WKDQ�LQ�FRQWUROV��7KLV�UHVXOW� LV�LQ�FRQWUDVW�
WR�UHFHQW�UHSRUW��� 

&21&/86,21 

)URP� WKH� UHVXOWV� RI� WKLV� VWXG\�� ZH� FRQFOXGHG� WKDW�
R[LGDWLYH�VWUHVV� WRJHWKHU�ZLWK� ORZ�JUDGH� LQIODPPDWLRQ�
SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�FDXVDWLRQ�RI�7��'0� 

$&.12:/('*0(17 

:H� JUDWHIXOO\� DFNQRZOHGJH� WKH� UHFHLSW� RI� UHVHDUFK�
JUDQW� IURP� +(&� 3DNLVWDQ� XQGHU� 1538� SURMHFW���-
�����IRU�FRQGXFW�RI�WKLV�VWXG\� 

(WKLFDO� SHUPLVVLRQ��8QLYHUVLW\�RI�6LQGK�(5&�OHWWHU�
1R��,2%����������GDWHG��-�-����� 
&RQIOLFW�RI� LQWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�
LQ�DXWKRUV� 
)XQGLQJ�� 7KHUH�ZDV�QR� IXQGLQJ� IURP�DQ\� DJHQF\�
RU�LQVWLWXWLRQ� 

$87+25�&2175,%87,216 

.KDQG� 78�� /LWHUDWXUH� VHDUFK�� GDWD� FROOHFWLRQ� DQG�
VWDWLVWLFDO�DQDO\VLV�RI�WKH�GDWD�� 
&KDQD� 1$�� 6WXG\� GHVLJQ�� ZULWH� XS� RI� WKH� UHVHDUFK�
DUWLFOH� 
.KDQG� )�� 6WXG\� GHVLJQ�� ZULWH� XS� RI� WKH� UHVHDUFK�
DUWLFOH� 

5()(5(1&(6 

�� 2UJDQL]DWLRQ� :+�� *OREDO� 5HSRUW� RQ� 'LDEHWHV��
:RUOG�+HDOWK�2UJDQL]DWLRQ��������$YDLODEOH� IURP��
KWWSV���ZZZ�ZKR�LQW�SXEOLFDWLRQV�L�
LWHP���������������� 

�� $KPHG� .$�� 0XQLDQG\� 6�� ,VPDLO� ,6�� 7\SH� ��
GLDEHWHV� DQG� YDVFXODU� FRPSOLFDWLRQV�� D�
SDWKRSK\VLRORJLF� YLHZ��%LRPHG�5HV���������������
���–��� 

�� &KR� 1+�� 6KDZ� -(�� .DUXUDQJD� 6�� +XDQJ� <�� GD�
5RFKD� )HUQDQGHV� -'�� 2KOURJJH� $:�� HW� DO�� ,')�
'LDEHWHV� $WODV�� *OREDO� HVWLPDWHV� RI� GLDEHWHV�
SUHYDOHQFH� IRU� ����� DQG� SURMHFWLRQV� IRU�
����� 'LDEHWHV� 5HV� &OLQ� 3UDFW� ������ ����� ���-
����  

�� +8��)%��*OREDOL]DWLRQ�RI�GLDEHWHV�  'LDEHWHV�&DUH��
�����������������-����� 

�� 0HR� 6$�� =LD� ,�� %XNKDUL� ,$�� $UDLQ� 6$�� 7\SH� ��
GLDEHWHV�PHOOLWXV� LQ�3DNLVWDQ��&XUUHQW�SUHYDOHQFH�
DQG� IXWXUH� IRUHFDVW�� -� 3DN�0HG�$VVRF�� ������ ��
����������-����� 

�� +RVVDLQ� 3�� .DZDU� %�� (O� 1DKDV� 0�� 2EHVLW\� DQG�
GLDEHWHV� LQ� WKH� GHYHORSLQJ� ZRUOG� -� D� JURZLQJ�
FKDOOHQJH� 1�(QJO�-�0HG� ��������������-����  
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