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1HZ�&&'�SKRWRPHWULF�REVHUYDWLRQV�RI�WHQ�+LOGD�DVWHURLG�
PHPEHUV�ZHUH�PDGH�IURP������-DQXDU\�WKURXJK�0DUFK��
����+LOGD������,VPHQH�������0DULQD�������$NVQHV�������
+HLPGDO�� ����� &KLNXVKL�� ������� ����� '(��� �����
.HQHNH��DQG��������������32���7ZR�RI�WKH�REMHFWV�������
+HLPGDO� DQG� ����� .HQHNH�� DUH� VXVSHFWHG� WR� EH� LQ� D�
WXPEOLQJ�VWDWH��

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI�+LOGD�DVWHURLGV�DUH�PDGH�DW�WKH�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���DV�SDUW�RI�DQ�RQJRLQJ�VWXG\�
RI�WKLV�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��

7DEOH�,�OLVWV�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�WKDW�DUH�FRPELQHG�WR�
PDNH�REVHUYDWLRQV��8S�WR�QLQH�WHOHVFRSHV�DUH�FRPPRQO\�XVHG�IRU�
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� VLQFH� D� FOHDU� ILOWHU� FDQ� UHVXOW� LQ� D��
�������� PDJQLWXGH� ORVV�� 7KH� H[SRVXUHV� YDULHG� GHSHQGLQJ� RQ� WKH�
DVWHURLG¶V�EULJKWQHVV��

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��

7R�UHGXFH� WKH�QXPEHU�RI� WLPHV�DQG�DPRXQWV�RI�DGMXVWLQJ�QLJKWO\�
]HUR�SRLQWV��ZH�XVH�WKH�$7/$6�FDWDORJ�U���65��PDJQLWXGHV��7RQU\�
HW�DO����������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/$6�65�³VN\´��FDWDORJ��PDJQLWXGHV��7KH�
WZR�YDOXHV�LQ�WKH�SDUHQWKHVHV�DUH�WKH�SKDVH�DQJOH��D��DQG�WKH�YDOXH�
RI�*�XVHG�WR�QRUPDOL]H�WKH�GDWD�WR�WKH�FRPSDULVRQ�VWDUV�XVHG�LQ�WKH�
HDUOLHVW�VHVVLRQ��7KLV��LQ�HIIHFW��PDGH�DOO�WKH�REVHUYDWLRQV�VHHP�WR�
EH�PDGH�DW�D� VLQJOH� IL[HG�GDWH�WLPH�DQG�SKDVH�DQJOH�� OHDYLQJ�DQ\�
YDULDWLRQV�GXH�RQO\�WR�WKH�DVWHURLG¶V�URWDWLRQ�DQG�RU�DOEHGR�FKDQJHV��
7KH�;�D[LV�VKRZV�URWDWLRQDO�SKDVH�IURP�±�����WR�������,I�WKH�SORW�
LQFOXGHV�WKH�DPSOLWXGH��H�J���³$PS������´��WKLV�LV�WKH�DPSOLWXGH�RI�
WKH�)RXULHU�PRGHO�FXUYH�DQG�QRW�QHFHVVDULO\�WKH�DGRSWHG�DPSOLWXGH�
IRU�WKH�OLJKWFXUYH��

����+LOGD��7KHUH�DUH�QXPHURXV�UHIHUHQFHV�WR�SUHYLRXV�ZRUNV�IRU�WKH�
QDPHVDNH�RI� WKH�+LOGD�IDPLO\��H�J���:DUQHU�DQG�6WHSKHQV���������
3LOFKHU� DQG� %HQLVKHN� �������� 3LOFKHU� �������� DQG� :DUQHU� DQG�
6WHSKHQV� �����D��� )RU� WKRVH� WKUHH�� WKH� SHULRG�ZDV� YHU\� FORVH� WR��
������K�DQG�WKH�DPSOLWXGH�UDQJHG�IURP������WR������PDJ��

7KH�GDWD� IURP������REVHUYDWLRQV� VKRZHG�D�QHDUO\� IODW� OLJKWFXUYH�
������PDJ��ZLWK�D�VOLJKWO\�ORQJHU�SHULRG�RI�������K��:H�XVHG�GHQVH�
OLJKWFXUYHV�IURP�3LOFKHU�DQG�%HQLVKHN�IRXQG�RQ�WKH�$/&'()�ZHE�
VLWH�DQG�VSDUVH�GDWD�RQ�WKH�$VW'\V�VLWH�IRU�$7/$6��&DWDOLQD�6N\�
6XUYH\��DQG�8612�)ODJVWDII�WR�JHQHUDWH�D�PRGHO��7KH�UHVXOWV�DUH�
VKRZQ�IROORZLQJ�WKH�UHIHUHQFHV�VHFWLRQ��

�

����,VPHQH��'DKOJUHQ�HW�DO���������IRXQG�D�SHULRG�RI������K�IRU�WKLV�
����NP� +LOGD�� 6LPLODU� UHVXOWV� ZHUH� IRXQG� E\� 6KHYFKHQNR� HW� DO�
������� DQG� E\� XV� XVLQJ� GDWD� IURP� ����� �:DUQHU� DQG� 6WHSKHQV��
����D���2XU� UHVXOW� LV� LQ�JRRG�DJUHHPHQW�ZLWK� WKRVH�HDUOLHU�ZRUNV�
HYHQ�WKRXJK�WKH�OLJKWFXUYH�KDV�D�VPDOO�JDS�QHDU������URWDWLRQ�SKDVH��

�
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�����0DULQD��'DKOJUHQ�HW�DO���������IRXQG�D�SHULRG�RI������K�IRU�
0DULQD��ZKLFK�KDV�DQ�HVWLPDWHG�GLDPHWHU�RI����NP��:H�REVHUYHG�LW�
LQ� ����� DQG� IRXQG� D� SHULRG� RI� ������ K� �:DUQHU� DQG� 6WHSKHQV��
����E���'XUHFK�HW�DO���������GHULYHG�D�VKDSH�PRGHO�ZLWK�D�VLGHUHDO�
SHULRG� RI� �������� K� DQG� SUHIHUUHG� -����� HFOLSWLF� SROH� RI��
�O�E�� ��������������

7KH� GDWD� DQDO\VLV� IRXQG� D� SHULRG� RI� ������ K�� ZKLFK� LV� LQ� EHWWHU�
DJUHHPHQW� ZLWK�'DKOJUHQ� HW� DO�� DQG�'XUHFK� HW� DO�� 7KH� ILW� RI� RXU�
UHFHQW�GDWD�XVLQJ�WKH�VKRUWHU�SHULRG�LV�JUHDWO\�LPSURYHG�RYHU�WKH�RQH�
IRUFHG�WR�RXU�UHVXOW�IURP�������

�

�

�����$NVQHV��7KH�RQO\�SUHYLRXV� UHVXOW�ZDV� IURP�'DKOJUHQ� HW� DO��
��������ZKR�IRXQG�D�SHULRG�RI�������K��2XU�PRUH�H[WHQVLYH�GDWD�VHW�
KHOSHG�UHILQH�WKH�SHULRG�WR�RQH�DERXW������K�VKRUWHU��7KH�XQXVXDO�
VKDSH�ZDV�FRQILUPHG�E\� WKH� VSOLW�KDOYHV�SORW��ZKLFK�VKRZHG� WZR�
GLVWLQFW�SDUWV�RI�WKH�OLJKWFXUYH��

�

�

����� +HLPGDO�� 6O\XVDUHY� HW� DO�� �������� IRXQG� RQO\� D� PLQLPXP�
SHULRG�RI����K��2XU������REVHUYDWLRQV�VSDQQHG�PRUH�WKDQ����GD\V�
DQG�KDG�GHQVHU�FRYHUHG�IRU�PRVW�VHVVLRQV��)LQGLQJ�D�VLQJOH�SHULRG�
VROXWLRQ�SURYHG�GLIILFXOW��DV�VHHQ�LQ�WKH�³1R6XE´�SORW��$�GXDO�SHULRG�
VHDUFK�ZDVQ¶W� UXQ�XQWLO�DIWHU� WKH�VHVVLRQ�RQ�0DUFK����,W�ZDV�RQO\�
DIWHU�WKH�ILQDO�REVHUYLQJ�UXQ�RQ�0DUFK����WKDW�DQ�DFFHSWDEOH��EXW�IDU�
IURP� SHUIHFW�� VROXWLRQ� FRXOG� EH� IRXQG�� PRVWO\� EHFDXVH� 032�
&DQRSXV�LV�QRW�GHVLJQHG�WR�KDQGOH�WKH�FRPSOH[�UHODWLRQVKLS�RI�WKH�
SHULRGV�RI�URWDWLRQ�DQG�SUHFHVVLRQ�IRU�WXPEOLQJ�DVWHURLGV��

�

�
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,W�LV�YHU\�DSSDUHQW�WKDW�VXEWUDFWLQJ�3�� �������K�IURP�WKH�GDWD�VHW�
OHDGV�WR�D�JRRG�ILW�IRU�3�� �������K��,W¶V�D�FRQFHUQ�WKDW�3��LV�VR�FORVH�
WR� EHLQJ� FRPPHQVXUDWH� ZLWK� DQ� (DUWK� GD\� DQG� WKDW� WKH� UXOHV� RI�
WKXPE�IRU�WKH�GDPSLQJ�WLPH�RI�WXPEOHU�RI�+HPLGDO¶V�VL]H�LQGLFDWH�
WKDW�3��DQG�RU�3��DUH�IDU�OHVV�WKDQ�ZKDW�ZRXOG�EH�H[SHFWHG��3UDYHF�
HW�DO����������������2Q�WKH�RWKHU�KDQG��WKH�WZR�SHULRGV�DUH�FRQVLVWHQW�
ZLWK� RQH� DQRWKHU� LI� WKH� DVWHURLG� LV� WXPEOLQJ�� L�H��� D� VLJQLILFDQWO\�
VKRUWHU�SHULRG�IRU�HLWKHU�RQH�ZRXOG�EH�XQOLNHO\��

�

7R� JHW� WKH�PLG�DPSOLWXGH� IRU� HDFK� VHVVLRQ� IRU�+�*� SKDVH� FXUYH�
PRGHOLQJ��ZH�XVHG�WKH�3��SORW�WR�ILQG�WKH�GDWH�DQG�WLPH�IRU�D�SRLQW�
LQ�HDFK�VHVVLRQ��6LQFH�WKDW�SORW�QRUPDOL]HV�DOO�WKH�PDJQLWXGHV�WR�WKH�
ILUVW�VHVVLRQ��WKH�UHGXFHG�PDJQLWXGH�IRU�D�SRLQW�LQ�3��ZDV�QRW�XVHG�
GLUHFWO\��,QVWHDG��WKH�RIIVHW�IURP�WKH�DYHUDJH�PDJQLWXGH�RI�WKH�SORW��
JLYHQ�E\� WKH� )RXULHU� DQDO\VLV��ZDV� UHFRUGHG�� )RU� H[DPSOH�� LI� WKH�
DYHUDJH�RI�3�� ��������DQG�WKH�VHOHFWHG�GDWD�SRLQW�LQ�D�VHVVLRQ�KDG�
D�UHGXFHG�PDJQLWXGH�RI���������D�YDOXH�RI�������ZDV�UHFRUGHG��

:H�WKHQ�SORWWHG�WKH�UDZ�GDWD� IRU�HDFK�VHVVLRQ�RQH�DW�D� WLPH��7KH�
GDWD�SRLQW�FRUUHVSRQGLQJ�WR�WKH�VDYHG�GDWH�WLPH�ZDV�IRXQG�DQG�LWV�
FRUUHFWLRQ� ZDV� DSSOLHG� WR� LWV� UHGXFHG� PDJQLWXGH�� 7KLV� FRUUHFWHG�
YDOXH�DORQJ�ZLWK�WKH�GDWH�DQG�WLPHU�ZHUH�SXW�LQWR�WKH�+�*�FDOFXODWRU�
RI�032� &DQRSXV� ZLWK� WKH� ILQDO� UHVXOW� EHLQJ� +65�  � ������ DQG��
*65� �������$VVXPLQJ�9�±�65� �������:DUQHU�DQG�6WHSKHQV���������
WKLV�JLYHV�+� ��������7KH�03&25%�ILOH�JLYHV�+� ���������

�

�����&KLNXVKL��:DV]F]DN�HW�DO���������XVHG�VSDUVH�GDWD�IURP�WKH�
3DORPDU�7UDQVLHQW�)DFWRU\�WR�ILQG�D�SHULRG�RI�������K��7KH�UHVXOW�
IURP�RXU�PRVW�UHFHQW�GHQVH�GDWD�VHW��������K���LV�YHU\�FORVH�WR�WKHLUV�
DV�ZHOO�DV� WKH�VLGHUHDO�SHULRG����������K�� IRXQG�E\�'XUHFK�HW�DO��
��������2XU�GDWD�VHW�IURP�������:DUQHU�DQG�6WHSKHQV��������OHG�WR�
������K��6LQFH�LW�VSDQQHG�RQO\�WKUHH�GD\V��ZH�FRQVLGHU�LW�VWDWLVWLFDOO\�
WKH�VDPH�ZLWK�RXU�UHFHQW�UHVXOW��

�

������������'(���7KH�HVWLPDWHG�GLDPHWHU�RI�WKLV�+LOGD�LV����NP��
:DV]F]DN�HW�DO���������IRXQG�D�SHULRG�RI��������K�DQG�'XUHFK�DQG�
+DQXV��������IRXQG�D�VLGHUHDO�SHULRG�RI���������K�IRU�WKHLU�PRGHO��
2XU�UHVXOW�LV�LQ�JRRG�NHHSLQJ�ZLWK�WKH�SUHYLRXVO\�UHSRUWHG�SHULRGV��

�

�����.HQHNH��7ZR��YHU\�FRQIOLFWLQJ�SHULRGV�KDYH�EHHQ�UHSRUWHG�IRU�
WKLV� ��� NP� +LOGD�� :DUQHU� HW� DO�� ������� IRXQG� D� SHULRG� RI��
������ K� ZKLOH� 3iO� HW� DO�� ������� XVLQJ� GDWD� IURP� 7(66� IRXQG��
��������K��2XU������REVHUYDWLRQV�VSDQQHG�DOPRVW�D�PRQWK��)HE����
��0DU�����SURGXFLQJ�WKH�����GDWD�SRLQWV�XVHG�LQ�RXU�DQDO\VLV��

2Q�WKH�IDFH�RI�LW��WKH�SHULRG�VSHFWUXP�VKRZHG�WZR�SRVVLEOH�SHULRGV�
DQG�� LQ� IDFW��032� &DQRSXV� IDYRUHG� WKH� ORQJHU� RQH� QHDU� ��� K��
+RZHYHU��EDVHG�RQ�WKH�SORW�DW� WKDW�SHULRG�DQG�RQH�QHDU����K��ZH�
ZRUNHG� RQ� WKH� SUHPLVH� WKDW� WKH� VKRUWHU� SHULRG� ZDV� PRUH� OLNHO\�
FRUUHFW��

�



����

� 0LQRU�3ODQHW�%XOOHWLQ�����������

7KH� ³1R6XE´� SORW� VKRZV� WKH� IXOO� GDWD� VHW� SKDVHG� WR� D� SHULRG� RI��
������K��'HVSLWH�WKH�QRLV\�GDWD�LQ�D�OLJKWFXUYH�ZLWK�DQ�DPSOLWXGH�RI�
RQO\� DERXW� �����PDJ�� WKHUH� ZHUH� VLJQV� RI� D� VHFRQG� SHULRG�� H�J���
VHVVLRQ�������RQ�0DUFK����7KH�GXDO�SHULRG�VHDUFK�PHWKRG�LQ�032�
&DQRSXV�HYHQWXDOO\�IRXQG�D�VHFRQG�SHULRG�RI�������K��ZKLFK�ZDV�
RQH� D� VPDOO� QXPEHU� RI� SRVVLEOH� VROXWLRQV� EXW� WKH�PRVW�SUREDEOH��
%RWK�RI�WKHVH�SHULRGV�DUH�VKRUW�RI�ZKDW�ZRXOG�EH�H[SHFWHG�IRU�WKH�
DVWHURLG�WR�EH�WXPEOLQJ��3UDYHF�HW�DO����������������

�

�
7KHVH�UHVXOWV�SURPSWHG�DQRWKHU�ORRN�DW�WKH������UHVXOWV��7KH�ILUVW�
VWHS�ZDV� WR�XVH�65�PDJQLWXGHV� IURP� WKH�$7/$6�FDWDORJ� IRU� WKH�
FRPSDULVRQV�DQG�UHPRYH�DQ\�]HUR�SRLQW�RI�VHWV��'HVSLWH� WKH�YHU\�
VSDUVH�GDWD�VHW�REWDLQHG�LQ�������³�����5DZ´���WKHUH�VHHPHG�WR�EH�
D�ORQJ�SHULRG�FRPSRQHQW�WR�WKH�GDWD��7KLV�ZDV�QRW�VHHQ�DW�WKH�WLPH�
VLQFH�D�FDWDORJ�ZLWK�XQFHUWDLQ�DFFXUDF\�ZDV�EHLQJ�XVHG��

7KH� SHULRG� VSHFWUXP� VKRZV� VHYHUDO� SRRUO\� GHILQHG� SRVVLELOLWLHV�
�EURDG� PLQLPXPV� LQ� WKH� 506� YDOXHV��� 7KH� RQO\� VROXWLRQ� WKDW�
SURGXFHG�D�UHDOLVWLF�OLJKWFXUYH�ZDV�IRU������K�ZKLFK�UHTXLUHG�JRLQJ�
GRZQ�WR�D�VHFRQG�RUGHU�DQDO\VLV�LQ�RUGHU�DYRLG�ZLOG�VZLQJV�LQ�WKH�
)RXULHU� PRGHO� FXUYH�� 7KLV� UHYLVHG� UHVXOW� SURYHG� WR� EH� YHU\�
LQWULJXLQJ� VLQFH� LW� LV� UHODWHG� LQ� D� WR� WKH� UHVXOWV� IURP� ����� WKDW�
VXSSRUWV�WKH�SRVVLELOLW\�RI�WKH�DVWHURLG�EHLQJ�LQ�D�WXPEOLQJ�VWDWH��

�

�

$� WXPEOLQJ� DVWHURLG� OLJKWFXUYH� LV� GHILQHG� LQ� SDUW� E\� WKH� VXP� RI�
LQWHJUDO�PXOWLSOHV�RI�WKH�IUHTXHQFLHV��L�H���

� P�I����Q�I��

7KH�IUHTXHQFLHV�IRU�HDFK�SHULRG�DUH�

I��  ������������  �� ���������
I��  ������������ �� ���������
I��  ������������ �� ���������
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7KHVH�JLYH�

I��±�I�� ����������
I�� ���
��I��±�I����� '� ����������

7KHUHIRUH��LW�VHHPV�WKDW�WKH�WKUHH�SHULRGV�DUH�UHODWHG�HYHQ�ZKHQ�QR�
RQH�SHULRG�KDV�D�VLPSOH�LQWHJUDO�UDWLR�ZLWK�HLWKHU�RI�WKH�RWKHU�WZR��
(YHQ� LI� DVVXPLQJ� WKH� DVWHURLG� LV� WXPEOLQJ�� EHFDXVH� WKHUH� DUH�
LQVXIILFLHQW� GDWD�� LW� LV� QRW� SRVVLEOH� WR� VD\�ZLWK� FHUWDLQW\� WKDW� WKH�
SHULRGV�RI�������K�DQG�������K�DUH�WKH�WUXH�SHULRGV�RI�SUHFHVVLRQ�
DQG�URWDWLRQ��

�������������32���:H�REVHUYHG�WKLV�DVWHURLG�WZLFH�EHIRUH��:DUQHU�
DQG�6WHSKHQV��������������K������E���������K���7KH�DQDO\VLV�RI�WKH�
�����GDWD�JDYH�HVVHQWLDOO\�WKH�VDPH�UHVXOWV��

�

$FNQRZOHGJHPHQWV�

)XQGLQJ� IRU� REVHUYDWLRQV� DW� &6�� DQG� ZRUN� RQ� WKH� DVWHURLG�
OLJKWFXUYH� GDWDEDVH� �:DUQHU� HW� DO��������� DQG�$/&'()�GDWDEDVH�
�DOFGHI�RUJ��ZHUH�VXSSRUWHG�E\�1$6$�JUDQW���166&��.������

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�
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