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�5HFHLYHG�������-DQ�����

3KRWRPHWULF� REVHUYDWLRQV� RI� WKUHH� PDLQ�EHOW� DVWHURLGV�

ZHUH� FRQGXFWHG� LQ� RUGHU� WR� GHWHUPLQH� WKHLU� V\QRGLF�

URWDWLRQ� SHULRGV�� )RU� ����� :LOOLZDZ� ZH� IRXQG��

3�  � ������ �� ����� K�� $�  � ����� �� ����� PDJ�� IRU��

������� ����� :6��� D� VORZ� URWDWRU�� ZH� IRXQG� D� URXJK�

SHULRG� RI� 3�  � ����� �� ���� K�� $�  � ����� �� ����� PDJ���

IRU� �������������(7���ZH�IRXQG�3� ���������������K���

$� �������������PDJ�

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

FDUULHG� RXW� LQ� ����� 2FWREHU� �� 'HFHPEHU� DW� WKUHH� ,WDOLDQ�

REVHUYDWRULHV��$W� WKH�$VWURQRPLFDO�2EVHUYDWRU\�RI�WKH�8QLYHUVLW\�

RI� 6LHQD� �.����� D� IDFLOLW\� LQVLGH� WKH� 'HSDUWPHQW� RI� 3K\VLFDO�

6FLHQFHV�� (DUWK� DQG� (QYLURQPHQW� �'6)7$�� ������� ZH� XVHG� D��

�����P� I����� 0DNVXWRY�&DVVHJUDLQ� WHOHVFRSH�� 6%,*� 67/�����(�

1$%*� &&'� FDPHUD�� DQG� FOHDU� ILOWHU�� WKH� SL[HO� VFDOH� ZDV� �����

DUFVHF� ZKHQ� ELQQHG� DW� �î�� SL[HOV� DQG� DOO� H[SRVXUHV� ZHUH� ����

VHFRQGV��$W� WKH�:LOG�%RDU�5HPRWH�2EVHUYDWRU\��.����GDWD�ZHUH�

REWDLQHG�ZLWK�D�������P�I�����6&7��WHOHVFRSH��D�6%,*�67��;0(�

1$%*�&&'�FDPHUD�XQILOWHUHG��WKH�SL[HO�VFDOH�ZDV������DUFVHF�LQ�

ELQQLQJ� �î�� DQG� DOO� H[SRVXUHV� ZHUH� ���� VHFRQGV�� $W� WKH� ,RWD�

6FRUSLL�2EVHUYDWRU\��.����ZH�XVHG�D������P�I���5LWFKH\��&KUHWLpQ�

WHOHVFRSH��6%,*�67;/�����(�1$%*�&&'�FDPHUD��DQG�5�ILOWHU��

WKH�SL[HO�VFDOH�ZDV������ZKHQ�ELQQHG��î��DQG�DOO�H[SRVXUHV�ZHUH�

����VHFRQGV��

'DWD� SURFHVVLQJ� DQG� DQDO\VLV� ZHUH� GRQH� ZLWK� 032� &DQRSXV�

�:DUQHU�� ������� $OO� LPDJHV� ZHUH� FDOLEUDWHG� ZLWK� GDUN� DQG��

IODW�ILHOG� IUDPHV� DQG� WKH� LQVWUXPHQWDO� PDJQLWXGHV� FRQYHUWHG� WR��

5� PDJQLWXGHV� XVLQJ� VRODU�FRORUHG� ILHOG� VWDUV� IURP� D� YHUVLRQ� RI��

WKH� &0&���� FDWDORJXH� GLVWULEXWHG� ZLWK�032� &DQRSXV�� 7DEOH� ,�

VKRZV�WKH�REVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��

$�VHDUFK�WKURXJK�WKH�DVWHURLG�OLJKWFXUYH�GDWDEDVH��/&'%��:DUQHU�

HW� DO��� ������ LQGLFDWHV� WKDW� RXU� UHVXOWV� PD\� EH� WKH� ILUVW� UHSRUWHG�

OLJKWFXUYH�REVHUYDWLRQV�DQG�UHVXOWV�IRU�WKHVH�DVWHURLGV��

�����:LOOLZDZ�� ������3$����ZDV� GLVFRYHUHG�RQ������$XJXVW���

E\� +�(�� +ROW� DW� 0RXQW� 3DORPDU� DQG� QDPHG� DIWHU� D� GUDPDWLF�

PRXQWDLQ� RQ� WKH� VN\OLQH� RI� $QFKRUDJH��0RXQW�:LOOLZDZ� VWDQGV�

����� IHHW� DERYH� VHD� OHYHO� DQG� LW¶V� WKH� KLJKHVW� SRLQW� LQ� WKH�

&DPSEHOO�&UHHN�GUDLQDJH��>5HI��0LQRU�3ODQHW�&LUF�������@�,W�LV�D�

PDLQ�EHOW� DVWHURLG� ZLWK� D� VHPL�PDMRU� D[LV� RI� ������ $8��

HFFHQWULFLW\��������LQFOLQDWLRQ���������DQG�DQ�RUELWDO�SHULRG�RI������

\HDUV�� ,WV� DEVROXWH� PDJQLWXGH� LV� +�  � ����� �-3/�� ������� 7KH�

:,6(�1(2:,6(�VDWHOOLWH�LQIUDUHG�UDGLRPHWU\�VXUYH\��0DVLHUR�HW�

DO��� ������ IRXQG� D� GLDPHWHU� '�  � ������ �� ������ NP� XVLQJ� DQ�

DEVROXWH�PDJQLWXGH�+� �������

2EVHUYDWLRQV�ZHUH�FRQGXFWHG�RYHU�WKUHH�QLJKWV�DQG�FROOHFWHG�����

GDWD�SRLQWV��7KH�SHULRG�DQDO\VLV�VKRZV�D�VROXWLRQ�IRU�WKH�URWDWLRQDO�

SHULRG�RI�3� ��������������K�ZLWK�DQ�DPSOLWXGH�$� �������������

PDJ��

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

� ����� :LOOLZDZ� ������������ �������� ��� �� ������ ����� ����� ����� 0%�

� ����� �����:6�� ������������ 
��������� ��� ������ ����� �������� ������������� 0%�

������� �����(7��� ������������ �������� ��� ������ ����������������������������� 0%�

7DEOH�,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7KH�ILUVW�OLQH�JLYHV�WKH�UHVXOWV�IRU�WKH�SULPDU\�RI�D�ELQDU\�V\VWHP��7KH�VHFRQG�OLQH�JLYHV�WKH�
RUELWDO�SHULRG�RI�WKH�VDWHOOLWH�DQG�WKH�PD[LPXP�DWWHQXDWLRQ��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��,I�SUHFHGHG�E\�DQ�DVWHULVN��
WKH�SKDVH�DQJOH�UHDFKHG�DQ�H[WUHPD�GXULQJ�WKH�SHULRG��/3$%�DQG�%3$%�DUH�WKH�DSSUR[LPDWH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�ODWLWXGH�DW�PLG�
GDWH�UDQJH��VHH�+DUULV�HW�DO����������*US�LV�WKH�DVWHURLG�IDPLO\�JURXS��:DUQHU�HW�DO����������
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������� ����� :6��� ������ 4&��� ZDV� GLVFRYHUHG� RQ� �����

1RYHPEHU����E\�6��0F'RQDOG�DW�$QGHUVRQ�0HVD��,W�LV�D�PDLQ�EHOW�

DVWHURLG�ZLWK� D� VHPL�PDMRU� D[LV�RI� ������$8�� HFFHQWULFLW\� �������

LQFOLQDWLRQ� ��������� DQG� DQ� RUELWDO� SHULRG� RI� ����� \HDUV�� ,WV�

DEVROXWH� PDJQLWXGH� LV� +�  � ����� �-3/�� ������� 7KH�

:,6(�1(2:,6(�VDWHOOLWH�LQIUDUHG�UDGLRPHWU\�VXUYH\��0DVLHUR�HW�

DO��� ������ IRXQG� D� GLDPHWHU� '�  � ������� �� ������ NP� XVLQJ� DQ�

DEVROXWH�PDJQLWXGH�+� �������

2EVHUYDWLRQV� RYHU� VHYHQ� QLJKWV� FROOHFWHG� ���� GDWD� SRLQWV�� 7KH�

SHULRG� DQDO\VLV� VKRZV� D� SRVVLEOH� ELPRGDO� VROXWLRQ� IRU� WKH�

URWDWLRQDO� SHULRG� RI� 3�  � ����� �� ���� K� ZLWK� DQ� DPSOLWXGH��

$�  � ����� �� ����� PDJ�� 7KLV� WDUJHW� UHYHDOHG� WR� EH� D� YHU\� VORZ��

URWDWRU� DQG� WKH� UHVXOW� LV� EDVHG� RQ� OHVV� WKDQ� IXOO� FRYHUDJH�� VR��

WKDW�WKH�WUXH�SHULRG�PD\�GLIIHU�D�IHZ�KRXUV��

�

�

�������������(7���ZDV�GLVFRYHUHG�RQ������0DUFK���E\�/,1($5�

DW� 6RFRUUR�� ,W� LV� D� PDLQ�EHOW� DVWHURLG� ZLWK� D� VHPL�PDMRU� D[LV� RI�

������$8�� HFFHQWULFLW\�������� LQFOLQDWLRQ� ��������� DQG�DQ� RUELWDO�

SHULRG� RI� ����� \HDUV�� ,WV� DEVROXWH� PDJQLWXGH� LV� +�  � ������

�-3/�� ������� 7KH�:,6(�1(2:,6(� VDWHOOLWH� LQIUDUHG� UDGLRPHWU\�

VXUYH\��0DVLHUR�HW�DO���������IRXQG�D�GLDPHWHU�'� ����������������

NP�XVLQJ�DQ�DEVROXWH�PDJQLWXGH�+� �������

2EVHUYDWLRQV�ZHUH�FRQGXFWHG�RYHU�WKUHH�QLJKWV�DQG�FROOHFWHG�����

GDWD�SRLQWV��7KH�SHULRG� DQDO\VLV� VKRZV�D� UHVXOW� IRU� WKH� URWDWLRQDO�

SHULRG�RI�3� ���������������K�ZLWK�DQ�DPSOLWXGH�$� �������������

PDJ�DV�WKH�PRVW�OLNHO\�ELPRGDO�VROXWLRQ�IRU�WKLV�DVWHURLG��

�
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0LQRU�3ODQHW�&LUFXODUV��03&V��DUH�SXEOLVKHG�E\�WKH�,QWHUQDWLRQDO�

$VWURQRPLFDO�8QLRQ
V�0LQRU�3ODQHW�&HQWHU�� �

KWWSV���ZZZ�PLQRUSODQHWFHQWHU�QHW�LDX�(&6�03&$UFKLYH��

03&$UFKLYHB7%/�KWPO�

5HIHUHQFHV�

'6)7$� �������� 'LSDUWLPHQWR� GL� 6FLHQ]H� )LVLFKH�� GHOOD� 7HUUD� H�

GHOO
$PELHQWH���$VWURQRPLFDO�2EVHUYDWRU\�� �

KWWSV���ZZZ�GVIWD�XQLVL�LW�HQ�UHVHDUFK�ODEV�DVWURQRPLFDO�

REVHUYDWRU\�

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

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

����*\SWLV�´�,FDUXV��������������

-3/���������6PDOO�%RG\�'DWDEDVH�%URZVHU�� �

KWWS���VVG�MSO�QDVD�JRY�VEGE�FJL�WRS�

0DVLHUR��-�5���0DLQ]HU��$�.���*UDY��7���%DXHU��-�0���&XWUL��5�0���

'DLOH\�� -��� (LVHQKDUGW�� 3�5�0��� 0F0LOODQ�� 5�6��� 6SDKU�� 7�%���

6NUXWVNLH��0�)���7KROHQ��'���:DONHU��5�*���:ULJKW��(�/���'H%DXQ��

(���(OVEXU\��'���*DXWLHU�,9��7���*RPLOOLRQ��6���:LONLQV��$����������

³0DLQ� %HOW� $VWHURLGV� ZLWK� :,6(�1(2:,6(�� ,�� 3UHOLPLQDU\�

$OEHGRV�DQG�'LDPHWHUV�´�$VWURSK\V��-�������$����
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0DVLHUR�� -�5��� *UDY�� 7��� 0DLQ]HU�� $�.��� 1XJHQW�� &�5��� %DXHU��

-�0���6WHYHQVRQ��5���6RQQHWW��6����������³0DLQ�EHOW�$VWHURLGV�ZLWK�

:,6(�1(2:,6(�� 1HDU�LQIUDUHG� $OEHGRV�´� $VWURSK\V�� -�� �����

�����

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

/LJKWFXUYH� 'DWDEDVH�´� ,FDUXV� ����� ��������� 8SGDWHG� ����� 2FW���

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

:DUQHU�� %�'�� �������� 032� 6RIWZDUH�� 032� &DQRSXV� Y����������

%GZ�3XEOLVKLQJ��KWWS���PLQRUSODQHWREVHUYHU�FRP�
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6WHSKHQ�0��6OLYDQ��&ODLUH�0F/HOODQ�&DVVLYL��

5LOD�6KLVKLGR��1LHN\�:DQJ�

0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��

'HSW��RI�(DUWK��$WPRVSKHULF��DQG�3ODQHWDU\�6FLHQFHV�

���0DVV��$YH��5P����������&DPEULGJH��0$���������

VOLYDQ#PLW�HGX�

�5HFHLYHG�������-DQ����

:H� UHSRUW� URWDWLRQ� OLJKWFXUYHV� RI� ����� +XV� REVHUYHG�

GXULQJ� LWV� DSSDULWLRQ� LQ� ������7KH�FRQVWUDLQWV� IURP�RXU�

GDWD�� FRPELQHG� ZLWK� D� UHDQDO\VLV� RI� SXEOLVKHG�

OLJKWFXUYHV� UHFRUGHG� LQ� ������ \LHOG� D� VHFXUH� URWDWLRQ�

SHULRG�RI�����������������K��

.RURQLV� IDPLO\� PHPEHU� ����� +XV� ZDV� REVHUYHG� LQ� ����� DV� D�

³WDUJHW� RI� RSSRUWXQLW\´� GXULQJ� DQ� RQJRLQJ� REVHUYLQJ� SURJUDP� WR�

VWXG\�URWDWLRQ�SURSHUWLHV�RI�WKH�IDPLO\¶V�EULJKWHU�REMHFWV��6OLYDQ�HW�

DO����������,Q�WKH�OLWHUDWXUH�ZH�ILQG�OLJKWFXUYHV�RI�+XV�IURP�RQO\�D�

VLQJOH�SUHYLRXV�DSSDULWLRQ�LQ�������ZLWK�FRQVLGHUDEOH�QRLVH�LQ�WKH�

GDWD� DQG� DQ� XQFHUWDLQ� GHULYHG� URWDWLRQ� SHULRG� RI� ������ K� �&ODUN��

������� 6XEVHTXHQW� VWDWLVWLFDO� DQDO\VHV� RI� ³VSDUVH� GDWD´� IURP�

SKRWRPHWULF� VXUYH\V� VXJJHVW� D� VOLJKWO\� VKRUWHU� SHULRG� RI� ������ K�

�(UDVPXV�HW�DO���������DQG�UHSRUW�D�VLGHUHDO�SHULRG�DQG�VSLQ�YHFWRU�

�'XUHFK�HW�DO����������

2EVHUYDWLRQV�ZHUH�PDGH�RQ����QLJKWV�RYHU�D����QLJKW� LQWHUYDO� LQ�

����� �7DEOH� ,�� XVLQJ� �����P� WHOHVFRSHV� DW� WKH� :DOODFH�

$VWURSK\VLFDO�2EVHUYDWRU\�LQ�:HVWIRUG��0$��(DFK�V\VWHP�LPDJHG�

D����DUFPLQ�VTXDUH�ILHOG�RI�YLHZ�DW�D�UHVROXWLRQ�RI�����DUFVHF�SHU�

SL[HO��XVLQJ�DQ�6%,*�67/������&&'�FDPHUD�DQG�5� ILOWHU��,PDJH�

SURFHVVLQJ� DQG� PHDVXUHPHQW� ZHUH� DV� GHVFULEHG� E\� 6OLYDQ� HW� DO��

�������� H[FHSW� WKDW� IRU� +XV� DV� D� IDLQWHU� REMHFW� REVHUYHG� ZLWK�

VPDOOHU�WHOHVFRSHV��ZH�FKRVH�V\QWKHWLF�DSHUWXUH�VL]HV�JXLGHG�E\�WKH�

H[SHULHQFH�RI�+RZHOO��������IRU�WKH�RQ�FKLS�UHODWLYH�SKRWRPHWU\��

7KH�OLJKWFXUYHV�VKRZ�WKDW�+XV�FRPSOHWHV�HLWKHU� IRXU�� ILYH��RU� VL[�

URWDWLRQV� LQ� DERXW� ����� KRXUV�� DOO� WKUHH� FDQGLGDWH� SHULRGV� \LHOG�

FUHGLEOH�GRXEO\�SHULRGLF�FRPSRVLWHV��+RZHYHU�� WKHVH�GDWD�FDQQRW�

IXUWKHU� GLVWLQJXLVK� WKH� WUXH� SHULRG� IURP� WKH� DOLDVHV� EHFDXVH� WKH�

LQGLYLGXDO� XQEURNHQ� VSDQV� RI� OLJKWFXUYH� DUH� WRR� VKRUW� UHODWLYH� WR�

WKH�SHULRGV��D�FRQVHTXHQFH�RI�+XV¶V�VRXWKHUQ�GHFOLQDWLRQ�LQ������

GXULQJ� QRUWKHUQ� KHPLVSKHUH� VXPPHU�� FRPELQHG� ZLWK� D� ]RQH� RI�

REVWUXFWHG�WHOHVFRSH�YLHZ�DFURVV�WKH�PHULGLDQ�DW�ORZ�DOWLWXGHV��

7R�UHVROYH�WKH�DPELJXLW\��ZH�UHDQDO\]HG�WKH�SXEOLVKHG�OLJKWFXUYHV�

IURP�WKH������DSSDULWLRQ��ZKLFK�LQFOXGH�VSDQV�RI�QLJKWO\�FRYHUDJH�

WKDW�DUH�ORQJHU�WKDQ�WKH�FDQGLGDWH�SHULRGV��*LYHQ�WKH�QRLVH�LQ�WKHVH�

GDWD�ZH�XVHG�D�³QRLVH�VSHFWUXP´�DSSURDFK��ILWWLQJ�D�)RXULHU�VHULHV�

PRGHO� LQFOXGLQJ� WKURXJK� WKH� �QG� KDUPRQLF� WR� WKH� OLJKWFXUYHV� LQ�

RUGHU�WR�WHVW�D�UDQJH�RI�WULDO�URWDWLRQ�SHULRGV�WKDW�LQFOXGHV�WKH�WKUHH�

FDQGLGDWHV��7KH�UHVXOWLQJ�JUDSK��)LJ�����VKRZV�WKDW�������K�LV�WKH�

RQO\�SHULRG�WKDW�LV�FRQVLVWHQW�ZLWK�WKH�OLJKWFXUYHV�IURP�ERWK������

DQG� ������ 2XU� ILQDO� UHVXOW� RI� ������� �� ������� K� �)LJ�� ��� LV�

FRQVLVWHQW�ZLWK�WKH�SXEOLVKHG�SHULRGV�EDVHG�RQ�³VSDUVH´�GDWD��

$FNQRZOHGJPHQWV�

:H�WKDQN�'U��0LFKDHO�3HUVRQ�DQG�7LPRWK\�%URWKHUV�IRU�DOORFDWLRQ�

RI� WHOHVFRSH� WLPH� DQG� IRU� REVHUYHU� LQVWUXFWLRQ� DQG� VXSSRUW�� DQG�

HVSHFLDOO\� IRU� UHWRROLQJ� WR� HQDEOH� VXPPHU� UHVHDUFK� DW�:DOODFH� WR�

KDSSHQ�UHPRWHO\��7KH�VWXGHQW�REVHUYHUV�ZHUH�VXSSRUWHG�E\�D�JUDQW�

IURP�0,7¶V�8QGHUJUDGXDWH�5HVHDUFK�2SSRUWXQLWLHV�3URJUDP��:H�

WKDQN�'U��0DXULFH�&ODUN�IRU�SURYLGLQJ�WR�XV�KLV�GDWD�IURP�������

�

)LJXUH���� ³1RLVH�VSHFWUXP´�JUDSK�IRU� WKH� OLJKWFXUYHV�RI� �������+XV�
UHFRUGHG�GXULQJ�WKH������DSSDULWLRQ�E\�&ODUN���������7KH�FDQGLGDWH�
SHULRGV� DOORZHG� E\� WKH� ����� OLJKWFXUYHV� DUH� KLJKOLJKWHG�� RQO\�
������K�LV�FRQVLVWHQW�ZLWK�WKH�GDWD�IURP�ERWK�DSSDULWLRQV��

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

� ����� +XV� ����������������� 
�������� ���� ��� ������� ������� ����� ����� �

7DEOH�,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��6RODU�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWHV��WKH�DVWHULVN�LQGLFDWHV�WKDW�WKH�SKDVH��
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