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0RQHW�� '�*��� =DFKDULDV�� 0�,�� �������� ³7KH� )RXUWK� 86� 1DYDO�
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����6\FDPRUH�$YH��
(DWRQ��&2�������86$�

EULDQ#0LQRU3ODQHW2EVHUYHU�FRP�

5REHUW�'��6WHSKHQV�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���

5DQFKR�&XFDPRQJD��&$�

�5HFHLYHG�������2FWREHU����

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI�HLJKW�+LOGD�DVWHURLGV�
ZHUH� PDGH� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV�
EHWZHHQ������-XO\�DQG�2FWREHU��

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI�HLJKW�+LOGD�DVWHURLGV�ZHUH�FDUULHG�
RXW�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������-XO\�
2FWREHU� DV� SDUW� RI� DQ� RQJRLQJ� VWXG\� RI� WKH� IDPLO\�JURXS� WKDW� LV�
ORFDWHG�EHWZHHQ� WKH� RXWHU�PDLQ�EHOW� DQG� -XSLWHU�7URMDQV� LQ� D�����
RUELWDO�UHVRQDQFH�ZLWK�-XSLWHU��7KH�JRDO�LV�WR�GHWHUPLQH�WKH�VSLQ�UDWH�
VWDWLVWLFV� RI� WKH�+LOGDV� DQG� WR� ILQG� SROH� DQG� VKDSH�PRGHOV�ZKHQ�
SRVVLEOH��:H�DOVR�ORRN�WR�H[DPLQH�WKH�GHJUHH�RI�LQIOXHQFH�WKDW�WKH�
<253� �<DUNRYVN\�2
.HHIH�5DG]LHYVNLL�3DGGDFN�� HIIHFW�
�5XELQFDP��������KDV�RQ�GLVWDQW�REMHFWV�DQG� WR�FRPSDUH� WKH�VSLQ�
UDWH� GLVWULEXWLRQ� DJDLQVW� WKH� -XSLWHU� 7URMDQV�� ZKLFK� FDQ� SURYLGH�
HYLGHQFH� WKDW� WKH� +LOGDV� DUH� PRUH� ³FRPHW�OLNH´� WKDQ� PDLQ�EHOW�
DVWHURLGV��

7HOHVFRSHV� &DPHUDV�
�����P�I�����6FKPLGW�&DVV� )/,�0LFUROLQH�����(�

�����P�I�����6FKPLGW�&DVV� )/,�3UROLQH�����(�

�����P�I�����6FKPLGW�&DVV� 6%,*�67/�����(�

�����P�I�����6FKPLGW�&DVV� �

�����P�I�����5LWFKH\�&KUpWLHQ��

7DEOH�,��/LVW�RI�DYDLODEOH�WHOHVFRSHV�DQG�&&'�FDPHUDV�DW�&6���7KH�
H[DFW�FRPELQDWLRQ� IRU�HDFK�WHOHVFRSH�FDPHUD�SDLU�FDQ�YDU\�GXH� WR�
PDLQWHQDQFH�RU�VSHFLILF�QHHGV��

7DEOH�,�OLVWV�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�WKDW�DUH�DYDLODEOH�WR�
PDNH�REVHUYDWLRQV��$OO�WKH�FDPHUDV�XVH�&&'�FKLSV�IURP�WKH�.$)�
����� EOXH�HQKDQFHG� IDPLO\� DQG� VR� KDYH� HVVHQWLDOO\� WKH� VDPH�
UHVSRQVH��7KH�SL[HO�VFDOHV�UDQJHG�IURP�����������DUFVHF�SL[HO��$OO�
OLJKWFXUYH�REVHUYDWLRQV�ZHUH�XQILOWHUHG�RU�ZLWK�D�FOHDU�ILOWHU��HYHQ�
WKRXJK� WKH� ODWWHU� FDQ� UHVXOW� LQ� D� �������� PDJQLWXGH� ORVV�� 7KH�
H[SRVXUHV�YDULHG�GHSHQGLQJ�RQ�WKH�DVWHURLG¶V�EULJKWQHVV��

7R� UHGXFH� WKH�QXPEHU�RI� WLPHV�DQG�DPRXQWV�RI�DGMXVWLQJ�QLJKWO\�
]HUR�SRLQWV��WKH�$7/$6�FDWDORJ�U���65��PDJQLWXGHV��7RQU\�HW�DO���
������DUH�XVHG��7KRVH�DGMXVWPHQWV�DUH�XVXDOO\�d�������PDJ��7KH�
UDUH� JUHDWHU� FRUUHFWLRQV� PD\� KDYH� EHHQ� UHODWHG� LQ� SDUW� WR� XVLQJ�
XQILOWHUHG�REVHUYDWLRQV��SRRU�FHQWURLGLQJ�RI�WKH�UHIHUHQFH�VWDUV��DQG�
QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ��$QRWKHU�FDXVH�PD\�EH�
VHOHFWLQJ� ZKDW� DSSHDUV� WR� EH� D� VLQJOH� VWDU� EXW� LV� DFWXDOO\� DQ�
XQUHVROYHG�SDLU��

7KH�<�D[LV�YDOXHV�DUH�$7/$6�65�³VN\´��FDWDORJ��PDJQLWXGHV��7KH�
YDOXHV�LQ�WKH�SDUHQWKHVHV�JLYH�WKH�SKDVH�DQJOH�V���D��DQG�WKH�YDOXH�
RI�*�XVHG�WR�QRUPDOL]H�WKH�GDWD�WR�WKH�FRPSDULVRQ�VWDUV�XVHG�LQ�WKH�
HDUOLHVW�VHVVLRQ��7KLV��LQ�HIIHFW��FRUUHFWV�DOO�WKH�REVHUYDWLRQV�VR�WKDW�
VHHP�WR�KDYH�EHHQ�PDGH�DW�D�VLQJOH�IL[HG�GDWH�WLPH�DQG�SKDVH�DQJOH��
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SUHVXPDEO\� OHDYLQJ� DQ\� YDULDWLRQV� GXH� RQO\� WR� WKH� DVWHURLG¶V�
URWDWLRQ�DQG�RU�DOEHGR�FKDQJHV��

7KHUH�FDQ�EH�XS�WR�WKUHH�SKDVH�DQJOHV�JLYHQ��,I�WZR��WKH�YDOXHV�DUH�
IRU�WKH�ILUVW�DQG�ODVW�QLJKW�REVHUYDWLRQV��,I�WKUHH��WKH�PLGGOH�YDOXH�LV�
WKH�H[WUHPD��PD[LPXP�RU�PLQLPXP��UHDFKHG�EHWZHHQ�WKH�ILUVW�DQG�
ODVW�REVHUYLQJ�UXQV��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� SUHYLRXV� UHVXOWV� DUH� UHIHUHQFHG�� $�
PRUH�FRPSOHWH�OLVWLQJ�LV�LQ�WKH�DVWHURLG�OLJKWFXUYH�GDWDEDVH��:DUQHU�
HW�DO���������³/&'%´�IURP�KHUH�RQ���

�����5LWD��'DKOHJUHQ�HW�DO���������GHWHUPLQHG�D�SHULRG�RI��������K�
IRU� WKLV� ��� NP� +LOGD�� :H� KDG� REVHUYHG� LW� RQ� WKUHH� SUHYLRXV�
RFFDVLRQV�� ,Q� ������ZH� IRXQG� D�SHULRG� RI� �������K� �:DUQHU� DQG�
6WHSKHQV���������$IWHU�REVHUYDWLRQV�LQ������WKDW�OHG�WR�D�SHULRG�RI�
�������K��:DUQHU�DQG�6WHSKHQV���������ZH�UH�H[DPLQHG�WKH������
GDWD�DQG�IRXQG�D�SHULRG�RI��������K��,Q�������:DUQHU�DQG�6WHSKHQV��
������ZH� IRXQG� D� VLPLODU� SHULRG� RI� ������� K��$V�ZLWK� WKH� �����
REVHUYDWLRQV�� WKH� OLJKWFXUYH� IRU� RXU� PRVW� UHFHQW� GDWD� ������
6HSWHPEHU�DQG�2FWREHU��KDV�D�YHU\�ORZ�DPSOLWXGH��

�

�����+RKPDQQ��7KH�RQO\�SUHYLRXVO\�UHSRUWHG�SHULRG�LQ�WKH�/&'%�
ZDV�IURP�:DV]F]DN�HW�DO����������ZKR�IRXQG�D�SHULRG�RI�������K��
7KH�SHULRG�VSHFWUXP�XVLQJ�RXU������GDWD�VKRZV�WZR�QHDUO\�HTXDO�
VROXWLRQV��EDVHG�RQ�PLQLPXP�506�ILW� WR� WKH�)RXULHU�FXUYH���RQH�
QHDU� WKDW� E\�:DV]F]DN� HW� DO�� DQG� WKH� RWKHU� DW� ������ K�� 7KH� WZR�
SHULRGV�GLIIHU�E\�RQH�KDOI�URWDWLRQ�RYHU����KRXUV��

�

�

:H�SORWWHG�RXU�GDWD�WR�WKH�WZR�SRVVLEOH�VROXWLRQV��7KH�³5HMHFWHG´�
SORW�LV�IRU�WKH�SHULRG�IRXQG�E\�:DV]F]DN�HW�DO��DQG�VKRZV�VLJQLILFDQW�
GHYLDWLRQV�IURP�WKH�)RXULHU�FXUYH�DQG�D�JDS�LQ�FRYHUDJH��%DVHG�RQ�
D� FRPSDULVRQ� EHWZHHQ� WKH� WZR�� ZH� IHHO� FRQILGHQW� LQ� DGRSWLQJ��
������K�DV�WKH�FRUUHFW�UHVXOW��

������%DWRQ�5RXJH��+DVHJDZD�HW�DO�� �������UHSRUWHG�D�SHULRG�RI�
����K�IRU�WKH����NP�+LOGD��,W�LV�UDWHG�8� ��±�LQ�WKH�/&'%��PHDQLQJ�
UWKH�VROXWLRQ�LV�EDUHO\�UHOLDEOH��2XU�REVHUYDWLRQV�LQ������6HSWHPEHU�
DOORZHG� XV� WR� ILQG� ZKDW� ZH� EHOLHYH� WR� EH� D� UHOLDEOH� SHULRG� RI��
������K��

�

������*HRIIUR\��7KH�RQO\�SUHYLRXV�UHVXOW�LQ�WKH�/&'%�ZDV������K�
E\�&KDQJ�HW�DO����������EXW�LW�LV�FRQVLGHUHG�LQVXIILFLHQWO\�UHOLDEOH�IRU�
VWDWLVWLFDO�VWXGLHV��8� ������

�
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2XU� REVHUYDWLRQV� LQ� ����� 6HSWHPEHU� FRYHUHG� D� VSDQ� RI� DERXW� D�
ZHHN��7KH�UHVXOWLQJ�GDWD�VHW�OHG�WR�D�SHULRG�RI�������K��*LYHQ�WKH�
ODUJH� DPSOLWXGH�� WKH� OLJKWFXUYH� LV� DOPRVW� FHUWDLQO\� WR�EH� ELPRGDO�
�+DUULV�HW�DO����������ZKLFK�ZDV�FRQILUPHG�E\�WKDW�EHLQJ�WKH�RQO\�
VROXWLRQ�WR�ILW�WKH�GDWD�ZLWK�FRPSOHWH�FRYHUDJH�DQG�SURSHU�VSDFLQJ�
RI�WKH�PD[LPXPV�DQG�PLQLPXPV��

�������������90����&ODUN��������UHSRUWHG�D�SHULRG�RI��������K�IRU�
WKLV����NP�+LOGD��+H�VXEVHTXHQWO\�UHYLVHG�LW�WR��������K�DIWHU�QHZHU�
REVHUYDWLRQV�LQ������OHG�WR�3� ��������K��&ODUN���������7KH�SHULRG�
VSHFWUXP� EDVHG� RQ� RXU� ����� GDWD� VKRZV� RQO\� D� UHODWLYHO\� ZHDN�
VROXWLRQ�IRU�SHULRGV�QHDU���K��2XU�UHVXOW�DQG�&ODUN¶V�RULJLQDO�SHULRG�
DUH�LQ�FORVH�DJUHHPHQW��

�

�

�������������4%����7KHUH�ZHUH�QR�SUHYLRXV�SHULRG�UHVXOWV�LQ�WKH�
/&'%��7KH�ORZ�DPSOLWXGH�OHG�WR�DQ�DPELJXRXV�VROXWLRQ��VHH�+DUULV�
HW�DO����������

�

$�VSOLW�KDOYHV�SORW�XVLQJ�D�SHULRG�QHDU���KRXUV�VKRZHG�HVVHQWLDOO\�
LGHQWLFDO� KDOYHV� DQG� VR� D� PRQRPRGDO� VROXWLRQ� RI� ����� K� ZDV�
DGRSWHG��:H�QRWH��KRZHYHU��WKDW�WKH�GRXEOH�SHULRG�QHDU���K�FDQQRW�
EH� IRUPDOO\� H[FOXGHG� DQG� WKDW� ERWK� VROXWLRQV� OLH� EHORZ� WKH� VSLQ�
EDUULHU�LQ�WKH�/&'%�IUHTXHQF\�GLDPHWHU�SORW��

�������������93����7KHUH�ZHUH�QR�SUHYLRXV�HQWULHV�IRU�D�SHULRG�LQ�
WKH�/&'%��7KH�HVWLPDWHG�GLDPHWHU� LV����NP��$�VHDUFK�IURP���WR�
���� KRXUV�� DQG� WKHQ� IURP� �� WR� ��� KRXUV�� RQ� WKH� FRPELQHG� DQG�
LQGLYLGXDO�GDWD�VHWV�IRXQG�VROXWLRQV�RQO\�EDUHO\�DERYH�WKH�QRLVH�LQ�
WKH�SHULRG�VSHFWUXPV��,I�WKHUH�LV�D�SHULRG�WR�EH�IRXQG��LW�LV�ZHOO�LQWR�
WKH�QRLVH�RI�WKH�GDWD��,W¶V�SRVVLEOH�WKDW�WKLV�DSSDULWLRQ�ZDV�FORVH�WR�D�
SROH�RQ�YLHZ��$�IXWXUH�DSSDULWLRQ��ZLWK�D�PRUH�HTXDWRULDO�YLHZLQJ�
DVSHFW��PLJKW�OHDG�WR�D�OLJKWFXUYH�ZLWK�DW�OHDVW�D�PRGHVW�DPSOLWXGH��

�

�������������$2����7KHUH�ZHUH�QR�SUHYLRXVO\�UHSRUWHG�SHULRGV�LQ�
WKH�/&'%��7KH�SHULRG�VSHFWUXP�EDVHG�RQ�RXU������GDWD�VKRZHG�D�
IHZ�SRVVLELOLWLHV��

1XPEHU� 1DPH� �����PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(��

� ����� 5LWD� ������������ ���������� ��� ��� ������ ����� ����� �����

� ����� +RKPDQQ� ������������ ���������� ��� ��� ������ ������ ����� �����

������� %DWRQ�5RXJH� ������������ ��������� ��� ��� ������ ������ ����� �����

������� *HRIIUR\� ������������ ���������� ��� ��� ������ ����� ����� �����

������� �����90��� ������������ ���������� ��� �� ������� ������ ����� �����

������� �����4%��� ������������ ��������� ���� �� ������� ������� ����� �����

������� �����93��� ������������ �������� ���� �� ±� ±� ����� �����

������� �����$2��� ������������ �������� ���� �� ������� ������ ����� �����

7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7KH�SKDVH�DQJOH��D��LV�JLYHQ�DW�WKH�VWDUW�DQG�HQG�RI�HDFK�GDWH�UDQJH��7KH�DVWHULVN�LQGLFDWHV�
WKDW�WKH�SKDVH�DQJOH�UHDFKHG�DQ�H[WUHPXP�RYHU�WKH�VSDQ�RI�WKH�REVHUYDWLRQV��/3$%�DQG�%3$%�DUH�WKH�DYHUDJH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�
DQG�ODWLWXGH��VHH�+DUULV�HW�DO�����������
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:H� DGRSWHG� D� SHULRG� RI� ������� K� VLQFH� LW� SURGXFHG� D� ELPRGDO�
OLJKWFXUYH� ZLWK� D� UHDVRQDEOH� VSDFLQJ� RI� WKH� PD[LPXPV� DQG�
PLQLPXPV��H�J���WKH�WZR�PD[LPXPV�ZHUH�DERXW�����URWDWLRQ�SKDVH�
DSDUW��,Q�DGGLWLRQ��WKH�WZR�KDOYHV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW��ZKLFK�
PDGH�WKH�KDOI�SHULRG�XQOLNHO\��

$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��

5HIHUHQFHV�

&KDQJ��&��.���/LQ��+��:���,S��:��+���3ULQFH��7�$���.XONDUQL��6�5���
/HYLWDQ��'���/DKHU��5���6XUDFH��-����������³/DUJH�6XSHU�IDVW�5RWDWRU�
+XQWLQJ� 8VLQJ� WKH� ,QWHUPHGLDWH� 3DORPDU� 7UDQVLHQW� )DFWRU\�´�
$VWURSK\V��-��6XS��6HU�������$����

&ODUN�� 0�� �������� ³$VWHURLG� 3KRWRPHWU\� IURP� WKH� 3UHVWRQ� *RWW�
2EVHUYDWRU\�´�0LQRU�3ODQHW�%XOO���������������

&ODUN�� 0�� �������� $VWHURLG� 3KRWRPHWU\� IURP� WKH� 3UHVWRQ� *RWW�
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