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KRXUV� DQG� DPSOLWXGH� ����� �� ����� PDJQLWXGHV�� 7KHUH� LV�

DOVR�ORZ�OHYHO�WXPEOLQJ�ZLWK�D�SRVVLEOH�VHFRQG�SHULRG�RI�

����KRXUV��3$5�����7KH�SHULRG��DPSOLWXGH��DQG�HSRFK�RI�

OLJKWFXUYH�PD[LPXP�DOO� DJUHH�ZLWK� D� UHFHQW�SRVWLQJ�RQ�
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7KH� ILUVW� DXWKRU� RI� WKLV� SDSHU� �3LOFKHU�� ������ REWDLQHG� WZHOYH�

SKRWRPHWULF�VHVVLRQV�RI���WR����KRXUV�HDFK�RQ�����7LPDQGUD������

1RY����� ��'HF�� ���� 7KHVH� GDWD�ZHUH�PHDVXUHG�ZLWK�XQFDOLEUDWHG�

FRPSDULVRQ�VWDUV�� WKDW� LV��LQVWUXPHQWDO�PDJQLWXGHV�RQO\��7KH�]HUR�

SRLQWV�RI�WKH�LQGLYLGXDO�OLJKWFXUYHV�ZHUH�DGMXVWHG�XS�WR�VHYHUDO�î����

PDJQLWXGHV� WR� SURYLGH� D� ILW� WR� D� URWDWLRQ� SHULRG� RI� ������ KRXUV��

DPSOLWXGH�����PDJQLWXGHV��7KH�XQFDOLEUDWHG�GDWD�KDYH�EHHQ�SRVWHG�

RQWR�ZZZ�$/&'()�RUJ�ZLWK�VKDULQJ�DOORZHG��7KH�UHDGHU�LV�LQYLWHG�

WR�GRZQORDG�WKHP�DQG�SHUIRUP�KLV�RZQ�LQYHVWLJDWLRQ��
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'XUHFK� ������� SRVWHG� RQWR� WKH� '$0,7� ZHEVLWH� D� /,� LQYHUVLRQ�

PRGHO�EDVHG�HQWLUHO\�RQ�VSDUVH�GDWD�IURP�$7/$6�EHWZHHQ���������

DQG����������7KH�GHQVH�OLJKWFXUYHV�REWDLQHG�LQ������E\�WKLV�DXWKRU�

ZHUH�QRW�XWLOL]HG�WR�SUHSDUH�WKH�/,�PRGHO�SUHVHQWHG�LQ�'$0,7��$�

VLGHUHDO� SHULRG� RI� ������ KRXUV� ZLWK� URWDWLRQDO� SROH� DW� FHOHVWLDO�

ORQJLWXGH�������FHOHVWLDO�ODWLWXGH�����ZDV�IRXQG��7KH�PRGHO�VKRZV�

D�ORQJ�HTXDWRULDO�D[LV�DERXW�WZLFH�WKH�OHQJWK�RI�WKH�VKRUW�HTXDWRULDO�

D[LV��:LWK� D� URWDWLRQDO�SROH� QHDUO\� DW� D� ULJKW� DQJOH� WR� WKH�RUELWDO�

SODQH��D�URWDWLRQDO�DPSOLWXGH�QHDU�����PDJQLWXGHV�LV�H[SHFWHG��

7KH�&&'�LPDJHV�KDYH�EHHQ�ORVW�LQ�WKH�WZHOYH�\HDUV�VLQFH�WKH\�ZHUH�

PDGH�� EXW� WKH� RULJLQDO� XQFDOLEUDWHG� PHDVXUHPHQW� GDWD� DUH�

SUHVHUYHG�� )LUVW� DXWKRU� 3LOFKHU� UH�H[DPLQHG� WKH� RULJLQDO� GDWD�

REWDLQHG�LQ�WKH�\HDU�������:KHQ�D�OLJKWFXUYH�ZDV�GUDZQ�ZLWK�WKH�

SHULRG�IRUFHG�WR�������KRXUV��LW�ZDV�LPPHGLDWHO\�DSSDUHQW�WKDW�WKHUH�

ZHUH�PDQ\�ODUJH�JDSV��7KHUHIRUH��WKH�KDOI�SHULRG�RI�������KRXUV�ZDV�

XVHG�WR�DGMXVW�WKH�]HUR�SRLQWV�RI�WKH�LQGLYLGXDO�VHVVLRQV�XS�WR�D�IHZ�

î����PDJQLWXGHV� XQWLO� D� JRRG� ILW� ZDV� REWDLQHG��:LWK� D� UDQJH� RI�

SHULRGV�EHWZHHQ�����KRXUV�DQG�����KRXUV�WKHUHDIWHU�DGRSWHG��VPDOO�

DGGLWLRQDO�]HUR�SRLQW�DGMXVWPHQWV�ZHUH�PDGH�WR�PLQLPL]H�WKH�UPV�

UHVLGXDO�DW�������KRXUV��

)RU� DQ� DPSOLWXGH� RI� ���� PDJQLWXGHV�� D� SHULRG� ZLWK� RQO\� RQH�

PD[LPXP�DQG�PLQLPXP�SHU�F\FOH�FDQQRW�EH�ILW�WR�DQ\�PRGHO�VKDSH�

DQG�LV�GHILQLWLYHO\�UXOHG�RXW��7KHUHIRUH��ZH�GR�QRW�SUHVHQW�WKH�KDOI�

SHULRG�OLJKWFXUYH��7KH�SHULRG�LV�WZLFH�DV�JUHDW��7KH�ILQDO�VWHS�ZDV�

WR�DGMXVW�D�OLJKWFXUYH�IRU�EHVW�ILW�ZLWKLQ�D�UDQJH�RI�����WR�����KRXUV��

$�SHULRG�������������KRXUV��IRUPDO�HUURU��DQG�DPSOLWXGH�����������

PDJQLWXGHV�LV�IRXQG�DQG�SUHVHQWHG��)LJ������7KH�UHDO�SHULRG�HUURU�LV�

OLNHO\�WR�EH�ODUJHU��

�

)LJ�����7KH�OLJKWFXUYH�RI�����7LPDQGUD�SKDVHG�WR�������KRXUV�GUDZQ�
IURP�\HDU������GDWD��

$�SHULRG�VSHFWUXP�EHWZHHQ�����KRXUV�DQG�����KRXUV�VKRZV�GHHS�

PLQLPD�RQO\�DW�����KRXUV�DQG�DW�����KRXUV��)LJ������(YHQ�ZLWK�WKH�

GDWD� EHLQJ� XQFDOLEUDWHG�� QR� SHULRG� ZLWKLQ� WKLV� UDQJH� H[FHSW� ����

KRXUV�FDQ�EH�DOORZHG��

�

)LJ�����7KH�SHULRG�VSHFWUXP�RI�����7LPDQGUD�IRU�\HDU�������

:LWK� DQRWKHU� IDYRUDEOH�RSSRVLWLRQ� RI�����7LPDQGUD�RFFXUULQJ� LQ�

ODWH������� ILUVW�DXWKRU�3LOFKHU� LQYLWHG�DOO� WKH�RWKHU�DXWKRUV�RI� WKLV�

SDSHU�WR�FRQWULEXWH�SKRWRPHWULF�VHVVLRQV��2EVHUYLQJ�FLUFXPVWDQFHV�

DQG�UHVXOWV�DUH�UHSRUWHG�LQ�WDEOH�,��7KH�IXOO�OLVW�RI�HTXLSPHQW�RI�WKH�

VHYHUDO� REVHUYHUV� LV� SURYLGHG� EHORZ� LQ� WDEOH� ,,�� 7KH� WDUJHW�

PDJQLWXGHV�LQ�WKH�5�EDQG�IRU�DOO�VHVVLRQV�ZHUH�FDOLEUDWHG�ZLWK�WKH�

U¶�PDJQLWXGHV�RI�VRODU�FRORUHG�VWDUV�LQ�WKH�&0&���FDWDORJ��ZKHUH��

5� �U¶���������

$�WRWDO�RI����VHVVLRQV��PRVW�RI�WKHP�OHVV�WKDQ���KRXUV��ZHUH�REWDLQHG�

E\�WKH�VHYHUDO�REVHUYHUV�RYHU�WKH�LQWHUYDO������6HSW�����WR�'HF������

LQFOXGLQJ� DOPRVW� VHYHQ� URWDWLRQ� F\FOHV�� 6LQJOH�SHULRG� OLJKWFXUYHV�

ZHUH�GUDZQ�ZLWK�032�&DQRSXV�Y�������VRIWZDUH��'DWD�IURP�WKHVH�

VHVVLRQV� FDQ� EH� ILW� WR� D� OLJKWFXUYH�ZLWK�SHULRG�������������KRXUV�

�IRUPDO�HUURU���DOWKRXJK�ZH�FRQVLGHU�DQ�HUURU�RI�������KRXUV�WR�EH�

PRUH� UHDOLVWLF�� 7KH� DPSOLWXGH� LV� ����� �� ����� PDJQLWXGHV��

'LVFRUGDQFHV�LQ�WKH�SORWWHG�SRLQWV�IRU�WKH�VHYHUDO�VHVVLRQV�VXJJHVW�

WKH�SUHVHQFH�RI� ORZ�OHYHO� WXPEOLQJ��:H�SUHVHQW�ERWK�D�OLJKWFXUYH�

SKDVHG�WR�������KRXUV��)LJ�����DQG�D�UDZ�OLJKWFXUYH��)LJ������ERWK�

LQFOXGLQJ�GDWD�IURP�DOO�VHVVLRQV��

�

)LJ�����7KH�OLJKWFXUYH�RI�����7LPDQGUD�SKDVHG�WR�������KRXUV�GUDZQ�
E\�VLQJOH�SHULRG�VRIWZDUH�IRU�\HDU������GDWD��
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)LJ�����7KH�UDZ�OLJKWFXUYH�RI�����7LPDQGUD�IRU�WKH�LQWHUYDO������������
WR�������������

,W�LV�LQVWUXFWLYH�WR�H[SODLQ�KRZ�WKH�������KRXU�DOLDV�IRXQG�LQ������

DURVH��7KH�DXWKRUV�FDXWLRQ�WKDW�VLPLODU�PLVWDNHV�PD\�EH�SUHVHQW�LQ�

RWKHU�SXEOLVKHG�GDWD�DQG�ZDUQ�DOO�DXWKRUV�RI�OLJKWFXUYHV�WR�ORRN�IRU�

HYLGHQFH�RI�WKH�DPELJXLW\�H[SODLQHG�LQ�WKH�QH[W�SDUDJUDSK��

/HW�3�� ������K��3�� ������K��3(� �(DUWK�VLGHUHDO�SHULRG������K��

7KHQ� ���3��� �� ���3���  � ���3(� ZLWKLQ� REVHUYDWLRQDO� HUURU�� 7KH�

FDOLEUDWHG� GDWD� REWDLQHG� LQ� \HDU� ����� LPPHGLDWHO\� UHYHDOHG� WKH�

ODUJH�DPSOLWXGH�DQG�OHG�WR�WKH�FRUUHFW�SHULRG�RI�������KRXUV��,I�WKH�

GDWD� IURP� WKH� ����� LQYHVWLJDWLRQ� KDG� EHHQ� FDOLEUDWHG� LQVWHDG� RI�

EHLQJ� DUELWUDULO\� DGMXVWHG�� DJDLQ� WKH� ODUJH� DPSOLWXGH�ZRXOG� KDYH�

EHHQ�QRWHG�DQG�WKH�DOLDV�SHULRG�UHMHFWHG��

:H�FRQVLGHU�WKLV�SHULRG�WR�EH�KLJKO\�UHOLDEOH��7KH�GHQVH�OLJKWFXUYHV�

IURP�ERWK� WKH�\HDUV� �����DQG� �����SURYLGH� ILWV� WR� D�SHULRG� YHU\�

FORVH�WR�WKDW�REWDLQHG�E\�/,�PRGHOLQJ�IURP�VSDUVH�GDWD�LQ�WKH�\HDUV�

����������� 7KH� ������KRXU� OLJKWFXUYH� IURP� \HDU� ����� VKRZV� D�

PD[LPXP�QHDU� -'��������� VKRUWO\�EHIRUH� ]HUR� HSRFK��/LNHZLVH��

WKH�������KRXU�OLJKWFXUYH�IURP�\HDU������VKRZV�D�PD[LPXP�QHDU�

-'��������� VKRUWO\� DIWHU� ]HUR� HSRFK��7KH�'$0,7�ZHEVLWH�KDV� D�

SURYLVLRQ�WKDW�WKH�/,�PRGHO�FDQ�EH�SURMHFWHG�WR�DQ\�-'�VSHFLILHG�E\�

WKH�XVHU��2Q�ERWK�-'��������DQG�-'���������WKH�EURDG�VLGH�RI�WKH�

PRGHO�LV�WRZDUG�WKH�(DUWK�DQG�WKHUHIRUH�WKH�DVWHURLG�LV�DW�PD[LPXP�

OLJKW�� 7KH� FRPSDWLELOLW\� RI� URWDWLRQ� SHULRG�� DPSOLWXGH� QHDU� ����

PDJQLWXGHV�SUHGLFWHG�E\�WKH�HORQJDWHG�VKDSH�PRGHO��DQG�HSRFK�RI�

OLJKWFXUYH� PD[LPXP� IURP� WKUHH� FRPSOHWHO\� VHSDUDWH� GDWD� VHWV�

LPSURYHV�WKH�FRQILGHQFH�LQ�WKH�VKDSH�DQG�VSLQ�RI�WKH�PRGHO��DQG�LQ�

WKH�YDOLGLW\�RI�WKH�������KRXU�SHULRG�REWDLQHG�IURP�WKH�\HDU������

GHQVH�EXW�XQFDOLEUDWHG�OLJKWFXUYHV��

0XOWLEDQG�SKRWRPHWU\��DFTXLUHG�E\�3��%DFFL�DQG�0��0DHVWULSULHUL�

������RQ������2FWREHU�����DOORZHG�XV�WR�GHWHUPLQH�WKH�FRORU�LQGLFHV�

�%�9�� �������������DQG��9�5�� ��������������)LJ������FRQVLVWHQW�

ZLWK�D�PHGLXP�DOEHGR�DVWHURLG��6KHYFKHQNR�DQG�/XSLVKNR���������

�

)LJ�����5DZ� OLJKWFXUYHV�RI�����7LPDQGUD� LQ�%��9��DQG�5�EDQGV�RQ�
������������

)RU�+�*�GHWHUPLQDWLRQ�WKH�5�EDQG�PDJQLWXGHV�ZHUH�FRQYHUWHG�WR�9�

EDQG�DGGLQJ�WKH�FRORU�LQGH[��9�5���$Q�+�*�GLDJUDP�ZDV�GUDZQ�IRU�

PD[LPXP��PHDQ��DQG�PLQLPXP�OLJKW��)LJ������&RQVLGHULQJ�WKH�ODUJH�

DPSOLWXGH� RI� WKH� OLJKWFXUYH�� IRU� WKH� +�*� SDUDPHWHUV� ZHUH� XVHG�

VHSDUDWHO\� WKH�PLQLPXP�DQG� WKH�PD[LPXP� OLJKW�PDJQLWXGHV� DQG�

HYDOXDWLQJ�WKH�PHDQ�OLJKW�VROXWLRQ��+� ��������������PDJ��*� ������

��������ZKLFK�EHVW�UHSUHVHQWV�WKH�HQWLUH�GDWDVHW��

�

)LJ�����9�EDQG�+�*�GLDJUDP�IRU�����7LPDQGUD�DW�PD[LPXP��PHDQ��
DQG�PLQLPXP�OLJKW��

7KH� DXWKRUV� WKDQN� 3HWU� 3UDYHF� IRU� SHUIRUPLQJ� DQ� LQGHSHQGHQW�

DQDO\VLV� RI� RXU� GDWD�� XVLQJ� VRIWZDUH� WKDW� LQFOXGHV� WKH� VXP� DQG�

GLIIHUHQFH�RI�WKH�SULPDU\�DQG�WXPEOLQJ�SHULRGV��DQG�DOVR�WKH�VXP�

DQG� GLIIHUHQFH� RI� LQWHJHU�PXOWLSOHV� RI� ERWK� SHULRGV��+LV� DQDO\VLV�

UHDGV��
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:KLOH�WKH�PDLQ�SHULRG�RI�WKH�WXPEOHU�LV�ZHOO�HVWDEOLVKHG��������K�

ZLWK� D� UHDOLVWLF� HUURU� DERXW� �K��� LWV� VHFRQG� SHULRG� LV� QRW� ZHOO�

GHWHUPLQHG�� 2QH� RI� D� IHZ� SRVVLEOH� SHULRGV� LV� ������ K�� EXW� LW� LV�

SRVVLEOH� WKDW� LW� LV� DFWXDOO\� D� OLQHDU� FRPELQDWLRQ� RI� WKH� UHDO�

IUHTXHQFLHV�RI�WKH�WXPEOHU�UDWKHU�WKDQ�WKH�UHDO�VHFRQG�SHULRG��$�SDUW�

RI�WKH�SUREOHP�LV�WKDW�WKH�GDWD�FDQQRW�EH�ILWWHG�WR�YHU\�KLJK�RUGHUV��

VR�WKH�ILW�LV�QRW�SHUIHFW��,�UDWH�WKLV�RQH�DV�3$5� �����7KH�SULPDU\�

SHULRG�OLJKWFXUYH�LV�VKRZQ�LQ�)LJ�����

�

)LJ�����/LJKWFXUYH�RI�����7LPDQGUD�IRU�WKH�\HDU������SKDVHG�WR�������
KRXUV�DQG�GUDZQ�ZLWK�PXOWLSOH�SHULRG�VRIWZDUH��

$FNQRZOHGJPHQWV�

7KH�DXWKRUV�WKDQN�3HWU�3UDYHF�IRU�KLV�LQGHSHQGHQW�DQDO\VLV�RI�RXU�

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

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

����*\SWLV�´�,FDUXV��������������

3LOFKHU��)����������³5RWDWLRQ�SHULRG�GHWHUPLQDWLRQV�IRU����3KRFDHD��

����6LZD������0HGXVD������&HOXWD������2FOOR������5HJLQKLOG��DQG�

����7LPDQGUD�´�0LQRU�3ODQHW�%XOO�������������

6KHYFKHQNR��9�*���/XSLVKNR��'�)�� �������� ³2SWLFDO�SURSHUWLHV�RI�

$VWHURLGV� IURP� 3KRWRPHWULF� 'DWD�´� 6RODU� 6\VWHP� 5HVHDUFK� �����

���������

�

�
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