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$V�SUHVHQWHG�LQ�DQ�HDUOLHU�UHSRUW��0F.LQQRQ��������,�
KDYH�EHHQ�FRPSLOLQJ��ZLWK�WKH�KHOS�RI�VHYHUDO�&DGGR�
UHVHDUFKHUV��D�FRPSUHKHQVLYH�PXOWL�VWDWH�GDWDEDVH�RI�
&DGGR�YHVVHOV��QRZ�FORVH�WR����������7KH�RQ�JRLQJ�JRDO�
LV�WR�HYDOXDWH�ODQGVFDSH�VFDOH�VRFLDO�LQWHUDFWLRQV�DQG�
LQWHUUHJLRQDO�UHODWLRQVKLSV�XVLQJ�WKLV�JURZLQJ�FHUDPLF�
GDWDEDVH��6RPH�LQLWLDO�H[SORUDWLRQV�KDYH�EHHQ�SURGXFWLYH�
LQ�HYDOXDWLQJ�UHODWLRQVKLSV�EHWZHHQ�SURSRVHG�&DGGR�
FRPPXQLWLHV��DUFKDHRORJLFDO�SKDVHV��DQG�,�VXJJHVW�
WKDW�WKHVH�H[HUFLVHV�KDYH�RIIHUHG�LQVLJKWV�LQWR�&DGGR�
LQWHUDFWLRQ��LGHQWLW\��DQG�LGHRORJLFDO�H[FKDQJH�LQ�D�YLVXDO�
DQG��FRQWLQXDOO\��FRPSUHKHQVLYH�ZD\��0F.LQQRQ�������
������
� 5HODWHG��,��DORQJ�ZLWK�P\�VWXGHQWV�DW�WKH�
8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��KDYH�EHHQ�V\QWKHVL]LQJ�
FHUDPLF�GDWD�DVVRFLDWHG�ZLWK�WKH�%RZPDQ���/5����RU�
%RZPDQ�:DOODFH���/5����VLWH��D�&DGGR�PXOWL�PRXQG�
FHQWHU�RQ�WKH�5HG�5LYHU�LQ�/LWWOH�5LYHU�&RXQW\��$UNDQVDV�
�+RIIPDQ���������������0F.LQQRQ�������0F.LQQRQ�
HW�DO��������6XDUH]�HW�DO���������7KURXJK�WKLV�V\QWKHVLV��
VHYHUDO�GLYHUVH�H[DPSOHV�RI�&URFNHWW�&XUYLOLQHDU�,QFLVHG�
YHVVHOV�DQG�VKHUGV�KDYH�EHHQ�LGHQWL¿HG��ZKLFK�EHFDPH�
DQ�HQFRXUDJHPHQW�WR�VWDUW�EXLOGLQJ�DQG�HYDOXDWLQJ�D�
FRUSXV�RI�WKLV�YHVVHO�W\SH�ZLWK�LWV�GLVWLQFWLYH�GHVLJQ�
� *LUDUG�HW�DO���������������KLJKOLJKW�WKH�
IUHTXHQF\�RI�WKH�&URFNHWW�&XUYLOLQHDU�,QFLVHG�W\SH�
GXULQJ�WKH�HDUO\�&DGGR�SHULRGV�DQG�VXJJHVW�WKDW�HDUO\�
&DGGR�GHVLJQV�OLNHO\�FRQWDLQ�V\PEROLF�UHIHUHQWV��
ZKLFK�KDYH�QRW�EHHQ�H[SORUHG�LQ�DV�PXFK�GHWDLO�DV�
ODWHU�&DGGR�FHUDPLF�W\SHV��H�J���'RZG�������*DGXV�
������+DUW�DQG�3HUWWXOD�������/DPEHUW�������1DVK�
�������([DPSOHV�RI�&URFNHWW�YHVVHOV�DUH�SUHVHQW�DW�
VHYHUDO�(DUO\�&DGGR��FD��$�'�������������FHQWHUV�WKDW�
OLNHO\�ZHUH�WKH�³ORFDWLRQV�ZKHUH�VRFLDO�SROLFLHV�ZHUH�
IRUPXODWHG��GHFLVLRQV�PDGH��DQG�ULWXDOV�DQG�VRFLDO�
HYHQWV�FDUULHG�RXW´��*LUDUG�HW�DO������������6RPH�RI�
WKHVH�VLWHV�LQFOXGH�*HRUJH�&��'DYLV��1HZHOO�DQG�.ULHJHU�
��������������%RZPDQ��+RIIPDQ������������&UHQVKDZ�

�6FKDPEDFK������������+DUODQ��%HOO��������������6SLUR�
�%URZQ������������DQG�0RXQGV�3ODQWDWLRQ��:HEE�DQG�
0F.LQQH\�������������
� &URFNHWW�&XUYLOLQHDU�ZDV�¿UVW�GHVFULEHG�
LQ�WKH�*HRUJH�&��'DYLV�UHSRUW��1HZHOO�DQG�.ULHJHU�
�������������DQG�KDV�EHHQ�YDULRXVO\�GHVFULEHG�LQ�
ODWHU�SXEOLFDWLRQV��%RKDQQRQ�������+RIIPDQ�������
6XKP�HW�DO��������6XKP�DQG�-HONV��������7KH�YHVVHOV�
DUH�FDULQDWHG��HDUO\"��RU�JOREXODU��ODWHU"��ERZOV�WKDW�
FRQWDLQ�LQFLVHG�VFUROO�PRWLIV�H[HFXWHG�ZLWK�D�KLJK�
GHJUHH�RI�YDULDELOLW\��1HZHOO�DQG�.ULHJHU��������������
&RPPRQDOLW\�LQ�GHVLJQ�LV�WKH�SUHVHQFH�RI�DQ�LQFLVHG�
VFUROO�PRWLI�ZLWK�SXQFWDWH�RU�LQFLVHG�OLQH�¿OOHG�FLUFOHV�DV�
WKH�FHQWUDO�HOHPHQW��$Q�LQFLVHG�EDQG�IUHTXHQWO\�FRQQHFWV�
HDFK�FLUFOH��ZKLFK�RIWHQ�EHJLQV�DW�WKH�ERWWRP�RI�RQH�
FLUFOH�DQG�FRQQHFWV�WR�WKH�WRS�RI�WKH�QH[W�FLUFOH��,Q�VRPH�
FDVHV��WULDQJOHV�DUH�XVHG�DV�WKH�FRQQHFWLQJ�GHVLJQ�WR�WKH�
FLUFXODU�HOHPHQW��7KH�FLUFXODU�HOHPHQW�LV�UHSHDWHG�DURXQG�
WKH�ULP�RU�ERG\�DQG�RIWHQ�FRQWDLQV�³SODLQ��ULQJ�OLNH�
�PDGH�ZLWK�KROORZ�UHHG"���RU�KHPLFRQLFDO´��6XKP��HW�
DO������������SXQFWDWLRQV�LQ�WKH�FHQWHU�RI�WKH�FLUFOH��
3XQFWDWLRQV�RU�KDWFKLQJ��EXW�QRW�FURVV�KDWFKLQJ��DOPRVW�
DOZD\V�¿OOV�WKH�HQFORVHG�VSDFHV��VHH�)LJXUH��E��
� +RIIPDQ�RIIHUV�WKH�¿UVW�FRQVLGHUDWLRQ�RI�
FKURQRORJ\�EDVHG�RQ�YHVVHOV�DW�VLWHV�ZLWKLQ�WKH�/LWWOH�
5LYHU�UHJLRQ��,Q�KLV�DQDO\VLV��WKH�WHPSRUDO�SHULRG�IRU�WKH�
&URFNHWW�W\SH�LQ�WKH�/LWWOH�5LYHU�UHJLRQ�EHJLQV�GXULQJ�
WKH�HDUO\�0LOOHUV�&URVVLQJ�SKDVH��ZKLFK�³DSSHDUV�WR�KDYH�
EHHQ�GHULYHG�VW\OLVWLFDOO\�IURP�)UHQFK�)RUN�,QFLVHG�DW�
VRPH�WLPH�SULRU�WR�$�'������´��+RIIPDQ������������
7KH�W\SH�LV�LQ�XVH�XQWLO�WKH�HQG�RI�WKH�0LQHUDO�6SULQJ�
SKDVH��FD��$'��������D�URXJKO\�����\HDU�VSDQ��%DVHG�
RQ�YDULDELOLW\�LQ�VKDSH��GHFRUDWLRQ�WHFKQLTXH��DQG�
RYHUDOO�GHVLJQ�KH�RIIHUV�W\SH�YDULHWLHV�DVVRFLDWHG�ZLWK�DQ�
HYROXWLRQ�RI�YHVVHO�IRUP�DQG�GHVLJQ��7DEOH����
� 6LQFH�KLV�FKURQRORJLFDO�DVVHVVPHQW�DOPRVW����
\HDUV�DJR��WKHUH�KDV�EHHQ�QR�DWWHPSW�WR�H[SDQG�XSRQ�
DQG�HYDOXDWH�WKH�WHPSRUDO�DQG�VSDWLDO�FKDUDFWHULVWLFV�

&XUUHQW�5HVHDUFK�
%XLOGLQJ�D�&RUSXV�RI �&URFNHWW�&XUYLOLQHDU�,QFLVHG�9HVVHOV

'XQFDQ�3��0F.LQQRQ
8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV
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)LJXUH�����D��&XUUHQW�GLVWULEXWLRQ�RI�&URFNHWW�&XUYLOLQHDU�,QFLVHG�YHVVHOV�LQ�WKH�FHUDPLF�GDWDEDVH���E��([DPSOHV�RI�GHVLJQ�
YDULDWLRQ�IURP�&URFNHWW�&XUYLOLQHDU�,QFLVHG�YHVVHOV�IURP�WKH�%RZPDQ�VLWH�

7DEOH����$�VXPPDU\�RI�/LWWOH�5LYHU�UHJLRQ�&URFNHWW�&XUYLOLQHDU�,QFLVHG�YDULHWLHV�DV�VXJJHVWHG�E\�+RIIPDQ����������������
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RI�&URFNHWW�IRUPV�DQG�GHVLJQV�XVLQJ�FHUDPLF�GDWD�
FROOHFWHG�VLQFH�WKDW�WLPH��7R�WKDW�HQG��WKLV�FXUUHQW�
UHVHDUFK�VXPPDU\�UHSRUWV�RQ�WKH�GHYHORSPHQW�RI�D�
FRPSUHKHQVLYH�FRUSXV�RI�&URFNHWW�&XUYLOLQHDU�,QFLVHG�
YHVVHOV��7KH�JRDO�LV�WR�HYDOXDWH�YDULDELOLW\�LQ�IRUP�DQG�
GHVLJQ�WR�EXLOG�XSRQ�DQG�WHVW�WKH�YDULHWLHV�¿UVW�SUHVHQWHG�
E\�+RIIPDQ���������*LYHQ�WKH�SRVVLEOH�³JHRJUDSKLFDO�
YDULHWDO�VLJQL¿FDQFH´��+RIIPDQ�����������RI�GHVLJQV�
VHHPLQJO\�SUHVHQW�LQ�WKH�SURSRVHG�YDULHWLHV��WKH�ZLGH�
GLVWULEXWLRQ�DQG�SUHVHQFH�DW�VHYHUDO�LQÀXHQWLDO�HDUO\�
&DGGR�FHQWHUV��DQG�ORQJ�GXUDWLRQ�RI�XVH�GXULQJ�D�WLPH�
RI�WKH�GHYHORSPHQW�RI�³FRPSOH[�DQG�VRFLDOO\�UDQNHG�
VRFLHWLHV�ZLWK�ZHOO�SODQQHG�FLYLF�FHUHPRQLDO�FHQWHUV´�
�3HUWWXOD����������WKH�&URFNHWW�&XUYLOLQHDU�,QFLVHG�W\SH�
�DQG�PRUH�VSHFL¿FDOO\�WKH�IRUP�DQG�GHVLJQ��VHHPV�D�
YLDEOH�FDQGLGDWH�IRU�HYDOXDWLQJ�FHUDPLF�YDULDELOLW\�DQG�
H[SUHVVLRQ�DFURVV�WKH�&DGGR�$UHD�DQG�WKURXJKRXW�WKH�
(DUO\�&DGGR�WLPH�SHULRG�
� $V�,�PRYH�IRUZDUG�ZLWK�WKLV�HYDOXDWLRQ��,�DP�
UHDFKLQJ�RXW�WR�WKRVH�ZKR�DUH�DZDUH�RI�H[DPSOHV��DQG�
LPDJHV��WR�EXLOG�DQG�H[SDQG�WKH�FRUSXV��$W�SUHVHQW�WKH�
GDWDEDVH�FRQWDLQV�����&URFNHWW�&XUYLOLQHDU�,QFLVHG�
YHVVHOV�IURP����&DGGR�VLWHV�DQG�LV�ELDVHG�WRZDUG�
$UNDQVDV�DQG�7H[DV��3RWHQWLDO�/RXLVLDQD�DQG�2NODKRPD�
H[DPSOHV�DUH�FXUUHQWO\�XQGHUUHSUHVHQWHG��VHH�)LJXUH��D���
,�DP�LQWHUHVWHG�LQ�&URFNHWW�&XUYLOLQHDU�,QFLVHG�H[DPSOHV�
WKURXJKRXW�WKH�&DGGR�$UHD��SDUWLFXODUO\�2NODKRPD�
DQG�/RXLVLDQD��EXW�DOVR�WKH�GLVWULEXWLRQ�RI�VLPLODU�RU�
³K\EULG´�W\SHV�VXFK�3HQQLQJWRQ�3XQFWDWHG�,QFLVHG�RU�
)UHQFK�)RUN�,QFLVHG�

5HIHUHQFHV�&LWHG

%HOO��5REHUW�(�
�����7KH�+DUODQ�6LWH��&N����$�3UHKLVWRULF�0RXQG�

&HQWHU�LQ�&KHURNHH�&RXQW\��(DVWHUQ�2NODKRPD��
0HPRLU����2NODKRPD�$QWKURSRORJLFDO�6RFLHW\��
1RUPDQ�

�����$UNDQVDV�9DOOH\�&DGGRDQ��7KH�+DUODQ�3KDVH��,Q�
3UHKLVWRU\�RI�2NODKRPD��HGLWHG�E\�5REHUW�(��%HOO��
SS�����������$FDGHPLF�3UHVV��2UODQGR�

%RKDQQRQ��&KDUOHV�)�
�����([FDYDWLRQV�DW�WKH�0LQHUDO�6SULQJV�6LWH��+RZDUG�

&RXQW\��$UNDQVDV��5HVHDUFK�6HULHV�1R�����
$UNDQVDV�$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH�

%URZQ��-DPHV�$�
����� 7KH�6SLUR�&HUHPRQLDO�&HQWHU��7KH�$UFKDHRORJ\�

RI�$UNDQVDV�9DOOH\�&DGGRDQ�&XOWXUH�LQ�(DVWHUQ�
2NODKRPD����9ROV��0HPRLU�1R������0XVHXP�RI�
$QWKURSRORJ\��8QLYHUVLW\�RI�0LFKLJDQ��$QQ�$UERU�

'RZG��(OVEHWK�/LQQ
����� $PSKLELDQ�DQG�5HSWLOLDQ�,PDJHU\�LQ�&DGGR�$UW��

6RXWKHDVWHUQ�$UFKDHRORJ\����������

*DGXV��(ORLVH�)�
����� 7ZLVWHG�6HUSHQWV�DQG�)LHUFH�%LUGV��6WUXFWXUDO�

9DULDWLRQ�LQ�&DGGR�(QJUDYHG�&HUDPLF�%RWWOH�
0RWLIV��%XOOHWLQ�RI�WKH�7H[DV�$UFKHRORJLFDO�6RFLHW\�
�����������

*LUDUG��-HIIHU\�6���7LPRWK\�.��3HUWWXOD��DQG�0DU\�%HWK�
7UXELWW

�����&DGGR�&RQQHFWLRQV��&XOWXUDO�,QWHUDFWLRQV�
:LWKLQ�DQG�%H\RQG�WKH�&DGGR�:RUOG��5RZDQ�	�
/LWWOH¿HOG��/DQKDP��0DU\ODQG�

+DUW��-RKQ�3���DQG�7LPRWK\�.��3HUWWXOD
����� 7KH�:DVKLQJWRQ�6TXDUH�0RXQG�6LWH�DQG�D�

6RXWKHDVWHUQ�&HUHPRQLDO�&RPSOH[�6W\OH�=RQH�
DPRQJ�WKH�&DGGR�RI�1RUWKHDVWHUQ�7H[DV��
0LGFRQWLQHQWDO�-RXUQDO�RI�$UFKDHRORJ\��������
����

+RIIPDQ��0LFKDHO�3�
�����$UFKDHRORJLFDO�DQG�+LVWRULFDO�$VVHVVPHQW�RI�WKH�

5HG�5LYHU�%DVLQ�LQ�$UNDQVDV��,Q�$UFKHRORJLFDO�
DQG�+LVWRULFDO�5HVRXUFHV�RI�WKH�5HG�5LYHU�%DVLQ��
HGLWHG�E\�+HVWHU�$��'DYLV��SS�����������5HVHDUFK�
6HULHV�1R�����$UNDQVDV�$UFKHRORJLFDO�6XUYH\��
)D\HWWHYLOOH�

�����$�3DUWLDO�$UFKHRORJLFDO�6HTXHQFH�IRU�WKH�/LWWOH�
5LYHU�5HJLRQ��$UNDQVDV��3K�'��GLVVHUWDWLRQ��
'HSDUWPHQW�RI�$QWKURSRORJ\��+DUYDUG�8QLYHUVLW\��
&DPEULGJH��
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/DPEHUW��6KDZQ
�����$GGUHVVLQJ�WKH�&RVPRORJLFDO�6LJQL¿FDQFH�RI�D�

3RW��$�6HDUFK�IRU�&RVPRORJLFDO�6WUXFWXUH�LQ�WKH�
&UDLJ�0RXQG��&DGGR�$UFKHRORJ\�-RXUQDO�������
���

0F.LQQRQ��'XQFDQ�3�
����� )RVWHU�7UDLOHG�,QFLVHG��$�*,6�%DVHG�$QDO\VLV�RI�

&DGGR�&HUDPLF�'LVWULEXWLRQ��&DGGR�$UFKHRORJ\�
-RXUQDO����������

�����'LVWULEXWLRQ�RI�'HVLJQ��7KH�5D\HG�&LUFOH��&DGGR�
$UFKHRORJ\�-RXUQDO����������

�����$�5HSRUW�RQ�D�/RQJ�7HUP�5HVHDUFK�3URJUDP�RQ�
WKH�%RZPDQ�6LWH�LQ�$UNDQVDV��&DGGR�$UFKHRORJ\�
-RXUQDO����������

����� 7RZDUG�D�&ROODERUDWLYH�'HYHORSPHQW�RI�D�7UXO\�
&RPSUHKHQVLYH�0XOWL�6WDWH�0DWHULDO�&XOWXUH�
'DWDEDVH��&DGGR�$UFKHRORJ\�-RXUQDO������������

0F.LQQRQ��'XQFDQ�3���.DWHO\Q�7UDPPHOO��5\DQ�
1JX\HQ��DQG�$QQD�6XDUH]

�����$Q�,QYHQWRU\�RI�5HFRQVWUXFWHG�&HUDPLF�9HVVHOV�
IURP�WKH�%RZPDQ�6LWH���/5����/5����LQ�/LWWOH�
5LYHU�&RXQW\��$UNDQVDV��3DSHU�SUHVHQWHG�DW�WKH�
��WK�$QQXDO�0HHWLQJ�RI�WKH�&DGGR�$UFKDHRORJ\�
&RQIHUHQFH��,GDEHO��2NODKRPD�

1DVK��/RXLVD
�����&RVPRV�LQ�&OD\��$Q�$QDO\VLV�RI�$YHU\�(QJUDYHG�

9HVVHO�0RWLIV��&DGGR�$UFKHRORJ\�-RXUQDO�������
���

1HZHOO�+��3HUU\��DQG�$OH[�'��.ULHJHU
�����7KH�*HRUJH�&��'DYLV�6LWH��&KHURNHH�&RXQW\��

7H[DV��0HPRLU�1R�����6RFLHW\�IRU�$PHULFDQ�
$UFKDHRORJ\��0HQDVKD��:LVFRQVLQ�

3HUWWXOD��7LPRWK\�.�
����� 7KH�$UFKDHRORJ\�RI�WKH�&DGGR�LQ�6RXWKZHVW�

$UNDQVDV��1RUWKZHVW�/RXLVLDQD��(DVWHUQ�
2NODKRPD��DQG�(DVW�7H[DV��$Q�,QWURGXFWLRQ�WR�WKH�
9ROXPH��,Q�7KH�$UFKDHRORJ\�RI�WKH�&DGGR��HGLWHG�
E\�7LPRWK\�.��3HUWWXOD�DQG�&KHVWHU�3��:DONHU���
SS��������8QLYHUVLW\�RI�1HEUDVND�3UHVV��/LQFROQ�

6FKDPEDFK��)UDQN�)�
������$Q�2XWOLQH�RI�)RXUFKH�0DOLQH�&XOWXUH�LQ�

6RXWKZHVW�$UNDQVDV��,Q�$UNDQVDV�$UFKHRORJ\�
LQ�5HYLHZ��HGLWHG�E\�1HDO�/��7UXERZLW]�DQG�
0DUYLQ�'��-HWHU��SS�����������5HVHDUFK�6HULHV�����
$UNDQVDV�$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH�

6XDUH]��$QQD��3DXOD�/RQJ��DQG�'XQFDQ�3��0F.LQQRQ
�����$�3DUWLDO�$QDO\VLV�RI�&HUDPLF�6KHUGV�&ROOHFWHG�
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