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�5HFHLYHG�������)HEUXDU\�����5HYLVHG�������0D\����

:H�SUHVHQW�SKRWRPHWULF�RSWLFDO� OLJKWFXUYHV�DQG�GHULYHG�

URWDWLRQ� SHULRGV� IRU� D� VDPSOH� RI� VHYHQ�(DUWK� FR�RUELWDO�

DVWHURLGV�� ����� :0��� ������� �� ������ K��� ����� $8��

���������������K��������((��������������������K��������
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7KHVH� REVHUYDWLRQV� ZHUH� FDUULHG� RXW� DW� WKH� %XOJDULDQ�

1DWLRQDO�$VWURQRPLFDO�2EVHUYDWRU\� ��5R]KHQ�XVLQJ� WKH�

)R5H5R��LQVWUXPHQW�DWWDFKHG�RQ�WKH��P5&&�WHOHVFRSH��

$VWHURLGV�FR�RUELWDO�ZLWK�WKH�(DUWK���EURDGO\�GHILQHG�DV�WKRVH�ZLWK�

DQ�DYHUDJH�KHOLRFHQWULF�GLVWDQFH�RI���DX���SUHVHQW�VSHFLDO�FKDOOHQJHV�

WR�VXUYH\V��%HFDXVH�RI�WKH�YHU\�VORZ�QHW�(DUWK�UHODWLYH�PRWLRQ�IURP�

RQH�UHYROXWLRQ�WR�WKH�QH[W��WKH\�FDQ�UHPDLQ�IDU�IURP�RXU�SODQHW�DQG�

FORVH�WR�WKH�6XQ
V�ORFDWLRQ�LQ�WKH�VN\�IRU�PDQ\�GHFDGHV��$V�D�UHVXOW��

REVHUYDWLRQDO�FRPSOHWHQHVV�IRU�WKLV�W\SH�RI�RUELW�LV�JHQHUDOO\�ORZHU�

WKDQ� IRU� RWKHU� QHDU�(DUWK� DVWHURLGV� �7ULFDULFR�� ������� :KHQ� DQ�

REMHFW� RI� WKLV� W\SH� LV� GLVFRYHUHG�� LW� W\SLFDOO\� RIIHUV� D� IHZ� EULHI�

DQQXDOO\�UHFXUULQJ� DSSDULWLRQV�ZKHQ� LW� LV� EULJKW� HQRXJK� WR� DOORZ�

SK\VLFDO� FKDUDFWHULVDWLRQ��$IWHUZDUGV�� WKH� DFFXPXODWHG�.HSOHULDQ�

GULIW�ZLOO�SODFH�LW�RXW�RI�UHDFK�RI�REVHUYDWLRQDO�VFUXWLQ\�IRU�PDQ\�

GHFDGHV�KHQFH��

3KRWRPHWULF� REVHUYDWLRQV� RI� VHOHFWHG� (DUWK� FR�RUELWDO� DVWHURLGV�

ZHUH� FDUULHG� RXW� IURP� WKH� %XOJDULDQ� 1DWLRQDO� $VWURQRPLFDO�

2EVHUYDWRU\� �� 5R]KHQ�� :H� XVHG� WKH� )RFDO� 5HGXFHU� 5R]KHQ� RU�

³)R5H5R�´� LQVWUXPHQW� DWWDFKHG� RQ� WKH���P�5&&� WHOHVFRSH�� 7KH�

DVWHURLG�WDUJHWV�DQG�WKHLU�REVHUYDWLRQDO�FLUFXPVWDQFHV�DUH�SUHVHQWHG�

LQ�7DEOH����

7KH� GDWD� ZHUH� UHGXFHG� E\� DSSO\LQJ� VWDQGDUG� ELDV� DQG� IODW�ILHOG�

FRUUHFWLRQV� IROORZHG� E\� DSHUWXUH� SKRWRPHWU\� WR� SURGXFH� WKH�

OLJKWFXUYH� IRU� HDFK� REMHFW� VKRZQ� LQ� )LJ�� ��� 7R� GHWHUPLQH� WKHLU�

SHULRGV� DQG� DPSOLWXGHV�� ZH� ILW� WKH� OLJKWFXUYHV� IURP� VLQJOH� RU�

PXOWLSOH� QLJKWV� WR� )RXULHU� VHULHV� RI� GLIIHUHQW� RUGHUV�� W\SLFDOO\�

EHWZHHQ� �� DQG� ��� XVLQJ� /HYHQEHUJ�0DUTXDUGW� QRQOLQHDU� OHDVW�

VTXDUHV�PLQLPLVDWLRQ��3UHVV�HW�DO���������DQG�DVVXPLQJ�D�GRXEOH�

SHDNHG� OLJKWFXUYH�� =HUR�SRLQW� RIIVHWV� IRU� GLIIHUHQW� QLJKWV� DQG�

GLIIHUHQW�ILOWHUV�ZHUH�LQFOXGHG�DV�IUHH�SDUDPHWHUV�LQ�WKH�ILW�WR�DOORZ�

XV�WR�DGMXVW�PRUH�SUHFLVHO\�WKH�GLIIHUHQW�SDUWV�RI�WKH�OLJKWFXUYHV�DQG�

GHWHUPLQH�PRUH�DFFXUDWHO\�WKH�DPSOLWXGH��$�UHILQHG�SHULRG�VHDUFK�

ZDV�WKHQ�SHUIRUPHG�RYHU�D�QDUURZ�UDQJH�DURXQG�WKH�LQLWLDO�VROXWLRQ�

WR�HVWLPDWH�PRUH�DFFXUDWHO\�WKH�SHULRG��,Q�WKH�IROORZLQJ��ZH�SUHVHQW�

DQ�REMHFW�E\�REMHFW�DQDO\VLV�RI�RXU�SKRWRPHWULF�GDWD��

��������� �����:0��� �+ ������ LV� DQ� $SROOR� DVWHURLG�� ,W� KDV� D�

SUHYLRXVO\� SXEOLVKHG� URWDWLRQ� SHULRG� RI� 3 ����� �� ����� K� �5RZH��

������:DUQHU������D���2XU�DQDO\VLV�RI�WKH�QHZ�REVHUYDWLRQV�VKRZV�

D�SHULRG�RI�3 ��������������K��FRQVLVWHQW�ZLWK�WKH�SUHYLRXV�HVWLPDWH�

JLYHQ�WKH�VWDWLVWLFDO�XQFHUWDLQW\��7KH�ï��SHULRG�VHDUFK�FOHDUO\�VKRZV�

RQO\�RQH�PLQLPXP�VXJJHVWLQJ�D�XQLTXH�SHULRG�VROXWLRQ� IURP�RXU�

GDWD��

��������������$8���+ ������LV�DQ�$WHQ�DVWHURLG�ZLWK�D�SUHYLRXVO\�

SXEOLVKHG� URWDWLRQ� SHULRG� RI� 3 ������ �� ������ K� �:DUQHU� DQG�

6WHSKHQV�� ����D���2XU� DQDO\VLV� RI� WKH� QHZ� REVHUYDWLRQV� \LHOGV� D�

SHULRG� RI� 3 ������ �� ������ K�� 7KH� QHZ� VROXWLRQ� KDV� D� VPDOO�

XQFHUWDLQW\�HYHQ�WKRXJK�LW�LV�EDVHG�RQ�SDUWLDO�OLJKWFXUYH�FRYHUDJH�

DQG� LV� VOLJKWO\� ORQJHU� WKDQ� WKH� SUHYLRXV� HVWLPDWH�� 7KH�ï�� SHULRG�

VHDUFK� VKRZV�RQO\� RQH�PLQLPXP�ZKLFK� DJDLQ� VXJJHVWV� D� XQLTXH�

SHULRG�VROXWLRQ��

��������������((�����+ ������LV�DQ�$SROOR�DVWHURLG�VXVSHFWHG�WR�

KDYH�ERXOGHUV�ZLWK�GLDPHWHUV�RI�ODUJHU�WKDQ����P�GLVWULEXWHG�DORQJ�

LWV�RUELW��/DL�HW�DO����������-HZLWW��������ILQGV�QR�HYLGHQFH�IRU�FR�

PRYLQJ�FRPSDQLRQV�RU�D�GXVW�SDUWLFOH�WUDLO�DQG�UHSRUW�D�%�9�FRORXU�

RI�������������ZKLFK�WKH\�LQWHUSUHW�DV�LQWHUPHGLDWH�EHWZHHQ�&�FODVV�

DQG�6�FODVV�DVWHURLGV��7KH�PHDQ�%�5�FRORXU�LV�FRQVLVWHQW�ZLWK�WKDW�

PHDVXUHG� IRU� -RYLDQ� 7URMDQ� DQG�'�W\SH� DVWHURLGV�� $VWHURLGV� FDQ�

VKHG�PDWHULDO�IURP�WKHLU�VXUIDFH�DQG�RQWR�KHOLRFHQWULF�RUELW�LI�WKH\�

URWDWH�RQFH�HYHU\�IHZ�KRXUV�RU�IDVWHU��3UDYHF�HW�DO���������-DFREVRQ�

DQG� 6FKHHUHV�� ������� +HUH� ZH� REWDLQHG� D� URWDWLRQDO� SHULRG� RI�

3 ���������������K�XVLQJ�GDWD�IURP���REVHUYLQJ�QLJKWV�LQ������DQG�

������:H�HPSOR\HG�WKH�SHULRG�VHDUFK�URXWLQH�ZLWKLQ�WKH�'$0,7�

VRIWZDUH� SDFNDJH� �'XUHFK� HW� DO��� ������ WR� FRPELQH� REVHUYDWLRQV�

IURP�WKH�GLIIHUHQW�QLJKWV�WDNLQJ�LQWR�DFFRXQW�WKH�PXWXDO�SRVLWLRQV�RI�

WKH�6XQ��WKH�(DUWK�DQG�WKH�REMHFW�IRU�HDFK�LQGLYLGXDO�PHDVXUHPHQW��

7KH�REWDLQHG�SHULRG�IRU�WKLV�REMHFW�LV�TXLWH�VORZ�DQG�IDU�IURP�WKH�

VSLQ�EDUULHU��3UDYHF�DQG�+DUULV���������DQG�LW�LV�WKHUHIRUH�XQOLNHO\�

WKDW� VSLQ�LQGXFHG� PDVV� VKHGGLQJ� GXH� WR� WKH� DVWHURLG¶V� SUHVHQW�

URWDWLRQDO� VWDWH� LV� UHVSRQVLEOH� IRU� DQ\� H[LVWLQJ� RUELW�VKDULQJ�

PDWHULDO��
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����� (%� �+ ������ LV� DQ� $SROOR� DVWHURLG�� ,W� KDV� D� SUHYLRXVO\�

SXEOLVKHG�URWDWLRQ�SHULRG�RI�3 ������������K��:DUQHU�DQG�6WHSKHQV��

����E���2XU�DQDO\VLV�RI�WKH�QHZ�REVHUYHG�OLJKWFXUYH�VKRZV�D�SHULRG�

RI�3 ��������������K��7KLV�LV�EDVHG�RQ�SDUWLDO�OLJKWFXUYH�FRYHUDJH�

ZKLFK��WRJHWKHU�ZLWK�WKH�ODUJH�VFDWWHU�LQ�WKH�GDWD��LV�UHVSRQVLEOH�IRU�

WKH�UHODWLYHO\�KLJK�XQFHUWDLQW\��1HYHUWKHOHVV��WKH�ï��SHULRG�VHDUFK�

VKRZV�RQO\�RQH�GHHS�PLQLPXP�ZKLFK�VXJJHVWV�D�XQLTXH�VROXWLRQ�

IRU�WKH�SHULRG��

��������� ����� .=��� �+ ������ LV� DQ� $WHQ� DVWHURLG� ZLWK� QR�

SUHYLRXVO\� SXEOLVKHG� URWDWLRQ� SHULRG�� 2XU� DQDO\VLV� RI� WKH� QHZ�

SKRWRPHWULF�GDWD�VKRZV�D�SHULRG�RI�3 ��������������K��7KH�ODUJH�

XQFHUWDLQO\�LV�GXH�WR�KLJK�SKRWRPHWULF�VFDWWHU�DV�ZHOO�DV�OHVV�WKDQ�

IXOO� OLJKWFXUYH� FRYHUDJH�� ,WV� ï�� SHULRG� VHDUFK� VKRZV� RQH� VLQJOH�

SHDNHG�VROXWLRQ�EXW�D�SRRUO\�GHILQHG�GRXEOH�SHDNHG�VROXWLRQ��+HUH�

ZH�SUHVHQW�WKH�GRXEOH�SHDNHG�OLJKWFXUYH�REWDLQHG�IURP�WKH�)RXULHU�

ILWWLQJ�URXWLQH��

��������������-3��+ ������LV�D�VPDOO�$WHQ�FODVV�DVWHURLG��7KHUH�DUH�

WZR�VHULHV�RI�REVHUYDWLRQV�SXEOLVKHG�SUHYLRXVO\�ZKLFK�\LHOGHG�TXLWH�

GLIIHUHQW� URWDWLRQ� SHULRGV�� 7KH� ILUVW� SKRWRPHWULF� REVHUYDWLRQV�

VXJJHVWHG�D�YHU\� ORQJ�SHULRG�RI�����������K��:DUQHU������E��EXW�

PRUH� UHFHQW� REVHUYDWLRQV� �3UDYHF�� ������ \LHOG� D� PXFK� VKRUWHU�

SHULRG�� ������� �� ������K�� 2XU� REVHUYDWLRQV� VKRZ� D� SHULRG� RI�

3 �������������K�WKXV�VWURQJO\�VXSSRUWLQJ�WKH�ODWWHU�HVWLPDWH��7KH�

ï��SHULRG�VHDUFK�VKRZV�PXOWLSOH�PLQLPD�EHWZHHQ�YDOXHV�RI���DQG���

K�� :H� FKRVH� WKH� RSWLPDO� VROXWLRQ� E\� YLVXDO� LQVSHFWLRQ� RI� DOO�

LQGLYLGXDO�OLJKWFXUYHV�ZLWK�GLIIHUHQW�SHULRG�VROXWLRQV�DQG�E\�XVLQJ�

DV�FULWHULD�WKH�EHWWHU�RYHUODSSLQJ�RI�WKH�GLIIHUHQW�QLJKWV�IRU�D�GRXEOH�

SHDNHG�OLJKWFXUYH��

��������� ����� .4��� �+ ������ LV� DQ� $SROOR� DVWHURLG�� ,W� KDV� QR�

SUHYLRXVO\� SXEOLVKHG� URWDWLRQ� SHULRG�� 2XU� DQDO\VLV� RI� WKH� QHZ�

REVHUYDWLRQV�VKRZV�D�SHULRG�RI�3 ��������������K��7KH�ï��SHULRG�

VHDUFK� VKRZV� RQO\� RQH� GHHS�PLQLPXP�ZKLFK� VXJJHVWV� D� XQLTXH�

VROXWLRQ�IURP�RXU�GDWD��

$FNQRZOHGJHPHQWV�

7KLV� ZRUN�ZDV� VXSSRUWHG� YLD� JUDQW� 67�5��������� IURP� WKH� 8.�

6FLHQFH�DQG�7HFKQRORJ\�)DFLOLWLHV�&RXQFLO��7KH�DXWKRUV�JUDWHIXOO\�

DFNQRZOHGJH� REVHUYLQJ� JUDQW� VXSSRUW� IURP� WKH� ,QVWLWXWH� RI�

$VWURQRP\� DQG� 1DWLRQDO� $VWURQRPLFDO� 2EVHUYDWRU\�� %XOJDULDQ�

$FDGHP\� RI� 6FLHQFHV�� $VWURQRPLFDO� UHVHDUFK� DW� WKH� $UPDJK�

2EVHUYDWRU\�DQG�3ODQHWDULXP�LV�JUDQW�DLGHG�E\�WKH�1RUWKHUQ�,UHODQG�

'HSDUWPHQW�IRU�&RPPXQLWLHV��'I&���7KH�DXWKRUV�DOVR�DFNQRZOHGJH�

'I&� IRU� WKH�)R5H5R�� LQVWUXPHQW� GHYHORSPHQW� FRQWULEXWLRQ� IURP�

WKH� $UPDJK� 2EVHUYDWRU\� 	� 3ODQHWDULXP� WRZDUG� WKH� QHZ� &&'�

FDPHUD�$QGRU�L.RQ�/�XVHG�LQ�WKLV�VWXG\��

5HIHUHQFHV�

'XUHFK�� -��� 6LGRULQ�� 9��� .DDVDODLQHQ�� 0�� �������� ³'$0,7�� D�

GDWDEDVH�RI�DVWHURLG�PRGHOV�´�$	$������$����

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

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

����*\SWLV�´�,FDUXV��������������

-DFREVRQ�� 6�$���6FKHHUHV��'�-�� �������� ³'\QDPLFV�RI� URWDWLRQDOO\�

ILVVLRQHG� DVWHURLGV�� 6RXUFH� RI� REVHUYHG� VPDOO� DVWHURLG� V\VWHPV�´�

,FDUXV���������������

-HZLWW�� '�� �������� ³������� ������ ((����� DQG� WKH� VRXUFH� RI�

LQWHUSODQHWDU\�ILHOG�HQKDQFHPHQWV�´�7KH�3ODQHWDU\�6FLHQFH�-RXUQDO�

�������

/DL��+�5���5XVVHOO��&�7���:HL��+�<���&RQQRUV��0���'HO]DQQR��*�/��

�������� ³3RVVLEOH� SRWHQWLDOO\� WKUHDWHQLQJ� FR�RUELWLQJ� PDWHULDO� RI�

DVWHURLG� ����((���� LGHQWLILHG� WKURXJK� LQWHUSODQHWDU\� PDJQHWLF�

ILHOG�GLVWXUEDQFHV�´�0HWHRULWLFV�DQG�3ODQHWDU\�6FLHQFH����� �����

������

3UDYHF�� 3��� +DUULV�� $�:�� �������� ³)DVW� DQG� VORZ� URWDWLRQ� RI�

DVWHURLGV�´�,FDUXV�������������

3UDYHF��3��DQG����FROOHDJXHV���������³)RUPDWLRQ�RI�DVWHURLG�SDLUV�

E\�URWDWLRQDO�ILVVLRQ�´�1DWXUH�����������������

3UDYHF�� 3�� �������������� 2QGUHMRY� $VWHURLG� 3KRWRPHWU\� 3URMHFW���
KWWS���ZZZ�DVX�FDV�F]�aSSUDYHF�QHZUHV�W[W�

3UHVV�� :�+��� 7HXNROVN\�� 6�$��� 9HWWHUOLQJ�� :�7��� )ODQQHU\�� %�3��

��������³1RQOLQHDU�0RGHOV�´�,Q�1XPHULFDO�UHFLSHV�LQ�&��7KH�DUW�RI�

VFLHQWLILF�FRPSXWLQJ�����±�����&DPEULGJH�8QLYHUVLW\�3UHVV��1HZ�

<RUN��
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7ULFDULFR��3����������³7KH�1HDU�(DUWK�DVWHURLG�SRSXODWLRQ�IURP�WZR�

GHFDGHV�RI�REVHUYDWLRQV�´�,FDUXV���������±�����

:DUQHU��%�'�������D���0LQRU�3ODQHW�%XOO���������������

:DUQHU��%�'�������E���0LQRU�3ODQHW�%XOO���������������

:DUQHU��%�'���6WHSKHQV��5�'�������D���0LQRU�3ODQHW�%XOO����������

�����

:DUQHU��%�'���6WHSKHQV��5�'�������E���0LQRU�3ODQHW�%XOO����������
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)LJXUH� ���7KH� OHIW� FROXPQ� SUHVHQWV� WKH� OLJKWFXUYHV� RI� REVHUYHG�

(DUWK� FR�RUELWDOV� DVWHURLGV�� 'LIIHUHQW� FRORXUV� UHSUHVHQW� GDWD�

REWDLQHG� RQ� GLIIHUHQW� QLJKWV� H[FHSW� IRU� ����� $8�� ZKHUH� WKH\�

UHSUHVHQW� GLIIHUHQW� ILOWHUV� �� 6ORDQ� J�� DQG� U��� 7KH� )RXULHU� ILW� LV�

SUHVHQWHG� ZLWK� D� UHG� OLQH�� )RU� ����� ((���� ZH� SUHVHQW� WKH�

REVHUYDWLRQV�RQO\�IRU�RQH�QLJKW��������������ZLWK�WKH�ILW�FRPSXWHG�

XVLQJ�DOO���QLJKWV��7KH�ULJKW�FROXPQ�SUHVHQWV�WKH�ï��SHULRG�VHDUFK��

7KH�SUHIHUUHG�VROXWLRQ�LV�PDUNHG�ZLWK�D�YHUWLFDO�UHG�OLQH��)RU������

((���� ZH� GLG� UXQQLQJ� DYHUDJH� VPRRWKLQJ� DQG� IRXQG� WKH� JOREDO�

PLQLPXP�RI�WKH�ï��KHQFH�WKH�VROXWLRQ�RI�WKH�SHULRG��

�


