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3DODHRHQYLURQPHQWV DQG�SDODHRWRSRJUDSK\�RI�D�PXOWLOD\HUHG�FLW\ DW�WKH�(WUXVFDQ�5RPDQ�WUDQVLWLRQ��

HDUO\�LQWHUDFWLRQ RI�IOXYLDO�SURFHVVHV DQG XUEDQ�JURZWK DW�3LVD��7XVFDQ\��,WDO\��

0RQLFD�%LQLD���9HURQLFD�5RVVLE��$OHVVDQGUR�$PRURVLE� 0DUWD�3DSSDODUGRD��*LRYDQQL�6DUWLD� 9DOHULR�

1RWLF� 0DUFR�&DSLWDQLD� )DELR�)DELDQLG��0DULD�/HWL]LD�*XDODQGLG

$IILOLDWLRQV�

�D��'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�RI�3LVD�9LD�6�0DULD����± ������3LVD��,WDO\��(PDLO��

ELQL#GVW�XQLSL�LW� SDSSDODUGR#GVW�XQLSL�LW� VDUWL#GVW�XQLSL�LW��FDSLWDQL��#JPDLO�FRP

�E� 'HSDUWPHQW�RI�%LRORJLFDO��*HRORJLFDO�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�%RORJQD�9LD�

=DPERQL�����± ������%RORJQD��,WDO\��(PDLO��YHURQLFD�URVVL�#XQLER�LW��

DOHVVDQGUR�DPRURVL#XQLER�LW

�F� 7HUUHORJLFKH� 9LD�*��9HUGL����± ������9HQWXULQD�7HUPH��/,���,WDO\� (PDLO�

YDOHULR�QRWL#WHUUHORJLFKH�FRP

�G� 'LSDUWLPHQWR�GL�&LYLOWj�H�)RUPH�GHO�6DSHUH��8QLYHUVLW\�RI�3LVD�9LD�7ULHVWH��� ± ������3LVD��

,WDO\��(PDLO��I�IDELDQL#DUFK�XQLSL�LW���JXDODQGL#DUFK�XQLSL�LW

&RUUHVSRQGLQJ�DXWKRU�

0RQLFD�%LQL

'LSDUWLPHQWR�GL�6FLHQ]H�GHOOD�7HUUD

8QLYHUVLW\�RI�3LVD

9LD�6�0DULD��������� 3LVD��,WDO\

(PDLO��ELQL#GVW�XQLSL�LW

0DQXVFULSW
&OLFN�KHUH�WR�YLHZ�OLQNHG�5HIHUHQFHV
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$EVWUDFW

7KH�V\QHUJLF�UHODWLRQVKLS�LQYROYLQJ�QDWXUDO�DQG�DQWKURSRJHQLF�SURFHVVHV�VWURQJO\�LQIOXHQFHG�WKH�

DOOXYLDO�ODQGVFDSH�HYROXWLRQ�GXULQJ�WKH�ODVW�PLOOHQQLD��$�FRQWLQXRXV��ORQJ�ODVWLQJ�UHFRUG�RI�WKLV�

FRPSOH[�MRLQHG�DFWLYLW\�LV�ZHOO�GRFXPHQWHG�ZLWKLQ�WKH�GHSRVLWLRQDO�VXFFHVVLRQ�EXULHG�EHQHDWK�

DQFLHQW�PXOWLOD\HUHG�FLWLHV��ZKHUH�D�IXOO\�LQWHJUDWHG�JHRDUFKDHRORJLFDO�DSSURDFK�FDQ�EH XVHIXOO\�

DGRSWHG�

,Q�WKLV�ZRUN��WKH�LQWHJUDWLRQ�RI�DUFKDHRORJLFDO��JHRPRUSKRORJLF�DQG�VWUDWLJUDSKLF�GDWD�DOORZHG�WKH�

LGHQWLILFDWLRQ�RI�WKH�SDODHRHQYLURQPHQWV��SDODHRWRSRJUDSK\ DQG�XUEDQ�JURZWK�SDWWHUQV�RI�3LVD��1:�

,WDO\��DW WKH�(WUXVFDQ�5RPDQ�WUDQVLWLRQ���QG�FHQWXU\�%&��QG FHQWXU\�$'�� 'XULQJ�WKLV�SHULRG��3LVD�

VDZ�D�IDVW�XUEDQ�H[SDQVLRQ�WKDW�RFFXUUHG�ZLWKLQ�D�GHQVH�DQG�XQVWDEOH�K\GURJUDSKLF�QHWZRUN�

(QYLURQPHQWDO�UHFRQVWUXFWLRQV�VKRZ�WKDW�ZLGH�SRUWLRQV�RI�WKH�FLW\�ZHUH�FKDUDFWHUL]HG�E\�SRRUO\�

GUDLQHG�FRQGLWLRQV�XQWLO�WKH��VW FHQWXU\ $'��ZKHQ�WKH�DOOXYLDO�SODLQ�EHFDPH�ZHOO�GUDLQHG�XQGHU�DQ

LQFUHDVLQJ DQWKURSRJHQLF SUHVVXUH��5RPDQ�&HQWXULDWLR��3RRUO\�GUDLQHG�IORRGSODLQ�DQG�FKDQQHO�

UHODWHG�EDFNVZDPS�DUHDV�UHSUHVHQWHG�WKH�ORZHVW�WRSRJUDSKLF�]RQHV�RI�WKH�3LVD�FLW\�GXULQJ�HDUO\

5RPDQ�WLPHV� 7KH�ODWWHU�GHYHORSHG�ZLWKLQ�DQ�LQWULFDWH�SDWWHUQ�RI�SDODHRFKDQQHOV��FRQQHFWHG�WR WZR�

PDLQ�ULYHUV��WKH�SDODHR$UQR��ZKLFK�IORZHG LQ�SUR[LPLW\�RI�LWV�SUHVHQW�SRVLWLRQ� DQG�WKH�IRUPHU�

SDODHR6HUFKLR�ULYHU�NQRZQ�DV�$XVHU� 6SHFLILFDOO\��WKH�$XVHU VKRZHG�WZR�VHPL�FRHYDO�EUDQFKHV��RQH�

IORZLQJ�LQ�WKH�DUHD�RI�3LD]]D�'XRPR ORFDWHG�LQ�WKH�1RUWKHUQ�SDUW�RI�WKH�FLW\�DQG�WKH�RWKHU�LQWR�WKH�

SDODHR$UQR��7KLV�EUDQFK�LV�LQWHUSUHWHG�DV�WKH�FRXUVH�GHVFULEHG�E\�6WUDER�DQG�QHYHU�LGHQWLILHG�

EHIRUH� 7KH�$XVHU DFWLYLW\�LQGXFHG�WKH�GHYHORSPHQW�RI�D�PDUNHG�WRSRJUDSKLF�KLJK��XS�WR�����P�

D�V�O���LQ�FRUUHVSRQGHQFH�RI�3LD]]D�'XRPR��ZKHUH�WKH�IDPRXV�/HDQLQJ�7RZHU�LV�ORFDWHG��0RUHRYHU��

D�ZLGHU�EXW�OHVV�SURPLQHQW��DERXW���P�D�V�O���UHOLHI�1�6�RULHQWHG�RFFXUUHG�LQ�WKH�KLVWRULFDO�FLW\�FHQWUH�

RI�3LVD�DV�D�FRQVHTXHQFH�RI�WKH�IOXYLDO�DFWLYLW\�VLQFH�WKH�(QHROLWKLF�SHULRG��DERXW������\U�%&��

6LQFH�WKH�ODWH�(WUXVFDQ�WLPHV��DQFLHQW�KXPDQ�VHWWOHPHQWV�DQG�PDQXIDFWXULQJ�VLWHV FOXVWHUHG�LQ�
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FRUUHVSRQGHQFH�RI�WKH�WRSRJUDSKLF�KLJK�FORVH�WR�WKH�$XVHU ULYHU�WKDW SOD\HG�D�FUXFLDO�UROH�LQ�WKH�

HYROXWLRQ�RI�3LVD�XUEDQ�FRQWH[W�

7KLV�JHRDUFKDHRORJLFDO�UHFRQVWUXFWLRQ�SURYLGHV�XVHIXO�GDWD�IRU�WKH�HVWLPDWLRQ�RI�WKH�DUFKDHRORJLFDO�

SRWHQWLDO�RI�XUEDQ�DQG�VXEXUEDQ�3LVD�DUHDV��IXUQLVKLQJ�D�PHWKRGRORJ\�WKDW�FRXOG�EH�DSSOLHG�WR�RWKHU�

0HGLWHUUDQHDQ�PXOWLOD\HUHG�FLWLHV�

.H\ZRUGV��8UEDQ�JHRDUFKDHRORJ\� 3LVD FLW\� 5RPDQ�SHULRG� SDODHRHQYLURQPHQWV�

SDODHRWRSRJUDSK\��$UQR�5LYHU
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���,QWURGXFWLRQ

'XULQJ�WKH�ODVW�PLOOHQQLD�KXPDQ�DQG�QDWXUDO�SURFHVVHV�KDYH�EHFRPH�VWURQJO\�LQWHUWZLQHG�

PRGLI\LQJ WKH�(DUWK¶V�VXUIDFH�DQG�LWV SK\VLFDO��ELRORJLFDO�DQG�FKHPLFDO FKDUDFWHUV LQ�PDQ\�FRPSOH[�

ZD\V��=DODVLHZLF] HW�DO�������D�� 7KH�ZLGHVSUHDG�VWUDWLJUDSKLF�UHFRUG�RI�LQWHQVH�DQWKURSRJHQLF

SHUWXUEDWLRQV��LQYROYLQJ�JHRFKHPLFDO�DQG�VHGLPHQWDU\�F\FOHV�DV�ZHOO�DV�JOREDO ELRGLYHUVLW\�SDWWHUQV��

KDV�VWLPXODWHG D VHULRXV�GHEDWH�DERXW�WKH�SRWHQWLDO�IRUPDOL]DWLRQ�RI�WKH�$QWKURSRFHQH�HSRFK DQG�WKH�

WLPLQJ�RI�LWV ORZHU�ERXQGDU\��6WHIIHQ�HW�DO���������6\YLWVNL�DQG�.HWWQHU������ =DODVLHZLF]�HW�DO���

����D��E��

(YLGHQW�WUDFHV�RI�WKLV MRLQHG�KXPDQ�QDWXUH DFWLYLW\ FDQ�EH�GHWHFWHG LQ�ORQJ�VHWWOHG�FLW\�DUHDV��

ZKHUH�DQ�HQGXULQJ V\QHUJLF�UHODWLRQVKLS�EHWZHHQ�ODQGVFDSH��DQFLHQW�FXOWXUHV DQG�VRFLHW\�HYROXWLRQ

RFFXUV �%XW]HU��������%UXQR�HW�DO�������� 1LQIR�HW�DO���������6FKXOGHQUHLQ�DQG�$LXYDODVLW��������

6WHIDQL�DQG�=XSSLUROL��������=DQFKHWWD HW�DO�� �������$QWKURSRJHQLF�SURFHVVHV��L�H�� ODQG�XVH�

SUDFWLFHV��UHFODPDWLRQ�DQG�GUDLQDJH�PRGLILFDWLRQV� VWURQJO\�FRQWULEXWHG�WR�WKH�WUDQVIRUPDWLRQ RI�WKH�

DOOXYLDO�ODQGVFDSH�WKDW�VXUURXQGV PXOWLOD\HUHG�FLWLHV��PRGLI\LQJ WKH�JHRPRUSKRORJLFDO�IHDWXUHV DQG�

WKH�SDWWHUQV�RI�VHGLPHQW IOX[��7KH\�DOVR FUHDWHG PDQ�PDGH�GHSRVLWV�DQG�DUWLILFLDO�JURXQGV��ZKLFK

DUH�H[WUHPHO\�YDULDEOH�LQ�WKLFNQHVV��FRPSRVLWLRQ�DQG�VXEVXUIDFH�VSDWLDO�GLVWULEXWLRQ��3ULFH�HW�DO���

������=DODVLHZLF]�HW�DO�������D���+RZHYHU��LQ�VXFK�DQ�DUWLFXODWH�JHRPRUSKRORJLFDO DQG�VWUDWLJUDSKLF

FRQWH[W��WKH�DSSOLFDWLRQ�RI�PRQR�GLVFLSOLQDU\�UHVHDUFKHV FDQ�IXUQLVK�RQO\�SDUWLDO�DQG�OLPLWHG�UHVXOWV�

,Q�FRQWUDVW��D�JHRDUFKDHRORJLFDO�DSSURDFK�SHUPLWV WKH LGHQWLILFDWLRQ�DQG�PDSSLQJ�RI�KLVWRULFDO�

JURXQG�OD\HUV DQG�FRQWULEXWHV�WR�UHVROYH WKH�FRPSOH[LW\�RI�DUHDV�LQ�ZKLFK�XUEDQL]DWLRQ�WHQGV�WR�KLGH�

JHRPRUSKRORJLFDO�IHDWXUHV�DQG�QDWXUDO�GHSRVLWV��$PRURVL�HW�DO�������D��%LQL�HW DO�������� ����D�

%UXQHWRQ�HW�DO���������'H�6PHGW�HW�DO���������*KLODUGL�DQG�'HVUXHOOHV��������0DUULQHU�HW�DO��������

3DUNHU�HW�DO�������� 3ULFH�HW�DO����������5HFHQWO\��WKH�VWXG\�RI�UHPRWH�VHQVLQJ�LPDJHV��H�J��VDWHOOLWH�

LPDJHV�DLUERUQH�SKRWRV��/,'$5�GHULYHG�GLJLWDO�HOHYDWLRQ�PRGHOV��FKHFNHG�E\�JHRPRUSKRORJLFDO�

VXUYH\�KDV�EHHQ FRPPRQO\�HPSOR\HG�DV�D�JXLGLQJ�WRRO�WR�LGHQWLI\�WKH�PDLQ�JHRPRUSKRORJLFDO�
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IHDWXUHV�DW�D�ODUJHU�VFDOH��%LQL�HW�DO�������D��E��%LVVRQ�DQG�%LQL��������%XW]HU�������� )RXDFKH�HW�DO���

������*KLODUGL HW�DO�������� 6LDUW�HW�DO�� �������8QIRUWXQDWHO\��VXFK DQDO\VHV�GR QRW�SURYLGH�GDWD�

DERXW�WKH�VHGLPHQWRORJLFDO�FKDUDFWHULVWLFV�DQG�WKH�VSDWLDO�GLVWULEXWLRQ�SDWWHUQV�RI�VXEVXUIDFH�

GHSRVLWV��ZKLFK�FDQ�EH�GLUHFWO\�UHFRQVWUXFWHG DQG�TXRWHG�WKURXJK�FRQWLQXRXVO\ FRUHG�ERUHKROHV

RQO\� 7KH�LQWHJUDWLRQ�RI�VWUDWLJUDSKLF��JHRPRUSKRORJLFDO��JHRSK\VLFDO�DQG DUFKDHRORJLFDO�GDWD�ZLWK

DQ�DFFXUDWH HOHYDWLRQ�GDWDVHW FDQ�IXUQLVK GHWDLOHG�LQVLJKWV�LQWR�WKH�WKUHH�GLPHQVLRQDO�JHRPHWU\�RI�

ERWK�QDWXUDO�DQG�DQWKURSRJHQLF VHGLPHQWDU\�ERGLHV��SURYLGLQJ D�VROLG EDVH IRU�SDODHRHQYLURQPHQWDO

DQG�SDODHRWRSRJUDSKLF�UHFRQVWUXFWLRQV RYHU�ZLGH�DUHDV�

,Q�WKH�FRQWH[W�RI 0$33$�3URMHFW��VXSSRUWHG�E\�3$5�)$6�5HJLRQH�7RVFDQD�$FWLRQ�/LQH

����D����FDOO��ZZZ�PDSSDSURMHFW�RUJ��DQ�H[WHQVLYH JHRPRUSKRORJLFDO��VWUDWLJUDSKLF�DQG�

DUFKDHRORJLFDO GDWDVHW�ZDV DFTXLUHG�IURP�WKH�PXOWLOD\HUHG�FLW\�RI�3LVD��1:�,WDO\��)LJ� ����

IXUQLVKLQJ�D�JRRG�RSSRUWXQLW\�WR�FDUU\�RXW�D�FURVV�GLVFLSOLQDU\�VWXG\�

,Q WKLV�ZRUN�ZH�IRFXV�RQ�WKH SDODHRHQYLURQPHQWDO��SDODHRWRSRJUDSKLF DQG�XUEDQ�JURZWK�SDWWHUQV

RI�3LVD�DW�WKH�(WUXVFDQ�5RPDQ�WUDQVLWLRQ ��QG FHQWXU\�%&��QG FHQWXU\�$'���D�SHULRG�WKDW VDZ�WKH�

GHYHORSPHQW�RI�D�PRUH�VWUXFWXUHG�XUEDQL]DWLRQ LQ�WKH�HQYLURQPHQWDO�FRQWH[W�RI�D�GHQVH�DQG�XQVWDEOH�

K\GURJUDSKLF�QHWZRUN� 7KH�UHFRQVWUXFWLRQ�RI�WKLV�ODQGVFDSH�VFHQDULR�ZLOO�IXUQLVK�QHZ GDWD�DERXW�

KXPDQ�HQYLURQPHQW�LQWHUDFWLRQV�DQG�G\QDPLFV�GXULQJ�D�FUXFLDO�SHULRG�RI�WKH�0HGLWHUUDQHDQ�

FLYLOL]DWLRQ�KLVWRU\� 6SHFLILF�REMHFWLYH�LV�WR�SURYLGH�DQG�WHVW D FURVV�GLVFLSOLQDU\�PHWKRGRORJ\ WKDW�

FRXOG�EH�DSSOLHG�WR RWKHU�XUEDQ�FRQWH[WV ZLWK�ORQJ�KXPDQ�RFFXSDWLRQ KLVWRU\�DQG�FRPSOH[�

VXEVXUIDFH�VWUDWLJUDSK\�

���7KH�VWXG\�DUHD

�����*HRPRUSKRORJLFDO DQG�VWUDWLJUDSKLF VHWWLQJ
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7KH�FLW\�RI�3LVD��ZRUOGZLGH�IDPRXV�IRU�WKH /HDQLQJ�7RZHU RI�3LD]]D�'XRPR��LV�SODFHG�FD�����NP�

HDVW�RI�WKH�/LJXULDQ 6HD�FRDVW LQ�WKH PLGGOH�RI WKH�$UQR�FRDVWDO�SODLQ �1:�7XVFDQ\��,WDO\���D�IODW�

ORZ�O\LQJ�DUHD�DSSUR[LPDWHO\���� NP� ZLGH� 7KLV FRDVWDO SODLQ��FURVVHG�IURP�HDVW�WR�ZHVW�E\�WKH�

ORZHU�UHDFKHV RI�WKH�$UQR�5LYHU��WKH �WK ,WDOLDQ�ULYHU�LQ�OHQJWK� LV ERXQGHG�WR�WKH�QRUWK�E\�WKH�

6HUFKLR�5LYHU��)LJ� ��� WR�WKH�HDVW�E\�WKH�3LVD�0RXQWDLQV�DQG�WR�WKH�VRXWK�E\ WKH�/LYRUQR�DQG�3LVD�

KLOOV� 6LQFH�SURWRKLVWRULF�WLPHV��$UQR�DQG�6HUFKLR�ULYHUV ZHUH�DFWLYHO\�LQYROYHG LQ�WKH�GHYHORSPHQW�

RI D ZLGH�DOOXYLDO�SODLQ��FKDUDFWHUL]HG�E\�PHDQGHULQJ�ULYHU�FRXUVHV��SDVVLQJ�VHDZDUGV WR�D�

VWUDQGSODLQ�V\VWHP��'HOOD�5RFFD�HW�DO���������0DUFKLVLR�HW�DO���������3UDQ]LQL�������� 7KHVH KLJKO\�

VLQXRXV�DQG�ORZ�JUDGLHQW�ULYHU�FKDQQHOV�IUHTXHQWO\�FKDQJHG�WKHLU�FRXUVH�RYHU�WLPH��DV�GRFXPHQWHG�

E\�VHYHUDO�JHRPRUSKRORJLFDO�VWXGLHV��%LQL�HW�DO�������D��E� 'HOOD�5RFFD�HW�DO����������&RQVLVWHQW�

ZLWK KLVWRULFDO�VRXUFHV��&HFFDUHOOL�/HPXW�HW�DO���������*DU]HOOD��������*DWWLJOLD���������UHPRWH�

VHQVLQJ�DQDO\VHV�GRFXPHQWHG WKH�SUHVHQFH�RI�1�6�GLUHFWHG�SDODHRWUDFHV��%UXQL�DQG�&RVFL��������

)LJ�����FRQQHFWHG�WR�WKH�DFWLYLW\�RI�DQ�DQFLHQW�EUDQFK�RI�6HUFKLR�5LYHU� NQRZQ�DV�$XVHU WKDW�PHUJHG�

ZLWK�WKH�SDODHR$UQR�FRXUVH�LQ WKH�3LVD�FLW\�FHQWUH��6WUDER��9��������&�������'XULQJ�WKH�ODWH�0LGGOH�

$JHV� WKH�$XVHU ZDV�IRUFHG�WR�IORZ�QRUWKZDUGV�WR�SUHYHQW�IORRGLQJ�RI WKH�XUEDQ�DUHD �%UXQL�DQG�

&RVFL���������

'XULQJ�WKH�ODVW�JODFLDO�LQWHUJODFLDO SHULRG�WKH�$UQR�5LYHU�SOD\HG�D�GRPLQDQW�UROH�LQ�WKH�

VHGLPHQWDU\�DQG�JHRPRUSKRORJLFDO�HYROXWLRQ RI WKH�3LVD�3ODLQ��IRUPLQJ�D SURPLQHQW�LQFLVHG�YDOOH\

V\VWHP� ����� P�WKLFN DQG���� NP� ZLGH �$PRURVL�HW�DO�������������E�� 7KLV SDODHRYDOOH\�

GHYHORSHG�LQ�UHVSRQVH�WR�WKH�ODVW�SKDVH�RI�VHD�OHYHO�IDOO�FXOPLQDWLQJ�LQ�WKH�/DVW�*ODFLDO�0D[LPXP��

ZDV�SURJUHVVLYHO\�ILOOHG�ZLWK HVWXDULQH�DQG�SDOXGDO�GHSRVLWV GXULQJ�WKH�/DWHJODFLDO�HDUO\�+RORFHQH�

WUDQVJUHVVLRQ �FD�������������FDO�\U�%3���7KH YDOOH\�ILOO�VXFFHVVLRQ LV�RYHUODLQ�E\ D�ODWHUDOO\�

H[WHQVLYH�������P�WKLFN�ODJRRQDO�XQLW��NQRZQ�DV�³SDQFRQH´���7KLV�XQLW LV FRPSRVHG�RI�VRIW�JUH\�

FOD\V� DFFXPXODWHG EHWZHHQ����� \U�%& DQG������\U�%&��DSSUR[LPDWHO\�����������FDO�\HDUV %3��

LQ�FRQFRPLWDQFH�ZLWK�WKH�+RORFHQH�PD[LPXP�PDULQH�LQJUHVVLRQ�DQG�WKH�HDUO\ SKDVH�RI�VHD�OHYHO�
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KLJKVWDQG��$PRURVL�HW�DO�������������D��%HQYHQXWL�HW�DO�� ������5RVVL�HW�DO����������8SZDUGV� D����

���P�WKLFN�GHOWDLF�DOOXYLDO�VHGLPHQWDU\�ZHGJH�RULJLQDWHG IURP�DURXQG������\U�%&�WR�3UHVHQW��

(QHROLWKLF�VZDPS�FOD\V������P�WKLFN� IRUP�WKH�ORZHU�SRUWLRQ�RI�WKH�ODWH�KLJKVWDQG�IOXYLDO�VXFFHVVLRQ�

DQG�SDVV XSZDUGV WR�SRRUO\�GUDLQHG�DQG�WKHQ�ZHOO�GUDLQHG�IORRGSODLQ�ILQH�JUDLQHG�GHSRVLWV� RI�

SURWRKLVWRULF�DQG�KLVWRULF�DJH� UHVSHFWLYHO\��,VRODWHG�WR�ORFDOO\�DPDOJDPDWHG�IOXYLDO�FKDQQHO�VDQG�

ERGLHV��FUHYDVVH�OHYHH�VDQGV�DQG�VDQG�VLOW�DOWHUQDWLRQV�RFFXU�DW�GLIIHUHQW�VWUDWLJUDSKLF�OHYHOV

�$PRURVL�HW�DO�������D���7KLV�SURJUDGDWLRQDO�WUHQG�ZDV�WHPSRUDULO\�LQWHUUXSWHG�E\�ZLGHVSUHDG�

EDFNVZDPS�GHYHORSPHQW�LQ�WKH�3LVD�FLW\�FHQWUH�DW WKH�,URQ�(WUXVFDQ�DJH�WUDQVLWLRQ��$PRURVL�HW�DO���

����D����

���� $UFKDHRORJLFDO�DQG�KLVWRULFDO EDFNJURXQG

6FDWWHUHG DUFKDHRORJLFDO�UHPDLQV��GDWHG�EDFN�WR�WKH�,URQ�$JH���WK��WK FHQWXU\�%&�� GRFXPHQW�D�

ORQJ�ODVWLQJ�KLVWRU\�RI�KXPDQ�IUHTXHQWDWLRQ�LQ�WKH�3LVD�SODLQ� 7UDFHV RI�KXPDQ�VHWWOHPHQWV�EHFDPH�

PRUH SHUVLVWHQW�DQG GLIIXVH GXULQJ�(WUXVFDQ�WLPHV��VHFRQG�KDOI��WK�ILUVW�KDOI�RI��VW FHQWXU\�%&���

GRFXPHQWLQJ WKH�GHYHORSPHQW�RI�WKH�ILUVW�XUEDQ�FHQWUH �3DULEHQL��������3DVTXLQXFFL��������

6LQFH�WKH�PLGGOH�RI�WKH��UG FHQWXU\�%&�WKH DQFLHQW�(WUXVFDQ�FLW\�RI�3LVD ZDV�XQGHU�5RPDQ�

FRQWURO �%UXQL��������&RUUHWWL��������3DULEHQL� ����� 3DVTXLQXFFL������������������D��E��6HJHQQL�

�������DFTXLULQJ�5RPDQ�FLWL]HQVKLS��PXQLFLSLXP� DIWHU�WKH�6RFLDO�:DU��������%&��)DELDQL��������

'XULQJ�WKH�7ULXPYLUDO�SHULRG�RU�$XJXVWDQ�$JH��EHWZHHQ����%&�DQG����%&��3LVD�EHFDPH�&RORQLD�

2SVHTXHQV�,XOLD�3LVDQD��,Q�WKLV�SHULRG�WKH�WHUULWRU\ ZDV GLYLGHG�E\�WKH�FHQWXULDWLR DQG�WKH�XUEDQ�

VWUXFWXUH ZDV�UH�RUJDQL]HG��3DVTXLQXFFL������������D���VKRZLQJ D�VWURQJ�YRFDWLRQ�IRU�ERWK�

DJULFXOWXUDO�DQG�PDQXIDFWXULQJ�SURGXFWLRQ��VXSSRUWHG�E\�D�IORXULVKLQJ�FRPPHUFLDO�KDUERXU�DFWLYLW\��

,QGHHG��D FRPSOH[�KDUERXU�V\VWHP �)LJ����� PDLQO\ LQFOXGLQJ�3RUWXV�3LVDQXV �,WLQHUDULXP�

0DULWLPXP �����5XWLOLR�1DPD]LDQR����������������������� DQG WKH�IOXYLDO�KDUERXUV RI�6DQ�3LHUR�D�

*UDGR �WKH�3LVLV�IOXYLXV RI ,WLQHUDULXP�0DULWWLPXPͿ SURYLGHG�WUDGHV�DOO�RYHU�WKH�0HGLWHUUDQHDQ�XS�
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WR�WKH��WK FHQWXU\�$'��%UXQL������D������E��&DPLOOL DQG *DPERJL������� 'XFFL�HW�DO���������

0HQFKHOOL��������3DVTXLQXFFL������E���������7KH�,VROD�GL�0LJOLDULQR�IOXYLDO�KDUERXU�DQG PLQRU�

ODQGLQJV�SODFHG DORQJ�WKH�ULYHUV�DQG�FDQDOV��DPRQJ�ZKLFK�WKH�3LVD�6��5RVVRUH VKLSZUHFN�VLWH�LV�WKH�

PRVW�IDPRXV��%HQYHQXWL�HW�DO��������&DPLOOL�DQG *DPERJL���������ZHUH�DOVR�DFWLYH�

7KH�ZDWHUZD\V�ZHUH�IXOO\�LQWHJUDWHG�LQWR�WKH�URDG�V\VWHP��ZKLFK SXW�WKH�FLW\�LQ�D�FRPSOH[

QHWZRUN RI�FRQQHFWLRQV��7KHVH�URDGV�LQFOXGH WKH�9LD�$XUHOLD� ZKLFK�ZDV�IODQNHG�E\�WKH�9LD�

$HPLOLD��WKH�URDG�WR�)ORUHQFH�DQG�WKH�URDG�WR�/XFFD��&HFFDUHOOL�/HPXW DQG 3DVTXLQXFFL��������

&RDUHOOL� ���������)DELDQL��������)LJ�����

���0DWHULDOV DQG�PHWKRGV

,Q WKH�FRQWH[W�RI�0$33$�SURMHFW� D�JHRDUFKDHRORJLFDO�VWXG\ ZDV�FDUULHG�RXW RQ�WKH�PLG�ODWH�

+RORFHQH�DOOXYLDO�VXFFHVVLRQ� FD�����P�WKLFN��EXULHG�EHQHDWK�WKH�XUEDQ�DQG�VXEXUEDQ�DUHDV RI�WKH�

DQFLHQW�FLW\�RI�3LVD� FRYHULQJ DSSUR[LPDWHO\���NP���)LJ����� 'LIIHUHQW VXEVXUIDFH�GDWDVHWV�DQG�

DQDO\VHV�ZHUH�HPSOR\HG�DQG�UHSRUWHG� DV�IROORZV�

�����6WUDWLJUDSKLF�GDWD

,Q�RUGHU�WR�UHFRQVWUXFW� VXEVXUIDFH�VWUDWLJUDSK\�LQ�WKH�3LVD�FRDVWDO�SODLQ��D FRPELQHG

VHGLPHQWRORJLFDO�DQG�PLFURSDODHRQWRORJLFDO�VWXG\ ZDV�FDUULHG�RXW RQ�WZHQW\ VHGLPHQWDU\�FRUHV��

VWRUHG�LQ�D�JHRUHIHUHQFHG�GDWDVHW �0$33$ FRUHV�LQ�$PRURVL�HW�DO�������D���,Q�WKLV�VWXG\� ZH�

IRFXVHG�RQ�ILYH FRQWLQXRXVO\ FRUHG�ERUHKROHV ������P�ORQJ��DQG QLQH FRUHV REWDLQHG WKURXJK D�

SHUFXVVLRQ�GULOOLQJ�WHFKQLTXH FRPPRQO\ DGRSWHG�LQ XUEDQ�JHRORJ\ �$WODV�&RSFR��&REUD�PRGHO��

HTXLSSHG�ZLWK�(LMNHONDPS�VDPSOHUV���7KH�ODWWHU� UHDFKHG WKH�PD[LPXP�GHSWK�RI����PHWUHV �VHH�)LJ�

��IRU�ORFDWLRQ��
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6SHFLILF�VHGLPHQWRORJLFDO DQG�SDODHRQWRORJLFDO��PHLRIDXQD��SK\WRFODVWV�DQG�SDO\QRPRUSKV��

LQIRUPDWLRQ GHULYHG IURP�0$33$�FRUHV�KDYH�EHHQ�SXEOLVKHG�LQ�$PRURVL�HW�DO�������D���WR�ZKLFK�

WKH�UHDGHU�LV�UHIHUUHG�IRU�GHWDLOHG�PHWKRGRORJLFDO DQG�IDFLHV�GDWD�

$GGLWLRQDO�SDODHRHQYLURQPHQWDO�LQIRUPDWLRQV ZHUH�IXUQLVKHG�E\�DUFKDHRORJLFDO�UHPDLQV�

�FHUDPLFV��PRUWDU��EULFN�IUDJPHQWV��FKDUFRDOV�DQG�DVKHV��VODJV��IRXQG�ZLWKLQ�WKH�XSSHUPRVW�FRUH�

SRUWLRQV��7KHVH�GDWD�DOVR�VXSSRUW�WKH FKURQRORJLFDO�IUDPHZRUN�EDVHG�RQ��� UDGLRFDUERQ�GDWHV�

SHUIRUPHG�DW�&,5&(�/DERUDWRU\�RI�&DVHUWD��1DSOHV�8QLYHUVLW\���6DPSOHV�IRU�UDGLRFDUERQ�GDWLQJ

FRUUHVSRQG�WR�ZRRG�IUDJPHQWV��RUJDQLF�FOD\� FKDUFRDO DQG�PROOXVF�VKHOOV��&RQYHQWLRQDO�DJHV�ZHUH�

FDOLEUDWHG�XVLQJ�&$/,%��VRIWZDUH�DQG�WKH�FDOLEUDWLRQ�FXUYHV�RI�5HLPHU�HW�DO��������� /RFDO�

UHVHUYRLU�FRUUHFWLRQ�'HOWD5�������� ZDV�DSSOLHG�WR�VKHOO�VDPSOHV� ,Q�WKLV�VWXG\��DJHV�DUH�UHSRUWHG�DV�

WKH�KLJKHVW�SUREDELOLW\�UDQJH��\U�%&�$'��REWDLQHG�XVLQJ�WZR�VWDQGDUG�GHYLDWLRQV��ı��7DE� ���

7KH�WKUHH�GLPHQVLRQDO�JHRPHWU\�DQG�VSDWLDO�GLVWULEXWLRQ�SDWWHUQV�RI�WKH�PDLQ�IOXYLDO�ERGLHV ZHUH�

UHFRQVWUXFWHG�WKURXJK�VHYHUDO�VWUDWLJUDSKLF�VHFWLRQV��7KHVH�VHFWLRQV�HQFRPSDVV�WKH�UHIHUHQFH�

0$33$�FRUHV�DQG�WKH�KLJKHVW�TXDOLW\�ERUHKROHV DYDLODEOH�IRU�WKH�$UQR�FRDVWDO�SODLQ GDWDVHW�

�����*HRPRUSKRORJLFDO�GDWD

$�JHRPRUSKRORJLFDO�VXUYH\�FRPSOHPHQWHG�E\�UHPRWH�VHQVLQJ�DQDO\VLV��VDWHOOLWH�LPDJHV��

PXOWLWHPSRUDO�SKRWRJUDSKLHV��OLGDU�LPDJHV��HOHFWULF�WRPRJUDSK\��ZDV�XQGHUWDNHQ�LQ�WKH�VWXG\�DUHD��

/DQGIRUPV�DQG�GHSRVLWV�ZHUH PDSSHG�DFFRUGLQJ�WR�WKH�JXLGHOLQHV�DGRSWHG�E\�WKH�,WDOLDQ *URXS�RI�

3K\VLFDO�*HRJUDSK\�DQG�*HRPRUSKRORJ\�RI�&15�DQG�WKH�,WDOLDQ *HRORJLFDO�6XUYH\��:RUNLQJ�

*URXS�IRU�*HRPRUSKRORJLFDO�0DSSLQJ �*UXSSR�GL�/DYRUR�SHU�OD�&DUWRJUDILD�*HRPRUIRORJLFD��

�������3DUWLFXODU�DWWHQWLRQ�ZDV GHGLFDWHG�WR WKH LGHQWLILFDWLRQ�RI DQWKURSRJHQLF�SURFHVVHV�DQG�WR WKH�

SDOHRK\GURJUDSKLF�UHFRQVWUXFWLRQ�RI�WKH�3LVD�XUEDQ DQG�VXEXUEDQ DUHDV��,Q�WKLV�UHJDUG��

PXOWLWHPSRUDO�DHULDO�SKRWRV��GDWHG�EHWZHHQ������DQG�������ZHUH�DQDO\]HG�WRJHWKHU�ZLWK�

PXOWLVSHFWUDO�LPDJHV�ZLWK�PHGLXP�KLJK�UHVROXWLRQ�DFTXLUHG�IURP�6327��$/26�$91,5���DQG�
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7(55$�$67(5�VDWHOOLWHV �%LQL�HW�DO�� ����F���9DULDWLRQV�LQ�FRORXU�WRQH�ZHUH�PDLQO\�DQDO\]HG�XVLQJ�

��ELW������JUH\�WLQHV��LPDJHV��6SDWLDOO\�FRQWLQXRXV�JURXSV�RI�SL[HOV�ZLWK�ORZ�EULJKWQHVV�DQG�

GHOLQHDWLQJ�QDUURZ��VLQXRXV�VKDSHV�PD\�LQGLFDWH�]RQHV�ZLWK�JUHDWHU�PRLVWXUH�FRQWHQW��VXJJHVWLQJ�WKH�

SUHVHQFH�RI�DEDQGRQHG�IOXYLDO�FKDQQHOV�

0RUSKRPHWULF�HODERUDWLRQV�RQ�D�GLJLWDO�HOHYDWLRQ�PRGHO� EDVHG�RQ�/LGDU�GDWD��GHQVLW\�RI�

DFTXLVLWLRQ�RI�����RU�����SXOVH�P���YHUWLFDO�DQG�KRUL]RQWDO�DFFXUDF\�RI����� FP�DQG � ���FP��

UHVSHFWLYHO\�� ZHUH�XQGHUWDNHQ LQ�RUGHU�WR�GHWHFW�PRUSKRORJLFDO�HYLGHQFH�RI�SDVW�ODQGIRUPV� 7R�

YHULI\�WKH�JHRPHWU\�RI�WKH�PDLQ�SDODHRFKDQQHOV� (OHFWULF�5HVLVWLYLW\ 7RPRJUDSK\ �(57��ZDV�

DFTXLUHG�DORQJ���SURILOHV��7KH�(57 SURILOHV�LQYHVWLJDWH�WKH�XSSHUPRVW�VXEVXUIDFH��GRZQ WR�������P

GHSWK���DGRSWLQJ WKH UROO�DORQJ�DFTXLVLWLRQ�WHFKQLTXH� ZLWK�HOHFWURGHV�VSDFLQJ�RI�� P� 6FKOXPEHUJHU�

DQG�:HQQHU�FRQILJXUDWLRQ�FRPELQHG�ZLWK�GLSROH�GLSROH�DUUD\�ZHUH�XVHG��7KH��'�LQYHUVLRQV�RI�

DSSDUHQW�UHVLVWLYLW\�ZHUH�SHUIRUPHG�XVLQJ�WKH�7RPR/DE�VRIWZDUH��

�����$UFKDHRORJLFDO GDWD

$�GLJLWDO�DUFKDHRORJLFDO�DUFKLYH RI�WKH�3LVD�XUEDQ�DQG�VXEXUEDQ�DUHDV��LQFOXGLQJ�PRUH�WKDQ������

ILQGLQJV��ZDV�FUHDWHG�WKURXJK�H[KDXVWLYH�UHVHDUFK�DQG�DQDO\VLV�RI�OLWHUDWXUH�GDWD DQG WHFKQLFDO�

GRFXPHQWDWLRQ��VXFK�DV�SURMHFW�SODQV��UHSRUWV�DQG�UDZ�GDWD �)DELDQL���������7KLV�GDWDVHW ZDV�ILUVW�

VXEGLYLGHG�LQWR�VHYHQ�FKURQRORJLFDO�SHULRGV� FRUUHVSRQGLQJ�WR WKH�PDLQ�DUFKDHRORJLFDO�DQG�

KLVWRULFDO�JURZWK�SKDVHV RI�3LVD��3URWRKLVWRULF��(WUXVFDQ� 5RPDQ��HDUO\�0HGLHYDO��ODWH�0HGLHYDO��

0RGHUQ��DQG�&RQWHPSRUDU\��$QLFKLQL�DQG�*DWWLJOLD��������

7KH�DUFKDHRORJLFDO�ILQGLQJV�ZHUH�FROOHFWHG�GXULQJ�RFFDVLRQDO�UHFRYHULHV�DQG�SODQQHG�

H[FDYDWLRQV SHUIRUPHG XQWLO����� �)DELDQL� ������ 7KH�ODWWHU ZHUH�PDLQO\�SHUIRUPHG ZLWKLQ WKH�

GHFODUHG DUHD�RI�DUFKDHRORJLFDO�LQWHUHVW��FRUUHVSRQGLQJ�WR�WKH�KLVWRULF�FHQWUH DQG�LWV�QRUWKHUQ�DQG�

ZHVWHUQ�HGJHV �$QLFKLQL� ������ $OO�WKH�GDWD ZHUH�VXEGLYLGHG�LQWR�W\SRORJLFDO�FDWHJRULHV�RQ�WKH�

EDVLV�RI�WKH�KXPDQ�DFWLYLW\�WKDW�WKH\�UHSUHVHQW �)DELDQL�DQG�*DWWLJOLD�������� 0RUH�WKDQ�����
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FDWDORJXHG�DQG�JHRUHIHUHQFHG�DUFKDHRORJLFDO�ILQGLQJV UHIHUULQJ�WR�WKH�ODVW�FHQWXULHV�RI�WKH�(WUXVFDQ�

DJH ��WK��VW %&��DQG�WR�WKH�FHQWXULHV�RI�WKH�5RPDQ�DJH ��VW %&��WK $'��ZHUH�FRQVLGHUHG �)LJ������

7KLV�EURDG YLHZ�RI�WKH�DUFKDHRORJLFDO�GDWD�DOORZHG�D�EHWWHU�UHFRQVWUXFWLRQ DQG�FRPSUHKHQVLRQ RI

WKH�PDLQ�KXPDQ�VHWWOHPHQW�IHDWXUHV�RFFXUUHG DURXQG WKH�(WUXVFDQ�5RPDQ�WUDQVLWLRQ� ZKLFK�LV WKH�

IRFXV�DJH�RI�RXU ZRUN�

���� 'LJLWDO�(OHYDWLRQ�0RGHO

0RUH�WKDQ�VL[W\�SRLQWV ZLWK�UHOLDEOH�HOHYDWLRQ�YDOXHV�DQG�GDWHG�WR�WKH (WUXVFDQ�5RPDQ�WUDQVLWLRQ

ZHUH�VHOHFWHG�IURP�WKH�JHRUHIHUHQFHG�DUFKDHRORJLFDO�DQG�VWUDWLJUDSKLF�GDWDVHWV �VHH�VHFWLRQV �����

DQG�������WR�SHUIRUP�D�'LJLWDO�(OHYDWLRQ�0RGHO�'(0 �)LJV����DQG���� $FFXUDWH�HOHYDWLRQ�YDOXHV�RI�

WKH�DUFKDHRORJLFDO�GDWD�ZHUH�REWDLQHG�XVLQJ�/HLFD�*6���GLIIHUHQWLDO�*36��SODQLPHWULF�SUHFLVLRQ�����

FP� DQG�DOWLPHWULF�SUHFLVLRQ�����FP���&RQFHUQLQJ�FRUH�GDWD��WKH�HOHYDWLRQ�RI�WKH VWUDWLJUDSKLF�

LQWHUYDOV�UHIHUUHG�WR WKH (WUXVFDQ�5RPDQ WUDQVLWLRQ ZDV�REWDLQHG�VXEWUDFWLQJ�WKH�WKLFNQHVV�RI�WKH�

RYHUO\LQJ GHSRVLWV�IURP�WKH�*36�JURXQG�OHYHO�

$OO�SRLQWV�DFTXLUHG�ZHUH SURFHVVHG�E\�VWDWLVWLFDO�YDOLGDWLRQ�PHWKRGV� ZLWK�RXWOLHUV�GHWHFWLRQ�DQG�

HOLPLQDWLRQ��7KH�ILQDO GDWDVHW��FRQVLVWLQJ RI����SRLQWV��ZDV VSDWLDOO\�LQWHUSRODWHG�WR�JHQHUDWH�WKH�

'(0�RI�WKH�3LVD DUHD�DW�WKH�EHJLQQLQJ�RI�WKH�5RPDQ�SHULRG�

,Q�RUGHU�WR�PLQLPL]H�LQWHUSRODWLRQ�HUURUV��WKH�'(0�ERXQGDU\�ZDV GHOLPLWDWHG�WDNLQJ�LQWR DFFRXQW�

WKH�SRLQW�GLVWULEXWLRQ� DQG�GLJLWL]HG�LQWHUQDOO\�WR�WKH�GLVWDO�HOHPHQWV�RI�WKH�GDWDVHW��7KHUHIRUH��

WRSRJUDSK\�ZDV�UHFRQVWUXFWHG RQO\�IRU�D�VHOHFWHG DUHD�RI�WKH�3LVD FLW\�FHQWUH� QRUWK�RI�WKH�$UQR�ULYHU�

FRXUVH��

7KH�'(0�ZDV DFKLHYHG�XVLQJ�WKH�DOJRULWKP�$18'(0��$XVWUDOLDQ�1DWLRQDO�8QLYHUVLW\�'LJLWDO�

(OHYDWLRQ�0RGHO��+XWFKLQVRQ��������������KWWS���IHQQHUVFKRRO�DQX�HGX�DX�UHVHDUFK�VRIWZDUH�

GDWDVHWV��DQXGHP���7KLV�DOJRULWKP�ZDV FKRVHQ�IRU�LWV�EHWWHU�DOWLPHWULF�DFFXUDF\�DIWHU�TXDQWLWDWLYH�
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FRPSDULVRQ��EDVHG�RQ�UHLWHUDWLYH�FURVV�YDOLGDWLRQ�WHFKQLTXHV�ZLWK�RWKHU�³JHQHUDO�SXUSRVH´�PHWKRGV�

�L�H�� 6SOLQH��,':��

����5HVXOWV�DQG�LQWHUSUHWDWLRQ

�����3URWRKLVWRULF�KLVWRULF�DOOXYLDO�VWUDWLJUDSK\

$FFRUGLQJ�WR�SUHYLRXV�VWXGLHV��$PRURVL�HW�DO�������D� 5RVVL�HW�DO���������6DUWL�HW�DO����������WKH

HVWDEOLVKPHQW�RI�D�JHQXLQH�DOOXYLDO�GHSRVLWLRQDO�V\VWHP��VXEMHFW�WR�IUHTXHQW�IORRG�HYHQWV��LV�

GRFXPHQWHG�E\�WKH�DEUXSW�RFFXUUHQFH DURXQG���P�EHORZ�VHD�OHYHO��E�V�O���RI�SRRUO\�GUDLQHG�

IORRGSODLQ�FOD\V�RQWR�ODWHUDOO\�H[WHQVLYH VZDPS�GHSRVLWV��7KH�ODWWHU�DUH�EDUUHQ�RI DUFKDHRORJLFDO�

ILQGLQJV DQG UDGLRFDUERQ�GDWHG�WR�WKH�(QHROLWKLF�SHULRG��FD������������\U�%&� )LJ���$�&��

7KH�PRQRWRQRXV�DOOXYLDO�FOD\H\�VXFFHVVLRQ��XS�WR�� P�WKLFN��ZLWK�ORFDO�HYLGHQFH�RI ODUJH��XS�WR���

FP� FDOFDUHRXV�QRGXOHV DQG�VFDWWHUHG�FHUDPLF�IUDJPHQWV� VKRZV�JHQHWLF UHODWLRQVKLSV�ZLWK

UHPDUNDEO\�WKLFN��XS�WR�����P��IOXYLDO�FKDQQHO�VDQG�ERGLHV� ZKRVH�XSSHU�ERXQGDULHV PDLQO\�FOXVWHU

DURXQG�����P�E�V�O���DQG�OHYHH�DQG�FUHYDVVH VSOD\ VDQGV�DQG�VLOWV �)LJ���$�&� GDWHG�WR�WKH�%URQ]H�

,URQ�DJHV��$PRURVL�HW�DO�������D��FD�����������\U�%&�� 8SZDUGV��PRUH�OHQV�VKDSHG�FKDQQHO�ERGLHV��

ZLWK�PD[LPXP�WKLFNQHVV�RI�������P�DQG�XSSHU�ERXQGDULHV�FOXVWHULQJ�DURXQG���P�E�V�O�� RFFXU LQ�

SUR[LPLW\�RI�WKH�PRGHUQ�$UQR�5LYHU�FRXUVH�DQG�WKH�ZHVWHUQ�FLW\�ZDOOV� ,Q�WKHVH�DUHDV�DQG�FORVH�WR

WKH�1(�FLW\�ZDOO�HGJH� FRUUHODWLYH�OHYHH�FUHYDVVH VSOD\�FRDUVH�JUDLQHG�GHSRVLWV�DUH�UHFRUGHG �)LJV��

�� �$�&���5DGLRFDUERQ�DQG�FHUDPLF�GDWD�FKURQRORJLFDOO\�FRQVWUDLQ�WKLV�SKDVH�RI�FKDQQHO�DFWLYLW\�WR�

WKH�(WUXVFDQ�5RPDQ�WUDQVLWLRQ �)LJ���$�&��

,Q�WKH�VXEVXUIDFH�RI�WKH�KLVWRULFDO�FLW\�FHQWUH DQG�D�IHZ�PHWUHV�6(�RI�WKH�3LVD�6��5RVVRUH�VLWH��

EDFNVZDPS�FOD\V�DQG�VLOWV�RFFXU DERYH�FD����P�E�V�O���ZLWK ODWHUDO�WUDQVLWLRQ�WR�SRRUO\�GUDLQHG�

IORRGSODLQ�DQG�FKDQQHO�UHODWHG�GHSRVLWV��)LJV������$�&�� 7KLV VZDPS�VXFFHVVLRQ��ZKRVH ORZHU�

SRUWLRQ�LV�GDWHG�WR�WKH�ODWH�,URQ $JH�HDUO\�(WUXVFDQ�SHULRG����������%&��$PRURVL�HW�DO�������D��)LJ��



���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���

ϭϯ

�$�&���LV�DEUXSWO\�RYHUODLQ E\ VWLII� ZHOO�GUDLQHG�IORRGSODLQ VLOW\�FOD\V DQG�FKDQQHO�UHODWHG�VLOW\�

VDQGV ORFDOO\�FRQWDLQLQJ�HDUO\�5RPDQ���VW FHQWXU\�%&��QG�FHQWXU\�$'��FHUDPLF�IUDJPHQWV��$FURVV�

WKH�VWXG\�DUHD��WKHVH GHSRVLWV FRQVWLWXWH�WKH�XSSHUPRVW�DOOXYLDO�VXFFHVVLRQ WKDW�XQGHUOLHV

DQWKURSRJHQLF�FKDRWLF�XQLWV��VXFK�DV ZDONLQJ�IORRUV��UXLQV�OD\HUV�DQG�HOHYDWLRQ�OHYHOLQJ�OD\HUV��ZLWK�

YDULRXV�KXPDQ�PDWHULDOV�RI�ODWH�5RPDQ�DJH�RQZDUGV��SRVW��QG�FHQWXU\�$'��

���� 3DODHRK\GURJUDSK\�DW�WKH�(WUXVFDQ�5RPDQ�WUDQVLWLRQ

7KH�PRVW�SURPLQHQW SDODHRK\GURJUDSKLF�IHDWXUHV�RI�WKH�VWXG\�DUHD�ZHUH�PDSSHG�E\�UHPRWH�

VHQVLQJ�DQDO\VLV��DHULDO�SKRWRV�DQG�VDWHOOLWH�LPDJHV�� RQ�WKH�EDVLV�RI�HYLGHQW�FKURPDWLF�FKDQJHV�

0RUH�WKDQ��� IOXYLDO GLDFKURQLF�WUDFHV�ZHUH�LGHQWLILHG�RQ�DQ�RYHUDOO�VXUIDFH�RI�DURXQG���NP���

GRFXPHQWLQJ�WKH�VLJQLILFDQW�FRQWULEXWLRQ�RI�WKH IOXYLDO QHWZRUN�WR�WKH�JHRPRUSKRORJLFDO�

GHYHORSPHQW�RI�WKLV�DUHD��7KHVH�IHDWXUHV�ZHUH�FKHFNHG WKURXJK�WKH�LQWHJUDWLRQ�ZLWK (OHFWULF�

5HVLVWLYLW\ 7RPRJUDSK\ �(57��)LJ���� DQG�VXEVXUIDFH�VWUDWLJUDSKLF�GDWD��)LJ���$�&�� DOORZLQJ�

LGHQWLILFDWLRQ�RI�WKH�SDODHRWUDFHV�FKURQRORJLFDOO\�UHIHUUHG�WR�WKH�(WUXVFDQ�5RPDQ�WUDQVLWLRQ��WRS�RI�

WKH�IOXYLDO�VDQG ERGLHV DURXQG���P�E�V�O���VHH�VXE�VHFWLRQ������DQG�)LJ� �$�&��

7KH�IOXYLDO�QHWZRUN�FRQVLVWV�RI�WZR�PDLQ�FRXUVHV�OHQJWKZLVH�FURVVLQJ�WKH�3LVD�DUHD�ZLWK�D�

VLQXRXV�SDWWHUQ �PHDQGHULQJ�IOXYLDO�VW\OH���FRQVLVWHQW�ZLWK�WKH�ORZ�JUDGLHQW DOOXYLDO�SODLQ��)LJ� ����

7KH�VRXWKHUQPRVW ULYHU FRXUVH��FORVH�WR�PRGHUQ�$UQR�5LYHU��LV�LQWHUSUHWHG�DV�WKH�(WUXVFDQ�5RPDQ

WUDQVLWLRQ SDODHR$UQR EUDQFK��7KH�RWKHU�FRXUVH IORZLQJ FD������P�QRUWKZDUGV� LV UHDVRQDEO\�UHODWHG

WR�WKH�SDODHR6HUFKLR��$XVHU� ULYHU�V\VWHP� ZKLFK�ZDV�LQYROYHG�LQ�WKH GHYHORSPHQW�RI WKH�3LVD�SODLQ�

WLOO�WKH�ODWH�0LGGOH�$JHV �%UXQL�DQG�&RVFL��������

7KH�QRUWKZDUG�PLJUDWLRQ�RI�WKH�SDODHR$UQR�PHDQGHU��VXSSRUWHG E\�SDODHRWUDFHV�DOLJQPHQWV �)LJ�

����LV�ZHOO�GRFXPHQWHG�E\�FRUH GDWD� ZKLFK�VKRZ�GHFUHDVLQJ�GHSWKV RI�WKH�WRS RI IOXYLDO�VDQG�ERGLHV

WRZDUG�WKH�PRGHUQ�$UQR�ULYHU�FRXUVH��)LJ���$���&RQVLVWHQW�ZLWK WKLV�LQWHUSUHWDWLRQ��FKDQQHO�UHODWHG�

VHGLPHQWV �FUHYDVVH�VSOD\�OHYHH VDQGV�DQG�VLOWV��VWUDWLJUDSKLFDOO\�FRQQHFWHG�WR�WKH�(WUXVFDQ�5RPDQ�
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PHDQGHU�DUH�UHFRUGHG�ODWHUDO�WR�WKH�FKDQQHO��VHH�VXE�VHFWLRQ������DQG�)LJ���$�%���0RUHRYHU�

ZLGHVSUHDG FHUDPLF�PDWHULDOV�RI�ODWH�(WUXVFDQ�HDUO\�5RPDQ�DJH���VW FHQWXU\�%&��VW FHQWXU\�$'��VHH�

FRUH�0��LQ�)LJ���$��DUH�IRXQG�ZLWKLQ WKH�QRUWKHUQ�FUHYDVVH�OHYHH�FRPSOH[�

$�PRUH�DUWLFXODWHG IOXYLDO�SDWWHUQ�LV�GRFXPHQWHG�IRU�WKH�$XVHU FRXUVH�IORZLQJ IURP�WKH�HDVWHUQ�

HGJH�RI�WKH�VWXG\�DUHD�WR�3LD]]D�'XRPR� ZKHUH�LW�VHHPV�WR�VSOLW�LQWR WZR�PDLQ�EUDQFKHV QRW�VWULFWO\�

FRHYDO� 7KH�$XVHU EUDQFK�ERUGHULQJ�3LD]]D�'XRPR�WR�WKH�QRUWK� LQ�FRUUHVSRQGHQFH�RI�WKH�PHGLHYDO�

ZDOOV��ZDV�PDLQO\�DFWLYH�GXULQJ�WKH�5RPDQ SHULRG DQG�SUHVXPDEO\�UHDFKHG WKH�VHD DERXW ��NP�

QRUWK�RI�WKH�PRGHUQ�$UQR�5LYHU�PRXWK� DV�WHVWLILHG�E\�KLVWRULFDO�VRXUFHV��*DU]HOOD��������*DWWLJOLD��

�������7KH�RWKHU�EUDQFK��PDLQO\�DFWLYH�GXULQJ�WKH�ODWH�(WUXVFDQ�FHQWXULHV��IORZHG�IHZ�WHQV�RI�PHWUHV�

VRXWK�RI�3LD]]D�'XRPR� URXJKO\�IROORZLQJ�DQ HDVW�ZHVW�GLUHFWLRQ�DQG�FURVVLQJ�WKH�VKLSZUHFN VLWH�RI�

3LVD�6��5RVVRUH��%HQYHQXWL�HW�DO���������

5HFHQWO\�DFTXLUHG�VWUDWLJUDSKLF�GDWD�DOVR�LQGLFDWH�WKH�SUHVHQFH�RI�D�WKLUG�EUDQFK� IORZLQJ�QRUWK�

VRXWK��ZKLFK OLNHO\�UHDFKHG WKH�$UQR�FD����NP�ZHVW�RI WKH�3RQWH�GL�0H]]R��)LJV���& DQG����

7KLV�SDODHRK\GURJUDSKLF�VFHQDULR LV�FRQVLVWHQW�ZLWK�WKH�(75�SURILOH RI )LJXUH����VKRZLQJ

VWUDWLJUDSK\�EHQHDWK�3LD]]D�'XRPR�PHGLHYDO�ZDOO��VHH�)LJ���� IRU�ORFDWLRQ���7KH�SURILOH�VKRZV�WKH�

RFFXUUHQFH RI�D�KLJK�UHVLVWLYLW\�VWUDWLJUDSKLF�LQWHUYDO ZLWK YDOXHV�DURXQG�����D�X��DQG�XSSHU�

ERXQGDU\�DERXW ��P�EHORZ�JURXQG�OHYHO �FD����P�E�V�O����7KLV DUHD��FRUUHVSRQGLQJ�WR�D�IOXYLDO�

FKDQQHO�VDQG�ERG\��LV LQWHUSUHWHG�DV�WKH�QRUWKHUQ�$XVHU EUDQFK�GHVFULEHG�DERYH �)LJ������%HORZ��D�

ODWHUDOO\�FRQWLQXRXV�ORZ�UHVLVWLYLW\�LQWHUYDO ������2K�[�P�� FRQVLVWHQW�ZLWK�WKH�YHUWLFDO�VWDFNLQJ�RI�

FOD\�SURQH��IORRGSODLQ�VZDPS�ODJRRQ� GHSRVLWV �FRPSDUH�ZLWK�)LJ���$�&��DQG�$PRURVL�HW�DO���

����D��6DUWL�HW�DO���������� LV GHWHFWHG��)LJ����� $ QDUURZ KLJK�UHVLVWLYLW\�DUHD��DURXQG�����2K�[�P���

DVFULEDEOH�WR�DQ�ROGHU�SDODHRWUDFH��VHH�FRUH�F�����LQ�)LJ���&�DQG�$PRURVL�HW�DO�������D�� RFFXUV�IHZ�

PHWUHV�QRUWK�RI�WKH�/HDQLQJ�7RZHU��)LJ�����

���� 3LVD�JURXQG�OHYHO DW�WKH�EHJLQQLQJ�RI WKH�5RPDQ SHULRG�
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7KH�WRSRJUDSK\�RI�3LVD�DW�WKH�EHJLQQLQJ�RI�WKH�5RPDQ�SHULRG LQYROYHV DQ�DUHD�RI�DERXW���� NP���

7KH�UHFRQVWUXFWHG�'(0��ZLWK�D�GHQVLW\�RI��� SRLQWV�NP�� VKRZV�D PHDQ HOHYDWLRQ�YDOXH�RI������P�

D�V�O���ZLWK PLQLPXP�DQG�PD[LPXP�YDOXHV RI����� P DQG�����P D�V�O� �7DE����� UHVSHFWLYHO\� 7KH�

DQFLHQW�JURXQG�OHYHO�ZDV�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�FXUUHQW�WRSRJUDSK\ GHULYHG�E\�/,'$5��

DQG�ORFDWHG�DSSUR[LPDWLYHO\���P�EHORZ�WKH�JURXQG�OHYHO �)LJ� ����$�WRSRJUDSKLF ULVH� ZLWK�DYHUDJH�

KHLJKW�RI�� P�D�V�O� DQG DUHDO�H[WHQVLRQ RI � NP� FKDUDFWHUL]HG�WKH�FHQWUDO�SDUW�RI�WKH�VWXG\�DUHD� 7KH�

KLJKHVW�HOHYDWLRQ�YDOXH�RI�� P�D�V�O� ZDV�FRLQFLGHQW�ZLWK WKH�1:�HGJH�RI�3LVD�KLVWRULFDO�FLW\�FHQWUH�

VWULFWO\�FRUULVSRQGLQJ WR�WKH�VPDOO�DUHD�RI�3LD]]D�'XRPR��)LJ����� 2Q�WKH�FRQWUDU\��WKH�

WRSRJUDSKLFDOO\�ORZHVW�DUHDV� DURXQG���P�� P�E�V�O � ZHUH�VLWXDWHG�DW WKH�VRXWKHUQ�DQG�ZHVWHUQ�

PDUJLQV RI�WKH�VWXG\�DUHD��0RUHRYHU��D�VPDOO�VL]HG ORZODQG�LV�DWWHVWHG�IHZ�PHWUHV�1(�RI�3LD]]D�

'XRPR�

���� +XPDQ�WUDFHV GXULQJ�WKH�ODWH�(WUXVFDQ�HDUO\�5RPDQ�DJHV

,Q�WKH�VWXG\�DUHD� ����DUFKDHRORJLFDO�ILQGLQJV�GDWLQJ EDFN�WR�WKH�ODWH�(WUXVFDQ DJH �)DELDQL�HW�DO��

����D� ZHUH�UHFRYHUHG��PRVWO\ LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�KLVWRULFDO�FLW\�RI�3LVD��FORVH�WR�3LD]]D�

'XRPR �)LJ���$�� 7KH�PDMRULW\�RI�WKHVH�ILQGLQJV�FRUUHVSRQGV�WR�XQGLIIHUHQWLDWHG�WUDFHUV�RI�KXPDQ�

IUHTXHQWDWLRQ��FD��������$PRQJ�WKH�FDWHJRUL]HG�DUFKDHRORJLFDO�UHPDLQV� JHQHULF VWUXFWXUHV�DQG�

QHFURSROLV�UHSUHVHQW DERXW ����DQG��� RI�WRWDO�ILQGLQJV� UHVSHFWLYHO\ �)LJ���$���3XEOLF�DQG�SULYDWH�

EXLOGLQJV��LQIUDVWUXFWXUHV��DJULFXOWXUDO�DQG�PDQXIDFWXULQJ�DUHDV�FRYHU�WKH�UHPDLQLQJ ��� �)LJ���$��

0RUH�WKDQ�����HDUO\�5RPDQ�UHPDLQV ZHUH�IRXQG��PRVWO\ DORQJ�WKH�QRUWKHUQ�ERXQGDU\�RI�WKH�

VWXG\�DUHD���)DELDQL�HW�DO������D���)LJ���%���8QGLIIHUHQWLDWHG�WUDFHUV�RI�KXPDQ�IUHTXHQWDWLRQ DUH�WKH�

PRVW�UHFRUGHG�ILQGLQJV��FD��������ZLWK�WKH�VHFRQGDU\�RFFXUUHQFH�RI�DJULFXOWXUDO�DUHDV��FD�������DQG�

JHQHULF�VWUXFWXUHV��FD������� 6OLJKWO\�ORZHU SHUFHQWDJHV��FD������DUH�UHFRUGHG IRU�LQIUDVWUXFWXUHV�

DQG�SULYDWH�EXLOGLQJV��ZKLOH�SXEOLF�EXLOGLQJV��QHFURSROLV�DQG�PDQXIDFWXULQJ�DUHDV� DUH�DWWHVWHG�HDFK�

EHORZ�����)LJ���%��
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�� 'LVFXVVLRQ

���� 7KH�SDODHRHQYLURQPHQWDO DQG�SDODHRWRSRJUDSKLF�VFHQDULR

$W WKH�(WUXVFDQ�5RPDQ�WUDQVLWLRQ���QG FHQWXU\�%&��QG FHQWXU\�$'�� D�UHPDUNDEO\ FRPSOH[�

SDODHRHQYLURQPHQWDO DQG�SDODHRWRSRJUDSKLF�VFHQDULR� ZLWK�D�YDULHW\�RI�DOOXYLDO�GHSRVLWLRQDO�

HQYLURQPHQWV DQG�IOXYLDO�ODQGIRUPV��FKDUDFWHUL]HG�WKH�3LVD�KLVWRULFDO�WRZQ �)LJV������$��

7KH�SUHYLRXV�DQG�FRHYDO�DFWLYLW\�RI�SDODHR$UQR�DQG�SDODHR6HUFKLR �$XVHU� ULYHUV� FURVVLQJ�WKH�

FLW\�DUHD��VWURQJO\�LQIOXHQFHG WKH�VSDWLDO�GLVWULEXWLRQ�RI�QDWXUDO�HQYLURQPHQWV�DQG�UHOLHIV��)ORRGLQJ�

HYHQWV IURP D�1�6�RULHQWHG�FKDQQHO� LQWHUSUHWHG�DV�WKH�(QHROLWKLF�SDODHR$XVHU�LQ�$PRURVL�HW�DO��

�����D���OLNHO\�IDYRXUHG WKH�GHYHORSPHQW�RI�D���P�KLJK ODQGIRUP LQ�WKH�PLGGOH�RI�3LVD�KLVWRULFDO�

FHQWUH �)LJ������2YHU�FHQWXULHV�WKH�UHFXUULQJ�DFFXPXODWLRQ�RI�RYHUEDQN GHSRVLWV��FRQQHFWHG�WR�WKH�

3LVD�3ODLQ�PXOWLSKDVH�FKDQQHO�KLVWRU\��VHH�)LJ����DQG�$PRURVL�HW�DO�������D�� HQKDQFHG�WKH�

DJJUDGDWLRQ�RI�WKLV�UHOLHI��ZKLFK�DFWHG�DV�GLYLGH EHWZHHQ�WKH�SDODHR$UQR�DQG�$XVHU ZDWHUVKHGV�

�)LJ���� XS�WR�WKH�0RGHUQ�$JH�

$�OHVV�H[WHQVLYH� EXW�PRUH�SURPLQHQW�UHOLHI��XS�WR ����P D�V�O� KLJK��ZDV�SUHVHQW LQ�

FRUUHVSRQGHQFH�RI�3LD]]D�'XRPR��7KLV�UHOLHI�ZDV�OLNHO\�UHODWHG WR�WKH DFWLYLW\�RI�WZR�(�:�IORZLQJ��

QRQ�FRHYDO EUDQFKHV RI�$XVHU �)LJ����� $�IHZ�PHWUHV�VRXWK� DQRWKHU�EUDQFK RI WKH�$XVHU V\VWHP�

PHUJHG LQWR�WKH�SDODHR$UQR�5LYHU �)LJ���� IROORZLQJ�D�1(�6:�GLUHFWLRQ� DFFRUGLQJ�WR 5RPDQ�DJH

OLWHUDU\�VRXUFHV��6WUDER�������� 3OLQ\��1�+����������6FROLR�D�7RORPHR���������5XWLOLR�1DPD]LDQR��

����� ��

5HODWLYHO\�ORZODQG DUHDV��DSDUW�IURP WKRVH�FRQQHFWHG�WR�WKH�FKDQQHO�QHWZRUN��ZHUH�ORFDWHG

EHWZHHQ�WKH�$XVHU EUDQFKHV DQG�QRUWK�RI WKH�3LD]]D�'XRPR�UHOLHI �)LJ������7KHVH�DUHDV� KRVWLQJ VRIW�

JUH\�FOD\V DQG�VLOWV LQGLFDWLYH�RI�SRRUO\�GUDLQHG�FRQGLWLRQV� FKDUDFWHUL]HG�ZLGH�SRUWLRQV RI�WKH�3LVD

SODLQ� XS�WR�WKH�EHJLQQLQJ RI�WKH�5RPDQ�SHULRG �)LJ���$�&���
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'LIIXVH�SRRUO\�GUDLQHG�FRQGLWLRQV�DUH�OLNHO\�IDYRXUHG�E\�WKH�SUR[LPLW\�WR�WKH�FRHYDO�VKRUHOLQH��

FD����NP�ZHVW�RI�FLW\�FHQWUH��'HOOD�5RFFD�HW�DO���������

0RUHRYHU��VKDOORZ�SDOXGDO�EDVLQV�RFFXUUHG�EHWZHHQ�WKH�SDODHR$UQR�DQG WKH�$XVHU ULYHU�FRXUVHV�

RQ�ERWK�VLGHV�RI�WKH�LQKHULWHG�UHOLHIV�DQG��PRUH�H[WHQVLYHO\��EHWZHHQ�WKH�(�:�DQG�1(�6:�$XVHU

EUDQFKHV��DV�DWWHVWHG�E\�VWUDWLJUDSKLF�GDWD��)LJV���������7KHVH�EDVLQV�UHDVRQDEO\�UHSUHVHQWHG�WKH�

WRSRJUDSKLFDOO\�ORZHVW�DUHDV�RI�3LVD�GXULQJ�WKH�(WUXVFDQ�5RPDQ�WUDQVLWLRQ��HYHQ�WKRXJK�QR�VSHFLILF�

HOHYDWLRQ�GDWD�DUH�FXUUHQWO\�DYDLODEOH��:LGHVSUHDG�EDFNVZDPS�DUHDV�IRUPHG�DQG�SHUVLVWHG�XS�WR�WKH

EHJLQQLQJ�RI�WKH�5RPDQ�SHULRG�ZLWKLQ�VSHFLILF�SRUWLRQV�RI�WKH�3LVD�SODLQ��QRW�DIIHFWHG�E\�ULYHU�

PLJUDWLRQ�DYXOVLRQ�DQG�VXUURXQGHG�E\�QDWXUDO�UHOLHIV��)LJ�����VHH�DOVR�$PRURVL�HW�DO�������D��

7KXV��WKH�GHYHORSPHQW�DQG�DUHDO�H[WHQW�RI�WKH�ORZHVW�WRSRJUDSKLF�VHWWLQJV�ZHUH�FRQWUROOHG�E\�WKH�

LQWULFDWH�IOXYLDO�QHWZRUN�HYROYLQJ�VLQFH�(QHROLWKLF�WLPHV��UDWKHU�WKDQ�WKH�FRDVWOLQH�SUR[LPLW\�

�����8UEDQ�JURZWK�SDWWHUQV�DQG�ODQGVFDSH G\QDPLFV

$V�DWWHVWHG E\�VHYHUDO�KLVWRULFDO�VRXUFHV��6WUDER���������3OLQ\�WKH�(OGHU����������6FROLR�D�

7RORPHR���������5XWLOLR�1DPD]LDQR�������� WKH�3LVD SODLQ XQGHUZHQW D�ORQJ�KLVWRU\�RI�KXPDQ�

RFFXSDWLRQ� $Q�LQWHUDFWLYH�UHODWLRQVKLS�EHWZHHQ�KXPDQ�VHWWOHPHQWV�DQG�DOOXYLDO�HQYLURQPHQWV��

OLQNHG�WR WKH�LQWHQVH�K\GURG\QDPLF�DFWLYLW\�RI�WKH�WZR�PDLQ�ULYHU�FRXUVHV��SDODHR$UQR�DQG�$XVHU

ULYHUV���RFFXUUHG�VLQFH�WKH�(WUXVFDQ�SHULRG �)LJ���$��

+RZHYHU��LQ�FRQWUDVW�WR�WKH�PRGHUQ�ODQGVFDSH��D�FUXFLDO UROH LQ�WKH�HDUO\�XUEDQL]DWLRQ�RI�WKH�3LVD�

SODLQ�ZDV�SOD\HG�E\ WKH�$XVHU ULYHU�V\VWHP��WRZDUGV�ZKLFK�DOO DQFLHQW�KXPDQ�VHWWOHPHQWV JUDYLWDWHG��

,QGHHG��ERWK ODWH (WUXVFDQ�DQG�HDUO\�5RPDQ�ILQGLQJV DUH PDLQO\�FRQFHQWUDWHG�LQ�SUR[LPLW\�RI�WKH�

$XVHU EUDQFKHV� ZKHUH�WKH�PDLQ�XUEDQ�VWUXFWXUHV�DV�ZHOO�DV�PDQXIDFWXULQJ�DFWLYLWLHV�DURVH�DQG�

VWHDGLO\�JUHZ �)LJ���$��

,Q SDUWLFXODU��GXULQJ�WKH�ODWH�(WUXVFDQ�SHULRG�WKH�XUEDQ�IDEULF�H[WHQGHG�RYHU�D�QDUURZ�]RQH�LQ�

FRUUHVSRQGHQFH�RI�WKH�3LD]]D�'XRPR�UHOLHI� EHFRPLQJ�OHVV�GHQVH�HDVWZDUG�DORQJ WKH�$XVHU ULYHU�
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FRXUVH��)LJ���$���$�OLPLWHG H[SDQVLRQ�RI�WKH�XUEDQ�WLVVXH�WRZDUG�WKH�SDODHR$UQR�5LYHU�LV�UHFRUGHG�

RQ�WRS�RI�WKH�1�6�UHOLHI��ZKHUH�VSRUDGLF�DUFKDHRORJLFDO ILQGLQJV W\SLFDO�RI DQ�XUEDQ�FRQWH[W �JHQHULF�

VWUXFWXUHV�DQG�SXEOLF�EXLOGLQJV��VHH�)LJ���$� ZHUH�UHFRYHUHG�

'HVSLWH�VFDUFLW\�RI�DUFKDHRORJLFDO�ILQGLQJV�FOHDUO\�UHODWHG�WR�PDQXIDFWXULQJ�DFWLYLWLHV��JRRG�

UHODWLRQVKLSV�EHWZHHQ SURGXFWLYH�DUHDV�DQG�ZDWHU�DYDLODELOLW\ FDQ�EH GHWHFWHG��&RQVLVWHQW�ZLWK WKLV�

LQWHUSUHWDWLRQ� LQIUDVWUXFWXUH�UHPDLQV�DUH�IRXQG�FORVH�WR�WKH�$XVHU ULYHU�FRXUVH� OLNHO\�FRQQHFWLQJ WKH�

XUEDQ�FHQWUH�WR�WKH�3LVD�6��5RVVRUH�VLWH �%HQYHQXWL�HW�DO���������&DPLOOL DQG�6HWDUL ������ 7KXV��WKH

(WUXVFDQ�FLW\�JUDYLWDWHG WRZDUG�WKH�$XVHU� ZKLFK UHSUHVHQWHG�WKH�PDLQ�ZDWHU�VRXUFH�DQG�WKH�

SULYLOHJHG�PDUNHWLQJ�URXWH�IRU FRPPRGLWLHV�IURP�WKH�0HGLWHUUDQHDQ 6HD �)LJ���$��

'XULQJ HDUO\�5RPDQ�WLPHV WKH XUEDQ JURZWK�SDWWHUQV VXEVWDQWLDOO\�IROORZHG�WKH�ODWH�(WUXVFDQ�

FLW\¶V�IDEULF �)LJV���$��%�� ,Q�WKLV�FRQWH[W��D�PDUNHG�HQODUJHPHQW�RI�WKH XUEDQ DUHD�WRZDUG�WKH�

SDODHR$UQR�5LYHU �)LJ���%��LV�UHFRUGHG�E\�WKH�KLJK GHQVLW\�RI�DUFKDHRORJLFDO�ILQGLQJV�UHFRYHUHG LQ�

FRUUHVSRQGHQFH RI�WKH�1�6�GLUHFWHG�UHOLHI �)LJV���%���%�� 7KH�$XVHU ULYHU�V\VWHP�IXUWKHU�

VWUHQJWKHQHG LWV�UROH�LQ�WKH�KLVWRU\�RI�FLW\¶V�GHYHORSPHQW��EHFRPLQJ�WKH�JHRJUDSKLF�ERXQGDU\�

EHWZHHQ�WKH�XUEV DQG�DQ�HYROYLQJ�VXEXUELXP WKDW�FOHDUO\�VWDUWHG�WR GLIIHUHQWLDWH �)LJV������$��%��

7KH�PDQXIDFWXULQJ�VLWHV� PDLQO\�DLPHG�WR�WKH�FHUDPLF�SURGXFWLRQ �)DELDQL�HW�DO�������E���ZHUH�

FRQFHQWUDWHG RQ�WKH�ULJKW�EDQN�RI�WKH�$XVHU��FRQILUPLQJ WKH�LPSRUWDQFH�RI�ZDWHU�DYDLODELOLW\�IRU�

SURGXFWLYH�SURFHVVHV DQG�WUDGHV� 7KHLU�PDUJLQDO�SRVLWLRQ�LV�FDQRQLFDO�LQ�WKH�DQFLHQW�5RPDQ�FLWLHV�

�%UXQL������� )DELDQL��������0HQFKHOOL��������

,Q�VXPPDU\��WKH�HDUO\�SKDVHV�RI�3LVD�XUEDQL]DWLRQ GRFXPHQW�WKH�VWURQJ DELOLW\�RI�WKH�(WUXVFDQ�

DQG�HDUO\�5RPDQ�FRPPXQLWLHV�WR�DGDSW�WR D�FRPSOH[ DOOXYLDO VHWWLQJ WKDW GLG QRW�IDYRXU�D�UHJXODU

XUEDQ�SODQQLQJ��(VSHFLDOO\ WKH�SDODHRK\GURJUDSK\��ZKLFK�LQ�WXUQ FRQWUROOHG�WKH�SDODHRWRSRJUDSK\�

SOD\HG�D�NH\ UROH�LQ WKH�VSDWLDO�GLIIXVLRQ�RI�XUEDQ�VHWWOHPHQWV DQG�PDQXIDFWXULQJ�VLWHV��UHSUHVHQWLQJ

WKH�PDLQ�VRXUFH�RI�ZDWHU VXSSO\�DQG�WKH�PDMRU�FRPPXQLFDWLRQ�DQG�VXSSO\�URXWH�IRU�SURGXFWV�
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,Q�WKLV�UHVSHFW��WKH�JHRDUFKDHRORJLFDO DQDO\VLV�RI�3LVD�ODQGVFDSH VWURQJO\ FRQILUPHG WKH VWULFW�

UHODWLRQVKLS�H[LVWLQJ�EHWZHHQ�0HGLWHUUDQHDQ�QDYLJDEOH�ULYHUV�DQG SDVW FLWLHV GHYHORSPHQW�DQG�

HYROXWLRQ �$UQDXG�)DVVHWWD�HW�DO���������%UXQR�HW�DO���������&DVWDOGLQL�HW�DO���������0DFNOLQ�HW�DO���

������0DUULQHU�HW�DO�������� 0DVHOOL�DQG�7ULQFDUGL��������0HOH�HW�DO���������0R]]L�HW�DO���������

1LQIR�HW�DO���������5DYD]]L�HW�DO���������9DQQLqUH�HW�DO���������

2Q�WKH�FRQWUDU\��WKH�ILUVW�LQFLVLYH�HIIHFWV�RI�H[WHQVLYH�DQG�LQWHQVH�KXPDQ�IRUFLQJ�RQ IOXYLDO�

ODQGVFDSH�RFFXUUHG�DIWHU�WKH�IRXQGLQJ�RI�&RORQLD�2SVHTXHQV�,XOLD�3LVDQD��GDWHG�EDFN�WR�WKH�ODWH��VW

FHQWXU\�%&��$URXQG�WKDW�WLPH��WKH EDFNVZDPS�EDVLQV�DOPRVW�GLVDSSHDUHG�DQG�ZLGHVSUHDG�ZHOO�

GUDLQHG�IORRGSODLQ�FRQGLWLRQV�GHYHORSHG DFURVV XUEDQ�DQG�VXEXUEDQ�DUHDV�LQ�UHVSRQVH�WR�

GHIRUHVWDWLRQ��SDVWXULQJ��DJULFXOWXUH�DQG�ZDWHUZRUNV��5RPDQ &HQWXULDWLR��

7KXV��LQ�WKH�FUDGOH�RI�WKH�ZHVWHUQ�0HGLWHUUDQHDQ�FLYLOL]DWLRQ WKH�KXPDQNLQG�VWDUWHG�WR�SOD\�D�

SULPDU\�UROH LQ�WUDQVIRUPLQJ�WKH�(DUWK¶V�VXUIDFH ORQJ�EHIRUH�WKH�,QGXVWULDO�5HYROXWLRQ� DOWKRXJK

WKURXJK�H[WUHPHO\�LQKRPRJHQHRXV�VSDWLDO�SDWWHUQV��7KH�EHJLQQLQJ�RI�5RPDQ�ODQGVFDSH�

GLVWXUEDQFHV�DQG�K\GUDXOLF�RSHUDWLRQV UHSUHVHQWV� LQ�IDFW��D�FUXFLDO�SRLQW�LQ�WKH�KLVWRU\�RI�

0HGLWHUUDQHDQ�DOOXYLDO�SODLQV HYROXWLRQ��PDUNLQJ�WKH�WUDQVLWLRQ�WR�DQ�DQWKURSRFHQWULF HSRFK�

���&RQFOXVLRQV

$ ODUJH�QXPEHU�RI�VXEVXUIDFH�DQG�VXUIDFH�JHRORJLFDO�DQG�DUFKDHRORJLFDO�GDWD�SURFHVVHG�WKURXJK

DQ�LQWHUGLVFLSOLQDU\�DSSURDFK� LQFOXGLQJ�VWUDWLJUDSK\��JHRPRUSKRORJ\�DQG�DUFKDHRORJ\� DOORZHG�D�

KLJK�UHVROXWLRQ�UHFRQVWUXFWLRQ�RI�WKH�3LVD�ODQGVFDSH�DW�WKH�ODWH�(WUXVFDQ� HDUO\�5RPDQ�WUDQVLWLRQ ��QG

FHQWXU\�%&� �QG FHQWXU\�$'���8QGHU�WKH�VWURQJ�FRQWURO�RI�D�FRPSOH[ IOXYLDO�QHWZRUN��WKLV�SHULRG�

VDZ�WKH�GHYHORSPHQW RI WKH�PXOWLOD\HUHG�FLW\�RI�3LVD��D�W\SLFDO�PHGLXP�VL]HG XUEDQ�DUHD�LQ WKH�

ZHVWHUQ 0HGLWHUUDQHDQ�FLYLOL]DWLRQ�KLVWRU\�

7KH�PDMRU�RXWFRPHV�RI�WKLV�ZRUN�FDQ�EH�VXPPDUL]HG�DV�IROORZV�
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x 7KH�PDLQ�SDODHRHQYLURQPHQWDO IHDWXUHV�RI�WKH�(WUXVFDQ�5RPDQ�3LVD ZHUH�UHFRJQLVHG��:LGH�

SRUWLRQV�RI�WKH�FLW\ DUHD�ZHUH�FKDUDFWHUL]HG�E\�SRRUO\�GUDLQHG�FRQGLWLRQV� UHFRUGHG�E\�VRIW�JUH\�

IORRGSODLQ�FOD\V�DQG�EDFNVZDPS�GHSRVLWV��7KH�ODWWHU�ZHUH�FRQILQHG EHWZHHQ�WKH�SDODHR$UQR�DQG�

$XVHU EUDQFKHV DQG�UHSUHVHQWHG�WKH�WRSRJUDSKLFDOO\�ORZHVW�DUHDV�RI�3LVD�DW�WKH�(WUXVFDQ�5RPDQ�

WUDQVLWLRQ� :HOO�GUDLQHG�FRQGLWLRQV��IDYRXUHG�E\�WKH�5RPDQ�&HQWXULDWLR� ZHUH�HVWDEOLVKHG�GXULQJ�

WKH��VW�FHQWXU\�$'�

x 3LVD�KLVWRULFDO�WRZQ�ZDV�FKDUDFWHUL]HG�E\�D�FRPSOH[�SDODHRK\GURJUDSK\��LQFOXGLQJ�D

SDODHR$UQR�ULYHU�FRXUVH�LQ�SUR[LPLW\�RI�LWV SUHVHQW�GD\�SRVLWLRQ DQG�WZR�$XVHU EUDQFKHV�ERUGHULQJ�

WKH�PRGHUQ�3LD]]D�'XRPR��7KLV�IOXYLDO�QHWZRUN�VWURQJO\�VKDSHG�WKH�QDWXUDO�ODQGVFDSH��FRQWUROOLQJ�

WKH�VSDWLDO�GLVWULEXWLRQ�RI�GHSRVLWLRQDO�HQYLURQPHQWV�DQG�WRSRJUDSK\��

x $Q�DGGLWLRQDO $XVHU EUDQFK��IORZLQJ�LQWR�WKH�SDODHR$UQR��ZDV�UHFRJQLVHG WKURXJK

VWUDWLJUDSKLF�GDWD�DORQJ�WKH�ZHVWHUQ�HGJH�RI�3LVD�KLVWRULFDO�FLW\��7KLV�ULYHU�FRXUVH�LV LQWHUSUHWHG�DV�

WKH�RQH GHVFULEHG�E\�6WUDER GXULQJ�WKH��VW FHQWXU\�%&�

x $�'LJLWDO�(OHYDWLRQ�0RGHO�RI�3LVD�KLVWRULFDO�FHQWUH�GXULQJ HDUO\�5RPDQ�WLPHV �DURXQG��VW

FHQWXU\ %&��QG FHQWXU\�$'��ZDV�HODERUDWHG�XVLQJ�SUHFLVH WRSRJUDSKLF�GDWD LQWR�D�ZHOO�GHILQHG�

UDGLRFDUERQ�DQG�FHUDPLF�EDVHG�FKURQRORJLFDO�IUDPHZRUN��7KLV�PRGHO�VKRZV�D�JHRPRUSKRORJLFDO�

UHOLHI�UHDFKLQJ���� P�D�V�O��LQ�FRUUHVSRQGHQFH�RI�WKH�3LD]]D�'XRPR�VLWH��$�ZLGHU�1�6�RULHQWHG�

WRSRJUDSKLF�KLJK��ZLWK���P�RI�HOHYDWLRQ��LV�HQYLVDJHG IRU WKH�PLGGOH�SRUWLRQ�RI�WKH�VWXG\�DUHD�

VHSDUDWLQJ�WKH�PDLQ�$XVHU WR�WKH�QRUWK�IURP�WKH�SDODHR$UQR�WR�WKH�VRXWK�

x 7KH�WHPSRUDO DQG VSDWLDO�GLVWULEXWLRQ�RI�WKH�DUFKDHRORJLFDO�GDWD�GRFXPHQWV WKH FUXFLDO UROH

SOD\HG�LQ�WKH�HYROXWLRQ�RI�WKH�XUEDQ�FRQWH[W�E\�WKH�$XVHU� WRZDUGV�ZKLFK�JUDYLWDWHG DQFLHQW�KXPDQ�

VHWWOHPHQWV DQG�PDQXIDFWXULQJ�VLWHV� 7KH�ORFDWLRQ�RI�WKHVH VLWHV ZDV�PDLQO\�FRQWUROOHG�E\�

SDODHRK\GURJUDSK\�DQG�SDODHRWRSRJUDSK\� DQG FOXVWHUHG LQ�FRUUHVSRQGHQFH�RI�WKH�WRSRJUDSKLF�KLJK�

FORVH�WR WKH�$XVHU ULYHU�FRXUVH�
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x 7KLV�ZRUN�FRQWULEXWHV�WR�DQ�HVWLPDWLRQ�RI�WKH�DUFKDHRORJLFDO�SRWHQWLDO�RI 3LVD�VXEVRLO�DQG�

FRXOG�EH�XVHG DV�D�GHFLVLRQ�PDNLQJ�WRRO�LQ�WKH�GHYHORSPHQW�RI�WKH�3LVD�XUEDQ�DUHD�

$FNQRZOHGJHPHQWV

:H�WKDQN�5HJLRQH�7RVFDQD�IRU�SURYLGLQJ�ILQDQFLDO�VXSSRUW�DQG�6HUHQD�*LDFRPHOOL� )UDQFHVFR�

*KL]]DQL� )UDQFHVFD�*UDVVLQL��DQG�$GULDQR�5LEROLQL�IRU�WKH�KHOSIXO�GLVFXVVLRQ��
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5HIHUHQFHV

$PRURVL��$���6DUWL��*���5RVVL��9���)RQWDQD��9���������$QDWRP\�DQG�VHTXHQFH�VWUDWLJUDSK\�RI�WKH�ODWH�

4XDWHUQDU\�$UQR�YDOOH\�ILOO��7XVFDQ\��,WDO\���,Q��$PRURVL��$���+DT��%�8���6DEDWR��/���(GV����

$GYDQFHV�LQ�$SSOLFDWLRQ�RI�6HTXHQFH�6WUDWLJUDSK\�LQ�,WDO\��*HR$FWD��6SHFLDO�3XEOLFDWLRQ�����SS��

��±���

$PRURVL��$���%LQL��0���*LDFRPHOOL��6���3DSSDODUGR��0���5LEHFDL��&���5RVVL��9���6DPPDUWLQR��,���6DUWL��

*�������D��0LGGOH�WR�ODWH�+RORFHQH�HQYLURQPHQWDO�HYROXWLRQ�RI�WKH�3LVD�FRDVWDO�SODLQ��7XVFDQ\��

,WDO\��DQG�HDUO\�KXPDQ�VHWWOHPHQW��4XDWHUQDU\�,QWHUQDWLRQDO �������±����

$PRURVL��$���5RVVL��9���6DUWL��*���0DWWHL��5�������E��&RDOHVFHQW�YDOOH\�ILOOV�IURP�WKH�ODWH�4XDWHUQDU\�

UHFRUG�RI�7XVFDQ\��,WDO\���4XDWHUQDU\�,QWHUQDWLRQDO ��������±����

$QLFKLQL��)���������/¶DQDOLVL�GHL�GDWL��XQ¶DUFKHRORJLD�VHQ]D�DJJHWWLYL��,Q��$QLFKLQL��)���)DELDQL��)���

*DWWLJOLD��*���*XDODQGL��0�/���(GV����0HWRGRORJLH�$SSOLFDWH�DOOD�3UHGLWWLYLWj�GHO�3RWHQ]LDOH�

$UFKHRORJLFR�����(GL]LRQL�1XRYD�&XOWXUD��5RPD�� SS�����±����

$QLFKLQL��)���*DWWLJOLD��*���������$�TXDOFXQR�SLDFH�³ZHE*,6´��,QGLFD]LRQL�SUDWLFKH�SHU�XQ�XWLOL]]R�

DUFKHRORJLFR�FRQVDSHYROH� ,Q��$QLFKLQL��)���)DELDQL��)���*DWWLJOLD��*���*XDODQGL��0�/���(GV����

0HWRGRORJLH�$SSOLFDWH�DOOD�3UHGLWWLYLWj�GHO�3RWHQ]LDOH�$UFKHRORJLFR�����(GL]LRQL�1XRYD�&XOWXUD��

5RPD�� SS����±���

$UQDXG�)DVVHWWD��*���'H�%HDXOLHX��-�/���6XF��-�3���3URYDQVDO�0���:LOOLDPVRQ�'���/HYHDX�3���$ORwVL��

-�&���*DGHO��)���*LUHVVH��3���2EHUOLQ�&���'X]HU��'���������(YLGHQFH�IRU�DQ�HDUO\�ODQG�XVH�LQ�WKH�

5K{QH�GHOWD��0HGLWHUUDQHDQ�)UDQFH��DV�UHFRUGHG�E\�ODWH�+RORFHQH�IOXYLDO�SDOHRHQYLURQPHQWV�

�����±����%&���*HRGLQDPLFD�$FWD��� ���� ���±����

%HQYHQXWL��0���0DULRWWL�/LSSL��0���3DOOHFFKL��3���6DJUL��0���������/DWH�+RORFHQH�FDWDVWURSKLF�

IORRGV�LQ�WKH�WHUPLQDO�$UQR�5LYHU��3LVD��&HQWUDO�,WDO\��IURP�WKH�VWRU\�RI�D�5RPDQ�ULYHULQH�

KDUERXU��+RORFHQH �����������±����
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%LQL��0���%DURQL��&���5LEROLQL��$�������D��*HRDUFKDHRORJ\�DV�D�WRRO�IRU�UHFRQVWUXFWLQJ�WKH�HYROXWLRQ�

RI�WKH�$SXR�9HUVLOLDQ�3ODLQ��1:�,WDO\���*HRJUDILD )LVLFD�H 'LQDPLFD 4XDWHUDQDULD �������±����

%LQL��0���3DSSDODUGR��0���5RVVL��9���6DUWL��*�������E��*OL�VFHQDUL�3DOHRJHRJUDILFL�GHOOD�SLDQXUD�GL�

SLVD�GDOOD�SURWRVWRULD�DOO¶HWj�FRQWHPSRUDQHD� ,Q��$QLFKLQL��)���)DELDQL��)���*DWWLJOLD��*���*XDODQGL��

0�/���(GV����0HWRGRORJLH�DSSOLFDWH�DOOD�SUHGLWWLYLWj�GHO�SRWHQ]LDOH�DUFKHRORJLFR�����(GL]LRQL�

1XRYD�&XOWXUD��5RPD��SS����í�����

%LQL��0���%U�FNQHU��+���&KHOOL��$���3DSSDODUGR��0���'D�3UDWR��6����*HUYDVLQL��/�������D��

3DODHRJHRJUDSKLHV�RI�WKH�0DJUD�9DOOH\�FRDVWDO�SODLQ�WR�FRQVWUDLQ�WKH�ORFDWLRQ�RI�WKH�5RPDQ�

KDUERXU�RI�/XQD��1:�,WDO\���3DODHRJHRJUDSK\��3DODHRFOLPDWRORJ\��3DODHRHFRORJ\������������±

���

%LQL��0���&DSLWDQL��0���3DSSDODUGR��0���3RFREHOOL��*�)�������E��9HFFKL�H�1XRYL�GDWL�GDOOD�

IRWRLQWHUSUHWD]LRQH�DHUHD��,Q��$QLFKLQL��)���)DELDQL��)���*DWWLJOLD��*���*XDODQGL��0�/���(GV����

0HWRGRORJLH�DSSOLFDWH�DOOD�SUHGLWWLYLWj�GHO�SRWHQ]LDOH�DUFKHRORJLFR�����(GL]LRQL�1XRYD�&XOWXUD��

5RPD��SS�����í������

%LQL� 0���.XNDYLFLF� 0���3DSSDODUGR� 0�� ����F��5HPRWH�VHQVLQJ�VWXG\�RQ�WKH�3LVD�3ODLQ� 0DS3DSHU�

��������í�����GRL����������0$33$��������

%LQL��0���&KHOOL��$���'XUDQWH��$�0���*HUYDVLQL��/���3DSSDODUGR��0����������*HRDUFKDHRORJLFDO�VHD�

OHYHO�SUR[LHV IURP�D�VLOWHG�XS�KDUERXU��$�FDVH�VWXG\�RI�WKH�5RPDQ�FRORQ\�RI�/XQL��1RUWKHUQ�

7\UUKHQLDQ�6HD��,WDO\���4XDWHUQDU\�,QWHUQDWLRQDO���������±����

%LVVRQ��0�� %LQL��0�� �������$�PXOWLGLVFLSOLQDU\�DSSURDFK�WR�UHYHDO�SDODHR�K\GURJUDSKLF�IHDWXUHV��

7KH�FDVH�VWXG\�RI /XQD�DUFKDHRORJLFDO�VLWH�VXUURXQGLQJV��,QWHUQDWLRQDO�-RXUQDO�RI�*HRJUDSKLFDO�

,QIRUPDWLRQ�6FLHQFH��������í����

%UXQHWRQ��+���$UQDXG�)DVVHWWD��*���3URYDQVDO�0���6LVWDFK��'�� ������*HRPRUSKRORJLFDO�HYLGHQFH�IRU�

IOXYLDO�FKDQJH�GXULQJ�WKH�5RPDQ�SHULRG�LQ�WKH�ORZHU�5KRQH�YDOOH\��VRXWKHUQ�)UDQFH�� &DWHQD����

��������í����
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%UXQL��6�������D��,O�VLVWHPD�SRUWXDOH�GL�3LVD�HWUXVFD�H�URPDQD��$SSXQWL��,Q��%UXQL��6���(G����,O�SRUWR

XUEDQR�GL�3LVD�DQWLFD��,��,O�FRQWHVWR�H�LO�UHOLWWR�HOOHQLVWLFR�,� 6LOYDQD��&LVDQHOOR�%DOVDPR��SS��

��í���

%UXQL��6�������E��/¶DUHD�GL�6DQ�3LHUR�D�*UDGR�SULPD�GHOOD�FRVWUX]LRQH�GHOOD�%DVLOLFD��,SRWHVL�LQ�

IRUPD�GL�DSSXQWL�VXL�GDWL�DUFKHRORJLFL��,Q��&HFFDUHOOL�/HPXW��0�/���6RGL��6���(GV����1HO�VHJQR�GL�

3LHWUR��/D�%DVLOLFD�GL�6DQ�3LHUR�D�*UDGR�GD�OXRJR�GHOOD�SULPD�HYDQJHOL]]D]LRQH�D�PHWD�GL�

SHOOHJULQDJJLR�PHGLHYDOH� )HOLFL (GLWRUH��3LVD��SS����í���

%UXQL��6���������3LVD�HWUXVFD��$QDWRPLD�GL�XQD�FLWWj�VFRPSDUVD� /RQJDQHVL��0LODQR��SS������

%UXQL��6���&RVFL��0���������$OSKHDH�YHWHUHP�FRQWHPSWORU�RULJLQLV�XUEHP��TXDP�FLQJXQW�JHPLQLV�

$UQXV�HW�$XVXU�DTXLV��,O�SDHVDJJLR�GL�3LVD�HWUXVFD�H�URPDQD��PDWHULDOL�H�SUREOHPL��,Q��%UXQL� 6��

�(G��� ,O�SRUWR�XUEDQR�GL�3LVD��/D�IDVH�HWUXVFD��,O�FRQWHVWR�H�LO�UHOLWWR�HOOHQLVWLFR� SS����±���

%UXQR��/���$PRURVL��$���&XULQD��5���6HYHUL��3���%LWHOOL��5���������+XPDQ�ODQGVFDSH�LQWHUDFWLRQV�LQ�

WKH�%RORJQD�DUHD��1RUWKHUQ�,WDO\��GXULQJ�WKH�PLGGOH±ODWH�+RORFHQH�ZLWK�IRFXV�RQ�WKH�5RPDQ�

SHULRG��7KH�+RORFHQH���������±�����

%XW]HU��.�:�������� &KDOOHQJHV�IRU�D�FURVV�GLVFLSOLQDU\�JHRDUFKDHRORJ\��7KH�LQWHUVHFWLRQ�EHWZHHQ�

HQYLURQPHQWDO�KLVWRU\�DQG�JHRPRUSKRORJ\��*HRPRUSKRORJ\���������������í����

&DPLOOL��$���*DPERJL��3�� ������3RUWL�H�DSSURGL�GHOOD�FRVWD�WRVFDQD� ,Q��$UFH��;���(G����0DU�

([WHULRU��(O�RFFLGHQWH�DWOjQWLFR�HQ�pSRFD�URPDQD� $WWL�GHO�FRQJUHVVR�LQWHUQD]LRQDOH��,UXQ��SS��

���í����

&DPLOOL��$���6HWDUL��(���������/H�QDYL�DQWLFKH�GL�3LVD��*XLGD�DUFKHRORJLFD��(OHFWD��0LODQR�

&DVWDOGLQL��'���0DUFKHWWL��0���&DUGDUHOOL��$���������6RPH�QRWHV�RQ�JHRPRUSKRORJLFDO�DQG�

DUFKDHRORJLFDO�DVSHFWV�LQ�WKH�FHQWUDO�3R�3ODLQ��QRUWKHUQ�,WDO\���,Q��'H�'DSSHU��0���9HUPHXOHQ�)���

'HSUH]�6���7DHOPDQ�'���(GV����2O¶PDQ�5LYHU��*HR�$UFKDHRORJLFDO�DVSHFWV�RI�ULYHUV�DQG�ULYHU�

SODLQV��*KHQW�8QLYHUVLW\��$NDGHPLD�3UHVV�*KHQW��%HOJLR��SS�����í�����
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&HFFDUHOOL�/HPXW��0�/���3DVTXLQXFFL��0�� ������)RQWL�DQWLFKH�H�PHGLHYDOL�SHU�OD�YLDELOLWj�GHO�

WHUULWRULR�SLVDQR��%ROOHWWLQR�6WRULFR�SLVDQR�����í����

&HFFDUHOOL�/HPXW��0�/���0D]]DQWL��5���0RUHOOL��3���������,O�FRQWULEXWR�GHOOH�IRQWL�VWRULFKH�DOOD�

FRQRVFHQ]D�GHOOD�JHRPRUIRORJLD��,Q��0D]]DQWL�5���(G���/D�SLDQXUD�GL�3LVD�HG�L�ULOLHYL�FRQWHUPLQL�

/D�QDWXUD�H�OD�VWRULD��6RFLHWj�*HRJUDILFD�,WDOLDQD��5RPD��SS�����±����

&RDUHOOL��)������������/D�IRQGD]LRQH�GL�/XQL��3UREOHPL�VWRULFL�H�DUFKHRORJLFL� ,Q��6WXGL�OXQHQVL�H�

SURVSHWWLYH�VXOO¶RFFLGHQWH�URPDQR��4XDGHUQL�&HQWUR�6WXGL�/XQHQVL������ �������í���

&RUUHWWL��$���������3LVD� ,Q��1HQFL��*���9DOOHW��*���(GV����%LEOLRJUDILD�7RSRJUDILFD�GHOOD�

&RORQL]]D]LRQH�JUHFD�LQ�,WDOLD�H�QHOOH�LVROH�WLUUHQLFKH�����3LVD�5RPD�����í����

'HOOD�5RFFD��5���0D]]DQWL��5���3UDQ]LQL��(���������6WXGLR�JHRPRUIRORJLFR�GHOOD�3LDQXUD�GL�3LVD�

�7RVFDQD���*HRJUDILD�)LVLFD�H�'LQDPLFD�4XDWHUQDULD�������±���

'H�6PHGW��3���9DQ�0HLUYHQQH��0���'DYLHV��1�6���%DWV��0���6DH\��7���'H�5HX��-���0HHUVFKPDQ��(���

*HORULQL��9���=ZHUWYDHJKHU��$���$QWURS��0���%RXUJHRLV��-���'H�0DH\HU��3���)LQNH��3�$���9HUQLHUV��

-���&URPEp��3���������$�PXOWLGLVFLSOLQDU\�DSSURDFK�WR�UHFRQVWUXFWLQJ�ODWH�JODFLDO�DQG�HDUO\�

KRORFHQH�ODQGVFDSHV�-RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH�������������í�����

'XFFL��6���*HQRYHVL��6���0HQFKHOOL��6���3DVTXLQXFFL��0���������/D�VFRSHUWD�GL�3RUWXV�3LVDQXV� ,Q��

0DUFXFFL��&���0HJDOH��&���(GV��� 5HWH�DUFKHRORJLFD��3URYLQFLD�GL�/LYRUQR��9DORUL]]D]LRQH�H�

ULFHUFKH� $WWL�GHO�&RQYHJQR��3LVD� SS� ��í���

)DELDQL��)���������/¶XUEDQLVWLFD��FLWWj�H�SDHVDJJL��0DQXDOL�8QLYHUVLWDUL��&DUURFFL�(GLWRUH��5RPD��SS��

����

)DELDQL��)���*DWWLJOLD��*���������/D�VWUXWWXUD�LQIRUPDWLFD�GL�DUFKLYLD]LRQH��,Q��$QLFKLQL��)���)DELDQL��

)���*DWWLJOLD��*���*XDODQGL��0�/���(GV����0HWRGRORJLH�DSSOLFDWH�DOOD�SUHGLWWLYLWj�GHO�SRWHQ]LDOH�

DUFKHRORJLFR�����(GL]LRQL�1XRYD�&XOWXUD��5RPD��SS����±���

)DELDQL��)���*DWWLJOLD��*���*KL]]DQL�0DUFuD��)���*UDVVLQL��)���*XDODQGL��0�/���3DURGL��/�������D��

$QDOLVL�VSD]LDOL�H�ULFRVWUX]LRQL�VWRULFKH��,Q��$QLFKLQL��)���)DELDQL��)���*DWWLJOLD��*���*XDODQGL��
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0�/���(GV����0HWRGRORJLH�DSSOLFDWH�DOOD�SUHGLWWLYLWj�GHO�SRWHQ]LDOH�DUFKHRORJLFR�����(GL]LRQL�

1XRYD�&XOWXUD��5RPD��SS����±���

)DELDQL��)���*KL]]DQL�0DUFuD��)���*XDODQGL��0�/�������E��'DL�PHWRGL�DOOD�VWRULD��3LVD�LQ�HWj�URPDQD�

H�WDUGRDQWLFD� ,Q��$QLFKLQL��)���)DELDQL��)���*DWWLJOLD��*���*XDODQGL��0�/���(GV����0HWRGRORJLH�

DSSOLFDWH�DOOD�SUHGLWWLYLWj�GHO�SRWHQ]LDOH�DUFKHRORJLFR�����(GL]LRQL�1XRYD�&XOWXUD��5RPD��SS��

���±����

)DELDQL��)�������� /¶DFTXLVL]LRQH�GHOOD�GRFXPHQWD]LRQH�DUFKHRORJLFD��,Q��$QLFKLQL��)���)DELDQL��)���

*DWWLJOLD��*���*XDODQGL��0�/���(GV����0HWRGRORJLH�DSSOLFDWH�DOOD�SUHGLWWLYLWj�GHO�SRWHQ]LDOH�

DUFKHRORJLFR�����(GL]LRQL�1XRYD�&XOWXUD��5RPD��SS����±���

)DELDQL��)�� ������3RSXORQLD�H�OD�WULE��*DOHULD� ,Q� %RWWDUHOOL��/���&RFFROXWR��0� 0LOHWL��0�&� �(GV����

0DWHULDOL�SHU�3RSXORQLD����3LVD��SS�����±����

)DELDQL��)���������³«VWUDWDP�DQWLTXDP�TXH�HVW�SHU�SDOXGHV�HW�ERVFRV«´��9LDELOLWj�URPDQD�WUD�3LVD�H�

/XQL��3OXV��3LVD��SS������

)RXDFKH��(���9HOOD��&���'LPR��/���*UXGD��*���0XJQLHU��-��/���'HQqIOH��0���0RQQLHU��2���+RW\DW��0���

+XWK��(���������6KRUHOLQH�UHFRQVWUXFWLRQ�VLQFH�WKH�0LGGOH�+RORFHQH�LQ�WKH�YLFLQLW\�RI�WKH�DQFLHQW�

FLW\�RI�$SROORQLD��$OEDQLD��6HPDQ�DQG�9MRVD�GHOWDV�� 4XDWHUQDU\�,QWHUQDWLRQDO ��������������±

����

*DU]HOOD��*���������3LVD�FRP¶HUD��WRSRJUDILD�H�LQVHGLDPHQWR�XUEDQR��'DOO¶LPSLDQWR�WDUGR�DQWLFR�DOOD�

FLWWj�PXUDWD�GHO�VHFROR�;,,��/LJXRUL��1DSROL�

*DWWLJOLD��*����������3LVD�QHO�PHGLRHYR�SURGX]LRQH��VRFLHWj�XUEDQLVWLFD���XQD�OHWWXUD�DUFKHRORJLFD��

)HOLFL�(GLWRUH��3LVD��SS� ����

*KLODUGL��0���'HVUXHOOHV��6�� ������*HRDUFKDHRORJ\��:KHUH�KXPDQ��VRFLDO�DQG�HDUWK�VFLHQFHV�PHHW�

ZLWK�WHFKQRORJ\��6�$�3�,�(1�6�>2QOLQH@��KWWS���VDSLHQV�UHYXHV�RUJ����

*KLODUGL��0���*HQo��$���6\ULGHV��*���%ORHPHQGDO��-���3VRPLDGLV��'���3DUDVFKRX��7���.XQHVFK��6���

)RXDFKH��(���������5HFRQVWUXFWLRQ�RI�WKH�ODQGVFDSH�KLVWRU\�DURXQG�WKH�UHPQDQW�DUFK�RI�WKH�.OLGKL�
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5RPDQ�%ULGJH��7KHVVDORQLNL�3ODLQ��1RUWK�&HQWUDO�*UHHFH��-RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH����

��������±�����

*UXSSR�GL�/DYRUR�SHU�OD�&DUWRJUDILD�*HRPRUIRORJLFD������͘ &DUWD�*HRPRUIRORJLFD�G
,WDOLD Ͳ

��������� *XLGD�DO�ULOHYDPHQWR��6HUYL]LR�*HRORJLFR�1D]LRQDOH�H�*UXSSR�1D]LRQDOH�*HRJUDILD�

)LVLFD�H�*HRPRUIRORJLD��4XDGHUQL�6HUYL]LR�*HRORJLFR�1D]LRQDOH�������� SS� ���

+XWFKLQVRQ��0�)�� ������&DOFXODWLRQ�RI�K\GURORJLFDOO\�VRXQG�GLJLWDO�HOHYDWLRQ�PRGHOV��3URFHHGLQJV�

RI�WKH�7KLUG�,QWHUQDWLRQDO�6\PSRVLXP�RQ�6SDWLDO�'DWD�+DQGOLQJ����,QWHUQDWLRQDO�*HRJUDSKLFDO�

8QLRQ��&ROXPEXV��2KLR��SS� ���±����

+XWFKLQVRQ��0�)��������$�QHZ�PHWKRG�IRU�JULGGLQJ�HOHYDWLRQ�DQG�VWUHDPOLQH�GDWD�ZLWK�DXWRPDWLF�

UHPRYDO�RI�SLWV��-RXUQDO�RI�+\GURORJ\���������±����

0DFNOLQ��0�*���/HZLQ��-���:RRGZDUG��-�&���������7KH�IOXYLDO�UHFRUG�RI�FOLPDWH�FKDQJH��

3KLORVRSKLFDO�7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�$��0DWKHPDWLFDO��3K\VLFDO�DQG�(QJLQHHULQJ�

6FLHQFHV ���������±������

0DVHOOL��9����7ULQFDUGL��)���������0DQ�PDGH�GHOWDV��6FLHQWLILF�5HSRUWV �� �±��

0DUULQHU��1���*DPELQ��7���'MDPDOL��0���0RUKDQJH��&���6SLWHUL��0�������� *HRDUFKDHRORJ\�RI�WKH�

%XUPDUUDG�ULD�DQG�HDUO\�+RORFHQH�KXPDQ�LPSDFWV�LQ�ZHVWHUQ�0DOWD��3DODHRJHRJUDSK\��

3DODHRFOLPDWRORJ\��3DODHRHFRORJ\������������±���

0DUULQHU��1���)ODX[��&���0RUKDQJH��&���6WDQOH\��-���������7UDFNLQJ�1LOH�'HOWD�9XOQHUDELOLW\�WR�

+RORFHQH�&KDQJH��3/R6�2QH�����±��

0DUFKLVLR��0���&RVFL��0���'¶2QRIULR��/���%LDJLRQL��$���&LXIIL��3���/DQFXFFL��1�� 6DYLR]]L��)���������

5LFRVWUX]LRQH�GHJOL�DQWLFKL�FRUVL�IOXYLDOL�QHOOD�SLDQXUD�GL�3LVD�FRQ�PHWRGL�JHRILVLFL��6FLHQFH�DQG�

7HFKQRORJ\�IRU�&XOWXUDO�+HULWDJH������±���

0DUWLQL��,�3��6DUWL��*���3DOOHFFKL��3���&RVWDQWLQL��$���������/DQGVFDSH�,QIOXHQFHV�RQ�WKH�'HYHORSPHQW�

RI�WKH�0HGLHYDO(DUO\�5HQDLVVDQFH�&LW\�VWDWHV�RI�3LVD��)ORUHQFH��DQG�6LHQD��,WDO\��,Q��0DUWLQL�,�3���

&KHVZRUWK��:���(GV���/DQGVFDSH�DQG�6RFLHWLHV�� 6HOHFWHG�&DVHV��6SULQJHU�%HUOLQ��SS�����±����
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0HOH� 0�� &UHPDVFKL� 0�� *LXGLFL� 0�� /R]HM� $�� 3L]]L� &�� %DVVL� $�������� 7KH�7HUUDPDUH�DQG�WKH�

VXUURXQGLQJ�K\GUDXOLF�VWUXFWXUHV��D�JHRSK\VLFDO�VXUYH\�RI�WKH�6DQWD�5RVD�VLWH�DW�3RYLJOLR��%URQ]H�

$JH��QRUWKHUQ�,WDO\�� -RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH��� ���������±�����

0HQFKHOOL��6���������3LVD�QHOOH�URWWH�FRPPHUFLDOL�PHGLWHUUDQHH�GDO�,,, VHFROR�D�&��DOO¶HWj�WDUGRDQWLFD��

,Q��7DQJKHURQL��0� �(G��� 3LVD�H�LO�0HGLWHUUDQHR��8RPLQL��PHUFL��LGHH��GDJOL�(WUXVFKL�DL�0HGLFL�

&DWDORJR�GHOOD�0RVWUD��0LODQR��SS����±����

0R]]L��3���3LRYDQ��6���5RVVDWR��6���&XFDWR��0���$EEj��7���)RQWDQD��$�������� 3DODHRK\GURJUDSK\�DQG�

HDUO\�VHWWOHPHQWV�LQ�3DGXD��,WDO\���,O�4XDWHUQDULR�,WDOLDQ -RXUQDO�RI�4XDWHUQDU\�6FLHQFHV���

��%LV������±����

1LQIR��$���)HUUDUHVH��)���0R]]L��3���)RQWDQD��$���������+LJK�UHVROXWLRQ�GHPV�IRU�WKH�DQDO\VLV�RI�

IOXYLDO�DQG�DQFLHQW�DQWKURSRJHQLF�ODQGIRUPV�LQ�WKH�DOOXYLDO�SODLQ�RI�3DGXD��,WDO\���*HRJUDILD�

)LVLFD�H�'LQDPLFD�4XDWHUQDULD������������±����

3DUNHU��$�*�� /XFDV��$�6���:DOGHQ��-���*RXGLH��6���5RELQVRQ��0�$���$OOHQ��7�*�������� /DWH�

+RORFHQH�JHRDUFKDHRORJLFDO�LQYHVWLJDWLRQ�RI�WKH�0LGGOH�7KDPHV�IORRGSODLQ�DW�'RUQH\��

%XFNLQJKDPVKLUH��8.��$Q�HYDOXDWLRQ�RI�WKH�%URQ]H�$JH��,URQ�$JH��5RPDQ�DQG�6D[RQ�

ODQGVFDSHV� *HRPRUSKRORJ\���������±����

3DULEHQL��(���������3LVD�QHOO¶(WUXULD�QRUG�RFFLGHQWDOH�GHOOD�SULPD�HWj�GHO�)HUUR��%D]]DQR��0XVHR�

FLYLFR�$UVHQLR�&UHVSHOODQL��,Q��%XUJLR��5���&DPSDJQDUL��6���0DOQDWL��/���(GV����&DYDOLHUL�(WUXVFKL�

GDOOH�9DOOL�DO�3R��7UD�5HQR�H�3DQDUR�OD�9DOOH�GHO�6DPRJJLD�QHO�9,,,�H�9,,�6HFROR�D�&���$VSDVLD��

%RORJQD��SS���±�����

3DULEHQL��(���������,O�TXDUWLHUH�QHO�FRQWHVWR�XUEDQR��,Q��$OEHUWL��$���3DULEHQL��(���(GV����$UFKHRORJLD�

LQ�3LD]]D�GHL�0LUDFROL��*OL�VFDYL������������)HOLFL�(GLWRUH��3LVD��SS�����±���

3DURGL��/���������(YLGHQ]H�DWWULEXLELOL�D�HGLILFL�URPDQL��$UHD��������,Q��$OEHUWL��$���3DULEHQL��(��

�(GV����$UFKHRORJLD�LQ�3LD]]D�GHL�0LUDFROL��*OL�VFDYL������������)HOLFL�(GLWRUH��3LVD��SS�����±

����
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3DVTXLQXFFL��0���������,�SRUWL�GL�3LVD�H�GL�9ROWHUUD��$WKHQDHXP��������±����

3DVTXLQXFFL��0���������,O�SRSRODPHQWR�GDOO
HWj�GHO�)HUUR�DO�7DUGR�$QWLFR��,Q��0D]]DQWL�5���(G���/D�

SLDQXUD�GL�3LVD�HG�L�ULOLHYL�FRQWHUPLQL� /D�QDWXUD�H�OD�VWRULD��6RFLHWj�*HRJUDILFD�,WDOLDQD��5RPD��

SS�����±����

3DVTXLQXFFL��0���������/H�VWUXWWXUH�URPDQH�LQ�SLD]]D�'DQWH��YHFFKLH�LSRWHVL�H�QXRYL�GDWL�

VXOO¶XUEDQLVWLFD�GL�3LVD�URPDQD� ,Q��%UXQL��6����(G����3LVD��3LD]]D�'DQWH��XQR�VSDFFDWR�GHOOD�VWRULD�

SLVDQD��/D�FDPSDJQD�GL�VFDYR�������%DQGHFFKL�	�9LYDOGL��3RQWHGHUD��SS���±����

3DVTXLQXFFL��0�������D��3LVD�URPDQD� ,Q��7DQJKHURQL��0� �(G��� 3LVD�H�LO�0HGLWHUUDQHR��8RPLQL��

PHUFL��LGHH��GDJOL�(WUXVFKL�DL�0HGLFL� &DWDORJR�GHOOD�0RVWUD��0LODQR��SS����±���

3DVTXLQXFFL��0�������E��3LVD�H�L�VXRL�SRUWL�LQ�HWj�HWUXVFD�H�URPDQD��,Q��7DQJKHURQL��0� �(G��� 3LVD�H�

LO�0HGLWHUUDQHR��8RPLQL��PHUFL��LGHH��GDJOL�(WUXVFKL�DL�0HGLFL� &DWDORJR�GHOOD�0RVWUD��0LODQR��

SS����±��

3DVTXLQXFFL��0���������&RORQLD�2SVHTXHQV�,XOLD�3LVDQD��TXDOFKH�ULIOHVVLRQH�VXOOD�FLWWj�HG�LO�VXR�

WHUULWRULR��$QQDOL�GHOOD�6FXROD�1RUPDOH�6XSHULRUH�GL�3LVD�;;9����������±����

3ULFH��6�-���)RUG��-�5���&RRSHU��$�+���1HDO��&���������+XPDQV�DV�PDMRU�JHRORJLFDO�DQG�

JHRPRUSKRORJLFDO�DJHQWV�LQ�WKH�DQWKURSRFHQH��7KH�VLJQLILFDQFH�RI�DUWLILFLDO�JURXQG�LQ�JUHDW�

%ULWDLQ��3KLORVRSKLFDO�7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�$��0DWKHPDWLFDO��3K\VLFDO�DQG�

(QJLQHHULQJ�6FLHQFHV������������������±�����

3UDQ]LQL��(���������8SGULIW�ULYHU�PRXWK�PLJUDWLRQ�RQ�FXVSDWH�GHOWDV��WZR�H[DPSOHV�IURP�WKH�FRDVW�RI�

7XVFDQ\��,WDO\���*HRPRUSKRORJ\��������±����

5DYD]]L��&���0DUFKHWWL��0���=DQRQ��0���3HUHJR��5���4XLULQR��7���'HDGGLV��0���'H�$PLFLV��0���

0DUJDULWRUD��'���������/DNH�HYROXWLRQ�DQG�ODQGVFDSH�KLVWRU\�LQ�WKH�ORZHU�0LQFLR�5LYHU�YDOOH\��

XQUDYHOOLQJ�GUDLQDJH�FKDQJHV�LQ�WKH�FHQWUDO�3R�3ODLQ��1�,WDO\��VLQFH�WKH�%URQ]H�$JH��4XDWHUQDU\�

,QWHUQDWLRQDO����������±�����
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5HLPHU��3�-���%DLOOLH��0�*�/���%DUG��(���%D\OLVV��$���%HFN��-�:���%ODFNZHOO��3�*���%URQN�5DPVH\��&���

%XFN��&�(���%XUU��*�6���(GZDUGV��5�/���)ULHGULFK��0���*URRWHV��3�0���*XLOGHUVRQ��7�3���+DMGDV��,���

+HDWRQ��7�-���+RJJ��$�*���+XJKHQ��.�$���.DLVHU��.�)���.URPHU��%���0F&RUPDF��)�*���0DQQLQJ��

6�:���5HLPHU��5�:���5LFKDUGV��'�$���6RXWKRQ��-�5���7DODPR��6���7XUQH\��&�6�0���YDQ�GHU�3OLFKW��

-���:H\KHQPH\HU��&�(���������,17&$/����DQG�0$5,1(���UDGLRFDUERQ�DJH�FDOLEUDWLRQ�FXUYHV��

���������\HDUV�&DO�%3��5DGLRFDUERQ���������±�����

5RVVL��9���$PRURVL��$���6DUWL��*���3RWHQ]D��0���������,QIOXHQFH�RI�LQKHULWHG�WRSRJUDSK\�RQ�WKH�

+RORFHQH�VHGLPHQWDU\�HYROXWLRQ�RI�FRDVWDO�V\VWHPV��DQ�H[DPSOH�IURP�$UQR�FRDVWDO�SODLQ�

�7XVFDQ\��,WDO\���*HRPRUSKRORJ\���������±����

6DUWL��*���5RVVL��9���$PRURVL��$���������,QIOXHQFH�RI�+RORFHQH�VWUDWLJUDSKLF�DUFKLWHFWXUH�RQ�JURXQG�

VXUIDFH�VHWWOHPHQWV��D�FDVH�VWXG\�IURP�WKH�FLW\�RI�3LVD��7XVFDQ\��,WDO\���6HGLPHQWDU\�*HRORJ\�

�������±���

6HJHQQL��6���������3LVD�LQ�HWj�URPDQD��OH�IRQWL�OHWWHUDULH�HG�HSLJUDILFKH� ,Q� 7DQJKHURQL��0� �(G���

3LVD�H�LO�0HGLWHUUDQHR��8RPLQL��PHUFL��LGHH��GDJOL�(WUXVFKL�DL�0HGLFL� &DWDORJR�GHOOD�0RVWUD��

0LODQR���SS����±���

6FKXOGHQUHLQ��-���$LXYDODVLW��0���������8UEDQ�JHRDUFKDHRORJ\�DQG�VXVWDLQDELOLW\�$�FDVH�VWXG\�IURP�

0DQKDWWDQ�,VODQG��1HZ <RUN�&LW\��86$��6SHFLDO�3DSHU�RI�WKH�*HRORJLFDO�6RFLHW\�RI�$PHULFD�

��������±����

6LDUW��&���(LWHO��%���3DQDJLRWRSRXORV��'����������,QYHVWLJDWLRQ�RI�SDVW�DUFKDHRORJLFDO�ODQGVFDSHV�

XVLQJ�UHPRWH�VHQVLQJ�DQG�*,6��D�PXOWL�PHWKRG�FDVH�VWXG\�IURP�0RXQW�,GD��&UHWH��-RXUQDO�RI�

$UFKDHRORJLFDO�6FLHQFH���������±�����

6WHIDQL��0���=XSSLUROL��0���������7KH�LQWHUDFWLRQ�RI�JHRORJLFDO�DQG�DQWKURSLF�SURFHVVHV�VKDSLQJ�WKH�

XUEDQ�JURZWK�RI�IHUUDUD�DQG�WKH�HYROXWLRQ�RI�WKH�VXUURXQGLQJ�SODLQ��,O�4XDWHUQDULR��,WDOLDQ�-RXUQDO�

RI�4XDWHUQDU\�6FLHQFHV���������±����
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6\YLWVNL��-�3�0���.HWWQHU��$���������6HGLPHQW�IOX[�DQG�WKH�$QWKURSRFHQH��3KLORVRSKLFDO�

7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�$���������±����

6WHIIHQ��:���*ULQHYDOG��-���&UXW]HQ��3���0FQHLOO��-���������7KH�DQWKURSRFHQH��&RQFHSWXDO�DQG�

KLVWRULFDO�SHUVSHFWLYHV��3KLORVRSKLFDO�7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�$��0DWKHPDWLFDO��

3K\VLFDO�DQG�(QJLQHHULQJ�6FLHQFHV�����������������±����

9DQQLqUH��%���&RORPEDUROL��'���&KDSURQ��(���/HURX[��$���7LQQHU��:���0DJQ\��0���������&OLPDWH�

YHUVXV�KXPDQ�GULYHQ�ILUH�UHJLPHV�LQ�0HGLWHUUDQHDQ�ODQGVFDSHV��WKH�+RORFHQH�UHFRUG�RI�/DJR�

GHOO
$FFHVD��7XVFDQ\��,WDO\���4XDWHUQDU\�6FLHQFH�5HYLHZV������������������±�����

=DQFKHWWD��*���%LQL��0���&UHPDVFKL��0���0DJQ\��0���6DGRUL��/����������7KH�WUDQVLWLRQ�IURP�QDWXUDO�

WR�DQWKURSRJHQLF�GRPLQDWHG�HQYLURQPHQWDO�FKDQJH�LQ�,WDO\�DQG�WKH�VXUURXQGLQJ�UHJLRQV�VLQFH�WKH�

1HROLWKLF��$Q�LQWURGXFWLRQ��4XDWHUQDU\�,QWHUQDWLRQDO�������±���

=DODVLHZLF]��-���:LOOLDPV��0���)RUWH\��5���6PLWK��$���%DUU\��7�/���&RH��$�/���%RZQ��3�5���5DZVRQ��

3�)���*DOH��$���*LEEDUG��3���*UHJRU\��)�-���+RXQVORZ��0�:���.HUU��$�&���3HDUVRQ��3���.QR[��5���

3RZHOO��-���:DWHUV��&���0DUVKDOO��-���2DWHV�0���6WRQH��3�������D��6WUDWLJUDSK\�RI�WKH�

$QWKURSRFHQH��3KLORVRSKLFDO�7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�$����������±�����

=DODVLHZLF]��-���:LOOLDPV��0���+D\ZRRG��$���(OOLV��0�������E��7KH�$QWKURSRFHQH��D�QHZ�HSRFK�RI�

JHRORJLFDO�WLPH"�3KLORVRSKLFDO�7UDQVDFWLRQV RI�WKH�5R\DO�6RFLHW\�$���������±����
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)LJXUH�DQG�7DEOH�&DSWLRQV

)LJXUH��� 7KH�VWXG\ DUHD�LQ�WKH�FRQWH[W�RI�WKH�3LVD�DOOXYLDO�SODLQ �PRGLILHG�IURP�0DUWLQL�HW�DO���������

)LJXUH��� /RFDWLRQ�PDS�RI�WKH�3LVD�XUEDQ�DUHD�UHSRUWLQJ�WKH�VXEVXUIDFH�GDWDEDVH�XVHG�IRU�WKLV�VWXG\��

5HIHUHQFH�0$33$�FRQWLQXRXVO\�FRUHG�ERUHKROHV�DQG�0$33$�SHUFXVVLRQ�GULOOLQJ�FRUHV�DUH�VKRZQ�DV�RUDQJH�

DQG�UHG�VWDUV��UHVSHFWLYHO\��%ODFN�GRWV�UHSUHVHQW�VWUDWLJUDSKLF�GDWD�IURP�WKH�$UQR�FRDVWDO�SODLQ�GDWDVHW�

6HFWLRQ�WUDFHV�RI�)LJXUH����EROG�OLQHV��DQG�WKH�(OHFWULF�5HVLVWLYLW\�7RPRJUDSK\��(57��SURILOH�RI�)LJXUH���

�GRWWHG�OLQH��DUH�DOVR�UHSRUWHG��7KH�0HGLHYDO�ZDOOV�DQG�3LD]]D�'XRPR�DUH�VKRZQ�

)LJXUH��� /RFDWLRQ�RI�WKH�DUFKDHRORJLFDO�ILQGLQJV�IRXQG�LQ�WKH�VWXG\�DUHD��,Q�UHG�FLUFOH�WKH�DUFKDHRORJLFDO�

UHPDLQV�GDWLQJ�EDFN�WR�WKH�ODWH�(WUXVFDQ�DJH��,Q�JUHHQ�VTXDUH�WKH�DUFKDHRORJLFDO ILQGLQJV�GDWLQJ�EDFN�WR�WKH�

HDUO\�5RPDQ�DJH��

)LJXUH����3URWRKLVWRULF�KLVWRULF�DOOXYLDO�VWUDWLJUDSK\��VHFWLRQV�$�&��EHQHDWK�WKH�3LVD�XUEDQ�DUHD��5HIHUHQFH�

0$33$�FRUHV�DUH�LQ�EROG��$VWHULVNV�LQ�)LJXUH��%�UHIHU�WR�UDGLRFDUERQ�DJHV�REWDLQHG�IURP�PROOXVF�VKHOOV�

�&HUDVWRGHUPD�JODXFXP��UHZRUNHG�IURP�WKH�XQGHUO\LQJ�ODJRRQDO�FOD\V��7KH�EODFN�VWDU�LQ�)LJXUH��&�LQGLFDWHV�

D�UDGLRFDUERQ�DJH�SURMHFWHG�IURP�WKH�DGMDFHQW�FRUH�0����

)LJXUH����(OHFWULF�5HVLVWLYLW\�7RPRJUDSK\��(57��DFTXLUHG�DORQJ�WKH�QRUWK�0HGLHYDO�FLW\�ZDOO��7KH�KLJKHU�

UHVLVWLYLW\�YDOXHV��UHG��DUH�LQWHUSUHWHG�WR�UHSUHVHQW�VDQG\�SDODHRFKDQQHOV��)LJ�������,Q�GLVFRQWLQXRXV�OLQH  �

DUHD�LQWHUSUHWHG�DV�ORQJLWXGLQDO�VHFWLRQ�RI�SDODHRFKDQQHOV��&RQWLQXRXV�OLQH  �DUHD�LQWHUSUHWHG�DV�WUDQVYHUVDO�

VHFWLRQ�RI�DQ�ROGHU��SDODHRFKDQQHO�

)LJXUH��� 3DODHRK\GURJUDSK\�RI�3LVD�GXULQJ�WKH�(WUXVFDQ�5RPDQ�WUDQVLWLRQ�EDVHG�XSRQ�JHRPRUSKRORJLFDO�

VWUDWLJUDSKLF�GDWD��7KH�GRWWHG�EOXH�OLQHV�UHSUHVHQW�FKDQQHOV�LQIHUUHG�RQ�WKH�EDVLV�RI�H[FOXVLYH�VWUDWLJUDSKLF�

GDWD��UHFHQWO\�DFTXLUHG��7KHVH�GDWD�WKDW�LQFOXGH�FRUH��EODFN�FLUFOHV��DQG�WUHQFK��ZKLWH�VWDUV��VWUDWLJUDSKLHV�

FRQWULEXWH�WR�UHILQH�SUHYLRXV�UHFRQVWUXFWLRQV�RI�WKH�$XVHU FRXUVH��%LQL�HW�DO�������E���3DODHRWUDFHV�RI��

SURWRKLVWRULF�DQG�0HGLHYDO�DJH�DUH�UHSRUWHG�DV�ZHOO�DV�WKRVH�RI�XQNQRZQ�DJH��6HFWLRQ�WUDFHV�RI�)LJXUH���DUH�

DOVR�UHSRUWHG�DORQJ�ZLWK�FRUH�GDWD��5HIHUHQFH�0$33$�FRUHV�DUH�VKRZQ�DV�EROG�EODFN�FLUFOHV�

)LJXUH��� 'LJLWDO�HOHYDWLRQ�PRGHO�VKRZLQJ�WKH�DSSUR[LPDWH�WRSRJUDSK\�RI�WKH�VWXG\�DUHD�DW�WKH�EHJLQQLQJ�RI�

WKH�5RPDQ�SHULRG�FRPSDUHG�ZLWK�WKH�FXUUHQW�WRSRJUDSK\�GHULYHG�IURP�/L'$5�GDWD���
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)LJXUH��� /RFDOL]DWLRQ�DQG�UHODWLYH�RFFXUUHQFH�RI�ODWH�(WUXVFDQ��$��DQG�HDUO\�5RPDQ��%��DUFKDHRORJLFDO�

ILQGLQJV�GLVWLQJXLVKHG�LQWR�GLIIHUHQW�W\SRORJ\�DFFRUGLQJ�WR�WKH�0DSSD�SURMHFW�GDWDEDVH��

)LJXUH��� 5HFRQVWUXFWHG�DOOXYLDO�ODQGVFDSH�RI�3LVD�GXULQJ�WKH�(WUXVFDQ�5RPDQ�WUDQVLWLRQ���QG FHQWXU\�%&��QG

FHQWXU\�$'���7KH�FRQWRXU�OLQHV�UHIHU�WR�WKH�3LVD�JURXQG�OHYHO�DW�WKH�EHJLQQLQJ�RI�WKH�5RPDQ�SHULRG��6SDWLDO�

GLVWULEXWLRQ�RI�ODWH�(WUXVFDQ��$��DQG�HDUO\�5RPDQ��%��ILQGLQJV�DUH�UHSRUWHG�

7DEOH��� /LVW�RI�UDGLRFDUERQ�GDWHV�GLVFXVVHG�LQ�WKLV�SDSHU�

7DEOH��� (OHYDWLRQ�UDQJH�RI�SDODHRWRSRJUDSK\�UHFRQVWUXFWHG�IRU�WKH�EHJLQQLQJ�RI�5RPDQ�WLPH�FRPSDUHG�

ZLWK�WKH�FXUUHQW�WRSRJUDSK\�GHULYHG�IURP�/L'$5�GDWD�
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