
��

,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��%DUXD
&LUFXODWLQJ� HOHSKDQWV�� XQSDFNLQJ� WKH� JHR�
JUDSKLHV�RI�D�FRVPRSROLWDQ�DQLPDO
7UDQVDFWLRQV� RI� WKH� ,QVWLWXWH� RI� %ULWLVK�
*HRJUDSKHUV������������������
$EVWUDFW���&RVPRSROLWDQLVP�KDV�HPHUJHG�DV�DQ�
LPSRUWDQW� FRQFHSW� LQ� JHRJUDSK\� DQG� WKH� VRFLDO�
VFLHQFHV�� 7KH� ULVH� RI� PRELOLW\�� FLUFXODWLRQ� DQG�
WUDQVQDWLRQDO� QHWZRUNV� KDV� EHHQ� SDUDOOHOHG� E\�
DFDGHPLF� VFKRODUVKLS� RQ� XQ�SDURFKLDO� RWKHUV��
GLDVSRUDV��WUDYHOOHUV�DQG�LWLQHUDQW�VRFLDO�JURXSV��
+RZHYHU��WKH�UROH�RI�QRQKXPDQV�DV�SDUWLFLSDQWV�
LQ�DQG�VXEMHFWV�RI�FRVPRSROLWDQLVP�KDV�UHFHLYHG�
VFDQW� DWWHQWLRQ�� 7KLV� SDSHU� VHHNV� WR� GHYHORS�
D� ¶PRUH�WKDQ�KXPDQ·� FRVPRSROLWDQLVP� WKDW�
DFFRXQWV�IRU�WKH�SUHVHQFH�RI�QRQKXPDQ�DQLPDOV�
DQG�HQWLWLHV�LQ�VWRULHV�RI�FLUFXODWLRQ�DQG�FRQWDFW��
7KURXJK� D�PXOWL�VLWHG� HWKQRJUDSK\� RI� HOHSKDQW�
FRQVHUYDWLRQ� LQ� ,QGLD� DQG� WKH� 8.�� WKH� SDSHU�
LOOXVWUDWHV� KRZ� DQLPDOV� EHFRPH� SDUWLFLSDQWV�
LQ� IRUJLQJ� FRQQHFWLRQV� DFURVV� GLIIHUHQFH��
7KURXJK� WKHLU� FLUFXODWLRQ�� HOHSKDQWV� EHFRPH�
FRVPRSROLWDQ�� SUHVHQW� LQ� GLYHUVH� FXOWXUHV� DQG�
VHUYLQJ� EDQDO� JOREDO� FRQVXPSWLRQ�� 7KH� SDSHU�
WKHQ� LOOXVWUDWHV� KRZ� FRVPRSROLWDQ� HOHSKDQWV�
PD\�EH�FRHUFLYH��JLYLQJ�ULVH�WR�SROLWLFDO�IULFWLRQV�
DQG� QHZ� LQHTXDOLWLHV� ZKHQ� PRELOLVHG� E\�
SRZHUIXO�� WUDQVQDWLRQDO�HQYLURQPHQWDO�DFWRUV�� ,W�
FRQFOXGHV�E\�GLVFXVVLQJ�WKH�PHWKRGRORJLFDO�DQG�
FRQFHSWXDO� LPSOLFDWLRQV� RI� D� PRUH�WKDQ�KXPDQ�
FRVPRSROLWDQLVP�� �� ����� 5R\DO� *HRJUDSKLFDO�
6RFLHW\�

%�� %RXFKDUG�� %�� ;D\PRXQWU\�� 1�� 7KRQJWLS�� 3��
/HUWZDWFKDUDVDUDNXO�	�:��:DMMZDONX

)LUVW� UHSRUWHG� FDVH� RI� HOHSKDQW� HQGRWKHOLR�
WURSLF�KHUSHV�YLUXV�LQIHFWLRQ�LQ�/DRV
-RXUQDO�RI�=RR�DQG�:LOGOLIH�0HGLFLQH�����������
�������
$EVWUDFW���7KH�HOHSKDQW�HQGRWKHOLRWURSLF�KHUSHV�
YLUXV� �((+9�� LV� QRZ� UHFRJQL]HG� DV� RQH� RI� WKH�
PDLQ�FDXVHV�RI�GHDWK�RI�\RXQJ�$VLDQ�HOHSKDQWV�
�(OHSKDV�PD[LPXV��LQ�1RUWK�$PHULFDQ�]RRV��,WV�
LPSDFW�LQ�ZLOG�DQG�GRPHVWLF�HOHSKDQW�SRSXODWLRQV�
LQ� $VLD� LV� QRW� FOHDUO\� XQGHUVWRRG�� 7KLV� DUWLFOH�
GHVFULEHV�WKH�ÀUVW�FDVH�RI�((+9�LQIHFWLRQ�LQ�/DR�
3HRSOH·V� 'HPRFUDWLF� 5HSXEOLF� RI� D� ����\U�ROG�
GRPHVWLF�PDOH�$VLDQ�HOHSKDQW��&OLQLFDO�VLJQV�DQG�
SDWKRORJLFDO�ÀQGLQJV�UHSRUWHG�KHUH�DUH�FRQVLVWHQW�
ZLWK�SUHYLRXV�LQIHFWLRQV�LQ�$VLDQ�HOHSKDQW�FDOYHV��
3K\ORJHQHWLF�DQDO\VHV� VKRZHG������KRPRORJ\�
ZLWK� RWKHU� ((+9��$� VWUDLQV� LGHQWLÀHG� LQ�$VLD��
(XURSH�� DQG� 1RUWK� $PHULFD�� &RQWDPLQDWLRQ�
RI� WKH�PROHFXODU� DVVD\V�ZDV� UXOHG�RXW�� EHFDXVH�
WKH�'1$�SRO\PHUDVH�VHTXHQFH�LGHQWLÀHG�LQ�WKLV�
VWXG\�GLIIHUHG� IURP� WKH�SRVLWLYH�FRQWURO�E\� WZR�
EDVH�SDLUV���������E\�$PHULFDQ�$VVRFLDWLRQ�RI�
=RR�9HWHULQDULDQV�

$�3��%URFN��5��,VD]D��(�)��(JHOXQG��5�3��+XQWHU�
	�&�$��3HORTXLQ
7KH�SKDUPDFRNLQHWLFV�RI�D�VLQJOH�RUDO�RU�UHFWDO�
GRVH� RI� FRQFXUUHQWO\� DGPLQLVWHUHG� LVRQLD]LG��
ULIDPSLQ�� S\UD]LQDPLGH�� DQG� HWKDPEXWRO� LQ�
$VLDQ�HOHSKDQWV��(OHSKDV�PD[LPXV�
-RXUQDO� RI� 9HWHULQDU\� 3KDUPDFRORJ\� DQG�
7KHUDSHXWLFV������������������
$EVWUDFW���7XEHUFXORVLV��FDXVHG�E\�0\FREDFWHULXP�
WXEHUFXORVLV�� LV� D� GLVHDVH� RI� FRQFHUQ� LQ� FDSWLYH�
$VLDQ� HOHSKDQWV� �(OHSKDV�PD[LPXV��� 7UHDWPHQW�
IRU� WXEHUFXORVLV� LQ� HOHSKDQWV� XWLOL]HV� PXOWLGUXJ�
SURWRFROV� FRPELQLQJ� LVRQLD]LG�� ULIDPSLQ��
S\UD]LQDPLGH��DQG�RU�HWKDPEXWRO��,Q�WKLV�VWXG\��D�
VLQJOH��FRIRUPXODWHG�GRVH�RI�LVRQLD]LG���PJ�NJ��
ULIDPSLQ����PJ�NJ��S\UD]LQDPLGH����PJ�NJ��DQG�

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

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

&RPSLOHG�E\�-HQQLIHU�3DVWRULQL

$QWKURSRORJLVFKHV�,QVWLWXW��8QLYHUVLWlW�=�ULFK��=�ULFK��6ZLW]HUODQG
&HQWUH�IRU�&RQVHUYDWLRQ�DQG�5HVHDUFK��5DMDJLUL\D��6UL�/DQND
(�PDLO���MHQQ\#DLP�X]K�FK
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HWKDPEXWRO����PJ�NJ�ZDV�DGPLQLVWHUHG�RUDOO\�WR�
VL[�$VLDQ�HOHSKDQWV��DQG�UHFWDOO\�WR�ÀYH�HOHSKDQWV�
XVLQJ� D� FURVV�RYHU�GHVLJQ��%ORRG� VDPSOHV�ZHUH�
FROOHFWHG� VHULDOO\� RYHU� ��� K�� 3\UD]LQDPLGH� DQG�
HWKDPEXWRO� FRQFHQWUDWLRQV� ZHUH� GHWHUPLQHG�
XVLQJ� YDOLGDWHG� JDV� FKURPDWRJUDSK\� DVVD\V��
,VRQLD]LG� DQG� ULIDPSLQ� FRQFHQWUDWLRQV� ZHUH�
GHWHUPLQHG� XVLQJ� YDOLGDWHG� KLJK�SHUIRUPDQFH�
OLTXLG� FKURPDWRJUDSK\� DVVD\V�� 5HFWDO� LVRQLD]LG�
SURGXFHG� DQ� HDUOLHU� 7PD[� FRPSDUHG� ZLWK� RUDO�
DGPLQLVWUDWLRQ�� 2UDO� LVRQLD]LG� UHVXOWHG� LQ� D�
FRPSDUDWLYHO\� ORZHU� &PD[�� EXW� KLJKHU� $8&�
YDOXHV� FRPSDUHG� ZLWK� UHFWDO� LVRQLD]LG�� 2UDO�
ULIDPSLQ�DQG�RUDO�HWKDPEXWRO�ZHUH�ZHOO�DEVRUEHG�
ZKLOH�UHFWDO�ULIDPSLQ�ZDV�QRW��2UDO�S\UD]LQDPLGH�
SURGXFHG� FRPSDUDWLYHO\� KLJKHU� &PD[� DQG�$8&�
YDOXHV� FRPSDUHG� ZLWK� UHFWDO� S\UD]LQDPLGH��
5HVXOWV� RI� WKLV� VWXG\� LQGLFDWH� WKDW� FXUUHQWO\�
UHFRPPHQGHG� WKHUDSHXWLF� PRQLWRULQJ� VDPSOH�
FROOHFWLRQ� WLPHV� IRU� UHFWDO� LVRQLD]LG� DQG� RUDO�
ULIDPSLQ�GR�QRW�SURYLGH�DQ�DFFXUDWH�DVVHVVPHQW�RI�
H[SRVXUH�IRU�WKHVH�GUXJV��7KLV�VWXG\�GHPRQVWUDWHV�
QRWDEOH� LQGLYLGXDO� YDULDELOLW\�� LQGLFDWLQJ� WKDW�
GRVLQJ�RI� WKHVH�PHGLFDWLRQV� UHTXLUHV� LQGLYLGXDO�
PRQLWRULQJ�DQG�SURYLGHV�DGGLWLRQDO� LQIRUPDWLRQ�
WR�JXLGH�WKH�FOLQLFLDQ�ZKHQ�WUHDWLQJ�HOHSKDQWV����
�����-RKQ�:LOH\�	�6RQV�/WG�

6��&KDNUDERUW\��'��%RRPLQDWKDQ��$�$��'HVDL�	�
7�1�&��9LG\D�
8VLQJ�JHQHWLF�DQDO\VLV�WR�HVWLPDWH�SRSXODWLRQ�
VL]H�� VH[� UDWLR�� DQG� VRFLDO� RUJDQL]DWLRQ� LQ� DQ�
$VLDQ� HOHSKDQW� SRSXODWLRQ� LQ� FRQÁLFW� ZLWK�
KXPDQV�LQ�$OXU��VRXWKHUQ�,QGLD
&RQVHUYDWLRQ�*HQHWLFV������������������
$EVWUDFW�� �:LWK� JURZLQJ� KXPDQ� DQG�� SRVVLEO\��
HOHSKDQW� SRSXODWLRQV� DQG� D� GUDVWLF� LQFUHDVH�
LQ� DQWKURSRJHQLF� DFWLYLWLHV�� KXPDQ²HOHSKDQW�
FRQÁLFW�LQ�$VLD�KDV�EHHQ�RQ�WKH�ULVH��7KH�$OXU�DUHD�
LQ�.DUQDWDND�VWDWH��VRXWKHUQ�,QGLD��LV�RQH�VXFK�FDVH�
LQ�SRLQW��ZKLFK�KDV�ZLWQHVVHG� LQFUHDVLQJ� OHYHOV�
RI� KXPDQ²HOHSKDQW� FRQÁLFW� RYHU� WKH� ODVW� WZR�
GHFDGHV��7KH� WLQ\��PRGHUDWHO\�SURWHFWHG�KDELWDW�
DYDLODEOH�IRU�HOHSKDQWV�LQ�WKLV�KXPDQ�GRPLQDWHG�
ODQGVFDSH�GRHV�QRW�DSSHDU�WR�EH�DEOH�WR�VXSSRUW�
HOHSKDQWV� RYHU� WKH� ORQJ� WHUP�� 2SWLRQV� WR� GHDO�
ZLWK�WKH�HVFDODWLQJ�FRQÁLFW�LQFOXGH�WUDQVORFDWLRQ�
RI� HOHSKDQWV�� EULQJLQJ� HOHSKDQWV� LQWR� FDSWLYLW\��
DQG�FXOOLQJ��:H�FDUULHG�RXW�D�PROHFXODU�JHQHWLF�
VWXG\� RI� HOHSKDQWV� LQ� WKH�$OXU� DUHD� WR� HVWLPDWH�

WKH� PLQLPXP� QXPEHU� RI� HOHSKDQWV� XVLQJ� WKH�
DUHD�� WKH� VH[� UDWLR�� JHQHWLF� UHODWHGQHVV� EHWZHHQ�
LQGLYLGXDOV��DQG�JHQHWLF�VWUXFWXUH�ZLWK�UHJDUG�WR�
WKH� ODUJHU� SRSXODWLRQ� LQ� WKH� ODQGVFDSH�� VR� WKDW�
LQIRUPHG�PDQDJHPHQW�GHFLVLRQV�FRXOG�EH�PDGH��
)UHVK�GXQJ�VDPSOHV�ZHUH�FROOHFWHG�IURP�WKH�ÀHOG�
DQG�JHQRW\SHG�XVLQJ����PLFURVDWHOOLWH� ORFL��:H�
IRXQG� ��� XQLTXH� LQGLYLGXDOV� LQ� WKH� SRSXODWLRQ��
FRPSULVLQJ����IHPDOHV�DQG����PDOHV�RI�GLIIHUHQW�
DJH� FODVVHV�� 5HODWHGQHVV� EHWZHHQ� IHPDOHV�
VXJJHVWHG�LQGHSHQGHQW�FRORQLVDWLRQV�E\�GLVFUHWH��
VPDOO� JURXSV� UDWKHU� WKDQ� E\� RQH� FRKHVLYH� FODQ�
RI�UHODWHG�IHPDOHV��7KLV�REYLDWHV� WKH�QHHG�IRU�D�
VLQJOH�VROXWLRQ�IRU�GHDOLQJ�ZLWK�DOO�WKH�IHPDOHV�LQ�
WKH�DUHD�LQ�RUGHU�WR�PDLQWDLQ�VRFLDO�LQWHJULW\��DQG�
KDV� LPSOLFDWLRQV� LQ� WHUPV� KRZ� WKHVH� HOHSKDQWV�
FDQ� EH� GHDOW� ZLWK��:H� GHPRQVWUDWH� KRZ� VRFLDO�
RUJDQL]DWLRQ�LQIHUUHG�WKURXJK�PROHFXODU�GDWD�IURP�
QRQ�LQYDVLYH�VDPSOLQJ�FDQ� LQIRUP�PDQDJHPHQW�
GHFLVLRQV�� �� �����:LWK� NLQG� SHUPLVVLRQ� IURP�
6SULQJHU�6FLHQFH�%XVLQHVV�0HGLD�

0�<��&KHZ��.��+\PHLU��5��1RVUDW�	�0�$��6KDKÀ]
5HODWLRQ�EHWZHHQ�JUDVVHV�DQG�ODUJH�KHUELYRUHV�DW�
WKH�8OX�0XGD�VDOW�OLFNV��3HQLQVXODU�0DOD\VLD
-��RI�7URSLFDO�)RUHVW�6FLHQFH������������������
$EVWUDFW�� � 8OX� 0XGD� )RUHVW� 5HVHUYH� LV�
NQRZQ� IRU� LWV� VDOW� OLFNV� DQG� JUDVV\�ÁRRGSODLQV��
3UHYLRXV�VWXGLHV�ODUJHO\�RYHUORRNHG�WKH�ÁRULVWLF�
FRPSRQHQW� RI�*UDPLQHDH� LQ� WKLV� KHUELYRUH�ULFK�
IRUHVW��7KLV�SDSHU�UHSRUWV�RQ�WKH�GRPLQDQW�JUDVV�
VSHFLHV�SUHVHQW�DW�6LUD�%RQJRU��6LUD�.HODGL�DQG�
6LUD�$LU�+DQJDW�VDOW�OLFNV��QDPHO\��+\PHQDFKQH�
DPSOH[LFDXOLV��&HQWRWKHFD� ODSSDFHD� DQG�2U\]D�
ULGOH\L� DQG� GHVFULEHV� WKH� QLFKHV� RFFXSLHG� E\�
JUDVVHV� DW� WKH� WKUHH� VLWHV� LQ� UHODWLRQ� WR� VLJQV� RI�
ODUJH� KHUELYRUH� DFWLYLWLHV�� 3UHOLPLQDU\� HYLGHQFH�
LQGLFDWHG� WKDW� WKH� VDOW� OLFNV� DQG� DGMDFHQW� +��
DPSOH[LFDXOLV� VZDPSV� ZHUH� G\QDPLF� KDELWDWV��
SODXVLEO\�FUHDWHG�DQG�PDLQWDLQHG�E\�ODUJH�ERGLHG�
KHUELYRUHV�LQFOXGLQJ�HOHSKDQWV��7KH�SUHVHQFH�RI�
JUDVVHV� WKDW� H[WHQGHG� WKH� UROH� RI� VDOW� OLFNV� DV�
SODFHV�IRU�ERWK�PLQHUDOV�DQG�QXWULWLYH�IRRG�LQWDNH�
IRU� ODUJH� KHUELYRUHV� ZDV� GLVFXVVHG�� �� �����
)RUHVW�5HVHDUFK�,QVWLWXWH�0DOD\VLD�

$��'DVWMHUGL��&��5REHUW�	�0��:DWVRQ
/RZ� FRYHUDJH� VHTXHQFLQJ� RI� WZR� $VLDQ�
HOHSKDQW��(OHSKDV�PD[LPXV��JHQRPHV
*LJD6FLHQFH����������H��
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$EVWUDFW�� � 7KHUH� DUH� WKUHH� VSHFLHV� RI� HOHSKDQW�
WKDW�H[LVW��WKH�$VLDQ�HOHSKDQW��(OHSKDV�PD[LPXV��
DQG�WZR�VSHFLHV�RI�$IULFDQ�HOHSKDQW��/R[RGRQWD�
DIULFDQD�DQG�/��F\FORWLV���7KH�SRSXODWLRQV�RI�DOO�
WKUHH�VSHFLHV�DUH�GZLQGOLQJ��DQG�DUH�XQGHU�WKUHDW�
GXH� WR� IDFWRUV�� VXFK� DV� KDELWDW� GHVWUXFWLRQ� DQG�
LYRU\�KXQWLQJ��7KH�VSHFLHV�GLIIHU�LQ�PDQ\�UHVSHFWV��
LQFOXGLQJ� LQ� WKHLU� PRUSKRORJ\� DQG� UHVSRQVH� WR�
GLVHDVH�� 7KH� DYDLODELOLW\� RI� HOHSKDQW� JHQRPH�
VHTXHQFH� GDWD� IURP� DOO� WKUHH� HOHSKDQW� VSHFLHV�
ZLOO� FRPSOHPHQW� VWXGLHV� RI� EHKDYLRXU�� JHQHWLF�
GLYHUVLW\�� HYROXWLRQ� DQG� GLVHDVH� UHVLVWDQFH��:H�
SUHVHQW�ORZ�FRYHUDJH�,OOXPLQD�VHTXHQFH�GDWD�IURP�
WZR�$VLDQ�HOHSKDQWV��UHSUHVHQWLQJ�DSSUR[LPDWHO\�
�;� DQG� ���;� FRYHUDJH� UHVSHFWLYHO\�� %RWK� UDZ�
DQG�DOLJQHG�GDWD�DUH�DYDLODEOH��XVLQJ�WKH�$IULFDQ�
HOHSKDQW��/��DIULFDQD��JHQRPH�DV�D�UHIHUHQFH��7KH�
GDWD�SUHVHQWHG�KHUH�DUH�DQ�LPSRUWDQW�DGGLWLRQ�WR�
WKH� DYDLODEOH� JHQHWLF� DQG� JHQRPLF� LQIRUPDWLRQ�
RQ� $VLDQ� DQG� $IULFDQ� HOHSKDQWV�� �� ����� 7KH�
$XWKRUV�

5�.��GH�0HO��'�.��:HHUDNRRQ��:�'��5DWQDVRRUL\D�
	�$��'DQJROOD
$� FRPSDUDWLYH� KDHPDWRORJLFDO� DQDO\VLV� RI�
$VLDQ� HOHSKDQWV�(OHSKDV�PD[LPXV� /LQQDHXV��
������0DPPDOLD��3URERVFLGHD��(OHSKDQWLGDH��
PDQDJHG�XQGHU�GLIIHUHQW�FDSWLYH�FRQGLWLRQV�LQ�
6UL�/DQND
-RXUQDO�RI�7KUHDWHQHG�7D[D�������������������
$EVWUDFW�� � +DHPDWRORJLFDO� SDUDPHWHUV� ZHUH�
DVVHVVHG�IURP�HOHSKDQWV�RI�WKUHH�LQVWLWXWLRQV�LQ�6UL�
/DQND�ZLWK�GLIIHUHQW�FDSWLYH�FRQGLWLRQV��LQ�RUGHU�WR�
HYDOXDWH�LI�GLIIHUHQW�FDSWLYH�FRQGLWLRQV�LQÁXHQFH�
WKH� SK\VLRORJ\� RI� WKH� DQLPDOV�� 7KH� LQVWLWXWLRQV�
ZHUH��7KH�1DWLRQDO�=RRORJLFDO�*DUGHQV��1=*���
ZKHUH�HOHSKDQWV� OLYH�D�FRPSDUDWLYHO\�VHGHQWDU\�
OLIHVW\OH��3LQQDZDOD�(OHSKDQW�2USKDQDJH��3(2���
ZKHUH�HOHSKDQWV�DUH�DOORZHG�WR�ZDON�DQG�HQJDJH�
LQ� LQWUD�VSHFLÀF� EHKDYLRXUV�� DQG� 0LOOHQQLXP�
(OHSKDQW�)RXQGDWLRQ��0()���ZKHUH�WKH�HOHSKDQWV�
DUH� XVHG� IRU� WRXULVW� ULGHV�� )RXU� DGXOW� IHPDOHV�
ZHUH� H[DPLQHG� IURP� WKH�1=*��ZKLOH� RQO\� WZR�
PDOHV�DQG�WZR�IHPDOHV�FRXOG�EH�H[DPLQHG�IURP�
3(2� DQG� 0()� UHVSHFWLYHO\�� $OO� DQLPDOV� ZHUH�
VDPSOHG�RQ�IRXU�FRQVHFXWLYH�GD\V��%ORRG�JOXFRVH�
OHYHOV��WRWDO�ZKLWH�EORRG�FHOOV��:%&���UHG�EORRG�
FHOOV� �5%&��� SDFNHG� FHOO� YROXPH� �3&9���PHDQ�
FRUSXVFXODU� YROXPH� �0&9�� DQG� GLIIHUHQWLDO�
ZKLWH�EORRG�FHOO�FRXQWV�ZHUH�FDUULHG�RXW��&HUWDLQ�

EORRG� SDUDPHWHUV� RI� WKH� HOHSKDQWV� IURP� 1=*�
GLIIHUHG�VLJQLÀFDQWO\�IURP�WKH�SDUDPHWHUV�RI�WKH�
HOHSKDQWV�IURP�3(2�DQG�0()��7KHVH�ZHUH�� WKH�
WRWDO�:%&�FRXQWV� �.UXVNDO�:DOOLV��+ ������� ��
G�I��� 3 �������� WKH� O\PSKRF\WH� FRXQW� �.UXVNDO�
:DOOLV�� + ������� �� G�I��� 3 ������ DQG� WKH�
1HXWURSKLO�� /\PSKRF\WH� UDWLRV� �.UXVNDO�:DOOLV�
��+ ���������G�I���3��������3&9��EORRG�JOXFRVH�
OHYHOV� DQG� PRQRF\WH� FRXQWV� ZHUH� DOVR� VKRZQ�
WR� EH� VLJQLÀFDQWO\� GLIIHUHQW� DPRQJ� WKH� WKUHH�
JURXSV� �.UXVNDO�:DOOLV� 3��������� :H� VXJJHVW�
WKDW� GLIIHUHQFHV� LQ� WKH� VWUHVV� OHYHOV� DVVRFLDWHG�
ZLWK� WKH� GLIIHUHQW� PDQDJHPHQW� PHWKRGV� PLJKW�
LQÁXHQFH�WKHVH�KDHPDWRORJLFDO�YDOXHV�

6�� GH� 6LOYD��8�6��:HHUDWKXQJD�	�7�9�� 3XVKSD�
NXPDUD
0RUSKRPHWULFV� DQG� EHKDYLRU� RI� D� ZLOG�
$VLDQ� HOHSKDQW� H[KLELWLQJ� GLVSURSRUWLRQDWH�
GZDUÀVP
%0&�5HVHDUFK�1RWHV�������������
$EVWUDFW���'ZDUÀVP�LV�D�FRQGLWLRQ�FKDUDFWHUL]HG�
E\� VKRUWHU� VWDWXUH�� DW� WLPHV� DFFRPSDQLHG� E\�
GLIIHUHQWLDO� VNHOHWDO� JURZWK� SURSRUWLRQV� UHODWLYH�
WR� WKH� VSHFLHV�W\SLFDO� SK\VLFDO� FRQIRUPDWLRQ��
&DXVHV� YDU\� DQG� DUH� ZHOO� GRFXPHQWHG� LQ�
KXPDQV� DV� ZHOO� DV� FHUWDLQ� PDPPDOLDQ� VSHFLHV�
LQ� FDSWLYH� RU� ODERUDWRU\� FRQGLWLRQV�� EXW� UDUHO\�
REVHUYHG�LQ�WKH�ZLOG��:H�UHSRUW�RQ�D�VLQJOH�FDVH�
RI� DSSDUHQW� GZDUÀVP� LQ� D� IUHH�UDQJLQJ� DGXOW�
PDOH� $VLDQ� HOHSKDQW� LQ� 6UL� /DQND�� FRPSDULQJ�
SK\VLFDO� GLPHQVLRQV� WR� WKRVH� RI� RWKHU�PDOHV� LQ�
WKH�SRSXODWLRQ�DV�ZHOO�DV� LQ�SUHYLRXV� OLWHUDWXUH��
7KH�VXEMHFW�0����ZDV�IRXQG�WR�KDYH�D�VKRXOGHU�
KHLJKW�RI�DSSUR[LPDWHO\�����FP��LV�VKRUWHU�WKDQ�
WKH�DYHUDJH�KHLJKW�RI�W\SLFDO�PDWXUH�PDOHV��ZLWK�
D� ERG\� OHQJWK� RI� ���� FP�� 7KLV� UDWLR� RI� ERG\�
OHQJWK�WR�KHLJKW�GHYLDWHV�IURP�ZKDW�LV� W\SLFDOO\�
REVHUYHG��ZKLFK� LV� DSSUR[LPDWHO\� ����� EXW�ZDV�
VLPLODU� WR� WKH� DWWULEXWHV� RI� D� GZDUI� HOHSKDQW� LQ�
FDSWLYLW\� GRFXPHQWHG� LQ� ������ :H� UHSRUW� RQ�
EHKDYLRXU� LQFOXGLQJ� WKH� VXUSULVLQJ� REVHUYDWLRQ�
WKDW� 0���� DSSHDUV� WR� KDYH� D� FRPSHWLWLYH�
DGYDQWDJH�LQ�LQWUDVH[XDO�FRQWHVWV��:H�GLVFXVV�KRZ�
WKLV�SKHQRW\SH�FRPSDUHV�WR�FDVHV�RI�GZDUÀVP�LQ�
RWKHU� QRQ�KXPDQ� DQLPDOV��0���� H[HPSOLÀHV� D�
UDUH�RFFXUUHQFH�RI�GLVSURSRUWLRQDWH�GZDUÀVP�LQ�
D� IUHH�UDQJLQJ� ZLOG� PDPPDO� WKDW� KDV� VXUYLYHG�
WR� UHSURGXFWLYH�PDWXULW\� DQG� DSSHDUV�RWKHUZLVH�
KHDOWK\���������7KH�$XWKRUV�
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*RRVVHQV��6��1DWKDQ�	�:��/LQNODWHU
)RUDJLQJ� VLWH� UHFXUVLRQ� E\� IRUHVW� HOHSKDQWV�
(OHSKDV�PD[LPXV�ERUQHHQVLV
&XUUHQW�=RRORJ\������������������
$EVWUDFW�� � 5HFXUVLRQ� E\� KHUELYRUHV� LV� WKH�
UHSHDWHG�XVH�RI�WKH�VDPH�VLWH�RU�SODQWV��5HFXUVLRQ�
E\�ZLOG� DQLPDOV� LV� UDUHO\� LQYHVWLJDWHG� EXW�PD\�
EH�XELTXLWRXV��2SWLPDO�IRUDJLQJ�WKHRU\�SUHGLFWV�
VLWH�UHFXUVLRQ�DV�D�IXQFWLRQ�RI�WKH�TXDOLW\�RI�WKH�
VLWH��H[WHQW�RI�LWV�ODVW�XVH��DQG�WLPH�VLQFH�LWV�ODVW�
XVH�EHFDXVH� WKHVH� LQÁXHQFH� VLWH� UHVRXUFH� VWDWXV�
DQG� UHFRYHU\��:H� XVHG� *36� FROODUV�� EHKDYLRXU�
DQG� VLWH� VDPSOLQJ� WR� LQYHVWLJDWH� UHFXUVLRQ� WR�
IRUDJLQJ�VLWHV�IRU�WZR�HOHSKDQW�(OHSKDV�PD[LPXV�
ERUQHHQVLV� KHUGV� LQ� WKH� /RZHU� .LQDEDWDQJDQ�
:LOGOLIH� 6DQFWXDU\�� %RUQHR�� RYHU� D� ���PRQWK�
SHULRG�� 5HFXUVLRQ� RFFXUUHG� WR� ��� RXW� RI� ���
IRUDJLQJ�VLWHV�DQG�ZDV�PRVW�FRPPRQ�ZLWKLQ����
KRXUV�RU�EHWZHHQ����²����GD\V�� LQGLFDWLQJ�WZR�
GLIIHUHQW�W\SHV�RI�UHFXUVLRQ��5HFXUVLRQ�ZDV�PRUH�
OLNHO\� WR� RFFXU� LI� WKH� VLWH� KDG� SUHYLRXVO\� EHHQ�
RFFXSLHG�IRU�ORQJHU��0RUHRYHU��WKH�WLPH�VSHQW�DW�
D�VLWH�DW�UHFXUVLRQ�ZDV�WKH�VDPH�DV�WKH�WLPH�VSHQW�
DW� WKH�VLWH�RQ� WKH�ÀUVW�RFFDVLRQ��7KH�QXPEHU�RI�
GD\V� WKDW�KDG�SDVVHG�EHWZHHQ�WKH�ÀUVW�YLVLW�DQG�
UHFXUVLRQ� ZDV� DOVR� SRVLWLYHO\� FRUUHODWHG� ZLWK�
KRZ�PXFK�WLPH�ZDV�VSHQW�DW�WKH�VLWH�DW�UHFXUVLRQ��
+DELWDW�W\SH�DOVR�LQÁXHQFHG�WKH�LQWHQVLW\�RI�VLWH�
XVH�� ZLWK� PRUH� WLPH� VSHQW� DW� UHFXUVLRQ� ZLWKLQ�
ULYHULQH�RSHQ� JUDVV� DUHDV� DORQJ� IRUHVW� PDUJLQV�
FRPSDUHG� WR�RWKHU�KDELWDW� W\SHV��5HFXUVLRQ� LV�D�
FRPPRQ�EHKDYLRXU�XVHG�E\�WKH�HOHSKDQWV�DQG�LWV�
SDWWHUQ�VXJJHVWV�LW�PD\�EH�D�IRUDJLQJ�VWUDWHJ\�IRU�
UHYLVLWLQJ�DUHDV�RI�JUHDWHU�YDOXH��7KH�TXDOLWLHV�RI�
UHFXUVLRQ� VLWHV� PLJKW� XVHIXOO\� EH� LQFRUSRUDWHG�
LQWR� ODQGVFDSH� PDQDJHPHQW� VWUDWHJLHV� IRU�
HOHSKDQW�FRQVHUYDWLRQ�LQ�WKH�DUHD���������&XUUHQW�
=RRORJ\�

0��(QJOLVK��*��*LOOHVSLH��0��$QFUHQD]��6��,VPDLO��
%��*RRVVHQV��6��1DWKDQ�	�:��/LQNODWHU
3ODQW�VHOHFWLRQ�DQG�DYRLGDQFH�E\�WKH�%RUQHDQ�
HOHSKDQW� �(OHSKDV� PD[LPXV� ERUQHHQVLV�� LQ�
WURSLFDO�IRUHVW��GRHV�SODQW�UHFRYHU\�UDWH�DIWHU�
KHUELYRU\�LQÁXHQFH�IRRG�FKRLFHV"
-RXUQDO�RI�7URSLFDO�(FRORJ\������������������
$EVWUDFW���7KH�SODQW�YLJRXU�K\SRWKHVLV�SURSRVHV�
WKDW� KHUELYRUHV� VKRXOG� IDYRXU� IHHGLQJ� RQ�PRUH�
YLJRURXVO\� JURZLQJ� SODQWV� RU� SODQW� PRGXOHV��

6LPLODUO\��ZH�ZRXOG�H[SHFW�KHUELYRUHV�WR�IDYRXU�
SODQWV� WKDW� UHJURZ� YLJRURXVO\� DIWHU� KHUELYRU\��
/DUJHU� DQLPDOV�� OLNH� HOHSKDQWV��PD\� DOVR� VHOHFW�
SODQW� VSHFLHV� UHODWLYH� WR� WKHLU� DYDLODELOLW\� DQG�
SUHIHU�VSHFLHV�ZLWK�ODUJHU�JURZWK�IRUPV�LQ�RUGHU�
WR� PHHW� WKHLU� LQWDNH� UHTXLUHPHQWV�� 7KH� IRRG�
SUHIHUHQFHV� RI� WKH� %RUQHDQ� HOHSKDQW� �(OHSKDV�
PD[LPXV�ERUQHHQVLV��LQ�WKH�/RZHU�.LQDEDWDQJDQ�
:LOGOLIH� 6DQFWXDU\�� 6DEDK�� 0DOD\VLD�� ZHUH�
LQYHVWLJDWHG� DORQJ� ��� WUDQVHFWV� LQ� DUHDV� ZKHUH�
HOHSKDQWV� ZHUH� UHFHQWO\� VLJKWHG� IHHGLQJ�� 2QH�
KXQGUHG� DQG� HLJKW\�WZR� SODQWV� ZHUH� HDWHQ� DQG�
����SODQWV�ZHUH�PHDVXUHG�IRU�VSHFLHV�DYDLODELOLW\�
DORQJ� WUDQVHFWV��6SHFLHV�YLJRXU�ZDV�GHWHUPLQHG�
E\�WKH�PRQWKO\�UHJURZWK�LQ�QHZ�VKRRW�OHQJWK�DIWHU�
HOHSKDQW�IHHGLQJ�DQG�WKH�QXPEHU�RI�QHZ�VKRRWV�
SURGXFHG� RQ� HDFK� SODQW�� 0HDVXUHPHQWV� ZHUH�
FDUULHG� RXW� RQ� HDFK�SODQW� IRU� ��PR�RU� XQWLO� WKH�
QHZ�VKRRW�ZDV�HDWHQ��3ODQW�VL]HV�ZHUH�GHWHUPLQHG�
IURP�WKHLU�EDVDO�GLDPHWHU��7KH�%RUQHDQ�HOHSKDQW�
GLG�QRW�SUHIHU�PRUH�YLJRURXV�VSHFLHV�RU�VSHFLHV�
ZLWK� ODUJHU� JURZWK� IRUPV�� 1HZ� VKRRWV� GLG� QRW�
JURZ� ORQJHU�RQ�SUHIHUUHG� WKDQ�DYRLGHG� VSHFLHV��
$GGLWLRQDOO\�� XQOLNH� RWKHU� HOHSKDQWV� WKDW� OLYH�
LQ� D� IRUHVW� HQYLURQPHQW�� WKH� %RUQHDQ� HOHSKDQW�
SUHIHUUHG�VSHFLHV�IURP�WKH�3RDFHDH��VSHFLÀFDOO\�
3KUDJPLWHV�NDUND�DQG�'LQRFKORD�VFDEULGD��RYHU�
RWKHU�SODQW�W\SHV�LQFOXGLQJ�JLQJHUV��SDOPV��OLDQDV�
DQG�ZRRG\�WUHHV���������&DPEULGJH�8QLY��3UHVV�

0��(QJOLVK��*��.DSODQ�	�/�-��5RJHUV
,V�SDLQWLQJ�E\�HOHSKDQWV� LQ�]RRV�DV�HQULFKLQJ�
DV�ZH�DUH�OHG�WR�EHOLHYH"
3HHU-����������H���
$EVWUDFW���7KH�UHODWLRQVKLS�EHWZHHQ�WKH�DFWLYLW\�
RI�SDLQWLQJ�DQG�SHUIRUPDQFH�RI�VWHUHRW\SHG�DQG�
RWKHU� VWUHVV�UHODWHG� EHKDYLRXU� ZDV� LQYHVWLJDWHG�
LQ� IRXU� FDSWLYH� $VLDQ� HOHSKDQWV� DW� 0HOERXUQH�
=RR�� $XVWUDOLD�� 7KH� DFWLYLW\� LQYROYHG� WKH�
HOHSKDQW� EHLQJ� LQVWUXFWHG� WR� SDLQW� RQ� D� FDQYDV�
E\� LWV� NHHSHU� LQ� IURQW� RI� DQ� DXGLHQFH�� 3DLQWLQJ�
E\�HOHSKDQWV�LQ�]RRV�LV�FRPPRQO\�EHOLHYHG�WR�EH�
D� IRUP� RI� HQULFKPHQW�� EXW� WKLV� DVVXPSWLRQ� KDG�
QRW� EHHQ� EDVHG� RQ� DQ\� V\VWHPDWLF� UHVHDUFK�� ,I�
DQ�DFWLYLW\�LV�HQULFKLQJ�ZH�ZRXOG�H[SHFW�VWUHVV�
UHODWHG� EHKDYLRXU� WR� EH� UHGXFHG� EXW� ZH� IRXQG�
QR� HYLGHQFH� RI� WKH� HOHSKDQWV� DQWLFLSDWLQJ� WKH�
SDLQWLQJ�DFWLYLW\�DQG�QR�HIIHFW�RQ�WKH�SHUIRUPDQFH�
RI� VWHUHRW\SHG�RU� RWKHU� VWUHVV�UHODWHG�EHKDYLRXU�
HLWKHU�EHIRUH�RU� DIWHU� WKH�SDLQWLQJ� VHVVLRQ��7KLV�
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LQGLFDWHV� WKDW� WKH�DFWLYLW\�GRHV�QRW� IXOÀO�RQH�RI�
WKH� PDLQ� DLPV� RI� HQULFKPHQW�� +RZHYHU�� LI� DQ�
HOHSKDQW�ZDV�QRW�VHOHFWHG�WR�SDLQW�RQ�D�JLYHQ�GD\�
WKLV� ZDV� DVVRFLDWHG� ZLWK� KLJKHU� OHYHOV� RI� QRQ�
LQWHUDFWLYH� EHKDYLRXU�� D� SRVVLEOH� LQGLFDWRU� RI�
VWUHVV��%HKDYLRXUDO�REVHUYDWLRQV�DVVRFLDWHG�ZLWK�
HDU��H\H�DQG�WUXQN�SRVLWLRQV�GXULQJ�WKH�SDLQWLQJ�
VHVVLRQ�VKRZHG�WKDW�WKH�HOHSKDQW·V�DWWHQWLYHQHVV�
WR� WKH� SDLQWLQJ� DFWLYLW\� RU� WR� WKH� NHHSHU� JLYLQJ�
LQVWUXFWLRQ� YDULHG� EHWZHHQ� LQGLYLGXDOV�� $SDUW�
IURP� SRVLWLYH� UHLQIRUFHPHQW� IURP� WKH� NHHSHU��
WKH� UHVXOWV� LQGLFDWHG� WKDW� HOHSKDQWV� JDLQ� OLWWOH�
HQULFKPHQW�IURP�WKH�DFWLYLW\�RI�SDLQWLQJ��+HQFH��
WKH�EHQHÀWV�RI�WKLV�DFWLYLW\�DSSHDU�WR�EH�OLPLWHG�
WR� WKH�DHVWKHWLF�DSSHDO�RI� WKHVH�SDLQWLQJV� WR� WKH�
SHRSOH�YLHZLQJ�WKHP���������7KH�$XWKRUV�
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$EVWUDFW�� � :H� UHSRUW� PHWULFV� IURP� FRPSOHWH�
JHQRPH� FDSWXUH� RI� QXFOHDU� '1$� IURP� H[WLQFW�
PDPPRWKV�XVLQJ�ELRWLQ\ODWHG�51$V�WUDQVFULEHG�
IURP�DQ�$VLDQ�HOHSKDQW�'1$�H[WUDFW��(QULFKPHQW�
RI�WKH�QXFOHDU�JHQRPH�UDQJHG�IURP�������WR�������
IROG��WR�DQ�DSSDUHQW�PD[LPXP�WKUHVKROG�RI�∼����
RQ�WDUJHW�� 7KLV� SURMHFWV� DQ� RUGHU� RI� PDJQLWXGH�
OHVV� FRVWO\� FRPSOHWH� JHQRPH� VHTXHQFLQJ� IURP�
ORQJ�GHDG� RUJDQLVPV�� HYHQ� ZKHQ� D� UHIHUHQFH�
JHQRPH� LV� XQDYDLODEOH� IRU� EDLW� GHVLJQ���� �����
7KH�$XWKRUV��%\� SHUPLVVLRQ� RI� WKH� 6RFLHW\� IRU�
0ROHFXODU�%LRORJ\�DQG�(YROXWLRQ�

$��)DJHQ��1��$FKDU\D�	�*�(��.DXIPDQ
3RVLWLYH� UHLQIRUFHPHQW� WUDLQLQJ� IRU� D�
WUXQN� ZDVK� LQ� 1HSDO·V� ZRUNLQJ� HOHSKDQWV��
'HPRQVWUDWLQJ� DOWHUQDWLYHV� WR� WUDGLWLRQDO�
HOHSKDQW�WUDLQLQJ�WHFKQLTXHV
-RXUQDO� RI� $SSOLHG� $QLPDO� :HOIDUH� 6FLHQFH� ���
������������
$EVWUDFW�� �0DQ\�WUDLQHUV�RI�DQLPDOV� LQ� WKH�]RR�
QRZ� UHO\� RQ� SRVLWLYH� UHLQIRUFHPHQW� WUDLQLQJ�
WR� WHDFK� DQLPDOV� WR� YROXQWDULO\� SDUWLFLSDWH� LQ�
KXVEDQGU\� DQG� YHWHULQDU\� SURFHGXUHV� LQ� DQ�
HIIRUW� WR� LPSURYH� EHKDYLRUDO� UHOLDELOLW\�� FDSWLYH�
PDQDJHPHQW�� DQG� ZHOIDUH�� +RZHYHU�� FDSWLYH�
HOHSKDQW� KDQGOHUV� LQ� 1HSDO� VWLOO� UHO\� KHDYLO\�

RQ� SXQLVKPHQW�� DQG� DYHUVLRQ�EDVHG� PHWKRGV��
7KH� DLP� RI� WKLV� SURMHFW� ZDV� WR� GHWHUPLQH� WKH�
HIIHFWLYHQHVV�RI�VHFRQGDU\�SRVLWLYH�UHLQIRUFHPHQW�
�635�� LQ� WUDLQLQJ� IUHH�FRQWDFW� HOHSKDQWV� LQ�
1HSDO�WR�YROXQWDULO\�SDUWLFLSDWH�LQ�D�WUXQN�ZDVK�
IRU� WKH� SXUSRVH� RI� WXEHUFXORVLV� WHVWLQJ�� )LYH�
IHPDOH�HOHSKDQWV���� MXYHQLOHV�DQG���DGXOW��ZHUH�
HQUROOHG� LQ� WKH� SURMHFW�� 'DWD� ZHUH� FROOHFWHG�
LQ� WKH� IRUP� RI� PLQXWHV� RI� WUDLQLQJ�� QXPEHU� RI�
RIIHUV�PDGH� IRU� HDFK� WUDLQLQJ� WDVN�� DQG� VXFFHVV�
UDWH� IRU� HDFK� WDVN� LQ� SHUIRUPDQFH� WHVWV�� )RXU�
RXW� RI� �� HOHSKDQWV�� DOO� MXYHQLOHV�� VXFFHVVIXOO\�
OHDUQHG� WKH� WUXQN�ZDVK� LQ����VHVVLRQV�RU� IHZHU��
ZLWK�HDFK�VHVVLRQ�ODVWLQJ�D�PHDQ�GXUDWLRQ�RI����
PLQ��7KH�HOHSKDQWV·�SHUIRUPDQFH�LPSURYHG�IURP�
D�PHDQ� VXFFHVV� UDWH� RI� ������ WR�������GXULQJ�
WKH�FRXUVH�RI�WKH�WUDLQLQJ��7KLV�VWXG\�SURYHV�WKDW�
LW� LV� IHDVLEOH� WR� HIÀFLHQWO\� WUDLQ� MXYHQLOH�� IUHH�
FRQWDFW�� WUDGLWLRQDOO\� WUDLQHG�HOHSKDQWV� LQ�1HSDO�
WR�YROXQWDULO\�DQG�UHOLDEO\�SDUWLFLSDWH�LQ�D�WUXQN�
ZDVK� XVLQJ� RQO\� 635� WHFKQLTXHV�� �� 7D\ORU� 	�
)UDQFLV�*URXS��//&�
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)DVW�UXQQLQJ�UHVWULFWV�HYROXWLRQDU\�FKDQJH�RI�
WKH�YHUWHEUDO�FROXPQ�LQ�PDPPDOV
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$EVWUDFW�� �7KH�PDPPDOLDQ�YHUWHEUDO�FROXPQ�LV�
KLJKO\�YDULDEOH��UHÁHFWLQJ�DGDSWDWLRQV�WR�D�ZLGH�
UDQJH�RI� OLIHVW\OHV�� IURP�EXUURZLQJ� LQ�PROHV� WR�
Á\LQJ�LQ�EDWV��+RZHYHU��LQ�PDQ\�WD[D��WKH�QXPEHU�
RI� WUXQN� YHUWHEUDH� LV� VXUSULVLQJO\� FRQVWDQW��:H�
DUJXH� WKDW� WKLV� FRQVWDQF\� UHVXOWV� IURP� VWURQJ�
VHOHFWLRQ�DJDLQVW�LQLWLDO�FKDQJHV�RI�WKHVH�QXPEHUV�
LQ�IDVW�UXQQLQJ�DQG�DJLOH�PDPPDOV��ZKHUHDV�VXFK�
VHOHFWLRQ� LV� ZHDN� LQ� VORZHU�UXQQLQJ�� VWXUGLHU�
PDPPDOV�� 7KH� UDWLRQDOH� LV� WKDW� FKDQJHV� RI� WKH�
QXPEHU� RI� WUXQN� YHUWHEUDH� UHTXLUH� KRPHRWLF�
WUDQVIRUPDWLRQV�IURP�WUXQN�LQWR�VDFUDO�YHUWHEUDH��
RU� YLFH� YHUVD�� DQG� PXWDWLRQV� WRZDUG� VXFK�
WUDQVIRUPDWLRQV� JHQHUDOO\� SURGXFH� WUDQVLWLRQDO�
OXPERVDFUDO� YHUWHEUDH� WKDW� DUH� LQFRPSOHWHO\�
IXVHG� WR� WKH� VDFUXP��:H� K\SRWKHVL]H� WKDW� VXFK�
LQFRPSOHWH� KRPHRWLF� WUDQVIRUPDWLRQV� LPSDLU�
ÁH[LELOLW\� RI� WKH� OXPERVDFUDO� MRLQW� DQG� WKHUHE\�
WKUHDWHQ� VXUYLYDO� LQ� VSHFLHV� WKDW� GHSHQG� RQ�
D[LDO� PRELOLW\� IRU� VSHHG� DQG� DJLOLW\�� 6XFK�
WUDQVIRUPDWLRQV� ZLOO� RQO\� PDUJLQDOO\� DIIHFW�
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SHUIRUPDQFH� LQ� VORZ�� VWXUG\� VSHFLHV�� VR� WKDW�
VXIÀFLHQW�LQGLYLGXDOV�ZLWK�WUDQVLWLRQDO�YHUWHEUDH�
VXUYLYH� WR� DOORZ�HYHQWXDO� HYROXWLRQDU\� FKDQJHV�
RI� WUXQN� YHUWHEUDO� QXPEHUV�� :H� SUHVHQW� GDWD�
RQ� IDVW� DQG� VORZ� FDUQLYRUHV� DQG� DUWLRGDFW\OV�
DQG� RQ� VORZ� DIURWKHULDQV� DQG�PRQRWUHPHV� WKDW�
VWURQJO\�VXSSRUW�WKLV�K\SRWKHVLV��7KH�FRQFOXVLRQ�
LV� WKDW� WKH� VHOHFWLYH� FRQVWUDLQWV� RQ� WKH� FRXQW� RI�
WUXQN� YHUWHEUDH� VWHP� IURP� D� FRPELQDWLRQ� RI�
GHYHORSPHQWDO�DQG�ELRPHFKDQLFDO�FRQVWUDLQWV�
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DQG� RXUVHOYHV� GHVLJQDWHG� D� OHFWRW\SH� IRU� WKH�
$VLDQ� HOHSKDQW�� (OHSKDV� PD[LPXV� /LQQDHXV��
������ KDYLQJ� XVHG� PRUSKRORJ\� DQG� JHQHWLF�
DQG� SURWHRPLF� VHTXHQFLQJ� WR� FRQÀUP� WKDW�
/LQQDHXV·V� V\QW\SHV� LQFOXGHG� ERWK� $VLDQ� DQG�
$IULFDQ� HOHSKDQWV�� 7KH� DUWLFOH� ZDV� SXEOLVKHG�
�&DSSHOOLQL�HW�DO���������RQOLQH�LQ�WKH�=RRORJLFDO�
-RXUQDO� RI� WKH� /LQQHDQ� 6RFLHW\�� WRJHWKHU� ZLWK�
HLJKW� LWHPV� RI� 6XSSOHPHQWDU\� ,QIRUPDWLRQ�� DQG�
DSSHDUHG�RQ�SDSHU�LQ�WKH�=-/6�LQ�-DQXDU\�������
7KH� SDSHU� DQG� 6,� LWHPV� DUH� DYDLODEOH� RQOLQH� DW�
'2,���������]RM��������7KH�OHFWRW\SH�LV�D�YHU\�
QHDUO\�FRPSOHWH�PRXQWHG�VNHOHWRQ�RQ�GLVSOD\�LQ�
WKH� 1DWXUDO� +LVWRU\�0XVHXP� RI� WKH� 8QLYHUVLW\�
RI� )ORUHQFH�� -RKQ� 5D\� GHVFULEHG� WKH� VSHFLPHQ�
LQ� ����� DQG� ����� DQG� /LQQDHXV� FLWHG� 5D\·V�
����� SXEOLFDWLRQ�� 7KH� OHFWRW\SH� GHVLJQDWLRQ� LV�
DYDLODEOH� DQG� YDOLG�� 'XERLV�� 1HPpVLR�	� %RXU��
KRZHYHU�� KDYH� FULWLFLVHG� RXU� FKRLFH� RI� VHOHFWHG�
VSHFLPHQ� �SXEOLVKHG� LQ� %LRQRPLQD�� -XQH�
������ D� SUHYLHZ� LV� DYDLODEOH� RQOLQH� DW� KWWS���
PDSUHVV�FRP�ELRQRPLQD�FRQWHQW�KWP��� :H� DUH�
FRQFHUQHG� EHFDXVH� WKH\� KDYH� GHPRQVWUDWHG�
PLVXQGHUVWDQGLQJ� RU� LJQRUDQFH� RI� D� QXPEHU� RI�
DVSHFWV�RI� WKH� ,QWHUQDWLRQDO�&RGH�RI�=RRORJLFDO�
1RPHQFODWXUH�

9�5�� *RVZDPL�� 6�� 6ULGKDUD�� .�� 0HGKL�� $�&��
:LOOLDPV��5��&KHOODP��-�'��1LFKROV�	�0�.��2OL

&RPPXQLW\�PDQDJHG� IRUHVWV� DQG� ZLOGOLIH�
IULHQGO\�DJULFXOWXUH�SOD\�D�VXEVLGLDU\�EXW�QRW�
VXEVWLWXWLYH� UROH� WR� SURWHFWHG� DUHDV� IRU� WKH�
HQGDQJHUHG�$VLDQ�HOHSKDQW
%LRORJLFDO�&RQVHUYDWLRQ�����������������
$EVWUDFW�� � *OREDO� FRQVHUYDWLRQ� SROLF\� LV�
LQFUHDVLQJO\�GHEDWLQJ�WKH�IHDVLELOLW\�RI�UHFRQFLOLQJ�
ZLOGOLIH� FRQVHUYDWLRQ� DQG� KXPDQ� UHVRXUFH�
UHTXLUHPHQWV� LQ� ODQG� XVHV� RXWVLGH� SURWHFWHG�
DUHDV��3$V���+RZHYHU��WKHUH�DUH�IHZ�TXDQWLWDWLYH�
DVVHVVPHQWV�RI�ZKHWKHU�RU� WR�ZKDW� H[WHQW� WKHVH�
¶ZLOGOLIH�IULHQGO\·�ODQG�XVHV�IXOÀOO�D�IXQGDPHQWDO�
IXQFWLRQ� RI� 3$V³WR� VHSDUDWH� ELRGLYHUVLW\� IURP�
DQWKURSRJHQLF�WKUHDWV��:H�GLVWLQJXLVK�WKH�UROH�RI�
ZLOGOLIH�IULHQGO\�ODQG�XVHV�DV�EHLQJ��D��VXEVLGLDU\��
ZKHUHE\� WKH\� DXJPHQW� 3$V� ZLWK� VHFRQGDU\�
KDELWDW��RU��E��VXEVWLWXWLYH��ZKHUHLQ�WKH\�SURYLGH�
FRPSDUDEOH� KDELWDW� WR� 3$V�� :H� WHVWHG� RXU�
K\SRWKHVHV�E\�LQYHVWLJDWLQJ�WKH�LQÁXHQFH�RI�ODQG�
XVH�DQG�KXPDQ�SUHVHQFH�RQ�VSDFH�XVH� LQWHQVLW\�
RI� WKH� HQGDQJHUHG� $VLDQ� HOHSKDQW� �(OHSKDV�
PD[LPXV��LQ�D�IUDJPHQWHG�ODQGVFDSH�FRPSULVLQJ�
3$V�DQG�ZLOGOLIH�IULHQGO\�ODQG�XVHV��:H�DSSOLHG�
PXOWLVWDWH� RFFXSDQF\�PRGHOV� WR� VSDWLDO� GDWD� RQ�
HOHSKDQW� RFFXUUHQFH� WR� HVWLPDWH� DQG�PRGHO� WKH�
RYHUDOO�SUREDELOLW\�RI�HOHSKDQWV�XVLQJ�D�VLWH��DQG�
WKH�FRQGLWLRQDO�SUREDELOLW\�RI�KLJK�LQWHQVLW\�XVH�
JLYHQ�WKDW�HOHSKDQWV�XVH�D�VLWH��7KH�SUREDELOLW\�RI�
HOHSKDQWV�XVLQJ�D�VLWH�UHJDUGOHVV�RI�LQWHQVLW\�GLG�
QRW�YDU\�EHWZHHQ�3$V�DQG�ZLOGOLIH�IULHQGO\�ODQG�
XVHV��+RZHYHU��KLJK�LQWHQVLW\�XVH�GHFOLQHG�ZLWK�
GLVWDQFH�WR�3$V��DQG�WKLV�HIIHFW�ZDV�DFFHQWXDWHG�
E\�DQ�LQFUHDVH�LQ�YLOODJH�GHQVLW\��7KHUHIRUH��ZKLOH�
ZLOGOLIH�IULHQGO\�ODQG�XVHV�GLG�SOD\�D�VXEVLGLDU\�
FRQVHUYDWLRQ�UROH��WKHLU�SRWHQWLDO�WR�VXEVWLWXWH�IRU�
3$V�ZDV�RIIVHW�E\�D�VWURQJ�KXPDQ�SUHVHQFH��2XU�
ÀQGLQJV�GHPRQVWUDWH�WKH�QHHG�WR�HYDOXDWH�WKH�UROH�
RI�ZLOGOLIH�IULHQGO\�ODQG�XVHV�LQ�ODQGVFDSH�VFDOH�
FRQVHUYDWLRQ�� IRU� VSHFLHV� WKDW� KDYH� FRQÁLFWLQJ�
UHVRXUFH� UHTXLUHPHQWV� ZLWK� SHRSOH�� 3$V� DUH�
OLNHO\� WR� SURYLGH� FUXFLDO� UHIXJH� IURP� JURZLQJ�
DQWKURSRJHQLF�WKUHDWV���������(OVHYLHU�/WG�

9�5��*RVZDPL��'��9DVXGHY�	�0�.��2OL
7KH�LPSRUWDQFH�RI�FRQÁLFW�LQGXFHG�PRUWDOLW\�
IRU�FRQVHUYDWLRQ�SODQQLQJ�LQ�DUHDV�RI�KXPDQ²
HOHSKDQW�FR�RFFXUUHQFH
%LRORJLFDO�&RQVHUYDWLRQ�������������������
$EVWUDFW���0XOWLSOH�XVH�]RQHV�DURXQG�SURWHFWHG�
DUHDV� DUH� GHVLJQHG� WR� EDODQFH� KXPDQ� UHVRXUFH�
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QHHGV� ZLWK� ZLOGOLIH� FRQVHUYDWLRQ�� EXW� FRQÁLFWV�
EHWZHHQ� ZLOGOLIH� DQG� SHRSOH� LQ� WKHVH� DUHDV� RI�
FR�RFFXUUHQFH� �&$�� FDQ� VHULRXVO\� XQGHUPLQH�
WKHLU� FRQVHUYDWLRQ� SRWHQWLDO��:H� HYDOXDWHG� WKLV�
LVVXH�E\�DVVHVVLQJ�WKH�HIIHFWV�RI�FRQÁLFW�LQGXFHG�
PRUWDOLW\� LQ� &$V� DURXQG� DQ� LQYLRODWH� FRUH�� RQ�
ORQJ�WHUP�SRSXODWLRQ�YLDELOLW\�RI�WKH�HQGDQJHUHG��
ZLGH�UDQJLQJ��DQG�FRQÁLFW�SURQH�$VLDQ�HOHSKDQW�
�(OHSKDV� PD[LPXV��� 8VLQJ� D� VLQJOH�VH[�� DJH�
VWUXFWXUHG� GHQVLW\�GHSHQGHQW� PDWUL[� SRSXODWLRQ�
PRGHO�WR�VLPXODWH�HOHSKDQW�SRSXODWLRQ�G\QDPLFV�
RYHU� D� SHULRG� RI� ���� \HDUV�� ZH�� ���� DVVHVVHG�
WKH� H[LVWHQFH� RI� H[WLQFWLRQ� WKUHVKROGV� DULVLQJ�
IURP�WKH�LQWHUDFWLRQ�RI�PRUWDOLW\�GXH�WR�KXPDQ²
HOHSKDQW�FRQÁLFW��+(&��DQG�KDELWDW�GHJUDGDWLRQ��
DQG� ���� HYDOXDWHG� ZKHWKHU� DQG� WR� ZKDW� H[WHQW�
KDELWDW�VXSSOHPHQWDWLRQ�E\�WKH�&$�LV�GHYDOXHG�E\�
GHWULPHQWDO�HIIHFWV�RI�FRQÁLFW�LQGXFHG�PRUWDOLW\��
:H� SDUDPHWHUL]HG� RXU� PRGHO� XVLQJ� SXEOLVKHG�
VXUYLYDO� DQG� IHFXQGLW\� UDWHV�� :H� FRQVLGHUHG�
GLIIHUHQW�VFHQDULRV�RI�FRUH�WR�&$�FRQÀJXUDWLRQV��
DQG�VLPXODWHG�WKH�SRSXODWLRQ�XQGHU�+(&�LQGXFHG�
PRUWDOLW\� UDWHV� �+(&P�� UDQJLQJ� IURP��� WR� �����
3RSXODWLRQ�SHUVLVWHQFH�ZDV�DGYHUVHO\�DIIHFWHG�E\�
+(&P��DQG�LWV�GHWULPHQWDO�HIIHFWV�ZHUH�PDJQLÀHG�
DV� WKH� SURSRUWLRQ� RI� FRUH� KDELWDW� GHFOLQHG��
8QGHU� PRGHUDWH� +(&P�� VPDOO� LQFUHPHQWV� LQ�
PRUWDOLW\� UDWHV� QHFHVVLWDWHG� GLVSURSRUWLRQDWHO\�
ODUJH�LQFUHDVHV�LQ�FRUH�DUHD�DYDLODELOLW\�WR�DYRLG�
TXDVL�H[WLQFWLRQ�� )XUWKHUPRUH�� EHQHÀWV� RI� &$�
VXSSOHPHQWDWLRQ�ZHUH�GULYHQ�PRUH�E\�&$�TXDOLW\�
WKDQ�VL]H��DQG�WKHVH�EHQHÀWV�GHFOLQHG�DV�+(&P�
LQFUHDVHG��:H� HPSKDVL]H� WKH� QHHG� WR�PLQLPL]H�
FRQÁLFW�LQGXFHG� PRUWDOLW\�� RU� WR� PDLQWDLQ�
DGHTXDWH� UHIXJLD� IURP� VXFK� DQWKURSRJHQLF�
WKUHDWV�� WR� VXFFHVVIXOO\� FRQVHUYH� FRQÁLFW�SURQH�
VSHFLHV�LQ�KXPDQ�GRPLQDWHG�ODQGVFDSHV���������
(OVHYLHU�/WG�

7�1�(��*UD\��7�1�&��9LG\D��6��3RWGDU��'�.��%KDUWL�
	�3��6RYDQQD
3RSXODWLRQ� VL]H� HVWLPDWLRQ� RI� DQ� $VLDQ� HOH�
SKDQW�SRSXODWLRQ�LQ�HDVWHUQ�&DPERGLD�WKURXJK�
QRQ�LQYDVLYH�PDUN�UHFDSWXUH�VDPSOLQJ
&RQVHUYDWLRQ�*HQHWLFV������������������
$EVWUDFW�� � 7KH� $VLDQ� HOHSKDQW� LV� D� ÁDJVKLS�
VSHFLHV� IRU� FRQVHUYDWLRQ� LQ� WURSLFDO� $VLD�� EXW�
UHOLDEOH� SRSXODWLRQ� HVWLPDWHV� DUH� DYDLODEOH�
RQO\� IURP� D� IHZ� SRSXODWLRQV�� 7KLV� LV� EHFDXVH�
WKH� VSHFLHV� FDQ� EH� HOXVLYH� DQG� RFFXUV� DW� ORZ�

GHQVLWLHV� LQ� GHQVH� KDELWDW� RYHU� D� ODUJH� SDUW� RI�
LWV� UDQJH�� 3KQRP� 3ULFK� :LOGOLIH� 6DQFWXDU\� LQ�
WKH�(DVWHUQ� 3ODLQV��&DPERGLD��ZKLFK� LV� SDUW� RI�
RQH� RI� WKH� ODUJHVW� SURWHFWHG� DUHD� FRPSOH[HV� LQ�
6RXWK�(DVW�$VLD��LV�RQH�VXFK�KDELWDW�WKDW�KDG�QRW�
EHHQ�V\VWHPDWLFDOO\�FHQVXVHG�IRU�HOHSKDQWV��:H��
WKHUHIRUH��XVHG�IDHFDO�'1$�EDVHG�FDSWXUH�PDUN�
UHFDSWXUH� VDPSOLQJ� WR� HVWLPDWH� WKH� SRSXODWLRQ�
VL]H� IRU� HVWDEOLVKLQJ� D� PRQLWRULQJ� EDVHOLQH��
)LYH�VDPSOLQJ�VHVVLRQV�WDUJHWHG�DOO�DUHDV�LQ�DQG�
DGMDFHQW� WR� 3KQRP� 3ULFK� :LOGOLIH� 6DQFWXDU\�
EHOLHYHG�WR�EH�XVHG�E\�HOHSKDQWV��)UHVK�GXQJ�ZDV�
FROOHFWHG�DV�WKH�VRXUFH�RI�'1$�DQG�JHQRW\SLQJ�
ZDV�FDUULHG�RXW�EDVHG�RQ�QLQH�PLFURVDWHOOLWH�ORFL��
7KH� ���� VDPSOHV� FROOHFWHG� \LHOGHG� ��� XQLTXH�
JHQRW\SHV�� 8VLQJ� PRGHO� DYHUDJLQJ� RI� FORVHG�
SRSXODWLRQ� FDSWXUH�PDUN�UHFDSWXUH� PRGHOV�� WKH�
HOHSKDQW� SRSXODWLRQ� LQ� 3KQRP� 3ULFK� :LOGOLIH�
6DQFWXDU\� ZDV� HVWLPDWHG� WR� QXPEHU� ���� �� ���
�6(��LQGLYLGXDOV��2XU�UHVXOWV�VXJJHVW�WKDW�HDVWHUQ�
&DPERGLD� VXSSRUWV� D� UHJLRQDOO\� LPSRUWDQW�
$VLDQ� HOHSKDQW� SRSXODWLRQ�� �� �����:LWK� NLQG�
SHUPLVVLRQ� IURP� 6SULQJHU� 6FLHQFH�%XVLQHVV�
0HGLD�

1�� ,OPEHUJHU�� 6�� *�OOHUW�� -�� 'DQQHQEHUJ�� 8��
5DEDXVFK�� -�� 7RUUHV�� %�� :HPKHXHU�� 0��$ODZL��
$�� 3RHKOHLQ�� -�� &KRZ�� '�� 7XUDHY�� 7�� 5DWWHL�� &��
6FKPHLVVHU�� -�� 6DORPRQ��3�%��2OVHQ��5��'DQLHO��
$��*UXQGKRII��0�6��%RUFKHUW�	�:�5��6WUHLW
$� FRPSDUDWLYH� PHWDJHQRPH� VXUYH\� RI� WKH�
IHFDO� PLFURELRWD� RI� D� EUHDVW�� DQG� D� SODQW�
IHG� $VLDQ� HOHSKDQW� UHYHDOV� DQ� XQH[SHFWHGO\�
KLJK� GLYHUVLW\� RI� JO\FRVLGH� K\GURODVH� IDPLO\�
HQ]\PHV
3/R6�21(����������H������
$EVWUDFW�� � $� SK\ORJHQHWLF� DQG� PHWDJHQRPLF�
VWXG\� RI� HOHSKDQW� IHFHV� VDPSOHV� �GHULYHG� IURP�
D� WKUHH�ZHHNV�ROG� DQG� D� VL[�\HDUV�ROG� $VLDQ�
HOHSKDQW�� ZDV� FRQGXFWHG� LQ� RUGHU� WR� GHVFULEH�
WKH�PLFURELRWD� LQKDELWLQJ� WKLV� ODUJH� ODQG�OLYLQJ�
DQLPDO�� 7KH� PLFURELDO� GLYHUVLW\� ZDV� H[DPLQHG�
YLD���6�U51$�JHQH�DQDO\VLV��:H�JHQHUDWHG�PRUH�
WKDQ��������*6�)/;�����UHDGV�IRU�HDFK�DQLPDO��
)RU�WKH�EDE\�HOHSKDQW������RSHUDWLRQDO�WD[RQRPLF�
XQLWV� �278V�� ZHUH� LGHQWLÀHG� DW� ���� VHTXHQFH�
LGHQWLW\�OHYHO��LQ�WKH�VL[�\HDUV�ROG�DQLPDO��FORVH�
WR������278V�ZHUH� LGHQWLÀHG�� VXJJHVWLQJ�KLJK�
PLFURELDO�GLYHUVLW\� LQ� WKH�ROGHU�DQLPDO�� ,Q�ERWK�
DQLPDOV� PRVW� 278V� EHORQJHG� WR� %DFWHURLGHWHV�
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DQG� )LUPLFXWHV�� $GGLWLRQDOO\�� IRU� WKH� EDE\�
HOHSKDQW� D� KLJK� QXPEHU� RI� 3URWHREDFWHULD� ZDV�
GHWHFWHG��$� PHWDJHQRPLF� VHTXHQFLQJ� DSSURDFK�
XVLQJ� ,OOXPLQD� WHFKQRORJ\� UHVXOWHG� LQ� WKH�
JHQHUDWLRQ�RI�����*ES�DVVHPEOHG�'1$�LQ�FRQWLJV�
ZLWK� D� PD[LPXP� VL]H� RI� ���� 0ES�� $� .(**�
SDWKZD\� DQDO\VLV� VXJJHVWHG� KLJK� PHWDEROLF�
GLYHUVLW\� UHJDUGLQJ� WKH� XVH� RI� SRO\PHUV� DQG�
DURPDWLF� DQG� QRQ�DURPDWLF� FRPSRXQGV�� ,Q� OLQH�
ZLWK�WKH�KLJK�SK\ORJHQHWLF�GLYHUVLW\��D�VXUSULVLQJ�
DQG� QRW� SUHYLRXVO\� GHVFULEHG� ELRGLYHUVLW\� RI�
JO\FRVLGH� K\GURODVH� �*+�� JHQHV� ZDV� IRXQG��
(Q]\PHV� RI� ��� *+� IDPLOLHV� ZHUH� GHWHFWHG��
3RO\VDFFKDULGH� XWLOL]DWLRQ� ORFL� �38/V��� ZKLFK�
DUH�IRXQG�LQ�%DFWHURLGHWHV��ZHUH�KLJKO\�DEXQGDQW�
LQ�WKH�GDWDVHW��VRPH�RI�WKHVH�FRPSULVHG�FHOOXODVH�
JHQHV�� )XUWKHUPRUH� WKH� KLJKHVW� FRYHUDJH� IRU�
*+�� DQG� *+�� IDPLO\� HQ]\PHV� ZDV� GHWHFWHG�
IRU� %DFWHURLGHWHV�� VXJJHVWLQJ� WKDW� EDFWHULD� RI�
WKLV� SK\OXP� DUH� PDLQO\� UHVSRQVLEOH� IRU� WKH�
GHJUDGDWLRQ� RI� FHOOXORVH� LQ� WKH�$VLDQ� HOHSKDQW��
$OWRJHWKHU�� WKLV� VWXG\� GHOLYHUV� LQVLJKW� LQWR� WKH�
ELRPDVV�FRQYHUVLRQ�E\�RQH�RI�WKH�ODUJHVW�SODQW�
IHG�DQG�ODQG�OLYLQJ�DQLPDOV���������7KH�$XWKRUV�

5��,VD]D��(��:LHGQHU��6��+LVHU�	�&��&UD\
5HIHUHQFH� LQWHUYDOV� IRU� DFXWH� SKDVH� SURWHLQ�
DQG� VHUXP� SURWHLQ� HOHFWURSKRUHVLV� YDOXHV� LQ�
FDSWLYH�$VLDQ�HOHSKDQWV��(OHSKDV�PD[LPXV�
-RXUQDO� RI� 9HWHULQDU\� 'LDJQRVWLF� ,QYHVWLJDWLRQ�
�������������²���
$EVWUDFW�� � $FXWH� SKDVH� SURWHLQ� �$33��
LPPXQRDVVD\V�DQG�VHUXP�SURWHLQ�HOHFWURSKRUHVLV�
�63(3��DUH�DVVD\V�IRU�HYDOXDWLQJ�WKH�LQÁDPPDWRU\�
UHVSRQVH� DQG� KDYH� XVH� DV� GLDJQRVWLF� WRROV� LQ�
D� YDULHW\� RI� VSHFLHV�� $FXWH� SKDVH� SURWHLQV� DUH�
PDUNHUV�RI�LQÁDPPDWLRQ�WKDW�DUH�KLJKO\�FRQVHUYHG�
DFURVV� GLIIHUHQW� VSHFLHV� ZKLOH� 63(3� VHSDUDWHV�
DQG�TXDQWLÀHV�VHUXP�SURWHLQ�IUDFWLRQV�EDVHG�RQ�
WKHLU� SK\VLFDO� SURSHUWLHV�� ,Q� WKH� FXUUHQW� VWXG\��
VHUXP�VDPSOHV�IURP����FOLQLFDOO\�KHDOWK\�$VLDQ�
HOHSKDQWV� �(OHSKDV� PD[LPXV�� ZHUH� DQDO\]HG�
XVLQJ� DXWRPDWHG� DVVD\V� IRU� &�UHDFWLYH� SURWHLQ��
VHUXP� DP\ORLG�$�� DQG� KDSWRJORELQ� DQG� 63(3��
5REXVW�PHWKRGV�ZHUH�XVHG�WR�JHQHUDWH�UHIHUHQFH�
LQWHUYDOV� IRU� WKH�$33V��&�UHDFWLYH�SURWHLQ� ����²
�����PJ�O���VHUXP�DP\ORLG�$���²�����PJ�O���DQG�
KDSWRJORELQ� ��²�����PJ�PO��� ,Q� DGGLWLRQ��63(3�
ZDV� SHUIRUPHG� RQ� WKHVH� VDPSOHV� WR� HVWDEOLVK�
UHIHUHQFH� LQWHUYDOV� IRU� HDFK� SURWHLQ� IUDFWLRQ��$�

FRPELQDWLRQ� RI�$33V� DQG� 63(3�PHDVXUHPHQWV�
DUH� YDOXDEOH� DGMXQFWLYH� GLDJQRVWLF� WRROV� LQ�
HOHSKDQW�KHDOWK�FDUH���������7KH�$XWKRUV�

5��'��.DKONH
7KH� RULJLQ� RI� (XUDVLDQ� PDPPRWK� IDXQDV�
�0DPPXWKXV²&RHORGRQWD�IDXQDO�FRPSOH[�
4XDWHUQDU\�6FLHQFH�5HYLHZV����������������
$EVWUDFW�� � 3OHLVWRFHQH� 0DPPRWK� )DXQDV�
ZHUH� WKH� PRVW� VXFFHVVIXO�� FROG�DGDSWHG� ODUJH�
PDPPDO� DVVHPEODJHV� LQ� WKH� KLVWRU\� RI� WKH�
(DUWK��+RZHYHU�� WKH�FDXVHV�IRU� WKHLU�HPHUJHQFH�
FDQ� QRW� EH� DWWULEXWHG� RQO\� WR� WKH� JOREDO� WUHQG�
RI� FOLPDWH� FRROLQJ� ZKLFK� RFFXUUHG� GXULQJ� WKH�
1HRJHQH�4XDWHUQDU\� SHULRG�� 7KH� IRUPDWLRQ�
RI� WKH� (XUDVLDQ� 0DPPXWKXV²&RHORGRQWD�
)DXQDO� &RPSOH[� ZDV� D� UHVXOW� RI� LQWHUDFWLQJ�
WHFWRQLF�� JHRJUDSKLFDO�� FOLPDWLF�� HFRORJLFDO� DQG�
SK\ORJHQHWLF�SURFHVVHV��7KH�NH\� HQYLURQPHQWDO�
IDFWRUV� FRQWUROOLQJ� WKH� RULJLQ� DQG� HYROXWLRQ� RI�
3DODHDUFWLF� FROG�DGDSWHG� ODUJH� PDPPDO� IDXQDV�
ZHUH� VXFFHVVLYH� DULGLÀFDWLRQ� RI� PDMRU� SDUWV�
RI� (XUDVLD�� UK\WKPLF� JOREDO� FOLPDWLF� FRROLQJ�
ZLWK�SURORQJHG�DQG� LQWHQVLÀHG�FROG� VWDJHV�� DQG�
LQFUHDVLQJ� FRQWLQHQWDOLW\�� %HWZHHQ� ���� 0D� DQG�
DURXQG�����ND�%3��ODUJHO\�LQGHSHQGHQW�PDPPDO�
IDXQDV� EHFDPH� HVWDEOLVKHG� LQ� FRQWLQHQWDO�$VLDQ�
VWHSSH� UHJLRQV� DV� ZHOO� DV� LQ� WKH� FLUFXPSRODU�
WXQGUD�� %RWK� IDXQDO� FRPSOH[HV� ZHUH� DGDSWHG�
WR� RSHQ� HQYLURQPHQWDO� FRQGLWLRQV� EXW� ZHUH�
ODUJHO\�VHSDUDWHG�IURP�HDFK�RWKHU��7KH�SULQFLSDO�
UHTXLUHPHQWV�LQ�RUGHU�IRU�VSHFLHV�WR�HYROYH�LQWR�
PHPEHUV� RI�0DPPRWK� )DXQDV� DUH� SURJUHVVLQJ�
DGDSWDWLRQ� WR� DULGLW\�� GHFUHDVLQJ� WHPSHUDWXUHV�
DQG� UDSLG� WHPSHUDWXUH� ÁXFWXDWLRQV�� (XUDVLDQ�
0DPPRWK� )DXQDV� ZHUH� PDLQO\� FRPSRVHG� RI�
WKH� GHVFHQGDQWV� RI� HLWKHU� &HQWUDO�$VLDQ� VWHSSH�
RU�$UFWLF� WXQGUD� IDXQDO� HOHPHQWV�� 7KH�PDMRULW\�
RI� VSHFLHV� RI� &HQWUDO�$VLDQ� RULJLQ� HPHUJHG� LQ�
UHJLRQV� QRUWK� RI� WKH� +LPDOD\DQ²7LEHWDQ� XSOLIW��
%HWZHHQ� ���� DQG� ���� ND� %3�� VDLJD�� PXVN�R[�
DQG�UHLQGHHU�RFFDVLRQDOO\�VSUHDG�IDU�EH\RQG�WKH�
OLPLWV� RI� WKHLU� UHVSHFWLYH� WUDGLWLRQDO� DUHDV�� WKXV�
DQWLFLSDWLQJ�WKH�VXEVHTXHQW�PHUJH�RI�VWHSSH�DQG�
WXQGUD�RULJLQDWHG�VSHFLHV�LQ�(XUDVLDQ�0DPPRWK�
)DXQDV�� 'XULQJ� WKH� SURQRXQFHG� FROG� SHULRG�
RI� 0,6� ���� WXQGUD� VSHFLHV� UHJXODUO\� H[SDQGHG�
VRXWK�� DQG� VRXWKZHVWZDUG� LQWR� D�QHZO\� IRUPHG�
W\SH� RI� ELRPH�� WKH� VR�FDOOHG� WXQGUD�VWHSSH�� ,Q�
SDUDOOHO��VSHFLHV�RULJLQDWLQJ�IURP�WKH�$VLDQ�VWHSSH�
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GLVSHUVHG�LQWR�QHZ�KDELWDWV�QRUWK�DQG�QRUWKZHVW�
RI�WKHLU�DQFHVWUDO�GLVWULEXWLRQ�DUHDV��7KLV�GUDVWLF�
IDXQDO�WXUQRYHU�OHG�WR�WKH�IRUPDWLRQ�RI�WKH�HDUOLHVW�
SDQ�(XUDVLDQ�0DPPRWK�)DXQD�DW�DURXQG�����ND�
%3��7KH�VLVWHU�WD[D�RI�VHYHUDO�VSHFLHV�LQYROYHG�LQ�
0DPPRWK�)DXQDV�XQGHUZHQW�VHSDUDWH�HYROXWLRQ�
LQ� &HQWUDO� $VLD�� WKXV� LQGLFDWLQJ� HFRORJLFDO�
GLIIHUHQFHV� EHWZHHQ� WKH� $VLDQ� FRUH� VWHSSH�
DQG� (XUDVLDQ� WXQGUD�VWHSSH� KDELWDWV�� 'XULQJ�
WHPSHUDWH� DQG� KXPLG� VWDJHV� RI� WKH� ODWH�0LGGOH�
WR�/DWH�3OHLVWRFHQH�SHULRGV� WKH� WUDQVFRQWLQHQWDO�
UHDFK�RI�WKH�VWHSSH�WXQGUD�ELRPH�FROODSVHG��$V�D�
UHVXOW��WKH�PDMRULW\�RI�WKH�FKDUDFWHULVWLF�PDPPDO�
VSHFLHV�ZHUH� IRUFHG� EDFN� WR� FRQWLQHQWDO� VWHSSH�
RU�$UFWLF� WXQGUD� UHIXJLD�� RQO\� UHWXUQLQJ� GXULQJ�
VXEVHTXHQW� FROG� VWDJHV� ZKHQ� WKH� IRUPDWLRQ�
RI� D� QHZ� DQG� PRUH� HYROYHG� 0DPPRWK� )DXQD�
EHJDQ�� 7KH� PD[LPXP� JHRJUDSKLF� H[WHQVLRQ� RI�
WKH�3DODHDUFWLF�0DPPXWKXV²&RHORGRQWD�)DXQDO�
&RPSOH[� RFFXUUHG� GXULQJ� WKH�/DWH�3OHLVWRFHQH��
ZKHQ� LW� FRYHUHG� DQ� DUHD� RI� XS� WR� ���� GHJUHHV�
RI�ORQJLWXGH�DQG����GHJUHHV�RI�ODWLWXGH���������
5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�(OVHYLHU�

5��.DQVN\�	�$�7��.QLJKW
.H\� IDFWRUV� GULYLQJ� DWWLWXGHV� WRZDUGV� ODUJH�
PDPPDOV�LQ�FRQÁLFW�ZLWK�KXPDQV
%LRORJLFDO�&RQVHUYDWLRQ������������������
$EVWUDFW�� � %LRGLYHUVLW\� FRQÁLFWV�� DQG� KXPDQ²
ZLOGOLIH� FRQÁLFWV� �+:&�� LQ� SDUWLFXODU�� DUH�
SUHGLFWHG� WR� LQFUHDVH��8QGHUVWDQGLQJ� GULYHUV� RI�
WKHVH� FRQÁLFWV� LV� D� SUHUHTXLVLWH� IRU� GHYHORSLQJ�
VWUDWHJLHV�WR�DFKLHYH�FRQVHUYDWLRQ�JRDOV��3HRSOH�
DUH�D�SDUW�RI�DOO�+:&�SUREOHPV�PHDQLQJ�VRFLDO�
UHVHDUFK� PHWKRGV� DUH� HVVHQWLDO� IRU� ÀQGLQJ�
VROXWLRQV��:H�FRQGXFWHG� D�PHWD�DQDO\VLV�RI� WKH�
YDULDEOHV� SUHGLFWHG� WR� GULYH� DWWLWXGHV� RI� SHRSOH�
OLYLQJ�LQ�DUHDV�ZLWK�GDPDJH�FDXVLQJ�FDUQLYRUHV��

XQJXODWHV�� HOHSKDQWV� DQG� SULPDWHV� VR� DV� WR�
GHWHUPLQH� LI� FRPPRQ� SDWWHUQV� RI� YDULDEOHV� DUH�
SUHVHQW� DFURVV� D� ZLGH� UDQJH� RI� FRQWH[WV�� :H�
FDWHJRUL]HG� YDULDEOHV� UHSRUWHG� LQ� SXEOLFDWLRQV�
LQWR�PDLQ�DQG�VXE�FDWHJRULHV�DQG�GHYHORSHG�WKUHH�
LQGH[HV�WR�GHVFULEH�UHODWLYH�IUHTXHQF\�RI�FDWHJRU\�
XVH��UHODWLYH�VLJQLÀFDQFH�RI�FDWHJRULHV�DQG�GHJUHH�
RI�DFFXUDF\�EHWZHHQ�XVH�DQG�VLJQLÀFDQFH��)URP�
���VXLWDEOH�SXEOLFDWLRQV�����PDLQ�FDWHJRULHV�DQG�
��� VXE�FDWHJRULHV�ZHUH� LGHQWLÀHG��7KH�PDMRULW\�
RI� SXEOLFDWLRQV� PHDVXUHG� YDULDEOHV� ZLWK� D� ORZ�
OLNHOLKRRG�RI�H[SODLQLQJ�GULYHUV�RI�+:&��RU�GLG�
QRW� TXDQWLI\� YDULDEOHV� RI� JHQHUDOO\� KLJK� XWLOLW\��
)RU� H[DPSOH�� RQO\� IRXU� FDWHJRULHV� ������ ZHUH�
DSSOLHG� LQ� RYHU� ���� RI� SXEOLFDWLRQV�� DQG� WZR�
WKLUGV�ZHUH�PRVWO\�QRW�VLJQLÀFDQW� LQ�H[SODLQLQJ�
DWWLWXGHV�� 7DQJLEOH� FRVWV� DQG� WDQJLEOH� EHQHÀWV�
WKRXJKW�WR�EH�WKH�PDLQ�GULYHUV�RI�DWWLWXGHV�ZHUH�
UHVSHFWLYHO\�� WZR� DQG� WKUHH� WLPHV� PRUH� QRQ�
VLJQLÀFDQW� WKDQ� VLJQLÀFDQW�� ,QWDQJLEOH� FRVWV�
KRZHYHU� ZHUH� WKH� PRVW� LPSRUWDQW� FDWHJRU\� WR�
H[SODLQ� DWWLWXGHV� EXW� ZDV� XQGHU� UHSUHVHQWHG� LQ�
SXEOLFDWLRQV�� ,QWDQJLEOH� EHQHÀWV� ZHUH� PRVWO\�
QRW�LPSRUWDQW�LQ�H[SODLQLQJ�DWWLWXGHV��&RVWV�ZHUH�
PRUH�VLJQLÀFDQW�WKDQ�EHQHÀWV�VXJJHVWLQJ�QHJDWLYH�
SHUFHSWLRQV� PRUH� VWURQJO\� GHWHUPLQH� DWWLWXGHV��
2WKHU� LPSRUWDQW� FDWHJRULHV� ZHUH� H[SRVXUH� DQG�
H[SHULHQFH�ZLWK�D�VSHFLHV��VWDNHKROGHU�W\SHV�DQG�
OHJDO�VWDWXV�RI�ODQG��6RFLR�GHPRJUDSKLF�YDULDEOHV�
FRPPRQO\� XVHG� LQ� SXEOLVKHG� VWXGLHV� VXFK� DV�
JHQGHU�� HGXFDWLRQ�DQG�ZHDOWK��SRRUO\�H[SODLQHG�
DWWLWXGHV�� :H� FRQFOXGH� WKDW� JUHDWHU� FRQFHSWXDO�
FODULW\�LV�XUJHQWO\�UHTXLUHG�WR�JXLGH�IXWXUH�DWWLWXGH�
VWXGLHV� VR� WKDW� UHVHDUFK� FDQ� UHOLDEO\� LQIRUP� WKH�
GHYHORSPHQW� RI� VSHFLHV�PDQDJHPHQW� SODQV� DQG�
SROLFLHV���������5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�
(OVHYLHU�

6��.DWROH��$��'DV��1��$JDUZDO��%��3UDNDVK��6�.��
6DKD��0��6DLQL�	�$�.��6KDUPD
,QÁXHQFH� RI� ZRUN� RQ� QXWULHQW� XWLOLVDWLRQ�
LQ� VHPLFDSWLYH� $VLDQ� HOHSKDQWV� �(OHSKDV�
PD[LPXV�
-RXUQDO�RI�$SSOLHG�$QLPDO�5HVHDUFK�����������
$EVWUDFW�� � 7ZR� IHHGLQJ� WULDOV� ZHUH� FRQGXFWHG�
WR� HYDOXDWH� WKH� IHHG� FRQVXPSWLRQ�� QXWULHQW�
XWLOLVDWLRQ�� EORRG� ELRFKHPLFDO� DQG� IDHFDO�
PLFURELDO� SURÀOH� RI� ZRUNLQJ� DQG� QRQZRUNLQJ�
VHPLFDSWLYH�$VLDQ� HOHSKDQW�� 'XULQJ� HDFK� WULDO��
VL[�FDSWLYH�HOHSKDQWV�ZHUH�SODFHG�LQ�WZR�JURXSV�+HUG�QHDU�*DOJDPXZD��6UL�/DQND�
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RI�WKUHH�HDFK��(OHSKDQWV�LQ�RQH�JURXS�SHUIRUPHG�
WKH� VFKHGXOHG�ZRUN� DW� WKH� SDUN�� L�H��� ��K� VDIDUL�
ZLWK� WRXULVWV�� ZKLOH� WKH� RWKHU� JURXS� SHUIRUPHG�
QR� ZRUN�� 'XULQJ� QLJKW� WLPH�� DOO� WKH� HOHSKDQWV�
ZHUH�NHSW� LQ� UHVSHFWLYH� LQGLYLGXDO� HQFORVXUH� VR�
WKDW� IHHG�FRQVXPSWLRQ�DQG� IDHFHV�YRLGHG�FRXOG�
EH� PHDVXUHG� DFFXUDWHO\�� 'XULQJ� GD\� WLPH�� DOO�
WKH�HOHSKDQWV�ZHUH�DOORZHG� WR� IRUDJH� LQ�QHDUE\�
IRUHVW�� ,QWDNH� �NJ�G�� RI� VXJDUFDQH� �6DFFKDUXP�
RIÀFLQDUXP��DQG�VXJDUFDQH� OHDYHV�ZDV�PRUH� �3�
��������LQ�QRQZRUNLQJ�HOHSKDQWV�DV�FRPSDUHG�WR�
ZRUNLQJ�HOHSKDQWV��:RUNLQJ�HOHSKDQWV�FRQVXPHG�
PRUH� �3� �� ������ IRUDJHV� GXULQJ� IRUDJLQJ� WKDQ�
QRQZRUNLQJ�HOHSKDQWV��$YHUDJH�GDLO\�GU\�PDWWHU�
LQWDNH� �'0,�� DQG� '0,� ��� ERG\� ZHLJKW�� %:��
ZHUH�FRPSDUDEOH�EHWZHHQ�WKH�JURXSV��$SSDUHQW�
GLJHVWLELOLW\�����RI�'0��20��FUXGH�SURWHLQ��&3���
QHXWUDO� GHWHUJHQW� ÀEUH� �1')��� DFLG� GHWHUJHQW�
ÀEUH� �$')���KHPLFHOOXORVH�� FHOOXORVH�DQG�JURVV�
HQHUJ\��*(��ZHUH�KLJKHU��3���������LQ�ZRUNLQJ�
WKDQ� QRQZRUNLQJ� HOHSKDQWV�� $FWLYLW\� RI� $/7�
�,8�O�� ZDV� KLJKHU� LQ� ZRUNLQJ� DV� FRPSDUHG� WR�
QRQ�ZRUNLQJ� HOHSKDQWV��7KH� UHODWLYH�SRSXODWLRQ�
RI�)LEUREDFWHU�VXFFLQRJHQHV�DQG�5XPLQRFRFFXV�
ÁDYHIDFLHQV� DQG� WRWDO� IXQJL� ZHUH� QXPHULFDOO\�
LQFUHDVHG� LQ�ZRUNLQJ� HOHSKDQWV� DV� FRPSDUHG� WR�
QRQZRUNLQJ� HOHSKDQWV�� ,W� ZDV� FRQFOXGHG� WKDW�
�� K� RI� ZRUN� KDV� QR� DGYHUVH� LPSDFW� RQ� IRRG�
FRQVXPSWLRQ� DQG� EORRG� PHWDEROLWH� SURÀOH� RI�
VHPLFDSWLYH�$VLDQ�HOHSKDQWV��UDWKHU�LW�LPSURYHG�
WKH� GLJHVWLELOLW\� RI� QXWULHQWV�� :RUN� VKRZHG�
SRVLWLYH� HIIHFW� LQ� UHVWULFWLQJ� WKH� FDORULH� VXSSO\�
FORVHU�WR�UHTXLUHPHQW���������7D\ORU�	�)UDQFLV�

0��/DKGHQSHUl��.��8�0DU�	�9��/XPPDD
5HSURGXFWLYH�FHVVDWLRQ�DQG�SRVW�UHSURGXFWLYH�
OLIHVSDQ�LQ�$VLDQ�HOHSKDQWV�DQG�SUH�LQGXVWULDO�
KXPDQV
)URQWLHUV�LQ�=RRORJ\�����������H��
$EVWUDFW�� � 6KRUW� SRVW�UHSURGXFWLYH� OLIHVSDQ� LV�
ZLGHVSUHDG� DFURVV� VSHFLHV�� EXW� SURORQJHG� SRVW�
UHSURGXFWLYH� OLIH�VWDJHV� RI� SRWHQWLDO� DGDSWLYH�
VLJQLÀFDQFH� KDYH� EHHQ� UHSRUWHG� RQO\� LQ� IHZ�
PDPPDOV� ZLWK� H[WUHPH� ORQJHYLW\�� /RQJ� SRVW�
UHSURGXFWLYH� OLIHVSDQ� FRQWUDGLFWV� FODVVLFDO�
HYROXWLRQDU\� SUHGLFWLRQV� RI� VLPXOWDQHRXV�
VHQHVFHQFH� LQ� VXUYLYDO� DQG� UHSURGXFWLRQ�� DQG�
UDLVHV�WKH�TXHVWLRQ�RI�ZKHWKHU�H[WUHPH�ORQJHYLW\�
LQ�PDPPDOV�SURPRWHV�VXFK�D�OLIH�KLVWRU\��$PRQJ�
WHUUHVWULDO�PDPPDOV��HOHSKDQWV�VKDUH�WKH�IHDWXUHV�

ZLWK� JUHDW� DSHV� DQG� KXPDQV�� RI� KDYLQJ� ORQJ�
OLIHVSDQ� DQG� RIIVSULQJ� ZLWK� ORQJ� GHSHQGHQF\��
+RZHYHU��OLWWOH�GDWD�H[LVWV�RQ�WKH�IUHTXHQF\�RI�SRVW�
UHSURGXFWLYH�OLIHVSDQ�LQ�HOHSKDQWV��+HUH�ZH�XVH�
H[WHQVLYH�GHPRJUDSKLF� UHFRUGV�RQ�VHPL�FDSWLYH�
$VLDQ� HOHSKDQWV� �Q� ������� DQG� JHQHDORJLFDO�
GDWD� RQ� SUH�LQGXVWULDO� ZRPHQ� �Q� ������� WR�
SURYLGH� WKH� ÀUVW� FRPSDULVRQV� RI� DJH�VSHFLÀF�
UHSURGXFWLRQ�� VXUYLYDO� DQG� SRVW�UHSURGXFWLYH�
OLIHVSDQ�LQ�ERWK�RI�WKHVH�ORQJ�OLYHG�VSHFLHV��:H�
IRXQG� WKDW� IHUWLOLW\� GHFUHDVHG� DIWHU� DJH� ��� LQ�
HOHSKDQWV�� EXW� WKH� SDWWHUQ� GLIIHUHG� IURP� D� WRWDO�
ORVV�RI�IHUWLOLW\�LQ�PHQRSDXVDO�ZRPHQ�ZLWK�PDQ\�
HOHSKDQWV� FRQWLQXLQJ� WR� UHSURGXFH� DW� OHDVW� XQWLO�
WKH�DJH�RI����\HDUV��7KH�SUREDELOLW\�RI�HQWHULQJ�
D� QRQ�UHSURGXFWLYH� VWDWH� LQFUHDVHG� VWHDGLO\� LQ�
HOHSKDQWV� IURP� WKH� HDUOLHVW� DJH� RI� UHSURGXFWLRQ�
XQWLO� DJH� ���� ZLWK� WKH� ORQJHU� OLYLQJ� HOHSKDQWV�
FRQWLQXLQJ� WR� UHSURGXFH� XQWLO� ROGHU� DJHV�� LQ�
FRQWUDVW�WR�KXPDQV�ZKRVH�WHUPLQDWLRQ�SUREDELOLW\�
LQFUHDVHG� UDSLGO\�DIWHU�DJH����DQG� UHDFKHG���DW�
���\HDUV��EXW�GLG�QRW�GHSHQG�RQ�ORQJHYLW\��3RVW�
UHSURGXFWLYH� OLIHVSDQ� UHDFKHG� ��²��� \HDUV� LQ�
HOHSKDQWV�DQG���²���\HDUV�LQ�KXPDQV�OLYLQJ�XQWLO�
ROG�DJH��GHSHQGLQJ�RQ�PHWKRG���EXW�ZKHUHDV�KDOI�
RI� KXPDQ� DGXOW� OLIHVSDQ� �RI� WKRVH� UHSURGXFWLYH�
IHPDOHV� VXUYLYLQJ� WR� WKH� DJH� RI� ��� IHFXQGLW\��
ZDV�VSHQW�DV�SRVW�UHSURGXFWLYH��RQO\�RQH�HLJKWK�
ZDV� LQ� HOHSKDQWV��&RQVHTXHQWO\�� DOWKRXJK� VRPH�
HOHSKDQWV�KDYH�ORQJ�SRVW�UHSURGXFWLYH�OLIHVSDQV��
UHODWLYHO\� IHZ� LQGLYLGXDOV� UHDFK� VXFK� D� SKDVH�
DQG� WKH� GHFOLQH� LQ� IHUWLOLW\� JHQHUDOO\� SDUDOOHOV�
GHFOLQHV� LQ� VXUYLYRUVKLS� LQ� FRQWUDVW� WR� KXPDQV�
ZLWK�D�GHFRXSOLQJ�RI�VHQHVFHQFH�LQ�VRPDWLF�DQG�
UHSURGXFWLYH� IXQFWLRQV�� 2XU� UHVXOWV� VKRZ� WKDW�
WKH� UHSURGXFWLYH� DQG� VXUYLYDO� SDWWHUQV� RI�$VLDQ�
HOHSKDQWV� GLIIHU� IURP� RWKHU� ORQJ�OLYHG� DQLPDOV�
H[KLELWLQJ� PHQRSDXVH�� VXFK� DV� KXPDQV�� DQG�
H[WUHPH� ORQJHYLW\� DORQH� GRHV� QRW� SURPRWH� WKH�
HYROXWLRQ� RI� PHQRSDXVH� RU� SRVW�UHSURGXFWLYH�
OLIHVSDQ�� DGGLQJ� ZHLJKW� WR� WKH� XQXVXDO� NLQ�
VHOHFWHG�EHQHÀWV�VXJJHVWHG�WR�IDYRXU�VXFK�WUDLWV�
LQ�KXPDQV�DQG�NLOOHU�ZKDOHV��������7KH�$XWKRUV�

-�$��/DQGROÀ��0��0LOOHU��&��0DGGR[��)��=XFNHU�
PDQQ�	�.�$��7HULRD
'LIIHUHQFHV� LQ� LPPXQH�FHOO� IXQFWLRQ�EHWZHHQ�
WXEHUFXORVLV� SRVLWLYH� DQG� QHJDWLYH� $VLDQ�
HOHSKDQWV
7XEHUFXORVLV������������������
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$EVWUDFW�� �7XEHUFXORVLV� LV� DQ� LPSRUWDQW� KHDOWK�
FRQFHUQ� IRU�$VLDQ� HOHSKDQW� �(OHSKDV�PD[LPXV��
SRSXODWLRQV� ZRUOGZLGH�� KRZHYHU�� PHFKDQLVPV�
XQGHUO\LQJ� VXVFHSWLELOLW\� WR� 0\FREDFWHULXP�
WXEHUFXORVLV�DUH�XQNQRZQ��3UROLIHUDWLYH�UHVSRQVHV�
DVVHVVHG� YLD� EURPLQDWHG� XULGLQH� LQFRUSRUDWLRQ�
DQG� F\WRNLQH� H[SUHVVLRQ�PHDVXUHG�E\� UHDO�WLPH�
57�3&5� ZHUH� HYDOXDWHG� LQ� SHULSKHUDO� EORRG�
PRQRQXFOHDU� FHOO� �3%0&�� FXOWXUHV� IURP� ��
WXEHUFXORVLV� QHJDWLYH� DQG� �� SRVLWLYH� $VLDQ�
HOHSKDQWV�� &XOWXUHV� ZHUH� VWLPXODWHG� ZLWK�
0\FREDFWHULXP�ERYLV�SXULÀHG�SURWHLQ�GHULYDWLYH�
�33'�%���0��WXEHUFXORVLV�FXOWXUH�ÀOWUDWH�SURWHLQ�
�&)3������ DQG� 0\FREDFWHULXP� DYLXP� 33'�
�33'�$��� )ROORZLQJ� VWLPXODWLRQ� ZLWK� 33'�%��
SUROLIHUDWLRQ�ZDV�KLJKHU��Ơ� ��������LQ�SRVLWLYH�
VDPSOHV��QR�VLJQLÀFDQW�GLIIHUHQFHV�ZHUH�GHWHFWHG�
IROORZLQJ�&)3����RU�33'�$�VWLPXODWLRQ��7XPRU�
QHFURVLV� IDFWRU� �71)��Ơ�� LQWHUOHXNLQ� �,/������
DQG� LQWHUIHURQ� �,)1��Ƣ� H[SUHVVLRQ� ZDV� JUHDWHU�
LQ� VDPSOHV� IURP� SRVLWLYH� HOHSKDQWV� IROORZLQJ�
VWLPXODWLRQ�ZLWK�33'�%��Ơ� ��������DQG�&)3����
�Ơ� �������71)�Ơ�DQG�,/�����Ơ� �������,)1�Ƣ���
6WLPXODWLRQ�ZLWK�33'�$�DOVR�SURGXFHG�HQKDQFHG�
,/����H[SUHVVLRQ�LQ�SRVLWLYH�VDPSOHV��Ơ� ���������
)LQGLQJV� VXJJHVWHG� WKDW� GLIIHUHQFHV� LQ� LPPXQH�
FHOO�IXQFWLRQ�H[LVW�EHWZHHQ�WXEHUFXORVLV�SRVLWLYH�
DQG� QHJDWLYH� HOHSKDQWV�� 3UROLIHUDWLYH� UHVSRQVHV�
DQG� H[SUHVVLRQ� RI�71)�Ơ�� ,/����� DQG� ,)1�Ƣ� LQ�
UHVSRQVH�WR�VWLPXODWLRQ�ZLWK�33'�%�DQG�&)3����
GLIIHU�EHWZHHQ�WXEHUFXORVLV�SRVLWLYH�DQG�QHJDWLYH�
HOHSKDQWV�� VXJJHVWLQJ� WKHVH� SDUDPHWHUV� PD\� EH�
LPSRUWDQW� WR� WXEHUFXORVLV� LPPXQRSDWKRJHQHVLV�
LQ�WKLV�VSHFLHV���������(OVHYLHU�/WG��

-��/RX\V��5�7��&RUOHWW��*�-��3ULFH��6��+DZNLQV�	�
3�-��3LSHU
5HZLOGLQJ�WKH�WURSLFV��DQG�RWKHU�FRQVHUYDWLRQ�
WUDQVORFDWLRQV�VWUDWHJLHV� LQ� WKH� WURSLFDO�$VLD�
3DFLÀF�UHJLRQ
(FRORJ\�DQG�(YROXWLRQ�������������������
$EVWUDFW�� � $ODUP� RYHU� WKH� SURVSHFWV� IRU�
VXUYLYDO�RI� VSHFLHV� LQ�D� UDSLGO\�FKDQJLQJ�ZRUOG�
KDV� HQFRXUDJHG� GLVFXVVLRQ� RI� WUDQVORFDWLRQ�
FRQVHUYDWLRQ� VWUDWHJLHV� WKDW� PRYH� EH\RQG� WKH�
IRFXV� RI� ¶DW�ULVN·� VSHFLHV�� 7KHVH� DSSURDFKHV�
FRQVLGHU� ODUJHU� VSDWLDO� DQG� WHPSRUDO� VFDOHV�
WKDQ� FXVWRPDU\�� ZLWK� WKH� DLP� RI� UHFUHDWLQJ�
IXQFWLRQLQJ� HFRV\VWHPV� WKURXJK� D� FRPELQDWLRQ�
RI�ODUJH�VFDOH�HFRORJLFDO�UHVWRUDWLRQ�DQG�VSHFLHV�

LQWURGXFWLRQV��7KH�WHUP�¶UHZLOGLQJ·�KDV�FRPH�WR�
DSSO\� WR� WKLV� ODUJH�VFDOH� HFRV\VWHP� UHVWRUDWLRQ�
SURJUDP��:KLOH�UHLQWURGXFWLRQV�RI�VSHFLHV�ZLWKLQ�
WKHLU� KLVWRULFDO� UDQJHV� KDYH� EHFRPH� VWDQGDUG�
FRQVHUYDWLRQ� WRROV�� LQWURGXFWLRQV�ZLWKLQ� NQRZQ�
SDOHRQWRORJLFDO� UDQJHV³EXW� RXWVLGH� KLVWRULFDO�
UDQJHV³DUH�PRUH�FRQWURYHUVLDO��DV�LV�WKH�XVH�RI�
WD[RQ�VXEVWLWXWLRQV�IRU�H[WLQFW�VSHFLHV��+HUH��ZH�
FRQVLGHU�SRVVLEOH�FRQVHUYDWLRQ�WUDQVORFDWLRQV�IRU�
QLQH� ODUJH�ERGLHG� WD[D� LQ� WURSLFDO�$VLD�3DFLÀF��
:H�FRQVLGHU�WKH�HQWLUH�VSHFWUXP�RI�FRQVHUYDWLRQ�
WUDQVORFDWLRQ�VWUDWHJLHV�DV�GHÀQHG�E\� WKH�,8&1�
LQ�DGGLWLRQ�WR�UHZLOGLQJ��7KH�WD[D�FRQVLGHUHG�DUH�
VSUHDG�DFURVV�GLYHUVH� WD[RQRPLF�DQG�HFRORJLFDO�
VSHFWUD� DQG� DOO� DUH� OLVWHG� DV� ¶HQGDQJHUHG·� RU�
¶FULWLFDOO\� HQGDQJHUHG·� E\� WKH� ,8&1� LQ� RXU�
UHJLRQ�RI�VWXG\��7KH\�DOO�KDYH�D�ZULWWHQ�DQG�IRVVLO�
UHFRUG�WKDW�LV�VXIÀFLHQW�WR�DVVHVV�SDVW�FKDQJHV�LQ�
UDQJH�� DV�ZHOO� DV� HFRORJLFDO� DQG� HQYLURQPHQWDO�
SUHIHUHQFHV��DQG�WKH�UHDVRQV�IRU�WKHLU�GHFOLQH��DQG�
WKH\�KDYH�DOO�VXIIHUHG�PDVVLYH�UDQJH�UHVWULFWLRQV�
VLQFH� WKH� ODWH� 3OHLVWRFHQH�� *HQHUDO� SULQFLSOHV��
SUREOHPV��DQG�EHQHÀWV�RI�WUDQVORFDWLRQ�VWUDWHJLHV�
DUH� UHYLHZHG�DV� FDVH� VWXGLHV��7KHVH� DOORZHG�XV�
WR� GHYHORS� D� FRQVHUYDWLRQ� WUDQVORFDWLRQ�PDWUL[��
ZLWK�WD[D�VFRUHG�IRU�ULVN��EHQHÀW��DQG�IHDVLELOLW\��
&RPSDULVRQV� EHWZHHQ� WD[D� DFURVV� WKLV� PDWUL[�
LQGLFDWHG� WKDW� RUDQJXWDQV�� WDSLUV�� 7DVPDQLDQ�
GHYLOV��DQG�SHUKDSV�WRUWRLVHV�DUH�WKH�PRVW�YLDEOH�
WD[D� IRU� WUDQVORFDWLRQV�� +RZHYHU�� RYHUDOO� WKH�
FDVH� VWXGLHV� UHYHDOHG�D�QHHG� IRU�PRUH�GDWD� DQG�
UHVHDUFK� IRU� DOO� WD[D�� DQG� WKHLU� HFRORJLFDO� DQG�
HQYLURQPHQWDO�QHHGV��5HZLOGLQJ�WKH�$VLDQ�3DFLÀF�
WURSLFV� UHPDLQV� D� FRQWURYHUVLDO� FRQVHUYDWLRQ�
VWUDWHJ\��DQG�ZRXOG�EH�GLIÀFXOW�LQ�ZKDW�LV�ODUJHO\�
D�KLJKO\�IUDJPHQWHG�DUHD�JHRJUDSKLFDOO\���������
7KH�$XWKRUV�

,��/XHGHUV��7�%��+LOGHEUDQGW��&��*UD\��6��%RWKD��
3��5LFK�	�&��1LHPXOOHU
6XSUHVVLRQ� RI� WHVWLFXODU� IXQFWLRQ� LQ� D� PDOH�
$VLDQ�HOHSKDQW��(OHSKDV�PD[LPXV��WUHDWHG�ZLWK�
JRQDGRWURSLQ�UHOHDVLQJ�KRUPRQH�YDFFLQHV
-��RI�=RR�DQG�:LOGOLIH�0HG�������������������
$EVWUDFW�� � 7KH� DELOLW\� WR� FRQWURO� WHVWRVWHURQH�
FRQFHQWUDWLRQV�DQG�VSHUP�SURGXFWLRQ�LV�RI�JUHDW�
LQWHUHVW� LQ� ERWK� $VLDQ� �(OHSKDV� PD[LPXV�� DQG�
$IULFDQ� �/R[RGRQWD�DIULFDQD�� HOHSKDQWV��*Q5+�
YDFFLQDWLRQ�PD\�SRVH� DQ� DOWHUQDWLYH� WR� VXUJLFDO�
FDVWUDWLRQ��7KLV�LV�D�FDVH�UHSRUW�RI�D�PDOH�$VLDQ�
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HOHSKDQW� WUHDWHG� ZLWK� WZR� FRPPHUFLDO� *Q5+�
YDFFLQHV��(TXLW\��DQG�,PSURYDF����%HJLQQLQJ�DW�
WKH�DJH�RI���\U��WKH�PDOH�ZDV�YDFFLQDWHG�PRQWKO\�
IRU���FRQVHFXWLYH�PRQWKV��WKHQ�HYHU\���PR�DQG��
ÀQDOO\��HYHU\����WR����PR�RYHU�D�SHULRG�RI���\U��,Q�
RUGHU�WR�HYDOXDWH�WKH�*Q5+�YDFFLQH�DV�D�SRWHQWLDO�
PHWKRG�RI� LPPXQRORJLF�FDVWUDWLRQ��EHKDYLRXUDO�
REVHUYDWLRQV�� WHVWRVWHURQH� OHYHO� DQDO\VLV�� ERG\�
ZHLJKWV�� XOWUDVRXQG� H[DPLQDWLRQV�� DQG� VHPHQ�
FROOHFWLRQ�ZHUH�SDUW�RI�WKH�URXWLQH�PRQLWRULQJ�RI�
WKLV�EXOO��QR�����DQG�D�KDOI�EURWKHU��EXOO����ZKR�
UHPDLQHG� XQWUHDWHG� DQG� VHUYHG� DV� FRQWURO�� 7KH�
UHVXOWV�VKRZHG�D�GHFUHDVH�LQ�VHUXP�WHVWRVWHURQH�
FRQFHQWUDWLRQV� DIWHU� WKH� VHFRQG� ERRVWHU�� /HYHOV�
VWD\HG�FRQWLQXRXVO\�EHORZ�����QJ�PO�ZLWKLQ�WKH�
VWXG\�SHULRG��7KH�FRPELQHG�WHVWLFOH�GLDPHWHU�RI�
�����������FP�SULRU� WR� WUHDWPHQW�KDG�GHFUHDVHG�
WR� D� VL]H� RI� ����� �� ����� FP� �3� �� �������ZKHQ�
PHDVXUHG� �� \U� ODWHU�� $FFHVVRU\� VH[� JODQG�
ÁXLG� FRQWHQW� GLVDSSHDUHG� DQG� SHQLOH� DWURSK\�
ZDV� REVHUYHG�� 6HPHQ� FROOHFWLRQV� \LHOGHG� QR�
VSHUPDWR]RD���\U�DIWHU�WKH�LQLWLDO�WUHDWPHQW��%XOO�
�� VKRZHG� VORZHG� ZHLJKW� JDLQ� DV� FRPSDUHG� WR�
EXOO���DQG��GXH�WR� LWV�IULHQGO\�WHPSHUDPHQW�DQG�
WKH�DEVHQFH�RI�PXVWK��UHPDLQHG�LQ�IUHH�FRQWDFW��
7KLV� UHSRUW� GRFXPHQWV� WKH�*Q5+� YDFFLQH� DV� D�
SRVVLEOH� QRQLQYDVLYH� DQG� LQH[SHQVLYH� PHWKRG�
IRU� LPPXQHFDVWUDWLRQ�� �� ����� E\� $PHULFDQ�
$VVRFLDWLRQ�RI�=RR�9HWHULQDULDQV�

6�� 0DULDWL�� +�� .XVQRSXWUDQWR�� -�� 6XSULDWQD� 	�
5�+��.RHVWRHU
+DELWDW� ORVV�RI�6XPDWUDQ�HOHSKDQWV� �(OHSKDV�
PD[LPXV� VXPDWUDQXV�� LQ� 7HVVR� 1LOR� )RUHVW��
5LDX��,QGRQHVLD
$XVWUDOLDQ�-RXUQDO�RI�%DVLF�DQG�$SSOLHG�6FLHQFHV�
����������������
$EVWUDFW���6XPDWUDQ�HOHSKDQWV��(OHSKDV�PD[LPXV�
VXPDWUDQXV�� DUH� PRUSKRORJLFDOO\�� DQDWRPLFDOO\�
DQG�JHQHWLFDOO\�GLIIHUHQW�IURP�RWKHU�VXE�VSHFLHV�
RI� WKH� $VLDQ� HOHSKDQW� LV� GLVWULEXWHG� RQO\� LQ�
6XPDWUD��5LDX�SURYLQFH�KDV�EHHQ�RQH�RI�WKH�ODUJHVW�
SRSXODWLRQ� SRFNHWV� RI� HOHSKDQWV� WRJHWKHU� ZLWK�
$FHK��/DPSXQJ�DQG�-DPEL�SURYLQFHV��2QH�RI�WKH�
UHPDLQLQJ� IRUHVW� OHIW� LQ�5LDX� SURYLQFH� LV�7HVVR�
1LOR�)RUHVW����������KHFWDUHV���7KLV�IRUHVW�EORFN�
FRQVLVWV�RI�7HVVR�1LOR�1DWLRQDO�3DUN��3URGXFWLRQ�
)RUHVW�DUHDV�EHORQJ�WR�WZR�FRPSDQLHV��DQG�D�VPDOO�
UHFUHDWLRQ� 3DUN��7KLV� IRUHVW� EORFN� FRQWDLQV� RQH�
RI�WKH�PRVW�LPSRUWDQW�PL[HG�SHDW�VZDPS�IRUHVWV��

,W� LV� KRPH� WR� HQGHPLF� DQG� FKDULVPDWLF�ZLOGOLIH�
VSHFLHV� LQFOXGH� 6XPDWUDQ� HOHSKDQWV� �(OHSKDV�
PD[LPXV�VXPDWUDQXV���6XPDWUDQ�WLJHUV��3DQWKHUD�
WLJULV�VXPDWUDH���DQG�PDQ\�RWKHU�PDPPDOV��ELUGV�
DQG�UHSWLOHV��7KH�IRUHVW�EORFN�KDV�EHHQ�GHJUDGHG�
E\�IUHTXHQW�EXUQLQJ�GXULQJ� WKH�GU\�VHDVRQ��7KH�
VPRNH�IURP�IRUHVW�ÀUHV�LQ�7HVVR�1LOR�KDV�VSUHDG�
LQWR� VHYHUDO� FRXQWULHV� VXFK� DV� 0DOD\VLD� DQG�
6LQJDSRUH�RQ�D�\HDUO\�EDVH��)RU�WKDW�UHDVRQ��WKH�
,QGRQHVLD�*RYHUQPHQW�KDV�EHHQ�WU\LQJ�WR�PDQDJH�
WKLV�IRUHVW�EORFN�WR�HOLPLQDWH��RU�DW�OHDVW�PLQLPL]H��
IRUHVW� GHVWUXFWLRQ�� HQFURDFKPHQW� RI� VHWWOHPHQW�
DQG� FRQVHTXHQW� IRUHVW� ÀUHV��� 7KH� REMHFWLYHV� RI�
WKLV�VWXG\�DUH�WR�LGHQWLI\�LPSDFW�RSHQ�DFFHVV�RI�
URDGV� WR� GHIRUHVWDWLRQ� LQ� 7HVVR� 1LOR� )RUHVW� DV�
6XPDWUDQ�(OHSKDQW�+DELWDW��:H�SUHGLFW�WKDW�IRUHVW�
FRYHU� ORVW� ZLOO� LQFUHDVH� EHIRUH� DQG� DIWHU� URDG�
FRQVWUXFWLRQ� E\� XVLQJ� *,6� DQG� UHPRWH� VHQVLQJ�
LPDJHU\�� 'HIRUHVWDWLRQ� UDWHV� KDYH� LQFUHDVHG�
IURP������SHU�\HDU�EHIRUH�URDG�FRQVWUXFWLRQ�WR�
����� SHU� \HDU� DIWHU� URDG� FRQVWUXFWLRQ�� ZKLFK�
PHDQV� WKDW� WKH� DUHD� RI� IRUHVW� KDV� GHFUHDVHG� E\�
DQ� DQQXDO� DYHUDJH� RI� ����� KD��2XU� SUHGLFWLRQV�
RQ�WKH�IRUHVW� OHIW� LQ������LV�RQO\��������KD��$V�
FRQVHTXHQFHV�6XPDWUDQ�HOHSKDQWV�KDELWDW�ZLOO�EH�
UHGXFHG� WR� ����RI� LWV� RULJLQDO� DUHD��$V� KXPDQ�
SRSXODWLRQV� LQFUHDVH� DQG�PRUH� DQG�PRUH� IRUHVW�
LV�FRQYHUWHG�WR�HVWDWHV�DQG�DJULFXOWXUDO�ODQGV��DQG�
URDGV�DUH�EXLOW�DFURVV�6XPDWUDQ�IRUHVW��HOHSKDQWV�
KXPDQ�FRQÁLFWV�DUH�RQ�WKH�ULVH���������$(16,�
3XEOLVKHU�

-�/��0F*HH��(��:LHGQHU�	�5��,VD]D
3UHQDWDO� SDVVLYH� WUDQVIHU� RI� 0\FREDFWHULXP�
WXEHUFXORVLV� DQWLERGLHV� LQ� $VLDQ� HOHSKDQW�
�(OHSKDV�PD[LPXV��FDOYHV
-RXUQDO�RI�=RR�DQG�:LOGOLIH�0HGLFLQH�����������
�������
$EVWUDFW�� � $VLDQ� HOHSKDQW� �(OHSKDV� PD[LPXV��
GDPV� DQG� WKHLU� QHZERUQ� FDOYHV�ZHUH� WHVWHG� IRU�
0\FREDFWHULXP�WXEHUFXORVLV�DQWLERGLHV�LQ�VHUXP��
%ORRG�ZDV�GUDZQ�IURP�GDPV�SULRU�WR�FDOYLQJ�DQG�
IURP�FDOYHV�RQ�WKHLU�GD\�RI�ELUWK��$OO�VL[�FDOYHV�
ERUQ� WR� WXEHUFXORVLV�UHDFWLYH� GDPV� ZHUH� DOVR�
WXEHUFXORVLV�UHDFWLYH��VXJJHVWLQJ�SUHQDWDO�SDVVLYH�
SODFHQWDO� WUDQVIHU� RI� WXEHUFXORVLV� DQWLERGLHV�� ,Q�
FRQWUDVW�� DOO� WKUHH� FDOYHV� ERUQ� WR� WXEHUFXORVLV�
QRQUHDFWLYH�GDPV�ODFNHG�GHWHFWDEOH�WXEHUFXORVLV�
DQWLERGLHV�LQ�SUH�VXFNOLQJ�RU�GD\�RI�ELUWK�EORRG�
VDPSOHV�� 2I� WKH� OLYLQJ� WXEHUFXORVLV�UHDFWLYH�
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FDOYHV� REVHUYHG� IURP� �� WR� ��� \U� RI� DJH�� QRQH�
H[KLELWHG�FOLQLFDO�VLJQV�RI�WXEHUFXORVLV�LQIHFWLRQ�
RU� EHFDPH� WXEHUFXORVLV� FXOWXUH� SRVLWLYH�� 7KLV�
LV� WKH� ÀUVW� UHSRUW� RI� SUHQDWDO� SDVVLYH� SODFHQWDO�
WUDQVIHU� RI� WXEHUFXORVLV� DQWLERGLHV� LQ� HOHSKDQWV�
DQG� GHPRQVWUDWHV� WKDW� GHWHFWLEOH� WXEHUFXORVLV�
DQWLERGLHV� LQ� QHZERUQ� HOHSKDQW� FDOYHV� VKRXOG�
QRW� EH� DVVXPHG� WR� FRUUHODWH� ZLWK� FOLQLFDO�
WXEHUFXORVLV�� �� ����� E\�$PHULFDQ�$VVRFLDWLRQ�
RI�=RR�9HWHULQDULDQV�

9��1LMPDQ�&�&�5��6KHSKHUG
(PHUJHQFH� RI� 0RQJ� /D� RQ� WKH� 0\DQPDU²
&KLQD� ERUGHU� DV� D� JOREDO� KXE� IRU� WKH�
LQWHUQDWLRQDO�WUDGH�LQ�LYRU\�DQG�HOHSKDQW�SDUWV
%LRORJLFDO�&RQVHUYDWLRQ�����������������
$EVWUDFW���:H�UHSRUW�RQ�WKH�LOOHJDO�WUDGH�LQ�LYRU\�
DQG� HOHSKDQW� SDUWV� LQ� WKH� 6SHFLDO�'HYHORSPHQW�
=RQH�RI�0RQJ�/D��6KDQ�6WDWH��0\DQPDU��RQ�WKH�
ERUGHU�ZLWK�&KLQD��0RQJ�/D�FDWHUV�H[FOXVLYHO\�
IRU� WKH�&KLQHVH�PDUNHW�DQG�LV�EHVW�GHVFULEHG�DV�
D�&KLQHVH�HQFODYH�LQ�0\DQPDU��:H�VXUYH\HG�WKH�
PRUQLQJ� PDUNHW�� VKRSV� DQG� KRWHOV� LQ� )HEUXDU\�
������ )HEUXDU\� ����� DQG� 'HFHPEHU� ����²
-DQXDU\� ������ 7UDGH� LQ� ERG\� SDUWV� SULPDULO\�
FRQFHUQHG�GULHG�HOHSKDQW�VNLQ����SLHFHV�LQ�������
���� LQ������DQG������ LQ�����²�������DQG� WR�D�
OHVVHU�H[WHQW�PRODUV�DQG�ERQHV��:H�IRXQG������
SLHFHV�RI�FDUYHG�LYRU\��QRQH�LQ�����������LQ������
DQG������LQ�����²������DQG����ZKROH�WXVNV��DOO�
LQ�����²������RSHQO\�IRU�VDOH��VXJJHVWLQJ�0RQJ�
/D� KDV� UHFHQWO\� HPHUJHG� DV� D� VLJQLÀFDQW� KXE�
RI� WKH� LYRU\� WUDGH��7KH�RULJLQ�RI� WKH� LYRU\�PD\�
FRQVWLWXWH�D�FRPELQDWLRQ�RI�$VLDQ�HOHSKDQW�LYRU\�
IURP�0\DQPDU� DQG�$IULFDQ� LYRU\� LPSRUWHG� YLD�
&KLQD��$FFRUGLQJ� WR� ORFDO� VRXUFHV� WKH� FDUYLQJ�
ZDV� GRQH� E\� &KLQHVH� FUDIWVPHQ�� LQ� 0RQJ� /D�
DV�ZHOO� DV� DFURVV� WKH�ERUGHU� LQ�&KLQD�� DQG�ZDV�
ODUJHO\�� LI� QRW� H[FOXVLYHO\�� LQWHQGHG� IRU� WKH�
LQWHUQDO�&KLQHVH�PDUNHW��%DVHG�RQ�DVNLQJ�SULFHV�
RI� WKH�PRVW� FRPPRQO\� RIIHUHG� LWHPV� WKH� UHWDLO�
YDOXH�RI�WKH�LYRU\�RQ�GLVSOD\�LQ�0RQJ�/D�GXULQJ�
WKH�����²�����VXUYH\�WRWDOV�DQ�HVWLPDWHG�86�����
PLOOLRQ�� 7UDGH� LQ� HOHSKDQW� SDUWV� DQG� HOHSKDQW�
LYRU\�LV�LOOHJDO�LQ�0\DQPDU�DQG�&,7(6�,�OLVWLQJ�
RI�HOHSKDQWV�SUHFOXGH�LQWHUQDWLRQDO�WUDGH�LQ�WKHP��
0RQJ�/D� LV� JRYHUQHG� ODUJHO\� DXWRQRPRXVO\�E\�
DQ�RYHUORUG�DQG�SROLFHG�E\�DQ�(DVWHUQ�6KDQ�6WDWH�
DUP\��:H�XUJH� ERWK� WKH�0\DQPDU� DQG�&KLQHVH�
JRYHUQPHQWV� WR� OLDLVH�ZLWK� WKH�0RQJ�/D� UXOHUV�

WR�FXUE�WKH�WUDGH�LQ�LYRU\��DQG�RWKHU�KLJK�SURÀOH�
VSHFLHV��� DQG� UHFRPPHQG� WKDW� WKH� 0\DQPDU�
DQG� &KLQHVH� &,7(6� DXWKRULWLHV� FRPH� WRJHWKHU�
XUJHQWO\� DV� WR� UHVROYH� WKH� LOOLFLW� WUDGH� RI� LYRU\�
DQG�HOHSKDQW�SDUWV�DFURVV�WKHLU�ERUGHUV���������
5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�(OVHYLHU�

3�(��3HOOHWW
7UXQNORDGV�RI�YLUXVHV
-RXUQDO�RI�9LURORJ\�����������������������
$EVWUDFW�� � (OHSKDQW� SRSXODWLRQV� DUH� XQGHU�
LQWHQVH� SUHVVXUH� LQWHUQDWLRQDOO\� IURP� KDELWDW�
GHVWUXFWLRQ� DQG� SRDFKLQJ� IRU� LYRU\� DQG� PHDW��
7KH\�DOVR� IDFH�SUHVVXUH� IURP�LQIHFWLRXV�DJHQWV��
LQFOXGLQJ� HOHSKDQW� HQGRWKHOLRWURSLF� KHUSHVYLUXV�
�� �((+9���� ZKLFK� NLOOV� ∼���� RI� $VLDQ�
HOHSKDQWV� �(OHSKDV�PD[LPXV�� ERUQ� LQ� ]RRV� DQG�
FDXVHV�GLVHDVH� LQ� WKH�ZLOG��((+9��LV�RQH�RI�DW�
OHDVW�VL[�GLVWLQFW�((+9�LQ�D�SK\ORJHQHWLF�OLQHDJH�
WKDW� DSSHDUV� WR� UHSUHVHQW� DQ� DQFLHQW� EXW� QHZO\�
UHFRJQL]HG� VXEIDPLO\� �WKH� 'HOWDKHUSHVYLULQDH��
LQ� WKH� IDPLO\�+HUSHVYLULGDH���� �����$PHULFDQ�
6RFLHW\�IRU�0LFURELRORJ\�

1�&��3DOHL��+�6��3DOHL��%�3��5DWKD�	�&�6��.DUD
0RUWDOLW\� RI� WKH� HQGDQJHUHG�$VLDQ� HOHSKDQW�
(OHSKDV�PD[LPXV�E\�HOHFWURFXWLRQ�LQ�2GLVKD��
,QGLD
2U\[������������������
$EVWUDFW���(OHSKDQWV�DUH�WKUHDWHQHG�JOREDOO\�E\�
KDELWDW�ORVV��SRDFKLQJ�DQG�DFFHOHUDWLQJ�OHYHOV�RI�
KXPDQ²HOHSKDQW�FRQÁLFW��,Q�WKH�VWDWH�RI�2GLVKD��
HDVW� ,QGLD�� HOHFWURFXWLRQ� E\� GRPHVWLF� HOHFWULF�
SRZHU� OLQHV� LV� FDXVLQJ� PRUWDOLW\� RI� WKH� $VLDQ�
HOHSKDQW�(OHSKDV�PD[LPXV��:H�FROODWHG�GDWD�RQ�
HOHSKDQW�PRUWDOLW\�IURP�VXFK�HOHFWURFXWLRQ�LQ�WKH�
YLOODJHV�VXUURXQGLQJ�HOHSKDQW�KDELWDW�IRU�D�SHULRG�
RI����\HDUV������²�������'XULQJ�WKLV�SHULRG�����
HOHSKDQWV� ZHUH� NLOOHG� LQ� ��� LQFLGHQFHV�� 0RVW�
GHDWKV� ��������� ZHUH� D� UHVXOW� RI� DFFLGHQWDO�
FRQWDFW�ZLWK�HOHFWULF�SRZHU�OLQHV�ZKLOVW�HOHSKDQWV�
ZHUH� PRYLQJ� LQWR� DJULFXOWXUDO� DUHDV� IRU� FURS�
UDLGLQJ��7KH�LQFUHDVLQJ�KXPDQ�SRSXODWLRQ��SRRU�
HOHFWULFDO�LQIUDVWUXFWXUH�DQG�LYRU\�SRDFKLQJ�SRVH�
VHULRXV�WKUHDWV�WR�WKH�FRQWLQXHG�VXUYLYDO�RI�WKHVH�
HOHSKDQWV�� 7R� UHGXFH� HOHSKDQW� PRUWDOLW\� IURP�
HOHFWURFXWLRQ�DQG�WR�HQVXUH�WKH�ORQJ�WHUP�VXUYLYDO�
RI�WKLV�SRSXODWLRQ�ZH�UHFRPPHQG�VWUHQJWKHQLQJ�
RI� WKH� HOHFWULFDO� LQIUDVWUXFWXUH�� PLQLPL]LQJ�
KDELWDW�GHVWUXFWLRQ�� LQFUHDVLQJ�SXEOLF�DZDUHQHVV�
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RI�WKH�SUREOHP��DQG�VWURQJHU�ODZ�HQIRUFHPHQW����
�����)DXQD�	�)ORUD�,QWHUQDWLRQDO�

-�0��3ORWQLN�	�)�%�0��GH�:DDO�
$VLDQ� HOHSKDQWV� �(OHSKDV�PD[LPXV�� UHDVVXUH�
RWKHUV�LQ�GLVWUHVV
3HHU-����������H���
$EVWUDFW�� � &RQWDFW� GLUHFWHG� E\� XQLQYROYHG�
E\VWDQGHUV� WRZDUG� RWKHUV� LQ� GLVWUHVV�� RIWHQ�
WHUPHG�FRQVRODWLRQ��LV�XQFRPPRQ�LQ�WKH�DQLPDO�
NLQJGRP�� WKXV� IDU� RQO\� GHPRQVWUDWHG� LQ� WKH�
JUHDW� DSHV�� FDQLQHV�� DQG� FRUYLGV�� :KHUHDV� WKH�
W\SLFDO� DJRQLVWLF� FRQWH[W� RI� VXFK� FRQWDFW� LV�
UHODWLYHO\� UDUH�ZLWKLQ� QDWXUDO� HOHSKDQW� IDPLOLHV��
RWKHU� FDXVHV� RI� GLVWUHVV� PD\� WULJJHU� VLPLODU��
RWKHU�UHJDUGLQJ� UHVSRQVHV�� ,Q� D� VWXG\� FDUULHG�
RXW� DW� DQ�HOHSKDQW� FDPS� LQ�7KDLODQG��ZH� IRXQG�
WKDW� HOHSKDQWV� DIÀOLDWHG� VLJQLÀFDQWO\�PRUH�ZLWK�
RWKHU� LQGLYLGXDOV� WKURXJK� GLUHFWHG�� SK\VLFDO�
FRQWDFW� DQG� YRFDO� FRPPXQLFDWLRQ� IROORZLQJ� D�
GLVWUHVV�HYHQW�WKDQ�LQ�FRQWURO�SHULRGV��,Q�DGGLWLRQ��
E\VWDQGHUV� DIÀOLDWHG� ZLWK� HDFK� RWKHU�� DQG�
PDWFKHG�WKH�EHKDYLRXU�DQG�HPRWLRQDO�VWDWH�RI�WKH�
ÀUVW�GLVWUHVVHG� LQGLYLGXDO�� VXJJHVWLQJ�HPRWLRQDO�
FRQWDJLRQ�� 7KH� LQLWLDO� GLVWUHVV� UHVSRQVHV� ZHUH�
RYHUZKHOPLQJO\� GLUHFWHG� WRZDUG� DPELJXRXV�
VWLPXOL�� WKXV�PDNLQJ� LW� GLIÀFXOW� WR� GHWHUPLQH� LI�
E\VWDQGHUV�UHDFWHG�WR�WKH�GLVWUHVVHG�LQGLYLGXDO�RU�
VKRZHG�D�GHOD\HG�UHVSRQVH�WR�WKH�VDPH�VWLPXOXV��
1RQHWKHOHVV��WKH�GLUHFWLRQDOLW\�RI�WKH�FRQWDFWV�DQG�
WKHLU�QDWXUH�VWURQJO\�VXJJHVW�DWWHQWLRQ�WRZDUG�WKH�
HPRWLRQDO�VWDWHV�RI�FRQVSHFLÀFV��7KH�HOHSKDQWV·�
EHKDYLRXU�LV�WKHUHIRUH�EHVW�FODVVLÀHG�ZLWK�VLPLODU�
FRQVRODWLRQ�UHVSRQVHV�E\�DSHV��SRVVLEO\�EDVHG�RQ�
FRQYHUJHQW� HYROXWLRQ�RI� HPSDWKLF� FDSDFLWLHV����
�����7KH�$XWKRUV�

8��5DEDXVFK��1��,OPEHUJHU�	�:�5��6WUHLW
7KH� PHWDJHQRPH�GHULYHG� HQ]\PH� 5KD%�
RSHQV�D�QHZ�VXEFODVV�RI�EDFWHULDO�%�W\SH�Ơ�O�
UKDPQRVLGDVHV
-RXUQDO�RI�%LRWHFKQRORJ\�����������������
$EVWUDFW���$�FRPELQHG�VHTXHQFH��DQG�IXQFWLRQ�
EDVHG� DQDO\VLV� RI� D� PHWDJHQRPLF� OLEUDU\� '1$�
GHULYHG�IURP�HOHSKDQW�IHFHV�OHG�WR�WKH�LGHQWLÀFDWLRQ�
RI�D�QRYHO�EDFWHULDO�Ơ�O�UKDPQRVLGDVH�EHORQJLQJ�
WR� JO\FRVLGH� K\GURODVH� IDPLO\� ��� �*+����� 7KH�
JHQH�ZDV�GHVLJQDWHG�UKD%�������ES��DQG�HQFRGHG�
IRU�D�SXWDWLYH�SURWHLQ�RI������DPLQR�DFLGV��7KH�
&�WHUPLQDO�SDUW�RI�WKH�HQ]\PH�UHYHDOHG�DQ�DPLQR�

DFLG��$$��VHTXHQFH�LGHQWLW\�RI�����WR�D�SUHGLFWHG�
EDFWHULDO� Ơ�O�UKDPQRVLGDVH� IURP� %DFWHURLGHV�
QRUGLL�� ,QWHUHVWLQJO\�� WKH� 1�WHUPLQDO� UHJLRQ� RI�
WKH� GHGXFHG� HQ]\PH�5KD%� FRQWDLQHG� D�*'6/�
OLNH� OLSDVH� PRWLI� DQG� DQ� DFHW\O�[\ODQ� HVWHUDVH�
�'$3���PRWLI��:KLOH�KHWHURORJRXV�H[SUHVVLRQ�RI�
WKH�FRPSOHWH�UKD%�IDLOHG��VXEFORQLQJ�RI�WKH�JHQH�
LGHQWLÀHG� WKH� PRVW� DFWLYH� RSHQ� UHDGLQJ� IUDPH�
�25)�� WR� EH� RI� ����� ES��ZKLFK�ZH� GHVLJQDWHG�
UKD%���7KH�HQ]\PH�5KD%��ZDV�RYHUH[SUHVVHG�LQ�
(VFKHULFKLD� FROL� %/��� �'(��� DQG�ZDV� SXULÀHG�
WR� DQ� DPRXQW� RI� ��� PJ�/� RI� FXOWXUH� PHGLXP��
,Q� DFFRUGDQFH� WR� WKH� LQWHVWLQDO� RULJLQ�� 5KD%��
VKRZHG� D� SUHIHUHQFH� IRU�PHVRSKLOLF� FRQGLWLRQV�
ZLWK� DQ� RSWLPXP� DFWLYLW\� DW� D� WHPSHUDWXUH�72SW�
RI� ��� �&� DQG� D� S+2SW� RI� ����� UHVSHFWLYHO\�� 7KH�
UHFRPELQDQW�SURWHLQ�KDG�D�.P�YDOXH�RI������P0�
DQG� D� VSHFLÀF� DFWLYLW\� YPD[� RI� �����8� IRU� S13�
Ơ�O�UKDPQRVH��D�FDOFXODWHG�.P�RI������P0�DQG�
YPD[� RI� ���� ð� ��ï��8� IRU� QDULQJLQ�� DQG� D�.P� RI�
�����P0�DQG�VSHFLÀF�DFWLYLW\�YPD[�RI������ð���ï��
8� IRU� UXWLQ�� UHVSHFWLYHO\�� 3K\ORJHQHWLF� DQDO\VLV�
DQG�DPLQR�DFLG�GRPDLQ�DUFKLWHFWXUH�FRPSDULVRQ�
UHYHDOHG�WKDW�5KD%��EHORQJV�WR�D�QHZ�VXEFODVV�RI�
EDFWHULDO�%�W\SH�Ơ�O�UKDPQRVLGDVHV�RI�*+�����7R�
RXU�NQRZOHGJH�5KD%��LV�WKH�ÀUVW�ELRFKHPLFDOO\�
FKDUDFWHUL]HG� HQ]\PH� RI� WKLV� VXEFODVV���� �����
5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�(OVHYLHU�

/�.��5LFKPDQ��-��&��=RQJ��(�0��/DWLPHU��-��/RFN��
5�&��)OHLVFKHU��6�<��+HDJJDQV�	�*�6��+D\ZDUG
(OHSKDQW� HQGRWKHOLRWURSLF� KHUSHVYLUXVHV�
((+9�$��((+9�%��DQG�((+9��IURP�FDVHV�
RI� KHPRUUKDJLF� GLVHDVH� DUH� KLJKO\� GLYHUJHG�
IURP� RWKHU�P0DPPDOLDQ� KHUSHVYLUXVHV� DQG�
PD\�IRUP�D�QHZ�VXEIDPLO\
-RXUQDO�RI�9LURORJ\�����������������������
$EVWUDFW�� �$� IDPLO\� RI� QRYHO� HQGRWKHOLRWURSLF�
KHUSHVYLUXVHV� �((+9V�� DVVLJQHG� WR� WKH� JHQXV�
3URERVFLYLUXV�KDYH�EHHQ� LGHQWLÀHG�DV� WKH�FDXVH�
RI�IDWDO�KHPRUUKDJLF�GLVHDVH�LQ����\RXQJ�$VLDQ�
HOHSKDQWV� ZRUOGZLGH�� $OWKRXJK� ((+9� FDQQRW�
EH�JURZQ�LQ�FHOO�FXOWXUH��ZH�KDYH�GHWHUPLQHG�D�
WRWDO�RI�����NE�RI�YLUDO�JHQRPLF�'1$�VHTXHQFH�
GLUHFWO\� IURP� FOLQLFDO� WLVVXH� VDPSOHV� IURP� VL[�
OHWKDO� FDVHV� DQG� WZR� VXUYLYRUV�� 2YHUDOO�� WKH�
GDWD� REWDLQHG� HQFRPSDVV� ��� JHQHV�� LQFOXGLQJ�
RUWKRORJXHV� RI� ��� FRUH� JHQHV� FRPPRQ� WR� DOO�
KHUSHVYLUXVHV�� ��� JHQHV� IRXQG� LQ� VRPH� RWKHU�
KHUSHVYLUXVHV��SOXV����QRYHO�JHQHV�� LQFOXGLQJ�D�



��

VLQJOH� ODUJH� SXWDWLYH� WUDQVFULSWLRQDO� UHJXODWRU\�
SURWHLQ��25)�/���2Q�WKH�EDVLV�RI�GLIIHUHQFHV�LQ�
JHQH�FRQWHQW�DQG�RUJDQL]DWLRQ�SOXV�SK\ORJHQHWLF�
DQDO\VHV� RI� FRQVHUYHG� FRUH� SURWHLQV� WKDW� KDYH�
MXVW�����WR�����RU�OHVV�LGHQWLW\�WR�RUWKRORJXHV�LQ�
RWKHU�KHUSHVYLUXVHV��ZH�SURSRVH� WKDW�((+9�$��
((+9�%�� DQG� ((+9�� FRXOG� EH� FRQVLGHUHG� D�
QHZ�'HOWDKHUSHVYLULQDH�VXEIDPLO\�RI�PDPPDOLDQ�
KHUSHVYLUXVHV� WKDW� HYROYHG� DV� DQ� LQWHUPHGLDWH�
EUDQFK� EHWZHHQ� WKH� %HWDKHUSHVYLULQDH� DQG�
*DPPDKHUSHVYLULQDH��8QOLNH�F\WRPHJDORYLUXVHV��
((+9�JHQRPHV�HQFRGH�ULERQXFOHRWLGH�NLQDVH�%�
VXEXQLW��55%���WK\PLGLQH�NLQDVH��7.���DQG�8/��
OLNH� RULJLQ� ELQGLQJ� SURWHLQ� �2%3�� SURWHLQV� DQG�
KDYH� DQ� DOSKDKHUSHVYLUXV�OLNH� G\DG� V\PPHWU\�
2UL�/\W�GRPDLQ��7KH\�DOVR�GLIIHU�IURP�DOO�NQRZQ�
EHWDKHUSHVYLUXVHV� E\� KDYLQJ� D� ���NE� ODUJH�
VFDOH� LQYHUVLRQ� RI� FRUH� JHQH� EORFNV� ,�� ,,�� DQG�
,,,��((+9��DQG�((+9��'1$�GLIIHU�XQLIRUPO\�
E\� PRUH� WKDQ� ����� EXW� ((+9�� FOXVWHUV� LQWR�
WZR� PDMRU� VXEJURXSV� GHVLJQDWHG� ((+9�$�
DQG� ((+9�%� ZLWK� DQFLHQW� SDUWLDOO\� FKLPHULF�
IHDWXUHV�� :KHUHDV� ODUJH� VHJPHQWV� DUH� QHDUO\�
LGHQWLFDO�� WKUHH� QRQDGMDFHQW� ORFL� WRWDOLQJ� ��� NE�
GLYHUJH�E\�EHWZHHQ����DQG������2QH� VWUDLQ�RI�
((+9�%�DQDO\]HG�LV�LQWHUSUHWHG�WR�EH�D�PRGHUQ�
SDUWLDO� UHFRPELQDQW� ZLWK� ((+9�$�� �� �����
$PHULFDQ�6RFLHW\�IRU�0LFURELRORJ\�

6��6DSNRWD��$��$U\DO��6�5��%DUDO��0�:��+D\ZDUG�
	�'��5DXEHQKHLPHU
(FRQRPLF� DQDO\VLV� RI� HOHFWULF� IHQFLQJ� IRU�
PLWLJDWLQJ�KXPDQ�ZLOGOLIH�FRQÁLFW�LQ�1HSDO
-��RI�5HVRXUFHV�DQG�(FRORJ\�����������������
$EVWUDFW�� � +XPDQ�ZLOGOLIH� FRQÁLFW� LV� RQH� RI�
WKH� ELJJHVW� FRQVHUYDWLRQ� FKDOOHQJHV� WKURXJKRXW�
WKH�ZRUOG��9DULRXV� FRQVHUYDWLRQ� VWUDWHJLHV� KDYH�
EHHQ�HPSOR\HG�WR�OLPLW�WKHVH�LPSDFWV��EXW�RIWHQ�
WKH\� DUH� QRW� DGHTXDWHO\� PRQLWRUHG� DQG� WKHLU�
HIIHFWLYHQHVV�DVVHVVHG��5HFHQWO\��HOHFWULF�IHQFLQJ�
KDV� EHHQ� FRQVWUXFWHG� DV� D� PHDQV� WR� PLWLJDWH�
KXPDQ�ZLOGOLIH� FRQÁLFW� VXUURXQGLQJ� PDQ\�
1HSDOHVH� SURWHFWHG� DUHDV��7R�GDWH�� WKHUH� DUH� QR�
RWKHU�VWXGLHV�DQDO\]LQJ�WKH�FRVW�HIIHFWLYHQHVV�DQG�
HIÀFDF\�RI�IHQFLQJ�IRU�FRQVHUYDWLRQ��7KLV�VWXG\�
DLPV�WR�H[DPLQH�WKH�FRVW�HIIHFWLYHQHVV�RI�HOHFWULF�
IHQFLQJ�LQ�WKH�HDVWHUQ�VHFWRU�RI�&KLWZDQ�1DWLRQDO�
3DUN��1HSDO��ZKHUH�WKH�IHQFLQJ�KDV�UHFHQWO\�EHHQ�
FRQVWUXFWHG��*UHDW�,QGLDQ�RQH�KRUQHG�UKLQRFHURV�
�5KLQRFHURV� XQLFRUQLV���ZLOG� ERDU� �6XV� VFURID���

$VLDQ� HOHSKDQW� �(OHSKDV� PD[LPXV��� DQG� WLJHU�
�3DQWKHUD�WLJULV��ZHUH�WKH�PDLQ�ZLOGOLIH�VSHFLHV�
LQYROYHG� LQ� KXPDQ�ZLOGOLIH� FRQÁLFW� LQ� WKH�
EXIIHU� ]RQH� DUHD� VXUURXQGLQJ� WKH� SDUN�� ZKHUH�
WKH� IHQFLQJ�ZDV�GHSOR\HG��(OHFWULF� IHQFLQJ�ZDV�
VLJQLÀFDQWO\� HIIHFWLYH� LQ� UHGXFLQJ� FURS� GDPDJH�
E\�����DQG�OLYHVWRFN�GHSUHGDWLRQ�E\����²�����
+XPDQ�PRUWDOLW\�ZDV�QRW�UHGXFHG�VLJQLÀFDQWO\�LQ�
WKH�VWXG\�DUHDV�DQG�FRQWLQXHG�DW�ORZ�OHYHOV��2XU�
DQDO\VLV� VXJJHVWHG� WKDW� WRWDO� QHW� SUHVHQW� YDOXH�
RI� WKH� FRVW� RI� HOHFWULF� IHQFH� LQ� .DJHQGUDPDOOL�
8VHU� &RPPLWWHH� �.08&�� DQG� 0ULJDNXQMD�
8VHU�&RPPLWWHH� �0.8&��ZDV� ����������135�
�1HSDOHVH�5XSHHV���������86'��DQG�����������
135���������86'��UHVSHFWLYHO\�XS�WR�WKH�ÀVFDO�
\HDU����������1HW�SUHVHQW�EHQHÀW�LQ�.08&�DQG�
0.8&�ZDV������������135����������86'��DQG�
����������� 135� ��������� 86'�� UHVSHFWLYHO\�
XS�WR����������7KH�FRVW�EHQHÀW�UDWLR�RI�HOHFWULF�
IHQFH�XS� WR�EDVH�ÀVFDO�\HDU��������� LQ�.08&�
LV��������ZKHUHDV�0.8&�LV��������7KHVH�UHVXOWV�
LOOXVWUDWH� WKDW� WKH� HOHFWULF� IHQFLQJ� SURJUDP� LV�
HFRQRPLFDOO\�DQG�VRFLDOO\�EHQHÀFLDO�LQ�UHGXFLQJ�
KXPDQ�ZLOGOLIH� FRQÁLFW� �FURS� GDPDJH� DQG�
OLYHVWRFN�GHSUHGDWLRQ��DURXQG�WKH�SURWHFWHG�DUHDV�
ZKHUH�ODUJH�PDPPDOV�RFFXU�

$�6��6WRHJHU�	�3��0DQJHU
9RFDO�OHDUQLQJ�LQ�HOHSKDQWV��QHXUDO�EDVHV�DQG�
DGDSWLYH�FRQWH[W
&XUUHQW�2SLQLRQ�LQ�1HXURELRO�����������������
$EVWUDFW���,Q�WKH�ODVW�GHFDGH�FOHDU�HYLGHQFH�KDV�
DFFXPXODWHG�WKDW�HOHSKDQWV�DUH�FDSDEOH�RI�YRFDO�
SURGXFWLRQ�OHDUQLQJ��([DPSOHV�RI�YRFDO�LPLWDWLRQ�
DUH�GRFXPHQWHG�LQ�$IULFDQ��/R[RGRQWD�DIULFDQD��
DQG�$VLDQ��(OHSKDV�PD[LPXV��HOHSKDQWV��EXW�OLWWOH�
LV� NQRZQ� DERXW� WKH� IXQFWLRQ� RI� YRFDO� OHDUQLQJ�
ZLWKLQ� WKH� QDWXUDO� FRPPXQLFDWLRQ� V\VWHPV� RI�
HLWKHU�VSHFLHV��:H�DUH�DOVR�MXVW�VWDUWLQJ�WR�LGHQWLI\�
WKH� QHXUDO� EDVLV� RI� HOHSKDQW� YRFDOL]DWLRQV�� 7KH�
$IULFDQ� HOHSKDQW� GLHQFHSKDORQ� DQG� EUDLQVWHP�
SRVVHVV� VSHFLDOL]DWLRQV� UHODWHG� WR� DVSHFWV� RI�
QHXUDO� LQIRUPDWLRQ� SURFHVVLQJ� LQ� WKH� PRWRU�
V\VWHP��DIIHFWLQJ�WKH�WLPLQJ�DQG�OHDUQLQJ�RI�WUXQN�
PRYHPHQWV�� DQG� WKH� DXGLWRU\� DQG� YRFDOL]DWLRQ�
V\VWHP�� &RPSDUDWLYH� LQWHUGLVFLSOLQDU\� �IURP�
EHKDYLRXUDO� WR� QHXURDQDWRPLFDO�� VWXGLHV� DUH�
VWURQJO\�ZDUUDQWHG�WR�LQFUHDVH�RXU�XQGHUVWDQGLQJ�
RI� ERWK� YRFDO� OHDUQLQJ� DQG� YRFDO� EHKDYLRXU� LQ�
HOHSKDQWV���������7KH�$XWKRUV��
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´-DPEXµ�LQ�<DOD�1DWLRQDO�3DUN��6UL�/DQND�

*�6��:LONLH��$�-�� 'DYLVRQ��.��.HUU��0�)�� 6WLG�
ZRUWK\��6��5HGUREH��)��6WHLQEDFK��$��'DVWMHUGL�	�
'��'HQN
)LUVW� )DWDOLW\� DVVRFLDWHG� ZLWK� HOHSKDQW�
HQGRWKHOLRWURSLF� KHUSHVYLUXV� �� LQ� DQ� $VLDQ�
HOHSKDQW��3DWKRORJLFDO�ÀQGLQJV�DQG�FRPSOHWH�
YLUDO�JHQRPH�VHTXHQFH
6FLHQWLÀF�5HSRUWV����������H����
$EVWUDFW���,QIHFWLRQV�RI�$VLDQ�HOHSKDQWV��(OHSKDV�
PD[LPXV�� ZLWK� HOHSKDQW� HQGRWKHOLRWURSLF�
KHUSHVYLUXV� �((+9�� FDQ� FDXVH� D� UDSLG�� KLJKO\�
OHWKDO�� KHPRUUKDJLF� GLVHDVH�� ZKLFK� SULPDULO\�
DIIHFWV� MXYHQLOH� DQLPDOV� XS� WR� WKH� DJH� RI� IRXU�
\HDUV��6R� IDU�� WKH�PDMRULW\�RI� GHDWKV�KDYH�EHHQ�
DWWULEXWHG� WR� LQIHFWLRQV� ZLWK� JHQRW\SH� ((+9��
RU��PRUH� UDUHO\��((+9��DQG�((+9���+HUH��ZH�
UHSRUW�WKH�SDWKRORJLFDO�FKDUDFWHULVWLFV�RI�WKH�ÀUVW�
IDWDOLW\�OLQNHG�WR�((+9��LQIHFWLRQ��DQG�GHVFULEH�
WKH� FRPSOHWH� YLUDO� '1$� VHTXHQFH�� *URVV�
SRVW�PRUWHP� DQG� KLVWRORJLFDO� ÀQGLQJV� ZHUH�
LQGLVWLQJXLVKDEOH� IURP� OHWKDO� FDVHV� SUHYLRXVO\�
DWWULEXWHG� WR� RWKHU� ((+9� JHQRW\SHV�� DQG� WKH�
SUHVHQFH�RI�FKDUDFWHULVWLF�KHUSHVYLUDO�LQFOXVLRQV�
LQ�FDSLOODU\�HQGRWKHOLDO�FHOOV�DW�VHYHUDO�VLWHV�ZDV�
FRQVLVWHQW� ZLWK� WKH� GLDJQRVLV� RI� DFXWH� ((+9�
LQIHFWLRQ�� 0ROHFXODU� DQDO\VLV� FRQÀUPHG� WKH�
SUHVHQFH�RI�((+9��'1$�DQG�ZDV�IROORZHG�E\�
VHTXHQFLQJ� RI� WKH� YLUDO� JHQRPH� GLUHFWO\� IURP�
SRVW�PRUWHP� PDWHULDO�� 7KH� JHQRPH� LV� ��������
ES� LQ� VL]H� DQG� FRQWDLQV� ���� SUHGLFWHG� SURWHLQ�
FRGLQJ�JHQHV��ÀYH�RI�ZKLFK�DUH�IUDJPHQWHG�DQG�
SUHVXPDEO\� QRQIXQFWLRQDO�� 7KH� VHYHQ� IDPLOLHV�
RI� SDUDORJRXV� JHQHV� UHFRJQL]HG� LQ� ((+9�� DUH�
DOVR�UHSUHVHQWHG� LQ�((+9���7KH�RYHUDOO�GHJUHH�
RI� GLYHUJHQFH� ������ EHWZHHQ� WKH� ((+9�� DQG�
((+9�� JHQRPHV�� DQG� SK\ORJHQHWLF� DQDO\VLV�
RI� HLJKW� FRQVHUYHG�JHQHV�� VXSSRUW� WKH�SURSRVHG�
FODVVLÀFDWLRQ� RI� ((+9�� LQWR� D� QHZ� VSHFLHV�
�(OHSKDQWLG�KHUSHVYLUXV������������5HSULQWHG�E\�
SHUPLVVLRQ�IURP�0DFPLOODQ�3XEOLVKHUV�/WG�

-��&�� =RQJ�� (�0�� /DWLPHU�� 6�<�� /RQJ�� /�.��
5LFKPDQ��6�<��+HDJJDQV�	�*�6��+D\ZDUGD
&RPSDUDWLYH�JHQRPH�DQDO\VLV�RI�IRXU�HOHSKDQW�
HQGRWKHOLRWURSLF� KHUSHVYLUXVHV�� ((+9���
((+9���((+9���DQG�((+9���IURP�FDVHV�RI�
KHPRUUKDJLF�GLVHDVH�RU�YLUHPLD
-RXUQDO�RI�9LURORJ\����������������²�����
$EVWUDFW�� � 7KH� JHQRPHV� RI� WKUHH� W\SHV� RI�
QRYHO� HQGRWKHOLRWURSLF� KHUSHVYLUXVHV� �HOHSKDQW�

HQGRWKHOLRWURSLF� KHUSHVYLUXV� �$� >((+9�$@��
((+9�%�� DQG� ((+9��� DVVRFLDWHG� ZLWK� OHWKDO�
KHPRUUKDJLF� GLVHDVH� LQ� $VLDQ� HOHSKDQWV� KDYH�
EHHQ�SUHYLRXVO\�ZHOO�FKDUDFWHUL]HG�DQG�DVVLJQHG�
WR� D� QHZ� 3URERVFLYLUXV� JHQXV�� +HUH� ZH� KDYH�
JHQHUDWHG� ���� NE� RI� '1$� VHTXHQFH� GDWD� IURP�
VHJPHQWV�RI�IRXU�PRUH�W\SHV�RI�((+9�E\�GLUHFW�
WDUJHWHG� 3&5� IURP� EORRG� VDPSOHV� RU� QHFURSV\�
WLVVXH� VDPSOHV� IURP� VL[� YLUHPLF� HOHSKDQWV��
&RPSDUDWLYH�SK\ORJHQHWLF�DQDO\VLV�RI�QHDUO\����
SURWHLQ�HQFRGLQJ�JHQHV�RI�((+9��DQG�((+9��
VKRZ�WKDW�WKH\�GLYHUJH�XQLIRUPO\�E\�QHDUO\�����
IURP�WKHLU�FORVHVW�UHODWLYHV��((+9��DQG�((+9�$��
UHVSHFWLYHO\�� DQG� DUH� OLNHO\� WR� KDYH� VLPLODU�
RYHUDOO� JHQH� FRQWHQW� DQG� JHQRPH� RUJDQL]DWLRQ��
,Q� FRQWUDVW�� VHYHQ� ((+9�� DQG� ((+9�� JHQHV�
DQDO\]HG�GLIIHU�IURP�WKRVH�RI�DOO�RWKHU�((+9V�E\�
����DQG�KDYH�D�*&�FRQWHQW�RI�����FRPSDUHG�WR�
MXVW�����IRU�WKH�RWKHUV��7KUHH�VWUDLQV�RI�((+9��
DQDO\]HG� FOXVWHUHG� LQWR� WZR� SDUWLDOO\� FKLPHULF�
VXEJURXSV��$�DQG��%�WKDW�GLYHUJH�E\�����ZLWKLQ�
WKUHH� VPDOO� QRQFRQWLJXRXV� VHJPHQWV� WRWDOLQJ�
���� NE�� :H� FRQFOXGH� WKDW� DOO� VL[� ((+9� W\SHV�
VKRXOG� EH� GHVLJQDWHG� DV� LQGHSHQGHQW� VSHFLHV�
ZLWKLQ�D�SURSRVHG�QHZ�IRXUWK�'HOWDKHUSHVYLULQDH�
VXEIDPLO\� RI� PDPPDOLDQ� KHUSHVYLUXVHV�� 7KHVH�
YLUXV�W\SHV�OLNHO\�LQLWLDOO\�GLYHUJHG�FORVH�WR�����
PLOOLRQ�\HDUV�DJR�ZKHQ�WKH�DQFHVWRUV�RI�PRGHUQ�
HOHSKDQWV�VSOLW�IURP�DOO�RWKHU�SODFHQWDO�PDPPDOV�
DQG� WKHQ� HYROYHG� LQWR� WZR� PDMRU� EUDQFKHV�
ZLWK�KLJK��RU� ORZ�*&�FRQWHQW�DERXW����PLOOLRQ�
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