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8Q�PHVVDJH�GH�O¶KRQRUDEOH�&KULVWLQH�6��6WHZDUW��PLQLVWUH�GH�O¶(QYLURQQHPHQW

¬� WRXV� OHV� FRQJUHVVLVWHV� DX� ��H� &RQJUqV� DQQXHO� GH� OD�6RFLpWp� FDQDGLHQQH� GH�PpWpRURORJLH� HW� G¶RFpDQRJUDSKLH�� MH
VRXKDLWH� OD� ELHQYHQXH� j�0RQWUpDO�� XQH� YLOOH� UHFRQQXH� DX� &DQDGD� HW� SDU� OH� PRQGH� HQWLHU� HQ� PDWLqUH� GH� SUpYLVLRQ
HQYLURQQHPHQWDOH�HW�GH�UHFKHUFKH�

(Q� WDQW�TXH�VRXUFH�RIILFLHOOH�G¶LQIRUPDWLRQ�HW� G¶DYHUWLVVHPHQWV�PpWpRURORJLTXHV�DX�&DQDGD��(QYLURQQHPHQW�&DQDGD
RIIUH� TXRWLGLHQQHPHQW� j� GHV� PLOOLRQV� GH� &DQDGLHQV� HW� &DQDGLHQQHV� GHV� SUpYLVLRQV� HQYLURQQHPHQWDOHV� ILDEOHV� HW
SUpFLVHV��&HV�SUpYLVLRQV�OHV�DLGHQW�j�SODQLILHU� OHXUV�DFWLYLWpV�HW�j�VH�SURWpJHU��DLQVL�TXH� OHXUV� IDPLOOHV�HW� OHXUV�ELHQV�
FRQWUH�OHV�HIIHWV�GHV�FRQGLWLRQV�PpWpRURORJLTXHV�HW�HQYLURQQHPHQWDOHV�YLROHQWHV�HW�GDQJHUHXVHV��'¶XQ�RFpDQ�j�O¶DXWUH�
OHV� &DQDGLHQQHV� HW� &DQDGLHQV� SHXYHQW� FRPSWHU� VXU� O¶H[SHUWLVH� PRQGLDOH� HQ� SUpYLVLRQV� PpWpRURORJLTXHV� HW� VXU� OH
GpYRXHPHQW�GH�PpWpRURORJXHV�HW�RFpDQRJUDSKHV�UpXQLV�LFL�DX�&RQJUqV�

-H�VRXKDLWH�TXH�OH�&RQJUqV�VXVFLWH�GHV�GpEDWV� LQWpUHVVDQWV�HW� UHQIRUFH� OHV� OLHQV�TXL�FRQFUpWLVHURQW� O
HQJDJHPHQW�GX
&DQDGD�j�IRXUQLU�j�VD�SRSXODWLRQ�GHV�PHVXUHV�GH�SUpGLFWLRQ�HQYLURQQHPHQWDOH�GpSDVVDQW�QRV�QRUPHV�G
H[FHOOHQFH�

$�PHVVDJH�IURP�WKH�+RQRXUDEOH�&KULVWLQH�6��6WHZDUW��0LQLVWHU�RI�(QYLURQPHQW

,� DP� SOHDVHG� WR� ZHOFRPH� DOO� GHOHJDWHV� WR� WKH� &DQDGLDQ� 0HWHRURORJLFDO� DQG� 2FHDQRJUDSKLF� 6RFLHW\¶V� ��UG� $QQXDO
&RQJUHVV� KHOG� WKLV� \HDU� LQ� 0RQWUHDO�� D� FLW\� UHQRZQHG� ZLWKLQ� &DQDGD� DQG� DURXQG� WKH� ZRUOG� IRU� LWV� HQYLURQPHQWDO
SUHGLFWLRQ�DQG�UHVHDUFK�

(YHU\GD\��(QYLURQPHQW�&DQDGD��&DQDGD¶V�RIILFLDO�VRXUFH�RI�HQYLURQPHQWDO�LQIRUPDWLRQ�DQG�ZHDWKHU�ZDUQLQJV��SURYLGHV
PLOOLRQV�RI�&DQDGLDQV�ZLWK�GHSHQGDEOH�DQG�DFFXUDWH��HQYLURQPHQWDO�SUHGLFWLRQV�WKDW�KHOS�WKHP�SODQ�WKHLU�DFWLYLWLHV�DQG
SURWHFW�WKHPVHOYHV��WKHLU�IDPLOLHV�DQG�WKHLU�SURSHUW\�IURP�WKH�HIIHFWV�RI�VHYHUH�ZHDWKHU�DQG�KD]DUGRXV�HQYLURQPHQWDO
FRQGLWLRQV�� )URP� FRDVW� WR� FRDVW�� &DQDGLDQV� EHQHILW� IURP� &DQDGD¶V� ZRUOG�UHQRZQHG� H[SHUWLVH� LQ� HQYLURQPHQWDO
SUHGLFWLRQ�DQG�WKH�GHGLFDWLRQ�RI�WKH�PHWHRURORJLVWV�DQG�RFHDQRJUDSKHUV�ZKR�KDYH�DVVHPEOHG�DW�WKLV�&RQJUHVV�

0D\� \RXU� GHOLEHUDWLRQV� VWLPXODWH� GHEDWH� DQG� VWUHQJWKHQ� OLQNV� WKDW� ZLOO� IXUWKHU� &DQDGD¶V� FRPPLWPHQW� WR� RIIHU� DOO
&DQDGLDQV�HQYLURQPHQWDO�SUHGLFWLRQ�PHDVXUHV�WKDW�QRW�RQO\�PHHW�EXW�H[FHHG�RXU�VWDQGDUG�RI�H[FHOOHQFH�

Seimac your trusted technology partner with over 25 years of experience and
an excellent reputation for the provision of site-specific marine meteorology,
offshore environmental monitoring equipment and services, sophisticated
software development, satellite telecommunications equipment/services and
software/hardware integration to the ocean research community and to the
transportation, public utility and defence industries.

We provide cost-effective and value-added instruments and services to meet
our clients’ specific needs.

271 Brownlow Avenue
Dartmouth, Nova Scotia
B3B 1W6
Tel:  902-468-3007
Fax:  902-468-3009
Email:  info@seimac.com
www.seimac.com

Delivering custom engineered tracking, meteorological & data solutions
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3URJUDPPH�HW�UpVXPpV 3DJH�LL ��LqPH�FRQJUqV�6&02

4XHOTXHV�PRWV�j
SURSRV�GH�OD�6RFLpWp

$�ZRUG�DERXW�WKH
6RFLHW\

4XHOTXHV�PRWV�j�SURSRV�GH�OD�6RFLpWp

/D� 6RFLpWp� FDQDGLHQQH� GH� PpWpRURORJLH� D� pWp� IRUPpH� HQ� ������ j� SDUWLU� G·XQ� FKDSLWUH� GH� OD� 5R\DO
0HWHRURORJLFDO�6RFLHW\�� /RUVTXH� OHV�RFpDQRJUDSKHV�V·\�VRQW� MRLQWV�HQ������� OH�QRP�GH� OD� VRFLpWp�HVW
GHYHQX�6RFLpWp�FDQDGLHQQH�GH�PpWpRURORJLH�HW�G·RFpDQRJUDSKLH�

/D�6RFLpWp�IXW�LQFRUSRUpH�VRXV�FH�QRP�HQ�������/D�6&02�HVW�XQH�RUJDQLVDWLRQ�QDWLRQDOH�UHJURXSDQW
GHV� LQGLYLGXV�� FHQWUHV� HW� FKDSLWUHV� YRXpV� j� OD� SURPRWLRQ� DX� &DQDGD� GH� OD� PpWpRURORJLH� HW� GH
O·RFpDQRJUDSKLH�� DLQVL� TXH� GHV� GLVFLSOLQHV� HQYLURQQHPHQWDOHV� FRQQH[HV�� VRXV� WRXV� OHXUV� DVSHFWV�� /D
6RFLpWp�RIIUH�DXVVL�OD�FHUWLILFDWLRQ�G·H[SHUWV�FRQVHLOV�HQ�PpWpRURORJLH�HW�O·DSSUREDWLRQ�GHV�SUpVHQWDWHXUV
PpWpR�

4XDWRU]H� FHQWUHV� ORFDX[� RX� VHFWLRQV� VRQW� OHV� SLYRWV� GHV� DFWLYLWpV� ORFDOHV� HW� UpJLRQDOHV�� /HV� LQWpUrWV
VFLHQWLILTXHV� GH� OD� 6RFLpWp� LQFOXHQW��� OD�PpWpRURORJLH� RSpUDWLRQQHOOH�� OD� FOLPDWRORJLH�� O·K\GURORJLH�� OD
SROOXWLRQ�GH�O·DLU�� OD�PpWpRURORJLH�DJULFROH�HW�IRUHVWLqUH�� OD�PpVRPpWpRURORJLH�� OHV�JODFHV�IORWWDQWHV��HW
O·RFpDQRJUDSKLH�FKLPLTXH��SK\VLTXH�HW�KDOLHXWLTXH�

/D�6RFLpWp�RIIUH�GHV�ERXUVHV�GH�YR\DJHV�j�GHV�pWXGLDQWV�SRXU�DVVLVWHU�DX[�FRQJUqV�DQQXHOV��XQH�ERXUVH
GH� YR\DJH� j� XQ� HQVHLJQDQW� SRXU� O·DWHOLHU� ©3URMHFW� $WPRVSKHUHª� GH� O·$06�12$$�� HW� OD� ERXUVH� GX
WURLVLqPH�F\FOH�©:HDWKHU�5HVHDUFK�+RXVH�6&02�&615*ª�

/HV� SULQFLSDOHV� SXEOLFDWLRQV� GH� OD� 6RFLpWp� VRQW� OH� &026� %XOOHWLQ� 6&02� ELPHVWULHO� HW� $WPRVSKHUH�
2FHDQ��$�2���XQH�UHYXH�VFLHQWLILTXH� WULPHVWULHOOH�TXL�SUpVHQWH�GHV�DUWLFOHV��SUpDODEOHPHQW�VRXPLV�j� OD
FULWLTXH��VXU�OHV�UpVXOWDWV�GHV�UHFKHUFKHV�RULJLQDOHV��/D�6&02�D�DXVVL�XQH�SDJH�G·DFFXHLO�VXU�VRQ�VLWH
:(%�R��RQ�\�WURXYH�GH�O·LQIRUPDWLRQ�JpQpUDOH�GXU�OD�6&02�HW�VHV�DFWLYLWpV��DLQVL�TXH�VXU�OD�VFLHQFH�HW
O·HQVHLJQHPHQW�GH�OD�PpWpRURORJLH�HW�GH�O·RFpDQRJUDSKLH�DX�&DQDGD�

2Q�WURXYHUD�SOXV�G·LQIRUPDWLRQ�VXU�OD�6&02�j�KWWS���ZZZ�PHGV�VGPP�GIR�PSR�JF�FD�FPRV��

$ERXW�WKH�6RFLHW\

7KH�&DQDGLDQ�0HWHRURORJLFDO�6RFLHW\�ZDV�IRUPHG�LQ������IURP�D�EUDQFK�RI�WKH�5R\DO�0HWHRURORJLFDO
6RFLHW\��,Q������ZKHQ�WKH�RFHDQRJUDSKLF�FRPPXQLW\�MRLQHG��WKH�QDPH�RI�WKH�6RFLHW\�ZDV�FKDQJHG�WR
WKH�&DQDGLDQ�0HWHRURORJLFDO�DQG�2FHDQRJUDSKLF�6RFLHW\��&026��

7KH� 6RFLHW\� ZDV� VXEVHTXHQWO\� LQFRUSRUDWHG�ZLWK� WKLV� QDPH� LQ� ������ &026� LV� D� QDWLRQDO� VRFLHW\� RI
LQGLYLGXDOV�� FHQWUHV� DQG� FKDSWHUV� GHGLFDWHG� WR� DGYDQFLQJ� DOO� DVSHFWV� RI� DWPRVSKHULF� VFLHQFHV�
RFHDQRJUDSK\�� DQG� UHODWHG� GLVFLSOLQHV� LQ� &DQDGD�� 7KH� 6RFLHW\� DOVR� RIIHUV� DFFUHGLWDWLRQ� RI
PHWHRURORJLFDO�FRQVXOWDQWV�DQG�HQGRUVHPHQW�RI�PHGLD�ZHDWKHUFDVWHUV�

)RXUWHHQ� 6RFLHW\� FHQWUHV� DQG� FKDSWHUV� DFURVV� &DQDGD� VHUYH� DV� IRFDO� SRLQWV� IRU� ORFDO� DQG� UHJLRQDO
DFWLYLWLHV�� 6FLHQWLILF� LQWHUHVWV� RI� WKH� 6RFLHW\� LQFOXGH��� RSHUDWLRQDO�PHWHRURORJ\�� FOLPDWRORJ\�� K\GURORJ\�
DLU�SROOXWLRQ��DJULFXOWXUH�IRUHVWU\�PHWHRURORJ\��PHVRVFDOH�PHWHRURORJ\��IORDWLQJ�LFH��SK\VLFDO��FKHPLFDO
DQG�ILVKHULHV�RFHDQRJUDSK\�

7KH�6RFLHW\�RIIHUV�WUDYHO�EXUVDULHV�IRU�VWXGHQWV�WR�DWWHQG�$QQXDO�&RQJUHVVHV��D�VHFRQGDU\�VFKRRO�WHDFKHU
WUDYHO� EXUVDU\� IRU� WKH� $06�12$$� :RUNVKRS� �3URMHFW� $WPRVSKHUH��� DQG� WKH� �:HDWKHU� UHVHDUFK
+RXVH�&026�16(5&��JUDGXDWH�VWXGHQW�VXSSOHPHQWDU\�VFKRODUVKLS�

7KH�PDLQ�SXEOLFDWLRQV�RI�&026�DUH� WKH� ELPRQWKO\� �&026�%XOOHWLQ� 6&02��DQG�$WPRVSKHUH�2FHDQ
�$�2���D�TXDUWHUO\�UHIHUHHG� MRXUQDO� IRU� WKH�SXEOLFDWLRQ�RI�UHVXOWV�RI�RULJLQDO� UHVHDUFK��7KH�6RFLHW\�DOVR
PDLQWDLQV� DQ� HOHFWURQLF� :HE� 6LWH�� ZLWK� LQIRUPDWLRQ� RQ� WKH� 6RFLHW\� DQG� LWV� DFWLYLWLHV�� DQG� RQ
PHWHRURORJLFDO�DQG�RFHDQRJUDSKLF�VFLHQFH�DQG�HGXFDWLRQ�DFURVV�&DQDGD�

'HWDLOHG�LQIRUPDWLRQ�RQ�&026�FDQ�EH�IRXQG�RQ�WKLV�ZHE�VLWH�DW
KWWS����ZZZ�PHGV�VGPP�GIR�PSR�JF�FD�FPRV�
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0RW�GX�SUpVLGHQW�GH
OD�6&02

$�ZRUG�IURP�&026
3UHVLGHQW

��H�&RQJUqV���8Q�PRW�GH�QRWUH�SUpVLGHQW

%LHQYHQXH�j�0RQWUpDO�HW�DX���H�&RQJUqV�DQQXHO�GH�OD�6RFLpWp�FDQDGLHQQH�GH�PpWpRURORJLH
HW� G
RFpDQRJUDSKLH�� %LHQ� GHV� JHQV� FRQVLGqUHQW� 0RQWUpDO� FRPPH� OH� SRLQW� FHQWUDO� GH� OD
PpWpRURORJLH�DX�&DQDGD��HW�FH��GHSXLV�OHV�GpEXWV�GH�OD�6&02��TXL�pWDLW�SUpVHQWH�ORUV�GH�OD
FUpDWLRQ� GDQV� OHV� DQQpHV���� GHV� SURJUDPPHV� GH� GHX[LqPH� HW� WURLVLqPH� F\FOHV� HQ
PpWpRURORJLH�j�0F*LOO�HW�SOXV�WDUG�j�O
8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO��'DQV�OH�GRPDLQH�GH
OD� SUpYLVLRQ�PpWpRURORJLTXH� RSpUDWLRQQHOOH��0RQWUpDO� D� DFFXHLOOL� OH� FHQWUH�PpWpRURORJLTXH
QDWLRQDO� DX� VHLQ� GX� ©&HQWUDO� $QDO\VLV� 2IILFHª� �&$2�� GH� 7UDQVSRUWV� &DQDGD�� DXMRXUG
KXL
DSSHOp�OH�&HQWUH�PpWpRURORJLTXH�FDQDGLHQ��&0&��G
(QYLURQQHPHQW�&DQDGD��'DQV�OH�VHFWHXU
SULYp�HW�OHV�PpGLDV�SOXV�SDUWLFXOLqUHPHQW��OD�FKDvQH�0pWpR0pGLD�YLHQW�WRXW�MXVWH�GH�IrWHU�VRQ
GL[LqPH� DQQLYHUVDLUH� GH� GLIIXVLRQ� HQ� FRQWLQX� VXU� OH� FkEOH� GHV� FRQGLWLRQV� PpWpRURORJLTXHV
SRXU� WRXW� OH� &DQDGD�� j� SDUWLU� GH� VHV� VWXGLRV� GH� 0RQWUpDO�� &HV� WURLV� RUJDQLVPHV�� 0F*LOO�
&$2�&0&� HW� 0pWpR0pGLD�� RQW� pWp� UHFRQQXV� HQ� WDQW� TXH� OHDGHUV� PRQGLDX[� GDQV� OHXUV
GRPDLQHV��QRQ�SDV�VHXOHPHQW�XQH�IRLV��PDLV�SHQGDQW�SOXVLHXUV�GpFHQQLHV�

&H� &RQJUqV� PH� UDSSHOOH� GH� ERQV� VRXYHQLUV� SXLVTXH� F
HVW� j� 0RQWUpDO� TXH� M
DL� IDLW� PHV
SUHPLqUHV� DUPHV� FRPPH� SUpYLVLRQQLVWH� DX� EXUHDX�PpWpRURORJLTXH� GH� 'RUYDO� HW� DX� &$2�
PDLV�F
HVW�pJDOHPHQW�Oj�TXH�M
DL�WHUPLQp�PHV�pWXGHV�VXSpULHXUHV�HQ�PpWpRURORJLH��,O�Q
HVW�SDV
VXUSUHQDQW� TXH� OHV� GLULJHDQWV� GHV� VHUYLFHV� JRXYHUQHPHQWDX[� HW� GHV� XQLYHUVLWpV� j� O
pSRTXH
DLHQW� �pWp�pJDOHPHQW� WUqV� LPSOLTXpV�GDQV� OHV�GpEXWV�GH� OD� 6&02��00��+LWVFKIHOG��%RYLOOH�
2UYLJ� HW� 9RZLQFNHO�� GH� 0F*LOO�� 00�� /HDYHU�� 5REHUW�� .ZL]DN� HW� $QGHUVRQ�� GX� &$2�� (W� OD
WUDGLWLRQ�VH�SHUSpWXH�DXMRXUG
KXL�

1RXV�VRPPHV�HQ�HIIHW�WUqV�SULYLOpJLpV�GH�EpQpILFLHU�GH�WRXW� OH�WDOHQW�HW�WRXWH�O
H[SpULHQFH�GX
FRPLWp�RUJDQLVDWHXU�GX�&RQJUqV��VRXV�OD�GLUHFWLRQ�GX�SUpVLGHQW�GX�FHQWUH�GH�0RQWUpDO��3LHUUH
'XEUHXLO��-HDQ�*X\�&DQWLQ�D�UpXQL�XQH�pTXLSH�LPSRVDQWH�SRXU�YRLU�DX[�SUpSDUDWLIV�ORFDX[�HW
+DO� 5LWFKLH� D�PLV� HQ� SODFH� XQ� SURJUDPPH� VFLHQWLILTXH� pWRIIp� VXU� OH� WKqPH� GH� OD� 3UpYLVLRQ
HQYLURQQHPHQWDOH��(Q�SOXV�G
DVVLVWHU�j�GH�QRPEUHXVHV�SUpVHQWDWLRQV�VFLHQWLILTXHV�� YRXV�rWHV
FRUGLDOHPHQW� LQYLWpV�j�SDUWLFLSHU�j�G
DXWUHV�pYpQHPHQWV�DQQXHOV� WUqV� LPSRUWDQWV�TXL�RQW� OLHX
SHQGDQW� OHV� FRQJUqV� GH� OD� 6&02� �� O
$VVHPEOpH� JpQpUDOH� DQQXHOOH�� OH� EDQTXHW�� OH� OXQFK
3DWWHUVRQ�HW�OH�OXQFK�7XOO\�

-H� YRXV� VRXKDLWH� j� QRXYHDX� OD� ELHQYHQXH� DX� &RQJUqV�� /
DWPRVSKqUH� SURPHW� G·rWUH
VWLPXODQWH�

%LOO�3XJVOH\��3UpVLGHQW

&RQJUHVV�����$�:RUG�IURP�RXU�3UHVLGHQW

:HOFRPH�WR�0RQWUHDO�DQG��WKH���UG�$QQXDO�&RQJUHVV�RI�WKH�&DQDGLDQ�0HWHRURORJLFDO�DQG
2FHDQRJUDSKLF� 6RFLHW\�� 0DQ\� SHRSOH� FRQVLGHU� 0RQWUHDO� RQH� RI� WKH� SULQFLSDO� IRFL� RI
&DQDGLDQ�PHWHRURORJ\� IRU� DW� OHDVW� WKH� OLIHWLPH� RI� &026� LWVHOI�� KDYLQJ� VHHQ� WKH� ELUWK� RI� D
JUDGXDWH� SURJUDP� LQ� PHWHRURORJ\� DW� 0F*LOO� LQ� WKH� VL[WLHV� DQG� ODWHU� DW� WKH� 8QLYHUVLW\� RI
4XHEHF� DW�0RQWUHDO�� ,Q� RSHUDWLRQDO� ZHDWKHU� IRUHFDVWLQJ��0RQWUHDO� KDV� EHHQ� KRPH� WR� WKH
QDWLRQDO�FHQWUH�RI�ZHDWKHU�JXLGDQFH�DW�ZKDW�ZDV�RULJLQDOO\�WKH�&HQWUDO�$QDO\VLV�2IILFH�RI�WKH
0HWHRURORJLFDO� %UDQFK� RI� 7UDQVSRUW� &DQDGD� DQG� LV� WRGD\� WKH� &DQDGLDQ� 0HWHRURORJLFDO
&HQWUH� RI� (QYLURQPHQW� &DQDGD�� ,Q� WKH� SULYDWH� VHFWRU� DQG� WKH� PHGLD� LQ� SDUWLFXODU�� WKH
:HDWKHU� 1HWZRUN� KDV� MXVW� FHOHEUDWHG� LWV� WHQWK� DQQLYHUVDU\� RI� EURDGFDVWLQJ� WKH� ZHDWKHU
FRQWLQXRXVO\� RQ� FDEOH� WR� DOO� RI� &DQDGD� IURP� LWV� VWXGLRV� LQ� 0RQWUHDO�� $OO� WKUHH� H[DPSOHV�
0F*LOO��&$2�&0&�DQG�WKH�:HDWKHU�1HWZRUN�KDYH�EHHQ�UHFRJQL]HG�DV�ZRUOG�FODVV�OHDGHUV
LQ�WKHLU�ILHOG��QRW�MXVW�LQ�RQH�\HDU�EXW�RYHU�GHFDGHV�



3URJUDPPH�HW�UpVXPpV 3DJH�LY ��LqPH�FRQJUqV�6&02

8Q�PRW�GX�SUpVLGHQW
GH�OD�6&02

$�ZRUG�IURP�&026
3UHVLGHQW

7KLV�&RQJUHVV�EULQJV�EDFN�VSHFLDO�PHPRULHV� WR�PH�SHUVRQDOO\�EHFDXVH�0RQWUHDO� LV�ZKHUH� ,
JRW� HDUO\� H[SHULHQFH� DV� D� IRUHFDVWHU� DW� WKH� 'RUYDO�:HDWKHU�2IILFH� DQG� DW� &$2� DQG� DOVR
ZKHUH�,�FRPSOHWHG�D�JUDGXDWH�GHJUHH� LQ�PHWHRURORJ\��,W� LV�QRW�VXUSULVLQJ� WKDW� WKH�QDPHV�DW
WKH�WRS�RI�DFDGHPLD�DQG�JRYHUQPHQW�VHUYLFH�WKHQ�ZHUH�DOVR�WKH�SURPLQHQW�LQ�WKH�HDUO\�GD\V
RI�&026��+LWVFKIHOG�� %RYLOOH��2UYLJ�DQG�9RZLQFNHO� DW�0F*LOO�� /HDYHU�� 5REHUW�� .ZL]DN� DQG
$QGHUVRQ�DW�&$2��$QG�VR�LW�FRQWLQXHV�WRGD\�

:H�DUH�LQGHHG�IRUWXQDWH�WR�KDYH�DYDLODEOH�WKH�VNLOO�DQG�H[SHULHQFH�RI�WKH�WHDP�WKDW�RUJDQL]HG
WKLV� &RQJUHVV�� XQGHU� WKH� OHDGHUVKLS� RI� WKH� &KDLU� RI� WKH� 0RQWUHDO� &HQWUH�� 3LHUUH� 'XEUHXLO�
-HDQ�*X\�&DQWLQ�KDV�DVVHPEOHG�DQ� LPSUHVVLYH� WHDP� WR� ORRN� DIWHU� ORFDO� DUUDQJHPHQWV� DQG
+DO� 5LWFKLH� KDV� RUJDQL]HG� D� ULFK� VFLHQWLILF� SURJUDP� XQGHU� WKH� WKHPH� RI� (QYLURQPHQWDO
3UHGLFWLRQ�� ,Q� DGGLWLRQ� WR� KHDULQJ� WKH� PDQ\� VFLHQWLILF� SDSHUV�� \RX� DUH� FRUGLDOO\� LQYLWHG� WR
SDUWLFLSDWH� LQ� WKH� RWKHU� RQFH�D�\HDU� HYHQWV� WKDW� DUH� DQ� LPSRUWDQW� SDUW� RI� DQ\� &026
&RQJUHVV�� WKH� $QQXDO� *HQHUDO� 0HHWLQJ�� WKH� %DQTXHW�� WKH� 3DWWHUVRQ� /XQFK� DQG� WKH� 7XOO\
/XQFK�

2QFH�DJDLQ��ZHOFRPH�WR�WKH�&RQJUHVV��(QMR\�WKH�VWLPXODWLQJ�DWPRVSKHUH�

%LOO�3XJVOH\��3UHVLGHQW
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8Q�PRW�GH�QRWUH
SUpVLGHQW

$�:RUG�IURP�RXU
SUHVLGHQW

%LHQYHQXH�j�YRXV�WRXV��FKHUV�FRQJUHVVLVWHV�

&·HVW�DYHF�MRLH��ILHUWp�HW�UHFRQQDLVVDQFH�TXH�MH�YRXV�VRXKDLWH�OD�ELHQYHQXH�DX���H�&RQJUqV
GH�OD�6RFLpWp�FDQDGLHQQH�GH�PpWpRURORJLH�HW�G·RFpDQRJUDSKLH�

/D�MRLH�GH�YRXV�DFFXHLOOLU�j�0RQWUpDO��OD�GHX[LqPH�SOXV�JUDQGH�YLOOH�IUDQFRSKRQH�GX�PRQGH�
-H�YRXV�HQFRXUDJH�j�H[SORUHU�OHV�FRLQV�WRXULVWLTXHV�HW�OHV�UHVWDXUDQWV��HW�j�YRXV�LPSUpJQHU�
SHQGDQW�TXHOTXHV�MRXUV��GH�QRWUH�MRLH�GH�YLYUH�HW�GH�QRWUH�H[XEpUDQFH�

/D�ILHUWp�GH�OD�YLJXHXU�HW�GH�OD�GLYHUVLWp�GHV�RUJDQLVPHV�RHXYUDQW�HQ�PpWpRURORJLH�HW�HQ
RFpDQRJUDSKLH�j�0RQWUpDO��DLQVL�TXH�GH�OD�TXDOLWp�GH�QRV�FKHUFKHXUV�HW�SURIHVVLRQQHOV�
3OXVLHXUV�GH�QRV�PHPEUHV�VRQW�UHFRQQXV�FRPPH�OHDGHUV�GH�OHXU�VSpFLDOLWp��j�O·pFKHOOH
QDWLRQDOH�HW�LQWHUQDWLRQDOH�

/D�UHFRQQDLVVDQFH�HQYHUV�WRXV�FHX[�HW�FHOOHV�TXL�VH�VRQW�GpYRXpV�SRXU�RUJDQLVHU�FH�&RQJUqV�
/H�'U��+DO�5LWFKLH�HW�VRQ�pTXLSH�RQW�VWUXFWXUp�XQ�SURJUDPPH�GH�KDXWH�TXDOLWp���/H�WKqPH�´OD
SUpYLVLRQ�HQYLURQQHPHQWDOHµ�QRXV�FHQWUH�UpVROXPHQW�VXU�OH�IXWXU�HW�GpPRQWUH�O·LPSRUWDQFH
JUDQGLVVDQWH�GH�QRV�GLVFLSOLQHV��j�O·DXEH�GX���H�VLqFOH���$YHF�SOXV�GH�����SUpVHQWDWLRQV
VFLHQWLILTXHV��MH�VXLV�SHUVXDGp�TXH�FKDFXQ�VDXUD�EpQpILFLHU�GH�QRWUH�ULFKHVVH�FROOHFWLYH�

0���-HDQ�*X\�&DQWLQ�HW�VRQ�pTXLSH�PpULWHQW�DXVVL�QRWUH�SOHLQH�UHFRQQDLVVDQFH�SRXU�DYRLU
RUJDQLVp�WRXV�OHV�DVSHFWV�ORJLVWLTXHV�DILQ�TXH�FH�&RQJUqV�VRLW�DJUpDEOH�SRXU�FKDFXQ�GH�YRXV�
%kWLVVDQW�VXU�OHV�VXFFqV�GHV�&RQJUqV�SUpFpGHQWV��QRXV�YRXORQV�YRXV�SHUPHWWUH�GH�SURILWHU�DX
PD[LPXP�GH�YRWUH�VpMRXU���-H�VXLV�SDUWLFXOLqUHPHQW�KHXUHX[�TXH�QRXV�D\RQV�SX�RIIULU�GHV
ORJHPHQWV�j�XQ�FR�W�WUqV�DERUGDEOH��SRXU�IDYRULVHU�OD�SDUWLFLSDWLRQ�GHV�pWXGLDQWV�

)LQDOHPHQW��MH�YRXV�VXLV�UHFRQQDLVVDQW��FKHUV�FRQJUHVVLVWHV���9RXV�rWHV�O·HVVHQFH�PrPH�GX
&RQJUqV���%LHQ�SOXV�TX·XQH�VXLWH�GH�SUpVHQWDWLRQV��OH�&RQJUqV�HVW�O·RFFDVLRQ�GH�FRQWDFWV�
G·pFKDQJHV��GH�GLVFXVVLRQV�HW�G·XQH�UHPLVH�HQ�TXHVWLRQ�GH�QRV�RULHQWDWLRQV���&·HVW�XQ�WHPSV
SURSLFH�SRXU�GpYHORSSHU�GHV�DPLWLpV�HW�GHV�FROODERUDWLRQV���0HUFL�GH�YRWUH�SDUWLFLSDWLRQ�HW�GH
YRWUH�LPSOLFDWLRQ���&·HVW�FHOD�TXL�IHUD�GH�FH�&RQJUqV�XQ�PRPHQW�PpPRUDEOH�

(VSpUDQW�TXH�YRXV�SDVVHUH]�XQH�VHPDLQH�PHUYHLOOHXVH�DYHF�QRXV�

3LHUUH�'XEUHXLO
3UpVLGHQW��&HQWUH�GH�0RQWUpDO
6RFLpWp�FDQDGLHQQH�GH�PpWpRURORJLH�HW�G·RFpDQRJUDSKLH

:HOFRPH�WR�DOO�RI�\RX��GHDU�FROOHDJXHV�

,W�LV�ZLWK�MR\��SULGH�DQG�WKDQNIXOQHVV�WKDW�,�ZHOFRPH�\RX�WR�WKH���UG�&RQJUHVV�RI�WKH�&DQDGLDQ
0HWHRURORJLFDO�DQG�2FHDQRJUDSKLF�6RFLHW\�

-R\�RI�ZHOFRPLQJ�\RX�LQ�0RQWUHDO��WKH�VHFRQG�ODUJHVW�IUHQFK�VSHDNLQJ�FLW\�LQ�WKH�ZRUOG����,
HQFRXUDJH�\RX�WR�H[SORUH�WKH�WRXULVWLF�DUHDV��WKH�UHVWDXUDQWV��DQG�WR�EHFRPH�SDUW�RI�RXU
H[XEHUDQW�´MRLH�GH�YLYUHµ�IRU�D�IHZ�GD\V�

3ULGH�LQ�WKH�YLJRU�DQG�GLYHUVLW\�RI�RUJDQL]DWLRQV�LQYROYHG�LQ�PHWHRURORJ\�DQG�RFHDQRJUDSK\
LQ�0RQWUHDO��DQG�LQ�WKH�TXDOLW\�RI�RXU�UHVHDUFKHUV�DQG�SURIHVVLRQDOV���0DQ\�RI�RXU�PHPEHUV
DUH�UHFRJQL]HG�DV�OHDGHUV�RI�WKHLU�VSHFLDOW\��QDWLRQDOO\�DQG�LQWHUQDWLRQDOO\�
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8Q�PRW�GH�QRWUH
SUpVLGHQW

$�:RUG�IURP�RXU
3UHVLGHQW

7KDQNIXOQHVV�WRZDUGV�DOO�WKRVH�WKDW�KDYH�ZRUNHG�GLOLJHQWO\�WR�RUJDQL]H�WKLV�FRQJUHVV���'U��+DO
5LWFKLH�DQG�KLV�WHDP�KDYH�VWUXFWXUHG�D�KLJK�TXDOLW\�SURJUDP���7KH�WKHPH�´HQYLURQPHQWDO
SUHGLFWLRQµ�IRFXVHV�XV�RQ�WKH�IXWXUH�DQG�GHPRQVWUDWHV�WKH�JURZLQJ�UHOHYDQFH�RI�RXU
GLVFLSOLQHV��DV�ZH�DSSURDFK�WKH���VW�FHQWXU\���:LWK�PRUH�WKDQ�����VFLHQWLILF�SUHVHQWDWLRQV��,
DP�FRQYLQFHG�WKDW�HYHU\RQH�ZLOO�EHQHILW�IURP�RXU�FROOHFWLYH�ULFKQHVV�

0���-HDQ�*X\�&DQWLQ�DQG�KLV�WHDP�DOVR�GHVHUYH�RXU�GHHSHVW�WKDQNV�IRU�RUJDQL]LQJ�DOO�WKH
ORJLVWLFDO�DVSHFWV�WR�PDNH�WKLV�FRQJUHVV�HQMR\DEOH�WR�HYHU\RQH�RI�\RX���%XLOGLQJ�RQ�WKH
SUHYLRXV�FRQJUHVVHV·�VXFFHVVHV��ZH�ZDQW�WR�OHW�\RX�EHQHILW�IXOO\�IURP�\RXU�VWD\�ZLWK�XV���,�DP
SDUWLFXODUO\�KDSS\�WKDW�ZH�ZHUH�DEOH�WR�RIIHU�YHU\�DIIRUGDEOH�DFFRPPRGDWLRQ��WR�VXSSRUW
VWXGHQW�SDUWLFLSDWLRQ�

)LQDOO\��,�DP�WKDQNIXO�WR�\RX��GHDU�SDUWLFLSDQWV���<RX�DUH�WKH�HVVHQFH�RI�WKH�FRQJUHVV���0XFK
PRUH�WKDQ�D�VHTXHQFH�RI�SUHVHQWDWLRQV��WKH�FRQJUHVV�LV�DQ�RSSRUWXQLW\�IRU�FRQWDFWV�
H[FKDQJHV��GLVFXVVLRQV�DQG�UHDVVHVVPHQW�RI�RXU�RULHQWDWLRQV���,W�LV�WKH�SHUIHFW�WLPH�WR�EXLOG
IULHQGVKLSV�DQG�FROODERUDWLRQV���7KDQNV�IRU�\RXU�SDUWLFLSDWLRQ�DQG�LPSOLFDWLRQ���7KLV�LV�ZKDW
ZLOO�PDNH�WKLV�FRQJUHVV�D�PHPRUDEOH�HYHQW�

+RSLQJ�\RX�ZLOO�KDYH�D�PDUYHORXV�ZHHN�ZLWK�XV�

3LHUUH�'XEUHXLO
3UHVLGHQW��0RQWUHDO�&HQWUH
&DQDGLDQ�0HWHRURORJLFDO�DQG�2FHDQRJUDSKLF�6RFLHW\
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8Q�PRW�GX�SUpVLGHQW
GX�FRPLWp�GX
SURJUDPPH
VFLHQWLILTXH

$�:RUG�IURP�WKH
3UHVLGHQW�RI�WKH
6FLHQWLILF
&RPPLWWHH

&KHUV�FROOqJXHV�

/H�WKqPH�TXH�QRXV�DYRQV�UHWHQX��©�3UpYLVLRQ�HQYLURQQHPHQWDOH�ª��D�VXVFLWp�XQH�IRUWH
UpSRQVH�GH�OD�FROOHFWLYLWp�VFLHQWLILTXH��WDQW�DX�VHLQ�GH�OD�6&02�TX·j�O·H[WpULHXU��QRXV
DYRQV�DLQVL�UHoX�TXHOTXH�����SUpVHQWDWLRQV�FRXYUDQW�XQH�YDVWH�JDPPH�GH�VXMHWV�GH
PpWpRURORJLH�HW�G·RFpDQRJUDSKLH��1RXV�DYRQV�pJDOHPHQW�OH�SODLVLU�G·DQQRQFHU�TXH
GHV�VFLHQWLILTXHV�GH�WUqV�KDXW�QLYHDX�RQW�DFFHSWp�QRWUH� LQYLWDWLRQ�GH�SURQRQFHU�XQH
FRQIpUHQFH�� FH� TXL� GRQQHUD� XQ� FDGUH� VROLGH� j� XQ� SURJUDPPH� TXL� SURPHW� G·rWUH
LQWpUHVVDQW�HW�HQULFKLVVDQW��SUpVHQWDQW�OHV�UpVXOWDWV�GH�UHFKHUFKHV�SDVVLRQQDQWHV�GDQV
XQ�GRPDLQH�VFLHQWLILTXH�TXL�pYROXH�WUqV�YLWH�

-H� WLHQV� j� UHPHUFLHU� OHV�PHPEUHV� GX�&RPLWp� GX� SURJUDPPH� VFLHQWLILTXH�� GRQW� RQ
WURXYHUD�OD� OLVWH�GDQV� OH�SUpVHQW�YROXPH��TXL�P·RQW�DLGp�j�H[DPLQHU� OHV� UpVXPpV��j
WURXYHU� OHV� FRQIpUHQFLHUV� LQYLWpV� HW� j� RUJDQLVHU� OH� SURJUDPPH�� OH� &RPLWp
RUJDQLVDWHXU�� TXL� V·HVW� DWWDTXp� DYHF� HQWKRXVLDVPH� DX[� QRPEUHX[� GpWDLOV� JUkFH
DXTXHO� OH� &RQJUqV� VH� GpURXOHUD� GDQV� XQH� DWPRVSKqUH� DJUpDEOH� HW� VWLPXODQWH�� HW
YRXV� WRXV�� OHV� DXWHXUV�� TXL� DSSRUWHQW� O·LQIRUPDWLRQ� VFLHQWLILTXH�� OH� FRHXU�PrPH� GX
&RQJUqV�

%LHQYHQXH�DX�&RQJUqV�

+DUROG�5LWFKLH
3UpVLGHQW
&RPLWp�GX�SURJUDPPH�VFLHQWLILTXH��&RQJUqV������GH�OD�6&02

'HDU�&ROOHDJXHV�

2XU� �(QYLURQPHQWDO� 3UHGLFWLRQ�� WKHPH� KDV� GUDZQ� D� YHU\� VWURQJ� UHVSRQVH� IURP� WKH
VFLHQWLILF� FRPPXQLW\�ERWK� LQVLGH�DQG�RXWVLGH�&026��ZLWK�D� WRWDO� RI�DSSUR[LPDWHO\
���� SUHVHQWDWLRQV� LQ� D� ZLGH� UDQJH� RI� WRSLFV� LQ� 0HWHRURORJ\� DQG�2FHDQRJUDSK\�
:H�DUH�DOVR�SOHDVHG�WKDW�YHU\�KLJK�FDOLEHU�VFLHQWLVWV�KDYH�DFFHSWHG�RXU�LQYLWDWLRQV�WR
EH� LQYLWHG� VSHDNHUV�� SURYLGLQJ� D� VROLG� IUDPHZRUN� IRU� ZKDW� SURPLVHV� WR� EH� DQ
LQIRUPDWLYH�DQG�LQWHUHVWLQJ�SURJUDP�SUHVHQWLQJ�H[FLWLQJ�UHVHDUFK�LQ�UDSLGO\�HYROYLQJ
VFLHQFHV�

6LQFHUH�WKDQNV�DUH�H[SUHVVHG�WR��WKH�PHPEHUV�RI�WKH�6FLHQWLILF�3URJUDP�&RPPLWWHH�
DV�OLVWHG�QHDUE\�LQ�WKLV�YROXPH��IRU�WKHLU�KHOS�LQ�UHYLHZLQJ�DEVWUDFWV��DUUDQJLQJ�LQYLWHG
VSHDNHUV�� DQG� RUJDQL]LQJ� WKLV� SURJUDP�� WR� WKH� /RFDO� $UUDQJHPHQWV�&RPPLWWHH� IRU
WKHLU� HQWKXVLDVWLF� FROODERUDWLRQ� LQ� RUJDQL]LQJ� WKH� PDQ\� GHWDLOV� WKDW� SURYLGH� D
VWLPXODWLQJ�DQG�HQMR\DEOH�DWPRVSKHUH�IRU�WKH�&RQJUHVV��DQG�WR�DOO�\RX�DXWKRUV�ZKR
VXSSO\�WKH�VFLHQFH�DW�WKH�KHDUW�RI�WKLV�&RQJUHVV�

:HOFRPH�WR�\RXU�&RQJUHVV�

<RXUV�VLQFHUHO\�

+DUROG�5LWFKLH
&KDLU��&026�&RQJUHVV�
���6FLHQWLILF�3URJUDP�&RPPLWWHH
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8Q�PRW�GX�SUpVLGHQW
GX�FRPLWp
RUJDQLVDWHXU�GX
FRQJUqV

$�:RUG�IURP�WKH
&KDLUPDQ�RI�WKH
/RFDO�$UUDQJHPHQWV
&RPPLWWHH

(Q� WDQW� TXH�SUpVLGHQW�GX� FRPLWp�RUJDQLVDWHXU�� MH� VRXKDLWH�j� WRXV� HW� WRXWHV� OD� SOXV
FRUGLDOH� ELHQYHQXH� j� 0RQWUpDO�� /HV� PHPEUHV� GX� FRPLWp� RUJDQLVDWHXU� HW� FHX[� GX
FRPLWp�VFLHQWLILTXH�RQW�EHDXFRXS�WUDYDLOOp�DILQ�TXH�OH���H�FRQJUqV�VRLW�XQ�VXFFqV��-H
OHV�HQ�UHPHUFLH��1·KpVLWH]�SDV�j�IDLUH�DSSHO�j�OHXU�VHUYLFH�
-H�WLHQV�j�UHPHUFLHU�VLQFqUHPHQW��G·DERUG��QRV�FRPPDQGLWDLUHV��SDU�RUGUH
DOSKDEpWLTXH��

$304��$VVRFLDWLRQ�SURIHVVLRQQHOOH�GHV�PpWpRURORJLVWHV�GX�4XpEHF�
&$03%(//�6&,(17,),&��&$1$'$��&253�
(19,5211(0(17�&$1$'$
+<'52�48e%(&
1(&�+16;
6(,0$&
7(/(6$7�&$1$'$

HW�pJDOHPHQW�WRXV�OHV�RUJDQLVPHV�TXL�RQW�FRQWULEXp�GH�SUqV�RX�GH�ORLQ�j�FH�FRQJUqV��
$,5�&$1$'$
0e7e20e',$
81,9(56,7e�'8�48e%(&�­�02175e$/
81,9(56,7e�0F*,//

$X�SODLVLU�GH�YRXV�UHQFRQWUHU�
-HDQ�*X\�&DQWLQ

$V� WKH�&KDLUPDQ�RI� WKH�/RFDO�$UUDQJHPHQWV�&RPPLWWHH�� ,�ZDQW� WR�ZHOFRPH�\RX� WR
0RQWUHDO�� 7KH� /RFDO� $UUDQJHPHQWV� &RPPLWWHH� DQG� WKH� 6FLHQWLILF� &RPPLWWHH
PHPEHUV�ZRUNHG�KDUG�WR�PDNH�WKH���UG�&RQJUHVV�D�VXFFHVV��,� WDNH�WKLV�RSSRUWXQLW\
WR�WKDQN�WKHP�DOO��7KH\�ZLOO�EH�JODG�WR�KHOS�\RX�
,�ZDQW�WR�WKDQN�VLQFHUHO\��ILUVW��RXU�VSRQVRUV��DOSKDEHWLFDO�RUGHU���

$304��$VVRFLDWLRQ�SURIHVVLRQQHOOH�GHV�PpWpRURORJLVWHV�GX�4XpEHF�
&$0%(//�6&,(17,),&��&$1$'$��&253�
(19,5210(17�&$1$'$
+<'52�48e%(&
1(&�+16;
6(,0$&
7(/(6$7�&$1$'$

DQG�DOVR�DOO�WKH�RUJDQL]DWLRQV�ZKLFK�FRQWULEXWHG�FORVHO\�WR�WKH�FRQJUHVV��

$,5�&$1$'$
0e7e20e',$
81,9(56,7e�'8�48e%(&�­�02175e$/
0F*,//�81,9(56,7<

:H�DUH�ORRNLQJ�IRUZDUG�WR�PHHWLQJ�\RX�
-HDQ�*X\�&DQWLQ
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/HV�FRPLWpV
RUJDQLVDWHXUV�GX
FRQJUqV�GH�����

&RQJUHVV�����
2UJDQL]LQJ
&RPPLWWHHV

&RPLWp�ORFDO�RUJDQLVDWHXU���/RFDO�$UUDQJHPHQWV�&RPPLWWHH

3UpVLGHQW��&HQWUH�GH�0RQWUpDO�GH�OD�6&02���&KDLUPDQ��&026�0RQWUHDO�&HQWUH�
3LHUUH�'XEUHXLO
(QYLURQQHPHQW�&DQDGD
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

3UpVLGHQW���3UHVLGHQW�
-HDQ�*X\�&DQWLQ
0pWpRURORJLVWH�UHWUDLWp

7UpVRUHULH���7UHDVXUHU
'U��0RQLTXH�7DQJXD\
(QYLURQQHPHQW�&DQDGD
5HFKHUFKH�HQ�3UpYLVLRQ�1XPpULTXH

,QVFULSWLRQ���5HJLVWUDWLRQ
$QGUp�6pYLJQ\
(QYLURQQHPHQW�&DQDGD
'�(�$����5pJLRQ�GX�4XpEHF

([SRVLWLRQ���([KLELW�&RQYHQRU
5REHUW�0DLOKRW
(QYLURQQHPHQW�&DQDGD
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

$FWLYLWpV�VRFLDOHV���6RFLDO�$FWLYLWLHV�&RQYHQRU
/RXLV�/HIDLYUH
(QYLURQQHPHQW�&DQDGD
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

3XEOLFLWp�DXSUqV�GHV�PpGLDV���0HGLD�3XEOLFLW\�&RQYHQRU
'HQLV�%RXUTXH
0pWpR0pGLD

5pYLVLRQ�GHV�WH[WHV�DQJODLV�HW�IUDQoDLV���(QJOLVK�DQG�)UHQFK�'RFXPHQWV�5HYLVLRQ
&RQYHQRU
0DULH�)UDQFH�*XpUDXG

6LWH�LQWHUQHW���:HE�VLWH
<YHV�&KDUWLHU
(QYLURQQHPHQW�&DQDGD
5HFKHUFKH�HQ�3UpYLVLRQ�1XPpULTXH
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/HV�FRPLWpV
RUJDQLVDWHXUV�GX
FRQJUqV�GH�����

&RQJUHVV�����
2UJDQL]LQJ
&RPPLWWHHV

3RUWH�SDUROH���6SRNHVPDQ
0LFKHO�-HDQ
(QYLURQQHPHQW�&DQDGD
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

$ODLQ�%RXUTXH
(QYLURQQHPHQW�&DQDGD
'�(�$����5pJLRQ�GX�4XpEHF

5HVSRQVDEOH���84­0���84­0�&RQYHQRU
3URI��(QULFR�7RUODVFKL
8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO

&RPLWp�VFLHQWLILTXH���6FLHQWLILF�&RPPLWWHH

+DO�5LWFKLH��3UpVLGHQW���&KDLUPDQ�
(QYLURQQHPHQW�&DQDGD
5HFKHUFKH�HQ�SUpYLVLRQ�QXPpULTXH

5LFKDUG�*UHDWEDWFK
'DOKRXVLH�8QLYHUVLW\�'HSDUWPHQW�RI�2FHDQRJUDSK\

6WpSKDQH�/DURFKH
(QYLURQQHPHQW�&DQDGD
'DWD�$VVLPLODWLRQ�DQG�6DWHOOLWH�0HWHRURORJ\�'LYLVLRQ

5LFKDUG�/HDLWFK
(QYLURQPHQW�&DQDGD
&ORXG�3K\VLFV�5HVHDUFK�'LYLVLRQ

&KDUOHV�/LQ
0F*LOO�8QLYHUVLW\
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV

5HQp�6HUYUDQFN[
(QYLURQQHPHQW�&DQDGD
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH

3HWHU�=ZDFN
8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO

)UDQFLV�=ZLHUV
(QYLURQPHQW�&DQDGD
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV
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,QIRUPDWLRQ�HW
pYpQHPHQWV�VRFLDX[

,QIRUPDWLRQ�DQG
6RFLDO�(YHQWV

%85($8�'(�/·,16&5,37,21
+{WHO�*RXYHUQHXU��3ODFH�'XSXLV��������UXH�6DLQW�+XEHUW��0RQWUpDO��FRLQ�6DLQWH�
&DWKHULQH�(VW�HW�6DLQW�+XEHUW���

'LPDQFKH�OH����PDL���GH���������j��������

8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO��3DYLOORQ�-XGLWK�-DVPLQ�������UXH�6DLQWH�&DWKHULQH
(VW��RQ�SHXW�\�DFFpGHU�SDU�OH�PpWUR��j�OD�VWDWLRQ�%HUUL�84$0���

/XQGL�OH����PDL�� GH��������j��������
0DUGL�OH��HU�MXLQ�� GH��������j��������
0HUFUHGL�OH���MXLQ�� GH��������j��������
-HXGL�OH���MXLQ�� GH��������j��������

%,263+Ë5(
&2&.7$,/�'(�%,(19(18(�1(&�+16;���/$�%,263+Ë5(�
�LQFOXV�QRXUULWXUH����FRQVRPPDWLRQV����ELOOHWV�GH�PpWUR�HW�YLVLWH�JXLGpH�GH�OD�%LRVSKqUH�

(QGURLW���/D�%,263+Ë5(�������FKHPLQ�7RXU�GH�/·,VOH��ÍOH�6DLQWH�+pOqQH��0RQWUpDO��j
��PLQXWHV�GH�PDUFKH�GX�0pWUR�ÍOH�6DLQWH�+pOqQH�

'DWH���OXQGL�OH����PDL����� +HXUH���GH���������j��������

7UDQVSRUW��0pWUR����1RXV�GRQQHURQV�DYHF�FKDTXH�LQVFULSWLRQ�GHX[�ELOOHWV�GH�PpWUR
�DOOHU���UHWRXU�

$OOHU���6H�UHQGUH�DX�0pWUR�%HUUL�84$0�j�TXHOTXHV�SDV�R��VH�WLHQW�OHV�VHVVLRQV�HW�OHV
NLRVTXHV�GHV�H[SRVDQWV��(QVXLWH�VH�GLULJHU�YHUV�O·HQVHLJQH��0pWUR�/RQJXHXLO��/,*1(
-$81(���8QH�IRLV�HQ�URXWH��YRXV�DUUrWH]�j�OD�SURFKDLQH�VWDWLRQ���0pWUR�ÍOH�6DLQWH�
+pOqQH��­�OD�VRUWLH�GH�OD�VWDWLRQ��LO�IDXW�VH�GLULJHU�YHUV�O·LPPHQVH�63+Ë5(���WUqV
YLVLEOH�
5HWRXU��)DLUH�OH�WUDMHW�LQYHUVH�YHUV�OD�VWDWLRQ�0pWUR�ÍOH�6DLQWH�+pOqQH��(QVXLWH�VH
GLULJHU�YHUV�O·HQVHLJQH�0pWUR�%HUUL�84$0�
1RWH�� 3RVVLELOLWp�GH�VWDWLRQQHPHQW�OLPLWp�j�SUR[LPLWp�GH�OD�%LRVSKqUH�HQ�ILQ
G·DSUqV�PLGL�

9,6,7(�'(�/$�%,263+Ë5(��
'DWH���OXQGL�OH����PDL����� +HXUH����������

$66(0%/e(�$118(//(�'(�/$�6&02���/$�%,263+Ë5(�
(QGURLW���/D�%,263+Ë5(�������FKHPLQ�7RXU�GH�/·,VOH��ÍOH�6DLQWH�+pOqQH��0RQWUpDO��j
��PLQXWHV�GH�PDUFKH�GX�0pWUR�ÍOH�6DLQWH�+pOqQH�

'DWH���OXQGL�OH����PDL����� +HXUH����������

7UDQVSRUW��0pWUR����1RXV�GRQQHURQV�DYHF�FKDTXH�LQVFULSWLRQ�GHX[�ELOOHWV�GH�PpWUR
�DOOHU���UHWRXU���

$OOHU���6H�UHQGUH�j�OD�VWDWLRQ�%HUUL�84$0�j�TXHOTXHV�SDV�R��VH�WLHQW�OHV�VHVVLRQV�HW
OHV�NLRVTXHV�GHV�H[SRVDQWV��(QVXLWH�VH�GLULJHU�YHUV�O·HQVHLJQH��0pWUR�/RQJXHXLO
�/,*1(�-$81(���8QH�IRLV�HQ�URXWH��YRXV�DUUrWH]�j�OD�SURFKDLQH�VWDWLRQ���0pWUR�ÍOH
6DLQWH�+pOqQH��­�OD�VRUWLH�GH�OD�VWDWLRQ��LO�IDXW�VH�GLULJHU�YHUV�O·LPPHQVH�63+Ë5(���WUqV
YLVLEOH�
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,QIRUPDWLRQ�HW
pYpQHPHQWV�VRFLDX[

,QIRUPDWLRQ�DQG
6RFLDO�(YHQWV

5HWRXU���)DLUH�OH�WUDMHW�LQYHUVH�YHUV�OD�VWDWLRQ�0pWUR�ÍOH�6DLQWH�+pOqQH��(QVXLWH�VH
GLULJHU�YHUV�O·HQVHLJQH�%HUUL�84$0�
1RWH���3RVVLELOLWp�GH�VWDWLRQQHPHQW�OLPLWp�j�SUR[LPLWp�GH�OD�%LRVSKqUH�HQ�ILQ�G·DSUqV�
PLGL�

5(3$6���0e'$,//(�78//<���5(67$85$17��j�YHQLU���
(QGURLW����j�YHQLU�

'DWH���PDUGL�OH��HU��MXLQ����� +HXUH���'H���������j��������

5(1&2175(�'(6�$1&,(16�'(�/$�0e7e252/2*,(�'(�/·84$0��
(QGURLW���)R\HU�GH�OD�6DOOH�$OIUHG�/DOLEHUWp��3DYLOORQ�-XGLWK�-DVPLQ�

'DWH���PDUGL�OH��HU�MXLQ����� +HXUH����������

%$148(7���+Ñ7(/�*289(51(85��3/$&(�'838,6��
(QGURLW�� %DU�SD\DQW���6DOOH�*RXYHUQHXU��UH]�GH�FKDXVVpH�

%DQTXHW���6DOOH�/$�&$3,7$/(���H�pWDJH��
+Ñ7(/�*289(51(85��3/$&(�'838,6��������UXH�6DLQW�+XEHUW��0RQWUpDO��&RLQ
6DLQWH�&DWKHULQH�HW�6DLQW�+XEHUW���j�HQYLURQ���PLQXWHV�GH�PDUFKH�GHV�VHVVLRQV�HW
NLRVTXHV�GHV�H[SRVDQWV�

'DWH���PHUFUHGL�OH���MXLQ�����
+HXUH���%DU�SD\DQW�GH���������j���������HW�%DQTXHW�j��������

3RVVLELOLWp�G·XQ�UHSDV�YpJpWDULHQ�SRXU�FHX[�HW�FHOOHV�TXL�HQ�IHURQW�OD�GHPDQGH�

5(3$6���0e'$,//(�3$77(5621���)$&8/7<�&/8%��81,9(56,7e�0F*,//�
(QGURLW���)$&8/7<�&/8%��8QLYHUVLWp�0F*LOO�������UXH�0F7DYLVK��0RQWUpDO��XQH�UXH
j�O·RXHVW�GH�0F*LOO�&ROOHJH�HW�DX�QRUG�GH�6KHUEURRNH���j�HQYLURQ����PLQXWHV�GH
PDUFKH�GX�0pWUR�0F*LOO�

'DWH���MHXGL�OH���MXLQ����� +HXUH���GH���������j��������

7UDQVSRUW��DXWREXV��� 'pSDUW��FRLQ�QRUG�GH�6WH�&DWKHULQH�HW�6DQJXLQHW��SRXU�OH
)DFXOW\�&OXE�j� ����������5HWRXU�YHUV�O·+{WHO�*RXYHUQHXU�j��������

3UL[�GH�ELOOHWV���������WD[HV�HW�VHUYLFHV�LQFOXV���3RVVLELOLWp�G·XQ�UHSDV�YpJpWDULHQ�SRXU
FHX[�HW�FHOOHV�TXL�HQ�IHURQW�OD�GHPDQGH�
1RPEUH�GH�SODFHV�HVW�OLPLWp�j����SHUVRQQHV

9,6,7(6�*8,'e(6�(1�)5$1d$,6�28�(1�$1*/$,6��
'DWH���YHQGUHGL�OH���MXLQ

9LVLWH�JXLGpH��*URXSH�����GX�5DGDU�0F*LOO��GX�%XUHDX�GHV�VHUYLFHV�PpWpRURORJLTXHV
HQYLURQQHPHQWDX[��%60(��GH�0RQWUpDO�HW�GH�0pWpR0pGLD
+HXUH���GpSDUW�GH�O·+{WHO�*RXYHUQHXU�3ODFH�'XSXLV�j��������HW�ILQ�GH�OD�YLVLWH�j�����
��

9LVLWH�JXLGpH��*URXSH�����GH�0pWpR0pGLD��GX�5DGDU�0F*LOO�HW�GX�&HQWUH
PpWpRURORJLTXH�FDQDGLHQ
+HXUH���GpEXWH�j�0pWpR0pGLD�������%RXO��5HQp�/pYHVTXH�j���������HW�VH�WHUPLQH�j
�������



��UG�&026�&RQJUHVV 3DJH�[LLL 3URJUDP�DQG�DEVWUDFWV

,QIRUPDWLRQ�HW
pYpQHPHQWV�VRFLDX[

,QIRUPDWLRQ�DQG
6RFLDO�(YHQWV

&2855,(/��
,O�\�DXUD�XQ�ORFDO�SRXU�FHX[�HW�FHOOHV�TXL�VHURQW�LQWpUHVVpV�j�OLUH�OHXU�FRXUULHO�
6$//(���5�������3$9,//21�5�
�(5�e7$*(�$8�'(6686�'(6�6$//(6�'(6�6(66,216
�(QWUpH�SDU�OH�PpWUR�RX�SDU�OH�����UXH�6WH�&DWKHULQH�(VW�
1RWH���PRW�GH�SDVVH�QRXYHDX�j�FKDTXH�MRXU�GLVSRQLEOH�DX�EXUHDX�GH�O·LQVFULSWLRQ

$8�086e(�67(:$57�$8�)257�'(�/·Í/(�6$,17(�+e/Ë1(��
1H�PDQTXHU�SDV�GH�YLVLWHU�O·H[SRVLWLRQ��

1$32/e21�%21$3$57(���­�/·Í/(�6$,17(�+e/Ë1(
'X���PDL�DX����RFWREUH��������2XYHUW���MRXUV�SDU�VHPDLQH�GH���������j��������

-HXGL���MXVTX·j��������
'URLWV�G·HQWUpH����������

5(672
­�/·84­0���6859(,//(=�/(�6<0%2/(�5(672�685�/(�3/$1

5(67$85$176�685�/$�58(�67�'(1,6

3/$&(�'838,6���&$66(�&52Õ7(
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,QIRUPDWLRQ�HW
pYpQHPHQWV�VRFLDX[

,QIRUPDWLRQ�DQG
6RFLDO�(YHQWV

,1)250$7,21�$1'�62&,$/�(9(176

5(*,675$7,21�2)),&(
+{WHO�*RXYHUQHXU��3ODFH�'XSXLV�������6DLQW�+XEHUW�6WUHHW��0RQWUHDO��DW�WKH�FRUQHU
RI�6DLQWH�&DWKHULQH�(DVW�DQG�6DLQW�+XEHUW���

6XQGD\����0D\���IURP���������WR��������

8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO��-XGLWK�-DVPLQ�3DYLOLRQ������6DLQWH�&DWKHULQH�(DVW
6WUHHW��DFFHVVLEOH�E\�WKH�VXEZD\��DW�%HUUL�84$0�6WDWLRQ����

0RQGD\����0D\�� IURP��������WR��������
7XHVGD\���-XQH�� IURP��������WR��������
:HGQHVGD\���-XQH�� IURP��������WR��������
7KXUVGD\���-XQH�� IURP��������WR��������

%,263+Ë5(
1(&�+16;�,&(�%5($.(5���/$�%,263+Ë5(�
�LQFOXGHV�IRRG����GULQNV����VXEZD\�WLFNHWV�DQG�WKH�JXLGHG�WRXU�RI�WKH�%LRVSKqUH�

/RFDWLRQ���/D�%,263+Ë5(�������FKHPLQ�7RXU�GH�/·,VOH��ÍOH�6DLQWH�+pOqQH��0RQWUpDO
�DW���PLQXWHV�ZDONLQJ�IURP�ÍOH�6DLQWH�+pOqQH�0pWUR�

'DWH���0RQGD\����0D\����� 7LPH����IURP���������WR��������

7UDQVSRUWDWLRQ��0pWUR����:LWK�HDFK�UHJLVWUDWLRQ��ZH�ZLOO�SURYLGH�WZR�VXEZD\�WLFNHWV
�UHWXUQ�IDUH�

:D\�WR�JR���)URP�WKH�VHVVLRQ�URRPV�DQG�H[KLELWRUV·�VLWH��ZDON�WR�%HUUL�84$0�0pWUR
ZKLFK�LV�YHU\�FORVH��7KHQ�ORRN�IRU�WKH�VLJQ�/RQJXHXLO�0pWUR��<(//2:�/,1(���2QFH�LQ
WKH�ZDJRQ��\RX�JHW�RII�DW�WKH�QH[W�VWDWLRQ���ÍOH�6DLQWH�+pOqQH�0pWUR��:KHQ�\RX�JHW
RXW�RI�WKH�VWDWLRQ��WDNH�WKH�GLUHFWLRQ�WRZDUGV�WKH�ELJ�63+(5(��\RX�FDQQRW�PLVV�LW�

:D\�EDFN���-XVW�GR�WKH�UHYHUVH�ZD\�WRZDUGV�WKH�VWDWLRQ���ÍOH�6DLQWH�+pOqQH�0pWUR�
7KHQ�ORRN�IRU�WKH�VLJQ�%HUUL�84$0�0pWUR�
1RWH�� 3RVVLELOLW\�RI�OLPLWHG�SDUNLQJ�QHDU�WKH�%LRVSKqUH�

*8,'('�7285�2)�7+(�%,263+Ë5(��

'DWH���0RQGD\����0D\����� 7LPH����������

&026�$118$/�*(1(5$/�0((7,1*���/$�%,263+Ë5(�
/RFDWLRQ���/D�%,263+Ë5(�������FKHPLQ�7RXU�GH�/·,VOH��ÍOH�6DLQWH�+pOqQH��0RQWUpDO
�DW���PLQXWHV�IURP�ÍOH�6DLQWH�+pOqQH�0pWUR�

'DWH���0RQGD\����0D\����� 7LPH�����������

7UDQVSRUWDWLRQ��0pWUR����:LWK�HDFK�UHJLVWUDWLRQ��ZH�ZLOO�SURYLGH�WZR�VXEZD\�WLFNHWV
�UHWXUQ�IDUH�

:D\�WR�JR���)URP�WKH�VHVVLRQ�URRPV�DQG�H[KLELWRUV·�VLWH��ZDON�WR�%HUUL�84$0�0pWUR
ZKLFK�LV�YHU\�FORVH��7KHQ�ORRN�IRU�WKH�VLJQ�/RQJXHXLO�0pWUR��<(//2:�/,1(���2QFH�LQ
WKH�ZDJRQ��\RX�JHW�RII�DW�WKH�QH[W�VWDWLRQ���ÍOH�6DLQWH�+pOqQH�0pWUR��:KHQ�\RX�JHW
RXW�RI�WKH�VWDWLRQ��WDNH�WKH�GLUHFWLRQ�WRZDUGV�WKH�ELJ�63+(5(��\RX�FDQQRW�PLVV�LW�
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,QIRUPDWLRQ�HW
pYpQHPHQWV�VRFLDX[

,QIRUPDWLRQ�DQG
6RFLDO�(YHQWV

:D\�EDFN���-XVW�GR�WKH�UHYHUVH�ZD\�WRZDUGV�WKH�VWDWLRQ���ÍOH�6DLQWH�+pOqQH�0pWUR�
7KHQ�ORRN�IRU�WKH�VLJQ�%HUUL�84$0�0pWUR�
1RWH�� 3RVVLELOLW\�RI�OLPLWHG�SDUNLQJ�QHDU�WKH�%LRVSKqUH�

78//<�0('$/�/81&+���5(67$85$17��WR�FRPH���
/RFDWLRQ����WR�FRPH�

'DWH���7XHVGD\���-XQH����� 7LPH���IURP���������WR��������

0((7,1*�2)�7+(�84$0�*5$'8$7(6��
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7LPH���&DVK�%DU�IURP���������WR���������DQG�%DQTXHW�DW�������
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/RFDWLRQ���)$&8/7<�&/8%��0F*LOO�8QLYHUVLW\��������0F7DYLVK�6WUHHW��0RQWUHDO��RQH
EORFN�ZHVW�RI�0F*LOO�&ROOHJH��QRUWK�RI�6KHUEURRNH���DERXW����PLQXWHV�IURP��0F*LOO
0pWUR�

'DWH���7KXUVGD\���-XQH����� 7LPH���IURP���������WR��������

7UDQVSRUWDWLRQ��EXV���'HSDUWXUH��QRUWK�FRUQHU�RI�6WH�&DWKHULQH�DQG�6DQJXLQHW��IRU
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WKH�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH
7LPH���VWDUWV�DW�WKH�0pWpR0pGLD��:HDWKHU1HWZRUN��������%RXO��5HQp�/pYHVTXH�DW
��������DQG�HQGV�DW��������
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(1)  +{WHO�*RXYHUQHXU�3ODFH�'XSXLV��������UXH�6W�+XEHUW�6WUHHW��FRLQ�FRUQHU�6W�+XEHUW
HW�DQG�6WH�&DWKHULQH�

(2)  8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO��3DYLOORQ�-XGLWK�-DVPLQ�������UXH�6DLQWH�&DWKHULQH��RQ
SHXW�\�DFFpGHU�SDU�OH�PpWUR��j�OD�VWDWLRQ�%HUUL�84$0�$FFHVVLEOH�E\�WKH�VXEZD\��DW�%HUUL�
84$0�6WDWLRQ����OD�VDOOH�/HV�%RLVHULHV�HVW�VLWXpH�DX��qPH�pWDJH��-�������SUqV�GHV
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-$81(���8QH�IRLV�HQ�URXWH��YRXV�DUUrWH]�j�OD�SURFKDLQH�VWDWLRQ���0pWUR�ÍOH�6DLQWH�
+pOqQH��­�OD�VRUWLH�GH�OD�VWDWLRQ��LO�IDXW�VH�GLULJHU�YHUV�O·LPPHQVH�63+Ë5(���WUqV
YLVLEOH�
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GENEQ offers you a wide range of Meteorological
Instruments for all your needs

ZENO 3200 Data Acquisition System
offering many advantages over the competition.

Meteorological Sensors

System Integration

Installation and Training

GENEQ inc. vous offre une gamme complète
d’instruments météorologiques.

Acquisiteur de données de marque COASTAL
modèle ZENO 3200 offrant une multitude
d’avantages sur ceux disponibles sur le marché.

Capteurs météorologiques variés

Intégration de systèmes

Installation et formation.

GENEQ inc. Vancouver office
8047 rue Jarry Est 2628 Granville st.
Montréal, Qué. Vancouver, B.C
H1J 1H6 V6H 3H8
Tel. : (514) 354-2511 Tel. : (604) 731-4944
          1-800-463-4363
Fax. : (514) 354-6948 Fax. : (604) 731-9445
E-mail : meteo@geneq.comE-mail: sbiduk@home.com

.

9LVLWH]�QRWUH�FDWDORJXH�VXU��O·LQWHUQHW�j
ZZZ�JHQHT�FRP���VHFWLRQ
©�0pWpRURORJLH�ª�

9LVLW�RXU�FDWDORJ�RQ�WKH�LQWHUQHW�DW
ZZZ�JHQHT�FRP��VHFWLRQ
©�0HWHRURORJ\�ª�

ZENO 3200

32 Bit RESOLUTION

SENSEUR À ULTRASONS
POUR VITESSE DU VENT

ULTRASONIC WIND SENSOR



Our  Company

SCI-TEC Instruments Inc. located in  Saskatoon, SK, is a market leader in the design and manufacture of solar
radiation, and atmospheric monitoring instrumentation. The company is composed of SCI-TEC in Canada, and
Kipp & Zonen, in the  Netherlands. “ Kipp”  joined SCI-TEC in 1996.

What’s New...

CSD 1 Sunshine Duration Sensor
• No moving parts
• Wide temperature range
• Easy re-calibration
• Optional heating
The CSD 1 is a sensor for measurement of sunshine duration.
Sunshine duration is defined as the time during which the direct
solar radiation exceeds the level of 120 W/m2. The CSD 1 can
also supply a measurement of the level of direct radiation.

LITE Range:
In addition to the high end sensors Kipp & Zonen offers a range
of LITE sensors, based on silicon technology. The range
comprises:

SP-LITE, Silicon Pyranometer
This pyranometer is designed for routine measurement of solar
radiation. Applications are:
• Photo Voltaic / solar energy module monitoring
• Agricultural evapotranspiration estimation
• Air pollution dispersion calculations using the Delta-T

method

NR-LITE, Silicon Net Radiometer
This sensor is designed for routine measurement of net radiation
which is the balance between incoming and outgoing radiation
under outdoor conditions.
The construction of the NR LITE is unique. The detector is based
on a Teflon coated, weather resistant black conical absorber. In
contrast to other sensor designs, the NR LITE requires no fragile
plastic domes. This results in a virtually maintenance free design.

LUX-LITE, Silicon Lux Meter
The lux meter is designed for routine measurement of
illuminance.
It is especially suitable for:
• outdoor daylight monitoring
• illumination engineering
• lighting control systems
LUX LITE can be used under all weather conditions. The sensor
measures the visible light. The sensor uses a specially designed
filter to provide a spectral response equal to that of the average
human eye.

The Net Radiometer CNR1
The CNR 1 Net Radiometer is an ideal instrument for the
analysis of Solar and Far Infrared radiation balance.
• Includes two pyranometers ( 0.3 - 3 µm ) for solar radiation

measurement ( incoming / reflected / albedo / balance )
• Includes two pyrgeometers  ( 5 - 50 µm ) for far infrared

measurement ( balance / soil surface temperature / sky
temperature )

• Robust & fully weatherproof
• Heated to avoid dew deposition

Soon to be released in Summer 1999...

CM22, The Most Accurate Pyranometer
CM22 is a high precision pyranometer with quartz domes. The
spectral range is consequently broadened to
200 -3600 nm (50% points).
• High-end product.
• Negligible zero-offset caused by temperature changes.
• Lowest zero-offset due to FIR radiation.
• Spectral range 200-3600 nm.

CG4, The Breakthrough in Pyrgeometer Design
This new pyrgeometer is designed for meteorological
measurements of FIR irradiance in the spectral range from 4.5 to
50 µm with high reliability and high accuracy. The sensor can be
used under all weather conditions. Even in full sunlight the
window heating effect is very low compared to other sensors on
the market. The CG4 uses a specially designed Silicon window,
which is protected on the outside by a diamond-like coating.
Inside a solar blind filter blocks all solar radiation.

The CV2 Ventilation Unit
The CV 2 is designed for Kipp & Zonen pyranometers
CM 6B, CM 11, CM 21 and pyrgeometer CG 1. Ventilation of
the pyranometer improves the reliability and accuracy of the solar
radiation measurement. This is achieved by:
• Prevention of precipitation of dew, snow and frost, which

would otherwise disturb the measurement.
• Suppression of the infrared offset, which is produced e.g. by

cooling down of the glass domes under calm clear sky
conditions

The ventilation unit is easy to use. The only part that needs
maintenance is the removable filter at the bottom. It has to be
checked on regular intervals. The unit can be used under all
weather conditions.

The CT 24 Solar Sensor 4-20 mA Amplifier
The CT 24 amplifier for solar sensors with remote logging and
extended cables.
• two wire technique
• extended temperature range
• negative signals allowed
• voltage output possible
• fixed or adjustable gain
• surge voltage protection
• EMF shielded

Contact us:

SCI-TEC Instruments Inc.
1503 Fletcher Road
Saskatoon, SK S7M 5S5
PH: 306-934-0101
FX: 306-978-2339
Or come visit our Web site: www.sci-tec.com



Service canadien des glaces
Chef de file en Service d’information des glaces

Chaque année, le Service canadien des glaces obtient de RADARSAT une grande quantité de données sur l’Arctique, la baie d’Hudson, la côte est
canadienne et les Grands Lacs. Son équipe chevronnée de météorologues, de géographes, de climatologues et de spécialistes en informatique se
réunit afin de faire l’analyse de ces données et d'offrir un service d'information des glaces hors pair.

Ces experts connaissent très bien l’Arctique de même que toutes les autres régions envahies par les glaces dans tout le Canada. Ensemble, ils aident
le Service canadien des glaces à réaliser son mandat : celui de fournir les renseignements sur les glaces les plus récents et précis. Les renseignements
et les services offerts par le Service canadien des glaces sont nombreux. Ils comprennent : des cartes et des bulletins spécialisés, des images radar et
satellitaires, l’analyse d’images, des analyses météorologiques, des prévisions adaptées, des  avertissements et des breffages. Les gens et les
industries qui utilisent les renseignements sur les glaces sont, eux aussi, nombreux : ils vont du chercheur, du pêcheur côtier et du touriste aux grandes
compagnies de navigation, aux compagnies d’exploitation pétrolières et gazières en mer, ainsi qu’aux croisiéristes.

Rendez-vous au site du Service canadien des glaces ou à sa page web. Celui-ci renferme une abondance de renseignements, parmi lesquels vous
trouverez une bibliothèque d’ouvrages à consulter, des archives d’images, des liens vers d’autres sites importants, des catalogues et des listes de prix.
Plusieurs produits et services vous sont offerts gratuitement.

Découvrez dès aujourd’hui le Service canadien des glaces.

Service canadien des glaces, Service à la clientèle
(800) 767-2885 / (613) 996-1550 Télec. (613) 947-9160
Cis.Client@ec.gc.ca

Canadian Ice Service
World Leader in Ice Information Service

Every year, the Canadian Ice Service obtains and analyses vast amounts of RADARSAT data covering the Arctic, Hudson’s Bay, the Eastern seaboard
and the Great Lakes. Its team of highly experienced meteorologists, geographers, climatologists, and computer scientists gathers to offer a
comprehensive ice information service.

These experts know the Arctic and all other ice-infested waters across Canada very well. Together, they help the Canadian Ice Service accomplish its
mission: to provide the most timely and accurate ice information. The information and services available from the Canadian Ice Service are extensive.
They include: specialized charts, bulletins, and maps; radar and satellite imagery; image analyses; weather analyses; tailored forecasts; warnings, and
briefings. Ice information is essential to a range of people and industries, from researchers, inshore fishermen, and tourists to large shipping companies,
offshore oil and gas companies, and cruise ship operators.

Visit the Canadian Ice Service display or Web site. In it, you will find a wealth of information, including a reference library, image archives, links to other
notable sites, catalogues, and price lists. Many products and services are available free of charge.

Discover the Canadian Ice Service today.

Canadian Ice Service, Client Service
(800) 767-2885 / (613) 996-1550 Fax (613) 947-9160
Cis.Client@ec.gc.ca
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Centre météorologique canadien
 Canadian Meteorological Centre

'LYLVLRQ�GX�'pYHORSSHPHQW�'HYHORSPHQW
%UDQFK

6&5,%(
Système expert pour la production

de prévisions météorologiques
Expert system for the production of weather forecasts

$:H'
Base de données météorologiques pour l’aéronautique

Aviation Weather Database

0$;���(GLJUDI
Production et édition de produits météorologiques graphiques
Production and edition ot graphical meteorological products

Venez nous voir au kiosque 14.
Come to see us at booth 14.
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SERVICE DES DONNÉES
SUR

 LE MILIEU MARIN

Contactez-nous pour obtenir des détails
sur des produits et services précis de données océanographiques

Contact us for specific oceanographic data products and services

Téléphone (613) 990-0243 Telephone
Télécopieur (613) 993-4658 Fax
Courriel services@meds-sdmm.dfo-mpo.gc.ca e-mail
Internet www.meds-sdmm.dfo-mpo.gc.ca



Venez nous visiter au kiosque 17
Come to see us at booth 17

RMNLIB
sur / on
LINUXRMN

LIB

pow
ered

Section informatique
Recherche en prévision numérique

bientôt disponible dans tous les bons centres de recherche
Available soon in the best research centres

Environnement Canada
Environment Canada
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��K�� ��'�������$�FRPSDULVRQ�RI�YLVLELOLW\
REVHUYDWLRQV�E\�KXPDQ�REVHUYHUV�DQG
DXWRPDWHG�ZHDWKHU�REVHUYLQJ�V\VWHPV
�$:26��LQ�&DQDGD
$PEXU\�6WXDUW

��'�������'\QDPLFV�RI�WKH�%XR\DQF\�'ULYHQ
&RDVWDO�-HW��7KH�*DVSH�&XUUHQW
-LQ\X�6KHQJ

��'�������7HQGDQFH�GH�OD�9DULDELOLWp�GX
&OLPDW�DX�4XpEHF�DX�;;�LqPH�6LqFOH
0\ULDP�0RQWSHWLW

6DOOH���5RRP 5�20��� 5�20��� 5�20��� 5�20���
��K�����K�� &RFNWDLO�GH�ELHQYHQXH���,FH�%UHDNHU��%LRVSKqUH��,OH�6WH�+pOqQH�
��K�����K�� 9LVLWH�GH�OD�%LRVSKqUH���7RXU�RI�WKH�%LRVSKHUH
��K�� $VVHPEOpH�JpQpUDOH�DQQXHOOH�6&02���&026�$QQXDO�*HQHUDO�0HHWLQJ��%LRVSKqUH�

Lundi 31 mai Monday May 31



Mardi 1er juin Tuesday June 1
6(66,21���$�3OpQLqUH���3OHQDU\���(QYLURQPHQWDO�3UHGLFWLRQ�,,,
&KDLU��&KDUOHV�/LQ
��K�����K�� ��$������,QYLWHG�3UHVHQWDWLRQ���&RXSOHG�1XPHULFDO�0RGHOOLQJ�IRU�&RPSUHKHQVLYH�(QYLURQPHQWDO�3UHGLFWLRQ

%\URQ�%RYLOOH
��K�����K�� ��$������,QYLWHG�3UHVHQWDWLRQ���6DJXHQD\�5LYHU�'LVFKDUJH�3UR[LHV��5HVXOWV�IURP�WKH�����������6HGLPHQWDU\�5HFRUGV��E\�&�7��6FKDIHU�DQG�-�1��6PLWK�

&KDUOHV�6FKDIHU
��K�����K�� 3DXVH�VDQWp���+HDOWK�%UHDN
6DOOH���5RRP 5�20��� 5�20��� 5�20��� 5�20���
��K�����K�� ��%�����(QYLURQPHQWDO�3UHGLFWLRQ�,9

&KDLU��+DO�5LWFKLH
��%�����$HURVRO�DQG�&OLPDWH��1$5&0��,,,
&KDLU��8OULNH�/RKPDQQ

��%����2FHDQ�0RGHOOLQJ�,
&KDLU��/DZUHQFH�0\VDN

��%�����&OLPDWH�9DULDELOLW\�DQG�+)3�,,
&KDLU��-DFTXHV�'HURPH

��K�� ��%�������7KH�(IIHFW�RI�7URXJK�,QWHUDFWLRQV
RQ�7URSLFDO�&\FORQH�,QWHQVLW\�&KDQJH
'HERUDK�+DQOH\

��%�������$�6LPXODWLRQ�RI�6L]H�6HJUHJDWHG
6XOSKDWH�$HURVROV�RI�9ROFDQLF�2ULJLQV�LQ�WKH
6WUDWRVSKHUH�XVLQJ�WKH�&0$0
-RQDWKDQ�-LDQJ

��%�������,PSDFW�RI�LQWHUQDO�SDUDPHWHUV�DQG
VXUIDFH�ERXQGDU\�FRQGLWLRQV�RQ�RVFLOODWRU\
EHKDYLRXU�RI�DQ�RFHDQ�JHQHUDO�FLUFXODWLRQ
PRGHO
.LWW\�%URZQ

��%�������&0&�'\QDPLFDO�6HDVRQDO
)RUHFDVW�6\VWHP��0HWKRG�DQG�5HVXOWV
$QGUp�3ODQWH

��K�� ��%�������$�6WXG\�RI�7URSLFDO�WR�([WUDWURSLFDO
&\FORQH�7UDQVLWLRQ�RII�WKH�&DQDGLDQ�DQG�86
(DVW�&RDVWV�����������
&KULVWRSKHU�7��)RJDUW\

��%�������7KH�1$5&0�$HURVRO�0RGHO
$SSOLHG�WR�(��1RUWK�$PHULFD�/,7(�6KXWWOH
0HDVXUHPHQW�3HULRG
/XERV�6SDFHN

��%�������$�VWXG\�RI�WKH�VHQVLWLYLW\�RI�VXUIDFH
FLUFXODWLRQ�WR�WKH�VXUIDFH�ERXQGDU\
FRQGLWLRQV�LQ�WKH�0HOORU�<DPDGD�WXUEXOHQFH
FORVXUH
&KDUOHV�+DQQDK

��%�������&0&�'\QDPLFDO�6HDVRQDO
)RUHFDVW�6\VWHP��6HQVLWLYLW\�6WXGLHV
1RUPDQG�*DJQRQ

��K�� ��%�������$�1HZ�03,�EDVHG�&RXSOHU�IRU�WKH
&&&PD�&*&0��&RXSOHG�0RGHO�
6FRWW�7LQLV

��%�������,QWHUFRPSDULVRQ�RI�/,7(
7URSRVSKHULF�$HURVRO�5HWULHYDOV�ZLWK�WKH
1RUWKHUQ�$HURVRO�5HJLRQDO�&OLPDWH�0RGHO
$DURQ�9DQGHUPHHU

��%�������%RXQGDU\�/D\HU�0L[LQJ�DQG�WKH
2FHDQ
V�7KHUPRKDOLQH�&LUFXODWLRQ
2ODI�'UDYQLHNV

��%�������$�+\EULG�0XOWL�0RGHO�$SSURDFK�7R
6HDVRQDO�3UHGLFWLRQV
*LOEHUW�%UXQHW

��K�� ��%�������$�&RPSDULVRQ�RI�*&0�0RGHOV
ZLWK�([SHULPHQWDO�0HDVXUHPHQWV�RI�6XUIDFH
5DGLDWLYH�)RUFLQJ�E\�*UHHQKRXVH�*DVHV
:D\QH�)�-��(YDQV

��%�������1$W&KHP�3DUWLFOHV��$�3DUWLFOH
'DWDEDVH�IRU�$WPRVSKHULF�5HVHDUFK
3HWHU�/LX

��%�������0RGHOLQJ�WKH�6HDVRQDO�9DULDWLRQ�RI
6HD�,FH�LQ�WKH�/DEUDGRU�6HD
7RP�<DR

��%�������5HVSRQVH�RI�D�VLPSOH�*&0�WR
WURSLFDO�DQG�PLG�ODWLWXGH�667�DQRPDOLHV
1LFN�+DOO

��K�� ��%�������7KH�%HQHILWV�RI�*OREDO�:DUPLQJ�WR
&DQDGD
:D\QH�)�-��(YDQV

��%�������6XQSKRWRPHWHU�QHWZRUN�IRU�WKH
YDOLGDWLRQ�RI�ORQJ�WHUP�FOLPDWLF�PRGHOV�LQ
&DQDGD
$PDGRX�,GULVVD�%RNR\H

��%�������,V�WKH�QHJOHFW�RI�FRDVWDO�XSZHOOLQJ
LQ�4*�PRGHOV�-XVWLILHG�"
'DYLG�1��6WUDXE

��%�������0XOWL�\HDU�H[SHULPHQWV�ZLWK�WKH
*(0�PRGHO
%HUQDUG�'XJDV

��K�� ��%�������&,35$��XQ�RXWLO�GH�JHVWLRQ�DJUR�
HQYLURQQHPHQWDO
5HQp�$XGHW

��%�������*URXQG�&RPSDULVRQV�EHWZHHQ�WKH�WKH
1RUWKHUQ�$HURVRO�5HJLRQDO�&OLPDWRORJLFDO�0RGHO
�1$5&0��DQG�VSDWLR�WHPSRUDO�PHDVXUHPHQWV�RI
SDVVLYH�DHURVRO�RSWLFDO�SDUDPHWHUV

1RUP�2
1HLOO

��%�������9DULDWLRQ�LQ�SUHGLFWDELOLW\
DVVRFLDWHG�ZLWK�ODUJH�VFDOH�FLUFXODWLRQ
SDWWHUQV
-LDQ�6KHQJ

��K�����K�� 'vQHU���/XQFK��7XOO\�
��K�����K�� ��&�����7KH�6DJXHQD\�)ORRG�,

&KDLU��&KDUOHV�6FKDIHU
��&�����3ROOXWLRQ�7UDQVSRUW�DQG�$LU
4XDOLW\�,���&KDLU��-DQXV]�3XG\NLHZLF]

��&�����$WPRVSKHUH�0RGHOOLQJ�,
&KDLU��5REHUW�%HQRvW

��&�����&OLPDWH�9DULDELOLW\�DQG�+)3�,,,
&KDLU��*HUDUOG�%URZQLQJ

��K�� ��&�������6LPXODWLRQ�RI�6HYHUH�3UHFLSLWDWLRQ
DQG�)ODVK�)ORRGV��663))��DQG�DSSOLFDWLRQV
WR�WKH�6DJXHQD\�IORRG
&KDUOHV�/LQ

��&�������6HPL�RSHUDWLRQDO�IRUHFDVWLQJ�RI
WURSRVSKHULF�R]RQH�ZLWK�&+52126
5LFKDUG�0RIIHW

��&�������7KH�$WPRVSKHULF�.LQHWLF�(QHUJ\
%XGJHW�5HVLGXDO
5LFKDUG�(��'DQLHOVRQ

��&�������&RQGLWLRQV�RI�SUHGLFWDEOH�(162
HYHQWV�LQ�QHXUDO�QHWZRUN�PRGHOV
:LOOLDP�+VLHK



��K�� ��&�������+LJK�5HVROXWLRQ�0RGHOOLQJ�6WXG\
RI�WKH�6DJXHQD\�)ORRG
-DVRQ�$��0LOEUDQGW

��&�������6HDVRQDO�6PRJ�)RUHFDVWLQJ�LQ
1HZ�%UXQVZLFN��$�&DVH�6WXG\
&ODXGH�&{Wp

��&�������1RQOLQHDU�FULWLFDO�OD\HU
GHYHORSPHQW�RI�IRUFHG�ZDYH�SDFNHWV�LQ
EDURWURSLF�VKHDU�IORZV
/XF\�&DPSEHOO

��&�������7HOHFRQQHFWLRQV�EHWZHHQ�3DFLILF
VHD�VXUIDFH�WHPSHUDWXUHV�DQG�&DQDGLDQ
SUDLULH�ZKHDW�\LHOG
:LOOLDP�+VLHK

��K�� ��&�������7UDFH�PHWDO�PRELOLW\�LQ�VHGLPHQWV
FRYHUHG�E\�WKH������IORRG�GHSRVLWV�LQ�WKH
6DJXHQD\�)MRUG
$OIRQVR�0XFFL

��&�������)LQH�SDUWLFXODWH�PDWWHU���0RQLWRULQJ
DQG�)RUHFDVWLQJ���&RQVLGHUDWLRQV�DQG
&KDOOHQJHV
'DYLG�:DXJK

��&�������5DGLDWLRQ�DQG�/RFDOLVDWLRQ�RI
3ODQHWDU\�:DYHV�LQ�D�)OXFWXDWLQJ
$WPRVSKHUH��7KHRU\
/LRQHO�3DQGROIR

��&�������:HDWKHU�UHJLPH�GHSHQGHQW
VHDVRQDO�SUHGLFWDELOLW\
+DL�/LQ

��K�� ��F�������(YLGHQFH�IRU�JUDYLW\�IORZ�SURFHVVHV
DV�WKH�PHFKDQLVP�IRU�EDVLQ�VHGLPHQWDWLRQ
LQ�EDLH�GHV�KD��+D���6DJXHQD\�)MRUG��IURP
VLGHVFDQ�VRQDU�GDWD
3KLOLS�+LOO

��&�������0RGHOOLQJ�0DVV�7UDQVIHU�DQG
$TXHRXV�3KDVH�&KHPLVWU\�LQ�$(6
�5HJLRQDO
30�0RGHO��$85$06�
:DQPLQ�*RQJ

��&�������0HVRVFDOH�$OSLQH�3URJUDPPH
�0$3��ILHOG�H[SHULPHQW
5REHUW�%HQRLW

��&�������6LPXODWLRQ�RI�$UFWLF�&OLPDWH
7UHQGV�E\�,QFUHDVHG�*UHHQKRXVH�*DV
)RUFLQJ�RI�D�6WUDWRVSKHULF�0RGHO
*DYLQ�6FKPLGW

��K�� 3RVWHU��������,QWURGXFWLRQV ��&�������$SSOLFDWLRQ�G
XQ�PRGqOH�GH�TXDOLWp
GH�O
DLU�VXU�OH�VXG�GX�4XpEHF�HW
FRPSDUDLVRQ�DYHF�OHV�PHVXUHV�GH
1$5672���
*LOOHV�0RUQHDX

��&�������2SWLPDO�,QWHUSRODWLRQ�RI�&OLPDWH
'DWD�RQWR�$OEHUWD�3RO\JRQV�RI�(FRGLVWULFW
DQG�6RLO�/DQGVFDSH�RI�&DQDGD
*XLORQJ�/L

��&�������7UHQGV�DQG�YDULDELOLW\�LQ�WKH���WK
FHQWXU\�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ�LQ
&DQDGD
;XHELQ�=KDQJ

��K�����K�� 3DXVH�VDQWp���+HDOWK�%UHDN
��K�����K�� ��'����7KH�6DJXHQD\�)ORRG�,,

&KDLU��$OIRQVR�0XFFL
��'�����3ROOXWLRQ�7UDQVSRUW�DQG�$LU
4XDOLW\�,,���&KDLU��5LFKDUG�/HDLWFK

��'�����$WPRVSKHUH�0RGHOOLQJ�,,
&KDLU���-HDQ�&{Wp

��'�����7UDQVLHQW�&OLPDWH�&KDQJH
&KDLU��*UHJRU\�0��)ODWR

��K�� ��'�������,PSRUWDQFH�G
XQH�SHUWXUEDWLRQ
HQYLURQQHPHQWDOH�VXU�O
pYROXWLRQ
GLDJHQpWLTXH�GHV�VpGLPHQWV�GX�IMRUG�GX
6DJXHQD\��4XpEHF��&DQDGD�
%UXQR�'HIODQGUH

��'�������0RGHOHG�HVWLPDWHV�RI�WHUUHVWULDO
LVRSUHQH�HPLVVLRQV�DQG�SRWHQWLDO�IRU
LQGXFLQJ�HUURUV�LQ�UHJLRQDO�DLU�TXDOLW\
PRGHOLQJ�H[HUFLVHV
'DYH�)R[

��'�������,PSURYLQJ�WKH�*(0�PRGHO�IRU
PHGLXP�UDQJH�IRUHFDVWLQJ�DQG�DQDO\VLV�
6\OYLH�*UDYHO

��'�������&KDQJHV�LQ�DQQXDO�H[WUHPHV
XQGHU�WUDQVLHQW�FOLPDWH�FKDQJH
)UDQFLV�=ZLHUV

��K�� ��'�������8WLOLVDWLRQ�GHV�+$3�FRPPH
LQGLFDWHXUV�G
pYpQHPHQWV�VpGLPHQWDLUHV
UpFHQWV�HW�GH�O
DFWLYLWp�EHQWKLTXH
ePLOLHQ�3HOOHWLHU

��'�������,PSDFW�RI�:HHNHQG�:HHNGD\
R]RQH�YDULDWLRQV�RQ�DLU�WHPSHUDWXUH�LQ�WKH
*UHDWHU�7RURQWR�$UHD
*DU\�%HDQH\

��'�������8VLQJ�FRQVHUYDWLYH�YDULDEOHV�IRU
OLTXLG�ZDWHU�FRQWHQW�LQ�*(0
*pUDUG�3HOOHULQ

��'�������7UHQGV�LQ�&DQDGLDQ�([WUHPH
3UHFLSLWDWLRQ�(YHQWV
'DLWKL�6WRQH

��K�� ��%�������7KH�5ROH�RI�/DQG�6XUIDFH
6FKHPHV�LQ�6KRUW�5DQJH�3UHFLSLWDWLRQ
)RUHFDVWV
/HL�:HQ

��'�������,QWHUFRPSDUDLVRQ�GH�O
R]RQH�HW�GH
VHV�SUpFXUVHXUV�j�GHX[�VWDWLRQV�HQ
SpULSKpULH�GH�0RQWUpDO�GXUDQW�OD�FDPSDJQH
(620���
0DUF�%HDXFKHPLQ

��'�������8VLQJ�ORZ�UHVROXWLRQ�ZLQGV�WR
DGYHFW�KLJK�UHVROXWLRQ�WUDFHUV
3HWHU�%DUWHOOR

��'�������$OSLQH�OHYHO�VQRZFRYHU�LQ�:HVWHUQ
1HZIRXQGODQG�GXULQJ�WKH�ODWH���WK�&HQWXU\
&KULVWLDQ�0DUWLQ

��K�� ��'�������/
LQIOXHQFH�GX�FKDXIIDJH�DX�ERLV
VXU�OD�TXDOLWp�GH�O
DLU�GDQV�XQ�TXDUWLHU�GH
0RQWUpDO
0DULR�%HQMDPLQ

��'�������1RQ�D[LV\PPHWULF�WKHUPDOO\�GULYHQ
FLUFXODWLRQV�DQG�XSSHU�WURSRVSKHULF
PRQVRRQ�G\QDPLFV
&��-XQR�+VX

��'�������&RPSDULVRQV�RI�JOREDO�ZDUPLQJ
GXH�WR�ULVLQJ�&2��VLPXODWHG�E\�FOLPDWH
PRGHOV
,DQ�:DWWHUVRQ

��K��

3RVWHU�6HVVLRQ

��'�������0RGpOLVDWLRQ�GHV�IOX[�GH�JD]�j
HIIHW�GH�VHUUH��*(6��pPLV�j�OD�VXUIDFH�GHV
UpVHUYRLUV�K\GURpOHFWULTXHV
1DWKDOLH�%DUUHWWH

��'�������3KDVH�VSHHG�WHVW�IRU�QXPHULFDO
PRGHOV�RI�WKH�DWPRVSKHUH
$\UWRQ�=DGUD

6DOOH���5RRP 5�20��� 5�20��� 5�20��� 5�20���
��K�����K�� 5HQFRQWUH�GHV�DQFLHQV�GH�O
84$0

Mardi 1er Juin Tuesday June 1



Mercredi 2 juin Wednesday June 2
6(66,21���$�3OpQLqUH���3OHQDU\���(QYLURQPHQWDO�3UHGLFWLRQ�9
&KDLU��)UDQFLV�=ZLHUV
��K�����K�� ��$��������,QYLWHG�3UHVHQWDWLRQ���)25(7(//��,QWHJUDWHG�5RDG�DQG�:HDWKHU�,QIRUPDWLRQ�6HUYLFHV�$FURVV�1RUWK�$PHULFD

3HWHU�'DYLHV
��K�����K�� ��$��������,QYLWHG�3UHVHQWDWLRQ���&OLPDWH�SUHGLFWLRQ�DQG�SUHGLFWDELOLW\�IURP�VHDVRQV�WR�FHQWXULHV

*HRUJH�%RHU
��K�����K�� 3DXVH�VDQWp���+HDOWK�%UHDN
6DOOH���5RRP 5�20��� 5�20��� 5�20��� 5�20���
��K�����K�� ��%�����2SHUDWLRQDO�0HWHRURORJ\�,,,

&KDLU��3DXO�'HODQQR\
��%�����&OLPDWH�0RGHOOLQJ�,
&KDLU���1RUP�0F)DOUODQH

��%�����%RXQGDU\�/D\HU�0HWHRURORJ\
&KDLU��3HWHU�7D\ORU

��%�����$WPRVSKHUH�DQG�2FHDQ
&LUFXODWLRQ���&KDLU��+DO�5LWFKLH

��K�� ��%�������$�QHZ�PRGHO�IRU�URDG�FRQGLWLRQ
IRUHFDVW�LQ�&DQDGD
/RXLV�3KLOLSSH�&UHYLHU

��%�������6NLOO�DV�D�IXQFWLRQ�RI�WLPH�VFDOH�LQ
DQ�HQVHPEOH�RI�VHDVRQDO�KLQGFDVWV
SURGXFHG�ZLWK�&&&�*&0�
9LDWFKHVODY�.KDULQ

��%�������7KH�%ORZLQJ�6QRZ�0RGHO
,QWHUFRPSDULVRQ�3URMHFW��%60,3���$Q
8SGDWH
6WHSKHQ�-��'HU\

��%�������6LJQLILFDQW�(YHQWV�RI
,QWHUKHPLVSKHULF�$WPRVSKHULF�0DVV
([FKDQJH
0DUFR�&DUUHUD

��K�� ��%�������7KH�'HYHORSPHQW�RI�D�:LQWHU
:HDWKHU�,QGH[�IRU�%HQFKPDUNLQJ�:LQWHU
5RDG�0DLQWHQDQFH�$FWLYLWLHV�LQ�&DQDGD
-LDQ]KRQJ�/L

��%�������0RGHOOLQJ�VXOIDWH�DHURVROV�ZLWK�WKH
&DQDGLDQ�*&0
8OULNH�/RKPDQQ

��%�������6HQVLEOH�DQG�ODWHQW�KHDW�IOX[HV�LQ
EORZLQJ�VQRZ�HYHQWV
-LQJELQJ�;LDR

��%�������2EVHUYDWLRQV�DQG�,QWHUSUHWDWLRQV
RI�-HW�6WUHDNV�LQ�7HUPV�RI�%DODQFHG
'\QDPLFV
3KLOLS�&XQQLQJKDP

��K�� ��%�������0RLVWXUH�DQG�0LG�/DWLWXGH�:LQWHU
&\FORQHV
6WHYHQ�/DPEHUW

��%�������&DQDGLDQ�5&0��3UHVHQW�VWDWXV
DQG�LWV�DSSOLFDWLRQV�LQ�FOLPDWH�FKDQJH
UHVHDUFK
'DQLHO�&D\D

��%�������$�1XPHULFDO�6WXG\�RI�%RXQGDU\�
/D\HU�)ORZ�RYHU�&RPSOH[�7HUUDLQ
:HQVRQJ�:HQJ

��%�������5HODWLRQVKLS�%HWZHHQ�:HVW
$WODQWLF�3DWWHUQ�,Q�1RUWKHUQ�:LQWHU�$QG�(DVW
$VLDQ�6XPPHU�0RQVRRQ�$QG�,WV�1XPHULFDO
6LPXODWLRQ
-LQKDL�+H

��K�� ��%�������5HDO�7LPH�6WDWLVWLFDO�*URXQG�/HYHO
2]RQH�3UHGLFWLRQV
:LOOLDP�%XUURZV

��%�������$�QHZ�UDGLDWLRQ�PRGHO�IRU�&&&
*&0
-LDQJQDQ�/L

��%�������$�/DJUDQJLDQ�6ROXWLRQ�WR�&DQRS\
)OX[�*UDGLHQW�5HODWLRQV
-RQ�:DUODQG

��%�������2EVHUYDWLRQ�RI�DQ�XQXVXDO
EDURFOLQLF�HGG\�LQ�WKH�/DEUDGRU�6HD
5RVV�+HQGU\

��K�� ��%�������7KH�1HZ�&0&�8SGDWHDEOH�0RGHO
2XWSXW�6WDWLVWLFV��8026��)RUHFDVW�6\VWHP
0DUFHO�9DOOpH

��%�������6RFNH\H�VDOPRQ�UHWXUQ�PLJUDWLRQ
DQG�DQ�HFRV\VWHP�2*&0�PRGHO�RI�WKH
1RUWK�3DFLILF
:LOOLDP�+VLHK

��%�������6LPXODWLRQ�RI�DQ�LQWHQVH�ORFDO
VWRUP�WULJJHUHG�E\�ODNH�EUHH]H
;LQ�4LX

��%�������&XUUHQWV�DQG�7UDQVSRUW�RQ�WKH
VRXWKZHVWHUQ�VORSH�RI�WKH�*UDQG�%DQNV
3HWHU�&��6PLWK

��K�� ��%�������/D�WHPSrWH�GH�YHUJODV�GH�MDQYLHU
����
&ODXGH�/HOLqYUH

��%�������7KH�&&&PD�WKLUG�JHQHUDWLRQ
$*&0��*&0,,,�
1RUPDQ�0F)DUODQH

��%�������5HJLRQDO�2FHDQ�&OLPDWH�RI�WKH
1RUWK�:HVW�$WODQWLF
,JRU�<DVKD\DHY

��K�����K�� 'vQHU���/XQFK
��K�����K�� ��&�����(QYLURQPHQWDO�(PHUJHQF\

5HVSRQVH���&KDLU��5HQp�6HUYUDQFN[
��&�����&OLPDWH�0RGHOOLQJ�,,
&KDLU��-RKQ�)\IH

��&�����$LU�6HD�,QWHUDFWLRQV
&KDLU��3HWHU�6PLWK

��&�����5DGDU���5HPRWH�6HQVLQJ�,
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SOXYLRPpWUHV�HW�j�O
DLGH�GH�OD�GpWHFWLRQ�UDGDU
0DUF�%HVQHU

3����$XWRPDWHG�ZHDWKHU�IRUHFDVW�SURGXFWV
&ODXGH�/DQGU\

3���$VK�)RUHFDVWLQJ�(YHQW�RYHU�:HVWHUQ�&DQDGD
���������)RUHQVLF�6WXG\�DQG�2SHUDWLRQDO
5HVSRQVH
.HQ�/LWWOH

3���'LDJHQHWLF�HYROXWLRQ�RI�DFFLGHQWDO�OD\HUV
�IORRGV��HDUWKTXDNHV��ODQGVOLGHV��LQ�WKH�6DJXHQD\
IMRUG��4&��EDVHG�RQ�VKRUW�OLYHG�LVRWRSHV�����7K�
���3E�����&V��SURILOHV�LQ�ER[�FRUHG�VHGLPHQWV
-RVpH�6DYDUG

3����8SGDWHV�WR�WKH�0F*LOO�5$3,'��5DGDU�'DWD
$QDO\VLV��3URFHVVLQJ�DQG�,QWHUDFWLYH�'LVSOD\�
6\VWHP
$OGR�%HOORQ

3����&DQDGLDQ�+XUULFDQH�&HQWUH�2SHUDWLRQDO
$QDO\WLF�:LQG�0RGHO
$OODQ�0DFDIHH

3���&RXSOHG�0RGHOOLQJ�RI�/RFDO�&OLPDWH�DQG
3HDWODQG�(FRV\VWHP���WKH�&RQWHPSRUDU\
9DULDELOLW\�RI�&DUERQ�([FKDQJH�LQ�WKH�6\VWHP
%LOO�2X\DQJ

3����(IIHWV�GH�OD�ELRWXUEDWLRQ�VXU�OHV
FDUDFWpULVWLTXHV�JpRWHFKQLTXHV�GH�OD�FRXFKH�GH
�����GDQV�OD�%DLH�GHV�+D��+D��(W�GDQV�OH�%UDV
1RUG�GX�IMRUG�GX�6DTXHQD\��4XpEHF��&DQDGD�
)UDQFH�0DXULFH

3����*URXQG�%DVHG�2SWLFDO�6HQVLQJ�RI�:HVWHUQ
&DQDGD�)RUHVW�)LUH�6PRNH�1HDU�7RURQWR
1RUP�2
1HLOO

3����)LQH�6FDOH�FRQGHQVDWLRQ�SURFHVV�DW�YDU\LQJ
UHVROXWLRQ���VHQVLWLYLW\�VWXG\�ZLWK�WKH�1RUWKHUQ
$HURVRO�5HJLRQDO�&OLPDWH�0RGHO��1$5&0�
:DQGD�6]\UPHU

3���9ROFDQLF�$VK�&HQWUHV��5ROHV�DQG�&KDOOHQJHV
5HQp�6HUYUDQFN[

3����6HDVRQDO�DQG�6SDWLDO�9DULDWLRQV�LQ�7KRULXP
,VRWRSH�&RPSRVLWLRQ�RI�6XVSHQGHG�3DUWLFXODWH
0DWWHU�LQ�WKH�6DJXHQD\�)MRUG��&DQDGD�
'HNH�=KDQJ

3����7RZDUGV�D�EHWWHU�XQGHUVWDQGLQJ�RI�(O�1LxR�
UHODWHG� WHPSHUDWXUH� SDWWHUQV� LQ� WKH� SUDLULH� DQG
IRRWKLOOV�UHJLRQV�RI�&DQDGD
'DJPDU�%XGLNRYD

3����1XPHULFDO�,QYHVWLJDWLRQ�RI�:LQGVWRUP
9,9,$1�ZLWK�WKH�&DQDGLDQ�5&0
6WpSKDQH�*R\HWWH

3���&RXSOHG�$WPRVSKHUH�,FH�2FHDQ�)RUHFDVWV�LQ
WKH�*XOI�RI�6W��/DZUHQFH
)UDQoRLV�5R\

3����'LVWULEXWLRQ�RI�EHQWKLF�IRUDPLQLIHUD�LQ
VXUIDFH�VHGLPHQWV�RI�WKH�6DJXHQD\�IMRUG��EHIRUH
DQG�DIWHU�WKH�IORRG�RI�����
-XOLH�/HGXF

3����,QWHUVHDVRQDO�2VFLOODWLRQV�LQ�WKH�5DLQV�DQG
)ORRGV�RYHU�WKH�$QGHV�0RXQWDLQ���&KLOH
-RVH�9HUJDUD

3����$GMXVWPHQW�XQGHU�*UDYLW\�LQ�)LQLWH�
'LIIHUHQFH�0RGHOV
<XUL�*HVKHOLQ

3����)XUWKHU�LQYHVWLJDWLRQ�RI�PRGHOOLQJ�WKH�1RUWK
:DWHU�3RO\Q\D
7RGG�$UEHWWHU
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([SOLFDWLRQ�GHV
FRGHV�GHV
UpVXPpV

&RGLQJ�H[SODQDWLRQ

&KDTXH�SUpVHQWDWLRQ�D�UHoX�XQ�FRGH�XQLTXH��FRPSRVp�GH���SDUWLHV��OD�ORFDOLVDQW�GDQV�OH
WHPSV�HW�GDQV�O·HVSDFH�
(DFK�SDSHU�KDV�EHHQ�JLYHQ�D�XQLTXH���SDUW�FRGH�WKDW�VHUYHV�WR�ORFDWH�LW�LQ�WLPH�DQG
VSDFH�

8Q�FKLIIUH�������UHSUpVHQWH�OH�MRXU�GH�OD�VHPDLQH��OXQGL�j�MHXGL��
'LJLW�������GHQRWLQJ�WKH�GD\��0RQGD\���7KXUVGD\��

8QH�OHWWUH��$�'��UHSUpVHQWH�OD�SDUWLH�GX�MRXU��SOpQLqUH��PDWLQ��DSUqV�PLGL��
/HWWHU��$�'��GHQRWLQJ�WKH�SDUW�RI�WKH�GD\��SOHQDU\��PRUQLQJ��DIWHUQRRQ��

8Q�FKLIIUH�������TXL�UHSUpVHQWH�OD�VHVVLRQ�SDUDOOqOH�GDQV�ODTXHOOH�VH�VLWXH�OD�SUpVHQWDWLRQ�
'LJLW�������GHQRWLQJ�ZKLFK�RI�SDUDOOHO�VHVVLRQV�LW�LV�LQ�

8Q�FKLIIUH����Q��UHSUpVHQWDQW�OH�UDQJ�FRQVpFXWLI�GH�OD�SUpVHQWDWLRQ�GXUDQW�XQH�VHVVLRQ�
'LJLW����Q��GHQRWLQJ�WKH�FRQVHFXWLYH�QXPEHU�RI�WKH�SDSHU·V�WLPH�VORW�ZLWKLQ�D�VHVVLRQ�

([HPSOH���([DPSOH��
�&����SHXW�VH�GpFRGHU�FRPPH�pWDQW�OD��H�SUpVHQWDWLRQ�GRQQpH�GDQV�O·DSUqV�PLGL�GH�OD
MRXUQpH����PDUGL��
�&����GHQRWHV�WKH�SDSHU�LQ�WKH��WK�WLPH�VORW�RI�VHVVLRQ���RQ�WKH�DIWHUQRRQ�RI�7XHVGD\�

��&����

6HVVLRQ-RXU��� OXQGL��� PDUGL��HWF��
'D\��� 0RQGD\��� 7XHVGD\��HWF��

+HXUH��$� �DYDQW�OH�FDIp��%� �PDWLQ�DSUqV�OH�FDIp�
&� �GpEXW�GH�O·DSUqV�PLGL��'� �ILQ�GH�O·DSUqV�PLGL�

7LPH�6ORW��$ �PRUQLQJ�EHIRUH�FRIIHH��%� �PRUQLQJ�DIWHU�FRIIHH�
&� �HDUO\�DIWHUQRRQ��'� �PLGDIWHUQRRQ�

5DQJ�GDQV�OD�VHVVLRQ
3DSHU�LQ�VHVVLRQ
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6HVVLRQ���$��
3OpQLqUH����3OHQDU\

3UpYLVLRQ
(QYLURQQHPHQWDOH�,

(QYLURQPHQWDO
3UHGLFWLRQ�,

/XQGL����PDL
0RQGD\��0D\���

��K�����K��

6DOOH���5RRP
0DULH�*pULQ�/DMRLH

��$����
7KH�)XWXUH�RI�(QYLURQPHQWDO�3UHGLFWLRQ�LQ�&DQDGD
*RUGRQ�$��0F%HDQ�
�$WPRVSKHULF�(QYLURQPHQW�6HUYLFH��(QYLURQPHQW�&DQDGD��7RURQWR��&DQDGD

,Q� SXUVXLQJ� HQKDQFHG� KXPDQ�ZHOIDUH� DQG� HFRQRPLF� JURZWK�� JRYHUQPHQWV� DUH� UHFRJQL]LQJ
WKDW� ZHDWKHU�� FOLPDWH�� DLU� TXDOLW\� DQG� RWKHU� HQYLURQPHQWDO� IDFWRUV� DUH� RI� HYHU� LQFUHDVLQJ
LPSRUWDQFH� LQ�JRYHUQPHQWDO� DQG� LQGLYLGXDO� GHFLVLRQ�PDNLQJ��$V�ZH�HQWHU� WKH� QH[W� FHQWXU\�
WKHUH� ZLOO� EH� SUHVVXUH� RQ� XV� WR� SURYLGH� IXUWKHU� VHUYLFHV� DQG� DGYLFH� RQ� DWPRVSKHULF� DQG
UHODWHG�FKDQJHV�RQ� WLPHVFDOHV� UDQJLQJ� IURP�PLQXWHV� WR�GHFDGHV��7KHVH� VHUYLFHV�ZLOO�JR� IDU
EH\RQG�WKH�GDLO\�ZHDWKHU�IRUHFDVWV�DQG�SURYLGH�LQSXW�WR�D�ZLGH�YDULHW\�RI�SODQV�DQG�GHFLVLRQV
IRU� WKH�SURWHFWLRQ�RI� KXPDQ� KHDOWK�� GLVDVWHU�PLWLJDWLRQ�DQG� HFRQRPLF�GHYHORSPHQW�� ,Q� WKLV
FRQWH[W�D�VXLWH�RI�QRQ�WUDGLWLRQDO�PHWHRURORJLFDO�´SUREOHPVµ�ZLOO�EH�SODFHG�RQ�RXU�GRRUVWHSV
GHPDQGLQJ�QHZ�SUHGLFWLRQV�DQG�VHUYLFHV�

7KH�$WPRVSKHULF� (QYLURQPHQW� 6HUYLFH�ZLOO� EHFRPH�DQ� RUJDQL]DWLRQ� WKDW�ZDUQV�DQG� LQIRUPV
&DQDGLDQV� DQG� WKHLU� JRYHUQPHQWV� RI� FKDQJHV� RQ� D� VHDPOHVV� WLPH� VFDOH� VWUHWFKLQJ� IURP
PLQXWHV�WR�GHFDGHV��H�J���ZDUQLQJV�RI�PLQXWHV�IRU�WRUQDGRHV��GD\V� IRU�ZLQWHU�VWRUPV�DQG�DLU
SROOXWLRQ�HSLVRGHV��ZHHNV�IRU�IORRGV�DQG�GURXJKWV�DQG�GHFDGHV�IRU�FOLPDWH�YDULDWLRQV�

7KHUH�DUH� WUXO\� H[FLWLQJ�SURVSHFWV� IRU�SUHGLFWLRQ� V\VWHPV� �WKH�PRGHO�KXPDQ�PL[�� LQ� WKH� QH[W
������\HDUV�SXVKLQJ�WKH�OLPLWV�RI�SUHGLFWDELOLW\�ZLWK�IRUHFDVWV�RXW�WR�QHDUO\�WZR�ZHHNV��7KHUH
ZLOO�EH� H[WHQVLYH�XVH�RI� HQVHPEOH�SUHGLFWLRQ�DSSURDFKHV��ZKLFK�ZLOO� EH�XVHG� IRU� VKRUW� DQG
PHGLXP� UDQJH� IRUHFDVWV�DV�ZHOO�DV� IRU� VHDVRQDO�DQG� ORQJHU� WLPH� VFDOHV��$V� WKH�DPRXQW�RI
LQIRUPDWLRQ�RQ�WKH�RFHDQV�LQFUHDVHV�FRQWLQXRXVO\��LW�ZLOO�EH�XVHG�IRU�RFHDQLF�SUHGLFWLRQV�RQ�D
PRUH� JOREDO� VFDOH�� DQG� WR� SURYLGH� DFFXUDWH� WLPH�YDU\LQJ� ORZHU� ERXQGDU\� FRQGLWLRQV� IRU
DWPRVSKHULF�SUHGLFWLRQV��,QFOXVLRQ�RI�PRUH�H[WHQVLYH�DQG�DFFXUDWH�REVHUYDWLRQV�DQG�PRGHOV
RI� WKH�K\GURORJLFDO�F\FOH�ZLOO� OHDG�WR� LPSURYHG� IRUHFDVWV�RI�SUHFLSLWDWLRQ��ULYHU� IORZ�DQG�VRLO
PRLVWXUH�� +LJKO\� DFFXUDWH� SUHGLFWLRQV� RI� ZLQGV�� WHPSHUDWXUHV�� HWF��� OHDGLQJ� WR� VHYHUDO� GD\
IRUHFDVWV� RI� VHYHUH�ZHDWKHU��ZLOO� DOORZ�PXFK�HDUOLHU�ZDUQLQJV� WR� VSHFLILF� ORFDO� SRSXODWLRQV�
UHGXFLQJ�ORVV�RI�OLIH�DQG�SURSHUW\�

3UHGLFWLRQ� V\VWHPV� ZLOO� RQO\� UHDFK� WKHLU� IXOO� SRWHQWLDO� LI� WKH� UHVHDUFKHUV� DQG� IRUHFDVWHUV� DUH
ZRUNLQJ�FORVHO\�WRJHWKHU��)RUHFDVWHUV�ZLOO�LGHQWLI\�SULRULWLHV�DQG�JDSV�DQG�WKH�UHVHDUFKHUV�ZLOO
DVVLVW� WKH� IRUHFDVWHUV� LQ� XQGHUVWDQGLQJ� WKH� PRGHOV� DQG� LPSURYLQJ� WKH� VFLHQFH�� D� WZR�ZD\
FRQWLQXRXV�OHDUQLQJ�H[HUFLVH�WKDW�LV�VFLHQFH�EDVHG�

7KH�SXEOLF�DQG�RXU�FOLHQWV�ZLOO�SOD\�DQ�HYHU�LQFUHDVLQJ�UROH�ZLWK�JUHDWHU�FRKHVLRQ�EHWZHHQ�WKH
RULJLQDWRUV�RI�HQYLURQPHQWDO� LQIRUPDWLRQ�� LWV�HQG�XVHUV�DQG�SROLF\�PDNHUV��3URGXFWV� WDLORUHG
WR�WKH�GHFLVLRQ�PDNLQJ�FULWHULD�RI�YDULRXV�VHFWRUV�ZLOO�UHVXOW�LQ�IRUHFDVWV�RI�ZHDWKHU��FOLPDWH�RU
DLU� TXDOLW\� WR� XVHU�GHILQHG� VSHFLILFDWLRQV�� )XUWKHUPRUH�� FOLHQWV� DQG� WKH� SXEOLF� VHFWRU� ZLOO
GHPDQG� FHUWDLQ� SHUIRUPDQFH� WKDW� ZLOO� EH� EDVHG� ERWK� RQ� VFLHQFH� DQG� GHFLVLRQ�PDNLQJ
UHTXLUHPHQWV��,W�LV�OLNHO\�WKDW�VXFK�IRUHFDVWV�ZLOO�LQFOXGH�VWDWHPHQWV�RI�´IRUHFDVWHU�FRQILGHQFHµ
ZKLFK� ZLOO� WDNH� LQWR� FRQVLGHUDWLRQ� WKH� FXUUHQW� VWDWH� RI� WKH� PRQLWRULQJ�GDWD� DVVLPLODWLRQ�
DQDO\VLV�GLVVHPLQDWLRQ�FRQWLQXXP�

7KH�IXWXUH�ORRNV�H[FLWLQJ�DQG�SURPLVLQJ�
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��%����
531�$(35,�&RXSOHG�1XPHULFDO�0RGHOOLQJ
+DUROG�5LWFKLH�
�5HFKHUFKH�HQ�SUpYLVLRQ�QXPpULTXH

5HFKHUFKH�HQ�SUpYLVLRQ�QXPpULTXH��531��KDV�VWDUWHG�D�UHVHDUFK�DQG�GHYHORSPHQW�DFWLYLW\�IRU
DQ� HQYLURQPHQWDO� SUHGLFWLRQ� V\VWHP� EDVHG� RQ� FRXSOLQJ� D� YDULHW\� RI� QXPHULFDO� SUHGLFWLRQ
PRGHOV�� ,Q� WKLV� FRQWH[W�� ZH� KDYH� DOVR� HVWDEOLVKHG� WKH� $WODQWLF� (QYLURQPHQWDO� 3UHGLFWLRQ
5HVHDUFK� ,QLWLDWLYH��$(35,�� LQ�+DOLID[��1RYD�6FRWLD�� WR� MRLQ�ZLWK�RWKHU�SDUWQHUV� LQ�FRQGXFWLQJ
UHVHDUFK�DQG�GHYHORSPHQW�IRU�DQ�HQYLURQPHQWDO�SUHGLFWLRQ�FDSDELOLW\� LQ� WKH�$WODQWLF�UHJLRQ�
,Q� WKH�SDVW�\HDU�VLJQLILFDQW�SURJUHVV�KDV�EHHQ�PDGH� LQ�SURMHFWV�SDUWLFXODUO\� LQ�FROODERUDWLRQ
ZLWK� WKH� $WPRVSKHULF� (QYLURQPHQW� %UDQFK� �� $WODQWLF� �$(%�� DQG� WKH� 2FHDQRJUDSK\
'HSDUWPHQW�RI�'DOKRXVLH�8QLYHUVLW\��'$/���7KH�PDLQ�RQJRLQJ�FRXSOHG�PRGHOOLQJ�DQG�$(35,
VXE�SURMHFWV�DUH��FRXSOHG�DWPRVSKHUH�ZDYH�PRGHOV��FRXSOHG�DWPRVSKHUH�K\GURORJ\�PRGHOV�
DWPRVSKHUH�RFHDQ� FRXSOLQJ�� FRXSOLQJ� GDWD� DVVLPLODWLRQ� DQG� SUHGLFWLRQ� V\VWHPV� IRU� FRDVWDO
DSSOLFDWLRQV�� DWPRVSKHUH� �� ODQG�VXUIDFH� FRXSOLQJ�� DWPRVSKHUH� �� FKHPLFDO� WUDQVSRUW�PRGHO
FRXSOLQJ�� FRXSOLQJ� ZLWK� HVWXDU\� PRGHOV�� DQG� GHYHORSLQJ� H[SHUW� V\VWHPV� IRU� PDULQH
DSSOLFDWLRQV�

7KLV�SUHVHQWDWLRQ�ZLOO�JLYH�D�VWDWXV�UHSRUW�� LQFOXGLQJ� UHVXOWV� IURP�VHYHUDO�RI� WKH�VXE�SURMHFWV�
DQG�RXWOLQH�SODQV�IRU�WKH�IXWXUH�

��%����
2Q�7KH�8VH�RI�&RXSOHG�$WPRVSKHULF�DQG�+\GURORJLF�0RGHOV�
3LHUUH� 3HOOHULQ��� 5REHUW� %HQRLW��� +DUROG� 5LWFKLH��� 1LFN� .RXZHQ��� 'HQLV� /HIDLYUH��� 1RUPDQ
'RQDOGVRQ��DQG�3DXO�-RH�
�5HFKHUFKH� HQ� 3UpYLVLRQ� 1XPpULTXH� �$(6��� �8QLYHUVLW\� RI� :DWHUORR�� �,QVWLWXW� 0DXULFH
/DPRQWDJQH��032�')2����$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

7KH�SXUSRVH�RI� WKLV�VWXG\� LV� WR�SUHVHQW� WKH�SRVVLELOLWLHV�RIIHUHG�E\�FRXSOHG�DWPRVSKHULF�DQG
K\GURORJLF�PRGHOV�DV�D�QHZ� WRRO� WR�YDOLGDWH�DQG� LQWHUSUHW� UHVXOWV�SURGXFHG�E\�DWPRVSKHULF
PRGHOV��7KH�DGYDQWDJHV�RIIHUHG�E\�VWUHDPIORZ�REVHUYDWLRQV�DUH�GLIIHUHQW�IURP�WKRVH�RIIHUHG
E\�FRQYHQWLRQDO�SUHFLSLWDWLRQ�REVHUYDWLRQV��7KH�GHSHQGHQFH�EHWZHHQ�EDVLQV�DQG�VXE�EDVLQV
FDQ�EH�YHU\�XVHIXO��DQG�WKH�LQWHJUDWLQJ�HIIHFW�RI�WKH�ODUJH�EDVLQV�IDFLOLWDWHV�WKH�HYDOXDWLRQ�RI
VWDWH�RI�WKH�DUW� DWPRVSKHULF� PRGHOV� E\� ILOWHULQJ� RXW� VRPH� RI� WKH� VSDWLDO� DQG� WHPSRUDO
YDULDELOLW\� WKDW� FRPSOLFDWH� WKH� SRLQW�E\�SRLQW� YHULILFDWLRQV� WKDW� DUH� PRUH� FRPPRQO\� XVHG�
6WUHDPIORZ� SHUPLWV� D� EHWWHU� HVWLPDWH� RI� WKH� ZDWHU� DPRXQW� IDOOHQ� RYHU� D� UHJLRQ�� 7KH
VWUHDPIORZ� SUHGLFWHG� E\� WKH� FRXSOHG� DWPRVSKHULF�K\GURORJLF� PRGHO� YHUVXV� WKH� PHDVXUHG
VWUHDP� IORZ� LV� VXIILFLHQWO\� VHQVLWLYH� WR� FOHDUO\� DVVHVV� DWPRVSKHULF� PRGHO� LPSURYHPHQWV
UHVXOWLQJ� IURP� LQFUHDVLQJ� KRUL]RQWDO� UHVROXWLRQ� DQG� DOWHULQJ� WKH� WUHDWPHQW� RI� SUHFLSLWDWLRQ
SURFHVVHV�LQ�WKH�PRGHO�

$� FDVH� VWXG\� IRU� VHYHUDO� VRXWKHUQ� 2QWDULR� ULYHU� EDVLQV� LV� SUHVHQWHG� ZLWK� WKH� :DWIORRG
K\GURORJLF� PRGHO� GHYHORSHG� DW� WKH� 8QLYHUVLW\� RI� :DWHUORR�� ,W� LV� SDVVLYHO\� FRXSOHG� WR� D
QRQK\GURVWDWLF�PHVRVFDOH� DWPRVSKHULF�PRGHO� WKDW� LV� LQWHJUDWHG� DW� KRUL]RQWDO� UHVROXWLRQV� RI
�������DQG���NP��7KH�:DWIORRG�PRGHO�LV�DOVR�GULYHQ�E\�UDGDU�GHULYHG�SUHFLSLWDWLRQ�DPRXQWV
IURP�.LQJ�&LW\�5DGDU�REVHUYDWLRQV��5DLQJDXJH�REVHUYDWLRQV�DQG�PHDVXUHG� VWUHDPIORZV�DUH
DOVR� DYDLODEOH� IRU� WKLV� FDVH�� SHUPLWWLQJ�PXOWLSOH� YDOLGDWLRQ� FRPSDULVRQV�� 7KHVH� H[SHULPHQWV
VKRZ�WKH�XQFHUWDLQWLHV�RI�HDFK�WRRO� LQGHSHQGHQWO\��DQG�DOVR�WKHLU� LQWHUHVWLQJ�FRPSOHPHQWDU\
QDWXUH�ZKHQ�WKH\�DUH�XVHG�WRJHWKHU��7KH�SUHGLFWHG�SUHFLSLWDWLRQ�SDWWHUQV�DUH�DOVR�FRPSDUHG
GLUHFWO\� ZLWK� UDLQJDXJH� REVHUYDWLRQV� DQG� ZLWK� UDGDU� GDWD�� ,W� LV� GHPRQVWUDWHG� WKDW� WKH
K\GURORJLFDO�PRGHO�LV�VXIILFLHQWO\�VHQVLWLYH�DQG�DFFXUDWH�WR�GLDJQRVH�PRGHO�DQG�UDGDU�HUURUV�
$OWKRXJK� D� GHPRQVWUDWLRQ� RI� WKH� VNLOO� RI� WKH� DWPRVSKHULF� PRGHO� ZDV� QRW� RQH� RI� WKH�PDLQ
SXUSRVHV� RI� WKLV� SURMHFW�� ZH� KDYH� QHYHUWKHOHVV� EHHQ� LPSUHVVHG� E\� WKH� TXDOLW\� RI� WKH
VLPXODWLRQV�REWDLQHG�� 7KLV� WRRO� EULQJV�DQ�DGGLWLRQDO� GHJUHH� RI� YHULILFDWLRQ� WKDW�ZLOO� EH� YHU\
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LPSRUWDQW� LQ� WKH� LPSURYHPHQW� RI� WHFKQRORJLHV� DVVRFLDWHG� ZLWK� DWPRVSKHULF� PRGHOV�� UDGDU
REVHUYDWLRQV�DQG�WKH�ZDWHU�UHVRXUFHV�PDQDJHPHQW�

$�QHZ�SURMHFW�KDV�VWDUWHG�ZLWK�WKH�0DXULFH�/DPRQWDJQH�,QVWLWXWH��'HSDUWPHQW�RI�)LVKHULHV�DQG
2FHDQV�� 7KH� JRDOV� DUH� ILUVW� WR� LPSURYH� WKH� SUHFLSLWDWLRQ� IRUHFDVWV� IURP� WKH� DWPRVSKHULF
PRGHO�DQG�VHFRQG�WR�XVH�WKH�SUHFLSLWDWLRQ�IRUHFDVWV�RSHUDWLRQDOO\�LQ�WKH�ZDWHU�OHYHO�IRUHFDVW
RI�WKH�6W��/DZUHQFH�EHWZHHQ�0RQWUHDO�DQG�4XHEHF�&LW\��7KH�DWPRVSKHULF�PRGHO�LV�FRXSOHG
ZLWK�D�K\GURORJLFDO�PRGHO��ULYHUV��DQG�D�K\GURG\QDPLF�PRGHO��6W��/DXUHQFH�ULYHU���3UHOLPLQDU\
UHVXOWV�ZLOO�EH�SUHVHQWHG�

��%����
&RXSOHG�$WPRVSKHULF�DQG�+\GURORJLF�0RGHOV�RYHU�WKH�6W�-RKQ�5LYHU�%DVLQ
0LFKDHO�&DPSEHOO�
�$(35,�(QYLURQPHQW�&DQDGD

$� FRXSOHG� DWPRVSKHUH�K\GURORJ\� PRGHO� ZDV� GHYHORSHG� DW� 531� E\� FRXSOLQJ� WKH� 0&�
DWPRVSKHULF�PRGHO�ZLWK�WKH�:$7)/22'�K\GURORJLFDO�PRGHO�LQ�D�SURMHFW�VSRQVRUHG�E\�%�&�
+\GUR��3LHUUH�3HOOHULQ�ZLWK�5REHUW�%HQRLW���531���,Q�D�IROORZ�RQ�VWXG\��YHU\�JRRG�UHVXOWV�KDYH
EHHQ�REWDLQHG�IRU�D�VRXWKHUQ�2QWDULR�KHDY\�SUHFLSLWDWLRQ�FDVH�XVLQJ�WKH�*(0�PRGHO�WR�GULYH
D� ��� NP� UHVROXWLRQ� GDWD� DVVLPLODWLRQ� F\FOH� ZKRVH� DQDO\VHV� ZHUH� XVHG� WR� LQLWLDWH� 0&�
DWPRVSKHULF�PRGHO�VLPXODWLRQV�DW�KLJK�UHVROXWLRQV��QRQK\GURVWDWLF�VFDOHV���7KH�:$7)/22'
K\GURORJLFDO�PRGHO�ZDV�IHG�E\�WKH�SUHFLSLWDWLRQ�IRUHFDVW�E\�WKH�0&��PRGHO��DV�ZHOO�DV�IURP
SUHFLSLWDWLRQ� GHGXFHG� IURP� WKH� .LQJ� &LW\� UDGDU� REVHUYDWLRQV�� &RPSDULQJ� WKH� UHVXOWLQJ
VWUHDPIORZV� SURGXFHG� E\� :$7)/22'� DJDLQVW� WKH� FRUUHVSRQGLQJ� REVHUYHG� VWUHDPIORZV
VKRZHG�WKDW�:$7)/22'�ZDV�DEOH�WR�SURGXFH�YHU\�UHDOLVWLF�VWUHDPIORZV�ZKHQ�IHG�E\�HLWKHU
WKH� IRUHFDVW�0&��SUHFLSLWDWLRQ�RU� WKH�REVHUYHG� UDGDU�SUHFLSLWDWLRQ�� 7KH� FRPSDULVLRQV� IURP
WKLV� FRXSOHG� DWPRVSKHUH�K\GURORJ\� H[SHULPHQW� JDYH�PXFK� FOHDUHU� UHVXOWV� WKDQ� DUH� XVXDOO\
REWDLQHG� IURP� FRQYHQWLRQDO� FRPSDULVLRQV� EHWZHHQ� IRUHFDVW� SUHFLSLWDWLRQ� DQG� FRQYHQWLRQDO
UDLQJDJH� GDWD�� GHPRQVWUDWLQJ� WKH� XWLOLW\� RI� WKH� FRXSOHG� DWPRVSKHUH�K\GURORJ\� V\VWHP�� $Q
DUWLFOH� HQWLWOHG� �2Q� WKH� 8VH� RI� &RXSOHG� $WPRVSKHULF� DQG� +\GURORJLF� 0RGHOV� DW� 5HJLRQDO
6FDOH��E\�5��%HQRLW��3��3HOOHULQ��1��.RXZHQ��+��5LWFKLH��1��'RQDOGVRQ��3��-RH�DQG�5��6RXOLV
ZLOO�VRRQ�DSSHDU�LQ�0RQWKO\�:HDWKHU�5HYLHZ��&RQGLWLRQV�IRU�WKH�VRXWKHUQ�2QWDULR�VWXG\�ZHUH
DOPRVW� LGHDO�� ZLWK� UHODWLYHO\� VLPSOH� WRSRJUDSK\�� D� UHJLRQ� ZKHUH� :$7)/22'� KDV� EHHQ
WKRURXJKO\� WHVWHG��ZLWK�JRRG� UDGDU�� UDLQJDJH��DQG� VWUHDPIORZ�PHDVXUHPHQWV��:H�DUH� QRZ
VWXG\LQJ�DQRWKHU�UHJLRQ�ZKHUH�WKH�WRSRJUDSK\�PLJKW�EH�VRPHZKDW�PRUH�FKDOOHQJLQJ���WKH�6W�
-RKQ�5LYHU�%DVLQ��7KH�SURMHFW�ZLOO�IROORZ�WKH�H[DPSOH�RI�WKH�VRXWKHUQ�2QWDULR�VWXG\��DQG�WKH
UHTXLUHG�GDWD�VHWV�DUH�SUHVHQWO\�EHLQJ�FRPSLOHG�

��%����
6WRFKDVWLF� DQG� GHWHUPLQLVWLF� PRGHOLQJ� RI� VWUHDP� ZDWHU� WHPSHUDWXUH� LQ� D� VPDOO� IRUHVWHG
FDWFKPHQW�
$QGUp�6W�+LODLUH���'DQLHO�&DLVVLH���*X\�0RULQ��DQG�1DVVLU�(O�-DEL�
�,156�($8���3rFKHV�HW�2FpDQV�&DQDGD���,156�(DX���8QLYHUVLWp�GH�0RQFWRQ

6WUHDP�ZDWHU�WHPSHUDWXUH�LV�D�YHU\�LPSRUWDQW�SDUDPHWHU�LQ�DTXDWLF�HFRV\VWHPV��&KDQJHV� LQ
WKH� YDULDELOLW\� RI� WKH� DQQXDO� WHPSHUDWXUH� F\FOH� RIWHQ� UHVXOWV� LQ� FKDQJHV� LQ� WKH� GHQVLW\�
DEXQGDQFH�RU�GLYHUVLW\�RI� WKH�DTXDWLF�ELRWD��6FLHQWLVWV�DQG�PDQDJHUV� UHTXLUH� WRROV� WR�DVVLVW
WKHP�LQ�VLPXODWLQJ�ERWK�WKH�QDWXUDO�WKHUPDO�UHJLPH�DQG�SRWHQWLDO�DQWKURSRJHQLF�HIIHFWV�

&DWDPDUDQ�%URRN��D�WKLUG�RUGHU�IRUHVWHG�FDWFKPHQW�LQ�FHQWUDO�1HZ�%UXQVZLFN��KDV�EHHQ�WKH
VLWH� RI� LQWHQVLYH� ZDWHU� WHPSHUDWXUH� PRQLWRULQJ� RYHU� WKH� ODVW� �� \HDUV�� 7ZR� PRGHOLQJ
DSSURDFKHV�ZHUH�XVHG�WR�VLPXODWH�PHDQ�GDLO\�ZDWHU� WHPSHUDWXUH� LQ�&DWDPDUDQ�%URRN��7KH
VWRFKDVWLF�PRGHO�XVHG�D�)RXUULHU�VHULHV�WR�HVWDEOLVK�WKH�ORQJ�WHUP�DQQXDO�KDUPRQLF��7KH�KLJK
IUHTXHQF\� UHVLGXDOV�ZHUH�PRGHOHG�XVLQJ�D� VHFRQG�RUGHU�0DUNRY�SURFHVV��7KH�GHWHUPLQLVWLF
PRGHO� XVHG� ZDV� WKH� &(48($8� PRGHO�� PRGLILHG� WR� DFFRXQW� IRU� IRUHVW� FDQRS\� DQG� VRLO
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WHPSHUDWXUH��$�QXPEHU�RI�FULWHULD�ZHUH�XVHG�WR�HYDOXDWH�WKH�WZR�PRGHOV�DQG�FRPSDUH�WKHLU
SHUIRUPDQFH��&RPPRQO\�XVHG�FULWHULD�VXFK�DV�WKH�URRW�PHDQ�VTXDUH�HUURU��506(��DQG�1DVK
FRHIILFLHQW� �17'�� VKRZHG� WKDW�ERWK�PRGHOV� SHUIRUPHG� UHODWLYHO\�ZHOO�� 7KH�RYHUDOO� 506(� IRU
WKH� GHWHUPLQLVWLF�PRGHO�ZDV� ����� �&�ZKLOH� WKH� VWRFKDVWLF�PRGHO� KDG� D� 506(� RI� ����� �&�
1DVK�FRHIILFLHQWV�IRU�WKH�GHWHUPLQLVWLF�DQG�VWRFKDVWLF�PRGHOV�ZHUH�VLPLODU��17'� ������DQG
����� UHVSHFWLYHO\��� 7KH�)UDFWLRQDO�0HDQ� %LDV� VKRZHG�D� VOLJKW� WHQGHQF\� IRU� ERWK�PRGHOV� WR
XQGHU�SUHGLFW�

��%����
3RVWHUV�������,QWURGXFWLRQV
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��%����
$HURVROV�DQG�&OLPDWH��7KH�1$5&0�$HURVRO�0RGHOOLQJ�3URMHFW
/HRQDUG�$��%DUULH��DQG�-HDQ�3LHUUH�%ODQFKHW�
�$WPRVSKHULF� (QYLURQPHQW� 6HUYLFH�� �'pSDUWHPHQW� GHV� 6FLHQFHV� GH� OD� 7HUUH�� 8QLYHUVLWp� GX
4XpEHF�j�0RQWUpDO

,W�LV�ZLGHO\�UHFRJQL]HG�WKDW�DHURVROV�SOD\�DQ�LPSRUWDQW�UROH�LQ�FOLPDWH��7KH�PRVW�UHFHQW�,3&&
FRQVHQVXV� LV� WKDW� WKH�JOREDO�PHDQ�GLUHFW� IRUFLQJ�RI�DQWKURSRJHQLF�DHURVROV� LV� �����:�P��
�FRQILGHQFH� OLPLWV� ����� WR� �����:�P����ZKLOH� LQGLUHFW� IRUFLQJ� LV�YHU\�XQFHUWDLQ� IDOOLQJ� LQ� WKH
UDQJH���WR������:�P����7KLV� IRUFLQJ� LV�RSSRVLWH�DQG�FRPSDUDEOH� WR� WKDW�RI�DQWKURSRJHQLF
JUHHQKRXVH�JDVHV��7KH�1RUWKHUQ�$HURVRO�5HJLRQDO�&OLPDWH�0RGHO��1$5&0�� LV�D� WKUHH�\HDU
������������&DQDGLDQ�XQLYHUVLW\�JRYHUQPHQW�SURMHFW� RI� DSSUR[LPDWHO\���� VFLHQWLVWV� WKDW� LV
EHLQJ�XQGHUWDNHQ�XQGHU�WKH�DXVSLFHV�RI�WKH�&OLPDWH�5HVHDUFK�1HWZRUN��,W�LV�LQWHQGHG�WKDW�D
&DQDGLDQ�VL]H�GLVWULEXWHG�DHURVRO�PRGHOOLQJ�FDSDELOLW\�LV�GHYHORSHG�E\���L��LQFRUSRUDWLQJ�VL]H�
GLVWULEXWHG� DHURVROV� SURFHVVHV� LQ� 5&0�DQG�*&0�0$0� �LL�� VLPXODWLQJ� WKH� VSDWLDO�WHPSRUDO
GLVWULEXWLRQV� RI� PDMRU� DHURVRO� W\SHV� DQG� FKHFNLQJ� ZLWK� REVHUYDWLRQV�� �LLL�� OLQNLQJ� DHURVROV
DFWLYHO\� ZLWK� FORXGV� DQG� DWPRVSKHULF� UDGLDWLRQ�� DQG� �LY�� DVVHVVLQJ� WKH� UROH� RI� DHURVROV� LQ
FOLPDWH�SURFHVVHV��*RDOV��L��DQG��LL��DERYH�DUH�WKH�PDLQ� IRFLL�RI� WKLV� ILUVW�SKDVH�RI�1$5&0�
7KH�1$5&0�UHVHDUFK�VWUDWHJ\� LV� WR�DSSO\�D�VHFWLRQDO�PRGHO�RI����GLVFUHWH�VL]H� UDQJHV� WKDW
LQFOXGHV� DHURVRO� G\QDPLFV� DQG� FKHPLVWU\� LQ� FOLPDWH� PRGHOV� WRVLPXODWH� WKH� PRYHPHQW� RI
DHURVROV� IURP� WKHLU� VRXUFHV� WKURXJK� WKH� DWPRVSKHUH�� WKHLU� SK\VLFDO� DQG� FKHPLFDO
WUDQVIRUPDWLRQV�LQ�FOHDU�DLU�DQG�FORXGV��WKHLU�LQWHUDFWLRQ�ZLWK�WKH�VRODU�DQG�WHUUHVWULDO�UDGLDWLRQ
DQG�ILQDOO\�UHPRYDO�E\�ZHW�DQG�GU\�GHSRVLWLRQ�SURFHVVHV��7KH�RUGHU�LQ�ZKLFK�DHURVRO�W\SHV�DUH
LQFRUSRUDWHG�LQWR�WKH�PRGHO�LV��VHD�VDOW��VXOSKDWH��QDWXUDO�DQG�DQWKURSRJHQLF���EODFN�FDUERQ
�QDWXUDO� DQG� DQWKURSRJHQLF��� YROFDQLF� VXOSKXU�� VRLO� GXVW� DQG� RUJDQLFV� �QDWXUDO� DQG
DQWKURSRJHQLF���7R�GDWH��WKH�ILUVW���W\SHV�KDYH�EHHQ�LQFOXGHG��+LJKOLJKWV�RI�1$5&0�UHVHDUFK
ZLOO�EH�UHYLHZHG�DV�DQ�LQWURGXFWLRQ�WR�WKLV�VHVVLRQ�

��%����
:DWHU�8SWDNH�&DOFXODWLRQV�IRU�1$5&0�PL[HG�DHURVROV
*OHQ�/HVLQV���3HWU�&K\OHN��DQG�-HII�:RQJ�
�'DOKRXVLH�8QLYHUVLW\���&&56���2WWDZD

$WPRVSKHULF�DHURVROV�DUH�JHQHUDOO\� LQWHUQDO�PL[WXUHV�RI� YDULRXV�ZDWHU� VROXEOH�DQG� LQVROXEOH
FRPSRQHQWV��7KH�ZDWHU�XSWDNH�E\�WKHVH�DHURVROV�PXVW�EH�FDOFXODWHG�LQ�RUGHU�WR�FRPSXWH�WKH
FRUUHFW�VL]H�GLVWULEXWLRQ�DQG�WKH�RSWLFDO�SURSHUWLHV� IRU�XVH� LQ�FKHPLFDO�PRGHOV�DQG� UDGLDWLYH
IRUFLQJ� FDOFXODWLRQV�� :H� KDYH� GHYHORSHG� D� IDVW� SDUDPHWHUL]DWLRQ� VFKHPH� WKDW� DFFXUDWHO\
SUHGLFWV� WKH� ZDWHU� XSWDNH� RI� LQWHUQDOO\� PL[HG� VXOIDWH�� QLWUDWH� DQG� VHD� VDOW� DHURVROV� DV� D
IXQFWLRQ�RI�UHODWLYH�KXPLGLW\�ULJKW�XS�WR�WKH�DFWLYDWLRQ�SRLQW�IRU�GU\�DHURVROV�UDGLL�IURP������WR
��� PLFURPHWHUV�� ,W� XVHV� UHVXOWV� IURP� ODERUDWRU\� PHDVXUHPHQWV� RI� ZDWHU� VZHOOLQJ� E\
K\JURVFRSLF�SDUWLFOHV�DQG�LQFOXGHV�WKH�HIIHFW�RI�GHOLTXHVFHQFH�DQG�FU\VWDOOL]DWLRQ��7KH�VFKHPH
KDV�EHHQ�LQFRUSRUDWHG�LQ�WKH�&$0�SDFNDJH�XVHG�E\�1$5&0�

��%����
6XOSKDWH�SURGXFWLRQ�LQ�VXE�JULG�VFDOH�FORXGV
1DWDOLH�+DVHOO���-��-LDQJ���.QXW�YRQ�6DO]HQ���+HQU\�*��/HLJKWRQ��DQG�-HDQ�3LHUUH�%ODQFKHW�
�'HSDUWPHQW� RI� $WPRVSKHULF� DQG� 2FHDQLF� 6FLHQFHV�� 0F*LOO� 8QLYHUVLW\�� �'pSDUWHPHQW� GHV
6FLHQFHV�GH�OD�7HUUH��8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO

8QGHUVWDQGLQJ� WKH� LQWHUDFWLRQV� EHWZHHQ� FORXGV� DQG� DHURVROV� LV� NH\� WR� EHWWHU� PRGHOOLQJ
FOLPDWH� DQG� FOLPDWH� FKDQJH�� $V� VXOSKDWH� LV� WKH� PDLQ� K\JURVFRSLF� DHURVRO� FRQVWLWXHQW� RI
DQWKURSRJHQLF� RULJLQ�� LWV� SURGXFWLRQ� DV� D� UHVXOW� RI� LQ�FORXG� R[LGDWLRQ� RI� 6�,9�� VSHFLHV� LV� RI
SULPH� LQWHUHVW�� $OVR� ZRUWK� LQYHVWLJDWLRQ� LV� WKH� GHJUHH� WR� ZKLFK� DHURVRO� VL]H� VSHFWUD� DUH
PRGLILHG�E\�FORXG�SURFHVVLQJ�
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7KLV�QXPHULFDO�VWXG\�KDV�DV� LWV�PDLQ� WRRO�VHYHUDO�YHUVLRQV�RI� WKH�1RUWKHUQ�$HURVRO�5HJLRQDO
&OLPDWH�0RGHO��1$5&0��/RFDO�&OLPDWH�0RGHO��/&0���7KH�ILUVW�YHUVLRQ�RI�WKH�/&0�FRQWDLQV
WKH�&&&PD�*&0LL�SK\VLFDO�SDUDPHWHUL]DWLRQV��0F)DUODQH���������7KH�*&0LL�FORXG�VFKHPH
LV�D�GLDJQRVWLF�UHODWLYH�KXPLGLW\�EDVHG�VFKHPH��7KH�FORXGV�SURGXFHG�E\�WKLV�EXON�VFKHPH�DUH
WUHDWHG�DV�KRPRJHQHRXV�

$V� LQ�FORXG� FKHPLVWU\� LV� GHSHQGHQW� DPRQJVW� RWKHU� WKLQJV� RQ� WHPSHUDWXUH�� UHODWLYH� KXPLGLW\
DQG�OLTXLG�ZDWHU�FRQWHQW��LW�LV�OLNHO\�WKDW�PRGHOOHG�VXOSKDWH�SURGXFWLRQ�ZLOO�YDU\�GHSHQGLQJ�RQ
FORXG� SDUDPHWHUL]DWLRQ�� ,Q� DQ� DWWHPSW� WR� PDNH� WKH� WUHDWPHQW� RI� FORXGV� PRUH� UHDOLVWLF�� D
VWDWLVWLFDO� VXE�JULG� VFDOH� FORXG� SDUDPHWHUL]DWLRQ�� FDOOHG� WKH� 84$0� FORXG� VFKHPH�� ZDV
GHYHORSHG�E\�-LDQJ��������,Q�FRQWUDVW�WR�WKH�*&0LL�VFKHPH��KHUH�YHUWLFDO�PRWLRQ�RI�VXE�JULG
VFDOH�DLU�SDUFHOV�LV�GLVWULEXWHG�WKURXJKRXW�WKH�JULG�VTXDUH��DV�WXUEXOHQFH�RU�JUDYLW\�ZDYHV��LQ�D
UDQGRP�IDVKLRQ��8QGHU�WKH�SUHPLVH�WKDW�FRQGHQVDWLRQ�DQG�OLTXLG�ZDWHU�FRQWHQW�DUH�UHODWHG�WR
XSGUDIW�VSHHG��WKH�FORXG�ZLOO�KDYH�D�QRQ�KRPRJHQHRXV�PLFURVWUXFWXUH��)XUWKHUPRUH��WR�PDNH
WKH�LPSOHPHQWDWLRQ�FRPSOHWH��LQ�FORXG�FKHPLVWU\�LV�DOVR�DSSOLHG�DW�VXE�JULG�VFDOH�

7KH� JRDO� RI� WKLV� VWXG\� LV� WR� LQYHVWLJDWH� WKH� GHSHQGHQFH� RI� VXOSKDWH� SURGXFWLRQ� RQ� FORXG
VFKHPH��VSHFLILFDOO\�IRU�VWUDWLIRUP�FORXGV��6LQFH�VXOSKDWH�SURGXFWLRQ�LV�QRW�D�OLQHDU�SURFHVV��LW
PD\�ZHOO�EH�WKDW�DOWKRXJK�WKH�WZR�FORXG�VFKHPHV�SURGXFH�VLPLODU�DYHUDJH�FORXG�SURSHUWLHV�
VXOSKDWH�SURGXFWLRQ�PLJKW�EH�VLJQLILFDQWO\�GLIIHUHQW��7R�LQYHVWLJDWH�WKLV��ZH�FRPSDUH�VXOSKDWH
SURGXFWLRQ�LQ�PRGHOV�ZLWK�DQG�ZLWKRXW�VXE�JULG�VFDOH�FORXGV�

��%����
0RGHOLQJ� 6L]H�'LVWULEXWHG� *OREDO� 6HD� 6DOW� $HURVROV� ,Q� 7KH� � $WPRVSKHUH�� $Q� $SSOLFDWLRQ
8VLQJ�&DQDGLDQ�&OLPDWH�0RGHOV
6XQOLQJ�*RQJ��DQG�/HRQDUG�$��%DUULH�
�(QYLURQPHQW�&DQDGD

7KH�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQ�RI�JOREDO�VHD�VDOW�DHURVROV�ZHUH�VLPXODWHG�ZLWK�D�VL]H�
GLVWULEXWHG� DWPRVSKHULF� DHURVRO� DOJRULWKP� GHYHORSHG� IRU� WKH� 1RUWKHUQ� $HURVRO� 5HJLRQDO
&OLPDWH� 0RGHO� >1$5&0@� DSSOLHG� WR� WKH� &DQDGLDQ� WKLUG� JHQHUDO� FLUFXODWLRQ� PRGHO�� ,W
LQFRUSRUDWHV� WKH� SURFHVVHV� RI� DHURVRO� JHQHUDWLRQ�� GLIIXVLYH� DQG� DGYHFWLYH� WUDQVSRUWV� DQG
UHPRYDOV�DV�D� IXQFWLRQ�RI�SDUWLFOH�VL]H��$�FRPSDULVRQ�ZDV�PDGH�EHWZHHQ�REVHUYDWLRQV�DQG
PRGHO� SUHGLFWLRQV� RI� VHD�VDOW� FRQFHQWUDWLRQV� DQG� VL]H� GLVWULEXWLRQV�� 6L]H�UHVROYHG� DHURVRO
SURSHUWLHV�RI�JOREDO�VHD�VDOW�VXFK�DV�WUDQVSRUW�SDWWHUQV�� UHVLGHQFH�WLPH�� IOX[HV�DQG�UHPRYDOV
DUH� REWDLQHG� IURP� WKH� VLPXODWLRQV�� 6LQFH� WKH� VHD�VDOW� JHQHUDWLRQ� WHUP� LV� UHODWLYHO\� ZHOO
TXDQWLILHG�� WKH� FRPSDULVRQ� HQVXUHV� WKDW� D� UHDVRQDEOH� SDUDPHWHUL]DWLRQ� RI� UHPRYDO� DQG
WUDQVSRUW�VFKHPHV�LV�XVHG�

��%����
6LPXODWLRQ�2I� 6L]H�6HJUHJDWHG�*OREDO� 6HD�6DOW� $QG� 6XOSKDWH� $HURVRO� 0L[WXUHV� 8VLQJ� 7KH
&DQDGLDQ�*OREDO�&OLPDWH�0RGHO�>*FPLLL@
6XQOLQJ�*RQJ���/HRQDUG�$��%DUULH���1��0F)DUODQH���0��/D]DUH���8OULNH�/RKPDQQ���-HDQ�3LHUUH
%ODQFKHW��DQG�/XERV�6SDFHN�
�$WPRVSKHULF�(QYLURQPHQW�6HUYLFH���'HSDUWPHQW�RI�3K\VLFV�'DOKRXVLH�8QLYHUVLW\���'HSDUWPHQW
RI�(DUWK�6FLHQFHV�84$0

6HD� VDOW� DQG� VXOSKDWH� DUH� PDMRU� JOREDO� DHURVRO� VRXUFHV� WKDW� SOD\� DQ� LPSRUWDQW� UROH� LQ
WURSRVSKHULF�FKHPLVWU\�DQG�FOLPDWH��7KH�&DQDGLDQ�*OREDO�&OLPDWH�0RGHO��*&0LLL��FRXSOHG
ZLWK�&$0���&DQDGLDQ�$HURVRO�0RGXOH�ZDV�XVHG�WR�VLPXODWH� WKH�JOREDO�GLVWULEXWLRQ�RI�VL]H�
VHJUHJDWHG�VHD�VDOW�DQG�VXOSKDWH�DHURVROV�RI�ERWK�DQWKURSRJHQLF�DQG�QDWXUDO�RULJLQV� LQ� WKH
DWPRVSKHUH��&$0�LV�D�VHFWLRQDO�PRGHO�ZKLFK�FDUULHV�DHURVRO�SDUWLFOHV�DV�DFWLYH�FRQVWLWXHQF\�
,Q�FXUUHQW�FRQILJXUDWLRQ��WKH�DHURVRO�PL[WXUHV�DUH�GLYLGHG�LQWR����VL]H�VHFWLRQV�>U� ���������
PP@�DQG�DVVXPHG� WR�EH� LQWHUQDOO\�PL[HG��3URFHVVHV� VLPXODWHG� LQ�&$0� LQFOXGH�SURGXFWLRQ�
QXFOHDWLRQ�� FRQGHQVDWLRQ�� DHURVRO�FORXG� LQWHUDFWLRQ�� UHPRYDO� DQG� WUDQVSRUW� LQ� WKH
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DWPRVSKHUH�IRU�HDFK�W\SH�RI�DHURVROV��7KH�WUDQVSRUW�RI�DHURVROV�LQ�*&0LLL� LQFOXGHV�D�VHPL�
/DJUDQJLDQ� DGYHFWLRQ�� YHUWLFDO� GLIIXVLRQ� DQG� FRQYHFWLRQ�� ,QWHUDFWLRQ� EHWZHHQ� DHURVRO� DQG
FORXG� LV� H[SOLFLWO\� WUHDWHG� E\� FRPELQLQJ� D� SDUDPHWHUL]HG� DHURVRO� DFWLYDWLRQ� DQG� D� PLFUR�
SK\VLFDO�FORXG�VFKHPH�

7KH�UHVXOWV�ZHUH�REWDLQHG�XVLQJ�WKH�PRGHO�ZLWK�D�OLQHDU�SK\VLFV�WUDQVIRUP�JULG�RI�VL]H������
>�����GHJUHH�XQLIRUP�UHVROXWLRQ�LQ�ORQJLWXGH@��YHUWLFDO�UHVROXWLRQ�RI����OHYHOV�>IURP�VXUIDFH�WR
��� K3D� SUHVVXUH� OHYHO@� DQG� ��� PLQXWH� LQWHJUDWLRQ� WLPH� VWHS�� 6LPXODWHG� JOREDO� DHURVRO
FRQFHQWUDWLRQV�ZHUH�FRPSDUHG�ZLWK�REVHUYDWLRQV��5HDVRQDEOH�DJUHHPHQW�ZDV�IRXQG�LQ�WHUPV
RI� DEVROXWH� PDJQLWXGH� DQG� VHDVRQDO� YDULDWLRQV�� 7KH� UHODWLYH� LPSDFW� RI� VHD�VDOW� RQ� JOREDO
VXOSKDWH�DHURVROV�LV�GLVFXVVHG�

��%����
7KH�VHQVLWLYLW\�RI�VXOSKDWH�DHURVRO�FRQFHQWUDWLRQ�DQG�VL]H�WR�FKDQJLQJ�DQWKURSRJHQLF�VXOSKXU
HPLVVLRQV
.QXW�YRQ�6DO]HQ���+HQU\�*��/HLJKWRQ���6XQOLQJ�*RQJ���/XERV�6SDFHN���8��/RKPDQQ�
�'HSDUWPHQW� RI� $WPRVSKHULF� DQG� 2FHDQLF� 6FLHQFHV�� 0F*LOO� 8QLYHUVLW\�� �&&56� �� 2WWDZD�
(DUWK�6FLHQFHV�'HSDUWPHQW��8QLYHUVLW\�RI�4XHEHF�DW�0RQWUHDO�'HSDUWPHQW�RI�3K\VLFV

7KH� SUHVHQW GD\� UDGLDWLYH� IRUFLQJ� E\� DQWKURSRJHQLF� VXOSKDWH� DHURVROV� UHSUHVHQWV� D
SHUWXEDWLRQ�WR�FOLPDWH�ZLWK�D�PDJQLWXGH�SUREDEO\�RI�VLPLODU�RUGHU�DV�WKH� IRUFLQJ�GXH�WR�WKH
JUHHQKRXVH� JDV� DFFXPXODWLRQ� VLQFH� SUHLQGXVWULDO� WLPHV�� EXW� RI� RSSRVLWH� VLJQ� DQG� GLIIHUHQW
VSDWLDO� GLVWULEXWLRQ�� 7KHUH� LV� HYLGHQFH� IRU� D� QRQOLQHDU� UHVSRQVH� RI� JOREDO� VXOSKDWH� DHURVRO
FRQFHQWUDWLRQV� WR� VXOSKXU� R[LGH� HPLVVLRQV�� 7KH�PDMRULW\� RI� VXOSKDWH� DHURVRO� SURGXFWLRQ� E\
R[LGDWLRQ�RI�VXOSKXUGLR[LGH� LV�EHOLHYHG�WR�RFFXU�LQ�FORXGV�ZLWK�K\GURJHQ�SHUR[LGH�EHLQJ�WKH
PRVW�LPSRUWDQW�R[LGDQW��,QVXIILFLHQW�FRQFHQWUDWLRQV�RI�K\GURJHQ�SHUR[LGH�LQ�UHJLRQV�ZLWK�KLJK
VXOSKXU�R[LGH� HPLVVLRQV�PD\�KDYH� VLJQLILFDQW� OLPLWLQJ� HIIHFWV� RQ� WKH� LQ FORXG� SURGXFWLRQ� RI
VXOSKDWH�DHURVRO��7R�DVVHVV�WKH�UHVSRQVH�RI�VXOSKDWH�DHURVRO�RYHU�1RUWK�$PHULFD�WR�FKDQJLQJ
HPLVVLRQV�� WKUHH GLPHQVLRQDO� VLPXODWLRQV� IRU� GLIIHUHQW� HPLVVLRQ� VFHQDULRV� KDYH� EHHQ
SHUIRUPHG� ZLWK� WKH� 1RUWKHUQ� $HURVRO� 5HJLRQDO� &OLPDWH� 0RGHO� �1$5&0��� 5HVXOWV� RI� WKHVH
VLPXODWLRQV�DUH�GLVFXVVHG�ZLWK�UHVSHFW�WR�VXOSKDWH�DHURVRO�FRQFHQWUDWLRQ�DQG�VL]H
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��%����
&DQDGLDQ�3DUWLFLSDWLRQ�LQ�),5(�$&(
*HRUJH�,VDDF�
�&ORXG�3K\VLFV�5HVHDUFK�'LYLVLRQ

&DQDGLDQ� SDUWLFLSDWLRQ� LQ� WKH� ILHOG� SKDVH� RI� WKH� )LUVW� ,6&&3� 5HJLRQDO� ([SHULPHQW�� $UFWLF
&ORXG�([SHULPHQW��),5(�$&(��EHJDQ�RQ�$SULO���RXW�RI�,QXYLN��1�:�7��DQG�HQGHG�RQ�0D\���
������ ),5(�$&(� LV� D� SURMHFW� EHLQJ� OHG� E\� 1$6$� WR� LPSURYH� RXU� XQGHUVWDQGLQJ� RI� $UFWLF
FORXGV�DQG�KRZ�WKH\�DIIHFW�RXU�FOLPDWH��7KLV�SURMHFW�LV�IXOO\�FRRUGLQDWHG�ZLWK�WKH�6XUIDFH�+HDW
%XGJHW�RI�WKH�$UFWLF��6+(%$��SURMHFW�EHLQJ�OHG�E\�WKH�8�6��1DWLRQDO�6FLHQFH�)RXQGDWLRQ�ZKR
OHDVHG�WKH�&DQDGLDQ�&RDVW�*XDUG�LFH�EUHDNHU�'HV�*URVHLOOLHUV�WR�VLW�ORFNHG�LQWR�WKH�LFH�SDFN
IRU� RQH� \HDU� HQGLQJ� DSSUR[LPDWHO\� $XJXVW� ���� $�1DWLRQDO� 5HVHDUFK�&RXQFLO� &RQYDLU� ���
ZDV� IORZQ� RXW� RI� ,QXYLN� WR� PHDVXUH� FORXG� DQG� SUHFLSLWDWLRQ� PLFURSK\VLFDO� SURSHUWLHV�
UDGLDWLRQ� IOX[HV��ZDWHU�DQG�FDUERQ�GLR[LGH� IOX[HV��DQG�DLU�TXDOLW\� SDUDPHWHUV� LQFOXGLQJ�JDV
SKDVH� PHUFXU\�� $Q� RQERDUG� /,'$5� ORRNLQJ� XS� DQG� GRZQ� JDYH� H[FHOOHQW� GDWD� RQ� FORXG
SURSHUWLHV�DQG�DHURVRO�OD\HUV�

7KHUH� ZHUH� �� IOLJKWV� RYHU� WKH� 6+(%$� LFH� EUHDNHU� ORFDWHG� DW� DSSUR[LPDWHO\� ��1� ���:�
5HPRWH�VHQVRU�GDWD��FORXG�5$'$5��UDGLRPHWHU��/,'$5��RQ�WKH�VKLS�ZLOO�EH�FRPSDUHG�ZLWK�LQ�
VLWX�PHDVXUHPHQWV�PDGH�E\�WKH�DLUFUDIW��7KHQ�VDWHOOLWH�PHDVXUHPHQWV�ZLOO�EH�FRPSDUHG�ZLWK
WKH�VKLS�PHDVXUHPHQWV�LQ�DQ�HIIRUW�WR�LPSURYH�RXU�DELOLW\�WR�PHDVXUH�FORXG�SURSHUWLHV�LQ�WKH
$UFWLF��%RWK�ERXQGDU\�OD\HU�DQG�PLG�OHYHO�FORXG�SURSHUWLHV�ZHUH�GRFXPHQWHG�E\�WKH�DLUFUDIW
LQVWUXPHQWDWLRQ�GXULQJ�WKH�IOLJKWV�WR�WKH�VKLS�DQG�RQ�PDQ\� IOLJKWV�RXW�RYHU� WKH�%HDXIRUW�6HD
QRUWK� RI� ,QXYLN�� ,FH� FU\VWDO� VKDSHV� DQG� VL]HV� ZHUH� DFFXUDWHO\� PHDVXUHG� XVLQJ� D� QHZ
JHQHUDWLRQ�FORXG�SUREH��)OX[HV�RI�ZDWHU�YDSRXU�DQG�FDUERQ�GLR[LGH�RYHU�OHDGV�DQG�SRO\Q\DV
ZHUH�PHDVXUHG��DQG�FORXGV�IRUPLQJ�RYHU�SRO\Q\DV�ZHUH�LQYHVWLJDWHG��$UFWLF�KD]H�OD\HUV�ZHUH
HQFRXQWHUHG�DQG�WKH�DHURVRO�FKHPLVWU\�ZDV�GRFXPHQWHG�XVLQJ�WKH�RQERDUG�LQVWUXPHQWDWLRQ�
7KH�0&���PRGHO�ZDV�UXQ�LQ�UHDO�WLPH�GXULQJ�),5(�$&(�DQG�WKLV�PRGHO�ZLOO�EH�XVHG�WR�DVVLVW
LQ� WKH�GHYHORSPHQW�RI� LPSURYHG�SDUDPWHUL]DWLRQV� IRU�ERWK�ZHDWKHU� IRUHFDVWLQJ�DQG� FOLPDWH
FKDQJH�PRGHOV�

7KH�RYHUDOO�),5(�$&(�SURMHFW�ZLOO�EH�GHVFULEHG�DQG�D�EULHI�VXPPDU\�RI�WKH�DFFRPSOLVKPHQWV
RI�WKH�&DQDGLDQ�JURXS�ZLOO�EH�JLYHQ�

��%����
0HVRVFDOH�0RGHOLQJ�GXULQJ�),5(�$&(��)OLJKW�*XLGDQFH�DQG�0RGHO�3HUIRUPDQFH
%HUQDUG�%LORGHDX���-RFHO\Q�0DLOKRW���$QGUp�7UHPEOD\���$QQD�*OD]HU��DQG�6WpSKDQH�%pODLU�
�5HFKHUFKH�HQ�SUHYLVLRQ�QXPHULTXH��6($���&ORXG�3K\VLFV�5HVHDUFK�'LYLVLRQ��6($

'XULQJ� WKH�&DQDGLDQ�SKDVH�RI� WKH� ),5(�$&(� ILHOG�SURMHFW� ���$SULO���0D\�������� D� VSHFLDO
PRGHOLQJ�V\VWHP�KDV�EHHQ�VHW�XS�LQ�,QXYLN��1:7��WR�SURYLGH�VSHFLILF�IRUHFDVWLQJ�JXLGDQFH�IRU
WKH�&RQYDLU�DLUFUDIW�IOLJKW�RSHUDWLRQV��7KH�0&���0HVRVFDOH�&RPSUHVVLEOH�&RPPXQLW\��PRGHO
ZDV� UXQ� DW� KLJK�UHVROXWLRQ� ���� NP�� HYHU\GD\� WR� JLYH� DQ� DFFXUDWH� SLFWXUH� RI� PHVRVFDOH
IHDWXUHV��HVSHFLDOO\�ZLWK� UHJDUGV� WR� WKH�$UFWLF�FORXG�VWUXFWXUH�DQG�GLVWULEXWLRQV��QHDU�VXUIDFH
ZLQGV�DQG�WHPSHUDWXUHV��7KH�PRGHO�GRPDLQ�FRYHUHG�WKH�DUHDV�RI� LQWHUHVW�� LQFOXGLQJ�%DUURZ
�WKH�$50�VLWH��DQG� WKH�6+(%$� LFH�EUHDNHU� VLWH�� 6SHFLDO�HIIRUW�ZDV�SXW� LQ� WKH�PRGHO� SK\VLFV
SDFNDJH�WR�SURYLGH�D�GHWDLOHG�UHSUHVHQWDWLRQ�RI�WKH�SURFHVVHV�PRVW�UHOHYDQW�WR�WKH�ZHDWKHU�LQ
WKH� $UFWLF�� LQ� SDUWLFXODU� WKH� VXUIDFH� SURFHVVHV� ERWK� RYHU� WKH� LFH�FRYHUHG� RFHDQ� DQG� WKH
FRQWLQHQW��WKH�ERXQGDU\�OD\HU��DQG�WKH�$UFWLF�VWUDWXV�FORXGV�

$Q�RYHUYLHZ�RI�WKH�YDULRXV�DVSHFWV�RI�WKH�PRGHOLQJ�V\VWHP�ZLOO�EH�SUHVHQWHG�DW�WKH�&RQJUHVV�
6RPH�YHULILFDWLRQ�VWDWLVWLFV�ZLOO�EH�VKRZQ��WRJHWKHU�ZLWK�D�VHQVLWLYLW\�VWXG\�RI�WKH�VXUIDFH�IOX[HV
WR�WKH�LFH�IUDFWLRQ�DQDO\VLV�
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��%����
0RGHOLQJ�RI�WKH�ORZ�OHYHO�PL[HG�SKDVH�FORXGV�LQ�WKH�$UFWLF�GXULQJ�6SULQJ
(ULF�*LUDUG���-XG\�$��&XUU\��DQG�$PDQGD�+��/\QFK�
�&RRSHUDWLYH� ,QVWLWXWH� IRU� 5HVHDUFK� LQ� (QYLURQPHQWDO� 6FLHQFHV� �&,5(6��� %RXOGHU�� &2�
�3URJUDP� LQ� $WPRVSKHULF� DQG�2FHDQLF� 6FLHQFHV� �3$26��� 8QLYHUVLW\� RI� &RORUDGR�� %RXOGHU�
&2

5HFHQW� REVHUYDWLRQ� FDPSDLJQV� VXFK� DV� 6+(%$�� $50� DQG� ),5(� KDYH� VKRZQ� WKDW�� GXULQJ
VSULQJ�$UFWLF� ORZ�OHYHO� FORXGV� DUH� SUHGRPLQDQWO\� PL[HG� ZLWK� WKH� FRH[LVWHQFH� RI� LFH� FU\VWDOV
DQG�ZDWHU� GURSOHWV�� 7KHVH�PL[HG�SKDVH� FORXGV� DUH� DOVR� REVHUYHG� GXULQJ� WKH� FROG� VHDVRQ�
*OREDO�FOLPDWH�PRGHOV�VXFK�DV�$5&6\P�DQG�(&0:)�XQGHUSUHGLFW�WKH�ORZ�OHYHO�FORXGV�DQG
DV�D�UHVXOW��WKH\�XQGHUHVWLPDWH�WKH�GRZQZDUG�ORQJZDYH�IOX[�DW�WKH�VXUIDFH�

7KH�DLP�RI�WKLV�ZRUN�LV�WR�LQYHVWLJDWH�WKH�PLFURSK\VLFDO�SURFHVVHV�OHDGLQJ�WR�WKH�IRUPDWLRQ�RI
VXFK�FORXGV��:H�XVH�WKH�FROXPQ�YHUVLRQ�RI�WKH�$5&6\0�PRGHO��7KH�FORXG�VFKHPH�DGGHG�WR
WKH�RULJLQDO�PRGHO�DOORZV�WR�VLPXODWH�ORZ�OHYHO�PL[HG�SKDVH�FORXGV�ZLWK�ZHDN�WXUEXOHQFH�DQG
HQWUDLQPHQW�VXFK�DV�WKLQ�VWUDWXV��IRJ�DQG�FOHDU�VN\�SUHFLSLWDWLRQ��5HVXOWV�RI� WKH�FDVH�RI�0D\
�����LQ�WKH�%HDXIRUW�6HD�ZLOO�EH�VKRZQ��0RGHO�RXWSXWV�DUH�FRPSDUHG�WR�REVHUYDWLRQV�WDNHQ
GXULQJ�),5(�H[SHULPHQW�

��%����
6LPXODWLRQV�RI�LFH�FORXGV�DQG�DHURVROV�GXULQJ�),5(�,,,�XVLQJ�WKH�&&&PD�VLQJOH�FROXPQ�PRGHO
8OULNH�/RKPDQQ���-��+XPEOH���:��5��/HDLWFK��DQG�+��/LQ�
�'DOKRXVLH� 8QLYHUVLW\�� +DOLID[�� &DQDGD�� �'DOKRXVLH� 8QLYHUVLW\�� �$WPRVSKHULF� (QYLURQPHQW
6HUYLFH

7KH�VLQJOH�FROXPQ�PRGHO��6&0��RI�WKH�&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV
�&&&PD�� VROYHV� SURJQRVWLF� HTXDWLRQV� IRU� WKH� QXPEHU� DQG� PDVV� RI� LFH� FU\VWDOV� DQG� GURS
GURSOHWV� DQG� LQFOXGHV� DQ� DWPRVSKHULF� VXOIXU� F\FOH�� ,FH� FU\VWDOV� HLWKHU� IRUP� E\� HLWKHU
KRPRJHQHRXV� IUHH]LQJ� RI� VROXWLRQ� GURSOHWV� EHORZ� ���&� RU� E\� KHWHURJHQHRXV� QXFOHDWLRQ
ZKLFK� UHTXLUHV� WKH� SUHVHQFH� RI� LFH� QXFOHL�� :H� FRQVLGHU� FRQWDFW� QXFOHDWLRQ� DQG� VWRFKDVWLF
IUHH]LQJ�GHSHQGLQJ�RQ�WHPSHUDWXUH�� OLTXLG�ZDWHU�FRQWHQW�DQG�WKH�QXPEHU�RI�FORXG�GURSOHWV�
,Q�WKLV�WDON�ZH�ZLOO�SUHVHQW�VLPXODWLRQV�ZLWK� WKH�&&&PD�6&0�IRU�SHULRGV�GXULQJ� WKH�),5(� ,,,
FDPSDLJQ��ZKLFK� WRRN�SODFH� LQ� ,QXYLN��1RUWKZHVW�7HUULWRULHV�GXULQJ�$SULO�0D\�������ZKHUH
LFH� FORXGV�ZHUH� REVHUYHG� DQG�PHDVXUHPHQWV�RI� LFH� FU\VWDOV� DQG� DHURVROV�ZHUH� FRQGXFWHG�
:H�ZLOO�LQYHVWLJDWH�KRZ�ZHOO�ZH�DUH�DEOH�WR�VLPXODWH�LFH�FORXGV�DQG�DHURVROV�ZLWK�WKH�FXUUHQW
DSSURDFK�RI� LFH� QXFOHDWLRQ�DQG�ZKHUH�PRGHO� GHILFLHQFLHV�DUH� VR� WKDW�ZH� FDQ� LPSURYH� WKH
VLPXODWLRQ�RI�LFH�FORXGV�DQG�DHURVRO�LQ�WKH�&&&PD�6&0�

��%����
0HDVXULQJ�$UFWLF�&ORXGV�DQG�$HURVRO�E\�XVLQJ�&RXQWHUIORZ�9LUWXDO�,PSDFWRU��&9,�
+RQJ�/LQ���:�5��/HDLWFK���.�-��1RRQH��DQG�0��&RXWXUH�
�$WPRVSKHULF� (QYLURQPHQW� 6HUYLFH�� ����� 'XIIHULQ� 6WUHHW�'RZQVYLHZ�� 2QW�� 0�+� �7��
&DQDGD���'HSW��RI�0HWHRURORJ\��6WRFNKROP�8QLYHUVLW\��������6WRFNKROP��6ZHGHQ

$�&RXQWHUIORZ�9LUWXDO� ,PSDFWRU� �&9,��ZDV�XVHG� WR�VDPSOH� LFH�FU\VWDOV��GURSOHWV�DQG�DHURVRO
SDUWLFOHV�LQ�WKH�),5(�,,,�H[SHULPHQW�FRQGXFWHG�LQ�WKH�&DQDGLDQ�$UFWLF�UHJLRQ�LQ�������7KH�&9,
LV� DQ� LQVWUXPHQW� LQHUWLDOO\� VHSDUDWHV� FORXGV� GURSOHWV�FU\VWDOV� ODUJHU� WKDQ� D� FHUWDLQ
DHURG\QDPLF� VL]H� �a� ��� XP� LQ� GLDPHWHU�� IURP� WKH� VXUURXQGLQJ� DWPRVSKHUH� DQG� PHDVXUH
WKHLU�UHVLGXDO�SDUWLFOHV��,W�LV�DQ�LQVWUXPHQW�VXLWDEOH�IRU�LFH�FU\VWDO�PHDVXUHPHQW��HVSHFLDOO\�WKH
VPDOO�LFH�FU\VWDOV��&9,�FDQ�DOVR�IXQFWLRQ�DV�DQ�DHURVRO�LQOHW�WR�VDPSOH�DHURVRO�SDUWLFOHV��,Q�WKLV
VWXG\�� ZH� ZLOO� SUHVHQW� PLFURSK\VLFDO� SURSHUWLHV� RI� $UFWLF� DHURVRO� DQG� FORXGV� PHDVXUHG� E\
XVLQJ� WKH�&9,�� 7KH� FRPSDULVRQ� RI� WKH�&9,� GDWD� WR� RWKHU� LQVWUXPHQWV�� VXFK� DV� )663V�� 306
PHDVXUHPHQWV�ZLOO�DOVR�EH�GLVFXVVHG�



��UG�&026�&RQJUHVV 3DJH��� 3URJUDP�DQG�DEVWUDFWV

6HVVLRQ���%��
),5(

/XQGL����0DL
0RQGD\��0D\���

�������������

6DOOH���5RRP
5�20���

��%����
0RGHOLQJ�RI�$UFWLF�&ORXGV�GXULQJ�),5(�$&(
$QQD�*OD]HU���$QGUp�7UHPEOD\��� -RFHO\Q�0DLOKRW��� %HUQDUG�%LORGHDX��� 6WpSKDQH�%pODLU�� DQG
*HRUJH�,VDDF�
�$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

'XH�WR�WKH�YHU\�ORZ�GHQVLW\�RI�PHWHRURORJLFDO�REVHUYDWLRQV�LQ�WKH�$UFWLF��WKH�GHVLJQ�RI�RSWLPDO
UHVHDUFK�DLUFUDIW� IOLJKW� WUDMHFWRULHV�GXULQJ�),5(�$&(�ZDV�SDUWLFXODUO\�GLIILFXOW�� 7R�SURYLGH� WKH
UHDO�WLPH� JXLGDQFH� IRU� WKH� &DQDGLDQ� &RQYDLU� UHVHDUFK� DLUFUDIW� �EDVHG� LQ� ,QXYLN� 1�:�7��
PLVVLRQV��DQ�H[SHULPHQWDO� IRUHFDVW� V\VWHP�ZDV� UXQ�GDLO\�GXULQJ� WKH�&DQDGLDQ�SKDVH�RI� WKH
H[SHULPHQW��$SULO��WK���0D\��VW��������$�PHVRVFDOH�YHUVLRQ�����NP��RI�WKH�&DQDGLDQ�0&�
PRGHO�ZDV�UXQ�HDFK�GD\�WR�SURGXFH�IRUHFDVWV�RI�YDULRXV�PHWHRURORJLFDO�SDUDPHWHUV�ZLWK�DQ
HPSKDVLV�RQ�WKH�FORXG�VWUXFWXUH�DQG�ERXQGDU\�OD\HU�IOX[HV��7KH�FORXGV�ZHUH�IRUHFDVW�ZLWK�WKH
PL[HG�SKDVH�FORXG�VFKHPH�GHYHORSHG�E\�7UHPEOD\�HW�DO���7HOOXV���������$������������7KLV
VFKHPH�FRQVLGHUV�WKH�WRWDO�ZDWHU�FRQWHQW��7:&��DV�D�EDVLF�SURJQRVWLF�YDULDEOH��7KH�7:&�LV
GLDJQRVWLFDOO\� SDUWLWLRQHG� LQWR� VROLG� DQG� OLTXLG� SKDVHV� DW� VXEIUHH]LQJ� WHPSHUDWXUHV� DQG
HQFRPSDVVHV�WKH�FRQWLQXXP�RI�DOO�VROLG�DQG�OLTXLG�SKDVH�SDUWLFOHV�WKDW�FRQVWLWXWH�WKH�PDVV�RI
FRQGHQVDWH�LQ�WKH�DWPRVSKHUH�

7KH�PL[HG�SKDVH�FORXG�VFKHPH�DQG�WKH�0&��PRGHO�VHWXS�IRU�WKH�),5(�$&(�H[SHULPHQW�ZLOO
EH�SUHVHQWHG��7ZR�FDVHV�ZLOO�EH�DQDO\]HG��7KH�SKDVH��YHUWLFDO�VWUXFWXUH�� LQFOXGLQJ�FORXG�WRS
DQG� EDVH� KHLJKW�� DQG� KRUL]RQWDO� H[WHQW� RI� VLPXODWHG� FORXG� ILHOGV� ZLOO� EH� FRPSDUHG� ZLWK
DYDLODEOH� VDWHOOLWH� DQG� FORXG� UDGDU� GDWD�� 7\SLFDO� IHDWXUHV� RI� $UFWLF� PHWHRURORJ\� VXFK� DV
WHPSHUDWXUH�DQG�KXPLGLW\� LQYHUVLRQV�DQG�PXOWLSOH� OD\HULQJ�RI� FORXG� ILHOGV�ZLOO� EH�GLVFXVVHG
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��%����
7KH�5ROH�RI�2FHDQ�0L[LQJ�LQ�&RXSOHG�0RGHO�3URMHFWLRQV�RI�&OLPDWH�&KDQJH
*UHJRU\�0��)ODWR��DQG�*HRUJH�-��%RHU�
�$(6

*OREDO�FRXSOHG�FOLPDWH�PRGHOV�PXVW�SDUDPHWHUL]H�WKH�HIIHFWV�RI�RFHDQ�HGGLHV�RQ�KHDW��VDOW
DQG�PRPHQWXP� WUDQVSRUW�� +LVWRULFDOO\�� PRVW� PRGHOV� HPSOR\HG� D� KRUL]RQWDO�YHUWLFDO� PL[LQJ
WHQVRU�� 7KLV� LV� WKH� FDVH� LQ� WKH� &&&PD� ILUVW�JHQHUDWLRQ� FRXSOHG� PRGHO�� &*&0��� $� PRUH
UHFHQW�SDUDPHWHUL]DWLRQ��GXH�WR�*HQW�DQG�0F:LOOLDPV��*0��URWDWHV�WKH�PL[LQJ�WHQVRU�WR�DOLJQ
ZLWK�WKH�ORFDO�LVRS\FQDO�VORSH��DQG�LQ�DGGLWLRQ��LQFOXGHV�D�UHSUHVHQWDWLRQ�RI�WKH�VWLUULQJ�HIIHFWV
RI�PHVRVFDOH�HGGLHV��7KLV�VFKHPH�LV�XVHG�LQ�WKH�&&&PD�VHFRQG�JHQHUDWLRQ�FRXSOHG�PRGHO�
&*&0���7KH�PRGHO� LV� IXUWKHU�PRGLILHG�E\� WKH� LQFOXVLRQ�RI�)ODWR�+LEOHU� �)+�� LFH�G\QDPLFV�
:H� FRPSDUH� VRPH� EDVLF� IHDWXUHV� RI� WKH� FOLPDWH� FKDQJH� SURMHFWHG� XVLQJ� &*&0�� DQG
&*&0�� XQGHU� D� SUHVFULEHG� VFHQDULR� RI� LQFUHDVLQJ� JUHHQKRXVH� JDV� DQG� DHURVRO� IRUFLQJ�
&RQVLVWHQW� ZLWK� VRPH� HDUOLHU� VSHFXODWLRQV�� WKH� UHVXOW� LV� D� UHGXFWLRQ� LQ� WKH� 1RUWK�6RXWK
DV\PPHWU\� RI� ZDUPLQJ� ZKHQ� WKH� *0� DQG� )+� VFKHPHV� DUH� LPSOHPHQWHG�� :H� IRFXV� RQ
GLIIHUHQFHV� LQ� WKH� HYROXWLRQ� RI� WKH� 6RXWKHUQ�2FHDQ� WHPSHUDWXUH� DQG� VDOLQLW\� VWUXFWXUH� DQG
KHDW�WUDQVSRUWV�WR�LOOXVWUDWH�WKH�UROH�RI�WKH�SDUDPHWHUL]DWLRQV�LQ�GHWHUPLQLQJ�WKH�UDWH�RI�KLJK
VRXWKHUQ� ODWLWXGH�ZDUPLQJ��:H� FRQWUDVW� WKHVH� UHVXOWV� WR� D� VLPLODU� H[SHULPHQW� FRQGXFWHG� E\
+LUVW�HW�DO��XVLQJ�WKH�$XVWUDOLDQ�&6,52�FRXSOHG�PRGHO��LQ�ZKLFK�WKHUH�ZDV�OLWWOH�FKDQJH�LQ�WKH
DV\PPHWU\�RI�WKH�ZDUPLQJ�XSRQ�LQFOXVLRQ�RI�WKH�*0�PL[LQJ�VFKHPH�

��%����
,QWHUGHFDGDO�9DULDELOLW\�LQ�0RGHOV�ZLWK�1RUWK�$WODQWLF�%RWWRP�7RSRJUDSK\
$QGUHZ�.��3HWHUVRQ��DQG�5LFKDUG�*UHDWEDWFK�
�'DOKRXVLH�8QLYHUVLW\

,W�LV�NQRZQ�WKDW�LQWHUGHFDGDO�YDULDELOLW\�LQ�IODW�ERWWRPHG�RFHDQ�PRGHOV�LV�DVVRFLDWHG�ZLWK�WKH
SDVVDJH�RI�D�YLVFRXV�.HOYLQ�ZDYH�WKDW�SURSDJDWHV�DURXQG�SRUWLRQV�RI�WKH�PRGHO�ERXQGDULHV�
7KH� YDULDELOLW\� GHYHORSHV� LWV� LQWHUGHFDGDO� WLPHVFDOH� DV� D� UHVXOW� RI� WKLV� .HOYLQ� ZDYH� EHLQJ
VHYHUHO\�DUUHVWHG� LQ�DUHDV�RI�ZHDN� VWUDWLILFDWLRQ��:KHQ� UHDOLVWLF� WRSRJUDSK\� LV� LQFOXGHG�� WKH
DGMXVWPHQW�SURFHVV�DVVRFLDWHG�ZLWK�WKHVH�ZDYHV�LV�GUDVWLFDOO\�DOWHUHG��(QHUJ\�LV�QRZ�DOORZHG
WR�OHDN�LQWR�WRSRJUDSKLF�5RVVE\�ZDYHV�ZKLFK�JUHDWO\�VSHHGV�XS�WKH�DGMXVWPHQW�SURFHVV��:H
ILQG�D� VWRQJ� VHOI�VXVWDLQLQJ� RVFLOODWLRQ� LQ�D� IODW�ERWWRPHG�� UHDOLVWLF� JHRPHWU\��1RUWK�$WODQWLF
PRGHO�� +RZHYHU�� QR� VXFK� VHOI�VXVWDLQHG� RVFLOODWLRQ� RFFXUV� LQ� DQ\� RI� RXU� 1RUWK� $WODQWLF
PRGHOV� ZLWK� D� UHDOLVWLF� ERWWRP� WRSRJUDSK\�� 6WRFKDVWLF� IRUFLQJ� LV� UHTXLUHG� WR� SURGXFH
LQWHUGHFDGDO� YDULELOLW\� LQ� VXFK�PRGHOV�� $WWHPSWV�ZLOO� EH�PDGH� WR� OLQN� WKLV� VWRFKDVWLF� IRUFLQJ
ZLWK�LQWHUGHFDGDO�YDULDELOLW\�IRXQG�LQ�YDULRXV�DWPRVSKHUH�RFHDQ�FRXSOHG�PRGHOV�

��%����
$�&RXSOHG�$WPRVSKHUH� ��2FHDQ�:DYH�0RGHO� IRU�8QGHUVWDQGLQJ�$LU� �6HD�)OX[HV� LQ�1RUWK
$WODQWLF�6WRUPV
%LQ�+H���:LOOLDP�3HUULH���<DRFXQ�=KDQJ��DQG�%HFKDUD�7RXODQ\�
�%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

�$LU�VHD� LQWHUDFWLRQ�XQGHU� KLJK�ZLQG� FRQGLWLRQV�� LV� GRPLQDWHG�E\�SURFHVVHV�DVVRFLDWHG�ZLWK
WKH�XSSHU�RFHDQ��IRU�H[DPSOH�ZDYH�PRGXODWLRQ�RI�DLU�VHD� IOX[HV� �PRPHQWXP��VHQVLEOH�KHDW
DQG�PRLVWXUH��DW�WKH�RFHDQ�DWPRVSKHUH�LQWHUIDFH��7KH�FROOHFWLYH�LPSDFW�RI�WKHVH�SURFHVVHV�LV
QRW�XQGHUVWRRG�WR�WKH�VDPH�GHJUHH�DV�WKH�HIIHFW�RI�HDFK�LQGLYLGXDO�SURFHVV�� ,Q�WKLV�VWXG\��D
OLPLWHG�DUHD� DLU�VHD� FRXSOHG� PRGHOOLQJ� V\VWHP� GHYHORSHG� DW� %,2� LV� XVHG� WR� FDUU\� RXW
QXPHULFDO� VHQVLWLYLW\� H[SHULPHQWV�� DV� ZHOO� DV� UHDO� GDWD� H[SHULPHQWV�� IRU� WKH� SXUSRVH� RI
HYDOXDWLQJ�WKH�LPSDFW�RI�VHD�VSUD\�DQG�VHD�VXUIDFH�ZDYHV�RQ�DLU�VHD�LQWHUDFWLRQ�XQGHU�KLJK
ZLQG� FRQGLWLRQV�� 3DUDPHWHUL]DWLRQ� VFKHPHV�DUH�XVHG� WR� GHVFULEH� WKH�PRGXODWLRQ� RI� DLU�VHD
VXUIDFH� IOX[HV�E\� VHD� VSUD\�DQG� RFHDQ� VXUIDFH�ZDYHV�� )HHGEDFNV� EHWZHHQ� WKH� DWPRVSKHUH
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DQG� WKH� RFHDQ� VXUIDFH� ZDYH� PRGHO� PDNH� WKLV� D� UHDOLVWLF� IUDPHZRUN� WR� DVVHVV� WKHVH
SDUDPHWHUL]DWLRQ� VFKHPHV��:H�XVH� WKH� 3�VLJPD�SULPLWLYH� HTXDWLRQ�DWPRVSKHULF�PRGHO� DQG
WKH� :$0� RFHDQ� ZDYH� PRGHO�� 5HDO� GDWD� YHULILFDWLRQ� RI� PRGHO� LV� DFKLHYHG� WKURXJK
FRPSDULVRQ� ZLWK�� ���� ZLQG� ILHOGV�� PHWHRURORJLFDO� ILHOGV� DQG� ZDYH� PHDVXUHPHQWV� IURP� WKH
6WRUP�RI�WKH�&HQWXU\�LQ�0DUFK�������DQG�����VHOHFWHG�VWRUP�SHULRGV�IURP�WKH�GHWDLOHG�DLU��
VHD�IOX[HV�DQG�RWKHU�FROOHFWHG�GDWD��IURP�WKH�/DEUDGRU�6HD�'HHS�&RQYHFWLRQ�([SHULPHQW�

��%����
9HULILFDWLRQ� RI� D� &RXSOHG� $WPRVSKHUH� �� 2FHDQ� :DYH� 0RGHO� ZLWK� $LU� �6HD� IOX[HV� LQ� WKH
/DEUDGRU�6HD�([SHULPHQW
<DRFXQ�=KDQJ��DQG�:LOOLDP�3HUULH�
�%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\��1DQMLQJ�8QLYHUVLW\���%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

7KH� H[FKDQJHV� RI� WKH� PRPHQWXP�� KHDW� DQG� ZDWHU� YDSRU� DW� WKH� DLU�VHD� LQWHUIDFH� DUH� YHU\
LPSRUWDQW�SK\VLFDO�SURFHVVHV�IRU�WKH�VWXG\�RI�FOLPDWH�G\QDPLFV�DQG�FOLPDWH�FKDQJH�RFFXUULQJ
DW�GLIIHUHQW� WLPH�VFDOHV��7KLV� LV�SDUWLFXODUO\� WUXH�ZLWK� UHJDUG� WR�FRXSOHG�DWPRVSKHUH� ��RFHDQ
FOLPDWH�PRGHOV��&RUUHFW� UHSUHVHQWDWLRQV�RI� WKHVH� IOX[HV�DUH� HVVHQWLDO� IRU� FOLPDWH�PRGHOOLQJ�
RQ� DOO� WLPH�VFDOHV�� ,Q� RUGHU� WR� DVVHVV� ZKHWKHU� WKH� FRXSOLQJ� RI� RFHDQ� VXUIDFH� ZDYHV� WR� DQ
DWPRVSKHUH�PRGHO�FDQ�LPSURYH�WKH�FDOFXODWLRQ�RI�DLU���VHD�IOX[�H[FKDQJHV��ZH�FRQVWUXFWHG�D
FRXSOHG�UHJLRQDO�DWPRVSKHUH���RFHDQ�ZDYH�PRGHO�V\VWHP�IRU�WKH�1RUWK�$WODQWLF��:H�XVHG�WKH
:$0� RFHDQ� ZDYH� PRGHO� DQG� WKH� 1&$5� 5HJ&0�� DWPRVSKHULF� PRGHO�� &RXSOLQJ� ZDV
DFKLHYHG�WKURXJK�WKH�SDUDPHWHUL]DWLRQ�GHULYHG�E\�6PLWK�DQG�FR�ZRUNHUV�LQ�WKH�+(;26�1RUWK
6HD�H[SHULPHQW� IURP� WKH� ODWH�����
V��ZKLFK� UHODWHV� VHD� VXUIDFH� URXJKQHVV�=R� WR� VHD� VWDWH�
7KLV� =R� IRUPXODWLRQ� UHSUHVHQWV� D� VHD�VWDWH� GHSHQGHQW� YDULDWLRQ� WR� WKH� PRUH� WUDGLWLRQDO
&KDUQRFN�IRUPXODWLRQ�IRU�=R��2XU�FRXSOHG�PRGHO�ZDV�XVHG�WR�LQYHVWLJDWH�WKH�LQWHUDFWLRQ�RI
DWPRVSKHUH�DQG�RFHDQ�ZDYHV�RYHU� WKH� /DEUDGRU� 6HD�GXULQJ�)HEUXDU\� ��0DUFK������� 7KLV
SHULRG�FRUUHVSRQGV�WR�WKH�/DEUDGRU�6HD�'HHS�&RQYHFWLRQ�([SHULPHQW��:H�SUHVHQW�D�GHWDLOHG
YHULILFDWLRQ�RI�RXU�PRGHO��XVLQJ�DLU���VHD�IOX[HV�DQG�RWKHU�FROOHFWHG�GDWD��IURP�WKH�/DEUDGRU
6HD�'HHS�&RQYHFWLRQ�([SHULPHQW�

��%����
7KH�5ROH�2I�7KH�7KHUPRKDOLQH�&LUFXODWLRQ�,Q�7KH�,QLWLDWLRQ�2I�*ODFLDWLRQ
=KDRPLQ�:DQJ��DQG�/DZUHQFH�$��0\VDN�
�0F*LOO�8QLYHUVLW\

:H� SUHVHQW� D� QHZ� FRXSOHG� DWPRVSKHUH�RFHDQ�VHD� LFH�ODQG� VXUIDFH� PRGHO� IRU� ORQJ�WHUP
FOLPDWH�FKDQJH�VWXGLHV�ZKLFK�LQFRUSRUDWHV�WKH�VHDVRQDO�F\FOH��7KH�WKUHH�PDMRU�RFHDQ�EDVLQV�
WKH�$QWDUFWLF�&LUFXPSRODU�&XUUHQW�UHJLRQ�DQG�WKH�PDMRU�FRQWLQHQWV�DUH�UHVROYHG�

7KH� PRGHO� FRPSRQHQWV� DUH� FRXSOHG� WRJHWKHU� XVLQJ� IOX[� DGMXVWPHQWV� �IRU� KHDW� DQG� IUHVK
ZDWHU��LQ�RUGHU�WR�ILUVW�VLPXODWH�WKH�SUHVHQW�GD\�FOLPDWH��7KH�PDMRU�IHDWXUHV�RI�WKLV�VLPXODWLRQ
DUH� FRQVLVWHQW� ZLWK� REVHUYDWLRQV� DQG� WKH� JHQHUDO� UHVXOWV� RI� *&0V�� ,Q� D� JOREDO� ZDUPLQJ
�FRROLQJ�� H[SHULPHQW�� WKH� WKHUPRKDOLQH� FLUFXODWLRQ� �7+&�� LQ� WKH� 1RUWK� $WODQWLF� 2FHDQ� LV
ZHDNHQHG� �LQWHQVLILHG�� PDLQO\� GXH� WR� WKH� LQFUHDVHG� �UHGXFHG�� PRLVWXUH� WUDQVSRUW� WR� WKH
QRUWKHUQ�KLJK�ODWLWXGHV�DQG�ZDUPLQJ��FRROLQJ��LQ�WKH�KLJK�ODWLWXGHV�RI�WKH�1RUWK�$WODQWLF�

/DVWO\�� WKH� FRXSOHG� PRGHO� LV� HPSOR\HG� WR� LQYHVWLJDWH� WKH� LQLWLDWLRQ� RI� JODFLDWLRQ� E\� VORZO\
UHGXFLQJ�WKH�VRODU�UDGLDWLRQ�DQG�LQFUHDVLQJ�WKH�SODQHWDU\�HPLVVLYLW\��RQO\�LQ�WKH�QRUWKHUQ�KLJK
ODWLWXGHV�� :KHQ� ODQG� LFH� LV� JURZLQJ�� WKH� 7+&� LQ� WKH� 1RUWK� $WODQWLF� 2FHDQ� LV� LQWHQVLILHG�
UHVXOWLQJ� LQ� D� ZDUP� VXESRODU� 1RUWK� $WODQWLF� 2FHDQ�� ZKLFK� LV� LQ� DJUHHPHQW� ZLWK� WKH
REVHUYDWLRQV� RI� 5XGGLPDQ� DQG� 0F,QW\UH�� 7KH� LQWHQVLILHG� 7+&� PDLQWDLQV� ODUJH� ODQG�RFHDQ
WKHUPDO� FRQWUDVW� DW� KLJK� ODWLWXGHV� DQG� KHQFH� HQKDQFHV� ODQG� LFH� DFFXPXODWLRQ�� ZKLFK� LV
FRQVLVWHQW�ZLWK�WKH�UDSLG�LFH�VKHHW�JURZWK�GXULQJ�WKH�ILUVW����ND�RI�WKH�ODVW�JODFLDO�SHULRG�WKDW
ZDV�REVHUYHG�E\�-RKQVRQ�DQG�$QGUHZV��:H�FRQFOXGH�WKDW�D�FROG�FOLPDWH�LV�QRW�UHVSRQVLEOH
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IRU�D�ZHDN�RU�FROODSVHG�7+&�LQ�WKH�1RUWK�$WODQWLF�2FHDQ��UDWKHU�ZH�VXJJHVW�WKDW�LQFUHDVHG
IUHVK�ZDWHU�RU�PDVVLYH�LFHEHUJ�GLVFKDUJH�IURP�ODQG�LV�UHVSRQVLEOH�IRU�VXFK�D�VWDWH�

��%����
7KH�&OLPDWH�,FH�6KHHW�,QWHUDFWLRQV�,Q�$�6LPSOH�&OLPDWH�0RGHO
/DZUHQFH�$��0\VDN��DQG�=KDRPLQ�:DQJ�
�0F*LOO�8QLYHUVLW\

$� ]RQDOO\� DYHUDJHG� LFH� VKHHW�PRGHO� XVHG� E\�*DOOHH� HW� DO�� KDV� EHHQ� FRXSOHG� WR� D� VLPSOH
FOLPDWH�PRGHO��ZKLFK�LQFRUSRUDWHV�DQ�HQHUJ\�PRLVWXUH�EDODQFH�DWPRVSKHULF�PRGHO��D�]RQDOO\
DYHUDJHG� RFHDQ�PRGHO� RI�:ULJKW� DQG�6WRFNHU�� D� ]HUR�OD\HU� WKHUPRG\QDPLF� VHD� LFH�PRGHO
DQG�D�VLPSOH�ODQG�VXUIDFH�PRGHO��7KH�LFH�VKHHWV�DUH�LQLWLDWHG�E\�UHGXFLQJ�WKH�VRODU�LQVRODWLRQ
DQG�SODQHWDU\�HPLVVLYLW\�LQ�WKH�QRUWKHUQ�KLJK�ODWLWXGHV�

7KH�LFH�VKHHWV�JURZ�UDSLGO\�GXULQJ�WKH�ILUVW����ND�GXH�WR�WKH�VWURQJ�WKHUPRKDOLQH�FLUFXODWLRQ
�7+&��LQ�WKH�1RUWK�$WODQWLF�DQG�YHU\�VPDOO�ODWHUDO�GLVFKDUJH�RI�LFH�PDVV��+RZHYHU��GXULQJ�WKLV
VWDJH�� WKH�FOLPDWH� LQ� WKH�QRUWKHUQ�KLJK� ODWLWXGHV� LV�RQO\�FRROHG�GRZQ�VOLJKWO\�DQG� LFH�VKHHWV
FDQQRW�DGYDQFH�VRXWKZDUG�HDVLO\��2Q�WKH�RWKHU�KDQG�� LI� WKH�SODQHWDU\�HPLVVLYLW\� LV� UHGXFHG
JOREDOO\��ZKLFK�FDQ�PLPLF�WKH�GURS�RI�WKH�FRQFHQWUDWLRQ�RI�FDUERQ�GLR[LGH�DQG�ZDWHU�YDSRU
DIWHU�WKH�LQLWLDWLRQ�RI�JODFLDWLRQ��WKH�LFH�VKHHWV�PD\�H[WHQG�VRXWKZDUG�VLJQLILFDQWO\��$OVR�� WKH
ZHDNHQLQJ�RI�WKH�7+&�GXH�WR�WKH�ODUJH�LFH�PDVV�GLVFKDUJH�OHDGV�WR�WKH�VRXWKZDUG�DGYDQFH
RI�VHD�LFH�DQG�D�VLJQLILFDQW�FRROLQJ�RI�WKH�FOLPDWH�

6LQFH�WKHUH�H[LVW� WZR�IORZ�UHJLPHV��VWHDG\� IORZ�DQG� UDSLG� LFH�PDVV�GLVFKDUJH��RI� LFH�VKHHWV�
WKH�LFH�PDVV�GLVFKDUJH�WR�WKH�RFHDQ�LV�VXGGHQO\�LQFUHDVHG�RQFH�WKH�LFH�IORZ�UHDFKHV�D�FULWLFDO
YDOXH��7KLV�FDXVHV�WKH�GURS�RI�LFH�YROXPH�DQG�ZHDNHQV�WKH�7+&��7KH�ZHDN�7+&�OHDGV�WR�WKH
DGYDQFH�RI�VHD�LFH��ZKLFK�FRROV�GRZQ�WKH�FOLPDWH�IXUWKHU�DQG�VORZV�GRZQ�WKH�JURZWK�RI�LFH
VKHHWV��:KHQ�WKH�ODUJH�LFH�PDVV�GLVFKDUJH�VWRSV��WKH�7+&�LV�UHVWRUHG�DQG�WKH�VHD�LFH�FRYHU
UHWUHDWV��7KHQ�WKH�LFH�VKHHWV�JURZ�UHODWLYHO\�UDSLGO\�DQG�WKH�FULWLFDO�VLWXDWLRQ�LV�UHDFKHG�DJDLQ�
ZKLFK�FDXVHV�DQRWKHU�ODUJH�LFH�PDVV�GLVFKDUJH�
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��&����
5HFHQW� DQG� IXWXUH� LPSURYHPHQWV� LQ� WKH� &DQDGLDQ� 0HWHRURORJLFDO� &HQWHU
V� DQDO\VLV� DQG
IRUHFDVWLQJ�V\VWHP���$PpOLRUDWLRQV�UpFHQWHV�HW�IXWXUHV�DX�V\VWqPH�G
DQDO\VH�HW�GH�SUpYLVLRQ�GX
&HQWUH�0pWpRURORJLTXH�&DQDGLHQ
5LFKDUG�+RJXH�
�2SHUDWLRQV�%UDQFK��&DQDGLDQ�0HWHRURORJLFDO�&HQWHU

7KH�2SHUDWLRQV� %UDQFK� RI� WKH� &DQDGLDQ�0HWHRURORJLFDO� &HQWHU� �&0&�� LV� UHVSRQVLEOH� IRU
UXQQLQJ�WKH�RSHUDWLRQDO�PRGHOV�DQG�DQDO\VLV�V\VWHPV�WKDW�KDYH�EHHQ�GHYHORSHG�E\�WKH�5	'
'LYLVLRQV� RI� &0&� DQG� 531� �5HFKHUFKH� HQ� 3UpYLVLRQ�1XPpULTXH���0DMRU� FKDQJHV� WR� WKHVH
RSHUDWLRQDO� V\VWHPV� KDYH� EHHQ� LPSOHPHQWHG� LQ� WKH� SDVW� \HDU�� ,Q� 6HSWHPEHU� ������ WKH
UHVROXWLRQ�RI�WKH�UHJLRQDO�YHUVLRQ�RI�WKH�*OREDO�(QYLURQPHQWDO�0RGHO� �*(0��ZDV� LQFUHDVHG
IURP���NP�WR���NP�DQG�LPSURYHPHQWV�ZHUH�EURXJKW�WR�WKH�SDUDPHWHUL]DWLRQ�RI�WKH�VXUIDFH
SURFHVVHV��7KH� IROORZLQJ�PRQWK��LQ�2FWREHU�������WKH�JOREDO�YHUVLRQ�RI�*(0�UHSODFHG�WKH
JOREDO�6()�VSHFWUDO�PRGHO�WR�SURGXFH�WKH�&HQWHU
V�PHGLXP�DQG�ORQJ�UDQJH�IRUHFDVWV��7KHVH
FKDQJHV�ZLOO�EH� UHYLHZHG�DV�ZHOO�DV� WKH� LPSURYHPHQWV�SODQQHG�GXULQJ� WKH�QH[W� \HDU� WR� WKH
PRGHO�DQG�DQDO\VLV�V\VWHPV�RQFH�DOO�\HDU������FRPSOLDQFH�LVVXHV�DUH�UHVROYHG��7KH�TXHVWLRQ
RI�DYDLODELOLW\�DV�ZHOO�DV�WUDQVPLVVLRQ�RI�DQDO\VLV�DQG�PRGHO�RXWSXWV�WR�YDULRXV�XVHUV�ZLOO�DOVR
EH�GLVFXVVHG��$OVR��WKH�&0&�2SHUDWLRQV�DUFKLYH�GDWDEDVH�ZLOO�EH�SUHVHQWHG�DV�ZHOO�DV�KRZ
WKLV�GDWDEDVH�LV�XVHG�WR�VXSSRUW�5	'�SURMHFWV�VXFK�DV�*(:(;�

��&����
*HQHUDO�'HVFULSWLRQ�RI�1:3�0RGHOOLQJ�DW�WKH�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH
/RXLV�/HIDLYUH���1RUPDQG�%UXQHW���1RUPDQG�*DJQRQ���$QQH�0DULH�/HGXF���*DEULHO� /HPD\��
$QGUp�0pWKRW��� 5LFKDUG�0RIIHW��� $ODLQ� 3DWRLQH���*pUDUG� 3HOOHULQ�� DQG�$QGUp� 3ODQWH� -RVHSK�
3LHUUH�7RYLHVVL�
�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH�� (QYLURQPHQW�&DQDGD�� �'HSDUWPHQW� RI� $WPRVSKHULF� DQG
2FHDQLF�6FHQFHV��0F*LOO�8QLYHUVLW\

7KH�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH� �&0&�� LV� UHVSRQVLEOH� IRU� UXQQLQJ�PRGHOV� FRYHULQJ� D
ODUJH�UDQJH�RI�VFDOHV��IURP�PHVRVFDOH��������NP�ZLWK�D�OHDG�WLPH�RI����KRXUV��WR�V\QRSWLF
VFDOHV� ����� NP� ZLWK� OHDG� WLPH� RI� RQH� VHDVRQ��� 6RPH� PRGHOV� DUH� UXQ� LQ� D� GHWHUPLQLVWLF
IDVKLRQ�RWKHUV�LQ�SUREDELOLVWLF��7KH�VFRSH�DOVR�WRXFKHV�HQYLURQPHQWDO�SUHGLFWLRQ�ZLWK�OLQNV�WR
&KHPLFDO� 7UDQVSRUW� PRGHOV�� 7KH� FRPPRQ� GHQRPLQDWRU� RI� WKH� 1:3� ZRUN� DW� &0&� LV� WKH
*OREDO�(QYLURQPHQWDO�0XOWLVFDOH� �*(0��PRGHO��ZKLFK� LV� QRZ� WKH�PDLQ�G\QDPLF�PRGHO� IRU
PRVW�RI�WKH�DSSOLFDWLRQV�WKDW�DUH�UXQ�RSHUDWLRQDOO\��7ZR�UHFHQW�LPSOHPHQWDWLRQV��LQ�UHJLRQDO
DQG�LQ�JOREDO�PRGH��HIIHFWLYHO\�LQYROYHG�WKH�*(0�PRGHO�

7KH�WDON�ZLOO�EULHIO\�UHYLHZ�HYHU\�DVSHFW�RI�QXPHULFDO�PRGHOOLQJ�DW�&0&�DQG�ZLOO�VHUYH�DV�DQ
LQWURGXFWLRQ�WR�D�VHULHV�RI�SUHVHQWDWLRQV�RQ�PRUH�VSHFLILF�DVSHFWV�

��&����
&0&
V���NP�*(0�5HJLRQDO�0RGHO��3UHVHQW�6WDWXV�$QG�3HUIRUPDQFH��$VVHVPHQW
5LFKDUG�0RIIHW��� 6WpSKDQH� %pODLU��� 1RUPDQG� %UXQHW��� /RXLV� /HIDLYUH��� $QGUp� 0pWKRW��� $ODLQ
3DWRLQH��DQG�*pUDUG�3HOOHULQ�
�(QYLURQQHPHQW� &DQDGD�� &0&�� &061�� �(QYLURQQHPHQW� &DQDGD�� 5HFKHUFKH� HQ� 3UHYLVLRQ
1XPHULTXH

,Q�6HSWHPEHU�RI�������D�QHZ�YHUVLRQ�RI�&0&
V�UHJLRQDO�PRGHO�EHFDPH�RSHUDWLRQDO��2WKHU
WKDQ� DQ� LQFUHDVH� LQ� VSDWLDO� DQG� WHPSRUDO� UHVROXWLRQ�� PDQ\� PRGLILFDWLRQV� WR� LWV� SK\VLFDO
SDUDPHWHUL]DWLRQ�ZHUH�SDUW�RI� WKLV� LPSURYHG�YHUVLRQ�RI� WKH�*(0�PRGHO��$�)ULWVFK�&KDSSHOO
FRQYHFWLRQ� VFKHPH� ZDV� LPSOHPHQWHG� WR� EHWWHU� IRUHFDVW� FRQYHFWLYH� DFWLYLW\� DW� D� ��� NP
UHVROXWLRQ��$ORQJ�ZLWK�WKLV�VFKHPH���DQ�LPSURYHG�H[SOLFLW�FRQGHQVDWLRQ�VFKHPH�LV�DOVR�XVHG
ZKLFK�EHWWHU�GHSLFWV� WKH�HYDSRUDWLRQ�RI�SUHFLSLWDWLRQ��5DGLDWLRQ� LV�QRZ�FDOOHG� HYHU\� KRXU� LQ
WKH� PRGHO�� FRUUHVSRQGLQJ� WR� HYHU\� �� WLPH� VWHSV�� UDWKHU� WKDQ� HYHU\� �� KRXUV�� +RUL]RQWDO
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UHVROXWLRQ�LQFUHDVH�DOVR�DOORZHG�IRU�ILQHU�VFDOH�JHRSK\VLFDO�ILHOGV�VXFK�DV�YHJHWDWLRQ��VXUIDFH
URXJKQHVV� DQG� WRSRJUDSK\�� $OO� RI� WKHVH� FKDQJHV� SURYLGH� IRU� VRPH� LPSURYHPHQW� LQ� WKH
PRGHO
V� EHKDYLRXU� HVSHFLDOO\� LQ� WKJH� ERXQGDU\� OD\HU� DQG� D� EHWWHU� KDQGOLQJ� RI� PHVR�VFDOH
V\VWHPV��5DWKHU�WKDQ�VWDWLVWLFV��D�IHZ�H[DPSOHV�ZLOO�EH�JLYHQ��)LUVW�ZH�ZLOO�VKRZ�DQ�LPSURYHG
WHPSHUDWXUH� DQG� KXPLGLW\� SURILOHV� IRUHFDVW� LQ� WKH� ERXQGDU\� OD\HU�� PRVW� LPSRUWDQW� LQ
SUHFLSLWDWLRQ�W\SLQJ��6HFRQG�WKH�)ULWVFK�&KDSSHOO�VFKHPH�DOORZHG�IRU�WKH�FRUUHFWLRQ�RI�D�IHZ
SUREOHPV�QRWHG�LQ�WKH�SUHYLRXV�YHUVLRQ�RI�WKH�UHJLRQDO�PRGHO�VXFK�DV�WKH�RYHUGHYHORSPHQW�RI
VRPH�GHSUHVVLRQDU\�V\VWHPV�GXH�WR�FRQYHFWLYH�IHHGEDFN�PDLQO\�RYHU�WKH�*XOIVWUHDP��DQG�WKH
ELDV�LQ�XQGHUIRUHFDVWLQJ�WKH�ODUJHU�SUHFLSLWDWLRQ�DPRXQW�IRUHFDVW�FDWHJRULHV�

��&����
5HFHQW� GHYHORSPHQW� DFWLYLWLHV� RQ�1:3� VKRUW� WHUP�PRGHO� DW� WKH� &DQDGLDQ�0HWHRURORJLFDO
&HQWUH�
$QGUp� 0HWKRW��� 5LFKDUG� 0RIIHW��� *pUDUG� 3HOOHULQ��� 6WpSKDQH� %pODLU��� $QGUp� 7UHPEOD\�� DQG
$QQD�*OD]HU�
�'LYLVLRQ�1:3��&0&���&0&���531��'RUYDO���&ORXG�3K\VLFV�5HVHDUFK�'LYLVLRQ��'RUYDO

7KH� &DQDGLDQ� 0HWHRURORJLFDO� &HQWUH� �&0&�� LV� SURYLGLQJ� VKRUW� WHUP� �����KUV�� 1:3
RSHUDWLRQDO� JXLGDQFH� XVLQJ� WKH�*(0� UHJLRQDO� IRUHFDVW� PRGHO� FXUUHQWO\� UXQQLQJ� DW� ��� NP
KRUL]RQWDO� UHVROXWLRQ� DQG� ��� HWD� YHUWLFDO� OHYHOV�� 7KH� SK\VLFV� SDFNDJH� LQFOXGHV� WKH� IDPLOLDU
6XQGTXLVW� VFKHPH� WR� SURGXFH� H[SOLFLW� FRQGHQVDWLRQ� UHVXOWLQJ� LQ� HLWKHU� VROLG� RU� OLTXLG
SUHFLSLWDWLRQ�� 7KH� SDUDPHWHUL]DWLRQ� RI� FRQGHQVDWLRQ� DW� XQUHVROYHG� FRQYHFWLYH� VFDOH� LV
UHQGHUHG�E\�WKH�)ULWVFK	&KDSSHOO�VFKHPH�

,Q� YLHZ� RI� LQFRPLQJ� LQFUHDVH� LQ� WKH� UHVROXWLRQ�� ZRUN� LV� XQGHUJRLQJ� RQ� ERWK� FRQGHQVDWLRQ
VFKHPHV��7KH�RSHUDWLRQDO�H[SOLFLW�6XQGTXLVW�VFKHPH�LV�FRPSDUHG�ZLWK�WKH�PL[HG�SKDVH�FORXG
VFKHPH� SURSRVHG� E\� 7UHPEOD\� DQG� *OD]HU� �7HOOXV�� ��$� SS� ���������� 7KLV� ODWHU� VFKHPH
SURYLGHV� GLVWLQFWLRQ� RI� IUHH]LQJ� SUHFLSLWDWLRQ�� 7KH� RSHUDWLRQDO� )ULWVFK	&KDSSHOO� VFKHPH� LV
DOVR�EHLQJ�UHYXHG�DQG�FKDOOHQJHG�E\�WKH�.DLQ	)ULWVFK�VFKHPH�

3DUW�RI�WKLV�GHYHORSPHQW�LV�WDNLQJ�SODFH�RQ�WKH�H[SHULPHQWDO�*(0�PRGHO�+L0$3�IUDPHZRUN
DW� ��NP� KRUL]RQWDO� UHVROXWLRQ� DQG� ��� OHYHOV� �����KUV��� 7KH� WDON� VXPPDUL]HV� UHVXOWV� RI
FRPSDUDWLYH� IRUHFDVW� SHUIRUPDQFH� RI� *(0� PRGHO� XVLQJ� RSHUDWLRQDO� DQG� FDQGLGDWH
FRQGHQVDWLRQ�VFKHPH�WDQGHPV�

��&����
5HFHQW� ,PSURYHPHQWV� LQ� WKH� (QVHPEOH� 3UHGLFWLRQ� 6\VWHP� DW� WKH� &DQDGLDQ� 0HWHRURORJLFDO
&HQWUH
/RXLV�/HIDLYUH���3HWHU�/��+RXWHNDPHU���$QQH�0DULH�/HGXF���3KLOLSSH�3DODQ\���*pUDUG�3HOOHULQ�

DQG�5LFKDUG�9HUUHW�
�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW�&DQDGD���0HWHRURORJLFDO�5HVHDUFK�%UDQFK�
(QYLURQPHQW�&DQDGD���0pWpR�)UDQFH

(QVHPEOH�3UHGLFWLRQ�LV�SDUW�RI�WKH�RSHUDWLRQDO�VXLWH�DW� WKH�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH
VLQFH�)HEUXDU\�������(YHU\�GD\��DQ���PHPEHU�HQVHPEOH��EDVHG�RQ�YDULRXV�YHUVLRQV�RI� WKH
7���VSHFWUDO�PRGHO��6()���LV�UXQ�RXW�WR����GD\V��,W�KDV�ORQJ�EHHQ�LGHQWLILHG�WKDW�DQ���PHPEHU
HQVHPEOH� ZDV� PLQLPDO� IRU� SUREDELOLVWLF� SURGXFWV�� ([WHQVLRQ� RI� WKH� HQVHPEOH� VL]H� WR� ��
PHPEHUV�ZDV� WKXV�SHUIRUPHG��XVLQJ�DQ�DGGLWLRQDO��� YHUVLRQV� RI� WKH�*OREDO� (QYLURQPHQWDO
0XOWLVFDOH� �*(0��PRGHO� DW� ������� UHVROXWLRQ� DV� GULYLQJ�PRGHO�� 'HVFULSWLRQ� RI� WKH� YDULRXV
YHUVLRQV� RI� WKH�PRGHO�ZLOO� EH�SUHVHQWHG�� DORQJ�ZLWK� WKH� LPSURYHPHQW� JDLQHG� XVLQJ� WKH� ��
PHPEHU� HQVHPEOH� WKXV� REWDLQHG��1HZ� SUREDELOLVWLF� SURGXFWV� ZLOO� DOVR� EH� SUHVHQWHG� DORQJ
ZLWK�WKH�DSSURSULDWH�YHULILFDWLRQV�
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��&����
3URMHFW�(XUR0(7���7HDFKLQJ�0HWHRURORJ\�,QWHUQDWLRQDOO\�XVLQJ�,QWHUQHW
&KULVWLDQ�3DJp��DQG�3HWHU�=ZDFN�
�84$0

7KH� (XUR0(7� SURMHFW� ZDV� XQGHUWDNHQ� E\� ���PHWHRURORJLFDO� HGXFDWLRQDO� HVWDEOLVKPHQWV� RI
ZKLFK� 84$0� LV� WKH� RQO\� 1RUWK� $PHULFDQ� PHPEHU�� 7KH� (XUR0(7� SURMHFW�� ZKLFK� ZRQ� WKH
SUHVWLJLRXV� (XURSHDQ� $FDGHPLF� 6RIWZDUH� $ZDUGV� LQ� ������ ZDV� LQVSLUHG� E\� WKH� SURWRW\SH
WUDLQLQJ�PRGXOH�LQ�3URMHFW�675$786�

(XUR0(7� DGGUHVVHV� LQ� �� ODQJXDJHV�� WKH� FRQWLQXLQJ� HGXFDWLRQ� DQG� WUDLQLQJ� QHHGV� RI
SURIHVVLRQDO� PHWHRURORJLVWV� HPSOR\HG� E\� WKH� QDWLRQDO� PHWHRURORJLFDO� VHUYLFHV� DV� ZHOO� DV
SURYLGHV�SHGDJRJLFDO�VXSSRUW�IRU�WUDGLWLRQDO�XQLYHUVLW\�FRXUVHV��,W�SURYLGHV�RSHQ�DQG�GLVWDQFH
OHDUQLQJ�LQ�D�ZD\�ZKLFK�FDQ�EH�FXVWRPL]HG�WR�ILW�ORFDO�QHHGV

7ZR�KLJKO\�LQWHUDFWLYH�FRXUVHV�DUH�FXUUHQWO\�DYDLODEOH�RQ�OLQH���1XPHULFDO�:HDWKHU�3UHGLFWLRQ
DQG�6DWHOOLWH�0HWHRURORJ\��7KH�FRXUVHV�DUH�GHOLYHUHG�XVLQJ�:RUOG�:LGH�:HE� �:::�� WRROV
DQG�HPSOR\�D� YDULHW\�RI�PHGLD� LQFOXGLQJ� WH[W�ZLWK�PDWKHPDWLFV�� LPDJHV�� YLGHR�� VRXQG�DQG
DQLPDWLRQ��0DLQ�(XUR0(7�:::�VHUYHUV�KDYH�D�KLJK�WKDQ�FDQ�EH�GHOLYHUHG�RQ�D�VWDQGDUG
ZRUNVWDWLRQ��7KH�WZR�PDLQ�(XUR0(7�:::�VHUYHUV�DUH� ORFDWHG� LQ�0HWHR�)UDQFH�DQG�DW� WKH
8QLYHUVLW\�RI�(GLQEXUJK��8.��

7KH�EDVLF�VWUXFWXUH�DQG�SKLORVRSK\�EHKLQG�WKH�FRXUVHV�ZLOO�EH�SUHVHQWHG�DORQJ�ZLWK�H[DPSOHV
RI�VSHFLILF�WUDLQLQJ�PRGXOHV�

��&����
/HV�KXPHXUV�GX�WHPSV
1LFROH�5D\PRQG��HW�/LQGD�/LERLURQ�
�/D�%LRVSKqUH

/H� FOLPDW� FRQWLQHQWDO� GX� 4XpEHF�� WRXW� FRPPH� FHOXL� GH� OD� SODQqWH� IDLW� GHSXLV� TXHOTXHV
DQQpHV�O·REMHW�G·XQH�REVHUYDWLRQ�DWWHQWLYH�HW�VRXWHQXH�GH�OD�SDUW�GHV�VFLHQWLILTXHV�GX�PRQGH�
/D�%LRVSKqUH��TXL�HVW�GpGLpH�j�O·HDX�HW�j�OD�SURWHFWLRQ�GX�EDVVLQ�YHUVDQW�*UDQGV�/DFV��6DLQW�
/DXUHQW��D� LGHQWLILp�FHW�HQMHX�FRPPH�XQ�pOpPHQW� WKpPDWLTXH�PDMHXU��(OOH�D�GpYHORSSp�GHV
SDUWHQDULDWV�TXL� OXL�SHUPHWWHQW�GH� OH�PHWWUH�HQ� YDOHXU�HW�DLQVL�GH� VHQVLELOLVHU� OD�SRSXODWLRQ�
SDUWLFXOLqUHPHQW�OHV�FOLHQWqOHV�VFRODLUHV�

&HWWH�DFWLYLWp�pGXFDWLYH�V
LQWLWXOH��/HV�KXPHXUV�GX�WHPSV���(OOH�HVW�RIIHUWH�DX[�pOqYHV�GH��LqPH
j��LqPH�DQQpH��DLQVL�TX
DX[� VHFRQGDLUHV��� HW���� (OOH� D� pWp�EkWLH� HQ� FROODERUDWLRQ�DYHF� OD
GLUHFWLRQ�GH� O
HQYLURQQHPHQW�DWPRVSKpULTXH�G
(QYLURQQHPHQW�&DQDGD��DYHF� OD�SDUWLFLSDWLRQ
ILQDQFLqUH�GX�*URXSH�G
DVVXUDQFH�/D�0XWXHOOH��&HWWH�DFWLYLWp�UHVSHFWH�OHV�SULQFLSHV�GH�WUDYDLO
pWDEOLV�j�OD�%LRVSKqUH�SRXU�OH�GpYHORSSHPHQW�GH�YDOHXUV�HW�GH�FRPSRUWHPHQWV�SRVLWLIV�HQYHUV
O
HQYLURQQHPHQW�� (OOH� V
DUULPH� DXVVL� DX[� SURJUDPPHV� GX� 0LQLVWqUH�� ,O� HVW� SUpYX� GH� OD
GpYHORSSHU� HQ� RIIUDQW� DX[� FODVVHV� GHV� DFWLYLWpV� FRPSOpPHQWDLUHV� DX� WKqPH��'HVFULSWLRQ� GH
O
DFWLYLWp�

$SUqV�DYRLU�IDLW�DSSHO�DX[�VRXYHQLUV�GHV�MHXQHV��QRXV�SUpVHQWRQV�TXHOTXHV�FDUDFWpULVWLTXHV�GH
O
DWPRVSKqUH��/HV�pOqYHV�SUHQQHQW�FRQVFLHQFH�TXH�OH�FOLPDW�HVW�YDULDEOH�HW�TXH�F
HVW�QRUPDO�,O
D� XQH� SHUVRQQDOLWp�� 3DU� OD� VXLWH�� OHV� pOqYHV� VRQW� LQYLWpV� j� PDQLSXOHU� GHV� LQVWUXPHQWV
PpWpRURORJLTXHV�HW�HQYLURQQHPHQWDX[�TXL�SHUPHWWHQW�GH�PHVXUHU��OH�YHQW��OD�SOXLH��OD�QHLJH�
OHV� KHXUHV� G
HQVROHLOOHPHQW� HW� OD� YLVLELOLWp�� ­� WUDYHUV� FHWWH� LQLWLDWLRQ� VFLHQWLILTXH�� LOV� YRLHQW
FRPPHQW�OD�SROOXWLRQ�FLUFXOH�GDQV�O
DWPRVSKqUH�HW�FRPPHQW�O
KRPPH�LQIOXHQFH�OH�FOLPDW�� ,OV
VRQW� LQYLWpV� j� GRQQHU� OHXUV� LGpHV� VXU� GHV� FRPSRUWHPHQWV� TXL� SHXYHQW� OLPLWHU� FHV
GpUDQJHPHQWV�
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,OV� SRXUVXLYHQW� OHXU� TXrWH� HQ� H[SORUDQW� OHV� FRPSRVDQWHV� HW� OHV� FDUDFWpULVWLTXHV� GH
SKpQRPqQHV�PpWpRURORJLTXHV�WHOV�O
RUDJH�RX�OD�WHPSrWH�GH�QHLJH��$ORUV�TXH�OHV�SOXV�MHXQHV
WHUPLQHQW� O
DFWLYLWp�SDU�XQH� LQWpJUDWLRQ�DUWLVWLTXH�HQ�FUpDQW�XQ�YLWUDLO�DX[�FRXOHXUV�GX�WHPSV�
OHV�SOXV�kJpV�H[SORUHQW�OH�SKpQRPqQH�(O�1LQR�TXL� LQIOXHQFH�OH�FOLPDW�j�O
pFKHOOH�JOREDOH��/D
YLVLWH�VH�WHUPLQH�SDU�XQ�UHWRXU�VXU�FH�TXL�D�pWp�YX�GDQV�OD�YLVLWH�HW�VXU�VRQ�DSSUpFLDWLRQ�

��&����
2DVLV��/LIH�RQ�WKH�HGJH�RI�WKH�DE\VV
.LP�-XQLSHU���-R]pH�6DUUD]LQ���-RKDQH�+DLQHDXOW���)UDQFLQH�6W�2QJH���&DUROH�.HDUQH\���$ODLQ
3URYRVW���5RODQG�%UpDUG���(QULHWWH�*DJQRQ��DQG�0DUFHO�3LORWWH�
�8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO���:RRGV�+ROH�2FHDQRJUDSKLF�,QVWLWXWLRQ

7KLV�PXOWL�PHGLD�&'�520�SUHVHQWV�WKH�IDVFLQDWLQJ�ZRUOG�RI�GHHS�RFHDQ�K\GURWKHUPDO�YHQWV
RQ� WKH� (QGHDYRXU� 6HJPHQW� RI� WKH� -XDQ� GH� )XFD� 5LGJH�� UHFHQWO\� QDPHG� DV� D� SLORW�0DULQH
3URWHFWHG�$UHD�E\�&DQDGD
V�0LQLVWHU�RI�)LVKHULHV�DQG�2FHDQV��6HYHUDO�WKHPHV�DUH�GHYHORSHG
LQ�SDUDOOHO�LQFOXGLQJ�&DQDGLDQ�DQG�$PHULFDQ�VXEVHD�WHFKQRORJ\��WKH�ELRORJ\��FKHPLVWU\�DQG
JHRORJ\�RI� WKLV� YHU\�XQLTXH� HFRV\VWHP��DQG� WKH� LQFUHDVLQJ�SUHVHQFH� RI�ZRPHQ� VFLHQWLVWV� LQ
RFHDQRJUDSK\��7KH�LQWHUDFWLYH�&'�520�IHDWXUHV�WHFKQLFDO� IDFW�VKHHWV��QDUUDWHG�YLGHR�FOLSV�
XQGHUZDWHU� SKRWRJUDSKV�� JDPHV� DQG� ��'� JUDSKLF� PRGHOV�� DV� ZHOO� DV� D� UHIHUHQFH
ELEOLRJUDSK\��7KHUH�DUH�VHYHUDO�OHYHOV�RI�FRPSOH[LW\�IRU�HDFK�WRSLF�VR�WKDW�WKH�&'�520�FDQ
EH� DSSUHFLDWHG� E\� QRYLFHV� DV� ZHOO� DV� E\� WKH� LQIRUPHG� XVHU�� 7KLV� HGXFDWLRQDO� WRRO� ZLOO� EH
VXLWDEOH�IRU�VFKRROV�DV�ZHOO�DV�IRU�JHQHUDO�SXEOLF�

��&����
/
DVVRFLDWLRQ�SURIHVVLRQQHOOH�GHV�PpWpRURORJXHV�GX�4XpEHF�HW�O
pGXFDWLRQ�HQ�PpWpRURORJLH
*LOOHV�%ULHQ�
�$304

/
$VVRFLDWLRQ� SURIHVVLRQQHOOH� GHV� PpWpRURORJLVWHV� GX� 4XpEHF�� GHSXLV� VD� FRQVWLWXWLRQ� HQ
������ D� PHQp� SOXVLHXUV� SURMHWV� G
pGXFDWLRQ� SRSXODLUH� VXU� OD� PpWpRURORJLH�� &DSVXOHV
G
LQIRUPDWLRQV� UDGLRSKRQLTXHV�� WRXUQpH� VFRODLUH�� FROORTXHV�� pGLWLRQ� GH� ��� ���� FDKLHUV
G
DFWLYLWpV�PpWpR�SRXU�OHV�pFROHV�VRQW�TXHOTXHV�XQV�GHV�SURGXLWV�FRQoXV�HW�SURGXLWV�j�FHV�ILQV
pGXFDWLYHV��$�WUDYHUV�FHV�DFWLYLWpV�� O
$304�WHQWH�GH�VHQVLELOLVHU�GDYDQWDJH� OD�SRSXODWLRQ�VXU
OHV� TXHVWLRQV� WRXFKDQW� O
HQYLURQQHPHQW� DWPRVSKpULTXH� HW� OH� U{OH� GX�PpWpRURORJXH� GDQV� OD
VRFLpWp�PRGHUQH��/HV�FRXSXUHV�GDQV�OHV�EXGJHWV�GHV�VHUYLFHV�PpWpRURORJLTXHV�GX�IpGpUDO��OD
IHUPHWXUH� GHV� EXUHDX[� PpWpRURORJLTXHV� G
(QYLURQQHPHQW� &DQDGD� HW� OH� PDQTXH� GH
UHVVRXUFHV�GLGDFWLTXHV�HQ�PpWpR�SRXU�OHV�PLOLHX[�VFRODLUHV�IRQW�HQ�VRUWH�TXH� OHV�EHVRLQV�GX
SXEOLF� HW� GHV� FRPPXQDXWpV� VFRODLUHV� VRQW� WUqV� JUDQGV� HW� FULDQWV� HQ� PDWLHUH� G
pGXFDWLRQ
SRSXODLUH� HQ� PpWpRURORJLH�� /
$304� WHQWH� GH� UHPSOLU� FH� YLGH� DYHF� OHV� PR\HQV� GRQW� HOOH
GLVSRVH�� 0DOJUH� OH� SHX� GH� UHVVRXUFHV� GLVSRQLEOHV� HW� OH� IDLEOH� EDVVLQ� GH� PpWpRURORJXHV
SURIHVVLRQHOV� DX� 4XpEHF�� O
$304� D� UHXVVL� DYHF� VXFFHV� j� UpDOLVHU� SOXVLHXUV� SURMHWV
LQWpUHVVDQWV�HW�ULFKHV�HQ�HQVHLJQHPHQWV�
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��&����
2SHUDWLRQDO�2FHDQ�)RUHFDVW�6\VWHP�ZLWK�'DWD�$VVLPLODWLRQ�IRU�WKH�(DVW�&RDVW�RI�&DQDGD
-RVNR�%REDQRYLF��DQG�.HLWK�5��7KRPSVRQ�
�'DOKRXVLH�8QLYHUVLW\��'HSDUWPHQW�RI�2FHDQRJUDSK\��+DOLID[��16��&DQDGD��%�+��-�

,Q� UHFHQW� \HDUV�� WKHUH� KDV� EHHQ� LQFUHDVHG� SUHVVXUH� WR� VXSSO\� DFFXUDWH� SUHGLFWLRQV� RI� WKH
FLUFXODWLRQ� RQ� &DQDGLDQ� $WODQWLF� VKHOYHV�� 6XFK� SUHGLFWLRQV� DUH� UHTXLUHG� E\� WKH� PDULWLPH
WUDQVSRUWDWLRQ�DQG�RIIVKRUH�H[SORUDWLRQ�VHFWRUV�DQG�DUH�QHHGHG�IRU�PDULQH�VHDUFK�DQG�UHVFXH
DQG�SROOXWLRQ�FRQWURO��:H�UHSRUW�RQ� WKH�GHYHORSPHQW�RI�DQ�RSHUDWLRQDO� IRUHFDVW� V\VWHP� IRU
WKH�HDVW� FRDVW�RI�&DQDGD�� 7KH�DSSURDFK� WDNHQ� LV�EDVHG�RQ�QHVWLQJ��)LUVW��ZH�XVH�D� ODUJH�
VFDOH� QRQ�OLQHDU� VWRUP� VXUJH� PRGHO� WKDW� FRYHUV� WKH� FRPSOHWH� HDVW� &DQDGLDQ� VKHOYHV� DQG
DGMDFHQW�GHHS�RFHDQ�IURP���1��*XOI�RI�0DLQH��WR���1�ZLWK�D�VSDWLDO�UHVROXWLRQ�RI������RI
WKH� GHJUHH�� 7KH� PRGHO� LV� GULYHQ� E\� WKUHH�KRXUO\� IRUHFDVW� VXUIDFH� ZLQGV� DQG� DWPRVSKHULF
SUHVVXUH� VXSSOLHG� GDLO\� E\� WKH� &DQDGLDQ�0HWHRURORJLFDO� &HQWHU�� )RUHFDVW� ILHOGV� �VHD� OHYHO
DQG�GHSWK�DYHUDJHG�FXUUHQWV��DUH�XVHG�DV�D�ILUVW�JXHVV�IRU�WKH�RSHQ�ERXQGDU\�FRQGLWLRQV�RI
WKH�QHVWHG�PRGHO�

7KH�QHVWHG�PRGHO�FRYHUV�WKH�*XOI�RI�6DLQW�/DZUHQFH�DQG�WKH�6FRWLDQ�6KHOI�DQG�SDUWV�RI�WKH
DGMDFHQW� RSHQ� RFHDQ� �URXJKO\� IURP� ��1� WR� ��� 1��� 7KH� RFHDQ� PRGHO� LV� EDVHG� RQ� 320
�%OXPEHUJ� DQG� 0HOORU�� ������� WKUHH�GLPHQVLRQDO�� QRQ�OLQHDU�� SURJQRVWLF� PRGHO� WKDW� XVHV
VLJPD�FRRUGLQDWHV�LQ�YHUWLFDO��'HQVLW\� ILHOGV�ZHUH�REWDLQHG�IURP�WKH�DUFKLYHV�RI� WKH�%HGIRUG
,QVWLWXWH�RI�2FHDQRJUDSK\�DQG�JULGGHG�VHDVRQDOO\��$W�SUHVHQW�WKH�PRGHO�LV�UXQ�LQ�GLDJQRVWLF
PRGH��L�H��7�DQG�6� ILHOGV�DUH�KHOG� IL[HG�LQ�WLPH��VHDVRQ���7KH�RSHQ�ERXQGDU\�FRQGLWLRQV�IRU
WKH�PRGHO�KDYH�VHYHUDO�FRPSRQHQWV��7KH� 
V\QRSWLF�SDUW
�FRPHV� IURP�WKH�VWRUP�VXUJH�PRGHO
DQG�LW�LV�IXUWKHU�UHILQHG�E\�DVVLPLODWLQJ�VHD�OHYHO�GDWD�XVLQJ�UHSUHVHQWHUV��%HQQHWW���������7KH

WLGDO�SDUW
�RI�WKH�ERXQGDU\�FRQGLWLRQ�LV�EDVHG�RQ�D�GDWD�DVVLPLODWLYH�VWXG\�WKDW�FRPELQHV��'�
QRQ�OLQHDU� G\QDPLFV� ZLWK� D� ��'� OLQHDU� DGMRLQW� PRGHO� �7KRPSVRQ� HW� DO��������� :H� XVH� D
KLVWRULF�GDWD�VHW�WR�YDOLGDWH�WKH�IRUHFDVW�VFKHPH�RQ�WKH�6FRWLDQ�6KHOI�GXULQJ�ZLQWHU�������2XU
SODQ�LV�WR�DOORZ�7�DQG�6�ILHOGV�WR�HYROYH�ZLWK�WLPH�DQG�FRQWURO�WKHP�E\�DVVLPLODWLQJ�VHDVRQDO
GHQVLW\� YDULDELOLW\�� VDWHOOLWH� GHULYHG� REVHUYDWLRQV�� DV� ZHOO� DV� LQ�VLWX� 7� DQG� 6� ILHOGV� ZKHQ
DYDLODEOH�

��&����
7LGDO�FXUUHQWV�DQG�PL[LQJ�TXDQWLWLHV�RII�1HZIRXQGODQG
*XRTL�+DQ�
�%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

0DMRU� VHPLGLXUQDO� �0��� 6��� 1��� DQG� GLXUQDO� �.��� 2��� EDURWURSLF� WLGHV� RYHU� WKH
1HZIRXQDGODQG�6KHOI�DUH�FRPSXWHG�XVLQJ�D� WKUHH�GLPHQVLRQDO�QRQOLQHDU�SULPLWLYH�HTXDWLRQ
PRGHO��ZLWK�WKH�YHUWLFDO�HGG\�YLVFRVLW\�FDOFXODWHG�IURP�D�OHYHO�����WXUEXOHQFH�FORVXUH�VFKHPH�
&RPSXWHG� HOHYDWLRQ� FRWLGDO� FKDUWV� DUH� FRQVLVWHQW� ZLWK� SUHYLRXV� NQRZOHGJH� IRU� WKLV� UHJLRQ�
&RPSDULVRQV� EDVHG� RQ� D� VWDWLVWLFDO� DQDO\VLV� RI� WKH� GLIIHUHQFHV� EHWZHHQ� WKH� FRPSXWHG
HOHYDWLRQV�DQG�FXUUHQWV��DQG� LQ� VLWX�REVHUYDWLRQV� LQGLFDWH�JRRG�DJUHHPHQW��:KLOH�0�� WLGDO
FXUUHQWV��XS�WR���������FP�V��DUH�GRPLQDQW��WKHUH�DUH�ORFDOO\�LQWHQVLILHG�GLXUQDO�FXUUHQWV��XS
WR��������FP�V��LQ�VRPH�RXWHU�VKHOI�ORFDWLRQV��7KH�GLXUQDO�FXUUHQW�LQWHQVLILFDWLRQ�LV�DWWULEXWHG
WR�ILUVW�PRGH�FRQWLQHQWDO�VKHOI�ZDYHV��$�GHWDLOHG�HYDOXDWLRQ�RI�WKH�PRGHO�FXUUHQWV�DJDLQHVW�LQ
VLWX�REVHUYDWLRQV� LV� FDUULHG� RXW� IRU� WKH�GRPLQDQW�0�� WLGH�� WRJHWKHU�ZLWK�DQ� H[DPLQDWLRQ� RI
HVWLPDWHG� WXUEXOHQW� NLQHWLF� HQHUJ\��PL[LQJ� OHQJWK� VFDOH�� YHUWLFDO� HGG\� YLVFRVLW\�� DQG� ERWWRP
IULFWLRQ�YHORFLW\��6ROXWLRQV�ZLWK�IL[HG�YHUWLFDO�VWDWLILFDWLRQ�SURILOHV�LQGLFDWH�WKDW�WKH�VWUDWLILFDWLRQ
KDV�D�VLJQLILFDQW� LQIOXHQFH�RQ� WKH� YHUWLFDO�SURILOH�RI� WLGDO�PL[LQJ�SDUDPHWHUV�DQG�FXUUHQWV� LQ
VKDOORZ�DUHDV�
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��&����
'ULIW�3DWKZD\V�RQ�WKH�:HVWHUQ�6FRWLDQ�6KHOI
-HQQLIHU�6KRUH���&KDUOHV�+DQQDK��DQG�-RKQ�/RGHU�
�%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\��')2

$�TXDQWLWDWLYH� UHSUHVHQWDWLRQ�RI���G� VHDVRQDO� DQG�0�� WLGDO� FLUFXODWLRQ� LQ� WKH� 6FRWLD�0DLQH
UHJLRQ� KDV� UHFHQWO\� EHHQ� GHYHORSHG� IURP� GLDJQRVWLF� DQG� SURJQRVWLF� ILQLWH� HOHPHQW�PRGHOV
IRUFHG�E\�REVHUYDWLRQDO�GDWD��7KH�FRPSXWHG�FLUFXODWLRQ�ILHOGV�KDYH�EHHQ�SULPDULO\�HYDOXDWHG
WKURXJK�FRPSDULVRQV�ZLWK�(XOHULDQ�REVHUYDWLRQV��KRZHYHU��/DJUDQJLDQ�HYDOXDWLRQV�DUH�PRUH
DSSURSULDWH�WR�ELRORJLFDO�DQG�RWKHU�GULIW�LVVXHV�LQ�VXFK�VSDWLDOO\��DQG�WHPSRUDOO\��YDU\LQJ�IORZ
ILHOGV�

,Q� WKLV� WDON�� SDUWLFOH� WUDFNLQJ� LQ� WKH� ��G� VHDVRQDO�PHDQ� DQG� WLGDO� FXUUHQW� ILHOGV� LV� XVHG� WR
GHYHORS�DQ�RYHUDOO�/DJUDQJLDQ�YLHZ�RI�FLUFXODWLRQ�LQ�WKH�6FRWLDQ�6KHOI�*XOI�RI�0DLQH�UHJLRQ�
DQG�WR�H[SORUH�LPSOLFDWLRQV�IRU�ELRWD�LQ�VHOHFWHG�DUHDV�RI�WKH�ZHVWHUQ�6FRWLDQ�6KHOI��6SHFLILF
DUHDV�RI�IRFXV�DUH�VHDVRQDO�FKDQJHV�LQ�ODUYDO�UHWHQWLRQ�RQ�%URZQV�%DQN��WUDQVSRUW�RI�SDUWLFOHV
LQWR�WKH�*XOI�RI�0DLQH�WKURXJK�WKH�PRXWK�RI�WKH�1RUWKHDVW�&KDQQHO��KDYLQJ�LPSOLFDWLRQV�IRU
&DODQXV�ILQPDUFKLFXV���DQG�WUDQVSRUW�RI�]RRSODQNWRQ�IURP�(PHUDOG�DQG�/DKDYH�%DVLQV�WR�WKH
WKH�%URZQV�%DQN�JDGRLG�QXUVHU\��7KH�VHQVLWLYLW\�WR�XQPRGHOOHG�IORZ�FRPSRQHQWV�LV�H[DPLQHG
WKURXJK�WKH�LQFOXVLRQ�RI�KRUL]RQWDO�UDQGRP�NLFNV�RQ�WKH�SDUWLFOHV�

7KH�UHVXOWV� LQGLFDWH�VLJQLILFDQW� LQIOXHQFHV�RI�VHDVRQDOLW\�� YHUWLFDO�VWUXFWXUH�� WLGDO�FXUUHQWV�DQG
RWKHU�IORZ�SHUWXUEDWLRQV�RQ�GULIW�SDWKZD\V�LQ�WKH�ZHVWHUQ�6FRWLDQ�6KHOI�UHJLRQ�

��&����
%DURFOLQLF�RVFLOODWLRQV�JHQHUDWHG�RYHU�WKH�FRQWLQHQWDO�VKHOI�E\�+XUULFDQH�$QGUHZ
6XVDQ�$OOHQ��DQG�7LPRWK\�.HHQ�
�8QLYHUVLW\� RI� %ULWLVK� &ROXPELD�� �1DYDO� 5HVHDUFK� /DERUDWRU\�� 6WHQQLV� 6SDFH� &HQWHU�
0LVVLVVLSSL

+XUULFDQH�$QGUHZ�HQWHUHG� WKH�*XOI�RI�0H[LFR�DW������*07�$XJXVW�����������DQG�PDGH
ODQGIDOO�����NP�ZHVW�RI�WKH�0LVVLVVLSSL�5LYHU�GHOWD�DW�DSSUR[LPDWHO\������*07�$XJXVW����
DIWHU�SDVVLQJ�RYHU�VHYHUDO�PRRUHG�FXUUHQW�PHWHU�DUUD\V��$�YHU\�VWURQJ�LQHUWLDO�RVFLOODWLRQ�ZDV
REVHUYHG�GXULQJ�DQG�DIWHU� WKH�SDVVDJH�RI� WKH� KXUULFDQH�� 7R� LVRODWH� DQG� LGHQWLI\� WKH�ZDYHV
JHQHUDWHG�D�VLPSOH�WZR�OD\HU�VKDOORZ�ZDWHU�HTXDWLRQ�PRGHO�ZDV�XVHG��7KH�PRGHO�VKRZV�WKH
JHQHUDWLRQ� RI� QHDU�LQHUWLDO� ZDYHV� RQ� WKH� LQWHUIDFH� GXH� WR� RIIVKRUH� EDURFOLQLF� LQHUWLDO
RVFLOODWLRQV� LQWHUDFWLQJ� ZLWK� WKH� FRQWLQHQWDO� VKHOI�� 7KH�0LVVLVVLSSL� FDQ\RQ� LV� D� JHQHUDWRU� RI
EDURFOLQLF� 3RLQFDUH�ZDYHV� ZKLFK� SURSDJDWH� VHDZDUG� DQG� RI� EDURWURSLF� HGJH� ZDYHV� ZKLFK
SURSDJDWH�ERWK�GLUHFWLRQV�DORQJ�WKH�FRDVW��&RDVWDO�KXUULFDQH�VXUJH�PRGHOV� �EDURWURSLF��GR
SUHGLFW� FRDVWDO� UXQ�XS� DFFXUDWHO\� EXW� WR� UHSURGXFH� FRDVWDO� FXUUHQWV� GXULQJ� DQG� DIWHU� D
KXUULFDQH�VWUDWLILFDWLRQ�PXVW�EH�LQFOXGHG
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��&����
0HVRVFDOH�IRUHFDVW�DFFXUDF\�DQG�FORXG�PLFURSK\VLFV�FRPSOH[LW\
$QGUp�7UHPEOD\���$QQD�*OD]HU��DQG�$QGUp�0pWKRW�
�$WPRVSKHULF�(QYLURQPHQW�6HUYLFH���&HQWUH�0HWHRURORJLTXH�&DQDGLHQ

$FFXUDWH� IRUHFDVWLQJ� RI� FORXG� DQG� SUHFLSLWDWLRQ� W\SHV� LV� D� NH\� LVVXH� LQ� QXPHULFDO� ZHDWKHU
SUHGLFWLRQ��)RU�H[DPSOH�� IUHH]LQJ�SUHFLSLWDWLRQ�LV�D�VLJQLILFDQW�WKUHDW�IRU�YLUWXDOO\�DOO� IRUPV�RI
WUDQVSRUWDWLRQ�DQG�UHSUHVHQWV�D�VHULRXV�SXEOLF�VDIHW\�SUREOHP��,Q�DOWLWXGH��VXSHUFRROHG�ODUJH
FORXG�GURSOHWV� FDXVH� LFLQJ�RQ�DLUIUDPHV�ZKLFK� UHGXFHV� WKH�DVFHQGLQJ� IRUFH� RI� DLUFUDIW� DQG
UHSUHVHQWV� VHYHUH� ULVNV� WR� IOLJKW� RSHUDWLRQV�� &XUUHQWO\� PDQ\� RSHUDWLRQDO� IRUHFDVW� DOJRULWKPV
DUH�XQVXFFHVVIXO�LQ�SUHGLFWLQJ�WKHVH�QDWXUDO�KD]DUGV�DQG�WKH\�QHHG�WR�EH�LPSURYHG��5HILQLQJ
DWPRVSKHULF�PRGHOV�PD\�KHOS�WR�REWDLQ�EHWWHU�IRUHFDVWV��6LQFH�WKH�RSHUDWLRQDO�FORXG�VFKHPH
DW� WKH� &DQDGLDQ� 0HWHRURORJLFDO� &HQWHU� �&0&�� IDLOV� WR� DGHTXDWHO\� SUHGLFW� FORXG� DQG
SUHFLSLWDWLRQ�W\SHV��RWKHU�VFKHPHV�DUH�H[DPLQHG�

$�VHULHV�RI�QXPHULFDO�H[SHULPHQWV�KDV�EHHQ�XQGHUWDNHQ�ZLWK�ERWK�&DQDGLDQ�0&��DQG�*(0
PRGHOV� WR� HYDOXDWH� WKH� SRVVLELOLW\� RI� LQFRUSRUDWLQJ� PRUH� FRPSOH[�PLFURSK\VLFV� LQ� ZHDWKHU
IRUHFDVWV��$�GHWDLOHG�FRPSDULVRQ�RI�IRXU�FORXG�PLFURSK\VLFV�VFKHPHV�DYDLODEOH�DW�&0&�ZDV
SHUIRUPHG� IRU�D�QXPEHU�RI� FDVHV��7KH� VFKHPHV�XVHG� IRU� WKLV� VWXG\� LQFOXGH� WKH�RSHUDWLRQDO
&0&� VFKHPH� RI� 6XQGTYLVW� �0:5� ������ ����� ������� WKH� PL[HG�SKDVH� FORXG� VFKHPH� RI
7UHPEOD\�HW�DO���7(//86���������$��������WKH�H[SOLFLW�VFKHPH�RI�=KDQJ��7(//86���������$�
�����DQG�WKH�.RQJ�DQG�<DX��$7026��2&($1����������������VFKHPH��7KH\�SDUDPHWHUL]H
WKH�PLFURSK\VLFV�RI�FORXGV�ZLWK�GLIIHUHQW�GHJUHH�RI�FRPSOH[LW\��7KH�TXDOLW\�DQG�DFFXUDF\�RI
ZHDWKHU�IRUHFDVWV�SURGXFHG�ZLWK�HDFK�PLFURSK\VLFV�VFKHPH�ZLOO�EH�GLVFXVVHG�

��&����
$�1HZ�0LFURSK\VLFV� 6FKHPH� IRU� ,PSURYHG� )RUHFDVWV� RI� )UHH]LQJ� 3UHFLSLWDWLRQ� DQG�$LUFUDIW
,FLQJ
$QGUp�7UHPEOD\��DQG�$QQD�*OD]HU�
�$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

,Q� DQ� DWWHPSW� WR� LQFOXGH� FORXG� DQG� SUHFLSLWDWLRQ� W\SHV� LQ� ZHDWKHU� IRUHFDVWV�� WR� LPSURYH
SUHGLFWLRQV�RI� LFLQJ�DQG� IUHH]LQJ�SUHFLSLWDWLRQ��D� QHZ�PL[HG�SKDVH�FORXG� VFKHPH�KDV�EHHQ
GHYHORSHG��7UHPEOD\�HW�DO��������7HOOXV����$��������7KLV�VFKHPH�KDV�WKH�DGYDQWDJH�RI�EHLQJ
FRPSXWDWLRQDOO\� IDVW�DQG�HDV\� WR� LPSOHPHQW�DQG�KDV�DQ�RSHUDWLRQDO� SRWHQWLDO�� 7KH� VFKHPH
KDV�EHHQ�H[WHQVLYHO\� WHVWHG�E\�VLPXODWLQJ� YLUWXDOO\�DOO� LFH�VWRUPV�GXULQJ� WKH���������ZLQWHU
VHDVRQ��7KH�VFKHPH�KDV�DOVR�EHHQ�UXQ�LQ�D�TXDVL�RSHUDWLRQDO�PRGH�IRU�WKH�ZKROH��������
ZLQWHU�VHDVRQ�WR�SURYLGH�IRUHFDVWV�DQG�JXLGDQFH�IRU�UHVHDUFK�DLUFUDIW�IOLJKW�WUDMHFWRULHV�GXULQJ
WKH�WKLUG�&DQDGLDQ�)UHH]LQJ�'UL]]OH�([SHULPHQW��,VDDF�HW�DO���������$06�&RQI��&ORXG�3K\V��
(YHUHWW�� :DVK���� )LQDOO\�� WKH� VFKHPH� ZDV� XVHG� DV� D� UHDO�WLPH� JXLGDQFH� IRU� WKH� &DQDGLDQ
&RQYDLU� UHVHDUFK� DLUFUDIW� PLVVLRQV� RYHU� WKH� $UFWLF� 6HD� GXULQJ� WKH� &DQDGLDQ� SKDVH� RI� WKH
),5(�$&(�H[SHULPHQW��$SULO�����0D\��VW�������

$� EULHI� GHVFULSWLRQ� RI� WKH� VFKHPH�ZLOO� ILUVW� EH� SUHVHQWHG�� 7\SLFDO� UHVXOWV� IURP� WKH� �������
ZLQWHU�VLPXODWLRQV�ZLOO�WKHQ�EH�GLVFXVVHG�WR�VKRZ�W\SLFDO�IRUHFDVW�SURGXFWV��4XDQWLWDWLYH�LFLQJ
DQG�IUHH]LQJ�SUHFLSLWDWLRQ� IRUHFDVWV�DUH�SRVVLEOH�ZLWK�WKH�QHZ�VFKHPH�DQG�VHYHUDO�H[DPSOHV
ZLOO�EH�JLYHQ��)XUWKHUPRUH��ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�FRPSDULVRQV�EHWZHHQ�VLPXODWHG
DQG� FRPPRQO\� REVHUYHG� PHWHRURORJLFDO� SDUDPHWHUV� ZLOO� EH� GHVFULEHG�� )LQDOO\�� LW� ZLOO� EH
GHPRQVWUDWHG�WKDW�WKH�LQFOXVLRQ�RI�D�QRQFODVVLFDO�IUHH]LQJ�SUHFLSLWDWLRQ�PHFKDQLVP��ZLWKRXW�D
ZDUP�OD\HU�DORIW�� LQ�WKH� IRUHFDVW�DOJRULWKP�VLJQLILFDQWO\� LPSURYHV�ERWK� WKH�GHWHFWLRQ�DQG�WKH
ELDV� VFRUH� IRU� IUHH]LQJ� SUHFLSLWDWLRQ�� 7KHVH� UHVXOWV� VXJJHVW� WKDW� WKH� VFKHPH� LV� SRWHQWLDOO\� D
XVHIXO�WRRO�IRU�WKH�SUHGLFWLRQ�RI�VXSHUFRROHG�ODUJH�GURSOHWV�
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��&����
9HULILFDWLRQ�RI�$LUFUDIW�,FLQJ�)RUHFDVWV�8VLQJ�LQ�VLWX�$LUFUDIW�0HDVXUHPHQWV
+RQJ�*XDQ���6WHZDUW�-��&REHU��DQG�*HRUJH�,VDDF�
�&ORXG�3K\VLFV�5HVHDUFK�'LYLVLRQ��$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

,Q�VLWX�PHDVXUHPHQWV�RI� WHPSHUDWXUH�� KRUL]RQWDO�ZLQG�� GHZ� SRLQW� DQG� OLTXLG�ZDWHU� FRQWHQW�
PDGH�GXULQJ����IOLJKWV�IURP�WKUHH�UHVHDUFK�ILHOG�SURJUDPV��KDYH�EHHQ�FRPSDUHG�WR�IRUHFDVWV
PDGH� ZLWK� WKH� *OREDO� (QYLURQPHQWDO� 0XOWLVFDOH� �*(0�� PRGHO� �KLPDS� YHUVLRQ��� 7KH� ILHOG
SURMHFWV� LQFOXGHG� WKH� 6HFRQG� &DQDGLDQ� $WODQWLF� 6WRUPV� 3URJUDP�� DQG� WKH� )LUVW� DQG� 7KLUG
&DQDGLDQ� )UHH]LQJ� 'UL]]OH� ([SHULPHQWV�� DOO� RI� ZKLFK� ZHUH� GHVLJQHG� LQ� SDUW� WR� PHDVXUH
DLUFUDIW�LFLQJ�UHJLRQV�LQ�ZLQWHU�VWRUPV��7KH�PDLQ�SXUSRVH�RI�WKH�FRPSDULVRQV�ZHUH�WR�WHVW�WKH
DFFXUDFLHV�RI�WKH�*(0�IRUHFDVWHG�FORXG�DQG�LFLQJ� ILHOGV�� ,FLQJ�VFKHPHV� WHVWHG� LQFOXGHG�WKH
7UHPEOD\�DQG�$SSOHPDQ�VFKHPHV��ZKLOH� WKH�FORXG� VFKHPHV� WHVWHG�ZHUH� WKH�.XR�V\PPHWULF
FRQYHFWLYH� FORXG� VFKHPH�DQG� 6XQGTYLVW� UHVROYHG� VFDOH� VFKHPH�� 7KH�+LW� 5DWH�� )DOVH� $ODUP
5DWH�DQG�7UXH�6NLOO�6WDWLVWLF�ZHUH�GHWHUPLQHG�IRU�HDFK�YDULDEOH��6HYHUDO�VHQVLWLYLW\� WHVWV�ZHUH
SHUIRUPHG�WR�WHVW�WKH�YDULDELOLW\�RI�WKH�UHVXOWV�WR�WKH�DQDO\VLV�WHFKQLTXHV�

,W� LV� VKRZQ� WKDW� WKH�+LW� 5DWH�� )DOVH� $ODUP� 5DWH� DQG� 7UXH� 6NLOO� 6WDWLVWLF� IRU� FORXG� DUH� �����
������DQG������UHVSHFWLYHO\��ZKHQ�WKH�PRGHO�GDWD�DUH�LQIHUUHG�DW�D�KRUL]RQWDO� UHVROXWLRQ�RI
����NP��DYHUDJLQJ�VFDOH�RI�WKH�DLUFUDIW�GDWD���7KH�FRUUHVSRQGLQJ�YDOXHV� IRU� LFLQJ�HYHQWV�DUH
�����������DQG������ZKHQ� WKH�7UHPEOD\� LFLQJ�VFKHPH� LV�XVHG��+RZHYHU�� WKH�+LW�5DWH�DQG
)DOVH�$ODUP�UDWH�IRU�WKH�LFLQJ�IRUHFDVW�LQFUHDVHV�WR������DQG������UHVSHFWLYHO\�ZKHQ�D�PRGHO
UHVROXWLRQ� RI� ��� NP� LV� XVHG�� 7KH� FRPSDULVRQ� EHWZHHQ� WKH� 7UHPEOD\� DQG� $SSOHPDQ� LFLQJ
VFKHPHV�GHPRQVWUDWHV� WKDW� WKH�$SSHOPDQ�VFKHPH�SURGXFHV�D� ORZHU�+LW�5DWH� ���������)DOVH
$ODUP�5DWH��������DQG�7UXH�6NLOO���������$�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�$SSOHPDQ�DQG
7UHPEOD\� VFKHPHV�RFFXUV�DW� WHPSHUDWXUHV� ORZHU� WKDQ� ����&��ZKHUH� WKH�$SSOHPDQ� VFKHPH
VLJQLILFDQWO\� RYHU� SUHGLFWV� LFLQJ� UHJLRQV�� :KHQ� RQO\� FORXG� IRUHFDVWV� ZKLFK� DJUHH� ZLWK� WKH
DLUFUDIW�PHDVXUHPHQWV�DUH�FRQVLGHUHG��WKH�LFLQJ�IRUHFDVW�DFFXUDF\�LQFUHDVHV�VLJQLILFDQWO\��7KLV
LOOXVWUDWHV� WKDW� D� OLPLWLQJ� IDFWRU� LQ� WKH� LFLQJ� IRUHFDVWV� LV� WKH� PRGHO� KXPLGLW\� ILHOG�� 7KH
FRPSDULVRQV�DQG�PHWKRGRORJ\�ZLOO�EH�GLVFXVVHG�

��&����
7KH� ,QIOXHQFH�RI�$LU�0DVV�2ULJLQ�RQ�7KH�0LFURSK\VLFDO� 6WUXFWXUH� RI�$UFWLF�%RXQGDU\� /D\HU
&ORXGV
,VPDLO�*XOWHSH��DQG�*HRUJH�,VDDF��
�$(6���$(6��&ORXG�3K\VLFV�5HV��'LY�

2EVHUYDWLRQV� FROOHFWHG� GXULQJ� WKH� )LUVW� ,QWHUQDWLRQDO� 6DWHOOLWH� &ORXG� &OLPDWRORJ\� 3URMHFW
�,6&&3��5HJLRQDO�([SHULPHQW��$UFWLF�&ORXG�([SHULPHQW��),5(�$&(��ZKLFK�WRRN�SODFH�RYHU�WKH
$UFWLF� 2FHDQ� GXULQJ� $SULO� ����� ZHUH� XVHG� LQ� WKLV� VWXG\�� 0HDVXUHPHQWV� IURP� DLUFUDIW
PLFURSK\VLFDO� SUREHV�� DQG� EDFN�WUDMHFWRU\� FDOFXODWLRQV� IURP� WKH� &DQDGLDQ� 0HWHRURORJLFDO
&HQWHU��&0&��ZHUH�DQDO\]HG��(LJKWHHQ�FDVHV��UHSUHVHQWLQJ�DLU�PDVVHV�ZKLFK�RULJLQDWHG�RYHU
WKH�$UFWLF�2FHDQ�DQG�3DFLILF�2FHDQ��ZHUH�XVHG��$LUFUDIW�PLFURSK\VLFDO�GDWD�REWDLQHG�E\�WKH
KRW�ZLUH�SUREHV��WKH�5RVHPRXQW�LFLQJ�GHWHFWRU��WKH�3DUWLFOH�0HDVXULQJ�6\VWHPV��306��IRUZDUG
VFDWWHULQJ�VSHFWURPHWHU�SUREH��)663���DQG���GLPHQVLRQDO�FORXG���'�&��SUREHV�ZHUH�XVHG�WR
FKDUDFWHUL]H� OLTXLG�DQG� LFH� UHJLRQV��7KH�SDVVLYH�FDYLW\�DHURVRO� VSHFWURPHWHU�SUREH� �3&$63�
ZDV� XVHG� WR� REWDLQ� DHURVRO� QXPEHU� FRQFHQWUDWLRQ� �1D�� DW� D� VL]H� UDQJH� RI� ������� PP�
3UHOLPLQDU\�UHVXOWV�VKRZ�WKDW�ERWK�GURSOHW�QXPEHU�FRQFHQWUDWLRQ��1G��DQG�LFH�FU\VWDO�QXPEHU
FRQFHQWUDWLRQ� �1L�� LQ� DLU�PDVVHV� RULJLQDWLQJ� IURP� WKH� $UFWLF�2FHDQ� �$2�� ZHUH� ODUJHU� WKDQ
WKRVH�LQ�DLU�PDVVHV�RULJLQDWLQJ�IURP�WKH�3DFLILF�2FHDQ��32���7KH�1D�ZDV�IRXQG�ODUJHU�LQ�$2
DLU�PDVVHV�DV�FRPSDUHG� WR�32�DLU�PDVVHV�� 7KH� LQ�FORXG� WXUEXOHQFH�ZDV�KLJKHU� LQ�$2�DLU�
PDVVHV�WKDQ�32�DLU�PDVVHV��7KH�WRWDO�ZDWHU�FRQWHQW�UDQJHG�IURP������WR������J�P����ZLWK
QR� GHSHQGHQF\� RQ� DLU�PDVV�� 7KH� UHVXOWV� LQGLFDWHG� WKDW� VLJQLILFDQW� FKDQJHV� LQ� WKH� FORXG
PLFURSK\VLFDO�SDUDPHWHUV�FRXOG�EH�UHODWHG�WR�WKH�RULJLQ�RI�WKH�DLU�PDVV��7KLV�ZRUN�DOVR�VKRZV
WKDW� WKH�1G�1D��DQG�1L� YHUVXV� WHPSHUDWXUH� UHODWLRQVKLSV�REWDLQHG� IURP�PLG�ODWLWXGH� FORXG
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V\VWHPV�GR�QRW� KROG� LQ� WKH�$UFWLF� UHJLRQ��DQG� WKH\�QHHG� WR�EH� VWXGLHG� LQ�GHWDLO� IRU� FOLPDWH
FKDQJH�VWXGLHV�

��&����
&RPSDULVRQ�2I�5HVHDUFK�$LUFUDIW�2EVHUYDWLRQV�:LWK�1XPHULFDO�6LPXODWLRQV�8VLQJ�$�0L[HG�
3KDVH�&ORXG�6FKHPH
3DXO�9DLOODQFRXUW���$QGUp�7UHPEOD\���6WHZDUW�*��&REHU��DQG�*HRUJH�$��,VDDF�
�$(6

7KH� SUHVHQFH� RI� VXSHUFRROHG� ZDWHU� �6/:�� LQ� FORXGV� LV� YHU\� FRPPRQ� DV� VKRZQ� E\� WKH
QXPHURXV� 3,5(3
V� UHSRUWLQJ� LFLQJ� RI� YDULRXV� LQWHQVLWLHV� DW� DQ\� JLYHQ� WLPH�� 7KHUH� LV� DOVR� DQ
DEXQGDQFH�RI�PRUH�GHWDLOHG�REVHUYDWLRQV�RI�6/:�PDGH�LQ�D�FORXG�SK\VLFV�UHVHDUFK�FRQWH[W
HLWKHU�IURP�UHVHDUFK�DLUFUDIW�RU�UHPRWH�VHQVLQJ��)RU�H[DPSOH��PDQ\�DLUFUDIW�PHDVXUHPHQWV�RI
6/:�LQ�ERWK�PDULWLPH�DQG�FRQWLQHQWDO�FRQGLWLRQV�ZHUH�PDGH�GXULQJ� WKH�&DQDGLDQ�)UHH]LQJ
'UL]]OH�([SHULPHQWV� �&)'(�� ,�� ,,�DQG� ,,,�� 7KH�DEXQGDQFH�RI� WKHVH�REVHUYDWLRQV� VXJJHVWV� WKDW
OLTXLG�ZDWHU�PD\�EH�SUHVHQW�LQ�PRVW�FROG�FORXGV�DW�VRPH�SRLQW�GXULQJ�WKHLU�HYROXWLRQ�

7KH� IRUPDWLRQ�DQG� OLIHWLPH�RI�6/:�LQ�FORXGV� LV� LPSRUWDQW� WR�VWXG\�EHFDXVH�RI� WZR�SRWHQWLDO
LPSDFWV� RQ� KXPDQ� DFWLYLW\�� 7KH� ILUVW� RQH� LV� DLUFUDIW� LFLQJ� ZKLFK� FDQ� FDXVH� VHULRXV� ORVV� RI
DLUFUDIW�SHUIRUPDQFH�FDSDELOLW\� �LQ�SDUWLFXODU� LI� ODUJH� VXSHUFRROHG�GURSOHWV�DUH�SUHVHQW�� DQG
PD\� UHVXOW� LQ� FUDVKHV�� 7KH� VHFRQG� LPSDFW� LV� WKURXJK� LWV� UROH� LQ� WKH� JHQHUDWLRQ� RI� IUHH]LQJ
SUHFLSLWDWLRQ�

:H�KDYH�UHFHQWO\�HPEDUNHG�RQ�D�UHVHDUFK�SURMHFW� WR�GHYHORS�D�QHZ�PLFURSK\VLFDO� VFKHPH
FDSDEOH�RI�IRUHFDVWLQJ�6/:�DQG�SURYLGLQJ�VRPH�XVHIXO�LQIRUPDWLRQ�RQ�WKH�VL]H�GLVWULEXWLRQ�RI
K\GURPHWHRUV��7KLV�UHSUHVHQWV�D�VHULRXV�FKDOOHQJH�VLQFH�ERWK��ZDUP�UDLQ��DQG� LFH�SURFHVVHV
PXVW� EH� WDNHQ� LQWR� DFFRXQW�� $V� D� ILUVW� VWHS�� ZH� XVH� WKH� &)'(� ,� UHVHDUFK� DLUFUDIW� GDWD� WR
HYDOXDWH� WKH� DELOLW\� RI� WKH� PL[HG�SKDVH� SK\VLFDOO\� EDVHG� FORXG� VFKHPH� RI� 7UHPEOD\� HW� DO�
�������WR�IRUHFDVW�WKH�SUHVHQFH�DQG�TXDQWLW\�RI�VXSHUFRROHG�ZDWHU��7KH�PL[HG�SKDVH�VFKHPH
LV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�0&��PRGHO��&)'(�,�ZDV�FRQGXFWHG�GXULQJ�0DUFK������RXW
RI� 6W�� -RKQ�� 1HZIRXQGODQG�� 7KLV� FDPSDLJQ� FRPSULVHG� ��� UHVHDUFK� IOLJKWV� LQWR� UHJLRQV� RI
QRUWK�$WODQWLF�VWRUPV�ZKHUH�VXSHUFRROHG�GUL]]OH�ZDV�IRUPLQJ�

5HVXOWV�RI�WKH�FRPSDULVRQ�RI�WKHVH�REVHUYDWLRQV�ZLWK�QXPHULFDO�VLPXODWLRQV�DV�ZHOO�DV�OHVVRQV
OHDUQHG�IURP�WKHVH�FRPSDULVRQV�ZLOO�EH�SUHVHQWHG�DW�WKH�FRQIHUHQFH�
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��'����
)RUHFDVW�YHULILFDWLRQ
5LFKDUG�9HUUHW���*X\ODLQH�+DUG\��DQG�&ODXGH�/DQGU\�
�&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

)RUHFDVW� YHULILFDWLRQ� LV� D� FRPSOH[�PHWHRURORJLFDO� SUREOHP��$PRQJVW� WKH� LVVXHV� WR� FRQVLGHU
DUH� WKH� FOHDU� GHILQLWLRQ� RI� WKH� UHDVRQV� ZK\� YHULILFDWLRQ� RI� IRUHFDVW� SURGXFWV� LV� GRQH�� WKH
DVVHVVPHQW�RI�YHULI\LQJ�UHDO�ZHDWKHU�IURP�DYDLODEOH�REVHUYDWLRQV��WKH�GHILQLWLRQ�RI�YHULILFDWLRQ
VFRUHV�DQG�WKH�LQWHUSUHWDWLRQ�RI�YHULILFDWLRQ�UHVXOWV��$�FRPSOHWH�YHULILFDWLRQ�V\VWHP�RXJKW�WR�EH
DEOH� WR� YHULI\� DOO� ZHDWKHU� HOHPHQWV� WKDW� DUH� IRUHFDVW� DQG� REVHUYHG�� RYHU� DQ\� ORFDO� WLPH
ZLQGRZ�� ,W� LV� LQ� WKDW� FRQWH[W� WKDW� D� YHULILFDWLRQ� V\VWHP� KDV�EHHQ� GHVLJQHG� DW� WKH�&DQDGLDQ
0HWHRURORJLFDO�&HQWUH�WR�YHULI\�SXEOLF�IRUHFDVWV�

7KH�YHULILFDWLRQ�V\VWHP�LV�FDSDEOH�RI�YHULI\LQJ�DOO�ZHDWKHU�HOHPHQWV�QRUPDOO\� LQFOXGHG� LQ� WKH
SXEOLF� IRUHFDVWV� LQ�&DQDGD��PDLQO\� ��PD[LPXP� DQG�PLQLPXP� WHPSHUDWXUHV�� SUREDELOLW\� RI
SUHFLSLWDWLRQ�� SUHFLSLWDWLRQ� W\SH�� SUHFLSLWDWLRQ� DPRXQW�� VN\� FRYHU�� DQG� ZLQG� VSHHG� DQG
GLUHFWLRQ��7KH� YHULILFDWLRQ�FDQ�EH�FDUULHG� IRU� WKH�7RGD\��7RQLJKW�DQG�7RPRUURZ�SHULRGV� IRU
WKH�HDUO\�PRUQLQJ�IRUHFDVW�LVVXH�DQG�IRU�WKH�7RQLJKW��7RPRUURZ��WKH�IROORZLQJ�QLJKW�DQG�WKH
IROORZLQJ� GD\� IRU� WKH� DIWHUQRRQ� LVVXH�� 7KH� V\VWHP� FDQ� JHQHUDWH� VHYHUDO� W\SHV� RI� VFRUHV� �
TXDGUDWLF� VFRUHV� VXFK� DV� WKH� YDULDQFH� H[SODLQHG� DQG� WKH� URRW� PHDQ� VTXDUH� HUURU� IRU
WHPSHUDWXUHV�DQG�WKH�%ULHU�VFRUH�RU�%ULHU�VNLOO�VFRUH�IRU�SUREDELOLW\�RI�SUHFLSLWDWLRQ� IRUHFDVWV
DQG�OLQHDU�VFRUHV�VXFK�DV�WKH�ELDV�DQG�PHDQ�DEVROXWH�HUURU�IRU�PRVW�ZHDWKHU�HOHPHQWV��7KH
V\VWHP�FDQ�DOVR�JHQHUDWH�PRUH� VRSKLVWLFDWHG� VFRULQJ� UXOHV� VXFK� DV� WKH� %D\VLDQ� FRUUHODWLRQ
VFRUH�IRU�WHPSHUDWXUHV�DQG�WKH�5HODWLYH�2SHUDWLQJ�&KDUDFWHULVWLFV�IRU�SUREDELOLVWLF�IRUHFDVWV�
7KHVH�WZR�VFRUHV�FDQ�WDNH�LQWR�DFFRXQW�WKH�XVHIXOQHVV�RI�WKH�IRUHFDVWV�LQ�D�SRVWHULRUL�PDQQHU
DQG�FDQ�DVVHVV�ZKHWKHU�D�IRUHFDVW�V\VWHP�LV�EHWWHU�WKDQ�DQRWKHU�RQH�LQ�DOO�DVSHFWV�RU�ZKHWKHU
D�IRUHFDVW�V\VWHP�LQFOXGHV�DOO�WKH�LQIRUPDWLRQ�FRPSDUHG�WR�D�GLIIHUHQW�RQH�

&RQWLQJHQF\� WDEOHV� DUH� DOVR� DSSOLFDEOH� WR� PRVW� ZHDWKHU� HOHPHQW� IRUHFDVW� YHULILFDWLRQ�
+RZHYHU�� WKHUH� DUH� LQKHUHQW� SUREOHPV� WR� FRQWLQJHQF\� WDEOHV� WKDW� DUH� RIWHQ� QHJOHFWHG� �
GHSHQGLQJ�RQ�WKH�GHILQLWLRQ�RI�WKH�GLIIHUHQW�FDWHJRULHV�LQ�WKH�WDEOHV��VPDOO�IRUHFDVW�HUURUV�FDQ
EH�FRQVLGHUHG�DV�ZURQJ�IRUHFDVWV��ZKLOH�ELJ�IRUHFDVW�HUURUV�FDQ�FRXQW�DV�SHUIHFW�IRUHFDVWV��$
GLIIHUHQW�DSSURDFK�WR�WKH�FRQWLQJHQF\�WDEOH�YHULILFDWLRQ�WHFKQLTXH�KDV�EHHQ�GHYHORSHG�WR�WDNH
LQWR� DFFRXQW� QHDU�PLVVHV�� ZKHUH� WKH� REVHUYDWLRQ�IRUHFDVW� FRXSOHV� DUH� DVVLJQHG� WR� VSHFLILF
FDWHJRULHV� LQ� WKH� FRQWLQJHQF\� WDEOHV� DFFRUGLQJ� WR� WKH� VL]H� RI� WKH� GLVFUHSDQF\� EHWZHHQ� WKH
IRUHFDVW� DQG� WKH� YHULI\LQJ� REVHUYDWLRQ�� 7KH� VFRUHV� WKDW� FDQ� EH� FDOFXODWHG� IURP� WKH
FRQWLQJHQF\�WDEOHV�LQ�WKDW�IUDPHZRUN�SURYLGH�D�EHWWHU�SLFWXUH�RI�WKH�UHDO�VNLOO�RI�WKH�IRUHFDVWV�
ZLWKRXW�PRGLI\LQJ�WKH�REVHUYDWLRQ�DQG�IRUHFDVW�UHODWLYH�IUHTXHQF\�GLVWULEXWLRQV�

,W�LV�LPSRUWDQW�WR�SRLQW�RXW�WKDW�FRQVLGHULQJ�RQO\�RQH�RU�WZR�YHULILFDWLRQ�VFRUHV�JHQHUDWHG�RQ�D
SDUWLFXODU� IRUHFDVW� VDPSOH� PD\� EH� PLVOHDGLQJ� DV� LW� QHJOHFWV� WKH� PXOWL�GLPHQVLRQDOLW\� RI
YHULILFDWLRQ�SUREOHPV�DQG�WKH�YDULDELOLW\�RI�YHULILFDWLRQ�UHVXOWV�IURP�D�YHULILFDWLRQ�VDPSOH�WR�WKH
QH[W�� $OO� IDFWRUV�� LQFOXGLQJ� FOLPDWRORJ\�� PXVW� EH� WDNHQ� LQWR� DFFRXQW� ZKHQ� LQWHUSUHWLQJ� WKH
YHULILFDWLRQ�UHVXOWV��HVSHFLDOO\�ZKHQ�GLIIHUHQW�IRUHFDVW�V\VWHPV�DUH�FRPSDUHG�

7KH�SUHVHQWDWLRQ�ZLOO�JLYH�DQ�RYHUYLHZ�RI�WKH�VFRUHV�WKDW�FDQ�EH�FDOFXODWHG�LQ�WKH�YHULILFDWLRQ
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��'����
&RPSDUDLVRQV� HQWUH� OHV� SHUIRUPDQFHV� GHV� PRGqOHV� GH� SUpYLVLRQV� GHV� JUDQG� &HQWUHV� �
&RPSDULVRQ�RI�PRGHO�SHUIRUPDQFHV�IRU�OHDGLQJ�1:3�&HQWUHV
0RQLTXH�/RLVHOOH�
�&0&

/HV�YpULILFDWLRQV�GHV�PRGqOHV�QXPpULTXHV�GH�SUpYLVLRQV� VRQW� FRPSLOpHV�j� WRXV� OHV�PRLV�SDU
FKDFXQ�GHV�JUDQGV�FHQWUHV�PRQGLDX[��&HV�YpULILFDWLRQV�VRQW�SUpSDUpHV�VHORQ�GHV�VWDQGDUGV
ELHQ�pWDEOLV�SDU� OD�&RPPLVVLRQ�GHV�V\VWqPHV�GH�EDVH�GH� O
200�HW�VRQW�HQVXLWH�pFKDQJpHV
pOHFWURQLTXHPHQW�HQWUH�OHV�FHQWUHV�SDUWLFLSDQWV�

8Q�pFKDQWLOORQ�GH�FHV�UpVXOWDWV�GH�YpULILFDWLRQ�VHUD�SUpVHQWp��2Q�H[DPLQHUD� OHV�YpULILFDWLRQV
FRQWUH� DQDO\VHV� �FKDTXH� FHQWUH� YpULILDQW� FRQWUH� VD� SURSUH� DQDO\VH�� SRXU� OHV� FKDPSV� GH
SUHVVLRQ�DX�QLYHDX�GH�OD�PHU��GH�KDXWHXU��GH�WHPSpUDWXUH�HW�GH�YHQW��2Q�H[DPLQHUD�DXVVL�OHV
YpULILFDWLRQV�FRQWUH�REVHUYDWLRQV��UDGLRVRQGHV��SRXU�OHV�FKDPSV�GH�KDXWHXU��GH� WHPSpUDWXUH
HW�GH�YHQW�

&HV�FRPSDUDLVRQV�LQFOXURQW�OHV�UpVXOWDWV�GX�&DQDGD��&0&���GX�&HQWUH�(XURSpHQ��GHV�eWDWV�
8QLV��1&(3���GH�O
$OOHPDJQH��GX�-DSRQ��GH�OD�)UDQFH��GH�O
$XVWUDOLH�HW�GH�OD�5XVVLH�SRXU�OHV
SUpYLVLRQV�GH����j�����KHXUHV�

�1:3� PRGHO� YHULILFDWLRQV� DUH� FRPSXWHG� DQG� H[FKDQJHG� PRQWKO\� E\� PDQ\� RI� WKH� ZRUOG
V
OHDGLQJ�&HQWUHV��7KHVH�YHULILFDWLRQV�DUH�SUHSDUHG�DFFRUGLQJ�WR�VWULFW�VWDQGDUGV�IURP�:02CV
&RPPLVVLRQ�IRU�%DVLF�6\VWHPV�

$�VDPSOH�RI�YHULILFDWLRQ�UHVXOWV�ZLOO�EH�SUHVHQWHG�KHUH��LQFOXGLQJ�YHULILFDWLRQ�DJDLQVW�DQDO\VHV
�HDFK�FHQWUH�XVLQJ� LWV�RZQ�DQDO\VHV�� IRU�06/�SUHVVXUH��KHLJKW�� WHPSHUDWXUH�DQG�ZLQG� ILHOGV�
:H�ZLOO�DOVR�ORRN�LQWR�YHULILFDWLRQ�DJDLQVW�REVHUYDWLRQV��UDGLRVRQGHV��IRU�KHLJKW��WHPSHUDWXUH
DQG�ZLQG�ILHOGV�

7KLV� FRPSDULVRQ�ZLOO� LQFOXGH� UHVXOWV� IURP�&DQDGD� �&0&��� (&0:)��8QLWHG� 6WDWHV� �1&(3��
*HUPDQ\��':'���$XVWUDOLD�DQG�5XVVLD�IRU����WR�����KRXU�IRUHFDVWV�

��'����
9pULILFDWLRQV�GH�SUpFLSLWDWLRQV�SRXU�OH�PRGqOH�*(0�UpJLRQDO�HQ�FRPSDUDLVRQ�DYHF�G
DXWUHV
PRGqOHV� RSpUDWLRQQHOV� �9HULILFDWLRQ� RI� SUHFLSLWDWLRQ�� *(0� UHJLRQDO� YV�� RWKHU� RSHUDWLRQDO
PRGHOV
0RQLTXH�/RLVHOOH�
�&0&

/HV�SUpYLVLRQV�GH�SUpFLSLWDWLRQV�GH����KHXUHV�GX�PRGqOH�*(0� UpJLRQDO�DFWXHO� ����NP����
QLYHDX[�DYHF� VFKpPD�GH� )ULWVFK�&KDSSHOO� SRXU� OD� FRQYHFWLRQ� SURIRQGH�� VRQW� FRPSDUpHV� j
FHOOHV�GX�PRGqOH�*(0�UpJLRQDO�SUpFpGHQW�����NP�����QLYHDX[�DYHF�VFKpPD�GH�FRQYHFWLRQ
GH�.XR��SRXU�O
pWp����

/HV�FRPSDUDLVRQV�VH� IRQW�j� O
DLGH�GH� WDEOHDX[�GH�FRQWLQJHQFH�SRXU�GHV�FDWpJRULHV�FKRLVLHV
GH� TXDQWLWp� GH� SUpFLSLWDWLRQV� GH� ��� KHXUHV�� /HV� LQGLFHV� GH�PHQDFH� HW� GH� ELDLV� VRQW� DXVVL
FDOFXOpV�SRXU�OHV�TXDQWLWpV�GH�SUpFLSLWDWLRQV�DX�GHVVXV�GH�FHUWDLQV�VHXLOV��2Q�SHXW�FRQVWDWHU
TXH� OH� *(0� UpJLRQDO� DFWXHO� D� DPHQp� XQH� DPpOLRUDWLRQ� GX� ELDLV�� GH� OD� SUREDELOLWp� GH
GpWHFWLRQ�HW�GH�O
LQGLFH�GH�PHQDFH�GDQV�SOXVLHXUV�FDWpJRULHV�

'HV� FRPSDUDLVRQ� VLPLODLUHV� VRQW� DXVVL� IDLWHV� HQWUH� OHV� SUpYLVLRQV�GH�SUpFLSLWDWLRQV�GX�*(0
UpJLRQDO�DFWXHO� HW� FHOOHV�GX�PRGqOH�*(0�JOREDO�� GH�PrPH�TX
DYHF� FHOOHV� GX�PRGqOH� (7$
DPpULFDLQ��1&(3��SRXU�OHV�GHUQLHUV�PRLV��/HV�FRPSDUDLVRQV�DYHF�OH�PRGqOH�(7$�VHURQW�DXVVL
H[DPLQpHV�j�OD�OXPLqUH�GHV�YpULILFDWLRQV�GH�SUpFLSLWDWLRQV�SURGXLWHV�HW�pPLVHV�SDU�1&(3�
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�7ZHQW\� IRXU�KRXU�SUHFLSLWDWLRQ� IRUHFDVWV� IURP� WKH�FXUUHQW�RSHUDWLRQDO� UHJLRQDO�*(0�PRGHO
���� NP�� ��� OHYHOV�� ZLWK� )ULWVFK�&KDSSHOO� GHHS� FRQYHFWLRQ� VFKHPH�� DUH� FRPSDUHG� WR� WKRVH
SUHGLFWHG� E\� WKH� SUHYLRXV� UHJLRQDO� *(0� PRGHO� ���� NP�� ��� OHYHOV�� ZLWK� .XR� FRQYHFWLRQ
VFKHPH��GXULQJ�WKH�VXPPHU�RI����

7KH� FRPSDULVRQV� DUH� EDVHG� RQ� FRQWLQJHQF\� WDEOHV� ZLWK� VHOHFWHG� FDWHJRULHV� RI� ���KRXU
SUHFLSLWDWLRQ�DPRXQWV��7KUHDW�VFRUHV�DQG�ELDVHV�DUH�DOVR�FRPSXWHG�IRU�SUHFLSLWDWLRQ�DPRXQW
DERYH� WKUHVKROG� YDOXHV�� ,W� FDQ� EH� VHHQ� WKDW� WKH� FXUUHQW� UHJLRQDO�*(0�PRGHO� KDV� EURXJKW
LPSURYHPHQW�LQ�ELDV��SUREDELOLW\�RI�GHWHFWLRQ�DQG�WKUHDW�VFRUHV�LQ�VHYHUDO�FDWHJRULHV�

6LPLODU� FRPSDULVRQV� ZHUH� FDUULHG� RXW� EHWZHHQ� WKH� SUHFLSLWDWLRQ� IRUHFDVWV� RI� WKH� FXUUHQW
UHJLRQDO� *(0�PRGHO� DQG� WKRVH� RI� WKH� JOREDO� *(0� PRGHO� DV� ZLOO� DV� WKRVH� IURP� WKH� 86
�1&(3�� (7$� PRGHO�� &RPSDULVRQV� ZLWK� WKH� (7$� PRGHO� ZLOO� EH� GLVFXVVHG� LQ� UHODWLRQ� WR
SUHFLSLWDWLRQ�YHULILFDWLRQ�SURGXFHG�DQG�LVVXHG�E\�1&(3�

��'����
$UH�PHWHRURORJLFDO�IRUHFDVWV�LPSURYLQJ�"
5LFKDUG�9HUUHW���*X\ODLQH�+DUG\��DQG�&ODXGH�/DQGU\�
�&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

0D[LPXP�DQG�PLQLPXP�WHPSHUDWXUH�DQG�SUREDELOLW\�RI�SUHFLSLWDWLRQ�IRUHFDVWV�H[WUDFWHG�IURP
WKH�HDUO\�PRUQLQJ�LVVXH�RI�WKH�SXEOLF�IRUHFDVW�EXOOHWLQV�KDYH�EHHQ�YHULILHG�VLQFH������DW�DQ
HQVHPEOH� RI� WZHQW\�WKUHH� VWDWLRQV�� FRUUHVSRQGLQJ� WR� WKH� PDLQ� FLWLHV� DFURVV� &DQDGD�� 7KH
YHULILHG� IRUHFDVWV� ZHUH� YDOLG� IRU� 7RGD\�� 7RQLJKW� DQG� 7RPRUURZ�� 6WDWLVWLFDO� IRUHFDVWV� RI
PD[LPXP�DQG�PLQLPXP� WHPSHUDWXUH�DQG�RI�SUREDELOLW\� RI�SUHFLSLWDWLRQ�DW� WKH� VDPH� VHW� RI
VWDWLRQV��EDVHG�RQ����87&�PRGHO�UXQ��KDYH�DOVR�EHHQ�YHULILHG�RYHU�WKH�SDVW�ILYH�\HDUV��7KHVH
ODWWHU�IRUHFDVWV�DUH�EDVHG�RQ�WKH�3HUIHFW�3URJ�PXOWLSOH�OLQHDU�UHJUHVVLRQ�DSSURDFK��7KH�VDPH
YHULILFDWLRQ�V\VWHP�KDV�EHHQ�XVHG�WR�YHULI\�WKH�PDQXDOO\�SURGXFHG�IRUHFDVWV�DQG�WKH�REMHFWLYH
IRUHFDVWV�� %RWK� YHULILFDWLRQV� KDYH� EHHQ� FDUULHG� ZLWK� D� VHDVRQDO� GDWD� VWUDWLILFDWLRQ�� ,W� LV
DVVXPHG�WKDW�WKH�IRUHFDVWHUV�KDG�DFFHVV�WR�WKH�REMHFWLYH�VWDWLVWLFDO�IRUHFDVWV�DV�JXLGDQFH�

7KH�IRUHFDVW�GDWD�H[WUDFWLRQ�V\VWHP�XVHG�WR�H[WUDFW�GDWD�IURP�WKH�SXEOLF�IRUHFDVW�EXOOHWLQV�DQG
WKH� YHULILFDWLRQ� V\VWHP� KDYH� HYROYHG� FRQVLGHUDEO\� RYHU� WKH� SHULRG� RI� WKH� H[SHULPHQW�� 7KH
IRUHFDVW�GDWD�H[WUDFWLRQ�DQG� WKH� YHULILFDWLRQ� WDVNV�ZHUH�PRVWO\�FDUULHG�PDQXDOO\� LQ� WKH�HDUO\
\HDUV��DQG�ZHQW�WKURXJK�DQ�DXWRPDWLRQ�SURFHVV�LQ�WKH�HDUO\�����
V��&RQVLGHUDEOH�FDUH�ZDV
WDNHQ�LQ�WKH�PDQXDO�SURFHVVHV�WR�TXDOLW\�FRQWURO�WKH�GDWD�DQG�WR�HQVXUH�D�PD[LPXP�RI�GDWD
DYDLODEOH� IRU� YHULILFDWLRQ�� +RZHYHU�� TXDOLW\� FRQWURO� RI� WKH� GDWD� KDV� EHHQ� DXWRPDWHG� DQG
PLVVLQJ�GDWD�DUH�QRW� UHWULHYHG� LQ� WKH�DXWRPDWHG�GDWD� H[WUDFWLRQ�DQG�YHULILFDWLRQ�SURFHVVHV�
7KH�DXWRPDWHG�YHULILFDWLRQ�V\VWHP�XVHG�LQ�WKH�ODWWHU�\HDUV�RI�WKH�H[SHULPHQW�LV�EDVHG�RQ�WKH
IROORZLQJ�IUDPHZRUN���DOO�DYDLODEOH�VXUIDFH�REVHUYDWLRQ��V\QRSWLF��KRXUO\�DQG�VXSSOHPHQWDU\
DYLDWLRQ� REVHUYDWLRQV� DUH� XVHG� WR� FUHDWH� D� WUXWK� ILOH� DW� D� VHW� RI� VWDWLRQV�� 7KH� WUXWK� ILOH� LV
EDVLFDOO\�D�PDWUL[�ZKLFK�LQFOXGHV�DOO�REVHUYHG�ZHDWKHU�HOHPHQWV�ZLWK�D�WLPH�UHVROXWLRQ�RI�RQH
KRXU��WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�VSHFLDO�REVHUYDWLRQV�SURGXFHG�DW�QRQ�VWDQGDUG�WLPHV��7KH
ZHDWKHU� HOHPHQWV� DUH� FURVV�FKHFNHG� EHWZHHQ� WKHPVHOYHV� WR� YDOLGDWH� WKH� REVHUYDWLRQV� DQG
WKXV� FUHDWH� WKH� WUXWK�� DVVXPHG� WR� EH� WKH� DFWXDO� UHSUHVHQWDWLRQ� RI� WKH� ZHDWKHU� WKDW� UHDOO\
RFFXUUHG�� 7KH� WUXWK� ILOH� LV� JHQHUDWHG� RQFH� D� GD\� DW� HDFK� VWDWLRQ�� IRU� WKH� SDVW� WZHQW\�IRXU
KRXUV�� 2Q� WKH� RWKHU� KDQG� D� VLPLODU� VHW� RI� PDWULFHV� DUH� JHQHUDWHG� IRU� WKH� IRUHFDVWV�� 7KH
IRUHFDVW�PDWULFHV�DQG�WKH� WUXWK�PDWULFHV�FDQ�WKHQ�EH�FRPSDUHG�DQG�WKH�YDOLGLW\�DQG�VNLOO�RI
WKH�IRUHFDVWV�DVVHVVHG�

'LIIHUHQW�YHULILFDWLRQ�VFRUHV�KDYH�EHHQ�XVHG� WR�DVVHVV�ZKHWKHU�RU�QRW� WKHUH� LV�DQ� LPSURYLQJ
WUHQG� LQ� IRUHFDVW� VNLOO� VLQFH� ������ 5HVXOWV� LQGLFDWH� WKDW� WKH� PD[LPXP� DQG� PLQLPXP
WHPSHUDWXUH� IRUHFDVWV�KDYH� LPSURYHG�JOREDOO\�DFURVV�&DQDGD�RYHU� WKH�SHULRG�RI� WKH� VWXG\�
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+RZHYHU��YHULILFDWLRQ�SULRU�WR������IDLOV�WR�GHWHFW�DQ\�VWDWLVWLFDOO\�VLJQLILFDQW�WUHQG�LQ�WKH�VNLOO
RI� WKH� IRUHFDVWV��EXW� WKHUH� LV�D�GHILQLWH� LPSURYHPHQW� WUHQG� LQ� WKH� VNLOO� RI� WKH� IRUHFDVWV� DIWHU
������7KH�PDQXDOO\�SURGXFHG�IRUHFDVWV�KDYH�DOVR�EHHQ�FRPSDUHG�WR�WKH�REMHFWLYH�IRUHFDVWV�
$OWKRXJK�WKH�VNLOO�RI�WKH�REMHFWLYH�VWDWLVWLFDO�IRUHFDVWV�DQG�WKDW�RI�WKH�PDQXDOO\�SURGXFHG�RQHV
YDU\� VLJQLILFDQWO\� IURP� VWDWLRQ� WR� VWDWLRQ�� WKH� UHVXOWV� LQGLFDWH� WKDW� RYHUDOO� WKH� PDQXDOO\
SURGXFHG�IRUHFDVWV�LPSURYH�XSRQ�WKH�REMHFWLYH�IRUHFDVWV�

��'����
,QWHUFRPSDULVRQ�2I�&OLPDWRORJLFDO�2EVHUYDWLRQV�)URP�0DQQHG�$QG�$XWRPDWHG� 6WDWLRQV� �
3UHOLPLQDU\�5HVXOWV�)RU�7HPSHUDWXUH
(ZD�0LOHZVND�
�$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

$WPRVSKHULF�(QYLURQPHQW�6HUYLFH��$(6��XVHV�$XWRPDWHG�:HDWKHU�2EVHUYLQJ�6\VWHP��$:26�
WR�DXWRPDWH�SULQFLSDO�ZHDWKHU�VWDWLRQV��2QH�\HDU�ORQJ�������������GDWD�VHW�RI�VLPXOWDQHRXV
KXPDQ�DQG�$:26�KRXUO\�REVHUYDWLRQV�LV�FXUUHQWO\�XVHG�WR�GHWHFW�WKH�SUHVHQFH�RI�V\VWHPDWLF
LQVWUXPHQWDO�DQG�VLWLQJ�ELDVHV�EHWZHHQ�WKH�WZR�NLQGV�RI�REVHUYDWLRQV�RI�FHUWDLQ�FOLPDWRORJLFDO
HOHPHQWV��VXFK�DV�WHPSHUDWXUH��SUHFLSLWDWLRQ�DPRXQW��ZLQG��(YHQWXDOO\��RWKHU�V\VWHPV�WKDW�DUH
XVHG�WR�DXWRPDWH�:02�&OLPDWH�5HIHUHQFH�RU�&2�23�VWDWLRQV�ZLOO�EH�LQFOXGHG�LQ�WKH�VWXG\�
6RPH�DVSHFWV�RI�WKH�DQDO\VLV�RI�WHPSHUDWXUH�UHFRUGV�DUH�KLJKOLJKWHG�KHUH�

$:26�XVHG� <6,�0RGHO� ������ WKHUPLVWRUV�� ZKLOH� REVHUYHUV� UHDG� WKH� GLVSOD\� IURP� WKH�$(6
5HPRWH�7HPSHUDWXUH�'HZSRLQW� �57'��6\VWHP��7KH�SHUIRUPDQFH�DQG� WHFKQLFDO� VSHFLILFDWLRQV
RI� ERWK� WHPSHUDWXUH� VHQVRUV� DUH� QHDUO\� LGHQWLFDO�� DOWKRXJK� WKH� GLVWULEXWLRQ� RI� DX[LOLDU\
FRPSRQHQWV�� OLNH� MXQFWLRQ� ER[HV� RU� LQVWUXPHQW� KHDGV� LQVLGH� WKH� 6WHYHQVRQ� VFUHHQ�� GLIIHUV
DORQJ�ZLWK� WKH�ZD\� WKH� REVHUYHG� YDOXHV� DUH� DFWXDOO\� RXWSXW� DQG� UHFRUGHG�� 7KH� GLIIHUHQFHV
EHWZHHQ� WKH� $:26� DQG� +XPDQ� KRXUO\� WHPSHUDWXUH� REVHUYDWLRQV� ZHUH� FRPSXWHG� DW� ILYH
VWDWLRQV� DQG� WKH� RYHUDOO� ELDVHV� DQG� WUHQGV� RI� WKH� FRPSOHWH� WLPH� VHULHV� RI� WKHVH� GLIIHUHQFHV
ZHUH�DVVHVVHG��7KHQ��WKH�GDWD�ZDV�VWUDWLILHG�E\�GD\�DQG�QLJKW��ZLQG�VSHHG�DQG�FORXG�FRYHU�

3UHOLPLQDU\�UHVXOWV�LQGLFDWH�WKDW�WKHUH�LV�D�SRVLWLYH�LQVWUXPHQWDO�ELDV�RI�XS�WR������GHJUHH�&�
DV�ZHOO�DV�XS�WR������GHJUHH�&�YHQWLODWLRQ�ELDV��ZLWK�$:26�UHSRUWLQJ�ZDUPHU�WHPSHUDWXUH
LQ�DOO�WKHVH�FDVHV��7KHVH�PD\�QRW�EH�WKDW�VLJQLILFDQW�DV�PDQXIDFWXUHV
�VSHFLILFDWLRQV�DOORZ�IRU
XS�WR���������GHJUHH�&�XQFHUWDLQW\�UDQJH��7KH�VLWLQJ�ELDVHV�DSSHDU�WR�EH�PRUH�SURQRXQFHG
DQG�FRXOG�EH�HLWKHU�SRVLWLYH�RU�QHJDWLYH�RI�XS�WR��������GHJUHH�&�

7KH�GDLO\�PD[LPXP�DQG�PLQLPXP�WHPSHUDWXUH�ELDVHV�ZHUH�DOVR�H[DPLQHG��,W�DSSHDUV�WKDW�LQ
VRPH� FDVHV� WKH� WHQGHQF\� WR� LQVWDOO� QHZ� $:26�HV� LQ� ZHOO�H[SRVHG� DUHDV� FORVH� WR� UXQZD\V
UHVXOWV�LQ�QHJDWLYH�VLWLQJ�ELDVHV�RI�XS�WR������GHJUHH�&��ZKLFK�FRXOG�LPSDFW�ORQJ�WHUP�WUHQGV
RI�WHPSHUDWXUH�PLQLPXPV�FRPSXWHG�IRU�WKH�SXUSRVH�RI�JOREDO�FKDQJH�VWXGLHV�

��'����
$� &RPSDULVRQ� 2I� 9LVLELOLW\� 2EVHUYDWLRQV� %\� +XPDQ� 2EVHUYHUV� $QG� $XWRPDWHG� :HDWKHU
2EVHUYLQJ�6\VWHPV��$ZRV��,Q�&DQDGD
$PEXU\�6WXDUW�
�:HDWKHU�5HVHDUFK�+RXVH

,Q�������7UDQVSRUW�&DQDGD�DQQRXQFHG�D�PDMRU�LQLWLDWLYH�WR�GHWHUPLQH�KRZ�ZHOO�DXWRPDWHG
ZHDWKHU� REVHUYLQJ� V\VWHPV� �$:26�� PHW� WKH� RSHUDWLRQDO� UHTXLUHPHQWV� RI� WKH� DYLDWLRQ
FRPPXQLW\� LQ� &DQDGD�� 2YHU� WKH� QH[W� �� \HDUV� D� PDMRU� VWXG\� LQYROYLQJ� D� ��� PRQWK
LQWHUFRPSDULVRQ� RI� $:26� DQG� KXPDQ�ZHDWKHU� REVHUYDWLRQV� ZDV� FDUULHG� RXW� E\� 7UDQVSRUW
&DQDGD�� (QYLURQPHQW� &DQDGD� DQG� UHSUHVHQWDWLYHV� RI� PDQ\� RUJDQL]DWLRQV� LQ� WKH� DYLDWLRQ
LQGXVWU\��$�UHSRUW�RQ�WKH�UHVXOWV�RI�WKLV�VWXG\�ZDV�UHOHDVHG�E\�7UDQVSRUW�&DQDGD�LQ������
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'XULQJ� WKH� FRXUVH� RI� WKLV� ZRUN�� KRXUO\� DQG� VSHFLDO� REVHUYDWLRQV� RI� YLVLELOLW\�PDGH� E\� ERWK
$:26� DQG� KXPDQ� REVHUYHUV� DW� VHYHQ� DLUSRUWV� LQ� &DQDGD� ZHUH� DFFXPXODWHG�� TXDOLW\
FRQWUROOHG�DQG�DUFKLYHG��$Q� LQLWLDO� LQWHUFRPSDULVRQ� RI� KXPDQ� DQG� DXWRPDWHG� REVHUYDWLRQV
ZDV� PDGH�� DQG� LWV� UHVXOWV� DUH� LQFOXGHG� LQ� WKH� ILQDO� UHSRUW�� ,Q� WKLV� WDON�� D� UHYLHZ� RI� WKLV
LQWHUFRPSDULVRQ� LV�SUHVHQWHG�DQG�DQ�DOWHUQDWLYH�DSSURDFK� LV� SURSRVHG��8VLQJ� WKH�SULQFLSOH
WKDW�DQ\�REVHUYDWLRQ�RI�YLVLELOLW\�LV��YDOLG��XQWLO�LW�LV�UHSODFHG�E\�D�ODWHU�REVHUYDWLRQ��YLVLELOLWLHV
DUH�GHILQHG�IRU�HYHU\�PLQXWH�RI�HYHU\�GD\�WKDW�KXPDQ�DQG�$:26�REVHUYDWLRQV�DUH�DYDLODEOH�
7KHQ��DQ�LQWHUFRPSDULVRQ�RI�WKHVH�REVHUYDWLRQV�LV�PDGH�IRU�DOO�VHYHQ�VWDWLRQV�LQ�HDFK�RI�WKH
IRXU�VHDVRQV�RI�WKH�\HDU�

)RU�PRVW�ORFDWLRQV�DQG�VHDVRQV��ZH�VKRZ�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�KXPDQ�DQG�$:26
REVHUYDWLRQV� RI� YLVLELOLW\� WKDW� FDQQRW� EH� HDVLO\� H[SODLQHG� HLWKHU� E\� WKH� VHSDUDWLRQ� RI� WKH
ORFDWLRQV�ZKHUH�WKH�REVHUYDWLRQV�DUH�PDGH�RU�E\�DQ\�WDUGLQHVV�RI�WKH�KXPDQ�REVHUYHU�UHODWLYH
WR� WKH� $:26� LQ� QRWLFLQJ� FKDQJHV� LQ� WKH� ZHDWKHU�� $OVR�� WKHVH� GLIIHUHQFHV� VKRZ� VWURQJ
VHDVRQDO�DQG� UHJLRQDO� YDULDWLRQV� WKDW�DUH�QRW�HDVLO\�H[SODLQHG�E\�RXU�FXUUHQW�NQRZOHGJH�RI
WKH� FOLPDWRORJ\� RI� YLVLELOLW\�� :H� EHOLHYH� WKDW� WKHVH� UHVXOWV� ZLOO� EH� RI� JUHDW� LQWHUHVW� DQG
VLJQLILFDQW� LPSRUWDQFH� WR� WKH� &DQDGLDQ� DYLDWLRQ� FRPPXQLW\�� DORQJ� ZLWK� WKH� JRYHUQPHQW
GHSDUWPHQWV� DQG� SULYDWH� RUJDQL]DWLRQV� WKDW� VXSSRUW� DQG� UHJXODWH� WKH� DYLDWLRQ� LQGXVWU\� LQ
&DQDGD�
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��'����
$QDO\VHV�RI�WKH�(IIHFWV�RI�$HURVROV�RQ�D�5HJLRQDO�&OLPDWH�6LPXODWLRQ�8VLQJ�1$5&0
-XDQ�6HEDVWLDQ�)RQWHFLOOD��DQG�-HDQ�3LHUUH�%ODQFKHW��
�(DUWK�6FLHQFHV�'HSDUWPHQW�DW�84$0����(DUWK�6FLHQFHV�'HSDUWPHQW�DW�84$0�DQG�&�*&5

7KH� UHVSRQVH� RI� WKH� VXUIDFH� DQG� WURSRVSKHULF� FOLPDWH� WR� HPLVVLRQV� RI� VPRNH� DHURVROV� RQ
PRQWKO\� WR� VHDVRQDO� WLPH� VFDOHV� LV� LQYHVWLJDWHG� LQ� RUGHU� WR� HYDOXDWH� WKH� VHQVLWLYLW\� DQG� WKH
UHVSRQVH� RI� WKH� FRQWLQHQWDO� FOLPDWH� WR� D� FRQWUROOHG� DQG� VLQJOH� LQWHQVH� SRLQW� VRXUFH� RI
DHURVROV��7KH�PRGHO�DFFRXQWV�IRU�GHWDLO�VL]H�VHJUHJDWHG�DHURVRO�PLFURSK\VLFV�DQG�LQWHUDFWLRQ
ZLWK�UDGLDWLRQ��7KH�FDVH�RI�WKH������.XZDLW�PDVVLYH�RLOILUH�LV�XVHG�DV�D�UHIHUHQFH�VFHQDULR�WR
DVVHVV�WKH�PRGHO��7KH�VPRNH�LV�LQMHFWHG�LQ�WKH�ORZHU�WURSRVSKHUH�DW�WKH�HVWLPDWHG�REVHUYHG
PHDQ�UDWH�DQG�WKH�PRGHO�LV�GULYHQ�DW�WKH�ERXQGDULHV�E\�REMHFWLYH�DQDO\VHV�IRU�WKH�SHULRG�RI
-DQXDU\�WR�$XJXVW�����7KH�DHURVRO�LV�DOORZHG�WR�DOWHU�WKH�HQHUJ\�EDODQFH�RI�WKH�DWPRVSKHUH
DQG� WKH� VXUIDFH� YLD� WKH� GLUHFW� VRODU� DQG� LQIUDUHG� UDGLDWLYH� SURFHVVHV�� $WWHQWLRQ� LV� SXW� RQ
SULPDU\� IRUFLQJ� YDULDEOHV� �VRODU� IOX[�� KHDWLQJ� UDWHV�� DQG� WKHQ� WR� JUDGXDOO\� OHVV� UHODWHG
YDULDEOHV� �VXUIDFH�EDODQFH�� WHPSHUDWXUH��PRLVWXUH�SUHVVXUH��SUHFLSLWDWLRQ�DQG�FLUFXODWLRQ�� WR
GHWHUPLQH�WKHLU�UHVSRQVH�WR�WKH�SULPDU\�UDGLDWLYH�IRUFLQJ��7KH�DQDO\VLV�RI�DQRPDOLHV�RI�WKHLU
WLPH� ODJV�VKRZV� WKDW� VRPH�YDULDEOHV� UHVSRQG� VLJQLILFDQWO\�ZKLOH�RWKHUV�DUH�ZHDNO\� VHQVLWLYH�
7KLV� LV� D� YDOXDEOH� H[HUFLVH� LQ� SUHSDUDWLRQ� IRU� ORQJHU� UHJLRQDO� VFDOH� VLPXODWLRQV� ZKHUH� WKH
FRPSRVLWLRQ�DQG�WKH�VRXUFHV�RI�DHURVROV�DUH�JHQHUDOO\�PXFK�PRUH�YDULDEOH�DQG�FRPSOH[HV�

��'����
3UHSDUDWLRQ�WR� WKH� ILUVW�1$5&0�6LPXODWLRQ�RI� WKH�'LUHFW�(IIHFW�RI�$HURVRO�RQ�+LJK�/DWLWXGH
&OLPDWH
.KDQK�+XQJ�/DP��DQG�-HDQ�3LHUUH�%ODQFKHW��
�(DUWK�6FLHQFHV�'HSDUWPHQW�DW�84$0����(DUWK�6FLHQFHV�'HSDUWPHQW�DW�84$0�DQG�&�*&5

7KH� SXUSRVH� RI� WKLV� UHVHDUFK� LV� WR� LQYHVWLJDWH� WKH� GLUHFW� UDGLDWLYH� HIIHFW� RI� DHURVROV� RQ� WKH
HQHUJ\� EDODQFH� RI� WKH� $UFWLF�� $W� ILUVW�� SDUWLFXODU� DWWHQWLRQ� LV� SODFHG� RQ� WKH� RSWLFDO
FKDUDFWHULVWLFV�RI�DHURVROV��2SWLFDO�SURSHUWLHV�IRU�ZHW�VSKHULFDO�SDUWLFOHV�KDYH�EHHQ�FRPSXWHG
XVLQJ�VWDQGDUG�VKHOO�0LH�VFDWWHULQJ�DOJRULWKP��7KHQ��WKH�RSWLFDO�GHSWK�LV�FDOFXODWHG�E\�GRLQJ
DQ�LQWHJUDWLRQ�RI�WKH�PXOWL��FRPSRQHQW�VL]H�VHJUHJDWHG�DHURVRO�RYHU�WKH����ELQV�RI�1$5&0
����SURJQRVWLF�WUDFHUV���'HWDLOV�RQ�WKH�WUHDWPHQW�RI�RSWLFDO�GHSWK�ZLOO�EH�GLVFXVVHG��)XUWKHU��WR
DOORZ� IRU� ORQJ� FOLPDWH� VLPXODWLRQV�� DQ� DOWHUQDWH� DHURVRO� FRDJXODWLRQ� VFKHPH� LV� LQWURGXFHG
DQG� WHVWHG� YHUVXV� WKH� GHWDLOHG� H[SOLFLW� PHWKRG�� 7KHVH� VWHSV� ZLOO� OHDG� WR� WKH� ILUVW� FOLPDWH
VLPXODWLRQ�RI�WKH�GLUHFW�HIIHFWV�RI�DHURVROV�RQ�WKH�1RUWKHUQ�FOLPDWH�

��'����
6LPXODWLQJ�WKH�7UDQVSRUWDWLRQ�RI�6PRNH�IURP�D�)RUHVW�)LUH�LQ�(DVWHUQ�&DQDGD
/LQ� +RQJ��� :�5�� /HDLWFK��� &�0�� %DQLF��� 6XQOLQJ� *RQJ��� /XERV� 6SDFHN� ��� 3�� .LQJ�� DQG� %�
6WRFNV�
�$WPRVSKHULF� (QYLURQPHQW� 6HUYLFH�� �(DUWK� 6FLHQFHV� GHSDUWPHQW�� 84$0�� �&DQDGLDQ� )RUHVW
6HUYLFH

6PRNH�RULJLQDWHG�IURP�IRUHVW�ILUHV�LQ�4XHEHF��&DQDGD��QHDU���1�DQG���:��ZDV�WUDQVSRUWHG
WR�WKH�&DQDGLDQ�0DULWLPH�3URYLQFHV�DQG�0DLQH�DUHD�RQ�$XJ������������2EVHUYDWLRQV�RI�WKH
VPRNH� SOXPH�ZHUH�PDGH� DW� ��1� DQG� ��:�� DERXW� ����� NP� GRZQZLQG� RI� WKH� VRXUFH�� LQ
GXULQJ� WKH� 5DGLDWLRQ�� $HURVRO� DQG� &ORXG� ([SHULPHQW� �5$&(� ����� 7KH� PHDVXUHG� DHURVRO
SURSHUWLHV� LQFOXGH� QXPEHU� FRQFHQWUDWLRQ�� VL]H� GLVWULEXWLRQ�� &&1� FRQFHQWUDWLRQ� DQG� PDMRU
LURQ� FKHPLFDO� FRPSRVLWLRQ�ZDV�PHDVXUHG�� 7KH� WUDQVSRUW� RI� WKH� IRUHVW� ILUH� SOXPH� LV� VWXGLHG
XVLQJ�D�5HJLRQDO�&OLPDWH�0RGHO�FRXSOHG�ZLWK�D�QHZO\�GHYHORSHG�&DQDGLDQ�$HURVRO�0RGXOH
�&$0��� &$0� LV� D� VL]H�VHJUHJDWHG� PXOWL�FRPSRQHQW� DHURVRO� PRGHO� VLPXODWLQJ� DHURVRO
SURFHVVHV�� ,W� LQFOXGHV�QXFOHDWLRQ��FRQGHQVDWLRQ��FRDJXODWLRQ��GU\�GHSRVLWLRQ�DQG� LQWHUDFWLRQ
ZLWK�FORXGV�DV�ZHOO�DV�ZHW�UHPRYDO��7KH�VLPXODWLRQ�KDV�VXFFHVVIXOO\�EHHQ�DEOH�WR�UH�SURGXFH
WKH� REVHUYHG� WUDQVSRUW� SDWWHUQ� DQG� YHUWLFDO� GLVWULEXWLRQ� RI� WKH� VPRNH� DHURVRO� SDUWLFOHV
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UHOHDVHG�IURP�WKH�ORFDWLRQ�RI�WKH�4XHEHF�ILUHV��:H�ZLOO�SUHVHQW�GHWDLOV�RI�WKH�VLPXODWLRQ�DQG
FRPSDULVRQ�ZLWK�WKH�REVHUYDWLRQV�

��'����
$SSOLFDWLRQ�RI�1$5&0�WR�6LPXODWLRQ�RI�7UDFHUV�DW�+LJK�5HVROXWLRQV
)DELHQ�=XUHWWL��DQG�-HDQ�3LHUUH�%ODQFKHW��
�(DUWK�6FLHQFHV�'HSDUWPHQW�DW�84$0����(DUWK�6FLHQFHV�'HSDUWPHQW�DW�84$0�DQG�&�*&5

7KH� 1RUWKHUQ� $HURVRO� 5HJLRQDO� &OLPDWH� 0RGHO� �1$5&0�� LV� GHYHORSHG� IRU� DSSOLFDWLRQ� WR
ODUJH� VFDOH� �QHDUO\� KHPLVSKHULF�� DHURVRO� WUDQVSRUW� DQG� LQWHUDFWLRQ� ZLWK� WKH� FOLPDWH� V\VWHP�
%DVHG� RQ�0&��� WKH�PRGHO� KDV� VXIILFLHQW� IOH[LELOLW\� WR� DGGUHVV� TXHVWLRQV� DW� PHVRVFDOH� DQG
PLFURVFDOH�OHYHOV��)RU�LQVWDQFH��WKH�EHKDYLRU�RI�SDUWLFXODWHV�DW�LFH�HGJHV��RYHU�OHHGV�RU�RYHU
URXJK� WHUUDLQ� QHHGV� WR� EH� FRQVLGHUHG� DW� WLPHV�� $OWHUQDWLYHO\�� WKH�PRGHO� FDQ� EH� DSSOLHG� WR
LQYHVWLJDWH�XUEDQ�DHURVROV�IRU�YLVLELOLW\�RU�KHDOWK� LVVXHV��7KHVH�FRQVLGHUDWLRQV�KDYH�EHHQ�WKH
PRWLYDWLRQ� IRU� WKH� 0H[LFR� &LW\� VWXG\�� +HUH�� ZH� UXQ� 1$5&0� LQ� D� FDVFDGH� RI� YDULDEOH
UHVROXWLRQV� IURP� ��NP� WR� ��� NP� DQG� �NP� FHQWHUHG� RQ� 0H[LFR� &LW\�� $W� WKLV� VWDJH�� RQO\
SDVVLYH�WUDFHUV�DUH�LQMHFWHG�RYHU�WKH�FLW\�DUHD�WR�UHSUHVHQW�SROOXWDQWV��7KH�UHJLRQDO�FLUFXODWLRQ
LV� LQYHVWLJDWHG� WR� DVVHVV� NDWDEDWLF�ZLQGV�� IOX[� FRQYHUJHQFH�� FRQYHFWLRQ�� YDOOH\�ZLQG�� VPDOO�
VFDOH� IURQWV� DQG� FRKHUHQW� VWUXFWXUHV� LQ� WKH� WUDFHU� FRQFHQWUDWLRQ�� &RPSDULVRQ� ZLWK
REVHUYDWLRQV�DQG�RWKHU�PRGHO�VLPXODWLRQV�E\�%RVVHUW�DQG�)DVW�DUH�GRQH�WR�HYDOXDWH�1$5&0�

��'����
$�PRGHO�RI�'06�HPLVVLRQ�LQ�WKH�ZHVWHUQ�QRUWK�$WODQWLF�
0LUHLOOH� /HIqYUH��� $ODLQ� 9p]LQD��� 0DXULFH� /HYDVVHXU��� *X\� &DQWLQ�� DQG� 1LFKRODV� &KDUOHV
0XUUD\��
�,QVWLWXW�0DXULFH�/DPRQWDJQH���-RLQW�&HQWUH�5HVHDUFK��,VSUD��,WDO\�

'LPHWK\OVXOILGH��'06��LV�SURGXFHG�LQ�WKH�RFHDQLF�VXUIDFH�OD\HU�E\�ELRORJLFDO�SURFHVVHV�DQG�LV
WKH�PDMRU�YRODWLOH�RUJDQLF�VXOIXU�FRPSRXQG�HQWHULQJ�WKH�DWPRVSKHUH��,W�LV�VXVSHFWHG�WR�SDUWO\
FRXQWHUDFW�JUHHQKRXVH�ZDUPLQJ�EHFDXVH�RI�LWV�FRQWULEXWLRQ�WR�DHURVRO�IRUPDWLRQ��&XUUHQW
FOLPDWH�PRGHOV�XVH�HPSLULFDO�UHODWLRQVKLSV�EHWZHHQ�VXUIDFH�'06�FRQFHQWUDWLRQV�DQG�VXUIDFH
WHPSHUDWXUH�WR�HVWLPDWH�IOX[HV�RI�'06�WR�WKH�DWPRVSKHUH��7KLV�DSSURDFK�LV�OLPLWLQJ�LQ�WHUPV
RI�WKH�VWXG\�RI�SRWHQWLDO�FOLPDWH�IHHGEDFNV�YLD�ELRORJLFDO�DFWLYLW\��:H�DUH�GHYHORSLQJ�D�PRGHO
RI�WKH�ELRORJLFDO�SURFHVVHV�LQYROYHG�LQ�'06�SURGXFWLRQ��12'(0�IRU�1RUWKHUQ�2FHDQ�'PV
(PLVVLRQ�0RGHO���2XU�REMHFWLYHV�DUH�WR������SURYLGH�LPSURYHG�UHSUHVHQWDWLRQV�RI�ELRORJLFDOO\�
PHGLDWHG�'06�HPLVVLRQ�IRU�D�FOLPDWH�PRGHO�WKDW�LQFOXGHV�WKH�HIIHFW�RI�DHURVROV�RQ�WKH
UDGLDWLYH�EDODQFH��1$5&0���DQG�����LQYHVWLJDWH�WKH�VHQVLWLYLW\�RI�'06�HPLVVLRQV�WR�FOLPDWH
FKDQJH�VFHQDULRV��7KH�PRGHO�VLPXODWHV�FRPSOH[�LQWHUDFWLRQV�LQFOXGLQJ�WKH�SURGXFWLRQ�DQG
VHQHVFHQFH�RI�'063��GLPHWK\OVXIRQLRSURSLRQDWH��WKH�SUHFXUVRU�RI�'06��SK\WRSODQNWRQ
FDUULHUV��]RRSODQNWRQ�JUD]LQJ��PLFURELDO�SURFHVVHV��SKRWR�R[LGDWLRQ�DQG�YHQWLODWLRQ��7KH
GHYHORSPHQW�RI�WKH�PRGHO�UHOLHV�RQ�H[SHULPHQWDO�DQG�LQ�VLWX�PHVXUHPHQWV�RI�'06�DQG�'063
FROOHFWHG�GXULQJ�12'(0�FUXLVHV�LQ�0D\�-XQH������DQG�������5HPRWH�VHQVLQJ�LPDJHV�RI
RFHDQ�FRORU�ZLOO�EH�XVHG�WR�LQLWLDOL]H�WKH�PRGHO�DQG�WR�FRPSDUH�ZLWK�IOX[HV�PHDVXUHG�DW
VHOHFWHG�VWDWLRQV��7KH�PRGHO�ZLOO�WKHQ�EH�LQFRUSRUDWHG�LQ�D�RQH�GLPHQVLRQDO�YHUVLRQ�RI
1$5&0��/&0��WR�DOORZ�LQLWLDOLVDWLRQ�IURP�DWPRVSKHULF�VLPXODWLRQV�DQG�WR�VWXG\�WKH�VHQVLWLYLW\
RI�'06�IOX[HV�WR�FOLPDWH�FKDQJH�
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��'����
+LQGFDVW�RI�7LGDO�WR�,QWHU�$QQXDO��'�,FH�2FHDQ�&RQGLWLRQV�LQ�WKH�(VWXDU\�DQG
)UDQoRLV�-��6DXFLHU����)UDQoRLV�5R\���-LD�:DQJ���DQG�0DUF�%HVQHU�
�'LYLVLRQ� RI� 2FHDQ� 6FLHQFHV�� 0DXULFH� /DPRQWDJQH� ,QVWLWXWH�� 'HSW�� )LVKHULHV� DQG� 2FHDQV�
�8QLYHUVLW\�RI�$ODVND�DW�)DLUEDQNV���$WPRVSKHULF�6FLHQFH�'LYLVLRQ��(QYLURQPHQW�FDQDGD

:H�DSSO\�D��'�SURJQRVWLF�FRDVWDO�PRGHO�WR�WKH�(VWXDU\�DQG�*XOI�RI�6W��/DZUHQFH�IRU�FXUUHQWV�
WHPSHUDWXUH�� VDOLQLW\�� WXUEXOHQW� TXDQWLWLHV�� DQG� LFH� WKLFNQHVV� DQG� FRQFHQWUDWLRQ�� 7KH� RFHDQ
PRGHO�LV�PRGLILHG�IURP�WKH�1RUWK�6HD�PRGHO�RI�%DFNKDXV�DQG�WKH�-XDQ�GH�)XFD�DQG�6WUDLW�RI
*HRUJLD�PRGHO�RI�6WURQDFK�DQG�RWKHUV��7KH� LFH�PRGHO�XVHV� WKH�)ODWR�+LEOHU�G\QDPLFV�DQG
WKH�:DVKLQJWRQ�DQG�3DUNLQVRQ�WKHUPRG\QDPLFV��7KH�RFHDQ�PRGHO�LQFRUSRUDWHV�D�0HOORU�DQG
<DPDGD�W\SH� �QG� RUGHU� WXUEXOHQFH� FORVXUH� PRGHO�� 7KH� PRGHO� UHVROXWLRQ� LV� �� NP� LQ� WKH
KRUL]RQWDO�ZLWK���� OD\HUV� LQ� WKH�YHUWLFDO��H[WHQGLQJ�IURP�WKH�$WODQWLF�2FHDQ�WR�4XHEHF�FLW\�
ZKHUH� LW� LV� FRXSOHG� WR� D� ULYHU� FKDQQHO� PRGHO� XS� WR�0RQWUHDO�� 7KH� VXUIDFH� PHWHRURORJLFDO
IRUFLQJ� LV� SUHVFULEHG� E\� VL[�KRXUO\� DLU� WHPSHUDWXUH�� GHZ� SRLQW�� UHODWLYH� KXPLGLW\�� SUHVVXUH�
GU\�OLTXLG�SUHFLSLWDWLRQ��DQG�UDGLDWLRQ��WKDW�DUH�SURYLGHG�DW����YLUWXDO�VWDWLRQV�RYHU�WKH�ZDWHU�
7KHVH� GDWD� DUH� GHULYHG� E\� FRUUHFWLQJ� FRDVWDO� REVHUYDWLRQV� ZLWK� KLVWRULFDO� VKLS�EDVHG
PHDVXUHPHQWV��DQG�WKH�DLU�WHPSHUDWXUH�LV�IXUWKHU�FRUUHFWHG�E\�WKH�SUHVHQFH�RI�WKH�FRPSXWHG
LFH�FRYHU�� 7KH�K\GURORJLFDO� IRUFLQJ�XVHV�REVHUYHG�PRQWKO\� UXQRII�DW�4XHEHF�FLW\� DQG�GDLO\
UXQRII� IRU� DOO�PDMRU� WULEXWDULHV�� DQG� LV� DGMXVWHG� WR�DFFRXQW� IRU� WKH�QHW� EDVLQ�GUDLQDJH�� 7KH
RSHQ� ERXQGDU\� IRUFLQJ� DW� %HOOH�,VOH� DQG� &DERW� 6WUDLWV� LQFOXGHV� ��� ZDWHU� OHYHO� WLGDO
FRQVWLWXHQWV� DQG� FOLPDWRORJLFDO� ZDWHU� PDVV� SURSHUWLHV� IRU� HQWHULQJ� $WODQWLF� 2FHDQ� DQG
/DEUDGRU�6HD�ZDWHUV��6LPXODWLRQV�FDQ�EH�SHUIRUPHG�IRU�SHULRGV�EHWZHHQ������DQG������EXW
ZH� IRFXV� KHUH� RQ� WKH� \HDUV� �����������:H� FRPSDUH� WKH� PRGHO� UHVXOWV� ZLWK� LQWHUVHFWLQJ
REVHUYDWLRQV��WHPSHUDWXUH�DQG�VDOLQLW\�SURILOHV��LFH�FRQFHQWUDWLRQ�FKDUWV��$9+55�GHULYHG�667
PDSV�� FXUUHQW� PHWHU� DQG� WLGH� JDXJH� UHFRUGV�� LFH� EHDFRQV�� VXPPHU� FRDVWDO� WHPSHUDWXUH
PHDVXUHPHQWV��DV�ZHOO� DV� WKH� UHJLRQDO� FOLPDWRORJ\��:H�DQDO\VH� WKH� WUDQVSRUW� WKURXJK� VXE�
UHJLRQV� DQG� WKH� RSHQ� VWUDLWV�� WKH� IRUPDWLRQ� DQG� IDWH� RI� VXUIDFH� DQG� LQWHUPHGLDWH� ZDWHU
PDVVHV��DQG�IOX[HV�RI�KHDW�DQG�VDOW�DV�IXQFWLRQV�RI�WKH�H[WHUQDO�IRUFLQJ�DQG�LQWHUQDO�SK\VLFV�
:H�H[DPLQH�WUDQVLHQW�IUHVKZDWHU�SXOVHV��WKH�IRUPDWLRQ��VWDELOLW\�DQG�GLVSHUVLRQ�RI�WKH�*DVSp
FXUUHQW��VWRUP�HYHQWV��DQG�LFH�IRUPDWLRQ�DQG�H[SRUW�WR�WKH�$WODQWLF�2FHDQ�

��'����
)LQH�VFDOH�REVHUYDWLRQV�RI�VKHDU�LQVWDELOLWLHV�LQ�WKH�6W��/DZUHQFH�(VWXDU\
'DQLHO�%RXUJDXOW���)UDQFRLV�-��6DXFLHU���DQG�&KDUOHV�$��/LQ�
�'HSDUWPHQW� RI� $WPRVSKHULF� DQG� 2FHDQLF� 6FLHQFHV�� 0F*LOO� 8QLYHUVLW\�� �,QVWLWXW� 0DXULFH�
/DPRQWDJQH��3HFKHV�HW�2FHDQV�&DQDGD

7KH�EUHDNGRZQ�RI�KLJK�IUHTXHQF\�LQWHUQDO�ZDYHV�LV�DQ�LPSRUWDQW�PHFKDQLVP�E\�ZKLFK�PL[LQJ
LV�HQKDQFHG�DFURVV�WKH�S\FQRFOLQH�RI�SDUWLDOO\�VWUDWLILHG�HVWXDULHV��7KH�UHVXOWLQJ�YHUWLFDO�IOX[HV
RI�PDVV�DQG�PRPHQWXP�GHWHUPLQH�WKH�PHDQ�UHVLGXDO�EDURFOLQLF�SUHVVXUH�ILHOG�WKDW�GULYHV�WKH
HVWXDULQH�FLUFXODWLRQ��.QRZOHGJH�RI�WKH�WLPLQJ��ORFDWLRQ��DQG�WKH�PDJQLWXGH�RI�WKH�WXUEXOHQW
IOX[HV�DVVRFLDWHG�ZLWK�WKHVH�QDWXUDOO\�RFFXULQJ�HYHQWV�LV�VWLOO�YHU\� OLPLWHG��7KH�VKRUW�WLPH�DQG
VSDWLDO� VFDOH�� WKH� LQWHUPLWWHQF\�� DQG� WKH� SDWFK\� QDWXUH� RI� WKHVH� LQVWDELOLWLHV� LQ� VXFK� DQ
XQVWHDG\�HQYLURQPHQW�PDNH�LW�GLIILFXOW�WR�ORFDOL]H�DQG�REVHUYH��*XLGHG�IURP�WKH�UHVXOWV�RI�D
��'�EDURFOLQLF�QXPHULFDO�PRGHO�RI�WKH�6W�a/DZUHQFH�(VWXDU\��ZH�GHVLJQHG�DQ�H[SHULPHQW�WR
PHDVXUH� WKH� ILQH�VFDOH�VHPL�GLXUQDO� YDULDELOLW\�RI� WKH�ZDWHU�FROXPQ�ZKHUH�VKHDU� LQVWDELOLWLHV
ZHUH� H[SHFWHG� WR�RFFXU��6LPXOWDQHRXV�PHDVXUHPHQWV�RI� WKH���'�FXUUHQWV�� WKH�GHQVLW\� ILHOG�
DQG�DFFRXVWLF�LPDJHV�UHYHDOHG�WKDW�VKHDU�LQVWDELOLWLHV�DUH�DQ�DFWLYH�PL[LQJ�PHFKDQLVP�LQ�WKH
SDUWLDOO\�VWUDWLILHG�VHFWLRQ�RI�WKH�HVWXDU\��7KHVH�REVHUYDWLRQV�VXSSRUW�WKH�QXPHULFDO�UHVXOWV�
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��'����
$�3URSRVDO�IRU�D�1HXWUDO�5HJUHVVLRQ
5LFKDUG�0DUVGHQ�
�5R\DO�0LOLWDU\�&ROOHJH�RI�&DQDGD

,Q�FDVHV�RI�PRGHVW�FRUUHODWLRQ��SDUDPHWHUV� FDOFXODWHG� IURP�D� VWDQGDUG� OHDVW� VTXDUHV� OLQHDU
UHJUHVVLRQ�FDQ�YDU\�GHSHQGLQJ� RQ� WKH� VHOHFWLRQ�RI� GHSHQGHQW� DQG� LQGHSHQGHQW� YDULDWHV��$
QHXWUDO�UHJUHVVLRQ�WKDW�DGGUHVVHV�WKLV�SUREOHP�LV�SURSRVHG��7KHHLJHQYHFWRU�FRUUHVSRQGLQJ�WR
WKH�VPDOOHVW�HLJHQYDOXH�RI�WKH�FURVV�FRUUHODWLRQ�PDWUL[�RI�WKH�WZR�YDULDWHV�LV�XVHG�DV�D�VHW�RI
UHJUHVVLRQ� FRHIILFLHQWV�� (UURU� EDUV� DUH� FDOFXODWHG� IRU� WKH� HLJHQYDOXHV� DQG� HLJHQYHFWRUV�� E\
PHDQV� RI� D� SHUWXUEDUWLRQ� H[SDQVLRQ� RI� WKH� FURVV�FRUUHODWLRQ� PDWUL[� DQG� WKHQ� YHULILHG� E\
0RQWH�&DUOR�VLPXODWLRQ��$�SURFHGXUH�LV�VXJJHVWHG�IRU�H[WHQVLRQ�RI�WKH�WHFKQLTXH�WR�WKH�PXOWL�
YDULDWH�FDVH��&RQFOXVLRQV�DUH�SUHVHQWHG�DERXW�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�ERWK�WKH�OHDVW
VTXDUHV�DQG�QHXWUDO�UHJUHVVLRQ�

��'����
6XUIDFH�3XOVHV�LQ�WKH�/RZHU�6W��/DZUHQFH�(VWXDU\
5LFKDUG�0DUVGHQ��DQG�<YHV�*UDWWRQ��
�5R\DO�0LOLWDU\�&ROOHJH�RI�&DQDGD���,156��8QLYHUVLWH�GH�4XHEHF�D�5LPRXVNL

7HPSHUDWXUH�� VDOLQLW\�� VHD� OHYHO� DQG� PHWHRURORJLFDO� GDWD� IURP� WKH� CFRXSODJH� HQWUH� OHV
SURFHVVXV� SK\VLTXHV� HW� ELRJ?
HRFKLPLTXHV
� VWXG\� RI� �����ZHUH� H[DPLQHG� WR� GHWHUPLQH� WKH
IRUFLQJ�RI� IUHVK�ZDWHU�SXOVHV� LQ� WKH� ORZHU�6W��/DZUHQFH�(VWXDU\��$QFKRU�VWDWLRQV��GXULQJ�DQG
DIWHU� WKH� SDVVDJH� RI� D� SXOVH� HYHQW�� LQGLFDWHG� WKDW� SURIRXQG� FKDQJHV� RFFXUUHG� LQ� WKH
K\GURJUDSK\�DW�WKH�KHDG�RI�WKH�/DXUHQWLDQ�&KDQQHO��$�IDFWRU�DQDO\VLV�RI�URWDWHG�HLJHQPRGHV
RI�VXUIDFH� WHPSHU7HPSHUDWXUH�DQG�VDOLQLW\� LQGLFDWHG� WKUHH�FR�YDU\LQJ�JURXSV� ��� WKH� ILUVW��RQ
WKH�QRUWK�VKRUH�RI� WKH�ULYHU�� WKH�VHFRQG��RQ� WKH�VRXWK�VORSH�RI� WKH�/DXUHQWLDQ�&KDQQHO�DQG
WKH� WKLUG� LQ� WKH�PLGGOH�RI� WKH�HVWXDU\��$�PXOWL�YDULDWH� UHJUHVVLRQ�ZDV�XVHG� WR� UHODWH� VDOLQLW\
DQG�WHPSHUDWXUH�YDULDWLRQV�WR�IRUFLQJ�YDULDWHV��,W�ZDV�IRXQG�WKDW�VHD�OHYHO�HOHYDWLRQ�DQG�ORFDO
ZLQGV� DFFXUDWHO\� SUHGLFWHG� IOXFWXDWLRQV� RQ� WKH� QRUWK� VKRUH�� 6DOLQLW\� DQG� WHPSHUDWXUH
IOXFWXDWLRQV� RQ� WKH� VRXWK� VKRUH� ZHUH� EHVW� H[SODLQHG� E\� SURSDJDWLRQ�� ,Q� WKH� PLGGOH� RI� WKH
HVWXDU\�� VDOLQLW\� IOXFWXDWLRQV� ZHUH� RQO\� ZHDNO\� H[SODLQHG� E\� SURSDJDWLRQ� ZKLOH� WHPSHUDWXUH
IOXFWXDWLRQV�FRXOG�QRW�EH�SUHGLFWHG�E\�DQ\�RI�WKH�IRUFLQJ�YDULDWHV�

��'����
6HD�6WDWH�)RUHFDVWLQJ�LQ�WKH�6W��/DZUHQFH�5LYHU�DQG�*XOI
5D\�/LQ�DQG�:LOOLDP�3HUULH�
�'DYLG�7D\ORU�0RGHO�%DVLQ�/DERUDWRU\���%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

7KH� ORZHU� 6W�� /DZUHQFH� 5LYHU� DQG� *XOI� FDQ� H[SHULHQFH� KLJK� ZLQG� DQG� ZDYH� FRQGLWLRQV�
SDUWLFXODUO\�ZKHQ�WKH�ZLQG�LV�LQ�WKH�VDPH�GLUHFWLRQ�DV�WKH�ULYHU��,Q�WKLV�VLWXDWLRQ�LQWHQVH�ZDYH�
FXUUHQW�LQWHUDFWLRQ�HYHQWV�FDQ�GHYHORS�UDWKHU�UDSLGO\��EHFDXVH�RI�WKH�FRXSOLQJ�RI�ZDYHV�DQG
FXUUHQWV��7KHVH�HYHQWV�KDYH�UHVXOWHG�LQ�LQMXU\�DQG�ORVV�RI�OLIH��LQ�UHFHQW�\HDUV��,Q�WKLV�VWXG\��ZH
SUHVHQW� QHZ� ZDYH�FXUUHQW� LQWHUDFWLRQ� SK\VLFV�� EDVHG� RQ� DFWLRQ� FRQVHUYDWLRQ�� 7KLV� LV� QRW
LQFOXGHG� LQ� WKH�VWDWH�RI�WKH�DUW�RSHUDWLRQDO�ZDYH�PRGHOV�� IRU�H[DPSOH�:$0��:H�VKRZ� WKDW
IRU�LGHDOL]HG�6W��/DZUHQFH�5LYHU�WRSRJUDSK\��FXUUHQWV�DQG�ZLQG�FRQGLWLRQV��WKLV�PHFKDQLVP�LV
LPSRUWDQW�� )RU� D� WLGDO�W\SH� FXUUHQW�� PD[LPXP� ZDYH� KHLJKWV� H[KLELW� D� SHULRGLF� VSDFH�WLPH
RVFLOODWLRQ��ZKLFK�LV�HQKDQFHG�E\�WKH�SUHVHQFH�RI�ERWWRP�WRSRJUDSK\�
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��'����
'\QDPLFV�RI�WKH�%XR\DQF\�'ULYHQ�&RDVWDO�-HW��7KH�*DVSH�&XUUHQW
-LQ\X�6KHQJ�
�'DOKRXVLH�8QLYHUVLW\

$� WKUHH� GLPHQVLRQDO� SULPLWLYH� HTXDWLRQ� RFHDQ�PRGHO� LV� XVHG� WR� VWXG\� WKH� G\QDPLFV� RI� WKH
*DVSH�&XUUHQW�DQG�WKH�F\FORQLF�PRWLRQ�RYHU�WKH�QRUWKZHVWHUQ�*XOI�RI�6W��/DZUHQFH��1:*6/��
7KH� PRGHO� LV� GULYHQ� E\� EXR\DQF\� IRUFLQJ� DVVRFLDWHG� ZLWK� 6W�� /DZUHQFH� 5LYHU� UXQRII� DQG
EDURWURSLF�ERXQGDU\� LQIORZV�� 7ZR� W\SHV�RI�PRGHO� GRPDLQV� DUH� XVHG� LQ� WKLV� VWXG\�� 7KH� ILUVW
W\SH�LV�DQ�LGHDOL]HG�EDVLQ�ZLWK�D�IODW�ERWWRP�DQG�D�SLHFHZLVH�VWUDLJKW�FRDVWOLQH��,W�UHVHPEOHV
URXJKO\� WKH� JHRPHWU\� RI� WKH� 1:*6/� UHJLRQ�� 7KH� VHFRQG� W\SH� LV� D� UHDOLVWLF� EDVLQ� ZLWK� D
YDULDEOH�ERWWRP�DQG�DQ�LUUHJXODU�FRDVWOLQH��UHSUHVHQWLQJ�WKH�PRGHO�UHVROYHG�EDWK\PHWU\�RYHU
WKH�1:*6/� UHJLRQ��7KH� WZR�PRGHO�GRPDLQV�DUH� LQLWLDOO\� ILOOHG�ZLWK�KRUL]RQWDOO\�XQLIRUP�EXW
YHUWLFDOO\�VWUDWLILHG�ZDWHUV�RI�VXPPHU�PHDQ�WHPSHUDWXUH�DQG�VDOLQLW\�RYHU�WKH�1:*6/�UHJLRQ�
7KH�EXR\DQF\� IRUFLQJ�DVVRFLDWHG�ZLWK� WKH�ULYHU�UXQRII� LV�VSHFLILHG�DV� ORZHU�VDOLQLW\�ZDWHUV�DW
WKH�HVWXDU\�KHDG�

:H� ILUVW� DSSO\� WKH�PRGHO� WR� WKH� LGHDOL]HG� EDVLQ�ZLWK� WKH� EXR\DQF\� IRUFLQJ� DW� WKH� HVWXDULQH
KHDG��$IWHU�D�VKRUW�SHULRG�DGMXVWPHQW��D�EXR\DQW�SOXPH�LV�GHYHORSHG�LQVLGH�WKH�HVWXDU\�ZLWK
DQ�HDVWZDUG�FXUUHQW�DORQJ�WKH�QRUWK�VKRUH��7KLV�QRUWK�VKRUH�FXUUHQW�YHHUV�DQWLF\FORQLFDOO\�DQG
IORZV� VRXWKZDUG� DORQJ� WKH� RIIVKRUH� IURQW� RI� WKH� SOXPH� QHDU� WKH� HVWXDU\� PRXWK�� ,W� WXUQV
DEUXSWO\� HDVWZDUG� DW� WKH� VRXWK� VKRUH� DQG� IRUPV� D� VXUIDFH�LQWHQVLILHG� FRDVWDO� FXUUHQW� WKDW
DGYHFWV� WKH�HVWXDULQH�ZDWHU� VHDZDUG�DORQJ� WKH� ULJKW�ERXQGHG�FRDVWOLQH��:H� WKHQ�DSSO\� WKH
PRGHO�WR�WKH�UHDOLVWLF�EDVLQ�GULYHQ�E\�WKH�VDPH�EXR\DQF\� IRUFLQJ��7KH�HDUO\�GHYHORSPHQW�RI
WKH�SOXPH�FXUUHQW�V\VWHP�RQ�WKLV�UHDOLVWLF�EDVLQ�LV�TXDOLWDWLYHO\�VLPLODU�WR�WKDW�RQ�WKH�LGHDOL]HG
EDVLQ��1HYHUWKHOHVV��WKH�FRPELQHG�HIIHFWV�RI�WKH�LUUHJXODU�EDWK\PHWU\�DQG�QRQOLQHDU�G\QDPLFV
PDNH� WKH� LQWUXVLRQ�QRVH� WR�DGYDQFH�FRQVLGHUDEO\� VORZHU�DORQJ� WKH� ULJKW�ERXQGHG�FRDVW�RQ
WKH� UHDOLVWLF� EDVLQ� WKDQ� WKDW� RQ� WKH� LGHDOL]HG� EDVLQ�� )XUWKHUPRUH�� WKLV� VXUIDFH�LQWHQVLILHG
FRDVWDO� FXUUHQW� WHQGV� WR� IROORZ� FORVHO\� WKH� LUUHJXODU� FRDVWOLQH� LQLWLDOO\� EXW� EHFRPHV�XQVWDEOH
ZLWK� PXOWLSOH� EDFNZDUG� EUHDNLQJ� ZDYHV� GHYHORSHG�� ,W� VHSDUDWHV� DQG� UHDWWDFKHV� WKH� FRDVW
VSRUDGLFDOO\�DV� LW�SURSDJDWHV�GRZQVWUHDP�� ,W� OHDYHV� WKH�FRDVW�SHUPDQHQWO\�DIWHU�SDVVLQJ� WKH
HDVWHUQ�WLS�RI�WKH�*DVSH�3HQLQVXOD�DQG�IRUPV�D�VRXWKZDUG�GULIW�RQWR�WKH�0DJGDOHQ�6KDOORZV�
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��'����
7KH�SRWHQWLDO�YRUWLFLW\�EXGJHW�RI�WKH�1RUWK�$WODQWLF�RVFLOODWLRQ
-DFTXHV�'HURPH���<XKXL�:DQJ��DQG�*LOEHUW�%UXQHW��
�0F*LOO�8QLYHUVLW\���5HFKHUFKH�HQ�SUpYLVLRQ�QXPpULTXH��$(6

1&(3� UHDQDO\VHV� KDYH� EHHQ� XVHG� WR� FRPSXWH� WKH� FOLPDWRORJLFDO� SRWHQWLDO� YRUWLFLW\� �39�
EXGJHW�IRU����ZLQWHUV�DQG�IRU�WKRVH�ZLQWHUV�ZLWK�D�1RUWK�$WODQWLF�2VFLOODWLRQ��1$2��DQRPDO\�
7KH� DQDO\VLV� LV� EDVHG� RQ� WKH� WLPH�DYHUDJHG� 39� HTXDWLRQ� LQ� LVHQWURSLF� FRRUGLQDWHV�� DQ
HTXDWLRQ� WKDW� H[SUHVVHV� D� VLPSOH� EDODQFH� EHWZHHQ� WKH� KRUL]RQWDO� DGYHFWLRQ� RI� 39� DQG� WKH
VRXUFHV�DQG�VLQNV�RI�39�GXH�WR�GLDEDWLF�KHDWLQJ�DQG�IULFWLRQ�

7KH�FOLPDWRORJ\�VKRZV�WZR�PDLQ�VRXUFHV�RI�39��HDFK�EHLQJ�XSVWUHDP�RI�WKH�WZR�PDLQ�FHQWUHV
RI�SRVLWLYH�39�RQ�WKH�HDVW�FRDVWV�RI�1RUWK�$PHULFD�DQG�$VLD��7KH�39�DGYHFWLRQ�WKDW�EDODQFHV
WKH� 39� VRXUFHV� LV� FRPSRVHG� RI� WKH� DGYHFWLRQ� E\� WKH� WLPH�PHDQ� IORZ� DQG� E\� WKH� WUDQVLHQW
HGGLHV��7KH�ODWWHU�DUH�IRXQG�WR�SURGXFH�D�QHJDWLYH�IHHGEDFN�LQ�WKDW�WKH\�ZRUN�WR�UHGXFH�WKH
DPSOLWXGH�RI�WKH�39�DQRPDO\�

7KH�UHVXOWV�IRU�WKH�ZLQWHUV�ZLWK�DQ�1$2�DQRPDO\�VKRZ��LQ�SDUWLFXODU��WKDW�WKH�39�DQRPDOLHV
DVVRFLDWHG�ZLWK�WKH�1$2�DOVR�KDYH�XSVWUHDP�VRXUFHV��7KH�LPSRUWDQFH�RI�WKH�ODWWHU��KRZHYHU�
LV�QRW�DV�FOHDU�DV�WKDW�RI�WKH�FRQWLQHQWDO�VRXUFHV�WKDW�PDLQWDLQ�WKH�FOLPDWRORJLFDO�39�FHQWUHV�

��'����
7KH�$UFWLF�DQG�$QWDUFWLF�2VFLOODWLRQV�DQG�WKHLU�3URMHFWHG�&KDQJHV�8QGHU�*OREDO�:DUPLQJ
-RKQ�)\IH���*HRUJH�-��%RHU��DQG�*UHJRU\�0��)ODWR��
�&DQDGLDQ� &HQWUH� IRU� &OLPDWH� 0RGHOOLQJ� DQG� $QDO\VLV�� $WPRVSKHULF� (QYLURQPHQW� 6HUYLFH�
�8QLYHUVLW\�RI�9LFWRULD�9LFWRULD��%&��&DQDGD

7KH�$UFWLF�2VFLOODWLRQ� �$2�� DQG� WKH�$QWDUFWLF�2VFLOODWLRQ� �$$2�� DUH� WKH� OHDGLQJ�PRGHV� RI
KLJK�ODWLWXGH�YDULDELOLW\� LQ�HDFK�KHPLVSKHUH�DV�FKDUDFWHUL]HG�E\� WKH� ILUVW�(2)�RI�PHDQ� VHD�
OHYHO�SUHVVXUH��2EVHUYDWLRQV�VXJJHVW�D� UHFHQW�SRVLWLYH� WUHQG� LQ� WKH�$2�DQG� LW� LV� VSHFXODWHG
WKDW�WKLV�PD\�EH�UHODWHG�WR�JOREDO�ZDUPLQJ��7KH�&&&PD�FRXSOHG�JHQHUDO�FLUFXODWLRQ�PRGHO
FRQWURO�VLPXODWLRQ�H[KLELWV�D�UREXVW�DQG�UHDOLVWLF�$2�DQG�$$2��&OLPDWH�FKDQJH�VLPXODWLRQV
IRU� WKH� SHULRG� ����������� ZLWK� IRUFLQJ� GXH� WR� JUHHQKRXVH� JDVHV� DQG� DHURVROV�� H[KLELW
SRVLWLYH� WUHQGV� LQ� ERWK� WKH� $2� DQG� WKH� $$2�� 7KH�PRGHO� VLPXODWHV� HVVHQWLDOO\� XQFKDQJHG
$2�$$2�YDULDWLRQV� VXSHULPSRVHG�RQ�D� IRUFHG� FOLPDWH� FKDQJH� SDWWHUQ�� 7KH� UHVXOWV� GR� QRW
VXJJHVW�WKDW�D�VLPXODWHG�WUHQG�LQ�WKH�$2�$$2�GHSHQGV�RQ�VWUDWRVSKHULF�LQYROYHPHQW�QRU�WKDW
IRUFHG�FOLPDWH�FKDQJH�ZLOO�EH�H[SUHVVHG�DV�D�FKDQJH�LQ�WKH�RFFXUHQFH�RI�RQH�SKDVH�RI� WKH
$2�$$2� RYHU� DQRWKHU�� 7KLV� SDWWHUQ� RI� FOLPDWH� FKDQJH� SURMHFWV� H[FOXVLYHO\� RQ� WKH� $$2
SDWWHUQ�LQ�WKH�VRXWKHUQ�KHPLVSKHUH�EXW�QRW�LQ�WKH�QRUWKHUQ�KHPLVSKHUH�ZKHUH�RWKHU�(2)V�DUH
LQYROYHG��7KH�H[WHQW�WR�ZKLFK�WKLV�IRUFHG�FOLPDWH�FKDQJH�SDWWHUQ�DQG�WKH�XQIRUFHG�PRGHV�RI
YDULDWLRQ�DUH�GHWHUPLQHG�E\�WKH�VDPH�PHFKDQLVPV�DQG�IHHGEDFNV�UHPDLQV�DQ�RSHQ�TXHVWLRQ�

��'����
7KH�1RUWK�$WODQWLF�2VFLOODWLRQ�������������$�GDWD�VWXG\
3DROR�-U��3HWULHOOR���-DFTXHV�'HURPH��DQG�&KDUOHV�/LQ�
�0F*LOO�8QLYHUVLW\��'HSW��RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV

7KH�1RUWK�$WODQWLF�2VFLOODWLRQ��1$2��UHIHUV�WR�D�ORZ�IUHTXHQF\�PRGH�RI�DWPRVSKHULF
YDULDELOLW\�ZLWK�WZR�FHQWUHV�RI�DFWLRQ�LQ�WKH�SUHVVXUH�ILHOG��2QH�LV�FHQWUHG�RYHU�,FHODQG�DQG�WKH
RWKHU��ZLWK�D�SUHVVXUH�DQRPDO\�RI�WKH�RSSRVLWH�VLJQ��LV�FHQWUHG�RYHU�3RUWXJDO��7KH�SUHVHQW
VWXG\�H[DPLQHV�YDULRXV�DWPRVSKHULF�ILHOGV�DVVRFLDWHG�ZLWK�WKH�1$2��ZLWK�SDUWLFXODU�HPSKDVLV
RQ�1RUWK�$PHULFD��6XFK�ILHOGV�DV�VHD�OHYHO�SUHVVXUH��VXUIDFH�DLU�WHPSHUDWXUH������PE��DLU
WHPSHUDWXUH�
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GDLO\�SUHFLSLWDWLRQ�DPRXQW��DQG�SUHFLSLWDEOH�ZDWHU�DUH�H[DPLQHG��7KH�1&(3�1&$5�UHDQDO\VLV
GDWD�VHW�IURP�����������LV�XVHG��,W�LV�IRXQG�WKDW�WKH�1$2�KDV�D�GHILQLWH�LPSDFW�RQ�VHDVRQDO
ZHDWKHU�FRQGLWLRQV�LQ�WKH�/DEUDGRU��%DIILQ�,VODQG�UHJLRQ�

��'����
'\QDPLFDO�&KDUDFWHULVDWLRQ�RI�1RUWK�$WODQWLF�&OLPDWH�9DULDELOLW\
/LRQHO�3DQGROIR��DQG�'HFODQ�4XLQQ�
�8QLYHUVLW\�RI�%ULWLVK�&ROXPELD���'HSDUWPHQW�RI�0DWKHPDWLFV��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD�
%&

7KH�HIIHFW�RI�TXDVL�VWDWLRQDU\�DQRPDOLHV�RQ�WKH�VXUIDFH�FOLPDWH�RI�WKH�1RUWK�$WODQWLF�LV
VWXGLHG��$�VHW�RI�G\QDPLFDO�LQGLFHV��FKDUDFWHULVLQJ�WKH�FOLPDWH�YDULDELOLW\�RI�WKH�1RUWK�$WODQWLF�
ZDV�FRQVWUXFWHG�E\�ILOWHULQJ�ZLQWHUWLPH�GDLO\�REVHUYDWLRQV�WR�UHPRYH�WUDQVLHQW�DFWLYLW\��7KH�VHW
LQFOXGHV�WKH�VWUHQJWK�DQG�SRVLWLRQ�RI�WKH�VXUIDFH�FHQWUDO�SUHVVXUHV�RI�WKH�RFHDQLF��FHQWUHV�RI
DFWLRQV��DV�ZHOO�DV�WKH�SUHVVXUH�GLIIHUHQFH�DQG�SUHVVXUH�JUDGLHQW�EHWZHHQ�FHQWUHV��7KH�WLPH
VHULHV��DQG�WKHLU�DVVRFLDWHG�VSDWLDO�SDWWHUQV��GHVFULELQJ�WKH�YDULRXV�LQGLFHV�VKRZ�WKDW�WKH
ODUJH�VFDOH��FHQWUHV�RI�DFWLRQ��H[KLELW�GLVWLQFW�PLJUDWLRQV��6XFK�EHKDYLRXU�LV�QRW�HYLGHQW�IURP
PRQWKO\�PHDQ�DQDO\VHV�DQG�LW�LV�GHPRQVWUDWHG�WKDW�PRQWKO\�PHDQ�FKDUWV�PD\�JLYH�D
PLVOHDGLQJ�SLFWXUH�RI�DWPRVSKHULF�EHKDYLRXU��6LJQLILFDQW�FRUUHODWLRQV�DUH�IRXQG�DPRQJVW�WKH
YDULRXV�G\QDPLFDO�LQGLFHV�DQG�EHWZHHQ�WKHP�DQG�WKH�SULQFLSDO�FRPSRQHQWV�RI�ZLQWHUWLPH�6HD
/HYHO�3UHVVXUH��,W�LV�K\SRWKHVLVHG�WKDW�ERWK�WKH�FHQWUDO�SUHVVXUH�DQG�WKH�ORFDWLRQ�RI�WKHVH
FHQWUHV�DUH�RI�GLUHFW�UHOHYDQFH�WR�WKH�FOLPDWH�RI�WKH�1RUWK�$WODQWLF�UHJLRQ�

��'����
7KH�5ROH�RI�*UDYLW\�:DYHV�LQ�6ORZO\�9DU\LQJ�LQ�7LPH�(TXDWRULDO�0RWLRQV
*HUDOG�%URZQLQJ���+�B2�.UHLVV��DQG�:��+��6FKXEHUW�
�

5HFHQWO\�D�PDWKHPDWLFDO� WKHRU\�RI� WKH� UHODWLRQVKLS�EHWZHHQ� WKH�GRPLQDQW�DQG�JUDYLW\�ZDYH
FRPSRQHQWV� RI� WKH� VORZO\� YDU\LQJ� LQ� WLPH� VROXWLRQ� RI� PLGODWLWXGH� PHVRVFDOH� PRWLRQV
GRPLQDWHG�E\�KHDWLQJ�DQG�FRROLQJ�KDV�EHHQ�GHYHORSHG�

+HUH�LW�ZLOO�EH�VKRZQ�WKDW�WKLV�WKHRU\�DSSOLHV�WR�VORZO\�YDU\LQJ�LQ�WLPH�HTXDWRULDO�PRWLRQV�RI
DQ\�OHQJWK�VFDOH��7KXV�IRU�DOO�HTXDWRULDO�VWRUPV�WKH�JUDYLW\�ZDYHV�WKDW�DUH�JHQHUDWHG�KDYH�WKH
VDPH�WLPH�VFDOH�DQG�WKH�VDPH�VL]H�RI�SUHVVXUH�SHUWXUEDWLRQV�DV�WKH�GRPLQDQW�FRPSRQHQW��D
KRUL]RQWDO�OHQJWK�VFDOH�DQ�RUGHU�RI�PDJQLWXGH�ODUJHU�WKDQ�WKDW�RI�WKH�KHDWLQJ��DQG�YHU\�OLWWOH
HQHUJ\�FRPSDUHG�WR�WKH�GRPLQDQW�FRPSRQHQW��,Q�WKH�ODUJH�VFDOH�HTXDWRULDO�FDVH�WKH�WKHRU\
H[SODLQV�WKH�RULJLQ�RI�JOREDO�VFDOH�������GD\�0DGGHQ�-XOLDQ�RVFLOODWLRQV�LQ�WKH�SUHVVXUH��,W�LV
DOVR�VKRZQ� WKDW� LI�D� VROXWLRQ�RI� WKH�GLDEDWLF� V\VWHP�GHVFULELQJ� HTXDWRULDO� IORZV� �DQG�KHQFH
HTXDWRULDO�REVHUYDWLRQDO�GDWD�LQ�WKH�SUHVHQFH�RI�KHDWLQJ��LV�ZULWWHQ�LQ�WHUPV�RI�D�VHULHV�RI�WKH
PRGHV�RI�WKH�OLQHDU�DGLDEDWLF�V\VWHP�IRU�WKRVH�IORZV�� WKHQ�D�PDMRU�SRUWLRQ�RI� WKH�GRPLQDQW
VROXWLRQ�LV�SURMHFWHG�RQWR�JUDYLW\�ZDYH�PRGHV�DQG�WKLV�UHVXOW�FDQ�H[SODLQ�WKH�FRQIXVLRQ�RYHU
WKH�UHODWLYH�LPSRUWDQFH�RI�HTXDWRULDO�JUDYLW\�ZDYHV�

��'����
7HQGDQFH�GH�OD�9DULDELOLWp�GX�&OLPDW�DX�4XpEHF�DX�;;�LqPH�6LqFOH
0\ULDP�0RQWSHWLW���3HWHU�=ZDFN����6DQGUD�7XUQHU���DQG�)ORUHQFH�3pURQ�
��8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO���8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO���8QLYHUVLWp�)RXULHU

'HSXLV�SOXV�GH�����DQV�GpMj��GHV�PHVXUHV� MRXUQDOLqUHV�GH� WHPSpUDWXUH� HW� GH�SUpFLSLWDWLRQ
VRQW�HIIHFWXpHV�j�SOXVLHXUV�HQGURLWV�VWUDWpJLTXHV�j�WUDYHUV�OH�&DQDGD��$X�4XpEHF��OH�QRPEUH
GH�VWDWLRQV�D�YDULp�FRQVLGpUDEOHPHQW�DX�FRXUDQW�GH�O
KLVWRLUH��DWWHLJQDQW�XQ�RSWLPXP�GH����
GDQV� OHV� DQQpHV� VRL[DQWH�GL[�� SRXU� HQVXLWH� GpFURvWUH� MXVTX
j� HQYLURQ� ���� WHOOHV� TX
RQ� OHV
FRQQDvW� DXMRXUG
KXL�� 0DOKHXUHXVHPHQW�� HQ� SOXV� G
DYRLU� VXEL� XQH� YDULDWLRQ� HQ� QRPEUH�
FHUWDLQHV� VWDWLRQV� RQW� pJDOHPHQW� pWp� GpSODFpHV�� HQWUDvQDQW� DLQVL� GHV� pFDUWV� LPSRUWDQW� DX
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9DULDELOLWp�GX�FOLPDW
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0RQGD\��0D\���
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QLYHDX�GHV�WHPSpUDWXUHV�HW�GHV�SUpFLSLWDWLRQV�HQUHJLVWUpHV��&H�Q
HVW�TXH�WRXW�UpFHPPHQW�TXH
OHV� GRQQpHV� PHQVXHOOHV� GH� ��� VWDWLRQV� UpSDUWLHV� GX� QRUG� DX� VXG� GH� OD� SURYLQFH� RQW� pWp
KRPRJpQpLVpHV��DILQ� MXVWHPHQW�GH�PLQLPLVHU� OH�SOXV�SRVVLEOH� OHV�GLIIpUHQFHV�GDQV� OD� OHFWXUH
GH�FHV�SDUDPqWUHV�

8QH�GHV�K\SRWKqVHV�IRUWHPHQW�GpEDWWXH�FRQFHUQDQW�OHV�FKDQJHPHQWV�FOLPDWLTXHV��FRQVLVWH�j
FURLUH�TX
XQH�DXJPHQWDWLRQ�GH� OD� WHPSpUDWXUH�SURYRTXHUDLW�XQH�KDXVVH�GH� OD�YDULDELOLWp�GX
FOLPDW��1RWUH�pWXGH�FRQVLVWH�GRQF�j�XWLOLVHU�FHV����VWDWLRQV�FRPPH�SRLQW�GH� UpIpUHQFH�SRXU
YpULILHU� VL�� DYHF� O
DXJPHQWDWLRQ� GHV� WHPSpUDWXUHV� GH� ����&� HQUHJLVWUpH� DX� &DQDGD� GHSXLV
������OH�FOLPDW�QH�VHUDLW�SDV�HQ�WUDLQ�GH�GHYHQLU�SOXV�YDULDEOH��1RXV�SUpVHQWHURQV�SOXVLHXUV
DQDO\VHV�� LQFOXDQW� OHV� WHQGDQFHV� GH� O
pFDUW�W\SH� GHV� WHPSpUDWXUHV� HW� GHV� SUpFLSLWDWLRQV�� /HV
UpVXOWDWV�VHURQW�UHJURXSpV�HQ� IRQFWLRQ�GH���JUDQGHV�]RQHV�JpRJUDSKLTXHV� UpSDUWLHV�FRPPH
VXLW��OH�VXG�GX�4XpEHF��OHV�%DVVHV�7HUUHV�GX�6W�/DXUHQW��OD�SpQLQVXOH�JDVSpVLHQQH��OH�FHQWUH
GX�4XpEHF�HW�OH�QRUG�GX�4XpEHF��'H�FHWWH�IDoRQ��QRXV�VHURQW�SOXV�HQ�PHVXUH�GH�YLVXDOLVHU
VL�OHV�WHQGDQFHV�GH�OD�YDULDELOLWp�VRQW�VHPEODEOHV�G
XQ�UpJLRQ�j�O
DXWUH�
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��$����
7RZDUGV�D�PRUH�FRPSOHWH�PRGHO�RI�WKH�FOLPDWH�V\VWHP
%\URQ�$��%RYLOOH�
�1DWLRQDO�&HQWHU�IRU�$WPRVSKHULF�5HVHDUFK

&KDQJHV� LQ� FOLPDWH�� ZKHWKHU� DQWKURSRJHQLF� RU� QDWXUDO�� LQYROYH� D� FRPSOH[� LQWHUSOD\� RI
SK\VLFDO��FKHPLFDO��DQG�ELRORJLFDO�SURFHVVHV�QRW�MXVW�RI�WKH�DWPRVSKHUH�EXW�DOVR�RI�WKH�RFHDQ
DQG�WKH�ODQG�VXUIDFH���WKH�CCFOLPDWH�V\VWHP

��$V�FOLPDWH�V\VWHP�UHVHDUFK�VHHNV�WR
H[SODLQ�WKH�EHKDYLRU�RI�FOLPDWH�RYHU�WLPH�VFDOHV�RI�\HDUV�WR�PLOOHQQLD��IRFXV�QHFHVVDULO\�WXUQV
WR� EHKDYLRU� LQWURGXFHG� E\� SK\VLFDO�� FKHPLFDO�� DQG� ELRJHRFKHPLFDO� LQWHUDFWLRQV� DPRQJ
FOLPDWH� VXEV\VWHPV�� 7KH� FKDOOHQJHV� RI� PRGHOLQJ� WKH� UROH� RI� DQWKURSRJHQLF� HPLVVLRQV� RI
FDUERQ�GLR[LGH��RI�UHDFWLYH�WUDFH�JDVHV��DQG�RI�FKDQJLQJ�ODQG�XVH�LQ�WKH�HDUWK�V\VWHP�UHTXLUH
D�FRXSOHG�FOLPDWH�V\VWHP�DSSURDFK�

6HYHUDO�JURXSV�DURXQG�WKH�ZRUOG�DUH�ZRUNLQJ�WRZDUGV�FRPSUHKHQVLYH�FOLPDWH�V\VWHP�PRGHOV
WKDW� DOORZ� IRU� WKH� LQWHUDFWLRQV� DPRQJ� SK\VLFDO�� FKHPLFDO�� DQG� ELRJHRFKHPLFDO� SURFHVVHV�
+RZHYHU�� LW� ZLOO� EH� PDQ\� \HDUV� EHIRUH� PDWXUH� PRGHOV� RI� WKLV� W\SH� H[LVW�� (YHQ� WKH� SUHVHQW
SK\VLFDO� FOLPDWH�PRGHOV� UHTXLUH� FRXSOLQJ� DQ� DWPRVSKHULF� JHQHUDO� FLUFXODWLRQ� WR� DQ� RFHDQ
JHQHUDO� FLUFXODWLRQ�PRGHO�� D� VHD� LFH�PRGHO�� DQG� D� ODQG� VXUIDFH�PRGHO�� 7KHVH� FRPSRQHQW
PRGHOV� DOO� FRPPXQLFDWH� ZLWK� HDFK� RWKHU� WKURXJK� LQWHUIDFLDO� IOX[HV� RI� PRPHQWXP�� HQHUJ\�
DQG�ZDWHU��ZKLFK�JHQHUDOO\�GHSHQG�RQ�WKH�VWDWH�RI�PRUH�WKDQ�RQH�PRGHO��VR�WKH�VWUXFWXUH�RI
D� FOLPDWH� V\VWHP� PRGHO� LV� H[FHHGLQJO\� FRPSOH[�� 0RUHRYHU�� VXFK� PRGHOV� DUH� H[WUHPHO\
FRPSXWDWLRQDOO\�LQWHQVLYH��VLQFH�WKH\�DUH�W\SLFDOO\�LQWHJUDWHG�IRU�D�FHQWXU\�RU�PRUH�

7KLV�WDON�ZLOO� IRFXV�RQ�WKH�SUHVHQW�VWDWH�RI�FOLPDWH�V\VWHP�PRGHOLQJ��ODUJHO\�XVLQJ�WKH�1&$5
&60� DV� DQ� H[DPSOH�� DQG� LQFOXGLQJ� VRPH� UHVXOWV� IRU� WKH� &OLPDWH� 0RGHO� ,QWHUFRPSDULVRQ
3URMHFW��7KLV�PRGHO�QRZ� URXWLQHO\� LQFOXGHV�VXOSKDWH�DHURVRO�FKHPLVWU\�DQG� LWV� IHHGEDFNV�RQ
WKH�UDGLDWLRQ��7KH�VFLHQWLILF�DQG�FRPSXWDWLRQDO�FKDOOHQJHV�RI�LQFOXGLQJ�IXUWKHU�FKHPLFDO�DQG
ELRJHRFKHPLFDO�SURFHVVHV�ZLOO�EH�GLVFXVVHG�
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��$����
6DJXHQD\� 5LYHU� 'LVFKDUJH� 3UR[LHV�� 'DWD� IURP� WKH� ���������� 6HGLPHQWDU\� 5HFRUG� LQ
5HODWLRQ�WR�2OGHU�6HGLPHQW�2EVHUYDWLRQV�
&KDUOHV�7��6FKDIHU��DQG�-RKQ�1��6PLWK�
�*HRORJLFDO�6XUYH\�RI�&DQDGD���$WODQWLF���'HSDUWPHQW�RI�)LVKHULHV�DQG�2FHDQV��%HGIRUG
,QVWLWXWH�RI�2FHDQRJUDSK\

7KH�����������VXEVHW�RI�GDWD�IURP�D�SLVWRQ�FRUH�FROOHFWHG�QHDU�WKH�KHDG�RI�WKH�1RUWK�$UP
RI�WKH�6DJXHQD\�)LRUG�������������VXJJHVWV�WKDW�WKH�JUDLQ�VL]H�GLVWULEXWLRQ�RI�WKH������X0
IUDFWLRQ� LQFOXGHV� PDWHULDO� FDUULHG� WR� WKH� VLWH� E\� SURFHVVHV� RWKHU� WKDQ� VSULQJ� IUHVKHW� ULYHU
FXUUHQWV� �H�J��� VDQG� WUDQVSRUW� IURP� DGMDFHQW� VKDOORZ� VXEWLGDO� HQYLURQPHQWV� DQG� ODQGVOLGH
PDWHULDO� IURP� XSVWUHDP� VRXUFHV��� :KHQ� JUDYLWDWLRQDO� SURFHVVHV� DQG� DQRPDORXV� VHGLPHQW
VRXUFHV�DUH�DFFRXQWHG�IRU��DQG�JLYHQ�D�UHVROXWLRQ�RI�WKH�3E�����FKURQRORJ\�RI�����RQH�\HDU
RU�OHVV������������GDWD�LQGLFDWH�JHQHUDOO\�WKDW�UHODWLYHO\�LQWHQVH�VSULQJ�IUHVKHWV�FDQ�RIWHQ�EH
FKDUDFWHUL]HG� E\�PRGDO� GLDPHWHUV� JUHDWHU� WKDQ� ��� X0�� E\� UHODWLYHO\� KLJK������ X0� VDQG
SRSXODWLRQV�DQG�PDJQHWLF�VXVFHSWLELOLWLHV��DQG�E\�3E�����VHGLPHQWDWLRQ�UDWHV�JUHDWHU�WKDQ��
FP�\U�� +RZHYHU�� LW� LV� DOVR� FOHDU� IURP� WKH� WRWDO� VHW� RI� REVHUYDWLRQV� WKDW� WKH� OLQN� EHWZHHQ
VHGLPHQW� WH[WXUH� DQG� ULYHU� GLVFKDUJH� LQWHQVLW\� LV� D� FRPSOH[� SUREOHP�� SRVVLEO\� UHODWHG� WR
GLVWDQFH� UHODWLYH� WR� WKH� PRXWK� RI� WKH� 6DJXHQD\� 5LYHU�� WHPSRUDO� FKDQJHV� LQ� WKH� UDWH� RI
VHGLPHQW� VXSSO\� WR� WKH� ULYHU� FKDQQHO�� DQG� GLIILFXOWLHV� LQ� UHVROYLQJ� WKH� WUXH� ERXQGDULHV� RI
DQQXDO� GHSRVLWV�� 7RWDO� JUDLQ� VL]H� UHVXOWV� IURP� HDUOLHU� VWXGLHV� RI� D� FRUH� FROOHFWHG� XSVWUHDP
IURP�FRUH�����FRUH�'����LGHQWLILHG�SHUFHQW�VDQG�DQG�VDQG� IOX[�DV�SURPLVLQJ�SDUDPHWHUV� IRU
HVWLPDWLQJ� WKH� YDULDWLRQ� RI� VSULQJ� IUHVKHW� LQWHQVLW\� RQ� D� VFDOH� RI� \HDUV� WR� GHFDGHV� L�H��
JHQHUDOO\�FRQVLVWHQW�ZLWK�VRPH�RI�WKH�FRUH����������������ILQGLQJV�

)XUWKHU� LQYHVWLJDWLRQ� RI� WKH� SDOHRGLVFKDUJH� UHFRUG� GHILQLWLRQ� LVVXH� KDV� FHQWUHG� RQ� WKH
FRPSDULVRQ� RI� ODPLQDWHG� YHUVXV� XQODPLQDWHG� LQWHUYDOV� RI� FRUH� ���� 5HVXOWV� VXJJHVW� WKDW
UHODWLYHO\�KLJK�ULYHU�GLVFKDUJH�LQGH[�YDOXHV��PHGLDQ�GLDPHWHUV�DQG������X0�SDUWLFOHV�WHQG
WR�EH�FKDUDFWHULVWLF�RI�WKH�XQODPLQDWHG�LQWHUYDOV�UDWKHU�WKDQ�WKH�ODPLQDWHG�LQWHUYDOV��)RU�WKRVH
ODPLQDWHG�GHSRVLWV� WKDW�FDQ�EH�VKRZQ� WR�EH�XQUHODWHG� WR� ODQGVOLGH�VHGLPHQW� �SXOVHV��� RU� WR
GRZQVORSH�WUDQVSRUW�RI�VDQG�IURP�WKH�XSSHU�SDUWV�RI�WKH�1RUWK�$UP�EDVLQ�ZDOOV��WKHVH�UHVXOWV
LPSO\�WKDW�WKH�KLJK�VSULQJ�IUHVKHW�UHFRUG�DW�WKLV�ORFDWLRQ�LQ�WKH�1RUWK�$UP�PD\�EH�PDQLIHVWHG
E\� WKH�DERYH�DYHUDJH�GHSRVLWLRQ�RI�SDUWLFOHV� LQ� WKH� ILQH� WR�PHGLXP�VLOW� VL]H� UDQJH��7KLV� �VLOW
GLOXWLRQ�� HIIHFW�PD\� EH� UHIOHFWHG� E\� WKH� FRPSDUDWLYHO\� KLJK�PDJQHWLF� VXVFHSWLELOLW\� DQG� WKH
VXUSULVLQJO\�ORZ�DYHUDJH�PRGDO�GLDPHWHU�YDOXH�WKDW�DSSHDUV�WR�FKDUDFWHUL]H�WKH�����
LQWHUYDO�RI�FRUH�����,W�VHHPV�FOHDU��DW�WKLV�MXQFWXUH��WKDW�DWWHPSWV�WR�GHILQH�D�SDOHRGLVFKDUJH
UHFRUG�IRU�WKH�6DJXHQD\�5LYHU�VKRXOG�EH�EDVHG�RQ�LQWHJUDWHG�GDWD�VHWV�WKDW�FDQ�UHVROYH�ERWK
UHODWLYH�K\GURG\QDPLF�HQHUJ\�DV�ZHOO�DV�VHGLPHQW�VRXUFH��,Q�DGGLWLRQ��LW�VKRXOG�EH�DQWLFLSDWHG
WKDW� WKH� LQGLFHV� VHOHFWHG� PD\� EHKDYH� GLIIHUHQWO\� IURP� RQH� 1RUWK� $UP� EDVLQ� ORFDWLRQ� WR
DQRWKHU�DV�D�FRQVHTXHQFH�RI� WKH� LQKHUHQW� KHWHURJHQLHW\�RI� WKLV� IUHVKZDWHU�PDULQH� LQWHUIDFH
HQYLURQPHQW�
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��%����
7KH�(IIHFW�RI�7URXJK�,QWHUDFWLRQV�RQ�7URSLFDO�&\FORQH�,QWHQVLW\�&KDQJH
'HERUDK�+DQOH\���-RKQ�0ROLQDUL���DQG�'DQ�.H\VHU��
�'HSDUWPHQW� RI� (DUWK� DQG� $WPRVSKHULF� 6FLHQFHV�� �8QLYHUVLW\� DW� $OEDQ\�� 6WDWH� 8QLYHUVLW\� RI
1HZ�<RUN

7KH�IRFXV�RI�WKLV�VWXG\� LV�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�XSSHU�OHYHO� WURXJKV� LQ� WKH�ZHVWHUOLHV�RQ
WKH� LQWHQVLW\� FKDQJH� RI� WURSLFDO� F\FORQHV�� &RQYHQWLRQDO�ZLVGRP� VWDWHV� WKDW� LQFUHDVHG� VKHDU
DVVRFLDWHG�ZLWK� WKHVH� WURXJKV� LV� GHWULPHQWDO� WR� WURSLFDO� F\FORQHV�� 'HVSLWH� WKLV� FRQYHQWLRQDO
ZLVGRP��LQWHQVLILFDWLRQ�KDV�EHHQ�GRFXPHQWHG�LQ�FDVHV�RI�DQ�DSSURDFKLQJ�XSSHU�OHYHO�WURXJK
LQ� WKH� ZHVWHUOLHV� H[KLELWLQJ� PRGHUDWH� YHUWLFDO� ZLQG� VKHDU� �'H0DULD� HW� DO�� ������� ,Q� VRPH
FDVHV�� WKH� LQWHQVLILFDWLRQ�RFFXUV�DV� WKH� WURSLFDO� F\FORQH� LV� WUDFNLQJ�XS� WKH�HDVW� FRDVW�RI� WKH
8QLWHG� 6WDWHV� LQWR� &DQDGLDQ� ZDWHUV� DQG� UHVXOWV� LQ� GDQJHURXV� ZHDWKHU� FRQGLWLRQV� WKDW� DUH
RIWHQ�QRW�IRUHFDVWHG��&RQVHTXHQWO\��WKH�RSSRUWXQLW\�H[LVWV�WR�FODULI\�WKH�UROH�RI�DQ�XSSHU�OHYHO
WURXJK� WKDW� DSSURDFKHV� DQG� LQWHUDFWV� ZLWK� D� WURSLFDO� F\FORQH�� LQ� SDUWLFXODU� ZKHWKHU� WKH
LQWHUDFWLRQ�ZLOO� UHVXOW� LQ� LQWHQVLILFDWLRQ�RU�ZHDNHQLQJ�RI� WKH� WURSLFDO�F\FORQH��&RQVLVWHQW�ZLWK
WKLV�UHVHDUFK�RSSRUWXQLW\��D�ORQJ��WHUP�JRDO�RI�WKLV�ZRUN�LV�WR�GHYHORS�UHFRPPHQGDWLRQV�IRU
LPSURYLQJ�IRUHFDVWV�RI�WURSLFDO�F\FORQH�LQWHQVLW\�FKDQJH�ZKHQ�WKHUH�LV�DQ�LQWHUDFWLRQ�ZLWK�DQ
XSSHU�OHYHO�WURXJK�

7KH�SUHVHQW� VWXG\� XVHV� ��� KRXUO\� ������ GHJUHH� XQLQLWLDOL]HG� (&0:)�DQDO\VHV�� $OO� QDPHG
WURSLFDO�F\FORQHV�LQ�WKH�$WODQWLF�EDVLQ�GXULQJ������WKURXJK������DUH�FRQVLGHUHG��$� WURXJK
LQWHUDFWLRQ� LV�GHILQHG�ZKHQ� WKH�HGG\� IOX[�FRQYHUJHQFH�RI�DQJXODU�PRPHQWXP��()&��DW����
K3D�RYHU�D���������NP�VWRUP�FHQWUHG�UDGLDO�EDQG�LV�JUHDWHU�WKDQ�����P�V��G�DQG�WKH�WRWDO
SUHVVXUH�FKDQJH�LV�JUHDWHU�WKDQ����K3D��&DVHV�DUH�LGHQWLILHG�DQG�FRPSRVLWHG�IRU�VL[�GLIIHUHQW
VLWXDWLRQV��,Q�FRPSRVLWHV�����WKH�WURSLFDO�F\FORQH�LQWHQVLILHV��ZKLOH�LQ�FRPSRVLWHV���DQG���WKH
WURSLFDO� F\FORQH� ZHDNHQV�� 7KH� FDWHJRULHV� RI� FRPSRVLWHV� DUH�� ���� VXSHUSRVLWLRQ� �XSSHU
WURSRVSKHULF�39�DQRPDO\�ZLWKLQ�����NP�RI�VWRUP�FHQWUH�������GLVWDQW�LQWHUDFWLRQ��39�DQRPDO\
EHWZHHQ�����DQG������NP�IURP�WKH�FHQWUH�������H[WUDWURSLFDO�WUDQVLWLRQ��LQWHQVLILFDWLRQ�DIWHU
WUDQVLWLRQ�������IDYRXUDEOH�QR�WURXJK��LQWHQVLILFDWLRQ�ZLWK�()&�OHVV�WKDQ����P�V��G�IRU�DW�OHDVW��
FRQVHFXWLYH�SHULRGV��� ����XQIDYRXUDEOH� LQWHUDFWLRQ� �ZHDNHQLQJ�ZLWK�HQKDQFHG�()&���DQG� ���
XQIDYRXUDEOH�QR�WURXJK��ZHDNHQLQJ�ZLWK�()&�OHVV� WKDQ����P�V��G� IRU�DW� OHDVW���FRQVHFXWLYH
SHULRGV��� &DOFXODWLRQV� KDYH� EHHQ� SHUIRUPHG� RQ� WKHVH� FRPSRVLWHV� DQG� WKH� UHVXOWV� ZLOO� EH
SUHVHQWHG�

��%����
$�6WXG\�RI�7URSLFDO�WR�([WUDWURSLFDO�&\FORQH�7UDQVLWLRQ�RII�WKH�&DQDGLDQ�DQG�86�(DVW�&RDVWV�
���������
&KULVWRSKHU�7��)RJDUW\��DQG�'U��-RKQ�5��*\DNXP�

�0F*LOO�8QLYHUVLW\��0RQWUHDO��4&��&DQDGD

7KH�JRDO�RI�WKLV�VWXG\�LV�WR�EHWWHU�XQGHUVWDQG�WKH�WKHUPRG\QDPLF�VWUXFWXUH�RI�WURSLFDO�F\FORQHV
XQGHUJRLQJ�H[WUDWURSLFDO�WUDQVLWLRQ��(7���DQG�WR�REVHUYH�WKH�UROH�RI�V\QRSWLF�VFDOH�IHDWXUHV�LQ
WKH� WUDQVLWLRQ� DQG� UHLQWHQVLILFDWLRQ� RI� WURSLFDO� F\FORQHV�� 1DWLRQDO� +XUULFDQH� &HQWHU� �1+&�
EHVW�WUDFN�GDWD�DQG�WKH�1DWLRQDO�&HQWHUV�IRU�(QYLURQPHQWDO�3UHGLFWLRQ��1&(3��UHDQDO\VHV�DUH
XVHG� WR�SURGXFH�FRPSRVLWH�JHRSRWHQWLDO�KHLJKW�� WKLFNQHVV��DQG�VHD� OHYHO�SUHVVXUH� ILHOGV� IRU
��� WURSLFDO� F\FORQHV�DIIHFWLQJ� WKH�ZHVWHUQ�1RUWK�$WODQWLF�2FHDQ�EHWZHHQ������DQG������
0DQ\�RI�WKHVH�GLVVLSDWLQJ�WURSLFDO�F\FORQHV�XQGHUZHQW�H[WUDWURSLFDO�WUDQVLWLRQ�DV�WKH\�PRYHG
JHQHUDOO\�WR�WKH�QRUWKHDVW�RII�WKH�86�DQG�&DQDGLDQ�HDVW�FRDVWV��$QRPDOLHV�LQ�WKH�KHLJKW�DQG
WKLFNQHVV� ILHOGV� DUH� DQDO\VHG� WR� GLDJQRVH� ODUJH�VFDOH� ZHDWKHU� SDWWHUQV� DVVRFLDWHG� ZLWK� (7
HYHQWV��$Q�XSSHU�DLU�GDWD�VHW�IURP�WKH�)RUHFDVW�6\VWHPV�/DERUDWRU\��)6/��LV�XVHG�WR�SURGXFH�D
VRXQGLQJ�FOLPDWRORJ\�IRU�6DEOH�,VODQG��1RYD�6FRWLD��:02�<6$���:LWK�WKLV�GDWD�VHW�ZH�KDYH
DOVR�FRQVWUXFWHG�FRPSRVLWH�F\FORQHV�IRU�VHOHFWHG�WUDQVLWLRQ�FDVHV�XVLQJ�VRXQGLQJV�IURP�6DEOH
,VODQG�DQG�RWKHU�FRDVWDO�VWDWLRQV��7KH�FRPSRVLWH�VRXQGLQJ�F\FORQHV�SURYLGH�XV�ZLWK�D�ZHDOWK
RI�QHZ� LQIRUPDWLRQ�RQ� WKH� WKHUPRG\QDPLF� VWUXFWXUH�RI� WURSLFDO� V\VWHPV�XQGHUJRLQJ�(7��:H
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DOVR� LQYHVWLJDWH� ���� K3D� 4�YHFWRU� GLYHUJHQFH� ILHOGV� IRU� ILYH� FDVHV� GXULQJ� RXU� SHULRG� RI
LQWHUHVW��7KHVH� ILHOGV�KHOS� ORFDWH� UHJLRQV�ZKHUH� WKHUH� LV� IRUFLQJ� IRU�TXDVLJHRVWURSKLF�DVFHQW
XVLQJ�WKH�4�YHFWRU�IRUP�RI�WKH�TXDVLJHRVWURSKLF��4*��RPHJD�HTXDWLRQ�

��%����
$�1HZ�03,�EDVHG�&RXSOHU�IRU�WKH�&&&PD�&*&0��&RXSOHG�0RGHO�
6FRWW�7LQLV���%HUWUDQG�'HQLV���*UHJRU\�0��)ODWR��DQG�*HRUJH�-��%RHU�
�&DQDGLDQ�&HQWUH� IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV�� �8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO�
�&&&PD

$� QHZ� FRXSOLQJ� VWUDWHJ\� XVLQJ� WKH� 0HVVDJH�3DVVLQJ� ,QWHUIDFH� �03,�� SDUDOOHO� FRPSXWLQJ
HQYLURQPHQW� RQ� WKH� 1(&� 6;�� KDV� EHHQ� GHYHORSHG� IRU� XVH� LQ� WKH� ODWHVW� YHUVLRQ� RI� WKH
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV��&&&PD��FRXSOHG�JHQHUDO�FLUFXODWLRQ
PRGHO��&*&0����&*&0��LV�FRPSRVHG�RI�WKH�QHZO\�GHYHORSHG�*&0��DWPRVSKHUH�PRGHO
DQG�D�YHUVLRQ�RI�WKH�1&$5�1&20����RFHDQ�PRGHO�

(DUOLHU� YHUVLRQV� RI� WKH� &&&PD� FRXSOHG� PRGHOV� �&*&0�� DQG� &*&0��� XVHG� D� VHULDO
FRXSOLQJ� VFKHPH� LQ�ZKLFK� WKH� DWPRVSKHUH� FRPSRQHQW� LV� UXQ� IRU� RQH� GD\� WR� SURYLGH� GDLO\
PHDQ�IRUFLQJ�WR�WKH�RFHDQ�FRPSRQHQW��ZKLFK�VXEVHTXHQWO\�UXQV�IRU�RQH�GD\�DQG�UHWXUQV�GDLO\
PHDQ�VHD�VXUIDFH�WHPSHUDWXUHV�WR�WKH�DWPRVSKHUH��'DWD�WUDQVIHU�EHWZHHQ�PRGHO�FRPSRQHQWV
ZDV� DFFRPSOLVKHG� WKURXJK� UHDGLQJ� DQG� ZULWLQJ� ILOHV� RQ� GLVN�� 7KH� 03,� FRXSOHU� DOORZV� WKH
DWPRVSKHUH� DQG� RFHDQ� FRPSRQHQWV� WR� UXQ� VLPXOWDQHRXVO\�� ZLWK� HDFK� FRPSRQHQW� PXOWL�
WDVNHG�DFURVV�VHYHUDO�FRPSXWHU�SURFHVVRUV��7KLV�WDNHV�PD[LPXP�DGYDQWDJH�RI�WKH�1(&�6;�
PXOWL�SURFHVVRU�DUFKLWHFWXUH��7KH�VDYLQJV�GXH� WR� WKH� UHGXFHG�GLVN� LQSXW�RXWSXW�DQG�SDUDOOHO
H[HFXWLRQ�RI�WKH�FRXSOHG�PRGHO�PRGXOHV�LV�PRUH�WKDQ������ZDOO�FORFN���7KLV�SUHVHQWDWLRQ�ZLOO
SURYLGH�DQ�RYHUYLHZ�RI�WKH�03,�FRXSOLQJ�PHWKRG�DQG�DGGUHVV�VRPH�RI� WKH� LVVXHV� WKDW�DULVH
IURP�FRXSOLQJ�WKH�DWPRVSKHUH�DQG��RFHDQ�LQ�SDUDOOHO�

��%����
$�&RPSDULVRQ�RI�*&0�0RGHOV�ZLWK�([SHULPHQWDO�0HDVXUHPHQWV�RI�6XUIDFH�5DGLDWLYH
)RUFLQJ�E\�*UHHQKRXVH�*DVHV
:D\QH�)�-��(YDQV��DQG�(OGRQ�3XFNULQ�
�(QYLURQPHQWDO�5HVRXUFH�6WXGLHV��7UHQW�8QLYHUVLW\

&OLPDWH� PRGHOV� SUHGLFW� WKDW� WKH� HPLVVLRQ� RI� JUHHQKRXVH� JDVHV� LQWR� WKH� DWPRVSKHUH� KDV
DOWHUHG� WKH� UDGLDWLYH� HQHUJ\� EODQFH� DW� WKH� HDUWK
V� VXUIDFH� E\� VHYHUDO� SHUFHQW� WKURXJK
LQFUHDVLQJ� WKH� JUHHQKRXVH� UDGLDWLRQ� IURP� WKH� DWPRVSKHUH�� :LWK� PHDVXUHPHQWV� DW� KLJK
VSHFWUDO� UHVROXWLRQ�� WKLV� LQFUHDVH� FDQ� EH� TXDQWLWDWLYHO\� DWWULEXWHG� WR� HDFK� RI� VHYHUDO
DQWKURSRJHQLF�JDVHV��$Q� HQHUJ\� IOX[� LPEDODQFH� RI� DERXW� ��:�PA�� KDV� EHHQ� FUHDWHG� E\
DQWKURSRJHQLF� HPLVVLRQV� RI� JUHHQKRXVH� JDVHV� RI� ZKLFK� ZH� KDYH� PHDVXUHG� DOPRVW� ���
:�PA���&DOLEUDWHG� VSHFWUD� RI� WKH� JUHHQKRXVH� UDGLDWLRQ� IURP� WKH� DWPRVSKHUH� KDYH� EHHQ
PHDVXUHG� DW� JURXQG� OHYHO� IURP� 3HWHUERURXJK� XVLQJ� DQ� )7,5� ZLWK� D� UHVROXWLRQ� RI� ���
ZDZYHQXPEHUV�� 7KLV� ORQJ� ZDYH� UDGLDWLRQ� FRQVLVWV� RI� WKHUPDO� HPLVVLRQ� IURP� QDWXUDOO\
RFFXUULQJ�JDVHV�VXFK�DV�&2���+����DQG�2��DV�ZHOO�DV�IURP�PDQ\�WUDFH�JDVHV�VXFK�DV�&+��
&)&���� &)&���� &)&���� DQG� +12��� 7KH� IRUFLQJ� UDGLDWLYH� IOX[HV� IURP� &)&���� &)&���
&&O���1�2��&+��DQG�&2��KDYH�EHHQ�TXDQWLWDWLYHO\�PHDVXUHG��7KH�JUHHQKRXVH�UDGLDWLRQ
IOX[HV� IURP�WKH�YDULRXV�JDVHV�KDYH�EHHQ�FRPSXWHG�ZLWK� WKH�UDGLDWLRQ�FRGH� IURP� WKH�1&$5
FRPPXQLW\�PRGHO�IRU�WKH�ORFDWLRQ�DQG�VHDVRQV�RI�WKH�PHDVXUHPHQWV��2YHUDOO�WKH�DJUHHPHQW
LQ� PRVW� IOX[HV� LV� UHDVRQDEOH�� SURYLGLQJ� VRPH� FRQILGHQFH� LQ� WKH� 1&$5� *&0�� 6LPLODU
FRPSDULVRQV� RI� RXU� H[SHULPHQWDO� PHDVXUHPHQWV� ZLWK� VLPXODWLRQV� XVLQJ� WKH� FROXPQ� PRGHO
IURP� WKH� &DQDGLDQ� *&0� DUH� LQ� SURJUHVV�� 3UHOLPLQDU\� UHVXOWV� RI� WKH� FRPSDULVRQ� ZLOO� EH
SUHVHQWHG��WKLV�FDVW�GRXEW�RQ�WKH�YDOLGLW\�RI�GRXEOHG�&2��VFHQDULR�PRGHO�UXQV�
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��%����
7KH�%HQHILWV�RI�*OREDO�:DUPLQJ�WR�&DQDGD
:D\QH�)�-��(YDQV�
��(QYLURQPHQWDO�5HVRXUFH�6WXGLHV��7UHQW�8QLYHUVLW\

,Q�RUGHU�WR�SUHVHQW�D�EDODQFHG�GHEDWH�RQ�WKH�LPSDFW�RI�JOREDO�ZDUPLQJ�RQ�&DQDGD��WKH
EHQHILWV�QHHG�WR�EH�FDUHIXOO\�FRQVLGHUHG��8S�WR�WKLV�SRLQW�WKH�QHJDWLYH�LPSDFWV�RI�JOREDO
ZDUPLQJ�RQ�&DQDGD�KDYH�EHHQ�H[WHQVLYHO\�UHSRUWHG�E\�(QYLURQPHQW�&DQDGD��WKHUHIRUH��WKH
QHJDWLYH�LPSDFWV�ZLOO�QRW�EH�FRYHUHG�LQ�WKLV�UHSRUW�

7KH� EHQHILWV� LQFOXGH� DQ� LQFUHDVH� LQ� HFRQRPLF� ZHDOWK�� D� KHDOWKLHU� SRSXODWLRQ� DQG� D� PRUH
OLYHDEOH�FOLPDWH�ZKLFK�LV�GHVLUHG�E\�WKH�PDMRULW\�RI�&DQDGLDQV��(FRQRPLF�EHQHILWV�ZLOO�DFFUXH
IURP� ORZHU� HQHUJ\� ELOOV� LQ� ZLQWHU� DQG� ORZHU� WUDQVSRUWDWLRQ� FRVWV� DV� ZHOO� DV� LQFUHDVHG
DJULFXOWXUDO�SURGXFWLYLW\�DQG� LQFUHDVHG� IRUHVW�JURZWK��+HDOWK�EHQHILWV�ZLOO�DFFUXH� IURP� IHZHU
DXWRPRELOH�DFFLGHQWV�XQGHU�LPSURYHG�ZLQWHU�URDG�FRQGLWLRQV��IHZHU�GHDWKV�DQG� LOOQHVV� IURP
UHGXFHG�LQIOXHQ]D�FDVHV�DQG�IHZHU�GLUHFW�GHDWKV�IURP�FROG�H[SRVXUH�LQ�ZLQWHU�� ,Q�WHUPV�RI�D
PRUH� OLYHDEOH�FOLPDWH��ZLQWHUV�ZLOO�EH�ZDUPHU�DQG� WKH�SXEOLF�ZLOO�EH�DEOH� WR�HQMR\�RXWGRRU
OLYLQJ�PRUH�DQG�VXIIHU� OHVV� LQ�FROG�ZLQWHU�RXWGRRU�ZRUNLQJ�FRQGLWLRQV��$� IHZ�XUEDQ� OHJHQGV
DERXW�JOREDO�ZDUPLQJ�VXFK�DV� WKH�7RURQWR�PDODULD�VFDUH�ZLOO�DOVR�EH�GHEXQNHG��6LQFH� WKH
FRVW� RI�PDQXIDFWXULQJ� DQG�GRLQJ�EXVLQHVV�GHFUHDVHV�ZLWK� ORZHU� ODWLWXGH� LQ�1RUWK�$PHULFD�
&DQDGD�ZLOO�JDLQ�D�UHODWLYH�SURGXFWLYLW\�DGYDQWDJH��$�PDWKHPDWLFDO�PRGHO�ZLOO�EH�SUHVHQWHG
ZKLFK�GHPRQVWUDWHV�WKDW�D�ZDUPLQJ�FOLPDWH�WHPSHUDWXUH�ZLOO�UHVXOW�LQ�D�KLJKHU�*'3�

��%����
&,35$��XQ�RXWLO�GH�JHVWLRQ�DJUR�HQYLURQQHPHQWDO
5HQp�$XGHW�
�(QY��&DQDGD���5pJLRQ�GX�4XpEHF���%60(�GH�4XpEHF

/H� PLOLHX� DJULFROH� HVW� VRXYHQW� SRLQWp� GX� GRLJW� FRPPH� O
XQ� GHV� VHFWHXUV� pFRQRPLTXHV� TXL
SROOXH�OH�SOXV�O
HQYLURQQHPHQW��,O�QRXV�VXIILW�j�SHQVHU�j�O
XWLOLVDWLRQ�PDVVLYH�GH�SHVWLFLGHV�HW�GH
IRQJLFLGHV�SRXU�DVVXUHU�j�O
DJULFXOWHXU�XQH�UpFROWH�LQWpUHVVDQWH�DVVXUDQW� OD�UHQWDELOLWp�GH�VRQ
HQWUHSULVH�� &HWWH� UHQWDELOLWp� VH� IDLW� VRXYHQW� DX� GpWULPHQW� GH� OD� TXDOLWp� GH� O
HQYLURQQHPHQW
LPPpGLDW��$JULFXOWXUH�&DQDGD��HQ�FROODERUDWLRQ�DYHF�(QYLURQQHPHQW�&DQDGD���GLYLVLRQ�GH�OD
PpWpRURORJLH��D�PLV�DX�SRLQW�XQ�RXWLO�G
DLGH�j�OD�GpFLVLRQ�SRXU� O
DJURQRPH�TXL�FRQVHLOOH�HW
JXLGH�O
DJULFXOWHXU�GDQV�VHV�SUDWLTXHV�FXOWXUDOHV��/
RXWLO�VH�QRPPH�&,35$��&
HVW�XQH�LQWHUIDFH
TXL�LQWqJUH�GLYHUVHV�GRQQpHV�GRQW�PpWpRURORJLTXHV��/H�ORJLFLHO�WUDYDLO�HQ�PRGHV�GLDJQRVWLF�HW
SURJQRVWLF��LQQRYDWLRQ�GDQV�OH�GRPDLQH���/
RXWLO�SHUPHW�GH�FLEOHU�HW�GH�OLPLWHU� OH�QRPEUH�GH
WUDLWHPHQWV� SK\WRVDQLWDLUHV� UHTXLV� HW� DLQVL� DVVXUHU� XQH� PHLOOHXUH� JHVWLRQ� GH� O
XWLOLVDWLRQ� GHV
SHVWLFLGHV�HW�IRQJLFLGHV�GDQV�O
HQYLURQQHPHQW��/D�SUpVHQWDWLRQ�YLVHUD�j�IDLUH�FRQQDvWUH�O
RXWLO�HW
j� IDLUH� UHVVRUWLU� OD� PLVH� HQ� YDOHXU� GHV� REVHUYDWLRQV� PpWpR� DLQVL� TXH� GH� O
XWLOLVDWLRQ� GHV
GRQQpHV� PpWpRURORJLTXHV� SUpYXHV� HQ� SURYHQDQFH� GX� PRGqOH� *(0�� /H� SDUDPqWUH
PpWpRURORJLTXH� OH� SOXV� LPSRUWDQW� HVW� OD� SUpFLSLWDWLRQ� �� GXUpH�� IUpTXHQFH� HW� TXDQWLWp��
eJDOHPHQW�� GHV� UpVXOWDWV� SUpOLPLQDLUHV� VHURQW� SUpVHQWpV� GpPRQWUDQW� OH� SRWHQWLHO� GH� O
RXWLO�
3UpVHQWHPHQW��O
RXWLO�HVW�XWLOLVp�DX�4XpEHF�HW�OH�VHUD�SURFKDLQHPHQW�GDQV�OHV�0DULWLPHV�HW�HQ
2QWDULR�
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��%����
$�6LPXODWLRQ�RI�6L]H�6HJUHJDWHG�6XOSKDWH�$HURVROV�RI�9ROFDQLF�2ULJLQV� LQ� WKH�6WUDWRVSKHUH
XVLQJ�WKH�&0$0
-RQDWKDQ�-LDQJ���6XQOLQJ�*RQJ����-HDQ�3LHUUH�%ODQFKHW��DQG�6WHSKHQ�%HDJOH\�
�8QLYHUVLW\�RI�4XHEHF�DW�0RQWUHDO���$(6��(QYLURQPHQW�&DQDGD���<RUN�XQLYHUVLW\

7KH�FRQVLGHUDWLRQ�RI�VXOSKDWH�DHURVRO�IURP�YROFDQLF�DQG�DQWKURSRJHQLF�VRXUFHV�LV�QHFHVVDU\
WR� DFFRXQW� SURSHUO\� IRU� WKH� REVHUYHG� R]RQH� FKDQJHV� RYHU� ORZ� ODWLWXGHV� GXULQJ� WKH� ODVW
GHFDGH��7KH�1$5&0�&DQDGLDQ�$HURVRO�0RGXOH� LV� LQFRUSRUDWHG� LQWR� WKH�&DQDGLDQ�0LGGOH
$WPRVSKHUH�0RGHO� �&0$0�� WR� VLPXODWH� WKH� JOREDO� GLVWULEXWLRQ� RI� VL]H�VHJUHJDWHG� VXOSKDWH
DHURVROV�RI�YROFDQLF�RULJLQV�LQ�WKH�VWUDWRVSKHUH�ZLWK�H[SOLFLW�PLFURSK\VLFV�

7KH� VXOSKDWH� DHURVRO� VL]H� VSHFWUD� LV� GLYLGHG� LQWR� �� VL]H� VHFWLRQV� >U�  � ��������� PP@�
0LFURSK\VLFDO� SURFHVVHV� LQFOXGH� SURGXFWLRQ� E\� 62�� R[LGDWLRQ�� QXFOHDWLRQ�� FRQGHQVDWLRQ�
UHPRYDO� E\� GU\� GHSRVLWLRQ� DQG� WUDQVSRUW� LQ� WKH� DWPRVSKHUH�� 7KH� WUDQVSRUW� RI� DHURVROV� LQ
&0$0� LV� GRQH� E\� D� �'� VHPL�/DJUDQJLDQ� DGYHFWLRQ� VFKHPH�� 9HUWLFDO� GLIIXVLRQ� DQG
FRQYHFWLRQ�DUH�DOVR�DFFRXQWHG�IRU�

6LPXODWHG� VXOSKDWH� FRQFHQWUDWLRQV� DQG� WUDQVSRUW� ZHUH� FRPSDUHG� ZLWK� REVHUYDWLRQV�� 7KH
LPSDFW� RI� VXOSKDWH� DHURVROV� RQ� R]RQH� ZLOO� EH� GLVFXVVHG�� 7KH� LQFOXVLRQ� RI� GHWDLOHG� DHURVRO
PLFURSK\VLFV�LQ�&0$0�SDYH�WKH�ZD\�WR�H[SOLFLW�WUHDWPHQW�RI�36&�FORXG�DQG�SK\VLFDOO\�EDVHG
LQWHUDFWLRQ�ZLWK�FKHPLVWU\�DQG�UDGLDWLRQ�

��%����
7KH�1$5&0�$HURVRO�0RGHO�$SSOLHG�WR�(��1RUWK�$PHULFD�/,7(�6KXWWOH�0HDVXUHPHQW�3HULRG
/XERV�6SDFHN���6XQOLQJ�*RQJ����.QXW�YRQ�6DO]HQ���8OULNH�/RKPDQQ���3HWHU�/LX���5D\PRQG�+RII
���-HDQ�3LHUUH�%ODQFKHW���/HRQDUG�$��%DUULH��DQG�+HQU\�/HLJKWRQ�
�8QLYHUVLW\� RI� 4XHEHF� DW� 0RQWUHDO�� &DQDGD�� �$WPRVSKHULF� (QYLURQPHQW� 6HUYLFH�7RURQWR�
&DQDGD�� �0F*LOO� 8QLYHUVLW\�� 0RQWUHDO�� &DQDGD� �� �'DOKRXVLH� 8QLYHUVLW\�� +DOLID[�� &DQDGD�
�$WPRVSKHULF� $HURVRO� 5HVHDUFK� ,QF��� 0LVVLVVDXJD�� &DQDGD�� �$WPRVSKHULF� (QYLURQPHQW
6HUYLFH�� (JEHUW�� &DQDGD�� �$WPRVSKHULF� (QYLURQPHQW� 6HUYLFH�� �0F*LOO� 8QLYHUVLW\�� 0RQWUHDO�
&DQDGD

7KH� 1RUWKHUQ� $HURVRO� 5HJLRQDO� &OLPDWH� 0RGHO� �1$5&0�� SURMHFW� LV� EHLQJ� GHYHORSHG� WR
XQGHUVWDQG�KRZ�FOLPDWH� LV�DIIHFWHG�E\�DQWKURSRJHQLF�DHURVROV�� ,W� LQYROYHV�DSSUR[LPDWHO\���
XQLYHUVLW\�DQG�JRYHUQPHQW�VFLHQWLVWV�DQG�JUDGXDWH�VWXGHQWV��7KH�G\QDPLFDO�NHUQHO�RI�1$5&0
LV�WKH�VDPH�DV�WKH�G\QDPLFDO�NHUQHO�RI�WKH�&5&0��&DQDGLDQ�5HJLRQDO�&OLPDWH�0RGHO���7KH
1$5&0� XVHV� SK\VLFDO� SDUDPHWHUL]DWLRQ� SDFNDJH� RI� WKH� &*&0� �&DQDGLDQ� *HQHUDO
&LUFXODWLRQ� 0RGHO��� 5HFHQWO\�� D� QHZ� FORXG� PLFURSK\VLFV� VFKHPH� RI� VWUDWLIRUP� FORXGV� WKDW
PDWFKHV�EHWWHU�WKH�QHHGV�RI�DHURVROV�PRGHOOHUV�KDV�EHHQ�LQFRUSRUDWHG�LQWR�WKH�SK\VLFV�SDUW�
3URFHVV� SDUDPHWHUL]DWLRQ� VFKHPHV� EHLQJ� GHYHORSHG� LQ� WKH� SURMHFW� LQFOXGH�� ���� QDWXUDO� DQG
DQWKURSRJHQLF�HPLVVLRQV�RI�DHURVROV�DQG�RU�WKHLU�JDVHV�SUHFXUVRUV�����GU\�GHSRVLWLRQ�DQG�ZHW
UHPRYDO�����FKHPLFDO�SK\VLFDO�WUDQVIRUPDWLRQV�����WUDQVSRUW�����DHURVRO�FORXG�LQWHUDFWLRQ�DQG
����DHURVRO�UDGLDWLRQ�LQWHUDFWLRQ�

7KH�SUHVHQWDWLRQ�ZLOO�GHVFULEH�WKH�UHVXOWV�RI�RQH�RI�WKH�EHQFKPDUN�WHVWV�RI�WKH�1$5&0�PRGHO�
QDPHO\� WKH� 1$5&0�/,7(� FRPSDULVRQ�� 7KLV� LQYROYHV�� �L�� WKH� VLPXODWLRQ� RI� WKH� DWPRVSKHULF
GLVWULEXWLRQ�RI�DQWKURSRJHQLF�VXOSKDWH�DQG�QDWXUDO�VHD�VDOW�DHURVROV�LQ�HDVWHUQ�1RUWK�$PHULFD
GXULQJ�6HSWHPEHU������GXULQJ�D�SHULRG�RI�YHUWLFDO�DHURVRO�DQG�FORXG�SURILOH�PHDVXUHPHQWV
E\� /,'$5� �/,7(� VWXG\�� RQ� ERDUG� WKH� 1$6$� VSDFH� VKXWWOH� �LL�� FRPSDULVRQ� ZLWK� JURXQG� OHYHO
REVHUYHG� VXOSKDWH��SDUWLFOH�PDVV�DQG� VXOSKXU�GLR[LGH�DQG� VXOSKDWH�ZHW� GHSRVLWLRQ�DQG� �LLL�
FRPSDULVRQ�RI�YHUWLFDO�SURILOHV�RI�DHURVRO�VFDWWHULQJ�DQG�FORXG� WRS�KHLJKWV�SUHGLFWHG�E\� WKH
PRGHO�ZLWK� /,7(� REVHUYDWLRQV� IURP� WKH� VKXWWOH�� 7KH� WHVW� DUHD� FRYHUV�1RUWK� $PHULFD��1RUWK
$WODQWLF��DQG�:HVWHUQ�(XURSH�IRU�WKH�SHULRG�RI�WLPH�IURP����WR����6HSWHPEHU������ZLWK�D
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VSLQXS�SHULRG�IURP���WR����6HSWHPEHU��7KH� LQLWLDO�DQG�ERXQGDU\�FRQGLWLRQ�DUH�SURYLGHG�E\
10&�1&(3�2SHUDWLRQDO�$QDO\VHV��:H�ZLOO�H[SORUH� ILUVW� WKH�PHWHRURORJLFDO�SHUIRUPDQFH�RI
WKH�1$5&0�GXULQJ�WKH�VWXG\�SHULRG�IROORZHG�E\�1$5&0
V�DELOLW\�WR�VLPXODWH�WKH�DWPRVSKHULF
SDWKZD\V�RI�VXOSKXU�DQG�VHD�VDOW�FRPSRXQGV�LQ�WKH�UHJLRQ�RI�(DVWHUQ�1RUWK�$PHULFD�DQG�WKH
ZHVWHUQ�$WODQWLF�ZKHUH�WKHVH�WZR�DHURVRO�W\SHV�DUH�OLNHO\�WR�EH�GRPLQDQW��7KLV�ZLOO�EH�IROORZHG
E\�D�FRPSDULVRQ�RI� WKH�DHURVRO�YHUWLFDO�SURILOHV� IURP� WKH�PRGHO�DQG� WKH� /,7(�REVHUYDWLRQV�
)LQDOO\��WKH�VXOSKXU�EXGJHW�LQ�(DVWHUQ�1RUWK�$PHULFD�ZLOO�EH�GLVFXVVHG�

7KH�1$5&0�/,7(�FRPSDULVRQ�FRQVWLWXWHV�RQH�RI�VHYHUDO�EHQFKPDUN�WHVW�RI�1$5&0�WKDW�ZLOO
EH� UHYLVLWHG� DV� RXU� DHURVRO� PRGHOOLQJ� LPSURYHV�� 2QH� DUHD� IRU� LPSURYHPHQW� ZLOO� EH� WKH
DGGLWLRQ�RI�PRUH�UHDOLVWLF�VLPXODWLRQ�RI�WKH�FDUERQDFHRXV�DHURVRO�FRPSRQHQW�ZKLFK�LV�UDWKHU
FUXGHO\�SDUDPHWHUL]HG�LQ�WKLV�FXUUHQW�YHUVLRQ��1$5&0����$QRWKHU�ZLOO�EH�WKH�XVH�RI�DQ�RQ�OLQH
FKHPLVWU\�PRGHO�WR�GULYH�JDV�WR�SDUWLFOH�FRQYHUVLRQ��UDWKHU�WKDQ�RII�OLQH�FKHPLVWU\��

��%����
,QWHUFRPSDULVRQ�RI�/,7(�7URSRVSKHULF�$HURVRO�5HWULHYDOV�ZLWK�WKH�1RUWKHUQ�$HURVRO�5HJLRQDO
&OLPDWH�0RGHO
$DURQ� 9DQGHUPHHU��� 5D\PRQG� 0�� +RII��� /XERV� 6SDFHN��� 6XQOLQJ� *RQJ��� -HDQ�3LHUUH
%ODQFKHW���.QXW�YRQ�6DO]HQ���/HRQDUG�$��%DUULH���1RUP�2
1HLOO���$ODLQ�5R\HU���DQG�6KLY�5��3DO�
�'HSDUWPHQW�RI�3K\VLFV�� <RUN�8QLYHUVLW\�� �$WPRVSKHULF�(QYLURQPHQW�6HUYLFH�� �'HSDUWPHQW�RI
(DUWK�6FLHQFHV��8QLYHUVLW\�RI�4XHEHF�DW�0RQWUHDO���'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF
6FLHQFHV�� 0F*LOO� 8QLYHUVLW\�� �1$6$�*RGGDUG� 6SDFH� )OLJKW� &HQWUH� �/�2�$�� IURP� &$57(/�
8QLYHUVLWH�GH�6KHUEURRNH����&$57(/��8QLYHUVLWH�GH�6KHUEURRNH���&HQWUH�IRU�5HVHDUFK�LQ�(DUWK
DQG�6SDFH�6FLHQFH

�7KH� /LGDU� ,Q�6SDFH� 7HFKQRORJ\� ([SHULPHQW� �/,7(�� FRQVLVWHG� RI� D� ��ZDYHOHQJWK� EDFNVFDWWHU
OLGDU�IORZQ�DERDUG�WKH�VSDFH�VKXWWOH�'LVFRYHU\�IURP�6HSWHPEHU��WK�WR���WK��������,W�ZDV�WKH
ILUVW� GHPRQVWUDWLRQ� RI� D� OLGDU� LQVWUXPHQW� RSHUDWLQJ� IURP� VSDFH�� 7KH� PHDVXUHPHQW� RI
WURSRVSKHULF�DHURVROV�ZDV�DPRQJ�RQH�RI�WKH�SULPDU\�VFLHQWLILF�REMHFWLYHV�RI�WKH�PLVVLRQ��7KH
YHU\�KLJK�YHUWLFDO�UHVROXWLRQ����P��RI�WKLV�LQVWUXPHQW�PDNHV�LW�SRVVLEOH�WR�LGHQWLI\�WKH�VWUXFWXUH
RI� WURSRVSKHULF� DHURVROV� RQ� D� JOREDO� VFDOH� QRW� SUHYLRXVO\� VHHQ�� $HURVRO� EDFNVFDWWHU
FRHIILFLHQWV� KDYH� EHHQ� GHULYHG� IURP� /,7(� EDFNVFDWWHU� SURILOHV� LQ� D� UHJLRQ� VSHFLILF� WR� WKH
1RUWKHUQ�5HJLRQDO�$HURVRO�&OLPDWH�0RGHO��1$5&0���7KLV�PRGHO�LQFRUSRUDWHV�VL]H�GLVWULEXWHG
DHURVROV�LQ�D�G\QDPLF�FLUFXODWLRQ�PRGHO�ZLWKLQ�D�GRPDLQ�FRYHULQJ�1RUWK�$PHULFD��WKH�ORZHU
$UFWLF�� 1RUWK� $IULFD� DQG� (XURSH�� $OWKRXJK� FXUUHQWO\� WKH� PRGHO� FRQWDLQV� RQO\� VXOIDWH
�DQWKURSRJHQLF�DQG�ELRJHQLF��DQG�VHD�VDOW�DHURVRO��LW�ZLOO�HYHQWXDOO\�EH�H[SDQGHG�WR�LQFOXGH
WKH�FRQWULEXWLRQ�RI�VRLO�GXVW��EODFN�FDUERQ��DQG�RUJDQLFV��7KH�SHUIRUPDQFH�RI� WKH�PRGHO� LV
HYDOXDWHG�E\�FRPSDULQJ� WKH�/,7(�FORXG�DQG�DHURVRO� UHVXOWV�ZLWK� WKH�1$5&0�RXWSXW� IRU� WKH
SHULRG�RI� WKH� /,7(�PLVVLRQ��2SWLFDO� FRGH� LV� XVHG� WR� H[WUDFW� DHURVRO� EDFNVFDWWHU� FRHIILFLHQWV
IURP� WKH� 1$5&0� RXWSXW�� ZKLFK� DUH� FRPSDUHG� WR� YDOXHV� FDOFXODWHG� IURP� WKH� /,7(� GDWD�
1$5&0�DQG� /,7(� FORXG� WRS�KHLJKWV� DQG� IUDFWLRQDO� FORXG� FRYHU� DUH� DOVR� FRPSDUHG�� 7KHVH
FRPSDULVRQV�HQDEOH�DQ�HYDOXDWLRQ�RI�WKH�PRGHO
V�DELOLW\�WR�SUHGLFW�WKH�SUHVHQFH�DQG�ORFDWLRQ
RI�FORXGV�DQG�DHURVRO�

2YHU����/,7(�RUELW�VHJPHQWV�DUH�IRXQG�WR�FRLQFLGH�ZLWK�WKH�1$5&0�GRPDLQ��+RZHYHU��VLQFH
WKH�IRFXV�RI�WKLV�FRPSDULVRQ�LV�UHGXFHG�WR�1RUWK�$PHULFD�DQG�WKH�(DVWHUQ�$WODQWLF�RQO\�RUELWV
���� ���� ����� ����� ����� ���� DQG� ���� DUH� VHOHFWHG� IRU� WKLV� VWXG\�� (DUO\� PRGHO� YHUVLRQV
SHUIRUP�ZHOO�QHDU� WKH�1RUWK�$PHULFDQ�VRXUFH� UHJLRQ�EXW�KDYH�SRRUHU�DJUHHPHQW�DW� ORQJHU
GLVWDQFHV��8QGHUVWDQGLQJ�WKHVH�GLIIHUHQFHV�KDV�OHG�WR�EHWWHU�SDUDPHWHUL]DWLRQ�RI�SURFHVVHV�LQ
1$5&0��$HURVRO�IURP�WKH�6DKDUD�VHHQ�RYHU�WKH�$WODQWLF�LQ�WKH�/,7(�GDWD�LV�DEVHQW�IURP�WKH
PRGHO�SUHGLFWLRQ�VLQFH�WKH�PRGHO�GRHV�QRW�\HW�FRQVLGHU�VRLO�GXVW��,Q�PDQ\�FDVHV��WKH�PRGHO
SURGXFHV� VLPLODU� FORXG� FRYHUDJH� DV� LV� VHHQ� LQ� WKH� /,7(� GDWD�� 7KLV� FRPSDULVRQ� VHUYHV� WR
LOOXVWUDWH�WKH�XWLOLW\�RI�VSDFH�ERUQH�OLGDU�PHDVXUHPHQWV�DQG�LV�LPSRUWDQW�LQ�OLJKW�RI�IXWXUH�SODQV
IRU�GHYHORSLQJ�VDWHOOLWH�PRXQWHG�OLGDU�LQVWUXPHQWV�
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��%����
1$W&KHP�3DUWLFOHV��$�3DUWLFOH�'DWDEDVH�IRU�$WPRVSKHULF�5HVHDUFK
3HWHU�/LX���5REHUW�9HW���:LOOLDP�6XNORII��DQG�&KXO�8Q�5R�
�$WPRVSKHULF�$HURVRO�5HVHDUFK�,QF����$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

7KH�1DWLRQDO�$WPRVSKHULF�&KHPLVWU\��1$W&KHP��'DWDEDVH�DQG�$QDO\VLV�)DFLOLW\�LV�D�IHGHUDO�
SURYLQFLDO� IDFLOLW\�RSHUDWHG�E\� WKH�$WPRVSKHULF� (QYLURQPHQW� 6HUYLFH� WR� DUFKLYH�DQG�DQDO\]H
UHJLRQDO�VFDOH��ORQJ�WHUP��&DQDGLDQ�DQG�8�6��DLU�DQG�SUHFLSLWDWLRQ�FKHPLVWU\�GDWD�IRU�XVH�LQ
DWPRVSKHULF� UHVHDUFK� SURMHFWV�� 6LQFH� DWPRVSKHULF� SDUWLFOHV� SOD\� DQ� LPSRUWDQW� UROH� LQ� DFLG
GHSRVLWLRQ��YLVLELOLW\��KXPDQ�KHDOWK��FOLPDWH�FKDQJH�DQG�DWPRVSKHULF�FKHPLVWU\��D�ODUJH�SDUW
RI�WKH�1$W&KHP�'DWDEDVH�DFWLYLW\�KDV�EHHQ�GHGLFDWHG�WR�WKH�DUFKLYDO�DQG�DQDO\VLV�RI�GDWD�RQ
WKH� SK\VLFDO� DQG� FKHPLFDO� FKDUDFWHULVWLFV� RI� SDUWLFXODWH� PDWWHU�� 7KLV� FRPSRQHQW� RI� WKH
GDWDEDVH��NQRZQ�DV�WKH�1$W&KHP�3DUWLFOHV�'DWDEDVH��FXUUHQWO\�FRQWDLQV�GDWD�IURP����ODUJH�
VFDOH� PRQLWRULQJ� QHWZRUNV� LQ� &DQDGD� DQG� WKH� 8�6�$�� LQFOXGLQJ� WKH� &DQDGLDQ� $LU� DQG
3UHFLSLWDWLRQ�0RQLWRULQJ�1HWZRUN�� WKH�8�6�� &OHDQ�$LU� 6WDWXV� DQG� 7UHQGV�1HWZRUN�� WKH�8�6�
,QWHUDJHQF\� 0RQLWRULQJ� RI� 3URWHFWHG� 9LVXDO� (QYLURQPHQWV� DQG� &DQDGLDQ� $FLG� $HURVROV
0RQLWRULQJ�3URJUDP��7KH�1$W&KHP�3DUWLFOHV�'DWDEDVH�FRQYHUWV�DQG�DUFKLYHV�GDWD�IURP�WKH
YDULRXV� QHWZRUNV� LQWR� D� VLQJOH� VWDQGDUG� IRUPDW�� 7KH� GDWDEDVH� LGHQWLILHV� WKH� QHWZRUNV

VDPSOLQJ�PHWKRGV��FKHPLFDO�DQDO\VLV�PHWKRGV��VDPSOLQJ�FRQGLWLRQV��VDPSOLQJ�SHULRGV��XQLWV�
DQG� VROXELOLW\� FKDUDFWHULVWLFV�� DOO� RI� ZKLFK� FDQ� YDU\� IURP� QHWZRUN� WR� QHWZRUN�� 7KLV� DOORZV
1$W&KHP� VWDII� DQG� RWKHU� UHVHDUFKHUV� WR� GLVWLQJXLVK� LPSRUWDQW� GLIIHUHQFHV� EHWZHHQ� WKH
QHWZRUNV� ZKHQ� FRPELQLQJ� GDWD� VHWV� IRU� VSHFLILF� XVHV�� $� GHVFULSWLRQ� RI� WKH� PHUJHG�� PXOWL�
QHWZRUN�GDWD� IURP� WKH�1$W&KHP�3DUWLFOHV�'DWDEDVH� LV�SUHVHQWHG��7KHVH�PHUJHG�GDWD�ZHUH
XVHG�LQ�WKH�1RUWKHUQ�$HURVRO�5HJLRQDO�&OLPDWH�0RGHO��1$5&0��YHULILFDWLRQ�H[HUFLVH� IRU�WKH
(DVW� 1RUWK� $PHULFD� /LGDU� ,Q�6SDFH� 7HFKQRORJ\� ([SHULPHQW� �/,7(�� 6KXWWOH� PHDVXUHPHQW
SHULRG��*ULGGHG�GDWD�DQG�FRQWRXU�PDSV�RI�YDULRXV�SDUWLFOH�FRQFHQWUDWLRQV�ZHUH�SURGXFHG�IRU
FRPSDULVRQ� ZLWK� WKH� 1$5&0� PRGHO� SUHGLFWLRQV�� 7KH� 1$5&0�/,7(� H[HUFLVH� LOOXVWUDWHV� WKH
H[WUHPH�FDUH�WKDW�PXVW�EH�WDNHQ�ZKHQ�PHUJLQJ�GDWD�IURP�GLIIHUHQW�PRQLWRULQJ�QHWZRUNV�XVLQJ
GLIIHUHQW�VDPSOLQJ�PHWKRGV��$Q�RYHUYLHZ�RI�WKH�GHVLJQ��FRQWHQW��TXDOLW\�DVVXUDQFH�PHWKRGV�
DQG�XVHV�RI�WKH�GDWDEDVH�IRU�WKH����QHWZRUNV�DUH�GHVFULEHG�LQ�WKH�SDSHU�

��%����
6XQSKRWRPHWHU�QHWZRUN�IRU�WKH�YDOLGDWLRQ�RI�ORQJ�WHUP�FOLPDWLF�PRGHOV�LQ�&DQDGD
$PDGRX�,GULVVD�%RNR\H���$ODLQ�5R\HU���1RUP�7��2
1HLOO���%UHQW�+ROEHQ���$OH[DQGHU�6PLUQRY��
2OHJ�'XERYLN���3KLOOLSSH�0��7HLOOHW���*XQDU�)HGRVHMHYV��DQG�5D\�+RII�
�&$57(/�� 8QLYHUVLWp� GH� 6KHUEURRNH�� �1$6$�*6)&�� *UHHQEHOW� 0DU\ODQG� �15&� 6HQLRU
$VVRFLDWH� RQ� OHDYH� IURP� &$57(/�� 8QLYHUVLWp� GH� 6KHUEURRNH��� �1$6$�*6)&�� *UHHQEHOW
0DU\ODQG�� �&DQDGD� &HQWUH� IRU� 5HPRWH� 6HQVLQJ�� 2WWDZD�� 2QWDULR�� &DQDGD�� �$WPRVSKHULF
(QYLURQPHQW�6HUYLFH��$(6�&$5(���(JEHUW��2QWDULR��&DQDGD

$(52&$1� �$(521(7� &$1DGD�� LV� D� QHWZRUN� RI� VXQSKRWRPHWHUV� ZKLFK� IRUP� SDUW� RI� WKH
$(URQHW� 5RERWRF�1(WZRUN� �$(521(7��� D�ZRUOG�ZLGH� IHGHUDWHG� QHWZRUN� RI� VXQSKRWRPHWHUV
PDQDJHG� WKURXJK�1$6$
V�*RGGDUG� 6SDFH� )OLJKW� &HQWHU� �*6)&��� 7KH� $(52&$1� QHWZRUN
LQFOXGHV���VXQSKRWRPHWHUV�GLVWULEXWHG�DFURVV�&DQDGD�DW�VLWHV�ZKLFK�ZHUH�FKRVHQ�LQ�RUGHU�WR
REWDLQ�D�GLYHUVH�VDPSOLQJ�RI�FRQWLQHQWDO�DQG�PDULWLPH�DHURVROV�

$�SULQFLSDO�REMHFWLYH�RI�WKLV�QHWZRUN�LV�WR�DFTXLUH�D�WHPSRUDO�DQG�VSDWLDO�GDWD�EDVH�RI�DHURVRO
RSWLFDO� SURSHUWLHV� LQ� RUGHU� WR� GHYHORS� D� &DQDGLDQ� DHURVRO� FOLPDWRORJ\�� ([WLQFWLRQ� DQG� VN\
UDGLDQFH�PHDVXUHPHQWV� IURP�QHWZRUN� LQVWUXPHQWV�DUH�FRQYHUWHG� LQWR�DHURVRO�RSWLFDO�GHSWK�
ZDWHU� YDSRXU� H[WLQFWLRQ� DQG� FROXPQ� DYHUDJHG� SKDVH� IXQFWLRQ�� UHIUDFWLYH� LQGH[� DQG� VLQJOH
VFDWWHULQJ�DOEHGR�� 7KHVH�RSWLFDO� SURSHUWLHV� DUH� VLPXOWDQHRXVO\� FRQYHUWHG� LQWR�ZDWHU� YDSRXU
FRQWHQW��FROXPQ�DYHUDJHG�SDUWLFOH�VL]H�GLVWULEXWLRQ�DV�ZHOO�DV�VLPSOHU��PRUH�UREXVW��LQGLFDWRUV
RI� DHURVRO� SDUWLFOH� VL]H�� 7KLV� GDWDEDVH�� DORQJ� ZLWK� VDWHOOLWH� UHPRWH� VHQVLQJ� GDWD� ZLOO� EH
HPSOR\HG�� 
� LQ� WKH� YDOLGDWLRQ� RI� JOREDO� DQG� UHJLRQDO� FOLPDWRORJLFDO� PRGHOV� VXFK� DV� WKH
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1RUWKHUQ�5HJLRQDO�$HURVRO�&OLPDWLF�0RGHO��1$5&0���
�LQ�WKH�FRPSDULVRQ�ZLWK�RWKHU�JURXQG�
EDVHG�PHDVXUHPHQWV�

$HURVRO�RSWLFDO�GHSWK�DQG�ZDWHU�YDSRXU�UHVXOWV�IURP�VHYHUDO�&DQDGLDQ�VLWHV�DQG�RYHU�VHYHUDO
\HDUV� ZLOO� EH� SUHVHQWHG�� ,Q� DGGLWLRQ� WR� WKHVH� WHPSRUDO� FOLPDWRJLFDO� VWXGLHV� ZH� DUH
LQYHVWLJDWLQJ�WKH�SRWHQWLDO�IRU�SURGXFLQJ�VLPSOLVWLF�DHURVRO�VFDOH�KHLJKW�LQIRUPDWLRQ�GHULYDEOH
IURP� WKH� UDWLR� RI� DHURVRO� RSWLFDO� GHSWK� WR� QHSKHORPHWHU� PHDVXUHG� VFDWWHULQJ� FRHIILFLHQWV�
6RPH�SUHOLPLQDU\�UHVXOWV�ZKLFK�FRPSDUH�VXQSKRWRPHWHU�QHSKHORPHWHU�VFDOH�KHLJKWV�WR�/,'$5
VFDOH�KHLJKWV�ZLOO�EH�SUHVHQWHG�

��%����
*URXQG� &RPSDULVRQV� EHWZHHQ� WKH� WKH� 1RUWKHUQ� $HURVRO� 5HJLRQDO� &OLPDWRORJLFDO� 0RGHO
�1$5&0��DQG�VSDWLR�WHPSRUDO�PHDVXUHPHQWV�RI�SDVVLYH�DHURVRO�RSWLFDO�SDUDPHWHUV
1RUP�2
1HLOO���%UHQW�+ROEHQ���0DUWLQ�$XEp���$ODLQ�5R\HU��� -HDQ�3LHUUH�%ODQFKHW��DQG� /XERV
6SDFHN�
�*6)&�1$6$��/�2�$��IURP�8QLYHUVLWp�GH�6KHUEURRNH����*6)&�1$6$���&$57(/��8QLYHUVLWp�GH
6KHUEURRNH���8�4�$�0�

/LWWOH� HIIRUW� KDV� EHHQ� H[SHQGHG� LQ� WKH� DQDO\VLV� RI� DHURVRO� RSWLFDO� SURSHUWLHV� H[WUDFWHG� IURP
VSDWLDOO\�VSDUVH� JURXQG� VWDWLRQ� PHDVXUHPHQWV� RU� IURP� WHPSRUDOO\�VWDWLF� VDWHOOLWH� LQYHUVLRQV
UHODWLYH� WR� WKH� SUHGLFWLRQV� RI� FOLPDWRORJLFDO� PRGHOV� ZKLFK� LQFRUSRUDWH� G\QDPLF� DHURVRO
WUDQVSRUW��7KH�1RUWKHUQ�$HURVRO�5HJLRQDO�&OLPDWRORJLFDO�0RGHO��1$5&0��DFWLYHO\�WUDQVSRUWV
VL]H�GLVWULEXWHG�DHURVROV� RYHU� D� UHODWLYHO\� ILQH� UHVROXWLRQ� VSDWLDO� JULG� ���GHJUHH� [��� GHJUHH�
DQG�DW�D�KLJK�WHPSRUDO�IUHTXHQF\�����PLQXWH�WLPH�VWHSV���,Q�WKLV�FRPPXQLFDWLRQ�ZH�SUHVHQW
SUHOLPLQDU\� UHVXOWV� ZKLFK� HYDOXDWH� WKH� DHURVRO� SUHGLFWLYH� FDSDELOLWLHV� RI�1$5&0� UHODWLYH� WR
VWDQGDUG� DHURVRO� RSWLFDO� PHDVXUHPHQWV�� 7R� WKLV� HQG� ZH� HPSOR\� VXQSKRWRPHWHU� GDWDEDVHV
IURP� WKH�$(521(7�DQG�0)565�QHWZRUNV�DV�ZHOO� DV� VDWHOOLWH� GHULYHG�DHURVRO� RSWLFDO� GHSWK
GDWDEDVHV� H[WUDFWHG� IURP� $9+55� DQG� 32/'(5� LPDJHU\� RYHU� RFHDQLF� DQG� FRQWLQHQWDO
UHJLRQV�

&RPSDULVRQV� PDGH� IRU� WKH� /,7(� SHULRG� �6HSWHPEHU�� ������ ZLWK� WKH� LQLWLDO� DQG� ERXQGDU\
FRQGLWLRQV� RI� WKH� PRGHO� GULYHQ� E\� 10&� 2SHUDWLRQDO� $QDO\VHV� KDYH� XQGHUVFRUHG� WKH
VWDWLVWLFDO�VDPSOLQJ�GLIILFXOWLHV�ZKHQ�FRPSDULQJ�IRXU�GLPHQVLRQDO�PRGHO�GDWD�ZLWK��HIIHFWLYHO\�
RQH�WR�WZR�GLPHQVLRQDO�RSWLFDO�GDWD��7HPSRUDO�VXQSKRWRPHWHU�SURILOHV�DQG�VDWHOOLWH�GHULYHG
RSWLFDO�GHSWK�LPDJHU\��ZKLOH�UHSUHVHQWLQJ�UHDOLW\�DUH�YHU\�VSDUVH�GDWD�VHWV�JLYHQ�WKHLU�OLPLWHG
RSHUDWLRQDO� ZLQGRZV� DV� ZHOO� DV� WKH� LQHYLWDEOH� GDWD� JDS� LPSDFW� RI� REVFXULQJ� FORXGV�� 7KLQ
FORXGV� DQG� WKHLU� UHPRYDO�DFFHSWDQFH� E\� DXWRPDWLF� FORXG� VFUHHQLQJ� DOJRULWKPV� FUHDWHV� D
PRUH�VXEWOH�DQG�VRPHZKDW�VXEMHFWLYH�VDPSOLQJ�GLOHPPD��)LQDOO\��GLIIHUHQFHV� LQ�VSDWLDO�DQG
WHPSRUDO� UHVROXWLRQ�EHWZHHQ� WKH�PRGHO�DQG� WKH�RSWLFDO�GDWD�HQVXUH� WKDW� WKH�PRVDLFNLQJ�RI
WKH�ODWWHU�LQWR�IRXU�GLPHQVLRQDO�VSDFH�WR�DUULYH�DW�VWDWLVWLFDOO\�FRPSDUDEOH�GDWD�HQVHPEOHV�LV�D
QRQ�WULYLDO� H[HUFLVH� LQ�VWUDWHJLFDO� VDPSOLQJ��([DPSOHV�ZLOO�EH�SUHVHQWHG�ZKLFK� LOOXVWUDWH�VXFK
GLIILFXOWLHV�DV�ZHOO�DV�VRPH�DSSDUHQW�VXFFHVVHV�
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��%����
,PSDFW�RI� LQWHUQDO�SDUDPHWHUV�DQG�VXUIDFH�ERXQGDU\�FRQGLWLRQV�RQ�RVFLOODWRU\�EHKDYLRXU�RI
DQ�RFHDQ�JHQHUDO�FLUFXODWLRQ�PRGHO
.LWW\�%URZQ���:LOOLDP�$��*RXJK��DQG�:LOOLDP�-��:HOFK�
�8QLYHUVLW\�RI�7RURQWR�DW�6FDUERURXJK���8QLYHUVLW\�RI�:DWHUORR

$Q�RFHDQ�JHQHUDO�FLUFXODWLRQ�PRGHO�H[KLELWV�D�VSHFWUXP�RI�RVFLOODWRU\�EHKDYLRXU�DV�D�IXQFWLRQ
RI�LQWHUQDO�PRGHOOLQJ�SDUDPHWHUV�VXFK�DV�GLIIXVLYLWLHV�DQG�YLVFRVLWLHV��(DFK�FDVH�LV�IRUFHG�ZLWK
LGHQWLFDO�UHVWRULQJ�WHPSHUDWXUHV��+DQH\�FRQGLWLRQ���7KLV�ERXQGDU\�FRQGLWLRQ�LV�UHSODFHG�E\�D
VLPSOH�HQHUJ\�EDODQFH�PRGHO�RI� WKH�DWPRVSKHUH� �5DKPVWRUI� FRQGLWLRQ��� 7KLV�QHZ�ERXQGDU\
FRQGLWLRQ�FKDQJHV�WKH�PRGHO
V�VHQVLWLYLW\�WR�LQWHUQDO�SDUDPHWHUV�LQ�VLJQLILFDQW�ZD\V�

��%����
$� VWXG\� RI� WKH� VHQVLWLYLW\� RI� VXUIDFH� FLUFXODWLRQ� WR� WKH� VXUIDFH� ERXQGDU\� FRQGLWLRQV� LQ� WKH
0HOORU�<DPDGD�WXUEXOHQFH�FORVXUH
&KDUOHV�+DQQDK���-HQQLIHU�6KRUH��DQG�-RKQ�/RGHU�
�%,2�')2

7KH� XVH� RI� YHORFLW\� ILHOGV� IURP� FLUFXODWLRQ�PRGHOV� IRU� DSSOLFDWLRQV� VXFK� DV� ODUYDO� GULIW� DQG
GLVSHUVLRQ� RIWHQ� UHTXLUHV� UHVROXWLRQ� RI� WKH� XSSHU� IHZ� PHWHUV� RI� WKH� ZDWHU� FROXPQ�� $Q
LPSRUWDQW�FRQVLGHUDWLRQ�LV�WKH�VHQVLWLYLW\�RI�WKH�VLPXODWHG�SDUWLFOH�WUDMHFWRULHV�WR�WKH�PRGHOOLQJ
DVVXPSWLRQV� WKDW� DIIHFW� WKH� YHUWLFDO� VWUXFWXUH� RI� WKH� QHDU�VXUIDFH� IORZ�� :H� LQYHVWLJDWH� WKH
VHQVLWLYLW\� RI� PRGHOOHG� FLUFXODWLRQ� ILHOGV� WR� WKH� FKRLFH� RI� VXUIDFH� ERXQGDU\� FRQGLWLRQV� RQ
WXUEXOHQW� NLQHWLF� HQHUJ\� DQG� WXUEXOHQW� PDVWHU� OHQJWK� VFDOH� LQ� WKH�0HOORU�<DPDGD� OHYHO� ���
WXUEXOHQFH� FORVXUH� VFKHPH�� 3DUWLFXODU� DWWHQWLRQ� LV� SDLG� WR� QHDU�VXUIDFH� SURILOHV� RI� WXUEXOHQW
NLQHWLF�HQHUJ\��YHUWLFDO�HGG\�YLVFRVLW\�DQG�YHORFLW\��2XU�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�UHFHQW�ZRUN
ZKLFK� VKRZV� WKDW� IRU� WKH� 0HOORU�<DPDGD� FORVXUH�� WKH� SHQHWUDWLRQ� RI� WKH� WXUEXOHQW� NLQHWLF
HQHUJ\� VSHFLILHG�DW� WKH� VXUIDFH� LV� OLPLWHG� WR� DERXW� �� WLPHV� WKH� VSHFLILHG� VXUIDFH� URXJKQHVV
VFDOH�� 7KH� VHQVLWLYLW\� RI� WKH� QHDU�VXUIDFH� �KRUL]RQWDO�� SDUWLFOH� WUDMHFWRULHV� WR� WKH� VXUIDFH
ERXQGDU\�FRQGLWLRQV�LV�HYDOXDWHG�LQ�WKH�FRQWH[W�RI�HVWLPDWLQJ�WKH�VHDVRQDO�PHDQ�FLUFXODWLRQ
IRU�WKH�ZHVWHUQ�6FRWLDQ�6KHOI�

��%����
%RXQGDU\�/D\HU�0L[LQJ�DQG�WKH�2FHDQ
V�7KHUPRKDOLQH�&LUFXODWLRQ
2ODI�'UDYQLHNV��DQG�$QGUHZ�:HDYHU�
�6FKRRO�RI�(DUWK�DQG�2FHDQ�6FLHQFHV��8QLYHUVLW\�RI�9LFWRULD

6WXGLHV� KDYH� VKRZQ� WKDW� WKH� PHULGLRQDO� KHDW� WUDQVSRUW� DQG� RYHUWXUQLQJ� VWUHQJWK� LQ� RFHDQ
JHQHUDO�FLUFXODWLRQ�PRGHOV�LV�YHU\�VHQVLWLYH�WR�WKH�YDOXH�RI�WKH�YHUWLFDO�WUDFHU�PL[LQJ�FRHIILFLHQW
.Y��ZKLOH�REVHUYDWLRQV�VKRZ�WKDW�GLDS\FQDO�PL[LQJ�LV�DW�OHDVW�DQ�RUGHU�RI�PDJQLWXGH�KLJKHU�DW
ODWHUDO��ERWWRP�DQG�VHDPRXQW�ERXQGDULHV�WKDQ�LQ�WKH�LQWHULRU�RI�WKH�RFHDQ��7KH�HIIHFW�RI�WKH
ORFDWLRQ� DQG� PDJQLWXGH� RI� WKH� GLDS\FQDO� PL[LQJ� FRHIILFLHQW� RQ� WKH� HTXLOLEULXP� PHULGLRQDO
KHDW�WUDQVSRUW�DQG�RYHUWXUQLQJ�VWUHQJWK� LV�H[DPLQHG�LQ�D�VLPSOH�EDVLQ�PRGHO�ZLWK�OLQHDUL]HG
PRPHQWXP�HTXDWLRQV�DQG�HTXDWLRQ�RI�VWDWH��WHPSHUDWXUH�IRUFLQJ��DQG�XVLQJ�WHPSHUDWXUH�DV
WKH� VROH� WUDFHU�� 7KH�PRGHO� LV� UXQ� IRU� KRUL]RQWDO� DQG�*HQW�0F:LOOLDPV�PL[LQJ� ZLWK� YDU\LQJ
DPRXQWV�DQG�ORFDWLRQV�RI�YHUWLFDO�PL[LQJ��'LDS\FQDO�WUDFHU�PL[LQJ�LV�VKRZQ�WR�KDYH�D�ODUJHU
HIIHFW�RQ�PHULGLRQDO�KHDW�WUDQVIHU�DQG�RYHUWXUQLQJ�VWUHQJWK�ZKHQ�ORFDWHG�RQ�WKH�ERXQGDULHV
WKDQ� ZKHQ� ORFDWHG� LQ� WKH� LQWHULRU� RI� WKH� EDVLQ�� )RU� WKH� UDQJH� RI� .Y� EHWZHHQ� ���FP��V� WR
��FP��V�WKH�PHULGLRQDO�KHDW�WUDQVSRUW�LV�SURSRUWLRQDO�WR�NY����UDWKHU�WKDQ�WKH�NY����H[SHFWHG
IURP�VLPSOH�VFDOLQJ�DQDO\VLV��6LPLODUO\��WKH�PHULGLRQDO�RYHUWXUQLQJ�VWUHQJWK�LV�SURSRUWLRQDO�WR
NY����UDWKHU�WKDQ�WKH�NY����H[SHFWHG�IURP�WKH�VLPSOH�VFDOLQJ�DQDO\VLV�
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��%����
0RGHOLQJ�WKH�6HDVRQDO�9DULDWLRQ�RI�6HD�,FH�LQ�WKH�/DEUDGRU�6HD
7RP�<DR���&KDUOHV�7DQJ��DQG�,QJULG�3HWHUVRQ�
�%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

:H� XVH� D� PXOWL�FDWHJRU\� VHD� LFH� PRGHO� FRXSOHG� WR� WKH� 3ULQFHWRQ� RFHDQ� PRGHO�� ZKLFK� LV
GULYHQ�E\�PRQWKO\�FOLPDWRORJLFDO�DWPRVSKHULF� IRUFLQJ�� WR�VWXG\� WKH�VHDVRQDO�YDULDWLRQ�RI� LFH
FRYHU� LQ� WKH� /DEUDGRU�6HD�� ,QLWLDO�RFHDQ�FRQGLWLRQV�DUH�GHULYHG� IURP�D�JULGGHG��REMHFWLYHO\
DQDO\VHG�WHPSHUDWXUH��VDOLQLW\�GDWD�VHW�WKDW�SURYLGHV�LPSURYHG�UHVROXWLRQ�RI�JUDGLHQWV� LQ� WKH
YLFLQLW\�RI�WKH�VKHOI�EUHDN��7KH�PRGHO�SURGXFHV�D�UHDOLVWLF�VHDVRQDO�YDULDWLRQ�RI�VHD�LFH��7KHUH
LV�LFH�JURZWK�RYHU�WKH�LQQHU�VKHOI�DQG�LFH�PHOW�RYHU�WKH�RXWHU�VKHOI�DQG�VORSH��2YHU�WKH�LQQHU
VKHOI�� DGYHFWLRQ� DQG� GLIIXVLRQ� GHFUHDVH� WKH� LFH� PDVV�� RYHU� WKH� RXWHU� VKHOI�� DGYHFWLRQ� DQG
GLIIXVLRQ� LQFUHDVH� WKH� LFH� PDVV�� ZKLFK� PDLQWDLQV� WKH� ORFDWLRQ� RI� WKH� LFH� HGJH�� 1HDU� WKH
RIIVKRUH� LFH�HGJH�� WKH�PHOW� UDWH�H[FHHGV���P�SHU�PRQWK��DQG� WKH�KHDW� WR�PHOW� LFH� WRJHWKHU
ZLWK�WKH�KHDW�ORVW�WR�WKH�DWPRVSKHUH�H[FHHGV�����:�P����7KH�KHDW�ORVW�DW�WKH�RFHDQ�VXUIDFH
LV�FRPSHQVDWHG�E\�DGYHFWLRQ�RI�KHDW�IURP�DQ�RIIVKRUH�FRQYHFWLYH�UHJLRQ�

��%����
,V�WKH�QHJOHFW�RI�FRDVWDO�XSZHOOLQJ�LQ�4*�PRGHOV�-XVWLILHG�"
'DYLG�1��6WUDXE�
�0F*LOO�8QLYHUVLW\

�4XDVLJHRVWURSKLF�PRGHOV�RI�EDURWURSLF�ZLQG�GULYHQ�RFHDQ�J\UHV�DUH�GULYHQ�E\�DQ�(NPDP
SXPSLQJ�WHUP�WKDW�LV�SURSRUWLRQDO�WR�WKH�ZLQG�VWUHVV�FXUO��7KH�VWURQJ�XS��RU�GRZQZHOOLQJ�WKDW
RFFXUV�ZKHUHYHU�WKHUH�LV�ZLQG�VWUHVV�WDQJHQW�WR�ODWHUDO�ERXQGDULHV�LV�DFFRXQWHG�IRU��LPSOLFLWO\�
�E\� D� QRQ�K\GURVWDWLF� ZDOO� OD\HU� ZKLFK� OLHV� EHWZHHQ� WKH� ZDOO� DQG� WKH� �4*�� LQQHU� YLVFRXV
ERXQGDU\� OD\HU�� 7KH� ZDOO� OD\HU� LV� SDVVLYH� DQG� WKH�4*� SUREOHP� LV� W\SLFDOO\� VROYHG� ZLWKRXW
H[SOLFLW� UHIHUHQFH� WR� LW�� �$V� VXFK�� LW� LV� QRW� JHQHUDOO\� UHTXLUHG� WKDW� WKH� YHUWLFDO� YHORFLW\� DW� WKH
EDVH� RI� WKH� (NPDQ� OD\HU� LQWHJUDWH� WR� ]HUR� LQ�4*� SUREOHPV��VR� WKDW� PDVV� LV� QRW� IRUPDOO\
FRQVHUYHG��� +HUH� ZH� VXJJHVW� WKDW�� LQ� WKH� KLJK� 5H\QROGV� QXPEHU� OLPLW�� WKH� ZDOO� DQG� LQQHU
YLVFRXV�OD\HUV�LQWHUDFW��6SHFLILFDOO\��LW�LV�DUJXHG�WKDW�4*�JLYHV�ZD\�WR�VHPL�JHRVWURSK\�LQ�WKH
LQQHU�YLVFRXV�OD\HU�DQG�WKDW�WKH�VWURQJ�YHUWLFDO�YHORFLWLHV�DVVRFLDWHG�ZLWK�DQ�(NPDQ�IOX[� LQWR
�RU� RXW� RI�� ODWHUDO� ZDOOV� VKRXOG� EH� H[SOLFLWO\� DFFRXQWHG� IRU� LQ� PRGHUDWH� WR� KLJK� 5H\QROGV
QXPEHU�VLPXODWLRQV��$QDORJRXV�SUREOHPV�ZLWK�WKH�VKDOORZ�ZDWHU�IRUPXODWLRQ�RI�WKLV�SUREOHP
DUH�DOVR�GLVFXVVHG��DV�LV�WKH�UHOHYDQFH�RI�WKHVH�LVVXHV� WR� WKH�SUREOHP�RI� LQHUWLDO� UXQDZD\� LQ
VLPSOH�J\UH�PRGHOV�
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��%����
&0&�'\QDPLFDO�6HDVRQDO�)RUHFDVW�6\VWHP��0HWKRG�DQG�5HVXOWV
$QGUp�3ODQWH���1RUPDQG�*DJQRQ���*HRUJH�-��%RHU���*LOEHUW�%UXQHW��� -DFTXHV�'HURPH��DQG
)UDQFLV�:��=ZLHUV��
�&HQWUH�0pWpRURORJLTXH�&DQDGLHQ��&0&����8QLYHUVLWp�0F*LOO��0RQWUpDO��4XpEHF��&DQDGD�
�&DQDGLDQ�&HQWUH� IRU�&OLPDWH�PRGHOOLQJ�DQG�DQDO\VLV��9LFWRULD��%ULWLVK�&ROXPELD��&DQDGD�
�5HFKHUFKH�HQ�3UpYLVLRQ�1XPpULTXH���(QYLURQQHPHQW�&DQDGD��'RUYDO��4XpEHF��&DQDGD

'\QDPLFDO� DWPRVSKHULF� PRGHOV� KDYH� EHHQ� XVHG� IRU� PRUH� WKDQ� WKUHH� \HDUV� DW� &0&� WR
SURGXFH� WHPSHUDWXUH� DQG� SUHFLSLWDWLRQ� VHDVRQDO� IRUHFDVWV�� 7KH� PRGHOV� XVHG� DUH� WKH
&DQDGLDQ� &OLPDWH� &HQWUH� IRU� PRGHOOLQJ� DQG� DQDO\VLV� �&&&PD�� *&0�� PRGHO� DQG� WKH
5HFKHUFKH�HQ�3UHYLVLRQ�1XPHULTXH��531��6()�PRGHO��$Q�HQVHPEOH�IRUHFDVW�RI���PHPEHUV�RI
HDFK�PRGHO� LV� UXQ�XVLQJ�GLIIHUHQW� DWPRVSKHULF� LQLWLDO� FRQGLWLRQV�� 7KH�PRGHOV� DUH� IRUFHG�E\
VHD�VXUIDFH�WHPSHUDWXUH��VHD�LFH�FRYHU�DQG�VQRZ�ILHOG�

7R�HVWLPDWH�WKH�VNLOO�RI�WKH�PRGHOV��WKH� IRUHFDVW�V\VWHP�ZDV� WHVWHG� LQ�KLQGFDVW�PRGH�IRU� WKH
SHULRG� ����� WR� ����� �WKH� +LVWRULFDO� )RUHFDVWLQJ� 3URMHFW� RU� +)3��� 7KH� PRGHOV� VKRZ
VWDWLVWLFDOO\�VLJQLILFDQW�VNLOO�LQ�IRUHFDVWLQJ�WHPSHUDWXUH�DQRPDO\�RYHU�PDQ\�&DQDGLDQ�UHJLRQV�
SDUWLFXODUO\�LQ�ZLQWHU�DQG�VXPPHU��+RZHYHU��WKH�SHUIRUPDQFH�RI�WKH�PRGHOV�LV�PXFK�ORZHU�IRU
WKH�SUHFLSLWDWLRQ�DQRPDO\�ILHOG��7KHUH�LV�VRPH�LQGLFDWLRQ�WKDW�ZKHQ�H[WUHPH�SKDVH�RI�(O�1LQR�
6RXWKHUQ� 2VFLOODWLRQ� SKHQRPHQD� RFFXUV� WKH� PRGHOV� UHVSRQVH� LV� VLJQLILFDQWO\� EHWWHU�� $
VXPPDU\�RI� WKH�PRGHOV�SHUIRUPDQFH�ZLOO�EH�SUHVHQWHG� IRU� WKH�VXUIDFH� WHPSHUDWXUH�DQG� WKH
SUHFLSLWDWLRQ�FDWHJRULFDO�IRUHFDVWV�

��%����
&0&�'\QDPLFDO�6HDVRQDO�)RUHFDVW�6\VWHP��6HQVLWLYLW\�6WXGLHV
1RUPDQG�*DJQRQ��DQG�$QGUp�3ODQWH�
�8QLYHUVLWp� 0F*LOO��&HQWUH� 0pWpRURORJLTXH� &DQDGLHQ�&0&��� (QYLURQQHPHQW� &DQDGD�
'RUYDO��4XpEHF��&DQDGD

7KH�HQVHPEOH�VHWXS�RI�WKH�&0&�G\QDPLFDO�VHDVRQDO�IRUHFDVW�LV�FRPSRVHG�RI���PHPEHUV�IRU
HDFK�PRGHO��*&0��DQG�6()���7KH�PHPEHUV�GLIIHU�LQ�WKHLU�VWDUWLQJ�WLPHV�WKDW�DUH�ODJJHG�E\��
KRXUV��7KLV�VHWXS�ZDV�LQYHVWLJDWHG�LQ�DGGLQJ����PHPEHUV�WR�WKH�*&0��HQVHPEOH�LQ�ZLQWHU
IRU�WKH����\HDUV�RI�WKH�+LVWRULFDO�)RUHFDVWLQJ�3URMHFW��+)3���7KH�VXLWDEOH�VL]H�RI�WKH�HQVHPEOH
UHTXLUHG� WR� IRUHFDVW� DWPRVSKHULF� ILHOGV� RYHU� &DQDGD� ZLOO� EH� GLVFXVVHG� DV� ZHOO� DV� WKH
FRUUHODWLRQ�EHWZHHQ�WKH�VNLOO�RI�WKH�HQVHPEOH�UXQV�DQG�WKHLU�FRUUHVSRQGLQJ�VSUHDG�

7R� VWXG\� WKH� VHQVLWLYLW\� RI� WKH� PRGHOV� WR� WKH� VHD� VXUIDFH� WHPSHUDWXUH� DQRPDOLHV� �667$��
VHYHUDO� H[SHULPHQWV� ZHUH� GRQH� ZLWK� WKH� 1RYHPEHU� ����� FRQGLWLRQV�� 7KH� PRGHO� UHVSRQVH
LQGXFHG�E\�GLIIHUHQW�3DFLILF�667$��/D�1LQD�FRPSRVLWH�DQG�FOLPDWRORJ\��ZHUH�FRPSDUHG�WR�WKH
RIILFLDO�IRUHFDVW��7KH�LPSDFWV�RQ�WKH�����������ZLQWHU�IRUHFDVW�RI�PRGLI\LQJ�WKH�667$�ZLOO�EH
SUHVHQWHG�DQG�GLVFXVVHG�

��%����
$�+\EULG�0XOWL�0RGHO�$SSURDFK�WR�6HDVRQDO�3UHGLFWLRQV
*LOEHUW� %UXQHW��� $QGUp� 3ODQWH��� -DFTXHV� 'HURPH��� 1RUPDQG� *DJQRQ��� *HRUJH� -�� %RHU��
+DUROG�5LWFKLH��DQG�)UDQFLV�:��=ZLHUV�
�531�� (QYLURQPHQW� &DQDGD�� �&0&�� (QYLURQPHQW� &DQDGD�� �'$26�� 0F*LOO� 8QLYHUVLW\�
�&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV��(QYLURQPHQW�&DQDGD

7KH�&DQDGLDQ�&OLPDWH�5HVHDUFK�1HWZRUN�&/,9$5�JURXS�KDV�SHUIRUPHG�D�VHULHV�RI�KLVWRULFDO
HQVHPEOH� VHDVRQDO� IRUHFDVWV� IRU� WKH� SHULRG� ����� WR� ����� XVLQJ� WKH� &DQDGLDQ� JHQHUDO
FLUFXODWLRQ�PRGHO� �*&0��� GHYHORSHG� E\� WKH� &DQDGLDQ� &HQWHU� IRU� &OLPDWH�0RGHOOLQJ� DQG
$QDO\VLV��&&&PD���DQG�XVHG�SULPDULO\�IRU�FOLPDWH�VLPXODWLRQV��%RHU�HW�DO���������0F)DUODQH
HW� DO��� ������ DQG� ZLWK� D� UHGXFHG� UHVROXWLRQ� YHUVLRQ� RI� WKH� JOREDO� VSHFWUDO� PRGHO� �6()�
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GHYHORSHG�DW�5HFKHUFKH�HQ�3UpYLVLRQ�1XPpULTXH��531��SULPDULO\�IRU�JOREDO�GDWD�DVVLPLODWLRQ
DQG�PHGLXP�UDQJH�ZHDWKHU�IRUHFDVWLQJ��5LWFKLH��������5LWFKLH�DQG�%HDXGRLQ��������

:H�ZLOO�GLVFXVV�WKH�JHRJUDSKLFDO�VNLOO�GLVWULEXWLRQ�RI�WKHVH�WZR�GLIIHUHQW�PRGHOV��:H�ZLOO�DUJXH
WKDW�WKH�GLIIHUHQFH�LQ�WKH�VNLOO�GLVWULEXWLRQ�VXJJHVWV�WKDW�D�K\EULGL]DWLRQ�RI�WKH�GLIIHUHQW�PRGHO
RXWSXWV� FRXOG� LPSURYH� WKH� RYHUDOO� VNLOO� RI� WKH� SUHGLFWLRQV��:H� SUHVHQW� WKH� K\EULGL]DWLRQ� RI
WKHVH�WZR�PRGHOV�IRU�GLIIHUHQW�VHDVRQV�DQG�IRU�VXUIDFH�DLU�WHPSHUDWXUH�XVLQJ� WKH�EHVW� OLQHDU
XQELDVHG�HVWLPDWRU��%/8(��WHFKQLTXH�WKDW�LV�D�JHQHUDO�PHWKRG�IRU�EOHQGLQJ�SUHGLFWLRQV� IURP
GLIIHUHQW� PRGHOV� LQ� RUGHU� WR� SURGXFH� PRUH� VNLOOIXO� IRUHFDVWV�� 7KH� %/8(� WHFKQLTXH� LQ� (2)
VSDFH�VKRZV�VLJQLILFDQW�LPSURYHPHQWV�LQ�WKH�ZLQWHU�VHDVRQ�FRPSDUHG�WR�D�VWDQGDUG�HQVHPEOH
DSSURDFK��EXW�JLYHV�QRQ�VLJQLILFDQW�LPSURYHPHQWV�IRU�WKH�RWKHU�VHDVRQV��:H�ZLOO�GLVFXVV�WKHVH
UHVXOWV��:H�ZLOO�DUJXH�WKDW�WKH�VFKHPH�IRU�WKH�VHDVRQV�RWKHU�WKDQ�ZLQWHU�FRXOG�EH�LPSURYHG
ZLWK� ODUJHU� SUHGLFWLRQ� HQVHPEOHV� RU� ZLWK� DQ� RSWLPDO� FKRLFH� RI� WKH� SUHGLFWHG� JHRJUDSKLFDO
VHFWRU�

��%����
5HVSRQVH�RI�D�VLPSOH�*&0�WR�WURSLFDO�DQG�PLG�ODWLWXGH�667�DQRPDOLHV
1LFN�+DOO���-DFTXHV�'HURPH��DQG�+DL�/LQ�
�0F*LOO�8QLYHUVLW\

$�GU\�JOREDO�SULPLWLYH� HTXDWLRQ�PRGHO� KDV�EHHG�DGDSWHG� WR�SHUIRUP�DV�D� VLPSOH�*&0�E\
DGGLQJ�HPSLULFDOO\�GHULYHG� IRUFLQJ� WHUPV�ZKLFK�DUH�FRQVWDQW� LQ� WLPH��:KHQ� LQWHJUDWHG� WR�D
VWDWLVWLFDO� HTXLOLEULXP�� WKLV� PRGHO� JLYHV� DQ� H[FHOOHQW� VLPXODWLRQ� RI� WKH� REVHUYHG� FOLPDWH� LQ
WHUPV�RI�ERWK�WLPH�PHDQ�TXDQWLWLHV�DQG�WUDQVLHQW�HGG\�DFWLYLW\�

$GGLWLRQDO�IRUFLQJ�LV�DGGHG�WR�WKLV�PRGHO�WR�VLPXODWH�WKH�HIIHFW�RI�DQRPDORXV�KHDWLQJ�LQ�WKH
WURSLFDO�3DFLILF�DULVLQJ�IURP�(O�1LQR�RU�/D�1LQD�W\SH�GLVWXUEDQFHV��7KH�UHVXOWLQJ�DWPRVSKHULF
IORZ� RYHU� WKH�PLG�ODWLWXGH� 3DFLILF� DQG�1RUWK� $PHULFD� UHVHPEOHV� WKH� REVHUYHG� DWPRVSKHULF
UHVSRQVH�WR�WKHVH�SKHQRPHQD��7KH�G\QDPLFDO�PHFKDQLVPV�LQYROYHG��SDUWLFXODUO\�WKH�UROH�RI
QRQOLQHDULW\��WKH�WLPH�GHSHQGHQFH�RI�WKH�EDFNJURXQG�VWDWH�DQG�WKH�DGGLWLRQDO�IRUFLQJ�GXH�WR
WUDQVLHQW� HGGLHV� DUH� LQYHVWLJDWHG� E\� XVH� RI� D� OLQHDU� SHUWXUEDWLRQ� PRGHO� DQG� D� QXPEHU� RI
HQVHPEOH�IRUHFDVW�H[SHULPHQWV��1RQOLQHDULW\�DORQH�PDNHV�OLWWOH�GLIIHUHQFH�WR� WKH� UHVXOWV��DQG
VRPH� GHJUHH� RI� WUDQVLHQFH� LV� HVVHQWLDO� IRU� D� UHDOLVWLF� SUHGLFWLRQ� RI� WKH� DPSOLWXGH� RI� WKH
UHVSRQVH�

$Q�DQRPDO\�LQ�WKH�PLG�ODWLWXGH�3DFLILF�VHD�VXUIDFH�WHPSHUDWXUH�JLYHV�D�TXLWH�GLIIHUHQW�PRGHO
UHVSRQVH��'HSHQGLQJ�RQ�WKH�SRVLWLRQ�RI�WKH�DQRPDO\�UHODWLYH�WR�WKH�3DFLILF� MHW�� WKH�UHVSRQVH
FDQ� HLWKHU� UHVHPEOH� WKH� OLQHDU� UHVSRQVH��ZLWK� D� GRZQVWUHDP�ZDUP� ORZ� SUHVVXUH� FHQWUH�� RU
OHDG�WR�D�GRPLQDQW�XSVWUHDP�EDURWURSLF�KLJK��(QVHPEOH�IRUHFDVW�H[SHULPHQWV�ZLOO�EH�VKRZQ
WR�H[SORUH�WKLV�VHQVLWLYLW\�

7KH�UHPRWH� UHVSRQVH� WR�ERWK� WKHVH� W\SHV�RI� IRUFLQJ�ZLOO�EH�GLVFXVVHG�IXUWKHU� LQ� WHUPV�RI� WKH
PRGHO
V�QDWXUDO�PRGHV�RI�XOWUD�ORZ�IUHTXHQF\�YDULDELOLW\�

��%����
0XOWL�\HDU�H[SHULPHQWV�ZLWK�WKH�*(0�PRGHO
%HUQDUG�'XJDV�
�531���(QYLURQQHPHQW�&DQDGD

5HVXOWV� IURP� D� ILUVW� VHW� RI� PXOWL�\HDU� VLPXODWLRQV� SHUIRUPHG� ZLWK� WKH� *(0� �*OREDO
(QYLURQPHQWDO� 0XOWL�VFDOH�� IRUHFDVW� PRGHO� DUH� GHVFULEHG�� 7KH� PRGHO� FRQILJXUDWLRQ� WKDW� LV
FKRVHQ� IRU� WKHVH� H[SHULPHQWV� LV� DV� FORVH� DV� SRVVLEOH� WR� WKDW� RI� WKH� &0&� JOREDO� IRUHFDVW
V\VWHP�� $V� VXFK�� WKHVH� PXOWL�\HDU� VLPXODWLRQV� SURYLGH� XVHIXO� LQGLFDWLRQV� RI� WKH� V\VWHPDWLF
EHKDYLRU�RI�WKH�IRUHFDVW�V\VWHP�LWVHOI�DQG�PD\�VXJJHVW�PRGLILFDWLRQV�WR�LW�
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��%����
9DULDWLRQ�LQ�SUHGLFWDELOLW\�DVVRFLDWHG�ZLWK�ODUJH�VFDOH�FLUFXODWLRQ�SDWWHUQV
-LDQ�6KHQJ�
�&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV�$(6

3UHYLRXV�VWXGLHV�VXJJHVWHG�WKDW�DWPRVSKHULF�SUHGLFWDELOLW\�LV�LQIOXHQFHG�E\�WKH�SUHVHQFH�RI�WKH
3DFLILF�1RUWK� $PHULFDQ� �31$�� SDWWHUQ�� *&0� UHVXOWV� IURP� ��� ZLQWHU� KLVWRULF� IRUHFDVWV� DUH
LQYHVWLJDWHG� IRU�SRVVLEOH� UHODWLRQVKLS�EHWZHHQ� WK� H�SUHGLFWDELOLW\� DQG� ODUJH� VFDOH� FLUFXODWLRQ
SDWWHUQV�

6HYHUDO� VFRUHV�DUH�GHILQHG� WR�PHDVXUH� WKH� IRUHFDVW� VNLOOV�� 7KH�EHVW� DQG�ZRUVW� IRUHFDVWV� DUH
VHOHFWHG� DFFRUGLQJ� WR� WKHVH� VFRUHV�� /DUJH� VFDOH� FLUFXODWLRQ� DQRPD� OLHV� DVVRFLDWHG� ZLWK
GLIIHUHQW�VFRUHV�DUH�LGHQWLILHG�
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��&����
6LPXODWLRQ� RI� 6HYHUH� 3UHFLSLWDWLRQ� DQG� )ODVK� )ORRGV� �663))�� DQG� DSSOLFDWLRQV� WR� WKH
6DJXHQD\�IORRG
&KDUOHV�/LQ���5REHUW�%HQRLW���1LFKRODV�.RXZHQ���$ODLQ�3LHWURQLUR��DQG�(ULF�6RXOLV�
�0F*LOO� 8QLYHUVLW\�� �$WPRVSKHULF� (QYLURQPHQW� 6HUYLFH�� �8QLYHUVLW\� RI� :DWHUORR�� �1DWLRQDO
+\GURORJ\�5HVHDUFK�,QVWLWXWH

7KH� ORQJ� WHUP�REMHFWLYH�RI� WKH�SURMHFW� 663))� �6LPXODWLRQ�RI� 6HYHUH� 3UHFLSLWDWLRQ�DQG� )ODVK
)ORRGV�� LV� WR� GHYHORS� D� FRXSOHG�PRGHOOLQJ� V\VWHP� FRQVLVWLQJ� RI� D� KLJK� UHVROXWLRQ� UHJLRQDO
DWPRVSKHULF� PRGHO�� D� GLVWULEXWHG� K\GURORJLFDO� PRGHO�� DQG� D� ODQG� VXUIDFH� VFKHPH� DV� WKH
LQWHUIDFH�� 7KH� UHJLRQDO� DWPRVSKHULF� PRGHO� LV� 0&�� �0HVRVFDOH� &RPSUHVVLEOH� &RPPXQLW\
0RGHO��� WKH� K\GURORJLFDO� PRGHO� LV� :$7)/22'� DQG� WKH� ODQG� VXUIDFH� VFKHPH� LV� &/$66
�&DQDGLDQ�/DQG�6XUIDFH�6FKHPH���7KH�6DJXHQD\� IORRG�RI�-XO\������LV�XVHG�DV�D�WHVW�FDVH�
:H� GHVFULEH� D� FRQFHSWXDO� IUDPHZRUN� RI� PRGHO� GHYHORSPHQW� LQYROYLQJ� IRXU� OHYHOV� RI
FRXSOLQJ�

7KH� ILUVW� OHYHO� RI� FRXSOLQJ� UHTXLUHV� YDOLGDWLRQ� RI� WKH� KLJK� UHVROXWLRQ� UHJLRQDO� DWPRVSKHULF
PRGHO� DQG� WKH� GLVWULEXWHG� K\GURORJLFDO� PRGHO� VHSDUDWHO\�� DQG� WKHQ� XVH� WKH� VLPXODWHG
SUHFLSLWDWLRQ�IURP�WKH�DWPRVSKHULF�PRGHO�WR�GULYH�WKH�K\GURORJLFDO�PRGHO�WR�VWXG\�IODVK�IORRG
HYHQWV��7KLV�LV�UHIHUUHG�WR�LQ�RXU�DSSURDFK�DV�OHYHO���FRXSOLQJ��8QGHU�WKLV�PRGHOOLQJ�VFHQDULR�
WKH� WZR� PRGHOV� XVH� WKHLU� RZQ� LQKHUHQW� ODQG� VXUIDFH� VFKHPH� DQG� SDUDPHWHULVDWLRQV�� 7KH
K\GURORJLF� PRGHO� IRUFLQJ� DUH� GHULYHG� GLUHFWO\� IURP� WKH� DWPRVSKHULF� IRUHFDVWV� ZLWK� WKH
GRPLQDQW�LQSXW�EHLQJ�SUHFLSLWDWLRQ��7KLV�LV�RI�JUHDW�LQWHUHVW�DV�SUHFLSLWDWLRQ�LV�WKH�VLQJOH�PRVW
XQFHUWDLQ�YDULDEOH�IRU�VXFK�K\GURORJLFDO�VWXGLHV�

)RU�WKH�QH[W�WZR�FRXSOLQJ�OHYHOV��WKH�OLQN�EHWZHHQ�WKH�PRGHOV��0&��DQG�:$7)/22'��LV�ILUVW
HVWDEOLVKHG�E\�LPSOHPHQWLQJ�D�FRPPRQ�ODQG�VXUIDFH�VFKHPH��&/$66��LQ�HDFK�PRGHO�DQG�UH�
FDOLEUDWLQJ� WKH� PRGHOV� VHSDUDWHO\�� 7KLV� SKDVH� RI� WKH� PRGHO� GHYHORSPHQW� LQFOXGHV� OHYHO�,
FRXSOLQJ��DWPRVSKHULF�DQG�ODQG�VXUIDFH��DQG�OHYHO�,,�FRXSOLQJ��ODQG�VXUIDFH�DQG�K\GURORJLF��
7KH�ILQDO�VWDJH�RI�FRXSOLQJ�LV�WKH�FRPSOHWH�WZR�ZD\�FRXSOHG�V\VWHP�XVLQJ�WKH�FRPPRQ�ODQG�
VXUIDFH� VFKHPH� DQG� WKH� SDUDPHWHU� LGHQWLILFDWLRQ� HVWDEOLVKHG� GXULQJ� WKH� OHYHO�,� DQG� OHYHO�,,
FRXSOLQJ�� 3DUDPHWHU� LGHQWLILFDWLRQ� �RU� FDOLEUDWLRQ�� LV� IXQGDPHQWDO� WR� WKLV� HYROXWLRQ�� 7KH
IUDPHZRUN� GHVFULEHG� SURYLGHV� D� VLPSOH� PHWKRG� RI� IXOO\� FRXSOLQJ� DQ� DWPRVSKHULF� DQG
K\GURORJLFDO�PRGHO�XVLQJ�D�FRPPRQ�ODQG�VXUIDFH�LQWHUIDFH��7KLV�PRGHOOLQJ�VWUDWHJ\�LV�EHLQJ
HPSOR\HG�WR�GHYHORS�D�OHYHO�,,,��WZR�ZD\�FRXSOHG��PRGHO�IRU�WKH������6DJXHQD\�IORRG��7KH
FRXSOLQJ�IUDPHZRUN�DQG�D�VXPPDU\�RI�WKH�UHVXOWV�REWDLQHG�DUH�GHVFULEHG�

��&����
+LJK�5HVROXWLRQ�0RGHOOLQJ�6WXG\�RI�WKH�6DJXHQD\�)ORRG
-DVRQ�$��0LOEUDQGW��DQG�0��.��<DX�
�0F*LOO�8QLYHUVLW\

2Q� ������ -XO\�� ������ D� UDSLGO\� GHHSHQLQJ� F\FORQH� SURGXFHG� LQWHQVH� SUHFLSLWDWLRQ� WKDW
UHVXOWHG� LQ� VHYHUH� IORRGLQJ� LQ� WKH� 6DJXHQD\� UHJLRQ� RI� 4XHEHF�� &DQDGD�� 7KH� &DQDGLDQ
0HVRVFDOH� &RPSUHVVLEOH� &RPPXQLW\� �0&��� PRGHO� ZDV� XVHG� WR� VXFFHVVIXOO\� VLPXODWH� WKH
6DJXHQD\� )ORRG� &\FORQH�� $� ���K� VLPXODWLRQ� ZLWK� D� KRUL]RQWDO� UHVROXWLRQ� RI� ��� NP� ZDV
SHUIRUPHG�� 7KH� PRGHO� SHUIRUPHG� ZHOO� LQ� WHUPV� RI� VWDQGDUG� REMHFWLYH� VFRUHV� DQG� GHWDLOHG
TXDQWLWDWLYH�SUHFLSLWDWLRQ�GLVWULEXWLRQV��&RPSDULVRQV�ZLWK�REMHFWLYH�DQDO\VHV�ZHUH�DOVR�PDGH
WR�YHULI\�WKH�SUHGLFWHG�PDVV��KXPLGLW\��WHPSHUDWXUH��DQG�ZLQG�ILHOGV�

6HQVLWLYLW\� H[SHULPHQWV� ZHUH� FRQGXFWHG� DQG� GLDJQRVWLFV� SHUIRUPHG� WR� LQYHVWLJDWH� WKH
LQWHUDFWLRQV� DQG� UHODWLYH� LPSRUWDQFH� RI� WKH� IRUFLQJ� PHFKDQLVPV� WKDW� OHG� WR� WKH� H[SORVLYH
F\FORJHQHVLV�DQG�KHDY\�SUHFLSLWDWLRQ��,W�ZDV�IRXQG�WKDW�FRQGHQVDWLRQDO�KHDWLQJ�ZDV� LQWHJUDO
IRU�WKH�HVWDEOLVKPHQW�RI�D�SKDVH�ORFN�EHWZHHQ�WKH�VXUIDFH�F\FORQH�DQG�D�VWURQJ��XSSHU�OHYHO
VKRUW�ZDYH�WURXJK�ZKLFK�VWHHUHG�WKH�F\FORQH��$�ZHDNHU�WURXJK�DFWHG�WR�UHWDUG�WKH�SURJUHVVLRQ
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RI�WKH�VWURQJHU�WURXJK��XOWLPDWHO\�FDXVLQJ�WKH�F\FORQH�WR�EH�ORFDWHG�LQ�D�IDYRUDEOH�SRVLWLRQ�WR
LQWHUDFW� ZLWK� RURJUDSK\�� 8VLQJ� SRWHQWLDO� YRUWLFLW\� �39�� LQYHUVLRQ� GLDJQRVWLFV�� WKH� UHODWLYH
FRQWULEXWLRQV�WR�F\FORJHQHVLV�ZHUH�GHWHUPLQHG�WR�EH�����IURP�XSSHU�OHYHO�39�DQRPDO\�����
IURP� WKH� FRQGHQVDWLRQ�JHQHUDWHG� 39� DQRPDO\� DQG� ���� IURP� WKH� VXUIDFH� SRWHQWLDO
WHPSHUDWXUH�DQRPDO\��DW�WKH�WLPH�RI�WKH�PRVW�LQWHQVH�F\FORQH�GHYHORSPHQW��

6LQFH� WKH� VXUIDFH� ZLQGV� LQ� WKH� 6DJXHQD\� DUHD� ZHUH� XSVORSH� IRU� PRVW� RI� WKH� LQWHJUDWLRQ
SHULRG�� LW� DSSHDUHG� OLNHO\� WKDW� RURJUDSKLF� OLIWLQJ� PD\� KDYH� FRQWULEXWHG� WR� WKH� KLJK
SUHFLSLWDWLRQ�� 6HQVLWLYLW\� H[SHULPHQWV�ZHUH�SHUIRUPHG� WR�DVVHVV� WKH� LPSRUWDQFH�RI� VWDWLRQDU\
IRUFLQJ�GXH�WR�RURJUDSK\��,Q�HDFK�H[SHULPHQW��VRPH�DVSHFW�RI�WKH�RURJUDSK\�ZDV�DUWLILFLDOO\
UHPRYHG�LQ�WKH�VLPXODWLRQ�LQ�RUGHU�WR�VWXG\�WKH�HIIHFW�RQ�WKH�SUHGLFWLRQ�RI�SUHFLSLWDWLRQ��:H
IRXQG�WKDW�RURJUDSKLF�IRUFLQJ�GXH�WR�XSVORSH�IORZ�IURP�WKH�6DJXHQD\�YDOOH\�WR�WKH�PRXQWDLQ
LPPHGLDWHO\�WR�WKH�VRXWK�HDVW�RI�WKH�YDOOH\��PDLQO\�GXULQJ�WKH�VHFRQG�KDOI�RI�WKH�LQWHJUDWLRQ�
FRQWULEXWHG� WR� DSSUR[LPDWHO\� ���� RI� WKH� WRWDO� ���K� DFFXPXODWHG� SUHFLSLWDWLRQ� LQ� WKH
6DJXHQD\�DUHD�DQG�XS�WR�RYHU�����LQ�ORFDO�DUHDV�

��&����
7UDFH�PHWDO�PRELOLW\�LQ�VHGLPHQWV�FRYHUHG�E\�WKH������IORRG�GHSRVLWV�LQ�WKH�6DJXHQD\�)MRUG
$OIRQVR�0XFFL��DQG�&RQVWDQFH�*XLJQDUG�
�0F*LOO�8QLYHUVLW\���'HSDUWPHQW�RI�(DUWK�DQG�3ODQHWDU\�6FLHQFHV��0F*LOO�8QLYHUVLW\

)ROORZLQJ�WKH� IODVK� IORRGV�RI� -XO\�������VHYHUDO�PLOOLRQ� WRQV�RI�SRVW�JODFLDO� VHGLPHQWV�ZHUH
HURGHG�DQG�FDUULHG�WR�WKH�6DJXHQD\�)MRUG��7HQV�RI�FHQWLPHWHUV�RI�WKLV�PDWHULDO�ZHUH�UDSLGO\
GHSRVLWHG�LQ�WKH�1RUWK�$UP�DQG�WKH�%DLH�GHV�+D��+D��RQ�WRS�RI�WKH�FRQWDPLQDWHG�VHGLPHQWV
RI� WKH� )MRUG�� $OWKRXJK� WKH� IORRGV� OHIW� PRUH� WKDQ� ��� ELOOLRQ� LQ� GDPDJHV� RQ� ODQG�� LW� ZDV
SRVWXODWHG� WKDW� WKLV� VXGGHQ� LQIOX[� RI� SRVW�JODFLDO� VHGLPHQWV� PD\� LVRODWH� WKH� FRQWDPLQDQWV
DVVRFLDWHG�ZLWK� WKH� LQGLJHQRXV� VHGLPHQWV� IURP� WKH�ZDWHU� FROXPQ�DQG� WKH� EHQWKLF� ELRWD� E\
SURYLGLQJ�D�JHRFKHPLFDO�EDUULHU�WR�WKHLU�GLDJHQHWLF�UHPRELOL]DWLRQ�

7KH� YHUWLFDO� GLVWULEXWLRQ�DQG� FRQFHQWUDWLRQV�RI� )H��0Q��DQG�$V�ZHUH�PHDVXUHG� LQ� WKH� SRUH
ZDWHUV�DQG�VHGLPHQWV�UHFRYHUHG�IURP�ER[FRUHV�WDNHQ�HDFK�\HDU�VLQFH�WKH�IORRG�DW�XS�WR�ILYH
ORFDWLRQV�DORQJ�WKH�PDLQ�D[LV�RI�WKH�)MRUG�DQG�LQ�WKH�%DLH�GHV�+D��+D���7LPH�VHULHV�RI�WKHVH
DQDO\VHV�ZLOO�EH�SUHVHQWHG��0DQJDQHVH�UHPRELOL]DWLRQ�ZDV�XQDIIHFWHG�E\�WKH�DFFXPXODWLRQ�RI
WKH� IORRG� GHSRVLWV�� $XWKLJHQLF� PDQJDQHVH� R[\K\GUR[LGHV� SUHVHQW� DW� WKH� RULJLQDO� VHGLPHQW�
ZDWHU� LQWHUIDFH� ZHUH� UHGXFHG� DQG� 0Q�,,�� GLIIXVHG� IUHHO\� WR� WKH� QHZO\� HVWDEOLVKHG� LQWHUIDFH
ZKHUH� LW� ZDV� R[LGL]HG� DQG� SUHFLSLWDWHG�� ,Q� FRQWUDVW�� LURQ� DVVRFLDWHG� ZLWK� WKH� DXWKLJHQLF
R[\K\GUR[LGHV� DW� WKH� RULJLQDO� LQWHUIDFH� ZDV� WUDSSHG� DV� VXOILGHV� XQGHU� WKH� VXOIDWH�UHGXFLQJ
FRQGLWLRQV� ZKLFK� ZHUH� UDSLGO\� HVWDEOLVKHG�� 7KH� SUHVHQFH� RI� D� VKDUS� H[WUDFWDEOH�)H
FRQFHQWUDWLRQ�SHDN�DQG�VXOILGHV�LQ�WKH�VHGLPHQW�FRUHV�FOHDUO\�PDUNV�WKH�SRVLWLRQ�RI�WKH�IRUPHU
LQWHUIDFH�� 7KH� IDWH� RI� RWKHU� WUDFH� PHWDOV� ZLOO� OLNHO\� GHSHQG� RQ� WKHLU� DIILQLW\� IRU� WKHVH� LURQ
VXOILGHV�� )RU� H[DPSOH�� PRVW� RI� WKH� DUVHQLF�� ZKLFK� ZDV� DOVR� FRQFHQWUDWHG� DW� WKH� RULJLQDO
LQWHUIDFH�� ZDV� WUDSSHG� E\� FR�SUHFLSLWDWLRQ� ZLWK� WKH� LURQ� VXOILGHV�� WKXV� OLPLWLQJ� LWV� GLIIXVLRQ
WKURXJK�WKH�IORRG�GHSRVLWV�

��&����
(YLGHQFH�)RU�*UDYLW\�)ORZ�3URFHVVHV�$V�7KH�0HFKDQLVP�)RU�%DVLQ�6HGLPHQWDWLRQ�,Q�%DLH�'HV
+D��+D���6DJXHQD\�)MRUG��)URP�6LGHVFDQ�6RQDU�'DWD
3KLOLS�+LOO���3LHUUH�&{Wp��DQG�-DFTXHV�/RFDW�
�,QVWLWXW�GHV�VFLHQFHV�GH�OD�PHU�GH�5LPRXVNL���8QLYHUVLWp�/DYDO

$V� SDUW� RI� D� PXOWL�UHVHDUFKHU� SURMHFW� WR� LQYHVWLJDWH� WKH� SRWHQWLDO� HIIHFWLYHQHVV� DV� DQ
HQYLURQPHQWDO� FDSSLQJ� OD\HU� RI� WKH� VHGLPHQW� OD\HU� GHSRVLWHG� GXULQJ� WKH� ����� 6DJXHQD\
IORRG��ZH�DUH�VWXG\LQJ�GLIIHUHQW�PHWKRGV�IRU�GHWHFWLQJ�DQG�PDSSLQJ�WKH�H[WHQW�RI�WKH�GHSRVLW�
$� VLGHVFDQ� VRQDU� VXUYH\� ZDV� FDUULHG� RXW� LQ� WKH� %DLH� GHV�+D��+D�� ZLWK� WKH� GRXEOH� DLP� RI
VKDNLQJ�GRZQ�D�QHZ�UHDO�WLPH�PRVDLFLQJ�VRIWZDUH��0XVH�(XWHUSH��DQG�FKDUDFWHUL]LQJ�ERWWRP
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PRUSKRORJ\�DQG�UHIOHFWLYLW\�LQ�WKH�UHJLRQ�RI�WKH������IORRG�GHSRVLW��:DWHU�GHSWKV�LQ�WKH�DUHD
UDQJH� IURP�]HUR� WR����P��ZKLFK�SUHVHQWV�FRQVLGHUDEOH�RSHUDWLRQDO�GLIILFXOW\� IRU�D�VLGHVFDQ
VRQDU� V\VWHP�� ,QGHHG�� WKH� VXUYH\� ZDV� OLPLWHG� E\� D� VKDOORZ�WRZLQJ� FDSDFLW\� VR� WKDW� VLJQDO
VWUHQJWK� YDULHG�JUHDWO\�EHWZHHQ� WKH� VKDOORZ�PDUJLQV�RI� WKH� IMRUG�DQG� WKH�EDVLQ� IORRU��ZKLOH
ERWWRP�WUDFNLQJ��QHFHVVDU\� IRU�DFFXUDWH�PRVDLF�FRQVWUXFWLRQ�� UHTXLUHG�FRQVWDQW� VXSHUYLVLRQ�
%HFDXVH�RI�WKHVH�IDFWRUV�DQG�WKH�UHODWLYHO\�ORQJ�ZDWHU�FROXPQ��QHDU�ILHOG�FRUUHFWLRQV�DUH�OLNHO\
WR�EH�LPSUHFLVH��1HYHUWKHOHVV��D�FRKHUHQW�PRVDLF�RI�����N+]�VLGHVFDQ�GDWD�ZDV�REWDLQHG�LQ
UHDO�WLPH�DQG�LPSURYHG�E\�VXEVHTXHQW�UH�SURFHVVLQJ��7KH�PRVDLF�FDQ�EH�GLUHFWO\�FRPSDUHG
WR�(0������PXOWLEHDP�EDWK\PHWU\�DQG�EDFNVFDWWHU�PDSV�DV�ZHOO�DV�KLJK�UHVROXWLRQ�VHLVPLF
UHIOHFWLRQ�SURILOHV�DQG�VHGLPHQW�FRUHV��7KUHH�EURDG�PRUSKRORJLFDO�]RQHV�ZHUH�REVHUYHG�����
EDVLQ� PDUJLQV�� FKDUDFWHULVHG� E\� D� FDQ\RQ�DQG�ULGJH� PRUSKRORJ\�� ���� D� VORSH� DSURQ� WKDW
IODQNV�WKH�EDVLQ�PDUJLQ�DQG�JLYHV�ULVH�WR�D�UHODWLYHO\�UHIOHFWLYH�VHDEHG��DQG�����WKH�EDVLQ�IORRU�
FKDUDFWHULVHG� E\� ZHDN� UHIOHFWLYLW\�� $� VOLGH� FRPSOH[� VKRZLQJ� VKRUH�SHUSHQGLFXODU� FKXWH
VWUXFWXUHV�LV�SUHVHQW�RQ�WKH�EDVLQ�VORSH�EHWZHHQ�WKH�5LYLqUH�j�0DUV�DQG�WKH�5LYLqUH�+D��+D�
7KH�GDWD�VXJJHVW�WKH�LPSRUWDQFH�RI�JUDYLW\�IORZ�ERWK�DV�D�JHQHUDO�SURFHVV�RI�EDVLQ�ILOO�LQ�WKH
%DLH�GHV�+D��+D��DQG�DV�WKH�VSHFLILF�PHFKDQLVP�IRU�GHSRVLWLRQ�RI�WKH������OD\HU�

��&����
3RVWHUV��������,QWURGXFWLRQ
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��&����
6HPL�2SHUDWLRQDO�)RUHFDVWLQJ�2I�7URSRVSKHULF�2]RQH�:LWK�&+52126
5LFKDUG�0RIIHW���3DXO�3HVWLHDX���-DQXV]�3XG\NLHZLF]��DQG�$OH[DQGHU�.DOODXU�
�&0&���$54,

'XULQJ� WKH� VXPPHU� RI� ������ GDLO\� ��� KU� WURSRVSKHULF� R]RQH� IRUHFDVW� PDSV� DQG� EXOOHWLQV
ZHUH� SURGXFHG� DQG� SRVWHG� RQ� WKH�&0&� LQWHUQDO�ZHE�� )RUHFDVWV� ZHUH� SURGXFHG� RYHUQLJKW
VWDUWLQJ�IURP���=�XVLQJ�WKH�*(0�PRGHO�WR�SURYLGH�&+52126���&DQDGLDQ�+HPLVSKHULF�DQG
5HJLRQDO� 2]RQH� DQG� 12[� 6\VWHP�� ZLWK� WKH� SURSHU� PHWHRURORJLFDO� ILHOGV�� &+52126
JHQHUDWHG�IXOO���GLPHQVLRQDO�R]RQH�FRQFHQWUDWLRQ�ILHOGV�DW�HYHU\����PLQXWHV�RYHU�LWV�GRPDLQ
ZKLFK� FRYHUV� HDVWHUQ� &DQDGD�� 7KH� SURGXFWV� LVVXHG� IURP� WKDW� GDWD� ZHUH� PD[LPXP
FRQFHQWUDWLRQV�RYHU���KRXU�SHULRGV��PHDQ�FRQFHQWUDWLRQV�DQG�WKH�PD[LPXP���KRXUO\�UXQQLQJ
PHDQ� RYHU� WKHVH� VDPH� SHULRGV�� 3RLQW� IRUHFDVWV� ZHUH� DYDLODEOH� IRU
<6-�<)&�<4%�<2:�<<=�<4*�DQG�%HGIRUG�1�6��7KH���KRXU�PD[LPXP�FRQFHQWUDWLRQ�PDSV
ZHUH� DYDLODEOH� DW� ��� DQG� ��� PHWHUV� RYHU� WKH� &+52126� GRPDLQ�� 6KRUWFRPLQJV� LQFOXGH
FUXGH�UHVROXWLRQ�RI�WRSRJUDSK\�ZKLFK�LV� LPSRUWDQW� LQ�UXJJHG�FRDVWOLQH�DUHDV�� WKH�QHJOHFW�RI
FORXG� DPRXQWV� DQG� SUHFLSLWDWLRQ� ZDVK� RXW�� LQDGHTXDWH� ELRJHQLF� DQG� DQWKURSRJHQLF
HPLVVLRQV�DQG�V�GHILFLHQW�GU\�GHSRVLWLRQ�VFKHPH�RYHU�ZDWHU��1HYHUWKHOHVV�SUHOLPLQDU\�UHVXOWV
VKRZ� WKDW� WKH� IRUHFDVWV�ZHUH�ZHOO� FRUUHODWHG�ZLWK� REVHUYDWLRQV� DQG� WKDW� WKH�PHDQ� IRUHFDVW
YDOXHV�ZHUH�FRPSDUDEOH�WR�REVHUYDWLRQV�IRU�LQODQG�VLWHV��)RUHPRVW�&+52126�SURYHG�WR�EH
D�YDOLG� IRUHFDVW� WRRO� LQFOXGLQJ�WKH� IRUHFDVW�RI�H[FHHGDQFH�HSLVRGHV��$FWLYH�ZRUN� LV�FXUUHQWO\
GRQH�WR�LPSURYH�WKH�&+52126�V\VWHP�E\�FRUUHFWLQJ�LWV�VKRUWFRPLQJV�

��&����
6HDVRQDO�6PRJ�)RUHFDVWLQJ�LQ�1HZ�%UXQVZLFN��$�&DVH�6WXG\
&ODXGH�&{Wp��DQG�0LFKDHO�+RZH�
�(QYLURQPHQW�&DQDGD

&ODXGH�&{Wp��0LFKDHO�&��+RZH��1HZ�%UXQVZLFN�:HDWKHU�&HQWUH��$WPRVSKHULF�(QYLURQPHQW
%UDQFK�����:HVWPRUODQG�6WUHHW�6XLWH������)UHGHULFWRQ��1�%���(�%��=���&DQDGD

6LQFH�������WKH�1HZ�%UXQVZLFN�:HDWKHU�&HQWUH��ORFDWHG�LQ�)UHGHULFWRQ��KDV�EHHQ�SURGXFLQJ
GDLO\� IRUHFDVWV�RI� VPRJ� �JURXQG�OHYHO� R]RQH�� FRQFHQWUDWLRQV� IRU� WKH� UHJLRQ�RI� 6RXWKZHVWHUQ
1HZ� %UXQVZLFN�� ,QLWLDOO\� WKH� SURJUDP� FRQVLVWHG� RI� DQ� LQWHUQDO� IRUHFDVW� VKDUHG� ZLWK� YDULRXV
VWDNHKROGHUV�� 7KLV� OHDG� WR� WKH� 1DWLRQDO� 3LORW� 3URMHFW� FRQGXFWHG� LQ� ����� DQG� WKH� ILUVW
SHUPDQHQW�DLU�TXDOLW\�SUHGLFWLRQ�SURJUDP�LQ�&DQDGD�LQ������

7KH� ORQJ�UDQJH� WUDQVSRUW� RI� JURXQG�OHYHO� R]RQH� DQG� LWV� SUHFXUVRUV� IURP� WKH� KHDYLO\
LQGXVWULDOL]HG�UHJLRQV�RI�(DVWHUQ�1RUWK�$PHULFD� IUHTXHQWO\� UHVXOWV� LQ�HOHYDWHG�FRQFHQWUDWLRQV
RI�WKLV�RIIHQGLQJ�SROOXWDQW��)URP�PLG�0D\�WKURXJK�PLG�2FWREHU�WZLFH�GDLO\�6PRJ�IRUHFDVWV�
LVVXHG�WZLFH�GDLO\��DUH�GHOLYHUHG�YLD�WKH�(QYLURQPHQW�&DQDGD�&RPPXQLFDWLRQV�1HWZRUN��7KLV
XQLTXH� SURJUDP� DOORZV� LQGLYLGXDOV�� HVSHFLDOO\� WKRVH� VXIIHULQJ� IURP� KHDUW� RU� UHVSLUDWRU\
LOOQHVVHV�� WR� WDNH� WKH� QHFHVVDU\� VWHSV� WR� SURWHFW� WKHPVHOYHV�� WKHLU� IDPLOLHV� DQG� WKH
HQYLURQPHQW�

7KLV�SDSHU�ZLOO�KLJKOLJKW�(QYLURQPHQW�&DQDGD
V�6PRJ�3UHGLFWLRQ�3URJUDP�LQ�1HZ�%UXQVZLFN
IRFXVLQJ�RQ�D�FDVH�VWXG\�RI�WKH�-XO\�������������VPRJ�HYHQW��7KH�IRUPDWLRQ��HYROXWLRQ�DQG
WUDQVSRUW� RI� R]RQH� GXULQJ� WKLV� HYHQW� FRPELQHG� ZLWK� WKH� RSHUDWLRQDO� XVH� RI� QXPHULFDO� DQG
VWDWLVWLFDO�DLU�TXDOLW\�PRGHOV�ZLOO�EH�SUHVHQWHG�

)XWXUH� GHYHORSPHQWV� IRU� WKH� $LU�4XDOLW\� 3UHGLFWLRQ� 3URJUDP� LQ� 1HZ� %UXQVZLFN� LQFOXGH� WKH
H[SDQVLRQ�RI�WKH�GDLO\�VPRJ�IRUHFDVWV�WR�WKH�UHVW�RI�1HZ�%UXQVZLFN��WKH�GHYHORSPHQW��WHVWLQJ
DQG� LPSOHPHQWDWLRQ� RI� YHQWLODWLRQ� FRHIILFLHQW� SUHGLFWLRQ� DV� ZHOO� DV� UHVHDUFK� LQ� SDUWLFXODWH
PDWWHU�IRUHFDVWLQJ�
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��&����
)LQH�SDUWLFXODWH�PDWWHU���0RQLWRULQJ�DQG�)RUHFDVWLQJ���&RQVLGHUDWLRQV�DQG�&KDOOHQJHV
'DYLG�:DXJK�
�$(%���$WPRVSKHULF�6FLHQFH�'LYLVLRQ���$WODQWLF

&RQWLQXRXV�PRQLWRULQJ� RI� ILQH� SDUWLFXODWH� �30����� KDV� EHHQ� FDUULHG� RXW� DW� VHYHUDO� VLWHV� LQ
$WODQWLF�&DQDGD� IRU� RYHU� RQH� \HDU��'DWD� IURP�.HMLPNXMLN�1DWLRQDO� 3DUN� LQ� VRXWKHUQ�1RYD
6FRWLD�� XVHG� SULPDULO\� IRU� ORQJ� UDQJH� WUDQVSRUW� VWXGLHV�� LQGLFDWH� WKDW� HSLVRGHV� ZLWK
FRQFHQWUDWLRQV�JUHDWHU� WKDQ� WKH�SURSRVHG�QDWLRQDO����KRXU�DYHUDJH�RI����PJ�P��DUH� QRW
XQFRPPRQ�

7KH� $LU� 4XDOLW\� 3UHGLFWLRQ� 3URJUDP� LV� FRQVLGHULQJ� LQFOXGLQJ� ILQH� SDUWLFXODWH� DV� D� IRUHFDVW
SROOXWDQW� LQ� WKH� IXWXUH��0DQ\� LVVXHV� QHHG� WR�EH�FRQVLGHUHG�SULRU� WR�DUULYLQJ�DW� WKH�SRLQW� RI
IRUHFDVWLQJ� 30����� 0RGHOV� DUH� FXUUHQWO\� EHLQJ� GHYHORSHG� WR� IRUHFDVW� 30���� DQG� WKH
FRQWLQXRXV�PRQLWRULQJ�GDWD�ZLOO� EH�XVHG� WR� YHULI\� WKH�PRGHO�RXWSXW�� DV�ZHOO� DV� WR� LPSURYH
VFLHQWLILF�XQGHUVWDQGLQJ�RI�SDUWLFXODWHV�

([DPLQDWLRQ�RI� WKH�GDWD� LQGLFDWHV� VRPH�RI� WKH�FKDOOHQJHV� UHODWHG� WR�GDWD�KDQGOLQJ��TXDOLW\
DVVXUDQFH�DQG�ORVV�RI�GDWD��7KH�FDVH�SUHVHQWHG�KHUH�ZLOO�DOVR�KLJKOLJKW�WKH�UHODWLRQ�RI�RWKHU
SROOXWDQWV�WR�KLJK�30�FRQFHQWUDWLRQV��DQG�ZLOO�VKRZ�HSLVRGHV�HYROXWLRQ�WKURXJK�REVHUYDWLRQV
DQG�LPDJHU\�

��&����
0RGHOOLQJ� 0DVV� 7UDQVIHU� DQG� $TXHRXV�3KDVH� &KHPLVWU\� LQ� $(6
� 5HJLRQDO� 30� 0RGHO
�$85$06�
:DQPLQ�*RQJ���3DXO�0DNDU���6XQOLQJ�*RQJ���$VKX�'DVWRRU��DQG�0LNH�0RUDQ�
�$54,��$WPRVSKHULF�(QYLURQPHQW�6HUYLFH���$540��$(6��'RZQVYLHZ���$54,��$(6��'RUYDO

$WPRVSKHULF�DTXHRXV�SKDVH�FKHPLVWU\�LV�NQRZQ�WR�SOD\�LPSRUWDQW�UROHV�LQ�DHURVRO�G\QDPLFV�
,W�PDNHV�D� VLJQLILFDQW� FRQWULEXWLRQ� WR� WKH� 6�,9��WR�6�9,�� FRQYHUVLRQ�� DQG� LV� EHOLHYHG� WR� EH� D
VLJQLILFDQW�VRXUFH�RI�DHURVRO�QLWUDWH�GXULQJ�QLJKW� WLPH�� ,W�KDV�DOVR�EHHQ�SDUWLDOO\�EODPHG� IRU
WKH� IRUPDWLRQ� RI� WKH� REVHUYHG� XUEDQ� DQG� UHJLRQDO� DHURVRO� �GURSOHW�� PRGH�� 0DVV� WUDQVIHU
EHWZHHQ� FRQGHQVDEOH� JDV� DQG� DWPRVSKHULF� SDUWLFOHV� DQG� GURSOHWV� LV� DOVR� DQ� LPSRUWDQW
SURFHVV� LQ� DHURVRO� G\QDPLFV�� ,W� LV� LQWLPDWHO\� UHODWHG� WR�� DQG� PD\� OLPLW�� DTXHRXV� SKDVH
FKHPLVWU\�� DQG� WKHUHIRUH� QHHGV� WR� EH� WUHDWHG� DV� DQ� LQWHJUDO� SDUW� RI� WKH� DTXHRXV�SKDVH
SURFHVV� WKDW� WDNHV� SODFH� LQ� DQG� RQ� SDUWLFOHV� DQG� GURSOHWV�� DORQJ� ZLWK� DTXHRXV� SKDVH
FKHPLVWU\�

$W� WKH� LQLWLDO� VWDJH� RI� WKH� $(6� UHJLRQDO� 30� PRGHO� GHYHORSPHQW� �D� SURWRW\SH� IRU� WKH� $(6
XQLILHG�DLU� TXDOLW\�PRGHOOLQJ� V\VWHP��$85$06��� WKH� DTXHRXV�SKDVH� FKHPLVWU\�PRGXOH� IURP
$'20�ZDV�DGRSWHG�DV�D�VWDUWLQJ�SRLQW��:KLOH�WKH�$'20�PRGXOH�GRHV�LQFOXGH�PRVW�RI�WKH
VSHFLHV� LQFOXGHG� LQ� RXU� PL[HG� DHURVRO� FRQVLGHUHG� IRU� WKH� 30� PRGHO� DQG� WUHDWV� WKH� PDVV
WUDQVIHU� DQG� DTXHRXV� SKDVH� FKHPLVWU\� LQ� DQ� LQWHJUDWHG� IDVKLRQ�� WKH� PRGXOH� KDV� VRPH
REYLRXV�OLPLWDWLRQV��)RU�H[DPSOH��LW�ZDV�GHVLJQHG�IRU�KLJKO\�GLOXWHG�VROXWLRQV�DV�LQ�WKH�FDVH�RI
FORXG�GURSOHWV��,W�LV�WKHUHIRUH�QRW�GLUHFWO\�DSSOLFDEOH�ZKHQ�WUHDWLQJ�XQ�DFWLYDWHG�DHURVROV��7KH
PRGXOH�LV�DOVR�LQ�D�EXON�IRUP�ZKLFK�LV�QRW�FRPSDWLEOH�WR�WKH�VL]H�UHVROYHG�30�PRGHO�WKDW�ZH
DUH� GHYHORSLQJ�� ,Q� RUGHU� WR� DGGUHVV� WKHVH� SUREOHPV�� PRGLILFDWLRQV� WR� WKH� RULJLQDO� $'20
PRGXOH�DUH�LQWURGXFHG��,Q�WKLV�SDSHU��ZH�ZLOO�GHVFULEH�VRPH�RI� WKHVH�FKDQJHV��DQG�SUHVHQW
WKH�UHVXOWV�IURP�WKH�WHVWV�RQ�EXON�YV��VL]H�UHVROYHG�DQG�RQ�WKH�LQFRUSRUDWLRQ�RI�GLUHFW�DHURVRO
SDUDPHWHUV�LQ�WKH�DTXHRXV�FKHPLVWU\�PRGXOH�
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��&����
$SSOLFDWLRQ�G
XQ�PRGqOH�GH�TXDOLWp�GH� O
DLU�VXU� OH�VXG�GX�4XpEHF�HW�FRPSDUDLVRQ�DYHF� OHV
PHVXUHV�GH�1$5672���
*LOOHV�0RUQHDX���$ODLQ�5RELFKDXG��DQG�0DULR�%HQMDPLQ�
�(QYLURQQHPHQW�&DQDGD��UpJLRQ�GX�4XpEHF

3OXVLHXUV�REVHUYDWLRQV�GH�SROOXDQWV�DWPRVSKpULTXHV�WHOV�TXH�2���12[��&2�HW�&29�RQW�pWp
SULVHV�GDQV�OH�VXG�GX�4XpEHF�GXUDQW�O
pWp������ORUV�GH�OD�FDPSDJQH�GH�PHVXUH�1$5672�
&DQDGD�(DVW�� 1RXV� GLVSRVRQV� GH� SOXVLHXUV� REVHUYDWLRQV� GH� VXUIDFH� DLQVL� TXH� GHV
REVHUYDWLRQV�HQ�DOWLWXGH�GHV�FKDPSV�PpWpRURORJLTXHV�HW�GHV�FRQFHQWUDWLRQV�G
R]RQH�HQ�GHX[
HQGURLWV� GH�SDUW� HW� G
DXWUH� GH� O
vOH� GH�0RQWUpDO�� &HWWH� EDQTXH� GH� GRQQpHV� QRXV� SHUPHWWUD
G
pYDOXHU�VL�XQ�PRGqOH�GH�TXDOLWp�GH�O
DLU�FRQWHQDQW�OD�FKLPLH�GHV�R[\GDQWV�HVW�DGpTXDW�SRXU
SUpYRLU� OHV�QLYHDX[�G
R]RQH�DX�VRO��HVWLPHU� OH� WUDQVSRUW�j�JUDQGH�GLVWDQFH�GH� O
R]RQH�HW� VHV
SUpFXUVHXUV�HW�HVWLPHU� OHV�HIIHWV� VXU� O
H[SRVLWLRQ�DX�VPRJ�G
pYHQWXHOV� VFpQDULRQV�GH�FRQWU{OH
GHV� pPLVVLRQV� GH� SROOXDQWV��1RXV� DYRQV� XWLOLVp� OH�PRGqOH�PpWpRURORJLTXH� GH�PpVRpFKHOOH
FRPSUHVVLEOH� FRPPXQDXWDLUH� �0&��� SRXU� UHSURGXLUH� O
pWDW� GH� O
DWPRVSKqUH� GXUDQW� OD
VHPDLQH� GX� �� DX� ��� MXLQ� ������ /H� PRGqOH� GH� TXDOLWp� GH� O
DLU� &+52126� �&DQDGLDQ
KHPLVSKHULF�DQG�UHJLRQDO�R]RQH�DQG�12[�V\VWHP��D�pWp�XWLOLVp�SRXU�UHSURGXLUH�OHV�SURFHVVXV
GH�WUDQVSRUW�HW�GH�WUDQVIRUPDWLRQ�GHV�SROOXDQWV�PHQDQW�DX�VPRJ�XUEDLQ��&+52126�XWLOLVH
XQH�PpWKRGH�VHPL�ODJUDQJLHQQH�SRXU� OH� WUDQVSRUW�HW� OD�FKLPLH�GH�$'20��$FLG�'HSRVLWLRQ
DQG�2[LGDQW�0RGHO���1RXV�DYRQV�FRPSDUp�OHV�REVHUYDWLRQV�DYHF�OHV�VROXWLRQV�GHV�PRGqOHV�j
GHX[�UpVROXWLRQV�VSDWLDOHV�GLIIpUHQWHV�����HW����NP��HW�VXU�GHV�GRPDLQHV�G
pWHQGXH�GLIIpUHQWH�
1RXV�DYRQV�DXVVL�pYDOXp�FRPPHQW�OHV�UpVXOWDWV�GX�PRGqOH�VRQW�PRGLILpV�ORUVTXH�OHV�FKDPSV
G
pPLVVLRQV�GLWHV�PRELOHV� VRQW� UDIILQpV�j�SOXV�KDXWH� UpVROXWLRQ�GDQV� OD� UpJLRQ�GH�0RQWUpDO�
/HV� UpVXOWDWV� PRQWUHQW� TXH� &+52126� UHSURGXLW� OHV� FDUDFWpULVWLTXHV� SULQFLSDOHV� GHV
FRQFHQWUDWLRQV�G
R]RQH�HW�GHV�12[�SUpFXUVHXUV��PDLV�VXUHVWLPH�HQ�JpQpUDO�OHV�FRQFHQWUDWLRQV
G
R]RQH�GXUDQW�OD�SpULRGH�GX���DX����MXLQ�������/HV�LQWpJUDWLRQV�j�KDXWH�UpVROXWLRQ�GRQQHQW
GHV� UpVXOWDWV� SOXV� SUqV� GHV� REVHUYDWLRQV� HW� RQ� QRWH� TXH� OH�PRGqOH� HVW� SHX� VHQVLEOH� j� XQH
UHGLVWULEXWLRQ�VSDWLDOH�j�SOXV�KDXWH�UpVROXWLRQ�GHV�pPLVVLRQV�PRELOHV�
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��&����
7KH�$WPRVSKHULF�.LQHWLF�(QHUJ\�%XGJHW�5HVLGXDO
5LFKDUG�(��'DQLHOVRQ���-RKQ�5��*\DNXP��DQG�'DYLG�1��6WUDXE�
�'$26��0F*LOO�8QLYHUVLW\���0F*LOO�8QLYHUVLW\

2Q� WKH� V\QRSWLF� VFDOH�� SK\VLFDO� LQWHUSUHWDWLRQV� RI� WHUPV� LQ� PRVW� NLQHWLF� HQHUJ\� EXGJHW
IRUPXODWLRQV� DUH�ZHOO� HVWDEOLVKHG��ZLWK� WKH� SRVVLEOH� H[FHSWLRQ� RI� WKH� EXGJHW� UHVLGXDO�� HYHQ
ZKHQ� LW� LV� IRUPDOO\� GHILQHG� WR� LQFOXGH� WKH� SURFHVV� RI� IULFWLRQDO� GLVVLSDWLRQ�� )RU� LQVWDQFH�
GLDJQRVLV�RI�WKH��IULFWLRQDO��UHVLGXDO�FDQ�UHVXOW�LQ�D�ORFDO�VRXUFH�RI�NLQHWLF�HQHUJ\��7KLV�PLJKW
EH�UHIHUUHG�WR�DV�D�SK\VLFDO�PDQLIHVWDWLRQ�RI�QHJDWLYH�YLVFRVLW\�IROORZLQJ�6WDUU���������DQG�LQ
SUDFWLFH�� WKH� XVH� RI� FRDUVH� VSDWLDOO\� DQG� WHPSRUDOO\� GLVFUHWL]HG� DQDO\VHV� DOVR� LPSO\� WKH
SRVVLELOLW\� RI� DQ� XQUHVROYHG� �VXE�JULG� VFDOH�� VRXUFH�� EXW� RQH� ZKRVH� SK\VLFDO� QDWXUH� DQG
LGHQWLW\�UHTXLUHV�FODULILFDWLRQ�LI�LW�LV�RI�OHDGLQJ�RUGHU�

7ZR� VHWV� RI� NLQHWLF� HQHUJ\� EXGJHWV� DUH� FRPSXWHG� IRU� DQ� H[WUDWURSLFDO� PDULQH� VHFRQGDU\
F\FORJHQHVLV�HYHQW� WKDW�RFFXUUHG�GXULQJ� WKH� ILUVW�&DQDGLDQ�$WODQWLF�6WRUPV�3URMHFW� �&$63� ,��
DQG� ZKLFK� KDV� EHHQ� WKH� VXEMHFW� RI� LQWHQVLYH� VWXG\� LQ� WKH� FRQWH[W� RI� PHVRVFDOH� PRGHO
LQWHUFRPSDULVRQV� �WKH� &203$5(� SURMHFW��� &RPSXWDWLRQV� DUH� EDVHG� RQ� WKH� VL[�KRXUO\�
SUHVVXUH�OHYHO�� ODW�ORQ�DWPRVSKHULF� UHDQDO\VHV� IURP� WKH�1DWLRQDO�&HQWHUV� IRU� (QYLURQPHQWDO
3UHGLFWLRQ��1&(3��JOREDO�DQG�&DQDGLDQ�UHJLRQDO�GDWD�DVVLPLODWLRQ�V\VWHPV��&KRXLQDUG�HW�DO�
������� 7KH� ODWWHU� DQDO\VHV� �GHQRWHG� 531�� KDYH� DERXW� WZLFH� WKH� YHUWLFDO� DQG� ILYH� WLPHV� WKH
KRUL]RQWDO�UHVROXWLRQ�RI�WKH�1&(3�DQDO\VHV�

$� TXDOLWDWLYH� FRPSDULVRQ� RI� UHVLGXDOV� UHYHDOV� DQ� DSSDUHQW� FRUUHVSRQGHQFH� LQ� WKH� IHDWXUHV
UHVROYHG� E\� ERWK� EXGJHWV�� 2QO\� ZLWKLQ� WKH� ERXQGDU\� OD\HU� LV� LW� HYLGHQW� WKDW� IULFWLRQDO
GLVVLSDWLRQ� LV� D� GRPLQDQW� SK\VLFDO� SURFHVV�� ODUJHO\� EDODQFHG� E\� NLQHWLF� HQHUJ\� JHQHUDWLRQ
WKURXJK�ZRUN� GRQH� E\� WKH� SUHVVXUH� JUDGLHQW� IRUFH�� 3RVLWLYH� �HQHUJ\� JURZLQJ�� DQG� QHJDWLYH
�HQHUJ\� GHFD\LQJ�� UHVLGXDOV� DUH� REVHUYHG� DV� JHQHUDOO\� LQFUHDVLQJ� LQ� PDJQLWXGH� IURP� WKH
VXUIDFH� WR� WKH� WURSRSDXVH�� ,Q� WKH� ORZHU� PLG�WURSRVSKHUH� GXULQJ� WKH� ODWWHU� VWDJHV� RI� UDSLG
GHHSHQLQJ��WKH�531�EXGJHW�UHYHDOV�KLJKO\�HORQJDWHG�SRVLWLYH�DQG�QHJDWLYH�UHVLGXDO�GLSROHV�
7KHVH� GLSROHV� DOVR� DSSHDU� WR� EH� RULHQWHG� LQ� WKH� VDPH� VHQVH� DV� WKH� DWWHQGDQW� FROG�IURQWDO
FORXG� IHDWXUHV�� VXJJHVWLYH� RI� DQ� LQIOXHQFH� RI� VPDOOHU� VFDOH� SURFHVVHV� DVVRFLDWHG� ZLWK
IURQWRJHQHVLV�DQG�FRQYHFWLRQ��$�VXPPDU\�RI�WKH�WHQWDWLYH�UHVXOWV�LV�JLYHQ�LQ�WKH�IRUP�RI�TXDVL�
/DJUDQJLDQ�EXGJHWV��IROORZLQJ�WKH�SRVLWLRQ�RI�WKH�ORZ�OHYHO�NLQHWLF�HQHUJ\�PD[LPD�

��&����
1RQOLQHDU�FULWLFDO�OD\HU�GHYHORSPHQW�RI�IRUFHG�ZDYH�SDFNHWV�LQ�EDURWURSLF�VKHDU�IORZV
/XF\�&DPSEHOO��DQG�6KHUZLQ�0DVORZH�
�0F*LOO�8QLYHUVLW\

:H� LQYHVWLJDWH� WKH� QRQOLQHDU� GHYHORSPHQW� RI� D� IRUFHG� ZDYH� SDFNHW� LQ� WKH� SUHVHQFH� RI� D
FULWLFDO�OD\HU�LQ�D�VKHDU�IORZ��&ULWLFDO�OD\HU�LQWHUDFWLRQV�RI�WKH�GLVWXUEDQFH�DQG�WKH�PHDQ�IORZ
DUH� H[DPLQHG� LQ� WKH� JHRSK\VLFDO� FRQWH[WV� RI� 5RVVE\�ZDYH� SDFNHWV� SURSDJDWLQJ� WRZDUG� WKH
HTXDWRU� LQ� D� ]RQDO� IORZ� DQG� RI� YHUWLFDOO\� SURSDJDWLQJ� LQWHUQDO� JUDYLW\� ZDYH� SDFNHWV� LQ� D
VWUDWLILHG� VKHDU� IORZ�� ,W� KDV� EHHQ� VXJJHVWHG� WKDW� FULWLFDO� OD\HU� WKHRULHV� PD\� KHOS� LQ� WKH
LQWHUSUHWDWLRQ� RI� FHUWDLQ� SKHQRPHQD� REVHUYHG� LQ� WKH� DWPRVSKHUH� DQG� RFHDQ�� VXFK� DV
VWUDWRVSKHULF�VXGGHQ�ZDUPLQJV�LQ�WKH�QRUWKHUQ�KHPLVSKHUH�DQG�WKH�TXDVL�ELHQQLDO�RVFLOODWLRQ�

0RVW�SUHYLRXV�FULWLFDO�OD\HU�DQDO\VHV�KDYH�GHDOW�ZLWK�VSDWLDOO\�SHULRGLF�PRQRFKURPDWLF�ZDYHV�
6RPH� RI� WKH� LPSRUWDQW� FRQFOXVLRQV� PDGH� LQ� WKHVH� VWXGLHV� DUH� WKH� DEVRUSWLRQ� RI� WKH
SHUWXUEDWLRQV� DW� WKH� FULWLFDO� OD\HU� LQ� WKH� LQLWLDO�� OLQHDU� VWDJHV� RI� WKH� GHYHORSPHQW� DQG� WKH
VXEVHTXHQW�EUHDNGRZQ�RI� WKH� OLQHDU� WKHRU\�� OHDGLQJ�WR�QRQOLQHDU�SKHQRPHQD�VXFK�DV�ZDYH
EUHDNLQJ�DQG�UHIOHFWLRQ�



3URJUDPPH�HW�UpVXPpV 3DJH��� ��LqPH�FRQJUqV�6&02

6HVVLRQ���&��
0RGpOLVDWLRQ�GH
O·DWPRVSKqUH�,

$WPRVSKHUH
0RGHOOLQJ�,

0DUGL��HU�-XLQ
7XHVGD\��-XQH��

��K�������K��

6DOOH���5RRP
5�20���

)RU�D�PRUH�UHDOLVWLF�UHSUHVHQWDWLRQ�RI�ZDYH�DFWLYLWLHV�LQ�WKH�DWPRVSKHUH��ZH�HPSOR\�D�IRUFLQJ
LQ� WKH� IRUP� RI� D� VSDWLDOO\� ORFDOL]HG�ZDYH� SDFNHW�� UDWKHU� WKDQ� D�PRQRFKURPDWLF� ZDYH�� DQG
QXPHULFDOO\� LQWHJUDWH� WKH� IXOO� QRQOLQHDU� HTXDWLRQV� XVLQJ� )RXULHU� WUDQVIRUP� PHWKRGV� DQG� D
KLJK�UHVROXWLRQ�SVHXGRVSHFWUDO�DOJRULWKP��:H�FRQWUDVW�WKH�UHVXOWV�ZLWK�WKRVH�REWDLQHG�XVLQJ�D
VWULFWO\�SHULRGLF� IRUFLQJ��H[DPLQLQJ��DPRQJ�RWKHU� WKLQJV�� WKH�DEVRUSWLRQ�UHIOHFWLRQ�EHKDYLRXU
RI� WKH� FULWLFDO� OD\HU�� WKH� H[WHQW� RI� GHIRUPDWLRQ� RI� WKH� PHDQ� IORZ� DQG� WKH� WUDQVIHU� RI� ZDYH
DFWLYLW\�WR�KLJKHU�KDUPRQLFV��2QH�RI�WKH�HIIHFWV�RI�WKH�VSDWLDO�ORFDOL]DWLRQ�LV�WR�GHOD\�WKH�RQVHW
RI�WKH�QRQOLQHDU�EUHDNGRZQ�LQ�WKH�FULWLFDO�OD\HU�

��&����
5DGLDWLRQ�DQG�/RFDOLVDWLRQ�RI�3ODQHWDU\�:DYHV�LQ�D�)OXFWXDWLQJ�$WPRVSKHUH��7KHRU\
/LRQHO�3DQGROIR��DQG�$GDP�0RQDKDQ�
�8QLYHUVLW\� RI� %ULWLVK� &ROXPELD�� �'HSDUWPHQW� RI� (DUWK� DQG� 2FHDQ� 6FLHQFHV�� 8QLYHUVLW\� RI
%ULWLVK�&ROXPELD

$�VLPSOLILHG�EDURWURSLF�PRGHO�RQ�WKH�VSKHUH�LV�XVHG�WR�LQYHVWLJDWH�WKH�H[WHQW�WR�ZKLFK�UDQGRP
IOXFWXDWLRQV� LQ� WKH� EDFNJURXQG� ]RQDO� ZLQG� ILHOG� LQKLELW� WKH�PHULGLRQDO� GLVSHUVLRQ� RI� TXDVL�
VWDWLRQDU\�SODQHWDU\�ZDYHV�DZD\�IURP�D�ORFDOLVHG�VRXUFH��,W�LV�IRXQG�WKDW�SHUWXUEDWLRQV�WR�WKH
EDFNJURXQG� IORZ� RI� PDJQLWXGH� FRPSDUDEOH� WR� WKRVH� REVHUYHG� LQ� 1DWXUH� FDQ� VLJQLILFDQWO\
HQKDQFH�WKH�PHULGLRQDO�WUDSSLQJ�RI�SODQHWDU\�ZDYH�HQHUJ\��,W�LV�SURSRVHG�WKDW�WKHVH�ZHDWKHU�
OLNH� IOXFWXDWLRQV�PD\�SURYLGH�DQRWKHU�PHFKDQLVP� WR�H[SODLQ� WKH�REVHUYHG� IRFXVLQJ�RI�ZDYH
HQHUJ\�LQWR�PLGODWLWXGH�ZDYHJXLGHV�

��&����
0HVRVFDOH�$OSLQH�3URJUDPPH��0$3��ILHOG�H[SHULPHQW
5REHUW�%HQRLW���6WpSKDQH�&KDPEHUODQG���3HWHU�%LQGHU���&KULVWRSK�6FKDHU���0LFKHO�'HVJDJQp��
3LHUUH�3HOOHULQ��DQG�6WHYH�7KRPDV�
�5HFKHUFKH� HQ� 3UHYLVLRQ�1XPHULTXH�� (QYLURQPHQW�&DQDGD�� �6ZLVV� 0HWHRURORJLFDO� ,QVWLWXWH�
60,�=XULFK���$WPRVSKHULF�6FLHQFH��(7+�=XULFK���1DWLRQDO�&HQWHU� IRU�$WPRVSKHULF�5HVHDUFK�
%RXOGHU

:LWK� WKH�GHYHORSPHQW�RI�D� YHUVLRQ�RI� WKH�&DQDGLDQ�QRQ�K\GURVWDWLF�0&��PRGHO�RSWLPL]HG
IRU�PDVVLYHO\�SDUDOOHO�SURFHVVRUV��LW�KDV�EHFRPH�SRVVLEOH�WR�VROYH�YHU\�ODUJH�ZHDWKHU�IRUHFDVW
SUREOHPV� LQ�D� WLPH�VXIILFLHQWO\� VKRUW� WR� HQYLVLRQ�D� UHDOWLPH�GDLO\� FDOFXODWLRQ�RYHU�D�GRPDLQ
FRYHULQJ�WKH�HQWLUH�$OSV��0$3�LV�D�ODUJH�PXOWLQDWLRQDO�UHVHDUFK�SURJUDP�WKDW�ZLOO�JDWKHU�QHZ
NQRZOHGJH� DERXW� WKH� KHDY\� SUHFLSLWDWLRQ� RYHU� VWHHS� WRSRJUDSK\�� LWV� ILHOG� SKDVH� LV� WR� WDNH
SODFH�GXULQJ�)DOO�RI�������7KH�WHQWDWLYH�JULG�GLPHQVLRQV�DUH�����[�����[����DW�D�KRUL]RQWDO
UHVROXWLRQ�RI���NP��ZLWK�SRVVLEO\�D�QHHG�WR� LQFUHDVH� WKH�QXPEHU�RI�YHUWLFDO� OD\HUV��7KLV� LV�D
YHU\�ODUJH�SUREOHP�WR�EH�VROYHG�ZLWK�UHDOWLPH�FRQVWUDLQWV��7KH�PRGHO�UHVXOWV�ZLOO�EH�DFFHVVLEOH
WR� WKH� IRUHFDVWHUV� DW� WKH� 0$3� 2SHUDWLRQV� &HQWUH� LQ� ,QQVEUXFN�� WR� DVVLVW� LQ� WKH� VFLHQWLILF
EULHILQJV�WR�GLVSDWFK�WKH�IOLJKW�SODQV�RI�WKH�UHVHDUFK�DLUFUDIWV��7KH�IRUHFDVWV�DUH�SODQQHG�WR�EH
SHUIRUPHG�RQ�WKH�1(&�6;�������3(��DW�WKH�&6&6��&HQWUR�6YL]]HUR�GL�&DOFROR�6FLHQWLILFR�� LQ
0DQQR��&DQWRQ�7LFLQR���ZKLFK�LV�DIILOLDWHG�ZLWK�WKH�(7+��7KH�FXUUHQW�VWDWH�RI�WKLV�MRLQW�HIIRUW�LV
SUHVHQWHG�

��&����
2SWLPDO� ,QWHUSRODWLRQ� 2I� &OLPDWH� 'DWD� 2QWR� $OEHUWD� 3RO\JRQV� 2I� (FRGLVWULFW� $QG� 6RLO
/DQGVFDSH�2I�&DQDGD
*XLORQJ�/L���6DPXHO�6KDQSX�6KHQ��DQG�3HWHU�']LNRZVNL�
�'HSDUWPHQW�RI�0DWKHPDWLFDO�6FLHQFHV��8QLYHUVLW\�RI�$OEHUWD���$OEHUWD�$JULFXOWXUH��)RRG�DQG
5XUDO�'HYHORSPHQW��&RQVHUYDWLRQ�DQG�'HYHORSPHQW�%UDQFK

7KLV� WDON� ZLOO� GHVFULEH� WKH� RSWLPDO� DOJRULWKPV� IRU� LQWHUSRODWLQJ� WKH� GDLO\� VWDWLRQ� GDWD� RQWR
$OEHUWD� HFRGLVWULFW� SRO\JRQV� �('3�� DQG� VRLO� ODQGVFDSH� RI� &DQDGD� �6/&�� SRO\JRQV�� )RXU
PHWKRGV�FRPPRQO\�XVHG�LQ�JHRVWDWLVWLFV�ZHUH�WHVWHG���L��GLUHFW�QHLJKERUKRRG�DVVLJQPHQW���LL�
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LQYHUVH� GLVWDQFH� ZHLJKWLQJ�� �LLL�� LQYHUVH� GLVWDQFH�VTXDUH� ZHLJKWLQJ�� DQG� �LY�� LPSURYHG� EORFN
NULJLQJ��7KH�GDLO\�GDWD�RI�VHYHQ�FOLPDWLF�TXDQWLWLHV�ZHUH�DQDO\]HG������PD[LPXP�WHPSHUDWXUH�
����PLQLPXP� WHPSHUDWXUH�� ���� SUHFLSLWDWLRQ�� ���� UHODWLYH� KXPLGLW\�� ���� ZLQG� VSHHG�� ���� ZLQG
GLUHFWLRQ�DQG�����VRODU�UDGLDWLRQ��7KH�WLPH�UDQJH�ZDV�IURP�-DQXDU\���������WR�'HFHPEHU����
������ %DVHG� XSRQ� WKH� FULWHULRQ� RI� PLQLPXP� PHDQ� VTXDUH� HUURU� DQG� E\� XVLQJ� WKH� FURVV
YDOLGDWLRQ�WHVWV��DQ�RSWLPDO�LQWHUSRODWLRQ�PHWKRG�ZDV�VHOHFWHG��7KH�XVH�RI�WKH�GDWD�RQ�D�&'
DQG�WKH�DQLPDWLRQ�RI�WKH�GDWD�ZLOO�EH�GHPRQVWUDWHG�LQ�WKLV�WDON�
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9DULDELOLWp�GX�FOLPDW

HW�33+�,,,
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��&����
&RQGLWLRQV�RI�SUHGLFWDEOH�(162�HYHQWV�LQ�QHXUDO�QHWZRUN�PRGHOV
%HQ\DQJ�7DQJ���DQG�:LOOLDP�+VLHK�
�2FHDQRJUDSK\�(26��8QLY��RI�%ULWLVK�&ROXPELD���8QLYHUVLW\�RI�%ULWLVK�&ROXPELD�

$� QHXUDO� QHWZRUN� �11�� IRU� (162� IRUHFDVWLQJ� LV� EXLOW� ZLWK� WUDLQLQJ� SDLUV�� $� WUDLQLQJ� SDLU
FRQVLVWV�RI�DQ�LQSXW�RI�VHYHUDO�YDULDEOHV�UHSUHVHQWLQJ�WKH�FOLPDWLF�FRQGLWLRQ�RI�D�JLYHQ�PRQWK�
DQG�D�WDUJHW�WKDW�LV�WKH�(162�LQGH[�DW�VRPH�OHDGWLPH��L�H��D�IHZ�PRQWKV�ODWHU��$IWHU�WUDLQLQJ�
WKH�PRGHO�ZDV�WHVWHG�RQ�QHZ�FDVHV��QHZ�LQSXWV���)RU�D�QHZ�LQSXW��ZH�FDOFXODWHG���PHDVXUHV
WKDW�FRUUHODWHG�ZHOO�ZLWK� WKH� IRUHFDVW�HUURU��'BN�� WKH�DYHUDJH�RI�GLVWDQFHV�EHWZHHQ� WKH�QHZ
LQSXW�DQG�N�FORVHVW�WUDLQLQJ�LQSXWV�LQ�WKH�LQSXW�VWDWH�VSDFH��DQG�6BN��WKH�VWDQGDUG�GHYLDWLRQ�RI
WKH� FRUUHVSRQGLQJ� N� WDUJHWV�� 7KHVH� ��PHDVXUHV�PDNH� VHQVH� LI� ZH� YLHZ�11� IRUHFDVWLQJ� DV
LQWHUSRODWLRQ��)RU�D�JLYHQ�SRLQW�WR�EH�LQWHUSRODWHG��WKH�FORVHU�WKH�QHLJKERULQJ�H[LVWLQJ�SRLQWV
DUH�DQG�WKH�PRUH�WKRVH�QHLJKERULQJ�SRLQWV�DJUHH�DPRQJ�WKHPVHOYHV��WKH�PRUH�DFFXUDWH�WKH
LQWHUSRODWLRQ�LV�

7KH�SUREOHP�LV�KRZ�WR�FDOFXODWH� WKH�GLVWDQFH� LQ� WKH� LQSXW� VSDFH�� ,Q�RXU�FDVH�� WKHUH�DUH���
LQSXW�YDULDEOHV��VRPH�RI�WKHP�LPSRUWDQW�LQ�SURGXFLQJ�JRRG�IRUHFDVWV��RWKHUV�QRW��(DFK�LQSXW
YDULDEOH� VKRXOG� EH� ZHLJKHG� DFFRUGLQJO\� LQ� FDOFXODWLQJ� WKH� GLVWDQFH�� :H� FDOFXODWHG� WKH
ZHLJKWV�LQ�D�OHDYH�RQH�RXW�H[SHULPHQW�GHVFULEHG�EHORZ��)RU�D�JLYHQ�LQSXW�YDULDEOH��D�11�LV
WUDLQHG� ZLWKRXW� WKDW� LQSXW� YDULDEOH�� 7KH� 506(� �URRW� PHDQ� VTXDUH� HUURU�� RI� WKH� 11� ZDV
FDOFXODWHG�XVLQJ�WKH�FURVV�YDOLGDWLRQ�WHFKQLTXH��,I�WKLV�506(�ZDV�PRUH�WKDQ�WKH�506(�RI�WKH
PRGHO� ZLWK� DOO� WKH� LQSXW� YDULDEOHV�� WKH� ZHLJKW� IRU� WKDW� LQSXW� YDULDEOH� ZDV� WKH� GLIIHUHQFH
EHWZHHQ�WKH�WZR�506(
V��RWKHUZLVH�WKH�ZHLJKW�ZDV�VHW�WR�]HUR�

2XU�SUHOLPLQDU\�FDOFXODWLRQ�VKRZHG� WKDW� WKH�DEVROXWH� YDOXH�RI� WKH� IRUHFDVW�HUURU� FRUUHODWHG
ZLWK�'BN�DQG�6BN�DW�DURXQG�������)XUWKHU�UHILQHPHQWV�RI�WKH�WHFKQLTXH�LV�VWLOO�XQGHUZD\�

:H�KDYH�DOVR�LPSURYHG�VOLJKWO\�WKH�IRUHFDVW�VNLOO�RI�RXU�11�(162�RSHUDWLRQDO�IRUHFDVW�PRGHO
E\�OHDYLQJ�RXW� WKRVH� LQSXW�YDULDEOHV�ZKLFK�ZHUH� IRXQG�WR� LQFUHDVH� WKH� IRUHFDVW�506(�LQ� WKH
OHDYH�RQH�RXW�H[SHULPHQW��7KH�LPSURYHPHQW�LQ�FRUUHODWLRQ�VNLOO�LV�DURXQG������IRU�OHDGWLPHV
RI���DQG����PRQWKV�

��&����
7HOHFRQQHFWLRQV�EHWZHHQ�3DFLILF�VHD�VXUIDFH�WHPSHUDWXUHV�DQG�&DQDGLDQ�SUDLULH�ZKHDW�\LHOG
:LOOLDP�+VLHK���%HQ\DQJ�7DQJ��DQG�(�5��*DUQHWW�
�8QLYHUVLW\�RI�%ULWLVK�&ROXPELD���&DQDGLDQ�:KHDW�%RDUG

5HODWLRQV� EHWZHHQ� 3DFLILF� VHD� VXUIDFH� WHPSHUDWXUH� �667�� DQG� &DQDGLDQ� 3UDLULH� ZKHDW� \LHOG
ZHUH� LQYHVWLJDWHG�E\�FRUUHODWLRQ�DQG�E\�FRPSRVLWHV�RI� 667�GXULQJ� WKH��� ORZHVW� \LHOG� \HDUV�
DQG�WKH���KLJKHVW�\LHOG�\HDUV��'XULQJ�ZLQWHU��WKH�667�LQ�WKH�1RUWK�3DFLILF�GLVSOD\HG�D���FHOO
SDWWHUQ� RI� DOWHUQDWLQJ� QHJDWLYH�SRVLWLYH�QHJDWLYH� FRUUHODWLRQ� ZLWK� ZKHDW� \LHOG�� VWUHWFKLQJ
GLDJRQDOO\�IURP�WKH�*XOI�RI�$ODVND�WR�WKH�3KLOLSSLQH�6HD��0DMRU�DV\PPHWU\�EHWZHHQ�WKH�667
FRPSRVLWHV� IRU� ORZ� \LHOG� \HDUV� DQG� WKRVH� IRU� KLJK� \LHOG� \HDUV� LPSOLHG� D� QRQOLQHDU� UHODWLRQ
EHWZHHQ�667�DQG�ZKHDW�\LHOG��$V�WKH�FRPSRVLWHV�IRU�ORZ�\LHOG�\HDUV�GLVSOD\HG�PXFK�VWURQJHU
667�DQRPDOLHV�WKDQ�WKRVH�IRU�WKH�KLJK�\LHOG�\HDUV��ORZ�\LHOGV�VHHPHG�PRUH�SUHGLFWDEOH�WKDQ
KLJK�\LHOGV��7KH�FRPSRVLWHV�DOVR�VKRZHG�/D�1LQD�FRQGLWLRQV�LQ�WKH�HTXDWRULDO�UHJLRQ�KDYLQJ
D�PXFK�PRUH�VLJQLILFDQW�LQIOXHQFH�RQ�&DQDGLDQ�ZKHDW�\LHOG�WKDQ�(O�1LQR�FRQGLWLRQV��$�QHZ
WHOHFRQQHFWLRQ� LQGH[� ZDV� FRQVWUXFWHG� IURP� QRUPDOL]HG� 667� DQRPDOLHV�� )RU� WKH�0DUFK� 667
GDWD��WKLV�LQGH[�KDG�D�FRUUHODWLRQ�RI������ZLWK�WKH�ZKHDW�\LHOG��ZKLFK�LV�RI�VXIILFLHQW�ORQJ�OHDG
WLPH�WR�EH�XVHIXO�WR�WKH�IDUPHUV�



��UG�&026�&RQJUHVV 3DJH��� 3URJUDP�DQG�DEVWUDFWV

6HVVLRQ���&��
9DULDELOLWp�GX�FOLPDW
HW�33+�,,,

&OLPDWH�YDULDELOLW\
DQG�+)3�,,,

0DUGL��HU�-XLQ
7XHVGD\��-XQH��

��K�������K��

6DOOH���5RRP
5�20���

��&����
:HDWKHU�UHJLPH�GHSHQGHQW�VHDVRQDO�SUHGLFWDELOLW\
+DL�/LQ��DQG�-DFTXHV�'HURPH�
�'HSW��RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO�8QLYHUVLW\

7KH�RXWSXW�IURP�WZR�DWPRVSKHULF�PRGHOV��531
V�6()�DQG�&&&0$
V�*&0�,,��IRU�WKH�+LVWRULFDO
)RUHFDVW�3URMHFW� �+)3�� LV�XVHG� WR� VHH� LI� WKHUH� LV� HYLGHQFH� LQ� WKH�+)3� UHVXOWV� WKDW� VRPH� IORZ
FRPSRQHQWV� DUH� V\VWHPDWLFDOO\� IRUHFDVW� PRUH� DFFXUDWHO\� WKDQ� RWKHUV�� 7KH� GDWDVHW� LV
FRPSRVHG� RI� ��� \HDU� ������������ VHDVRQDO� IRUHFDVWV� IURP� ERWK�PRGHOV�� 6L[� LQWHJUDWLRQV
ZHUH� FRQGXFWHG� IRU� HDFK�PRGHO� IURP� GLIIHUHQW� LQLWLDO� FRQGLWLRQV� ZLWK� SUHGHILQHG� ERXQGDU\
FRQGLWLRQV��7KH�UHVXOW�SUHVHQWHG�LQ�WKLV�WDON�LV�IRU� IRUHFDVWV�RI�ZLQWHU�VHDVRQDO�PHDQV��ZKHUH
WKH�ZLQWHU�LV�GHILQHG�DV�'HFHPEHU��-DQXDU\�DQG�)HEUXDU\�����\HDU�PRQWKO\�PHDQV�RI�1&(3
UHDQDO\VLV�DUH�XVHG�IRU�GHILQLWLRQ�RI�ZHDWKHU�UHJLPHV�DQG�YHULILFDWLRQV�

$Q� (2)� GHFRPSRVLWLRQ� LV� SHUIRUPHG� ZLWK� WKH� 1&(3� VHDVRQDO� PHDQ� ���PE� JHRSRWHQWLDO
KHLJKW�RI�'-)�RYHU�WKH�1RUWKHUQ�+HPLVSKHUH��,W�LV�IRXQG�WKDW�WKH�ZLQWHU�VHDVRQDO�IRUHFDVWLQJ
VNLOO�RI����PE�H[WUDWURSLFDO�ODUJH�VFDOH�KHLJKWV�WHQGV�WR�EH�D�IXQFWLRQ�RI�WKH�(2)�LQGH[��ZLWK
WKRVH� FRPSRQHWV� WKDW� SURMHFW� RQWR� WKH� ORZ�LQGH[� SDWWHUQV� DUH� EHWWHU� IRUHFDVWHG� WKDQ� WKH
FRPSRQHQWV� WKDW� SURMHFW� RQWR� WKH� KLJK�LQGH[� SDWWHUQV�� %\� D� OLQHDU� FRPELQDWLRQ� RI� WKH� ILUVW
HLJKW�(2)V��D� VLQJOH�SDWWHUQ� LV� FRQVWUXFWHG� WKDW�KDV� WKH�SRWHQWLDO� WR�EH� WKH�EHVW� IRUHFDVWHG
SDWWHUQ�� 7KH� UHODWLRQV� EHWZHHQ� WKH� IRUHFDVW� VNLOO� DQG� WKH� SKDVH� RI� WKH� (2)V� DUH� QRW
VLJQLILFDQW�

7KH�UHODWLRQVKLSV�EHWZHHQ�WKH�PRGHOV
�VHDVRQDO�IRUHFDVWV�DQG�WKH�HDVWHUQ�WURSLFDO�3DFLILF�667
DUH�DOVR�LQYHVWLJDWHG��,W�LV�IRXQG�WKDW�WKH�WZR�PRGHOV�UHVSRQG�GLIIHUHQWO\�ZLWK�WKH�667�FKDQJHV
LQ�WKH�(O�1LQR�DUHD�

��&����
6LPXODWLRQ�RI�$UFWLF�&OLPDWH�7UHQGV�E\�,QFUHDVHG�*UHHQKRXVH�*DV�)RUFLQJ�RI�D�6WUDWRVSKHULF
0RGHO
/LRQHO�3DQGROIR���'UHZ�6KLQGHOO���5RQ�0LOOHU��DQG�*DYLQ�6FKPLGW�
�8QLYHUVLW\�RI�%ULWLVK�&ROXPELD���&HQWHU� IRU�&OLPDWH�6\VWHPV�5HVHDUFK��&ROXPELD�8QLYHUVLW\�
86$���'HSDUWPHQW�RI�$SSOLHG�3K\VLFV��&ROXPELD�8QLYHUVLW\��86$

7KH�$UFWLF�2VFLOODWLRQ��$2��LV�D�SURPLQHQW�IHDWXUH�RI�FOLPDWH�YDULDELOLW\�WKDW�H[WHQGV�IURP�WKH
VXUIDFH� LQWR� WKH� VWUDWRVSKHUH�� 9DULDELOLW\� RI�$UFWLF� VHD�OHYHO� SUHVVXUH� �6/3�� LV� FRUUHODWHG�ZLWK
ZLQWHUWLPH� YDULDWLRQV� LQ� 1RUWKHUQ� +HPLVSKHUH� �1+�� VXUIDFH� DLU� WHPSHUDWXUH�� DQG� ZDUPLQJ
RYHU�(XUDVLD�GXULQJ�UHFHQW�GHFDGHV� LV�DVVRFLDWHG�ZLWK�D�GHFUHDVH� LQ�$UFWLF�6/3��:H�SUHVHQW
FOLPDWH�PRGHO�UHVXOWV�GHPRQVWUDWLQJ�WKDW�WKH�REVHUYHG�WUHQG��LQFOXGLQJ�LWV�PDJQLWXGH��FDQ�EH
LQGXFHG�E\� LQFUHDVLQJ�JUHHQKRXVH�JDVHV��7KLV� VXJJHVWV� WKDW�DOWKRXJK� WKH�ZDUPLQJ�DSSHDUV
WKURXJK� D� QDWXUDOO\�RFFXUULQJ� PRGH� RI� YDULDELOLW\�� LW� LV� OLNHO\� DQWKURSRJHQLFDOO\� LQGXFHG�
)XUWKHUPRUH��ZH� ILQG� WKDW� WKH�$2� WUHQG� LV� FDSWXUHG� RQO\� LQ� FOLPDWH�PRGHOV� WKDW� LQFOXGH� D
GHWDLOHG�VWUDWRVSKHUH��DOWKRXJK�D�PRGH�H[KLELWLQJ� WKH� VSDWLDO� VWUXFWXUH�RI� WKH�REVHUYHG�$2
GRPLQDWHV� WKH�ZLQWHUWLPH�YDULDELOLW\�RI�1+�6/3� LQ�DOO� WKH�PRGHOV� VWXGLHG��)RUFLQJ�E\�R]RQH
GRHV� QRW� DSSHDU� WR� EH� QHFHVVDU\� WR� SURGXFH� WKLV� WUHQG�� 7KHVH� UHVXOWV� LQGLFDWH� WKDW
VWUDWRVSKHULF�FKDQJHV�PD\�KDYH�D�VLJQLILFDQW�HIIHFW�RQ� VXUIDFH�FOLPDWH��DQG� WKDW�G\QDPLFDO
IRUFLQJ�RI�FOLPDWH�FKDQJH�E\�JUHHQKRXVH�JDVHV�PD\�EH�TXLWH� LPSRUWDQW�� LQ�DGGLWLRQ� WR� WKH
GLUHFW�UDGLDWLYH�IRUFLQJ��%HFDXVH�WKH�$2�LV�DVVRFLDWHG�ZLWK�D�GLVWLQFWLYH�UHJLRQDO�VLJQDWXUH�RI
ZDUPLQJ��SURSHU�VLPXODWLRQ�RI�VWUDWRVSKHULF�G\QDPLFV�PD\�EH� LPSRUWDQW� WR� WKH�GHWHFWLRQ�RI
FOLPDWH�FKDQJH�
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7UHQGV�DQG�YDULDELOLW\�LQ�WKH���WK�FHQWXU\�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ�LQ�&DQDGD
;XHELQ�=KDQJ���%LOO�+RJJ��DQG�/XFLH�9LQFHQW�
�&OLPDWH�5HVHDUFK�%UDQFK��$(6���&/LPDWH�5HVHDUFK�%UDQFK��$(6

7UHQGV�DQG�YDULDELOLW\�LQ�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ�GXULQJ�WKH���WK�FHQWXU\�DUH�DQDO\]HG
IRU� &DQDGD� XVLQJ� UHFHQWO\� XSGDWHG� DQG� DGMXVWHG� VWDWLRQ� GDWD�� $QRPDOLHV� IURP� WKH� �����
����� UHIHUHQFH� SHULRG� ZHUH� ILUVW� REWDLQHG� DW� LQGLYLGXDO� VWDWLRQV�� DQG� WKHQ� ZHUH� XVHG� WR
JHQHUDWH�JULGGHG�GDWDVHWV�IRU�VXEVHTXHQW�DQDO\VHV��7UHQGV�DQG�YDULDELOLW\�ZHUH�FRPSXWHG�IRU
��������IRU�D�VRXWKHUQ�&DQDGD�JULG� �VRXWK�RI���?GHJ�1���DQG�IRU��������� IRU� WKH�HQWLUH
FRXQWU\��VHSDUDWHO\�GXH�WR�LQVXIILFLHQW�GDWD�LQ�WKH�KLJK�DUFWLF�SULRU�WR�WKH�����V�

)URP����������WKH�DQQXDO�PHDQ�WHPSHUDWXUH�KDV� LQFUHDVHG�����?GHJ�&�LQ� WKH�VRXWK��7KH
ZDUPLQJ� LV� JUHDWHU� LQ�PLQLPXP� WHPSHUDWXUH� WKDQ� LQ�PD[LPXP� WHPSHUDWXUH�� UHVXOWLQJ� LQ� D
GHFUHDVH� RI� GDLO\� WHPSHUDWXUH� UDQJH�� 7KH� JUHDWHVW� ZDUPLQJ� RFFXUUHG� LQ� WKH� ZHVW�� ZLWK
VWDWLVWLFDOO\� VLJQLILFDQW� LQFUHDVHV�PRVWO\�GXULQJ�VSULQJ�DQG�VXPPHU��$QQXDO�SUHFLSLWDWLRQ�KDV
LQFUHDVHG�����LQ�VRXWKHUQ�&DQDGD�RYHU�WKH�VDPH�SHULRG��,Q�JHQHUDO��WKH�UDWLR�RI�VQRZIDOO�WR
WRWDO� SUHFLSLWDWLRQ� KDV� EHHQ� LQFUHDVLQJ�� KRZHYHU�� QHJDWLYH� WUHQGV� ZHUH� LGHQWLILHG� LQ� VRPH
VRXWKHUQ� UHJLRQV�GXULQJ�ZLQWHU�DQG�VSULQJ��)URP���������� WKH�PHDQ� WHPSHUDWXUH�RYHU� WKH
ZKROH� FRXQWU\� VKRZHG� QR� VLJQLILFDQW� WUHQG�� +RZHYHU�� WKHUH� ZDV� VLJQLILFDQW� ZDUPLQJ� LQ� WKH
VRXWK� DQG� ZHVW� DQG� FRROLQJ� LQ� WKH� QRUWKHDVW�� 7KLV� SDWWHUQ� LV� PRVWO\� HYLGHQW� LQ� ZLQWHU� DQG
VSULQJ� DQG� LV� VLPLODU� LQ� ERWK� PD[LPXP� DQG� PLQLPXP� WHPSHUDWXUHV�� $FURVV� &DQDGD�
SUHFLSLWDWLRQ�KDV�LQFUHDVHG�E\���WR���?���ZLWK�VLJQLILFDQW�QHJDWLYH�WUHQGV� IRXQG� LQ�VRXWKHUQ
UHJLRQV�GXULQJ�ZLQWHU��2YHUDOO��WKH�UDWLR�RI�VQRZIDOO�RYHU�WRWDO�SUHFLSLWDWLRQ�KDV�LQFUHDVHG�LQ
WKH� QRUWK� DQG� GHFUHDVHG� LQ� WKH� VRXWK�� ZLWK� VLJQLILFDQW� QHJDWLYH� WUHQGV� PRVWO\� GXULQJ� WKH
VSULQJ�

$EQRUPDO�FOLPDWH�LQGLFHV�DUH�DOVR�H[DPLQHG��7KHVH�LQGLFHV�ZHUH�GHILQHG�DV�DUHDV�RI�&DQDGD
ZLWK� WHPSHUDWXUH� RU� SUHFLSLWDWLRQ� DQRPDOLHV� EHLQJ� DERYH� WKH� ��WK� RU� EHORZ� WKH� ��WK
SHUFHQWLOHV�LQ�WKHLU� UHOHYDQW�WLPH�VHULHV��7KH\�FRQILUPHG�WKH�DERYH�ILQGLQJV�DQG�VKRZHG�WKDW
FOLPDWH�KDV�EHHQ�JUDGXDOO\�EHFRPLQJ�ZHWWHU�DQG�ZDUPHU��6SHFLILFDOO\��WKH�DUHDV�RI�&DQDGD
DIIHFWHG� E\� GU\� FRQGLWLRQ� ZKHQ� LW� ZDV� FROG� KDYH� GHFUHDVHG� DQG� WKRVH� DIIHFWHG� E\� ZHW
FRQGLWLRQ� ZKHQ� LW� ZDV� ZDUP� KDYH� LQFUHDVHG�� +RZHYHU�� DUHDV� RI� &DQDGD� DIIHFWHG� E\� GU\
FRQGLWLRQ�ZKHQ�LW�ZDV�ZDUP�KDYH�QRW�FKDQJHG��HVSHFLDOO\�GXULQJ�VXPPHU�DQG�VSULQJ�

3UHOLPLQDU\�DQDO\VHV�DOVR�VKRZHG�WKDW�WKH�PDMRU�SDUW�RI�LQWHUDQQXDO�YDULDELOLW\�LQ�SUHFLSLWDWLRQ
DQG�WHPSHUDWXUH� LV�(162�UHODWHG��6SHFLILFDOO\�� WKH�VSDWLDO�SDWWHUQV�DQG�WHPSRUDO�HYROXWLRQV
RI� SUHFLSLWDWLRQ� DQG� WHPSHUDWXUH� DQRPDOLHV� DVVRFLDWHG� ZLWK� (O� 1LQR� DQG� /D� 1LQD� HYHQWV
REWDLQHG�LQ�HDUO\�VWXGLHV�E\�FRPSRVLWH�DQDO\VHV�ZHUH�LGHQWLILHG�GLUHFWO\�IURP�WKH�SUHFLSLWDWLRQ
DQG� WHPSHUDWXUH� GDWD�� 7KH� LQIOXHQFH� RI� 1RUWK� $WODQWLF� RVFLOODWLRQ� LV� FRQILQHG� RQO\� WR� WKH
HDVWHUQ�&DQDGD�
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,03257$1&(� '
81(� 3(5785%$7,21� (19,5211(0(17$/(� 685� /
e92/87,21
',$*(1e7,48(�'(6�6e',0(176�'8�)-25'�'8�6$*8(1$<��48e%(&��&$1$'$�
%UXQR�'HIODQGUH��DQG�-HDQ�3LHUUH�*DJQp�
�'pSDUWHPHQW�G
RFpDQRJUDSKLH���8QLYHUVLWp�GX�4XpEHF�j�5LPRXVNL

(Q� MXLOOHW� ������ OD� UpJLRQ� GX� 6DJXHQD\� �� /DF� 6W�-HDQ� �4XpEHF�� &DQDGD�� D� FRQQX� GHV� SOXLHV
GLOXYLHQQHV� TXL� RQW� HQWUDvQp� XQH� FUXH� VRXGDLQH� GH� QRPEUHXVHV� ULYLqUHV� ERUGDQW� OH� IMRUG� GX
6DJXHQD\��&HWWH�pYpQHPHQW�FDWDVWURSKLTXH�D�HQWUDvQp�OH�FKDUULDJH�SXLV�OH�GpS{W�G
XQH�LPSRUWDQWH
TXDQWLWp�GH�VpGLPHQWV��MXVTX
j����FP��GDQV�OHV�VHFWHXUV�GH�OD�EDLH�GHV�+D��+D��HW�GX�EUDV�1RUG
GX�IMRUG�GX�6DJXHQD\��1RV�WUDYDX[��HQWUHSULV�GqV�OD�PLVH�HQ�SODFH�GHV�QRXYHDX[�VpGLPHQWV��QRXV
SHUPHWWHQW� G
pYDOXHU� O
pYROXWLRQ� JpRFKLPLTXH� GX� QRXYHO� HQYLURQQHPHQW� TXL� VH� GpYHORSSH�� /D
GLVWULEXWLRQ� YHUWLFDOH� GHV� WUDFHXUV� RUJDQLTXHV� �FDUERQH� RUJDQLTXH� GLVVRXV� �&2'��� UDSSRUW
pOpPHQWDLUH� &�1�� �� &�� Q�DOFDQHV�� DFLGHV� JUDV� HW� FKORURSK\OOH��� GHV� WUDFHXUV� LQRUJDQLTXHV
�QLWUDWHV�� SKRVSKDWHV� HW� DPPRQLXP�� HW� GH� WUDFHXUV� JpRFKLPLTXHV� PRLQV� VSpFLILTXHV� �SRURVLWp�
VDOLQLWp�� SRWHQWLHO� UHGR[��PRQWUHQW�G
LPSRUWDQWV�JUDGLHQWV� YHUWLFDX[�HW� KRUL]RQWDX[� XQ�PRLV� DSUqV
O
DSSRUW� GHV� QRXYHDX[� VpGLPHQWV� GDQV� OD� EDLH� GHV�+D��+D��� 'HSXLV�PDLQWHQDQW� �� DQV�� OH� VXLYL
HQYLURQQHPHQWDO�QRXV�SHUPHW�GH�VXLYUH�O
pYROXWLRQ�GLDJHQpWLTXH�GHV�VpGLPHQWV�GpSRVpV�GHSXLV�OD
SHUWXUEDWLRQ�HQYLURQQHPHQWDOH��/HV�WUDFHXUV�PHVXUpV�SUpVHQWHQW�GHV�DQRPDOLHV�GH�GLVWULEXWLRQ�HQ
VXEVXUIDFH�SRXU�OHV�VWDWLRQV�SHUWXUEpHV�FRUUHVSRQGDQW�j�O
DQFLHQQH�LQWHUIDFH�HDX�VpGLPHQW��1RXV
SUpVHQWRQV�HW�GLVFXWRQV�OHV�IOXFWXDWLRQV�REVHUYpHV�GRQW�FHOOHV�GX�&2'�VpGLPHQWDLUH�DILQ�G
pYDOXHU
OD� UpFXSpUDWLRQ� JpRFKLPLTXH� GX� V\VWqPH� VpGLPHQWDLUH� �UHWRXU� DX[� FRQGLWLRQV� DQWpULHXUHV� DX
GpOXJH��SHUWXUEp�DX�FRXUV�GH�MXLOOHW������

��'����
8WLOLVDWLRQ� GHV� +$3� FRPPH� LQGLFDWHXUV� G
pYpQHPHQWV� VpGLPHQWDLUHV� UpFHQWV� HW� GH� O
DFWLYLWp
EHQWKLTXH
ePLOLHQ�3HOOHWLHU�
�,QVWLWXW�GHV�6FLHQFHV�GH�OD�0HU�GH�5LPRXVNL

/HV� K\GURFDUEXUHV� DURPDWLTXHV� SRO\F\FOLTXHV� �+$3�� VRQW� SURGXLWV� SDU� OD� FRPEXVWLRQ� GHV
K\GURFDUEXUHV� IRVVLOHV� HW� GH� OD� PDWLqUH� RUJDQLTXH� HQ� JpQpUDO�� /H� IMRUG� GX� 6DJXHQD\� D� UHoX
G
LPSRUWDQWHV�TXDQWLWpV�GH�FHV�+$3�j�SDUWLU�GH�O
LQGXVWULDOLVDWLRQ�HW�GH�O
XUEDQLVDWLRQ�GH�OD�UpJLRQ
&KLFRXWLPL�$UYLGD�DSUqV�OD�VHFRQGH�JXHUUH�PRQGLDOH�MXVTX
j�OD�ILQ�GHV�DQQpHV����DYHF�OD�PLVH�HQ
SODFH�GH�PpWKRGHV�SOXV� HIILFDFHV�GH� FRQWU{OH�GHV� pPLVVLRQV�K\GULTXHV� HW� DpULHQQHV��2U� OD� FUXH
pFODLU� GH� MXLOOHW� ����� D� DSSRUWp� DX� IMRUG� HW� j� OD� EDLH� GHV� +D�+D�� GHV� PLOOLRQV� GH� WRQQHV� GH
VpGLPHQWV�SUDWLTXHPHQW�H[HPSWV�GH�+$3�SURYHQDQW�G
DQFLHQV�GpS{WV�IOXYLDWLOHV�RX�PDULQV�DUUDFKpV
GX�OLWV�GHV�ULYLqUHV�HQ�FUXH��/
DQDO\VH�GH�FHV�FRPSRVpV�SDU�+3/&�)OXRUHVFHQFH�GDQV���FDURWWHV�GH
VpGLPHQW�SUpOHYpHV�HQ�PDL������GDQV�OH�%UDV�QRUG�HW�OD�EDLH�GHV�+D�+D��D�SHUPLV�GH�PHWWUH�HQ
pYLGHQFH�O
XWLOLWp�GH�FHV�FRPSRVpV�FRPPH�WUDFHXUV�GHV�ERXOHYHUVHPHQWV�VpGLPHQWDLUHV�UpFHQWV�VXU
YHQXV�DX�6DJXHQD\��/H�EHQ]R�D�S\UqQH��XQ�+$3� ORXUG�j�FLQT�F\FOHV�SDUWLFXOLqUHPHQW� WR[LTXH��VH
UpYqOH�OH�SOXV�MXVWH�GH�FHV�WUDFHXUV�HW�LQGLTXH�FODLUHPHQW�O
LQWHUIDFH�DQFLHQ�QRXYHDX�VpGLPHQW�GDQV
OD�EDLH�GHV�+D�+D���6D�FRQFHQWUDWLRQ�HVW�GH���j����IRLV�SOXV�IDLEOH�GDQV�OHV�QRXYHDX[�VpGLPHQWV
SDU�UDSSRUW�DX[�DQFLHQV�,O�PRQWUH�DXVVL�WUqV�FODLUHPHQW�OD�VpGLPHQWDWLRQ�GH�QRXYHDX[�+$3�DSUqV
OHV� pYpQHPHQWV� GH� MXLOOHW� ��� HW� OH� PpODQJH� GH� FHX[�FL� VXU� XQH� pSDLVVHXU� GH� O
RUGUH� GH� �� FP�
&RPPH� OH�EHQ]R�D�S\UqQH�HVW� WUqV� UpVLVWDQW�j� OD�ELRGpJUDGDWLRQ�HW� WUqV� IDLEOHPHQW� VROXEOH�GDQV
O
HDX�GH�PHU������J�/�j����R&���RQ�SHXW�FRPSWHU�VXU�XQ�WUDFHXU�H[FHSWLRQQHO�GH�OD�ELRWXUEDWLRQ
GH� OD� QRXYHOOH� FRXFKH� VpGLPHQWDLUH� GX� 6DJXHQD\�� /D� SRXUVXLWH� GHV� DQDO\VHV� VXU� �� DQQpHV
SHUPHWWUD�GH�GpYHORSSHU�DYHF�OHV�ELRORJLVWHV�GX�EHQWKRV�XQ�PRGqOH�QXPpULTXH�VLPSOH�SHUPHWWDQW
GH�UHOLHU�OD�ELRWXUEDWLRQ�DYHF�OD�GHQVLWp�HW�OD�GLYHUVLWp�GHV�HVSqFHV�UHWURXYpHV�DX[�PrPHV�HQGURLWV�

��'����
3RVWHU�6HVVLRQ
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��'����
0RGHOHG� HVWLPDWHV� RI� WHUUHVWULDO� LVRSUHQH� HPLVVLRQV� DQG� SRWHQWLDO� IRU� LQGXFLQJ� HUURUV� LQ
UHJLRQDO�DLU�TXDOLW\�PRGHOLQJ�H[HUFLVHV
'DYH�)R[���.DUHQ�0F'RQDOG���.DWK\�*DLGHU���$EGHO�.KDUUDW��DQG�-LP�6WHZDUW�
�(QYLURQPHQW�&DQDGD���$OEHUWD�5HVHDUFK�&RXQFLO���&DQDGLDQ�)RUHVW�6HUYLFH

%LRJHQLF�HPLVVLRQV�RI�YRODWLOH�RUJDQLF�FRPSRXQGV��SDUWLFXODUO\�LVRSUHQH��KDYH�EHHQ�VKRZQ�WR
SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�SURGXFWLRQ�RI�JURXQG�OHYHO�R]RQH��5HFHQW�HQYLURQPHQWDO�LPSDFW
DVVHVVPHQWV� IRU� WKH� RLO� VDQGV� UHJLRQ� RI� QRUWKHDVWHUQ� $OEHUWD� LQGLFDWH� WKDW� WKH� DELOLW\� WR
VHSDUDWH� DQWKURSRJHQLF� IURP� ELRJHQLF� HPLVVLRQ� VRXUFHV� LV� LQFUHDVLQJO\� LPSRUWDQW�� $V
GHYHORSPHQW�RI�WKH�RLO�VDQGV�UHVRXUFH�LQFUHDVHV��SURSRQHQWV�QHHG�WR�GHWHUPLQH�WKH�H[WHQW�RI
WKH�LVVXH�DQG�SURSRVH�EHVW�PLWLJDWLRQ�RSWLRQV�IRU�FRQWURO�RI�R[LGDQW�LVVXHV�LQ�WKH�UHJLRQ��7KH
8UEDQ�$LUVKHG�0RGHO
V�%LRJHQLF�(PLVVLRQ�,QYHQWRU\�6\VWHP��%(,6���PRGXOH�LV�XVHG�WR�DVVHVV
ELRJHQLF� HPLVVLRQV� RI� LVRSUHQH�� +HUH� ZH� SURYLGH� DQ� DVVHVVPHQW� RI� QDWXUDO� HPLVVLRQV� RI
LVRSUHQH� IRU� FRPSDULVRQ� ZLWK� RWKHU� DWPRVSKHULF� VRXUFHV� RI� YRODWLOH� RUJDQLF� FRPSRXQGV
LQFOXGLQJ�RLO� VDQGV�GHYHORSPHQWV�� IRUHVW� ILUHV�� DQG�SXOS�PLOOV�� ,Q� DGGLWLRQ�� WKH�SRWHQWLDO� IRU
LQGXFLQJ� HUURU� E\� XVLQJ� H[LVWLQJ� HPLVVLRQ� PRGHOV� ZLWKRXW� LQFRUSRUDWLQJ� UHJLRQDOO\�VSHFLILF
PRGLILFDWLRQV� LV� LQYHVWLJDWHG�� *URXQG�OHYHO� LVRSUHQH� FRQFHQWUDWLRQV� XVLQJ� VWDQGDUG� %(,6�
HPLVVLRQ� IDFWRUV� DUH� FRPSDUHG�ZLWK� WKRVH� IURP� H[SHULPHQWDO� HPLVVLRQ� IDFWRUV�PHDVXUHG� LQ
$OEHUWD�� 7KLV� LQIRUPDWLRQ� FDQ� WKHQ� EH� XVHG� WKURXJK� WKH� 8$0�9� WR� HVWLPDWH� JURXQG�OHYHO
FRQFHQWUDWLRQV� RI� R]RQH� DVVRFLDWHG� ZLWK� WKH� ELRJHQLF� FRPSRQHQW� DORQH�� &XUUHQW� UHJLRQDO
PHDVXUHPHQWV�RI�LVRSUHQH�DQG�R]RQH�FDQ�EH�FRPSDUHG�ZLWK�WKH�PRGHO�IRU�YDOLGDWLRQ�

��'����
,PSDFW� RI�:HHNHQG�:HHNGD\� R]RQH� YDULDWLRQV� RQ� DLU� WHPSHUDWXUH� LQ� WKH�*UHDWHU� 7RURQWR
$UHD
*DU\�%HDQH\��DQG�:LOOLDP�$��*RXJK�
�8QLYHUVLW\�RI�7RURQWR�DW�6FDUERURXJK

'XH�WR�YDULDWLRQV�RI�UXVK�KRXU�WUDIILF��WURSRVSKHULF�R]RQH�FRQFHQWUDWLRQV�KDYH�EHHQ�VKRZQ�WR
YDU\�EHWZHHQ�ZHHNGD\V�DQG�ZHHNHQGV��%RWK�R]RQH�DQG�WHPSHUDWXUH�GDWD�ZHUH�H[DPLQHG�WR
GHWHUPLQH�ZKHWKHU�ZHHNGD\�ZHHNHQG� YDULDWLRQV� LQ� R]RQH� FRQFHQWUDWLRQV� UHVXOWHG� LQ� VLPLODU
WHPSHUDWXUH�YDULDWLRQV��:KHQ�SHULRGV�RI�XQFKDUDFWHULVWLFDOO\�KLJK�R]RQH�FRQFHQWUDWLRQV�ZHUH
HQFRXQWHUHG��H[FHHGDQFH�ZHHNV��ZHUH�LVRODWHG��WKH�UHVXOWLQJ�ZHHNHQG�WHPSHUDWXUH�YDULDWLRQV
ZHUH�VKRZQ�WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW�DW�WKH�*UHDWHU�7RURQWR�$UHD�PHDVXUHPHQW�VLWHV�

��'����
,QWHUFRPSDUDLVRQ�GH�O
R]RQH�HW�GH�VHV�SUpFXUVHXUV�j�GHX[�VWDWLRQV�HQ�SpULSKpULH�GH�0RQWUpDO
GXUDQW�OD�FDPSDJQH�(620���
0DUF�%HDXFKHPLQ���$ODLQ�5RELFKDXG��DQG�0DULR�%HQMDPLQ�
�(QYLURQQHPHQW�&DQDGD��'LUHFWLRQ�GH� O
HQYLURQQHPHQW�DWPRVSKpULTXH��'LYLVLRQ�GHV�VHUYLFHV
VFLHQWLILTXHV

1RXV�SUpVHQWHURQV� LFL� OHV� UpVXOWDWV� G
XQH�DQDO\VH�GHV�GRQQpHV�GH� OD� FDPSDJQH�GH�PHVXUH
(620��eWXGH�VXU�OHV�2[\GDQWV�j�0RQWUpDO��WHQXH�j�O
pWp������

/
REMHFWLI� GH� FHWWH� DQDO\VH� HVW� GH� FDUDFWpULVHU� O
R]RQH� HW� VHV� SUpFXUVHXUV� DX�GHVVXV� GH
0RQWUpDO�SDU�OD�FRPSDUDLVRQ�GHV�GRQQpHV�HQ�GHX[�SRLQWV�VWUDWpJLTXHV��&HWWH�DQDO\VH�V
LQVFULW
GDQV� OHV� WUDYDX[�HQ�FRXUV�j� O
pFKHOOH�GX�SD\V�DILQ�GH�FDUDFWpULVHU� O
R]RQH�GDQV�GHV� UpJLRQV
FOHIV��GDQV�QRWUH�FDV��OH�FRUULGRU�:LQGVRU�4XpEHF��TXL�FRQQDLVVHQW�GH� IDoRQ�UpFXUUHQWH�GHV
KDXWHV�FRQFHQWUDWLRQV�G
R]RQH�O
pWp�

1RXV� GpFULURQV� OH� FRPSRUWHPHQW� GH� O
R]RQH�� GHV� SUpFXUVHXUV� WUDGLWLRQQHOV� �R[\GHV� G
D]RWH�
FRPSRVpV�RUJDQLTXHV�YRODWLOHV�©�&29�ª��HW�GH�GLIIpUHQWV�SROOXDQWV� LQGLFDWHXUV� �SDUWLFXODLUHV�
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HQ� IRQFWLRQV� GHV� SDUDPqWUHV� PpWpRURORJLTXHV� GH� VXUIDFH� DX[� GHX[� VWDWLRQV� �WHPSpUDWXUH�
UDGLDWLRQ�� YLWHVVH� HW� GLUHFWLRQ�GH� YHQW� HW� DXWUHV���8QH� DWWHQWLRQ� SDUWLFXOLqUH� VHUD� SRUWpH� DX[
FRQFHQWUDWLRQV�GHV�SROOXDQWV�HQ�IRQFWLRQ�GH�OD�GLUHFWLRQ�GX�YHQW�

1RXV� SUpVHQWHURQV� GLIIpUHQWV� UpVXOWDWV� G
LQWHUFRPSDUDLVRQ� GHV� GRQQpHV� HW� GH� FRUUpODWLRQV
VLPSOHV�HW�FURLVpHV�HQWUH�OHV�GHX[�VWDWLRQV�XWLOLVDQW�GLIIpUHQWV�FULWqUHV�PpWpRURORJLTXHV�

1RXV� SUpVHQWHURQV� DXVVL� OHV� SURILOV� GLXUQHV� GHV� SROOXDQWV� FRPSDUpV� HQWUH� HX[� j� FKDTXH
VWDWLRQ�DLQVL�TX
HQWUH�OHV�GHX[�VWDWLRQV�HW�PLV�HQ�SDUDOOqOH�DYHF�OHV�SURILOV�PpWpRURORJLTXHV�

(QILQ�� GHV� FRQFOXVLRQV� VHURQW� WLUpHV� VXU� OHV� RULJLQHV� SRVVLEOHV� GH� O
R]RQH� j� 0RQWUpDO
�SURGXFWLRQ� ORFDOH� YHUVXV� WUDQVSRUW��� VXU� O
LQWHUUHODWLRQ� HQWUH� O
DYDO� HW� O
DPRQW� GH� OD� JUDQGH
UpJLRQ� GH� 0RQWUpDO� �YDOLGLWp� G
XQH� K\SRWKqVH� ©� DYDO�DPRQW� ª� TXDQW� DX[� SURILOV� GHV� GHX[
VWDWLRQV� HQ� IRQFWLRQ� GHV� YHQWV� GRPLQDQWV��� HW� VXU� O
LQIOXHQFH� SRVVLEOH� GH� VRXUFHV� ORFDOHV� HW
UpJLRQDOHV�GH�FHV�SROOXDQWV�

��'����
/
LQIOXHQFH�GX�FKDXIIDJH�DX�ERLV�VXU�OD�TXDOLWp�GH�O
DLU�GDQV�XQ�TXDUWLHU�GH�0RQWUpDO
0DULR�%HQMDPLQ���&ODXGH�*DJQRQ���7RP�'DQQ���$QGUp�*HUPDLQ��DQG�<YHWWH�%RQYDORW�
�(QYLURQQHPHQW� &DQDGD�� �&RPPXQDXWp� 8UEDLQH� GH� 0RQWUpDO�� �(QYLURQQHPHQW� &DQDGD� �
'LUHFWLRQ�GH� OD� 3URWHFWLRQ�GH� O
HQYLURQQHPHQW�� �'LUHFWLRQ� GH� OD� 6DQWp� 3XEOLTXH� ��0RQWUpDO�
&HQWUH�8QLWp�GH�6DQWp�DX�WUDYDLO�HW�HQYLURQQHPHQWDOH

/D�WHPSrWH�GH�YHUJODV�GH� MDQYLHU������D�LQFLWp�OD�SRSXODWLRQ�j�VH�SURFXUHU�GHV�PR\HQV�GH
FKDXIIDJH� DOWHUQDWLIV�� QRWHPPHQW� GHV� V\VWqPHV� GH� FKDXIIDJH� DX� ERLV�� 2U�� OH� FKDXIIDJH
UpVLGHQWLHO� DX� ERLV�� HVW�� VHORQ� O
LQYHQWDLUH� FDQDGLHQ� GHV� pPLVVLRQV� GHV� SULQFLSDX[
FRQWDPLQDQWV� DWPRVSKpULTXHV�� OD� WURLVLqPH� VRXUFH� G
pPLVVLRQ� GH� SDUWLFXOHV� UHVSLUDEOHV� GH
GLDPqWUH� LQIpULHXU� j� ���� PLFURPqWUHV� �FL�DSUqV� DSSHOp� 30������ $X� 4XpEHF�� OH� FKDXIIDJH
UpVLGHQWLHO�DX�ERLV�UHSUpVHQWH�����GH�O
pPLVVLRQ�WRWDO�GH�30����VRLW�SOXV�GH������NLORWRQQHV
PpWULTXHV�SDU�DQQpH��6HORQ�SOXVLHXUV�pWXGHV� UpFHQWHV��FHV�SDUWLFXOHV� UHSUpVHQWHQW�XQ� ULVTXH
LPSRUWDQW� SRXU� OD� VDQWp� KXPDLQH� HQ� SOXV� GH� SHUWXUEHU� OH� ELODQ� UDGLDWLI� HW� GH� QXLUH� j� OD
YLVLELOLWp�

­� O
KLYHU������������ (QYLURQQHPHQW�&DQDGD�� OD�&RPPXQDXWp�8UEDLQH� GH�0RQWUpDO� HW� OD
'LUHFWLRQ� GH� OD� 6DQWp� 3XEOLTXH� GH� 0RQWUpDO�&HQWUH� RQW� LQLWLp� XQ� SURMHW� FRQMRLQW� DILQ� GH
GpWHUPLQHU�O
LPSDFW�GX�FKDXIIDJH�DX�ERLV�VXU�OD�TXDOLWp�GH�O
DLU��8QH�VWDWLRQ�GH�PHVXUH�D�pWp
LQVWDOOpH� GDQV� OH� TXDUWLHU� GH� 5LYLqUH�GHV�3UDLULHV� R�� OH� FKDXIIDJH� DX� ERLV� HVW� XQH� VRXUFH
LPSRUWDQWH�GH�FKDXIIDJH��(Q�SOXV�GHV�SDUWLFXOHV�UHVSLUDEOHV��30����HW�30�����OHV�SDUDPqWUHV
VXLYDQWV� RQW� pWp�PHVXUpV� DX� FRXUV� GH� OD� SpULRGH� KLYHUQDOH�� YLVLELOLWp� KRUL]RQWDOH�� UDGLDWLRQ
JOREDOH�� YHQWV�� WHPSpUDWXUH�� KXPLGLWp�� K\GURFDUEXUHV� DURPDWLTXH� SRO\F\FOLTXH� �+$3��
DOGpK\GHV�HW�PpWDX[��/
LQIOXHQFH�GX�FKDXIIDJH�DX�ERLV�VXU�OHV�QLYHDX[�GHV�+$3�HW�GHV�30���
GH� PrPH� TXH� O
LPSDFW� GH� OD� FRPEXVWLRQ� YpJpWDOH� VXU� OD� YLVLELOLWp� HW� OD� UDGLDWLRQ� VHURQW
GpPRQWUpV��'HV�OLHQV�HQWUH�OD�KDXWHXU�GH�PpODQJH��OH�FRHIILFLHQW�GH�YHQWLODWLRQ�HW�OHV�PHVXUHV
SULVHV� DX� VLWH� VHUYLURQW� j� pWDEOLU� XQH� EDVH� SRXU� XQ� pYHQWXHO� SURJUDPPH� GH� SUpYLVLRQ
SHUPHWWDQW�GH�PLQLPLVHU�O
LQIOXHQFH�GX�FKDXIIDJH�DX�ERLV�HQ�SpULRGH�R��OD�TXDOLWp�GH�O
DLU�HVW
DIIHFWpH�

��'����
0RGpOLVDWLRQ� GHV� IOX[� GH� JD]� j� HIIHW� GH� VHUUH� �*(6�� pPLV� j� OD� VXUIDFH� GHV� UpVHUYRLUV
K\GURpOHFWULTXHV
1DWKDOLH�%DUUHWWH���5HQp�/DSULVH��DQG�0DUF�/XFRWWH�
�84$0

(Q������GpEXWDLW�XQ�YDVWH�SURMHW�G
pWXGH�VXU� OD�SURGXFWLRQ�HW� O
pPLVVLRQ�GH�*(6�GHSXLV� OHV
UpVHUYRLUV�K\GURpOHFWULTXHV�GX�PR\HQ�1RUG�TXpEpFRLV��/
XQ�GHV�YROHWV�GH�O
pWXGH�FRQVLVWDLW�j
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XWLOLVHU�XQ�PRGqOH�GH�ODF�GH�W\SH�GLIIXVLI�FRQYHFWLI�DILQ�G
pWXGLHU�OD�YDULDWLRQ�DQQXHOOH�GHV�IOX[
GH�&2��HW�GH�&+��PHVXUpV�j�OD�VXUIDFH�GHV�UpVHUYRLUV��3RXU�YDOLGHU�OH�PRGqOH�GH�ODF��GHX[
FDPSDJQHV� G
pFKDQWLOORQQDJH� RQW� pWp� UpDOLVpHV� HQ� ����� DX� UpVHUYRLU� /DIRUJH� �� �%DLH� GH
-DPHV��SRXU�WURLV�VWDWLRQV�GH�SURIRQGHXU�GLIIpUHQWH��1RXV�DOORQV�YRXV�SUpVHQWHU� OHV�UpVXOWDWV
SUpOLPLQDLUHV�LVVXV�GH�FHWWH�YDOLGDWLRQ��'HV�YDULDEOHV�WHOOHV�TXH�OH�SURILO�GH�WHPSpUDWXUH�HW�OH
SURILO�GH�FRQFHQWUDWLRQ�HQ�JD]�GLVVRXV��&2��HW�&+���VHURQW�pWXGLpHV�
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��'����
,PSURYLQJ�WKH�*(0�PRGHO�IRU�PHGLXP�UDQJH�IRUHFDVWLQJ�DQG�DQDO\VLV�
6\OYLH�*UDYHO���0LFKHO�5RFK���%HUQDUG�'XJDV��DQG�$QQH�0DULH�/HGXF�
�'LYLVLRQ�GH�OD�UHFKHUFKH�HQ�SUpYLVLRQ�QXPpULTXH���&HQWUH�0pWpRURORJLTXH�&DQDGLHQ

,Q� 2FWREHU� ����� WKH� *OREDO� (QYLURQPHQWDO� 0XOWLVFDOH� �*(0�� PRGHO� UHSODFHG� WKH� WKHQ
RSHUDWLRQDO�VSHFWUDO�PRGHO��6()��IRU�JOREDO�PHGLXP�UDQJH�IRUHFDVWLQJ�DQG�GDWD�DVVLPLODWLRQ
DW�WKH�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��7KH�FKDQJH�FRPSOHWHG�&0&
V�WUDQVLWLRQ�WR�D�XQLILHG
IRUHFDVWLQJ�V\VWHP��$�GLDJQRVWLF�VWXG\�LV�FXUUHQWO\�XQGHUZD\�WR�VWXG\�WKH�V\VWHPDWLF�HUURUV�RI
WKH�PRGHO��7KH�UHVXOWV�RI�WKLV�VWXG\�VKRXOG�SURYLGH�YDOXDEOH�LQIRUPDWLRQ�RQ�KRZ�WR�LPSURYH
*(0
V�PHGLXP�UDQJH�IRUHFDVWV�DQG�DQDO\VLV��$�VXPPDU\�RI�WKH�UHVXOWV�REWDLQHG�VR�IDU�ZLOO�EH
JLYHQ�

��'����
86,1*�&216(59$7,9(�9$5,$%/(6�)25�/,48,'�:$7(5�&217(17�,1�*(0
*pUDUG�3HOOHULQ���<YHV�'HODJH��DQG�&ODXGH�*LUDUG�
�&0&���531

�7KH� &DQDGLDQ�0HWHRURORJLFDO� &HQWUH� �&0&�� LV� FXUUHQWO\� UXQQLQJ� WKH� *(0� JOREDO� PRGHO
ZLWK�WKH�6XQGTXLVW�VFKHPH�DQG�DQ�LPSURYHG�YHUVLRQ�RI�WKH�.XR������VFKHPH��7KLV�PRGHO�LV
RSHUDWLRQDO�VLQFH����RFWREHU������

7KH�FORXG�ZDWHU� FRQWHQW� LV�D�SURJQRVWLF� YDULDEOH� LQ� WKH�PRGHO�� LW� LV�DGYHFWHG�DQG� LQWHUDFWV
ZLWK� WKH� UDGLDWLYH� VFKHPH� DQG�ZLWK� RWKHU� PRGHO� SURFHVVHV�� ,W� LV�PRVWO\� LPSRUWDQW� LQ� FORXG
OD\HU� UHSUHVHQWDWLRQ�� 7KH� UDGLDWLYH� SURSHUWLHV� RI� FORXG� GHSHQG� RQ� WKHLU� ZDWHU� FRQWHQW�� WKH
SKDVH�RI�ZDWHU�DQG�WKH�GLVWULEXWLRQ�RI�ZDWHU�GURSOHW�RU�LFH�SDUWLFOH�VL]HV��7KH�WUHDWHPHQW�RI�WKH
VRXFH�VLQN�RI�FORXG�ZDWHU�GXH�WR�FRQGHQVDWLRQ�HYDSRUDWLRQ�LV�FRPSOLFDWHG�E\�WKH�GHVLUDELOLW\
RI� DOORZLQJ� SDUWLDO� FORXGLQHVV�� $� QHZ� VFKHPH�� QDPHO\� D� UHIRUPXODWLRQ� LQ� WHUPV� RI� FORXG�
FRQVHUYHG�YDULDEOHV��LV�SURSRVHG�WR�EHWWHU�SUHVFULEH�WKH�GLIIHUHQW�PRGHO�SURFHVVHV�

7KH� SUHVHQWDWLRQ� ZLOO� IRFXV� RQ� WKH� LPSDFW� RI� WKLV� IRUPXODWLRQ� RQ� WKH� PRGHO� IRUHFDVWV�� LQ
SDUWLFXODU�LQ�WKH�WURSLFV�ZKHUH�WKH�PRGHO�VXIIHUV�D�PRLVWXUH�ELDV�

��'����
8VLQJ�ORZ�UHVROXWLRQ�ZLQGV�WR�DGYHFW�KLJK�UHVROXWLRQ�WUDFHUV
3HWHU�%DUWHOOR�
�0F*LOO�8QLYHUVLW\

,Q�D�QXPEHU�RI� DSSOLFDWLRQV� QXPHULFDO�PRGHOOHUV� KDYH�XVHG� ORZ�UHVROXWLRQ�*&0�ZLQGV�DV
ZHOO� DV� ZLQGV� IURP� ORZ�UHVROXWLRQ� RSHUDWLRQDO�1:3� DQDO\VHV� LQ� RUGHU� WR� GHGXFH� YHU\� ILQH
VWUXFWXUH�LQ�WKH�GLVWULEXWLRQ�RI�VHYHUDO�FKHPLFDO�VSHFLHV�DQG�RI�SRWHQWLDO�YRUWLFLW\�RQ�LVHQWURSLF
VXUIDFHV�LQ�WKH�VWUDWRVSKHUH��$W�WKH�RWKHU�HQG�RI� WKH�DWPRVSKHULF�VSHFWUXP�RI� OHQJWK�VFDOHV�
WKHUH�KDV�EHHQ�D� ORQJ�VWDQGLQJ� WUDGLWLRQ�RI�XVLQJ�ZKDW� OLWWOH�ZLQG�GDWD� LV�DYDLODEOH� IRU�YHU\
VPDOO�VFDOH� GLVSHUVLRQ�PRGHOV� LQ� WKH�ERXQGDU\� OD\HU�� 7KLV� VWXG\� DLPV� WR�PHDVXUH� WKH� HUURU
LQWURGXFHG�E\�WKHVH�PLVPDWFKV�RI�ZLQG�DQG�WUDFHU�UHVROXWLRQV�DV�D�IXQFWLRQ�RI�ZLQG�WUXQFDWLRQ
DQG�DV�D�IXQFWLRQ�RI�WKH�SUHYDOHQW�G\QDPLFV�DW�WKH�VFDOH�LQ�TXHVWLRQ��7R�DFFRPSOLVK�WKLV��HDUO\
ZRUN�E\�%DWFKHORU��������LV�HQOLJKWHQLQJ��+H�FRQVLGHUHG�WUDQVSRUW�RI�SDVVLYH�WUDFHUV�DW�ODUJH
3UDQGWO�QXPEHUV�LQ�LVRWURSLF�WXUEXOHQFH��+HUH�WKH�WUDFHU�LV�HIIHFWLYHO\�WUXQFDWHG�E\�PROHFXODU
SURFHVVHV�DW� OHQJWKVFDOHV�PXFK� VPDOOHU� WKDQ� WKH� YLVFRXV� VFDOH�� )RU� JOREDO�VFDOH�EDURWURSLF
TXDVLJHRVWURSKLF� IORZ� LW�ZDV� IRXQG� WKDW�� LQ� WKH� OLPLW� FRUUHVSRQGLQJ� WR�D�ZHOO�UHVROYHG�ZLQG
ILHOG�� WKH�ZLQG� WUXQFDWLRQ�HUURU� LV�SURSRUWLRQDO� WR� WKH� VTXDUH�RI� WKH� WUXQFDWLRQ� VFDOH�� ,Q� WKLV
VHWWLQJ�UHODWLYH�HUURUV�RI�EHORZ�WHQ�SHUFHQW�LQ�WKH�VFDODU�ILHOG�DIWHU����GD\V�UHTXLUH�WKH�ZLQG�WR
EH�UHVROYHG�GRZQ�WR�RQO\�DSSUR[LPDWHO\�RQH�HLJKWK�RI�WKH�VFDOH�GHVFULELQJ�WKH�PRVW�HQHUJHWLF
HGGLHV�� 7KLV� HQFRXUDJLQJ� UHVXOW� GRHV� QRW� KROG� IRU� WKH�PRUH� JHQHUDO� IORZV� REVHUYHG� LQ� WKH
WURSRVSKHUH� EHORZ�2������ NP�RU� LQ� WKH�PHVRVSKHUH�� ,Q� WKHVH� HQYLURQPHQWV� ORZ�UHVROXWLRQ
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ZLQGV� JLYH� WUDFHU� GLVWULEXWLRQV� WKDW� EHDU� OLWWOH� UHVHPEODQFH� WR� WKRVH� REWDLQHG� ZLWK� KLJK�
UHVROXWLRQ�ZLQGV��QRW�RQO\�LQ�WKH�GHWDLOV�FRQFHUQLQJ�ORFDWLRQV�RI�LQGLYLGXDO�ILODPHQWV��EXW�DOVR
LQ�WKH�VWDWLVWLFV�

��'����
1RQ�D[LV\PPHWULF�WKHUPDOO\�GULYHQ�FLUFXODWLRQV�DQG�XSSHU�WURSRVSKHULF�PRQVRRQ�G\QDPLFV
&��-XQR�+VX��DQG�5��$ODQ�3OXPE�
�&&&PD���0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��&DPEULGJH��0$�������

7KH� $VLDQ� VXPPHU�0RQVRRQ� FLUFXODWLRQ� LV� GULYHQ� E\� GLIIHUHQWLDO� WKHUPDO� KHDWLQJ�� SULPDULO\
DVVRFLDWHG�ZLWK�WKH�ORFDOL]HG�ODWHQW�KHDW�UHOHDVH�IURP�HQKDQFHG�SUHFLSLWDWLRQ�RYHU�WKH�,QGLDQ
VXE�FRQWLQHQW�� $OWKRXJK� WKLV� KHDWLQJ� LV� RI� OLPLWHG� ]RQDO� H[WHQW�� LW� GULYHV� D� WLPH�DYHUDJHG�
XSSHU�OHYHO�DQWLF\ORQH�ZKLFK�LV�RI�JOREDO�H[WHQW��H[WHQGLQJ�IURP�WKH�ZHVWHUQ�HGJH�RI�WKH�EXOJH
RI�$IULFD�� WR� WKH�HDVW�RI� WKH�$VLDQ�FRQWLQHQW��7KH�FXUUHQW� WKHRU\� �RULJLQDOO\�SURSRVHG�E\�*LOO
�������� IRU� H[SODLQLQJ� WKLV� ]RQDOO\� DV\PPHWULF� FRPSRQHQW� RI� WKH� WURSLFDO� FLUFXODWLRQ� LV
XQVDWLVIDFWRU\�EHFDXVH�LW�LV�EDVHG�RQ�WKH�OLQHDU�WKHRU\�RI�GDPSHG�HTXDWRULDO�ZDYHV�ZKLOH�LW�LV
NQRZQ�WKDW��DW�OHDVW�IRU�WKH�XSSHU�OHYHO�IORZ�QHDU�WKH�WURSRSDXVH��WKH�G\QDPLFV�DUH�VWURQJO\
QRQOLQHDU�� $Q� DOWHUQDWLYH� H[SODQDWLRQ�� ZKLFK� LV� FRQVLVWHQW� ZLWK� WKH� QRQOLQHDU� QDWXUH� RI� WKH
IORZV�� LQYROYHV� WKH� VKHGGLQJ� RI� YRUWLFHV� IURP� WKH� GLUHFWO\� IRUFHG�PRQVRRQ� DQWLF\FORQH�� 7KH
YRUWLFHV�� RU� HGGLHV�� DUH� FDSDEOH� RI� GULIWLQJ� WR� WKH� IDU� ILHOG� WR� HVWDEOLVK� D� FLUFXODWLRQ� ZKLFK
H[WHQGV�IDU�EH\RQG�WKH�ORFDO�IRUFLQJ�

:H�KDYH�SURYLGHG�D�G\QDPLFDO�H[SODQDWLRQ�IRU�WKH�JHQHUDWLRQ�RI�HGGLHV�QHDU�WKH�FHQWHU�RI�D
GLYHUJHQW�DQWLF\FORQH��ZKLFK�� WKURXJK�WKHLU�GULIW�DUH� UHVSRQVLEOH� IRU� WKH�HVWDEOLVKPHQW�RI� WKH
JOREDO�VFDOH�RI�WKH�$VLDQ�VXPPHU�0RQVRRQ��7KLV�VWXG\�FRQVLVWV�RI�WZR�SDUWV��RQH�QXPHULFDO
DQG� RQH� REVHUYDWLRQDO�� 7KH� QXPHULFDO� VWXG\� V\VWHPDWLFDOO\� LQYHVWLJDWHV� ORFDOL]HG� WKHUPDOO\
GULYHQ� FLUFXODWLRQV� E\� XVLQJ� D� VKDOORZ� ZDWHU� PRGHO�� ,Q� WKLV� SDUW� RI� WKH� VWXG\�� ZH� VHHNV� WR
XQGHUVWDQG� KRZ� QRQ�D[LV\PPHWULF� HOHPHQWV� VXFK� DV� D� EHWD� HIIHFW�� RU� DQ� H[WHUQDO� XQLIRUP
IORZ�� DIIHFWV� WKH� G\QDPLFV� RI� D� GLYHUJHQW� DQWLF\FORQH� IRU� ZKLFK�� LQ� WKH� DEVHQFH� RI� QRQ�
D[LV\PPHWULF� HOHPHQWV�� WKHUH� H[LVWV� DQ�DQDO\WLFDO� D[LV\PPHWULF� VROXWLRQ� ��� WKH� ]HUR� DEVROXWH
YRUWLFLW\�� 7KH� FRQWURO� SDUDPHWHU�� IRU� H[DPSOH� LQ� WKH� EHWD�SODQH� H[SHULPHQW�� LV� WKH� UDWLR
EHWZHHQ�WKH�IUHH�GULIW�VSHHG�RI�DQ�D[LV\PPHWULF�YRUWH[�RQ�D�EHWD�SODQH���?EHWD�/A^�`���DQG
WKH�VWUHQJWK�RI�WKH�IRUFHG�ORFDOL]HG�GLYHUJHQW�IORZ���XB^?FKL`���ZKHUH��/�� LV� WKH�VL]H�RI� WKH
D[LV\PPHWULF�FLUFXODWLRQ��$V� WKH�FRQWURO�SDUDPHWHU� LQFUHDVHV�� WKH� ORQJ�WHUP�EHKDYLRU�RI� WKH
IRUFHG�YRUWH[�HYROYHV�IURP�D�ORFDOL]HG��SHUVLVWHQW�FLUFXODWLRQ�WR�D�HGG\�VKHGGLQJ��JOREDO�VFDOH
FLUFXODWLRQ��7KH�HGGLHV��ZKLFK� UHGLVWULEXWH�39� WR� WKH� IDU� ILHOG��DFW� WR�ZHDNHQ� WKH� WLPH�PHDQ
IORZ�DQG�PLJKW�EH�SDUDPHWHUL]HG�DV�D�OLQHDU�GDPSLQJ�WHUP�LQ�D�OLQHDU�PRGHO�

,Q� WKH�VHFRQG�SDUW�RI� WKH�VWXG\�� WKH� WKHRU\� LV�FRQILUPHG�E\�GLVFRYHULQJ�HGG\�VKHGGLQJ� IURP
WKH� DQDO\VLV� RI� REVHUYDWLRQDO� GDWD�� 7KH� SRWHQWLDO� YRUWLFLW\� RQ� WKH� LVHQWURSLF� VXUIDFHV� DUH
DQDO\]HG�IURP����LVREDULF�OHYHO�1&(3�UHDQDO\VLV�GDWD�RYHU� WKH�UHJLRQ�RI� WKH�$VLDQ�VXPPHU
0RQVRRQ��7ZR�HSLVRGHV�RI�HGG\�VKHGGLQJ�DUH�IRXQG�LQ�-XO\�RI�������7KH�VKHGGLQJ�HYHQWV�LQ
WKH� SRWHQWLDO� YRUWLFLW\� ILHOG� DUH� REVHUYHG� DW� WKH� OHYHOV� RI� LVHQWURSLF� VXUIDFHV� IURP� ���.� WR
���.��7KH�LQGXFHG�JHRSRWHQWLDO�SHUWXUEDWLRQ�SHQHWUDWHV�GHHSHU�WR�����PE��7KH�WHFKQLTXH�RI
&RQWRXU�$GYHFWLRQ�ZLWK�6XUJHU\��D� WHFKQLTXH� WKDW�DOORZV� WR�GLVFULPLQDWH�EHWZHHQ�DGLDEDWLF
DQG� GLDEDWLF� HIIHFWV�� LV� XVHG� WR� UHFDSWXUH� WKH� VKHGGLQJ� HYHQWV�� DQG� FRQILUP� WKDW� WKH� HGG\
VKHGGLQJ� LV� LQGHHG�GXH� WR� WKH�HVVHQWLDOO\� LQYLVFLG�SURFHVV� LGHQWLILHG� LQ� WKH� LGHDOL]HG�VKDOORZ
ZDWHU�PRGHO�
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��'����
3KDVH�VSHHG�WHVW�IRU�QXPHULFDO�PRGHOV�RI�WKH�DWPRVSKHUH
$\UWRQ�=DGUD���*LOEHUW�%UXQHW��DQG�-DFTXHV�'HURPH�
��'HSW�$26��0F*LOO�8QLYHUVLW\���531��05%��(QYLURQPHQW�&DQDGD

:H� SURSRVH� D� FRPSUHKHQVLYH� WHVW� WR� HYDOXDWH� WKH� G\QDPLFDO� FRUH� RI� JOREDO� DWPRVSKHULF
QXPHULFDO�PRGHOV��:H�H[SHFW�WKH�UHVXOWV�RI�WKLV�WHVW�WR�EH�D�TXDQWLWDWLYH�PHDVXUH�RI�SRVVLEOH
GHILFLHQFLHV� LQ� WKH�PRGHO�G\QDPLFV��ZLWK�D� YLHZ� IRU� IXUWKHU�PRGHO�GHYHORSPHQW�� 7KH� WHVW� LV
VSHFLDOO\� GHVLJQHG� WR� DVVHVV� WKH� QHDU�HTXLOLEULXP� G\QDPLFV�� DVVXPLQJ� WKDW� D� JRRG
SHUIRUPDQFH�LQ�TXDVL�OLQHDU�UHJLPHV�LV�D�QHFHVVDU\�TXDOLW\�RI�WKH�IXOO\�QRQOLQHDU�V\VWHP�

)URP�WKH�PRGHO�WR�EH�WHVWHG��ZH�WDNH�WKH�RXWSXW�RI�D�FORVH�WR�OLQHDU�UXQ��7KH�G\QDPLF�ILHOGV
DUH� LQWHUSRODWHG� LQWR� LVHQWURSLF� FRRUGLQDWHV� DQG� GHFRPSRVHG� LQ� D� ]RQDOO\� V\PPHWULF� EDVLF
VWDWH� SOXV� SHUWXUEDWLRQV�� 7KHVH� SHUWXUEDWLRQV� DUH� H[SDQGHG� LQ� WHUPV� RI� D� VXLWDEOH� VHW� RI
RVFLOODWLQJ� QRUPDO� PRGHV�� :H� XVH� FRQVHUYHG� ZDYH� DFWLYLWLHV�� WKH� SVHXGR�HQHUJ\� DQG� WKH
SVHXGR�PRPHQWXP�DFFRUGLQJ�WR�WKH�SULPLWLYH�HTXDWLRQV��WR�HPSLULFDOO\�FRQVWUXFW�WKH�QRUPDO
PRGHV� RI� WKH� V\VWHP� �� WKH� VR� FDOOHG� (PSLULFDO�1RUPDO�0RGHV� �(10V��� 7KH�PRGHO� LV� WKHQ
HYDOXDWHG�DIWHU�D�FRPSDULVRQ�EHWZHHQ�WKH�]RQDO�SKDVH�VSHHG�VSHFWUXP�RI�WKH�PRGHV�ZLWK�D
FRQWURO� VSHFWUXP�� 7KH� REVHUYHG� VSHFWUXP� LV� VLPSO\� REWDLQHG� IURP� D� )RXULHU� DQDO\VLV� RI
SULQFLSDO� FRPSRQHQWV�� ZKHUHDV� WKH� FRQWURO� RU� WKHRUHWLFDO� VSHFWUXP� LV� GHWHUPLQHG� E\� UDWLRV
EHWZHHQ�WKH�SVHXGR�HQHUJ\�DQG�WKH�SVHXGR�PRPHQWXP�RI�HDFK�PRGH�

$V�D�ILUVW�DSSOLFDWLRQ��ZH�LQWHQG�WR�WHVW�WKH�&DQDGLDQ�*OREDO�(QYLURQPHQWDO�0XOWLVFDOH��*(0�
PRGHO��ZLWK�LWV�G\QDPLFDO�FRUH�LVRODWHG�DFFRUGLQJ�WR�WKH�EHQFKPDUN�FDOFXODWLRQ�SURSRVHG�E\
+HOG�DQG�6XDUH]�
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��'����
&KDQJHV�LQ�DQQXDO�H[WUHPHV�XQGHU�WUDQVLHQW�FOLPDWH�FKDQJH
)UDQFLV�:��=ZLHUV��DQG�6ODYD�.KDULQ�
�&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV��9LFWRULD��%&

7KLV� SDSHU� EULHIO\� GHVFULEHV� FKDQJHV� LQ� WKH� DQQXDO� H[WUHPHV� RI� VXUIDFH� SURSHUWLHV� �VFUHHQ
WHPSHUDWXUH�� SUHFLSLWDWLRQ� DQG� QHDU� VXUIDFH� ZLQG� VSHHG�� XQGHU� WUDQVLHQW� FOLPDWH� FKDQJH� DV
VLPXODWHG� LQ� DQ� HQVHPEOH� RI� �� WUDQVLHQW� FOLPDWH� FKDQJH� VLPXODWLRQV�� 7KH� VLPXODWLRQV� ZHUH
SHUIRUPHG�ZLWK� &&&PD
V� ILUVW� JHQHUDWLRQ� JOREDO� FRXSOHG�PRGHO� DQG� LQFRUSRUDWH� WKH� HIIHFWV� RI
REVHUYHG� DQG� SURMHFWHG� FKDQJHV� LQ� JUHHQKRXVH� JDV� FRQFHQWUDWLRQV� DQG� VXOSKDWH� DHURVRO
GLVWULEXWLRQV��7KH�DQDO\VLV� LV�SHUIRUPHG�E\�FRPSDULQJ�H[WUHPHV�VLPXODWHG�E\� WKH�PRGHO� LQ�D����
\HDU�ZLQGRZ�UHSUHVHQWDWLYH�RI�WKH�SUHVHQW�������������ZLWK�WKRVH�VLPXODWHG�DW�WKH�WLPH�RI�&2�
GRXEOLQJ�UHODWLYH�WR�WKH�SUHVHQW� �DSSUR[LPDWHO\������������DQG�WULSOLQJ� �������������$� OLPLWHG
FRPSDULVRQ�ZLWK�&DQDGLDQ�REVHUYDWLRQV�DQG�UHDQDO\VLV�GDWD�LV�DOVR�GHVFULEHG�

��'����
7UHQGV�LQ�&DQDGLDQ�([WUHPH�3UHFLSLWDWLRQ�(YHQWV
'DLWKL�6WRQH��DQG�$QGUHZ�:HDYHU�
�6FKRRO�RI�(DUWK�DQG�2FHDQ�6FLHQFHV��8QLYHUVLW\�RI�9LFWRULD

3HUKDSV�WKH�PRVW�VLJQLILFDQW�LPSDFWV�RI�SUHFLSLWDWLRQ�YDULDWLRQV�RFFXU�WKURXJK�FKDQJHV�LQ�WKH
IUHTXHQF\�DQG�LQWHQVLW\�RI�H[WUHPH�HYHQWV��3K\VLFDO�DUJXPHQWV�DQG�FOLPDWH�PRGHO�VLPXODWLRQV
ERWK�VXJJHVW�WKDW�DV�WKH�ZRUOG�ZDUPV��LQ�UHVSRQVH� WR� LQFUHDVLQJ�DQWKURSRJHQLF�JUHHQKRXVH
JDVHV�� WKH� K\GURORJLFO� F\FOH� VKRXOG� LQFUHDVH� LQ� LQWHQVLW\� DQG� YDULDELOLW\�� HVSHFLDOO\� DW� KLJK
ODWLWXGHV�� $V� VXFK�� LW� LV� LPSRUWDQW� WR� GHWHUPLQH� ZKHWKHU� RU� QRW� WKH� UHFHQW�� DQG� KLJKO\
SXEOLFL]HG��H[WUHPH�SUHFLSLWDWLRQ�HYHQWV�DUH�UDQGRP��RU�SDUW�RI�D�WHQGHQF\�WRZDUGV�LQFUHDVHG
IUHTXHQF\�RI�RFFXUUHQFH�

$Q� LPSURYHG� &DQDGLDQ� GDLO\� SUHFLSLWDWLRQ� GDWD� VHW�� ZLWK� FRUUHFWLRQV� PDGH� IRU� FKDQJLQJ
REVHUYDWLRQDO�ELDVHV�� LV�DQDO\VHG�IRU�FKDQJHV�LQ�H[WUHPH�HYHQWV��7KLV�GDWD�VHW�ZDV�REWDLQHG
IURP� WKH� &OLPDWH� 0RQLWRULQJ� DQG� 'DWD� ,QWHUSUHWDWLRQ� 'LYLVLRQ� RI� WKH� $WPRVSKHULF
(QYLURQPHQW�6HUYLFH��'XH�WR�WKH�DPELJXLW\�RI�GHILQLQJ�DQ��H[WUHPH��HYHQW��PDQ\�FULWHULD�DUH
HPSOR\HG��7KXV�WKH�GDWD�VHW�LV�DQDO\VHG�IRU�WUHQGV�LQ�WKH�XSSHU�TXDQWLOH�HYHQWV��WKH�YDULDQFH�
WKH� *DPPD� GLVWUXEXWLRQ� SDUDPHWHUV�� WKH� H[WUHPH� YDOXH� GLVWULEXWLRQ� SDUDPHWHUV�� DQG� WKH
UHWXUQ�SHULRGV��$�YHUVLRQ�RI�WKH�GDWD�ZLWK�WKH�VHDVRQDO�F\FOH�VXEWUDFWHG��DV�ZHOO�DV�GDWD� IRU
LQGLYLGXDO� VHDVRQV�� DUH� DOVR� H[DPLQHG� LQ� RUGHU� WR� EHWWHU� XQGHUVWDQG� WKH� QDWXUH� RI� WKH
REVHUYHG�FKDQJHV�
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��'����
$OSLQH�OHYHO�VQRZFRYHU�LQ�:HVWHUQ�1HZIRXQGODQG�GXULQJ�WKH�ODWH���WK�&HQWXU\
&KULVWLDQ�0DUWLQ���&ROLQ�(��%DQILHOG��DQG�-RKQ�'��-DFREV�
�0HPRULDO�8QLYHUVLW\�RI�1HZIRXQGODQG

:HVWHUQ�1HZIRXQGODQG� KDV� JRQH� WKURXJK� VHYHUDO� HSRFKV� RI� VLJQLILFDQWO\� GLIIHUHQW� PHDQ� ZLQWHU
WHPSHUDWXUHV�RYHU�WKH�SDVW�FHQWXU\��7KH�SHULRG�����������KDG�FROGHU�DQG�VQRZLHU�ZLQWHUV�WKDQ
PLG�FHQWXU\�RQHV��ZKLOH� VXEVHTXHQW�ZLQWHUV� KDYH� EHHQ�ZDUPHU�� ,Q� WKH�$OSLQH� UHJLRQ�RI�ZHVWHUQ
1HZIRXQGODQG�� WKH�DPRXQW�RI�ZLQWHU�VSULQJ�VQRZFRYHU�DQG�GXUDWLRQ�RI� ODWH�O\LQJ�VQRZEHGV�KDV
LPSRUWDQW� LPSOLFDWLRQV� IRU� WKH� ORFDO� K\GURORJ\�DQG�HFRORJ\�� )XUWKHUPRUH�� WKHUH� LV� OLNHO\� WR� EH� D
FORVH�UHODWLRQVKLS�EHWZHHQ�ZLQWHU�WHPSHUDWXUHV�DQG�ZLQWHU�VQRZIDOO�DW�GLIIHUHQW�HOHYDWLRQV�

7KHUH�KDV�EHHQ�OLPLWHG�UHVHDUFK�RQ�VQRZ�FRQGLWLRQV�DW�KLJKHU�HOHYDWLRQV�LQ�WKLV�UHJLRQ��'DWD�IURP
QHDUE\�UHJLRQDO�V\QRSWLF�VWDWLRQV��ORFDO�FOLPDWH�VWDWLRQV��DQG�DXWRVWDWLRQV�RQ�WKH�%LJ�OHYHO�3ODWHDX
RI�*URV�0RUQH�1DWLRQDO�3DUN�ZLOO�EH�XVHG�DV�D�EDVLV�IRU�HVWLPDWLQJ�WKH�FOLPDWLF�FRQGLWLRQV�DW�WKH
DOSLQH� OHYHO� VLQFH� WKH� ����V�� ,Q� SDUWLFXODU�� WKH� UDQJH� RI� VQRZFRYHU� FRQGLWLRQV� DVVRFLDWHG� ZLWK
QHDU�QRUPDO�DV�RSSRVHG�WR�PRUH�H[WUHPH�ZLQWHUV�ZLOO�EH�LOOXVWUDWHG��7KLV�ZLOO�UHTXLUH�FRQVLGHUDWLRQ
RI� WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� ZLQWHU� WHPSHUDWXUH� VHULHV� DQG� WKH� VQRZIDOO� DQG� VQRZFRYHU
FRQGLWLRQV�RYHU�WKH�DUHD�

��'����
&RPSDULVRQV�RI�JOREDO�ZDUPLQJ�GXH�WR�ULVLQJ�&2��VLPXODWHG�E\�FOLPDWH�PRGHOV
,DQ�:DWWHUVRQ�
�&6,52�$WPRVSKHULF�5HVHDUFK

7KUHH� VLPSOH� DQDO\VHV� GHYHORSHG� DW� &6,52� DUH� XVHG� WR� FRPSDUH� WUDQVLHQW� JOREDO� ZDUPLQJ
VLPXODWHG�E\�FRXSOHG�RFHDQ�DWPRVSKHUH�PRGHOV�IURP�&6,52��&&&PD��DQG�RWKHU�FHQWUHV�

)LUVWO\��QRQ�GLPHQVLRQDO�VNLOO�PHDVXUHV�DUH�XVHG� WR�TXDQWLI\� ORFDO�DQG�JOREDO�PHDQ�HUURUV� LQ� WKH
VLPXODWHG� SUHVHQW� FOLPDWH� RYHU� D� UDQJH� RI� FOLPDWRORJLFDO� TXDQWLWLHV�� $� FRQYHQLHQW� JUDSKLFDO
GLVSOD\�LV�SUHVHQWHG�

$� VLPSOH� HQHUJ\� EDODQFH�PRGHO� LV� XVHG� WR� DVVHVV� WUDQVLHQW� JOREDO� ZDUPLQJ� UDWHV�� )URP� HQHUJ\
LQSXW�DQG�VXUIDFH�WHPSHUDWXUH�WLPH�VHULHV��HIIHFWLYH�FOLPDWH�VHQVLWLYLW\�DQG�RFHDQ�GHSWK� IXQFWLRQV
DUH�HYDOXDWHG��5HVXOWV�IURP�WKH�GLIIHUHQW�PRGHOV�DUH�FRQWUDVWHG�

)LQDOO\��D�VLPSOH� UHJLRQDO� IHHGEDFN�DQDO\VLV� LV�SHUIRUPHG� WR�GLDJQRVH�FDXVHV�RI�GLIIHULQJ�JOREDO
VHQVLWLYLW\�� 7KH� HIIHFW� RI� FKDQJHV� LQ� RFHDQLF�PHULGLRQDO� KHDW� WUDQVSRUW� RQ� WKH� UHJLRQDO�ZDUPLQJ
UDWHV�LV�FRQVLGHUHG�
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6HVVLRQ���$��
3OpQLqUH���3OHQDU\

3UpYLVLRQ
(QYLURQQHPHQWDOH�9

(QYLURQPHQWDO
3UHGLFWLRQ�9

0HUFUHGL���MXLQ
:HGQHVGD\��-XQH��

��K�������K��

6DOOH���5RRP
0DULH�*pULQ�/DMRLH

��$����
)25(7(//���,QWHJUDWHG�5RDG�DQG�:HDWKHU�,QIRUPDWLRQ�6HUYLFHV�$FURVV�1RUWK�$PHULFD
3HWHU�'DYLHV��DQG�2PDU�&KRXGKU\�
�&DVWOH�5RFN�&RQVXOWDQWV

:HDWKHU�KDV�DQ�HQRUPRXV�HIIHFW�RQ�WUDYHO�DQG�URDG�FRQGLWLRQV��'ULIWLQJ�VQRZ��LFH��IRJ��DQG
JXVW\�ZLQGV�DUH�VRPH�RI�WKH�ZHDWKHU�HYHQWV�WKDW�FRQWULEXWH�WR�WKH�GHDWKV�RI�PRUH�WKDQ�����
8�6�� DQG� &DQDGLDQ� KLJKZD\� XVHUV� HYHU\� ZLQWHU�� $GYHUVH� FRQGLWLRQV� FXW� VXUIDFH� IULFWLRQ�
LPSDFW�KLJKZD\�FDSDFLWLHV�DQG�UHGXFH�DFFHVVLELOLW\��GDPDJLQJ�LQGXVWU\�DQG�UXUDO�HFRQRPLHV
DOLNH��2YHU� ��� ELOOLRQ� 86� LV� VSHQW� RQ� VQRZ� DQG� LFH� FRQWURO� HDFK� \HDU� LQ� 1RUWK� $PHULFD�
'HVSLWH� WKLV�� HVWLPDWHV� LQGLFDWH� WKDW� EHWZHHQ� ��� DQG� ��� SHUFHQW� RI� LQWHU�XUEDQ� LQFLGHQWV
RFFXU� GXULQJ� DGYHUVH� ZHDWKHU� FRQGLWLRQV�� DFFLGHQWV� LQFUHDVH� GXULQJ� DGYHUVH� ZHDWKHU� E\
IDFWRUV�RI�EHWZHHQ� WZR�DQG� ILYH��DQG�8�6�� LQMXU\�DFFLGHQWV�DORQH�H[FHHG���������DQQXDOO\
GXH�WR�DGYHUVH�URDG�FRQGLWLRQV�

7R�KHOS�DGGUHVV�WKHVH�GLIILFXOWLHV��YDULRXV�DJHQFLHV�ZLWKLQ�WKH�8�6��DQG�&DQDGD�DUH�FXUUHQWO\
ZRUNLQJ�WRJHWKHU�LQ�WKH�)25(7(//�WP��SURMHFW�WR�GHYHORS�DQ�LQWHJUDWHG�VWUDWHJ\�IRU�SURYLGLQJ
GHWDLOHG��XS�WR�WKH�PLQXWH�ZHDWKHU�LQIRUPDWLRQ�GLVVHPLQDWLRQ�VHUYLFHV��+RZHYHU��WKHVH�HIIRUWV
ZLOO� QRW� VROHO\� FRQFHUQ� ZLQWHU� ZHDWKHU� FRQGLWLRQV� LQIRUPDWLRQ�� DQG� ZLOO� QRW� WDUJHW� VXUIDFH
WUDQVSRUWDWLRQ�DORQH��,Q�DGGLWLRQ�WR�SURYLGLQJ�LQIRUPDWLRQ�WR�WUDYHOHUV��LQGXVWU\��DQG�DJHQFLHV
FKDUJHG� ZLWK� WUDQVSRUWDWLRQ� LQIUDVWUXFWXUH� PDLQWHQDQFH�� LW� LV� HQYLVLRQHG� WKDW� OLQNV� FDQ� EH
IRUJHG�ZLWK�WKH�UDLOURDG��DHURQDXWLFDO�DQG�ZDWHUZD\V�VHFWRUV��%H\RQG�WUDQVSRUWDWLRQ�HYHQ��LV
LW�KRSHG�WKDW�E\�SURJUHVVLYH�GLYHUVLILFDWLRQ�LW�ZLOO�EH�SRVVLEOH�WR�PHHW�WKH�URXWLQH�DQG�GLVDVWHU
QHHGV�RI�IDUPHUV��HPHUJHQF\�PDQDJHPHQW�DJHQFLHV��IORRG�FRQWURO�GLVWULFWV��DQG�PDQ\�RWKHUV�

7KH� )25(7(//�WP�� SURMHFW� GLVVHPLQDWHV� LQIRUPDWLRQ� WR� DOO� W\SHV� RI� XVHUV� XVLQJ� WKH� PRVW
FRPPRQ�DQG�IOH[LEOH�PHWKRGV�LQ�RUGHU�WR�PD[LPL]H�WKH�XVHIXOQHVV�DQG�WLPHOLQHVV�RI�URDG�DQG
ZHDWKHU�FRQGLWLRQ� LQIRUPDWLRQ��6XUIDFH� WUDQVSRUWDWLRQ�DJHQFLHV�FDQ�XVH� WKLV� LQIRUPDWLRQ� IRU
WUDIILF�FRQWURO��ZLWKLQ�WUDIILF�PDQDJHPHQW�FHQWHUV�DQG�WR�DVVLVW�LQ�URDG�PDLQWHQDQFH�DFWLYLWLHV�
&RPPHUFLDO�YHKLFOH�RSHUDWRUV�ZLOO�EH�DEOH�WR�PDNH�GHFLVLRQV�UHJDUGLQJ�YHKLFOH�URXWLQJ�DQG
VFKHGXOHV� EDVHG� RQ� WKH� PRVW� XS�WR�GDWH� URDG� DQG� ZHDWKHU� FRQGLWLRQ� LQIRUPDWLRQ�� 2WKHU
WUDQVSRUWDWLRQ�XVHUV�ZLOO�EH�FDSDEOH�RI�PDNLQJ�PRUH�LQIRUPHG�GHFLVLRQV�UHJDUGLQJ�ZKHWKHU�WR
WUDYHO�DQG�WKH�FRQGLWLRQV�WKH\�ZLOO�IDFH�

7KHUH�LV�D�FOHDU�QHHG�IRU�LPSURYHG�VXSSRUW�WR�WKH�VXUIDFH�WUDQVSRUWDWLRQ�FRPPXQLW\�IRU�URDG
DQG�ZHDWKHU�FRQGLWLRQ� LQIRUPDWLRQ��7KLV� LQIRUPDWLRQ�FDQ� OHDG�WR�VDYLQJ� OLYHV�RQ�RXU� URDGV�
LPSURYHG�HFRQRPLF�YLWDOLW\�� LQFUHDVHG�HIILFLHQF\��EHWWHU�PRELOLW\�DQG�HQYLURQPHQWDO�EHQHILWV�
7KHVH�DUH�WKH�FRUH�JRDOV�RI�)25(7(//�WP��

��$����
&OLPDWH�SUHGLFWLRQ�DQG�SUHGLFWDELOLW\�IURP�VHDVRQV�WR�FHQWXULHV
*HRUJH�-��%RHU�
�&DQDGLDQ� &HQWUH� IRU� &OLPDWH� 0RGHOOLQJ� DQG� $QDO\VLV�� $WPRVSKHULF� (QYLURQPHQW� 6HUYLFH�
8QLYHUVLW\�RI�9LFWRULD

&OLPDWH� SUHGLFWLRQ� FLUFXPYHQWV� WKH� WZR�ZHHN� �SUHGLFWDELOLW\� OLPLW�� E\� WUDGLQJ� GHWHUPLQLVWLF
IRUHFDVWV�RI�D�TXDQWLW\� IRU� IRUHFDVWV� RI� VRPH� VWDWLVWLF� RI� WKDW� TXDQWLW\��'HVSLWH� WKH� VWDWLVWLFDO
QDWXUH�RI�WKH�UHVXOW�� WKH�DSSURDFK�LV�EDVHG�RQ�WKH�SK\VLFDO�SULQFLSOHV�JRYHUQLQJ�WKH�FOLPDWH
V\VWHP� DV� HPERGLHG�� IRU� LQVWDQFH�� LQ� PRGHUQ� *&0V�� %RWK� GLDJQRVWLF� DQG� SURJQRVWLF
DSSURDFKHV� DUH� HPSOR\HG� WR� LQYHVWLJDWH� FOLPDWH� SUHGLFWLRQ� DQG� SUHGLFWDELOLW\� XVLQJ� WKH
&&&PD� DWPRVSKHULF� DQG� FRXSOHG� PRGHOV�� 3UHGLFWDELOLW\� PD\� EH� HPERGLHG� LQ� LQLWLDO
FRQGLWLRQV��ERXQGDU\�FRQGLWLRQV�� LQWHUQDO�PRGHV��DQG� LQ� WKH�H[WHUQDO� IRUFLQJ�RI� WKH� V\VWHP�
3UHGLFWLRQ� DQG� SUHGLFWDELOLW\� RQ� WLPHVFDOHV� IURP� VHDVRQV� WR� FHQWXULHV� LV� GLVFXVVHG�� ,Q� PRVW
FDVHV�ERWK��KLQGFDVW��DQG��IRUHFDVW��LQIRUPDWLRQ�LV�DYDLODEOH�
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��%����
$�QHZ�PRGHO�IRU�URDG�FRQGLWLRQ�IRUHFDVW�LQ�&DQDGD
/RXLV�3KLOLSSH�&UHYLHU���<YHV�'HODJH���3DXO�'HODQQR\���6WDQ�6LRN��DQG�%UXQR�3UHPRQW�
�$WPRVSKHULF�(QYLURQPHQW�6HUYLFH���5HFKHUFKH�HQ�SUHYLVLRQ�QXPHULTXH��531����(QYLURQPHQW
&DQDGD���2WWDZD�5HJLRQDO�&HQWUH

$� URDG�FRQGLWLRQ� IRUHFDVW�PRGHO� LV�XQGHU�GHYHORSPHQW�DW�531��7KH�PRGHO�ZLOO�EH�XVHG� WR
IRUHFDVW� URDG� VXUIDFH� WHPSHUDWXUHV� DQG� SURYLGH� DGYDQFH� LFLQJ� ZDUQLQJ� IRU� VSHFLILF
LQVWUXPHQWHG� URDGVLGH� VWDWLRQV�� 6HQVRUV� DW� HDFK� VLWH� FROOHFW� GDWD� IRU� URDG� VXUIDFH
WHPSHUDWXUH�� URDG� WHPSHUDWXUH� ���� FP� GHSWK��� ZLQG� VSHHG�� GHZ� SRLQW� WHPSHUDWXUH� DQG
SDYHPHQW�FRQGLWLRQ�

5RDG�VXUIDFH�WHPSHUDWXUH�SUHGLFWLRQ�LV�DFKLHYHG�WKURXJK�FRPSXWDWLRQ�RI�WKH�VXUIDFH�HQHUJ\
EDODQFH�� )RUHFDVWHG� GRZQZDUG� UDGLDWLYH� IOX[HV�� SUHFLSLWDWLRQ� DQG� QHDU�VXUIDFH� DLU
WHPSHUDWXUH��KXPLGLW\�DQG�ZLQG�VSHHG�DUH�H[WUDFWHG�IURP�&0&
V�UHJLRQDO�*(0�PRGHO��7LPH
VHULHV�RI� WKHVH� YDULDEOHV�DUH�REWDLQHG� IRU� WKH�JULG�SRLQW� FORVHVW� WR� WKH� IRUHFDVW� VWDWLRQ� DQG
XVHG� WR� IRUFH� WKH�JURXQG�KHDW� FRQGXFWLRQ�PRGHO�� ,Q� WKLV�PRGHO�� URDG� KHDW� FDSDFLWLHV� DQG
FRQGXFWLYLWLHV� DUH� GHWHUPLQHG� IRU� HDFK� VLWH� IURP� URDG� VWUXFWXUH� DQG� WHPSHUDWXUH� UHFRUGV�
5HVROXWLRQ�LV�W\SLFDOO\���FP�QHDU�WKH�VXUIDFH�DQG�VORZO\�GHJUDGHV�ZLWK�GHSWK��'DWD�IURP�WKH
URDGVLGH�VWDWLRQ� LV�XVHG� WR� LQLWLDOL]H� WKH�JURXQG� WHPSHUDWXUH�SURILOH� IRU� WKH�KHDW�FRQGXFWLRQ
PRGHO��5RDG�FRQGLWLRQV�DUH�GHWHUPLQHG�WKURXJK�D�FRPELQDWLRQ�RI� IRUHFDVWHG�DLU�YDULDEOHV��
SUHFLSLWDWLRQ��KXPLGLW\��HWF���DQG�IRUHFDVWHG�URDG�WHPSHUDWXUH�

3UHOLPLQDU\�UHVXOWV�XVLQJ�GDWD�IRU�WKH�ZLQWHU�RI������VKRZ�WKDW�WKH�URDG�VXUIDFH�WHPSHUDWXUH
IRUHFDVW�LV�KLJKO\�GHSHQGHQW�RQ�WKH�TXDOLW\�RI�WKH�DWPRVSKHULF�IRUHFDVW��6WDWLVWLFDO���026�DQG
8026���SUHGLFWLRQ�RI�DLU�WHPSHUDWXUH�DQG�ZLQG�VSHHG�RU�PHWHRURORJLVW�LQWHUYHQWLRQ�PD\�EH
XVHG�WR�HYDOXDWH�DQG�HYHQWXDOO\�FRUUHFW�WKH�IRUHFDVWHG�DLU�WHPSHUDWXUH��6WDWLVWLFDO�FRUUHFWLRQV
DUH�SULYLOHJHG�LQ�RXU�DSSURDFK�DV�HIIRUWV�DUH�EHLQJ�PDGH�WR�DXWRPDWH�WKH�IRUHFDVWLQJ�SURFHVV
DV�PXFK�DV�SRVVLEOH�

7KLV�WDON�ZLOO�IRFXV�RQ�PRGHO�GHVFULSWLRQ�DQG�DWPRVSKHULF�IOX[�FRUUHFWLRQV��$�UHYLHZ�RI�PRGHO
SHUIRUPDQFH�IRU�ZLQWHU������DQG�VRPH�FDVHV�IURP�ZLQWHU������ZLOO�EH�SUHVHQWHG�

��%����
7KH�'HYHORSPHQW�RI�D�:LQWHU�:HDWKHU� ,QGH[� IRU�%HQFKPDUNLQJ�:LQWHU�5RDG�0DLQWHQDQFH
$FWLYLWLHV�LQ�&DQDGD
-LDQ]KRQJ�/L���%ULDQ�0LOOV��DQG�-HDQ�$QGUH\�
�:LOIULG�/DXULHU�8QLYHUVLW\���(QYLURQPHQW�&DQDGD���8QLYHUVLW\�RI�:DWHUORR

&DQDGD�LV�RQH�RI�WKH�VQRZLHVW�FRXQWULHV�LQ�WKH�ZRUOG��DQG�ZLQWHU�URDG�PDLQWHQDQFH�DFWLYLWLHV
FRVW�LQ�WKH�RUGHU�RI�D�ELOOLRQ�GROODUV�D�\HDU��7KHVH�DFWLYLWLHV�YDU\�FRQVLGHUDEO\�RYHU�ERWK�VSDFH
DQG�WLPH��SDUWO\�GXH�WR�GLIIHUHQFHV�LQ�ZLQWHU�ZHDWKHU��EXW�DOVR�EHFDXVH�RI�GLIIHUHQFHV�LQ�URDG
DQG�WUDIILF�PL[��WHUUDLQ�DQG�RWKHU�IDFWRUV��7KH�FXUUHQW�SURMHFW�H[SORUHV�WKH�DVVRFLDWLRQ�EHWZHHQ
ZLQWHU�URDG�PDLQWHQDQFH�DFWLYLWLHV�DQG�ZLQWHU�ZHDWKHU��7KH�REMHFWLYH� LV� WR�GHYHORS�D�ZLQWHU
ZHDWKHU� LQGH[� WKDW� LV� VHQVLWLYH� WR� VDOW� XVH� RQ� 3URYLQFLDO� KLJKZD\V� LQ�2QWDULR�� $V� D� VWDUWLQJ
SRLQW�� WKUHH� ZLQWHU� ZHDWKHU� LQGLFHV� WKDW� ZHUH� UHSRUWHG� LQ� WKH� OLWHUDWXUH� ZHUH� DSSOLHG� WR
2QWDULR� GDWD�� 0RQWKO\� LQGH[� YDOXHV� ZHUH� WKHQ� FRUUHODWHG� ZLWK� PRQWKO\� VDOW� XVH�� RQ� D
PDLQWHQDQFH� GLVWULFW� OHYHO�� 2QH� RI� WKHVH� LQGLFHV� ZDV� WKHQ� PRGLILHG� WR� EHWWHU� UHIOHFW� WKH
2QWDULR� VLWXDWLRQ� DQG� WR� LPSURYH� PRGHO� ILW�� 5RDG� LQIRUPDWLRQ� ZDV� DOVR� FRQVLGHUHG�� 7KH
UHVXOWDQW�U�VTXDUHG�YDOXHV�DUH�W\SLFDOO\�����3RWHQWLDO�XVHV�RI�WKH�ZLQWHU�ZHDWKHU�LQGH[�DUH�WKHQ
GLVFXVVHG�
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��%����
0RLVWXUH�DQG�0LG�/DWLWXGH�:LQWHU�&\FORQHV
6WHYHQ�/DPEHUW�
�&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV

6HYHUDO� WKHRUHWLFDO�� REVHUYDWLRQ�EDVHG�� DQG� PRGHOOLQJ� VWXGLHV� VXJJHVW� WKDW� PRLVWXUH� LV� DQ
LPSRUWDQW�IDFWRU�LQ�WKH�SURGXFWLRQ�RI�LQWHQVH�PLG�ODWLWXGH�F\FORQHV�

7KH� LPSRUWDQFH� RI� PRLVWXUH� LV� VKRZQ� E\� H[DPLQJ� WKH� PRLVWXUH� GLVWULEXWLRQ� LQ� LQGLYLGXDO
F\FORQHV��,Q�DGGLWLRQ��WKH�1&(3�5HDQDO\VHV�DUH�XVHG�WR�FRPSXWH�WKH�YHUWLFDO�PRWLRQ�LQGXFHG
E\� ODWHQW� KHDW� UHOHDVH�� 7KLV� YHUWLFDO� PRWLRQ� LV� QRUPDOL]HG� E\� WKH� WRWDO� YHUWLFDO� PRWLRQ� WR
LQGLFDWH�WKH�UHODWLYH�LPSRUWDQFH�RI�WKH�ODWHQW�KHDW�UHOHDVH�

��%����
5HDO�7LPH�6WDWLVWLFDO�*URXQG�/HYHO�2]RQH�3UHGLFWLRQV
:LOOLDP�%XUURZV��DQG�-DFTXHV�0RQWSHWLW�
�$WPRVSKHULF� (QYLURQPHQW� 6HUYLFH�� 0HWHRURORJLFDO� 5HVHDUFK� %UDQFK�� 'LYLVLRQ� GH� OD
5HFKHUFKH�HQ�3UHYLVLRQ�1XPHULTXH

5HDO�WLPH� RSHUDWLRQDO� IRUHFDVWV� EHJDQ� LQ� -XO\�� ����� IRU� VHYHQ� VLWHV� LQ� VRXWKHDVWHUQ� 1HZ
%UXQVZLFN��7KH�OLVW�RI�VLWHV�KDV�VLQFH�H[SDQGHG�WR�PRUH�WKDQ������DQG�QRZ�FRYHUV�WKH�$WODQWLF
3URYLQFHV��4XHEHF��2QWDULR��WKH�SUDLULH�SURYLQFHV��DQG�%ULWLVK�&ROXPELD��7KHUH�DUH�PXOWLSOH
VLWHV�LQ�PDMRU�XUEDQ�DUHDV��,VVXH�WLPHV�DUH������87&�DQG������87&�GDLO\��ZLWK�IRUHFDVWV�DW
HDFK���KRXU�LQWHUYDO�IURP������KRXUV�LQ�WKH�IXWXUH�DW�ERWK�LVVXH�WLPHV��7KUHH�SUHGLFWDQGV�DUH
IRUHFDVW������PD[LPXP�R]RQH������PD[LPXP���KRXU�UXQQLQJ�DYHUDJH�R]RQH��DQG�����DYHUDJH
R]RQH��)RUHFDVWV�DUH�XSGDWHG�DW�D�ZHEVLWH�DQG�DOVR�WUDQVIHUUHG�WR�LQWHUHVWHG�ZHDWKHU�RIILFHV�
6WDWLVWLFDO�PRGHOV�ZHUH�EXLOW�ZLWK�&$1),6��D�PRGHUQ�GDWD�PLQLQJ�DQG�PRGHOOLQJ� WHFKQLTXH
�%XUURZV�HW�DO���������:DOPVOH\�DW�DO���������)DXFKHU�DW�DO���������7KH�&$1),6�SURFHGXUH
FRPELQHV� WKH�VWUHQJWKV�RI� WZR�PRGHUQ�GDWD�PLQLQJ�PHWKRGV��&ODVVLILFDWLRQ�DQG�5HJUHVVLRQ
7UHHV� �&$57�� �%ULHPDQ� HW� DO��� ������ DQG� WKH� 1HXUR�)X]]\� ,QIHUHQFH� 6\VWHP� �1),6�� �&KLX�
������

)RUHFDVWV�DW�&0&�IRU�HDFK�VLWH�DQG�SUHGLFWDQG�DUH�PDGH�ZLWK�*(0�RXWSXW�XVLQJ�VWDWLVWLFDO
PRGHOV�GHULYHG�IURP�D�OHDUQLQJ�GDWD�EDVH�RI�KRXUO\�REVHUYDWLRQV�RI�WKH�SUHGLFWDQG�PDWFKHG
ZLWK�SUHGLFWRUV��2]RQH�REVHUYDWLRQV�ZHUH�DYDLODEOH�IRU������\HDUV�RU�PRUH�DW�DOO�VLWHV��7KHUH
DUH�����SRWHQWLDO�SUHGLFWRUV�DW�HDFK�RI�IRXU�WLPHV�GDLO\�������87&�������87&�������87&�
�����87&��� EXW� WKH� QXPEHU� DFWXDOO\� XVHG� LQ� HDFK�PRGHO� GRHV� QRW� H[FHHG� ���� 7KHUH� DUH
VHYHUDO� KXQGUHG� SUHGLFWRUV� FRYHULQJ�PHWHRURORJ\� DQG� FKHPLFDO� HPLVVLRQV� DW� ��KU� LQWHUYDOV
IURP���KU�WR����KU�DORQJ�EDFN�WUDMHFWRULHV�DW�����K3D�IURP�HDFK�VLWH��0HWHRURORJ\�SUHGLFWRUV
DUH��WHPSHUDWXUH��ZHW�EXOE�SRWHQWLDO�WHPSHUDWXUH��UHODWLYH�KXPLGLW\��JHRSRWHQWLDO�KHLJKW��ZLQG
GLUHFWLRQ� IURP�VXUIDFH� WR�����K3D��SUHFLSLWDWLRQ�RFFXUUHQFH��PL[LQJ� OD\HU�GHSWK��FRQYHFWLYH
VWDELOLW\� LQGH[�� ODSVH� UDWH� DQG� GDLO\� PD[LPXP� WHPSHUDWXUH�� (PLVVLRQV� SUHGLFWRUV� DUH�
GLIIXVLRQ�ZHLJKWHG�� ERXQGDU\�OD\HU�ZHLJKWHG� DQG� SUHFLSLWDWLRQ�ZHLJKWHG� HPLVVLRQV� RI�12;�
92&�� 62�� LQ���[��� ODWLWXGH�ORQJLWXGH� VTXDUHV�� DQG� WRWDOV� IRU� ����K�� ����K�� �����K�� ���
��K��7UDMHFWRU\�ORFDWLRQV��ODWLWXGH��ORQJLWXGH��DUH�XVHG�DV�VRXUFH�SUHGLFWRUV��%HVLGHV�WKH���K
SUHGLFWRUV�OLVWHG�DERYH��ORFDO�ZLQG�GLUHFWLRQ�LQ�����VHFWRUV��VHD�EUHH]H�SRWHQWLDO��DQG�WKH
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��%����
7KH�1HZ�&0&�8SGDWHDEOH�0RGHO�2XWSXW�6WDWLVWLFV��8026��)RUHFDVW�6\VWHP
0DUFHO�9DOOpH��DQG�/DZUHQFH�:LOVRQ�
�531

)RU� WKH�SDVW� IHZ� \HDUV��ZH� KDYH�EHHQ�ZRUNLQJ�RQ�D� FRPSOHWH�RYHUKDXO� RI� WKH� RSHUDWLRQDO
VWDWLVWLFDO�LQWHUSUHWDWLRQ�V\VWHP�XVHG�DW�WKH�&DQDGLDQ�0HWHRURORJLFDO�&HQWHU��&0&���:H�KDYH
GHVLJQHG� DQG� LPSOHPHQWHG� DQ� XSGDWHDEOH� 026� V\VWHP� ZKLFK� ZH� H[SHFW� ZLOO� SHUPLW� WKH
ZHDWKHU�HOHPHQW� IRUHFDVWV� WR� UHVSRQG� WR�VWHDGLO\� LQFUHDVLQJ�PRGHO� UHVROXWLRQ��DQG� WR�PDNH
HIIHFWLYH�XVH�RI�KLJK� UHVROXWLRQ�PRGHO�RXWSXW�YDULDEOHV� WKDW�DUH� QRW�REVHUYHG��)XUWKHUPRUH�
WKH�DXWRPDWLF�XSGDWLQJ�IHDWXUH�ZLOO�HQVXUH�WKDW�WKH�ZHDWKHU�HOHPHQW�IRUHFDVWV�DUH�XS�WR�GDWH�
UHIOHFWLQJ�WKH�VNLOO�RI�WKH�ODWHVW�YHUVLRQ�RI�WKH�PRGHO�

8QOLNH� PRUH� VWDQGDUG� VWDWLVWLFDO� GHYHORSPHQW� ZKHUH� D� VXIILFLHQWO\� ODUJH� VDPSOH� RI� GDWD� LV
FROOHFWHG� EHIRUH� HTXDWLRQV� DUH� GHYHORSHG�� WKH� 8026� SURFHGXUH� LQYROYHV� GDLO\� DXWRPDWLF
SUHSDUDWLRQ�RI�WKH�PRVW�UHFHQW�GDWD�IRU�VWDWLVWLFDO�SURFHVVLQJ��(TXDWLRQV�DUH�WKHQ�UHJHQHUDWHG
ZHHNO\�XVLQJ�IRUZDUG�VWHSZLVH�VFUHHQLQJ�IRU�SUHGLFWRU�VHOHFWLRQ��7R�HQVXUH�D�VPRRWK�WUDQVLWLRQ
IURP�D�VLJQLILFDQW�PRGHO�FKDQJH�DQG� IURP�RQH� VHDVRQ� WR�DQRWKHU��ZH� LQFOXGH�D�ZHLJKWLQJ
VFKHPH�ZKLFK�LV�GHVLJQHG�WR�HPSKDVL]H�GDWD�IURP�WKH�QHZ�PRGHO��7KH�EOHQGLQJ�RI�GDWD�IURP
WKH�QHZ�DQG�ROG�PRGHO�HQVXUHV�VWDEOH�VWDWLVWLFDO�UHODWLRQVKLSV�XQWLO�HQRXJK�GDWD�LV�DYDLODEOH
IURP�WKH�ODWHVW�YHUVLRQ�RI�WKH�PRGHO�

7KLV� SUHVHQWDWLRQ� ZLOO� SURYLGH� DQ� RYHUYLHZ� RI� WKH� 8026� V\VWHP� DORQJ� ZLWK� UHVXOWV� IURP
IRUHFDVW� UXQV�RI��P� WHPSHUDWXUH�� 323�DQG� VXUIDFH�ZLQG��&RPSDULVRQV�ZLWK� UHVSHFW� WR� WKH
GLUHFW�PRGHO�RXWSXW�DQG�WKH�H[LVWLQJ�SHUIHFW�SURJ�IRUHFDVWV�ZLOO�EH�VKRZQ�

��%����
/D�WHPSrWH�GH�YHUJODV�GH�MDQYLHU�����
&ODXGH�/HOLqYUH�
�(QYLURPHW�,QWHUQDWLRQDO�,QF�

&HWWH� SUpVHQWDWLRQ� LOOXVWUHUD� OHV� UpVXOWDWV� GH� O
H[DPHQ� GHV� GRFXPHQWV� HW� GRQQpHV
PpWpRURORJLTXHV� VRXPLV� j� OD� &RPPLVVLRQ� VFLHQWLILTXH� HW� WHFKQLTXH� FKDUJpH� G
DQDO\VHU� OHV
pYpQHPHQWV� UHODWLIV� j� OD� WHPSrWH� GH� YHUJODV� VXUYHQXH� GX� �� DX� �� MDQYLHU� ������ 3OXVLHXUV
DVSHFWV�GH�FHWWH�WHPSrWH�GH�YHUJODV�VRUWHQW�GH�O
RUGLQDLUH�HW�VHURQW�GLVFXWpV��/
REVHUYDWLRQ�GX
SKpQRPqQH� VRXIIUH� GH� FHUWDLQV� SUREOqPHV�� /D� SUpYLVLRQ� GH� YHUJODV� HVW� GLIILFLOH� j� UpDOLVHU
SOXVLHXUV�MRXUV�j�O
DYDQFH��/D�FOLPDWRORJLH�GX�YHUJODV�VRXIIUH�GH�FHUWDLQHV�ODFXQHV�

1RWH���XQ� UpVXPp�SOXV�GpWDLOOp�QH�SRXUUD�rWUH� IRXUQL�TX
DSUqV� OD�SDUXWLRQ�GX� UDSSRUW�GH� OD
&RPPLVVLRQ��FH�TXL�GHYUDLW�VH�SURGXLUH�HQ�PDUV������
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��%����
6NLOO�DV�D�IXQFWLRQ�RI� WLPH�VFDOH� LQ�DQ�HQVHPEOH�RI�VHDVRQDO�KLQGFDVWV�SURGXFHG�ZLWK�&&&
*&0�
9LDWFKHVODY�.KDULQ��DQG�)UDQFLV�:��=ZLHUV�
�&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV

7KH�IRUHFDVW�VNLOO�DV�D�IXQFWLRQ�RI�WLPH�DYHUDJLQJ�DQG�WLPH�ODJ�LV�VWXGLHG�LQ�DQ�HQVHPEOH�RI�VL[
���\HDU� VHDVRQDO� LQWHJUDWLRQV� FRQGXFWHG� ZLWK� WKH� VHFRQG� JHQHUDWLRQ� &DQDGLDQ� &OLPDWH
&HQWUH� PRGHO�� $� WHFKQLTXH� WR� LPSURYH� IRUHFDVWV� VWDWLVWLFDOO\� EDVHG� RQ� RUWKRQRUPDO
WUDQVIRUPDWLRQV�RI�IRUHFDVW�ILHOGV�LV�GLVFXVVHG�DQG�HYDOXDWHG�

$� VLPSOLILHG� RQH�GLPHQVLRQDO� OLQHDU� DSSUR[LPDWLRQ� RI� WKH� KLQGFDVW� LQWHJUDWLRQV� LV� XVHG� WR
LQYHVWLJDWH� WKH� EHKDYLRXU� RI� WZR� FRPPRQ� VNLOO� VFRUHV�� FRUUHODWLRQ� VNLOO� VFRUH� DQG� HUURU
YDULDQFH��,W�LV�VKRZQ�WKDW�WKH�WRWDO�VNLOO�LV�D�FRPELQDWLRQ�RI�WZR�WHUPV��RQH�RI�ZKLFK�LV�UHODWHG
WR� WKH� LQIRUPDWLRQ� LQ� WKH� LQLWLDO� FRQGLWLRQV� DQG� WKH� RWKHU� RQH� LV� UHODWHG� WR� WKH� ERXQGDU\
IRUFLQJ�� 7KH� WRWDO� VNLOO� LQ� WKH� LQLWLDO� SHULRG� LV� GRPLQDWHG� E\� WKH� VLJQDO� IURP� WKH� LQLWLDO
FRQGLWLRQV��7KH�DWPRVSKHULF�UHVSRQVH� WR� WKH�ERXQGDU\� IRUFLQJ�EHFRPHV�PRUH�SURPLQHQW�DW
ORQJHU�WLPH�OHDGV�DQG�IRU�ORQJHU�WLPH�DYHUDJHV�

7KH� PD[LPDO� VNLOO� VFRUH� LV� LQYHVWLJDWHG� LQ� WKH� OLQHDU� PRGHO�� DQG� WKH� RSWLPDO� IRUHFDVW�� IRU
ZKLFK�WKH�PD[LPDO�VNLOO�VFRUH�LV�UHDOL]HG��LV�LGHQWLILHG��,W�LV�VKRZQ�WKDW�WKH�RSWLPDO�IRUHFDVW�RI
Q�GD\�DYHUDJHV�LV�REWDLQHG�E\�DYHUDJLQJ�Q�RSWLPDO�IRUHFDVWV�IRU�HYHU\�WLPH�OHDG�LQ�WKH�Q�GD\
SHULRG�� 7KH� 69'� PHWKRG� LV� PRGHUDWHO\� VXFFHVVIXO� LQ� LPSURYLQJ� WKH� VNLOO� RI� PRQWKO\� WR
VHDVRQDO� IRUHFDVWV�RI�=����DQG�7����LQ�WKH�1RUWKHUQ�+HPLVSKHUH�DQG� LQ� WKH�3DFLILF�1RUWK
$PHULFD�UHJLRQ��6NLOO�VFRUHV�RI�VSDWLDOO\�DYHUDJHG�TXDQWLWLHV�PD\�EH�VXEVWDQWLDOO\�ODUJHU�WKDQ
WKH�FRUUHVSRQGLQJ�VNLOO�VFRUHV�RI�ORFDO�IRUHFDVWV�

��%����
0RGHOOLQJ�VXOIDWH�DHURVROV�ZLWK�WKH�&DQDGLDQ�*&0
8OULNH�/RKPDQQ���0DUWLQ�0RQWHUR��DQG�1RUPDQ�$��0F)DUODQH�
�'HSW�� RI� 3K\VLFV�� 'DOKRXVLH� 8QLYHUVLW\�� �&DQDGLDQ� &HQWUH� IRU� &OLPDWH� 0RGHOOLQJ� DQG
$QDO\VLV

$�VXOIXU�F\FOH�ZKLFK�VROYHV�SURJQRVWLF�HTXDWLRQV�IRU�'06��VXOIXU�GLR[LGH�DQG�VXOIDWH�DHURVROV
KDV�EHHQ�LQFRUSRUDWHG�LQWR�WKH�JHQHUDO�FLUFXODWLRQ�PRGHO��*&0��RI�WKH�&DQDGLDQ�&HQWUH�IRU
&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV��$GGLWLRQDOO\�SURJQRVWLF�HTXDWLRQV�IRU�FORXG�ZDWHU�DQG�FORXG
LFH� KDYH� EHHQ� LQWURGXFHG�� 7KH� PDVV� RI� VXOIDWH� DHURVROV� GHWHUPLQHV� WKH� QXPEHU� RI� FORXG
GURSOHWV�DQG��KHQFH�� WKH�HIIHFWLYH� FORXG� GURSOHW� UDGLXV�� 7KXV�� D� FKDQJH� LQ� VXOIXU� HPLVVLRQV
EHWZHHQ�SUH�LQGXVWULDO�DQG�SUHVHQW�GD\�HPLVVLRQV�ZLOO�FKDQJH�FORXG�RSWLFDO�SURSHUWLHV�� ,I�WKH
FORXG� OLTXLG�ZDWHU� FRQWHQW� UHPDLQV� WKH� VDPH�� WKDQ�PRUH� VXOIDWH�DHURVROV�ZLOO� GHFUHDVH� WKH
FORXG� GURSOHW� HIIHFWLYH� UDGLXV�� DQG�PRUH� VXQOLJKW� LV� UHIOHFWHG� EDFN� WR� VSDFH�� 7KH� HIIHFW� RI
ELRPDVV�EXUQLQJ�DHURVROV�LV�LQFOXGHG�E\�XVLQJ�VDWHOOLWH�GDWD�IRU�WKH�$PD]RQ�UHJLRQ��ZKHUH�D
FKDQJH�LQ�DHURVRO�RSWLFDO�GHSWK�LV�HPSLULFDOO\�UHODWHG�WR�D�FKDQJH�LQ�FORXG�GURSOHW�HIIHFWLYH
UDGLXV�� 5HVXOWV� IURP� VLPXODWLRQV� ZLWK� SUHVHQW�GD\� DQG� SUH�LQGXVWULDO� HPLVVLRQV� ZLOO� EH
SUHVHQWHG�GXULQJ�WKH�WDON�
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��%����
&DQDGLDQ�5&0��3UHVHQW�VWDWXV�DQG�LWV�DSSOLFDWLRQV�LQ�FOLPDWH�FKDQJH�UHVHDUFK
'DQLHO�&D\D���6HEDVWLHQ�%LQHU���+pOqQH�&{Wp���$QQH�)ULJRQ���0LFKHO�*LJXHUH���5HQH�/DSULVH�

DQG�'RPLQLTXH�3DTXLQ�
�*URXSH�GH�PRGHOLVDWLRQ�UHJLRQDOH�GX�FOLPDW���84$0

7KH�&DQDGLDQ�5HJLRQDO�&OLPDWH�0RGHO� �&5&0��� LQ�GHYHORSPHQW�DW�84$0�� LV�EDVHG�RQ�D
6,�6/� G\QDPLF� NHUQHO� �LQLWLDOO\� GHYHORSHG� E\� $QGUp� 5REHUW�� DQG� RQ� WKH� SK\VLFDO
SDUDPHWHUL]DWLRQ� SDFNDJH� RI� WKH� &DQDGLDQ�*HQHUDO� &LUFXODWLRQ�0RGHO
V� VHFRQG� DQG� WKLUG
YHUVLRQV� �*&0,,�DQG�*&0,,,��� 7KH�&5&0�LV�EHLQJ�GHYHORSHG� WR�SURGXFH� UHDOLVWLF� UHJLRQDO
FOLPDWH� FKDQJH� VFHQDULRV� RYHU� WKH� &DQDGLDQ� WHUULWRU\�� 6XFK� KLJK� UHVROXWLRQ� VFHQDULRV� DUH
HVVHQWLDO�WR�WKH�HYDOXDWLRQ�RI�VRFLDO�DQG�HFRQRPLF�LPSDFWV�RI�WKH�DQWLFLSDWHG�FOLPDWH�FKDQJH�

5HFHQW�LPSURYHPHQWV�LQ�WKH�PRGHO
V�GHYHORSPHQW�ZLOO�EH�GHVFULEHG��$SSURDFKHV�WR�DGDSW�WKH
*&0
V�FRQYHFWLYH�VFKHPH�WR�WKH�&5&0
V�HQKDQFHG�UHVROXWLRQ�ZLOO�DOVR�EH�DGGUHVVHG�

&ROODERUDWLRQV� DQG� SURMHFWV� ZLWK� UHVHDUFKHUV� PDNLQJ� XVH� RI� WKH� &5&0�ZLOO� EH� SUHVHQWHG�
SURYLGLQJ�DQ�LQVLJKW�LQWR�UHJLRQDO�FOLPDWH�UHVHDUFK�LQ�&DQDGD�DQG�DEURDG��)RU�H[DPSOH��WKH
&5&0�LV�FXUUHQWO\�EHLQJ�XVHG�

�E\� WKH�1RUWKHUQ�$HURVRO�5HJLRQDO�&OLPDWH�0RGHO� �1$5&0�� UHVHDUFK�JURXS� WR�XQGHUVWDQG
DQG�HYDOXDWH� WKH� HIIHFWV� RI� DQWKURSRJHQLF�DHURVROV� RQ� UHJLRQDO� FOLPDWH�� �E\� WKH�&DQDGLDQ
)RUHVW�6HUYLFH�WR�VWXG\�WKH�HIIHFW�RI�FOLPDWH�FKDQJH�RQ�ILUH�SRWHQWLDO�LQ�ERUHDO�IRUHVWV���LQ�WKH
0DFNHQ]LH�*(:(;� 6WXG\� �0$*6��� WR� LPSURYH� WKH� XQGHUVWDQGLQJ� RI� WKH� EDVLQ
V� ZDWHU� DQG
HQHUJ\� F\FOHV� LQ� RUGHU� WR� DVVHVV� WKH� LPSDFW� RI� FOLPDWH� FKDQJH� RQ� WKH� &DQDGLDQ� ZDWHU
UHVRXUFHV���E\�WKH�,QVWLWXWH�RI�*HRJUDSK\�DW�WKH�8QLYHUVLW\�RI�)ULERXUJ��,*8)��WR�HYDOXDWH�WKH
LPSDFW�RI�FOLPDWH�FKDQJH�RQ�WKH�LQWHQVLW\�DQG�IUHTXHQF\�RI�H[WUHPHV��ZLQG��WHPS���SUHFLS���LQ
6ZLW]HUODQG�� �DW� 84$0� WR� VWXG\� UHJLRQDO� K\GURORJLFDO� EXGJHWV� XVLQJ� REVHUYDWLRQV� IURP
K\GUDXOLF� LQIUDVWUXFWXUHV�� �DW� 84$0� WR� VWXG\� WKH� LQIOXHQFH� RI� LFH� FRYHU� GLVWULEXWLRQ� RQ
PHVRVFDOH� FOLPDWH� LQ�1RUWKHDVWHUQ�1RUWK� $PHULFD�� �DW� 84$0� WR� VWXG\� WKH� LQWHUDFWLRQV� RI
DHURVROV�DQG�UDGLDWLRQ�GXULQJ�WKH�.RZHLW�ILUHV���DW�84$0�WR�VWXG\�DHURVRO�GLVSHUVLRQ� LQ�WKH
0H[LFR�DUHD��WDNLQJ�DFFRXQW�RI�WRSRJUDSK\�DQG�WKH�HIIHFW�RI�VORSHV�RQ�VXUIDFH�DEVRUSWLRQ�RI
VRODU�UDGLDWLRQ�

��%����
$�1HZ�5DGLDWLRQ�0RGHO�)RU�&&&�*&0
-LDQJQDQ�/L�
�PHPEHU�RI�&026

)RU� WKH� IXUWKHU� GHYHORSPHQW� RI� &&&� *&0�� D� WRWDOO\� QHZ� UDGLDWLRQL� PRGHO� LV� XQGHU
FRQVWUXFWLRQ�� 7KLV� QHZ� PRGHO� ZLOO� KDYH� IROORZLQJ� IHDWXUHV�� D�� 7KH� FRUUHODWHG�N� GLVWULEXWLRQ
VFKHPH�IRU�JDVHRXV� WUDQVPLWWDQFH� LV�XVHG��E��7KH� ORQJZDYH�FORXG�UHIOHFWLYLW\�ZLOO�EH�H[DFWO\
KDQGOHG�LQ�WKH�QHZ�FRGH��5HFHQW�VWXGLHV�KDYH�VKRZQ�WKDW�FORXG
V�LQIUDUHG�UHIOHFWLYLW\�FDQ�SOD\
DQ� LPSRUWDQW�UROH� LQ� WKH�DWPRVSKHUH��+RZHYHU�� WKH� LQIUDUHG�VFDWWHULQJ�HIIHFW� IRU�FOHDU�VN\� LV
YHU\�ZHDN�DQG�FDQ�EH�QHJOHFWHG��7KH�QHZ�SURSRVHG�UDGLDWLYH�WUDQVIHU�VFKHPH�FDQ�FDUHIXOO\
DYRLG� DQ\� FDOFXODWLRQ� RI� ORQJZDYH� UHIOHFWLRQ� IRU� WKH� FORXG� IUHH� OD\HUV�� 7KH� QHZ� VFKHPH� LV
WKHUHIRUH� YHU\�HIILFLHQW��F�� ,Q� WKH�QHZ�PRGHO�� WKH�FRPSXWLQJ� WLPH� LQFUHDVHV� OLQHDUO\�ZLWK� WKH
QXPEHU� RI� PRGHO� OD\HUV�� ZKHUHDV� LQ� WKH� &&&� *&0�� WKH� FRPSXWLQJ� WLPH� LQFUHDVHV
TXDGUDWLFDOO\�ZLWK� WKH�QXPEHU�RI�PRGHO� OD\HUV��7KLV�PDNHV� LW�SRVVLEOH� WR�UXQ� WKH�QHZ�*&0
ZLWK�YHU\�KLJK�YHUWLFDO�UHVROXWLRQ��ZKLFK�LV�FUXFLDO�IRU�VLPXODWLQJ�DWPRVSKHULF�SKHQRPHQD�OLNH
4%2��7KH�UHVXOWV�IRU�XVLQJ�WKLV�QHZ�PRGHO�LQ�&&&�*&0�LV�VKRZQ�
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��%����
6RFNH\H�VDOPRQ�UHWXUQ�PLJUDWLRQ�DQG�DQ�HFRV\VWHP�2*&0�PRGHO�RI�WKH�1RUWK�3DFLILF
:LOOLDP�+VLHK���.HQQHWK�'HQPDQ��DQG�6XVDQ�+DLJK�
�8QLYHUVLW\�RI�%ULWLVK�&ROXPELD���,QVW��RI�2FHDQ�6FLHQFHV

8QGHU�&DQDGLDQ�*/2%(&��WKH�UHODWLRQ�EHWZHHQ�3DFLILF�VHD�VXUIDFH� WHPSHUDWXUH�DQRPDOLHV
�667$��RYHU�WKH�ZKROH�3DFLILF�QRUWK�RI���6�DQG�WKH�QRUWKHUQ�GLYHUVLRQ�LQ�WKH�PLJUDWLRQ�URXWH
RI�WKH�)UDVHU�5LYHU�VRFNH\H�VDOPRQ��2QFRUK\QFKXV�QHUND��KDV�EHHQ�VWXGLHG��&RPSRVLWHV�RI
667$�GXULQJ� WKH����KLJKHVW�GLYHUVLRQ� \HDUV�DQG���� ORZHVW� GLYHUVLRQ� \HDUV� VKRZHG� WKDW� WKH
KLJK�GLYHUVLRQ�\HDUV�DUH�DVVRFLDWHG�ZLWK�VWURQJHU�667$�WKDQ�WKH� ORZ�GLYHUVLRQ�\HDUV�DW� ORQJ
OHDG� WLPH�� EXW� DW� VKRUW� OHDG� WLPH�� WKH� 667$� LQ� WKH� ORZ� GLYHUVLRQ� \HDUV� DUH� FRPSDUDEOH� LQ
VWUHQJWK� ZLWK� WKRVH� LQ� WKH� KLJK� GLYHUVLRQ� \HDUV�� 7KLV� VXJJHVWV� WKDW� ORZ� GLYHUVLRQV� PD\� EH
SUHGLFWDEOH�IURP�667�GDWD�RQO\�DW�VKRUW�OHDG�WLPH��ZKHUHDV�KLJK�GLYHUVLRQV�FDQ�EH�SUHGLFWHG
DW�PXFK�ORQJHU�OHDG�WLPHV��0DMRU�DV\PPHWU\�EHWZHHQ�WKH�FRPSRVLWHV�IRU�ORZ�GLYHUVLRQ�\HDUV
DQG�WKRVH�IRU�KLJK�GLYHUVLRQ�\HDUV�LPSOLHV�D�QRQOLQHDU�UHODWLRQ�EHWZHHQ�667$�DQG�GLYHUVLRQ�

$� ��FRPSRQHQW� �QLWURJHQ�� SK\WRSODQNWRQ�� ]RRSODQNWRQ� DQG� GHWULWXV�� HFRV\VWHP� PRGHO� KDV
EHHQ�LPEHGGHG�RQWR�D�JHQHUDO�FLUFXODWLRQ�PRGHO�RI�WKH�1RUWK�3DFLILF�2FHDQ��7KH�PRGHO�KDV
EHHQ�IRUFHG�ZLWK�WKH�FOLPDWRORJ\�RI�WKH�SUH������FRQGLWLRQV�DQG�WKH�SRVW������FRQGLWLRQV�WR
H[DPLQH�WKH�HIIHFWV�RI�WKH������FOLPDWH�UHJLPH�VKLIW�

��%����
7KH�&&&PD�WKLUG�JHQHUDWLRQ�$*&0��*&0,,,�
1RUPDQ�$��0F)DUODQH���0LFKHDO�/D]DUH��DQG�5LFKDUG�+DUYH\�
�&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV���$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

7KH� WKLUG�JHQHUDWLRQ� DWPRVSKHULF� JHQHUDO� FLUFXODWLRQ� PRGHO� �*&0,,,�� RI� WKH� &DQDGLDQ
&HQWUH� IRU� &OLPDWH� 0RGHOOLQJ� DQG� $QDO\VLV� �&&&PD�� KDV� UHFHQWO\� EHHQ� IUR]HQ� IRU� XVH� LQ
FOLPDWH� VLPXODWLRQV�� 7KLV�PRGHO� DOVR� IRUPV� WKH�EDVLV� RI� YHUVLRQ� �� RI� WKH�&DQDGLDQ�0LGGOH
$WPRVSKHUH� 0RGHO� �0$0���� 7KLV� QHZ� YHUVLRQ� RI� WKH� &DQDGLDQ� $*&0� KDV� D� QXPEHU� RI
IHDWXUHV� WKDW� PDNH� LW� GLIIHUHQW� IURP� WKH� VHFRQG�JHQHUDWLRQ� PRGHO� �*&0,,��� 7KHVH� LQFOXGH
KLJKHU�VSDWLDO�UHVROXWLRQ��RSWLRQDO�XVH�RI�6HPL�/DJUDQJLDQ�WUDQVSRUW�IRU�WUDFH�FRQVWLWXHQWV�DQG
PRLVWXUH��DQG�D�QXPEHU�RI�QHZ�SDUDPHWHUL]DWLRQ�IHDWXUHV�7KLV�QHZ�PRGHO�ZLOO�EH�GHVFULEHG
DQG� VHOHFWHG� UHVXOWV�RI� UHFHQW� FOLPDWH� VLPXODWLRQV�ZLOO�EH�SUHVHQWHG� WR� LOOXVWUDWH� VRPH�EDVLF
DVSHFWV�RI�VHQVLWLYLW\�WR�SDUDPHWHUL]DWLRQV�DQG�VSDWLDO�UHVROXWLRQ�
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��%����
7KH�%ORZLQJ�6QRZ�0RGHO�,QWHUFRPSDULVRQ�3URMHFW��%60,3���$Q�8SGDWH
6WHSKHQ�-��'HU\���5LFKDUG�%LQWDQMD���*UDKDP�0DQQ���3HWHU�7D\ORU���-LQJELQJ�;LDR��DQG�0��.�
<DX�
�0F*LOO�8QLYHUVLW\���8WUHFKW�8QLYHUVLW\���/HHGV�8QLYHUVLW\���<RUN�8QLYHUVLW\

,Q�WKH�KLJK�ODWLWXGH�UHJLRQV�RI�WKH�ZRUOG��LQFOXGLQJ�WKH�&DQDGLDQ�$UFWLF��EORZLQJ�VQRZ�RFFXUV
FRPPRQO\�� 7KH� UHGLVWULEXWLRQ� RI� VQRZ� E\� ZLQG� DQG� FRQFXUUHQW� VXEOLPDWLRQ� KDV� DWWUDFWHG
PXFK� LQWHUHVW� LQ� WKH�SDVW� IHZ� \HDUV� VLQFH� WKH�ZDWHU�EXGJHWV�RI� WKHVH� UHPRWH�DUHDV�PD\�EH
FRQVLGHUDEO\� LQIOXHQFHG� E\� WKHVH� SURFHVVHV�� (VWLPDWHV� RI� WKH� FRQWULEXWLRQ� RI� EORZLQJ� VQRZ
VXEOLPDWLRQ�WR�WKH�VXUIDFH�ZDWHU�EXGJHW�KDYH�EHHQ�RI�PXFK�GHEDWH�ZLWK�YDOXHV�UDQJLQJ�IURP
D�IHZ�PLOOLPHWUHV�VQRZ�ZDWHU�HTXLYDOHQW��VZH��DQQXDOO\��.LQJ�HW�DO���������WR����RU�PRUH�PP
VZH� DQQXDOO\� �0DUVK� HW� DO��� ������� 6LQFH� REVHUYDWLRQV� RI� EORZLQJ� VQRZ� DUH� GLIILFXOW� WR
FRQGXFW��D�QXPEHU�RI�QXPHULFDO�PRGHOV�KDYH�EHHQ�GHYHORSHG� WR� HVWLPDWH� WKH� VXEOLPDWLRQ
DQG�WUDQVSRUW�UDWHV�RI�EORZLQJ�VQRZ�DV�ZHOO�DV�WKH�LQWHUDFWLYH�HIIHFWV�EHWZHHQ�WKHVH�SURFHVVHV
DQG�WKH�DWPRVSKHULF�ERXQGDU\�OD\HU��$%/���:H�ZLOO�SUHVHQW�KHUH�VRPH�RI�WKH�LQLWLDO�UHVXOWV�RI
WKH�%ORZLQJ�6QRZ�0RGHO� ,QWHUFRPSDULVRQ�3URMHFW� �%60,3��� 7KH� WKUHH�PRGHOV� VXEMHFW� RI� WKH
%60,3� DUH� 3,(.78.�7� GHYHORSHG� E\� WKH� JURXS� DW� <RUN� 8QLYHUVLW\� LQ� &DQDGD� �'HU\� HW� DO��
������� :,1'%/$67� GHYHORSHG� E\� WKH� JURXS� DW� /HHGV� 8QLYHUVLW\� LQ� WKH� 8QLWHG� .LQJGRP
�0DQQ�� ������ DQG� 612:67250� GHYHORSHG� E\� WKH� JURXS� DW� 8WUHFKW� 8QLYHUVLW\� LQ� 7KH
1HWKHUODQGV��%LQWDQMD���������$GGLWLRQDO�UHVXOWV�IURP�D�EXON�YHUVLRQ�RI�WKH�3,(.78.�PRGHO�
PRGLILHG�E\�'HU\�DQG�<DX�������DW�0F*LOO�8QLYHUVLW\��&DQDGD��ZLOO�DOVR�EH�UHSRUWHG��7KHVH
IRXU�PRGHOV��RSHUDWLQJ�LQ�D�WLPH�GHSHQGHQW��KRUL]RQWDOO\�KRPRJHQHRXV�PRGH��DOO�VKRZ�WKDW
VXEOLPDWLRQ�LV�D�VHOI�OLPLWLQJ�SURFHVV��ZLWK�WKH�VXEOLPDWLRQ�UDWH�UHDFKLQJ�D�SHDN�VKRUWO\�DIWHU
LQLWLDWLRQ�RI�WUDQVSRUW��7KLV�LV�GXH�WR�WKH�LQFOXVLRQ�RI�WKH�LQWHUDFWLYH�WKHUPRG\QDPLF�IHHGEDFNV
RI�WKH�VXEOLPDWLRQ�SURFHVV�LQ�WKH�PRGHOV��6LPLODULWLHV�DQG�GLIIHUHQFHV�LQ�PRGHO�SUHGLFWLRQV�ZLOO
EH�GLVFXVVHG�DQG�H[SODQDWLRQV�FRQVLGHUHG�

��%����
6HQVLEOH�$QG�/DWHQW�+HDW�)OX[HV�,Q�%ORZLQJ�6QRZ�(YHQWV
-LQJELQJ�;LDR���3HWHU�7D\ORU��DQG�6WHSKHQ�-��'HU\�
�'HSW�RI�(DUWK�DQG�$WPRVSKHULF�6FLHQFH��<RUN�8QLYHUVLW\�� �'HSDUWPHQW�RI�$WPRVSKHULF� DQG
2FHDQLF�6FLHQFHV��0F*LOO�8QLYHUVLW\

'XULQJ�EORZLQJ�VQRZ�HSLVRGHV��ZKLFK�RFFXU�IUHTXHQWO\�LQ�$UFWLF�DQG�$QWDUFWLF�HQYLURQPHQWV�
VQRZ�SDUWLFOH� VXEOLPDWLRQ� FDQ� EH� D� VLJQLILFDQW� ERXQGDU\� OD\HU� VLQN� RI� VHQVLEOH� KHDW� DQG� D
VRXUFH�RI� ODWHQW�KHDW�� ,Q�WKLV�SURFHVV��WKH� ODWHQW�KHDW�QHHGHG�WR�PDLQWDLQ� WKH�VXEOLPDWLRQ�RI
EORZLQJ� VQRZ� SDUWLFOHV� FDQ� EH� REWDLQHG� IURP� WKUHH� VRXUFHV�� VHQVLEOH� KHDW� GLIIXVLQJ� GRZQ
IURP�DERYH�LQWR�WKH�EORZLQJ�VQRZ�OD\HU��FRROLQJ�RI�WKH�DLU��SOXV�WKH�EORZLQJ�VQRZ�SDUWLFOHV�
DQG�VRODU�UDGLDWLRQ�DEVRUEHG�E\�WKH�SDUWLFOHV�

7LPH�GHSHQGHQW� DQG� IHWFK�GHSHQGHQW�PRGHOV� RI� EORZLQJ� VQRZ� �3,(.78.�7� DQG� �)��� ZKLFK
LQFRUSRUDWH� WUDQVIHUV� WKURXJK�D�SDUWLFOH�VL]H�VSHFWUXP�DQG�WKH�QHJDWLYH� IHHGEDFN�RI� UHODWLYH
KXPLGLW\�LQFUHDVHV�DQG�WHPSHUDWXUH�GHFUHDVHV�RQ�WKH�VXEOLPDWLRQ�UDWH��KDYH�EHHQ�GHYHORSHG
WR�XQGHUVWDQG� WKH� WKHUPRG\QDPLF� HIIHFWV� RI� WKH� VXEOLPDWLQJ� EORZLQJ� VQRZ�SDUWLFOHV� RQ� WKH
DWPRVSKHULF�ERXQGDU\�OD\HU��7KH�PRGHOV�SUHGLFW�WKDW�WKH�VHQVLEOH�DQG�ODWHQW�KHDW�IOX[HV�KDYH
RSSRVLWH�VLJQV�XQGHU�W\SLFDO�FRQGLWLRQV��DV�ZH�H[SHFWHG��)RU�H[DPSOH��ZKHQ�WKH�ZLQG�VSHHG
LQFUHDVHV� IURP� ��� WR� ��� P�V� XQGHU� W\SLFDO� FRQGLWLRQV�� WKH� VHQVLEOH� KHDW� IOX[� PLQLPXP
FKDQJHV�IURP�����WR������:�PA���DQG�WKH�ODWHQW�KHDW�IOX[�PD[LPXP�LQFUHDVH�IURP����WR
����:�PA���7KH�KHDW� IOX[�SHUWXUEDWLRQV�DVVRFLDWHG�ZLWK� WKH�VXEOLPDWLRQ�RI�EORZLQJ�VQRZ
GHFUHDVH�ZLWK�IHWFK�RU�WLPH�VLQFH�WKH�SURFHVV�LV�VHOI�OLPLWLQJ�GXH�WR�UHGXFHG�WKH�VXEOLPDWLRQ
ZLWK� LQFUHDVHG� UHODWLYH� KXPLGLW\�� &RPSDULVRQV� ZLWK� $UFWLF�� $QWDUFWLF� DQG� $PHULFDQ� *UHDW
3ODLQV�
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��%����
$�1XPHULFDO�6WXG\�RI�%RXQGDU\�/D\HU�)ORZ�RYHU�&RPSOH[�7HUUDLQ
:HQVRQJ�:HQJ��DQG�3HWHU�7D\ORU�
�($76��<RUN�8QLYHUVLW\

7KH�0L[HG�6SHFWUDO�)LQLWH�'LIIHUHQFH��06)'��DQG�LWV�1RQ�/LQHDU�H[WHQVLRQ��1/06)'��PRGHOV
DUH� XVHG� WR� VWXG\� QHXWUDOO\�VWUDWLILHG� WXUEXOHQW� ERXQGDU\�OD\HU� IORZ� RYHU� WKH� UHDO� WHUUDLQ� �
$VNHUYHLQ�+LOO��'LIIHUHQW�7XUEXOHQFH�FORVXUHV�DUH�XVHG��7KH�PRGHO�UHVXOWV�DUH�FRPSDUHG�ZLWK
WKH�ILHOG�REVHUYDWLRQV� IURP�WKH�$VNHUYHLQ�+LOO�3URMHFW�RI������DQG������ZKLFK�SURYLGHG�DQ
H[WHQVLYH�IXOO�VFDOH�GDWD�VHW�IRU�VWXGLHV�RI�ZLQG�IORZ�DQG�WXUEXOHQFH�RYHU�FRPSOH[�WHUUDLQ��7KH
OLQHDU�OLPLWDWLRQ��QRQ�OLQHDU�HIIHFWV�DQG�LPSDFW�RI�GLIIHUHQW�WXUEXOHQFH�FORVXUHV�RQ�WKH�PRGHO
SUHGLFWLRQ�DUH�GLVFXVVHG�

��%����
$�/DJUDQJLDQ�6ROXWLRQ�WR�&DQRS\�)OX[�*UDGLHQW�5HODWLRQV
-RQ�:DUODQG��DQG�*HRUJH�7KXUWHOO�
�8QLYHUVLW\�RI�*XHOSK

$� QHZ� PRGHO� RI� FDQRS\� IOX[�JUDGLHQW� UHODWLRQV� ZDV� GHULYHG� XVLQJ� D� /DJUDQJLDQ� DQDO\VLV�
7LPH�GHSHQGHQW� QHDU�ILHOG� HIIHFWV�ZHUH� WUDQVODWHG� WR� D� GLVWDQFH�GHSHQGHQW� GLIIXVLYLW\�� )URP
WKLV�GLIIXVLYLW\��D�PDWUL[�FDQ�EH�FDOFXODWHG�XVLQJ�SURILOHV�RI�WKH�OHQJWK�DQG�YHORFLW\�VFDOHV��7KH
PDWUL[� WKHQ� DOORZV� WKH� FRQFHQWUDWLRQ� SURILOH� WR� EH� GHWHUPLQHG� IURP� DQ\� JLYHQ� VRXUFH
GLVWULEXWLRQ�� 7KH�PRGHO� SURGXFHV� UHVXOWV� LQ� TXDOLWDWLYH�DJUHHPHQW�ZLWK� NQRZQ�REVHUYDWLRQV�
7R�TXDQWLWDWLYHO\� WHVW� WKH�PRGHO��ZLQG� WXQQHO�GDWD�FROOHFWHG�E\�&RSSLQ��5DXSDFK�DQG�/HJJ
ZDV�XVHG��7KH�GDWD�VHW�VHOHFWHG�XVHG�DQ�HOHYDWHG�SODQH�VRXUFH�RI�KHDW�DV�D�SDVVLYH�VFDODU
LQVLGH�DQ�DUWLILFLDO�FDQRS\�FRPSRVHG�RI�PHWDO�VWULSV��([FHOOHQW�DJUHHPHQW�ZDV�IRXQG�EHWZHHQ
PHDVXUHG�DQG�PRGHOOHG�WHPSHUDWXUH�SURILOHV�

��%����
7KH�5ROH�RI�/DQG�6XUIDFH�6FKHPHV�LQ�6KRUW�5DQJH�3UHFLSLWDWLRQ�)RUHFDVWV
/HL�:HQ���:HL�<X���&KDUOHV�$��/LQ���0LFKHO�%pODQG���5REHUW�%HQRLW��DQG�<YHV�'HODJH�
�&(5&$� �&HQWUH�GH�5HFKHUFKH� HQ�&DOFXO�$SSOLTXp��� �&(5&$�DQG�0F*LOO�8QLYHUVLW\�� �531�
$(6��(QYLURQPHQW�&DQDGD

0DQ\�VWXGLHV�KDYH�GHPRQVWUDWHG�WKH�LPSRUWDQFH�RI�ODQG�VXUIDFH�VFKHPHV�LQ�FOLPDWH�FKDQJH
VWXGLHV� XVLQJ� *HQHUDO� &LUFXODWLRQ� 0RGHOV� �*&0V��� +RZHYHU�� WKHUH� KDYH� QRW� EHHQ� PDQ\
VWXGLHV�ZKLFK�H[SORUH�WKH�UROH�RI�ODQG�VXUIDFH�VFKHPHV�LQ�VKRUW�UDQJH�SUHFLSLWDWLRQ�IRUHFDVWV�
/DQG� VXUIDFH� VFKHPHV�PD\� QRW� EH� LPSRUWDQW� IRU� VKRUW�UDQJH� SUHFLSLWDWLRQ� IRUHFDVWV�� DV� WKH
DWPRVSKHUH�PD\�QRW�KDYH�HQRXJK�WLPH�WR�UHDFW�WR�DQ\�VLJQLILFDQW�IOX[�FKDQJHV�RFFXUULQJ�DW
WKH�VXUIDFH�ZLWKLQ�D�VKRUW�SHULRG�RI�WLPH��7KLV�VWXG\�LV�WR�H[DPLQH�WKH�VHQVLWLYLW\�RI�VLPXODWHG
SUHFLSLWDWLRQ�� DQG� VWXG\� H[DPLQHV� WKH� VHQVLEOH� DQG� ODWHQW� KHDW� IOX[HV�� WHPSHUDWXUH�� VSHFLILF
KXPLGLW\��DQG�ZLQG�ILHOGV�WR�GLIIHUHQW�ODQG�VXUIDFH�VFKHPHV�DW�GLIIHUHQW�VSDWLDO�UHVROXWLRQV��7KH
PHWHRURORJLFDO�PRGHO�XVHG�LV�WKH�0&���0HVRVFDOH�&RPSUHVVLEOH�&RPPXQLW\�0RGHO���D�QRQ�
K\GURVWDWLF�OLPLWHG�DUHD�DWPRVSKHULF�PRGHO��7KH�ODQG�VXUIDFH�VFKHPHV�DUH� WKH� IRUFH�UHVWRUH
PHWKRG� DQG� WKH� &DQDGLDQ� /DQG� 6XUIDFH� 6FKHPH� �&/$66��� 7R� WHVW� DQG� YDOLGDWH� &/$66�� D
VWDQG�DORQH�UXQ�ZDV�SHUIRUPHG�IRU�WZR�SRWDWR�VLWHV��VLWHV�$�DQG�%��LQ�WKH�4XpEHF�&LW\�UHJLRQ
IRU�WKH�JURZLQJ�VHDVRQ�RI�������7KH�&/$66�VLPXODWHG�VRLO�ZDWHU�FRQWHQW�IRU�WKH�GHSWKV�RI���
�������������DQG��������P�FRPSDUHG�ZHOO�ZLWK�ILHOG�PHDVXUHPHQWV��+DYLQJ�FDOLEUDWHG�DQG
YHULILHG� &/$66�� ZH� QH[W� SHUIRUP� SDUDOOHO� UXQV� XVLQJ� 0&�� ZLWK� WZR� ODQG� VXUIDFH� VFKHPHV
�0&��&/$66�DQG�0&��)RUFH��5HVWRUH��DW�VSDWLDO�UHVROXWLRQV�RI����DQG���NP��WR�VLPXODWH�WKH
VHYHUH� SUHFLSLWDWLRQ� FDVH� RI� -XO\� ������� ����� LQ� WKH� 6DJXHQD\� UHJLRQ� RI� 4XpEHF�� 7KH
SUHFLSLWDWLRQ�OHG�WR�VHYHUH�IORRGLQJ��7KH�SUHFLSLWDWLRQ�SURFHVV�LV�PRGHOHG�XVLQJ�WKH�6XQGTYLVW
SDUDPHWHUL]DWLRQ� IRU� UHVROYHG�VFDOH� FRQGHQVDWLRQ� DQG� .XR
V� SDUDPHWHUL]DWLRQ� IRU� VXEJULG�
VFDOH�FRQYHFWLRQ�IRU����NP��ZKLOH�IRU�WKH���NP�UXQ��DQ�H[SOLFLW�PLFURSK\VLFV�VFKHPH�LV�XVHG�
7KH�SUHFLSLWDWLRQ� UHVXOWV�DUH� FRPSDUHG�ZLWK� REVHUYDWLRQV� IURP� VXUIDFH� VWDWLRQV�� 7KH� RYHUDOO
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SUHFLSLWDWLRQ�SDWWHUQV�REWDLQHG�ZLWK�IRUFH�UHVWRUH�DQG�&/$66�DUH�VLPLODU�DW�ERWK����DQG���NP
UHVROXWLRQ�� 0&��&/$66� DW� �� NP� UHVROXWLRQ� JLYHV� WKH� EHVW� VLPXODWHG� SUHFLSLWDWLRQ� ZKHQ
FRPSDUHG�ZLWK�REVHUYDWLRQV� IURP����UDLQ�JDXJHV��7KH�QHJDWLYH�ELDV�RI� WKH�VLPXODWHG�SHDN
SUHFLSLWDWLRQ�LV�FRPPRQ�WR�XVH�RI�WKH�WZR�ODQG�VXUIDFH�VFKHPHV��7KLV� LV�SDUWLDOO\�GXH�WR�WKH
HIIHFWV� RI� VSDWLDO� DYHUDJLQJ� RI� PRGHO� JULG� SRLQWV� DQG� WKH� ODUJH� VSDWLDO� YDULDELOLW\� LQ
SUHFLSLWDWLRQ� ILHOGV�� +RZHYHU�� WKH� VHQVLEOH� DQG� ODWHQW� KHDW� IOX[HV�� WHPSHUDWXUH�� VSHFLILF
KXPLGLW\�� DQG� ZLQG� ILHOGV� DUH� GLIIHUHQW�� 7KHVH� GLIIHUHQFHV� DUH� GXH� WR� GLIIHUHQFHV� LQ� WKH
WUHDWPHQW�RI�YHUWLFDO�WUDQVIHU�SURFHVVHV�ZLWKLQ�WKH�VRLO�DQG�YHJHWDWLRQ�OD\HUV�RI�WKH�PRGHO�

��%����
6LPXODWLRQ�RI�DQ�LQWHQVH�ORFDO�VWRUP�WULJJHUHG�E\�ODNH�EUHH]H
;LQ�4LX���'DYLG�6LOOV��DQG�3HWHU�7D\ORU�
�<RUN�8QLYHUVLW\���.LQJ�&LW\�5DGDU��(QYLURQPHQW�&DQDGD

$�KLJK�UHVROXWLRQ�UHJLRQDO�VLPXODWLRQ�RI�DQ�LQWHQVH�ORFDO�VWRUP�WKDW�JDYH�ULVH�WR� IORRGV�QHDU
6WUDIRUG�� 6RXWKHUQ� 2QWDULR� RQ� -XO\� ���� ����� ZDV� SHUIRUPHG� XVLQJ� WKH� &DQDGLDQ� QRQ�
K\GURVWDWLF�0HVRVFDOH�&RPSUHVVLEOH�&RPPXQLW\� �0&��� OLPLWHG�DUHD�DWPRVSKHULF�PRGHO��$
RQH�ZD\� VHOI�QHVWLQJ� SURFHGXUH� DOORZV� WKH� 0&�� PRGHO� WR� PDNH� YHU\� KLJK� UHVROXWLRQ
VLPXODWLRQV���NP��VWDUWLQJ�IURP�D�FRDUVHU�UHVROXWLRQ�RSHUDWLRQDO�DQDO\VLV�DV�LQLWLDO�FRQGLWLRQV�
0RGHO� VLPXODWLRQV� FRPSDUH� ZHOO� ZLWK� *2(6��� VDWHOOLWH� DQG� .LQJ� &LW\� UDGDU� LPDJHV�� 7KH
PRGHO� VKRZHG� WKDW� WKH�PHUJHU� RI� ODNH� EUHH]H� IURQWV� LQ� FHQWUDO� 6RXWKHUQ�2QWDULR� EHWZHHQ
/DNH�+XURQ�DQG�/DNH�(ULH��OHG�WR�WKH�LQLWLDWLRQ�DQG�HYROXWLRQ�RI�WKLV�XQXVXDO��TXDVL�VWDWLRQDU\
VHYHUH� VWRUP��0&�� VKRZV� D� V\VWHPDWLF� LPSURYHPHQW� LQ� WKH� VLPXODWLRQ� RI� WKH� ORFDO� VWRUP
V
IRUPDWLRQ�DQG�PDLQWHQDQFH�DV�WKH�UHVROXWLRQ�LV�LQFUHDVHG�IURP���NP�WR��NP��7KH�GLIIHUHQFH
EHWZHHQ�WKH�PDJQLWXGH�RI�WKH�0&��SUHFLSLWDWLRQ�DQG�WKH�REVHUYDWLRQV�VXJJHVW�WKDW�WKH�LQLWLDO
FRQGLWLRQV�IURP�FRDUVHU�UHVROXWLRQ�RSHUDWLRQDO�DQDO\VLV�DOVR�VWURQJO\�LQIOXHQFH�RQ�WKH�UHVXOWV
RI�WKH�PHVRVFDOH�PRGHO�VLPXODWLRQ�
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��%����
6LJQLILFDQW�(YHQWV�RI�,QWHUKHPLVSKHULF�$WPRVSKHULF�0DVV�([FKDQJH
0DUFR�&DUUHUD��DQG�-RKQ�*\DNXP�

�0F*LOO�8QLYHUVLW\��'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV

7KH� H[FKDQJH�RI�DWPRVSKHULF�PDVV�EHWZHHQ� WKH�QRUWKHUQ�DQG� VRXWKHUQ� KHPLVSKHUH� RFFXUV
ZLWK� FRQVLGHUDEOH� UHJXODULW\� RQ� LQWUDVHDVRQDO� WLPH� VFDOHV�� 2EVHUYDWLRQDO� HYLGHQFH� IURP
SUHYLRXV� VWXGLHV� LQGLFDWH� WKDW� DQRPDORXV� DQG� SHUVLVWHQW� UHJLRQDO� PDVV� GLVWULEXWLRQV� �H�J��
EORFNLQJ�HYHQWV��PD\�RIWHQ�EH� UHODWHG� WR� LQWHUKHPLVSKHULF�DWPRVSKHULF�PDVV�H[FKDQJH��7KH
SK\VLFDO�PHFKDQLVPV�WKDW�IRUFH�WKLV�LQWHUKHPLVSKHULF�PDVV�H[FKDQJH�UHPDLQ�XQFOHDU�

,Q� WKLV�VWXG\�ZH�HPSOR\� WKH�1DWLRQDO�&HQWHUV� IRU�(QYLURQPHQWDO�3UHGLFWLRQ� �1&(3��1DWLRQDO
&HQWHU� IRU� $WPRVSKHULF� 5HVHDUFK� �1&$5�� UHDQDO\VLV� WR� LGHQWLI\� VLJQLILFDQW� HYHQWV� RI
LQWHUKHPLVSKHULF� DWPRVSKHULF� PDVV� H[FKDQJH�� $� WKUHVKROG� FURVVLQJ� SURFHGXUH�� IROORZLQJ
'ROH�DQG�*RUGRQ�LQ�WKHLU������0RQWKO\�:HDWKHU�5HYLHZ�DUWLFOH��LV�XVHG�WR�LGHQWLI\�VLJQLILFDQW
HYHQWV�RI� LQWHUKHPLVSKHULF�DWPRVSKHULF�PDVV�H[FKDQJH�IRU�D����\HDU�SHULRG�H[WHQGLQJ�IURP
����� WR� ������ )RU� WKH� QRUWKHUQ� KHPLVSKHUH� D� WRWDO� RI� ����PDVV� IDOO� DQG� ����PDVV� ULVH
HYHQWV�DUH�LGHQWLILHG��VSDQQLQJ�D�ZLGH�VSHFWUXP�RI�GXUDWLRQV��2ZLQJ�WR�WKH�VWURQJ�VHDVRQDOLW\
LQ�WKH�DWPRVSKHULF�PDVV�GLVWULEXWLRQ�RI�WKH�QRUWKHUQ�KHPLVSKHUH��HYHQWV�ZHUH�SDUWLWLRQHG�LQWR
FROG�DQG�ZDUP�VHDVRQ�IRU�WKH�SXUSRVHV�RI�FRPSRVLWLQJ�

:H�H[DPLQH�WZR�FDWHJRULHV�RI�HYHQWV��WKH�������GD\�DQG���������GD\�QRUWKHUQ�KHPLVSKHUH
FROG� VHDVRQ�DWPRVSKHULF�PDVV� IDOO� HYHQWV�� 7KH�FRPSRVLWH� UHVXOWV� IRU�ERWK�FODVVHV�RI� HYHQWV
UHYHDO�WZR�UHJLRQV�LQ�WKH�QRUWKHUQ�KHPLVSKHUH��UHODWHG�WR�RURJUDSK\��ZKHUH�LQWHUKHPLVSKHULF
DWPRVSKHULF�PDVV�H[FKDQJH�LV�DFWLYH��1RUWK�DQG�&HQWUDO�$PHULFD�DQG�6RXWKHDVW�$VLD��7KHVH
UHJLRQV� DUH� DOVR� UHFRJQL]HG� IRU� IUHTXHQW� FROG� VXUJH� DFWLYLW\� GXULQJ� WKH� FROG� VHDVRQ�
6LJQLILFDQW� IORZ� RI� FROG�� GU\� DLU� LQ� DVVRFLDWLRQ� ZLWK� WKH� SURSDJDWLRQ� RI� WKH� VXUJH� IURP
PLGODWLWXGHV� WR� WKH� WURSLFV� LV�NQRZQ�WR�RFFXU��:H�DOVR� ILQG�PLG�� WR� �KLJK� ODWLWXGH�SUHFXUVRU
VLJQDWXUHV� WR� ERWK� FDWHJRULHV� RI� HYHQWV�� 7KH� $OHXWLDQ� ORZ� LV� VKLIWHG� HDVWZDUG�� IURP� LWV
FOLPDWRORJLFDO� SRVLWLRQ�� LQWR� WKH� *XOI� RI� $ODVND�� 7KH� HQKDQFHG� ZDUP� DGYHFWLRQ� LQWR� WKH
1RUWKZHVW� 7HUULWRULHV� RI� &DQDGD�� DFWV� WR� EXLOG� D� ULGJH� DW� XSSHU� OHYHOV�� DQG� IRUFHV� D
GRZQVKHDU� VXUIDFH�DQWLF\FORQH� WR�SURSDJDWH� WR� WKH� VRXWK� DQG� HDVW� LQ� FRQMXQFWLRQ�ZLWK� WKH
QRUWKZHVWHUO\� IORZ� DORIW�� ,Q� DGGLWLRQ�� IRU� WKH� ������ GD\� HYHQWV�� WZR� SRVLWLYH�QHJDWLYH
QRUPDOL]HG� VHD� OHYHO�SUHVVXUH�DQRPDO\� FRXSOHWV�DUH�SUHVHQW��RQH�RYHU� WKH�1RUWK�$PHULFDQ
FRQWLQHQW�� WKH�RWKHU�RYHU� WKH�(XUDVLDQ�FRQWLQHQW��D�GD\�SULRU� WR� WKH�RQVHW�RI� WKH�FRPSRVLWH
HYHQW�

��%����
2EVHUYDWLRQV�DQG�,QWHUSUHWDWLRQV�RI�-HW�6WUHDNV�LQ�7HUPV�RI�%DODQFHG�'\QDPLFV
3KLOLS�&XQQLQJKDP��DQG�'DQLHO�.H\VHU�
�8QLYHUVLW\�DW�$OEDQ\��6WDWH�8QLYHUVLW\�RI�1HZ�<RUN

6LJQLILFDQW�REVHUYDWLRQDO�HYLGHQFH�H[LVWV�VXJJHVWLQJ�WKDW�VRPH�MHW�VWUHDNV�LQ�WKH�H[WUDWURSLFDO
XSSHU�WURSRVSKHUH�PD\�EH�LQWHUSUHWHG�LQ�D�EDODQFHG�IUDPHZRUN�LQ�WHUPV�RI�WKH�VXSHUSRVLWLRQ
RI� PHVRVFDOH�PRQRSRODU� DQG� GLSRODU� YRUWLFHV� �OHQJWK� VFDOH� a���� NP�� ZLWK� WKH� HQKDQFHG
SRWHQWLDO�YRUWLFLW\�JUDGLHQWV�FRQVWLWXWLQJ�WKH�H[WUDWURSLFDO�WURSRSDXVH��5HFHQW�VWXGLHV�DOVR�KDYH
LQGLFDWHG�WKDW�WKHVH�YRUWLFHV�PD\�FRUUHVSRQG�WR�VR�FDOOHG��VKRUW�ZDYH�WURXJKV���DQG�DV�VXFK
PD\� EH� LPSRUWDQW� DV� XSSHU�OHYHO� SUHFXUVRU� GLVWXUEDQFHV� WR� V\QRSWLF�VFDOH� VXUIDFH
F\FORJHQHVLV��7KHVH�REVHUYDWLRQV�VXJJHVW�WKDW�EDODQFHG�PHVRVFDOH�YRUWLFHV�QRW�RQO\�PD\�EH
FRPPRQ�IHDWXUHV�RI�WKH�XSSHU�WURSRVSKHUH��EXW�DOVR��WKURXJK�LQWHUDFWLRQV�ZLWK�WKH�V\QRSWLF�
DQG�SODQHWDU\�VFDOH� IORZ��PD\�EH� LQWHJUDO� WR� WKH�G\QDPLFV�RI�H[WUDWURSLFDO�ZHDWKHU�V\VWHPV�
7KH� JRDO� RI� WKLV� SUHVHQWDWLRQ� LV� WR� LGHQWLI\� DQG� H[SRVH� LVVXHV� UHOHYDQW� WR� WKH� G\QDPLFV� RI
EDODQFHG�PHVRVFDOH�YRUWLFHV�LQ�UHODWLRQ�WR�MHW�VWUHDNV�IURP�DQ�REVHUYDWLRQDO�SHUVSHFWLYH��7KLV
JRDO� ZLOO� EH� DFFRPSOLVKHG� WKURXJK� VHYHUDO� FDVH� VWXGLHV� WKDW� GHVFULEH� WKH� HYROYLQJ� WKUHH�
GLPHQVLRQDO� VWUXFWXUH� RI� REVHUYHG� YRUWLFHV� DQG� WKHLU� HQYLURQPHQW�� ZLWK� SDUWLFXODU� DWWHQWLRQ
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GHYRWHG� WR� WKH� MHW� VWUHDNV�DQG� VKRUW�ZDYH� WURXJKV�DVVRFLDWHG�ZLWK� WKHVH� IHDWXUHV�� 7KH� FDVH
VWXGLHV� ZLOO� HPSOR\� PRGHO�GHULYHG� GDWDVHWV�� DYDLODEOH� IURP� RSHUDWLRQDO� QXPHULFDO� ZHDWKHU
SUHGLFWLRQ� FHQWUHV�� RQ� VFDOHV� UDQJLQJ� IURP� UHJLRQDO� WR� JOREDO�� LW� LV� VXJJHVWHG� WKDW� VXFK� D
PXOWLVFDOH�SHUVSHFWLYH�LV�QHFHVVDU\�JLYHQ�WKDW�WKH�LQWHUDFWLRQV�EHWZHHQ�PHVR���V\QRSWLF���DQG
SODQHWDU\�VFDOH�IORZV�DUH�OLNHO\�WR�EH�VLJQLILFDQW�IRU�WKH�IHDWXUHV�RI�LQWHUHVW��7KH�UHVXOWV�RI�WKH
FDVH� VWXGLHV� VXSSRUW� WKH� LQWHUSUHWDWLRQ� RI� MHW� VWUHDNV� DV� WKH� EDODQFHG� UHVSRQVH� WR� WKH
LQWHUDFWLRQ� RI� FRKHUHQW� YRUWLFHV� ZLWK� D� ODUJHU�VFDOH� EDFNJURXQG� IORZ�� 7KH� LPSOLFDWLRQV� RI
LQWHUSUHWLQJ�MHW�VWUHDN�G\QDPLFV�LQ�WHUPV�RI�FRKHUHQW�YRUWLFHV�DUH�GLVFXVVHG��GUDZLQJ�IURP�WKH
FRQFHSWV�RI�TXDVLJHRVWURSKLF�DQG�URWDWLQJ�VWUDWLILHG�WXUEXOHQFH�

��%����
5HODWLRQVKLS� %HWZHHQ� :HVW� $WODQWLF� 3DWWHUQ� ,Q� 1RUWKHUQ� :LQWHU� $QG� (DVW� $VLDQ� 6XPPHU
0RQVRRQ�$QG�,WV�1XPHULFDO�6LPXODWLRQ
-LQKDL�+H��DQG�+DLPLQJ�;X�
�'HSDUWPHQW�RI�0HWHRURORJ\��1DQMLQJ�,QVWLWXWH�RI�0HWHRURORJ\��&KLQD

7KH�1&$5�1&(3� UHDQDO\]HG� GDWD� IURP� ����� WR� �����WKH�PRQWKO\� PHDQ� VHD� VXUIDFH���
VWDWLRQV�LQ�&KLQD�DUH�XVHG�LQ�WKLV�SDSHU�WR�LQYHVWLJDWH�WKH�UHODWLRQVKLS�EHWZHHQ�QRUWK�ZHVWHUQ
$WODQWLF�WHOHFRQQHFWLRQ�SDWWHUQ��:$3��LQ�ZLQWHU�DQG�(DVW�$VLDQ�VXPPHU�PRQVRRQ��($60��DQG
SRVVLEOH�ZD\V�E\�ZKLFK�:$3�DIIHFWV�($60��7KH�LQWHQVLW\�LQGH[�RI�QRUWKHUQ�ZLQWHU�ZHVW�$WODQWLF
WHOHFRQQHFWLRQ�SDWWHUQ��:$,��LV�GHILQHG�XVLQJ�D�PHWKRG�VLPLODU�WR�:DOODFH"V�DQG�:$,�VKRZV
GLVWLQFW� LQWHUDQQXDO�DQG� LQWHUGHFDGDO�YDULDWLRQV��7KH�FRUUHODWLRQ�DQDO\VLV� RI�:$,� WR� VXPPHU
UDLQIDOO�LQ�&KLQD�LQGLFDWHV�WKDW�:$3�LV�QHJDWLYHO\�VLJQLILFDQWO\�UHODWHG�WR�WKH�VXEVHTXHQW�-XQH
UDLQIDOO�LQ�WKH�&KDQJMLDQJ�+XDLKH�YDOOH\��L�H��WKH�VWURQJ�:$3��QHJDWLYH�:$,��LV�FRUUHVSRQGLQJ
WR�H[FHVVLYH�UDLQ�LQ�-XQH�LQ�WKH�YDOOH\�DQG�WKH�ZHDN�:$3��SRVLWLYH�:$,��WR�GHILFLHQW�UDLQ��7KH
69'�DQG�ODJ�FRUUHODWLRQ�DQDO\VLV�VKRZ�WKDW�LQ�QRUWKHUQ�ZLQWHUWLPH��:$3�LV�D�SULQFLSDO�PRGH
DPRQJ� WKH� DLU�VHD� FRXSOLQJ� PRGHV� DQG� WKH� DWPRVSKHUH� SOD\V� D� OHDGLQJ� UROH� LQ� DLU�VHD
LQWHUDFWLRQ� LQ� WKH� QRUWK�ZHVWHUQ� $WODQWLF�� WKDW� LV� WR� VD\�� WKH� DWPRVSKHUH� DIIHFWV� WKH� VHD
WHPSHUDWXUH�RI�QRUWK�ZHVWHUQ�$WODQWLF�LQ�DLU�VHD�LQWHUDFWLRQ�ZD\��$V�D�UHVXOW�RI�WKH�SHUVLVWHQF\
RI� VHD� WHPSHUDWXUH�� WKH� VHD� VXUIDFH� WHPSHUDWXUH� DQRPDO\� �667$�� RI� QRUWK�ZHVWHUQ� $WODQWLF
LQGXFHG�E\�WKH�DQRPDORXV�YDULDWLRQ�RI�:$3�LQ�ZLQWHU�PD\�VXVWDLQ�WR�WKH�QH[W�VSULQJ�RU�HYHQ
WR� WKH� QH[W� HDUO\� VXPPHU�� 7KH� GLVWULEXWLRQ� RI� 667$� LQGXFHG� E\� :$3� LQ� SUHFHGHQW� ZLQWHU
EHFRPHV� D� SULQFLSDO� PRGH� DPRQJ� DLU�VHD� FRXSOLQJ� PRGHV� LQ� VSULQJ� DV� ZHOO�� DQG� LWV
FRUUHVSRQGLQJ�WR�DWPRVSKHULF�PRGH�LV�WKH�(XUDVLDQ�SDWWHUQ��(83���7KH�RFHDQ�PDQLIHVWV�PRUH
OHDGLQJ� UROH� LQ� DLU�VHD� LQWHUDFWLYH� SURFHVVHV�� L�H�� E\� YLUWXH� RI� (83� ZDYHWUDLQV� 667$� RI� WKH
QRUWK�ZHVWHUQ�$WODQWLF�LQ�VSULQJ�DIIHFWV�WKH�DQRPDO\�RI�JHQHUDO�FLUFXODWLRQ�RYHU� WKH�(XUDVLDQ
FRQWLQHQW�� HVSHFLDOO\� WKH�DQRPDO\�RI�8UDO�EORFNLQJ�KLJK�� WKXV� LQIOXHQFLQJ� WKH� HDUO\� VXPPHU
PRQVRRQ� UDLQ� LQ� &KLQD�� $W� ODVW�� LQ� WHUPV� RI� &&0�� PRGHO� WKH� QXPHULFDO� VLPXODWLRQ
XQGHUWDNHQ�LQ�WKLV�SDSHU�FRQILUPV�WKH�DERYH�GLDJQRVWLF�DQDO\VLV�UHVXOWV�

��%����
2EVHUYDWLRQ�RI�DQ�XQXVXDO�EDURFOLQLF�HGG\�LQ�WKH�/DEUDGRU�6HD
5RVV�+HQGU\���-RKQ�/D]LHU��DQG�,JRU�<DVKD\DHY�
�)LVKHULHV�DQG�2FHDQV�&DQDGD

7KH� QLQWK� FRQVHFXWLYH� DQQXDO� RFFXSDWLRQ� RI� D� /DEUDGRU� 6HD� K\GURJUDSKLF� VHFWLRQ� IURP
+DPLOWRQ�%DQN�WR�VRXWKHUQ�*UHHQODQG�ZDV�FDUULHG�RXW�EHWZHHQ�-XQH�����������DQG�-XO\���
������ 6WDWLRQ� /�B��� DW� �����P� GHSWK� QHDU� WKH� EDVH� RI� WKH� FRQWLQHQWDO� ULVH� RII� VRXWKHUQ
*UHHQODQG� UHYHDOHG� D� UHPDUNDEOH� EDURFOLQLF� IHDWXUH�� 7KH� WHPSHUDWXUH�VDOLQLW\� �7�6�
FKDUDFWHULVWLFV�DW�WKLV�VWDWLRQ�ZHUH�HVVHQWLDOO\� LGHQWLFDO�WR�WKRVH�DW�QHLJKERXULQJ�VWDWLRQV��EXW
WZR�GLVWLQFW�ZHOO�PL[HG� OD\HUV�ZHUH�REVHUYHG��7KH� ILUVW� OD\� DW�GHSWKV�EHWZHHQ�DSSUR[LPDWHO\
����P�DQG�����P�DQG�KDG�GHQVLW\�DQG�7�6�SURSHUWLHV�FRUUHVSRQGLQJ�WR�ZDWHU�DW�����P�DW
QHLJKERXULQJ�VWDWLRQV�ORFDWHG����NP�RQ�HLWKHU�VLGH�DORQJ�WKH�VHFWLRQ��$�VHFRQG�PL[HG�OD\HU
EHWZHHQ�����P�DQG������P�KDG�WKH�VDPH�7�6�SURSHUWLHV�DV�ZDWHU�IRXQG�DW�DSSUR[LPDWHO\
����P�DW� QHLJKERXULQJ� VWDWLRQV�� ,VRS\FQDOV� MXVW� EHORZ� WKH�EDVH� RI� WKH�GHHSHU�PL[HG� OD\HU
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ZHUH�GLVSODFHG�LQ�WKH�YHUWLFDO�E\�PRUH�WKDQ�����P�UHODWLYH�WR�WKH�EDFNJURXQG�VWDWLRQV��$W�VWLOO
JUHDWHU� GHSWKV�� WKH�DQRPDOLHV� LQ�GHQVLW\� DQG� WKH� LQIHUUHG� YHUWLFDO� GLVSODFHPHQWV� GHFUHDVHG
VPRRWKO\�WKURXJKRXW�WKH�ZDWHU�FROXPQ��EXW�WKH\�ZHUH�VWLOO�HYLGHQW�DW�WKH�ERWWRP��7KH�VXUIDFH
JHRSRWHQWLDO�UHODWLYH�WR������GEDU�DW�WKH�DQRPDORXV�VWDWLRQ�ZDV�����-�NJ�JUHDWHU�WKDQ�DW�LWV
QHDUHVW� QHLJKERXUV�� 7KLV� LV� HTXLYDOHQW� WR� D� SRVLWLYH� VHD� OHYHO� DQRPDO\� RI� ����� P�� 7KH
DVVRFLDWHG�LQWHU�VWDWLRQ�JHRVWURSKLF�FXUUHQWV�FDOFXODWHG�IRU�WKH�GHHS�UHIHUHQFH�OHYHO�KDG�QHDU�
VXUIDFH�PD[LPD�RI�DSSUR[LPDWHO\�����P�V�DQG�D�YROXPH�WUDQVSRUW�RI����PLOOLRQ�FXELF�PHWUHV
SHU� VHFRQG��:H� LQWHUSUHW� WKH� IHDWXUH�DV�DQ�DQWLF\FORQLF� HGG\� WKDW� H[WHQGHG� WKURXJKRXW� WKH
ZDWHU� FROXPQ�� $� WHQWDWLYH� HVWLPDWH� RI� WKH� KRUL]RQWDO� H[WHQW� RI� WKH� IHDWXUH� LV� WKH� ����NP
GLVWDQFH�EHWZHHQ�WKH�WZR�QHLJKERXULQJ�VWDWLRQV��7KH�LQWHUSUHWDWLRQ�RI�WKH�IHDWXUH�DV�DQ�HGG\
DOVR� UHOLHV�RQ� 723(;�326(,'21� �7�3�� VHD� OHYHO�PHDVXUHPHQWV� DORQJ� D� WUDFN� WKDW� SDVVHG
RYHU�WKH� IHDWXUH��7KH�7�3�PHDVXUHPHQWV�GXULQJ� WKH�DSSURSULDWH� WLPH�VKRZHG�D�SRVLWLYH�VHD
OHYHO�DQRPDO\�RI�WKH�RUGHU�RI�����P�ZLWK�D�VLPLODU�DORQJ�WUDFN�KRUL]RQWDO�VFDOH��7KH�SUHVHQFH
RI�WKH�PL[HG�OD\HUV�VXJJHVWV�WKDW�DLU�VHD�LQWHUDFWLRQ�PD\�KDYH�SOD\HG�D�UROH�LQ�WKH�IRUPDWLRQ
RI�WKH�IHDWXUH��EXW�WKH�G\QDPLFV�RI�WKH�IRUPDWLRQ�DUH�XQFOHDU��7R�RXU�NQRZOHGJH��WKLV� LV�WKH
ILUVW�UHSRUW�RI�VXFK�D�IHDWXUH�LQ�WKH�/DEUDGRU�6HD�

��%����
&XUUHQWV�DQG�7UDQVSRUW�RQ�WKH�VRXWKZHVWHUQ�VORSH�RI�WKH�*UDQG�%DQNV
3HWHU�&��6PLWK���%ULDQ�'��3HWULH��DQG�*DU\�%XJGHQ�
�%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

7KH�ZHVWZDUG�WUDQVSRUW�RI�WKH�/DEUDGRU�&XUUHQW�LV�D�PDMRU�IDFWRU�LQIOXHQFLQJ�WKH�ZDWHU�PDVV
SURSHUWLHV�RQ�WKH�6FRWLDQ�6KHOI�DQG�DV�IDU�VRXWK�DV�WKH�0LGGOH�$WODQWLF�%LJKW��2Q�WKH�6FRWLDQ
6KHOI� DW� GHSWKV� JUHDWHU� WKDQ� ���� P�� SHULRGV� GRPLQDWHG� E\� /DEUDGRU� 6ORSH� :DWHU� KDYH
WHPSHUDWXUHV�DQG�VDOLQLWLHV�DV�PXFK�DV���GHJ&�DQG���EHORZ�QRUPDO��6LQFH� WKH�VXPPHU�RI
������%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\�KDV�PDLQWDLQHG�RQH�FXUUHQW�PHWHU�PRRULQJ�DW�WKH
���� P� LVREDWK� RII� 6W�� 3LHUUH� %DQN� RQ� WKH� VRXWKHUQ� 1HZIRXQGODQG� 6KHOI� WR� PRQLWRU� WKH
/DEUDGRU�&XUUHQW��,Q�WKH�IDOO�RI�������DQ�DGGLWLRQDO�PRRULQJ�ZDV�SODFHG�XSVORSH�RQ�WKH����
P�LVREDWK��7KH�FXUUHQW� LV�VWURQJO\�VKHDUHG�DW�ERWK�VLWHV�ZLWK�ZHVWZDUG�PHDQV�RI�����������
DQG������P�V�DW���������DQG����P��$W�����P��WKH�IORZ�LV�ZHDN�DQG�YDULDEOH��EXW�VKRZV�D
SHUVLVWHQW� FURVV�LVREDWK� XSZHOOLQJ� RI� ������ P�V� RYHU� WKH� HQWLUH� UHFRUG�� 6LJQLILFDQW� DQQXDO
F\FOHV� LQ� WKH� DORQJ�LVREDWK� FXUUHQWV� DW� ��� DQG� ���� P� KDYH� ZHVWZDUG� PD[LPD� LQ
6HSWHPEHU�2FWREHU�� SUHFHGLQJ� WHPSHUDWXUH� DQG� VDOLQLW\� PD[LPD� LQ� 1RYHPEHU�� 6WURQJ
LQWHUDQQXDO�YDULDELOLW\� LV�DOVR� IRXQG� LQ� WKH�XSSHU� OD\HUV��DV� LQGLFDWHG�E\� IUHVKHQLQJ�RI�����
VXPPHU�IDOO� ���P� VDOLQLWLHV� E\�RUGHU����� UHODWLYH� WR� WKRVH� LQ������� 7KH� DYHUDJH�ZHVWZDUG
YROXPHWULF�DQG�IUHVKZDWHU�WUDQVSRUWV�EHWZHHQ�WKH�����DQG�����P�LVREDWKV�DUH� IRXQG�WR�EH
FRQVLGHUDEO\�VPDOOHU�WKDQ�WKRVH�HVWLPDWHG�WKURXJK�$YDORQ�&KDQQHO�DQG�DW�WKH�7DLO�RI�*UDQG
%DQN�

��%����
5HJLRQDO�2FHDQ�&OLPDWH�RI�WKH�1RUWK�:HVW�$WODQWLF
,JRU�<DVKD\DHY�DQG�$OO\Q�&ODUNH�
�%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

�1RW�ORQJ�DJR�ZH�GHHSO\�EHOLHYHG�WKDW

���WKHUH�LV�D�TXDVL�HTXLOLEULXP�VWDWH�RI�WKH�RFHDQ���D�QRUP��WKDW�FDQ�EH�XVHG�WR�UHYHDO�DQG
WUDFH�DQRPDORXV�HYHQWV�LQ�WKH�PDULQH�HQYLURQPHQW��DQG

���ZH�DUH�DEOH�WR�FRQVWUXFW�VXFK�VWDWH�DYHUDJLQJ�DOO�H[LVWLQJ�REVHUYDWLRQV�

7KH�PRVW�UHFHQW�VWXGLHV�RI�WKH�FOLPDWH�RI�WKH�1RUWK�:HVW�$WODQWLF�VKRZ�WKDW�WKHUH�LV�D�QHHG�WR
UHYLHZ�WKLV�FRQFHSW�DQG�DFFRXQW�IRU�JUHDW�ORZ�IUHTXHQF\�YDULDWLRQV�LQ�ERWK�SURSHUW\�ILHOGV�DQG
VWUXFWXUHV��H�J��ERXQGDU\�FXUUHQWV���$Q�H[DPLQDWLRQ�RI�WKH�GDWD�FROOHFWHG�LQ�VXSSRUW�RI�:2&(
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EHWZHHQ������DQG������UHYHDOV�ODUJH�FKDQJHV�LQ�ZDWHU�PDVV�SURSHUWLHV�DQG�WKH�VWUHQJWK�RI
WKH� FLUFXODWLRQ� IURP�ZKDW� KDG� EHHQ� REVHUYHG� LQ� WKH� ��
V� WKURXJK� WKH� ��
V�� 7KHVH� FKDQJHV
SURMHFWHG�RQ�YDULDEOH� LQ� WLPH�REVHUYDWLRQDO�JULG�FDQ�SURGXFH�VLJQLILFDQW�DUWLIDFWV� LQ�FOLPDWLF
ILHOGV��GHULYHG�DV�D�VLPSOH�EOHQG�RI�DYDLODEOH�GDWD�

7KH�JUHDWHVW�FKDQJH�LQ�WKH�LQWHUPHGLDWH�DQG�GHHS�ZDWHUV�LQ�WKH�1RUWK�$WODQWLF�RFFXUUHG�LQ�WKH
WLPH�RI�LQWHQVH�GHHS�FRQYHFWLRQ�LQ�WKH�/DEUDGRU�6HD�RI�WKH�HDUO\���
V��2YHU�WKH�ZKROH�UHJLRQ�
DOO�RI�WKH�LQWHUPHGLDWH�DQG�GHHS�ZDWHUV�IRUPHG�WKURXJK�FRQYHFWLYH�SURFHVVHV�LQ�WKH�QRUWKHUQ
1RUWK�$WODQWLF�KDYH�EHFRPH�FROGHU�DQG�IUHVKHU�

/DUJHO\�DEVHQW�LQ�VHFWLRQV�FURVVLQJ�WKH�ZHVWHUQ�ERXQGDU\�FXUUHQWV�LQ�1HZIRXQGODQG�%DVLQ�DQG
6XEWURSLFDO�*\UH�GXULQJ�WKH���
V�DQG���
V��WKH�/DEUDGRU�6HD�:DWHU��/6:��QRZ�DSSHDUV�DV�D
VWURQJ�VDOLQLW\�PLQLPXP�ERWK�LQ�WKH�VRXWKZDUG�IORZLQJ�GHHS�ZHVWHUQ�ERXQGDU\�FXUUHQWV�DQG
DOVR�ZLWKLQ�WKH�QRUWKZDUG� IORZLQJ�1RUWK�$WODQWLF�&XUUHQW��%\� WKH�HDUO\���
V��/6:�ZDV�����&
FROGHU�������SVX�IUHVKHU��GHQVHU�DQG�GHHSHU�WKDQ�LW�ZDV�GXULQJ�WKH���
V�VWDWH��7KH�GHHS�DQG
ERWWRP�ZDWHUV�RI� WKH�1RUWK�:HVW�$WODQWLF�DOVR�EHFDPH�FROGHU�DQG� IUHVKHU�GXULQJ� WKH� VDPH
SHULRG��'HQPDUN�6WUDLW�2YHUIORZ�:DWHU��'62:��LQ�WKH�/DEUDGRU�6HD�FRROHG�DQG�IUHVKHQHG
E\�����&�DQG������SVX��$QWDUFWLF�%RWWRP�:DWHU�HQWHULQJ�WKH�VXESRODU�J\UH�KDYH�EHHQ�JHWWLQJ
FROGHU� LQ� WKH�SDVW� WZR�GHFDGHV�� EXW� WKH� UDWH� RI� WKLV� FKDQJH�ZDV� OHVV� WKDQ� WKDW� IRU�'62:�
UHVXOWLQJ�LQ�D�FKDQJH�RI�VSDWLDO�JUDGLHQWV�LQ�WKH�ERWWRP�OD\HU�

7KH� XSSHU�ZDWHUV� RQ� WKH� RIIVKRUH� VLGH� RI� WKH� 6XESRODU� )URQW� LQ� WKH� FHQWUDO�1HZIRXQGODQG
%DVLQ�H[KLELW�D���&�WHPSHUDWXUH�DQG�����SVX�VDOLQLW\�UDLVH�RYHU�WKH�ODVW�IRXU�GHFDGHV��VLPLODU
WR�ZKDW�LV�VHHQ�DW�%HUPXGD��7KH�FKDQJHV�RQ�WKH�LQVKRUH�VLGH�DUH�ODUJHU��EXW�WKHLU�GRPLQDQW
VFDOH�LV�TXDVL��GHFDGDO�

7KH�FKDQJHV�WKDW�ZH�REVHUYH� WKURXJKRXW� WKH�ZDWHU�FROXPQ�LPSO\�FRQVLGHUDEOH�YDULDWLRQV� LQ
G\QDPLF�KHLJKWV�DQG�SRWHQWLDO� YRUWLFLW\�� WKRVH�RI�D�JUHDW� LPSRUWDQFH� IRU�XQGHUVWDQGLQJ�DQG
PRGHOOLQJ�WKH�RFHDQ�G\QDPLFV�

7R�FUHDWH�WKH�FOLPDWLF�ILHOGV�ZH�LQLWLDOO\�XVHG�WKH�:RUOG�2FHDQ�'DWDEDVH��12'&��������DQG
DGGHG� WKH�PLVVLQJ�GDWD� IURP�RWKHU� VRXUFHV�� 7KH� RWKHU� VRXUFHV�ZHUH� WKH� %,2��:2&(�DQG
6RYLHW��6(&7,216��DUFKLYHV��(DFK�REVHUYDWLRQ�LQ�WKH�GHHS�RFHDQ�ZDV�FKHFNHG�DJDLQVW�WKH�7�
6�FXUYH� W\SLFDO� IRU� LWV� WLPH��7R� UHPRYH�WKH� ORZ�IUHTXHQF\�YDULDELOLW\� IURP� WKH�GDWD�D�VSHFLDO
FRUUHFWLRQ� ZDV� GHULYHG� IRU� D� JLYHQ� SURSHU\� �WHPSHUDWXUH�VDOLQLW\�GHQVLW\������ DW� HDFK� OHYHO�
%HVLGH�WLPH��WKLV�FRUUHFWLRQ�ZDV�UHJUHVVHG�RQ�D�SURSHUW\� LWVHOI�DQG�WKHUHIRUH�ZDV�VSHFLILF�IRU
GLIIHUHQW�ZDWHU�PDVVHV��$SSOLFDWLRQ�RI�VXFK�FRUUHFWLRQV�PLQLPL]HG�WKH�ELDV�RI�WKH�PHQWLRQHG
DERYH�FOLPDWLF�YDULDWLRQV�DQG�UHGXFHG�YDULDQFH�ZLWKLQ�WKH�VWUXFWXUHV�

3ULRU�WR�JHQHUDWLRQ�RI�FOLPDWLF�SURSHUWLHV�RYHU�D�UHJXODU�JULG��D�SRODU�VWUXFWXUH� IXQFWLRQ�KDG
EHHQ� FUHDWHG� IRU� HDFK� JULG� SRLQW�� 7KLV� IXQFWLRQ� ZDV� EDVHG� RQ� WKH� GDWD� LQ� WKHLU� RULJLQDO
ORFDWLRQV� DQG� DFFRXQWHG� IRU� W\SLFDO� VFDOH�� DQLVRWURS\� UDWLR� DQG� DQJOH�� 8WLOL]DWLRQ� RI
XQJULGGHG�GDWD� LQ�FRHIILFLHQWV�RI� WKH�ZHLJKW� IXQFWLRQ�XVHG� LQ� WKH�JULG�JHQHUDWLRQ�DOJRULWKP
VLJQLILFDQWO\� LPSURYHG� FRQVLVWHQF\� LQ� SUHVHQWDWLRQ� RI� PDMRU� VWUXFWXUHV� LQ� FOLPDWLF� SURSHUW\
ILHOGV�
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��&����
/H�&HQWUH�G
$YLV�GHV�&HQGUHV�9ROFDQLTXHV�GH�0RQWUpDO���5pSRQVH�HQ�WHPSV�UpHO�j�XQ�GDQJHU
j�O
DYLDWLRQ
3LHUUH�%RXUJRXLQ��DQG�5HQp�6HUYUDQFN[�
�&HQWUH�PpWpRURORJLTXH�FDQDGLHQ��(QYLURQQHPHQW�&DQDGD

/H�&HQWUH�0pWpRURORJLTXH�&DQDGLHQ��&0&��D�REWHQX�OD�GpVLJQDWLRQ�GH�9$$&��9ROFDQLF�$VK
$GYLVRU\�&HQWUH�� GH� O
2UJDQLVDWLRQ� GH� O
$YLDWLRQ�&LYLOH� ,QWHUQDWLRQDOH� �2$&,�� HQ� ������ /HV
UHVSRQVDELOLWpV� DVVRFLpHV� j� FHWWH� IRQFWLRQ� LQFOXHQW� OD� VXUYHLOODQFH� HQ� WHPSV� UpHO� GH
O
DWPRVSKqUH�SRXU�OD�GpWHFWLRQ�GH�FHQGUH�YROFDQLTXH�� OD�SUpYLVLRQ�GX�GpSODFHPHQW�GH�FHWWH
FHQGUH�OH�FDV�pFKpDQW�HW�O
pPLVVLRQ�GH�EXOOHWLQV�GpFULYDQW� OD�VLWXDWLRQ��&HV�LQIRUPDWLRQV�VRQW
XWLOLVpHV�SDU�GLYHUV�JURXSHV�VSpFLDOLVpV��GRQW�OHV�&HQWUHV�GH�9HLOOH�0pWpRURORJLTXH��&90��TXL
pPHWWHQW� OHV�DYLV�j�O
DYLDWLRQ��6,*0(7V���&HWWH�SUpVHQWDWLRQ�GRQQHUD�G
DERUG�XQ�DSHUoX�GHV
HIIHWV�GH�OD�FHQGUH�VXU�OHV�DYLRQV�HQ�YRO�HW�GX�UpVHDX�PRQGLDO�GH�VXUYHLOODQFH�GH�OD�FHQGUH�
3XLV�� OHV�RXWLOV�XWLOLVpV�SRXU�OD�GpWHFWLRQ�HW� OD�SUpYLVLRQ�GH� OD�FHQGUH�VHURQW�SUpVHQWpV��1RXV
PRQWUHURQV� XQ� H[HPSOH� GH� PHVVDJH� G
DYLV� GH� FHQGUH� YROFDQLTXH� HW� GLVFXWHURQV� GH
O
LQWHUDFWLRQ�HQWUH�OHV�GLIIpUHQWV�LQWHUYHQDQWV��GRQW�OHV�&90�DX�&DQDGD�HW�DLOOHXUV��)LQDOHPHQW�
QRXV�GpFULURQV�OHV�DPpOLRUDWLRQV�DQWLFLSpHV�DX�FRXUV�GHV�SURFKDLQHV�DQQpHV�

7KH�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��&0&��ZDV�GHVLJQDWHG�D�9$$&��9ROFDQLF�$VK�$GYLVRU\
&HQWUH��E\� WKH� ,QWHUQDWLRQDO�&LYLO�$YLDWLRQ�2UJDQL]DWLRQ� �,&$2�� LQ������� ,WV� UHVSRQVLELOLWLHV
LQFOXGH� UHDO�WLPH� PRQLWRULQJ� RI� WKH� DWPRVSKHUH� WR� GHWHFW� YROFDQLF� DVK�� IRUHFDVWLQJ� WKH
GLVSODFHPHQW�RI� WKH�DVK�FORXG�DQG� WKH�SURGXFWLRQ�DQG� WUDQVPLVVLRQ� RI� DGYLVRU\�PHVVDJHV�
7KLV� LQIRUPDWLRQ� LV�XVHG�E\� YDULRXV�VSHFLDOL]HG�JURXSV�� LQFOXGLQJ� WKH�0HWHRURORJLFDO�:DWFK
2IILFHV��0:2��WKDW�LVVXH�DYLDWLRQ�ZDUQLQJV��6,*0(7V���7KLV�SUHVHQWDWLRQ�ZLOO�ILUVW�JLYH�D�EULHI
GHVFULSWLRQ�RI� WKH� YDULRXV� LPSDFWV�RI� YROFDQLF�DVK�RQ�DLUFUDIW��DQG�GHVFULEH� WKH�JOREDO� DVK
PRQLWRULQJ�QHWZRUN��6RPH�RI�WKH�WRROV�XVHG�WR�GHWHFW�DQG�IRUHFDVW�WKH�GLVSHUVLRQ�RI�YROFDQLF
DVK� ZLOO� WKHQ� EH� SUHVHQWHG�� $� GLVFXVVLRQ� RI� WKH� LQWHUDFWLRQV� EHWZHHQ� WKH� YDULRXV� SOD\HUV�
LQFOXGLQJ�WKH�0:2V�LQ�&DQDGD�DQG�HOVHZKHUH��ZLOO� IROORZ��)LQDOO\�� IXWXUH�ZRUN� LQ� WKLV�DUHD
ZLOO�EH�GLVFXVVHG�

��&����
3DUWLFLSDWLRQ�GH�&0&�j�(7(;�
5pDO�'
$PRXUV���0LFKHO�-HDQ���5HQp�6HUYUDQFN[��DQG�6HUJH�7UXGHO�
�&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

/
H[SpULHQFH� (7(;� �(XURSHDQ� 7UDFHU� ([SHULPHQW�� D� pWp� FRQoXH� SRXU� WHVWHU� OD� FDSDFLWp� GHV
SDUWLFLSDQWV�j�UpSRQGUH�HQ� WHPSV�UpHO�j�XQH�XUJHQFH�HQYLURQQHPHQWDOH�DVVRFLpH�j�XQ�UHMHW
LPSRUWDQW� GH� SROOXDQW� GDQV� O
DWPRVSKqUH�� GH� PrPH� TXH� SRXU� YpULILHU� OD� TXDOLWp� GHV
HVWLPDWLRQV� GH� WUDQVSRUW� GH� SROOXDQWV�� HQ� OHV� FRPSDUDQWV� DX[� PHVXUHV� GH� FRQFHQWUDWLRQV
UpVXOWDQW�G
XQ�UHOkFKHPHQW�FRQWU{Op��'HX[�UHOkFKHPHQWV�RQW�HX�OLHX�� OH����RFWREUH�������HW
OH����QRYHPEUH�������/H�&0&�D�UpSRQGX�HQ�WHPSV�UpHO�DX[�GHX[�UHOkFKHPHQWV�HW�D�IRXUQL
OHV� UpVXOWDWV� GHV� VLPXODWLRQV� GH� VRQ� PRGqOH� GH� GLVSHUVLRQ� &$1(50� DX� FHQWUH� GH
FRRUGLQDWLRQ�j�,VSUD�HQ� ,WDOLH��SRXU�rWUH�FRPSDUp�DX[�REVHUYDWLRQV�HW�pYDOXpV��6XLWH�j�FHWWH
SUHPLqUH�pWDSH�XQH�GHX[LqPH�SKDVH�G
pYDOXDWLRQ�HW�GH�FRPSDUDLVRQ�D�pWp�HQWUHSULVH��GDQV
ODTXHOOH� OHV� SDUWLFLSDQWV�RQW� H[pFXWp� OHXU�PRGqOHV�GH�GLVSHUVLRQ�j�SDUWLU� G
XQ� HQVHPEOH� GH
GRQQpHV�PpWpRURORJLTXHV�FRPPXQ�IRXUQL�SDU�OH�&(3007��8QH�pYDOXDWLRQ�GH�FHV�UpVXOWDWV�D
pJDOHPHQW�pWp�SURGXLWH�SDU�OH�FHQWUH�GH�FRRUGLQDWLRQ�

/D� UpSRQVH� HQ� WHPSV� UpHO� GX� &0&� GX� &0&� D� pWp� H[FHOOHQWH� HQ� WHUPH� GH� GpODL�� /D
FRPSDUDLVRQ� GHV� REVHUYDWLRQV� HW� GHV� VLPXODWLRQV�PRQWUH� TXH� OH� &$1(50� D� UpXVVL� j� ELHQ
WUDLWHU� O
pYROXWLRQ� GX� SDQDFKH� GX� SUHPLHU� UHOkFKHPHQW�� 7RXWHIRLV�� HQ� FH� TXL� FRQFHUQH� OH
GHX[LqPH� UHOkFKHPHQW�� DXFXQH� GHV� VLPXODWLRQV� VRXPLVHV� SDU� OHV� SDUWLFLSDQWV� Q
D� UpXVVL� j
UHSURGXLUH� OHV�REVHUYDWLRQV�GH� IDoRQ� VDWLVIDLVDQWH��0rPH� HQ� WHQDQW� FRPSWH� GH� OD� VLWXDWLRQ
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PpWpRURORJLTXH� SOXV� FRPSOH[H� RQ� DUULYH� GLIILFLOHPHQW� j� FRPSUHQGUH� OH� FRPSRUWHPHQW� GX
SDQDFKH�WHO�TXH�GpFULW�SDU�OHV�REVHUYDWLRQV�

/D� SUpVHQWDWLRQ� PRQWUH� HW� GLVFXWH� FHUWDLQV� UpVXOWDWV� GHV� VLPXODWLRQV� GH� &$1(50� HQ� OHV
FRPSDUDQW� DX[�REVHUYDWLRQV��4XHOTXHV� K\SRWKqVHV� SRXYDQW� H[SOLTXHU� OH� FRPSRUWHPHQW� GX
PRGqOH�VRQW�pJDOHPHQW�IRUPXOpHV��'HV�FRPSDUDLVRQV�DYHF�OHV�UpVXOWDWV�GHV�DXWUH�SDUWLFLSDQWV
VRQW�SUpVHQWpHV�

��&����
7KH�$SSOLFDWLRQ�RI�$WPRVSKHULF�0RGHOOLQJ�LQ�WKH�&RPSUHKHQVLYH�7HVW�%DQ�7UHDW\�9HULILFDWLRQ�
$�&DVH�VWXG\�XVLQJ�WKH�([SORVLRQ�DW�WKH�7RPVN�5DGLRFKHPLFDO�)DFLOLW\��5XVVLDQ�)HGHUDWLRQ�
0LFKHO�-HDQ�
�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW�&DQDGD

7KH� YHULILFDWLRQ� UHJLPH� RI� WKH� &RPSUHKHQVLYH� 7HVW� %DQ� 7UHDW\� UHTXLUHV� WKDW� WKH� ,QWHUQDWLRQDO
0RQLWRULQJ� 6\VWHP� HPSOR\V� IRXU� GLIIHUHQW� PRQLWRULQJ� WHFKQRORJLHV�� VHLVPLF�� K\GURDFRXVWLF�
UDGLRQXFOLGH� DQG� LQIUDVRXQG�� $W� WKH� ,QIRUPDO� 0HHWLQJ� WR� 'LVFXVV� WKH� $SSOLFDWLRQ� RI
$WPRVSKHULF�0RGHOOLQJ� WR�&7%7� 9HULILFDWLRQ� KHOG� LQ�0RQWUpDO��&DQDGD� �2FWREHU� �������� LW
ZDV� UHFRJQL]HG� WKDW� ZKHQ� XVHG� V\QHUJLVWLFDOO\� WKHVH� WHFKQRORJLHV� ZLOO� IRUP� D� YHU\� VLJQLILFDQW
GHWHUUHQW� IRU� D� SRWHQWLDO� YLRODWRU�� +RZHYHU�� WKHUH� DUH� DW� OHDVW� WKUHH� UHODWHG� LVVXHV� WKDW� ZRXOG
UHTXLUH�PHWHRURORJLFDO�FRQVLGHUDWLRQ�

� 6XSSRVLQJ� WKDW� DQ� DQRPDORXV� HYHQW� LV� GHWHFWHG� E\� HLWKHU� WKH� VHLVPLF�
K\GURDFRXVWLF�RU�LQIUDVRXQG�QHWZRUNV��ZKLFK�UDGLRQXFOLGH�VWDWLRQV�DUH�WKH�PRVW
OLNHO\�FDQGLGDWHV�IRU�GHWHFWLRQ"

� 6XSSRVLQJ� VXVSLFLRXV� UDGLRQXFOLGHV� DUH� GHWHFWHG� DW� RQH� RU� PRUH� ,06
UDGLRQXFOLGH�VWDWLRQV��KRZ�FDQ�WKH�VRXUFH�ORFDWLRQ�EH�GHWHUPLQHG�LI� LW�FDQQRW
EH�DVVRFLDWHG�ZLWK�DQ\�HYHQW�GHWHFWHG�E\�WKH�RWKHU�,06�VHQVRUV"

� %\�ZKDW�REMHFWLYH�SURFHVV�FDQ�D�UDGLRQXFOLGH�HYHQW�EH�DVVRFLDWHG�ZLWK�RQH�RI
PDQ\�RWKHU� �SDUWLFXODUO\� VHLVPLF��HYHQWV� WKDW�PD\�KDYH�RFFXUUHG�VHYHUDO�GD\V
HDUOLHU"

7KH�DELOLW\�WR�PRGHO�WKH�DWPRVSKHULF�GLVSHUVLRQ�RI�UDGLRQXFOLGH�SDUWLFXODWH�DQG�JDVHV��HLWKHU�LQ
IRUZDUG�RU�EDFNZDUG�PRGH��ZRXOG�EH�QHHGHG�WR�DQVZHU�WKH�DERYH�TXHVWLRQV�

7KH�SHUIRUPDQFH�RI�VLPSOH�WUDMHFWRU\�PRGHOV�DQG�PRUH�FRPSOH[���'�/DJUDQJLDQ�RU�(XOHULDQ
WUDQVSRUW�DQG�GLVSHUVLRQ�PRGHOV�KDV�EHHQ�H[WHQVLYHO\�DVVHVVHG�LQ�WKH�SDVW����\HDUV�XVLQJ
DFFLGHQWDO�UHOHDVH�RI�UDGLRQXFOLGHV��&KHUQRE\O��7RPVN���ODUJH�VFDOH�ILHOG�H[SHULPHQW��WKH
UHOHDVH�RI�YROFDQLF�DVK�DQG�HPHUJHQF\�SUHSDUHGQHVV�H[HUFLVHV��*HQHUDOO\�WKHVH�PRGHOV�
ZKHQ�RQH�WDNHV�LQWR�FRQVLGHUDWLRQ�WKHLU�GLIIHUHQFHV�DQG�WKH�XVH�RI�GLIIHUHQW�PHWHRURORJLFDO
GULYHUV��SHUIRUPHG�ZHOO�ERWK�TXDOLWDWLYHO\�DQG�TXDQWLWDWLYHO\�

7KH�SXUSRVH�RI�WKLV�VKRUW�FRQWULEXWLRQ�LV�WR�XVH�WKH�H[SORVLRQ�DW�WKH�7RPVN�UDGLRFKHPLFDO�SODQW
�$SULO���������DV�DQ�H[DPSOH� WR�VKRZ� WKDW�FXUUHQWO\�DYDLODEOH�FRPSOH[�DWPRVSKHULF� WUDQVSRUW
PRGHOV�FDQ�EH�XVHG�RSHUDWLRQDOO\�WR

• IRFXV� HIIRUW� LQ� VHFXULQJ� LPSRUWDQW� DGGLWLRQDO� LGHQWLILFDWLRQ� LQ� WKH� FDVH� RI� HYHQWV
GHWHFWHG�E\�RWKHU�PHDQV��DQG

• SURYLGH�DQ�REMHFWLYH�SURFHVV�WR�DVVRFLDWH�UDGLRQXFOLGH�GHWHFWLRQ�DQG�LGHQWLILFDWLRQ
ZLWK�DQ�HYHQW�GHWHFWHG�E\�RWKHU�,06�VHQVRUV�

$� VHFRQG� H[DPSOH�� XVLQJ� D� YROFDQLF� HUXSWLRQ� DW� WKH� 0RQWVHUUDW� YROFDQR� �ORFDWHG� LQ� WKH
&DULEEHDQ��� ZLOO� EH� VKRUWO\� GLVFXVVHG�� :H� ZLOO� FRQFOXGH� E\� GLVFXVVLQJ� FXUUHQW� RSHUDWLRQDO
FRQVWUDLQWV�DQG�IXWXUH�ZRUN�
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��&����
*HVWLRQ�HW�LQWHUYHQWLRQ�HQYLURQQHPHQWDOHV��/D�PpWpRURORJLH�DX�FRHXU�G
XQH�VDLQH�JHVWLRQ�
&ODXGH�5LYHW��DQG�$QGUp�&RWQRLU�
�(QYLURQQHPHQW�&DQDGD���'3(

/RUV�GH�FHWWH�SUpVHQWDWLRQ��QRXV�H[SOLTXHURQV�OH�U{OH�HVVHQWLHO�TXH�MRXH�OD�PpWpRURORJLH�GDQV
OD�JHVWLRQ�GH�O
HQYLURQQHPHQW�HW�ORUV�G
LQWHUYHQWLRQV�HQYLURQQHPHQWDOHV��'DQV�OH�FDGUH�GH�OD
JHVWLRQ�HQYLURQQHPHQWDOH��ORUV�GH�OD�PLVH�HQ�SODFH�GH�SODQV�G
XUJHQFH��SDU�XQH�FRQWULEXWLRQ
ORUV�G
pWXGHV�SUpOLPLQDLUHV�GH�ULVTXHV�HW�G
pWXGHV�G
LPSDFWV��'DQV� OH�FDGUH�GHV� LQWHUYHQWLRQV
HQYLURQQHPHQWDOHV�� SDU� XQH� SUpVHQFH� GX� PpWpRURORJXH� FRPPH� H[SHUW� VFLHQWLILTXH�� DILQ
G
DVVXUHU�XQ�VXLYL�FRQWLQX�GHV�FRQGLWLRQV�DFWXHOOHV�HW�j�YHQLU��&HFL�DILQ�GH�FRQWULEXHU�j�GHV
RSpUDWLRQV�VpFXULWDLUHV�DX�VLWH�HW�j�XQH�SODQLILFDWLRQ�HIILFDFH�GHV�pYDFXDWLRQV�
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��&����
1RQOLQHDU�SULQFLSDO�FRPSRQHQW�DQDO\VLV�E\�QHXUDO�QHWZRUNV
$GDP�0RQDKDQ���:LOOLDP�+VLHK��DQG�%HQ\DQJ�7DQJ�
�2FHDQRJUDSK\�(26��8QLY��RI�%ULWLVK�&ROXPELD

7KH� ROG� SDUDGLJP� WKDW� SULQFLSDO� FRPSRQHQW� DQDO\VLV� �3&$�� LV� WKH� PRVW� HIILFLHQW� ZD\� WR
FRQGHQVH� WKH� YDULDQFH� RI� D� GDWDVHW� KDV� EHHQ� VXSHUFHGHG� E\� WKH� QRQOLQHDU� 3&$� �1/3&$�
PHWKRG�XVLQJ�QHXUDO�QHWZRUNV� �11���7KH�11�KDV���KLGGHQ� OD\HUV�� WKH�PLGGOH�RQH�EHLQJ�D

ERWWOHQHFN
�OD\HU��7KH�SDUDPHWHUV�RI�WKH�11�PRGHO�DUH�DGMXVWHG�WR�PLQLPL]H�D�FRVW�IXQFWLRQ
VR� WKDW� WKH� RXWSXWV� DUH� PDGH� DV� VLPLODU� WR� WKH� LQSXWV� DV� SRVVLEOH�� 7KH� 1/3&$� KDV� EHHQ
DSSOLHG�VXFFHVVIXOO\�WR�WKH�/RUHQ]����������FRPSRQHQW�FKDRWLF�V\VWHP��DQG�WR�WKH�HTXDWRULDO
3DFLILF� VHD� VXUIDFH� WHPSHUDWXUH� �667��� 7KH�1/3&$V� DUH� QRW� VWDQGLQJ� SDWWHUQV� RVFLOODWLQJ� LQ
WLPH�� EXW� HYROYH� QRQOLQHDUO\� ZLWK� WKH� DPSOLWXGH� RI� WKH� PRGH��� KHQFH� WKH� /D� 1LQD� 667
DQRPDOLHV�DUH�ORFDWHG�IXUWKHU�ZHVW�LQ�WKH�HTXDWRULDO�3DFLILF�WKDQ�WKH�(O�1LQR�667�DQRPDOLHV�LQ
WKH��VW�1/3&$�PRGH��DV�ZHUH�REVHUYHG�LQ�WKH�UHDO�GDWD�

��&����
6LPXODWLRQ�RI�WKH�LQWHUDQQXDO�YDULDELOLW\�RI�WKH�ZLQG�GULYHQ�$UFWLF�VHD�LFH�FRYHU�GXULQJ������
����
*LOOHV�$UIHXLOOH���/DZUHQFH�$��0\VDN��DQG�/RXLV�%UXQR�7UHPEOD\�
�8QLYHUVLW\� RI� 9LFWRULD� DQG� ,�2�6�� �%ULWLVK� &ROXPELD��� �0F*LOO� 8QLYHUVLW\�� �/DPRQW�'RKHUW\
(DUWK�/DERUDWRU\

$�WKHUPRG\QDPLF�G\QDPLF�VHD�LFH�PRGHO�EDVHG�RQ�D�JUDQXODU�PDWHULDO� UKHRORJ\��7UHPEOD\
DQG�0\VDN��LV�XVHG�WR�VWXG\�WKH�LQWHUDQQXDO�YDULDELOLW\�RI�WKH�$UFWLF�VHD�LFH�FRYHU�GXULQJ�WKH
���\HDU�SHULRG������������0RQWKO\�ZLQG�VWUHVV� IRUFLQJ�GHULYHG� IURP� WKH�1DWLRQDO�&HQWHUV
IRU�(QYLURQPHQWDO�3UHGLFWLRQ��1&(3��5HDQDO\VLV�GDWD�IRU�WKLV�SHULRG�LV�XVHG�WR�GHWHUPLQH�WKH
\HDU�WR�\HDU� YDULDWLRQV� LQ� WKH� VHD� LFH� FLUFXODWLRQ� DQG� WKLFNQHVV�� ZH� IRFXV� RQ� DQDO\]LQJ� WKH
LQWHUDQQXDO�YDULDELOLW\�RI�WKH�VHD�LFH�YROXPH�LQ�WKH�$UFWLF�%DVLQ�DQG�WKH�VXEVHTXHQW�FKDQJHV
LQ�WKH�VHD�LFH�H[SRUW�LQWR�WKH�*UHHQODQG�6HD�YLD�)UDP�6WUDLW��7KH�UHODWLYH�FRQWULEXWLRQV�RI�WKH
)UDP�6WUDLW�VHD�LFH�WKLFNQHVV�DQG�YHORFLW\�DQRPDOLHV�WR�WKH�VHD�LFH�H[SRUW�DQRPDOLHV�DUH�ILUVW
LQYHVWLJDWHG��DQG�WKH�IRUPHU�LV�VKRZQ�WR�EH�SDUWLFXODUO\�LPSRUWDQW�GXULQJ�VHYHUDO�ODUJH�H[SRUW
HYHQWV�� 7KH� VHD� LFH� H[SRUW� DQRPDOLHV� IRU� WKHVH� HYHQWV� DUH� QH[W� OLQNHG� WR� WKH� SULRU� VHD� LFH
YROXPH� DQRPDOLHV� LQ� WKH� $UFWLF� %DVLQ�� 7KH� RULJLQ� DQG� HYROXWLRQ� RI� WKH� VHD� LFH� YROXPH
DQRPDOLHV�DUH�WKHQ�UHODWHG�WR�WKH�VHD�LFH�FLUFXODWLRQ�DQG�DWPRVSKHULF�IRUFLQJ�SDWWHUQV�LQ�WKH
$UFWLF�� /DUJH� VHD� LFH� H[SRUW� DQRPDOLHV� DUH� JHQHUDOO\� SUHFHGHG� E\� ODUJH� YROXPH� DQRPDOLHV
IRUPHG�DORQJ�WKH�(DVW�6LEHULDQ�&RDVW�GXH�WR�DQRPDORXV�ZLQGV�ZKLFK�RFFXU�ZKHQ�WKH�$UFWLF
+LJK�LV�FHQWHUHG�FORVHU�WKDQ�XVXDO�WR�WKLV�FRDVWDO�DUHD��:KHQ�WKH�FHQWUH�RI�WKLV�KLJK�UHORFDWHV
RYHU�WKH�%HDXIRUW�6HD�DQG�WKH�,FHODQGLF�/RZ�H[WHQGV�IDU�LQWR�WKH�$UFWLF�%DVLQ��WKH�DERYH�LFH
YROXPH�DQRPDOLHV�DUH�WUDQVSRUWHG�WR�WKH�)UDP�6WUDLW�UHJLRQ�YLD�WKH�7UDQVSRODU�'ULIW�6WUHDP�
)LQDOO\�� WKH� OLQN� EHWZHHQ� WKH� VHD� LFH� H[SRUW� WKURXJK� )UDP� 6WUDLW� DQG� WKH� 1RUWK� $WODQWLF
2VFLOODWLRQ��1$2��LQGH[�LV�EULHIO\�GLVFXVVHG��7KH�RYHUDOO�UHVXOWV�IURP�WKLV�VWXG\�VKRZ�WKDW�WKH
$UFWLF�%DVLQ�DQG�LWV�LFH�YROXPH�DQRPDOLHV�PXVW�EH�FRQVLGHUHG�LQ�RUGHU�WR�IXOO\�XQGHUVWDQG�WKH
H[SRUW�WKURXJK�)UDP�6WUDLW

��&����
'HYHORSPHQW�RI�DQ�LPSURYHG�G\QDPLF�WKHUPRG\QDPLF�VHD�LFH�WKLFNQHVV�GLVWULEXWLRQ�PRGHO
7RGG�$UEHWWHU���-XG\�$��&XUU\��DQG�-XOLH�6FKUDPP�

�0F*LOO�8QLYHUVLW\���8QLYHUVLW\�RI�&RORUDGR

2QH�RI� WKH�PDMRU�FKDOOHQJHV� LQ�FOLPDWH�PRGHOOLQJ� LV�GHYHORSPHQW�DQG� LPSOHPHQWDWLRQ� LQWR
JHQHUDO�FLUFXODWLRQ�PRGHOV�RI�D�VHD�LFH�PRGHO�WKDW�DFFXUDWHO\�SUHGLFWV�VHD�LFH�PDVV�EDODQFH�
LFH�H[WHQW�� LQWHUIDFLDO� IOX[HV��DQG�WKH�DVVRFLDWHG� IHHGEDFNV�ZLWK� WKH�DWPRVSKHUH�DQG�RFHDQ�
,QLWLDOO\�� JHQHUDO� FLUFXODWLRQ� PRGHOV� FRQWDLQHG� VLPSOH� SDUDPHWHUL]DWLRQV� RI� VHD� LFH
WKHUPRG\QDPLF� DQG� G\QDPLF� SURFHVVHV�� 7KH� GHYHORSPHQW� RI� VRSKLVWLFDWHG� VWDQG�DORQH� LFH
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G\QDPLF�PRGHOV�IDFLOLWDWHG�LPSURYHPHQW�LQ�WKH�WUHDWPHQW�RI�LFH�G\QDPLFV�LQ�*&0V��+RZHYHU�
ZKLOH� WKHUH� KDV� EHHQ� VXEVWDQWLDO� SURJUHVV� LQ� WKH� GHYHORSPHQW� RI� VLQJOH�FROXPQ� VHD
WKHPUG\QDPLF� VHD� LFH� PRGHOV�� OLWWOH� ZRUN� KDV� EHHQ� GRQH� WR� XQLI\� VRSKLVWLFDWHG
WKHPUPRG\QDPLFV�DQG�G\QDPLFV�LQWR�D�VLQJOH�PRGHO�

7RZDUGV� WKLV� HQG�� D� QHZ� VHD� LFH� PRGHO� LV� GHVFULEHG� ZKLFK� LQFRUSRUDWHV� WKH� VRSKLVWLFDWHG
WKHUPRG\QDPLFV�RI�D�VLQJOH�FROXPQ�VHD�LFH�PRGHO�GHYHORSHG�DW� WKH�8QLYHUVLW\�RI�&RORUDGR
LQWR�DQ�H[LVWLQJ�EDVLQ�VFDOH�G\QDPLF�WKHUPRG\QDPLF�PRGHO��8VLQJ�D�YLVFRXV�SODVWLF�G\QDPLF
PRGHO� DQG� DQ� LFH� VWUHQJWK� SDUDPHWHUL]DWLRQ� ZKLFK� DFFRXQWV� IRU� D� GLVWULEXWLRQ� RI� VHD� LFH
WKLFNQHVVHV�� WKH� PRGHO� UHVROYHV� D� GRPDLQ� FRYHULQJ� WKH� $UFWLF� 2FHDQ� DQG� PXFK� RI� LWV
VXUURXQGLQJ� VHDV�� %HQHDWK� WKH� LFH�DW� HDFK� JULG� FHOO� LV� DQ� LQWHUDFWLYH� RFHDQ�PL[HG� OD\HU�� $
SUHOLPLQDU\� FRPSDULVRQ�RI�EDVHOLQH�FKDUDFWHULVWLFV�RI� WKH�PRGHO�ZLWK� REVHUYDWLRQV� LQGLFDWHV
WKDW� WKH� QHZ� PRGHO� SHUIRUPV� UHDVRQDEO\� ZHOO� LQ� WHUPV� RI� LWV� UHSURGXFWLRQ� RI� LFH� VXUIDFH
DOEHGR��LFH�VXUIDFH�WHPSHUDWXUH��DQG�LFH�WKLFNQHVV�GLVWULEXWLRQ�

��&����
$�9DULDEOH�9HORFLW\�)ORZ�5RXWLQJ�6FKHPH�IRU�*HQHUDO�&LUFXODWLRQ�0RGHOV
9LYHN�$URUD��DQG�*HRUJH�-��%RHU�
�&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV

$�JOREDO�K\GURORJLFDO�URXWLQJ�DOJRULWKP�LV�GHYHORSHG�IRU�XVH�LQ�WKH�&DQDGLDQ�&HQWUH�IRU
&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV
��&&&PD��FRXSOHG�JHQHUDO�FLUFXODWLRQ�PRGHO��7KH�URXWLQJ
DOJRULWKP�PRGHOV�WKH�IUHVKZDWHU�LQIORZ�LQWR�WKH�RFHDQV�E\�URXWLQJ�JULGHG�UXQRII�IURP�WKH�ODQG
FHOOV�WR�WKH�RFHDQ�FHOOV�

8QOLNH��H[LVWLQJ�VFKHPHV�WKDW�XVH�D�FRQVWDQW�YHORFLW\��WKH�DOJRULWKP�XVHV�D�WLPH�YDULDQW
YHORFLW\�WR�SHUIRUP�VXUIDFH�IORZ�URXWLQJ��WKDW�GHSHQGV�RQ�WKH�DPRXQW�RI�UXQRII�JHQHUDWHG�LQ
WKH�*&0�ODQG�JULG�FHOO��7KLV�LV�H[SHFWHG�WR�\LHOG�EHWWHU�ULYHU�GLVFKDUJH�VLPXODWLRQV��HVSHFLDOO\
LQ�D�FOLPDWH�FKDQJH�H[SHULPHQW��ZKHUH�FKDQJHV�LQ�SUHFLSLWDWLRQ�FDXVH�FKDQJHV�LQ�UXQRII�DQG
WKHUHIRUH�VWUHDPIORZ�YDOXHV��7KH�UHVLGHQFH�WLPH�IRU�JURXQGZDWHU�UHVHUYRLU�LV��KRZHYHU�
DVVXPHG�FRQVWDQW�LQ�WLPH�DQG�UHODWHG�WR�WKH�PDMRU�VRLO�W\SH�LQ�WKH�*&0�JULG�FHOO�

7KH�VFKHPH�XVHV�0DQQLQJ
V�HTXDWLRQ�WR�HVWLPDWH�IORZ�YHORFLWLHV�DQG�WKHFURVV�VHFWLRQ�RI�WKH
ULYHU�FKDQQHO�LV�DVVXPHG�WR�EH�UHFWDQJXODU��,W�XVHV���GHJUHH�ULYHU�IORZ�GLUHFWLRQV��DQG�ILQGV
WKH�ULYHU�IORZ�GLUHFWLRQV�DW�WKH�UHTXLUHG*&0�UHVROXWLRQ�XVLQJ�DQ�DOJRULWKP�WKDW�UHTXLUHV
PLQLPDO�PDQXDO�FRUUHFWLRQ��7KHVFKHPH�FDQ�WKHUHIRUH�EH�XVHG�IRU�DQ\�*&0�UHVROXWLRQ�HDVLO\�

:LWK�WKH�XVH�RI�D�VXLWDEOH�URXJKQHVV�FRHIILFLHQW�IRU�QDWXUDO�FKDQQHOV�LQWKH�0DQQLQJ
V
HTXDWLRQ��DQG�DOO�RWKHU�SDUDPHWHUV�GHWHUPLQHG�IURP�H[LVWLQJOLWHUDWXUH�WKH�VFKHPH�GRHV�QRW
UHTXLUH�FDOLEUDWLRQ�RI�DQ\�SDUDPHWHUV�DQG�FDQ�EH�XVHGLQ�*&0V�GLUHFWO\��6WUHDPIORZ
VLPXODWLRQV�DW�WKH�PRXWK�RI�PDMRU�ULYHUV�VXJJHVW�WKDWWKH�VFKHPH�SHUIRUPV�VDWLVIDFWRULO\�DQG
SUHVHUYHV�WKH�WLPLQJ�RI�K\GURJUDSKV�
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��&����
7KH� �������� (162� (YHQW� DQG� ,PSDFWV� RQ� 6HD� ,FH� LQ� WKH�:HVWHUQ� $UFWLF� DQG� &DQDGLDQ
$UFWLF�,VODQGV
7RP�$JQHZ���-LP�0DVODQLN��DQG�0DUN�6HUUH]H�
�$(6���&RRSHUDWLYH�,QVWLWXWH�IRU�5HVHDUFK�LQWR�(QYLURQPHQWDO�6FLHQFHV

7KH�ODWHVW�JOREDO�WHPSHUDWXUHV�LQGLFDWH�WKDW������ZDV�WKH�ZDUPHVW�\HDU�RI�WKH�ODVW�����\HDUV�
2YHU� WKH�����
V�������������DQG������ KDYH� DOVR� EHHQ� UHFRUG�ZDUP� \HDUV�� ,Q� DGGLWLRQ�
�������� ZDV� D� SDUWLFXODUO\� H[WUHPH� (162� HYHQW� ZKLFK� FRQWLUEXWHG� WR� WKH� ZDUPHVW
WHPSHUDWXUHV�RQ�UHFRUG�IRU�6SULQJ�DQG�6XPPHU�RI������LQ�WKH�QRUWKZHVWHUQ�&DQDGLDQ�$UFWLF
DQG�WKH�&DQDGLDQ�$UFWLF�,VODQGV��7KHVH�WZR�\HDUV�ZHUH�DOVR�UHFRUG�\HDUV� IRU�PLQXPXP�VHD
LFH�FRYHU� LQ� WKH�ZHVWHUQ�$UFWLF�2FHDQ��%HDXIRUW�DQG�&KXNFKL�6HD�� �0DVODQLN�HW�DO�������� �
7ZR�FRQHFXWLYH�\HDUV�RI�PLQLPXP�VHD�LFH�FRYHU�KDYH�QRW�RFFXUUHG�EHIRUH�LQ�WKHVH�UHJLRQV�
7KLV�DSSHDUV�WR�KDYH�KDG�ORQJ�WHUP�HIIHFWV�RQ�WKH�GLVWULEXWLRQ�RI�ILUVW�\HDU�DQG�PXOWL\HDU�VHD
LFH�LQ�WKH�UHJLRQ��0F3KHH�HW�DO���������7KLV�SDSHU�ZLOO�GLVFXVV�WKH�(162�UHODWHG�FKDQJHV�LQ
DWPRVSKHULF� FLUFXODWLRQ� ZKLFK� FDXVHG� WKHVH� ZDUP� WHPSHUDWXUHV�� WKH� LPSDFWV� WKHVH� ZDUP
WHPSHUDWXUHV�DQG�FKDQJHV�LQ�FLUFXODWLRQ�KDG�RQ�VHD�LFH�LQ�WKH�UHJLRQ�DQG�SRVVLEOH�IHHGEDFNV
WKLV�LV�KDYLQJ�RQ�WKH�VHD�LFH�DQG�FOLPDWH�RI�WKH�UHJLRQ�

��&����
$LU�6HD�)OX[HV�IURP�WKH�/DEUDGRU�6HD�'HHS�&RQYHFWLRQ�([SHULPHQW�RI�����
:LOOLDP�3HUULH���5REHUW�$QGHUVRQ���)UHG�'REVRQ���<RQJFXQ�+X��DQG�%HFKDUD�7RXODQ\�
�%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

�$Q�XQGHUVWDQGLQJ�RI� WKH�FOLPDWH�G\QDPLFV�DQG�FOLPDWH�FKDQJH��RQ�DOO� WLPHVFDOHV�� UHTXLUHV
FRQVLGHUDWLRQ� RI� WKH� RFHDQ� VXUIDFH�� &OLPDWH� PRGHOV� MXVW� WU\� WR� VLPXODWH� WKH� FRXSOLQJ� WKDW
RFFXUV� EHWZHHQ� WKH� DWPRVSKHUH� DQG� WKH� RFHDQ� WKURXJK� WKH� RFHDQ� VXUIDFH�� 7KH\� PXVW
DFFXUDWHO\�PRGHO�WKH�DLU�VHD�IOX[HV�RI�PRPHQWXP��KHDW�DQG�YDSRXU��7KH�/DEUDGRU�6HD�'HHS
&RQYHFWLRQ�([SHULPHQW��/6'&(��ZDV�DQ�DWWHPSW�WR�GLUHFWO\�PHDVXUH�WKHVH�IOX[HV�DQG�UHODWHG
SDUDPHWHUV�RI�WKH�PDULQH�ERXQGDU\�OD\HU��WKH�RFHDQ�VXUIDFH�DQG�WKH�XSSHU�RFHDQ�

:H�SUHVHQW�ZLQG� ILHOGV�PHDVXUHG� IURP�WKH�.QRUU
V� ,0(7�V\VWHP�DQG� IURP�WKH�%,2�ERZPDVW
PHWHRURORJLFDO�V\VWHP��FRUUHFWHG�IRU�IORZ�GLVWRUWLRQ�RYHU�WKH�VKLS��KHLJKW�DQG�VWDELOLW\��GXULQJ
WKH�HQWLUH����GD\�FUXLVH�RI�WKH�/6'&(��7KHVH�ZLQGV�DUH�FRPSDUHG�WR�WKH�UDZ�,0(7�ZLQGV�DV
RULJLQDOO\�PHDVXUHG� IURP�WKH�.QRUU��DV�ZHOO�DV����P�KHLJKW�ZLQG� ILHOG�DQDO\VLV� YDOXHV� IURP
WKH�&0&�*(0�PRGHO�RXWSXW��LQWHUSRODWHG�WR�WKH�SRVLWLRQ�RI�WKH�VKLS��$VVRFLDWHG�VFDWWHU�SORWV
FRUUHODWLQJ� VKLS� ZLQGV� WR� &0&� ZLQGV� DUH� DOVR� SUHVHQWHG�� 0RUHRYHU�� DV� /6'&(� ZDV
FRQGXFWHG� LQ� FRQMXQFWLRQ� ZLWK� 16&$7� YDOLGDWLRQ�� ZKLFK� SURYLGHV� UHPRWHO\� VHQVHG
PHDVXUHPHQWV�RI�WKH�ZLQG�ILHOG��WLPH�VHULHV�FRPSDULQJ�LQ�VLWX�ZLQGV�IURP�.QRUU�ZLWK�16&$7
ZLQGV�DUH�DOVR�SUHVHQWHG�

/6'&(� DOVR� SURGXFHG� LQ� VLWX� PHDVXUHPHQWV� RI� WKH� ZLQG� VWUHVV� DQG� VHD�VWDWH� SDUDPHWHUV�
WKURXJKRXW�WKH����GD\�FUXLVH�RI�WKH�.QRUU��7KH�VHD�VWDWH�SDUDPHWHUV�LQFOXGH�WKH�SDUDPHWHUV
VSHFLI\LQJ� GLUHFWLRQDO� ZDYH� VSHFWUD�� IRU� H[DPSOH� ZDYH� DJH�� ZDYH� KHLJKW�� SHDN� IUHTXHQF\�
VZHOO��SHDNHGQHVV��HWF��&RUUHODWLRQV�RI� WKHVH�VHD�VWDWH�SDUDPHWHUV�ZLWK�:$0�PRGHO�RXWSXW
DUH� SUHVHQWHG�� 0RUHRYHU�� IROORZLQJ� WKH� UHFHQW� DWWHPSWV� WR� XQGHUVWDQG� ZLQG� VWUHVV� DV� D
IXQFWLRQ�RI�WKHVH�VHD�VWDWH�SDUDPHWHUV��ZH�DOVR�SUHVHQW�SUHOLPLQDU\�SDUDPHWHUL]DWLRQV�RI�ZLQG
VWUHVV�DV�D�IXQFWLRQ�RI�VHD�VWDWH�SDUDPHWHUV��VZHOO�HWF�
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��&����
5HJLRQDO�DLU�VHD�LQWHUDFWLRQ�LQ�D������\HDU�FOLPDWH�VLPXODWLRQ
,DQ�:DWWHUVRQ�
�&6,52�$WPRVSKHULF�5HVHDUFK

�9DULDELOLW\� RI�PRQWKO\�PHDQV� LV� D� VLJQLILFDQW� FRPSRQHQW� RI�ZHDWKHU�� DQG� FRQVLVWV� RI� LQWHU�
UHODWHG�DQRPDOLHV�RI�SUHVVXUH��ZLQG��WHPSHUDWXUH��DQG�SUHFLSLWDWLRQ��7KLV�VWXG\�FRQVLGHUV�WKH
UHJLRQDO�DLU�VHD�LQWHUDFWLRQ�WKDW�PD\�DFFRPSDQ\�VXFK�YDULDELOLW\��WKURXJK�DQRPDORXV�VXUIDFH
HQHUJ\�IOX[HV�DQG�VWUHVVHV��$W�WKLV�VWDJH��WKH�DQDO\VLV�KDV�IRFXVVHG�RQ�WKH�FRPSUHKHQVLYH�GDWD
VHW� RI� PRQWKO\� PHDQV� IURP� D� �����\HDU� VLPXODWLRQ� E\� WKH� &6,52� 0DUN� �� FRXSOHG
DWPRVSKHUH�RFHDQ�PRGHO�

7KH�VSDWLDO�SDWWHUQV�RI�YDULDELOLW\�RI�����K3D�ZLQG�YHORFLWLHV� LQ� WKH�-DQXDU\�DQG�-XO\�VLQJOH�
PRQWK�PHDQV�KDYH�EHHQ�ILUVWO\�GHWHUPLQHG�WKURXJK�D�URWDWHG�(2)�DQDO\VLV�DSSOLHG�RYHU�WKH
1RUWK� $PHULFDQ� UHJLRQ�� )RU� HDFK� RI� WKH� ��� PRVW� LPSRUWDQW� SDWWHUQV�� WKH� DVVRFLDWHG
DPSOLWXGH�WLPH�VHULHV�KDV�WKHQ�EHHQ�FRUUHODWHG�ZLWK�D�UDQJH�RI�YDULDEOHV��5HJLRQDO�PDSV�RI
WKH�FRUUHODWLRQV�DUH�XVHG�WR�JLYH�D�FRKHUHQW�SLFWXUH�RI�WKH�DQRPDOLHV�

7\SLFDOO\����� WR����� RI� WKH� YDULDQFH� RI� ORFDO� SUHFLSLWDWLRQ� DQG� WHPSHUDWXUH� LV� DVVRFLDWHG
ZLWK� WKH���� WLPH�VHULHV��6HD�VXUIDFH� WHPSHUDWXUH�DQRPDOLHV� �667$��DUH�DOVR�FOHDUO\� UHODWHG�
&RUUHODWLRQV�ODJJHG�LQ�WLPH�LQGLFDWH�WKDW�WKH�ZLQG�SDWWHUQV�KDYH�OLPLWHG�SHUVLVWHQFH��+RZHYHU�
WKH�667$�WKDW�DUH�HYLGHQWO\�IRUFHG�E\�WKH�DWPRVSKHULF�SDWWHUQV�KDYH�D�SHUVLVWHQFH�RI�VHYHUDO
PRQWKV�� 7KH� SRWHQWLDO� IRU� WKHVH� VPDOO� DQRPDOLHV� WR� IHHG� EDFN� RQ� WKH� DWPRVSKHUH� LV
FRQVLGHUHG��DORQJ�ZLWK�WKH�LPSOLFDWLRQV�IRU�SUHGLFWDELOLW\�

��&����
7KH� ,QIOXHQFH� RI� 6HD� ,FH� 'LVWULEXWLRQ� LQ� 1RUWKHDVWHUQ� 1RUWK� $PHULFD� RQ� 0HVRVFDOH
$WPRVSKHULF�&LUFXODWLRQV��0RQWKO\�&OLPDWH�DQG�D�3RODU�/RZ
3HWHU�=ZDFN���3KLOLSSH�*DFKRQ��DQG�5HQp�/DSULVH�
�8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO���8QLYHUVLW\�RI�6WRFNKROP

,W� LV� ZHOO� NQRZQ� WKDW� QRUWKHUQ� FOLPDWHV� DUH� GHWHUPLQHG� E\� FRPSOH[� LQWHUDFWLRQV�� LQFOXGLQJ
SRVLWLYH� DQG� QHJDWLYH� IHHGEDFN�� EHWZHHQ� WKH� DWPRVSKHUH�� K\GURVSKHUH� DQG� FU\RVSKHUH�
%HIRUH�WU\LQJ�WR�XQGHUVWDQG�DOO�RI�WKHVH�LQWHUDFWLRQV��LW�ZRXOG�EH�XVHIXO�WR�WDFNOH�ILUVW�KRZ�HDFK
V\VWHP�DFWV�GLUHFWO\�RQ�DQRWKHU��7KH�VWUDWHJ\�LQ�WKLV�SUHVHQWDWLRQ�LV�WR�DWWHPSW�WR�XQGHUVWDQG
WKH�LQIOXHQFH�RI�VHD�LFH�FRYHU�GLVWULEXWLRQ�RQ�WKH�PHVRVFDOH�FOLPDWH�FLUFXODWLRQ��)RU�WKLV�VWXG\
84$0
V�5HJLRQDO�&OLPDWH�0RGHO� �5&0���QHVWHG�ZLWKLQ�10&�DQDO\VHV� LQ������� LV�XVHG� WR
VLPXODWH� WKH� DWPRVSKHULF� FLUFXODWLRQ� IRU� WKH� PRQWK� RI� 'HFHPEHU� RYHU� 1RUWKHDVWHUQ� 1RUWK
$PHULFD� ZLWK� WZR� GLIIHUHQW� FOLPDWLF� H[WUHPHV� RI� LFH� FRYHU� FRQGLWLRQV� LQ� +XGVRQ
V� %D\� DQG
+XGVRQ�6WUDLJKW�� 7KH�PRGHO
V� GRPDLQ�ZKLFK� FRYHUV� D� UHJLRQ� RI� ����� [� ����� NP� LV� ODUJH
HQRXJK�IRU�WKH�UHJLRQDO�PRGHO�WR�GHYHORS�LWV�RZQ�PHVRVFDOH�FOLPDWH��$�FRPSDULVRQ�EHWZHHQ
WZR�UXQV�VKRZ�PDMRU�GLIIHUHQFHV�LQ�WKH�PRQWKO\�DYHUDJH�SUHVVXUH��ZLQG�DQG�WHPSHUDWXUH�

0XFK�RI�WKH�GLIIHUHQFH�LV�GXH�WR�UHSHDWHG�GHYHORSPHQW�RI�PHVRVFDOH�ORZV�RYHU�+XGVRQ
V�%D\
LQ�WKH�FDVH�RI�PLQLPXP�LFH�FRYHU��$Q�HQKDQFHG�YHUVLRQ�RI�',21<626��D�V\QRSWLF�G\QDPLF
GLDJQRVWLF� SDFNDJH�� LV� XVHG� WR� VWXG\� WKH� GHYHORSPHQW� RI� RQH� RI� WKHVH� F\FORQHV�� D� YHU\
VKDOORZ� SRODU� ORZ�ZKLFK� KDV� DOUHDG\� EHHQ� GLVFXVVHG� LQ� SUHYLRXV� SXEOLFDWLRQV�� )RU� WKH� ILUVW
WLPH��WKH�GLDJQRVWLFV�UHYHDO�TXDQWLWDWLYHO\�KRZ��LQ�WKLV�YHU\�UHDOLVWLF�QXPHULFDO�VLPXODWLRQ��WKH
DGYHFWLRQ�RI� FROG�DLU� RYHU� WKH�RSHQ�ZDWHU�SURGXFHV�D� VKDOORZ�SRODU� ORZ�� 7KH� UHVXOWV� VKRZ
TXDQWLWDWLYHO\� WKDW� DOO� RI� WKH� IRUFLQJV� WKDW� FRQWULEXWH� GLUHFWO\� WR� WKH� IRUPDWLRQ� RI� WKH� ORZ
�VHQVLEOH� DQG� ODWHQW� KHDWLQJ� DQG� ORZ� OHYHO� YRUWLFLW\� DQG� WHPSHUDWXUH� DGYHFWLRQ�� DUH� DOO� WKH
UHVXOW�RI�WKH�GLVWULEXWLRQ�RI�VHD�LFH�LQ�WKH�SUHVHQFH�RI�VWURQJ�FROG�DGYHFWLRQ��7KH�LPSOLFDWLRQ
RI�WKHVH�UHVXOWV�IRU�FOLPDWH�PRGHOLQJ�ZLOO�DOVR�EH�EULHIO\�GLVFXVVHG�
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��&����
7KH�&DQDGLDQ�1DWLRQDO�5DGDU�3URMHFW��$Q�8SGDWH
3DXO�-RH���6WHYH�/DSF]DN���0DUWLQ�6WDQOH\�-RQHV���-RKQ�6FRWW���3DXO�9DQ�5LMQ��DQG�0DULH�)DOOD�
�(QYLURQPHQW�&DQDGD

7KH�$WPRVSKHULF�(QYLURQPHQW�6HUYLFH�RI�&DQDGD��$(6��LV�ZHOO�XQGHUZD\�RQ�D�ILYH�\HDU�SURMHFW�WR
LQVWDOO�WZHQW\�QLQH�'RSSOHU�UDGDUV�DFURVV�WKH�FRXQWU\��7KH�UDGDUV�ZLOO�FRQVLVW�RI�D�QHWZRUN�&�EDQG
UDGDUV�DQG�WKH�0F*LOO�6�EDQG�UDGDU��7KH�MXVWLILFDWLRQ�IRU�WKH�UDGDU�QHWZRUN�ZHUH�EDVHG�RQ�VHYHUH
ZHDWKHU�� K\GURORJ\�� QXPHULFDO� ZHDWKHU� SUHGLFWLRQ�GDWD� DVVLPLODWLRQ�� FOLPDWH�� HQYLURQPHQWDO
PRQLWRULQJ�DQG�FRPPHUFLDO�DSSOLFDWLRQV�ZKLFK� LQFOXGH�DYLDWLRQ��0DQ\�RI� WKHVH�DSSOLFDWLRQV�DUH
QHZ�IRU�WKH�$(6�DQG�WKLV�OHG�WR�DQ�LQ�KRXVH�DSSURDFK�WR�WKH�KDUGZDUH��VRIWZDUH�DQG�WUDLQLQJ��7KH
PDLQ�DGYDQWDJHV�WR�WKLV�DSSURDFK�DUH�D�JUHDWHU�QXPEHU�RI�UDGDUV� WKDW�FRXOG�EH�'RSSOHUL]HG��D
JUHDWHU� RUJDQL]DWLRQDO� NQRZOHGJH� RI� UDGDU� V\VWHPV� QHHGHG� IRU� LPSURYHG� XVXDJH�� VXSSRUW� DQG
PDLQWHQDQFH�DQG�IOH[LELOLW\�WR�PHHW�WKHVH�QHZ�PDQGDWHV�

7HQ�QHZ�UDGDUV�ZLOO�EH�LQVWDOOHG�DV�ZHOO�DV�UHWURILWV�RI�DOO�H[LVWLQJ�QRQ�'RSSOHU�UDGDUV�ZLWK�VRPH�UH�
ORFDWLRQV�WR�QHZ�VLWHV��7KH�UDGDUV�ZLOO�XVH�FR�D[LDO�PDJQHWURQV��GXDO�35)�XQIROGLQJ�WR�H[WHQG�WKH
1\TXLVW�YHORFLW\��D�FRPELQDWLRQ�RI�IUHTXHQF\�DQG�WLPH�GRPDLQ�SURFHVVLQJ�IRU�PRPHQW�HVWLPDWLRQ
DQG�JURXQG�FOXWWHU� ILOWHULQJ�� UDQGRP�SKDVH�SURFHVVLQJ� IRU� UDQJH�H[WHQVLRQ�� IRXU�VHOHFWDEOH�SXOVH
ZLGWKV������WR����PV��IRU�FOHDU�DLU�GHWHFWLRQ��VROLG�VWDWH�PRGXODWRU�DQG�GLJLWDO�,)�IRU�SKDVH�VWDELOLW\
HQKDQFHPHQW�� 1HZ� UDGDUV� ZLOO� KDYH� ����R� EHDPZLGWKV� DQG� UHWURILW� UDGDUV� ZLOO� KDYH� ���R
EHDPZLGWKV��3URWRW\SLQJ�RI� WKH�GLJLWDO� ,)�KDV�VKRZQ�JUHDW� LPSURYHPHQWV� LQ� WKH�SKDVH�VWDELOLW\�RI
WKH�UDGDU�WKDW�DSSURDFK�WKH�TXDOLW\�RI�FRKHUHQW�V\VWHPV�

7KH� GDWD� IURP� WKH� UDGDU� LV� WUDQVIHUUHG� RYHU� D� ���.EDXG� LQWUDQHW� OLQN� XVLQJ� D� YDULHW\� RI
FRPPXQLFDWLRQV�WHFKQRORJLHV� WR�D�5HJLRQDO�ZHDWKHU�RIILFH� IRU�SURGXFW�SURFHVVLQJ��7KH� LQ�KRXVH
EXLOW�UDGDU�SURFHVVVLQJ�V\VWHP�LV�GHVLJQHG�WR�LQWHJUDWH�LQWR�WKH�H[LVWLQJ�DQG�IXWXUH�$(6�FRPSXWLQJ
DQG�FRPPXQLFDWLRQV�LQIUDVWUXFWXUH��7KH�VRIWZDUH�LV�GHVLJQHG�WR�SURFHVV�GDWD�IURP�VHYHUDO�UDGDUV
DQG� WKH� SURGXFWV� DUH� XVHU�FRQILJXUDEOH�� FDQ� EH� DUELWUDULO\� VFKHGXOHG� DQG� SURGXFHG� LQ� YDULRXV
PDS�SURMHFWLRQV��7KH�SURGXFWV�LQFOXGH�LPDJHV��QXPHULF�GDWD�IRUPDWV�DQG�YROXPH�VFDQV�WR�PHHW
WKH�QHHGV�RI�WKH�YDULRXV�FOLHQWV��:65��'�GDWD�IURP�WKH�1,'6�SURYLGHUV��UHFHLYHG�DW�WKH�&DQDGLDQ
0HWHRURORJLFDO�&HQWUH��&0&��LQ�0RQWUHDO�DQG�WUDQVIHUUHG�WR�WKH�5HJLRQV��ZLOO�EH�SURFHVVHG�DQG
YLHZDEOH�RQ�DQ� LQWHUDFWLYH�EURZVHU�EDVHG� YLHZHU�DQG�RWKHU� V\VWHPV��$� VHOHFWLRQ� RI� WKH� QXPHULF
GDWD�SURGXFWV�IURP�WKH�5HJLRQDO�SURFHVVLQJ�FHQWUHV�ZLOO�EH�VHQW�WR�&0&�WR�EH�FRPELQHG�ZLWK�WKH
:65��'�GDWD�WR�JHQHUDWH�1RUWK�$PHULFDQ�UDGDU�FRPSRVLWHV��7KH�DELOLW\�WR�SURFHVV�VHYHUDO�UDGDUV
ZLOO� SURYLGH� WKH� IXWXUH� SRVVLELOLW\� RI� QHWZRUN� SURFHVVLQJ� RI� WKH� UDGDU� GDWD� IRU� TXDQWLWDWLYH
SUHFLSLWDWLRQ�HVWLPDWLRQ�

��&����
3URFHVVLQJ�RI�1RUWK�$PHULFDQ�UDGDU�QHWZRUNV�GDWD�DW�WKH�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH
<YHV�*LQJUDV��DQG�5LFN�-RQHV�
�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��$(6��(QYLURQPHQW�&DQDGD

1RUWK� $PHULFDQ� UDGDU� GDWD� ZLOO� EH� SURFHVVHG� RQ� DQ� RSHUDWLRQDO� EDVLV� DW� WKH� &DQDGLDQ
0HWHRURORJLFDO�&HQWUH� �&0&���7KLV�GDWD� LQFOXGHV�DOO�RI�(QYLURQPHQW�&DQDGD�DQG�1(;5$'
QHWZRUNV� VLWHV�� 5DGDU� GDWD� ZLOO� EH� XVHG� WR� PHHW� VSHFLILF� RSHUDWLRQDO� QHHGV�� 2QH� RI� WKH
LPSRUWDQW�SXUSRVHV�RI�WKH�GDWD�LV�WKH�HYDOXDWLRQ�RI�&0&�QXPHULFDO�SUHGLFWLRQ�PRGHO�RXWSXW
SUHFLSLWDWLRQ� SURGXFWV�� ZKLFK� DUH� FXUUHQWO\� DYDLODEOH� DW� D� ��� NP� VSDWLDO� UHVROXWLRQ�� 5DGLDO
ZLQGV�DUH�FRQYHUWHG�XVLQJ�%8)5�VW\OH�SDUDPHWHUV�LQ�RUGHU�WR�EH�LQJHVWHG�E\�WKH�DVVLPLODWLRQ
V\VWHP�� ,Q� WKH� IXWXUH� LW� LV�KRSHG� WKDW� WKH�DVVLPLODWLRQ�RI� UDGLDO�DQG� YHORFLW\�D]LPXWK�GLVSOD\
ZLQGV� DV� LQLWLDO� FRQGLWLRQV� IRU� WKH�PRGHO� ZLOO� LPSURYH� VKRUW� WHUP� KLJK� UHVROXWLRQ� IRUHFDVWV�
8�6�� UDGDU� GDWD� IRU� VLWHV� FRQWLJXRXV� WR� &DQDGD� DUH� UHWUDQVPLWWHG� WR� UHJLRQDO� RIILFHV� IRU
VHYHUH� ZHDWKHU� ZDWFK�� ,Q� WKLV� SUHVHQWDWLRQ�� WKH� &0&� UDGDU� SURFHVVLQJ� V\VWHP� LV� DOVR
GHVFULEHG�� ,W� LQFOXGHV� 1RUWK� $PHULFDQ� PRVDLF� SURGXFWLRQ�� TXDOLW\� FRQWURO� DQG� PHWKRGV� WR
KDQGOH�PXOWLSOH�UDGDU�FRYHUDJH��$�UDGDU�PRVDLF�LPDJH�VDPSOH�LV�VKRZQ�VXSHULPSRVHG�ZLWK
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PRGHO�RXWSXW�DQG�VXUIDFH�ZHDWKHU�REVHUYDWLRQV�WR�LOOXVWUDWH�WKH�SRVVLELOLW\�WR�FRPSDUH�YDULRXV
VRXUFHV�RI�GDWD�IRU�PRGHO�HYDOXDWLRQ�

��&����
7KH� 9HUWLFDOO\� 3RLQWLQJ� 5DGDU�� $� /RZ�&RVW� 5HPRWH� 6HQVLQJ� ,QVWUXPHQW� IRU� (GXFDWLRQ� DQG
3UHFLSLWDWLRQ�3K\VLFV�6WXGLHV
)UHGHULF�)DEU\���$EQDVK�6LQJK��DQG�,V]WDU�=DZDG]NL�
�'HSW��$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO�8QLYHUVLW\

$W�WKH�-�6��0DUVKDOO�5DGDU�2EVHUYDWRU\��ZH�KDYH�XVHG�IRU�WKH�SDVW����\HDUV�D�VPDOO�YHUWLFDOO\
SRLQWLQJ�UDGDU��935��IRU�UHVHDUFK�SXUSRVHV��7KLV�LQVWUXPHQW�UHFRUGV�WKH�UHIOHFWLYLW\��DQG�WKDQNV
WR� D� UHFHQW� XSJUDGH�� WKH� VSHFWUXP� RI� YHUWLFDO� YHORFLWLHV�� RI� ZHDWKHU� WDUJHWV� DV� WKH\� PRYH
RYHUKHDG��7KH�LQVWUXPHQW
V�KLJK�UHVROXWLRQ��D�IHZ�WHQV�RI�PHWHUV�LQ�WKH�YHUWLFDO��D�IHZ�VHFRQGV
LQ�WLPH��DOORZV�XV�WR�REVHUYH�ZLWK�FRQVLGHUDEOH�GHWDLO�D�ODUJH�YDULHW\�RI�ZHDWKHU�SKHQRPHQD
ZKLFK�LQFOXGH�JUDYLW\�ZDYHV��ERXGDU\�OD\HU�YHORFLW\�VWUXFWXUHV�� LFH�DQG�ZDWHU�FORXGV��DQG�DOO
W\SHV�RI�SUHFLSLWDWLRQ�IRUPLQJ�IURP�WKH�LFH�SKDVH�DQG�WKH�ZDWHU�SKDVH�SURFHVVHV�

$� SDUWLFXODUO\� LQWHUHVWLQJ� DVSHFW� RI� WKLV� LQVWUXPHQW� LV� LWV� UHODWLYHO\� ORZ� FRVW� ����.�� DQG� YHU\
OLPLWHG�PDLQWHQDQFH��7KLV�DOORZV�XV�WR�RSHUDWH�WKH�935�FRQWLQXRXVO\�DQG�FROOHFW�FRQVLGHUDEOH
DPRXQWV�RI�GDWD��$V�D�UHVXOW��PDQ\� UHVHDUFK�SURMHFWV�KDYH�EHHQ�PDGH�SRVVLEOH�XVLQJ�GDWD
IURP� WKH� 935�� 6LQFH� WKH� LQVWUXPHQW� LV� DOVR� UHODWLYHO\� VPDOO�� LW� KDV� EHHQ� GHSOR\HG� LQ� ILHOG
H[SHULPHQWV� OLNH� WKH��UG�&DQDGLDQ�)UHH]LQJ�'UL]]OH�([SHULPHQW� LQ� WKH�2WWDZD�DUHD��)LQDOO\�
WKH�935�FDQ�EH�XVHG�IRU�HGXFDWLRQ��ERWK�DV�D�WHVWEHG�IRU�DQ�LQWURGXFWLRQ�WR�UHPRWH�VHQVLQJ
DV� ZHOO� DV� D� VRXUFH� RI� LPDJHU\� RI� YDULRXV�PLFURSK\VLFDO� DQG� G\QDPLFDO� SKHQRPHQD�� 7KH
LQWHUHVW� LQ� WKLV� LQVWUXPHQW� LV� KLJK� HQRXJK� WKDW� ZH� KDYH� PDQXIDFWXUHG� VHYHUDO� 935� IRU
XQLYHUVLWLHV�LQ�8�.��8�6�$��DQG�1HZ�=HDODQG�

,Q�WKLV�SUHVHQWDWLRQ��ZH�ZLOO�LQWURGXFH�WKH�935�DQG�JLYH�DQ�RYHUYLHZ�RI�WKH�UHVHDUFK�WKDW�KDV
EHHQ� SHUIRUPHG� XVLQJ� WKLV� LQVWUXPHQW�� :H� ZLOO� WKHQ� VKRZ� H[DPSOHV� RI� GDWD� IURP� YDULRXV
PHWHRURORJLFDO�HYHQWV�DQG�LQWHUSUHW�WKH�UDGDU�LPDJHV�

��&����
6LPXOWDQHRXV�WUDQVPLVVLRQ�DQG�UHFHSWLRQ�RI�OLQHDU�YHUWLFDO�DQG�OLQHDU�KRUL]RQWDO�SRODUL]DWLRQ
IRU�SUHFLSLWDWLRQ�PHDVXUHPHQW
(QULFR�7RUODVFKL��DQG�<YHV�*LQJUDV�
�84$0���'pSDUWHPHQW�GHV�VFLHQFHV�GH�OD�7HUUH

$�SRODULPHWULF�ZHDWKHU�UDGDU�ZLWK�DOWHUQDWH�WUDQVPLVVLRQ�RI�VODQW�OLQHDU������DQG������SRODUL]DWLRQ
DQG�VLPXOWDQHRXV�UHFHSWLRQ�RI�ERWK�OLQHDU�YHUWLFDO�DQG�OLQHDU�KRUL]RQWDO�SRODUL]DWLRQ�LV�FRQVLGHUHG�
7KH� HTXDWLRQV� RI� WKH� UDGDU� REVHUYDEOHV� IRU� D� PRGHO� PHGLXP� FRQWDLQLQJ� QRQ� VSKHULFDO
K\GURPHWHRUV�DUH�SUHVHQWHG��$VVXPLQJ� WKH�K\GURPHWHRUV� WR�EH�D[LDOO\� V\PPHWULF�ZLWK� D� FDQWLQJ
DQJOH�GLVWULEXWLRQ�V\PPHWULF�DERXW� WKH�PHDQ�FDQWLQJ�DQJOH��D�VHW�RI�HTXDWLRQV� IRU�VHSDUDWLRQ�RI
SURSDJDWLRQ�DQG�EDFNVFDWWHULQJ�HIIHFWV� LV�GHYHORSHG��7KH�PHDQ�DSSDUHQW�FDQWLQJ�DQJOH�DQG�WKH
GHJUHH�RI�FRPPRQ�RULHQWDWLRQ�RI�WKH�K\GURPHWHRUV��DQG�WKH�GLIIHUHQWLDO�SKDVH�VKLIW�DUH�REWDLQHG�
8VLQJ�HPSLULFDO�UHODWLRQVKLSV�WKH�PHDQ�DQG�GLIIHUHQWLDO�DWWHQXDWLRQV�DUH�HVWLPDWHG�E\�PHDQV�RI�WKH
GLIIHUHQWLDO� SKDVH� VKLIW�� 7KH� LQWULQVLF� YDOXH� RI� WKH� UHIOHFWLYLW\�� WKH� GLIIHUHQWLDO� UHIOHFWLYLW\� DQG� WKH
FRSRODU�FRUUHODWLRQ�FRHIILFLHQW�DW�]HUR�ODJ�WLPH�DUH�WKHQ�GHWHUPLQHG��$SSOLFDWLRQ�RI�WKLV�WR�D�PRGHO
FRQYHFWLYH� UDLQ� FHOO� YHULILHV� WKDW� WKH� XVH� RI� VLPXOWDQHRXV� WUDQVPLVVLRQ� DQG� UHFHSWLRQ� RI� OLQHDU
YHUWLFDO�DQG�OLQHDU�KRUL]RQWDO�SRODUL]DWLRQ�DW�6��&��DQG�;�EDQG�SURYLGHV�HVWLPDWHV�RI� WKH� LQWULQVLF
VFDWWHULQJ�SURSHUWLHV�RI�SUHFLSLWDWLRQ�

��&����
3RVWHUV���������,QWURGXFWLRQV
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��'����
6XOIXU� GLR[LGH� GLVSHUVLRQ� DQG� VXEVHTXHQW� GHSRVLWLRQ� GRZQZLQG� IURP� D� QDWXUDO� VWDWLRQDU\
SRLQW�VRXUFH��0DVD\D�YROFDQR�LQ�1LFDUDJXD
3LHUUH�'HOPHOOH���-RKQ�6WL[���&KDUOHV�3��%RXUTXH��DQG�3HWHU�%D[WHU�
�8QLYHUVLWp�GH�0RQWUpDO���8QLYHUVLWp�GX�1RXYHDX�%UXQVZLFN���&DPEULGJH�8QLYHUVLW\

3RWHQWLDO� HIIHFWV� RI� DLU� SROOXWDQWV� RQ� HFRORJLFDO� V\VWHPV� GRZQZLQG� IURP� SROOXWLRQ� VRXUFHV
FRQWLQXH�WR�EH�RI�FRQFHUQ��8QWLO�QRZ��VWXGLHV�RI�WKLV�SUREOHP�KDYH�IRFXVHG�RQ�DQWKURSRJHQLF
VRXUFHV��+RZHYHU��QDWXUDO�SROOXWLRQ�VRXUFHV�PD\� OHDG�WR�VLPLODU�HIIHFWV��0DQ\�QRQ�HUXSWLQJ
YROFDQRHV� UHOHDVH� JDV� SOXPHV� LQWR� WKH� DWPRVSKHUH�� 9ROFDQLF� HPLVVLRQV� FRQVLVW� PDLQO\� RI
FDUERQ�GLR[LGH��&2����VXOIXU�GLR[LGH��62����K\GURJHQ�FKORULGH��+&O��DQG�K\GURJHQ�IOXRULGH
�+)���,Q�VRPH�LQVWDQFHV��VXFK�HPLVVLRQV�FDXVH�H[WHQVLYH�GDPDJHV�WR� IRUHVWV�DQG�SODQWDWLRQV
GRZQZLQG� DQG� FRQVWLWXWH� D� KD]DUG� IRU� WKH� ORFDO� SRSXODWLRQV�� 7KH� TXDQWLW\� DQG� LPSDFWV� RI
YROFDQLF�SROOXWDQWV�DGGHG�WKURXJK�GU\�DQG�ZHW�GHSRVLWLRQ�WR�WKH�HQYLURQPHQW�RI�SHUVLVWHQWO\
GHJDVVLQJ�YROFDQRHV�DUH�QRW�ZHOO�NQRZQ�

,Q� WKLV� SDSHU�� ZH� VWXG\� WKH� GRZQZLQG� GLVSHUVLRQ� DQG� VXEVHTXHQW� GHSRVLWLRQ� RI� WKH� SOXPH
HPLWWHG�E\�0DVD\D�YROFDQR��1LFDUDJXD��:H�IRFXV�RQ�62���0DVD\D�LV�D�ORZ�HOHYDWLRQ�����
P��EDVDOWLF�HGLILFH�FKDUDFWHUL]HG�E\�SHULRGV�RI� LQWHQVH�GHJDVVLQJ��7KH�JDV�SOXPH�LV�W\SLFDOO\
HQWUDLQHG� LQWR� D� ZDUP� DQG� YDULDEO\� PRLVW� WURSRVSKHULF� ERXQGDU\� OD\HU� DQG� LV� EORZQ� ZHVW
WRZDUGV� WKH� RFHDQ�� ,Q� 0DUFK�$SULO� ������ ZH� PRQLWRUHG� �L�� 62�� HPLVVLRQ� UDWHV� ZLWK� D
SRUWDEOH� FRUUHODWLRQ� VSHFWURPHWHU� �&263(&��� �LL�� QHDU�JURXQG� 62�� FRQFHQWUDWLRQV� ZLWK
GLIIXVLRQ� WXEHV�GLVWULEXWHG� WKURXJKRXW� WKH�GRZQZLQG�DUHD�� �LLL�� FXPXODWLYH�DPRXQWV�RI� 62�
GHSRVLWHG�RQWR�WKH�ODQG�ZLWK�3E2��VXOIDWLRQ�SODWHV�H[SRVHG�LQ�WKH�VDPH�DUHD�DQG��LY�� ORFDO
DWPRVSKHULF�FRQGLWLRQV�

$W�0DVD\D��FRQWLQXLQJ�GRZQZLQG�IXPLJDWLRQ�LPSDFWV�WKH�IRUHVWHG�DQG�FXOWLYDWHG�ODQGVFDSH��,W
LV�PRVW�FRQVSLFXRXVO\�YLVLEOH�RQ�WKH�VORSHV�OHDGLQJ�XS�WR�WKH�/ODQR�3DFD\D�ULGJH�����NP�IURP
WKH�GHJDVVLQJ�FUDWHU��,Q�WKLV�DUHD��WKH�FORXG�IRUHVW�DQG�RWKHU�YHJHWDWLRQ��LQFOXGLQJ�FRIIHH�DQG
FLWUXV�SODQWV��KDYH�EHHQ�NLOOHG�DQG�RQO\�D�IHZ�VKUXEV�VXUYLYH��7KH�YROFDQLF�62��HPLVVLRQ�ZDV
IRXQG�WR�EH�KLJKO\�YDULDEOH�RYHU�HDFK�SHULRG�RI�REVHUYDWLRQV��,W�YDULHG�IURP�����NJ�V���WR���
NJ� V��� LQ�0DUFK�$SULO�������7KH�PHDQ�62��HPLVVLRQ� UDWH�ZDV����NJ� V���� 7LPH�DYHUDJHG
QHDU�JURXQG�62��FRQFHQWUDWLRQ� LVRSOHWKV� LQGLFDWH� WKDW�YDOXHV�DERYH����SSEY�DUH�FRPPRQ
XQGHU� WKH�SOXPH�� 7KH� DYHUDJHV� SUREDEO\� FRQFHDO� KLJK� FRQFHQWUDWLRQ� H[FHHGLQJ����� SSEY
ZKLFK�DUH�FRQVLGHUHG�XQKHDOWKIXO��$�QRWLFHDEOH�HOHYDWLRQ� LQ�62��FRQFHQWUDWLRQ�LV�UHODWHG�WR
WKH�ULVH�LQ�WKH�WHUUDLQ�DORQJ�WKH�/ODQR�3DFD\D�ULGJH��)LHOG�HVWLPDWHV�UDWHV�RI�62��GHSRVLWLRQ
FORVHO\�IROORZ�WKH�VSDWLDO�GLVWULEXWLRQ�RI�62��FRQFHQWUDWLRQV��:LWKLQ����NP�IURP�WKH�YROFDQR�
WKH�WRWDO�DPRXQW�RI�62��GHSRVLWHG�RQWR�WKH�ODQG�GXULQJ�RQH�GD\�LV�HVWLPDWHG�WR�EH���[����
NJ��,W�FRUUHVSRQGV�WR�OHVV�WKDQ������RI�WKH�WRWDO�62��HPLWWHG�GDLO\�E\�0DVD\D����[�����NJ��
7KH�IUDFWLRQ�RI�62��GHSRVLWHG�GRZQZLQG�IURP�VPRNHVWDFN�SOXPHV�LV�JHQHUDOO\�JUHDWHU�E\�D
IDFWRU�RI������WKDQ�WKLV�HVWLPDWH��3UHOLPLQDU\�GDWD�DOVR�UHYHDO�WKDW�WKH�3E2��VXOIDWLRQ�SODWHV
UHFRUGHG�WKH�GU\�GHSRVLWLRQ�RI�YROFDQLF�+&O�DQG�+)�

��'����
'DUN�&RQYHUVLRQ�RI�6XOIXU��,9��WR�6XOIXU��9,�
3DULVD�$��$UL\D�
�0F*LOO�8QLYHUVLW\

,Q�VHDUFK�IRU�QHZ�PHFKDQLVPV�IRU�JHQHUDWLRQ�RI�DWPRVSKHULF�R[LGDQWV�GXULQJ�IDOO�DQG�ZLQWHU�
D� ER[�� PRGHOOLQJ� LQYHVWLJDWLRQ� ZDV� FDUULHG� RXW� LQ� ZKLFK� R]RQRO\VLV� UHDFWLRQV� RI� PRVWO\
DQWKURSRJHQLFDOO\� SURGXFHG� DONHQHV� ZHUH� FRQVLGHUHG�� %R[� PRGHO� 02&&$� �6DQGHU� DQG
&UXW]HQ��������ZDV�FUHDWHG�WR�LQYHVWLJDWH�WKH�FRXSOH�KRPRJHQHRXV�KHWHURJHQHRXV�FKHPLVWU\
RI� WKH�PDULQH�ERXQGDU\� OD\HU� DQG� LQ� WKH� FRXUVH� RI� WKLV� VWXG\�� LW� ZDV�PRGLILHG� WR� DGRSW� WR
FRQGLWLRQV�REVHUYHG�LQ�WKH�FRQWLQHQWDO��XUEDQ�VXEXUEDQ�DQG�UHPRWH��ERXQGDU\� OD\HU�� ,Q� WKLV
SDSHU��ZH�ZLOO�SUHVHQW�RXU� UHVXOWV�RQ� WKH�H[WHQW�RI�+2[� �+2�DQG�+�2��� IRUPDWLRQ�GXH� WR
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WKHVH�UHDFWLRQV�GXULQJ�GDUN�VHDVRQV��:H�ZLOO�GLVFXVV�WKH�LPSDFW�RQ�WKH�R[LGDWLRQ�RI�6�,9��WR
6�9,��LQ�WKH�JDV�SKDVH��DOVR�LQ�WKH�R[LGDWLRQ�RI�VXOIXU��,9��LQ�WKH�OLTXLG�SKDVH��DV�REVHUYHG�LQ
DWPRVSKHULF�DHURVROV��7KH�LPSOLFDWLRQ�RI� LPSRUWDQFH�RI�WKHVH�UHVXOWV�RQ�WKH�FKHPLVWU\�RI�WKH
DWPRVSKHUH�ZLOO�EH�GLVFXVVHG

��'����
3ODQV�IRU�WURSRVSKHULF�FKHPLVWU\�LQ�WKH�&DQDGLDQ�0LGGOH�$WPRVSKHUH�0RGHO
'DYLG�3OXPPHU��DQG�-DFN�0F&RQQHOO�
�<RUN�8QLYHUVLW\

7KH� &DQDGLDQ� 0LGGOH� $WPRVSKHUH� 0RGHO� �&0$0�� KDV� EHHQ� GHYHORSHG� WR� VWXG\� WKH
LQWHUDFWLRQ� RI� FKHPLVWU\� DQG� G\QDPLFV� LQ� WKH� VWUDWRVSKHUH� DQG� ORZHU� PHVRVSKHUH�� 7KH
FKHPLFDO�PHFKDQLVP�XVHG� LQ� WKH�&0$0�FRQWDLQV�D�VHW�RI� UHDFWLRQV� YDOLG� IRU� VWUDWRVSKHULF�
PHVRVSKHULF� DQG� EDFNJURXQG� WURSRVSKHULF� FRQGLWLRQV�� WKRXJK� WKH� HIIHFWV� RI� FKHPLVWU\� DUH
RQO\� FDOFXODWHG� IRU� OHYHOV� DERYH� ���� K3D�� )RU� OHYHOV� EHWZHHQ� WKH� VXUIDFH� DQG� ���� K3D
FKHPLFDO�VSHFLHV�DUH�WUHDWHG�DV�LQHUW�WUDFHUV�

$�PRUH� FRPSUHKHQVLYH� WURSRVSKHULF� FKHPLVWU\� PRGXOH� LV� QRZ� EHLQJ� DGGHG� WR� WKH� &0$0
ZLWK� WKH� LQFOXVLRQ� RI� HPLVVLRQ� VRXUFHV�� ERXQGDU\� OD\HU� PL[LQJ�� ODUJH� VFDOH� FRQYHFWLRQ� DQG
UDLQ�RXW��7KH�JHQHUDO�DSSURDFK�UHTXLUHG�IRU�WKH�GHVFULSWLRQ�RI�WURSRVSKHULF�FKHPLVWU\�DQG�WKH
SDUWLFXODU� VFLHQWLILF� LVVXHV�ZKLFK�PD\� EH� DGGUHVVHG� ZLWK� WKH� UHVXOWLQJ�PRGHO�� LQFOXGLQJ� WKH
WURSRVSKHULF�R]RQH�EXGJHW��HIIHFWV�RI�VXEVRQLF�DLUFUDIW�DQG�XSSHU�WURSRVSKHULF�FKHPLVWU\��ZLOO
EH�GLVFXVVHG�

��'����
7HVWLQJ�RI�WKH�7RURQWR�HPLVVLRQ�LQYHQWRU\
'DYLG�3OXPPHU���-DFN�0F&RQQHOO���-DFHN�.DPLQVNL��DQG�/RUL�1HDU\�
�<RUN�8QLYHUVLW\

8QQDWXUDOO\� KLJK� FRQFHQWUDWLRQV� RI� JURXQG�OHYHO� R]RQH�� IRUPHG� GRZQZLQG� RI� XUEDQ� DQG
LQGXVWULDO�UHJLRQV��KDYH�EHHQ�WKH�IRFXV�RI�UHJXODWRU\�HIIRUWV�IRU�PRUH�WKDQ����\HDUV��(PLVVLRQ�
EDVHG� WKUHH�GLPHQVLRQDO� SKRWRFKHPLFDO� PRGHOV� KDYH� EHHQ� URXWLQHO\� XVHG� WR� DVVHVV� WKH
HIIHFWV�RI�HPLVVLRQ�UHGXFWLRQV�RQ�R]RQH�FRQFHQWUDWLRQV��WKRXJK�WKH�HPLVVLRQ�LQYHQWRULHV�XVHG
LQ�WKHVH�PRGHOV�PD\�FRQWDLQ�ODUJH�HUURUV��6RPH�VWXGLHV�KDYH�VXJJHVWHG�HPLVVLRQ�LQYHQWRULHV
IRU�K\GURFDUERQV�PD\�XQGHUHVWLPDWH�WKH�DFWXDO�HPLVVLRQV�E\�DV�PXFK�DV�D�IDFWRU�RI�WZR�

,Q� DQ� DWWHPSW� WR� DVVHVV� WKH� DFFXUDF\� RI� HPLVVLRQ� LQYHQWRULHV� IRU� 7RURQWR�� FDOFXODWHG
FRQFHQWUDWLRQV�RI�12��DQG� K\GURFDUERQV� IURP�D� WKUHH�GLPHQVLRQDO� SKRWRFKHPLFDO�PRGHO
KDYH�EHHQ�FRPSDUHG�ZLWK�D�VHW�RI�DLUFUDIW�EDVHG�REVHUYDWLRQV�RI�WKHVH�VSHFLHV��7KH�DLUFUDIW
REVHUYDWLRQV� LQFOXGH�H[WHQVLYH�REVHUYDWLRQV�PDGH� MXVW� GRZQZLQG� RI� 7RURQWR� IRU� GD\V�ZKHQ
WKH�SUHYDLOLQJ�JUDGLHQW� IORZ�ZDV� IURP�WKH�QRUWK� WR�QRUWK�ZHVW��EULQJLQJ� UHODWLYHO\�XQSROOXWHG
DLU�LQWR�VRXWKHUQ�2QWDULR�

$� WRWDO�RI� WKUHH�GD\V�KDYH�EHHQ�PRGHOOHG�DQG� IRU� WZR�RI� WKHVH�GD\V�JRRG�DJUHHPHQW�ZDV
IRXQG� EHWZHHQ� WKH� PRGHOOHG� DQG� REVHUYHG� FRQFHQWUDWLRQ� RI� 12��� WKRXJK� WKH� PRGHO
VLJQLILFDQWO\� XQGHUHVWLPDWHG�12�� IRU� WKH� WKLUG� GD\� VWXGLHG�� &RPSDULVRQV� RI� WKH� PRGHOOHG
DQG�REVHUYHG�K\GURFDUERQ�FRQFHQWUDWLRQV�GHPRQVWUDWHG�D� ODUJH�DPRXQW�RI� VFDWWHU�� WKRXJK
QR�HYLGHQFH�WKDW�K\GURFDUERQ�HPLVVLRQV�DUH�VLJQLILFDQWO\�XQGHUHVWLPDWHG�ZDV�IRXQG��'XH�WR
WKH� VPDOO� QXPEHU� RI� FDVHV� VWXGLHG� DQG� XQFHUWDLQWLHV� DVVRFLDWHG� ZLWK� WKH� PRGHOOLQJ�� QR
GHILQLWLYH�FRQFOXVLRQV�DERXW�WKH�YHUDFLW\�RI�WKH�HPLVVLRQ�LQYHQWRULHV�ZHUH�SRVVLEOH�
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��'����
6FLHQWLILF�&KDOOHQJHV�$QG�3URJUHVV�2I�7KH�*(:(;�+\GURPHWHRURORJ\�3DQHO
5RQDOG�6WHZDUW���3DYHO�.DEDW���5LFN�/DZIRUG���&DUORV�1REUH���(KUKDUG�5DVFKNH���DQG�7HWVX]R
<DVXQDUL�
�$(6���,QVWLWXWH�IRU�/DQG�DQG�:DWHU�0DQDJHPHQW�5HVHDUFK��7KH�1HWKHUODQGV���12$$�2*3
:DVKLQJWRQ�'�&����&37(&�,13(��%UD]LO���*.66��*HUPDQ\���8QLYHUVLW\�RI�7VXNXED��-DSDQ

:DWHU� DQG� HQHUJ\� F\FOHV� DUH� RI� IXQGDPHQWDO� LPSRUWDQFH� WR� WKH� FOLPDWHV\VWHP�� 7KHUH� DUH
PDQ\�SURFHVVHV�DQG�IHHGEDFNV�RSHUDWLQJ�ZLWKLQ� WKH�DWPRVSKHUH��DW� WKH�VXUIDFH��DQG�EHORZ
WKH� VXUIDFH� WKDW� DIIHFW� WKHVH� F\FOHV� DQG� WKDW� DUH� QRW� EHLQJ� DGHTXDWHO\� DGGUHVVHG� ZLWKLQ
FOLPDWH� DQG� RSHUDWLRQDO� ZHDWKHU� PRGHOV�� 2QH� RI� WKH� PRVW� FULWLFDO� LVVXHV� DVVRFLDWHG� ZLWK
ZDWHU�LQ�WKH�FOLPDWH�V\VWHP�LV�LWV�DYDLODELOLW\�RYHU�ODQG�DUHDV��7KLV�LV�FRQVHTXHQWO\�WKH�IRFXV�IRU
WKH� *(:(;� +\GURPHWHRURORJ\� 3DQHO� �*+3�� ZLWK� LWV� JRDO� EHLQJ� E\� DERXW� ����� WR� KDYH
VLJQLILFDQWO\� LPSURYHG� SUHGLFWLYH� FDSDELOLW\� LQ� ZDWHU� UHVRXUFHV� DQG� VRLO� PRLVWXUH� RQ� WLPH
VFDOHV�XS� WR� VHDVRQDO�DQG�DQQXDO�DV�DQ� LQWHJUDO�SDUW�RI� WKH�FOLPDWH� V\VWHP�� 7KLV� JRDO� FDQ
RQO\� EH� UHDOL]HG� RQFH� PDMRU� VFLHQWLILF� LVVXHV� KDYH� EHHQ� DGHTXDWHO\� DGGUHVVHG�� ,W� LV� RI
IXQGDPHQWDO�LPSRUWDQFH�WR�XQGHUVWDQG�DQG�DGHTXDWHO\�PRGHO�WKH�PHDQV�WKURXJK�ZKLFK�WKH
PDQ\�DWPRVSKHULF�� VXUIDFH� DQG� K\GURORJLFDO� SURFHVVHV� RSHUDWLQJ� RYHU� ODQG� DUHDV� LQWHUDFW�
DQG�MRLQWO\� UHVSRQG�WR�DQG�IHHG�EDFN�RQWR�ODUJH�VFDOH� ILHOGV��7KHVH� LVVXHV� LQ� WXUQ�UHO\�XSRQ
PDMRU�SURJUHVV�LQ�DGGUHVVLQJ�D�KRVW�RI�VSHFLILF�LVVXHV��$�IHZ�H[DPSOHV�RI�VXFK�LVVXHV�LQFOXGH
WKH�GHWHUPLQDWLRQ�RI�VRLO�ZHWQHVV�DQG�LWV�LPSDFWV��WKH�FKDUDFWHUL]DWLRQ�DQG�XQGHUVWDQGLQJ�RI
WKH� LPSDFWV� RI� VXUIDFH� LQKRPRJHQHLWLHV� DQG� RURJUDSK\�� WKH� URXWLQJ� RI� UXQRII� WKURXJK
FRPSOH[�VXUIDFH�IHDWXUHV��WKH�LQWHUDFWLQJ�UROHV�RI�VXUIDFH�IUHH]LQJ�DQG�WKDZLQJ��WKH�UHF\FOLQJ
RI� SUHFLSLWDWLRQ� XQGHU� YDULRXV� FRQGLWLRQV�� DQG� WKH� LQWHUDFWLQJ� UROH� RI� FORXGV� RQ� UHJLRQDO
UDGLDWLRQ�ILHOGV�

7KH� VWUDWHJ\�EHLQJ� IROORZHG�ZLWKLQ�*+3� WR�DGGUHVV�ZDWHU� DYDLODELOLW\� LV� WR� ILUVW� WDFNOH�ZDWHU
DQG�HQHUJ\�F\FOHV� UHJLRQDOO\�RYHU� ODUJH�FRQWLQHQWDO� UHJLRQV�DQG� WKHQ� WR�DSSO\� WKH�SURJUHVV
IURP� WKHVH� DFWLYLWLHV� JOREDOO\�� 6HYHUDO� RI� WKHVH� UHJLRQDO� DFWLYLWLHV� DUH� LQ� SURJUHVV� DQG� WKH\
FROOHFWLYHO\� FRYHU� D� ZLGH� UDQJH� RI� FOLPDWLF� FRQGLWLRQV�� 7KH\� DUH� WKH� &RQWLQHQWDO�6FDOH
,QWHUQDWLRQDO�3URMHFW��*&,3���WKH�%DOWLF�6HD�([SHULPHQW��%$/7(;���WKH�*(:(;�$VLDQ�0RQVRRQ
([SHULPHQW� �*$0(��� WKH� /DUJH� 6FDOH�%LRVSKHUH�$WPRVSKHUH�([SHULPHQW� LQ�$PD]RQLD� �/%$��
DQG�WKH�0DFNHQ]LH�*(:(;�6WXG\��0$*6���(DFK�LV�TXDQWLI\LQJ�WKH�ZDWHU�YDSRXU�IOX[�LQWR�DQG
RXW�RI� WKHLU�SDUWLFXODU� UHJLRQ�� FKDUDFWHUL]LQJ� WKH�SUHFLSLWDWLRQ�DQG�HYDSRWUDQVSLUDWLRQ� ILHOGV�
DQG�GHYHORSLQJ�DQG� YDOLGDWLQJ� UXQRII�DQG�GLVFKDUJH�PRGHOV�� (DFK� LV� XQUDYHOOLQJ� WKH�PDQ\
IHHGEDFNV� RSHUDWLQJ� RYHU�� DW� DQG� EHORZ� WKH� VXUIDFH� WKDW�PD\� KDYH� EHHQ� DOWHUHG� E\� PDQ�
(DFK�LV�DOVR�ZRUNLQJ�ZLWK�ORFDO�ZDWHU�UHVRXUFH�DJHQFLHV�WR�SURYLGH�LPPHGLDWH�EHQHILWV��VXFK
DV�LPSURYHG�IORRG�IRUHFDVWLQJ��RI�WKHLU�DFWLYLWLHV��(DFK�HIIRUW�LV�FRQVHTXHQWO\�H[DPLQLQJ�D�KRVW
RI�SURFHVVHV��FDUU\LQJ�RXW�PDQ\�GLDJQRVWLF�DQG�PRGHO� LPSURYHPHQW�VWXGLHV��DQG�HQJDJLQJ
XVHU�FRPPXQLWLHV�

*+3� LV� FROOHFWLYHO\� DSSO\LQJ� LWV� SURJUHVV� JOREDOO\� WKURXJK� HIIRUWV� VXFK� DV� LWV� ,QWHUQDWLRQDO
6DWHOOLWH�/DQG�6XUIDFH�&OLPDWRORJ\�3URMHFW
V�FKDUDFWHUL]DWLRQ�RI�ODQG�VXUIDFHV��LWV�WUDQVIHUDELOLW\
VWXGLHV� RI� YDOLGDWHG� UHPRWH� VHQVLQJ� DQG� FRXSOHG�PRGHO� FDSDELOLWLHV�� LWV� HQFRXUDJHPHQW� RI
QHZ�FRQWLQHQWDO�VFDOH�LQLWLDWLYHV�DQG�RWKHU�FRPSOHPHQWDU\�LQLWLDWLYHV�RYHU�RWKHU�UHJLRQV��DQG
LWV�HIIRUWV� WR�HQVXUH� WKDW�ZDWHU�DQG�HQHUJ\�F\FOHV�RYHU� ODQG�DUHDV�DUH�SURSHUO\� LQFRUSRUDWHG
LQWR�DSSURSULDWH�FRXSOHG�DWPRVSKHUH�VXUIDFH�K\GURORJ\�SUHGLFWLRQ�WRROV�
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��'����
$Q�2YHUYLHZ�RI�0$*6�DQG�&$*(6
*HRII�6WURQJ���3KLOLS�0DUVK��DQG�:D\QH�5RXVH�
�1DWLRQDO�+\GURORJ\�5HVHDUFK�&HQWUH��6DVNDWRRQ���0F0DVWHU�8QLYHUVLW\��+DPLOWRQ

7KH�0DFNHQ]LH�*(:(;�6WXG\��0$*6�� LV�RQH�RI�VHYHUDO� LQWHUQDWLRQDO�VWXGLHV�FRQWULEXWLQJ� WR
WKH�*OREDO�(QHUJ\�DQG�:DWHU�&\FOH�([SHULPHQW��*(:(;���7KH�REMHFWLYHV�RI�0$*6�DQG�RWKHU
*(:(;� SURMHFWV� DUH� WR� TXDQWLI\� DOO� DVSHFWV� RI� WKH� K\GURORJLFDO� F\FOH� RI� WKH�0DFNHQ]LH�� WR
GHWHUPLQH�WKH�HIIHFWV�ZKLFK�FOLPDWH�FKDQJH�ZLOO�KDYH�RQ�WKH�ZDWHU�EXGJHW�RI�WKH�0DFNHQ]LH�
DQG�WR�GHYHORS�QXPHULFDO�PRGHOLQJ�FDSDELOLWLHV�WR�SUHGLFW�WKHVH�SURFHVVHV�DQG�WKHLU�SRWHQWLDO
LPSDFWV�RQ�WKH�QRUWKHUQ�FOLPDWH�

0$*6� DFWLYLWLHV� DUH� MXVW� SDVW� WKH� PLG�SRLQW�� ZKHUH� PRVW� &$*(6� �&DQDGLDQ� *(:(;
(QKDQFHG�6WXG\��ILHOG�ZRUN�ZLOO�KDYH�EHHQ�FRPSOHWHG�E\�$XJXVW��������7KLV�WDON�ZLOO�SURYLGH
DQ� RYHUYLHZ� RI� 0$*6� DQG� &$*(6�� DQG� GLVFXVV� VRPH� RI� WKH� SUHOLPLQDU\� K\GURORJLF� DQG
DWPRVSKHULF� ILQGLQJV��KLJKOLJKWLQJ�ERWK�H[SHFWHG�DQG�XQH[SHFWHG� UHVXOWV��SDUWLFXODUO\�ZKHUH
WKH�WZR�GLVFLSOLQHV�RYHUODS�DV�SDUW�RI�WKH�K\GURORJLF�F\FOH�RI�WKH�0DFNHQ]LH�%DVLQ��6KRUWIDOOV
LQ�RXU�VWXGLHV�ZLOO�EH�RSHQ�IRU�GLVFXVVLRQ�DQG�UHFRPPHQGDWLRQ�

��'����
&DQDGLDQ�5HJLRQDO�&OLPDWH�0RGHO�6XUIDFH�&OLPDWH�(YDOXDWLRQ�'XULQJ�WKH�0$*6��������
:DWHU�<HDU
0XUUD\�0DF.D\�
�$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

7KH� 0DFNHQ]LH� *(:(;� 6WXG\� �0$*6�� DLPV� WR� GHYHORS� DQ� LPSURYHG� XQGHUVWDQGLQJ� DQG
PRGHOLQJ� FDSDELOLW\� RI� WKH� UHJLRQDO�VFDOH� ZDWHU� DQG� HQHUJ\� F\FOHV� RI� WKH� 0DFNHQ]LH� 5LYHU
%DVLQ� RQ� WKH� IDVW� FOLPDWH� WLPHVFDOH�� 2QH� RI� WKH� JRDOV� RI� WKLV� VWXG\� LV� DQ� DFFXUDWH
UHSUHVHQWDWLRQ� RI� WKH� 0DFNHQ]LH� 5LYHU� GLVFKDUJH� LQWR� WKH� $UFWLF� 2FHDQ�� D� SURFHVV� RI
VLJQLILFDQFH� IRU� WKH� HQWLUH� $UFWLF� FOLPDWH� V\VWHP�� 7RZDUGV� WKLV� HQG� D� IXOO\� FRXSOHG
DWPRVSKHULF�ODQG�VXUIDFH�K\GURORJLFDO�PRGHO�ZLOO�XOWLPDWHO\�EH�HPSOR\HG��7KH�DWPRVSKHULF
FRPSRQHQW�RI�WKLV�PRGHOOLQJ�V\VWHP�LV�WKH�&DQDGLDQ�5HJLRQDO�&OLPDWH�0RGHO��&5&0���,Q�WKLV
SDSHU�WKH�VXUIDFH�FOLPDWH�SURGXFHG�E\�WKH�&5&0�RYHU�:HVWHUQ�&DQDGD�GXULQJ�WKH��������
ZDWHU�\HDU�LV�HYDOXDWHG�EDVHG�RQ�RSHUDWLRQDO�DQG�HQKDQFHG�*(:(;�GDWDVHWV�IRU�WKH�UHJLRQ�
/LPLWDWLRQV�RI�WKH�PRGHO�DV�LW�LV�FXUUHQWO\�FRQILJXUHG�ZLOO�EH�GLVFXVVHG��DQG�D�JHQHUDO�RXWOLQH
RI�WKH�FRXSOHG�PRGHOOLQJ�VWUDWHJ\�ZLOO�EH�SUHVHQWHG�

��'����
7KH�/DQG�6XUIDFH�:DWHU�%XGJHW�IRU�WKH�%25($6�DQG�0$*6�:DWHUVKHGV�XVLQJ�+\GURORJLF
0RGHOV
.�5��6QHOJURYH���(�$��:KLGGHQ���(�'��6RXOLV���1��.RXZHQ��DQG�)��6HJOHQLHNV�
�:DWHU�5HVRXUFHV�*URXS��'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��8QLYHUVLW\�RI�:DWHUORR��:DWHUORR

2QH� RI� WKH� REMHFWLYHV� RI� %25($6� DQG�0$*6� LV� WR� LPSURYH� UHSUHVHQWDWLRQV� RI� WKH� HQHUJ\� DQG
ZDWHU� EXGJHW� RI� D� ERUHDO� IRUHVW� LQ� DWPRVSKHULF� PRGHOV�� :RUN� LV� LQ� SURJUHVV� WR� GHYHORS
SDUDPHWHUL]DWLRQV�XVLQJ�GDWD� FROOHFWHG�GXULQJ� WKH������ WR������%25($6� ILHOG� FDPSDLJQV�DQG
WKHQ�WR�YDOLGDWH�WKH�UHVXOWV�RQ�WKH�0$*6�GDWD�VHWV��+RZHYHU��RQH�RI�WKH�GLIILFXOWLHV�IDFLQJ�DOO�WKH
PRGHOOLQJ�JURXSV�LV�WKDW�QHLWKHU�GDWD�VHW�KDV�H[WHQVLYH�PHDVXUHPHQWV�RI�WKH�ODQG�VXUIDFH�VWRUDJH
WHUP�RI�WKH�ZDWHU�EXGJHW��,WV�PDJQLWXGH�LV�FULWLFDO�LQ�ODWHQW�KHDW�DQG�UXQRII�FDOFXODWLRQV�DQG�LWV�WLPH
GHULYDWLYH�LV�RIWHQ�DV�ODUJH�DV�WKH�RWKHU�WHUPV�LQ�WKH�EXGJHW�

%\� D� FRPELQHG�DQDO\VLV� RI�PHWHRURORJLFDO� DQG� K\GURPHWULF� GDWD�� GLVWULEXWHG� K\GURORJLF�PRGHOV
FDQ� SURYLGH� HVWLPDWHV� RI� ODQG� VXUIDFH� VWRUDJH�� 7KLV� SDSHU� SUHVHQWV� VXFK� DQ� DQDO\VLV� RI� WKH
%25($6�DQG�0$*6�GDWD�VHWV�XVLQJ�:$7)/22'�DQG�:$7)/22'�&/$66�PRGHOV��)RU�%25($6�
IRUFLQJ�PHWHRURORJLFDO�GDWD�DUH�HLWKHU�JULGGHG�$06�GDWD�RU�RXWSXW�IURP�WKH�(&0:)�RSHUDWLRQDO
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IRUHFDVW�DQG�VWUHDPIORZ�GDWD�ZDV�IURP�UXQRII�PHDVXUHG�DW�VL[�SURMHFW�DQG�WZR�:6&�K\GURPHWULF
VWDWLRQV��7KHUH�DUH�DOVR����:DWHU�6XUYH\�RI�&DQDGD�QHWZRUN�VWDWLRQV�DORQJ�WKH�%25($6�WUDQVHFW�
DOO� RQ� WULEXWDULHV� RI� WKH� 6DVNDWFKHZDQ�RU�1HOVRQ� 5LYHUV�� )RU�0$*6�� IRUFLQJ�PHW� GDWD� DUH� IURP
1&(3�DQG�&0&�DUFKLYHV�DQG�VWUHDPIORZ�IURP����:6&�VWDWLRQV�

7\SLFDO�GLXUQDO�F\FOHV�DQG�VHDVRQDO�DYHUDJHV�IRU�SUHFLSLWDWLRQ��HYDSRWUDQVSLUDWLRQ��UXQRII�DQG�VRLO
PRLVWXUH�DUH�SUHVHQWHG� IRU�YDULRXV�SDUWV�RI� WKH�VWXG\� UHJLRQV��)RU�%25($6�� WKHVH�DUH�FRPSDUHG
ZLWK� GDWD� IURP� WKH� 2OG� %ODFN� 6SUXFH� 7RZHUV� LQ� ERWK� WKH� 1RUWKHUQ� DQG� 6RXWKHUQ� 6WXG\� $UHDV
�12%6�DQG�62%6���0DMRU�VXE�EDVLQ�VXPPDULHV�DUH�SUHVHQWHG�IRU�0$*6�

��'����
,PSDFW�2I�$WPRVSKHULF�)RUFLQJ�2Q�(VWLPDWHV�2I�6XUIDFH�(QHUJ\�$QG�:DWHU�%XGJHWV�)RU�7KH
0DFNHQ]LH�%DVLQ�
-HDQD�*ROGVWHLQ���<YHV�'HODJH���(NDWHULQD�5DGHYD���&KULVWLDQH�%HDXGRLQ��DQG�+DUROG�5LWFKLH�
�531��$(6��'RUYDO���&0&��$(6��'RUYDO

(VWLPDWHV�RI�VXUIDFH�HQHUJ\�DQG�ZDWHU�EXGJHWV�IRU�WKH�0DFNHQ]LH�EDVLQ�KDYH�EHHQ�SURGXFHG�XVLQJ
ORQJ�UDQJH�QXPHULFDO�ZHDWKHU�SUHGLFWLRQ�PRGHO� IRUHFDVWV�RI�RQH�PRQWK�� ,Q� WKH�SUHVHQW�VWXG\�ZH
FRPSDUH�WKHVH�HVWLPDWHV�ZLWK� WKRVH�REWDLQHG�XVLQJ�VKRUWHU�UDQJH�IRUHFDVWV�� LQ�RUGHU� WR�PLQLPLVH
WKH�HUURU�DVVRFLDWHG�ZLWK�WKH�IRUHFDVWV��7KH�SUREOHP�ZLWK�VKRUW�UDQJH�IRUHFDVWV�LV�WKDW��GXULQJ�WKH
ILUVW�KRXUV��SUHFLSLWDWLRQ�DQG�FORXGLQHVV�DUH�XQGHUHVWLPDWHG��DQG�WKLV�ELDVHV�WKH�HQHUJ\�DQG�ZDWHU
EXGJHWV��7R�VWXG\�WKH� LPSDFW�RI� WKLV�HUURU�DQG� WR� ILQG� WKH�RSWLPDO�FRQILJXUDWLRQ��ZH� WHVW� YDULRXV
DUUDQJHPHQWV�RI�IRUHFDVWV��2QH�H[DPSOH�RI�VXFK�DQ�DUUDQJHPHQW�LV�WR�EXLOG�XS�PRQWKO\�EXGJHWV
E\� WDNLQJ� WKH� ODVW���KRXUV�RI����KRXU� IRUHFDVWV� LQLWLDWHG�HYHU\���KRXUV�� ,Q� WKLV�H[DPSOH�� WKH� VRLO
YDULDEOHV��LQ�SDUWLFXODU�VRLO�PRLVWXUH�FRQWHQWV��ZRXOG�EH�XSGDWHG�GXULQJ�WKH�ODVW���KRXUV�RI�HYHU\
IRUHFDVW��$QRWKHU�H[DPSOH�LV�DQ�DUUDQJHPHQW�LQ�ZKLFK�DQDO\VHG�SUHFLSLWDWLRQ�ILHOGV�UHSODFH�WKRVH
SURGXFHG� E\� WKH� IRUHFDVW� PRGHO�� 'XULQJ� WKH� IRUHFDVWV�� WKH� DWPRVSKHULF� WXUEXOHQW� IOX[HV�� WKH
JURXQG� IOX[HV�� DQG� WKH� FKDQJHV� LQ� JURXQG� DQG� FDQRS\� VWRUDJH� DUH� FDOFXODWHG� XVLQJ� WKH� ODQG
VXUIDFH�VFKHPH�&/$66��,Q�RUGHU�WR�PLQLPLVH�WKH�HUURU�DVVRFLDWHG�ZLWK�WKH�LQLWLDO�YDOXHV�RI�WKH�VRLO
YDULDEOHV��H[SHULPHQWV�KDYH�EHHQ�GRQH�ZLWK�SHULRGV�ORQJHU�WKDQ�RQH�PRQWK�

5HVXOWV�DUH�QRW�DYDLODEOH�DW�WKH�WLPH�RI�ZULWLQJ�WKH�DEVWUDFW��EXW�ZH�KRSH�WR�EH�DEOH�WR�TXDQWLI\�DQG
PLQLPLVH� WKH� HUURU� GXH� WR� DWPRVSKHULF� IRUFLQJ� LQ� HVWLPDWLQJ� ZDWHU� DQG� HQHUJ\� EXGJHWV� DW� WKH
VXUIDFH�

��'����
9DOLGDWLRQ�RI�WKH�(QKDQFHG�%$76�:LWKLQ�WKH�3,/36�)UDPHZRUN
/RUHQ�:KLWH�
�-DFNVRQ�6WDWH�8QLYHUVLW\

5HVXOWV�IURP�UXQQLQJ�D�QHZ��HQKDQFHG��%LRVSKHUH�$WPRVSKHUH�7UDQVIHU�6FKHPH��%$76���HQ�%$76�
LQ�VWDQG�DORQH�PRGH�ZLOO�EH�FRPSDUHG�WR�WKH�VWDQGDUG�9HUVLRQ��(�%$76��&DVHV�VHOHFWHG�IURP�WKH
3,/36��3URMHFW�IRU�,QWHUFRPSDULVRQ�RI�/DQG�VXUIDFH�3DUDPHWHUL]DWLRQ�6FKHPHV��H[SHULPHQWV�ZLOO�EH
VKRZQ��(Q�%$76�KDV�EHHQ�GHYHORSHG�ZLWK�WKH�JRDO�RI�DOOHYLDWLQJ�VRPH�SRVVLEOH�GHILFLHQFLHV�ZLWKLQ
%$76�� ,Q� SDUWLFXODU� LW� KDV� EHHQ� XVHG� ZLWKLQ� WKH� VHDVRQDO� SUHGLFWLRQ� V\VWHP� RI� WKH� )68� 1HVWHG
5HJLRQDO�6SHFWUDO�0RGHO��)681560��RI�&RFNH��������DQG�ZLWK�WKH�)68�*OREDO�6SHFWUDO�0RGHO�

$OWKRXJK� VRPH� SRLQWV� RI� PRGLILFDWLRQ� LQ� WKH� HQ�%$76� DUH� DSSOLFDEOH� RQO\� WR� UDUH�� H[WUHPH
FRQGLWLRQV�QRW�OLNHO\�WR�EH�UHSUHVHQWHG�LQ�WKH�3,/36�VXLWH�RI�H[SHULPHQWV��ZH�DLP�WR�XVH�WKH�3,/36
IUDPHZRUN� QHYHUWKHOHVV� DV� D� EHQFKPDUN� IRU� JHQHUDO� FRPSDULVRQ�� 5HVXOWV�ZLOO� EH� SUHVHQWHG�ZLWK
DQG� ZLWKRXW� FHUWDLQ� RI� WKH� PRUH� VLJQLILFDQW� HQ�%$76� PRGLILFDWLRQV�� WR� GHPRQVWUDWH� ERWK� WKHLU
LQGLYLGXDO�DQG�FXPXODWLYH�HIIHFWV�RQ�WKH�VLPXODWLRQV�

(VSHFLDOO\� RI� LQWHUHVW� DUH� PRGLILFDWLRQV� ZKLFK� UHSUHVHQW� VKDGLQJ� RI� VRLO� E\� YHJHWDWLRQ�� DQG� D
VHDVRQDO� YDULDWLRQ� RI� YHJHWDWLRQ� SK\VLRORJ\� EDVHG� RQ� ORFDO� YDULDWLRQV� RI� 1'9,�� :H� ZLOO� DOVR
HYDOXDWH�WKH�LPSDFW�RI�VRPH�YDULDWLRQV�LQ�FRPSXWDWLRQDO�WHFKQLTXHV� � �
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��'����
9DOLGDWLRQ�RI�D�OLPLWHG�DUHD�PRGHO
,V]WDU�=DZDG]NL���5DYL�9DUPD��DQG�5HQp�/DSULVH�
�0F*LOO�8QLYHUVLW\���84$0

2QH�RI� WKH� IXQGDPHQWDO�TXHVWLRQV� LQ�PHVRVFDOH�PRGHOLQJ�LV�ZKHWKHU� WKH�VPDOO�VFDOHV�JHQHUDWHG
E\� D� KLJK�UHVROXWLRQ�PRGHO� DUH� UHDOLVWLF� HYHQ� ZKHQ� WKH� LQLWLDO� DQG� ERXQGDU\� FRQGLWLRQV� GR� QRW
FRQWDLQ�GLUHFW�LQIRUPDWLRQ�DW�WKHVH�VFDOHV��([SHULHQFH�VKRZV�WKDW�VWURQJ�RURJUDSKLF� IRUFLQJ�KHOSV
WKH�HQHUJ\�FDVFDGH�WR�JHQHUDWH�WKH�FRUUHFW�VPDOO�VFDOH�IHDWXUHV�

,Q� WKLV�ZRUN�QXPHULFDO�H[SHULPHQWV�DUH�SHUIRUPHG� WR�TXDOLWDWLYHO\�HYDOXDWH� WKLV�TXHVWLRQ��$�KLJK�
UHVROXWLRQ� 5&0� UXQ�� LQ� ZKLFK� WKH� LQLWLDO� DQG� ERXQGDU\� FRQGLWLRQV� DUH� DOVR� DW� KLJK� UHVROXWLRQ
SURYLGHV� WKH�FRQWURO� UXQ��2WKHU�KLJK�UHVROXWLRQ�VLPXODWLRQV��EXW�ZLWK�FRDUVH� UHVROXWLRQ�ERXQGDU\
FRQGLWLRQV� DUH� FRPSDUHG� WR� WKH� FRQWURO� UXQ�� 7KH�PRGHO� RXWSXWV� DUH� GHFRPSRVHG� DFFRUGLQJ� WR
VFDOHV�IRU�WKH�FRPSDULVRQ�

6LPXODWLRQV�ZHUH�PDGH�LQ�D�GRPDLQ�RI�VWURQJ�RURJUDSKLF�IRUFLQJ��0DFNHQ]LH�%DVLQ���5HVXOWV�VKRZ
WKDW�DV�ORQJ�DV�WKH�ERXQGDU\��FRDUVH�VFDOH��FRQGLWLRQV�DUH�LGHQWLFDO�WR�WKRVH�SUHVHQW�LQ�WKH�FRQWURO
UXQ�� WKH� VPDOO� VFDOH� IHDWXUHV� DUH� FRUUHFWO\� JHQHUDWHG� E\� WKH�PRGHO� HYHQ� LI� WKH� VPDOO� VFDOHV� DUH
DEVHQW� IURP� WKH� ERXQGDU\� FRQGLWLRQV�� +RZHYHU�� LI� WKH� FRDUVH� VFDOH� ERXQGDU\� FRQGLWLRQV� DUH
SURYLGHG�E\�D�GLIIHUHQW�PRGHO��VLPXODWLQJ�WKH�VDPH�VLWXDWLRQ��WKH�SUHGLFWDELOLW\�RI�WKH�VPDOO�VFDOHV
GHJUDGHV�GUDPDWLFDOO\�

��'����
&KDPSV�JpRSK\VLTXHV�GX�&0&�&0&
V�*HRSK\VLFDO�)LHOGV
-XG\�6W�-DPHV�
�&HQWUH�0pWpRURORJLTXH�&DQDGLHQ

'HSXLV� OH� ��� VHSWHPEUH� ������ OH� FHQWUH� PpWpRURORJLTXH� FDQDGLHQ� IDLW� DSSHO� j� GH� QRXYHDX[
FKDPSV� JpRSK\VLTXHV� SRXU� OH� 0RGqOH� *(0� UpJLRQDO� j� ��� NP� GH� UpVROXWLRQ�� &HV� FKDPSV
SURYLHQQHQW� G
XQ� QRXYHDX� ORJLFLHO�� DSSHOp� *(1(6,6�� FDSDEOH� GH� SURGXLUH� OD� WRSRJUDSKLH�� OH
PDVTXH� WHUUH�PHU�� OD� YpJpWDWLRQ�� OH� W\SH� GH� VRO� HW� OD� ORQJXHXU� GH� UXJRVLWp� j� Q
LPSRUWH� TXHOOH
UpVROXWLRQ�HW�VXU�Q
LPSRUWH�TXHO�W\SH�GH�JULOOH��&HV�FKDPSV�SHXYHQW�VHUYLU�DX�FDOFXO�GX�IURWWHPHQW
G��DX[�RQGHV�GH�JUDYLWp�HW�j�O
HVWLPDWLRQ�GHV�GLIIpUHQWV�SDUDPqWUHV�GDQV�OHV�VFKpPDV�GH�VXUIDFH�
/D�UpVROXWLRQ�HW�OD�SURYHQDQFH�GH�FHV�GRQQpHV�DLQVL�TXH�OD�PpWKRGH�HPSOR\pH�SRXU�JpQpUHU�FHV
FKDPSV�LQYDULDQWV�GDQV� OH� WHPSV�VHURQW�GpFULWHV�GXUDQW�FHWWH�SUpVHQWDWLRQ��'H�SOXV��GHV� UpVXOWDWV
G
LQWpJUDWLRQ�GH�PRGqOHV�LQFOXDQW�OD�QRXYHOOH�ORQJXHXU�GH�UXJRVLWp�VHURQW�PRQWUpV�

6LQFH� ��� VHSWHPEHU� ������ WKH� &DQDGLDQ�0HWHRURORJLFDO� &HQWHU� UHJLRQDO� ��� NP�*(0�PRGHO
PDNHV�XVH�RI�QHZ�JHRSK\VLFDO� ILHOGV��7KHVH� ILHOGV�DUH�QRZ�SURGXFHG�E\�D�QHZ�SDFNDJH��FDOOHG
*(1(6,6��WKDW�JHQHUDWHV�WRSRJUDSK\��ODQG�VHD�PDVN��YHJHWDWLRQ��W\SHV�RI�VRLO�DQG�WKH�URXJKQHVV
OHQJWK�DW�DQ\�UHVROXWLRQ�DQG�RQ�DQ\�W\SH�RI�JULG��7KHVH�ILHOGV�FRQWULEXWH�WR�WKH�FDOFXODWLRQ�RI�WKH
JUDYLW\� ZDYH� GUDJ� DQG� WR� WKH� HVWLPDWLRQ� RI� GLIIHUHQW� SDUDPHWHUV� IRXQG� LQ� VXUIDFH� VFKHPHV�
,QIRUPDWLRQ�RQ�WKH�GDWD�VHWV�ZLOO�EH�JLYHQ� IROORZHG�E\�D�GHVFULSWLRQ�RI� WKH�PHWKRG�HPSOR\HG� WR
SURGXFH�WKHVH�ILHOGV��$OVR��VRPH�PRGHO�UXQV�ZLWK�WKH�QHZ�URXJKQHVV�OHQJWK�ZLOO�EH�VKRZHG�GXULQJ
WKLV�SUHVHQWDWLRQ

��'����
$�0RGHOOLQJ�6WXG\�RI�WKH�*DUGHQ�&LW\��.DQVDV��6WRUP�'XULQJ�9257(;���
'DYLG�$QVHOPR��DQG�3HWHU�<DX�
�0F*LOO�8QLYHUVLW\���'HSW��RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV�0F*LOO�8QLYHUVLW\

'HVSLWH� JUHDW� DGYDQFHV� LQ� RXU� NQRZOHGJH� RI� PHVRVFDOH� HQYLURQPHQWV� DQG� LQ� FRPSXWHU
WHFKQRORJ\��QXPHULFDO�VLPXODWLRQV�RI�PHVRVFDOH�FRQYHFWLYH�V\VWHPV�UHPDLQ�H[WUHPHO\�FKDOOHQJLQJ�
,Q� SDUWLFXODU�� VLJQLILFDQW� SUREOHPV�RIWHQ� DULVH�ZKHQ�DWWHPSWLQJ� WR� LQLWLDWH� SDWWHUQV� RI� FRQYHFWLRQ
WKDW� DUH�� WR� D� UHDVRQDEOH� H[WHQW�� VSDWLDOO\� DQG� WHPSRUDOO\� DFFXUDWH�� 7KH� LQFRPSOHWH
FKDUDFWHUL]DWLRQ� RI� WKH� DWPRVSKHUH
V� FRPSOH[� EHKDYLRU� E\� PDWKHPDWLFDO� FRQYHFWLYH� WULJJHU
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IXQFWLRQV�� DQG� WKH� LQDELOLW\� RI� PDQ\� RI� WRGD\
V� PRVW� VRSKLVWLFDWHG� PRGHOV� WR� UHVROYH� LQGLYLGXDO
FRQYHFWLYH� FHOOV� DUH� PDMRU� FRQWULEXWRUV� WR� WKHVH� SUREOHPV�� 7KH� IROORZLQJ� VWXG\� VHUYHV� WR
GHPRQVWUDWH�KRZ�WKHVH�GLIILFXOWLHV�PD\�EH�RYHUFRPH��ZKLOH�HQKDQFLQJ�RXU�RYHUDOO�XQGHUVWDQGLQJ
RI�PHVRVFDOH�HQYLURQPHQWV�

8WLOL]LQJ�(QYLURQPHQW�&DQDGD
V�0HVRVFDOH�&RPSUHVVLEOH�&RPPXQLW\� �0&���PRGHO��D�QXPHULFDO
VLPXODWLRQ�RI�WKH�*DUGHQ�&LW\��.DQVDV��VWRUP�RI����0D\������LV�SHUIRUPHG��/DWH�LQ�WKH�DIWHUQRRQ�
DQ� LVRODWHG� VXSHUFHOO�� ZKLFK� ZDV� LQWHQVHO\� REVHUYHG� GXULQJ� WKH� 9HULILFDWLRQ� RI� WKH� 2ULJLQV� RI
5RWDWLRQ� LQ� 7RUQDGRHV� (;SHULPHQW� �9257(;��� JHQHUDWHG� DQ� )�� WRUQDGR� DV� LW� WUDYHOHG� LQ� D
QRUWKHDVWZDUG�GLUHFWLRQ�DFURVV�WKH�VRXWKZHVWHUQ�FRUQHU�RI�.DQVDV��$W���NP�KRUL]RQWDO�UHVROXWLRQ
WKH�PRGHO�UHVXOWV�VKRZ�D�VXFFHVVIXO�UHSURGXFWLRQ�RI�WKH�ODUJH�VFDOH�V\QRSWLF�HQYLURQPHQW��DV�ZHOO
DV�� LPSRUWDQW� VPDOOHU� VFDOH� IHDWXUHV� �H�J��GU\OLQH���ZKLFK� DUH� RIWHQ� DVVRFLDWHG�ZLWK� RXWEUHDNV� RI
VHYHUH� VXPPHUWLPH� FRQYHFWLRQ� RYHU� WKH� *UHDW� 3ODLQV� RI� WKH� FHQWUDO� 8QLWHG� 6WDWHV�� 0RVW
LPSRUWDQWO\�� KRZHYHU�� WKH� HQWLUH� OLIH�F\FOH� RI� WKH� *DUGHQ� &LW\� FRQYHFWLYH� FHOO� LV� FDSWXUHG
QXPHULFDOO\� ZLWK� D� KLJK� GHJUHH� RI� VSDWLDO� DQG� WHPSRUDO� DFFXUDF\�� 7R� FRPSOHWH� WKLV� VWXG\�� D
GHWDLOHG�DQDO\VLV�RI�WKH�PRGHO�RXWSXW�LV�PDGH�WR�SURYLGH�DGGLWLRQDO�LQVLJKW�LQWR�WKH�GHYHORSPHQW
RI�VHYHUH�ZHDWKHU�RQ�WKH�PHVRVFDOH�

��'����
7KH�1RQK\GURVWDWLF�*(0�0RGHO
.DR�6DQ�<HK���-HDQ�&{Wp���6\OYLH�*UDYHO���$ODLQ�3DWRLQH���0LFKHO�5RFK���$QGUp�0pWKRW��DQG
$QGUHZ�6WDQLIRUWK�
�&(5&$���531���&0&���8.02

*(0� LV� H[SHFWHG� WR� EH� XVHG� LQ� DSSOLFDWLRQV� UDQJLQJ� LQ� VFDOHV� IURP� OHVV� WKDQ� D� NLORPHWHU� WR
KXQGUHGV�RI�NLORPHWHUV��$V�QRQK\GURVWDWLF�HIIHFWV�DUH� LPSRUWDQW�DW�KLJK�UHVROXWLRQ�EXW�QRW�DW� ORZ
UHVROXWLRQ�WKH�PRGHO�ZDV�IRUPXODWHG�LQ�WHUPV�RI�K\GURVWDWLF�SUHVVXUH��VR�DV�WR�VZLWFK�HDVLO\� IURP
WKH� IXOO� QRQK\GURVWDWLF� VHW� RI� HTXDWLRQV� WR� WKH� K\GURVWDWLF� VHW�� 3UHOLPLQDU\� WHVWV� RI� WKH
QRQK\GURVWDWLF� YHUVLRQ�DUH� HQFRXUDJLQJ��DW� ORZ� UHVROXWLRQ� WKH� QRQK\GURVWDWLF�PRGHO� UHSURGXFHV
WKH�K\GURVWDWLF�IRUHFDVW�DQG�WKH�PLOG�ZLQG�VWRUP�UHDO�GDWD�FDVH�GRFXPHQWHG�LQ�&{Wp�HW�DO��������
ZDV�UHUXQ�VXFFHVVIXOO\�DW�����NP�ZLWK�WKH�QRQK\GURVWDWLF�YHUVLRQ��:H�DUH�SXUVXLQJ�WKH�YDOLGDWLRQ
ZLWK�LGHDOL]HG�DQG�UHDO�GDWD�FDVHV�ZKHUH�QRQK\GURVWDWLF�HIIHFWV�DUH�VWURQJHU�

��'����
+\EULG�QHXUDO�G\QDPLFDO�YDULDWLRQDO�GDWD�DVVLPLODWLRQ�PRGHOV
<RXPLQ�7DQJ���:LOOLDP�+VLHK��DQG�%HQ\DQJ�7DQJ�
�2FHDQRJUDSK\�(26��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD

7KH� IDFW� WKDW� D� VWDQGDUG� IHHG�IRUZDUG� QHXUDO� QHWZRUN� �11�� PRGHO� FDQ� EH� UHJDUGHG� DV� D
YDULDWLRQDO�GDWD�DVVLPLODWLRQ�SUREOHP�RSHQV�WKH�SRVVLELOLW\�RI�K\EULG�QHXUDO�G\QDPLFDO�YDULDWLRQDO
GDWD�DVVLPLODWLRQ�PRGHOV��6XFK�D�K\EULG�PRGHO�PD\�EH�XVHG�LQ�VLWXDWLRQV�ZKHUH�VRPH�YDULDEOHV�
GLIILFXOW� WR�PRGHO�G\QDPLFDOO\��KDYH� VXIILFLHQW�GDWD� IRU�PRGHOOLQJ� WKHP�HPSLULFDOO\�ZLWK�11��:H
WHVWHG� WKLV� LGHD� RI� XVLQJ� 11� WR� UHSODFH� VRPH� G\QDPLFDO� HTXDWLRQV� ZLWK� WKH� /RUHQ]� ������� ��
FRPSRQHQW� FKDRWLF� V\VWHP�� ZKHUH� ZH� UHSODFHG� RQH� RI� WKH� WKUHH� /RUHQ]� HTXDWLRQV� E\� DQ� 11
HTXDWLRQ�� 9DULDWLRQDO� GDWD� DVVLPLODWLRQ� DOORZHG� WKH� HVWLPDWLRQ� RI� WKH� LQLWLDO� FRQGLWLRQV� RI� DOO� �
/RUHQ]� YDULDEOHV�� )RUHFDVW� VNLOOV� RI� WKH� K\EULG� PRGHO� DSSHDU� TXLWH� FRPSDUDEOH� WR� WKH� RULJLQDO
/RUHQ]�PRGHO�

��'����
3RVWHUV���������,QWURGXFWLRQV��IRU�7KXUVGD\�
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��'����
7KH�8VH�2I�;�%DQG�3RODULVDWLRQ�5DGDU�)RU�+\GURORJ\
0DULHOOH�*RVVHW���$EQDVK�6LQJK��DQG�,V]WDU�=DZDG]NL�
�,5'���0F*LOO�8QLYHUVLW\

'XH� WR� VHYHUH� DWWHQXDWLRQ� DW� ;�EDQG� WKLV� IUHTXHQF\� ZDV� DOO� EXW� DEDQGRQHG� LQ� UDGDU
PHWHRURORJ\�� +RZHYHU�� UHFHQW� GHSOR\PHQW� RI� VSDFH�ERUQH� UDGDUV� OHG� WR� D� QXPEHU� RI
SURPLVLQJ�VWXGLHV�RI�PHWKRGV�IRU�WKH�FRUUHFWLRQ�RI�DWWHQXDWLRQ��*LYHQ�WKH�ORZ�FRVW�DQG�KLJK
VHQVLWLYLW\� DW� ;�EDQG� DQG� WKH� IDFW� WKDW� DWWHQXDWLRQ� UHODWHV� WR� UDLQ� UDWH� ZLWK� PXFK� ORZHU
VHQVLWLYLW\�WR�GURS�VL]H�GLVWULEXWLRQ�WKDQ�UHIOHFWLYLW\�LWVHOI��LW�LV�ZRUWKZKLOH�WR�UHYLVLW�WKH�XVH�RI�WKLV
IUHTXHQF\� IRU� K\GURORJLFDO� SXUSRVHV�� 3RVVLEOH� DSSOLFDWLRQV� FRXOG� EH� LQ� XUEDQ� K\GURORJ\�
ZKHUH� OLPLWHG� UDQJH� FRYHUDJH� LV� QRW� FULWLFDO�� DQG� DV� D� JDS�ILOOLQJ� FRPSOHPHQW� WR� H[LVWLQJ
UDGDU�QHWZRUNV��SDUWLFXODUO\�LQ�PRXQWDLQRXV�UHJLRQV�

$V�SDUW�RI�D�FROODERUDWLRQ�EHWZHHQ�0F*LOO�8QLYHUVLW\��DQG�WKH�)UHQFK�ODERUDWRULHV�,5'�/7+(
DQG� &(73�� D� SURWRW\SH� ;�%DQG� SRODUL]HG� 'RSSOHU� UDGDU� LV� EHLQJ� DVVHPEOHG� DW� WKH� -�� 6�
0DUVKDOO�5DGDU�2EVHUYDWRU\��IRU�WKH�SXUSRVH�RI�WHVWLQJ�UDLQ�UHWULHYDO�DOJRULWKPV�

,Q�WKLV�SUHVHQWDWLRQ�ZH�ZLOO�GLVFXVV�WKH�DGYDQWDJHV�RI�;�EDQG�UDGDUV�IRU�ORFDO�K\GURORJ\�DQG
WKH�FRYHUDJH�H[SHFWHG�IRU�D�JLYHQ�FOLPDWRORJ\�RI�SUHFLSLWDWLRQ��$�VHOHFWLRQ�RI�DOJRULWKPV�ZLOO
EH�UHYLHZHG�DQG�WKH�H[SHULPHQWDO�VHW�XS�ZH�DUH�FXUUHQWO\�GHYHORSLQJ�ZLOO�EH�GHVFULEHG�

��'����
7KH�0HWHRURORJLFDO�,QWHUSUHWDWLRQ�2I�1HDU�6XUIDFH�5DGDU�5HIUDFWLYLW\�0HDVXUHPHQWV
&KDUOHV�&UHHVH�
�0F*LOO�8QLYHUVLW\

7KLV�QHZ� UDGDU�GHULYHG� YDULDEOH� LV� UHODWHG� WR� WKH� VSHHG�RI�HOHFWURPDJQHWLF�ZDYHV� WUDYHOOLQJ
IURP�D�UDGDU�WR�D�WDUJHW��8VLQJ�FKDQJHV�LQ�SKDVH�LQIRUPDWLRQ�IURP�JURXQG�WDUJHWV�DV�SUR[LHV
IRU� WKH� WUDYHO� WLPHV� RI� UDGDU� ZDYHV�� ILHOGV� RI� QHDU�VXUIDFH� UHIUDFWLYH� LQGH[� KDYH� EHHQ
JHQHUDWHG�LQ�UHDO�WLPH�RQ�0F*LOO�8QLYHUVLW\
V�'RSSOHU�6�EDQG�UDGDU�VLQFH�������$V�UHIUDFWLYLW\
LQFUHDVHV�ZLWK�ERWK�DLU�GHQVLW\�DQG�KXPLGLW\��LWV�PHWHRURORJLFDO�LQWHUSUHWDWLRQV�DUH�QRW�ZLWKRXW
DPELJXLW\�� 1HYHUWKHOHVV�� LW� LV� VKRZQ� WKDW� LQ� VXPPHU� KXPLGLW\� IOXFWXDWLRQV� GRPLQDWH� RYHU
WHPSHUDWXUH�DQG�SUHVVXUH�FKDQJHV�LQ�WKH�UHIUDFWLYLW\�ILHOG��DOORZLQJ�IRU�DFFXUDWH�H[WUDFWLRQ�RI
PRLVWXUH�ILHOGV�� ,GHQWLILFDWLRQ�RI�PRLVWXUH�DQG�WHPSHUDWXUH�VLJQDWXUHV�DVVRFLDWHG�ZLWK� IURQWDO
SDVVDJHV�� PLFUREXUVWV� DQG� FROG� SRROV� DVVRFLDWHG� ZLWK� WKXQGHUVWRUP� RXWIORZ� DQG� RWKHU
DQRPDOLHV� ZRXOG� EH� YDOXDEOH� LQ� WKXQGHUVWRUP� LQLWLDWLRQ� SUHGLFWLRQ� DQG� ERXQGDU\�OD\HU
HYROXWLRQ� VWXGLHV�� 7KLV� SUHVHQWDWLRQ�EULHIO\� GHVFULEHV� WKH� WKHRU\�EHKLQG� WKH�PHDVXUHPHQW�RI
UHIUDFWLYLW\�DQG�WKH�UHWULHYDO�RI�VXUIDFH�KXPLGLW\�ILHOGV��DQG�GHPRQVWUDWHV�WKH�LQWHUSUHWDWLRQ�RI
UDGDU� UHIUDFWLYLW\� LQ� H[DPSOHV� RI� PHWHRURORJLFDO� LQWHUHVW�� 3UHGLFWDQG� REVHUYDWLRQ� ��K
SUHYLRXVO\��SHUVLVWHQFH��DUH�LQFOXGHG��-XOLDQ�GD\��VHDVRQDO�ELRJHQLF�SUHGLFWRU��DQG�GD\�RI�WKH
ZHHN�DUH� LQFOXGHG��8SSHU�DLU�REVHUYDWLRQV� IRU�EDFN� WUDMHFWRU\�SUHGLFWRUV�ZHUH�GHULYHG� IURP
FOLPDWH� UH�DQDO\VLV� GDWD� JHQHUDWHG� E\� .DOQD\� HW� DO�� �������� 7UDMHFWRU\� ORFDWLRQV� DUH� IRXQG
ZLWK�D��WK�RUGHU�5XQJH�.XWWD� VROYHU�� 6HSDUDWH�PRGHOV�ZHUH�EXLOW�ZLWK�SHUVLVWHQFH� LQFOXGHG�
DQG�QRW�LQFOXGHG��VLQFH�WKLV�LV�D�PDMRU�SUHGLFWRU�DQG�GDWD�WUDQVPLVVLRQ�FDQ�EH�LQWHUUXSWHG��,Q
DOO��WZHQW\�IRXU�&$1),6�PRGHOV�ZHUH�EXLOW�IRU�HDFK�VLWH�



��UG�&026�&RQJUHVV 3DJH���� 3URJUDP�DQG�DEVWUDFWV

6HVVLRQ���'��
5DGDU��

7pOpGpWHFWLRQ�,,

5DGDU���5HPRWH
VHQVLQJ�,,

0HUFUHGL���MXLQ
:HGQHVGD\��-XQH��

��K�������K��

6DOOH���5RRP
5�20���

��'����
0HDVXUHPHQW�RI�:DWHU�9DSRXU�0L[LQJ�5DWLRV�XVLQJ�WKH�3XUSOH�&URZ�5DPDQ�VFDWWHU�/LGDU
&KDG�%U\DQW���6WHSKHQ�3��$UJDOO���5REHUW�-��6LFD��DQG�5D\�0��+RII�
�8QLYHUVLW\�RI�:HVWHUQ�2QWDULR���$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

7KH�8QLYHUVLW\� RI�:HVWHUQ�2QWDULR
V�3XUSOH�&URZ� /LGDU� FXUUHQWO\�PHDVXUHV� WHPSHUDWXUH� DQG
GHQVLW\� RI� WKH� DWPRVSKHUH� XVLQJ� 5D\OHLJK�VFDWWHULQJ� DQG� VRGLXP� UHVRQDQFH�IOXRUHVHQFH�
0RGLILFDWLRQV� DUH� RQOLQH� WKDW� DOORZ� FRQWLQXRXV� QLJKWWLPH� PHDVXUHPHQWV� RI� ZDWHU� YDSRXU
PL[LQJ� UDWLRV� FRQFXUUHQWO\� ZLWK� WKH� 5D\OHLJK� DQG� VRGLXP�PHDVXUHPHQWV�� 7KH� ZDWHU� YDSRXU
PHDVXUHPHQWV� DUH� LPSRUWDQW� IRU� PDQ\� VFLHQWLILF� VWXGLHV� LQFOXGLQJ� FOLPDWH� DQG� ZHDWKHU
PRGHOOLQJ�� JUDYLW\�ZDYH� VRXUFH� VWXGLHV�� DQG� XQGHUVWDQGLQJ� VWUDWRVSKHUH�WURSRVSKHUH
H[FKDQJH�� 5DPDQ�VFDWWHUHG� SKRWRQV� IURP� WKH� ���� QP� 1G�<$*� ODVHU� EHDP� DUH� XVHG� WR
PHDVXUH� PROHFXODU� QLWURJHQ� DW� ������ QP� DQG� ZDWHU� YDSRXU� DW� ������ QP� LQ� RUGHU� WR
GHWHUPLQH� WKH� PL[LQJ� UDWLR�� 0HDVXUHPHQWV� ZHUH� REWDLQHG� RQ� $SULO� ���� ������ XVLQJ
VLPXOWDQHRXV�GDWD�FROOHFWLRQ��7KHVH�PHDVXUHPHQWV� VKRZ� WKH�ERXQGDU\� OD\HU� DQG�D� VHFRQG
PRLVW� OD\HU� QHDU���NLORPHWHUV� WKDW� YDULHG� RYHU� WKH�QLJKW��:H�DUH� FXUUHQWO\� LQVWDOOLQJ� D� WZR�
FKDQQHO�PLFURZDYH�UDGLRPHWHU��ZKLFK�PHDVXUHV�WKH�]HQLWK�EULJKWQHVV�WHPSHUDWXUH�DW����*+]
WR� GHGXFH� WRWDO� ZDWHU� YDSRXU� DQG� OLTXLG� ZDWHU� FRQFHQWUDWLRQ�� 7KHVH� UDGLRPHWHU
PHDVXUHPHQWV� ZLOO� DOORZ� D� FRQWLQXDO� FDOLEUDWLRQ� RI� WKH� OLGDU� SURILOHV�� &RLQFLGHQW
PHDVXUHPHQWV�IURP�WKH�WZR�V\VWHPV�ZLOO�EH�SUHVHQWHG��:H�ZRXOG�OLNH�WR�DFNQRZOHGJH�VXSSRUW
IURP� WKH� $WPRVSKHULF� (QYLURQPHQW� 6HUYLFH� �$(6��� &HQWUH� IRU� 5HVHDUFK� LQ� (DUWK� DQG� 6SDFH
7HFKQRORJ\� �&5(67HFK��� DQG� WKH� 1DWLRQDO� 6FLHQFH� DQG� (QJLQHHULQJ� 5HVHDUFK� &RXQFLO
�16(5&��

��'����
3HUIRUPDQFH�RI�WKH�0F*LOO�%LVWDWLF�5DGDU�QHWZRUN
5DPRQ�GH�(OLD��DQG�,V]WDU�=DZDG]NL�
�'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO�8QLYHUVLW\

7KH�0F*LOO� ELVWDWLF� QHWZRUN� KDV�EHHQ� IXQFWLRQLQJ�GXULQJ� WKH� ODVW� WKUHH� \HDUV� DQG� SURYLGHG
ODUJH� DPRXQW� RI� GDWD� LQ� D� YDULHW\� RI� PHWHRURORJLFDO� VLWXDWLRQV�� 6LQFH� WKH� EHJLQQLQJ�
PHDVXUHG�'RSSOHU�YHORFLWLHV�ZHUH�XWLOL]HG�DV�D�UHVHDUFK�WRRO�IRU�WKUHH�GLPHQVLRQDO�ZLQG�ILHOG
UHFRQVWUXFWLRQ�VSHFLDOO\�LQ�FRQYHFWLYH�V\VWHPV�

6LPXOWDQHRXVO\� ZLWK� WKH� HIIRUWV� LQ� WKH� GHYHORSLQJ� RI� RSWLPDO� DOJRULWKPV� IRU� ZLQG� ILHOG
UHFRQVWUXFWLRQ��D�FDUHIXO�DVVHVVPHQW�RI�WKH�GDWD�TXDOLW\� LV�EHLQJ�SHUIRUPHG��6HYHUDO�VRXUFHV
RI�HUURU� WKDW�DIIHFW� WKH�PHDVXUHPHQWV�ZHUH� LGHQWLILHG�DQG�VWXGLHG�ERWK�DQDO\WLFDOO\�DQG�ZLWK
UHDO�GDWD��$PRQJ�WKHP��WKH�HIIHFW�RI�VHFRQGDU\�OREHV�LQ�WKH�WUDQVPLWWHU�DQWHQQD�SDWWHUQ��7KH\
DFW�DV�DQ�XQZDQWHG� VRXUFH�RI� HQHUJ\� WKDW�PD\�FRQWDPLQDWH� WKH�PHDVXUHPHQWV� VSHFLDOO\�DW
WKH� HGJHV� RI� WKH� VWRUP� �XVXDOO\� UHJLRQV� RI� LQWHUHVW��� 7KH� LQDFFXUDF\� PD\� EH� RI� VXFK
LPSRUWDQFH�WKDW�VRPH�RI� WKH�GDWD�VKRXOG�EH�UHMHFWHG��$Q�DOJRULWKP�KDV�EHHQ�GHYHORSHG�WR
GHWHFW�WKHVH�UHJLRQV�RI�KLJK�FRQWDPLQDWLRQ�LQ�WKH�GDWD�

5HVXOWV�VXJJHVW�WKDW�IXWXUH�ZLQG�ILHOG�UHFRQVWUXFWLRQ�RU�DQ\�DVVLPLODWLRQ�LQ�FRPSOH[�QXPHULFDO
PRGHOV� VKRXOG� DFFRXQW� IRU� WKHVH� HUURUV� LI� PHDQLQJIXO� UHVXOWV� DUH� GHVLUHG�� ,Q� DGGLWLRQ�
VXJJHVWLRQ�IRU�LPSURYHPHQWV�LQ�WKH�ELVWDWLF�QHWZRUN�DUH�JLYHQ�

.H\�ZRUGV��%LVWDWLF�UDGDU��ZLQG�UHWULHYDO��GDWD�DVVLPLODWLRQ
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��'����
6<3$,��7KH�6WXG\�RI�6<QHUJ\�EHWZHHQ�3DVVLYH�DQG�$FWLYH�,QVWUXPHQWV
0DUF� /DURFTXH��� -HDQ�3LHUUH� %ODQFKHW��� 3HWHU� 3DUN��� 5DOSK�*LUDUG��� 6KLY� 5�� 3DO� �� DQG�0DUN
&DQH��
�(DUWK�6FLHQFHV�'HSDUWPHQW�DW�84$0����(DUWK�6FLHQFHV�'HSDUWPHQW�DW�84$0�DQG�&�*&5�
�03%�7HFKQRORJ\���&DQDGLDQ�6SDFH�$JHQF\���&UHV7HFK��<RUN�8QLYHUVLW\

(6$
V�(DUWK�5DGLDWLRQ�0LVVLRQ��(50��KDV�IRU�REMHFWLYH�WR�SUREH�WKH��'�VWUXFWXUH�RI�FORXGV�DQG
DHURVRO� LQ� WKH� DWPRVSKHUH� IRU� LPSURYHPHQW� RI� FORXG�FOLPDWH� LQWHUDFWLRQ� DQG� GDWD
DVVLPLODWLRQ�LQ�1:3��7KH�ODUJH�VDWHOOLWH�LV�WR�FDUU\�SDVVLYH�LQVWUXPHQWV��UDGLRPHWHUV�LPDJHUV�
DQG�DFWLYH�LQVWUXPHQWV��UDGDU�OLGDU��WR�FRPELQH�FR�ORFDWHG�UHWULHYDOV�IRU�GHWHUPLQDWLRQ�RI�DOO
HVVHQWLDO� SURSHUWLHV� UHTXLUHG� WR� FDOFXODWH� DWPRVSKHULF� KHDWLQJ� UDWHV�� VXUIDFH� DQG� 72$
UDGLDWLYH� EDODQFHV� RI�PRVW� FORXG� W\SHV� IRXQG� LQ� WKH� DWPRVSKHUH�� 7KH� 6<3$,� SURJUDP� LV� D
PRGHO� VLPXODWLRQ� RI� DOO� (50� LQVWUXPHQWV� EDVHG� RQ� QXPHULFDO� UHSUHVHQWDWLRQV� RI� WKH
FKDUDFWHULVWLFV� RI� PRVW� LQVWUXPHQWV�� ,WV� JRDO� LV� WR� RSWLPL]H� WKH� V\VWHP�� WR� SODQ� IRU� PLVVLRQ
GHVLJQ�DQG�GDWD�DVVLPLODWLRQ�� ,Q�WKDW�FRQWH[W��0&��5&0�1$5&0�VFKHPHV�KDYH�EHHQ�XVHG
WR� JHQHUDWH� UHDOLVWLF� FORXG� VFHQHV� DQG� DWPRVSKHULF� GDWD� VHWV� DW� UHVROXWLRQV� UDQJLQJ� IURP
���NP� WR� ��� PHWHUV�� 7KH� �PRGHO� SLFWXUHV�� DUH� XVHG� DV� UHIHUHQFH� IRU� WHVWLQJ� LQVWUXPHQW
V\QHUJ\�DQG�OLPLWDWLRQV��,Q�WXUQ�WKH�H[HUFLVH�SURYLGHV�D�VROLG�EDVLV�IRU�DSSOLFDWLRQ�RI�VDWHOOLWH
GDWD�WR�WKH�YDOLGDWLRQ�RI�FOLPDWH�PRGHOV��7KH�VWXG\�LV�FDUULHG�LQ�SDUDOOHO�WR�WKH�1$5&0�/,7(
DVVHVVPHQW�WR�HQKDQFH�WKLV�REMHFWLYH�
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6HVVLRQ���$��

3OpQLqUH���3OHQDU\

$VVLPLODWLRQ�GH
GRQQpHV�,

'DWD
$VVLPLODWLRQ�,

-HXGL���MXLQ
7KXUVGD\��-XQH��

�K�������K��

6DOOH���5RRP
0DULH�*pULQ�/DMRLH

��$����
1HZ�GDWD�DVVLPLODWLRQ�PHWKRGV�DQG�VHQVLWLYLW\
)ORUHQFH�5DELHU�
�0pWpR�)UDQFH

7KH�DGYDQFHG�GDWD�DVVLPLODWLRQ�PHWKRG�NQRZQ�DV� IRXU�GLPHQVLRQDO� GDWD�DVVLPLODWLRQ� ��'�
9DU��ZLOO�EH�LQWURGXFHG�DQG�FRPSDUHG�WR�WKH�WKUHH�GLPHQVLRQDO�DQDO\VLV���'�9DU��QRZ�ZLGHO\
XVHG�LQ�QXPHULFDO�ZHDWKHU�FHQWUHV�

(&0:)� VZLWFKHG� LWV� RSHUDWLRQDO� GDWD� DVVLPLODWLRQ� PHWKRG� WR� IRXU�GLPHQVLRQDO� GDWD
DVVLPLODWLRQ���'�9DU��LQ�1RYHPEHU�������DQG�VRPH�UHVXOWV�RI�WKH�SUH�RSHUDWLRQDO�WHVWLQJ�RI
�'�9DU�ZLOO�EH�SUHVHQWHG�

�'�9DU� XVHV�DOO� WKH� WRROV� IURP� WKH�SUHYLRXV�RSHUDWLRQDO� V\VWHP���'�9DU� �VDPH� LQFUHPHQWDO
PHWKRG��VDPH���KRXU�DVVLPLODWLRQ�ZLQGRZ��VDPH�REVHUYDWLRQV�DQG�VDPH�EDFNJURXQG�WHUP��
7KH�QHZ� LQJUHGLHQW� LV� WKH� WHPSRUDO� GLPHQVLRQ��2YHU� WKH���KRXU�GDWD�DVVLPLODWLRQ�ZLQGRZ�
�'�9DU� VHHNV� WKH� DWPRVSKHULF� PRGHO� WUDMHFWRU\� EHVW� ILWWLQJ� WKH� REVHUYDWLRQV� DQG� WKH
EDFNJURXQG�

�7KLV�DOORZV�WR�PDNH�D�EHWWHU�XVH�RI�WKH�REVHUYDWLRQV��LQ�D�FRQVLVWHQW�ZD\�ZLWK�WKH�G\QDPLFV�
WKH� LQFUHPHQWV�FDXVHG�E\�REVHUYDWLRQV�DUH� LQIOXHQFHG�E\� WKH�G\QDPLFV��HYHQ�RQ�D� VKRUW���
KRXU�ZLQGRZ�

7KLV� �'�9DU� KDV� EHHQ� WHVWHG� LQ� SDUDOOHO� ZLWK� WKH� SUHYLRXV� �'�9DU� IRU� VHYHUDO� PRQWKV�� $
VLJQLILFDQW� LPSURYHPHQW� RI� WKH� IRUHFDVW� TXDOLW\� KDV� EHHQ� QRWLFHG� LQ� ERWK� KHPLVSKHUHV�
WRJHWKHU�ZLWK�D�VOLJKW�SRVLWLYH�LPSDFW�LQ�WKH�7URSLFV�

)URP� D� V\QRSWLF� SRLQW� RI� YLHZ�� �'�9DU� KDG� D� FOHDU� DGYDQWDJH� RYHU� �'�9DU� GXULQJ� UDSLG
F\FORJHQHVHV� RFFXUULQJ� GXULQJ� WKH� )$67(;� H[SHULPHQW��2WKHU� GLDJQRVWLFV� ZHUH� SHUIRUPHG�
7KH� IDVW� JURZLQJ� FRPSRQHQWV� RI� WKH� DQDO\VLV� HUURUV� DUH� VKRZQ� WR� EH� VPDOOHU� LQ� �'�9DU�
'LIIHUHQFHV� LQ�DQDO\VHV�H[KLELW�PRUH�EDURFOLQLFLW\� LQ��'�9DU� WKDQ� LQ��'�9DU�� LQ�SDUWLFXODU� LQ
WKH�3DFLILF�DUHD��$�QHFHVVDU\�WRRO�WR�LPSOHPHQW�WKLV�PHWKRG�LV�WKH�DGMRLQW�PRGHO��LW�LV�EDVLFDOO\
WKH�WUDQVSRVH�RI�WKH�OLQHDUL]HG�YHUVLRQ�RI�WKH�QXPHULFDO�PRGHO�XVHG�IRU�WKH�IRUHFDVW��

7KLV�DGMRLQW�PRGHO�FDQ�DOVR�EH�XVHG�WR�SHUIRUP�VHQVLWLYLW\�VWXGLHV��LQ�SDUWLFXODU��RQH�FDQ�VWXG\
WKH� VHQVLWLYLW\� RI� WKH� IRUHFDVW� HUURUV� WR� WKH� LQLWLDO� FRQGLWLRQV� RI� WKH� PRGHO�� 6XFK� D� W\SH� RI
VWXGLHV�ZDV�SHUIRUPHG�DW� (&0:)�DQG� KLJKOLJKWHG� WKH�DUHDV�ZKHUH�D� VPDOO� FKDQJH� LQ� WKH
DQDO\VLV�FRXOG�KDYH�LPSURYHG�WKH�IRUHFDVW�VLJQLILFDQWO\�

7KHVH�FRPSXWDWLRQV�FDQ�DOVR�EH�SHUIRUPHG�WR�GLDJQRVH�FKDQJHV� LQ� WKH� IRUHFDVWLQJ�V\VWHP�
E\� FRPSDULQJ� �NH\� DQDO\VLV� HUURUV�� �WKRVH� FRPSRQHQWV� RI� WKH� DQDO\VLV� HUURUV� ZKLFK� JURZ
UDSLGO\�LQ�WKH�IRUHFDVW��IRU�YDULRXV�FRQILJXUDWLRQV�RI�WKH�V\VWHP�

��$����
$VVLPLODWLRQ�RI�&KHPLFDO�7UDFHU�2EVHUYDWLRQV
5LFKDUG�0pQDUG���/DQJ�3LQJ�&KDQJ��DQG�6WHSKHQ�(��&RKQ�
�1$6$�*RGGDUG�6SDFH�)OLJKW�&HQWHU

:H�EHJLQ�E\�VXPPDUL]LQJ�WKH�PDLQ�UHVXOWV�RI�WKH�DVVLPLODWLRQ�RI�VWUDWRVSKHULF�FKHPLFDO�WUDFHU
REVHUYDWLRQV� XVLQJ� D� .DOPDQ� ILOWHU� V\VWHP� RQ� LVHQWURSLF� VXUIDFHV�� 7KLV� FRPSXWDWLRQDOO\
LQWHQVLYH�VFKHPH�KDV�SURYLGHG�PXFK�LQVLJKWV�WR�WKH�DVVLPLODWLRQ�SUREOHP�RI�FKHPLFDO�WUDFHUV�
,Q�SDUWLFXODU��VHYHUDO�VLPSOLILHG�FRYDULDQFH�HYROXWLRQ�VFKHPHV�KDYH�EHHQ�GHYHORSHG��8VLQJ�D
UREXVW�FKL�VTXDUH�FULWHULRQ�WR�YDOLGDWH�WKH�HUURU�VWDWLVWLFV�XVHG�LQ�WKH�DVVLPLODWLRQ�H[SHULPHQWV�
DQ� DVVHVVPHQW� RI� WKH� GLIIHUHQW� VFKHPHV� LV� PDGH�� %DVHG� RQ� WKRVH� ILQGLQJV�� D� WKUHH�
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GLPHQVLRQDO� WURSRVSKHULF� GDWD�DVVLPLODWLRQ� V\VWHP� KDV�EHHQ�GHYHORSHG�XVLQJ�SDUDPHWUL]HG
FKHPLVWU\� RI� VRXUFH� DQG� VLQN� RI� &2�� 7RWDO� FROXPQ� &2� REVHUYDWLRQV� IURP� WKH� 0$36
�0HDVXUHPHQW�RI�$LU�3ROOXWLRQ� IURP�6DWHOOLWHV�� LQVWUXPHQW�DUH�XVHG��3UHOLPLQDU\�UHVXOWV�DQG�D
SUHVHQWDWLRQ�RI�WKH�V\VWHP�ZLOO�EH�JLYHQ�

��$����
(VWLPDWLQJ�WKH�WHPSRUDO�YDULDELOLW\�RI�R]RQH�DQG�LWV�VRXUFHV�LQ�WKH�&DQDGLDQ�R]RQH��'�9$5
GDWD�DVVLPLODWLRQ�V\VWHP�(VWLPDWLQJ� WKH� WHPSRUDO� YDULDELOLW\�RI�R]RQH�DQG� LWV� VRXUFHV� LQ� WKH
&DQDGLDQ�R]RQH��'�9$5�GDWD�DVVLPLODWLRQ�V\VWHP�
*LOEHUW�%UXQHW���3DXO�$QWRLQH�0LFKHODQJHOL���6LPRQ�3HOOHULQ��� -RKQ�&��0F&RQQHOO��DQG� -DFHN
:��.DPLQVNL�
�531��(QYLURQPHQW�&DQGD���$50$��(QYLURQPHQW�&DQDGD�� �(DUWK�DQG�$WPRV��6FLHQFH��<RUN
8QLYHUVLW\

$� JUHDW� FKDOOHQJH� LV� WR� YDOLGDWH� WKH� RXWSXW� RI� WKH� HYROYLQJ�&DQDGLDQ� R]RQH� �'�9$5� GDWD
DVVLPLODWLRQ� V\VWHP�� 6RPH� DVSHFWV� RI� WKH� V\VWHP� FDQ� EH� YDOLGDWHG� WKURXJK� D� VHULHV� RI
2EVHUYDWLRQ�6\VWHP�([SHULPHQWV� �26(V��� VXFK�DV� LV� WKH�FDVH� UHSRUWHG�KHUH� IRU� WRWDO�R]RQH�
+RZHYHU��2EVHUYDWLRQ�6\VWHP�6LPXODWLRQ�([SHULPHQWV� �266(V��DUH�QHFHVVDU\� IRU� WHVWLQJ� WKH
DVVLPLODWLRQ�RI�R]RQH�SURILOHV�ZLWK�DQ�KLJK�VSDWLR�WHPSRUDO�GHQVLW\�VXFK�DV�IURP�D�VDWHOOLWH�

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�IRFXV�RXU�DWWHQWLRQ�RQ�WKH�WHPSRUDO�DQG�VSDWLDO�YDULDELOLW\�RI
DVVLPLODWHG� R]RQH� ZLWK� D� 3ULQFLSDO� &RPSRQHQW� DQDO\VLV� �3&$�� IRU� VHYHUDO� GLIIHUHQW
H[SHULPHQWV� SURGXFHG� E\� WKH� GDWD� DVVLPLODWLRQ� V\VWHP�� $V� DQ� H[DPSOH�� ZH� KDYH� XVHG� WKH
R]RQH�ILHOG�FRPELQHG�ZLWK�WKH�FRQWLQXLW\�HTXDWLRQ��WR�HVWLPDWH�FKHPLFDO�VRXUFH�WHUPV�IRU�WKH
WRWDO�R]RQH�REWDLQHG�ZLWK�WKH�7296�26(V�GHVFULEHG�LQ�*DXWKLHU�DO���������DQG�3HOOHULQ�HW�DO�
��������:H�ZLOO� VKRZ� KRZ� WKH� LQWHUSUHWDWLRQ� RI� WKH� YDULDELOLW\� RI� WKH� R]RQH� DQG� LWV� VRXUFH
SHUPLWV� XV� WR� REWDLQ� LQVLJKW� LQWR� WKH� LQWULQVLF� TXDOLW\� RI� WKH� VLQN� DQG� VRXUFH� UHJLRQV� RI� RXU
GLIIHUHQW�PRGHO�FRQILJXUDWLRQV��7KH�VDPH�DSSURDFK�ZDV�XVHG�WR�VWXG\�WKH�LPSDFW�RI�GLIIHUHQW
PHDVXUHPHQW�VFHQDULRV�GHYHORSHG�WR�PLPLF�PHDVXUHPHQWV� WKDW�PD\�EH�REWDLQHG�XVLQJ� WKH
2',1�VDWHOOLWH��8VLQJ�D�FRPSUHKHQVLYH�FKHPLFDO�SDFNDJH�ZLWK� WKH�6()�PRGHO�D�QDWXUH�UXQ
ZDV� REWDLQHG� ZKLFK� ZDV� WKHQ� XVHG� WR� GULYH� D� VHULHV� RI� 266(V� ZLWK� GLIIHUHQW� PRGHV� RI
RSHUDWLRQ� RI� LQVWUXPHQWV� RQERDUG� WKH� 2',1� VDWHOOLWH�� )RU� H[DPSOH�� VRPHWLPHV� WKH� R]RQH
PHDVXUHPHQWV�PD\�RQO\�EH�DYDLODEOH� LQ�GD\OLJKW� �HJ���.DPLQVNL�HW�DO�� ��������� 7KH�3&$�RI
WKHVH�UHVXOWV�VKRZV�FOHDUO\��TXDOLWDWLYHO\�DQG�TXDQWLWDWLYHO\��WKH�SRVLWLYH�DQG�QHJDWLYH�TXDOLWLHV
RI�HDFK�RI�WKH�DQDO\]HG�VFHQDULRV��:H�DOVR�SUHVHQW�D�SUHOLPLQDU\�3&$�RI�GLIIHUHQW�FKHPLFDO
VSHFLHV� ZLWKLQ� D� JLYHQ� FKHPLFDO� IDPLO\�� WKXV� LGHQWLI\LQJ� WKH� PRVW� LPSRUWDQW� PRGHV�� RU
(PSLULFDO� 2UWKRJRQDO� )XQFWLRQV� �(2)��� RI� YDULDELOLW\� LQ� D� IDPLO\�� &RPSDULQJ� WKHVH� (2)V
EHWZHHQ� WKH�QDWXUH� UXQ�DQG� WKH�GLIIHUHQW�2',1�266(V�KHOSV� WR�DVVHVV� WKH�HIILFLHQF\�RI� WKH
GLIIHUHQW� GDWD� DVVLPLODWLRQ� V\VWHP� FRQILJXUDWLRQV�� 7KHVH� UHVXOWV� VKRZ� WKDW� WKH� SURSRVHG
PHWKRGRORJ\�LV�TXLWH�SRZHUIXO�LQ�LGHQWLI\LQJ�SRWHQWLDO�SUREOHPV�DQG�VROXWLRQV�WKDW�GHYHORSHUV
RI�VXFK�D�GDWD�DVVLPLODWLRQ�V\VWHP�KDYH�WR�IDFH�
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��%����
$VVLPLODWLRQ�RI�7296�WRWDO�R]RQH�GDWD��LPSDFW�RQ�WKH�IRUHFDVWV�DQG�DQDO\VHV
6LPRQ�3HOOHULQ���3DXO�$QWRLQH�0LFKHODQJHOL���3LHUUH�*DXWKLHU��DQG�*LOEHUW�%UXQHW�
�6HUYLFH�GH�O
HQYLURQQHPHQW�$WPRVSKpULTXH

7KH�&DQDGLDQ��'�YDU�DQDO\VLV�V\VWHP�KDV�EHHQ�XVHG�WR�SURGXFH�XQLYDULDWH�R]RQH�DQDO\VHV
EDVHG� RQO\� RQ� WRWDO� R]RQH� PHDVXUHPHQWV� UHWULHYHG� IURP� 7296� GDWD�� 7KH� DVVLPLODWLRQ
H[SHULPHQWV�ZHUH�GULYHQ�E\�D�PRGLILHG�YHUVLRQ�RI� WKH�RSHUDWLRQDO�JOREDO�PRGHO�XVHG�DW� WKH
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH� �&0&��ZLWK� LWV� WRS�ULVHQ� WR���K3D�� ,WV�G\QDPLFDO�YDULDEOHV
EHLQJ� LQLWLDOL]HG� HYHU\����K� IURP� WKH�8.02�DQDO\VHV�� WKH�PRGHO� LV� LQWHJUDWHG� WR� WUDQVSRUW
R]RQH� WUHDWHG� ILUVW� DV� D� SDVVLYH� WUDFHU�� 7KH� EDFNJURXQG�HUURU� VWDWLVWLFV� IRU� R]RQH� ZHUH
GHWHUPLQHG�IURP�D�WLPH�VHULHV�RI�ODJJHG�IRUHFDVWV�DQG�D�FRPSDULVRQ�WR�R]RQHVRQGH�GDWD�WR
SURYLGH�YDULDQFHV�RI�R]RQH�DV�D�IXQFWLRQ�RI�ODWLWXGH�DQG�SUHVVXUH��7KH�FRUUHODWLRQV�DUH�WDNHQ
WR� EH� KRUL]RQWDOO\� KRPRJHQHRXV� DQG� LVRWURSLF�� 3UHOLPLQDU\� H[SHULPHQWV� VKRZ� WKDW� WKH
UHVXOWLQJ� WRWDO� R]RQH�DQDO\VHV�DQG� IRUHFDVWV� FRPSDUH�ZHOO�ZLWK� WKH�GDWD��&XUUHQWO\�� D� QHDU
UHDO�WLPH�DVVLPLODWLRQ�RI�WRWDO�R]RQH�GDWD�LV�SODQQHG�IRU�WKH�6SULQJ�RI������DQG�WKH�UHVXOWV
ZLOO�EH�SUHVHQWHG�DW�WKH�6\PSRVLXP�

:KHQ�FRPSDULQJ�WR�R]RQHVRQGH�GDWD��QRW�XVHG�LQ�WKH�DQDO\VLV���WKH�YHUWLFDO�GLVWULEXWLRQ�RI�WKH
R]RQH� DQDO\VHV� LV� SUREOHPDWLF�� 'XH� WR� WKH� DEVHQFH� RI� R]RQH� SURILOH� GDWD�� WKH� YHUWLFDO
GLVWULEXWLRQ� LV� HQWLUHO\� GHWHUPLQHG� E\� WKH� G\QDPLFV� RI� WKH� PRGHO�� WKH� EDFNJURXQG�HUURU
VWDWLVWLFV� DQG� WKH� ODFN� RI� FKHPLVWU\�� 3UHOLPLQDU\�2EVHUYDWLRQ� 6\VWHP� LPXODWLRQ� ([SHULPHQWV
KDYH� EHHQ� SHUIRUPHG� WR� LQYHVWLJDWH� WKH� LPSDFW� RI� WKH� GHQVLW\� RI� R]RQH� SURILOHV� QHHGHG� WR
LPSURYHG�VLJQLILFDQWO\�WKH�R]RQH�DQDO\VLV�

��%����
2EVHUYDWLRQ�6\VWHP�6LPXODWLRQ�([SHULPHQWV�ZLWK�VDWHOOLWH�EDVHG�R]RQH�OLGDU
3DXO�$QWRLQH� 0LFKHODQJHOL��� 6LPRQ� 3HOOHULQ��� *LOEHUW� %UXQHW��� 3LHUUH� *DXWKLHU��� -RKQ
0F&RQQHOO���-DFHN�.DPLQVNL��DQG�-RKQ�+DKQ�
�531�� (QYLURQQHPHQW� &DQDGD�� �(DUWK� DQG� $WPRV�� 6FLHQFH�� <RUN� 8QLYHUVLW\�� �2SWHFK
,QFRUSRUDWHG

2EVHUYDWLRQ�6\VWHP�6LPXODWLRQ�([SHULPHQWV� �266(V��KDYH�EHHQ�SHUIRUPHG�LQ� WKH�FRQWH[W�RI
IHDVLELOLW\�VWXG\�RI�D�VDWHOOLWH�EDVHG�R]RQH�OLGDU�SURMHFW��7KH�2]RQH�5HVHDUFK�ZLWK�$GYDQFHG
&RRSHUDWLYH� /LGDU�([SHULPHQW� �25$&/(��SURMHFW�ZLOO�SURYLGH�R]RQH� YHUWLFDO�SURILOHV�ZLWK�DQ
KRUL]RQWDO� UHVROXWLRQ� RI� ���NP� DQG� D� YHUWLFDO� UHVROXWLRQ� RI� �NP�� 266(V� WKDW� ZH� KDYH
SHUIRUPHG�FRQVLVW�LQ�RQH�PRQWK�R]RQH�DVVLPLODWLRQ�F\FOHV�ZLWK�25$&/(��REVHUYDWLRQV���2XU
DVVLPLODWLRQ� F\FOHV� DUH� EDVHG� RQ� WKH�&DQDGLDQ�0HWHRURORJLFDO� &HQWHU� �'�YDU� DVVLPLODWLRQ
V\VWHP�FRXSOHG�WR�WKH�&0&�*OREDO�(QYLURQPHQWDO�0RGHO��25$&/(�SURILOHV�DUH�EXLOW�IURP�D
QDWXUH�UXQ�REWDLQHG�ZLWK�WKH�6()�PRGHO�DVVRFLDWHG� WR�DQ�R]RQH�FKHPLFDO�SDFNDJH�ZLWK���
VSHFLHV�� 0HWKRGRORJ\� RI� H[SHULPHQWV� ZLOO� EH� SUHVHQWHG� DORQJ� ZLWK� UHVXOWV� LOOXVWUDWLQJ� WKH
LPSDFW� RI� D� JOREDO� FRYHUDJH� RI� GHQVLW\� RI� R]RQH� SURILOHV� QHHGHG� WR� UHFRYHU� WKH� IXOO� �'
VWUXFWXUH�RI�R]RQH�PL[LQJ�UDWLR�

��%����
7KH�&DQDGLDQ�0LGGOH�$WPRVSKHUH�0RGHO��&RQWLQXLQJ�GHYHORSPHQWV�
6WHSKHQ�5��%HDJOH\���-HDQ�GH�*UDQGSUp���-RKQ��1��.RVK\N���1RUPDQ�$��0F)DUODQH��DQG�7HG
*��6KHSKHUG�
�'HSDUWPHQW� RI� (DUWK� DQG� $WPRVSKHULF� 6FLHQFH�� <RUN� 8QLYHUVLW\�� �'HSDUWPHQW� RI� 3K\VLFV�
8QLYHUVLW\�RI�7RURQWR���&&&0$��$(6���'HSDUWPHQW�RI�3K\VLFV��8QLYHUVLW\�RI�7RURQWR�

7KH�&DQDGLDQ�0LGGOH�$WPRVSKHUH�0RGHO��&0$0��KDV�EHHQ�UXQ�IRU�WZR����\HDU�VLPXODWLRQV
XWLOL]LQJ� �D�� QR�1RQ�RURJUDSKLF� JUDYLW\� ZDYH� GUDJ� VFKHPH� DQG� �E�� D�PRUH� FRPSUHKHQVLYH
YHUVLRQ� XVLQJ� WKH� 0HGYHGHY�.ODVVHQ� JUDYLW\� ZDYH� GUDJ� VFKHPH� DQG� LQWHUDFWLYH� JDV� SKDVH
FKHPLVWU\�
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7KH�PRGHO� VLPXODWHV� WKH�DWPRVSKHUH� IURP��� WR�a���NP
V� XVLQJ� VSHFWUDO� G\QDPLFV�DW� 7��
UHVROXWLRQ��7KH�FKHPLVWU\�GRPDLQ�VSDQV�IURP����K3D�WR�WKH�PRGHO�WRS�DW�a�����K3D�

7KH�ODWHVW�GHYHORSPHQWDO�YHUVLRQ�RI�&0$0�KDV�D�7���KRUL]RQWDO�UHVROXWLRQ��7KH�JDV�SKDVH
FKHPLVWU\� VHW� LV�DOVR�FRPELQHG�ZLWK�D�VPDOO� VXEVHW�RI� VXOSKDWH�DHURVRO� FKHPLVWU\�XWLOL]LQJ�D
EDFNJURXQG� �6$*(�� DHURVRO� GLVWULEXWLRQ�� $� IXUWKHU� DGDSWDWLRQ� IRU� WKH� &0$0� LQ� WKH� QHDU
IXWXUH�ZLOO�DGG�D�PRUH�FRPSOHWH�KHWHURJHQRHXV�FKHPLVWU\�SDFNDJH�

7KH� ODWHVW� &0$0� QRZ� XVHV� D� 6HPL�/DJUDQJLDQ� WUDQVSRUW� VFKHPH� �UHSODFLQJ� VSHFWUDO
WUDQVSRUW�� IRU� DOO� WUDFHUV�� FKHPLVWU\� DQG� WKH� PRGHO� ZDWHU� YDSRXU�� ,QLWLDO� WHVWV� RI� WKLV� QHZ
YHUVLRQ�DUH�XQGHUZD\�

7KH� FRQWLQXLQJ� GHYHORSPHQW� LQFOXGHV� ZRUN� RQ�� PRUH� FRPSOH[� DHURVROV�� KHWHURJHQHRXV
FKHPLVWU\�� FKHPLFDO� KHDWLQJ�� QRQ�RURJUDSKLF� JUDYLW\� ZDYH� GUDJ� DQG� PLGGOH� DWPRVSKHULF
FORXGV�

��%����
7KH�([WHQGHG�&DQDGLDQ�0LGGOH�$WPRVSKHUH�0RGHO
6WHSKHQ� 5�� %HDJOH\��� 9LFWRU� ,�� )RPLFKHY��� :LOOLDP� (�� :DUG��� -RKQ� 1�� .RVK\N��� &KDUOHV
0F/DQGUHVV���-RKQ�&��0F&RQQHOO���DQG�1RUPDQ��$��0F)DUODQH�
�'HSDUWPHQW� RI� (DUWK� DQG� $WPRVSKHULF� 6FLHQFH�� <RUN� 8QLYHUVLW\��� �<RUN� 8QLYHUVLW\�
�&5(66�&5(67HFKV���3K\VLFV�'HSW���7RURQWR�8QLYHUVLW\����<RUN�8QLYHUVLW\����&&&PD��$(6�

7KH�([WHQGHG�&DQDGLDQ�0LGGOH�$WPRVSKHUH�0RGHO� LV� D�PRGLILHG� YHUVLRQ�RI� WKH�&DQDGLDQ
0LGGOH�$WPRVSKHUH�0RGHO�ZLWK�DQ�XSSHU�ERXQGDU\�DW�����NP�LQVWHDG�RI�����,WV�GHYHORSPHQW
ZDV�PRWLYDWHG�E\�WKH�GHVLUH�WR�EH�DEOH�WR�DQDO\VH�SKHQRPHQD�LQ�WKH�XSSHU�PHVRVSKHUH�DQG
ORZHU�WKHUPRVSKHUH�ZLWKRXW�WKH�LQIOXHQFH�RI�WKH�VSRQJH�OD\HU�XVXDOO\�SUHVHQW�LQ�*&0
V�ZKLFK
H[WHQG�WR�WKHVH�KHLJKWV��7KH�PRGHO�FXUUHQWO\� LQFOXGHV� IXOO� LQIUD�UHG��89�DQG�(89�KHDWLQJ��D
SDUDPHWHUL]HG� RURJUDSKLF� JUDYLW\� ZDYH� VFKHPH� DQG� YLVFRXV� DQG� GLIIXVLYH� SURFHVVHV
DSSURSULDWH�WR�WKH�ORZHU�WKHUPRVSKHUH��*UDYLW\�ZDYH�SDUDPHWHUL]DWLRQV�DQG�QHXWUDO�FKHPLVWU\
QHDU� WKH�PHVRSDXVH�DUH�XQGHU�GHYHORSPHQW�� ,Q� WKLV�SDSHU� WKH�GHVLJQ�RI� WKLV�PRGHO�ZLOO�EH
GLVFXVVHG�WRJHWKHU�ZLWK�VRPH�UHVXOWV�IURP�WKH�ILUVW�UXQV�RI�WKLV�PRGHO�
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��%����
5HVLGXH�IUHH�DWPRVSKHULF�ZDWHU�EXGJHW�VWXG\�RI�OHH�F\FORQHV�RYHU�WKH�0DFNHQ]LH�5LYHU�%DVLQ
GXULQJ�WKH�%$6(�SHULRG�
9DVXEDQGKX�0LVUD���0��.��<DX��DQG�1DJDUDMDQ�%DGULQDWK�
�'HSW��RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO�8QLYHUVLW\

$�KLJK�UHVROXWLRQ�DWPRVSKHULF�ZDWHU�EXGJHW�LV�FRPSXWHG�GLDJQRVWLFDOO\�HYHU\�WLPH�VWHS�XVLQJ
WKH�0HVRVFDOH�&RPSUHVVLEOH�&RPPXQLW\��0&���PRGHO��7KH�REMHFWLYH�RI�WKH�EXGJHW�VWXG\�DUH
WR�GLVFHUQ� WKH�SUHFLSLWDWLRQ�JHQHUDWLRQ�PHFKDQLVP� LQ� WKH�PRVW�FRPPRQ�ZHDWKHU�V\VWHPV� LQ
WKH�UHJLRQ�DQG�WR�H[DPLQH�WKH�EXGJHW�RI�ZDWHU�YDSRU��FORXG�ZDWHU�� UDLQ�ZDWHU�DQG�LFH��7KH
VWXG\� UHYHDOV� WKDW� WKH� VWDEOH� DQG� FRQYHFWLYH� SUHFLSLWDWLRQ� DPRXQWV� LQ� WKH� EDVLQ� DUH
FRPSDUDEOH� LQ�PDJQLWXGH�� 7KH�PDMRU� FRQWULEXWLRQ� WR� VWDEOH� SUHFLSLWDWLRQ� FRPHV� IURP� FROG
UDLQ�SURFHVVHV��&RQYHFWLYH�SUHFLSLWDWLRQ� LV�JHQHUDWHG� LQ� WKH�EDVLQ�E\�RURJUDSKLF� OLIWLQJ�DQG
IDYRXUDEOH� IRUPDWLRQ� RI� D� IURQWDO� V\VWHP� FRLQFLGLQJ� ZLWK� WKH� SHDN� VXUIDFH� HYDSRUDWLRQ
DVVRFLDWHG�ZLWK�WKH�GLXUQDO�F\FOH��)XUWKHUPRUH��WKH�ORFDO�WHQGHQFLHV�RI�WKH�K\GURPHWHRUV�DUH
IDU�VPDOOHU�WKDQ�WKHLU�IRUFLQJV��+RZHYHU�LQ�WKH�YDSRU�EXGJHW�WKH�ORFDO�WHQGHQF\�RI�WKH�ZDWHU
YDSRU�LV�VWURQJO\�PRGXODWHG�E\�WKH�PRLVWXUH�IOX[�FRQYHUJHQFH�LQWR�WKH�EDVLQ�

��%����
$�678'<�2)�7+(�:$7(5�9$325�75$163257�7+528*+�7+(�0$&.(1=,(�5,9(5�%$6,1
9ODGLPLU�6PLUQRY��DQG�*�:��.HQW�0RRUH�
�$WPRVSKHULF�SK\VLFV��8QLYHUVLW\�RI�7RURQWR

7KH�WUDQVSRUW�RI�ZDWHU�YDSRU�WKURXJK�WKH�0DFNHQ]LH�EDVLQ��D�W\SLFDO�KLJK�ODWLWXGH�ULYHU�EDVLQ�
LV�VWXGLHG�ZLWK�WKH�(&0:)�UHDQDO\VHV��(5$��IRU����\HDUV��������������7KH�DQDO\VLV�RI�ZDWHU
YDSRU� IOX[� ILHOGV� UHYHDOV� WKDW� WKH� WUDQVSRUW� LV� KLJKO\� YDULDEOH� LQ� WLPH�ZLWK� WUDQVLHQW� V\QRSWLF�
VFDOH�GLVWXUEDQFHV�EHLQJ�UHVSRQVLEOH�IRU�PXFK�RI�WKH�WUDQVSRUW��7KH�WUDFN�RI�PRLVWXUH�IORZV�LQ
WKH�YLFLQLW\�RI�WKH�UHJLRQ�LV�VWXGLHG��7KH�UHODWLRQVKLS�EHWZHHQ�WKH�VHDVRQDO�VKLIWV�RI�PRLVWXUH
IORZV�DQG�WKH�EDVLQ
V�DQQXDO�ZDWHU�F\FOH�IHDWXUHV�LV�HVWDEOLVKHG��,W�LV�LQYHVWLJDWHG�KRZ�WKH�(5$
GDWD�UHSUHVHQW�WKH�SRVLWLRQ�DQG� LQWHQVLW\�RI�D�]RQH�RI�KLJK�ZDWHU�YDSRU� IOX[�FRQYHUJHQFH�DW
WKH�ZHVWHUQ�ERXQGDU\� RI� WKH�EDVLQ� WKDW� LV� UHVSRQVLEOH� IRU�PRVW� RI� WKH� EDVLQ
V� ZDWHU� EXGJHW
GXULQJ�WKH�FROG�VHDVRQ��7KH�YDOXHV�RI�PRQWKO\�DQG�DQQXDO�ZDWHU�EXGJHWV�REWDLQHG�IURP�WKH
(5$�GDWD�DUH�FRPSDUHG� WR� WKHVH�REWDLQHG� IURP� LQWHUSRODWHG� UDGLRVRQGH�GDWD�DQG�ZLWK� WKH
0DFNHQ]LH
V�DQQXDO�UXQRII��,Q�DGGLWLRQ��DV�WKH�KXPLGLW\�ILHOGV�DUH�NQRZQ�WR�EH�OHDVW�DFFXUDWHO\
GHVFULEHG�E\�WKH�REMHFWLYH�DQDO\VHV��YDOXHV�RI�KXPLGLW\�IURP�WKH�(5$�DUH�FRPSDUHG�WR�WKHVH
IURP�VRXQGLQJV�DW�VHYHUDO�UDGLRVRQGH�VLWHV�LQ�WKH�0DFNHQ]LH�EDVLQ�

��%����
$Q� ([WUHPH� (YHQW� RI� ,QWHUKHPLVSKHULF� $WPRVSKHULF� 0DVV� ([FKDQJH� 2ULJLQDWLQJ� LQ� WKH
0DFNHQ]LH�5LYHU�%DVLQ
0DUFR�&DUUHUD��DQG�-RKQ�5��*\DNXP�

�0F*LOO�8QLYHUVLW\

7KH� H[FKDQJH�RI�DWPRVSKHULF�PDVV�EHWZHHQ� WKH�QRUWKHUQ�DQG� VRXWKHUQ� KHPLVSKHUH� RFFXUV
ZLWK�FRQVLGHUDEOH�UHJXODULW\�RQ�LQWUDVHDVRQDO�WLPH�VFDOHV��2EVHUYDWLRQDO�HYLGHQFH�IURP�SULRU
VWXGLHV� LQGLFDWH� WKDW� DQRPDORXV� DQG� SHUVLVWHQW� UHJLRQDO� PDVV� GLVWULEXWLRQV� �H�J��� EORFNLQJ
HYHQWV��PD\�RIWHQ�EH� UHODWHG� WR� LQWHUKHPLVSKHULF�DWPRVSKHULF�PDVV�H[FKDQJH�� 7KH�SK\VLFDO
PHFKDQLVPV�WKDW�IRUFH�WKLV�LQWHUKHPLVSKHULF�PDVV�H[FKDQJH�UHPDLQ�XQFOHDU�

,Q�D�SUHYLRXV�VWXG\��WKH�DXWKRUV�HPSOR\HG�WKH�1DWLRQDO�&HQWHUV�IRU�(QYLURQPHQWDO�3UHGLFWLRQ
�1&(3��1DWLRQDO� &HQWHU� IRU� $WPRVSKHULF� 5HVHDUFK� �1&$5�� UHDQDO\VLV� WR� LGHQWLI\� VLJQLILFDQW
HYHQWV�RI� LQWHUKHPLVSKHULF�DWPRVSKHULF�PDVV�H[FKDQJH��,Q�WKLV�VWXG\�ZH�H[DPLQH��LQ�JUHDWHU
GHWDLO�� WKH� PRVW� H[WUHPH� FDVH� LQ� WKH� DERYH� VDPSOH�� D� ��� GD\� QRUWKHUQ� KHPLVSKHUH� FROG
VHDVRQ� DWPRVSKHULF� PDVV� IDOO� HYHQW�� %HWZHHQ� ��� )HEUXDU\� DQG� ��� )HEUXDU\� ������ WKH
KHPLVSKHULF� DUHD� DYHUDJHG� GU\� DLU� VXUIDFH� SUHVVXUH� DQRPDO\� IRU� WKH� QRUWKHUQ� KHPLVSKHUH
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GURSSHG�IURP��������K3D�WR��������K3D��UDQJH ������K3D���7R�SODFH�WKLV�HYHQW�LQ�FRQWH[W�
WKH�PHDQ�DQQXDO�F\FOH�RI�VXUIDFH�SUHVVXUH�GXH�WR�GU\�DLU�IRU�WKH�QRUWKHUQ�KHPLVSKHUH��RZLQJ
WR�VHDVRQDO�FKDQJHV�LQ�KHDWLQJ�DQG�FRROLQJ��LV�DSSUR[LPDWHO\���K3D�

$W� WKH� RQVHW� RI� WKLV� H[WUHPH� LQWHUKHPLVSKHULF� DWPRVSKHULF� PDVV� H[FKDQJH� HYHQW�� D� ODUJH
DQWLF\FORQH��ZLWK�D�FHQWUDO�SUHVVXUH�LQ�H[FHVV�RI������K3D�LV�VLWXDWHG�RYHU�*UHDW�6ODYH�/DNH
LQ�WKH�0DFNHQ]LH�5LYHU�%DVLQ��7KH�DLU�PDVV�LV�H[WUHPHO\�FROG�ZLWK�VXUIDFH�WHPSHUDWXUHV�LQ�WKH
YLFLQLW\�RI�����WR�����GHJ�&�� ,Q� WKH�VXEVHTXHQW���GD\�SHULRG�� WKLV�DQWLF\FORQH�H[SDQGV�DQG
SURSRJDWHV� VRXWKZDUG�DORQJ� WKH� HGJH� RI� WKH�ZHVWHUQ� FRUGLOOHUD��ZLWK� WKH� FHQWHU� ORFDWHG� LQ
VRXWKHUQ� 7H[DV�E\������87&���)HEUXDU\�� 7KH� OHDGLQJ� HGJH�RI� WKH�DQWLF\FORQLF� FLUFXODWLRQ
H[WHQGV� GHHS� LQWR� WKH� VXEWURSLFV� �a��� GHJ� 1��� 6LPXOWDQHRXVO\� D� GHHS� ORZ� H[SDQGV� DQG
LQWHQVLILHV�LQ�WKH�QRUWK�3DFLILF�RFHDQ��$�QRUWK�VRXWK�RULHQWDWHG�FKDQQHO�RI�SRVLWLYH�QRUPDOL]HG
VHD�OHYHO�SUHVVXUH�DQRPDOLHV�H[WHQGV�IURP�VRXWK�FHQWUDO�&DQDGD�WR�WKH�VRXWK�3DFLILF�2FHDQ
EHWZHHQ�WKH�ORQJLWXGHV�RI����DQG�����GHJ�:��$QDO\VLV�RI�WKH�WRWDO�PHULGLRQDO�PDVV�WUDQVSRUW
FRQILUPV�WKH�VRXWKZDUG�IORZ�RI�PDVV�LQ�WKH�DERYH�FKDQQHO�

2XU�UHVXOWV�LQGLFDWH��IRU�DQ�H[WUHPH�FDVH�RI�LQWHUKHPLVSKHULF�DWPRVSKHULF�PDVV�H[FKDQJH��D
PLG�WR� �KLJK� ODWLWXGH� IRUFLQJ�� ,Q� SDUWLFXODU�� WKH� LQWHUKHPLVSKHULF� H[FKDQJH� HYHQW� ZDV
DVVRFLDWHG�ZLWK�WKH�VRXWKZDUG�SHQHWUDWLRQ�RI�D�FROG�DQWLF\FORQH��RULJLQDWLQJ�LQ�WKH�YLFLQLW\�RI
WKH�0DFNHQ]LH�5LYHU�%DVLQ�RI�QRUWKHUQ�&DQDGD��GHHS�LQWR�WKH�VXEWURSLFDO�ODWLWXGHV�

��%����
6\QRSWLF�FOLPDWRORJ\�RI�1RUWKHUQ�+HPLVSKHUH�DYDLODEOH�SRWHQWLDO�HQHUJ\�FROODSVHV
:HUQHU�:LQWHOV��DQG�-RKQ�5��*\DNXP�

�0F*LOO�8QLYHUVLW\

)RXU� UHFXUULQJ� UHJLRQDO� SDWWHUQV� RI� H[WUDWURSLFDO� EDURFOLQLF� GHYHORSPHQW� DVVRFLDWHG� ZLWK
V\QRSWLF�VFDOH� FROODSVHV� RI� 1RUWKHUQ� +HPLVSKHUH� DYDLODEOH� SRWHQWLDO� HQHUJ\� �$3(�� DUH
LGHQWLILHG�XVLQJ�D���������WLPH�VHULHV�GHULYHG�IURP�WKH�1DWLRQDO�&HQWHUV� IRU�(QYLURQPHQWDO
3UHGLFWLRQ��1&(3��UHDQDO\VLV��6\QRSWLF�VFDOH�$3(�FROODSVHV�DUH�GHILQHG�DV�$3(�IDOOV�H[FHHGLQJ
WKUHVKROG�YDOXHV�RI�ERWK�$3(� WHQGHQF\�DQG�$3(�GHSOHWLRQ� UDWH��7KH����VWURQJHVW�FDVHV�DUH
FODVVLILHG� EDVHG� RQ� WKH� HYROXWLRQ� RI� UHJLRQDO� V\QRSWLF� SDWWHUQV�� :H� SURSRVH� WKDW� WKHVH
SDWWHUQV� RI� EDURFOLQLF� GHYHORSPHQW� KDYH� D� GLVSURSRUWLRQDWH� HIIHFW� RQ� WKH� KHPLVSKHULF
FLUFXODWLRQ�� DQG� WKDW� WKHLU� DVVRFLDWHG� UHJLRQDO� V\QRSWLF� VWUXFWXUH� VKRXOG� WKHUHIRUH� EH� RI
SUDFWLFDO�DQG�WKHRUHWLFDO�LQWHUHVW�LQ�VWXGLHV�RI�FOLPDWH��WKH�JHQHUDO�FLUFXODWLRQ��DQG�QXPHULFDO
ZHDWKHU�SUHGLFWLRQ��7KUHH�RI�WKH�IRXU�SDWWHUQV�GLUHFWO\�DIIHFW�&DQDGD��$OO�DUH�DFFRPSDQLHG�E\
GHHS�WURSRVSKHULF�ZDUPLQJ��7KH�ZHVW�3DFLILF�ZDUP�VXUJH��7\SH�$�� LV�GULYHQ�E\�F\FORJHQHVLV
RYHU�-DSDQ�DQG�DQWLF\FORJHQHVLV�RYHU�WKH�ZHVW�FHQWUDO�1RUWK�3DFLILF��7KH�%HULQJ�ZDUP�VXUJH
�7\SH�%�� LV�DVVRFLDWHG�ZLWK�DQ� LQWHQVH�VRXWKHUO\� IORZ�DFURVV� WKH�%HULQJ�6WUDLW�EURXJKW�RQ�E\
F\FORJHQHVLV�QHDU�WKH�.DPFKDWND�3HQLQVXOD�DQG�DQ�LQWHQVH�DQWLF\FORQH�RYHU�$ODVND�DQG�WKH
<XNRQ�� 7KH� $WODQWLF� &DQDGD�ZDUP� VXUJH� �7\SH� &�� LV� FKDUDFWHUL]HG� E\� DQ� RQVKRUH� IORZ� RI
ZDUP�DLU� DKHDG� RI� D� FRQWLQHQWDO� VWRUP� WUDFN� RYHU� HDVWHUQ�1RUWK� $PHULFD�� (DVWHUQ� $WODQWLF
ZDUP�VXUJHV� �7\SH�'��DUH�VXSSRUWHG�E\�F\FORJHQHVLV�RYHU� WKH�QRUWKHUQ�$WODQWLF�2FHDQ�DQG
LQFOXGH� DQ� XSVWUHDP� 1HZIRXQGODQG� FROG� VXUJH� DQG� VWURQJ� DQWLF\FORJHQHVLV� RYHU� &HQWUDO
&DQDGD�
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��%����
�7LWUH�QRQ�GLVSRQLEOH���7LWOH�XQDYDLODEOH�
3DXO�5XVFKHU�
�)ORULGD�8QLYHUVLW\

5pVXPp�QRQ�GLVSRQLEOH���DEVWUDFW�XQDYDLODEOH

��%����
3URMHW�,QWHU0(7��VLWH�:(%�HW�FpGpURP�GH�IRUPDWLRQ�HQ�PpWpRURORJLH�SRXU�OHV�MHXQHV
1DWKDOLH�*DXWKLHU�HW�3DVFDOH�5RXFKHUD\�
�6RFLpWp�&\EHU6FRO

/H�SURMHW� ,QWHU0(7�HVW�XQ�HQYLURQQHPHQW�GH�IRUPDWLRQ�SHUPHWWDQW�DX[�MHXQHV�G
DFTXpULU�GHV
FRQQDLVVDQFHV�HW�GHV�KDELOHWpV�HQ�VFLHQFHVGH�O
DWPRVSKqUH�HW�GDQV�O
LQWHUSUpWDWLRQ�GHV�FDUWHV
PpWpRURORJLTXHV��,O�HVW�GHVWLQp�j�OD�IRUPDWLRQ�GHV�pOqYHV�HW�GHV�HQVHLJQDQWV�GX�VHFRQGDLUH�,,
HW� UpSRQGHQW� DX[� REMHFWLIV� YLVpV� SDU� OH� SURJUDPPH� G
pWXGH� GX�PLQLVWqUH� GH� O
pGXFDWLRQ� GX
4XpEHF��&HW� HQYLURQQHPHQW� GH� IRUPDWLRQ� SHXW� pJDOHPHQW� rWUH� XWLOLVp� GDQV� OH� FDGUH� G
XQH
GpPDUFKH� G
LQWpJUDWLRQ� GHV� PDWLqUHV�� WHO� TXH� SUpFRQLVpH� SDU� OH� PLQLVWqUH� GH� O
pGXFDWLRQ�
SXLVTXH� OD� PpWpRURORJLH� IDLW� DSSHO� j� SOXVLHXUV� VFLHQFHV� �SK\VLTXH�� PDWKpPDWLTXH�� FKLPLH�
JpRJUDSKLH��LQIRUPDWLTXH��

/H�SURMHW� ,QWHU0(7�HVW�FRQVWLWXp�G
XQ�VLWH�:(%�HW�G
XQ�FpGpURP��TXL�Q
HVW�SDV�XQH�FRSLH�GX
VLWH�ZHE��TXL�VRQW�LQGpSHQGDQWV�HW�TXL�XWLOLVHQW�WRXV�GHX[�XQH�DSSURFKH�FRQVWUXFWLYLVWH��/H�VLWH
ZHE�HW�OH�FpGpURP�PHWWHQW�O
DFFHQW�VXU�O
LQWHUDFWLYLWp�SDU�O
HQWUHPLVH�G
DQLPDWLRQV��G
H[HUFLFHV
LQWHUDFWLIV��G
LPDJHV�VDWHOOLWHV�GX� MRXU��GH� MHX[��GH�VRQV� �FpGpURP��HW�SDU� OD�FRPPXQLFDWLRQ
HQWUH� OHV� pFROHV� HW� OHV� VSpFLDOLVWHV�� 7RXV� OHV� SKpQRPqQHV� DWPRVSKpULTXHV� LPSRUWDQWV� VRQW
SUpVHQWpV�HW�OHXU�FRPSUpKHQVLRQ�UHSRVH�WRXMRXUV�VXU�GHV�SULQFLSHV�SK\VLTXHV�

/H�SURMHW�,QWHU0(7�D�pWp�GpYHORSSp�SDU�OD�VRFLpWp�&\EHU6FRO��GRQW�O
REMHFWLI�HVW�G
pWXGLHU�HW�GH
SURPRXYRLU� OH�SRWHQWLHO�G
,QWHUQHW�HQ�pGXFDWLRQ��HW� ILQDQFp�SDU� �� OD�6RFLpWp�&DQDGLHQQH�GH
0pWpRURORJLH� HW� G
2FpDQRJUDSKLH�� OH� 0LQLVWHUH� GH� OD� FXOWXUH� HW� GHV� FRPPXQLFDWLRQV�
0pWpRPHGLD��9LGpRWURQ��&�*&5�HW�&'=�(QYLURQQHPHQW�

��%����
([SpULPHQWDWLRQ�$VVLVWpH�SDU�2UGLQDWHXU��([$2�
)UpGpULF�)RXUQLHU�
�8QLYHUVLWp�GH�0RQWUpDO

/D�WHFKQRORJLH�LQIRUPDWLTXH�SHUPHW�GH�FKDQJHU�QRV�SUDWLTXHV�HQ�HQVHLJQHPHQW�GHV�VFLHQFHV�
/·LQVWUXPHQWDWLRQ� GH� ODERUDWRLUH� HVW� PDLQWHQDQW� GHYHQXH� SOXV� SHUIRUPDQWH� HW� SOXV� IDFLOH
G·DFFqV�

'XUDQW� FHWWH�SUpVHQWDWLRQ��QRXV� YRXV�PRQWUHURQV� OHV�SULQFLSHV�GH� O
H[SpULPHQWDWLRQ�DVVLVWpH
SDU� RUGLQDWHXU�� &H� V\VWqPH� SHUPHW� O·DFTXLVLWLRQ� GHV� GRQQpHV� LVVXHV� G
H[SpULHQFHV�� OD
UHSUpVHQWDWLRQ�GH�FHOOHV�FL�HQ�WHPSV�UpHO��OD�PRGpOLVDWLRQ�PDWKpPDWLTXH�
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��%����
0HVRVFDOH�YDULDELOLW\�LQ�WKH�HDVWHUQ�$OERUDQ�VHD�LQ�'HFHPEHU������-DQXDU\�����
<YHV�*UDWWRQ���/RXLV�0��3ULHXU��DQG�&DUROLQH�/DIOHXU�
�,156�2FpDQRORJLH��5LPRXVNL��/3&0��9LOOHIUDQFKH�VXU�PHU��)UDQFH

7KLV�SDSHU�GHVFULEHV�WKH�VORZ�HYROXWLRQ�RI�WKH�PHVRVFDOH�FRKHUHQW�VWUXFWXUHV�REVHUYHG�LQ�WKH
(DVWHUQ�$OERUDQ�6HD�DERDUG�WKH�09�$WDODQWH�EHWZHHQ�1RYHPEHU�����������DQG�-DQXDU\����
������7KLV�VFLHQWLILF�FUXLVH�ZDV�WKH�VHFRQG�VHJPHQW�RI�WKH�IUHQFK�$OPRIURQW��$/0HUtD�2UDQ
IURQW�� SURJUDP�� 7KH� REVHUYHG� LQLWLDO� FRQILJXUDWLRQ� LV� FKDUDFWHUL]HG� E\� WKH� $WODQWLF� -HW
PHDQGHULQJ�DURXQG�DQ�DQWLF\FORQLF�HGG\��,Q�WKLV�FRQILJXUDWLRQ�WKH�GHQVLW\�IURQW�OLHV�H[DFWO\�RQ
WKH� LPDJLQDU\� OLQH� EHWZHHQ� $OPHUtD� �6SDLQ�� DQG� 2UDQ� �$OJHULD��� 7KUHH� ZHHNV� ODWHU�� WKH
PHDQGHU� VWUXFWXUH� LV� PRUH� SURQRXQFHG� DQG� WKH� IURQW� KDV�PRYHG� HDVWZDUG�� $�PXVKURRP�
VKDSHG�VWUXFWXUH�FDQ�EH�REVHUYHG� LQ� WKH� VDWHOOLWH� ,5� LPDJH�RI�'HFHPEHU�����$QRWKHU� WKUHH
ZHHNV� ODWHU�� WKH� HGG\� KDV� PRYHG� HDVWZDUG� DQG� WKH� FRKHUHQW� VWUXFWXUHV� REVHUYHG� RQ� WKH
WKHUPDO�LPDJHV�DUH�PXFK�PRUH�GLIILFXOW�WR�LQWHUSUHW��EXW�WKH�MHW�DQG�WKH�GHQVLW\�IURQW�PD\�VWLOO
EH�REVHUYHG�LQ�WKH�GHQVLW\��YHORFLW\�ILHOG��:H�DOVR�VKRZ�WKDW��FRQWUDU\�WR�ZKDW�ZDV�REVHUYHG
LQ� $SULO�0D\� ����� �$OPRIURQW� ,��� WKH� VWUXFWXUHV� REVHUYHG� LQ� WKH� VDWHOOLWH� WKHUPDO� LPDJHV
FRUUHVSRQG�WR�WKH�GHHSHU��JHRVWURSKLF�VWUXFWXUHV�

��%����
&KDUDFWHUL]DWLRQ�RI�LQHUWLDO�RVFLOODWLRQV�LQ�WKH�HDVWHUQ�$OERUDQ�6HD�GXULQJ�$OPRIURQW��
0DWKLHX�2XHOOHW���<YHV�*UDWWRQ��DQG�/RXLV�0��3ULHXU�
�84$5�� �,156�2FpDQRORJLH�� 5LPRXVNL�� 4F�� &DQDGD�� *�/� �$��� �/3&0�� 9LOOHIUDQFKH�VXU�
PHU��)UDQFH

6KLS�PRXQWHG� $'&3� DQG� PRRUHG� FXUUHQWPHWHU� GDWD� ZHUH� REWDLQHG� LQ� WKH� YLFLQLW\� RI� WKH
$OPHULD�2UDQ� IURQW� �(DVWHUQ� $OERUiQ� 6HD�� GXULQJ� WKH� IUHQFK� FDPSDLJQ� $OPRIURQW� �
�1RYHPEHU� ����� �� -DQXDU\� ������� 7KH� GDWD� VKRZV� SHUVLVWHQW� SUHVHQFH� RI� RVFLOODWLRQV� DW
QHDU�LQHUWLDO� IUHTXHQF\�� 6SHFWUDO� DQDO\VLV� RI� FXUUHQWPHWHU� GDWD� UHYHDOHG� D� QHDU�LQHUWLDO
IUHTXHQF\����KLJKHU�WKDQ�WKH�ORFDO�LQHUWLDO�IUHTXHQF\��DV�ZHOO�DV�DQ�LPSRUWDQW�FRQWULEXWLRQ�RI
WKH�LQHUWLDO�EDQG�WR�WKH�HQHUJ\�VSHFWUD��,Q�RUGHU�WR�GHWHUPLQH�WKH�VLJQDO�FKDUDFWHULVWLFV�RI�WKH
LQHUWLDO�ZDYHV�DQG�WR�UHPRYH�WKHP�IURP�WKH�YHORFLW\�GDWD��ZH�XVH�FRPSOH[�GHPRGXODWLRQ�RQ
WKH�$'&3�VHULHV��3UHOLPLQDU\�UHVXOWV�ZLOO�EH�SUHVHQWHG�

��%����
7KH�XVH�RI�WLGH�JDXJH�GDWD�LQ�+XGVRQ�%D\
:LOOLDP�$��*RXJK��DQG�&DURO�5RELQVRQ�
�8QLYHUVLW\�RI�7RURQWR�DW�6FDUERURXJK

7KH�+XGVRQ�%D\�UHJLRQ�KDV�RQO\�RQH�ORQJ�WHUP�WLGH�JDXJH�WLPH�VHULHV�ZKLFK�LV�DW�&KXUFKLOO�
0DQLWRED��7KH�UHSUHVHQWDWLYHQHVV�RI�WKLV�GDWD�IRU�LQIHUHQFHV�RI�ODUJH�VFDOH� IORZ�FKDQJH�DQG
VHD� OHYHO� YDULDWLRQ� LV� H[DPLQHG�� 7KLV� LV� GRQH� E\� WKH� VWDWLVWLFDO� DQDO\VLV� RI� +XGVRQ� %D\
K\GURORJLFDO�GDWD�� WKH�PRGHOOLQJ�RI� WKHUPDO� H[SDQVLRQ�DQG�FUHDWLRQ� RI�ZDWHU� EXGJHWV�� 7KH
PRVW� VLJQLILFDQW� FRUUHODWLRQ�ZDV�EHWZHHQ� ORFDO� UXQRII� IURP� WKH�&KXUFKLOO� 5LYHU� DQG� WKH� WLGH
JDXJH�GDWD��DFFRXQWLQJ�IRU�����RI�WKH�YDULDELOLW\� LQ�WKH�WLGH�JDXJH�GDWD��,W�ZDV�DOVR� IRXQG
WKDW�VHDVRQDO�WKHUPDO�H[SDQVLRQ�SOD\V�D�VLJQILFDQW�UROH�LQ�WKH�VHDVRQDO�WLGH�JDXJH�DPSOLWXGH�

��%����
0RGHOOLQJ�7LGHV�LQ�WKH�$UFWLF�$UFKLSHODJR
'DYLG�$��*UHHQEHUJ���3DXO�6��&KDSPDQ��DQG�0LFKDHO�*��)RUHPDQ�
�&RDVWDO�2FHDQ�6FLHQFH��%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\���,QVWLWXWH�RI�2FHDQ�6FLHQFHV

7KH�$UFWLF�$UFKLSHODJR�FRQQHFWV�WKH�$UFWLF�2FHDQ�WR�WKH�1RUWK�$WODQWLF�WKURXJK�FKDQQHOV�RI
ZLGHO\� YDU\LQJ� GLPHQVLRQV� WKDW� UXQ� EHWZHHQ� WKH� PDQ\� LVODQGV� VHSDUDWLQJ� WKH� QRUWKHUQ
&DQDGLDQ�PDLQODQG�DQG�*UHHQODQG�� ,W� LV�GLIILFXOW� WR�JHW�D�JRRG�SLFWXUH�RI� WKH� WLGHV� LQ� WKLV
DUHD�QRW�MXVW�EHFDXVH�RI�WKH�FRPSOH[�SDWKV�WKH�WLGDO�ZDYHV�PXVW�QHJRWLDWH��EXW�DOVR�EHFDXVH
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WLGHV� KDYH� EHHQ� VHHQ� WR� YDU\�ZLWK� WKH� VHDVRQDO� LFH� FRYHU� DQG� EHFDXVH� LW� LV� GLIILFXOW� WR� JHW
UHOLDEOH�ORQJWHUP�REVHUYDWLRQV�LQ�WKH�LQKRVSLWDEOH�1RUWKHUQ�HQYLURQPHQW��:H�WDNH�DGYDQWDJH
RI�WKH�YDULDEOH�UHVROXWLRQ�FDSDELOLWLHV�RI�D�OLQHDU�KDUPRQLF�ILQLWH�HOHPHQW�PRGHO�WR�LQYHVWLJDWH
WKH�FRPSOH[�WLGHV�LQ�WKH�DUHD�DQG�ORRN�DW�WKH�IULFWLRQDO�HIIHFWV�RI�VHDVRQDO�LFH�FRYHU�
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��&����
5ROH�RI�WKH�QRQOLQHDU�+DGOH\�FLUFXODWLRQ�LQ�WURSLFDO�XSZHOOLQJ�
.LULOO�6HPHQLXN��DQG�7HG�*��6KHSKHUG�
�8QLYHUVLW\�RI�7RURQWR

7KH�%UHZHU�'REVRQ�FLUFXODWLRQ�LV�GULYHQ�SULPDULO\�E\�H[WUDWURSLFDO�ZDYH�GUDJ��7KLV�GUDJ�DFWV
DV� D� VRUW� RI� CCYDFXXP� SXPS

� LQ� SURGXFLQJ� XSZHOOLQJ� LQ� WKH� WURSLFDO� VWUDWRVSKHUH�� ,W� LV
EHOLHYHG�WR�DFFRXQW�IRU�WKH�VHDVRQDO�F\FOH�LQ�WHPSHUDWXUHV�DERYH�WKH�WURSLFDO�WURSRSDXVH�DQG
WKH�CCWDSH�UHFRUGHU

�HIIHFW�LQ�WURSRVSKHULF�ZDWHU�YDSRXU�WUDQVSRUW�LQWR�WKH�VWUDWRVSKHUH�

%XW�WKH�G\QDPLFV�RI�WURSLFDO�XSZHOOLQJ�DUH�QRW�IXOO\�XQGHUVWRRG��7KH�ODWLWXGLQDO�SURILOH�RI�WKH
XSZHOOLQJ� LQIHUUHG� IURP�REVHUYDWLRQV�KDV� WKH�XSZHOOLQJ�PD[LPXP�RFFXUULQJ�RQ� WKH�VXPPHU
VLGH� RI� WKH� HTXDWRU�� 7KLV� SDWWHUQ� FDQQRW� EH� H[SODLQHG� E\� WKH� H[WUDWURSLFDO� ZDYH� GUDJ
GLVWULEXWLRQ��([WUDWURSLFDO�ZDYH�GUDJ�DOVR�FDQQRW�DFFRXQW�IRU�DQQXDO�PHDQ�WURSLFDO�XSZHOOLQJ
ZKLFK� LV� VXJJHVWHG�E\� WURSLFDO� WUDQVSRUW��:LWKRXW� QRQOLQHDULW\� RU� YLVFRVLW\� WKH�DQQXDO�PHDQ
ZDYH�GULYHQ�PHULGLRQDO�FLUFXODWLRQ�REH\V�WKH�GRZQZDUG�FRQWURO�SULQFLSOH�DQG�LV�FRQILQHG�WR
H[WUDWURSLFDO�ODWLWXGHV�

,W� LV� DUJXHG� KHUH� WKDW� D� NH\� LQJUHGLHQW� LQ� H[SODLQLQJ� WURSLFDO� XSZHOOLQJ� LV� WKH� EDODQFHG
UHVSRQVH� WR� HTXDWRULDOO\� DV\PPHWULF� UDGLDWLYH� IRUFLQJ�� ZKLFK�'XQNHUWRQ� ������� WHUPHG� WKH
1RQOLQHDU� +DGOH\� &LUFXODWLRQ� �1+&��� 7KURXJK� QRQOLQHDULW\�� WKH� 1+&� JLYHV� ULVH� WR� DQQXDO
PHDQ�XSZHOOLQJ�DW�WKH�HTXDWRU��:H�H[DPLQH�WKH�FRQWULEXWLRQ�RI�WKH�1+&�WR�XSZHOOLQJ�DQG�LWV
LQWHUDFWLRQ�ZLWK� WKH�ZDYH�GULYHQ� FLUFXODWLRQ� LQ�D� ]RQDOO\� V\PPHWULF�PRGHO�� (YLGHQFH� IRU� WKH
H[LVWHQFH�RI�WKH�1+&�LQ�D�PLGGOH�DWPRVSKHUH�*&0�LV�DOVR�FRQVLGHUHG�

��&����
7HPSRUDO� 9DULDELOLW\� RI� 0LGGOH� $WPRVSKHULF� 7HPSHUDWXUH� ,QYHUVLRQV� DQG� 7KHLU� 5HODWLRQ� WR
/DUJH�VFDOH�'\QDPLFV
5REHUW� -�� 6LFD��� 6WHSKHQ� 3�� $UJDOO��� $OEHUW� 5XVVHOO��� :D\QH� +RFNLQJ�� DQG� 7KD\DQDQWKDQ
7KD\DSDUDQ�
�7KH�8QLYHUVLW\�RI�:HVWHUQ�2QWDULR���'HIHQFH�5HVHDUFK�(VWDEOLVKPHQW�2WWDZD

7KH�ODUJH�SRZHU�DSHUWXUH�SURGXFW�RI�WKH�3XUSOH�&URZ�/LGDU�DOORZV�WKH�WHPSHUDWXUH�VWUXFWXUH
RI�WKH�VWUDWRVSKHUH��PHVRVSKHUH�DQG�ORZHU�WKHUPRVSKHUH�WR�EH�PHDVXUHG�DW�KLJK�WHPSRUDO�
VSDWLDO�UHVROXWLRQ��7KHVH�PHDVXUHPHQWV�KDYH�EHHQ�XVHG�WR�VWXG\�WKH�LQWHUPLWWHQF\�RI�LQYHUVLRQ
OD\HUV� LQ� WKH�PLGGOH� DWPRVSKHUH�� 7KHVH� OD\HUV� DUH� DSSDUHQW� LQ� QLJKWO\� DYHUDJHV� �H�J�� �� RU
PRUH� KRXUV� RI� LQWHJUDWLRQ�� DQG� DSSHDU� WR� EH� IDLUO\� VWDWLF� VWUXFWXUHV�� +LJK� UHVROXWLRQ
PHDVXUHPHQWV�RI�WKHVH�IHDWXUHV�VKRZ�WKH\�RVFLOODWH�ZLWK�SHULRGV�JUHDWHU�WKDQ���KRXUV��6LQFH
LQ� D� QRPLQDO� QLJKWO\� LQWHJUDWLRQ� WKHVH� IHDWXUHV� DUH� QRW� SUHVHQW� DERXW� KDOI� WKH� WLPH�� WKH
PDJQLWXGH�RI�WKH�WHPSHUDWXUH�FKDQJHV�GXH�WR�WKHVH�HYHQWV�LV�XQGHUHVWLPDWHG�E\�DERXW�����
)XUWKHUPRUH�� WKH�PHVRVSKHULF� KHDWLQJ� LQ� WKHVH� OD\HUV� DSSHDUV� WR� RIWHQ� EH� DVVRFLDWHG� ZLWK
FRROLQJ� LQ� WKH� VWUDWRVSKHUH�� 7KH� JUDYLW\� ZDYH� YDULDQFH� DW� DQG� EHORZ� WKH� LQYHUVLRQ� OD\HUV
VXJJHVWV� WKDW� WKH� ZDYH� YDULDQFH� PD\� EH� ���� KLJKHU� LQ� DQG� EHORZ� WKH� LQYHUVLRQ� OD\HUV
FRPSDUHG�WR�WKH�SHULRGV�ZKHQ�WKH�LQYHUVLRQ�OD\HU�LV�QRW�SUHVHQW��7KH�FRUUHODWLRQ�RI�WKH�JUDYLW\
ZDYH�YDULDWLRQ�ZLWK�WKH�WLGHV�GXULQJ�WKLV�SHULRG�VXJJHVWV�WKH�LQYHUVLRQV�DUH�WLGDOO\�PRGXODWHG�

��&����
7HPSHUDWXUH�&OLPDWRORJ\�RI�WKH�0LGGOH�$WPRVSKHUH�RYHU�6RXWKZHVWHUQ�2QWDULR
6WHSKHQ�3��$UJDOO��DQG�5REHUW�-��6LFD�
�7KH�8QLYHUVLW\�RI�:HVWHUQ�2QWDULR

7KH�OLGDU�JURXS�DW�WKH�8QLYHUVLW\�RI�:HVWHUQ�2QWDULR�RSHUDWHV�D�SRZHUIXO�OLGDU�V\VWHP��3XUSOH
&URZ�/LGDU��3&/��ZKLFK�PHDVXUHV�PLGGOH�DWPRVSKHUH�WHPSHUDWXUHV�XVLQJ�WKH�5D\OHLJK�VFDWWHU
WHFKQLTXH���������NP��DQG�WKH�VRGLXP�UHVRQDQFH�IOXRUHVFHQFH�WHFKQLTXH���������NP���,W�LV
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DOVR�XVHG�IRU�WKH�PHDVXUHPHQW�RI�ZDWHU�YDSRXU�PL[LQJ�UDWLR�SURILOHV�IURP���NP�XS�WR�DERXW
���NP�

$� FOLPDWRORJ\� KDV� EHHQ� GHULYHG� IURP� WKH� 5D\OHLJK� OLGDU� WHPSHUDWXUH� PHDVXUHPHQWV�
7HPSHUDWXUH�SURILOHV�KDYH�EHHQ�FDOFXODWHG� IRU�DERXW�����QLJKWV� VLQFH� RSHUDWLRQ� VWDUWHG� LQ
������ 7KHVH� QLJKWO\� DYHUDJH� WHPSHUDWXUH� SURILOHV� KDYH� EHHQ� FDOFXODWHG� ZLWK� D� YHUWLFDO
UHVROXWLRQ� RI� ���� P�� 7KLV� OHDGV� WR� VXIILFLHQWO\� ODUJH� VLJQDO�WR�QRLVH� UDWLR� WR� DOORZ� WKH
LQGLYLGXDO�QLJKWO\�DYHUDJHV�WR�H[WHQG�WR�RYHU�����NP�LQ�DOWLWXGH�

1LJKWO\�DYHUDJHG� WHPSHUDWXUH�SURILOHV� KDYH�EHHQ�XVHG� WR�GHWHUPLQH�PRQWKO\�DYHUDJHV�DQG
WKHVH� KDYH� EHHQ� FRPSDUHG� WR� WKH� &,5$� PRGHO� DV� ZHOO� DV� RWKHU� FOLPDWRORJLHV� GHWHUPLQHG
IURP� OLGDU� PHDVXUHPHQWV� LQ� VLWX� SUREHV� DQG� WKH� VDWHOOLWH� PHDVXUHPHQWV�� 7KH� FOLPDWRORJ\
GHWHUPLQHG�IURP�WKH�3&/�PHDVXUHPHQWV�VKRZV�VLJQLILFDQW�GLIIHUHQFHV� IURP�WKH�&,5$�PRGHO�
7KH�3&/�PHDVXUHPHQWV�VKRZ�WKDW�WKH�PHVRSDXVH�LV�VHYHUDO�NLORPHWHUV�ORZHU�LQ�WKH�VXPPHU
PRQWKV�WKDQ�SUHGLFWHG�E\�WKH�&,5$�PRGHO��7KLV�OHDGV�WR�DYHUDJH�WHPSHUDWXUHV�LQ�WKH�UHJLRQ
DURXQG� ��� NP� EHLQJ� XS� WR� ��� .� KRWWHU� WKDQ� WKH� PRGHO�� 7KH� DOWLWXGH� RI� WKH� PHVRSDXVH
GHWHUPLQHG� IURP� WKH� 3&/� PHDVXUHPHQWV� LV� FRQVLVWHQW� ZLWK� RWKHU� OLGDU� DQG� VDWHOOLWH
PHDVXUHPHQWV�

��&����
:DYH�,QGXFHG�7UDQVSRUW�LQ�DQ�,GHDOL]HG�6WUDWRVSKHUH
'LDQH�3HQGOHEXU\�
�8QLYHUVLW\�RI�7RURQWR

7KH�JOREDO�PDVV� FLUFXODWLRQ� LQ� WKH� VWUDWRVSKHUH� LV� FDXVHG� LQ�SDUW� E\� WKH� GRZQZDUG� FRQWURO
SULQFLSOH�LQWURGXFHG�E\�+D\QHV�HW�DO����������([WUDWURSLFDO�VWUDWRVSKHULF�ZDYH�GUDJ��SURGXFHG
E\�WKH�EUHDNLQJ�DQG�GLVVLSDWLRQ�RI�SODQHWDU\�ZDYHV��DFWV�DV�D�SXPS��GUDZLQJ�WUDFHUV�IURP�WKH
HTXDWRU�WR�WKH�SROH�DQG�UHVXOWLQJ�LQ�WKH�REVHUYHG�%UHZHU�'REVRQ�FLUFXODWLRQ�

$W�SUHVHQW�� WKH� WKHRUHWLFDO�XQGHUVWDQGLQJ�RI� WKLV�SURFHVV�KDV� OLPLWDWLRQV��$OWKRXJK� LW� FDQ�EH
VKRZQ�� XQGHU� FHUWDLQ� DVVXPSWLRQV�� WKDW� WKH� /DJUDQJLDQ� YHORFLWLHV� DQG� WKH� WUDQVIRUPHG
(XOHULDQ�PHDQ�YHORFLWLHV�DUH�WKH�VDPH�DQG�DUH�D�GLUHFW�UHVXOW�RI�WKH�ZDYH�GUDJ��LW�LV�QRW�FOHDU
WKDW� WKLV� UHODWLRQVKLS� KROGV� LQ� JHQHUDO�� 7KXV�� ZKLOH� WKH� H[LVWHQFH� RI� WKH� ZDYH�LQGXFHG
FLUFXODWLRQ� LV�QRW�XQGHU�GHEDWH�� LWV�TXDQWLWDWLYH�GHWHUPLQDWLRQ�UHPDLQV�SUREOHPDWLF��3UHYLRXV
VWXGLHV�KDYH�EHHQ�OLQHDU�DQG�XVHG�1HZWRQLDQ�FRROLQJ�WRJHWKHU�ZLWK�5D\OHLJK�GUDJ��:KLOH�WKH
UHOD[DWLRQDO� FKDUDFWHU� RI� WKH� UDGLDWLYH� FRROLQJ� LV� D� UHDVRQDEO\� DFFHSWDEOH� DSSUR[LPDWLRQ�
5D\OHLJK�GUDJ� LV�QRW�� ,W� LV� TXLWH� FOHDU� WKDW� LQ� WKH�DWPRVSKHUH� WKH�PHFKDQLVP� IRU� SODQHWDU\�
ZDYH�GLVVLSDWLRQ� LV�D�QRQOLQHDU�SURFHVV� LQYROYLQJ�ZDYH�EUHDNLQJ�� WKH�GHYHORSPHQW�RI� VPDOO
VFDOHV�DQG�WKHLU�VXEVHTXHQW�GLVVLSDWLRQ�

7KLV� SDSHU� ZLOO� GHWDLO� VRPH� RI� WKH� SUREOHPV� ZLWK� WKH� WUDGLWLRQDO� DVVXPSWLRQV� DQG� SUHVHQW
QXPHULFDO�UHVXOWV�XVLQJ�D��'�SULPLWLYH�HTXDWLRQV�PRGHO�DLPHG�DW�TXDQWLI\LQJ�WKH�FRQQHFWLRQ
EHWZHHQ�ZDYH�GULYLQJ�DQG�/DJUDQJLDQ�WUDQVSRUW�LQ�WKH�VWURQJO\�QRQOLQHDU�UHJLPH��7KH�HIIHFWV
RI�UHDOLVWLF�UDGLDWLYH�WUDQVIHU��ZKLFK�DFW�SUHIHUHQWLDOO\�RQ�WKH�VPDOO�YHUWLFDO�VFDOHV�WKDW�GHYHORS
GXH�WR�WKH�ZDYH�EUHDNLQJ�SURFHVV��DUH�DOVR�FRQVLGHUHG�

��&����
3DUDPHWHUL]DWLRQ�RI�WKHUPDO�HIIHFWV�RI�VDWXUDWHG�JUDYLW\�ZDYHV
$OH[DQGHU�0HGYHGHY��DQG�*DU\�.ODDVVHQ�
�<RUN�8QLYHUVLW\

%UHDNLQJ�VDWXUDWHG�JUDYLW\�ZDYHV��*:V��GR�QRW�RQO\�SURYLGH�GUDJ�RQ�WKH�PHDQ�IORZ�GXH�WR
WKHLU� PRPHQWXP� GHSRVLWLRQ�� EXW� DOVR� DIIHFW� WKH� EDFNJURXQG� WKHUPDOO\� EHFDXVH� RI� WKH
DVVRFLDWHG� HQHUJ\� IOX[� GLYHUJHQFH�� :H� SUHVHQW� D� ULJRURXV� GHULYDWLRQ� RI� WHUPV� GHVFULELQJ
WKHUPDO� HIIHFWV� RI� *:V� RQ� WKH� PHDQ� IORZ�� 7KH� SDUDPHWHUL]DWLRQ� LV� EDVHG� RQ� WKH
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FRUUHVSRQGLQJ� HQHUJ\� F\FOH� IRU�ZDYH�PHDQ� IORZ� LQWHUDFWLRQV�� DQG� RQ� RXU� UHFHQW� QRQOLQHDU
WKHRU\�RI�*:�VSHFWUD��7KH�FRPELQHG�HIIHFW�RI�VDWXUDWHG�*:�LV�WR�SURGXFH�ERWK�GLIIHUHQWLDO
KHDWLQJ�FRROLQJ� E\� LQGXFLQJ� D� GRZQZDUG� ZDYH� KHDW� IOX[�� DQG� DQ� LUUHYHUVLEOH� ZDYH� HQHUJ\
ORVV� LQWR� KHDW�� 7KH� SDUDPHWHUL]DWLRQ� UHTXLUHV� D� VRXUFH� *:� VSHFWUXP� DV� WKH� RQO\� WXQDEOH
SDUDPHWHU��5HVXOWV�RI�VLPXODWLRQV�ZLWK�WKH�&DQDGLDQ�0LGGOH�$WPRVSKHUH�0RGHO��ZKLFK�FODULI\
WKH�UROH�RI�*:�WKHUPDO�HIIHFWV�LQ�WKH�VWUDWR�PHVRVSKHUH��ZLOO�EH�VKRZQ�
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��&����
62/$5�5$',$7,21�%8'*(76�)25�0$*6�$1'�%$/7(;
-LDQ�)HQJ���+HQU\�/HLJKWRQ���5DLQHU�+ROOPDQQ���-RKDQQHV�0XHOOHU��DQG�5ROI�6WXKOPDQQ�
�'HSW�� RI� $WPRVSKHULF� DQG� 2FHDQLF� 6FLHQFHV�� 0F*LOO� 8QLYHUVLW\�� �,QVWLWXW� I�U
$WPRVSKlUHQSK\VLN��*.66

7KH�0DFNHQ]LH�*(:(;�VWXG\��0$*6��DQG�WKH�%DOWLF�6HD�([SHULPHQW��%$/7(;��DUH�WZR�RI�WKH
*(:(;� UHJLRQDO� H[SHULPHQWV�� 2QH� RI� WKH� JRDOV� RI� WKHVH� H[SHULPHQWV� LV� WR� LPSURYH
XQGHUVWDQGLQJ�RI�WKH�HQHUJ\�DQG�ZDWHU�F\FOHV�RI�WKHVH�UHJLRQV�DQG�VSHFLILFDOO\�WR�LPSURYH�WKH
FDSDELOLW\� RI� PRGHOOLQJ� WKHVH� F\FOHV�� $Q� LPSRUWDQW� FRPSRQHQW� RI� WKH� PRGHOV� LV� WKH� VRODU
UDGLDWLRQ� DEVRUEHG� DW� WKH� VXUIDFH�� VLQFH� LW� KDV� D� GLUHFW� LPSDFW� RQ� WKH� K\GURORJ\� RI� WKHVH
UHJLRQV�WKURXJK�LWV�LQIOXHQFH�RQ�PHOWLQJ�RI�VQRZ�DQG�RQ�HYDSRUDWLRQ��$OWKRXJK�%$/7(;�KDV�D
ODUJH�QXPEHU�RI�VXUIDFH�PHDVXUHPHQW�VLWHV��WKH�UHPRWHQHVV�RI�WKH�0DFNHQ]LH�EDVLQ�UHTXLUHV
WKDW�WKH�QHW�VRODU�UDGLDWLRQ�DW�WKH�VXUIDFH�EH�GHGXFHG�IURP�VDWHOOLWH�PHDVXUHPHQWV�

7KHUH�DUH�WZR�VRXUFHV�RI�GDWD�WKDW�DUH�XVHIXO�IRU�JHQHUDWLQJ�UDGLDWLRQ�EXGJHWV�IRU�0$*6�DQG
%$/7(;��WKH�$9+55�RQ�WKH�12$$�SRODU�RUELWLQJ�VDWHOOLWHV�DQG�6FD5D%��.DQGHO�HW�DO���������
7KH�$9+55�RIIHUV� WKH�DGYDQWDJHV� RI� VHYHUDO� SDVVHV�RYHU� WKH� VWXG\� DUHDV� HDFK� GD\� DQG� RI
ORQJ�WHUP�FRQWLQXLW\�RI�FRYHUDJH��,W�KDV�WKH�GLVDGYDQWDJH�WKDW�LW�LV�D�QDUURZEDQG�LQVWUXPHQW
DQG�LV�QRW�ZHOO�FDOLEUDWHG��6FD5D%��RQ�WKH�RWKHU�KDQG��KDV�ERWK�D�ZHOO�FDOLEUDWHG�EURDGEDQG
FKDQQHO�WKDW�FRYHUV�WKH�ZKROH�VRODU�VSHFWUXP��DQG�D�QDUURZEDQG�FKDQQHO�WKDW�DSSUR[LPDWHO\
FRUUHVSRQGV� WR� WKH�$9+55�YLVLEOH�FKDQQHO��7KH� ILUVW�6FD5D%� LQVWUXPHQW� �)0���ZDV�PRXQWHG
RQ�WKH�5XVVLDQ�0HWHRU���VDWHOOLWH�RQ�DQ�LQFOLQHG�RUELW�DQG�VR�SURYLGHV�XVHIXO�FRYHUDJH�RYHU
WKH�VWXG\�DUHDV�IRU�VRPH�SHULRGV�DQG�SRRU�FRYHUDJH�DW�RWKHUV��7KH�)0��IXQFWLRQHG�IRU�DERXW
RQH�\HDU�IURP�0DUFK������WR�)HEUXDU\�������,Q�-XO\�RI������WKH�VHFRQG�6FD5D%�LQVWUXPHQW
�)0���ZDV�VXFFHVVIXOO\�SODFHG�LQ�RUELW�RQ�WKH�5XVVLDQ�5HVVXUV������VDWHOOLWH��LQ�WKLV�FDVH�LQ�D
VXQ�V\QFKURQRXV�SRODU�RUELW��7KH�6FD5D%�GDWD�FDQ�EH�FRPELQHG�ZLWK�$9+55�GDWD� IURP�WKH
12$$� SRODU� RUELWLQJ� VDWHOOLWHV� WR� SURYLGH� PXFK� EHWWHU� WHPSRUDO� FRYHUDJH� RI� WKH� 72$
UDGLDWLRQ�EXGJHWV�RYHU�WKH�0$*6�DQG�%$/7(;�UHJLRQV�WKDQ�LV�REWDLQHG�IURP�6FD5D%�DORQH�
2XU� DSSURDFK� LV� WR� XVH� GDWD� IURP� WKH� 6FD5D%� LQVWUXPHQWV� WR� FDOLEUDWH� WKH� $9+55� GDWD�
%DVHG� RQ� 6FD5D%�$�� GDWD� DQG� FRPSUHKHQVLYH� UDGLDWLYH� WUDQVIHU�PRGHO� VLPXODWLRQ�� D� QHZ
QDUURZEDQG� WR� EURDGEDQG� FRQYHUVLRQ� DOJRULWKP� ZDV� GHYHORSHG�� 8VLQJ� WKLV� DOJRULWKP�� ZH
WKHQ�XVH�FRPELQHG�6FD5D%�DQG�$9+55�GDWD�WR�JHQHUDWH�WRS�RI�WKH�DWPRVSKHUH��72$��VRODU
UDGLDWLRQ�EXGJHWV��)URP� WKH�72$�GDWD�ZH�XVH� WHFKQLTXHV� WKDW�ZH�KDYH�GHYHORSHG� IRU� XVH
ZLWK�SUHYLRXV�HDUWK�UDGLDWLRQ�EXGJHW�GDWD�WR�SURGXFH�WKH�VXUIDFH�UDGLDWLRQ�EXGJHWV��/L�HW�DO��
������0DVXGD� HW� DO��� ������� 7KLV� DSSURDFK� LV� EHLQJ� DSSOLHG� WR� D� VWXG\� RI� WKH� �������
0$*6�ZDWHU�EXGJHW�\HDU�DQG�DV�WKH�6FD5D%�)0���GDWD�EHFRPH�DYDLODEOH�LW�ZLOO�EH�DSSOLHG
WR� WKH� 0$*6� LQWHQVLYH� VWXG\� SHULRG� LQ� �������� NQRZQ� DV� &$*(6� �&DQDGLDQ� *(:(;
(QKDQFHG�6WXG\��

��&����
$� SUHOPLQDU\� DVVHVVPHQW� RI� WKH� EORZLQJ� VQRZ� WUDQVSRUW� DQG� VXEOLPDWLRQ� IOX[HV� IRU� WKH
0DFNHQ]LH�5LYHU�%DVLQ
6WHSKHQ�-��'HU\��DQG�0��.��<DX�
�0F*LOO�8QLYHUVLW\

7KH� WUDQVSRUW�RI�VQRZ�E\�ZLQG��PRVW�SURPLQHQW� LQ�FROG��EOXVWHU\�HQYLURQPHQWV��PD\� LPSDFW
WKH�ZDWHU�DQG�HQHUJ\�EXGJHWV�E\�WZR�FRQFXUUHQW�SURFHVVHV��5HGLVWULEXWLRQ�RI�VQRZ�IURP�HDVLO\
HURGLEOH�VXUIDFHV�WR�DFFXPXODWLRQ�DUHDV�VXFK�DV�UDYLQHV�DQG�EXVKHV�FDQ�OHDG�WR�VXEVWDQWLDO
KHWHURJHQHLWLHV� LQ� WKH� VQRZFRYHU� ZLWK� PHWHRURORJLFDO� DQG� K\GURORJLFDO� LPSOLFDWLRQV�
6XEOLPDWLRQ�RI�VXVSHQGHG�EORZLQJ�VQRZ�SDUWLFOHV�PD\�UHSUHVHQW�DQ�DGGLWLRQDO�VLQN�RI�PDVV�LQ
WKH�QLYDO�UHJLPH�

2QH� ORFDWLRQ�ZKHUH�EORZLQJ�VQRZ�PD\�VLJQLILFDQWO\�DIIHFW� WKH�ZDWHU�DQG�HQHUJ\�EXGJHWV� LV
WKH�0DFNHQ]LH�5LYHU�%DVLQ��05%���$V�SDUW�RI�WKH�ILHOG�FDPSDLJQ�WLWOHG�WKH�0DFNHQ]LH�*(:(;
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6WXG\��0$*6���ZH�ZLOO�SUHVHQW�UHVXOWV�GHSLFWLQJ�HVWLPDWHV�RI�WKH�WRWDO�EORZLQJ�VQRZ�WUDQVSRUW
IOX[HV� IRU� WKH� 05%� XVLQJ� WKH� ���������� (&0:)� 5H�$QDO\VLV� �(5$�� GDWD�� 7KHVH� ZLOO� EH
GHWHUPLQHG� XVLQJ� HPSLULFDOO\�EDVHG� UHODWLRQVKLSV� DV� ZHOO� DV� D� EXON� EORZLQJ� VQRZ� PRGHO�
6XEOLPDWLRQ�UDWHV�RI�EORZLQJ�VQRZ�ZLOO�EH�IXUWKHU�HYDOXDWHG�LQ�D�SUHOLPLQDU\�DVVHVVPHQW�RI�WKH
WRWDO�FRQWULEXWLRQ�RI�EORZLQJ�VQRZ�WR�WKH�ZDWHU�DQG�HQHUJ\�EXGJHWV�RI�WKH�05%�

��&����
&URVV�ODNH�9DULDWLRQ�RI�(YDSRUDWLRQ��+HDW�)OX[�DQG�7KHUPDO�5HVSRQVHV�RI�*UHDW�6ODYH�/DNH
'XULQJ�WKH�,FH�IUHH�6HDVRQ�LQ��������*(:(;�0$*6
:LOOLDP�6FKHUW]HU���:D\QH�5RXVH��DQG�3HWHU�%ODQNHQ�
�1DWLRQDO� :DWHU� 5HVHDUFK� ,QVWLWXWH�� &&,:�� �0F0DVWHU� 8QLYHUVLW\�� �8QLYHUVLW\� RI� &RORUDGR
�%RXOGHU�

7KH� 0DFNHQ]LH� *OREDO� (QHUJ\� DQG� :DWHU� &XFOH� ([SHULPHQW� �*(:(;�0$*6�LV� D
FRPSUHKHQVLYH� VWXG\�RI� WKH�K\GURORJLF� F\FOH�DQG�HQHUJ\� IOX[HV�RI� WKH�0DFNHQ]LH�%DVLQ��$V
SDUW�RI�WKH�*(:(;�0$*6�LQYHVWLJDWLRQ�LQ�������PHWHRURORJLFDO�DQG�WKHUPLVWRU�REVHUYDWLRQV
ZHUH�FRQGXFWHG�DORQJ�D�FURVV�ODNH� WUDQVHFW�RI�*UHDW�6ODYH� /DNH� WR�HYDOXDWH� WHPSRUDO�DQG
VSDWLDO�YDULDELOLWLHV�GXULQJ�WKH�LFH�IUHH�VHDVRQ��7KLV�UHSUHVHQWV�WKH�ILUVW�GHWDLOHG�LQYHVWLJDWLRQ�RI
WKH�FURVV�ODNH� YDULDWLRQV� LQ� WKLV� ODNH�� ,W�SURYLGHV�DQ�XQGHUVWDQGLQJ� RI� WKH�KHDW�� HQHUJ\�DQG
PRLVWXUH�H[FKDQJHV�DW� WKH�DLU�ZDWHU� LQWHUIDFH� IXQGDPHQWDO� IRU�XQGHUVWDQGLQJ�RI� WKH�FOLPDWH
HIIHFW� RQ� WKH� DWPRVSKHUH� DQG� RQ� WKH� ODNH� LWVHOI� DQG� IRU� IXWXUH� SDUDPHWHUL]DWLRQV� RI� WKH
H[FKDQJHV��:H� SURYLGH� D� VXPPDU\� RI� VRPH� RI� WKH� NH\� IHDWXUHV� RI� WKH� REVHUYDWLRQDO� DQG
PRGHOOLQJ� UHVXOWV� UHODWHG� WR� FURVV�ODNH� PHWHRURORJ\�� HYDSRUDWLRQ�� KHDW� H[FKDQJHV� DQG
SK\VLFDO�OLPQRORJLFDO�UHVSRQVHV��H�J��ZDYH�KHLJKWV�DQG�ODNH�WKHUPDO�VWUXFWXUH�

$QDO\VLV�RI�WKH�SULQFLSDO�PHWHRURORJLFDO�YDULDEOHV��DLU�WHPSHUDWXUH��UHODWLYH�KXPLGLW\�DQG�ZLQG
VSHHG�� VKRZHG� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� QHDUVKRUH� DQG� PLG�ODNH� VWDWLRQV� HVSHFLDOO\
DIWHU�WKH�SHULRG�RI�LFH�EUHDN�XS�LQ�-XQH�WR�PLG�-XO\�LQGLFDWLYH�RI�WKH�SURJUHVVLRQ�RI�WKH�VSULQJ
YHUQDO�IURQW��+LJK�ZLQGV�GXULQJ�HSLVRGLF�HYHQWV��LQ�VRPH�FDVHV��JHQHUDWHG�ZLQG�VWUHVVHV�XS�WR
���� G\QHV�FP��DQG� VLJQLILFDQW�ZDYH� KHLJKWV� XS� WR� ��P�� 7KHUPDO� VWUXFWXUH� YDULHG� EHWZHHQ
QHDUVKRUH�DQG�PLG�ODNH�UHJLRQV�� ,Q�SDUWLFXODU��KLJK�ZLQGV�VLJQLILFDQWO\�GLVUXSWHG�GHYHORSLQJ
WKHUPDO�VWUDWLILFDWLRQ�LQ�HDUO\�VSULQJ�E\�GHHSHQLQJ�WKH�PLG�ODNH�XSSHU�PL[HG�OD\HU�GRZQ�IURP
��WR����P�GHSWK��(YDSRUDWLRQ�ZDV�KLJKO\�HSLVRGLF��YDULHG�DFURVV�WKH�ODNH�DQG�ZDV�D�IXQFWLRQ
RI� YDSRXU� SUHVVXUH� JUDGLHQW� DQG� KRUL]RQWDO� ZLQG� VSHHG� DQG� QRW� D� VWURQJ� IXQFWLRQ� RI� QHW
UDGLDWLRQ��'XULQJ�VSULQJ��PXFK�RI�WKH�HQHUJ\�UHFHLSW�ZDV�XVHG�WR�KHDW�WKH�ODNH��HVSHFLDOO\�LQ
WKH�PLG�ODNH�UHJLRQ��'XULQJ�VXPPHU��WKH�WRWDO�VXUIDFH�KHDW�IOX[�ZDV�VLJQLILFDQWO\�DIIHFWHG�E\
WKH�HSLVRGLF�QDWXUH�RI�WKH�HYDSRUDWLYH�IOX[�

��&����
3UHOLPLQDU\�$QDO\VLV�DQG�$VVHVVPHQW�RI�WKH�0$*6�(QKDQFHG�6XUIDFH�2EVHUYDWLRQV
3DXO�/RXLH���%RE�.RFKWXEDMGD��DQG�3HWH�.RFLXED�
�(QYLURQPHQW�&DQDGD���$WPRVSKHULF�(QYLURQPHQW�%UDQFK��3UDLULH�DQG�1RUWKHUQ�5HJLRQ

$�FULWLFDO� LVVXH� IDFLQJ� WKH�0DFNHQ]LH�*(:(;�6WXG\� �0$*6��FRQFHUQV� WKH� ODFN�RI� DGHTXDWH
VXUIDFH�REVHUYDWLRQV�RYHU�WKH�HQWLUH�EDVLQ��$Q�HQKDQFHPHQW�RI�WKH�VXUIDFH�REVHUYLQJ�QHWZRUN
KDV� EHHQ� VHW� LQ� SODFH� WR� PRUH� FRPSOHWHO\� IXOILOO� WKH� UHTXLUHPHQWV� RI� 0$*6�� 6HYHUDO� QHZ
PHWHRURORJLFDO�VWDWLRQV��RU�LPSURYHPHQWV�RI�H[LVWLQJ�RQHV��ZHUH�LQVWDOOHG�LQ�GDWD�VSDUVH�DUHDV
WKDW�ZHUH�UHSUHVHQWDWLYH�RI�WKH�GLIIHUHQW�ODQG�FRYHU�UHJLPHV�DFURVV�WKH�0DFNHQ]LH�5LYHU�%DVLQ�
(DFK� RI� WKH� VWDWLRQV� UHSRUWV� LQ� UHDO� WLPH� DQG� LV� HTXLSSHG� WR� PHDVXUH� DLU� WHPSHUDWXUH�
KXPLGLW\�� DLU� SUHVVXUH�� ZLQG� VSHHG� DQG� GLUHFWLRQ�� SUHFLSLWDWLRQ�� VQRZ� GHSWK�� DQG� VRLO
WHPSHUDWXUH��6RPH�VLWHV�FRQWDLQ�LQVWUXPHQWDWLRQ�IRU�REVHUYLQJ�VRLO�PRLVWXUH�DQG�RU�DGGLWLRQDO
VRODU�UDGLDWLRQ�LQIRUPDWLRQ�
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7KH�JHQHUDWLRQ�RI�VWDQGDUG�KLJK�TXDOLW\��KRXUO\�PHWHRURORJLFDO�GDWD�VHWV�ZLOO�DVVLVW�LQ�SURFHVV
UHODWHG�VWXGLHV�DQG�LQ�WKH�LQLWLDOL]DWLRQ�DQG�YDOLGDWLRQ�RI�*(:(;�PRGHOLQJ�HIIRUWV�DQG�UHPRWH
VHQVLQJ�VWXGLHV�

7KH� PHDVXUHPHQW� SURWRFRO� KDV� EHHQ� FRQILJXUHG� WR� HQVXUH� WKDW� WKH� GDWD� FROOHFWHG� DUH
FRPSDWLEOH� ZLWK� WKH� $(6� FOLPDWRORJLFDO� DXWR�VWDWLRQ� VWDQGDUGV�� 7KH� 0$*6� VXUIDFH� GDWD
WUDQVIHU�SURWRFRO�DQG�TXDOLW\�FRQWURO�SURFHGXUHV�ZLOO�EH�GHVFULEHG��$�SUHOLPLQDU\�DVVHVVPHQW
RI�WKH�VXUIDFH�GDWD�FROOHFWHG�ZLOO�EH�JLYHQ�
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��&����
2Q�WKH�QH[W�YHUVLRQ�RI�WKH�&DQDGLDQ��'�9DU�DQDO\VLV�VFKHPH�RQ�PRGHO"V�FRRUGLQDWH
-RVpH� 0RUQHDX��� 0DUN� %XHKQHU��� &pFLOLHQ� &KDUHWWH��� /XF� )LOOLRQ��� 3LHUUH� *DXWKLHU��� 3LHUUH
.RFODV���6LPRQ�3HOOHULQ���5pDO�6DUUD]LQ��DQG�*LOOHV�9HUQHU�
�&0&���$50$�6($

:RUN�LV� LQ�SURJUHVV�DW�WKH�&DQDGLDQ�0HWHRURORJLFDO�&HQWHU�WR�GHYHORS�DQ�LQFUHPHQWDO��'�
9DU�DQDO\VLV�VFKHPH�GLUHFWO\�RQ�WKH�YHUWLFDO�FRRUGLQDWH�RI�WKH����OHYHO�*HP�IRUHFDVW�PRGHO�
7KLV�VFKHPH�LV�SODQQHG�WR�UHSODFH�WKH�FXUUHQW�RSHUDWLRQDO��'�9DU�DQDO\VLV�WKDW�RSHUDWHV�RQ
��� SUHVVXUH� OHYHOV�� )RU� WKH� WDUJHW� YHUVLRQ�� VSHFWUDO� �7����� +HOPKRW]
V� VWUHDPIXQFWLRQ� DQG
YHORFLW\�SRWHQWLDO� DQDO\VLV� LQFUHPHQWV� DUH� PDLQWDLQHG� IRU� WKH� ZLQG�� EXW� XQEDODQFHG
JHRSRWHQWLDO� KHLJKW� LV� UHSODFHG� E\� XQEDODQFHG� WHPSHUDWXUH� DQG� VXUIDFH� SUHVVXUH�
)XUWKHUPRUH�� WKH� ORJDULWKP� RI� VSHFLILF� KXPLGLW\� UHSODFHV� WKH� GHZ� SRLQW� GHSUHVVLRQ� DV� WKH
KXPLGLW\�DQDO\VLV�YDULDEOH��%DFNJURXQG�HUURU�FRYDULDQFHV�DUH�EDVHG�RQ� WKH� ODJJHG� IRUHFDVW
PHWKRG� �WKH� VR�FDOOHG�10&�PHWKRG� GHVFULEHG� LQ�*DXWKLHU� HW� DO��� ����� IRU� WKH�&DQDGLDQ
V\VWHP�� ZKLFK� DOORZV� IRU� QRQ�VHSDUDEOH� FRUUHODWLRQ�� 1RUPDOL]DWLRQ� DQG� H[FLVLRQ� DVSHFWV
QHFHVVDU\�ZLWK�WKLV�PHWKRG�DUH�EHLQJ�FDUHIXOO\�H[DPLQHG�DJDLQVW�FRQYHQWLRQDO�PHWKRGV�DQG
DOVR�ZLWK�UHJDUG�WR�VSHFLILF�ZHDNQHVVHV�RI�WKH�FXUUHQW�RSHUDWLRQDO�IRUHFDVW�PRGHO�RYHU�VRPH
UHJLRQV�RI�WKH�IRUHFDVW�GRPDLQ��%DODQFHG�DQG�XQEDODQFHG�FRPSRQHQWV�RI�WKH�GLYHUJHQW�ZLQG
DQDO\VLV�LQFUHPHQWV�DUH�SURGXFHG�DV�FRPSDUHG�WR�WKH�QRQ�GLYHUJHQW�DQDO\VLV� LQFUHPHQWV�IRU
WKH� RSHUDWLRQDO� YHUVLRQ�� 7DQJHQW�OLQHDU� REVHUYDWLRQ� RSHUDWRUV� DUH� EHLQJ� XVHG� ZLWK� VSHFLDO
WUHDWPHQWV�RI�GDWD�RXWVLGH�WKH�YHUWLFDO�DQDO\VLV�GRPDLQ�

$�YDULDWLRQDO�TXDOLW\�FRQWURO�LV�DOVR�EHLQJ�GHYHORSHG�DW�WKH�VDPH�WLPH��7KLV�QHZ�YHUVLRQ�RI�WKH
�'�9DU�DQDO\VLV�ZLOO�IDFLOLWDWH�IXWXUH�H[WHQVLRQV��VXFK�DV�����WKH�XVH�DOO�VLJQLILFDQW�OHYHOV�IURP
XSSHU�DLU�VRXQGLQJV������WKH�XVH�RI�7296�DQG�$7296�GDWD� LQVWHDG�RI�6$7(0�GDWD�� ���� WKH
DVVLPLODWLRQ�RI�660�,�HVWLPDWHV�RI�SUHFLSLWDWLRQ�UDWHV�DQG�WRWDO�SUHFLSLWDEOH�ZDWHU��DQG�����WKH
DVVLPLODWLRQ�RI�6FDWWHURPHWHU�GDWD�

��&����
7KH�LPSDFW�RI�7296�UDGLDQFHV�LQ�WKH�&0&��'�YDULDWLRQDO�DQDO\VLV�V\VWHP
-DFTXHV�+DOOp��DQG�&OpPHQW�&KRXLQDUG�
�&0&���$50$

�,Q� -XQH� ������ WKH� &0&� LPSOHPHQWHG� LWV� ILUVW� JOREDO� �'�YDU� DQDO\VLV� V\VWHP� IRU� WKH
SUHSDUDWLRQ�RI�GDLO\����GD\� IRUHFDVWV�� ,Q� WKH�)DOO�RI� WKH�VDPH�\HDU�� WKLV� LQFUHPHQWDO��'�YDU
ZDV� LQWURGXFHG� IRU� WKH�SUHSDUDWLRQ�RI� WKH����NP�UHJLRQDO�PRGHO�DQDO\VHV��%RWK� WKH�JOREDO
DQG�UHJLRQDO�V\VWHPV�SURGXFH�LQFUHPHQWV�RQ�D����SUHVVXUH�OHYHO�JULG�ZLWK�WKH�WRS�OHYHO�DW���
K3D�� ,Q� WKHLU� ILUVW� LPSOHPHQWDWLRQ�� EHFDXVH� JHRSRWHQWLDO� LV� XVHG� DV� PDVV� YDULDEOH� DQG� QRW
WHPSHUDWXUH��LW�ZDV�GHFLGHG�WR�UHWDLQ�6$7(0�WKLFNQHVV
�DV�WKH�PDLQ�VRXUFH�RI�VDWHOOLWH�GDWD�IRU
DQDO\VLV�

,Q�SUHSDUDWLRQ�IRU�WKH�QH[W�DQDO\VLV�V\VWHP�WKDW�KDV�EHHQ�LQ�GHYHORSPHQW�IRU�WKH�ODVW���\HDUV�
UHVHDUFK�LQ�UDGLDWLYH�WUDQVIHU�PRGHOLQJ�IRU�WKH�SXUSRVH�RI�DVVLPLODWLQJ�UDGLDQFHV�GLUHFWO\�KDV
SURJUHVVHG� VLJQLILFDQWO\� DQG� D� FRPSOHWH� V\VWHP� XVLQJ� 7296� UDGLDQFHV� KDV� EHHQ� WHVWHG
H[WHQVLYHO\�DQG�FRPSDUHG�WR�WKH�V\VWHP�XVLQJ�6$7(0�GDWD��0RQLWRULQJ�KDV�EHHQ�LQWHJUDWHG
LQ�WKH�DQDO\VLV�V\VWHP�VHUYLQJ�WR�FRQWURO�WKH�TXDOLW\�DQG�FRUUHFW�WKH�ELDVHV�RI�D�GDWDVHW�XVHG�WR
HVWLPDWH� WKH� REVHUYDWLRQDO� HUURUV� RI� 7296� UDGLDQFHV�� 5HVXOWV� FOHDUO\� LQGLFDWH� WKDW� WKH
DVVLPLODWLRQ�XVLQJ� UDGLDQFHV�FRQVLVWHQWO\�SURGXFHV�EHWWHU�DQDO\VHV�DV� LQGLFDWHG�E\� LPSURYHG
��GD\�IRUHFDVWV�

,Q�SUHSDUDWLRQ� IRU� WKH� DVVLPLODWLRQ� RI� WKH�$GYDQFHG� 7296� �$7296�� UDGLDQFHV�� LQFOXGLQJ� D
KLJKHU�UHVROXWLRQ�PLFURZDYH�VRXQGLQJ�XQLW��D�FRPSOHWH�HYDOXDWLRQ�KDV�EHHQ�XQGHUWDNHQ�DQG
SUHOLPLQDU\�UHVXOWV�ZLOO�EH�SUHVHQWHG�
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��&����
$VVLPLODWLRQ�RI�0DULQH�6XUIDFH�:LQGV�IURP�WKH�(56���6FDWWHURPHWHU
0DUN�%XHKQHU��DQG�3LHUUH�*DXWKLHU�
�$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

$�QHZ�YHUVLRQ�RI�WKH�&DQDGLDQ��'�YDU�LV�FXUUHQWO\�XQGHU�GHYHORSPHQW��)LOOLRQ�HW��DO��������
7KH� DQDO\VLV� LQFUHPHQWV� DUH� QRZ� SURGXFHG� GLUHFWO\� RQ� WKH� IRUHFDVW� PRGHO
V� K\EULG� YHUWLFDO
FRRUGLQDWH� �IRUPHUO\� ��� SUHVVXUH� OHYHOV�� DQG� XVH� WHPSHUDWXUH� DQG� VXUIDFH� SUHVVXUH� WR
UHSUHVHQW� WKH�PDVV� ILHOG� �IRUPHUO\�JHRSRWHQWLDO�KHLJKW���$OVR��D�GLYHUJHQW� FRPSRQHQW�RI� WKH
ZLQG� DQDO\VLV� LQFUHPHQW� LV� QRZ� LQFOXGHG�� 7KHVH� FKDQJHV� DOORZ� IRU� LPSURYHG� XWLOL]DWLRQ� RI
VXUIDFH�ZLQG�REVHUYDWLRQV��LQFOXGLQJ�WKRVH�UHWULHYHG�IURP�WKH�(56���VFDWWHURPHWHU�LQVWUXPHQW�
7KLV�SUHVHQWDWLRQ�ZLOO�GHVFULEH�UHFHQW�LPSURYHPHQWV�WR�WKH��'�YDU�WKDW�EHQHILW�WKH�DVVLPLODWLRQ
RI�VXUIDFH�ZLQGV�DQG�ZLOO�UHSRUW�RQ�SUHOLPLQDU\�UHVXOWV�IURP�WKH�DVVLPLODWLRQ�RI�VFDWWHURPHWHU
DQG�FRQYHQWLRQDO�PDULQH�ZLQG�REVHUYDWLRQV�

7KH�HIIHFWLYHQHVV�RI�DVVLPLODWLQJ�PDULQH�VXUIDFH�ZLQG�GDWD�ILUVWO\�GHSHQGV�RQ�WKH�REVHUYDWLRQ
RSHUDWRU� XVHG�� 6LQFH� WKH� DQDO\VLV� LV� SHUIRUPHG� RQ� WKH� PRGHO
V� WHUUDLQ�IROORZLQJ� YHUWLFDO
FRRUGLQDWH��D�VLPSOH�ERXQGDU\�OD\HU�PRGHO�LV�XVHG�WR�UHODWH�ZLQGV�DW�WKH�PRGHO
V�ILUVW�DFWLYH
OHYHO��DW�DERXW���P��GRZQ�WR�WKH�REVHUYDWLRQ�KHLJKW��,QKHUHQW�WR�WKH�VFDWWHURPHWHU�LQVWUXPHQW
DUH�SRVVLEOH�����GHJUHH�GLUHFWLRQDO�HUURUV�LQ�WKH�UHWULHYHG�ZLQGV�WKDW�DUH�WDNHQ�LQWR�DFFRXQW
E\�XVLQJ�DQ�REVHUYDWLRQ�FRVW�IXQFWLRQ�EDVHG�RQ�D�EL�PRGDO�OLNHOLKRRG�IXQFWLRQ�

7KH� LPSDFW�RI�XVLQJ� WKLV�GDWD�DOVR�GHSHQGV�RQ�KRZ� WKH�VXUIDFH�ZLQG� LQIRUPDWLRQ� LV� VSUHDG
ERWK� VSDWLDOO\� DQG� WR� WKH� RWKHU� DQDO\VLV� YDULDEOHV� E\� WKH� �'�YDU� EDFNJURXQG� FRYDULDQFH
PRGHO�� :LWKLQ� WKH� FRYDULDQFH� PRGHO�� VSDWLDO� UHODWLRQVKLSV� DUH� GXH� WR� WKH� KRUL]RQWDO� DQG
YHUWLFDO� FRUUHODWLRQV� RI� WKH� XQEDODQFHG� FRQWURO� YDULDEOHV�� HVWLPDWHG� IURP� DQ� HQVHPEOH� RI
ODJJHG� IRUHFDVW� GLIIHUHQFHV� �10&� PHWKRG��� 7KH� EHWZHHQ�YDULDEOH� UHODWLRQVKLSV� DUH
GHWHUPLQHG�E\�EDODQFH�RSHUDWRUV��7KH�WXUQLQJ�DQJOH��WKHWD��GHILQHV�WKH�EDODQFH�EHWZHHQ�WKH
VWUHDP�IXQFWLRQ�DQG�YHORFLW\�SRWHQWLDO�WKDW�LV�FRQVLVWHQW�ZLWK�(NPDQ�OD\HU�WKHRU\��7KH�RSWLPDO
WXUQLQJ� DQJOH� LV� HVWLPDWHG�� DV� D� IXQFWLRQ� RI� ODWLWXGH� DQG� YHUWLFDO� OHYHO�� ZLWK� D� UHJUHVVLRQ
DQDO\VLV� RQ� WKH� HQVHPEOH� RI� ODJJHG� IRUHFDVW� GLIIHUHQFHV�� 6LPLODUO\�� WKH� LQFUHPHQWV� RI�PDVV
DQG� ZLQG� DUH� UHODWHG� WKURXJK� D� JHRVWURSKLF� DQG� K\GURVWDWLF� EDODQFH� EHWZHHQ� WKH� VWUHDP
IXQFWLRQ�DQG�WKH�WHPSHUDWXUH�DQG�VXUIDFH�SUHVVXUH�ILHOGV��&RQVHTXHQWO\�� WKH�ZLQG�LQFUHPHQW
QHDU� WKH�VXUIDFH�KDV�YHFWRUV� WKDW� IRUP�WKH�DQJOH� WKHWD� WR� WKH�VWUHDPOLQHV�VXFK� WKDW�F\FORQLF
FLUFXODWLRQ�FRLQFLGHV�ZLWK�FRQYHUJHQFH� �DQG�DQWL�F\FORQLF�FLUFXODWLRQ�ZLWK�GLYHUJHQFH�� LQ� WKH
H[WUD�WURSLFV�RI�ERWK�KHPLVSKHUHV��&\FORQLF�FLUFXODWLRQ� LQ�WKH� LQFUHPHQWV�DOVR�FRLQFLGHV�ZLWK
WHPSHUDWXUH�DQG�VXUIDFH�SUHVVXUH�LQFUHPHQWV�WKDW�DUH�K\GURVWDWLFDOO\�FRQVLVWHQW�ZLWK�D�FHQWHU
RI� UHGXFHG� SUHVVXUH� �DQG� DQWL�F\FORQLF� FLUFXODWLRQ� ZLWK� LQFUHDVHG� SUHVVXUH��� 7KHUHIRUH�� WKH
UHVXOWV� SUHVHQWHG� VKRZ� DQDO\VLV� LQFUHPHQWV� GXH� WR� VFDWWHURPHWHU� DQG� FRQYHQWLRQDO� PDULQH
VXUIDFH�ZLQG�REVHUYDWLRQV�ZLWK�PHWHRURORJLFDOO\�FRQVLVWHQW� LQFUHPHQWV� WR�ERWK� WKH�GLYHUJHQW
ZLQG�FRPSRQHQW�DQG�WKH�PDVV�ILHOG�

��&����
6HQVLWLYLW\�DQDO\VLV�ZLWK�WKH�*(0�PRGHO
6WpSKDQH�/DURFKH��DQG�0RQLTXH�7DQJXD\�
�(QYLURQQHPHQW�&DQDGD

7KH�FXUUHQW�VWDWXV�RI�VHQVLWLYLW\�VWXGLHV�XVLQJ�WKH�DGMRLQW�RI�WKH�*(0�PRGHO�ZLOO�EH�SUHVHQWHG�
7KH� *(0� PRGHO� LV� D� JOREDO� YDULDEOH� UHVROXWLRQ�� JULGSRLQW�� IXOO\�LPSOLFLW� VHPL�/DJUDQJLDQ
SULPLWLYH� HTXDWLRQV�PRGHO�� ,W� LV� FXUUHQWO\� XVHG� E\� WKH� &DQDGLDQ�0HWHRURORJLFDO� &HQWUH� IRU
ERWK�VKRUW�UDQJH�DQG�PHGLXP�UDQJH�IRUHFDVWV��)RU�WKH�SXUSRVH�RI�RXU�VHQVLWLYLW\�DQDO\VLV��ZH
KDYH� GHYHORSHG� DQ� LQFUHPHQWDO� IRUPXODWLRQ� LQ� ZKLFK� WKH� PLQLPL]DWLRQ� LV� SHUIRUPHG� DW� D
ORZHU���GHJUHHV� UHVROXWLRQ�ZKHUHDV� WKH� WKH� IRUHFDVWV� HUURUV� DQG� WKH� EDFNJURXQG� WUDMHFWRU\
DUH�FDOFXODWHG�DW�WKH�IXOO�����GHJUHH�UHVROXWLRQ��3UHOLPLQDU\�VHQVLWLYLW\�DQDO\VLV�RQ�ZLQWHU�FDVHV
ZLOO�EH�VKRZQ�
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��&����
$VVLPLODWLRQ�RI�%LVWDWLF�5DGDU�1HWZRUN�'DWD�DQG�WKH�1HDU�6XUIDFH�,QGH[�RI�5HIUDFWLYLW\
$ODLQ�&D\D���6WpSKDQH�/DURFKH���,V]WDU�=DZDG]NL��DQG�)UpGpULF�)DEU\�
�0F*LOO� 8QLYHUVLW\�� �'DWD� $VVLPLODWLRQ� DQG� 6DWHOOLWH� 0HWHRURORJ\� 'LYLVLRQ�� $WPRVSKHULF
(QYLURQPHQW�6HUYLFH��(QYLURQPHQW�&DQDGD

9HORFLWLHV�IURP�D�ELVWDWLF�UDGDU�QHWZRUN��UHIOHFWLYLW\��DQG�QHDU�VXUIDFH�LQGH[�RI�UHIUDFWLYLW\�DUH
XVHG� WR� UHWULHYH� WKH� �'�ZLQG� ILHOG�� SUHVVXUH� DQG� WHPSHUDWXUH� SHUWXUEDWLRQV�� KXPLGLW\�� DQG
FORXG� FRQWHQWV�� 7KH� UHIUDFWLYLW\� LQGH[� JLYHV� DQ� LPSURYHG� UHSUHVHQWDWLRQ� RI� KXPLGLW\� DQG
WHPSHUDWXUH�VWUXFWXUH�QHDU�WKH�JURXQG��7KH�DVVLPLODWLRQ�RI�WKHVH�PHDVXUHPHQWV�LV�SHUIRUPHG
ZLWK�D�YDULDWLRQDO�PHWKRG��ZKHUH�D�PRGHO�LV�XVHG�DV�D�ZHDN�FRQVWUDLQW��7KH�PRGHO�LV�EDVHG
RQ�(XOHU�HTXDWLRQV�DQG�WKH�DQHODVWLF�FRQWLQXLW\�HTXDWLRQ��GLVFUHWL]HG�RQ�VWDJJHUHG�JULGV��7KH
PRGHO�DOVR�XVHV�.HVVOHU�EXON�PLFURSK\VLFV��ZKLFK�PRGHOV� WKH� OLTXLG�ZDWHU�DQG�FORXG�ZDWHU
FRQWHQWV�
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��&����
)RUWQLJKWO\�PRGXODWLRQV�RI�WKH�HVWXDULQH�FLUFXODWLRQ�LQ�-XDQ�GH�)XFD�6WUDLW
'LDQH�0DVVRQ��DQG�3DWULFN�&XPPLQV�
�,QVWLWXWH�RI�2FHDQ�6FLHQFHV

)UHVKZDWHU�GLVFKDUJH� LQWR� WKH�6WUDLW� RI�*HRUJLD� VHWV�XS�D�ZHOO� GHILQHG�HVWXDULQH�FLUFXODWLRQ
ZLWKLQ�-XDQ�GH�)XFD�6WUDLW��WKH�PDLQ�RXWIORZ�SDWK�WR�WKH�RFHDQ�VKHOI��$W�WKH�ODQGZDUG�HQG�RI
WKH� VWUDLW�� WKH� ZDWHU� IORZV� WKURXJK� D� IHZ� QDUURZ� FKDQQHOV� LQ� ZKLFK� VWURQJ� WLGDO� IORZV� DUH
NQRZQ� WR� LQGXFH� VLJQLILFDQW�PL[LQJ�RI� WKH�ZDWHU� FROXPQ��7KH� VSULQJ�QHDS�F\FOH� LQ� WKH� WLGDO
PL[LQJ� PRGXODWHV� WKH� HVWXDULQH� H[FKDQJH�� 7R� EHWWHU� H[DPLQH� WKH� SUREOHP�� D� WKUHH�
GLPHQVLRQDO�SURJQRVWLF�QXPHULFDO�PRGHO�KDV�EHHQ�GHYHORSHG�WR�VWXG\�WKH�FLUFXODWLRQ�DURXQG
9DQFRXYHU� ,VODQG�� %ULWLVK� &ROXPELD�� ,Q� D� VHULHV� RI� VLPXODWLRQV�� WKH� HVWXDULQH� FLUFXODWLRQ� LV
HVWDEOLVKHG�ZLWKLQ�-XDQ�GH�)XFD�6WUDLW�E\�WKH�)UDVHU�5LYHU� IUHVK�ZDWHU�GLVFKDUJH��7KH�PL[LQJ
RYHU�WKH�YDULRXV�VLOOV�LV�WKHQ�JLYHQ�D� IRUWQLJKWO\�PRGXODWLRQ�WR�VLPXODWH�WKH�VSULQJ�QHDS�WLGDO
UHJLPH��7KH� UHVXOWLQJ�YDULDWLRQ� LQ� WKH�HVWXDULQH�FLUFXODWLRQ� LV� IRXQG� WR�EH� OLPLWHG� WR�D�VPDOO
DUHD�GRZQVWUHDP�RI� WKH�VLOOV��&XUUHQW�PHWHU�GDWD�DQG� VDOLQLW\�GDWD� IURP� OLJKWKRXVH� VWDWLRQV
DUH� IDYRXUDEO\� FRPSDUHG�ZLWK� WKH�PRGHO� UHVXOWV�� 7KH� HIIHFW� RI� ORFDO�ZLQG� RQ� WKH� HVWXDULQH
H[FKDQJH� LV� DOVR� H[DPLQHG� ZLWK� PRGHO� VLPXODWLRQV� ZKLFK� FDQ� VLPXODWH� WKRVHV� UDUH� HYHQWV
GXULQJ�ZKLFK�D�FRQFXUUHQFH�RI�ULYHU�IUHVKHW��QHDS�WLGH�DQG�QRUWKZHVW�ZLQG�DOORZV�D�SXOVH�RI
IUHVKHU�VXUIDFH�ZDWHU�WR�HVFDSH�LQWR�WKH�HDVWHUQ�HQG�RI�-XDQ�GH�)XFD�6WUDLW��)LQDOO\��WKH�HIIHFW
RI� WKH� IRUWQLJKO\� VLJQDO� RI� WKH� EXR\DQF\� IRUFLQJ� RQ� WKH� FRDVWDO� FXUUHQW� SUHVHQW� RQ� WKH
FRQWLQHQWDO�VKHOI�LV�IRXQG�WR�EH�QHJOLJLEOH�

��&����
(GGLHV�LQ�WKH�1RUWKHDVW�3DFLILF�2FHDQ
:LOOLDP�&UDZIRUG��DQG�)UDQN�:KLWQH\�
�&DQDGLDQ�+\GURJUDSKLF�6HUYLFH���,QVWLWXWH�RI�2FHDQ�6FLHQFHV

,Q� ODWH�$XJXVW������WKH�&DQDGLDQ�5HVHDUFK�9HVVHO� -�3��7XOO\�SDVVHG� WKURXJK� WKH�FRUH�RI�D
����NP� ZLGH�� DQWL�F\FORQLF� HGG\� DORQJ� /LQH�3�� DW� VWDWLRQ� ���� ����� ����
1� ����� ����
:��
6DOLQLW\�DQG�WHPSHUDWXUH�SURILOHV�LQ�WKLV�HGG\�VKRZHG�LW�WR�EH�WR�EH�IUHVKHU�DQG�ZDUPHU�WKDQ
VXUURXQGLQJ�ZDWHUV�EHORZ�����P�GHSWK��$ERYH�����P��ERWK�VDOLQLW\�DQG� WHPSHUDWXUH�ZHUH
VOLJKWO\� ORZHU�� 7KH� VHD� VXUIDFH� LQ� WKH� FRUH� RI� WKLV� HGG\�ZDV�����P�KLJKHU� WKDQ�RXWVLGH� WKH
HGG\��1XWULHQW�OHYHOV�LQ�WKHUPRFOLQH�RI�WKLV�HGG\�ZHUH�VXEVWDQWLDOO\�KLJKHU�WKDQ�LQ�VXUURXQGLQJ
ZDWHUV�� 7KH� RFHDQ� ZDWHU� W\SH� RI� WKLV� HGG\� PDWFKHV� WKDW� IRXQG� RII� WKH�:HVW� &RDVW� RI� WKH
4XHHQ�&KDUORWWH�,VODQGV�LQ�ZLQWHU�����1�����:���+LJK�UHVROXWLRQ�LPDJHV�RI�723(;�DQG�(56
��VDWHOOLWH�DOWLPHWU\�GDWD�VKRZ�WKDW�WKLV�HGG\��GHQRWHG�+DLGD�������ZDV�LQGHHG�VHW�XS�DORQJ
WKH�ZHVW�FRDVW�RI�WKH�4XHHQ�&KDUORWWH�,VODQGV�LQ�)HEUXDU\�������DQG�GULIWHG�ZHVWZDUG�WRZDUG
%RZLH� 6HDPRXQW�� WKHQ� VRXWKZDUG�� ,Q� )HEUXDU\� ����� LW� ZDV� FHQWUHG� QHDU� ���1� ������:�
ZLWK�D�VXUIDFH�HOHYDWLRQ�RI�DERXW�����P�LQ�LWV�FRUH�

+DLGD������LV�RQH�RI�DQ�DQQXDO�VXSSO\�RI�DQWL�F\FORQLF�HGGLHV�LQ�ZLQWHU�IURP�WKH�&DQDGLDQ
DQG�6(�$ODVNDQ�VKRUHV�LQWR�WKH�*XOI�RI�$ODVND��$ERXW��� WR���HGGLHV�DUH�VHW�XS� LQ�D� W\SLFDO
ZLQWHU��DQG�SURYLGH�D�WUDQVSRUW�PHFKDQLVP�IRU�IUHVK�ZDWHU��KHDW�DQG�QXWULHQWV�IURP�WKH�FRDVW
LQWR� WKH� GHHS� RFHDQLF�ZDWHUV�ZHVW� RI� &DQDGLDQ� VKRUHV�� %DVHG� RQ� FDOFXODWLRQV� RI� G\QDPLF
KHLJKWV�RI�WKH�����P�VXUIDFH�UHODWLYH�WR�WKH������P�VXUIDFH��XVLQJ�DUFKLYHG�&7'�GDWD��WKH
WZR�RI� WKH� ODUJHVW�HGGLHV�ZHUH�+DLGD�������DQG�+DLGD�������ERWK�JHQHUDWHG� LQ� VWURQJ�(O
1LQR�ZLQWHUV��7KLV�ILQGLQJ�DGGV�VXSSRUW�WR�D�UHFHQW�QXPHULFDO�PRGHO�VWXG\�WKDW�VXJJHVWV�WKHVH
HGGLHV�DUH�ODUJHU�LQ�(O�1LQR�ZLQWHUV�ZKHQ�QRUWKZDUG��DORQJ�VKRUH�FXUUHQWV�DUH�VWURQJHU

7KH� +DLGD� HGGLHV� EHORQJ� WR� WKH� VDPH� FODVV� DV� WKH� 6LWND� (GGLHV�� IRXQG� HDUOLHU� LQ� ZDWHU
SURSHUW\� GDWD� WR� EH� VHW� XS� RII� 6LWND�� $ODVND�� $OWKRXJK�PDQ\� HGGLHV� ZHUH� FUHDWHG� LQ� WKHVH
UHJLRQV� EHWZHHQ� WKH� \HDUV� ����� DQG� ������ RQO\� +DLGD������ DQG� +DLGD������ GULIWHG
VRXWKZDUGV�DFURVV�/LQH�3��2WKHUV�UHPDLQHG�ZHOO�WR�WKH�QRUWK��DQG�VXUYLYHG�IRU�SHULRGV�RI�RQH
WR�WKUHH�\HDUV�
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��&����
7XUEXOHQW�0L[LQJ�6WXGLHV�LQ�WKH�&RDVWDO�0L[LQJ�DQG�2SWLFV�([SHULPHQW
1HLO�6��2DNH\��DQG�%ODLU�-�:��*UHHQDQ�
�')2��%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

)RU�WKH�ILUVW�WLPH�GLDS\FQDO�PL[LQJ�KDV�EHHQ�VWXGLHG�VLPXOWDQHRXVO\�RQ�WKH�VDPH�OHQJWK�DQG
WLPH�VFDOHV�XVLQJ�SXUSRVHIXO�WUDFHUV�DQG�PLFURVWUXFWXUH�PHDVXUHPHQWV��7KHVH�PHDVXUHPHQWV
ZHUH�GRQH�LQ�WKH�&RDVWDO�0L[LQJ�DQG�2SWLFV�H[SHULPHQW�RQ�WKH�FRQWLQHQWDO�VKHOI�LQ�WKH�1HZ
<RUN� %LJKW� DUHD�� 5HVXOWV� ZHUH� REWDLQHG� LQ� WZR� ILHOG� SURJUDPV� LQ� WKH� IDOO� ����� DQG� WKH
VXPPHU������

-LP�/HGZHOO�RI�:+2,�GHWHUPLQHG�YHUWLFDO�PL[LQJ�UDWHV�XVLQJ�D�WUDFHU�ZKLFK�ZDV�WUDFNHG�DQG
PHDVXUHG�XVLQJ�D� WRZHG� IOXRURPHWHU��&RQFXUUHQWO\�RXU�JURXS� IURP� WKH�%HGIRUG� ,QVWLWXWH�RI
2FHDQRJUDSK\� PHDVXUHG� GLDS\FQDO�PL[LQJ� UDWHV� XVLQJ� D� YHUWLFDO� SURILOHU�� (3621'(�� WR
REWDLQ� WHPSHUDWH� JUDGLHQW� PLFURVWUXFWXUH� DQG� WXUEXOHQW� VKHDU�� ZKLFK� ZH� XVHG� E\� DSSO\LQJ
YDULRXV� PL[LQJ� PRGHOV�� ,Q� WKH� FXUUHQW� SDSHU� ZH� ZLOO� FRPSDUH� WKHVH� WZR� YHU\� GLIIHUHQW
WHFKQLTXHV� DQG� H[SORUH� WKH� H[WHQVLRQ� DQG� DSSOLFDWLRQ� RI� PL[LQJ�PRGHOV� WR� EH� DSSOLHG� WR
PL[LQJ�SURFHVVHV�RQ�WKH�FRQWLQHQWDO�VKHOI�

���&����
7KH�LPSDFW�RI�ZDYHV�RQ�RFHDQ�VXUIDFH�FXUUHQWV�DQG�LFH�IORH�GULIW
:LOOLDP�3HUULH���&KDUOHV�7DQJ���<RQJFXQ�+X��DQG�%UHQGDQ�'H7UDFH\�
�%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

�7\SLFDOO\��RFHDQ�PRGHOV�DWWHPSWLQJ�WR�HVWLPDWH�WKH�GULIW�RI�LFH�IORHV�RQ�WKH�*UDQG�%DQNV�DQG
LQ�WKH�/DEUDGRU�6HD�LQYROYH�ZLQG�ILHOGV�DQG�VXUIDFH�FXUUHQW�PRGHOV��)RU�H[DPSOH��WKH�FXUUHQW
PRGHO�E\�7DQJ�DQG�*XL��������-*5��DQG�7DQJ�HW�DO� �������-*5�� LV�FRPSRVHG�RI�FXUUHQWV
GULYHQ�E\� WKH� VHD� VXUIDFH� VORSH�� WKH� VXUIDFH�(NPDQ� IORZV�DQG� WKH�JHRVWURSKLF�FXUUHQW�� 7KH
(NPDQ�FXUUHQW�LV�HVWLPDWHG�XVLQJ�WKH�FODVVLFDO�(NPDQ�IRUPXODH�LQ�WHUPV�RI�WKH�ZLQG�VWUHVV��,Q
WKLV�VWXG\��ZH�FRQVWUXFW�D�VHFRQG�PRGHO�IRU�VXUIDFH�FXUUHQWV��XVLQJ�DQ�RSHUDWLRQDO�:$0�W\SH
RFHDQ�ZDYH�PRGHO� WR�HVWLPDWH� WKH� LPSDFW�RI� RFHDQ� VXUIDFH�ZDYHV�RQ� WKH�(NPDQ�FXUUHQWV�
7KHVH�DUH�FRPELQHG�ZLWK�WKH�FXUUHQW�FRPSRQHQWV�GXH�WR�VHD�VXUIDFH�VORSH�DQG�JHRVWURSK\�WR
JLYHQ�DQ�HQKDQFHG�HVWLPDWLRQ�RI�VXUIDFH�FXUUHQWV��DV�ZHOO�DV�LFH�IORH�WUDMHFWRULHV�DQG�LFH�HGJH
HYROXWLRQ�

&RPSDULVRQ�RI�WKH�VXUIDFH�FXUUHQWV��IURP�WKHVH�WZR�PRGHOV��LV�PDGH�ZLWK�GULIWLQJ�EXR\�GDWD
IURP�WKH�UHFHQW�/DEUDGRU�6HD�'HHS�&RQYHFWLRQ�([SHULPHQW��/6'&(���:H�VKRZ�WKDW�WKH�ZDYH�
FXUUHQW� HIIHFWV� DUH� LPSRUWDQW� DQG� ZH� REWDLQ� JRRG� YHULILFDWLRQ� RI� WKH� ZDYH�FXUUHQW� PRGHO�
SDUWLFXODUO\�XQGHU�VWURQJ�ZLQG�FRQGLWLRQV�DW�SRVLWLRQV�QHDU�WKH�VKHOI�EUHDN��:LQG�ILHOGV�XVHG
LQ� WKLV� FRPSDULVRQ� ZHUH� SURYLGHG� E\� &0&� DQG� KDYH� JRRG� RYHUDOO� DJUHHPHQW� ZLWK� LQ� VLWX
PHDVXUHPHQWV�REWDLQHG�GXULQJ�/6'&(�
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��'����
$QWDUFWLF� 2]RQH� 'HSOHWLRQ� 6WXG\� 8VLQJ� $� 3KRWRFKHPLFDOO\� &RXSOHG� 0LGGOH� $WPRVSKHUH
0RGHO
-HDQ�GH�*UDQGSUp���'DUU\O�-��&KDUWUDQG���6WHSKHQ�5��%HDJOH\��DQG�-RKQ�&��0F&RQQHOO�
�<RUN�8QLYHUVLW\

0LGGOH�$WPRVSKHUH�0RGHOV��0$0V��FRXSOHG�ZLWK�SKRWRFKHPLVWU\�PRGXOHV�DUH�SRZHUIXO�WRROV
WR� VWXG\� R]RQH� WUHQGV� DQG� SRODU� R]RQH� GHSOHWLRQ� VFHQDULRV�� 7KHVH� PRGHOV� UHSUHVHQW� D
FRPSUHKHQVLYH�DSSURDFK�DOORZLQJ� WKH� LQFOXVLRQ�RI� FRPSOH[� LQWHUDFWLRQV�EHWZHHQ� FKHPLFDO�
UDGLDWLYH� DQG� G\QDPLFDO� SURFHVVHV� ZKLFK� LV� VXLWDEOH� WR� LQYHVWLJDWH� ORQJ� WHUP� R]RQH
EHKDYLRXU��+RZHYHU��WKHUH�DUH�DOVR�ZHOO�NQRZQ�OLPLWDWLRQV�WR�WKH�FDSDELOLW\�RI�WKHVH�PRGHOV�WR
UHSURGXFH�WKH�EDVLF�FOLPDWRORJ\�RI�WKH�PLGGOH�DWPRVSKHUH��)RU�H[DPSOH��WKH�XQGHUVWDQGLQJ
RI� WKH� UROH� SOD\HG� E\� JUDYLW\� ZDYHV� LQ� VXFK� PRGHOV� LV� DQ� LPSRUWDQW� LVVXH� JLYHQ� LWV� JOREDO
LPSDFW�RQ�WKH�VWUHQJWK�DQG�HYROXWLRQ�RI�ZLQWHU�SRODU�YRUWLFHV��2Q�WKH�SKRWRFKHPLFDO�DVSHFWV�
WKH� EDVLF� UHSUHVHQWDWLRQ� RI� KHWHURJHQHRXV� SURFHVVHV� LV� DOVR� UHTXLUHG� WR� PRGHO� DQ� R]RQH
FOLPDWRORJ\� ZKLFK� LV� UHSUHVHQWDWLYH� RI� WKH� REVHUYHG� VWDWH� LQ� SRODU� UHJLRQV� WKURXJKRXW� WKH
\HDU��1HYHUWKHOHVV�� ZLWK� WKH� GHYHORSPHQW� RI� SDUDPHWHUL]DWLRQ� VFKHPHV� DQG� KHWHURJHQHRXV
SKRWRFKHPLVWU\�PRGXOHV��VXFK�FOLPDWH�VWXGLHV�XVLQJ�0$0V�FDQ�QRZ�EH�FRQVLGHUHG��,Q�VHYHUDO
FDVHV�� EDVLF� FKDUDFWHULVWLFV� RI� WKH� R]RQH� DQQXDO� DQG� LQWHUDQQXDO� EHKDYLRXU� FDQ� EH
UHSURGXFHG�ZLWK�VRPH�VXFFHVV��7KH�&0$0��&DQDGLDQ�0$0��KDV�EHHQ�XVHG� WR� LQYHVWLJDWH
DQWDUFWLF�R]RQH�KROH�VFHQDULRV��5HVXOWV�ZLOO�VKRZ�WKH�FDSDELOLW\�RI�WKH�PRGHO�WR�UHSUHVHQW�WKH
R]RQH� KROH� HYROXWLRQ� RQ� D� VHDVRQDO� WLPHVFDOH�� 6WXGLHV� RQ� WKH� SRWHQWLDO� LPSDFW� RI� YDULRXV
IRUFLQJ�PHFKDQLVPV�LQYROYHG�ZLOO�EH�DGGUHVVHG�

��'����
6HQVLWLYLW\�RI�PRGHOHG�R]RQH�GHSOHWLRQ�WR�3RODU�6WUDWRVSKHULF�&ORXG�FRPSRVLWLRQ
'DUU\O�-��&KDUWUDQG���(GQD�7HPSOHWRQ��DQG�-RKQ�0F&RQQHOO�
�'HSDUWPHQW�RI�(DUWK�DQG�$WPRVSKHULF�6FLHQFH���<RUN�8QLYHUVLW\���($76�<RUN�8QLYHUVLW\

+HWHURJHQHRXV� UHDFWLRQV� LQ� DQG� RQ� VWUDWRVSKHULF� VXOIDWH� DHURVROV� DQG� SRODU� VWUDWRVSKHULF
FORXGV�DUH�LPSRUWDQW�LQ�WKH�SKRWRFKHPLVWU\�DQG�R]RQH�EXGJHW�RI�WKH�VWUDWRVSKHUH��+RZHYHU�
WKH�H[DFW�QDWXUH�RI�WKH�IRUPDWLRQ�DQG�HYDSRUDWLRQ�RI�VROLG�ZDWHU�LFH�DQG�QLWULF�DFLG�K\GUDWHV
IURP�WR�EDFNJURXQG�VXOIDWH�DHURVROV�LV�VWLOO�D�ODUJHO\�XQUHVROYHG�TXHVWLRQ��7KHVH�XQFHUWDLQWLHV
ZLOO�EH� UHIOHFWHG� LQ� WKH�FDOFXODWLRQV�RI� WKH�KHWHURJHQHRXV� UHDFWLRQ� UDWHV�ZKLFK�DIIHFW� R]RQH
OHYHOV�� $W� <RUN� ZH� DUH� XVLQJ� D� �'� &KHPLFDO� 7UDQVSRUW� 0RGHO� ZLWK� FRPSUHKHQVLYH
VWUDWRVSKHULF� FKHPLVWU\� WR� WHVW� YDULRXV� SDUDPHWHUL]DWLRQV� RI� KHWHURJHQHRXV� FKHPLVWU\� LQ� DQ
HIIRUW� WR� WHVW� WKH� VHQVLWLYLW\� RI� R]RQH� OHYHOV� WR� GLIIHUHQW� PRGHOLQJ� VFKHPHV�� 7KH� SURFHVVLQJ
VFKHPHV� LQFOXGH� UHDFWLRQV� RFFXULQJ� RQ�LQ� ELQDU\� VXOIDWH� DHURVROV�� VXSHU�FRROHG� WHUQDU\
VROXWLRQV��1$7��DQG�ZDWHU�LFH�VXUIDFHV��7KH�PRGHO�FDQ�EH�GULYHQ�E\�*&0�RU�IRUHFDVW�ZLQGV
DQG�WHPSHUDWXUHV�

��'����
(IIHFW� RI� WKH� 3LQDWXER�$HURVRO� /RDGLQJ�RQ� 6WUDWRVSKHULF�2]RQH� DV�0RGHOHG� E\� &DQDGLDQ
0LGGOH�$WPRVSKHULF�0RGHO
-RQDWKDQ� -LDQJ��� 'DUU\O� -�� &KDUWUDQG��� -HDQ�3LHUUH� %ODQFKHW��� 6WHSKHQ� 5�� %HDJOH\��� -RKQ
0F&RQQHOO��DQG�-HDQ�GH�*UDQGSUp�
�8QLYHUVLW\�RI�4XHEHF�DW�0RQWUHDO���<RUN�8QLYHUVLW\

3LQDWXER�HUXSWLRQ�SURYLGHG�DQ�H[FHOOHQW�RSSRUWXQLWLHV� WR�XQGHUVWDQG�DWPRVSKHULF�SURFHVVHV
E\�FRPSDULVRQ�RI�WKH�WKHRUHWLFDO�DWPRVSKHULF�UHVSRQVHV�WR� WKH�REVHUYHG�RQHV��(YHQ�WKRXJK
WKH�HUXSWLRQ�RI�3LQDWXER�RFFXUUHG��� \HDUV�DJR� LQ�-XQH�RI�������PDQ\� UHVHDUFKHUV� VXVSHFW
WKDW�WKH�R]RQH�ORVVHV�GXULQJ�WKH�SDVW�IHZ�\HDUV�ZHUH�DW�OHDVW�SDUWLDOO\�DWWULEXWHG�WR�WKLV�HYHQW�
,I�WKLV�LV�LQGHHG�WKH�FDVH�WKH�HIIHFWV�PD\�VWLOO�EH�IHOW�IRU�PDQ\�\HDUV�WR�FRPH�
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7KH�&DQDGLDQ�0LGGOH�$WPRVSKHUH�0RGHO��&0$0��DQG�WKH�6$*(�,,�VDWHOOLWH�GDWD�KDV�EHLQJ
XVHG� WR� VWXG\� KRZ� HQKDQFHG� DHURVROV� FRXSOHG� ZLWK� SUHVHQW�GD\� FKORULQH� DQG� EURPLQH
ORDGLQJ�GLUHFWO\� DQG� LQGLUHFWO\� DIIHFW� VWUDWRVSKHULF�R]RQH� OHYHOV� DQG� GLVWULEXWLRQ�� 7KH�PRGHO
LQFOXGHV� LPSRUWDQW� KHWHURJHQHRXV� UHDFWLRQV� RFFXUULQJ� RQ� VXOIDWH� DHURVROV�� $OVR�� WKH
FDOFXODWHG�ZDWHU�DQG�R]RQH�GHQVLWLHV� DUH� IXOO\� LQWHUDFWLYH�ZLWK� WKH� UDGLDWLRQ�DQG�G\QDPLFDO
FRPSRQHQWV�RI�WKH�PRGHO�

2XU�VWXG\�UHSRUWV�UHVXOWV�RI�WKH�FKHPLFDO�DQG�UDGLDWLYH�UHVSRQVH�RI�D�ODUJH�YROFDQLF�HUXSWLRQ
DV�UHFHQWO\�PRGHOHG�E\�&0$0��3UHOLPLQDU\�DVVHVVPHQW�DUH�IRFXVHG�RQ�FKDQJHV�LQ�LPSRUWDQW
VSHFLHV�VXFK�DV�12���1�2���+12���&/2��&/212���+&/�DQG�+2[�ZKLFK�DUH�UHVSRQVLEOH
IRU�WKH�FKDQJHV�LQ�R]RQH�FROXPQ��:H�ZLOO�DOVR�UHSRUW�D�VWDWLVWLFDO�DVVHVVPHQW�RQ�RXU�PRGHO
UHVXOWV�LQ�FRPSDULVRQ�ZLWK�D����\HDU�RI�&0$0�DYHUDJHG�GDWD�

��'����
6HDVRQDO�(YROXWLRQ�RI�2]RQH�0HWKDQH�&RUUHODWLRQV�LQ�WKH�3RODU�5HJLRQV
'DYLG�6DQNH\��DQG�7HG�*��6KHSKHUG�
�8QLYHUVLW\�RI�7RURQWR

&RUUHODWLRQV�ZLWK�ORQJ�OLYHG�FKHPLFDO�WUDFHUV�DUH�D�ZD\�RI�HOLPLQDWLQJ�VKRUW�WHUP�G\QDPLFDO
YDULDELOLW\� LQ� WKH� DWPRVSKHUH�� 3OXPE�DQG�.R� ������� VKRZHG� WKDW� D� QHFHVVDU\� FRQGLWLRQ� WR
SURGXFH�D�FRPSDFW�FRUUHODWLRQ�EHWZHHQ�WZR�WUDFHUV�LV�WKDW�WKH�OLIHWLPHV�RI�WKH�WUDFHUV�LQYROYHG
PXVW� EH� ORQJHU� WKDQ� WKH� TXDVL�KRUL]RQWDO� PL[LQJ� WLPH�� $� UHFHQW� DSSOLFDWLRQ� RI� VXFK
FRUUHODWLRQV� LV� WKDW� RI� 0XHOOHU� HW� DO� �������� ZKR� XVHG� WKH� HYROXWLRQ� RI� D� PHDVXUHG
UHODWLRQVKLS� EHWZHHQ� R]RQH� DQG� PHWKDQH� LQ� WKH� $UFWLF� SRODU� YRUWH[� WR� TXDQWLI\� WKH� $UFWLF
R]RQH�ORVV�GXH�WR�FKHPLVWU\�DORQH�

7KHLU�DQDO\VLV�DVVXPHV� VHYHUDO� WKLQJV��2QH�DVVXPSWLRQ� LV� WKDW� D� FRPSDFW� FRUUHODWLRQ� H[LVWV
ZKHQ�WKH�LQLWLDO�PHDVXUHPHQW�LV�PDGH��7KLV�UHTXLUHV�HLWKHU�WKDW�D�FRUUHODWLRQ�H[LVWV�ZKHQ�WKH
SRODU�YRUWH[�LV�IRUPHG��ZKLFK�VHHPV�XQOLNHO\�GXH�WR�WKH�VKRUW�OLIHWLPH�RI�R]RQH�XQGHU�VXQOLJKW
FRQGLWLRQV��RU� WKDW� D� FRUUHODWLRQ� IRUPV� LQ� WKH� HDUO\�ZLQWHU� LQVLGH�DQ� LVRODWHG�GDUN� YRUWH[��$
VHFRQG� DVVXPSWLRQ� LV� WKDW� D� FRPSDFW� FRUUHODWLRQ� LV� PDLQWDLQHG� HYHQ� DIWHU� WKH� UDSLG
GHVWUXFWLRQ�RI�R]RQH�

7KHUH� DUH� QRW� VXIILFLHQWO\� H[WHQVLYH� VLPXOWDQHRXV� PHDVXUHPHQWV� RI� R]RQH� DQG� PHWKDQH� WR
GHWHUPLQH� ZKHWKHU� D� ZHOO�GHILQHG� FRUUHODWLRQ� H[LVWV�� 7KHUHIRUH� GDWD� IURP� D� FRPSUHKHQVLYH
PLGGOH�DWPRVSKHUH�*&0��WKH�&DQDGLDQ�0LGGOH�$WPRVSKHUH�0RGHO��DUH�XVHG�WR�SURYLGH�D
VXUURJDWH�GDWDVHW��7KH�YDOLGLW\�RI�WKH�0XHOOHU�HW�DO��DSSURDFK�LV�ILUVW�H[DPLQHG�E\�FRQVLGHULQJ
WKH� FRUUHODWLRQV� EHWZHHQ� R]RQH� DQG� PHWKDQH� LQ� WKH� $QWDUFWLF� SRODU� YRUWH[�� 7KH� $QWDUFWLF
SURYLGHV�DQ�LGHDO�HQYLURQPHQW�IRU�FRPSDFW�FRUUHODWLRQV�WR�RFFXU�EHFDXVH�WKH�YRUWH[�LV�PXFK
PRUH� VWDEOH� WKDQ� LQ� WKH� $UFWLF�� 7KH� UHVXOWV� VXJJHVW� WKDW� DOWKRXJK� WKHUH� LV� QR� FRUUHODWLRQ
EHWZHHQ� R]RQH�DQG�PHWKDQH�ZKHQ� WKH� YRUWH[� LV� IRUPHG�� WKHUH� LV� VXIILFLHQW� WLPH� IRU� RQH� WR
IRUP� WKURXJK� HDUO\�ZLQWHU�� 7KH� VLWXDWLRQ� IRU� WKH�$UFWLF� YRUWH[� LV�PXFK� OHVV� FOHDU� GXH� WR� WKH
ORZHU�VWDELOLW\�RI�WKH�YRUWH[�

��'����
$� 1HZ� /LGDU� 7HFKQLTXH� IRU� 0HDVXULQJ� 0ROHFXODU� 1LWURJHQ� DQG� 2[\JHQ� LQ� WKH� 8SSHU
0HVRVSKHUH�DQG�/RZHU�7KHUPRVSKHUH
0LNH�0ZDQJL���5REHUW�-��6LFD���6WHSKHQ�3��$UJDOO��DQG�2OHJ�9DVVLOLHY�
�7KH�8QLYHUVLW\�RI�:HVWHUQ�2QWDULR

7KH�8QLYHUVLW\�RI�:HVWHUQ�2QWDULR
V�3XUSOH�&URZ�/,'$5�V\VWHP� LV�D�PRQRVWDWLF� OLGDU� V\VWHP
ZKLFK� FDQ� VLPXOWDQHRXVO\� PHDVXUH� ERWK� 5D\OHLJK� DQG� VRGLXP�UHVRQDQFH�IOXRUHVFHQFH
EDFNVFDWWHU�� $� WHFKQLTXH� KDV� EHHQ� GHYHORSHG� WR� GHULYH� WKH� QXPEHU� GHQVLWLHV� >1��]�@� DQG
>2��]�@� LQ� WKH� XSSHU� PHVRVSKHUH� DQG� ORZHU� WKHUPRVSKHUH� IURP� WKH� 5D\OHLJK� SKRWRFRXQW
DOWLWXGH� SURILOHV� DQG� WKH� VRGLXP�UHVRQDQFH�IOXRUHVFHQFH�WHPSHUDWXUH� GHWHUPLQDWLRQV�� 6LQFH
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HPSLULFDO� DQG� ILUVW�SULQFLSOH� PRGHOV� RI� WKH� XSSHU� PHVRVSKHUH� DQG� ORZHU� WKHUPRVSKHUH
W\SLFDOO\�DVVXPH�D� IL[HG� �RU�QHDUO\� IL[HG��PHDQ�PROHFXODU�PDVV�� NQRZOHGJH�RI� WKH�DEVROXWH
QXPEHU� GHQVLWLHV� RI� >1��]�@� DQG� >2��]�@� DUH� LPSRUWDQW� IRU� GHWHUPLQLQJ� DEXQGDQFHV� DQG
G\QDPLFDO� HIIHFWV� RQ� LPSRUWDQW� VSHFLHV� VXFK� DV� RGG� R[\JHQ�� 7KH� QXPEHU� GHQVLWLHV� >1��]�@
DQG�>2��]�@�ZHUH�FDOFXODWHG�LQ�WKH�DOWLWXGH�UDQJH�������NP�IRU�WKH�QLJKW�RI�0D\����������
7KH� UHODWLYH� XQFHUWDLQWLHV� LQ� WKH� SURILOHV� >1��]�@� DQG� >2��]�@� UDQJH� IURP� ������� DQG� ���
����� UHVSHFWLYHO\�� 7KHVH� UHVXOWV� LPSO\� D� PHDQ� >2��]�@�>1��]�@� UDWLR� ���� JUHDWHU� WKDQ
H[SHFWHG� IURP� WKH� 06,6� PRGHO� DWPRVSHUH� IRU� WKDW� QLJKW�� 7KH� /,'$5
V� GHWHFWRU� V\VWHP� LV
FXUUHQWO\�EHLQJ�XSJUDGHG��DQG�IXWXUH�SURILOHV�VKRXOG�KDYH�UHODWLYH�XQFHUWDLQWLHV�RQH�KDOI� WKH
YDOXHV�LQ�WKLV�SLORW�VWXG\�

��'����
0$175$���$�%DOORRQ�0LVVLRQ�7R�6WXG\�7KH�2GG�1LWURJHQ�%XGJHW�2I�7KH�6WUDWRVSKHUH
'DUU\O� -�� &KDUWUDQG��� .�� 6WURQJ��� 0�5�� %DVVIRUG��� -�5�� 'UXPPRQG��� 3�� )RJDO��� -RKQ� &�
0F&RQQHOO���&�7��0F(OUR\���)�-��0XUFUD\���%��4XLQH��DQG�%�+��6ROKHLP��
�'HSW�� RI� (DUWK�DQG�$WPRVSKHULF� 6FLHQFH� �� <RUN�8QLYHUVLW\�� �'HSW�� RI� 3K\VLFV�� 8QLYHUVLW\� RI
7RURQWR�� �'HSW�� RI� 3K\VLFV�� 8QLYHUVLW\� RI� 'HQYHU�� �$WPRVSKHULF� 3URFHVV� 5HVHDUFK� %UDQFK�
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH���&5(67HFK��<RUN�8QLYHUVLW\

7KH� 0$175$� �0LGGOH� $WPRVSKHUH� 1LWURJHQ� 75HQG� $VVHVVPHQW�� EDOORRQ� ZDV� VXFFHVVIXOO\
ODXQFKHG�IURP�9DQVFR\��6DVNDWFKHZDQ�RQ�$XJXVW�����������FDUU\LQJ�D�SD\ORDG�RI�VFLHQWLILF
LQVWUXPHQWV� WR�PHDVXUH� VWUDWRVSKHULF� FRPSRVLWLRQ��2Q� 6HSWHPEHU� ��� DIWHU� DQ� XQH[SHFWHGO\
ORQJ�DQG�HYHQWIXO�MRXUQH\��WKH�EDOORRQ�DQG�SD\ORDG�ILQDOO\�ODQGHG�LQ�)LQODQG��7KH�JRDO�RI�WKH
0$175$�PLVVLRQ� LV�WR�LQYHVWLJDWH�FKDQJHV�LQ�WKH�FRQFHQWUDWLRQV�RI�VWUDWRVSKHULF�R]RQH�DQG
RI�QLWURJHQ�DQG�FKORULQH�FRPSRXQGV� WKDW�SOD\�D� UROH� LQ�R]RQH�FKHPLVWU\��0RUH�VSHFLILFDOO\�
ZH� DUH� LQYHVWLJDWLQJ� SRVVLEOH� FDXVHV� IRU� WKH� ODFN� RI� DJUHHPHQW� EHWZHHQ� WKHRU\� DQG
REVHUYDWLRQV� RI� PLG�ODWLWXGH� VWUDWRVSKHULF� R]RQH� GHSOHWLRQ�� 7KH� SD\ORDG� LQFOXGHG� WKUHH
LQVWUXPHQWV� IORZQ� RQ� EDOORRQV� LQ� WKH� ����V� DQG� HDUO\� ����V�� DORQJ� ZLWK� WKUHH� QHZHU
LQVWUXPHQWV�� WKXV� DOORZLQJ� D� FRPSDULVRQ� EHWZHHQ� PHDVXUHPHQWV� REWDLQHG� E\� WKH� VDPH
LQVWUXPHQWV� DIWHU� DQ� LQWHUYDO� RI� ��� \HDUV�� DQG� D� FRPSDULVRQ� EHWZHHQ� WKH� ROG� DQG� QHZ
PHDVXUHPHQW�WHFKQLTXHV��$GGLWLRQDO�EDFNJURXQG�DWPRVSKHULF�VWXGLHV�ZHUH�FRQGXFWHG�XVLQJ
R]RQHVRQGHV��UDGLRVRQGHV��DHURVRO�VRQGHV��DQG�JURXQG�EDVHG�REVHUYDWLRQV�E\�WKUHH�RSWLFDO
LQVWUXPHQWV��7KH�UHVXOWLQJ�GDWD�ZLOO�EH�XVHG�WR�GHWHUPLQH�ZKHWKHU�WKHUH�KDYH�EHHQ�ORQJ�WHUP
FKDQJHV� LQ� WKH� FRQFHQWUDWLRQV� RI� WKRVH� QLWURJHQ� FRPSRXQGV� WKDW� LQGLUHFWO\� FRQWURO� R]RQH
GHVWUXFWLRQ�� ,I�REVHUYHG�� VXFK�FKDQJHV�FRXOG�KHOS� H[SODLQ� WKH�XQH[SHFWHGO\� ODUJH� YDOXHV�RI
PLG�ODWLWXGH� R]RQH� GHSOHWLRQ� REVHUYHG� GXULQJ� WKH� ODVW� WZR� GHFDGHV�� 7KLV� SUHVHQWDWLRQ� ZLOO
GHVFULEH�WKH�0$175$�SURMHFW��LQFOXGLQJ�WKH�VFLHQWLILF�REMHFWLYHV��DV�ZHOO�DV�VRPH�SUHOLPLQDU\
PRGHOOLQJ�VWXGLHV�DQG�GDWD�DQDO\VLV�
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��'����
0XOWLSOH� (TXLOLEULD� DQG� ,QVWULQVLF� /RZ�)UHTXHQF\� 9DULDELOLW\� LQ� WKH� :LQG�'ULYHQ� 2FHDQ
&LUFXODWLRQ
)UDQFRLV�3ULPHDX�
�6FULSSV�,QVWLWXWLRQ�RI�2FHDQRJUDSK\

7KH� LQWHUQDO� QRQ�OLQHDU� G\QDPLFV� RI� WKH� PLG�ODWLWXGH� ZLQG�GULYHQ� RFHDQ� LV� VWXGLHG� LQ� WKH
FRQWH[W�RI� WKH�FODVVLFDO�GRXEOH�J\UH�PRGHO� VLPLODU� WR� WKDW�RI�0XQN�RU�6WRPPHO��%RWK�VWDEOH
DQG�XQVWDEOH� WLPH� LQGHSHQGHQW� VROXWLRQV�DUH� IRXQG�E\� YDU\LQJ� WKH�PRGHOV� H[SOLFLW� IULFWLRQDO
SDUDPHWHUV�DQG�XVLQJ�1HZWRQ
V�PHWKRG�

,I� WKH�ZLQG�VWUHVV� LV� NHSW� DQWL�V\PPHWULF�� VXFFHVVLYH� SDLUV� RI� QRQ�V\PPHWULF� HTXLOLEULD� FRPH
LQWR�H[LVWHQFH�YLD�V\PPHWU\�EUHDNLQJ�SLWFKIRUN�ELIXUFDWLRQV�DV�WKH�PRGHO
V�YLVFRVLW\�LV�UHGXFHG�
6XFFHVVLYH�SDLUV�RI�PLUURU� LPDJH�HTXLOLEULD�KDYH�DQ�DGGLWLRQDO�KDOI�PHDQGHU� LQ� WKH� MHW��7KH
GLVWLQFW�HQHUJ\�OHYHOV�RI�WKH�VWHDG\�VWDWH�VROXWLRQV�FDQ�EH�XQGHUVWRRG�LQ�SDUW�E\�WKHLU�GLIIHUHQW
LQWHU�J\UH�IOX[HV�RI�YRUWLFLW\��7KRVH�VROXWLRQV�ZLWK�ZHDN�LQWHU�J\UH�IOX[HV�RI�YRUWLFLW\�KDYH�ODUJH
DQG�HQHUJHWLF�UHFLUFXODWLRQ�FHOOV�ZKLFK� IODQN�WKH�VHDZDUG�H[WHQVLRQ�RI�WKH�ZHVWHUQ�ERXQGDU\
FXUUHQW� LQ� RUGHU� WKDW� DQ\� H[FHVV� YRUWLFLW\� FDQ� EH� UHPRYHG� WKURXJK� ERWWRP� GUDJ�� 7KRVH
VROXWLRQV�ZLWK�VWURQJ� LQWHU�J\UH� IOX[HV�RI�YRUWLFLW\�RQ� WKH�RWKHU�KDQG�KDYH�PXFK�VPDOOHU�DQG
OHVV�HQHUJHWLF�UHFLUFXODWLRQ�FHOOV�

7KH�PXOWLSOH�HTXLOLEULD�DUH�IRXQG�WR�H[LVW�LQ�WKH�UDQJH�RI�IULFWLRQDO�SDUDPHWHUV�ZKLFK�SURGXFHV
UHDOLVWLF�IORZ�ILHOGV��(YHQ�ZKHQ�WKH�PXOWLSOH�HTXLOLEULD�DUH�IRXQG�WR�EH�XQVWDEOH�WKH\�DSSHDU�WR
LQIOXHQFH�WKH�PRGHO
V�WLPH�GHSHQGHQW�WUDMHFWRU\�LQ�SKDVH�VSDFH�SURGXFLQJ�LQWULQVLF�YDULDELOLW\
DW� LQWHU�DQQXDO� DQG� GHFDGDO� WLPH�VFDOHV�� 7KLV� ORZ�IUHTXHQF\� YDULDELOLW\� LV� DVVRFLDWHG� ZLWK
LUUHJXODU�WUDQVLWLRQV�EHWZHHQ�GLVWLQFW�G\QDPLFDO�UHJLPHV��7KHVH�UHJLPHV�KDYH� IORZ�ILHOGV�DQG
G\QDPLFDO�EDODQFHV�ZKLFK��ZKLOH�EHLQJ�GLIIHUHQW�DPRQJ�WKHPVHOYHV�DUH�TXLWH�VLPLODU�WR�WKRVH
RI�WKH�VWHDG\�VWDWH�VROXWLRQV�

��'����
&RPSDULVRQ� EHWZHHQ� WKUHH� ILQLWH� HOHPHQW� PRGHOV� DQG� RQH� ILQLWH� GLIIHUHQFH� PRGHO� RI� WKH
RFHDQ
)UpGpULF�'XSRQW���&KDUOHV�$��/LQ��DQG�'DYLG�1��6WUDXE�
�'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO�XQLYHUVLW\

2QH�SRVVLEOH�GHYHORSPHQW�LQ�RFHDQLF�PRGHOLQJ�LV�WR�XVH�ILQLWH�HOHPHQW�PRGHOV��)(0��LQVWHDG
RI� WKH�XVXDO� ILQLWH�GLIIHUHQFH�PRGHOV� �)'0�� IRU� VROYLQJ� WKH�SULPLWLYH�HTXDWLRQV� IRU� WKH�EDVLQ
VFDOH�RFHDQLF�FLUFXODWLRQ��)(0V�KDYH�D�PRUH�UHDOLVWLF� UHSUHVHQWDWLRQ�RI� WKH�ERXQGDULHV�DQG
RIIHU�WKH�SRVVLELOW\�RI�YDU\LQJ�WKH�UHVROXWLRQ�ORFDOO\��)(0V�DUH�XVHG�RSHUDWLRQDOO\�IRU�UHJLRQDO
FRDVWDO�VWXGLHV�DQG�JOREDO�WLGDO�SUREOHPV�EXW�WKH�DFFXUDF\�RI�H[LVWLQJ�)(0V�LV�VWLOO�XQNQRZQ
ZKHQ�VROYLQJ�IRU�WKH�JHQHUDO�RFHDQLF�FLUFXODWLRQ��:H�FRPSDUH�UHVXOWV�IURP���GLIIHUHQW�)(0V
DJDLQW�UHVXOWV�IURP�D�&�JULG�)'0��7KH\�DOO�VROYH�IRU�WKH�VKDOORZ�ZDWHU�HTXDWLRQV�LQ�D�VTXDUH
EDVLQ��EHWD�SODQH�DQG�VLQJOH�J\UH�IRUFLQJ��,W�DSSHDUV�WKDW�ZH�FDQQRW�UHWULHYH�VROXWLRQV�RI�WKH
)'0�XVLQJ� WKH�)(0� IRU�FLUFXODWLRQV�RQ�D�EHWD�SODQH��$�SRVVLEOH�H[SODQDWLRQ�ZLOO�EH�GUDZQ
LQYHVWLJDWLQJ�WKH�)(0�DQG�)'0�IRUPXODWLRQV�DQG�ERXQGDU\�FRQGLWLRQV

��'����
6HD� /HYHO� 9DULDELOLW\� LQ� WKH� /DEUDGRU� 6HD� GXULQJ� WKH� :2&(�� +\GURJUDSK\� YV
723(;�326(,'21�$OWLPHWU\
,JRU�<DVKD\DHY���*XRTL�+DQ��DQG�-RKQ�/D]LHU�
�%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

+\GURJUDSKLF�REVHUYDWLRQV�DFURVV� WKH� /DEUDGRU�6HD�EHWZHHQ������DQG������ UHYHDO� ODUJH
YDULDWLRQV�LQ�WKH�SURSHUWLHV�RI�WKH�UHVLGHQW�ZDWHU�PDVVHV��$�VHULHV�RI�VHYHUH�ZLQWHUV�LQ�WKH�HDUO\
����V� FDXVHG� LQWHQVH� GHHS� FRQYHFWLRQ� FUHDWLQJ� D� KRPRJHQHRXV�ZDWHU�PDVV� LQ� WKH� XSSHU
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�����P�FDOOHG�/DEUDGRU�6HD�:DWHU��/6:���%HWZHHQ������DQG������/6:�EHFDPH�FROGHU��E\
����&��DQG�GHQVHU�� UHVXOWLQJ� LQ�D�GHFUHDVH�RI� WKH�VWHULF�KHLJKW� LQ� WKH�FHQWUDO�/DEUDGRU�6HD�
&RPSDUHG�WR�������ILUVW�RFFXSDWLRQ�RI�WKH�$5�:�:2&(�VHFWLRQ��WKH�VWHULF�KHLJKW� LQ�����
ZDV��� FP� ORZHU�� 6LQFH� ������ZKHQ� WKH� FROGHVW� ZDWHU�ZDV� IRXQG�� FRQYHFWLRQ� KDV� EHFRPH
JUDGXDOO\�ZHDNHU� OHDGLQJ� WR� WKH� FRH[LVWHQFH� RI� WKUHH� YHUVLRQV� RI� /6:�� %HWZHHQ� ����� DQG
����� WKH� HQWLUH� OD\HU� RI� WKH� /6:� ZDUPHG� XS� E\� DERXW� ���� &�� 7KRXJK� VDOLQLW\� LQFUHDVHG
GXULQJ�WKH�VDPH�SHULRG��WKH�OD\HU�EHFDPH�VLJQLILFDQWO\�OHVV�GHQVH��7KLV�UHVXOWHG�LQ�DQ�LQFUHDVH
RI�WKH�VWHULF�KHLJKW�LQ�WKH�FHQWUDO�/DEUDGRU�6HD�LQ�WKH�VHFRQG�KDOI�RI�WKH�����V��7KH�W\SLFDO
KHLJKW� LQ� WKH� VSULQJ� RI� �����ZDV� DERXW� �� FP� KLJKHU� WKDQ� WKDW� LQ� ����� DQG� UHDFKHG� WKH
KHLJKWV�REVHUYHG�LQ�WKH�ODWH�����V��ZKHQ�WKH�FRQYHFWLRQ�LQ�WKH�/DEUDGRU�6HD�LV�NQRZQ�WR�EH
ZHDN�

723(;�326(,'21� DOWLPHWHU� GDWD� IURP� ����� WR� ����� LQGLFDWHG� D� VLPLODU� LQWHUDQQXDO
YDULDELOLW\�RI�WKH�VHD�VXUIDFH�KHLJKW� LQ�WKH�FHQWUDO�/DEUDGRU�6HD��ZLWK�WKH�ORZHVW�VHD� OHYHO� LQ
WKH�ZHVWHUQ�/DEUDGRU�6HD� LQ� WKH�ZLQWHU�RI�������DV�REVHUYHG� LQ�VWHULF�KHLJKWV��7KH�DXWXPQ
VHD� OHYHO� LQFUHDVHG�DERXW����FP� IURP������ WR������� 7KH� FKDQJH� RI� WKH� VHD� OHYHO� LQ� WKLV
VHDVRQ� LV� WKH� ODUJHVW� DPRQJ� WKH� IRXU� VHDVRQV�� 7KH� VSULQJ� VHD� OHYHO� LQ� ����� ZDV
DSSUR[LPDWHO\� �� FP� KLJKHU� WKDQ� WKDW� LQ� ������ DOVR� FRQVLVWHQW� ZLWK� WKH� K\GURJUDSKLF
REVHUYDWLRQV�

:H�H[SHFW�WKDW�WKH�NQRZOHGJH�RI�LQWHUDQQXDO�FKDQJHV�RI�WKH�VHD�OHYHO�LQ�WKH�/DEUDGRU�6HD�LV
LPSRUWDQW� IRU� XQGHUVWDQGLQJ� WKH� UHODWLRQV� EHWZHHQ� WKH� SURFHVVHV� LQ� WKH� 6HD� DQG� WKH
FLUFXODWLRQ�RI�WKH�1RUWK�$WODQWLF�

��'����
6LPSOH� /LJKW� '\QDPLFV� 0RGHO� WR� ,QYHVWLJDWH� 3DUWLFXODWH� 2UJDQLF� &DUERQ� 9DULDELOLW\� LQ
6XEDUFWLF�3DFLILF
3DYHO�%RXEQRY��DQG�-DPHV�%LVKRS�
�8QLYHUVLW\�RI�9LFWRULD���(�2��/DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRU\��%HUNHOH\��&DOLIRUQLD

0DULQH� SKRWRV\QWKHVLV� LV� WKH� GRPLQDQW� FRPSRQHQW� RI� WKH� RFHDQV� FDUERQ� F\FOH�� 3DUWLFXODWH
RUJDQLF� FDUERQ� �32&�� F\FOH� LQ� WKH� RFHDQ� LV� WKH� SURGXFW� RI� ELRORJLFDO� SURFHVVHV� DQG� LWV
WHPSRUDO�DQG�VSDWLDO�G\QDPLFV�LV�D�JRRG�LQGLFDWRU�RI�KRZ�WKH�PDULQH�ELRJHRFKHPLFDO�F\FOH
UHVSRQGV� WR� FKDQJHV� LQ� SK\VLFDO� HQYLURQPHQW��:H� KDYH� VWXGLHG� 32&� YDULDELOLW\� LQ� (DVWHUQ
6XEDUFWLF�3DFLILF�WR�HOXFLGDWH�WKH�LPSRUWDQW�FRPSRQHQWV�JRYHUQLQJ�WKH�SURGXFWLRQ�RI�FDUERQ
ELRPDVV�� :H� KDYH� LQYHVWLJDWHG�� KRZ� WKH� XSSHU� RFHDQ� 32&� YDOXHV� DUH� UHODWHG� WR� WKH
SDUDPHWHUV� DIIHFWLQJ�SULPDU\�SURGXFWLRQ�� LQFOXGLQJ�PL[HG� OD\HU� GHSWKV�� DYDLODELOLW\� RI� OLJKW�
HQKDQFHG�QXWULHQW�VXSSO\�WKURXJK�ORFDO�XSZHOOLQJ�DQG�XSSHU�OD\HU�WHPSHUDWXUH��7KH�VXUIDFH
32&�H[KLELWV�VLJQLILFDQW�VSDWLDO�YDULDELOLW\�IURP�DERXW�����QPRO&�O�WR������QPRO&�O��VWURQJ
YHUWLFDO�32&�JUDGLHQW�H[LVWV�HYHU\ZKHUH�DW� WKH�KDORFOLQH��7KH�YDOXHV�RI�������P�LQWHJUDWHG
32&�VWDQGLQJ�VWRFN�YDU\� IURP����PLFURPRO&�PA��WR�DURXQG�����PLFURPRO&�PA���7KH
GLXUQDO�YDULDELOLW\�ZDV�URXJKO\�HVWLPDWHG�WR�EH�DW�������PPRO&�PA��

:H� KDYH� EXLOW� D� VLPSOH� PRGHO� RI� SDUWLFXODWH� G\QDPLFV� WR� LQYHVWLJDWH� WKH� PDLQ� IDFWRUV
JRYHUQLQJ� WKH� VKDSH� RI� YHUWLFDO� 32&�SURILOH�� 5HVXOWV� VKRZ� WKDW� HXSKRWLF� OD\HU� VWUDWLILFDWLRQ
DQG�OLJKW�DYDLODELOLW\�DUH�GRPLQDQW�IDFWRUV��7KH�RYHUWXUQ�ZLWKLQ�WKH�PL[HG�OD\HU�OHDGV�WR�KLJK
OLJKW�DYDLODELOLW\�IRU�PDULQH�ELRWD�ZKLFK�HQKDQFHV�SKRWRV\QWKHVLV�DQG�FDXVHV�WKH�32&�YDOXHV
EH�KLJK�DQG�TXDVL�XQLIRUP��8QGHU�WKH�EDVH�RI�PL[HG�OD\HU��OLJKW�DYDLODELOLW\�GHFOLQHV�WR�]HUR
DQG�JUD]LQJ�JRYHUQV�WKH�VKDUS�GHFUHDVH�RI�32&��7KH�SKRWLF�OD\HU�WHPSHUDWXUH�LV�RQH�RI�WKH
PRVW� LPSRUWDQW� IDFWRUV� JRYHUQLQJ� WKH� VSDWLDO� YDULDELOLW\� RI� 32&� WKURXJK� ERWK� PL[HG� OD\HU
GHSWKV� VKDOORZLQJ�DQG�SK\WRSODQNWRQ�JURZWK�HQKDQFHPHQW��$QRWKHU� IDFWRU� LV� HQKDQFHPHQW
RI�QXWULHQW�VXSSO\�WKURXJK�ORFDO�XSZHOOLQJ�
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��'����
$Q�,QWHUDFWLYH�$YLDWLRQ�:HDWKHU�'DWDEDVH��$:H'�
0DULH�)UDQFH�7XUFRWWH���5LFKDUG�9HUUHW���9DQK�6RXYDQODV\��DQG�0LFKHO�%DOWD]DU�
�&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

7KH�DYLDWLRQ�LQGXVWU\�LV�KHDYLO\�GHSHQGHQW�RQ�DFFXUDWH�DQG�WLPHO\�LQIRUPDWLRQ�RQ�FXUUHQW�DQG
IRUHFDVW� ZHDWKHU� FRQGLWLRQV� IRU� IOLJKW� SODQQLQJ� DQG� VDIHW\�� 7KH� GHPDQG� WR� KDYH� DFFHVV� WR
ZHDWKHU� LQIRUPDWLRQ� TXLFNO\� DQG� LQ� DQ� LQWXLWLYH� DQG� HDVLO\� XQGHUVWDQGDEOH� IDVKLRQ� LV� HYHU
LQFUHDVLQJ�� 'HVSLWH� WKH� GHPDQG� DQG� DOO� WHFKQRORJLFDO� DQG� VFLHQWLILF� SURJUHVVHV� PDGH� LQ
DQDO\]LQJ�DQG�IRUHFDVWLQJ�DWPRVSKHULF�FRQGLWLRQV��WKH�FRQWHQW�DQG�IRUPDW�RI�DYLDWLRQ�ZHDWKHU
LQIRUPDWLRQ�KDYH�QRW�VLJQLILFDQWO\�HYROYHG�IURP�WKH�WUDGLWLRQDO�DOSKDQXPHULF�EXOOHWLQV�WKDW�DUH
VWLOO� LQ� XVH� QRZDGD\V�� +RZHYHU�� DGYDQFHPHQWV� LQ� FRPSXWHU� VFLHQFHV� DQG� LQ� QXPHULFDO
PRGHOLQJ� RI� WKH� DWPRVSKHUH� KDYH� EURXJKW� IRUZDUG� WKH� FDSDELOLW\� RI� UHVSRQGLQJ� WR� WKH
GHPDQG�� 1XPHULFDO� ZHDWKHU� SUHGLFWLRQ� PRGHOV� FDQ� LQJHVW� DQ� HYHU�� LQFUHDVLQJ� DPRXQW� RI
GDWD� IURP� YDULRXV� VRXUFHV� DQG� SURGXFH� KLJK�TXDOLW\� JULGGHG� IRUHFDVWV� LQ� UHODWLYHO\� VKRUW
SHULRGV�RI�WLPH��&RPSXWHUV�SRZHUIXO�HQRXJK�DUH�DYDLODEOH�DW�UHODWLYHO\�ORZ�FRVWV�WR�SURFHVV
LPSUHVVLYH� DPRXQWV� RI� LQIRUPDWLRQ� SURGXFHG� E\� WKH� QXPHULFDO� PRGHOV�� DQG� FRPLQJ� IURP
RWKHU�VRXUFHV��DQG�JHQHUDWH�TXLFNO\��XVHU�WDLORUHG�LQIRUPDWLRQ�SURGXFWV�LQ�JUDSKLFDO�IRUPDWV�
&RPSXWHU� DSSOLFDWLRQV� DUH� DYDLODEOH� WR� EXLOG� XVHU� IULHQGO\� LQWHUIDFHV� DQG� PDNH� WKH
LQIRUPDWLRQ�DYDLODEOH�RQ�QHWZRUNV��7KLV�RSHQV�D�ZKROH�HUD�RI�QHZ�DYLDWLRQ�ZHDWKHU�SURGXFWV
WKXV� DOORZLQJ� D� TXLFN� DQG� LQWXLWLYH� XQGHUVWDQGLQJ� RI� DFWXDO� DQG� IRUHFDVW� DYLDWLRQ� ZHDWKHU
FRQGLWLRQV

7KH� LQWHUDFWLYH� DYLDWLRQ� ZHDWKHU� GDWDEDVH� LV� WKH� FRUH� FRPSRQHQW� RI� DQ� DYLDWLRQ� ZHDWKHU
GLVSOD\� V\VWHP� WR� EH� XVHG� DV� D� EULHILQJ�DLG� WRRO�� 7KH� GDWDEDVH� LQFOXGHV� JULGGHG� DYLDWLRQ�
LPSDFW� YDULDEOHV� WKDW� FDQ� EH� LQWHUDFWLYHO\� TXHULHG� WKURXJK� D� XVHU�IULHQGO\� -$9$� EDVHG
DSSOLFDWLRQ�� 7KH� GULYLQJ� PRGHO� IRU� WKH� GDWDEDVH� LV� WKH� RSHUDWLRQDO� &DQDGLDQ� 5HJLRQDO
PRGHO�� 9DULDEOHV� DUH� FRPSXWHG� RQ� WKH� KLJK� UHVROXWLRQ� SRUWLRQ� RI� WKH� PRGHO
V� JULG� ZKLFK
FRYHUV�DOO�RI�&DQDGD��DGMDFHQW�ZDWHUV�DV�ZHOO�DV�D�VLJQLILFDQW�SRUWLRQ�RI�8QLWHG�6WDWHV�DW�D���
NP�KRUL]RQWDO�UHVROXWLRQ��DQG�HYHU\������IHHW� LQ� WKH�YHUWLFDO� IURP�PHDQ�VHD� OHYHO�XS� WR���
����IHHW�LQWHUSRODWHG�IURP�WKH����VLJPD�OHYHOV�RI�WKH�PRGHO��DQG�DW�D����KRXU�WLPH�UHVROXWLRQ
IURP�]HUR� WR����KRXU�SURMHFWLRQ� WLPHV��7KH�GDWDEDVH� LV�XSGDWHG� WZLFH�SHU�GD\� ����DQG���
87&��LQ�UHDO�WLPH��,Q�LWV�FXUUHQW�VWDWH�WKH�DYLDWLRQ�ZHDWKHU�GDWDEDVH�LQFOXGHV���WHPSHUDWXUHV�
ZLQGV��LFLQJ��WXUEXOHQFH��FORXG�IUDFWLRQ��UHODWLYH�KXPLGLW\��YHUWLFDO�YHORFLW\�DW�DOO�IOLJKW�OHYHOV��,W
DOVR� LQFOXGHV� �� WURSRSDXVH� SUHVVXUH� DQG� WHPSHUDWXUH�� IUHH]LQJ� OHYHO�� WRWDO� FORXG� FRYHU�
LQVWDQWDQHRXV� SUHFLSLWDWLRQ� UDWH� DW� WKH� VXUIDFH� DQG� VWDWLRQ� SUHVVXUH�� 7KH� FXUUHQW� LFLQJ
DOJRULWKP� LV�EDVHG�RQ� VXSHUFRROHG� OLTXLG�ZDWHU� FRQWHQW� IRUHFDVW�E\� WKH�GULYLQJ�PRGHO�� 7KH
WXUEXOHQFH�DOJRULWKP�LV�EDVHG�RQ�WKH�GHIRUPDWLRQ�YHUWLFDO�VKHDU�LQGH[�WKDW�LQYROYHV�KRUL]RQWDO
DQG� YHUWLFDO� GHULYDWLYHV� RI� WKH� ZLQGV�� 5HDO�WLPH� REVHUYDWLRQ� GDWD�� 0(7$5�� 63(&,�� )$�
6,*0(7��$,50(7�DQG�3,5(3��DUH�DOVR�LQFRUSRUDWHG�LQ�WKH�GDWDEDVH��)XWXUH�SURJUDPV�ZLOO�EH
GHYHORSHG�WR�LQFOXGH�JUDSKLFDO�)$��VDWHOOLWH�LPDJHU\��UDGDU�GDWD��DQG�RWKHUV�

7KH� $:H'� GDWDEDVH� LV� PDGH� DFFHVVLEOH� RQ� QHWZRUN� WKURXJK� D� XVHUV� LQWHUIDFH�� 7KLV
DSSOLFDWLRQ�DOORZV�WKH�XVHUV�WR�HQWHU�IOLJKW�SDUDPHWHUV��VXFK�DV�GHSDUWXUH�DQG�DUULYDO�SRLQWV�
DOWHUQDWH�DLUSRUWV��FKHFN�SRLQWV�DORQJ�WKH�SODQQHG� URXWH��HVWLPDWHG�HODSVH� WLPH�RI� WKH� IOLJKW
DQG� IOLJKW� OHYHO�� 6HULHV� RI� PHWHRURORJLFDO� SURGXFWV�� DOO� WDLORUHG� WR� HDFK� SDUWLFXODU� IOLJKW�� LQ
SODQ�YLHZ�DQG�RU�YHUWLFDO�FURVV�VHFWLRQ�DORQJ�WKH� URXWH�FDQ�WKHQ�EH�UHTXHVWHG�� ,W� LV� WKH� ILUVW
NQRZQ� IXOO\� LQWHUDFWLYH� V\VWHP� WKDW� FDQ� JHQHUDWH� XVHU� WDLORUHG� PHWHRURORJLFDO� DYLDWLRQ
SURGXFWV� IURP� D� QXPHULFDO� PRGHO� JULGGHG� GDWDEDVH�� $� YHULILFDWLRQ� V\VWHP� LV� DOVR� XQGHU
GHYHORSPHQW�DV�SDUW�RI�WKH�GDWDEDVH��LQ�RUGHU�WR�DVVHVV�WKH�UHOLDELOLW\�DQG�SHUIRUPDQFH�RI�WKH
GLIIHUHQW�DYLDWLRQ�LPSDFW�YDULDEOH�DOJRULWKPV�
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6HVVLRQ���'��
0RGpOLVDWLRQ�GX

FOLPDW�,,,
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��'����
7RUQDGHV�QRQ�VXSHU�FHOOXODLUHV�GDQV�OH�VXG�RXHVW�GX�4XpEHF
3LHUUH�9DLOODQFRXUW�
�0pWpRURORJLVWH�6HQLRU��&HQWUH�0pWpURURORJLTXH�GX�4XpEHF

'HSXLV������� OH� UDGDU�GRSSOHU�GH� O
2EVHUYDWRLUH�0pWpRURORJLTXH� -�6�0DUVKDOO�052��D� pWp
GRSSOpULVp��&H�GHUQLHU�FRXYUH�OH�VXG�RXHVW�GX�4XpEHF�HW�D�SHUPLV�OD�GpWHFWLRQ�GH�VLJQDWXUHV
PpVRF\FORQLTXHV�FDUDFWpULVWLTXHV�GH�WRUQDGHV�

(Q�SOXV�GHV�FDV�FODVVLTXHV�GH�WRUQDGHV�VXSHU�FHOOXODLUHV��SOXVLHXUV�DXWUHV�FDV�RQW�pWp�GpWHFWpV
VRXV�GHV�RUDJHV�PLQHXUV�RX�PrPH�GHV�DYHUVHV�PRGpUpHV��&HWWH�SUpVHQWDWLRQ�PRQWUHUD�XQ�WHO
FDV�� WDQW� GX� SRLQW� GH� YXH� DQDO\VH� GH� OD� VLWXDWLRQ� V\QRSWLTXH� TXH� GX� SRLQW� GH� YXH� GH
O
REVHUYDWLRQ�

/
pWp� ����� D� pWp� SDUWLFXOLqUHPHQW� IHUWLOH� GDQV� FH� JHQUH� GH� WRUQDGHV� HW� QRXV� PRQWUHURQV
pJDOHPHQW�XQ�FDV�YXH�SDU�OH�UDGDU�FRQYHQWLRQQHO�GH�9LOOHUR\��QRQ�GRSSOHU��

��'����
7KH� &2%(/� �'� PRGHO� DV� D� FRPSRQHQW� RI� WKH� )$$
V� 0DULQH� 6WUDWXV� ,QLWLDWLYH� DW� WKH� 6DQ
)UDQFLVFR�DLUSRUW�
5REHUW�7DUGLI���3HWHU�=ZDFN��DQG�6DQGUD�7XUQHU�
�6FLHQFHV�GH�O
$WPRVSKqUH��'pSDUWHPHQW�GHV�6FLHQFHV�GH�OD�7HUUH��84$0

7KH�)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ� LV� IXQGLQJ�D� UHVHDUFK�	�GHYHORSPHQW� WHDP� WR�GHYHORS
QRZFDVWLQJ�WRROV�WR�SUHGLFW�WKH�WLPH�RI�GLVVLSDWLRQ�RI�PDULQH�VWUDWXV�FORXGV� LQ� WKH�DSSURDFK
]RQH� RI� WKH� 6DQ� )UDQFLVFR� DLUSRUW� �6)2��� 7KH� SUHVHQFH� RI� WKHVH� FORXGV� ZLWKLQ� WKH� 6DQ
)UDQFLVFR�ED\�GXULQJ�WKH�DLUSRUW
V�PRUQLQJ�UXVK�FDXVHV�LPSRUWDQW�GLVUXSWLRQV�LQ�WKH�SODQQHG
DLU�WUDIILF�IORZ�ZLWKLQ�WKH�UHJLRQDO�DLUVSDFH��7KXV�PRUH�DFFXUDWH�IRUHFDVWV�RI�WKH�WLPH�RI�EXUQ�
RII��GLVVLSDWLRQ��RI�PDULQH�VWUDWXV�ZRXOG�KHOS�HQKDQFH�WKH�DLU�WUDIILF�PDQDJHPHQW�SURFHVV�

7KH� XVH� RI� VHYHUDO� WHFKQLTXHV� WR� XQGHUWDNH� WKLV� SDUWLFXODUO\� GLIILFXOW� IRUHFDVW� SUREOHP� LV
SULYLOHJHG�� 7KH� )$$� KDV� GHFLGHG� WR� XVH� WKLV� PXOWL�DSSURDFK� PHWKRGRORJ\� EDVHG� RQ� WKH
675$786�SURWRW\SH�V\VWHP�GHYHORSHG�LQ�&DQDGD��,W�LV�EHOLHYHG�WKDW�D��FRQVHQVXV��IRUHFDVW�RI
YDULRXV�LQGLYLGXDO�IRUHFDVWV�ZRXOG�SURYLGH�PRUH�FRPSUHKHQVLYH�UHVXOWV�RYHU�D�ZLGHU�UDQJH�RI
FDVHV�� WKDQ� WKH� LQGLYLGXDO� IRUHFDVWV� WKHPVHOYHV��7KH� VWUDWXV�EXUQ�RII� FRQFHQVXV� IRUHFDVW�ZLOO
LQFOXGH�LQIRUPDWLRQ�IURP�DQ�DUUD\�RI�UHDGLO\�DYDLODEOH�DQG�GHGLFDWHG�VHQVRUV��DQDO\VLV�WRROV�
DORQJ�ZLWK�VWDWLVWLFDO�DGDSWDWLRQ�WHFKQLTXHV�DQG�G\QDPLFDO�IRUHFDVW�SURGXFWV�

+HUH�� WKH� FRQWULEXWLRQ� RI� D� �'� QXPHULFDO� PRGHO� SURGXFLQJ� G\QDPLFDO� IRUHFDVWV� RI� FORXG
ZDWHU�FRQWHQW�LV�KLJKOLJKWHG��$�GHVFULSWLRQ�RI�WKH�PRGHO�LWVHOI��DQG�HIIRUWV�FXUUHQWO\�XQGHUZD\
DW�84$0�WRZDUG�LWV�DGDSWDWLRQ�WR�WKH�6)2�VWUDWXV�IRUHFDVWLQJ�SUREOHP�ZLOO�EH�SUHVHQWHG�

'LVFODLPHU��7KLV�UHVHDUFK�LV� LQ�UHVSRQVH�WR�UHTXLUHPHQWV�DQG�IXQGLQJ�E\�WKH�)$$��7KH�YLHZV
H[SUHVVHG� DUH� WKRVH� RI� WKH� DXWKRUV� DQG� GR� QRW� QHFHVVDULO\� UHSUHVHQW� WKH� RIILFLDO� SROLF\� RU
SRVLWLRQ�RI�WKH�86�*RYHUQPHQW�
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6HVVLRQ���'��
0RGpOLVDWLRQ�GX
FOLPDW�,,,

&OLPDWH�0RGHOOLQJ�,,,
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��'����
&2%(/
$QGUp�$SULO�
�84$0

'H�PDL�D�VHSWHPEUH�VH�GpYHORSSH�XQ�JUDQG�DQWLF\FORQH�DX�GHVVXV�GH�OD�UpJLRQ�GX�3DFLILTXH
(VW��3HQGDQW�FHWWH�SHULRGH�GHV�QXDJHV�GH� W\SH�VWUDWXV�PDULWLPH� VRQW�SUpVHQWV�DX�GHVVXV�GH
O
DpURSRUW�GH�6DQ�)UDQFLVFR�HW�RQW�SRXU�HIIHW�GH�UHGXLUH�OH�WDX[�G
DWWHUULVVDJH�SHUPLV�

2Q�XWLOLVH�OH�PRGHOH�&2%(/�DXTXHO�RQ�D�LPSODQWp�XQ�PRGXOH�GH�SUpFLSLWDWLRQ�SRXU�HIIHFWXHU
XQH�SUpYLVLRQ�GX�PRPHQW�GH�GLVVLSDWLRQ�GHV�QXDJHV�GH� W\SH�VWUDWXV�PDULWLPH��2Q�SUpVHQWH
WURLV� FDV� R�� OHV� REVHUYDWLRQV� VRQW� FRQQXHV�� /H� PRGXOH� GH� SUpFLSLWDWLRQ� FRPELQp� DYHF� XQ
HVWLPp�GX�PRXYHPHQW�YHUWLFDO�SHUPHW�G
DWWpHQXHU�FRQVLGpUDEOHPHQW�O
HFDUW�HQWUH�OD�SUpYLVLRQ
HW�OHV�REVHUYDWLRQV�

)URP�PD\�WR�VHSWHPEHU�WKHUH�LV�D�JUHDW�]RQH�RI�KLJK�SUHVVXUH�RQ�(VW�3DFLILF��7KHUH�LV�WRR�D
PDULQH�VWUDWXV�FORXG�DW� WKH�DLUSRUW�RI�6DQ�)UDQFLVFR��7KH�SUHVHQFH�RI� WKLV�FORXG� UHGXFH� WKH
ODQGLQJ�DGPLW��:H�XVH�WKH�PRGHO�&2%(/�ZLWK�D�UDLQ�PRGXOH�WR�PDNH�D�IRUHFDVW�RI�WKH�EXUQ
RII� RI� WKH� FORXGV�� 7KH�PRGXOH� RI� UDLQ� ZLWK� RQH� HVWLPDWH� RI� WKH� YHUWLFDO�PRXYHPHQW� RI� WKH
DWPRVSKHUH�SHUPLW� WR� IRUHFDVWLQJ� WKH�EXUQ�RII��:H�XVH� WKUHH�FDVH�ZKHUH� WKH�REVHUYDWLRQ� LV
NQRZ�WR�VWXG\�WKH�VLWXDWLRQ�

��'����
(YDOXDWLRQ�RI�&2%(/�QRZFDVWV�RI�VWUDWXV�GLVVLSDWLRQ�DW�6DQ�)UDQFLVFR�$LUSRUW
6DQGUD�7XUQHU���5REHUW�7DUGLI��DQG�3HWHU�=ZDFN�
�8QLYHUVLWp�GX�4XpEHF�D�0RQWUpDO

5HVXOWV�REWDLQHG�IURP���VXPPHUV��0D\�WR�2FWREHU�������DQG�������RI�QRZFDVWV�RI�V�WUDWXV
EXUQRII�LQ�6DQ�)UDQFLVFR�DLUSRUW��6)2��ZLOO�EH�SUHVHQWHG��7KH�QRZFDVWV�DU�H�SURGXFHG�XVLQJ
WKH� &2%(/� �&RGH� %URXLOODUG� (DX� /LTXLGH�� FROXPQ�PRGHO� FRPELQHG� Z� LWK� HQKDQFHG� ORFDO
REVHUYDWLRQV�

7KH�&2%(/�PRGHO�ZDV�RULJLQDOO\� GHYHORSHG� LQ� )UDQFH� IRU� VLPXODWLQJ� WKH� HYROXWLRQ� RI� YHU\
VWDEOH�ERXQGDU\� OD\HUV� IRU� IRUHFDVWLQJ� WKH�RQVHW�RI� IRJ��7KH�PRGHO�ZDV�R� ULJLQDOO\� LQLWLDWHG
ZLWK�D�ZHOO�PL[HG�ERXQGDU\�OD\HU��DW�WKH�HQG�RI�WKH�DIWHUQRR�Q��DQG�ZDV�DEOH�WR�VLPXODWH�WKH
RQVHW�RI�QRFWXUQDO�UDGLDWLRQ�IRJ�DQG�GLVWLQJXLV�K�EHWZHHQ�IRJ�DQG�QHDU�IRJ��&2%(/�KDV�QRZ
EHHQ�PRGLILHG�WR�QRZFDVW�WKH�GLVVLSDW�LRQ�RI�PDULQH�VWUDWXV�

7KH�FRQILJXDWLRQ�RI�&2%(/�PRGHO�LQ�WKLV�VWXG\�KDV�YHU\�KLJK�YHUWLFDO�UHVROXWLRQ�RU�WKH�RUGHU
RI� �� PHWHU� LQ� WKH� VXUIDFH� OD\HU� DQG� ��� PHWHUV� LQ� DQG� MXVW� DERYH� WKH� FORXG�� $� VHULHV� RI
QRZFDVWV� DUH� LQLWLDWHG� HYHU\� KRXU� E\� DVVLPLODWLQJ� ORFDO� WHP� SHUDWXUH� DQG� UHPRWHO\� VHQVHG
FORXG�LQIRUPDWLRQ�WR�XSGDWH�WKH�LQLWLDO�YHUWLFDO�SU�RILOH��$�VL[�KRXU�IRUHFDVWV�UHTXLUHV���PLQXWHV
RI�&38�RQ�D�PRGHVW�PRGHUQ� VXQ�ZRU� NVWDWLRQ�� 5HVXOWV� IRU� QRZFDVWV� IRU� SHULRGV� RI� �� WR� �
KRXUV�ZLOO�EH�SUHVHQWHG�

'LVFODLPHU��7KLV�UHVHDUFK�LV� LQ�UHVSRQVH�WR�UHTXLUHPHQWV�DQG�IXQGLQJ�E\�WKH�)$$��7KH�YLHZV
H[SUHVVHG� DUH� WKRVH� RI� WKH� DXWKRUV� DQG� GR� QRW� QHFHVVDULO\� UHSUHVHQW� W� KH� RIILFLDO� SROLF\� RU
SRVLWLRQ�RI�WKH�86�*RYHUQPHQW�
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3RVWHUV
3RVWHU��
$�1HXUDO�1HWZRUN�$WPRVSKHULF�0RGHO�IRU�+\EULG�&RXSOHG�0RGHOOLQJ
<RXPLQ�7DQJ���:LOOLDP�+VLHK���%HQ\DQJ�7DQJ��DQG�.HLWK�+DLQHV�
�2FHDQRJUDSK\�(26�� 8QLYHUVLW\� RI� %ULWLVK� &ROXPELD�� �'HSDUWPHQW� RI� 0HWHRURORJ\�� 7KH
8QLYHUVLW\�RI�(GLQEXUJK

7KH� SRVVLELOLW\� RI� XVLQJ� D� QRQOLQHDU� HPSLULFDO� DWPRVSKHULF� PRGHO� IRU� K\EULG� FRXSOHG
DWPRVSKHUH�RFHDQ� PRGHOOLQJ� KDV� EHHQ� H[DPLQHG� ZLWK� D� QHXUDO� QHWZRUN� �11�� PRGHO� IRU
SUHGLFWLQJ�WKH�FRQWHPSRUDQHRXV�ZLQG�VWUHVV�ILHOG� IURP�WKH�XSSHU�RFHDQ�VWDWH��8SSHU�RFHDQ
KHDW�FRQWHQW��+&��IURP�D���OD\HU�RFHDQ�PRGHO�ZDV�D�EHWWHU�SUHGLFWRU�RI�WKH�ZLQG�VWUHVV�WKDQ
WKH��REVHUYHG�RU�PRGHOOHG��VHD�VXUIDFH� WHPSHUDWXUH��667���2XU� UHVXOWV� VKRZHG� WKDW� WKH�11
PRGHO�JHQHUDOO\�KDG�VOLJKWO\�EHWWHU�VNLOOV�LQ�SUHGLFWLQJ�WKH�FRQWHPSRUDQHRXV�ZLQG�VWUHVV�WKDQ
WKH� OLQHDU� UHJUHVVLRQ� �/5�� PRGHO� LQ� WKH� RII�HTXDWRULDO� WURSLFDO� 3DFLILF� DQG� LQ� WKH� HDVWHUQ
HTXDWRULDO�3DFLILF��:KHQ�WKH�ZLQG�VWUHVVHV�IURP�WKH�11�DQG�/5�PRGHOV�ZHUH�XVHG�WR�GULYH�WKH
RFHDQ�PRGHO��VOLJKWO\�EHWWHU�667�VNLOOV�ZHUH�IRXQG�LQ�WKH�RII�HTXDWRULDO�WURSLFDO�3DFLILF�DQG�LQ
WKH�HDVWHUQ�HTXDWRULDO�3DFLILF�ZKHQ�WKH�11�ZLQGV�ZHUH�XVHG�LQVWHDG�RI�WKH�/5�ZLQGV��%HWWHU
VNLOOV�IRU�WKH�PRGHO�+&�ZHUH�IRXQG�LQ�WKH�ZHVWHUQ�DQG�FHQWUDO�HTXDWRULDO�3DFLILF�ZKHQ�WKH�11
ZLQGV� ZHUH� XVHG� LQVWHDG� RI� WKH� /5� ZLQGV�� :K\� 11� IDLOHG� WR� VKRZ� PRUH� VLJQLILFDQW
LPSURYHPHQW�RYHU�/5�LQ�WKH�HTXDWRULDO�3DFLILF�IRU�WKH�ZLQG�VWUHVV�DQG�667�LV�SUREDEO\�EHFDXVH
WKH�UHODWLRQVKLS�EHWZHHQ�WKH�VXUIDFH�RFHDQ�DQG�WKH�DWPRVSKHUH�LQ�WKH�HTXDWRULDO�3DFLILF�RYHU
WKH�VHDVRQDO�WLPH�VFDOH�LV�EDVLFDOO\�OLQHDU�

3RVWHU��
7251$'2�6,08/$7,21��(QYLURQPHQWDO�HIIHFWV
-RVH�9HUJDUD��DQG�)HUGLQDQG�%DHU�
�8QLYHUVLGDG�GH�&KLOH��&+,/(����8QLYHUVLW\�RI�0DU\ODQG��86$�

6HYHUDO�DXWKRUV�KDYH�VKRZQ��IURP�ILHOG�REVHUYDWLRQV�WKDW�HQYLURQPHQWDO�FRQGLWLRQV�FDQ�KDYH
D�VLJQLILFDQW� LPSDFW�RQ� WKH�GHWHUPLQDWLRQ�RI� WKH� ILQDO� WRUQDGR� LQWHQVLW\�� 7KHVH� VWXGLHV� VKRZ
WKDW� YLROHQW� WRUQDGRHV� �)��)���DUH�DVVRFLDWHG�ZLWK� LQWHQVH� ODUJH� VFDOH� YHUWLFDO� VKHDU�� 6PDOO
WRUQDGRHV��)��)���DUH�PRUH�GHSHQGHQW�RQ�D�FRQYHFWLYH�SDUDPHWHU�� IRU�H[DPSOH�FRQYHFWLYH
DYDLODEOH� RWHQWLDO� HQHUJ\� �&$3(�� RU� VXUIDFH� OLIWHG� LQGH[�� ,Q� WKH� IROORZLQJ� VWXG\�� WKH
GHYHORSPHQW�RI�WKH�WRUQDGR�OLNH�YRUWH[�LV�VWXGLHG�IRU�GLIIHUHQW�YDOXHV�RI�WZR�NH\�SDUDPHWHUV�
WKH�ORZHU�OHYHO�ZLQG�VKHDU��VXUIDFH�WR������PHWHUV��DQG�WKH�VXUIDFH�OLIWHG�LQGH[��(PSKDVLV�LV
SODFHG�RQ�WKHVH�WZR�ODUJH�VFDOH�SDUDPHWHUV��ZKLFK�DUH�HDVLO\�FDOFXODWHG�LQ�RSHUDWLRQDO�ZRUN�
7KHVH�IHDWXUHV�ZHUH�QRW�LQFOXGHG�RQ�WKH�SDVW�QXPHULFDO�VLPXODWLRQV��7KH�IROORZLQJ�UHVXOWV�ZLOO
VKRZ�� D� FOHDU� DQG� XQDPELJXRXV� GHPRQVWUDWLRQ� RI� WKH� LPSRUWDQFH� RI� WKH� HQYLURQPHQWDO
SDUDPHWHUV� WR� GHILQH� WKH� WRUQDGRHV� HYROXWLRQ�� 7KH� DXWKRUV� DUH� LQWHUHVWHG� WR� H[SORUH� WKH
LPSDFW�RI� WKH�HQYLURQPHQWDO� ORZHU� OHYHO� VKHDU�RQ� WRUQDGR�SDUHQW� FORXG�HYROXWLRQ��EHFDXVH
WKH� REVHUYDWLRQDO� HYLGHQFH� VXSSRUWV� WKH� LGHD� WKDW� PRGHUDWH� DQG� VWURQJ� WRUQDGRHV� DUH
IUHTXHQWO\�HYROYHG�LQ�WKH�SUHVHQFH�RI�HQYLURQPHQWDO�ZLQG�VKHDU��7KHUHIRUH��LW�LV�REYLRXV�WKDW
PRGLILFDWLRQV� RI� WKHVH� HQYLURQPHQWDO� SDUDPHWHUV� ZRXOG� LQWURGXFH� PDMRU� HIIHFWV� RQ� WKH
G\QDPLFV�RI�WKH�WRUQDGR�SDUHQW�FORXGV��1HZ�LQIRUPDWLRQ�RQ�WKLV�TXHVWLRQ�ZRXOG�EH�H[WUHPHO\
LPSRUWDQW�IRU�SRWHQWLDO�IRUHFDVWV�RI�WRUQDGR�LQWHQVLWLHV��7RUQDGR�G\QDPLFV�LQ�D�PRLVW�XQVWDEOH
FRQYHFWLYH�DWPRVSKHUH�ZDV� VWXGLHG� DV� DQ� LQLWLDO� YDOXH� SUREOHP�XVLQJ� D� WKUHH�GLPHQVLRQDO�
QRQOLQHDU�� IXOO\� FRPSUHVVLEOH� FORXG� PRGHO�� 7KH� SULPDU\� JRDO� RI� WKH� SUHVHQW� ZRUN� ZDV� WR
H[WHQG�WKH�SUHYLRXV�VWXGLHV�RQ�WRUQDGR�QXPHULFDO�VLPXODWLRQV�XVLQJ�D�PRGHO�ZKLFK�H[SOLFLWO\
UHVROYHV�ERWK� WKH� FORXG� DQG� WKH� WRUQDGR� IHDWXUHV�� 7KH� GHYHORSPHQW� RI� WKH� WRUQDGR�SDUHQW
FORXG�LV�VWXGLHG�IRU�GLIIHUHQW�YDOXHV�RI�WZR�NH\�HQYLURQPHQWDO�SDUDPHWHUV��WKH�ORZHU�OHYHO�ZLQG
VKHDU��VXUIDFH�WR������PHWHUV��DQG�WKH�VXUIDFH�OLIWHG�LQGH[��(PSKDVLV�LV�SODFHG�RQ�WKHVH�WZR
ODUJH�VFDOH� SDUDPHWHUV�� ZKLFK� DUH� HDVLO\� FDOFXODWHG� LQ� RSHUDWLRQDO� ZRUN�� )RXU� LGHDOL]HG
DWPRVSKHUHV�DUH�JHQHUDWHG�IRU�WKH�VLPXODWLRQV��7KHVH�IRXU�FDVHV�LQFOXGHG�WZR�GLIIHUHQW�OLIWHG
LQGH[� YDOXHV� DQG� WZR� GLIIHUHQW� ORZHU� OHYHO� VKHDU� YDOXHV�� $OO� RI� WKH� IRXU� VLPXODWLRQV� ZHUH
LQLWLDOL]HG�ZLWK�D�VLPSOH�5DQNLQH�YRUWH[��7KHVH�H[SHULPHQWV�GHPRQVWUDWH�WKH�LPSRUWDQFH�RI�WKH
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3RVWHUV
HQYLURQPHQWDO� FRQGLWLRQV� LQ� LQIOXHQFLQJ� WKH� G\QDPLFV� RI� WKH� HYROYLQJ� YRUWH[�SDUHQW� FORXG
DQG��LQ�SDUWLFXODU��WKH�HYROXWLRQ�RI�VXFWLRQ�YRUWLFHV��7KH�PRVW�UHPDUNDEOH�HIIHFW�RI�WKH�ORZHU
OHYHO� ZLQG� VKHDU� LV� WKH� PRGLILFDWLRQ� RI� VXFWLRQ� YRUWH[� VWUXFWXUH�� )RU� ORZHU� OHYHO� VKHDU�� D
V\PPHWULF�VROXWLRQ�RI�WKUHH�VXFWLRQ�YRUWLFHV�URWDWLQJ�DURXQG�D�FRPPRQ�FHQWHU�LV�GHYHORSHG�
LQ�FRQWUDVW�WR�WKH�ODUJH�ORZHU�OHYHO�ZLQG�VKHDU�H[SHULPHQWV��ZKHUH�WKH�VROXWLRQ�HYROYHG�WR�D
VPDOO� QXPEHU� RI� VXFWLRQ� YRUWLFHV��2QH� VXFWLRQ� YRUWH[� LV� WKH�PRVW� FRPPRQ� VROXWLRQ� RI� WKH
VKHDU� H[SHULPHQWV� DQG� URWDWHV� DURXQG� WKH� FRPPRQ� FHQWHU�� 7KH� ZULWHU� EHOLHYHV� WKDW� WKHVH
HIIHFWV�DUH�LPSRUWDQW�LQ�RUGHU�WR�GHILQH�WKH�ILQDO�LQWHQVLW\�RI�WKH�VLPXODWHG�WRUQDGR��)LQDOO\�ZH
EHOLHYH� WKLV�ZRUN�GHPRQVWUDWHV� WKDW� VLPXODWLRQ�RI�SKHQRPHQD�RI� WKH� W\SH�SUHVHQWHG�KHUH� LV
FRPSXWDWLRQDOO\� IHDVLEOH� ZLWK� PLQLPXP� VLPSOLILFDWLRQ� RI� WKH� RULJLQDO� VHW� RI� HTXDWLRQV�
+RZHYHU��PXFK�KLJKHU�QXPHULFDO�UHVROXWLRQ�LV�UHTXLUHG�WR�VROYH�WKH�FRPSOHWH�VROXWLRQ�RI�WKH
VXFWLRQ� YRUWH[� G\QDPLFV� DQG� WKH� FRUUHFW� GHWHUPLQDWLRQ� RI� WKH� LQWHQVLWLHV� RI� WKH� VLPXODWHG
WRUQDGR�� 2EYLRXVO\� ZLWK� WKH� LQFUHDVHG� RI� WKH� FRPSXWLQJ� WHFKQRORJ\�� SKHQRPHQD� OLNH�
WRUQDGRHV�ZLOO�EH�PRGHOOHG�LQ�WKH�IXWXUH�LQH[SHQVLYHO\�LQ�D�PXFK�PRUH�UHDOLVWLF�VFHQDULR�WKDW
LQFOXGHV�WKH�VWRUP�VFDOHV��7KH�PRGHO�SUHVHQWHG�LQ�WKLV�ZRUN�FRXOG�EH�RQH�DWWUDFWLYH�FKRLFH�RQ
WKHVH�FDVHV��$�YHUVLRQ�RI�RXU�DEVWUDFW��LQFOXGLQJ�DQLPDWLRQV��LV�DYDLODEOH�RQ�WKH�LQWHUQHW�

KWWS���ZZZ�GJI�XFKLOH�FO�aMYHUJDUD�FRQI�&026��$�KWPO

3RVWHU��
$VK�)RUHFDVWLQJ�(YHQW�RYHU�:HVWHUQ�&DQDGD����������)RUHQVLF�6WXG\�DQG�2SHUDWLRQDO
5HVSRQVH
.HQ�/LWWOH��DQG�5HQp�6HUYUDQFN[�
�0RXQWDLQ�:HDWKHU�6HUYLFHV�2IILFH��(QYLURQPHQW�&DQDGD���&0&��(QYLURQPHQW�&DQDGD

$W�DSSUR[LPDWHO\������87&���� -XO\�������DQ�DLUFUDIW� RYHU� VRXWKZHVWHUQ�%ULWLVK�&ROXPELD
UHSRUWHGO\�ZDV�IRUFHG�WR�GLYHUW�DURXQG�D�YROFDQLF�DVK�FORXG��$�SLORW�RQ�WKH�DLUFUDIW��IO\LQJ�DW
DSSUR[LPDWHO\����WKRXVDQG�IHHW�ZDV�TXRWHG�DV�VD\LQJ��,�KDYH�QRW�VHHQ�DQ\WKLQJ�OLNH�WKLV�VLQFH
0RXQW�6W��+HOHQV�HUXSWHG���,PPHGLDWHO\�WKHUHDIWHU��DQ�LQYHVWLJDWLRQ�FRPPHQFHG�WR�GHWHUPLQH
WKH� VRXUFH� RI� WKLV� FORXG�� FRQFXUUHQWO\�� 6,*0(7� PHVVDJHV� ZHUH� LVVXHG� DQG� HPHUJHQF\
UHVSRQVH�SURFHGXUHV�DFWLYDWHG�

7KH�HYHQW�LV�FKURQLFOHG��ZLWK�DQ�HPSKDVLV�RQ�WKH�6,*0(7�PHVVDJHV�DQG�WKH�YDULRXV�UHDO�WLPH
UHSRUWV��%DFNZDUG�DQG�IRUZDUG� WUDMHFWRULHV�DUH�XVHG�WR�GHPRQVWUDWH� WKH�SUREDEOH�VRXUFH�RI
WKH�VXVSHFWHG�DVK�FORXG�DV�ZHOO�DV�LWV�IRUHFDVW�PRWLRQ��UHVSHFWLYHO\��,W�ZLOO�EH�VKRZQ�WKDW�WKLV
DVK� WUDYHOOHG� IRU� VHYHUDO� GD\V� RYHU� WKH� 3DFLILF� 2FHDQ� EHIRUH� EHLQJ� UHSRUWHG� RYHU� %ULWLVK
&ROXPELD��6DWHOOLWH�LPDJHU\�DQG�WUDMHFWRULHV�DUH�H[DPLQHG�WR�GHWHUPLQH�LI�WKLV�DVK�FRXOG�KDYH
EHHQ�GHWHFWHG�SULRU�WR�LWV�DUULYDO�RYHU�WKH�EXV\�DLUZD\V�RI�ZHVWHUQ�1RUWK�$PHULFD��)LQDOO\��WKH
RSHUDWLRQDO� UHVSRQVH� DQG� LPSDFW� RQ� WKH� DYLDWLRQ� LQGXVWU\� ZLOO� EH� DVVHVVHG� ZLWK� VSHFLILF
UHIHUHQFH� WR� WKH� FKDOOHQJH� RI� HIIHFWLYH� ZDUQLQJ� RI� DQ� DVK� HYHQW� IURP� DQ� XQNQRZQ� RU
XQFRQILUPHG�VRXUFH�

3RVWHU��
&RXSOHG�0RGHOOLQJ�RI�/RFDO�&OLPDWH�DQG�3HDWODQG�(FRV\VWHP��WKH�&RQWHPSRUDU\�9DULDELOLW\
RI�&DUERQ�([FKDQJH�LQ�WKH�6\VWHP
%LQJ�2X\DQJ���-HDQ�3LHUUH�%ODQFKHW��DQG�1LJHO�5RXOHW�
�0F*LOO�8QLYHUVLW\���'pSDUWHPHQW�GHV�6FLHQFHV�GH�OD�7HUUH��8QLYHUVLWH�GH�4XHEHF�D�0RQWUHDO�
�&HQWUH�IRU�&OLPDWH�DQG�*OREDO�&KDQJH�5HVHDUFK��0F*LOO�8QLYHUVLW\

&DQDGD�KDV�WKUHH�HFRV\VWHPV�WKDW�FRXOG�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�FDUERQ�F\FOH�ZLWKLQ�WKH
HDUWK�V\VWHP�LI� WKHLU�SUHVHQW�FDUERQ�EDODQFH�ZHUH�DOWHUHG�E\�FOLPDWH�FKDQJH��7KHVH�DUH� WKH
ERUHDO� IRUHVW�� WKH� WXQGUD� DQG� QRUWKHUQ� SHDWODQGV�� 0XFK� HPSLULFDO� DQG� PRGHOOLQJ� ZRUN� LV
RQJRLQJ�WR�GHWHUPLQH�WKH�UROH�RI�WKH�ERUHDO�IRUHVW�DQG�WXQGUD�HFRV\VWHPV��EXW�OLWWOH�ZRUN�KDV
EHHQ�XQGHUWDNHQ�RQ�SHDWODQGV��HYHQ�WKRXJK�WKH\�KDYH�D�JUHDWHU�SRWHQWLDO�WR�DOWHU�WKH�JOREDO
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3RVWHUV
FDUERQ�EDODQFH��2YHU�WKH�ODVW�������WR��������\HDUV�QRUWKHUQ�SHDWODQGV�KDYH�DFFXPXODWHG
DWPRVSKHULF� FDUERQ� LQ� WKH� IRUP� RI� SHDW� VRLO� DW� UDWHV� EHWZHHQ� ������ J&�P��\U�� DQG� WKH
FRQWHPSRUDU\� VLQN� IRU� &2�� LQ� SHDWODQGV� UHSUHVHQWV� ���� *W� &�\U�� $SSUR[LPDWHO\� ����� *W
&�<U�RI�WKLV�RFFXUV�LQ�&DQDGLDQ�SHDWODQGV��3HDWODQGV�DUH�D�UHODWLYHO\�VPDOO�VLQN�LQ�WKH�JOREDO
FDUERQ� EXGJHW�� EXW� WKHLU� VLJQLILFDQFH� OLHV� QRW� LQ� WKHLU� FRQWHPSRUDU\� VLQN�� EXW� LQ� WKH� ODWHQW
VWRUH�RI�FDUERQ�WKH\�UHSUHVHQW��$SSUR[LPDWHO\�����*W�&�LV�VWRUHG�LQ�SHDWODQGV��RU��������RI
WKH�ZRUOG
V�VRLO�FDUERQ�SRRO��7KLV�VWRUH�KDV�UHVXOWHG�IURP�WKH�SHUVLVWHQW�VLQN�RI�FDUERQ�LQ�WKH
IRUP� RI� SDUWLDOO\� GHFRPSRVHG� SODQWV� DQG� WKH� PDLQWHQDQFH� RI� WKLV� FDUERQ� VWRUH� LV� GLUHFWO\
UHODWHG�WR�FOLPDWH��6SRQVRUHG�E\�16(5&&��WKH�REMHFWLYH�RI�WKH�UHVHDUFK�LV�WR�FRXSOH�D�ORFDO
FOLPDWH� PRGHO� �/&0�� ZLWK� D� SHDWODQG� FDUERQ� VLPXODWRU� �3&$56�� LQ� RUGHU� WR� DVVHVV� WKH
VHQVLWLYLW\�RI� WKH�FDUERQ�VWRUH� LQ�QRUWKHUQ�&DQDGLDQ�SHDWODQGV� WR� YDULRXV�SDVW��SUHVHQW�DQG
IXWXUH� FOLPDWH� VFHQDULRV�� 7KH� /&0� LV� EDVHG� RQ� WKH� &DQDGLDQ� &OLPDWH� &HQWUH
V� *HQHUDO
&LUFXODWLRQ�0RGHO� �&&&�*&0�� SK\VLFV� DQG� LQFOXGHV� WKH� &DQDGLDQ� /DQG� 6XUIDFH� 6FKHPH
�&/$66���7KH�/&0�SK\VLFV�LV�GULYHQ�E\�*&0�DUFKLYHV�RU�UHDO�FOLPDWH�REVHUYDWLRQV�XVLQJ�ORQJ
VHULHV�RI����KRXUO\�UDGLRVRQGH�GDWD��,WV����PLQXWHV�WLPH�VWHS�DQG�������OD\HUV�RI�UHVROXWLRQ
VLPXODWH�DOO�DWPRVSKHULF�SURFHVVHV�H[FHSW�IRU�DGYHFWLYH�WUDQVSRUW�RI�WKH�*&0��:LWKLQ�/&0�
&/$66�SURYLGHV�WKH�VXUIDFH�KHDW�DQG�PRLVWXUH�H[FKDQJHV�WKDW�UHVXOW� LQ�D�VXUIDFH�ZDWHU�DQG
KHDW� EXGJHW�RI� D�SHDWODQG�� 7KHVH�EXGJHWV� WKHQ�SURYLGH� WKH� SK\VLFDO� YDULDEOHV� WR� GULYH� WKH
FDUERQ� VLPXODWRU��3&$56� LV�DQ�HFRORJLFDO� SURFHVV�PRGHO� EDVHG� RQ� WKUHH� FRPSRQHQWV�� QHW
SULPDU\�SURGXFWLRQ��IDVW�GHFRPSRVLWLRQ��XSSHU�DHURELF�]RQH��DQG�VORZ�GHFRPSRVLWLRQ��ORZHU
DQDHURELF� ]RQH�� UHVSHFWLYHO\�� 6RLO� FOLPDWH� �PRLVWXUH� DQG� WKHUPDO� UHJLPHV�� DQG� WKH� VXUIDFH
HQHUJ\�DQG� UDGLDWLRQ� IOX[HV�DUH� LQSXW� IURP�&/$66�� 7KHUH�DUH���� ILQH� OD\HUV� GLYLGHG� LQ� VRLO
SURILOH�RI�3&$56�IRU�WKH�FDOFXODWLRQ�RI�RUJDQLF�FDUERQ�GHFRPSRVLWLRQ�DW�GLIIHUHQW�UDWHV��7KH
RXWSXW�IURP�3&$56�LV�QHW�VHTXHVWUDWLRQ�RU�ORVV�RI�FDUERQ�LQ�SHDWODQG�HFRV\VWHP�ZLWK�D�GDLO\
WLPH� VWHS�� 7KH� /&0�&/$66�3&$56� LV� EHLQJ� FRXSOHG� DQG� YDOLGDWHG� DJDLQVW� REVHUYDWLRQV
HVSHFLDOO\� WKH� LQWHUDQQXDO� YDULDELOLW\� RI� FRQWHPSRUDU\� FDUERQ� H[FKDQJHV� DQG� FOLPDWLF
FRQGLWLRQV��$W�WKH�SUHVHQW�DQG�DV�D�SUHOLPLQDU\�UHVXOW��/&0�LV�IRUFHG�XVLQJ����\HDUV�UHFRUGV
RI�UDGLRVRQGH�GDWD�IURP�XSSHU�DWPRVSKHULF�VWDWLRQV�VLWXDWHG�QHDU�PDMRU�SHDWODQG�UHJLRQV�RI
&DQDGD�� 7KLV� VLPXODWLRQ� SURYLGHV� D� VLPXODWHG� GDWD� VHW� IURP� ZKLFK� WKH� FRQWHPSRUDU\
YDULDELOLW\� RI� FDUERQ�H[FKDQJH�FDQ�EH�DVVHVVHG�EH\RQG� WKH����� \HDUV� GDWD� VHW� WKDW�ZLOO� EH
SURGXFHG�IURP�PHDVXUHPHQWV�RI�QHW�HFRV\VWHP�H[FKDQJH�

3RVWHU��
9ROFDQLF�$VK�$GYLVRU\�&HQWUHV��5ROHV�$QG�&KDOOHQJHV
5HQp�6HUYUDQFN[���3HWHU�&KHQ��DQG�.HQ�/LWWOH�
�&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW�&DQDGD

9ROFDQLF�DVK� LV�D�PDMRU� WKUHDW� WR�DYLDWLRQ�� ,Q� UHVSRQVH� WR� WKLV� WKUHDW�� WKH� ,QWHUQDWLRQDO�&LYLO
$YLDWLRQ� 2UJDQL]DWLRQ� �,&$2�� KDV� LPSOHPHQWHG� WKH� ,QWHUQDWLRQDO� $LUZD\V� 9ROFDQR� :DWFK
�,$9:��LQ�FROODERUDWLRQ�ZLWK�WKH�:RUOG�0HWHRURORJLFDO�2UJDQL]DWLRQ��:02���0DQ\�DJHQFLHV
DQG� SOD\HUV� FROODERUDWH� LQ� WKLV� HIIRUW�� 7KH� REMHFWLYH� LV� WR� SURYLGH� UHDO�WLPH� VXSSRUW� DQG
RSHUDWLRQDO�UHVSRQVH�WR�WKH�DYLDWLRQ�FRPPXQLW\��$V�SDUW�RI�WKLV�HIIRUW��9ROFDQLF�$VK�$GYLVRU\
&HQWUHV��9$$&V��KDYH�EHHQ�GHVLJQDWHG�WR��

� )RUHFDVW� WKH�PRWLRQ� DQG� GLVSHUVLRQ� RI� WKH� YROFDQLF� DVK� SOXPH� � /RFDWH� WKH� YROFDQLF� DVK
FORXGV� WKURXJK� WKH�XVH�RI� VDWHOOLWH�GDWD�DQG�RWKHU�PHDQV� � 3UHSDUH�DQG�GLVWULEXWH�DGYLVRU\
PHVVDJHV�IRU�$LU�7UDIILF�&RQWUROV��0HWHRURORJLFDO�:DWFK�2IILFHV��HWF�

$PRQJ�WKH�LVVXHV�DQG�FKDOOHQJHV�IDFLQJ�WKH�9$$&V��

6FLHQWLILF�LVVXHV��

�(UXSWLRQV�SDUDPHWHUV�DUH�ODUJHO\�XQNQRZQ�LQ�UHDO�WLPH� �9ROFDQLF�HUXSWLRQV�DUH�RIWHQ�KDUG
WR�GHWHFW� � 9ROFDQLF�DVK� LQ� WKH�DWPRVSKHUH� LV� QRW� UHDGLO\� LGHQWLILHG� �$VVLPLODWLRQ�RI� SOXPH
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3RVWHUV
GDWD�IRU�IRUHFDVW�PRGHOV�LV�QRW�\HW�GRQH� �&RQFHQWUDWLRQV�DW�ZKLFK�YROFDQLF�DVK�EHFRPHV�D
WKUHDW� WR� DYLDWLRQ� DUH� QRW� NQRZQ� � 'HILQLQJ� FULWHULD� WR� GR� YROFDQLF� DVK� PRGHO� IRUHFDVW
FRPSDULVRQV

2SHUDWLRQDO�LVVXHV��

� $YRLGLQJ� FRQIOLFWLQJ� LQIRUPDWLRQ� EHWZHHQ� 9$$&V� DQG� 0:2V� PHVVDJHV� � (QVXULQJ
FRQVLVWHQF\� RI� XQLWV� �ODWLWXGH�� ORQJLWXGH�� GLVWDQFHV�� HWF��� LQ� WKH�PHVVDJHV� � )LQGLQJ� ZD\V� WR
PDNH� WKH�9$$&� IRUHFDVWV�FKDUWV�DQG�PHVVDJHV�DYDLODEOH�DV�TXLFNO\�DV�SRVVLEOH� �1HHG� IRU
9$$&V� WR� EDFNXS� RQH� DQRWKHU� DQG� WR� WHVW� �� FRPSDUH�PRGHOV� LQ� UHDO�WLPH� � &RRUGLQDWLRQ
EHWZHHQ� WKH� 9$$&V� �� 0:2V� DQG� 
KDQG� RII
� SURFHGXUHV� DUH� NH\� HOHPHQWV� 6KRXOG� GHIDXOW
VFHQDULR�V��EH�XVHG�WR�UXQ�WKH�YROFDQLF�DVK�IRUHFDVW�PRGHOV"

�&RQFOXVLRQ

7KHVH�LVVXHV�DQG�FKDOOHQJHV�DUH�DOO�LPSRUWDQW�LQ�GHWHUPLQLQJ�WKH�DELOLW\�WR�DOHUW�UDSLGO\�DQG�WR
GHOLYHU� WLPHO\�DQG� UHOLDEOH�DGYLFH��)LQGLQJ�DQG� LPSOHPHQWLQJ� VROXWLRQV� WR� WKHVH�ZLOO� UHTXLUH
WLPH��HIIRUW�DQG�LQWHUQDWLRQDO�FROODERUDWLRQ��$OUHDG\��ZH�DOO�EHQHILW�IURP�ORQJ�VWDQGLQJ�FORVH
ZRUNLQJ� UHODWLRQVKLS� DPRQJ� YDULRXV� SOD\HUV�� DJHQFLHV� DQG� VWDNHKROGHUV� DURXQG� WKH� ZRUOG
ZLWK�NHHQ�LQWHUHVW�LQ�WKH�YROFDQLF�DVK�SUREOHP��:KLOH�PXFK�ZRUN�UHPDLQV�WR�EH�GRQH��LW�PXVW
EH� UHFRJQL]HG� WKDW� JUHDW� DGYDQFHV� KDYH� EHHQ� PDGH� LQ� WKLV� DUHD� RYHU� WKH� ODVW� IHZ� \HDUV
WKDQNV�WR�WKH�ZRUN�DQG�FROODERUDWLRQ�RI�PDQ\�JURXSV�

3RVWHU��
&RXSOHG�$WPRVSKHUH�,FH�2FHDQ�)RUHFDVWV�LQ�WKH�*XOI�RI�6W��/DZUHQFH
)UDQoRLV�5R\���3LHUUH�3HOOHULQ���)UDQoRLV�-��6DXFLHU���-RsO�&KDVVp��DQG�+DUROG�5LWFKLH�
�2FHDQ�6FLHQFH�'LYLVLRQ��0DXULFH�/DPRQWDJQH�,QVWLWXWH���5HFKHUFKH�HQ�3UpYLVLRQ�1XPpULTXH�
(QYLURQPHQW�&DQDGD��������1RUWK�6HUYLFH�5RDG

,Q�ZLQWHU��WKH�PHDQ�WKLFNQHVV�RI�VHD�LFH�LQ�WKH�*XOI�RI�6W��/DZUHQFH�FDQ�UHDFK�RYHU����FP��,Q
D����KRXU�SHULRG��ZLQGV�DQG� FXUUHQWV� FDQ� SURGXFH� LFH� GULIWV� RI� XS� WR� ���� NP�DQG� FUHDWH
SUHVVXUH� ULGJHV� WKDW� LPSHGH�QDYLJDWLRQ��:H�SUHVHQW����KRXU� IRUHFDVWV�RI� LFH� FRQFHQWUDWLRQ
DQG�WKLFNQHVV��,FH�FRQGLWLRQV�DUH�PRGHOOHG�XVLQJ�D��'�FRXSOHG�LFH�RFHDQ�PRGHO�DSSOLHG�WR
WKH�(VWXDU\�DQG�*XOI�RI� 6W�� /DZUHQFH�ZLWK�D���NP� ODWHUDO� UHVROXWLRQ�� 7KH��'�RFHDQ�PRGHO
IURP�6WURQDFK�HW�DO�� ������� LV� FRXSOHG� WR� WKH�0XOWL�FDWHJRU\�3DUWLFOH�,Q�&HOO� VHD� LFH�PRGHO
IURP�)ODWR���������0RPHQWXP�DQG�KHDW�H[FKDQJHV�DUH�PRGHOOHG�XVLQJ�TXDGUDWLF�GUDJ�IRUPV
DQG� KHDW� WUDQVIHU� HTXDWLRQV� IURP� 3DUNLQVRQ� DQG� :DVKLQJWRQ� �������� %RXQGDU\� IRUFLQJ
LQFOXGHV� WLGHV�� ZLQGV�� DQG� ULYHU� LQIORZV�� 7KH� UHVXOWV� DUH� FRPSDUHG� ZLWK� GDLO\� LFH� FKDUWV
SURGXFHG� E\� WKH� &DQDGLDQ� ,FH� 6HUYLFHV�� GULIW� PHDVXUHPHQWV� IURP� LFH� EHDFRQV�� DQG� GULIW
DQDO\VHV� IURP� VXFFHVVLYH� 5$'$56$7� LPDJHV�� 'DLO\� IRUHFDVWV� IRU� WKH� ZLQWHU� RI� ����� DUH
SUHVHQWHG�� 7KHUPRG\QDPLF� HIIHFWV� DUH� ILUVW� QHJOHFWHG� DQG� ZLQGV� DUH� SURGXFHG� E\� WKH
DWPRVSKHULF�PRGHO�*(0�DSSOLHG�ZLWK�D����NP�ODWHUDO�UHVROXWLRQ��5HVXOWV�IURP����IRUHFDVWV
VKRZ�D�PHDQ�HUURU�RI������FP�IRU�LFH�WKLFNQHVV������IRU�LFH�FRQFHQWUDWLRQ������FP�V�IRU�LFH
YHORFLW\��DQG����� IRU� LFH�GULIW� GLUHFWLRQ��:H� IRFXV�RQ�0DUFK�����������ZKHQ� VWURQJ�ZLQGV
IURP� WKH�1:�SURGXFHG� ODUJH�GULIWV�DQG� WKH� IRUPDWLRQ�RI� WKLQ� LFH� LQ� WKH�QRUWKHUQ�*XOI�� 7KH
DGGLWLRQ�RI�LFH�WKHUPRG\QDPLFV�VKRZV�WKH�VWDELOL]LQJ�HIIHFW�RI�LFH�JURZWK�RQ�GHIRUPDWLRQ�DQG
DQ�LPSURYHPHQW�LQ�FRDVWDO�ULGJLQJ�PRGHOOLQJ��7KH�LFH�RFHDQ�PRGHO
V�UHVSRQVH�WR�DQ�LQFUHDVH
LQ�ZLQG�UHVROXWLRQ�LV�H[DPLQHG�E\�DSSO\LQJ�WKH�DWPRVSKHULF�PRGHO�ZLWK�D����NP�UHVROXWLRQ�
)LQDOO\��UHVXOWV�DUH�VKRZQ�IURP�D�SUHOLPLQDU\�VLPXODWLRQ�ZKHUH�WKH�DWPRVSKHULF�DQG�LFH�RFHDQ
PRGHOV�DUH�IXOO\�FRXSOHG�IRU�PRPHQWXP�DQG�KHDW�
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3RVWHUV
3RVWHU��
,QWpJUDWLRQ� GHV� PpWKRGHV� JpRSK\VLTXHV� HW� JpRWHFKQLTXHV� SRXU� OH� FDOFXO� GX� YROXPH� GHV
VpGLPHQWV�GH�OD�FRXFKH�GH������GDQV�OD�%DLH�GHV�+D��+D�
3LHUUH� &{Wp��� )UDQFH� 0DXULFH��� eGRXDUG� .DPPHUHU��� 3KLOLS� 5�� +LOO��� -DFTXHV� /RFDW��� 3HWHU
6LPSNLQ���%HUQDUG�/RQJ���DQG�6HUJH�/HURXHLO�
�'pSDUWHPHQW� GH� JpRORJLH� HW� GH� JpQLH� JpRORJLTXH� GH� O
8QLYHUVLWp� /DYDO�� �2FHDQ�0DSSLQJ
*URXS�� 8QLYHUVLWp� GX� 1RXYHDX�%UXQVZLFN�� �8QLYHUVLWp� GX� 4XpEHF� j� 5LPRXVNL�� �,.%
7HFKQRORJLHV�/LPLWHG���,156�*pRUHVVRXUFHV���'pSDUWHPHQW�GH�JpQLH�FLYLO��8QLYHUVLWp�/DYDO

/HV�SOXLHV�WRUUHQWLHOOHV�GH�MXLOOHW������RQW�DFKHPLQp�YHUV�OH� IMRUG�GX�6DJXHQD\�XQH�TXDQWLWp
LPSUHVVLRQQDQWH� GH� VpGLPHQWV�� /HV� SUHPLqUHV� HVWLPDWLRQV� RQW� IDLW� pWDW� G
XQH� GpSRVLWLRQ� GH
SOXV�GH� VL[�PLOOLRQV�GH� WRQQHV�GH�PDWpULHO� TXL� D� UHFRXYHUW� OHV� VpGLPHQWV� FRQWDPLQpV�GH� FH
VHFWHXU�� 3OXVLHXUV� PLVVLRQV� VFLHQWLILTXHV� RQW� SHUPLV� G
DPDVVHU� GH� QRXYHOOHV� GRQQpHV
SHUPHWWDQW�GH�YpULILHU�FHWWH�TXDQWLWp�

3OXV� GH� VRL[DQWH� pFKDQWLOORQV� RQW� pWp� SUpOHYpV� j� O
DLGH� G
XQ� FDURWWLHU� j� ERvWH� HW� G
XQ
pFKDQWLOORQQHXU�/HKLJK�ORUV�GH�PLVVLRQV�VFLHQWLILTXHV�UpDOLVpHV�HQ������HW�HQ�������/
DQDO\VH
GHV� SURILOV� JpRWHFKQLTXHV� HW� GHV� LPDJHV� SULVHV� DX� VFDQQHU� D� GpPRQWUp� TXH� OD� FRXFKH� GH
�����D�XQH�pSDLVVHXU�TXL�YDULH�GH������PqWUH�j���PqWUHV�GDQV�OD�]RQH�GHOWDwTXH�GH�OD�%DLH�
HW�GH���j�SOXV�GH����FHQWLPqWUHV�GDQV� OH� UHVWH�GH� OD�%DLH�GHV�+D� ��+D� ��� /
DFTXLVLWLRQ�GH
GRQQpHV�JpRSK\VLTXHV�D�SHUPLV�GH�FRPEOHU�OH�PDQTXH�G
LQIRUPDWLRQV�FRQFHUQDQW�O
pSDLVVHXU
GH� OD� FRXFKH� HQ� SOXVLHXUV� ]RQHV� FULWLTXHV� R�� GHV� FDURWWDJHV� Q
RQW� SDV� pWp� IDLWV�
SDUWLFXOLqUHPHQW� SUqV� GHV� HPERXFKXUHV� �OHYpV� PXOWLIDLVFHDX[��� 3RXU� FRPSOpWHU� O
pYDOXDWLRQ�
O
DFTXLVLWLRQ� GH� SOXV� GH� ���� NLORPqWUHV� GH� SURILOV� GH� VLVPLTXH�UpIOH[LRQ� j� O
pWp� ����� RQW
IDFLOLWp�O
LQWHUSUpWDWLRQ�GH�O
pSDLVVHXU�GH�OD�FRXFKH�GH������HQWUH�OHV�SRLQWV�G
pFKDQWLOORQQDJH�
/D� FRPSLODWLRQ� GH� O
HQVHPEOH� GH� FHV� GRQQpHV� D� SHUPLV� GH� GpWHUPLQHU� O
pSDLVVHXU� GH� OD
FRXFKH�GH�������PRGpOLVpH�j�O
DLGH�G
XQ� ORJLFLHO�GH�FRQWRXUV�GH�FDUWH�HW�GH�UHSUpVHQWDWLRQ
HQ� WURLV� GLPHQVLRQV�� /HV� YDOHXUV� FDOFXOpHV� VHURQW� FRPSDUpHV� DX[� YROXPHV� HVWLPpV� SDU� OHV
DQDO\VHV�WHUUHVWUHV�

3RVWHU��
*HRFKHPLFDO� $QG� 0LFURSDOHRQWRORJLFDO� 7UDFHUV�2I� )DVW� 6HGLPHQWRORJLFDO� (YHQWV� $QG�2I
5HFHQW�(QYLURQPHQWDO�&RQGLWLRQV�,Q�7KH�6DJXHQD\�)MRUG��&DQDGD
*XLOODXPH�6W�2QJH���*X\�%LORGHDX���$QQH�GH�9HUQDO���5RGROSKH�'HYLOOHUV���&ODXGH�+LOODLUH�
0DUFHO���-XOLH�/HGXF���9LUJLQLH�/RXFKHXU��DQG�6\OYDLQ�0DUPHQ�
�*(2723

$���P�FRUH�IURP�WKH�LQWHULRU�EDVVLQ�RI�WKH�6DJXHQD\�)MRUG����R�����·1���R�����·:��ZDWHU
GHSWK������P�� FI�� 6$*�����ZDV�DQDO\VHG� IRU� LWV�&RUJ���&LQRUJ�� DQG�1� FRQWHQWV�� ��&�DQG� ��1
FRQWHQWV� RI� RUJDQLF� PDWWHU� DV� ZHOO� DV� IRU� LWV� PLFURIORUD� DQG� PLFURIDXQD� �IRUDPLQLIHUD�
GLDWRPV�� GLQRF\VWV�� SROOHQ�� VSRUHV� HWF���� 7KH� VWXGLHG� VHTXHQFH� VSDQV� DSSUR[LPDWLYHO\� ���
\HDUV��2QH�PDMRU�REMHFWLYH�RI� WKLV�VWXG\�ZDV� WR�GHWHUPLQH� WKH�FKDUDFWHULVWLFV�RI�H[FHSWLRQDO
VHGLPHQWRORJLFDO� OD\HUV� GHSRVLWHG� DIWHU� HDUWKTXDNHV�� IORRGV� DQG� ODQGVOLGHV�� 7KH� FRUH� ZDV
VXEVDPSOHG� DW� ��� FP� LQWHUYDOV�� *HRFKLPLFDO� DQG� PLFURSDOHRQWRORJLFDO� GDWD� GHSLFW� DQ
HSLFRQWLQHQWDO� HQYLURQPHQW� ZLWK� SURPLQHQW� WHUULJHQRXV� LQSXWV�� δ��&� YDOXHV� DUH� ORZHU� WKDQ
�����Æ�DQG�δ��1�YDOXHV�YDU\�EHWZHHQ�����DQG����Æ��2UJDQLF�ZDOOHG�PLFURIRVVLOV�SULPDULO\
LQFOXGH�IRUDPLQLIHUD�OLQLQJV��SROOHQ�JUDLQV�DQG�3WHULGRSK\WH�VSRUHV�DQG�YDU\�EHWZHHQ�����DQG
���� OLQLQJV��JUDLQV�RU� VSRUHV�FP���+RZHYHU�� IRUDPLQLIHUD� WHVWV�DUH� UDUH� ����� WHVWV�FP����7KH
RYHUDOO�DEXQGDQFH�RI�EHQWKLF� IRUDPLQLIHUD� OLQLQJV�VXJJHVWV�D�VLJQLILFDQW�EHQWKLF�SURGXFWLRQ�
ZKHUHDV�WKH�UDULW\�RI�WKHLU�VKHOOV�SURYLGHV�HYLGHQFH�IRU�GLDJHQHWLF�&D&2��GLVVROXWLRQ��'LDWRP
YDOYHV� DUH� DEXQGDQW� ����� YDOYHV�FP���� 7KUHH� OLWKRVWUDWLJUDSKLF� XQLWV� DUH� GHILQHG� DQG� OLNHO\
UHSUHVHQW�PDMRU�FKDQJHV�LQ�WKH�VHGLPHQWDU\�G\QDPLFV��7KH�ERWWRP�XQLW��EHORZ����FP��UHYHDOV
KLJK�WHUULJHQRXV�LQSXWV�FKDUDFWHULVHG�E\�ORZ�δ��&�DQG�δ��1�YDOXHV���������Æ�DQG������Æ�
UHVSHFWLYHO\���KLJK�&�1�UDWLRV��!�����DQG�WKH�SUHVHQFH�RI�GHWULWDO�FDUERQDWHV��a������,W�DOVR
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3RVWHUV
GHSLFWV� ORZ�PDULQH�PLFURIRVVLO� FRQFHQWUDWLRQV�� 7KLV� XQLW� LV� WHQWDWLYHO\� DVVLJQHG� WR� WKH� ����
HDUWKTXDNH�� 7KH� VHFRQG� XQLW� ������� FP�� LV� FKDUDFWHULVHG� E\� KLJK� VDQG� FRQWHQWV� DQG
LQFUHDVLQJ� PDULQH� SURGXFWLYLW\� LQGLFDWRUV� PDWFKLQJ� GHFUHDVLQJ� WHUULJHQRXV� LQSXWV�� 7KLV� XQLW
HLWKHU�UHSUHVHQWV�D�PL[HG�OD\HU�EHWZHHQ�WKH�XQGHUO\LQJ�XQLW�DQG�WKH�RYHUO\LQJ�XQLW��RU�UHFRUGV
SURJUHVVLYH� HQYLURQPHQWDO� FKDQJHV�� 7KH� XSSHU� XQLW� ������ FP�� FRQVLVWV� RI� KHPLSHODJLF
VHGLPHQWV�ZLWK�KLJK�&RUJ��FRQWHQWV� �XS� WR������KLJK�δ��&�DQG�δ��1�YDOXHV� �a����Æ�DQG�a
�Æ�� UHVSHFWLYHO\��� ORZ� &�1� UDWLRV� ���� WR� ���� DQG� KLJK� PDULQH� ELRJHQLF� LQSXWV�� 7KH� KLJK
GLYHUVLW\�RI�WKH�GLQRF\VW�DVVHPEODJHV�DQG�WKH�KLJK�FRQFHQWUDWLRQ�RI�GLDWRPV�LQ�WKLV�XQLW�UHYHDO
ERWK�DXWRWURSKLF�DQG�KHWHURWURSKLF�SODQNWLF�SURGXFWLRQV��)LQDOO\��SDO\QRORJLFDO�GDWD��IURP���
FP� WR� WKH� VXUIDFH�� UHVSRQG� WR� WKH� SURJUHVVLYH� DQWKURSLF� GHIRUHVWDWLRQ� VLQFH� WKH� ����
HDUWKTXDNH�

3RVWHU��
'LDJHQHWLF�HYROXWLRQ�RI�DFFLGHQWDO� OD\HUV� �IORRGV��HDUWKTXDNHV�� ODQGVOLGHV�� LQ� WKH�6DJXHQD\
IMRUG� �4&�� EDVHG� RQ� VKRUW� OLYHG� LVRWRSHV� ����7K�� ���3E�� ���&V�� SURILOHV� LQ� ER[�FRUHG
VHGLPHQWV
-RVpH�6DYDUG���%DVVDP�*KDOHE��DQG�&ODXGH�+LOODLUH�0DUFHO�
�*(2723�84$0

7KH� SUHVHQW� VWXG\� DLPV� DW� GHWHUPLQLQJ� WKH� WHPSRUDO� HYROXWLRQ� RI� OD\HUV� GHSRVLWHG� GXULQJ
H[FHSWLRQDO� HYHQWV� �ODQGVOLGHV�� IORRGV�� VHLVPLF� HYHQWV�� DQG�ZKLFK� DUH� IUHTXHQWO\� UHSRUWHG� LQ
6DJXHQD\� )MRUG� VHGLPHQWDU\� VHTXHQFHV��2QH�PDMRU� REMHFWLYH� LV� WR� DVVHVV� WKH� HIILFLHQF\� RI
SRVWGHSRVLWLRQDO� PHFKDQLFDO� PL[LQJ� RI� VXFK� OD\HUV�� E\� ELRWXUEDWLRQ�� DV� D� IXQFWLRQ� RI� WKH
RULJLQ�DQG�WKHLU�WKLFNQHVV�RI�WKH�OD\HUV��WKXV�WR�DVVHVV�WKHLU�SRWHQWLDO�UROH�DV�FDSSLQJ�OD\HUV�IRU
WKH�XQGHUO\LQJ�DQWKURSRJHQLFDOO\�FRQWDPLQDWHG�VHGLPHQWV��7ZR�ER[�FRUHG�FROOHFWHG�LQ�����
ZHUH�XVHG�IRU�WKLV�VWXG\��2QH�ZDV�UDLVHG� IURP�WKH�PRXWK�RI�WKH�%DLH�GHV�+D�+D���6DJ�����
/DW�� ���������
1�� /RQJ�� ���������
2�� /RQJXHXU� �� ��FP��� D� VHFRQG�� IURP� WKH� %UDV� 1RUG
�6DJ��� �� /DW� ���������
1�� /RQJ�� ���������
1�� /RQJXHXU� �� ��FP��� 7KH� VKRUW� OLYHG� LVRWRSHV
XVHG�LQFOXGH����7K�����3E�DQG����&V��ZLWK�KDOI�OLIHV�RI�������DQG����\HDUV��UHVSHFWLYHO\��
7KH\�ZHUH�DQDO\]HG�DW��FP�LQWHUYDOV�E\�DOSKD�FRXQWLQJ�����7K�DQG����3E�WKURXJK����3R�
RU� JDPPD� FRXQWLQJ� ����&V��� $W� 6DJ����� OHDG����� GDWD� VXJJHVWV� D� VHGLPHQWDWLRQ� UDWH� RI
DERXW�����FP�\HDU��7KH�OD\HUV�GHSRVLWHG�GXULQJ�H[FHSWLRQDO�HYHQWV�LQFOXGH��RQ�WKH�WRS�RI�WKH
VHTXHQFH��D��FP�WKLFN�XQLW�FDQ�EH�DVVLJQHG�WR�WKH������IORRG��%HORZ��D�VHLVPLF�XQLW�OLQNHG
WR�WKH������VHLVPLF�HYHQW�DQG�D�OD\HU�DVVLJQHG�WR�WKH������6DLQW�-HDQ�GH�9LDQQH\�ODQGVOLGH
DUH�DOVR�VWLOO�FOHDUO\�VHHQ��7KHVH� OD\HUV�DUH�FKDUDFWHUL]HG�E\�QHJOLJLEOH����3E�H[FHVVHV�� ORZ
���&V�FRQWHQWV��DQG�QHDU�HTXLOLEULXP����7K����7K�DFWLYLW\�UDWLRV��$W�6DJ����OHDG�����GDWD
VXJJHVWV�KLJKHU� VHGLPHQWDWLRQ� UDWHV� WKDQ�6DJ���� �a����FP�\HDU��� 7KH������ IORRG� OD\HU� LV
DOVR�PXFK�WKLFNHU��a��FP�DW�WKH�WRS�RI�WKH�VHTXHQFH���DQG�WKH�6DLQW�-HDQ�GH�9LDQQH\�OD\HU
VHHPV� VWLOO� WR�EH�SUHVHUYHG��+HUH�DOVR�� WKHVH� OD\HUV�DUH�FKDUDFWHUL]HG�E\� QHJOLJLEOH����3E�
H[FHVVHV��ORZ����&V�FRQWHQWV��DQG�QHDU�HTXLOLEULXP����7K����7K�DFWLYLW\�UDWLRV��7ZR�\HDUV
DIWHU�LWV�GHSRVLWLRQ��WKH������IORRG�OD\HU�VKRZV�PLQLPXP�PL[LQJ�RI�LWV�XSSHU�DQG�ORZHU�OLPLWV�
EXW�WKH�ROGHU�OD\HUV�UHSUHVHQWLQJ�H[FHSWLRQDO�HYHQWV�DOO�VKRZ�VRPH�VPRRWKLQJ�RI�WKHLU�XSSHU
DQG� ORZHU�ERXQGDULHV��/RQJHU�FRUHV� WR�EH�FROOHFWHG� LQ������ZLOO�EH�XVHG� WR�GRFXPHQW� WKH
HYROXWLRQ� RI� VXFK� OD\HUV� DW� JUHDWHU� WLPH� VFDOHV�� DQG� D� ODUJHU� VHW� RI� ER[�FRUHV�ZLOO� DOORZ� WR
GRFXPHQW�WKH�HIIHFW�RI�WKHLU�WKLFNQHVV�DQG�RUJDQLF�FDUERQ�FRQWHQW�RQ�PL[LQJ�SURFHVVHV�

3RVWHU���
(IIHWV�GH�OD�ELRWXUEDWLRQ�VXU�OHV�FDUDFWpULVWLTXHV�JpRWHFKQLTXHV�GH�OD�FRXFKH�GH������GDQV�OD
%DLH�GHV�+D��+D��HW�GDQV�OH�%UDV�1RUG�GX�IMRUG�GX�6DJXHQD\��4XpEHF��&DQDGD�
)UDQFH�0DXULFH���-DFTXHV�/RFDW���6HUJH�/HURXHLO���3ULVFLOOD�'HVJDJQpV���)UDQFLV�0DUWLQ���5RVD
*DOYH]�&ORXWLHU��DQG�5HQp�7KHUULHQ�
�'pSDUWHPHQW�GH�JpRORJLH�HW�GH�JpQLH�JpRORJLTXH��8QLYHUVLWp�/DYDO���'pSDUWHPHQW�GH�JpQLH
FLYLO��8QLYHUVLWp�/DYDO
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3RVWHUV
/H�GpOXJH�GH������DX�6DJXHQD\�D�HQWUDvQp�OD�VpGLPHQWDWLRQ�UDSLGH�GH�SOXVLHXUV�WRQQHV�GH
PDWpULHO�GDQV�OD�%DLH�GHV�+D��+D���&HV�VpGLPHQWV�RQW�pWp�GpSRVpV�VRXV�IRUPH�GH�WXUELGLWH�HW
UHFRXYUHQW�GHV� VpGLPHQWV� IRUWHPHQW�ELRWXUEpV�� 6RL[DQWH� pFKDQWLOORQV�SUpOHYpV�DX� FDURWWLHU� j
ERvWH�j�O
pWp������RQW�pWp�DQDO\VpV�DILQ�GH�GpWHUPLQHU�OHV�FDUDFWpULVWLTXHV�JpRWHFKQLTXHV�GH
OD� FRXFKH� GH� ������ HW� DILQ� G
DQDO\VHU� OHV� HIIHWV� GH� OD� UHFRORQLVDWLRQ� EHQWKLTXH� VXU� OHV
VpGLPHQWV�

'DQV�OD�%DLH�GHV�+D���+D���HW�GDQV�OH�%UDV�1RUG��RQ�UHWURXYH�GHV�pFKDQWLOORQV�ELRWXUEpV�HW
SHX�RX�QRQ�ELRWXUEpV��7\SLTXHPHQW��OHV�FDURWWHV�SUpOHYpHV�GDQV�OD�%DLH�GHV�+D���+D���RQW�HQ
VXUIDFH�XQH�PLQFH�FRXFKH��TXHOTXHV�PP��GH�VpGLPHQWV�SRVW�������SXLV�XQH�FRXFKH�GH���j
��� FHQWLPqWUHV� GH� VpGLPHQWV� GH� ����� QRQ� RX� SHX� ELRWXUEp� HW� JUDQRFODVVp� �VLOW�DUJLOHX[� j
VDEOHX[��� /H� VpGLPHQW� SUp������ HVW� IRUWHPHQW� ELRWXUEp� HW� SRVVqGH� XQH� JUDQXORPpWULH� ILQH
�DUJLOH��� (Q� VXUIDFH�� OHV� UpVLVWDQFHV� DX� FLVDLOOHPHQW� LQWDFW� HW� UHPDQLp� RQW� GH� IDLEOHV� YDOHXUV
�����N3D��HW�DXJPHQWHQW�UpJXOLqUHPHQW�DYHF�OD�SURIRQGHXU��/
LQGLFH�GH�OLTXLGLWp�YDULH�HQWUH��
HW���GH�OD�VXUIDFH�YHUV�OD�EDVH�GH�OD�FRXFKH������HW�O
LQGLFH�GH�SODVWLFLWp�YDULH�HQWUH�����HW
�����/HV�OLPLWHV�SODVWLTXH�HW�OLTXLGH�YDULHQW�UHVSHFWLYHPHQW�GH�����j�����HW�GH�����j�����

'DQV� OH�%UDV�1RUG�� OD�ELRWXUEDWLRQ�V
HVW�GpYHORSSpH�SOXV� UDSLGHPHQW�TXH�GDQV� OD�%DLH�GHV
+D� �� +D� �� �� GDQV� OHV� ]RQHV� IRUWHPHQW� ELRWXUEpHV�� OD� FRXFKH� GH� ����� HVW� SOXV� GLIILFLOH� j
LGHQWLILHU�� /HV� SURILOV� GH� WHQHXU� HQ� HDX�� GH� UpVLVWDQFH� LQWDFW� HW� G
LQGLFH� GH� OLTXLGLWp� VRQW
LQYHUVpV� SDU� UDSSRUW� j� XQ� SURILO� JpRWHFKQLTXH� W\SLTXH� G
XQH� WXUELGLWH�� /HV� YDOHXUV� GH
UpVLVWDQFHV� DX� FLVDLOOHPHQW� LQWDFW� YDULHQW� GH� �� j� �� N3D� �GX� EDV� YHUV� OD� VXUIDFH�� GDQV� OHV
VHFWHXUV�ELRWXUEpV�

/HV� SURILOV� G
LQGLFH� GH� OLTXLGLWp� GH� WHUUDLQ� VRQW� FRPSDUpV� j� GHV� FRXUEHV� GH� ODERUDWRLUH
REWHQXHV�SDU�GHV�HVVDLV�6('&21��&HV�HVVDLV�SHUPHWWHQW�G
REWHQLU�XQH�FRXUEH�GH�UpIpUHQFH
DSSOLFDEOH� j� XQH� PLVH� HQ� SODFH� UDSLGH� GHV� VpGLPHQWV�� 'HV� LPDJHV� SULVHV� DX� PLFURVFRSH
pOHFWURQLTXH� j� EDOD\DJH� PRQWUDQW� OD� PLFURVWUXFWXUH� GX� VpGLPHQW� ELRWXUEp� HW� QRQ�ELRWXUEp
VRQW� SUpVHQWpHV� HW� SHUPHWWHQW� G
REVHUYHU� O
HIIHW� GHV� RUJDQLVPHV� EHQWKLTXHV� VXU� OH
FRPSRUWHPHQW�PpFDQLTXH�GX�VpGLPHQW�GH������

3RVWHU���
6HDVRQDO�DQG�6SDWLDO�9DULDWLRQV� LQ� 7KRULXP� ,VRWRSH�&RPSRVLWLRQ�RI� 6XVSHQGHG�3DUWLFXODWH
0DWWHU�LQ�WKH�6DJXHQD\�)MRUG��&DQDGD�
'HNH�=KDQJ���6��$OSD\���&ODXGH�+LOODLUH�0DUFHO���%DVVDP�*KDOHE��DQG�$OIRQVR�0XFFL�
�8QLYHUVLW\� RI� 4XHEHF� DW� 0RQWUHDO�� �'HSDUWPHQW� RI� (DUWK� DQG� 3ODQHWDU\� 6FLHQFHV�� 0F*LOO
8QLYHUVLW\���*HRWRS�&HQWHU��8QLYHUVLW\�RI�4XHEHF�DW�0RQWUHDO

7KRULXP�LVRWRSH�DFWLYLWLHV�����7K�����7K�����7K�DQG����7K��ZHUH�PHDVXUHG�RQ�VXVSHQGHG
SDUWLFXODWH�PDWWHU��630��VDPSOHG�LQ�-XQH�DQG�2FWREHU������IURP�WKH�KDORFOLQH��6� �������
DW�IRXU�VWDWLRQV�DORQJ�WKH�PDLQ�D[LV�RI�D�ZHOO�VWUDWLILHG�HVWXDULQH�V\VWHP��WKH�6DJXHQD\�)MRUG�
630�ZDV�FRQFHQWUDWHG� IURP��������� OLWUH� VDPSOHV�E\�FROOHFWLQJ� WKH� UHWHQWDWH�RI� WDQJHQWLDO
ILOWUDWLRQ�RQ�D������PLFURQ� FDUWULGJH�� 7KH�PDLQ� VRXUFH� RI� GHWULWDO� SDUWLFXODWH�PDWWHU� WR� WKH
IMRUG�LV�XSVWUHDP�LQ�WKH�6DJXHQD\�5LYHU�DQG�LWV�KHDGZDWHUV��DOWKRXJK�DXWKLJHQLF�SDUWLFOHV�DUH
DOVR� SURGXFHG� LQ� WKH� ZDWHU� FROXPQ�� %RWK� GDWDVHWV� �L�H��� IRU� -XQH� DQG� 2FWREHU�� VKRZ
V\VWHPDWLF� LQFUHDVHV� LQ� 7K� GRZQVWUHDP�� $W� OHDVW� SDUW� RI� WKLV� HQULFKPHQW� LQ� 7K� LVRWRSHV� LV
UHODWHG� WR� WKH� KLJKHU� DEXQGDQFH� RI� ILQH� SDUWLFOHV� GRZQVWUHDP�� /DVHU� SDUWLFOH� FRXQWLQJ
VXSSRUWV�WKLV�FRQFOXVLRQ�

+RZHYHU��ZKHQ�QRUPDOL]HG�WR����7K�DFWLYLWLHV��H�J���IURP�a����WR���GSP�J�LQ�-XQH���UHODWLYH
HQULFKPHQWV� LQ� ���7K� DQG� ���7K� DUH� REVHUYHG� GRZQVWUHDP� �ZLWK� DFWLYLWLHV� IURP�a�� WR� �
GSP�J� IRU� ���7K� DQG�a��� WR� ��� GSP�J� IRU� ���7K� LQ� -XQH��� 7KH� UHODWLYH� HQULFKPHQWV� LQ
���7K�DQG����7K� LQGLFDWH� HQKDQFHG� VFDYHQJLQJ�GRZQVWUHDP�RI� ERWK� LVRWRSHV��ZKLFK� DUH
UHVSHFWLYHO\�SURGXFHG�E\����5D�DQG����8�GLVVROYHG�LQ�WKH�ZDWHU�FROXPQ��,Q�FRQWUDVW�����7K



��UG�&026�&RQJUHVV 3DJH���� 3URJUDP�DQG�DEVWUDFWV

3RVWHUV
DFWLYLWLHV��UHODWLYH�WR�WKRVH�RI����7K��GHFUHDVH�VOLJKWO\�GRZQVWUHDP��DOWKRXJK�DEVROXWH����7K
DFWLYLWLHV�LQFUHDVH�GRZQVWUHDP��7KLV�PD\�EH�LQWHUSUHWHG�DV�D�GHSOHWLRQ�RI����7K�LQ�WKH�ILQH�
JUDLQHG�SDUWLFOHV�UHODWLYH�WR�WKH�FRDUVHU�IUDFWLRQ��SRVVLEO\�LQKHULWHG�IURP�VRLO�SURFHVVHV�EHIRUH
HURVLRQ�DQG�WUDQVSRUW�WR�WKH�IMRUG�

$�VWURQJ�VHDVRQDO�FRQWUDVW�KDV�DOVR�EHHQ�REVHUYHG��)URP�-XQH� WR�2FWREHU�� WKH�7K� LVRWRSH
DFWLYLWLHV� LQFUHDVHG�E\�D� IDFWRU�RI�QHDUO\���DQG�ZHUH�VOLJKWO\�KLJKHU�GRZQVWUHDP��)LQHU�630
DQG�KLJKHU�VFDYHQJLQJ�UDWHV�RU�ORQJHU�WUDQVLW�WLPHV�RI�630�LQ�2FWREHU�FRXOG�EH�UHVSRQVLEOH
IRU� WKLV� VHDVRQDO� YDULDWLRQ�� 7KH� FRQWLQXRXV� LQFUHDVH� LQ� ���7K� DFWLYLWLHV� VXJJHVWV� WKDW� WKH
WUDQVLW� WLPH�IRU�630�LV�VKRUW��SRVVLEO\�RI�WKH�RUGHU�RI�WKH�UHVLGHQFH�WLPH�RI� IUHVKZDWHU�LQ� WKH
IMRUG������GD\V�RU�OHVV�EDVHG�RQ�RWKHU�VWXGLHV��

3RVWHU���
'LVWULEXWLRQ�RI�EHQWKLF� IRUDPLQLIHUD� LQ�VXUIDFH�VHGLPHQWV�RI� WKH�6DJXHQD\� IMRUG��EHIRUH�DQG
DIWHU�WKH�IORRG�RI������
-XOLH�/HGXF���*X\�%LORGHDX���$QQH�GH�9HUQDO���$OIRQVR�0XFFL��DQG�3DWULFN�3RXOLQ�
�*(2723�84$0���0F*LOO�(DUWK�DQG�3ODQHWDU\�6FLHQFHV

0LFURSDOHRQWRORJLFDO�DQDO\VHV�ZHUH�FDUULHG�RXW�RQ�VXUIDFH�VHGLPHQWV������FP�GHSWK�LQWHUYDO�
VDPSOHG� IURP�ER[�FRUHV�UHFRYHUHG� LQ� WKH�HDUO\�QLQHWLHV� ������DQG�������EHIRUH� WKH�����
IORRG��DQG�HYHU\�\HDU�IROORZLQJ�WKH�IORRG�DW�IRXU�VWDWLRQV�VLWXDWHG�DORQJ�WKH�PDLQ�D[LV�RI�WKH
6DJXHQD\� IMRUG��7KHVH�DQDO\VHV� VHUYHG� WR� HYDOXDWH� WKH� LPSDFW�RI� WKH� IORRG�GHSRVLWV� RQ� WKH
DEXQGDQFH�DQG�FRPSRVLWLRQ�RI�WKH�EHQWKLF�PLFURIDXQDO�FRPPXQLW\�DV�ZHOO�DV�WR�HVWLPDWH�WKH
UDWH�RI� UHFRORQL]DWLRQ��%HQWKLF� IRUDPLQLIHUD�DUH� H[WUHPHO\� VHQVLWLYH� WR� YDULDWLRQV� LQ� SK\VLFR�
FKHPLFDO� FRQGLWLRQV� DW� WKH� ZDWHU�VHGLPHQW� LQWHUIDFH� DQG�� WKXV�� DUH� JRRG� LQGLFDWRUV� RI
FKDQJLQJ�HQYLURQPHQWDO�FRQGLWLRQV��6FKDIHU�HW�DO���������

7KH�DQDO\VHV�RI�WKH�VDPSOHV�UHYHDOHG�D�ZHDN�GLYHUVLW\�RI�WKH�EHQWKLF�IRUDPLQLIHUD�SRSXODWLRQ
LQ� WKH� VXUIDFH� VHGLPHQWV� RI� WKH� 6DJXHQD\� IMRUG�� $JJOXWLQDWHG� VSHFLHV�� VXFK� DV� 7H[WXODULD
HDUODQGL�� $GHUFRWU\PD� JORPHUDWD�� DQG� /DEURVSLUD� FUDVVLPDUJR� GRPLQDWH� DOO� WKH
DVVHPEODJHV��2QO\�D�IHZ�WHVWV�RI�FDOFDUHRXV�VKHOOV�RI�IRUDPLQLIHUD�ZHUH�IRXQG��$�WRWDO�RI���
VSHFLHV�RI�EHQWKLF�IRUDPLQLIHUD�ZHUH�LGHQWLILHG�DW�WKH���VWDWLRQV��DQG�YHU\�ORZ�FRQFHQWUDWLRQV�
UDQJLQJ� IURP� ���� WR� ��� WHVWV�FP��� ZHUH� UHFRUGHG�� )LQDOO\�� D� IHZ� WHVWV� RI� SODQNWRQLF
IRUDPLQLIHUD�DQG�WKHFDPRHELDQV�ZHUH�RFFDVLRQQDOO\�IRXQG�

7KH� �� VXUIDFH� VDPSOHV� FROOHFWHG� EHIRUH� WKH� ����� IORRG� FRQWDLQ� D� WRWDO� RI� �� VSHFLHV� RI
IRUDPLQLIHUD��7KH�PDMRULW\�DUH�DJJOXWLQDWHG�WHVWV�RI�EHQWKLF�IRUDPLQLIHUD�RI�ZKLFK�7��HDUODQGL
LV�WKH�GRPLQDQW�VSHFLH��7KH�WRWDO�FRQFHQWUDWLRQV�YDU\�EHWZHHQ���WR����WHVWV�FP���7KH�VXUIDFH
VDPSOHV�FROOHFWHG�DIWHU� WKH������ IORRG�FRQWDLQ�VLPLODU�DVVHPEODJHV�ZLWK� UHVSHFW� WR�VSHFLHV
GLYHUVLW\��+RZHYHU��WKH�DEXQGDQFH�RI�VKHOOV�LQ�WKH�VHGLPHQW�LV�PXFK�ORZHU��UDQJLQJ�IURP����
WR����WHVWV�FP���DV�D�UHVXOW�RI�GLOXWLRQ�E\�WKH�UDSLG�VHGLPHQWDU\�LQSXWV�IURP�WKH�IORRG��$W�WKH
XSVWUHDP� VLWH�� 6W�)XOJHQFH� VWDWLRQ�� VKHOO� RI� WKHFDPRHELDQV� ZHUH� REVHUYHG�� 7KH\� SUREDEO\
RULJLQDWH� IURP� ZHWODQGV� RU� IUHVKZDWHU� HQYLURQPHQWV� RI� WKH� GUDLQDJH� EDVLQ� DQG� ZHUH
VXEVHTXHQWO\�WUDQVSRUWHG�ZLWK�WKH�IORRG�PDWHULDO�

$FFRUGLQJ� WR� WKH� SUHOLPLQDU\� UHVXOWV�� LW� VHHPV� WKDW� WKH� VXGGHQ� VHGLPHQWDU\� LQIOX[� RI� IORRG
PDWHULDO�KDG�D�PDMRU�LPSDFW�RQ�WKH�EHQWKLF�IRUDPLQLIHUD�SRSXODWLRQV�LQKDELWLQJ�WKH�XSVWUHDP
SDUW� RI� WKH� IMRUG�� ZKHUH� WKH� IORRG� GHSRVLWV� DUH� WKLFNHVW�� ,Q� WKLV� LPSDFWHG� DUHD�� DQQXDO
PRQLWRULQJ� RI� WKH� EHQWKLF� IRUDPLQLIHUD� SRSXODWLRQV� ZLOO� SURYLGH� DQ� LQVLJKW� RQ� WKH� UDWH� RI
UHFRORQL]DWLRQ�RI�WKH�VHGLPHQWV�

3DO\QRORJLFDO�DQDO\VHV��SHUIRUPHG�RQ�VHGLPHQW�VDPSOHV�RI�WKH�VHDZDUG�VWDWLRQ�UHYHDOHG�WKH
SUHVHQFH� RI� DEXQGDQW� RUJDQLF� OLQLQJV� RI� EHQWKLF� IRUDPLQLIHUD� �DV� KLJK� DV� ������� RUJDQLF
OLQLQJV�FP��� �6W�2QJH� HW� DO�� VXEPLWWHG��� 7KHVH� KLJK� FRQFHQWUDWLRQV�� LQ� FRQWUDVW� WR� WKH� ORZ
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3RVWHUV
QXPEHU� RI� FDOFDUHRXV� VKHOOV�� VXJJHVW� WKDW� GLVVROXWLRQ� RI� FDOFLXP� FDUERQDWH� RFFXUV� LQ� WKH
VXUIDFH�VHGLPHQWV�RI�WKH�6DJXHQD\� IMRUG��,Q�RUGHU�WR�UHFRQVWLWXWH�WKH�RULJLQDO�SRSXODWLRQV�RI
EHQWKLF� IRUDPLQLIHUD�� D� V\VWHPDWLF� VWXG\� ZDV� LQLWLDWHG� WR� DVVRFLDWH� WKH� WHVWV� RI� EHQWKLF
IRUDPLQLIHUD�WR�WKHLU�UHVSHFWLYH�RUJDQLF�OLQLQJV�

3RVWHU���
,QWHJUDWLRQ�2I�8+)�3URILOHU�,QIRUPDWLRQ�:LWK�%LVWDWLF�5DGDU�0HDVXUHPHQWV
3DVFDO�*XLOOHPHWWH��DQG�,V]WDU�=DZDG]NL�
�'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO�8QLYHUVLW\

7KH�0F*LOO�28�%LVWDWLF�5DGDU�1HWZRUN�SURYLGHV�'RSSOHU�YHORFLW\�PHDVXUHPHQWV� IURP� WKUHH
GLIIHUHQW� SRLQWV� RI� YLHZ� DOORZLQJ� D� WKUHH� GLPHQVLRQDO� ZLQG� ILHOG� UHWULHYDO�� %HFDXVH� WKH
UHFHLYHUV� DUH� ORRNLQJ� DW� ORZ� HOHYDWLRQV�� WKH� YHUWLFDO� FRPSRQHQW� RI� WKH� ZLQG� LV� SRRUHO\
VDPSOHG��7KH�YHUWLFDO�YHORFLW\�LV�PDLQO\�REWDLQHG�E\�LQWHJUDWLRQ�RI�WKH�FRQWLQXLW\�HTXDWLRQ�ZLWK
JUHDW� DVVRFLDWHG� XQFHUWDLQW\�� 7KH� UHWULHYDO� FDQ� EH� LPSURYHG� E\� PHDVXUHPHQWV� WDNHQ� E\� D
YHUWLFDOO\�SRLQWLQJ�'RSSOHU�UDGDU�

,Q� WKLV�ZRUN��ZH�VWXG\� WKH� LPSDFW�RQ� WKH� UHFRQVWUXFWLRQ�RI� WKH�ZLQG� ILHOG�ZKHQ�D�8+)�ZLQG
SURILOHU� LQIRUPDWLRQ� LV� XVHG� DV� DQ� DGGLWLRQDO� FRQVWUDLQW� DORQJ� ZLWK� ELVWDWLF� PHDVXUHPHQWV�
([SHULPHQWV�ZHUH�GRQH�ZLWK�D�V\QWKHWLF�ZLQG�ILHOG�WR�VWXG\�KRZ�WKH�LQIRUPDWLRQ�RI�WKH�SURILOHU
FDQ�EH�LQWHJUDWHG�DQG�KRZ�LW�LV�SURSDJDWHG��7KHVH�H[SHULPHQWV�VKRZ�VLJQLILFDQW�LPSURYHPHQW
RI�WKH�UHWULHYHG�YHUWLFDO�PRWLRQ��&RQVHTXHQWO\��WKH�DOJRULWKP�IRU�WKH�UHWULHYDO�RI�WKH���'�ZLQG
KDV�EHHQ�PRGLILHG�WR�FRPELQH�WKH�8+)�LQIRUPDWLRQ�ZLWK�WKH�ELVWDWLF�QHWZRUN�

3RVWHU���
&OLPDWRORJLH�GHV�SUpFLSLWDWLRQV�OLTXLGHV�GDQV�OD�UpJLRQ�GH�0RQWUpDO�HQ�XWLOLVDQW�XQ�UpVHDX�GH
SOXYLRPqWUHV�HW�j�O
DLGH�GH�OD�GpWHFWLRQ�UDGDU�
0DUF�%HVQHU�
�(QY��&DQDGD�'LY��GHV�VFLHQFHV�DWPRVSKpULTXHV�HW�HQMHX[�HQYLURQQHPHQWDX[

8QH�GHV�SOXV�LPSRUWDQWHV�YDULDEOHV�j�FRQQDvWUH�HW�j�SUpYRLU�HQ�K\GURORJLH�HW�HQ�PpWpRURORJLH
HVW� OH� FKDPS� GHV� SUpFLSLWDWLRQV�� 8QH� FRQQDLVVDQFH� GH� OD� GLVWULEXWLRQ� VSDWLDOH� GHV
SUpFLSLWDWLRQV� HVW� GRQF� XWLOH� SRXU� GHV� GRPDLQHV� UHOLpV� j� OD� PRGpOLVDWLRQ� K\GURORJLTXH� HW
PpWpRURORJLTXH� j� GHV� ILQV� GH� SUpYLVLRQV�� G
DQDO\VHV� HW� GH� YpULILFDWLRQV�� /HV� FKDPSV� GH
SUpFLSLWDWLRQV�HVWLPpV�j�O
DLGH�G
XQ�UpVHDX�GH�SOXYLRPqWUH�DX�VRO�QH�SDUYLHQW�SDV� WRXMRXUV�j
ELHQ� UHSUpVHQWHU� OD� YDULDELOLWp� VSDWLDOH� HW� WHPSRUHOOH� GHV� SUpFLSLWDWLRQV�� $ILQ� G
pYDOXHU� OD
FOLPDWRORJLH� GHV� SUpFLSLWDWLRQV� OLTXLGHV� GDQV� OD� JUDQGH� UpJLRQ� GH� 0RQWUpDO�� GHV� DQDO\VHV
VLPXOWDQpHV�GH�GHX[�W\SHV�G
LQIRUPDWLRQV�VXU�OHV�SUpFLSLWDWLRQV� OLTXLGHV�RQW�pWp�HIIHFWXpHV���
PRLV� GH� GRQQpHV� KRUDLUHV� SOXYLRPpWULTXH� GH� VXUIDFH� HW� OHV� GRQQpHV� UDGDU� SURYHQDQW� GH
O
REVHUYDWRLU�-��6WHZDUW�0DUVKDOO�GH�O
XQLYHUVLWp�0F*LOO�j�6DLQWH�$QQH�GH�%HOOHYXH�
/D� WUDQVIRUPDWLRQ� GHV� FKDPSV� GH� UpIOHFWLYLWp� UDGDU� HQ� WDX[� GH� SUpFLSLWDWLRQV� QH� IRXUQLW
PDOKHXUHXVHPHQW�SDV�WRXMRXUV�XQ�LPDJH�UpHO�GX�SDWURQ�GH�SUpFLSLWDWLRQV��'LIIpUHQWV�IDFWHXUV
VRQW�UHVSRQVDEOHV�GH�OD�GLVFRUGDQFH�HQWUH�OH�FKDPS�GH�SUpFLSLWDWLRQV�UpHO�HW�FHOXL�HVWLPp�SDU
OD� WHFKQLTXH� UDGDU�� 'H� SOXV�� OHV� VRXUFHV� G
HUUHXUV� SHXYHQW� YDULHU� GH� IDoRQ� VSDWLDOH� HW
WHPSRUHOOH�� /
LQIRUPDWLRQ� UDGDU�FRQVLVWH�HQ�GHV�FKDPSV�GH� UpIOHFWLYLWp�GpWHFWpV�j�XQ�QLYHDX
FRQVWDQW�� WUDQVIRUPpV� SDU� XQH� UHODWLRQ� =�5� HW� DFFXPXOpV� VXU� GHV� SpULRGHV� KRUDLUHV�
'LIIpUHQWHV� SURFpGXUHV� VRQW� DSSOLTXpHV� DX[� FKDPSV� KRUDLUHV� SRXU� FDUDFWpULVHU� OD� UpJLRQ
FRXYHUWH� SDU� OH� UDGDU� �UD\RQ� GH� ���� NP�� VHORQ� XQ� PRGH� GH� SUpFLSLWDWLRQV� RX�� GH� QRQ
SUpFLSLWDWLRQV��(Q�PRGH�GH�SUpFLSLWDWLRQV��RQ�DSSOLTXH�GHV�FULWqUHV� VXU� OD� WDLOOH�HW� O
LQWHQVLWp
GHV� ]RQHV� GH� SUpFLSLWDWLRQV� DILQ� GH� IDLUH� XQ� VXLYL� VSDWLDO� HW� WHPSRUHO� SRXU� ILOWUHU� OHV� ]RQHV
SRXYDQW�IDXVVHU�O
HVWLPDWLRQ�UDGDU��H[HPSOH�OHV�pFKRV�GH�VRO�RX�OD�SURSDJDWLRQ�DQRUPDOH�GX
VLJQDO� UDGDU��� 'HV� UpVXOWDWV� SUpOLPLQDLUHV� VRQW� SUpVHQWpV� DYHF� FRPPH� REMHFWLI� G
XWLOLVHU
O
LQIRUPDWLRQ� UDGDU� SRXU� OD� PRGpOLVDWLRQ� K\GURORJLTXH� DLQVL� TXH� SRXU� GHV� DSSOLFDWLRQV
FOLPDWRORJLTXHV�
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3RVWHUV3RVWHU���
8SGDWHV� 7R� 7KH� 0FJLOO� 5DSLG� �5DGDU� 'DWD� $QDO\VLV�� 3URFHVVLQJ� $QG� ,QWHUDFWLYH� 'LVSOD\�
6\VWHP�
$OGR�%HOORQ��DQG�$ODPHOX�.LODPEL�
�0F*LOO�:HDWKHU�5DGDU�2EVHUYDWRU\

,Q�RXU�SRVWHU�SUHVHQWDWLRQ��ZH�ZLOO�EH�LOOXVWUDWLQJ�WKUHH�UHFHQW�DGGLWLRQV�WR�RXU�5$3,'�V\VWHP
WKDW�LV�LQ�UHDO�WLPH�RSHUDWLRQ�DW�WKH�0RQWUHDO�:HDWKHU�2IILFH�
���5DLQIDOO�DFFXPXODWLRQ�FRUUHFWLRQ�XVLQJ�YHUWLFDO�SURILOHV�RI�UHIOHFWLYLW\
9HUWLFDO� SURILOHV� RI� UHIOHFWLYLW\� IRU� �� UDQJH� LQWHUYDOV� ��� NP� ZLGH� IURP� ��� WR� ���� NP� DUH
GLVSOD\HG�HYHU\���PLQXWHV�ZLWK� WKH�&$33,�PDSV�XVHG�DV� LQSXW� WR� WKH� UDLQIDOO� DFFXPXODWLRQ
PRGXOH�� 7KH� LQWHQVLW\�� KHLJKW�� GHSWK� RI� LQIOXHQFH� DQG� UDQJH� YDULDELOLW\� RI� D� EULJKW� EDQG�� LI
SUHVHQW��DUH�FOHDUO\�UHYHDOHG�DV�DUH�WKH�FKDUDFWHULVWLFV�RI�DQ\�RWKHU�SUHFLSLWDWLRQ�W\SH�OLNH�ORZ
OHYHO�JURZWK��YLUJD��FRQYHFWLRQ�RU�VQRZ��7KH�DFFXPXODWLRQ�PRGXOH�DOVR�LQWHJUDWHV�DOO�WKH���
PLQXWH� SURILOHV� LQ� RUGHU� WR� GHULYH� D� WLPH�DYHUDJHG� YHUWLFDO� SURILOH� RI� UHIOHFWLYLW\�� 8VHUV� FDQ
WKHQ� PRGLI\� WKH� UDLQIDOO� HVWLPDWLRQ� WR� DFFRXQW� IRU� WKH� PHDQ� YHUWLFDO� UHIOHFWLYLW\� YDULDWLRQ
EHWZHHQ�WKH�KHLJKW�RI�WKH�&$33,V��W\SLFDOO\�EHWZHHQ�����DQG�����NP��DQG�WKH�ORZHVW�KHLJKW�RI
WKH�SURILOH�DW���NP�
���*URXQG�HFKR�DQG�$3�LGHQWLILFDWLRQ�XVLQJ�'RSSOHU�DQG�UHIOHFWLYLW\�GDWD
8QWLO�UHFHQWO\��JURXQG�HFKRHV�ZHUH�DYRLGHG�E\�VLPSO\�SHUIRUPLQJ�DQ�KRUL]RQWDO�LQWHUSRODWLRQ
DFURVV� D� SUH�GHWHUPLQHG� JURXQG� HFKR�PDVN� GHULYHG� GXULQJ� FRQGLWLRQV� RI� QR� SUHFLSLWDWLRQ�
+RZHYHU�� WKH� SUHVHQFH� RI� HFKRHV� IURP� DQRPDORXV� SURSDJDWLRQ� �$3�� UHQGHUV� DOO� UDLQIDOO
HVWLPDWHV�SUDFWLFDOO\�XVHOHVV�RYHU�UHJLRQV�ZKHUH�WKHVH�$3�HFKRHV�RFFXU��7KXV��LQ�DQ�HIIRUW�WR
HVSHFLDOO\�LGHQWLI\�WKHVH�$3�UHJLRQV��ZH�KDYH�GHYLVHG�D�VFKHPH�WKDW�JHQHUDWHV�D�JURXQG�HFKR
PDVN�HYHU\���PLQXWHV�XVLQJ�WKH�IROORZLQJ�
D��9HUWLFDO�,QWHJUDWLRQ�RI�'RSSOHU�9HORFLW\�RYHU�D�XVHU�GHILQHG�OD\HU�a���WR���NP��E��9HUWLFDO
*UDGLHQW�RI�5HIOHFWLYLW\�DFURVV�WKH�OD\HU�F��+RUL]RQWDO�*UDGLHQW�RI�5HIOHFWLYLW\�LQ�D����GHJUHH�E\
��NP��QHLJKERUKRRG�FHQWUHG�DW�HDFK�SRODU�SL[HO�FRQWDLQHG�LQ�WKDW�OD\HU�
$Q\�SL[HO�GHFODUHG�DV�D�SRWHQWLDO�JURXQG�HFKR�RQ�WKH�EDVLV�RI��D��LV�127�FRQVLGHUHG�DV�VXFK
LI�WKH�SDUDPHWHUV�LQ�E��RU�F��H[FHHG�XVHU�VSHFLILHG�WKUHVKROGV��([DPSOHV�ZLOO�KLJKOLJKW�KRZ�WKH
$3�LV�WKHUHE\�HOLPLQDWHG�IURP�WKH�&$33,�PDSV�XVHG�E\�WKH�DFFXPXODWLRQ�PRGXOH�
���*HQHUDWLRQ�RI�FRPSRVLWH�UDGDU�PDSV�RYHUOD\HG�ZLWK�*2(6�LPDJHV
*2(6�YLVLEOH�DQG�,5�PDSV�DUH�QRZ�URXWLQHO\�LQJHVWHG�LQ�RXU�5$3,'�V\VWHP�HYHU\����PLQXWHV�
/RZ� OHYHO� &$33,V� IURP� �� QHLJKERXULQJ� UDGDUV� �4XHEHF� &LW\�� 2WWDZD� DQG� %ULWW� RQ� WKH
*HRUJLDQ�%D\��DUH� OLNHZLVH� UHFHLYHG�E\� WKH�5$3,'� VRIWZDUH� HYHU\���PLQXWHV�DQG�FRPELQHG
ZLWK� WKH� 0F*LOO� &$33,V�� 5DGDU� SL[HOV� DUH� LQGLYLGXDOO\� UHPDSSHG� RQ� WKH� VDPH� 3RODU
6WHUHRJUDSKLF�SURMHFWLRQ�WR�SHUPLW�WKH�RYHUOD\LQJ�RI�WKH�UHVXOWLQJ�FRPSRVLWH�UDGDU�PDS�ZLWK
WKH�*2(6� LPDJHV��6HOHFWLQJ� WKH� 
QHDUHVW
� UDWKHU� WKDQ� WKH� 
PD[LPXP
� LQWHQVLW\� IRU�SL[HOV�ZLWK
RYHUODSSLQJ� UDGDU� FRYHUDJH� KDV� WKH� HIIHFW� RI� DXWRPDWLFDOO\� HOLPLQDWLQJ� WKH� $3� RYHU� WKRVH
UHJLRQV��*URXQG�HFKRHV�DUH�DOVR�UHPRYHG�IURP�FRPSRVLWH�UDGDU�PDSV�ZKHUH�WKH�PD[LPXP
YLVLEOH�EULJKWQHVV�LQ�D�QHLJKERUKRRG�LV�EHORZ�D�XVHU�GHILQHG�WKUHVKROG�RU�ZKHUH�WKH�FROGHVW
WHPSHUDWXUH�LV�ZDUPHU�WKDQ�DQRWKHU�XVHU�GHILQHG�WKUHVKROG�

3RVWHU���
*URXQG�%DVHG�RSWLFDO�VHQVLQJ�RI�:HVWHUQ�&DQDGLDQ�IRUHVW�ILUH�VPRNH�QHDU�7RURQWR
1RUP� 2
1HLOO��� $OH[DQGHU� 6PLUQRY��� 2OHJ� 'XERYLN��� 7RP� (FN��� $PDGRX� %RNR\H��� $ODLQ
5R\HU���=KDQTLQJ�/L��DQG�-LP�)UHHPDQWOH��
�*6)&�1$6$��/�2�$��IURP�8QLYHUVWp�GH�6KHUEURRNH���*6)&�1$6$���&$57(/��8QLYHUVLWp�GH
6KHUEURRNH���&&56���&UHVWHFK

)RUHVW�ILUHV�LQ�ZHVWHUQ�DQG�QRUWK�ZHVWHUQ�&DQDGD�SURGXFHG�VLJQLILFDQW�VPRNH�SOXPHV�ZKRVH
RSWLFDO�HIIHFWV�FRXOG�EH�GHWHFWHG�RYHU�WKRXVDQGV�RI�NLORPHWHUV��7KHVH�ILUHV�ZHUH�SDUWLFXODULO\
LQWHQVH� GXULQJ� WKH� ILUVW� WZR� ZHHNV� RI� $XJXVW�� ������ $� VXQSKRWRPHWHU� ORFDWHG� DW� (JEHUW
2QWDULR� ���� NP� QRUWK� RI� 7RURQWR�� 2QW��� ZDV� XVHG� WR� PRQLWRU� WKH� GLXUQDO� YDULDWLRQV� RI� D
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3RVWHUV
VPRNH�SOXPH�GXULQJ�D�WXUELG�DWPRVSKHULF�HYHQW�RQ�$XJXVW����������7KLV�VXQSKRWRPHWHU� LV
SDUW�RI�D�&DQDGLDQ�QHWZRUN�RI�VXQSKRWRPHWHUV��$(52&$1��ZKLFK�LQ�WXUQ�LV�D�PHPEHU�RI�WKH
ZRUOG�ZLGH�IHGHUDWHG�QHWZRUN�RI�1$6$�VSRQVHUHG�VXQSKRWRPHWHUV��$(521(7��

7KH�GLXUQDO�YDULDWLRQV�RI� WKH�VXQSKRWRPHWHU�RSWLFDO�GHSWKV�ZHUH�SODFHG� LQ�D�VSDWLDO�FRQWH[W
E\�FRPSDULVRQV�ZLWK�VPRNH�HQKDQFHG�$9+55��*2(6�DQG�7206�LPDJHV�DQG�PHWHRURORJLFDO
PDSV�� 5HIUDFWLYH� LQGH[�� VLQJOH� VFDWWHULQJ�DOEHGR�DQG� VL]H�GLVWULEXWLRQ� UHVXOWV� ZHUH� H[WUDFWHG
IURP�WKH�VLPXOWDQHRXV�DSSOLFDWLRQ�RI�DQ�LQYHUVLRQ�SURFHGXUH�WR�DWWHQXDWLRQ�DQG�VN\�UDGLDQFH
PHDVXUHPHQWV�� 2SWLFDO� GHSWKV� DW� ���� QP� ZHUH� IRXQG� WR� EH� a� ���� RU� JUHDWHU�� VLQJOH
VFDWWHULQJ�DOEHGRV�a�����RU�OHVV�DQG�$QJVWURP�FRHIILFLHQWV�ZHUH�a��������ZDYHOHQJWK�EDQGV
EHWZHHQ� ���� DQG� ���� QP��� 7KHVH� UHVXOWV� ZLOO� EH� FRPSDUHG� ZLWK� EDFNJURXQG� UHVXOWV� IRU
(JEHUW� DV� ZHOO� DV� VXQSKRWRPHWHU� GHULYHG� SDUDPHWHUV� IRU� RWKHU� ELRPDVV� EXUQLQJ� HYHQWV� LQ
%UD]LO�DQG�$ODVND�

3RVWHU���
7RZDUGV�D�EHWWHU�XQGHUVWDQGLQJ�RI�(O�1LxR�UHODWHG�WHPSHUDWXUH�SDWWHUQV�LQ�WKH�SUDLULH�DQG
IRRWKLOOV�UHJLRQV�RI�&DQDGD
'DJPDU�%XGLNRYD�
�8QLYHUVLW\�RI�&DOJDU\

7KH� LQWHQW� RI� WKLV� UHVHDUFK� LV� WR�SURYLGH�DQ� LPSURYHG�XQGHUVWDQGLQJ�RI� WKH� VSDWLR�WHPSRUDO
UHVSRQVH� RI� VXUIDFH� WHPSHUDWXUH� DQRPDOLHV� LQ� WKH� IRRWKLOOV� DQG� SUDLULH� UHJLRQ� RI� &DQDGD
GXULQJ�(O�1LxR�HYHQWV�

$� WRWDO� RI� ��� (O� 1LxR� HYHQWV� WKDW� ZHUH� REVHUYHG� VLQFH� ����� ZHUH� XVHG� LQ� WKH� VWXG\�� $
FRPELQDWLRQ� RI� PXOWLYDULDWH� VWDWLVWLFDO� PHWKRGV�� DQG� JHRJUDSKLFDO� LQIRUPDWLRQ� V\VWHPV
WHFKQRORJ\�ZHUH�XVHG��)DFWRU�DQDO\VLV�LQ�6�PRGH�ZDV�VXLWDEOH�WR�H[WUDFW�WKH�SULQFLSDO�UHJLRQV
�IDFWRUV��RI�WHPSHUDWXUH�UHVSRQVH��:DUG
V�FOXVWHULQJ�PHWKRG�ZDV�WKHQ�DSSOLHG�WR�WKH�VFRUHV�RI
WKH� UHPDLQLQJ� IDFWRUV� WR� REWDLQ� SULQFLSDO� HYROXWLRQDU\� SDWWHUQV� RI� WHPSHUDWXUH� DQRPDOLHV
GXULQJ�(O�1LxR�

7KH� DQDO\VLV� H[WUDFWHG� WKUHH� ���� PDMRU� UHJLRQV� RI� GLVWLQFW� WHPSHUDWXUH� DQRPDO\� SDWWHUQV�
&HQWUDO� LQWHULRU� RI� &DQDGD� ZDV� IRXQG� WR� KDYH� WKH� PRVW� FRQVLVWHQW� WHPSRUDO� UHVSRQVH� RI
WHPSHUDWXUH� DQRPDOLHV� WR� (O�1LxRV�� 7ZR� ���� SULQFLSDO� W\SHV� RI� WHPSHUDWXUH� HYROXWLRQ� ZHUH
IRXQG�IRU�WKLV�UHJLRQ��7\SH�,��LGHQWLILHG�LQ�����RI�(O�1LxR�HYHQWV�� LV�PDLQO\�FKDUDFWHUL]HG�E\
SRVLWLYH� WHPSHUDWXUH� DQRPDOLHV� DFURVV� WKH� UHJLRQ�� WKDW� UHDFK� PD[LPXP� VSDWLDO� H[WHQW� DQG
LQWHQVLW\� ����&��DURXQG� -DQXDU\��&RQGLWLRQV� WKHQ� UHWXUQ� WR� QRUPDO�DURXQG�0D\�� ,Q� W\SH� ,,�
���� RI� HYHQWV�� SHDN� QHJDWLYH� WHPSHUDWXUH� DQRPDOLHV� DUH� REVHUYHG� LQ� -DQXDU\� DORQJ� WKH
IRRWKLOOV� ����&��� 6SDWLDOO\�� WKH� DQRPDOLHV� VKRZ� WKH� JUHDWHVW� H[WHQW� DURXQG� $SULO�� DQG
FRPSOHWHO\�GLVVLSDWH�E\� -XO\�� 6SDWLDOO\�� W\SH� ,� HYHQW� VKRZV�D�JUDGXDO� ORFDO�PDJQLILFDWLRQ�DV
ZHOO� DV� D� JUDGXDO� HDVWZDUG� SURJUHVVLRQ� RI� DQRPDOLHV�� 7\SH� ,,� HYHQW� VKRZV� D� VRXWKHUQ
SURJUHVVLRQ�RI�LQWHQVLI\LQJ�DQRPDOLHV�HDUO\�LQ�WKH�ZLQWHU�DORQJ�WKH�IRRWKLOOV��WKDW�WKHQ�GLPLQLVK
LQ� VWUHQJWK� DQG� GLIIXVH� WRZDUGV� WKH� QRUWKHDVW�� HQFRPSDVVLQJ� WKH� HQWLUH� UHJLRQ� E\� $SULO�
2QJRLQJ�ZRUN� LQ� WKH� DUHD� LV� H[DPLQLQJ� WKH� FRQQHFWLRQ� RI� WKHVH� DQRPDOLHV� WR� WKH� WURSLFDO
3DFLILF�2FHDQ��LQ�WXUQ�DVVHVVLQJ�WKH�SUHGLFWDELOLW\�RI�WKHVH�DQRPDOLHV�

3RVWHU���
,QWUDVHDVRQDO�2VFLOODWLRQV�LQ�WKH�5DLQV�DQG�)ORRGV�RYHU�WKH�$QGHV�0RXQWDLQ�&KLOH�
-RVH�9HUJDUD��DQG�5DLQHU�6FKPLW]�
�8QLYHUVLW\�RI�&KLOH

�7KH�VXEWURSLFDO�:HVW�&RDVW�RI�6RXWK�$PHULFD�LV�SDUWLFXODUO\�VXLWDEOH�WR�GHWHFW�LQWUDVHDVRQDO
YDULDWLRQV� �9HUJDUD� DQG� )XHQ]DOLGD�� ������� &OLPDWLF� FRQGLWLRQV�� VXFK� DV� VXEWURSLFDO
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3RVWHUV
VXEVLGHQFH��H[WUHPH�WHPSHUDWXUHV�DQG�SUHFLSLWDWLRQ�DUH�GHSHQGHQW�RQ�VXFK�YDULDWLRQV�ZKLFK
LQ�WXUQ�DIIHFW�WKH�ZKROH�WURSRVSKHUH�

2EVHUYDWLRQDO� HYLGHQFH� RI� WKH� LQWUDVHDVRQDO� RVFLOODWLRQ� RI� SUHFLSLWDWLRQ� DQG� ULYHU� IORZV� LQ
&KLOH�LV�SUHVHQWHG�E\�PHDQV�RI�GDLO\�GDWD��VXFK�DV�VXUIDFH�SUHVVXUH��VXUIDFH�WHPSHUDWXUH�RYHU
WKH�$QGHV�PRXQWDLQ��SUHFLSLWDWLRQ��ULYHU� IORZ�DQG�FRPSDUHG�ZLWK� UHJLRQDO�QXPHULFDO�PRGHO
RXWSXW�

$FFRUGLQJ� WR� WKH� SUHVHQWHG� GDWD� ORZ� IUHTXHQF\� YDULDWLRQV� DUH� SUHVHQW� ZLWK� D� SHULRGLFLW\
EHWZHHQ����WR����GD\V��ILJXUH����KWWS���GJI�XFKLOH�FO�aMYHUJDUD�FRQI�&026��%�KWPO��DORQJ
ZLWK�D� ODUJH� LQWHUDQQXDO� DQG�DQQXDO� YDULDELOLW\�� 7KH� UDLQ� WLPH� VHULHV� SUHVHQW� D�SURQRXQFHG
DQQXDO�F\FOH�ZLWK�D�VWURQJ�PD[LPXP�GXULQJ�WKH�FROG�VHDVRQ��+RZHYHU��ULYHU�IORZ�WLPH�VHULHV
VKRZV�D�PD[LPXP�GXULQJ�ZDUP�VHDVRQ�GXH�WR�WKH�LPSDFW�RI�WKH�LQWUDVHDVRQDO�YDULDWLRQV�RYHU
WKH�VXEWURSLFDO�VXEVLGHQFH�DQG�FRQVHTXHQWO\�RYHU�WKH�WHPSHUDWXUHV�

7KH� LQWUDVHDVRQDO� YDULDWLRQV� GLVFXVVHG� LQ� WKLV� SDSHU� VKRZ� WKH� H[LVWHQFH� RI� D� SKHQRPHQRQ
ZKLFK� LV� UHOHYDQW� IRU� WKH� UDLQIDOO� HYHQWV� �ZLQWHUWLPH��DQG� WKH�H[WUHPH� WHPSHUDWXUHV�HSLVRGHV
�VXPPHUWLPH���%RWK�UDLQIDOO�DQG�WHPSHUDWXUH�H[SODLQ�WKH� IORRGV�GXULQJ�WKH�\HDUV��7KH�UHVXOWV
UHSRUWHG�LQ�WKLV�SDSHU�HPSKDVLVH�WKH�SRWHQWLDO�EHQHILWV�RI�D�VWXG\�RI�ORZ�IUHTXHQF\�YDULDWLRQ
IRU�WKH�LPSOHPHQWDWLRQ�RI�DQ�H[WHQGHG�UDLQ�DQG�IORRG�IRUHFDVWLQJ�

�KWWS���GJI�XFKLOH�FO�aMYHUJDUD�FRQI�&026��%�KWPO

)LJXUH� ��� 6SHFWUXP� IRU� &DFKDSRDO� ULYHU� IORZ� GXULQJ� VXPPHU� ����������� 7KH� SHDNV
FRUUHVSRQGV�WR�D�SHULRG�RI����GD\V�

$FNQRZOHGJHPHQWV�

7KLV�ZRUN�ZDV�IXQGHG�E\�)21'(&<7����������)21'()������DQG�&2'(/&2B$1',1$
���SURMHFWV�

3RVWHU���
(DUWK�FRRUGLQDWH�DQG�PHVRVFDOH�PRGHOOLQJ
*X\�%HUJHURQ���5REHUW�%HQRLW��DQG�$ODLQ�3LHWURQLUR�
�'HSDUWPHQW�RI�$WPRVSKHULF�	�2FHDQLF�6FLHQFHV��0F*LOO�8QLYHUVLW\���5HFKHUFKH�HQ�3UHYLVLRQ
1XPHULTXH���1DWLRQDO�:DWHU�5HVHDUFK�,QVWLWXWH

&RXSOLQJ�KLJK�UHVROXWLRQ�PHVRVFDOH�PRGHO�ZLWK�GLVWULEXWHG�DQG�VWUHDPIORZ�PRGHO� LPSO\� WKH
FRXSOLQJ�RI�WZR��UHDOLWLHV���RQH�LV�D�YLUWXDO�VSKHULFDO�HDUWK�XVHG�LQ�PHWHRURORJ\�DQG�WKH�RWKHU
LV�D� WUXH�HOOLSVRLG�HDUWK�XVHG� LQ�K\GURORJ\��(DFK�RI� WKHVH�HDUWKV�KDYH� WKHLU� RZQ� VKDSH�DQG
FRRUGLQDWH�V\VWHP��7KH� OLQN�EHWZHHQ� WKHVH� WZR� �UHDOLWLHV�� LQWURGXFHV�D�SRVVLEOH�FRQIXVLRQ� LQ
WKH�GHILQLWLRQ�RI�WKH�ODWLWXGH�DQG�D�GLVFUHSDQF\�RI�WKH�JHRJUDSKLFDO�SRVLWLRQLQJ�LV�WKH�RUGHU�RI
���NP�� ,Q� WKH�PHVRFDOH�PRGHOOLQJ�FRQWH[W�� WKLV�GLVFUHSDQF\�FRUUHVSRQG� WR�RQH�RU� WZR�JULG
OHQJWK��7KH�FRQIXVLRQ�DULVH�IURP��ILUVW��WKH�GHSHQGHQF\�EHWZHHQ�WKH�YDOXH�RI�WKH�ODWLWXGH�DQG
WKH�VSKHURLG�XVHG�WR�GHILQH�WKHP��DQG�VHFRQG��WKH�FRRUGLQDWH�WUDQVIRUPDWLRQ�XVHG�KLVWRULFDOO\
LQ�PHWHRURORJ\� WR� OLQN� WKH� WZR� HDUWK� FRRUGLQDWH� V\VWHPV�� 7ZR� TXHVWLRQV� HPHUJH� IRUP� WKLV
H[HUFLVH��'RHV�WKH�KLVWRULFDOO\�FRRUGLQDWH�WUDQVIRUPDWLRQ�XVHG�EHWZHHQ�WKH�HOOLSVRLG�HDUWK�DQG
WKH� VSKHULFDO� HDUWK� LV� DFFXUDWH� HQRXJK� IRU� WKH� DFWXDO� PRGHO� UHVROXWLRQ"� $OVR�� GRHV� D
FRQIRUPDO�WUDQVIRUPDWLRQ�EHWZHHQ�HOOLSVRLG�DQG�VSKHULFDO�HDUWK�LV�DQ�DFFHSWDEOH�DOWHUQDWLYH"

3RVWHU���
$XWRPDWHG�ZHDWKHU�IRUHFDVW�SURGXFWV
&ODXGH� /DQGU\��� 5LFKDUG� 9HUUHW��� 'HQLV� 9LJQHX[��� -DFTXHV� 0DUFRX[��� )UDQFR� 3HWUXFFL��� /XF
3HOOHWLHU��DQG�*X\ODLQH�+DUG\�
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3RVWHUV
�&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

'HPDQG�IRU�VSHFLDOL]HG�ZHDWKHU�IRUHFDVW�SURGXFWV�KDV�VLJQLILFDQWO\�LQFUHDVHG�LQ�WKH�SDVW�IHZ
\HDUV��7R�IXOILOO�WKH�GHPDQG��5HJLRQDO�:HDWKHU�&HQWUHV�KDYH�WR�ILQG�QHZ�ZRUNLQJ�VWUDWHJLHV�WR
LQFUHDVH�SURGXFWLYLW\�ZKLOH�VWLOO�PDLQWDLQLQJ�TXDOLW\��DFFXUDF\�DQG�XVHIXOQHVV�RI�SURGXFWV�DQG
DOVR�PDLQWDLQLQJ�FRQVLVWHQF\�EHWZHHQ�WKHP��2SHUDWLRQDO�PHWHRURORJLVWV�KDYH�WR�JHW�XVHG�WR
QHZ�IRUHFDVWLQJ�WRROV�WKDW�FDQ�JHQHUDWH�DXWRPDWLFDOO\�VHYHUDO�SURGXFWV��7KH�LQWHUDFWLYH�H[SHUW
V\VWHP� 6&5,%(� IRU� FRPSRVLWLRQ� RI� PHWHRURORJLFDO� IRUHFDVW� SURGXFWV� KDV� GHPRQVWUDWHG� LWV
FDSDELOLW\�RI�EHLQJ�DQ�HIILFLHQW��IOH[LEOH�DQG�UHOLDEOH�WRRO�WR�DFKLHYH�LPSURYHG�SURGXFWLYLW\�DQG
EHWWHU�HIILFLHQF\�

$Q� HQVHPEOH� RI� ZHDWKHU� HOHPHQW� PDWULFHV� DUH� SURGXFHG� DW� WKH� &DQDGLDQ� 0HWHRURORJLFDO
&HQWUH�DW�PRUH�WKDQ�����SRLQWV�DFURVV�&DQDGD��7KHVH�PDWULFHV�LQFOXGH�VWDWLVWLFDO�DQG�GLUHFW
PRGHO�RXWSXW�SDUDPHWHUV�DW�D���K�WLPH�UHVROXWLRQ�RXW�WR����K�SURMHFWLRQ�WLPH�EDVHG�RQ�WKH
RSHUDWLRQDO�5HJLRQDO�PRGHO�DQG�RXW�WR�����K�EDVHG�RQ�WKH�*OREDO�PRGHO��8SRQ�UHFHSWLRQ
RI� WKH�PDWULFHV�� WKH� .QRZOHGJH� %DVH� 6\VWHP�RI� WKH� 5HJLRQDO� 6&5,%(� V\VWHP� SURFHVVHV� WKH
GDWD� WR� H[WUDFW� WKH� HYHQWV� RU� PHWHRURORJLFDO� FRQFHSWV� WKDW� DUH� WKH� UHVXOWV� RI� D� VHPDQWLF
QXPHULFDO�DQDO\VLV�RI�WKH�ZHDWKHU�HOHPHQW�PDWULFHV�FRQWHQW��7KH�FRQFHSWV�DUH�GLVSOD\HG�RQ�D
JUDSKLFDO�XVHU�LQWHUIDFH�IRU�HGLWLQJ�LI�QHHGHG�DQG�WKHQ�WKH�.QRZOHGJH�%DVH�6\VWHP�LV�FDOOHG
RQFH�PRUH�WR�JHQHUDWH�WKH�IRUHFDVW�SURGXFWV��(DFK�SURGXFW�KDV�LWV�RZQ�3URGXFW�'HVFULSWLRQ
)LOH�ZKLFK�FRQWDLQV�DOO�WKH�GLUHFWLYHV�WKDW�VSHFLI\�WKH�PHWHRURORJLFDO�FRQWHQW�DQG�IRUPDW�RI�WKH
SURGXFW��'LUHFW�RXWSXW�SURGXFWV�DUH�LQ�WH[WXDO�DQG�RU�QXPHULFDO�IRUPDWV��DQG�WKH�V\VWHP�FDQ
IHHG� VSHFLDOL]HG� DSSOLFDWLRQV� WR� JHQHUDWH� JUDSKLFDO� SURGXFWV� DQG� H[WHUQDO� VRIWZDUH
DSSOLFDWLRQV�

7KH�HIILFLHQF\�DQG�SURGXFWLYLW\�RI�WKH�V\VWHP�LV�DFKLHYHG�ZKHQ�PDQ\�SURGXFWV�DUH�JHQHUDWHG
XVLQJ� WKH�ZHDWKHU� HOHPHQWV�RI� RQH�PDVWHU� SURGXFW��$IWHU� HGLWLQJ�DQG�TXDOLW\� FRQWUROOLQJ�DOO
QHHGHG�ZHDWKHU�HOHPHQWV�LQFOXGHG�LQ�WKH�PDVWHU�SURGXFW��VHULHV�RI�GHULYHG�SURGXFWV�FDQ�EH
JHQHUDWHG�DV�GHILQHG�LQ�WKH�3URGXFW�'HVFULSWLRQ�)LOHV��IURP�H[WUDFWHG�ZHDWKHU�HOHPHQWV��7KH
PDVWHU�SURGXFW�FDQ�WKHQ�EH�FRQVLGHUHG�DV�WKH�ZRUNLQJ�PHWHRURORJLFDO�WDEOH��IURP�ZKLFK�DOO
RWKHU�SURGXFWV�FDQ�EH�GHULYHG�ZLWKRXW�H[WUD�ZRUN��&RQVLVWHQF\�EHWZHHQ�DOO�SURGXFWV� LV� WKHQ
DXWRPDWLFDOO\�HQVXUHG�

8VH� RI� 6&5,%(� SURGXFW� JHQHUDWRU� LQ� DQ� RSHUDWLRQDO� HQYLURQPHQW� KDV� VKRZQ� WKDW� WKH� WLPH
UHTXLUHG�WR�JHQHUDWH�VWDQGDUG�IRUHFDVW�SURGXFWV�VXFK�DV�SXEOLF�IRUHFDVWV��ZDV�HTXDO��DQG�LQ
VRPH�FDVHV�HYHQ� IDVWHU� WKDQ� WKH� WLPH�QRUPDOO\� UHTXLUHG�ZKHQ�JHQHUDWLQJ� WKH�SURGXFWV�ZLWK
XVXDO� IRUHFDVWLQJ� WRROV�� +RZHYHU�� 6&5,%(� FDQ� JHQHUDWH� DXWRPDWLFDOO\�� DQG� ZLWKRXW� IXUWKHU
LQWHUYHQWLRQ��VHYHUDO�GHULYHG�VSHFLDOL]HG�ZHDWKHU�IRUHFDVW�SURGXFWV��7KH�PHWHRURORJLFDO�WDVNV
DUH� WKHQ�GHYRWHG� WR� WKH�HGLWLRQ�DQG�TXDOLW\�FRQWURO�RI�D�PDVWHU�SURGXFW�RU�GDWDEDVH�ZKLFK
FRQWDLQV� DOO� WKH� PHWHRURORJLFDO� IRUHFDVW� GHFLVLRQV� UDWKHU� WKDQ� RQ� IRUPDWWLQJ� WKH� VDPH
PHWHRURORJLFDO�IRUHFDVWV�LQWR�VHYHUDO�GLIIHUHQW�XVHU�WDLORUHG�SURGXFWV�

,W� LV� SURSRVHG� WR� KDYH� D� SRVWHU� SUHVHQWDWLRQ� ZLWK� D� GLVSOD\� RI� WKH� VWUXFWXUH� RI� WKH� 6&5,%(
V\VWHP�WRJHWKHU�ZLWK�H[DPSOHV�RI�6&5,%(�JHQHUDWHG�SURGXFWV��,W�LV�DOVR�SURSRVHG�WR�KDYH�OLYH
GHPRV�RI�6&5,%(�WR�VXSSRUW�WKH�SRVWHU�SUHVHQWDWLRQ�

3RVWHU���
&DQDGLDQ�+XUULFDQH�&HQWUH�2SHUDWLRQDO�$QDO\WLFDO�:LQG�0RGHO
$OODQ�0DFDIHH��DQG�%ULDQ�3HWHUV�
�&DQDGLDQ�+XUULFDQH�&HQWUH���0HWHRURORJLFDO�6HUYLFH�RI�1HZ�=HDODQG�/WG��:HOOLQJWRQ��1HZ
=HDODQG

$� PRGLILHG� YHUVLRQ� RI� WKH� +ROODQG� ������� JUDGLHQW� ZLQG� PRGHO� IRU� WURSLFDO� F\FORQHV� LV
SUHVHQWHG�� 7KLV� PRGHO� LQFOXGHV� TXDGUDQW� GHSHQGHQW� DV\PPHWU\� IDFWRUV� IRU� WKH� LQQHU� FRUH
UHJLRQ�RI�WKH�KXUULFDQH�DV�ZHOO�DV�WKH�ILUVW�RUGHU�DV\PPHWU\�LQWURGXFHG�E\�WUDQVODWLRQ��6FDODU
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3RVWHUV
ZLQGV�FDOFXODWHG�DERYH� WKH�0DULQH�%RXQGDU\� /D\HU� �0%/��DFURVV�D�QRGH�FHQWHUHG��PRWLRQ�
RULHQWHG� JULG� DUH� DGMXVWHG� WR� VXUIDFH� YDOXHV� WKURXJK� DSSOLFDWLRQ� RI� D� WUDQVIHU� FRHIILFLHQW
UHSUHVHQWDWLYH�RI�WKH�0%/�

2SHUDWLRQDOO\�� WKH�PRGHO� LQSXW� SDUDPHWHUV� DUH�SUHSDUHG�DV�D� IRUHFDVW� WUDFN� LV� FRQVWUXFWHG
XVLQJ� WKH�+XUULFDQH� )RUHFDVWLQJ� ,QWHUIDFH� �+855��� 7KH� IRUHFDVWHU� LQWHUDFWLYHO\� H[HFXWHV� WKH
PRGHO� DQG� GLVSOD\V� LVRWDFKV�� ZLQG� YHFWRUV�� DQG� LVREDUV� DW� RQH� RU� PRUH� QRGHV� DORQJ� WKH
WUDFN��7KH�SULPDU\�XVH�RI�WKH�PRGHO� LV�WR�SURYLGH�JXLGDQFH�IRU�RSHQ�RFHDQ�ZLQG�DQG�ZDYH
IRUHFDVWLQJ� LQ� WKH�DEVHQFH�RI�GDWD�REVHUYDWLRQV�DQG� UHDO�WLPH��PHVRVFDOH�PRGHO�RXWSXW�� ,Q
WKLV�FRQWH[W��FRPSDULVRQV�ZLWK������KXUULFDQHV�'DQLHOOH��0LWFK��DQG�*HRUJHV�DUH�SUHVHQWHG�

3RVWHU���
)LQH�VFDOH� FRQGHQVDWLRQ� SURFHVV� DW� YDU\LQJ� UHVROXWLRQ� �� VHQVLWLYLW\� VWXG\� ZLWK� WKH� 1RUWKHUQ
$HURVRO�5HJLRQDO�&OLPDWH�0RGHO��1$5&0�
:DQGD�6]\UPHU���-HDQ�3LHUUH�%ODQFKHW���,V]WDU�=DZDG]NL��DQG�5HQp�/DSULVH�
�84$0��&&50���0F*LOO�8QLYHUVLW\��&&50

7KH� ODUJHVW� XQFHUWDLQW\� LQ� FOLPDWLF� PRGHOV� LV� DWWULEXWHG� WR� LQDGHTXDWH� UHSUHVHQWDWLRQ� RI
FORXGV��7KHUH�DUH�QRZ�LQFUHDVHG�HIIRUWV�WR�LPSURYH�FORXG�SDUDPHWHUL]DWLRQ�VFKHPHV��QRW�RQO\
ZLWK� UHVSHFW� WR� DPRXQW� RI� FORXGV� EXW� DOVR� WKURXJK� D�PRUH� SK\VLFDOO\� EDVHG� GHVFULSWLRQ� RI
WKHLU�PLFURSK\VLFDO�VWUXFWXUH�� ,Q� WKLV�VWXG\�ZH�H[SORUH� WKH�SRVVLELOLW\�RI�DGDSWDWLQJ� ILQH�VFDOH
H[SOLFLW�WUHDWPHQW�RI�GURSOHW�JURZWK�E\�FRQGHQVDWLRQ�WR�ODUJHU�VFDOH�PRGHOOLQJ��7KH�DGRSWHG
SDUDPHWHUL]DWLRQ� VFKHPH� LV� WKH� RQH� GHYHORSHG� E\� %UHQJXLHU� DQG� *UDERZVNL� DQG� DSSOLHG
RULJLQDOO\�WR�VPDOO�QRQSUHFLSLWDWLQJ�FXPXOXV��7KH�DSSURDFK�ZH�DUH�WDNLQJ�LV�WR�LQWURGXFH�WKLV
H[SOLFLW� PLFURSK\VLFDO� VFKHPH� LQWR� WKH� VFDOHDEOH� UHJLRQDO� FOLPDWH� PRGHO� �5&0��� 7KH
SUHVFULEHG� FRQFHQWUDWLRQ� RI� QXFOHDWHG� FORXG� GURSOHWV� ZLOO� EH� LQWURGXFHG� LQ� UHODWLRQ� WR� WKH
SURJQRVWLF� DHURVRO� VSHFWUXP� JHQHUDWHG� E\� 1$5&0�� 7KH� PRGHO� VLPXODWHG� UHVXOWV� ZLOO� EH
HYDOXDWHG�DV�IXQFWLRQ�RI�VFDOHV��WKH�LQLWLDO�KLJK�VSDWLDO�UHVROXWLRQ�RI�D�IHZ�RI�GHFDPHWHUV�ZLOO
EH� SURJUHVVLYHO\� H[WHQGHG� WR� FOLPDWH� PRGHO� VFDOHV�� 7KH� PRGHO� LV� PDGH� WR� VLPXODWH
VXPPHUWLPH�$UFWLF� VWUDWRFXPXOXV� LQ�ZKLFK�PLFURSK\VLFDO� VWUXFWXUH� LV� FORVHO\� FRXSOHG� WR� WKH
HYROXWLRQ� RI� WKH� GURSOHW� VSHFWUD� JURZLQJ� SULPDULO\� WKURXJK� FRQGHQVDWLRQ�� %HVLGHV� D� FULWLFDO
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QXPHULFDOO\�ZLWK�WKH�&DQDGLDQ�UHJLRQDO�FOLPDWH�PRGHO��&5&0���,Q�RUGHU�WR�VLPXODWH�ZLQGV�DW
YHU\� KLJK� UHVROXWLRQ�ZH� RSHUDWHG�D�PXOWLSOH� QHVWLQJ� WR� LQFUHDVH� WKH� KRUL]RQWDO� DQG� YHUWLFDO
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-ROL��4XpEHF��&DQDGD��*�+��=�

&KHQ��3HWHU
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW
&DQDGD

&KRXGKU\��2PDU
&DVWOH�5RFN�&RQVXOWDQWV

&KRXLQDUG��&OpPHQW
$50$

&K\OHN��3HWU
'DOKRXVLH�8QLYHUVLW\��+DOLID[

&ODUNH��$OO\Q
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

&REHU��6WHZDUW
&ORXG�3K\VLFV�5HVHDUFK�'LYLVLRQ��$WPRVSKHULF
(QYLURQPHQW�6HUYLFH

&RKQ��6WHSKHQ�(�
1$6$�*RGGDUG�6SDFH�)OLJKW�&HQWHU

&RWH��&ODXGH
(QYLURQPHQW�&DQDGD
1HZ�%UXQVZLFN�:HDWKHU�&HQWUH����:HVWPRUODQG
6WUHHW��6XLWH�������)UHGHULFWRQ��1HZ�%UXQVZLFN�
&DQDGD��(�%��=�
(�PDLO��FODXGH�FRWH#HF�JF�FD

&{Wp��+HOHQH
*URXSH�GH�PRGHOLVDWLRQ�UHJLRQDOH�GX�FOLPDW���84$0

&{Wp��-HDQ
531

&{Wp��3LHUUH
'pSDUWHPHQW�GH�JpRORJLH�HW�GH�JpQLH�JpRORJLTXH
/RFDO�������3DYLOORQ�3RXOLRW�8QLYHUVLWp�/DYDO������
���������SRVWH������SLHUFRWH#JJO�XODYDO�FD���6DLQWH�
)R\��4XpEHF��&DQDGD�
(�PDLO��SLHUFRWH#JJO�XODYDO�FD
85/��KWWS�ZZZ�VDJXHQD\�JJO�XODYDO�FD

&RWQRLU��$QGUp
(QYLURQQHPHQW�DWPRVSKpULTXH���(QYLURQQHPHQW
&DQDGD

&RXWXUH��0�
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH�������'XIIHULQ
6WUHHW�'RZQVYLHZ��2QW��0�+��7���&DQDGD

&UDZIRUG��:LOOLDP
&DQDGLDQ�+\GURJUDSKLF�6HUYLFH
,QVWLWXWH�RI�2FHDQ�6FLHQFHV�3�2��%R[�������6LGQH\�
%�&���&DQDGD��9�/��%�
(�PDLO��FUDZIRUGE#SDF�GIR�PSR�JF�FD

&UHHVH��&KDUOHV
0F*LOO�8QLYHUVLW\
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV
0F*LOO�8QLYHUVLW\�����6KHUEURRNH�6W��:���0RQWUHDO�
4XHEHF��&DQDGD��+�$��.�
(�PDLO��FUHHVH#]HSK\U�PHWHR�PFJLOO�FD
85/��KWWS���]HSK\U�PHWHR�PFJLOO�FD�
KWWS���ZZZ�PFJLOO�FD
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&UHYLHU��/RXLV�3KLOLSSH
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH���5HFKHUFKH�HQ
SUHYLVLRQ�QXPHULTXH��531�
�����5RXWH�7UDQVFDQDGLHQQH��H�HWDJH���'RUYDO�
4XHEHF��&DQDGD��+�3��-�
(�PDLO��/RXLV�3KLOLSSH�&UHYLHU#HF�JF�FD
85/��KWWS���ZZZ�FPF�HF�JF�FD

&XPPLQV��3DWULFN
,QVWLWXWH�RI�2FHDQ�6FLHQFHV

&XQQLQJKDP��3KLOLS
'HSDUWPHQW�RI�(DUWK�DQG�$WPRVSKHULF�6FLHQFHV��(6�
����8QLYHUVLW\�DW�$OEDQ\�6WDWH�8QLYHUVLW\�RI�1HZ
<RUN��$OEDQ\��1HZ�<RUN��86$�������
(�PDLO��FXQQLQJ#DWPRV�DOEDQ\�HGX
85/��KWWS���ZZZ�DWPRV�DOEDQ\�HGX�VWXGHQW�FXQQLQJ�SKLOBKRPH�KWPO

&XUU\��-XG\�$�
3URJUDP�LQ�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV
�3$26���8QLYHUVLW\�RI�&RORUDGR��%RXOGHU��&2

'
$PRXUV��5pDO
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

'DQLHOVRQ��5LFKDUG�(�
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV
0F*LOO�8QLYHUVLW\�����6KHUEURRNH�6WUHHW�:HVW�
0RQWUHDO��4XHEHF��&$1$'$��+�$��.�
(�PDLO��ULFN#]HSK\U�PHWHR�PFJLOO�FD
85/�
KWWS���]HSK\U�PHWHR�PFJLOO�FD�YRUWH[�SHRSOH�FXUUHQW�KWPO

'DQQ��7RP
(QYLURQQHPHQW�&DQDGD���'LUHFWLRQ�GH�OD�3URWHFWLRQ
GH�O
HQYLURQQHPHQW

'DVWRRU��$VKX
$54,��$(6��'RUYDO

'DYLGVRQ��)UDVHU
'HSW��RI�3K\VLFV�DQG�3K\VLFDO�2FHDQRJUDSK\
0HPRULDO�8QLYHUVLW\���6W��-RKQ
V���1)��&$1$'$��$�%
�;�
(�PDLO��IUD]H#SK\VLFV�PXQ�FD
85/��KWWS���ZZZ�SK\VLFV�PXQ�FD�aIUD]H

'DYLHV��3HWHU
&DVWOH�5RFN�&RQVXOWDQWV
����$UDSDKRH�$YH�6XLWH�����%RXOGHU��&RORUDGR��86$�
�����
(�PDLO��GDYLHV#FUF�FRUS�FRP
85/��KWWS���ZZZ�FUF�FRUS�FRP

'DYLHV��7UHYRU
6FKRRO�RI�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�(DVW
$QJOLD

GH�(OLD��5DPRQ
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV
0F*LOO�8QLYHUVLW\�����6KHUEURRNH�6WUHHW�:HVW�
0RQWUHDO��4XHEHF��&DQDGD��+�$��.�
(�PDLO��UHOLD#]HSK\U�PHWHR�PFJLOO�FD

GH�*UDQGSUp��-HDQ
<RUN�8QLYHUVLW\
����3HWULH�6FLHQFH�%XLOGLQJ�'HSDUWPHQW�RI�(DUWK�DQG
$WPRVSKHULF�6FLHQFH�<RUN�8QLYHUVLW\����7RURQWR�
2QWDULR��&DQDGD��0�-�3�
(�PDLO��MHDQ#QLPEXV�\RUNX�FD

GH�9HUQDO��$QQH
*(2723�84$0

'HIODQGUH��%UXQR
'pSDUWHPHQW�G
RFpDQRJUDSKLH�8QLYHUVLWp�GX�4XpEHF
j�5LPRXVNL�����DOOpH�GHV�XUVXOLQHV���5LPRXVNL�
4XpEHF��&DQDGD��*�/��$�
(�PDLO��PRGHIEUX#JOREHWURWWHU�TF�FD

'HODJH��<YHV
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH���5HFKHUFKH�HQ
SUHYLVLRQ�QXPHULTXH��531�

'HODQQR\��3DXO
(QYLURQPHQW�&DQDGD���2WWDZD�5HJLRQDO�&HQWUH

'HOPHOOH��3LHUUH
8QLYHUVLWp�GH�0RQWUpDO
'pSDUWHPHQW�GH�*pRORJLH��VXFF��&HQWUH�9LOOH������
0RQWUpDO��4XpEHF��&DQDGD��+�&��-�
(�PDLO��GHOPHOOS#HUH�XPRQWUHDO�FD

'HQPDQ��.HQQHWK
,QVW��RI�2FHDQ�6FLHQFHV

'HURPH��-DFTXHV
0F*LOO�8QLYHUVLW\
'HSW��RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV�DQG
&HQWUH�IRU�&OLPDWH�DQG�*OREDO�&KDQJH�5HVHDUFK����
6KHUEURRNH�6W��:���0RQWUpDO��4&��&DQDGD��+�$��.�
(�PDLO��GHURPH#]HSK\U�PHWHR�PFJLOO�FD
85/��KWWS���]HSK\U�PHWHR�PFJLOO�FD

'HU\��6WHSKHQ
0F*LOO�8QLYHUVLW\
'HSW��RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV�0F*LOO
8QLYHUVLW\�����6KUHEURRNH�6W��:����0RQWUHDO��
4XHEHF��&DQDGD��+�$��.�
(�PDLO��VWHSK#]HSK\U�PHWHR�PFJLOO�FD
85/�
KWWS���OLPH[�PHWHR�PFJLOO�FD������VWHSK�VWHSK�KWPO

'HVJDJQp��0LFKHO
5HFKHUFKH�HQ�3UHYLVLRQ�1XPHULTXH��(QYLURQPHQW
&DQDGD

'HVJDJQpV��3ULVFLOOD
'pSDUWHPHQW�GH�JpRORJLH�HW�GH�JpQLH�JpRORJLTXH�
8QLYHUVLWp�/DYDO
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'HVMDUGLQV��6HUJH
$WODQWLF�(QYLURQPHQWDO�3UHGLFWLRQ�5HVHDUFK�,QLWLDWLYH
(QYLURQQHPHQW�&DQDGD��5pJLRQ�GH�O
$WODQWLTXH���
$OGHUQH\�'ULYH�����LqPH�pWDJH���'DUWPRXWK��1RXYHOOH�
eFRVVH��&DQDGD��%�<��1�
(�PDLO��6HUJH�'HVMDUGLQV#HF�JF�FD

'H7UDFH\��%UHQGDQ
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

'HYLOOHUV��5RGROSKH
*(2723

GH<RXQJ��%UDG
0HPRULDO�8QLYHUVLW\

'REVRQ��)UHG
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

'RQDOGVRQ��1RUPDQ
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

'UDYQLHNV��2ODI
6FKRRO�RI�(DUWK�DQG�2FHDQ�6FLHQFHV��8QLYHUVLW\�RI
9LFWRULD
6FKRRO�RI�(DUWK�DQG�2FHDQ�6FLHQFHV��8QLYHUVLW\�RI
9LFWRULD��32�%R[�������9LFWRULD��%&��&DQDGD��9�:
�3�
(�PDLO��RGUDY#RFHDQ�VHRV�XYLF�FD
85/��KWWS���ZLN\RQRV�VHRV�XYLF�FD�

'UXPPRQG��-�5�
'HSW��RI�3K\VLFV��8QLYHUVLW\�RI�7RURQWR

'XERYLN��2OHJ
1$6$�*6)&��*UHHQEHOW�0DU\ODQG

'XJDV��%HUQDUG
531���(QYLURQQHPHQW�&DQDGD
5HFKHUFKH�HQ�3UpYLVLRQ�1XPpULTXH�������5RXWH
7UDQVFDQDGLHQQH���H�pWDJH���'RUYDO��4XpEHF�
&DQDGD��+�3��-�
(�PDLO��%HUQDUG�'XJDV#HF�JF�FD
85/��KWWS���ZZZ�FPF�HF�JF�FD�USQ�

'XSRQW��)UpGpULF
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV�
0F*LOO�XQLYHUVLW\
����6KHUEURRNH�:��0RQWUpDO��4XpEHF��&DQDGD��+�$
�.�
(�PDLO��GXSRQW#FHUFD�XPRQWUHDO�FD
85/��KWWS���ZZZ�FHUFD�XPRQWUHDO�FD�aGXSRQW

']LNRZVNL��3HWHU
$OEHUWD�$JULFXOWXUH��)RRG�DQG�5XUDO�'HYHORSPHQW�
&RQVHUYDWLRQ�DQG�'HYHORSPHQW�%UDQFK

(FN��7RP
*6)&�1$6$

(O�-DEL��1DVVLU
8QLYHUVLWp�GH�0RQFWRQ

(PLOLHQ��3HOOHWLHU
,QVWLWXW�GHV�6FLHQFHV�GH�OD�0HU�GH�5LPRXVNL
����DOOpH�GHV�8UVXOLQHV��5LPRXVNL��4XpEHF��&DDQGD�
*�/��$�
(�PDLO��HPLOLHQBSHOOHWLHU#XTDU�XTXHEHF�FD
85/��KWWS���XTDU�XTXHEHF�FD

(YDQV��:D\QH�)�-�
7UHQW�8QLYHUVLW\
(QYLURQPHQWDO�5HVRXUFH�6WXGLHV�3�2��%R[�������
3HWHUERURXJK��2QWDULR��&DQDGD��.�-��%�
(�PDLO��ZHYDQV#WUHQWX�FD

)DEU\��)UHGHULF
'HSW��$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO
8QLYHUVLW\
����6KHUEURRNH�:��6WUHHW��0RQWUHDO��4XpEHF�
&DQDGD��+�$��.�
(�PDLO��IUHGHULF#UDGDU�PFJLOO�FD

)DOOD��0DULH
(&

)HGRVHMHYV��*XQDU
&DQDGD�&HQWUH�IRU�5HPRWH�6HQVLQJ��2WWDZD��2QWDULR�
&DQDGD

)HQJ��-LDQ
'HSW��RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO
8QLYHUVLW\��0RQWUHDO��+�$��.���&DQDGD
'HSW��RI�$WPRVSKHULF�	�2FHDQLF�6FLHQFHV�0F*LOO
8QLYHUVLW\�����6KHUEURRNH�6WUHHW�:HVW�0RQWUHDO�
+�$��.���&DQDGD���0RQWUHDO��4XHEHF��&DQDGD��+�$
�.�
(�PDLO��IHQJM#]HSK\U�PHWHR�PFJLOO�FD
85/��KWWS���]HSK\U�PHWHR�PFJLOO�FD

)LOOLRQ��/XF
$50$��6($

)ODWR��*UHJRU\�0�
$(6
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH��8QLYHUVLW\�RI
9LFWRULD��9LFWRULD��%&��&DQDGD��9�:��<�
(�PDLO��JUHJ�IODWR#HF�JF�FD
85/��KWWS���ZZZ�FFFPD�EF�HF�JF�FD

)RJDO��3�
'HSW��RI�3K\VLFV��8QLYHUVLW\�RI�'HQYHU

)RJDUW\��&KULVWRSKHU�7�
0F*LOO�8QLYHUVLW\��0RQWUHDO��4&��&DQDGD
����6KHUEURRNH�6W��:HVW��0RQWUpDO��4XpEHF�
&DQDGD�
(�PDLO��IRJDUW\#]HSK\U�PHWHR�0F*LOO�&$

)RPLFKHY��9LFWRU��,�
<RUN�8QLYHUVLW\
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)RQWHFLOOD��-XDQ�6HEDVWLDQ
(DUWK�6FLHQFHV�'HSDUWPHQW�DW�84$0
3�2��%R[�������6WDWLRQ��'RZQWRZQ����0RQWUHDO��4&�
&DQDGD��+�&��3�
(�PDLO��IRQWH#PDLD�VFD�XTDP�FD
85/��KWWS���KWWS���ZZZ�VFD�XTDP�FD

)RUHPDQ��0LFKDHO�*�
,QVWLXWH�RI�2FHDQ�6FLHQFHV

)R[��'DYH
(QYLURQPHQW�&DQDGD
5RRP�����(QYLURQPHQW�&DQDGD���������$YHQXH�
(GPRQWRQ��$OEHUWD��&DQDGD��7�%��;�
(�PDLO��'DYH�)R[#HF�JF�FD

)UDQoRLV�-���6DXFLHU
'LYLVLRQ�RI�2FHDQ�6FLHQFHV��0DXULFH�/DPRQWDJQH
,QVWLWXWH��'HSW��)LVKHULHV�DQG�2FHDQV
'LYLVLRQ�RI�2FHDQ�6FLHQFHV�0DXULFH�/DPRQWDJQH
,QVWLWXWH�'HSDUWPHQW�RI�)LVKHULHV�DQG�2FHDQV�����
5RXWH�GH�OD�0HU���0RQW�-ROL��4XpEHF��&DQDGD��*�+
�=�
(�PDLO��VDXFLHUI#GIR�PSR�JF�FD

)UHHPDQWOH��-LP
&UHVWHFK

)ULJRQ��$QQH
*URXSH�GH�PRGHOLVDWLRQ�UHJLRQDOH�GX�FOLPDW���84$0

)\IH��-RKQ
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV�
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH
&DQDGLDQ�&WU�IRU�&OLPDWH�0RGHOOLQJ�	�$QDO\VLV�32
%R[��������9LFWRULD��%&��&DQDGD��9�:��<�
(�PDLO��DFUQUMI#PUL�MPD�JR�MS

*���%RHU
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV�
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

*DFKRQ��3KLOLSSH
8QLYHUVLW\�RI�6WRFNKROP

*DJQp��-HDQ�3LHUUH
'pSDUWHPHQW�G
RFpDQRJUDSKLH���8QLYHUVLWp�GX�4XpEHF
j�5LPRXVNL

*DJQRQ��&ODXGH
&RPPXQDXWp�8UEDLQH�GH�0RQWUpDO

*DJQRQ��(QULHWWH
84$0

*DJQRQ��1�
8QLYHUVLWp�0F*LOO
'pS��GHV�6FLHQFHV�DWPRVSKpULTXHV�	�RFpDQLTXHV
����6KHUEURRNH�2���0RQWUpDO��4XpEHF��&DQDGD��+�$
�.�
(�PDLO��QRUPDQG�JDJQRQ#HF�JF�FD

85/�
KWWS���ZZZ�FPF�HF�JF�FD�aFPFGHY�VDLVRQV�VDLVRQV�KWPO

*DLGHU��.DWK\
(QYLURQPHQW�&DQDGD

*DOYH]�&ORXWLHU��5RVD
'pSDUWHPHQW�GH�JpQLH�FLYLO��8QLYHUVLWp�/DYDO

*DUQHWW��(�5�
&DQDGLDQ�:KHDW�%RDUG

*DXWKLHU��3LHUUH
$50$�6($

*HUPDLQ��$QGUp
(QYLURQQHPHQW�&DQDGD���'LUHFWLRQ�GH�OD�3URWHFWLRQ
GH�O
HQYLURQQHPHQW

*HVKHOLQ��<XUL

'DOKRXVLH�8QLYHUVLW\��'HSW��RI�2FHDQRJUDSK\��
+DOLID[��1�6���&DQDGD��%�+��-�
(�PDLO��JHVKHOLQ#SK\V�RFHDQ�GDO�FD
85/��KWWS���ZZZ�SK\V�RFHDQ�GDO�FD

*KDOHE��%DVVDP
*HRWRS�&HQWHU��8QLYHUVLW\�RI�4XHEHF�DW�0RQWUHDO�
0RQWUHDO��4XHEHF��&DQDGD

*LJXHUH��0LFKHO
*URXSH�GH�PRGHOLVDWLRQ�UHJLRQDOH�GX�FOLPDW���84$0

*LQJUDV��<YHV
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��$(6��(QYLURQPHQW
&DQDGD
,PSOHPHQWDWLRQ�DQG�2SHUDWLRQDO�6HUYLFHV�'LYLVLRQ
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH������7UDQVFDQDGD
+LJKZD\���'RUYDO��4XHEHF��&DQDGD��+�3��-�
(�PDLO��<YHV�*LQJUDV#HF�JF�FD
85/��KWWS���ZZZ�FPF�GRH�FD�LQGH[I�KWPO

*LUDUG��&ODXGH
531

*LUDUG��(ULF
&RRSHUDWLYH�,QVWLWXWH�IRU�5HVHDUFK�LQ�(QYLURQPHQWDO
6FLHQFHV��&,5(6���%RXOGHU��&2
(5,&�*,5$5'��3K�'���JLUDUG#FLUHV�FRORUDGR�HGX�
5HVHDUFK�$VVRFLDWH�&RRSHUDWLYH�,QVWLWXWH�IRU
5HVHDUFK�LQ�(QYLURQPHQWDO�6FLHQFHV��&,5(6�
8QLYHUVLW\�RI�&RORUDGR��&%�����(NHOH\�%XLOLQJ��5RRP
6�������$HURVSDFH�%XLOLQJ��5RRP�(&$(������
%RXOGHU��&2��86$���������
(�PDLO��JLUDUG#FLUHV�FRORUDGR�HGX

*LUDUG��5DOSK
&DQDGLDQ�6SDFH�$JHQF\
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*OD]HU��$QQD
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH��'RUYDO��4XpEHF�
&DQDGD��+�3��-�
(�PDLO��DQQD�JOD]HU#HF�JF�FD

*OD]HU��$QQD
&ORXG�3K\VLFV�5HVHDUFK�'LYLVLRQ��'RUYDO

*ROGVWHLQ��-HDQQD
5HFKHUFKH�HQ�SUHYLVLRQ�QXPHULTXH��$(6��'RUYDO
�����YRLH�GH�VHUYLFH�QRUG�URXWH�WUDQV�FDQDGLHQQH��
'RUYDO��4XHEHF��&DQDGD��+�3��-�
(�PDLO��MHDQQD�JROGVWHLQ#HF�JF�FD
85/��KWWS���ZZZ�FPF�HF�JF�FD�USQ�

*RQJ��6XQOLQJ
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH��'RZQVYLHZ�
2QWDULR��&DQDGD��0�+��7�

*RQJ��6XQOLQJ
$(6��(QYLURQPHQW�&DQDGD

*RQJ��:DQPLQ
$54,��$WPRVSKHULF�(QYLURQPHQW�6HUYLFH
�����'XIIHULQ�6WUHHW���'RZQVYLHZ��217��&$1$'$�
0�+��7�
(�PDLO��ZDQPLQ�JRQJ#HF�JF�FD

*RVVHW��0DULHOOH
,5'
-�6�0DUVKDOO�5DGDU�2EVHUYDWRU\�%3�����0F'RQDOG
&DPSXV��6WH�$QQH�GH�%HOOHYXH��48(%(&��&$1$'$�
+�;��9�
(�PDLO��PDULHOOH#UDGDU�PFJLOO�FD
85/��KWWS���ZZZ�PSO�RUVWRP�IU�K\GURORJLH�FDWFK�

*RXJK��:LOOLDP�$�
8QLYHUVLW\�RI�7RURQWR�DW�6FDUERURXJK
(QYLURQPHQWDO�6FLHQFH��'LYLVLRQ�RI�3K\VLFDO�6FLHQFHV
8QLYHUVLW\�RI�7RURQWR�DW�6FDUERURXJK���6FDUERURXJK�
2QWDULR��&DQDGD��0�&��$�
(�PDLO��JRXJK#VFDU�XWRURQWR�FD
85/��KWWS���ZZZ�VFDU�XWRURQWR�FD�aJRXJK

*R\HWWH��6WHSKDQH
8QLYHUVLWH�GH�)ULERXUJ
,QVWLWXW�GH�*HRJUDSKLH�8QLYHUVLWH�GH�)ULERXUJ�3HUROOHV
��)ULERXUJ��&DQWRQ�GH�)ULERXUJ��6XLVVH������
(�PDLO��VWHSKDQH�JR\HWWH#XQLIU�FK
85/��KWWS���ZZZ�XQLIU�FK�LJXI

*UDWWRQ��<YHV
,156�2FpDQRORJLH
,156�2FHDQRORJLH�����$OOHH�GHV�8UVXOLQHV�
5LPRXVNL��4F��&DQDGD��*�/��$�
(�PDLO��\YHVBJUDWWRQ#XTDU�XTXHEHF�FD

*UDYHO��6\OYLH
'LYLVLRQ�GH�OD�UHFKHUFKH�HQ�SUpYLVLRQ�QXPpULTXH
(�PDLO��V\OYLH�JUDYHO#HF�JF�FD

*UHDWEDWFK��5LFKDUG

'DOKRXVLH�8QLYHUVLW\��'HSW��RI�2FHDQRJUDSK\

*UHHQDQ��%ODLU�-�:�
')2��%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

*UHHQEHUJ��'DYLG�$�
&RDVWDO�2FHDQ�6FLHQFH
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\�3�2��%R[�������
'DUWPRXWK��16��&DQDGD��%�<��$�
(�PDLO��GJUHHQEH#JHRUJV�ELR�GIR�FD
85/��KWWS���GIRPU�GIR�FD�VFLHQFH�RFHDQ�ZHOFRPH�KWPO

*XDQ��+RQJ
&ORXG�3K\VLFV�5HVHDUFK�'LYLVLRQ��$WPRVSKHULF
(QYLURQPHQW�6HUYLFH��'RZQVYLHZ��2QWDULR��7RURQWR�
2QWDULR��&DQDGD��0�+��7�
(�PDLO��+RQJ�*XDQ#HF�JF�FD

*XLJQDUG��&RQVWDQFH
'HSDUWPHQW�RI�(DUWK�DQG�3ODQHWDU\�6FLHQFHV��0F*LOO
8QLYHUVLW\

*XLOOHPHWWH��3DVFDO
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV�
0F*LOO�8QLYHUVLW\
����6KHUEURRNH�6W��:��0RQWUHDO��4XHEHF�+�$��.�
&DQDGD���0RQWUHDO��4XHEHF��&DQDGD��+�$��.�
(�PDLO��SDVFDO#FXPXOXV�PHWHR�PFJLOO�FD
85/��KWWS���ZZZ�UDGDU�PFJLOO�FD�

JXOWHSH��LVPDLO
$(6
$(6��&ORXG�3K\VLFV�5HV��'LY�������'XIIHULQ�6W���
'RZQVYLHZ��217��&DQDGD��P�K��7�
(�PDLO��LVPDLO�JXOWHSH#HF�JF�FD

*\DNXP��-RKQ
0F*LOO�8QLYHUVLW\��'HSDUWPHQW�RI�$WPRVSKHULF�DQG
2FHDQLF�6FLHQFHV

+DKQ��-RKQ
2SWHFK�,QFRUSRUDWHG

+DLJK��6XVDQ
,QVW��RI�2FHDQ�6FLHQFHV

+DLQHDXOW��-RKDQH
84$0

+DLQHV��.HLWK
'HSDUWPHQW�RI�0HWHRURORJ\��7KH�8QLYHUVLW\�RI
(GLQEXUJK

+DOO��1LFN
0F*LOO�8QLYHUVLW\
'HSW��$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO
8QLYHUVLW\������6KHUEURRNH�6W��:���0RQWUHDO��4&�
&DQDGD��+�$��.�
(�PDLO��KDOO#]HSK\U�PHWHR�PFJLOO�FD

+DOOp��-DFTXHV
&0&
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�����7UDQV�&DQDGD���HPH�pWDJH���'RUYDO��4XpEHF�
&$1$'$��+�3��-�
(�PDLO��-DFTXHV�+DOOH#HF�JF�FD

+DPEOLQ��3DXO
1DWLRQDO�:DWHU�5HVHDUFK�,QVWLWXWH��&&,:�
����/DNHVKRUH�5G���%XUOLQJWRQ��2QWDULR��&DQDGD��/�5
�$�
(�PDLO��3DXO�+DPEOLQ#FFLZ�FD

+DQ��*XRTL
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\
&RDVWDO�2FHDQ�6FLHQFH�%HGIRUG�,QVWLWXWH�RI
2FHDQRJUDSK\�3�2��%R[��������'DUWPRXWK��16�
&DQDGD��%�<��$�
(�PDLO��JKDQ#HPHUDOG�ELR�GIR�FD

+DQOH\��'HERUDK
'HSDUWPHQW�RI�(DUWK�DQG�$WPRVSKHULF�6FLHQFHV
8QLYHUVLW\�DW�$OEDQ\�(6�����6WDWH�8QLYHUVLW\�RI�1HZ
<RUN������:DVKLQJWRQ�$YH����$OEDQ\��1HZ�<RUN�
86$�������
(�PDLO��GKDQOH\#DWPRV�DOEDQ\�HGX
85/��KWWS���ZZZ�DWPRV�DOEDQ\�HGX�

+DQQDK��&KDUOHV
%,2�')2
)LVKHULHV�DQG�2FHDQV�&DQDGD�%HGIRUG�,QVWLWXWH�RI
2FHDQRJUDSK\�%R[��������'DUWPRXWK��1�6���&DQDGD�
%�<��$�
(�PDLO��FKDQQDK#HPHUDOG�ELR�GIR�FD

+DUG\��*X\ODLQH
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

+DUYH\��5LFKDUG
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV

+DVHOO��1DWKDOLH
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV�
0F*LOO�8QLYHUVLW\
����6KHUEURRNH�6WUHHW�:HVW���0RQWUHDO��4XHEHF�
&DQDGD��+�$��.�
(�PDLO��QKDVHOO#]HSK\U�PHWHR�0F*LOO�&$

+H��%LQ
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\
3�2��%R[�������'DUWPRXWK���1RYD�6FRWLD��&DQDGD��
%�<��$�
(�PDLO��ELQKH#HPHUDOG�ELR�GIR�FD

+H��-LQKDL
'HSDUWPHQW�RI�0HWHRURORJ\��1DQMLQJ�,QVWLWXWH�RI
0HWHRURORJ\��&KLQD
'HSDUWPHQW�RI�0HWHRURORJ\��1DQMLQJ�,QVWLWXWH�RI
0HWHRURORJ\��1DQMLQJ��-LDQJVX��3�5�&+,1$�
������

+HQGU\��5RVV
)LVKHULHV�DQG�2FHDQV�&DQDGD
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\�3�2��%R[�������
'DUWPRXWK��16��&DQDGD��%�<��$�

(�PDLO��KHQGU\U#PDU�GIR�PSR�JF�FD
85/��KWWS���GIRPU�GIR�FD�VFLHQFH�RFHDQ�ZHOFRPH�KWPO

+LOO��3KLOLS
,QVWLWXW�GHV�VFLHQFHV�GH�OD�PHU�GH�5LPRXVNL
8QLYHUVLWp�GX�4XpEHF�j�5LPRXVNL������DOOpH�GHV
8UVXOLQHV��5LPRXVNL��4XpEHF��&DQDGD��*�/��$�
(�PDLO��SKLOLSBKLOO#XTDU�XTXHEHF�FD

+LOODLUH�0DUFHO��&ODXGH
*HRWRS�&HQWHU��8QLYHUVLW\�RI�4XHEHF�DW�0RQWUHDO�
0RQWUHDO��4XHEHF��&DQDGD

+RFNLQJ��:D\QH
8QLYHUVLW\�RI�:HVWHUQ�2QWDULR

+RII��5D\PRQG�0�
3URIHVVRU�RI�3K\VLFV�DQG�'LUHFWRU��-&(7�
8QLYHUVLW\�RI�0DU\ODQG�%DOWLPRUH�&RXQW\��80%&�
-RLQW�&HQWHU�IRU�(DUWK�6\VWHPV�7HFKQRORJ\��-&(7�
$FDG�,9�$�5RRP����%
�����+LOOWRS�&LUFOH��%DOWLPRUH��0'������
YRLFH���������������ID[��������������
6HF\��YRLFH�������������
H�PDLO���KRII#XPEF�HGX

+RJJ��%LOO
&OLPDWH�5HVHDUFK�%UDQFK��$(6

+RJXH��5LFKDUG
2SHUDWLRQV�%UDQFK��&DQDGLDQ�0HWHRURORJLFDO�&HQWHU
(�PDLO��ULFKDUG�KRJXH#HF�JF�FD

+ROEHQ��%UHQW
1$6$�*6)&��*UHHQEHOW�0DU\ODQG

+ROOPDQQ��5DLQHU
,QVWLWXW�I�U�$WPRVSKlUHQSK\VLN��*.66��0D[�3ODQFN
6WU���������*HHVWKDFKW��*HUPDQ\

+RQJ��/LQ
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH
�����'XIIHULQ�6WUHHW����'RZQVYLHZ��2QW���&DQDGD�
0�+��7�
(�PDLO��OLQ#DUPSK��WRU�HF�JF�FD

+RXWHNDPHU��3HWHU�/�
0HWHRURORJLFDO�5HVHDUFK�%UDQFK��(QYLURQPHQW
&DQDGD

+RZH��0LFKDHO
(QYLURQPHQW�&DQDGD

+VLHK��:LOOLDP
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD
2FHDQRJUDSK\�(26��8QLY��RI�%ULWLVK�&ROXPELD�
9DQFRXYHU��%�&���&DQDGD��9�7��=�
(�PDLO��ZLOOLDP#HRV�XEF�FD
85/��KWWS���ZZZ�RFJ\�XEF�FD�SURMHFWV�FOLP�SUHG
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+VX��F��-XQR
&&&PD
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV�
8QLYHUVLW\�RI�9LFWRULD�3�2��%2;������671�&6&��
9LFWRULD��%&��&$��Y�Z��\�
(�PDLO��MXQR�KVX#HF�JF�FD

+X���<RQJFXQ
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

+XPEOH��-�
'DOKRXVLH�8QLYHUVLW\

,GULVVD�%RNR\H��$PDGRX
&$57(/��XQLYHUVLWp�GH�6KHUEURRNH�
&HQWUH�G
$SSOLFDWLRQV�HW�GH�5HFKHUFKHV�HQ
7pOpGHWHFWLRQ��&$57(/���8QLYHUVLWH�GH�6KHUEURRNH�
6KHUEURRNH��4XHEHF��&DQDGD���6KHUEURRNH��4XHEHF�
&DQDGD��-�.��5�
(�PDLO��DERNR\H#FRXUULHU�XVKHUE�FD
85/��KWWS���FDOOLVWR�VL�XVKHUE�FD�aFDUWHO

,VDDF��*HRUJH
&ORXG�3K\VLFV�5HVHDUFK�'LYLVLRQ
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH������'XIIHULQ
6WUHHW��7RURQWR��2QWDULR��&DQDGD��0�+��7�
(�PDLO��JHRUJH�LVDDF#HF�JF�FD

-�3��%ODQFKHW
'pSDUWHPHQW�GHV�6FLHQFHV�GH�OD�7HUUH��8QLYHUVLWp�GX
4XpEHF�j�0RQWUpDO

-DFHN�:���.DPLQVNL
(DUWK�DQG�$WPRV��6FLHQFH��<RUN�8QLYHUVLW\

-DFREV��-RKQ�'�
0HPRULDO�8QLYHUVLW\�RI�1HZIRXQGODQG

-HDQ��0LFKHO
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW
&DQDGD
�(�PDLO��PLFKHO�MHDQ#HF�JF�FD

-LDQJ��-RQDWKDQ
8QLYHUVLW\�RI�4XHEHF�DW�0RQWUHDO
'HSDUWPHQW�RI�(DUWK�6FLHQFHV�8QLYHUVLW\�RI�4XHEHF
DW�0RQWUHDO�3�2�%R[�������6WQ��'RZQWRZQ��0RQWUHDO�
4XHEHF�+�&��3���&DQDGD��0RQWUHDO��4XHEHF�
&DQDGD��+�&��3�
(�PDLO��MRQDWKDQ#VFD�XTDP�FD
85/��KWWS���ZZZ�VFD�XTDP�FD�aMRQDWKDQ

-RH��3DXO
(QYLURQPHQW�&DQDGD
�����'XIIHULQ�6W��'RZQVYLHZ��2QWDULR��&DQDGD��0�+
�7�
(�PDLO��SDXO�MRH#HF�JF�FD

-RQHV��3KLO
&OLPDWLF�5HVHDUFK�8QLW��8QLYHUVLW\�RI�(DVW�$QJOLD

-RQHV��5LFN
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��$(6��(QYLURQPHQW
&DQDGD

-RVHSK�3LHUUH�7RYLHVVL��$QGUp�3ODQWH
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW
&DQDGD

-XQJR��3DWULFLD
,QVWLWXW�GH�*HRJUDSKLH���8QLYHUVLWH�GH�)ULERXUJ

-XQLSHU��.LP
8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO
&�3��������6XFFXUVDOH�&HQWUH�9LOOH��0RQWUpDO�
4XpEHF��&DQDGD��+�&��3�
(�PDLO��MXQLSHU�NLP#XTDP�FD
85/��KWWS���ZZZ�XTDP�FD

.���YRQ�6DO]HQ�
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV�
0F*LOO�8QLYHUVLW\

.DEDW��3DYHO
,QVWLWXWH�IRU�/DQG�DQG�:DWHU�0DQDJHPHQW�5HVHDUFK�
7KH�1HWKHUODQGV

.DOODXU��$OH[DQGHU
(QYLURQQHPHQW�&DQDGD�0HWHRURORJLFDO�6HUYLFHV
5HVHDUFK�%UDQFK��$54,

.DPLQVNL��-DFHN
(DUWK�DQG�$WPRV��6FLHQFH��<RUN�8QLYHUVLW\

.DPPHUHU��eGRXDUG
2FHDQ�0DSSLQJ�*URXS��8QLYHUVLWp�GX�1RXYHDX�
%UXQVZLFN

.HDUQH\��&DUROH
84$0

.HHQ��7LPRWK\
1DYDO�5HVHDUFK�/DERUDWRU\��6WHQQLV�6SDFH�&HQWHU�
0LVVLVVLSSL

.H\VHU��'DQLHO
8QLYHUVLW\�DW�$OEDQ\��6WDWH�8QLYHUVLW\�RI�1HZ�<RUN

.KDULQ��9LDWFKHVODY
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV
8QLYHUVLW\�RI�9LFWRULD�32�%R[�������671�&6&��
9LFWRULD��%&��&$1$'$��9�:��<�
(�PDLO��6ODYD�.KDULQ#HF�JF�FD
85/��KWWS���ZZZ�FFFPD�EF�HF�JF�FD�

.KDUUDW��$EGHO
$OEHUWD�5HVHDUFK�&RXQFLO

.LODPEL��$ODPHOX
0F*LOO�:HDWKHU�5DGDU�2EVHUYDWRU\

.LQJ��3�
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH
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.ODDVVHQ��*DU\
<RUN�8QLYHUVLW\

.RFKWXEDMGD��%RE
(QYLURQPHQW�&DQDGD���$WPRVSKHULF�(QYLURQPHQW
%UDQFK��3UDLULH�DQG�1RUWKHUQ�5HJLRQ

.RFLXED��3HWH
(QYLURQPHQW�&DQDGD���$WPRVSKHULF�(QYLURQPHQW
%UDQFK��3UDLULH�DQG�1RUWKHUQ�5HJLRQ

.RFODV��3LHUUH
&0&

.RVK\N��-RKQ��1�
'HSDUWPHQW�RI�3K\VLFV��8QLYHUVLW\�RI�7RURQWR

.RXZHQ��1LFKRODV
8QLYHUVLW\�RI�:DWHUORR

.UHLVV��+�B2

/DIOHXU���&DUROLQH
,156�2FpDQRORJLH��5LPRXVNL��4F��&DQDGD��*�/��$��
(PDLO��FDUROLQHBODIOHXU#XTDU�XTXHEHF�FD

/DP���.KDQK�+XQJ
(DUWK�6FLHQFHV�'HSDUWPHQW�DW�84$0
3�2��%R[�������6WDWLRQ��'RZQWRZQ�����0RQWUHDO��4&�
&DQDGD��+�3��3�
(�PDLO��/DP#PDLD�VFD�XTDP�FD
85/��KWWS���ZZZ�VFD�XTDP�FD

/DPEHUW��6WHYHQ
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH�8QLYHUVLW\�RI
9LFWRULD�3�2��%R[��������9LFWRULD��%�&���&DQDGD��9�:
�<�
(�PDLO��6WHYHQ�/DPEHUW#HF�JF�FD

/DQGU\��&ODXGH
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ
'LYLVLRQ�GHV�pOpPHQWV�GX�WHPSV�'LUHFWLRQ�GX
'pYHORSSHPHQW�&HQWUH�PpWpRURORJLTXH�FDQDGLHQ
�����7UDQV�&DQDGD�'RUYDO��4XpEHF��&DQDGD�K�3
�-���'RUYDO��4XpEHF��&DQDGD��+�3��-�
(�PDLO��FODXGH�ODQGU\#HF�JF�FD

/DSF]DN��6WHYH
(&

/DSULVH��5HQH
*URXSH�GH�PRGHOLVDWLRQ�UHJLRQDOH�GX�FOLPDW���84$0

/DURFKH��6WHSKDQH
'DWD�$VVLPLODWLRQ�DQG�6DWHOOLWH�0HWHRURORJ\�'LYLVLRQ�
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH��(QYLURQPHQW
&DQDGD
(�PDLO��VWHSKDQH�ODURFKH#HF�JF�FD

/DURFTXH���0DUF
(DUWK�6FLHQFHV�'HSDUWPHQW�DW�84$0
3�2��%R[�������6WDWLRQ��'RZQWRZQ����0RQWUHDO��4&�
&DQDGD��+�3��3�
(�PDLO��ODURFTXH#PDLD�VFD�XTDP�FD
85/��KWWS���ZZZ�VFD�XTDP�FD

/DZIRUG��5LFN
12$$�2*3�:DVKLQJWRQ�'�&�

/D]DUH��0�
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

/D]DUH��0LFKHDO
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

/D]LHU��-RKQ
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

/D]LHU��-RKQ
)LVKHULHV�DQG�2FHDQV�&DQDGD

/HDLWFK��:�5�
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH�������'XIIHULQ
6WUHHW�'RZQVYLHZ��2QW��0�+��7���&DQDGD

/HGXF��$QQH�0DULH
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW
&DQDGD

/HGXF��-XOLH
*(2723�84$0
&�3��������6XFF��&HQWUH�9LOOH��0RQWUpDO��4XpEHF�
&DQDGD��+�&��3�
(�PDLO��0������#(5�84$0�&$
85/�
KWWS���ZZZ�XPLWHV�XTDP�FD�JHRWRS�ZZZJHRWRS�KWPO

/HIDLYUH��'HQLV
,QVWLWXW�0DXULFH�/DPRQWDJQH��032�')2�

/HIDLYUH��/RXLV
(QYLURQPHQW�&DQDGD
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH�������7UDQV&DQDGD
+LJKZD\�'RUYDO��4XpEHF�+�3��-���'RUYDO��4XpEHF�
&DQDGD��+�3��-�
(�PDLO��ORXLV�OHIDLYUH#HF�JF�FD

/()(95(��0LUHLOOH

0LQLVWHUH�3HFKHV�HW�2FHDQV�,QVWLWXW�0DXULFH
/DPRQWDJQH�����URXWH�GH�OD�PHU�&3�������0RQW�
-ROL��48(%(&��&$1$'$��*�+��=�
(�PDLO��OHIHYUHP#GIR�PSR�JF�FD

85/��KWWS���ZZZ�TF�GIR�PSR�JF�FD�LPO
/HLJKWRQ��+HQU\
'HSW��RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO
8QLYHUVLW\��0RQWUHDO��+�$��.���&DQDGD
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/HOLqYUH��&ODXGH
(QYLURPHW�,QWHUQDWLRQDO�,QF�
��&DSUL��'ROODUG�GHV�2UPHDX[��4XpEHF��&DQDGD�
+�%��-�
(�PDLO��OHOLHYUH#DHL�FD

/HPD\��*DEULHO
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW
&DQDGD

/HURXHLO��6HUJH
'pSDUWHPHQW�GH�JpQLH�FLYLO��8QLYHUVLWp�/DYDO

/HVLQV��*OHQ
'DOKRXVLH�8QLYHUVLW\
'HSW��RI�3K\VLFV�'DOKRXVLH�8QLYHUVLW\��+DOLID[��16�
&DQDGD��%�+��-�
(�PDLO��OHVLQV#IL]]�SK\V�GDO�FD

/(9$66(85��0DXULFH
,QVWLWXW�0DXULFH�/DPRQWDJQH

/L��*XLORQJ
'HSDUWPHQW�RI�0DWKHPDWLFDO�6FLHQFHV��8QLYHUVLW\�RI
$OEHUWD
'HSDUWPHQW�RI�0DWKHPDWLFDO�6FLHQFHV��8QLYHUVLW\�RI
$OEHUWD��(GPRQWRQ��$OEHUWD��&$1$'$��7�*��*�
(�PDLO��JOL#SLH�PDWK�XDOEHUWD�FD

/L��-LDQJQDQ
PHPEHU�RI�&026
&&&0$�3��2��%R[������8QLYHUVLW\�RI�9LFWRULD��
9LFWRULD��%&��&DQDGD��9�:��<�
(�PDLO��-LDQJQDQ�/L#HF�JF�FD

/L��-LDQ]KRQJ
:LOIULG�/DXULHU�8QLYHUVLW\
���8QLYHUVLW\�$YHQXH�:HVW��:DWHUORR��21��&DQDGD�
1�/��&�
(�PDLO��OL[[����#PDFK��ZOX�FD

/L��=KDQTLQJ
&&56

/LERLURQ��/LQGD
%LRVSKqUH

/LQ���5D\
'DYLG�7D\ORU�0RGHO�%DVLQ�/DERUDWRU\

/LQ��&KDUOHV
0F*LOO�8QLYHUVLW\
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV
0F*LOO�8QLYHUVLW\�����6KHUEURRNH�6WUHHW�:HVW�
0RQWUHDO��4XHEHF��&DQDGD��+�$��.�
(�PDLO��OLQ#]HSK\U�PHWHR�PFJLOO�FD
85/��KWWS���ZZZ�PHWHR�PFJLOO�FD

/LQ��+DL
'HSW��RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO
8QLYHUVLW\

'HSW��RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV�0F*LOO
8QLYHUVLW\�����6KHUEURRNH�6WUHHW�:HVW���0RQWUHDO�
4XHEHF��&DQDGD��+�$��.�
(�PDLO��KOLQ#WURSR�PHWHR�PFJLOO�FD

/LQ��+RQJ

$WPRVSKHULF�(QYLURQPHQW�6HUYLFH�������'XIIHULQ
6WUHHW����'RZQVYLHZ��2QWDULR��&DQDGD��0�+��7��
(�PDLO��KRQJ�OLQ#HF�JF�FD

/LWWOH��.HQ
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW
&DQDGD

/LX��3HWHU
$WPRVSKHULF�$HURVRO�5HVHDUFK�,QF�
�����,QQLVILO�5RDG��0LVVLVVDXJD��2QWDULR��&DQDGD�
/�0��-�
(�PDLO��SHWHU�OLX#HF�JF�FD
85/��KWWS���DLUTXDOLW\�WRU�HF�JF�FD�QDWFKHP�SDUWLFOHV

/RFDW��-DFTXHV
'pSDUWHPHQW�GH�JpRORJLH�HW�GH�JpQLH�JpRORJLTXH�GH
O
8QLYHUVLWp�/DYDO

/RGHU��-RKQ
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\��')2

/RKPDQQ��8OULNH
'HSW��RI�3K\VLFV
$WPRVSKHULF�6FLQFH�3URJUDP�'DOKRXVLH�8QLYHUVLW\��
+DOLID[��1�6���&DQDGD��%�+��-�
(�PDLO��8OULNH�/RKPDQQ#'DO�&D
85/�
KWWS���ZZZ�SK\V�RFHDQ�GDO�FD�SHRSOH�DV�/RKPDQQB8O
ULNH�KWPO

/RLVHOOH��0RQLTXH
&0&
�����7UDQV�&DQDGD�1���'RUYDO��4F��&DQDGD��+�3
�-�
(�PDLO��0RQLTXH�ORLVHOOH#HF�JF�FD

/RQJ��%HUQDUG
,156�*pRUHVVRXUFHV

/RXFKHXU��9LUJLQLH
*(2723

/RXLH��3DXO
(QYLURQPHQW�&DQDGD
&OLPDWH�3URFHVVHV�DQG�(DUWK�2EVHUYDWLRQ�'LYLVLRQ
&OLPDWH�5HVHDUFK�%UDQFK�$WPRVSKHULF�(QYLURQPHQW
6HUYLFH������'XIIHULQ�6WUHHW���'RZQVYLHZ��21�
&$1$'$��0�+��7�
(�PDLO��SDXO�ORXLH#HF�JF�FD

/XFRWWH��0DUF
84$0
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/\QFK��$PDQGD�+�
&RRSHUDWLYH�,QVWLWXWH�IRU�5HVHDUFK�LQ�(QYLURQPHQWDO
6FLHQFHV��&,5(6���%RXOGHU��&2

0DFDIHH��$OODQ
&DQDGLDQ�+XUULFDQH�&HQWUH
���WK�)ORRU�4XHHQ�6TXDUH�����$OGHUQH\�'ULYH��
'DUPRXWK��1RYD�6FRWLD��&DQDGD��%�<��1�
(�PDLO��DO�PDFDIHH#HF�JF�FD
85/��KWWS���ZZZ�QV�HF�JF�FD

0DF.D\��0XUUD\
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH
�����'XIIHULQ�6WU��7RURQWR��2QWDULR��&DQDGD��0�+
�7�
(�PDLO��PXUUD\�PDFND\#HF�JF�FD

0DLOKRW��-RFHO\Q
5HFKHUFKH�HQ�SUHYLVLRQ�QXPHULTXH��6($

0DNDU��3DXO
$54,��$(6��'RZQVYLHZ

0DQQ��*UDKDP
/HHGV�8QLYHUVLW\

0DUFRX[��-DFTXHV
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

0DUPHQ��6\OYDLQ
*(2723

0DUVGHQ��5LFKDUG
5R\DO�0LOLWDU\�&ROOHJH�RI�&DQDGD
3K\VLFV�'HSDUWPHQW�5R\DO�0LOLWDU\�&ROOHJH�RI�&DQDGD
32�%R[��������.LQJVWRQ��2QWDULR��&DQDGD��.�.��%�
(�PDLO��PDUVGHQ�U#UPF�FD

0DUVK��3KLOLS
1DWLRQDO�+\GURORJ\�5HVHDUFK�&HQWUH��6DVNDWRRQ

0DUWLQ��&KULVWLDQ
0HPRULDO�8QLYHUVLW\�RI�1HZIRXQGODQG
'HSW��RI�*HRJUDSK\�0HPRULDO�8QLYHUVLW\��6W��-RKQ
V�
1)��&DQDGD��$�%��;�
(�PDLO��V��FP#PRUJDQ�XFV�PXQ�FD
85/��KWWS���ZZZ�PXQ�FD�JHRJ

0DUWLQ��)UDQFLV
'pSDUWHPHQW�GH�JpRORJLH�HW�GH�JpQLH�JpRORJLTXH�
8QLYHUVLWp�/DYDO

0DVODQLN��-LP
&RRSHUDWLYH�,QVWLWXWH�IRU�5HVHDUFK�LQWR�(QYLURQPHQWDO
6FLHQFHV

0DVORZH��6KHUZLQ
0F*LOO�8QLYHUVLW\

0DVVRQ��'LDQH
,QVWLWXWH�RI�2FHDQ�6FLHQFHV

3�2��%R[�����������:HVW�6DDQLFK�5G���6LGQH\��%&�
&DQDGD��9�/��%�
(�PDLO��PDVVRQG#GIR�PSR�JF�FD

0DXULFH��)UDQFH

'pSDUWHPHQW�GH�JpRORJLH�HW�GH�JpQLH�JpRORJLTXH
3DYLOORQ�3RXOLRW�8QLYHUVLWp�/DYDO���6WH�)R\�
4XpEHF��&DQDGD��*�.��3�
(�PDLO��IPDXULFH#JJO�XODYDO�FD

85/��KWWS���ZZZ�VDJXHQD\�JJO�XODYDO�FD
0F&RQQHOO��-DFN
<RUN�8QLYHUVLW\

0F&RQQHOO��-RKQ�&�
(DUWK�DQG�$WPRV��6FLHQFH��<RUN�8QLYHUVLW\

0F'RQDOG��.DUHQ
(QYLURQPHQW�&DQDGD

0F(OUR\��&�7�
$WPRVSKHULF�3URFHVV�5HVHDUFK�%UDQFK��$WPRVSKHULF
(QYLURQPHQW�6HUYLFH

0F)DUODQH��1RUPDQ
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV
8QLYHUVLW\�RI�9LFWRULD�3�2��%R[��������9LFWRULD��%&��
&DQDGD��9�:��<�
(�PDLO��1RUP�0F)DUODQH#HF�JF�FD
85/��KWWS���ZZZ�FFFPD�EF�HF�JF�FD

0F/DQGUHVV��&KDUOHV�
<RUN�8QLYHUVLW\

0HGYHGHY��$OH[DQGHU
<RUN�8QLYHUVLW\
'HSDUWPHQW�RI�(DUWK�DQG�$WPRVSKHULF�6FLHQFH�<RUN
8QLYHUVLW\������.HHOH�6WUHHW��7RURQWR��2QWDULR�
&DQDGD��0�-��3�
(�PDLO��DVP#\RUNX�FD
85/��KWWS���ZZZ�\RUNX�FD

0HQDUG��5LFKDUG
1$6$�*RGGDUG�6SDFH�)OLJKW�&HQWHU
'DWD�$VVLPLODWLRQ�2IILFH��&RGH�������1$6$�*RGGDUG
6SDFH�)OLJKW�&HQWHU��*UHHQEHOW��0'��8�6�$��������
(�PDLO��PHQDUG#GDR�JVIF�QDVD�JRY
85/��KWWS���GDR�JVIF�QDVDV�JRY�'$2BSHRSOH�PHQDUG�

0HWKRW��$QGUH
GLYLVLRQ�1:3��&0&
&HQWUH�0HWHRURORJLTXH�&DQDGLHQ�������YRLH�GH
VHUYLFH�QRUG��7UDQV�&DQDGLHQQH�'RUYDO��4XHEHF��
'RUYDO���4XHEHF��&DQDGD��+�3��-�
(�PDLO��$QGUH�0HWKRW#HF�JF�FD
85/��KWWS���ZZZ�FPF�HF�JF�FD
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0LFKHODQJHOL��3DXO�$QWRLQH
531��(QYLURQQHPHQW�&DQDGD
������URXWH�7UDQVFDQDGLHQQH��'RUYDO��4XHEHF�
&DQDGD��+�3��-�
(�PDLO��3DXO�$QWRLQH�0LFKHODQJHOL#HF�JF�FD

0LOEUDQGW��-DVRQ��$
0F*LOO�8QLYHUVLW\
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV
����6KHUEURRNH�6W��:HVW���0RQWUHDO��4&��&DQDGD�
+�$��.�
(�PDLO��MDVRQ#]HSK\U�PHWHR�PFJLOO�FD

0LOHZVND��(ZD
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH
�����'XIIHULQ�6WUHHW���'RZQVYLHZ��2QWDULR��&DQDGD�
0�+��7�
(�PDLO��(ZD�0LOHZVND#HF�JF�FD

0LOOHU��5RQ
'HSDUWPHQW�RI�$SSOLHG�3K\VLFV��&ROXPELD�8QLYHUVLW\�
86$

0LOOV��%ULDQ
(QYLURQPHQW�&DQDGD

0LVUD��9DVXEDQGKX
0F*LOO�8QLYHUVLW\��0RQWUpDO��4XpEHF
����6KHUEURRNH�:HVW��0RQWUpDO��4XpEHF��&DQDGD�
+�$��.�
(�PDLO��PLVUD#]HSK\U�PHWHR�PFJLOO�FD

0RIIHW��5LFKDUG
(QYLURQQHPHQW�&DQDGD��&0&��FPVQ
&HQWUH�PHWHRURORJLTXH�&DQDGLHQ������URXWH
7UDQVFDQDGLHQQH�'RUYDO�4XHEHF�+�3��-���'RUYDO�
4XHEHF��&DQDGD��+�3��-�
(�PDLO��ULFKDUG�PRIIHW#HF�JF�FD

0ROLQDUL��-RKQ
8QLYHUVLW\�DW�$OEDQ\��6WDWH�8QLYHUVLW\�RI�1HZ�<RUN

0RQDKDQ��$GDP
2FHDQRJUDSK\�(26��8QLY��RI�%ULWLVK�&ROXPELD

0RQWHUR��0DUWLQ
'HSW��RI�3K\VLFV��'DOKRXVLH�8QLYHUVLW\

0RQWSHWLW���0\ULDP
8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO
'pSDUWHPHQW�GHV�VFLHQFHV�GH�OD�7HUUH�8QLYHUVLWp�GX
4XpEHF�j�0RQWUpDO�&�3��������6XFF��&HQWUH�9LOOH
+�&��3����0RQWUpDO��4XpEHF��&DQDGD��+�&��3�
(�PDLO��P������#HU�XTDP�FD
85/��KWWS���ZZZ�VFD�XTDP�FD

0RQWSHWLW��-DFTXHV
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH��0HWHRURORJLFDO
5HVHDUFK�%UDQFK��'LYLVLRQ�GH�OD�5HFKHUFKH�HQ
3UHYLVLRQ�1XPHULTXH

0RRUH��*�:��.HQW

8QLYHUVLW\�RI�7RURQWR

0RUDQ��0LNH
$54,��$(6��'RZQVYLHZ

0RULQ��*X\
,156�(DX

0RUQHDX��*LOOHV
(QYLURQQHPHQW�&DQDGD��UpJLRQ�GX�4XpEHF
�����ERXO��$OH[LV�1LKRQ���LqPH�pWDJH��6DLQW�/DXUHQW�
4&��&DQDGD��+�0��1�
(�PDLO��JLOOHV�PRUQHDX#HF�JF�FD
85/��KWWS���ZZZ�TF�HF�JF�FD

0RUQHDX��-RVHH
&0&
�����YRLH�GH�VHUYLFH�QRUG��7UDQV�&DQDGLHQQH�
'RUYDO��4XHEHF��&DQDGD��+�3��-�
(�PDLO��MRVHH�PRUQHDX#HF�JF�FD

0XFFL��$OIRQVR
0F*LOO�8QLYHUVLW\
'HSDUWPHQW�RI�(DUWK�DQG�3ODQHWDU\�6FLHQFHV�0F*LOO
8QLYHUVLW\������8QLYHUVLW\���0RQWUHDO��4XHEHF�
&DQDGD��+�$��$�
(�PDLO��DOBP#JHRVFL�ODQ�PFJLOO�FD
85/��KWWS���HSV�PFJLOO�FD�

0XHOOHU��-RKDQQHV
,QVWLWXW�I�U�$WPRVSKlUHQSK\VLN��*.66��0D[�3ODQFN
6WU���������*HHVWKDFKW��*HUPDQ\

0XUFUD\��)�-�
'HSW��RI�3K\VLFV��8QLYHUVLW\�RI�'HQYHU

0XUUD\��1LFKRODV�&KDUOHV
-RLQW�&HQWUH�5HVHDUFK��,VSUD��,WDO\�

0ZDQJL��0LNH
7KH�8QLYHUVLW\�RI�:HVWHUQ�2QWDULR
'HSW��RI�3K\VLFV�DQG�$VWURQRP\�8:2��/RQGRQ��21�
&'1��1�$��.�
(�PDLO��PZDQJL#OXFLOOH�SK\VLFV�XZR�FD
85/��KWWS���SFO�SK\VLFV�XZR�FD

0\VDN��/DZUHQFH�$�
0F*LOO�8QLYHUVLW\
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV
����6KHUEURRNH�6W��:��0F*LOO�8QLYHUVLW\��0RQWUHDO�
4&��&DQDGD��+�$��.�
(�PDLO��P\VDN#]HSK\U�PHWHR�PFJLOO�FD

1HDU\��/RUL
<RUN�8QLYHUVLW\

1REUH��&DUORV
&37(&�,13(��%UD]LO

1RRQH��.�-�
'HSW��RI�0HWHRURORJ\��6WRFNKROP�8QLYHUVLW\�������
6WRFNKROP��6ZHGHQ
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2DNH\��1HLO�6�
')2
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\�2FHDQ�6FLHQFHV
'LYLVLRQ�32�%R[������'DUWPRXWK��1RYD�6FRWLD�
%�<�$����'DUWPRXWK��1RYD�6FRWLD��&DQDGD��%�<�$�
(�PDLO��RDNH\Q#PDU�GIR�PSR�JF�FD
85/�
KWWS���ZZZ�PDULWLPHV�GIR�FD�VFLHQFH�RFHDQ�HSVRQGH�ZHOFRPH�KWPO

2
1HLOO��1RUP
*6)&�1$6$��/�2�$��IURP�8QLYHUVWp�GH�6KHUEURRNH
*6)&�1$6$�&RGH������*UHHQEHOW��0DU\ODQG��8�6�$��
�����
(�PDLO��QRUP#VSDPHU�JVIF�QDVD�JRY
85/�
KWWS���ZZZ�FDOOLVWR�VL�XVKHUE�FD�aFDUWHO�QRQHLOO�QRUP�KWPO

2XHOOHW��0DWKLHX
84$5
����$OOpH�GHV�8UVXOLQHV��5LPRXVNL��4F��&DQDGD��*�/
�$�
(�PDLO��PDWKLHXBRXHOOHW#XTDU�XTXHEHF�FD
85/��KWWS���ZZZ�XTDU�XTHEHF�FD

2X\DQJ��%LOO
0F*LOO�8QLYHUVLW\
&HQWUH�IRU�&OLPDWH�DQG�*OREDO�&KDQJH�5HVHDUFK
0F*LOO�8QLYHUVLW\�����6KHUEURRNH�6WUHHW�0RQWUHDO�
4XHEHF�+�$��.��&DQDGD��0RQWUHDO��4XHEHF�
&DQDGD��+�$��.�
(�PDLO��28<$1*#*(2*�0&*,//�&$
85/��KWWS���ZZZ�PFJLOO�FD�FFJFU

3DJp��&KULVWLDQ
84$0
'pSDUWHPHQW�GHV�6FLHQFHV�GH�OD�7HUUH�*URXSH
6FLHQFHV�GH�O
$WPRVSKqUH�8QLYHUVLWp�GX�4XpEHF�j
0RQWUpDO�%�3��������6XFF���&HQWUH�YLOOH����0RQWUpDO�
4XpEHF��&DQDGD��+�&��3�
(�PDLO��SDJH#VFD�XTDP�FD
85/��KWWS���HXURPHW�VFD�XTDP�FD�

3DO��6KLY�5�
&HQWUH�IRU�5HVHDUFK�LQ�(DUWK�DQG�6SDFH�6FLHQFH

3DODQ\��3KLOLSSH
0pWpR�)UDQFH

3DQGROIR��/LRQHO
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD
2FHDQRJUDSK\�'LYLVLRQ�'HSDUWPHQW�RI�(DUWK�DQG
2FHDQ�6FLHQFHV������8QLYHUVLW\�%OYG��9DQFRXYHU�
%&��&DQDGD��9�7��=�
(�PDLO��OLRQHO#HRV�XEF�FD
85/��KWWS���ZZZ�HRV�XEF�FD

3DTXLQ��'RPLQLTXH
*URXSH�GH�PRGHOLVDWLRQ�UHJLRQDOH�GX�FOLPDW���84$0

3DUN���3HWHU
03%�7HFKQRORJ\

3DWRLQH��$ODLQ
(QYLURQQHPHQW�&DQDGD��&0&��FPVQ

3HOOHULQ��*pUDUG
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW
&DQDGD

3HOOHULQ��*pUDUG
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW
&DQDGD

(�PDLO��JHUDUG�SHOOHULQ#HF�JF�FD

3HOOHULQ��3LHUUH
5HFKHUFKH�HQ�3UpYLVLRQ�1XPpULTXH��$(6�
(QYLURQQHPHQW�&DQDGD�������5WH�7UDQVFDQDGLHQQH��
'RUYDO��4XHEHF��&DQDGD��+�3��-�
(�PDLO��SLHUUH�SHOOHULQ�#HF�JF�FD

3HOOHULQ��6LPRQ
6HUFLFH�GH�O
HQYLURQQHPHQW�$WPRVSKpULTXH
������7UDQV�&DQDGD�1����'RUYDO��3�4���&DQDGD��+�3
�-�
(�PDLO��6LPRQ�3HOOHULQ#HF�JF�FD
85/��KWWS���ZZZ�FPF�HF�JF�FD

3HQGOHEXU\��'LDQH
8QLYHUVLW\�RI�7RURQWR
'HSDUWPHQW�RI�3K\VLFV����6W��*HRUJH�6W���7RURQWR�
2QWDULR��&DQDGD��0�6��$�
(�PDLO��GLDQH#DWPRVS�SK\VLFV�XWRURQWR�FD

3HUH]�0DUWHOO��(VWKHU
8QLYHUVLGDG�GH�/DV�3DOPDV�GH�*UDQ�&DQDULD��6SDLQ�
2FHDQRJUDSK\��'HSW��RI�(DUWK�	�2FHDQ�6FLHQFHV
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD������8QLYHUVLW\�%OYG��
9DQFRXYHU��%�&���&DQDGD��9�7��=�
(�PDLO��SHUH]#RFJ\�XEF�FD
85/��KWWS���ZZZ�RFJ\�XEF�FD�SURMHFWV�FOLP�SUHG�

3pURQ��)ORUHQFH
8QLYHUVLWp�)RXULHU

3HUULH��:LOOLDP
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\
3�2��%R[��������&KDOOHQJHU�'U����'DUWPRXWK���1RYD
6FRWLD���&DQDGD���%�<��$�
(�PDLO��ZSHUULH#HPHUDOG�ELR�GIR�FD

3HVWLHDX��3DXO
(QYLURQQHPHQW�&DQDGD��&0&

3HWHUV��%ULDQ
0HWHRURORJLFDO�6HUYLFH�RI�1HZ�=HDODQG�/WG�
:HOOLQJWRQ��1HZ�=HDODQG

3HWHUVRQ��,QJULG
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

3HWHUVRQ��.��$QGUHZ
'DOKRXVLH�8QLYHUVLW\
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'HSDUWPHQW�RI�2FHDQRJUDSK\�'DOKRXVLH�8QLYHUVLW\��
+DOLID[��1RYD�6FRWLD��&DQDGD��%�+��-�
(�PDLO��GUHZ#SK\V�RFHDQ�GDO�FD
85/��KWWS���ZZZ�SK\V�RFHDQ�GDO�FD�aGUHZ�GUHZ�KWPO

3HWULH��%ULDQ�'�
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

3HWULHOOR��3DROR�-U�
0FJLOO�8QLYHUVLW\�'HSW��RI�$WP��6FLHQFHV
'HSDUWPHQW�RI�$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV
0F*LOO�8QLYHUVLW\�����6KHUEURRNH�6WUHHW�:HVW��
0RQWUHDO��4XHEHF��&DQDGD��+�$��.�
(�PDLO��SSHWUL#SR�ER[�PFJLOO�FD
85/��KWWS���]HSK\U�PHWHR�PFJLOO�FD�

3HWUXFFL��)UDQFR
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

3LHWHUV���5RJHU
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD

3LHWURQLUR��$ODLQ
1DWLRQDO�+\GURORJ\�5HVHDUFK�,QVWLWXWH

3LORWWH��0DUFHO
84$0

3ODQWH��$�
&HQWUH�0pWpRURORJLTXH�&DQDGLHQ��&0&�
������URXWH�7UDQVFDQDGLHQQH���'RUYDO��4XpEHF�
&DQDGD��+�3��-�
(�PDLO��DQGUH�SODQWH#HF�JF�FD
85/�
KWWS���ZZZ�FPF�HF�JF�FD�aFPFGHY�VDLVRQV�VDLVRQV�KW
PO

3OXPE��5��$ODQ
0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\��&DPEULGJH�
0$�������

3OXPPHU��'DYLG
<RUN�8QLYHUVLW\
&HQWUH�IRU�5HVHDUFK�LQ�(DUWK�DQG�6SDFH�6FLHQFH��
7RURQWR��21���&DQDGD��0�-��3�
(�PDLO��SOXPPHU#QLPEXV�\RUNX�FD

3RQG��6WHYH
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD

3RXOLQ��3DWULFN
*(2723�84$0

3UHPRQW��%UXQR
(QYLURQPHQW�&DQDGD���2WWDZD�5HJLRQDO�&HQWUH

3ULHXU��/RXLV
/3&0��������9LOOHIUDQFKH�VXU�PHU��)UDQFH��(PDLO�
SULHXU#FFUY�REV�YOIU�IU

3ULPHDX��)UDQFRLV
6FULSSV�,QVWLWXWLRQ�RI�2FHDQRJUDSK\

&OLPDWH�0RGHOOLQJ�DQG�$QD\VLV�3�2��%R[�������671
&6&���9LFWRULD��%&��&DQDGD��9�:��<�
(�PDLO��ISULPHDX#DOXP�PLW�HGX

3URYRVW��$ODLQ
84$0

3XFNULQ��(OGRQ
(QYLURQPHQWDO�5HVRXUFH�6WXGLHV��7UHQW�8QLYHUVLW\

3XG\NLHZLF]��-DQXV]
(QYLURQQHPHQW�&DQDGD�0HWHRURORJLFDO�6HUYLFHV
5HVHDUFK�%UDQFK��$54,

4LX��;LQ

����3HWULH�6FLHQFH�%OGJ��<RUN�8QLYHUVLW\������.HHOH
6W���7RURQWR��2QWDULR��&DQDGD��0�-��3�
(�PDLO��;LQTLX#\RUNX�FD
85/��KWWS���ZZZ�\RUNX�FD�UHVHDUFK�EOD\HU�

4XLQH��%�
'HSW��RI�3K\VLFV��8QLYHUVLW\�RI�7RURQWR

4XLQQ��'HFODQ
'HSDUWPHQW�RI�0DWKHPDWLFV��8QLYHUVLW\�RI�%ULWLVK
&ROXPELD��%&

5DGHYD��(NDWHULQD
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��$(6��'RUYDO

5DPVGHQ��'�

5DVFKNH��(KUKDUG
*.66��*HUPDQ\

5D\PRQG��1LFROH
/D�%LRVSKqUH
�����FKHPLQ�7RXU�GH�/
,VOH��ÌOH�6DLQWH�+pOqQH��
0RQWUpDO��4XpEHF��&DQDGD��+�9��-�
(�PDLO��QLFROH�UD\PRQG#HF�JF�FD
85/��KWWS���ELRVSKHUH�HF�JF�FD

5LWFKLH��+DUROG
5HFKHUFKH�HQ�SUpYLVLRQ�QXPpULTXH
�����7UDQV�&DQDGD�+LJKZD\��'RUYDO��4XpEHF�
&DQDGD��+�3��-�
(�PDLO��+DUROG�5LWFKLH#HF�JF�FD

5LYHW��&ODXGH
(QYLURQQHPHQW�&DQDGD���'3(
�����UXH�0F*LOO�����pWDJH��0RQWUpDO��4&��&DQDGD�
+�<��(�
(�PDLO��FODXGH�ULYHW#HF�JF�FD

5R��&KXO�8Q
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

5RELFKDXG��$ODLQ
(QYLURQQHPHQW�&DQDGD��UpJLRQ�GX�4XpEHF
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5RELQVRQ��&DURO
8QLYHUVLW\�RI�7RURQWR�DW�6FDUERURXJK

5RFK��0LFKHO
'LYLVLRQ�GH�OD�UHFKHUFKH�HQ�SUpYLVLRQ�QXPpULTXH
������URXWH�7UDQVFDQDGLHQQH���LqPH�pWDJH����'RUYDO�
4XpEHF��&DQDGD��+�3��-�
(�PDLO��PLFKHO�URFK#HF�JF�FD

5RXOHW��1LJHO
&HQWUH�IRU�&OLPDWH�DQG�*OREDO�&KDQJH�5HVHDUFK�
0F*LOO�8QLYHUVLW\

5RXVH��:D\QH
0F0DVWHU�8QLYHUVLW\��+DPLOWRQ

52<��)5$1d2,6
2FHDQ�6FLHQFH�'LYLVLRQ��0DXULFH�/DPRQWDJQH
,QVWLWXWH��'HSDUWPHQW�RI�)LVKHULHV�DQG�2FHDQV��0RQW�
-ROL��4XpEHF��&DQDGD��*�+��=�
����URXWH�GH�OD�0HU����0RQW�-ROL��4XpEHF��&DQDGD�
*�+��=�
(�PDLO��UR\I#GIR�PSR�JF�FD

5R\HU��$ODLQ
&$57(/��8QLYHUVLWH�GH�6KHUEURRNH

5XVVHOO��$OEHUW
8QLYHUVLW\�RI�:HVWHUQ�2QWDULR

6DQNH\��'DYLG
8QLYHUVLW\�RI�7RURQWR
'HSDUWPHQW�RI�3K\VLFV�8QLYHUVLW\�RI�7RURQWR����6W�
*HRUJH�6WUHHW��7RURQWR��2QWDULR��&DQDGD��0�6��$�
(�PDLO��VDQNH\#PDP�SK\VLFV�XWRURQWR�FD
85/�
KWWS���ZZZ�DWPRVS�SK\VLFV�XWRURQWR�FD�0$0�KRPH�KWPO

6DUUD]LQ��-R]pH
:RRGV�+ROH�2FHDQRJUDSKLF�,QVWLWXWLRQ

6DUUD]LQ��5HDO
&0&

6DXFLHU��)UDQoRLV�-�
2FHDQ�6FLHQFH�'LYLVLRQ��0DXULFH�/DPRQWDJQH
,QVWLWXWH��'HSDUWPHQW�RI�)LVKHULHV�DQG�2FHDQV��0RQW�
-ROL��4XpEHF��&DQDGD��*�+��=�

6DYDUG��-RVpH
*(2723�84$0
&�3��������6XFF��&HQWUH�9LOOH���0RQWUpDO��4XpEHF�
&DQDGD��+�&��3�
(�PDLO��P������#HU�XTDP�FD
85/�
KWWS���ZZZ�XQLWHV�XTDP�FD�JHRWRS�ZZZJHRWRS�KWPO

6FKDHU��&KULVWRSK
$WPRVSKHULF�6FLHQFH��(7+�=XULFK

6FKHUW]HU��:LOOLDP
1DWLRQDO�:DWHU�5HVHDUFK�,QVWLWXWH��&&,:

1DWLRQDO�:DWHU�5HVHDUFK�,QVWLWXWH�&DQDGD�&HQWUH�IRU
,QODQG�:DWHUV�����/DNHVKRUH�5RDG��%XUOLQJWRQ�
2QWDULR��&DQDGD��/�5��$�
(�PDLO��ZLOOLDP�VFKHUW]HU#FFLZ�FD

6FKPLGW��*DYLQ
&HQWHU�IRU�&OLPDWH�6\VWHPV�5HVHDUFK��&ROXPELD
8QLYHUVLW\��86$

6FKPLW]��5DLQHU
8QLYHUVLW\�RI�&KLOH

6FKUDPP��-XOLH
8QLYHUVLW\�RI�&RORUDGR

6FKXEHUW��:��+�

6FRWW��-RKQ
(&

6HPHQLXN��.LULOO
8QLYHUVLW\�RI�7RURQWR
'HSDUWPHQW�RI�3K\VLFV�8QLYHUVLW\�RI�7RURQWR����6W�
*HRUJH�6WUHHW��7RURQWR��2QWDULR��&DQDGD��0�6��$�
(�PDLO��NLULOO#DWPRVS�SK\VLFV�XWRURQWR�FD
85/��KWWS���ZZZ�DWPRVS�SK\VLFV�XWRURQWR�FD

6HUUH]H��0DUN
&RRSHUDWLYH�,QVWLWXWH�IRU�5HVHDUFK�LQWR�(QYLURQPHQWDO
6FLHQFHV

6HUYUDQFN[��5HQp
&DQDGLDQ�0HWHRURORJLFDO�&HQWUH��(QYLURQPHQW
&DQDGD
�(�PDLO��UHQH�VHUYUDQFNV#HF�JF�FD

6KHQ��6DPXHO�6KDQSX
'HSDUWPHQW�RI�0DWKHPDWLFDO�6FLHQFHV��8QLYHUVLW\�RI
$OEHUWD

6KHQJ��-LDQ
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG
$QDO\VLV�$(6
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV
8QLYHUVLW\�RI�9LFWRULD�3�2�%R[��������9LFWRULD��%&�
&DQDGD��9�:��<�
(�PDLO��-LDQ�6KHQJ#HF�JF�FD

6KHQJ��-LQ\X
'DOKRXVLH�8QLYHUVLW\
'HSDUWPHQW�RI�2FHDQRJUDSK\�'DOKRXVLH�8QLYHUVLW\��
+DOLID[��1RYD�6FRWLD��&DQDGD��%�+��-�
(�PDLO��-LQ\X�6KHQJ#'DO�&D
85/��KWWS���ZZZ�RFHDQ�GDO�FD

6KHSKHUG���7HG��*�
'HSDUWPHQW�RI�3K\VLFV��8QLYHUVLW\�RI�7RURQWR�
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6KLQGHOO��'UHZ
&HQWHU�IRU�&OLPDWH�6\VWHPV�5HVHDUFK��&ROXPELD
8QLYHUVLW\��86$

6KRUH��-HQQLIHU
%�,�2��'�)�2�
&RDVWDO�2FHDQ�6FLHQFH��')2�%HGIRUG�,QVWLWXWH�RI
2FHDQRJUDSK\�%R[��������'DUWPRXWK��1RYD�6FRWLD�
&DQDGD��%�<��$�
(�PDLO��MVKRUH#JHRUJV�ELR�GIR�FD

6LFD��5REHUW
7KH�8QLYHUVLW\�RI�:HVWHUQ�2QWDULR
'HSW��RI�3K\VLFV�DQG�$VWURQRP\�8:2���/RQGRQ��21�
&'1��1�$��.�
(�PDLO��VLFD#SK\VLFV�XZR�FD
85/��KWWS���SFO�SK\VLFV�XZR�FD

6LOOV��'DYLG
.LQJ�&LW\�5DGDU��(QYLURQPHQW�&DQDGD

6LPRQ��3HOOHULQ
531��(QYLURQPHQW�&DQDGD

6LPSNLQ��3HWHU
,.%�7HFKQRORJLHV�/LPLWHG

6,1*+��$EQDVK
0F*LOO�8QLYHUVLW\

6LQJK��$EQDVK
'HSW��$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV��0F*LOO
8QLYHUVLW\

6LRN��6WDQ
(QYLURQPHQW�&DQDGD���2WWDZD�5HJLRQDO�&HQWUH

6ORQRVN\��9LFN\
&OLPDWLF�5HVHDUFK�8QLW��8QLYHUVLW\�RI�(DVW�$QJOLD
&OLPDWLF�5HVHDUFK�8QLW�8QLYHUVLW\�RI�(DVW�$QJOLD��
1RUZLFK����8QLWHG�.LQJGRP��15���7-
(�PDLO��Y�VORQRVN\#XHD�DF�XN
85/��KWWS���ZZZ�FUX�XHD�DF�XN�

6PLUQRY��$OH[DQGHU
1$6$�*6)&��*UHHQEHOW�0DU\ODQG

6PLUQRY��9ODGLPLU
DWPRVSKHULF�SK\VLFV
8QLYHUVLW\�RI�7RURQWR��'HSDUWPHQW�RI�3K\VLFV����
6W�*HRUJH�6W���5RRP�������7RURQWR��21��&DQDGD�
0�6��$�
(�PDLO��YODGLPLU#DWPRVS�SK\FVLFV�XWRURQWR�FD

6PLWK��3HWHU�&�
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\
3�2��%R[��������'DUWPRXWK��1RYD�6FRWLD��&$1$'$�
%�<��$�
(�PDLO��6PLWK3&#PDU�GIR�PSR�JF�FD
85/��KWWS���ZZZ�PDU�GIR�PSR�JF�FD�VFLHQFH�RFHDQ

6ROKHLP��%�+�

&5(67HFK��<RUN�8QLYHUVLW\

6RXOLV��(ULF
8QLYHUVLW\�RI�:DWHUORR

6RXYDQODV\��9DQK
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

6SDFHN��/XERV
84$0
(DUWK�6FLHQFHV�'HSDUWPHQW��8QLYHUVLW\�RI�4XHEHF�DW
0RQWUHDO��84$0���3�2��%R[�������6WQ��'RZQWRZQ��
0RQWUHDO��4&��&DQDGD��+�&��3���0RQWUHDO��4XHEHF�
&DQDGD��+�&��3�
(�PDLO��VSDFHN#VFD�XTDP�FD
85/��KWWS���ZZZ�VFD�XTDP�FD

6W�+LODLUH��$QGUp
,156�($8
����FK��0HODQVRQ���'LHSSH����1RXYHDX�%UXQVZLFN�
&DQDGD��(�$��1�
(�PDLO��KLOSDJ#QEQHW�QE�FD

6W�-DPHV��-XG\
&HQWUH�0pWpRURORJLTXH�&DQDGLHQ

(�PDLO��MXG\�VW�MDPHV#HF�JF�FD

6W�2QJH��)UDQFLQH
84$0

6W�2QJH��*XLOODXPH
*(2723
*(2723�8QLYHUVLWp�GX�4XpEHF�j�0RQWUpDO�&DVH
3RVWDOH�������6XFFXUVDOH�&HQWUH�9LOOH���0RQWUpDO�
4XpEHF��&DQDGD��+�&��3�
(�PDLO��P������#HU�XTDP�FD
85/��KWWS���XQLWHV�XTDP�FD�JHRWRS�ZZZJHRWRS�KWPO

67$&(<��0LFKDHO�:�
5R\DO�0LOLWDU\�&ROOHJH�RI�&DQDGD

6WDQLIRUWK��$QGUHZ
8.02

6WDQOH\�-RQHV��0DUWLQ
(&

6WHZDUW��-LP
&DQDGLDQ�)RUHVW�6HUYLFH

6WHZDUW��5RQDOG
$(6
�����'XIIHULQ�6WUHHW���'RZQVYLHZ��2QWDULR��&DQDGD�
0�+��7�
(�PDLO��5RQ�6WHZDUW#HF�JF�FD

6WL[��-RKQ
8QLYHUVLWp�GH�0RQWUpDO

6WRFNV��%�
&DQDGLDQ�)RUHVW�6HUYLFH
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6WRQH��'DLWKL
6FKRRO�RI�(DUWK�DQG�2FHDQ�6FLHQFHV��8QLYHUVLW\�RI
9LFWRULD
6FKRRO�RI�(DUWK�DQG�2FHDQ�6FLHQFHV�8QLYHUVLW\�RI
9LFWRULD�3�2��%R[�������9LFWRULD��%ULWLVK�&ROXPELD�
&DQDGD��9�:��3�
(�PDLO��VWRQH#RFHDQ�VHRV�XYLF�FD
85/�
KWWS���ZLN\RQRV�VHRV�XYLF�FD�SHRSOH�VWRQH�VWRQH�KWPO

6WUDXE��'DYLG�1�
0F*LOO
$WPRVSKHULF�DQG�2FHDQLF�6FLHQFHV�����6KHUEURRNH
2��0F*LOO���0RQWUHDO��4&��&DQDGD��+�$��.�
(�PDLO��GDYLG#JXPER�PHWHR�PFJLOO�FD

6WURQJ��*HRII
1DWLRQDO�+\GURORJ\�5HVHDUFK�&HQWUH
���,QQRYDWLRQ�%RXOHYDUG���6DVNDWRRQ��6DVN��
F$1$'$��6�1��+�
(�PDLO��*HRII�6WURQJ#HF�JF�FD
85/��KWWS���ZZZ�WRU�HF�JF�FD�*(:(;�

6WURQJ��.�
'HSW��RI�3K\VLFV��8QLYHUVLW\�RI�7RURQWR

6WXDUW��$PEXU\
:HDWKHU�5HVHDUFK�+RXVH
���*OHQGRUD�$YHQXH���:LOORZGDOH��2QWDULR��&DQDGD�
0�1��9�
(�PDLO��Z[UHVUFK#QHWFRP�FD

6WXGHQWV�RI�WKH�84$5�0LVVLRQ�6WDJH������
8QLYHUVLWp�GX�4XpEHF�j�5LPRXVNL

6WXKOPDQQ��5ROI
,QVWLWXW�I�U�$WPRVSKlUHQSK\VLN��*.66��0D[�3ODQFN
6WU���������*HHVWKDFKW��*HUPDQ\

6XNORII��:LOOLDP
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH

6]\UPHU��:DQGD
84$0��&&50
8QLYHUVLWH�GX�4XHEHF�D�0RQWUHDO�%�3������
6XFF��&HQWUH�YLOOH����0RQWUHDO��4XHEHF��&DQDGD��+�&
�3�
(�PDLO��ZDQGD#VFD�XTDP�FD
85/��KWWS���ZZZ�VFD�XTDP�FD

7DQJ��%HQ\DQJ
2FHDQRJUDSK\��'HSW�RI�(DUWK�	�2FHDQ�6FLHQFHV�
8QLY��RI�%ULWLVK�&ROXPELD�

7DQJ��&KDUOHV
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

7DQJ��<RXPLQ
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD
2FHDQRJUDSK\�(26��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD�
9DQFRXYHU��%�&��&DQDGD��9�7��=�

(�PDLO��W\P#RFJ\�XEF�FD
85/��KWWS���ZZZ�RFJ\�XEF�FD�SUHMHFWV�FOLPDWH�SUHG�

7DQJXD\��0RQLTXH
(QYLURQQHPHQW�&DQDGD

7DUGLI��5REHUW
6FLHQFHV�GH�O
$WPRVSKqUH��'pSDUWHPHQW�GHV
6FLHQFHV�GH�OD�7HUUH��8QLYHUVLWp�GX�4XpEHF�j
0RQWUpDO
&3�������6XFFXUVDOH��&HQWUH�9LOOH���0RQWUpDO�
4XpEHF��&DQDGD��+�&��3�
(�PDLO��WDUGLI#VFD�XTDP�FD
85/��KWWS���ZZZ�VFD�XTDP�FD�aWDUGLI

7D\ORU��3HWHU
($76��<RUN�8QLYHUVLW\

7D\ORU��3HWHU
'HSW�RI�(DUWK�DQG�$WPRVSKHULF�6FLHQFH��<RUN
8QLYHUVLW\

7HLOOHW��3KLOOLSSH�0�
&DQDGD�&HQWUH�IRU�5HPRWH�6HQVLQJ��2WWDZD��2QWDULR�
&DQDGD

7HPSOHWRQ��(GQD
($76�<RUN�8QLYHUVLW\

7KD\DSDUDQ��7KD\DQDQWKDQ
'HIHQFH�5HVHDUFK�(VWDEOLVKPHQW�2WWDZD

7KHUULHQ��5HQp
'pSDUWHPHQW�GH�JpRORJLH�HW�GH�JpQLH�JpRORJLTXH�
8QLYHUVLWp�/DYDO

7KRPDV��6WHYH
1DWLRQDO�&HQWHU�IRU�$WPRVSKHULF�5HVHDUFK��%RXOGHU

7KRPSVRQ��.HLWK�5�
'DOKDRXVLH�8QLYHUVLW\��'HSDUWPHQW�RI�2FHDQRJUDSK\�
+DOLID[��16��&DQDGD��%�+��-�

7KXUWHOO��*HRUJH
8QLYHUVLW\�RI�*XHOSK

7LQLV��6FRWW
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV
&DQDGLDQ�&HQWUH�IRU�&OLPDWH�0RGHOOLQJ�DQG�$QDO\VLV
8QLYHUVLW\�RI�9LFWRULD���9LFWRULD��%&��&DQDGD��9�:
�<�
(�PDLO��6FRWW�7LQLV#HF�JF�FD

7RUODVFKL��(QULFR
84$0���'pSDUWHPHQW�GHV�VFLHQFHV�GH�OD�7HUUH
&DVH�SRVWDOH�������VXFFXUVDOH�&HQWUH�9LOOH��
0RQWUpDO��4XpEHF����+�&��3�
(�PDLO��WRUODVFKL�HQULFR#XTDP�FD
85/�
KWWS���ZZZ�XQLWHV�XTDP�FD�aVFW�VFWBWRUODVFKL�KWPO
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7RXODQ\���%HFKDUD
%HGIRUG�,QVWLWXWH�RI�2FHDQRJUDSK\

7UHPEOD\��$QGUp
$WPRVSKHULF�(QYLURQPHQW�6HUYLFH
�����7UDQV�&DQDGD�+LJKZD\��'RUYDO��4XpEHF�
&DQDGD��+�3��-�
(�PDLO��DQGUH�WUHPEOD\#HF�JF�FD

7UHPEOD\��/RXLV�%UXQR
/DPRQW�'RKHUW\�(DUWK�/DERUDWRU\

7UXGHO��6HUJH
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ

7XUFRWWH��0DULH�)UDQFH
&HQWUH�PpWpRURORJLTXH�FDQDGLHQ
'LYLVLRQ�GHV�pOpPHQWV�GX�WHPSV�'LUHFWLRQ�GX
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34th Annual CMOS Congress
Victoria, British Columbia

May 29 to June 2, 2000

Theme: The Role of the Pacific in Climate and Weather

Scientific Program Committee Local Arrangements Committee

George Boer
250-363-8226
250-363-8247

Howard Freeland
250-363-6590
250-363-6746

Chair(s)
Telephone
Fax

John Fyfe
250-363-8236
250-363-8247

Please contact the Local Arrangements Committee for general information and the Scientific Pro-gram
Committee regarding special sessions and workshops. Exhibitors, please contact Diane Masson of the
Local Arrangements Committee at 250-363-6521.

Plan to attend the first CMOS Congress of the new millennium in Victoria.Victoria - the “City of
Gardens” is the vacation capital of Canada and  the premiere tourist spot of the Pacific Northwest.

34e Congrès annuel de la SCMO
Victoria, Colombie-Britannique

29 mai au 2 juin, 2000

Thème: L’influence de l’océan Pacifique sur le climat et le temps

Comité du programme scientifique Comité local organisateur

George Boer
250-363-8226
250-363-8247

Howard Freeland
250-363-6590
250-363-6746

Président(s)
Téléphone
Télécopieur

John Fyfe
250-363-8236
250-363-8247

Veuillez contacter le Comité local organisateur pout toute information d’ordre général, et le Comité du
programme scientifique pour les sessions et les ateliers spéciaux. Nous demandons aux exposants de
contacter Diane Masson du Comité local organisateur au 250-363-6521.

Venez donc participer au premier congrès de la SCMO du millénaire, à Victoria. Victoria, la "Ville aux
mille jardins", est considérée comme la capitale canadienne des vacances et l’endroit touristique de
premier choix dans la région du Pacifique Nord-Ouest.
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