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5HSURGXFWLRQ�RI�WKH�EODFN�WRUSHGR�7RUSHGR�QRELOLDQD�LV�SUHVHQWHG�LQ�WKLV�DUWLFOH�RQ�WKH�EDVLV�RI�VSHFLPHQV�FDS�
WXUHG�RII�7XQLVLD��&HQWUDO�0HGLWHUUDQHDQ��DQG�RII�WKH�FRDVW�RI�/DQJXHGRF��VRXWKHUQ�)UDQFH��QRUWKHUQ�0HGLWHUUDQHDQ��
7KH�VPDOOHVW�DGXOW�PDOH�DQG�DGXOW� IHPDOH�ZHUH�����PP�DQG�����PP� WRWDO� OHQJWK� �7/��� UHVSHFWLYHO\��DQG�ZHLJKHG
������DQG�������J��UHVSHFWLYHO\��7KH�ODUJHVW�PDOH�DQG�WKH�ODUJHVW�IHPDOH�ZHUH�����DQG�������PP�7/�DQG�ZHLJKHG
������J�DQG��������J�� UHVSHFWLYHO\��7KH� WRWDO�PDVV�YHUVXV� WRWDO� OHQJWK� UHODWLRQVKLSV� VKRZHG� VLJQLILFDQW�GLIIHUHQFHV
EHWZHHQ�PDOHV�DQG�IHPDOHV��%LUWK�SUREDEO\�RFFXUUHG�DW�D�PHDQ�7/�RI�����PP��������DQG�D�PHDQ�PDVV�RI�������J��
������%RWK�RYDULHV�DQG�ERWK�XWHUL�ZHUH�IXQFWLRQDO��7KH�GLDPHWHU�RI� WZHQW\�WZR�\RON\�RRF\WHV�UHDG\�WR�EH�RYXODWHG
UDQJHG�EHWZHHQ����DQG����PP��PHDQ���������������DQG�WKHLU�PDVV�EHWZHHQ�����DQG������J��PHDQ������J���������&%'
EDVHG�RQ�PHDQ�GU\�PDVVHV�FDOFXODWHG�IRU�7��QRELOLDQD�ZDV��������DQG�VKRZHG�WKDW�LW�ZDV�SUREDEO\�DQ�LQFLSLHQW�KLV�
WRWURSKLF�VSHFLHV��*HVWDWLRQ�ODVWHG�IRU�DERXW�D�\HDU��EXW�RRF\WH�JURZWK�LV�GHOD\HG�GXULQJ�JHVWDWLRQ��$�ELHQQLDO�UHSUR�
GXFWLYH� F\FOH� UHPDLQV� D� VXLWDEOH� K\SRWKHVLV��2YDULDQ� IHFXQGLW\�ZDV� UHODWHG�ZLWK� IHPDOH� VL]H�� 7KH� MXYHQLOH�PDOHV
VOLJKWO\�RXWQXPEHUHG�WKH�IHPDOH�RQHV��DQG�DPRQJ�WKH�DGXOWV��IHPDOHV�VOLJKWO\�RXWQXPEHUHG�PDOHV��+RZHYHU��PDOHV
DQG�IHPDOHV�ZHUH�HTXDOO\�GLVWULEXWHG�LQ�WKH�WRWDO�VDPSOH�

.H\�ZRUGV��7RUSHGLQLGDH��7RUSHGR�QRELOLDQD��UHSURGXFWLYH�ELRORJ\��7XQLVLD��VRXWKHUQ�)UDQFH��0HGLWHUUDQHDQ
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/¢DUWLFROR�SUHVHQWD�DOFXQL�GDWL�LQHUHQWL�OD�ELRORJLD�ULSURGXWWLYD�GL�HVHPSODUL�GL�WRUSHGLQH�QHUD��7RUSHGR�QRELOLDQD�
FDWWXUDWL� DO� ODUJR� GHOOD� 7XQLVLD� �0HGLWHUUDQHR� FHQWUDOH�� H� DO� ODUJR� GHOOD� FRVWD� GL� /DQJXHGRF� �)UDQFLD� PHULGLRQDOH�
0HGLWHUUDQHR�VHWWHQWULRQDOH���/D�OXQJKH]]D�WRWDOH��7/��GHO�PDVFKLR�DGXOWR�SL|�SLFFROR�o�ULVXOWDWD�SDUL�D�����PP��SHU
������J�GL�SHVR��/D�IHPPLQD�DGXOWD�SL|�SLFFROD�PLVXUDYD�����PP��SHU�������J�GL�SHVR��,O�PDVFKLR�SL|�JUDQGH�PLVXU�
DYD�����PP��SHU�������J��GL�SHVR��/D�IHPPLQD�SL|�JUDQGH�HUD�OXQJD�������PP��SHU��������J�GL�SHVR��,O�UDSSRUWR�IUD
PDVVD�WRWDOH�H�OXQJKH]]D�WRWDOH�HYLGHQ]LD�GLIIHUHQ]H�VLJQLILFDWLYH�IUD�PDVFKL�H�IHPPLQH��/H�IHPPLQH�UDJJLXQJRQR�OD
PDWXULWi�VHVVXDOH�DG�XQD�OXQJKH]]D�WRWDOH�SDUL�D�����PP���������FRQ�XQD�PDVVD�PHGLD�GL�������J���������$�WDOH�VWD�
GLR�HQWUDPEH� OH�RYDLH�H� WXWWL�H�GXH�JOL�XWHUL� ULVXOWDQR� IXQ]LRQDOL�� ,O�GLDPHWUR�GL�YHQWLGXH�RRFLWL�YLWHOOLQL��SURQWL�SHU
HVVHUH�RYXODWL��o�ULVXOWDWR�FRPSUHVR�IUD����H����PP��PHGLD���������������SHU�XQD�PDVVD�FRPSUHVD�IUD�����H������J
�PHGLD������J���������,O�&%'��FDOFRODWR�LQ�EDVH�DOOD�PHGLD�GHOOH�PDVVH�VHFFKH��o�ULVXOWDWR�SDUL�D��������/D�GXUDWD�GHOOD
JHVWD]LRQH�o�GL�FLUFD�XQ�DQQR��PD�OD�FUHVFLWD�GHJOL�RRFLWL�YLHQH�ULWDUGDWD�GXUDQWH�OD�JUDYLGDQ]D��9LHQH�SHUWDQWR�LSR�
WL]]DWR�XQ�FLFOR�ULSURGXWWLYR�ELHQQDOH��/D�IHUWLOLWi�o�VWDWD�PHVVD�LQ�UHOD]LRQH�DOOD�JUDQGH]]D�GHOOD�IHPPLQD��,�JLRYDQL
HVHPSODUL�PDVFKL�VXSHUDQR�GL�SRFR�LQ�QXPHUR�OH�IHPPLQH��IUD�JOL�DGXOWL�VRQR�OHJJHUPHQWH�SL|�QXPHURVH�OH�IHPPLQH�
$OO¢LQWHUQR�GHO�FDPSLRQH�SHUw�OH�IHPPLQH�HG�L�PDVFKL�ULVXOWDQR�XQLIRUPHPHQWH�GLVWULEXLWL�

3DUROH�FKLDYH��7RUSHGLQLGDH��7RUSHGR�QRELOLDQD��ELRORJLD�ULSURGXWWLYD��7XQLVLD��)UDQFLD�PHULGLRQDOH��0HGLWHUUDQHR
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$FFRUGLQJ�WR�&DSDSp��������� ILYH� WRUSHGLQLG�VSHFLHV
RFFXU� LQ� WKH� 0HGLWHUUDQHDQ� 6HD�� WKH� $OH[DQGULQH� WRU�
SHGR� 7RUSHGR� DOH[DQGULQVLV� 0D]KDU�� ������ WKH� EODFN�
VSRWWHG� WRUSHGR� 7RUSHGR� IXVFRPDFXODWD� 3HWHUV�� �����
WKH� PDUEOHG� WRUSHGR� 7RUSHGR� PDUPRUDWD� 5LVVR�� �����
WKH� EODFN� WRUSHGR�7RUSHGR� QRELOLDQD� %RQDSDUWH�� �����
DQG� WKH� FRPPRQ� WRUSHGR� 7RUSHGR� WRUSHGR� �/LQQDHXV�
�������+RZHYHU��WKH�RFFXUUHQFH�RI�7��IXVFRPDFXODWD�UH�
TXLUHV� IXUWKHU�REVHUYDWLRQV��ZKHUHDV� WKH� VWDWXV� RI�7�� DO�
H[DQGULQVLV�DV�D�YDOLG�VSHFLHV�VWLOO�QHHGV�WR�EH�FRQILUPHG
�VHH�4XLJQDUG�	�7RPDVLQL��������

7��QRELOLDQD�LV�UDUHO\�ODQGHG��DOWKRXJK��LW�XVHG�WR�EH
ZLGHO\�GLVWULEXWHG�DQG�UHSRUWHG�RQ�ERWK�VLGHV�RI�WKH�$W�
ODQWLF��%LJHORZ�	�6FKURHGHU���������2II� WKH�ZHVWHUQ�$W�
ODQWLF� VKRUH�� %LJHORZ� 	� 6FKURHGHU� ������� UHSRUWHG� RQ
WKH�VSHFLHV�IURP�1HZ�6FRWODQG�WR�&XED��2II�WKH�HDVWHUQ
$WODQWLF� VKRUH�� 7�� QRELOLDQD� ZDV� UHSRUWHG� E\� 0XXV� 	
'DKOVWUrP��������������IURP�WKH�1RUWK�6HD�DQG�DURXQG
WKH�%ULWLVK�,VOHV�E\�:KHHOHU���������VRXWKZDUG� IURP�WKH
%D\�RI�%LVFD\�E\�%DXFKRW�	�3UDV���������ZKLOH�4XpUR�HW
DO�� ������� VXJJHVWHG� WKDW� WZR� UHODWLYH�FORVH� VSHFLHV� RF�
FXUUHG�LQ�WKH�DUHD��DOWKRXJK�WKLV�RSLQLRQ�VWLOO�QHHGV� IXU�
WKHU� FRQILUPDWLRQ�� $OEXTXHUTXH� ������������ UHSRUWHG
RQ�WKH�RFFXUUHQFH�RI�7��QRELOLDQD�RII�3RUWXJDO��6RXWK�RI
WKH�6WUDLW�RI�*LEUDOWDU��7��QRELOLDQD�ZDV�UHFRUGHG�RII�0R�
URFFR�E\�&ROOLJQRQ�	�$ORQFOH���������VRXWKZDUG�LWV�RF�
FXUUHQFH� UHPDLQHG� GRXEWIXO�� DFFRUGLQJ� WR� &DSDSp� 	
'HVRXWWHU� ������� DQG� &DSDSp� HW� DO�� �����E��� LW� ZDV
SUREDEO\� UHSODFHG� E\� WKH� ULQJHG� WRUSHGR�� 7RUSHGR
PDFND\DQD� 0HW]HODDU�� ������ ,Q� FRQWUDVW�� 6PLWK� 	
+HHPVWUD� ������� UHSRUWHG� RQ� WKH� VSHFLHV� IURP� RII� WKH
6RXWK�$IULFDQ�FRDVW�

,Q� WKH�0HGLWHUUDQHDQ�� 7�� QRELOLDQD� RFFXUUHG� RII� WKH
FRDVWV�RI� LWV�ZHVWHUQ�EDVLQ��&DSDSp�	�'HVRXWWHU��������
LQ� LWV� HDVWHUQ� EDVLQ� RII�*UHHFH� �(FRQRPLGLV�� ������ DQG
7XUNH\��.DEDVDNDO���������ZKHUHDV�WKH�VSHFLHV¤�HDVWHUQ�
PRVW�ERUGHU�KDV�EHHQ�WKH�/HYDQWLQH�EDVLQ��*RODQL�������
������

&DSDSp��������SURYLGHG�ELRORJLFDO�GDWD�DQG�&DSDSp
	�'HVRXWWHU� �������PRUSKRORJLFDO�GHVFULSWLRQ� IURP� WKH
VSHFLPHQV� FROOHFWHG� RII� WKH� QRUWKHUQ� FRDVW� RI� 7XQLVLD�
$GGLWLRQDO� UHFRUGV� IURP� WKLV� DUHD� DQG� RWKHUV� IURP� WKH
FRDVW�RI�/DQJXHGRF� �VRXWKHUQ�)UDQFH��PD\� LQFUHDVH� WKH
NQRZOHGJH� RI� WKLV� VSHFLHV�ZLWK� VSHFLDO� UHJDUG� WR� LWV� UH�
SURGXFWLYH�ELRORJ\�

0$7(5,$/�$1'�0(7+2'6

7KH� REVHUYHG� HOHFWULF� UD\V� ZHUH� FROOHFWHG� LQ� WZR
0HGLWHUUDQHDQ�DUHDV��RII� WKH�QRUWKHUQ�FRDVW�RI�7XQLVLD� LQ
WKH� VRXWKHUQ�0HGLWHUUDQHDQ� �)LJV�� �� 	� ���� DQG� RII� WKH
FRDVW� RI� /DQJXHGRF�� QRUWKHUQ�0HGLWHUUDQHDQ� �)LJV�� ��	
���

,Q� WKH� ILUVW� DUHD�� WKH� LQYHVWLJDWLRQV� ZHUH� FRQGXFWHG
EHWZHHQ������ DQG������� ��� VSHFLPHQV�ZHUH� FDSWXUHG
RII� WKH� QRUWKHUQ� FRDVW� RI� 7XQLVLD� E\� WUDZO� DW� GHSWKV
UDQJLQJ�IURP����WR�����P��GRZQ�WR�����P�DW�WKH�OHYHO�RI
WKH� %DQN� RI� (VTXHUTXLV� RQ� VDQG\� DQG�PXGG\� ERWWRPV�
ZKLOH� VRPH� DPRQJ� WKHP� ZHUH� UHFRUGHG� RQ� ERDUG� WKH
RFHDQRJUDSKLF�WUDZOHUV�
'DXSKLQ
�DQG�
+DQQRXQ
�

,Q� WKH� VHFRQG� DUHD�� WKH� LQYHVWLJDWLRQV� ZHUH� FRQ�
GXFWHG� EHWZHHQ� ����� DQG� ����� RII� WKH� FRDVW� RI
/DQJXHGRF�� �� VSHFLPHQV� ZHUH� FROOHFWHG� DW� GHSWKV� EH�
WZHHQ����DQG�����P�RQ�VDQG\�DQG�PXGG\�ERWWRPV�E\
WUDZO��7KH�PRQWKO\�FROOHFWLRQ�RI�DOO� WKH�REVHUYHG�VSHFL�
PHQV�LV�SUHVHQWHG�LQ�7DEOH���

)LJ�����0DS�RI�WKH�0HGLWHUUDQHDQ�6HD�ZLWK�WKH�LQYHVWLJDWLRQ�DUHDV��DUURZ�����QRUWKHUQ�FRDVW�RI�7XQLVLD��DUURZ����
VRXWKHUQ�FRDVW�RI�7XQLVLD��DUURZ�����FRDVW�RI�/DQJXHGRF�
6O�����=HPOMHYLG�6UHGR]HPVNHJD�PRUMD�]�UD]LVNDQLPL�REPRàML��SXÉàLFD�����VHYHUQR�WXQL]LMVNR�REUHËMH��SXÉàLFD����
MXËQR�WXQL]LMVNR�REUHËMH��SXÉàLFD�����REUHËMH�/DQJXHGRFD�
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7KH� VSHFLPHQV�ZHUH�PHDVXUHG� WR� WKH� QHDUHVW�PLOOL�
PHWUH�IRU�WRWDO�OHQJWK��7/��IROORZLQJ�%DVV�HW�DO���������DQG
ZHLJKHG� WR� WKH� QHDUHVW� JUDP��ZKHQ� SRVVLEOH��0HDVXUH�
PHQWV� FRPSULVHG� FODVSHU� OHQJWK� �&/��PP�� DFFRUGLQJ� WR
&ROOHQRW� �������� DQG� WKH� GLDPHWHU� RI� \RON\� RRF\WHV
SUREDEO\� UHDG\� WR�EH�RYXODWHG� DQG�GHYHORSLQJ�RRF\WHV�
:KHQ�SRVVLEOH��ERWK�FDWHJRULHV�RI�RRF\WHV�ZHUH�UHPRYHG
IURP�WKH�RYDULHV�DQG�ZHLJKHG�WR�WKH�QHDUHVW�GHFLJUDP�

7KH�RQVHW�RI�VH[XDO�PDWXULW\�ZDV�GHWHUPLQHG�E\� WKH
UHODWLRQVKLS�EHWZHHQ�&/�YV��7/��%DVV�HW�DO���������QRWHG
WKDW�FODVSHUV�RI�MXYHQLOHV�ZHUH�VKRUW�DQG�IOH[LEOH��DGGLQJ
WKDW� PDOHV� ZHUH� DGXOW� ZKHQ� FODVSHUV� ZHUH� ULJLG�� HORQ�
JDWHG� DQG� FDOFLILHG�� ,Q� DGGLWLRQ�� VRPH� DVSHFWV� RI� WKH
WHVWHV� DQG� WKH� JHQLWDO� RUJDQV� DUH� GHVFULEHG�� 6L]H� RI� IH�
PDOHV�DW�VH[XDO�PDWXULW\�ZDV�GHWHUPLQHG� IURP� WKH�FRQ�
GLWLRQ�RI�RYDULHV�DQG�WKH�PRUSKRORJ\�RI�WKH�UHSURGXFWLYH
WUDFW�� 7ZR� FDWHJRULHV� RI� VSHFLPHQV� ZHUH� GLVWLQJXLVKHG
IRU�PDOHV�DQG�IHPDOHV��MXYHQLOH�DQG�DGXOW�

7R� LQYHVWLJDWH� WKH� HPEU\RQLF� GHYHORSPHQW� DQG� WKH
UROH�RI�WKH�PRWKHU�GXULQJ�JHVWDWLRQ��D�FKHPLFDO�EDODQFH
RI�GHYHORSPHQW��&%'��ZDV�FRQVLGHUHG��&%'�LV�EDVHG�RQ
WKH�PHDQ�GU\�PDVV�RI�IHUWLOL]HG�HJJV�DQG�IXOO\�GHYHORSHG
HPEU\RV��&%'�FDQ�EH�FRPSXWHG�DV� WKH�PHDQ�GU\�PDVV

)LJ�����0DS�RI�7XQLVLD��VKRZLQJ�WKH� LQYHVWLJDWLRQ�DUHDV
RII�ERWK�VRXWKHUQ�DQG�QRUWKHUQ�FRDVWV��EODFN�VWDUV��
6O�� ��� =HPOMHYLG� 7XQL]LMH� ]� UD]LVNDQLPL� REPRàML� �àUQH
]YH]GLFH��RE�QMHQHP�VHYHUQHP�LQ�MXËQHP�REUHËMX�

RI� QHDU� WHUP� HPEU\RV� DQG�RU� QHRQDWHV� GLYLGHG� E\� WKH
PHDQ�GU\�PDVV�RI�\HOORZ�\RONHG�RRF\WHV�RU�HJJV��&%'�LV
D�WHQWDWLYH�HVWLPDWH�

,Q� WKH� VL]H� PDVV�WRWDO� OHQJWK� UHODWLRQVKLS�� FRPSDUL�
VRQV�RI�FXUYHV�ZHUH�PDGH�E\�$1&29$��7HVWV�IRU�VLJQLIL�
FDQFH��S���������ZHUH�SHUIRUPHG�E\�XVLQJ�$129$�W�WHVW
DQG�FKL�VTXDUH�WHVW�

5(68/76

6L]H�DW�VH[XDO�PDWXULW\

0DOHV
'XULQJ� WKH� MXYHQLOH� VWDJH�� WKH�PDOHV� KDG� VKRUW� DQG

IOH[LEOH� FODVSHUV� DQG� ERWK� WHVWHV� DQG� JHQLWDO� GXFW� ZHUH
PHPEUDQRXV�DQG�XQGHYHORSHG��7KLV�VWDJH�FRPSULVHG���
PDOHV�� UDQJLQJ� EHWZHHQ� ���� DQG� ���� PP� 7/�� $PRQJ
WKH�MXYHQLOHV�� WKH���VPDOOHVW�VSHFLPHQV�VKRZHG�RQ�GRU�
VDO� VXUIDFH� DQ� XQKHDOHG� XPELOLFDO� VFDU� DQG� D� UHVLGXDO
LQWHUQDO�XPELOLFDO�YHVLFOH��UHPDLQV�RI�\RON�DEVRUEHG�DQG
SDUWLDOO\� GLJHVWHG��� 7KH\� ZHUH� SUREDEO\� QHRQDWHV� RU
DERUWHG�HPEU\RV�� UDQJLQJ� IURP����� WR�����PP�7/�DQG
ZHLJKLQJ� EHWZHHQ� ���� DQG� ���� J�� 6RPH� VSHFLPHQV
ZHUH�FDXJKW�WKURXJKRXW�WKH�\HDU�H[FHSW�LQ�0DUFK��$SULO
DQG�-XQH��ZLWK�D�SHDN�REVHUYHG�LQ�-DQXDU\��7DE�����

'XULQJ�WKH�DGXOW�VWDJH��WKH�FODVSHUV�ZHUH�ULJLG��HORQ�
JDWHG� DQG� FDOFLILHG�� 7KH� WHVWHV� ZHUH� GHYHORSHG�� ZLWK
VSHUPDWRF\VW� H[WHUQDOO\� YLVLEOH�� 7KH� JHQLWDO� GXFW� ZDV
FRQVSLFXRXVO\� GHYHORSHG� DQG� WKH� YDV� GHIHUHQV� �VHQVX
+DPOHWW�HW�DO�������� -RQHV�HW� DO��� ������FOHDUO\� WZLVWHG�
6SHUP�ZDV�JHQHUDOO\�SUHVHQW�LQ�WKH�VHPLQDO�YHVLFOHV��7KH
DGXOW� VWDJH� FRPSULVHG� DOO� WKH� PDOHV� RYHU� ���� PP� 7/�
)RXUWHHQ� VSHFLPHQV� ZHUH� REVHUYHG�� 7KH� ODUJHVW� DGXOW
PDOH� ZDV� ���� PP� 7/�� ZHLJKLQJ� ����� J�� 0DVV� RI� WKH
KHDYLHVW�VSHFLPHQ�UHDFKHG������J�DQG�LW�PHDVXUHG����
PP� 7/�� 6RPH� VSHFLPHQV� ZHUH� FDSWXUHG� LQ� )HEUXDU\�
0DUFK�� -XQH�� DQG� VOLJKWO\� PRUH� LQ� 1RYHPEHU� DQG� 'H�
FHPEHU��VHH�7DE�����)LJ�����

)HPDOHV
7ZHQW\�MXYHQLOH�IHPDOHV�ZHUH�REVHUYHG��UDQJLQJ�IURP

����WR�����PP�7/�DQG�ZHLJKLQJ�IURP�����WR�����PP�7/�
7KH�VPDOOHVW�MXYHQLOH�FRXOG�EH�FRQVLGHUHG�DV�QHRQDWH�RU
DERUWHG��VHH�PDOHV�DERYH��� -XYHQLOHV�KDG�ZKLWLVK�RYDULHV
ZLWK�RRF\WHV�RI�PLFURVFRSLF�VL]H�DQG� LQGLVWLQFW�RYLGXFDO
JODQGV��7KH�JHQLWDO�GXFW�ZDV�PHPEUDQRXV�� ILOLIRUP� DQG
WUDQVOXFHQW��+RZHYHU��IHPDOHV�EHWZHHQ�����DQG�����PP
7/�H[KLELWHG�WUDQVOXFHQW�RRF\WHV��D�FRQVSLFXRXV�RYLGXFDO
JODQG� DQG� D� GLIIHUHQWLDWHG� JHQLWDO� GXFW�� 7KH\� SUREDEO\
HQWHUHG�D�PDWXUDWLRQ�VWDJH�DW�DERXW�����PP�7/��-XYHQLOH
IHPDOHV�ZHUH�FDXJKW�SUDFWLFDOO\�WKURXJKRXW�WKH�\HDU��H[�
FHSW�LQ�)HEUXDU\��0DUFK�DQG�-XO\��ZLWK�D�SHDN�REVHUYHG
LQ�1RYHPEHU��7DE�����
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7DE�����0RQWKO\�FROOHFWLRQ�RI�WKH�REVHUYHG�7��QRELOLDQD�IRU�WRWDO�VDPSOH�
7DE�����0HVHàQD�]ELUND�RSD]RYDQLK�HOHNWULàQLK�VNDWRY�7��QRELOLDQD�Y�VNXSQHP�Y]RUFX�

0RQWKV
6H[ &DWHJRU\ -DQ )HE 0DU $SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF 7RWDO

0DOHV -XYHQLOHV � � � � � � � � � � � � ��
$GXOWV � � � � � � � � � � � � ��
7RWDO � � � � � � � � � � � � ��

)HPDOHV -XYHQLOHV � � � � � � � � � � � � ��
$GXOWV � � � � � � � � � � � � ��
7RWDO � � � � � � � � � � �� � ��

*UDQG�WRWDO �� � � � �� � � � � � �� � ��

)LJ�� ��� 0DS� RI� )UDQFH� SRLQWLQJ� RXW� WKH� FRDVW� RI
/DQJXHGRF�DQG�WKH�FDSWXUHV�VLWHV�RI�7��QRELOLDQD�LQ�WKH

SLWV
� IURP� RII� 6oWH�� ZKHUH� WKH� VPDOO� VSRWWHG� FDWVKDUN
6F\OLRUKLQXV� FDQLFXOD�cc� DQG� WKH� EODFNPRXWK� FDWVKDUN
*DOHXV�PHODVWRPXV�dd� DUH� WKH�GRPLQDQW�HODVPREUDQFK
VSHFLHV�
6O�����=HPOMHYLG�)UDQFLMH�]�REUHËMHP�/DQJXHGRFD�LQ�OR�
NDFLMDPL��NMHU�MH�ELO�Y��YRWOLQDK��QHGDOHà�RG�PHVWD�6oWH
XMHW� HOHNWULàQL� VNDW� 7�� QRELOLDQD�� NMHU� VWD� SUHYODGXMRàL
YUVWL�PHG�PRUVNLPL�SVL�LQ�VNDWL�PRUVNL�PDàNL�6F\OLRUKL�
QXV�FDQLFXOD�cc�LQ�*DOHXV�PHODVWRPXV�dd�

,Q� WKH� DGXOWV�� WKH� JHQLWDO� DSSDUDWXV� ZDV� FOHDUO\� GH�
YHORSHG�DQG�ERWK�RYDULHV�H[KLELWHG�EDWFKHV�RI�GHYHORS�
LQJ� DQG� IXOO\� \RONHG�RRF\WHV�� 7KH�JHQLWDO� WUDFW�ZDV� HQ�
ODUJHG�� EXW� QR� SUHJQDQW� IHPDOH� ZDV� FOHDUO\� REVHUYHG�
WKH\� ZHUH� SUREDEO\� SRVW� SDUWXP� IHPDOHV� RU� IHPDOHV
KDYLQJ�DERUWHG��1LQHWHHQ�DGXOW� IHPDOHV�ZHUH�REVHUYHG�
UDQJLQJ�IURP�����WR������PP�7/�DQG�ZHLJKLQJ�EHWZHHQ
����� DQG������� J�� 6RPH� DGXOW� IHPDOHV�ZHUH�FDSWXUHG
PRQWKO\��H[FHSW�LQ�6HSWHPEHU��7DE�����

6L]H�DQG�PDVV

2I� WKH� �� VPDOOHVW� IUHH�VZLPPLQJ� VSHFLPHQV� RE�
VHUYHG����ZHUH�PDOHV�DQG�D�VLQJOH�IHPDOH��0DOHV�UDQJHG
IURP�����WR�����PP�7/�DQG�ZHLJKHG�IURP�����WR�����J�
WKH� IHPDOH�ZDV�����PP�7/�DQG�ZHLJKHG�����J��0HDQ
7/�DQG�PHDQ�PDVV�FDOFXODWHG�IURP�WKHVH�GDWD�ZHUH����
PP� �� ����� DQG� ������ J� �� ������ UHVSHFWLYHO\�� 7KH� GL�
DPHWHU�RI����\RON\�RRF\WHV�UHDG\�WR�EH�RYXODWHG�UDQJHG
EHWZHHQ� ��� DQG� ���PP� �PHDQ�� ����� �� ������ DQG� WKHLU
PDVV�EHWZHHQ�����DQG������J��PHDQ������J���������&%'
EDVHG�RQ�PHDQ� GU\�PDVVHV� FDOFXODWHG� IRU�7RUSHGR� QR�
ELOLDQD�ZDV�DERXW�����

7KH� WRWDO�PDVV�YV�� WRWDO� OHQJWK� UHODWLRQVKLSV� VKRZHG
VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ�PDOHV� DQG� IHPDOHV� �)LJ�
����7KH�ODWWHU�GLG�QRW�EHDU�HPEU\RV��7KH�UHODWLRQVKLSV�IRU
PDOHV�ZHUH

ORJ70� �����×ORJ7/���������U� �������Q� ����
DQG�IRU�IHPDOHV
ORJ70� �����×ORJ7/��������� U� �������Q� ����� �)�  

�����S� ��������

5HSURGXFWLYH�VWDWXV�RI�IHPDOHV

5HFRUGV�REWDLQHG�IURP�DGXOW�IHPDOHV�7��QRELOLDQD�DUH
VXPPDUL]HG� LQ� 7DEOH� ��� 1R� SUHJQDQW� IHPDOH� ZDV� RE�
VHUYHG��KRZHYHU��UHFRUGV����WR����VKRZ�WKDW�XWHUL�RI�IH�
PDOHV�ZHUH�GLVWHQGHG�ZKHQ�FDXJKW��DQG� WKH\�ZHUH� IXOO
RI�XWHULQH� IOXLG� VHFUHWHG�E\� ODUJHO\�GHYHORSHG�YLOOL�FRY�
HULQJ�XWHULQH�ZDOOV��ZKLOH�WKHLU�RYDULHV�ZHUH�LQ�D�UHVWLQJ
SKDVH��7KHVH�IHPDOHV�ZHUH�SUREDEO\�SRVW�SDUWXP�VSHFL�
PHQV��7KLV� VXLWDEOH�K\SRWKHVLV� LV�FRQILUPHG�E\� WKH� IDFW
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7DE�����5HSURGXFWLYH�VWDWXV�RI�IHPDOH�7��QRELOLDQD��&RQGLWLRQ�RI�RYDU\�DQG�XWHUL�GXULQJ�JHVWDWLRQ�
7DE�����5HSURGXNFLMVNL�VWDWXV�VDPLFH�7��QRELOLDQD��6WDQMH�MDMàQLND�LQ�PDWHUQLF�PHG�EUHMRVWMR�

5HFRUG 0RQWK�RI
FDWFK

)HPDOH�VL]H
�7/��PP�

)HPDOH
PDVV��J�

2YDULDQ�FRQGLWLRQ 2RF\WHV
QXPEHU

2RF\WHV�GLDPH�
WHU��PP�

2RF\WHV
PDVV��J�

8WHUL
FRQGLWLRQ

� -DQ ��� " 9LWHOORJHQHVLV " ����� " 5HVWLQJ
� -DQ !���� " 9LWHOORJHQHVLV " " " 5HVWLQJ
� )HE ������ " 9LWHOORJHQHVLV " !��� " 5HVWLQJ
� )HE ���� " 9LWHOORJHQHVLV " " " 5HVWLQJ
� )HE !���� " 9LWHOORJHQHVLV " " " 5HVWLQJ
� )HE ���� " 9LWHOORJHQHVLV " " " 5HVWLQJ
� 0DU ��� " 9LWHOORJHQHVLV ����� !�� " 5HVWLQJ
� 0DU ���� " 9LWHOORJHQHVLV !��� !��� " 5HVWLQJ
�� 0D\ ��� ����� 5HVWLQJ � � � 'LVWHQGHG
�� 0D\ ��� ����� 5HVWLQJ � � � 'LVWHQGHG
�� -XQ ��� ����� 5HVWLQJ � � � 'LVWHQGHG
�� -XO ��� ����� 9LWHOORJHQHVLV � � � 'LVWHQGHG
�� $XJ ��� ����� 9LWHOORJHQHVLV � � � 'LVWHQGHG
�� 2FW ��� ����� 9LWHOORJHQHVLV ��� ����� ������� 5HVWLQJ
�� 2FW ���� ����� 9LWHOORJHQHVLV ����� ����� ������� 5HVWLQJ
�� 2FW ��� ���� 9LWHOORJHQHVLV ��� ����� ������� 5HVWLQJ
�� 1RY ��� ����� 9LWHOORJHQHVLV ����� ����� ������� 5HVWLQJ
�� 1RY ���� ����� 9LWHOORJHQHVLV ����� ����� ������� 5HVWLQJ
�� 'HF ���� ����� 9LWHOORJHQHVLV ����� ����� ������� 5HVWLQJ

WKDW� WKH� VPDOOHVW� VSHFLPHQV� GHVFULEHG� DERYH�ZHUH� FRQ
FRPLWDQWO\�FDSWXUHG��7KH����RWKHU�UHFRUGV�VKRZ�WKDW�IH�
PDOHV� H[KLELWHG� DQ� REYLRXV� YLWHOORJHQLF� DFWLYLW\�� ZKLOH
WKHLU�XWHUL�ZHUH� LQ�D� UHVWLQJ�SKDVH�� WKLFN��QRW�GLVWHQGHG
DQG�ZLWK�LQWHUQDO�ZDOO�QRW�FRYHUHG�E\�XQGHYHORSHG�YLOOL�
5HFRUGV���WR���DQG����WR����VKRZ�D�UHJXODU�LQFUHDVH�RI
RRF\WHV�GLDPHWHU�

)LJ�����&ODVSHU�OHQJWK��&/��YV��GLVF�ZLGWK��7/��LQ�PDOH�7�
QRELOLDQD�
6O�����'ROËLQD�VSROQHJD�RUJDQD� �&/��SURWL� ÉLULQL� WHOHVQH
SORÉàH��7/��SUL�VDPFLK�HOHNWULàQHJD�VNDWD�7��QRELOLDQD�

)XUWKHUPRUH�� 7DEOH� �� VKRZV� WKDW� RYDULDQ� IHFXQGLW\
EDVHG� RQ� FRXQWV� RI� \RON\� RRF\WHV� RFFXUULQJ� LQ� RYDULHV
LQFUHDVHV�VOLJKWO\�ZLWK�IHPDOH�VL]H�

6H[�UDWLR

7DEOH� �� VKRZV� WKDW� DPRQJ� MXYHQLOHV��PDOHV� VOLJKWO\
RXWQXPEHUHG� IHPDOHV�� ZKHUHDV� DPRQJ� DGXOWV� IHPDOHV
VOLJKWO\�RXWQXPEHUHG�PDOHV��+RZHYHU��WKHVH�GLIIHUHQFHV
ZHUH�QRW� VLJQLILFDQW�� ,Q� WKH� WRWDO� VDPSOH��PDOHV� DQG� IH�
PDOHV�ZHUH�HTXDOO\�GLVWULEXWHG�

7DE�� ��� 7�� QRELOLDQD� VH[� UDWLR� IRU� HDFK� FDWHJRU\� RI
VSHFLPHQV�DQG�IRU�WKH�WRWDO�VDPSOH�
7DE�����5D]PHUMH�PHG�VSRORPD�SUL�YUVWL�7��QRELOLDQD�]D
YVDNR�NDWHJRULMR�RVHENRY�LQ�VNXSQL�Y]RUHF�

&DWHJRU\ 0DOHV )HPDOHV 0DOHV��)HPDOHV

-XYHQLOHV �� �� �������
$GXOWV �� �� �������
*HQHUDO�WRWDO �� �� �������

',6&866,21

$OWKRXJK�7RUSHGR�QRELOLDQD�KDV�D�ZLGH�GLVWULEXWLRQ�
LW� ZDV� UDUHO\� UHFRUGHG� DQG� LWV� UHSURGXFWLYH� ELRORJ\� LV
SRRUO\� NQRZQ�� $V� RWKHU� EDWRLG� VSHFLHV�� VXFK� DV� UDMLGV
�VHH�+XQWHU�HW�DO�������D��E���D�GHFOLQH�RI�FDSWXUHV�RI�7�



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

&KULVWLDQ�&$3$3e�HW�DO���%,2/2*,&$/�2%6(59$7,216�21�7+(�%/$&.�7253('2��7253('2�12%,/,$1$�%21$3$57(����������������

��

7DE�����&%'�YDOXHV�FDOFXODWHG�LQ�LQFLSLHQW�KLVWRWURSKLF�HODVPREUDQFK�VSHFLHV�
7DE�����9UHGQRVWL�&%'��L]UDàXQDQH�SUL�]DPHWNRYQLK�KLVWRWURILàQLK�YUVWDK�PRUVNLK�SVRY�LQ�VNDWRY�

6SHFLHV &%'�YDOXHV $UHDV $XWKRUV

+H[DQFKXV�JULVHXV ��� 0HGLWHUUDQHDQ &DSDSp�HW�DO��������
*DOHRUKLQXV�JDOHXV ��� 0DJKUHE &DSDSp�HW�DO�������D�
2[\QRWXV�FHQWULQD ���� 0HGLWHUUDQHDQ &DSDSp�HW�DO�������E�
5KLQREDWRV�FHPLFXOXV ��� *XOI�RI�*DEqV &DSDSp�	�=DRXDOL�������
5��FHPLFXOXV ���� 6HQHJDO 6HFN�HW�DO��������
5��UKLQREDWRV ���� *XOI�RI�*DEqV &DSDSp�HW�DO��������
5��UKLQREDWRV ���� 6HQHJDO &DSDSp�HW�DO�������D�
7RUSHGR�PDFND\DQD ���� 6HQHJDO &DSDSp�HW�DO�������E�
7��PDUPRUDWD ���� 6HQHJDO &DSDSp�HW�DO�������D�
7��WRUSHGR ���� 6HQHJDO &DSDSp�HW�DO��������
7RUSHGR�QRELOLDQD ��� 0HGLWHUUDQHDQ 7KLV�VWXG\

