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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�

6��$LQL��$�0��6RRG�	�6��6DDEDQ
$QDO\VLQJ�HOHSKDQW�KDELWDW�SDUDPHWHUV�XVLQJ�
*,6�� UHPRWH� VHQVLQJ� DQG� DQDO\WLF� KLHUDUFK\�
SURFHVV�LQ�3HQLQVXODU�0DOD\VLD
3HUWDQLND� -RXUQDOV� 6FLHQFH� 	� 7HFKQRORJ\� ���
������������
$EVWUDFW�� � *HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHP�
�*,6�� DQG� UHPRWH� VHQVLQJ� DUH� JHRVSDWLDO�
WHFKQRORJLHV�WKDW�KDYH�EHHQ�XVHG�IRU�PDQ\�\HDUV�
LQ� HQYLURQPHQWDO� VWXGLHV�� LQFOXGLQJ� JDWKHULQJ�
DQG� DQDO\VLQJ� RI� LQIRUPDWLRQ� RQ� WKH� SK\VLFDO�
SDUDPHWHUV� RI� ZLOGOLIH� KDELWDWV� DQG� PRGHOOLQJ�
RI� KDELWDW� DVVHVVPHQWV�� 7KH� KRPH� UDQJH�
HVWLPDWLRQ�SURYLGHG�LQ�D�*,6�HQYLURQPHQW�RIIHUV�
D� YLDEOH�PHWKRG�RI� TXDQWLI\LQJ� KDELWDW� XVH� DQG�
IDFLOLWDWLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�VSHFLHV�DQG�
KDELWDW� UHODWLRQVKLSV�� 7KLV� VWXG\� XVHG� UHPRWH�
VHQVLQJ�� *,6� DQG� $QDO\WLF� +LHUDUFK\� 3URFHVV�
�$+3��DSSOLFDWLRQ�WRROV�DV�PHWKRGV�WR�DVVHVV�WKH�
KDELWDW�SDUDPHWHUV�SUHIHUHQFH�RI�$VLDQ�HOHSKDQW��
6DWHOOLWH� LPDJHV� DQG� WRSRJUDSKLFDO� PDSV� ZHUH�
XVHG� IRU� WKH� HQYLURQPHQWDO� DQG� WRSRJUDSKLFDO�
KDELWDW�SDUDPHWHU�JHQHUDWLRQ�HQFRPSDVVLQJ�ODQG�
XVH�ODQG� FRYHU�� QRUPDOL]HG� GLJLWDO� YHJHWDWLRQ�
LQGH[�� ZDWHU� VRXUFHV�� GLJLWDO� HOHYDWLRQ� PRGHO��
VORSH� DQG� DVSHFW�� 7KH� NHUQHO� KRPH� UDQJH� ZDV�
GHWHUPLQHG�XVLQJ�HOHSKDQW�GLVWULEXWLRQ�GDWD�IURP�
VDWHOOLWH�WUDFNLQJ��ZKLFK�ZHUH�WKHQ�DQDO\VHG�XVLQJ�
KDELWDW� SDUDPHWHUV� WR� LQYHVWLJDWH� DQ\� SRVVLEOH�
UHODWLRQVKLS�� 6XEVHTXHQWO\�� WKH� IUHTXHQF\� RI�
WKH� XWLOL]DWLRQ� GLVWULEXWLRQ� RI� HOHSKDQWV� ZDV�
IXUWKHU� DQDO\VHG�XVLQJ� VSDWLDO� DQG�JHRVWDWLVWLFDO�
DQDO\VHV��7KLV�ZDV�IROORZHG�E\�WKH�XVH�RI�$+3�
IRU� LGHQWLI\LQJ� KDELWDW� SUHIHUHQFH�� VHOHFWLRQ� RI�
VLJQLÀFDQW�KDELWDW�SDUDPHWHUV�DQG�FODVVLÀFDWLRQ�RI�

FULWHULRQ��7KH�KDELWDWV�RFFXSLHG�E\�WKH�HOHSKDQWV�
VKRZHG� WKDW� WKH� FRQVHUYDWLRQ� RI� WKHVH� DQLPDOV�
ZRXOG�UHTXLUH�JRRG�PDQDJHPHQW�SUDFWLFHV�ZLWKLQ�
DQG�RXWVLGH�RI�SURWHFWHG�DUHDV�VR�DV�WR�HQVXUH�WKH�
OHYHO� RI� VXLWDELOLW\� RI� WKH� KDELWDW�� SDUWLFXODUO\�
LQ� WUDQVORFDWLRQ� DUHDV���� �����8QLYHUVLWL� 3XWUD�
0DOD\VLD�3UHVV�

1��$QJDPPDQD��.�%��5DQDZDQD�	�*��(OOHSROD
(YDOXDWLRQ� RI� GDPDJH� FDXVHG� E\� HOHSKDQWV�
�(OHSKDV� PD[LPXV� PD[LPXV�� WR� WKH� ZRRG\�
YHJHWDWLRQ�LQ�8GDZDODZH�1DWLRQDO�3DUN
:LOG/DQND���������������
$EVWUDFW�� �(OHSKDQWV�FDQ�KDYH�SURIRXQG�HIIHFWV�
RQ�WKH�VWUXFWXUH�DQG�FRPSRVLWLRQ�RQ�ZRRGODQGV��
,Q�WKLV�VWXG\��WKH�GDPDJH�FDXVHG�E\�HOHSKDQWV�WR�
ZRRG\� SODQWV� LQ� WKH�8GDZDODZH�1DWLRQDO� 3DUN�
ZDV� LQYHVWLJDWHG��7KH� VWXG\�ZDV� FDUULHG� RXW� LQ�
WKUHH� PDMRU� KDELWDW� W\SHV� LQ� WKH� 8GDZDODZH�
1DWLRQDO�3DUN��QDPHO\�JUDVVODQGV�� VFUXE� IRUHVWV�
DQG� WDOO� IRUHVWV�� )LYH� SORWV� ZHUH� HVWDEOLVKHG� LQ�
HDFK� KDELWDW�� 7\SHV� RI� GDPDJHV� FDXVHG� WR� WKH�
ZRRG\� SODQWV� ZHUH� FDWHJRUL]HG� LQ� WR� VL[� PDLQ�
JURXSV�YL]��FURZQ�GDPDJH��EDUN�UHPRYDO��EUDQFK�
GDPDJH�� SXVKLQJ� GRZQ�� SDUWLDOO\� GDPDJHG� DQG�
WRWDOO\� GDPDJHG�� 3ODQW� VSHFLHV�� ZKLFK� ZHUH�
KLJKO\�YXOQHUDEOH�IRU�HOHSKDQW�GDPDJHV�DQG�WKH�
DUHDV�LQ�ZKLFK�HOHSKDQW�GDPDJHV�DUH�KLJK�ZHUH�
LGHQWLÀHG��7KHVH�UHVXOWV�ZHUH�XVHG�WR�LGHQWLI\�WKH�
IRRG� SUHIHUHQFHV� RI� HOHSKDQWV�� KLJKO\� UHFRUGHG�
GDPDJH�W\SHV�DQG�WKH�DUHD��ZKLFK�WKH\�SUHIHU�WR�
VWD\��%DVHG�RQ�WKH�LQWHQVLW\�RI�GDPDJHV�WKH�VWXG\�
UHYHDOHG�WKDW��FURZQ�GDPDJHV��EUDQFK�GDPDJHV��
SXVKLQJ� GRZQ� DQG� EDUN� UHPRYDO� DV� KLJKO\�
UHFRUGHG�GDPDJH�FDWHJRULHV�LQ�WKH�WKUHH�KDELWDWV��
%DXKLQLD� UHFHPRVD�� 3K\OODQWKXV� SRO\SK\OOXV��
/LPRQLD� DFLGLVVLPD� DQG� 'LRVS\URV� RYDOLIROLD�
ZHUH�WKH�VSHFLHV�WKDW�ZHUH�PRUH�VXVFHSWLEOH�IRU�
HOHSKDQW�GDPDJHV�DQG�WKH�JUDVVODQG�KDELWDWV�ZHUH�
WKH�DUHDV�ZKHUH�HOHSKDQW�GDPDJHV�ZHUH�KLJK�

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

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

&RPSLOHG�E\�-HQQLIHU�3DVWRULQL

$QWKURSRORJLVFKHV�,QVWLWXW��8QLYHUVLWlW�=�ULFK��=�ULFK��6ZLW]HUODQG
&HQWUH�IRU�&RQVHUYDWLRQ�DQG�5HVHDUFK��5DMDJLUL\D��6UL�/DQND
(�PDLO���MHQQ\#DLP�X]K�FK
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-�6��$QQL�	�$�.��6DQJDLDK
(OHSKDQW� WUDFNLQJ� ZLWK� VHLVPLF� VHQVRUV�� $�
WHFKQLFDO�SHUFHSWLYH�UHYLHZ
-XUQDO�7HNQRORJL������������������
$EVWUDFW�� � 7KLV� SDSHU� SUHVHQWV� D� V\VWHPDWLF�
OLWHUDWXUH�UHYLHZ�RI�HOHSKDQW�WUDFNLQJ�DSSURDFKHV�
YLD�VHLVPLF�VHQVRUV��(OHSKDQW�WUDFNLQJ�LV�EURDGO\�
GLYLGHG� LQWR� WZR�FDWHJRULHV�� WHFKQLFDO� DSSURDFK�
DQG� QRQ�WHFKQLFDO� DSSURDFK��$PRQJ� WKHVH� WZR�
UHVHDUFK�GLUHFWLRQV�WHFKQLFDO�DSSURDFK�KDV�SURYHG�
WR�EH�ULVN�IUHH��,W�KHOSV�DFFXPXODWLRQ�RI�WKH�OLIH�RI�
ERWK�KXPDQ�DQG�HOHSKDQWV�LQ�WKH�KXPDQ�HOHSKDQW�
FRQÁLFW� VFHQDULR�� ,Q� WKH� WHFKQLFDO� DSSURDFK��
VHLVPLF�VHQVRUV�KDYH�EHHQ�SUHIHUUHG�DV�DQ�HIIHFWLYH�
PHWKRGRORJ\�IRU�HOHSKDQW�WUDFNLQJ�DV�UHSRUWHG�LQ�
WKH�OLWHUDWXUH��6HLVPLF�VFHQDULRV�DGGUHVV�UHVHDUFK�
JDS�LQ�WKH�H[LVWLQJ�PHWKRGRORJLHV� WKURXJK�WKHLU�
HIÀFLHQF\�DQG�SUHFLVLRQ� LQ�PRQLWRULQJ�HOHSKDQW�
PRYHPHQWV� ZLWKRXW� FDXVLQJ� DQ\� KDUP� WR� WKHP�
ZKLOH��DW�WKH�VDPH�WLPH��KHOSLQJ�KXPDQV�WR�VROYH�
WKHLU� SUREOHPV� DQG� VDYLQJ� HQYLURQPHQW� IURP�
KD]DUGV��7KH�PDLQ� FRQWULEXWLRQ�RI� WKLV�SDSHU� LV�
UHYLHZ�RI�DQG�DGGUHVV�WR�WKH�WHFKQLFDO�DSSURDFKHV�
WKDW� DUH� HPSOR\HG� IRU� HOHSKDQW� WUDFNLQJ� XVLQJ�
VHLVPLF� VHQVRUV�� ZKLFK� DOVR� LQFOXGH� VHLVPLF�
FRPPXQLFDWLRQ� WKURXJK� VHQVRU� GHYLFHV� DQG�
HQFRXUDJH�IXWXUH�UHVHDUFK�RQ�WKLV�WRSLF���������
3HQHUELW�870�3UHVV�

1�� $U\D�� :�� 0RRQDUPDUW�� 1�� &KHHZD�
PRQJNROQLPLW�� 1�� .HUDWLNXO�� 6�� 3RRQ�LDP�� $��
5RXWK��3��%XPSHQSRO�	�7��$QJNDZDQLVK
2VWHRFDOFLQ� DQG� ERQH�VSHFLÀF� DONDOLQH�
SKRVSKDWDVH� LQ� $VLDQ� HOHSKDQWV� �(OHSKDV�
PD[LPXV��DW�GLIIHUHQW�DJHV
7KH�9HWHULQDU\�-RXUQDO�������������������
$EVWUDFW���%RQH�WXUQRYHU�PDUNHUV�FRXOG�RIIHU�D�
SRWHQWLDO�DOWHUQDWLYH�PHDQV�IRU�WKH�HDUO\�GLDJQRVLV�
RI� PHWDEROLF� ERQH� GLVHDVH� LQ� \RXQJ� JURZLQJ�
HOHSKDQWV�DOWKRXJK�WKH�EDVHOLQH�RI�ERQH�WXUQRYHU�
PDUNHUV� LQ� HOHSKDQW� LV� QRW� ZHOO� HVWDEOLVKHG��
7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� GHWHUPLQH� DQ\�
UHODWLRQVKLS� EHWZHHQ� WKH� DJH� RI� FDSWLYH� $VLDQ�
HOHSKDQWV� DQG� PDUNHUV� RI� ERQH� IRUPDWLRQ��
6HUXP�VDPSOHV�IURP����IHPDOH�$VLDQ�HOHSKDQWV�
ZHUH� FROOHFWHG� WR� HYDOXDWH� OHYHOV� RI� WZR� ERQH�
IRUPDWLRQ�PDUNHUV��QDPHO\��RVWHRFDOFLQ��2&��DQG�
ERQH�VSHFLÀF�DONDOLQH�SKRVSKDWDVH��%$3���%RWK�
LQWDFW�DQG�1�WHUPLQDO�PLGIUDJPHQW�2&�DQG�%$3�
ZHUH�QHJDWLYHO\�FRUUHODWHG�ZLWK�DJH��7KH�ÀQGLQJV�

GHPRQVWUDWH�WKDW�\RXQJHU�HOHSKDQWV�KDYH�D�KLJKHU�
UDWH�RI�ERQH�WXUQRYHU�WKDQ�ROGHU�HOHSKDQWV��8VH�RI�
WKHVH�DQG�DGGLWLRQDO�ERQH�PDUNHUV�FRXOG�OHDG�WR�
WKH�HVWDEOLVKPHQW�RI�YDOLGDWHG�SURWRFROV� IRU� WKH�
PRQLWRULQJ�RI�ERQH�GLVHDVH�LQ�HOHSKDQWV���������
5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�(OVHYLHU�

$�� $WKDQDVVLRX�� 9�� +HUULGJH�� '�6�� 5HHVH�� *��
,OLRSRXORV�� 6�� 5RXVVLDNLV�� 9�� 0LWVRSRXORX�� (��
7VLRODNLV�	�*��7KHRGRURX
&UDQLDO�HYLGHQFH�IRU�WKH�SUHVHQFH�RI�D�VHFRQG�
HQGHPLF�HOHSKDQW�VSHFLHV�RQ�&\SUXV
4XDWHUQDU\�,QWHUQDWLRQDO�����������������
$EVWUDFW�� � &\SUXV�� WKH� ODUJHVW� (DVWHUQ� 0HGL�
WHUUDQHDQ� LVODQG�� KRVWHG� D� KLJKO\� LPSRYHULVKHG�
HQGHPLF�PDPPDOLDQ�IDXQD�GXULQJ�WKH�3OHLVWRFHQH�
WR� HDUO\� +RORFHQH� WLPHV�� 7KLV� ZDV� D� UHVXOW� RI�
LWV� H[WUHPH� ELRJHRJUDSKLF� LVRODWLRQ� VLQFH� LWV�
IRUPDWLRQ��ZKLFK� SUHYHQWHG� WKH� LPPLJUDWLRQ� RI�
PRVW�WHUUHVWULDO�PDPPDOV��H[FHSW�IRU�WKRVH�ZLWK�
DSSDUHQW�VHD�FKDQQHO�FURVVLQJ�DELOLWLHV��7KH�PDLQ�
IDXQDO�HOHPHQWV�DUH�WKH�H[WUHPHO\�GZDUIHG�KLSSR�
3KDQRXULRV� PLQRU�� FRPPRQO\� IRXQG� LQ� PDQ\�
VLWHV� DFURVV� WKH� LVODQG�� DQG� WKH� GZDUI� HOHSKDQW�
3DODHROR[RGRQ� F\SULRWHV�� 7KH� ODWWHU� LV� D� YHU\�
VPDOO�VL]HG�HOHSKDQW�VSHFLHV��FRPSDUDEOH�LQ�VL]H�
ZLWK�WKH�6LFXOR�0DOWHVH�3DODHROR[RGRQ�IDOFRQHUL��
/DUJHU� GHQWDO� VSHFLPHQV� IRXQG� VSRUDGLFDOO\�
GXULQJ� WKH� ODVW� FHQWXU\�� UDLVHG� WKH� SRVVLELOLW\�
WKDW� D� VHFRQG� HQGHPLF� HOHSKDQW�� ODUJHU� WKDQ�3��
F\SULRWHV��PD\�KDYH�DOVR�H[LVWHG�LQ�&\SUXV��+HUH�
ZH� GHVFULEH� D� VNXOO� UHFHQWO\� H[FDYDWHG� LQ� WKH�
FRDVWDO� DUHD� RI�;\ORSKiJRX��6(�&\SUXV��ZKLFK�
SURYLGHV� HYLGHQFH� WKDW�� LQGHHG�� WZR� HOHSKDQW�
VSHFLHV� KDYH� H[LVWHG� RQ� WKH� LVODQG�� 7KH� ODUJHU�
VSHFLHV��3DODHROR[RGRQ�[\ORSKDJRX�Q��VS���LV�VWLOO�
VWURQJO\�GZDUIHG�DQG�FKDUDFWHULVHG�E\�HORQJDWHG��
ORZ� DQG�ZLGH� VNXOO�� GLYHUJLQJ� WXVN� DOYHROL� DQG�
FRPSDUDWLYHO\� ODUJH� PRODUV�� 'LPHQVLRQDOO\� WKH�
GHQWLWLRQ�LV�GLVWLQFWO\�ODUJHU�WKDQ�3��F\SULRWHV�DQG�
FORVH�WR�3DODHROR[RGRQ�WLOLHQVLV��WKRXJK�WKH�VNXOO�
VL]H� LV� LQWHUPHGLDWH� EHWZHHQ�3�� WLOLHQVLV� DQG�3��
IDOFRQHUL��%RWK�&\SULRW�HOHSKDQW�VSHFLHV�H[KLELW�
PRUSKRORJLFDO� DIÀQLWLHV� ZLWK� 3DODHROR[RGRQ�
DQWLTXXV�� ZKLFK� LV� WKHLU� SUREDEOH� DQFHVWRU��
6WUDWLJUDSKLF� GDWD� VXJJHVW� WKDW� 3�� [\ORSKDJRX�
LV� ROGHU� �ODWH� 0LGGOH� 3OHLVWRFHQH��� ZKLOH� 3��
F\SULRWHV� LV� PRUH� UHFHQW� �ODWHVW� 3OHLVWRFHQH� WR�
HDUO\�+RORFHQH��DQG�PD\�KDYH�GHVFHQGHG� IURP�
WKH�IRUPHU�RU�H�OHVV�SUREDEO\�H�HYROYHG�DV�D�UHVXOW�
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RI�D�VHSDUDWH��PRUH�UHFHQW�FRORQLVDWLRQ�HYHQW����
�����(OVHYLHU�/WG�DQG�,148$�

0�-��%RRQH��&�1��'DYLV��/��.ODVHN��-�)��GHO�6RO��
.��5RHKP�	�0�'��0RUDQ
$� WHVW� RI� SRWHQWLDO� 3OHLVWRFHQH�PDPPDO� VHHG�
GLVSHUVDO� LQ�DQDFKURQLVWLF� IUXLWV�XVLQJ�H[WDQW�
HFRORJLFDO�DQG�SK\VLRORJLFDO�DQDORJV
6RXWKHDVWHUQ�1DWXUDOLVW����������������
$EVWUDFW�� � 8VLQJ� (OHSKDV� PD[LPXV� �$VLDQ�
HOHSKDQW��DQG�(TXXV�IHUXV�FDEDOOXV��GRPHVWLFDWHG�
KRUVH��DV�HFRORJLFDO�DQDORJV�WR�H[WLQFW�3OHLVWRFHQH�
PDPPDOV�� ZH� WHVWHG� WKH� HIIHFW� RI� JXW� SDVVDJH�
RQ� �� SURSRVHG� DQDFKURQLVWLF� IUXLWV�� 'LRVS\URV�
YLUJLQLDQD� �$PHULFDQ� SHUVLPPRQ��� 0DFOXUD�
SRPLIHUD� �RVDJH� RUDQJH��� DQG� $VLPLQD� WULORED�
�SDZ�SDZ���:H�IRXQG�WKDW�HOHSKDQW�JXW�SDVVDJH�
RI�SHUVLPPRQ�VHHGV�LQFUHDVHG�WKHLU�JHUPLQDWLRQ�
VXFFHVV� DQG� GHFUHDVHG� WKHLU� WLPH� WR� VSURXW��
ZKLOH�RVDJH�RUDQJH� VHHGV� VKRZHG�QR�EHQHÀW� WR�
JXW� SDVVDJH�� 1HLWKHU�$PHULFDQ� 3HUVLPPRQ� QRU�
RVDJH�RUDQJH�VHHGV�VXUYLYHG�JXW�SDVVDJH�WKURXJK�
KRUVHV��%RWK�PDPPDOV�UHIXVHG�WR�FRQVXPH�3DZ�
SDZ� IUXLWV��$VVXPLQJ� D� VLPLODU� SK\VLRORJ\� DQG�
EHKDYLRXU�FRPSDUHG�WR�RXU�PRGHUQ�DQDORJV��ZH�
VXJJHVW� WKDW� H[WLQFW� 1RUWK� $PHULFDQ� HOHSKDQW�
VSHFLHV�FRXOG�KDYH�EHHQ�LPSRUWDQW�VHHG�GLVSHUVHUV�
IRU�$PHULFDQ�3HUVLPPRQV�EXW�ZHUH�XQOLNHO\� WR�
EH�HIIHFWLYH�IRU�RVDJH�RUDQJH�RU�SDZ�SDZ��ZKLOH�
KRUVHV�ZRXOG� KDYH� EHHQ� SRRU� GLVSHUVHUV� IRU� DOO�
SODQW�VSHFLHV�WHVWHG���������(DJOH�+LOO�,QVWLWXWH�

.��%UDQWEHUJ��%��)DODKDW�	�'�&��.DOWKRII
'R� H[WDQW� HOHSKDQWV� KDYH� VXSHULRU� FDQDO�
GHKLVFHQFH�V\QGURPH"
$FWD�2WR�/DU\QJRORJLFD���������������������
$EVWUDFW�� �&RQFOXVLRQ�� ;�UD\� &7� RI� DQ�$VLDQ�
HOHSKDQW·V� VNXOO� VXJJHVWV� WKDW� HOHSKDQWV� GR� QRW�
KDYH� D� ODE\ULQWKLQH� �UG� PRELOH� ZLQGRZ�� 7KLV�
H[FOXGHV�WKH�FRQFHSW�WKDW�HOHSKDQWV�EHQHÀW�IURP�
HQKDQFHPHQW�RI�ERQH�FRQGXFWHG�YLEUDWLRQ�E\�DQ�
H[WUD�RSHQLQJ�RI�WKH�ODE\ULQWK��7KLV�ÀQGLQJ�GRHV�
QRW�� KRZHYHU�� H[FOXGH� WKDW� HOHSKDQWV� XVH� ERQH�
FRQGXFWHG� KHDULQJ� IRU� VHLVPLF� GHWHFWLRQ�� QRU�
WKDW�RWKHU�VSHFLHV�PD\�XVH�DQ�H[WUD�ODE\ULQWKLQH�
RSHQLQJ�IRU�LPSURYHG�GHWHFWLRQ�RI�VHLVPLF�VLJQDOV��
2EMHFWLYHV�� ,Q�PDQ�� D� SDWKRORJLF� H[WUD�RSHQLQJ�
RI�WKH�ERQ\�ODE\ULQWK�FDXVHV�DOWHUHG�KHDULQJ�ZLWK�
VXSUDQRUPDO� ERQH� FRQGXFWLRQ�� 7KHRUHWLFDOO\��
WKLV�YDULDWLRQ� LQ�DXGLWRU\�SHUIRUPDQFH�FRXOG�EH�

DGYDQWDJHRXV� IRU� GHWHFWLRQ� RI� VHLVPLF� ZDYHV��
0HWKRG�� 7KH� VNXOO� RI� DQ� DGXOW�$VLDQ� HOHSKDQW�
ZDV� H[DPLQHG� E\�;�UD\� FRPSXWHG� WRPRJUDSK\�
WR� LQYHVWLJDWH� ZKHWKHU� D� QDWXUDO� ¶�UG� PRELOH�
ZLQGRZ·�PHFKDQLVP�IRU�HQKDQFHG�VHQVLWLYLW\�RI�
ERG\�VRXQGV�H[LVW�LQ�HOHSKDQWV��5HVXOWV��$OWKRXJK�
WKH�HQWLUH�HOHSKDQW·V�VNXOO�ZDV�RWKHUZLVH�EURDGO\�
DHUDWHG��WKH�ODE\ULQWK�DUHDV�ZHUH�VXUURXQGHG�E\�
GHQVH�ERQH���������,QIRUPD�+HDOWKFDUH�

-�)��%URGLH��$�-��*LRUGDQR�	�/��$PEX
'LIIHUHQWLDO� UHVSRQVHV� RI� ODUJH� PDPPDOV� WR�
ORJJLQJ�DQG�HGJH�HIIHFWV
0DPPDOLDQ�%LRORJ\���������������
$EVWUDFW�� �6HOHFWLYH�ORJJLQJ�LV�RQH�RI�WKH�PRVW�
ZLGHVSUHDG� GLVWXUEDQFHV� WR� WURSLFDO� IRUHVWV�
ZRUOGZLGH�� \HW� LWV� LPSDFWV� RQ� ODUJH� PDPPDOV�
UHPDLQ� SRRUO\� XQGHUVWRRG�� :H� XVHG� FDPHUD�
WUDSSLQJ� DQG� KLHUDUFKLFDO� PRGHOV� WR� FRPSDUH�
ORFDO� DEXQGDQFH� RI� D� YDULHW\� RI� WHUUHVWULDO�
PDPPDO�VSHFLHV� LQ�%RUQHR�EHWZHHQ�VHOHFWLYHO\�
ORJJHG� DQG� XQORJJHG� IRUHVW�� DQG� WR� DVVHVV� WKH�
LPSDFWV�RI�HGJH�HIIHFWV��2XU�PHWKRGV�FLUFXPYHQW�
FRQIRXQGLQJ�IDFWRUV�WKDW�KDYH�SODJXHG�SUHYLRXV�
DVVHVVPHQWV� RI� ORJJLQJ� LPSDFWV� E\� H[SOLFLWO\�
DFFRXQWLQJ� IRU�GLIIHUHQWLDO�GHWHFWLRQ�SUREDELOLW\�
DPRQJ� KDELWDWV�� VHSDUDWLQJ� WKH� HIIHFWV� RI�
KXQWLQJ� IURP� WKRVH� RI� ORJJLQJ�LQGXFHG� KDELWDW�
GLVWXUEDQFH�� DQG� H[SOLFLWO\� PHDVXULQJ� WKH�
GLVWDQFHV� RYHU� ZKLFK� HGJH� HIIHFWV� RFFXU�� :H�
IRXQG� WKDW� PDPPDOLDQ� FDUQLYRUH� VSHFLHV� ZHUH�
HLWKHU�ODUJHO\�RU�FRPSOHWHO\�FRQÀQHG�WR�SULPDU\�
IRUHVW��DOWKRXJK�KDELWDW�XVH�IRU�WKH�6XQGD�FORXGHG�
OHRSDUG� LQFUHDVHG� WRZDUG� WKH� HFRWRQH�� 6HYHUDO�
ODUJH�XQJXODWHV��KRZHYHU��ZHUH�HLWKHU�FRPSOHWHO\�
�$VLDQ�HOHSKDQW�DQG�EDQWHQJ��RU�PRVWO\��VDPEDU��
IRXQG� LQ� ORJJHG� IRUHVW�� 7KLV� VXJJHVWV� WKDW�� LQ�
WKH� DEVHQFH� RI� KXQWLQJ�� GLVWXUEHG� KDELWDWV� FDQ�
EH� LPSRUWDQW� IRU� WKH� FRQVHUYDWLRQ� RI� FHUWDLQ�
HQGDQJHUHG�DQG�YXOQHUDEOH�VSHFLHV��6DPEDU�DQG�
PXQWMDF� ERWK� VWURQJO\� DYRLGHG� KDELWDW� HGJH� LQ�
ORJJHG� IRUHVW� DQG� SULPDU\� IRUHVW�� UHVSHFWLYHO\��
/RZHU� KDELWDW� XVH� E\� WKHVH� VSHFLHV� SHUVLVWHG�
�²��NP�IURP�WKH�KDELWDW�ERXQGDU\�²�IDUWKHU�WKDQ�
KDV� EHHQ� REVHUYHG� IRU� WKH� LQÀOWUDWLRQ� RI� RWKHU�
HGJH� HIIHFWV� VXFK� DV� FDQRS\� GHVLFFDWLRQ�� 6XFK�
DYRLGDQFH� RI� HFRWRQHV� LPSOLHV� WKDW� ��²���� RI�
WKH� LQWDFW� SULPDU\� IRUHVW� KDELWDW� LQ� RXU� VWXG\�
DUHD� LV� DFWXDOO\� GHJUDGHG� ´HGJH� KDELWDWµ� IURP�
WKH� SRLQW� RI� YLHZ� RI� SULPDU\� IRUHVW� VSHFLDOLVWV��
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2XU� UHVXOWV� VXJJHVW� WKDW�� ZKLOH� VHOHFWLYHO\�
ORJJHG� IRUHVWV� UHWDLQ� FRQVHUYDWLRQ� YDOXH� IRU�
FHUWDLQ� ODUJH�PDPPDO� VSHFLHV�� LW� LV� FULWLFDO� WKDW�
WKUHVKROGV�LQ�ORJJLQJ�LQWHQVLW\�EH�LGHQWLÀHG�VR�DV�
WR�DYRLG�GHFOLQHV�LQ�KDELWDW�XVH�E\�WD[D��VXFK�DV�
FDUQLYRUHV��ZKLFK�DSSHDU�LQWROHUDQW�RI�LQWHQVLYH�
ORJJLQJ�SUHVVXUH���������'HXWVFKH�*HVHOOVFKDIW�
I�U� 6lXJHWLHUNXQGH�� 5HSULQWHG� ZLWK� SHUPLVVLRQ�
IURP�(OVHYLHU�

5��&KDL\DUDW��1��<RXQJSR\�	�3��3UHPSUHH
:LOG� $VLDQ� HOHSKDQW� (OHSKDV� PD[LPXV�
SRSXODWLRQ� LQ� 6DODNSUD� :LOGOLIH� 6DQFWXDU\��
7KDLODQG
(QGDQJHUHG�6SHFLHV�5HVHDUFK�����������������
$EVWUDFW���7KH�SRSXODWLRQ�RI�ZLOG�$VLDQ�HOHSKDQWV�
LV�GHFOLQLQJ�ZRUOGZLGH��WKHUHIRUH��XQGHUVWDQGLQJ�
WKH� G\QDPLFV� RI� WKH� UHPDLQLQJ� SRSXODWLRQ� LV�
FULWLFDO�IRU�HIIHFWLYH�FRQVHUYDWLRQ��:H�PRQLWRUHG�
WKH� SRSXODWLRQ� DQG� GLVWULEXWLRQ� RI� HOHSKDQWV� LQ�
6DODNSUD�:LOGOLIH� 6DQFWXDU\�� 7KDLODQG� EHWZHHQ�
0D\� ����� DQG� 0DUFK� ������ 8VLQJ� ��� FDPHUD�
WUDS�ORFDWLRQV�DQG������WUDS�QLJKWV��ZH�UHFRUGHG�
����HOHSKDQW�SKRWRV��$� WRWDO�RI����� LQGLYLGXDOV�
ZHUH� LGHQWLÀHG� LQ� WKH� SKRWRV� DQG� FODVVLÀHG� DV�
IROORZV�����DGXOW�PDOHV�����DGXOW�IHPDOHV�����VXE�
DGXOW�PDOHV�����VXE�DGXOW�IHPDOHV�����MXYHQLOHV��
DQG����FDOYHV��7KH�DJH�VWUXFWXUH�UDWLR��EDVHG�RQ�
DGXOW� IHPDOHV�� ZDV� ������������������������� DQG�
WKH� UDWLR� RI� UHSURGXFWLYH� DELOLW\� EHWZHHQ� DGXOW�
IHPDOHV��MXYHQLOHV��DQG�FDOYHV�ZDV������������������
7KH�UDWLR�EHWZHHQ�DGXOW�IHPDOHV�DQG�LQIDQWV�ZDV�
KLJKHVW�LQ�DUHDV�FRQWDLQLQJ�D�KLJK�FRQFHQWUDWLRQ�
RI�VDOW�OLFNV��ZKLFK�FRXOG�LQGLFDWH�WKDW�VDOW�OLFNV�
DUH�D�NH\VWRQH�UHVRXUFH�IRU�ZLOG�$VLDQ�HOHSKDQWV��
�������7KH�$XWKRUV�

.��*��&KDQ��0�)��/RNH��%�/��2QJ��<�/��:RQJ��

.�:��+RQJ��.�+��7DQ��6��.DXU��+�)��1J��0�$��
5D]DN�	�<�)��1JHRZ
0XOWLSKDVLF� VWUDLQ�GLIIHUHQWLDWLRQ�RI� DW\SLFDO�
P\FREDFWHULD�IURP�HOHSKDQW�WUXQN�
3HHU-����������H����
$EVWUDFW�� � %DFNJURXQG�� 7ZR� QRQ�WXEHUFXORXV�
P\FREDFWHULDO� VWUDLQV��80��� DQG�80�����ZHUH�
LVRODWHG�IURP�WKH�WUXQN�ZDVK�RI�FDSWLYH�HOHSKDQWV�
LQ� 0DOD\VLD�� $V� WKH\� DSSHDUHG� WR� EH� LGHQWLFDO�
SKHQRW\SHV�� WKH\� ZHUH� LQYHVWLJDWHG� IXUWKHU� E\�
FRQYHQWLRQDO�DQG�ZKROH�JHQRPH�VHTXHQFH�EDVHG�
PHWKRGV� RI� VWUDLQ� GLIIHUHQWLDWLRQ�� 0HWKRGV��

0XOWLSKDVLF� LQYHVWLJDWLRQV� RQ� WKH� LVRODWHV�
LQFOXGHG�VSHFLHV�LGHQWLÀFDWLRQ�ZLWK�KVS���3&5�
VHTXHQFLQJ��FRQYHQWLRQDO�ELRFKHPLFDO�WHVWV��UDSLG�
ELRFKHPLFDO� SURÀOLQJ� XVLQJ�$3,� VWULSV� DQG� WKH�
%LRORJ� 3KHQRW\SH�0LFURDUUD\� DQDO\VLV�� SURWHLQ�
SURÀOLQJ� ZLWK� OLTXLG� FKURPDWRJUDSK\�PDVV�
VSHFWURPHWU\�� UHSHWLWLYH� VHTXHQFH�EDVHG� 3&5�
W\SLQJ�DQG�ZKROH�JHQRPH�VHTXHQFLQJ� IROORZHG�
E\�SK\ORJHQRPLF�DQDO\VHV��5HVXOWV��7KH�LVRODWHV�
ZHUH�VKRZQ�WR�EH�SRVVLEO\�QRYHO�VORZ�JURZLQJ�
VFKRWRFKURPRJHQV�ZLWK�KLJKO\�VLPLODU�ELRORJLFDO�
DQG�JHQRW\SLF�FKDUDFWHULVWLFV��%RWK�VWUDLQV�KDYH�D�
JHQRPH�VL]H�RI�����0ES��*�&�FRQWHQW�RI��������
RQH� U51$� RSHURQ� DQG� ��� W51$V� HDFK�� 7KH\�
TXDOLÀHG�IRU�FODVVLÀFDWLRQ�LQWR�WKH�VDPH�VSHFLHV�
ZLWK�WKHLU�DYHUDJH�QXFOHRWLGH�LGHQWLW\�RI��������
DQG� WHWUDQXFOHRWLGH� FRUUHODWLRQ� FRHIÀFLHQW� RI�
������$W�WKH�VXEVSHFLHV�OHYHO��ERWK�VWUDLQV�VKRZHG�
������EDQG�VLPLODULW\�LQ�WKH�'LYHUVLODE�DXWRPDWHG�
UHSHWLWLYH� VHTXHQFH�EDVHG� 3&5� W\SLQJ� V\VWHP��
������VLPLODULW\�LQ�SURWHLQ�SURÀOHV�REWDLQHG�E\�
OLTXLG� FKURPDWRJUDSK\� PDVV� VSHFWURPHWU\�� DQG�
D� JHQRPLF� GLVWDQFH� WKDW� LV� FORVH� WR� ]HUR� LQ� WKH�
SK\ORJHQRPLF� WUHH� FRQVWUXFWHG� ZLWK� FRQVHUYHG�
RUWKRORJV�� 'HWDLOHG� HSLGHPLRORJLFDO� WUDFNLQJ�
UHYHDOHG� WKDW� WKH� HOHSKDQWV� VKDUHG� D� FRPPRQ�
KDELWDW�HLJKW�\HDUV�DSDUW��WKXV��VWUHQJWKHQLQJ�WKH�
SRVVLELOLW\� RI� D� FORQDO� UHODWLRQVKLS� EHWZHHQ� WKH�
WZR�VWUDLQV���������7KH�$XWKRUV�

'�3�� &URIW�� /�-�1�� %UHQW�� '�:�� )UDQNV�	�0�$��
&DQW
7KH� HYROXWLRQ� RI� SURORQJHG� OLIH� DIWHU� UHSUR�
GXFWLRQ
7UHQGV�LQ�(FRORJ\�	�(YROXWLRQ�����������������
$EVWUDFW�� �:K\�IHPDOHV�RI�VRPH�VSHFLHV�FHDVH�
RYXODWLRQ�EHIRUH�WKH�HQG�RI�WKHLU�QDWXUDO�OLIHVSDQ�
LV� D� ORQJVWDQGLQJ� HYROXWLRQDU\� SX]]OH�� )RU�
PDQ\� VSHFLHV� LQ� FDSWLYLW\�� SRVW�UHSURGXFWLYH�
OLIH� LV� VLPSO\�DQ� HSLSKHQRPHQRQ�RI� OHQJWKHQHG�
OLIHVSDQ��<HW�LQ�QDWXUDO�SRSXODWLRQV�RI�KXPDQV�DV�
ZHOO�DV�VRPH�FHWDFHDQV�DQG�LQVHFWV��UHSURGXFWLYH�
VHQHVFHQFH�RFFXUV�PXFK�IDVWHU�WKDQ�VRPDWLF�DJLQJ�
DQG�IHPDOHV�H[KLELW�SURORQJHG�SRVW�UHSURGXFWLYH�
OLIHVSDQV��35/6V���'HWHUPLQLQJ�WKH�PHFKDQLVPV�
DQG� IXQFWLRQV� WKDW� XQGHUSLQ� 35/6V� KDV� SURYHG�
D� VLJQLÀFDQW� FKDOOHQJH��+HUH�ZH� EULQJ� WRJHWKHU�
ERWK�FODVVLF�DQG�PRGHUQ�K\SRWKHVHV�SURSRVHG�WR�
H[SODLQ� 35/6V� DQG� GLVFXVV� WKHLU� DSSOLFDWLRQ� WR�
ERWK� KXPDQ� DQG� QRQKXPDQ� DQLPDOV��%\� WDNLQJ�
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DQ�LQWHJUDWLYH�DQG�EURDG�WD[RQRPLF�DSSURDFK�ZH�
KLJKOLJKW�WKH�QHHG�WR�FRQVLGHU�PXOWLSOH�LQWHUDFWLQJ�
H[SODQDWLRQV�IRU�WKH�HYROXWLRQ�RI�35/6V���������
(OVHYLHU�/WG�

$�� 'DV�� 0�� 6DLQL�� 6�� .DWROH�� 6�6�� .XOOX�� '��
6ZDUXS�	�$��.��6KDUPD
(IIHFW�RI�IHHGLQJ�GLIIHUHQW�OHYHOV�RI�ZKHDW�URWL�
RQ� QXWULHQW� XWLOL]DWLRQ� DQG� EORRG�PHWDEROLWH�
SURÀOH� LQ� VHPL�FDSWLYH� $VLDQ� HOHSKDQWV�
�(OHSKDV�PD[LPXV�
-RXUQDO� RI� $QLPDO� 3K\VLRORJ\� DQG� $QLPDO�
1XWULWLRQ������������������
$EVWUDFW�� � 7KLV� H[SHULPHQW� ZDV� FRQGXFWHG� WR�
VWXG\� WKH� HIIHFW� RI� GLIIHUHQW� OHYHOV� RI� ZKHDW�
URWL� �:5�� RQ� QXWULHQW� XWLOL]DWLRQ� DQG� EORRG�
PHWDEROLWHV�LQ�$VLDQ�HOHSKDQWV�IHG�URXJKDJHV�DG�
OLELWXP��1LQH����0����)��$VLDQ�HOHSKDQWV����²���
\HDUV�RI� DJH������²�����NJ�%:��ZHUH�XVHG� LQ�
DQ�H[SHULPHQW�EDVHG�RQ�UHSOLFDWHG�/DWLQ�VTXDUH�
GHVLJQ�� $QLPDOV� LQ� HDFK� JURXS� �Q�  � ��� ZHUH�
DVVLJQHG� WR� RQH� RI� WKH� WKUHH� GLHWDU\� WUHDWPHQWV�
LQ�D�PDQQHU�WKDW�DQLPDOV�LQ�DOO�WKH�WKUHH�JURXSV�
ZHUH�H[SRVHG�WR�DOO�WKH�WKUHH�WUHDWPHQWV�LQ�WKUHH�
GLIIHUHQW�SHULRGV��(DFK�IHHGLQJ�WULDO�FRPSULVHG����
GD\V�����GD\V�RI�DGDSWDWLRQ�DQG���GD\V�FROOHFWLRQ�
SHULRG���7KH�DPRXQW�RI�:5�IHG�WR�WKH�HOHSKDQWV�
ZDV������������DQG�������RI�%:�LQ�JURXSV�,��,,�
DQG�,,,��UHVSHFWLYHO\��7KH\�ZHUH�DOORZHG�WR�IRUDJH�
LQ�WKH�QHDUE\�IRUHVWV�IRU���K�GD\�DQG�WR�EDWKH�IRU�
��K�GD\��7KH�DQLPDOV�KDG�DG�OLELWXP�DFFHVV�WR�FXW�
URKLQL��0DOORWXV�SKLOLSSHQVLV��WUHHV�LQ�WKHLU�QLJKW�
VKHOWHU�� ,QWDNH� DQG� DSSDUHQW� GLJHVWLELOLW\� RI� GU\�
PDWWHU� �'0��� FUXGH� SURWHLQ� �&3��� JURVV� HQHUJ\�
�*(���&D��3��)H��&X�DQG�=Q�ZHUH�PHDVXUHG��)HHG�
FRQVXPSWLRQ� ZDV� QRW� VLJQLÀFDQWO\� GLIIHUHQW�
DPRQJ�WKH�JURXSV��6LJQLÀFDQW��S���������GHFUHDVH�
LQ�GLJHVWLELOLW\�RI�'0�DQG�*(�DQG�EORRG�JOXFRVH�
FRQFHQWUDWLRQ�ZDV�REVHUYHG�ZLWK�GHFUHDVHG�OHYHO�
RI�:5�LQ� WKH�GLHW��)HHGLQJ�RI�:5�DW�������RI�
%:� VXSSOLHG� DGHTXDWH� DPRXQW� RI�'(�� &3�� &D��
3��)H��&X�DQG�=Q�WR�PHHW�UHTXLUHPHQW�IRU�DGXOW�
PDLQWHQDQFH��)HHGLQJ�RI�:5�LQ�H[FHVV�RI�������
RI� %:� VXSSOLHG� '(� LQ� H[FHVV� RI� UHTXLUHPHQW��
LQFUHDVHG� EORRG� JOXFRVH� FRQFHQWUDWLRQ� ZKLFK�
PD\� FDXVH� REHVLW\� DQG� RWKHU� DVVRFLDWHG� KHDOWK�
SUREOHPV�� ,W�ZDV� FRQFOXGHG� WKDW� WKH� DPRXQW� RI�
:5�VKRXOG�EH�UHVWULFWHG�WR�������RI�%:�LQ�WKH�
GLHW�RI�FDSWLYH�$VLDQ�HOHSKDQWV���������%ODFNZHOO�
9HUODJ�*PE+�

$�� 'DV��0�/�� 6PLWK��0�� 6DLQL�� 6�� .DWROH�� 6�6��
.XOOX��%�.��*XSWD��$�.��6KDUPD�	�'��6ZDUXS
(IIHFW� RI� FRQFHQWUDWHV� UHVWULFWLRQ� RQ� IHHG�
FRQVXPSWLRQ�� GLHW� GLJHVWLELOLW\�� DQG� QLWURJHQ�
XWLOL]DWLRQ�LQ�FDSWLYH�$VLDQ�HOHSKDQWV��(OHSKDV�
PD[LPXV�
=RR�%LRORJ\����������������
$EVWUDFW�� � ,Q� RUGHU� WR� VWXG\� WKH� HIIHFW� RI�
FRQFHQWUDWHV� UHVWULFWLRQ� RQ� IHHG� FRQVXPSWLRQ��
GLHW� GLJHVWLELOLW\�� DQG� XWLOL]DWLRQ� RI� QLWURJHQ� LQ�
FDSWLYH�$VLDQ�HOHSKDQWV��WZR�IHHGLQJ�WULDOV�ZHUH�
FRQGXFWHG� RQ� WKUHH� MXYHQLOHV�� IRXU� VXE�DGXOWV��
DQG�WKUHH�DGXOWV��'XULQJ�WULDO�,��WKH�FRQYHQWLRQDO�
]RR� GLHWV� RI� MXYHQLOHV�� VXE�DGXOWV�� DQG� DGXOW�
FRQWDLQHG���������DQG�����RI�FRQFHQWUDWHV�RQ�GU\�
PDWWHU��'0��EDVLV��UHVSHFWLYHO\��'XULQJ�WULDO�,,��
WKH�DPRXQW�RI�FRQFHQWUDWH�ZDV�UHGXFHG�E\������
$� GLJHVWLRQ� WULDO� RI� ÀYH� GD\V� FROOHFWLRQ� SHULRG�
ZDV�FRQGXFWHG�GXULQJ�HDFK�SHULRG��7KH�DQLPDOV�
DWH� PRUH� URXJKDJHV� ZKHQ� FRQFHQWUDWHV� ZHUH�
UHVWULFWHG��,QWDNH�RI�'0��J�NJ�%:������GD\��ZDV�
KLJKHVW�LQ�VXE�DGXOWV��IROORZHG�E\�MXYHQLOHV�DQG�
DGXOWV�� $SSDUHQW� GLJHVWLELOLW\� RI� FUXGH� SURWHLQ�
�&3���QHXWUDO�GHWHUJHQW�VROXEOH��1'6���DQG�VXSSO\�
RI�GLJHVWLEOH�HQHUJ\��'(��ZDV�KLJKHVW�LQ�MXYHQLOHV��
IROORZHG� E\� VXE�DGXOWV� DQG� DGXOWV��%DVHG� XSRQ�
WKH� HVWLPDWHG� PHWDEROLF� IHFDO� QLWURJHQ� �0)1��
DQG� FDOFXODWHG� HQGRJHQRXV� XULQDU\� QLWURJHQ�
�(81��DQG�GHUPDO� ORVVHV��PLQLPXP�GLHWDU\�&3�
UHTXLUHG� WR�PHHW�PDLQWHQDQFH� UHTXLUHPHQW�ZDV�
HVWLPDWHG�WR�EH�������������DQG�������LQ�MXYHQLOHV��
VXE�DGXOWV�� DQG� DGXOWV�� UHVSHFWLYHO\�� 5HVWULFWLRQ�
RI� FRQFHQWUDWHV� UHVXOWHG� LQ� GHFUHDVHG� �3���������
GLJHVWLELOLW\� RI� '0� DQG� *(�� EXW� WKH� GLHW� VWLOO�
VXSSOLHG�DGHTXDWH�DPRXQWV�RI�'(�DQG�&3�WR�IXOÀO�
HVWLPDWHG� UHTXLUHPHQWV� RI� HQHUJ\� DQG� SURWHLQ�
GXULQJ� WKH� SHULRG� RI� H[SHULPHQWDWLRQ�� 7KXV��
WKH� FRQFHQWUDWHV� SRUWLRQ� RI� WKH� GLHWV� RI� FDSWLYH�
$VLDQ�HOHSKDQWV�VKRXOG�EH�IHG�LQ�D�UHVWULFWHG�ZD\�
VR�DV� WR� UHGXFH� WKH� LQWDNH�RI�H[FHVVLYH�FDORULHV�
DQG� WKH�SRWHQWLDO� ULVN�RI�REHVLW\���������:LOH\�
3HULRGLFDOV��,QF�

(�)��(JHOXQG��5��,VD]D��$��3��%URFN��$��$OVXOWDQ��
*��$Q�	�&��$��3HORTXLQ
3RSXODWLRQ� SKDUPDFRNLQHWLFV� RI� ULIDPSLQ� LQ�
WKH� WUHDWPHQW� RI�0\FREDFWHULXP� WXEHUFXORVLV�
LQ�$VLDQ�HOHSKDQWV
-RXUQDO� RI� 9HWHULQDU\� 3KDUPDFRORJ\� DQG�
7KHUDSHXWLFV������������������
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$EVWUDFW�� � 7KH� REMHFWLYH� RI� WKLV� VWXG\� ZDV� WR�
GHYHORS�D�SRSXODWLRQ�SKDUPDFRNLQHWLF�PRGHO�IRU�
ULIDPSLQ� LQ� HOHSKDQWV�� 5LIDPSLQ� FRQFHQWUDWLRQ�
GDWD�IURP�WKUHH�VRXUFHV�ZHUH�SRROHG�WR�SURYLGH�
D�WRWDO�RI�����RUDO�FRQFHQWUDWLRQV�IURP����$VLDQ�
HOHSKDQWV�� 7KH� SRSXODWLRQ� SKDUPDFRNLQHWLF�
PRGHOV�ZHUH�FUHDWHG�XVLQJ�0RQROL[��YHUVLRQ�������
6LPXODWLRQV� ZHUH� FRQGXFWHG� XVLQJ� 0RGHO5LVN��
:H�H[DPLQHG�WKH�LQÁXHQFH�RI�DJH��IRRG��VH[��DQG�
ZHLJKW�DV�PRGHO�FRYDULDWHV��:H�IXUWKHU�RSWLPL]HG�
WKH� GRVLQJ� RI� ULIDPSLQ� EDVHG� XSRQ� VLPXODWLRQV�
XVLQJ� WKH� SRSXODWLRQ� SKDUPDFRNLQHWLF� PRGHO��
5LIDPSLQ�SKDUPDFRNLQHWLFV�ZHUH�EHVW�GHVFULEHG�
E\� D� RQH�FRPSDUWPHQW� RSHQ� PRGHO� LQFOXGLQJ�
ÀUVW�RUGHU� DEVRUSWLRQ�ZLWK� D� ODJ� WLPH� DQG�ÀUVW�
RUGHU�HOLPLQDWLRQ��%RG\�ZHLJKW�ZDV�D�VLJQLÀFDQW�
FRYDULDWH� IRU� YROXPH� RI� GLVWULEXWLRQ�� DQG� IRRG�
LQWDNH�ZDV� D� VLJQLÀFDQW� FRYDULDWH� IRU� ODJ� WLPH��
7KH� PHGLDQ� &PD[� RI� ����� ƫJ�PO� ZDV� EHORZ�
WKH� WDUJHW� UDQJH� RI� �²��� ƫJ�PO�� 0RQWH� &DUOR�
VLPXODWLRQV�SUHGLFWHG�WKH�KLJKHVW� WUHDWDEOH�0,&�
RI� ����� ƫJ�PO� ZLWK� WKH� FXUUHQW� LQLWLDO� GRVLQJ�
UHFRPPHQGDWLRQ� RI� ��� PJ�NJ�� EDVHG� XSRQ� D�
SUHYLRXVO\�SXEOLVKHG�WDUJHW�$8&�²���0,&�!�����
�I$8&�!� ����� 6LPXODWLRQV� IURP� WKH� SRSXODWLRQ�
PRGHO� LQGLFDWH� WKDW� WKH� FXUUHQW� GRVH� RI� ���PJ�
NJ�PD\�EH�DGHTXDWH�IRU�0,&V�XS�WR������ƫJ�PO��
:KLOH� WKH� WDUJHWHG�$8&�0,&�PD\�EH�DGHTXDWH�
IRU�PRVW�0,&V��WKH�PHGLDQ�&PD[�IRU�DOO�HOHSKDQWV�
LV�EHORZ�WKH�KXPDQ�DQG�HOHSKDQW�WDUJHWHG�UDQJHV��
�������-RKQ�:LOH\�	�6RQV�/WG�

3�� )HUQDQGR�� 7�� 3UDVDG�� +�.�� -DQDND�� 6�.�.��
(NDQD\DND��+�*��1LVKDQWKD�	�-��3DVWRULQL
7KH� XVH� RI� UDGLR�WUDFNLQJ� GDWD� WR� JXLGH�
GHYHORSPHQW�DQG�PDQDJH�HOHSKDQWV
:LOG/DQND���������������
$EVWUDFW���$VLDQ�HOHSKDQWV�DUH�GLIÀFXOW�WR�REVHUYH�
EHFDXVH� RI� KDELWDW� FRQVWUDLQWV� DQG� EHKDYLRXUDO�
DGDSWDWLRQV� WR� DYRLG� SHRSOH�� &RQVHTXHQWO\��
DFFXUDWH�LQIRUPDWLRQ�RQ�WKHLU�PRYHPHQW�SDWWHUQV��
KDELWDW�RFFXSDQF\�DQG�UHVRXUFH�XVH�FDQ�RQO\�EH�
REWDLQHG� WKURXJK� UDGLR�� WUDFNLQJ�� *36� UDGLR�
WHOHPHWU\�LV�SDUWLFXODUO\�XVHIXO�IRU�WKLV�SXUSRVH�DV�
LW�SURYLGHV�D�ZHDOWK�RI�KLJK�TXDOLW\�GDWD��$URXQG�
���HOHSKDQWV�KDYH�EHHQ�WUDFNHG�LQ�6UL�/DQND�RYHU�
WKH� SDVW� WZR� GHFDGHV� XVLQJ� *36� FROODUV�� +HUH�
ZH� SUHVHQW� IRXU� FDVH� VWXGLHV� GHPRQVWUDWLQJ� WKH�
LPSRUWDQFH�RI�VXFK�GDWD�LQ�JXLGLQJ�GHYHORSPHQW�
VR�DV�WR�SUHYHQW�RU�UHGXFH�KXPDQ�HOHSKDQW�FRQÁLFW�

DQG�IRU�WKH�HIIHFWLYH�PDQDJHPHQW�RI�HOHSKDQWV�WR�
HQVXUH�WKHLU�FRQVHUYDWLRQ�

9�5��*RVZDPL��.��0HGKL��-�'��1LFKROV�	�0�.��
2OL
0HFKDQLVWLF� XQGHUVWDQGLQJ� RI� KXPDQ²
ZLOGOLIH�FRQÁLFW�WKURXJK�D�QRYHO�DSSOLFDWLRQ�RI�
G\QDPLF�RFFXSDQF\�PRGHOV
&RQVHUYDWLRQ�%LRORJ\��������������������
$EVWUDFW�� � &URS� DQG� OLYHVWRFN� GHSUHGDWLRQ� E\�
ZLOGOLIH� LV� D� SULPDU\� GULYHU� RI� KXPDQ²ZLOGOLIH�
FRQÁLFW��D�SUREOHP�WKDW�WKUHDWHQV�WKH�FRH[LVWHQFH�
RI� SHRSOH� DQG� ZLOGOLIH� JOREDOO\�� 8QGHUVWDQGLQJ�
PHFKDQLVPV� WKDW� XQGHUOLH� GHSUHGDWLRQ� SDWWHUQV�
KROGV� WKH� NH\� WR� PLWLJDWLQJ� FRQÁLFWV� DFURVV�
WLPH� DQG� VSDFH�� +RZHYHU�� PRVW� VWXGLHV� GR� QRW�
FRQVLGHU� LPSHUIHFW� GHWHFWLRQ� DQG� UHSRUWLQJ� RI�
FRQÁLFWV��ZKLFK�PD\�OHDG�WR�LQFRUUHFW�LQIHUHQFH�
UHJDUGLQJ�LWV�VSDWLRWHPSRUDO�GULYHUV��:H�DSSOLHG�
G\QDPLF� RFFXSDQF\� PRGHOV� WR� HOHSKDQW� FURS�
GHSUHGDWLRQ� GDWD� IURP� ,QGLD� EHWZHHQ� ����� DQG�
����� WR� HVWLPDWH� FURS� GHSUHGDWLRQ� RFFXUUHQFH�
DQG�PRGHO�LWV�XQGHUO\LQJ�G\QDPLFV�DV�D�IXQFWLRQ�
RI�VSDWLRWHPSRUDO�FRYDULDWHV�ZKLOH�DFFRXQWLQJ�IRU�
LPSHUIHFW�GHWHFWLRQ�RI�FRQÁLFWV��7KH�SUREDELOLW\�
RI�GHWHFWLQJ�FRQÁLFWV�ZDV�FRQVLVWHQWO\������DQG�
ZDV� QHJDWLYHO\� LQÁXHQFHG� E\� GLVWDQFH� WR� URDGV�
DQG� HOHYDWLRQ� JUDGLHQW�� DYHUDJLQJ� ����²�����
DFURVV� SULPDU\� SHULRGV� �GLVWLQFW� DJULFXOWXUDO�
VHDVRQV� ZLWKLQ� HDFK� \HDU��� 7KH� SUREDELOLW\� RI�
FURS� GHSUHGDWLRQ� RFFXUUHQFH� UDQJHG� IURP� �����
�6(� ������ WR� ����� �6(� ������� 7KH� SUREDELOLW\�
WKDW�VLWHV� UDLGHG�E\�HOHSKDQWV� LQ�SULPDU\�SHULRG�
W� ZRXOG� QRW� EH� UDLGHG� LQ� SULPDU\� SHULRG� W���
YDULHG� ZLWK� HOHYDWLRQ� JUDGLHQW� LQ� GLIIHUHQW�
VHDVRQV�DQG�ZDV�LQÁXHQFHG�QHJDWLYHO\�E\�PHDQ�
UDLQIDOO� DQG� YLOODJH� GHQVLW\� DQG� SRVLWLYHO\� E\�
GLVWDQFH� WR� IRUHVWV�� 1HJDWLYH� HIIHFWV� RI� UDLQIDOO�
YDULDWLRQ� DQG�GLVWDQFH� WR� IRUHVWV� EHVW� H[SODLQHG�
YDULDWLRQ� LQ� WKH�SUREDELOLW\� WKDW� VLWHV�QRW� UDLGHG�
E\�HOHSKDQWV�LQ�SULPDU\�SHULRG�W�ZRXOG�EH�UDLGHG�
LQ�SULPDU\�SHULRG�W����:LWK�RXU�QRYHO�DSSOLFDWLRQ�
RI� RFFXSDQF\� PRGHOV�� ZH� WHDVHG� DSDUW� WKH�
VSDWLRWHPSRUDO� GULYHUV� RI� FRQÁLFWV� IURP� IDFWRUV�
WKDW� LQÁXHQFH� KRZ� WKH\� DUH� REVHUYHG�� WKHUHE\�
DOORZLQJ�PRUH�UHOLDEOH�LQIHUHQFH�RQ�PHFKDQLVPV�
XQGHUO\LQJ�REVHUYHG�FRQÁLFW�SDWWHUQV��:H�IRXQG�
WKDW� IDFWRUV� DVVRFLDWHG� ZLWK� LQFUHDVHG� FURS�
DFFHVVLELOLW\� DQG� DYDLODELOLW\� �H�J��� GLVWDQFH� WR�
IRUHVWV� DQG� UDLQIDOO� SDWWHUQV�� ZHUH� NH\� GULYHUV�
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RI�HOHSKDQW�FURS�GHSUHGDWLRQ�G\QDPLFV��6XFK�DQ�
XQGHUVWDQGLQJ�LV�HVVHQWLDO�IRU�ULJRURXV�SUHGLFWLRQ�
RI� IXWXUH� FRQÁLFWV�� D� FULWLFDO� UHTXLUHPHQW� IRU�
HIIHFWLYH�FRQÁLFW�PDQDJHPHQW� LQ� WKH�FRQWH[W�RI�
LQFUHDVLQJ�KXPDQ²ZLOGOLIH� LQWHUDFWLRQV���������
6RFLHW\�IRU�&RQVHUYDWLRQ�%LRORJ\�

5��-RVKL
7XVNHU·V�VRFLDO�ERQGV�LQ�5DMDML
+\VWUL[�� WKH� ,WDOLDQ� -RXUQDO� RI� 0DPPDORJ\� ���
������������
$EVWUDFW�� �0DOH� HOHSKDQWV� DUH� NQRZQ� WR� OLYH� D�
VROLWDU\� OLIH� DIWHU� DWWDLQLQJ� WKH� SXEHUWDO� VWDJH�
ZKLFK�LV�FRQVLGHUHG�DW�WKH�DJH�RI�DERXW����\HDUV��
+RZHYHU�� REVHUYDWLRQV� RI� VLQJOH� \RXQJ� PDOHV�
�DERXW� ��� \HDUV� ROG�� KDYH� DOVR� EHHQ� UHSRUWHG��
,Q�FRQWUDVW��IHZ�VWXGLHV�KDYH�H[SORUHG�WKDW�PDOH�
HOHSKDQWV� GR� KDYH� DVVRFLDWLRQV�� KRZHYHU� WKHVH�
DVVRFLDWLRQV� DUH� RFFDVLRQDO� DQG� WHPSRUDU\�� ,Q�
5DMDML� 1DWLRQDO� 3DUN�� QRUWK�ZHVWHUQ� 6KLYDOLN�
ODQGVFDSH�RI�,QGLD��EXOO�HOHSKDQWV�ZHUH�REVHUYHG�
WR� KDYH� D� \HDU� URXQG� DVVRFLDWLRQ�� PDLQO\� WR�
SHUIRUP� PRYHPHQWV� RXWVLGH� WKH� ERXQGDULHV� RI�
SURWHFWHG�KDELWDWV� DQG� WR�HQMR\�SDODWDEOH�FURSV��
$� UHFRJQLVHG� JURXS� RI� EXOO� HOHSKDQWV� �F�� �²���
ZDV� UHFRUGHG� EHWZHHQ� ����²������ SHUIRUPLQJ�
PRYHPHQWV� LQ� SDUWV� RI� 5DMDML� 1DWLRQDO� 3DUN��
+DULGZDU� IRUHVW� GLYLVLRQ� DQG� DJULFXOWXUH� ÀHOGV�
QHDUE\� WKH� SURWHFWHG� KDELWDWV�� %XOO� HOHSKDQW�
LQWHUDFWLRQV� DQG� VRFLDO� ERQG� DUH� LOOXVWUDWHG��
6LQFH�D�ORQJ�FRQWLQXRXV�FKDLQ�RI�IRUHVWV��ZKLFK�
H[LVWHG� LQ� WKH� 5DMDML²&RUEHWW� ZLOGOLIH� FRUULGRU��
KDV� EHHQ� GLVUXSWHG� PDLQO\� EHFDXVH� RI� KDELWDW�
IUDJPHQWDWLRQ�� DQG� VLQFH� PDQ�HOHSKDQW� FRQÁLFW�
LV� LQFUHDVLQJ� UDSLGO\�� UHJXODU� PRQLWRULQJ� RI�
HOHSKDQW� KDELWDW� DQG� SRSXODWLRQ� G\QDPLFV� LV� RI�
SDUDPRXQW�LPSRUWDQFH��7KLV�LV�WKH�ÀUVW�WLPH�WKDW�
PDOH�PDOH�LQWHUDFWLRQV�PDOH�HOHSKDQW�EHKDYLRXU�
LQ� JURXSV� KDV� EHHQ� UHFRUGHG� IURP� QRUWK�ZHVW�
,QGLD�DQG�SRVVLEOH�H[SODQDWLRQV�IRU�WKH�EHKDYLRXU�
DUH�GLVFXVVHG���������$VVRFLD]LRQH�7HULRORJLFD�
,WDOLDQD�

6��.DIIDVKL��0�5��<DFRE��0�6��&ODUN��$��5DGDP�
	�0�)��0DPDW
([SORULQJ� YLVLWRUV·� ZLOOLQJQHVV� WR� SD\� WR�
JHQHUDWH�UHYHQXHV�IRU�PDQDJLQJ�WKH�1DWLRQDO�
(OHSKDQW�&RQVHUYDWLRQ�&HQWHU�LQ�0DOD\VLD
)RUHVW�3ROLF\�DQG�(FRQRPLFV���������������
$EVWUDFW�� �)LQDQFLDO� VXVWDLQDELOLW\� RI� SURWHFWHG�

DUHDV�LV�RQH�RI�WKH�PDLQ�FKDOOHQJHV�RI�PDQDJHPHQW��
)LQDQFLDO�VHOI�VXIÀFLHQF\�LV�DQ�LPSRUWDQW�HOHPHQW�
LQ� LPSURYLQJ�FRQVHUYDWLRQ�HIIRUW� LQ� WKHVH�DUHDV��
7KLV� VWXG\� VHHNV� WR� UHYLHZ� EHVW� SUDFWLFHV� LQ�
UHFUHDWLRQDO� IHH� V\VWHPV� LQ� GLIIHUHQW� FRXQWULHV�
DQG� WR� ÀQG� D� UHOHYDQW� HQWU\� IHH� IRU� D� ZLOGOLIH�
VDQFWXDU\� LQ� 0DOD\VLD�� 7KH� UHYHQXH� RI� WKH�
1DWLRQDO�(OHSKDQW�&RQVHUYDWLRQ�&HQWHU��1(&&��
LQ�.XDOD�*DQGDK��0DOD\VLD��FRPHV�IURP�VHYHUDO�
VRXUFHV�� LQFOXGLQJ� WKH� QDWLRQDO� JRYHUQPHQW��
EXW� DOO� WKHVH� EXGJHWDU\� VRXUFHV� DUH� VWUDLQHG� E\�
WLJKWHU�SXEOLF�EXGJHWV�DQG�JUHDWHU�GHPDQGV��7KH�
SUHVHQW� VWXG\� LQYHVWLJDWHV� WKH� LQWURGXFWLRQ� RI�
YLVLWRU�HQWUDQFH�IHHV�WR�VXSSOHPHQW�DQ�RWKHUZLVH�
LQDGHTXDWH�EXGJHW�IRU�VXSSRUWLQJ�WKH�RSHUDWLRQDO�
FRVWV� RI� WKH� VDQFWXDU\�� )DFWRU� DQDO\VLV� DQG� D�
GRXEOH�ERXQGHG� FRQWLQJHQW� YDOXDWLRQ� PHWKRG�
ZHUH�FRPELQHG�WR�HVWLPDWH� WRXULVWV·�ZLOOLQJQHVV�
WR�SD\��:73��WKH�SURSRVHG�HQWUDQFH�IHH��)DFWRU�
DQDO\VLV�VKRZHG�WKDW�UHVSRQGHQWV·�PRWLYDWLRQ�WR�
VXSSRUW�WKH�1(&&�ZLWK�XVHU�IHHV�LV�FRQGLWLRQHG�
E\� WKHLU� GLUHFW� H[SHULHQFHV� ZLWK� HOHSKDQWV��
WKHLU� VDWLVIDFWLRQ� ZLWK� 1(&&·V� HGXFDWLRQ�� DO�
SURJUDPV� DQG� VHUYLFHV�� DQG� RWKHU� H[SHULHQFHV�
LW� JLYHV� WR� XVHUV�� 7KH� :73� PRGHO� FRQVLGHUHG�
UHVSRQGHQWV·� IRXU� PRWLYDWLRQ� IDFWRUV� ZLWK� WKHLU�
VRFLRGHPRJUDSKLF� FKDUDFWHULVWLFV�� 6LQFH� 1(&&�
YLVLWRUV�DUULYH�IURP�ERWK�ZLWKLQ�DQG�RXWVLGH�WKH�
FRXQWU\��WKLV�VWXG\�VXJJHVWV�WR�FHQWUH�PDQDJHUV�D�
WZR�WLHU�IHH�VWUXFWXUH��UHVLGHQWV�YV��QRQUHVLGHQWV�
RI�0DOD\VLD���EDVHG�XSRQ�PHDQ�:73�HVWLPDWHV��
7KLV� VWXG\� IXUWKHU� VXJJHVWV� WKDW� UHYHQXH� IURP�
VXFK�DQ�HQ��WUDQFH�IHH�IRU�1(&&�FRXOG�VXSSRUW�
WKH�FHQWUH·V�PDQDJHPHQW�DQG�GHYHORSPHQW�FRVWV��
�������5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�(OVHYLHU�

$�&��.DUDZLWD��5�&��5DMDSDNVH��3�*�,�'��$PDUD�
VLUL�� 5�0�7�0�� 5DPDQD\DNH�� :�5�� -D\DZHHUD��
7�.��%ROOLQJHU��	�*�6�3�'�6��*XQDZDUGHQD
&HFRFROLF�LQWXVVXVFHSWLRQ�LQ�DQ�$VLDQ�HOHSKDQW�
�(OHSKDV� PD[LPXV�� LQ� 6UL� /DQND� DVVRFLDWHG�
ZLWK�FKURQLF�KHSDWR�LQWHVWLQDO�VFKLVWRVRPLDVLV��
$�FDVH�UHSRUW
,QWHUQDWLRQDO� -RXUQDO� RI� $SSOLHG� 6FLHQFHV� DQG�
%LRWHFKQRORJ\�����������������
$EVWUDFW�� �$����\HDU�ROG� IHPDOH� FDSWLYH�$VLDQ�
HOHSKDQW�ZHLJKLQJ� DSSUR[LPDWHO\������NJ�GLHG�
DQG�ZDV�VXEMHFWHG�WR�D�FRPSOHWH�QHFURSV\�ZLWKLQ���
KRXUV�SRVW�PRUWHP��*URVVO\��WKH�HOHSKDQW�KDG�VXE�
FXWDQHRXV�HGHPD��FHFRFROLF�LQWXVVXVFHSWLRQ�DQG�
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DVFLWHV��+LVWRSDWKRORJLFDO� H[DPLQDWLRQ� UHYHDOHG�
PXOWLIRFDO�� JUDQXORPDWRXV�� SRUWDO� SKOHELWLV� LQ�
WKH� OLYHU��PXOWLIRFDO��JUDQXORPDWRXV��SHUL�SRUWDO�
KHSDWLWLV�ZLWK�PDUNHG� SRUWDO� DQG� SHULVLQXVRLGDO�
ÀEURVLV�� DQG� PXOWLIRFDO� JUDQXORPDWRXV� FROLWLV�
ZLWK� LQWUDOHVLRQDO� 6FKLVWRVRPD� HJJV�� 7R� RXU�
NQRZOHGJH�� WKLV� LV� WKH� ÀUVW� UHSRUW� RI� FHFRFROLF�
LQWXVVXVFHSWLRQ� LQ�DQ�$VLDQ�HOHSKDQW� DVVRFLDWHG�
ZLWK�6FKLVWRVRPD�LQIHFWLRQ���������,QWHUQDWLRQDO�
-RXUQDO�RI�$SSOLHG�6FLHQFHV�DQG�%LRWHFKQRORJ\�

7�� .RPDWVX�� 0�� 0DUX\DPD�� 6�� +DVLQ�� 9��
:RUDJXWWDQRQ��6��:L\DQDQ�	�:��6DNFKRRZRQJ
2EVHUYDWLRQV� RI� LPPDWXUH� DQG� DGXOW� VWDJHV�
RI� WKH� P\UPHFRSKLORXV� FHWRQLLQH� EHHWOH�
&DPSVLXUD� QLJULSHQQLV� �&ROHRSWHUD�� 6FDUD�
EDHLGDH�
(QWRPRORJLFDO�6FLHQFH������������������
$EVWUDFW�� �6HYHUDO�FHWRQLLQH�VSHFLHV�DUH�NQRZQ�
RU� VSHFXODWHG� WR� EH� DVVRFLDWHG�ZLWK� DQWV�� EDVHG�
RQ� WKHLU� VSHFLDOL]HG� PRUSKRORJLFDO� FKDUDFWHUV��
+RZHYHU�� WKHUH� DUH� RQO\� D� IHZ� VSHFLHV� ZKHUH�
ELRORJLFDO� LQIRUPDWLRQ� RQ� WKH� ODUYDO� DQG� DGXOW�
VWDJHV� LV� DYDLODEOH�� )LHOG� REVHUYDWLRQV� UHYHDOHG�
WKDW�&DPSVLXUD�QLJULSHQQLV�VSHQGV�WKH�LPPDWXUH�
VWDJHV� LQVLGH� HOHSKDQW� GXQJ�� DQG� WKDW� DGXOW�
IHPDOHV�Á\�WR�HOHSKDQW�GXQJ�IRU�RYLSRVLWLRQ��,Q�
DGGLWLRQ��DGXOW�EHHWOHV�RI�&��QLJULSHQQLV�LQWUXGHG�
LQWR� DUERUHDO� QHVWV� RI�2HFRSK\OOD� VPDUDJGLQD��
6SHFLDOL]HG� PRUSKRORJLFDO� FKDUDFWHUV� DSSHDU�
WR�DOORZ� WKHP� WR� WROHUDWH�DWWDFNV� IURP� WKH�DQWV��
)XUWKHUPRUH�� WKH� GLVWULEXWLRQ� RI� WKH� EHHWOH� LQ�
FRQWLQHQWDO�$VLD�ODUJHO\�RYHUODSV�WKDW�RI�WKH�$VLDQ�
HOHSKDQW�� LQGLFDWLQJ� WKDW� GXQJ� RI� HOHSKDQWV�� LQ�
FRQMXQFWLRQ�ZLWK�WKDW�RI�RWKHU�ODUJH�PDPPDOV��LV�
IXQGDPHQWDO�WR�WKH�ELRORJ\�RI�&��QLJULSHQQLV����
�����7KH�(QWRPRORJLFDO�6RFLHW\�RI�-DSDQ�

-�$��/DQGROÀ��.�$��7HULR��0��0LOOHU��%�)��-XQHFNR�
	�7��5HLQKDUW
3XOPRQDU\� WXEHUFXORVLV� LQ� $VLDQ� HOHSKDQWV�
�(OHSKDV� PD[LPXV��� +LVWRORJLF� OHVLRQV� ZLWK�
FRUUHODWLRQ�WR�ORFDO�LPPXQH�UHVSRQVHV
9HWHULQDU\�3DWKRORJ\������������������
$EVWUDFW���$OWKRXJK�0\FREDFWHULXP�WXEHUFXORVLV�
LQIHFWLRQ� LV� DQ� LPSRUWDQW� KHDOWK� FRQFHUQ� IRU�
$VLDQ� HOHSKDQWV�� QR� VWXGLHV� KDYH� HYDOXDWHG� WKH�
DVVRFLDWHG�ORFDO�LPPXQH�UHVSRQVHV�RU�KLVWRORJLF�
OHVLRQV�� ,Q� SULPDWHV� LQFOXGLQJ� KXPDQV�� ODWHQW�
WXEHUFXORVLV� LV� GLVWLQJXLVKHG� E\� ZHOO�RUJDQL]HG�

JUDQXORPDV� ZLWK� 7+�� F\WRNLQH� H[SUHVVLRQ��
ZKHUHDV�DFWLYH�GLVHDVH�LV�FKDUDFWHUL]HG�E\�SRRUO\�
RUJDQL]HG� LQÁDPPDWLRQ� DQG� ORFDO� LPEDODQFH�
LQ� 7+��7+�� F\WRNLQHV�� 7KLV� VWXG\� H[DPLQHG�
DUFKLYDO�� IRUPDOLQ�À[HG�� SDUDIÀQ�HPEHGGHG�
OXQJ� VDPSOHV� IURP� �� WXEHUFXORVLV�QHJDWLYH� DQG�
��WXEHUFXORVLV�SRVLWLYH�$VLDQ�HOHSKDQWV��/HVLRQV�
ZHUH�DVVHVVHG�E\�OLJKW�PLFURVFRS\��DQG�O\PSKRLG�
LQÀOWUDWHV�ZHUH�FKDUDFWHUL]HG�E\�&'��DQG�&'���
LPPXQRODEHOLQJ��([SUHVVLRQ�RI�7+���LQWHUIHURQ�
>,)1@²Ƣ�� WXPRU� QHFURVLV� IDFWRU� >71)@²Ơ�� DQG�
7+�� �LQWHUOHXNLQ� >,/@²��� ,/����� WUDQVIRUPLQJ�
JURZWK�IDFWRU�>7*)@�ơ��F\WRNLQHV�ZDV�GHWHUPLQHG�
XVLQJ� LQ� VLWX� K\EULGL]DWLRQ�� ,Q� �� RI� �� VDPSOHV��
LQÁDPPDWLRQ�ZDV�VLPLODU�WR�WKH�SDWWHUQ�RI�SULPDWH�
DFWLYH�GLVHDVH�ZLWK�ORZ�WR�PRGHUDWH�QXPEHUV�RI�
O\PSKRF\WHV��PRVW�RI�ZKLFK�ZHUH�&'���SRVLWLYH��
,Q� �� VDPSOH�� LQÁDPPDWLRQ�ZDV�PRVW� VLPLODU� WR�
ODWHQW� WXEHUFXORVLV� LQ� SULPDWHV� ZLWK� QXPHURXV�
&'��SRVLWLYH�O\PSKRF\WHV��([SUHVVLRQ�RI�,)1�Ƣ�
ZDV� GHWHFWHG� LQ� �� RI� �� WXEHUFXORVLV�SRVLWLYH�
VDPSOHV��([SUHVVLRQ�RI�71)�Ơ�ZDV�GHWHFWHG� LQ�
��RI���SRVLWLYH�VDPSOHV�� LQFOXGLQJ� WKH�RQH�ZLWK�
ODWHQW�PRUSKRORJ\��/RZ�OHYHO�H[SUHVVLRQ�RI�,/���
ZDV� SUHVHQW� LQ� �� RI� �� SRVLWLYH� VDPSOHV�� 2QO\�
VLQJOH� SRVLWLYH� VDPSOHV� GLVSOD\HG� H[SUHVVLRQ�
RI� ,/���� DQG� 7*)�ơ�� 7XEHUFXORVLV�QHJDWLYH�
VDPSOHV� JHQHUDOO\� ODFNHG� F\WRNLQH� H[SUHVVLRQ��
5HVXOWV� VKRZHG� KHWHURJHQHLW\� LQ� OHVLRQV� RI�
HOHSKDQW� WXEHUFXORVLV� VLPLODU� WR� WKRVH� RI� ODWHQW�
DQG� DFWLYH� GLVHDVH� LQ� SULPDWHV�� ZLWK� YDULDEOH�
H[SUHVVLRQ� RI� ERWK�7+�� DQG�7+�� F\WRNLQHV����
�����7KH�$XWKRUV�

-�$��/HRQDUG��5��-��GHQ�7H[��0�7�5��+DZNLQV��9��
0XxR]�)XHQWHV��5��7KRULQJWRQ�	�-�(��0DOGRQDGR
3K\ORJHRJUDSK\�RI�YHUWHEUDWHV�RQ�WKH�6XQGD�
6KHOI��$�PXOWL�VSHFLHV�FRPSDULVRQ
-RXUQDO�RI�%LRJHRJUDSK\������������������
$EVWUDFW�� � $LP�� 3OHLVWRFHQH� HQYLURQPHQWDO�
ÁXFWXDWLRQV� KDG� ZHOO�FKDUDFWHUL]HG� LPSDFWV� RQ�
WKH� SDWWHUQV� RI� ZLWKLQ�VSHFLHV� GLYHUJHQFHV� DQG�
GLYHUVLW\�LQ�WHPSHUDWH�KDELWDWV��+HUH�ZH�H[DPLQH�
WKH� LPSDFW� WKH� 3OHLVWRFHQH� KDG� RQ� ZLGHO\�
GLVWULEXWHG�IRUHVW�YHUWHEUDWHV�LQ�D�WURSLFDO�V\VWHP�
ZKHUH�WKH�GLVWULEXWLRQ�RI�WKH�KDELWDW�ZDV�DIIHFWHG�
E\� WKRVH� ÁXFWXDWLRQV�� /RFDWLRQ�� 6XQGDODQG��
WURSLFDO�6RXWKHDVW�$VLD��0HWKRGV��:H�FRQGXFWHG�
D� FRPSDUDWLYH� SK\ORJHRJUDSKLFDO� DQDO\VLV� RI�
��� QRQ�PLJUDWRU\�� IRUHVW�GHSHQGHQW� YHUWHEUDWHV��
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IRU� ZKLFK� ZH� FRQVWUXFWHG� URRWHG�� LQWUDVSHFLIF�
SK\ORJHQLHV� EDVHG� RQ� PLWRFKRQGULDO� '1$�
VHTXHQFHV�RI� LQGLYLGXDOV� IURP�DW� OHDVW� WKH� WKUHH�
PDMRU� ODQGPDVVHV� LQ� WKH�DUHD��%RUQHR��6XPDWUD�
DQG�WKH�0DOD\�3HQLQVXOD��DQG�FRPSDUHG�WKHP�WR�
K\SRWKHWLFDO� SK\ORJHQLHV� EDVHG� RQ� LQGHSHQGHQW�
JHRORJLFDO� GDWD� DQG� FOLPDWH� PRGHOV� UHJDUGLQJ�
FRQQHFWLRQV�DQG�UHODWLRQVKLSV�EHWZHHQ�WKH�PDMRU�
ODQGPDVVHV� RI� 6XQGDODQG�� -DYD� ZDV� LQFOXGHG�
ZKHUH� SRVVLEOH�� :H� GDWHG� WKH� SK\ORJHQLHV� WR�
GHWHUPLQH� ZKHWKHU� SDWWHUQV� RI� GLIIHUHQWLDWLRQ�
ZHUH�FRQFRUGDQW�DFURVV�VSHFLHV��5HVXOWV��,Q�PRVW�
VSHFLHV�� SRSXODWLRQV� RQ� WKH� 0DOD\� 3HQLQVXOD�
DQG� 6XPDWUD� ZHUH� PRVW� FORVHO\� UHODWHG�� DQG�
VLVWHU� WR� WKRVH� IURP�%RUQHR��7KH�GDWHV�RI� WKHVH�
GLYHUJHQFHV�� KRZHYHU�� YDULHG� H[WHQVLYHO\�
EHWZHHQ� VSHFLHV�� %RUQHR� KDUERXUV� PXOWLSOH�
GHHSO\� GLYHUJHQW� OLQHDJHV� RI� PDQ\� VSHFLHV�
FRPSDUHG� WR� WKH�GLYHUVLW\�ZLWKLQ� WKRVH� VSHFLHV��
-DYDQ� SRSXODWLRQV� RI� VHYHUDO� ELUGV� ZHUH� PRVW�
GLYHUJHQW� UHODWLYH� WR� WKRVH� IURP� WKH� UHVW� RI� WKH�
6XQGD� 6KHOI�� 0DLQ� FRQFOXVLRQV�� 7KHVH� UHVXOWV�
VXJJHVW� D� G\QDPLF� KLVWRU\�� LQFOXGLQJ� UHFXUUHQW�
SRSXODWLRQ� H[WLQFWLRQV� DQG� UHSODFHPHQWV� DQG�
D� VWURQJ� SULRULW\� HIIHFW� IRU� ORFDO� SRSXODWLRQV��
7KH� FORVH� UHODWLRQVKLS� EHWZHHQ� SRSXODWLRQV� LQ�
6XPDWUD� DQG� WKH�0DOD\� 3HQLQVXOD� VXSSRUWV� WKH�
H[LVWHQFH�RI� IRUHVW� RQ� WKH� H[SRVHG� VKHOI� GXULQJ�
WKH� 3OHLVWRFHQH� DW� PDQ\� GLIIHUHQW� WLPHV�� DQG�
VXJJHVWV� WKDW� SUR[LPLW\� ZDV� PRUH� LPSRUWDQW�
WKDQ� WKH� SUHVHQFH� RI� SDODHRULYHUV� IRU� GLVSHUVDO�
RI�IRUHVW�WD[D�EHWZHHQ�ODQGPDVVHV���������-RKQ�
:LOH\�	�6RQV�/WG�

;��/L��*��-LDQJ��+��7LDQ��/��;X��&��<DQ��=��:DQJ��
)��:HL�	�=��=KDQJ
+XPDQ� LPSDFW� DQG� FOLPDWH� FRROLQJ� FDXVHG�
UDQJH�FRQWUDFWLRQ�RI�ODUJH�PDPPDOV�LQ�&KLQD�
RYHU�WKH�SDVW�WZR�PLOOHQQLD
(FRJUDSK\����������������
$EVWUDFW�� � 0DQ\� VSHFLHV� KDYH� H[SHULHQFHG�
GUDPDWLF�GHFOLQHV�RYHU�WKH�SDVW�PLOOHQQLD�GXH�WR�WKH�
DFFHOHUDWHG�LPSDFW�RI�KXPDQ�DFWLYLW\�DQG�FOLPDWH�
FKDQJH��EXW�FRPSHOOLQJ�HYLGHQFH�RYHU�VXFK�ORQJ�
WHUP� WLPH� VFDOHV� LV� UDUH�� &KLQD� KDV� D� XQLTXH�
V\VWHP�DUFKLYLQJ�KLVWRULFDO�UHFRUGV�RI�LPSRUWDQW�
VRFLDO��PHWHRURORJLFDO��DJULFXOWXUDO�DQG�ELRORJLFDO�
HYHQWV�RYHU�WKH�ODVW�WKUHH�PLOOHQQLD��:H�GHULYHG�
KLVWRULFDO� VSHFLHV� RFFXUUHQFHV� ��²����� $'��
EDVHG� RQ� D� FRPSUHKHQVLYH� UHYLHZ�RI� OLWHUDWXUH��

7R�GHWHFW�WKH�GULYLQJ�IRUFHV�RI�UDQJH�FRQWUDFWLRQ��
ZH� XVHG� FRUUHODWLRQ� DQG� PXOWLSOH� UHJUHVVLRQ�
WR� TXDQWLI\� WKH� OLQHDU� DVVRFLDWLRQ� EHWZHHQ�
VSHFLHV�UDQJH�LQGLFHV�DQG�FOLPDWH�YDULDEOHV��ÀYH�
WHPSHUDWXUH�VHULHV�DQG�WKUHH�SUHFLSLWDWLRQ�VHULHV���
DV� ZHOO� DV� D� KXPDQ� SRSXODWLRQ� VL]H� VHULHV��:H�
DOVR�XVHG�D�PDFKLQH�OHDUQLQJ�WHFKQLTXH��UDQGRP�
IRUHVW�� WR� TXDQWLI\� WKH� QRQOLQHDU� HIIHFWV� RI� WKH�
FOLPDWH� YDULDEOHV� DQG� KXPDQ� SRSXODWLRQ� VL]H��
7KH�VRXWKZDUG�UHWUHDW�RI�WKH�$VLDQ�HOHSKDQW�DQG�
WKH� UKLQRFHURVHV� �'LFHURUKLQXV� VXPDWUHQVLV��
5KLQRFHURV�XQLFRUQLV��5��VRQGDLFXV��ZDV�FORVHO\�
DVVRFLDWHG�ZLWK� FOLPDWH� FRROLQJ� DQG� LQWHQVLÀHG�
KXPDQ� LPSDFW� �UHSUHVHQWHG� E\� KLJK� SRSXODWLRQ�
VL]H���DQG�WKH�ZHVWZDUG�UHWUHDW�RI�WKH�JLDQW�SDQGD�
ZDV� DVVRFLDWHG� ZLWK� LQWHQVLÀHG� KXPDQ� LPSDFW��
2QH� WHPSHUDWXUH� VHULHV� DQG� KXPDQ� SRSXODWLRQ�
VL]H� VKRZHG� LQWHUDFWLYH� HIIHFW� RQ� UDQJH� VKLIW�
RI� WKH� $VLDQ� HOHSKDQW� DQG� WKH� UKLQRFHURVHV��
WKH� HIIHFW� RI� WHPSHUDWXUH� ZDV� SRVLWLYH� DW� ORZ�
SRSXODWLRQ�VL]H��EXW�QHJDWLYH�DW�KLJK�SRSXODWLRQ�
VL]H��2XU�UHVXOWV�LPSO\�WKDW�D�KLJKHU�WHPSHUDWXUH�
FDXVHG�WKH�QRUWKZDUG�RU�HDVWZDUG�UDQJH�VKLIW�RI�
WKH�$VLDQ�HOHSKDQW��WKH�UKLQRFHURVHV�DQG�WKH�JLDQW�
SDQGD�� DQG� FXUUHQWO\� WKLV� WUHQG� LV� LPSHGHG� E\�
KXPDQ�DFWLYLWLHV��:H�DOVR�LOOXVWUDWH�KRZ�KXPDQ�
DFWLYLW\�DQG�FOLPDWH�DFW�V\QHUJLVWLFDOO\� WR�FDXVH�
UDQJH�FRQWUDFWLRQ���������1RUGLF�6RFLHW\�2LNRV�
DQG�7KH�$XWKRUV�

9�� /\QFK�� 2�&�� %HGR\D�5HLQD�� $�� 5DWDQ�� 0��
6XODN��'�,��'UDXW]�0RVHV��*�+��3HUU\��:��0LOOHU�
	�6�&��6FKXVWHU
(OHSKDQWLG� JHQRPHV� UHYHDO� WKH� PROHFXODU�
EDVHV�RI�ZRROO\�PDPPRWK�DGDSWDWLRQV�WR�WKH�
DUFWLF
&HOO�5HSRUWV������������������
$EVWUDFW�� � :RROO\� PDPPRWKV� DQG� OLYLQJ�
HOHSKDQWV�DUH�FKDUDFWHUL]HG�E\�PDMRU�SKHQRW\SLF�
GLIIHUHQFHV�WKDW�KDYH�DOORZHG�WKHP�WR�OLYH�LQ�YHU\�
GLIIHUHQW� HQYLURQPHQWV�� 7R� LGHQWLI\� WKH� JHQHWLF�
FKDQJHV�WKDW�XQGHUOLH�WKH�VXLWH�RI�ZRROO\�PDPPRWK�
DGDSWDWLRQV� WR� H[WUHPH� FROG��ZH� VHTXHQFHG� WKH�
QXFOHDU�JHQRPH�IURP�WKUHH�$VLDQ�HOHSKDQWV�DQG�
WZR� ZRROO\� PDPPRWKV�� DQG� ZH� LGHQWLÀHG� DQG�
IXQFWLRQDOO\� DQQRWDWHG� JHQHWLF� FKDQJHV� XQLTXH�
WR� ZRROO\� PDPPRWKV�� :H� IRXQG� WKDW� JHQHV�
ZLWK�PDPPRWK�VSHFLÀF�DPLQR�DFLG�FKDQJHV�DUH�
HQULFKHG�LQ�IXQFWLRQV�UHODWHG�WR�FLUFDGLDQ�ELRORJ\��
VNLQ� DQG� KDLU� GHYHORSPHQW� DQG� SK\VLRORJ\��
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OLSLG� PHWDEROLVP�� DGLSRVH� GHYHORSPHQW� DQG�
SK\VLRORJ\�� DQG� WHPSHUDWXUH� VHQVDWLRQ�� )LQDOO\��
ZH� UHVXUUHFWHG� DQG� IXQFWLRQDOO\� WHVWHG� WKH�
PDPPRWK� DQG� DQFHVWUDO� HOHSKDQW�7539��JHQH��
ZKLFK�HQFRGHV�D�WHPSHUDWXUH�VHQVLWLYH�WUDQVLHQW�
UHFHSWRU�SRWHQWLDO��WKHUPR753��FKDQQHO�LQYROYHG�
LQ� WKHUPDO� VHQVDWLRQ� DQG� KDLU� JURZWK�� DQG� ZH�
VKRZ�WKDW�D�VLQJOH�PDPPRWK�VSHFLÀF�DPLQR�DFLG�
VXEVWLWXWLRQ� LQ� DQ� RWKHUZLVH� KLJKO\� FRQVHUYHG�
UHJLRQ�RI�WKH�7539��FKDQQHO�VWURQJO\�DIIHFWV�LWV�
WHPSHUDWXUH�VHQVLWLYLW\���������7KH�$XWKRUV�

6�� 0DJGD�� 2�� 6SRKQ�� 7�� $QJNDZDQLVK�� '�$��
6PLWK�	�'�/��3HDUO
5LVN� IDFWRUV� IRU� VDGGOH�UHODWHG� VNLQ� OHVLRQV�
RQ�HOHSKDQWV�XVHG� LQ� WKH� WRXULVP�LQGXVWU\� LQ�
7KDLODQG
%0&�9HWHULQDU\�5HVHDUFK�����������H���
$EVWUDFW�� � %DFNJURXQG�� /HVLRQV� UHODWHG� WR�
ZRUNLQJ�FRQGLWLRQV�DQG�LPSURSHU�VDGGOH�GHVLJQ�
DUH� D� FRQFHUQ� IRU� D� YDULHW\� RI�ZRUNLQJ� DQLPDOV�
LQFOXGLQJ� HOHSKDQWV�� 7KH� REMHFWLYHV� RI� WKH�
SUHVHQW� VWXG\�ZHUH� WR�GHWHUPLQH� WKH�SUHYDOHQFH�
RI� FXWDQHRXV� OHVLRQV� LQ� DQDWRPLF� UHJLRQV� �L�H���
QHFN�� JLUWK�� EDFN�� WDLO�� LQ� FRQWDFW� ZLWK� VDGGOH�
UHODWHG�HTXLSPHQW�DPRQJ�HOHSKDQWV� LQ�7KDLODQG�
ZRUNLQJ�LQ�WKH�WRXULVP�LQGXVWU\��DQG�WR�LGHQWLI\�
SRWHQWLDO� ULVN� IDFWRUV� DVVRFLDWHG� ZLWK� WKHVH�
OHVLRQV��'DWD�IRU�WKLV�FURVV�VHFWLRQDO�VWXG\�ZHUH�
FROOHFWHG�EHWZHHQ�0D\������DQG� -XO\������RQ�
���� HOHSKDQWV� IURP� ��� WRXULVP� FDPSV� DFURVV�
7KDLODQG��5HVXOWV��7KHUH�ZDV�D�KLJK�SUHYDOHQFH�
������������&,������²�������RI�DFWLYH� OHVLRQV��
PRVW� RIWHQ� ORFDWHG� RQ� WKH� EDFN� UHJLRQ�� 8VLQJ�
PXOWLOHYHO� PXOWLYDULDEOH� ORJLVWLF� UHJUHVVLRQ�
PRGHOOLQJ� FRQWDLQLQJ� D� UDQGRP� LQWHUFHSW� IRU�
FDPS� ZH� LGHQWLÀHG� WKH� IROORZLQJ� ULVN� IDFWRUV��
LQFUHDVLQJ�HOHSKDQW�DJH��WKH�XVH�RI�ULFH�VDFNV�DV�
SDGGLQJ�PDWHULDO�LQ�FRQWDFW�ZLWK�WKH�VNLQ��DQG�WKH�
SURYLVLRQ�RI�D�EUHDN�IRU�WKH�HOHSKDQWV��:RUNLQJ�
KRXUV� KDG� D� TXDGUDWLF� UHODWLRQVKLS�ZLWK� WKH� ORJ�
RGGV�RI�DQ�DFWLYH�OHVLRQ�ZKHUH�WKH�SUREDELOLW\�RI�DQ�
DFWLYH�OHVLRQ�LQLWLDOO\�LQFUHDVHG�ZLWK�WKH�QXPEHU�
RI� ZRUNLQJ� KRXUV� SHU� GD\� DQG� WKHQ� GHFOLQHG�
SRVVLEO\�UHÁHFWLQJ�D�́ KHDOWK\�ZRUNHUµ�ELDV�ZKHUH�
RQO\�DQLPDOV�ZLWKRXW�OHVLRQV�FRQWLQXH�WR�EH�DEOH�
WR�ZRUN�WKHVH�ORQJHU�KRXUV��&RQFOXVLRQV��:KLOH�
ZH� UHFRJQL]H� WKDW� WKH� FURVV�VHFWLRQDO� QDWXUH� RI�
WKH�VWXG\�SRVHG�VRPH�LQIHUHQWLDO�OLPLWDWLRQV��RXU�

UHVXOWV�RIIHU�VHYHUDO�SRWHQWLDO�LQWHUYHQWLRQ�SRLQWV�
IRU�WKH�SUHYHQWLRQ�RI�WKHVH�OHVLRQV��6SHFLÀFDOO\��
ZH� UHFRPPHQG� WKH� IROORZLQJ�XQWLO� ORQJLWXGLQDO�
VWXGLHV�FDQ�EH�FRQGXFWHG�� LQFUHDVHG�PRQLWRULQJ�
RI� ROGHU� HOHSKDQWV� DQG� WKH� EDFN� UHJLRQ� RI� DOO�
HOHSKDQWV��ZRUNLQJ�OHVV�WKDQ���KRXUV�SHU�GD\��DQG�
WKH�DYRLGDQFH�RI�ULFH�VDFNV�DV�SDGGLQJ�PDWHULDO�LQ�
FRQWDFW�ZLWK�VNLQ���������7KH�$XWKRUV�

-�1��0DVORZ�	�6�.��0LNRWD
7XEHUFXORVLV� LQ� HOHSKDQWV� ³� $� UHHPHUJHQW�
GLVHDVH�� 'LDJQRVWLF� GLOHPPDV�� WKH� QDWXUDO�
KLVWRU\� RI� LQIHFWLRQ�� DQG� QHZ� LPPXQRORJLFDO�
WRROV
9HWHULQDU\�3DWKRORJ\������������������
$EVWUDFW�� �7XEHUFXORVLV� �7%�� LQ� HOHSKDQWV� KDV�
EHHQ� GHVFULEHG� VLQFH� DQFLHQW� WLPHV�� +RZHYHU��
LW� ZDV� QRW� XQWLO� ����� ZKHQ� LQIHFWLRQ� ZLWK�
0\FREDFWHULXP� WXEHUFXORVLV�ZDV� LGHQWLÀHG� LQ�D�
KHUG�RI�FLUFXV�HOHSKDQWV�WKDW�VLJQLÀFDQW�UHVHDUFK�
LQWR� WKLV� GLVHDVH� EHJDQ�� 7KH� HSLGHPLRORJ\�
DQG� QDWXUDO� KLVWRU\� RI� 7%� ZHUH� XQNQRZQ� LQ�
HOHSKDQWV�VLQFH�WKHUH�KDG�EHHQ�QR�FRPSUHKHQVLYH�
VFUHHQLQJ� SURJUDPV�� DQG� GLDJQRVWLF� WHFKQLTXHV�
GHYHORSHG� IRU� FHUYLGDH� DQG� ERYLGDH� ZHUH� RI�
XQNQRZQ�YDOXH��$QG��ZKLOH�SUHFHSWV�RI�WHVW�DQG�
VODXJKWHU�ZHUH�WKH�QRUP�IRU�FDWWOH�DQG�GHHU��WKLV�
ZDV� FRQVLGHUHG� XQWHQDEOH� IRU� DQ� HQGDQJHUHG�
VSHFLHV��:LWK�QR�SUHFHGHQW� IRU� WKH� WUHDWPHQW�RI�
7%�LQ�DQLPDOV��WUHDWPHQW�UHJLPHQV�IRU�HOHSKDQWV�
ZHUH�H[WUDSRODWHG�IURP�KXPDQ�SURWRFROV��ZKLFK�
JXLGHG�FKDQJHV�WR�WKH�*XLGHOLQHV�IRU�WKH�&RQWURO�
RI�7XEHUFXORVLV� LQ�(OHSKDQWV�� ,Q� WKH�DEVHQFH�RI�
GLDJQRVWLF� WHVWLQJ� WR� FRQÀUP� FXUH� LQ� HOHSKDQWV��
WKH� HIÀFDF\� RI� WKHVH� WUHDWPHQW� UHJLPHQV� LV�
RQO\� EHJLQQLQJ� WR� EH� XQGHUVWRRG� DV� WUHDWHG�
HOHSKDQWV� GLH� DQG� DUH� H[DPLQHG� SRVWPRUWHP��
+RZHYHU�� EHFDXVH� RI� SUHVVXUHV� DULVLQJ� IURP�
SXEOLF� UHODWLRQV� UHODWHG� WR� HOHSKDQW� KXVEDQGU\�
DQG�WKH�DGGHG�FRQVLGHUDWLRQV�RI�7%�LQIHFWLRQ�LQ�
DQLPDOV� �ZKHWKHU� UHDO� RU� LPDJLQHG��� VKDULQJ� RI�
LQIRUPDWLRQ�WR�DLG�LQ�UHVHDUFK�DQG�WUHDWPHQW�KDV�
EHHQ�SUREOHPDWLF��+HUH�ZH�UHYLHZ�WKH�FKDOOHQJHV�
DQG� VXFFHVVHV� RI� WKH� GLDJQRVLV� RI� WXEHUFXORVLV�
LQ� HOHSKDQWV� DQG� GLVFXVV� WKH� QDWXUDO� KLVWRU\� RI�
WKH�GLVHDVH�WR�SXW�WKH�ZRUN�RI�/DQGROÀ�HW�DO��RQ�
WKH� LPPXQRORJLFDO� UHVSRQVH� WR� WXEHUFXORVLV� LQ�
HOHSKDQWV�LQ�SHUVSHFWLYH���������7KH�$XWKRUV�
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$�0��0R�EUXFNHU�� ,��$SUL\DQD�� -��)LFNHO��0�$��
,PURQ��6��3XG\DWPRNR��6XPDUGL�	�+��6XU\DGL
1RQ�LQYDVLYH� JHQRW\SLQJ� RI� 6XPDWUDQ� HOH�
SKDQWV��,PSOLFDWLRQV�IRU�FRQVHUYDWLRQ
7URSLFDO�&RQVHUYDWLRQ�6FLHQFH�����������������
$EVWUDFW�� � 5HOLDEOH� EDVHOLQH� LQIRUPDWLRQ�
QHFHVVDU\�IRU�WKH�PRQLWRULQJ�DQG�FRQVHUYDWLRQ�RI�
6XPDWUDQ�HOHSKDQWV�LV�VFDUFH��:H�KHUH�FRPELQH�
QRQ�LQYDVLYH� PROHFXODU� JHQHWLFV� PHWKRGV� DQG�
FDSWXUH�UHFDSWXUH�PRGHOOLQJ�WR�HVWLPDWH�HOHSKDQW�
SRSXODWLRQ� VL]H�� GLVWULEXWLRQ�� VH[� UDWLR�� DQG� DJH�
VWUXFWXUH� IRU� WKH� %XNLW� 7LJDSXOXK� ODQGVFDSH� LQ�
6XPDWUD��,QGRQHVLD��7ZR�VHSDUDWH�VXESRSXODWLRQV�
ZHUH�IRXQG��IRU�ZKLFK�ZH�HVWLPDWHG�D�SRSXODWLRQ�
VL]H�RI���������&,� �>�������@��3&&/� ���������
DQG���� HOHSKDQWV� �����&,� � >���� ��@��3&&/� �
��������� UHVSHFWLYHO\�� /RZ� HOHSKDQW� GHQVLWLHV�
DUH�OLNHO\�WKH�UHVXOW�RI�SDWFK\�KDELWDW�XVDJH�DQG�
DQWKURSRJHQLFDOO\�LQFUHDVHG�PRUWDOLW\�� WKH�ODWWHU�
DVVXPSWLRQ� EHLQJ� VXSSRUWHG� E\� VWURQJ� VNHZV�
LQ� ERWK� VH[� UDWLR� DQG� DJH� VWUXFWXUH� DV� ZHOO� DV�
GLUHFW� HYLGHQFH� RI� HOHSKDQW� NLOOLQJ�� 6WLOO�� WKH�
%XNLW� 7LJDSXOXK� ODQGVFDSH� FXUUHQWO\� KROGV� WKH�
ODUJHVW�NQRZQ�SRSXODWLRQ�RI�HOHSKDQWV�LQ�FHQWUDO�
6XPDWUD��UHSUHVHQWLQJ�RQH�RI�WKH�PRVW�LPSRUWDQW�
DUHDV� IRU� WKHLU� FRQVHUYDWLRQ� LQ� ,QGRQHVLD��
&RQVHUYDWLRQ� RI� ERWK� WKH� HOHSKDQW� SRSXODWLRQ�
DQG�WKHLU�KDELWDW�LQ�WKLV�UHJLRQ�VKRXOG�WKXV�EH�RI�
KLJK�SULRULW\��:H�LGHQWLÀHG�VHYHUDO�WKUHDWV�WR�WKH�
SRSXODWLRQ�� LQFOXGLQJ� �L�� WKH� ULVN� RI� LQEUHHGLQJ�
DQG� VXEVHTXHQW� ORVV� RI� JHQHWLF� GLYHUVLW\�� �LL��
LOOHJDO� HOHSKDQW� NLOOLQJ�� DQG� �LLL�� WKH� ODFN� RI�
SURWHFWHG� KDELWDW�� ,Q� RUGHU� WR� RYHUFRPH� WKHVH�
FKDOOHQJHV� ZH� VXJJHVW�� �L�� WKH� LPSOHPHQWDWLRQ�
RI� D� PHWD�SRSXODWLRQ� PDQDJHPHQW� SURJUDP��
�LL��PRQLWRULQJ� DQG� VDIHJXDUGLQJ� HOHSKDQWV� DQG�
LPSURYLQJ�ODZ�HQIRUFHPHQW��

+�6�� 0XPE\�� 6�1�� &KDSPDQ�� -�$�+�� &UDZOH\��
.�8��0DU��:��+WXW��$�7��6RH��+�+��$XQJ�	�9��
/XPPDD
'LVWLQJXLVKLQJ� EHWZHHQ� GHWHUPLQDWH� DQG�
LQGHWHUPLQDWH�JURZWK�LQ�D�ORQJ�OLYHG�PDPPDO
%0&�(YROXWLRQDU\�%LRORJ\�����������H���
$EVWUDFW�� �%DFNJURXQG��7KH�JURZWK�VWUDWHJ\�RI�
D�VSHFLHV�LQÁXHQFHV�PDQ\�NH\�DVSHFWV�RI�LWV�OLIH�
KLVWRU\��$QLPDOV�FDQ�HLWKHU�JURZ�LQGHWHUPLQDWHO\�
�WKURXJKRXW�OLIH���RU�JURZ�GHWHUPLQDWHO\��FHDVLQJ�
DW� PDWXULW\�� ,Q� PDPPDOV�� FRQWLQXHG� ZHLJKW�
JDLQ� DIWHU� PDWXULW\� LV� FOHDUO\� GLVWLQJXLVKDEOH�

IURP� FRQWLQXHG� VNHOHWDO� JURZWK� �LQGHWHUPLQDWH�
JURZWK��� (OHSKDQWV� UHSUHVHQW� DQ� LQWHUHVWLQJ�
FDQGLGDWH� IRU� VWXG\LQJ� JURZWK� EHFDXVH� RI� WKHLU�
ODUJH� VL]H�� ORQJ� OLIH� DQG� VH[XDO� GLPRUSKLVP��
2EMHFWLYH�PHDVXUHV� RI� WKHLU�ZHLJKW�� KHLJKW� DQG�
DJH�� KRZHYHU�� DUH� UDUH��5HVXOWV��:H� LQYHVWLJDWH�
HYLGHQFH� IRU� LQGHWHUPLQDWH�JURZWK� LQ� WKH�$VLDQ�
HOHSKDQW� XVLQJ� D� ORQJLWXGLQDO� GDWDVHW� IURP� D�
VHPL�FDSWLYH� SRSXODWLRQ�� :H� ÀW� JURZWK� FXUYHV�
WR�ZHLJKW� DQG� KHLJKW�PHDVXUHPHQWV�� DVVHVV� VH[�
GLIIHUHQFHV�LQ�JURZWK��DQG�WHVW�IRU�LQGHWHUPLQDWH�
JURZWK�E\�FRPSDULQJ�WKH�DV\PSWRWHV�IRU�KHLJKW�
DQG�ZHLJKW�FXUYHV��2XU�UHVXOWV�VKRZ�QR�HYLGHQFH�
IRU� LQGHWHUPLQDWH�JURZWK�LQ�WKH�$VLDQ�HOHSKDQW��
QHLWKHU� VH[� LQFUHDVHV� LQ� KHLJKW� WKURXJKRXW� OLIH��
ZLWK� WKH� PDMRULW\� RI� KHLJKW� JURZWK� FRPSOHWHG�
E\� WKH�DJH�RI����\HDUV� LQ� IHPDOHV�DQG����\HDUV�
LQ�PDOHV�� )HPDOHV� VKRZ� D� VLPLODU� SDWWHUQ� ZLWK�
ZHLJKW��ZKHUHDV�PDOHV� FRQWLQXH� WR�JDLQ�ZHLJKW�
XQWLO�RYHU�DJH�����1HLWKHU�VH[�VKRZV�DQ\�GHFOLQHV�
LQ�ZHLJKW�ZLWK� DJH�� &RQFOXVLRQV��7KHVH� UHVXOWV�
KDYH�LPSOLFDWLRQV�IRU�XQGHUVWDQGLQJ�PDPPDOLDQ�
OLIH�KLVWRU\�� ZKLFK� FRXOG� LQFOXGH� VH[�VSHFLÀF�
GLIIHUHQFHV� LQ� WUDGH�RIIV� EHWZHHQ� VL]H� DQG�
UHSURGXFWLYH�LQYHVWPHQW���������7KH�$XWKRUV�

+�6��0XPE\��.�8��0DU��$�'��+D\ZDUG��:��+WXW��
<��+WXW�$XQJ�	�9��/XPPDD
(OHSKDQWV�ERUQ�LQ�WKH�KLJK�VWUHVV�VHDVRQ�KDYH�
IDVWHU�UHSURGXFWLYH�DJHLQJ
6FLHQWLÀF�5HSRUWV����������H�����
$EVWUDFW�� � 6HQHVFHQW� GHFOLQHV� LQ� UHSURGXFWLRQ�
DQG� VXUYLYDO� DUH� IRXQG� DFURVV� WKH� WUHH� RI� OLIH��
EXW� OLWWOH� LV� NQRZQ� RI� WKH� IDFWRUV� FDXVLQJ�
LQGLYLGXDO� YDULDWLRQ� LQ� UHSURGXFWLYH� DJHLQJ�
UDWHV��2QH�FRQWULEXWRU�PD\�EH�YDULDWLRQ�LQ�HDUO\�
GHYHORSPHQWDO�FRQGLWLRQV��EXW�RQO\�D�IHZ�VWXGLHV�
TXDQWLI\� WKH� HIIHFWV� RI� HDUO\� HQYLURQPHQW� RQ�
UHSURGXFWLYH�DJHLQJ�DQG�QRQH�FRQFHUQ�FRPSDUDEO\�
ORQJ�OLYHG�VSHFLHV�WR�KXPDQV��:H�GHWHUPLQH�WKH�
HIIHFWV�RI�¶VWUHVVIXO·�ELUWK�FRQGLWLRQV�RQ�OLIHWLPH�
UHSURGXFWLRQ� LQ�D� ODUJH�VHPL�FDSWLYH�SRSXODWLRQ�
RI�$VLDQ� HOHSKDQWV��:H� FDWHJRULVH� ELUWK� PRQWK�
LQWR� VWUHVVIXO� YV�� QRW�� VWUHVVIXO� SHULRGV� EDVHG�
RQ� ORQJLWXGLQDO� PHDVXUHV� RI� JOXFRFRUWLFRLG�
PHWDEROLWHV�LQ�UHSURGXFWLYH�DJHG�IHPDOHV��ZKLFK�
SHDN�GXULQJ�KHDY\�ZRUNORDG�DQG�WKH�VWDUW�RI�WKH�
PRQVRRQ�LQ�-XQH�$XJXVW��)HPDOHV�ERUQ�LQ�WKHVH�
PRQWKV�H[KLELW�IDVWHU�UHSURGXFWLYH�VHQHVFHQFH�LQ�
DGXOWKRRG�DQG�KDYH�VLJQLÀFDQWO\�UHGXFHG�OLIHWLPH�
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UHSURGXFWLYH�VXFFHVV�WKDQ�WKHLU�FRXQWHUSDUWV�ERUQ�
DW�RWKHU�WLPHV�RI�\HDU��,PSURYLQJ�GHYHORSPHQWDO�
FRQGLWLRQV� FRXOG� WKHUHIRUH� GHOD\� UHSURGXFWLYH�
DJHLQJ�LQ�VSHFLHV�DV�ORQJ�OLYHG�DV�KXPDQV�

(�� 5DQDZHHUDJH�� $�'�*�� 5DQMHHZD� 	� .��
6XJLPRWR
7RXULVP�LQGXFHG� GLVWXUEDQFH� RI� ZLOGOLIH� LQ�
SURWHFWHG�DUHDV��$�FDVH�VWXG\�RI�IUHH�UDQJLQJ�
HOHSKDQWV�LQ�6UL�/DQND
*OREDO�(FRORJ\�DQG�&RQVHUY������������������
$EVWUDFW�� � 7RXULVP�LQGXFHG� GLVWXUEDQFH� LV�
D� JURZLQJ� FRQFHUQ� LQ� ZLOGOLIH� FRQVHUYDWLRQ�
ZRUOGZLGH�� 7KLV� FDVH� VWXG\� LQ� D� NH\� SURWHFWHG�
DUHD� LQ� 6UL� /DQND�� H[DPLQHG� WKH� EHKDYLRXUDO�
FKDQJHV� RI� $VLDQ� HOHSKDQWV� LQ� WKH� FRQWH[W�
RI� HOHSKDQW� ZDWFKLQJ� WRXULVP� DFWLYLWLHV��
2EVHUYDWLRQV�RI�GLIIHUHQW�DJH²VH[�JURXS�FODVVHV�
RI� HOHSKDQWV� ZHUH� FRQGXFWHG� IRFXVLQJ� RQ� WKH�
IHHGLQJ�DFWLYLW\�RI�HOHSKDQWV�LQ�WKH�SUHVHQFH�YV��
DEVHQFH� RI� WRXULVWV�� )UHTXHQF\� DQG� GXUDWLRQ� RI�
DOHUW�� IHDU�� VWUHVV� DQG� DJJUHVVLYH� EHKDYLRXUV� RI�
HOHSKDQWV�ZHUH�VLJQLÀFDQWO\�KLJK�LQ�WKH�SUHVHQFH�
RI� WRXULVWV� DQG� WKHVH� EHKDYLRXUV� RFFXUUHG� DW� D�
FRVW�RI� IHHGLQJ� WLPH��7RXULVW�EHKDYLRXU��YHKLFOH�
QRLVH��FORVH�GLVWDQFHV�DQG�WLPH�RI�WKH�WRXUV�ZHUH�
FORVHO\�DVVRFLDWHG�ZLWK�WKH�EHKDYLRXUDO�FKDQJHV�
RI�HOHSKDQWV�� ,W� LV� LPSRUWDQW� WR�PRQLWRU� WRXULVP�
HIIHFWV� RQ� HQGDQJHUHG� VSHFLHV� VXFK� DV� $VLDQ�
HOHSKDQWV�DQG�WR�WDNH�SURSHU�PHDVXUHV�LQFOXGLQJ�
FRQWUROOHG�WRXULVW�EHKDYLRXU�DQG�YHKLFOH�DFWLYLW\�
LQ�SURWHFWHG�DUHDV�LQ�RUGHU�WR�UHGXFH�GLVWXUEDQFH�
RI�ZLOGOLIH�EHKDYLRXU���������7KH�$XWKRUV�

3�&�� 5HGG\�� ,�� 6LQKD��$�� .HONDU�� )�� +DELE�� 6�-��
3UDGKDQ��5��6XNXPDU�	�6��*DODQGH
&RPSDUDWLYH� VHTXHQFH� DQDO\VHV� RI� JHQRPH�
DQG� WUDQVFULSWRPH� UHYHDO� QRYHO� WUDQVFULSWV�
DQG� YDULDQWV� LQ� WKH� $VLDQ� HOHSKDQW� (OHSKDV�
PD[LPXV
-RXUQDO�RI�%LRVFLHQFHV������������������
$EVWUDFW���7KH�$VLDQ�HOHSKDQW�(OHSKDV�PD[LPXV�
DQG� WKH� $IULFDQ� HOHSKDQW� /R[RGRQWD� DIULFDQD�
WKDW� GLYHUJHG� �²�� PLOOLRQ� \HDUV� DJR� H[KLELW�
GLIIHUHQFHV� LQ� WKHLU� SK\VLRORJ\�� EHKDYLRXU� DQG�
PRUSKRORJ\��$�FRPSDUDWLYH�JHQRPLFV�DSSURDFK�
ZRXOG�EH�XVHIXO�DQG�QHFHVVDU\�IRU�HYROXWLRQDU\�
DQG� IXQFWLRQDO� JHQHWLF� VWXGLHV� RI� HOHSKDQWV��
:H� SHUIRUPHG� VHTXHQFLQJ� RI� (�� PD[LPXV� DQG�
PDS� WR�/��DIULFDQD� DW�a��;�FRYHUDJH��7KURXJK�

FRPSDUDWLYH� VHTXHQFH� DQDO\VHV�� ZH� KDYH�
LGHQWLÀHG�$VLDQ� HOHSKDQW� VSHFLÀF� KRPR]\JRXV��
QRQ�V\QRQ\PRXV� VLQJOH� QXFOHRWLGH� YDULDQWV�
�619V��WKDW�PDS�WR������SURWHLQ�FRGLQJ�JHQHV��
PDQ\� RI� ZKLFK� DUH� LQYROYHG� LQ� ROIDFWLRQ�� :H�
DOVR� SUHVHQW� WKH� ÀUVW� UHSRUW� RI� D� KLJK�FRYHUDJH�
WUDQVFULSWRPH� VHTXHQFH� LQ� (�� PD[LPXV� IURP�
SHULSKHUDO�EORRG�O\PSKRF\WHV��:H�KDYH�LGHQWLÀHG�
���� QRYHO� SURWHLQ� FRGLQJ� WUDQVFULSWV� DQG� ���
ORQJ� QRQ�FRGLQJ� �OQF�51$V�� :H� DOVR� UHSRUW�
WKH� SUHVHQFH� RI� ���� SURWHLQ� GRPDLQV� XQLTXH� WR�
HOHSKDQWV� ZKHQ� FRPSDUHG� WR� RWKHU� $IURWKHULD�
VSHFLHV�� (DFK� RI� WKHVH� ÀQGLQJV� FDQ� EH� IXUWKHU�
LQYHVWLJDWHG� WR� JDLQ� D� EHWWHU� XQGHUVWDQGLQJ�
RI� IXQFWLRQDO� GLIIHUHQFHV� XQLTXH� WR� HOHSKDQW�
VSHFLHV�� DV�ZHOO� DV� WKRVH� XQLTXH� WR� HOHSKDQWLGV�
LQ� FRPSDULVRQ�ZLWK�RWKHU�PDPPDOV��7KLV�ZRUN�
WKHUHIRUH�SURYLGHV�D�YDOXDEOH�UHVRXUFH�WR�H[SORUH�
WKH� LPPHQVH� UHVHDUFK� SRWHQWLDO� RI� FRPSDUDWLYH�
DQDO\VHV�RI�WUDQVFULSWRPH�DQG�JHQRPH�VHTXHQFHV�
LQ�WKH�$VLDQ�HOHSKDQW���������,QGLDQ�$FDGHP\�RI�
6FLHQFHV��:LWK�SHUPLVVLRQ�RI�6SULQJHU�

5�.�� 5XQWLQJ�� (�� 0HLMDDUG�� 1�.�� $EUDP�� -�$��
:HOOV�� '�/�$�� *DYHDX�� 0�� $QFUHQD]�� +�3��
3RVVVLQJKDP�� 6�$�� :LFK�� )�� $UGLDQV\DK�� 0�7��
*XPDO��/�1��$PEX�	�.�$��:LOVRQ
$OWHUQDWLYH�IXWXUHV�IRU�%RUQHR�VKRZ�WKH�YDOXH�
RI� LQWHJUDWLQJ� HFRQRPLF� DQG� FRQVHUYDWLRQ�
WDUJHWV�DFURVV�ERUGHUV
1DWXUH�&RPPXQLFDWLRQV����������H����
$EVWUDFW�� � %DODQFLQJ� HFRQRPLF� GHYHORSPHQW�
ZLWK� LQWHUQDWLRQDO� FRPPLWPHQWV� WR� SURWHFW�
ELRGLYHUVLW\�LV�D�JOREDO�FKDOOHQJH��$FKLHYLQJ�WKLV�
EDODQFH�UHTXLUHV�DQ�XQGHUVWDQGLQJ�RI�WKH�SRVVLEOH�
FRQVHTXHQFHV�RI�DOWHUQDWLYH�IXWXUH�VFHQDULRV�IRU�
D�UDQJH�RI�VWDNHKROGHUV��:H�HPSOR\�DQ�LQWHJUDWHG�
HFRQRPLF�DQG�HQYLURQPHQWDO�SODQQLQJ�DSSURDFK�
WR�HYDOXDWH�IRXU�DOWHUQDWLYH�IXWXUHV�IRU�WKH�PHJD�
GLYHUVH� LVODQG�RI�%RUQHR��:H� VKRZ�ZKDW� FRXOG�
EH�DFKLHYHG�LI�WKH�WKUHH�QDWLRQDO�MXULVGLFWLRQV�RI�
%RUQHR�FRRUGLQDWH�HIIRUWV�WR�DFKLHYH�WKHLU�SXEOLF�
SROLF\� WDUJHWV� DQG� DOORZ� D� SDUWLDO� UHDOORFDWLRQ�
RI� SODQQHG� ODQG� XVHV�� :H� UHYHDO� WKH� SRWHQWLDO�
IRU� %RUQHR� WR� VLPXOWDQHRXVO\� UHWDLQ� %����
RI� LWV� ODQG� DV� IRUHVWV�� SURWHFW� DGHTXDWH� KDELWDW�
IRU� WKH� %RUQHDQ� RUDQJXWDQ� �3RQJR� S\JPDHXV��
DQG� %RUQHDQ� HOHSKDQW� �(OHSKDV� PD[LPXV�
ERUQHHQVLV��� DQG� DFKLHYH� DQ� RSSRUWXQLW\� FRVW�
VDYLQJ�RI�RYHU�86����ELOOLRQ��6XFK�FRRUGLQDWLRQ�
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ZRXOG�GHSHQG�RQ�HQKDQFHG�LQIRUPDWLRQ�VKDULQJ�
DQG� UHIRUPV� WR� ODQG�XVH� SODQQLQJ��ZKLFK� FRXOG�
EH� VXSSRUWHG� E\� WKH� LQFUHDVLQJO\� LQWHUQDWLRQDO�
QDWXUH�RI�HFRQRPLHV�DQG�FRQVHUYDWLRQ�HIIRUWV����
�����0DFPLOODQ�3XEOLVKHUV�/LPLWHG�

-�� 6DDULQHQ��$�� .DUPH�� 7�� &HUOLQJ�� .�� 8QR�� /��
6lLOl�� 6��.DVLNL�� 6��1JHQH��7��2EDUL�� (��0EXD��
)�.��0DQWKL�	�0��)RUWHOLXV�
$� QHZ� WRRWK� ZHDU²EDVHG� GLHWDU\� DQDO\VLV�
PHWKRG�IRU�3URERVFLGHD��0DPPDOLD�
-��RI�9HUWHEUDWH�3DOHRQWRORJ\�����������H������
$EVWUDFW�� � 'LHWDU\� DQDO\VHV� RI� KHUELYRURXV�
PDPPDOV� DUH� LPSRUWDQW� IRU� SDOHRHFRORJLFDO�
UHFRQVWUXFWLRQ�� 6HYHUDO� PHWKRGV� DSSOLFDEOH�
WR� IRVVLO� WHHWK� KDYH� EHHQ� GHYHORSHG� ODWHO\��7KH�
PHVRZHDU� PHWKRG� EDVHG� RQ� ZHDU�LQGXFHG�
RFFOXVDO�VKDSH�DQG�UHOLHI�RI�XQJXODWH�PRODUV�KDV�
SURYHQ�WR�EH�D�UREXVW�PHWKRG�IRU�GLHWDU\�DQDO\VLV��
,Q� LWV� RULJLQDO� IRUP� LW� FDQ� RQO\� EH� XVHG� IRU�
VHOHQRGRQW��SODJLRORSKRGRQW��DQG�HFWRORSKRGRQW�
XQJXODWH� PRODUV�� EXW� WKH� SULQFLSOH� FDQ� EH�
H[WHQGHG�WR�RWKHU�NLQGV�RI�WRRWK�PRUSKRORJ\��:H�
LQWURGXFH� D�QHZ�PHWKRG�RI�GLHWDU\� DQDO\VLV� IRU�
SURERVFLGHDQV�VLPLODU�WR�WKH�PHVRZHDU�PHWKRG��
EDVHG�RQ�DQJOH�PHDVXUHPHQWV�IURP�ZRUQ�GHQWLQ�
YDOOH\V� UHÁHFWLQJ� WKH� UHOLHI� RI� HQDPHO� ULGJHV��
7KH�HQDPHO�ULGJHV�VKRXOG�EH�KHDYLO\�ZRUQ�ZKHQ�
WKH� DEUDVLYHQHVV� RI� GLHW� LQFUHDVHV�� UHVXOWLQJ�
LQ� ORZHU� RFFOXVDO� UHOLHI� DQG� ODUJHU� DQJOHV�� )RU�
WHVWLQJ� WKLV��ZH�FRPSDUHG� WKH�PHVRZHDU�DQJOHV�
ZLWK� VWDEOH� FDUERQ� LVRWRSH� YDOXHV� IURP� GHQWDO�
HQDPHO� IURP� SRSXODWLRQV� RI� H[WDQW� DQG� IRVVLO�
VSHFLHV� IURP� ORFDOLWLHV� IURP� .HQ\D� DQG� ,QGLD��
7KLV�HQDEOHV�XV�WR�FRPSDUH�GLHW�DQG�WRRWK�ZHDU�LQ�
SURERVFLGHDQV��EHFDXVH�WKH�VWDEOH�FDUERQ�LVRWRSH�
UDWLRV�LQ�WURSLFDO�HQYLURQPHQWV�SURYLGH�D�UHOLDEOH�
VWDQGDUG� IRU� DVVHVVLQJ� WKH� UHODWLYH� DPRXQWV� RI�
&�� DQG� &�� SODQWV� LQ� GLHW�� DQG�PRVW� RI� WKH� &��
SODQWV� DUH� JUDVVHV�� ZKLFK� VKRXOG� EH� UHÁHFWHG�
LQ� WKH�PHVRZHDU� VLJQDO��������� WKH�6RFLHW\�RI�
9HUWHEUDWH�3DOHRQWRORJ\

$�+�0�5��6DUNHU��$��+RVVHQ�	�(��5¡VNDIW
)DWDO� HOHSKDQW� HQFRXQWHUV� RQ� KXPDQV� LQ�
%DQJODGHVK��&RQWH[W�DQG�LQFLGHQFHV
(QYLURQPHQW�DQG�1DWXUDO�5HVRXUFHV�5HVHDUFK���
�������������
$EVWUDFW���+HUH�ZH�UHSRUW�WKH�FRQWH[W�HQFRXQWHUV�
RI� HOHSKDQW� DWWDFNV� RQ� KXPDQV� LQ� %DQJODGHVK��

GXULQJ� WKH� SHULRG� ����� WR� ������ $WWDFN� UDWHV�
VLJQLÀFDQWO\�LQFUHDVHG�RYHU�WKLV�VWXG\�SHULRG��7KH�
SURSRUWLRQ� RI� HQFRXQWHUV� WKDW� FDXVHG� GHDWKV� RU�
LQMXULHV�GLIIHUHG�VWDWLVWLFDOO\�VLJQLÀFDQW�EHWZHHQ�
WKH� WZR� VH[HV� �PHQ� PRUH� GHDWKV��� DJH� JURXSV�
�HOGHU�PRUH�GHDWKV���WLPH�RI�WKH�GD\��PRUH�GHDWKV�
GXULQJ� QLJKW��� SODFH� RI� FDVXDOW\� �PRUH� GHDWKV�
RXWVLGH� IRUHVWV��� ZHDSRQ� XVHG� E\� HOHSKDQWV�
�PRUH� GHDWKV� ZKHQ� HOHSKDQWV� ZHUH� XVLQJ� ERWK�
WUXQN�DQG�OHJ��DQG�VWXG\�VLWHV��1R�GLIIHUHQFH�ZDV�
IRXQG�EHWZHHQ�VHDVRQV��HOHSKDQW�JURXS�VL]H��RU�
ÀQDQFLDO� VWDWXV�� RFFXSDWLRQ� DQG� KRXVHKROG� VL]H�
RI�YLFWLPV��(OHSKDQW�IDPLO\�JURXSV�ZHUH�PRVWO\�
UHVSRQVLEOH�IRU�DWWDFNV�LQ�WKH�QRUWK��ZKLOH�VLQJOH�
EXOOV�ZHUH�PRUH�UHVSRQVLEOH�LQ�WKH�VRXWKHDVW��7KH�
SODFH�RI�FDVXDOW\��LQVLGH�RU�RXWVLGH�IRUHVWV���WLPH�
RI�WKH�GD\��JHQGHU�DQG�UHJLRQV�ZHUH�DOO�VLJQLÀFDQW�
LQ�H[SODLQLQJ� WKH�YDULDWLRQ� LQ�HQFRXQWHUV�ZKLFK�
UHVXOWHG� LQ� KXPDQ� GHDWKV� RU� LQMXULHV�� &RQÁLFW�
PLWLJDWLRQ� DSSURDFKHV� LQFOXGLQJ� LQFHQWLYH���
DZDUHQHVV�RU� WUDLQLQJ�SURJUDPV� IURP� WKH� IRUHVW�
GHSDUWPHQW� FRXOG� KHOS� WR� UHGXFH� WKH� FRQÁLFW�
EHWZHHQ�KXPDQV�DQG�HOHSKDQWV�LQ�%DQJODGHVK����
�����&DQDGLDQ�&HQWHU�RI�6FLHQFH�DQG�(GXFDWLRQ�

-��6FKPLGW�%XUEDFK��'��5RQIRW�	�5��6ULVDQJLDP
$VLDQ�HOHSKDQW��(OHSKDV�PD[LPXV���SLJ�WDLOHG�
PDFDTXH� �0DFDFD� QHPHVWULQD�� DQG� WLJHU�
�3DQWKHUD�WLJULV��SRSXODWLRQV�DW�WRXULVP�YHQXHV�
LQ�7KDLODQG�DQG�DVSHFWV�RI�WKHLU�ZHOIDUH
3/R6�21(�����������H�������
$EVWUDFW�� � 7KLV� VWXG\� IRFXVHG� RQ� GHWHUPLQLQJ�
WKH� VL]H� DQG�ZHOIDUH� DVSHFWV� RI�$VLDQ� HOHSKDQW��
SLJ�WDLOHG� PDFDTXH� DQG� WLJHU� SRSXODWLRQV� DW�
IDFLOLWLHV� RSHQ� WR� WRXULVWV� LQ� 7KDLODQG�� 'DWD�
ZHUH� JDWKHUHG� IURP� ���� YHQXHV� WKURXJK� GLUHFW�
REVHUYDWLRQV� DQG� LQWHUYLHZV�ZLWK� VWDII��$� VFRUH�
VKHHW�EDVHG� ZHOIDUH� DVVHVVPHQW� ZDV� XVHG� WR�
FDOFXODWH� VFRUHV� EHWZHHQ� �� DQG� ���� LQGLFDWLQJ�
HDFK� YHQXH·V�ZHOIDUH� VLWXDWLRQ�� )DFWRUV� VXFK� DV�
IUHHGRP� RI� PRYHPHQW� IRU� WKH� DQLPDOV�� DFFHVV�
WR� YHWHULQDU\� FDUH�� HQYLURQPHQWDO� QRLVH� TXDOLW\��
K\JLHQH� VWDQGDUGV� DQG� ZRUN� LQWHQVLW\� ZHUH�
LQFOXGHG� LQ� WKH� VFRUH� VKHHW�� ����� HOHSKDQWV��
����PDFDTXHV�DQG�����WLJHUV�ZHUH�IRXQG�DW�WKH�
YHQXHV�����YHQXHV�H[FOXVLYHO\�NHSW�HOHSKDQWV����
GHVLJQDWHG� ¶PRQNH\� VFKRROV·� RIIHUHG� PDFDTXH�
VKRZV�� �� YHQXHV� NHSW� SULPDULO\� WLJHUV�� PRVWO\�
IRU� SHWWLQJ� DQG� SKRWR� RSSRUWXQLWLHV�� DQG� WKH�
UHPDLQLQJ�YHQXHV�NHSW�D�PL[�RI�WKHVH�DQLPDOV��$�
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VWURQJ�LPEDODQFH�LQ�IHPDOH�WR�PDOH�JHQGHU�UDWLRV�
ZDV�UHFRUGHG�ZLWK�DERXW�����IRU�DGXOW�HOHSKDQWV�
DQG�����IRU�DGXOW�PDFDTXHV��6HYHUHO\�LQDGHTXDWH�
ZHOIDUH�FRQGLWLRQV�ZHUH�FRPPRQ��ZLWK�����RI�
PDFDTXHV�DQG�����RI�WLJHUV�EHLQJ�NHSW�DW�YHQXHV�
ZLWK�VFRUHV� OHVV� WKDQ��������RI�HOHSKDQWV�ZHUH�
NHSW� LQ� LQDGHTXDWH� FRQGLWLRQV� DW� YHQXHV� ZLWK�
VFRUHV�EHWZHHQ���DQG����EXW�D�VLJQLÀFDQW�QXPEHU�
RI� YHQXHV� ZLWK� VFRUHV� DERYH� �� ZHUH� IRXQG��
�����RI�HOHSKDQWV�ZHUH�SURYLGHG�FRPPHQGDEOH�
FRQGLWLRQV��UHDFKLQJ�DVVHVVPHQW�VFRUHV�RI���DQG�
DERYH������RI�YHQXHV�GLG�QRW�RIIHU�DQ\�VRUW�RI�
HGXFDWLRQ� DERXW� DQLPDOV� WR� YLVLWRUV��7KLV� VWXG\�
LV� WKH� ÀUVW� WR� DVVHVV�ZHOIDUH� DVSHFWV� RI� FDSWLYH�
ZLOG�DQLPDOV�DW�WRXULVP�YHQXHV�DFURVV�7KDLODQG��
,W�FRQFOXGHV�WKDW�VLJQLÀFDQW�FRQFHUQV�H[LVW�DERXW�
WKH�ZHOIDUH�RI�ZLOG�DQLPDOV�LQ�WKH�WRXULVP�VHFWRU�
RI�7KDLODQG��8UJHQW�DWWHQWLRQ�QHHGV�WR�EH�JLYHQ�
WR� DGGUHVV� WKHVH� FRQFHUQV� DQG� SUHYHQW� IXUWKHU�
VXIIHULQJ��%XW�DOVR�WR�HQVXUH�WKH�GHPDQG�IRU�ZLOG�
DQLPDOV�GRHVQ·W�KDYH�D�QHJDWLYH�LPSDFW�RQ�ZLOG�
SRSXODWLRQV���������7KH�$XWKRUV�

&�� 7KLWDUDP�� 6�� 'HMFKDLVUL�� &�� 6RPJLUG�� 7��
$QJNDZDQLVK�� -�� %URZQ�� 5�� 3KXPSKXD\�� 6��
&KRPGHFK�	�'��.DQJZDQSRQJ
6RFLDO�JURXS�IRUPDWLRQ�DQG�JHQHWLF�UHODWHGQHVV�
LQ� UHLQWURGXFHG� $VLDQ� HOHSKDQWV� �(OHSKDV�
PD[LPXV��LQ�7KDLODQG
$SSOLHG� $QLPDO� %HKDYLRXU� 6FLHQFH� ���� �������
�����
$EVWUDFW���&DSWLYH�KHOG�HOHSKDQWV�ZHUH�UHFUXLWHG�
IURP� VHYHUDO� SDUWV� RI� 7KDLODQG� DQG� UHOHDVHG� DV�
SDUW� RI� D� UHLQWURGXFWLRQ�SURMHFW��:LOG� HOHSKDQWV�
ZLWK� D� KHUG� PDWULDUFK� JHQHUDOO\� FRQWDLQ� WKH�
VDPH�PDWULOLQHDO�OLQH�DQG�DUH�JHQHWLFDOO\�UHODWHG��
+RZHYHU��UHLQWURGXFHG�HOHSKDQWV�DUH�OHVV�OLNHO\�WR�
EH�UHODWHG��EXW�DUH�NQRZQ�WR�HVWDEOLVK�VRFLDO�JURXSV��
7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�
JHQHWLF�UHODWHGQHVV�DQG�EHKDYLRXUDO�UHODWLRQVKLSV�
RI� HOHSKDQWV� UHLQWURGXFHG� LQWR� IRUHVWHG� DUHDV� LQ�
FHQWUDO� DQG� QRUWKHUQ� 7KDLODQG�� %ORRG� VDPSOHV�
ZHUH�FROOHFWHG�IURP����HOHSKDQWV�EHIRUH�UHOHDVH�
LQWR� WKH� 6XEODQND� �6/.�� DQG� 'RL� 3KDPXDQJ�
�'30�� :LOGOLIH� 6DQFWXDULHV�� DQG� '1$� ZDV�
H[WUDFWHG� IRU� PLFURVDWHOOLWH� DQG� PLWRFKRQGULDO�
DQDO\VLV�� 'LUHFW� REVHUYDWLRQV� RI� VRFLDO� ERQGLQJ�
EHKDYLRXUV�ZHUH�GRQH�ZHHNO\�IRU����PRQWKV�DIWHU�
UHOHDVH��DQG�DQ�DVVRFLDWLRQ�LQGH[��$,��FDOFXODWHG�
IRU� HDFK� LQGLYLGXDO�� 7KH� UHVXOWV� VKRZHG� D� ORZ�

UHODWHGQHVV� IRU� ERWK� SRSXODWLRQV�� WKH� REVHUYHG�
KHWHUR]\JRVLW\� DQG� QXPEHU� RI� PLWRFKRQGULDO�
KDSORW\SHV�ZHUH�������DQG����DW�6/.��Q� ������
DQG�������DQG����DW�'30��Q� ������UHVSHFWLYHO\��
$FURVV�ERWK�ORFDWLRQV�����HOHSKDQWV�IRUPHG�LQWR�
��� JURXSV� �UDQJH� �²�� LQGLYLGXDOV�JURXS��� 7KH�
DYHUDJH�$,� DQG� SDLUZLVH� JHQHWLF� UHODWHGQHVV� RI�
HOHSKDQW� JURXSV�ZHUH� �������� ������ DQG� ������
���������UHVSHFWLYHO\��DQG�ZHUH�QRW�FRUUHODWHG��U�
 �ï�������S� ��������7ZHQW\�HOHSKDQWV�ZHUH�QRW�
DVVRFLDWHG�ZLWK�VSHFLÀF�JURXSV�DQG�KDG�DYHUDJH�
$,� DQG�SDLUZLVH� JHQHWLF� UHODWHGQHVV� RI� ��������
������ DQG� ������ �� ������� UHVSHFWLYHO\�� ZKLFK�
ZHUH� QRW� FRUUHODWHG� �U�  � ï������� S�  � ��������
6HYHUDO� PLWRFKRQGULDO� KDSORW\SHV� ZHUH� IRXQG�
ZLWKLQ�WKH�VDPH�JURXS��7KXV��VRFLDO�ERQGLQJ�RI�
WKH� UHLQWURGXFHG� HOHSKDQWV� ZDV� QRW� LQÁXHQFHG�
E\� JHQHWLF� UHODWHGQHVV�� 5DWKHU�� JURXSV� IRUPHG�
LQ� DVVRFLDWLRQ�ZLWK� WKH�SUHVHQFH�RI� DQ� HOHSKDQW�
FDOI��$GGLWLRQDOO\��PDQ\� HOHSKDQWV� RFFDVLRQDOO\�
SUHIHUUHG� LVRODWLRQ�� 7KXV�� UHLQWURGXFWLRQ�
SURFHGXUHV� VKRXOG� IDYRXU� LQWURGXFLQJ� HOHSKDQW�
FDOYHV�� RU� DGXOWV� ZLWK� FDOYHV� WR� LQFUHDVH� WKH�
FKDQFH�RI�JURXS�IRUPDWLRQ�DQG�HVWDEOLVKPHQW�RI�
VWDEOH� HOHSKDQW� KHUGV�� � �� ����� 5HSULQWHG�ZLWK�
SHUPLVVLRQ�IURP�(OVHYLHU�

3�%��YDQ�GHQ�'RHO��9�5��3ULHWR��6�(��YDQ�5RVVXP�
)LNNHUW��:��6FKDIWHQDDU��(��/DWLPHU��/��+RZDUG��
6�� &KDSPDQ�� 1��0DVWHUV��$�'�0�(�� 2VWHUKDXV��
3�'��/LQJ��$��'DVWMHUGL�	�%��0DUWLQD
$�QRYHO�DQWLJHQ�FDSWXUH�(/,6$�IRU�WKH�VSHFLÀF�
GHWHFWLRQ� RI� ,J*� DQWLERGLHV� WR� HOHSKDQW�
HQGRWKHOLRWURSLF�KHUSHV�YLUXV
%0&�9HWHULQDU\�5HVHDUFK�����������H���
$EVWUDFW���%DFNJURXQG��(OHSKDQWV�DUH�FODVVLÀHG�
DV� FULWLFDOO\� HQGDQJHUHG� DQLPDOV� E\� WKH�
,QWHUQDWLRQDO�8QLRQ�IRU�&RQVHUYDWLRQ�RI�6SHFLHV�
�,8&1��� (OHSKDQW� HQGRWKHOLRWURSLF� KHUSHVYLUXV�
�((+9�� SRVHV� D� ODUJH� WKUHDW� WR� EUHHGLQJ�
SURJUDPV�RI�FDSWLYH�$VLDQ�HOHSKDQWV�E\�FDXVLQJ�
IDWDO� KDHPRUUKDJLF� GLVHDVH�� ((+9� LQIHFWLRQ�
LV� GHWHFWHG� E\� 3&5� LQ� VDPSOHV� IURP� ERWK�
FOLQLFDOO\�LOO�DQG�DV\PSWRPDWLF�HOHSKDQWV�ZLWK�DQ�
DFWLYH� LQIHFWLRQ�� ZKHUHDV� ODWHQW� FDUULHUV� FDQ� EH�
GLVWLQJXLVKHG�H[FOXVLYHO\�YLD�VHURORJLFDO�DVVD\V��
7R�GDWH��LGHQWLÀFDWLRQ�RI�ODWHQW�FDUULHUV�KDV�EHHQ�
FKDOOHQJLQJ��VLQFH�WKHUH�DUH�QR�VHURORJLFDO�DVVD\V�
FDSDEOH� RI� GHWHFWLQJ� VHURSRVLWLYH� HOHSKDQWV��
5HVXOWV�� +HUH� ZH� GHVFULEH� D� QRYHO� (/,6$� WKDW�
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VSHFLÀFDOO\�GHWHFWV�((+9�DQWLERGLHV�FLUFXODWLQJ�
LQ�$VLDQ�HOHSKDQW�SODVPD�VHUXP��$SSUR[LPDWHO\�
�����RI�3&5�SRVLWLYH�HOHSKDQWV�GLVSOD\�((+9�
VSHFLÀF� DQWLERGLHV�� 0RQLWRULQJ� WKUHH� $VLDQ�
HOHSKDQW�KHUGV�IURP�(XURSHDQ�]RRV�UHYHDOHG�WKDW�
WKH�VHURVWDWXV�RI�HOHSKDQWV�ZLWKLQ�D�KHUG�YDULHG�
IURP�QRQ�GHWHFWDEOH�WR�KLJK�WLWHUV��7KH�DQWLERG\�
WLWHUV� VKRZHG� W\SLFDO� KHUSHV�OLNH� ULVH�DQG�IDOO�
SDWWHUQV�LQ�WLPH��ZKLFK�RFFXU�LQ�DOO�VHURSRVLWLYH�
DQLPDOV�LQ�WKH�KHUG�PRUH�RU�OHVV�VLPXOWDQHRXVO\��
&RQFOXVLRQV��7KLV�VWXG\�VKRZV�WKDW�WKH�GHYHORSHG�
(/,6$�LV�VXLWDEOH�WR�GHWHFW�DQWLERGLHV�VSHFLÀF�WR�
((+9��,W�DOORZV�VWXG\�RI�((+9�VHURSUHYDOHQFH�
LQ�$VLDQ�HOHSKDQWV��5HVXOWV� FRQÀUP� WKDW�((+9�
SUHYDOHQFH� DPRQJ� $VLDQ� HOHSKDQWV� �ZKHWKHU�
FDSWLYH�ERUQ�RU�ZLOG�FDXJKW��LV�KLJK���������7KH�
$XWKRUV�

5�� 9HQX�� 7�� 7KRLED� 6LQJK�� 5�� 9HHUDKDULQ�� '��
5DMHVK�	�&��6ULODWKD
)LUVW�UHSRUW�RI�&REEROGLD�HOHSKDQWLV��&REEROG��
������ ODUYDH� LQ� D� IUHH� UDQJLQJ�ZLOG� HOHSKDQW�
IURP�$QGKUD�3UDGHVK��,QGLD
-RXUQDO�RI�3DUDVLWLF�'LVHDVHV������������������
$EVWUDFW�� � /DUYDH� RI� &REEROGLD� HOHSKDQWLV�
KDYH� EHHQ� UHSRUWHG� IURP� WKH� VWRPDFK� RI� D� IUHH�
UDQJLQJ� ZLOG� HOHSKDQW� �(OHSKDV� PD[LPXV��
ZKLOH� FRQGXFWLQJ� SRVW� PRUWHP� H[DPLQDWLRQ� DW�
3DODPQHU�IRUHVW�UDQJH��&KLWWRRU�GLVWULFW�RI�$QGKUD�
3UDGHVK� VWDWH�� ,QGLD�� 7KLV� LV� WKH� ÀUVW� UHSRUW� RI�
&�� HOHSKDQWLV� LQ� IUHH� UDQJLQJ� ZLOG� HOHSKDQW� LQ�
$QGKUD� 3UDGHVK� VWDWH�� ,QGLD�� �� ����� ,QGLDQ�
6RFLHW\� IRU� 3DUDVLWRORJ\�� ZLWK� NLQG� SHUPLVVLRQ�
IURP�6SULQJHU�6FLHQFH�%XVLQHVV�0HGLD�

6��9LMD\DNXPDU��6��3UDEKX��-�(�0��<DEHVK�	�5��
3UDJDVKUDM
$� TXDQWLWDWLYH� HWKQR]RRORJLFDO� VWXG\� RI�
WUDGLWLRQDOO\�XVHG�DQLPDOV�LQ�3DFKDPDODL�KLOOV�
RI�7DPLO�1DGX��,QGLD
-��RI�(WKQRSKDUPDFRORJ\�����������������
$EVWUDFW�� � (WKQRSKDUPDFRORJLFDO� UHOHYDQFH��
7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�GHVLJQHG�WR�JDWKHU�
SULPDU\� IRON� NQRZOHGJH� RQ� GLIIHUHQW� DQLPDO�
EDVHG�WKHUDSLHV�XVHG�E\�0DOD\DOLV�LQ�3DFKDPDODL�
KLOOV�� 7KLV� LV� WKH� ÀUVW� HWKQR]RRORJLFDO� VWXG\� LQ�
3DFKDPDODL�KLOOV��WKH�GDWD�UHJDUGLQJ�WKH�PHGLFLQDO�
DQLPDOV�DQLPDO� SURGXFWV� ZHUH� GRFXPHQWHG�
DQG� WKHLU� XVDJHV� ZHUH� DQDO\]HG� TXDQWLWDWLYHO\��
0HWKRGV�� 'DWD� ZDV� FROOHFWHG� IROORZLQJ� WKH�

LQWHUYLHZV� IURP� NH\� LQIRUPDQWV� �1�¼����� DQG�
UHSRUWHG�GLVHDVHV�DQG�KHDOWK�FRPSOLFDWLRQV�ZHUH�
FODVVLÀHG� LQ� ��� FDWHJRULHV�� 6HYHQ� TXDQWLWDWLYH�
LQGH[HV� VXFK� DV� LQIRUPDQW� FRQVHQVXV� IDFWRU�
�),&��� ÀGHOLW\� OHYHO� �)/��� UHODWLYH� IUHTXHQF\� RI�
FLWDWLRQ��5)&���UHODWLYH�LPSRUWDQFH��5,���FXOWXUDO�
LPSRUWDQFH� LQGH[� �&,,��� LQGH[� RI� DJUHHPHQW�
RQ� UHPHGLHV� �,$5�� DQG� FXOWXUDO� DJUHHPHQW�
LQGH[� �&$,��ZHUH� XVHG� WR� DQDO\]H� WKH� UHSRUWHG�
DQLPDO� VSHFLHV�� 5HVXOWV�� $� WRWDO� RI� ��� DQLPDO�
VSHFLHV� EHORQJLQJ� WR� �� WD[RQRPLF� JURXSV�ZHUH�
GRFXPHQWHG� WR� EH� XVHG� LQ� WUDGLWLRQDO� PHGLFLQH�
E\�0DOD\DOLV�LQ�3DFKDPDODL�KLOOV��$QLPDO�EDVHG�
PHGLFLQHV�ZHUH�SUHSDUHG�IURP�ZKROH�DQLPDOV�RU�
WKHLU�ERG\�SDUWV�RU�SURGXFWV�H[WUDFWHG�IURP�WKHP�
VXFK� DV�� EXWWHU��PHDW��PLON�� ERQHV�� KRUQ��PXVN��
VNLQ��ÀQ��KRQH\��PXFXV��HJJV��XULQH��H[FUHWD��KDLU�
DQG�OHJV��7KH�PRVW�HQFRXQWHUHG�WD[RQRPLF�JURXS�
ZDV�0DPPDOLD� KDYLQJ� ��� VSHFLHV��$SKURGLVLDF�
DLOPHQWV� �������� GHQWDO� FDUH� DLOPHQWV� ��������
HQGRFULQDO� GLVRUGHUV� DLOPHQWV� �������� KDLU� FDUH�
DLOPHQWV� �������� RQFRORJ\� DLOPHQWV� ������� DQG�
RUWKR� DLOPHQWV� ������� JDLQHG� WKH� KLJKHVW� ),&�
YDOXH��6XV�VFURID�GRPHVWLFXV�VFRUHG�WKH�KLJKHVW�
)/� ������� IRU� WKH� VNHOHWR�PXVFXODU� DLOPHQWV�
IRU� H[WHUQDO� FDXVH�� /LVVHP\V� SXQFWDWD� KDG� WKH�
KLJKHVW�5,�YDOXH��������GXH�WR�LWV�YHUVDWLOLW\�DQG�
WKH� KLJKHVW� IUHTXHQF\� RI� FLWDWLRQ� �5)& ��������
*DOOXV� GRPHVWLFXV� KDG� WKH� KLJKHVW� FXOWXUDO�
LPSRUWDQFH� �&,, ������� DQG� WKH� KLJKHVW� &$,�
YDOXH��&$, ��������$FFRUGLQJ�WR�,$5��3OH[LSSXV�
SD\NXOOL� �,$5 ������� (TXXV� IHUUXV� FDEDOOXV�
�,$5 �������7UDFK\SLWKHFXV� MRKQLL� �,$5 �������
2HFRSK\OOD� VDPDUDJGLQD� �,$5 ������ DQG�
$SLV� LQGLFD� �������� KDG� WKH� KLJKHVW� DJUHHPHQW�
DPRQJ� WKH� LQIRUPDQWV� IRU� EHLQJ� XVHG� IRU� WKH�
VDPH� PHGLFLQDO� SXUSRVH�� )XUWKHUPRUH�� QR� VLGH�
HIIHFWV� KDYH� EHHQ� UHSRUWHG� IURP� WKH� XVH� RI�
$%7�� &RQFOXVLRQV�� 2XU� VWXG\� UHYHDOHG� WKDW�
0DOD\DOLV� �3DFKDPDODL� KLOOV�� SRVVHVV� YDOXDEOH�
NQRZOHGJH�RQ�0DOD\DOLV·�DQLPDO�EDVHG�WKHUDSLHV��
,W� LV� EHOLHYHG� WKDW� WKH� SUHVHQW� GRFXPHQWDWLRQ�
ZLOO� VHUYH� WR� UHFRUG� WKLV� YDQLVKLQJ� NQRZOHGJH�
EHIRUH� LW� LV� HURGHG� FRPSOHWHO\� IURP� WKH� LVODQG�
DQG� WR� WKH� VFLHQWLÀF� FRPPXQLW\�� ,W� LV� DOVR�
DQWLFLSDWHG� WKDW� WKH� SUHVHQW� GRFXPHQWDWLRQ�ZLOO�
EH�IXQGDPHQWDO�WR�SURWHFW�WUDGLWLRQDO�NQRZOHGJH��
IRU� WKH� FRQVHUYDWLRQ� DQG� VXVWDLQDEOH� XVH� RI� WKH�
ULFK� ELRGLYHUVLW\� RI� 3DFKDPDODL� KLOOV� IRU� IXWXUH�
JHQHUDWLRQV� DQG� WR� HQVXUH� 3DFKDPDODL� KLOOV·�
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VRYHUHLJQ� ULJKWV� RYHU� LWV� JHQHWLF� UHVRXUFHV� DQG�
XWLOL]DWLRQ�E\�ÀUVW�GRFXPHQWLQJ�WKHP��,Q�DGGLWLRQ��
IXUWKHU�H[SHULPHQWDO� LQYHVWLJDWLRQV�DUH� UHTXLUHG�
WR� HOXFLGDWH� WKH� SKDUPDFRORJLFDO� SURSHUWLHV� RI�
WKH�UHSRUWHG�PHGLFLQDO�IDXQD�RI�3DFKPDODL�KLOOV��
�������5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�(OVHYLHU�

8��:HVWSKDO
(OHSKDV�DQWKURSRJHQXV
=RRORJLVFKHU�$Q]HLJHU�����������������
$EVWUDFW�� � 7KLV� SDSHU� DQG� LWV� DFFRPSDQ\LQJ�
DUWZRUN�H[DPLQHV� WKH�KLVWRU\�RI�RXU�SHUFHSWLRQ�
RI� QDWXUH� EDVHG� RQ� WKH� H[DPSOH� RI� HOHSKDQWV�
�(OHSKDV� PD[LPXV�� /R[RGRQWD� DIULFDQD��
/R[RGRQWD�F\FORWLV���:LWK�WKH�IDOO�RI�WKH�5RPDQ�
(PSLUH�XS�XQWLO�WKH�ODWH�0LGGOH�$JHV��HOHSKDQWV�
YLUWXDOO\� GLVDSSHDUHG� IURP� :HVWHUQ� (XURSH��
6LQFH�WKHUH�ZDV�QR�UHDO�NQRZOHGJH�RI�KRZ�WKHVH�
DQLPDOV�DFWXDOO\� ORRNHG�� LOOXVWUDWRUV�KDG� WR� UHO\�
RQ� RUDO�� SLFWRULDO� DQG� ZULWWHQ� WUDQVPLVVLRQV� WR�
PRUSKRORJLFDOO\� UHFRQVWUXFW� DQ� HOHSKDQW�� WKXV��
UHLQYHQWLQJ� WKH� LPDJH� RI� DQ� DFWXDO� H[LVWLQJ�
FUHDWXUH��7KLV�OHG��LQ�PRVW�FDVHV��WR�LOOXVWUDWLRQV�
LQ� ZKLFK� WKH� PRVW� FKDUDFWHULVWLF� IHDWXUHV� RI�
HOHSKDQWV� ²� VXFK� DV� WUXQN� DQG� WXVNV� ²� DUH� VWLOO�
YLVLEOH�� EXW� WKDW� RWKHUZLVH� FRPSOHWHO\� GHYLDWH�
IURP�WKH�UHDO�DSSHDUDQFH�DQG�SK\VLTXH�RI� WKHVH�
DQLPDOV�� ,Q� WKLV� SURFHVV�� ]RRORJLFDO� NQRZOHGJH�
DERXW� HOHSKDQWV�ZDV� RYHUZULWWHQ� E\� LWV� FXOWXUDO�
VLJQLÀFDQFH�� %DVHG� RQ� D� FROOHFWLRQ� RI� WKHVH�
LPDJHV� ,� KDYH� UHFRQVWUXFWHG� WKH� HYROXWLRQ� RI�
WKH� ¶(OHSKDV� DQWKURSRJHQXV·�� WKH� PDQ� PDGH�
HOHSKDQW�� �� ����� 5HSULQWHG� ZLWK� SHUPLVVLRQ�
IURP�(OVHYLHU�

6��:LMH\DPRKDQ�� .�� 7UHLEHU�� '�� 6FKPLWW� 	� &��
6DQWLDSLOODL
$�YLVXDO�V\VWHP�IRU�VFRULQJ�ERG\�FRQGLWLRQ�RI�
$VLDQ�HOHSKDQWV��(OHSKDV�PD[LPXV�
=RR�%LRORJ\����������������
$EVWUDFW�� �$� ERG\� FRQGLWLRQ� VFRUH� �%&6��PD\�
SURYLGH�LQIRUPDWLRQ�RQ�WKH�KHDOWK�RU�SURGXFWLRQ�
SRWHQWLDO� RI� DQ� DQLPDO�� LW� PD\� DOVR� UHÁHFW� WKH�
VXLWDELOLW\� RI� WKH� HQYLURQPHQW� WR� PDLQWDLQ�
DQ� DQLPDO� SRSXODWLRQ�� 7KXV� DVVHVVLQJ� WKH�
%&6� RI�$VLDQ� HOHSKDQWV� LV� LPSRUWDQW� IRU� WKHLU�
PDQDJHPHQW��7KHUH� LV�D�QHHG�IRU�D� UREXVW�%&6�
DSSOLFDEOH� WR� ERWK� ZLOG� DQG� FDSWLYH� HOHSKDQWV�
RI� DOO� DJH� FDWHJRULHV� EDVHG� RQ� WKH� PLQLPXP�

DQG� PD[LPXP� SRVVLEOH� VXEFXWDQHRXV� ERG\� IDW�
DQG�PXVFOH�GHSRVLWV��7KH�YLVXDOO\�EDVHG�V\VWHP�
IRU� VFRULQJ� WKH� ERG\� FRQGLWLRQ� RI� HOHSKDQWV�
SUHVHQWHG�KHUH�VDWLVÀHV�WKHVH�FULWHULD�DQG�LV�TXLFN��
LQH[SHQVLYH�� QRQ�LQYDVLYH� DQG� XVHU�IULHQGO\� LQ�
WKH�ÀHOG��7KH�%&6�VFDOH�FRUUHODWHV��3���������ZLWK�
PRUSKRPHWULF�LQGLFHV�VXFK�DV�ZHLJKW��JLUWK��DQG�
VNLQ� IROG�PHDVXUHV���� �����:LOH\� 3HULRGLFDOV��
,QF�

(��:LOOLDPV��6��%UHPQHU�+DUULVRQ��1��+DUYH\��(��
(YLVRQ�	�/��<RQ
$Q�LQYHVWLJDWLRQ�LQWR�UHVWLQJ�EHKDYLRU�LQ�$VLDQ�
HOHSKDQWV�LQ�8.�]RRV
=RR�%LRORJ\������������������
$EVWUDFW�� � 0DLQWDLQLQJ� DGHTXDWH� ZHOIDUH� LQ�
FDSWLYH� HOHSKDQWV� LV� FKDOOHQJLQJ�� )HZ� VWXGLHV�
KDYH� LQYHVWLJDWHG� RYHUQLJKW� UHVW� EHKDYLRXU� LQ�
]RR� HOHSKDQWV�� \HW� WLPH� VSHQW� UHVWLQJ� KDV� EHHQ�
LGHQWLÀHG�DV�D�ZHOIDUH�LQGLFDWRU�LQ�VRPH�VSHFLHV��
:H� LQYHVWLJDWHG� UHVWLQJ� EHKDYLRXU� LQ� $VLDQ�
HOHSKDQWV�LQ�8.�]RRV��ZLWK�WKH�DLP�RI�LGHQWLI\LQJ�
SDWWHUQV� RU� SUHIHUHQFHV� LQ� O\LQJ� UHVW��'HWDLOV� RI�
VWDQGLQJ� �65�� DQG� O\LQJ� �/5�� UHVW� EHKDYLRXU�
ZHUH� LGHQWLÀHG� E\� REVHUYLQJ� YLGHR� IRRWDJH� RI�
LQVLGH� HQFORVXUHV� FROOHFWHG� IRU� ��� HOHSKDQWV� ���
PDOH�����IHPDOH��KRXVHG�DW�WKUHH�8.�]RRV��=RR�
$�����QLJKWV��=RR�%�����QLJKWV��=RR�&�����QLJKWV��
IURP�������WR��������DSSUR[LPDWHO\���(OHSKDQWV�
HQJDJHG�LQ�D�PHDQ�RI���²����PLQ�UHVW�SHU�QLJKW��
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