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YLVLWLQJ�GLDEHWLF�FOLQLF��1DWLRQDO�,QVWLWXWH�RI�&KLOG�+HDOWK��.DUDFKL�� 
0(7+2'2/2*<�� $� UHWURVSHFWLYH� FURVV� VHFWLRQDO� VWXG\�ZDV� GHVLJQHG� LQ�ZKLFK� ���� FKLOGUHQ� RI� 7�'0�
ZHUH� HQUROOHG� IURP� 3DHGLDWULFV� HQGRFULQRORJ\� RXW-SDWLHQW� GHSDUWPHQW� RI� 1DWLRQDO� ,QVWLWXWH� RI� &KLOG�
+HDOWK��1,&+��.DUDFKL��3DWLHQWV�EHWZHHQ�WKH�DJH�RI���-���\HDUV�RI�HLWKHU�JHQGHU�ZLWK�GXUDWLRQ�RI�7�'0�IRU�
PRUH�WKDQ���\HDUV�DQG�QR�SUHYLRXV�NQRZQ�H\H�RU�V\VWHPLF�GLVHDVH�RWKHU�WKDQ�7�'0�ZHUH�LQFOXGHG��7KH�
PHGLFDO�UHFRUGV�RI�H\H�H[DPLQDWLRQ�RI�����FKLOGUHQ�IURP�-DQXDU\�WR�'HFHPEHU������ZHUH�UHYLHZHG�DQG�
DQDO\]HG�� 3DWLHQWV� ZHUH� VHOHFWHG� WKURXJK� QRQ� SUREDELOLW\� FRQVHFXWLYH� VDPSOLQJ� WHFKQLTXH� DQG� 6366�
YHUVLRQ����ZDV�XVHG�WR�DQDO\]H�GDWD�� 
5(68/76��2QH�KXQGUHG�SDWLHQWV�RI�7�'0�ZHUH�HQUROOHG�����ZHUH�PDOH�DQG����ZHUH�IHPDOHV��0HDQ�DJH�RI�
WKH�SDWLHQWV�ZHUH������������\HDUV� ���-���\HDUV��DQG�����ZHUH�����\HDUV��0HDQ�GXUDWLRQ�GLDJQRVLV�RI�
7�'0�ZDV����������\HDUV��0LOG�QRQ�SUROLIHUDWLYH�'LDEHWLF�UHWLQRSDWK\��13'5��ZDV�IRXQG�LQ�����SDWLHQWV�
DQG�QRQH�KDG�SUROLIHUDWLYH�GLDEHWLF�UHWLQRSDWK\� 
&21&/86,21��0LOG�1RQ�3UROLIHUDWLYH�5HWLQRSDWK\�LV�TXLWH�KLJK�LQ�RXU�VWXG\�SRSXODWLRQ�ZKLFK�FRXOG�ODWHU�
RQ�3URJUHVVHV�3UROLIHUDWLYH�5HWLQRSDWK\�� 6FUHHQLQJ� IRU� DOO� WKH� FKLOGUHQ� VKRXOG�EH�PDQGDWRU\� IRU� HDUO\�
GLDJQRVLV�� PDQDJHPHQW� DQG� IXWXUH� RI� H\H� FRPSOLFDWLRQV�� 7KH� VFUHHQLQJ� IRU� H\H� FRPSOLFDWLRQV� IRU� DOO�
FKLOGUHQ� 7\SH� ,� GLDEHWHV� PHOOLWXV� VKRXOG� EH� LQLWLDWHG� DQQXDOO\� DIWHU� �� \HDUV� RI� GLDJQRVLV� DQG� LQ� WKH�
FKLOGUHQ�ZKR�DUH����\HDUV�DUH�ROGHU� 

.(<:25'6�� 7\SH� �� ,''0�� 'LDEHWLF� 5HWLQRSDWK\� �'5��� 0LOG� QRQ� SUROLIHUDWLYH� GLDEHWLF� UHWLQRSDWK\�
�13'5�� 

,1752'8&7,21 

7\SH� �� GLDEHWHV� PHOOLWXV� �7�'0�� LV� ZHOO� NQRZQ� DQG�
WKH� �UG� PRVW� SUHYDOHQW� FKURQLF� GLVHDVH� LQ� WKH�
3DHGLDWULF� SRSXODWLRQ��� DORQJ� ZLWK� V\VWHPLF�
FRPSOLFDWLRQV�RU�PDQLIHVWDWLRQV� LQFOXGLQJ�UHWLQRSDWK\��
QHSKURSDWK\�DQG�QHXURSDWK\��7KRXJK�WKH�OLNHOLKRRG�RI�
GLDEHWLF� UHWLQRSDWK\� �'5�� LV� YHU\� ORZ� EXW� VWLOO� VRPH�
FKLOGUHQ� DQG� DGROHVFHQWV� PD\� GHYHORS� VLJQLILFDQW�
UHWLQRSDWK\�� 7KH� VKRUWHVW� GXUDWLRQ� RI�'0� SULRU� WR� WKH�
GHYHORSPHQW� RI� '5� ZDV� �� WR� �� \HDUV� LQ� GLIIHUHQW�
VWXGLHV�� $PHULFDQ� DFDGHP\� RI� 2SKWKDOPRORJ\�
JXLGHOLQHV� UHFRPPHQGV� DQQXDO� VFUHHQLQJ� RI� �� WR� ��
\HDUV�DIWHU�'0�GLDJQRVLV� RU� DIWHU� WKH�DJH�RI� �� \HDUV�
ZKLFKHYHU�FRPHV�ODWHU�� 

7KHUH�DUH�GLIIHUHQW�VWDJHV�RI�GLDEHWLF�UHWLQRSDWK\��'5��
VWDJHV� RI� L�H�� PLOG� QRQ-SUROLIHUDWLYH� GLDEHWLF�
UHWLQRSDWK\� �1'35�� RQO\� PLFURDQHXU\VPV�� 0RGHUDWH�
�1'35��PRUH�WKDQ�MXVW�PLFURDQHXU\VPV�EXW�OHVV�WKDQ�
VHYHUH� 1'35�� VHYHUH� 1'35� LV� ZLWK� LQWUDUHWLQDO�
KHPRUUKDJH�� YHQRXV� EHDGLQJ�� DQG� SURPLQHQW�
LQWUDUHWLQDO� PLFURYDVFXODU� DEQRUPDOLWLHV�� 3'5�
�3UROLIHUDWLYH�GLDEHWLF�UHWLQRSDWK\�LV�QHRYDVFXODUL]DWLRQ�

DQG� YLWUHRXV�SUH-UHWLQDO� KHPRUUKDJH�� 6WDJH� �� '5�
ZKLFK� LV� DOVR� NQRZQ� DV� YHU\� PLOG� QRQ-SUROLIHUDWLYH�
'LDEHWLF� UHWLQRSDWK\� �13'5�� LV� PRUH� FRPPRQ��� 7KH�
SUHYDOHQFH� RI� GLDEHWLF� UHWLQRSDWK\� LQ� SHDGLDWULF�
SRSXODWLRQ�LV�YDULDEOH�UDQJLQJ�IURP���-����LQ�GLIIHUHQW�
VWXGLHV�WKRXJK�WKH�ULVN�LQFUHDVHV�IURP�WKH�WHHQDJH��� 
'5� LV� LQLWLDOO\� DV\PSWRPDWLF� EXW� PD\� OHDG� WR� YLVLRQ�
WKUHDWHQLQJ� GLVHDVH����� )RU� WKH� GLDJQRVLV� DQG� HDUO\�
PDQDJHPHQW� RI� WKHVH� PLFUR� YDVFXODU� FRPSOLFDWLRQV��
WKHUH� LV� QHHG� RI� DSSURSULDWH� DQG� WLPHO\� VFUHHQLQJ���
(DUO\� VFUHHQLQJ� IRU�'5� LV� LPSRUWDQW� IRU� SUHYHQWLRQ� RI�
EOLQGQHVV�� DV� LWV� LQFLGHQFH� LV� ORZHU� LQ� VHWWLQJV�ZKHUH�
H\H� VFUHHQLQJ� SURJUDPV� DUH� ZHOO� HVWDEOLVKHG��� 0RVW�
FRPPRQ� IDFWRU� IRU� SUHGLFWLQJ� '5� LV� GXUDWLRQ� RI�
GLDEHWHV�PRUHRYHU�LW�LV�OHVV�FRPPRQ�LQ�ILUVW�GHFDGH�RI�
GLDEHWLF� OLIH��� *OREDOO\� WKHUH� LV� ULVH� LQ� LQFLGHQFH�
RI7�'0��DQG�WKHUH�LV�DOVR�DQ�DVVRFLDWLRQ�RI�ULVN�DW�PLFUR�
YDVFXODU� FRPSOLFDWLRQV� RI� '5� LQ� FKLOGUHQ� EHFDXVH� RI�
ORQJ�GXUDWLRQ�RI�K\SHUJO\FHPLF�SHULRG�RU�SRRU�FRQWURO�� 
7KH� UHSRUWHG� \RXQJHVW� FKLOG� ZLWK� YLVLRQ� WKUHDWHQLQJ�
'5� LV� ����� \HDUV��� 5HWLQD� SURYLGHV� RSSRUWXQLW\� IRU�
GLUHFW��QRQ-LQYDVLYH�DQG�UHSHDWHG�PLFUR�YDVFXODU�EHG�
YLVXDOL]DWLRQ� DQG� DOORZV� IRU� HYDOXDWLRQ� RI� HDUO\�PLFUR�
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YDVFXODU�FKDQJHV������ 
,QGLUHFW� RSKWKDOPRVFRS\� DQG� SKRWRJUDSK\� RI� IXQGXV�
E\� GLODWHG� SXSLOV� LV� FRPPRQ� SUDFWLFH� ZRUOGZLGH� ZLWK�
PRUH�SUHFLVLRQ�RI�GLDJQRVLV�RI�'5��� 
$OWKRXJK�WKHUH�LV�D�ORW�RI�GDWD�DYDLODEOH�RQ�'5�LQ�DGXOW�
GLDEHWLFV�� LQ� FKLOGUHQ� LW� LV� RYHU� ORRNHG� GXH� WR� LQ�
DVVXPSWLRQ� RI� WKDW� WKHVH� FRPSOLFDWLRQV� WDNH� WLPH� WR�
GHYHORS� DQG� DUH� UDUH� LQ� SHDGLDWULF� SRSXODWLRQ�� 7KH�
UDWLRQDOH�RI�WKLV�VWXG\�ZDV�WR�VFUHHQ�7�'0�FKLOGUHQ�IRU�
GLDEHWLF�UHWLQRSDWK\�VR�WKDW�HDUO\�GLDJQRVLV�DQG�WLPHO\�
LQWHUYHQWLRQ� FDQ� EH� PDGH� DQG� WR� SUHYHQW� ORQJ� WHUP�
YLVXDO�LPSDLUPHQW�DQG�EOLQGQHVV��� 

0(7+2'2/2*< 

7KLV�FURVV�VHFWLRQDO�VWXG\�ZDV�GRQH�DW�GHSDUWPHQW�RI�
SHGLDWULFV� HQGRFULQRORJ\�GLDEHWLF� FOLQLF�� 1DWLRQDO�
LQVWLWXWH� RI� &KLOG� +HDOWK� �1,&+�� .DUDFKL� GXULQJ�
-DQXDU\�WR�'HFHPEHU�������$�WRWDO�RI�����SDWLHQWV�RI�
7�'0� IRU� PRUH� WKDQ� ILYH� \HDUV� RI� GLVHDVH� GXUDWLRQ�
EHWZHHQ�WKH�DJH�RI���-���\HDUV�RI�HLWKHU�JHQGHU�ZHUH�
UHFUXLWHG��:ULWWHQ� LQIRUPHG�FRQVHQW�ZDV� WDNHQ�EHIRUH�
H[DPLQDWLRQ�� 6DPSOH� VL]H� FDOFXODWLRQ� ZDV� SHUIRUPHG�
E\� WKH� UHSRUWHG� ORFDO� SUHYDOHQFH� RI� '5� ZKLFK� ZDV�
����ZLWK�����FRQILGHQFH� LQWHUYDO���� %HIRUH� LQFOXVLRQ�
RI� WKH� SDUWLFLSDQWV� WKH� SXUSRVH�� SURFHGXUH�� ULVN� DQG�
EHQHILWV� RI� WKH� VWXG\� ZDV� H[SODLQHG� DQG� ZULWWHQ�
LQIRUPHG� FRQVHQW� ZDV� REWDLQHG� IURP� WKH� SDUHQWV��
&KLOGUHQ�EHWZHHQ���WR����\HDUV�RI�DJH�ZHUH�H[FOXGHG�
DV�WKH�FKDQFHV�RI�WKH�GLDEHWLF�UHWLQRSDWK\�DUH�YHU\�ORZ�
DPRQJ�WKLV�DJH�JURXS�� 
0RUHRYHU� FKLOGUHQ� ZLWK� NQRZQ� H\H� RU� V\VWHPLF�
GLVHDVH� RWKHU� WKDQ� 7�'0� ZHUH� DOVR� H[FOXGHG��
3DWLHQWV�RI�7�'0�ZHUH�URXWLQHO\�H[DPLQHG��FRQVXOWHG�
IRU�VFUHHQLQJ�H\H�FRPSOLFDWLRQV�RI�'5�DW�UHWLQD�FOLQLF��
RSKWKDOPRORJ\� GHSDUWPHQW� RI� -LQQDK� 3RVW� *UDGXDWH�
0HGLFDO�&HQWHU�.DUDFKL��3DNLVWDQ��'LODWHG�IXQGXVFRSLF�
H[DPLQDWLRQ� ZDV� GRQH� ZLWK� D� VOLW� ODPS� H[DPLQDWLRQ�
DQG� RSKWKDOPRVFRSH� E\� DQ� H[SHUW� RSKWKDOPRORJLVW��
7KH�GHPRJUDSKLF�UHFRUG�RI�WKH�FKLOGUHQ�ZDV�UHFRUGHG�
DQG�DQDO\]HG�WKURXJK�6366�YHUVLRQ����� 
4XDOLWDWLYH� YDULDEOHV� OLNH� JHQGHU� DQG� '5� ZDV�
HVWLPDWHG�DV�IUHTXHQF\�DQG�SHUFHQWDJHV��4XDQWLWDWLYH�
YDULDEOH� OLNH� DJH�� KHLJKW�� ZHLJKW�� %0,� DQG� GXUDWLRQ�
VLQFH�GLDJQRVLV�RI�7\SH���'0�ZDV�HVWLPDWHG�DV�PHDQ�
�6'V��&KL�VTXDUH�DQDO\VLV�ZHUH�DOVR�SHUIRUPHG�DQG�3
-YDOXH�RI�OHVV�WKDQ������ZDV�FRQVLGHUHG�DV�VLJQLILFDQW��
&RUUHODWLRQ� ZLWK� +E$�&� ZDV� QRW� SHUIRUPHG� LQ� WKLV�
VWXG\�DV�LW�KDV�EHHQ�UHSRUWHG�DV�WKH�LQGHSHQGHQW�ULVN�
IDFWRU� IRU� WKH� GHYHORSPHQW� RI� GLDEHWLF� UHWLQRSDWK\� LQ�
W\SH���GLDEHWHV�PHOOLWXV� 
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2XW� RI� ���� SDWLHQWV� RI� 7�'0����ZHUH�PDOHV� DQG� ���
ZHUH� IHPDOHV�� 0HDQ� DJH� RI� WKH� SDWLHQWV� ZDV�
�����������\HDUV��UDQJH���-���\HDUV��DQG�����ZHUH�
����\HDUV��0HDQ�%0,�RI�WKH�SDWLHQWV�ZDV�������������
.J�P�� DQG� ������ RI� SDWLHQWV� KDG�%0,� RI� ����.J�P���
0HDQ� GXUDWLRQ� GLDJQRVLV� RI� 7�'0� ZDV� ����������

\HDUV� ZLWK� ���� FKLOGUHQ� KDG���� \HDUV� RI� GXUDWLRQ� RI�
GLDJQRVLV�RI�7�'0��7DEOH�,�� 
0LOG� QRQ� SUROLIHUDWLYH� 'LDEHWLF� UHWLQRSDWK\� �13'5��
ZDV�IRXQG�LQ�����SDWLHQWV�DQG�QRQH�KDG�SUROLIHUDWLYH�
'5�� &URVV� WDEXODWLRQ� ZDV� GRQH� WR� VHH� WKH� HIIHFW� RI�
DJH��JHQGHU��%0,�DQG�GXUDWLRQ�RI�GLDJQRVLV�RI�7�'0�
RQ�WKH�RXWFRPH��7DEOH�,,�� 

7$%/(�,��'(02*5$3+,&�)($785(6�2)�
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7�'0� LV� ZHOO� NQRZQ� IRU� PDQ\� RFXODU� FRPSOLFDWLRQV�
LQFOXGLQJ� FRUQHDO� SDWKRORJLHV�� JODXFRPD� DQG�
UHWLQRSDWK\��� 6WDJH� �� 'LDEHWLF� UHWLQRSDWK\� YHU\� PLOG�
QRQ-SUROLIHUDWLYH� GLDEHWLF� UHWLQRSDWK\� �YHU\� PLOG�
1'35���ZLWK� PLFUR� DQHXU\VPV� ZDV� REVHUYHG�� LQ�
URXWLQH�VFUHHQLQJ� IRU�'5� LQ�VHYHUDO�FHQWHUV��'LIIHUHQW�
FOLQLFDO� JXLGHOLQHV� KDYH� EHHQ� GHYHORSHG� IRU� DJH� RI�
VFUHHQLQJ�IRU�'5�LQ�7�'0�DQG�WKHVH�SUDFWLFHV�YDU\�LQ�
GLIIHUHQW� UHJLRQV�� ,QLWLDOO\� WKHUH� DUH� VXEWOH� FKDQJHV� LQ�
WKH� FDOLEHU� RI� DUWHULROHV� DQG� YHQXOHV� DQG� SUHGLFW� DQG�
SURFHHGV� WKH� RQVHW� RI� '5� DQG� RWKHU� PLFUR� YDVFXODU�
FRPSOLFDWLRQV� OLNH� QHSKURSDWK\� DQG� P\RFDUGLDO�
LQIDUFWLRQ��-���� 7KH� RWKHU� ULVN� IDFWRU� SUHGLFWLQJ� HDUO\�
FRPSOLFDWLRQ�RI�GLDEHWHV�LV�SRRU�FRPSOLDQFH�DV�VKRZQ�
E\�GLIIHUHQW�VWXGLHV��ZKHUH�QHHG�RI�RFXODU�VXUJHULHV�LV�
WZR� IROGV� KLJKHU� ZLWK� FRQYHQWLRQDO� GLDEHWHV� FRQWURO�
YHUVXV�LQWHQVLYH�GLDEHWHV�FRQWURO���� 
$FFRUGLQJ� WR� $PHULFDQ� $FDGHP\� RI� 2SKWKDOPRORJ\�
JXLGHOLQHV�� VFUHHQLQJ� IRU�'5���VKRXOG�EH�GRQH�DIWHU���

'LDEHWLF�5HWLQRSDWK\�LQ�&KLOGUHQ�ZLWK�7\SH�,�'LDEHWHV�0HOOLWXV 

��� 

 0HDQ�6' 
$JH�5DQJH 

<HDUV 

$JH���\HDUV� ���������� ��-�� 

%0, ���������� ������-������ 

'XUDWLRQ�RI�W\SH���
GLDEHWHV��\HDUV� 

��������� �-� 

*HQGHU 
���0DOH� 
���)HPDOH 

  
��� 
��� 

  

 'LDEHWLF�UHWL�
QRSDWK\� �Q��� 3-YDOXH 

��-���\UV ��������� 
������ 

��-���\UV �������� 

0DOH ��������� 
������ 

)HPDOH �������� 

'XUDWLRQ�RI�'LDEHWHV��-��\HDUV �������� 

'XUDWLRQ�RI�GLDEHWHV�!��\HDUV �������� 
������ 



 

-�/LDTXDW�8QL�0HG�+HDOWK�6FL�2&72%(5�-�'(&(0%(5�������9RO�����1R���� 

\HDUV� RI� RQVHW� RI� 7�'0�� %\� WKH� JXLGHOLQHV� RI�
$PHULFDQ�'LDEHWHV� $VVRFLDWLRQ�� VFUHHQLQJ� VKRXOG� EH�
GRQH�DIWHU��-��\HDUV�RI�RQVHW�RI�7�'0�LQ�FKLOGUHQ!���
\HDUV� RI� DJH�� $FFRUGLQJ� WR� $PHULFDQ� $FDGHP\� RI�
3DHGLDWULFV�� JXLGHOLQHV� DUH� WKDW� VFUHHQLQJ� VKRXOG� EH�
GRQH�DIWHU��-��\HDUV�RI�RQVHW�RI�7�'0�LQ�FKLOGUHQ�EXW�
DJH� LV� �� \HDUV� RU� ROGHU����

KLOH� RWKHU� VWXGLHV�
KDYH�UHSRUWHG�SUHYDOHQFH�ZLWK�UDQJH�IURP��-������� 

ZKLFK� LV� OHVV� OLNHO\� WR� UHJUHVV�
VSRQWDQHRXVO\�� 2XU� ���� FKLOGUHQ� KDG� PLOG� QRQ�
SUROLIHUDWLYH� GLDEHWLF� UHWLQRSDWK\� �1'35�� ZKR�

EXW�VWLOO� LW� LV� LPSRUWDQW� WR�GLDJQRVH�UHWLQRSDWK\�
DV�HDUO\�DV�SRVVLEOH�VR�DV�WR�LQWHQVLI\�GLDEHWHV�FRQWURO�
DQG�WUHDWPHQW�DQG�WR�SUHYHQW�RU�GHOD\�WKH�SURJUHVVLRQ�
RI�GLDEHWLF�UHWLQRSDWK\�� 
3URORQJ�GXUDWLRQ�RI� GLDEHWHV� KDV� EHHQ� UHSRUWHG� DV� D�
ULVN� IDFWRU� IRU� GHYHORSPHQW� RI� '5��� 0HDQ� GXUDWLRQ� RI�
7�'0�LQ�RXU�VWXG\�SRSXODWLRQ�ZDV��������7KRXJK�WKLV�
LV� QRW� VR�PXFK�SURORQJHG�� VWLOO� ZH� IRXQG�����RI�'5��
DJDLQ� HPSKDVL]LQJ� QHHG� RI� HDUO\� VFUHHQLQJ��
5HJDUGLQJ� FRPSDULVRQ� ZLWK� GXUDWLRQ� RI� 7�'0� RI� ���
\HDUV�	�!��\HDUV��ZH�GLGQ¶W�ILQG�VLJQLILFDQW�GLIIHUHQFH��
WKLV�PLJKW�EH�EHFDXVH�VPDOO�QXPEHU�LQ�!��\HDUV�JURXS�
DQG�XQHTXDO�QXPEHUV�LQ�ERWK�JURXSV�� 
5HJDUGLQJ� JHQGHU� GLVWULEXWLRQ�� '5� ZDV� IRXQG� LQ�
������LQ�ER\V�DQG�������LQ�JLUOV��7KH�UHVXOWV�ZHUH�QRW�
VWDWLVWLFDOO\�VLJQLILFDQW��7KLV�LV�FRQWUDGLFWRU\�WR�VWXG\�E\�
%HQLWH]-$JXLUUH� 3� HW� DO��� ZKR� UHSRUWHG� HDUO\�
GHYHORSPHQW� RI� '5� LQ� JLUOV�� :H� IRXQG� VWDWLVWLFDOO\�
VLJQLILFDQW� GLIIHUHQFH� RI� '5� LQ� FKLOGUHQ� ��-��� \HDUV�
DQG���-���\HDUV��EXW� WZR�JURXSV�DUH�QRW�FRPSDUDEOH�
EHFDXVH�RI�VPDOO�SDWLHQW�QXPEHU�DQG�XQHTXDO�QXPEHU�
LQ�ERWK�JURXSV��LQ�DJH���-���\HDUV�ZH�KDG����SDWLHQWV�
LQ�DJH���-���\HDUV�ZH�RQO\�KDG���SDWLHQWV�� 
:H� KDG� FHUWDLQ� OLPLWDWLRQV� LQ� RXU� VWXG\�� ILUVW� +E$�F�
ZDV�QRW�FRPSDUHG��VR�HIIHFW�RI�SDVW�JO\FHPLF�FRQWURO�
RYHU�GHYHORSPHQW�RI�'5�FRXOG�QRW�EH�VHHQ��6HFRQGO\��
LW�ZDV�D�FURVV�VHFWLRQDO�UHWURVSHFWLYH�VWXG\�DQG�IROORZ-
XS� RI� WKH� SDWLHQWV� ZDV� QRW� GRQH� WR� VHH� WKH� HIIHFW� RI�
WLPH�GXUDWLRQ�RYHU�GHYHORSPHQW�RI�'5��0RUHRYHU�� LW¶V�
D� VLQJOH� FHQWHU� VWXG\� VR� UHVXOWV� FDQQRW� EH�
JHQHUDOL]HG�� )XUWKHU� PXOWL-FHQWHU� VWXGLHV� LQ� FKLOGUHQ�
DUH�QHHGHG�IRU�UHFRPPHQGDWLRQV� 
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0LOG�1RQ�3UROLIHUDWLYH�5HWLQRSDWK\�LV�TXLWH�KLJK�LQ�RXU�
VWXG\� SRSXODWLRQ� ZKLFK� FRXOG� ODWHU� RQ� 3URJUHVVHV�
3UROLIHUDWLYH�5HWLQRSDWK\��6FUHHQLQJ�IRU�DOO�WKH�FKLOGUHQ�
VKRXOG�EH�PDQGDWRU\�IRU�HDUO\�GLDJQRVLV��PDQDJHPHQW�
DQG�IXWXUH�RI�H\H�FRPSOLFDWLRQV��7KH�VFUHHQLQJ�IRU�H\H�
FRPSOLFDWLRQV� IRU�DOO�FKLOGUHQ�7\SH� ,�GLDEHWHV�PHOOLWXV�
VKRXOG�EH�LQLWLDWHG�DQQXDOO\�DIWHU���\HDUV�RI�GLDJQRVLV�
DQG�LQ�WKH�FKLOGUHQ�ZKR�DUH����\HDUV�DUH�ROGHU� 

(WKLFDO� SHUPLVVLRQ�� 1DWLRQDO� ,QVWLWXWH� RI� &KLOG�
+HDOWK�OHWWHU�1R��,(5%����������GDWHG���-��-������ 

&RQIOLFW�RI�,QWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW� 

)XQGLQJ��7KHUH�ZDV�QR�DQ\�IXQGLQJ�DJHQF\� 
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*XODE�6�� 'DWD�FROOHFWLRQ 
.KRVR�=$�� 'DWD�DQDO\VLV��ZULWH�XS 
,EUDKLP�01�� &RQFHSW��VWXG\�GHVLJQ�� 
/DJKDUL�70�� 'DWD�LQWHUSUHWDWLRQ 
$KPHG�6+�� /LWHUDWXUH�VHDUFK 
5D]D�-�� 6XSHUYLVLRQ��SURRI�UHDGLQJ 

5()5(1&(6 

�� .DUYRQHQ� 0�� 9LLN-.DMDQGHU� 0�� 0ROWFKDQRYD� (��
/LEPDQ�,��/D3RUWH�52��7XRPLOHKWR�-��,QFLGHQFH�RI�
FKLOGKRRG� W\SH� �� GLDEHWHV� ZRUOGZLGH�� 'LDEHWHV�
0RQGLDOH� �'LD0RQG�� 3URMHFW� *URXS�� 'LDEHWHV�
&DUH��������������������-����GRL���������GLDFDUH��
����������� 

�� *HORQHFN� 00�� )RUEHV� %-�� 6KDIIHU� -�� <LQJ� *6��
%LQHQEDXP� *�� 2FXODU� FRPSOLFDWLRQV� LQ� FKLOGUHQ�
ZLWK� GLDEHWHV�PHOOLWXV��2SKWKDOPRORJ\�� �����'HF�
��������������-����GRL����������M�RSKWKD����������
���� 

�� .DQVNL� -�� %RZOLQJ� %�� .DQVNL
V� FOLQLFDO�
RSKWKDOPRORJ\��D�V\VWHPDWLF�DSSURDFK��6DXQGHUV�
/WG������� 

�� $NLO� +�� %XOXú� $'�� $QGLUDQ� 1�� $OS� 01�� 2FXODU�
PDQLIHVWDWLRQV� RI� W\SH� �� GLDEHWHV� PHOOLWXV� LQ�
SHGLDWULF� SRSXODWLRQ�� ,QGLDQ� -� 2SKWKDOPRO�� ������
����������-�� 

�� 7KRPDV�5/�� 'XQVWDQ� )'�� /X]LR� 6'�� &KRZGKXU\�
65�� 1RUWK� 59�� +DOH� 6/�� HW� DO�� 3UHYDOHQFH� RI�
GLDEHWLF� UHWLQRSDWK\� ZLWKLQ� D� QDWLRQDO� GLDEHWLF�
UHWLQRSDWK\� VFUHHQLQJ� VHUYLFH�� %U� -� 2SKWKDOPRO��
���������������-���GRL����������EMRSKWKDOPRO-����
-������� 

�� /LDQ� -;�� *DQJZDQL� 5$�� 0F*KHH� 60�� &KDQ� &.��
/DP� &/�� :RQJ� '6�� 6\VWHPDWLF� VFUHHQLQJ� IRU�
GLDEHWLF� UHWLQRSDWK\� �'5�� LQ� +RQJ� .RQJ��
SUHYDOHQFH� RI� '5� DQG� YLVXDO� LPSDLUPHQW� DPRQJ�
GLDEHWLF� SRSXODWLRQ�� %U� -� 2SKWKDOPRO�� ������ ���
����� ���-��� GRL���������EMRSKWKDOPRO-����-
������� 

�� /LHZ�*��0LFKDHOLGHV�0��%XQFH�&��$�FRPSDULVRQ�RI�
WKH� FDXVHV� RI� EOLQGQHVV� FHUWLILFDWLRQV� LQ� (QJODQG�

6KXPDLOD�*XODE��=XEDLU�$KPHG�.KRVR��0RKVLQD�1RRU�,EUDKLP��7DM�0XKDPPDG�/DJKDUL��6\HG�+DELE�$KPHG��-DPDO�5D]D 

��� 



 

-�/LDTXDW�8QL�0HG�+HDOWK�6FL�2&72%(5�-�'(&(0%(5�������9RO�����1R���� 

DQG�:DOHV� LQ� ZRUNLQJ� DJH� DGXOWV� ���–��� \HDUV���
����–�����ZLWK�����–������%0-�2SHQ�� ������ �
������-���GRL���������EPM-RSHQ-����-������� 

�� &KR�<+��&UDLJ�0(��'RQDJKXH�.&��3XEHUW\�DV�DQ�
DFFHOHUDWRU� IRU� GLDEHWHV� FRPSOLFDWLRQV�� 3HGLDWU�
'LDEHWHV�� ������ ������� ��-���� GRL���������
SHGL������� 

�� 6FDQORQ� 3+�� 6WUDWWRQ� ,0�� %DFKPDQQ� 02�� -RQHV�
&��/HHVH�*3��)RXU�1DWLRQV�'LDEHWLF�5HWLQRSDWK\�
6FUHHQLQJ� 6WXG\� *URXS�� 5LVN� RI� GLDEHWLF�
UHWLQRSDWK\�DW�ILUVW�VFUHHQ�LQ�FKLOGUHQ�DW����DQG����
\HDUV� RI� DJH��'LDEHW�0HG�� ������ �������� ����-���
GRL���������GPH������� 

��� 0HPRQ�6��$KVDQ�6��5LD]�4��%DVLW�$��6KHLNK�6$��
)DZZDG� $�� HW� DO�� )UHTXHQF\�� VHYHULW\� DQG� ULVN�
LQGLFDWRUV�RI� UHWLQRSDWK\� LQ�SDWLHQWV�ZLWK�GLDEHWHV�
VFUHHQHG� E\� IXQGXV� SKRWRJUDSKV�� D� VWXG\� IURP�
SULPDU\�KHDOWK�FDUH��3DN�-�0HG�6FL���������������
���-���� 

��� /LHZ�*��%HQLWH]-$JXLUUH�3��&UDLJ�0(��-HQNLQV�$-��
+RGJVRQ� /$�� .LIOH\� $�� HW� DO�� 3URJUHVVLYH� UHWLQDO�
YDVRGLODWLRQ� LQ� SDWLHQWV� ZLWK� W\SH� �� GLDEHWHV�� D�
ORQJLWXGLQDO� VWXG\� RI� UHWLQDO� YDVFXODU� JHRPHWU\��
,QYHVW�2SKWKDOPRO�9LVXDO�6FL�� ������ ������� ����-
���'RL���������LRYV���-������ 

��� &KHXQJ� &<�� ,NUDP�0.�� .OHLQ� 5��:RQJ� 7<�� 7KH�
FOLQLFDO� LPSOLFDWLRQV� RI� UHFHQW� VWXGLHV� RQ� WKH�
VWUXFWXUH� DQG� IXQFWLRQ� RI� WKH� UHWLQDO�
PLFURYDVFXODWXUH� LQ�GLDEHWHV��'LDEHWRORJLD��������
����������-����GRL���������V�����-���-����-�� 

��� ,NUDP�0.��&KHXQJ�&<��/RUHQ]L�0��.OHLQ�5��-RQHV�
7/�� :RQJ� 7<�� 5HWLQDO� YDVFXODU� FDOLEHU� DV� D�
ELRPDUNHU� IRU� GLDEHWHV� PLFURYDVFXODU�
FRPSOLFDWLRQV��'LDEHWHV�FDUH������������������-���
GRL���������GF��-����� 

��� <DX�-:��;LH�-��.DZDVDNL�5��.UDPHU�+��6KOLSDN�0��
.OHLQ� 5�� HW� DO�� 5HWLQDO� DUWHULRODU� QDUURZLQJ� DQG�
VXEVHTXHQW� GHYHORSPHQW� RI� &.'� 6WDJH� ��� WKH�

0XOWL-(WKQLF�6WXG\�RI�$WKHURVFOHURVLV��0(6$���$P�
-� .LGQH\� 'LV�� ������ ������� ��-���� GRL����������
M�DMNG������������� 

��� 7VDL�$6��:RQJ�7<��/DYDQ\D�5��=KDQJ�5��+DP]DK�
+��7DL�(6��HW�DO��'LIIHUHQWLDO�DVVRFLDWLRQ�RI� UHWLQDO�
DUWHULRODU� DQG� YHQXODU� FDOLEHU� ZLWK� GLDEHWHV� DQG�
UHWLQRSDWK\��'LDEHWHV�5HV�&OLQ�3UDFW����������������
���-���GRL���������M��GLDEUHV������������� 

��� '&&7�(',&�5HVHDUFK�*URXS�� ,QWHQVLYH� GLDEHWHV�
WKHUDS\� DQG� RFXODU� VXUJHU\� LQ� W\SH� �� GLDEHWHV��
1HZ� (QJO� -� 0HG�� ������ ��������� ����-����
GRL���������1(-0RD������� 

��� *RáĊELHZVND� -�� 2OHFKRZVNL� $�� :\VRFND-
0LQFHZLF]� 0�� 2GURELQD� '�� %DV]\ĔVND-:LON� 0��
*URV]HN� $�� HW� DO�� 2SWLFDO� FRKHUHQFH� WRPRJUDSK\�
DQJLRJUDSK\�YHVVHO�GHQVLW\�LQ�FKLOGUHQ�ZLWK�W\SH���
GLDEHWHV�� 3/R6� 2QH�� ������ �������� H���������
GRL���������MRXUQDO�SRQH��������� 

��� :DQJ� 6<�� $QGUHZV� &$�� +HUPDQ� :+�� *DUGQHU�
7:�� 6WHLQ� -'�� ,QFLGHQFH� DQG� ULVN� IDFWRUV� IRU�
GHYHORSLQJ� GLDEHWLF� UHWLQRSDWK\� DPRQJ� \RXWKV�
ZLWK� W\SH� �� RU� W\SH� �� GLDEHWHV� WKURXJKRXW� WKH�
8QLWHG� 6WDWHV�� 2SKWKDOPRORJ\�� ����� $SU� �����
�������-����GRL���������M�RSKWKD������������� 

��� 0DVVLQ�3��(UJLQD\�$��0HUFDW-&DXGDO� ,��5REHUW�1��
9RO�6��5HDFK�*��HW�DO��3UHYDOHQFH�RI�GLDEHWLF�UHWLQ�
RSDWK\� LQ� FKLOGUHQ� DQG� DGROHVFHQWV� ZLWK� W\SH-��
GLDEHWHV� DWWHQGLQJ� VXPPHU� FDPSV� LQ� )UDQFH��
'LDEHWHV�0HWDE������������������-���GRL����������
M�GLDEHW������������� 

��� %HQLWH]-$JXLUUH� 3�� &UDLJ� 0(�� &DVV� +*�� 6XJGHQ�
&-��-HQNLQV�$-��:DQJ�--��HW�DO��6H[�GLIIHUHQFHV�LQ�
UHWLQDO�PLFURYDVFXODWXUH�WKURXJK�SXEHUW\�LQ�W\SH���
GLDEHWHV�� DUH� JLUOV� DW� JUHDWHU� ULVN� RI� GLDEHWLF�
PLFURYDVFXODU� FRPSOLFDWLRQV"� ,QYHVW� 2SKWKDOPRO�
9LVXDO� 6FL�� ������ ������� ���-��� GRL���������
LRYV���-������� 

'LDEHWLF�5HWLQRSDWK\�LQ�&KLOGUHQ�ZLWK�7\SH�,�'LDEHWHV�0HOOLWXV 

��� 
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'U��6KXPDLOD�*XODE 
'HSDUWPHQW�RI�(QGRFULQRORJ\� 
1DWLRQDO�,QVWLWXWH�RI�&KLOG�+HDOWK� 
�1,&+���.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��=XEDLU�$KHPG�.KRVR� 
�&RUUHVSRQGLQJ�$XWKRU� 
'HSDUWPHQW�RI�(QGRFULQRORJ\� 
1,&+��.DUDFKL��6LQGK-3DNLVWDQ� 
(PDLO��]XEDLU�NKRVR#\PDLO�FRP 
 
'U��0RKVLQD�1RRU�,EUDKLP 
'HSDUWPHQW�RI�(QGRFULQRORJ\� 
1,&+��.DUDFKL��6LQGK-3DNLVWDQ� 

 
 
 

'U��7DM�0XKDPPDG�/DJKDUL 
'HSDUWPHQW�RI�(QGRFULQRORJ\� 
1,&+��.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��6\HG�+DELE�$KPHG 
'HSDUWPHQW�RI�(QGRFULQRORJ\� 
1,&+��.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��-DPDO�5D]D 
'HSDUWPHQW�RI�(QGRFULQRORJ\� 
1,&+��.DUDFKL��6LQGK-3DNLVWDQ�� 


