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1RWH� &DQDGLDQ VSHOOLQJ LV XVHG WKURXJKRXW�
�7KLV LV D SROLF\ GRFXPHQW WKDW SURYLGHV D VXPPDU\ RI LQIRUPDWLRQ DV D EDVLV IRU GHFLVLRQ E\ WKH $LU
4XDOLW\ &RPPLWWHH��
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7KLV UHSRUW SUHVHQWV UHVXOWV RI FR�RSHUDWLYH HIIRUWV VHW LQ PRWLRQ LQ $SULO ���� WR GHVFULEH

JURXQG�OHYHO R]RQH
�
FRQFHQWUDWLRQV DQG WUDQVSRUW LQ WKH ERUGHU UHJLRQ RI WKH HDVWHUQ 8QLWHG

6WDWHV DQG &DQDGD� ,W LV LQWHQGHG WR SURYLGH D IRXQGDWLRQ IRU D UHFRPPHQGDWLRQ WR

JRYHUQPHQWV RQ WKH PHDQV WR MRLQWO\ DGGUHVV WKH WUDQVERXQGDU\ R]RQH LVVXH�

)RXQGDWLRQ�IRU�WKH�7UDQVERUGHU�2]RQH�,VVXH�LQ�(DVWHUQ�1RUWK
$PHULFD

2]RQH KDV ORQJ EHHQ UHFRJQLVHG DV DQ LPSRUWDQW KHDOWK DQG HFRV\VWHP�UHODWHG DLU TXDOLW\

FRQFHUQ LQ WKH 8QLWHG 6WDWHV DQG &DQDGD� 5HFHQW KHDOWK DQG HQYLURQPHQWDO VWXGLHV LQ ERWK

FRXQWULHV LQGLFDWH WKDW DGYHUVH HIIHFWV UHVXOW IURP R]RQH H[SRVXUHV DW FRQFHQWUDWLRQV PXFK

ORZHU WKDQ SUHYLRXVO\ WKRXJKW� 7KH 8QLWHG 6WDWHV KDV UHFHQWO\ UHYLVHG WKH R]RQH DLU TXDOLW\
VWDQGDUGV DQG &DQDGD KDV D SURFHVV XQGHUZD\ WR H[DPLQH LWV R]RQH�UHODWHG REMHFWLYHV DQG

VWDQGDUGV� %RWK FRXQWULHV KDYH FRPPLWWHG WR DGGUHVVLQJ WKH R]RQH DLU TXDOLW\ SUREOHP ZLWKLQ

WKHLU RZQ WHUULWRULHV� 7KH VWDWXV RI DPELHQW DLU TXDOLW\ VWDQGDUGV DQG REMHFWLYHV IRU R]RQH LQ

&DQDGD DQG WKH 8QLWHG 6WDWHV DUH VXPPDULVHG LQ 7DEOH ��

7$%/( �� $0%,(17 $,5 48$/,7< 2%-(&7,9(6 $1' 67$1'$5'6 )25 2=21(

8QLWHG 6WDWHV &DQDGD

$YHUDJLQJ
WLPH

1DWLRQDO $PELHQW $LU 4XDOLW\
6WDQGDUGV

1DWLRQDO $PELHQW $LU

4XDOLW\ 2EMHFWLYH
3URSRVHG &DQDGD�ZLGH

6WDQGDUG

��KRXU ��� SDUWV SHU ELOOLRQ �SSE�
�VWG� EHLQJ UHSODFHG E\ ��KU�

�� SSE ��

��KRXUV
 �� SSE
�5HYLVHG VWDQGDUG�

�� ����� SSE


�
WK
KLJKHVW ��KRXUV DYHUDJHG RYHU � \HDUV

5HFRJQLWLRQ RI WKH HIIHFWV RI R]RQH KDV EHHQ DFFRPSDQLHG E\ FRQVLGHUDEOH PRQLWRULQJ DQG

DQDO\VHV RI WKH VSDWLDO SDWWHUQ RI R]RQH LQ WKH WZR QDWLRQV� /DUJH�VFDOH VXPPHUWLPH VPRJ

HSLVRGHV RFFXU LQ WKH HDVWHUQ KDOI RI ERWK FRXQWULHV� ZLWK HYHQWV WKDW WUDQVFHQG SROLWLFDO ERUGHUV�

,Q &DQDGD� H[FHHGHQFHV RI WKH FXUUHQW ��KRXU �� SSE �SDUWV SHU ELOOLRQ� DLU TXDOLW\ REMHFWLYH DUH
UHJLRQDO LQ QDWXUH� ZLWK DUHDV RI FRQFHUQ LQ VRXWKHUQ %ULWLVK &ROXPELD LQ WKH :HVW� DQG
WKURXJKRXW WKH :LQGVRU¤4XpEHF &LW\ &RUULGRU DQG WKH 6RXWKHUQ $WODQWLF 5HJLRQ LQ WKH (DVW� $
VLPLODU SDWWHUQ RI UHJLRQDOO\ HOHYDWHG R]RQH RFFXUV LQ WKH 8QLWHG 6WDWHV� QDWLRQDOO\� D QXPEHU RI

DUHDV LQ &DOLIRUQLD DQG WKH *XOI &RDVW� DV ZHOO DV QXPHURXV ORFDWLRQV LQ WKH HDVWHUQ SRUWLRQ RI

WKH QDWLRQ H[FHHG WKH 8�6� VWDQGDUGV�

7KH &DQDGLDQ HIIRUW WR DGGUHVV R]RQH H[FHHGHQFHV EHJDQ LQ ���� ZLWK DOO JRYHUQPHQWV FR�

RSHUDWLQJ WR GHYHORS WKH ILUVW SKDVH RI D PDQDJHPHQW SURJUDP WR UHGXFH SUHFXUVRU HPLVVLRQV

RI R]RQH � QLWURJHQ R[LGHV �12[� DQG YRODWLOH RUJDQLF FRPSRXQGV �92&� �&&0(� ������ 6LQFH
����� ZKLOH WKH PDQDJHPHQW SURJUDP KDV FRQWLQXHG WR EH IXUWKHU UHILQHG DQG LPSOHPHQWHG� D

FRPSUHKHQVLYH VFLHQFH DVVHVVPHQW KDV GHILQHG WKH QDWXUH DQG H[WHQW RI WKH R]RQH SUREOHP LQ

&DQDGD DQG HVWDEOLVKHG WKH VFLHQWLILF IRXQGDWLRQ IRU PDQDJHPHQW RSWLRQV �0XOWLVWDNHKROGHU�
������

�
7KH WHUP JURXQG�OHYHO R]RQH� ZKLFK LQFOXGHV VPRJ�UHODWHG R]RQH IRXQG LQ WKH ORZHU WURSRVSKHUH� LV

XVHG WR PDNH D FOHDU GLVWLQFWLRQ IURP EHQHILFLDO VWUDWRVSKHULF R]RQH� +HUHDIWHU� WKH UHSRUW UHIHUV WR
JURXQG�OHYHO RU VPRJ R]RQH VLPSO\ DV R]RQH�



�

,Q WKH 8QLWHG 6WDWHV� WKH QHHG WR LPSURYH XSRQ WKH HIIHFWLYHQHVV RI R]RQH LPSOHPHQWDWLRQ

SURJUDPV OHG WR WKH QHZ FODVVLILFDWLRQ V\VWHP� PDQGDWRU\ UHTXLUHPHQWV� DQG DGGLWLRQDO PRELOH

VRXUFH FRQWUROV HPERGLHG LQ 7LWOHV , DQG ,, RI WKH ���� &OHDQ $LU $FW $PHQGPHQWV� ,Q WKH

SURFHVV RI LPSOHPHQWLQJ WKHVH UHTXLUHPHQWV� LW EHFDPH FOHDU WKDW H[SDQGHG UHJLRQDO� DV ZHOO

DV ORFDO FRQWURO DSSURDFKHV ZHUH HVVHQWLDO WR PHHW FOHDQ DLU VWDQGDUGV� $V D UHVXOW� �� HDVWHUQ

VWDWHV IRUPHG WKH 2]RQH 7UDQVSRUW $VVHVVPHQW *URXS �27$*�� 7KH 27$* HIIRUW SURGXFHG
VXEVWDQWLDO GRFXPHQWDWLRQ RQ WKH QDWXUH RI UHJLRQDO R]RQH WUDQVSRUW DQG DOWHUQDWLYH VWUDWHJLHV

�27$*� ������ 7KLV OHG GLUHFWO\ WR SURPXOJDWLRQ RI D PDMRU QHZ UHJLRQDO UHJXODWRU\ SURJUDP WR

UHGXFH HPLVVLRQV UHVSRQVLEOH IRU VXFK WUDQVSRUW� 7KH 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\
�(3$� SURPXOJDWHG WKLV R]RQH WUDQVSRUW UXOH RQ 2FWREHU ��� ���� �(3$� ������ 6LQFH LW FDOOV
RQ VWDWHV WR GHYHORS LPSOHPHQWDWLRQ SODQV �6,3V� WR DGGUHVV 12[ HPLVVLRQV� WKH UXOH LV NQRZQ
DV WKH 12[ 6,3 FDOO�

&DQDGLDQ DQG LQWHUQDWLRQDO VWXGLHV KDYH UHDFKHG VLPLODU FRQFOXVLRQV� ,Q DGGLWLRQ WR WKH 27$*

$LU 4XDOLW\ $QDO\VLV :RUNJURXS VHFWLRQ RI WKH 27$* ILQDO UHSRUW �27$*� ������ WKH &DQDGLDQ
���� 12[�92& 6FLHQFH $VVHVVPHQW UHSRUWV �0XOWLVWDNHKROGHU� ����� KDYH GHPRQVWUDWHG WKDW

R]RQH FRQFHQWUDWLRQV ORFDOO\� VXE�UHJLRQDOO\� DQG UHJLRQDOO\ DUH LQIOXHQFHG E\ EDFNJURXQG

FRQFHQWUDWLRQV� ORFDOO\ JHQHUDWHG R]RQH� DQG WUDQVSRUWHG R]RQH� 7KH FRQWULEXWLRQ RI
WUDQVSRUWHG R]RQH DQG LWV SUHFXUVRU HPLVVLRQV RFFXUV RYHU GLVWDQFHV RI PDQ\ KXQGUHGV RI

NLORPHWUHV LQ WKH HDVWHUQ 8QLWHG 6WDWHV DQG &DQDGD� 5HFHQW UHSRUWV E\ WKH &RPPLVVLRQ RQ

(QYLURQPHQWDO &RRSHUDWLRQ �&(&� ����� DQG WKH ,QWHUQDWLRQDO -RLQW &RPPLVVLRQ �,-&� �����

KDYH DOVR KLJKOLJKWHG WKH VLJQLILFDQFH RI WKH WUDQVERXQGDU\ WUDQVSRUW RI R]RQH DQG LWV
SUHFXUVRUV WR DLU TXDOLW\ PDQDJHPHQW SURJUDPV LQ WKH 8QLWHG 6WDWHV DQG &DQDGD�

-RLQW�3ODQ�RI�$FWLRQ�IRU�$GGUHVVLQJ�7UDQVERXQGDU\�$LU�3ROOXWLRQ

,Q ����� &DQDGD DQG WKH 8QLWHG 6WDWHV VLJQHG WKH $LU 4XDOLW\ $JUHHPHQW� ZKLFK FRGLILHG WKH

SULQFLSOH WKDW FRXQWULHV DUH UHVSRQVLEOH IRU WKH HIIHFWV RI WKHLU DLU SROOXWLRQ RQ RQH DQRWKHU�

:KLOH WKH $JUHHPHQW LQLWLDOO\ DGGUHVVHG DFLG UDLQ� LW DOVR FRQILUPHG WKH FRPPLWPHQW RI WKH

8QLWHG 6WDWHV DQG &DQDGD WR FRQVXOW DQG GHYHORS WKH PHDQV WR GHDO ZLWK DQ\ H[LVWLQJ

WUDQVERXQGDU\ DLU SROOXWLRQ SUREOHPV�

7KH LQFUHDVLQJ HYLGHQFH RQ UHJLRQDO WUDQVSRUW RI R]RQH RXWOLQHG DERYH OHG WR D UHFRJQLWLRQ WKDW
JURXQG�OHYHO R]RQH ZRXOG EH DQ DSSURSULDWH LVVXH WR FRQVLGHU IRU WKH &DQDGD�8�6�$LU 4XDOLW\

$JUHHPHQW DV HDUO\ DV ���� �$4&� ������ 0HPEHUV IURP ERWK FRXQWULHV PHW LQ ���� WR RXWOLQH

D &DQDGD�8�6� 5HJLRQDO 2]RQH 6WXG\ $UHD �526$� SURMHFW� 8QGHU WKLV SURJUDP� WKH FRXQWULHV

LQLWLDWHG UHJLRQDO PRGHOOLQJ WR HYDOXDWH WKH UHODWLYH HIIHFWLYHQHVV RI UHJLRQDO FRQWUROV IRU R]RQH

SROOXWLRQ LQ D EURDG WUDQVERXQGDU\ DUHD LQ HDVWHUQ 1RUWK $PHULFD� %RWK FRXQWLHV DUH DOVR
SDUWLFLSDWLQJ LQ D FRRUGLQDWHG SURJUDP RI VFLHQWLILF UHVHDUFK DQG DVVHVVPHQW RI R]RQH DQG

SDUWLFXODWH PDWWHU XQGHU 1$5672� 7KLV WUDQVERXQGDU\ ZRUN RFFXUUHG LQ SDUDOOHO ZLWK WKH
GRPHVWLF 27$* DQG 12[�92& 6FLHQFH $VVHVVPHQW DFWLYLWLHV� &ROOHFWLYHO\� WKHVH HQGHDYRXUV
IRUPHG WKH EDVLV RI GLVFXVVLRQV RI SROLF\�PDNHUV IURP ERWK FRXQWULHV�

,Q $SULO ����� 3UHVLGHQW &OLQWRQ DQG 3ULPH 0LQLVWHU &KUHWLHQ
V PHHWLQJ UHLQIRUFHG WKH

LPSRUWDQFH RI &DQDGD�8�6� FRRSHUDWLRQ WR SURWHFW 1RUWK $PHULFDQ DLU TXDOLW\� $V SDUW RI WKH
3UHVLGHQW�3ULPH 0LQLVWHU PHHWLQJ DJHQGD� 8�6� (3$ $GPLQLVWUDWRU &DURO %URZQHU DQG
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&DQDGLDQ 0LQLVWHU RI WKH (QYLURQPHQW 6HUJLR 0DUFKL VLJQHG D ¦&RPPLWPHQW WR 'HYHORS D -RLQW
3ODQ RI $FWLRQ IRU $GGUHVVLQJ 7UDQVERXQGDU\ $LU 3ROOXWLRQ RQ $SULO �� ������ 7KH FRPPLWPHQW

ZDV WR DGGUHVV MRLQWO\ VKDUHG DLU SROOXWLRQ SUREOHPV ZLWK JURXQG�OHYHO R]RQH LGHQWLILHG DV WKH

QH[W SULRULW\� ,Q -XQH ����� (3$ $GPLQLVWUDWRU %URZQHU DQG &DQDGLDQ 0LQLVWHU RI WKH
(QYLURQPHQW &KULVWLQH 6WHZDUW VLJQHG D UHSRUW RQ SURJUHVV LQ GHYHORSLQJ WKH -RLQW 3ODQ RI

$FWLRQ� 7KH 3URJUHVV 5HSRUW VHW WDUJHWV DQG VFKHGXOHV IRU JRYHUQPHQWV LQ ZRUNLQJ WRZDUG D

QHJRWLDWHG R]RQH DQQH[ WR WKH $LU 4XDOLW\ $JUHHPHQW� 7KH UHSRUW LGHQWLILHG D VWUDWHJ\ RI
FRRSHUDWLRQ DQG MRLQW ZRUN� DQG FDOOHG IRU GHOLYHU\� E\ $SULO ����� RI D UHFRPPHQGDWLRQ RQ

QHJRWLDWLRQ RI DQ R]RQH DQQH[ WR WKH &DQDGLDQ 0LQLVWHU RI WKH (QYLURQPHQW DQG WKH 8�6� (3$

$GPLQLVWUDWRU�

-RLQW�:RUNSODQ

7KH IROORZLQJ WHFKQLFDO DQDO\VHV� GHVFULEHG LQ VRPH GHWDLO LQ WKLV GRFXPHQW� HQDEOH FRQFOXVLRQV

UHJDUGLQJ WKH WUDQVSRUW RI R]RQH LQ WKH ERUGHU UHJLRQV RI WKH HDVWHUQ 8QLWHG 6WDWHV DQG
&DQDGD�

• $LU TXDOLW\ GDWD DQDO\VHV XVLQJ LQWHJUDWHG &DQDGLDQ DQG 8�6� GDWD IRU WKH \HDUV ���������
WR GHWHUPLQH KRZ� ZKHQ� DQG ZKHUH WUDQVERXQGDU\ WUDQVSRUW RI R]RQH DQG SUHFXUVRU

HPLVVLRQV RFFXUV ZLWKLQ WKH UHJLRQ DQG WKH UHJLRQDO H[WHQW RI HOHYDWHG ��KRXU R]RQH OHYHOV�

• $QDO\VHV RI IDFWRUV DIIHFWLQJ R]RQH IRUPDWLRQ DQG WUDQVSRUW WR LGHQWLI\ PDMRU VRXUFH UHJLRQV

ZLWKLQ WKH WUDQVERXQGDU\ UHJLRQ� DQG

• -RLQW PRGHOOLQJ XVLQJ &DQDGLDQ DQG 8�6� GDWD DQG IRUHFDVWV RI SODQQHG UHGXFWLRQ
SURJUDPV WR GHPRQVWUDWH WKH OLNHO\ LPSDFW RI HPLVVLRQ FRQWURO VFHQDULRV ZLWKLQ WKH

WUDQVERXQGDU\ UHJLRQ�

7KLV GRFXPHQW DQG LWV FRQFOXVLRQV RQ R]RQH WUDQVSRUW LQ WKH ERUGHU UHJLRQ IXOILOV WKH

UHTXLUHPHQW WR DFFRXQW� E\ $SULO ����� WR WKH &DQDGD�8�6� $LU 4XDOLW\ &RPPLWWHH ZKRVH

PDQGDWH LV WR LPSOHPHQW WKH $LU 4XDOLW\ $JUHHPHQW� )XUWKHU� WKH FRQFOXVLRQV RI WKLV UHSRUW

SURYLGH VXSSRUW IRU GUDIWLQJ RI SRVVLEOH HOHPHQWV IRU DQ R]RQH DQQH[ SXUVXDQW WR WKH$LU

4XDOLW\ $JUHHPHQW�
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2]RQH LV D SKRWRFKHPLFDO R[LGDQW IRUPHG IURP UHDFWLRQV LQYROYLQJ QLWURJHQ R[LGHV �12[� DQG
YRODWLOH RUJDQLF FRPSRXQGV �92&� LQ WKH SUHVHQFH RI VXQOLJKW� ,Q RUGHU WR XQGHUVWDQG WKH
QDWXUH RI R]RQH OHYHOV DQG WUDQVERXQGDU\ IORZV RI R]RQH DQG SUHFXUVRU HPLVVLRQV LQ WKH

ERUGHU UHJLRQ� WKLV VHFWLRQ SUHVHQWV KLJKOLJKWV RI VHYHUDO H[LVWLQJ DQDO\VHV� DVVHVVPHQWV� DQG

SXEOLFDWLRQV RI DLU TXDOLW\ DQG PHWHRURORJ\� 7KLV ZRUN LQFOXGHV WKH H[LVWLQJ DQG FXUUHQWO\
RQJRLQJ &DQDGLDQ 0XOWLVWDNHKROGHU 12[�92& 6FLHQFH $VVHVVPHQW UHSRUWV �0XOWLVWDNHKROGHU�
����� DQG WKH 27$* ILQDO UHSRUW �27$*� ������ ,Q DGGLWLRQ� QHZ DQDO\VHV WKDW H[WHQG WKHVH
GDWD DQG DQDO\WLFDO WHFKQLTXHV LQWR WKH &DQDGD�8�6� WUDQVERXQGDU\ UHJLRQ ZHUH GHYHORSHG IRU
WKLV UHSRUW DQG DUH VXPPDULVHG EHORZ �'DQQ� ����� +XVDU HW DO�� ����� 6FKLFKWHO DQG +XVDU�

������

7KH VHFWLRQV SUHVHQWHG KHUH LQFOXGH� D VQDSVKRW RI FXUUHQW R]RQH OHYHOV� UHJLRQDO PDSV

VKRZLQJ HSLVRGLF IORZV LQ WKH ERUGHU UHJLRQ� HPLVVLRQV LQIRUPDWLRQ� DQG DQ RYHUYLHZ DQG

DQDO\VLV RI PHWHRURORJLFDO IDFWRUV DIIHFWLQJ R]RQH FRQFHQWUDWLRQV DQG WUDQVSRUW�

$LU�4XDOLW\�6QDSVKRW

7KH DLU TXDOLW\ VQDSVKRW GHSLFWV WKH UHJLRQDO H[WHQW RI HOHYDWHG R]RQH FRQFHQWUDWLRQV LQ WKH
&DQDGD�8�6� ERUGHU DUHD EDVHG RQ DQDO\VLV DQG PDSV LQ DQ (QYLURQPHQW &DQDGD UHSRUW
�'DQQ� ������ 'DWD IURP ��� &DQDGLDQ VLWHV DQG ��� 8�6� VLWHV IRU WKH R]RQH VHDVRQ �0D\ WR
6HSWHPEHU� IRU WKH SHULRG ���� WR ���� ZHUH XVHG WR GHPRQVWUDWH UHJLRQDO SDWWHUQV LQ R]RQH

FRQFHQWUDWLRQV� 2]RQH FRQFHQWUDWLRQV ZHUH FRPSXWHG IRU UXQQLQJ ��KRXU SHULRGV DQG

PD[LPXP ��KRXU FRQFHQWUDWLRQV E\ GD\ ZHUH GHWHUPLQHG� 7KH PD[LPXP DQG WKH IRXUWK
KLJKHVW GDLO\ PD[LPXP ��KRXU R]RQH YDOXHV ZHUH WKHQ FRPSXWHG E\ VLWH E\ \HDU�

)LJXUH � VKRZV WKH GLVWULEXWLRQ RI IRXUWK KLJKHVW GDLO\ PD[LPXP ��KRXU R]RQH FRQFHQWUDWLRQV

E\ PRQLWRULQJ VLWH ZLWKLQ HDFK UHJLRQ XVLQJ GDWD IRU ���� WR ����� 7KH ER[SORW ILJXUH SURYLGHV
WKH PHGLDQ� WKH ��

WK
� ��

WK
� ��

WK
DQG �

WK
SHUFHQWLOH VLWH R]RQH FRQFHQWUDWLRQV�

�
)LJXUH � PDSV WKH

�
WK
KLJKHVW GDLO\ PD[LPXP ��KRXU R]RQH FRQFHQWUDWLRQ IRU WKH QRUWK�HDVWHUQ SRUWLRQ RI 1RUWK

$PHULFD DYHUDJHG RYHU WKH \HDUV ���������� )LJXUH � SURYLGHV VLPLODU LQIRUPDWLRQ EXW XVHV

WKH DYHUDJH KLJKHVW GDLO\ PD[LPXP ��KRXU R]RQH YDOXH�

�
7KH ��

WK
SHUFHQWLOH YDOXH VKRZV� IRU H[DPSOH� WKDW �� RI WKH PRQLWRULQJ VLWHV LQ WKDW PRQLWRULQJ UHJLRQ KDYH R]RQH

FRQFHQWUDWLRQV WKDW DUH HTXDO WR RU KLJKHU WKDQ WKDW OHYHO�
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)LJXUH �� 'LVWULEXWLRQ RI �
WK
+LJKHVW 'DLO\ �K 0D[LPXP 2]RQH �SSE� IRU 5HJLRQDO 6LWHV

����� WR ����� �0HGLDQ� �
WK
� ��

WK
� ��

WK
DQG ��

WK
3HUFHQWLOHV�

�
� 7KH KLJKHVW FRQFHQWUDWLRQV DUH

UHFRUGHG DW WKH XUEDQ RU LQGXVWULDOLVHG VLWHV LQ WKH 8QLWHG 6WDWHV �0LFKLJDQ� 1HZ <RUN� 2KLR
DQG 3HQQV\OYDQLD� DQG DW WKH VRXWKZHVWHUQ 2QWDULR �6:� VLWHV� 7KH ORZHVW R]RQH
FRQFHQWUDWLRQV DUH DW WKH &DQDGLDQ 3UDLULH �3U� DQG 9DQFRXYHU� %ULWLVK &ROXPELD �9$� VLWHV�

7KH VWDWH RI 0DLQH DOVR UHFRUGV KLJK R]RQH YDOXHV WKDW DUH OLNHO\ GXH WR WUDQVSRUW UDWKHU WKDQ
ORFDO JHQHUDWLRQ�

)LJXUHV � DQG � VKRZ ODUJH SRUWLRQV RI WKH HDVWHUQ 8QLWHG 6WDWHV H[FHHGLQJ WKH ��KRXU ���SSE
OHYHO ZLWK VRPH SRUWLRQV RI 2QWDULR DOVR RYHU WKLV WKUHVKROG� 0DQ\ UHJLRQV DOVR H[FHHG WKH
UDQJH SURSRVHG IRU WKH &DQDGD�ZLGH 6WDQGDUG� $ VLJQLILFDQW IHDWXUH LV WKDW R]RQH
FRQFHQWUDWLRQV LQ PRVW RI HDVWHUQ 1RUWK $PHULFD� LQFOXGLQJ IXUWKHU HDVW DORQJ WKH FRDVW� LQWR

1RYD 6FRWLD� DQG RXWVLGH WKH PDMRU XUEDQ�LQGXVWULDOLVHG DUHDV DUH ZHOO DERYH EDFNJURXQG

FRQFHQWUDWLRQV� 0DSV RI R]RQH HSLVRGHV DUH VKRZQ LQ WKH IROORZLQJ VHFWLRQ�

�
0RQLWRULQJ VLWHV ZHUH DVVLJQHG WR WKH IROORZLQJ UHJLRQV� $7 ¤ &DQDGLDQ $WODQWLF 3URYLQFHV� 0DLQH ¤ 6WDWH RI

0DLQH� 021 ¤ 0RQWUHDO 8UEDQ &RPPXQLW\� 72 ¤ *UHDWHU 0HWURSROLWDQ 7RURQWR� 6: ¤ VRXWK�ZHVWHUQ 2QWDULR�
0,&+ ¤ 6WDWH RI 0LFKLJDQ� 1< ¤ 6WDWH RI 1HZ <RUN� 2+,2 ¤ 6WDWH RI 2KLR� 3(11 ¤ 6WDWH RI 3HQQV\OYDQLD� 35 ¤
3UDLULH FLWLHV LQ 0DQLWRED� 6DVNDWFKHZDQ� DQG $OEHUWD� 9$ ¤ *UHDWHU 9DQFRXYHU 5HJLRQDO 'LVWULFW� :$6+ ¤ 6WDWH RI
:DVKLQJWRQ�



�

)LJXUH �� $YHUDJH RI WKH �
WK
+LJKHVW 'DLO\ �K 0D[LPXP 2]RQH &RQFHQWUDWLRQ �SSE� IRU

���� WR ����
�
�

)LJXUH �� $YHUDJH RI WKH +LJKHVW 'DLO\ �K 0D[LPXP 2]RQH &RQFHQWUDWLRQ IRU ���� WR

����
�
�

�
)LJXUHV � DQG � ZHUH FUHDWHG XVLQJ WKH 8�6� (3$ VSRQVRUHG 0DS *HQHUDWRU SURJUDP �0&1&�1RUWK &DUROLQD

6XSHUFRPSXWLQJ &HQWHU� DQG LQFRUSRUDWHV GDWD IURP ��� R]RQH PRQLWRULQJ VLWHV WKDW KDG DW OHDVW WZR \HDUV RI

REVHUYDWLRQV LQ WKH ��������� SHULRG� 7KH FRQWRXUV ZHUH JHQHUDWHG XVLQJ LQYHUVH GLVWDQFH ZHLJKWLQJ LQWHUSRODWLRQ �



�

2]RQH�(SLVRGHV

:LGHVSUHDG UHJLRQDO HSLVRGHV DUH D FRPPRQ IHDWXUH RI HDVWHUQ 1RUWK $PHULFD DQG KDYH WKH
SRWHQWLDO WR FRQWULEXWH WR H[FHHGHQFHV RI DLU TXDOLW\ REMHFWLYHV DQG VWDQGDUGV� 7R LOOXVWUDWH KRZ
D UHJLRQDO HSLVRGH GHYHORSV DQG IORZV ZLWKLQ WKH UHJLRQ RI LQWHUHVW� PHDVXUHG R]RQH

FRQFHQWUDWLRQ GDWD ZHUH FRPSLOHG IURP PRQLWRULQJ VLWHV ORFDWHG LQ HDVWHUQ 8QLWHG 6WDWHV DQG
HDVWHUQ &DQDGD IRU WZR UHJLRQDO R]RQH HSLVRGHV DQG WKHQ PDSSHG� 7KH HSLVRGH \HDUV� ����
DQG ���� ZHUH FKRVHQ EHFDXVH WKH\ VKRZ FOHDUO\ R]RQH WUDQVSRUW ZLWKLQ WKH UHJLRQ RI LQWHUHVW

RYHU WKH GXUDWLRQ RI WKH HSLVRGHV� 7KH ���� HSLVRGH LOOXVWUDWHV R]RQH WUDQVSRUW LQ ERWK

GLUHFWLRQV DFURVV WKH &DQDGD�8�6� ERUGHU ZKHUHDV WKH ���� HSLVRGH LOOXVWUDWHV D JRRG H[DPSOH

RI WUDQVSRUW IURP WKH 8QLWHG 6WDWHV WR &DQDGD� %RWK HSLVRGHV ZHUH DOVR XVHG LQ WKH MRLQW
PRGHOOLQJ VFHQDULRV SUHVHQWHG ODWHU LQ WKLV UHSRUW�

'XULQJ WKH VXPPHUV RI ���� DQG ����� R]RQH�ULFK SOXPHV ZHUH WUDQVSRUWHG DFURVV DOO RI

HDVWHUQ 1RUWK $PHULFD� 0DQ\ VLWHV UHFRUGHG PXOWLSOH KRXUV DQG GD\V ZLWK R]RQH

FRQFHQWUDWLRQV JUHDWHU WKDQ WKH &DQDGLDQ DQG 8�6� DLU TXDOLW\ FULWHULD� 7KH IROORZLQJ VHULHV RI
PDSV �)LJXUHV �� � DQG �� GHSLFW WKH OHYHOV RI R]RQH FRQFHQWUDWLRQV LQ HDVWHUQ 8QLWHG 6WDWHV
DQG &DQDGD DW IRXU SURJUHVVLYHO\ ODWHU KRXUV LQ D GD\ GXULQJ DQ HSLVRGH� 7KH PDSV SURYLGH

WKH PDJQLWXGH DQG H[WHQW RI KLJK FRQFHQWUDWLRQV ZKLOH GHPRQVWUDWLQJ PRYHPHQW RI R]RQH RYHU

WLPH WKURXJK WKH UHJLRQ�

7KHVH ILJXUHV LOOXVWUDWH WKDW HVVHQWLDOO\ DOO DUHDV RI HDVWHUQ &DQDGD DQG PRVW DUHDV RI WKH

HDVWHUQ 8QLWHG 6WDWHV H[SHULHQFH KLJK FRQFHQWUDWLRQV RI R]RQH� $OWKRXJK VRPH DUHDV

H[SHULHQFH YHU\ KLJK ��KRXU FRQFHQWUDWLRQV� ZLGHVSUHDG DUHDV H[SHULHQFH FRQFHQWUDWLRQV

UDQJLQJ IURP ����� SSE DQG IURP ������ SSE RYHU � KRXUV� 7KH IROORZLQJ VHFWLRQ ZLOO GLVFXVV
ZKDW IDFWRUV FRQWULEXWH WR KLJK R]RQH FRQFHQWUDWLRQV ORFDOO\ DQG UHJLRQDOO\�



�

)LJXUH �� 2]RQH 7UDQVSRUW RQ -XO\ ��� ���� ��$0 � �30� 7KH ILUVW IUDPH VKRZV D UHJLRQDOO\ XQLIRUP SDWWHUQ RI R]RQH OHYHOV�

7UDQVSRUW JHQHUDOO\ IROORZHG D QRUWK�HDVWHUO\ SDWK� DFURVV WKH KHDYLO\ LQGXVWULDOLVHG DQG XUEDQLVHG DUHD RI WKH 8�6� 0LGZHVW� WKHQ
DFURVV WKH *UHDW /DNHV �IUDPH �� LQWR VRXWKHUQ 2QWDULR DQG RXW WR WKH FRDVW� $IWHU SLFNLQJ XS ORFDO HPLVVLRQV� WUDQVSRUW FRQWLQXHV

ZHVW DORQJ WKH 6W� /DZUHQFH ULYHU EDVLQ �IUDPH �� DQG ILQDOO\ RXW WR WKH 1RUWK $WODQWLF�



�

)LJXUH �� 2]RQH 7UDQVSRUW RQ -XO\ � ����� ��$0 � �30���7KHVH IUDPHV VKRZ IHZHU XUEDQ�LQGXVWULDO SHDNV DQG DQ HOHYDWHG QRQ�

XUEDQ SDWWHUQ H[WHQGLQJ DFURVV PRVW RI HDVWHUQ 1RUWK $PHULFD� %RWK FKDUDFWHULVWLFV DUH HYLGHQFH RI UHJLRQDO VFDOH WUDQVSRUW�



��

)LJXUH �� 2]RQH WUDQVSRUW RQ -XO\ ��� ����� ��$0 ¤ �� 30� )LJXUH � VKRZV QLJKW WLPH IORZV LQWR HDVWHUQ &DQDGD ZKHQ
FRQFHQWUDWLRQV JUHDWHU WKDQ �� SSE RFFXU ODWH LQ WKH HYHQLQJ LQ WKH VRXWKHUQ $WODQWLF UHJLRQ �IUDPH �� DIWHU KLJK R]RQH

FRQFHQWUDWLRQV KDYH PRYHG DFURVV WKH 1RUWKHDVW UHJLRQ �,1'� :9� 9$� 2+� 3$� 21� DQG DORQJ WKH $WODQWLF VHDERDUG�



��

&DQDGLDQ 12[ (PLVVLRQV ���

LQGXVWULDO

VRXUFHV

��

HOHFWULF

XWLOLWLHV

���

��� PLOOLRQ WRQQHV

��� PLOOLRQ VKRUW WRQV

7RWDO

WUDQVSRUWDWLRQ

���

IXHO

FRPEXVWLRQ

���

86 12[ (PLVVLRQV ���

HOHFWULF

XWLOLWLHV

���

LQGXVWULDO

VRXUFHV

��

LQFLQHUDWLRQ�

PLVF�RWKHU

��

IXHO

FRPEXVWLRQ

���

7RWDO ���� PLOOLRQ WRQQHV

���� PLOOLRQ VKRUW WRQV

WUDQVSRUWDWLRQ

���

)DFWRUV�WKDW�,QIOXHQFH�2]RQH�&RQFHQWUDWLRQV

7KH GLUHFWLRQ DQG VSDWLDO H[WHQW RI WUDQVSRUW DQG WKH UHODWLYH FRQWULEXWLRQ RI WUDQVSRUWHG R]RQH

DQG SUHFXUVRUV WR LQGLYLGXDO R]RQH H[FHHGHQFHV DUH KLJKO\ YDULDEOH� $ QXPEHU RI IDFWRUV

LQIOXHQFH VLWH�WR VLWH GLIIHUHQFHV LQ R]RQH FRQFHQWUDWLRQV� LQFOXGLQJ VRXUFHV RI SUHFXUVRU
HPLVVLRQV DQG ODUJH�VFDOH DQG ORFDO PHWHRURORJ\� 7KH IROORZLQJ LQIRUPDWLRQ FRPHV IURP
VHYHUDO VRXUFHV� LQFOXGLQJ WKH &DQDGD�8�6� $LU 4XDOLW\ $JUHHPHQW ���� 3URJUHVV 5HSRUW DQG
DQDO\VHV FRQGXFWHG IRU WKLV UHSRUW DV FLWHG DERYH�

6RXUFHV RI 2]RQH 3UHFXUVRUV DQG WKHLU ,QIOXHQFH RQ 2]RQH )RUPDWLRQ

$V GLVFXVVHG SUHYLRXVO\� R]RQH LV QRW HPLWWHG GLUHFWO\� EXW IRUPHG LQ WKH DWPRVSKHUH E\

UHDFWLRQV RI ¦SUHFXUVRUV§ �12[ DQG 92&V�� %RWK 12[ DQG 92&V DUH HPLWWHG IURP D YDULHW\ RI

VRXUFHV� $QWKURSRJHQLF VRXUFHV RI 12[ HPLVVLRQV LQ WKH 8QLWHG 6WDWHV DUH �� WLPHV ODUJHU

DQG 92& HPLVVLRQV DUH � WLPHV ODUJHU LQ PDJQLWXGH WKDQ LQ &DQDGD� SDUDOOHOLQJ WKH UHODWLYH
SRSXODWLRQ UDWLR EHWZHHQ WKH WZR FRXQWULHV�

7KH UHODWLYH GLVWULEXWLRQ RI PDMRU VRXUFHV FDWHJRULHV RI 12[ DQG 92& HPLVVLRQV LQ WKH 8�6�
DQG &DQDGD DUH VRPHZKDW GLIIHUHQW� DV VKRZQ LQ )LJXUHV � DQG �� $OWKRXJK WUDQVSRUWDWLRQ LV
WKH ODUJHVW VRXUFH RI ERWK SUHFXUVRU HPLVVLRQV LQ ERWK FRXQWULHV� WKHUH DUH VRPH VLJQLILFDQW

GLIIHUHQFHV LQ VRXUFH DSSRUWLRQPHQW� )RU LQVWDQFH� HOHFWULF XWLOLWLHV LQ WKH 8QLWHG 6WDWHV

JHQHUDWH ��� RI WRWDO 12[ ZKLOH FRQWULEXWLQJ RQO\ ��� LQ &DQDGD� $OWKRXJK QRW VKRZQ LQ
WKHVH ILJXUHV� QDWXUDO HPLVVLRQV DOVR SOD\ DQ LPSRUWDQW UROH ZLWK UHVSHFW WR VXPPHUWLPH

HPLVVLRQV RI 92&V ZKHQ HPLVVLRQV IURP YHJHWDWLRQ� IRU H[DPSOH� KDYH EHHQ IRXQG WR HTXDO RU

H[FHHG PDQPDGH 92& HPLVVLRQV RYHU ODUJH UHJLRQV RI HDVWHUQ 1RUWK $PHULFD�

)LJXUH �� 12[ (PLVVLRQV LQ &DQDGD DQG WKH 8QLWHG 6WDWHV �������

6RXUFH� &DQDGD�8QLWHG 6WDWHV $LU 4XDOLW\ $JUHHPHQW ���� 3URJUHVV 5HSRUW� S���



��

)LJXUH �� 92& (PLVVLRQV LQ &DQDGD DQG WKH 8QLWHG 6WDWHV �������

6RXUFH� &DQDGD�8QLWHG 6WDWHV $LU 4XDOLW\ $JUHHPHQW ���� 3URJUHVV 5HSRUW� S���

$OWKRXJK ERWK 92& DQG 12[ HPLVVLRQV FRQWULEXWH WR R]RQH IRUPDWLRQ� WKH UHODWLYH

HIIHFWLYHQHVV RI UHGXFWLRQV RI WKH WZR SUHFXUVRUV FDQ YDU\ ZLWK ORFDWLRQ DQG DWPRVSKHULF

FRQGLWLRQV� 0DQ\ SXEOLFDWLRQV DQG UHSRUWV KDYH H[DPLQHG WKH LPSDFWV RI UHGXFLQJ 92&V
YHUVXV 12[ LQ GLIIHUHQW XUEDQ DQG UHJLRQDO GRPDLQV RI WKH 8QLWHG 6WDWHV DQG &DQDGD �15&�
����� 27$*� ����� 0XOWLVWDNHKROGHU� ����� &(&� ������ :KLOH WKH VSHFLILFV RI WKLV VLWXDWLRQ

FDQ EH TXLWH FRPSOH[� WKH IROORZLQJ JHQHUDO FRQFOXVLRQV FDQ EH UHDFKHG EDVHG RQ WKHVH

UHSRUWV�

�� ,Q XUEDQ FRQGLWLRQV ZLWK UHODWLYHO\ ORZ 92& WR 12[ UDWLRV� DQWKURSRJHQLF 92& UHGXFWLRQV
FDQ EH WKH PRVW HIIHFWLYH VWUDWHJ\ IRU UHGXFLQJ R]RQH OHYHOV� LQ VXFK FRQGLWLRQV� 12[
UHGXFWLRQV FDQ OHDG WR ORFDOLVHG LQFUHDVHV LQ R]RQH� ZLWK GHFUHDVHV LQ R]RQH GRZQZLQG�

�� ,Q FRQGLWLRQV ZLWK KLJK 92&V UHODWLYH WR 12[� VXFK DV GRZQZLQG RI PDMRU XUEDQ FHQWUHV�

12[ FRQWUROV PD\ EH WKH PRVW HIIHFWLYH VWUDWHJ\ IRU UHGXFLQJ R]RQH� 'XH WR WKH GD\�WR�GD\
YDULDELOLW\ LQ HPLVVLRQ OHYHOV� EDFNJURXQG 92& DQG 12[ FRQFHQWUDWLRQV DQG ZLQG SDWWHUQV�
ERWK 12[ DQG 92& FRQWUROV PD\ EH QHHGHG WR UHGXFH R]RQH LQ SDUWLFXODU XUEDQ DUHDV�

�� ,Q UXUDO DUHDV RI HDVWHUQ 1RUWK $PHULFD� WKHUH LV DQ DEXQGDQFH RI QDWXUDOO\ SURGXFHG

92&V� ,Q VXFK DUHDV� FRQWURO RI VPDOOHU DQWKURSRJHQLF 92& HPLVVLRQV PD\ EH LQHIIHFWLYH�

DQG 12[ FRQWUROV DUH DQ HIIHFWLYH FRQWURO DSSURDFK�

�� 2YHU D ODUJH PXOWL�GLPHQVLRQDO UHJLRQ � RQH WKDW KDV ERWK XUEDQ DQG UXUDO DUHDV ZLWK

QDWXUDOO\ SURGXFHG 92&V DQG DQWKURSRJHQLF 12[ HPLVVLRQV WUDQVSRUWHG GRZQZLQG RI

XUEDQ DUHDV � UHJLRQDO UHGXFWLRQV RI 12[ DUH WKH PRVW HIIHFWLYH FRQWURO DSSURDFK� $V
VKRZQ LQ WKLV UHSRUW� WKH HDVWHUQ &DQDGD�8�6� ERUGHU UHJLRQ LV VXFK D PXOWL�GLPHQVLRQDO

UHJLRQ� 7KHUHIRUH� 12[ UHGXFWLRQV VKRXOG EH WKH PRVW HIIHFWLYH FRQWURO DSSURDFK�

&DQDGLDQ 92& (PLVVLRQV ���

LQGXVWULDO

VRXUFHV

���

7RWDO
��� PLOOLRQ WRQQHV

��� PLOOLRQ VKRUW WRQV

WUDQVSRUWDWLRQ

���

fuel
combustion

25%

incineration/
misc/other

19%

8�6� 92& (PLVVLRQV ���

LQGXVWULDO

VRXUFHV

��

7RWDO
���� PLOOLRQ WRQQHV

���� PLOOLRQ VKRUW WRQV

IXHO FRPEXVWLRQ

��

WUDQVSRUWDWLRQ

���

LQFLQHUDWLRQ�

PLVF�RWKHU

���
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7KH VSDWLDO SDWWHUQV RI 12[ HPLVVLRQ VRXUFHV LQ &DQDGD DQG WKH 8QLWHG 6WDWHV DUH VKRZQ LQ
)LJXUHV �� DQG ��� 7KH ILJXUHV VKRZ KLJK 12[ HPLVVLRQ GHQVLWLHV LQ XUEDQ�LQGXVWULDOLVHG

DUHDV� DOWKRXJK WKH RUGHU RI PDJQLWXGH LV GLIIHUHQW IURP &DQDGD WR WKH 8QLWHG 6WDWHV�

)LJXUH �� ���� 12[ (PLVVLRQ 'HQVLWLHV �LQ NJ�NP
�
� IRU (DVWHUQ &DQDGD�

6RXUFH� (QYLURQPHQW &DQDGD 3ROOXWLRQ 'DWD %UDQFK�

)LJXUH ��� 12[ (PLVVLRQ 'HQVLWLHV �LQ WRQV�KU�JULG� LQ WKH (DVWHUQ 8QLWHG 6WDWHV DQG

&DQDGD� 7KH HPLVVLRQV LQFOXGHG RQ WKLV PDS IRU WKH 8�6� UHIOHFW WKH ������� EDVH \HDU

HPLVVLRQV WKDW ZHUH XVHG LQ WKH 12[ 6,3 &DOO� 7KH HPLVVLRQV IRU &DQDGD DUH WKH ����

HPLVVLRQV WKDW ZHUH XVHG E\ 27$*�



��

,Q WKH WUDQVERUGHU UHJLRQ� WKH DUHDV RI KLJKHVW HPLVVLRQ GHQVLWLHV DUH DORQJ WKH &DQDGD�8�6�
ERUGHU DQG DORQJ WKH $WODQWLF FRDVW LQ WKH 8QLWHG 6WDWHV� 7DNHQ WRJHWKHU� WKHVH WZLQ FRUULGRUV
RI GHQVH SRSXODWLRQ DQG SUHFXUVRU HPLVVLRQV UXQ IURP WKH 6RXWKZHVW WR WKH 1RUWKHDVW� LQ
SDUDOOHO WR ZHDWKHU SDWWHUQV WKDW IUHTXHQWO\ RFFXU LQ WKH VXPPHU� 7KH PHWURSROLWDQ DUHDV DORQJ
WKH &DQDGD�8�6� ERUGHU DOVR KDYH KLJK HPLVVLRQ GHQVLWLHV RI R]RQH SUHFXUVRUV� 7KH IROORZLQJ
VHFWLRQV SUHVHQW GDWD RQ WUDQVSRUW PHWHRURORJ\� DQG VKRZ WKH UHODWLRQVKLS EHWZHHQ WUDQVSRUW

DQG R]RQH FRQFHQWUDWLRQV ZLWKLQ WKH UHJLRQ�

2]RQH DV D )XQFWLRQ RI :LQG 6SHHG DQG 'LUHFWLRQ

$QDO\VLV RI R]RQH D IXQFWLRQ RI ZLQG VSHHG DQG GLUHFWLRQ FDQ KHOS SURYLGH LQVLJKW LQWR WKH
UHODWLYH LPSRUWDQFH RI ORFDO DQG GLVWDQW VRXUFHV XQGHU YDU\LQJ PHWHRURORJLFDO FRQGLWLRQV�

3UHYLRXV DQDO\VHV� LQFOXGLQJ WKRVH GRQH IRU 27$* �27$*� ����� DQG IRU WKH &DQDGLDQ
0XOWLVWDNHKROGHU 12[�92& 6FLHQFH $VVHVVPHQW �0XOWLVWDNHKROGHU� ����� LQGLFDWH WKDW WKHVH

IDFWRUV DUH LPSRUWDQW LQIOXHQFHV RQ WKH WUDQVSRUW RI R]RQH� 7KH VHULHV RI DQDO\VHV IRU WKH
27$* UHJLRQ KDV EHHQ H[WHQGHG IRU WKLV UHSRUW WR LQFOXGH &DQDGD WR SURYLGH PRUH VSHFLILF

LQVLJKWV LQWR WUDQVERXQGDU\ LVVXHV �+XVDU HW DO�� ������

,Q RUGHU WR DQDO\VH WKH HIIHFWV RI ZLQG VSHHG DQG GLUHFWLRQ RQ R]RQH FRQFHQWUDWLRQV� DQDO\VWV
VRUWHG �� \HDUV RI PHDVXUHG R]RQH FRQFHQWUDWLRQV ����������� DQG DYHUDJHG IRU VSHFLILF

ZLQG GLUHFWLRQ DQG VSHHG UDQJHV� 7KH DYHUDJH R]RQH FRQFHQWUDWLRQ ZDV FRPSXWHG IRU HDFK

ZLQG GLUHFWLRQ UDQJH LQ ��
R

LQFUHPHQWV� VWDUWLQJ ZLWK ����°� L�H� ZKHQ WKH ZLQG EOHZ IURP WKH

1RUWK RU 1RUWKHDVW� 7KLV UHVXOWHG LQ IRXU ZLQG GLUHFWLRQDO FRQFHQWUDWLRQ ELQV� 7KH DYHUDJH
FRQFHQWUDWLRQV IRU HDFK GLUHFWLRQDO ELQ ZHUH IXUWKHU FODVVLILHG E\ ZLQG VSHHG� UDQJLQJ EHWZHHQ

���� ���� ���� ��� PHWUH�VHFRQG �P�V� LQFUHPHQWV� 7KXV� WKHUH ZHUH IRXU GLUHFWLRQDO DQG IRXU

ZLQG VSHHG ELQV� \LHOGLQJ D WRWDO RI �� FRQFHQWUDWLRQ ELQV�

7KH UHVXOWV RI WKLV DQDO\VLV DUH SUHVHQWHG LQ PDSV RI DYHUDJH R]RQH FRQFHQWUDWLRQ IRU WKH IRXU

ZLQG GLUHFWLRQV DQG WKUHH ZLQG VSHHGV � ORZ� PHGLXP DQG KLJK �)LJXUHV ��� ��� ���� 7KH
GHWDLOHG UHVXOWV DUH GLVFXVVHG LQ D VXSSRUWLQJ WHFKQLFDO SDSHU �+XVDU HW DO�� ������

,Q VXPPDU\� DYHUDJH R]RQH FRQFHQWUDWLRQ PDSV DW ORZ ZLQG VSHHGV ��� P�V� )LJXUH ��� VKRZ

HOHYDWHG OHYHOV RI R]RQH WKURXJKRXW WKH HDVWHUQ 1RUWK $PHULFDQ GRPDLQ� 2]RQH FRQFHQWUDWLRQ
KRW�VSRWV DSSHDU RYHU WKH PDMRU PHWURSROLWDQ DUHDV LQ WKH 8QLWHG 6WDWHV DQG WKH 2KLR 5LYHU
9DOOH\ EXW WKH FRQFHQWUDWLRQV DUH YLUWXDOO\ WKH VDPH UHJDUGOHVV RI WKH ZLQG GLUHFWLRQ� 2]RQH
FRQFHQWUDWLRQV LQ PHWURSROLWDQ DUHDV RI &DQDGD DUH VLPLODU WR VXUURXQGLQJ VLWHV� $W
LQWHUPHGLDWH ZLQG VSHHGV ���� P�V� )LJXUH ��� WKH RYHUDOO FRQFHQWUDWLRQV DUH ORZHU� DQG WKH
KLJKHU R]RQH FRQFHQWUDWLRQV DSSHDU WR EH GLVSODFHG XS WR ��� NP GRZQZLQG RI WKH PDMRU

VRXUFH DUHDV� $W KLJK ZLQG VSHHGV �!� P�V� )LJXUH ��� PRVW PHWURSROLWDQ VRXUFH DUHDV GR QRW

FDXVH HOHYDWHG R]RQH LQ WKHLU RZQ YLFLQLW\� 5DWKHU� KLJKHU FRQFHQWUDWLRQV DSSHDU LQ WKH
GRZQZLQG FRUQHUV RI WKH HDVWHUQ 1RUWK $PHULFDQ GRPDLQ� XS WR ���� NP IURP WKH GRPDLQ

FHQWUH�

7KH R]RQH FRQFHQWUDWLRQ SDWWHUQ DW GLIIHUHQW ZLQG GLUHFWLRQV DQG VSHHGV DUH FRQVLVWHQW ZLWK DQ

DWPRVSKHULF R]RQH OLIHWLPH RI DERXW RQH GD\ DQG D FRUUHVSRQGLQJ WUDQVSRUW GLVWDQFH RI ����

��� DQG ��� NP DW �� �� DQG � P�V UHVSHFWLYHO\� 7KHUHIRUH� DW ORZ ZLQG VSHHGV� R]RQH
DFFXPXODWHV QHDU SUHFXUVRU HPLVVLRQ VRXUFH DUHDV� +LJKHU ZLQG VSHHGV FDXVH LQFUHDVHG
GLOXWLRQ RI ORFDO FRQFHQWUDWLRQV DQG LQFUHDVHG WUDQVSRUW IURP RQH VRXUFH UHJLRQ WR DQRWKHU�



��

)LJXUH ��� 0DSV RI DYHUDJH R]RQH FRQFHQWUDWLRQ DW ORZ ��� P�V� ZLQG VSHHG� D� ������� GHJUHHV� E� ���� GHJUHHV� F� ������

GHJUHHV� G� ������� GHJUHHV� $W ORZ ZLQG VSHHGV� R]RQH FRQFHQWUDWLRQV WHQG WR EH VRPHZKDW KLJKHU MXVW GRZQZLQG RI XUEDQ

DUHDV� &RQFHQWUDWLRQV WHQG WR EH IDLUO\ VLPLODU� UHJDUGOHVV RI ZLQG GLUHFWLRQ� ,Q VXFK FDVHV� ORFDO VRXUFHV OLNHO\ GRPLQDWH R]RQH

IRUPDWLRQ�



��

)LJXUH ��� 0DSV RI DYHUDJH R]RQH FRQFHQWUDWLRQ DW LQWHUPHGLDWH ���� P�V� ZLQG VSHHG� D� ������� GHJUHHV� E� ���� GHJUHHV�

F� ������ GHJUHHV� G� ������� GHJUHHV���$W LQWHUPHGLDWH ZLQG VSHHGV� WKHUH DUH VXEVWDQWLDO GLIIHUHQFHV EHWZHHQ WKH PDSV

GHSHQGLQJ RQ WKH ZLQG GLUHFWLRQ� 1RUWKHUO\ IORZV �IUDPHV D DQG E� VKRZ ORZ FRQFHQWUDWLRQV WKURXJKRXW &DQDGD DQG WKH QRUWKHUQ
8QLWHG 6WDWHV� 6RXWKHUO\ IORZV UHVXOW LQ KLJKHU FRQFHQWUDWLRQV LQ WKH QRUWK� HVSHFLDOO\ LQ WKH 0LFKLJDQ�2QWDULR�1HZ <RUN UHJLRQ�



��

)LJXUH ��� 0DSV RI DYHUDJH R]RQH FRQFHQWUDWLRQ DW KLJK �!� P�V� ZLQG VSHHG� D� ������� GHJUHHV� E� ���� GHJUHHV� F� ���

��� GHJUHHV� G� ������� GHJUHHV� $W KLJK ZLQG VSHHGV� WKH HDVWHUQ 1RUWK $PHULFDQ GRPDLQ DSSHDUV DV D UHJLRQDO GRPDLQ�

DOWKRXJK WKHUH DUH VWLOO VRPH QHDU�XUEDQ DUHDV RI HOHYDWHG R]RQH�



��
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*UDSKV RI LQGLYLGXDO XUEDQ DUHDV �'HWURLW� &KLFDJR DQG 7RURQWR� LQ WKH QRUWK�FHQWUDO GRPDLQ

VKRZ WKH DYHUDJH R]RQH FRQFHQWUDWLRQV DW IRXU FKDUDFWHULVWLF VSHHGV �������� P�V� IURP ZLQG

VSHHG UDQJHV RI ���� ���� ���� ��� P�V UHVSHFWLYHO\� 7KH GDWD DUH IXUWKHU VWUDWLILHG E\ IRXU ZLQG
GLUHFWLRQDO TXDGUDQWV IURP ���� GHJUHHV WKURXJK ������� GHJUHHV� $ ILIWK OLQH UHSUHVHQWV ZLQG
VSHHG GHSHQGHQFH RI R]RQH� UHJDUGOHVV RI GLUHFWLRQ�

)LJXUH ��� 'HSHQGHQFH RI R]RQH FRQFHQWUDWLRQ

RQ ZLQG VSHHG DQG GLUHFWLRQ DW GLIIHUHQW

PHWURSROLWDQ DUHDV� 7KH PHWURSROLWDQ DUHDV RI

&KLFDJR� 'HWURLW DQG 7RURQWR VKRZ D UHPDUNDEOH

GLUHFWLRQDOLW\ RI WKH R]RQH�ZLQG VSHHG

GHSHQGHQFH� 1RUWKHUO\ ZLQGV ������� GHJUHHV�
DUH DVVRFLDWHG ZLWK GHFOLQLQJ R]RQH ZLWK ZLQG

VSHHG� 7KLV LV LQWHUSUHWHG DV HYLGHQFH RI

VXEVWDQWLDO ORFDO FRQWULEXWLRQV� 2Q WKH RWKHU KDQG�

WKH ZLQG GLUHFWLRQV IURP WKH FHQWUH RI WKH HDVWHUQ

8QLWHG 6WDWHV DUH DVVRFLDWHG ZLWK VSHHG�

LQGHSHQGHQW R]RQH OHYHOV� LPSO\LQJ WUDQVSRUWHG

R]RQH� 7DNLQJ LQWR DFFRXQW DOO ZLQG GLUHFWLRQV�
WUDQVSRUW LV FOHDUO\ DQ LPSRUWDQW FRPSRQHQW RI WKH

R]RQH SUREOHP LQ HDFK RI WKHVH DUHDV�

7KH UHVXOWV IRU WKH WKUHH XUEDQ DUHDV �)LJXUH ��� VKRZ UHPDUNDEOH GLUHFWLRQDOLW\ RI WKH R]RQH�

ZLQG VSHHG GHSHQGHQFH� )RU WKHVH DUHDV� ZKHQ WKH ZLQG EORZV IURP WKH 1RUWK �������

GHJUHHV�� R]RQH FRQFHQWUDWLRQV GHFUHDVH ZLWK LQFUHDVLQJ ZLQG VSHHG� 7KLV SDWWHUQ LV
FRQVLVWHQW ZLWK ORFDOO\ JHQHUDWHG R]RQH� :KHQ WKH ZLQG EORZV IURP WKH 6RXWK �������
GHJUHHV�� WKH JUDSKV VKRZ VSHHG�LQGHSHQGHQW R]RQH FRQFHQWUDWLRQV� LQGLFDWLYH RI OHYHOV
GRPLQDWHG E\ WUDQVSRUW�

7KH IROORZLQJ VHFWLRQ H[DPLQHV WKH WUDQVSRUW RI R]RQH RQ GD\V RI UHJLRQDOO\ KLJK DQG ORZ

R]RQH FRQFHQWUDWLRQV�



��

7UDQVSRUW 'XULQJ +LJK DQG /RZ 2]RQH 'D\V

2]RQH WUDQVSRUW RQ GD\V RI UHJLRQDOO\ KLJK DQG ORZ R]RQH FRQFHQWUDWLRQV ZDV DOVR LQYHVWLJDWHG
LQ WKH DQDO\VHV FRQGXFWHG IRU WKLV UHSRUW� 2]RQH WUDQVSRUW� SUHFXUVRU HPLVVLRQV� DQG WKH

LQIOXHQFH RI ZLQG ZHUH H[DPLQHG LQ WZR ZD\V� )LUVW� IURP WKH WUDQVSRUW FOLPDWRORJ\� UHJLRQV

ZHUH LGHQWLILHG ZKHUH WUDQVSRUW FRQGLWLRQV DUH FRQGXFLYH WR WKH DFFXPXODWLRQ RI R]RQH IURP

ORFDO RU VXE�UHJLRQDO VRXUFHV� DV ZHOO DV ZKHUH LQIOXHQFH E\ UHJLRQDO VFDOH WUDQVSRUW FDQ EH
VHHQ� 6HFRQG� E\ FRQWUDVWLQJ WKH WUDQVSRUW FRQGLWLRQV GXULQJ SHULRGV RI KLJK DQG ORZ R]RQH
FRQFHQWUDWLRQV� XQLTXH WUDQVSRUW SDWKZD\V IRU D JLYHQ UHJLRQ� DV ZHOO DV FRPPRQ SDWKZD\V IRU

PXOWLSOH UHJLRQV� ZHUH LGHQWLILHG� 7KH UHVXOWV RI WKLV DQDO\VLV DUH VXPPDULVHG EHORZ DQG

SUHVHQWHG IXOO\ LQ D EDFNJURXQG SDSHU �6FKLFKWHO DQG +XVDU� ������

7UDQVSRUW FRQGLWLRQV ZHUH HVWDEOLVKHG IRU UHJLRQDOO\ KLJK ���
WK
SHUFHQWLOH� DQG ORZ ���

WK

SHUFHQWLOH� GDLO\ PD[LPXP ��KRXU R]RQH FRQFHQWUDWLRQV� )LJXUH �� VKRZV VRXUFH UHJLRQV RI
LQIOXHQFH �65,� RYHUODLG ZLWK WUDQVSRUW ZLQG YHFWRUV� 7KH ZLQG YHFWRUV FRQYH\ WKH GLUHFWLRQ DQG
PDJQLWXGH RI WKH DLU PDVV WUDQVSRUW ZKLOH WKH 65,V UHSUHVHQW WKH DUHD HQFRPSDVVLQJ WKH
VRXUFH LPSDFW DQG UHVXOWDQW DLU PDVV WUDQVSRUW GLUHFWLRQ DQG VSHHG� 7KH 65,V DUH IRU WKH

QHDUHVW PRGHOOHG UHJLRQV WR $WODQWD� +RXVWRQ� &KLFDJR� WKH 2KLR 5LYHU 9DOOH\� DQG 1HZ <RUN
&LW\� $W HDFK VRXUFH UHJLRQ� WKH KLJKHVW DQG ORZHVW GDLO\ PD[LPXP R]RQH YDOXHV XVXDOO\

RFFXUUHG RQ GLIIHUHQW GD\V� 7KHUHIRUH� WKH WUDQVSRUW FRQGLWLRQV DW HDFK VRXUFH UHJLRQ UHSUHVHQW
WUDQVSRUW RYHU GLIIHUHQW WLPH SHULRGV�

5HJLRQDOO\ KLJK R]RQH GD\V �)LJXUH ��$� ZHUH DVVRFLDWHG ZLWK VORZ PHDQGHULQJ RU UHFLUFXODWLQJ

WUDQVSRUW RYHU .HQWXFN\� 7HQQHVVHH� DQG :HVW 9LUJLQLD� ZLWK VWURQJ FORFNZLVH WUDQVSRUW DURXQG
WKLV UHJLRQ� ,W LV FOHDU WKDW WUDQVSRUW IURP VRXUFHV LQ WKH VRXWKHUQ *UHDW /DNHV ERUGHU UHJLRQ
PRYHV IURP WKH 8QLWHG 6WDWHV LQWR &DQDGD� RYHU WKH PRVW GHQVH HPLVVLRQ UHJLRQV RI 6RXWKHUQ
2QWDULR� DQG EDFN LQWR 1HZ <RUN DQG WKH 1HZ (QJODQG 6WDWHV� 7KLV IORZ SDWWHUQ LV FRQVLVWHQW
ZLWK WKDW RI D ODUJH KLJK�SUHVVXUH V\VWHP RYHU HDVWHUQ 1RUWK $PHULFD� 7KH UHJLRQDOO\ ORZ
R]RQH GD\V �)LJXUH ��%� KDG QRUWKHUO\ IORZ LQWR &DQDGD IURP :LVFRQVLQ DQG 0LFKLJDQ WKDW
FRQYHUJHG RYHU .HQWXFN\ DQG 7HQQHVVHH ZLWK VZLIW ZHVWHUO\�VRXWKZHVWHUO\ IORZ LQ WKH
6RXWKHDVW� ,Q 1HZ (QJODQG� VXEVWDQWLDO WUDQVSRUW RFFXUUHG LQ DOO GLUHFWLRQV ZLWK UHVXOWDQW PDVV
WUDQVSRUW WR WKH (DVW�



��

)LJXUH ��� 7UDQVSRUW ZLQG YHFWRUV DQG VRXUFH UHJLRQV RI LQIOXHQFH IRU WKH KLJKHVW �$�

DQG ORZHVW �%� ��� RI UHJLRQDO R]RQH GD\V GXULQJ -XQH ¤ $XJXVW� ���� � ����� 7UDQVSRUW

YHFWRUV LQ )LJXUH $� UHJLRQDOO\ KLJK R]RQH GD\V� VKRZ ZLQG VSHHG DQG GLUHFWLRQV FRQVLVWHQW ZLWK
UHJLRQDO�VFDOH HSLVRGH� L�H�� VWURQJ FORFNZLVH WUDQVSRUW� 7KHUH LV VXEVWDQWLDO WUDQVSRUW LQWR
VRXWKHUQ 2QWDULR� SDUWLFXODUO\ IURP WKH &KLFDJR VRXUFH UHJLRQ� )LJXUH %� ORZ UHJLRQDO R]RQH
GD\V� VKRZ WUDQVSRUW YHFWRUV IURP WKH *UHDW 3ODLQV LQWR WKH 3UDLULH SURYLQFHV� HDVW WRZDUGV
VRXWKHUQ 2QWDULR DQG VRXWK LQWR WKH 1HZ (QJODQG VWDWHV� 7KH 1HZ <RUN VRXUFH UHJLRQ VKRZV
VXEVWDQWLDO WUDQVSRUW LQ DOO GLUHFWLRQV� ZKLOH WUDQVSRUW LV SULPDULO\ VRXWK LQ WKH &KLFDJR VRXUFH
UHJLRQ�



��

$LU�4XDOLW\�$QDO\VLV�&RQFOXVLRQV

2]RQH LV QRW HPLWWHG GLUHFWO\� EXW SURGXFHG LQ SKRWRFKHPLFDO UHDFWLRQV LQYROYLQJ 12[ DQG 92&
HPLVVLRQV� +LJK R]RQH FRQFHQWUDWLRQV RFFXU LQ DQG DURXQG PDQ\ RI WKH XUEDQ�LQGXVWULDOLVHG

DUHDV LQ WKH WUDQVERXQGDU\ UHJLRQ LQ ERWK FRXQWULHV� UHVXOWLQJ LQ IUHTXHQW H[FHHGHQFHV RI

FXUUHQW DQG SURSRVHG DLU TXDOLW\ REMHFWLYHV DQG VWDQGDUGV� (OHYDWHG FRQFHQWUDWLRQV DOVR RFFXU
RYHU DUHDV VHYHUDO KXQGUHG NLORPHWUHV GRZQZLQG RI XUEDQ DUHDV� FDXVLQJ H[FHHGHQFHV RI WKH

REMHFWLYHV DQG VWDQGDUGV LQ UHODWLYHO\ OHVV SRSXODWHG QRQ�LQGXVWULDO DUHDV� 6RPH RI WKHVH

H[FHHGHQFHV FDQ RFFXU DW QLJKW DV D UHVXOW RI R]RQH WUDQVSRUW�

7UDQVSRUW RI R]RQH DQG SUHFXUVRUV KDV QR ERXQGDULHV� 3ROOXWHG DLU PDVVHV FDQ WUDYHO DFURVV

VWDWHV DQG SURYLQFHV DQG EHWZHHQ WKH 8QLWHG 6WDWHV DQG &DQDGD� +LJK R]RQH FRQFHQWUDWLRQV
DUH W\SLFDOO\ ORFDWHG GRZQZLQG RI DUHDV ZLWK WKH KLJKHVW HPLVVLRQV� ,Q WKH &DQDGD�8�6�
WUDQVERXQGDU\ UHJLRQ� D PRUH XQLIRUP SDWWHUQ RI R]RQH FRQFHQWUDWLRQV RFFXUV DFURVV WKH

UHJLRQ� 7KH UHVXOW LV D UHJLRQDO ¦VHD§ RI HOHYDWHG R]RQH� H[WHQGLQJ HDVW IURP WKH 0LVVLVVLSSL
5LYHU WR WKH $WODQWLF FRDVW DQG QRUWK�QRUWKHDVW LQWR WKH :LQGVRU�4XpEHF &LW\ &RUULGRU� 1HZ
%UXQVZLFN� DQG 1RYD 6FRWLD� SXQFWXDWHG E\ ¦KRW�VSRWV§ DVVRFLDWHG ZLWK GHQVH HPLVVLRQV DUHDV�

(PLVVLRQV RI 12[ LQ WKH DUHD ZHUH VKRZQ WR IRUP D ERXQGDU\ DURXQG WKH SRSXODWHG

WUDQVERXQGDU\ UHJLRQ� ZLWK GHQVH HPLVVLRQV LQ WKH :LQGVRU�4XHEHF FRUULGRU� DQG DORQJ WKH
$WODQWLF FRDVW IURP 1HZ -HUVH\ WR 0DVVDFKXVHWWV� 7KH 2KLR 5LYHU 9DOOH\ DUHD� GHQVH LQ
SUHFXUVRU HPLVVLRQV� VLWV DW WKH ¦HQWUDQFH§ RI WKHVH WZLQ WUDQVERXQGDU\ HPLVVLRQ FRUULGRUV�

2]RQH WUDQVERXQGDU\ IOX[ GDWD� SUHVHQWHG LQ WKH VHFWLRQ RQ ZLQG VSHHG DQG GLUHFWLRQ� LOOXVWUDWH
IORZV LQ ERWK GLUHFWLRQV� EXW DUH FRQVLVWHQW ZLWK JUHDWHU WUDQVSRUW RI R]RQH IURP WKH 8QLWHG
6WDWHV WR &DQDGD WKDQ IURP &DQDGD WR WKH 8QLWHG 6WDWHV� &RQFHQWUDWLRQV DORQJ WKH 'HWURLW�
:LQGVRU�4XpEHF &LW\ FRUULGRU� DQG HDVWZDUG� DUH LQFUHDVHG ZKHQ WKH ZLQG EORZV IURP WKH

¦HQWUDQFH§ RI WKH FRUULGRU� ERWK WRZDUGV WKH QRUWKHDVW� DQG QRUWK�QRUWKHDVW DURXQG WKH *UHDW

/DNHV DQG RXW WR WKH $WODQWLF�

,QFUHDVLQJ ZLQG VSHHGV JHQHUDOO\ EULQJ DERXW UHGXFWLRQV LQ ORFDOO\ SURGXFHG R]RQH
FRQFHQWUDWLRQV LQ XUEDQ DUHDV� 2]RQH FRQFHQWUDWLRQV LQ WKH QRUWKHDVW XUEDQ FRUULGRU� DORQJ WKH
$WODQWLF FRDVW� DUH UHGXFHG ZKHQ WKH R]RQH DQG SUHFXUVRU HPLVVLRQV DUH EORZQ RXW WR VHD� )RU

ERUGHU DUHDV ZKHUH ORFDO FRQFHQWUDWLRQV UHPDLQ FRQVWDQW ZLWK ZLQG VSHHG� LW DSSHDUV WKDW WKH

UHJLRQDO WUDQVSRUW GRPLQDWHV R]RQH FRQFHQWUDWLRQV� 7KLV LV REVHUYHG LQ VHYHUDO RI WKH XUEDQ
DUHDV DORQJ WKH ERUGHU �H�J�� 'HWURLW� :LQGVRU� DQG 7RURQWR� ZKHUH R]RQH FRQFHQWUDWLRQV ZHUH
QRW UHGXFHG ZLWK LQFUHDVLQJ ZLQG VSHHGV�

'HVLJQLQJ R]RQH FRQWURO VWUDWHJLHV LV FRPSOLFDWHG EHFDXVH WKH HIIHFWLYHQHVV RI VWUDWHJLHV

GHSHQGV RQ IDFWRUV VXFK DV PHWHRURORJLFDO FRQGLWLRQV� WKH DEVROXWH DQG UHODWLYH DPRXQWV RI

92&V DQG 12[� WKH VSDWLDO DQG WHPSRUDO GLVWULEXWLRQ RI DQWKURSRJHQLF DQG QDWXUDO HPLVVLRQV�

DQG EDFNJURXQG FRQFHQWUDWLRQV� 7KH DLU TXDOLW\ GDWD DQDO\VLV VHFWLRQ GLVFXVVHG WKH
LQWHUUHODWLRQVKLSV EHWZHHQ WKHVH IDFWRUV DQG KRZ HDFK LQIOXHQFHV R]RQH FRQFHQWUDWLRQV� 6RPH

JHQHUDO FRQFOXVLRQV FDQ EH PDGH� WKHUHIRUH� UHJDUGLQJ WKH HIIHFWLYHQHVV RI VWUDWHJLHV LQ WKH

&DQDGD�8�6� WUDQVERUGHU UHJLRQ� EDVHG XSRQ WKH FRQFOXVLRQV IURP HDUOLHU UHSRUWV DQG WKH

LQIRUPDWLRQ SUHVHQWHG LQ WKLV UHSRUW� ,Q WKH XUEDQ DUHDV� D FRPELQDWLRQ RI 92& DQG 12[
HPLVVLRQ UHGXFWLRQV DUH H[SHFWHG WR OHDG WR UHGXFWLRQV LQ KLJK R]RQH OHYHOV ORFDOO\ DQG

GRZQZLQG� ,Q WKH DUHDV DIIHFWHG E\ WUDQVSRUW RI R]RQH DQG SUHFXUVRU HPLVVLRQV� WKH GRZQZLQG

XUEDQ� VXEXUEDQ DQG UXUDO DUHDV� L�H� WKH &DQDGD�8�6� WUDQVERUGHU UHJLRQ� 12[ UHGXFWLRQV DUH
H[SHFWHG WR EH PRUH HIIHFWLYH�



��

7KH QH[W VHFWLRQ SUHVHQWV WKH UHVXOWV RI DLU TXDOLW\ PRGHOOLQJ XVLQJ &DQDGLDQ DQG 8�6� GDWD DQG
IRUHFDVWV RI SODQQHG UHGXFWLRQ SURJUDP� IRFXVLQJ RQ 12[ HPLVVLRQ UHGXFWLRQV WR VKRZ WKH

OLNHO\ LPSDFW RI HPLVVLRQ FRQWURO VFHQDULRV LQ WKH WUDQVERXQGDU\ UHJLRQ�



��

����$,5�48$/,7<�02'(//,1*

(3$ DQG (QYLURQPHQW &DQDGD ZRUNHG MRLQWO\ WR GHYHORS DQ H[SDQGHG DLU TXDOLW\ PRGHOOLQJ

DVVHVVPHQW IRU WKLV UHSRUW� 7KH PDMRU SXUSRVH RI WKLV PRGHOOLQJ ZDV WR HYDOXDWH WKH

HIIHFWLYHQHVV RI FRPELQHG LOOXVWUDWLYH 12[ FRQWURO VWUDWHJLHV LQ UHGXFLQJ UHJLRQDO R]RQH
FRQFHQWUDWLRQV� ZLWK DQ HPSKDVLV RQ WKH WUDQVERXQGDU\ UHJLRQ RI FRQFHUQ� $V GLVFXVVHG
SUHYLRXVO\� WKLV PRGHOOLQJ IRFXVHV RQ 12[ FRQWUROV EHFDXVH 12[ UHGXFWLRQV DUH JHQHUDOO\ PRUH

HIIHFWLYH LQ UHGXFLQJ R]RQH RQ D UHJLRQDO EDVLV WKDQ 92& UHGXFWLRQV� 7KH PRGHOOLQJ HPSKDVLV

RQ WKH HIIHFWLYHQHVV RI H[DPSOH 12[ FRQWURO VWUDWHJLHV LV QRW LQWHQGHG WR FRQVWUDLQ WKH UDQJH RI
FRQWURO RSWLRQV WR EH GLVFXVVHG LQ DQ\ IXWXUH QHJRWLDWLRQV RQ DQ R]RQH DQQH[�

0RGHO�6HWXS�DQG�(SLVRGHV

7KH PRGHOOLQJ IRU WKH DVVHVVPHQW RI UHJLRQDO VWUDWHJLHV FRQVLVWHG RI PRGHO UXQV XVLQJ WKH

9DULDEOH *ULG 8UEDQ $LUVKHG 0RGHO �8$0�9�� 7KLV PRGHO ZDV FKRVHQ IRU VHYHUDO UHDVRQV�

7KLV PRGHO KDV EHHQ ZLGHO\ XVHG DQG JHQHUDOO\ DFFHSWHG IRU SROLF\ DSSOLFDWLRQV LQ WKH 8�6� ,Q
DGGLWLRQ� LW ZDV UHDGLO\ DYDLODEOH WR EH DGDSWHG IRU WKH DQDO\VHV GRQH IRU WKLV UHSRUW� 7KH LQSXWV
QHHGHG WR UXQ WKH PRGHO �H�J�� HPLVVLRQV DQG PHWHRURORJLFDO GDWD� KDYH EHHQ GHYHORSHG IRU D

GRPDLQ WKDW FRYHUV PXFK RI WKH SRUWLRQ RI WKH &DQDGD�8�6� ERUGHU WKDW LV RI SULPDU\ LQWHUHVW� $
ZLGH UDQJH RI VWDNHKROGHUV UHYLHZHG WKHVH LQSXWV� 7KH FRQILJXUDWLRQ RI WKH PRGHO XVHG IRU WKLV

UHSRUW LV WKH VDPH DV WKDW XVHG IRU 27$*� 7KH 27$* ILQDO UHSRUW �27$*� ����� GHVFULEHV WKLV

LQ GHWDLO DQG DGGUHVVHV PRGHO SHUIRUPDQFH DQG RWKHU LVVXHV UHODWHG WR DSSOLFDWLRQ RI WKH PRGHO

IRU SXUSRVHV RI HYDOXDWLQJ UHJLRQDO WUDQVSRUW�

0RGHOOLQJ ZDV GRQH XVLQJ WKH 27$* PRGHOOLQJ GRPDLQ� ZKLFK LQFOXGHV SRUWLRQV RU DOO RI ��

VWDWHV DQG WKH 'LVWULFW RI &ROXPELD DQG SDUWV RI WKUHH &DQDGLDQ SURYLQFHV� 2QWDULR� 4XHEHF�
DQG 1HZ %UXQVZLFN� 7KH GRPDLQ� WKHUHIRUH� LQFRUSRUDWHV VRPH EXW QRW DOO DUHDV RI FRQFHUQ LQ

HDVWHUQ &DQDGD DQG LQ SDUWLFXODU� OHDYHV RXW WKH 6RXWKHUQ $WODQWLF 5HJLRQ� 7ZR HSLVRGHV ZHUH
VHOHFWHG IRU HYDOXDWLRQ� -XO\ ����� ���� DQG -XO\ ����� ����� 7KHVH HSLVRGHV ZHUH FKRVHQ
EHFDXVH WKH\ UHSUHVHQW FRQGLWLRQV WKDW VXJJHVW LQWHUUHJLRQDO WUDQVSRUW RYHU WKH DUHDV RI
LQWHUHVW�

(PLVVLRQV

(3$ GHYHORSHG HPLVVLRQV IRU WKH 8QLWHG 6WDWHV DQG (QYLURQPHQW &DQDGD SURYLGHG HPLVVLRQV
IRU WKH &DQDGLDQ SRUWLRQ RI WKH PRGHOOLQJ GRPDLQ� 7KH 8�6� EDVH \HDU HPLVVLRQV DUH WKH VDPH
DV WKRVH XVHG IRU WKH GHYHORSPHQW RI WKH ILQDO UXOHPDNLQJ IRU WKH 12[ 6,3 &DOO� 7KHVH
HPLVVLRQV DUH EDVHG RQ FRQWLQXRXV HPLVVLRQV PRQLWRULQJ GDWD IRU XWLOLWLHV DQG 27$* HPLVVLRQV
IRU RWKHU VRXUFHV DQG KDYH EHHQ UHYLVHG WR UHIOHFW FRPPHQWV UHFHLYHG GXULQJ WKH SXEOLF

FRPPHQW SHULRG IRU WKH 12[ 6,3 &DOO� 7KH EDVH HPLVVLRQV IRU &DQDGD DUH WDNHQ IURP WKH
RIILFLDO &DQDGLDQ ���� 1DWLRQDO (PLVVLRQV ,QYHQWRU\ GHYHORSHG DQG FRPSLOHG E\ WKH IHGHUDO

DQG SURYLQFLDO�WHUULWRULDO JRYHUQPHQWV�

6FHQDULRV 0RGHOOHG

7ZR VFHQDULRV ZHUH PRGHOOHG� D SURMHFWHG ���� EDVH FDVH DQG RQH FRQWURO VFHQDULR� 7KH EDVH
FDVH VFHQDULR LV LQWHQGHG WR UHSUHVHQW FRQGLWLRQV LQ ���� LI QR HPLVVLRQV UHGXFWLRQV RFFXU LQ

HLWKHU FRXQWU\ EH\RQG ZKDW LV FXUUHQWO\ PDQGDWHG� )RU WKH 8QLWHG 6WDWHV� WKH EDVH



��

FDVH LQFOXGHV JURZWK WR ���� DQG WKH DSSOLFDWLRQ RI &OHDQ $LU $FW PDQGDWHG FRQWUROV DV ZHOO DV

FHUWDLQ )HGHUDO PHDVXUHV WKDW KDYH EHHQ RU DUH H[SHFWHG WR EH SURPXOJDWHG� 7KLV EDVH FDVH LV
GHVFULEHG LQ GHWDLO LQ WKH ILQDO UXOHPDNLQJ IRU WKH 12[ 6,3 &DOO �(3$� ������ )RU &DQDGD� WKH
EDVH FDVH LQFOXGHV JURZWK WR ���� DQG WKH LPSOHPHQWDWLRQ RI DFWXDO SURJUDPV DQG PHDVXUHV

WKDW DUH GHVFULEHG LQ GHWDLO LQ WKH 1DWLRQDO $LU ,VVXHV &RRUGLQDWLQJ &RPPLWWHH �1$,&&� %DVH
&DVH &RQVHQVXV )RUHFDVW �1$,&&� ������

7KH FRQWURO VFHQDULR ZDV GHYHORSHG WR UHSUHVHQW SRWHQWLDO DGGLWLRQDO 12[ UHGXFWLRQV� )RU WKH
8QLWHG 6WDWHV� WKLV LQFOXGHV WKH HIIHFWV RI WKH 12[ 6,3 &DOO DV VKRZQ LQ 7DEOH � DQG GHVFULEHG

LQ GHWDLO LQ WKH ILQDO UXOHPDNLQJ IRU WKH 12[ 6,3 &DOO�

7$%/( �� &21752/6 $6680(' )25 6285&(6 ,1 7+( 81,7(' 67$7(6�

6RXUFHV &RQWUROV

/DUJH (OHFWULFLW\ *HQHUDWLQJ 8QLWV ���� OE 12[�PP%WX� LPSOHPHQWHG WKURXJK D UHJLRQDO
WUDGLQJ SURJUDP

/DUJH ,QGXVWULDO %RLOHUV DQG 7XUELQHV ��� UHGXFWLRQ IURP XQFRQWUROOHG OHYHOV

/DUJH *ODVV 0DQXIDFWXULQJ )DFLOLWLHV ��� UHGXFWLRQ IURP XQFRQWUROOHG OHYHOV

/DUJH ,QWHUQDO &RPEXVWLRQ (QJLQHV ��� UHGXFWLRQ IURP XQFRQWUROOHG OHYHOV

)RU ODUJH HOHFWULFLW\ JHQHUDWLQJ XQLWV� ���� RU ���� KHDW LQSXW ZDV JURZQ WR ���� DQG WKH ����
OE 12[�PP%WX OLPLW ZDV DSSOLHG� )RU WKH RWKHU FDWHJRULHV OLVWHG LQ WKH WDEOH� HPLVVLRQV ZHUH
SURMHFWHG WR ����� DQ\ FRQWURO HIILFLHQF\ WKDW KDG EHHQ DSSOLHG ZDV UHPRYHG� DQG WKH FRQWURO

HIILFLHQF\ OLVWHG DERYH ZDV DSSOLHG� )RU DOO RWKHU VRXUFHV WKH FRQWURO FDVH LV WKH VDPH DV WKH

EDVH FDVH�

%HFDXVH WKH &DQDGLDQ 12[ UHGXFWLRQ SURJUDP LV QRW \HW FRPSOHWHO\ GHILQHG� WKH &DQDGLDQ
FRQWURO VFHQDULR ZDV GHYHORSHG DV D �ZKDW LI� FDVH� 7KH FRQWURO VFHQDULR EHJDQ IURP WKH EDVLV

RI D ¦��� DFURVV WKH ERDUG§ HPLVVLRQ UHGXFWLRQ IRU WKH SURYLQFH RI 2QWDULR IRU DOO VHFWRUV IRU
ERWK 12[ DQG 92& IURP ���� E\ ����� ,Q WHUPV RI WKH 2QWDULR JRYHUQPHQW 6PRJ 3ODQ
FRPPLWPHQW WR UHGXFH 12[ DQG 92& HPLVVLRQV E\ ��� IURP ���� E\ ����� DQ �DFURVV WKH
ERDUG� ��� UHGXFWLRQ E\ ���� ZDV FRQVLGHUHG DQ DSSURSULDWH VFHQDULR WR PRGHO� 7KH
DSSOLFDWLRQ RI WKH ¦��� DFURVV WKH ERDUG§ SUHPLVH UHVXOWHG LQ HPLVVLRQ UHGXFWLRQV DV VKRZQ LQ

7DEOH ��

7$%/( �� &21752/6 $6680(' )25 6285&(6 ,1 217$5,2�

&DWHJRU\ � 12[ 5HGXFWLRQ IURP ���� � 92& 5HGXFWLRQ IURP ����

3RZHU *HQHUDWLRQ ��� �� �%DVH &DVH XVHG�

,QGXVWULDO 6RXUFHV ��� ���

)XHO &RPEXVWLRQ ��� ���� �%DVH &DVH XVHG�

,QFLQHUDWLRQ�RWKHU �� �%DVH &DVH XVHG� ���

7UDQVSRUWDWLRQ ��� ��� �%DVH FDVH XVHG�
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:KHUHYHU D UHGXFWLRQ LQ WKH 7DEOH GLIIHUV IURP ���� WKH EDVH FDVH VFHQDULR UHGXFWLRQ ZDV

XVHG� 7KH UDWLRQDOH IRU WKH XVH RI WKH EDVH FDVH UHGXFWLRQ ZDV�

�� IHZ HPLVVLRQV RI WKDW SROOXWDQW DUH SURGXFHG PDNLQJ D ��� UHGXFWLRQ XQUHDOLVWLF �DV LQ WKH
FDVH RI 92& HPLVVLRQV IURP SRZHU JHQHUDWLRQ ZKHUH WKH SURYLQFLDO WRWDO LQ ���� ZDV ���

NLORWRQQHV��

�� WKH EDVH FDVH IRUHFDVW UHGXFWLRQ IRU ���� LV DOUHDG\ JUHDWHU WKDQ ��� �DV LQ WKH FDVH RI WKH
92& HPLVVLRQV IURP WKH WUDQVSRUWDWLRQ VHFWRU�� RU

�� DQ DVVHVVPHQW ZDV PDGH WKDW WHFKQRORJ\ WR PHHW D UHGXFWLRQ RI ��� LV QRW DYDLODEOH �DV LQ
WKH FDVH RI D ��� UHGXFWLRQ RI 92& IURP WKH IXHO FRPEXVWLRQ VHFWRU��

)RU WKH SURYLQFHV RI 4XHEHF DQG 1HZ %UXQVZLFN� WKH VDPH DSSURDFK ZDV XVHG IRU WKH

WUDQVSRUWDWLRQ VHFWRU DV IRU WKH SURYLQFH RI 2QWDULR� :LWK UHVSHFW WR WKH RWKHU VHFWRUV� WKH

FRQWURO FDVH UHGXFWLRQV ZHUH WKH VDPH DV WKH EDVH FDVH�

)RU WKH SXUSRVH RI HYDOXDWLQJ PRGHO UHVXOWV� WKH ���� FRQWURO FDVH LV FRPSDUHG WR WKH ����

EDVH FDVH� ,W LV LPSRUWDQW WR XQGHUVWDQG WKH GLIIHUHQFH LQ HPLVVLRQV EHWZHHQ WKHVH WZR PRGHO

UXQV LQ RUGHU WR DQDO\VH SURSHUO\ WKH PRGHO UHVXOWV� 7KH DSSOLFDWLRQ RI WKH FRQWUROV GHVFULEHG
DERYH WUDQVODWHV WR D ��� UHGXFWLRQ LQ 12[ HPLVVLRQV IURP WKH ���� EDVH FDVH LQ WKH 8QLWHG

6WDWHV DQG D ��� UHGXFWLRQ LQ 12[ HPLVVLRQV DQG D ��� UHGXFWLRQ LQ 92& HPLVVLRQV IURP WKH

���� EDVH FDVH LQ &DQDGD� 7KHVH RYHUDOO SHUFHQW UHGXFWLRQV DUH LQIOXHQFHG E\ WZR IDFWRUV�
)LUVW� WKH UHGXFWLRQV KDYH EHHQ DSSOLHG WR VRPH EXW QRW DOO VHFWRUV RI WKH LQYHQWRU\ LQ WKH 8QLWHG
6WDWHV DQG &DQDGD� 6HFRQG� LQ &DQDGD� WKH FRQWURO VFHQDULR UHGXFWLRQV DUH DSSOLHG WR WKH
���� HPLVVLRQV VR WKDW ZKHQ WKH ���� FRQWURO FDVH VFHQDULR HPLVVLRQV DUH FRPSDUHG ZLWK WKH

���� EDVH FDVH HPLVVLRQV� WKH OHYHO RI WKH UHGXFWLRQ LV RIIVHW E\ JURZWK DQG DEDWHPHQW

PHDVXUHV WKDW DUH DOUHDG\ LQFRUSRUDWHG LQ WKH EDVH FDVH VFHQDULR�

$QDO\VLV RI 0RGHOOLQJ 5HVXOWV

7KH LPSDFWV RI HPLVVLRQ FRQWUROV ZHUH HYDOXDWHG E\ FRPSDULQJ WKH UHVXOWV RI WKH EDVH FDVH UXQ

ZLWK WKH UHVXOWV RI WKH FRQWURO FDVH UXQ� 8VLQJ WKH UHVXOWV LQ D FRPSDUDWLYH VHQVH DOOHYLDWHV

VRPH RI WKH FRQFHUQV ZLWK XQFHUWDLQWLHV LQ DEVROXWH SUHGLFWLRQV� 7KH ��KRXU DQG ��KRXU EDVH

FDVH R]RQH SUHGLFWLRQV DUH VKRZQ LQ )LJXUHV �� DQG ��� UHVSHFWLYHO\� �7KHVH )LJXUHV DQG WKH
RQHV WKDW IROORZ KDYH EHHQ FURSSHG VR WKDW WKH\ GR QRW VKRZ WKH HQWLUH 27$* PRGHOOLQJ

GRPDLQ EXW IRFXV RQ WKH WUDQVERXQGDU\ DUHD RI FRQFHUQ�� 7KH FKDQJH LQ WKH H[WHQW RI YDOXHV
DERYH WKH VWDQGDUGV RU REMHFWLYHV LQGLFDWHV WKH LPSURYHPHQWV LQ DLU TXDOLW\ GXH WR WKH UHGXFWLRQ

LQ 12[ HPLVVLRQV� 7KLV FDQ EH VHHQ E\ ORRNLQJ DW WKH GLIIHUHQFH LQ FRQFHQWUDWLRQV EHWZHHQ WKH
EDVH FDVH DQG FRQWURO FDVH� )LJXUHV �� DQG �� VKRZ WKH FRPSRVLWH GHFUHDVH LQ R]RQH

FRQFHQWUDWLRQV WKURXJKRXW WKH DUHD RI LQWHUHVW� 7KH GHFUHDVHV VKRZQ LQ WKHVH ILJXUHV
UHSUHVHQW WKH PD[LPXP UHGXFWLRQ LQ HDFK JULG RYHU WKH WZR HSLVRGHV PRGHOOHG� 7KHVH ILJXUHV
VKRZ WKDW WKH FRQWUROV DVVXPHG LQ WKH PRGHOOLQJ UXQV UHVXOW LQ D ���� SSE UHGXFWLRQ LQ ��KRXU

DQG ��KRXU R]RQH FRQFHQWUDWLRQV RYHU QHDUO\ WKH HQWLUH DUHD� )RU D ODUJH SRUWLRQ RI WKH GRPDLQ�

SDUWLFXODUO\ IRU WKH 2KLR 5LYHU 9DOOH\ DQG VXUURXQGLQJ DUHDV LQ WKH 8QLWHG 6WDWHV� VRXWKHUQ
2QWDULR� DQG 6XGEXU\� &DQDGD� WKH UHGXFWLRQV LQ ��KRXU DQG ��KRXU R]RQH FRQFHQWUDWLRQV DUH
SUHGLFWHG WR EH JUHDWHU WKDQ �� SSE�
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)LJXUH ��� ���� %DVH &DVH (SLVRGH &RPSRVLWH ��KU 2]RQH &RQFHQWUDWLRQV�

)LJXUH ��� ���� %DVH &DVH (SLVRGH &RPSRVLWH ��KU 2]RQH &RQFHQWUDWLRQV�
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)LJXUH ��� (SLVRGH &RPSRVLWH 'HFUHDVH LQ ��KRXU 2]RQH &RQFHQWUDWLRQV %HWZHHQ WKH

%DVH &DVH DQG WKH &RQWURO &DVH�

)LJXUH ��� (SLVRGH &RPSRVLWH 'HFUHDVHV LQ ��KRXU 2]RQH &RQFHQWUDWLRQV %HWZHHQ WKH

%DVH &DVH DQG &RQWURO &DVH�
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,Q RUGHU WR HYDOXDWH ZKHWKHU WKH UHGXFWLRQV VKRZQ LQ )LJXUHV �� DQG �� DUH RFFXUULQJ LQ WKH
DUHDV RI FRQFHUQ� WKH SUHGLFWHG PD[LPXP GHFUHDVHV WKDW RFFXU LQ DUHDV WKDW DUH DERYH

VSHFLILHG WKUHVKROG OHYHOV LQ WKH EDVH FDVH ZHUH H[DPLQHG� DORQJ ZLWK SUHGLFWHG PD[LPXP

LQFUHDVHV LQ WKHVH DUHDV� )LJXUHV �� DQG �� VKRZ WKHVH UHVXOWV IRU WKH WKUHVKROGV FRQVLGHUHG�
,Q WKHVH ILJXUHV� WKH PDJQLWXGH RI GHFUHDVHV RU LQFUHDVHV LV LQGLFDWHG XVLQJ WKH FRORXU VFDOH

VKRZQ DW WKH OHIW RI HDFK ILJXUH� 7KH ZKLWH DUHDV RQ WKH PDSV LQGLFDWH DUHDV ZKHUH WKH EDVH

FDVH SUHGLFWHG R]RQH FRQFHQWUDWLRQ LV EHORZ WKH VSHFLILHG WKUHVKROG� 7KH JUH\ DUHDV LQGLFDWH
DUHDV ZKHUH WKH SUHGLFWHG EDVH FDVH R]RQH FRQFHQWUDWLRQ LV DERYH WKH WKUHVKROG� EXW WKHUH DUH

QR GHFUHDVHV RU LQFUHDVHV DERYH � SSE� 7KH WKUHVKROGV FKRVHQ ZHUH �� SSE IRU ��KRXU YDOXHV�

ZKLFK LV WKH OHYHO RI WKH FXUUHQW &DQDGLDQ REMHFWLYH DQG �� SSE IRU ��KRXU YDOXHV� ZKLFK LV WKH
OHYHO RI WKH FXUUHQW 86 ��KRXU VWDQGDUG�

7KH UHVXOWV IRU WKH ��KRXU �� SSE DQG ��KRXU �� SSE WKUHVKROGV DUH VLPLODU� DOWKRXJK WKH

JHRJUDSKLF H[WHQW RI UHGXFWLRQV LV VRPHZKDW VPDOOHU� 'HFUHDVHV DUH LQ WKH UDQJH RI ����� SSE
DQG KLJKHU LQ D EURDG DUHD LQ ERWK WKH 8QLWHG 6WDWHV DQG &DQDGD� ,QFUHDVHV DUH VLPLODU LQ

PDJQLWXGH DQG ORFDWLRQ LQ ERWK FDVHV�

$LU�4XDOLW\�0RGHOOLQJ�&RQFOXVLRQV

7KH UHVXOWV RI WKH PRGHO UXQV VKRZ WKDW WKHUH DUH VXEVWDQWLDO EHQHILWV WR FRQWUROOLQJ 12[
HPLVVLRQV LQ WKH 8QLWHG 6WDWHV DQG &DQDGD� ,Q WKH ���� EDVH FDVH� ZLWKRXW DQ\ DGGLWLRQDO
FRQWUROV� SUHGLFWHG R]RQH FRQFHQWUDWLRQV H[FHHG WKH &DQDGLDQ ��KRXU REMHFWLYH DQG WKH 8�6� ��
KRXU VWDQGDUG LQ D ODUJH SRUWLRQ RI WKH PRGHOOLQJ GRPDLQ� 7KH DVVXPHG UHGXFWLRQV IRUHFDVW IRU
���� UHVXOW LQ ERWK �� DQG ��KRXU HSLVRGH UHGXFWLRQV RI � WR RYHU �� SSE R]RQH LQ D FRUULGRU

IURP 0LFKLJDQ�ZHVWHUQ 2KLR�VRXWKZHVWHUQ 2QWDULR WR 1HZ <RUN DQG HDVWHUQ 2QWDULR�
5HGXFWLRQV RI � WR � SSE RFFXU LQ 1HZ (QJODQG VWDWHV DQG 4XHEHF� :KHQ WKH HYDOXDWLRQ RI WKH
UHVXOWV LV UHVWULFWHG WR RQO\ WKRVH DUHDV WKDW DUH DERYH VSHFLILF WKUHVKROGV LQ WKH EDVH FDVH�

WKHUH DUH VWLOO EHQHILWV LQ WKH ���� SSE UDQJH DQG KLJKHU LQ PDQ\ DUHDV� 7KH JHRJUDSKLF H[WHQW
RI WKH EHQHILWV WKDW DUH VHHQ GHSHQGV RQ WKH WKUHVKROG WKDW LV FKRVHQ�

7KH EHQHILWV WHQG WR EH ODUJHU LQ WKH 8QLWHG 6WDWHV� 7KLV PD\ EH GXH� LQ SDUW� WR WKH IDFW WKDW WKH
HPLVVLRQ UHGXFWLRQV LQ WKH 8QLWHG 6WDWHV DUH ODUJHU ERWK LQ WHUP RI SHUFHQWDJH DQG WRWDO PDVV�
7KH 12[ 6,3 FDOO VWUDWHJ\ WKDW ZDV PRGHOOHG IRU WKH 8QLWHG 6WDWHV UHVXOWV LQ D ��� UHGXFWLRQ LQ
12[ DQG WKH VFHQDULR PRGHOOHG IRU &DQDGD UHVXOWV LQ D ��� UHGXFWLRQ LQ 12[ DQG D ���

UHGXFWLRQ LQ 92&� $ FRQWURO VFHQDULR LQ &DQDGD WKDW UHVXOWHG LQ KLJKHU SHUFHQWDJH UHGXFWLRQV
ZRXOG LQFUHDVH WKH EHQHILWV WKDW ZRXOG EH VHHQ LQ &DQDGD DQG WKH ERUGHU UHJLRQ� $OWKRXJK WKH
UHVXOWV DOVR VKRZ SUHGLFWHG LQFUHDVHV LQ VRPH DUHDV� WKH\ DUH PRUH OLPLWHG LQ JHRJUDSKLF H[WHQW

DQG DUH RIIVHW E\ WKH ODUJHU EHQHILWV� ,Q IDFW� WKH EHQHILWV PD\ EH HYHQ JUHDWHU WKDQ LV LQGLFDWHG

EHFDXVH RI WKH OLPLWDWLRQ RI WKH PRGHOOLQJ GRPDLQ ZLWK UHVSHFW WR &DQDGD©V 6RXWKHUQ $WODQWLF
5HJLRQ DQG SDUWV RI WKH :LQGVRU�4XpEHF &LW\ &RUULGRU�

,Q DGGLWLRQ� WKHUH DUH RWKHU QRQ�R]RQH EHQHILWV WKDW FDQ EH H[SHFWHG IURP ZLGHVSUHDG 12[
UHGXFWLRQV� 'HFUHDVHV LQ 12[ HPLVVLRQV ZLOO DOVR GHFUHDVH DFLG GHSRVLWLRQ� QLWUDWHV LQ GULQNLQJ

ZDWHU� H[FHVVLYH QLWURJHQ ORDGLQJV WR DTXDWLF DQG WHUUHVWULDO HFRV\VWHPV� DQG DPELHQW

FRQFHQWUDWLRQV RI QLWURJHQ GLR[LGH� SDUWLFXODWH PDWWHU� DQG WR[LFV�
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)LJXUH ��� 3UHGLFWHG 0D[LPXP $� 'HFUHDVHV DQG %� ,QFUHDVHV LQ ��KU 2]RQH

&RQFHQWUDWLRQV LQ $UHDV ! �� SSE LQ WKH %DVH &DVH�
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)LJXUH ��� 3UHGLFWHG 0D[LPXP $� 'HFUHDVHV DQG %� ,QFUHDVHV LQ ��KU 2]RQH

&RQFHQWUDWLRQV LQ $UHDV ! �� SSE LQ WKH %DVH &DVH�
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,Q HDVWHUQ 1RUWK $PHULFD� R]RQH OHYHOV WKDW H[FHHG HVWDEOLVKHG DQG SURSRVHG QRUPV RIWHQ

RFFXU LQ ODUJH�VFDOH UHJLRQDO HSLVRGHV WKDW GR QRW UHVSHFW SROLWLFDO ERUGHUV� 2]RQH LV D UHDFWLYH
UHVSLUDWRU\ LUULWDQW DQG LV DVVRFLDWHG ZLWK GHFUHDVHV LQ OXQJ IXQFWLRQ� DJJUDYDWLRQ RI UHVSLUDWRU\

GLVHDVH� LQFUHDVHV LQ KRVSLWDO DGPLVVLRQV DQG UHODWHG KHDOWK HIIHFWV� 2]RQH DOVR FDXVHV
GDPDJH WR IRUHVWHG HFRV\VWHPV DQG DJULFXOWXUH� )XUWKHUPRUH� SUHFXUVRUV WKDW IRUP R]RQH
LQFOXGH VXEVWDQFHV WKDW FDXVH RU FRQWULEXWH WR DFLG UDLQ DQG HXWURSKLFDWLRQ RI VHQVLWLYH

HVWXDULHV DV ZHOO DV WR[LF RUJDQLF DLU SROOXWDQWV�

7KLV GRFXPHQW SUHVHQWV UHVXOWV RI FRRSHUDWLYH HIIRUWV WR DQDO\VH R]RQH WUDQVSRUW LQ HDVWHUQ

1RUWK $PHULFD� 7KH DSSURDFKHV WDNHQ LQ WKH DQDO\VHV UHSUHVHQW DQ H[WHQVLRQ LQWR WKH
WUDQVERXQGDU\ DUHD RI FRQFHUQ RI DQDO\WLFDO WHFKQLTXHV� PHWKRGRORJLHV� DQG WRROV DOUHDG\ EHLQJ

XVHG LQ ERWK FRXQWULHV WR DGGUHVV GRPHVWLF DLU SROOXWLRQ� 7KH\ LQFOXGH LQWHJUDWHG DLU TXDOLW\
GDWD DQDO\VHV RI SDWWHUQV DQG HSLVRGHV� FRQVLGHUDWLRQ RI HPLVVLRQV SDWWHUQV WRJHWKHU ZLWK

DQDO\VHV RI R]RQH DV D IXQFWLRQ RI FKDQJLQJ PHWHRURORJLFDO FRQGLWLRQV DQG WUDQVSRUW

FOLPDWRORJ\� DQG ILQDOO\� MRLQW PRGHOOLQJ RI UHJLRQDO VFDOH R]RQH WUDQVSRUW DQG UHVSRQVHV WR

FRQWURO VFHQDULRV�

7KHVH WHFKQLFDO DQDO\VHV FOHDUO\ GHPRQVWUDWH WKH FRQQHFWLRQV EHWZHHQ HPLVVLRQV� WUDQVSRUW�
DQG R]RQH RFFXUUHQFHV RQ ERWK VLGHV RI WKH ERUGHU� 7KHVH UHVXOWV VWURQJO\ VXSSRUW WKH
FRPPRQ�VHQVH FRQFOXVLRQ WKDW FRRUGLQDWLRQ RI SODQQLQJ DQG H[HFXWLRQ RI FRQWURO VWUDWHJLHV IRU
R]RQH SUHFXUVRUV �12[ DQG 92&� IRU DOO VRXUFH FDWHJRULHV ZRXOG EH PRUH EHQHILFLDO WKDQ

LQGLYLGXDO LQLWLDWLYHV�

7KH 8QLWHG 6WDWHV KDV PDGH PDMRU VWHSV IRUZDUG LQ DGGUHVVLQJ DLU TXDOLW\ LQ JHQHUDO DQG R]RQH

LQ SDUWLFXODU LQ UHFHQW \HDUV� 6LJQLILFDQW SURJUHVV KDV EHHQ PDGH LQ LPSOHPHQWLQJ WKH

SURYLVLRQV RI WKH ���� &OHDU $LU $FW $PHQGPHQWV ZLWK UHVSHFW WR R]RQH SUHFXUVRUV� 7KH 8�6�

$LU 4XDOLW\ 6WDQGDUGV IRU R]RQH DQG SDUWLFXODWH PDWWHU LQ DLU KDYH EHHQ UHYLVHG DQG WLJKWHQHG�

7KH 2]RQH 7UDQVSRUW $VVHVVPHQW *URXS �27$*� VXFFHVVIXOO\ FRPSOHWHG LQWHUJRYHUQPHQWDO

QHJRWLDWLRQV RQ R]RQH WUDQVSRUW DPRQJ �� VWDWHV� )LQDOO\� (3$ KDV ILQDOLVHG D UXOH FRQFHUQLQJ
UHYLVLRQV WR 6WDWH ,PSOHPHQWDWLRQ 3ODQV �6,3V� LQ �� 6WDWHV DQG WKH 'LVWULFW RI &ROXPELD WR

UHVSRQG WR R]RQH WUDQVSRUW WKURXJK UHGXFWLRQV LQ 12[ HPLVVLRQV E\ ����� )XUWKHU DFWLRQV DUH
SODQQHG ZLWK UHVSHFW WR IXHO VXOSKXU DQG YHKLFXODU HPLVVLRQV�

,Q &DQDGD� WKHUH KDYH EHHQ VLPLODU HIIRUWV RQ DLU TXDOLW\ DQG R]RQH� 7KH ILUVW DQG VHFRQG
SKDVHV RI WKH 12[�92& PDQDJHPHQW SURJUDP DUH FRPSOHWH ZLWK VXEVWDQWLDO SURJUDPV IRU

PDMRU VRXUFHV RI 12[ DQG 92& QDWLRQDOO\ DQG LQ NH\ SUREOHP UHJLRQV DLPHG DW DFKLHYLQJ WKH

FXUUHQW &DQDGLDQ DLU TXDOLW\ REMHFWLYH RI ��KRXU �� SSE� 7KH 3KDVH � )HGHUDO 6PRJ 3ODQ LV
XQGHUZD\ IRU ERWK R]RQH DQG LQKDODEOH SDUWLFOHV DQG WKH 2QWDULR 6PRJ 3ODQ LV EHLQJ
LPSOHPHQWHG WR UHGXFH SURYLQFLDO HPLVVLRQV RI 12[ DQG 92& E\ ��� IURP ���� OHYHOV E\
����� 1HZ VXOSKXU LQ JDVROLQH UHJXODWLRQV DUH EHLQJ SURPXOJDWHG DQG DFWLRQ RQ YHKLFXODU

HPLVVLRQV DUH SODQQHG� )LQDOO\� &DQDGLDQ JRYHUQPHQWV DUH QRZ HQJDJHG LQ GHYHORSLQJ� IRU WKH

ILUVW WLPH� &DQDGD�:LGH 6WDQGDUGV DQG LPSOHPHQWDWLRQ SODQV IRU R]RQH DQG SDUWLFXODWH PDWWHU

LQ DLU�
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7KH DLU TXDOLW\ GDWD DQDO\VHV FRQGXFWHG IRU WKLV UHSRUW IRFXVHG RQ GHWHUPLQLQJ WKH SDWWHUQ RI

WUDQVSRUW LQ WKH WUDQVERXQGDU\ DUHD RI FRQFHUQ LQ WKH HDVWHUQ 8QLWHG 6WDWHV DQG &DQDGD� 7KH

UHVXOWV LQGLFDWH WKDW ORQJ�UDQJH WUDQVSRUW RI R]RQH DQG LWV SUHFXUVRUV VLJQLILFDQWO\ LQIOXHQFHV WKH

PDJQLWXGH DQG SHUVLVWHQFH RI KLJK R]RQH FRQFHQWUDWLRQV LQ HDVWHUQ 1RUWK $PHULFD� $LU PDVVHV
IURP WKH 8QLWHG 6WDWHV FRQWULEXWH WR KLJK R]RQH FRQFHQWUDWLRQV LQ 2QWDULR� 4XHEHF� 1HZ
%UXQVZLFN DQG 1RYD 6FRWLD� :KHQ ZLQGV EORZ IURP &DQDGD� WKH VRXWKHUQ VKRUHV RI /DNH (ULH

DQG WKH HDVWHUQ VKRUHV RI /DNH 2QWDULR H[SHULHQFH KLJK R]RQH OHYHOV� 'XH WR WKH UHODWLYH
DPRXQWV RI HPLVVLRQV LQ HDFK FRXQWU\ DQG WKH SUHYDLOLQJ ZLQGV GXULQJ WKH VXPPHU R]RQH

VHDVRQ� PRUH R]RQH DQG SUHFXUVRUV IORZ QRUWK�QRUWKHDVW IURP WKH 8QLWHG 6WDWHV LQWR &DQDGD

WKDQ VRXWK�VRXWKHDVW IURP &DQDGD LQWR WKH 8QLWHG 6WDWHV�

7KH H[WHQGHG UHJLRQDO DLU TXDOLW\ PRGHOOLQJ FRQGXFWHG IRU WKLV UHSRUW GHPRQVWUDWHV WKH

HIIHFWLYHQHVV RI LOOXVWUDWLYH MRLQW SUHFXUVRU HPLVVLRQ UHGXFWLRQ VWUDWHJLHV RQ R]RQH

FRQFHQWUDWLRQV LQ WKH 8QLWHG 6WDWHV DQG &DQDGD� 7KH PRGHOOLQJ LQGLFDWHV WKDW WKHUH DUH

VXEVWDQWLDO WUDQVERXQGDU\ UHJLRQDO EHQHILWV WR FRQWUROOLQJ 12[ HPLVVLRQV LQ WKH 8QLWHG 6WDWHV
DQG &DQDGD� 7KH DVVXPHG UHGXFWLRQV IRUHFDVW IRU ���� UHVXOW LQ ERWK �� DQG ��KRXU HSLVRGH

UHGXFWLRQV RI � WR RYHU �� SSE R]RQH LQ D FRUULGRU IURP 0LFKLJDQ�ZHVWHUQ 2KLR�VRXWKHUQ 2QWDULR
WR 1HZ <RUN DQG HDVWHUQ 2QWDULR� 5HGXFWLRQV RI � WR � SSE RFFXU LQ 1HZ (QJODQG VWDWHV DQG
4XHEHF� $OWKRXJK QRW SDUW RI WKH PRGHOOLQJ GRPDLQ� LW FDQ EH H[SHFWHG WKDW WKHUH ZRXOG DOVR

EH UHGXFWLRQV LQ R]RQH FRQFHQWUDWLRQV LQ WKH 6RXWKHUQ $WODQWLF 5HJLRQ RI &DQDGD� :KLOH WKHVH
DQDO\VHV GLG QRW DWWHPSW WR H[DPLQH UHGXFHG DFLG GHSRVLWLRQ� QXWULHQW ORDGLQJV� DQG SDUWLFXODWH

PDWWHU OHYHOV WKDW ZRXOG DFFRPSDQ\ VXFK VWUDWHJLHV� WKHVH FRUROODU\ LPSURYHPHQWV ZRXOG

FHUWDLQO\ DGG WR WKH WRWDO EHQHILWV RI WKHVH H[DPSOH VWUDWHJLHV�

7KH VSDWLDO DQG WHPSRUDO SDWWHUQV H[KLELWHG LQ WKH DQDO\VHV RI HPSLULFDO DLU TXDOLW\ DQG

HPLVVLRQV GDWD DUH TXDOLWDWLYHO\ FRQVLVWHQW ZLWK WKH UHVXOWV RI WKH DLU TXDOLW\ PRGHOOLQJ DQDO\VHV�

7DNHQ WRJHWKHU� WKHVH UHVXOWV RIIHU FOHDU HYLGHQFH RI WKH UDWLRQDOH IRU GLVFXVVLQJ DQ HIIHFWLYH EL�
QDWLRQDO DSSURDFK IRU PDQDJHPHQW RI R]RQH DQG LWV SUHFXUVRUV LQ HDVWHUQ 1RUWK $PHULFD�



��

����5()(5(1&(6

$4&� ����� 8QLWHG 6WDWHV�&DQDGD $LU 4XDOLW\ $JUHHPHQW� ���� 3URJUHVV 5HSRUW� $LU 4XDOLW\
&RPPLWWHH� �7KLV UHSRUW LV DOVR NQRZQ DV WKH &DQDGD�8QLWHG 6WDWHV $LU 4XDOLW\ $JUHHPHQW�
���� 3URJUHVV 5HSRUW��

$4&� ����� &DQDGD�8QLWHG 6WDWHV $LU 4XDOLW\ $JUHHPHQW� ���� 3URJUHVV 5HSRUW� $LU 4XDOLW\
&RPPLWWHH� �7KLV UHSRUW LV DOVR NQRZQ DV WKH 8QLWHG 6WDWHV�&DQDGD $LU 4XDOLW\ $JUHHPHQW�
���� 3URJUHVV 5HSRUW��

$4&� ����� &DQDGD�8QLWHG 6WDWHV $LU 4XDOLW\ $JUHHPHQW� ���� 3URJUHVV 5HSRUW� $LU 4XDOLW\
&RPPLWWHH� �7KLV UHSRUW LV DOVR NQRZQ DV WKH 8QLWHG 6WDWHV�&DQDGD $LU 4XDOLW\ $JUHHPHQW�
���� 3URJUHVV 5HSRUW��

&&0(� ����� 0DQDJHPHQW 3ODQ )RU 1LWURJHQ 2[LGHV DQG 9RODWLOH 2UJDQLF &RPSRXQGV�

&DQDGLDQ &RXQFLO RI 0LQLVWHUV RI WKH (QYLURQPHQW �&&0(��

&&0(� ����� 0DQDJHPHQW 3ODQ� 6WDWXV 5HSRUW ������&DQDGLDQ &RXQFLO RI 0LQLVWHUV RI WKH

(QYLURQPHQW �&&0(��

&(&� ����� &RQWLQHQWDO 3ROOXWDQW 3DWKZD\V� $Q $JHQGD IRU &R�RSHUDWLRQ WR $GGUHVV /RQJ
5DQJH 7UDQVSRUW RI $LU 3ROOXWLRQ LQ 1RUWK $PHULFD��&RPPLVVLRQ IRU (QYLURQPHQWDO &R�

RSHUDWLRQ�

'DQQ� 7�� ����� 2]RQH� 12[ DQG 92& $QDO\VLV �����������(QYLURQPHQW &DQDGD�
(QYLURQPHQWDO 7HFKQRORJ\ &HQWUH�

(3$� ����� ¦)LQGLQJ RI 6LJQLILFDQW &RQWULEXWLRQ DQG 5XOHPDNLQJ IRU &HUWDLQ 6WDWHV LQ WKH 2]RQH
7UDQVSRUW $VVHVVPHQW *URXS 5HJLRQ IRU 3XUSRVHV RI 5HGXFLQJ 5HJLRQDO 7UDQVSRUW RI
2]RQH�§ �� )5 ������

+XVDU� HW DO�� ����� 2]RQH DV D )XQFWLRQ RI /RFDO :LQG 6SHHG DQG 'LUHFWLRQ� (YLGHQFH RI /RFDO

DQG 5HJLRQDO 7UDQVSRUW��5�$� +XVDU� :�3� 5HQDUG� %�$� 6FKLFKWHO�

KWWS���FDSLWD�ZXVWO�HGX�&$3,7$�&DSLWD5HSRUWV�2�)QF2I:LQG�KWPO�2�DV)QF:QG�KWPO�

,-&� ����� 6SHFLDO 5HSRUW RQ 7UDQVERXQGDU\ $LU 4XDOLW\ ,VVXHV��,QWHUQDWLRQDO -RLQW
&RPPLVVLRQ�

0XOWLVWDNHKROGHU� ����� &DQDGLDQ ���� 12[�92& 6FLHQFH $VVHVVPHQW�0XOWLVWDNHKROGHU
12[�92& 6FLHQFH 3URJUDP� (QYLURQPHQW &DQDGD�

*URXQG�/HYHO 2]RQH DQG ,WV 3UHFXUVRUV������������5HSRUW RI WKH 'DWD $QDO\VLV :RUNLQJ
*URXS

0RGHOOLQJ 2I *URXQG�/HYHO 2]RQH LQ WKH :LQGVRU�4XHEHF &LW\ &RUULGRU DQG LQ WKH
6RXWKHUQ $WODQWLF 5HJLRQ � 5HSRUW RI WKH :LQGVRU�4XHEHF &LW\ &RUULGRU DQG 6RXWKHUQ
$WODQWLF 5HJLRQ 0RGHOOLQJ DQG 0HDVXUHPHQW :RUNLQJ *URXS

0RGHOOLQJ RI *URXQG�/HYHO 2]RQH LQ WKH /RZHU )UDVHU 9DOOH\ � 5HSRUW RI WKH /RZHU )UDVHU

9DOOH\ 0RGHOOLQJ DQG 0HDVXUHPHQW :RUNLQJ *URXS

6XPPDU\ IRU 3ROLF\ 0DNHUV� $ 6\QWKHVLV RI WKH .H\ 5HVXOWV RI WKH 12[�92& 6FLHQFH
3URJUDP

1$,&&� ����� 1$,&& 1DWLRQDO %DVH &DVH &RQVHQVXV )RUHFDVW��SUHVHQWHG WR WKH 1$,&& LQ
0D\ ����� KWWS���ZZZ��HF�JF�FD�SGE�HIW�HIW�KWPO�
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15&� ����� 5HWKLQNLQJ WKH 2]RQH 3UREOHP LQ 8UEDQ DQG 5HJLRQDO $LU 3ROOXWLRQ��1DWLRQDO
5HVHDUFK &RXQFLO�

27$*� ����� ¦27$* 7HFKQLFDO 6XSSRUWLQJ 'RFXPHQW�§ KWWS���ZZZ�HSD�JSY�WWQ�RWDJ�ILQDOUSW�

6FKLFKWHO DQG +XVDU� ����� (DVWHUQ 1RUWK $PHULFD 7UDQVSRUW &OLPDWRORJ\ 'XULQJ $YHUDJH� +LJK
DQG /RZ 2]RQH 'D\V��%�$� 6FKLFKWHO� 5�%� +XVDU�
KWWS���FDSLWD�ZXVWO�HGX�&$3,7$�&DSLWD5HSRUWV�1$07UQV&OLP�KWPO�1DP7UQV&OLP�KWPO�


