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0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��

'HSW��RI�(DUWK��$WPRVSKHULF��DQG�3ODQHWDU\�6FLHQFHV�
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VOLYDQ#PLW�HGX�

�5HFHLYHG�������-DQ����

:H� UHSRUW� URWDWLRQ� OLJKWFXUYHV� RI� ����� +XV� REVHUYHG�

GXULQJ� LWV� DSSDULWLRQ� LQ� ������7KH�FRQVWUDLQWV� IURP�RXU�

GDWD�� FRPELQHG� ZLWK� D� UHDQDO\VLV� RI� SXEOLVKHG�

OLJKWFXUYHV� UHFRUGHG� LQ� ������ \LHOG� D� VHFXUH� URWDWLRQ�

SHULRG�RI�����������������K��

.RURQLV� IDPLO\� PHPEHU� ����� +XV� ZDV� REVHUYHG� LQ� ����� DV� D�

³WDUJHW� RI� RSSRUWXQLW\´� GXULQJ� DQ� RQJRLQJ� REVHUYLQJ� SURJUDP� WR�

VWXG\�URWDWLRQ�SURSHUWLHV�RI�WKH�IDPLO\¶V�EULJKWHU�REMHFWV��6OLYDQ�HW�

DO����������,Q�WKH�OLWHUDWXUH�ZH�ILQG�OLJKWFXUYHV�RI�+XV�IURP�RQO\�D�

VLQJOH�SUHYLRXV�DSSDULWLRQ�LQ�������ZLWK�FRQVLGHUDEOH�QRLVH�LQ�WKH�

GDWD� DQG� DQ� XQFHUWDLQ� GHULYHG� URWDWLRQ� SHULRG� RI� ������ K� �&ODUN��

������� 6XEVHTXHQW� VWDWLVWLFDO� DQDO\VHV� RI� ³VSDUVH� GDWD´� IURP�

SKRWRPHWULF� VXUYH\V� VXJJHVW� D� VOLJKWO\� VKRUWHU� SHULRG� RI� ������ K�

�(UDVPXV�HW�DO���������DQG�UHSRUW�D�VLGHUHDO�SHULRG�DQG�VSLQ�YHFWRU�

�'XUHFK�HW�DO����������

2EVHUYDWLRQV�ZHUH�PDGH�RQ����QLJKWV�RYHU�D����QLJKW� LQWHUYDO� LQ�

����� �7DEOH� ,�� XVLQJ� �����P� WHOHVFRSHV� DW� WKH� :DOODFH�

$VWURSK\VLFDO�2EVHUYDWRU\�LQ�:HVWIRUG��0$��(DFK�V\VWHP�LPDJHG�

D����DUFPLQ�VTXDUH�ILHOG�RI�YLHZ�DW�D�UHVROXWLRQ�RI�����DUFVHF�SHU�

SL[HO��XVLQJ�DQ�6%,*�67/������&&'�FDPHUD�DQG�5� ILOWHU��,PDJH�

SURFHVVLQJ� DQG� PHDVXUHPHQW� ZHUH� DV� GHVFULEHG� E\� 6OLYDQ� HW� DO��

�������� H[FHSW� WKDW� IRU� +XV� DV� D� IDLQWHU� REMHFW� REVHUYHG� ZLWK�

VPDOOHU�WHOHVFRSHV��ZH�FKRVH�V\QWKHWLF�DSHUWXUH�VL]HV�JXLGHG�E\�WKH�

H[SHULHQFH�RI�+RZHOO��������IRU�WKH�RQ�FKLS�UHODWLYH�SKRWRPHWU\��

7KH�OLJKWFXUYHV�VKRZ�WKDW�+XV�FRPSOHWHV�HLWKHU� IRXU�� ILYH��RU� VL[�

URWDWLRQV� LQ� DERXW� ����� KRXUV�� DOO� WKUHH� FDQGLGDWH� SHULRGV� \LHOG�

FUHGLEOH�GRXEO\�SHULRGLF�FRPSRVLWHV��+RZHYHU�� WKHVH�GDWD�FDQQRW�

IXUWKHU� GLVWLQJXLVK� WKH� WUXH� SHULRG� IURP� WKH� DOLDVHV� EHFDXVH� WKH�

LQGLYLGXDO� XQEURNHQ� VSDQV� RI� OLJKWFXUYH� DUH� WRR� VKRUW� UHODWLYH� WR�

WKH�SHULRGV��D�FRQVHTXHQFH�RI�+XV¶V�VRXWKHUQ�GHFOLQDWLRQ�LQ������

GXULQJ� QRUWKHUQ� KHPLVSKHUH� VXPPHU�� FRPELQHG� ZLWK� D� ]RQH� RI�

REVWUXFWHG�WHOHVFRSH�YLHZ�DFURVV�WKH�PHULGLDQ�DW�ORZ�DOWLWXGHV��

7R�UHVROYH�WKH�DPELJXLW\��ZH�UHDQDO\]HG�WKH�SXEOLVKHG�OLJKWFXUYHV�

IURP�WKH������DSSDULWLRQ��ZKLFK�LQFOXGH�VSDQV�RI�QLJKWO\�FRYHUDJH�

WKDW�DUH�ORQJHU�WKDQ�WKH�FDQGLGDWH�SHULRGV��*LYHQ�WKH�QRLVH�LQ�WKHVH�

GDWD�ZH�XVHG�D�³QRLVH�VSHFWUXP´�DSSURDFK��ILWWLQJ�D�)RXULHU�VHULHV�

PRGHO� LQFOXGLQJ� WKURXJK� WKH� �QG� KDUPRQLF� WR� WKH� OLJKWFXUYHV� LQ�

RUGHU�WR�WHVW�D�UDQJH�RI�WULDO�URWDWLRQ�SHULRGV�WKDW�LQFOXGHV�WKH�WKUHH�

FDQGLGDWHV��7KH�UHVXOWLQJ�JUDSK��)LJ�����VKRZV�WKDW�������K�LV�WKH�

RQO\�SHULRG�WKDW�LV�FRQVLVWHQW�ZLWK�WKH�OLJKWFXUYHV�IURP�ERWK������

DQG� ������ 2XU� ILQDO� UHVXOW� RI� ������� �� ������� K� �)LJ�� ��� LV�

FRQVLVWHQW�ZLWK�WKH�SXEOLVKHG�SHULRGV�EDVHG�RQ�³VSDUVH´�GDWD��

$FNQRZOHGJPHQWV�

:H�WKDQN�'U��0LFKDHO�3HUVRQ�DQG�7LPRWK\�%URWKHUV�IRU�DOORFDWLRQ�

RI� WHOHVFRSH� WLPH� DQG� IRU� REVHUYHU� LQVWUXFWLRQ� DQG� VXSSRUW�� DQG�

HVSHFLDOO\� IRU� UHWRROLQJ� WR� HQDEOH� VXPPHU� UHVHDUFK� DW�:DOODFH� WR�

KDSSHQ�UHPRWHO\��7KH�VWXGHQW�REVHUYHUV�ZHUH�VXSSRUWHG�E\�D�JUDQW�

IURP�0,7¶V�8QGHUJUDGXDWH�5HVHDUFK�2SSRUWXQLWLHV�3URJUDP��:H�

WKDQN�'U��0DXULFH�&ODUN�IRU�SURYLGLQJ�WR�XV�KLV�GDWD�IURP�������
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SHULRGV� DOORZHG� E\� WKH� ����� OLJKWFXUYHV� DUH� KLJKOLJKWHG�� RQO\�
������K�LV�FRQVLVWHQW�ZLWK�WKH�GDWD�IURP�ERWK�DSSDULWLRQV��

1XPEHU� 1DPH� \\\\�PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(�� �
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���� UHSHDWHG�� 7KH� GDWD� DUH� UHODWLYH� SKRWRPHWU\� RQO\�� DQG� KDYH�
EHHQ�VKLIWHG�LQ�EULJKWQHVV�WR�IRUP�D�VHOI�FRQVLVWHQW�FRPSRVLWH��

5HIHUHQFHV�

&ODUN�� 0�� �������� ³$VWHURLG� /LJKWFXUYHV� IURP� WKH� &KLUR�

2EVHUYDWRU\�´�0LQRU�3ODQHW�%XOO��������±����

'XUHFK�� -��� +DQXV�� -��� 2V]NLHZLF]�� '��� 9DQFR�� 5�� ��������

³$VWHURLG�0RGHOV�IURP�WKH�/RZHOO�3KRWRPHWULF�'DWDEDVH�´�$VWURQ��

$VWURSK\V�������$����

(UDVPXV�� 1��� 1DYDUUR�0H]D�� 6��� 0F1HLOO�� $��� 7ULOOLQJ�� '�(���

6LFNDIRRVH��$�$���'HQQHDX��/���)OHZHOOLQJ��+���+HLQ]H��$���7RQU\��

-�/�� �������� ³,QYHVWLJDWLQJ� 7D[RQRPLF�'LYHUVLW\� ZLWKLQ� $VWHURLG�

)DPLOLHV� WKURXJK� $7/$6�'XDO�EDQG� 3KRWRPHWU\�´�$S�� -�� 6XSSO��

6HU�������$����

+RZHOO�� 6�%�� �������� ³7ZR�GLPHQVLRQDO� $SHUWXUH� 3KRWRPHWU\��

6LJQDO�WR�QRLVH� 5DWLR� RI� 3RLQW�VRXUFH� 2EVHUYDWLRQV� DQG� 2SWLPDO�

'DWD�H[WUDFWLRQ�7HFKQLTXHV�´�3$63���������±�����

6OLYDQ�� 6�0��� %LQ]HO�� 5�3��� %RURXPDQG�� 6�&��� 3DQ�� 0�:���

6LPSVRQ�� &�0��� 7DQDEH�� -�7��� 9LOODVWULJR�� 5�0��� <HQ�� /�/���

'LWWHRQ��5�3���3UD\��'�3���6WHSKHQV��5�'����������³5RWDWLRQ�5DWHV�
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DVDOWKRXVH#KRWPDLO�FRP�

�5HFHLYHG�������)HE�����

7KH� DXWKRU� GHVFULEHV� WKH� UHVXOWV� RI� YLVXDOO\� REVHUYLQJ�

������GLVWLQFW�PLQRU�SODQHWV�RYHU�D����\HDU�SHULRG��

8QOLNH� PRVW� FHOHVWLDO� REMHFWV�� WKH� PLQRU� SODQHWV� RI� RXU� 6RODU�

6\VWHP�DUH�ERWK�IDLQW�DQG�FRQVWDQWO\�RQ�WKH�PRYH��VR�WKDW�ILQGLQJ�

WKHP�LV�D�FKDOOHQJH�WR�WKH�VNLOO�RI�YLVXDO�REVHUYHUV��7UDFNLQJ�WKHVH�
VPDOO�REMHFWV�UHTXLUHV�SODQQLQJ�DQG�SHUVHYHUDQFH��

7KH�PHWKRGV�XVHG� WR�SODQ��SUHSDUH��REVHUYH��FRQILUP��DQG� UHFRUG�

WKH� DXWKRU¶V� REVHUYDWLRQV� RI� PLQRU� SODQHWV� DUH� GHVFULEHG� LQ�

6DOWKRXVH� �������� +H� VWDUWHG� REVHUYLQJ� WKH� PDMRU� SODQHWV� DV� D�

WHHQDJHU� LQ� ������ EHJLQQLQJ� ZLWK� -XSLWHU� DQG� 6DWXUQ� LQ� D� VPDOO�

UHIUDFWRU��+LV� ILUVW� PLQRU� SODQHW� REVHUYDWLRQV� EHJDQ� LQ� ODWH� �����

ZLWK�D���LQFK�UHIOHFWRU��DQG�E\�WKH�VSULQJ�RI������KH�KDG�FDSWXUHG�

��&HUHV�� ��3DOODV�� �� -XQR�� DQG���9HVWD��7KHVH�REVHUYDWLRQV�ZHUH�

HQDEOHG�E\�FKDUWV�LQ�6N\�	�7HOHVFRSH�PDJD]LQH���������2YHU�WKH�

HQVXLQJ�GHFDGHV�WKH�DXWKRU�REVHUYHG�WKHVH�IRXU�REMHFWV�DERXW�RQH�
KXQGUHG�WLPHV�HDFK��

1RWH� WKDW� WKH� DXWKRU� VWDUWHG� WKLV� SURFHVV� EHIRUH� WKH� LQWHUQHW��

SHUVRQDO� FRPSXWHUV�� VSUHDGVKHHWV�� RU� HYHQ� FDOFXODWRUV�� +H�

SHUIRUPHG�DOO�KLV�FDOFXODWLRQV�RQ�EOXH�OLQHG�SDSHU�ZLWK�D�VOLGH�UXOH��

7RGD\��ZKHQ�KH� VKRZV� WKH� ODWWHU� WR� KLV� FROOHDJXHV�� WKH\�KDYH�QR�

LGHD�KRZ�LW�ZRUNV��EXW�LW�LV�RQH�RI�KLV�IDYRULWH�UHPLQGHUV�RI�WKRVH�
GD\V��

7KH�SURFHVV�RI� WUDFNLQJ�GRZQ�PLQRU�SODQHWV�ZDV� YHU\�KDSKD]DUG�

IRU�WKH�QH[W�FRXSOH�RI�GHFDGHV��DV�WKH�DXWKRU�ZDV�KDPSHUHG�E\�WZR�

NH\� IDFWRUV�� D� ODFN� RI� LQIRUPDWLRQ� DERXW� ZKHUH� WR� ORFDWH� PDQ\�

DVWHURLGV�� DQG� D� ODFN� RI� VXIILFLHQW� DSHUWXUH� WR� REVHUYH� PRVW� RI�
WKHP��

)RUWXQDWHO\�� WKH�5$6&� 2EVHUYHU¶V� +DQGERRN� ������� DQG� 6N\� 	�

7HOHVFRSH��������SURYLGHG�MXVW�HQRXJK�LQIRUPDWLRQ�WR�WUDFN�GRZQ�

D� KDQGIXO� RI� EULJKW� DVWHURLGV� RYHU� WKH� \HDUV�� &RQVHTXHQWO\�� E\�

����� WKH� DXWKRU�KDG�REVHUYHG� ��� GLVWLQFW�PLQRU�SODQHWV�� D� UDWKHU�

XQLPSUHVVLYH�UHVXOW�DIWHU����\HDUV�RI�HIIRUW��

$V� ZLWK� PDQ\� DPDWHXUV�� WKH� DXWKRU� FDXJKW� ³DSHUWXUH� IHYHU´� DQG�

FRQWLQXDOO\�XSJUDGHG�WKH�VL]H�RI�KLV�WHOHVFRSHV��+H�XVHG�D����LQFK�

HTXDWRULDO�UHIOHFWRU�WKURXJKRXW�WKH�����V�DQG�����V�EXW�HYHQWXDOO\�

SXUFKDVHG� D� ���LQFK� 'REVRQLDQ� UHIOHFWRU� LQ� ������ 7KLV� ZDV�

GRQDWHG�WR�D�ORFDO�FRPPXQLW\�FROOHJH�DQG�UHSODFHG�E\�DQ����LQFK�

'REVRQLDQ� LQ� ������ 7KXV�� DOO� VHDUFKLQJ� DQG� WUDFNLQJ� RSHUDWLRQV�
ZHUH�IXOO\�PDQXDO��

&RPPHQFLQJ�LQ�$XJXVW�������WKH�DXWKRU�KDG�D�SULYDWH�REVHUYDWRU\�

WR�KRXVH�KLV�QHZ�UHIOHFWRU��8S�WR�WKDW�SRLQW�KH�KDG�PDGH�RQO\�����

REVHUYDWLRQV�RI����GLIIHUHQW�REMHFWV��EXW�KH�XVHG�KLV�QHZ�IDFLOLWLHV�

WR� V\VWHPDWLFDOO\� UH�REVHUYH� HYHU\� DVWHURLG� WKDW� KH� KDG� VHHQ�

EHIRUH�� 0RUH� WKDQ� ���� RI� DOO� PLQRU� SODQHW� REVHUYDWLRQV� ZHUH�
PDGH�IURP�WKLV�KRPH�REVHUYDWRU\�LQ�FHQWUDO�1HZ�-HUVH\��

$OVR��LQ�������WKH�DXWKRU�ZDV�GLUHFWHG�WR�%ULDQ�:DUQHU��ZKR�ZDV�

SXEOLVKLQJ� WKH� 0LQRU� 3ODQHW� 2EVHUYHU� SULQW� HGLWLRQ�� ZKLFK�

UHSODFHG� E\� D� ZHE�RQO\� YHUVLRQ� LQ� ����� �:DUQHU�� ������� 7KLV�

ILQDOO\� JDYH� WKH� DXWKRU� WKH� PHDQV� WR� EHJLQ� D� WKRURXJK� DQG�

V\VWHPDWLF� VHDUFK� IRU� HYHU\� PLQRU� SODQHW� ZLWKLQ� WKH� PDJQLWXGH�

OLPLW�RI�KLV�WHOHVFRSHV��


