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,I�\RX�QHHG�DGGLWLRQDO�LQIRUPDWLRQ�RQ�DQ\�RI�WKH�
DUWLFOHV��SOHDVH�IHHO�IUHH�WR�FRQWDFW�PH��<RX�FDQ�
DOVR�OHW�PH�NQRZ�DERXW�QHZ��������SXEOLFDWLRQV�
RQ�$VLDQ�HOHSKDQWV�

/�0��$EHJJOHQ��$�)�� &DXOLQ��$�� &KDQ�� .�� /HH��
5��5RELQVRQ��0�6��&DPSEHOO��:�.��.LVR��'�/��
6FKPLWW��3�-��:DGGHOO��6��%KDVNDUD��6�7��-HQVHQ��
&�&��0DOH\�	�-�'��6FKLIIPDQ
3RWHQWLDO�PHFKDQLVPV�IRU�FDQFHU�UHVLVWDQFH�LQ�
HOHSKDQWV� DQG� FRPSDUDWLYH� FHOOXODU� UHVSRQVH�
WR�'1$�GDPDJH�LQ�KXPDQV
-$0$���������������������
$EVWUDFW�� �1R�SHUPLVVLRQ� WR�SULQW� DEVWUDFW� IUHH�
RI�FKDUJH�

<��$LKDUD��7��+RVDND��0��<DVXGD��0��+DVKLP�	�
6��1XPDWD
0DPPDOLDQ� ZLOGOLIH� WRXULVP� LQ� VRXWK�HDVW�
$VLDQ�WURSLFDO�UDLQIRUHVW��7KH�FDVH�RI�(QGDX�
5RPSLQ�1DWLRQDO�3DUN��0DOD\VLD
-��RI�7URSLFDO�)RUHVW�6FLHQFH������������������
$EVWUDFW���:LOGOLIH�WRXULVP�LV�IRU�WKH�SXUSRVH�RI�
ZDWFKLQJ�DQG�RU�HQFRXQWHULQJ�ZLOGOLIH��,Q�6RXWK�
HDVW� $VLD�� PDPPDOLDQ� ZLOGOLIH� WRXULVP� LV� OHVV�
SRSXODU�WKDQ�LQ�$IULFD��7KLV�LV�EHFDXVH�PDPPDOLDQ�
ZLOGOLIH�WRXULVP�LQ�6RXWK�(DVW�$VLD�LV�JHQHUDOO\�
WDUJHWHG� DW� WHUUHVWULDO� QDWLRQDO� SDUNV�ZLWK� IRUHVW�
IDXQD�� DV� LW� LV� GLIÀFXOW� WR� REVHUYH�PDPPDOV� LQ�
GHQVH� UDLQIRUHVW�� 7R� DVVHVV� WKH� SRWHQWLDO� RI� D�
6RXWK�(DVW�$VLDQ� QDWLRQDO� SDUN� IRU�PDPPDOLDQ�
ZLOGOLIH� WRXULVP�� D� PL[HG� PHWKRGV� DSSURDFK�
ZDV� XVHG�� ���PDPPDOLDQ�ZLOGOLIH�EDVHG� WRXULVW�
DWWUDFWLRQV�DQG����SDUN�XVH�DQG�YLVLWRU� DWWLWXGHV�
WRZDUGV� ZLOGOLIH� LQ� (QGDX� 5RPSLQ� 1DWLRQDO�
3DUN��3HQLQVXODU�0DOD\VLD��7KHUH�DUH�SRWHQWLDOO\�
����PDPPDOLDQ�VSHFLHV��LQFOXGLQJ����WKUHDWHQHG�
VSHFLHV��LQ�(QGDX�5RPSLQ�1DWLRQDO�3DUN��&DPHUD�
WUDS�GDWD�LQGLFDWHG�WKDW�VPDOO�DQG�PHGLXP�VL]HG�
PDPPDOV� GR� RFFXU� LQ� WKHVH� DUHDV� IUHTXHQWHG�

E\� WRXULVWV�� )RRWSULQWV�� QHVWV�� VFUDWFKHV� DQG�
GLVWXUEDQFH�WUDFHV�RI�YDULRXV�PDPPDOV�ZHUH�DOVR�
REVHUYHG��+RZHYHU��PRVW� YLVLWRUV� GLG� QRW� KDYH�
KLJK�H[SHFWDWLRQV�UHJDUGLQJ�ZLOGOLIH�HQFRXQWHUV��
QRU� GLG�PDQ\� DFWXDOO\� VHH�ZLOGOLIH� GXULQJ� WKHLU�
VWD\�� 7KHVH� UHVXOWV� LPSOLHG� WKDW� DQLPDO� VLJQV�
DQG� GHYLFHV� IRU� LQGLUHFW� REVHUYDWLRQ� RI� HOXVLYH�
DQG�RU� UDUH� DQLPDOV� ZHUH� LPSRUWDQW� DW� VLWHV� RI�
PDPPDOLDQ�ZLOGOLIH�EDVHG�WRXULVP��$GGLWLRQDOO\��
HOHSKDQWV�FRXOG�EH�D�VWURQJ�DWWUDFWLRQ�IRU�ZLOGOLIH�
WRXULVWV�� EXW� WKHUH� ZDV� FRQFHUQ� DERXW� FRQÁLFW�
EHWZHHQ� ORFDO� SHRSOH� DQG� HOHSKDQWV�� �� �����
)RUHVW�5HVHDUFK�,QVWLWXWH�0DOD\VLD�

,��$URFK��1��/DULDQ�	�1��$YQL�0DJHQ
&RQFHQWUDWLRQV� RI� IUHH� �LRQL]HG�� DQG� WRWDO�
FDOFLXP� DQG� PDJQHVLXP� LQ� KHDOWK\� FDSWLYH�
$VLDQ� HOHSKDQWV� �(OHSKDV� PD[LPXV�� DQG�
HIIHFWV� RI� VDPSOH� W\SH� DQG� S+� RQ�PHDVXUHG�
IUHH�FDOFLXP�DQG�PDJQHVLXP�FRQFHQWUDWLRQV
,VUDHO�-��RI�9HWHULQDU\�0HGLFLQH����������������
$EVWUDFW���7KH�$VLDQ�HOHSKDQW��(OHSKDV�PD[LPXV��
LV� DQ� HQGDQJHUHG� VSHFLHV�� ZLWK� DQ� RYHUDOO� ORZ�
UHSURGXFWLRQ� UDWH� LQ� FDSWLYLW\�� DQG� D� ORQJ��
���PRQWK�JHVWDWLRQ��PRVWO\�ZLWK�D�VLQJOH�FDOYH��
&DOFLXP� DQG� PDJQHVLXP� DUH� LPSRUWDQW� IRU� WKH�
QRUPDO�SURJUHVVLRQ�RI�JHVWDWLRQ�DQG�SDUWXULWLRQ��
7KLV� VWXG\� PHDVXUHG� EORRG� WRWDO� DQG� LRQL]HG�
FDOFLXP��W&D�DQG�L&D��UHVSHFWLYHO\��DQG�WRWDO�DQG�
LRQL]HG�PDJQHVLXP��W0J�DQG�L0J��UHVSHFWLYHO\��
LQ� IRXU�KHDOWK\��FDSWLYH�$VLDQ�HOHSKDQW�FRZV� LQ�
WKH�7LVFK�)DPLO\�=RRORJLFDO�*DUGHQV��-HUXVDOHP��
HYHU\�DOWHUQDWLYH�PRQWK��RYHU�D���\HDU�SHULRG��WR�
HVWDEOLVK� WKHLU� UHIHUHQFH� LQWHUYDOV� DQG� H[DPLQH�
VDPSOH�S+�DQG�VDPSOH�W\SH�HIIHFWV�RQ�PHDVXUHG�
L&D�DQG� L0J�FRQFHQWUDWLRQV�� L&D�DQG� L0J�ZHUH�
PHDVXUHG� XVLQJ� DQ� LRQ�VHOHFWLYH� HOHFWURGH�
HOHFWURO\WH� DQDO\]HU�� &DOFLXP� DQG� PDJQHVLXP�
OHYHOV� LQ� GLHW� VDPSOHV� ZHUH� PHDVXUHG�� 7KH�
L&D�W&D�DQG�L0J�W0J�UDWLRV�ZHUH������DQG�������

1HZV�DQG�%ULHIV� *DMDK����������������

5HFHQW�3XEOLFDWLRQV�RQ�$VLDQ�(OHSKDQWV

&RPSLOHG�E\�-HQQLIHU�3DVWRULQL

$QWKURSRORJLVFKHV�,QVWLWXW��8QLYHUVLWlW�=�ULFK��=�ULFK��6ZLW]HUODQG
&HQWUH�IRU�&RQVHUYDWLRQ�DQG�5HVHDUFK��5DMDJLUL\D��6UL�/DQND
(�PDLO���MHQQ\#DLP�X]K�FK
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UHVSHFWLYHO\��0HDQ�L0J�FRQFHQWUDWLRQV�LQ�ZKROH�
EORRG��KHSDULQL]HG�SODVPD�DQG�VHUXP�ZHUH�������
�����DQG������PPRO�/��UHVSHFWLYHO\��L&D�DQG�L0J�
FRQFHQWUDWLRQV� LQ� WKH� WKUHH� VDPSOH� W\SHV� ZHUH�
KLJKO\�FRUUHODWHG��ZLWK�QR�VDPSOH�W\SH�HIIHFW�RQ�
PHDVXUHG�L&D�FRQFHQWUDWLRQ��EXW�VLJQLÀFDQW�HIIHFW�
RQ� L0J� FRQFHQWUDWLRQ�� ZLWK� VLJQLÀFDQWO\� ORZHU�
ZKROH�EORRG�OHYHOV�YV��VHUXP�DQG�SODVPD��6HUXP�
DOEXPLQ� DQG� ERWK� W&D� DQG� W0J� FRQFHQWUDWLRQV�
SRVLWLYHO\�FRUUHODWHG��6DPSOH�S+�KDG�QR�HIIHFW�RQ�
PHDVXUHG�L&D�RU�L0J�OHYHOV��7KLV�VWXG\�LV�WKH�ÀUVW�
WR�PHDVXUH� L0J� LQ�$VLDQ� HOHSKDQWV�� DQG� DVVHVV�
WKH�HIIHFWV�RI�VDPSOH�W\SH�DQG�S+�RQ�WKH�UHVXOWV��
,W� ZDV� FRQFOXGHG� WKDW� GLIIHUHQW� L0J� UHIHUHQFH�
LQWHUYDOV� VKRXOG�EH�HVWDEOLVKHG� IRU�HDFK�VDPSOH�
W\SH�

1��&KDL��-�/��3RXFKHORQ��-��%RXYDUG��/�&��6LOOHUR��
0�� +X\QK��9�� 6HJDOLQL�� /�� 3RLQW�� 9�� &URFH�� *��
5LJDX[��-��+LJKZRRG�	�9��&KHWERXO
3URSRVHG�VLPSOH�PHWKRG�IRU�HOHFWURFDUGLRJUDP�
UHFRUGLQJ� LQ� IUHH�UDQJLQJ� $VLDQ� HOHSKDQWV�
�(OHSKDV�PD[LPXV�
-��RI�=RR�DQG�:LOGOLIH�0HGLFLQH���������������
$EVWUDFW�� � (OHFWURFDUGLRJUDSK\� UHSUHVHQWV� D�
UHOHYDQW� GLDJQRVWLF� WRRO� IRU� GHWHFWLQJ� FDUGLDF�
GLVHDVH�LQ�DQLPDOV��(OHSKDQWV�FDQ�SUHVHQW�YDULRXV�
FRQJHQLWDO�DQG�DFTXLUHG�FDUGLRYDVFXODU�GLVHDVHV��
+RZHYHU�� IHZ� HOHFWURSK\VLRORJLF� VWXGLHV� KDYH�
EHHQ� UHSRUWHG� LQ� FDSWLYH� HOHSKDQWV��PDLQO\� GXH�
WR�FKDOOHQJLQJ�WHFKQLFDO�GLIÀFXOWLHV�LQ�REWDLQLQJ�
JRRG�TXDOLW\�HOHFWURFDUGLRJUDP��(&*��WUDFLQJV��
DQG� QR� GDWD� DUH� FXUUHQWO\� DYDLODEOH� IRU� IUHH�
UDQJLQJ�$VLDQ�HOHSKDQWV��(OHSKDV�PD[LPXV���7KH�
SXUSRVH� RI� WKLV� SLORW� SURVSHFWLYH� VWXG\� ZDV� WR�
HYDOXDWH�WKH�IHDVLELOLW\�RI�XVLQJ�D�VLPSOH�PHWKRG�
IRU� UHFRUGLQJ�(&*� WUDFLQJV� LQ�ZLOG�� DSSDUHQWO\�
KHDOWK\��XQVHGDWHG�$VLDQ�HOHSKDQWV��Q� ����LQ�WKH�
VWDQGLQJ�SRVLWLRQ��6XFFHVVIXO�VL[�OHDG�UHFRUGLQJV�
�,��,,��,,,��D95��D9/��DQG�D9)��ZHUH�REWDLQHG��ZLWK�
WKH�D9/�OHDG�SURYLGLQJ�WKH�EHVW�TXDOLW\�WUDFLQJV�
LQ�PRVW�DQLPDOV��9DULDEOHV�PHDVXUHG�LQ�WKH�D9/�
OHDG�LQFOXGHG�KHDUW�UDWH��DPSOLWXGHV�DQG�GXUDWLRQ�
RI�WKH�3�ZDYHV��456�FRPSOH[HV��7�DQG�8�ZDYHV��
DQG�GXUDWLRQ�RI�WKH�35��47��DQG�48�LQWHUYDOV��$�
QHJDWLYH�GHÁHFWLRQ� IROORZLQJ�SRVLWLYH�3�ZDYHV��
UHSUHVHQWDWLYH� RI� DQ� DWULDO� UHSRODUL]DWLRQ� ZDYH�
�7D�ZDYH���ZDV�REVHUYHG�IRU�ÀYH�RXW�RI�WKH�VHYHQ�
HOHSKDQWV���������$PHULFDQ�$VVRFLDWLRQ�RI�=RR�
9HWHULQDULDQV�

6�1�� &KDSPDQ�� +�6� 0XPE\�� -�$�+�� &UDZOH\��
.�8��0DU��:��+WXW��$�7��6RH��+�+��$XQJ�	�9��
/XPPDD
+RZ� ELJ� LV� LW� UHDOO\"� $VVHVVLQJ� WKH� HIÀFDF\�
RI� LQGLUHFW� HVWLPDWHV� RI� ERG\� VL]H� LQ� $VLDQ�
HOHSKDQWV
3/R6�21(�����������H�������
$EVWUDFW�� � ,QIRUPDWLRQ� RQ� DQ� RUJDQLVP·V�
ERG\� VL]H� LV� SLYRWDO� LQ� XQGHUVWDQGLQJ� LWV� OLIH�
KLVWRU\� DQG� ÀWQHVV�� DV� ZHOO� DV� KHOSLQJ� LQIRUP�
FRQVHUYDWLRQ� PHDVXUHV�� +RZHYHU�� IRU� PDQ\�
VSHFLHV�� SDUWLFXODUO\� ODUJH�ERGLHG�ZLOG� DQLPDOV��
WDNLQJ�DFFXUDWH�ERG\�VL]H�PHDVXUHPHQWV�FDQ�EH�
D�FKDOOHQJH��9DULRXV�PHDQV�WR�HVWLPDWH�ERG\�VL]H�
KDYH�EHHQ�HPSOR\HG��IURP�PRUH�GLUHFW�PHWKRGV�
VXFK�DV�XVLQJ�SKRWRJUDPPHWU\� WR�REWDLQ�KHLJKW�
RU� OHQJWK� PHDVXUHPHQWV�� WR� LQGLUHFW� SUHGLFWLRQ�
RI� ZHLJKW� XVLQJ� RWKHU� ERG\� PRUSKRPHWULFV� RU�
HYHQ� WKH� VL]H� RI� GXQJ� EROL�� ,W� LV� RIWHQ� XQFOHDU�
KRZ� DFFXUDWH� WKHVH� PHDVXUHV� DUH� EHFDXVH� WKH\�
FDQQRW�EH�FRPSDUHG�WR�REMHFWLYH�PHDVXUHV��+HUH��
ZH� LQYHVWLJDWH� KRZ� ZHOO� H[LVWLQJ� HVWLPDWLRQ�
HTXDWLRQV� SUHGLFW� WKH� DFWXDO� ERG\� ZHLJKW� RI�
$VLDQ� HOHSKDQWV� (OHSKDV� PD[LPXV�� XVLQJ� ERG\�
PHDVXUHPHQWV� �KHLJKW�� FKHVW� JLUWK�� OHQJWK�� IRRW�
FLUFXPIHUHQFH� DQG� QHFN� FLUFXPIHUHQFH�� WDNHQ�
GLUHFWO\�IURP�D�ODUJH�SRSXODWLRQ�RI�VHPL�FDSWLYH�
DQLPDOV� LQ�0\DQPDU��Q� �������:H�WKHQ�GHÀQH�
QHZ�DQG�EHWWHU�ÀWWLQJ� IRUPXODV� WR�SUHGLFW� ERG\�
ZHLJKW�LQ�0\DQPDU�HOHSKDQWV�IURP�WKHVH�UHDGLO\�
DYDLODEOH�PHDVXUHV��:H�DOVR�LQYHVWLJDWH�ZKHWKHU�
WKH� LPSRUWDQW�SDUDPHWHUV�KHLJKW�DQG�FKHVW�JLUWK�
FDQ� EH� HVWLPDWHG� IURP� SKRWRJUDSKV� �Q�  � ������
2XU� UHVXOWV� VKRZ� FRQVLGHUDEOH� YDULDWLRQ� LQ�
WKH� DELOLW\� RI� H[LVWLQJ� HVWLPDWLRQ� HTXDWLRQV� WR�
SUHGLFW�ZHLJKW��DQG� WKDW� WKH�HTXDWLRQV�SURSRVHG�
LQ� WKLV�SDSHU�SUHGLFW�ZHLJKW�EHWWHU� LQ�DOPRVW�DOO�
FLUFXPVWDQFHV��:H� DOVR�ÀQG� WKDW�PHDVXUHPHQWV�
IURP� VWDQGDUGLVHG� SKRWRJUDSKV� UHÁHFW� ERG\�
KHLJKW� DQG� FKHVW� JLUWK� DIWHU� DSSO\LQJ� PLQRU�
DGMXVWPHQWV�� 2XU� UHVXOWV� KDYH� LPSOLFDWLRQV� IRU�
VL]H�HVWLPDWLRQ�RI�ODUJH�ZLOG�DQLPDOV�LQ�WKH�ÀHOG��
DV�ZHOO�DV�IRU�PDQDJHPHQW�LQ�FDSWLYH�VHWWLQJV����
�����7KH�$XWKRUV�

1��'LQJ��<��-LDQJ��/��+DQ��;��&KHQ��-��0D��;��4X��
<��0X��-��/LX��/��/L��&��-LDQJ�	�;��+XDQJ
%DÀORP\FLQV�DQG�RGRULIHURXV�VHVTXLWHUSHQRLGV�
IURP� 6WUHSWRP\FHV� DOERORQJXV� LVRODWHG� IURP�
(OHSKDV�PD[LPXV�IHFHV



��

-RXUQDO�RI�1DWXUDO�3URGXFWV������������������
$EVWUDFW�� � )URP� D� IHUPHQWDWLRQ� EURWK� RI�
6WUHSWRP\FHV� DOERORQJXV� REWDLQHG� IURP� (OH�
SKDV� PD[LPXV� IHFHV�� QLQH� EDÀORP\FLQV� ��ï���
DQG� VHYHQ� RGRULIHURXV� VHVTXLWHUSHQRLGV�
���ï���� ZHUH� LVRODWHG�� 7KH� VWUXFWXUHV� RI�
WKH� QHZ� FRPSRXQGV�� LQFOXGLQJ� WKUHH� EDÀ�
ORP\FLQV�� ���PHWKR[\EDÀORP\FLQ� &�� DPLGH�
��������GHR[\EDÀORP\FLQ�$�������DQG����GHR[\�
EDÀORP\FLQ� $�� ����� DQG� WZR� VHVTXLWHUSHQRLG�
GHJUDGDWLRQ� SURGXFWV�� ��ơ��ơ��Dơ��DƠ�����D�
GLPHWK\ORFWDK\GUR�QDSKWKDOHQH����D��+��GLRO�
����� DQG� ��ơ��ơ��Dơ��Ơ��DƠ�����D�GLPHWK\O�
RFWDK\GURQDSKWKDOHQH����D����+��WULRO� ������
ZHUH�HOXFLGDWHG�E\�FRPSUHKHQVLYH�VSHFWURVFRSLF�
GDWD� DQDO\VLV�� 7KH� F\WRWR[LFLW\� DFWLYLW\� DJDLQVW�
IRXU� KXPDQ� FDQFHU� FHOO� OLQHV� DQG� DQWLPLFURELDO�
DFWLYLWLHV� DJDLQVW� D� SDQHO� RI� EDFWHULD� DQG� IXQJL�
RI� DOO� FRPSRXQGV� LVRODWHG� ZHUH� HYDOXDWHG��
&RPSRXQGV�������DQG���ZHUH�F\WRWR[LF��ZLWK�,&���
YDOXHV�UDQJLQJ�IURP������WR������ƫ0��&RPSRXQGV�
���������DQG����VKRZHG�VWURQJ�DQWLIXQJDO�DFWLYLW\�
DJDLQVW�&DQGLGD�SDUDSVLORVLV��ZLWK�0,&�YDOXHV�
RI�������������������DQG������ƫJ�P/�UHVSHFWLYHO\��
�� ����� 7KH� $PHULFDQ� &KHPLFDO� 6RFLHW\� DQG�
$PHULFDQ�6RFLHW\�RI�3KDUPDFRJQRV\�

.�/��(GZDUGV��-��7URWWHU��0��-RQHV��-�/��%URZQ��
+�:��6WHLQPHW]�	�6�/��:DONHUD
,QYHVWLJDWLQJ�WHPSRUDU\�DF\FOLFLW\�LQ�D�FDSWLYH�
JURXS�RI�$VLDQ�HOHSKDQWV��(OHSKDV�PD[LPXV���
5HODWLRQVKLS� EHWZHHQ� PDQDJHPHQW�� DGUHQDO�
DFWLYLW\�DQG�VRFLDO�IDFWRUV
*HQHUDO� DQG� &RPSDUDWLYH� (QGRFULQRORJ\� ����
��������������
$EVWUDFW���5RXWLQH�IDHFDO�VWHURLG�PRQLWRULQJ�KDV�
EHHQ�XVHG�WR�DLG�WKH�PDQDJHPHQW�RI�ÀYH�FDSWLYH�
$VLDQ� HOHSKDQW� �(OHSKDV� PD[LPXV�� IHPDOHV�
DW� &KHVWHU� =RR�� 8.�� VLQFH� ������ 3URJHVWDJHQ�
DQDO\VLV�LQLWLDOO\�UHYHDOHG�V\QFKURQL]HG�RHVWURXV�
F\FOHV�DPRQJ�DOO�IHPDOHV��+RZHYHU��D�����WR����
ZHHN�SHULRG�RI�WHPSRUDU\�DF\FOLFLW\�VXEVHTXHQWO\�
RFFXUUHG� LQ� WKUHH� IHPDOHV�� IROORZLQJ� VHYHUDO�
PDQDJHPHQW� FKDQJHV� �LQFUHDVHG� WUDLQLQJ�� IRRW�
FDUH� DQG� LQWHUPLWWHQW� PDWULDUFK� UHPRYDO� IRU�
KHDOWK� UHDVRQV�� DQG� WKH� LQLWLDWLRQ� RI� SUHJQDQF\�
LQ� DQRWKHU� IHPDOH�� 7KH� DLP� RI� WKLV� VWXG\� ZDV�
WR� UHWURVSHFWLYHO\� LQYHVWLJDWH� ZKHWKHU� WKHVH�
PDQDJHPHQW� FKDQJHV�ZHUH� UHODWHG� WR� LQFUHDVHG�
DGUHQDO� DFWLYLW\� DQG� GLVUXSWLRQ� RI� RYDULDQ�

DFWLYLW\��RU�ZKHWKHU�VRFLDO�IDFWRUV�PD\�KDYH�EHHQ�
LQYROYHG�LQ�WKH�WHPSRUDU\�FHVVDWLRQ�RI�F\FOLFLW\��
)DHFDO� VDPSOHV� FROOHFWHG� HYHU\� RWKHU� GD\�ZHUH�
DQDO\VHG� WR� LQYHVWLJDWH� ZKHWKHU� JOXFRFRUWLFRLG�
PHWDEROLWHV� ZHUH� UHODWHG� WR� UHSURGXFWLYH� VWDWXV�
�SUHJQDQW�� F\FOLQJ�� DF\FOLF�� RU� PDQDJHPHQW�
�WUDLQLQJ��IRRW�FDUH��PDWULDUFK�SUHVHQFH���5RXWLQH�
WUDLQLQJ�DQG� IRRW�FDUH�ZHUH�QRW� DVVRFLDWHG�ZLWK�
DGUHQDO� DFWLYLW\�� KRZHYHU�� LQWHQVLYH� IRRW�FDUH�
WR�WUHDW�DQ�DEVFHVV�LQ�RQH�IHPDOH�ZDV�DVVRFLDWHG�
ZLWK� LQFUHDVHG� JOXFRFRUWLFRLG� FRQFHQWUDWLRQ��
0DWULDUFK�SUHVHQFH�LQÁXHQFHG�DGUHQDO�DFWLYLW\�LQ�
WKUHH� IHPDOHV�� EHLQJ� ORZHU�ZKHQ� WKH�PDWULDUFK�
ZDV�VHSDUDWHG�IURP�WKH�JURXS�DW�QLJKW�FRPSDUHG�
WR�EHLQJ�DOZD\V�SUHVHQW��+RZHYHU��LQ�WKH�IHPDOHV�
WKDW�H[KLELWHG�WHPSRUDU\�DF\FOLFLW\��WKHUH�ZDV�QR�
FRQVLVWHQW� UHODWLRQVKLS� EHWZHHQ� JOXFRFRUWLFRLGV�
DQG� F\FOLFLW\� VWDWH��$OWKRXJK� WKH� UHVXOWV� RI� WKLV�
VWXG\� GR� QRW� IXOO\� H[SODLQ� WKLV� RFFXUUHQFH�� WKH�
KLJKO\� V\QFKURQL]HG� QDWXUH� RI� RHVWURXV� F\FOHV�
ZLWKLQ�WKLV�JURXS��DQG�WKH�FRQFXUUHQW�DF\FOLFLW\�
LQ� WKUHH�IHPDOHV��UDLVHV� WKH�TXHVWLRQ�RI�ZKHWKHU�
VRFLDO� IDFWRUV� FRXOG� KDYH� EHHQ� LQYROYHG� LQ� WKH�
WHPSRUDU\�GLVUXSWLRQ�RI�RYDULDQ�DFWLYLW\���������
5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�(OVHYLHU�

3��)HUQDQGR
0DQDJLQJ�HOHSKDQWV�LQ�6UL�/DQND��:KHUH�ZH�
DUH�DQG�ZKHUH�ZH�QHHG�WR�EH
&H\ORQ�-��RI�6FLHQFH��%LR��6FL�����������������
$EVWUDFW���$VLDQ�HOHSKDQWV�DUH�¶HQGDQJHUHG·�EXW�
FRPH� LQWR� VLJQLÀFDQW� FRQÁLFW�ZLWK� KXPDQV�� 6UL�
/DQND� KROGV� DQ� LPSRUWDQW� SRVLWLRQ� LQ� UHODWLRQ�
WR� $VLDQ� HOHSKDQWV�� ERWK� LQ� WHUPV� RI� VSHFLHV�
FRQVHUYDWLRQ�DQG�KXPDQ�HOHSKDQW�FRQÁLFW��+(&��
PLWLJDWLRQ�� +LVWRULFDO� DVSHFWV� RI� WKH� WZR� PDLQ�
FRQVHUYDWLRQ� DJHQFLHV� DQG� ODFN� RI� FRRUGLQDWLRQ�
EHWZHHQ� WKHP� KDV� SUHYHQWHG� D� ODQGVFDSH� OHYHO�
KROLVWLF�DSSURDFK�WR�FRQVHUYDWLRQ�LQ�JHQHUDO�DQG�
HOHSKDQWV� LQ� SDUWLFXODU�� 7KH� SULPDU\� REMHFWLYH�
RI�HOHSKDQW�PDQDJHPHQW�LV�+(&�PLWLJDWLRQ�DQG�
VHFRQGDULO\� HOHSKDQW� FRQVHUYDWLRQ�� 0DQ\� +(&�
PLWLJDWLRQ�DFWLYLWLHV�DUH�LQHIIHFWLYH�DQG�LQ�VRPH�
FDVHV� FDXVH� LWV� HVFDODWLRQ� DQG� ZLGHU� VSUHDG��
2WKHUV� DUH� H[WUHPHO\� GHWULPHQWDO� WR� HOHSKDQW�
FRQVHUYDWLRQ��(IIHFWLYH�KXPDQ�HOHSKDQW�FRQÁLFW�
PLWLJDWLRQ�DQG�HOHSKDQW�FRQVHUYDWLRQ�UHTXLUHV�D�
SDUDGLJP� FKDQJH�� (OHSKDQW� PDQDJHPHQW� QHHGV�
WR�EH�EDVHG�RQ�VFLHQFH�DQG�HYLGHQFH�UDWKHU�WKDQ�
RXWGDWHG� EHOLHIV� DQG� IDOVH� DVVXPSWLRQV�� 8QOHVV�
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LPPHGLDWH� DQG� HIIHFWLYH� UHPHGLDO�PHDVXUHV� DUH�
WDNHQ�� +(&� ZLOO� FRQWLQXH� WR� HVFDODWH� DQG� WKH�
HOHSKDQW�SRSXODWLRQ�FRQWLQXH�WR�GHFOLQH�

$�� )XHU\�� *�5�� %URZQLQJ�� -�� 7DQ�� 6�� /RQJ��
*�6�� +D\ZDUG�� 6�.�� &R[�� -�3�� )ODQDJDQ�� 0�(��
7RFLGORZVNL��/�/��+RZDUG�	�3�'��/LQJ�
&OLQLFDO� LQIHFWLRQ� RI� FDSWLYH� $VLDQ�
HOHSKDQWV� �(OHSKDV� PD[LPXV�� ZLWK� HOHSKDQW�
HQGRWKHOLRWURSLF�KHUSHVYLUXV��
-RXUQDO�RI�=RR�DQG�:LOGOLIH�0HGLFLQH�����������
�������
$EVWUDFW���(OHSKDQW�HQGRWKHOLRWURSLF�KHUSHVYLUXV�
�((+9��FDQ�FDXVH�OHWKDO�KHPRUUKDJLF�GLVHDVH�LQ�
MXYHQLOH� $VLDQ� HOHSKDQWV�� $� QXPEHU� RI� ((+9�
W\SHV� DQG� VXEW\SHV� H[LVW�� ZKHUH� PRVW� GHDWKV�
KDYH� EHHQ� FDXVHG� E\� ((+9�$� DQG� ((+9�%��
((+9��KDV�EHHQ�DWWULEXWHG�WR�WZR�GHDWKV��EXW�DV�
ERWK�GLDJQRVHV�ZHUH�PDGH�SRVWPRUWHP��((+9��
GLVHDVH�KDV�QRW�\HW�EHHQ�REVHUYHG�DQG�UHFRUGHG�
FOLQLFDOO\��,Q�WKLV�EULHI�FRPPXQLFDWLRQ��WZR�FDVHV�
RI�((+9��LQIHFWLRQ�LQ�MXYHQLOH�HOHSKDQWV�DW�WKH�
+RXVWRQ� =RR� DUH� GHVFULEHG�� ZKHUH� ERWK� FDVHV�
ZHUH�UHVROYHG�IROORZLQJ�LQWHQVLYH�WUHDWPHQW�DQG�
DGPLQLVWUDWLRQ�RI�IDPFLFORYLU��$�TXDQWLWDWLYH�UHDO�
WLPH�SRO\PHUDVH�FKDLQ�UHDFWLRQ�GHWHFWHG�((+9��
YLUHPLD�WKDW�FRUUHODWHG�ZLWK�FOLQLFDO�VLJQV��+LJK�
OHYHOV� RI� ((+9�� VKHGGLQJ� IURP� WUXQN� ZDVK�
VHFUHWLRQV�RI�WKH�ÀUVW�YLUHPLF�HOHSKDQW�FRUUHODWHG�
ZLWK�VXEVHTXHQW�LQIHFWLRQ�RI�WKH�VHFRQG�HOHSKDQW�
ZLWK� ((+9��� ,W� LV� KRSHG� WKDW� WKH� REVHUYDWLRQV�
PDGH� LQ� WKHVH� FDVHV³DQG� WKH� VXFFHVVIXO�
WUHDWPHQW� UHJLPHQ� XVHG³ZLOO� KHOS� RWKHU�
LQVWLWXWLRQV� LGHQWLI\� DQG� WUHDW� ((+9�� LQIHFWLRQ�
LQ� WKH� IXWXUH���� �����$PHULFDQ�$VVRFLDWLRQ� RI�
=RR�9HWHULQDULDQV�

$�� )XHU\�� -�� 7DQ�� 5�� 3HQJ�� -�3�� )ODQDJDQ��0�(��
7RFLGORZVNL��/�/��+RZDUG�	�3�'��/LQJ
&OLQLFDO� LQIHFWLRQ� RI� WZR� FDSWLYH� $VLDQ�
HOHSKDQWV� �(OHSKDV� PD[LPXV�� ZLWK� HOHSKDQW�
HQGRWKHOLRWURSLF�KHUSHVYLUXV��%
-RXUQDO�RI�=RR�DQG�:LOGOLIH�0HGLFLQH�����������
�������
$EVWUDFW�� � 7KH� DELOLW\� RI� SULRU� LQIHFWLRQ� IURP�
RQH� HOHSKDQW� HQGRWKHOLRWURSLF� KHUSHVYLUXV�
�((+9��W\SH�WR�SURWHFW�DJDLQVW�FOLQLFDO�RU�OHWKDO�
LQIHFWLRQ� IURP� RWKHUV� UHPDLQV� DQ� LPSRUWDQW�
TXHVWLRQ�� 7KLV� UHSRUW� GHVFULEHV� YLUHPLD� DQG�
VXEVHTXHQW�VKHGGLQJ�RI�((+9�%�LQ�WZR�MXYHQLOH�

��\U�ROG�$VLDQ� HOHSKDQWV� ZLWKLQ� �� ZN� RU� ��PR�
IROORZLQJ� VLJQLÀFDQW� LQIHFWLRQV� FDXVHG� E\� WKH�
UDUHO\� VHHQ� ((+9��� +LJK� OHYHOV� RI� ((+9�%�
VKHGGLQJ�ZHUH�GHWHFWHG�LQ�WKH�ÀUVW�HOHSKDQW�SULRU�
WR� HPHUJHQFH� RI� LQIHFWLRQ� DQG� YLUHPLD� LQ� WKH�
VHFRQG� DQLPDO�� 7KH� ((+9�%� YLUXV� DVVRFLDWHG�
ZLWK� ERWK� LQIHFWLRQV�ZDV� LGHQWLFDO� WR� WKH� VWUDLQ�
FDXVLQJ� LQIHFWLRQ� LQ� WZR�KHUG�PDWHV�SUHYLRXVO\��
+LJK�((+9�YLUHPLD�FRUUHODWHG�ZLWK�OHXNRSHQLD�
DQG� WKURPERF\WRSHQLD��ZKLFK�ZDV� IROORZHG� E\�
OHXNRF\WRVLV� DQG� WKURPERF\WRVLV� ZKHQ� FOLQLFDO�
VLJQV� VWDUWHG� WR� UHVROYH��7KH� REVHUYDWLRQV� IURP�
WKHVH�FDVHV�VKRXOG�EH�EHQHÀFLDO�IRU�KHOSLQJ�RWKHU�
LQVWLWXWLRQV�PRQLWRU�DQG�WUHDW�HOHSKDQWV�LQIHFWHG�
ZLWK�((+9���WKH�PRVW�FRPPRQ�YLUXV�DVVRFLDWHG�
ZLWK� OHWKDO� KHPRUUKDJLF� GLVHDVH�� �� �����
$PHULFDQ�$VVRFLDWLRQ�RI�=RR�9HWHULQDULDQV�

%�� *RRVVHQV�� 5�� 6KDUPD�� 1�� 2WKPDQ�� &�� .XQ�
5RGULJXHV��5��6DNRQJ��0��$QFUHQD]��/�1��$PEX��
1�.��-XH��5�-��2·1HLOO��0�:��%UXIRUG�	�/��&KLNKL
+DELWDW�IUDJPHQWDWLRQ�DQG�JHQHWLF�GLYHUVLW\�LQ�
QDWXUDO�SRSXODWLRQV�RI�WKH�%RUQHDQ�HOHSKDQW��
,PSOLFDWLRQV�IRU�FRQVHUYDWLRQ
%LRORJLFDO�&RQVHUYDWLRQ�����������������
$EVWUDFW�� �7KH�%RUQHDQ�HOHSKDQW�SRSXODWLRQ� LQ�
6DEDK��ZLWK� RQO\� ����� LQGLYLGXDOV�� LV� FXUUHQWO\�
PDLQO\� UHVWULFWHG� WR� D� OLPLWHG� QXPEHU� RI� IRUHVW�
UHVHUYHV��7KH�PDLQ�WKUHDWV�WR�WKH�VSHFLHV·�VXUYLYDO�
DUH� SRSXODWLRQ� IUDJPHQWDWLRQ� DQG� LVRODWLRQ�
RI� WKH� H[LVWLQJ� KHUGV�� 7R� VXSSRUW� DQG� KHOS�
PRQLWRU� IXWXUH� FRQVHUYDWLRQ� DQG� PDQDJHPHQW�
PHDVXUHV��ZH�DVVHVVHG�WKH�JHQHWLF�GLYHUVLW\�DQG�
SRSXODWLRQ�VWUXFWXUH�RI�%RUQHDQ�HOHSKDQWV�XVLQJ�
PLWRFKRQGULDO� '1$�� PLFURVDWHOOLWHV� DQG� VLQJOH�
QXFOHRWLGH�SRO\PRUSKLVPV��2XU�UHVXOWV�FRQÀUPHG�
D� SUHYLRXVO\� UHSRUWHG� ODFN� RI� PLWRFKRQGULDO�
FRQWURO�UHJLRQ�GLYHUVLW\��FKDUDFWHUL]HG�E\�D�VLQJOH�
ZLGHVSUHDG�KDSORW\SH��+RZHYHU��ZH� IRXQG� ORZ�
EXW� VLJQLÀFDQW� GHJUHH� RI� JHQHWLF� GLIIHUHQWLDWLRQ�
DPRQJ� SRSXODWLRQV� DQG� PDUNHG� YDULDWLRQ� LQ�
JHQHWLF� GLYHUVLW\� ZLWK� WKH� RWKHU� WZR� W\SHV� RI�
PDUNHUV�DPRQJ�%RUQHDQ�HOHSKDQWV��0LFURVDWHOOLWH�
GDWD� VKRZHG� WKDW� %RUQHDQ� HOHSKDQWV� IURP� WKH�
/RZHU� .LQDEDWDQJDQ� DQG� 1RUWK� .LQDEDWDQJDQ�
UDQJHV� DUH� GLIIHUHQWLDWHG� DQG� SHUKDSV� LVRODWHG�
IURP�WKH�PDLQ�HOHSKDQW�SRSXODWLRQV�ORFDWHG�LQ�WKH�
&HQWUDO�)RUHVW�DQG�7DELQ�:LOGOLIH�5HVHUYH��7KH�
SDLUZLVH�)67�YDOXHV�EHWZHHQ�WKHVH�VLWHV�UDQJHG�
IURP������ WR�������S�����������'DWD� IURP�WKHVH�
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PDUNHUV�DOVR�LQGLFDWH�WKDW�WKH�%RUQHDQ�HOHSKDQW�
SRSXODWLRQV� IURP�/RZHU�.LQDEDWDQJDQ�:LOGOLIH�
6DQFWXDU\�DQG�1RUWK�.LQDEDWDQJDQ��'HUDPDNRW�
)RUHVW�5HVHUYH��SRVVHVV�KLJKHU�OHYHOV�RI�JHQHWLF�
YDULDWLRQ� FRPSDUHG� WR� WKH� HOHSKDQW� SRSXODWLRQV�
IURP� RWKHU� DUHDV�� 2XU� UHVXOWV� VXJJHVW� WKDW� �L��
%RUQHDQ�HOHSKDQWV�SUREDEO\�GHULYH� IURP�D�YHU\�
VPDOO�IHPDOH�SRSXODWLRQ���LL��WKH\�UDUHO\�GLVSHUVH�
DFURVV� FXUUHQW� KXPDQ�GRPLQDWHG� ODQGVFDSHV�
WKDW� VHSDUDWH� IRUHVW� IUDJPHQWV�� DQG� �LLL�� IRUHVW�
IUDJPHQWV� DUH� SUHGRPLQDQWO\� FRPSULVHG� RI�
SRSXODWLRQV� WKDW�DUH�DOUHDG\�XQGHUJRLQJ�JHQHWLF�
GULIW�� 7R�PDLQWDLQ� WKH� FXUUHQW� OHYHOV� RI� JHQHWLF�
GLYHUVLW\� LQ� IUDJPHQWHG� KDELWDWV�� FRQVHUYDWLRQ�
RI� WKH� %RUQHDQ� HOHSKDQWV� VKRXOG� DLP� DW�
VHFXULQJ� FRQQHFWLYLW\�EHWZHHQ� VSDWLDOO\�GLVWLQFW�
SRSXODWLRQV���������5HSULQWHG�ZLWK�SHUPLVVLRQ�
IURP�(OVHYLHU�

0��*XQML��$��7DNDL�	�+��(QGR
'HIRUPDWLRQV�RI�WKH�FHUYLFDO�DQG�FUDQLDO�WKR�
UDFLF�YHUWHEUDH�LQ�D�EHGULGGHQ�$VLDQ�HOHSKDQW
-DSDQHVH�-RXUQDO�RI�=RR�DQG�:LOGOLIH�0HGLFLQH�
���������������
$EVWUDFW�� � 7KH� SUHVHQW� VWXG\� UHSRUWV� DQ�
DEQRUPDOLW\� RI� WKH� QHFN� LQ� D� EHGULGGHQ�$VLDQ�
HOHSKDQW��:KHQ���\HDU�ROG��WKH�HOHSKDQW�ORVW�WKH�
DELOLW\�WR�VWDQG�DQG�JUHZ�XS�XQGHU�WKH�EHGULGGHQ�
FRQGLWLRQ� IRU� ���� \HDUV��2XU� REVHUYDWLRQV� IURP�
&7�VFDQ�UHYHDOHG�WKDW�WKH�DUWLFXODU�IDFHWV�RI�WKH�
FHUYLFDO�DQG�ÀUVW���WKRUDFLF�YHUWHEUDH�SRVVHVVHG�
LQWULFDWHO\� URXJK� VXUIDFHV� DQG� WKDW� WKH� DQWHULRU�
DUWLFXODU�SURFHVVHV�RI�&���&��DQG�&��LQWUXGHG�WR�
WKH� DGMDFHQW� SURFHVVHV�� 7KH� DUWLFXODU� SURFHVVHV�
ZHUH�SDUWO\�IXVHG�WR�WKH�FRQWLJXRXV�SURFHVVHV�LQ�
WKH�&��&��DQG�7��7��]\JDSRSK\VHDO�MRLQWV�DQG�WKH�
SURFHVVHV�RI�&��ZHUH�FRPSOHWHO\�FRDOHVFHG�ZLWK�
WKRVH�RI�&���7KH�QHFN�RI�WKH�EHGULGGHQ�HOHSKDQW�
ZDV�GRUVDOO\�EHQW�DW������GHJUHHV�PRUH�WKDQ�WKDW�
RI�D�K\SHURVWRWLF�HOHSKDQW��8QGHU�WKH�EHGULGGHQ�
FRQGLWLRQ�� WKH� QXFKDO� OLJDPHQW� LV� FRQWUDFWHG�
ZLWKRXW�WKH�JUDYLWDWLRQDO�ORDG�RI�WKH�KHDG�ZHLJKW��
7KLV� LQGXFHV� WKH� GRUVLÁH[LRQ� RI� WKH� QHFN�� DQG�
WKHQ� JHQHUDWHV� D� FRPSUHVVLYH� IRUFH� EHWZHHQ�
DGMDFHQW�YHUWHEUDH��7KH�FRPSUHVVLYH�IRUFH�PLJKW�
FDXVH� WKH� LQÁDPPDWLRQ� DQG� ERQ\� GHVWUXFWLRQ�
EHWZHHQ� WKH� DUWLFXODU� SURFHVVHV�� DQG� SURPSW�
WKH� DEQRUPDO� RVVLÀFDWLRQV� LQ� WKH� DUWLFXODWLRQV�
WKURXJK�WKH�UHSDLULQJ�SURFHVV��7KH�DEQRUPDOLWLHV�

RI� WKH�DUWLFXODU�SURFHVVHV�ZHUH� LGHQWLÀHG� LQ� WKH�
DWWDFKPHQW� VLWH�RI� WKH�QXFKDO� OLJDPHQW�� DQG� WKH�
YHUWHEUDO� IXVLRQV� ZHUH� GLVWULEXWHG� LQWHQVLYHO\�
RQ� ZKHUH� WKH� FRPSUHVVLYH� IRUFH� VKRXOG� EH�
FRQYHUJHG�� 7KLV� VWXG\� FRQFOXGHV� WKDW� D� ORQJ�
WHUP�O\LQJ�SRVWXUH�XQGHU�WKH�EHGULGGHQ�FRQGLWLRQ�
PLJKW� FDXVH� WKH� RYHU�GRUVDOL]DWLRQ� RI� WKH� QHFN�
DQG�WKH�GHIRUPDWLRQV�RI�WKH�DUWLFXODU�SURFHVVHV�LQ�
ODUJH�PDPPDOV���������-DSDQHVH�6RFLHW\�RI�=RR�
DQG�:LOGOLIH�0HGLFLQH�

$�� +RXVVD\H�� .�� :DVNRZ�� 6�� +D\DVKL�� 5��
&RUQHWWH��$�+��/HH�	�-�5��+XWFKLQVRQ
%LRPHFKDQLFDO�HYROXWLRQ�RI�VROLG�ERQHV�LQ�ODUJH�
DQLPDOV��$�PLFURDQDWRPLFDO�LQYHVWLJDWLRQ
%LRORJLFDO� -RXUQDO� RI� WKH� /LQQHDQ� 6RFLHW\� ����
��������������
$EVWUDFW�� �*UDYLSRUWDO� WD[D�VKRZ�DQ�DOORPHWULF�
LQFUHDVH�RI�WKH�FURVV�VHFWLRQDO�DUHD�RI�VXSSRUWLYH�
ERQHV�DQG�DUH�DVVXPHG�WR�GLVSOD\�PLFURDQDWRPLFDO�
FKDQJHV� DVVRFLDWHG� ZLWK� DQ� LQFUHDVH� LQ� ERQH�
PDVV��7KLV�HYRNHV�RVWHRVFOHURVLV��L�H��DQ�LQFUHDVH�
LQ� ERQH� FRPSDFWQHVV� REVHUYHG� LQ� VRPH� DTXDWLF�
DPQLRWHV��� 7KH� SUHVHQW� VWXG\� LQYHVWLJDWHV� WKH�
FKDQJHV�LQ�ERQHV·�PLFURDQDWRPLFDO�RUJDQL]DWLRQ�
DVVRFLDWHG� ZLWK� JUDYLSRUWDOLW\� DQG� KRZ�
FRPSDUDEOH� WKH\� DUH� ZLWK� DTXDWLFDOO\� DFTXLUHG�
RVWHRVFOHURVLV� DLPLQJ� WR� EHWWHU� XQGHUVWDQG� WKH�
DGDSWDWLRQ� RI� ERQH� WR� WKH� GLIIHUHQW� DVVRFLDWHG�
IXQFWLRQDO� UHTXLUHPHQWV�� %RQHV� RI� JUDYLSRUWDO�
WD[D�VKRZ�PLFURDQDWRPLFDO�FKDQJHV�WKDW�DUH�QRW�
VROHO\� DWWULEXWDEOH� WR� DOORPHWU\�� 7KH\� GLVSOD\�
D� WKLFNHU� FRUWH[� DQG� D� SURSRUWLRQDOO\� VPDOOHU�
PHGXOODU\� FDYLW\�� ZLWK� D� ZLGHU� WUDQVLWLRQ� ]RQH�
EHWZHHQ� WKHVH� GRPDLQV�� 7KLV� LQQHU� FDQFHOORXV�
VWUXFWXUH� PD\� HQDEOH� WR� EHWWHU� HQKDQFH� HQHUJ\�
DEVRUSWLRQ� DQG�PDUURZ� VXSSRUW��0RUHRYHU�� WKH�
FURVV�VHFWLRQDO� JHRPHWULF� SDUDPHWHUV� LQGLFDWH�
LQFUHDVHG� UHVLVWDQFH� WR� VWUHVVHV� HQJHQGHUHG� E\�
EHQGLQJ� DQG� WRUVLRQ�� DV� ZHOO� DV� FRPSUHVVLRQ��
$GDSWDWLRQ� WR� D� JUDYLSRUWDO� SRVWXUH� VKRXOG�
EH� WDNHQ� LQWR� FRQVLGHUDWLRQ� ZKHQ� DQDO\]LQJ�
SRVVLEO\� DPSKLELRXV� WD[D�ZLWK� D� WHUUHVWULDO�OLNH�
PRUSKRORJ\�� 7KLV� LV� SDUWLFXODUO\� LPSRUWDQW� IRU�
SDODHRHFRORJLFDO� LQIHUHQFHV� DERXW� ODUJH� H[WLQFW�
WHWUDSRGV�WKDW�PLJKW�KDYH�EHHQ�DPSKLELRXV�DQG��
PRUH�JHQHUDOO\�� IRU� WKH�VWXG\�RI�HDUO\�VWDJHV�RI�
DGDSWDWLRQ�WR�DQ�DTXDWLF�OLIH�LQ�DPQLRWHV���������
7KH�/LQQHDQ�6RFLHW\�RI�/RQGRQ�
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$�6��-DFRE��(�-��%XVE\��$�'��/HY\��1��.RPP�	�
&�*��&ODUN
([SDQGLQJ� WKH� (QWDPRHED� XQLYHUVH�� 1HZ�
KRVWV�\LHOG�QRYHO�ULERVRPDO�OLQHDJHV�
-��RI�(XNDU\RWLF�0LFURELRORJ\����������������
$EVWUDFW�� �5HPRYLQJ� WKH� UHTXLUHPHQW� IRU� FHOO�
FXOWXUH� KDV� OHG� WR� D� VXEVWDQWLDO� LQFUHDVH� LQ� WKH�
QXPEHU� RI� OLQHDJHV� RI� (QWDPRHED� UHFRJQL]HG�
DV�GLVWLQFW��6XUYH\LQJ�WKH�UDQJH�RI�SRWHQWLDO�KRVW�
VSHFLHV� IRU� WKLV� SDUDVLWH� JHQXV� KDV� EDUHO\� EHHQ�
VWDUWHG� DQG� LW� LV� FOHDU� WKDW� DGGLWLRQDO� VDPSOLQJ�
RI� WKH� VDPH� KRVW� LQ� GLIIHUHQW� ORFDWLRQV� RIWHQ�
LGHQWLÀHV�DGGLWLRQDO�GLYHUVLW\��,Q�WKLV�VWXG\��XVLQJ�
VPDOO�VXEXQLW�ULERVRPDO�51$�JHQH�VHTXHQFLQJ��
ZH� LGHQWLI\� IRXU� QHZ� OLQHDJHV� RI� (QWDPRHED��
LQFOXGLQJ� WKH� ÀUVW� UHSRUW� RI� (QWDPRHED� IURP�
DQ�HOHSKDQW��DQG�H[WHQG�WKH�KRVW�UDQJH�RI�VRPH�
SUHYLRXVO\� GHVFULEHG� OLQHDJHV�� ,Q� DGGLWLRQ��
H[DPLQDWLRQ�RI�PLFURELRPH�GDWD�IURP�D�QXPEHU�
RI� KRVW� DQLPDOV� VXJJHVWV� WKDW� VXEVWDQWLDO�
(QWDPRHED�GLYHUVLW\�UHPDLQV�WR�EH�XQFRYHUHG����
�����7KH�$XWKRUV��������,QWHUQDWLRQDO�6RFLHW\�
RI�3URWLVWRORJLVWV�

.�.��.DUDQWK
:LOGOLIH� LQ� WKH� PDWUL[�� 6SDWLR�WHPSRUDO�
SDWWHUQV� RI� KHUELYRUH� RFFXUUHQFH� LQ� .DUQD�
WDND��,QGLD
(QYLURQPHQWDO�0DQDJHPHQW������������������
$EVWUDFW�� � :LOGOLIH� UHVHUYHV� DUH� EHFRPLQJ�
LQFUHDVLQJO\� LVRODWHG� IURP� WKH� VXUURXQGLQJ�
KXPDQ�GRPLQDWHG� ODQGVFDSHV� SDUWLFXODUO\� LQ�
$VLD��,W�LV�LPSHUDWLYH�WR�XQGHUVWDQG�KRZ�VSHFLHV�
DUH� GLVWULEXWHG� VSDWLDOO\� DQG� WHPSRUDOO\� LQ� DQG�
RXWVLGH� UHVHUYHV�� DQG� ZKDW� IDFWRUV� LQÁXHQFH�
WKHLU� RFFXUUHQFH�� 7KLV� VWXG\� VXUYH\HG� �����
NP�� ODQGVFDSH� VXUURXQGLQJ� ÀYH� UHVHUYHV� LQ�
WKH� :HVWHUQ� *KDWV� WR� H[DPLQH� SDWWHUQV� RI�
RFFXUUHQFH� RI� ÀYH� KHUELYRUHV�� HOHSKDQW�� JDXU��
VDPEDU��FKLWDO��DQG�SLJ��6SHFLHV�GLVWULEXWLRQV�DUH�
PRGHOHG� VSDWLR�WHPSRUDOO\� XVLQJ� DQ� RFFXSDQF\�
DSSURDFK�� 7UDLQHG� ÀHOG� WHDPV� FRQGXFWHG� �����
LQWHUYLHZ�EDVHG� RFFXSDQF\� VXUYH\V� LQ� D� ���NP�
EXIIHU�VXUURXQGLQJ�WKHVH�ÀYH�UHVHUYHV�LQ�������,�
IRXQG�JDXU�DQG�ZLOG�SLJ�WR�EH�WKH�OHDVW�DQG�PRVW�
ZLGH�UDQJLQJ� VSHFLHV�� UHVSHFWLYHO\�� (OHSKDQW�
DQG�FKLWDO�H[KLELW�VHDVRQDO�GLIIHUHQFHV�LQ�VSDWLDO�
GLVWULEXWLRQ� XQOLNH� WKH� RWKHU� WKUHH� VSHFLHV�� $V�
SUHGLFWHG��GLVWDQFH�WR�UHVHUYH��WKH�UHVHUYH�LWVHOI��
DQG� IRUHVW� FRYHU� ZHUH� DVVRFLDWHG� ZLWK� KLJKHU�

RFFXSDQF\� RI� DOO� VSHFLHV�� DQG� KLJKHU� GHQVLWLHV�
RI� SHRSOH� QHJDWLYHO\� LQÁXHQFHG� RFFXUUHQFH�
RI� DOO� VSHFLHV�� 3DUN� PDQDJHPHQW�� VSHFLHV�
SURWHFWLRQ�� DQG� FRQÁLFW� PLWLJDWLRQ� HIIRUWV� LQ�
WKLV�ODQGVFDSH�QHHG�WR�LQFRUSRUDWH�WHPSRUDO�DQG�
VSDWLDO� XQGHUVWDQGLQJ� RI� VSHFLHV� GLVWULEXWLRQV��
$OO�VSHFLHV�DUH�NQRZQ�FURS�UDLGHUV�DQG�FRQÁLFW�
SURQH� ORFDWLRQV� ZLWK� UHVRXUFHV� �VXFK� DV� ZDWHU�
DQG�IRUDJH��KDYH�WR�EH�PRQLWRUHG�DQG�PDQDJHG�
FDUHIXOO\�� :LOGOLIH� UHVHUYHV� DQG� DGMDFHQW� DUHDV�
DUH�FULWLFDO�IRU�ORQJ�WHUP�SHUVLVWHQFH�DQG�KDELWDW�
XVH�IRU�DOO�ÀYH�KHUELYRUHV�DQG�PXVW�EH�PRQLWRUHG�
WR�HQVXUH�ZLOGOLIH�FDQ�PRYH�IUHHO\��6XFK�D�ODUJH�
VFDOH� DSSURDFK� WR� PDS� DQG� PRQLWRU� VSHFLHV�
GLVWULEXWLRQV�FDQ�EH�DGDSWHG�WR�RWKHU�ODQGVFDSHV�
WR� LGHQWLI\� DQG�PRQLWRU� FULWLFDO� KDELWDWV� VKDUHG�
E\� SHRSOH� DQG� ZLOGOLIH�� �� ����� 6SULQJHU�
6FLHQFH�%XVLQHVV� 0HGLD�� :LWK� SHUPLVVLRQ� RI�
6SULQJHU�

3��.HHUWKLSUL\D��5��7HZDUL�	�7�1�&��9LG\D
/DWHUDOL]DWLRQ� LQ� WUXQN� DQG� IRUHIRRW�
PRYHPHQWV� LQ� D� SRSXODWLRQ� RI� IUHH�UDQJLQJ�
$VLDQ�HOHSKDQWV��(OHSKDV�PD[LPXV�
-RXUQDO�RI�&RPSDUDWLYH�3V\FKRORJ\������������
�������
$EVWUDFW���:H�H[DPLQHG�VLGH�SUHIHUHQFHV�LQ�WUXQN�
DQG�IRUHIRRW�PRYHPHQW�GXULQJ�IHHGLQJ�LQ�D�ZLOG�
SRSXODWLRQ� RI�$VLDQ� HOHSKDQWV��7UXQN� VZHHSLQJ�
PRYHPHQWV� WR� SOXFN�XSURRW�JDWKHU� YHJHWDWLRQ�
DQG� IRUHIRRW� VFXIÀQJ� PRYHPHQWV� WR� XSURRW�
YHJHWDWLRQ� ZHUH� VFRUHG� LQ� ���� LQGLYLGXDOV��:H�
IRXQG�D�PXFK�VWURQJHU�VLGH�SUHIHUHQFH�LQ�WUXQN�XVH�
WKDQ�LQ�IRUHIRRW�XVH��VXSSRUWLQJ�D�PRGLÀHG�WDVN�
FRPSOH[LW\� K\SRWKHVLV�� 7KH� IRUHIRRW� DQG� WUXQN�
DSSHDUHG� WR� EH� FRRUGLQDWHG� ZKLOH� IHHGLQJ� DQG��
DPRQJ� LQGLYLGXDOV� WKDW� KDG� VLJQLÀFDQW� IRUHIRRW�
SUHIHUHQFHV�� WKH� SURSRUWLRQ� RI� ULJKW� IRUHIRRW�
XVH� ZDV� KLJKHU� DPRQJ� ULJKW� WUXQNHUV� WKDQ� OHIW�
WUXQNHUV�� 7UXQN� DQG� IRUHIRRW� SUHIHUHQFHV� ZHUH�
QRW�GHSHQGHQW�RQ� LQGLYLGXDOV·� VRFLDO� DVVRFLDWHV��
DQG�WUXQN�SUHIHUHQFHV�ZHUH�DOVR�QRW�GHSHQGHQW�RQ�
IHHGLQJ�DVVRFLDWHV��7KHUH�ZDV�D�VLJQLÀFDQW�HIIHFW�
RI� LQGLYLGXDO� LGHQWLW\� RQ� IRUHIRRW� SUHIHUHQFH�
VWUHQJWK�EXW�QR�SRSXODWLRQ�OHYHO�VLGH�SUHIHUHQFH�
LQ� WUXQN� RU� IRUHIRRW� PRYHPHQW�� VXJJHVWLQJ� QR�
GRPLQDQW�H\H�FRQWURO�RYHU�WKH�WDVN��ZKLFK�PLJKW�
EH�WUXH�RI�IHHGLQJ�UHODWHG�IRRW�PRYHPHQW�LQ�RWKHU�
KHUELYRUHV�DOVR��7KHUH�ZDV�QR�HIIHFW�RI�DJH�RU�VH[�
RQ�WUXQN�RU�IRUHIRRW�VLGH�SUHIHUHQFH�RU�VWUHQJWK��
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7KH�RQVHW�RI�WUXQN�VLGH�SUHIHUHQFH��KRZHYHU��ZDV�
YHU\�HDUO\�FRPSDUHG�ZLWK�WKDW�REVHUYHG�LQ�RWKHU�
VSHFLHV�VWXGLHG�DQG�FDOOV�IRU�D�FRPSDULVRQ�RI�WKH�
RQWRJHQ\� RI� VLGH� SUHIHUHQFHV� LQ� SUHFRFLDO� DQG�
DOWULFLDO� VSHFLHV�� %DVHG� RQ� ���PRWKHU�RIIVSULQJ�
SDLUV�� ZH� IRXQG� WKDW� RIIVSULQJ� WUXQN� VLGH�
SUHIHUHQFHV�ZHUH� LQGHSHQGHQW� RI� WKHLU�PRWKHUV·�
SUHIHUHQFHV�� VXJJHVWLQJ� WKDW� WKHVH� SUHIHUHQFHV�
DUH�QRW�PDWHUQDOO\�LQKHULWHG���������$3$�

&��.HYUHNLGLV�	�'��0RO
$� QHZ� SDUWLDO� VNHOHWRQ� RI� (OHSKDV� �3DODHR�
OR[RGRQ��DQWLTXXV�)DOFRQHU�DQG�&DXWOH\�������
�3URERVFLGHD�� (OHSKDQWLGDH�� IURP�$P\QWDLR��
0DFHGRQLD��*UHHFH
4XDWHUQDU\�,QWHUQDWLRQDO�����������������
$EVWUDFW���(OHSKDV��3DODHROR[RGRQ��DQWLTXXV�LV�
D�ZHOO�NQRZQ�HOHSKDQW�VSHFLHV�RI�WKH�0LGGOH�DQG�
/DWH�3OHLVWRFHQH�RI�(XURSH��EXW�IHZ�VNHOHWRQV�VR�
IDU�KDYH�EHHQ�GHVFULEHG�LQ�GHWDLO��+HUH�ZH�SUHVHQW�
D�GHWDLOHG�DFFRXQW�RI�D�SDUWLDO� VNHOHWRQ� LQ�JRRG�
FRQGLWLRQ�IURP�WKH�DOOXYLDO�VDQGV�RI�WKH�$P\QWDLR�
FRDOPLQHV�� 0DFHGRQLD�� *UHHFH�� ,W� UHSUHVHQWV� D�
ODUJH�PDOH� DJHG� LQ� LWV� IRUWLHV�� %DVHG� RQ� H[WDQW�
DQG�H[WLQFW�HOHSKDQW�VSHFLPHQV�� WKH�$P\QWDLR·V�
HOHSKDQW�HVWLPDWHG�KHLJKW�DW� WKH�VKRXOGHU� LV�����
P�DQG� LWV�ZHLJKW� FORVH� WR� �� WRQQHV��$�&7� VFDQ�
ZDV�SHUIRUPHG�RQ�WKH�GHIRUPHG�ÀIWK�PHWDFDUSDO��
ZKLFK� ZDV� GLDJQRVHG� ZLWK� RVWHRP\HOLWLV��
SUREDEO\�UHQGHULQJ�WKH�DQLPDO�ODPH��1R�VLJQV�RI�
IXUWKHU�ELRORJLFDOO\�LQGXFHG�DQWH��RU�SRVW�PRUWHP�
PRGLÀFDWLRQV�ZHUH�GHWHFWHG��)URP�WKDW�VNHOHWRQ�
WKH� ÀUVW� NQRZQ� EDVLK\RLG� ERQH� RI�(�� DQWLTXXV�
LV� UHFRYHUHG�� FRPSDULVRQV� ZLWK� KRPRORJRXV�
ERQHV� RI� RWKHU� HOHSKDQWLG� WD[D� VKRZ� LW� KDV� D�
YHU\� GLVWLQFW� PRUSKRORJ\� DQG� FDQ� EH� XVHG� LQ�
SK\ORJHQHWLF�VWXGLHV�RI�WKH�(OHSKDQWLGDH�IDPLO\��
�������(OVHYLHU�/WG�DQG�,148$�

5�.��.RLUDOD��:��-L��$��$U\DO��-��5RWKPDQ�	�'��
5DXEHQKHLPHU
'LVSHUVDO� DQG� UDQJLQJ� SDWWHUQV� RI� WKH�$VLDQ�
HOHSKDQW� �(OHSKDV� PD[LPXV�� LQ� UHODWLRQ� WR�
WKHLU�LQWHUDFWLRQV�ZLWK�KXPDQV�LQ�1HSDO
(WKRORJ\�(FRORJ\�	�(YROXWLRQ�����������������
$EVWUDFW���QRQH�

-��.RWWZLW]��0��%RRWKH��5��+DUPRQ��6�%��&LWLQR��
-�5��=XED��	�'�0��%RRWKH
5HVXOWV� RI� WKH� PHJDYHUWHEUDWH� DQDOJHVLD�

VXUYH\��(OHSKDQWV�DQG�UKLQR
-RXUQDO�RI�=RR�DQG�:LOGOLIH�0HGLFLQH�����������
�������
$EVWUDFW�� � $Q� RQOLQH� VXUYH\� XWLOL]LQJ� 6XUYH\�
0RQNH\�OLQNHG�WKURXJK�WKH�$PHULFDQ�$VVRFLDWLRQ�
RI�=RR�9HWHULQDULDQV� OLVWVHUYH�H[DPLQHG�FXUUHQW�
SUDFWLFHV� LQ� PHJDYHUWHEUDWH� DQDOJHVLD�� 'DWD�
FROOHFWHG� LQFOXGHG� GUXJV� DGPLQLVWHUHG�� GRVLQJ�
UHJLPHQV�� HDVH� RI� DGPLQLVWUDWLRQ�� HIÀFDF\�� DQG�
DGYHUVH�HYHQWV��)LIW\�QLQH�IDFLOLWLHV�����KRXVLQJ�
HOHSKDQWV�� ��� KRXVLQJ� UKLQRFHURVHV�� UHVSRQGHG��
$OO� IDFLOLWLHV� DGPLQLVWHUHG� QRQVWHURLGDO�
DQWL�LQÁDPPDWRU\� GUXJV� �16$,'V��� ZLWK�
SKHQ\OEXWD]RQH� �����²��� PJ�NJ�� DQG� ÁXQL[LQ�
PHJOXPLQH�����²��PJ�NJ��EHLQJ�PRVW�FRPPRQ��
(IÀFDF\�ZDV�UHSRUWHG�DV�́ JRRGµ�WR�́ H[FHOOHQWµ�IRU�
WKHVH�PHGLFDWLRQV��2SLRLGV�ZHUH�DGPLQLVWHUHG�WR�
HOHSKDQWV�����RI�����DQG�UKLQRFHURVHV����RI������
ZLWK�WUDPDGRO�����²����PJ�NJ��DQG�EXWRUSKDQRO�
�����²����PJ�NJ��EHLQJ�PRVW�FRPPRQ��7UDPDGRO�
HIÀFDF\� VFRUHV� ZHUH� KLJKO\� YDULDEOH� LQ� ERWK�
HOHSKDQWV�DQG�UKLQRFHURVHV��:KLOH�GUXJ�FKRLFHV�
ZHUH� VLPLODU� DPRQJ� LQVWLWXWLRQV�� VXEVWDQWLDO�
YDULDELOLW\� LQ� GRVLQJ� UHJLPHQV� DQG� UHSRUWHG�
HIÀFDF\� EHWZHHQ� DQG�ZLWKLQ� IDFLOLWLHV� LQGLFDWHV�
WKH� QHHG� IRU� SKDUPDFRNLQHWLF� VWXGLHV� DQG�
VWDQGDUGL]HG� PHWKRGV� RI� DQDO\]LQJ� UHVSRQVH�
WR� WUHDWPHQW� WR� HVWDEOLVK� GRVLQJ� UHJLPHQV� DQG�
FOLQLFDO�WULDOV�WR�HVWDEOLVK�HIÀFDF\�DQG�VDIHW\����
�����$PHULFDQ�$VVRFLDWLRQ�RI�=RR�9HWHULQDULDQV�

0��/DKGHQSHUl��.�8��0DU�	�9��/XPPDD
6KRUW�WHUP� DQG� GHOD\HG� HIIHFWV� RI� PRWKHU�
GHDWK�RQ�FDOI�PRUWDOLW\�LQ�$VLDQ�HOHSKDQWV
%HKDYLRUDO�(FRORJ\������������������
$EVWUDFW���/RQJ�OLYHG��KLJKO\�VRFLDO�VSHFLHV�ZLWK�
SURORQJHG�RIIVSULQJ�GHSHQGHQF\�FDQ�VKRZ�ORQJ�
SRVWUHSURGXFWLYH�SHULRGV��7KH�0RWKHU�K\SRWKHVLV�
SURSRVHV�WKDW�D�QHHG�IRU�H[WHQGHG�PDWHUQDO�FDUH�
RI� RIIVSULQJ� WRJHWKHU� ZLWK� LQFUHDVHG� PDWHUQDO�
PRUWDOLW\� ULVN� DVVRFLDWHG� ZLWK� ROG� DJH� VHOHFW�
IRU� VXFK� SRVWUHSURGXFWLYH� VXUYLYDO�� EXW� WHVWV� LQ�
VSHFLHV�ZLWK�ORQJ�SRVWUHSURGXFWLYH�SHULRGV��RWKHU�
WKDQ�KXPDQV�DQG�PDULQH�PDPPDOV��DUH�ODFNLQJ��
+HUH�� ZH� LQYHVWLJDWH� WKH� 0RWKHU� K\SRWKHVLV�
ZLWK� ORQJLWXGLQDO�GDWD�RQ�$VLDQ�HOHSKDQWV� IURP�
WLPEHU� FDPSV� RI�0\DQPDU� ��� WR� GHWHUPLQH� WKH�
FRVWV� RI� UHSURGXFWLRQ� RQ� IHPDOH� DJH�VSHFLÀF�
PRUWDOLW\� ULVN� ZLWKLQ� �� \HDU� DIWHU� FDOYLQJ� DQG�
���WR�TXDQWLI\�WKH�HIIHFWV�RI�PRWKHU�ORVV�RQ�FDOI�
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VXUYLYDO�DFURVV�GHYHORSPHQW��:H�IRXQG�WKDW�ROGHU�
IHPDOHV� GLG� QRW� VKRZ� DQ� LQFUHDVHG� LPPHGLDWH�
PRUWDOLW\�ULVN�DIWHU�FDOYLQJ��&DOYHV�KDG�D����IROG�
KLJKHU� PRUWDOLW\� ULVN� LQ� WKHLU� ÀUVW� \HDU� LI� WKH\�
ORVW�WKHLU�PRWKHU��EXW�WKLV�GHFUHDVHG�ZLWK�DJH�WR�
RQO\�D�����IROG�KLJKHU� ULVN� LQ� WKH�ÀIWK�\HDU��:H�
DOVR�GHWHFWHG�GHOD\HG�HIIHFWV�RI�PDWHUQDO�GHDWK��
FDOYHV�ORVLQJ�WKHLU�PRWKHU�GXULQJ�HDUO\�DJHV�VWLOO�
VXIIHUHG� IURP� LQFUHDVHG� PRUWDOLW\� ULVN� DW� DJHV�
�²��DQG�GXULQJ�DGROHVFHQFH�EXW�VXFK�HIIHFWV�ZHUH�
ZHDNHU�LQ�PDJQLWXGH��&RQVHTXHQWO\��WKH�0RWKHU�
K\SRWKHVLV� FRXOG� DFFRXQW� IRU� WKH� ÀUVW� �� \HDUV�
RI� SRVWUHSURGXFWLYH� VXUYLYDO�� EXW� WKHUH�ZHUH�QR�
FRVWV�RI�FRQWLQXHG�UHSURGXFWLRQ�RQ�WKH�LPPHGLDWH�
PDWHUQDO�PRUWDOLW\� ULVN��+RZHYHU�� WKH�REVHUYHG�
SRVWUHSURGXFWLYH� OLIHVSDQ� RI� IHPDOHV� VXUYLYLQJ�
WR�ROG�DJH�FRPPRQO\�H[FHHGV���\HDUV� LQ�$VLDQ�
HOHSKDQWV�� DQG� IXUWKHU� VWXGLHV� DUH� WKXV� QHHGHG�
WR� GHWHUPLQH� VHOHFWLRQ� IRU� �SRVWUHSURGXFWLYH��
OLIHVSDQ�LQ�HOHSKDQWV�DQG�RWKHU�FRPSDUDEO\�ORQJ�
OLYHG�VSHFLHV���������7KH�$XWKRUV�

1�� /DNVKPLQDUD\DQDQ�� .�.�� .DUDQWK�� 9�5��
*RVZDPL��6��9DLG\DQDWKDQ�	�.�8��.DUDQWK
'HWHUPLQDQWV� RI� GU\� VHDVRQ� KDELWDW� XVH� E\�
$VLDQ�HOHSKDQWV�LQ�WKH�:HVWHUQ�*KDWV�RI�,QGLD
-RXUQDO�RI�=RRORJ\�������������������
$EVWUDFW���/DUJH�KHUELYRUHV�UHVSRQG�WR�VHDVRQDO�
FKDQJHV� LQ� UHVRXUFH�DYDLODELOLW\� WKURXJK�KDELWDW�
VHOHFWLRQ�� 8QGHUVWDQGLQJ� YDULDWLRQV� LQ� KDELWDW�
FKRLFH� LV� FUXFLDO� IRU� WDUJHWLQJ� FRQVHUYDWLRQ�
HIIRUWV��SDUWLFXODUO\�IRU�HQGDQJHUHG��ZLGH�UDQJLQJ�
VSHFLHV��VXFK�DV�WKH�$VLDQ�HOHSKDQW��:H�DVVHVVHG�
SDWWHUQV� DQG� GHWHUPLQDQWV� RI� HOHSKDQW� KDELWDW�
XVH�GXULQJ� WKH�GU\�VHDVRQ��D�SHULRG�RI� UHVRXUFH�
OLPLWDWLRQ� LQ� WURSLFDO� GHFLGXRXV� IRUHVWV�� LQ� WKH�
:HVWHUQ�*KDWV�RI�.DUQDWDND��,QGLD��:H�FROOHFWHG�
GHWHFWLRQ�QRQ�GHWHFWLRQ� GDWD� RQ� HOHSKDQW� VLJQV�
XQGHU�DQ�RFFXSDQF\�VDPSOLQJ�IUDPHZRUN��XVLQJ�
VSDWLDOO\�UHSOLFDWHG�VXUYH\V�RQ�IRRW�DORQJ�IRUHVW�
WUDLOV� WR�HVWLPDWH�SUREDELOLWLHV�RI�KDELWDW�XVH�E\�
HOHSKDQWV��(DFK�RI�RXU����VLWHV��VDPSOLQJ�XQLWV��
ZDV� D� JULG� FHOO� RI� ������ NP�� DUHD�� 'DWD� ZHUH�
DQDO\VHG� XVLQJ� DQ� RFFXSDQF\� PRGHO�� ZKLFK�
HVWLPDWHG� GHWHFWLRQ� SUREDELOLWLHV� IRU� VLJQV��
ZKLOH� H[SOLFLWO\� DGGUHVVLQJ� WKH� SRWHQWLDO� VSDWLDO�
GHSHQGHQFH�EHWZHHQ�VLJQ�GHWHFWLRQV�RQ�DGMDFHQW�
UHSOLFDWHV�� 8VLQJ� FRYDULDWHV� WKDW� DUH� OLNHO\� WR�
LQÁXHQFH� UHVRXUFH� XVH�� ZH� PDGH� HFRORJLFDO�
SUHGLFWLRQV� DERXW� GU\� VHDVRQ� KDELWDW� XVH� E\�

HOHSKDQWV�DFURVV�WKH�VWXG\�DUHD�RI������NP���7KH�
VLWH�OHYHO�SUREDELOLWLHV�RI�KDELWDW�XVH�E\�HOHSKDQWV�
UDQJHG�IURP�LQOLQH�LPDJH�7KH�HVWLPDWHG�UHSOLFDWH�
OHYHO� GHWHFWLRQ� SUREDELOLW\� ZDV� LQOLQH� LPDJH�
:H� IRXQG� WKDW� GLVWDQFH� WR� ULYHUV� ZDV� WKH� EHVW�
SUHGLFWRU�RI�HOHSKDQW�KDELWDW�XVH��LQ�GU\�VHDVRQ��
GHPRQVWUDWLQJ� WKH� RYHUDUFKLQJ� LPSRUWDQFH� RI�
ULSDULDQ�KDELWDWV�LQ�WKH�ODQGVFDSH�IRU�WKH�VSHFLHV��
$UWLÀFLDO� ZDWHU� KROHV� HVWDEOLVKHG� E\� ZLOGOLIH�
PDQDJHUV� GR� QRW� DSSHDU� WR� LQÁXHQFH� HOHSKDQW�
KDELWDW�XVH��ZKLFK�LV�OLNHO\�D�UHVXOW�RI�DEXQGDQW�
DQG� QHDU�XQLIRUP� GLVWULEXWLRQ� RI� VXFK� ZDWHU�
KROHV� DFURVV� WKH� VWXG\� DUHD�� 7KH� VLJQ� VXUYH\�
EDVHG� RFFXSDQF\� PRGHOOLQJ� DSSURDFK� SURYLGHV�
D�EDVLV� IRU� UHOLDEOH�FRVW�HIIHFWLYH�DVVHVVPHQW�RI�
VSDWLDO�GLVWULEXWLRQ�DQG�KDELWDW�XVH�E\�HOHSKDQWV�
DQG�RWKHU�ODUJH�KHUELYRUHV��6XFK�DVVHVVPHQWV�DUH�
HVVHQWLDO�IRU�HIIHFWLYH�FRQVHUYDWLRQ�PDQDJHPHQW�
RI� ODUJH� KHUELYRUHV�� �� ����� 7KH� =RRORJLFDO�
6RFLHW\�RI�/RQGRQ�

-�� /DVVDXVDLH�� $�� %UHW�� ;� %RXDSDR�� 9�� &KDQ�
WKDYRQJ�� -�� &DVWRQJXD\�9DQLHU�� )�� 4XHW�� 6�.��
0LNRWD��&��7KpRUrW��<��%XLVVRQ�	�%��%RXFKDUG
7XEHUFXORVLV� LQ� /DRV�� ZKR� LV� DW� ULVN�� 7KH�
PDKRXWV�RU�WKHLU�HOHSKDQWV"
(SLGHPLRORJ\�DQG�,QIHFWLRQ�������������������
$EVWUDFW���7XEHUFXORVLV��7%��LQ�HOHSKDQWV�KDV�WKH�
SRWHQWLDO� WR� LQIHFW� KXPDQV� DQG� LV� DQ� LQFUHDVLQJ�
SXEOLF�KHDOWK�FRQFHUQ��/DR�3'5�LV�RQH�RI�WKH�ODVW�
FRXQWULHV�ZKHUH�HOHSKDQWV�DUH�VWLOO�XVHG�IRU�WLPEHU�
H[WUDFWLRQ� DQG�ZKHUH� WKH\� OLYH� LQ� FORVH� FRQWDFW�
ZLWK� WKHLU� PDKRXWV�� 7KHUH� DUH� ���� DQLPDOV� DW�
ZRUN�LQ�WKH�FRXQWU\��VRPH�LQWHUDFWLQJ�ZLWK�ZLOG�
KHUGV��$OWKRXJK�KXPDQ�7%�SUHYDOHQFH�LV�NQRZQ�
WR�EH�KLJK� LQ�/DRV��VWXGLHV�RQ�HOHSKDQW�7%�KDG�
\HW�WR�EH�XQGHUWDNHQ��)URP�-DQXDU\�WR�-XO\�������
VFUHHQLQJ�ZDV�SHUIRUPHG�XVLQJ�WKH�(OHSKDQW7%�
6WDW�3DN�DVVD\�RQ����HOHSKDQWV�ZRUNLQJ�DURXQG�
WKH� 1DP� 3RX\� 1DWLRQDO� 3DUN� LQ� 6D\DERXU\�
3URYLQFH�� 7KLV� UHSUHVHQWV� PRUH� WKDQ� ���� RI�
WKH� WRWDO� UHJLVWHUHG� QDWLRQDO� ZRUNLQJ� HOHSKDQW�
SRSXODWLRQ�� +HUH� ZH� UHSRUW� WKDW� ���� RI� WKH�
HOHSKDQWV�ZHUH�VHURUHDFWLYH�WR�WKH�WHVW��2I�WKHVH��
����KDG� FRQWDFWV�ZLWK�ZLOG� LQGLYLGXDOV��ZKLFK�
VXJJHVWV�SRWHQWLDO�WUDQVPLVVLRQ�RI�P\FREDFWHULD�
WR� WKH� ORFDO� ZLOG� KHUGV�� &OLQLFDO� H[DPLQDWLRQ��
FKHVW� ;�UD\V�� VSXWXP� PLFURVFRS\� DQG� FXOWXUH�
ZHUH�SHUIRUPHG�RQ�WKHLU�����PDKRXWV�RU�RZQHUV��
'HVSLWH� KLJK� 7%� VHURUHDFWLYLW\� LQ� HOHSKDQWV��
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QR� SDUWLFLSDQW� ZDV� VPHDU�� RU� FXOWXUH�SRVLWLYH�
IRU� 0\FREDFWHULXP� WXEHUFXORVLV� RU� 0�� ERYLV��
DOWKRXJK� DW\SLFDO� P\FREDFWHULD� ZHUH� LVRODWHG�
IURP� ��� RI� SDUWLFLSDQWV�� �� ����� &DPEULGJH�
8QLYHUVLW\�3UHVV�

0��/HY�	�5��%DUNDL
(OHSKDQWV� DUH� SHRSOH�� SHRSOH� DUH� HOHSKDQWV��
+XPDQ²SURERVFLGHDQV� VLPLODULWLHV� DV� D� FDVH�
IRU� FURVV� FXOWXUDO� DQLPDO� KXPDQL]DWLRQ� LQ�
UHFHQW�DQG�3DOHROLWKLF�WLPHV
4XDWHUQDU\�,QWHUQDWLRQDO�������������������
$EVWUDFW���+XPDQ�DQG�HOHSKDQWV�VKDUHG�KDELWDWV�
DQG� LQWHUDFWHG� IURP� 3DOHROLWKLF� WLPHV� WR� WKH�
SUHVHQW�GD\�� ,W�DSSHDUV� WKDW�SUH�KLVWRULF�KXQWHU²
JDWKHUHUV� ZHUH�ZLVH� HQRXJK� WR� XQGHUVWDQG� WKDW�
HOHSKDQWV�DUH�FRKDELWHUV�RI� WKH�KXPDQ�UDFH�DQG�
QRW�D�SURGXFW�WR�EH�H[SORLWHG�LQ�DQ�XQFRQWUROOHG�
ZD\��7KH�XQGHUVWDQGLQJ�RI� WKH�ORQJ�WUDGLWLRQ�RI�
KXPDQ�DQG�HOHSKDQW�UHODWLRQVKLS�DQG�NLQVKLS�PD\�
FKDQJH�WKH�PLQG�VHW�RI�PRGHUQ�KXPDQV�WR�OHDG�WR�
FDUU\�RQ�WKH�LPSRUWDQW�UHODWLRQVKLS�EHWZHHQ�PDQ�
DQG� HOHSKDQW� LQ� SDUWLFXODU�� DQG�PDQ� DQG� QDWXUH�
LQ�JHQHUDO��DQG�SUHYHQW� IXWXUH�H[WLQFWLRQV�RI�DOO�
VSHFLHV�LQYROYHG��7KLV�VWXG\�LV�FRQGXFWHG�LQ�WKH�
VSLULW� RI� WKH� QHZO\� GHYHORSHG�PXOWLGLVFLSOLQDU\�
VWXG\�ÀHOG�RI� ¶(WKQRHOHSKDQWRORJ\·� WKDW� VWXGLHV�
KXPDQ�DQG�HOHSKDQW�UHODWLRQVKLSV�DQG�VWULYHV�WR�
SURWHFW�WKH�HQGDQJHUHG�VSHFLHV��,Q�RUGHU�WR�KDYH�
EHWWHU�XQGHUVWDQGLQJ�RI� WKLV�XQLTXH� UHODWLRQVKLS�
ZH� ZLOO� H[SORUH� LW� WKURXJK� WKH� VWXG\� RI� IRRG�
WDERRV� LQ� PRGHUQ� KXQWHU²JDWKHUHUV� VRFLHWLHV��
0RUH� VR�� LQ� WKLV� VWXG\� ZH� GHWHFWHG� PXOWLSOH�
VWULNLQJ�VLPLODULWLHV�EHWZHHQ�HOHSKDQW�DQG�PDQ�LQ�
VHYHUDO�ÀHOGV��VXFK�DV�SK\VLFDO��EHKDYLRUDO�VRFLDO�
DQG�FRQFHSWXDO��7KH�LPSRUWDQFH�RI�WKLV�VWXG\�LV�
LQ�SURYLGLQJ�D�QHZ�DQG�EHWWHU�SHUVSHFWLYH�DERXW�
KXPDQ� DQG� DQLPDO� UHODWLRQVKLS�� VSHFLÀFDOO\�
HOHSKDQWV�� :H� VXJJHVW� WKDW� WKH� SK\VLFDO� DQG�
VRFLDO�XQLTXHQHVV�RI�WKH�HOHSKDQW��DQG�LWV�XQLTXH�
UHVHPEODQFH�WR�PDQ�LQ�VR�PDQ\�DVSHFWV��DORQJVLGH�
LWV�SLYRWDO� UROH� DV� D�PDMRU� IRRG� VRXUFH�� LV�ZKDW�
PDNHV�LW�DSSURSULDWH�IRU�VHUYLQJ�DV�D�FRVPRORJLFDO�
DQG� FRQFHSWXDO� EHDFRQ�� PRVWO\� FRQFHLYHG� LQ�
UHFHQW�KXQWHU²JDWKHUHUV�VRFLHWLHV�E\�WKH�FRQFHSW�
RI�WDERR��$OWKRXJK�GHWHFWLQJ�IRRG�WDERRV�LQ�WKH�
GHHS� SDVW� DUH� QRW� SRVVLEOH��ZH� EHOLHYH� WKDW� WKH�
DUFKDHRORJLFDO� HYLGHQFH�SUHVHQWHG� LQ� WKLV�SDSHU�
FRXOG�LQGLFDWH�WKDW�KXPDQ²HOHSKDQW�LQWHUDFWLRQV�
LQ� WKH� SDVW� ZHUH� FRPSOH[�� DQG�ZHUH� QRW� EDVHG�

VROHO\�RQ�KXPDQ�SHUFHSWLRQ�RI�WKH�HOHSKDQW�DV�D�
IRRG�DQG� UDZ�PDWHULDO� VRXUFH���������(OVHYLHU�
/WG�DQG�,148$�

3��/LX��+��:HQ��/��/LQ��-��/LX�	�/��=KDQJ
+DELWDW� HYDOXDWLRQ� IRU� $VLDQ� HOHSKDQWV�
�(OHSKDV�PD[LPXV��LQ�/LQFDQJ��&RQVHUYDWLRQ�
SODQQLQJ�IRU�DQ�H[WUHPHO\�VPDOO�SRSXODWLRQ�RI�
HOHSKDQWV�LQ�&KLQD
%LRORJLFDO�&RQVHUYDWLRQ�������������������
$EVWUDFW�� � )HZHU� WKDQ� ���� $VLDQ� HOHSKDQWV�
UHPDLQ�LQ�&KLQD��RFFXS\LQJ�IUDJPHQWHG�KDELWDWV�
RI� <XQQDQ� 3URYLQFH�� 2QH� VXFK� IUDJPHQWHG�
SRSXODWLRQ� RI� ��²��� LQGLYLGXDOV� RFFXSLHV� WKH�
1DQJXQKH�1DWXUH�5HVHUYH�$UHD�LQ�/LQFDQJ�&LW\��
<XQQDQ�3URYLQFH��&KLQD��7KH� JUHDWHVW� WKUHDW� WR�
WKH� VXUYLYDO� RI� WKLV� SRSXODWLRQ� LV� WKH� ORVV� DQG�
IUDJPHQWDWLRQ�RI�KDELWDW��,Q�WKLV�VWXG\��ZH�DSSOLHG�
DQ�HFRORJLFDO�QLFKH�IDFWRU�DQDO\VLV��(1)$��PRGHO�
WR� HYDOXDWH� WKH� KDELWDW� VXLWDELOLW\� RI� /LQFDQJ�
&LW\�IRU�$VLDQ�HOHSKDQWV�EDVHG�RQ�JHRJUDSKLFDO�
IDFWRUV��YHJHWDWLRQ�W\SH��DQG�KXPDQ�GLVWXUEDQFH��
2SWLPDO��UHODWLYHO\�VXLWDEOH��DQG�PDUJLQDO�KDELWDW�
DFFRXQWHG�IRU��������������NP������������������
NP����DQG���������������NP���RI�WKH�WRWDO�VWXG\�
DUHD�� ZKHUHDV� QRQ�VXLWDEOH� KDELWDW� DFFRXQWHG�
IRU� ������� ����������� NP��� RI� WKLV� DUHD�� 7KH�
PDUJLQDOLW\�RI�$VLDQ�HOHSKDQW�KDELWDW�LQ�/LQFDQJ�
ZDV� ������� LQGLFDWLQJ� QRQUDQGRP� VHOHFWLRQ�
RI� YDULRXV� HFR�JHRJUDSKLFDO� YDULDEOHV� LQ� WKH�
HQYLURQPHQW��7KH�SULPDU\�IDFWRU�DIIHFWLQJ�$VLDQ�
HOHSKDQW� KDELWDW� TXDOLW\� ZDV� YHJHWDWLRQ� W\SH��
IROORZHG� E\� JHRJUDSKLFDO� IDFWRUV� DQG� KXPDQ�
GLVWXUEDQFH��$�KDELWDW� TXDOLW\�PDS� IRU� WKH� WRWDO�
GLVWULEXWLRQ� RI� $VLDQ� HOHSKDQWV� UHPDLQLQJ� LQ�
&KLQD� �L�H��� <XQQDQ� 3URYLQFH�� ;LVKXDQJEDQQD��
/LQFDQJ�� DQG� 3X·HU�� EDVHG� RQ� RXU� FXUUHQW�
DQG� SUHYLRXV� VWXG\� VKRZHG� WKDW� MXVW� ��������
NP�� DQG� �������� NP�� UHODWLYHO\� VXLWDEOH� DQG�
RSWLPDO�KDELWDW�LV�DYDLODEOH��RZLQJ�WR�VLJQLÀFDQW�
GHIRUHVWDWLRQ�� ,Q� DGGLWLRQ� WR� UHLQWURGXFWLRQ�
SURJUDPV�� FRQVHUYDWLRQ� VWUDWHJLHV� VKRXOG� IRFXV�
RQ� LPSURYLQJ� WKH� TXDOLW\� RI� PDUJLQDO� KDELWDWV�
IRU� HOHSKDQWV�� LQ� SDUDOOHO� WR� SODFLQJ� HFRORJLFDO�
FRUULGRUV�WKURXJK�QRQ�VXLWDEOH�KDELWDW�WR�FRQQHFW�
DOO�VXLWDEOH�KDELWDWV�IRU�WKLV�DQG�RWKHU�H[WUHPHO\�
VPDOO� HOHSKDQW� SRSXODWLRQV� LQ� &KLQD� WR� UHGXFH�
JHQHWLF� LVRODWLRQ� DQG� VHFXUH� ORQJ�WHUP� VXUYLYDO�
IRU�WKH�VSHFLHV���������5HSULQWHG�ZLWK�SHUPLVVLRQ�
IURP�(OVHYLHU�
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6�<��/RQJ��(�0��/DWLPHU�	�*�6��+D\ZDUG
5HYLHZ� RI� HOHSKDQW� HQGRWKHOLRWURSLF� KHUSHV�
YLUXVHV�DQG�DFXWH�KHPRUUKDJLF�GLVHDVH
,/$5�-RXUQDO������������������
$EVWUDFW���0RUH�WKDQ�����\RXQJ�FDSWLYH�DQG�ZLOG�
$VLDQ�HOHSKDQWV�DUH�NQRZQ�WR�KDYH�GLHG�IURP�D�
UDSLG�RQVHW�� DFXWH� KHPRUUKDJLF� GLVHDVH� FDXVHG�
SULPDULO\�E\�PXOWLSOH�GLVWLQFW�VWUDLQV�RI�WZR�FORVHO\�
UHODWHG�FKLPHULF�YDULDQWV�RI�D�QRYHO�KHUSHVYLUXV�
VSHFLHV� GHVLJQDWHG� HOHSKDQW� HQGRWKHOLRWURSLF�
KHUSHVYLUXV��((+9�$�DQG�((+9�%���7KHVH�DQG�
WZR� RWKHU� VSHFLHV� RI� 3URERVFLYLUXVHV� �((+9��
DQG� ((+9��� DUH� HYLGHQWO\� DQFLHQW� DQG� OLNHO\�
QHDUO\� XELTXLWRXV� DV\PSWRPDWLF� LQIHFWLRQV�
RI� DGXOW� $VLDQ� HOHSKDQWV� ZRUOGZLGH� WKDW� DUH�
RFFDVLRQDOO\� VKHG� LQ� WUXQN� ZDVK� VHFUHWLRQV��
$OWKRXJK� RQO\� D� KDQGIXO� RI� VLPLODU� FDVHV� KDYH�
EHHQ� REVHUYHG� LQ� $IULFDQ� HOHSKDQWV�� WKH\� DOVR�
KDYH� SURYHG� WR� KDUERU� WKHLU� RZQ� PXOWLSOH� DQG�
GLVWLQFW� VSHFLHV� RI� 3URERVFLYLUXVHV³((+9���
((+9��� ((+9��� DQG� ((+9�³IRXQG� LQ� OXQJ�
DQG� VNLQ� QRGXOHV� RU� VDOLYD�� )RU� UHDVRQV� WKDW�
DUH� QRW� \HW� XQGHUVWRRG�� DSSUR[LPDWHO\� ���� RI�
$VLDQ� HOHSKDQW� FDOYHV� DSSHDU� WR� EH� VXVFHSWLEOH�
WR� WKH� GLVHDVH�ZKHQ� SULPDU\� LQIHFWLRQV� DUH� QRW�
FRQWUROOHG�E\�QRUPDO�LQQDWH�FHOOXODU�DQG�KXPRUDO�
LPPXQH�UHVSRQVHV��6HQVLWLYH�VSHFLÀF�SRO\PHUDVH�
FKDLQ� UHDFWLRQ� �3&5�� '1$� EORRG� WHVWV� KDYH�
EHHQ� GHYHORSHG�� URXWLQH� PRQLWRULQJ� KDV� EHHQ�
HVWDEOLVKHG�� WKH� FRPSOHWH� ODUJH� '1$� JHQRPHV�
RI� HDFK� RI� WKH� IRXU�$VLDQ� ((+9� VSHFLHV� KDYH�
QRZ�EHHQ� VHTXHQFHG�� DQG�3&5�JHQH� VXEW\SLQJ�
KDV�SURYLGHG�XQDPELJXRXV�HYLGHQFH�WKDW� WKLV� LV�
D�VSRUDGLF�UDWKHU�WKDQ�HSLGHPLF�GLVHDVH�WKDW�LW�LV�

QRW�EHLQJ� VSUHDG�DPRQJ�]RRV�RU�RWKHU�HOHSKDQW�
KRXVLQJ� IDFLOLWLHV�� 1HYHUWKHOHVV�� UHVHDUFKHUV�
KDYH� QRW� \HW� EHHQ� DEOH� WR� SURSDJDWH� ((+9� LQ�
FHOO� FXOWXUH�� GHWHUPLQH� ZKHWKHU� RU� QRW� KXPDQ�
DQWLKHUSHVYLUXV� GUXJV� DUH� HIIHFWLYH� LQKLELWRUV��
RU�GHYHORS� VHURORJ\�DVVD\V� WKDW� FDQ�GLVWLQJXLVK�
EHWZHHQ�DQWLERGLHV�DJDLQVW�WKH�PXOWLSOH�GLIIHUHQW�
((+9�VSHFLHV���������2[IRUG�8QLYHUVLW\�3UHVV�

'�(��/XNDFV��0��3RXOLQ��+��%HVHQWKDO��2�&��)DG��
6�3��0LOOHU��-�/��$WNLQVRQ�	�(�-��)LQHJDQ
'LXUQDO� DQG� QRFWXUQDO� DFWLYLW\� WLPH� EXGJHWV�
RI� $VLDQ� HOHSKDQWV� �(OHSKDV� PD[LPXV�� LQ� D�
]RRORJLFDO�SDUN
$QLPDO�%HKDYLRU�DQG�&RJQLWLRQ���������������
$EVWUDFW�� � 7KH� GLXUQDO� DQG� QRFWXUQDO� DFWLYLW\�
WLPH�EXGJHWV�RI�ÀYH�DGXOW�IHPDOH�$VLDQ�HOHSKDQWV�
�(OHSKDV�PD[LPXV��ZHUH�VWXGLHG�LQ�D�]RRORJLFDO�
SDUN� IRU� WZR� ���KRXU�� ÀYH� ���KRXU�� DQG� RQH�
��KRXU� REVHUYDWLRQ� SHULRGV� EHWZHHQ� 0D\� DQG�
-XQH� ������ 5HODWLYHO\� IHZ� VWXGLHV� KDYH� ORRNHG�
DW� GHWDLOHG� GD\WLPH� DQG� QLJKWWLPH� DFWLYLW\� WLPH�
EXGJHWV� LQ�FDSWLYH�$VLDQ�HOHSKDQWV��&RQWLQXRXV�
REVHUYDWLRQ� ZDV� XVHG� WR� PHDVXUH� WKH� DFWLYLW\�
WLPH� EXGJHWV� RI� DW� OHDVW� RQH� IRFDO� DQLPDO� SHU�
REVHUYDWLRQ� SHULRG�� 7KH� DFWLYLW\� WLPH� EXGJHWV�
YDULHG�EHWZHHQ�DQLPDOV�DQG�REVHUYDWLRQ�SHULRGV��
7KH�HOHSKDQWV�VSHQW��������RI�WKH�GD\��GD\OLJKW�
KRXUV�� VWDQGLQJ�� ����� RI� WKH� GD\�ZDONLQJ�� ���
���� RI� WKH� GD\� HDWLQJ�� DQG� ������ RI� WKH� GD\�
XVLQJ�HQULFKPHQW� LWHPV��$W�QLJKW�� WKH�HOHSKDQWV�
VSHQW��������RI�WKH�REVHUYDWLRQ�SHULRG�VWDQGLQJ��
������ RI� WKH� QLJKW� HDWLQJ�� DQG� �������� RI�
WKH� QLJKW� XVLQJ� HQULFKPHQW� LWHPV�� $W� QLJKW��
HOHSKDQWV�VSHQW�������RI�WKH�REVHUYDWLRQ�SHULRG�
O\LQJ�GRZQ��9DULDWLRQV� LQ� DFWLYLW\� WLPH�EXGJHWV�
EHWZHHQ�HOHSKDQWV�DQG�REVHUYDWLRQ�SHULRGV�KDYH�
EHHQ� REVHUYHG� LQ� RWKHU� VWXGLHV� RI� FDSWLYH� DQG�
ZLOG� HOHSKDQWV�� 5HVXOWV� RI� WKLV� REVHUYDWLRQDO�
VWXG\� DOORZ� FRPSDULVRQ� EHWZHHQ� JURXSV� RI�
FDSWLYH�HOHSKDQWV�DQG�EHWZHHQ�FDSWLYH�DQG�ZLOG�
HOHSKDQWV��)XUWKHUPRUH��UHVXOWV�RI�WKLV�VWXG\�FDQ�
LQIRUP�PDQDJHPHQW�VWUDWHJLHV�

.��0L]XQR��1��,ULH��0��+LUDLZD�+DVHJDZD�	�1��

.XWVXNDNH
$VLDQ�HOHSKDQWV�DFTXLUH� LQDFFHVVLEOH� IRRG�E\�
EORZLQJ
$QLPDO�&RJQLWLRQ������������������
$EVWUDFW�� � 0DQ\� DQLPDOV� DFTXLUH� RWKHUZLVH�(OHSKDQW�VFUDWFKLQJ�DW�<DOD�13��6UL�/DQND�



��

LQDFFHVVLEOH� IRRG� ZLWK� WKH� DLG� RI� VWLFNV� DQG�
RFFDVLRQDOO\�ZDWHU��$V�DQ�H[FHSWLRQ��VRPH�UHSRUWV�
VXJJHVW� WKDW� HOHSKDQWV� PDQLSXODWH� EUHDWKLQJ�
WKURXJK�WKHLU�WUXQNV�WR�DFTXLUH�LQDFFHVVLEOH�IRRG��
+HUH��ZH�UHSRUW�RQ� WZR�IHPDOH�$VLDQ�HOHSKDQWV�
�(OHSKDV�PD[LPXV��LQ�.DPLQH�=RR��-DSDQ��ZKR�
UHJXODUO\�EOHZ�WR�GULYH� IRRG�ZLWKLQ� WKHLU� UHDFK��
:H� H[SHULPHQWDOO\� LQYHVWLJDWHG� WKLV� EHKDYLRXU�
E\� SODFLQJ� IRRGV� LQ� LQDFFHVVLEOH� SODFHV�� 7KH�
HOHSKDQWV� EOHZ� WKH� IRRG� XQWLO� LW� FDPH� ZLWKLQ�
DFFHVVLEOH� UDQJH�� 2QFH� WKH� IRRG� ZDV� ZLWKLQ�
UDQJH�� WKH� HOHSKDQWV� ZHUH� LQFUHDVLQJO\� OHVV�
OLNHO\�WR�EORZ�DV�WKH�GLVWDQFH�WR�WKH�IRRG�EHFDPH�
VKRUWHU�� 2QH� VXEMHFW� PDQLSXODWHG� KHU� EORZLQJ�
GXUDWLRQ� EDVHG� RQ� IRRG� GLVWDQFH�� ORQJHU� ZKHQ�
WKH� IRRG�ZDV�GLVWDQW��7KHVH� UHVXOWV� VXJJHVW� WKDW�
WKH�HOHSKDQWV�XVHG�WKHLU�EUHDWK�WR�DFKLHYH�JRDOV��
WKDW�LV��WKH\�XVHG�LW�QRW�RQO\�WR�UHWULHYH�WKH�IRRG�
EXW� DOVR� WR�ÀQH�WXQH� WKH� IRRG� SRVLWLRQ� IRU� HDV\�
JUDVSLQJ��:H�DOVR�REVHUYHG�LQGLYLGXDO�GLIIHUHQFHV�
LQ� WKH� HOHSKDQWV·� DSWLWXGH� IRU� WKLV� WHFKQLTXH��
ZKLFK�DOWHUHG�WKH�HIÀFLHQF\�RI�IRRG�DFTXLVLWLRQ��
7KXV��ZH�DGGHG�D�QHZ�H[DPSOH�RI�VSRQWDQHRXV�
EHKDYLRXU� IRU� DFKLHYLQJ�D�JRDO� LQ� DQLPDOV��7KH�
XVH� RI� EUHDWK� WR� GULYH� IRRG� LV� SUREDEO\� XQLTXH�
WR� HOHSKDQWV�� ZLWK� WKHLU� GH[WHURXV� WUXQNV� DQG�
IDPLOLDULW\�ZLWK�PDQLSXODWLQJ�WKH�DFW�RI�EORZLQJ��
ZKLFK� LV� FRPPRQO\� HPSOR\HG� IRU� VHOI�FRPIRUW�
DQG�DFRXVWLF�FRPPXQLFDWLRQ����6SULQJHU�9HUODJ�
������:LWK�SHUPLVVLRQ�RI�6SULQJHU�

8��0�QVWHU
:RUNLQJ� IRU� WKH� IRUHVW�� 7KH� DPELYDOHQW�
LQWLPDFLHV� RI� KXPDQ²HOHSKDQW� FROODERUDWLRQ�
LQ�6RXWK�,QGLDQ�ZLOGOLIH�FRQVHUYDWLRQ
(WKQRV��-��RI�$QWKURSRORJ\������������������
$EVWUDFW���7KLV�SDSHU�H[SORUHV�WKH�FROODERUDWLRQ�
RI�KXPDQV�DQG�HOHSKDQWV�LQ�6RXWK�,QGLDQ�ZLOGOLIH�
FRQVHUYDWLRQ�� 'UDZLQJ� RQ� HWKQRJUDSK\� ZLWKLQ�
WKH�,QGLDQ�IRUHVW�GHSDUWPHQW�DQG�DPRQJ�HOHSKDQW�
KDQGOHUV� LQ�:D\DQDG�� .HUDOD�� LW� KLJKOLJKWV� WKH�
ODUJHO\� LQYLVLEOH� ZRUN� UHODWLRQVKLS� EHWZHHQ�
LQGLJHQRXV�IRUHVW�ODERXUHUV�DQG�FDSWLYH�HOHSKDQWV��
DQG� WKHLU� HVVHQWLDO� FRQWULEXWLRQ� WR� ZLOGOLIH�
PDQDJHPHQW�� ([WHQGLQJ� HWKQRJUDSKLF� DWWHQWLRQ�
EH\RQG� DQ� H[FOXVLYHO\� KXPDQ� UHDOP�� ,� VKRZ�
WKDW�KXPDQ�DQG�HOHSKDQW�UHODWLRQV�KDYH�EHHQ�FR�
FRQVWLWXWHG�ZKLOH�ZRUNLQJ�WRJHWKHU�IRU�WKH�IRUHVW�
GHSDUWPHQW��7KHLU�ZRUNLQJ�SDUWQHUVKLS��VLWXDWHG�
LQ� WKH� KLVWRULFDO� QDWXUH�FXOWXUHV� RI� ORJJLQJ��

WHDN� H[WUDFWLRQ�� DQG� FRQVHUYDWLRQ�� KDV� FUHDWHG�
DPELYDOHQW� LQWLPDFLHV� EHWZHHQ� KXPDQV� DQG�
HOHSKDQWV�� FRQWDLQLQJ�ERWK�PXWXDO�YLROHQFH� DQG�
DIIHFW��%\� KLJKOLJKWLQJ� WKH� LPSRUWDQFH� RI�ZRUN�
UHODWLRQVKLSV�� KLVWRU\�� DQG� TXHVWLRQV� RI� SRZHU�
IRU�PXOWL�VSHFLHV�VWXGLHV��WKLV�DUWLFOH�DUJXHV�WKDW�
KXPDQ²DQLPDO�UHODWLRQV�DUH�QRW�RQO\�VKDSHG�E\�
LQGLYLGXDO� LQWLPDFLHV�� EXW� DOVR� E\� GDQJHU�� ULVN��
DQG�DJJUHVVLRQ��VLWXDWHG�ZLWKLQ�D�UHJLRQ·V�ODUJHU�
SROLWLFDO�HFRORJ\���������7D\ORU�	�)UDQFLV�

.��1JDQYRQJSDQLW��-�/��%URZQ��.��%XGGKDFKDW��
&��6RPJLUG�	�&��7KLWDUDP
(OHPHQWDO�DQDO\VLV�RI�$VLDQ�HOHSKDQW��(OHSKDV�
PD[LPXV��WHHWK�XVLQJ�;�UD\�ÁXRUHVFHQFH�DQG�
D�FRPSDULVRQ�WR�RWKHU�VSHFLHV
%LRO��7UDFH�(OHPHQW�5HVHDUFK������������������
$EVWUDFW�� � (OHPHQWDO� FRPSRVLWLRQ� LQ� ERQH� RI�
WKH� GLIIHUHQW� VSHFLHV� KDV� YDULDWLRQ� GHSHQGLQJ�
RQ�JHQHWLF�DQG�HQYLURQPHQWDO�IDFWRUV�HVSHFLDOO\�
WKHLU�IRRG�KDELWDW��7KH�DLPV�RI�WKLV�VWXG\�ZHUH�WR�
FRQGXFW�DQ�HOHPHQWDO�DQDO\VLV�RI�$VLDQ�HOHSKDQW�
WHHWK�� ERWK� GHFLGXRXV� �ÀUVW� PRODU�� VHFRQG�
PRODU�� DQG� WXVN�� DQG� SHUPDQHQW� �PRODU� DQG�
WXVN��� DQG� FRPSDUH� WKH� HOHPHQWDO� FRPSRVLWLRQ�
RI� SHUPDQHQW� WHHWK� DPRQJ� ��� VSHFLHV�� PRVWO\�
PDPPDOLDQ�� 7KHVH� WHHWK� ZHUH� DQDO\]HG� XVLQJ�
;�UD\� ÁXRUHVFHQFH� DW� WZR� YROWDJHV�� ��� DQG� ���
N9�� ,Q�$VLDQ� HOHSKDQWV�� GHFLGXRXV� WXVN� VKRZHG�
D� ORZHU� &D�=Q� UDWLR� FRPSDUHG� WR� SHUPDQHQW�
WXVN�� EHFDXVH� RI� WKH� ODFN� RI� =Q� LQ� SHUPDQHQW�
PRODUV�� &D�)H� UDWLR� ZDV� KLJKHU� LQ� GHFLGXRXV�
WKDQ� SHUPDQHQW� PRODUV�� )RU� SHUPDQHQW� WHHWK��
HOHSKDQW�PRODUV�SUHVHQWHG�D�KLJK�&D�3E�UDWLR�EXW�
QR� &D�=Q�� &D�6U�� DQG� =Q�)H� UDWLRV� EHFDXVH� RI�
WKH�ODFN�RI�=Q�DQG�6U�LQ�WKH�VDPSOHV�WHVWHG��7KH�
NH\�HOHPHQWDO�UDWLRV�IRU�GLIIHUHQWLDWLQJ�HOHSKDQW�
GHFLGXRXV� DQG� SHUPDQHQW� WXVN� ZHUH� &D�3� DQG�
&D�=Q��7KH� FRQVLGHUDEOH� YDULDWLRQ� LQ� HOHPHQWDO�
UDWLR� GDWD� DFURVV� ��� VSHFLHV� ZDV� REVHUYHG��$OO�
WRRWK�VDPSOHV�FRQWDLQHG�&D�DQG�3��ZKLFK�ZDV�QRW�
VXUSULVLQJ�� KRZHYHU�� 3E� DOVR�ZDV� SUHVHQW� LQ� DOO�
VDPSOHV� DQG�&G� LQ� D� ODUJH�PDMRULW\�� VXJJHVWLQJ�
H[SRVXUH� WR� HQYLURQPHQWDO� FRQWDPLQDQWV��
)URP� GLVFULPLQDQW� DQDO\VLV�� WKH� FRPELQDWLRQ�
RI� &D�3�&D�=Q�&D�3E�&D�)H�&D�6U�=Q�)H�
FDQ� JHQHUDWH� WZR� HTXDWLRQV� WKDW� VXFFHVVIXOO\�
FODVVLÀHG�VL[��GRJ��SLJ��JRDW��WDSLU��PRQNH\��DQG�
HOHSKDQW��RXW�RI����VSHFLHV�DW�������VSHFLÀFLW\��
,Q�FRQFOXVLRQ��GHWHUPLQLQJ�WKH�HOHPHQWDO�SURÀOH�



��

RI�WHHWK�PD\�VHUYH�DV�D�WRRO�WR�LGHQWLI\�WKH�WRRWK�
´W\SHµ� RI� HOHSKDQWV� DQG� WR� SRWHQWLDOO\� FODVVLI\�
RWKHU� VSHFLHV�� �� ����� :LWK� SHUPLVVLRQ� RI�
6SULQJHU�

.��1JDQYRQJSDQLW��.��%XGGKDFKDW��6��.OLQKRP��
3��.DHZPRQJ��&��7KLWDUDP�	�3��0DKDNNDQXNUDXK
'HWHUPLQLQJ� FRPSDUDWLYH� HOHPHQWDO� SURÀOH�
XVLQJ�KDQGKHOG�;�UD\�ÁXRUHVFHQFH�LQ�KXPDQV��
HOHSKDQWV�� GRJV�� DQG� GROSKLQV�� 3UHOLPLQDU\�
VWXG\�IRU�VSHFLHV�LGHQWLÀFDWLRQ
)RUHQVLF�6FLHQFH�,QWHUQDW��������������������
$EVWUDFW���6SHFLHV�LGHQWLÀFDWLRQ�LV�D�FUXFLDO�VWHS�
LQ� IRUHQVLF� DQWKURSRORJLFDO� VWXGLHV��7KH� DLP� RI�
WKLV� VWXG\� ZDV� WR� GHWHUPLQH� HOHPHQWDO� SURÀOHV�
LQ�ERQHV�IURP�IRXU�PDPPDO�VSHFLHV��WR�EH�XVHG�
IRU� VSHFLHV� GLVFULPLQDWLRQ�� +XPDQ�� HOHSKDQW��
GRJ��DQG�GROSKLQ�ERQHV�ZHUH�VFDQQHG�E\�;�UD\�
ÁXRUHVFHQFH��;5)���WKH�GLIIHUHQFHV�LQ�HOHPHQWDO�
SURÀOHV�EHWZHHQ�VSHFLHV�ZHUH�GHWHUPLQHG�XVLQJ�
GLVFULPLQDQW� DQDO\VLV�� 'RJV� KDG� WKH� JUHDWHVW�
QXPEHU� RI� HOHPHQWV� ������ IROORZHG� E\� KXPDQV�
�����DQG�HOHSKDQWV�������'ROSKLQV�KDG�WKH�ORZHVW�
QXPEHU� RI� HOHPHQWV� ������7KH� DFFXUDF\� UDWH� RI�
VSHFLHV�LGHQWLÀFDWLRQ�LQ�KXPDQV��HOHSKDQWV��GRJV��
DQG� GROSKLQV� ZDV� ������� ������ ������� DQG�
������� UHVSHFWLYHO\��:H� FRQFOXGH� WKDW� HOHPHQW�
SURÀOHV� RI� ERQHV� EDVHG� RQ� ;5)� DQDO\VHV� FDQ�
VHUYH�DV�D�WRRO�IRU�GHWHUPLQLQJ�VSHFLHV���������
5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�(OVHYLHU�

2��3KXSKLVXW��:��0DLSDQLFK��6��3XEDPSHQ��0��
<LQGHH��1��.RVROWDQDSLZDW��6��1XDPWDQRQJ��$��
3RQODZDW�	�3��$GLVDNZDWWDQD
0ROHFXODU� LGHQWLÀFDWLRQ� RI� WKH� VWURQJ\ORLG�
QHPDWRGH� 2HVRSKDJRVWRPXP� DFXOHDWXP� LQ�
WKH�$VLDQ�ZLOG�HOHSKDQW�(OHSKDV�PD[LPXV
-RXUQDO�RI�+HOPLQWKRORJ\������������������
$EVWUDFW�� � 7KH� WUDQVPLVVLRQ� RI� ]RRQRVHV� E\�
ZLOGOLIH�� LQFOXGLQJ� HOHSKDQWV�� LV� D� JURZLQJ�
JOREDO� FRQFHUQ�� ,Q� WKLV� VWXG\�� ZH� VFUHHQHG� IRU�
KHOPLQWK�LQIHFWLRQV�DPRQJ�$VLDQ�ZLOG�HOHSKDQWV�
�(OHSKDV� PD[LPXV�� RI� WKH� 6DODNSUD� :LOGOLIH�
6DQFWXDU\�� .DQFKDQDEXUL�� 7KDLODQG�� (OHSKDQW�
IDHFDO� VDPSOHV� ����� ZHUH� FROOHFWHG� IURP� WKH�
VDQFWXDU\� JURXQGV� GXULQJ� -DQXDU\� WKURXJK�
1RYHPEHU������DQG�DVVD\HG�LQGLYLGXDOO\�XVLQJ�
WKH� WHWUDQXFOHRWLGH� PLFURVDWHOOLWH� WHFKQLTXH��
0LFURVFRSLF� H[DPLQDWLRQ� LQGLFDWHG� D� KLJK�
SUHYDOHQFH� RI� VWURQJ\OLGV� �������� DQG� ORZ�

SUHYDOHQFHV� RI� WULFKXULGV� ������� DQG� DVFDULGV�
��������7R�LGHQWLI\�WKH�VWURQJ\OLG�VSHFLHV��VPDOO�
VXEXQLW� �668�� U'1$�VHTXHQFHV�ZHUH�DPSOLÀHG�
IURP�FRSUR�'1$�DQG�FRPSDUHG�ZLWK�VHTXHQFHV�LQ�
*HQ%DQN��7KH�JHQHUDWHG�668�U'1$�VHTXHQFHV�
FRPSULVHG� ÀYH� GLVWLQFW� KDSORW\SHV� WKDW� ZHUH�
FORVHO\�UHODWHG�WR�2HVRSKDJRVWRPXP�DFXOHDWXP��
$�SK\ORJHQHWLF�DQDO\VLV�WKDW�LQFRUSRUDWHG�UHODWHG�
QHPDWRGHV�\LHOGHG�D�WUHH�VHSDUDWHG�LQWR�WZR�PDLQ�
FODGHV�� RQH� FRQWDLQLQJ� RXU� VDPSOHV� DQG� KXPDQ�
DQG�GRPHVWLF� DQLPDO� KRRNZRUPV� DQG� WKH� RWKHU�
FRQVLVWLQJ�RI�6WURQJ\ORLGHV��7KH�SUHVHQW� UHVXOWV�
LQGLFDWH� WKDW�2��DFXOHDWXP� LQ� ORFDO�HOHSKDQWV� LV�
D�SRWHQWLDO�VRXUFH�RI�KHOPLQWKLDVLV�LQ�KXPDQ�DQG�
GRPHVWLF� DQLPDOV� LQ� WKLV�ZLOG�HOHSKDQW� LUUXSWHG�
DUHD���������&DPEULGJH�8QLYHUVLW\�3UHVV�

7��5DPHVK��5��.DOOH��.��6DQNDU�	�4��4XUHVKL
5ROH� RI� ERG\� VL]H� LQ� DFWLYLW\� EXGJHWV� RI�
PDPPDOV�LQ�WKH�:HVWHUQ�*KDWV�RI�,QGLD
-RXUQDO�RI�7URSLFDO�(FRORJ\������������������
$EVWUDFW���%RG\�VL]H�LQ�DQLPDOV�LV�DQ�LPSRUWDQW�
WUDLW� DIIHFWLQJ� VSHFLHV� QLFKH� GLIIHUHQWLDWLRQ� DQG�
UHVWULFWLQJ� VLPLODULW\�� 8VLQJ� FDPHUD�WUDS� GDWD�
RYHU� ����²������ ZH� XVHG� SKRWR�FDSWXUHV� IURP�
���FDPHUDV�VSUHDG�WKURXJKRXW�0XGXPDODL�7LJHU�
5HVHUYH� �:HVWHUQ� *KDWV�� ,QGLD�� WR� DVVHVV� WKH�
DFWLYLW\�EXGJHWV�RI����PDPPDO�VSHFLHV�UDQJLQJ�LQ�
ERG\�VL]H�IURP���NJ�WR������NJ��/DUJH�FDUQLYRUHV�
ZHUH�PRVWO\� FDWKHPHUDO�ZKHUHDV� VPDOO� FDW� DQG�
FLYHW� VSHFLHV�ZHUH� SXUHO\� QRFWXUQDO��0RQJRRVH�
VSHFLHV�ZHUH�PDLQO\�GLXUQDO�SRVVLEO\�GXH�WR�WKHLU�
WHUUHVWULDO�IHHGLQJ�KDELWV�DQG�UHGXFH�FRPSHWLWLRQ�
ZLWK�RWKHU�V\PSDWULF�VPDOO�FDUQLYRUHV��$OO�ODUJH�
DQG�VPDOO�ERGLHG�KHUELYRUHV�ZHUH�FDWKHPHUDO�DQG�
QRFWXUQDO� UHVSHFWLYHO\�� ZKHUHDV� PHGLXP�VL]HG�
KHUELYRUHV�ZHUH� DFWLYH�GXULQJ� WKH�GD\��2YHUDOO��
VPDOO�PDPPDOV� WHQGHG� WR� EH�PRVWO\� QRFWXUQDO��
ZKHUHDV�ODUJH�PDPPDOV�ZHUH�FDWKHPHUDO�PDLQO\�
GXH�WR�HQHUJ\�UHTXLUHPHQWV�DQG�RWKHU�HFRORJLFDO�
FRQVWUDLQWV�� %RG\� VL]H� VKRZHG� VLJQLÀFDQW�
QHJDWLYH� UHODWLRQVKLS� ZLWK� PHDQ� YHFWRU� OHQJWK�
�FOXVWHULQJ�RI�DFWLYLW\�LQ�WLPH��WKXV�LPSO\LQJ�WKDW�
WKH�GDLO\�DPRXQW�RI�WLPH�EHLQJ�DFWLYH�LQFUHDVHG�
ZLWK�ERG\�VL]H��7KH�VKRUWHU�DFWLYLW\�WLPH�����K��
LQ�VPDOO�PDPPDOV�UHVXOWHG�LQ�KLJKHU�PHDQ�YHFWRU�
OHQJWK� SUREDEO\� WR� XWLOL]H� WKH� DYDLODEOH� WLPH� WR�
IXOÀO� HQHUJ\� QHHGV�� 7KH� REVHUYHG� FDWKHPHUDO�
DFWLYLW\� LQ� ODUJH� PDPPDOV� PD\� EH� DVVRFLDWHG�
ZLWK� WUDYHO� RYHU� ODUJHU� DUHDV� WR� DFTXLUH� ODUJH�
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TXDQWLWLHV�RI�IRRG�WKHUHIRUH�WKH\�DUH�DFWLYH�IRU�D�
ORQJHU�GXUDWLRQ��2XU� UHVXOWV� FOHDUO\� VXSSRUW� WKH�
DOORPHWULF� UHODWLRQVKLS� EHWZHHQ� ERG\� VL]H� DQG�
DFWLYLW\�EXGJHWV�LQ�PDPPDOV�DQG�LWV�DVVRFLDWLRQ�
ZLWK� QLFKH� GLIIHUHQWLDWLRQ�� �� ����� &DPEULGJH�
8QLYHUVLW\�3UHVV�

6�-�� 6DQGHU�� -�/�� 6LHJDO�:LOORWW�� -�� =LHJOHU�� (��
/HH��/��7HOO�	�6��0XUUD\
3KDUPDFRNLQHWLFV� RI� D� VLQJOH� GRVH� RI�
PHWURQLGD]ROH� DIWHU� UHFWDO� DGPLQLVWUDWLRQ� LQ�
FDSWLYH�$VLDQ�HOHSKDQWV��(OHSKDV�PD[LPXV�
-��RI�=RR�DQG�:LOGOLIH�0HGLFLQH��������������
$EVWUDFW�� � 0HWURQLGD]ROH� LV� D� QLWURLPLGD]ROH�
DQWLEDFWHULDO� DQG� DQWLSURWR]RDO� GUXJ� ZLWK�
EDFWHULRFLGDO� DFWLYLW\� DJDLQVW� D� EURDG� UDQJH� RI�
DQDHURELF� EDFWHULD�� ,W� LV� D� UHFRJQL]HG� WUHDWPHQW�
IRU�HOHSKDQWV�GLDJQRVHG�ZLWK�DQDHURELF�EDFWHULDO�
LQIHFWLRQ� RU� SURWR]RDO� GLVHDVH� RU� H[KLELWLQJ�
VLJQV�RI� FRORQLF� LPSDFWLRQ�� GLDUUKHD�� DQG� FROLF��
7KLV� VWXG\� HYDOXDWHG� WKH� SKDUPDFRNLQHWLFV� RI�
UHFWDOO\�DGPLQLVWHUHG�PHWURQLGD]ROH�����PJ�NJ��
LQ� ÀYH� DGXOW� IHPDOH� $VLDQ� HOHSKDQWV� �(OHSKDV�
PD[LPXV��� 6HUXP� VDPSOHV�ZHUH� FROOHFWHG� IURP�
HDFK�DQLPDO�IRU����KU�DIWHU�UHFWDO�DGPLQLVWUDWLRQ�
RI� PHWURQLGD]ROH�� 6HUXP� FRQFHQWUDWLRQV� RI�
PHWURQLGD]ROH� DQG� LWV� SULPDU\� PHWDEROLWH��
K\GUR[\PHWURQLGD]ROH�� ZHUH� PHDVXUHG� YLD�
XOWUDSHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK\��
'DWD� ZHUH� DQDO\]HG� YLD� D� QRQFRPSDUWPHQWDO�
SKDUPDFRNLQHWLF�DSSURDFK��5HVXOWV�LQGLFDWHG�WKDW�
VHUXP�OHYHOV�RI�PHWURQLGD]ROH�ZHUH�TXDQWLÀDEOH�
DW� WKH� ����� KU� WLPH� SRLQW� DQG� DEVHQW� LQ� DOO�
HOHSKDQWV� E\� WKH� ��� KU� WLPH� SRLQW�� 7KH� VHUXP�
SHDN� FRQFHQWUDWLRQ� �PHDQ� �� 6'�� ������ �� �����
ƫJ�PO��DQG�DUHD�XQGHU�WKH�FXUYH�IURP�WLPH���WR�
LQÀQLW\� �PHDQ� �� 6'�� ������� �� ������ KU� ð� ƫJ�
PO��ZHUH� KLJKHU� WKDQ� WKDW� UHSRUWHG� LQ� GRPHVWLF�
KRUVHV�DIWHU�VLPLODU�XVDJH��&RQFXUUHQWO\��WKH�WLPH�
RI�PD[LPXP�VHUXP�FRQFHQWUDWLRQ� �PHDQ���6'��
�����������KU��DQG�WHUPLQDO�HOLPLQDWLRQ�KDOI�OLIH�
�KDUPRQLF�PHDQ� �� SVHXGR�6'�� ����� �� ����� KU��
ZHUH� ORQJHU�ZKHQ� FRPSDUHG� WR� HTXLQH� UHSRUWV��
5HFWDO� DGPLQLVWUDWLRQ� RI� PHWURQLGD]ROH� ZDV�
ZHOO� WROHUDWHG�DQG�UDSLGO\�DEVRUEHG� LQ�DOO�VWXG\�
HOHSKDQWV�� %DVHG� RQ� WKH� ÀQGLQJV� LQ� WKLV� VWXG\��
PHWURQLGD]ROH�DGPLQLVWHUHG�DW�D�VLQJOH�GRVH�RI����
PJ�NJ�SHU�UHFWXP�LQ�WKH�$VLDQ�HOHSKDQW�LV�OLNHO\�WR�
UHVXOW�LQ�VHUXP�FRQFHQWUDWLRQV�DERYH���ƫJ�PO�IRU�
��KU�DQG�DERYH���ƫJ�PO�IRU����KU�DIWHU�WUHDWPHQW�

LV� DGPLQLVWHUHG�� 'RVLQJ� UHFRPPHQGDWLRQV�
VKRXOG�UHÁHFW�WKH�PHDQ�LQKLELWRU\�FRQFHQWUDWLRQ�
RI� PHWURQLGD]ROH� IRU� HDFK� SDWKRJHQ�� �� �����
$PHULFDQ�$VVRFLDWLRQ�RI�=RR�9HWHULQDULDQV�

.�� 6HLOHUQ�0R\�� .�� 'DUSHO�� )�� 6WHLQEDFK� 	�$��
'DVWMHUGL
'LVWULEXWLRQ� DQG� ORDG� RI� HOHSKDQW� HQGR�
WKHOLRWURSLF� KHUSHVYLUXVHV� LQ� WLVVXHV� IURP�
DVVRFLDWHG�IDWDOLWLHV�RI�$VLDQ�HOHSKDQWV
9LUXV�5HVHDUFK�����������������
$EVWUDFW�� � (OHSKDQW� (QGRWKHOLRWURSLF� +HUSHV�
YLUXVHV��((+9V��DUH�WKH�FDXVH�RI�D�KLJKO\�IDWDO�
KDHPRUUKDJLF� GLVHDVH� LQ� HOHSKDQWV� SULPDULO\�
DIIHFWLQJ� \RXQJ� $VLDQ� HOHSKDQWV� �(OHSKDV�
PD[LPXV��LQ�ERWK�FDSWLYLW\�DQG�LQ�WKH�ZLOG��7KH�
YLUXVHV� KDYH� HPHUJHG� DV� D� VLJQLÀFDQW� WKUHDW� WR�
$VLDQ�HOHSKDQW�FRQVHUYDWLRQ��FULWLFDOO\�DIIHFWLQJ�
RYHUDOO�VXVWDLQDELOLW\�RI�WKHLU�SRSXODWLRQ��6R�IDU�
LQVLJKW�LQWR�WKH�SDWKRJHQHVLV�RI�((+9�LQIHFWLRQV�
KDV� EHHQ� UHVWULFWHG� WR� H[DPLQDWLRQ� RI� ((+9�
LQIHFWHG�WLVVXHV��+RZHYHU�� OLWWOH� LV�NQRZQ�DERXW�
GLVWULEXWLRQ� DQG� EXUGHQ� RI� WKH� YLUXVHV� ZLWKLQ�
WKH�RUJDQV�RI�IDWDO�FDVHV��FUXFLDO�HOHPHQWV�LQ�WKH�
XQGHUVWDQGLQJ� RI� WKH� YLUXV� SDWKRJHQHVLV�� 7KLV�
VWXG\� ZDV� WKHUHIRUH� XQGHUWDNHQ� WR� DVVHVV� WKH�
H[WHQW�RI�RUJDQ�DQG�FHOO�LQYROYHPHQW�LQ�IDWDO�FDVHV�
RI�((+9��$���%�DQG���XVLQJ�D�TXDQWLWDWLYH�UHDO�
WLPH�3&5��((+9���DQG���'1$�ZHUH�GHWHFWDEOH�
LQ�DOO�WKH�WLVVXHV�H[DPLQHG��DOEHLW�ZLWK�VXEVWDQWLDO�
GLIIHUHQFHV� LQ� WKH� YLUDO�'1$� ORDG��7KH� KLJKHVW�
((+9��$�'1$�ORDG�ZDV�REVHUYHG�LQ�WKH�OLYHU��
IROORZHG�E\�WKH�KHDUW��WK\PXV�DQG�WRQJXH��((+9�
�%�DQG��� VKRZHG� WKH�KLJKHVW�'1$� ORDG� LQ� WKH�
KHDUW�� IROORZHG�E\� WRQJXH�DQG� OLYHU��7KLV� VWXG\�
SURYLGHV�QHZ�LQVLJKWV�LQWR�((+9�SDWKRJHQLFLW\�
DQG�KDV�LPSOLFDWLRQV�LQ�FKRLFH�RI�VDPSOH�W\SH�IRU�
GLVHDVH�LQYHVWLJDWLRQ�DQG�YLUXV�LVRODWLRQ���������
5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�(OVHYLHU�

1��6HNDU��;��*LDP��1�3��6KDUPD�	�5��6XNXPDU
+RZ� PXFK� 'LOOHQLD� LQGLFD� VHHG� SUHGDWLRQ�
RFFXUV�IURP�$VLDQ�HOHSKDQW�GXQJ"
$FWD�2HFRORJLFD����������������
$EVWUDFW���(OHSKDQWV�DUH�WKRXJKW�WR�EH�HIIHFWLYH�
VHHG� GLVSHUVHUV�� EXW� UHVHDUFK� RQ� ZKHWKHU�
HOHSKDQW� GXQJ� HIIHFWLYHO\� SURWHFWV� VHHGV� IURP�
VHHG� SUHGDWLRQ� LV� ODFNLQJ�� 4XDQWLI\LQJ� UDWHV�
RI� VHHG� SUHGDWLRQ� IURP� HOHSKDQW� GXQJ� ZLOO�
IDFLOLWDWH� FRPSDULVRQV� EHWZHHQ� HOHSKDQWV� DQG�
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DOWHUQDWLYH�GLVSHUVHUV��KHOSLQJ�XV�XQGHUVWDQG�WKH�
IXQFWLRQDO�UROH�RI�PHJDKHUELYRUHV�LQ�HFRV\VWHPV��
:H� FRQGXFWHG� DQ� H[SHULPHQW� WR� TXDQWLI\� WKH�
SUHGDWLRQ�RI�'LOOHQLD�LQGLFD�VHHGV�IURP�HOHSKDQW�
GXQJ� LQ� %X[D� 5HVHUYH�� ,QGLD� IURP� 'HFHPEHU�
����� WR�$SULO� ������ 8VLQJ� GXQJ� EROXVHV� IURP�
WKH�VDPH�GXQJ�SLOH��ZH�FRPSDUHG�WKH�QXPEHU�RI�
VHHGV�LQ�EROXVHV�WKDW�DUH�D��RSHQHG�LPPHGLDWHO\�
XSRQ� GHWHFWLRQ� �FRQWURO� EROXVHV��� E�� PDGH�
DYDLODEOH� RQO\� WR� VPDOO� VHHG� SUHGDWRUV� ����PP�
ZLGH��IRU�����PRQWKV��DQG�F��PDGH�DYDLODEOH�WR�DOO�
VHHG�SUHGDWRUV�DQG�VHFRQGDU\�GLVSHUVHUV�IRU�����
PRQWKV��8VLQJ�D�PRGHO�EXLOW�RQ�WKLV�H[SHULPHQW��
ZH�HVWLPDWHG� WKDW� VHHG�SUHGDWLRQ�E\�VPDOO� VHHG�
SUHGDWRUV��PRVW�OLNHO\�DQWV�DQG�WHUPLWHV��GHVWUR\V�
EHWZHHQ�������DQG�������RI�VHHGV�LQ�HOHSKDQW�
GXQJ� EHWZHHQ� WKH� WLPH� RI� GHIHFDWLRQ� DQG� WKH�
PHGLDQ�JHUPLQDWLRQ�GDWH�IRU�'��LQGLFD��([SRVXUH�
WR�ODUJHU�VHHG�SUHGDWRUV�DQG�VHFRQGDU\�GLVSHUVHUV�
GLG�QRW�OHDG�WR�D�VLJQLÀFDQW�DGGLWLRQDO�UHGXFWLRQ�LQ�
WKH�QXPEHU�RI�VHHGV�SHU�GXQJ�EROXV��2XU�ÀQGLQJV�
VXJJHVW� WKDW� SRVW�GLVSHUVDO� VHHG� SUHGDWLRQ� E\�
VPDOO�LQVHFWV�����PP��VXEVWDQWLDOO\�UHGXFHV�EXW�
GRHV� QRW� HOLPLQDWH� WKH� VXFFHVV� RI� HOHSKDQWV� DV�
GLVSHUVHUV�RI�'��LQGLFD�LQ�D�WURSLFDO�PRLVW�IRUHVW�
KDELWDW���������(OVHYLHU�0DVVRQ�6$6��$OO�ULJKWV�
UHVHUYHG�

1��6HNDU�	�5��6XNXPDU
7KH�$VLDQ�HOHSKDQW� LV�DPRQJVW� WKH� WRS� WKUHH�
IUXJLYRUHV�RI�WZR�WUHH�VSHFLHV�ZLWK�HDVLO\�HGLEOH�
IUXLW
-RXUQDO�RI�7URSLFDO�(FRORJ\������������������
$EVWUDFW�� � /DUJH� DQLPDO� VSHFLHV� DUH� SURQH� WR�
ORFDO� H[WLUSDWLRQ�� EXW� HFRORJLVWV� FDQQRW� \HW�
SUHGLFW� KRZ� WKH� ORVV� RI�PHJDKHUELYRUHV� DIIHFWV�
HFRV\VWHP�SURFHVVHV�VXFK�DV�VHHG�GLVSHUVDO��)HZ�
VWXGLHV�KDYH�FRPSDUHG� WKH�TXDQWLW\�DQG�TXDOLW\�
RI� VHHG� GLVSHUVDO� E\� PHJDKHUELYRUHV� YHUVXV�
DOWHUQDWLYH� IUXJLYRUHV� LQ� WKH� ZLOG�� SDUWLFXODUO\�
IRU�SODQW� VSHFLHV�ZLWK� IUXLW� HDVLO\�FRQVXPHG�E\�
PDQ\�IUXJLYRURXV�VSHFLHV��,Q�D�GLVWXUEHG�WURSLFDO�
PRLVW� IRUHVW� LQ� ,QGLD�� ZH� H[DPLQH� ZKHWKHU�
PHJDKHUELYRUHV�DUH�D�PDMRU�IUXJLYRUH�RI�WZR�WUHH�
VSHFLHV� ZLWK� HDVLO\� HGLEOH�� PDPPDO�GLVSHUVHG�
IUXLW��:H�TXDQWLI\�WKH�UHODWLYH�IUXLW�UHPRYDO�UDWHV�
RI� $UWRFDUSXV� FKDSODVKD� DQG� &DUH\D� DUERUHD��
E\� WKH�$VLDQ� HOHSKDQW� �(OHSKDV� PD[LPXV�� DQG�
DOWHUQDWLYH� GLVSHUVHUV�� 7KURXJK� IRFDO� ZDWFKHV�
DQG� FDPHUD� WUDSSLQJ��ZH� IRXQG� WKH� HOHSKDQW� WR�

EH�DPRQJVW�WKH�WRS�WKUHH�IUXJLYRUHV�IRU�HDFK�WUHH�
VSHFLHV�� )XUWKHUPRUH�� VHHG� WUDQVHFWV� XQGHU� $��
FKDSODVKD�VKRZ�WKDW�DUERUHDO�IUXJLYRUHV�GLVFDUG�
VHHGV�RQO\�D�VKRUW�GLVWDQFH�IURP�WKH�SDUHQWDO�WUHH��
XQGHUVFRULQJ�WKH�HOHSKDQW·V�UROH�DV�D�ORQJ�GLVWDQFH�
GLVSHUVHU�� 2XU� GDWD� SURYLGH� XQSUHFHGHQWHG�
VXSSRUW� IRU�DQ�ROG�QRWLRQ��PHJDKHUELYRUHV�PD\�
EH� NH\� GLVSHUVHUV� IRU� D� EURDG� VHW� RI� PDPPDO�
GLVSHUVHG� IUXLWLQJ� VSHFLHV�� DQG� QRW� MXVW� IUXLW�
LQDFFHVVLEOH� WR� VPDOOHU� IUXJLYRUHV��$V� VXFK�� WKH�
HOHSKDQW� PD\� EH� SDUWLFXODUO\� LPSRUWDQW� IRU� WKH�
IXQFWLRQDO�HFRORJ\�RI�WKH�GLVWXUEHG�IRUHVWV�LW�VWLOO�
LQKDELWV�DFURVV�WURSLFDO�$VLD���������&DPEULGJH�
8QLYHUVLW\�3UHVV�

3�� 6LQSKLWKDNNXO�� 1�� .ODQJNDHZ�� 3�� 6DQ\D�
WKLWLVHUHH��0��*LRUJL��6��.XPDJDL��$��3RDSRODWKHS�
	�6��3RDSRODWKHS
3KDUPDFRNLQHWLFV� RI� DPR[LFLOOLQ� WULK\GUDWH�
LQ� PDOH� $VLDQ� HOHSKDQWV� �(OHSKDV� PD[LPXV��
IROORZLQJ�LQWUDPXVFXODU�DGPLQLVWUDWLRQ
-RXUQDO� RI� 9HWHULQDU\� 3KDUPDFRORJ\� DQG�
7KHUDSHXWLFV������������������
$EVWUDFW�� � 7KH� SXUSRVH� RI� WKLV� VWXG\� ZDV� WR�
LQYHVWLJDWH� WKH� SKDUPDFRNLQHWLF� FKDUDFWHULVWLFV�
RI� DPR[LFLOOLQ� �$0;�� WULK\GUDWH� LQ� PDOH�
$VLDQ� HOHSKDQWV�� (OHSKDV� PD[LPXV�� IROORZLQJ�
LQWUDPXVFXODU� DGPLQLVWUDWLRQ� DW� WZR� GRVDJHV� RI�
���� DQG� ��� PJ�NJ� ERG\� ZHLJKW� �E�Z���� %ORRG�
VDPSOHV� ZHUH� FROOHFWHG� IURP� ���� XS� WR� ��� K��
7KH� FRQFHQWUDWLRQ� RI�$0;� LQ� HOHSKDQW� SODVPD�
ZDV� PHDVXUHG� XVLQJ� OLTXLG� FKURPDWRJUDSK\�
HOHFWURVSUD\�LRQL]DWLRQ�PDVV�VSHFWURPHWU\��$0;�
ZDV�PHDVXUDEOH�XS� WR����K�DIWHU�DGPLQLVWUDWLRQ�
DW�WZR�GRVDJHV��3HDN�SODVPD�FRQFHQWUDWLRQ��&PD[��
ZDV�������������ƫJ�PO�DIWHU�L�P��DGPLQLVWUDWLRQ�
DW� D� GRVDJH� RI� ����PJ�NJ� E�Z���ZKHUHDV� LW� ZDV�
����� �� ����� ƫJ�PO� DW� D� GRVDJH� RI� ��� PJ�NJ�
E�Z��$� QRQFRPSDUWPHQW� PRGHO� ZDV� GHYHORSHG�
WR� GHVFULEH� WKH� GLVSRVLWLRQ� RI� $0;� LQ� $VLDQ�
HOHSKDQWV�� %DVHG� RQ� WKH� SUHOLPLQDU\� ÀQGLQJV�
IRXQG�LQ�WKLV�UHVHDUFK��WKH�GRVDJH�RI�����DQG����
PJ�NJ�E�Z��SURGXFHG�GUXJ�SODVPD�FRQFHQWUDWLRQV�
KLJKHU� WKDQ� ����� PJ�PO� IRU� ��� K� DIWHU� L�P��
DGPLQLVWUDWLRQ�� 7KHUHDIWHU�� L�P�� DGPLQLVWUDWLRQ�
ZLWK� $0;� DW� D� GRVDJH� RI� ���� PJ�NJ� E�Z��
DSSHDUHG�D�PRUH�VXLWDEOH�GRVH�WKDQ����PJ�NJ�E�Z��
+RZHYHU��PRUH�VWXGLHV�DUH�QHHGHG�WR�GHWHUPLQH�
$0;�FOLQLFDO�HIIHFWLYHQHVV�LQ�HOHSKDQWV���������
-RKQ�:LOH\�	�6RQV�/WG�



��

&�� 6RPJLUG�� 3�� +RPNRQJ�� 6�� 6ULSLERRQ�� -�/��
%URZQ�� 7�$�(�� 6WRXW�� %�� &ROHQEUDQGHU�� 6��
0DKDVDZDQJNXO�	�&��7KLWDUDP
3RWHQWLDO�RI�D�JRQDGRWURSLQ�UHOHDVLQJ�KRUPRQH�
YDFFLQH� WR� VXSSUHVV� PXVWK� LQ� FDSWLYH� PDOH�
$VLDQ�HOHSKDQWV��(OHSKDV�PD[LPXV�
$QLPDO�5HSURGXFWLRQ�6FLHQFH������������������
$EVWUDFW�� �0XVWK� LQ� DGXOW� EXOO� HOHSKDQWV� LV� D�
SHULRG� RI� LQFUHDVHG� DQGURJHQ� FRQFHQWUDWLRQV�
UDQJLQJ� IURP� D� IHZ� ZHHNV� WR� VHYHUDO� PRQWKV��
)RU� FDSWLYH� HOHSKDQW� EXOO� PDQDJHPHQW�� PXVWK�
SUHVHQWV� D� VHULRXV� FKDOOHQJH� EHFDXVH� RI� WKH�
DJJUHVVLYH� EHKDYLRU� RI� PXVWK� EXOOV� WRZDUG�
SHRSOH� DQG� RWKHU� HOHSKDQWV�� &RPPHUFLDOO\�
DYDLODEOH� *Q5+� YDFFLQHV� KDYH� EHHQ� VKRZQ� WR�
VXSSUHVV� WHVWLFXODU� IXQFWLRQ� E\� LQWHUUXSWLQJ� WKH�
K\SRWKDODPR�SLWXLWDU\�JRQDGDO� �+3*�� D[LV� LQ�
PDQ\�VSHFLHV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�WHVW�
WKH�HIÀFDF\�RI�D�*Q5+�YDFFLQH�LQ�HOHSKDQW�EXOOV�
IRU� VXSSUHVVLQJ� WKH� +3*� D[LV� DQG� PLWLJDWLQJ�
PXVWK�UHODWHG� DJJUHVVLYH� EHKDYLRU�� )LYH� DGXOW�
$VLDQ� HOHSKDQW� EXOOV� ���²��� \HDUV� ROG�� ZHUH�
LPPXQL]HG� ZLWK� D� *Q5+� YDFFLQH� VWDUWLQJ�
ZLWK� DQ� LQLWLDO� LQMHFWLRQ� �²��PRQWKV� EHIRUH� WKH�
SUHGLFWHG� PXVWK� SHULRG�� DQG� IROORZHG� E\� WKUHH�
ERRVWHUV� DW� DSSUR[LPDWHO\� ��ZHHN� LQWHUYDOV��
%ORRG�VDPSOHV�ZHUH�FROOHFWHG�WZLFH�ZHHNO\�IRU�
KRUPRQH�DQG�DQWLERG\�WLWHU�DQDO\VLV��$Q�LQFUHDVH�
LQ� *Q5+� DQWLERG\� WLWHUV� ZDV� REVHUYHG� LQ� DOO�
EXOOV�DIWHU�WKH�VHFRQG�RU�WKLUG�ERRVWHU��DQG�WLWHUV�
UHPDLQHG�HOHYDWHG�IRU��²��PRQWKV�DIWHU�WKH�ÀQDO�
ERRVWHU��0XVWK�ZDV�DWWHQXDWHG�DQG�VKRUWHQHG�LQ�
WKUHH� EXOOV� DQG� SRVWSRQHG� FRPSOHWHO\� LQ� WZR��
:H�FRQFOXGH� WKDW�*Q5+�YDFFLQDWLRQ� LV�FDSDEOH�
RI� VXSSUHVVLQJ� V\PSWRPV� RI� PXVWK� LQ� DGXOW�
EXOO� HOHSKDQWV��:LWK� DSSURSULDWH� WLPLQJ��*Q5+�
YDFFLQDWLRQ�FRXOG�EH�XVHG�WR�FRQWURO�RU�PDQDJH�
PXVWK� DQG� DJJUHVVLYH� EHKDYLRU� LQ� FDSWLYH�
HOHSKDQW� EXOOV�� +RZHYHU��PRUH�ZRUN� LV� QHHGHG�
WR�LGHQWLI\�DQ�RSWLPDO�GRVH��ERRVWHU�LQWHUYDO��DQG�
YDFFLQDWLRQ� VFKHGXOH� IRU� FRPSOHWH� VXSSUHVVLRQ�
RI� WHVWLFXODU� VWHURLGRJHQHVLV���������5HSULQWHG�
ZLWK�SHUPLVVLRQ�IURP�(OVHYLHU�

&�� 6RPJLUG�� 6�� 6ULSLERRQ�� 6�� 0DKDVDZDQJNXO��
.�� %RRQSUDVHUW�� -�/�� %URZQ�� 7�$�(�� 6WRXW�� %��
&ROHQEUDQGHU�	�&��7KLWDUDP
'LIIHUHQWLDO� WHVWRVWHURQH� UHVSRQVH� WR� *Q5+�
LQGXFHG�/+�UHOHDVH�EHIRUH�DQG�DIWHU�PXVWK�LQ�
DGXOW�$VLDQ�HOHSKDQW��(OHSKDV�PD[LPXV��EXOOV

7KHULRJHQRORJ\��������������������
$EVWUDFW�� � %XOO� HOHSKDQWV� H[KLELW� PDUNHG�
LQFUHDVHV�LQ�WHVWRVWHURQH�VHFUHWLRQ�GXULQJ�PXVWK��
DQG�VWXGLHV�KDYH�VKRZQ�D�KHLJKWHQHG�VHQVLWLYLW\�
RI� WKH� WHVWLV� WR� *Q5+�VWLPXODWHG� WHVWRVWHURQH�
SURGXFWLRQ� LQ� PXVWK� FRPSDUHG� WR� QRQPXVWK�
PDOHV�� +RZHYHU�� DFWLYLW\� RI� WKH� K\SRWKDODPR�
SLWXLWDU\�JRQDGDO� D[LV� EHIRUH� RU� VRRQ� DIWHU�
PXVWK�KDV�QRW�EHHQ�VWXGLHG�LQ�GHWDLO��7KH�DLP�RI�
WKLV� VWXG\�ZDV� WR� HYDOXDWH�/+� DQG� WHVWRVWHURQH�
UHVSRQVHV�WR�*Q5+�FKDOOHQJH�LQ�QLQH�DGXOW�$VLDQ�
HOHSKDQW� �(OHSKDV� PD[LPXV�� EXOOV� GXULQJ� WKUHH�
SHULRGV�UHODWLYH�WR�PXVWK��SUHPXVWK��SRVWPXVWK��
DQG�QRQPXVWK��%XOOV�ZHUH�DGPLQLVWHUHG����ƫJ�RI�
D�*Q5+�DJRQLVW��DQG�EORRG�ZDV�FROOHFWHG�EHIRUH�
DQG� DIWHU� LQMHFWLRQ� WR� PRQLWRU� VHUXP� KRUPRQH�
FRQFHQWUDWLRQV�� 7KH� VDPH� EXOOV� ZHUH� LQMHFWHG�
ZLWK�VDOLQH���ZHHNV�EHIRUH�HDFK�*Q5+�FKDOOHQJH�
DQG�PRQLWRUHG� XVLQJ� WKH� VDPH�EORRG� FROOHFWLRQ�
SURWRFRO��$OO�EXOOV� UHVSRQGHG� WR�*Q5+��EXW�QRW�
VDOLQH��ZLWK� DQ� LQFUHDVH� LQ�/+�DQG� WHVWRVWHURQH�
GXULQJ�DOO�WKUHH�SHULRGV��7KH�PHDQ�SHDN�/+�������
�������QJ�P/��3����������DQG�WHVWRVWHURQH�������
�� ����� QJ�P/�� 3�  � ������� FRQFHQWUDWLRQV� DIWHU�
*Q5+�ZHUH�KLJKHU�WKDQ�WKH�UHVSHFWLYH�EDVHOLQHV�
�������������QJ�P/��������������QJ�P/���$OWKRXJK�
EDVDO�� DQG� *Q5+�LQGXFHG� /+� VHFUHWLRQ� ZHUH�
VLPLODU�DFURVV� WKH�VWDJHV��HYDOXDWLRQ�RI� WKH�DUHD�
XQGHU�WKH�FXUYH�LQ�*Q5+�WUHDWHG�EXOOV�LQGLFDWHG�
WKDW�WKH�WHVWRVWHURQH�UHVSRQVH�ZDV�JUHDWHVW�GXULQJ�
SUHPXVWK� ������ �� ����� DUHD� XQLWV�� 3�  � �������
FRPSDUHG�WR�SRVWPXVWK��������������DUHD�XQLWV���
DQG� QRQPXVWK� ������ �� ����� DUHD� XQLWV��� 7KLV�
FRQÀUPV�HDUOLHU�UHSRUWV�WKDW�*Q5+�VWLPXODWHV�/+�
UHOHDVH� DQG� VXEVHTXHQW� WHVWRVWHURQH� SURGXFWLRQ�
LQ� EXOO� HOHSKDQWV�� )XUWKHUPRUH�� DOWKRXJK� WKH�
K\SRWKDODPR�SLWXLWDU\�JRQDGDO� D[LV� LV� DFWLYH�
WKURXJKRXW� WKH� \HDU�� WKH� WHVWLV� DSSHDUV� WR� EH�
PRUH�UHVSRQVLYH� WR�/+�LQ� WHUPV�RI� WHVWRVWHURQH�
SURGXFWLRQ� LQ� WKH� SHULRG� OHDGLQJ� XS� WR� PXVWK��
FRPSDUHG�WR�WKH�QRQPXVWK�DQG�SRVWPXVWK�SHULRGV��
7KLV�KHLJKWHQHG�VHQVLWLYLW\��SHUKDSV�DV�D�UHVXOW�RI�
/+�UHFHSWRU�XS�UHJXODWLRQ��PD\�SULPH�WKH�WHVWLV�
IRU� PD[LPDO� WHVWRVWHURQH� SURGXFWLRQ�� OHDGLQJ�
WR� WKH� SK\VLRORJLFDO� DQG� EHKDYLRUDO� FKDQJHV�
DVVRFLDWHG�ZLWK�PXVWK���� �����5HSULQWHG�ZLWK�
SHUPLVVLRQ�IURP�(OVHYLHU�

6�.��6ZDPL��$��9LMD\��*��1DJDUDMDQ��5��.DXU�	�
0��6ULYDVWDYD
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0ROHFXODU� FKDUDFWHUL]DWLRQ� RI� SUR�
LQÁDPPDWRU\� F\WRNLQHV� LQWHUOHXNLQ��ơ� DQG�
LQWHUOHXNLQ��� LQ� $VLDQ� HOHSKDQW� �(OHSKDV�
PD[LPXV�
$QLPDO�%LRWHFKQRORJ\����������������
$EVWUDFW���,QWHUOHXNLQ��,/���ơ�DQG�,/���DUH�SUR�
LQÁDPPDWRU\� F\WRNLQHV� SURGXFHG� SULPDULO\� E\�
PRQRF\WHV� DQG� PDFURSKDJHV� LQ� UHVSRQVH� WR� D�
YDULHW\�RI�PLFURELDO�DQG�QRQPLFURELDO�DJHQWV��$V�
\HW��QR�PROHFXODU�GDWD�KDYH�EHHQ�UHSRUWHG�IRU�,/�
�ơ�DQG�,/���RI�WKH�$VLDQ�HOHSKDQW��,Q�WKH�SUHVHQW�
VWXG\��ZH�KDYH�FORQHG�DQG�VHTXHQFHG�WKH�F'1$�
HQFRGLQJ�,/��ơ�DQG�,/���RI�WKH�$VLDQ�HOHSKDQW��
7KH�RSHQ�UHDGLQJ�IUDPH��25)��RI�$VLDQ�HOHSKDQW�
,/��ơ�LV�����ES�LQ�OHQJWK��HQFRGHG�D�SURSHSWLGH�
RI� ���� DPLQR� DFLG� SRO\SHSWLGH�� 7KH� SUHGLFWHG�
SURWHLQ� UHYHDOHG� WKH� SUHVHQFH� RI� ,/��� IDPLO\�
VLJQDWXUH� PRWLI� DQG� DQ� ,&(� FXW� VLWH��:KHUHDV��
,/��� FRQWDLQHG� ���� ES� RI� RSHQ� UHDGLQJ� IUDPH��
,QWHUHVWLQJO\�� WKH� SUHGLFWHG� SURWHLQ� VHTXHQFH�
RI� ���� DD�� FRQWDLQV� DQ�(/5�PRWLI� LPPHGLDWHO\�
XSVWUHDP� RI� WKH� &4&� UHVLGXHV�� FRPPRQ� LQ� DOO�
YHUWHEUDWH�,/���PROHFXOHV��,GHQWLW\�OHYHOV�RI�WKH�
QXFOHLF�DFLG�DQG�GHGXFHG�DPLQR�DFLG�VHTXHQFHV�
RI� $VLDQ� HOHSKDQW� ,/��ơ� UDQJHG� IURP� ������
�VTXLUUHO�PRQNH\��WR���������$IULFDQ�HOHSKDQW���
DQG��������VKHHS��WR���������$IULFDQ�HOHSKDQW���
UHVSHFWLYHO\�� ZKHUHDV� WKDW� RI� ,/��� UDQJHG� IURP�
������ �KXPDQ�� WR� ������ �$IULFDQ� HOHSKDQW���
DQG�������KXPDQ��JRULOOD��FKLPSDQ]HH��WR�������
�$IULFDQ� HOHSKDQW�� EXIIDOR��� UHVSHFWLYHO\�� 7KH�
SK\ORJHQHWLF� DQDO\VLV� EDVHG� RQ� GHGXFHG� DPLQR�
DFLG� VHTXHQFHG� VKRZHG� WKDW� WKH�$VLDQ�HOHSKDQW�
,/��ơ� DQG� ,/��� ZHUH� PRVW� FORVHO\� UHODWHG� WR�
$IULFDQ�HOHSKDQW��0ROHFXODU� FKDUDFWHUL]DWLRQ�RI�
WKHVH� WZR� F\WRNLQHV�� ,/��ơ� DQG� ,/���� LQ�$VLDQ�
HOHSKDQW� SURYLGHV� IXQGDPHQWDO� LQIRUPDWLRQ�
QHFHVVDU\� WR� SURJUHVV� WKH� VWXG\� RI� IXQFWLRQDO�
LPPXQH� UHVSRQVHV� LQ� WKLV� DQLPDO� DQG�JLYHV� WKH�
SRWHQWLDO�WR�XVH�WKHP�WR�PDQLSXODWH�WKH�LPPXQH�
UHVSRQVH�DV�UHFRPELQDQW�SURWHLQV�

9��7KXSSLO�	�5�*��&RVV
3OD\EDFN� RI� IHOLG� JURZOV� PLWLJDWHV� FURS�
UDLGLQJ� E\� HOHSKDQWV� (OHSKDV� PD[LPXV� LQ�
VRXWKHUQ�,QGLD
2U\[������������������
$EVWUDFW�� �:H� DWWHPSWHG� WR� GHWHU� FURS�UDLGLQJ�
HOHSKDQWV�(OHSKDV�PD[LPXV�E\�XVLQJ�SOD\EDFNV�
RI�WKUHDWHQLQJ�YRFDOL]DWLRQV�VXFK�DV�IHOLG�JURZOV�

DQG� KXPDQ� VKRXWV�� )RU� WKLV� SXUSRVH��ZH� WHVWHG�
WZR�VRXQG�SOD\EDFN�V\VWHPV�LQ�VRXWKHUQ�,QGLD��D�
ZLUHOHVV�� DFWLYH� LQIUDUHG� EHDP�WULJJHUHG� V\VWHP�
WR� H[SORUH� WKH� HIIHFWV� RI� QLJKW�WLPH� XQFHUWDLQW\�
LQ� HOHSKDQWV·� DVVHVVPHQW� RI� SUHGDWRU\� WKUHDWV��
DQG�D�SDVVLYH�LQIUDUHG�PRWLRQ�GHWHFWRU�WULJJHUHG�
V\VWHP�IRU�FORVHU�UDQJH�SOD\EDFNV��8VLQJ�WKH�ÀUVW�
V\VWHP��ZH�GHWHUUHG�����RI�FURS�UDLGLQJ�DWWHPSWV�
XVLQJ�WLJHU�3DQWKHUD�WLJULV�JURZOV��������XVLQJ�
OHRSDUG� 3DQWKHUD� SDUGXV� JURZOV�� DQG� ������
XVLQJ� KXPDQ� VKRXWV�� ZLWK� QR� VWDWLVWLFDOO\�
VLJQLÀFDQW� GLIIHUHQFH� DPRQJ� WKH� WKUHH� VRXQGV��
8VLQJ� WKH� VHFRQG� V\VWHP�� SOD\EDFNV� RI� WLJHU�
DQG� OLRQ�3DQWKHUD� OHR� JURZOV�GHWHUUHG����� DQG�
������ RI� FURS�UDLGLQJ� DWWHPSWV�� UHVSHFWLYHO\��
ZLWK�QR�VWDWLVWLFDOO\� UHOLDEOH�GLIIHUHQFH�EHWZHHQ�
WKH� WZR��DOWKRXJK�YLGHR�HYLGHQFH� LQGLFDWHG� WKDW�
HOHSKDQWV�ZHUH�PRUH�IHDUIXO�RI�WLJHU�JURZOV��2XU�
UHVXOWV� LQGLFDWH� WKDW� SOD\EDFNV� RI� WKUHDWHQLQJ�
VRXQGV� FDQ� EH� HIIHFWLYH� LQ� PLWLJDWLQJ� KXPDQ²
HOHSKDQW� FRQÁLFW�� SDUWLFXODUO\� LQ� EROVWHULQJ�
H[LVWLQJ� GHWHUUHQW� PHWKRGV�� �� ����� )DXQD� 	�
)ORUD�,QWHUQDWLRQDO�

9��9DQLWKD��.��7KL\DJHVDQ�	�1��%DVNDUDQ
3UHYDOHQFH� RI� VWHUHRW\SLHV� DQG� LWV� SRVVLEOH�
FDXVHV� DPRQJ� FDSWLYH� $VLDQ� HOHSKDQWV�
�(OHSKDV�PD[LPXV��LQ�7DPLO�1DGX��,QGLD
$SSOLHG� $QLPDO� %HKDYLRXU� 6FLHQFH� ���� �������
�������
$EVWUDFW���$QLPDOV�LQ�FDSWLYLW\�DUH�RIWHQ�FRQÀQHG�
LQ�VPDOO�EDUUHQ�HQFORVXUHV��SUHYHQWLQJ�DGHTXDWH�
H[HUFLVH�� DQG� VRFLDOL]DWLRQ� ZLWK� FRQVSHFLÀFV��
&DSWLYLW\� LV� DOVR� NQRZQ� IRU� GHSULYLQJ� \RXQJ�
LQGLYLGXDOV·� DVVRFLDWLRQ� ZLWK� PDWHUQDO� UHODWLYHV�
E\� ZHDQLQJ� DZD\� IURP� WKHLU� PRWKHUV·� HDUOLHU�
WKDQ� ZKDW� WKHLU� SHHUV� H[SHULHQFH� LQ� IUHH�OLYLQJ�
SRSXODWLRQV�� 6XFK� KXVEDQGU\� SUDFWLFHV� RIWHQ�
OHDG�WR�YDULRXV�ZHOIDUH�SUREOHPV�DPRQJ�FDSWLYH�
DQLPDOV�� ,Q� ,QGLD��$VLDQ�HOHSKDQWV�DUH�PDQDJHG�
LQ� FDSWLYLW\� XQGHU� YDULRXV� V\VWHPV�� IRU� YDULRXV�
SXUSRVHV��7R�XQGHUVWDQG�WKH�HIIHFW�RI�KXVEDQGU\�
SUDFWLFHV�RQ�WKH�ZHOIDUH�RI�HOHSKDQWV��WKLV�VWXG\�
ÀUVW� WLPH� IURP� D� UDQJH� FRXQWU\� H[DPLQHG� WKH�
SUHYDOHQFH�RI�VWHUHRW\SLHV�DQG�LWV�SRVVLEOH�FDXVHV�
DPRQJ� ���� FDSWLYH� $VLDQ� HOHSKDQWV� PDQDJHG�
XQGHU� WKUHH� FDSWLYH� V\VWHPV³3ULYDWH�� +LQGX�
7HPSOH� DQG� )RUHVW� 'HSDUWPHQW³LQ� VRXWKHUQ�
,QGLD��2FFXUUHQFH�RI�VWHUHRW\SLHV�DQG�LWV�SRVVLEOH�
LQÁXHQFHV�E\�IDFWRUV�OLNH�DJH��VH[��KRXVLQJ�W\SH�
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DQG� LWV� VL]H��GXUDWLRQ�RI� FKDLQLQJ�DQG�DFFHVV� WR�
FRQVSHFLÀF�VRFLDOL]DWLRQ�ZHUH�REWDLQHG�E\�GLUHFW�
REVHUYDWLRQV�RQ�HDFK�HOHSKDQW�DQG�IURP�UHJLVWHUV�
PDLQWDLQHG�DW�HDFK�IDFLOLW\��$PRQJ�WKH�V\VWHPV��
WKH� QXPEHU� RI� HOHSKDQWV� ZLWK� VWHUHRW\SLHV� ZDV�
WKH� KLJKHVW� LQ� WHPSOH� V\VWHP� ������ IROORZHG�
E\� SULYDWH� ������ DQG� WKH� ORZHVW� LQ� WKH� IRUHVW�
GHSDUWPHQW�������1RQH�RI�WKH�HOHSKDQWV�WKDW�ERUQ�
LQ�RU� EURXJKW� IURP� WKH�ZLOG� DQG�PDQDJHG�RQO\�
DW� WKH� WLPEHU�FDPSV�ZDV�VWHUHRW\SHG��%XW� WKRVH�
WUDQVIHUUHG�IURP�WKH�WLPEHU�FDPSV�WR�WKH�WHPSOH��
SULYDWH�DQG�]RR�DQG�IURP�WKH�]RR� WR� WKH� WLPEHU�
FDPSV� VKRZHG� VWHUHRW\SLHV�� &RQVLVWHQW� ZLWK�
WKH� SUHYDOHQFH� RI� VWHUHRW\SLHV� DPRQJ� WKH� WKUHH�
V\VWHPV�� QXPEHU� RI� HOHSKDQWV�PDQDJHG� RQO\� DW�
WKH� LQGRRU� HQFORVXUH� DQG� GXUDWLRQ� RI� FKDLQLQJ�
ZHUH� WKH�KLJKHVW� LQ� WHPSOH� IROORZHG�E\�SULYDWH�
DQG� WKH� OHDVW� LQ� IRUHVW� GHSDUWPHQW� V\VWHP�� 7KH�
SURSRUWLRQ� RI� HOHSKDQWV� GLVSOD\LQJ� VWHUHRW\SLHV�
DQG�WKH�SURSRUWLRQ�RI�WLPH�VSHQW�RQ�VWHUHRW\SLHV�
GHFUHDVHG� VLJQLÀFDQWO\� ZLWK� DJH�� LQGLFDWLQJ� D�
JUHDWHU� YXOQHUDELOLW\� RI� \RXQJ� LQGLYLGXDOV� WR�
VWHUHRW\SLHV�� )XUWKHU�� ORJLVWLF� UHJUHVVLRQ� RQ�
SUHYDOHQFH�RI�VWHUHRW\SLHV�ZLWK�GHPRJUDSKLF�DQG�
ZHOIDUH� SDUDPHWHUV� UHYHDOHG� WKDW� VWHUHRW\SLHV�
GHFUHDVHG�VLJQLÀFDQWO\�ZLWK�DJH�DQG�IUHH�DFFHVV�
WR� FRQVSHFLÀF� DVVRFLDWLRQ� XQWLO� MXYHQLOH� VWDJH��
LQGLFDWLQJ�DJDLQ�WKH�MXYHQLOHV�ZLWKRXW�FRQVSHFLÀF�
DVVRFLDWLRQ� DUH� PRUH� VXVFHSWLEOH� WR� GHYHORS�
VWHUHRW\SLHV�� 0XOWLSOH� UHJUHVVLRQ� RQ� H[WHQW� RI�
VWHUHRW\SLHV�DQG�YDULRXV�GDLO\�URXWLQHV�UHYHDOHG�
WKDW�WKH�H[WHQW�LQFUHDVHG�VLJQLÀFDQWO\�ZLWK�GDLO\�
ULWXDOV�� UHVWLQJ�� DQG� PDUJLQDOO\� ZLWK� IHHGLQJ�
LPSO\LQJ�WKDW�SURORQJHG�GDLO\�ULWXDOV�DQG�UHVWLQJ�
SURPRWH�LWV�H[WHQW��,W�LV�DUJXHG�WKDW�GHSULYDWLRQ�RI�
DVVRFLDWLRQ�ZLWK�PDWHUQDO�UHODWLYHV�DQG�LVRODWLRQ�
IURP� FRQVSHFLÀFV� UHVXOW� LQ� WKH� DSSHDUDQFH� RI�

VWHUHRW\SLHV� DPRQJ� HOHSKDQWV� LQ� FDSWLYLW\��ZLWK�
\RXQJHU� LQGLYLGXDOV� EHLQJ� PRUH� VXVFHSWLEOH��
SHUKDSV�WKH�PRVW�DFWLYH�SKDVH�RI�WKHLU�OLIH�EHLQJ�
FRQÀQHG� E\� FKDLQLQJ�� �� ����� 5HSULQWHG� ZLWK�
SHUPLVVLRQ�IURP�(OVHYLHU�

5��9p]LQD�$XGHWWH��&��+HUU\��3��%XUQV��0��)UDVFK��
(��&KDYH�	�&��7KHRUHW
+HDUW� UDWH� YDULDELOLW\� LQ� UHODWLRQ� WR� VWUHVV� LQ�
WKH�$VLDQ�HOHSKDQW��(OHSKDV�PD[LPXV�
&DQDGLDQ�9HWHULQDU\�-RXUQDO������������������
$EVWUDFW���7KLV�VWXG\�GHVFULEHV�D�VDIH��UHOLDEOH��
DQG� DFFHVVLEOH� PHDQV� WR� PHDVXUH� KHDUW� UDWH�
�+5�� DQG� +5� YDULDELOLW\� �+59�� DQG� HYDOXDWHV�
WKH� XVH� RI�+59� DV� D� SK\VLRORJLFDO� FRUUHODWH� RI�
VWUHVV� LQ� WKH� $VLDQ� HOHSKDQW�� $� SUREDELOLVWLF�
PRGHO� LQGLFDWHV� WKDW� +59� PHDVXUHPHQWV� PD\�
DGHTXDWHO\� GLVWLQJXLVK� EHWZHHQ� VWUHVVHG� DQG�
QRQ�VWUHVVHG�HOHSKDQWV�

6�� :LOVRQ�� 7�(�� 'DYLHV�� 1�� +D]DULND� 	� $��
=LPPHUPDQQ
8QGHUVWDQGLQJ�VSDWLDO�DQG�WHPSRUDO�SDWWHUQV�
RI�KXPDQ²HOHSKDQW�FRQÁLFW�LQ�$VVDP��,QGLD
2U\[������������������
$EVWUDFW�� � /DUJH�VFDOH� IRUHVW� HQFURDFKPHQW�
LQ�$VVDP�� ,QGLD��KDV� OHG� WR� LQFUHDVLQJ� OHYHOV�RI�
KXPDQ²HOHSKDQW� FRQÁLFW�� &RQÁLFW� PLWLJDWLRQ�
LV�D�SULRULW\� IRU� WKH� VXUYLYDO�RI�$VLDQ�HOHSKDQWV�
(OHSKDV�PD[LPXV�WKURXJKRXW�$VLD��:H�DQDO\VHG�D�
��\HDU�GDWDVHW�RI�HOHSKDQW�RFFXUUHQFH�DQG�UHODWHG�
LQVWDQFHV�RI�KXPDQ²HOHSKDQW�FRQÁLFW��IURP�WZR�
VLWHV� LQ�$VVDP�� DQG� H[SORUHG� WKH� UHODWLRQVKLSV�
EHWZHHQ� WKH� YDULRXV� HIIHFWV� RI� HOHSKDQWV� RQ�
KXPDQ�FRPPXQLWLHV�DQG�IDFWRUV� LQÁXHQFLQJ�WKH�
VSDWLDO�DQG�WHPSRUDO�RFFXUUHQFH�RI�WKHVH�HIIHFWV�
�SUR[LPLW\� WR� ZDWHU�� UHIXJH� DUHDV� DQG� YLOODJHV��
DQG�KXPDQ�DQG�FURS�GHQVLW\���7KH�ODQGVFDSHV�DW�
ERWK�VWXG\�VLWHV�KDYH�EHHQ�WUDQVIRUPHG�E\�IRUHVW�
ORVV�� ZLWK� ODUJH� DUHDV� FRQYHUWHG� WR� DJULFXOWXUH��
5HPDLQLQJ� IRUHVW� SDWFKHV�� ZKLFK� DUH� PRVWO\�
VPDOO��GLVFRQQHFWHG�DQG�GHJUDGHG��DV�ZHOO�DV�WHD�
SODQWDWLRQV�� SURYLGH� UHIXJH� DUHDV� IRU� HOHSKDQWV�
DV�WKH\�PRYH�WKURXJK�WKH�UHJLRQ��:H�IRXQG�WKDW�
FURS�GHSUHGDWLRQ�DQG�SURSHUW\�GDPDJH�FDXVHG�E\�
HOHSKDQWV� VKRZHG�ZHOO�GHÀQHG� VHDVRQDO� WUHQGV��
7KH\�DOVR�VKRZHG�D�FOHDU�GLXUQDO�SDWWHUQ��PRVWO\�
RFFXUULQJ� EHWZHHQ� ������ DQG� ������� 6PDOO�
FRPPXQLWLHV�ZLWKLQ�����P�RI�D�UHIXJH�ZHUH�PRVW�
DIIHFWHG��,Q�WKH�PDQDJHPHQW�RI�KXPDQ²HOHSKDQW�&ROODUHG�IHPDOH�´'XVK\Dµ�LQ�<DOD��6UL�/DQND�
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FRQÁLFW�LQ�$VVDP�ZH�QHHG�WR�FRQVLGHU�WKH�UHIXJH�
SDWFKHV�XVHG�E\�HOHSKDQWV�DV�WKH\�PRYH�WKURXJK�
WKH� UHJLRQ�� WKH� SHULSKHULHV� RI� ZKLFK� DUH� OLNHO\�
WR� EH� FRQÁLFW� KRWVSRWV�� 6PDOO� YLOODJHV� RQ� WKH�
HGJHV�RI�UHIXJHV�VKRXOG�EH�D�SULRULW\�IRU�FRQÁLFW�
PLWLJDWLRQ�DVVLVWDQFH��ZLWK�VWUDWHJLHV�WDNLQJ�LQWR�
DFFRXQW�VHDVRQDO�DQG�GLXUQDO�YDULDWLRQ�LQ�HOHSKDQW�
EHKDYLRXU�� DV� ZHOO� DV� WKH� VRFLR�HFRQRPLF� DQG�
FXOWXUDO� FRPSRVLWLRQ� RI� FRPPXQLWLHV�� �� �����
)DXQD�	�)ORUD�,QWHUQDWLRQDO�

<��<DNXEX��%�/��2QJ��=��=DNDULD��/��+DVVDQ��$�5��
0XWDOLE��<�)��1JHRZ��.��9HUDVDKLE�	�0�)�$�$��
5D]DN
(YLGHQFH� DQG� SRWHQWLDO� ULVN� IDFWRUV� RI�
WXEHUFXORVLV� DPRQJ� FDSWLYH� $VLDQ� HOHSKDQWV�
DQG�ZLOGOLIH�VWDII�LQ�3HQLQVXODU�0DOD\VLD
3UHYHQWLYH�9HWHULQDU\�0HG��������������������
$EVWUDFW�� � (OHSKDQW� WXEHUFXORVLV� �7%�� FDXVHG�
E\�0\FREDFWHULXP� WXEHUFXORVLV� LV� DQ� LPSRUWDQW�
UH�HPHUJLQJ� ]RRQRVLV� ZLWK� FRQVLGHUDEOH�
FRQVHUYDWLRQ�DQG�SXEOLF�KHDOWK�ULVN��:H�FRQGXFWHG�
SURVSHFWLYH� FRKRUW� DQG� FURVV�VHFWLRQDO� VWXGLHV�
LQ� HOHSKDQWV� DQG� ZLOGOLIH� VWDII� UHVSHFWLYHO\� LQ�
RUGHU�WR�LGHQWLI\�SRWHQWLDO�ULVN�IDFWRUV�DVVRFLDWHG�
ZLWK� 7%� LQ� FDSWLYH� $VLDQ� HOHSKDQWV� DQG� WKHLU�
KDQGOHUV�LQ�3HQLQVXODU�0DOD\VLD��6L[W\�HOHSKDQWV�
LQ� VL[� GLIIHUHQW� IDFLOLWLHV�ZHUH� VFUHHQHG� IRU�7%�
ORQJLWXGLQDOO\� XVLQJ� WKH� (OHSKDQW7%� 67$7�
3$.� DQG� '33� 9HW7%� DVVD\V� IURP� )HEUXDU\�
����� WR�0D\�������DQG�����ZLOGOLIH� VWDII�ZHUH�
H[DPLQHG� IRU� WXEHUFXORVLV� LQIHFWLRQ� XVLQJ� WKH�
4XDQWL)(521�7%� *ROG� ,Q�WXEH� �4)7�� DVVD\�
IURP� -DQXDU\� WR� $SULO�� ������ ,QIRUPDWLRQ� RQ�
SRWHQWLDO� ULVN� IDFWRUV� DVVRFLDWHG� ZLWK� LQIHFWLRQ�
LQ�ERWK�HOHSKDQWV�DQG�VWDII�ZHUH�FROOHFWHG�XVLQJ�
TXHVWLRQQDLUHV� DQG� IDFLOLW\� UHFRUGV��7KH� RYHUDOO�
VHURSUHYDOHQFH� RI� 7%� DPRQJVW� WKH� HOHSKDQWV�
ZDV������������&,������²������DQG�WKH�ULVN�RI�
VHURFRQYHUVLRQ� ZDV� VLJQLÀFDQWO\� KLJKHU� DPRQJ�
HOHSKDQWV�ZLWK�DVVLJQHG�PDKRXWV�>S� ��������25�
 � ���� ����� &,�� ���²�����@�� 7KH� SHUFHQWDJH� RI�
4)7�UHVSRQGHUV�DPRQJ�ZLOGOLIH�VWDII�ZDV�������
����� &,�� ����²������ DQG� WKH� ULVN� RI� LQIHFWLRQ�
ZDV� REVHUYHG� WR� EH� VLJQLÀFDQWO\� DVVRFLDWHG�
ZLWK� EHLQJ� D� ]RR� HPSOR\HH� >S�  � ������� 25�  �
���� ����� &,�� ���²����@� RU� HOHSKDQW� KDQGOHU� >S�
 ��������25� ����� �����&,�� ���²�����@��7KHVH�
ÀQGLQJV�UHYHDOHG�D�SRWHQWLDO�ULVN�RI�7%�LQIHFWLRQ�
LQ� FDSWLYH� HOHSKDQWV� DQG� KDQGOHUV� LQ�0DOD\VLD��

DQG� HPSKDVL]H� WKH� QHHG� IRU� 7%� VFUHHQLQJ� RI�
QHZO\�DFTXLUHG�HOHSKDQWV��LVRODWLQJ�VHUR�SRVLWLYH�
HOHSKDQWV�DQG�SHUIRUPLQJ�IXUWKHU�GLDJQRVWLF�WHVWV�
WR�GHWHUPLQH�WKHLU�LQIHFWLRQ�VWDWXV��DQG�VFUHHQLQJ�
HOHSKDQW� KDQGOHUV� IRU� 7%�� SUH�� DQG� SRVW�
HPSOR\PHQW���������5HSULQWHG�ZLWK�SHUPLVVLRQ�
IURP�(OVHYLHU�

6��=LHJOHU��6��0HUNHU��%��6WUHLW��0��%RQHU�	�'�(��
-DFRE
7RZDUGV�XQGHUVWDQGLQJ�LVRWRSH�YDULDELOLW\�LQ�
HOHSKDQW� LYRU\� WR� HVWDEOLVK� LVRWRSLF� SURÀOLQJ�
DQG�VRXUFH�DUHD�GHWHUPLQDWLRQ
%LRORJLFDO�&RQVHUYDWLRQ�������������������
$EVWUDFW���:H�SUHVHQW�KHUH�QHZ�LVRWRSLF�GDWD��ƣ��&��
ƣ��1��ƣ��2��ƣ�+��DQG�ƣ��6��IURP�SXOYHULVHG�LYRU\�
SRZGHU�� PHDVXUHG� E\� FRQWLQXRXV� ÁRZ� LVRWRSH�
UDWLR�PDVV�VSHFWURPHWU\�IURP�DQ�XQSUHFHGHQWHG�
ODUJH�GDWDVHW�RI�����LYRU\�VDPSOHV��GHULYHG�IURP�
���$IULFDQ�DQG�VL[�$VLDQ�HOHSKDQW� UDQJH�VWDWHV��
7KH�DLP�RI� WKLV� VWXG\� LV� WR� DVVHVV� WKH� DFFXUDF\�
RI� LVRWRSLF� ÀQJHUSULQWLQJ� DQG� WR� HYDOXDWH� LWV�
IRUHQVLF� SRWHQWLDO� DQG� OLPLWDWLRQV� WR� SUHGLFW� WKH�
SURYHQDQFH� RI� LYRU\� RI� XQNQRZQ� RULJLQ�� :H�
FRQVWUXFWHG� D� QRPLQDO� DVVLJQPHQW� IUDPHZRUN�
IRU� WKH� $IULFDQ� UHIHUHQFH� VDPSOHV�� FRQVLVWLQJ�
RI� ���� GLIIHUHQW� VLWHV� DQG� DSSOLHG� WKH�ZHLJKWHG�
N�1HDUHVW� 1HLJKERU� &ODVVLÀHU� ZLWK� UHIHUHQFH�
VLWH�DV�FODVVLÀHU�DQG�LQIHUUHG�WKH�DFFXUDF\�RI�WKH�
DVVLJQPHQWV�RI�VDPSOHV�IURP�WKH�$IULFDQ�HOHSKDQW�
VSHFLHV� WR� WKHLU� FRUUHFW�SURYHQDQFH��2XU� UHVXOWV�
VKRZ�WKDW� LVRWRSLF�SURÀOLQJ�RI�$IULFDQ�HOHSKDQW�
LYRU\�ZRUNV�RQ�UHJLRQDO�VFDOHV�DQG�ZH�ZHUH�DEOH�
WR�DVVLJQ�����RI�DOO�VDPSOHV�ZLWKLQ�����NP��DQG�
WKH� PDMRULW\� RI� WKH� UHPDLQLQJ� VDPSOHV� ZLWKLQ�
�����NP��6RXUFH�DUHD�GHWHUPLQDWLRQ�LV�KDPSHUHG�
E\�WKH�IDFW�WKDW�ZLWKLQ�VLWH�DQG�ZLWKLQ�LQGLYLGXDO�
YDULDWLRQ�LQ�LYRU\�LV�LPPHQVH�EHFDXVH�HOHSKDQWV�
DV�HFRORJLFDO�JHQHUDOLVWV�XVH�D�ZLGH�GLYHUVLW\�RI�
SODQW�UHVRXUFHV��:H�SURSRVH�WKDW�IRUHVW�HOHSKDQW�
GLHWV� GLIIHU� PRUH� EHWZHHQ� LQGLYLGXDOV� �L�H��
GLHWDU\� QLFKH� SDUWLWLRQLQJ� LV� PRUH� VLJQLÀFDQW��
WKDQ�LQ�VDYDQQD�HOHSKDQWV�ZKHUH�LQGLYLGXDO�GLHWV�
RYHUODS� PRUH�� ,QFUHDVLQJ� VDPSOLQJ� HIIRUW� LQ�
RUGHU�WR�GHFUHDVH�PHGLDQ�GLVWDQFH�RI�WKH�QRPLQDO�
DVVLJQPHQW�IUDPHZRUN�DQG�WR�EHWWHU�XQGHUVWDQG�
ZLWKLQ�VLWH� YDULDQFH� RI� WKH� VWXGLHG� LVRWRSLF�
V\VWHPV� DUH� LPSHUDWLYH� WR� HVWDEOLVK� LVRWRSLF�
SURÀOLQJ�LQ�WKH�FRQWH[W�RI� ODZ�HQIRUFHPHQW�DQG�
ZLOGOLIH�IRUHQVLFV���������(OVHYLHU�


