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SHWHU#ELUWZKLVWOH�RUJ�XN�

�5HFHLYHG�������-DQ����

/LJKWFXUYHV�DQG�DPSOLWXGHV�IRU�WHQ�QHDU�(DUWK�DVWHURLGV�
REVHUYHG�IURP�*UHDW�6KHIIRUG�2EVHUYDWRU\�GXULQJ�FORVH�
DSSURDFKHV� LQ� ����� DQG� ����� DUH� UHSRUWHG�� �����.)���
�����*)��������2+��������5$��������5=��������73���
����� 7'��� ����� 84��� ����� 9=�� DQG� ����� ;;����
�����84�� LV� WKH� ODUJHVW�� ZLWK�+�  � ������ DOO� RWKHUV� DUH�
VPDOO� REMHFWV��+� !� ������ 6HYHQ� KDYH� VXSHUIDVW� URWDWLRQ�
SHULRGV��3������PLQ��LQFOXGLQJ������5=��DQG������7'��
ZLWK�3�����PLQ��

3KRWRPHWULF� REVHUYDWLRQV� RI� QHDU�(DUWK� DVWHURLGV� GXULQJ� FORVH�
DSSURDFKHV� WR� (DUWK� LQ� ����� DQG� ����� ZHUH� PDGH� DW� *UHDW�
6KHIIRUG� 2EVHUYDWRU\� XVLQJ� D� �����P� 6FKPLGW�&DVVHJUDLQ� DQG�
$SRJHH� $OWD� 8���� &&'� FDPHUD�� $OO� REVHUYDWLRQV� ZHUH� PDGH�
XQILOWHUHG�DQG�ZLWK�WKH�WHOHVFRSH�RSHUDWLQJ�ZLWK�D�IRFDO�UHGXFHU�DW�
I����7KH��.î�.�����PLFURQ�&&'�ZDV�ELQQHG��î��UHVXOWLQJ�LQ�DQ�
LPDJH� VFDOH� RI� ����� DUFVHF�SL[HO�� $OO� WKH� LPDJHV�ZHUH� FDOLEUDWHG�
ZLWK�GDUN�DQG�IODW�IUDPHV��$VWURPHWULFD��5DDE��������ZDV�XVHG�WR�
PHDVXUH�SKRWRPHWU\�XVLQJ�$3$66�-RKQVRQ�9�EDQG�GDWD�IURP�WKH�
8&$&��FDWDORJXH��032�&DQRSXV� �:DUQHU��������� LQFRUSRUDWLQJ�
WKH� )RXULHU� DOJRULWKP� GHYHORSHG� E\� +DUULV� �+DUULV� HW� DO��� �������
ZDV�XVHG�IRU�OLJKWFXUYH�DQDO\VLV��

�����.)���$Q�$PRU�REMHFW�ZLWK�HVWLPDWHG�GLDPHWHU�RI����P�DQG�D�
SHULKHOLRQ� GLVWDQFH� RI� ����� $8� ZDV� GLVFRYHUHG� E\� WKH� &DWDOLQD�
6N\�6XUYH\�RQ������0D\�����%DFFL�HW�DO���������DQG�KDG�D�FORVH�
DSSURDFK�RI���/XQDU�'LVWDQFHV� �/'��RQ������0D\�������87��$�
VHDUFK�RI�WKH�$VWURSK\VLFV�'DWD�6\VWHP��$'6���������WKH�$VWHURLG�
/LJKWFXUYH� 'DWDEDVH� �/&'%�� :DUQHU� HW� DO��� ������� DQG� ZLGHU�
VHDUFKHV� GLG� QRW� ILQG� DQ\� SUHYLRXVO\� UHSRUWHG� UHVXOWV� IRU� �����
.)��� ,W� ZDV� REVHUYHG� IRU� ����� KRXUV� RQ� WKH� QLJKW� RI� �����0D\�
�������PRYLQJ�DW�a����DUFVHF�PLQ��

�

/DUJH� YDULDWLRQV� LQ�EULJKWQHVV�ZHUH� HYLGHQW� EHWZHHQ� FRQVHFXWLYH�
VKRUW� H[SRVXUHV� WDNHQ� HDUO\� LQ� WKH� HYHQLQJ� IRU� DVWURPHWU\� DQG� VR�
IRU�SKRWRPHWU\��H[SRVXUHV�ZHUH�NHSW�WR�OHVV�WKDQ���VHFRQGV�WR�NHHS�
WKH�REMHFW�IURP�WUDLOLQJ�DQG�WR�HQVXUH�SRWHQWLDO�OLJKWFXUYH�VPHDULQJ�
ZDV� UHGXFHG� �3UDYHF�HW�DO����������7KH�DVWHURLG� UHDFKHG�DSSDUHQW�
PDJQLWXGH� ���� DQG� ZDV� YLVLEOH� LQ� DOO� LPDJHV�� EXW� RQO\� ZHDNO\�
UHFRUGHG�DW�VRPH�RI�WKH�GHHSHVW�PLQLPD��8VLQJ�������GDWD�SRLQWV��
DQ� DV\PPHWULFDO� ELPRGDO� OLJKWFXUYH� LV� HYLGHQW� ZLWK� D� VXSHUIDVW�
URWDWLRQ�SHULRG�RI�����PLQXWHV�������.)��FRPSOHWHG�����URWDWLRQV�
GXULQJ�WKH��K����P�LW�ZDV�XQGHU�REVHUYDWLRQ��

�����*)���7KLV�$SROOR�REMHFW�ZDV�ZHOO�REVHUYHG�E\�D�QXPEHU�RI�
REVHUYDWRULHV� LQ� WKH� WKUHH� GD\V� IROORZLQJ� WKH� GLVFRYHU\� E\� WKH�
$7/$6�WHDP�RQ������$SU�����0HOQLNRY�HW�DO�������D���

1R� SUHYLRXVO\� UHSRUWHG� UHVXOWV� KDYH� EHHQ� IRXQG� LQ� WKH� $'6��
/&'%��RU�IURP�ZLGHU�VHDUFKHV�������*)��SDVVHG�(DUWK�E\�����/'�
RQ������$SU������87�DQG�ZDV�D�PDJ�������REMHFW� WKURXJKRXW��,W�
ZDV� IROORZHG� DW�*UHDW� 6KHIIRUG� RQ� WKH� QLJKW�RI� �����$SU� ������
DQG�������LPDJHV�ZHUH�PHDVXUHG�IURP�H[SRVXUHV�UDQJLQJ�IURP�����
����VHFRQGV��7KH�VN\�PRWLRQ�UHDFKHG�����DUFVHF�PLQ�DQG�WKH�VKRUW�
H[SRVXUHV�NHSW�WKH�WUDLOLQJ�ZLWKLQ�WKH���SL[HO�UDGLXV�PHDVXUHPHQW�
DQQXOXV�XVHG�LQ�$VWURPHWULFD��

�

����� *)�� LV� DQRWKHU� VPDOO� �HVWLPDWHG� ���P� GLDPHWHU�� VXSHUIDVW�
URWDWRU�ZLWK�D�SHULRG�RI�����PLQXWHV������URWDWLRQV�RFFXUUHG�GXULQJ�
WKH��K����P�LW�ZDV�XQGHU�REVHUYDWLRQ��

�����2+���$Q�$7/$6�GLVFRYHU\�IURP�0DXQD�/RD�RQ������-XO\�
������87��0HOQLNRY�HW�DO�������E��ZLWK�DQ�HVWLPDWHG�GLDPHWHU�RI��
���P�ZDV� D���WK�PDJQLWXGH� WDUJHW�RI�RSSRUWXQLW\�RQ� WKH�QLJKW�RI�
�����-XO\�������IURP�*UHDW�6KHIIRUG��,W�ZDV�XQGHU�REVHUYDWLRQ�IRU�
���� KRXUV��PRYLQJ� DW� a���� DUFVHF�PLQ� DW� D� UDQJH� RI� ����/'� DQG�
ZRXOG�SDVV�(DUWK�DW� ����/'�RQ������-XO\�������87��EXW�PRYLQJ�
VZLIWO\�VRXWK��ZRXOG�EH�EHORZ�WKH�KRUL]RQ�E\�WKH�QH[W�QLJKW��

([SRVXUHV�ZHUH�OLPLWHG�WR���VHFRQGV�WR�DOORZ�WKH�DVWHURLG�WUDLO�WR�
EH�HQFORVHG�ZLWKLQ�WKH�PHDVXUHPHQW�DQQXOXV�LQ�$VWURPHWULFD�DQG�
WKH� DSSDUHQW� VSHHG� GLFWDWHG� WKDW� WKH� WHOHVFRSH� QHHGHG� WR� EH�
UHSRVLWLRQHG� ��� WLPHV�� ������ LPDJHV� ZHUH� XVHG� LQ� WKH� DQDO\VLV��
LQGLFDWLQJ� DQ� RQO\� VOLJKWO\� DV\PPHWULF� ELPRGDO� OLJKWFXUYH� ZLWK��
3� ������PLQ��7KHUH�DUH�QR�SUHYLRXV�HQWULHV�IRU������2+��LQ�$'6�
RU�WKH�/&'%��
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�����5$���$Q�$SROOR� REMHFW�ZLWK� HVWLPDWHG� GLDPHWHU����P�ZDV�
GLVFRYHUHG�E\�WKH�=7)�WHDP�DW�3DORPDU�RQ������6HS����ZLWK�SUH�
GLVFRYHU\� DVWURPHWU\� UHSRUWHG� E\� 3DQ�67$556� �� 	� �� DQG� 0W��
/HPPRQ� EDFN� WR� ����� 6HS� �� �%X]]L� HW� DO��� ������� ,W� PDGH� DQ�
DSSURDFK�WR�ZLWKLQ�����/'�RI�(DUWK�RQ������6HS�������87��LW�ZDV�
REVHUYHG� IURP� *UHDW� 6KHIIRUG� IURP� ����� 6HS� ������ 87� IRU� ���
PLQXWHV�DQG�WKHQ���KRXUV�ODWHU�IRU�D�IXUWKHU����PLQXWHV��7DEOH�,���

1R�SUHYLRXV�UHVXOWV�IRU������5$��ZHUH�IRXQG�LQ�WKH�$'6��LQ�WKH�
/&'%�� RU� IURP� ZLGHU� VHDUFKHV�� $SSDUHQW� VSHHG� LQFUHDVHG� IURP�
���� WR� ���� DUFVHF�PLQ� GXULQJ� WKH� SHULRG� DQG� H[SRVXUHV� ZHUH�
OLPLWHG�WR���VHFRQG�WKURXJKRXW�VR�WKDW�WUDLOLQJ�RI�WKH�WDUJHW�ZRXOG�
DOZD\V� EH� HQFORVHG� ZLWKLQ� D� ��� DUFVHF� GLDPHWHU� PHDVXUHPHQW�
DQQXOXV�XVHG�LQ�$VWURPHWULFD��,W�LV�QRWHG�WKDW������5$��SDVVHG����
DUFPLQ�IURP�WKH�1��&HOHVWLDO�3ROH�RQ������6HS��������87��ZKLFK�
LQFUHDVHG� WKH� OHQJWK�RI� WLPH� UHTXLUHG� WR� UHSRVLWLRQ� WKH� WHOHVFRSH��
3HDN�WR�SHDN� YDULDWLRQV� LQ� PDJQLWXGH� ZHUH� HYLGHQW� HYHU\� a���
PLQXWHV�DQG�DW�PLQLPXP�EULJKWQHVV� WKH�LQGLYLGXDO�PHDVXUHPHQWV�
KDG�ORZ�615��7KUHH�VHWV�RI�LPDJHV�WDNHQ�DW�PLQLPXP�OLJKW�ZHUH�
VWDFNHG� LQ� $VWURPHWULFD� WR� LQFUHDVH� VLJQDO� VWUHQJWK�� ZLWK� ������
LQGLYLGXDO� H[SRVXUHV� EHLQJ� VHOHFWHG� IRU� HDFK� VWDFN�� UHVXOWLQJ� LQ�
HDFK� VWDFN� VSDQQLQJ� D� PD[LPXP� RI� ��� VHFRQGV� RI� WLPH�� 7KHVH�
DOORZHG� IRXU� KLJKHU� 615�PHDVXUHPHQWV� WR� EH�PDGH� IRU� HDFK� RI�
WKHVH�WKUHH�VHWV�RI�LPDJHV��%HFDXVH�WKH�OHQJWK�RI�WKH�WZR�REVHUYLQJ�
UXQV� ZHUH� VLPLODU� WR� WKH� DSSDUHQW� URWDWLRQ� SHULRG�� WKH� SHULRG�
VSHFWUXP�VKRZV�PXOWLSOH�SRWHQWLDO�VROXWLRQV��

%LPRGDO� FXUYHV� RFFXU� DW� a����� K�� ZLWK� WULPRGDO� VROXWLRQV�
DSSHDULQJ�DURXQG�����K�DQG�TXDGULPRGDO�DERYH������K��

�

�

:LWK� WKH� VKRUW� FRYHUDJH� XQDEOH� WR� GLVFRXQW� ORQJHU� SHULRGV�� D�
ELPRGDO� VROXWLRQ� LV� DVVXPHG� KHUH�� 7KH� WZR� VWURQJHVW� ELPRGDO�
VROXWLRQV�ZHUH�LQYHVWLJDWHG���������K�DQG��������K���UHSUHVHQWLQJ�
D�GLIIHUHQFH�RI�����RI�WKH�SHULRG�RYHU�WKH�REVHUYHG�DUF��7KH�ORQJHU�
SHULRG� LV�SUHIHUUHG�VLQFH��DOWKRXJK� WKH�506�ZDV�VOLJKWO\�JUHDWHU��
WKH�GLUHFWLRQ�RI�VORSH�RI� WKH�GHULYHG�FXUYH�ILWWHG�WKH�REVHUYDWLRQV�
EHWWHU��

7KH�SKDVH�DQJOH�LQFUHDVHG�E\�����WR�D�!�����GXULQJ�WKH�WLPH�XQGHU�
REVHUYDWLRQ� DQG� WKH� DPSOLWXGH� LV� OLNHO\� WR� KDYH� LQFUHDVHG� DQG�
FDXVHG� VRPH� H[WUD� VFDWWHU� LQ� WKH� VROXWLRQ�� ,W� LV� QRWHG� WKDW� DQ�
DQRPDORXV� IDGH� RI� a�� PDJQLWXGH� LV� DSSDUHQW� LQ� D� VLQJOH� VHW� RI�
PHDVXUHV� FHQWUHG� DW� SKDVH� ������ IURP� LPDJHV� VSDQQLQJ� a������
VHFRQGV��

�����5=���7KH�$7/$6�V\VWHP�RQ�+DOHDNDOD�GLVFRYHUHG�WKLV�VPDOO�
$SROOR� �HVWLPDWHG�GLDPHWHU����P�� RQ� �����6HS���� �7LFK\� HW� DO���
�������WZR�GD\V�EHIRUH�SDVVLQJ�MXVW� LQVLGH�WKH�RUELW�RI� WKH�0RRQ��
UHDFKLQJ�����/'�RQ������6HS�������87��1R�SUHYLRXV�UHVXOWV�ZHUH�
IRXQG�LQ�WKH�/&'%�RU�IURP�ZLGHU�VHDUFKHV��7KUHH�VHSDUDWH�VHWV�RI�
LPDJHV�ZHUH�REWDLQHG�LQ�WKH�KRXUV�DIWHU�FORVHVW�DSSURDFK��7DEOH�,���
([SRVXUHV�ZHUH� LQLWLDOO\� OLPLWHG� WR� �� VHFRQG� GXH� WR� WKH� IDVW� ����
DUFVHF�PLQ� DSSDUHQW� VSHHG�� EXW�ZHUH� LQFUHDVHG� WR����� VHFRQGV�E\�
WKH�ODVW�UXQ�DV�WKH�VSHHG�UHGXFHG�WR�����DUFVHF�PLQ��

/DUJH�YDULDWLRQV� LQ�EULJKWQHVV�ZHUH�LPPHGLDWHO\�HYLGHQW�EHWZHHQ�
FRQVHFXWLYH� H[SRVXUHV� DQG� VRPH� RI� WKH� GHHSHVW� PLQLPD� ZHUH�
HLWKHU� EHORZ� WKH� OLPLWLQJ�PDJQLWXGH� RU� WRR� IDLQW� WR� EH�PHDVXUHG�
UHOLDEO\��KRZHYHU��WKH�PDMRULW\�RI�WKH�H[SRVXUHV�ZHUH�XVDEOH��$V�D�
IDVW� URWDWLRQ� SHULRG� ZDV� VXVSHFWHG�� D� SHULRG� VSHFWUXP� ZDV�
SURGXFHG� LQ� 032� &DQRSXV� VHDUFKLQJ� IRU� VKRUW� SHULRGV� LQ� WKH�
UDQJH����VHFRQGV�XS�WR�����PLQXWHV��

7KLV� LQLWLDO� VHDUFK� LQGLFDWHG� WKDW� D� TXDGULPRGDO� VROXWLRQ� ZLWK�
SHULRG� �������� K� ZDV� SUHIHUUHG�� +RZHYHU�� WKH� VWHS� VL]H� LQ� WKLV�
FRDUVH�SHULRG�VSHFWUXP�ZDV��î�����K�DQG�H[DPLQLQJ� WKH�ELPRGDO�
DQG�TXDGULPRGDO� WLPHV�ZLWK�D� ILQHU�VWHS�VL]H�RI��î�����K�VKRZHG�
WKDW�WKH�LQLWLDO�VHDUFK�ZDV�WRR�FRDUVH�DQG�WKH�ELPRGDO�VROXWLRQ�ZDV�
DFWXDOO\� D� VLJQLILFDQWO\� EHWWHU� ILW�� 7KH� SHULRG� VSHFWUXP� ILJXUH�
VKRZV�WKH�UHMHFWHG�VROXWLRQV�PDUNHG�ZLWK�FURVVHV�DQG�WKH�DFFHSWHG�
ELPRGDO�VROXWLRQ�ZLWK�D�WLFN��
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7KHUH�ZDV�D�����K�JDS�EHWZHHQ�UXQV���DQG���DQG�WKHQ�D�IXUWKHU�JDS�
RI� ���� K�EHWZHHQ� UXQV��� DQG���� ,QGHSHQGHQW� UHGXFWLRQV� IURP� WKH�
WKUHH�UXQV�DOO�SURGXFHG�VLPLODU�SHULRGV�DQG�OLJKWFXUYHV��+RZHYHU��
WU\LQJ� WR� ILW� DOO� WKUHH� UXQV� WRJHWKHU� ZDV� QRW� VDWLVIDFWRU\��
LQWURGXFLQJ�VLJQLILFDQWO\�PRUH�QRLVH�WR�WKH�OLJKWFXUYH��'XULQJ�WKH�
WLPH������5=��ZDV�XQGHU�REVHUYDWLRQ�LW�ZDV�UHFHGLQJ�IURP�(DUWK�
DQG� WKH� SKDVH� DQJOH� ZDV� DOVR� LQFUHDVLQJ� E\� �����K� IURP� ���� WR�
������7KH�HSKHPHULV��FDOFXODWHG�ZLWK�*� ������LQ�WKH�+�*�V\VWHP�
SUHGLFWHG�WKH�EULJKWQHVV�ZRXOG�EH�IDGLQJ�E\������PDJ�K�EXW�DW�WKH�
KLJK� SKDVH� DQJOHV� HQFRXQWHUHG�� WKLV� FDQ� RQO\� EH� WDNHQ� DV� D� YHU\�
URXJK� JXLGH�� 7KH� SKRWRPHWU\� LQGLFDWHG� D� PXFK� VORZHU� IDOO� RI�
a������PDJ�K��032�&DQRSXV�ZDV�XVHG�WR�YDU\�WKH�DGRSWHG�YDOXH�
RI�*�WR�ILQG�D�PLQLPXP�LQ�WKH�506�RI�WKH�ILWWHG�FXUYH��7KH�506�
ZDV� UHGXFHG� IURP� ����� WR� D� PLQLPXP� RI� ����� XVLQJ� D� YDOXH� RI��
*� �������DQG�WKLV�YDOXH�KDV�EHHQ�XVHG�WR�SURGXFH�WKH�OLJKWFXUYH��
LQFOXGLQJ�DOO�����GDWD�SRLQWV��'HULYHG�DW�VXFK�KLJK�SKDVH�DQJOHV��
WKLV� YDOXH� RI�*� GRHV� QRW� UHSUHVHQW� WKH� OLJKWFXUYH�ZHOO� DW� VPDOOHU�
SKDVH� DQJOHV�� H�J��� WKH� GLVFRYHU\� DVWURPHWU\� DW� SKDVH� DQJOH� ����
OLVWV� PDJQLWXGHV� WKDW� DUH� a���� PDJ� IDLQWHU� WKDQ� WKLV� YDOXH� RI� *�
ZRXOG�SUHGLFW��

�

�

�����5=��LV�D�VXSHUIDVW�URWDWRU�ZLWK�D�SHULRG�RI������VHFRQGV�DQG�
FRPSOHWHG� ��� UHYROXWLRQV� LQ� UXQ� ��� ��� LQ� UXQ� �� DQG� ��� LQ� UXQ� ���
,QGHSHQGHQW�RI�WKH�OLJKWFXUYH�VROXWLRQ�LQ�032�&DQRSXV��D�FKHFN�
ZDV�PDGH�WR�VHH�ZKHWKHU� WKH� WKUHH�UXQV�FRXOG�EH�XQDPELJXRXVO\�
OLQNHG�E\�HVWLPDWLQJ�WKH�OLNHO\�HUURU�LQ�WKH�QXPEHU�RI�URWDWLRQV�û1�
ZKHQ�SURSDJDWLQJ�D�FDOFXODWHG�SHULRG�ZLWK� LWV�DVVRFLDWHG�HUURU� WR�
DQRWKHU�WLPH��GHULYHG�IURP�(T�����LQ�.ZLDWNRZVNL�HW�DO���������E\��

û1�§�ûW�û3���3��� ����

ZKHUH�ûW�LV�WKH�WLPH�LQWHUYDO�VHSDUDWLQJ�WZR�LQGLYLGXDO�OLJKWFXUYHV��
3�LV�WKH�SHULRG�IURP�RQH�RI�WKH�LQGLYLGXDO�VROXWLRQV��DQG�û3�LV�WKH�
PD[LPXP�SHULRG�XQFHUWDLQW\�� LQ�SUDFWLFH� WDNHQ�KHUH� WR�EH��î� WKH�
IRUPDO�XQFHUWDLQW\� IURP�032�&DQRSXV�� DQG�ûW��û3�DQG�3� LQ� WKH�
VDPH�XQLWV�� )RU� D�ELPRGDO� FXUYH�û1�������� LPSOLHV� D�PD[LPXP�
�RU�PLQLPXP��FDQ�EH�PDWFKHG�XQDPELJXRXVO\�� OHVV� WKDQ�ó�F\FOH�
IURP�UHDOLW\��7KH�HUURU�SURSDJDWHG�IURP�UXQ���WR� UXQ����D�VKRUWHU�
LQWHUYDO�WKDQ�UXQ���WR����LV�û1� �������DOORZLQJ�UXQV���DQG���WR�EH�
OLQNHG� XQDPELJXRXVO\�� 7KH� UHYLVHG� SHULRG� DQG� HUURU� IURP� D�
VROXWLRQ�FRPELQLQJ�UXQV���DQG���WKHQ�DOORZHG�OLQNLQJ�UXQ���WR�UXQ�
��ZLWK�û1� �������7KH�OLJKWFXUYH�XVLQJ�DOO�WKUHH�UXQV�LQGLFDWHV�WKDW�
����� 5=�� FRPSOHWHG� D� WRWDO� RI� ���� UHYROXWLRQV� GXULQJ� WKH�
REVHUYLQJ� SHULRG�� 6LQFH� WKH� PLQLPD� RI� WKH� OLJKWFXUYH� ZHUH�
LQFRPSOHWHO\� FRYHUHG�� LW� LV� OLNHO\� WKDW� WKH� DFWXDO� DPSOLWXGH� LV�
VRPHZKDW�ODUJHU�WKDQ�WKH�FDOFXODWHG�YDOXH�RI������PDJ��

����� 73��� 7KLV� a��� P� GLDPHWHU� $SROOR� ZDV� GLVFRYHUHG� E\� WKH�
$7/$6�+.2�� +DOHDNDOD� WHDP� RQ� ����� 2FW� �� DW� D� GLVWDQFH� RI��
��/'��DOUHDG\�UHFHGLQJ�IURP�(DUWK�DIWHU�SDVVLQJ�MXVW�LQVLGH���/'�
���KRXUV�HDUOLHU� �3HWWDULQ�HW�DO����������$�VHDUFK�RI� WKH�$'6�� WKH�
/&'%�� DQG�ZLGHU� VHDUFKHV� GLG� QRW� ILQG� DQ\� SUHYLRXVO\� UHSRUWHG�
UHVXOWV� IRU� �����73��� ,W�ZDV� REVHUYHG� IRU� ���PLQXWHV� VWDUWLQJ� DW�
�����2FW���������87�DQG�WKHQ�DJDLQ�IRU�����PLQXWHV�VWDUWLQJ�WKH�
VDPH�QLJKW� DW� ������87� �7DEOH� ,���1R�REYLRXV� VXSHUIDVW� URWDWLRQ�
KDG� EHHQ� HYLGHQW� GXULQJ� HDUOLHU� LPDJH� DFTXLVLWLRQ� IRU� DVWURPHWU\�
DQG�ZLWK�VN\�PRWLRQ�DW����DUFVHF�PLQ�����VHFRQG�H[SRVXUHV�ZHUH�
WDNHQ�IRU�SKRWRPHWU\��

�
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$�SHULRG� VSHFWUXP� VKRZV� D� ELPRGDO� VROXWLRQ� DW� �����K�� EXW�ZLWK�
WKH�EHVW�ILW�EHLQJ�D�WULPRGDO�RQH�DW������K�DQG�VROXWLRQV�DW������K�
DQG� ����� K�� DOO� KDYLQJ� VOLJKWO\� EHWWHU�506� ILWV� WKDQ� WKH� ELPRGDO�
RQH��7KH� UDZ� SORWV�RI� WKH� WZR� SHULRGV�RI� REVHUYDWLRQ�� UXQ� �� DQG��
UXQ����VKRZ�UHJXODU�YDULDWLRQV�RI�DERXW�����PDJQLWXGHV�DPSOLWXGH�
HYHU\�a���PLQXWHV��EXW�ZLWK�HYHU\�WKLUG�PLQLPD�EHLQJ�YHU\�GHHS��

�

�

�

$GGLWLRQDOO\�� WKH� WKUHH� PD[LPD� EHWZHHQ� WKHVH� PLQLPD� DSSHDU�
UHODWLYHO\�HTXDO�GXULQJ�UXQ���EXW�DUH�SURJUHVVLYHO\�XQHTXDO�GXULQJ�
UXQ� ��� /LJKWFXUYHV� DUH� JLYHQ� IRU� ELPRGDO� �DOWHUQDWLYH� ��� DQG�
WULPRGDO� �DOWHUQDWLYH� ��� VROXWLRQV�� EXW� VLJQLILFDQW� WUHQGV� LQ� ERWK�
PD\� LQGLFDWH� WKDW� ����� 73�� LV� WXPEOLQJ� 7KLV� LV� QRW� UHVROYHG�
FRQFOXVLYHO\�� VR� LW� LV� H[SHFWHG� WR� EH� UDWHG� DV� 3$5�  � ��� �1RQ�
3ULQFLSDO�$[LV�URWDWLRQ�SRVVLEOH��EXW�QRW�FRQFOXVLYHO\��RQ�WKH�VFDOH�
RI�3UDYHF�HW��DO����������

�����7'���3DQ�67$556���GLVFRYHUHG�WKLV�VPDOO�$SROOR�REMHFW����
GD\V� EHIRUH� LW� PDGH� D� FORVH� DSSURDFK� WR� ���� /'� RQ� ����� 2FW��
������87� �-DKQ� HW� DO��� �������1R� SUHYLRXVO\� UHSRUWHG� UHVXOWV� IRU�
����� 7'�� ZHUH� IRXQG� LQ� WKH� $'6�� WKH� /&'%�� RU� IURP� ZLGHU�
VHDUFKHV��,W�ZDV�IROORZHG�RYHU�D�SHULRG�RI�����K�VWDUWLQJ������KRXUV�
EHIRUH�FORVHVW�DSSURDFK��ZKHQ�LW�UHDFKHG�DSSDUHQW�PDJQLWXGH������
:LWK�WKH�IDVW�DSSDUHQW�PRWLRQ�RI�a����DUFVHF�PLQ��H[SRVXUHV�ZHUH�
OLPLWHG� WR���DQG���VHFRQGV� WR�NHHS�WUDLOLQJ�VKRUW�HQRXJK� WR�DOORZ�
PHDVXUHPHQW� LQ� D� ��SL[HO� UDGLXV� DQQXOXV� LQ�$VWURPHWULFD�� /DUJH�
YDULDWLRQV� LQ� EULJKWQHVV� ZHUH� REYLRXV� EHWZHHQ� FRQVHFXWLYH�
H[SRVXUHV�DQG�LW�ZDV�RQO\�UHFRUGHG�ZHDNO\�LQ�VRPH�RI�WKH�LPDJHV�
DW�PLQLPD�DQG�RFFDVLRQDOO\�QRW�YLVLEOH�DW�DOO�EXW�����LPDJHV�ZHUH�
DEOH�WR�EH�PHDVXUHG��

$� SHULRG� VSHFWUXP� VKRZV� WKH� ELPRGDO� VROXWLRQ� DW� ������ K� WR� EH�
PDUJLQDOO\�WKH�VWURQJHVW�DQG��ZLWK�WKH�OHYHO�RI�QRLVH�SUHVHQW��QRQH�
RI�WKH�RWKHU�SHULRGV�FDQ�EH�MXVWLILHG���

����� 7'�� LV� DQRWKHU� VXSHUIDVW� URWDWRU� ZLWK� D� SHULRG� RI� �����
VHFRQGV�� ,W� LV� QRWHG� WKDW� LW� LV� LQFOXGHG� LQ� WKH� -3/� 6HQWU\� ,PSDFW�
5LVN�'DWD�WDEOH��-3/������E��DV�D����P�GLDPHWHU�YLUWXDO�LPSDFWRU��
ZLWK�D�VHULHV�RI�ORZ�SUREDELOLW\�SRWHQWLDO�LPSDFWV�OLVWHG�IURP������
RQZDUGV��

�
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�����84���7KLV�$SROOR�ZLWK�DQ�HVWLPDWHG�GLDPHWHU�RI����P�ZDV�
GLVFRYHUHG� DW� PDJQLWXGH� ��� ZLWK� WKH� �����P� 6FKPLGW� DW� WKH�
7RN\R�.LVR�VWDWLRQ�RQ������2FW����DQG�KDG�SDVVHG�(DUWK�DW�������
$8� WKH� GD\� EHIRUH�� �%HQL\DPD� HW� DO��� �������:KHQ�REVHUYHG� RQ�
�����2FW������87�LW�ZDV���WK�PDJ�DQG����V�H[SRVXUHV�ZHUH�WDNHQ�
RYHU�D�SHULRG�RI���K����P�UHVXOWLQJ�LQ�����SRLQWV�EHLQJ�PHDVXUHG�
IRU�WKH�DQDO\VLV��

$�VHDUFK�RI� WKH�$'6�DQG� WKH�/&'%�GLG�QRW� ILQG�DQ\�SUHYLRXVO\�
UHSRUWHG� UHVXOWV� IRU� ����� 84�� EXW� ZLGHU� VHDUFKHV� ORFDWHG� D�
SUHOLPLQDU\� UHVXOW� SXEOLVKHG� RQ� 7ZLWWHU� �:HOOV� DQG� %DPEHUJHU��
������RI�3� �������������������K��DPS� ������PDJ��DJUHHLQJ�ZHOO�
ZLWK�WKLV�DQDO\VLV��

�

�����9=���7KLV�$SROOR�ZLWK�DQ�HVWLPDWHG�GLDPHWHU�RI����P�ZDV�
VXEPLWWHG� WR� WKH� 1(2� &RQILUPDWLRQ� 3DJH� �03&�� ������ DV� D�
PDJQLWXGH����REMHFW�E\�WKH�$7/$6�WHDP�RQ�WKH�QLJKW�RI�WKH�IXOO�
0RRQ�� ����� 1RY� ���� EXW� ZDV� VXEVHTXHQWO\� PDWFKHG� ZLWK� D�
PDJQLWXGH� ��� REMHFW� REVHUYHG� IURP� 0W�� /HPPRQ� DQG�
3DQ67$556�WZR�ZHHNV�HDUOLHU��3DQWHURWWR�HW�DO����������,W�SDVVHG�
WKH�(DUWK�DW�����/'�RQ������'HF���DQG�ZDV�IROORZHG�IURP�*UHDW�
6KHIIRUG�IRU����PLQXWHV�RQ������'HF����,W�ZDV�WKHQ�DW�D�GLVWDQFH�
RI� ���� /'�� PRYLQJ� DW� ��� DUFVHF�PLQ� DW� ORZ� DOWLWXGH�� �� ������ LQ�
SRRU�FRQGLWLRQV�ZLWK�RFFDVLRQDO�KLJK�FORXG�LQWHUUXSWLRQV�DQG�ZLWK�
WKH�0RRQ���GD\�SDVW�IXOO������GLVWDQW��([SRVXUHV�ZHUH���DQG����V�
DQG�����SRLQWV�XVHG�WR�SURGXFH�WKH�UDWKHU�QRLV\�FXUYH�LQGLFDWLQJ�D�
ELPRGDO�VROXWLRQ�ZLWK�D�SHULRG�RI�����PLQXWHV��1R�HQWULHV�IRU������
9=��ZHUH�IRXQG�LQ�WKH�/&'%�RU�LQ�ZLGHU�VHDUFKHV��

��

�����;;���$�YHU\�VPDOO����P�GLDPHWHU�$SROOR�GLVFRYHUHG�E\�3DQ�
67$556� �� �5HDG� HW� DO��� ������ �� GD\V� EHIRUH� SDVVLQJ� (DUWK� RQ�
�����'HF� �����87� DW� �����/'�ZDV� IROORZHG� RYHU� D� �� K� ���PLQ�
SHULRG�RQ������'HF������87�ZKHQ�LW�ZDV������WK�PDJ�DQG�PRYLQJ�
DW����DUFVHF�PLQ��([SRVXUH�OHQJWK�ZDV�VHW�DW����V�EXW�VRRQ�UHGXFHG�
WR� ��� V� ZKHQ� LW� EHFDPH� REYLRXV� WKDW� D� ODUJH� GURS� LQ�PDJQLWXGH�
EHWZHHQ�FRQVHFXWLYH�H[SRVXUHV�ZDV�RFFXUULQJ�HYHU\�a����PLQXWHV��
LQ�FDVH�ILQHU�UHVROXWLRQ�RI�WKH�OLJKWFXUYH�ZRXOG�EH�XVHIXO�����RI�WKH�
ORQJHU� H[SRVXUHV� DQG� ���� RI� WKH� VKRUWHU� ZHUH� XVHG� LQ� WKH�
OLJKWFXUYH� DQDO\VLV�� 7KH� SHULRG� VSHFWUXP� VKRZV� WKDW� D� ELPRGDO�
OLJKWFXUYH�RI�SHULRG�������K� ������PLQ��JLYHV�D� VOLJKWO\�EHWWHU� ILW�
WKDQ�WKH�TXDGULPRGDO�VROXWLRQ�DW�������K��

$�VSOLW�KDOYHV�SORW�VKRZV� WKDW� WKH�WZR�KDOYHV�RI� WKH�TXDGULPRGDO�
VROXWLRQ�DUH�DOPRVW�LGHQWLFDO��VR�WKH�ELPRGDO�VROXWLRQ�LV�DGRSWHG��

1R�SUHYLRXVO\�UHVXOWV�KDYH�EHHQ�IRXQG�LQ�WKH�/&'%�RU�IURP�ZLGHU�
VHDUFKHV��,W�LV�QRWHG�WKDW������;;��LV�LQFOXGHG�LQ�WKH�-3/�6HQWU\�
,PSDFW�5LVN�'DWD� WDEOH� �-3/�� ����E�� DV� D� YLUWXDO� LPSDFWRU��ZLWK�
IRXU�YHU\�ORZ�SUREDELOLW\�SRWHQWLDO�LPSDFWV�OLVWHG��VWDUWLQJ�LQ�������

�



� ����

� 0LQRU�3ODQHW�%XOOHWLQ�����������

�

�

5HIHUHQFHV�

$'6���������$VWURSK\VLFV�'DWD�6\VWHP�� �
KWWSV���XL�DGVDEV�KDUYDUG�HGX��

%DFFL�� 3��� 0DHVWULSLHUL�� 0��� 7HVL�� /��� )DJLROL�� *��� -DHJHU�� 0���
3URVSHUL�� (��� 9ROOPDQQ�� :��� $IULFDQR�� %�0��� &KULVWHQVHQ�� (�-���
)XOV��'�&���*LEEV��$�5���*UDXHU��$�'���*URHOOHU��+���-RKQVRQ��-�$���
.RZDOVNL�� 5�$�� DQG� ��� FROOHDJXHV� �������� ³����� .)�´�03(&�
�����.����KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��5*��KWPO�

%HQL\DPD�� -��� %DUDQVN\�� $��� .KRUROVN\�� $��� 6RORPDNKD�� 0���
3HWWDULQ�� (��� 3DQWHURWWR��*���:LJJLQV�� 3��� -DPHV��1���%ROLQ��%�7���
%KDOHUDR��9��� &RSSHUZKHDW�� &�0���'HVKPXNK��.�3���+VX�� &��<���
/LQ�� =��<��� 3XUGXP�� -�� DQG� ��� FROOHDJXHV� �������� ³����� 84�´�
03(&������8������ �
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��83��KWPO�

%X]]L��/���3HWWDULQ��(���+XJ��*���&URPHU��'���9DOHQWLQH��5���-DPHV��
1���%XOJHU��-���&KDPEHUV��.���/RZH��7���6FKXOW]��$���:LOOPDQ��0���
&KDVWHO�� 6��� +XEHU��0��� 5DPDQMRRORR��<���:DLQVFRDW�� 5�� DQG� ���
FROOHDJXHV� �������� ³����� 5$�´� 03(&� �����5�����
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��5*��KWPO�

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������
³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�
����*\SWLV�´�,FDUXV��������������

+DUULV��$�:���<RXQJ��-�:���%RZHOO��(���0DUWLQ��/�-���0LOOLV��5�/���
3RXWDQHQ�� 0��� 6FDOWULWL�� )��� =DSSDOD�� 9��� 6FKREHU�� +�-���
'HEHKRJQH��+���=HLJOHU��.����������³3KRWRHOHFWULF�2EVHUYDWLRQV�RI�
$VWHURLGV�����������������DQG�����´��,FDUXV��������������

-DKQ�� -��� %XOJHU�� -��� /RZH�� 7��� 6FKXOW]�� $��� :LOOPDQ�� 0���
&KDPEHUV��.���&KDVWHO��6���GH�%RHU��7���'HQQHDX��/���)DLUODPE��-���
)OHZHOOLQJ��+���+XEHU��0���/LQ��&��&���0DJQLHU��(���5DPDQMRRORR��
<�� DQG� �� FROOHDJXHV� �������� ³����� 7'�´� 03(&� �����8����
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��8���KWPO�

� ,QWHJUDWLRQ� 0D[�LQWJ���� 0LQ� $FTXLULQJ� 7RWDO� 5XQ�WLPHV��������

1XPEHU� 1DPH� WLPHV� 3HULRG� D�E� 3RLQWV� )LHOGV� LPDJHV�IRU� 6SDQ� 5XQ�� PP�GG�)URP�7R�

� � �����.)�� �������� ����� ���� ����� ��� ��K����P� ��K����P�

� � �����*)�� ���������� ����� ���� ����� ��� ��K����P� ��K����P�

� � �����2+�� ���� ������ ���� ����� ��� ��K����P� ��K����P�

� � �����5$�� ����
�
� ����� ���� ���� ��� ��K����P� ��K����P�

� � � � � � � ���� �� � � �� ������������������

� � � � � � � ���� �� � � �� ������������������

� � �����5=�� ������ ����� ���� ���� ��� ��K����P� ��K����P�

� � � � � � � ���� �� � � �� ������������������

� � � � � � � ��� �� � � �� ������������������

� � � � � � � ���� �� � � �� ������������������

� � �����73�� ��� ����� ���� ���� �� ��K����P� ��K����P�

� � � � � � � ���� �� � � �� ������������������

� � � � � � � ���� �� � � �� ������������������������

� � �����7'�� ���� ����� ���� ���� ��� ��K����P� ��K����P�

� � �����84�� ��� ����� ���� ���� �� ��K����P� ��K����P�

� � �����9=�� ����� ����� ���� ���� �� ��K����P� ��K����P�

� � �����;;�� ������ ����� ���� ���� �� ��K����P� ��K����P�

7DEOH�,��$QFLOODU\�LQIRUPDWLRQ��OLVWLQJ�WKH�LQWHJUDWLRQ�WLPHV�XVHG��VHFRQGV���WKH�IUDFWLRQ�RI�WKH�SHULRG�UHSUHVHQWHG�E\�WKH�ORQJHVW�LQWHJUDWLRQ�
WLPH��VHH�3UDYHF�HW�DO����������WKH�FDOFXODWHG�PLQLPXP�HORQJDWLRQ�RI�WKH�DVWHURLG��.ZLDWNRZVNL�HW�DO����������WKH�QXPEHU�RI�GDWD�SRLQWV�
XVHG� LQ� WKH� DQDO\VLV�� WKH� QXPEHU� RI� WLPHV� WKH� WHOHVFRSH�ZDV� UHSRVLWLRQHG� WR� GLIIHUHQW� ILHOGV�� WKH� WRWDO� HODSVHG� WLPH� DFWLYHO\� DFTXLULQJ�
LPDJHV�� WKH� WLPH�VSDQ�RI� ILUVW� WR� ODVW� LPDJH�XVHG�LQ�WKH�DQDO\VLV�DQG�UXQ�GHWDLOV�ZKHUH�JDSV�LQ�FRYHUDJH�DUH�VLJQLILFDQW�� LQFOXGLQJ�5XQ�
QXPEHU�DQG�VWDUW�HQG�GDWH�WLPHV��1RWH���� �/RQJHVW�HODSVHG� LQWHJUDWLRQ� WLPH� IRU�VWDFNHG� LPDJHV� �VWDUW�RI� ILUVW� WR�HQG�RI� ODVW�H[SRVXUH�
XVHG���
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-3/������D���6PDOO�%RG\�'DWDEDVH�%URZVHU� �
KWWSV���VVG�MSO�QDVD�JRY�VEGE�FJL�

-3/� �����E���6HQWU\��(DUWK� ,PSDFW�0RQLWRULQJ� ,PSDFW�5LVN�'DWD�
KWWSV���FQHRV�MSO�QDVD�JRY�VHQWU\��

.ZLDWNRZVNL��7���%XFNOH\��'�$�+���2
'RQRJKXH��'���&UDXVH��/���
&UDZIRUG��6���+DVKLPRWR��<���.QLD]HY��$��� /RDULQJ��1���5RPHUR�
&ROPHQHUR�� (��� 6HIDNR�� 5��� 6WLOO�� 0��� 9DLVDQHQ�� 3�� ��������
³3KRWRPHWULF� VXUYH\� RI� WKH� YHU\� VPDOO� QHDU�(DUWK� DVWHURLGV� ZLWK�
WKH�6$/7� WHOHVFRSH� �� ,��/LJKWFXUYHV�DQG�SHULRGV� IRU����REMHFWV�´�
$VWURQ��$VWURSK\V�������$����

0HOQLNRY��6���+RHJQHU��&���6WHFNOXP��%���0LNX]��%��� -DHJHU��0���
3URVSHUL��(���3URVSHUL��6���)RJOLD��6���*DOOL��*���%X]]L��/���'RQDWL��
6���%LDJLQL��)���6LPRQ��$���%DUDQVN\��$���=ROWRZVNL��)�%�� DQG����
FROOHDJXHV� �����D��� ³����� *)�´� 03(&� �����*����
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��*���KWPO�

0HOQLNRY��6���6WHFNOXP��%���%X]]L��/���*LOPRUH��$�&���.LOPDUWLQ��
3�0���%XOJHU�� -���&KDPEHUV��.���/RZH��7���6FKXOW]��$���:LOOPDQ��
0��� &KDVWHO�� 6��� +XEHU�� 0��� 5DPDQMRRORR�� <��� :DLQVFRDW�� 5���
:HU\N��5��DQG����FROOHDJXHV������E���³�����2+�´�03(&������
2����KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��2���KWPO�

03&� ������� 0LQRU� 3ODQHW� &HQWHU� 1(2� &RQILUPDWLRQ� 3DJH�
KWWSV���ZZZ�PLQRUSODQHWFHQWHU�QHW�LDX�1(2��

WRFRQILUPBWDEXODU�KWPO�

3DQWHURWWR�� *��� 3HWWDULQ�� (��� %XOJHU�� -��� /RZH�� 7��� 6FKXOW]�� $���
:LOOPDQ��0���&KDPEHUV��.���&KDVWHO��6���GH�%RHU��7���'HQQHDX��/���
)DLUODPE�� -��� )OHZHOOLQJ��+���+XEHU��0��� /LQ��&��&���0DJQLHU�� (��
DQG� ��� FROOHDJXHV� �������� ³����� 9=�´� 03(&� �����:�����
KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��:-��KWPO�

3HWWDULQ�� (��� -DPHV��1���%ROLQ��%�7���%KDOHUDR��9���&RSSHUZKHDW��
&�0��� 'HVKPXNK�� .�3��� +VX�� &��<��� /LQ�� =��<��� 3XUGXP�� -���
6KDUPD��.���=KDL��&���=�7�)��&ROODERUDWLRQ��'XHY��'�$���/LQ��+��
:��� 0DVFL� )�-�� DQG� ��� FROOHDJXHV� �������� ³����� 73�´� 03(&�
�����7����KWWSV���PLQRUSODQHWFHQWHU�QHW�PSHF�.���.��7���KWPO�

3UDYHF�� 3��� +HUJHQURWKHU�� &��� :KLWHOH\�� 5��� 6DURXQRYD�� /���
.XVQLUDN�� 3��� :ROI�� 0�� �������� ³)DVW� 5RWDWLQJ� $VWHURLGV� �����
7<��������6)����DQG������:%�´�,FDUXV���������������

3UDYHF��3���+DUULV��$�:���6FKHLULFK��3���.XãQLUiN��3���âDURXQRYi��
/��� +HUJHQURWKHU�� &�:��� 0RWWROD�� 6��� +LFNV�� 0�'��� 0DVL�� *���
.UXJO\�� <X�1��� 6KHYFKHQNR�� 9�*��� 1RODQ�� 0�&��� +RZHOO�� (�6���
.DDVDODLQHQ��0���*DOiG��$�� DQG� �� FROOHDJXHV� �������� ³7XPEOLQJ�
$VWHURLGV�´�,FDUXV���������������

5DDE�� +�� �������� $VWURPHWULFD� VRIWZDUH�� YHUVLRQ� ������������
KWWS���ZZZ�DVWURPHWULFD�DW��

5HDG�� 0�7��� %XOJHU�� -��� /RZH�� 7��� 6FKXOW]�� $��� :LOOPDQ�� 0���
&KDPEHUV��.���&KDVWHO��6���GH�%RHU��7���'HQQHDX��/���)DLUODPE��-���
)OHZHOOLQJ��+���+XEHU��0���/LQ��&��&���0DJQLHU��(���5DPDQMRRORR��
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