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5\DQ�/DPEHUW��)UDQFN�0DUFKLV�

6(7,�,QVWLWXWH��&DUO�6DJDQ�&HQWHU������%HUQDUGR�$YHQXH��

6XLWH������0RXQWDLQ�9LHZ�&$���������86$�

UODPEHUW#VHWL�RUJ�

-RVHI�+DQXã�

&KDUOHV�8QLYHUVLW\��)DFXOW\�RI�0DWKHPDWLFV�DQG�3K\VLFV���

,QVWLWXWH�RI�$VWURQRP\��9�+ROHãRYLFNiFK����

������3UDJXH����&=(&+�5(38%/,&�

-RKQ�$UFKHU��0DULR�%LOOLDQL��-RKQ�.��%UDGOH\��3KLO�%UHH]H�/DPE��

0LFKDHO�&DPLOOHUL��0DUWLQ�'DY\��-RKQ�'HLW]��6WHSKHQ�'RQQHOO\��

0DUN�)DLUID[��.HLLFKL�)XNXL��5\DQ�*DPXURW��7DWHNL�*RWR���

%UXQR�*XLOOHW��6FRWW�.DUGHO��5DFKHO�.QLJKW���

:LOOLDP�+HGHJDDUG�/DQJYDG��0DUJDUHW�$��/RRVH���

1LFROD�0HQHJKHOOL��0LNH�0LWFKHOO��3DYHO�1LNLIRURY��%UXFH�3DUNHU��

-RKQ�:��3LFNHULQJ��0LFKDHO�3ULPP��-XVWXV�5DQGROSK���

)HOLSH�%UDJD�5LEDV��)DELHQ�5LFKDUGRW��'DUUHQ�$��5LYHWW���

0DVDR�6KLPL]X��*HRUJHV�6LPDUG��0DUWLQ�6PDOOHQ��(WKDQ�7HQJ���

0DUFRV�$��YDQ�'DP��$DG�9HUYHHQ��-RH�:LGL��

8QLVWHOODU�&LWL]HQ�$VWURQRPHUV�

�5HFHLYHG�������6HSWHPEHU�����

:H�SUHVHQW� WKH� UHVXOWV� RI� DQ�REVHUYDWLRQDO� VWXG\�RI� WKH�

QHDU�(DUWK�DVWHURLG�������������-$�FRQGXFWHG�GXULQJ�LWV�

0D\� ����� FORVH� DSSURDFK�� 8VLQJ� GDWD� FROOHFWHG� IURP�

SDUWLFLSDWLQJ�8QLVWHOODU�FLWL]HQ�DVWURQRPHUV��ZH�UHSRUW�D�

EHVW�ILWWLQJ�V\QRGLF�URWDWLRQ�SHULRG�RI���������������KRXUV�

ZLWK� D� FRUUHVSRQGLQJ� DPSOLWXGH� RI� ����� �� �����

PDJQLWXGHV�IRU�������������-$��

%HJLQQLQJ�RQ������0D\����WKH�8QLVWHOODU�FLWL]HQ�VFLHQFH�QHWZRUN�

�0DUFKLV�HW�DO���������EHJDQ�D�FDPSDLJQ�WR�REVHUYH�WKH�QHDU�(DUWK�

DVWHURLG��������������-$�GXULQJ�LWV�FORVH�DSSURDFK�RQ������0D\�����

7KH� FDPSDLJQ� UDQ� IURP� �����0D\��� WR� -XQ��� DQG� UHVXOWHG� LQ����

REVHUYDWLRQV� IURP���� GLIIHUHQW� FLWL]HQ� DVWURQRPHUV��2EVHUYDWLRQV�

ZHUH� WDNHQ� XVLQJ� 8QLVWHOODU� GLJLWDO� WHOHVFRSHV�� QDPHG� H9VFRSH��

H4XLQR[��DQG�H9VFRSH����7KHVH�WHOHVFRSHV�DUH����PP�I���UHIOHFWRUV�

DQG� XVH� D� 6RQ\� ([PRU� ,0;���� �H9VFRSH�� H4XLQR[�� DQG� 6RQ\�

([PRU�,0;����&026��H9VFRSH����GHWHFWRU��%HIRUH������0D\�����

REVHUYDWLRQV�ZHUH�SHUIRUPHG�DV�D�VHULHV�RI�FRQVHFXWLYH��XQILOWHUHG�

��VHFRQG�H[SRVXUHV�ZLWK�D�JDLQ�RI���G%��([SRVXUHV�ZHUH�WDNHQ�IRU�

���PLQXWHV�EHIRUH�WKH�H9VFRSH�ZDV�UHDOLJQHG�RQWR�WKH�WDUJHW��2Q�

�����0D\�����WKH�SURSHU�PRWLRQ�RI������-$�ZDV�JUHDW�HQRXJK�WKDW�

WKH� REVHUYDWLRQ� SURFHGXUHV� ZHUH� XSGDWHG� WR� UHDOLJQ� HYHU\� ���

PLQXWHV�WR�DYRLG�WKH�DVWHURLG�OHDYLQJ�WKH�ILHOG�RI�YLHZ��2EVHUYDWLRQV�

ZHUH�WKHQ�XSORDGHG�WR�WKH�8QLVWHOODU�VHUYHU�ZKHUH�WKH�LPDJHV�ZHUH�

GDUN�VXEWUDFWHG��SODWH�VROYHG��DQG�VWDFNHG�DFFRUGLQJ�WR�WKH�SURSHU�

PRWLRQ�RI�������������-$�DW�WKH�WLPH�RI�REVHUYDWLRQ��

������������-$�ZDV�GLVFRYHUHG�LQ������0D\�E\�(OHDQRU�+HOLQ�DW�

WKH�3DORPDU�REVHUYDWRU\�� ,W� LV� D�SRWHQWLDOO\�KD]DUGRXV� QHDU�(DUWK�

DVWHURLG�ZLWK�D�VHPL�PDMRU�D[LV�RI�������DX��HFFHQWULFLW\�RI��������

LQFOLQDWLRQ�RI���������DQG�RUELWDO�SHULRG�RI������\HDUV��7KH�GLDPHWHU�

KDV�EHHQ�HVWLPDWHG� WR� EH���������������NP� IURP� WKH�1(2:,6(�

VXUYH\��0DLQ]HU�HW�DO���������XVLQJ�DQ�DEVROXWH�PDJQLWXGH�+� �����

5DGDU�REVHUYDWLRQV�WDNHQ�E\�0DKDSDWUD�HW�DO���������FRQVWUDLQHG�WKH�

V\QRGLF� URWDWLRQ� SHULRG� WR� ���� KRXUV� EXW� QR� IXUWKHU� DWWHPSWV� WR�

FRQVWUDLQ� WKH� URWDWLRQ� SHULRG� DSSHDU� RQ� WKH� DVWHURLG� OLJKWFXUYH�

GDWDEDVH��/&'%��:DUQHU�HW�DO����������

7R� GHWHUPLQH� WKH� V\QRGLF� URWDWLRQ� SHULRG�� D� VXEVDPSOH� RI� ���

REVHUYDWLRQV�WKDW�RFFXUUHG�EHWZHHQ������0D\�������ZHUH�VHOHFWHG��

6LQFH� ������������-$�ZDV� LQ� WKH�PLGVW�RI�D� FORVH�DSSURDFK�� WKLV�

WZR�GD\�ZLQGRZ�ZDV�FKRVHQ�WR�PLQLPL]H�WKH�FKDQJH�LQ�PDJQLWXGH�

WKDW�ZRXOG�RFFXU�DFURVV�REVHUYDWLRQV�GXH�WR�WKH�FKDQJLQJ�GLVWDQFH�

DQG� SKDVH� DQJOH�� $QDO\VLV� RI� WKH� SHULRGRJUDP� FUHDWHG� IURP� WKH�

OLJKWFXUYHV�RI�WKHVH����REVHUYDWLRQV�UHYHDOV�D�EHVW�ILWWLQJ�V\QRGLF�

URWDWLRQ�SHULRG�RI�������KRXUV�ZLWK�RWKHU�KLJK�SUREDELOLW\�VLJQDOV�

RFFXUULQJ�DW�WKH�LQWHJHU�DOLDVHV�RI�WKLV�URWDWLRQ�SHULRG��:H�DVVXPHG�

DQ� XQFHUWDLQW\� FRUUHVSRQGLQJ� WR� D� ���� URWDWLRQ� SKDVH� RIIVHW��

UHVXOWLQJ� LQ� D� V\QRGLF� URWDWLRQ� SHULRG� RI���������������KRXUV�� ,Q��

WKH� VHFRQG� ILJXUH�� ZH� SUHVHQW� D� URWDWLRQ� SKDVH� SORW� RI� RXU��

���REVHUYDWLRQ� VXEVDPSOH��(DFK�REVHUYDWLRQ�KDV�EHHQ� ODEHOHG�E\�

WKH� ��FKDUDFWHU� VHULDO� QXPEHU� RI� WKH� H9VFRSH� WKDW� WRRN� WKH�

REVHUYDWLRQ�DORQJ�ZLWK�WKH�GDWH�WKH�REVHUYDWLRQ�ZDV�WDNHQ��7R�PRUH�

HDVLO\�LGHQWLI\�IHDWXUHV�LQ�WKH�OLJKWFXUYH��D�EODFN�OLQH�KDV�EHHQ�DGGHG�

WR� WKH�SORW� WKDW� LV� WKH� UROOLQJ�ZHLJKWHG�DYHUDJH�PDJQLWXGH�RI�����

VXEVHTXHQW�PDJQLWXGH�PHDVXUHPHQWV��:H�HVWLPDWH�WKH�DPSOLWXGH�DV�

KDOI� RI� WKH� GLIIHUHQFH�EHWZHHQ� WKH� KLJKHVW� DQG� ORZHVW�PDJQLWXGH�

DFURVV�WKH�ZHLJKWHG�UROOLQJ�DYHUDJH��8VLQJ�WKLV�PHWKRG��ZH�ILQG�DQ�

DPSOLWXGH�RI�$� �������������PDJ��
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$FNQRZOHGJHPHQWV�

7KH�DXWKRUV� WKDQN�DOO� WKH� FLWL]HQ� DVWURQRPHUV� WKDW�SDUWLFLSDWHG� LQ�

WKLV�REVHUYDWLRQ�FDPSDLJQ�DQG�FRQWULEXWHG�WKHLU�YDOXDEOH�GDWD��7KLV�

UHVHDUFK�ZDV�VXSSRUWHG�ZLWK�D�JHQHURXV�GRQDWLRQ�E\�WKH�*RUGRQ�DQG�

%HWW\�0RRUH�)RXQGDWLRQ��7KH�VFLHQWLILF�GDWD�SUHVHQWHG�KHUHLQ�ZHUH�

REWDLQHG�XVLQJ�WKH�8QLVWHOODU�1HWZRUN��ZKLFK�LV�PDQDJHG�MRLQWO\�E\�

8QLVWHOODU� DQG� WKH� 6(7,� ,QVWLWXWH�� 7KH� ZRUN� RI� -RVHI� +DQXã� KDV��

EHHQ� VXSSRUWHG� E\� WKH� &]HFK� 6FLHQFH� )RXQGDWLRQ� WKURXJK� JUDQW��
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5HIHUHQFHV�

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������

³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�

����*\SWLV�´�,FDUXV��������������

0DKDSDWUD�� 3�5��� %HQQHU�� /�$�0��� 2VWUR�� 6�-��� -XUJHQV�� 5�)���

*LRUJLQL��-�'���<HRPDQV��'�.���&KDQGOHU��-�)���6KDSLUR��,�,����������

³5DGDU� REVHUYDWLRQV� RI�DVWHURLG������ ������ -$��´�3ODQHWDU\�DQG�

6SDFH�6FLHQFH��������������

0DLQ]HU��$���%DXHU��-���&XWUL��5���*UDY��7���.UDPHU��(���0DVLHUR��-���

6RQQHWW�� 6��� :ULJKW�� (��� (GV�� �������� 1(2:,6(� 'LDPHWHUV� DQG�

$OEHGRV�9�����1$6$�3ODQHWDU\�'DWD�6\VWHP��

0DUFKLV� )��� 0DOYDFKH�� $��� 0DUILVL�� /��� %RURW�� $��� $UERXFK�� (��

�������� ³8QLVWHOODU� H9VFRSHV�� 6PDUW�� SRUWDEOH�� DQG� HDV\�WR�XVH�

WHOHVFRSHV� IRU� H[SORUDWLRQ�� LQWHUDFWLYH� OHDUQLQJ�� DQG� FLWL]HQ�

DVWURQRP\�´�$FWD�$VWURQDXWLFD�������������

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�

/LJKWFXUYH� 'DWDEDVH�´� ,FDUXV� ����� ��������� 8SGDWHG� ����� 'HF��

KWWS���ZZZ�PLQRUSODQHW�LQIR�SKS�OFGE�SKS�
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$OHVVDQGUR�0DUFKLQL��5LFFDUGR�3DSLQL�

$VWURQRPLFDO�2EVHUYDWRU\��'6)7$���8QLYHUVLW\�RI�6LHQD��.����

9LD�5RPD�������������6LHQD��,7$/<�

PDUFKLQL#XQLVL�LW�

�5HFHLYHG�������2FWREHU�����

3KRWRPHWULF�REVHUYDWLRQV�RI�WKH�PDLQ�EHOW�DVWHURLG�������

7RPMRKQVRQ� ZHUH� FRQGXFWHG� LQ� RUGHU� WR� GHWHUPLQH� LWV�

V\QRGLF�URWDWLRQ�SHULRG��:H�IRXQG�3� ���������������K���

$� �������������PDJ��

&&'� SKRWRPHWULF� REVHUYDWLRQV� RI� WKH� PDLQ�EHOW� DVWHURLG� ������

7RPMRKQVRQ� ZHUH� FDUULHG� RXW� LQ� -XO\� ����� DW� WKH� $VWURQRPLFDO�

2EVHUYDWRU\�RI�WKH�8QLYHUVLW\�RI�6LHQD��.�����D�IDFLOLW\�LQVLGH�WKH�

'HSDUWPHQW�RI�3K\VLFDO�6FLHQFHV��(DUWK�DQG�(QYLURQPHQW��'6)7$��

������� :H� XVHG� D� �����P� I����� 0DNVXWRY�&DVVHJUDLQ� WHOHVFRSH��

6%,*�67/�����(�1$%*�&&'�FDPHUD��DQG�FOHDU�ILOWHU��WKH�SL[HO�

VFDOH�ZDV������DUFVHF�ZKHQ�ELQQHG�DW��î��SL[HOV�DQG�DOO�H[SRVXUHV�

ZHUH�����VHFRQGV��

'DWD� SURFHVVLQJ� DQG� DQDO\VLV� ZHUH� GRQH� ZLWK� 032� &DQRSXV�

�:DUQHU���������$OO�LPDJHV�ZHUH�FDOLEUDWHG�ZLWK�GDUN�DQG�IODW�ILHOG�

IUDPHV�DQG�WKH�LQVWUXPHQWDO�PDJQLWXGHV�FRQYHUWHG�WR�5�PDJQLWXGHV�

XVLQJ� VRODU�FRORUHG� ILHOG� VWDUV� IURP� D� YHUVLRQ� RI� WKH� &0&����

FDWDORJXH� GLVWULEXWHG� ZLWK� 032� &DQRSXV�� 7DEOH� ,� VKRZV� WKH�

REVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��

$�VHDUFK�WKURXJK�WKH�DVWHURLG�OLJKWFXUYH�GDWDEDVH��/&'%��:DUQHU�

HW� DO��� ������ LQGLFDWHV� WKDW� RXU� UHVXOW� PD\� EH� WKH� ILUVW� UHSRUWHG�

OLJKWFXUYH�REVHUYDWLRQV�DQG�UHVXOWV�IRU�WKLV�DVWHURLG��

������7RPMRKQVRQ�������9%���ZDV�GLVFRYHUHG�RQ������1RYHPEHU�

���DW�&DWDOLQD�E\�WKH�&DWDOLQD�6N\�6XUYH\�DQG�QDPHG�LQ�KRQRU�RI�

7KRPDV�-��-RKQVRQ�ZKR�GHYHORSHG�D�WHFKQLTXH�IRU�FUHDWLQJ�6FKPLGW�

WHOHVFRSH�FRUUHFWRUV�WKDW�DOORZHG�WKH�PDVV�SURGXFWLRQ�RI�6FKPLGW�

&DVVHJUDLQ�WHOHVFRSHV��,W�LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG�ZLWK�D�VHPL�

PDMRU�D[LV�RI�������$8��HFFHQWULFLW\��������LQFOLQDWLRQ���������DQG�

DQ�RUELWDO�SHULRG�RI������\HDUV��,WV�DEVROXWH�PDJQLWXGH�LV�+� �������

�-3/�� ������� 7KH�:,6(�1(2:,6(� VDWHOOLWH� LQIUDUHG� UDGLRPHWU\�

VXUYH\��0DVLHUR�HW�DO���������IRXQG�D�GLDPHWHU�'� ���������������

NP�XVLQJ�DQ�DEVROXWH�PDJQLWXGH�+� �������

2EVHUYDWLRQV�ZHUH� FRQGXFWHG� RYHU� IRXU�QLJKWV� DQG� FROOHFWHG�����

GDWD�SRLQWV��7KH�SHULRG�DQDO\VLV�VKRZV�D�ELPRGDO�VROXWLRQ�IRU�WKH�

URWDWLRQDO� SHULRG� RI� 3�  � ������ �� ������ K� ZLWK� DQ� DPSOLWXGH��

$�  � ����� �� ����� PDJ�� 7KLV� WDUJHW� ZDV� REVHUYHG� ZLWKLQ� WKH�

3KRWRPHWULF�6XUYH\�IRU�$V\QFKURQRXV�%LQDU\�$VWHURLGV�XQGHU�WKH�

OHDGHUVKLS� RI� 3HWU� 3UDYHF� IURP� 2QG�HMRY� 2EVHUYDWRU\�� &]HFK�

5HSXEOLF� �3UDYHF� HW� DO��� ������ 3UDYHF�� ����ZHE�� DQG� WKHLU�

LQGHSHQGHQW�DQDO\VLV�FRQILUPHG�RXU�UHVXOWV��


