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$�6XPPDU\�RI�*URZWK�DQG�<LHOG�5HVHDUFK

(OL]DEHWK�(DVWRQ
%�&��0LQLVWU\�RI�)RUHVWV��5HVHDUFK�%UDQFK

,1752'8&7,21
7KH� ����� PLOOLRQ� &DQDGD¥%ULWLVK� &ROXPELD

3DUWQHUVKLS� $JUHHPHQW� RQ� )RUHVW� 5HVRXUFH
'HYHORSPHQW� �����¥�����¦)5'$� ,,¦LV� MRLQWO\
IXQGHG�E\�WKH�JRYHUQPHQWV�RI�&DQDGD�DQG�%ULWLVK
&ROXPELD�� � 7KH� IRFXV� RI� WKLV� DJUHHPHQW� LV� VXV�
WDLQDEOH� IRUHVW� GHYHORSPHQW� WKURXJK� LQWHQVLYH
IRUHVW�PDQDJHPHQW� DQG� LQWHJUDWHG� UHVRXUFH�PDQ�
DJHPHQW�� � $OVR� DGGUHVVHG� DUH� QHZ� LQLWLDWLYHV� LQ
KDUGZRRG� XWLOL]DWLRQ�� VLOYLFXOWXUH� V\VWHPV�� DQG
LGHQWLILFDWLRQ�RI�SURGXFW�DQG�PDUNHW�RSSRUWXQLWLHV�

$� NH\� WRSLF� DUHD� LQ� WKH� UHVHDUFK� SURJUDP
VXSSRUWLQJ�WKH�DJUHHPHQW�LV�JURZWK�DQG�\LHOG�DQG
VWDQG�WHQGLQJ��1HDUO\�DOO�JURZWK�DQG�\LHOG� LQVWDO�
ODWLRQV� LQ�%ULWLVK�&ROXPELD�DUH� LQ�SXUH�HYHQ�DJHG
VWDQGV�RI�WKH�ILYH�RU�VL[�PDMRU�FRPPHUFLDO�VSHFLHV�
$V� D� UHVXOW�� VLJQLILFDQW� JDSV� H[LVW� LQ� RXU
XQGHUVWDQGLQJ� RI� JURZWK� DQG� \LHOG�� DQG� ZH� QHHG
DGGLWLRQDO� GDWD� WR� EH� DEOH� WR� SUHGLFW� PRUH
DFFXUDWHO\� WKH�\LHOGV� RI�DOO� FRPPHUFLDO� VSHFLHV� IRU
WKH�UDQJH�RI�VLOYLFXOWXUDO�WUHDWPHQWV�� �$V�ZHOO��ZH
QHHG� GDWD� RQ� VWDQGV� WKDW� KDYH� VHYHUDO� VSHFLHV�
PXOWLSOH�DJHV��DQG�PRUH�WKDQ�RQH�VWRU\���7KH�IRFXV
RI�WKH�*URZWK�DQG�<LHOG�5HVHDUFK�3URJUDP�LV�WR�ILOO
JDSV� LQ� WKH� SURYLQFH
V� PDWUL[� RI� ORQJ�WHUP� ILHOG

H[SHULPHQWV� �SHUPDQHQW� VDPSOH� SORWV�� DQG� WR
LQFUHDVH�RXU�EDVLF�XQGHUVWDQGLQJ�RI�ELRORJLFDO�SUR�
FHVVHV�WKURXJK�PRGHOOLQJ�

7KLUW\�RQH� SURMHFWV� KDYH� EHHQ� LPSOHPHQWHG
VLQFH�WKH�EHJLQQLQJ�RI�)5'$�,,�LQ��������7KH�%�&�
0LQLVWU\� RI� )RUHVWV� �0R)�� KDV� LPSOHPHQWHG� ��� RI
WKHVH�SURMHFWV�� )RUHVWU\�&DQDGD� KDV� LPSOHPHQWHG
�����2QH�SURMHFW�ZDV�MRLQWO\�LPSOHPHQWHG�

%ULHI�SURMHFW�VXPPDULHV�LQFRUSRUDWLQJ�SURJUHVV
WR�6HSWHPEHU����������DUH�SUHVHQWHG�LQ�WKLV�PHPR�
3URMHFW� GHWDLOV� DUH� DYDLODEOH� IURP� SURMHFW� OHDGHUV
�ZKRVH� DGGUHVVHV� DUH� LQFOXGHG� DW� WKH� HQG� RI� WKLV
PHPR�� RU� IURP� (OL]DEHWK� (DVWRQ�� *URZWK� DQG
<LHOG�3URJUDP�$GPLQLVWUDWRU��0LQLVWU\�RI�)RUHVWV�
5HVHDUFK� %UDQFK�� ��� %DVWLRQ� 6TXDUH�� 9LFWRULD�
%�&�� 9�:� �(�� ������ ��������� RU� &KULV� +\GH�
)RUHVWU\�5HVHDUFK�$GPLQLVWUDWRU��&DQDGLDQ�)RUHVW
6HUYLFH�� 3DFLILF� )RUHVWU\� &HQWUH�� ���� %XUQVLGH
5RDG�:HVW��9LFWRULD��%�&��9�=��0�����������������

0HQWLRQ� RI� WUDGH� QDPHV� RU� SURGXFWV� GRHV� QRW
FRQVWLWXWH� HQGRUVHPHQW� E\� WKH� DXWKRUV�� WKH� %�&�
0LQLVWU\�RI�)RUHVWV��RU�WKH�&DQDGLDQ�)RUHVW�6HUYLFH�
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%&�*<�����'\QDPLFV�RI�PL[HG�VSHFLHV�VWDQGV

3URMHFW�OHDGHU����,DQ�&DPHURQ��0R)��.DPORRSV�
)RUHVW�5HJLRQ

2EMHFWLYHV�
7R�GHVFULEH�DQG�TXDQWLI\�WKH�SDWWHUQV�RI�VWDQG

GHYHORSPHQW� LQ� PL[HG�VSHFLHV� VWDQG� W\SHV� LQ� WKH
,&+PF�� ,&+PY� DQG� ,')� ]RQHV� DQG� VXE]RQHV�� WR
PDNH�DSSURSULDWH�UHFRPPHQGDWLRQV�DERXW�VLOYLFXO�
WXUDO� WUHDWPHQWV� IRU� WKHVH� VWDQGV�� DQG� WR� FROOHFW
GDWD� HVVHQWLDO� WR� WKH� GHYHORSPHQW� RI� JURZWK
PRGHOV�IRU�PL[HG�VSHFLHV�VWDQGV�

3URJUHVV�
,Q�WKH�,&+��VL[�ODUJH�UHFRQVWUXFWLRQ�SORWV�KDYH

EHHQ� PHDVXUHG� DQG� GHVWUXFWLYHO\� VDPSOHG�
&RPSLODWLRQ� RI� HDUOLHU� UHFRQQDLVVDQFH� GDWD� DQG
UHFRQVWUXFWLRQ� GDWD� KDV� EHHQ� FRPSOHWHG�
7HFKQLTXHV� ZHUH� GHYHORSHG� WR� LGHQWLI\� PLVVLQJ
ULQJV�DQG�WR�REWDLQ�WUXH�DJHV�LQ�ELUFK�VDPSOHV�

,Q� WKH� ,')�� ��� VWDQG� VWUXFWXUH� SORWV� ZHUH
PHDVXUHG�LQ�WZR�����KHFWDUH�DUHDV���,Q�DOO��DSSUR[�
LPDWHO\� ����� FRUHV� ZHUH� FROOHFWHG� IRU� PHDVXULQJ
WUHH� DJH� DQG�RU� GLDPHWHU� LQFUHPHQW�� � ,Q� DGGLWLRQ�
PHDVXUHV�RI�WUHH�VSDWLDO�GLVWULEXWLRQ�ZHUH�PDGH�RQ
����SRLQW�VDPSOHV�

%HQHILWV�DQG�HQG�SURGXFWV�
5HVXOWV� LQ� WKH� IRUP� RI� ZULWWHQ� UHSRUWV� ZLOO

LPSURYH� RXU� XQGHUVWDQGLQJ� RI� VWDQG� G\QDPLFV� LQ
PL[HG�VSHFLHV� VWDQG� W\SHV�� DQG� FRQWULEXWH� WR� WKH
GHYHORSPHQW� RI� JURZWK� DQG� \LHOG�PRGHOV� IRU� ,&+
DQG�,')�PL[HG�VSHFLHV�VWDQGV�

)&�*<���� &UHDWLQJ�D�GDWDEDVH�IRU�PRGHOOLQJ
WKH�JURZWK�RI�DVSHQ�DQG�DVSHQ¥FRQLIHU�VWDQGV�

3URMHFW�OHDGHU����0LNH�%RQQRU��&DQDGLDQ�)RUHVW�
6HUYLFH��3DFLILF�)RUHVWU\�&HQWUH

2EMHFWLYHV�
7R� DVVHPEOH� DOO� SHUPDQHQW� VDPSOH� SORW� GDWD

UHOHYDQW�WR�PRGHOOLQJ�RI�JURZWK�DQG�\LHOG�LQ�DVSHQ
DQG�DVSHQ¥FRQLIHU�VWDQGV�LQ�%ULWLVK�&ROXPELD��DQG
WR�FUHDWH�D�FOHDQ�DQG�FRPSOHWH�GDWDEDVH�

3URJUHVV�
7KLV���\HDU�SURMHFW�ZDV�FRPSOHWHG�LQ������

%HQHILWV�DQG�HQG�SURGXFWV�
7KH� GDWDEDVH� IRU� DVSHQ� DQG� DVSHQ¥FRQLIHU

VWDQGV� LV� DYDLODEOH� DW� WKH� 3DFLILF� )RUHVWU\� &HQWUH
IRU�DXWKRUL]HG�PRGHOOHUV���,W�ZLOO�EH�XVHG�WR�GHYHORS
D�PL[HGZRRG�PRGHOOLQJ�V\VWHP�

)&�*<������0L[HGZRRG�JURZWK�DQG�\LHOG

3URMHFW�OHDGHU��.HUU\�'HVFKDPSV��&DQDGLDQ�
)RUHVW�6HUYLFH��3ULQFH�*HRUJH

2EMHFWLYHV�
7R� GHYHORS� D� SUHOLPLQDU\� VHW� RI� YDULDEOH�

GHQVLW\� DVSHQ� \LHOG� WDEOHV� DQG� WR� PHDVXUH� DQG
DFFHVV� WKH� FRPSHWLWLYH� HIIHFWV� RI� DVSHQ� RQ� VSUXFH
KHLJKW�DQG�GLDPHWHU�JURZWK�LQ�WKH�%:%6�DQG�6%6
]RQHV�� �7R� HPSOR\�GHVWUXFWLYH� VDPSOLQJ� DQG� VWHP
PDSSLQJ�LQ�GDWD�GHILFLHQW�DUHDV�WR�PHHW�VKRUW�WHUP
REMHFWLYHV� DQG� WR� GHYHORS� SHUPDQHQW� VDPSOH� SORW
SURFHGXUHV�DQG� LQVWDOO�SHUPDQHQW� VDPSOH�SORWV� WR
PHHW�ORQJHU�WHUP�REMHFWLYHV�

3URJUHVV�
7KH�SUREOHP�DQDO\VLV�KDV�EHHQ�FRPSOHWHG�DQG

D�ZRUNLQJ�SODQ�GHYHORSHG��$�PDWUL[�IRU�UHFRQQDLV�
VDQFH� ILHOG� VDPSOLQJ� LV� VWLOO� WR� EH� GHYHORSHG� DQG
SHUPDQHQW�SORW�LQVWDOODWLRQV�DUH�WR�EH�HVWDEOLVKHG�

%HQHILWV�DQG�HQG�SURGXFWV�
$� SUREOHP� DQDO\VLV� DQG� VHYHUDO� VFLHQWLILF

SXEOLFDWLRQV�� DORQJ� ZLWK� ILUVW� DSSUR[LPDWLRQ
YDULDEOH�GHQVLW\�\LHOG�SUHGLFWLRQV��HLWKHU�PRGHO�RU
WDEOHV�� IRU� DVSHQ� DQG� PL[HGZRRG� DVSHQ¥VSUXFH
VWDQGV��ZLOO�UHVXOW�IURP�WKLV�UHVHDUFK�
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%&�*<�������&RQVWUXFWLRQ�RI�PDQDJHG�VWDQG
\LHOG�WDEOHV�IRU�URRW�URW�LQIHFWHG�VWDQGV�RI
FRDVWDO�'RXJODV�ILU��	�LQWHULRU�'RXJODV�ILU�
ZKLWH�VSUXFH�	�ORGJHSROH�SLQH

3URMHFW�OHDGHU����.HQ�0LWFKHOO��0R)��5HVHDUFK�
%UDQFK

2EMHFWLYHV�
7R� SURYLGH� IRUHVW� PDQDJHUV� ZLWK� PDQDJHG

VWDQG� \LHOG� WDEOHV� FRYHULQJ� D� EURDG� UDQJH� RI� URRW
URW� LQIHFWLRQ� OHYHOV�� VLWH� FODVVHV�� DQG� VLOYLFXOWXUDO
UHJLPHV�

3URJUHVV�
$� FRPSXWHU� PRGHO� �5276,0�� WKDW� VLPXODWHV

WKH� VSUHDG�� RFFXUUHQFH�� DQG� LPSDFW� RI� ODPLQDWHG
URRW� URW� � KDV� EHHQ� OLQNHG� WR� 7$66�� D� FRPSXWHU
PRGHO� IRU� WKH� GHYHORSPHQW� RI� VHFRQG�JURZWK
VWDQGV� RI� FRDVWDO� 'RXJODV�ILU�� 'DWD� IURP� SHUP�
DQHQW�VDPSOH�SORWV�DQG�SORW�VXPPDULHV�KDYH�EHHQ
VHDUFKHG�DQG�RUJDQL]HG�WR�FUHDWH�D�GDWDEDVH�RI�URRW
URW�LQIRUPDWLRQ��ZKLFK�LV�ORFDWHG�DW�WKH�0LQLVWU\�RI
)RUHVWV�� �7$66�DQG�5276,0�KDYH�EHHQ�XSJUDGHG
WR� VLPXODWH� SORWV� RI� XS� WR� ��� KHFWDUHV�ZKHUH� SORW
VLPXODWLRQV�ZHUH�SUHYLRXVO\�OLPLWHG�WR�RQH�KHFWDUH�
$� FKDQJH� LQ� WKH�RSHUDWLQJ� V\VWHP�QRZ�DOORZV� WKH
VLPXODWLRQV� WR� EH� SHUIRUPHG�PRUH� TXLFNO\�� � 7ULDO
\LHOG� WDEOHV� IRU� FRDVWDO� 'RXJODV�ILU� LQIHFWHG� ZLWK
3KHOOLQXV� KDYH� EHHQ� JHQHUDWHG� WKDW� FRPELQH
PRUWDOLW\� DQG� JURZWK� ORVVHV� IURP� ODPLQDWHG� URRW
URW�ZLWK� LQLWLDO�VWRFNLQJ�GHQVLW\�� WKLQQLQJV�� VWXPS
UHPRYDO�� EULGJH� WUHH� UHPRYDO�� DQG� SODQWLQJ� RI
QDWXUDOO\�UHVLVWDQW�VHHGOLQJV�

%HQHILWV�DQG�HQG�SURGXFWV�
7KH�PDQDJHG�VWDQG�\LHOG� WDEOHV�SURGXFHG�ZLOO

TXDQWLI\�WKH�\LHOG�ORVV�RU�UHFRYHU\�DVVRFLDWHG�ZLWK
WKH�LQWHQVLW\�RI�LQIHFWLRQ��VLOYLFXOWXUDO�UHJLPH��DQG
VLWH�SURGXFWLYLW\���7KLV�ZLOO�DLG�IRUHVW�PDQDJHUV�RI
URRW� URW� LQIHFWHG� VWDQGV� LQ� DVVHVVLQJ� WKH� FRVW� RI
UHPHGLDO� VLOYLFXOWXUH� WUHDWPHQWV� DJDLQVW� WKH
EHQHILWV�RI�SRWHQWLDO�WLPEHU�UHFRYHU\�

%&�*<������&RQVWUXFWLRQ��FDOLEUDWLRQ��DQG
YDOLGDWLRQ�RI�PDQDJHG�VWDQG�\LHOG�WDEOHV�RI
URRW�URW�LQIHFWHG�VWDQGV�RI�FRDVWDO�'RXJODV�ILU

3URMHFW�OHDGHU����.HQ�0LWFKHOO��0R)��5HVHDUFK�
%UDQFK

2EMHFWLYHV�
7R� SURYLGH� IRUHVW� PDQDJHUV� ZLWK� \LHOG� WDEOHV

IRU� SUH�FRPPHUFLDO� SOXV� FRPPHUFLDOO\� WKLQQHG
LQIHFWHG� VWDQG� FRQGLWLRQV�� DFURVV� D� UDQJH� RI� VLWH
LQGLFHV�� HVSDFHPHQW� GHQVLWLHV�� VWDQG� LQIHFWLRQ
FRQGLWLRQV��WUHDWPHQW�DJHV�KHLJKWV��WUHDWPHQW�GHQ�
VLWLHV�� DQG� KRVW�WUHH� V\PSWRPDWLF� UHFRJQLWLRQ
FODVVHV�� �7R�SURYLGH� DQ�XSGDWHG� VXPPDU\� RI� ODP�
LQDWHG� URRW� URW� PRQLWRULQJ� SORWV� XVHG� LQ� WKH
FDOLEUDWLRQ� DQG� YDOLGDWLRQ� RI� WKH� 7$66�5276,0
URRW�URW�PRGHO�

3URJUHVV�
7KLV� SURMHFW�ZDV� WUDQVIHUUHG� WR� )5'$�3URMHFW

%&�*<���LQ�$SULO������

%HQHILWV�DQG�HQG�SURGXFWV�
7KH�FRQVWUXFWLRQ��FDOLEUDWLRQ��DQG�YDOLGDWLRQ�RI

PDQDJHG� VWDQG� \LHOG� WDEOHV� IRU� LQIHFWHG� VWDQGV� RI
FRDVWDO� 'RXJODV�ILU� KHOS� IRUHVW� PDQDJHUV� DQG
VLOYLFXOWXULVWV�GHWHUPLQH� WKH� LPSDFW� RI� URRW� URW� RQ
SURGXFWLYLW\� LQ� RUGHU� WR� GHILQH� DQG� GRFXPHQW� WKH
EHQHILWV�RI�VLOYLFXOWXUDO�WUHDWPHQWV�

)&�*<��� � � � &RPPHUFLDO� WKLQQLQJ� LQ� VWDQGV
LQIHFWHG�ZLWK�3KHOOLQXV�URRW�GLVHDVH

3URMHFW�OHDGHUV��5RQD�6WXUURFN��&DQDGLDQ�
)RUHVW�6HUYLFH��3DFLILF�)RUHVWU\�
&HQWUH
*HUU\�)UDVHU��3DFLILF�)RUHVW�
3URGXFWV�/WG�

2EMHFWLYHV�
7R�GHWHUPLQH�WKH�HIIHFW�RI�FRPPHUFLDO�WKLQQLQJ

RQ� WKH� LQFLGHQFH� RI�3KHOOLQXV� URRW� GLVHDVH� LQ� FURS
WUHHV�DQG�WKH�VXEVHTXHQW�JURZWK�UHVSRQVH�RI� FURS
WUHHV�

3URJUHVV�
$�GUDIW�UHSRUW�RQ�WKH�FRPPHUFLDO�WKLQQLQJ�WULDO

KDV� EHHQ� SUHSDUHG� DQG� UHYLHZHG�� � 7KH� UHSRUW� LV
QRZ� EHLQJ� SUHSDUHG� IRU� SXEOLFDWLRQ� DV� D� )5'$
UHSRUW�DQG�ZLOO�EH�DYDLODEOH�LQ������

%HQHILWV�DQG�HQG�SURGXFWV�
*XLGHOLQHV� IRU� FRPPHUFLDO� WKLQQLQJ� LQ

3KHOOLQXV�DIIHFWHG� VWDQGV� ZLOO� EH� GLVWULEXWHG� LQ
��������� �'LVHDVH�VSUHDG�DQG�HIIHFWV�RQ�FURS�WUHHV
ZLOO�EH�PRQLWRUHG�IRU�DW�OHDVW�WKH�QH[W����\HDUV�
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%&�*<������3URYLQFLDO�JURZWK�	�\LHOG
H[SHULPHQWV¦FRDVW

3URMHFW�OHDGHU����/RXLVH�GH0RQWLJQ\��0R)��
5HVHDUFK�%UDQFK

2EMHFWLYHV�
7R�PDLQWDLQ� DQG� UHSRUW� RQ� ��� FRDVWDO� JURZWK

DQG�\LHOG�ILHOG�H[SHULPHQWV������LQVWDOODWLRQV������
SORWV��� ZKLFK� VWXG\� WKH� HIIHFWV� RI� YDULRXV� VLOYLFXO�
WXUDO� WUHDWPHQWV� �IHUWLOL]DWLRQ�� WKLQQLQJ�� HVSDFH�
PHQW��DQG�SUXQLQJ��RQ�WUHH�DQG�VWDQG�JURZWK��DQG
WR� HVWDEOLVK� QHZ� LQVWDOODWLRQV� RQ� WKH� EDVLV� RI� WKH
SURSRVHG�%�&��)RUHVW�3URGXFWLYLW\�&RXQFLO�PDWUL[�
LQFOXGLQJ� SUXQLQJ�� PL[HG� SODQWDWLRQV� DW� GLIIHUHQW
HVSDFHPHQWV��DQG�VLOYLFXOWXUDO�V\VWHPV�WULDOV�

3URJUHVV�
7KUHH� QHZ� SUXQLQJ� LQVWDOODWLRQV� IRU� ZHVWHUQ

KHPORFN��ZHVWHUQ�UHGFHGDU�DQG�6LWND�VSUXFH�KDYH
EHHQ� HVWDEOLVKHG� DV� ZHOO� DV� D� PL[HG�VSHFLHV
HVSDFHPHQW� WULDO� IRU� 'RXJODV�ILU� DQG� ZHVWHUQ
UHGFHGDU���5HPHDVXUHPHQW�RI�VHOHFW�(3V�DQG�60&
SORWV�LV�FRPSOHWH�DQG�WKH�GDWD�IRU�DOO�WKH�ROGHU�(3V
KDYH�EHHQ� UHFKHFNHG�DQG� FRUUHFWHG� IRU�DQRPDOLHV�
$� ILOH� UHSRUW�� 'RXJODV�ILU� )HUWLOL]HU� 'HFLVLRQ
0DNLQJ�IRU�,QGXVWULDO�8VH¦��<U��5HPHDVXUHPHQW�
VXPPDUL]LQJ� GDWD� UHODWLQJ� WR� 'RXJODV�ILU� IHUWLO�
L]DWLRQ�� KDV� EHHQ� SURGXFHG� E\� 5HLG� &DUWHU� RI
5(07(&+�

%HQHILWV�DQG�HQG�SURGXFWV�
7KH�GDWD�ZLOO�EH�VXPPDUL]HG�DQG�DQDO\]HG� WR

TXDQWLI\� WUHH� DQG� VWDQG� JURZWK� UHVSRQVHV� WR
WUHDWPHQWV��WR�LGHQWLI\�WKH�EHVW�WUHDWPHQW�OHYHOV��WR
FDOLEUDWH� DQG� YDOLGDWH� JURZWK� PRGHOV�� DQG� WR
YDOLGDWH�VLWH�LQGH[�FXUYHV�

%&�*<������3URYLQFLDO�JURZWK�	�\LHOG
H[SHULPHQWV¦LQWHULRU �

3URMHFW�OHDGHU����:D\QH�-RKQVWRQH��0R)��
.DODPDOND�5HVHDUFK�6WDWLRQ

2EMHFWLYHV�
7R� HVWDEOLVK� VWDQG� PDQDJHPHQW� H[SHULPHQWV�

LQFOXGLQJ� SUH�FRPPHUFLDO� WKLQQLQJ�� HVSDFHPHQW�

DQG� VLOYLFXOWXUDO� V\VWHPV� WULDOV� LQ� WKH� %ULWLVK
&ROXPELD��LQWHULRU�

3URJUHVV�
)URP� ����� WR� ������ IRXU� SUH�FRPPHUFLDO

WKLQQLQJ� WULDOV� ZHUH� HVWDEOLVKHG�� � $� SRVW�VSDFLQJ
LQJUHVV� VWXG\� LQ� ORGJHSROH� SLQH� ZDV� DOVR� HVWDE�
OLVKHG� LQ� WKH� 1HOVRQ� )RUHVW� 5HJLRQ�� � 'XULQJ� WKLV
SHULRG��VL[�HVSDFHPHQW�WULDOV�ZHUH�HVWDEOLVKHG��DQG
WKUHH� WULDOV�ZHUH� ODLG�RXW� IRU� SODQWLQJ� LQ� ��������
,Q� DGGLWLRQ�� D� VLOYLFXOWXUDO� V\VWHPV� WULDO� IRU
VHOHFWLRQ� ORJJLQJ� RI� GU\�EHOW� LQWHULRU� 'RXJODV�ILU
ZDV� HVWDEOLVKHG� LQ� WKH� .DPORRSV� 5HJLRQ�� � 3UHY�
LRXVO\�HVWDEOLVKHG�SORWV�KDYH�EHHQ�PDLQWDLQHG�DQG
PHDVXUHPHQWV� ZHUH� FRPSOHWHG� DV� VFKHGXOHG
WKURXJKRXW� WKLV� SHULRG�� � 5HFRQQDLVVDQFH� IRU� QHZ
VWXG\� VLWHV� LV� RQJRLQJ�� DQG� VHYHUDO� SRWHQWLDO� VLWHV
KDYH� EHHQ� LGHQWLILHG� IRU� XVH� LQ� �������� DQG
EH\RQG�

%HQHILWV�DQG�HQG�SURGXFWV�
7KH� HVWDEOLVKHG� SHUPDQHQW� VDPSOH� SORWV� ZLOO

KHOS�IRUHVWHUV�TXDQWLI\�WUHH�DQG�VWDQG�UHVSRQVH�WR
VSDFLQJ� WUHDWPHQWV� DQG� GLIIHUHQW� VLOYLFXOWXUDO
V\VWHPV�� LGHQWLI\� RSWLPXP� WUHDWPHQWV� OHYHOV�� YDO�
LGDWH� VLWH� LQGH[� FXUYHV�� DQG� FDOLEUDWH� JURZWK
PRGHOV�

)&�*<������*URZWK�DQG�\LHOG�RI�FRDVWDO
PRQWDQH�IRUHVWV�XQGHU�DOWHUQDWLYH
VLOYLFXOWXUDO�V\VWHPV

3URMHFW�OHDGHU����1LFN�6PLWK��0DF0LOODQ�%ORHGHO�
/WG�

2EMHFWLYHV�
7R� HVWDEOLVK� 3HUPDQHQW� 6DPSOH� 3ORWV� ZLWKLQ

WKH� 0RQWDQH� $OWHUQDWLYH� 6LOYLFXOWXUDO� 6\VWHPV
�0$66��5HVHDUFK�3URMHFW��)&�)5����

3URJUHVV�
7KLV�SRUWLRQ�RI�WKH�ODUJHU�SURMHFW�LV�H[SHFWHG�WR�EH
FRPSOHWHG�LQ������

%HQHILWV�DQG�HQG�SURGXFWV�
$� SHUPDQHQW� VDPSOH� SORW� ORFDWLRQ� DQG

HVWDEOLVKPHQW�GDWD�UHSRUW�ZLOO�EH�FRPSOHWHG�DW�WKH
HQG�RI�WKH���������ILVFDO�\HDU�
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)&�*<������5HVSRQVH�RI�XQHYHQ�DJHG�LQWHULRU
'RXJODV�ILU�WR�DOWHUQDWLYH�VSDFLQJ�UHJLPHV

3URMHFW�OHDGHU����3HWHU�0DUVKDOO��8QLYHUVLW\�RI�
%ULWLVK�&ROXPELD

2EMHFWLYHV�
7R� FKDUDFWHUL]H� WKH� LPSDFW� RI� YDULRXV� VSDFLQJ

UHJLPHV� RQ� VWDQG� VWUXFWXUH� DQG� IRUP� RI� UHVLGXDO
WUHHV� DQG� WR� SURYLGH� DQ� LQGLFDWLRQ� RI� UHVSRQVH� RI
GHQVH� SRFNHWV� RI� XQHYHQ�DJHG� 'RXJODV�ILU� WR
YDULRXV�VSDFLQJ�UHJLPHV�

3URJUHVV�
7DJJLQJ� DQG� UHPHDVXUHPHQW� RI� UHVLGXDO� WUHHV

RQ� HDFK� RI� WKH� HVWDEOLVKHG� LQVWDOODWLRQV� LV
FRPSOHWHG�� � 'DWD� HQWU\� DQG� SUHOLPLQDU\� DQDO\VLV
ZLOO�EH�FRPSOHWHG�E\� WKH�HQG�RI� WKH��������� ILVFDO
\HDU�

%HQHILWV�DQG�HQG�SURGXFWV�
$� UHSRUW� GRFXPHQWLQJ� WKH� LPSDFW� RI� YDULRXV

VSDFLQJ� UHJLPHV� RQ� WKH� VWUXFWXUH� DQG� IRUP� RI� WKH
UHVLGXDO�'RXJODV�ILU�WUHHV�DQG�RQ�WKH�JURZWK��VWHP
IRUP��FURZQ�IRUP��DQG�VWDQG�VWUXFWXUH�UHVSRQVH�WR
WKH�YDULRXV�VSDFLQJ�UHJLPHV�ZLOO�EH�SXEOLVKHG�XSRQ
FRPSOHWLRQ�RI�WKH�SURMHFW�LQ������

)&�*<������(YDOXDWLRQ�RI�JURZWK�UHVSRQVH�WR
VLOYLFXOWXUDO�WUHDWPHQWV�LQ�FRDVWDO�'RXJODV�ILU�

3URMHFW�OHDGHU����+ROJHU�%UL[

2EMHFWLYHV�
7R�FRPSOHWH�WKH�6KDZQLJDQ�/DNH�VWXG\�RI

���\HDU�HIIHFWV�RI�WKLQQLQJ�DQG�IHUWLOL]DWLRQ�RQ�WUHH
ELRPDVV�SURGXFWLRQ�DQG�QXWULHQW�FRQWHQW�

3URJUHVV�
7KH� OLWHUDWXUH� UHYLHZ� DQG� WKH� FKHPLFDO

DQDO\VLV�RI�ELRPDVV�VDPSOHV�KDYH�EHHQ�FRPSOHWHG�

%HQHILWV�DQG�HQG�SURGXFWV�
$� ILOH� UHSRUW� DQDO\]LQJ� DQG� VXPPDUL]LQJ� WKH

FROOHFWHG� GDWD� ZLOO� EH� DYDLODEOH� DW� WKH� HQG� RI� WKH
SURMHFW� LQ�0DUFK� ������ � $� IRUPDO� SXEOLFDWLRQ�ZLOO
EH�SUHSDUHG�LQ������

1875,7,21�$1'
)(57,/,=$7,21�())(&76

%&�*<������3URYLQFLDO�JURZWK�	�\LHOG
H[SHULPHQWV¦QXWULWLRQ

3URMHFW�OHDGHU����5RE�%URFNOH\��0R)��.DODPDOND
5HVHDUFK�6WDWLRQ

2EMHFWLYHV�
7R�H[DPLQH�WKH�QXWULHQW�VWDWXV�RI�IRUHVWV�LQ�WKH

%ULWLVK� &ROXPELD� LQWHULRU� DQG� WR� GRFXPHQW� WKH
HIIHFWV� RI� YDULRXV� IHUWLOL]DWLRQ� WUHDWPHQWV� RQ� WKH
QXWULWLRQ��JURZWK��DQG�\LHOG�RI�PDMRU� LQWHULRU� WUHH
VSHFLHV�� � 7KUHH� W\SHV� RI� UHVHDUFK� WULDOV� DUH� EHLQJ
HVWDEOLVKHG� WR� DFKLHYH� WKHVH� REMHFWLYHV�� ��
VFUHHQLQJ�WULDOV�����VWDQGDUG��IL[HG�DUHD�SORW�WULDOV�
DQG� ��� �PD[LPXP� SURGXFWLYLW\�� IL[HG�DUHD� SORW
WULDOV�� � 7KH� ODWWHU� WULDO� W\SH� LQYROYHV� UHSHDWHG
IHUWLOL]DWLRQ� WKURXJKRXW� WKH� URWDWLRQ� LQ� RUGHU� WR
H[SORUH� WKH� XSSHU� OLPLWV� WR� WKH� SURGXFWLYLW\� RI
IRUHVW�VLWHV�LQ�WKH�%ULWLVK�&ROXPELD�LQWHULRU�

3URJUHVV�
$IWHU� H[WHQVLYH� VLWH� UHFRQQDLVVDQFH� LQ� �����

ILYH�VWDQGDUG�IL[HG�DUHD�SORW�WULDOV����3O����6[��DQG
RQH�PD[LPXP� SURGXFWLYLW\� WULDO� ZHUH� HVWDEOLVKHG
LQ�WKH������ILHOG�VHDVRQ���$�IXUWKHU�IRXU�VWDQGDUG�
IL[HG�DUHD� SORW� WULDOV� ��� 6[�� �� 3O�� �� )GL�� DQG� RQH
PD[LPXP� SURGXFWLYLW\� WULDO� ZHUH� HVWDEOLVKHG� LQ
������ � 2YHU� WKH� SDVW� �� \HDUV�� VFKHGXOHG� UHPHDV�
XUHPHQWV� KDYH� EHHQ� FRQGXFWHG� LQ� ��� SUHYLRXVO\
HVWDEOLVKHG� IHUWLOL]HU� VFUHHQLQJ� WULDOV� DQG� IL[HG�
DUHD�WULDOV���,Q�DGGLWLRQ��IXQGDPHQWDO�UHVHDUFK�KDV
EHHQ� FRQGXFWHG� WR� H[DPLQH� WKH� SURFHVVHV� FRQ�
WUROOLQJ� VXOSKXU� DYDLODELOLW\� DQG� XSWDNH� LQ
ORGJHSROH�SLQH�VWDQGV�LQ�WKH�%�&��LQWHULRU�

%HQHILWV�DQG�HQG�SURGXFWV�
7KH�HVWDEOLVKHG�IHUWLOL]HU�UHVHDUFK�WULDOV�ZLOO�EH

XVHG� WR� TXDQWLI\� WUHH� DQG� VWDQG� UHVSRQVH� WR
IHUWLOL]DWLRQ� WUHDWPHQWV�� GHYHORS� RSHUDWLRQDO
IHUWLOL]DWLRQ� SUHVFULSWLRQV�� DQG� LPSURYH� RXU
XQGHUVWDQGLQJ� RI� IRUHVW� QXWULWLRQ� LQ� ,QWHULRU
VWDQGV�� � ,Q� DGGLWLRQ�� )5'$� 5HSRUW� 1R�� ����
5HVSRQVH� RI� WKLQQHG�� LPPDWXUH� ORGJHSROH� SLQH� WR
QLWURJHQ� IHUWLOL]DWLRQ�� VL[�\HDU� JURZWK� UHVSRQVH�
ZDV� SXEOLVKHG� LQ� WKH� VSULQJ� RI� ������ � $QRWKHU
PDQXVFULSW� ZDV� SXEOLVKHG� LQ� WKH� &DQDGLDQ
-RXUQDO�RI�)RUHVW�5HVHDUFK�LQ�������DQG�WZR�RWKHUV
KDYH� EHHQ� DFFHSWHG� IRU� SXEOLFDWLRQ� LQ� ������ � ,Q
������ WZR� PDQXVFULSWV� ZHUH� SXEOLVKHG� LQ� WKH
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V\PSRVLXP� SURFHHGLQJV�� )RUHVW� IHUWLOL]DWLRQ�
VXVWDLQLQJ�DQG�LPSURYLQJ�QXWULWLRQ�DQG�JURZWK�RI
ZHVWHUQ�IRUHVWV�

%&�*<������)HUWLOL]DWLRQ�DQG�WKLQQLQJ�HIIHFWV
RQ�D�'RXJODV�ILU�HFRV\VWHP�DW�6KDZQLJDQ
/DNH��D�V\QWKHVLV�RI�UHVXOWV

3URMHFW�OHDGHU����+ROJHU�%UL[

$JHQF\�&RQWDFW����/RXLVH�GH0RQWLJQ\��0R)�
5HVHDUFK�%UDQFK

2EMHFWLYHV�
7R� VXPPDUL]H� DQG� LQWHJUDWH� UHVXOWV� RI� WKH

6KDZQLJDQ�/DNH�SURMHFW�ZLWK�UHJDUG�WR�WKH�HIIHFWV
RI� VWDQG� WKLQQLQJ� �WKUHH� OHYHOV�� DQG� QLWURJHQ
IHUWLOL]DWLRQ� �UDWH�� VRXUFH�� DQG� UHIHUWLOL]DWLRQ�� RQ
JURZWK�� ZRRG� TXDOLW\�� ELRPDVV�� JURZWK� SDUWLW�
LRQLQJ�� VRLO� FKHPLVWU\�� IDWH� RI� QXWULHQWV�� QXWULHQW
F\FOLQJ�� VRLO� DQG� WUHH�ZDWHU� UHODWLRQV�� DQG� JURZWK
SURFHVVHV� DV� DIIHFWHG� E\� LQWHUQDO� DQG� H[WHUQDO
FRQGLWLRQV�� � 7KLV� ZLOO� DLG� LQ� LGHQWLI\LQJ� FULWLFDO
IDFWRUV� IRU�SRVVLEOH� LQFOXVLRQ� LQ�JURZWK�PRGHOV� IRU
PDQDJHG�VWDQGV�

3URJUHVV�
7KH� UHYLHZ� DQG� VXPPDU\� RI� UHVXOWV� IURP

DSSUR[LPDWHO\����SURMHFW�UHSRUWV�ZDV�FRPSOHWHG�LQ
0DUFK������

%HQHILWV�DQG�HQG�SURGXFWV�
)5'$� 5HSRUW� 1R�� ����� )HUWLOL]DWLRQ� DQG

WKLQQLQJ� HIIHFW� RQ� D� 'RXJODV�ILU� HFRV\VWHP� DW
6KDZQLJDQ�/DNH��D�V\QWKHVLV�RI�SURMHFW�UHVXOWV��ZDV
SURGXFHG� LQ� 0D\� ������ � 7KLV� UHSRUW� ZLOO� DVVLVW
IRUHVWHUV� LQ� LGHQWLI\LQJ� FULWLFDO� IDFWRUV� IRU� JURZWK
SUHGLFWLRQ�DQG�RSHUDWLRQDO�IRUHVW�PDQDJHPHQW�

)&�*<������7KH�IDWH�DQG�HIILFDF\�RI
QLWURJHQRXV�IHUWLOL]HU�DSSOLHG�LQ�D�'RXJODV�
ILU�SODQWDWLRQ�

3URMHFW�OHDGHU����&DUROLQH�3UHVWRQ��&DQDGLDQ
)RUHVW�6HUYLFH��3DFLILF�)RUHVWU\�
&HQWUH

2EMHFWLYHV�
7R�DVFHUWDLQ� WKH�DPRXQW�DQG�GLVWULEXWLRQ�RI�D

GHILQHG� DSSOLFDWLRQ� RI� ��1�ODEHOOHG� XUHD� IHUWLOL]HU
LQ�WUHHV��XQGHUVWRU\��OLWWHU��DQG�VRLO�����\HDUV�DIWHU

DSSOLFDWLRQ� DW� RSHUDWLRQDO� OHYHOV�� � 7KHVH� ILQGLQJV
ZLOO�WKHQ�EH�FRPELQHG�ZLWK�UHVXOWV�IURP�WZR�RWKHU
ORQJ�WHUP�VWXGLHV�

3URJUHVV�
$OO� VDPSOHV� IURP� WKH� ILHOG� KDYH� EHHQ� FROOHFWHG

DQG� SURFHVVHG�� � $� SRW� WULDO� LV� LQ� SURJUHVV� XVLQJ
'RXJODV�ILU�VHHGOLQJV�LQ�WKH�JUHHQKRXVH���7KLV�ZLOO
DVVHVV� WKH�DYDLODELOLW\�RI� UHVLGXDO� IHUWLOL]HU� ��1� LQ
/)+�DQG�PLQHUDO�VRLO���$OO�DQDO\VHV�DUH�H[SHFWHG�WR
EH�FRPSOHWHG�E\�WKH�HQG�RI�WKH������ILVFDO�\HDU�

%HQHILWV�DQG�HQG�SURGXFWV�
$� )5'$� UHSRUW� DQG� VHYHUDO� VFLHQWLILF� SDSHUV

ZLOO� SURYLGH� WKH� ILUVW� FRPSUHKHQVLYH� SLFWXUH� RI
ZKDW�KDSSHQV�WR�IHUWLOL]HU�DSSOLHG�LQ�D�'RXJODV�ILU
HFRV\VWHP�� � 7KH� UHVXOWV� ZLOO� DOVR� EH� SUHVHQWHG� DW
YDULRXV�ZRUNVKRSV��FRQIHUHQFHV��DQG�WRXUV�

)&�*<������6WXGLHV�LQ�)RUHVW�)HUWLOL]DWLRQ

3URMHFW�OHDGHU����+ROJHU�%UL[�

2EMHFWLYHV�
7R� SURSRVH� H[SHULPHQWV� ZLWK� IHUWLOL]DWLRQ� RI

ZHVWHUQ� KHPORFN� WKDW� ZLOO� DVVLVW� LQ� GHYHORSLQJ
EHWWHU�IHUWLOL]HU�SUHVFULSWLRQV�IRU�WKLV�VSHFLHV�

3URJUHVV�
7KLV�ZDV�D���\HDU�SURMHFW�IRU���������RQO\���7KH

ZHVWHUQ�KHPORFN�IHUWLOL]DWLRQ�UHYLHZ�DQG�UHVHDUFK
SURSRVDO�ZDV�FRPSOHWHG�E\�-XO\����������

%HQHILWV�DQG�HQG�SURGXFWV�
7KLV� SURMHFW� ZDV� SXEOLVKHG� DV� )5'$� 5HSRUW

1R�� ����� 5HYLHZ� RI� ZHVWHUQ� KHPORFN� JURZWK
UHVSRQVH� WR� IRUHVW� IHUWLOL]DWLRQ� DQG� SURSRVDOV� IRU
QHZ�VWXGLHV��LQ�-DQXDU\������

)&�*<������'RXJODV�ILU�IHUWLOL]DWLRQ�GHFLVLRQ�
PDNLQJ�IRU�LQGXVWULDO�XVH��VL[�\HDU�UHVSRQVH

3URMHFW�OHDGHU����(OHDQRU�5�*�0DF:LOOLDPV�
)RUHVW�%LRPHWULFV�&RQVXOWDQW

$JHQF\�FRQWDFW�����0LNH�%RQQRU��&DQDGLDQ�)RUHVW
6HUYLFH��3DFLILF�)RUHVWU\�
&HQWUH
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2EMHFWLYHV�
7R�GHWHUPLQH� LQGLYLGXDO�'RXJODV�ILU� UHVSRQVHV

WR� WKH� DSSOLFDWLRQ� RI� 1�� EDVHG� RQ� EDVDO� DUHD�
KHLJKW��DQG�YROXPH�JURZWK�RYHU�WLPH�DQG�WR�LQWHU�
SUHW�WKH�UHVXOWV�DQG�PDNH�UHFRPPHQGDWLRQV�RQ�WKH
'RXJODV�ILU� VLWH� DQG� VWDQG� W\SHV� VXLWDEOH� IRU
IHUWLOL]DWLRQ�

3URJUHVV�
7KLV� LV� D� RQH� \HDU� SURMHFW� WDNLQJ� SODFH� LQ

��������� �$V�RI� 6HSWHPEHU� ���� ������ WKH�GDWDEDVH
FRQWDLQLQJ�LQIRUPDWLRQ�FROOHFWHG�IURP�DQ�H[WHQVLYH
IHUWLOL]DWLRQ�H[SHULPHQW�HVWDEOLVKHG�E\�5HLG�&DUWHU
DQG�.DUHO�.OLQND�KDG�EHHQ�SUHSDUHG�IRU�DQDO\VHV�

%HQHILWV�DQG�HQG�SURGXFWV�
$�)5'$�UHVHDUFK�PHPR�VXPPDUL]LQJ�UHVXOWV�DQG
VWDWLQJ� UHFRPPHQGDWLRQV� ZLOO� EH� SXEOLVKHG� LQ
�������$�VFLHQWLILF�MRXUQDO�DUWLFOH�LV�DOVR�H[SHFWHG�WR
EH�SXEOLVKHG�

:(67(51�+(0/2&.�67$1'6

%&�*<���)&�*<������&RPSUHKHQVLYH��YDOXH�
EDVHG�PDQDJHPHQW�RI�VHFRQG�JURZWK�ZHVWHUQ
KHPORFN�IRUHVWV

3URMHFW�OHDGHUV����%RE�.HOORJJ
%RE�.HQQHG\��8QLYHUVLW\�RI�
%ULWLVK�&ROXPELD

$JHQF\�FRQWDFW����.HQ�0LWFKHOO��0R)��5HVHDUFK�
%UDQFK

2EMHFWLYHV�
7R�GHYHORS�D�GHWDLOHG�ZRUNLQJ�SODQ�DQG�EXGJHW

IRU�D� FRPSUHKHQVLYH� UHVHDUFK�SURSRVDO� IRU� JURZWK
DQG� \LHOG� PRGHOOLQJ� RI� VHFRQG�JURZWK� ZHVWHUQ
KHPORFN�� IRXQGHG� RQ� D� YDOXH�EDVHG� PHWKRGRORJ\
DQG�DQDO\VLV�

3URJUHVV�
7KH� GHWDLOHG� ZRUNLQJ� SODQ� ZDV� FRPSOHWHG� LQ

-DQXDU\������

%HQHILWV�DQG�HQG�SURGXFWV�
7KH�ILQDO�SURJUDP�SURSRVDO�ZDV�FRPSOHWHG�DQG

VXEPLWWHG�WR�WKH�0LQLVWU\�RI�)RUHVWV�DQG�)RUHVWU\
&DQDGD�LQ�)HEUXDU\������

02'(//,1*�1217,0%(5
,03$&76

%&�*<������3UHGLFWLQJ�RYHUVWRU\�DQG
XQGHUVWRU\�IORULVWLFV��VWUXFWXUH��DQG�JUL]]O\
EHDU�KDELWDW�YDOXH�IROORZLQJ�ORJJLQJ�RI�WKH
.KXW]H\PDWHHQ�ZDWHUVKHG

3URMHFW�OHDGHU����7RQ\�+DPLOWRQ��0LQLVWU\�RI�
(QYLURQPHQW��/DQGV�DQG�3DUNV��
:LOGOLIH�%UDQFK

2EMHFWLYHV�
7R�OLQN�WLPEHU�JURZWK�DQG�\LHOG�SUHGLFWLRQV�LQ

WKH� .KXW]H\PDWHHQ� ZDWHUVKHG� ZLWK� D� FRPSXWHU�
EDVHG� VXFFHVVLRQ� PRGHO� IRU� SUHGLFWLQJ� IXWXUH
JUL]]O\�EHDU�KDELWDW�DQG�VWDQG�FRQGLWLRQV�IRU�WKHVH
VFHQDULRV�E\�PHDQV�RI�*,6��7KLV�PRGHO�ZLOO�DLG� LQ
DVVHVVLQJ� WKH� LPSDFWV� RI� YDULRXV� ORJJLQJ� DQG
VLOYLFXOWXUDO� VFHQDULRV� DFURVV� WKH� .KXW]H\PDWHHQ
ODQGVFDSH�RYHU�WLPH�

3URJUHVV�
7KH�SURMHFW�ZDV�FRPSOHWHG�LQ�0DUFK������

%HQHILWV�DQG�HQG�SURGXFWV�
)URP� WKH� DVVHVVPHQW� RI� LPSDFWV�� UHFRP�

PHQGDWLRQV� DERXW� IXWXUH� ODQG� XVHV� LQ� WKH
.KXW]H\PDWHHQ� ZHUH� PDGH� WR� WKH� SURYLQFLDO
JRYHUQPHQW���7KH�PRGHO�DQG�OLQN�ZLWK�*,6�SURYLGH
D� WHPSODWH� GHVLJQ� WKDW� FDQ� EH� DGDSWHG� WR� RWKHU
LQWHJUDWHG� ODQG� XVH� SODQQLQJ� VLWXDWLRQV� UHTXLULQJ
JURZWK� DQG� \LHOG� LQIRUPDWLRQ�� 7HFKQLFDO� UHSRUWV
DUH�DOVR�DYDLODEOH�

%&�*<������:LOGOLIH�WUHH�DQG�ZRRG\�GHEULV
PRGXOH�IRU�DQ�H[LVWLQJ�%�&��IRUHVW�JURZWK�	
\LHOG�PRGHO

3URMHFW�OHDGHU����-HII�6WRQH��0R)��5HVHDUFK
%UDQFK

2EMHFWLYHV�
7R�SURYLGH�IRUHVW�DQG�ZLOGOLIH�PDQDJHUV�ZLWK�D

GHFLVLRQ� WRRO� IRU� FRPSDULQJ� VLOYLFXOWXUH� RSWLRQV� LQ
WHUPV�RI�ZLOGOLIH�WUHH�DQG�ZRRG\�GHEULV�SURGXFWLRQ�
7KH� WRRO� PXVW� EH� FRPSDWLEOH� ZLWK� DQ� H[LVWLQJ
JURZWK�DQG�\LHOG�PRGHO�IRU�%ULWLVK�&ROXPELD�
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3URJUHVV�
$�VXPPDU\�RI� H[LVWLQJ� VQDJ�G\QDPLFV�PRGHOV

IURP�2UHJRQ�DQG�:DVKLQJWRQ�KDV�EHHQ�FRPSOHWHG�
DQG� WKH�PRUWDOLW\� RXWSXW� RI� 7$66� �D� JURZWK� DQG
\LHOG� PRGHO�� KDV� EHHQ� UHYLVHG� WR� SURYLGH� VQDJ
UHFUXLWPHQW� LQIRUPDWLRQ� IRU� H[LVWLQJ� VQDJ� G\Q�
DPLFV� PRGHOV�� � $� GUDIW� YHUVLRQ� RI� D� WUDQVLWLRQ
PDWUL[�W\SH� PRGHO� RI� 'RXJODV�ILU� VQDJ� G\QDPLFV
�EDVHG� RQ� H[LVWLQJ� PRGHOV� LQ� 2UHJRQ� DQG
:DVKLQJWRQ��KDV�EHHQ�FUHDWHG�

%HQHILWV�DQG�HQG�SURGXFWV�
7KLV� PRGHO� ZLOO� DOORZ� IRUHVW� PDQDJHUV� WR

LQFRUSRUDWH� FRPSDWLEOH�QRQWUDGLWLRQDO�YDOXH� LQIRU�
PDWLRQ� LQWR� H[LVWLQJ� JURZWK� DQG� \LHOG�PRGHOV� IRU
%ULWLVK�&ROXPELD�

,17(5,25�'28*/$6�),5
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%&�*<������352*126,6�PDQDJHPHQW
VLPXODWLRQ�H[SHULPHQWV�IRU�'RXJODV�ILU

3URMHFW�OHDGHU�����&DWKHULQH�%HDOOH��0R)��
5HVHDUFK�%UDQFK

2EMHFWLYHV�
7R� HYDOXDWH� 352*126,6� 9HUVLRQ� ���� DV� D

VWDQG�GHYHORSPHQW� SUHGLFWLRQ� WRRO� IRU� ,')
FRQGLWLRQV�

3URJUHVV�
$V� RI� 6HSWHPEHU� ������ WKUHH� VWXG\� VLWHV� KDG

EHHQ�ORFDWHG��DQG�WKH�FROOHFWLRQ�RI�VWDQG�VWUXFWXUH
DQG�VLWH�GDWD�LV�DSSUR[LPDWHO\�����FRPSOHWH�

%HQHILWV�DQG�HQG�SURGXFWV�
7KH�UHVXOWV�RI�WKH�H[SHULPHQWV�ZLOO�EH�UHSRUWHG

LQ� PLQLVWU\� SXEOLFDWLRQV�� LQFOXGLQJ� VLWH�VSHFLILF
UHFRPPHQGDWLRQV� RQ� WKH� DSSOLFDWLRQ� RI
352*126,6� IRU� VWDQG�GHYHORSPHQW� SUHGLFWLRQ�
7KLV� UHVHDUFK� ZLOO� DOVR� DVVLVW� LQ� WKH� FRQWLQXHG
GHYHORSPHQW�RI� VKRUW�WHUP�JXLGHOLQHV�DQG� WRROV� LQ
VXSSRUW� RI� VWDQG�OHYHO� VLOYLFXOWXUH� LQ� XQHYHQ�DJHG
LQWHULRU�'RXJODV�ILU�VWDQGV�

)&�*<������8QHYHQ�DJHG�LQWHULRU�'RXJODV�ILU
VWDQG�GHYHORSPHQW�DQG�IDFWRUV�LQIOXHQFLQJ
WUHH�DQG�VWDQG�JURZWK

3URMHFW�OHDGHU����3DXO�%RXGHZ\Q��&DQDGLDQ
)RUHVW�6HUYLFH��3DFLILF�)RUHVWU\�
&HQWUH

2EMHFWLYHV�
7R�LPSURYH�RXU�NQRZOHGJH�DQG�XQGHUVWDQGLQJ

RI� WUHH� DQG� VWDQG� GHYHORSPHQW� RI� XQHYHQ�DJHG
LQWHULRU� 'RXJODV�ILU� VWDQGV� DQG� WKH� IDFWRUV� LQIOX�
HQFLQJ� WKHLU� JURZWK�� SDUWLFXODUO\� FURZQ� FKDUDF�
WHULVWLFV�DQG�HIILFLHQF\�

3URJUHVV�
5HVHDUFK� RQ� WKLV� SURMHFW� ZDV� RULJLQDOO\

LPSOHPHQWHG� XQGHU� WKH� QXPEHU� )&�*<��� LQ
��������� � )&�*<��� ZDV� LPSOHPHQWHG� LQ� �������
DQG� LV� LQWHQGHG� WR� FRQWLQXH� WKURXJK� ��������
'HWDLOHG�FURZQ��VWHP��DQG�ELRPDVV�GDWD�KDYH�EHHQ
FROOHFWHG� DQG� DGGHG� WR� D� FXUUHQW� 8QLYHUVLW\� RI
%ULWLVK� &ROXPELD� GDWDEDVH�� � $V� RI� 6HSWHPEHU� ���
�����WKH�IROLDU�QXWULHQW�DQDO\VHV�RI�DOO�WKH�VDPSOH
WUHHV�KDG�EHHQ� FRPSOHWHG�DQG� WKH� OHDI�DUHD� LQGH[
PHDVXUHPHQWV�KDG�EHHQ�FRPSOHWHG�RQ�D� VXEVHW� RI
WKH� VDPSOH� WUHHV�� � ,Q� DGGLWLRQ�� D� IUDPHZRUN� IRU
DQDO\]LQJ� WKH�GDWDVHW� FROOHFWHG� IRU� WKLV� VWXG\�ZDV
GHYHORSHG�

%HQHILWV�DQG�HQG�SURGXFWV�
$� GHWDLOHG� FKURQRORJLFDO� GDWDEDVH� IRU� WKH� VL[

363V�DQG� VHOHFWHG� VDPSOH� WUHHV�� DORQJ�ZLWK� FOHDU�
GHVFULSWLYH�� DQG� LQIRUPDWLYH� VXPPDULHV� RI� WKLV
GDWDEDVH�� ZLOO� EH� DYDLODEOH� E\� PLG������� � $W� WKH
HQG�RI�WKH�SURMHFW�LQ�������D�VFLHQWLILF�UHSRUW�ZLOO�EH
DYDLODEOH� SURYLGLQJ� QHZ� NQRZOHGJH� DERXW� WKH
JURZWK� FKDUDFWHULVWLFV� RI� LQWHULRU� 'RXJODV�ILU� DQG
WKH�IDFWRUV�WKDW�LQIOXHQFH�WKHP�
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%&�*<������7KH�G\QDPLFV�RI�UHJHQHUDWLQJ
ORGJHSROH�SLQH�VWDQGV

3URMHFW�OHDGHU����*RUGRQ�1LJK��0R)��5HVHDUFK
%UDQFK

2EMHFWLYHV�
7R�XQGHUVWDQG�DQG�PRGHO�WKH�VSDWLDO�G\QDPLFV

RI� UHJHQHUDWLRQ� DQG� WR� UHODWH� WKHVH� G\QDPLFV� RI
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UHJHQHUDWLRQ� WR� WKH� IXWXUH� GHYHORSPHQW� RI� VWDQGV
RI�ORGJHSROH�SLQH�

3URJUHVV�
$� ZRUNLQJ� SODQ� RXWOLQLQJ� WKH� UHVHDUFK

PHWKRGRORJ\� KDV� EHHQ� GHYHORSHG� DQG� DSSURSULDWH
VLWHV� KDYH� EHHQ� VHOHFWHG�� 'DWD� FROOHFWLRQ� IRU� WKH
ILUVW� \HDU� KDV� EHHQ� FRPSOHWHG� DQG� WKH� GDWD� DUH
VWRUHG�HOHFWURQLFDOO\���'DWD�DQDO\VLV�LV�XQGHU�ZD\�

%HQHILWV�DQG�HQG�SURGXFWV�
6SDWLDO�GLVWULEXWLRQ� PRGHOV� RI� UHJHQHUDWLRQ

ZLOO� EH� GHYHORSHG� DQG� OLQNHG� WR� H[LVWLQJ� JURZWK
PRGHOV�� � 7KLV� ZLOO� DLG� LQ� XQGHUVWDQGLQJ� WKHLU
UHODWLRQVKLS� WR� VWDQG� GHYHORSPHQW� DQG� \LHOG�� � $
UHSRUW� DQG� FRPSXWHU�VLPXODWLRQ� SURJUDP� ZLOO� EH
PDGH� DYDLODEOH� DQG� ZLOO� EH� VXSSRUWHG� E\
ZRUNVKRSV�

*52:7+�02'(//,1*

)&�*<������*URZWK�0RGHOOLQJ�RI�,PSRUWDQW
&RPPHUFLDO�6SHFLHV�

3URMHFW�OHDGHU����0LNH�%RQQRU��&DQDGLDQ�)RUHVW
6HUYLFH��3DFLILF�)RUHVWU\�&HQWUH

2EMHFWLYHV�
7R�GHYHORS�D�JURZWK�PRGHO�FRPSDWLEOH�ZLWK�WKH

SURYLQFLDO� LQYHQWRU\� WKDW� ZLOO� SUHGLFW� WUHH� DQG
VWDQG� JURZWK� DW� DQ\� VWDJH� RI� VWDQG� GHYHORSPHQW
IRU�QDWXUDO�DQG� WUHDWHG� VWDQGV�� DQG� WR� LPSOHPHQW
WKLV�PRGHO�IRU�ZHVWHUQ�KHPORFN�

3URJUHVV�
:RUN� WR� LPSURYH� DQG� GHPRQVWUDWH� WKH� 6WDQG

DQG� 7UHH� ,QWHJUDWHG� 0RGHO� �67,0�� IRU� ZHVWHUQ
KHPORFN� FRQWLQXHV�� � 7KH� LPSURYHPHQWV� WR� 67,0
IDOO� LQWR� WZR� FDWHJRULHV�� � ��� WR� LPSURYH� SUHGLFWLRQ
HTXDWLRQV� WR� \LHOG� VDWLVIDFWRU\� SURMHFWLRQV�� DQG� ��
WR�WUDFN�DQG�HOLPLQDWH�HUURUV�LQ�WKH�XVHU�LQWHUIDFH
DQG�LQFRQVLVWHQFLHV�EHWZHHQ�WKH�XVHU�LQWHUIDFH�DQG
WKH� FRUH� RI� 67,0�� 'HYHORSPHQW� RI� WKH� PL[HG
VSUXFH¥DVSHQ�PRGHO�KDV�EHHQ�LQLWLDWHG�

%HQHILWV�DQG�HQG�SURGXFWV�
2SHUDWLRQDO�JURZWK�PRGHOV�DQG�GRFXPHQWDWLRQ

IRU� ZHVWHUQ� KHPORFN�� DVSHQ�� VSUXFH�� DQG� PL[HG
DVSHQ¥VSUXFH� ZLOO� EH� GHYHORSHG�� � 7KHVH� SURGXFWV
ZLOO�SURYLGH�SURIHVVLRQDO� IRUHVWHUV� LQ� LQGXVWU\�DQG

JRYHUQPHQW� ZLWK� GDWD� DQG� LQIRUPDWLRQ� IRU� PDQ�
DJHPHQW�SODQQLQJ�DQG�LQYHQWRU\�XSGDWHV�
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)&�*<������5HODWLRQVKLSV�EHWZHHQ�VLWH�LQGH[�
EDVDO�DUHD�LQFUHPHQW��DQG�HFRORJLFDO�VLWH
TXDOLW\�IRU�ORGJHSROH�SLQH�DQG�ZKLWH�VSUXFH
LQ�WKH�6%6�]RQH

3URMHFW�OHDGHUV����5HLG�&DUWHU
.DUHO�.OLQND��8QLYHUVLW\�RI�
%ULWLVK�&ROXPELD

2EMHFWLYHV�
7R� GHYHORS� DQG� WHVW� UHJUHVVLRQ� PRGHOV� WR

HVWLPDWH� LPPDWXUH� ORGJHSROH� SLQH� DQG� ZKLWH
VSUXFH�VLWH�LQGH[�DQG�DQQXDO�EDVDO�DUHD�LQFUHPHQW
LQ� VSHFLILF� VXE]RQHV� DQG� WR� H[DPLQH� WKH� YDULDWLRQ
LQ�OHDI�DUHD�LQ�UHODWLRQ�WR�WKHVH�PHDVXUHPHQWV�

3URJUHVV�
7KH� GXUDWLRQ� RI� WKH� SURMHFW� ZDV� IURP

1RYHPEHU������WR�0DUFK����������

%HQHILWV�DQG�HQG�SURGXFWV�
$� UHSRUW� GLVFXVVLQJ� WKH� UHODWLRQVKLSV� DPRQJ

VLWH� LQGH[�� EDVDO� DUHD� LQFUHPHQW�� DQG� HFRORJLFDO
VLWH�TXDOLW\�IRU�ORGJHSROH�SLQH�DQG�ZKLWH�VSUXFH�LQ
WKH�6%6�]RQH� LV� RQ� ILOH�ZLWK� WKH�&DQDGLDQ�)RUHVW
6HUYLFH�
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%HDOOH��&DWKHULQH� ��������������
%�&��0LQLVWU\�RI�)RUHVWV
5HVHDUFK�%UDQFK
���������'RXJODV�6WUHHW
9LFWRULD��%�&���9�:��(�

%RQQRU��0LNH ��������������
&DQDGLDQ�)RUHVW�6HUYLFH
����:HVW�%XUQVLGH�5RDG
9LFWRULD��%�&���9�=��0�

%RXGHZ\Q��3DXO� ��������������
&DQDGLDQ�)RUHVW�6HUYLFH
����:HVW�%XUQVLGH�5RDG
9LFWRULD��%�&���9�=��0�

%UL[��+ROJHU ��������������
�����0DUNKDP�6WUHHW
9LFWRULD��%�&���9�=��1�

%URFNOH\��5RE ��������������
%�&��0LQLVWU\�RI�)RUHVWV
.DODPDOND�5HVHDUFK�6WDWLRQ
�����5HVHUYRLU�5RDG
9HUQRQ��%�&���9�%��&�

&DPHURQ��,DQ ��������������
%�&��0LQLVWU\�RI�)RUHVWV
.DPORRSV�)RUHVW�5HJLRQ
����&ROXPELD�6WUHHW
.DPORRSV��%�&���9�&��7�

&DUWHU��5HLG ��������������
5(07(&+
�����9LQH�6W�
9DQFRXYHU��%�&��9�0��%�

GH0RQWLJQ\��/RXLVH ��������������
%�&��0LQLVWU\�RI�)RUHVWV
5HVHDUFK�%UDQFK
���������'RXJODV�6WUHHW
9LFWRULD��%�&���9�:��(�

'HVFKDPSV��.HUU\ ��������������
&DQDGLDQ�)RUHVW�6HUYLFH
5�5����
6LWH�����&��
3ULQFH�*HRUJH��%�&���9�1��0�

)UDVHU��*HUU\ ��������������
3DFLILF�)RUHVW�3URGXFWV�/WG�
�����(DVW�6DDQLFK�5G�
6DDQLFKWRQ��%�&��9�6��0�

+DPLOWRQ��7RQ\ ��������������
%�&��0LQLVWU\�RI�(QYLURQPHQW��/DQGV�DQG�3DUNV
:LOGOLIH�%UDQFK
����%ODQVKDUG�6WUHHW
9LFWRULD��%�&���9�9��;�

-RKQVWRQH��:D\QH ��������������
%�&��0LQLVWU\�RI�)RUHVWV
.DODPDOND�5HVHDUFK�6WDWLRQ
�����5HVHUYRLU�5RDG
9HUQRQ��%�&����9�%��&�

.HOORJJ��%RE ��������������
�����$OWDPRQW�3ODFH
:HVW�9DQFRXYHU��%�&���9�9��&�

.HQQHG\��%RE ��������������
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD
)DFXOW\�RI�)RUHVWU\
���������0DLQ�0DOO
9DQFRXYHU��%�&���9�7��=�

.OLQND��.DUHO ��������������
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD
)DFXOW\�RI�)RUHVWU\
���������0DLQ�0DOO
9DQFRXYHU��%�&���9�7��=�

0DUVKDOO��3HWHU� ��������������
8QLYHUVLW\�RI�%ULWLVK�&ROXPELD
)DFXOW\�RI�)RUHVWU\
���������0DLQ�0DOO
9DQFRXYHU��%�&���9�7��=�

0DF:LOOLDPV��(OHDQRU� ��������������
)RUHVW�%LRPHWULFV�&RQVXOWDQW
����7HPSH�&UHVFHQW
1RUWK�9DQFRXYHU��%�&���9�1��(�

0LWFKHOO��.HQ ��������������
%�&��0LQLVWU\�RI�)RUHVWV
5HVHDUFK�%UDQFK
���������'RXJODV�6WUHHW
9LFWRULD��%�&���9�:��(�
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1LJK��*RUGRQ ��������������
%�&��0LQLVWU\�RI�)RUHVWV
5HVHDUFK�%UDQFK
���������'RXJODV�6WUHHW
9LFWRULD��%�&���9�:��(�

3UHVWRQ��&DUROLQH� ��������������
&DQDGLDQ�)RUHVW�6HUYLFH
����:HVW�%XUQVLGH�5RDG
9LFWRULD��%�&���9�=��0�

6PLWK��1LFN� ��������������
0DF0LOODQ�%ORHGHO
���)URQW�6WUHHW
1DQDLPR��%�&���9�5��+�

6WRQH��-HII ��������������
%�&��0LQLVWU\�RI�)RUHVWV
5HVHDUFK�%UDQFK
���������'RXJODV�6WUHHW
9LFWRULD��%�&���9�:��(�

6WXUURFN��5RQD� ��������������
&DQDGLDQ�)RUHVW�6HUYLFH
����:HVW�%XUQVLGH�5RDG
9LFWRULD��%�&���9�=��0�


