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VOLYDQ#PLW�HGX�

)UDQFLV�3��:LONLQ�

8QLRQ�&ROOHJH�'HSW��RI�3K\VLFV�DQG�$VWURQRP\�

6FKHQHFWDG\��1<�

�5HFHLYHG�������$SULO����

:H� UHSRUW� OLJKWFXUYH� REVHUYDWLRQV� RI� ������� &RUYLQD�

PDGH�GXULQJ������0DUFK��$QDO\VLV�RI�RXU�GDWD��WRJHWKHU�

ZLWK� FRQVWUDLQWV� IURP� VXUYH\� ³VSDUVH´� GDWD� UHFRUGHG�

GXULQJ� WKH������DQG� WKH���������DSSDULWLRQV��\LHOGV� DQ�

XQDPELJXRXV�URWDWLRQ�SHULRG�RI��������������K��

:H�REVHUYHG�.RURQLV�IDPLO\�PHPEHU��������&RUYLQD�DV�SDUW�RI�DQ�

RQJRLQJ� SURJUDP� WR� VWXG\� URWDWLRQ� SURSHUWLHV� RI� WKH� IDPLO\¶V�

EULJKWHU�REMHFWV� �6OLYDQ�HW�DO���������� ,Q� WKH� OLWHUDWXUH�ZH�ILQG�QR�

URWDWLRQ� SHULRG� LQIRUPDWLRQ� IRU� &RUYLQD�� PDNLQJ� LW� WKH� ODUJHVW�

.RURQLV�PHPEHU�ODFNLQJ�DQ\�SHULRG�GHWHUPLQDWLRQ��)RXU�QLJKWV�RI�

LQFRQFOXVLYH�XQSXEOLVKHG�UHODWLYH�SKRWRPHWU\�IURP�QHDU�VHD�OHYHO�

LQ�1HZ�(QJODQG�LQ������GLG�QRW�VKRZ�D�FOHDU�EULJKWQHVV�YDULDWLRQ��

VXJJHVWLQJ�D�ORQJ�SHULRG�RU�D�VPDOO�DPSOLWXGH��

7R� WHVW� IRU� D� ORQJ�SHULRG� OLJKWFXUYH� RI� GHWHFWDEOH� DPSOLWXGH� ZH�

REVHUYHG�&RUYLQD�QHDU�LWV�ZHVWHUQ�VWDWLRQDU\�SRLQW�LQ������0DUFK��

VSHFLILFDOO\�WR�SHUPLW�XVLQJ�WKH�VDPH�RQ�FKLS�ILHOG�FRPSDULVRQ�VWDUV�

RYHU�D�VHULHV�RI�QLJKWV��DOWKRXJK�LW�DOVR�OLPLWHG�WKH�OHQJWK�RI�VLQJOH�

QLJKW� VSDQV�RI�REVHUYDELOLW\� WR� DERXW���K��2XU�REVHUYDWLRQV�ZHUH�

PDGH�RQ���QLJKWV�RYHU�DQ����QLJKW�LQWHUYDO��7DEOH�,��UHPRWHO\�XVLQJ�

WZR�WHOHVFRSHV�RSHUDWHG�E\�7HOHVFRSH�/LYH��63$���LQ�2ULD��6SDLQ��

DQG� &+,��� LQ� WKH� 5LR�+XUWDGR�9DOOH\�� &KLOH�� GHWDLOV� DERXW� ERWK�

V\VWHPV�DUH�VXPPDUL]HG�LQ�7DEOH�,,��$�6ORDQ�U��ILOWHU�ZDV�XVHG�IRU�

DOO� LPDJHV�� DQG� LPDJH� SURFHVVLQJ� DQG� PHDVXUHPHQW� ZHUH� DV�

GHVFULEHG�E\�6OLYDQ�HW�DO����������7R�UHGXFH�V\VWHPDWLF�GLIIHUHQFHV�

LQ�WKH�]HUR�SRLQWV�RI�RXU�UHODWLYH�SKRWRPHWU\�IURP�WKH�WZR�GLIIHUHQW�

GHWHFWRUV�� ZH� VSHFLILFDOO\� FKRVH� FRPSDULVRQ� VWDUV� KDYLQJ� VLPLODU�

FRORU�WR�&RUYLQD¶V�%�9� ��������������7HGHVFR��������EDVHG�RQ�WKH�

VWDUV¶�SKRWRPHWU\�LQ�WKH�$3$66�'5���FDWDORJ��,QWHU�FRPSDULVRQ�RI�

WKH� VWDUV¶� EULJKWQHVVHV� RQ� RXU� LPDJHV� FRQILUPHG� QR� VLJQLILFDQW�

YDULDWLRQ�GXULQJ�RXU�REVHUYLQJ�SURJUDP��
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7DEOH�,��1LJKWO\�FLUFXPVWDQFHV��&ROXPQV�DUH��87�GDWH��WHOHVFRSH�,'��
QXPEHU�RI�REVHUYDWLRQ�YLVLWV�PDGH�E\� WKH� WHOHVFRSH��HODSVHG� WLPH�
VSDQQHG� E\� WKH� QLJKW¶V� REVHUYDWLRQV�� VRODU� SKDVH� DQJOH�� DQG�
EULJKWQHVV�FRUUHFWLRQ�DSSOLHG�WR�FRUUHFW�IRU�WKH�FKDQJH�LQ�VRODU�SKDVH�
DQJOH�VLQFH�0DU�����
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7DEOH� ,,�� � 7HOHVFRSHV� DQG� FDPHUDV� LQIRUPDWLRQ�� &ROXPQV� DUH��
WHOHVFRSH� ,'�� WHOHVFRSH� GLDPHWHU�� &&'� FDPHUD�� GHWHFWRU� ILHOG� RI�
YLHZ��LPDJH�ELQQLQJ�XVHG��LPDJH�VFDOH��DQG�LPDJH�LQWHJUDWLRQ�WLPH�
XVHG��

:H� UHGXFHG� RXU� &RUYLQD� REVHUYDWLRQV� IRU� OLJKW�WLPH� DQG� WR� XQLW�

GLVWDQFHV�� DQG� IRU� FKDQJLQJ� VRODU� SKDVH� DQJOH� XVLQJ� WKH� 03&�

DGRSWHG�YDOXH�RI�*� ������ IRU� WKH� VORSH�SDUDPHWHU��7KH� UHGXFHG�

SKRWRPHWU\�VKRZV�DQ�RYHUDOO�EULJKWQHVV�YDULDWLRQ�RI�DERXW�����PDJ�

ZKLFK�ZH�FRQFOXGH� LV�GXH� WR� WKH�DPSOLWXGH�RI�&RUYLQD¶V� URWDWLRQ�

OLJKWFXUYH��

7R�LGHQWLI\�FDQGLGDWH�URWDWLRQ�SHULRGV��ZH�XVHG�D�³QRLVH�VSHFWUXP´�

DSSURDFK��ILWWLQJ�D�)RXULHU�VHULHV�PRGHO�LQFOXGLQJ�WKURXJK�WKH��QG�

KDUPRQLF�WR�WKH�REVHUYDWLRQV�WR�WHVW�D�UDQJH�RI�WULDO�URWDWLRQ�SHULRGV��

7KH�VHDUFK� ORZ�ERXQG� LV����K��ZKLFK�ZH�HVWLPDWH�DV� WKH�VKRUWHVW�

SHULRG� IRU� D� GRXEO\�SHULRGLF� OLJKWFXUYH� FRQVLVWHQW�ZLWK� WKH� ����K�

VSDQ�RI��YHU\�VORZO\��LQFUHDVLQJ�EULJKWQHVV�WKDW�ZH�GHWHFWHG�RQ�0DU�

����7KH�VHDUFK�KLJK�ERXQG�LV�����K�ZKLFK�LV����î�WKH�ORQJHVW�SHULRG�

ORFDO�PLQLPXP�WKDW�ZH�IRXQG�DW�DERXW�����K��7KH�UHVXOWLQJ�JUDSK�

�)LJ�� ��� XSSHU�JUDSK�� VKRZV� IRXU� ORFDO�PLQLPD�FDQGLGDWH� SHULRGV�

FRUUHVSRQGLQJ� WR� URXJKO\� ����� ����� ����� DQG� ����KDOI�URWDWLRQV�SHU�

GD\�� DOO� RI� ZKLFK� ZH� LQGLYLGXDOO\� FRQILUPHG� DUH� FRQVLVWHQW� ZLWK�

GRXEO\�SHULRGLF�OLJKWFXUYHV�E\�LQVSHFWLRQ�RI�WKH�IROGHG�FRPSRVLWHV��

�

)LJXUH����³1RLVH�VSHFWUXP´�JUDSKV�IURP�ILWWLQJ�)RXULHU�VHULHV�PRGHOV�
LQFOXGLQJ� WKURXJK� WKH��QG� KDUPRQLF��VHSDUDWHO\� WR� WZR� LQGHSHQGHQW�
VHWV�RI�SKRWRPHWU\�RI� �������&RUYLQD��7KH�XSSHU�JUDSK�VKRZV� WKH�
UHVXOW� IURP�ILWWLQJ�WR�RXU������ OLJKWFXUYH�GDWD��ZKHUH� WKH�KRUL]RQWDO�
GDVKHG�OLQH�DW�������PDJ�PDUNV�WKH�PHDQ�RI�WKH�QLJKWO\�HUURU�EDUV�RQ�
WKH�SKRWRPHWU\��7KH�IRXU�UDQJHV�RI�SHULRGV�WKDW�FRUUHVSRQG�WR�VHOI�
FRQVLVWHQW�GRXEO\�SHULRGLF�FRPSRVLWHV�DUH�KLJKOLJKWHG�LQ�EROG�RQ�WKH�
JUDSK�� WKH� WZR� UHPDLQLQJ� ORFDO� PLQLPD�PDUNHG� ³6´� FRUUHVSRQG� WR�
VLQJO\�SHULRGLF� FRPSRVLWHV� DQG� ZHUH� QRW� IXUWKHU� FRQVLGHUHG�� 7KH�
ORZHU�JUDSK�VKRZV�WKH� UHVXOW� IURP�ILWWLQJ�WR�$7/$6�0/2�VXUYH\�R�
EDQG�EULJKWQHVVHV�UHFRUGHG�GXULQJ�&RUYLQD¶V������DSSDULWLRQ�IRU�WKH�
UDQJHV� LGHQWLILHG� E\� WKH� XSSHU� JUDSK�� ZKLFK� UHILQHV� WKH� FDQGLGDWH�
SHULRGV��

2XU�GDWD�IDYRU�WKH�WZR�ORQJHU�FDQGLGDWH�SHULRGV�RYHU�WKH�WZR�VKRUWHU�

RQHV��EXW�LQ�KRSHV�RI�FRQFOXVLYHO\�GLVWLQJXLVKLQJ�ZKLFK�RI�WKH�IRXU�

LV�WKH�WUXH�SHULRG�ZH�FKHFNHG�WKH�DVWHURLG�EULJKWQHVV�GDWD�WKDW�DUH�

SXEOLFO\� DYDLODEOH� RQOLQH� IURP� WKH�03&� DVWURPHWU\�:HE� VLWH� IRU�

DGGLWLRQDO� REVHUYDWLRQV�� 7KHUH�ZH� IRXQG� VXLWDEOH� REVHUYDWLRQV� RI�

&RUYLQD�IURP�WKH�$7/$6�DVWURPHWULF�VXUYH\��7RQU\�HW�DO����������

VSDUVH�LQ�WLPH�EXW�FDOLEUDWHG�WR�D�FRPPRQ�EULJKWQHVV�]HUR�SRLQW�DQG�

DYDLODEOH�IURP�ERWK�WKH������DQG�WKH���������DSSDULWLRQV��,W�LV�WKH�
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�����$7/$6�0/2�R�EDQG�GDWD� WKDW� KDYH� WKH�PRVW�REVHUYDWLRQV�

DQG�FRYHU�WKH�ORQJHVW�WLPH�VSDQ��:H�UHGXFHG�WKRVH�GDWD�IRU�OLJKW�

WLPH�DQG�WR�XQLW�GLVWDQFHV��DQG�IRU�FKDQJLQJ�VRODU�SKDVH�DQJOH�XVLQJ�

D�VORSH�SDUDPHWHU�YDOXH�*R� �������ZKLFK�ZH�REWDLQHG�E\�ILWWLQJ�WKH�

/XPPH�%RZHOO�PRGHO� WR� WKH� UHGXFHG�PDJQLWXGHV�� )LWWLQJ� D� �QG�

RUGHU�)RXULHU�VHULHV�PRGHO�WR�WKH�UHGXFHG�GDWD�IRU�WKH�SHULRG�UDQJHV�

GHWHUPLQHG�IURP�WKH������OLJKWFXUYHV�UHILQHV�WKH�FDQGLGDWH�SHULRGV�

�)LJ�����ORZHU�JUDSK���EXW�GRHV�QRW�UHVROYH�WKH�WUXH�SHULRG�IURP�WKH�

DOLDVHV�EHFDXVH�WKH�SKRWRPHWU\�HUURUV�RI�DERXW�����������PDJ�OLPLW�

WKH� GHWHFWDEOH� OHYHO� RI� VHOI�LQFRQVLVWHQF\� LQ� WKH� FRPSRVLWH�

OLJKWFXUYHV��

$OWKRXJK� $7/$6�0/2� PDGH� IHZHU� REVHUYDWLRQV� RI� &RUYLQD�

GXULQJ�WKH�IROORZLQJ�DSSDULWLRQ�LQ���������WKDQ�LW�GLG�GXULQJ�������

WKH� ODWHU� GDWD� VWLOO� DUH� VXIILFLHQW� IRU� WULDO� IROGHG� FRPSRVLWH�

OLJKWFXUYHV�� :H� UHGXFHG� WKHVH� GDWD� IRU� OLJKW�WLPH� DQG� WR� XQLW�

GLVWDQFHV��UHGXFHG�IRU�FKDQJLQJ�VRODU�SKDVH�DQJOH�XVLQJ�WKH�VORSH�

SDUDPHWHU�YDOXH�GHWHUPLQHG�IURP�WKH������GDWD��DQG�ILQDOO\�VKLIWHG�

WKH�F�EDQG�GDWD�LQ�EULJKWQHVV�WR�FRPSRVLWH�ZLWK�WKH�R�EDQG�GDWD��

:H�IRXQG�WKDW�WKHVH���������GDWD�DUH�OHVV�QRLV\�WKDQ�WKH������GDWD��

HQRXJK�WKDW�VHOI�LQFRQVLVWHQF\�RI�WULDO�FRPSRVLWHV�UXOHV�RXW�WKH�WZR�

VKRUWHVW�FDQGLGDWH�SHULRGV��OHDYLQJ�RQO\�RQH�DOLDV�VWLOO�WR�GLVWLQJXLVK�

IURP�WKH�WUXH�SHULRG��

7KHUH�LV�DGGLWLRQDO�LQIRUPDWLRQ�DYDLODEOH�IURP�WKHVH�GDWD�±�EHFDXVH�

WKH� ORQJLWXGH� RI� WKH� VXUYH\� WHOHVFRSH� DW� ����:� LV� YHU\� GLIIHUHQW�

IURP�WKH���:�ORQJLWXGH�RI�WKH�63$���WHOHVFRSH�WKDW�ZH�PDLQO\�XVHG�

IRU�RXU�RZQ�REVHUYDWLRQV�GXULQJ�WKH�VDPH�DSSDULWLRQ��WKH�WZR�GDWD�

VHWV� UHFRUG� GLIIHUHQW� SRLQWV� RQ� WKH� URWDWLRQ� SKDVH� RI� &RUYLQD¶V�

OLJKWFXUYH��7KXV��HYHQ�WKRXJK�IROGLQJ�HLWKHU�GDWD�VHW�LQGLYLGXDOO\�DW�

HLWKHU�UHPDLQLQJ�FDQGLGDWH�SHULRG�JLYHV�D�VHOI�FRQVLVWHQW�FRPSRVLWH�

OLJKWFXUYH��D�PLVPDWFK�LQ�URWDWLRQ�SKDVH�RI�WKH�FRPSRVLWHV�IROGHG�DW�

WKH�VDPH�SHULRG�ZRXOG�LQGLFDWH�DQ�DOLDV�SHULRG��&RPSDULVRQ�RI�WKH�

IROGHG�URWDWLRQ�SKDVH�IRU�WKH�WZR�UHPDLQLQJ�FDQGLGDWH�SHULRGV��)LJ��

���UXOHV�RXW��������K��OHDYLQJ�RQO\�������K�DV�EHLQJ�FRQVLVWHQW�ZLWK�

DOO�RI�WKH�REVHUYDWLRQV�IURP�WKH���������DSSDULWLRQ��

�

)LJXUH� ��� /LJKWFXUYHV� RI� ������� &RUYLQD� GXULQJ� LWV� ����±���
DSSDULWLRQ�� FRPSRVLWHG� WR� WKH� VDPH� GDWH� DQG� IROGHG� DW� WZR� WULDO�
SHULRGV��IRU�WZR�LQGHSHQGHQW�VHWV�RI�SKRWRPHWU\��RXU�OLJKWFXUYH�GDWD�

�û���DQG�$7/$6�0/2�R�EDQG�DQG�F�EDQG�VXUYH\�EULJKWQHVVHV� �8��

FRPELQHG� IRU�SUHVHQWDWLRQ�� ,Q� WKH� OHIW�JUDSK�IROGHG�DW�������K�ERWK�
FRPSRVLWHV�VKDUH�WKH�VDPH�URWDWLRQ�SKDVH��ZKLOH�LQ�WKH�ULJKW�JUDSK�
IROGHG�DW��������K� WKH� WZR�FRPSRVLWHV�DUH�PDUNHGO\�RXW�RI�SKDVH��
GLVWLQJXLVKLQJ�WKDW�������K�LV�FRQVLVWHQW�ZLWK�WKH�GDWD�EXW��������K�LV�
QRW��

+DYLQJ�UHVROYHG�WKH�DPELJXLW\�LQ�WKH�SHULRG��ZH�REWDLQHG�RXU�ILQDO�

UHVXOW�RI��������������K��)LJ�����E\�ILWWLQJ�D��WK�RUGHU�)RXULHU�VHULHV�

PRGHO� IRU� WKH� SHULRG� WR� WKH� FRPELQHG� GDWD� IURP� WKH� ��������

DSSDULWLRQ�� DQG� HVWLPDWHG� WKH� HUURU� E\� DGMXVWLQJ� WKH� WULDO� IROGLQJ�

SHULRG�WR�FKHFN�VHOI�FRQVLVWHQF\�RI�WKH�UHVXOWLQJ�FRPSRVLWHV��

�

)LJXUH����)ROGHG�FRPSRVLWH� OLJKWFXUYH�RI� �������&RUYLQD�GXULQJ� LWV�
����±���DSSDULWLRQ��OLJKW�WLPH�FRUUHFWHG��VKRZLQJ�RQH�URWDWLRQ�SHULRG�
SOXV� WKH�HDUOLHVW�DQG� ODWHVW�����UHSHDWHG��7KH� UHODWLYH�SKRWRPHWU\�
ZDV�PHDVXUHG�XVLQJ�WKH�VDPH�FRPSDULVRQ�VWDU�RQ�DOO�QLQH�QLJKWV��WKH�
DVWHURLG�EULJKWQHVVHV�KDYH�EHHQ�FRUUHFWHG�IRU�GLVWDQFH�FKDQJHV��DQG�
WKH� VRODU� SKDVH� FRUUHFWLRQV� DSSOLHG� DUH� JLYHQ� LQ� 7DEOH� ,��
0HDVXUHPHQWV�IURP�WKH�����V�LPDJHV�KDYH�EHHQ�DYHUDJHG�VR�WKDW�
HDFK�SRLQW�RQ� WKH�JUDSK� UHSUHVHQWV�DQ�HIIHFWLYH� LQWHJUDWLRQ� WLPH�RI�
����V��WKH�QLJKWO\�HUURU�EDUV�UDQJH�IURP�������WR�������PDJ��

$FNQRZOHGJPHQWV�

:H� WKDQN� 0DUFR� 5RFFKHWWR� IRU� DVVLVWDQFH� ZLWK� WKH� UHPRWH�

REVHUYLQJ��)��:LONLQ�UHFHLYHG�IXQGLQJ�IURP�WKH�)DFXOW\�5HVHDUFK�

*UDQW�DW�8QLRQ�&ROOHJH��7KLV�ZRUN�KDV�PDGH�XVH�RI� WKH�$$962�

3KRWRPHWULF� $OO�6N\� 6XUYH\� �$3$66��� IXQGHG� E\� WKH� 5REHUW�

0DUWLQ�$\HUV� 6FLHQFHV� )XQG� DQG�16)�$67���������� 7KLV�ZRUN�

DOVR�KDV�PDGH�XVH�RI�GDWD�DQG�VHUYLFHV�SURYLGHG�E\�WKH�,QWHUQDWLRQDO�

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

EULJKWQHVVHV� DFFRPSDQ\LQJ� DVWURPHWU\� IURP� WKH� $VWHURLG�

7HUUHVWULDO�LPSDFW� /DVW� $OHUW� 6\VWHP� �$7/$6�� VXUYH\� REVHUYLQJ�

SURJUDP��

5HIHUHQFHV�

6OLYDQ��6�0���%LQ]HO��5�3���%RURXPDQG��6�&���3DQ��0�:���6LPSVRQ��

&�0��� 7DQDEH�� -�7��� 9LOODVWULJR�� 5�0��� <HQ�� /�/��� 'LWWHRQ�� 5�3���

3UD\��'�3���6WHSKHQV��5�'����������³5RWDWLRQ�5DWHV�LQ�WKH�.RURQLV�

)DPLO\��&RPSOHWH�WR�+�§������´�,FDUXV���������±�����

7HGHVFR�� (�)�� �������� ³$VWHURLG� 0DJQLWXGHV�� 8%9� &RORUV�� DQG�

,5$6� $OEHGRV� DQG� 'LDPHWHUV�´� ,Q� $VWHURLGV� ,,� �5�3�� %LQ]HO�� 7��

*HKUHOV��0�6��0DWWKHZV��HGV���SS�����±������8QLY��$UL]RQD�3UHVV��

7XFVRQ��

7RQU\��-�/���'HQQHDX��/���+HLQ]H��$�1���6WDOGHU��%���6PLWK��.�:���

6PDUWW�� 6�-��� 6WXEEV�� &�:��� :HLODQG�� +�-��� 5HVW�� $�� ��������

³$7/$6�� $� +LJK�FDGHQFH� $OO�VN\� 6XUYH\� 6\VWHP�´� 3$63� �����

��������

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

� ����� &RUYLQD� ����������������� ���������� ���� ��� ������ ����� ����� ����� �

7DEOH�,,,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��6RODU�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWHV���/3$%�DQG�%3$%�DUH�WKH�SKDVH�DQJOH�
ELVHFWRU�ORQJLWXGH�DQG�ODWLWXGH�DW�PLG�GDWH�UDQJH��


