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

�

5HYLHZ�DUWLFOH ��8'&���������������������������
5HFHLYHG������������

352-(&7�0('8=$�,1�7+(�&217(;7�2)�,76�+,6725,&$/�7,0(

-RKQ�+��&267(//2
%LRORJ\�'HSDUWPHQW��3URYLGHQFH�&ROOHJH��3URYLGHQFH��5,�������������86$

(�PDLO��&267(//2#SURYLGHQFH�HGX

6HDQ�3��&2/,1
(QYLURQPHQWDO�6FLHQFHV��5RJHU�:LOOLDPV�8QLYHUVLW\��2QH�2OG�)HUU\�5G���%ULVWRO��5,��������86$

:LOOLDP�0��*5$+$0
'DXSKLQ�,VODQG�6HD�/DE������%LHQYLOOH�%OYG���'DXSKLQ�,VODQG�$/��������86$

-RKQ�2��'$%,5,
$HURQDXWLFV�	�%LRHQJLQHHULQJ�'LYLVLRQ�RI�(QJLQHHULQJ�DQG�$SSOLHG�6FLHQFH�� &DOLIRUQLD�,QVWLWXWH�RI�7HFKQRORJ\�

0DLO�&RGH���������3DVDGHQD��&$������

$GDP�%(129,Ü��'DYRU�/8Þ,Ü�	�9ODGLPLU�212)5,
8QLYHUVLW\�RI�'XEURYQLN��,QVWLWXWH�IRU�0DULQH�DQG�&RDVWDO�5HVHDUFK��+5�������'XEURYQLN��'DPMDQD�-XGH�����&URDWLD

0LUD�02529,Ü
,QVWLWXWH�RI�2FHDQRJUDSK\�DQG�)LVKHULHV��+5�������6SOLW��3�2��%R[������&URDWLD

$OHQND�0$/(-��9DOHQWLQD�785.�	�9HVQD�)/$1'(5�3875/(
0DULQH�%LRORJ\�6WDWLRQ��1DWLRQDO�,QVWLWXWH�RI�%LRORJ\��6,������3LUDQ��)RUQDáH�����6ORYHQLD

+HUPHV�0,$1=$1�	�*XVWDYR�$/9$5(=�&2/20%2
,QVWLWXWR�1DFLRQDO�GH�,QYHVWLJDFLxQ�\�'HVDUUROOR�3HVTXHUR��,1,'(3���3DVHR�9LFWRULD�2FDPSR�Q g���

%����+6$�0DU�GHO�3ODWD��$UJHQWLQD

(��0DUFHOR�$&+$
&21,&(7�,QVWLWXWR�1DFLRQDO�GH�,QYHVWLJDFLxQ�\�'HVDUUROOR�3HVTXHUR��,1,'(3���3DVHR�9LFWRULD�2FDPSR�Q g���

%����+6$�0DU�GHO�3ODWD��$UJHQWLQD

DQG

8QLYHUVLGDG�1DFLRQDO�GH�0DU�GHO�3ODWD��)XQHV�������%����+6$�0DU�GHO�3ODWD��$UJHQWLQD

$%675$&7

,Q�������WKH�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��LQ�XQLRQ�ZLWK�WKH�&URDWLDQ�DQG�6ORYHQLDQ�VFLHQFH�PLQLVWULHV��SURYLGHG
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WKH�JRDO�RI�LQWHUQDWLRQDO�FROODERUDWLRQ��7KH�VFLHQWLVWV�LQYROYHG�LQ�WKH�SURMHFW�ZHUH�JODG�WR�REOLJH�EHFDXVH�ZH�ZDQWHG
WR�ZRUN�WRJHWKHU��2XU�LQLWLDO�REMHFWLYH�ZDV�VLPSOH���XVH�WKLV�LQWHUQDWLRQDO�FROODERUDWLRQ�WR�GHYHORS�H[FLWLQJ�VFLHQWLILF
UHVHDUFK�LQYROYLQJ�PHGXVDH�LQ�6RXWKHUQ�$GULDWLF�ZDWHUV��'XULQJ�WKH�VXEVHTXHQW�HLJKW�\HDUV�ZH�FROODERUDWHG�RQ�VL[
MRLQW�VXPPHU�UHVHDUFK�WULSV��7KLV�LQWHUQDWLRQDO�FROODERUDWLRQ�KDV�EHHQ�RI�JUHDW�LPSRUWDQFH�SHUVRQDOO\�DQG�SURIHVVLRQ�
DOO\�WR�DOO�RI�WKH�LQYHVWLJDWRUV�DQG�LQVWLWXWLRQV�LQYROYHG�LQ�WKH�SURMHFW��EXW�ZH�QRZ�DVN�ZKDW�REMHFWLYH�GLIIHUHQFH�KDV
WKH�SURMHFW�PDGH�VFLHQWLILFDOO\"�:H�DSSURDFK�WKDW�TXHVWLRQ�E\�FRPSDULQJ�ZKDW�ZH�WKRXJKW�ZH�PLJKW�DFFRPSOLVK�DW
WKH�SURMHFW¢V�RXWVHW� WR�KRZ�ZH�QRZ�YLHZ� UHVHDUFK�RQ�JHODWLQRXV�]RRSODQNWRQ�EHFDXVH�RI� UHVHDUFK� LQ� WKH�0HGX]D
SURMHFW��:RUN�RXWVLGH�WKH�SURJUDP�DOVR�KDV�DIIHFWHG�RXU�YLHZV�EXW�ZH�GHVFULEH�KHUH�UHVHDUFK�SURGXFHG�WKURXJK�WKH
SURMHFW�WKDW�KDV�FRQWULEXWHG�VXEVWDQWLDOO\�WR�EURDGHQLQJ�RXU�SHUVSHFWLYHV�LQ�WKUHH�PDMRU�DUHDV�RI�LQYHVWLJDWLRQ��PRGHV
RI�SURSXOVLRQ��PHFKDQLFV�RI�SUHGDWLRQ��DQG�WURSKLF�VLJQLILFDQFH�RI�PHGXVDH�

.H\�ZRUGV��0HGX]D�SURMHFW��SURSXOVLRQ��GLVWULEXWLRQ��K\GURG\QDPLFV��IRUDJLQJ��WURSKLF�UROHV
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/D� )RQGD]LRQH� 1D]LRQDOH� GL� 6FLHQ]H� �1DWLRQDO� 6FLHQFH� )RXQGDWLRQ�� GHJOL� 86$� HG� L� 0LQLVWHUL� SHU� OD� 6FLHQ]D
FURDWR� H� VORYHQR� KDQQR� DSSURYDWR�� QHO� ������ OD� FROODERUD]LRQH� LQWHUQD]LRQDOH� FKH� KD� SRL� SRUWDWR� DO� SURJHWWR
0HGX]D��,O�SURJUDPPD�o�VWDWR�DYYLDWR�DOOR�VFRSR�GL�VYLOXSSDUH�OD�FROODERUD]LRQH�LQWHUQD]LRQDOH��*OL�VFLHQ]LDWL�FRLQ�
YROWL� QHO� SURJHWWR� KDQQR� DFFROWR� SRVLWLYDPHQWH� O¢REEOLJR�� LQ� TXDQWR� GHVLGHURVL� GL� ODYRUDUH� DVVLHPH�� /¢RELHWWLYR
LQL]LDOH�HUD� VHPSOLFH���XVDUH� OD� FROODERUD]LRQH� LQWHUQD]LRQDOH� SHU� VYLOXSSDUH� OD� ULFHUFD� VFLHQWLILFD� LQFHQWUDWD� VXOOH
PHGXVH�GHOO¢$GULDWLFR�PHULGLRQDOH��'XUDQWH�JOL�RWWR�DQQL�VXFFHVVLYL��L�ULFHUFDWRUL�KDQQR�FROODERUDWR�GXUDQWH�VHL�FUR�
FLHUH�HVWLYH�FRQJLXQWH��7DOH�FROODERUD]LRQH�LQWHUQD]LRQDOH�VL�o�ULYHODWD�GL�JUDQGH�LPSRUWDQ]D�SHUVRQDOH�H�SURIHVVLRQ�
DOH�SHU� WXWWL� L� ULFHUFDWRUL�H�SHU� WXWWH� OH� LVWLWX]LRQL� FRLQYROWH�QHO�SURJHWWR��PD� UHVWD�GD�HYLGHQ]LDUH�TXDOH� VLD� VWDWR� LO
FRQWULEXWR�VFLHQWLILFR�GL� WDOH�FROODERUD]LRQH��$� WDOH�VFRSR� L� ULFHUFDWRUL�KDQQR�FRQIURQWDWR�JOL�RELHWWLYL�FKH� VL�HUDQR
SRVWL� DOO¢DYYLR�GHO�SURJHWWR� FRQ� OD� ORUR�YLVLRQH�DWWXDOH�GHOOD� ULFHUFD�GHOOR� ]RRSODQFWRQ�JHODWLQRVR�� ,O� ORUR�SXQWR�GL
YLVWD�o�VWDWR�LQIOXHQ]DWR�DQFKH�GDO�ODYRUR�VYROWR�DOO¢HVWHUQR�GHO�SURJHWWR��PD�QHOO
DUWLFROR�YHQJRQR�SUHVHQWDWH�OH�ULFHU�
FKH�VYROWH�QHOO
DPELWR�GHO�SURJHWWR�0HGX]D��FKH�KDQQR�DPSOLDWR�OH�ORUR�SURVSHWWLYH�LQ�WUH�PDJJLRUL�DUHH�GL�ULFHUFD�
PRGDOLWi�GL�SURSXOVLRQH��PHFFDQLVPL�GL�SUHGD]LRQH�H�VLJQLILFDWR�WURILFR�GHOOH�PHGXVH�

3DUROH�FKLDYH��SURJHWWR�0HGX]D��SURSXOVLRQH��GLVWULEX]LRQH��LGURGLQDPLFD��DOLPHQWD]LRQH��UXROL�WURILFL
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3URMHFW�0HGX]D� EHJDQ� DV� D� FROODERUDWLYH� HIIRUW� WKDW
IRFXVHG� RQ� XQGHUVWDQGLQJ� WKH� ELRORJ\� DQG� HFRORJ\� RI
PHGXVDH��7KH�ILUVW�UHVHDUFK�SODQQLQJ�WRRN�SODFH�LQ������
$� FXOPLQDWLQJ� V\PSRVLXP� WKDW� SURGXFHG� WKH� VHULHV� RI
PDQXVFULSWV� LQ� WKLV�YROXPH�RFFXUUHG� LQ�0D\��������7KH
HLJKW� LQWHUYHQLQJ� \HDUV� LQYROYHG� VL[� MRLQW� ILHOG� VHDVRQV�
ZLWK�D�KRVW�RI�UHVHDUFKHUV�DQG�VWXGHQWV�ZRUNLQJ� WRJHWKHU
DQG�ZLWK�VKLS�FUHZ��ORFDO�FLWL]HQV�DQG�JRYHUQPHQW�DJHQ�
FLHV�� D� YDULHW\� RI� VFLHQWLILF� SDSHUV� WKDW� KDYH� EHHQ� SXE�
OLVKHG�DOUHDG\��DQG�SUHVHQWDWLRQV�RI� UHVXOWV�DW�D� UDQJH�RI
GLIIHUHQW� VFLHQWLILF� FRQIHUHQFHV�� 7KHVH� KDYH� DOO� EHHQ
YDOXDEOH� VFLHQWLILF�DQG� VRFLDO�SURGXFWV�RI� WKH�FROODERUD�
WLYH� SURFHVV�� %XW� ZKDW� DERXW� RXU� LQLWLDO� UHVHDUFK� JRDO"
+DV�FROODERUDWLYH�ZRUN� LQFUHDVHG�RXU�NQRZOHGJH�RI� WKH
HFRORJLFDO�UROHV�SOD\HG�E\�PHGXVDH"

2QH�ZD\� WR� UHVSRQG� WR� WKDW� TXHVWLRQ� LV� WR� FRPSDUH
WKH� VWDWH� RI� NQRZOHGJH� DERXW�PHGXVDH� DW� WKH� RXWVHW� RI
3URMHFW�0HGX]D�ZLWK�ZKDW� LV�NQRZQ�QRZ�DW� WKH� WLPH�RI
RXU� ����� V\PSRVLXP�� ,W� LV� LPSRUWDQW� WR� UHPHPEHU� WKDW
WKH�ZRUN�LQ�3URMHFW�0HGX]D�GLG�QRW�RFFXU�LQ�LVRODWLRQ�EXW
LQ� WKH�FRQWH[W�RI�SURJUHVV�ZLWKLQ� WKH� ODUJHU� ILHOG�RI�]RR�
SODQNWRQ�VWXGLHV��:H�VRXJKW�WR�H[SDQG�ZKDW�ZDV�NQRZQ�
XVLQJ�WKH�XQLTXH�HQYLURQPHQWDO�DGYDQWDJHV�IRXQG�LQ�WKH
0OMHW� ODNHV� DQG� WKH� ROLJRWURSKLF� VRXWKHUQ� $GULDWLF� 6HD�
6RPH� RI� WKH� GHWDLOV� RI� WKDW� SURFHVV� KDYH� DOUHDG\� EHHQ
SXEOLVKHG�� VRPH�ZLOO� IROORZ� LQ� UHSRUWV� JDWKHUHG� IRU� WKLV
YROXPH��DQG�RWKHUV�ZLOO�EH�SXEOLVKHG� LQ� WKH�PRQWKV�DQG
\HDUV�WR�FRPH��%XW�IRU�RXU�SUHVHQW�FRQVLGHUDWLRQ��ZH�H[�
DPLQH�WKH�YLHZV�RQ�PHGXVDQ�HFRORJ\�WKDW�GRPLQDWHG�RXU
LQLWLDO�SODQQLQJ�IRU�3URMHFW�0HGX]D��:H�YLHZ�WKHVH�LVVXHV
DV�IDOOLQJ�ZLWKLQ�WKUHH�PDMRU�DUHDV��VZLPPLQJ�SURSXOVLRQ�
SUHGDWLRQ�DQG�RWKHU� LQWHUVSHFLILF� LQWHUDFWLRQV�ZLWKLQ� WKH
SODQNWRQLF�FRPPXQLW\��7KLV�GLVFXVVLRQ� LV�ELDVHG�E\� WKH
RULJLQ�RI� WKH�PDQXVFULSW� IURP� WKH�SHUVSHFWLYH�RI� LQYHVWL�
JDWRUV� IURP� WKH� 86$�� +RZHYHU�� LW� LV� FOHDU� WKDW� DOO� RXU
RWKHU�FROODERUDWRUV�LQIOXHQFHG�WKH�SURFHVV�RI�H[SORUDWLRQ

)LJ�� ��� 9RUWLFH� ULQJ� IRUPDWLRQ� GXULQJ� VZLPPLQJ� E\
$XUHOLD�DXULWD��D� URZLQJ�SURSHOOHG� VF\SKRPHGXVDH�� �$�
5HOD[DWLRQ� SKDVH� GXULQJ� ZKLFK� WKH� IRUPDWLRQ� RI� WKH
VWRSSLQJ� YRUWH[� LV� YLVLEOH� LQVLGH� WKH� EHOO�� �%�� 6WDUW� RI
FRQWUDFWLRQ� SKDVH� GXULQJ� ZKLFK� WKH� VWDUWLQJ� YRUWH[� LV
IRUPLQJ� IURP� IOXLG�RULJLQDWLQJ�ERWK� LQVLGH� DQG�RXWVLGH
WKH�EHOO���&��(QG�RI�FRQWUDFWLRQ�SKDVH�ZLWK�WKH�VWDUWLQJ
YRUWH[� VXSHUVWUXFWXUH� WUDLOLQJ� LQ� WKH�ZDNH� �7KH� YRUWH[
IURP�WKH�SUHYLRXV�SXOVH�LV�YLVLEOH�MXVW�EHKLQG�LW���$UURZV
LQGLFDWH�WKH�GHVFULEHG�YRUWLFHV�
6O�����3ULND]�YUWLQàQHJD�REURàD��NL�QDVWDQH�PHG�SODYDQ�
MHP�VNLIRPHGX]H�$XUHOLD�DXULWD�� �$��)D]D�VSURÉàDQMD��Y
NOREXNX�YLGHQ�XVWDYOMDMRàL�YUWLQHF���%��=DàHWHN�ID]H�NU�
àHQMD��YUWLQHF�VH�REOLNXMH�L]�WHNRàLQH��NL�SULKDMD�]�]XQD�
QMH� LQ�QRWUDQMH�VWUDQL�NOREXND�� �&��.RQHF� ID]H�NUàHQMD�
YUWLQHF�VH�UD]YLMH�Y�YUWLQàQR�VOHG���9UWLQHF��NL�JD�MH�REOL�
NRYDO� ]DGQML� LPSXO]�� MH�YLGHQ� ]D�QMLP��� 3XÉàLFH� NDËHMR
QD�RSLVDQH�YUWLQFH�

LQ�XQH[SHFWHG�ZD\V�DQG�ZH�KRSH�WKHVH�FRQQHFWLRQV�ZLOO
EH�DSSDUHQW�

35238/6,21�$1'�)((',1*

0HGXVDH� DUH� VWDWHG� WR� EH� MHW�SURSHOOHG� VZLPPHUV
�%UXVFD�	�%UXVFD��������3HFKHQLN���������$�QXPEHU�RI
LPSRUWDQW� FRUUHODWHV� IROORZ� IURP� WKLV� DVVXPSWLRQ�� )RU
H[DPSOH�� MHW� SURSXOVLRQ� LV� DQ� HQHUJHWLFDOO\� LQHIILFLHQW
DQG� FRVWO\� SURSXOVLYH� PRGH�� VR� MHW� SURSHOOHG� VSHFLHV
W\SLFDOO\�KDYH�KLJK�HQHUJHWLF�FRVWV�IRU�VZLPPLQJ��9RJHO�
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������� )RU� WKDW� UHDVRQ�� PHGXVDH� XVXDOO\� GR� QRW� VZLP
FRQWLQXRXVO\�� EXW� DOWHUQDWH� UHVW� SHULRGV� ZLWK� EXUVWV� RI
DFWLYLW\��H�J��0LOOV���������3UHVXPDEO\�GLIIHUHQFHV�LQ�SUH\
VHOHFWLRQ�ZRXOG�GHSHQG�SULPDULO\�RQ�WKH�W\SH�DQG�SRVL�
WLRQLQJ�RI�WHQWDFOHV��0DGLQ��������DV�ZHOO�DV�WKH�W\SHV�RI
QHPDWRF\VWV� IRXQG� RQ� WKH� WHQWDFOHV� �3XUFHOO� 	� 0LOOV�
������� 7KHVH� ZHUH� WKH� ZLGHO\� DFFHSWHG� FRQFHSWV� LQ
�����ZKHQ�3URMHFW�0HGX]D�EHJDQ��0DQ\�DUH�VWLOO�ZLGHO\
DFFHSWHG�LQ������

'R�WKHVH�SHUFHSWLRQV�DFFXUDWHO\�UHIOHFW�UHDOLW\"�7KHUH
ZHUH� VRPH� UHSRUWV� LQ� WKH� OLWHUDWXUH� WKDW�PDQ\� FRPPRQ
PHGXVDH�VZDP�FRQWLQXRXVO\�DQG��UDWKHU�WKDQ�ZDLWLQJ�LQ
DPEXVK�IRU�SUH\��XVHG�IHHGLQJ�FXUUHQWV�WR�HQWUDLQ�SUH\�WR
WKHLU� FDSWXUH� VXUIDFHV� �&RVWHOOR� 	� &ROLQ�� ������ ������
7KHVH� FRQFHSWV�ZHUH� SUHVHQW� LQ� WKH�PHGXVDQ� OLWHUDWXUH
DQG�HYHQ�LQFOXGHG�LQ�VRPH�DXWKRULWDWLYH�WH[WV�DW�WKH�VWDUW
RI�3URMHFW�0HGX]D� �H�J��$UDL���������EXW� WKRVH�REVHUYD�
WLRQV�VWLOO�KDG�QRW�EHHQ�LQFRUSRUDWHG�LQWR�PDMRU�LQYHUWH�
EUDWH�]RRORJ\�WH[WERRNV��FLWHG�DERYH���3DUW�RI�WKH�VLJQLIL�

FDQFH� RI� WKH� LVVXH� RI� FDSWXUH� PHFKDQLFV� ZDV� WKDW� LW
EURDGHQHG� WKH� FRQVLGHUDWLRQ� RI� SUH\� VHOHFWLRQ� E\� FRQ�
WLQXRXV� VZLPPHUV�� VXFK� DV� VF\SKRPHGXVDH�� IURP� FDS�
WXUH� VXUIDFHV� DQG� QHPDWRF\VWV� WR� LQFOXGH� SUHGDWRU�SUH\
HQFRXQWHU�SURFHVVHV��7KH�YXOQHUDELOLW\�RI�SUH\�WR�PHGX�
VDQ�IHHGLQJ�FXUUHQWV���DQG�KHQFH�SUH\�HVFDSH�EHKDYLRU��
WKHQ�EHFDPH�FUXFLDO�IRU�XQGHUVWDQGLQJ�SUH\�VHOHFWLRQ�E\
VXFK� PHGXVDH�� +RZHYHU�� WKLV� UH�IUDPLQJ� RI� PHGXVDH
SUH\� FDSWXUH� PHFKDQLVPV� ODFNHG� D� IXOO� K\GURG\QDPLF
PRGHO�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�IOXLG�PRWLRQV�XVHG�IRU
SURSXOVLRQ�FRPSDUHG�WR�WKRVH�XVHG�IRU�IHHGLQJ��7KH�HDU�
OLHVW�DWWHPSWV�DW�GHVFULELQJ�REODWH�PHGXVDQ�IORZ�SDWWHUQV
UHVXOWHG�LQ�IRUFLQJ�WKHP�LQWR�FRQYHQWLRQDO�MHW�SURSXOVLRQ
PRGHOV��H�J��&RVWHOOR�	�&ROLQ��������������WKDW�ZHUH�LQ�
DGHTXDWH� GHVFULSWLRQV� RI� VZLPPLQJ� �&ROLQ� 	� &RVWHOOR�
������� 7KH� DEVHQFH� RI� D� PRUH� GHWDLOHG� GHVFULSWLRQ� RI
SURSXOVLYH�PHFKDQLFV� E\� REODWH�PHGXVDH� KLQGHUHG� DF�
FHSWDQFH�RI� WKH� FRQFHSW� WKDW�PHGXVDH�PD\� KDYH�PRUH
WKDQ�RQH�PRGH�RI�VZLPPLQJ�SURSXOVLRQ�� � ,Q� IDFW��ZLWK�

)LJ������5LJKW��.LQHPDWLFV�RI�WKH�VWDUWLQJ��VWRSSLQJ�DQG�FR�MRLQHG�ODWHUDO�YRUWH[�VWUXFWXUHV���$��,PDJH�RI�PHGXVD�YRU�
WH[�ZDNH���%��&RUUHVSRQGLQJ�VFKHPDWLF�RI�PHGXVD�YRUWH[�ZDNH��3���SRZHU�VWURNH�VWDUWLQJ�YRUWH[�ULQJ��5���UHFRYHU\
VWURNH�VWRSSLQJ�YRUWH[�ULQJ��/��/����DGMDFHQW�ODWHUDO�YRUWH[�VXSHUVWUXFWXUHV���&��)ORZ�SDWKV�LQ�YRUWH[�ZDNH��6ROLG
DUURZV�LQGLFDWH�GLUHFWLRQV�RI�YRUWH[�URWDWLRQ��EURNHQ�DUURZV��IORZ�LQGXFHG�E\�YRUWH[�URWDWLRQ��IURP�'DELUL�HW�DO��
������
6O����� �GHVQR��.LQHPDWLND� ]DàHWQHJD�� NRQàQHJD� LQ�YH]QHJD�ERàQHJD�YUWLQFD�� �$�� 6OLND� YUWLQàQH� VOHGL�PHGX]H�� �%�
6KHPDWLàQL�SULND]�YUWLQàQH�VOHGL�PHGX]H��3���SRWLVN��NL�VSURËL�YUWLQHF��5���SRYUDWQL�JLE��NL�]DXVWDYL�YUWLQHF��/��/���
VWUXNWXUD�YH]QHJD�ERàQHJD�YUWLQFD���&��3UHWRN�Y�YUWLQàQL�VOHGL��3ROQH�SXÉàLFH�SULND]XMHMR�VPHU�URWDFLMH�YUWLQFD��SUH�
NLQMHQH�SXÉàLFH�SD�WRN��NL�JD�SRY]URàD�URWDFLMD��SR�'DELUL�HW�DO���������
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)LJ�����6ROPLVVXV�DOEHVFHQV�DQG�1DXVLWKRq�SXQFWDWD��)ORZ�JHQHUDWHG�E\��$��%��6��DOEHVFHQV�DQG��&��'��1��SXQFWDWD
GXULQJ� FRQWUDFWLRQ� �OHIW�KDQG�SKRWRV�� DQG� UHOD[DWLRQ� �ULJKW�KDQG� SKRWRV�� SKDVHV� RI� WKH� VZLPPLQJ� F\FOH�� $UURZV
SRLQW�WR�WKH�VWDUWLQJ�YRUWLFHV�LQ�OHIW�KDQG�DQG�WR�VWRSSLQJ�YRUWLFHV�LQ�ULJKW�KDQG�SKRWRV��IURP�&ROLQ�HW�DO���������
6O�����6ROPLVVXV�DOEHVFHQV� LQ�1DXVLWKRq�SXQFWDWD��7RN��NL�JD�SRY]URàDWD��$��%��6��DOEHVFHQV� LQ� �&��'��1��SXQFWDWD
PHG� ID]R�NUàHQMD� �IRWRJUDILMH� OHYR�� LQ� VSURÉàDQMD� �IRWRJUDILMH� GHVQR�� ]QRWUDM� SODYDOQHJD� FLNOD�� 3XÉàLFH� NDËHMR� QD
]DàHWQH�YUWLQFH�QD�IRWRJUDILMDK�OHYR�LQ�NRQàQH�YUWLQFH�QD�IRWRJUDILMDK�GHVQR��SR�&ROLQ�HW�DO���������

RXW� DQ�DGHTXDWH�PHFKDQLFDO�PRGHO�� VRPH� LQYHVWLJDWRUV
HQWLUHO\� UHMHFWHG� DOWHUQDWLYHV� WR� FODVVLFDO� MHW� SURSXOVLRQ
E\�PHGXVDH��H�J��0F+HQU\�	�-HG��������

7KH�UHVLGHQW�SRSXODWLRQ�RI�$XUHOLD�DXULWD�VS�����'DZ�
VRQ�	� -DFREV�������� LQ� WKH�PDULQH� ODNH� RI�0OMHW� ,VODQG
�%LJ�/DNH��6RXWKHUQ�$GULDWLF��SURYLGHG�WKH�VWDJH�IRU�D�VH�
ULHV�RI�LQ�VLWX� IORZ�YLVXDOL]DWLRQ�H[SHULPHQWV� WKDW� ILQDOO\
UHVROYHG� WKH� UHODWLRQVKLS� EHWZHHQ� IORZ� DQG� IHHGLQJ� LQ�
WHUDFWLRQV� IRU� REODWH� URZLQJ� PHGXVDH�� $LGHG� E\� KLJK
ZDWHU�FODULW\�DQG�LGHDO�6&8%$�GLYLQJ�FRQGLWLRQV��GLYHUV
ZHUH� DEOH� WR� SUHFLVHO\� ORFDWH� YLVLEOH� G\HV�ZLWKLQ� IORZV
JHQHUDWHG�E\�PHGXVDH� �)LJ������ 7KHVH�PHWKRGV�DYRLGHG
ODERUDWRU\�ZDOO�DUWLIDFWV�JHQHUDWHG�ZLWKLQ�DTXDULXPV�DQG
SURYLGHG� D� EURDG� PHFKDQLVWLF� PRGHO� IRU� VWDUWLQJ�
VWRSSLQJ�YRUWH[� LQWHUDFWLRQV� �)LJ�� ��� WKDW�ZH�QRZ�NQRZ
XQGHUOLH�WKH�KLJK�SURSXOVLYH�HIILFLHQF\�DQG�IRRG�JDWKHU�
LQJ�FDSDELOLWLHV�RI�REODWH�VF\SKRPHGXVDH� �'DELUL�HW�DO��

�������)XUWKHU�� WKH�K\GURG\QDPLF�SDWWHUQV� IRXQG� IRU�$�
DXULWD�ZHUH�GHPRQVWUDWHG� WR�EH�D�XVHIXO�PRGHO� IRU� VSH�
FLHV� WKDW� ZHUH� REODWH� URZHUV� EXW� PDLQWDLQHG� WHQWDFOHV
RULHQWDWLRQ�WRZDUGV�WKH�DERUDO�VXUIDFH��WHUPHG�XSVWUHDP
URZHUV��)LJ�����

7KHVH�GHVFULSWLRQV�WKHUHIRUH�H[SDQGHG�WKH�SLFWXUH�RI
PHGXVDQ�SURSXOVLYH�DQG�IHHGLQJ�LQWHUDFWLRQV��&RVWHOOR�HW
DO��������� WKDW�H[LVWHG�EHIRUH�3URMHFW�0HGX]D��7KLV�PH�
FKDQLFDO� XQGHUVWDQGLQJ� VHUYHG� DV� D� EDVLV� IRU� IXUWKHU
HFRORJLFDO� ZRUN� GHPRQVWUDWLQJ� XQH[SHFWHG� OLQNV� EH�
WZHHQ� $�� DXULWD�� ]RRSODQNWRQ� DQG� WKH� PLFURELDO� FRP�
PXQLWLHV�DW�0OMHW��7XUN�HW�DO���������EHFDXVH�LW�H[SODLQHG
SUH\� LQJHVWLRQ� LQ� WHUPV� RI�ZDWHU� SURFHVVLQJ� UDWKHU� WKDQ
VROHO\�QHPDWRF\VW�DFWLYDWLRQ��%RWK�SURFHVVHV�DUH�QHFHV�
VDU\�FRPSRQHQWV�RI�PHGXVDQ�SUHGDWLRQ��QHLWKHU�DORQH�LV
VXIILFLHQW�WR�H[SODLQ�REVHUYHG�SDWWHUQV�
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$OWKRXJK� VRPH� PHGXVDH� KDUERU� ]RR[DQWKHOODH� DV
SDUW� RI� D� PXWXDOLVWLF� V\PELRVLV� �H�J�� WKH� JHQHUD� &DV�
VLRSHD�DQG�/LQXFKH���PHGXVDH�PRUH�W\SLFDOO\�SUH\�XSRQ
RWKHU� PHWD]RDQV�� +RZHYHU�� ROLJRWURSKLF� RSHQ� VHD� V\V�
WHPV�FDQ�SUHVHQW�QXWULWLRQDO�FKDOOHQJHV�IRU�PHGXVDH�EH�
FDXVH�PHWD]RDQ�SUH\�DUH�RIWHQ�VFDUFH��<HW��VXUSULVLQJO\�
D�QXPEHU�RI�VPDOO�K\GUR]RDQ�VSHFLHV�VXFFHVVIXOO\�SHUVLVW
LQ� WKHVH�HQYLURQPHQWV� �*LOL�HW�DO���������%HQRYLß�HW�DO��
������ /XáLß�HW� DO��� ������ �)LJ�����%\�H[DPLQLQJ� WKH� JXW
FRQWHQWV� RI� WKH� WUDFK\PHGXVD�$JODXUD� KHPLVWRPD�� ZH
IRXQG� WKDW� WKHVH� VPDOO� PHGXVDH� FRQVXPH� D� YDULHW\� RI
SURWLVWV� LQ� DGGLWLRQ� WR�PHWD]RDQV� �)LJ�� ���� 7KH� SURWLVWDQ
SUH\�DUH�LQYLVLEOH�LQ�SUHVHUYHG�VSHFLPHQV�EHFDXVH�PRVW
RI� WKHP� GLVLQWHJUDWH� LQ� IL[DWLYHV� VXFK� DV� IRUPDOGHK\GH�
$��KHPLVWRPD�LV�FRVPRSROLWDQ�DQG�IRXQG�LQ�ROLJRWURSKLF

VXUIDFH�ZDWHUV�LQ�VHYHUDO�RFHDQV�DQG�LWV�YHUWLFDO�GLVWULEX�
WLRQ� SDWWHUQV� LQ� WKH� VRXWKHUQ� $GULDWLF� 6HD� SUREDEO\� UH�
IOHFW� LWV� IHHGLQJ� HFRORJ\� WKURXJKRXW� RFHDQLF� VXUIDFH
ZDWHUV��,Q�WKRVH�FOHDU�ZDWHUV��WKH�DELOLW\�WR�XWLOL]H�D�ZLGH
UDQJH�RI�SUH\�DSSHDUV�WR�KDYH�EHHQ�DGYDQWDJHRXV�

6XEVHTXHQWO\��UHVHDUFK�ZLWK�RWKHU�VPDOO�K\GURPHGX�
VDH�KDV�VKRZQ�WKLV�W\SH�RI�RPQLYRU\�WR�EH�UHODWLYHO\�UDUH
EHFDXVH� WKH� SUH\� KDQGOLQJ� FRPSRQHQW� RI� WKH� IHHGLQJ
SURFHVV� OLPLWV� FRQVXPSWLRQ� UDWHV� �5HJXOD�HW� DO��� ������
+RZHYHU��$�� KHPLVWRPD� FRPSHQVDWHV� IRU� WKLV� SRWHQWLDO
GLVDGYDQWDJH�ZLWK�H[WUHPHO\� UDSLG� SUH\� KDQGOLQJ� FDSD�
ELOLWLHV��&ROLQ�HW�DO����������2WKHU�FRDVWDO�K\GURPHGXVDH
GR� QRW� DSSHDU� WR� EH� VLPLODUO\� FDSDEOH�� $Q� LPSRUWDQW
FRQVHTXHQFH�RI�UHVHDUFK�ZLWK�$��KHPLVWRPD�ZDV�DQ�LQ�
FUHDVHG� DZDUHQHVV� RI� WKH� SRVVLELOLW\� RI� PHGXVDQ� RP�
QLYRU\� DQG� DQ� H[SDQVLRQ� RI� WKH� UDQJH� RI� DOWHUQDWLYHV
FRQVLGHUHG�IRU�K\GURPHGXVDQ�IHHGLQJ�

)LJ�����'D\�QLJKW�YHUWLFDO�GLVWULEXWLRQ�RI�GRPLQDQW�PHGXVDH�VSHFLHV��QXPEHU�RI�LQGLYLGXDOV����P���� LQ�WKH�PLGGOH
DQG�VRXWK�$GULDWLF��2SHQ�EDUV��GD\�VDPSOHV��KDWFKHG�EDUV��QLJKW�VDPSOHV��IURP�%HQRYLÞ�HW�DO���������
6O�� ��� 'QHYQR�QRàQD� YHUWLNDOQD� UD]SRUHGLWHY� GRPLQDQWQH� YUVWH� PHGX]� �ÉWHYLOR� RVHENRY� ��� P���� Y� VUHGQMHP� LQ
MXËQHP�$WODQWLNX��%HOL�VWROSFL��GQHYQL�Y]RUFL��Y]RUàDVWL�VWROSFL��QRàQL�Y]RUFL��SR�%HQRYLÞ�HW�DO���������
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)LJ�����*XW�FRQWHQWV�RI�WKH�WUDFK\PHGXVD�$JODXUD�KHP�
LVWRPD�� �$��)UHTXHQF\�RI� JXW� FRQWHQWV� LQ� OLYH�DQG�SUH�
VHUYHG�����IRUPDOGHK\GH�VROXWLRQ��$��KHPLVWRPD�IURP
WKH� VDPH� GDWH� DQG� VLWH� LQ� WKH� $GULDWLF� 6HD�� �%�� )UH�
TXHQF\� RI� JXWV� RI� OLYH�$�� KHPLVWRPD� H[DPLQHG�ZLWKLQ
���� K� RI� FROOHFWLRQ� FRQWDLQLQJ� SDUWLFXODU� SUH\� W\SHV
�IURP�&ROLQ�HW�DO���������
6O�� ��� 9VHEQRVW� àUHYHVD� WUDKLPHGX]H� $JODXUD� KHPLV�
WRPD�� �$��)UHNYHQFD�SRMDYOMDQMD�SOHQD�Y�àUHYHVLK�ËLYLK
LQ�NRQ]HUYLUDQLK�����UD]WRSLQD�IRUPDOGHKLGD��$��KHP�
LVWRPD��XORYOMHQLK�LVWHJD�GQH�LQ�]�LVWHJD�PHVWD�Y�-DGUDQ�
VNHP� PRUMX�� �%�� )UHNYHQFD� SRMDYOMDQMD� SRVDPH]QLK
VNXSLQ�SOHQD�Y�àUHYHVLK�ËLYLK�WUDKLPHGX]�$��KHPLVWRPD�
SUHJOHGDQLK� Y� URNX� SRO� XUH� RG� XORYD� �SR� &ROLQ� HW� DO��
������

7523+,&�52/(6

3HUFHSWLRQ� RI� WKH� WURSKLF� UROHV� SOD\HG� E\� PHGXVDH
KDV�EHHQ�GRPLQDWHG�E\� WKHLU� SUHGDWRU\� LPSDFWV�� JHQHU�
DOO\�RQ�PHWD]RDQ�SUH\��%XW�LV�LW�UHDOO\�WKDW�VLPSOH"�3URM�
HFW�0HGX]D� EURDGHQHG� WKLV� FRQYHUVDWLRQ� DERXW� RQH� RI
WKH� PRVW� VWXGLHG� PHGXVDH��$XUHOLD� DXULWD�VS�� ��� ,Q� WKH
ELJ� ODNH� RI� 0OMHW�� $�� DXULWD� GRHV� QRW� LPSDFW� MXVW� WKH
PHVR]RRSODQNWRQ� LW� FRQVXPHV�� EXW� DOVR� WKH� PLFUR]RR�
SODQNWRQ�� DQG� XOWLPDWHO\�� WKH�PLFURELDO� FRPPXQLW\� LQ�
IOXHQFHG�E\�$��DXULWD¤V�SUH\� �)LJ������+HQFH�� WKH�SUHGD�
WRU\�LPSDFW�RI�$��DXULWD�FDVFDGHV�GRZQZDUG�WKURXJK�WKH
SODQNWRQLF� FRPPXQLW\�� %XW� LV� WKHLU� LPSDFW� RQO\� WRS�
GRZQ"�'R� WKH\� LQWHUDFW�ZLWK� KLJKHU� OHYHOV� RI� WKH� FRP�
PXQLW\�VXFK�DV�ILVK"�2QH�DGYDQWDJH�RI�DQ�HQFORVHG�V\V�
WHP�VXFK�DV�WKH�ELJ�ODNH�RI�0OMHW�LV�WKDW�PHPEHUV�RI�WKH
FRPPXQLW\�DUH�QRW�DGYHFWHG�WKURXJKRXW�FRDVWDO�RU�RFH�
DQLF�DUHDV�WRR�ODUJH�WR�VDPSOH�FRPSUHKHQVLYHO\�

)LJ�����$EXQGDQFH�RI�GRPLQDQW�PLFUR]RRSODQNWRQ�WD[D
LQ�HQFORVXUHV�ZLWK�WKH�SUHVHQFH��0���GDUN�VKDGHG�EDUV�
DQG�DEVHQFH��&���FOHDU�EDUV��RI�$XUHOLD�DXULWD�DW�WKH�HQG
RI�LQ�VLWX�LQFXEDWLRQ�LQ�-XO\������DQG�0D\�������IURP
7XUN�HW�DO���������
6O�� ��� ÈWHYLOàQRVW� GRPLQDQWQLK� PLNUR]RRSODQNWRQVNLK
YUVW�V�SULVRWQRVWMR��0���WHPQL�VWROSFL��LQ�RGVRWQRVWMR��&
�� VYHWOL� VWROSFL�� $XUHOLD� DXULWD� QD� NRQFX� LQ� VLWX� LQNX�
EDFLMH�MXOLMD������LQ�PDMD�������SR�7XUN�HW�DO���������

7KH�KLJK� WHPSRUDO�DQG�VSDWLDO� UHVROXWLRQ�RI�DFRXVWL�
FDO�PHWKRGV�KDV�DOORZHG�GRFXPHQWDWLRQ�RI�WKH�UK\WKPLF
GLXUQDO�YHUWLFDO�PLJUDWLRQV�RI�ERWK�ILVK�DQG�VF\SKRPHGX�
VDH�LQ�DQ�HQFORVHG�ODNH�HQYLURQPHQW��)LJ������7KH�SUHFLVH
QDWXUH� RI� ZKDW� GULYHV� WKHVH� YHUWLFDO� PLJUDWLRQ� SDWWHUQV
QRZ� QHHGV� UHVROXWLRQ�� +RZHYHU�� WKH� REVHUYDWLRQ� RI
WKHVH� YDULDWLRQV� LV� WKH� EHJLQQLQJ� RI� XQGHUVWDQGLQJ� WKH
LQWHUSOD\�EHWZHHQ�PHPEHUV�RI� WKH�ODNH�FRPPXQLW\��'L�
UHFW� REVHUYDWLRQ� RI� ILVK�VL]H� ELWH� PDUNV� LQ� $�� DXULWD¤V
H[XPEUHOODU� VXUIDFHV� �*UDKDP�HW�DO��������� VXJJHVW� WKDW
ILVK� SUHGDWLRQ� PD\� GULYH� WKH� GRZQZDUG� QRFWXUQDO� PL�
JUDWLRQ�RI�$��DXULWD�LQ�WKH�ODNH��,I�VR��WKHQ�$��DXULWD¤V�UROH
DV�SUH\�PD\�EHFRPH�DV�LQWHUHVWLQJ�DV�WKDW�RI�SUHGDWRU��,Q
WKLV�� DV� ZLWK� WKH� RWKHU�PDMRU� DUHDV� GLVFXVVHG� KHUH�� WKH
UROH�RI�3URMHFW�0HGX]D�KDV�VHUYHG�WR�EURDGHQ�WKH�XQGHU�
VWDQGLQJ�RI�PHGXVDH�LQ�SODQNWRQLF�V\VWHPV�
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)LJ�����$FRXVWLF�UHFRUG�RI�LQYHUVH�GHSWK�UHODWLRQVKLSV�EHWZHHQ�ILVK�ODUYDH�DQG�WKH�PHGXVD�$XUHOLD�DXULWD�LQ�WKH�ELJ
ODNH��0OMHW�,VODQG��&URDWLD��0LDQ]DQ�HW�DO���XQSXEO��GDWD��
6O�� ��� $NXVWLàQL� SRVQHWHN� REUDWQHJD� JORELQVNHJD� VRUD]PHUMD� PHG� ULEMLPL� OLàLQNDPL� LQ� PHGX]R� $XUHOLD� DXULWD� Y
YHOLNHP�MH]HUX��RWRN�0OMHW��+UYDÉND��0LDQ]DQ�HW�DO���QHREMDYOMHQR��

6800$5<

7KH� UHVXOWV� GHVFULEHG� KHUH� DQG� LQ� WKH� IROORZLQJ� UH�
SRUWV� IURP� RWKHU�0HGX]D� SDUWLFLSDQWV� GHPRQVWUDWH� WKDW
VFLHQWLILF�GLVFRYHU\� LV�D�SRZHUIXO�PHDQV�RI�EXLOGLQJ� LQ�
WHUQDWLRQDO�FRPPXQLW\�

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

7KH� DXWKRUV�ZRXOG� OLNH� WR� WKDQN� WKH� VFLHQFH�PLQLV�
WULHV�RI�WKH�5HSXEOLF�RI�&URDWLD��WKH�5HSXEOLF�RI�6ORYHQLD�

WKH�$UJHQWLQH�5HSXEOLF�DQG�WKH�8QLWHG�6WDWHV�RI�$PHULFD
IRU�SURYLGLQJ� ILQDQFLDO� VXSSRUW�GXULQJ� WKLV�FROODERUDWLYH
SURMHFW�� 6SHFLILFDOO\�� WKH�86� DXWKRUV� DUH� JUDWHIXO� IRU� IL�
QDQFLDO� VXSSRUW� IURP� WKH�86�1DWLRQDO� 6FLHQFH� )RXQGD�
WLRQ� DQG� WKH�2IILFH� RI� 1DYDO� 5HVHDUFK� �2&(���������
2&(���������� 2&(���������� 2&(���������� 2&(�
��������� 2&(���������� 2&(���������� 1���������
���� WR� -+&��2&(��������� DQG�2&(��������� WR� 63&�
2&(���������WR�-2'��IRU�JHQHURXV�VXSSRUW�RI�WKLV�SURM�
HFW�
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352-(.7�0('8=$�9�.217(.678�=*2'29,16.(*$�5$=92-$

-RKQ�+��&267(//2
%LRORJ\�'HSDUWPHQW��3URYLGHQFH�&ROOHJH��3URYLGHQFH��5,�������������86$

(�PDLO��&267(//2#SURYLGHQFH�HGX

6HDQ�3��&2/,1
(QYLURQPHQWDO�6FLHQFHV��5RJHU�:LOOLDPV�8QLYHUVLW\��2QH�2OG�)HUU\�5G���%ULVWRO��5,��������86$

:LOOLDP�0��*5$+$0
'DXSKLQ�,VODQG�6HD�/DE������%LHQYLOOH�%OYG���'DXSKLQ�,VODQG�$/��������86$

-RKQ�2��'$%,5,
$HURQDXWLFV�	�%LRHQJLQHHULQJ�'LYLVLRQ�RI�(QJLQHHULQJ�DQG�$SSOLHG�6FLHQFH�� &DOLIRUQLD�,QVWLWXWH�RI�7HFKQRORJ\�

0DLO�&RGH���������3DVDGHQD��&$������

$GDP�%(129,Ü��'DYRU�/8Þ,Ü�	�9ODGLPLU�212)5,
8QLYHUVLW\�RI�'XEURYQLN��,QVWLWXWH�IRU�0DULQH�DQG�&RDVWDO�5HVHDUFK��+5�������'XEURYQLN��'DPMDQD�-XGH�����&URDWLD

0LUD�02529,Ü
,QVWLWXWH�RI�2FHDQRJUDSK\�DQG�)LVKHULHV��+5�������6SOLW��3�2��%R[������&URDWLD

$OHQND�0$/(-��9DOHQWLQD�785.�	�9HVQD�)/$1'(5�3875/(
0DULQH�%LRORJ\�6WDWLRQ��1DWLRQDO�,QVWLWXWH�RI�%LRORJ\��6,������3LUDQ��)RUQDáH�����6ORYHQLD

+HUPHV�0,$1=$1�	�*XVWDYR�$/9$5(=�&2/20%2
,QVWLWXWR�1DFLRQDO�GH�,QYHVWLJDFLxQ�\�'HVDUUROOR�3HVTXHUR��,1,'(3���3DVHR�9LFWRULD�2FDPSR�Q g���

%����+6$�0DU�GHO�3ODWD��$UJHQWLQD

(��0DUFHOR�$&+$
&21,&(7�,QVWLWXWR�1DFLRQDO�GH�,QYHVWLJDFLxQ�\�'HVDUUROOR�3HVTXHUR��,1,'(3���3DVHR�9LFWRULD�2FDPSR�Q g���

%����+6$�0DU�GHO�3ODWD��$UJHQWLQD

DQG

8QLYHUVLGDG�1DFLRQDO�GH�0DU�GHO�3ODWD��)XQHV�������%����+6$�0DU�GHO�3ODWD��$UJHQWLQD

329=(7(.

/HWD������MH�1DFLRQDOQD�]QDQVWYHQD�IXQGDFLMD��1DWLRQDO�6FLHQFH�)RXQGDWLRQ��L]�='$�Y�SRYH]DYL�V�KUYDÈNLP�LQ
VORYHQVNLP�PLQLVWUVWYRP�]D�]QDQRVW�SRGSUOD�PHGQDURGQR�VRGHORYDQMH��NL�VH�MH�UD]YLOR�Y�3URMHNW�0HGX]D��9NOMXßHQL
UD]LVNRYDOFL�� NL� VR� VH� QD� SREXGR� ]� YHVHOMHP� RG]YDOL�� VR� LPHOL� SUHSURVW� RVQRYQL� FLOM� �� V� VNXSQLP� GHORP� UD]YLWL
]QDQVWYHQR�UD]LVNRYDQMH�PHGX]�Y�YRGDK�MXÊQHJD�-DGUDQVNHJD�PRUMD��9�QDVOHGQMLK�RVPLK�OHWLK�MH�ELOR�L]YHGHQLK�ÈHVW
VNXSQLK�SROHWQLK�UD]LVNRYDOQLK�HNVNXU]LM��ÞHSUDY�MH�ELOR�WR�PHGQDURGQR�VRGHORYDQMH�WDNR�QD�RVHEQL�NRW� WXGL�SURIH�
VLRQDOQL� UDYQL� ]D� YVH� UD]LVNRYDOFH� WHU� YNOMXßHQH� LQÈWLWXFLMH� ]HOR� SRPHPEQR�� VH� YHQGDUOH� PRUDPR� YSUDÈDWL�� NDM� MH
SULQHVOR�Y�]QDQVWYHQHP�VPLVOX��2GJRYRUD�QD�WR�YSUDÈDQMH�VR�VH�DYWRUML�ORWLOL�V�SULPHUMDYR�]DßUWDQLK�FLOMHY�QD�VDPHP
]DßHWNX� GHOD� WHU� WHP�� NDNR� SR� L]YHGHQHP� SURMHNWX� YLGLMR� UD]LVNRYDQMH� ÊHODWLQR]QHJD� ]RRSODQNWRQD�� 1D� QMLKRYD
VWDOLÈßD�MH�VHYHGD�YSOLYDOR�WXGL�GHOR�L]YHQ�SURMHNWD��D�Y�SULßXMRßHP�ßODQNX�SUHGVWDYOMDMR�UD]LVNDYH�Y�RNYLUX�SURMHNWD�
NL� VR� ELVWYHQR� UD]ÈLULOH� QMLKRYH� SRJOHGH� QD� WUL� JODYQD� UD]LVNRYDOQD� SRGURßMD�� QDßLQL� SUHPLNDQMD�� SOHQMHQMH� LQ� SUH�
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$UDL��0��1����������$�IXQFWLRQDO�ELRORJ\�RI�6F\SKR]RD�
&KDSPDQ�	�+DOO��/RQGRQ������S�
%HQRYLÜ��$���'��/XÞLÜ��9��2QRIUL��0��%DWLVWLÜ�	�-��1MLUH
��������%DWK\PHWULF�GLVWULEXWLRQ�RI�PHGXVDH�LQ�WKH�RSHQ
ZDWHUV� RI� WKH� 0LGGOH� DQG� 6RXWK� $GULDWLF� 6HD� GXULQJ
VSULQJ�������-��3ODQNWRQ�5HV�������������
%UXVFD�� 5�� 	�*�� %UXVFD� �������� ,QYHUWHEUDWHV�� �QG� HG�
6LQDXHU��6XQGHUODQG��0$������S�
&ROLQ�� 6�� 3�� 	� -�� +�� &RVWHOOR� �������� 0RUSKRORJ\�
VZLPPLQJ�SHUIRUPDQFH�DQG�SURSXOVLYH�PRGH�RI�VL[�FR�
RFFXUULQJ�K\GURPHGXVDH��-��([S��%LRO����������������
&ROLQ��6��3���-��+��&RVWHOOR��:��0��*UDKDP�	�-��+LJJLQV
��������2PQLYRU\�E\� WKH�VPDOO�FRVPRSROLWDQ�K\GURPH�
GXVD�$JODXUD�KHPLVWRPD��/LPQRO��2FHDQRJU������������
�����
&ROLQ�� 6�� 3��� -�� +�� &RVWHOOR� 	� +�� .RUGXOD� ��������8S�
VWUHDP�IRUDJLQJ�E\�PHGXVDH��0DU��(FRO��3URJ��6HU�������
��������
&RVWHOOR�� -��+��	�6��3��&ROLQ� ��������0RUSKRORJ\�� IOXLG
PRWLRQ�DQG�SUHGDWLRQ�E\�WKH�VF\SKRPHGXVD�$XUHOLD�DX�
ULWD��0DU��%LRO����������������
&RVWHOOR��-��+��	�6��3��&ROLQ���������)ORZ�DQG�IHHGLQJ�E\
VZLPPLQJ�VF\SKRPHGXVDH��0DU��%LRO����������������
&RVWHOOR��-��+���6��3��&ROLQ�	�-��2��'DELUL���������0HGX�
VDQ� PRUSKRVSDFH�� SK\ORJHQHWLF� FRQVWUDLQWV�� ELRPH�
FKDQLFDO�VROXWLRQV��DQG�HFRORJLFDO�FRQVHTXHQFHV�,QYHUW�
%LRO����������������
'DELUL�� -�� 2��� 6�� 3�� &ROLQ�� -�� +�� &RVWHOOR� 	�0�� *KDULE
��������)ORZ�SDWWHUQV�JHQHUDWHG�E\�REODWH�PHGXVDQ� MHO�
O\ILVK�� ILHOG� PHDVXUHPHQWV� DQG� ODERUDWRU\� DQDO\VHV�� -�
([S��%LRO������������������
'DZVRQ��0��1��	�'��.�� -DFREV� ��������0ROHFXODU� HYL�
GHQFH� IRU� FU\SWLF� VSHFLHV� RI� $XUHOLD� DXULWD� �&QLGDULD�
6F\SKR]RD���%LRO��%XOO��������������
*LOL��-��0���)��3DJmV�	�)��9LYHV���������'LVWULEXWLRQ�DQG
HFRORJ\�RI�D�SRSXODWLRQ�RI�SODQNWRQLF�FQLGDULDQV� LQ� WKH
:HVWHUQ�0HGLWHUUDQHDQ��,Q��%RXLOORQ��-���)��%RHUR��)��&L�

FRJQD�	�3��)��6��&RUQHOLXV� �HGV����0RGHUQ� WUHQGV� LQ� WKH
V\VWHPDWLFV��HFRORJ\�DQG�HYROXWLRQ�RI�K\GURLGV�DQG�K\�
GURPHGXVDH��2[IRUG�8QLYHUVLW\�3UHVV��2[IRUG��SS������
����
*UDKDP��:��0��� /��&KLDYHUDQR�� ,��'¡$PEUD��+��0LDQ�
]DQ��*��$OYDUH]�&RORPER��0��$FKD��$��0DOHM��-��+��&RV�
WHOOR��9��2QRIUL�	�$��%HQRYLÜ���������)LVK�DQG�MHOO\ILVK�
8VLQJ�WKH�LVRODWHG�PDULQH�£ODNHV¤�RI�0OMHW�,VODQG��&URDWLD�
WR� H[SORUH� ODUJHU� PDULQH� HFRV\VWHP� FRPSOH[LWLHV� DQG
HFRV\VWHP�EDVHG� PDQDJHPHQW� DSSURDFKHV�� $QQDOHV�
6HU��+LVW��1DW���7KLV�YROXPH�
/XÞLÜ�� '��� $�� %HQRYLÜ�� 0�� 0RURYLÜ�� 0�� %DWLVWLÜ� 	� ,�
2QRIUL���������'LHO�YHUWLFDO�PLJUDWLRQ�RI�PHGXVDH�LQ�WKH
RSHQ�6RXWKHUQ�$GULDWLF�6HD�RYHU�D�VKRUW�WLPH�SHULRG��-XO\
�������0DU��(FRO�������������
0DGLQ�� /�� 3�� �������� )HHGLQJ� EHKDYLRU� RI� WHQWDFXODWH
SUHGDWRUV�� LQ�VLWX�REVHUYDWLRQV�DQG�D�FRQFHSWXDO�PRGHO�
%XOO��0DU��6FL���������������
0F+HQU\��0��-��	�-��-HG���������7KH�RQWRJHQHWLF�VFDOLQJ
RI� K\GURG\QDPLFV� DQG� VZLPPLQJ�SHUIRUPDQFH� LQ� MHOO\�
ILVK��$XUHOLD�DXULWD���-��([S��%LRO������������������
0LOOV��&��(�� ��������'LYHUVLW\�RI� VZLPPLQJ�EHKDYLRUV� LQ
K\GURPHGXVDH� DV� UHODWHG� WR� IHHGLQJ� DQG� XWLOL]DWLRQ� RI
VSDFH��0DU��%LRO���������������
3HFKHQLFN��-��$����������%LRORJ\�RI�WKH�,QYHUWHEUDWHV���WK

HG��0F*UDZ�+LOO��1HZ�<RUN������S�
3XUFHOO�� -�� (�� 	� &�� (�� 0LOOV� �������� 7KH� FRUUHODWLRQ� RI
QHPDWRF\VW� W\SHV� WR� GLHWV� LQ� SHODJLF� +\GUR]RD�� ,Q�
+HVVLQJHU��'��$��	�+��0��/HQKRII��HGV����7KH�ELRORJ\�RI
QHPDWRF\VWV��$FDGHPLF�3UHVV��6DQ�'LHJR��SS����������
5HJXOD�� &��� 6�� 3�� &ROLQ�� -�� +�� &RVWHOOR� 	� +�� .RUGXOD
�������� � 0HFKDQLVPV� RI� SUH\� VHOHFWLRQ� LQ� DPEXVKLQJ
K\GURPHGXVDH��0DU��(FRO��3URJ��6HU����������������
7XUN��9���'��/XÞLÜ��9��)ODQGHU�3XWUOH��	�$��0DOHM��������
)HHGLQJ�RI�$XUHOLD�VS� �6F\SKR]RD��DQG� OLQNV� WR� WKH�PL�
FURELDO�IRRG�ZHE��0DU��(FRO���������������
9RJHO�� 6�� �������� /LIH� LQ�PRYLQJ� IOXLGV�� 3ULQFHWRQ�8QL�
YHUVLW\�3UHVV��3ULQFHWRQ�1-������S�


