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7KH�,QWHUQDWLRQDO�-RXUQDO�RI�)URQWLHU�6FLHQFHV

&DUGLRYDVFXODU�'LVHDVH�DQG�,WV�5LVN�)DFWRUV�$PRQJ�(PSOR\HHV�RI�6LQGK�
*RYHUQPHQW��$�&URVV�6HFWLRQDO�6XUYH\�IURP�.DUDFKL��3DNLVWDQ

0DGLKD�6KDIL���+XPDLUD�0HKPRRG���6DHHG�$IVDU���=RDLE�5D]D�%RNKDUL� DQG�6DOHHP�$EEDVL�

$EVWUDFW�
,QWURGXFWLRQ� *OREDOO\�LW�LV�GRFXPHQWHG�WKDW�&9'�KDV�PXOWL�IDFWRULDO�DHWLRORJ\�DQG�PDQ\�IDFWRUV�OLNH�
LQFUHDVHG�%0,��K\SHUWHQVLRQ��+71���VWUHVV�DQG�GLDEHWHV�GHWHUPLQH�WKH�ULVN�RI�&9'��7KH�SUHYDOHQFH�RI�
ULVN�IDFWRUV�IRU�FDUGLR�YDVFXODU�GLVHDVH��&9'��LV�RQ�LQFUHDVH�LQ�WKH�GHYHORSLQJ�QDWLRQV�RI�WKH�ZRUOG�
2EMHFWLYHV� 7KH�SXUSRVH�RI�WKH�VWXG\�ZDV� WR�ILQG�RXW�WKH�SUHYDOHQFH�RI�FDUGLRYDVFXODU�GLVHDVH�DQG�LWV�
ULVN� IDFWRUV� DPRQJ� HPSOR\HHV� RI� 6LQGK� *RYHUQPHQW� LQ� .DUDFKL�� 3DNLVWDQ�
0HWKRG� ,W�ZDV�KRVSLWDO�EDVHG�FURVV�VHFWLRQDO�VWXG\��$�WRWDO�RI�����VXEMHFWV��JRYW�HPSOR\HHV�RI�6LQGK�
*RYHUQPHQW��ZHUH�LQWHUYLHZHG�E\�XVLQJ�FRQVHFXWLYH�VDPSOLQJ�WHFKQLTXH��'DWD�RQ�VHUXP�FKROHVWHURO��
%0,��EORRG�SUHVVXUH��KLVWRU\�RI�K\SHUWHQVLRQ��GLDEHWHV�DQG�FDUGLRYDVFXODU�GLVHDVHV�ZDV�FROOHFWHG�� LQ�
DGGLWLRQ�WR�GHPRJUDSKLF�GDWD�
5HVXOWV� 2XW�RI�����VXEMHFWV�LQWHUYLHZHG��������UHSRUWHG�WR�KDYH�&9'��7KH�PRVW�SUHYDOHQW�ULVN�IDFWRU�
ZDV�K\SHUWHQVLRQ��IRXQG�LQ�����UHVSRQGHQWV��2WKHU�ULVN�IDFWRUV�ZHUH�GLDEHWHV��������VHGHQWDU\�OLIH�VW\OH�
�������REHVLW\��������G\VOLSLGDHPLD��������VPRNLQJ��������SRVLWLYH�IDPLO\�KLVWRU\��������,Q����RI�
VXEMHFWV��WKUHH�PDMRU�ULVN�IDFWRUV�ZHUH�SUHVHQW��7KH�ULVN�IDFWRUV��VWURQJO\�DVVRFLDWHG�ZLWK�&9'�LQ�RXU�
VWXG\�ZHUH�GLDEHWHV��S��������K\SHUWHQVLRQ��S��������DQG�IDPLO\�KLVWRU\�RI�&9'��S��������7KHUH�LV�
VWURQJ�DVVRFLDWLRQ�RI�LQFUHDVLQJ�DJH�RQ�ULVN�RI�GHYHORSLQJ�&9'��S���������
&RQFOXVLRQ� 7KH�UHVXOWV�VKRZ�WKDW�WKHUH�LV�KLJK�IUHTXHQF\�RI�&9'�ULVN�IDFWRUV�LQ�HPSOR\HHV�RI�KHDOWK�
GHSDUWPHQW�LQ�.DUDFKL��7KH�KLJK�SUHYDOHQFH�RI�ULVN�IDFWRUV��HVSHFLDOO\�K\SHUWHQVLRQ��VHGHQWDU\�OLIH�VW\OH��
REHVLW\�DQG�GLDEHWHV�VKRXOG�EH�RI�JUHDW�FRQFHUQ�
.H\ZRUGV��&DUGLRYDVFXODU�GLVHDVH��,VFKHPLF�KHDUW�GLVHDVH��5LVN�IDFWRUV

7KLV�DUWLFOH�LV�RSHQ�DFFHVV�XQGHU�WHUPV�RI�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQVH������ZKLFK�SHUPLWV�XQUHVWULFWHG�XVH��
GLVWULEXWLRQ�DQG�UHSURGXFWLRQ�LQ�DQ\�PHGLXP�SURYLGHG�WKH�RULJLQDO�ZRUN�LV�FLWHG�SURSHUO\�

�� 6LQGK�5DQJHUV�+RVSLWDO�.DUDFKL��3DNLVWDQ
�� +HDOWK�6HUYLFHV�$FDGHP\�,VODPDEDG��3DNLVWDQ
�� $5,�5HVHDUFK�&HOO��&KLOGUHQ�+RVSLWDO��3DNLVWDQ�,QVWLWXWH�RI�

0HGLFDO�6FLHQFHV��,VODPDEDG��3DNLVWDQ

&RUUHVSRQGHQFH��GU�PDGLKDVKDIL#JPDLO�FRP

6XEPLWWHG��0D\��������
$FFHSWHG��-XQH���������
3XEOLVKHG�2QOLQH��-XO\ ��������

GRL����������]HQRGR��������

+RZ�WR�FLWH�WKLV��6KDIL��0���0HKPRRG��+���$IVDU��6���
%RNKDUL�� =�5�� DQG�$EEDVL�� 6�� ����� &DUGLRYDVFXODU�
'LVHDVH� DQG� ,WV� 5LVN� )DFWRUV� $PRQJ� (PSOR\HHV� RI�
6LQGK�*RYHUQPHQW�� $� &URVV� 6HFWLRQDO� 6XUYH\� IURP�
.DUDFKL��3DNLVWDQ��,QW�-�)URQW�6FL��������������

$EEUHYLDWLRQV�
%0,��%RG\�0DVV�,QGH[
&+'��&RQJHVWLYH�+HDUW�'LVHDVH
&9'��&DUGLRYDVFXODU�'LVHDVH
+71��+\SHUWHQVLRQ
,+'��,VFKHPLF�+HDUW�'LVHDVH

,QWURGXFWLRQ�
7KH�ZRUOG� WRGD\� LV� VHHLQJ� D� QHZ� HSLGHPLF�
WKDW� ZRXOG� KDYH� GHYDVWDWLQJ� FRQVHTXHQFHV��
XQOHVV� LW� LV� VWRSSHG�� :RUOGZLGH��
FDUGLRYDVFXODU� GLVHDVH� LV� � � DFFRXQWLQJ� � � IRU�
PRVW�RI�GHDWKV�GXH�WR�FKURQLF�GLVHDVH������DQG�

PRVW� RI� WKH� JOREDO� EXUGHQ� RI� &9'� LV�
SUHVHQWO\� LQ ORZ� DQG� PLGGOH�LQFRPH�
FRXQWULHV��������7KH�SUHYDOHQFH�RI�ULVN�IDFWRUV�
IRU�&9'�LV�RQ�WKH�LQFUHDVH�LQ�WKH�GHYHORSLQJ�
QDWLRQV�RI�WKH�ZRUOG��,VFKHPLF�KHDUW�GLVHDVH�
LV� UHSRUWHG� WR� EH� WKH� SULQFLSDO� FDXVH� RI�
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PRUWDOLW\�LQ�SDUWV�RI�3DNLVWDQ������0RUHRYHU��
LQ�3DNLVWDQ��&9'�HPHUJHV�DW�DQ�HDUOLHU�DJH�DV�
FRPSDUHG� WR� ZHVWHUQ� FRXQWULHV� �������� DQG�
KHQFH� LQFUHDVHG� PRUWDOLW\� LQ� FRPSDUDWLYHO\�
\RXQJ�DJH�JURXS�����
*OREDOO\� LW� LV� GRFXPHQWHG� WKDW� &9'� KDV�
PXOWL�IDFWRULDO�HWLRORJ\�DQG�PDQ\�IDFWRUV�OLNH�
LQFUHDVHG� %0,�� K\SHUWHQVLRQ� �+71��� VWUHVV�
DQG� GLDEHWHV� GHWHUPLQH� WKH� ULVN� RI� ,+'�
����������������� $� VWXG\� RI� ��� FRXQWULHV�
JOREDOO\��VKRZHG�WKDW�DEGRPLQDO�REHVLW\�KDG�
RGG� UDWLR� RI� ����� IRU� GHYHORSLQJ� DFXWH�
P\RFDUGLDO� LQIDUFWLRQ� ������ D� VPDOOHU� RGGV�
UDWLR�KDV�EHHQ�UHSRUWHG�E\�D�KRVSLWDO�VWXG\�LQ�
3DNLVWDQ�������$GYDQFLQJ�DJH�DQG�ORZ�VRFLR�
HFRQRPLF� VWDWXV� DUH� DOVR� UHFRJQL]HG� ULVN�
IDFWRUV�IRU�,+'������
(YLGHQFH�VXJJHVWV�WKDW�ULVN�IDFWRUV�IRU�&9'��
OLNH� K\SHUWHQVLRQ�� VPRNLQJ�� GLDEHWHV� DQG�
REHVLW\� DUH� DODUPLQJO\� KLJK� LQ� 3DNLVWDQL�
SRSXODWLRQ�����������,Q�D�VXUYH\�FDUULHG�RXW�LQ�
.DUDFKL�� SUHYDOHQFH� RI� K\SHUWHQVLRQ� ZDV�
����� ZKLOH� ���� ZRPHQ� KDG� DEGRPLQDO�
REHVLW\�������
0RVW�RI�WKH�DYDLODEOH�HSLGHPLRORJLFDO�VWXGLHV�
ZHUH� DPRQJ� VDPSOHV� RI� VXEMHFWV� RU�
YROXQWHHUV�IURP�WKH�JHQHUDO�SRSXODWLRQ�ZLWK�
OLWWOH�HPSKDVLV�RQ�WKH�ZRUNHUV��7KH�TXDOLW\�RI�
OLIH�� KHDOWK� DZDUHQHVV�� DQG� DGRSWLRQ� RI�
KHDOWK\� EHKDYLRUV� E\� PDLQ� ZRUNIRUFH� KDYH�
HIIHFWV� RQ� WKH� RYHUDOO� SURGXFWLYLW\� DQG� WKH�
GLVHDVH� EXUGHQ� ������ 7KH� SUHVHQW� VWXG\� LV�
FDUULHG�RXW��WR�VHH�WKH�SUHYDOHQFH�RI�&9'�ULVN�
IDFWRUV� LQ� HPSOR\HHV� RI� 6LQGK� JRYHUQPHQW��
&9'� ULVN� IDFWRUV� DPRQJ� WKH� ZRUNHUV� ZLOO�
OHDG� WR� UHFRPPHQGDWLRQV� WKDW� FDQ�PRWLYDWH�
HPSOR\HUV� DQG� SROLF\� PDNHUV� WR� SXW� &9'�
SUHYHQWLRQ�DPRQJ�WKHLU�SULRULWLHV��
2EMHFWLYHV�
7R� ILQG� RXW� ���� WKH� SUHYDOHQFH� RI� FDUGLR�
YDVFXODU� GLVHDVH� DQG� LWV� ULVN� IDFWRUV� LQ�
HPSOR\HHV� RI� 6LQGK� *RYHUQPHQW� ���� WR�

GHWHUPLQH�WKH�DVVRFLDWLRQ�RI�ULVN�IDFWRUV�ZLWK�
WKH�FDUGLDF�GLVHDVH�

6XEMHFWV�DQG�0HWKRGV�
,W� ZDV� KRVSLWDO� EDVHG� FURVV� VHFWLRQDO� VWXG\�
FRQGXFWHG�EHWZHHQ�0DUFK������� -XO\������
LQ� 6LQGK� 5DQJHUV� +RVSLWDO� DQG� -LQQDK�
3RVWJUDGXDWH� 0HGLFDO� &HQWUH�� 7KH� SDWLHQWV�
DJHG� EHWZHHQ� ������ \HDUUV� ZLOOLQJ� WR� JLYH�
LQIRUPHG�FRQVHQW�ZHUH�LQFOXGHG�LQ�WKH�VWXG\��
$VVXPLQJ�WKH�SUHYDOHQFH�RI�&9'�DV�������
������DQG�PDUJLQ�RI�HUURU�DV�����D�VDPSOH�VL]H�
RI�����ZDV�FDOFXODWHG��VHWWLQJ�DOSKD�DW������
XVLQJ�:+2�VDPSOH�VL]H�FDOFXODWRU��3DWLHQWV�
UHSRUWLQJ� WR� 0HGLFDO� 5HFHSWLRQ� &HQWUH�
�05&�� ZHUH� LQWHUYLHZHG� E\� XVLQJ� QRQ�
SUREDELOLW\��FRQVHFXWLYH�VDPSOLQJ�WHFKQLTXH�
'DWD� FROOHFWLRQ� $� VHOI�DGPLQLVWHUHG�
TXHVWLRQQDLUH�ZDV� DGRSWHG� WR� GRFXPHQW� WKH�
GHPRJUDSKLFV��DJH��JHQGHU��HGXFDWLRQ���ZRUN�
VWDWXV��� EHKDYLRUDO� FKDUDFWHULVWLFV� �WREDFFR�
XVH�� VWUHVV�� OHYHO� RI� SK\VLFDO� DFWLYLW\���
DQWKURSRPHWULF� DQG� ELRFKHPLFDO�
PHDVXUHPHQWV��%0,��6HUXP�OLSLG�SURILOH��RI�
WKH� SDUWLFLSDQWV�� DORQJ� ZLWK� KLVWRU\� RI�
K\SHUWHQVLRQ�� GLDEHWHV�� FDUGLRYDVFXODU�
GLVHDVHV��SK\VLFLDQ�GLDJQRVHG�FDVHV�RI�&9'�
LQFOXGLQJ� FRQGLWLRQV� OLNH� VWDEOH� DQJLQD��
XQVWDEOH� DQJLQD�� P\RFDUGLDO� LQIDUFWLRQ� RU�
DFXWH� FRURQDU\� V\QGURPH��� DQG� SRVLWLYH�
IDPLO\� KLVWRU\� RI� FDUGLDF� GLVHDVH�� 3K\VLFDO�
DFWLYLW\� ZDV� GHILQHG� DV� HQJDJLQJ� LQ�
PRGHUDWH�LQWHQVLW\�SK\VLFDO�DFWLYLW\�RU�ZDON�
IRU�DW�OHDVW����PLQXWHV���GD\V�SHU�ZHHN�RU����
PLQXWHV�RI�YLJRURXV�DFWLYLW\���GD\V�ZHHN�DQG�
D�SHUVRQ�ZKR�VPRNHV�RQH�RU�PRUH�FLJDUHWWH�
SHU� GD\� ZDV� ODEHOHG� DV� FXUUHQW� UHJXODU�
VPRNHU��6WUHVV�ZDV�GHILQHG�E\�VHOI�UHSRUW�
%DVHOLQH�GDWD�0HDVXUHPHQWV�ZHUH�PDGH�E\�
WUDLQHG� QXUVLQJ� DVVLVWDQWV�� +HLJKW� ZDV�
PHDVXUHG�ZLWKRXW�VKRHV�ZLWK�WKH�SDUWLFLSDQW�
VWDQGLQJ� HUHFW� DQG� ORRNLQJ� VWUDLJKW� DKHDG�
ZLWK� KLV� KHDG� LQ� WKH� )UDQNIRUW� KRUL]RQWDO�
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SODQH��+HLJKW�ZDV�UHFRUGHG�WR�WKH�QHDUHVW�����
FP��:HLJKW�ZDV�PHDVXUHG��WR�WKH�QHDUHVW�NJ��
XVLQJ� D� VSULQJ� EDODQFH� ZLWK� WKH� SDUWLFLSDQW�
ZHDULQJ� OLJKW� FORWKLQJ��%0,�ZDV� FDOFXODWHG�
DV� NJ�Pð� %0,� � ��� ZDV� ODEHOHG� DV� EHLQJ�
RYHUZHLJKW�DQG������DV�REHVH�����������%ORRG
SUHVVXUHV� ZHUH� PHDVXUHG� XVLQJ� D� VWDQGDUG�
VSK\JPRPDQRPHWHU��$�V\VWROLF�%3�RI�PRUH�
WKDQ�����RU�GLDVWROLF�%3�RI�PRUH�WKDQ����RU�
FXUUHQW� XVH� RI� DQWLK\SHUWHQVLYH�PHGLFDWLRQV�
ZDV� WDNHQ� DV� K\SHUWHQVLRQ�� 'LDEHWHV� ZDV�
GHILQHG�E\�VHOI�UHSRUW�
%ORRG� WHVWLQJ� $OO� SDUWLFLSDQWV� ZHUH�
LQVWUXFWHG� WR� IDVW� RYHUQLJKW� IRU� DW� OHDVW�
� KRXUV� SULRU� WR� FROOHFWLRQ� RI� WKH� IDVWLQJ�
EORRG� VDPSOH�� %RXQGDU\� YDOXHV� RI� WRWDO�
FKROHVWHURO� ���� PJ�GO�� ZHUH� WDNHQ� DV�
K\SHUFKROHVWHUROHPLD�������
5LVN� 6FRUH� 5LVN� VFRUH� ZDV� HVWLPDWHG� E\�
XVLQJ�2PQLEXV�ULVN�HVWLPDWRU�IRU�FDOFXODWLQJ�
��� \HDUV� ULVN� IRU� $6&9'� �$WKHURVFOHURWLF�
FDUGLRYDVFXODU�GLVHDVH��E\�$PHULFDQ�FROOHJH�
RI� &DUGLRORJ\� DQG� $PHULFDQ� +HDUW�
$VVRFLDWLRQ�������)RU�WKLV�FDOFXODWLRQ�YDOXHV�
RI�DJH�� UDFH�� WRWDO�ERG\�FKROHVWHURO�� OHYHO�RI�
+'/�� DQG� KLVWRU\� RI� GLDEHWHV�� WUHDWPHQW� RI�
K\SHUWHQVLRQ�� V\VWROLF� EORRG� SUHVVXUH� DQG�
KLVWRU\�RI�FXUUHQW�VPRNLQJ�ZHUH�XVHG�
6WDWLVWLFDO� $QDO\VLV� 6366� VWDWLVWLFDO�
SDFNDJHV� YHUVLRQ� ��� ZDV� XVHG� WR� SURGXFH�
GHVFULSWLYH�DQDO\VLV��0HDQ�DJH��PHDQ���6'��
RI� WKH� SDUWLFLSDQWV� ZDV� FDOFXODWHG� 	�
FDWHJRULFDO� YDULDEOHV� ZHUH� SUHVHQWHG� E\�
IUHTXHQF\� DQG� SHUFHQWDJHV�� &KL�VTXDUH� WHVW�
ZDV� XVHG� WR� GHWHUPLQH� WKH� VWDWLVWLFDO�
DVVRFLDWLRQ�� $� S�YDOXH� OHVV� WKDQ� ����� ZDV�
FRQVLGHUHG�DV�D�VLJQLILFDQW�YDOXH��

5HVXOWV�
$� WRWDO� RI� ���� VXEMHFWV� �VHUYLFH�PHQ��ZHUH�
LQWHUYLHZHG�� ZLWK�PHDQ� DJH� RI� ����� �� �����
\HDUV�� 2XW� RI� WKHP� ��� ��������ZHUH� GRLQJ�
RIILFH�MRE�����������ZHUH�RQ�FOHULFDO�MRE�����

��������UHVSRQGHQWV�ZHUH�RIILFH�DWWHQGDQWV��
RQO\� ��� ���� UHVSRQGHQWV� ZHUH� GHSXWHG� RQ�
PDQXDO� ODERXU�� 0HDQ� OHQJWK� RI� VHUYLFH�
UHSRUWHG�ZDV�����������\HDUV�
2XW�RI�����VXEMHFWV�LQWHUYLHZHG�������������
UHSRUWHG� WR� KDYH� &9'�� 7DEOH� �� VKRZV� WKH�
IUHTXHQF\� RI� ULVN� IDFWRUV� DPRQJ� WKH�
UHVSRQGHQWV�

7DEOH����3UHYDOHQFH�RI�ULVN�IDFWRUV�RI�&9'�LQ�
6XEMHFWV

6U�1R 5LVN�IDFWRU )UHTXHQF\ 3HUFHQWDJH
� 3RVLWLYH� IDPLO\�

KLVWRU\
�� ��

� &XUUHQW�VPRNLQJ �� ����
� 6HGHQWDU\� OLIH�

VW\OH
�� ��

� +�2�'LDEHWHV �� ��

� +\SHUWHQVLRQ �� ��
� 6WUHVV �� ��

� 7RWDO� ERG\�
FKROHVWHURO�
+LJK�ERUGHUOLQH��
�������

�� ��

� 7RWDO� ERG\�
FKROHVWHURO� +LJK�
ULVN�� PRUH� WKDQ�
���

�� �

� %0,� ��WR�
����RYHU�ZHLJKW�

�� ��

�� %0,� HTXDO� WR�
RU!���REHVH

�� ��

0XOWLSOH�5LVN�)DFWRUV��:H�DOVR�JURXSHG�WKH�
VXEMHFWV��EDVHG�RQ�WKUHH�PDMRU�ULVN�IDFWRUV�IRU�
&9'� L�H�� � 'LDEHWHV� PHOOLWXV�� G\VOLSLGDHPLD�
DQG� K\SHUWHQVLRQ�� $PRQJ� WKH� UHVSRQGHQWV��
�� ��������KDG�QRQH���� ������KDG�DQ\�RQH��
�����������KDG�DQ\�WZR�DQG�� �����KDG�DOO�
WKUHH�RI�WKHVH�ULVN�IDFWRUV�
5HODWLRQVKLS�RI�ULVN�IDFWRUV�ZLWK�&9'� 2XW�
RI����� �����������UHVSRQGHQWV�LQ�RXU�VWXG\�
ZHUH� IRXQG� WR� KDYH�&9'� 7KH� ULVN� IDFWRUV��
VWURQJO\� DVVRFLDWHG�ZLWK� &9'� LQ� RXU� VWXG\�
ZHUH� GLDEHWHV� �S�������� K\SHUWHQVLRQ�
�S�������� DQG� IDPLO\� KLVWRU\� RI� &9'
�S��������6HH�7DEOH���
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%\�XVLQJ�2PQLEXV�ULVN�VFRULQJ�FDOFXODWRU��WKH�
ULVN�IRU�GHYHORSLQJ�$6&9'�ZDV�FDOFXODWHG��
L�H��WKH�SUREDELOLW\�RI�GHYHORSLQJ�&+'�RYHU�D�
JLYHQ�WLPH�SHULRG��QH[W����\HDUV���2XW�RI�����
VXEMHFWV� �VXEMHFWV� IUHH� IURP� &9'���
���������� UHVSRQGHQWV� ZHUH� KDYLQJ� �����
FKDQFH�IRU�GHYHORSLQJ�&9'�LQ�QH[W����\HDUV�
�� ������KDYLQJ�������DQG����������KDYLQJ�
������ FKDQFH� IRU� GHYHORSLQJ� $6&9'� LQ�
QH[W����\HDUV �)LJ�����
7DEOH����5HODWLRQVKLS�RI�ULVN�IDFWRUV�ZLWK�&9'
6U��
1R�

5LVN�IDFWRUV 1RW�
GLVHDVHG
�Q ����

'LVHDVHG
�Q ���

S�
YDOXH

� 1RUPDO� %0,�
����������

�� � ���

%0,� !���
�RYHUZHLJKW�

�� ��

%0,!���
�2EHVH�

�� ��

� &XUUHQW�
6PRNLQJ�

�� � ���

1R�VPRNLQJ �� ��

� 7RWDO�
&KROHVWHURO
�PRUH� WKDQ�
���PJ�GO��

�� � ���

1RUPDO�
FKROHVWHURO�
�������

�� ��

� +�R�'LDEHWHV �� � ���
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'LVFXVVLRQ�
0DQ\� GHYHORSHG� FRXQWULHV� KDYH� PDGH�
HQRUPRXV� SURJUHVV� LQ� FRQWUROOLQJ� WKH�
HSLGHPLF� RI� &9'� E\� SUHYHQWLYH� PHDVXUHV�
DQG� WUHDWPHQWV� IRFXVHG� RQ� WKH� FDUGLQDO� ULVN�
IDFWRUV�RI�G\VOLSLGDHPLD��+71�DQG�VPRNLQJ�
����� 7KHVH� ULVN� IDFWRUV� LQFOXGHG� QRQ�
PRGLILDEOH�ULVN�IDFWRUV��H�J���DJH��VH[��IDPLO\�
KLVWRU\��DQG�WKH�VRFLDO�DQG�HWKQLF�GLIIHUHQFHV��
DV� ZHOO� DV� µPRGLILDEOH¶� ULVN� IDFWRUV� �H�J���
VPRNLQJ�� UDLVHG� EORRG� FKROHVWHURO�� +71��
SK\VLFDO�LQDFWLYLW\��REHVLW\�DQG�VWUHVV�������
+\SHUWHQVLRQ�LV�WKH�PDLQ�ULVN�IDFWRU�IRU�&9'�
DQG�LWV�SUHYDOHQFH�ULVHV�ZLWK�DJH������
$FFRUGLQJ� WR� SUHVHQW� VWXG\� SUHYDOHQFH� RI�
+\SHUWHQVLRQ�LV�����DV�FRPSDUHG�WR�DQRWKHU�
VWXG\�FRQGXFWHG�LQ�.DUDFKL�WKH�SUHYDOHQFH�RI�
+71� ZDV� ���� ������ 7KH� ULVN� RI� FRURQDU\�
DUWHU\�GLVHDVH�LV�VWURQJO\�DVVRFLDWHG�ZLWK�KLJK�
EORRG�SUHVVXUH�LQ�RXU�VWXG\�ZLWK�S�YDOXH�OHVV�
WKDQ��������
2YHUZHLJKW�REHVLW\� LV� DQ� HVWDEOLVKHG� ULVN�
IDFWRU�IRU�&9'�DQG�GLDEHWHV�������2XU�VWXG\�
VKRZHG� D� KLJK� SUHYDOHQFH� RI�
RYHUZHLJKW�REHVLW\� L�H�� ���� DQG� ����
UHVSHFWLYHO\� DQG� LW� ZDV� WKH� PRVW� SUHYDOHQW�
&9' ULVN� IDFWRU� DORQJ� ZLWK� K\SHUWHQVLRQ�
VLPLODU�WR�D�VWXG\�FRQGXFWHG�LQ�&KDQGLJDUK�
,QGLD� ����� 7KH� VWXG\� DOVR� VKRZHG� WKDW�
VHGHQWDU\� OLIH� VW\OH� ZDV� PRUH� SUHGRPLQDQW�
L�H�� ���� LW�PLJKW EH�FRQWULEXWRU\�WR�WKH�KLJK�
SUHYDOHQFH� RI� RYHUZHLJKW� DQG� REHVLW\� ,W� LV�
QRWHZRUWK\� WKDW� SDUWLFLSDQWV� LQ� WKLV� VWXG\�
ZHUH� SUHGRPLQDQWO\� WKH� RIILFH� DWWHQGDQWV
ZKR�ZHUH�GHSOR\HG�RQ� JHQHUDO� �OLJKW� GXWLHV�
RQO\��������RQO\����RI�HPSOR\HHV�UHSRUWHG�
ZKR�ZHUH�RQ�PDQXDO�ODERXU�
$QRWKHU� LPSRUWDQW� ULVN� IDFWRU� ZDV�
K\SHUFKROHVWHUHPLD�������RI�WKH�SDUWLFLSDQWV�
LQ� WKH� VWXG\� ZHUH� KDYLQJ�
K\SHUFKROHVWHUROHPLD��WRWDO�ERG\�FKROHVWHURO�
PRUH� WKDQ� ����� VLPLODU� WR� DQRWKHU� VWXG\�
FRQGXFWHG�LQ�.DUDFKL�ZKHUH�����SDUWLFLSDQWV�

KDG�IDVWLQJ�FKROHVWHURO�EHWZHHQ���������DQG�
������KDG�JUHDWHU�WKDQ���� PJ�GO������
&9'�LV�D�PDMRU�FRPSOLFDWLRQ�RI�GLDEHWHV²
DERXW����SHUFHQW�RI�SHRSOH�ZLWK�GLDEHWHV�GLH�
IURP�KHDUW�GLVHDVH�DQG�VWURNH������,Q�RXU�VWXG\�
WKH� SUHYDOHQFH� RI� GLDEHWHV�ZDV� ����� DQG� LW�
ZDV�VLJQLILFDQWO\�DVVRFLDWHG�LQ�SDWLHQWV�ZLWK�
&9'�LQ�WKLV�VWXG\��S��������WKH�UHVXOWV�ZHUH�
YHU\�VLPLODU�WR�D�VWXG\�FRQGXFWHG�LQ�,UDQ�DQG�
,QGLD����������DQG�VLPLODU�WR�WKH�REVHUYDWLRQ�
LQ�RWKHU�6RXWK�HDVW�$VLDQ�FRXQWULHV �����
6PRNLQJ� ZDV� IRXQG� LQ� ���� RI� WKH�
SDUWLFLSDQWV�DQG�PRUH�SUHYDOHQW�LQ�DJH�JURXS�
RI� ������ \HDUV ZKLOH� LQ� DQRWKHU� VWXG\� RI�
VRXWKHUQ�3XQMDE� VPRNLQJ�ZDV�IRXQG�LQ�����
RI�SRSXODWLRQ������
7KH�LPSRUWDQW�SRLQW�RI�FDUGLRYDVFXODU�GLVHDVH�
LV�WKH�V\QHUJLVWLF�HIIHFW�RI�PRUH�WKDQ�RQH�ULVN�
IDFWRU�RQ�RYHUDOO�FDUGLRYDVFXODU�GLVHDVH�ULVN��
(YHQ�PRGHUDWH�HOHYDWLRQV� LQ�PRUH� WKDQ�RQH�
ULVN� IDFWRU� LQFUHDVH� FDUGLRYDVFXODU� GLVHDVH�
ULVN�������7KLV�VWXG\�SRSXODWLRQ�VKRZHG�WKDW�
����KDG�DW� OHDVW�RQH�ULVN�IDFWRU�EXW�ZH�GLG�
QRW� LQFOXGH� VHGHQWDU\� OLIHVW\OH� DQG� VPRNLQJ�
ZKLOH�HYDOXDWLQJ�PXOWLSOH�ULVN�IDFWRUV��ZKLFK�
ZRXOG�KDYH�LQFUHDVHG�WKLV�ILJXUH�IXUWKHU��,W�LV�
DOVR� ZRUWK� PHQWLRQLQJ� WKDW� RQO\� ������ RI�
SDUWLFLSDQWV�ZHUH� FRPSOHWHO\� IUHH� IURP� DQ\�
ULVN� IDFWRU� DQG� ���KDG��� ULVN� IDFWRUV�ZKLOH�
VWXGLHV�FRQGXFWHG�LQ�%DKUDLQ������DQG�2PDQ�
����� RQO\� �����RI� SDUWLFLSDQWV� KDG� ���� ULVN�
IDFWRUV��
7KH�TXDQWLWDWLYH�UHODWLRQVKLS�EHWZHHQ�WKH�ULVN�
IDFWRUV�DQG�&+'�ULVN�KDV�EHHQ�HOXFLGDWHG�E\�
WKH� )UDPLQJKDP� +HDUW� 6WXG\� DQG� RWKHU�
VWXGLHV�� 7KHVH� VWXGLHV� ����� VKRZ� WKDW� WKH�
PDMRU� ULVN� IDFWRUV� DUH� DGGLWLYH� LQ�SUHGLFWLYH�
SRZHU��$FFRUGLQJO\��WKH�WRWDO�ULVN�RI�D�SHUVRQ�
FDQ� EH� HVWLPDWHG� E\� D� VXPPLQJ� RI� WKH� ULVN�
LPSDUWHG� E\� HDFK� RI� WKH� PDMRU� ULVN� IDFWRUV�
������,Q�WKLV�VWXG\� ULVN�VFRUH�IRU�GHYHORSLQJ�
&9'�ZLWKLQ�QH[W����\HDUV�ZDV�FDOFXODWHG��,W�
ZDV�IRXQG�WKDW WKH�ULVN�IDFWRUV�KDG�V\QHUJLVWLF�
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HIIHFW�LQ�VFRULQJ�EXW�LQFUHDVLQJ�DJH�KDV�GLUHFW�
VWURQJ�DVVRFLDWLRQ�ZLWK�ULVN�VFRUH �S���������
5LVN�HVWLPDWHV�DUH�XVHIXO�ERWK�IRU�VKRUW�WHUP��
KLJK�ULVN� SULPDU\� SUHYHQWLRQ� DQG� IRU� ORQJ�
WHUP��RU�OLIHWLPH��SULPDU\�SUHYHQWLRQ�

&RQFOXVLRQ�
7KH�UHVXOWV�VKRZ�WKDW�WKH�SURSRUWLRQ�RI�&9'�
ULVN�IDFWRUV�LV�TXLWH�GRPLQDQW�LQ�HPSOR\HHV�RI�
6LQGK� *RYHUQPHQW� LQ� .DUDFKL�� EXW� PRUH�
UHVHDUFK�LV�UHTXLUHG�WR�XQGHUVWDQG�WKH�UHDVRQV�
EHKLQG� WKHVH� SKHQRPHQD�� 7KH� KLJK�
SUHYDOHQFH�RI�ULVN�IDFWRUV� OLNH�K\SHUWHQVLRQ��
VHGHQWDU\�OLIH�VW\OH��REHVLW\�DQG�GLDEHWHV�LV�RI�
JUHDW� FRQFHUQ� ZLWK� SRVVLEOH� VHTXHODH� RI�
FDUGLDF�DUUHVW�DQG�KHDUW�IDLOXUH��

/LPLWDWLRQ RI�6WXG\�
7KH� VWXG\�ZDV� FRQGXFWHG� LQ� FURVV� VHFWLRQDO�
PHWKRGRORJ\�� VR� LQIHUHQFH� FRXOG� QRW� EH�
GUDZQ� UHJDUGLQJ� FDXVDO� DVVRFLDWLRQ��
/RQJLWXGLQDO� VWXGLHV� DUH� PRUH� SRZHUHG� WR�
DGGUHVV� WKLV� LVVXH�� 0RUHRYHU� FRQVHFXWLYH�
VDPSOLQJ�ZDV�XVHG�LQ�WKH�VWXG\�VR�WKH�UHVXOWV�
PD\�QRW�EH�WKH�WUXO\�UHSUHVHQWDWLYH�RI�JHQHUDO�
SRSXODWLRQ��EXW� LW�ZLOO�SURYLGH�EDVHOLQH�GDWD�
UHJDUGLQJ�EXUGHQ�RI�ULVN�IDFWRUV�LQ�3DNLVWDQL�
JRYHUQPHQW�HPSOR\HHV�

&RQIOLFWV� RI� ,QWHUHVW� 7KLV� VWXG\� KDV� QR�
FRQIOLFW�RI�LQWHUHVW�WR�GHFODUH�E\�DQ\�DXWKRU�
+XPDQ� DQG� $QLPDO� 5LJKWV� 1R� ULJKWV�
YLRODWHG
6WDWHPHQW�RI�,QIRUPHG�&RQVHQW� 7KH�GDWD�
ZDV�FROOHFWHG�DIWHU�YHUEDO LQIRUPHG�FRQVHQW�

5HIHUHQFHV��
���7XQVWDOO�3HGRH�+��HG�� �IRU� WKH�:+2�021,&$�3URMHFW��
021,&$�0RQRJUDSK� DQG�0XOWLPHGLD� 6RXUFHERRN�:RUOG�
ODUJHVW� VWXG\� RI� KHDUW� GLVHDVH�� VWURNH�� ULVN� IDFWRUV� DQG�
SRSXODWLRQ� WUHQGV�� ����±������ *HQHYD�� :RUOG� +HDOWK�
2UJDQL]DWLRQ� ����
���3DUDGLV�*��&KLROHUR�$��7KH�&DUGLRYDVFXODU�DQG�&KURQLF�
'LVHDVHV�(SLGHPLF�LQ�/RZ� DQG�0LGGOH�,QFRPH�&RXQWULHV$�
*OREDO� +HDOWK� &KDOOHQJH�� -� $P� &ROO� &DUGLRO��
����������������±�

��� 2NDIRU� &�� $Q\DHKLH� 8�� 2IRHJEX� (�� 7KH�PDJQLWXGH� RI�
REHVLW\� DQG� LWV� UHODWLRQVKLS� WR� EORRG� SUHVVXUH� DPRQJ� WKH�
UHVLGHQWV�RI�(QXJX�PHWURSROLV�LQ�6RXWK�(DVW�1LJHULD��$QQDOV�
RI�0HG�+HDOWK�6FL�5HV���������������
��� %KXUJUL� $�� %KXUJUL� <�� .KDQ� <�� 6KDULK� 8�� 1DTYL� )��
6RRPUR�,�%��0RUWDOLW\�VWDWLVWLFV�LQ�6RXWK�.DUDFKL��-RXUQDO�RI�
3DNLVWDQ�0HGLFDO�$VVRFLDWLRQ������������������������
��� $KPDG ,� 6KDILTXH 4�� 0\RFDUGLDO� LQIDUFWLRQ� XQGHU� DJH�
���� 5LVN� IDFWRUV� DQG� FRURQDU\� DUWHULRJUDSKLF� ILQGLQJV��
$QQDOV�RI�.LQJ�(GZDUG�0HGLFDO�&ROOHJH� ����������������
����
���-DIDU\�0�+��6DPDG�$��,VKDT�0��-DZDLG�6�$��$KPDG�0��
9RKUD�(�$��3URILOH�RI�DFXWH�P\RFDUGLDO�LQIDUFWLRQ �$0,��LQ�
3DNLVWDQ�� 3DNLVWDQ� -RXUQDO� RI� 0HGLFDO� 6FLHQFHV� ��������
��������������
��� 6DOHKHHQ� '� )URVVDUG� 3�� &$'� ULVN� IDFWRUV� DQG� DFXWH�
P\RFDUGLDO� LQIDUFWLRQ� LQ� 3DNLVWDQ�� $FWD� &DUGLRORJLFD�
���������������������
���$QDQG�6�6��,VODP�6��5RVHQJUHQ�$��)UDQ]RVL�0�*��6WH\Q�
.��<XVXIDOL�$�+��«�<XVXI��6��5LVN�IDFWRUV�IRU�P\RFDUGLDO�
LQIDUFWLRQ� LQ� ZRPHQ� DQG� PHQ�� LQVLJKWV� IURP� WKH�
,17(5+($57� VWXG\�� (XURSHDQ� +HDUW� -RXUQDO�
����������������������
��� *UXQG\� 60�� 3UH�'LDEHWHV�� 0HWDEROLF� 6\QGURPH�� DQG�
&DUGLRYDVFXODU�5LVN�� -�$P�&ROO�&DUGLRO�� ��������������±
���
����5RVHQJUHQ�$��+DZNHQ�6��2XQSXX�6��6OLZD�.��=XEDLG�0��
$OPDKPHHG�:�$� <XVXI�6��$VVRFLDWLRQ�RI�SV\FKRVRFLDO�ULVN�
IDFWRUV� ZLK� ULVN� RI� DFXWH� P\RFDUGLDO� LQIDUFWLRQ� LQ� �������
FDVHV� DQG� ������� FRQWUROV� IURP� ��� FRXQWULHV� �7KH�
,17(5+($57� 6WXG\��� &DVH�FRQWURO� VWXG\�� /DQFHW�
������������������������
����5LGNHU�3�0��5LIDL�1��5RVH�/��%XULQJ�-�(��&RRN�1�5��
&RPSDULVRQ� RI� &�UHDFWLYH� SURWHLQ� DQG� ORZ�GHQVLW\�
OLSRSURWHLQ� FKROHVWHURO� OHYHOV� LQ� WKH� SUHGLFWLRQ� RI� ILUVW�
FDUGLRYDVFXODU� HYHQWV�� 1HZ� (QJODQG� -RXUQDO� RI� 0HGLFLQH�
���������������������
����+DUGRRQ�6�/��:KLQFXS�3�+��/HQQRQ�/�7��:DQQDPHWKHH�
6� *�� &DSHZHOO� 6��0RUULV� 5�:�� +RZ�PXFK� RI� WKH� UHFHQW�
GHFOLQH�LQ�WKH�LQFLGHQFH�RI�P\RFDUGLDO�LQIDUFWLRQ�LQ�%ULWLVK�
PHQ� FDQ� EH� H[SODLQHG� E\� FKDQJHV� LQ� FDUGLRYDVFXODU� ULVN�
IDFWRUV��&LUFXODWLRQ��������������������
���� $KDQHNX� *,�� 2VXML� &8�� $QLVLXED� %&�� ,NHK� 92��
2JXHMLRIRU�2&��$KDQHNX�-(��(YDOXDWLRQ�RI�EORRG�SUHVVXUH�
DQG�LQGLFHV�RI�REHVLW\�LQ�D�W\SLFDO�UXUDO�FRPPXQLW\�LQ�HDVWHUQ�
1LJHULD��$QQ�$IU�0HG����������������±��
���� <XVXI� 6�� +DZNLQ� 6�� 2XQSXX� 6�� 6OLZD� .�� =XEDLG�0��
%ODFNHWW� .1�� HW� DO� �� (IIHFW� RI� SRWHQWLDOO\� PRGLILDEOH� ULVN�
IDFWRUV�DVVRFLDWHG�ZLWK�P\RFDUGLDO�LQIDUFWLRQ�LQ����FRXQWULHV�
�WKH� ,17(5+($57� 6WXG\��� &DVH� FRQWURO� VWXG\�� /DQFHW��
���������������
����1LVKWDU�6��:LHU]ELFNL�$6��/XPE�3-�HW�DO��&RURQDU\�DUWHU\�
GLVHDVH�LQ�3DNLVWDQLV��&XUU�0HG�5HV�2SLQ����������������
����+DQLI�$��$NKWDU�%��%XWW�$��%XWW�1�6��.KDQ�%�=��6DMLG�
0�5�� 6WDWLVWLFDO� $SSURDFK� WR� 3UHGLFW� WKH� ,VFKHPLF� +HDUW�
'LVHDVH��6SHFLDO�(GLWLRQ�$QQDOV�9RO��������-DQ��� 0DU������
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���� $EEDV6�� � .LWFKOHZ� $5� �� $EEDV6�� 'LVHDVH� %XUGHQ� RI�
,VFKHPLF� +HDUW� 'LVHDVH� LQ� 3DNLVWDQ� DQG� LWV� 5LVN� )DFWRUV��
$QQ��3DN��,QVW��0HG��6FL���������������������
����$PLQ�)���)DWLPD�66���,VODP�1���*LODQL�$+��3UHYDOHQFH�
RI� REHVLW\� DQG� RYHUZHLJKW�� LWV� FOLQLFDO� PDUNHUV� DQG�
DVVRFLDWHG� IDFWRUV� LQ� D� KLJK� ULVN� 6RXWK�$VLDQ�
SRSXODWLRQ�%0&� 2EHV�� ����� 0DU ��������� GRL��
��������V������������������H&ROOHFWLRQ�����
���� 'HQQLV� %��� $]L]� .�� 6KH� /�� )DUXTXL� $0�� 'DYLV� &(��
0DQROLR�7$��%XUNH�*/��$]L]�6X�+LJK�UDWHV�RI�REHVLW\�DQG�
FDUGLRYDVFXODU� GLVHDVH� ULVN� IDFWRUV� LQ� ORZHU� PLGGOH� FODVV�
FRPPXQLW\�LQ�3DNLVWDQ��WKH�0HWURYLOOH�+HDOWK�6WXG\��-�3DN�
0HG�$VVRF�������-XQ��������������
����$/�1RRK $$� $ODMPL $$$�:RRG '�7KH 3UHYDOHQFH�RI�
&DUGLRYDVFXODU�'LVHDVH�5LVN�)DFWRUV�DPRQJ�(PSOR\HHV� LQ�
WKH�.LQJGRP�RI�%DKUDLQ�EHWZHHQ�2FWREHU������DQG�0DUFK�
������ $� &URVV�6HFWLRQDO� 6WXG\� IURP� D�:RUNSODFH� +HDOWK�
&DPSDLJQ�� &DUGLRORJ\� 5HVHDUFK� DQG� 3UDFWLFH
9ROXPH ���� �������� $UWLFOH� ,' �������� �� SDJHV
KWWS���G[�GRL�RUJ��������������������
����:RUOG�+HDOWK�2UJDQL]DWLRQ�� 3K\VLFDO� 6WDWXV�� 7KH� 8VH�
$QG� ,QWHUSUHWDWLRQ�RI�$QWKURSRPHWU\� � 5HSRUW� RI� D�:+2�
([SHUW�&RPPLWWHH��������*HQHYD��:+2�7HFKQLFDO�5HSRUW�
6HULHV������
���:RUOG� +HDOWK� 2UJDQL]DWLRQ�� 2EHVLW\�� 3UHYHQWLQJ� DQG�
PDQDJLQJ� WKH� JOREDO� HSLGHPLF� 5HSRUW� RI� D� :+2�
FRQVXOWDWLRQ��������:+2�7HFKQLFDO�5HSRUW�6HULHV�������
���� $73� ,,,� *8,'(/,1(6� $W�$�*ODQFH� 4XLFN� 'HVN�
5HIHUHQFH� 3')�� 1DWLRQDO� &KROHVWHURO� (GXFDWLRQ� 3URJUDP��
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