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7KH�SDSHU�SUHVHQWV�IORULVWLF�DQG�IXQFWLRQDO�FRPSDULVRQ�RI�WZR�DGMDFHQW�DQG�VWUXFWXUDOO\�VLPLODU�SODQW�FRPPXQLWLHV
�� FDOFDUHRXV� �%URPLRQ� HUHFWL�� DQG� VLOLFLFRORXV� �1DUGR�$JURVWLRQ� WHQXLV�� GU\� JUDVVODQGV�� )RU� IXQFWLRQDO� FRPSDULVRQ
*ULPH¢V� &65� WULDQJOH� WKHRU\� RI� SODQW� VWUDWHJLHV� ZDV� XVHG�� 7KH� DQDO\VLV� RI� VSHFLHV� FRPSRVLWLRQ� VKRZHG� JUHDW
GLIIHUHQFHV� EHWZHHQ� ERWK� GU\� JUDVVODQG� W\SHV�� +LJKHU� UHODWLYH� SURSRUWLRQV� RI� 6� FRPSRQHQW� DQG� ORZHU� UHODWLYH
SURSRUWLRQV� RI� &� FRPSRQHQWV� LQ� VLOLFLFRORXV� JUDVVODQGV� VXJJHVW� WKDW� WKRVH� KDELWDWV� JHQHUDOO\� H[SHULHQFH� KLJKHU
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DFLGLF�VLWHV�DQG�DOVR�GXH�WR�WKHLU�RFFXUUHQFH�LQ�KLJKHU�DOWLWXGHV�
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/¢DUWLFROR�SUHVHQWD�OD�FRPSDUD]LRQH�IORULVWLFD�H�IXQ]LRQDOH�IUD�GXH�FRPXQLWi�YHJHWDOL�DGLDFHQWL�H�VWUXWWXUDOPHQWH
VLPLOL���FDOFDUHD��%URPLRQ�HUHFWL��H�VLOLFHD��1DUGR�$JURVWLRQ�WHQXLV��GL�SDVFROL�DULGL��3HU�OD�FRPSDUD]LRQH�IXQ]LRQDOH
o�VWDWR�XVDWR�LO�PRGHOOR�&65�GL�*ULPH��LQHUHQWH�DOOH�VWUDWHJLH�HFRORJLFKH�GHOOH�SLDQWH��/
DQDOLVL�GHOOD�FRPSRVL]LRQH
GHOOH� VSHFLH� KD� HYLGHQ]LDWR� QRWHYROL� GLIIHUHQ]H� IUD� L� GXH� WLSL� GL� SDVFROL� DULGL��0DJJLRUL� SURSRU]LRQL� UHODWLYH� GHOOD
FRPSRQHQWH� 6� H� PLQRUL� SURSRU]LRQL� GHOOD� FRPSRQHQWH� &� QHL� SDVFROL� DULGL� VLOLFHL� VXJJHULVFRQR� FKH� WDOL� KDELWDW
JHQHUDOPHQWH� VRQR� VRWWRSRVWL� D� PDJJLRUL� LQWHQVLWi� GL� VWUHVV� LQ� FRQIURQWR� DL� SDVFROL� DULGL� FDOFDUHL�� 7DOH� ULVXOWDWR
SUHVXPLELOPHQWH�o� FROOHJDWR� DOOD�PLQRUH� GLVSRQLELOLWi� GL� ULVRUVH� LQ� VLWL� DG� DOWD� DFLGLWi� H� DO� IDWWR� FKH� WDOL� SDVFROL� VL
WURYDQR�DG�DOWLWXGLQL�HOHYDWH�

3DUROH�FKLDYH��SDVFROL�DULGL�FDOFDUHL��SDVFROL�DULGL�VLOLFHL��FRPSRVL]LRQH�GL�VSHFLH��WLSL�IXQ]LRQDOL�YHJHWDOL�
FDUDWWHULVWLFKH�PRUIRORJLFKH�YHJHWDOL��6ORYHQLD
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7KH� WUDGLWLRQDO� DSSURDFK� WR� YHJHWDWLRQ� FODVVLILFDWLRQ
LV�WD[RQRPLF�LQ�QDWXUH�DQG�XVXDOO\�SHUIRUPHG�DW�WKH�VSH�
FLHV� OHYHO� �'XFNZRUWK� HW� DO��� ������� 2Q� D� ODUJH� VFDOH�
SUHGLFWLRQV� EDVHG� RQ� SODQW� VSHFLHV� DUH� JHRJUDSKLFDOO\
ERXQG��:RRGZDUG�	�&UDPHU���������2Q�D�VPDOO�VFDOH�
VSHFLHV�DUH�LQ�VRPH�FDVHV�VR�ZLGHO\�VSUHDG�DQG�YDULDEOH
WKDW�E\�GHVFULELQJ�FRPPXQLWLHV�E\�VSHFLHV�FRPSRVLWLRQ
ZH�PD\�QRW�SHUFHLYH�UHOHYDQW�SDWWHUQV�RFFXUULQJ�EHORZ
WKH�UHVROYLQJ�SRZHU�RI�VSHFLHV��'LD]�HW�DO����������&RQ�
VHTXHQWO\�� FODVVLI\LQJ� SODQW� VSHFLHV� DFFRUGLQJ� WR� WKHLU
KLJKHU� WD[RQRPLFDO� OHYHO�KDV� VWURQJ� OLPLWDWLRQV�ZKHQ� LW
FRPHV� WR� DQVZHULQJ� LPSRUWDQW� HFRORJLFDO� TXHVWLRQV� DW
WKH� VFDOH� RI� HFRV\VWHPV�� ODQGVFDSHV� RU� ELRPHV� �.HGG\�
������ .{UQHU�� ������� $� SURPLVLQJ� ZD\� IRU� DQVZHULQJ
VXFK� TXHVWLRQV�� DV� ZHOO� DV� YDULRXV� RWKHU� HFRORJLFDO
TXHVWLRQV��LV�E\�FODVVLI\LQJ�SODQW�VSHFLHV�E\�WKHLU�VKDUHG
ELRORJLFDO� FKDUDFWHULVWLFV� WKDW� UHODWH� WR� IXQFWLRQ�� UDWKHU
WKDQ� E\� SK\ORJHQ\� �*ULPH�HW� DO��� ������ /DYRUHO� HW� DO��
������ 'LD]� HW� DO��� ������� 7KHVH� DOWHUQDWLYH� FODVVHV� DUH
RIWHQ� UHIHUUHG� WR� DV� SODQW� IXQFWLRQDO� W\SHV� RU� JURXSV
�/HLVKPDQ�	�:HVWRE\��������*ULPH�HW�DO���������*LWD\
	�1REOH���������3ODQW�IXQFWLRQDO�W\SHV�FDQ�EH�GHILQHG�DV
JURXSV�RI�SODQW�VSHFLHV�VKDULQJ�VLPLODU�IXQFWLRQLQJ�DW�WKH
RUJDQLVPLF� OHYHO�� VLPLODU� UHVSRQVHV� WR� HQYLURQPHQWDO
IDFWRUV� �H�J��� WHPSHUDWXUH�� ZDWHU� DYDLODELOLW\�� QXWULHQWV�
ILUH� DQG� JUD]LQJ��� DQG�RU� VLPLODU� UROHV� LQ� �RU� HIIHFWV� RQ�
HFRV\VWHPV� RU� ELRPHV� �H�J��� SURGXFWLYLW\�� QXWULHQW� F\�
FOLQJ�� IODPPDELOLW\� DQG� UHVLOLHQFH�� �:DONHU�� �����
&KDSLQ� HW� DO��� ������ 1REEOH� 	� *LWD\�� ������ 'LD]� 	
&DELGR��������/DYRUHO�HW�DO���������*ULPH���������:LWK
SODQW� IXQFWLRQDO� W\SHV��FRPSDULVRQV�EHWZHHQ�FRPPXQL�
WLHV� RI� ZLGHO\� GLIIHULQJ� FRPSRVLWLRQ� FDQ� EH� IDFLOLWDWHG
�'LD]�HW�DO���������

7KH�XQGHUO\LQJ�EDVHV�IRU�VFKHPHV�RI�SODQW�IXQFWLRQDO
W\SHV� FDQ� YDU\� ZLGHO\� �5DPHQVNL\�� ������ +HUP\� 	
6WLHSHUDHUH�� ������ *ULPH�� ������� 2QH� RI� WKUHH�W\SH
VFKHPHV�� WKH� VR�FDOOHG� �&65� SODQW� VWUDWHJ\� WKHRU\�
�*ULPH��������������������������LV�SDUWLFXODUO\�HIILFLHQW
LQ�WKH�EDODQFH�EHWZHHQ�WKH�SRZHU�RI�LWV�SUHGLFWLRQV�DQG
WKH� VLPSOLFLW\� RI� LWV� DVVXPSWLRQV� �+XQW� HW� DO��� ������
*ULPH��������������������������GHYHORSHG�D�FODVVLILFD�
WLRQ�EDVHG�RQ�KRZ�SODQWV�GHDO�ZLWK�WZR�JURXSV�RI�H[WHU�
QDO� HQYLURQPHQWDO� IDFWRUV�� VWUHVV� DQG� GLVWXUEDQFH�� 7KLV
VFKHPH� UHVXOWV� LQ� WKUHH� SULPDU\� SODQW� VWUDWHJLHV�� FRP�
SHWLWRUV� �&��� VWUHVV�WROHUDWRUV� �6��� DQG� UXGHUDOV� �5�� DQG
VHYHUDO� LQWHUPHGLDWH�VWUDWHJLHV��7KH�SRVLWLRQ�RI�DQ\�VSH�
FLHV�FDQ�EH�GLVSOD\HG�XSRQ�D� WULDQJXODU�RUGLQDWLRQ�GLD�
JUDP� �*ULPH��������������+RGJVRQ�HW� DO��� �������(DFK
VWUDWHJ\� LV�FKDUDFWHUL]HG�E\� D� GLVWLQFW� VHW� RI� HFRORJLFDO�
PRUSKRORJLFDO� DQG� SK\VLRORJLFDO� WUDLWV� DQG� LV� IRXQG� LQ
VSHFLHV�RFFXS\LQJ�KDELWDWV�RI�D�SDUWLFXODU�NLQG��*ULPH�HW
DO��� ������� +RGJVRQ� HW� DO�� ������� GHYHORSHG� D� PHWKR�
GRORJ\� WKDW� FODVVLILHV� XQNQRZQ� KHUEDFHRXV� VXEMHFW
EDVHG� RQ� YDOLGDWHG� �VRIW�� WUDLWV� �L�H�� UHODWLYHO\� XQGH�

PDQGLQJ��� DOORZLQJ� SUDFWLFDO� RUGLQDWLRQ� RI� ZLOG� SODQWV
ZLWKLQ�&65�VSDFH��7KH�SRVLWLRQ� LQ�&65�GLDJUDP�FDQ�EH
GHWHUPLQHG�DOVR�IRU�DQ�HQWLUH�YHJHWDWLRQ�VDPSOH��UHOHYp��
+XQW� HW� DO�� ������� SUHVHQWHG� D� TXDQWLWDWLYH� WRRO� ZKLFK
IDFLOLWDWHV� WKH� UHGXFWLRQ� RI� KHUEDFHRXV� SODQW� FRPPXQL�
WLHV� WR� FROOHFWLRQV� RI� IXQFWLRQDO� W\SHV�� 7KH�ZKROH� FRP�
PXQLW\� LV� JLYHQ� D� �IXQFWLRQDO� VLJQDWXUH��� D� WKUHH�SDUW
QXPHULFDO�LQGH[�ZKLFK�FRQFLVHO\�UHSUHVHQWV�WKH�EDODQFH
EHWZHHQ�WKH�GLIIHUHQW� IXQFWLRQDO�DWWULEXWHV�WKDW�DUH�SUHV�
HQW� DPRQJ� WKH� FRPSRQHQW� VSHFLHV� �+XQW�HW� DO��� ������
7KH� LQWHJUDWLYH� SRZHU� RI� WKH�&65� VLJQDWXUH� LV� XVHIXO� LQ
FRPSDUDWLYH� VWXGLHV� LQYROYLQJ� ZLGHO\� GLIIHULQJ� VDPSOHV
�+XQW�HW�DO����������$OWKRXJK�*ULPH¤V�&65� WULDQJOH� WKH�
RU\�KDV�EHHQ�RIWHQ�FULWLFL]HG� �7LOPDQ��������6LOYHUWRZQ
HW�DO���������:LOVRQ�	�/HH���������*ULPH¤V�LGHDV�UHPDLQ
IXQGDPHQWDO�WR�WKH�GHYHORSPHQW�RI�IXQFWLRQDO�FODVVLILFD�
WLRQV�DQG�IXQFWLRQDO�LQWHUSUHWDWLRQ�RI�SODQW�FRPPXQLWLHV
�+LOOV�HW�DO���������&DFFLDQLJD�HW�DO���������3LSHQEDKHU�HW
DO���������=HOQLN�	�àDUQL��������

7KH� DLP� RI� WKH� SUHVHQW� VWXG\� ZDV� WR� GHWHUPLQH
ZKHWKHU�WZR�FRQWUDVWLQJ�JHRORJLFDO�VXEVWUDWHV���FDOFDUH�
RXV�DQG�VLOLFLFRORXV��DIIHFW�WKH�&65�IXQFWLRQDO�VLJQDWXUHV
RI�UHODWHG�JUDVVODQGV��EHLQJ�IORULVWLFDOO\�VXEVWDQWLDOO\�GLV�
WLQFW�� :H� DFWXDOO\� FRPSDUHG� VSHFLHV� FRPSRVLWLRQ� DQG
SODQW� OLIH� VWUDWHJLHV� DV� GHILQHG� E\�*ULPH� ������� RI� WZR
DGMDFHQW� DQG� VWUXFWXUDOO\�VLPLODU� SODQW� FRPPXQLWLHV� RQ
DFLGLF�DQG�FDOFDUHRXV�VRLOV� IURP�WKH�FHQWUDO�SDUW�RI�6OR�
YHQLD� �� DFLGLF�0DWJUDVV� �1DUGXV� VWULFWD�� JUDVVODQGV� DQG
VSHFLHV�ULFK� FDOFDUHRXV� JUDVVODQGV�� :H� DSSOLHG� WKH
PHWKRG�RI�+RGJVRQ�HW� DO�� ������� WR� DOORFDWH�&65�SODQW
IXQFWLRQDO�W\SHV�DQG�WKH�DSSURDFK�RI�+XQW�HW�DO�� ������
WR� GHULYH� D� IXQFWLRQDO� VLJQDWXUH� IRU� WKH� UHVHDUFKHG
JUDVVODQGV� FRPPXQLWLHV�� 7KHVH� YHJHWDWLRQ� W\SHV� ZHUH
FUHDWHG� E\� WUDGLWLRQDO�� LQIUHTXHQW� ORZ� LQWHQVLW\� JUD]LQJ
RU�PRZLQJ�ZLWK�QR�H[WHUQDO�LQSXWV��IHUWLOL]HUV��LQ�WKH�SDVW
�ÉNRUQLN�� ������ .DOLJDULá� HW� DO��� ������� 7KH\� UHSUHVHQW
JUDVVODQGV� RI� PRGHUDWH� SURGXFWLYLW\� DQG� GHVSLWH� FRQ�
WUDVWLQJ�JHRORJLFDO� VXEVWUDWHV�ERWK�YHJHWDWLRQ� W\SHV� UHS�
UHVHQW�KDELWDWV�VXEMHFW�WR�D�VLPLODU�FRPELQDWLRQ�RI�LQWHU�
PHGLDWH� OHYHO� RI� GLVWXUEDQFH� DQG� VWUHVV� GXH� WR� QXWULHQW
SRRU�DQG�VKDOORZ�URFN\�VRLOV�ZKLFK�H[SHULHQFH�GHVLFFD�
WLRQ� GXULQJ� WKH� VXPPHU��:H� K\SRWKHVL]HG� WKDW� GHVSLWH
ZLGH�GLIIHUHQFHV� LQ�SODQW� VSHFLHV�FRPSRVLWLRQ� WKHUH�DUH
QR� VLJQLILFDQW� GLIIHUHQFHV� LQ� IXQFWLRQDO� VLJQDWXUHV� EH�
WZHHQ� FDOFDUHRXV� DQG� VLOLFLFRORXV� JUDVVODQG� W\SHV� ZLWK
UHVSHFW�WR�&��6�DQG�5�FRPSRQHQWV��VLQFH�WKH\�ERWK�UHS�
UHVHQW�KDELWDWV�H[SHULHQFLQJ�QHDUO\�FRPSDUDEOH�HIIHFWV�RI
FOLPDWH�DQG�ODQG�XVH�

0$7(5,$/6�$1'�0(7+2'6

6WXG\�DUHD

7KH� VWXGLHG� FDOFDUHRXV� VHPL�GU\� JUDVVODQGV� DSSHDU
RQO\�LQ�VPDOO�IUDJPHQWV�LQ�WKH�KLOO\�UHJLRQ�RI�SUH�$OSLQH
DQG�SUH�3DQQRQLDQ�UHJLRQ�DQG�RQ�ORZ�'LQDULF�DQG�SUH�
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)LJ�����0DS�RI�6ORYHQLD�ZLWK�ORFDWLRQV�RI�WKH�FROOHFWHG�UHOHYnV�RI�FDOFDUHRXV��zz��DQG�VLOLFLFRORXV��||��GU\�JUDVVODQGV�
6O�����.DUWD�6ORYHQLMH�]�ORNDOLWHWDPL�SRSLVRY�VXKLK�WUDYQLNRY�QD�DSQHQFLK��zz��LQ�VLOLNDWLK��||��

'LQDULF� NDUVW� SODWHDX� DW� FD�� ���������P� D�V�O�� �)LJ�� ���
7KH�JHRORJLFDO�VXEVWUDWH�LV�PDGH�RI�FDOFDUHRXV�OLPHVWRQH
DQG� GRORPLWH�� 7KH� FOLPDWH� LV� FRQWLQHQWDO� ZLWK� PLOG� WR
KRW� VXPPHUV� DQG� FROG�ZLQWHUV��0HDQ� DQQXDO� WHPSHUD�
WXUH� LV�EHWZHHQ���DQG������&��7KH�DYHUDJH�DQQXDO�SUH�
FLSLWDWLRQ�LV�EHWZHHQ������DQG������PP��7KH�UHOHYpV�RI
VWXGLHG� FDOFDUHRXV� VHPL�GU\� JUDVVODQGV� EHORQJ� WR� VSH�
FLHV�ULFK�PHDGRZV�IURP�WKH�%URPLRQ�HUHFWL�DOOLDQFH�GH�
VFULEHG�DV�DVVRFLDWLRQ�6FDELRVR�KODGQLNLDQDH�&DULFHWXP
KXPLOLV��ÉNRUQLN���������7KHVH�JUDVVODQGV�DUH�GLVWULEXWHG
RYHU�H[SRVHG�VXQQ\�DQG�GU\�DUHDV�DQG�DUH�WKHUHIRUH�ULFK
LQ�[HUR�WKHUPRSKLORXV�DQG�EDVLSKLORXV�VSHFLHV�

7KH�VLOLFLFRORXV�0DWJUDVV�JUDVVODQGV�ZHUH�VWXGLHG�RQ
WKH� VXPPLW� DUHDV� RI� 3RKRUMH� 0RXQWDLQV� �1(� 6ORYHQLD�
�)LJ�� ��� DW� DOWLWXGHV� DW� FD�� ����� P� D�V�O�� :H� DQDO\VHG
UHOHYpV�RI�DVVRFLDWLRQ�+RPRJ\QR�DOSLQDH�1DUGHWXP� �DO�
OLDQFH�1DUGR�$JURVWLRQ� WHQXLV�� RUGHU�1DUGHWDOLD�� �.DOL�
JDULá� 	� ÉNRUQLN�� ������� 3RKRUMH�� WKH� PRVW� GRPLQDQW
PRXQWDLQ� UDQJH� LQ� WKH� 1(� 6ORYHQLD�� LV� VLWXDWHG� DW� WKH
VRXWK�HDVWHUQPRVW� HGJH� RI� WKH� &HQWUDO� �QRQ�FDUERQDWH�
$OSV�� 7KH� PDLQ� FKDUDFWHULVWLF� RI� WKHVH� JUDVVODQGV� DUH
DFLG� VRLOV� �S+� OHVV� WKDQ� ������ WKH� UHVXOW� RI� WKH� QRQ�
FDUERQDWH�JHRORJLFDO�EHGURFN��SUHGRPLQDQWO\�PHWDPRU�
SKLF� URFNV� DQG�JUDQRGKLRU\WKLF� ODFROLWK� �+LQWHUOHFKQHU�
5DYQLN���������7KH�VWXG\�DUHD�KDV� WKH�PRQWDQH�FOLPDWH
ZLWK�IUHVK�VXPPHUV�DQG�FROG�ZLQWHUV��7KH�DYHUDJH�WHP�
SHUDWXUH� LQ� WKH�FROGHVW�PRQWK� LV�EHORZ����&�DQG� LQ� WKH
ZDUPHVW� PRQWK� DERYH� ���&�� 7KH� DYHUDJH� DQQXDO� SUH�

FLSLWDWLRQ� LV� DSSUR[�������PP� �5LEQLÊND� NRáD�� ����P�
�)XUODQ�� ������� 7KHVH� JUDVVODQGV� RFFXU� PDLQO\� RQ� IODW
SODLQV�DQG�JHQWOH�VORSLQJ�ULGJHV�ZLWK�YHU\�GU\�DQG�VKDO�
ORZ� VRLOV�� SRRU�ZLWK�PLQHUDOV� DQG�ZLWK� ORZ� S+� YDOXHV
�.DOLJDULá� 	� ÉNRUQLN�� ������� 7KH\� DUH� ULFK� LQ� VSHFLHV
GHVLJQDWHG�DV�[HURSKLORXV�DQG�DFLGRSKLORXV�VSHFLHV�

9HJHWDWLRQ�VXUYH\

:H� DQDO\VHG� ��� UHOHYpV� RI� GU\� JUDVVODQGV� RQ� FDO�
FDUHRXV� EHGURFN� �� DVVRFLDWLRQ� 6FDELRVR� KODGQLNLDQDH�
&DULFHWXP� KXPLOLV� �ÉNRUQLN�� ������ DQG� ��� YHJHWDWLRQ
UHOHYpV�RI�GU\�JUDVVODQGV�RQ�VLOLFLFRORXV�EHGURFN���DVVR�
FLDWLRQ�+RPRJ\QR�DOSLQDH�1DUGHWXP� �.DOLJDULá�	�ÉNRU�
QLN�� ������� 5HOHYpV�ZHUH� FROOHFWHG� XVLQJ� VWDQGDUG� SUR�
FHGXUH�RI�WKH�VLJPDWLVWLF�PHWKRG��%UDXQ�%ODQTXHW�������
:HVWKRII�	�YDQ�GHU�0DDUHO��������'LHUVFKNH��������

$OORFDWLQJ�D�&65�SODQW�IXQFWLRQDO�W\SH�WR�SODQW�VSHFLHV
DQG�YHJHWDWLRQ�VDPSOHV��UHOHYmV�

7KH� &65� VFKHPH� WDNHV� LQWR� DFFRXQW� D� QXPEHU� RI
GLIIHUHQW� SODQW� WUDLWV� �+RGJVRQ� HW� DO��� ������� 7R� GHWHU�
PLQH�RQH�RI����&65�IXQFWLRQDO�W\SHV�IRU�����SODQW�VSH�
FLHV�UHFRUGHG�LQ����DQDO\VHG�YHJHWDWLRQ�UHOHYpV�ZH�XVHG
D� UDSLG�PHWKRG� IRU�DWWULEXWLRQ�RI�&65� W\SH� IURP� VLPSOH
PHDVXUHPHQWV� DQG� GDWD� SXEOLVKHG� E\� +RGJVRQ� HW� DO�
�������� :H� XVHG� WKH� IROORZLQJ� SODQW� WUDLWV�� FDQRS\
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KHLJKW�� OHDI� GU\�PDWWHU� FRQWHQW�� IORZHULQJ� SHULRG�� IORZ�
HULQJ� VWDUW�� ODWHUDO� VSUHDG�� OHDI� GU\�ZHLJKW�� VSHFLILF� OHDI
DUHD��7UDLWV�ZHUH�FKRVHQ�IURP�RXU�RZQ�GDWDEDVH��SURWR�
FRO� VWDQGDUGL]HG� E\�&RUQHOLVVHQ� HW� DO��� ������� &DOFXOD�
WLRQV� RI� &65� FRRUGLQDWHV�ZHUH�PDGH� E\� HQWHULQJ� WKHVH
GDWD� LQWR� WKH� VSUHDGVKHHWV� RI� +RGJVRQ� HW� DO�� �������
PDGH� DYDLODEOH� IRU� WKLV� SXUSRVH� DW� ZZZ�H[�DF�XN�
aUK����DOORFDWLQJBFVU�KWPO�� )RU� ��� SODQW� VSHFLHV� ZH
XVHG�GDWD�IURP�D�ORRN�XS�WDEOH�ZLWK�&65�W\SHV�IRU�����
(XURSHDQ� VSHFLHV� �VRXUFH� -�� *�� +RGJVRQ�� 8&3(� 6KHI�
ILHOG��

7KH� UHODWLYH� SURSRUWLRQV� RI�&65� IXQFWLRQDO� W\SHV� IRU
RXU� ��� VDPSOHV� �UHOHYpV�� RI� YHJHWDWLRQ�ZHUH� FDOFXODWHG
DQG�SORWWHG� LQ�&65� WULDQJOH�E\�XVLQJ� VSUHDGVKHHW�EDVHG
WRROV� RI� +XQW� HW� DO�� �������� DYDLODEOH� DW� ZZZ�SHRSOH�
H[HWHU�DF�XN�UK����DOORFDWLQJBFVU�KWPO�

7R� WHVW� GLIIHUHQFHV� LQ� UHODWLYH� SURSRUWLRQV� RI� &��� 6�
DQG�5�VWUDWHJLVWV�DPRQJ�UHOHYpV�RI�FDOFDUHRXV�DQG�VLOLFL�
FRORXV�GU\�JUDVVODQGV��ZH�XVHG�D�6WXGHQW
V� W�WHVW� IRU� LQ�
GHSHQGHQW� VDPSOHV� �6366� ,QF��� ������� VLQFH� WKH� GDWD
ZHUH� VXIILFLHQWO\� QRUPDOO\� GLVWULEXWHG� �6KDSLUR�:LONV
DQG�/LOOLHIRUV�WHVWV��

1RPHQFODWXUH

7D[RQRPLF� QRPHQFODWXUH� IROORZV� 0DUWLQáLá� HW� DO�
�������� V\QWD[RQRPLF� QRPHQFODWXUH� IROORZV�0XFLQD�HW
DO�� �������� *UDEKHUU� 	� 0XFLQD� ������� DQG� ÉNRUQLN
�������

5(68/76

7KH�WRWDO�QXPEHU�RI�YDVFXODU�SODQW�VSHFLHV� UHFRUGHG
LQ����UHOHYpV�RI�VWXGLHG�JUDVVODQG�FRPPXQLWLHV�ZDV����
ZLWK� ���� LQ� WKH� FDOFDUHRXV� �PHDQ ������� SHU� SORW�
1 ���� DQG� ��� �PHDQ ������� SHU� SORW�� 1 ���� LQ� WKH
VLOLFLFRORXV� JUDVVODQGV�� 7KHUH� DUH� RQO\� �� FRPPRQ� VSH�
FLHV�� QDPHO\� $QWHQQDULD� GLRLFD�� $QWKR[DQWKXP� RGRUD�
WXP�� &UXFLDWD� JODEUD�� *\PQDGHQLD� FRQRSVHD�� /X]XOD
FDPSHVWULV��3RWHQWLOOD� HUHFWD�DQG�9HURQLFD�FKDPDHGU\V�
���H[FOXVLYH� WR� WKH�FDOFDUHRXV�DQG���� H[FOXVLYH� WR� WKH
VLOLFLFRORXV�VHPL�GU\�JUDVVODQGV��$OO�VSHFLHV�DUH�OLVWHG�LQ
$SSHQGL[���

&KDUDFWHULVWLF� RI� FDOFDUHRXV� VHPL�GU\� JUDVVODQGV� DUH
SDUWLFXODUO\�PDQ\�FDOFLSKLORXV�DQG�[HURSKLORXV�VSHFLHV�
VXFK�DV�$FLQRV�DOSLQXV��$QWKHULFXP�UDPRVXP��%URPRS�
VLV�HUHFWD��&HQWDXUHD�VFDELRVD�VXEVS��IULWVFKLL��*OREXODULD
SXQFWDWD�� +HOLDQWKHPXP� RYDWXP� DQG� .RHOHULD� S\UDPL�
GDWD��ZKLFK�DUH�DEVHQW�RQ�QRQ�FDUERQDWH� VRLO�� ,Q� VLOLFL�
FRORXV� JUDVVODQGV� FDOFLIXJH� VSHFLHV� ZKLFK� FDQ� WROHUDWH
VRLO�ZLWK�ORZHU�S+�YDOXHV�DSSHDU��VXFK�DV�$UQLFD�PRQ�
WDQD�� &DOOXQD� YXOJDULV�� &DUH[� SLOXOLIHUD�� )HVWXFD� UXEUD�
+LHUDFLXP� SLORVHOOD�� 1DUGXV� VWULFWD� DQG� 5DQXQFXOXV
DFULV�

2UGLQDWLRQ� RI� VSHFLHV� ZLWKLQ� &65� VSDFH� �7DE�� ��
GHPRQVWUDWH� WKDW� &5�� 6&�� &65� DQG� WKH� FRPELQDWLRQ� RI
6&�DQG�&65� W\SHV�DUH�SUHYDOHQW� VWUDWHJLHV�RI�SODQW� VSH�
FLHV� RQ� ERWK� FDOFDUHRXV� DQG� VLOLFLFRORXV� VHPL�GU\
JUDVVODQGV�� 7KH� PRVW� IUHTXHQW� DUH� FRPSHWLWLYH�UXGHUDOV
�&5���ZKLFK�ZHUH�HVSHFLDOO\�VWURQJO\� UHSUHVHQWHG� LQ� WKH
VSHFLHV� FRPSRVLWLRQ� RI� VLOLFLFRORXV� VHPL�GU\� JUDVVODQGV
���������� ([DPSOHV� RI� FRPSHWLWLYH�UXGHUDOV� DUH� VSHFLHV
$JURVWLV�FDSLOODULV��&DUOLQD�DFDXOLV��&LUVLXP�SDQQRQLFXP�
/LQXP� FDWKDUWLFXP�� 3ODQWDJR� PHGLD�� 5KLQDQWKXV� JOD�
FLDOLV�DQG�6WHOODULD�JUDPLQHD��6WUHVV�WROHUDQW�FRPSHWLWRUV
�6&�� LQFOXGHG� VRPH� JUDVVHV�� VHGJHV� DQG� UXVKHV�� H�J�
&DUH[� IODFFD�� 'HVFKDPSVLD� FDHVSLWRVD�� /X]XOD� OX]XORL�
GHV� DQG�0ROLQLD�FDHUXOHD��&65�VWUDWHJLVWV� LQFOXGH�VPDOO
JHRSK\WHV� �H�J�� 2UFKLV� WULGHQWDWD�� 2UFKLV� XVWXODWD� DQG
3ULPXOD�YHULV���VPDOO�GHHS�URRWHG�IRUEV�ZLWK�URVHWWHV��H�J�
$QWHQQDULD� GLRLFD�� 3ODQWDJR� ODQFHRODWD�� 6FDELRVD� FR�
OXPEDULD�� 6LOHQH� YXOJDULV�� DQG� VPDOO� VHGJHV� OLNH�&DUH[
RUQLWKRSRGD��$SSHQG�����

7DE�����&65�VWUDWHJLHV�RI�����SODQW�VSHFLHV�UHFRUGHG�LQ
��� UHOHYnV� RI� GU\� JUDVVODQGV� IURP� FDOFDUHRXV� ���
UHOHYnV�� DQG� VLOLFLFRORXV� ���� UHOHYnV�� JHRORJLFDO� VXE�
VWUDWHV��9DOXHV�DUH�SHUFHQWDJH�IUHTXHQFLHV�
7DE�����&65�VWUDWHJLMH�����UDVWOLQVNLK�YUVW�VXKLK�WUDYQL�
NRY�QD�NDUERQDWQL�����SRSLVRY��LQ�VLOLNDWQL�����SRSLVRY�
JHRORÉNL� SRGODJL�� 9UHGQRVWL� Y� WDEHOL� XVWUH]DMR� IUHNYHQ�
FDP�����SRMDYOMDQMD�YUVW�

&DOFDUHRXV 6LOLFLFRORXV
1�RI�UHOHYpV �� ��
1�RI�SODQW�VSHFLHV ��� ��
&65�SODQW�VWUDWHJ\
& ��� ���
6 ��� ���
5 ��� ���
&5 ���� ����
65 ��� ���
6& ���� ����
&65 ���� ���
&�&5 ��� ���
&�6& ��� ���
&�&65 ��� ���
&5�&65 ��� ���
5�&5 ��� ���
5�&65 ��� ���
5�65 ��� ���
65�&65 ��� ���
6&�&65 ��� ����
6�6& ��� ���
6�&65 ��� ���
6�65 ��� ���
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7KH�SRVLWLRQV�RI� FDOFXODWHG� IXQFWLRQDO� VLJQDWXUHV� IRU
DOO����UHOHYpV�RI�VWXGLHG�JUDVVODQGV�LQ�&65�VSDFH�DUH�SUH�
VHQWHG�LQ�)LJXUH����5HOHYpV�DUH�DUUDQJHG�RQ�WKH�ULJKW�VLGH
RI�WKH�WULDQJOH�DORQJ�WKH�OLQH��ZKHUH�VWUHVV�DQG�FRPSHWL�
WLRQ� LQ� YDULRXV� HTXLOLEULD� DUH� WKH�PRVW� LPSRUWDQW� GHWHU�
PLQDQWV�RI�WKH�YHJHWDWLRQ�

:KHQ� FDOFXODWLQJ� IXQFWLRQDO� VLJQDWXUHV�� ZH� FRQVLG�
HUHG�WKH�SHUFHQWDJH�RI�DEXQGDQFH�RI�HDFK�SODQW�VSHFLHV
LQ�UHOHYp��'LIIHUHQFHV�LQ�IXQFWLRQDO�VLJQDWXUHV�ZLWKLQ�WKH
VDPSOHV� �UHOHYpV�� RI� ERWK� YHJHWDWLRQ� W\SHV� DUH� GXH� WR
IOXFWXDWLRQV� LQ� DEXQGDQFH� RI� GRPLQDQW� VSHFLHV� ZKLFK
FDQ�EH�OLQNHG�WR�GLIIHUHQFHV�LQ�VRLO�FKDUDFWHULVWLFV�RI�PL�
FURKDELWDW�RU�WR�GLVWXUEDQFH�DEXQGDQFH��)LJ������5HOHYpV
RI� FDOFDUHRXV� JUDVVODQG�SRVLWLRQHG� LQ� WKH� XSSHU� SDUW� RI
WKH� WULDQJOH� UHSUHVHQW� OHVV�PDQDJHG� JUDVVODQGV� WKDW� H[�
KLELW�FRQGLWLRQV�IDYRXUDEOH�WR�WKH�VSHFLHV�ZLWK�VWUHVVHG�&
FRPSRQHQW�� VXFK� DV�%UDFK\SRGLXP� SLQQDWXP�� &HQWDX�
UHD� VFDELRVD� VXEVS�� IULWVFKLL� DQG� 3HXFHGDQXP� RUHRVHOL�
QXP��7KH�UHODWLYH�LPSRUWDQFH�RI�6�FRRUGLQDWH�LQ�WKH�SDUW
RI�UHOHYpV�RI�VLOLFLFRORXV�JUDVVODQGV�ZDV�UHYHDOHG�GXH�WR
WKH� VWURQJ� GRPLQDQFH� RI� VWUHVV�WROHUDQW� JUDVV� VSHFLHV
1DUGXV�VWULFWD�LQ�WKRVH�YHJHWDWLRQ�VDPSOHV�

7KH�FRPSDULVRQ�RI�UHODWLYH�SURSRUWLRQV�RI�&��6�DQG�5
FRPSRQHQWV� DPRQJ� UHOHYpV� VKRZHG� VLJQLILFDQWO\� �3
��������� KLJKHU� UHODWLYH� SURSRUWLRQV� RI� 6� FRPSRQHQW
�PHDQ ������ 1 ���� LQ� VLOLFLFRORXV� JUDVVODQGV� WKDQ� LQ
FDOFDUHRXV�JUDVVODQGV��PHDQ ������1 �����2Q�WKH�RWKHU
KDQG�� FDOFDUHRXV� JUDVVODQGV� KDG� VLJQLILFDQWO\� �3

)LJ�����&65�RUGLQDWLRQ�RI�UHOHYnV��1 ��������VSHFLHV��RI
GU\�JUDVVODQGV�IURP�FDOFDUHRXV�DQG�VLOLFLFRORXV�JHRORJL�
FDO� VXEVWUDWHV�� /HJHQG����� �� FDOFDUHRXV� GU\� JUDVVODQGV�
||���VLOLFLFRORXV�GU\�JUDVVODQGV�
6O�� ��� &65� RUGLQDFLMD� SRSLVRY� �1 ���� ���� YUVW�� VXKLK
WUDYQLNRY� QD� NDUERQDWQL� LQ� VLOLNDWQL� JHRORÉNL� SRGODJL�
/HJHQGD�������SRSLVL�NDUERQDWQLK�VXKLK�WUDYQLNRY���||��
SRSLVL�VLOLNDWQLK�VXKLK�WUDYQLNRY�

��������� KLJKHU� UHODWLYH� SURSRUWLRQV� RI� &� FRPSRQHQW
�PHDQ ������ 1 ���� WKDQ� DFLG� JUDVVODQGV� �PHDQ �����
1 ����

',6&866,21

$V� H[SHFWHG� DQG� REVHUYHG� IRU� D� ORQJ� WLPH� �H�J��
*LJRQ��������*ULPH��������3lUWHO���������JUHDW� IORULVWLF
GLIIHUHQFHV�EHWZHHQ� WKH�FDOFDUHRXV�DQG�QRQ�FDOFDUHRXV
�VLOLFRORXV�� JUDVVODQGV�ZHUH� IRXQG�� 7KHVH� KDELWDWV� KDYH
RQO\�D�IHZ�FRPPRQ�VSHFLHV�DQG�PDQ\�VSHFLHV�UHODWHG�WR
HLWKHU� EDVLF� RU� DFLGLF� VRLO� S+�� ,W� LV� JHQHUDOO\� DFFHSWHG
WKDW�WKH�PDLQ�UHDVRQ�ZK\�VRPH�VXEVWUDWHV�KRVW�GLIIHUHQW
SODQW�VSHFLHV�WKDQ�RWKHUV�OLHV�LQ�FKHPLFDO�SURFHVVHV�DQG
IDFWRUV� UDWKHU� WKDQ� LQ�SK\VLFDO�RQHV� �WHPSHUDWXUH��PRLV�
WXUH��HWF����.LQ]HO��������*LJRQ��������

7KH�FDOFDUHRXV�JUDVVODQGV�DUH�FKDUDFWHUL]HG�E\�KLJK
VSHFLHV�ULFKQHVV��W\SLFDO�RI�WKHVH�VHPL�QDWXUDO�JUDVVODQGV
�%URPLRQ�HUHFWL�� LQ�H[WHQVLYH�XVH��ZKLFK�DUH�DPRQJ� WKH
PRVW� VSHFLHV�ULFK� KDELWDWV� LQ� (XURSH� �:LOOHPV� HW� DO��
������� 3lUWHO� ������� DQG� (ZDOG� ������� VXJJHVW� WKDW� WKH
UHODWLRQVKLS�EHWZHHQ�ORFDO�VSHFLHV�GHQVLW\�DQG�VRLO�S+�LV
GHWHUPLQHG�E\� UHJLRQDO� VSHFLHV� SRRO� VL]H� �=REHO�HW� DO��
�������ZKLFK� LQ� WXUQ� UHIOHFWV� WKH� UHODWLYH� DEXQGDQFH�RI
VRLO� W\SHV� GXULQJ� WKH� HYROXWLRQDU\� KLVWRU\� RI� WKH� IORUD�
(ZDOG� ������� REVHUYHG� WKDW� FDOFDUHRXV� VLWHV� LQ� &HQWUDO
(XURSH� KDYH� KLJKHU� VSHFLHV� GHQVLW\� DQG� ODUJHU� VSHFLHV
SRRO� WKDQ� DFLGLF� VLWHV�� DQG� DUJXHV� WKDW� WKLV� LV� GXH� WR� D
3OHLVWRFHQH�ERWWOHQHFN�IRU�DFLGRSKLOHV��3HHW�HW�DO��������
FRQWUDGLFW� WKH� DVVHUWLRQ� RI� 3lUWHO� ������� DQG� (ZDOG
��������7KH\�FRQFOXGH�WKDW�ULFKQHVV�RQ�KLJKHU�S+�VLWHV�LV
D�UHVXOW�RI�JHQHUDOO\�PRUH�IDYRUDEOH�FRQGLWLRQV�IRU�SODQW
JURZWK�DQG�RU�HVWDEOLVKPHQW��,W�LV�NQRZQ�WKDW�PRUH�EDVH�
ULFK�VLWHV�DUH�JHQHUDOO\�PRUH�LQYDVLEOH��H�J���'DYLV�HW�DO��
������ %URZQ� 	� 3HHW�� ������� SUHVXPDEO\� RZLQJ� WR
JUHDWHU� UHVRXUFH� DYDLODELOLW\� RQ� KLJK�EDVH� VLWHV�� 8QGHU
H[WUHPH�DFLGLW\�� WKH�QXWULHQW� FDWLRQV� DUH� VR�PRELOH� WKDW
WKH\� DUH� HDVLO\� OHDFKHG� LQWR� JURXQGZDWHU� �*XUHYLWFK�HW
DO���������

&65�FODVVLILFDWLRQ�RI�DOO�VSHFLHV�UHFRUGHG��7DE�����H[�
SUHVVHV� WKH� UHVSRQVH� RQ� VWUHVV� DQG� GLVWXUEDQFH� LQ� WKH
VWXGLHG� JUDVVODQGV�� 7KH� WKUHH� SULPDU\� &��� 6��� DQG� 5�
VWUDWHJLVWV� UHSUHVHQW�H[WUHPHV� LQ� WKH�UDQJH�RI�FRQGLWLRQV
DYDLODEOH�WR�SODQWV��*ULPH��������DQG�DUH�WKHUHIRUH�YHU\
UDUH� LQ� JUDVVODQGV� ZH� KDYH� UHVHDUFKHG�� 1DPHO\�� WKHVH
DUH� KDELWDWV� H[SHULHQFLQJ� LQWHUPHGLDWH� LQWHQVLWLHV� RI
VWUHVV� DQG� GLVWXUEDQFH� DQG� LQ� VXFK� FLUFXPVWDQFHV� WKH
YHJHWDWLRQ�XVXDOO\�LQFOXGHV�PDQ\�VSHFLHV�ZLWK�VWUDWHJLHV
LQWHUPHGLDWH�EHWZHHQ�WKRVH�RI�WKH�FRPSHWLWRU��WKH�VWUHVV�
WROHUDWRU��DQG�WKH�UXGHUDO��*ULPH���������)RU�WKH�LQYHVWL�
JDWHG�XQIHUWLOLVHG�GU\�JUDVVODQGV��HIIHFW�RI�GLVWXUEDQFH�LV
PDLQO\� GXH� WR� WKH�PRZLQJ�RQFH� D� \HDU� �RU� HYHQ� HYHU\
VHFRQG�\HDU�� DQG�RFFDVLRQDO� JUD]LQJ� �.DOLJDULá�	� ÉNRU�
QLN�� ������ ÉNRUQLN�HW� DO��� �������$OWKRXJK� WKHVH� GLVWXU�
EDQFHV�DUH� VHYHUH�� WKH\�RFFXU� LQIUHTXHQWO\� DQG�SUHYHQW
GRPLQDQFH� E\� FRPSHWLWRUV�� 7KH� FRPSHWLWLYH� QDWXUH� RI
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VSHFLHV� LQ� WKH� SUHVHQW� VWXG\� LV� UHVWULFWHG� DOVR� E\� PRG�
HUDWH� VWUHVV� FRQGLWLRQV�� GXH� WR� QXWULHQW�GHILFLHQW� DQG
VKDOORZ�VRLOV�ZKLFK�H[SHULHQFH�GHVLFFDWLRQ�GXULQJ�VXP�
PHU�� 0DQ\� VSHFLHV� ZLWKLQ� FRPSHWLWLYH�UXGHUDOV� DQG
VWUHVV�WROHUDQW� FRPSHWLWRUV� �H�J�� $JURVWLV� FDSLOODULHV�� &D�
UH[� IODFFD�� 'HVFKDPSVLD� FDHVSLWRVD��0ROLQLD� FDHUXOHD�
DUH�SHUHQQLDOV�VKRZLQJ�FDSDFLW\�IRU�UDSLG�ODWHUDO�YHJHWD�
WLYH� VSUHDG� DQG� IRU� HIILFLHQW� FRORQLVDWLRQ� RI� WHPSRUDU\
JDSV��/RYHWW�'RXVW��������

$FFRUGLQJ� WR� +XQW� HW� DO�� �������� WKH� LQWHJUDWLYH
SRZHU�RI�WKH�IXQFWLRQDO�VLJQDWXUHV�ZLWKLQ�WKH�FRQWH[W�RI
WKH� &65� V\VWHP� RI� SODQW� IXQFWLRQDO� W\SHV� LV� HVSHFLDOO\
XVHIXO� LQ� FRPSDUDWLYH� VWXGLHV� RI� ZLGHO\� GLIIHULQJ� VDP�
SOHV��:H�K\SRWKHVL]HG�WKDW�GHVSLWH�YHU\�GLIIHUHQW�IORULVWLF
FRPSRVLWLRQ� WKHUH� ZLOO� EH� QR� VLJQLILFDQW� GLIIHUHQFHV� LQ
IXQFWLRQDO�VLJQDWXUHV�EHWZHHQ�UHOHYpV�RI�VLOLFLFRORXV�DQG
FDOFDUHRXV� GU\� JUDVVODQGV�� 2XU� UHVXOWV� GR� QRW� VXSSRUW
RXU�K\SRWKHVHV��KRZHYHU�� WKH\�DJUHH�ZLWK� WKH� REVHUYD�
WLRQV�WKDW�PRUH�EDVH�ULFK�VLWHV�DUH�OHVV�VWUHVVIXO�IRU�SODQWV�
:H� FDQ� REVHUYH� VRPH� UHOHYpV�� ZKLFK� VKRZHG� VLPLODU
YDOXHV�RI�IXQFWLRQDO�VLJQDWXUHV��)LJ������7KHVH�ZHUH�VDP�
SOHV� RI� FDOFDUHRXV� JUDVVODQGV� FKDUDFWHULVHG� E\� VHYHUH
OHYHO�RI�VWUHVV�GXH�WR�H[WUHPHO\�VKDOORZ�GU\�VRLO�DQG�OHVV�
PDQDJHG�RU�HYHQ�XQPDQDJHG�VDPSOHV�RI�VLOLFLFRORXV�GU\

JUDVVODQGV��6SHFLHV�ZKLFK�ZHUH�DEXQGDQW�LQ�WKHVH�KDEL�
WDWV�ZHUH�VWUHVV�WROHUDQW�FRPSHWLWRUV��6&��6�6&���([DPSOHV
DUH�&DUH[� KXPLOLV�� .RHOHULD� S\UDPLGDWD�� /HRQWRGRQ� LQ�
FDQXV�� +LSSRFUHSLV� FRPRVD� DQG� 'LDQWKXV� FDUWKXVLDQR�
UXP�� DOO� VSHFLHV� ZKLFK� ZHUH� DEXQGDQW� LQ� FDOFDUHRXV
JUDVVODQGV�� 7KH� SUHGRPLQDQW� VWUHVV�WROHUDQW� FRPSHWLWRUV
LQ� WKH� FDVH� RI� RYHUODSSLQJ� DFLGLF� GU\� JUDVVODQGV� ZHUH
PHPEHUV�RI� WKH�(ULFDFHDH��&DOOXQD�YXOJDULV��9DFFLQLXP
P\UWLOOXV� DQG�9��YLWLV�LGDHD�� ,Q�(XURSH�DQG�1RUWK�$PH�
ULFD� WKHVH� VFOHURSK\OORXV� VKUXEV� VSHFLHV� DUH� YHU\� FRP�
PRQ�DQG�DVVRFLDWHG�ZLWK�QXWULHQW�GHILFLHQW�DFLGLF�VRLOV�LI
PDQDJHPHQW� UHJLPHV�DOORZ� WKH� GHYHORSPHQW� RI�ZRRG\
YHJHWDWLRQ��*ULPH���������%HVLGH�WKH�VRLO�FKHPLVWU\�� WKH
DOWLWXGLQDO� GLVWULEXWLRQ� RI� VDPSOH� JUDVVODQGV� VKRXOG� QRW
EH� QHJOHFWHG� DV� ZHOO�� WKH� VLOLFLFRORXV� JUDVVODQGV� ZHUH
VDPSOHG� LQ� KLJKHU� DOWLWXGHV�� ZKHUH� JURZLQJ� SHULRG� LV
VKRUWHU� DQG� FOLPDWLF� FRQGLWLRQV� DUH� VKDUSHU�� 7KHVH� UH�
TXLUH�SODQW�VWUDWHJLHV�FORVHU�WR�6�VWUDWHJ\��ZKLFK�ZDV�DF�
WXDOO\�FRQILUPHG�ZLWKLQ�WKH�SUHVHQW�VWXG\�

,Q� FRQFOXVLRQ�� DOWKRXJK� VRPH� DXWKRUV� KDYH� H[�
SUHVVHG�GRXEWV�FRQFHUQLQJ�WKH�SUHGLFWLYH�SRZHU�RI�&65
WKHRU\��:LOVRQ�	�/HH���������ZH�KDYH�GHPRQVWUDWHG� LWV
XVHIXOQHVV�LQ�FRPSDUDWLYH�DQDO\VLV�RI�SODQW�FRPPXQLWLHV
RI�ZLGHO\�GLIIHULQJ�VSHFLHV�FRPSRVLWLRQ�

35,0(5-$9$�&65�)81.&,21$/1,+�2=1$.�68+,+�75$9,Éà
=�'9(+�5$=/,à1,+�*(2/2É.,+�32'/$*
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(�PDLO��VRQMD�VNRUQLN#XQL�PE�VL

.ODYGLMD�+$570$1
àLQÌDW�����6,������)DOD

0LWMD�.$/,*$5,Þ
2GGHOHN�]D�ELRORJLMR��)DNXOWHWD�]D�QDUDYRVORYMH�LQ�PDWHPDWLNR��8QLYHU]D�Y�0DULERUX��6,������0DULERU��.RURÊND����

329=(7(.

=�QDÈR�ÈWXGLMR�VPR�ÊHOHOL�RGJRYRULWL�QD�YSUDÈDQMH��DOL� UD]OLßQD�SRGODJD���NDUERQDWQD� LQ�QH�NDUERQDWQD�VLOLNDWQD
YSOLYD�QD�UD]OLNH�Y�&65�IXQNFLRQDOQL�R]QDNL�GYHK�SR�VWUXNWXUL�SRGREQLK�UDVWOLQVNLK�]GUXÊE��=D�IXQNFLRQDOQR�SULPHU�
MDYR�VPR�XSRUDELOL�*ULPH�RY�PRGHO�&65�HNRORÈNLK�VWUDWHJLM�UDVWOLQ��3URXßHYDQL�VXKL�WUDYQLNL�SUHGVWDYOMDMR�DQWURSRJH�
QL�KDELWDW��NL�MH�QDVWDO�NRW�SRVOHGLFD�GROJRWUDMQH�WUDGLFLRQDOQH�HNVWHQ]LYQH�SDÈH�R]��NRÈQMH��7R�VR�WUDYLÈßD�]�]PHUQR
SURGXNFLMR��NL�VR�NOMXE�NRQWUDVWQL�JHRORÈNL�SRGODJL�SRGYUÊHQD�SULPHUOMLYL�NRPELQDFLML�]PHUQH�PRWQMH�WHU�VWUHVD��6OHG�
QML� MH�SUHGYVHP�SRVOHGLFD�SRPDQMNDQMD�KUDQLO�Y�WOHK�WHU�YRGQHJD�VWUHVD�]DUDGL�SOLWNLK�NDPQLWLK� WDO��NL�VH�Y�SROHWQLK
PHVHFLK�SRJRVWR�L]VXÈLMR��7DNR�VPR�SRVWDYLOL�KLSRWH]R��GD�NOMXE�]HOR�UD]OLßQL�IORULVWLßQL�VHVWDYL�QH�ERPR�QDÈOL�VWDWLVWL�
ßQR�]QDßLOQLK�UD]OLN�Y�IXQNFLRQDOQLK�R]QDNDK�]D�RED�WLSD�YHJHWDFLMH��$QDOL]LUDOL�VPR����ILWRFHQRORÈNLK�SRSLVRY�VXKLK
WUDYQLNRY�QD�NDUERQDWLK��DVRF��6FDELRVR�KODGQLNLDQDH�&DULFHWXP�KXPLOLV��]YH]D�%URPLRQ�HUHFWL��WHU����ILWRFHQRORÈNLK
SRSLVRY� VLOLNDWQLK� VXKLK� WUDYQLNRY� �DVRF��+RPRJ\QR�DOSLQDH�1DUGHWXP�� ]YH]D�1DUGR�$JURVWLRQ� WHQXLV���1D�RVQRYL
SULPHUMDYH�IORULVWLßQH�VHVWDYH�VPR�SRWUGLOL��GD�VH�VXKL�WUDYQLNL�QD�NDUERQDWQL� LQ�VLOLNDWQL�JHRORÈNL�SRGODJL�PHG�VDER
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]HOR�UD]OLNXMHMR��VDM�VH�RG�]DEHOHÊHQLK�VNXSQR�����YUVW��VDPR���UDVWOLQVNLK�YUVW�SRMDYOMD�WDNR�QD�VLOLNDWQLK�NRW�WXGL�QD
NDUERQDWQLK�WUDYQLNLK��3ULPHUMDYR�WLSRY�&65�HNRORÈNLK�VWUDWHJLM�VPR�L]YHGOL�QD�RVQRYL�IUHNYHQF��Y����SRMDYOMDQMD�YUVW
Y�VNXSLQDK�SRSLVRY��3RND]DOD�MH��GD�MH�VHVWDYD�&65�WLSRY�HNRORÈNLK�VWUDWHJLM�QD�REHK�WLSLK�VXKLK�WUDYQLNRY�]HOR�SR�
GREQD��1D�REHK�WUDYLÈßLK�SUHYODGXMHMR�YUVWH�V�W�L��VHNXQGDUQLPL�&65�HNRORÈNLPL�VWUDWHJLMDPL�&�5��&�6�LQ�&65��]QDßLO�
QH�]D�YUVWH�SRGYUÊHQH�]PHUQHPX�VWUHVX�LQ�PRWQML��3UL�L]UDßXQDYDQMX�IXQNFLRQDOLK�R]QDN�SRSLVRY�XSRÈWHYDPR�QH�VD�
PR�SULVRWQRVW�RGVRWQRVW�WHPYHß�WXGL�SRNURYQRVW�YUVW�Y�SRSLVLK��3ULPHUMDYD�UD]SRUHGLWYH�IXQNFLRQDOQLK�R]QDN�SRSLVRY
Y�&65�WULNRWQLNX�MH�WDNR�SRND]DOD��GD�LPDWD�QD�SURXßHYDQD�VXKD�WUDYLÈßD�QDMSRPHPEQHMÈL�YSOLY�VWUHV�LQ�NRPSHWLFLMD�Y
UD]OLßQLK�UD]PHUMLK��5D]OLNH�Y�IXQNFLRQDOQLK�R]QDNDK�PHG�SRSLVL�]QRWUDM�SRVDPH]QHJD�WLSD�VXKLK�WUDYQLNRY�VH�SRMDY�
OMDMR� ]DUDGL� QLKDQMD� Y� SRJRVWQRVWL� GRPLQDQWQLK� YUVW�� NL� VR� SRVOHGLFD� UD]OLN� Y� WDOQLK� UD]PHUDK� WHU� VWRSQMDK�PRWQMH�
.OMXE�WHPX��GD�VR�VL�IXQNFLRQDOQH�R]QDNH�QHNDWHULK�SRSLVRY�L]�UD]OLßQLK�JHRORÈNLK�SRGODJ�]HOR�SRGREQH��SD�VR�VWDWL�
VWLßQH�DQDOL]H�SRND]DOH�VWDWLVWLßQR�]QDßLOQH�YHßMH�UHODWLYQH�GHOHÊH�NRPSRQHQWH�6�LQ�PDQMÈH�UHODWLYQH�GHOHÊH�NRPSR�
QHQWH�&�Y�SRSLVLK�VLOLNDWQLK�WUDYQLNRY��1DÈL�UH]XOWDWL�WDNR�QH�SRGSLUDMR�QDÈH�KLSRWH]H��Y�NDWHUL�VPR�SUHGYLGHOL��GD�QH
ERPR�QDÈOL�VWDWLVWLßQR�]QDßLOQLK�UD]OLN�Y�IXQNFLRQDOQLK�R]QDNDK�]D�RED�WLSD�YHJHWDFLMH��=DWR�SD�ODKNR�QDÈH�L]VOHGNH
XSRUDELPR�]D�SRWUGLWHY�GRPQHYH�R�EROM�VWUHVQLK�UD]PHUDK�QD�UDVWLÈßLK�]�QLÊMLPL�S+�YUHGQRVWPL�WDO��7D�GRPQHYD�QD�
PUHß�SUHGVWDYOMD�HQHJD�L]PHG�QDMSRJRVWHMÈLK�RGJRYRURY��NL�JD�UD]OLßQL�UD]LVNRYDOFL�SRQXMDMR�QD�]HOR�]QDQR�YSUDÈD�
QMH�Y�HNRORJLML�UDVWOLQ��]DNDM�REVWDMD�WROLNR�YHßMD�YUVWQD�SHVWURVW�QD�WOHK�]�YLÈMLPL�YUHGQRVWPL�S+�Y�SULPHUMDYL�V�WOHPL�]
QLÊMLPL�S+�YUHGQRVWPL�

.OMXÞQH�EHVHGH��NDUERQDWQL�VXKL�WUDYQLNL��VLOLNDWQL�VXKL�WUDYQLNL��YUVWQD�VHVWDYD��IXQNFLRQDOQL�WLSL�UDVWOLQ��PRUIRORÊNH
SRWH]H�UDVWOLQ��6ORYHQLMD

5()(5(1&(6

%UDXQ�%ODQTXHW�� -�� �������� 3IODQ]HQVR]LRORJLH�� *UXQG�
]�JH�GHU�9HJHWDWLRQVNXQGH��6SULQJHU�9HUODJ��:LHQ�����
S�
%URZQ��5��/��	�5��.��3HHW���������'LYHUVLW\�DQG� LQYDVL�
ELOLW\�RI�VRXWKHUQ�$SSDODFKLDQ�SODQW�FRPPXQLWLHV��(FRO�
RJ\������������
&DFFLDQLJD��0���$��/X]]DUR��6��3LHUFH��5��0��&HULDQL�	
%��&HUDEROLQL� ��������7KH� IXQFWLRQDO�EDVLV�RI�D�SULPDU\
VXFFHVVLRQ� UHVROYHG� E\� &65� FODVVLILFDWLRQ��2LNRV�� ����
������
&KDSLQ�� )�� 6�� ,��� 0�� 6�� %UHW�+DUWH�� 6�� (�� +REELH� 	� +�
=KRQJ� �������� 3ODQW� IXQFWLRQDO� W\SHV� DV� SUHGLFWRUV� RI
WUDQVLHQW�UHVSRQVHV�RI�DUFWLF�YHJHWDWLRQ�WR�JOREDO�FKDQJH�
-��9HJ��6FL��������������
&RUQHOLVVHQ��-��+��&���6��/DYRUHO��(��*HUQLHU��6��'LD]��1�
%XFKPDQQ��'��(��*XUYLFK��3��%��5HLFK��+��WHU�6WHHJH��+�
'��0RUJDQ��0��*��$��YDQ�GHU�+HLMGHQ��-��*��3DXVDV�	�+�
3RRUWHU� �������� $� KDQGERRN� RI� SURWRFROV� IRU� VWDQGDUG�
LVHG� DQG� HDV\� PHDVXUHPHQW� RI� SODQW� IXQFWLRQDO� WUDLWV
ZRUOGZLGH��$XVW��-��%RW���������������
'DYLV��0��$���-��3��*ULPH�	�.��7KRPSVRQ���������)OXF�
WXDWLQJ�UHVRXUFHV�LQ�SODQW�FRPPXQLWLHV��D�JHQHUDO�WKHRU\
RI�LQYDVLELOLW\��-��(FRO���������������
'LD]��6��	�0��&DELGR���������3ODQW�IXQFWLRQDO�W\SHV�DQG
HFRV\VWHP�IXQFWLRQ�LQ�UHODWLRQ�WR�JOREDO�FKDQJH�� -��9HJ�
6FL�������������
'LD]��6���$��$FRVWD�	�0��&DELGR���������0RUSKRORJLFDO
DQDO\VLV� RI� KHUEDFHRXV� FRPPXQLWLHV� XQGHU� GLIIHUHQW
JUD]LQJ�UHJLPHV��-��9HJ��6FL��������������

'LD]��6���6��0F,QW\UH��6��/DYRUHO�	�-��*��3DXVDV��������
'RHV�KDLULQHVV�PDWWHU� LQ�+DUDUH"�5HVROYLQJ�FRQWURYHUV\
LQ�JOREDO�FRPSDULVRQV�RI�SODQW�WUDLW�UHVSRQVHV�WR�HFRV\V�
WHP�GLVWXUEDQFH��1HZ�3K\WRO������������
'LD]��6���-��*��+RGJVRQ��.��7KRPVSRQ�HW�DO����������7KH
SODQW� WUDLWV� WKDW� GULYH� HFRV\VWHPV�� HYLGHQFH� IURP� WKUHH
FRQWLQHQWV��-��9HJ��6FL���������������
'LHUVFKNH�� +�� �������� 3IODQ]HQVR]LRORJLH�� *UXQGODJH
XQG�0HWKRGH��8OPHU��6WXWWJDUW������S�
)XUODQ��'����������.OLPDWVNL�SULND]�6HYHURY]KRGQH�6OR�
YHQLMH��+0=6��/MXEOMDQD�
'XFNZRUWK�� -���0��.HQW�	�3��0�� 5DPVD\� �������� 3ODQW
IXQFWLRQDO�W\SHV��DQ�DOWHUQDWLYH�WR�WD[RQRPLF�SODQW�FRP�
PXQLW\�GHVFULSWLRQ�LQ�ELRJHRJUDSK\"�3URJ��3K\V��*HRJ��
������������
(ZDOG��-����������7KH�FDOFDUHRXV�ULGGOH��ZK\�DUH�WKHUH�VR
PDQ\� FDOFLSKLORXV� VSHFLHV� LQ� WKH� FHQWUDO� (XURSDHDQ
IORUD"�)ROLD�*HRERW���������������
*LJRQ��$����������$�KLHUDUFKLF�DSSURDFK�LQ�FDXVDO�HFR�
V\VWHP� DQDO\VLV�� WKH� FDOFLIXJH�FDOFLFROH� SUREOHP� LQ� $O�
SLQH�JUDVVODQGV��(FRO��6WXG���������������
*LWD\�� +�� 	� ,�� 5�� 1REOH� ��������:KDW� DUH� SODQW� IXQF�
WLRQDO�W\SHV�DQG�KRZ�VKRXOG�ZH�VHHN�WKHP"�,Q��6PLWK��7�
0��+��+��6KXJDUW�	�)��,��:RRGZDUW��HGV����3ODQW�IXQFWLR�
QDO� W\SHV�� &DPEULGJH�8QLYHUVLW\� 3UHVV�� &DPEULGJH�� SS�
�����
*UDEKHUU��*��	�/��0XFLQD��HGV�����������'LH�3ODQ]HQJH�
VHOOVFKDIWHQ� gVWHUUHLFKV�� 7HLO� ,,�� 1DW�UOLFKH� ZDOGIUHLH
9HJHWDWLRQ�� *XVWDY� )LVFKHU� 9HUODJ� -HQD�� 6WXWWJDUW�� 1HZ
<RUN������S�
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*ULPH��-��3����������9HJHWDWLRQ�FODVVLILFDWLRQ�E\�UHIHUHQ�
FH�WR�VWUDWHJLHV��1DWXUH�������������
*ULPH��-��3�� ��������(YLGHQFH�IRU� WKH�H[LVWHQFH�RI� WKUHH
SULPDU\�VWUDWHJLHV�LQ�SODQWV�DQG�LWV�UHOHYDQFH�WR�HFRORJL�
FDO�DQG�HYROXWLRQDU\�WKHRU\��$P��1DW������������������
*ULPH��-��3����������3ODQW�VWUDWHJLHV�DQG�YHJHWDWLRQ�SUR�
FHVVHV��:LOH\�
*ULPH�� -�� 3�� �������� 3ODQW� VWUDWHJLHV�� YHJHWDWLRQ� SURF�
HVVHV�� DQG� HFRV\VWHP� SURSHUWLHV�� -RKQ� :LOH\� 	� 6RQV�
&KLFKHVWHU������S�
*ULPH�� -�� 3��� -�� *�� +RGJVRQ� 	� 5�� +XQW� �������� &RP�
SDUDWLYH� SODQW� HFRORJ\�� D� IXQFWLRQDO� DSSURDFK� WR� FRP�
PRQ�%ULWLVK�VSHFLHV��8QZLQ�+\PDQ�/WG���/RQGRQ������S�
*XUHYLWFK�� -��� 6��0�� 6FKHLQHU�	�*��$�� )R[� �������� 7KH
HFRORJ\� RI� SODQWV�� �QG� (G�� 6LQDXHU� $VVRFLDWHV�� 6XQGHU�
ODQG��0$������S�
+HUP\�� 0�� 	� +�� 6WLHSHUDHUH� �������� &DSLWDOLVWV� DQG
SUROHWDULDQV� �0DF/HRG�� ������� DQ� HDUO\� WKHRU\� RI� SODQW
VWUDWHJLHV��2LNRV������������
+LOOV��-��0���.��-��0XUSK\��,��'��3XOIRUG�	�7��+��)ORZHUV
�������� $� PHWKRG� IRU� FODVVLI\LQJ� (XURSDHDQ� ULYHUULQH
ZHWODQG�HFRV\VWHPV�XVLQJ� IXQFWLRQDO�YHJHWDWLRQ�JURXSV�
)XQFW��(FRO�������������
+LQWHUOHFKQHU�5DYQLN�� $�� �������� 2� JHRORJLML� 3RKRUMD�
3URWHXV��������������
+RGJVRQ��-��*���3��-��:LOVRQ��5��+XQW��-��3��*ULPH�	�.�
7KRPSVRQ� �������� $OORFDWLQJ� &�6�5� SODQW� IXQFWLRQDO
W\SHV�� D� VRIW� DSSURDFK� WR� D� KDUG� SUREOHP�� 2LNRV�� ���
��������
+XQW��5���-��*��+RGJVRQ��.��7KRPSVRQ��3��%XQJHQHU��1�
3��'XQQHWW�	�$��3��$VNHZ���������$�QHZ�SUDFWLFDO� WRRO
IRU�GHULYLQJ�D�IXQFWLRQDO�VLJQDWXUH� IRU�KHUEDFHRXV�YHJH�
WDWLRQ��$SSO��9HJ��6FL��������������
.DOLJDULÞ��0�� 	� 6�� ÆNRUQLN� �������� &RQWULEXWLRQ� WR� WKH
NQRZOHGJH� RI� WKH� GU\� JUDVVODQG� YHJHWDWLRQ� RQ� WKH� KLJ�
KODQG� DUHDV� RI� WKH� 3RKRUMH�0RXQWDLQ� �6ORYHQLD��� $QQD�
OHV��6HU��+LVW��1DW����������������
.DOLJDULÞ��0���0��&XOLEHUJ�	�%��.UDPEHUJHU���������5H�
FHQW�YHJHWDWLRQ�KLVWRU\�RI� WKH�1RUWK�$GULDWLF�JUDVVODQGV�
H[SDQVLRQ�DQG�GHFD\�RI�DQ�DQWKURSRJHQLF�KDELWDW��)ROLD
*HRERW���������������
.HGG\��3��$����������$�SUDJPDWLF�DSSURDFK�WR�IXQFWLRQDO
HFRORJ\��)XQFW��(FRO��������������
.LQ]HO��+�� �������� ,QIOXHQFH�RI� OLPHVWRQH�� VLOLFDWHV� DQG
VRLO�S+�RQ�YHJHWDWLRQ�� ,Q��/DQJH��2��/���3��6��1REHO��&�
%��2VPRQG�	�+��=LHJOHU��HGV����3K\VLRORJLFDO�3ODQW�(FRO�
RJ\��,,,��5HVSRQVHV�WR�WKH�&KHPLFDO�DQG�%LRORJLFDO�(QYL�
URQPHQW��(QF\FORSHGLD�RI�3ODQW�3K\VLRORJ\��1HZ�6HULHV�
9RO����&��6SULQJHU�9HUODJ��%HUOLQ��+HLGHOEHUJ��SS������
����
.xUQHU�� &�� �������� 6FDOLQJ� IURP� VSHFLHV� WR� YHJHWDWLRQ�
WKH�XVHIXOQHVV�RI�IXQFWLRQDO�JURXSV��,Q��6FKXO]H��(��'��	
+��$��0RRQH\� �HGV����%LRGLYHUVLW\� DQG�(FRV\VWHP�)XQF�
WLRQ�� (FRORJLFDO� 6WXGLHV�� 6SULQJHU� 9HUODJ�� %HUOLQ�� SS�
��������

/DYRUHO��6���6��0F,QW\UH��-��/DQGVEHUJ�	�7��'��$��)RUEHV
�������� 3ODQW� IXQFWLRQDO� FODVVLILFDWLRQ�� IURP� JHQHUDO
JURXSV� WR� VSHFLILF� JURXSV� EDVHG� RQ� UHVSRQVH� WR� GLVWXU�
EDQFH��7UHQGV�(FRO��(YRO���������������
/HLVKPDQ�� 0�� 5�� 	� 0�� :HVWRE\� �������� &ODVVLI\LQJ
SODQWV� LQWR� JURXSV� RQ� WKH� EDVLV� RI� DVVRFLDWLRQV� RI� LQGL�
YLGXDO�WUDLWV���HYLGHQFH�IURP�$XVWUDOLDQ�VHPL�DULG�ZRRG�
ODQGV��-��(FRO���������������
/RYHWW�'RXVW��/����������3RSXODWLRQ�G\QDPLFV�DQG�ORFDO
VSHFLDOLVDWLRQ�LQ�D�FORQDO�SHUHQQLDO��5DQXQFXOXV�UHSHQV��
,��7KH�GLQDPLFV�RI�UDPHWV�LQ�FRQWUDVWLQJ�KDELWDWV��-��(FRO��
������������
0DUWLQÞLÞ�� $��� 7�� :UDEHU�� 1�� -RJDQ�� $�� 3RGREQLN�� %�
7XUN� 	� %�� 9UHÇ� �������� 0DOD� IORUD� 6ORYHQLMH�� .MXá� ]D
GRORáDQMH�SUDSURWQLF� LQ� VHPHQN��7HKQLÊND�]DORÌED� 6OR�
YHQLMH��/MXEOMDQD������VWU�
0XFLQD�� /��� *�� *UDEKHUU� 	� 7�� (OOPDXHU� �HGV��� �������
'LH� 3IODQ]HQJHVHOOVFKDIWHQ� gVWHUUHLFKV�� 7HLO� ,�� $QWKUR�
SRJHQH�9HJHWDWLRQ��*XVWDY�)LVFKHU�9HUODJ��-HQD������S�
1REOH�� ,��5��	�+��*LWD\� ��������$� IXQFWLRQDO�FODVVLILFD�
WLRQ� IRU� SUHGLFWLQJ� WKH� G\QDPLFV� RI� ODQGVFDSHV�� -�� 9HJ�
6FL��������������
3jUWHO�� 0�� �������� /RFDO� SODQW� GLYHUVLW\� SDWWHUQV� DQG
HYROXWLRQDU\� KLVWRU\� DW� WKH� UHJLRQDO� VFDOH�� (FRORJ\�� ���
����������
3HHW�� 5�� .��� -�� '�� )ULGOH\� 	� -�� 0�� *UDPOLQJ� �������
9DULDWLRQ� LQ� VSHFLHV� ULFKQHVV� DQG� VSHFLHV� SRRO� VL]H
DFURVV� D� S+� JUDGLHQW� LQ� IRUHVWV� RI� WKH� 6RXWKHUQ� %OXH
5LGJH�0RXQWDLQV��)ROLD�*HRERW���������������
3LSHQEDKHU��1���0��.DOLJDULÞ�� 6�� ÆNRUQLN� �������� )XQF�
WLRQDO� FRPSDULVRQ� RI� WKH� VXE�0HGLWHUUDQHDQ� LOO\ULDQ
PHDGRZV�IURP�WZR�GLVWLQFWLYH�JHRORJLFDO�VXEVWUDWHV��$Q�
QDOHV��6HU��+LVW��1DW������������������
5DPHQVNL\��/��*����������,QWURGXFWLRQ�WR�WKH�JHRERWDQL�
FDO� VWXG\� RI� FRPSOH[� YHJHWDWLRQV�� 6HONR]JL]�� 0RVFRZ�
58�
6LOYHUWRZQ�� -��� 0�� )UDQFR� 	� .�� 0F&RQZD\� �������� $
GHPRJUDSKLF� LQWHUSUHWDWLRQ� RI� *ULPH
V� WULDQJOH�� )XQFW�
(FRO��������������
6366� LQF�� �������� 6366� %DVH� ����� 8VHU
V� *XLGH�� 6366
,QF���&KLFDJR��,/�
ÆNRUQLN��6�� ��������$�FRQWULEXWLRQ� WR� WKH� NQRZOHGJH�RI
GU\� JUDVVODQG� YHJHWDWLRQ� RI� WKH�%URPHWDOLD� HUHFWL� .RFK
�����RUGHU�LQ�6ORYHQLD��$FWD�%LRO��6ORY�������������
ÆNRUQLN��6����������6XKD� WUDYLÊáD�UHGD�%URPHWDOLD�HUHFWL
.RFK� ����� QD� *RULáNHP� �69� 6ORYHQLMD��� +DFTXHWLD�� ��
������
ÆNRUQLN�� 6���0�� /RQÞDU� 	�0�� .DOLJDULÞ� �������� 9HJHWD�
WLRQ�RI�VLOLFLFRORXV�JUDVVODQGV�RI�WKH�KLJKODQGV�RI�1RUWK�
(DVWHUQ�6ORYHQLD��+DFTXHWLD�������������
7LOPDQ�� '�� �������� 3ODQW� VWUDWHJLHV� DQG� WKH� G\QDPLFV
DQG�VWUXFWXUH�RI�SODQW�FRPPXQLWLHV��3ULQFHWRQ�8QLYHUVLW\
3UHVV������S�
:DONHU�� %�� +�� �������� %LRGLYHUVLW\� DQG� HFRORJLFDO� UH�
GXQGDQF\��&RQVHUY��%LRO������������
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:HVWKRII�� 9�� 	� (�� YDQ� GHU�0DDUHO� �������� 7KH� %UDXQ�
%ODQTXHW�DSSURDFK��+DQGE�9HJ��6FL��������������
:LOOHPV�� -��+���5��.��3HHW�	�/��%LN� �������� &KDQJHV� LQ
FKDON�JUDVVODQG� VWUXFWXUH� DQG� VSHFLHV� ULFKQHVV� UHVXOWLQJ
IURP�VHOHFWLYH�QXWULHQW�DGGLWLRQ��-��9HJ��6FL��������������
:LOOVRQ��-��%��	�:��*��/HH���������&�6�5�WULDQJOH�WKHRU\�
FRPPXQLW\�OHYHO� SUHGLFWLRQV�� WHVWV�� HYDOXDWLRQ� RI� FULWL�
FLVPV��DQG�UHODWLRQ�WR�RWKHU�WKHRULHV��2LNRV������������

:RRGZDUG��)��,��	�:��&UDPHU���������3ODQW� IXQFWLRQDO
W\SHV�DQG�FOLPDWLF�FKDQJHV��,QWURGXFWLRQ��-��9HJ��6FL�����
��������
=HOQLN��,��	�$��ÝDUQL���������'LVWULEXWLRQ�RI�SODQW�FRP�
PXQLWLHV��HFRORJLFDO�VWUDWHJ\�W\SHV�DQG�GLYHUVLW\�DORQJ�D
PRLVWXUH�JUDGLHQW��&RPPXQLW\�(FRO����������
=REHO��0���0��9DQ�GHU�0DDUHO�	�&��'XSUm���������6SH�
FLHV� SRRO�� WKH� FRQFHSW�� LWV� GHWHUPLQDWLRQ� DQG� VLJQLIL�
FDQFH�IRU�FRPPXQLW\�UHVWRUDWLRQ��$SSO��9HJ��6FL���������
���

$SSHQGL[����$�OLVW�RI�����SODQW�VSHFLHV�UHFRUGHG�LQ����UHOHYnV�RI�GU\�JUDVVODQGV�IURP�FDOFDUHRXV�����UHOHYnV��DQG
VLOLFLFRORXV�����UHOHYnV��JHRORJLFDO�VXEVWUDWHV��6SHFLHV�YDOXHV�DUH�SHUFHQWDJH�IUHTXHQFLHV�
�
��'DWD�IURP�ORRN�XS�WDEOH�ZLWK�&65�W\SHV�IRU������(XURSHDQ�VSHFLHV��VRXUFH�-��*��+RGJVRQ��8&3(�6KHIILHOG��
3ULORJD����6H]QDP�����UDVWOLQVNLK�YUVW�]DEHOHËHQLK�Y����SRSLVLK�VXKLK�WUDYLÉà�QD�DSQHQàDVWL�����SRSLVRY��LQ�VLOLNDWQL
����SRSLVRY��JHRORÉNL�SRGODJL��9UHGQRVWL�XVWUH]DMR�IUHNYHQFDP�SRMDYOMDQMD�YUVW�Y�VNXSLQDK�SRSLVRY
�
��3RGDWNL��NL�VPR�MLK�SRY]HOL�L]�WDEHOH�V�&65�WLSL�]D������YUVW�(YURSVNH�IORUH��YLU�-��*��+RGJVRQ��8&3(�6KHIILHOG��

6SHFLHV &65�SODQW�VWUDWHJ\ &DOFDUHRXV 6LOLFLFRORXV

$FLQRV�DOSLQXV &65
 �� �
$JURVWLV�FDSLOODULV &5 � �
$QDFDPSWLV�S\UDPLGDOLV 5�&5 �� �
$QHPRQH�QHPRURVD &�6& � ��
$QWHQQDULD�GLRLFD &65
 �� ��
$QWKHULFXP�UDPRVXP &�&5 �� �
$QWKR[DQWKXP�RGRUDWXP 65�&65 �� ��
$QWK\OOLV�YXOQHUDULD &5 �� �
$UQLFD�PRQWDQD &5 � ��
$UUKHQDWKHUXP�HODWLXV &�&65 �� �
$VSHUXOD�F\QDQFKLFD 65�&65 �� �
$YHQHOOD�IOH[XRVD 6&�&65 � ��
$YHQRFKORD�SXEHVFHQV &5 �� �
%HWRQLFD�RIILFLQDOLV &�&5 �� �
%UDFK\SRGLXP�UXSHVWUH & ��� �
%UL]D�PHGLD 6&�&65 �� �
%URPRSVLV�HUHFWD�DJJ� &�&65 �� �
%XSKWKDOPXP�VDOLFLIROLXP &5 �� �
&DOOXQD�YXOJDULV 6& � ��
&DPSDQXOD�EDUEDWD &5 � ��
&DUH[�FDU\RSK\OOHD 6 �� �
&DUH[�IODFFD 6& �� �
&DUH[�KXPLOLV 6�6& �� �
&DUH[�PRQWDQD 6�6& �� �
&DUH[�RUQLWKRSRGD &65
 �� �
&DUH[�SLOXOLIHUD 6&�&65 � ��
&DUOLQD�DFDXOLV &5 �� �
&DUOLQD�YXOJDULV &5 �� �
&HQWDXUHD�SDQQRQLFD &5 �� �
&HQWDXUHD�MDFHD�VXEVS��MDFHD 6&�&65 �� �
&HQWDXUHD�VFDELRVD�VXEVS��IULWVFKLL &�&5 �� �
&HQWDXUHD�WULXPIHWWLL &5 �� �
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6SHFLHV &65�SODQW�VWUDWHJ\ &DOFDUHRXV 6LOLFLFRORXV

&KDPDHF\WLVXV�VXSLQXV 6&�&65 �� �
&KDPDHVSDUWLXP�VDJLWWDOH 6�&65 �� �
&LUVLXP�SDQQRQLFXP &5 �� �
&UXFLDWD�JODEUD 6�6& �� ��
'DFW\OLV�JORPHUDWD &�&65 ��
'HVFKDPSVLD�FDHVSLWRVD 6& � ��
'LDQWKXV�FDUWKXVLDQRUXP 6& �� �
'RU\FQLXP�JHUPDQLFXP &5�&65 �� �
(XSKRUELD�F\SDULVVLDV &65 �� �
(XSKRUELD�YHUUXFRVD 6�6& �� �
(XSKUDVLD�VWULFWD &5�&65 � �
)HVWXFD�UXEUD�DJJ� &65 � ��
)HVWXFD�UXSLFROD 6�&65 �� �
*DOLXP�PROOXJR &�&65 �� �
*DOLXP�YHUXP 6&�&65 �� �
*HQLVWD�MDQXHQVLV &6
 �� �
*HQWLDQD�FUXFLDWD &5 � ��
*HQWLDQD�SDQQRQLFD &5 � ��
*HQWLDQD�XWULFXORVD 65�&65 �� �
*HQWLDQD�YHUQD�VXEVS��WHUJHVWLQD 6& �� �
*HQWLDQHOOD�JHUPDQLFD &65
 �� �
*HUDQLXP�VDQJXLQHXP &�6& �� �
*OREXODULD�FRUGLIROLD 6& �� �
*OREXODULD�SXQFWDWD &�6& �� �
*\PQDGHQLD�FRQRSVHD 6�65
 �� ��
+HOLDQWKHPXP�RYDWXP 65�&65 �� �
+LHUDFLXP�DXUDQWLDFXP &5 � ��
+LHUDFLXP�EDXKLQLL &�&5 �� �
+LHUDFLXP�ODHYLFXODH &5 � ��
+LHUDFLXP�SLORVHOOD 6& �� �
+LSSRFUHSLV�FRPRVD 6& �� �
+RPRJ\QH�DOSLQD &5 � ��
+\SHULFXP�PRQWDQXP 6&�&65 � �
+\SHULFXP�SHUIRUDWXP 6& � ��
+\SRFKRHULV�PDFXODWD &�&5 �� �
+\SRFKRHULV�XQLIORUD &5 � ��
,QXOD�VDOLFLQD &6
 �� �
.QDXWLD�GU\PHLD &5 �� �
.RHOHULD�S\UDPLGDWD 6�6& ��� �
/DVHUSLWLXP�VLOHU &�6& �� �
/HRQWRGRQ�KHOYHWLFXV 5�&5 � ��
/HRQWRGRQ�KLVSLGXV�VXEVS��GDQXELDOLV &5 �� �
/HRQWRGRQ�LQFDQXV 6& �� �
/HXFDQWKHPXP�YXOJDUH &
 �� �
/HXFDQWKHPXP�LUFXWLDQXP &5 � �
/LOLXP�PDUWDJRQ &65
 �� �
/LQXP�FDWKDUWLFXP &5 �� �
/LQXP�YLVFRVXP &6
 �� �
/RWXV�FRUQLFXODWXV 6&�&65 �� �
/X]XOD�FDPSHVWULV 6�&65 �� ��



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

6RQMD�É.251,.�HW�DO���5(/$7,21�%(7:((1�&65�)81&7,21$/�6,*1$785(6�2)�'5<�*5$66/$1'6�������������

���

6SHFLHV &65�SODQW�VWUDWHJ\ &DOFDUHRXV 6LOLFLFRORXV

/X]XOD�OX]XORLGHV 6& � ��
/X]XOD�SLORVD 6&�&65 � ��
/X]XOD�V\OYDWLFD 6&�&65 � ��
/\FKQLV�IORV�FXFXOL &5 � ��
0HGLFDJR�OXSXOLQD 5�65 ��
0HODPS\UXP�SUDWHQVH &5�&65 � ��
0ROLQLD�FDHUXOHD 6& � �
1DUGXV�VWULFWD 6�&65 � ���
2UFKLV�PRULR 6�65 �� �
2UFKLV�WULGHQWDWD &65
 �� �
2UFKLV�XVWXODWD &65
 �� �
3HXFHGDQXP�FHUYDULD & �� �
3HXFHGDQXP�RUHRVHOLQXP &�6& �� �
3K\WHXPD�RUELFXODUH 6& �� �
3K\WHXPD�VSLFDWXP &�&5 � �
3LPSLQHOOD�VD[LIUDJD &5 �� �
3ODQWDJR�ODQFHRODWD &65 �� �
3ODQWDJR�PHGLD &5 �� �
3ODWDQWKHUD�ELIROLD 5�&5 �� �
3RO\JDOD�FKDPDHEX[XV &6
 �� �
3RO\JDOD�FRPRVD 6�6& �� �
3RO\JDOD�YXOJDULV 6&�&65 �� �
3RO\JRQDWXP�RGRUDWXP &5 �� �
3RWHQWLOOD�HUHFWD 6�&65 �� ���
3ULPXOD�YXOJDULV &65
 �� �
3UXQHOOD�JUDQGLIORUD &5�&65 �� �
3UXQHOOD�ODFLQLDWD &5 �� �
3UXQHOOD�YXOJDULV 5�&5 �� �
3VHXGRUFKLV�DOELGD 5�&5 � ��
3XOVDWLOOD�JUDQGLV &65
 �� �
5DQXQFXOXV�DFULV &65 � �
5DQXQFXOXV�EXOERVXV 65 �� �
5DQXQFXOXV�QHPRURVXV &5 �� �
5KLQDQWKXV�JODFLDOLV &5 �� �
5KLQDQWKXV�PLQRU 65�&65 �� �
5KLQDQWKXV�SXOFKHU &5 � �
6DOYLD�SUDWHQVLV &5 �� �
6DQJXLVRUED�PLQRU 6& �� �
6FDELRVD�FROXPEDULD &65
 �� �
6FDELRVD�KODGQLNLDQD &5 �� �
6FDELRVD�WULDQGUD &5 �� �
6LOHQH�QXWDQV 6�&65 �� �
6LOHQH�YXOJDULV &65
 �� �
6ROLGDJR�YLUJDXUHD &5 � ��
6WDFK\V�UHFWD 6& �� �
6WHOODULD�JUDPLQHD &5 � �
7HXFULXP�FKDPDHGU\V 6&�&65 � �
7KDOLFWUXP�PLQXV 6�&65 �� �
7KHVLXP�EDYDUXP &65
 �� �
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6SHFLHV &65�SODQW�VWUDWHJ\ &DOFDUHRXV 6LOLFLFRORXV

7KODVSL�SUDHFR[ 6& �� �
7K\PXV�SXOHJLRLGHV 6&�&65 �� �
7RILHOGLD�FDO\FXODWD &6
 �� �
7ULIROLXP�PRQWDQXP 6& �� �
7ULIROLXP�SUDWHQVH &65 �� �
9DFFLQLXP�P\UWLOOXV 6�6& � ��
9DFFLQLXP�YLWLV�LGDHD 6�6& � ��
9HUDWUXP�DOEXP�VXEVS��DOEXP &5 � ��
9HURQLFD�FKDPDHGU\V &65 �� �
9HURQLFD�MDFTXLQLL 6& �� �
9LROD�FDQLQD &65
 �� �


