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&&'�SKRWRPHWULF�REVHUYDWLRQV�RI����PDLQ�EHOW�DVWHURLGV�

ZHUH� REWDLQHG� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV�

�&6���IURP������-XO\�6HSWHPEHU��

7KH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� �&6��� KDV� QLQH� WHOHVFRSHV�

ZKLFK�DUH�QRUPDOO\�XVHG� LQ�SURJUDP�DVWHURLG� IDPLO\� VWXGLHV��7KH�

IRFXV�LV�RQ�QHDU�(DUWK�DVWHURLGV��-RYLDQ�7URMDQV�DQG�+LOGDV��:KHQ�

D�QHDUO\�IXOO�PRRQ�LV�WRR�FORVH�WR�WKH�IDPLO\�WDUJHWV�EHLQJ�VWXGLHG��

WDUJHWV�RI�RSSRUWXQLW\�DPRQJVW�WKH�PDLQ�EHOW�IDPLOLHV�ZHUH�VHOHFWHG��

7DEOH�,�OLVWV�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�WKDW�ZHUH�XVHG�WR�PDNH�

WKH� REVHUYDWLRQV�� ,PDJHV� ZHUH� XQELQQHG� ZLWK� QR� ILOWHU� DQG� KDG�

PDVWHU� IODWV� DQG� GDUNV� DSSOLHG�� 7KH� H[SRVXUHV� GHSHQGHG� XSRQ�

YDULRXV�IDFWRUV�LQFOXGLQJ�PDJQLWXGH�RI�WKH�WDUJHW��VN\�PRWLRQ��DQG�
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7DEOH�,��/LVW�RI�&6��WHOHVFRSH�&&'�FDPHUD�FRPELQDWLRQV��

,PDJH� SURFHVVLQJ�� PHDVXUHPHQW�� DQG� SHULRG� DQDO\VLV� ZHUH� GRQH�

XVLQJ�032� &DQRSXV� �%GZ� 3XEOLVKLQJ��� ZKLFK� LQFRUSRUDWHV� WKH�

)RXULHU� DQDO\VLV� DOJRULWKP� �)$/&�� GHYHORSHG� E\� +DUULV� �+DUULV��

HW�DO����������7KH�&RPS�6WDU�6HOHFWRU�IHDWXUH�LQ�032�&DQRSXV�ZDV�

XVHG�WR�OLPLW�WKH�FRPSDULVRQ�VWDUV�WR�QHDU�VRODU�FRORU��1LJKW�WR�QLJKW�

FDOLEUDWLRQ� ZDV� GRQH� XVLQJ� ILHOG� VWDUV� IURP� WKH� $7/$6� FDWDORJ�

�7RQU\� HW� DO��� �������ZKLFK� KDV�6ORDQ�JUL]�PDJQLWXGHV� WKDW�ZHUH�

GHULYHG�IURP�WKH�*$,$�DQG�3DQ�67$55�FDWDORJV�DQG�DUH�³QDWLYH´�

PDJQLWXGHV� RI� WKH� FDWDORJ�� 7KRVH� DGMXVWPHQWV� DUH� XVXDOO\��

��������PDJ��7KH�UDUH�JUHDWHU�FRUUHFWLRQV�PD\�KDYH�EHHQ�UHODWHG�LQ�

SDUW� WR� XVLQJ� XQILOWHUHG� REVHUYDWLRQV�� SRRU� FHQWURLGLQJ� RI� WKH�

UHIHUHQFH�VWDUV��DQG�QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ��

7KH� <�D[LV� YDOXHV� DUH� $7/$6� 65� ³VN\´� PDJQLWXGHV�� 7KH� WZR�

YDOXHV�LQ�WKH�SDUHQWKHVHV�DUH�WKH�SKDVH�DQJOH��D��DQG�WKH�YDOXH�RI�*�

XVHG� WR� QRUPDOL]H� WKH� GDWD� WR� WKH� FRPSDULVRQ� VWDUV� XVHG� LQ� WKH�

HDUOLHVW�VHVVLRQ��7KLV��LQ�HIIHFW��PDGH�DOO�WKH�REVHUYDWLRQV�VHHP�WR�

EH�PDGH�DW�D� VLQJOH� IL[HG�GDWH�WLPH�DQG�SKDVH�DQJOH�� OHDYLQJ�DQ\�

YDULDWLRQV�GXH�RQO\�WR�WKH�DVWHURLG¶V�URWDWLRQ�DQG�RU�DOEHGR�FKDQJHV��

7KH�;�D[LV�VKRZV�URWDWLRQDO�SKDVH�IURP�±�����WR�������,I�WKH�SORW�

LQFOXGHV�WKH�DPSOLWXGH��H�J���³$PS������´��WKLV�LV�WKH�DPSOLWXGH�RI�

WKH�)RXULHU�PRGHO�FXUYH�DQG�QRW�QHFHVVDULO\�WKH�DGRSWHG�DPSOLWXGH�

IRU�WKH�OLJKWFXUYH��

)RU�EUHYLW\��RQO\�VRPH�RI�WKH�SUHYLRXVO\�UHSRUWHG�URWDWLRQDO�SHULRGV�

PD\� EH� UHIHUHQFHG�� $� FRPSOHWH� OLVW� LV� DYDLODEOH� DW� WKH� DVWHURLG�

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

�����:RRG�� 7KLV�PHPEHU� RI� WKH� 3KRFDHD� G\QDPLFDO� IDPLO\� KDV�

EHHQ� REVHUYHG� WKUHH� WLPHV� LQ� WKH� SDVW�� +DQ� HW� DO�� �������� +LOOV�

��������DQG�2H\�	�$OYDUH]��������DOO�REVHUYHG�LW�LQ������)HEUXDU\�

ILQGLQJ� SHULRGV� QHDU� ������ K�� 2XU� UHVXOWV� WKLV� \HDU� LV� LQ� JRRG�

DJUHHPHQW�ZLWK�WKRVH�SULRU�UHVXOWV��

�

�����3HOV��7KLV�PHPEHU�RI� WKH�)ORUD�G\QDPLFDO� IDPLO\�KDV�EHHQ�

REVHUYHG�VHYHUDO�WLPHV�LQ�WKH�SDVW�UHVXOWLQJ�LQ�D�SROH�VKDSH�PRGHO�

�6WHSKHQV�DQG�:DUQHU��������DQG�UHIHUHQFHV�WKHUHLQ���7KDW�PRGHO�

KDG�D�VLGHUDO�SHULRG�RI����������K�DQG�WZR�SRVVLEOH�SROH�SRVLWLRQV�

����q�� ���q�����������K��DQG����q�� ���q�����������K���7KLV�\HDU¶V�

UHVXOW�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKRVH�SULRU�ILQGLQJV��

�

�����1RYLRPDJXP��3HU� WKH�/&'%�� WKLV�PHPEHU�RI� WKH�+XQJDULD�

G\QDPLFDO�IDPLO\�KDV�EHHQ�REVHUYHG�RQFH��:DUQHU��������UHSRUWLQJ�

D�V\QRGLF�SHULRG�RI�������K��+DQXã�HW�DO���������UHSRUWHG�D�VSLQ�D[LV�

PRGHO� ZLWK� �O�� E�� 3��  � ���q�� ���q�� DQG� D� VLGHUHDO� SHULRG� RI��

��������K��7KH� UHVXOW� IRXQG� WKLV�\HDU� LV� LQ�JRRG� DJUHHPHQW�ZLWK�

WKHVH�SULRU�SHULRGV��
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�����$UPDQGKDPPHU��7KLV�PHPEHU�RI�WKH�)ORUD�G\QDPLFDO�IDPLO\�

ZDV� REVHUYHG� E\� 3UDYHF� HW� DO�� �����ZHE�� ILQGLQJ� D� SHULRG� RI��

������� K�� DQG� DQ� DPSOLWXGH� RI� ����� PDJ�� 8VLQJ� GDWD� IURP� WKH�

3DORPDU�7UDQVLHQW�)DFWRU\��:DV]F]DN�HW�DO���������IRXQG�D�SHULRG�

RI�������K��ZKLFK�LV�D�����DOLDV�RI�WKH�3UDYHF�SHULRG��6WHSKHQV��������

IRXQG�D�SHULRG�RI�������K�DQG�DQ�DPSOLWXGH�RI������PDJ��(YHQ�ZLWK�

WKH�ORZ�DPSOLWXGH�RI������PDJ���WKH�UHVXOW�IRXQG�WKLV�\HDU�LV�LQ�JRRG�

DJUHHPHQW�ZLWK�WKH�SULRU�3UDYHF�DQG�6WHSKHQV�UHVXOWV��

�

�����$SDULFLR��7KLV�PHPEHU�RI�WKH�+XQJDULD�G\QDPLFDO�IDPLO\�LV�

HVWLPDWHG� WR� EH� ����� NP� LQ� GLDPHWHU�� :DUQHU� ������ DQG� ������

SUHYLRXVO\�IRXQG�D�SHULRG�QHDU������K��3UDYHF�HW�DO���������UHSRUWHG�

$SDULFLR�WR�EH�LQ�D�WXPEOLQJ�VWDWH��

7KH� GDWD� IURP� ����� DOVR� VKRZV� $SDULFLR� WR� EH� WXPEOLQJ�� 7KH�

WXPEOLQJ�IUHTXHQFLHV�FDQQRW�EH�FRQILUPHG�IURP�RXU�GDWD�VHW�DORQH��

EXW�ZH�DWWHPSWHG�WR�VROYH�IRU�WKH�GRPLQDQW�SHULRG�RI�WKH�VROXWLRQ��

7KH�SORW�ODEHOHG�³3�´�LV�WKH�GRPLQDQW�IUHTXHQF\��DIWHU�VXEWUDFWLQJ�

RQH� RU� PRUH� VHFRQGDU\� IUHTXHQFLHV�� DQG� LV� VLPLODU� WR� GRPLQDQW�

IUHTXHQFLHV�IRXQG�LQ�WKH�SDVW��7KH�)UHTXHQF\�3HULRG�YV��'LDPHWHU�

SORW�VKRZV�WKDW�$SDULFLR�LV�QHDU�WKH�����0\�GDPSLQJ�OLQH��

�

�

�����9RORQWH��7KHUH�DUH�QR�SUHYLRXV�UHVXOWV�LQ�WKH�/&'%�IRU�WKLV�

PHPEHU� RI� WKH� 9HVWRLG� G\QDPLFDO� IDPLO\�� 7KH� 3HULRG� 6SHFWUXP�

VKRZV� WZR� SODXVLEOH� UHVXOWV� IRU� WKLV� \HDU¶V� GDWD�� ������ K� DQG��

������ K�� :H� SUHIHU� WKH� ������ K� VROXWLRQ� EHFDXVH� LW� KDV� DQ�

DV\PPHWULF� ELPRGDO� OLJKWFXUYH�ZLWK�PD[LPXPV� ���� SKDVH� DSDUW��

:LWK�WKLV�SHULRG�EHLQJ�����FRPPHQVXUDWH�ZLWK�DQ�(DUWK¶V�GD\��WKH�

������ K� VROXWLRQ� LV� ILW�E\�H[FOXVLRQ� ZKHQ� YLHZHG� IURP� D� VLQJOH�

ORQJLWXGH��

�
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�������7UDXJHU��7KH�HVWLPDWHG�GLDPHWHU�LV�����NP�IRU�WKLV�PHPEHU�

RI�WKH�+XQJDULD�G\QDPLFDO�IDPLO\��,W�KDV�EHHQ�REVHUYHG�PDQ\�WLPHV�

LQ�WKH�SDVW��:DUQHU��������DQG�UHIHUHQFHV�WKHUHLQ���PRVW�UHSRUWLQJ�D�

SHULRG�QHDU�������K��7KH�SHULRG�IRXQG�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�

ZLWK�WKRVH�SULRU�UHVXOWV��

�

������������70��8VLQJ�GDWD�IURP�WKH�7(66�VSDFHFUDIW��3iO�HW�DO��

�������IRXQG�D�SHULRG�RI���������K�IRU�WKLV�PHPEHU�RI�WKH�9HVWRLG�

G\QDPLFDO� IDPLO\��2XU�UHVXOW� WKLV�\HDU� LV� LQ�JRRG�DJUHHPHQW�ZLWK�

WKH�3iO�HW�DO��UHVXOW��

�

����� $QQHOHPDLWUH�� 7KLV� 0DUV�FURVVHU� KDV� EHHQ� REVHUYHG� WKUHH�

WLPHV�LQ�WKH�SDVW��%HKUHQG������ZHE��UHSRUWHG�D�SHULRG�RI�������K��

6WHSKHQV��������IRXQG�D�SHULRG�RI�������K��)LQDOO\��XVLQJ�GDWD�IURP�

WKH�7(66�VSDFHFUDIW��3iO�HW�DO���������IRXQG�D�SHULRG�RI���������K��

2XU�UHVXOW�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKRVH�SULRU�UHVXOWV��

�

������%LOOJUD\��3HULRGV�IRU�WKLV�PHPEHU�RI�WKH�+XQJDULD�G\QDPLFDO�

IDPLO\� KDYH� EHHQ� UHSRUWHG� WZLFH� LQ� WKH� SDVW��:DUQHU� ������ DQG�

������ IRXQG� SHULRGV� QHDU� ����� K�� 8VLQJ� GDWD� IURP� WKH� 3DORPDU�

7UDQVLHQW�)DFWRU\�6XUYH\��:DV]F]DN�HW�DO���������IRXQG�D�SHULRG�RI�

������K��7KH�SHULRG�IRXQG�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�

SULRU�UHVXOWV��

�

$FNQRZOHGJHPHQWV�

7KLV�ZRUN�LQFOXGHV�GDWD�IURP�WKH�$VWHURLG�7HUUHVWULDO�LPSDFW�/DVW�

$OHUW� 6\VWHP� �$7/$6�� SURMHFW�� $7/$6� LV� SULPDULO\� IXQGHG� WR�

VHDUFK�IRU�QHDU�HDUWK�DVWHURLGV�WKURXJK�1$6$�JUDQWV�11��$5��*��

��166&��.������DQG���166&��.������E\SURGXFWV�RI�WKH�1(2�

VHDUFK� LQFOXGH� LPDJHV� DQG� FDWDORJV� IURP� WKH� VXUYH\� DUHD�� 7KH�

$7/$6� VFLHQFH� SURGXFWV� KDYH� EHHQ� PDGH� SRVVLEOH� WKURXJK� WKH�

FRQWULEXWLRQV�RI�WKH�8QLYHUVLW\�RI�+DZDLL�,QVWLWXWH�IRU�$VWURQRP\��

WKH� 4XHHQ
V� 8QLYHUVLW\� %HOIDVW�� WKH� 6SDFH� 7HOHVFRSH� 6FLHQFH�

,QVWLWXWH��DQG�WKH�6RXWK�$IULFDQ�$VWURQRPLFDO�2EVHUYDWRU\��

7KH�DXWKRUV�JUDWHIXOO\�DFNQRZOHGJH�6KRHPDNHU�1(2�*UDQWV�IURP�

WKH�3ODQHWDU\�6RFLHW\���������������7KHVH�ZHUH�XVHG� WR�SXUFKDVH�

VRPH�RI�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�XVHG�LQ�WKLV�UHVHDUFK��
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5HIHUHQFHV�

%HKUHQG��5�������ZHE���2EVHUYDWRLUH�GH�*HQHYH�ZHE�VLWH�� �

KWWS���REVZZZ�XQLJH�FK�aEHKUHQG�SDJHBFRX�KWPO�

+DQ�� ;�/��� /L�� %��� =KDR�� +�� �������� ³5RWDWLRQ� 3HULRGV� RI� �����

:RRG�� ����� 6HSNRVNL�� ������ 6DWRVKLPLNL� DQG� �������� �����

:0���´�0LQRU�3ODQHW�%XOO�������������

+DQXã�� -����XUHFK�� -���2V]NLHZLF]��'�$���%HKUHQG��5���&DUU\��%���

'HOER�� 0��� $GDP�� 2��� $IRQLQD�� 9��� $QTXHWLQ�� 5��� $QWRQLQL�� 3���

$UQROG��/���$XGHMHDQ��0���$XUDUG��3���%DFKVFKPLGW��0���%DGXHO��%���

%DUERWLQ�� (��� %DUUR\�� 3��� %DXGRXLQ�� 3��� %HUDUG�� /��� %HUJHU�� 1��

��������³1HZ�DQG�XSGDWHG�FRQYH[�VKDSH�PRGHOV�RI�DVWHURLGV�EDVHG�

RQ� RSWLFDO� GDWD� IURP� D� ODUJH� FROODERUDWLRQ� QHWZRUN�´� $VWURQ��

$VWURSK\V�������$�����

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

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

����*\SWLV�´�,FDUXV��������������

+DUULV��$�:���<RXQJ��-�:���&RQWUHLUDV��/���'RFNZHLOHU��7���%HONRUD��

/���6DOR��+���+DUULV��:�'���%RZHOO��(���3RXWDQHQ��0���%LQ]HO��5�3���

7KROHQ�� '�-��� :DQJ�� 6�� �������� ³3KDVH� UHODWLRQV� RI� KLJK� DOEHGR�

DVWHURLGV��7KH�XQXVXDO�RSSRVLWLRQ�EULJKWHQLQJ�RI����1\VD�DQG����

$QJHOLQD�´�,FDUXV��������������

+LOOV��.����������³$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�5LYHUODQG�'LQJR�

2EVHUYDWRU\�� ����� $OJRD�� ����� :RRG�� ����� 6DNDHWDPXUD�� DQG�

�������������;)�´�0LQRU�3ODQHW�%XOO���������������

2H\�� -��� $OYDUH]�� (�0�� �������� ³3HULRG� 'HWHUPLQDWLRQ� IRU� �����

:RRG�´�0LQRU�3ODQHW�%XOO���������������

3iO��$���6]DNiWV��5���.LVV��&���%yGL��$���%RJQiU��=���.DOXS��&���.LVV��

/�/���0DUWRQ��*���0ROQiU�� /��� 3ODFK\�� (��� 6iUQHF]N\��.��� 6]DEy��

*�0��� 6]DEy�� 5�� �������� ³6RODU� 6\VWHP� 2EMHFWV� 2EVHUYHG� ZLWK�

7(66���)LUVW�'DWD�5HOHDVH��%ULJKW�0DLQ�EHOW�DQG�7URMDQ�$VWHURLGV�

IURP�WKH�6RXWKHUQ�6XUYH\�´�$S��-�������$����

3UDYHF��3���:ROI��0���6DURXQRYD��/�������ZHE��� �

KWWS���ZZZ�DVX�FDV�F]�aSSUDYHF�QHR�KWP�

3UDYHF�� 3��� 6FKHLULFK�� 3��� 'XUHFK�� -��� 3ROORFN�� -��� .XVQLUDN�� 3���

+RUQRFK��.���*DODG��$���9RNURXKOLFN\��'���+DUULV��$�:���-HKLQ��(���

0DQIURLG��-���2SLWRP��&���*LOORQ��0���&RODV��)���2H\��-���9UDVWLO��-���

5HLFKDUW��'��� ,YDUVHQ��.���+DLVOLS�� -���/D&OX\]H��$�� �������� ³7KH�

WXPEOLQJ�VWDWH�RI���������$SRSKLV�´�,FDUXV�������������

6WHSKHQV��5�'����������³$VWHURLGV�2EVHUYHG�IURP�&6��������-XO\���

6HSWHPEHU�´�0LQRU�3ODQHW�%XOO�������������

6WHSKHQV�� 5�'�� �������� ³$VWHURLGV� 2EVHUYHG� IURP� &6��� �����

-DQXDU\���0DUFK�´�0LQRU�3ODQHW�%XOO���������������

6WHSKHQV�� 5�'��� :DUQHU�� %�'�� �������� ³0DLQ�%HOW� $VWHURLGV�

2EVHUYHG�IURP�&6��������$SULO�WR�-XQH�´�0LQRU�3ODQHW�%XOO������

���������

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��

&�$���6PDUWW��6�-���6WDOGHU��%���:HLODQG��+�-���:ROI��&����������³7KH�

$7/$6� $OO�6N\� 6WHOODU� 5HIHUHQFH� &DWDORJ�´� $VWURSK\V�� -�� �����

$�����

:DUQHU�� %�'��� �������� ³7KH� OLJKWFXUYH� IRU� WKH�+XQJDULD� DVWHURLG�

�����$SDULFLR�´�0LQRU�3ODQHW�%XOO�������������

:DUQHU��%�'�� �������� ³/LJKWFXUYH�$QDO\VLV� DW� WKH�3DOPHU�'LYLGH�

2EVHUYDWRU\�������-XQH�6HSWHPEHU�´�0LQRU�3ODQHW�%XOO������������

:DUQHU��%�'����������³$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�&6��3DOPHU�

'LYLGH�6WDWLRQ�������-XQH���6HSWHPEHU�´�0LQRU�3ODQHW�%XOO���������

����

:DUQHU��%�'����������³$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�&6��3DOPHU�

'LYLGH�6WDWLRQ�������0DUFK�-XQH�´�0LQRU�3ODQHW�%XOO���������������

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

/LJKWFXUYH�'DWDEDVH�´� ,FDUXV������ ���������8SGDWHG� �����0D\��

KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO�
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