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$%675$&7
'HVFULELQJ�YHJHWDWLRQ�W\SHV�LV�FULWLFDO�IRU�PDQDJLQJ�QDWXUDO�UHVRXUFHV�DQG�DVVHVVLQJ�HFRV\VWHP�ULVN��9HJHWDWLRQ�
PDSV�DUH�KLVWRULFDOO\�SURGXFHG�E\�³:HVWHUQ�H[SHUWV�´�RIWHQ�LJQRULQJ�ORFDO�OHYHO�JURXSV�FULWLFDO�WR�UHVRXUFH�
PDQDJHPHQW��,QGLJHQRXV�KXQWHUV��DV�UHVRXUFH�PDQDJHUV��KDYH�VWURQJ�FRQQHFWLRQV�WR�WKHLU�ODQGVFDSHV�DQG�
WKHLU�GHVFULSWLRQV�RI�YHJHWDWLRQ�ZLWKLQ�WKHLU�KRPHODQGV�FDQ�EH�XVHIXO�LQ�WKH�PDS�PDNLQJ�SURFHVV��7KLV�SURMHFW�
H[DPLQHG�WKH�XVHIXOQHVV�RI�YHJHWDWLRQ�GHVFULSWLRQV�IURP�5XSXQXQL��6RXWKHUQ�*X\DQD�,QGLJHQRXV�KXQWHUV�LQ�
WKH�PDS�PDNLQJ�SURFHVV�DQG�KRZ�WKHLU�GHVFULSWLRQV�ZHUH�LQÀXHQFHG�E\�ELRSK\VLFDO�HQYLURQPHQWDO�DWWULEXWHV��
$�/DQGVDW�70�DQG�$67(5�'(0�PHUJHG�LPDJHU\�RI�WKH�5XSXQXQL�ZDV�FODVVL¿HG�XVLQJ�,QGLJHQRXV�KXQWHUV¶�
YHJHWDWLRQ�GHVFULSWLRQV�WR�WUDLQ�WKH�FODVVL¿FDWLRQ�DQG�DVVHVV�DFFXUDF\��%DVHG�RQ�WKH�KXQWHUV¶�YHJHWDWLRQ�GH�
VFULSWLRQV�DQ�HOHYHQ�FODVV�PDS�ZDV�SURGXFHG�WKDW�FRYHUHG�WKH�PDLQ�YHJHWDWLRQ�W\SHV�WKH\�GHVFULEHG��:KHUHDV�
³H[SHUW´�PDSV�UHO\�RQ�RUJDQL]HG�IRUHVW�LQYHQWRU\�GDWD��,QGLJHQRXV�KXQWHUV¶�YHJHWDWLRQ�FODVVL¿FDWLRQV�ZHUH�
LQÀXHQFHG�E\�WKHLU�LQWHUDFWLRQV�ZLWK�WKH�ELRSK\VLFDO�HQYLURQPHQW��7KH�¿QDO�PDS�VKRZV�WKDW�,QGLJHQRXV�KXQW�
HUV�PD\�EH�LPSRUWDQW�SDUWQHUV�LQ�WKH�PDS�PDNLQJ�SURFHVV�DQG�SOD\�NH\�UROHV�LQ�WURSLFDO�IRUHVW�PDQDJHPHQW�
GHFLVLRQ�PDNLQJ�SURFHVVHV�

8WLOL]LQJ�$PHULQGLDQ�+XQWHUV¶�
'HVFULSWLRQV�WR�*XLGH�WKH�

3URGXFWLRQ�RI�D�9HJHWDWLRQ�0DS
$QWKRQ\�5DYLQGUD�&XPPLQJV��6FKRRO�RI�(FRQRPLF��3ROLWLFDO�DQG�3ROLF\�6WXGLHV��8QLYHUVLW\�RI�

7H[DV�DW�'DOODV��5LFKDUGVRQ��7;��86$

-DQH�0��5HDG��'HSDUWPHQW�RI�*HRJUDSK\��6\UDFXVH�8QLYHUVLW\��6\UDFXVH��1<��86$

-RVH�0��9��)UDJRVR��%LRORJ\�'HSDUWPHQW��6WDQIRUG�8QLYHUVLW\��6WDQIRUG��&$��86$

.H\ZRUGV�� $PHULQGLDQV��*X\DQD��,QGLJHQRXV�+XQWHUV��3URFHVV�&DUWRJUDSK\��5XSXQXQL��9HJHWDWLRQ�0DS

���,1752'8&7,21

'HVFULELQJ�YHJHWDWLRQ�W\SHV�DVVRFLDWHG�ZLWK�WKH�
GLVWULEXWLRQ�RI�QDWXUDO�UHVRXUFHV�LV�FULWLFDO�DW�D�
QXPEHU�RI�OHYHOV��LQFOXGLQJ�ZLGHU�HFRV\VWHP�
PDQDJHPHQW�DQG�WKH�VXVWDLQDEOH�PDQDJHPHQW�
RI� LQGLYLGXDO�FODVVHV�RI�QDWXUDO� UHVRXUFHV�� ,Q�

WKH�UHDOP�RI�HFRORJLFDO�ULVN�DVVHVVPHQW��³YHJ�
HWDWLRQ�W\SH´�KDV�SDUWLFXODU�VLJQLILFDQFH�DQG�LV�
DFFHSWHG�DV�V\QRQ\PRXV�WR�³HFRV\VWHP�W\SHV´��
³HFRORJLFDO�FRPPXQLWLHV´��³KDELWDWV´��DQG�³ELR�
WRSHV´��.HLWK�HW�DO����������7KHUHIRUH�GHVFULELQJ�
YHJHWDWLRQ� W\SHV� LV�FULWLFDO� LQ�HFRV\VWHP�ULVN�
DVVHVVPHQW�VWXGLHV��.HLWK�HW�DO���������DOORZLQJ�
IRU�WKH�GHILQLWLRQ�RI�HFRV\VWHP�FKDUDFWHULVWLFV��
LQFOXGLQJ�QDWLYH�ELRWD��DELRWLF�FKDUDFWHULVWLFV��

'2,����������LMDJU�����������
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VSDWLDO� GLVWULEXWLRQ� DQG� FKDUDFWHULVWLF� SUR�
FHVVHV�DQG�LQWHUDFWLRQV�LQ�JDXJLQJ�ZKHWKHU�DQ�
HFRV\VWHP� LV� WKUHDWHQHG�� )XUWKHU�� GLVVHFWLQJ�
YHJHWDWLRQ�W\SHV�WR�UHYHDO�IRUHVW�W\SHV�DQG�RWKHU�
IRUPV�RI�IORUD�LV�LQVWUXPHQWDO�LQ�XQGHUVWDQGLQJ�
WKH�SRWHQWLDO�JHRJUDSKLFDO�UDQJH�RI�D�VSHFLHV�
�H�J�� )UDQNOLQ�� ������ 3HDUVRQ�� ������� ,Q� WKH�
VXVWDLQDEOH�PDQDJHPHQW�RI�PXOWLSOH�XVH�SODQW�
VSHFLHV��IRU�LQVWDQFH��3HWHUV��������VXJJHVWHG�
WKDW�GHILQLQJ�IRUHVW�W\SHV�ZLWKLQ�ZKLFK�VSHFLHV�
DUH�GLVWULEXWHG�DQG�WKHLU�DVVRFLDWHG�DEXQGDQFH�LV�
YLWDO��%XW�RIWHQ��LQWHUSUHWLQJ�WKH�H[DFW�PHDQLQJ�
RI�D�IRUHVW�W\SH�FDQ�EH�SUREOHPDWLF�DFURVV�VFL�
HQWLILF�GLVFLSOLQHV��GH�*UDQYLOOH��������3UDQFH��
�������OHW�DORQH�EHWZHHQ�:HVWHUQ�H[SHUWV�DQG�
ORFDO�OHYHO�H[SHUWV�VXFK�DV�,QGLJHQRXV�SHRSOHV��
,QWHUSUHWLQJ� WKH� PHDQLQJ� RI� IRUHVW� W\SHV� LV�
FULWLFDO�� HVSHFLDOO\� LQ� WURSLFDO� VHWWLQJV�ZKHUH�
VXFFHVVIXO�QDWXUDO�UHVRXUFH�PDQDJHPHQW��IURP�
ZLOGOLIH�WR�WUHH�VSHFLHV��LV�DFFHSWHG�DV�WKH�WDVN�
RI�D�ZLGH�JURXS�RI�UHVRXUFH�PDQDJHUV��LQFOXG�
LQJ�VFLHQWLVWV�DQG�,QGLJHQRXV�SHRSOHV��&KDSLQ��
/DPE��	�7KUHONHOG��������6WRFNV���������7KLV�
LPSOLHV� WKDW� WKH� FXUUHQW� GRPLQDQW� PRGHO� RI�
GHILQLQJ�WKH�YLWDO�SDUDPHWHUV�RI�PDQDJHPHQW��
VXFK� DV� IRUHVW� W\SHV�� WKURXJK� VFLHQWLVWV� RU�
VWDWH�GULYHQ�SURFHVVHV�LQ�D�WRS�GRZQ�DSSURDFK�
�H�J���)DQVKDZH��������WHU�6WHHJH��������PD\�
H[FOXGH�WKH�FULWLFDO�FRPSRQHQW�RI�ORFDO�SHRSOH�
LQ�WKH�PDQDJHPHQW�SURFHVV��(IIRUWV�WR�LQFOXGH�
,QGLJHQRXV�LGHDV�LQ�WKH�PDS�PDNLQJ�SURFHVV��
LQFOXGLQJ� GHILQLQJ� YHJHWDWLRQ� W\SHV�� ZLOO�
LQYDULDEO\� HQKDQFH� WKHLU� UROH� LQ� VXVWDLQDEOH�
UHVRXUFH�PDQDJHPHQW�HIIRUWV��,Q�DQ�HUD�ZKHUH�
PDSV�GHSLFWLQJ�IRUHVW�W\SHV�DUH�GHULYHG�IURP�
*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��*,6��DQG�UH�
PRWHO\�VHQVHG�GDWD��VXFK�PDSV�PXVW�EH�UHOHYDQW�
WR�DOO�XVHUV��6LPPV��������SDUWLFXODUO\�DV�WKH\�
DUH�LQFUHDVLQJO\�XVHG�LQ�UHVRXUFH�PDQDJHPHQW�
GHFLVLRQ�PDNLQJ� SURFHVVHV�� *,6� DQG� UHPRWH�
VHQVLQJ� WHFKQRORJLHV� SURYLGH� RSSRUWXQLWLHV�
IRU�PDS�XVHUV�DW�DOO�OHYHOV�WR�EH�LQYROYHG�LQ�WKH�
PDS�PDNLQJ� SURFHVV��7KLV� SURMHFW� H[DPLQHG�
WKH� UROH� RI� ,QGLJHQRXV� KXQWHUV� LQ� GHVFULELQJ�
YHJHWDWLRQ�IRU�FUHDWLQJ�D�PDS�RI�WKH�5XSXQXQL�
UHJLRQ��6RXWKHUQ�*X\DQD�

5HFHQW�HIIRUWV�E\�WKH�VFKRODUO\�FRPPXQLW\�
WR� LQFOXGH� ORFDO�RU� ,QGLJHQRXV�NQRZOHGJH� LQ�

VFLHQWLILF�UHVHDUFK��H�J���/X]DU�HW�DO���������KDYH�
LQFOXGHG�WKH�PDS�PDNLQJ�SURFHVV��,Q�PDSPDN�
LQJ��OLNH�VFLHQWLILF�UHVHDUFK��WKH�FKDOOHQJH�KDV�
EHHQ�GHIHQGLQJ�WKH�OHJLWLPDF\�RI�ORFDO�RU�,Q�
GLJHQRXV�NQRZOHGJH�DV�D�YLDEOH�VRXUFH�RI�GDWD��
/RFDO�NQRZOHGJH��E\�GHILQLWLRQ��LV�LQIRUPHG�E\�
FXOWXUH�DV�RSSRVHG�WR�VWDWH�³H[SHUW´�RU�VFLHQWLILF�
NQRZOHGJH�ZKLFK�LV�LQIRUPHG�E\�SRVLWLYLVW�VFL�
HQFH��5REELQV���������,Q�UHVSRQVH�WR�WKH�FKDO�
OHQJH�RYHU�ORFDO�NQRZOHGJH¶V�OHJLWLPDF\��VFKRO�
DUV��LQFOXGLQJ�$JUDZDO���������5REELQV��������
DQG�5RVV��6KHUPDQ��6QRGJUDVV��'HOFRUH��DQG�
6KHUPDQ���������FRPSDUHG�ORFDO�DQG�VFLHQWLILF�
NQRZOHGJH�DQG�FRQFOXGHG�WKDW�ORFDO�NQRZOHGJH�
KDV� D� OHJLWLPDWH� SODFH� LQ� VFLHQWLILF� UHVHDUFK��
5RVV� HW� DO��� �������� IRU� H[DPSOH�� SURYLGHG� D�
FRPSUHKHQVLYH�RYHUYLHZ�RI�WKH�GLIIHUHQFHV�DQG�
VLPLODULWLHV�EHWZHHQ�,QGLJHQRXV�NQRZOHGJH�DQG�
VFLHQWLILF�NQRZOHGJH��VXJJHVWLQJ�WKDW�ERWK�W\SHV�
RI�NQRZOHGJH�DUH�LQIOXHQFHG�E\�VRFLDO��FXOWXUDO�
DQG�SROLWLFDO�IRUFHV��\HW�,QGLJHQRXV�NQRZOHGJH�
LV�RIWHQ�YLHZHG�DV�OHVV�OHJLWLPDWH��1HYHUWKHOHVV�
WKH\�DUJXHG� WKDW� WUDGLWLRQDO�NQRZOHGJH�KDV�D�
VLJQLILFDQW�SODFH�LQ�QDWXUDO�UHVRXUFH�PDQDJH�
PHQW�GHFLVLRQ�PDNLQJ�SURFHVVHV��$V�D�UHVXOW��
DQG�HVSHFLDOO\�LQ�WKH�PDS�PDNLQJ�SURFHVV��WKHUH�
DUH�LQFUHDVLQJ�HIIRUWV�WR�LQFOXGH�,QGLJHQRXV�DQG�
QRQ�,QGLJHQRXV�FRQYHQWLRQV�LQ�WKH�VDPH�PDSV�
�H�J���3HDUFH�	�/RXLV��������

/RFDO� NQRZOHGJH� KDV� EHHQ� LQFRUSR�
UDWHG�LQWR�*,6�UHVHDUFK�LQ�WKUHH�SULPDU\�ZD\V�
�5REELQV���������)LUVWO\��WKURXJK�WKH�ZDYH�RI�
FRXQWHU�PDSSLQJ�HIIRUWV�RI�WKH�����V��3HOXVR��
������5REELQV��������5XQGVWURP���������ORFDO�
NQRZOHGJH�DQG�FDWHJRULHV�DUH�XVHG�WR�FKDOOHQJH�
H[LVWLQJ�VSDWLDO�PDQDJHPHQW�GRFXPHQWV��5RE�
ELQV���������3HOXVR��������DUJXHG�WKDW�RIILFLDO�
PDSV� DQG� GRFXPHQWV� LQ� ,QGRQHVLDQ� %RUQHR�
UHPRYHG�WUDGLWLRQDO�ULJKWV�WR�IRUHVWV��$V�D�FRQ�
VHTXHQFH��WKH�RQO\�PHDQV�,QGLJHQRXV�SHRSOHV�
KDG� IRU� DVVHUWLQJ� ULJKWV� WR� VXFK� IRUHVWV�ZHUH�
WKURXJK�QHZ�PDSV�XWLOL]LQJ� ORFDO�NQRZOHGJH�
DQG�HPSKDVL]LQJ�ORFDO�ODQG�XVHV�LQ�WKH�SURGXF�
WLRQ� SURFHVV�� 6LPLODU� PRGHOV� SRUWUD\LQJ� WKH�
ODQGVFDSH�IURP�WKH�SHUVSHFWLYH�RI�,QGLJHQRXV�
SHRSOHV�KDYH�EHHQ�DGRSWHG�LQ�SRVW�$SDUWKHLG�
6RXWK� $IULFD� �:HLQHU�� :DUQHU�� +DUULV�� 	�
/HYLQ��������� DQG�$PD]RQLD�ZKHUH� UHVRXUFH�
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XVHUV�� LQFOXGLQJ�PLQHUV�� KDYH� EHHQ� LQFOXGHG�
WR�PDQDJH�HQYLURQPHQWDO�SUREOHPV��6SLHJHO��
5LEHLUR��6RXVD��	�9HLJD���������6HFRQGO\��DQG�
WKH�ZLGHVW�LQFRUSRUDWLRQ�RI�ORFDO�NQRZOHGJH�LQ�
PDS�PDNLQJ��KDV�EHHQ�WKURXJK�WKH�SURYLVLRQ�
RI� VXSSOHPHQWDO� LQIRUPDWLRQ� IRU� LQWHJUDWHG�
IRUPDO�SODQQLQJ��5REELQV���������7KLV�DSSURDFK�
GUDZV�RQ�LGHDV�RI�SDUWLFLSDWRU\�*,6��0F&DOO�
	�0LQDQJ��������SRSXODUL]HG�LQ�WKH�����V�DQG�
����V��&LQGHUE\��������(OZRRG��������+DUULV��
:HLQHU��:DUQHU��	�/HYLQ��������+HUOLK\��������
.RWL�� ������ DQG� DOORZV� ORFDO� NQRZOHGJH� WR�
ERRVW�VFLHQWLILF�LQIRUPDWLRQ�WR�SURGXFH�K\EULG�
DQG�EURDG�YLHZV�RI�UHVRXUFH�PDQDJHPHQW�LV�
VXHV��2PRWD\R�	�0XVD���������([DPSOHV�RI�
WKLV�DSSURDFK�LQFOXGH�5REELQV��������XWLOL]LQJ�
KHUGHUV¶�NQRZOHGJH�WR�FRPSLOH�D�YHJHWDWLRQ�PDS�
RI�5DMDVWKDQ��,QGLD��IRU�FRPSDULVRQ�ZLWK�DQ�RI�
ILFLDO�IRUHVW�PDS��/LNHZLVH��,QGLJHQRXV�SHRSOHV�
WKHPVHOYHV�KDYH�XWLOL]HG�*,6�DQG�UHPRWH�VHQV�
LQJ�WHFKQRORJ\�WR�PDS�WKHLU�WHUULWRULHV�LQ�RUGHU�WR�
SXUVXH�ODQG�RZQHUVKLS�FODLPV��+HOOLHU��1HZWRQ��
	�*DRQD��������3HDUFH�	�/RXLV��������5HHV��
:LOOLDPV�� 	� 9LWHEVN\�� ������ 6LPPV�� ������
6PLWK�� %HQDYLGHV��	� 3DULRQD�� ������7RELDV��
������DQG�WR�SODQ�IRU�VXVWDLQDEOH�PDQDJHPHQW�
RI�WKHLU�ODQGV��&XPPLQJV��������+HOOLHU�HW�DO���
�������)XUWKHU��5REELQV��������DQG�7XUQHU�DQG�
+LHUQDX[��������UHIHUUHG�WR�H[DPSOHV�LQ�/DWLQ�
$PHULFD�DQG�$IULFD�ZKHUH�,QGLJHQRXV�SHRSOHV�
DQG�WKHLU�DOOLHV�VXFFHVVIXOO\�FRPSOHWHG�HFRORJL�
FDO�DVVHVVPHQWV�DQG�ODQG�FRYHU�FODVVLILFDWLRQV�

7KH�WKLUG�DSSURDFK�WR�WUDGLWLRQDO�NQRZOHGJH�
LQFRUSRUDWLRQ�LQWR�*,6�ZDV�SURSRVHG�E\�5REELQV�
��������DQG�VXJJHVWV�WKDW�ORFDO�NQRZOHGJH��OLNH�
WKDW�RI�:HVWHUQ�H[SHUWV��FDQ�EH�VXEPLWWHG�DV�D�
K\SRWKHVLV�IRU�IDOVLILFDWLRQ��,Q�WU\LQJ�WR�UHFRQ�
FLOH�ORFDO�NQRZOHGJH��FXOWXUDO�NQRZOHGJH�DQG�
VFLHQWLILF� NQRZOHGJH�� WKLV� DSSURDFK� VXJJHVWV�
WKDW�ORFDO�NQRZOHGJH�LV�VFLHQFH�E\�RWKHU�PHDQV��
7KURXJK�WKLV�DSSURDFK��,QGLJHQRXV�NQRZOHGJH�
LV�YLHZHG�DV�D�IRUP�RI�VFLHQFH��EXW�RQH�WKDW�LV�
GLIIHUHQW�IURP�SRVLWLYLVW�VFLHQFH��7KH�DSSURDFK�
FODLPV� WKDW� ORFDO� VFLHQFH� DVVHUWV� ,QGLJHQRXV�
FDWHJRUL]DWLRQV�DQG�XQGHUVWDQGLQJV�RI�SK\VLFDO�
SURFHVVHV�ZKLFK�UHIOHFW�PRUH�RU�OHVV�DFFXUDWH�DS�
SUHKHQVLRQV�RI�UHDO�PDWHULDO�V\VWHPV��5REELQV��
�������%\�LQFRUSRUDWLQJ�DQG�HYDOXDWLQJ�ORFDO�

NQRZOHGJH��DQDO\VWV�FRQVLGHU�WKHPVHOYHV�FORVHU�
WR�DQ�DFFXUDWH�SLFWXUH�RI�WKH�RYHUDOO�V\VWHP��$V�
D�UHVXOW�� WKH�YRLG�� ODUJHO\�RI�FRPPXQLFDWLRQ��
WKDW�H[LVWV�EHWZHHQ�ODQGVFDSH�LQWHUSUHWDWLRQV�RI�
ORFDO�SHRSOH�DQG�:HVWHUQ�H[SHUWV�FDQ�EH�ILOOHG�
�$O�.RGPDQ\���������%XW��DV�5REELQV��������
QRWHG�� WKLV� DSSURDFK� DOVR� KDV� OLPLWDWLRQV� LQ�
WKDW�OLNH�RWKHU�DUHDV�RI�VFLHQWLILF�HQGHDYRU��LW�
LV�LQYDULDEO\�LQIOXHQFHG�E\�VRFLDO��FXOWXUDO��DQG�
SROLWLFDO�IRUFHV�WKDW�JXLGH�WKH�QHHG�IRU�FRQVHQVXV�
DQG� QHJRWLDWLRQ� FRPPRQ� LQ� ODERUDWRULHV� DQG�
VFLHQWLILF�NQRZOHGJH�SURGXFWLRQ��+RZHYHU��WKLV�
DSSURDFK�KDV�WKH�SRWHQWLDO�WR�DOORZ�IRU�UHGXFHG�
WHQVLRQV�EHWZHHQ�RIILFLDO�YLHZV�RI�ODQGVFDSHV�
DQG�WKRVH�RI�,QGLJHQRXV�SHRSOHV��HVSHFLDOO\�LQ�
VHWWLQJV�ZKHUH� WKH�SRWHQWLDO� IRU� UHVRXUFH�XVH�
FRQIOLFW� H[LVWV�� VXFK� DV� LQ� PXOWLSOH�XVH� IRU�
HVWU\��:LWK�WKH�IRUHJRLQJ�LQ�PLQG��WKLV�SURMHFW�
DGGUHVVHG�WZR�RYHUDUFKLQJ�TXHVWLRQV��)LUVWO\��
FDQ�$PHULQGLDQ� KXQWHUV¶� YHJHWDWLRQ� GHVFULS�
WLRQV�VHUYH�WR�LQIRUP�D�ODQGVFDSH�VFDOH�PDS�IRU�
XQGHUVWDQGLQJ�WKH�GLVWULEXWLRQ�RI�PXOWLSOH�XVH�
VSHFLHV"�6HFRQGO\��ZKDW�ELRSK\VLFDO�HQYLURQ�
PHQWDO�DWWULEXWHV�LQIOXHQFH�YHJHWDWLRQ�FODVVHV�
DV�GHVFULEHG�E\�$PHULQGLDQ�KXQWHUV"

�����*RDOV

7KLV�SURMHFW��EDVHG�LQ�*X\DQD��6RXWK�$PHULFD��
KDG�WZR�PDLQ�REMHFWLYHV��)LUVW��WR�FRPSOHWH�D�
YHJHWDWLRQ�FODVVLILFDWLRQ�XVLQJ�/DQGVDW�70�DQG�
$67(5�'(0�GDWD�RI�WKH�5XSXQXQL��6RXWKHUQ�
*X\DQD��EDVHG�RQ�YHJHWDWLRQ�GHVFULSWLRQV�RE�
WDLQHG�IURP�$PHULQGLDQ�KXQWHUV�RI�WKH�ODQGVFDSH�
WR�JXLGH�WKH�SURFHVV��7KLV�REMHFWLYH�GUHZ�RQ�WKH�
WKLUG�DSSURDFK�IRU�WKH�LQFOXVLRQ�RI�ORFDO�NQRZO�
HGJH�LQ�*,6��5REELQV���������ZKHUH�YHJHWDWLRQ�
GHVFULSWLRQV� �YHJHWDWLRQ� FODVVLILFDWLRQ�� IURP�
$PHULQGLDQ�KXQWHUV�ZHUH�XVHG�WR�SURGXFH�DQ�
DOWHUQDWLYH�WR�:HVWHUQ�H[SHUW�YHJHWDWLRQ�PDSV��
$Q�DOWHUQDWLYH�PDS�ZDV�FULWLFDO�� DV� WKH�PRVW�
ZLGHO\�XWLOL]HG�YHJHWDWLRQ�PDSV�LQ�*X\DQD�ZHUH�
SURGXFHG�E\�:HVWHUQ�H[SHUWV���H�J���)DQVKDZH��
������+XEHU��*KDUEDUUDQ��	�)XQN�������� WHU�
6WHHJH��������DQG�WKHVH�GRPLQDWH�WKH�UHVRXUFH�
PDQDJHPHQW� ODQGVFDSH��7KH� ODWWHU� WZR�PDSV�
EXLOW� RQ� WKH� ZRUN� RI� )DQVKDZH� �YDQ�$QGHO��
�������DQG�UHOLHG�KHDYLO\�RQ�RUJDQL]HG�IRUHVW�
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LQYHQWRU\� GDWD�� DQG� VDWHOOLWH� LPDJHU\� LQ� WKH�
PDS�PDNLQJ�SURFHVV��,Q�WKH�FDVH�RI�WKH�PDSV�
SURGXFHG�E\�)DQVKDZH��������ILHOG�SORWV�ZHUH�
GHYHORSHG�WR�FODVVLI\�YHJHWDWLRQ��ZKLFK�ZHUH�
VXEVHTXHQWO\�PDSSHG�

9HJHWDWLRQ�FODVVLILFDWLRQ�LV�DFFRPSOLVKHG�
HLWKHU�TXDOLWDWLYHO\�RU�TXDQWLWDWLYHO\��.HHOHU�
:ROI���������7KH�TXDOLWDWLYH�DSSURDFK�RI�YHJ�
HWDWLRQ�FODVVLILFDWLRQ�LV�EDVHG�RQ�LQWXLWLYH�OLIH�
IRUP�DSSURDFK�VXFK�DV�FRPSDULQJ�ZRRGODQGV�
YHUVXV�IRUHVWV��DQG�VFUXE�YHUVXV�JUDVVODQGV��7KH�
TXDQWLWDWLYH�DSSURDFK�LV�PXFK�PRUH�LQYROYHG�
DQG� VHWV� FHUWDLQ� UXOHV� EDVHG� RQ� XVXDOO\� WKH�
SHUFHQWDJH�RI�FRYHU�RU�RWKHU�ELRPDVV�PHDVXUH�
RI� HLWKHU� VSHFLHV� RU� OLIH� IRUPV� SUHVHQW� LQ� D�
VWDQG�RI�YHJHWDWLRQ��7KH�YHJHWDWLRQ�PDSSLQJ�
SURFHVV� DWWHPSWV� WR� JUDSKLFDOO\� GLVSOD\� WKH�
ORFDWLRQ�RI�WKH�GLIIHUHQW�YHJHWDWLRQ�W\SHV�DQG�
HPSKDVL]H�WKHLU�VSDWLDO�UHODWLRQVKLSV��.HHOHU�
:ROI���������,Q�WKH�FDVH�RI�WKH�:HVWHUQ�H[SHUW�
PDSV�RI�*X\DQD¶V�YHJHWDWLRQ��WKH\�HPSKDVL]HG�
WKH�VFLHQWLILF�ZRUOGYLHZ�RI�WKH�PDS�SURGXFHUV�
�&KDSLQ�	�7KUHONHOG��������0RQPRQLHU��������
5XQGVWURP��������������OLPLWLQJ�WKHLU�XWLOLW\�IRU�
DOO�PDQDJHUV��LQFOXGLQJ�,QGLJHQRXV�SHRSOHV�ZKR�
DUH�DIIHFWHG�E\�WKHLU�SRUWUD\DO�RI�UHDOLW\��7KLV�
SURMHFW�UHFRJQL]HG�,QGLJHQRXV�SHRSOHV¶�DELOLW\�
WR�GHVFULEH�WKHLU�ODQGVFDSH��DQG�K\SRWKHVL]HV�
WKDW�VXFK�GHVFULSWLRQV�FDQ�EH�XVHG�LQ�WKH�PDS�
PDNLQJ�SURFHVV�

,GHDOO\��D�PDS�RI�WKLV�QDWXUH�ZLOO� WULJJHU�
GLVFXVVLRQV�LQ�*X\DQD�DQG�WKH�ZLGHU�1HRWURSLFV�
ZKHUH� FKDQJHV� LQ� WKH� UHVRXUFH� PDQDJHPHQW�
ODQGVFDSH�ZLOO�LQYROYH�,QGLJHQRXV�SHRSOHV�DQG�
WKHLU�ODQGV��HVSHFLDOO\�WKURXJK�LQLWLDWLYHV�OLNH�
*X\DQD¶V�/RZ�&DUERQ�'HYHORSPHQW�6WUDWHJ\�
�/&'6���/&'6���������*X\DQD¶V�/&'6�DLPV�
WR�SURWHFW�IRUHVWV��6WDWH��DQG�$PHULQGLDQ�RZQHG�
LI�$PHULQGLDQ�FRPPXQLWLHV�RSW�LQ���XQGHU�WKH�
XPEUHOOD� IUDPHZRUN� RI� WKH� 8QLWHG� 1DWLRQV¶�
5HGXFHG� (PLVVLRQ� IURP� 'HIRUHVWDWLRQ� DQG�
'HJUDGDWLRQ��5(''���SURJUDP��XQ�UHGG�RUJ���
DQG�ZLOO�UHTXLUH�PRQLWRULQJ�IRUHVW�FKDQJH�XWLOL]�
LQJ�YHJHWDWLRQ�PDSV��7KH�LQWHUSUHWDWLRQ�RI�PDS�
FODVVHV�DQG�KRZ�WKHVH�FKDQJH�RYHU�WLPH�ZLOO�EH�
FULWLFDO�LQ�5(''��PRQLWRULQJ��UHSRUWLQJ�DQG�
YHULILFDWLRQ��059��DFWLYLWLHV��'HFLGLQJ�RQ�PDS�
FODVVHV� WKDW� LQFRUSRUDWH� WKH� ZD\� ,QGLJHQRXV�

SHRSOHV�SHUFHLYH�IRUHVWV�PD\�EHFRPH�LPSRUWDQW�
DV�PRUH� ,QGLJHQRXV� FRPPXQLWLHV� SDUWLFLSDWH�
LQ�059�LQLWLDWLYHV��VHH�&RUEHUD�	�6FKURHGHU��
������ 6NXWVFK�� 0F&DOO�� .DUN\�� =DKDEX�� 	�
3HWHUV�*XDULQ���������'LIIHUHQFHV� LQ�RSLQLRQ�
DV� WR� WKH�SODFH�RI� WUDGLWLRQDO�NQRZOHGJH�DQG�
LQGHHG�WKH�UROH�DQG�LQYROYHPHQW�RI�,QGLJHQRXV�
SHRSOH�LQ�WKH�PDS�PDNLQJ�SURFHVV�FRXOG�OHDG�WR�
FKDOOHQJHV�RYHU�WKH�YDOXH�RI�HFRV\VWHP�VHUYLFHV�
WKDW�WURSLFDO�IRUHVWV�SURYLGH��$�PDS�GHYHORSHG�
ZLWK� ,QGLJHQRXV� SHRSOH� DFWLYHO\� LQYROYHG� LQ�
WKH�PDS�PDNLQJ�SURFHVV�WKHUHIRUH��HVSHFLDOO\�
ZKHUH�UHPRWHO\�VHQVHG�GDWD�IURP�VDWHOOLWHV�DUH�
FODVVLILHG��PD\�EH�XVHIXO�LQ�WKLV�UHJDUG�

7KH�VHFRQG�REMHFWLYH��FORVHO\�UHODWHG�WR�WKH�
ILUVW��DVVHVVHG�KRZ�DWWULEXWHV�RI�WKH�ELRSK\VLFDO�
HQYLURQPHQW�UHODWH�WR�WKH�$PHULQGLDQ�KXQWHUV�
GHVFULSWLRQ�RI�YHJHWDWLRQ��6FKRODUV��LQFOXGLQJ�
5XQGVWURP��������DQG�+DUOH\��������VXJJHVWHG�
WKDW�,QGLJHQRXV�SHRSOHV¶�YLHZ�RI�WKH�ODQGVFDSH�
LV�SDUW�RI�D�ODUJHU�SURFHVV�FDUWRJUDSK\��WKDW�LV��
,QGLJHQRXV� SHRSOHV¶� YLHZ� RI� WKHLU� ODQGVFDSH�
RIIHUV�PRUH�WKDQ�D�VWDWLF�VQDSVKRW�LQ�WLPH��7KLV�
SURMHFW�K\SRWKHVL]HG�WKDW�,QGLJHQRXV�KXQWHUV�
DUH�VLPLODUO\� LQFOLQHG��DQG�WKDW� WKHLU�GHVFULS�
WLRQV�RI�YHJHWDWLRQ�ZLOO�SRUWUD\�WKHLU�KXPDQ�
HQYLURQPHQW�LQWHUDFWLRQV��ZLWK�EDUULHUV�WR�WKHLU�
PRYHPHQW�LQ�WKH�ODQGVFDSH�IRU�KXQWLQJ��JDWKHU�
LQJ�DQG�WUDGLWLRQDO�DFWLYLWLHV�EHLQJ�HPSKDVL]HG�
�5HDG� HW� DO��� �������+XQWHUV¶� GHVFULSWLRQV� RI�
YHJHWDWLRQ�ZLOO�WKHUHIRUH�UHIOHFW�WKH�ELRSK\VLFDO�
HQYLURQPHQWDO�DWWULEXWHV�DURXQG�WKHP��LQ�D�VHQVH�
SUHVHQWLQJ�DQ�LQIRUPDO�LQYHQWRU\�RI�IRUHVW�DQG�
RWKHU�ODQGVFDSH�FKDUDFWHULVWLFV��DV�RSSRVHG�WR�
IRUPDO�LQYHQWRULHV�XWLOL]HG�E\�:HVWHUQ�H[SHUWV��
%LRSK\VLFDO�HQYLURQPHQWDO�DWWULEXWHV���HOHYD�
WLRQ��WUHH�GHQVLW\��EDVDO�DUHD�DQG�PRLVWXUH�±�ZHUH�
FRPSDUHG�DFURVV�YHJHWDWLRQ�FODVVHV�WR�DVVHVV�
KRZ�WKHVH�PD\�KDYH�LQIOXHQFHG�KXQWHUV¶�YHJ�
HWDWLRQ�GHVFULSWLRQV�

���0(7+2'6

�����%DFNJURXQG�WR�WKH�
5XSXQXQL�&DVH�6WXG\

7KLV�UHVHDUFK�ZDV�FRPSOHWHG�LQ�WKH�5XSXQXQL�LQ�
6RXWKHUQ�*X\DQD��)HDWXUHV�RI�WKH�ELRSK\VLFDO�
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HQYLURQPHQW�DQG�ORJLVWLF�IDFWRUV�FRQWURO�KXQW�
LQJ�SDWWHUQV�ERWK�RYHU�VSDFH�DQG�WLPH��6SHFLHV�
DEXQGDQFHV�DQG�WKH�UHDO�DQG�SHUFHLYHG�DPRXQW�
RI�HIIRUW� UHTXLUHG� WR�EULQJ�KRPH�D�NLOO� LQIOX�
HQFH�D�KXQWHU¶V�GHFLVLRQ�RQ�ZKHUH�WR�KXQW�LQ�
WKH�ZLGHU�1HRWURSLFV�DQG�WKH�5XSXQXQL��5HDG�
HW�DO����������7KHVH�LGHDV�RI�³VHQVH�RI�SODFH´�
�5HDG�HW�DO���������PD\�VLPLODUO\�LPSDFW�KRZ�
D� KXQWHU� GHVFULEHV� WKH� ODQGVFDSH��7KHUHIRUH��
ELRSK\VLFDO� HQYLURQPHQWDO� DWWULEXWHV� VXFK� DV�
HOHYDWLRQ��PRLVWXUH��VL]H��EDVDO�DUHD��DQG�KHLJKW�
RI�WUHHV��DQG�WKH�QXPEHU�RI�WUHHV�LQ�DQ\�JLYHQ�
DUHD��GHQVLW\��PD\�LQIOXHQFH�KRZ�DQ�,QGLJHQRXV�
KXQWHU�GHVFULEHV�DQG�XVHV�YHJHWDWLRQ��7KH�XQ�
GHUO\LQJ�QRWLRQ�RI�WKLV�SURMHFW�ZDV�WKDW�ZKHUHDV�
D�ERWDQLVW�RU�ELRORJLVW�UHOLHV�RQ�IRUPDO�IRUHVW�
LQYHQWRU\�GDWD�IRU�PDNLQJ�GHFLVLRQV�RQ�YHJHWD�
WLRQ�W\SHV��KXQWHUV�PDNH�VLPLODU�MXGJPHQWV��EXW�
WKHVH�DUH�PDGH�UHODWLYH�WR�DFFHVVLELOLW\�DQG�HDVH�
RI�PRYHPHQW�ZLWKLQ�WKHLU�ODQGVFDSH�IRU�KXQWLQJ��
JDWKHULQJ��DQG�RWKHU�WUDGLWLRQDO�DFWLYLWLHV��WKDW�
LV��UHVRXUFH�XVH��7KH�KXQWHUV¶�GHVFULSWLRQV�FDQ�
WKHUHIRUH�EH�LQFRUSRUDWHG�ZLWK�QRQ�,QGLJHQRXV�
PHWKRGV��3HDUFH�	�/RXLV��������WR�JXLGH�WKH�
SURGXFWLRQ� RI� PDSV� WKDW� PD\� EH� XVHIXO� WR�
,QGLJHQRXV�SHRSOHV�DQG�WKH�VFLHQWLILF�FRPPX�
QLW\�DOLNH��0DQ\�H[DPSOHV�H[LVW�RI�,QGLJHQRXV�
SHRSOHV�PDSSLQJ�WKHLU�ODQGVFDSH�LQ�WKH�*X\DQD�
FRQWH[W��EXW� WKHVH�KDYH�EHHQ�OLPLWHG�LQ�VFDOH�
DQG� VFRSH�� )RUWH� ������� UHSURGXFHG� KDQG�
GUDZQ�PDSV�XVHG�E\�FRPPXQLWLHV� VXUURXQG�
LQJ� WKH� UHFHQWO\�JD]HWWHG�.DQXNX�0RXQWDLQV�
3URWHFWHG�$UHDV��.03$��WR�SODQ�WKH�GHOLYHU\�
RI�KHDOWK�VHUYLFHV��XQGHUVWDQG�VSDWLDO�GLVWULEX�
WLRQ�RI�ZHOOV��DQG�SODQ�IRU�WKH�IXWXUH�GHOLYHU\�
RI� XWLOLWLHV��0RUH� IRUPDOO\�� WKH� FRPPXQLWLHV�
RI�WKH�1RUWK�5XSXQXQL�FROODERUDWHG�ZLWK�WKH�
,ZRNUDPD�,QWHUQDWLRQDO�&HQWHU�IRU�5DLQIRUHVW�
&RQVHUYDWLRQ�DQG�'HYHORSPHQW��,,&��WR�PDS�
KXQWLQJ�DQG�ILVKLQJ�JURXQGV�DQG�IDUPLQJ�DUHDV�
�,ZRNUDPD�� ������� ,Q� *X\DQD¶V� 1RUWK�:HVW�
'LVWULFW��1:'��WKH�&DULE��:DUUDX�DQG�$UDZDN�
SHRSOHV�PDSSHG�WKH�GLVWULEXWLRQ�RI�WKH�PXOWLSOH�
XVH�WUHH�VSHFLHV�±�&DUDSD�JXLDQHQVLV�±�DORQJ�
WKH�:DLQL�5LYHU��&XPPLQJV���������ZKLOH�WKH�
:DSLVKLDQD� SHRSOH� RI� WKH� 6RXWK� 5XSXQXQL�
PDSSHG�WKHLU�WHUULWRU\�DQG�QDWXUDO�UHVRXUFHV�WR�

DLG�LQ�UHVRXUFH�PDQDJHPHQW�GHFLVLRQ�PDNLQJ�
SURFHVVHV��6WDEURHNQHZV��������

7KH�FRPPXQLWLHV�RI�WKH�1RUWK�5XSXQXQL�
UHSUHVHQWHG�D�VXSHUE�RSSRUWXQLW\�IRU�GHPRQ�
VWUDWLQJ� WKDW� ,QGLJHQRXV�SHRSOHV�FDQ�DFWLYHO\�
SDUWLFLSDWH�LQ�UHVHDUFK�LQLWLDWLYHV�UHJDUGHG�DV�
SRVLWLYLVW� VFLHQFH�� 7KHVH� FRPPXQLWLHV� KDYH�
ORQJ�H[SUHVVHG�D�GHVLUH�WR�VXVWDLQDEO\�PDQDJH�
WKHLU� QDWXUDO� UHVRXUFHV�ZLWKLQ� WKH� FRQWH[W� RI�
WKHLU�FKDQJLQJ�KRPHODQGV��DQG�KDYH�ZHOFRPHG�
LQLWLDWLYHV�WKDW�ZLOO�SURYLGH�WKHP�ZLWK�VNLOOV�WR�
WKLV�HQG��$V�VXFK��WKH�ODUJHU�1DWLRQDO�6FLHQFH�
)RXQGDWLRQ� �16)�� IXQGHG� SURMHFW� RI� ZKLFK�
WKLV�SURMHFW�ZDV�D�SDUW��³%(�&1+��%LRGLYHU�
VLW\�'\QDPLFV�DQG�/DQG�8VH�&KDQJHV�LQ�WKH�
$PD]RQ�� 0XOWL�6FDOH� ,QWHUDFWLRQV� %HWZHHQ�
(FRORJLFDO�6\VWHPV�DQG�5HVRXUFH�8VH�'HFL�
VLRQV�E\�,QGLJHQRXV�3HRSOHV´��RU�3URMHFW�)DXQD��
UHSUHVHQWHG�DQ�RSSRUWXQLW\�IRU�WKH�FRPPXQLWLHV�
WR� XQGHUVWDQG� LQ� JUHDWHU� GHWDLO� WKHLU� QDWXUDO�
UHVRXUFH�EDVH��LQFOXGLQJ�ZLOGOLIH�GHQVLW\�DQG�
UHVRXUFH�XVH�SDWWHUQV��WR�SODQ�IRU�WKH�VXVWDLQDEOH�
PDQDJHPHQW�RI�WKHVH�UHVRXUFHV�

$�NH\�WR�3URMHFW�)DXQD¶V�VXFFHVV�ZDV�EXLOG�
LQJ�VWURQJ�UHODWLRQVKLSV�ZLWK�WKH�FRPPXQLWLHV�
DFURVV�WKH�5XSXQXQL��7KH�SURMHFW¶V�JRDOV�ZHUH�
H[SODLQHG�WR�$PHULQGLDQ�FRPPXQLWLHV�WKURXJK�
FRPPXQLW\� PHHWLQJV�� WR� WKH� ODUJHU� IRUD� RI�
$PHULQGLDQ�FRPPXQLW\�OHDGHUVKLS��WKH�1RUWK�
5XSXQXQL� 'LVWULFW� 'HYHORSPHQW� %RDUG�� IRU�
LQVWDQFH���DQG�WR�WKH�0LQLVWU\�RI�$PHULQGLDQ�
$IIDLUV��3URMHFW�)DXQD�PHW�ZLWK�WKH�0DNXVKL�
DQG�:DSLVKLDQD�SHRSOHV�DFURVV�WKH�5XSXQXQL��
DQG�FRPPXQLWLHV�ZHUH�LQYLWHG�WR�SDUWLFLSDWH�LQ�
WKH�SURMHFW��0RVW�FRPPXQLWLHV�ZHUH�LQWHUHVWHG�
LQ� SDUWLFLSDWLQJ� DV� WKH\� VDZ� WKDW� WKH\� FRXOG�
OHDUQ�PHWKRGV�WR�PRQLWRU�WKHLU�QDWXUDO�UHVRXUFHV�
WKHPVHOYHV��LQFOXGLQJ�JDLQLQJ�D�EHWWHU�XQGHU�
VWDQGLQJ�RI�WKHLU�ZLOGOLIH�SRSXODWLRQV�WKDW�DUH�
FULWLFDO�WR�WKHLU�GLHWV��&RPPXQLWLHV�WKDW�GHFLGHG�
WR�SDUWLFLSDWH�LQ�WKH�SURMHFW�ZHUH�DVNHG�WR�VHOHFW�
D�PLQLPXP�RI�WZR�SHUVRQV��RI�ZKLFK�RQH�PXVW�
EH�DQ�H[SHULHQFHG�KXQWHU��WR�FROOHFW�GDWD�LQ�WKHLU�
UHVSHFWLYH�YLOODJHV��3URMHFW�)DXQD�WUDLQHG�WKH�
VHOHFWHG�SDUWLFLSDQWV�LQ�GDWD�FROOHFWLRQ�SURWRFROV�
IRU� ELRSK\VLFDO�� VRFLRHFRQRPLF� DQG� VSLULWXDO�
YDULDEOHV�� DPRQJ� RWKHU� VNLOOV� VXFK� DV� XVLQJ�
JOREDO�SRVLWLRQ� V\VWHPV��7KH�SURMHFW�ZRUNHG�



&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

������,QWHUQDWLRQDO�-RXUQDO�RI�$SSOLHG�*HRVSDWLDO�5HVHDUFK�����������������-DQXDU\�0DUFK�����

IRU�DW�OHDVW�WZR�\HDUV�DQG�IUHTXHQWO\�ORQJHU�LQ�
HDFK�FRPPXQLW\��,Q�DGGLWLRQ�WR�JDWKHULQJ�GDWD�
DERXW� WKHLU� FRPPXQLWLHV� DQG� HQYLURQPHQW�� D�
PDMRU�RXWSXW�RI�WKH�SURMHFW�ZDV�DQ�DWODV�FUH�
DWHG� IRU� HDFK� FRPPXQLW\� VKRZLQJ� WKH� GDWD�
JDWKHUHG�� WR�EH�XVHG�E\� WKH�FRPPXQLWLHV� IRU�
WKHLU�RZQ�SXUSRVHV��&RSLHV�RI�RWKHU�RXWSXWV��
VXFK�DV�IUXLW�DQG�DQLPDO�JXLGHV��SXEOLVKHG�UH�
SRUWV��DQG�DFDGHPLF�SDSHUV�ZHUH��DQG�FRQWLQXH�
WR�EH��VKDUHG�ZLWK�WKH�FRPPXQLWLHV��0RUHRYHU��
HDFK�FRPPXQLW\�KDV�DW�WKHLU�GLVSRVDO�SHUVRQQHO�
WUDLQHG�WR�PRQLWRU�WKHLU�RZQ�QDWXUDO�UHVRXUFHV�
DQG�WRROV�ZLWK�ZKLFK�WKH\�FDQ�HQJDJH�QDWLRQDO�
OHYHO�VWDNHKROGHUV�

�����6WXG\�$UHD

7KLV�VWXG\�ZDV�FRPSOHWHG�LQ�WKH�WURSLFDO�PRLVW�
IRUHVW�DQG�VDYDQQDK�ELRPH��5HDG�HW�DO���������
RI�WKH�5XSXQXQL��6RXWKHUQ�*X\DQD��)LJXUH�����
7KH� DUHD� RI� LQWHUHVW� VSDQQHG� DSSUR[LPDWHO\�
������� NP�� DQG� KDV� HOHYDWLRQ� UDQJLQJ� IURP�
���P�WR�DSSUR[LPDWHO\�������P��5HDG�HW�DO���
�������7KH�DUHD�LV�WKH�SULPDU\�KRPHODQGV�RI�
WKH�&DULEDQ�VSHDNLQJ�0DNXVKL�DQG�$UDZDNDQ�
VSHDNLQJ� :DSLVKLDQD� $PHULQGLDQ� JURXSV�
�&ROFKHVWHU���������)LJXUH�����EXW�PHPEHUV�RI�
RWKHU�$PHULQGLDQ�JURXSV�DOVR�PDNH�WKH�VWXG\�
DUHD�WKHLU�KRPH��$UFKDHRORJLFDO�HYLGHQFH��3OHZ��
������ VXJJHVWV� WKDW�$PHULQGLDQV� KDYH� OLYHG�
LQ� WKH�5XSXQXQL� IRU�PRUH� WKDQ��������\HDUV�
DQG�DV�RI�WRGD\�WKH�PDMRULW\�VWLOO�UHO\�KHDYLO\�
RQ� VXEVLVWHQFH� SUDFWLFHV�� LQFOXGLQJ� VZLGGHQ�
DJULFXOWXUH�� ILVKLQJ� DQG� KXQWLQJ� �&RPPXQL�
WLHV� RI� WKH� 1RUWK� 5XSXQXQL�� ������ 'DYLG� HW�
DO���������)RUWH��������5HDG�HW�DO����������7KH�
VWXG\�DUHD�KRVWV�WZHQW\�VL[������OHJDOO\�WLWOHG�
$PHULQGLDQ� FRPPXQLWLHV�� WZR� ���� SURWHFWHG�
DUHDV� �� WKH� ,,&�DQG�.03$��)LJXUH����� DQG�D�
&RQVHUYDWLRQ�&RQFHVVLRQ��/HJDO�WLWOH�WR�ODQGV�
JLYHV�$PHULQGLDQV�FRQWURO�RYHU�DOO�DERYH�VXU�
IDFH�UHVRXUFHV��LQFOXGLQJ�WKHLU�IRUHVWV��$FFHVV�WR�
FRPPXQLWLHV�E\�QRQ�$PHULQGLDQV�LV�GHWHUPLQHG�
E\�FRPPXQLW\�OHDGHUVKLS��VHH�$PHULQGLDQ�$FW��
�������)RU�PXFK�RI�LWV�UHFHQW�KLVWRU\�DLU�WUDQV�
SRUW� UHSUHVHQWHG� WKH� SULPDU\�PHDQV� WKURXJK�
ZKLFK�FRPPXQLFDWLRQ�EHWZHHQ�WKH�VWXG\�DUHD�
DQG�FRDVWDO�*X\DQD�RFFXUUHG��%XW�UHFHQW�URDG�

GHYHORSPHQWV�SURPLVHV�WR�EULQJ�XQSUHFHGHQWHG�
H[WHUQDO�FRQWDFW�DQG�D�QHZ�OD\HU�RI�DQWKURSR�
JHQLF� FKDQJH��%URDGO\�� WKH�YHJHWDWLRQ�RI� WKH�
5XSXQXQL� LQFOXGHV� VDYDQQDKV�� IRUHVWV�� EXVK�
LVODQGV��URFNV�ZLWK�WKHLU�DVVRFLDWHG�YHJHWDWLRQ��
ZHW�VDYDQQDK�DQG�SRQGV��R[ERZ�ODNHV��ULYHUV��
DQG� FUHHNV� ZLWK� WKHLU� DVVRFLDWHG� YHJHWDWLRQ�
�-DQVHQ�-DFREV�	�WHU�6WHHJH���������3UHYLRXV�
HIIRUWV�LQFOXGLQJ�&ODUNH��)XQN��DQG�+ROORZHOO�
��������(GHQ���������������)DQVKDZH���������
+XEHU� HW� DO��� �������� DQG� WHU� 6WHHJH� �������
KDYH� GHVFULEHG� YDULRXV� DVSHFWV� RI� WKH� DUHD¶V�
YHJHWDWLRQ�

�����2EWDLQLQJ�9HJHWDWLRQ�
'HVFULSWLRQV

7ZHQW\�HLJKW������UDQGRPO\�ORFDWHG�VWXG\�VLWHV�
ZHUH�VHOHFWHG���WZHQW\�WKUHH������$PHULQGLDQ�
FRPPXQLWLHV�DQG�ILYH�����FRQWUROV���ZLWKLQ�WKH�
VWXG\�DUHD��VHH�/X]DU�HW�DO����������DQG�5HDG�
HW�DO����������IRU�GHWDLOV�RQ�VWXG\�VLWH�VHOHFWLRQ�
DQG�GLVWULEXWLRQ���$W�HDFK�VWXG\�VLWH��HLJKW�����
UDQGRPO\� ORFDWHG� ��NLORPHWHU� ORQJ� WUDQVHFWV�
ZHUH�LQVWDOOHG��IRXU�HDFK�LQ�WZR�]RQHV�±���WR���
NP�DQG���WR����NP�±�UHVSHFWLYHO\��IURP�D�VWXG\�
VLWH¶V�FHQWHU��$W�HDFK�VLWH��D�WZR�SHUVRQ�WHDP�
�UHIHUUHG�WR�DV�KXQWHUV�KHUHDIWHU��FRQVLVWLQJ�RI�
DQ�H[SHULHQFHG�KXQWHU�DQG�D�UHFRUGHU��QRPLQDWHG�
E\�WKHLU�YLOODJHV�RU�D�YLOODJH�FORVH�WR�D�FRQWURO�
VLWH�� DOWHUQDWLYHO\� REVHUYHG� IRU� ZLOGOLIH� DQG�
VLJQV�RI�ZLOGOLIH� �H�J��� IHFHV�� KDLU�� FDUFDVVHV��
RU�ERG\�SDUWV��GLJJLQJ��EXUURZV��HDWHQ�IUXLW�RU�
VHHGV��EURZVHG�SODQWV��)UDJRVR�HW�DO���������RQ�
WUDQVHFWV�DW� WZR�ZHHN�LQWHUYDOV� �/X]DU�HW�DO���
������5HDG�HW� DO����������7KH� WHUP�KXQWHU� LV�
XVHG�LQ�WKLV�SDSHU�EHFDXVH�WKHVH�,QGLJHQRXV�PHQ�
EURXJKW�VSHFLILF�VNLOOV�LQ�GHWHFWLQJ�ZLOGOLIH�DQG�
ZRUNLQJ�LQ�WKH�IRUHVWV�WR�WKH�UHVHDUFK��7KLV�WHUP�
DOVR�VHSDUDWHV�WKHLU�VNLOOV�IURP�WKRVH�RI�RWKHU�
SURMHFW�SDUWLFLSDQWV��7KH�KXQWHUV�ZHUH�QDWLYH�
WR�WKHLU�UHVSHFWLYH�YLOODJHV�DQG�WKH�5XSXQXQL��
DQG�ZHUH�ZRUNLQJ�LQ�IDPLOLDU�VHWWLQJV��+XQWHUV�
YDULHG�LQ�WKHLU�H[SHULHQFH�DQG�EDFNJURXQG��ZLWK�
VRPH�KDYLQJ�SUHYLRXVO\�SDUWLFLSDWHG�LQ�UHVHDUFK�
LQLWLDWLYHV�DQG�PRQLWRULQJ�SURMHFWV��ZKLOH�RWKHUV�
KDG�QRW��/X]DU�HW�DO����������'DWD�FROOHFWHG�E\�
WKH�KXQWHUV�LQFOXGHG�GHVFULSWLRQV�RI�YHJHWDWLRQ�
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SURWHFWHG�DUHDV�KLJKOLJKWHG�RQ�D�EDFNJURXQG�RI�D�JHQHUDOL]HG�YHJHWDWLRQ�PDS�FUHDWHG� IURP�
/DQGVDW�LPDJHU\
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RI�YHJHWDWLRQ�GHVFULSWLRQV�IRU�YDULRXV�SRUWLRQV�
RI�WUDQVHFWV�WKDW�ZHUH�VWRUHG�LQ�D�GDWDEDVH��7KH�
LQLWLDO�OLVW�RI�YHJHWDWLRQ�GHVFULSWLRQV�ZDV�ILOWHUHG��
SURGXFLQJ�D�FRPPRQ�OLVW�RI�YHJHWDWLRQ�W\SHV�
DFURVV�VWXG\�VLWHV��7KH�ILOWHUHG�OLVW�ZDV�JLYHQ�
WR�KXQWHUV�WR�VHUYH�DV�D�JXLGH�IRU�GHVFULELQJ�DOO�
WUDQVHFWV���VDYDQQDK�DQG�IRUHVWHG���DW�WKHLU�VWXG\�
VLWHV��+XQWHUV�UHFRUGHG�WKH�GLVWDQFH�DORQJ�WUDQ�
VHFWV��LQ�PHWHUV��RFFXSLHG�E\�D�FHUWDLQ�YHJHWD�
WLRQ�W\SH�DQG�QRWHG�ZKHQ�FKDQJHV�LQ�YHJHWDWLRQ�
RFFXUUHG�DORQJ� WUDQVHFWV� WR� WKH�FORVHVW�PHWHU�
PDUN��,Q�DGGLWLRQ��YHJHWDWLRQ�GHVFULSWLRQV�ZHUH�
FROOHFWHG�E\�D�WUHH�LQYHQWRU\�WHDP�VDPSOLQJ�IRU�
WUHHV�DQG�SDOPV�DW�IRXUWHHQ�IRUHVWHG�VWXG\�VLWHV�
EHWZHHQ�-XO\�DQG�'HFHPEHU�������7KH�WUHH�LQ�
YHQWRU\�WHDP�LQFOXGHG�KXQWHUV�DV�WUHH�VSRWWHUV��
DQG�ZHUH�DFFRPSDQLHG�E\�ORFDO�KXQWHUV�DV�WKH\�
GHVFULEHG�YHJHWDWLRQ�RQ�WUDQVHFWV��9HJHWDWLRQ�
ZDV� GHVFULEHG� EHWZHHQ� -XO\� ����� DQG�$SULO�
����� E\�PRUH� WKDQ� WZHQW\�HLJKW� WZR� SHUVRQ�
WHDPV��$V�WKH�/DQGVDW� LPDJHU\��VHH�7DEOH����
XVHG�LQ�WKLV�VWXG\�ZHUH�REWDLQHG�LQ�6HSWHPEHU�
DQG�2FWREHU��YHJHWDWLRQ�GHVFULSWLRQV�FROOHFWHG�
EHWZHHQ�-XO\�DQG�'HFHPEHU�������ZHUH�SULPDU�
LO\�XVHG�DOORZLQJ�IRU�WKH�LPSDFWV�LQ�VHDVRQDO�
FKDQJHV�DQG�YHJHWDWLRQ�SKHQRORJLFDO�YDULDELOLW\�
WR�EH�PLQLPL]HG��+XQWHUV¶�YHJHWDWLRQ�GHVFULS�
WLRQV�ZHUH�PDSSHG�LQ�D�*,6�HQYLURQPHQW�DQG�
H[DPLQHG�IRU�YHJHWDWLRQ�FODVVLILFDWLRQ�WKHPHV�
�.HHOHU�:ROI��������WR�GHYHORS�D�KLHUDUFKLFDO�
FODVVLILFDWLRQ�VFKHPH�IRU�WKH�YHJHWDWLRQ�PDS��
%HFDXVH�WKH�GDWD�ZHUH�JDWKHUHG�E\�PRUH�WKDQ�
���GLIIHUHQW�SHRSOH��WKHUH�ZHUH�PDQ\�YDULDWLRQV�
LQ�WKH�ZD\�WKDW�YHJHWDWLRQ�ZDV�GHVFULEHG��DQG�
WKHVH�ZHUH� VXPPDUL]HG� LQWR� EURDGHU� FODVVHV�
ZKLOH�VWD\LQJ�DV� WUXH�DV�SRVVLEOH� WR� WKH�FODVV�

GHVFULEHG� E\� WKH� KXQWHUV� EDVHG� RQ� ERWK� WKH�
ZRUGLQJ�RI�WKH�YHJHWDWLRQ�GHVFULSWLRQV�DV�ZHOO�
DV� WKURXJK� GLVFXVVLRQV�ZLWK� KXQWHUV� IDPLOLDU�
ZLWK�WKH�HQWLUH�DUHD�

�����5HPRWHO\�6HQVHG�'DWD

7KUHH� /DQGVDW� �� VFHQHV� ZHUH� GRZQORDGHG�
IURP� WKH� 8QLWHG� 6WDWHV� *HRORJLFDO� 6XUYH\�
�86*6�� (DUWK� 5HVRXUFHV� 2EVHUYDWLRQ� DQG�
6FLHQFH��(526��&HQWHU��7DEOH�����7KH�86*6�
DUFKLYHV�ZHUH�VHDUFKHG�H[WHQVLYHO\�WR�DFTXLUH�
LPDJHU\�FORVHU�WR�WKH�WLPH�RI�KXQWHU�YHJHWDWLRQ�
GHVFULSWLRQV��EXW�GXH�WR�KHDY\�FORXG�FRYHU��WKH�
GHFRPPLVVLRQLQJ�RI�/DQGVDW���DQG�IDLOXUH�RI�
WKH�VFDQ�OLQH�FRUUHFWRU��6/&��LQ�/DQGVDW���WKLV�
ZDV�QRW�SRVVLEOH��$67(5�*OREDO�'LJLWDO�(OHYD�
WLRQ�0RGHO��*'(0���VFHQHV�FRYHULQJ�WKH�VWXG\�
DUHD�ZHUH�DOVR�DFTXLUHG��%RWK�WKH�/DQGVDW�70�
DQG�$67(5�*'(0�GDWD�ZHUH�DFTXLUHG�DW����
P�SL[HO�UHVROXWLRQ�

�����,PDJH�3UH�3URFHVVLQJ

%DQGV� ���� DQG� �� RI� WKH� WKUHH� /DQGVDW� 70�
VFHQHV�ZHUH�JHRUHIHUHQFHG�� FRQYHUWHG� WR� WRS�
RI� DWPRVSKHUH� UHIOHFWDQFH� �&KDYH]�� �������
VWDFNHG��PRVDLFNHG�DQG�PHUJHG�ZLWK�WKH�$6�
7(5�*'(0��7KH�GHFLVLRQ�ZDV�PDGH�WR�PHUJH�
WKH�/DQGVDW� ,PDJHU\� DQG�$67(5�*'(0�DV�
FRQYHUVDWLRQV� ZLWK� KXQWHUV�� REVHUYDWLRQV� RI�
KXQWHUV� LQ� WKH� ILHOG��DQG�YLVXDO� LQVSHFWLRQ�RI�
KXQWHUV¶� YHJHWDWLRQ� GHVFULSWLRQV� VXJJHVWHG�
WKDW�HOHYDWLRQ�ZDV�LQIOXHQWLDO�LQ�WKHLU�GHFLVLRQ�
PDNLQJ� SURFHVVHV� IRU� GHVFULELQJ� YHJHWDWLRQ��
&ORXGV�� FORXG� VKDGRZV� DQG� IRUHVW� DQG� RWKHU�
VKDGRZV�ZHUH�PDVNHG�RXW�RI�WKH�GDWD�XVLQJ�DQ�

7DEOH����'HWDLOV�RQ�UHPRWHO\�VHQVHG�GDWD�XWLOL]HG�LQ�WKLV�VWXG\�

'DWD $FTXLVLWLRQ� GDWH��
UHOHDVH�GDWH

:RU OG � 5H I H UHQF H V�
6 \ V W H P � � : 5 6 ��
ERXQGDULHV

3 L [ H O � V L ] H�
�P�

1XPEHU� RI� EDQGV�
XVHG

/DQGVDW�� �VW�2FWREHU������ 3DWK�������URZ���� �� �

�VW�2FWREHU������ 3DWK�������URZ���� �� �

�QG�6HSWHPEHU������ 3DWK�������URZ���� �� �

$67(5�*'(0 ��WK�2FWREHU������ 6WXG\�DUHD �� Q�D
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XQVXSHUYLVHG� FOXVWHULQJ� WHFKQLTXH� �+HOPHU��
5DPRV�� GHO� 0DU� /RSH]�� 4XLxRQHV�� 	� 'LD]��
�������3ULRU�WR�PHUJLQJ��QHJDWLYH�YDOXHV�LQ�WKH�
$67(5�*'(0��D�FRPPRQ�SUREOHP�DVVRFLDWHG�
ZLWK�WKHVH�GDWD��ZHUH�UHPRYHG�

�����,PDJH�&ODVVLILFDWLRQ

7KH�KXQWHUV¶�YHJHWDWLRQ�GHVFULSWLRQV�ZHUH�VHSD�
UDWHG�LQWR�WZR�UDQGRP�VDPSOHV�RI�DSSUR[LPDWHO\�
����HDFK��7DEOH����RI�WKH�ODQGVFDSH�WR�WUDLQ�WKH�
LPDJH�FODVVLILFDWLRQ��-RKDQQVHQ�	�'DXJKWU\��
������DQG�DVVHVV�PDS�DFFXUDF\��&RQJDOWRQ�	�
*UHHQ��������6WHKPDQ�	�)RRG\���������7KH�
GDWD�ZHUH�VHSDUDWHG�XVLQJ�D�VWUDWLILHG�UDQGRP�
VDPSOH�E\�YHJHWDWLRQ�FODVVHV�DQG�VWXG\�VLWHV��
7KH�WUDLQLQJ�VDPSOH�ZDV�XVHG�WR�JXLGH�DQ�XQ�
VXSHUYLVHG�FODVVLILFDWLRQ��/LOOHVDQG��.LHIHU��	�
&KLSPDQ��������VHSDUDWLQJ�WKH�PHUJHG�/DQG�
LPDJHU\�DQG�$67(5�*'(0�LQWR����XQELDVHG�
VSHFWUDO�FODVVHV�ZLWKRXW�KXPDQ�LQSXW��+XQWHUV¶�
YHJHWDWLRQ�GHVFULSWLRQV�ZHUH�RYHUODLG�RQ� WKH�
XQVXSHUYLVHG�FODVVLILFDWLRQ�WR�GHWHUPLQH�ZKLFK�
VSHFWUDO�FODVVHV�EHVW�FRUUHVSRQGHG�WR�YHJHWDWLRQ�
GHVFULSWLRQV�

�����$FFXUDF\�$VVHVVPHQW

7KUHH�PHWKRGV�ZHUH�XVHG�WR�DVVHVV�WKH�DFFXUDF\�
RI�WKH�FODVVLILHG�SURGXFW��)LUVW��WZR�KXQWHUV�ZKR�
GHVFULEHG�YHJHWDWLRQ�DQG�KDG�H[WHQVLYH�NQRZO�
HGJH�RI�WKH�VWXG\�DUHD�JDYH�LQIRUPDO�LPSUHVVLRQV�
RI�WKH�ILQDO�YHJHWDWLRQ�PDS��+XQWHUV�ZHUH�VKRZQ�
WKH�PDS��DVNHG�ZKHWKHU�WKH\�DJUHHG�ZLWK�WKH�
FODVVLILFDWLRQ��DQG�ZKHWKHU�JODULQJ�HUURUV�H[LVWHG�
EDVHG�RQ�WKHLU�NQRZOHGJH��7KH�VHFRQG�DSSURDFK�
XVHG�WKH�VXE�VDPSOH�RI�YHJHWDWLRQ�GHVFULSWLRQ�
GDWD�WR�JHQHUDWH����UDQGRP�UHIHUHQFH�SRLQWV�IRU�
HDFK�YHJHWDWLRQ�FODVV��7KH�YHJHWDWLRQ�UHIHUHQFHG�
E\�HDFK�SRLQW�ZDV�FRPSDUHG�ZLWK�WKH�FODVVLILHG�
LPDJH� �&RQJDOWRQ�	�*UHHQ�� ������6WHKPDQ��
�������7KH�UHVXOWLQJ�HUURU�PDWUL[�VKRZHG�KRZ�
UHIHUHQFH�GDWD�FRPSDUHG�WR�WKH�FODVVLILHG�LP�
DJH�DQG�KLJKOLJKWHG�FRQIXVHG�FODVVHV��7KH�WKLUG�
DSSURDFK�FRPSDUHG�WKH�YHJHWDWLRQ�GHVFULSWLRQ�
RI�WUDQVHFW�VHJPHQWV�KHOG�IRU�DFFXUDF\�DVVHVV�
PHQW�DQG�WKDW�ZHUH�XVHG�DV�UHIHUHQFH�IRU�WKH�
���UDQGRP�SRLQWV�ZLWK�WKH�FODVVLILHG�LPDJH�WR�
DVVHVV�ZKHWKHU�DQ\�SRUWLRQ�RI�WKH�WUDQVHFW�ZDV�
LQFRUUHFWO\�FODVVLILHG�DQG�LI�VR��ZKLFK�FODVV�HV��
ZHUH�FRQIXVHG��$Q�HUURU�PDWUL[��KLJKOLJKWLQJ�
WKH�SHUFHQWDJH�RI�WUDQVHFWV�FRUUHFWO\�FODVVLILHG��

7DEOH����7KH�GLVWULEXWLRQ�RI�KXQWHUV¶�YHJHWDWLRQ�GHVFULSWLRQV�DQG�WKH�SHUFHQWDJH�RI�WKH�RYHUDOO�
VDPSOH�XVHG�IRU�FODVVLILFDWLRQ�WUDLQLQJ�DQG�DFFXUDF\�DVVHVVPHQW�

9HJHWDWLRQ�&ODVV / H Q J W K � R I�
WUDQVHFWV� �NP��
GHVFULEHG

7UDLQLQJ� 'DWD�
�3HUFHQWDJH�

5 H I H U H Q F H � ' D W D�
�3HUFHQWDJH�

6HDVRQDOO\�)ORRGHG�0L[HG�+LJK�DQG�/RZ�)RUHVW ����� ��� ���

/RZODQG�+LJK�)RUHVW ����� ��� ���

/RZODQG�0L[HG�+LJK�DQG�/RZ�)RUHVW ����� ��� ���

8SODQG�/RZ�)RUHVW ���� ��� ���

8SODQG�+LJK�)RUHVW ���� ��� ���

0RXQWDLQ�0L[HG�+LJK�DQG�/RZ�)RUHVW ���� ��� ���

6HDVRQDOO\�)ORRGHG�DQG�6ZDPS\�6DYDQQDK ���� ��� ���

6DYDQQDK�ZLWK�%DUH�6RLO ����� ���� ����

8SODQG�6DYDQQDK �� ��� ���

0RXQWDLQ�6DYDQQDK ��� ��� ���

5LYHUV��FUHHNV��DQG�RWKHU�ZDWHU�ERGLHV ��� ��� ���

����� ���� ����
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ZDV�FRPSOHWHG�IRU�WKLV�DSSURDFK�ZLWK�RYHUDOO�
DFFXUDF\�FRPSXWHG�DV�WKH�SHUFHQWDJH�RI�WUDQ�
VHFWV�FRUUHFWO\�FODVVLILHG�SHU�FODVV�

�����9HJHWDWLRQ�'HVFULSWLRQ�
DQG�%LRSK\VLFDO�
(QYLURQPHQWDO�$WWULEXWHV

7R�DVVHVV�WKH�LQIOXHQFH�RI�WKH�ELRSK\VLFDO�HQ�
YLURQPHQWDO�DWWULEXWHV�RQ�KXQWHUV¶�GHVFULSWLRQV�
RI� YHJHWDWLRQ�� ��� UDQGRP� SRLQWV�� ORFDWHG� RQ�
WUDQVHFWV�DQG�DW�OHDVW����P�DSDUW�WR�PLQLPL]H�
VSDWLDO� UHGXQGDQF\��ZHUH� JHQHUDWHG� IRU� HDFK�
YHJHWDWLRQ�FODVV��7KH�YDULDWLRQ�RI�WKHVH�DWWUL�
EXWHV�E\�YHJHWDWLRQ�FODVVHV�ZDV�DVVHVVHG�DQG�
FRPSDUHG�� )LYH� ELRSK\VLFDO� HQYLURQPHQWDO�
YDULDEOHV�ZHUH�DVVHVVHG�

���� (OHYDWLRQ�� 'HULYHG� IURP� WKH� $67(5�
*'(0

���� 0RLVWXUH�&RQWHQW��7KH�QRUPDOL]HG�GLIIHU�
HQFH�ZDWHU�LQGH[��1':,��ZDV�XWLOL]HG�DV�
SUR[\�IRU�PRLVWXUH��7ZR�YHUVLRQV�RI�1':,�
DUH�GHVFULEHG�LQ�WKH�OLWHUDWXUH��-L��=KDQJ��	�
:\OLH���������7KH�ILUVW��GHYHORSHG�E\�*DR�
��������XWLOL]HV�WKH�QRUPDOL]HG�GLIIHUHQFH�
EHWZHHQ�WKH�1HDU�,QIUDUHG��1,5��DQG�6KRUW�
:DYH�,QIUDUHG��6:,5��EDQGV�RI�/DQGVDW��
7KH� VHFRQG�� GHYHORSHG� E\� 0F)HHWHUV�
��������LV�WKH�QRUPDOL]HG�GLIIHUHQFH�RI�WKH�
JUHHQ�DQG�1,5�EDQGV��*DR¶V�1':,�ZDV�
FKRVHQ�VLQFH�LW�LV�PRVW�ZLGHO\�XVHG�LQ�WKH�
OLWHUDWXUH�IRU�XQGHUVWDQGLQJ�IRUHVW�PRLVWXUH��
1':,�YDOXHV�UDQJH�IURP����PLQLPXP��WR�
���PD[LPXP��

���� 9HJHWDWLRQ� 9LJRU�� 7KH� QRUPDOL]HG� GLI�
IHUHQFH�YHJHWDWLRQ�LQGH[��1'9,���+XHWH�
	� -DFNVRQ�� ������ PHDVXUHV� YHJHWDWLRQ�
YLJRU�DQG�LV�LPSDFWHG�E\�IRUHVW�GHQVLW\�DQG�
VWUXFWXUH��7KH�1'9,�YDOXHV�UDQJH�IURP���
�OHDVW�YLJRURXV��WR����PRVW�YLJRURXV��

���� 7UHH�6L]H��%DVDO�$UHD���7KH�PHDQ�GLDP�
HWHU�DW�EUHDVW�KHLJKW��GEK��ZDV�FRPSXWHG�
IRU�WUHHV�VDPSOHG�DW�IRXUWHHQ������IRUHVWHG�
VWXG\�VLWHV�ZLWKLQ�D�����P�����P[��P��
WUDQVHFW� VHJPHQW�� 7KH� PHDQ� GEK� ZDV�
PDSSHG�DV�D�UDVWHU�OD\HU�WR�DLG�LQ�H[WUDFW�

LQJ�D�GEK�YDOXH�IRU�HDFK�RI�WKH�UDQGRPO\�
JHQHUDWHG�SRLQWV�

���� 7UHH�'HQVLW\��1XPEHU�RI�7UHHV���$�VLPSOH�
FRXQW�RI�WUHHV�SHU�����P��ZDV�PDSSHG�LQ�D�
*,6�DV�D�UDVWHU�OD\HU�WR�DLG�LQ�H[WUDFWLQJ�D�
WUHH�GHQVLW\�YDOXH�IRU�HDFK�RI�WKH�UDQGRPO\�
JHQHUDWHG�SRLQWV�

���5(68/76

�����9HJHWDWLRQ�'HVFULSWLRQV

+XQWHU�YHJHWDWLRQ�GHVFULSWLRQV�ZHUH�REWDLQHG�
IRU�����RI�����WUDQVHFWV�RU� WKH�HTXLYDOHQW�RI�
����NLORPHWHUV�RI�WKH�VWXG\�DUHD��7DEOH�����7KH�
RYHUDOO�VDPSOH�FRQWDLQHG�PRUH�WKDQ�����XQLTXH�
GHVFULSWLRQV��9HJHWDWLRQ�GHVFULSWLRQV�FRQWDLQHG�
GHWDLOV�RQ�ODQG�XVH��RFFXUUHQFH�RI�UHFHQW�ILUHV��
K\GURORJ\� �ULYHUV�� FUHHNV�� VZDPSV�� IORRGLQJ�
HYHQWV��� GRPLQDQW� YHJHWDWLRQ� W\SH� �IRUHVW� RU�
VDYDQQDK���FXUUHQW�RU�UHFHQW�IDUPV��DSSUR[LPDWH�
DJH�RI�ROG�IDUPV��DQG�DQ�LQGLFDWLRQ�RI�HOHYDWLRQ�
RI�WKH�DUHD�EHLQJ�GHVFULEHG��7KH�GHVFULSWLRQV�
FRQWDLQHG�WKHPHV�UHODWLQJ�WR�YHJHWDWLRQ�FKDU�
DFWHULVWLFV��DQG�ELRSK\VLFDO�HQYLURQPHQWDO�DW�
WULEXWHV��9HJHWDWLRQ�FKDUDFWHULVWLFV�GHVFULSWLRQV�
LQFOXGHG��EXVK�LVODQG��IDUPV��ROG�IDUPV��KLJK�
EXVK��ORZ�EXVK��LWH�SDOP�VZDPS��PXUL�VKUXE��
URFN� ORZ� EXVK�� DQG� VDYDQQDK�� ,W� VKRXOG� EH�
QRWHG�WKDW�LQ�WKH�5XSXQXQL�DQG�*X\DQD�FRQWH[W��
³EXVK´� VXJJHVWV� IRUHVW��ZKLOH� VDYDQQDK� VXJ�
JHVWV�KHUEDFHRXV�YHJHWDWLRQ��,QIHUHQFHV�FRXOG�
DOVR�EH�PDGH�RQ�WKH�YHJHWDWLRQ�FKDUDFWHULVWLFV��
WUHH�GHQVLW\��QXPEHU�RI�WUHHV���WUHH�VL]H��GEK��
DQG�WUHH�KHLJKW��EDVHG�RQ�WKH�GHVFULSWLRQV��)RU�
LQVWDQFH�� ERWK�KLJK�EXVK� DQG� ORZ�EXVK� UHIHU�
WR�IRUHVWHG�DUHDV��EXW�KLJK�EXVK�VXJJHVWHG�DQ�
DUHD�ZLWK�D�KLJKHU�GHQVLW\�RI�ODUJHU��GEK��DQG�
LQYDULDEO\�WDOOHU�WUHHV��ZKLOH�ORZ�EXVK�LQGLFDWHG�
DQ�DUHD�RI�ORZHU�GHQVLW\�DQG�VPDOOHU�WUHHV��%XVK�
LVODQGV�DUH�DUHDV�RI�IRUHVW�ZLWKLQ�VDYDQQDK��,WH�
SDOP� VZDPS� DUH� VHDVRQDOO\� RU� SHUPDQHQWO\�
IORRGHG�DUHDV��SULPDULO\�LQ�VDYDQQDK��GRPLQDWHG�
E\�0DXULWLD� VSS�� SDOPV��ZKLOH� ³PXUL� VKUXE´�
LV�IRUHVW�RI�ORZHU�WUHH�GHQVLWLHV��VKRUWHU�WUHHV�
DQG� VPDOOHU� VL]HV� �GEK�� JHQHUDOO\� ORFDWHG� LQ�
WKH�VDYDQQDK�IRUHVW�WUDQVLWLRQ��0RGLILFDWLRQ�RI�
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WKH�WHUP�³EXVK´�VLJQDOHG�WUDQVLWLRQV�EHWZHHQ�
IRUHVW� W\SHV�DQG� LQGHHG�VDYDQQDK� W\SHV�DV� LV�
FRPPRQ�LQ�WURSLFDO�VHWWLQJV��H�J��3RZHOO�HW�DO���
�������)RU�H[DPSOH��³EXVK\�VDYDQQDK´�LPSOLHG�
DQ�DUHD�ZLWK�D�KHDY\�KHUEDFHRXV�XQGHUJURZWK��
EXW�ZLWK�VLJQLILFDQW�FRYHUDJH�RI� WUHHV�DQG�RU�
VKUXEV��*HQHUDOO\��EXVK\�VDYDQQDK�LQGLFDWHG�D�
KLJKHU�GHQVLW\�RI�.DLDPEH��&XUDWHOOD�DPHUL�
FDQD��WUHHV�ZKLFK�DUH�JHQHUDOO\�DVVRFLDWHG�ZLWK�
WKH�5XSXQXQL�VDYDQQDKV��7KH�DEVHQFH�RI�WKH�
³EXVK\´�GHVFULSWRU�IRU�VDYDQQDK�E\�WKH�VDPH�
ORJLF��VXJJHVWHG�WKH�DEVHQFH�RU�ORZHU�GHQVLW\�
RI�WUHHV�ZLWKLQ�KHUEDFHRXV�YHJHWDWLRQ�

7KH� SK\VLFDO� HQYLURQPHQWDO� WKHPHV�
UHIOHFWHG� WZR� PDLQ� IHDWXUHV�� K\GURORJ\� DQG�
HOHYDWLRQ�� +\GURORJLFDO� WKHPHV� LQFOXGHG��
³IORRGHG´��³VZDPS��\�´��³ULYHU´�DQG�³FUHHN´��
ZKLOH�HOHYDWLRQ�WKHPHV�LQFOXGHG��³PRXQWDLQ´��
³KLOO\´��³XSODQG´�DQG�³ORZODQG´��3K\VLFDO�HQ�
YLURQPHQWDO�WKHPHV�JHQHUDOO\�PRGLILHG�YHJHWD�
WLRQ�FKDUDFWHULVWLF�WKHPHV��)RU�LQVWDQFH��KXQWHUV�
PD\�KDYH�GHVFULEHG�YHJHWDWLRQ�DV�)ORRGHG�/RZ�
%XVK�RU�0RXQWDLQ�+LJK�%XVK��FRPELQLQJ�WKH�
WZR�GHVFULSWRUV� WR�SURYLGH�ERWK�D�YHJHWDWLRQ�
DQG� SK\VLFDO� HQYLURQPHQW� GHSLFWLRQ�� 7KHUH�
ZHUH� KRZHYHU�� DV� H[SHFWHG�ZLWK� WKH� QXPEHU�
RI�KXQWHUV�GHVFULELQJ�YHJHWDWLRQ��XQFHUWDLQWLHV�
DQG�DPELJXLWLHV�LQ�WKH�GDWD��DV�LV�FRPPRQ�LQ�
*,6�GDWD�VHWV��/RQJOH\��*RRGFKLOG��0DJXLUH��
	�5KLQG���������)RU�H[DPSOH��RQH�KXQWHU¶V�GH�
VFULSWLRQ�PD\�KDYH�EHHQ��³)ORRGHG�/RZ�%XVK´��
ZKLOH�DQRWKHU��SUHVXPDEO\�GHVFULELQJ�VLPLODU�
YHJHWDWLRQ�� PD\� GHVFULEH� LW� DV�� ³/RZ� %XVK�
)ORRGHG´��$V�KXQWHUV�ZRUNHG�LQGHSHQGHQWO\�DW�
WKHLU�RZQ�VWXG\�VLWHV��WKHVH�GLIIHUHQFHV�ZHUH�QRW�
VXUSULVLQJ��2EYLRXV�GLIIHUHQFHV�LQ�GHVFULSWLRQV�
ZHUH� ³VWDQGDUGL]HG´�ZKHUH� SRVVLEOH� DQG� WKH�
GHVFULSWLRQV�ZHUH�XVHG�WR�GHYHORS�D�KLHUDUFKLFDO�
FODVVLILFDWLRQ�VFKHPH�VLPLODU�WR�WKRVH�GHYHORSHG�
E\�$QGHUVRQ��+DUG\��5RDFK��DQG�:LWPHU���������
5REELQV��������DQG�6LPPV��������XVLQJ�WKH�
PRVW� FRPPRQ� DQG� GRPLQDQW� YHJHWDWLRQ� DQG�
ELRSK\VLFDO�HQYLURQPHQWDO�FKDUDFWHULVWLFV�

�����9HJHWDWLRQ�&ODVVHV

7KH�ILQDO�YHJHWDWLRQ�FODVVHV�SRUWUD\HG� LQ� WKH�
PDS�UHSUHVHQW�D�FRPSURPLVH�EHWZHHQ�KXQWHUV¶�

YHJHWDWLRQ�GHVFULSWLRQV�DQG�ILWWLQJ�WKHVH�WR�WKH�
VFDOH�RI�WKH�UHPRWH�VHQVLQJ�GDWD��:KLOH�YHJHWD�
WLRQ�GHVFULSWLRQV�ZHUH�YHU\�GHWDLOHG��PDQ\�ZHUH�
QRW�GLVFHUQDEOH�XVLQJ�WKH�UHPRWH�VHQVLQJ�GDWD��
7R�JHW�DURXQG�WKLV�LVVXH�YHJHWDWLRQ�GHVFULSWLRQV�
ZHUH�PHUJHG��7KH�PRVW�GRPLQDQW�DQG�FRPPRQ�
WKHPHV�RI�YHJHWDWLRQ�DQG�ELRSK\VLFDO�HQYLURQ�
PHQWDO� DWWULEXWHV� LQ� WKH� KXQWHUV¶� GHVFULSWLRQ�
ZHUH�FRPELQHG�DQG�OHG�WR�HOHYHQ������PDMRU�
YHJHWDWLRQ�FODVVHV��)LJXUH���DQG�7DEOH�����EDVHG�
RQ�WKH�EURDGHU�IRUHVW�DQG�VDYDQQDK�YHJHWDWLRQ�
W\SHV��$OWKRXJK�WKLV�PD\�DSSHDU�WR�EH�PRYLQJ�
DZD\� IURP� WKH� ,QGLJHQRXV� SHRSOH¶V� GHVFULS�
WLRQV�RI�YHJHWDWLRQ�WKH�PDS�FODVVHV�VWLOO�SURYLGH�
LQVLJKWV�LQWR�NH\�IHDWXUHV�RI�KXQWHUV¶�YHJHWDWLRQ�
GHVFULSWLRQV�LQFOXGLQJ�VHDVRQDOLW\�DQG�HOHYDWLRQ�
DV� WKHVH� PD\� LQIOXHQFH� KXQWHUV¶� PRYHPHQWV�
ZLWKLQ�WKH�ODQGVFDSH��&RPSURPLVHV�ZHUH�DOVR�
PDGH�ZLWK�WKH�WHUPV�XVHG�IRU�GHVFULELQJ�FODVVHV��
ZLWK�WKH�PRVW�SURPLQHQW�EHLQJ�WKH�WHUP�EXVK�
EHLQJ�VXEVWLWXWHG�ZLWK�IRUHVW�WR�DOORZ�IRU�PRUH�
XQLYHUVDO�FODULW\�DV�LQ�VRPH�SDUWV�RI�WKH�ZRUOG�
EXVK�PD\�UHIHU�WR�VDYDQQDK�OLNH�YHJHWDWLRQ��6L[�
����FODVVHV�GHVFULEHG�IRUHVWV��IRXU�����GHVFULEHG�
VDYDQQDKV�DQG�RQH�����GHVFULEHG�ZDWHU�ERGLHV�
DQG�K\GURORJLFDO�IHDWXUHV��7KH�IRUHVW�FODVVHV��
³6HDVRQDOO\� )ORRGHG� 0L[HG� +LJK� DQG� /RZ�
)RUHVW´�� ³/RZODQG� +LJK� )RUHVW´�� ³/RZODQG�
0L[HG�+LJK�DQG�/RZ�)RUHVW´��³8SODQG�/RZ�
)RUHVW´��³8SODQG�+LJK�)RUHVW´�DQG��³0RXQWDLQ�
0L[HG�+LJK�DQG�/RZ�)RUHVW´��UHSUHVHQW�PDLQO\�
WKH�K\GURORJLFDO� IHDWXUHV�DVVRFLDWHG�ZLWK� WKH�
VWXG\�DUHD�DQG�DOVR�D�SURJUHVVLRQ�IURP�ORZHU�WR�
KLJKHU�HOHYDWLRQV��/LNHZLVH��VDYDQQDK�FODVVHV��
³6HDVRQDOO\�)ORRGHG�DQG�6ZDPS\�6DYDQQDK´��
³6DYDQQDK�ZLWK�%DUH�6RLO´��³8SODQG�6DYDQQDK´�
DQG��³0RXQWDLQ�6DYDQQDK´��UHIOHFWHG�IUHTXHQF\�
DQG�GXUDWLRQ�RI�IORRGLQJ�DQG�SURJUHVVLRQ�DORQJ�
DQ�HOHYDWLRQ�JUDGLHQW�ZLWKLQ�ZKLFK�KHUEDFHRXV�
FRPPXQLWLHV�ZHUH�ORFDWHG��7KH�QDPHV�RI�WKH�
FODVVHV�ZHUH�GHULYHG�GLUHFWO\�IURP�WKH�KXQWHUV¶�
YHJHWDWLRQ�GHVFULSWLRQV�RU�ZHUH�LQIOXHQFHG�E\�
WKH�WKHPHV�UHIOHFWHG�LQ�WKHLU�GHVFULSWLRQV��7KH�
ELRSK\VLFDO�HQYLURQPHQWDO�DQG�YHJHWDWLRQ�DW�
WULEXWHV��WUHH�GHQVLW\�DQG�VL]H��DVVRFLDWHG�ZLWK�
WKHVH�FODVVHV�YDULHG��7DEOH�����EXW�HOHYDWLRQ�DQG�
WUHH�GHQVLW\�ZHUH�WKH�PDLQ�IDFWRUV�VHSDUDWLQJ�
FODVVHV��7KHVH�FRDUVH�VFDOH�YHJHWDWLRQ�FODVVHV�
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DOORZHG� IRU� WKH� DPELJXLW\� DQG� XQFHUWDLQW\�
FRQWDLQHG� LQ� WKH� KXQWHUV¶� GHVFULSWLRQV� WR� EH�

PLQLPL]HG��ZKLOH�VWLOO�UHIOHFWLQJ�GHWDLOV�RQ�WKH�
5XSXQXQL�ODQGVFDSH�IURP�WKH�KXQWHUV¶�SHUVSHF�
WLYH��9HJHWDWLRQ� GHVFULSWLRQV� DOORZHG� IRU� WKH�
VWXG\�DUHD�WR�EH�VHSDUDWHG�LQWR�YDULRXV�WUDQVLWLRQV�
ZLWKLQ�WKH�EURDG�VDYDQQDK�DQG�IRUHVW�FODVVHV�

7KH� YHJHWDWLRQ� FODVVHV� YDULHG� LQ� WKHLU�
DEXQGDQFH�LQ�WKH�ODQGVFDSH��)RU�LQVWDQFH��WKH�
6HDVRQDOO\�)ORRGHG�0L[HG�+LJK�DQG�/RZ�)RUHVW�
DQG�/RZODQG�+LJK�)RUHVW�FODVVHV�GRPLQDWHG�
WKH� IRUHVWHG� ODQGVFDSH�� ZKLOH� WKH� 6DYDQQDK�

)LJXUH� ��� 9HJHWDWLRQ� PDS� RI� WKH� 5XSXQXQL�
GHULYHG�IURP�WKH�FODVVLILFDWLRQ�RI�ODQGVDW�GDWD�
XVLQJ�GHVFULSWLRQV�IURP�0DNXVKL�DQG�:DSLVKL�
DQD�$PHULQGLDQ�KXQWHUV

7DEOH����9HJHWDWLRQ�W\SHV�GHULYHG�IURP�DPHULQGLDQ�KXQWHUV¶�YHJHWDWLRQ�GHVFULSWLRQV�

9HJHWDWLRQ�&ODVV 'HVFULSWLRQ

)RUHVW�&ODVVHV�

6HDVRQDOO\� )ORRGHG� 0L[HG� +LJK�
DQG�/RZ�)RUHVW��6)0�

9HJHWDWLRQ� WKDW�DUH�VHDVRQDOO\� IORRGHG��ORZ�EXVK�DQG�KLJK�EXVK��DQG�D�KLJK�
SURSRUWLRQ�RI�PXUL�VKUXE��0RVW�RI�WKH�FXUUHQW�IDUPV��ROG�IDUPV�DQG�ORJJLQJ�DUHDV�
DUH�DVVRFLDWHG�ZLWK�WKLV�FODVV�

/RZODQG�+LJK�)RUHVW��/+)� )RUHVWV�DW�VOLJKWO\�KLJKHU�HOHYDWLRQ�WKDW�WKH�6HDVRQDOO\�)ORRGHG�0L[HG�+LJK�DQG�
/RZ�)RUHVW��'RPLQDWHG�E\�ODUJHU�WUHHV��WKLV�FODVV�DOVR�H[SHULHQFHV�VRPH�IORRGLQJ��
EXW�DUH�ORFDWHG�DZD\�IURP�ULYHUV�DQG�FUHHNV��$OVR�LQFOXGHV�IDUPLQJ�DUHDV�

/RZODQG� 0L[HG� +LJK� DQG� /RZ�
)RUHVW��/0)�

7KH�]RQH�RI�IRUHVWV�EHWZHHQ�WKH�/RZODQG�+LJK�)RUHVWV�DQG�8SODQG�+LJK�)RUHVW�
DUHDV�

8SODQG�+LJK�)RUHVW��8+)� )RUHVWV�DZD\�IURP�WKH�IORRG�]RQHV�LQ�WKH�1RUWK�5XSXQXQL��,Q�WKH�6RXWK�5XSXQXQL�
KRZHYHU��WKH�IRUHVWV�LQ�WKLV�FODVV��DUH�WKH�DUHDV�ZLWKLQ�ZKLFK�VZLGGHQ�DJULFXOWXUH�
RFFXUV�

8SODQG�/RZ�)RUHVW��8/)� 6PDOOHU�WUHHV�DQG�VKUXEV�DW�D�VOLJKWO\�ORZHU�HOHYDWLRQ�WKDQ�IRUHVWV�LQ�WKH�8SODQG�
+LJK�)RUHVW�DUHD�

0RXQWDLQ� 0L[HG� +LJK� DQG� /RZ�
)RUHVW��00)�

)RUHVWV�IRXQG�DW�WKH�KLJKHVW�HOHYDWLRQ�LQ�WKH�5XSXQXQL��PDLQO\�RQ�WKH�3DNDUDLPD�
DQG�.DQXNX�0RXQWDLQ�UDQJHV��7KLV�FODVV�LV�GRPLQDWHG�E\�WDOOHU�WUHHV��EXW�VPDOOHU�
WUHHV�DQG�VRPH�VKUXEV�DUH�DOVR�SUHVHQW�

6DYDQQDK�&ODVVHV�

6HDVRQDOO\� )ORRGHG� DQG� 6ZDPS\�
6DYDQQDK��6)6�

'RPLQDWHG� E\� KHUEDFHRXV� YHJHWDWLRQ� WKDW� LV� IORRGHG� GXULQJ� UDLQ\� VHDVRQV��
7UHHV�DQG�VKUXEV�PD\�EH�SUHVHQW��EXW�DW�ORZHU�GHQVLW\�WKDQ�IRUHVWV��7KLV�FODVV�
LV�DVVRFLDWHG�ZLWK�WKH�EDQNV�RI�ULYHUV��FUHHNV�DQG�,WH�6ZDPSV��HVSHFLDOO\�LQ�WKH�
6RXWK�5XSXQXQL��7KH�*HRUJHWRZQ�WR�/HWKHP�URDG�LV�LQFOXGHG�LQ�WKLV�FODVV�

6DYDQQDK�ZLWK�%DUH�6RLO��6%6� 'RPLQDWHG�E\�KHUEDFHRXV�YHJHWDWLRQ�DQG�XQFRYHUHG�JURXQG��LQFOXGLQJ�URFNV��
WKDW�DUH�QRW�DV�IUHTXHQWO\�IORRGHG�

8SODQG�6DYDQQDK��8/6� ,VRODWHG�SDWFKHV�RI�KHUEDFHRXV�YHJHWDWLRQ�DW�KLJKHU�HOHYDWLRQV��7KHVH�DUHDV�DSSHDU�
WR�EH�WKH�WUDQVLWLRQ�EHWZHHQ�8SODQG�)RUHVW�DQG�0RXQWDLQ�)RUHVW�HVSHFLDOO\�LQ�
WKH�3DNDUDLPD�PRXQWDLQV�DUHD��,Q�WKH�6RXWK�5XSXQXQL�FXUUHQW�IDUPLQJ�DUHDV�
ZHUH�REVHUYHG�WR�EH�VSHFWUDOO\�VLPLODU�WR�WKHVH�DUHDV�

0RXQWDLQ�6DYDQQDK��076� 'LIIHUHQW�IURP�WKH�8SODQG�6DYDQQDK�FODVV�E\�EHLQJ�ORFDWHG�DW�KLJKHU�HOHYDWLRQV�

2WKHU�&ODVVHV�

5LYHUV�� FUHHNV�� DQG� RWKHU� ZDWHU�
ERGLHV��593�

5LYHUV��FUHHNV��SRQGV�DQG�ODNHV�DQG�WKHLU�DVVRFLDWHG�YHJHWDWLRQ�

&ORXGV��&ORXG�6KDGRZV�DQG�)RUHVW�
6KDGRZV

$UHDV�LQ�WKH�LPDJH�WKDW�ZHUH�FRYHUHG�E\�FORXGV��FORXG�VKDGRZV�DQG�IRUHVW�VKDGRZV�
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ZLWK�%DUH�6RLO�FODVV�GRPLQDWHG�WKH�VDYDQQDK�
ODQGVFDSH��)LJXUH�����7KH�8SODQG�/RZ�)RUHVW�
DQG� 8SODQG� 6DYDQQDK� FODVVHV� ZHUH� UDUH�� ,W�
VKRXOG�EH�QRWHG�WKDW�WKHVH�FRDUVH�VFDOH�FODVVHV�
DUH� QRW� DEVROXWH�� WKDW� LV�� GHVFULSWLRQV� GR� QRW�
VXJJHVW�WKDW�WKHVH�DUH�WKH�RQO\�UHJLRQV�DVVRFL�
DWHG�ZLWK�D�SDUWLFXODU�YHJHWDWLRQ�FKDUDFWHULVWLF�
RU�ELRSK\VLFDO�HQYLURQPHQW�DWWULEXWH��5DWKHU��
WKH�FODVVHV�UHSUHVHQW�WKH�EHVW�ILW�WR�WKH�LPDJHU\�
JLYHQ�KXQWHUV¶�YHJHWDWLRQ�GHVFULSWLRQV��$V�DQ�
LOOXVWUDWLRQ��WKH�FODVV�/RZODQG�+LJK�)RUHVW�UHIHUV�
WR�IRUHVWHG�YHJHWDWLRQ�DW�KLJKHU�HOHYDWLRQV��7DEOH�
���ZKHQ�FRPSDUHG�WR�WKH�6HDVRQDOO\�)ORRGHG�
0L[HG�+LJK�DQG�/RZ�)RUHVW�DGMDFHQW�WR�WKLV�
FODVV��7KH�FODVVLILFDWLRQ�GRHV�QRW�VXJJHVW�WKH�
DEVHQFH�RI�IORRGLQJ�ZLWKLQ�WKH�/RZODQG�+LJK�
)RUHVW�DUHD��UDWKHU��EDVHG�RQ�WKH�GHVFULSWLRQV�
IURP�KXQWHUV�WKHVH�DUHDV�DSSHDU�WR�IORRG�OHVV�
IUHTXHQWO\�DQG�IRU�VKRUWHU�SHULRGV��$UHDV�LQ�WKH�
FODVV�6HDVRQDOO\�)ORRGHG�0L[HG�+LJK�DQG�/RZ�
)RUHVW�DUHDV�RQ�WKH�RWKHU�KDQG�PD\�H[SHULHQFH�
H[WHQGHG�IORRGLQJ�GXULQJ�WKH�UDLQ\�VHDVRQV�

)XUWKHU�� WKH� XSODQG� DQG�PRXQWDLQ� IRUHVW�
FODVVHV� GHVFULEH� YHJHWDWLRQ� DW� SURJUHVVLYHO\�
KLJKHU�HOHYDWLRQV��8SODQG�/RZ�)RUHVW� LV�GLI�
IHUHQW�IURP�8SODQG�+LJK�)RUHVW�LQ�WKUHH�ZD\V��
VPDOOHU�WUHHV��GEK���ORZHU�WUHH�GHQVLW\�DQG�ORZHU�
HOHYDWLRQ� �7DEOH� ���� 6LPLODUO\�� WKH�0RXQWDLQ�
0L[HG� +LJK� DQG� /RZ� )RUHVW� FODVV�� LPSOLHV�

IRUHVWV�RQ�³PRXQWDLQ´��PDLQO\�WKH�.DQXNX�DQG�
3DNDUDLPD�0RXQWDLQV��VHH�)LJXUH����HOHYDWLRQV��
'LVFULPLQDWLQJ�EHWZHHQ�WKH�PRXQWDLQ�ORZ�EXVK�
�VPDOOHU�WUHHV��DQG�PRXQWDLQ�KLJK�EXVK��ODUJHU�
WUHHV��ZDV�QRW�SRVVLEOH��EXW�WKH�DQDO\VLV��7DEOH�
���VKRZHG�WKLV�FODVV�ORFDWHG�DW�HOHYDWLRQ�DERYH�
WKH�8SODQG� FODVVHV�ZLWK� VOLJKWO\� ODUJHU� WUHHV�
�GEK��DQG�KLJKHU�WUHH�GHQVLW\�

+XQWHUV¶� GHVFULSWLRQV� DOVR� UHIOHFWHG� WKH�
GLIIHUHQW�SHUVSHFWLYH�RI�KXQWHUV�ZRUNLQJ�DFURVV�
WKH�VWXG\�DUHD��%DVHG�RQ�HOHYDWLRQ��WKH�1RUWK�
5XSXQXQL�ZDV�PRUH� GLYHUVH� WKDQ� WKH� 6RXWK��
LQFOXGLQJ�IRUHVW�DQG�VDYDQQDK�DW�ORZHU�IORRGHG�
UHJLRQV�WR�IRUHVW�DQG�VDYDQQDK�LQ�PRXQWDLQV��7KH�
6RXWK�5XSXQXQL�RQ�WKH�RWKHU�KDQG��KDG�D�KLJKHU�
RYHUDOO�HOHYDWLRQ�WKDQ�WKH�1RUWK��EXW�ZDV�OHVV�
GLYHUVH�LQ�WHUPV�RI�HOHYDWLRQ��DQG�WKH�QXPEHU�
RI�YHJHWDWLRQ�FODVVHV��,W�DSSHDUV�DV�WKRXJK�WKHVH�
GLIIHUHQFHV�LQIOXHQFHG�KXQWHUV¶�GHVFULSWLRQV�RI�
YHJHWDWLRQ��,Q�WKH�6RXWK�5XSXQXQL��IRU�H[DPSOH��
KXQWHUV�ZRUNLQJ�LQ�YLOODJHV�LQ�KLJKHU�HOHYDWLRQV�
GHVFULEHG�WKHLU�YHJHWDWLRQ�ZLWK�WKH�³PRXQWDLQ´�
SUHIL[��H�J��0RXQWDLQ�+LJK�%XVK��(YHQ�WKRXJK�
WKLV�GHVFULSWLRQ�UHIOHFWHG�WKHLU�ORFDO�UHDOLW\�DQG�
VFDOH��DW�WKH�ODUJHU�5XSXQXQL�VWXG\�DUHD�VFDOH��
VLPLODU�YHJHWDWLRQ�ZDV�FODVVLILHG�GLIIHUHQWO\�DQG�
ZHUH�QRW�VSHFWUDOO\�VLPLODU�WR�WKDW�RFFXUULQJ�LQ�
WKH�FORXG�IRUHVWV�RI�WKH�.DQXNX�DQG�3DNDUDLPD�
0RXQWDLQV�DV�GHVFULEHG�E\�-DQVHQ�-DFREV�DQG�

7DEOH����%LRSK\VLFDO�HQYLURQPHQWDO�DWWULEXWHV�PHDVXUHG�DQG�WKH�PHDQ�YDOXH�IRU�HDFK�DWWULEXWH�
IRU�WKH�WHQ�YHJHWDWLRQ�FODVVHV�

9HJHWDWLRQ�&ODVV (OHYDWLRQ��P� 'HQVLW\�
�WUHHV����P��

7U H H � 6 L ] H V�
�'%+����P��

1'9, 1':,

6)0 ��� +LJKHVW /DUJHU ��� ���

/+) ��� +LJKHVW /DUJHVW ��� ���

/0+ ��� +LJKHU /DUJHVW ��� ���

8/) ��� +LJK /DUJH ��� ���

8+) ��� +LJKHU /DUJHU ��� ���

00) ��� +LJKHVW /DUJHVW ��� ���

6)6 ��� Q�D Q�D ��� ���
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076 ��� Q�D Q�D ��� ���



&RS\ULJKW���������,*,�*OREDO��&RS\LQJ�RU�GLVWULEXWLQJ�LQ�SULQW�RU�HOHFWURQLF�IRUPV�ZLWKRXW�ZULWWHQ�SHUPLVVLRQ�RI�,*,�*OREDO�LV�SURKLELWHG�

������,QWHUQDWLRQDO�-RXUQDO�RI�$SSOLHG�*HRVSDWLDO�5HVHDUFK�����������������-DQXDU\�0DUFK�����

WHU�6WHHJH���������,Q�VXFK�FDVHV��WKH�KXQWHUV¶�
GHVFULSWLRQ�ZDV�D�EHWWHU�ILW�WR�WKH�8SODQG�FODVVHV��
ZKHUH�WKH�8SODQG�SUHIL[�UHIHUUHG�WR�YHJHWDWLRQ�
LQ�WKH�WUDQVLWLRQ�EHWZHHQ�ORZODQG�DQG�PRXQWDLQ�
RXV�DUHDV��,Q�WKLV�VHQVH�WKH�8SODQG�/RZ�)RUHVW�
DQG�8SODQG�+LJK�)RUHVW�FODVVHV�SURYLGH�LQVLJKWV�
LQWR�HOHYDWLRQ��EXW�DOVR�LQWR�WUHH�VL]HV��GEK��DQG�
GHQVLW\��QXPEHU�RI�WUHHV��SUHVHQW�LQ�WKHVH�DUHDV��
7KH�WHUPV�IORRGHG��XSODQG�DQG�PRXQWDLQ�DUH�
VLPLODUO\�DSSOLFDEOH�WR�WKH�VDYDQQDK�YHJHWDWLRQ�
FODVVHV��ZKHUH�D�VWURQJ�OLQN�WR�HOHYDWLRQ��7DEOH�
���ZDV� DOVR� HYLGHQW�� %\� WKH� VDPH� ORJLF�� WKH�
6HDVRQDOO\� )ORRGHG� 6DYDQQDKV�ZHUH� ORFDWHG�
DW�ORZHU�HOHYDWLRQV�DQG�0RXQWDLQ�6DYDQQDKV�
DW� KLJKHU� HOHYDWLRQV��$V� WKH� QDPH� VXJJHVWV��
WKH�SRQG�DQG�ZDWHU�ERG\�FODVV�LQFOXGHG�ULYHUV��
FUHHNV��R[ERZ�ODNHV�DQG�SHUPDQHQW�VZDPSV�RI�
WKH�5XSXQXQL�DQG�WKHLU�DVVRFLDWHG�YHJHWDWLRQ�
VLPLODU�WR�WKRVH�GHVFULEHG�E\�-DQVHQ�-DFREV�DQG�
WHU�6WHHJH��������

+LJKHU�PRLVWXUH� FRQWHQW� �*DR¶V�1':,��
ZDV� DVVRFLDWHG� ZLWK� YHJHWDWLRQ� W\SHV� WKDW�
H[SHULHQFHG�IORRGLQJ��IRU�H[DPSOH�6HDVRQDOO\�
)ORRGHG�0L[HG�+LJK�DQG�/RZ�)RUHVW��7DEOH�����
7KH�1':,�YDOXHV�DSSHDU�WR�UHIOHFW�GUDLQDJH�DQG�
UXQRII�IURP�WKH�IRUHVWHG�PRXQWDLQRXV�DUHDV��ZLWK�
ORZHU�YDOXHV�DW�KLJKHU�HOHYDWLRQV��%XW�DJDLQVW�
WKLV�WUHQG�VHHQ�LQ�IRUHVWV��WKH�0RXQWDLQ�6DYDQ�
QDK�FODVV�KDG�VOLJKWO\�KLJKHU�PRLVWXUH�WKDQ�WKH�
6HDVRQDOO\� )ORRGHG� DQG� 6ZDPS\� 6DYDQQDK��
SHUKDSV�UHIOHFWLQJ�IDVWHU�HYDSRUDWLRQ�UDWHV�LQ�WKH�
RSHQ�VDYDQQDK�HQYLURQPHQWV�DW�ORZHU�HOHYDWLRQV�
DQG�KLJKHU�UDLQIDOO�UDWHV�DV�WKHVH�VDYDQQDKV�DUH�
DGMDFHQW�WR�WKH�FORXG�IRUHVWV��-HQVHQ�-DFREV�DQG�
WHU�6WHHJH��������RI�3DNDUDLPD�0RXQWDLQV��$V�
H[SHFWHG��WKH�IRUHVWHG�YHJHWDWLRQ�FODVVHV�KDG�
YHU\�OLWWOH�GLIIHUHQFHV�LQ�1'9,�YDOXHV��7DEOH�
���ZLWK�/RZODQG�+LJK�)RUHVW�WKH�PRVW�YLJRURXV�
DQG�/RZODQG�0L[HG�+LJK�DQG�/RZ�)RUHVW�WKH�
OHDVW�YLJRURXV��6DYDQQDK�FODVVHV�KDG� VLPLODU�
1'9,� YDOXHV�� ZLWK� 0RXQWDLQ� 6DYDQQDK� WKH�
PRVW�YLJRURXV�

�����$FFXUDF\�$VVHVVPHQW

$V� SHU� VWDQGDUG� SUDFWLFH� LQ� UHPRWH� VHQVLQJ�
WKH� DFFXUDF\� RI� WKH� ILQDO� PDS� ZDV� DVVHVVHG�
XVLQJ�WKUHH�PHWKRGV��SOHDVH�UHIHU�WR�$FFXUDF\�

$VVHVVPHQW�LQ�WKH�0HWKRGV�VHFWLRQ���7KH�WZR�
KXQWHUV�ZKR�DVVHVVHG�PDS�DFFXUDF\�QRWHG�WKDW�
WKH�PDS�VHHPHG�WR�UHSUHVHQW�WKHLU�SHUFHSWLRQ�RI�
WKH�ODQGVFDSH�ZHOO��6LQFH�WKH�KXQWHUV�ZHUH�IURP�
WKH�1RUWK�5XSXQXQL��KRZHYHU��DQG�WKH�KXQWHUV�
IURP�WKH�&HQWUDO�DQG�6RXWKHUQ�5XSXQXQL�VWXG\�
VLWHV�FRXOG�QRW�YLHZ�WKH�PDS�LW�ZDV�GLIILFXOW�WR�
FRQFOXGH�EDVHG�RQ�WKHVH�WZR�KXQWHUV�KRZ�ZHOO�
WKH�ILQDO�PDS�UHSUHVHQWHG�DOO�KXQWHUV¶�SHUFHS�
WLRQV�RI�WKHLU�ODQGVFDSH��+RZHYHU��JLYHQ�WKDW�
WKH�WZR�1RUWK�5XSXQXQL�KXQWHUV�KDYH�H[WHQVLYH�
NQRZOHGJH�RI�WKH�5XSXQXQL�ODQGVFDSH��DQG�KDYH�
IUHTXHQWHG� WKH� &HQWUDO� DQG� 6RXWK� 5XSXQXQL�
YLOODJHV��WKH�PDS�DSSHDUV�WR�EH�D�JRRG�PRGHO�
RI�WKH�VWXG\�DUHD¶V�YHJHWDWLRQ�

7KH�FRQYHQWLRQDO�KDUG�DFFXUDF\�DVVHVVPHQW�
ZLWK�WKH�UXOH�RI�WKXPE�RI����UHIHUHQFH�SRLQWV�
SHU�FODVV��&RQJDOWRQ�	�*UHHQ��������\LHOGHG�
DQ�RYHUDOO�DFFXUDF\�RI��������7DEOH����ZKLFK�
LV�FRQVLGHUHG�ORZ�LQ�WKH�OLWHUDWXUH��ZLWK�����
EHLQJ�WKH�JRDO��$QGHUVRQ�HW�DO����������+RZ�
HYHU�� ORZHU� DFFXUDF\� DVVHVVPHQW� UHVXOWV� DUH�
QRW�XQXVXDO��3RZHOO�HW�DO����������7KH�RYHUDOO�
DFFXUDF\�DVLGH��PDQ\�RI�WKH�FODVVHV�YDULHG�LQ�
SURGXFHUV¶�DQG�XVHUV¶�DFFXUDF\�PHDVXUHPHQWV��
)RXU� IRUHVWHG� FODVVHV� ±� 6HDVRQDOO\� )ORRGHG�
0L[HG�+LJK�DQG�/RZ�)RUHVW��/RZODQG�+LJK�
)RUHVW��/RZODQG�0L[HG�+LJK�DQG�/RZ�)RUHVW��
DQG�0RXQWDLQ�0L[HG�+LJK�DQG�/RZ�)RUHVW��KDG�
XVHU¶V�DFFXUDF\�DERYH������7KLV�PHDQV� WKDW�
WKH�PDS� VKRZV� WKHVH� IRUHVW� FODVVHV� FRUUHFWO\�
PRUH�WKDQ�����RI�WKH�WLPH�RQ�WKH�JURXQG��8S�
ODQG�+LJK�)RUHVW�KDG�D�XVHU¶V�DFFXUDF\�EHORZ�
�������6LPLODUO\��WKH�8SODQG�/RZ�)RUHVW�XV�
HUV¶�DFFXUDF\�ZDV���������:LWK�WKH�H[FHSWLRQ�
RI�6HDVRQDOO\�)ORRGHG�0L[HG�+LJK�DQG�/RZ�
)RUHVW�������DQG�8SODQG�/RZ�)RUHVW����������
7DEOH����DOO�WKH�IRUHVWHG�FODVVHV�KDG�3URGXFHU¶V�
DFFXUDF\�DERYH������PHDQLQJ�WKDW�RI�WKH�DFWXDO�
DUHD�LQ�WKH�ODQGVFDSH�GHILQHG�DV�WKHVH�FODVVHV��
PRUH�WKDQ�����ZHUH�FRUUHFWO\�FODVVLILHG��7KH�
QXPEHU�RI�FRQIXVHG�FODVVHV��7DEOH����UHIOHFWV�
WKH� GLIILFXOW\� LQ� GLVFULPLQDWLQJ� EHWZHHQ� WKH�
YHJHWDWLRQ�FODVVHV��ERWK�IRUHVWHG�DQG�VDYDQQDK�

7KH� WKLUG�DFFXUDF\�DVVHVVPHQW�DSSURDFK�
JDYH� EHWWHU� RYHUDOO� DFFXUDF\� RI� ���� �7DEOH�
���� +RZHYHU�� WKH� HUURU� PDWUL[� VKRZHG� WKDW�
WUDQVHFW� VHJPHQWV�� ZKHQ� FRPSDUHG� ZLWK� WKH�
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YHJHWDWLRQ�PDS��)LJXUH����KDG�YDULRXV�SRUWLRQV�
PLV�FODVVLILHG��8VLQJ� WKLV�DSSURDFK��RQO\� WKH�
6HDVRQDOO\�)ORRGHG�DQG�6ZDPS\�6DYDQQDK�DQG�
0RXQWDLQ�6DYDQQDK�FODVVHV�KDG�OHVV�WKDQ�����
�������DQG��������SHUFHQW�RI�WUDQVHFWV�PLVFODV�
VLILHG��,W�VKRXOG�EH�QRWHG�KHUH�WKDW�8SODQG�/RZ�
)RUHVW�������FODVV�KDG�D�VLJQLILFDQW�LPSURYH�
PHQW�LQ�DFFXUDF\�ZKHQ�FRPSDUHG�WR�WKH�VHFRQG�
DSSURDFK��,QWHUHVWLQJO\�WKRXJK��WKHUH�ZHUH�YHU\�
IHZ� WUDQVHFW� VHJPHQWV� WKDW� ZHUH� FRPSOHWHO\�
PLVFODVVLILHG��VXJJHVWLQJ�WKDW�VHDVRQDO�FKDQJHV�
PD\�KDYH�EHHQ�WKH�PDLQ�UHDVRQ�IRU�WKH�ORZHU�
DFFXUDFLHV�UHSRUWHG�IRU� WKH�VHFRQG�DSSURDFK��
6LPLODU� FODVVHV�ZHUH� FRQIXVHG� LQ� WKH� VHFRQG�
DQG�WKLUG�DSSURDFKHV��7DEOHV���DQG����

���',6&866,21

7KH� GHVFULSWLRQV� RI� YHJHWDWLRQ� SURYLGHG� E\�
$PHULQGLDQ� KXQWHUV� SURYHG� XVHIXO� LQ� FRP�
SOHWLQJ� D� YHJHWDWLRQ� PDS� RI� WKH� 5XSXQXQL��
6RXWKHUQ�*X\DQD��7KH� ILQDO�PDS� �)LJXUHV� ��
DQG����UHSUHVHQWV�D�V\QHUJ\�EHWZHHQ�KXQWHUV¶�
GHVFULSWLRQ� RI� YHJHWDWLRQ� DQG� WKH� DELOLW\� WR�

PDS�WKHVH�XVLQJ�UHPRWHO\�VHQVHG�GDWD��+XQW�
HUV¶�YHJHWDWLRQ�GHVFULSWLRQV�ZHUH�HVVHQWLDOO\�D�
YHJHWDWLRQ�FODVVLILFDWLRQ��.HHOHU�:ROI��������
ZLWK�ULFK�GHWDLOV�RQ�WKH�TXDOLWDWLYH�GHVFULSWLRQV�
RI�YHJHWDWLRQ�IRUPV�WKDW�FRXOG�QRW�EH�LQFOXGHG�
LQ�WKH�ILQDO�PDS��)RU�LQVWDQFH��GHVFULSWLRQV�VXFK�
DV�0XUL�6KUXE�DQG�EXVK\�VDYDQQDK�FRXOG�QRW�EH�
GHWHFWHG�VSHFWUDOO\�DQG�KHQFH�DUH�QRW�UHIOHFWHG�
RQ�WKH�ILQDO�PDS��,Q�FDVHV�OLNH�WKHVH��GHVFULS�
WLRQV�ZHUH�LQFRUSRUDWHG�LQWR�RQH�RI�WKH�ODUJHU�
FODVVHV� OLNH�6HDVRQDOO\�)ORRGHG�0L[HG�+LJK�
DQG�/RZ�)RUHVW�DQG�6HDVRQDOO\�)ORRGHG�DQG�
6ZDPS\�6DYDQQDK�IRU�WKHVH�WZR�GHVFULSWLRQV��
UHVSHFWLYHO\��6LPLODUO\��WKH�,WH��0DXULWLD�VSS���
VZDPS�DUHDV�FRXOG�QRW�EH�GLVFULPLQDWHG�IURP�
6HDVRQDOO\� )ORRGHG� DQG� 6ZDPS\� 6DYDQQDK�
DUHDV��%XW�KXQWHUV¶�LGHQWLILFDWLRQ�RI�WKHVH�YHJ�
HWDWLRQ�W\SHV�DQG�WKH�VXEWOH�GLIIHUHQFHV�EHWZHHQ�
WKHP�GHPRQVWUDWHG�WKHLU�DWWHQWLRQ�WR�GHWDLO�LQ�
WKHLU�ODQGVFDSH��HYLGHQWO\�LGHQWLI\LQJ�WUDQVLWLRQ�
]RQHV�W\SLFDO�RI�WURSLFDO�IRUHVWV�WKDW�DUH�GLIILFXOW�
WR�PDS��3RZHOO�HW�DO����������7KH�GLIILFXOWLHV�LQ�
PDSSLQJ�WKHVH�FODVVHV�PD\�EH�GXH�WR�OLPLWDWLRQV�
LQ�WKH�UHPRWHO\�VHQVHG�GDWD�DQG�VHDVRQDO�GLI�
IHUHQFH�DVVRFLDWHG�ZLWK�GDWD�FROOHFWLRQ�SHULRGV��

7DEOH����(UURU�PDWUL[�IRU�WKH�KDUG�YHJHWDWLRQ�FODVVLILFDWLRQ�
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)URP�WKH�LPDJHU\�SHUVSHFWLYH��WKH�FODVVLILFDWLRQ�
SURFHVV�DOORZV�IRU�VLPLODU�VSHFWUDO�UHJLRQV�WR�EH�
JURXSHG�LQWR�FODVVHV��&DPSEHOO��������/LOOHVDQG�
HW�DO���������DQG�LQ�WKHRU\�HDFK�REMHFW�RQ�WKH�
HDUWK�VXUIDFH�KDV�D�XQLTXH�DQG�FKDUDFWHULVWLF�
ZD\�LQ�ZKLFK�LW�LQWHUDFWV�ZLWK�HOHFWURPDJQHWLF�
UDGLDWLRQ��0DWKHU���������7KHVH�FKDUDFWHULVWLF�
LQWHUDFWLRQV�DUH�ZKDW�DOORZ�IRU�WKH�GLVFULPLQD�
WLRQ�RI�RQH�REMHFW�IURP�DQRWKHU��,Q�SUDFWLFH�WKLV�
WKHRU\�ZRUNV�ZHOO� IRU�GLVFULPLQDWLQJ�REMHFWV�
ZLWK�PDUNHG�GLIIHUHQFHV�LQ�SK\VLFDO�SURSHUWLHV�
VXFK�DV�YHJHWDWLRQ�DQG�ZDWHU��&DPSEHOO���������
EXW�OHVV�VR�IRU�VLPLODU�REMHFWV�VXFK�DV�YHJHWDWLRQ�
W\SHV��&RFKUDQH���������DV�DOO�YHJHWDWLRQ�KDV�
VLPLODU�VSHFWUDO�UHVSRQVHV�

&KDQJHV� LQ� WKH�5XSXQXQL� ODQGVFDSH�EH�
WZHHQ������������ZKHQ�LPDJHU\�ZHUH�REWDLQHG��
DQG�������ZKHQ�YHJHWDWLRQ�ZDV�GHVFULEHG��ZHUH�
OLPLWHG� �SHUVRQDO� REVHUYDWLRQ�� EXW� VHDVRQDO�
FKDQJHV�XQGRXEWHGO\�LPSDFWHG�YHJHWDWLRQ�GH�
VFULSWLRQV��'HVSLWH�IRUPDO�UHFRUGV�RI�ZHDWKHU�
FRQGLWLRQV�EHLQJ�DEVHQW�IRU�WKH�VWXG\�DUHD��LW�
LV� OLNHO\� WKDW�ZHDWKHU�SDWWHUQV�ZHUH�GLIIHUHQW�

EHWZHHQ�WKH�WLPH�RI�LPDJHU\�DFTXLVLWLRQ�DQG�
YHJHWDWLRQ�GHVFULSWLRQV��9HJHWDWLRQ�GHVFULSWLRQV�
RFFXUUHG� RYHU� D� JURZLQJ� VHDVRQ�� EHJLQQLQJ�
DW�WKH�HQG�RI�WKH�UDLQ\�VHDVRQ��-XO\��$XJXVW��
WRZDUGV�WKH�EHJLQQLQJ�RI�WKH�VKRUW�UDLQ\�VHD�
VRQ� DQG� LGHDOO\� IRU� YHJHWDWLRQ� FODVVLILFDWLRQ�
LPDJH�DFTXLVLWLRQ�DQG�WUDLQLQJ�GDWD�FROOHFWLRQ�
VKRXOG�RFFXU�DW�WKH�VDPH�WLPH��-HQVHQ���������
7KHUHIRUH��GHVSLWH�WKH�YDOXH�RI�WHUPV�VXFK�DV�
KLJK�EXVK��ORZ�EXVK��VDYDQQDK�DQG�WKH�UHODWHG�
DGMHFWLYHV� VXFK� DV�PRXQWDLQ�� IORRGHG�� EXUQW��
ORZODQG�� VZDPS\�� DQG� XSODQG�� WKH�PDS�ZDV�
OLPLWHG�LQ�WHUPV�RI�WKH�OHYHO�RI�GHWDLO�LW�FRXOG�
SRUWUD\��%XW��WKH�KXQWHUV¶�GHVFULSWLRQV�SURYLGHG�
LQVLJKWV� LQWR� WKH� FRQGLWLRQ� RI� YHJHWDWLRQ� DV�
ZHOO� DV� D� PDUNHG� PHWKRGRORJLFDO� GHSDUWXUH�
IURP�:HVWHUQ�H[SHUW�SURGXFHG�PDSV�ZLWK�³OD\�
SHRSOH´�SURYLGLQJ�GDWD�IRU�FODVVLILFDWLRQ�WUDLQLQJ�
DQG�DVVHVVPHQW��+XQWHUV¶�FRQQHFWLRQ� WR� WKHLU�
ODQGVFDSH� DQG� WKH� SURFHVV� FDUWRJUDSK\� LGHD�
DOOXGHG� WR� E\�+DUOH\� ������� DQG�5XQGVWURP�
������� ZHUH� UHIOHFWHG� LQ� WKHLU� GHVFULSWLRQV��
7KLV�ZRUN�VXJJHVWV�WKDW�LQFOXGLQJ�,QGLJHQRXV�

7DEOH����(UURU�0DWUL[�VKRZLQJ�WKH�SHUFHQWDJHV��OHQJWK��RI�WUDQVHFWV�FRUUHFWO\�FODVVLILHG�RQ�WKH�
ILQDO�PDS��WKH�YDOXHV�LQ�HDFK�URZ�DUH�VFDOHG�E\�WKH�UHIHUHQFH�GDWD�WRWDO��
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SHRSOHV�LQ�VFLHQWLILF�UHVHDUFK�FRXOG�EH�FULWLFDO� LQ� UHVRXUFH� PDQDJHPHQW� LQLWLDWLYHV�� DQG� LQ�

)LJXUH����7KH�YHJHWDWLRQ�PDS�RI�WKH�5XSXQXQL�SURGXFHG�XVLQJ�GHVFULSWLRQV�IURP�0DNXVKL�DQG�
:DSLVKLDQD�$PHULQGLDQ�KXQWHUV� UHODWLYH� WR�$PHULQGLDQ�KRPHODQGV�DQG� WKH�ZLGHU�5XSXQXQL�
ODQGVFDSH
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SDUWLFXODU�WKH�PDS�PDNLQJ�SURFHVV�
7KH�IDFW�WKDW�RQO\�HOHYHQ�EURDG�YHJHWDWLRQ�

FODVVHV�ZHUH�PDSSHG�PXVW�DOVR�EH�YLHZHG�LQ�
OLJKW�RI�WKH�FKDOOHQJHV�DVVRFLDWHG�ZLWK�PDSSLQJ�
D� WURSLFDO� IRUHVW�ZKHUH�PXOWLSOH�GDWD�VRXUFHV�
H[LVWHG��7KH�LQLWLDO�OLVW�RI�YHJHWDWLRQ�GHVFULSWLRQV�
FRXOG�KDYH�EHHQ�UHLQIRUFHG�WKURXJK�D�PHFKD�
QLVP�IRU�KXQWHUV�WR�VKDUH�QRWHV�RQ�YHJHWDWLRQ�
GHVFULSWLRQV�DW�WKHLU�UHVSHFWLYH�VWXG\�VLWHV�DQG�
WKDW� LV� DQ� DUHD� WKDW� IXWXUH� VWXGLHV� FRXOG� DG�
GUHVV��)XUWKHU��WKH�YHJHWDWLRQ�GHVFULSWLRQV�ZHUH�
FRPSLOHG� IURP� WZHQW\�HLJKW� VWXG\� VLWHV�ZLWK�
SRWHQWLDOO\�GLIIHUHQW�ORFDO�VFDOH�SHFXOLDULWLHV�LQ�
YHJHWDWLRQ�DQG�WRSRJUDSK\��EXW�DOVR�FROOHFWHG�E\�
QR�OHVV�WKDQ�WZHQW\�HLJKW�GLIIHUHQW�VHWV�RI�KXQW�
HUV��7KH�FKDQFHV�IRU�DPELJXLWLHV�DQG�XQFHUWDLQ�
WLHV��/RQJOH\�HW�DO���������LQ�WKH�GDWD�VHW�ZHUH�
KLJK��DQG�LQGHHG�HYLGHQW��7KH�ILQDO�PDS�FODVVHV�
WKHUHIRUH�UHIOHFW�D�FRPSURPLVH�EHWZHHQ�KXQWHUV¶�
YHJHWDWLRQ�GHVFULSWLRQV�DQG�D�FKDQFH�WR�DOORZ�
WKHVH�FODVVHV� WR� UHFHLYH�XQLYHUVDO�DFFHSWDQFH�
LQ�PDS�PDNLQJ�LQ�*X\DQD�DQG�WKH�1HRWURSLFV�
ZKHUH�PDS�FODVVHV�PD\�KDYH�LPSOLFDWLRQV�IRU�
,QGLJHQRXV�SHRSOHV�VXFK�DV�LQ�5(''��059�
DFWLYLWLHV��7KLV�DQDO\VLV�KDV�VKRZQ�WKDW�KXQWHUV¶�
YHJHWDWLRQ�GHVFULSWLRQV�ZHUH�XVHIXO��DQG�WKDW�
KXQWHUV��DQG�E\�H[WHQVLRQ�,QGLJHQRXV�SHRSOHV�
DQG�WKHLU�ORFDO�OHYHO�H[SHUWLVH�DV�QRWHG�E\�RWK�
HUV�VXFK�DV�5RVV�HW�DO����������RIIHUV�D�YLDEOH�
DOWHUQDWLYH� IRU� LQFOXVLRQ� LQ� QDWXUDO� UHVRXUFH�
PDQDJHPHQW�LQLWLDWLYHV��HVSHFLDOO\�WKRVH�LQLWL�
DWHG�LQ�D�WRS�GRZQ�PDQQHU�

(YHQ� WKRXJK� WKH�YHJHWDWLRQ�GHVFULSWLRQV�
ZHUH�QRW�GHYHORSHG�IURP�IRUHVW�LQYHQWRULHV�DQG�
HPSLULFDO�PHDVXUHV�RI�ELRSK\VLFDO�HQYLURQPHQ�
WDO�DWWULEXWHV��WKH\�UHIOHFWHG�ERWK�RI�WKHVH�TXDOL�
WLHV�WKDW�DUH�FULWLFDO�WR�XQGHUVWDQGLQJ�YHJHWDWLRQ�
FODVVLILFDWLRQ�DQG�VSDWLDO�GLVWULEXWLRQ��.HHOHU�
:ROI���������+XQWHUV¶�YHJHWDWLRQ�GHVFULSWLRQV�
UHIOHFWHG�WKH�EDUULHUV�WR�WKHLU�PRYHPHQWV�ZLWKLQ�
WKHLU�ODQGVFDSH��LQ�SDUWLFXODU�HOHYDWLRQ��7DEOH�����
DQG�WKH�LPSDFW�WKHVH�KDYH�RQ�WKHLU�PRELOLW\�IRU�
KXQWLQJ�DQG�JDWKHULQJ��5HDG�HW�DO����������7KHVH�
ELRSK\VLFDO�IDFWRUV�DUH�LPSRUWDQW�IRU�UHVRXUFH�
PDQDJHPHQW�DV�ZHOO��DV�WKH\�PD\�LQGLFDWH�DUHDV�
ZKHUH�UHVRXUFHV�PD\�EH�YXOQHUDEOH�WR�H[SORL�
WDWLRQ��)XUWKHU�� IURP�D�UHVRXUFH�PDQDJHPHQW�
SHUVSHFWLYH��WKH�YHJHWDWLRQ�GHVFULSWLRQV�IURP�

KXQWHUV� DOVR� LQGLFDWHG� ZKHUH� VZLGGHQ� DJUL�
FXOWXUH�DQG�JDWKHULQJ�RFFXUV��DQG�WKHVH�DUHDV�
DSSHDU�WR�EH�VLPLODU�LQ�SK\VLFDO�HQYLURQPHQWDO�
FKDUDFWHULVWLFV� DV� RWKHU� 1HRWURSLFDO� VHWWLQJV�
�+XEHU�	�=HQW��������DQG�PD\�EH�XVHIXO�IRU�
JDXJLQJ�IXWXUH�UHVRXUFH�PDQDJHPHQW�FRQIOLFWV�

7KH� FRQYHQWLRQDO� DFFXUDF\� RI� WKH� YHJ�
HWDWLRQ�FODVVLILFDWLRQ�ZDV�EHORZ�WKRVH�UHFRP�
PHQGHG�LQ�WKH�OLWHUDWXUH��$QGHUVRQ�HW�DO���������
&RQJDOWRQ�	�*UHHQ���������EXW�DFFXUDFLHV�DW�
WKLV�OHYHO�DUH�QRW�XQFRPPRQ�LQ�WURSLFDO�IRUHVW�
VHWWLQJV��3RZHOO�HW�DO����������7KLV�PXVW�DOVR�
EH� WDNHQ� LQ� SHUVSHFWLYH�� LQ� WKDW� RQH�PD\� EH�
KDUG� SUHVVHG� WR� REWDLQ� UHSRUWV� RQ� DFFXUDFLHV�
RQ�WKH�:HVWHUQ�H[SHUW�PDSV��)DQVKDZH��������
+XEHU�HW�DO���������WHU�6WHHJH��������SURGXFHG�
IRU�*X\DQD��LQFOXGLQJ�WKH�VWXG\�DUHD��1HYHU�
WKHOHVV�� IXWXUH� VWXGLHV�� DQG� HVSHFLDOO\� WKRVH�
VHHNLQJ�WR�LQFRUSRUDWH�,QGLJHQRXV�SHRSOHV�LQ�
WKH�PDS�PDNLQJ�SURFHVV�VKRXOG�FRQVLGHU�VRIWHU�
DSSURDFKHV�WR�DFFXUDF\�DVVHVVPHQW��LQFOXGLQJ�
WKH� PXOWLSOH� UHVROXWLRQ� PHWKRG� �3RQWLXV� 	�
&KHXN��������DQG�IX]]\�VHW�DSSURDFKHV��/HZLV�
	�%URZQ��������*RSDO�	�:RRGFRFN���������
6RIWHU�FODVVLILFDWLRQ�DSSURDFKHV�PD\�DOORZ�IRU�
XQFHUWDLQWLHV�LQ�WUDLQLQJ�GDWD�FROOHFWLRQ�WR�EH�
LQFOXGHG�DV�IDFWRUV�LQ�DFFXUDF\�DVVHVVPHQW�

,Q� WKH� ILQDO� DQDO\VLV�� WKH� PDS� DSSHDUHG�
WR�KDYH�VDWLVIDFWRULO\�FDSWXUHG�WKH�YDULDELOLW\�
SUHVHQW� LQ� WKH�VWXG\�DUHD�EDVHG�RQ�WKH�YLHZV�
RI�KXQWHUV¶�YHJHWDWLRQ�GHVFULSWLRQV��7KH�ILQDO�
PDS�ZDV�D�FOHDU�GHSDUWXUH�IURP�:HVWHUQ�H[SHUW�
PDSV�ZKHUH�PXFK�PRUH�HPSKDVLV�LV�SODFHG�RQ�
YHJHWDWLRQ�IRUPV�DQG�GRPLQDQW�SODQW�VSHFLHV��
2XU�PDS�PDGH� UHIHUHQFH� WR� VHDVRQDOLW\� DQG�
HOHYDWLRQ�DQG�UHIOHFWV�KRZ�WKHVH�IDFWRUV�PD\�LP�
SDFW�KXQWHUV�PRYHPHQW�ZLWKLQ�WKHLU�ODQGVFDSH��
$V�IDU�DV�ZH�NQRZ��QR�SUHYLRXV�HIIRUW�KDV�VHW�
RXW�WR�XVH�,QGLJHQRXV�SHRSOHV¶�GHVFULSWLRQV�RI�
YHJHWDWLRQ�WR�FODVVLI\�UHPRWHO\�VHQVHG�GDWD��HYHQ�
WKRXJK�RWKHU�:HVWHUQHUV�KDYH�XVHG�,QGLJHQRXV�
NQRZOHGJH�WR�FUHDWH�*,6�PDSV��7KLV�LV�D�FOHDU�
GHSDUWXUH�IURP�WKH�OLWHUDWXUH��DQG�HVSHFLDOO\�LQ�
WKH�HUD�ZKHUH�WKH�YDOXH�RI�YHJHWDWLRQ��LQ�SDU�
WLFXODU�WKRVH�RI�WURSLFDO�DUHDV�ZLWK�KLJK�FDUERQ�
VWRUDJH�SRWHQWLDO��LV�EHLQJ�HOHYDWHG��WKH�XVH�RI�
,QGLJHQRXV�SHRSOHV¶�FODVVLILFDWLRQ�RI�YHJHWDWLRQ�
SURYLGHV�WKH�RSSRUWXQLW\�IRU�UHFRQFLOLQJ�WUDGL�
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WLRQDO�NQRZOHGJH�DQG�YLHZV�RI�WKHLU�ODQGVFDSH�
ZLWK�WKH�:HVWHUQ��SRVLWLYLVW��VFLHQFH�YLHZ��,Q�
WKLV�UHJDUG��,QGLJHQRXV�SHRSOH�DQG�WKH�VWDWHV�
ZLWKLQ�ZKLFK�WKH\�OLYH�PD\�DUULYH�DW�FRQVHQVXV�
SRVLWLRQV�WR�HQVXUH�WKH\�DUH�UHZDUGHG�IRU�WKH�
VWHZDUGVKLS�RI�WKHLU�IRUHVWV�
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,QGLJHQRXV�KXQWHUV¶�GHVFULSWLRQV�RI�YHJHWDWLRQ�
SURYLGHG�D�GLIIHUHQW�SHUVSHFWLYH�IURP�WKRVH�RI�
ZHVWHUQ�VFLHQWLVWV�VXFK�DV�)DQVKDZH���������+X�
EHU�HW�DO���������DQG�WHU�6WHHJH���������7KLV�VWXG\�
FRQILUPHG�YLHZV�RI�RWKHU�VFKRODUV��VXJJHVWLQJ�
WKDW�,QGLJHQRXV�KXQWHUV�FDQ�EH�DEOH�FROODERUDWRUV�
LQ�VFLHQWLILF�UHVHDUFK��H�J��/X]DU�HW�DO����������
7KH�QRUP�LQ�YHJHWDWLRQ�FRYHU�DQDO\VLV� LV� IRU�
:HVWHUQ�H[SHUWV�WR�FODVVLI\�YHJHWDWLRQ��.HHOHU�
:ROI���������DQG�WKHQ�FRPSOHWH�D�FODVVLILFDWLRQ�
DQG�DFFXUDF\�DVVHVVPHQW��H�J��6WHKPDQ���������
2WKHU�DSSURDFKHV�XWLOL]H�,QGLJHQRXV�SHRSOH�DQG�
ORFDO�JURXSV�LQ�HYHU\�VWHS�RI�WKH�PDS�PDNLQJ�
SURFHVV��&LQGHUE\��������+HUOLK\��������+DUULV�
HW�DO����������:H�SRVLW�WKDW�D�K\EULG�DSSURDFK�LV�
SRVVLEOH�DQG�YLDEOH�LQ�VHWWLQJV�ZKHUH�WKH�UROH�
RI�,QGLJHQRXV�SHRSOHV�LQ�UHVRXUFH�PDQDJHPHQW�
LV� FULWLFDO�� ,QGLJHQRXV� SHRSOHV� KDYH� VWURQJ�
UHODWLRQVKLSV� WR� WKHLU� HQYLURQPHQW� DQG�PDSV�
SURGXFHG�E\�³RIILFLDO´�VRXUFHV�FRXOG�WKUHDWHQ�
WKHVH�DVVRFLDWLRQV�DQG�WKHLU�LQIOXHQFH�LQ�PDQDJH�
PHQW��:KHUH�,QGLJHQRXV�SHRSOHV�ZDQW�WR�UHO\�
RQ�PDSV� WR�XQGHUVWDQG�KRZ�FKDQJHV� LQ� WKHLU�
ODQGVFDSH�PD\� DIIHFW� WKHLU� OLYHOLKRRGV�� VXFK�
GLIIHUHQFHV� LQ� RSLQLRQ� RYHU� WKH� FRPSRVLWLRQ�
RI�PDS�FODVVHV��3HDUFH�	�/RXLV��������FRXOG�
EH�LPSRUWDQW�LQ�VKDSLQJ�KRZ�WKH\�XQGHUVWDQG�
GDWD�SUHVHQWHG�WR�WKHP��7KH�PDS�SURGXFHG�LQ�
WKLV�ZRUN��)LJXUH����SURYLGHV�DQ�DOWHUQDWLYH�WR�
WKH�WUDGLWLRQDO�:HVWHUQ�YLHZ��VLPLODU�WR�WKRVH�
SURGXFHG�E\�5REELQV��������DQG�6LPPV���������
DQG� UHSUHVHQWV� D�PDUNHG� GHSDUWXUH� IURP� WKH�
:HVWHUQ� H[SHUW� GULYHQ� PDS�PDNLQJ� SURFHVV�
ZKHUH�YLHZV�RI�VWDWH�H[SHUWV�RU�VFLHQWLVWV�DUH�
LPSRVHG�RQ�WKH�ODQGVFDSH��&KDSLQ�	�7KUHONHOG��
�������:H� KRSH� WKH�PDS�ZLOO� EH� MXGJHG� IRU�
PRUH� WKDQ� DFFXUDF\²WKRXJK� JUDQWHG� WKDW� LV�
FULWLFDO²EXW�DOVR�IRU�IRVWHULQJ�WKH�FRQYHUVDWLRQ�

RQ�PDS�PDNLQJ�LQ�*X\DQD��DQG�WKH�ZLGHU�1HR�
WURSLFV��ZLWK�WKH�LQWHQWLRQ�RI�KDYLQJ�,QGLJHQRXV�
SHRSOHV� PRUH� DFWLYHO\� LQFOXGHG� LQ� UHVRXUFH�
PDQDJHPHQW�GHFLVLRQ�PDNLQJ�SURFHVVHV��7KLV�
SDSHU� GHPRQVWUDWHV� WKDW� ,QGLJHQRXV� SHRSOHV�
KDYH�D�UROH�WR�SOD\�LQ�DUHDV�RQFH�GRPLQDWHG�E\�
:HVWHUQ� H[SHUWV�� WKHUHE\� SUHVHQWLQJ� QDWLRQDO�
DQG�ORFDO�OHYHO�UHVRXUFH�PDQDJHUV�ZLWK�RSWLRQV�
IRU�XQGHUVWDQGLQJ�ODQGVFDSHV�WR�EH�XVHG�LQ�DG�
GUHVVLQJ�FULWLFDO�TXHVWLRQV�RQ�ODQG�FRYHU�FKDQJH�
DQG�FKDQJHV�LQ�ODQGVFDSH�FRQILJXUDWLRQV��6XFK�
D�PDS�PD\�EH�XVHG�DW�PXOWLSOH�OHYHOV��IURP�WKH�
PDQDJHPHQW�RI�LQGLYLGXDO�FODVVHV�RI�UHVRXUFHV�
VXFK�DV�PXOWLSOH�XVH�SODQW�VSHFLHV�UHODWLYH�WR�
$PHULQGLDQ�ODQGV�DQG�WKHLU�VXUURXQGLQJ�ODQG�
VFDSHV��VHH�)LJXUH�����WR�EURDGHU�DVVHVVPHQWV�
RI�ULVNV�WR�HFRV\VWHPV��LQ�DQ�HUD�GRPLQDWHG�E\�
5(''��DQG�RWKHU�VXFK�LQLWLDWLYHV�

$&.12:/('*0(17

7KLV�SDSHU�UHSUHVHQWV�KRXUV�RI�GHGLFDWHG�ZRUN�
DQG� VHUYLFH� IURP� WKH� KXQWHUV� DW� WKH� YDULRXV�
VWXG\�VLWHV��:H�DFNQRZOHGJH�DQG�WKDQN��$GULDQ�
7KRPSVRQ��$UFKLH� -RKQVRQ��'HQQLV�0LJXHO��
2VZDOG� %HOODUDPLH�� (XVWDFH� 0DUWLQ�� $OYLQ�
:LQWHU�� 'HUULFN� :LQWHU�� &DPSEHOO� -DPHV��
%HQHGLFW� -RVHSK�� 7KDGGHXV� -RVHSK�� 2]LDV�
-DPHV�� 2UYLOOH�0LOWRQ�� .HDU\� 'XQFDQ�� -RKQ�
'XQFDQ��-RKQ�/R\ROD��+DQGOH\�7KRPDV��5DP�
+HQU\�� $OSKDHXV� 7KRPDV�� %UXFHOHH� +HQU\��
6HOYHULR� (GZDUGV�� 3HUVDXG� 0RVHV�� *LOEHUW�
'RPLQJR��8UELH�)UDQFLV��)RQVR�)UDQFLV��-HVVLH�
'RPLQJR��+LODULRQ�(UQHVW��5LFKDUGVRQ�,VDDFV��
5RGQH\� &KDUOLH�� (XJHQH� &KDUOLH�� 5DQGROSK�
%URZQ��'DYLV�%URZQ��&DPHURQ�$QWRQ�� -RKQ�
%HQMDPLQ��&OLYH�(ZHOO��.HYLQ�(GZDUGV��7HU�
UHQFH�%HQMDPL��&\ULO� -RQDV��+LWOHU�%HQHGLFW��
-RH�)UHGHULFNV��$QGUHZ�0DQGRRN��0U��0DU�
WLQ��%HUQDUG�0DQDND��0LULFKL�0DQDND��$DURQ�
0DUWLQ��%LOO\�0DUWLQ��(OL�0DUWLQ��-DPHV�3DEOR��
$OSKRQVR�)UDQFLV��1HGZDUG�)UDQFLV��0DUFHOOXV��
/HVOLH��)HOL[��1LFKRODV�0DQGRRN��$OODQ�3DWULFN��
(ZHOO�3DXO��*RPDU�+RQRULR��:\FOLIIH�$OYLQ��
$QWKRQ\� $OYLQ�� 6WDQOH\� /D&UX]�� 5D\PRQG�
$QWRQH�� &RUQHOLXV� )UDQFLV��$GULDQ� -RKQVRQ��
*UHJRU\� 7KRPDV�� )UDQNOLQ� /DOO\�� .LE�0DUN�
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5XILQR��9LEHUW�*HRUJH��(GJDU�&DLWDQ��-RKQQ\��
0LFKDHO�-DFREV��:LOOLDP�3HUHLUD��3KLOLS�/DOO\��
5HJLQDOG�3HGUR��5LFNIRUG�/DZ��$DURQ�3HUHLUD��
&DUO� 6W��+LOO��&DUOVRQ� 6W��+LOO��&RUQHOLXV� 6W��
+LOO��'RQDOG�$QGULHV��-DFNVRQ�-RHO��$OH[LV�1D�
JDULQH��'DQIRUG�0RVHV��0DUFXV�0RVHV��0DUWLQ�
6W��+LOO��'HVPRQG�6W��+LOO��%DVLO�'RXJODV��:H�
DUH�JUDWHIXO�WR�WKH�SHRSOH�RI�WKH�5XSXQXQL��LQ�
SDUWLFXODU�WKH�OHDGHUVKLS�RI�WKH�1RUWK�5XSXQXQL�
'LVWULFW�'HYHORSPHQW�%RDUG��15''%���%LQD�
+LOO� ,QVWLWXWH� DQG� WKH� 6RXWK� &HQWUDO� 3HRSOHV�
'HYHORSPHQW�$VVRFLDWLRQ��6&3'$���$W�3URMHFW�
)DXQD�WKH�ODWH�'U��.\H�3KLSSV�ZDV�LQVWUXPHQWDO�
LQ�FODULI\LQJ�YHJHWDWLRQ�GHVFULSWLRQV�ZKLOH�WKH�
RWKHU�PHPEHUV�RI�WKH�WHDP��LQFOXGLQJ�'U��+DQ�
2YHUPDQ��'U��-HII�/X]DU�DQG�0V��.HWOHQ�:LO�
OLDPV�� VXSSRUWHG�GDWD� FROOHFWLRQ� DQG� HGLWLQJ��
7KH�*X\DQD�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
�(3$�� LQ� FRQMXQFWLRQ� ZLWK� WKH� 0LQLVWU\� RI�
$PHULQGLDQ�$IIDLUV�JUDQWHG�SHUPLVVLRQ�IRU�WKLV�
UHVHDUFK��7KH�*X\DQD�/DQGV�DQG�6XUYH\V�&RP�
PLVVLRQ�NLQGO\�SURYLGHG�EDVH�PDSV�DQG�PDSV�
RI�$PHULQGLDQ�FRPPXQLWLHV��)XQGLQJ�IRU�WKLV�
SURMHFW�ZDV�PDGH�SRVVLEOH�E\�WKH�86�1DWLRQDO�
6FLHQFH�)RXQGDWLRQ�%(�&1+�*UDQW���������

5()(5(1&(6

$JUDZDO�� $�� �������� 'LVPDQWOLQJ� WKH� GLYLGH�
EHWZHHQ� ,QGLJHQRXV� DQG� VFLHQWLILF� NQRZOHGJH��
'HYHORSPHQW� DQG� &KDQJH�� ������� ���±�����
GRL���������M����������������WE������[

$O�.RGPDQ\��.����������%ULGJLQJ�WKH�JDS�EHWZHHQ�
WHFKQLFDO�DQG�ORFDO�NQRZOHGJH��7RROV�IRU�SURPRWLQJ�
FRPPXQLW\�EDVHG�SODQQLQJ�DQG�GHVLJQ��-RXUQDO�RI�$U�
FKLWHFWXUDO�DQG�3ODQQLQJ�5HVHDUFK������������±����

$PHULQGLDQ�$FW�RI�������������/DZV�RI�*X\DQD�����

$QGHUVRQ��-��5���+DUG\��(��(���5RDFK��-��7���	�:LWPHU��
5��(����������$�ODQG�XVH� ODQG�FRYHU�FODVVLILFDWLRQ�
V\VWHP�IRU�XVH�ZLWK�UHPRWH�VHQVRU�GDWD��:DVKLQJWRQ��
'&��8QLWHG�6WDWHV�*HRORJLFDO�6XUYH\�

&DPSEHOO��-��%����������,QWURGXFWLRQ�WR�UHPRWH�VHQVLQJ�
��UG�HG����1HZ�<RUN��7D\ORU�DQG�)UDQFLV�

&KDSLQ�� 0��� /DPE�� =��� 	� 7KUHONHOG�� %�� ��������
0DSSLQJ�LQGLJHQRXV�ODQGV��$QQXDO�5HYLHZ�RI�$Q�
WKURSRORJ\��������� ���±�����GRL���������DQQXUHY�
DQWKUR�����������������

&KDSLQ�� 0��� 	� 7KUHONHOG�� %�� �������� ,QGLJHQRXV�
ODQGVFDSHV��$�VWXG\�LQ�HWKQRFDUWRJUDSK\��$UOLQJWRQ��
9$��&HQWHU�IRU�WKH�6XSSRUW�RI�1DWLYH�/DQGV�

&KDYH]��3��6����������,PDJH�EDVHG�DWPRVSKHULF�FRU�
UHFWLRQV�±�5HYLVLWHG�DQG�LPSURYHG��3KRWRJUDPPHWULF�
(QJLQHHULQJ�DQG�5HPRWH�6HQVLQJ�������������±�����

&LQGHUE\�� 6�� �������� *HRJUDSKLF� LQIRUPDWLRQ�
V\VWHPV��*,6��IRU�SDUWLFLSDWLRQ��7KH�IXWXUH�RI�HQYL�
URQPHQWDO�*,6"�,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQ�
PHQW�DQG�3ROOXWLRQ������������±�����GRL���������
,-(3������������

&ODUNH��+��'���)XQN��9��$���	�+ROORZHOO��7����������
3ODQW� GLYHUVLW\� RI� WKH� ,ZRNUDPD� )RUHVW�� *X\DQD��
%RWDQLFDO�5HVHDUFK�,QVWLWXWH�RI�7H[DV�

&RFKUDQH�� 0�� $�� �������� 8VLQJ� YHJHWDWLRQ�
UHIOHFWDQFH� YDULDELOLW\� IRU� VSHFLHV� OHYHO� FODV�
VLILFDWLRQ� RI� K\SHUVSHFWUDO� GDWD�� ,QWHUQDWLRQDO�
-RXUQDO� RI� 5HPRWH� 6HQVLQJ�� �������� ����±������
GRL��������������������������

&ROFKHVWHU��0�� ��������*X\DQD�� )UDJLOH� IURQWLHU��
:RUOG�5DLQIRUHVW�0RYHPHQW�

&RPPXQLWLHV�RI� WKH�1RUWK�5XSXQXQL�� ��������%\�
/DZV� IRU� WKH� 0DQDJHPHQW� RI� 1DWXUDO� 5HVRXUFHV�
E\�WKH�&RPPXQLWLHV�RI�WKH�1RUWK�5XSXQXQL��)LQDO�
5HSRUW�IURP�*RYHUQPHQW�RI�*X\DQD�8QLWHG�1DWLRQV�
'HYHORSPHQW�3URJUDPPH�6XE�3URMHFW��3URPRWLQJ�
&RPPXQLW\� 3DUWLFLSDWLRQ� LQ� WKH� 0DQDJHPHQW� RI�
1DWXUDO�5HVRXUFHV�DQG�(QYLURQPHQW��*HRUJHWRZQ��
*X\DQD��0LQLVWU\�RI�$PHULQGLDQ�$IIDLUV�

&RQJDOWRQ��5��*���	�*UHHQ��.�� ��������$VVHVVLQJ�
WKH� DFFXUDF\� RI� UHPRWHO\� VHQVHG� GDWD�� SULQFLSOHV�
DQG�SUDFWLFHV��&5&�3UHVV�

&RUEHUD�� (��� 	� 6FKURHGHU�� +�� �������� *RYHUQ�
LQJ� DQG� LPSOHPHQWLQJ� 5(''��� (QYLURQPHQWDO�
6FLHQFH� 	� 3ROLF\�� ������� ��±���� GRL���������M�
HQYVFL������������

&XPPLQJV�� $�� �������� 6XVWDLQDEOH� XWLOL]DWLRQ� RI�
FUDEZRRG� �&DUDSD� JXLDQHQVLV�� DV� D� QRQ�WLPEHU�
IRUHVW�SURGXFW�LQ�WKH�SURSRVHG�6KHOO�%HDFK�3URWHFWHG�
$UHD�WKURXJK�WKH�GHYHORSPHQW�RI�D�FRPPXQLW\�EDVHG�
PDQDJHPHQW� V\VWHP� SURMHFW�� )LQDO� 5HSRUW� IURP�
,QWHUQDWLRQDO�8QLRQ�IRU�WKH�&RQVHUYDWLRQ�RI�1DWXUH�
�,8&1���*HRUJHWRZQ��*X\DQD��7URSLFDO�5DLQIRUHVW�
3URJUDPPH�DQG�*X\DQD�0DULQH�7XUWOH�&RQVHUYDWLRQ�
6RFLHW\�3URMHFW�

'DYLG��%���,VDDFV��3���-RKQQ\��$���-RKQVRQ��/���3XJVOH\��
0���5DPDFLQGR��&���«�:LQWHU��<����������:D�:LL]L�±�
:D�.DGX]X��&XVWRPDU\�XVH�RI�ELRORJLFDO�UHVRXUFHV�
DQG� UHODWHG� WUDGLWLRQDO� SUDFWLFHV�ZLWKLQ�:DSLFKDQ�
WHUULWRU\�LQ�*X\DQD��)RUHVW�3HRSOHV�3URJUDPPH�
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GH�*UDQYLOOH��-����������3K\WRJHRJUDSKLFDO�FKDUDFWHU�
LVWLFV�RI�WKH�*XLDQDQ�IRUHVWV��7D[RQ������������±�����
GRL����������������

(GHQ��0��-����������7KH�VDYDQQD�HFRV\VWHP�RI�QRUWK�
HUQ�5XSXQXQL��%ULWLVK�*XLDQD��0F*LOO�8QLYHUVLW\�

(GHQ��0��-����������7KH�VDYDQQD�HQYLURQPHQW��*X\�
DQD�����6RPH�DVSHFWV�RI�ZHDWKHULQJ�DQG�ODQGIRUPV��
����6DYDQQD�YHJHWDWLRQ�LQ�WKH�QRUWKHUQ�5XSXQXQL��
0F*LOO�8QLYHUVLW\�

(OZRRG��6����������&ULWLFDO�LVVXHV�LQ�SDUWLFLSDWRU\�
*,6�� 'HFRQVWUXFWLRQV�� UHFRQVWUXFWLRQV�� DQG� QHZ�
UHVHDUFK� GLUHFWLRQV�� 7UDQVDFWLRQV� LQ� *,6�� �������
���±�����GRL���������M����������������������[

)DQVKDZH��'��%����������7KH�YHJHWDWLRQ�RI�%ULWLVK�
*X\DQD��$�SUHOLPLQDU\�UHYLHZ��2[IRUG��8.��,PSHULDO�
)RUHVWU\�,QVWLWXWH�

)RUWH�� *�� �������� 6RFLR�HFRQRPLF� VXUYH\V� RI� WKH�
$PHULQGLDQ� &RPPXQLWLHV� $GMDFHQW� WR� WKH� 3UR�
SRVHG�.DQXNX�0RXQWDLQV�3URWHFWHG�$UHDV��5HSRUW�
SUHSDUHG�IRU�&RQVHUYDWLRQ�,QWHUQDWLRQDO��*X\DQD���
*HRUJHWRZQ��*X\DQD�

)RUWH��-����������0DNXVLSH�.RPDQWR�,VHUX��6XVWDLQ�
LQJ�0DNXVKL�ZD\�RI�OLIH��*X\DQD��1RUWK�5XSXQXQL�
'LVWULFW�'HYHORSPHQW�%RDUG�

)UDJRVR��-��0��9���6LOYLXV��.���.XUWHQ��(���/X]DU��-���
2YHUPDQ��+���/HYL��7���«�2OLYHLUD��/����������7KH�
QRW�VR�HPSW\� IRUHVW�� &RQYHQWLRQDO� VXUYH\� PHWK�
RGV� XQGHUHVWLPDWH� $PD]RQLDQ� YHUWHEUDWH� VSHFLHV�
DEXQGDQFH�DQG�ELDV�SROLF\�GHFLVLRQV��8QSXEOLVKHG�
PDQXVFULSW�

)UDQNOLQ�� -�� �������� 0DSSLQJ� VSHFLHV� GLVWULEX�
WLRQV��VSDWLDO�LQIHUHQFH�DQG�SUHGLFWLRQ��&DPEULGJH��
8.�� &DPEULGJH� 8QLYHUVLW\� 3UHVV�� GRL���������
&%2�������������

*DR��%��&����������1':,��$�QRUPDOL]HG�GLIIHUHQFH�
ZDWHU�LQGH[�IRU�UHPRWH�VHQVLQJ�RI�YHJHWDWLRQ�OLTXLG�
ZDWHU�IURP�VSDFH��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW��
����������±�����GRL���������6�������������������
�

*RSDO�� 6��� 	�:RRGFRFN�� &�� �������� 7KHRU\� DQG�
PHWKRGV�IRU�DFFXUDF\�DVVHVVPHQW�RI�WKHPDWLF�PDSV�
XVLQJ�IX]]\�VHWV��3KRWRJUDPPHWULF�(QJLQHHULQJ�DQG�
5HPRWH�6HQVLQJ���������±����

+DUOH\�� -�� %�� �������� 'HFRQVWUXFWLQJ� WKH� PDS��
&DUWRJUDSKLFD�� �������� �±���� GRL���������(����
�����������7��

+DUULV��7���:HLQHU��'���:DUQHU��7���	�/HYLQ��5����������
3XUVXLQJ� VRFLDO� JRDOV� WKURXJK� SDUWLFLSDWRU\� *,6��
5HGUHVVLQJ�6RXWK�$IULFD¶V�KLVWRULFDO�SROLWLFDO�HFRO�
RJ\��,Q�-��3LFNOHV��(G����*URXQG�WUXWK��SS�����±������
1HZ�<RUN��7KH�*XLOIRUG�3UHVV�

+HOOLHU��$���1HZWRQ��$��&���	�*DRQD��6��2����������
8VH�RI�LQGLJHQRXV�NQRZOHGJH�IRU�UDSLGO\�DVVHVVLQJ�
WUHQGV�LQ�ELRGLYHUVLW\��$�FDVH�VWXG\�IURP�&KLDSDV��
0H[LFR�� %LRGLYHUVLW\� DQG� &RQVHUYDWLRQ�� ������
���±�����GRL���������$��������������

+HOPHU��(��+���5DPRV��2���GHO�0DU�/RSH]��7���4XL�
xRQHV��0���	�'LD]��:����������0DSSLQJ�IRUHVW�W\SH�
DQG�ODQG�FRYHU�RI�3XHUWR�5LFR��D�FRPSRQHQW�RI�WKH�
&DULEEHDQ�ELRGLYHUVLW\�KRWVSRW��&DULEEHDQ�-RXUQDO�
RI�6FLHQFH���������±����

+HUOLK\��3��+����������3DUWLFLSDWRU\�UHVHDUFK�PDS�
SLQJ�RI�LQGLJHQRXV�ODQGV�LQ�'DULHQ��3DQDPD��+XPDQ�
2UJDQL]DWLRQ������������±����

+XEHU��2���*KDUEDUUDQ��2��*���	�)XQN��9����������
9HJHWDWLRQ�PDS�RI�*X\DQD��*HRUJHWRZQ��*X\DQD��
&HQWUH� IRU� WKH�6WXG\�RI�%LRORJLFDO�'LYHUVLW\��5H�
WULHYHG�IURP�KWWS���ERWDQ\�VL�HGX�EGJ�YHJPDS�KWPO

+XEHU��2���	�=HQW��6����������,QGLJHQRXV�SHRSOH�DQG�
YHJHWDWLRQ�LQ�WKH�9HQH]XHODQ�*XD\DQD��6RPH�HFR�
ORJLFDO�FRQVLGHUDWLRQV��6FLHQWLD�*XDLDQDH�������±���

+XHWH��$��5���	�-DFNVRQ��5��'����������6XLWDELOLW\�
RI�6SHFWUDO�,QGLFHV�IRU�(YDOXDWLQJ�9HJHWDWLRQ�&KDU�
DFWHULVWLFV�RI�$ULG�5DQJHODQGV��5HPRWH�6HQVLQJ�RI�
(QYLURQPHQW�� ������� ���±����� GRL��������������
���������������

,ZRNUDPD����������&RPPXQLW\�5HVRXUFH�0DSSLQJ�
3URMHFW�� *HRUJHWRZQ�� *X\DQD�� 6RFLDO� 6FLHQFHV�
8QLW��,ZRNUDPD�,QWHUQDWLRQDO�&HQWHU�IRU�5DLQIRUHVW�
&RQVHUYDWLRQ�DQG�'HYHORSPHQW�

-DQVHQ�-DFREV��$���	�WHU�6WHHJH��+����������6RXWKZHVW�
*X\DQD��$�FRPSOH[�PRVDLF�RI�VDYDQQDKV�DQG�IRUHVWV��
,Q�+��WHU�6WHHJH��(G����3ODQW�GLYHUVLW\�RI�*X\DQD��SS��
���±������7URSHQERV�*X\DQD�3URJUDPPH�

-HQVHQ��-��5����������5HPRWH�VHQVLQJ�RI�WKH�HQYLURQ�
PHQW��$Q�HDUWK�UHVRXUFH�SHUVSHFWLYH��3UHQWLFH�+DOO�

-L��/���=KDQJ��/���	�:\OLH��%����������$QDO\VLV�RI�
G\QDPLF� WKUHVKROGV� IRU� WKH�QRUPDOL]HG�GLIIHUHQFH�
ZDWHU� LQGH[�� 3KRWRJUDPPHWULF� (QJLQHHULQJ� DQG�
5HPRWH�6HQVLQJ�������������±������GRL����������
3(56�����������

-RKDQQVHQ��&��-���	�'DXJKWU\��&��6��7����������6XUIDFH�
UHIHUHQFH�GDWD� FROOHFWLRQ�� ,Q�7��$��:DUQHU��0��'��
1HOOLV��	�*��0��)RRG\��(GV����7KH�6DJH�KDQGERRN�
RI�UHPRWH�VHQVLQJ��SS�����±������/RV�$QJHOHV��F$��
6DJH��GRL�����������������������Q��
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.HHOHU�:ROI��7�� ��������7KH�KLVWRU\�RI�YHJHWDWLRQ�
FODVVLILFDWLRQ� DQG� PDSSLQJ� LQ� &DOLIRUQLD�� ,Q� 0��
%DUERXU��7��.HHOHU�:ROI��	�$��$��6FKRHQKHUU��(GV����
7HUUHVWULDO�YHJHWDWLRQ�RI�&DOLIRUQLD��SS���±�����%HUNH�
OH\��&$��8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV��GRL���������
FDOLIRUQLD�����������������������

.HLWK��'��$���5RGUtJXH]��-��3���5RGUtJXH]�&ODUN��.��
0���1LFKROVRQ��(���$DSDOD��.���	�$ORQVR��$��HW�DO��
��������6FLHQWL�ILF�IRXQGDWLRQV�IRU�DQ�,8&1�UHG�OLVW�RI�
HFRV\VWHPV��3/R6�21(��������H�������GRL���������
MRXUQDO�SRQH���������30,'���������

.RWL��)��7����������&RQIURQWLQJ�VRFLRVSDWLDO�H[FOXVLRQ�
RQ�WKH�IULQJH�RI�$IULFD¶V�FLWLHV�XVLQJ�SDUWLFLSDWRU\�
*,6��/HVVRQV�IURP�$WKL�5LYHU�7RZQ��.HQ\D��$IULFD�
7RGD\�����������±����GRL���������$)7�������������

/&'6����������$PHULQGLDQ�/DQG�6WDWXV�������5H�
WULHYHG�IURP�ZZZ�OFGV�JRY�J\

/HZLV�� +�� *��� 	� %URZQ�� 0�� �������� $� JHQHUDO�
L]HG� FRQIXVLRQ� PDWUL[� IRU� DVVHVVLQJ� DUHD� HVWL�
PDWHV� IURP� UHPRWHO\� VHQVHG� GDWD�� ,QWHUQDWLRQDO�
-RXUQDO� RI� 5HPRWH� 6HQVLQJ�� �������� ����±������
GRL��������������������������

/LOOHVDQG�� 7��� .LHIHU�� 5��� 	� &KLSPDQ�� -�� ��������
5HPRWH�VHQVLQJ�DQG�LPDJH�LQWHUSUHWDWLRQ���WK�HG����
1HZ�<RUN��-RKQ�:LOH\�DQG�6RQV�

/RQJOH\��3���*RRGFKLOG��0��)���0DJXLUH��'�� -���	�
5KLQG�� '�� :�� �������� *HRJUDSKLFDO� LQIRUPDWLRQ�
V\VWHPV�DQG�VFLHQFH��&KLFKHVWHU��8.��-RKQ�:LOH\�
DQG�6RQV�

/X]DU��-��%���6LOYLXV��.��0���2YHUPDQ��+���*LHU\��6��
7���5HDG��-��0���	�)UDJRVR��-��0��9����������/DUJH�
VFDOH� HQYLURQPHQWDO� PRQLWRULQJ� E\� LQGLJHQRXV�
SHRSOHV��%LRVFLHQFH�������������±�����GRL���������
ELR�������������

0DWKHU�� 3�� 0�� �������� &RPSXWHU� SURFHVVLQJ� RI�
UHPRWHO\�VHQVHG�LPDJHV��$Q�LQWURGXFWLRQ���QG�HG����
&KLFKHVWHU��8.��-RKQ�:LOH\�DQG�6RQV�

0F&DOO��0��.���	�0LQDQJ��3��$����������$VVHVVLQJ�
SDUWLFLSDWRU\� *,6� IRU� FRPPXQLW\�EDVHG� QDWXUDO�
UHVRXUFH�PDQDJHPHQW��&ODLPLQJ�FRPPXQLW\�IRUHVWV�
LQ�&DPHURRQ��7KH�*HRJUDSKLFDO�-RXUQDO����������
���±�����GRL���������M����������������������[

0F)HHWHUV�� 6�� .�� �������� 7KH� XVH� RI� QRUPDO�
L]HG� GLIIHUHQFH� ZDWHU� LQGH[� �1':,�� LQ� WKH� GH�
OLQHDWLRQ� RI� RSHQ� ZDWHU� IHDWXUHV�� ,QWHUQDWLRQDO�
-RXUQDO� RI� 5HPRWH� 6HQVLQJ�� ������� ����±������
GRL��������������������������

0RQPRQLHU��0����������+RZ�WR�OLH�ZLWK�PDSV��&KL�
FDJR��7KH�8QLYHUVLW\�RI�&KLFDJR�3UHVV�

2PRWD\R��$���	�0XVD��0��:����������7KH�UROH�RI�
,QGLJHQRXV�ODQG�FODVVLILFDWLRQ�DQG�PDQDJHPHQW�SUDF�
WLFHV�LQ�VXVWDLQLQJ�ODQG�XVH�V\VWHPV�LQ�WKH�VHPL�DULG�
]RQH�RI�1LJHULD��-RXUQDO�RI�6XVWDLQDEOH�$JULFXOWXUH��
���������±����GRL���������-���Y��Q��B��

3HDUFH��0��:���	�/RXLV��5��3����������0DSSLQJ�LQ�
GLJHQRXV�GHSWK�RI�SODFH��$PHULFDQ�,QGLDQ�&XOWXUH�
DQG�5HVHDUFK�-RXUQDO������������±����

3HDUVRQ��5��*����������6SHFLHV¶�GLVWULEXWLRQ�PRGHO�
LQJ� IRU� FRQVHUYDWLRQ� HGXFDWRUV�DQG�SUDFWLWLRQHUV��
$PHULFDQ�0XVHXP� RI�1DWXUDO�+LVWRU\�� 5HWULHYHG�
IURP�KWWS���QFHS�DPQK�RUJ

3HOXVR�� 1�� �������� :KRVH� ZRRGV� DUH� WKHVH"�
&RXQWHU�PDSSLQJ� IRUHVW� WHUULWRULHV� LQ� .DOL�
PDQWDQ�� ,QGRQHVLD�� $QWLSRGH�� ������� ���±�����
GRL���������M����������������WE������[

3HWHUV��&��0����������,,,��,QWURGXFWLRQ�WR�WKH�HFRORJ\�
RI�WURSLFDO�IRUHVW�UHVRXUFHV��,Q�&��0��3HWHUV��(G����
7KH�HFRORJ\�DQG�PDQDJHPHQW�RI�QRQ�WLPEHU�IRUHVW�
UHVRXUFHV��SS���±�����:RUOG�%DQN��GRL�����������
�����������

3OHZ��0��*����������7KH�DUFKDHRORJ\�RI�,ZRNUDPD�
DQG� WKH� 1RUWK� 5XSXQXQL�� 3URFHHGLQJV�� $FDGHP\�
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