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SDSHU� UHSRUWV� &&'� SKRWRPHWULF� REVHUYDWLRQV� RI� QLQH� 7URMDQ�

DVWHURLGV�IURP�WKH�/���*UHHN��/DJUDQJH�SRLQW�DQG�WZR�IURP�WKH�/��

�7URMDQ��/DJUDQJH�SRLQW�IURP������-XO\�WR�6HSWHPEHU��

$OO�REVHUYDWLRQV�ZHUH�PDGH�XVLQJ�D�����P�I����6FKPLGW�&DVVHJUDLQ�

WHOHVFRSH� DQG� DQ� )/,� 3UROLQH� ����(� &&'� FDPHUD�� ,PDJHV� ZHUH�

XQELQQHG�ZLWK�QR�ILOWHU�DQG�KDG�PDVWHU�IODWV�DQG�GDUNV�DSSOLHG��7KH�

H[SRVXUHV�ZHUH�����VHFRQGV��

,PDJH� SURFHVVLQJ�� PHDVXUHPHQW�� DQG� SHULRG� DQDO\VLV� ZHUH� GRQH�

XVLQJ�032� &DQRSXV� �%GZ� 3XEOLVKLQJ��� ZKLFK� LQFRUSRUDWHV� WKH�

)RXULHU� DQDO\VLV� DOJRULWKP� �)$/&�� GHYHORSHG� E\� +DUULV� �+DUULV��

HW�DO����������7KH�&RPS�6WDU�6HOHFWRU�IHDWXUH�LQ�032�&DQRSXV�ZDV�

XVHG�WR�OLPLW�WKH�FRPSDULVRQ�VWDUV�WR�QHDU�VRODU�FRORU��1LJKW�WR�QLJKW�

FDOLEUDWLRQ� ZDV� GRQH� XVLQJ� ILHOG� VWDUV� IURP� WKH� $7/$6� FDWDORJ�

�7RQU\� HW� DO��� �������ZKLFK� KDV�6ORDQ�JUL]�PDJQLWXGHV� WKDW�ZHUH�

GHULYHG� IURP� WKH� *$,$� DQG� 3DQ�67$55� FDWDORJV� DQG� DUH� WKH�

³QDWLYH´�PDJQLWXGHV�RI�WKH�FDWDORJ��

7KH� <�D[LV� RI� OLJKWFXUYHV� JLYHV� $7/$6� 65� ³VN\´� �FDWDORJ��

PDJQLWXGHV�� 'XULQJ� SHULRG� DQDO\VLV�� WKH� PDJQLWXGHV� ZHUH�

QRUPDOL]HG� WR� WKH� SKDVH� DQJOH� DQG� YDOXH� IRU� *� JLYHQ� LQ� WKH�

SDUHQWKHVHV��7KH�;�D[LV�URWDWLRQDO�SKDVH�UDQJHV�IURP�±�����WR�������

7KH� DPSOLWXGH� LQGLFDWHG� LQ� WKH� SORWV� �H�J��� $PS�� ������ LV� WKH�

DPSOLWXGH� RI� WKH� )RXULHU� PRGHO� FXUYH� DQG� QRW� QHFHVVDULO\� WKH�

DGRSWHG�DPSOLWXGH�RI�WKH�OLJKWFXUYH��

)RU�EUHYLW\��RQO\�VRPH�RI�WKH�SUHYLRXVO\�UHSRUWHG�URWDWLRQDO�SHULRGV�

PD\� EH� UHIHUHQFHG��$� FRPSOHWH� OLVW� LV� DYDLODEOH� DW� WKH� OLJKWFXUYH�

GDWDEDVH��/&'%��:DUQHU�HW�DO����������

���� +HNWRU�� 7KH� /&'%� VKRZV� WKDW� PDQ\� V\QRGLF� SHULRGV� IRU�

+HNWRU�ZHUH�IRXQG�LQ�WKH�SDVW��DOO�DERXW������K��+HNWRU�KDV�DOVR�EHHQ�

SUHYLRXVO\�IRXQG�WR�EH�D�ELQDU\�DVWHURLG��0DUFKLV�HW�DO���������ZLWK�

D�SULPDU\�WKDW�PLJKW�KDYH�D�ELOREDWHG�VKDSH�DSSUR[LPDWHO\����î����

NP�DQG�D�VHFRQGDU\�HVWLPDWHG�WR�EH����NP�LQ�VL]H��0DUFKLV�HW�DO��

IRXQG� D� SROH� SRVLWLRQ�ZLWK� HFOLSWLF� FRRUGLQDWHV� RI�O�� � ����� DQG��

E��  � ±����� 3ROH� SRVLWLRQV� KDYH� DOVR� EHHQ� LQGHSHQGHQWO\� IRXQG� D�

QXPEHU�RI�WLPHV�RYHU�WKH�\HDUV�� WKH�ODWHVW�E\�+DQXã�HW�DO����������

ZKLFK� LV� VLPLODU� WR� WKH�0DUFKLV� HW� DO� VROXWLRQ��0RVW� RI� WKH� SROH�

VROXWLRQV�UHSRUWHG�D�VLGHUHDO�SHULRG�RI���������K��
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7KH� V\QRGLF� SHULRG� IRXQG� WKLV� \HDU� SURGXFHG� D� FODVVLF� ELPRGDO�

OLJKWFXUYH� FRQVLVWHQW� ZLWK� URWDWLRQDO� SHULRGV� IRXQG� LQ� SUHYLRXV�

\HDUV��

�

�����2G\VVHXV�� 2G\VVHXV� KDV� EHHQ� REVHUYHG�PDQ\� WLPHV� LQ� WKH�

SDVW��0ROQDU�HW�DO����������0RWWROD�HW�DO����������6KHYFKHQNR�HW�DO��

��������6WHSKHQV�HW�DO����������:DV]F]DN�HW�DO����������5\DQ�HW�DO���

��������DQG�6]DEy�HW�DO����������DQG�6WHSKHQV�DQG�:DUQHU������E��

HDFK�IRXQG�D�SHULRG�QHDU�������K��7KH�IRXQG�WKLV�\HDU�LV�VLPLODU�WR�

WKRVH�IRXQG�LQ�WKH�SDVW��

�

�����7HODPRQ��%HFDXVH�RI�LWV� ORZ�DPSOLWXGH��D�SHULRG�IRU� WKLV�/��

7URMDQ�KDV�EHHQ�GLIILFXOW�WR�UHVROYH�LQ�WKH�SDVW��0RWWROD�HW�DO��������

UHSRUWHG�D�SHULRG�RI��������K��)UHQFK�HW�DO���������IRXQG�D�UHVXOW�RI�

������� K�� 8VLQJ� GDWD� IURP� WKH� .��PLVVLRQ� RI� WKH� .HSOHU� 6SDFH�

7HOHVFRSH��5\DQ�HW�DO���������IRXQG�D�SHULRG�RI��������K�DQG�6]DEy�

HW� DO�� ������� IRXQG� D� SHULRG� RI� ������� K� RU� D� SRVVLEOH� ������� K�

SHULRG��

7KH� UHVXOWV� WKLV� \HDU� IDYRUHG� WKH� ��� K� SHULRG�� 7KH� )UHQFK� HW� DO��

LPDJHV�REWDLQHG�LQ������ZHUH�UHPHDVXUHG�XVLQJ�ILHOG�VWDUV�IURP�WKH�

$7/$6�FDWDORJ�ZLWK�FDUHIXO�DWWHQWLRQ�WR�PDNH�VXUH�WKDW�EDFNJURXQG�

VWDUV�ZHUH�QRW�LQ�WKH�PHDVXUHPHQW�DQQXOXV��7KH�UHPHDVXUHG������

GDWD�DOVR�VKRZHG�D�VWURQJ�SUHIHUHQFH�IRU�WKH����K�VROXWLRQ��JLYHQ�LWV�

DV\PPHWULF�OLJKWFXUYH��

�

�

�
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�����7KHUVLWHV��$�SHULRG�IRU�WKLV�/��7URMDQ�KDV�EHHQ�UHSRUWHG�IRXU�

WLPHV� LQ� WKH� SDVW� �6WHSKHQV� DQG� :DUQHU�� ����D�� DQG� UHIHUHQFHV�

WKHUHLQ��� 7KH� UHVXOW� WKLV� \HDU� LV� LQ� JRRG� DJUHHPHQW� ZLWK� SDVW�

ILQGLQJV��



� ���

� 0LQRU�3ODQHW�%XOOHWLQ�����������

�

�����1HRSWROHPXV��$�SHULRG�IRU�WKLV�/��7URMDQ�KDV�EHHQ�UHSRUWHG�

IRXU�WLPHV�LQ�WKH�SDVW��0RWWROD�HW�DO���������UHSRUWHG�WZR�SHULRGV�RI�

������ K�� 6WHSKHQV� HW� DO�� �����D� DQG� ����E�� UHSRUWHG� SHULRGV� RI��

�����K�DQG�������K��7KH�UHVXOW�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�

WKRVH�SULRU�ILQGLQJV��

�

�����3DODPHGHV��7KLV�/��7URMDQ�KDV�EHHQ�REVHUYHG�WKUHH�WLPHV�LQ�

WKH�SDVW��6WHSKHQV�DQG�:DUQHU��������DQG�UHIHUHQFHV�WKHUHLQ���HDFK�

WLPH� ILQGLQJ� D� URWDWLRQDO� SHULRG� QHDU� ����� K�� 2XU� SHULRG� DW� WKLV�

RSSRVLWLRQ�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKRVH�SUHYLRXV�UHVXOWV��

�

�����$XWRPHGRQ��7KH�V\QRGLF�SHULRG� IRXQG� LQ������DJUHHV�ZLWK�

SUHYLRXV� V\QRGLF� UHVXOWV� �6WHSKHQV� DQG� :DUQHU�� ������ DQG�

UHIHUHQFHV�ZLWKLQ���DOO�RI�ZKLFK�ZHUH�QHDU�������K��

�

�����3RO\SRLWHV��7KLV�/���*UHHN��7URMDQ�KDV�EHHQ�REVHUYHG�VHYHQ�

WLPHV� LQ� WKH� SDVW� �6WHSKHQV� DQG� :DUQHU�� ������ DQG� UHIHUHQFHV�

ZLWKLQ���7KH�UHVXOW�IURP�WKH������GDWD�LV�LQ�JRRG�DJUHHPHQW�ZLWK�

WKRVH�SUHYLRXV�ILQGLQJV��

�

�����3DOLQXUXV��7KLV�/��7URMDQ�KDV�EHHQ�REVHUYHG�WZLFH�LQ�WKH�SDVW��

0RWWROD�HW�DO���������IRXQG�D�SHULRG�RI�������K�ZLWK�DQ�DPSOLWXGH�

RI� ����� PDJ� IURP� D� VSDUVH� ELPRGDO� OLJKWFXUYH� WKH\� UHJDUGHG� DV�

WHQWDWLYH��6WHSKHQV�HW�DO���������IRXQG�D�SHULRG�RI������K��+RZHYHU��

WKLV� SHULRG� LV� UDWHG� 8 �� DQG� LV� FRQVLGHUHG� XQUHOLDEOH�� ,Q� WKRVH�

LPDJHV� IURP� ������ D� EULJKW� ILHOG� VWDU� FDVW� LQWHUQDO� UHIOHFWLRQV�

WKURXJKRXW�WKH�ILHOG�RI�YLHZ��

7KH�REVHUYDWLRQV� LQ������ DUH� VLPLODU� LQ� ORQJLWXGH� WR� WKH�0RWWROD�

REVHUYDWLRQV� IURP� ����� DQG� UHVXOWHG� LQ� D� SHULRG� RI� ������ K�� $V�

H[SHFWHG�IURP�WKH�VLPLODU�ORQJLWXGH��WKH�DPSOLWXGH�RI�RXU�OLJKWFXUYH�

RI������PDJ�LV�DOVR�QHDU�WR�WKH�0RWWROD�UHVXOW��$V�QRWHG�E\�+DUULV��

HW�DO����������JLYHQ�WKH�ORZ�DPSOLWXGH��D�ELPRGDO�VROXWLRQ�FDQQRW�EH�

DVVXPHG�� 2XU� REVHUYDWLRQV� LQ� ����� KDYH� WKUHH� H[WUHPD� LQ� WKH�

OLJKWFXUYH�� 7KH� 3HULRG� 6SHFWUXP� VKRZV� DQRWKHU� IUHTXHQF\� QHDU��

���K��ZKLFK�KDV�DQ�XQOLNHO\�ILYH�H[WUHPD�LQ�WKH�OLJKWFXUYH��7KH�QH[W�

IDYRUDEOH�RSSRUWXQLW\�WR�REVHUYH�3DOLQXUXV�LV�LQ������-XO\�ZKHQ�WKH�

REVHUYLQJ�JHRPHWU\�VKRXOG�JLYH�D�PRUH�FHUWDLQ�VROXWLRQ��
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�����3\UUKXV��$�SHULRG�IRU� WKLV�/��7URMDQ�KDV�EHHQ�UHSRUWHG�RQO\�

RQFH�LQ�WKH�SDVW�E\�0RWWROD�HW�DO����������ZKR�IRXQG�LW�URWDWHG�HYHU\�

������K��7KH�UHVXOW�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�0RWWROD�

ILQGLQJ��

�

����� 'HLNRRQ�� 7KLV� /�� 7URMDQ� ZDV� REVHUYHG� WZLFH� LQ� WKH� SDVW��

0ROQDU�HW�DO����������XVLQJ�VRPHZKDW�VSDUVH�GDWD��IRXQG�D�SHULRG�RI�

�����K�UHVXOWLQJ�LQ�D�ELPRGDO�OLJKWFXUYH��0RWWROD�HW�DO����������DOVR�

ZLWK� VSDUVH� GDWD�� IRXQG� D� SHULRG� RI������� K� EDVHG�RQ� D� WULPRGDO�

OLJKWFXUYH��2XU�3HULRG�6SHFWUXP�VKRZV�WKH����DQG����K�SHULRGV�WR�

EH�SRVVLEOH��EXW�WKH\�DUH�ILW�E\�H[FOXVLRQ��2XU�PRVW�OLNHO\�SHULRG�RI�

������K�LV�LQ�DJUHHPHQW�ZLWK�WKH�0RWWROD�ILQGLQJ��

�

�

�

$FNQRZOHGJHPHQWV�

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�

VHDUFK� LQFOXGH� LPDJHV� DQG� FDWDORJV� IURP� WKH� VXUYH\� DUHD�� 7KH�

$7/$6� VFLHQFH� SURGXFWV� KDYH� EHHQ� PDGH� SRVVLEOH� WKURXJK� WKH�

FRQWULEXWLRQV�RI�WKH�8QLYHUVLW\�RI�+DZDLL�,QVWLWXWH�IRU�$VWURQRP\��

WKH� 4XHHQ
V� 8QLYHUVLW\� %HOIDVW�� WKH� 6SDFH� 7HOHVFRSH� 6FLHQFH�

,QVWLWXWH��DQG�WKH�6RXWK�$IULFDQ�$VWURQRPLFDO�2EVHUYDWRU\��

7KH�SXUFKDVH�RI�D�)/,�����(�&&'�FDPHUD�ZDV�PDGH�SRVVLEOH�E\�D�

�����*HQH�6KRHPDNHU�1(2�*UDQW�IURP�WKH�3ODQHWDU\�6RFLHW\��



� ���

� 0LQRU�3ODQHW�%XOOHWLQ�����������

5HIHUHQFHV�

)UHQFK��/�0���6WHSKHQV��5�'���/HGHUHU��6�0���&ROH\��'�5���5RKO��

'�$�� �������� ³3UHOLPLQDU\� 5HVXOWV� IURP� D� 6WXG\� RI� 7URMDQ�

$VWHURLGV�´�0LQRU�3ODQHW�%XOO���������������

+DQXã�� -��� 'HOEz�� 0��� �XUHFK�� -��� $Ot�/DJRD�� 9�� ��������

³7KHUPRSK\VLFDO� PRGHOLQJ� RI� DVWHURLGV� IURP� :,6(� WKHUPDO�

LQIUDUHG� GDWD� �� 6LJQLILFDQFH� RI� WKH� VKDSH� PRGHO� DQG� WKH� SROH�

RULHQWDWLRQ�XQFHUWDLQWLHV�´�,FDUXV���������������

+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��������������

+DUULV�� $�:��� 3UDYHF�� 3��� *DODG�� $��� 6NLII�� %�$���:DUQHU�� %�'���

9LODJL��-���*DMGRV��6���&DUERJQDQL��$���+RUQRFK��.���.XVQLUDN��3���

&RRQH\�� :�5��� *URVV�� -��� 7HUUHOO�� '��� +LJJLQV�� '��� %RZHOO�� (���

.RHKQ��%�:����������³2Q�WKH�PD[LPXP�DPSOLWXGH�RI�KDUPRQLFV�RQ�

DQ�DVWHURLG�OLJKWFXUYH�´�,FDUXV�������������

0DUFKLV��)���:RQJ��0�+���%HUWKLHU�� -���'HVFDPSV��3���+HVWURIIHU��

'���9DFKLHU��)���/H�0LJQDQW��'���.HFN�2EVHUYDWRU\��:�0���GH�3DWHU��

,����������³6�������������´��,$8�&LUF���1R������������

0ROQDU�� /�$��� +DHJHUW�� 0�-��� +RRJHERRP�� .�0�� ��������

³/LJKWFXUYH�$QDO\VLV�RI�DQ�8QELDVHG�6DPSOH�RI�7URMDQ�$VWHURLGV�´�

0LQRU�3ODQHW�%XOO�������������

0RWWROD�� 6��� 'L� 0DUWLQR�� 0��� (ULNVRQ�� $��� *RQDQR�%HXUHU�� 0���

&DUERJQDQL��$���&DUVHQW\��8���+DKQ��*���6FKREHU��+���/DKXOOD��)���

'HOEz��0���/DJHUNYLVW��&����������³5RWDWLRQDO�3URSHUWLHV�RI�-XSLWHU�

7URMDQV��,��/LJKW�&XUYHV�RI����2EMHFWV�´�$VWURQ��-�������$�����

5\DQ�� (�/��� 6KDUNH\�� %��� :RRGZDUG�� &�(�� �������� ³7URMDQ�

$VWHURLGV�LQ�WKH�.HSOHU�&DPSDLJQ���)LHOG�´�$VWURQ��-�������LG������

6KHYFKHQNR��9�*���%HOVND\D��,�1���6O\XVDUHY��,�*���.UXJO\��<X�1���

&KLRUQ\�� 9�*��� *DIWRQ\XN�� 1�0��� 'RQFKHY�� =��� ,YDQRYD�� 9���

,EUDKLPRY�� 0�$��� (KJDPEHUGLHY�� 6K�$��� 0RORWRY�� ,�(�� ��������

³2SSRVLWLRQ�HIIHFW�RI�7URMDQ�DVWHURLGV�´�,FDUXV���������������

6WHSKHQV�� 5�'��� &ROH\�� '�5��� )UHQFK�� /�0��� �������� ³7URMDQ�

$VWHURLGV�2EVHUYHG�IURP�&6��������-DQXDU\�0D\�´�0LQRU�3ODQHW�

%XOO���������������

6WHSKHQV�� 5�'��� &ROH\�� '�5��� )UHQFK�� /�0�� �������� ³'LVSDWFKHV�

IURP�WKH�7URMDQ�&DPS���-RYLDQ�7URMDQ�/��$VWHURLGV�2EVHUYHG�IURP�

&6��������2FWREHU��������-DQXDU\�´�0LQRU�3ODQHW�%XOO����������

�����

6WHSKHQV�� 5�'��� &ROH\�� '�5��� )UHQFK�� /�0�� �����D��� ³/DUJH� /��

-RYLDQ� 7URMDQ� $VWHURLG� /LJKWFXUYHV� IURP� WKH� &HQWHU� IRU� 6RODU�
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