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D�$SSOLFDWLRQ�RI�67$�/7$��

��67$�/7$�)LOWHU
��5HPRWH�UHIHUDQFH�WHFKQLTXH

1RWFK�ILOWHU���&RKHUHQF\�FULWHULRQ���0DKDORELV�GLVWDQFH�FULWHULRQ�

$IWHU%HIRUH

$GYDQFHG6WDQGDUG
E��$SSOLFDWLRQ�RI�0DKDODQRELV�GLVWDQFH�DQG�SRODUL]DWLRQ�FULWHULD�

0HDVXUHG�7LPH�VHULHV�
IRU�HDFK�FRPSRQHQW

/RZ�SDVV�ILOWHULQJ�LQWR�
WKH�IUHTXHQFLHV�RI�WKH�
UHPRWH�UHIHUHQFH�
VWDWLRQ

67$�/7$�ILOWHULQJ�
�.�WWHU	:HFNPDQQ�������

6\QFKURQL]DWLRQ�
RI�WLPH�VHULHV

1RWFK�ILOWHULQJ�WR
UHPRYH����+]��
�����+]�)UHTXHQFLHV

%DQGSDVV�ILOWHULQJ�
LQWR�QDUURZ�EDQGV

6HSDUDWRQ�LQWR�VHJPHQWV
ZLWK�VSHFLILF�WLPH�OHQJWK
�(YHQWV�

5REXVW�VWDFNLQJ�
DOJRULWKP

F�

&RKHUHQFH�
FULWHULRQ

0DJQHWLF�
SRODULVDWLRQ�
GLUHFWLRQ�
FULWHULRQ

0DKDODQRELV�
GLVWDQFH�
FULWHULRQ

%��$OHLG ��8��:HFNPDQQ ��$��3ODW] ��-��3HN ��6��.RYiþLNRYi � 5��.ODQLFD�	� �	� � � � �	�
���+HOPKROW]�&HQWUH�3RWVGDP��*)=�*HUPDQ�5HVHDUFK�&HQWUH�IRU�*HRVFLHQFHV
���,QVWLWXWH�RI�(DUWK�DQG�(QYLURQPHQWDO�6FLHQFH��8QLYHUVLW\�RI�3RWVGDP��*HUPDQ\
��,QVWLWXWH�RI�*HRSK\VLFV�RI�WKH�&]HFK�$FDGHP\�RI�6FLHQFHV��3UDJXH��&]HFK�5HSXEOLF

��'�LPDJLQJ�RI�HOHFWULFDO�FRQGXFWLYLW\�VWUXFWXUHV�LQ�WKH
�(DVWHUQ�&KHE�%DVLQ�DFURVV�WKH�+DUWRXãRY�PRIHWWHV

7KH� +DUWRXãRY�PRIHWWHV� ILHOG� �&]HFK� 5HSXEOLF�� LV� RQH� RI� WKH�PRVW� SURPLQHQW� &2��

GHJDVVLQJ�FHQWUHV�LQ�(XURSH��ZKLFK�LV�ORFDWHG�LQ�D�VKDOORZ�1HRJHQH�LQWUDFRQWLQHQWDO�
EDVLQ��WKH�&KHE�EDVLQ��
7KH�UHJLRQ�LV�DOVR�FKDUDFWHUL]HG�E\�WKH�11:�662�UXQQLQJ�0DULiQVNp�/i]QH�)DXOW��0/)���
WKH�SDUWLDOO\�SDUDOOHO�7DFKRY�)DXOW�=RQH��7)=���DQG�WKH�1�6�RULHQWHG�3RþiWN\�3OHVQi�
=RQH��33=��
7KH�PDVVLYH�GHJDVVLQJ�RI�&2 �LQ�WKH�&KHE�%DVLQ��HVSHFLDOO\�LQ�WKH�0RIHWWH�ILHOGV�RI��

%XEOiN�DQG�+DUWRXãRY��RULJLQDWV�IURP�JUHDW�GHSWKV��7KHVH�PDQWOH�ORZHU�FUXVWDO�GHULYHG�
IOXLGV�PLJKW�XVH�IDXOW�]RQHV�IRU�WKHLU�DVFHQW��

)LJXUH���
D��2YHUYLHZ�PDS�RI�WKH�6WXG\�
DUHD��UHG�UHFWDQJOH���*HUPDQ\�
DQG� WKH� &]HFK� 5HSXEOLF� DUH�
PDUNHG�LQ�GDUN�FRORXUV�
E��'HWDLOHG�YLHZ�RI��WKH�VWDWLRQV�
RI� WKH� 0DJQHWRWHOOXULF� �07��
DUUD\� PHDVXUHG� LQ� �����
F�� 6LPSOLILHG� WHFWRQLF� PDS� RI�
WKH�:HVW�%RKHPLDQ�0DVVLI�ZLWK�
WKH� GLVWULEXWLRQ� RI� WKH� 07�
VWDWLRQV� RI� ������ %ODFN� OLQHV��
)DXOW� ]RQHV� ZLWK� WKH� 12�6:�
UXQQLQJ� (JHU� *UDEHQ� DQG� WKH�
0DULiQVNp�/i]QČ� �0/)�� DQG�
7DFKRY�)DXOW�=RQH��7)=��DV�ZHOO�
DV� WKH� 3OHVQi� 3RiWN\� =RQH�
�33=���7KH�PRIIHWV�DQG�WKH�0W�
DUUD\�RI������DUH�DW�WKH�FURVVLQJ�
SRLQW�RI�WKH������SURILOHV�

7KH� 07� PHDVXUHPHQWV� LQ� ����� �)LJ�� ��� UHVXOWHG� LQ� D� �'� LPDJH� RI� WKH� HOHFWULFDO�
FRQGXFWLYLW\�DORQJ�D�1�6�SURILOH�DFURVV�WKH�(JHU�5LIW��0XxR]�HW�DO����������,W�UHYHDOV�D�
FRQGXFWLYH�FKDQQHO�VLPLODU�WR�WKH�RQH�REWDLQHG�IURP�WKH�9S�9V�VWXGLHV�E\�0RXVDYL�HW�DO��
�������WKDW�H[WHQG�IURP�WKH�ORZHU�FUXVW�WR�WKH�VXUIDFH�IRUPLQJ�D�SDWKZD\�IRU�IOXLGV�XS�WR�
WKH�UHJLRQ�RI�WKH�PRIHWWHV�

�
��+LJK�UHVROXWLRQ�LPDJH�RI�WKH�HOHFWULFDO�FRQGXFWLYLW\�RI�WKH�DUHD�VXUURXQGLQJ�WKH�%XEOiN�DQG�
+DUWRXãRY�PRIHWWHV�
���,QYHVWLJDWLRQ�RI�SRVVLEOH�FRUUHODWLRQV�EHWZHHQ�&2๜�GHJDVVLQJ��IOXLGV��DTXLIHUV��IDXOW�]RQHV�
DQG�VZDUP�DFWLYLW\�LQ�WKH�&KHE�EDVLQ
��7KH�DVVHVVPHQW�RI�WKH�VHLVPLF�KD]DUGV�DQG�PHFKDQLVP�RI�IOXLG�LQGXFHG�HDUWKTXDNH�VZDUPV
�,QYHVWLJDWLRQ�RI�WKH�JHRWKHUPDO�SRWHQWLDO�RI�WKH�&KHE�%DVLQ

)LJXUH����&RPSDULVRQ�RI��D��
WKH��'�07�PRGHO��0XxR]�HW�
DO��� ������ DQG� �E�� D� FURVV�
VHFWLRQ� RI� 9S�9V� WRPR�
JUDSK\�IURP��0RXVDYL�HW�DO���
������
2XU�FXUUHQW�VWXG\�DUHD�LV�LQ�
WKH�YLFLQLW\�RI�WKH�PRIHWWHV�
�UHG�VWDUV�%�+��

$�GHQVH�JULG�RI�07�VWDWLRQV�ZDV�PHDVXUHG�LQ�)HEUXDU\�0DUFK������LQ�WKH�UHJLRQ�ZKHUH�WKH�
WZR�SURILOHV�FURVV�DQG�WKH�PRIHWWHV�DUH�ORFDWHG��7KLV�JULG�KDV�DQ�DSSUR[LPDWH�VL]H�RI���î���
NPð�DQG�LQFOXGHV����VWDWLRQV�ZLWK�DQ�DYHUDJH�VLWH�VSDFLQJ�RI�����P�
$W� DOO� VWDWLRQV� KRUL]RQWDO� FRPSRQHQWV� RI� WKH� HOHFWULF� ILHOG� DQG� DOO� FRPSRQHQWV� RI� WKH�
PDJQHWLF�ILHOG�ZHUH�PHDVXUHG�LQ�WKH�IUHTXHQF\�UDQJH�RI����N+]±������+]��:H�XVHG�WKH�
6�3�$�0��0N�,9�PDJQHWRWHOOXULF�V\VWHP��0HWURQL[�LQGXFWLRQ�FRLOV�DQG�XQSRODULVDEOH�$J�$J&O�
HOHFWURGHV�IURP�WKH�*HRSK\VLFDO�,QVWUXPHQW�3RRO�3RWVGDP��*,33���
7KH�UHFRUGLQJ�WLPH�DW�HDFK�VWDWLRQ�ZDV�DSSUR[LPDWHO\�WKUHH�GD\V��

7KH�VWXG\�DUHD�LV�KHDYLO\�SRSXODWHG�ZLWK�SRZHU�SODQWV�DQG��WKHUHIRUH�VHYHUHO\�DIIHFWHG�E\�
HOHFWURPDJQHWLF�QRLVH��ZKLFK�GHWHULRUDWHV�WKH�TXDOLW\�RI�WKH�07�GDWD�
7KH�GDWD�ZHUH�SURFHVVHG�XVLQJ�WKH�(0(5$/'�VRIWZDUH�SDFNDJH��5LWWHU�HW�DO���������:HFNPDQQ�
HW�DO���������5LWWHU�HW�DO�������D���
:H� REVHUYHG� VSLNHV� DQG� VWHSV� LQ� WKH� WLPH� VHULHV�� ZHUH� UHPRYHG� XVLQJ� D� 6KRUW� 7LPH�
$YHUDJH�/RQJ�7LPH�DYHUDJH�ILOWHU��67$�/7$���)LJ��D��.XHWWHU�	�:HFNPDQQ�������
$�QRWFK�ILOWHU��.DQDVHZLFK��������+DQVWHLQ�HW�DO��������LV�XVHG�WR�UHPRYH�WKH�QRLVH�IURP�SRZHU�
OLQHV�DQG�UDLOZD\V�
7ZR� QHZ� SURFHVVLQJ� FULWHULD� DIWHU� 3ODW]� 	� :HFNPDQQ� �������� 7KH� 0DKDODQRELV� GLVWDQFH�
FULWHULRQ�UHPRYHV�GDWD�SRLQWV�WKDW�VFDWWHU�DURXQG�WKH�GHVLUHG�07�GLVWULEXWLRQ�DQG�UHMHFW�GDWD�
FOXVWHU�RULJLQDWLQJ�IURP�QRLVH�VRXUFHV��,Q�DGGLWLRQ��ZH�HOLPLQDWHG�GDWD�SRLQWV�FDXVHG�E\�D�
VWURQJO\�SRODULVHG�PDJQHWLF�VLJQDO�ZLWK�WKH�PDJQHWLF�SRODULVDWLRQ� ��)LJXUH�GLUHFWLRQ�FULWHULRQ
�E��3ODW]�	�:HFNPDQQ���������
:H�XVHG�WKH�SHUPDQHQW�5HIHUHQFH�6WDWLRQ�LQ�:LWWVWRFN��*HUPDQ\���DERXW�����NP�IURP�WKH�
VWXG\�DUHD��IRU�SURFHVVLQJ���)LJXUH��E��

)LJXUH����
&DUWRRQ�LOOXVWUDWLQJ�WKH�JHRG\QDPLF�PRGHO�LQ�WKH�
(JHU�5LIW�UHJLRQ��%UlXHU�HW�DO���������
7KH�PRGHO�DVVXPHV�WKDW�PDJPD�IURP�WKH�(DUWK
V�
PDQWOH� IRUPV� ODUJHU� UHVHUYRLUV�DW�0RKR�GHSWK��
)URP�WKHUH�LW�DVFHQGV�WRZDUGV�WKH�VXUIDFH�DQG�
PLJKW� WULJJHU� HDUWKTXDNH� VZDUPV� DQG� IHHG�
PRIHWWHV�DQG�VSULQJV�

�'�,QYHUVLRQ�

2EMHFWLYHV�

)LHOG�([SHULPHQW�

%DFNJURXQG�

'DWD�3URFHVVLQJ�

&RQFOXVLRQ�
�7KH� H[WUHPHO\� QRLV\� 07� GDWD� FRXOG� EH� LPSURYHG� �H[FHSW� +]�� HIIHFWLYHO\� WKURXJK� WKH�
DSSOLFDWLRQ�RI�UHPRWH�UHIHUHQFH�WHFKQLTXH��0DKDODQRELV�GLVWDQFH�FULWHULRQ��DQG�6KRUW�7LPH�
DYHUDJH�/RQJ�7LPH�DYHUDJH�ILOWHU�
�7KH�ORZ�IUHTXHQF\�GDWD������+]��ZLOO�EH�LPSURYHG�E\�DSSO\LQJ�:LHQHU�ILOWHU�ZKLFK�UHPRYHV�
VSLNHV�DQG�VWHSV�LQ�WKH�HOHFWURPDJQHWLF�WLPH�VHULHV��.DSSOHU���������.�WWHU�	�:HFNPDQQ��
������
��%RWK��'�DQG��'�LQYHUVLRQ�UHVXOWV�GLVSOD\�VLPLODU�VWUXFWXUHV��VXFK�DV�D�QHDU�VXUIDFH�DQRPDO\�
EHQHDWK�%XEOiN�	�+DUWRXãRY�PRIHWWHV�DQG�D�GHHS�UHDFKLQJ�FKDQQHO��QRUWK�DQG�HDVW�RI��'�
0RGHO��

:LWK� WKH� LPSURYHG� GDWD�
TXDOLW\��ZH�DUH�DEOH�WR�VWDUW�
ZLWK� �'� LQYHUVLRQ� RI� WKH�
DUUD\�GDWD��:H�FDQ�XVH�GDWD�
LQ� WKH� SHULRG� UDQJH� IURP�
�������V�WR���V�

0RGHO�JULG�
%DFNJURXQG�UHVLVWLYLW\�������
�P��
;���'LUHFWLRQ������FHOOV�[����P���
���RI�SDGGLQJ�FHOOV��LQFUHDVLQJ�
IDFWRU����
<���'LUHFWLRQ������FHOOV�[����P���
���RI�SDGGLQJ�FHOOV��LQFUHDVLQJ�
IDFWRU����
=���'LUHFWLRQ�����OD\HUV���ILUVW�
OD\HU�WKLFNQHVV�LV����P���
LQFUHDVLQJ�IDFWRU�������PD[��
GHSWK�����NP
'DWD�(UURU�
=[\�����RI��_=[\_��=\[�����RI��
_=\[_��=[[�DQG�=\\�������RI�
¥_=[\
=[\_
6PRRWKLQJ�SDUDPHWHUV������LQ�
DOO�GLUHFWLRQV

)LJXUH���'DWD�3URFHVVLQJ
D�� 7KH� LPSURYHPHQW� RI� WKH�
WLPH�VHULHV�DIWHU�DSSO\LQJ� WKH��
67$�/7$�ILOWHU�DQG�D�QRWFK�ILOWHU�
ZLWK�% �DQG�( �[ \

E � � &RPSDU L VRQ � EHWZHHQ��
VWDQGDUG� VLQJOH� VLWH� DQG��
DGYDQFHG� PDJQHWRWHOOXULF�
LPSHGDQFH� WHQVRU� HOHPHQWV��
1RWFK� IL OWHU� �+DQVWHLQ� HW�
D O � � � ��� � � � � &RKH U HQ F \�
FULWHULRQ��:HFNPDQQ����������
0DKDORELV� GLVWDQFH� FULWHULRQ�
	PDJQH W L F � S R O D U L V D W L R Q�
FULWHULRQ� �3ODW]� 	� :HFNPDQQ�
������� 5HPRWH� UHIHUDQFH�
WHFKQLTXH��.ULQJV�������5LWWHU�
HW�DO�����������67$�/7$�)LOWHU�
�.XHWWHU�	�:HFNPDQQ�������
F�7KH�6HTXHQFH�RI�SURFHVVLQJ�
VWHSV

5HIHUHQFHV�
%UlXHU��.���.lPSI��+���1LHGHUPDQQ��6���6WUDXFK��*���7HVDĜ��-���������1DWXUDO�ODERUDWRU\�1:�%RKHPLD��FRPSUHKHQVLYH�IOXLG�VWXGLHV�

EHWZHHQ������DQG������XVHG�WR�WUDFH�JHRG\QDPLF�SURFHVVHV��*HRFKHP��*HRSK\V��*HRV\VW���
.�WWHU��6���������0DJQHWRWHOOXULF�PHDVXUHPHQWV�DFURVV�WKH�VRXWKHUQ�%DUEHUWRQ�*UHHQVWRQH�%HOW��6RXWK�$IULFD��3K�'��WKHVLV��8QLYHUVLWlW�

3RWVGDP�
0HTEHO��1���������7KH�HOHFWULFDO�FRQGXFWLYLW\�VWUXFWXUH�RI�WKH�'HDG�6HD�%DVLQ�GHULYHG�IURP��'�DQG��'�LQYHUVLRQ�RI�PDJQHWRWHOOXULF�GDWD��

3K�'��WKHVLV��'LVVHUWDWLRQ��)UHLH�8QLYHUVLWlW�%HUOLQ��*HUPDQ\�
0HTEHO��1���:HFNPDQQ��8���0XxR]��*���	�5LWWHU��2���������&UXVWDO�PHWDPRUSKLF�IOXLG�IOX[�EHQHDWK�WKH�'HDG�6HD�%DVLQ��FRQVWUDLQWV�IURP�

��'�DQG���'�PDJQHWRWHOOXULF�PRGHOOLQJ��*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO��������������±�����
0RXVDYL��6���+DEHUODQG��&���%DXHU��.���+HMUDQL��%���	�.RUQ��0���������$WWHQXDWLRQ�WRPRJUDSK\�LQ�:HVW�%RKHPLD�9RJWODQG��7HFWRQRSK\VLFV��

��������±����
0XxR]��*���:HFNPDQQ��8���3HN��-���.RYiþLNRYi��6��	�.ODQLFD��5���������5HJLRQDO�WZR�GLPHQVLRQDO�PDJQHWRWHOOXULF�SURILOH�LQ�:HVW�

%RKHPLD�9RJWODQG�UHYHDOV�GHHS�FRQGXFWLYH�FKDQQHO�LQWR�WKH�HDUWKTXDNH�VZDUP�UHJLRQ��7HFWRQRSK\VLFV��������±���
3ODW]��$���	�:HFNPDQQ��8���������$Q�DXWRPDWHG�QHZ�SUH�VHOHFWLRQ�WRRO�IRU�QRLV\�0DJQHWRWHOOXULF�GDWD�XVLQJ�WKH�0DKDODQRELV�GLVWDQFH�

DQG�PDJQHWLF�ILHOG�FRQVWUDLQWV��*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO�*HRSK\V��-��,QW������������������±����
5LWWHU��2���0XxR]��*��:HFNPDQQ��8���.ORVH��5���5XOII��3���5HWWLJ��6���0�OOHU�%UHWWVFKQHLGHU��&���6FK�OHU��0���:LOONRPPHQ��*���	�(\GDP���'���

������$�3HUPDQHQW�0DJQHWRWHOOXULF�5HIHUHQFH�6WDWLRQ�LQ�:LWWVWRFN��*HUPDQ\��5HSRUW���6FLHQWLILF�7HFKQLFDO�5HSRUW���'DWD���������
�*,33�([SHULPHQW��DQG�'DWD�$UFKLYH���������'HXWVFKHV�*HR)RUVFKXQJV=HQWUXP�*)=��3RWVGDP�

5LWWHU��2���-XQJH��$���	�'DZHV��*�-�.���������1HZ�HTXLSPHQW�DQG�SURFHVVLQJ�IRU�PDJQHWRWHOOXULF�UHPRWH�UHIHUHQFH�REVHUYDWLRQV��
*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO����������±�����

:HFNPDQQ��8���0DJXQLD��$���	�5LWWHU��2���������(IIHFWLYH�QRLVH�VHSDUDWLRQ�IRU�PDJQHWRWHOOXULF�VLQJOH�VLWH�GDWD�SURFHVVLQJ�XVLQJ�D�
IUHTXHQF\�GRPDLQ�VHOHFWLRQ�VFKHPH��*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO�������������±����

)LJXUH���
�'�PRGHO�VHFWLRQV�WDNHQ�IURP�
WKH� ILUVW� �'�PRGHO� RI� WKH�07�
GDWD��$�QHDU�VXUIDFH�DQRPDO\�
DW� ���� P� GHSWK� VHHP� WR� EH��
VSDWLDOO\�UHODWHG�WR�WKH�%XEOiN�
	�+DUWRXãRY�PRIHWWH�ILHOGV�

)LJXUH���
'LVWULEXWLRQ�RI�506�GDWD�PLVILW�RI�HDFK�VLWH��6WDUWLQJ�506�ZDV�������ILQDO�506�DIWHU�
����LWHUDWLRQV�������
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