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7KLV� VWXG\� SUHVHQWV� SKRWRPHWULF� PHDVXUHPHQWV� DQG�
OLJKWFXUYH� DQDO\VLV� IRU� VHYHQ� PDLQ�EHOW� DVWHURLGV� XVLQJ�
REVHUYDWRULHV�LQ�0DOWD��6ORYDNLD��&DQDGD��DQG�WKH�8QLWHG�
6WDWHV�� 6\QRGLF� URWDWLRQ� SHULRGV� DQG� DPSOLWXGHV� ZHUH�
GHWHUPLQHG� IRU� ���� 9HURQLND�� ����� ,QDUL�� ����� 7VDL���
�����7RN\RWHFK�������+LUDLPDVD���������������4(��DQG�
�������� ����� ;$���� 7KHVH� UHVXOWV� HQKDQFH� WKH�
XQGHUVWDQGLQJ�RI�WKH�DVWHURLGV¶�URWDWLRQDO�SURSHUWLHV�DQG�
KLJKOLJKW�WKH�LPSRUWDQFH�RI�PXOWL�VLWH�REVHUYDWLRQV��

3KRWRPHWULF�REVHUYDWLRQV�RI�VHYHQ�PDLQ�EHOW�DVWHURLGV�ZHUH�FDUULHG�
RXW� IURP� VL[� REVHUYDWRULHV� ORFDWHG� RQ� WKH� 0DOWHVH� PDLQODQG��
6ORYDNLD��&DQDGD�DQG�WKH�8QLWHG�6WDWHV��2EVHUYDWLRQV�RI�DVWHURLGV�
IRU� ���� 9HURQLND�� ����� ,QDUL�� ����� 7VDL�� ����� 7RN\RWHFK���
�����+LUDLPDVD���������������4(��DQG��������������;$���ZHUH�

REWDLQHG�IURP�WKH�REVHUYDWRULHV�VKRZQ�LQ�7DEOH�,��$OO�RI�RXU�LPDJHV�
ZHUH�WDNHQ�WKURXJK�D�FOHDU�ILOWHU��RU�XQILOWHUHG��ZLWK�5&�]HUR�SRLQW�
DQG�FDOLEUDWHG�WKURXJK�GDUN�DQG�IODW�ILHOG�VXEWUDFWLRQ��

2XU�HTXLSPHQW�ZDV�HLWKHU�FRQWUROOHG�UHPRWHO\�RYHU�WKH�,QWHUQHW�RU�
IURP� D� ORFDWLRQ� QHDU� HDFK� WHOHVFRSH�� ,PDJH� DFTXLVLWLRQ� ZDV�
FRQGXFWHG�YLD�6HTXHQFH�*HQHUDWRU�3UR��%LQDU\�6WDU�6RIWZDUH��E\�
DOO� 0DOWHVH� 2EVHUYDWRULHV�� 7KH� 6ORYDNLDQ� DQG� &DQDGLDQ�
REVHUYDWRULHV�HPSOR\HG�WKH�1,1$�WHOHVFRSH�FRQWURO�VRIWZDUH��%HUJ��
������ WR� DFTXLUH� WKHLU� LPDJHV� DQG� IRU� WHOHVFRSH� DXWRPDWLRQ��5,7�
2EVHUYDWRU\�HPSOR\HG�0D[LP�'/��9HU��������IRU�WKHLU�REVHUYDWRU\�
RSHUDWLRQV�DQG�LPDJH�DFTXLVLWLRQ��)RU�RXU�LPDJH�DQDO\VLV��ZH�XVHG�
YHUVLRQ� ��� RI�032�&DQRSXV� VRIWZDUH� �:DUQHU�� ������� WR� JDWKHU�
GLIIHUHQWLDO� DSHUWXUH� SKRWRPHWU\� DQG� IRU� OLJKWFXUYH� FRQVWUXFWLRQ��
7DEOH�,�VKRZV�GHWDLOV�RI�WKH�LQVWUXPHQWDWLRQ�XVHG�DQG�REVHUYDWLRQ�
UXQV� IRU� HDFK� UHVSHFWLYH� WDUJHW�� :H� XVHG� WKH� &RPSDULVRQ� 6WDU�
6HOHFWRU��&66��IHDWXUH�GHYHORSHG�E\�032�&DQRSXV�WR�FKRRVH�QHDU�
VRODU� FRORU� FRPSDULVRQ� VWDUV�� $OO� EULJKWQHVV� PHDVXUHPHQWV� ZHUH�
EDVHG� RQ� WKH� $VWHURLG� 7HUUHVWULDO�LPSDFW� /DVW� $OHUW� 6\VWHP�
�$7/$6��FDWDORJXH��7RQU\�HW�DO����������
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7DEOH� ,�� ,QVWUXPHQWDWLRQ� DQG� 2EVHUYDWLRQ� 5XQV�� 6&7�� 6FKPLGW��
&DVVHJUDLQ��0.��0DNVXWRY�&DVVHJUDLQ�

����9HURQLND�LV�D�PDLQ�EHOW�DVWHURLG�WKDW�ZDV�GLVFRYHUHG�RQ������
2FWREHU���E\�$��.RSII�DW�+HLGHOEHUJ��$OWKRXJK�WKLV�DVWHURLG�ZDV�
QDPHG�DIWHU�³9HURQLND�´�6FKPDGHO��������VWDWHV�WKDW�WKH�UHIHUHQFH�
WR�WKLV�QDPH�WR�D�SHUVRQ�RU�RFFXUUHQFH�LV�XQNQRZQ��

$FFRUGLQJ�WR�WKH�6PDOO�%RG\�'DWDEDVH�DW�-3/��DVWHURLG�9HURQLND�
KDV� DQ� HVWLPDWHG� GLDPHWHU� RI� �������� �� ������ NP� EDVHG� RQ� DQ�
DEVROXWH�PDJQLWXGH��+��RI��������,W�RUELWV�WKH�VXQ�ZLWK�D�VHPL�PDMRU�
D[LV�RI�������$8�ZLWK�DQ�HFFHQWULFLW\�RI�������DQG�SHULRG�RI�������
\HDUV� �-3/�� ������� 7KH� $VWHURLG� /LJKWFXUYH� 'DWDEDVH� �/&'%��
:DUQHU�HW�DO���������OLVWV�DVWHURLG�����9HURQLND�DV�KDYLQJ�D�URWDWLRQ�
SHULRG�RI�������K�ZLWK�DQ�DPSOLWXGH�WKDW�UDQJHV�IURP������WR������
PDJ��

������9HURQLND�ZDV�REVHUYHG�IURP�)ODUHVWDU�2EVHUYDWRU\�RYHU�ILYH�
QLJKWV� IURP� ����� -XO\� ������� 'DWD� DQDO\VLV� GHULYHG� LWV� V\QRGLF�
URWDWLRQ�SHULRG�DV���������������K�ZLWK�DQ�DPSOLWXGH�RI�������������
PDJ��7KLV�VROXWLRQ�LV�LQ�OLQH�ZLWK�WKH�UHVXOWV�SXEOLVKHG�LQ�WKH�/&'%�
GDWDEDVH��7KH�UHVXOWDQW�SHULRG�VSHFWUXP�UHYHDOV�WZR�RWKHU�SRVVLEOH�
SHULRGV�RI����������������K�ZLWK� DQ� DPSOLWXGH�RI������PDJ�DQG�
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DQRWKHU� DW� GRXEOH� WKH� SHULRG� RI� WKH� ������ K� VROXWLRQ� DW� ������� ��
������K�ZLWK�DQ�DPSOLWXGH�RI������PDJ��

7KH� VSOLW�KDOYHV� SORW� RI� WKH� ������� K� SHULRG� VKRZV� WKDW� WKH� WZR�
KDOYHV�RI�WKH�GRXEOH�SHULRG�DUH�PRUSKRORJLFDOO\�TXLWH�VLPLODU��WKXV�
DOORZLQJ�IRU�WKH�SXEOLVKHG�SHULRG�RI�������K��+HQFH��ZH�EHOLHYH�WKDW�
WKH� ������ K� LV� WKH� FRUUHFW� SHULRG�� 7KH� SHULRG� VSHFWUXP�GLVWLQFWO\�
VKRZV�D�SRVVLEOH�VROXWLRQ�RI��������K��EXW�WKLV�OLNHO\�D�KDOI�URWDWLRQ�
SHULRG�DOLDV�VLQFH�LW�LV�KDOI�ZD\�EHWZHHQ������K�DQG�������K��
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�

�

�

�

�����,QDUL�LV�D�VWRQ\�PDLQ�EHOW�DVWHURLG�WKDW�EHORQJV�WR�WKH�����(RV�
)DPLO\�DQG�ZDV�GLVFRYHUHG�RQ������6HSWHPEHU����E\�<��9DLVDOD�DW�
7XUNX��7KLV�DVWHURLG�ZDV�QDPHG�DIWHU�RQH�RI�WKH�SULQFLSDO�ODNHV�RI�
)LQODQG��6FKPDGHO���������

7KH�/&%'��:DUQHU�HW�DO��������� OLVWV� ,QDUL� DV�KDYLQJ�DQ�DYHUDJH�
HVWLPDWHG� GLDPHWHU� RI� ������ NP� ZLWK� DQ� DEVROXWH� PDJQLWXGH� RI��
+� ��������7KH�DVWHURLG�RUELWV�WKH�VXQ�DW�D�VHPL�PDMRU�D[LV�RI�������
$8��,WV�RUELW�KDV�DQ�HFFHQWULFLW\�RI�������DQG�D�SHULRG�RI�������\HDUV�
�-3/���������

3ULRU� WR� WKLV�REVHUYDWLRQ�FDPSDLJQ�� WKH�/&%'�GDWDEDVH�OLVWHG� WKH�
URWDWLRQ�SHULRG�RI�WKLV�DVWHURLG�DV�DURXQG����KRXUV�ZLWK�D�PD[LPXP�
DPSOLWXGH�RI������ZLWK�D�8�TXDOLW\�YDOXH�RI�����%HKUHQG������ZHE���
7KH�\HDU������ZDV�PDUNHG�E\�SUHVHQWLQJ�DQ�RSSRUWXQLW\�WR�REVHUYH�
WKLV�DVWHURLG�GXULQJ�DQ�DSSDULWLRQ�WKDW�H[KLELWV�RQH�RI�ILYH�EULJKWHU�
REVHUYDWLRQ�RSSRUWXQLWLHV�IURP������������$V�WKH����KRXU�SHULRG�
LV�QHDUO\�FRPPHQVHUDWH�ZLWK�(DUWK¶V�URWDWLRQ�SHULRG��ZH�VHQW�D�FDOO�
IRU�REVHUYDWLRQV�WR�LQWHUQDWLRQDO�REVHUYDWRULHV�DZD\�IURP�RXU�XVXDO�
FHQWUDO�(XURSHDQ�ORFDWLRQV��

,Q� DGGLWLRQ� WR� WKH� GDWD� VXSSOLHG� E\� WKH� (XURSHDQ� 2EVHUYDWRULHV�
�)ODUHVWDU� 2EVHUYDWRU\�� 6WHOODU� +RUL]RQ� 2EVHUYDWRU\� DQG� =QLWK�
2EVHUYDWRU\���ZH�UHFHLYHG�GDWD�IURP�2EVHUYDWRLUH�j�OD�EHOOH�pWRLOH�
LQ� &DQDGD� DQG� IURP� WKH� 5RFKHVWHU� ,QVWLWXWH� RI� 7HFKQRORJ\�
8QLYHUVLW\��5,7�2EVHUYDWRU\��LQ�WKH�86��
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������� ,QDUL� ZDV� REVHUYHG� E\� RXU� JURXS� GXULQJ� ��� UXQV��
FRPPHQFLQJ�RQ������)HEUXDU\���DQG�WHUPLQDWLQJ�RQ������$SULO����
2XU� UHVXOWV�EDVHG�RQ�����GDWD�SRLQWV�\LHOGHG�D� V\QRGLF�SHULRG�RI�
������������K�ZLWK�DQ�DPSOLWXGH�RI�������������PDJ��2XU�GHULYHG�
SHULRG�LV�QHDU�WKH�SHULRG�SXEOLVKHG�E\�3RODNLV��������RI�������������
KRXUV��

�

�

�����7VDL�LV�D�FDUERQDFHRXV�PDLQ�EHOW�DVWHURLG�WKDW�ZDV�GLVFRYHUHG�
RQ������'HFHPEHU�����7KLV�FHOHVWLDO�ERG\�ZDV�GLVFRYHUHG�DW� WKH�
$JDVVL]�6WDWLRQ�RI�WKH�+DUYDUG�&ROOHJH�2EVHUYDWRU\��

7KH�DVWHURLG�LV�QDPHG�LQ�UHFRJQLWLRQ�RI�7VDL�&KDQJ�+VLHQ��ZKR�KDV�
VHUYHG� DV� WKH� GLUHFWRU� RI� WKH� 7DLSHL� 2EVHUYDWRU\� VLQFH� WKH�
FRQFOXVLRQ�RI�:RUOG�:DU�,,��$Q�DYLG�REVHUYHU�RI�SODQHWDU\�ERGLHV�
DQG� YDULDEOH� VWDUV�� 7VDL� &KDQJ�+VLHQ� KDV� DOVR� EHHQ� D� SUROLILF�
DGYRFDWH�IRU�WKH�ILHOG�RI�DVWURQRP\��)RU�PRUH�WKDQ�WKUHH�GHFDGHV��
KH�KDV�SOD\HG�D�SLYRWDO�UROH�LQ�HGXFDWLQJ�WKH�SXEOLF�DQG�IRVWHULQJ�
DPDWHXU�LQWHUHVW�LQ�DVWURQRP\��

7KH� HVWLPDWHG� GLDPHWHU� RI� WKH� DVWHURLG� 7VDL� ZDV� GHULYHG� WR� EH�
���������������NP��,WV�DEVROXWH�PDJQLWXGH��+��LV�OLVWHG�DV�������RQ�
-3/���������7KLV�PLQRU�SODQHW�RUELWV�WKH�VXQ�ZLWK�D�VHPL�PDMRU�D[LV�
RI�������$8�ZLWK�DQ�RUELWDO�HFFHQWULFLW\�RI�������DQG�D�SHULRG�RI�
�����\HDUV��-3/���������

�

�

2EVHUYDWLRQV�ZHUH� FRQGXFWHG� IURP�=QLWK�2EVHUYDWRU\�RYHU� WKUHH�
QLJKWV� IURP� ����� -DQXDU\� ��� WR� )HEUXDU\� ��� 'XH� WR� ZHDWKHU�
FRQVWUDLQWV�� ZH� FRXOG� QRW� JDWKHU� DGGLWLRQDO� GDWD�� KRZHYHU�� RXU�
UHVXOWV� LQGLFDWH� D� V\QRGLF� SHULRG� RI� ������ �� ������ K� ZLWK� DQ�
DPSOLWXGH�RI�������������PDJ��7KH�VDPH�SHULRG�ZDV�GHULYHG�HYHQ�
ZKHQ�ZH�GLVFDUGHG�WKH�UXQ�ZLWK�WKH�QRLVLHVW�GDWD��REVHUYDWLRQ�UXQ��
�����DFTXLUHG�RQ������)HE�����7KLV� LV�VOLJKWO\�GLIIHUHQW� IURP�WKH�
SXEOLVKHG�8� ���TXDOLW\�SHULRG�RI�������������������K�E\��XUHFK�
HW�DO���������WKDW�XWLOL]HG�GDWD�IURP�WKH�$VWHURLG�7HUUHVWULDO�LPSDFW�
/DVW�$OHUW�6\VWHP��$7/$6��DOO�VN\�VXUYH\�WR�GHULYH�LWV�VSLQ�D[LV�
DQG�VKDSH��

����� 7RN\RWHFK� LV� D� PDLQ�EHOW� DVWHURLG� EHORQJLQJ� WR� WKH� ����
(XQRPLD� IDPLO\��GLVFRYHUHG�RQ������2FWREHU���E\�7��.RMLPD�DW�
&KL\RGD��7KLV�DVWHURLG�LV�QDPHG�DIWHU�WKH�7RN\R�9RFDWLRQDO�6FKRRO�
WKDW�ZDV�HVWDEOLVKHG�LQ�������7KH�LQVWLWXWLRQ�LV�QRZ�NQRZQ�DV�WKH�
7RN\R�,QVWLWXWH�RI�7HFKQRORJ\�DQG�ZDV�JUDQWHG�XQLYHUVLW\�VWDWXV�LQ�
������7RGD\��LW�VWDQGV�DV�-DSDQ
V�ODUJHVW�QDWLRQDO�XQLYHUVLW\�IRFXVHG�
H[FOXVLYHO\�RQ�VFLHQFH�DQG�WHFKQRORJ\��

7KLV�PLQRU�SODQHW�RUELWV�WKH�VXQ�ZLWK�D�VHPL�PDMRU�D[LV�RI������$8��
HFFHQWULFLW\��������DQG�RUELWDO�SHULRG�RI������\HDUV��-3/���������7KH�
-3/� 6PDOO�%RGLHV� 'DWDEDVH� %URZVHU� OLVWV� WKH� GLDPHWHU� RI� �����
7RN\RWHFK� DV� ������� �� ������ NP�� ,W� KDV� DQ� DEVROXWH� PDJQLWXGH��
+� ��������



����

� 0LQRU�3ODQHW�%XOOHWLQ�����������

�����7RN\RWHFK�KDV�EHHQ�UHSRUWHG�WR�EH�D�ELQDU\�V\VWHP��$XJXVWLQ�
HW� DO��� ������� $V� REVHUYHG� GXULQJ� ������ ����KU�ORQJ� PXWXDO�
SKHQRPHQD�ZHUH�GHWHFWHG�E\� WKH�DXWKRUV��7KHLU� UHVXOWV�VKRZ�WKDW�
WKH� ERG\� URWDWHV� DW� D� SHULRG� RI� ����� �� �������� K� DQG� KDV� DQ�
DPSOLWXGH�RI������PDJQLWXGH��$WWHQXDWLRQV� XS� WR������PDJ�ZHUH�
REVHUYHG� ZLWK� D� SHULRG� RI� ������� K� WKDW� ZHUH� WKH� UHVXOW� RI� WKH�
VDWHOOLWH�PDNLQJ�PXWXDO�SKHQRPHQD��

7KH� DVWHURLG�ZDV� REVHUYHG� RYHU� WKUHH� QLJKWV� IURP� �����2FWREHU��
����� 2XU� UHVXOWV� \LHOGHG� D� FRPSRVLWH� URWDWLRQ� SHULRG� RI� ������ ���
������K�DQG�DPSOLWXGH�RI�������������PDJ��2XU�GHULYHG�SHULRG�LV�
FRQVLVWHQW�ZLWK�WKDW�RI�$XJXVWLQ�HW�DO���������SXEOLVKHG�DV����������
�������K�LQ�WKH�/&'%��

�

�������+LUDLPDVD�LV�DQ�LQQHU�PDLQ�EHOW�DVWHURLG�WKDW�ZDV�GLVFRYHUHG�
RQ������2FW����E\�.��(QGDWH�DQG�.��:DWDQDEH�DW�.LWDPL��-DSDQ��
7KLV�DVWHURLG�KDV�EHHQ�QDPHG�LQ�KRQRU�RI�3URIHVVRU�0DVDQRUL�+LUDL�
�E��������ZKR�KDV�VSHFLDOL]HG�LQ�VWHOODU�VSHFWURVFRSLF�VWXGLHV�RI�FRRO�
VWDUV� ZLWK� D� IRFXV� RQ� FDUERQ� VWDUV�� 7KH� HVWLPDWHG� GLDPHWHU� ZDV�
GHULYHG� WR�EH���������������NP�EDVHG�RQ�DQ�DEVROXWH�PDJQLWXGH��
+� �������� LW�RUELWV� WKH�VXQ�ZLWK�D�VHPL�PDMRU�D[LV�RI�������$8��
7KH� RUELW� KDV� DQ� HFFHQWULFLW\� RI� ������ DQG� SHULRG� RI� ����� \HDUV��
�-3/���������

����� +LUDLPDVD� ZDV� REVHUYHG� IURP� $QWDUHV� 2EVHUYDWRU\� RQ� VL[�
QLJKWV�EHWZHHQ������2FWREHU����DQG�2FWREHU�����:H�GHWHUPLQHG�
WKH� SHULRG� RI� DVWHURLG� +LUDLPDVD� WR� EH� ������ �� ������ K� ZLWK� DQ�
DPSOLWXGH� RI� ����� �� �����PDJ��2XU� SHULRG� LV� QHDU� WKH� SXEOLVKHG�
SHULRG�RI�������K�WKDW�ZDV�EDVHG�RQ�D�8� ����YDOXH��3RODNLV���������

�

�������������4(�LV�D�PLGGOH�PDLQ�EHOW�DVWHURLG�WKDW�EHORQJV�WR�WKH�
�����3URNQH�)DPLO\��7KLV�DVWHURLG�ZDV�GLVFRYHUHG�RQ������$XJXVW�
���E\�(�)��+HOLQ�DW�3DORPDU��7KH�/&%'�OLVWV�WKH�GLDPHWHU�RI�WKLV�
DVWHURLG�DV�RI������NP�ZLWK�DQ�DEVROXWH�PDJQLWXGH�RI�+� ��������
7KH� DVWHURLG� RUELWV� DW� D� VHPL�PDMRU� D[LV� RI� ������ $8� ZLWK� DQ�
HFFHQWULFLW\�RI��������7KH�RUELWDO�SHULRG�RI�WKLV�DVWHURLG�LV������\HDUV�
�-3/���������

�����4(�ZDV�REVHUYHG�RQ�WZR�QLJKWV�IURP�/XFN\VWDU�2EVHUYDWRU\��
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