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,QYHVWLJDWLRQV�FRQGXFWHG�RII� WKH�0DJKUHELQ�VKRUH�IURP������ WR�GDWH�DOORZ�XV� WR�REVHUYH�VLJQLILFDQW�FKDQJHV�LQ
VRPH�ELRPHWULFDO�SDUDPHWHUV��VXFK�DV�VL]H�DW�VH[XDO�PDWXULW\�DQG�PD[LPDO�VL]H�LQYROYLQJ�VH[XDO�GLPRUSKLVP�LQ�VL]H�
*HQHUDOO\��WKH�ODWWHU�DUH�ODUJHU�WKDQ�WKH�IRUPHU��DQG�WKLV�SKHQRPHQRQ�LV�PRUH�HYLGHQW�LQ�YLYLSDURXV�WKDQ�RYLSDURXV
VSHFLHV��)RU�LQVWDQFH�� LQ�VRPH�VF\OLRUKLQLG�VSHFLHV��PDOHV�DUH�ODUJHU�WKDQ�IHPDOHV��(QYLURQPHQWDO�SDUDPHWHUV�FRXOG
KDYH�DQ�HIIHFW�RQ�WKH�VL]H�DW�VH[XDO�PDWXULW\�DQG�PD[LPDO�VL]H�LQ�HODVPREUDQFK�RYLSDURXV�VSHFLHV��LQ�WKH�VDPH�VSH�
FLHV�� VSHFLPHQV� IURP�FROG�DUHDV�DUH� VPDOOHU� WKDQ� WKRVH� IURP�ZDUPHU�ZDWHUV��6LPLODU�SDWWHUQV�ZHUH�QRW�FOHDUO\�RE�
VHUYHG�LQ�YLYLSDURXV�VSHFLHV�DQG�QHHG�IXUWKHU�REVHUYDWLRQV�

.H\�ZRUGV��(ODVPREUDQFKV��VH[XDO�GLPRUSKLVP��UHSURGXFWLRQ��0DJKUHELQ�ZDWHUV��0HGLWHUUDQHDQ
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*UD]LH�DOOH�ULFHUFKH�HIIHWWXDWH�QHOOH�DFTXH�PDJUHELQH�D�SDUWLUH�GDO�������o�VWDWR�SRVVLELOH�RVVHUYDUH�DOFXQL�FDP�
ELDPHQWL�QHL�SDUDPHWUL�ELRPHWULFL�GHJOL�VTXDOL�H�GHOOH�UD]]H��FRPH�DG�HVHPSLR�OD�GLPHQVLRQH�QHOOD�IDVH�GL�PDWXULWi
VHVVXDOH�H�OD�JUDQGH]]D�PDVVLPD�QHO�GLPRUILVPR�VHVVXDOH��,Q�JHQHUDOH��JOL�HVHPSODUL�SL|�UHFHQWL�VRQR�GL�GLPHQVLRQL
PDJJLRUL�ULVSHWWR�D�TXHOOL�SUHFHGHQWL��XQ�IHQRPHQR�FKH�o�SL|�HYLGHQWH�SHU�OH�VSHFLH�YLYLSDUH�ULVSHWWR�D�TXHOOH�RYRYL�
YLSDUH��3HU�HVHPSLR��SUHVVR�DOFXQH�VSHFLH�GHOOD�IDPLJOLD�GHL�JDWWXFFL�6F\OLRUKLQLGDH��L�PDVFKL�VRQR�SL|�JUDQGL�GHOOH
IHPPLQH��6XOOH�GLPHQVLRQL�QHOOD�IDVH�GL�PDWXULWi�VHVVXDOH�H�VXOOD�JUDQGH]]D�PDVVLPD�GHOOH�VSHFLH�RYRYLYLSDUH�GHJOL
VTXDOL� H� GHOOH� UD]]H� SRWUHEEH� HVVHUFL� XQ¢LQIOXHQ]D� GHL� SDUDPHWUL� DPELHQWDOL�� WUD� JOL� HVHPSODUL� GHOOD� VWHVVD� VSHFLH�
TXHOOL�SURYHQLHQWL�GD�DFTXH�IUHGGH�VRQR�SL|�SLFFROL�GL�TXHOOL�FKH�YLYRQR�LQ�]RQH�SL|�FDOGH��&DPSLRQL�GHO�JHQHUH�R
DQDORJKL�QRQ�VRQR�VWDWL�UHJLVWUDWL�SUHVVR�OH�VSHFLH�YLYLSDUH��H�ULFKLHGRQR�XOWHULRUL�ULFHUFKH�

3DUROH�FKLDYH��VTXDOL�H�UD]]H��GLPRUILVPR�VHVVXDOH��ULSURGX]LRQH��DFTXH�PDJUHELQH��0HGLWHUUDQHR
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,QWUDVSHFLILF� JHRJUDSKLF� FKDQJHV� LQ� VL]H� ZHUH� VXV�
SHFWHG� LQ� UDMLG� VSHFLHV�E\�%RUFpD� ������� DQG� LQ� VF\OLR�
UKLQLG� VSHFLHV� E\� )DXUp�)UpPLHW� �������� WKH� 0HGLWHUUD�
QHDQ� VSHFLPHQV� EHLQJ� VPDOOHU� WKDQ� WKH� $WODQWLF� RQHV�
6LPLODU�SDWWHUQV�ZHUH�DOVR�GHVFULEHG�E\�/HORXS�	�2OLY�
HUHDX� ������� LQ� VF\OLRUKLQLGV�� VXFK� DV� WKH� VPDOOVSRWWHG
FDWVKDUN�� 6F\OLRUKLQXV� FDQLFXOD� DQG� WKH� QXUVHKRXQG� 6�
VWHOODULV�� 7KH\� DOVR� VXJJHVWHG� WKDW� WKH� 0HGLWHUUDQHDQ
VSHFLPHQV�PDWXUHG�DW�VPDOOHU�VL]H�WKDQ�WKH�$WODQWLF�RQHV
DQG�UHDFKHG�D�VPDOOHU�PD[LPDO�VL]H��ZLWK�WKHVH�FKDQJHV
GXH� WR� HQYLURQPHQWDO� LQIOXHQFHV�� HVSHFLDOO\� OLJKW� DQG
WHPSHUDWXUH��1HYHUWKHOHVV��'RGG��������QRWHG���1RWKLQJ
LV� NQRZQ� RI� HQYLURQPHQWDO� LQIOXHQFHV� RQ� UHSURGXFWLRQ
LQ� YLYLSDURXV� VSHFLHV�� KRZHYHU�� WKH� SUHFLVLRQ� RI� WKH
WLPLQJ�RI�WKHLU�DQQXDO�DQG�ELDQQXDO�F\FOHV�LQGLFDWHV�WKDW
VXFK�LQIOXHQFHV�PD\�SOD\�DQ�LPSRUWDQW�UROH�LQ�UHSURGXF�
WLRQ��

0RUHRYHU��HODVPREUDQFK�VSHFLHV�VKRZ�VH[XDO�GLPRU�
SKLVP� LQ� VL]H�� IHPDOHV� UHDFK�D� ODUJHU�PD[LPDO� VL]H� WKDQ
PDOHV��DV� WKH\�PDWXUH�DW�D�ODUJHU�VL]H��%\�FRQWUDVW�� LW�DS�
SHDUV� WKDW� LQ� VRPH� VSHFLHV� WKLV�ZDV�QRW�H[DFWO\� WKH�FDVH
�0HOOLQJHU��������6LPSIHQGRUIHU�	�8QVZRUWK��������

,QYHVWLJDWLRQV�FRQGXFWHG�LQ�WKH�SHULRG�RI�WKLUW\�\HDUV
RII� WKH�0DJKUHELQ�VKRUH�DOORZ�XV�WR�H[DPLQH�RYLSDURXV
DQG� YLYLSDURXV� HODVPREUDQFK� VSHFLHV� DQG� WR� JLYH�� IRU
VHYHUDO�VSHFLHV��VL]H�DW�VH[XDO�PDWXULW\�DQG�PD[LPDO�VL]H
IRU�ERWK�PDOHV�DQG�IHPDOHV��7KH�UHVXOWV�DUH�VXPPDUL]HG
DQG�FRPPHQWHG�LQ�WKLV�DUWLFOH�

0$7(5,$/�$1'�0(7+2'6

,QYHVWLJDWLRQV� ZHUH� FRQGXFWHG� EHWZHHQ� ����� DQG
����� RII� WKH� 0DJKUHELQ� VKRUH�� RII� WKH� 7XQLVLDQ� FRDVW

IURP� WKH� /LE\DQ� WR� WKH� $OJHULDQ� ERUGHUV�� DQG� EHWZHHQ
�����DQG������RII�WKH�$OJHULDQ�FRDVW��IURP�WKH�7XQLVLDQ
WR�WKH�0RURFFDQ�ERUGHUV��)LJ�����

2EVHUYDWLRQV� ZHUH� PDGH� DW� $OJLHUV�� $QQDED�� 7XQLV
DQG� 6ID[� ILVK� PDUNHWV�� HODVPREUDQFKV� ZHUH� ODQGHG� DV
E\�FDWFK� VSHFLHV�� UDUHO\� DV� WDUJHWHG� VSHFLHV�� 7KH� RE�
VHUYHG�VSHFLPHQV�ZHUH�FROOHFWHG�E\�FRPPHUFLDO�YHVVHOV�
7KH\�ZHUH� FDXJKW� E\� WUDZOLQJ�� RFFDVLRQDOO\� E\� ERWWRP
ORQJOLQHV�� GULIW�OLQHV� DQG� JLOO�QHWWHUV�� 0RUHRYHU�� VSHFL�
PHQV� FDSWXUHG� E\� DUWLVDQDO� ILVKHULHV�� VXFK� DV� JLOO� QHWV�
VHLQHV��ERWWRP�ORQJOLQHV�DQG�DQJOHUV��ZHUH�DOVR�REVHUYHG
DW�ILVKLQJ�VLWHV�DORQJ�WKH�0DJKUHELQ�VKRUH�

,Q� DGGLWLRQ�� GDWD� FROOHFWHG� IURP� HODVPREUDQFK� VSH�
FLHV� FDXJKW� EHWZHHQ� ����� DQG� ����� RII� WKH� FRDVW� RI
/DQJXHGRF�� VRXWKHUQ� )UDQFH�� DQG� EHWZHHQ� ����� DQG
�����RII� WKH� FRDVW� RI� 6HQHJDO�� HDVWHUQ� WURSLFDO�$WODQWLF�
DUH�DOVR� LQFOXGHG� LQ� WKLV�DUWLFOH��$V� IDU�DV� WKH� ILUVW�DUHD� LV
FRQFHUQHG��VSHFLPHQV�ZHUH�FDXJKW�E\�WUDZOLQJ�DQG�FUDIW
ILVKHULHV��RFFDVLRQDOO\�E\�DUWLVDQDO� ILVKHULHV��ZKLOH� LQ� WKH
VHFRQG�DUHD�DOO� WKH�VSHFLPHQV�ZHUH�FDXJKW�E\�FUDIW� ILVK�
HULHV�

7KH� RQVHW� RI� VH[XDO� PDWXULW\� ZDV� VWXGLHG� LQ� PDOHV
DQG�LQ�IHPDOHV��VHSDUDWHO\�

6H[XDO� PDWXULW\� LQ� PDOHV� ZDV� GHWHUPLQHG� IURP� WKH
VL]H� DQG� FRQGLWLRQ� RI� WKH� FODVSHUV� �)LJ�� ���� 7KH� VL]H� RI
FODVSHUV� ZDV�PHDVXUHG� IROORZLQJ� &ROOHQRW� ������� IURP
WKH�PHWDSWHU\JLXP� WR� WKH� WLS� RI� FODVSHUV�� 7KH� UHODWLRQ�
VKLS� FODVSHU�OHQJWK� �&/�� YHUVXV� WRWDO� OHQJWK� �7/�� ZDV
DQDO\VHG� LQ� VKDUNV�� UKLQREDWLGV� DQG� WRUSHGLQLGV�� WKH� UH�
ODWLRQVKLS� FODVSHU�OHQJWK� YHUVXV� GLVN�ZLGWK� �':�� LQ
VNDWHV�DQG�UD\V�

7KH� OLQHDU� UHJUHVVLRQ� ZDV� H[SUHVVHG� LQ� DULWKPHWLFDO
FR�RUGLQDWHV��\� �E[D��&/� �E7/D�RU�&/� �E�':D��RU� LQ
GHFLPDO�ORJDULWKPLF�FR�RUGLQDWHV�DV�ORJ�&/� �D�ORJ�7/��
ORJ�E��)LJ������RU�ORJ�&/� �D�ORJ�':���ORJ�E��)LJ�����

)LJ�����0DS�RI�0DJKUHELQH�ZDWHUV� VKRZLQJ�ERWK� WKH� ILVKLQJ�VLWH� ODQGLQJV�DQG�REVHUYDWLRQ� VLWHV� RI� HODVPREUDQFK
VSHFLHV�
6O�����=HPOMHYLG�PDJUHEVNLK�YRGD�]�ORNDOLWHWDPL�XORYD�PRUVNLK�SVRY�LQ�VNDWRY�WHU�SUHXàHYDQLK�REPRàLM�
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,Q� HODVPREUDQFK� VSHFLHV�� WKHUH� DUH� DSSDUHQWO\� QR
VHDVRQDO� YDULDWLRQV� LQ� FODVSHU� OHQJWK� DFFRUGLQJ� WR�0HO�
OLQJHU� �������� 7KH�&/� WR� 7/� UHODWLRQVKLS� VKRZV� WZR� LQ�
IOH[LRQV� LQGLFDWLQJ� WKH� WKUHH� VWDJHV� RI� VH[XDO� GHYHORS�
PHQW�LQ�PDOHV��MXYHQLOH��VXE�DGXOW�DQG�DGXOW��'XULQJ�WKH
ILUVW� VWDJH�� WKH� FODVSHUV� JURZ� DOORPHWULFDOO\� DQG� WKLV� LV
DOVR�WKH�FDVH�LQ�DGXOWV��WKURXJKRXW�WKHLU�OLIH��%\�FRQWUDVW�
WKH� FODVSHUV� JURZ� IDVWHVW� GXULQJ� WKH� VHFRQG� VWDJH� WKDW
FRXOG�DOVR�EH�FRQVLGHUHG�D�PDWXUDWLRQ�VWDJH��)LJV��������

,Q� RUGHU� WR� DYRLG� XQGHUHVWLPDWLRQ� RI� VL]H� DW� VH[XDO
PDWXULW\�� WKH� FRQGLWLRQ� RI� FODVSHUV�ZDV� DOVR� H[DPLQHG�
7KUHH� UHSURGXFWLYH� VWDJHV� ZHUH� UHFRJQL]HG� �&DSDSp� HW
DO��� ������ %ULGJH� HW� DO��� ������� MXYHQLOH�� ZLWK� FODVSHUV
VKRUW�� IOH[LEOH� DQG� QRW� FDOFLILHG�� VXE�DGXOW�� ZLWK� VOLJKW
FDOFLILFDWLRQ�RI�FODVSHUV��DGXOW��ZLWK�FODVSHUV�HORQJDWHG�
ULJLG�DQG�FRPSOHWHO\�FDOFLILHG��)LJ�����

2WKHU� IHDWXUHV� ZHUH� XVHG� LQ� RUGHU� WR� FRPSOHWH� WKH
GHOLQHDWLRQ�RI�WKH�RQVHW�RI�VH[XDO�PDWXULW\��VXFK�DV�FRQ�
GLWLRQ�RI�WHVWHV�DQG�JHQLWDO�GXFW��,Q�MXYHQLOHV��ERWK�WHVWHV
DQG�JHQLWDO�GXFW�ZHUH�PHPEUDQRXV�DQG�LQFRQVSLFXRXVO\
GHYHORSHG�

'XULQJ� WKH� VXE�DGXOW� VWDJH�� WKH� WHVWHV� ZHUH� GHYHO�
RSHG�� EXW� ZLWKRXW� VSHUPDWRF\VWV� H[WHUQDOO\� YLVLEOH� DQG
QR�VSHUP� LQ� VHPLQDO�YHVLFOHV��7KH�JHQLWDO�GXFW�ZDV�GH�
YHORSHG�DQG� WKH�GXFWXV� GHIHUHQV� �VHQVX�+DPOHWW� HW� DO��
����D��VOLJKWO\�FRQYROXWHG�

'XULQJ� WKH� DGXOW� VWDJH�� ERWK� WHVWHV� DQG� JHQLWDO� GXFW
ZHUH� ZHOO� GHYHORSHG�� 6SHUPDWRF\VWV� H[WHUQDOO\� YLVLEOH
DQG�VSHUP�RFFXUUHG�LQ�VHPLQDO�YHVLFOHV��7KH�GXFWXV�GHI�
HUHQV�ZDV�FOHDUO\�WZLVWHG�

6LPLODU�WR�WKH�PDOHV��WKUHH�FDWHJRULHV�RI�IHPDOHV�ZHUH
FRQVLGHUHG�� MXYHQLOH�� VXE�DGXOW� DQG� DGXOW�� 7KH� RQVHW� RI
VH[XDO�PDWXULW\�LQ�IHPDOHV�FRXOG�EH�GHWHUPLQHG�E\�XVLQJ
YDJLQD�OHQJWK�YHUVXV�WRWDO�OHQJWK�RU�GLVN�ZLGWK�DFFRUGLQJ
WR� 6WHYHQ� �������� 7KH� OLQHDU� UHJUHVVLRQ� FRXOG� EH� H[�
SUHVVHG�LQ�DULWKPHWLFDO�FR�RUGLQDWHV�RU� LQ�GHFLPDO� ORJD�
ULWKPLF� FR�RUGLQDWHV�� 7KLV�PHWKRG� LV� XVHIXO� EXW� LW�PXVW
EH�RQO\� XVHG� LQ� IUHVK� VSHFLPHQV� LPPHGLDWHO\� REVHUYHG
DIWHU� WKHLU� FDSWXUH�� +RZHYHU�� WKH� YDJLQD� FRXOG� EH� UH�
WUDFWHG� DIWHU� WKHLU� GHDWK� RU� GLVWHQGHG� DIWHU� SDUWXULWLRQ�
7KLV� PHWKRG� ZDV� XVHG� RQO\� IRU� WKH� PDUEOHG� WRUSHGR
7RUSHGR�PDUPRUDWD�

6L]H� DW� VH[XDO�PDWXULW\� LQ� IHPDOHV� ZDV� DVVHVVHG� E\
H[DPLQDWLRQ�RI�RYDULHV��RYLGXFDO�JODQGV�DQG�JHQLWDO�GXFW
�VHH�+DPOHWW�HW�DO�������E��

'XULQJ� WKH� MXYHQLOH� VWDJH�� IHPDOHV� KDG�ZKLWLVK� RYD�
ULHV�� RRF\WHV� RI� RQO\� PLFURVFRSLF� VL]H�� PHPEUDQH�OLNH
RYLGXFWV� DQG� LQFRQVSLFXRXV� RYLGXFDO� JODQGV�� 6XE�DGXOW
IHPDOHV�H[KLELWHG�SULPDULO\�ZKLWH��WUDQVOXFHQW�RRF\WHV��D
ZHOO�GLIIHUHQWLDWHG�JHQLWDO�GXFW�DQG�RYLGXFDO�JODQGV�YLVL�
EOH� DQG� VOLJKWO\� URXQGHG�� ,Q� DGXOW� IHPDOHV�� GHYHORSLQJ
RRF\WHV� ZHUH� REVHUYHG� LQ� QRQ�JUDYLG� IHPDOHV�� 7KH
JHQLWDO�WUDFW�ZDV�IXOO\�GHYHORSHG�DQG�LQ�VRPH�VSHFLPHQV
ERWK�XWHUL�FRQWDLQHG�HJJV�RU�HPEU\RV�DW�GLIIHUHQW�VWDJHV
RI�GHYHORSPHQW�

)LJ�� ���0RUSKRORJ\� RI� FODVSHUV� REVHUYHG� LQ� WKH� URXJK
UD\�� 5DMD� UDGXOD�� GXULQJ� WKH� WKUHH� VWDJHV� RI� GHYHORS�
PHQW��$���MXYHQLOH��%���VXE�DGXOW��&���DGXOW�
6O�� ���0RUIRORJLMD� VSROQLK� RUJDQRY� YUVWH�5DMD� UDGXOD� Y
WUHK�VWRSQMDK�QMHQHJD�UD]YRMD��$���PODGRVWQL�RVHEHN��%
��VNRUDM�RGUDVHO�RVHEHN��&���RGUDVHO�RVHEHN�

5(68/76�$1'�',6&866,21

$OO�WKH�UHVXOWV�DUH�VXPPDUL]HG�LQ�7DEOHV������DQG���
7KH\� VKRZ� WKDW� DPRQJ� WKH� VF\OLRUKLQLG�� VSHFLHV� VL]H� DW
VH[XDO� PDWXULW\� DUH� GLIIHUHQW� EHWZHHQ� VSHFLPHQV� IURP
WKH�$WODQWLF�DQG�WKRVH�IURP�WKH�7XQLVLDQ�FRDVW��FRUURER�
UDWLQJ� WKH�SUHYLRXV�REVHUYDWLRQV�RI� /HORXS�	�2OLYHUHDX
��������7KHUHIRUH��WKH�VSHFLPHQV�IURP�WKH�7XQLVLDQ�FRDVW
PDWXUHG�DW�D�VPDOOHU�VL]H�DQG�UHDFK�D�VPDOOHU�VL]H� WKDQ
WKRVH� IURP� WKH� $WODQWLF�� %\� FRQWUDVW�� GLIIHUHQW� SDWWHUQV
ZHUH� REVHUYHG� EHWZHHQ� 6�� FDQLFXOD� IURP� WKH� 7XQLVLDQ
DQG� /DQJXHGRFLDQ� FRDVWV�� 7KLV� VXJJHVWV� WKDW� WKH� 6�
FDQLFXOD�IURP�WKH�$WODQWLF�DQG�WKH�0HGLWHUUDQHDQ�FRXOG
EH�DW�OHDVW�WZR�GLIIHUHQW�IRUPV�RI�6��FDQLFXOD��DQ�$WODQWLF
IRUP�DQG�D�0HGLWHUUDQHDQ�IRUP��DV�WKLV�ZDV�SUREDEO\�WKH
FDVH�IRU�'DV\DWLV�FHQWURXUD� �VHH�&DSDSp���������0RUHR�
YHU�� WKH� ELRPHWULFDO� FKDQJHV� REVHUYHG� EHWZHHQ� WKH� 6�
FDQLFXOD�IURP�RII�7XQLVLD�DQG�IURP�RII�WKH�/DQJXHGRFLDQ
FRDVW�VXJJHVW� WKH�RFFXUUHQFH�RI�GLIIHUHQW�SRSXODWLRQV� LQ
WKHVH� WZR�0HGLWHUUDQHDQ�DUHDV��1HYHUWKHOHVV�� WKLV�RSLQ�
LRQ� UHTXLUHV� IXUWKHU� LQYHVWLJDWLRQV�� DV� LW� FRXOG� QRW� EH
EDVHG�RQO\� RQ�ELRPHWULFDO� SDUDPHWHUV�� %\� FRQWUDVW�� WKH
ODWWHU� RQHV� SOD\HG� DQ� LPSRUWDQW� UROH� DQG� FRQWULEXWH� WR
VHSDUDWH� WKUHH� V\PSDWULF� GDV\DWLG� VSHFLHV� UHFRUGHG� LQ
7XQLVLDQ� ZDWHUV��'DV\DWLV� SDVWLQDFD��'�� WRUWRQHVHL� DQG
'�� PDUPRUDWD�� ZKLFK� VKRZ� VLJQLILFDQW� GLIIHUHQFHV� EH�
WZHHQ� WKHP� UHJDUGLQJ� WKH� VL]H� DW� VH[XDO� PDWXULW\� DQG
PD[LPDO�VL]H��7DE�����

,Q�PLJUDWRU\� ODUJH� VKDUNV�� VXFK� DV� FDUFKDUKLQLG� VSH�
FLHV��&DUFKDUKLQXV�EUHYLSLQQD��&��OLPEDWXV�DQG�&��SOXP�
EHXV�� VLJQLILFDQW�FKDQJHV� LQ� VL]H�DW� VH[XDO�PDWXULW\�DQG
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7DE�����6L]H��LQ�PP��DW�VH[XDO�PDWXULW\��VH[��P���DQG�PD[LPDO�VL]H��PD[��VL]H��LQ�PDOHV�DQG�IHPDOHV�RI�WHQ�RYLSD�
URXV�HODVPREUDQFK�VSHFLHV�
7DE�����9HOLNRVW��Y�PP��SUL�VSROQL�]UHORVWL��VH[��P���LQ�PDNVLPDOQD�YHOLNRVW��PD[��VL]H��VDPFHY�LQ�VDPLF�GHVHWLK�MDM�
FHURGQLK�YUVW�PRUVNLK�SVRY�LQ�VNDWRY�

0DOHV )HPDOHV $UHDV 5HIHUHQFHV
6SHFLHV

VH[��P� PD[��VL]H VH[��P� PD[��VL]H
��� ��� ��� ��� 1RUWKHUQ�7XQLVLD &DSDSp������E�

6F\OLRUKLQXV�FDQLFXOD
��� ��� ������� ��� *XOI�RI�/LRQ &DSDSp�HW�DO��������

6��VWHOODULV ��� ���� ��� ���� 1RUWKHUQ�7XQLVLD &DSDSp������F�
*DOHXV�PHODVWRPXV ��� ��� ��� ��� 1RUWKHUQ�7XQLVLD &DSDSp�	�=DRXDOL�������
5DMD�PLUDOHWXV ��� ��� ������� ��� *XOI�RI�7XQLV &DSDSp�	�4XLJQDUG������D�
5��FODYDWD ��� ��� ��� ��� 1RUWKHUQ�7XQLVLD &DSDSp������E�
5��DVWHULDV ��� ��� ��� ��� 1RUWKHUQ�7XQLVLD &DSDSp������D�
5��UDGXOD ��� ��� ��� ��� 1RUWKHUQ�7XQLVLD &DSDSp������D�
5��SRO\VWLJPD ��� ��� ��� ��� 1RUWKHUQ�7XQLVLD &DSDSp�	�4XLJQDUG�������
5��PHOLWHQVLV ��� ��� ��� ��� 1RUWKHUQ�7XQLVLD &DSDSp������G�
5��DOED ��� ���� ��� ���� 1RUWKHUQ�7XQLVLD &DSDSp������F�

LQ�PD[LPDO�VL]H�ZHUH�QRW�REVHUYHG�EHWZHHQ�VSHFLPHQV
IURP�7XQLVLDQ�FRDVWDO�ZDWHUV� DQG� WKRVH� IURP�RWKHU�PD�
ULQH�DUHDV��H�J��6RXWK�$IULFD��%DVV�HW�DO����������$XVWUDOLD
�6WHYHQV� 	� 0F/RXJKOLQ�� ������� 6HQHJDO� �&DGHQDW� 	
%ODFKH�� ������ &DSDSp� HW� DO��� ����F��� *XOI� RI� 0H[LFR
�%UDQVWHWWHU�� ������ DQG� SUREDEO\� WKURXJKRXW� WKH� ZRUOG
�*DUULFN��������&RPSDJQR������D��E���'XULQJ� WKHLU�PL�
JUDWLRQ�� WKHVH�VSHFLHV�VHHN�ZDWHUV�ZKHUH�HQYLURQPHQWDO
SDUDPHWHUV� DUH� SUDFWLFDOO\� KRPRJHQHRXV� DQG� SUHJQDQW
IHPDOHV�HQGLQJ�JHVWDWLRQ�DSSURDFK�QXUVHULHV�ZKHUH�QHR�
QDWHV�FRXOG�ILQG�VXIILFLHQW�IRRG�WR�DVVXPH�WKH�ILUVW�SHULRG
RI�WKHLU�H[WUD�XWHULQH�OLIH��DV�ZHOO�DV�FRXOG�DYRLG�WKH�SUH�
GDWLRQ�ULVN�RI�DGXOW�VKDUNV��0XQaR]�&KDSXOL��������

$�FRPSDULVRQ�EHWZHHQ�GDWD�FROOHFWHG�IURP�WKH�VDPH
VSHFLHV� FDXJKW� RII� WKH� 7XQLVLDQ� DQG� 6HQHJDOHVH� FRDVWV
�VHH�&DSDSp�HW�DO���������VKRZ�WKDW� WKHVH�VSHFLHV�FRXOG
EH�GLYLGHG�LQWR�WKUHH�FDWHJRULHV�� WKH� ILUVW�FDWHJRU\�FRP�
SULVHV�WKH�VSHFLHV��ZKRVH�VSHFLPHQV��FDXJKW�RII�7XQLVLD�
DUH� ODUJHU� WKDQ� WKRVH� FDXJKW� RII� 6HQHJDO��0XVWHOXV�PH�
GLWHUUDQHXV�� 7�� PDUPRUDWD�� 5KLQREDWRV� UKLQREDWRV� DQG
3WHURP\ODHXV�ERYLQXV�

%\� FRQWUDVW�� WKH� VHFRQG� FDWHJRU\� LQFOXGHV� VSHFLHV�
ZKRVH� VSHFLPHQV�� FDXJKW� RII� 6HQHJDO�� DUH� ODUJHU� WKDQ
WKRVH�FDXJKW�RII�7XQLVLD��6TXDWLQD�RFXODWD��5��FHPLFXOXV�
5DMD� PLUDOHWXV�� 7RUSHGR� WRUSHGR�� 'DV\DWLV� FKU\VRQRWD
DQG�'��WRUWRQHVHL�

7KH� WKLUG� FDWHJRU\� FRPSULVHV� VSHFLHV�ZKLFK� GR� QRW
VKRZ� FKDQJHV� LQ� VL]H� DW� VH[XDO� PDWXULW\� DQG� PD[LPDO
VL]H� LQ� ERWK� DUHDV�� ZLWK� WKH� WKUHH� FDUFKDUKLQLG� VSHFLHV
FLWHG�DERYH�DPRQJ�WKHP��&��EUHYLSLQQD��&��OLPEDWXV�DQG
&��SOXPEHXV��2[\QRWXV�FHQWULQD��(WPRSWHUXV�VSLQD[�DQG
6TXDWLQD�DFXOHDWD�

7KHVH�REVHUYDWLRQV�DUH�QRW�FRPSOHWHO\� LQ�DJUHHPHQW
ZLWK� /HORXS� 	� 2OLYHUHDX¤V� RSLQLRQ� �������� 0RUHRYHU�
VSHFLPHQV�RI� WKH� VLQJOH�RYLSDURXV� VSHFLHV��5��PLUDOHWXV
FDSWXUHG� RII� 6HQHJDO� DUH� ODUJHU� WKDQ� WKRVH� FDSWXUHG� RII

7XQLVLD�� ZKLOH� ZDWHU� WHPSHUDWXUH� LV� KLJKHU� DORQJ� WKH
6HQHJDOHVH�FRDVW��WKDQ�7XQLVLDQ�ZDWHUV�

)LJ�����9HOYHW�EHOO\�(WPRSWHUXV�VSLQD[�IURP�WKH�0HGLWHU�
UDQHDQ�� &ODVSHU� OHQJWK� �&/�� YV�� WRWDO� OHQJWK� �7/�� H[�
SUHVVHG� LQ� GHFLPDO� ORJDULWKPLF� FRRUGLQDWHV�� $� �� MXYH�
QLOH�VWDJH��%���VXE�DGXOW�VWDJH��&���DGXOW�VWDJH��UHGUDZQ
IURP�&DSDSn�HW�DO�������D��
6O�� ��� ÊDPHWQL� PRUVNL� SHV� (WPRSWHUXV� VSLQD[�� 'ROËLQD
VSROQHJD� RUJDQD� �&/�� Y� SULPHUMDYL� V� FHORWQR� GROËLQR
�7/��� L]UDËHQD�Y�GHFLPDOQLK� ORJDULWPLàQLK�NRRUGLQDWDK�
$� ��PODGRVWQL� RVHEHN�� %� �� VNRUDM� RGUDVOL� RVHEHN�� &� �
RGUDVHO�RVHEHN��SRY]HWR�SR�&DSDSn�HW�DO�������D��
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7DE�����6L]H��LQ�PP��DW�VH[XDO�PDWXULW\��VH[��P���DQG�PD[LPDO�VL]H��PD[��VL]H��LQ�PDOHV�DQG�IHPDOHV�RI�ILIWHHQ�YL�
YLSDURXV�VKDUN�VSHFLHV�
7DE�����9HOLNRVW��Y�PP��SUL�VSROQL�]UHORVWL��VH[��P���LQ�PDNVLPDOQD�YHOLNRVW��PD[��VL]H��VDPFHY�LQ�VDPLF�SHWQDMVWLK
ËLYRURGQLK�YUVW�PRUVNLK�SVRY�

0DOHV )HPDOHV $UHDV 5HIHUHQFHV
6SHFLHV

VH[��P� PD[��VL]H VH[��P� PD[��VL]H
+HSWUDQFKLDV�SHUOR ��� ���� ���� ���� 1RUWKHUQ7XQLVLD &DSDSp�������
+H[DQFKXV�JULVHXV ���� ����" ���� ����" 0HGLWHUUDQHDQ &DSDSp�HW�DO�������D�
*DOHRUKLQXV�JDOHXV ���� ���� ���� ���� *XOI�RI�7XQLV &DSDSp�	�0HOOLQJHU�������
0XVWHOXV�DVWHULDV ��� ���� ��� ���� *XOI�RI�7XQLV &DSDSp�������
0��PHGLWHUUDQHXV ��� ���� ���� ���� 7XQLVLD &DSDSp�	�4XLJQDUG�������
&DUFKDUKLQXV�SOXPEHXV ���� ���� ���� ���� *XOI�RI�*DEqV &DSDSp�������
&��EUHYLSLQQD ���� ���� ���� ���� 7XQLVLD &DSDSp�HW�DO�������F�
&��OLPEDWXV ���� ���� ���� ���� 6HQHJDO &DSDSp�HW�DO���LQ�SUHVV�D�
2[\QRWXV�FHQWULQD ��� ��� ��� ��� 0HGLWHUUDQHDQ &DSDSp�HW�DO�������E�
&HQWURSKRUXV�JUDQXORVXV ��� ���� ��� ���� 1RUWKHUQ7XQLVLD &DSDSp�������
6TXDOXV�EODLQYLOOHL ��� ��� ��� ��� *XOI�RI�7XQLV &DSDSp������E�
(WPRSWHUXV�VSLQD[ ��� ��� ��� ��� 1RUWKHUQ7XQLVLD &DSDSp�HW�DO�������D�
6TXDWLQD�DFXOHDWD ���� ���� ���� ���� 6HQHJDO�7XQLVLD &DSDSp�HW�DO���LQ�SUHVV�E�

��� ���� ��� ���� *XOI�RI�7XQLV &DSDSp�HW�DO��������
6��RFXODWD

��� ���� ��� ���� 6HQHJDO &DSDSp�HW�DO��������
6��VTXDWLQD ��� ���� ���� ���� *XOI�RI�7XQLV &DSDSp�HW�DO��������

7KH�HQYLURQPHQWDO� IDFWRUV�SUREDEO\�SOD\�D�UROH�ZLWK
UHJDUG� WR� VL]H� DW� VH[XDO� PDWXULW\� DQG� PD[LPDO� VL]H� LQ
HODVPREUDQFK� VSHFLHV� EXW� UHPDLQ� GLIILFXOW� WR� EH� GHWHU�
PLQHG��+RZHYHU��WKH�ELRORJLFDO�HQYLURQPHQW�FDQQRW�EH
QHJOHFWHG�� ,W�DSSHDUV�PRUH� LPSRUWDQW� DQG�GLYHUVLILHG� LQ
HDVWHUQ� WURSLFDO� $WODQWLF� ZDWHUV� WKDQ� LQ� WKH� 0HGLWHUUD�
QHDQ�ZDWHUV��7KH�FRPSHWLWLRQ�SUHVVXUH�IRU�IRRG�VHHPV�WR
EH�OHVV�HYLGHQW�LQ�WKH�ILUVW�WKDQ�LQ�WKH�VHFRQG�DUHD��'LDWWD
HW� DO��� ������ ������� 0RUHRYHU�� &DSDSp� HW� DO�� �����E�
VKRZHG� WKDW� WKH� UHSURGXFWLYH� PRGH� FRQVLGHUDEO\� UH�
GXFHG� LQWUDVSHFLILF� DQG� LQWHUVSHFLILF� FRPSHWLWLRQ� IRU
IRRG� LQ� GHHS�VHD�ZDWHUV��ZKHUH� WKH� ELRORJLFDO� HQYLURQ�
PHQW�LV�SRRUO\� UHSUHVHQWHG��&RQVHTXHQWO\�� LI� WKH�UROH�RI
ERWK�HQYLURQPHQWDO�DQG�ELRORJLFDO� IDFWRUV�FRXOG�QRW�EH
WRWDOO\� QHJOHFWHG�� LW� IRUPHG� WKH� REMHFW� RI� FKDQJHV� DF�
FRUGLQJ� WR� WKH� VSHFLHV�� 7KLV� FRXOG� H[SODLQ�� SUR� SDUWH�
ZK\� 5�� PLUDOHWXV� VSHFLPHQV� IURP� 6HQHJDO� ZDWHUV� DUH
ODUJHU� WKDQ� 7XQLVLDQ� VSHFLPHQV�� DQG� ZK\�� E\� FRQWUDVW�
WKLV�LV�QRW�WKH�FDVH�IRU�0��PHGLWHUUDQHXV��FDXJKW�LQ�ERWK
VDPH�DUHDV�

&DGHQDW�	�%ODFKH��������VXJJHVWHG�WKH�K\SRWKHVLV�RI
GLVWLQFW�VXEVSHFLHV�RU�DW� OHDVW�GLVWLQFW� IRUPV��VXFK�DV�IRU
WKH�VSLQQHU�VKDUN�&��EUHYLSLQQD� IURP�WKH�FRDVWDO�ZDWHUV
RI� 6HQHJDO�� 6LPLODU� SDWWHUQV�ZHUH� REVHUYHG� IRU�'�� FHQ�
WURXUD� E\�&DSDSp� ������� DQG�+HPLGD�HW� DO�� ������� IRU
WKH�SHODJLF�VWLQJUD\�'��YLRODFHD�

0RUHRYHU��WKHUH�DUH�QRW�RQO\�LQWUDVSHFLILF�FKDQJHV�LQ
VL]H�UHODWHG� WR� WKH�DUHD�� ,Q�DJUHHPHQW�ZLWK�0HOOLQJHU�HW
DO�¤V� RSLQLRQ� �������� ODUJHU� VSHFLPHQV� SURGXFH� ODUJHU
HJJV� DQG� ODUJHU� QHRQDWHV��PRUHRYHU�� LQ� QXPHURXV� VSH�
FLHV�IHFXQGLW\�LV�UHODWHG�WR�PRWKHU¤V��VL]H���,Q��PRVW��HODV�

)LJ�� ��� %XWWHUIO\� UD\� *\PQXUD� DOWDYHOD� IURP� 7XQLVLDQ
FRDVWDO�ZDWHUV��&ODVSHU�OHQJWK��&/��YV��GLVN�ZLGWK��':�
H[SUHVVHG�LQ�GHFLPDO�ORJDULWKPLF�FRRUGLQDWHV��$���MXYH�
QLOH�VWDJH��%���VXE�DGXOW�VWDJH��&���DGXOW�VWDJH��UHGUDZQ
IURP�&DSDSn�HW�DO���������
6O�� ��� *\PQXUD� DOWDYHOD� L]� WXQL]LMVNLK� YRGD�� 'ROËLQD
VSROQHJD�RUJDQD��&/��Y�SULPHUMDYL�V�ÉLULQR�GLVND��':��
L]UDËHQD� Y� GHFLPDOQLK� ORJDULWPLàQLK� NRRUGLQDWDK�� $� �
PODGRVWQL�RVHEHN��%���VNRUDM�RGUDVOL�RVHEHN��&���RGUDVHO
RVHEHN��SRY]HWR�SR�&DSDSn�HW�DO���������
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7DE�����6L]H��LQ�PP��DW�VH[XDO�PDWXULW\��VH[��P���DQG�PD[LPDO�VL]H��PD[��VL]H��LQ�PDOHV�DQG�IHPDOHV�RI�WKLUWHHQ�YL�
YLSDURXV�UD\�VSHFLHV�
7DE�����9HOLNRVW��Y�PP��SUL�VSROQL�]UHORVWL��VH[��P���LQ�PDNVLPDOQD�YHOLNRVW� �PD[��VL]H��VDPFHY�LQ�VDPLF�WULQDMVWLK
ËLYRURGQLK�YUVW�VNDWRY�

0DOHV )HPDOHV $UHDV 5HIHUHQFHV
6SHFLHV

VH[��P� PD[��VL]H VH[��P� PD[��VL]H
��� ���� ��� ���� *XOI�RI�7XQLV &DSDSp�HW�DO��������

5KLQREDWRV�UKLQREDWRV
��� ���� ��� ���� 6HQHJDO &DSDSp�HW�DO�������D�
���� ���� ���� ���� *XOI�RI�*DEqV &DSDSp�	�=DRXDOL�������

5��FHPLFXOXV
���� ���� ���� ���� 6HQHJDO 6HFN�HW�DO���LQ�SUHVV�

7RUSHGR�PDFND\DQD ��� ��� ��� ��� 6HQHJDO &DSDSp�HW�DO�������D�
��� ��� ��� ��� *XOI�RI�7XQLV &DSDSp�������

7��PDUPRUDWD
��� ��� ��� ��� 6HQHJDO &DSDSp�HW�DO�������E�
��� ��� ��� ��� *XOI�RI�7XQLV 4XLJQDUG�	�&DSDSp�������
��� ��� ��� ��� *XOI�RI�*DEqV (QQDMDU�HW�DO��������7��WRUSHGR
��� ��� ��� ��� 6HQHJDO &DSDSp�HW�DO�������E�

'DV\DWLV�FHQWURXUD ��� ���� ���� ���� 7XQLVLD &DSDSp�������
'��FKU\VRQRWD ��� ��� ��� ��� *XOI�RI�*DEqV &DSDSp�	�=DRXDOL�������
'��SDVWLQDFD ��� ��� ��� ��� *XOI�RI�7XQLV &DSDSp������D�
'��WRUWRQHVHL ��� ��� ��� ��� 7XQLVLD &DSDSp�������
'��YLRODFHD ��� ��� ��� ��� 0HGLWHUUDQHDQ +HPLGD�HW�DO��������
*\PQXUD�DOWDYHOD ��� ���� ���� ���� 7XQLVLD &DSDSp�HW�DO��������
0\OLREDWLV�DTXLOD ��� ��� ��� ��� *XOI�RI�7XQLV &DSDSp�	�4XLJQDUG������E�

��� ���� ���� !���� *XOI�RI�*DEqV &DSDSp�	�4XLJQDUG�������
3WHURP\ODHXV�ERYLQXV

��� ���� ��� ���� 6HQHJDO 6HFN�HW�DO��������

PREUDQFK� VSHFLHV� ZH� KDYH� JHQHUDOO\� REVHUYHG� D� UHOD�
WLRQVKLS�VL]H�YHUVXV�RYDULDQ�DQG�XWHULQH�IHFXQGLW\��%RWK
FDWHJRULHV�RI�IHFXQGLW\�LQFUHDVHG�ZLWK�PRWKHU¤V�VL]H�DQG
LQ� WKH� VDPH� VSHFLHV� LQWUDVSHFLILF� FKDQJHV� DSSHDUHG�DF�
FRUGLQJ� WR� WKH� DUHD� ZLWK� UHJDUG� WR� IHFXQGLW\�� )RU� LQ�
VWDQFH��FRPPRQ�WRUSHGRHV�IURP�6HQHJDO��&DSDSp�HW�DO��
����E��ZHUH� ODUJHU� WKDQ� WKRVH�RI�7XQLVLD��*XOI�RI�7XQLV
�4XLJQDUG�	�&DSDSp��������DQG�*XOI�RI�*DEqV��(QQDMDU
HW�DO���������� ,W� LV� LQWHUHVWLQJ� WR�QRWH� WKDW� WKH�VSHFLPHQV
IURP� WKH� *XOI� RI� 7XQLV� OLYH� LQ� WHPSHUDWH� ZDWHUV�� WKH
VSHFLPHQV�IURP�WKH�*XOI�RI�*DEqV�LQ�VXEWURSLFDO�ZDWHUV�
DQG� WKRVH� RI� 6HQHJDO� LQ� WURSLFDO�ZDWHUV��0RUHRYHU�� WKH
JUHDWHVW�FRPPRQ�WRUSHGRHV�ZHUH�REVHUYHG�LQ�WKH�*XOI�RI
/LRQ� �XQSXEO�� GDWD��� DOWKRXJK� WKH� ZDWHUV� RI� WKLV� ODWWHU
DUHD�DUH�VOLJKWO\�FROGHU�WKDQ�WKRVH�RI� WKH� WKUHH�SUHYLRXV
DUHDV�

:LWK�UHJDUG� WR�VH[XDO�GLPRUSKLVP�LQ�VL]H��7DEOHV���
�� DQG� ��� VKRZ� WKDW� IHPDOHV� DUH� ODUJHU� WKDQ�PDOHV� DQG
UHDFK� D� ODUJHU� VL]H�� H[FHSW� LQ� 6�� FDQLFXOD�� 0HOOLQJHU
�������QRWHG�WKDW�VLPLODU�SDWWHUQV�ZHUH�REVHUYHG�LQ�RWKHU
VF\OLRUKLQLG�VSHFLHV��%\�FRQWUDVW��WR�RXU�NQRZOHGJH��WKLV
SKHQRPHQRQ�ZDV�QRW� UHSRUWHG� LQ�RWKHU�RYLSDURXV�HODV�
PREUDQFK�VSHFLHV��)RU� LQVWDQFH�� LQ� UDMLG� VSHFLHV��PDOHV
DUH�VLJQLILFDQWO\�VPDOOHU� WKDQ� IHPDOHV�EHFDXVH� WKH\�PD�
WXUHG�DW�D�VPDOOHU�VL]H��PRUHRYHU��VH[XDO�GLPRUSKLVP�LQ
VL]H�DSSHDUV� WR� EH� UHODWHG� WR� WKH� VSHFLHV� VL]H� �&DSDSp�
����G��� +RZHYHU�� VH[XDO� GLPRUSKLVP� LQ� VL]H� LV� PRUH
HYLGHQW� LQ� WKH� ODUJHVW� UDMLG� VSHFLHV�� VXFK� DV�5�� FODYDWD�

WKDQ�LQ�WKH�VPDOOHVW�VSHFLHV��VXFK�DV�5��PHOLWHQVLV��DV�WKLV
ZDV� UHSRUWHG� IRU� VSHFLPHQV� IURP� 7XQLVLDQ� ZDWHUV� �&D�
SDSp������G��

)LJ�����&ODVSHU�OHQJWK��&/��YV��WRWDO�OHQJWK��7/�� LQ�PDOH
6TXDWLQD� DFXOHDWD� EDVHG� RQ� WKH� FRQGLWLRQ� RI� WKH� FODV�
SHUV��UHGUDZQ�IURP�&DSDSn�HW�DO���LQ�SUHVV�E��
)LJ�����'ROËLQD�VSROQHJD�RUJDQD��&/��Y�SULPHUMDYL�V�FH�
ORWQR�GROËLQR��7/��SUL�VDPFX�YUVWH�6TXDWLQD�DFXOHDWD�QD
RVQRYL� VWDQMD� VSROQLK� RUJDQRY� �SRY]HWR� SR� &DSDSn� HW
DO���LQ�SUHVV�E��
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6H[XDO� GLPRUSKLVP� LQ� VL]H� LV� HVSHFLDOO\� PDUNHG� LQ
YLYLSDURXV� VSHFLHV�� 7KLV� LV� GXH� WR� WKH� IDFW� WKDW� WKH� IH�
PDOHV� FDUULHG� WKH� EURRG� GXULQJ� DOO� WKH� JHVWDWLRQ� DQG
FRQVHTXHQWO\� FRQWULEXWHG� WR� WKH� GHYHORSPHQW� RI� HP�
EU\RV� E\� SURYLGLQJ� RUJDQLF� DQG� LQRUJDQLF� QXWULHQWV�
1HYHUWKHOHVV�� RXU� REVHUYDWLRQV� VKRZHG� WKDW� LQ� FDU�
FKDUKLQLG�VSHFLHV�� WKH�SKHQRPHQRQ�LV� OHVV�PDUNHG�WKDQ
LQ� GDV\DWLGV�� J\PQXULGV� DQG� P\OLREDWLGV�� )RU� LQVWDQFH�
WKH� IHPDOH�EXOO� UD\V��0\OLREDWLV� DTXLOD� DQG�3�� ERYLQXV�
H[KLELW� LQWHUQDO� XWHULQH�ZDOO�ZKLFK�ZDV� VWURQJO\� GHYHO�
RSHG�DW�JHVWDWLRQ�HQG�ZLWK� WKH�SUHVHQFH�RI�XWHULQH�YLOOL
SURYLGLQJ� XWHULQH� PLON� IRU� HPEU\RV� �+DPOHWW� HW� DO��
�������7KLV�FRXOG�H[SODLQ�ZK\�WKHVH�VSHFLHV�KDG�D�VKRUW
JHVWDWLRQ� SHULRG�� ZKLFK� ODVWHG� EHWZHHQ� WZR� DQG� VL[
PRQWKV� �5DQ]L� 	� =H]]D�� ������ &DSDSp� 	� 4XLJQDUG�
����D�� E�� ������ +HPLGD�HW� DO��� ������ YV�� RQH� \HDU�� DW
OHDVW��LQ�FDUFKDUKLQLG�VSHFLHV��&DSDSp�HW�DO�������F��

$&.12:/('*0(176

-HDQQH�=DRXDOL� LV� LQGHEWHG� WR� KHU� ODWH� KXVEDQG� DQG
&KULVWLDQ� &DSDSp� WR� KLV� ODWH� IULHQG�� 0U� 0RKDPHG
=DRXDOL�� SDVW�SUHVLGHQW� RI� WKH� 
2IILFH� 1DWLRQDO� GHV
3rFKHV� GH� 7XQLVLH
�� IRU� KLV� LQWHUHVW� DQG� KLV� DVVLVWDQFH
WKURXJKRXW� WKH� SHULRG� RI� WKHLU� LQYHVWLJDWLRQV� DORQJ� WKH
7XQLVLDQ�FRDVW��$OO�WKH�DXWKRUV�DUH�JUDWHIXO�WR�WKH�ILVKHU�
PHQ�IURP�WKH�7XQLVLDQ�DQG�$OJHULDQ�FRDVWV�WKDW�SURYLGHG
WKHP�ZLWK�PDWHULDO��DQG�WKH\�SDUWLFXODUO\�WKDQN�WKH�ILVK�
HUPHQ�RI�2XDNDP�ILVKLQJ�VLWH�LQ�6HQHJDO��DQG�HVSHFLDOO\
0U�$EGRXOD\H�'LRS�DQG�0U�$OLRXQH�1GR\H� IRU�SURYLG�
LQJ�LQIRUPDWLRQ�DQG�PDWHULDO�

1(.$-�8*2729,7(9�*/('(�%,20(75,à1,+�3$5$0(7529�35,�0256.,+�36,+
,1�6.$7,+�,=�0$*5(%6.,+�92'$��35(*/('

&KULVWLDQ�&$3$3e��-HDQ�3LHUUH�48,*1$5'�	�2OLYLHU�*8e/25*(7
/DERUDWRLUH�G
,FKW\RORJLH��FDVH������8QLYHUVLWp�0RQWSHOOLHU�,,��6FLHQFHV�HW�7HFKQLTXHV�GX�/DQJXHGRF�

)��������0RQWSHOOLHU�FHGH[�����)UDQFH
(�PDLO��FDSDSH#XQLY�PRQWS��IU

0RKDPHG�1HMPHGGLQH�%5$'$µ
,QVWLWXW�1DWLRQDO�GHV�6FLHQFHV�HW�7HFKQRORJLHV�GH�OD�0HU��&HQWUH�GH�6ID[��%3������������6ID[��7XQLVLD

$EGHUUDKPDQ�%28$µ1
)DFXOWp�GHV�6FLHQFHV�������6ID[��7XQLVLD

-DPLOD�%(1�628,66,�	�-HDQQH�=$28$/,
'pSDUWHPHQW�GHV�5HVVRXUFHV�DQLPDOHV��KDOLHXWLTXHV�HW�GHV�7HFKQRORJLHV�DOLPHQWDLUHV��,QVWLWXW�QDWLRQDO�DJURQRPLTXH�GH�7XQLVLH�

���DYHQXH�&KDUOHV�1LFROOH�������7XQLV��7XQLVLD

)DULG�+(0,'$
/DERUDWRLUH�+DOLHXWLTXH��,QVWLWXW�GHV�6FLHQFHV�GH�OD�1DWXUH��8QLYHUVLWp�GHV�6FLHQFHV�HW�7HFKQLTXHV�+RXDUL�%RXPpGLHQQH�

%��3������(O�$OLD���������%DE�(]]RXDU��$OJLHUV��$OJHULD

329=(7(.

3R�]DVOXJL�UD]LVNDY��RSUDYOMHQLK�Y�PDJUHEVNLK�YRGDK�YVH�RG�OHWD������SD�GR�GDQHV��MH�ELOR�PRJRßH�]DVOHGLWL�QHNDM
SRPHPEQLK� VSUHPHPE�Y� ELRPHWULßQLK� SDUDPHWULK�PRUVNLK� SVRY� LQ� VNDWRY�� NRW� QD� SULPHU� Y� YHOLNRVWL�� NR� GRVHÊHMR
VSROQR�]UHORVW��LQ�PDNVLPDOQL�YHOLNRVWL�SUL�VSROQHP�GLPRUIL]PX��1D�VSORÈQR�VR�QRYHMÈL�SULPHUNL�YHßML�NRW�VWDUHMÈL��WD
SRMDY�SD� MH�EROM�RßLWHQ�SUL�ÊLYRURGQLK�NRW� MDMFHURGQLK�YUVWDK��3UL�QHNDWHULK�YUVWDK� L]�GUXÊLQH�PRUVNLK�PDßN�6F\OLR�
UKLQLGDH��QD�SULPHU��VR�VDPFL�YHßML�RG�VDPLF��1D�YHOLNRVW�RE�VSROQL�]UHORVWL� LQ�PDNVLPDOQR�YHOLNRVW�SUL� MDMFHURGQLK
YUVWDK�PRUVNLK�SVRY� LQ�VNDWRY�EL�XWHJQLOL�YSOLYDWL�RNROMVNL�SDUDPHWUL��PHG�RVHENL� LVWH�YUVWH� VR�PDQMÈL� WLVWL� L]�PU]OLK
YRGD�NRW�WLVWL�L]�WRSOHMÈLK�REPRßLM��7DNÈQLK�DOL�SRGREQLK�Y]RUFHY�QL�ELOR�]DVOHGLWL�SUL�ÊLYRURGQLK�YUVWDK�LQ�WHUMDMR�QRYH
UD]LVNDYH�

.OMXÞQH�EHVHGH��PRUVNL�SVL�LQ�VNDWL��VSROQL�GLPRUIL]HP��UD]PQRÌHYDQMH��PDJUHEVNH�YRGH��6UHGR]HPOMH
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%DVV�� $�� -��� -�� '�� '
$XEUH\� 	� 1�� .LVWQDVDP\� �������
6KDUNV�RI�WKH�HDVW�FRDVW�RI�VRXWKHUQ�$IULFD��,,,��7KH�JHQXV
&DUFKDUKLQXV��&DUFKDUKLQLGDH���2FHDQRJUDSKLF�5HVHDUFK
,QVWLWXWH��'XUEDQ��,QYHVWLJDWLRQDO�5HSRUW�1������������
%RUFmD��,����������2EVHUYDWLRQV�VXU�TXHOTXHV�UDLHV�GH�OD
EDLH�GH�1DSOHV��$QQ��6FLHQW��8QLY��-DVV\��������������
%UDQVWHWWHU��6����������%LRORJLFDO�QRWHV�RQ�WKH�VKDUNV�RI
WKH�QRUWK�FHQWUDO�*XOI�RI�0H[LFR��&RQWULE��0DU��6FL������
������
%ULGJH��1��)���'��0F�.D\�	�*��1HZWRQ���������%LRORJ\�RI
WKH� RUQDWH� DQJHO� VKDUN� �6TXDWLQD� WHUJRFHOODWD�� IURP� WKH
*UHDW�$XVWUDOLDQ�%LJKW��0DU��)UHVKZ��5HV���������������
&DGHQDW��-��	�-��%ODFKH���������5HTXLQV�GH�0pGLWHUUDQpH
HW�GH� O
$WODQWLTXH�� ,Q��)DXQH� WURSLFDOH��256720��������
����
&DSDSm��&�������D���&RQWULEXWLRQ�j�OD�ELRORJLH�GHV�5DML�
GDH� GHV� FzWHV� WXQLVLHQQHV�� ,,�� 5DMD� UDGXOD� 'HODURFKH�
������ 5pSDUWLWLRQ� JpRJUDSKLTXH� HW� EDWK\PpWULTXH�� VH[�
XDOLWp�� UHSURGXFWLRQ�� $UFK�� ,QVW�� 3DVWHXU� 7XQLV�� ������
��������
&DSDSm��&�������E���2EVHUYDWLRQV�VXU�OD�VH[XDOLWp��OD�UH�
SURGXFWLRQ�HW�OD�IpFRQGLWp�GH����6pODFLHQV�SOHXURWUrPHV
YLYLSDUHV�DSODFHQWDLUHV�GHV�FzWHV�WXQLVLHQQHV��$UFK��,QVW�
3DVWHXU�7XQLV�����������������
&DSDSm��&�� �����D���&RQWULEXWLRQ�j� OD�ELRORJLH�GHV�'D�
V\DWLGDH� GHV� FzWHV� WXQLVLHQQHV�� ,�� 'DV\DWLV� SDVWLQDFD
�/LQQp�� ������� 5pSDUWLWLRQ� JpRJUDSKLTXH� HW� EDWK\PpWUL�
TXH�� VH[XDOLWp�� UHSURGXFWLRQ�� IpFRQGLWp��$QQ��0XV��&LY�
6WRU��1DW��*HQRYD������������
&DSDSm��&�������E���&RQWULEXWLRQ�j�OD�ELRORJLH�GHV�5DML�
GDH�GHV�FzWHV�WXQLVLHQQHV�� ,,,��5DMD�FODYDWD�/LQQp�������
5pSDUWLWLRQ� JpRJUDSKLTXH� HW� EDWK\PpWULTXH�� VH[XDOLWp�
UHSURGXFWLRQ�HW� IpFRQGLWp��%XOO��0XV��1DWO��+LVW��1DW����
�������������
&DSDSm��&�������F���&RQWULEXWLRQ�j�OD�ELRORJLH�GHV�5DML�
GDH� GHV� FzWHV� WXQLVLHQQHV�� 5DMD� DOED� /DFpSqGH�� �����
UpSDUWLWLRQ�JpRJUDSKLTXH�HW�EDWK\PpWULTXH��VH[XDOLWp��UH�
SURGXFWLRQ��IpFRQGLWp��$QQ��0LFKHO�3DFKD�����������
&DSDSm��&�������D���&RQWULEXWLRQ�j�OD�ELRORJLH�GHV�5DML�
GDH� GHV� FzWHV� WXQLVLHQQHV�� ,9��5DMD� DVWHULDV� 'HODURFKH�
������ UpSDUWLWLRQ� JpRJUDSKLTXH� HW� EDWK\PpWULTXH�� VH[�
XDOLWp�� UHSURGXFWLRQ� HW� IpFRQGLWp��%XOO��0XV��1DWO��+LVW�
1DW������������������
&DSDSm�� &�� �����E��� &RQWULEXWLRQ� j� OD� ELRORJLH� GHV
6F\OLRUKLQLGDH� GHV� FzWHV� WXQLVLHQQHV�� ,�� 6F\OLRUKLQXV
FDQLFXOD� �/LQQp�� ������� UpSDUWLWLRQ� JpRJUDSKLTXH� HW
EDWK\PpWULTXH�� VH[XDOLWp�� UHSURGXFWLRQ�� IpFRQGLWp�� %XOO�
2II��QDWQ��3rFK��7XQLVLH���������������
&DSDSm��&�� �����F���&RQWULEXWLRQ�j� OD�FRQQDLVVDQFH�GH
OD�ELRORJLH�GHV�6F\OLRUKLQLGDH�GHV�FzWHV� WXQLVLHQQHV�� ,,,�
6F\OLRUKLQXV�VWHOODULV��/LQQp���������$FWD�$GULDW����������
�����
&DSDSm��&�������G���&RQWULEXWLRQ�j�OD�ELRORJLH�GHV�5DML�
GDH� GHV� FzWHV� WXQLVLHQQHV�� 9,,�� 5DMD� PHOLWHQVLV� &ODUN�

������ VH[XDOLWp�� UHSURGXFWLRQ�� IpFRQGLWp�� &DK�� %LRO�
0DU���������������
&DSDSm��&�� �������� &RQWULEXWLRQ� j� OD� ELRORJLH� GHV�'D�
V\DWLGDH� GHV� FzWHV� WXQLVLHQQHV�� ,,,�� 'DV\DWLV� WRUWRQHVHL
&DSDSp��������5pSDUWLWLRQ�JpRJUDSKLTXH� HW� EDWK\PpWUL�
TXH�� VH[XDOLWp�� UHSURGXFWLRQ�� IpFRQGLWp�� %XOO�� ,QVW��1DWO�
6FL��7HFK��2FpDQRJU��3rFKH�6DODPPEz�����������������
&DSDSm�� &�� �������� /D� WRUSLOOH� PDUEUpH�� 7RUSHGR� PDU�
PRUDWD� 5LVVR�� ����� �3LVFHV�� 5DMLIRUPHV�� GHV� FzWHV� WX�
QLVLHQQHV��QRXYHOOHV�GRQQpHV� VXU� O
pFRORJLH� HW� OD� ELROR�
JLH�GH� OD� UHSURGXFWLRQ�GH� O
HVSqFH�DYHF�XQH�FRPSDUDL�
VRQ� HQWUH� OHV� SRSXODWLRQV� PpGLWHUUDQpHQQHV� HW� DWODQ�
WLTXHV��$QQ��6FL��1DW����������������
&DSDSm�� &�� �������� 1RXYHOOH� GHVFULSWLRQ� GH� +HSWUDQ�
FKLDV� SHUOR� �%RQQDWHUUH�� ������ �3LVFHV�� 3OHXURWUHPDWD�
+H[DQFKLGDH���'RQQpHV� VXU� OD�ELRORJLH� GH� OD� UHSURGXF�
WLRQ�HW�OH�UpJLPH�DOLPHQWDLUH�GHV�VSpFLPHQV�GHV�FzWHV�WX�
QLVLHQQHV��%XOO��2II��QDWQ��3rFK��7XQLVLH����������������
&DSDSm��&����������1RXYHOOHV�GRQQpHV�VXU�OD�ELRORJLH�GH
OD� UHSURGXFWLRQ�GH�0XVWHOXV�DVWHULDV�&ORTXHW������� �3L�
VFHV�� 3OHXURWUHPDWD�� 7ULDNLGDH�� GHV� FzWHV� WXQLVLHQQHV�
9LH�0LOLHX������������������
&DSDSm��&����������1RXYHOOHV�GRQQpHV�VXU�OD�PRUSKROR�
JLH� HW� OD� ELRORJLH� GH� OD� UHSURGXFWLRQ� GH� &DUFKDUKLQXV
SOXPEHXV� �1DUGR�� ������ �3LVFHV�� &DUFKDUKLQLGDH�� GHV
FzWHV�WXQLVLHQQHV��,QY��3HVT������������������
&DSDSm��&����������1RXYHOOH�GHVFULSWLRQ�GH�&HQWURSKR�
UXV�JUDQXORVXV��6FKQHLGHU���������3LVFHV��6HODFKLL���'RQ�
QpHV� VXU� OD� ELRORJLH� GH� OD� UHSURGXFWLRQ� GHV� VSpFLPHQV
GHV� FzWHV� WXQLVLHQQHV�� %XOO�� ,QVW�� 1DWO�� 6FL�� 7HFK�� 2Fp�
DQRJU��3rFKH�6DODPPEz�������������
&DSDSm��&�� ��������1HZ�GDWD�RQ� WKH�UHSURGXFWLYH�ELRO�
RJ\�RI� WKH� WKRUQ\� VWLQJUD\��'DV\DWLV�FHQWURXUD� �0LWFKLOO�
�������IURP�RII�WKH�7XQLVLDQ�FRDVWV��(QY��%LRO��)LVKHV�����
������
&DSDSm��&��	�-��3��4XLJQDUG������D���&RQWULEXWLRQ�j�OD
ELRORJLH�GHV�5DMLGDH�GHV�FzWHV�WXQLVLHQQHV��,��5DMD�PLUD�
OHWXV� /LQQp�� ������ 5pSDUWLWLRQ� JpRJUDSKLTXH� HW� EDWK\�
PpWULTXH�� VH[XDOLWp�� UHSURGXFWLRQ�� IpFRQGLWp��$UFK�� ,QVW�
3DVWHXU�7XQLV�����������������
&DSDSm�� &�� 	� -�� 3�� 4XLJQDUG� �����E��� 'LPRUSKLVPH
VH[XHO� HW� REVHUYDWLRQV� VXU�0\OLREDWLV� DTXLOD� �/��� ������
&RQWULEXWLRQ� j� O
pWXGH� GX� JHQUH� 0\OLREDWLV�� &XYLHU�
������$QQ��0XV��&LY��6WRU��1DW��*HQRYD�����������
&DSDSm��&��	� -�� 3��4XLJQDUG� �������� &RQWULEXWLRQ� j� OD
V\VWpPDWLTXH� HW� j� OD� ELRORJLH� GH�3WHURP\ODHXV� ERYLQXV
�*HRIIUR\�6DLQW�+LODLUH����������3LVFHV��0\OLREDWLGDH��GHV
FzWHV� WXQLVLHQQHV�� %XOO�� 0XV�� 1DWO�� +LVW�� 1DW�� ��� ����
����������
&DSDSm��&��	� -�� 3��4XLJQDUG� �������� &RQWULEXWLRQ� j� OD
ELRORJLH�GHV�7ULDNLGDH�GHV�FzWHV�WXQLVLHQQHV��,��0XVWHOXV
PHGLWHUUDQHXV� 4XLJQDUG� HW� &DSDSp�� ������ UpSDUWLWLRQ
JpRJUDSKLTXH� HW� EDWK\PpWULTXH��PLJUDWLRQV� HW� GpSODFH�
PHQWV�� UHSURGXFWLRQ�� IpFRQGLWp�� %XOO�� 2II�� QDWQ�� 3rFK�
7XQLVLH����������������
&DSDSm��&��	�-��=DRXDOL���������&RQWULEXWLRQ�j�OD�ELROR�
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JLH�GHV�6F\OLRUKLQLGDH�GHV�FzWHV�WXQLVLHQQHV��9,��*DOHXV
PHODVWRPXV�5DILQHVTXH��������5pSDUWLWLRQ�JpRJUDSKLTXH
HW� EDWK\PpWULTXH�� VH[XDOLWp�� UHSURGXFWLRQ�� IpFRQGLWp�
&DK��%LRO��0DU���������������
&DSDSm��&��	� -�� 3��4XLJQDUG� ��������&RQWULEXWLRQ� j� OD
ELRORJLH� GHV� 5DMLGDH� GHV� FzWHV� WXQLVLHQQHV�� ;,9�� 5DMD
SRO\VWLJPD� 5HJDQ�� ������ UpSDUWLWLRQ� JpRJUDSKLTXH� HW
EDWK\PpWULTXH�� VH[XDOLWp�� UHSURGXFWLRQ�� IpFRQGLWp�� &DK�
%LRO��0DU���������������
&DSDSm�� &�� 	� -�� 0HOOLQJHU� �������� 1RXYHOOHV� GRQQpHV
VXU� OD� ELRORJLH� GH� OD� UHSURGXFWLRQ� GX� PLODQGUH�
*DOHRUKLQXV�JDOHXV��/LQQp����������3LVFHV��7ULDNLGDH��GHV
FzWHV�WXQLVLHQQHV��&DK��%LRO��0DU���������������
&DSDSm��&��	�-��=DRXDOL���������'LVWULEXWLRQ�DQG�UHSUR�
GXFWLYH� ELRORJ\� RI� WKH� EODFNFKLQ� JXLWDUILVK��5KLQREDWRV
FHPLFXOXV��3LVFHV��5KLQREDWLGDH��LQ�WKH�7XQLVLDQ�ZDWHUV�
$XVW��-��0DU��)UHVKZ��5HV���������������
&DSDSm��&��	�-��=DRXDOL���������5HSURGXFWLYH�ELRORJ\�RI
WKH�PDUEOHG�VWLQJUD\��'DV\DWLV�PDUPRUDWD��6WHLQGDFKQHU�
������ �3LVFHV�� 'DV\DWLGDH�� LQ� WKH� 7XQLVLDQ� ZDWHUV�� -�
$TXDULF��$TXDW��6FL��������������
&DSDSm��&���-��3��4XLJQDUG�	�-��0HOOLQJHU���������5HSUR�
GXFWLRQ�DQG�GHYHORSPHQW�RI� WZR�DQJHO� VKDUNV��6TXDWLQD
VTXDWLQD�DQG�6��RFXODWD��3LVFHV��6TXDWLQLGDH���RII�7XQLVLDQ
FRDVWV��VHPL�GHOD\HG�YLWHOORJHQHVLV�� ODFN�RI�HJJ�FDSVXOHV
DQG�OHFLWKRWURSK\��-��)LVK�%LRO���������������
&DSDSm��&��� -��$��7RPDVLQL�	� -�� /��%RXFKHUHDX� �������
2EVHUYDWLRQV�VXU�OD�ELRORJLH�GH�UHSURGXFWLRQ�GH�OD�SHWLWH
URXVVHWWH��6F\OLRUKLQXV�FDQLFXOD� �/LQDHXV�������� �3LVFHV�
6F\OLRUKLQLGDH�� GX� JROIH� GX� /LRQ� �)UDQFH� PpULGLRQDOH��
,FKWK\RSK\VLRO��$FWD�������������
&DSDSm�� &��� -�� =DRXDOL�� -�� $�� 7RPDVLQL� 	� -�� /�
%RXFKHUHDX� �������� 5HSURGXFWLYH� ELRORJ\� RI� WKH� VSLQ\
EXWWHUIO\� UD\��*\PQXUD� DOWDYHOD� �/LQDHXV������� �3LVFHV�
*\PQXULGDH�� IURP� RII� WKH� 7XQLVLDQ� FRDVWV�� 6FL�� 0DU��
��������������
&DSDSm�� &��� 0�� 'LRS�� 0�� 1
'DR� 	� 5�� %HQ� %UDKLP
�������� 2EVHUYDWLRQV� ELRORJLTXHV� FRPSDUpHV� HQWUH
TXHOTXHV� HVSqFHV� GH� 6pODFLHQV� GHV� FzWHV� WXQLVLHQQHV
�0pGLWHUUDQpH� FHQWUDOH�� HW� GH� OD� UpJLRQ� GH� 'DNDU�
2XDNDP��6pQpJDO��$WODQWLTXH�RULHQWDO�WURSLFDO���,FKWK\R�
SK\VLRO��$FWD�������������
&DSDSm��&���-��=DRXDOL�	�5��%HQ�%UDKLP���������$VSHFWV
GH� OD� ELRORJLH� GH� OD� UHSURGXFWLRQ� GH� OD� JXLWDUH� FRP�
PXQH�� 5KLQREDWRV� UKLQREDWRV� /��� ����� �5KLQREDWLGDH�
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