QRELOLDQD�KDV�EHHQ�UHSRUWHG�GXULQJ�WKH�ODVW�GHFDGHV�DF�
FRUGLQJ�WR�RXU�RZQ�REVHUYDWLRQV��7KH�ODVW�VSHFLPHQ�ZDV
FDSWXUHG�RII�WKH�FRDVW�RI�7XQLVLD�LQ�������ZKLOH�EHWZHHQ
�����DQG������QR�HOHFWULF� UD\�ZDV� ODQGHG� LQ� 7XQLVLDQ
ILVKLQJ� VLWHV� WR� RXU� NQRZOHGJH�� %UDGDw� HW� DO�� ������� UH�
SRUWHG�7�� QRELOLDQD� DPRQJ� WKH� VSHFLHV� UHSRUWHG� RII� WKH
7XQLVLDQ� FRDVW� UHIHUULQJ� WR� SUHYLRXV� REVHUYDWLRQV� SUR�
YLGHG� E\� 4XLJQDUG� 	� &DSDSp� ������� DQG� &DSDSp
�������� 0RUHRYHU�� LQIRUPDWLRQ� SURYLGHG� E\� ILVKHUPHQ
VLQFH� ����� FRQILUPHG� WKDW� VSHFLPHQV� ZHUH� QR� ORQJHU
UHSRUWHG�RII�WKH�7XQLVLDQ�FRDVW��+DV�WKH�HOHFWULF�UD\�GLV�
DSSHDUHG�IURP�WKH�DUHD"�7KLV�SKHQRPHQRQ�QHHGV�IXUWKHU
LQYHVWLJDWLRQV�LQ�RUGHU�WR�FRQILUP�LW��'XULQJ�RXU� LQYHVWL�
JDWLRQV�LQ�WKH�DUHD��WKH�VSHFLHV�ZDV�FDXJKW�HVSHFLDOO\�RII
WKH�QRUWKHUQ�FRDVW�RI�7XQLVLD�� DQG� VRPH� VSHFLPHQV�� LQ�
FOXGLQJ�DOO� IRXU�MXYHQLOHV�� LQ�VRXWKHUQ�DUHDV��VXFK�DV�RII
WKH�,VODQG�RI�/DPSHGXVD��VHH�)LJ������,Q�DOO����VSHFLPHQV
ZHUH�FDXJKW�RII� WKH�/DQJXHGRFLDQ�FRDVW�GXULQJ� WKH� VL[�
WHHQ� \HDU� SHULRG�� ZLWK� WKH� ODVW� VSHFLPHQ� REVHUYHG
FDXJKW� LQ�'HFHPEHU� ����� �7DE�� ��� UHFRUG� �����0RUHR�
YHU��*RODQL��������������QRWHG�WKH�RFFXUUHQFH�RI�7��QR�
ELOLDQD� RII� WKH� 0HGLWHUUDQHDQ� FRDVW� RI� ,VUDHO�� ZKHUH� LW
KDG� QRW� EHHQ� IRUPHUO\� UHSRUWHG� E\� %HQ�7XYLD� ������
�������0RUHRYHU��*RODQL� �������SHUV��FRPP��� LQIRUPHG
XV�WKDW�WKH�RQO\�VSHFLPHQ�FDXJKW�RII�,VUDHO�ZDV�D�IHPDOH
����PP� 7/�� FROOHFWHG� RQ� �VW� -XQH� ������ E\� WUDZO� DW� D
GHSWK�RI�FD������P�

0DOHV� PDWXUHG� DW� D� VPDOOHU� VL]H� WKDQ� IHPDOHV� DQG
UHDFKHG� D� VPDOOHU� PD[LPXP� VL]H�� FRQILUPLQJ� SUHYLRXV
REVHUYDWLRQV��&DSDSp�	�'HVRXWWHU��������IRU�VSHFLPHQV
IURP� WKH�7XQLVLDQ�FRDVW� DQG� VH[XDO�GLPRUSKLVP� LQ� VL]H
IRU� RWKHU� WRUSHGLQLGV� VSHFLHV� �7DE�� ���� %LJHORZ� 	
6FKURHGHU��������QRWHG� WKDW�RII� WKH�HDVWHUQ�FRDVW�RI� WKH
8QLWHG�6WDWHV��VSHFLPHQV�XS� WR�����PP�ZHUH�SUREDEO\
PDWXUH��,W�VHHPV�WKDW�VXFK�REVHUYDWLRQV�FRQFHUQHG�PDOH
7��QRELOLDQD�

$FFRUGLQJ�WR�WKH�GDWD�SUHVHQWHG�KHUHLQ��VL]H�DW�ELUWK
ZDV� EHWZHHQ� ���� DQG� ����PP� 7/�� ZKLFK� LV� LQ� DJUHH�
PHQW�ZLWK�%LJHORZ�	�6FKURHGHU���������ZKR�QRWHG�WKDW

LW�ZDV�EHWZHHQ�����DQG�����PP�DQG�UHFRUGHG�RQH�HP�
EU\R�RI�����PP�7/��0D[LPXP�VL]HV� UHFRUGHG�RII� ERWK
7XQLVLDQ�DQG�/DQJXHGRFLDQ�FRDVW�ZHUH�VLPLODU��DOWKRXJK
VPDOOHU�WKDQ�WKRVH�RI�RWKHU�0HGLWHUUDQHDQ�DUHDV��'XPp�
ULO��������UHSRUWHG������PP�7/�IURP�VSHFLPHQV�FDXJKW
RII�,WDO\��DQG�/R]DQR�5H\�������������PP�7/�IURP�WKRVH
FDXJKW� RII� WKH� QRUWKHUQ� FRDVW� RI� 6SDLQ�� 7KH� ODUJHVW
VSHFLPHQ� UHSRUWHG� E\� %LJHORZ� 	� 6FKURHGHU� ������� RII
WKH�HDVWHUQ�FRDVW�RI�WKH�8QLWHG�6WDWHV�ZDV������PP�7/�
ZHLJKLQJ�FD�����NJ�

7DEOH��� VKRZV� WKDW� YLWHOORJHQHVLV� RFFXUUHG� WKURXJK�
RXW� WKH� \HDU� LQ� VRPH� DGXOW� IHPDOHV� WKDW� H[KLELWHG� D
UHJXODU� GHYHORSPHQW� RI� RRF\WHV��ZKLOH� QR� HPEU\R�ZDV
IRXQG�LQ�HDFK�XWHUXV��9LWHOORJHQHVLV�GRHV�QRW�SURFHHG�LQ
SDUDOOHO� ZLWK� JHVWDWLRQ� DQG� VLPLODU� SDWWHUQV� ZHUH� RE�
VHUYHG� LQ� RWKHU� WRUSHGLQLG� VSHFLHV� SUHYLRXVO\� VWXGLHG
�0HOOLQJHU�� ������ �������2XU� GDWD� GLG� QRW� DOORZ� XV� WR
VWDWH�DERXW�WKH�OHQJWK�RI�RRF\WHV�SURGXFWLRQ��,W�LV�JHQHU�
DOO\�ORQJ�LQ�WRUSHGLQLG�VSHFLHV��IURP���WR���PRQWKV�LQ�WKH
FRPPRQ� WRUSHGR� 7�� WRUSHGR� DFFRUGLQJ� WR� 4XLJQDUG� 	
&DSDSp��������DQG�&DSDSp�HW�DO����������RQH�WZR�\HDUV
LQ� WKH�PDUEOHG� WRUSHGR�7��PDUPRUDWD� DFFRUGLQJ� WR�&D�
SDSp� �������� 0HOOLQJHU� ������� DQG� &DSDSp� HW� DO�
�����D���6R��D�YLWHOORJHQLF�DFWLYLW\�WKDW�SUREDEO\�ODVWV�IRU
DW� OHDVW� D� \HDU� UHPDLQV� D� VXLWDEOH� K\SRWKHVLV� IRU�7�� QR�
ELOLDQD��ZKLFK� FRQVHTXHQWO\� FRXOG� UHSURGXFH� LQ� DOWHU�
QDWH�\HDU�

7KH�&%'�DERXW�����IRU�7��QRELOLDQD�VKRZHG�WKDW�WKH
UROH�RI�WKH�PRWKHU�FDQQRW�EH�QHJOHFWHG�DQG�LW�VHHPV�WKDW
WKH� XWHULQH� IOXLG� IRXQG� LQ�PRWKHUV� FHUWDLQO\� SURYLGHG� D
FRPSOHPHQW� RI� QXWULPHQWV�� LQRUJDQLF�PDWWHUV�� DQG� DOVR
SURWHFWHG� WKH� HPEU\RV� WKURXJKRXW� WKHLU� GHYHORSPHQW�
+RZHYHU�� 7�� QRELOLDQD� LV� FORVH� WR� WKRVH� VKDUNV�� VNDWHV
DQG�UD\V�FRQVLGHUHG�LQFLSLHQW�KLVWRWURSKLF�VSHFLHV��VHQVX
+DPOHWW� HW� DO�� �������� �VHH� 7DE�� ���� PLG�WHUP� EHWZHHQ
OHFLWKRWURSKLF�VSHFLHV��&%'������VXFK�DV�VTXDWLQLGV��&D�
SDSp� HW� DO��� ������ ����E�� DQG� PDWURWURSKLF� VSHFLHV
�VHQVX�:RXUPV�� ������ ������:RXUPV�HW� DO��� ������� LQ
ZKLFK� &%'� UHDFK� KLJK� YDOXHV�� �F� &%'� !� ����� VXFK� DV
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7DE�����6L]H�DW�ELUWK��VL]H�DW�PDWXULW\��PD[LPXP�VL]H��LQ�PP��DQG�IHFXQGLW\�LQ�VRPH�WRUSHGLQLGV�
7DE�����9HOLNRVW�RVHENRY�RE�URMVWYX��YHOLNRVW�Y�àDVX��NR�SRVWDQHMR�VSROQL�]UHOL��PDNVLPDOQD�YHOLNRVW��Y�PP��LQ�SORG�
QRVW�SUL�QHNDWHULK�YUVWDK�L]�GUXËLQH�7RUSHGLQLGDH�

6L]H�DW�PDWXULW\ 0D[LPDO�VL]H
2YDULDQ /LWWHU $UHD $XWKRUV6SHFLHV

6L]H�DW
ELUWK

0DOH )HPDOH 0DOH )HPDOH IHFXQGLW\ VL]H

7RUSHGR
EDXFKRWDH

" " " ������� ����� "
&RDVW�RI
6HQHJDO

&DSDSp�HW�DO�
�����E�

7��IXVFRPDFXODWD " " " " " " �
,QGLDQ
2FHDQ

&DSDSp�DQG
)DUUXJLR
������

7��PDFND\DQD ����� ��� ��� ��� ��� ����� ����
&RDVW�RI
6HQHJDO

&DSDSp�HW�DO�
�����D�

7��PDUPRUDWD " ��� ��� ��� ��� ���� ����
&RDVW�RI
7XQLVLD

&DSDSp
������

7��PDUPRUDWD ������� ��� ��� ��� ��� ���� ����
&RDVW�RI
6HQHJDO

&DSDSp�HW�DO�
�����D�

7��WRUSHGR ����� ��� ��� ��� ��� ���� ���
&RDVW�RI
7XQLVLD

4XLJQDUG�DQG
&DSDSp
������

7��WRUSHGR ������� ��� ��� ��� ��� ����� ����
&RDVW�RI
6HQHJDO

&DSDSp�HW�DO�
������

7��QRELOLDQD ������� ��� ��� ��� ���� ����� "
0HGLWHU�
UDQHDQ

7KLV�VWXG\

)LJ�����7RWDO�PDVV��70��YV��GLVF�ZLGWK��7/��UHODWLRQVKLS
H[SUHVVHG� LQ� ORJDULWKPLF�FR�RUGLQDWHV� IRU�PDOH�DQG� IH�
PDOH�7��QRELOLDQD��7/�ZDV�PHDVXUHG�WR�WKH�QHDUHVW�PP
DQG�70�WR�WKH�QHDUHVW�JUDP�
6O�����5D]PHUMH�PHG�VNXSQR�PDVR��70��LQ�ÉLULQR�WHOHVQH
SORÉàH� �7/��� L]UDËHQR� Y� ORJDULWPLàQLK� NRRUGLQDWDK� ]D
VDPFH�LQ�VDPLFH�YUVWH�7��QRELOLDQD��7/�MH�ELOD�L]PHUMHQD
GR�QDMEOLËMHJD�PP��70�SD�GR�QDMEOLËMHJD�J�

FDUFKDUKLQLGV� �&DSDSp� HW� DO��� ������ 6DwGL� HW� DO��� �����
DQG�GDV\DWLGV� �&DSDSp�HW�DO���������&DSDSp�	�=DRXDOL�
������

7�� QRELOLDQD� LV� QRW� D� SUROLILF� VSHFLHV�� ,WV� IHFXQGLW\
ZDV�UDWKHU�ORZ��DOWKRXJK�KLJKHU�WKDQ�LQ�RWKHU�WRUSHGLQLG
VSHFLHV��DQG�LW�VHHPV�WKDW�WKLV�SKHQRPHQRQ�GHSHQGV�RQ
WRUSHGLQLG�VSHFLHV�VL]H��VHH�7DEOH����

7KH�VOLJKW�FKDQJHV�RI�VH[�UDWLR�ZHUH�GXH�WR�VDPSOLQJ�
KRZHYHU��FDSWXUHV�RI�SRVVLEOH�SRVW�SDUWXP�DGXOW�IHPDOHV
VKRZHG�WKDW� WKH\�SUREDEO\�DSSURDFK� WKH�FRDVW� LQ�RUGHU
WR� H[SHO� WKHLU� EURRG� LQ� WKH� EHVW� HQYLURQPHQWDO� FRQGL�
WLRQV�

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

7KH�DXWKRUV�ZLVK� WR� WKDQN� WKH� WZR�DQRQ\PRXV� UHIH�
UHHV�IRU�WKHLU�KHOSIXO�DQG�XVHIXO�FRPPHQWV�RQ�WKH�PV�
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0RKDPHG�0RXUDG�%(1�$025
!ÀL=NPAIAJP�@AO�/AOOKQN?AO��JEI=HAO
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 EPÀ�*=DN=F¿JA
������1QJEO
����=RAJQA� D=NHAO�+E?KHHA
�1QJEOE=

0RKDPHG�1HMPHGGLQH�%5$'$µ
&JOPEPQP�+=PEKJ=H�@AO�0?EAJ?AO�AP�1A?DJKHKCEAO�@A�H=�*AN
� AJPNA�@A�0B=T
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����-������
�1QJEOE=

329=(7(.

3ULßXMRßL�ßODQHN�REUDYQDYD�UHSURGXNWLYQR�ELRORJLMR�HOHNWULßQHJD�VNDWD�7RUSHGR�QRELOLDQD��LQ�VLFHU�QD�RVQRYL�RVHE�
NRY��XMHWLK�Y�EOLÊLQL�7XQL]LMH�LQ�QHGDOHß�RG�/DQJXHGRFD�Y�MXÊQL�)UDQFLML��6NXSQD�GROÊLQD��7/��QDMPDQMÈHJD�RGUDVOHJD
VDPFD�MH�PHULOD�����PP��7/�QDMPDQMÈH�RGUDVOH�VDPLFH�SD�����PP��6DPHF�MH�WHKWDO�������J��VDPLFD�������J��1DM�
YHßML�VDPHF�MH�ELO�GROJ�����PP�LQ�WHÊDN�������J��QDMYHßMD�VDPLFD�SD�GROJD�������PP�LQ�WHÊND��������J��5D]PHUMH
PHG�VNXSQR�PDVR�LQ�FHORWQR�7/�MH�SRND]DOR�QD�RßLWQH�UD]OLNH�PHG�VDPFL�LQ�VDPLFDPL�WH�YUVWH��6DPLFH�VR�YHUMHWQR
URMHYDOH�SUL�VUHGQML�7/�����PP��������LQ�VUHGQML�PDVL�������J���������)XQNFLRQDOQD�VWD�ELOD�RED�MDMßQLND�LQ�REH�PD�
WHUQLFL��3UHPHU����UXPHQMDNDVWLK�RRFLWRY��SULSUDYOMHQLK�QD�RYXODFLMR��VH�MH�JLEDO�PHG����LQ����PP��VUHGQMD�YUHGQRVW
���������PP���QMLKRYD�PDVD�SD�PHG����� LQ������J� �VUHGQMD� YUHGQRVW���������J���&%'�� L]UDßXQDQ�]D� HOHNWULßQHJD
VNDWD�7��QRELOLDQD�QD�RVQRYL�VUHGQMLK�PDV��MH�ELO��������KNUDWL�SD�MH�SRND]DO��GD�JUH�EUÊNRQH�]D�]DPHWNRYQR�KLVWRWUR�
ILßQR�YUVWR��%UHMRVW�MH�WUDMDOD�SULEOLÊQR�OHWR�GQL��YHQGDU�MH�UDVW�RRFLWRY�PHG�QRVHßQRVWMR�]DPXMDOD��$YWRUML�]DWR�GRP�
QHYDMR��GD�JUH�SUL� WHM�YUVWL�]D�ELHQDOQL� UD]PQRÊHYDOQL�FLNHO��6LFHU�SD� MH�ELOD�SORGQRVW�SRYH]DQD�]�YHOLNRVWMR�VDPLF�
0ODGRVWQL�VDPFL�VR�]D�PDOHQNRVW�ÈWHYLOßQR�SUHNDÈDOL�PODGRVWQH�VDPLFH��NDU�]DGHYH�RGUDVOH�RVHENH��SD�VR�ELOH�VDPLFH
PDOFH�ÈWHYLOßQHMÈH�RG�VDPFHY��7RGD�Y�VNXSQHP�Y]RUFX�VR�ELOL�VDPFL�LQ�VDPLFH�UD]SRUHMHQL�Y�HQDNHP�UD]PHUMX�

.OMXÞQH�EHVHGH��7RUSHGLQLGDH��7RUSHGR�QRELOLDQD��UHSURGXNWLYQD�ELRORJLMD��7XQL]LMD��MXÌQD�)UDQFLMD��6UHGR]HPVNR
PRUMH

5()(5(1&(6

$OEXTXHUTXH�� 0�� 5�� ������������� 3HL[HV� GH� 3RUWXJDO�
3RUW��$FWD�%LRO�������������
%DVV�� $�� -��� -�� '�� '
$XEUH\� 	� 1�� .LVWQDVDP\� �������
6KDUNV�RI�WKH�HDVW�FRDVW�RI�VRXWKHUQ�$IULFD��,,,��7KH�JHQXV
&DUFKDUKLQXV� �&DUFKDUKLQLGDH��� 2FHDQRJUDSKLF� 5H�
VHDUFK� ,QVWLWXWH��'XUEDQ�� ,QYHVWLJDWLRQDO�5HSRUW�1R�����
������
%DXFKRW��0�� /�� 	� $�� 3UDV� ��������*XLGH� GHV� SRLVVRQV
PDULQV�G
(XURSH��'HODFKDX[�	�1LHVWOp��/DXVDQQH�3DULV�
%HQ�7XYLD��$�� �������� 5HG� 6HD� ILVKHV� UHFHQWO\� IRXQG� LQ
WKH�0HGLWHUUDQHDQ��&RSHLD����������������
%HQ�7XYLD��$�� ��������5HYLVHG� OLVW�RI� WKH�0HGLWHUUDQHDQ
ILVKHV�RI�,VUDHO��,VU��-��=RRO������������
%LJHORZ��+��%��	�:��&�� 6FKURHGHU�� �������� 6KDUNV�� ,Q�

)LVKHV� RI� WKH�:HVWHUQ� QRUWK� $WODQWLF�� 0HP�� 6HDUV� )QG�
0DU��5HV���������������
%UDGDt��0��1���-��3��4XLJQDUG��$��%RXDtQ��2��-DUERXL��$�
2XDQQHV�*KRUEHO��/��%HQ�$EGDOODK��-��=DRXDOL�	�6��%HQ
6DOHP� �������� ,FKW\RIDXQH� DXWRFKWRQH� HW� H[RWLTXH� GHV
FzWHV� WXQLVLHQQHV�� UHFHQVHPHQW� HW� ELRJpRJUDSKLH�� &\�
ELXP�����������������
&DSDSm��&����������1RWH�SUpOLPLQDLUH�VXU�OD�ELRORJLH�GH
7RUSHGR� �7RUSHGR�� PDUPRUDWD� 5LVVR�� ����� HW� GH� 7RU�
SHGR� �7HWURQDUFH�� QRELOLDQD� %RQDSDUWH�� �����GHV� FzWHV
WXQLVLHQQHV��$UFK��,QVW��3DVWHXU�7XQLV�����������������
&DSDSm��&�� ��������6pODFLHQV�QRXYHDX[�HW� UDUHV� OH� ORQJ
GHV� FzWHV� WXQLVLHQQHV�� 3UHPLqUHV� REVHUYDWLRQV� ELR�
ORJLTXHV��$UFK��,QVW��3DVWHXU�7XQLV�������������������
&DSDSm�� &�� �������� /D� WRUSLOOH� PDUEUpH�� 7RUSHGR� PDU�
PRUDWD� 5LVVR�� ����� �3LVFHV�� 5DMLIRUPHV�� GHV� FzWHV� WX�
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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�� &�� �������� /HV� 6pODFLHQV� GHV� FzWHV� PpGLWHU�
UDQpHQQHV�� DVSHFWV� JpQpUDX[� GH� OHXU� pFRORJLH� HW� H[HP�
SOHV�GH�SHXSOHPHQWV��2FpDQLV�����������������

&DSDSm��&��	�0��'HVRXWWHU� ��������1RXYHOOHV�GHVFULS�
WLRQV�GH�7RUSHGR� �7RUSHGR��QRELOLDQD�%RQDSDUWH�������
HW� GH� 7RUSHGR� �7RUSHGR�� PDFND\DQD� 0HW]HODDU�� �����
%XOO��0XV��1DWO��+LVW��1DW�����$�����������
&DSDSm��&��	�+��)DUUXJLR���������1RXYHOOH�GHVFULSWLRQ
GH� 7RUSHGR� �7RUSHGR�� IXVFRPDFXODWD� 3HWHUV�� ����� �3L�
VFHV�� 7RUSHGLQLGDH��� %XOO�� ,QVW�� 6FL�� 7HFK�� 2FpDQRJU�
3rFKH�7XQLVLH������������
&DSDSm�� &��� -�� =DRXDOL�� -�� $�� 7RPDVLQL� 	� -�� /�
%RXFKHUHDX� �������� 5HSURGXFWLYH� ELRORJ\� RI� WKH� VSLQ\
EXWWHUIO\�UD\��*\PQXUD�DOWDYHOD��/LQQDHXV���������3LVFHV�
*\PQXULGDH�� IURP� RII� WKH� 7XQLVLDQ� FRDVWV�� 6FL�� 0DU��
���������������
&DSDSm��&��	�-��=DRXDOL���������'LVWULEXWLRQ�DQG�UHSUR�
GXFWLYH� ELRORJ\� RI� WKH� EODFNFKLQ� JXLWDUILVK��5KLQREDWRV
FHPLFXOXV��3LVFHV��5KLQREDWLGDH��LQ�WKH�7XQLVLDQ�ZDWHUV�
$XVW��-��0DU��)UHVKZ��5HV���������������
&DSDSm��&��	�-��=DRXDOL���������5HSURGXFWLYH�ELRORJ\�RI
WKH�PDUEOHG�VWLQJUD\��'DV\DWLV�PDUPRUDWD��6WHLQGDFKQHU�
������ �3LVFHV�� 'DV\DWLGDH�� LQ� 7XQLVLDQ� ZDWHUV� �&HQWUDO
0HGLWHUUDQHDQ���-��$TXDULF��$TXDW��6FL�������������
&DSDSm��&���-��=DRXDOL�	�5��%HQ�%UDKLP���������$VSHFWV
GH� OD� ELRORJLH� GH� OD� UHSURGXFWLRQ� GH� OD� JXLWDUH� FRP�
PXQH�� 5KLQREDWRV� UKLQREDWRV� /��� ����� �5KLQREDWLGDH�
GHV� HDX[� WXQLVLHQQHV� �0pGLWHUUDQpH� FHQWUDOH��� ,FWK\R�
SK\VLRO��$FWD��������������
&DSDSm�� &��� $�� $�� 6HFN� 	� $�� *XH\H�1GLD\H� �����D��
2EVHUYDWLRQV� VXU� OD� ELRORJLH� GH� OD� UHSURGXFWLRQ� GH� OD
JXLWDUH� FRPPXQH�� 5KLQREDWRV� UKLQREDWRV� �/��� �����
�5KLQREDWLGDH�� GH� OD� SpQLQVXOH� GX� FDS� 9HUW� �6pQpJDO�
$WODQWLTXH� RULHQWDO� WURSLFDO��� ,FKW\RSK\VLRO�� $FWD�� ���
�������
&DSDSm��&��� $�� $�� 6HFN�	� -�� 3��4XLJQDUG� �����E���$V�
SHFWV� RI� WKH� UHSURGXFWLYH� ELRORJ\� RI� WKH� DQJXODU� URXJK
VKDUN��2[\QRWXV� FHQWULQD� �2[\QRWLGDH��� &\ELXP�� ������
��������
&DSDSm��&���$��$��6HFN�	�<��'LDWWD���������5HSURGXFWLYH
ELRORJ\�RI� WKH�FRPPRQ� WRUSHGR��7RUSHGR� WRUSHGR� �/LQ�
QDHXV�� ������ IURP� WKH� FRDVW� RI� 6HQHJDO�� 0LVF�� =RRO��
������������
&DSDSm��&���$��*XH\H�1GLD\H��<��'LDWWD��0��'LRS�	�$�
$�� 6HFN� �����D��� 2EVHUYDWLRQV� RQ� VL[� HODVPREUDQFK
VSHFLHV� UHFRUGHG� IURP�RII� WKH� FRDVW� RI� 6HQHJDO� �HDVWHUQ
WURSLFDO�$WODQWLF���$FWD�$GULDW�����������������
&DSDSm��&���$��$�� 6HFN��<��'LDWWD�	�0��'LRS� �����E��
2EVHUYDWLRQV� RQ� WKH� UHSURGXFWLYH� ELRORJ\� RI� 7RUSHGR
�7HWURQDUFH�� PDFND\DQD� IURP� RII� WKH� FRDVW� RI� 6HQHJDO
�(DVWHUQ�7URSLFDO�$WODQWLF���&\ELXP���������������

&DSDSm��&���$��$��6HFN��$��*XH\H�1GLD\H��<��'LDWWD�	
0�� 'LRS� �������� 5HSURGXFWLYH� ELRORJ\� RI� WKH� VPRRWK
DQJHOVKDUN��6TXDWLQD� RFXODWD� �(ODVPREUDQFKLL�� 6TXDWLQL�
GDH��� IURP� WKH� FRDVW� RI� 6HQHJDO� �HDVWHUQ� WURSLFDO�$WODQ�
WLF���-��0DU��%LRO��$VV��8��.���������������
&DSDSm��&���)��+HPLGD��$��$��6HFN��<��'LDWWD��2��*Xm�
ORUJHW�	�-��=DRXDOL� ��������5HSURGXFWLYH�ELRORJ\�RI� WKH
VSLQQHU� VKDUN� &DUFKDUKLQXV� EUHYLSLQQD� �0�OOHU� DQG
+HQOH�� ������ �&KRQGULFKWK\HV�� &DUFKDUKLQLGDH��� ,VU�� -�
=RRO���������������
&DSDSm�� &��� )�� +HPLGD�� 2�� *XmORUJHW�� -�� %DUUXOO�� ,�
0DWH��-��%HQ�6RXLVVL�	�0��1��%UDGDt���������5HSURGXF�
WLYH� ELRORJ\� RI� WKH� EOXQWQRVH� VL[JLOO� VKDUN� +H[DQFKXV
JULVHXV� �%RQQDWHUUH�� ������ �&KRQGULFKWK\HV�� +H[DQFKL�
GDH��IURP�WKH�0HGLWHUUDQHDQ�6HD��D�VXUYH\��$FWD�$GULDW��
��������������
&DSDSm��&���-��%HQ�6RXLVVL��+��0mMUL��2��*XmORUJHW�	�)�
+HPLGD������D���7KH�UHSURGXFWLYH�ELRORJ\�RI�WKH�VFKRRO
VKDUN��*DOHRUKLQXV� JDOHXV� /LQQDHXV�� ����� �&KRQGULFK�
WK\HV�� 7ULDNLGDH�� IURP� WKH� 0DJKUHELQ� VKRUH� �VRXWKHUQ
0HGLWHUUDQHDQ���$FWD�$GULDW�����������������
&DSDSm��&���<��'LDWWD��$��$��6HFN��2��*XmORUJHW��-��%HQ
6RXLVVL�	� -��=DRXDOL� �����E���5HSURGXFWLRQ�RI� WKH� VDZ�
EDFN� DQJHOVKDUN� 6TXDWLQD� DFXOHDWD� �&KRQGULFKWK\HV�
6TXDWLQLGDH�� RII� 6HQHJDO� DQG� 7XQLVLD�� &\ELXP�� ������
��������
&ROOHQRW��*����������(WXGH�ELRPpWULTXH�GH�OD�FURLVVDQFH
UHODWLYH� GHV� SWpU\JRSRGHV� FKH]� OD� 5RXVVHWWH�� 6F\OLRUKL�
QXV�FDQLFXOD��/����&DK��%LRO��0DU���������������
&ROOLJQRQ�� -��	�+�� $ORQFOH� �������� &DWDORJXH� UDLVRQQp
GHV�3RLVVRQV�GHV�PHUV�PDURFDLQHV��,��&\FORVWRPHV��6pOD�
FLHQV��+RORFpSKDOHV�� %XOO�� ,QVW�� 3rFKH�0DU��0DURF�� ���
������
'XPmULO�� $�� +�� $�� �������� +LVWRLUH� QDWXUHOOH� GHV� SRLV�
VRQV�RX�LFKWK\RORJLH�JpQpUDOH��3DULV�
(FRQRPLGLV��3��6�� ��������&DWDORJXH�GHV�3RLVVRQV�GH� OD
*UqFH��+HOO��2FHDQRO��/LPQRO���������������
*RODQL��'����������7KH�PDULQH�LFKWK\RIDXQD�RI�WKH�(DVW�
HUQ�/HYDQW��+LVWRU\�� LQYHQWRU\�DQG�FKDUDFWHUL]DWLRQ�� ,VU�
-��=RRO�������������
*RODQL��'����������&KHFNOLVW�RI�WKH�0HGLWHUUDQHDQ�)LVKHV
RI�,VUDHO��=RRWD[D������������
+DPOHWW��:��&���0��.��+\VHOO��7��5R]\FNL��1��%UXQHWWH�
.��7XPLOW\��$��+HQGHUVRQ�	�-��'XQQH���������6SHUP�DJ�
JUHJDWLRQ� DQG� VSHUPDWR]HXJPD� IRUPDWLRQ� LQ� WKH� PDOH
JHQLWDO� GXFWV� LQ� WKH� FOHDUQRVH� VNDWH�� 5DMD� HJODQWHULD�
3URF���WK�,QGR�3DF��)LVK�&RQI���1RXPpD������1RY������
6RF��)U��,FKWK\RO��	�256720��3DULV��S����������
+DPOHWW��:��&���*��.RUPDQLN��0��6WRUULH��%��6WHYHQV�	
7�� ,�� 6WHYHQV� �������� &KRQGULFKWK\DQ�SDULW\�� OHFLWKRWUR�
SK\� DQG�PDWURWURSK\�� ,Q�� +DPOHWW��:�� &�� �HG���� 5HSUR�
GXFWLYH� %LRORJ\� DQG� 3K\ORJHQ\� RI� &KRQGULFKWK\HV�
6KDUNV��%DWRLGV�DQG�&KLPDHUDV��6FLHQFH�3XEOLVKHUV�,QF��
(QILHOG��S����������
+XQWHU��(���$��$��%XFNOH\��&��6WHZDUW�	� -��'��0HWFDOIH
�����D���0LJUDWRU\�EHKDYLRXU�RI�WKH�WKRUQEDFN�UD\��5DMD
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FODYDWD��LQ�WKH�VRXWKHUQ�1RUWK�6HD��-��0DU��%LRO��$VV��8�
.�����������������
+XQWHU�� (��$��$��%XFNOH\��&�� 6WHZDUW�	� -��'��0HWFDOIH
�����E��� 5HSHDWHG� VHDVRQDO� PLJUDWLRQ� E\� D� WKRUQEDFN
UD\�LQ�WKH�VRXWKHUQ�1RUWK�6HD��-��0DU��%LRO��$VV��8�.�����
����������
-RQHV��&��-���7��,��:DONHU��-��'��%HOO��0��%��5HDUGRQ��&��(�
$PEURVLR�� $�� $OPHLGD�	�:�� &�� +DPOHWW� ��������0DOH
JHQLWDO� GXFWV� DQG� FRSXODU\� DSSHQGDJHV� LQ� &KRQGULFK�
WK\DQV�� ,Q�� +DPOHWW��:�� &�� �HG���� 5HSURGXFWLYH� %LRORJ\
DQG� 3K\ORJHQ\� RI� &KRQGULFKWK\HV�� 6KDUNV�� %DWRLGV� DQG
&KLPDHUDV��6FLHQFH�3XEOLVKHUV�,QF���(QILHOG��S����������
.DEDVDNDO��+����������(ODVPREUDQFK�VSHFLHV�RI� WKH�VHDV
RI�7XUNH\��$QQDOHV��6HU��+LVW��1DW����������������
/R]DQR�5H\��/����������,FWLRORJtD�,EpULFD��)DXQD�,EpULFD��
3HFHV� �*HQHUDOLGDGHV��&LFORVWRPRV�\�(ODVPREUDQTXLRV��
0XV��1DF��&LHQF��1DW��0DGULG�����������
0HOOLQJHU�� -�� �������� %LRORJLH� HW� SK\VLRORJLH� GX� GpYH�
ORSSHPHQW�� GH� OD� FURLVVDQFH� HW� GH� OD� UHSURGXFWLRQ� GHV
WRUSLOOHV��XQ�DSHUoX�GHV� UHFKHUFKHV� GHSXLV� ������$UFK�
,QVW��3DVWHXU�7XQLV��������������
0HOOLQJHU�� -�� �������� 5HSURGXFWLRQ� HW� GpYHORSSHPHQW
GHV�&KRQGULFKWK\HQV��2FpDQLV��������������
0XXV�� %�� 3�� 	� 3�� 'DKOVWURP� ������������� *XLGH� GHV
SRLVVRQV� GH� PHU� HW� GH� SrFKH�� 'HODFKDX[� DQG� 1LHVWOp�
3DULV�/DXVDQQH�
4XmUR�� -�� &��� 5�� 9HUQRQ�	� <�� &DWWLQ� ��������2EVHUYD�
WLRQV� LFKWK\RORJLTXHV�HIIHFWXpHV�DX�SRUW�GH�/D�5RFKHOOH
HQ� ������ $QQOV� 6RF�� 6FL�� 1DW�� &KDUHQWH�0DULW�� /D
5RFKHOOH����������������
4XLJQDUG�� -�� 3��	�&��&DSDSm� �������� /LVWH� FRPPHQWpH
GHV� 6pODFLHQV� GH� 7XQLVLH�� %XOO�� ,QVW�� 2FpDQRJU�� 3rFKH
6DODPPEz����������������

4XLJQDUG�� -��3��	�&��&DSDSm���������5HFKHUFKHV� VXU� OD
ELRORJLH� G
XQ� 6pODFLHQ� GX� JROIH� GH� 7XQLV��7RUSHGR� WRU�
SHGR� /LQQp�� ����� �(FRORJLH�� VH[XDOLWp�� UHSURGXFWLRQ��
%XOO��,QVW��2FpDQRJU��3rFKH�6DODPPEz�����������������
4XLJQDUG��-��3��	�-��3��7RPDVLQL� ��������0HGLWHUUDQHDQ
ILVK�ELRGLYHUVLW\��%LRO��0DU��0HGLW���������������
6DtGL��%���0��1��%UDGDt��$��%RXDtQ��2��*XmORUJHW�	�&�
&DSDSm� �������� 5HSURGXFWLYH� ELRORJ\� RI� WKH� VDQGEDU
VKDUN�� &DUFKDUKLQXV� SOXPEHXV� �&KRQGULFKWK\HV�� &DU�
FKDUKLQLGDH�� IURP� WKH�*XOI�RI�*DEqV� �6RXWKHUQ�7XQLVLD�
&HQWUDO�0HGLWHUUDQHDQ���$FWD��$GULDW����������������
6HFN�� $�� $��� <�� 'LDWWD�� 0�� 'LRS�� 2�� *XmORUJHW�� &�
5H\QDXG�	�&��&DSDSm� ��������2EVHUYDWLRQV� RQ� WKH� UH�
SURGXFWLYH� ELRORJ\� RI� WKH� EODFNFKLQ� JXLWDUILVK�� 5KLQR�
EDWRV�FHPLFXOXV�(��*HRIIUR\�6DLQW�+LODLUH������� �&KRQ�
GULFKW\HV��5KLQREDWLGDH��IURP�WKH�FRDVW�RI�6HQHJDO��HDVW�
HUQ�WURSLFDO�$WODQWLF���6FL��*HUXG�������������
6PLWK�� 0�� &�� 	� 3�� &�� +HHPVWUD� �������� 6PLWK¤V� VHD
ILVKHV��6SULQJHU�9HUODJ��%HUOLQ�������S�
:KHHOHU�� $�� ��������7KH� ILVKHV� RI� WKH� %ULWLVK� ,VOHV� DQG
1RUWK�ZHVW�(XURSH��0DFPLOODQ��/RQGRQ������SS�
:RXUPV�� -�� 3�� �������� 5HSURGXFWLRQ� DQG� JHVWDWLRQ� LQ
&KRQGULFKWK\DQV�ILVKHV��$P��=RRO���������������
:RXUPV�� -��3�� ��������9LYLSDULW\�� WKH�PDWHUQDO�IHWDO� UH�
ODWLRQVKLS�LQ�ILVKHV��$P��=RRO���������������
:RXUPV��-��3���-��3��*URRYH�	�-��/RPEDUGL���������7KH
PDWHUQDO�HPEU\RQLF�UHODWLRQVKLS�LQ�YLYLSDURXV�ILVKHV��,Q�
+RDU��:��6���'��-��5DQGDOO�	�(��0��'RQDOGVRQ��HGV����)LVK
3K\VLRORJ\��9RO�����$FDGHPLF�3UHVV��1HZ�<RUN��������


