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,�SUHVHQW�KLJK�TXDOLW\�OLJKWFXUYH�GDWD�RQ�WKH�ODUJH�+LOGD�

����� 5ROODQGLD�� 7KH� GDWD� ZHUH� REWDLQHG� XVLQJ� D� ���P�

WHOHVFRSH�DW�&HUUR�7ROROR� ,QWHUDPHULFDQ�2EVHUYDWRU\� LQ�

&KLOH� LQ�0D\� ����� DQG� FRYHU� RYHU� ��� KRXUV� VSOLW� RYHU�

WZR�FRQVHFXWLYH�QLJKWV��7KLV�GDWD�LV�QRW�VXIILFLHQW�WR�ILQG�

D� UHOLDEOH� URWDWLRQ� SHULRG� IRU� 5ROODQGLD�� +RZHYHU�� WKH�

GDWD� LW� LV� VXIILFLHQW� WR� UXOH� RXW� PRVW� RI� WKH� SXEOLVKHG�

SHULRGV�IRU�WKLV�REMHFW��

�����5ROODQGLD�LV�D�PHPEHU�RI�WKH�+LOGD�JURXS�GLVFRYHUHG�LQ������

E\�*��1HXMPLQ�DW�6LPHL]�� LQ� WKH�&ULPHDQ�3HQLQVXOD��5ROODQGLD�LV�

WKH�ILIWK�ODUJHVW�+LOGD��ZLWK�D�GLDPHWHU�RI�DERXW�����NP��0DLQ]HU�

HW�DO����������

,�REVHUYHG�5ROODQGLD�XVLQJ�WKH�����P�60$576�WHOHVFRSH�DW�&HUUR�

7ROROR�2EVHUYDWRU\� LQ�&KLOH�RQ� WZR�QLJKW� LQ�0D\�RI�������XVLQJ�

����V�ORQJ�H[SRVXUHV��,�REWDLQHG�LQWHUOHDYHG�9�DQG�5�VHTXHQFHV�RI�

LPDJHV� WR� VHDUFK� IRU� DQ\� FRORU� YDULDWLRQ� ZLWK� SKDVH�� :KHQ�

SODQQLQJ�WKH�UXQ��,�WKRXJKW�WKH�SHULRG�IRU�5ROODQGLD�ZDV�a�����K��

7KLV� SHULRG� ZRXOG� KDYH� DOORZHG� D� FRPSOHWH� OLJKWFXUYH� WR� EH�

REWDLQHG� XVLQJ� ORQJ� VHTXHQFHV� �!�� KRXUV�� RQ� WZR� FRQVHFXWLYH�

QLJKWV��7KH�REMHFW�ZDV�LGHDOO\�SODFHG�DQG�ZDV�LQ�D�GDUN�VN\�DQG�DW�

DLUPDVV�OHVV�WKDQ���IRU�DOPRVW���KRXUV�HDFK�QLJKW��2Q������0D\����

,� REWDLQHG� ���� 5� DQG� ���� 9� H[SRVXUHV� VSDQQLQJ� ���� K�� DQG� RQ�

�����0D\� ��� ���� 5� DQG� ���� 9� H[SRVXUHV� VSDQQLQJ� ���� K�� 7KH�

REVHUYLQJ�FRQGLWLRQV�ZHUH�VXSHUE��

$OO�&&'�LPDJHV�ZHUH�UHGXFHG�DQG�PHDVXUHG�XVLQJ�FXVWRP�VFULSWV�

XVLQJ� WKH� ,5$)� VRIWZDUH� SDFNDJH�� 5HGXFWLRQ� VWHSV� LQFOXGHG�

VXEWUDFWLRQ� RI� EDFNJURXQG� LPDJHV� WR� UHGXFH� WKH� HIIHFWV� RI�

FRQWDPLQDWLQJ� VWDUV� DQG� JDOD[LHV�� DQG� SDLUZLVH� FRPSDULVRQ� RI�

VHHLQJ� DQG� WUDQVSDUHQF\� PRQLWRULQJ� VWDUV� WR� ORRN� IRU� VWHOODU�

YDULDWLRQV�GXULQJ�WKH�QLJKW��

3KRWRPHWULF�FDOLEUDWLRQ�LQ�WKH�/DQGROW�95�PDJQLWXGH�V\VWHP�ZDV�

PDGH� XVLQJ� REVHUYDWLRQV� RI� VHYHUDO� /DQGROW� VWDQGDUG� ILHOGV� HDFK�

QLJKW� �&OHP� DQG� /DQGROW�� ������� 2Q� ERWK� QLJKWV� WKH� 9� DQG� 5�

OLJKWFXUYHV�RI�5ROODQGLD�ZHUH�YLVXDOO\�LQGLVWLQJXLVKDEOH� LQ�VKDSH��

7KH� FRORU� FRPSXWHG� IURP� DGMDFHQW� 9� DQG� 5� LPDJHV� VKRZHG� QR�

QRWLFHDEOH� FKDQJH�ZLWK� WLPH�RYHU� WKH� FRXUVH�RI� HLWKHU�QLJKW��7KH�

DYHUDJH� FRORU�ZDV�9�5� �������RQ� ��0D\� DQG�������RQ� ��0D\��

7KH�FRORU�FDOLEUDWLRQV�ZHUH�LQGHSHQGHQWO\�GHULYHG�HDFK�QLJKW�DQG�

KDYH� HVWLPDWHG� XQFHUWDLQWLHV� RI� DERXW� ����� PDJ�� 7KXV�� WKH� WZR�

FRORU�GHWHUPLQDWLRQV�DJUHH�ZHOO��JLYHQ�WKH�FDOLEUDWLRQ�XQFHUWDLQW\��

DQG�WKH�RYHUDOO�DYHUDJH�9�5�FRORU�RI�5ROODQGLD�LV��������

0DJQLWXGHV� ZHUH� UHGXFHG� WR� DEVROXWH� �U�  � �� DX�� û�  � �� DX���

SKDVH�  � ���� 5� EDQG� PDJQLWXGHV� �+�5��� XVLQJ� WKH� %RZHOO�

�HW�DO���������+��*�IRUPDOLVP�ZLWK�*� �������7KH�+�5��PDJQLWXGHV�

DUH�SORWWHG�DV�D�IXQFWLRQ�RI�WKH�REVHUYDWLRQ�PLGSRLQW�WLPH��ZLWK�WKH�

[�D[LV� VWDUWLQJ� DW� ����� 87� RQ� �� 0D\� ������ 7KH� UDQGRP�

SKRWRPHWULF�HUURU�EDUV�DUH�DERXW�������PDJ�DQG�DUH�QRW�VKRZQ�RQ�

WKH�SORW�DV�WKH\�DUH�RQO\�D�OLWWOH�ODUJHU�WKDQ�WKH�V\PERO�VL]H��
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7KHUH� KDYH� EHHQ� D� QXPEHU� RI� SHULRGV� SXEOLVKHG� IRU� 5ROODQGLD��

)DXYDXG� DQG�)DXYDXG� �������TXRWH� D�SHULRG�RI�������K��:DUQHU��

HW� DO�� �������TXRWH�������K��:DUQHU�DQG�6WHSKHQV� �������GLVFXVV�

VHYHUDO�SRVVLEOH�SHULRGV�DQG�DGRSW�������K��ZKLOH�3RODNLV� �������

JLYHV� D� SHULRG� RI� ������� K�� 6O\XVDUHY� HW� DO�� ������� JLYH� D� ORZHU�

OLPLW� WR� WKH� SHULRG� RI� ��� K�� �7KLV� YDOXH� UHSODFHV� WKH� SUHOLPLQDU\�

SHULRG� RI� ������ K� LQ� 6O\XVDUHY� HW� DO�� ������� �SHUVRQDO�

FRPPXQLFDWLRQ�� 6O\XVDUHY��� %HKUHQG� �����ZHE�� JLYHV� D� SHULRG�

HVWLPDWH�RI����K��EXW� WKLV� LV�EDVHG�RQO\�RQ�D�VPDOO� IUDJPHQW�RI�D�

SHULRG��DERXW���KRXUV�RI�GDWD��&ROD]R�HW�DO���������SUHVHQW�D�SHULRG�

RI�������K��

7R�FKHFN�WKH�FRQVLVWHQF\�RI�WKHVH�SHULRGV�ZLWK�P\�GDWD��,�SKDVHG�

WKH� &7,2� GDWD� WR� WKH� YDULRXV� SHULRGV�� DV� VKRZQ� LQ� WKH� ILJXUHV�

EHORZ��0\�GDWD�FRYHUV�D�WLPH�VSDQ�RI�DERXW������K�IURP�WKH�ILUVW�

REVHUYDWLRQ�RQ� ��0D\� WR� WKH� ODVW� RQ� ��0D\��7KXV�� LI� WKH� FRUUHFW�

SHULRG� LV� OHVV� WKDQ������ KRXUV�� WKH�GDWD� VKRXOG� UHSHDW� LWVHOI� IRU� D�

SRUWLRQ�RI�WKH�OLJKWFXUYH��,Q�P\�RSLQLRQ��QRQH�RI�WKH�IRXU�SKDVHG�

SORWV�SURGXFH�DQ�DFFHSWDEOH�UHSHDWLQJ�OLJKWFXUYH��7KXV��WKHVH�IRXU�

SHULRGV�DUH�LQFRQVLVWHQW�ZLWK�WKH�&7,2�GDWD��
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)RU�WKH�&ROD]R�HW�DO���������SHULRG��������K��WKH�&7,2�GDWD�ZRXOG�

QRW�VSDQ�D�IXOO�SHULRG��7KH�&ROD]R�HW�DO���������OLJKWFXUYH�VKRZV�D�

WZR�SHDNHG�FXUYH��ZLWK�WKH�WZR�PD[LPD�VHSDUDWHG�E\������RU������

RI�D�SHULRG��FRUUHVSRQGLQJ�WR������RU������K��7KH�&7,2�GDWD�PLJKW�

VKRZ�D�EURDG�PD[LPXP�DW� DERXW���K�87�RQ� ��0D\�DQG� DQRWKHU�

PD[LPXP� DW� RU� VRPHZKDW� SDVW� ��� K� DIWHU� �����87� RQ� ��0D\�� ,�

WULHG�WR�ILW�WKH�&7,2�GDWD�WR�WKH�&ROD]R�WZR�SHDNHG�������K�SHULRG�

OLJKWFXUYH�E\�VKLIWLQJ�WKH�SKDVH�DQG�PDJQLWXGH�RI�WKH�&ROD]R�HW�DO��

OLJKWFXUYH��2I� FRXUVH�� WKH�WZR� OLJKWFXUYHV�ZRXOG�QRW�EH�H[SHFWHG�

WR� PDWFK� LQ� GHWDLO� DV� WKH� REVHUYLQJ� JHRPHWULHV� ZHUH� GLIIHUHQW��

+RZHYHU�� LI� WKH� FRUUHFW� SHULRG� LV� ������ K�� WKH� WLPH� GLIIHUHQFH�

EHWZHHQ� OLJKWFXUYH�SHDNV� LQ� WKH�&7,2�GDWD� VKRXOG� OLQH�XS�SUHWW\�

ZHOO�ZLWK�WKRVH�LQ�WKH�&ROD]R�GDWD��7KH�WRS�WZR�SDQHOV�RI�WKH�ODVW�

ILJXUH� VKRZ� IRXU� �RI� PDQ\�� DWWHPSWV� WR� DOLJQ� WKH� SHDN� WLPHV��

&OHDUO\�� WKH� &7,2� GDWD� LV� LQFRQVLVWHQW� ZLWK� DQ\� VXFK� PDWFK��

LQGLFDWLQJ�WKDW�WKH�URWDWLRQDO�SHULRG�RI�5ROODQGLD�LV�QRW�������K��

,Q�WKH�ERWWRP�SDQHO�RI�WKH�ILJXUH��,�VKRZ�WKH�&7,2�GDWD�SKDVHG�WR�

D� SHULRG� RI� ��� K�� DQG� D� VLPSOH� VLQHZDYH� OLJKWFXUYH� RI� ��� K�

URWDWLRQDO�SHULRG��7KLV�LV�REYLRXVO\�QRW�PHDQW�WR�EH�D�SURSHU�ILW�WR�

WKH�SHULRG��EXW�GRHV� VXJJHVW� WKDW�PXFK� ORQJHU�SHULRGV� WKDQ� WKRVH�

SXEOLVKHG� VR� IDU� VKRXOG� EH� FRQVLGHUHG�� DV� VXJJHVWHG� E\�%HKUHQG�

�����ZHE���
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,Q� VXPPDU\�� ,�EHOLHYH� WKH�URWDWLRQDO�SHULRG�RI�5ROODQGLD�PXVW�EH�

FRQVLGHUHG� XQNQRZQ� DW� SUHVHQW�� $V� D� SHULRG� RI� VHYHUDO� GD\V� LV�

TXLWH�SRVVLEOH��ILQGLQJ� WKH�FRUUHFW�SHULRG�PLJKW�ZHOO� UHTXLUH�D� ORW�

RI� WLPH� FRYHUDJH� IURP� D� QXPEHU� RI� WHOHVFRSHV� DW� GLIIHUHQW�

ORQJLWXGHV��$W� WKH�QH[W� IHZ� RSSRVLWLRQV� RI�5ROODQGLD� �-XQH������

DQG� -XO\� ������� WKH� REMHFW�ZLOO� EH� DW� D� GHFOLQDWLRQ� QHDU� ������ VR�

ZLOO�EH�H[WUHPHO\�GLIILFXOW�IRU�QRUWKHUQ�KHPLVSKHUH�REVHUYHUV��EXW�

ZLOO� EH� LGHDOO\� SODFHV� IRU� ORQJ� VHTXHQFHV� IURP� VRXWKHUQ�

KHPLVSKHUH�REVHUYDWRULHV��

2QH� SRVVLEOH� H[SODQDWLRQ� IRU� WKH� GLVSDUDWH� SXEOLVKHG� SHULRGV� LV�

WKDW�5ROODQGLD�LV�D�WXPEOLQJ�REMHFW��,I�LW�LV��LW�ZRXOG�EH�WKH�ODUJHVW�

NQRZQ�WXPEOLQJ�PLQRU�SODQHW��3ORWV�ZHUH�SURGXFHG�ZLWK�WKH�IUHHO\�

DYDLODEOH�5�VRIWZDUH�SDFNDJH��5�&RUH�7HDP��������

5HIHUHQFHV�
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DQG� ��� FROOHDJXHV� �������� ³$VWHURLG�3KRWRPHWU\� DQG� /LJKWFXUYH�

$QDO\VLV�DW�*25$�2EVHUYDWRULHV�´�0LQRU�3ODQHW�%XOO����������

)DXYDXG��6���)DXYDXG��0����������³3KRWRPHWU\�RI�0LQRU�3ODQHWV��

,��5RWDWLRQ�3HULRGV�IURP�/LJKWFXUYH�$QDO\VLV�IRU�6HYHQ�0DLQ�%HOW�

$VWHURLGV�´�0LQRU�3ODQHW�%XOO�����������
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³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�

����*\SWLV�´�,FDUXV��������������
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5� &RUH� 7HDP� �������� 5�� $� ODQJXDJH� DQG� HQYLURQPHQW� IRU�

VWDWLVWLFDO� FRPSXWLQJ�� 5� )RXQGDWLRQ� IRU� 6WDWLVWLFDO� &RPSXWLQJ��
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:DUQHU�� %�'��� 6WHSKHQV�� 5�'��� &ROH\�� '�5�� �������� ³/LJKWFXUYH�
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6WXGLHV�������-XQH���6HSWHPEHU�´�0LQRU�3ODQHW�%XOO����������

:DUQHU�� %�'��� 6WHSKHQV�� 5�'�� �������� ³/LJKWFXUYH� $QDO\VLV� RI�
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��-XQH�´�0LQRU�3ODQHW�%XOO�����������
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