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7KH�PDFUREHQWKLF�FRPPXQLWLHV�OLYLQJ�DW�WKH�RXWIDOOV�RI�WKH�ILYH�XQGHUZDWHU�VHZDJH�GXFWV�VHUYLFLQJ�WKH�,WDOLDQ�DUHD
RI�WKH�*XOI�RI�7ULHVWH�ZHUH�VDPSOHG�IURP������WR������DQG�DQDO\VHG�XVLQJ�XQL��DQG�PXOWLYDULDWH�WHFKQLTXHV��������
RUJDQLVPV� IURP����� WD[D�ZHUH� LGHQWLILHG��3RO\FKDHWHV�GRPLQDWHG� WKH�PDFUREHQWKLF� FRPPXQLW\�� IROORZHG�E\�PRO�
OXVFV��WRJHWKHU�WKH\�FRPSRVHG�����RI�WKH�WRWDO�DEXQGDQFH�DQG�����RI�WKH�QXPEHU�RI�VSHFLHV��)DXQDO�FRPSRVLWLRQ
GLIIHUHG�EHWZHHQ�VWDWLRQV�DQG�ZDV� IRXQG� WR�EH� LQIOXHQFHG�E\�VHGLPHQW�FRPSRVLWLRQ�DQG�GHSWK� UDWKHU� WKDQ�E\�GLV�
FKDUJHV��HYHQ�WKRXJK�WKH�VWDWLRQV�ZHUH�ORFDWHG�GLUHFWO\�DW�WKH�RXWIDOOV��$OWKRXJK�WKH�%LRWLF�,QGH[�ZDV�ORZ�DW�DOO�VWD�
WLRQV�DQG�QR�ELRORJLFDO� LQGLFDWRUV�RI�RUJDQLF�HQULFKPHQW�ZHUH�IRXQG��WKH�ZKROH�DQDO\VLV� LQGLFDWHG�VRPH�GHJUHH�RI
HQYLURQPHQWDO�XQEDODQFH��EXW�LW�LV�VLPLODU�WR�PRVW�VRIW�ERWWRP�DUHDV�LQ�WKH�*XOI��7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�ZDVWH
WUHDWPHQWV�KDYH�EHHQ�HIIHFWLYH� LQ�FRQWUROOLQJ� WKH�DGYHUVH�HIIHFWV�RI� WKH�XUEDQ�GLVFKDUJHV�RU�DW� OHDVW�KDYH�QRW�QHJD�
WLYHO\�LQIOXHQFHG�WKH�ORFDO�EHQWKLF�SRSXODWLRQV�RYHU�WKH�VWXG\�SHULRG�

.H\�ZRUGV��VRIW�ERWWRPV�PDFUREHQWKRV��%LRWLF�,QGH[��VHZDJH�GLVFKDUJHV��*XOI�RI�7ULHVWH��$GULDWLF�6HD
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/H�FRPXQLWi�PDFUREHQWRQLFKH��LQVHGLDWH�LQ�YLFLQDQ]D�GHOOH�FLQTXH�FRQGRWWH�GL�VFDULFR�GHL�UHIOXL�QHOOD�SDUWH�LWDO�
LDQD�GHO�*ROIR�GL�7ULHVWH��VRQR�VWDWH�FDPSLRQDWH�GDO������DO������H�VRQR�VWDWH�VWXGLDWH�FRQ�WHFQLFKH�GL�DQDOLVL�XQL��H
PXOWLYDULDWD�� &RPSOHVVLYDPHQWH� VRQR� VWDWL� LGHQWLILFDWL� ������� LQGLYLGXL� DSSDUWHQHQWL� D� ���� JUXSSL� WDVVRQRPLFL�� ,
SROLFKHWL� VRQR� ULVXOWDWL� LO� JUXSSR� GRPLQDQWH�� VHJXLWL� GDL� PROOXVFKL�� L� GXH� JUXSSL� LQVLHPH� FRVWLWXLVFRQR� LO� ���
GHOO¢DEERQGDQ]D�WRWDOH�H�O¢����GHO�QXPHUR�GL�VSHFLH��/D�FRPSRVL]LRQH� IDXQLVWLFD�GL�FLDVFXQD�VWD]LRQH�o�PDJJLRU�
PHQWH� LQIOXHQ]DWD�GDOOD� WHVVLWXUD�GHO� VHGLPHQWR�H�GDOOD�SURIRQGLWi��SLXWWRVWR�FKH�GDOOD� YLFLQDQ]D�GHOOH� FRQGRWWH�GL
VFDULFR��6HEEHQH�L�YDORUL�GHOO¢LQGLFH�ELRWLFR�VLDQR�ULVXOWDWL�EDVVL�H�QRQ�VLDQR�VWDWH�ULWURYDWH�VSHFLH�LQGLFDWULFL�GL�DUULF�
FKLPHQWR�RUJDQLFR��O¢DQDOLVL�FRPSOHVVLYD�GHL�SRSRODPHQWL�EHQWRQLFL�KD�LQGLFDWR�XQ�OHJJHUR�JUDGR�GL�LQVWDELOLWi�DPEL�
HQWDOH��LO�TXDOH�o�SLXWWRVWR�WLSLFR�GHOOH�FRPXQLWi�GL�IRQGR�PRELOH�GHO�*ROIR�GL�7ULHVWH��,Q�EDVH�DL�ULVXOWDWL�RWWHQXWL��LO
WUDWWDPHQWR�GHL�UHIOXL�VFDULFDWL�GDOOH�FRQGRWWH�VHPEUD�VLD�VWDWR�HIILFDFH�H� OH�FRPXQLWi�PDFUREHQWRQLFKH�QRQ�KDQQR
PRVWUDWR�HYLGHQWL�DOWHUD]LRQL�GHOOD�ORUR�VWUXWWXUD�QHO�WHPSR��GXUDQWH�LO�SHULRGR�GL�VWXGLR�

3DUROH�FKLDYH��PDFUREHQWKRV�GL�IRQGR�PROOH��LQGLFH�ELRWLFR��FRQGRWWH�GL�VFDULFR��*ROIR�GL�7ULHVWH��0DUH�$GULDWLFR
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3ROOXWLRQ�RI� FRDVWDO�ZDWHUV� KDV� EHHQ�RQH� RI� WKH� ELJ
HFRORJLFDO� FRQFHUQV� RI� WKH� ��WK� FHQWXU\�� WKH� IDVW� GHYHO�
RSPHQW� RI� FRDVWDO� FLWLHV�� SRUWV� DQG� WRXULVW� ORFDOLWLHV
ZRUOGZLGH�ZLWK�FRQVHTXHQW�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI
KXPDQ�SRSXODWLRQV��KDV�FUHDWHG�� DPRQJ�RWKHUV�� VHULRXV
SUREOHPV�RI�GLVSRVDO�RI�XUEDQ�DQG�LQGXVWULDO�ZDVWHV��7KH
HIIHFWV�RI� WKHVH� GLVFKDUJHV� LQWR� WKH� VHD� KDYH� ORQJ�EHHQ
NQRZQ� WR�EH�KDUPIXO� WR� WKH� FRDVWDO� ]RQH�HQYLURQPHQW�
WKUHDWHQLQJ� WKH� ZHOO�EHLQJ� RI� SHRSOH� DQG� WKH� OXFUDWLYH
EHQHILWV�GHULYHG�IURP�WKH�GHYHORSPHQW�RI�DFWLYLWLHV�VXFK
DV�WRXULVP��ILVKHULHV�RU�PDULFXOWXUH��WR�FLWH�D�IHZ�

$V� DQ� DOWHUQDWLYH� WR� GLUHFW� GLVFKDUJHV� WR� WKH� OLWWRUDO�
RIIVKRUH�GLVSRVDO�KDV�EHHQ�DGRSWHG��DV�IDU�DZD\�DV�SRV�
VLEOH�IURP�XUEDQ�FHQWUHV��VRPHWLPHV�DV�GLUHFW�RFHDQ�GLV�
FKDUJHV� �RU� GXPSLQJ��� EXW� LQFUHDVLQJO\� WKURXJK� XQGHU�
ZDWHU�GXFWV��7KRVH�ZKR�HQG�XS� LQ�GHHS�ZDWHUV� WHQG� WR
EH� LQFUHDVLQJO\� XVHG�� ZKHUH� SRVVLEOH� �'LHQHU� HW� DO��
������ .RRS� 	� +XWFKLQJV�� ������ *DOODJKHU� 	� .HD\�
������=DPRXUL�/DQJDU�HW�DO����������1RZDGD\V��VHZDJH
WUHDWPHQW� SULRU� WR� GLVFKDUJH� LV� QRW� \HW� WKH� UXOH� ZRUOG�
ZLGH�� EXW� LV� DOUHDG\�QRUPDWLYH� LQ� GHYHORSHG� FRXQWULHV�
HVSHFLDOO\� LQ� (XURSH� �8UEDQ� ZDVWH� ZDWHU� WUHDWPHQW� GL�
UHFWLYH� �������((&� DQG� GLUHFWLYH� ������((&� DPHQGLQJ
WKH�IRUPHU��

7KH�DVVHVVPHQW�RI�HFRORJLFDO�LPSDFWV�UHODWHG�WR�VHZ�
DJH� GLVSRVDO� KDV� EHHQ� GRFXPHQWHG� LQ� VHYHUDO� W\SHV� RI
PDULQH� FRPPXQLWLHV�� IURP� VRIW�ERWWRPV� EHQWKRV� �*KL�
UDUGHOOL�HW� DO��� ������ 6PLWK�HW� DO��� ������ 3HDUVRQ�	�5R�
VHQEHUJ��������2WZD\������D���WR�KDUG�ERWWRPV�EHQWKRV
�/LWWOHU�	�0XUUD\��������)DLUZHDWKHU��������*ULJJ�������
.RRS�	�+XWFKLQJV���������DQG� ILVK� �3XIIHU�HW�DO��������
*ULJJ��������2WZD\������D������E���7KH�EHQWKLF�FRP�
PXQLWLHV�DUH�SUHIHUUHG�DV�LQGLFDWRUV�RI�WKH�KHDOWK�RI�PD�
ULQH�HQYLURQPHQWV��EHFDXVH�RI�WKHLU�PDLQ�FKDUDFWHULVWLFV�
UHGXFHG� PRWLOLW\� �L�H�� LQFDSDFLW\� RI� HVFDSLQJ� SROOXWLQJ
GLVFKDUJHV��HYHQ�LI�KLJKO\�WR[LF�RU� OHWKDO���KLJK�GLYHUVLW\
�L�H�� VHOHFWLYH� UHVSRQVH� WR� HQYLURQPHQWDO� VWUHVV��� DQG
UHODWLYHO\� ORQJ� OLIH� F\FOHV��ZKLFK� DOORZ� WKH� REVHUYDWLRQ
RI� WKH� VKRUW�� PHGLXP�� RU� ORQJ� WHUP� HIIHFWV� RI� DQ\� GLV�
FKDUJHG� VXEVWDQFH� �3HDUVRQ�	�5RVHQEHUJ�� ������5HLVK�
������������+LO\�HW�DO���������'DXHU��������%RUMD�HW�DO��
������

7KH� UHJLRQ� RI� WKH�*XOI� RI� 7ULHVWH� �QRUWKHUQ� $GULDWLF
6HD���SRSXODWHG� IRU�DW� OHDVW� WKH� ODVW������\HDUV� �6WHYHQ�
VRQ�HW� DO��� ������� LV� QRZ� KHDYLO\� DQWKURSL]HG�� ,Q� VRPH
DUHDV�� SROOXWLRQ� RI� FRDVWDO� ZDWHUV� FDXVHG� E\� WKH� GLUHFW
GLVFKDUJHV�WR�VHD� IURP�WKH�ULYHULQH�XUEDQ�DQG� LQGXVWULDO
FHQWUHV�KDG�FDXVHG��LQ�WKH�SDVW��JURZLQJ�SUREOHPV�WR�WKH
PDULQH� HQYLURQPHQW� DQG� HQGDQJHUHG� WKH� GHYHORSPHQW
RI� WKH� WRXULVW� �LQGXVWU\�� �EDWKLQJ�� EHDFKHV�� ZKLFK� SUR�
YLGHV� WKH� ILUVW� VRXUFH� RI� LQFRPH� IRU� D� ODUJH� SDUW� RI� WKH
SRSXODWLRQ��*KLUDUGHOOL�HW�DO����������������7R�VROYH�WKLV
SUREOHP�� ILYH�XQGHUZDWHU�GXFWV�FRQQHFWHG� WR� WKH�ZDVWH
WUHDWPHQW�SODQWV�ZHUH�EXLOW�EHWZHHQ�WKH���V�DQG���V� WR

VHUYH� WKH� ,WDOLDQ� FRDVW� RI� WKH� )ULXOL�9HQH]LD� *LXOLD� 5H�
JLRQ��)LJ�����

7R�HVWLPDWH� WKH�HIIHFWV�RI� WKRVH� RII�VKRUH� GLVFKDUJHV
RQ� WKH�HQYLURQPHQW��DQG� LQ�DFFRUGDQFH�ZLWK� WKH� �WKHQ�
QHZO\�HQIRUFHG�HFRORJLFDO� ODZV� LQ� WKH�UHJLRQ��VDPSOLQJ
RI�WKH�PDFUREHQWKLF�FRPPXQLWLHV�ZDV�SHUIRUPHG�DW� WKH
EHJLQQLQJ�RI�WKH���V�DW�WKH�GXFWV¤�RXWIDOOV�

,W�LV�WKH�SXUSRVH�RI�WKLV�VWXG\�WR�DQDO\VH�WKHVH�UHVXOWV
WU\LQJ� WR� ILQG� WKH�FRPPRQ� FRPSRQHQWV��ZKLFK� FKDUDF�
WHUL]H�WKH�PDFUREHQWKLF�SRSXODWLRQV�DW�WKH�RXWIDOOV�RI�WKH
GLVFKDUJH� GXFWV�� ,Q� DGGLWLRQ�� WKHVH� GDWD� ZLOO� SURYLGH� D
EDVHOLQH�VWXG\�RI�WKH�FRQGLWLRQV�SUHYDLOLQJ�LQ�WKH�DUHD�IRU
IXWXUH�UHIHUHQFH�

0$7(5,$/�$1'�0(7+2'6

6WXG\�DUHD�GHVFULSWLRQ

/RFDWHG�DW�WKH�QRUWK�HDVWHUQ�HQG�RI�WKH�$GULDWLF�6HD�
WKH�*XOI� RI� 7ULHVWH� LV� D� ODUJH� DQG� VKDOORZ� HPED\PHQW�
ZLWK�D�FRDVWOLQH�RI�����NP��D�VXUIDFH�FORVH� WR�����NP�

�2JRUHOHF�HW�DO����������DQG�D�PD[LPXP�GHSWK�RI����P
�)LJ������$YHUDJH�ERWWRP�VDOLQLWLHV�UDQJH�IURP����WR�����
DQG� DQQXDO� WHPSHUDWXUHV� UDQJHV� DUH� �� WR� ��� �&� DW� WKH
ERWWRP��&DUGLQ�	�&HOLR���������:DWHU�FLUFXODWLRQ�LV�IURP
VRXWKHDVW� WR� QRUWKZHVW�� 6HGLPHQWDWLRQ� LV� FRQWUROOHG
PDLQO\� E\� ULYHU� LQSXWV� UDWKHU� WKDQ� E\� PDULQH� FXUUHQWV
�%UDPEDWL�	�9HQ]R��������� WKH�VRIW�ERWWRPV�DUH�QRW�KR�
PRJHQHRXV� LQ� FRPSRVLWLRQ� DQG� FDQ� YDU\� IURP� VDQGV
ZLWK� SDWFKHV� RI� EHDFK� URFNV� WR� PXGV�� SUHGRPLQDQWO\
GHWULWDO��%UDPEDWL�HW�DO����������7KH�RWKHU�QDWXUDO�IDFWRUV
XQLTXH� WR� WKLV�DUHD� WKDW�PDLQO\� LQIOXHQFH� WKH�FKDUDFWHU�
LVWLFV�RI�WKH�FRPSRVLWLRQ��HYROXWLRQ�DQG�SHUVLVWHQFH�RI�LWV
PDULQH� OLIH�DUH����� VWURQJ�ZLQGV� IURP� WKH�QRUWKHDVW� WKDW
FDQ�SURYRNH�PL[LQJ�RI� WKH�ZDWHUV�GRZQ� WR� WKH�ERWWRP�
��� WKHUPDO� VWUDWLILFDWLRQ�RI� WKH�ZDWHU� FROXPQ� �����P� DW
WKH�EHJLQQLQJ�RI� VSULQJ�XQWLO� DERXW����P�DW� WKH�HQG�RI
VXPPHU�� �&DUGLQ� 	� &HOLR�� ������ OHDGLQJ� WR� RFFDVLRQDO
K\SR[LF�DQG�RU�DQR[LF�HYHQWV��$OHIIL�HW�DO���������2UHO�HW
DO��� ������0DOHM� 	�0DODáLá�� ������� ��� KLJK� VHGLPHQWD�
WLRQ� UDWHV� HVWLPDWHG� DW� ������ PP� \��� �2JRUHOHF� HW� DO��
������&RYHOOL�	�)RQWRODQ���������DQG����RFFDVLRQDO�PX�
FLODJH�SURGXFWLRQ��'HJREELV�HW�DO���������������

7KH� VWXG\� DUHD� LV� FRPSRVHG� RI� WKH� VWDWLRQV� ORFDWHG
GLUHFWO\�DW� WKH�RXWIDOOV�RI� WKH� ILYH�GXFWV�RSHUDWLYH� LQ� WKH
DUHD��)LJ������6WDWLRQV���DQG���FRUUHVSRQG�WR�WKH�VHZDJH
RXWIDOOV�RI�WKH�XUEDQ�]RQHV�RI�WKH�WRXULVW�FLWLHV�RI�/LJQDQR
DQG� *UDGR�� FKDUDFWHULVHG� E\� FRQVLGHUDEOH� DQQXDO
SRSXODWLRQ�IOXFWXDWLRQV��H�J��*UDGR�YDULHG��LQ�������IURP
������LQKDELWDQWV�LQ�WKH�ZLQWHU�WR��������LQ�WKH�VXPPHU�
DQG�LQ������IURP�������WR���������/LJQDQR¤V�SRSXODWLRQ
YDULHG�PRUH�GUDVWLFDOO\��LQ�������IURP�������WR��������
DQG� LQ������ IURP������� WR� FD�� �������� �)�9�*��� �����
������� 6WDWLRQ� �� LV� ORFDWHG� DW� WKH� RXWIDOO� RI� WKH� GXFW
VHUYLQJ�WKH�)ULXOL�ORZODQGV��DQ�LQGXVWULDO�DUHD�ZLWK�FRUUH�
VSRQGLQJ�KXPDQ�VHWWOHPHQWV��ZLWK�D�SRSXODWLRQ�RI�DERXW
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)LJ�����6WXG\�DUHD�VKRZLQJ�WKH�RXWIDOOV�SRVLWLRQ���VDPSOLQJ�VWDWLRQV�RI�WKH�XQGHUZDWHU�VHZDJH�GLIIXVHUV�LQ�WKH�,WDOLDQ
SDUW�RI�WKH�*XOI�RI�7ULHVWH�
6O�����5D]LVNRYDQR�REPRàMH�]�Y]RUàHYDOQLPL�SRVWDMDPL�RE�SRGYRGQLK�L]OLYLK�NDQDOL]DFLMVNLK�RGSODN�Y�LWDOLMDQVNL�GHO
7UËDÉNHJD�]DOLYD�

7DE�����0DLQ�IHDWXUHV�RI�WKH�ILYH�RXWIDOOV�DUHDV�LQ�WKH�*XOI�RI�7ULHVWH��GDWD�IURP�1RYHOOL��������
7DE�����*ODYQH�]QDàLOQRVWL�SHWLK�REPRàLM�]�Y]RUàHYDOQLPL�SRVWDMDPL�RE�SRGYRGQLK�L]SXVWLK�NDQDOL]DFLMVNLK�RGSODN�Y
7UËDÉNHP�]DOLYX��SRGDWNL�SR�1RYHOOL��������

'XFWV 7UHDWPHQW
:DWHU

GHSWK��P�
'XFW

OHQJWK��P�
'LIIXVHU
OHQJWK��P�

0D[�IORZ
�O�VHF���

/LJQDQR��VW���� VHFRQGDU\ �� ���� ���� ���
3RUWR�%XVR��VW���� VHFRQGDU\ �� ���� ������� ����
*UDGR��VW���� SULPDU\��FKHPLFDO� �� ���� ��� ���
%DUFROD��VW���� SULPDU\ �� ��� �� ��

7ULHVWH��VW���� SULPDU\��FKHPLFDO� ��
���������

�WZR�SDUDOOHO�GXFWV�
�������� ����

��������� 6WDWLRQ��� VHUYHV� WKH� EHDFK� DUHD� RI� WKH� FLW\� RI
7ULHVWH�DQG�D�UHVLGHQWLDO�]RQH��%DUFROD��RI�DERXW�������
LQKDELWDQWV�� ZKHUHDV� VWDWLRQ� �� VHUYHV� 7ULHVWH�� D� FLW\� RI
DERXW� �������� LQKDELWDQWV��ZLWK�ZHOO� GHYHORSHG� LQGXV�
WULDO��FRPPHUFLDO�DQG�SRUW�DFWLYLWLHV��$OO� WKH�GXFWV�RSHU�
DWH�ZLWK� GLIIXVHUV� DW� WKHLU� HQG�� <�VKDSHG� LQ� WKH� FDVH� RI
VWDWLRQ���

,Q�7DEOH����DOO�WKH�GXFWV�FKDUDFWHULVWLFV�WKDW�FRXOG�EH
JDWKHUHG� DUH� UHSRUWHG�� ,W� LV� QRWHZRUWK\� WKDW� QR� UHOLDEOH
GDWD�DUH�DYDLODEOH�IRU�WKH�GDLO\�DYHUDJH�IORZ�RU�WKH�QLWUR�
JHQ�RU�SKRVSKRUXV�GLVFKDUJHV�IRU�DQ\�RI�WKH�GXFWV�LQ�WKH
*XOI�

6DPSOLQJ

6DPSOLQJ� ZDV� SHUIRUPHG� ZLWK� D� ���� P�� 9DQ� 9HHQ
JUDE� �$XJ�6HSW� ������ ����� DQG� ������ 1RY�'HF� �����
�������)LJ������$W�HDFK�VWDWLRQ��WKUHH�JUDEV������P���ZHUH
WDNHQ��$� VPDOO� IUDFWLRQ� RI� HDFK� JUDE�ZDV� SUHVHUYHG� IRU
VHGLPHQWRORJLFDO� DQDO\VHV�� %RWWRP� VDOLQLWLHV� DQG� WHP�
SHUDWXUHV�DV�ZHOO� DV�R[\JHQ�FRQFHQWUDWLRQV�ZHUH�PHDV�
XUHG��XVLQJ�DQ�,GURQDXW�0RG�����PXOWLSDUDPHWULF�SUREH�

7KH�VHGLPHQW�ZDV�VLHYHG�RQ�D���PP�PHVK�DQG�IL[HG
LQ� IRUPDOLQ� IROORZLQJ� VWDQGDUG�PHWKRGRORJ\� �+ROPH� 	
0F,QW\UH���������WKHQ�VHSDUDWHG�DQG�WKH�IDXQD�LGHQWLILHG
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WR� WKH� ORZHVW�SRVVLEOH� WD[RQRPLFDO� OHYHO�� )RU� FRPSDUD�
WLYH�SXUSRVHV�ZLWK�RWKHU�VLPLODU�VWXGLHV��WKH�DEXQGDQFHV
ZHUH�DGMXVWHG�WR�D�VXUIDFH�RI���P���8QLGHQWLILHG�VSHFLHV
RU�JURXSV��DV�LQ�WKH�FDVH�RI�WKH�DPSKLSRGV���ZKLFK�FDQ�
QRW�EH�FRQIXVHG�ZLWK�DQ\�RWKHU�LGHQWLILHG�VSHFLHV��ZHUH
LQFOXGHG�� WKXV� WKH� WRWDO� QXPEHU� RI� WD[D� UHSRUWHG� UHSUH�
VHQWV�WKH�ORZHVW�QXPEHU�RI�VSHFLHV�SRVVLEOH��7KH�LGHQWL�
ILHG�VSHFLHV�DUH�OLVWHG�LQ�$SSHQGL[���

$QDO\VHV

8QL��DQG�PXOWLYDULDWH�WHFKQLTXHV�ZHUH�XVHG�WR�DQDO\VH
WKH� FRPPXQLWLHV¤� VWUXFWXUH� DQG� LQFOXGHG�� DEXQGDQFH�
QXPEHU� RI� VSHFLHV�� GLYHUVLW\� LQGH[HV� �6KDQQRQ�:LHQHU
GLYHUVLW\� LQGH[� �+¤�� RQ� ORJH� EDVLV� �6KDQQRQ� 	�:HDYHU�
�������0DUJDOHI¤V�LQGH[��G���0DUJDOHI��������DQG�3LHORX¤V
HYHQQHVV� LQGH[� �-�� �3LHORX�� �������� 7KH� IHHGLQJ� JXLOGV¤
DQDO\VLV� ZDV� EDVHG� RQ� )DXFKDOG� 	� -XPDUV¤� ������� DQG
%DFKHOHW¤V� ������� GHILQLWLRQV�� 7KH� %UD\�&XUWLV� VLPLODULW\
FRHIILFLHQW� ZDV� FDOFXODWHG� RQ� VTXDUH�URRW� WUDQVIRUPHG
GDWD�� XVLQJ� FRPSOHWH� OLQNDJH�� WKHQ�� QRQ�PHWULF�PXOWLGL�
PHQVLRQDO� VFDOLQJ� RUGLQDWLRQ� �0'6�� �35,0(5� VRIWZDUH
SDFNDJH�GHYHORSHG� DW� WKH�3O\PRXWK�0DULQH� /DERUDWRU\�
ZDV� XVHG� WR� HYDOXDWH� WKH� FRPSRVLWLRQ� VLPLODULW\� DPRQJ
WKH�VWDWLRQV��6LQFH�WKH�VWUHVV�IDFWRU�ZDV�IRXQG�WR�EH�JUHDWHU
WKDQ�����DQG�IROORZLQJ�&ODUNH�	�:DUZLFN� �������UHFRP�
PHQGDWLRQV�� KLHUDUFKLFDO� FODVVLILFDWLRQ� ZDV� DSSOLHG�
$0%,� DQG� %LRWLF� ,QGH[� �%,�� ZHUH� DSSOLHG� �%RUMD� HW� DO��
������������XVLQJ�WKH�$0%,�SURJUDP���YHUVLRQ������$=7,
0DULQH�%LRWLF�,QGH[���ZZZ�D]WL�HV��

7KHVH� LQGH[HV� DUH� EDVHG� RQ� WKH� FODVVLILFDWLRQ� RI� WKH
EHQWKLF� VSHFLHV� LQ� ILYH� �,�9�� HFRORJLFDO� JURXSV� �(*��� DF�
FRUGLQJ� WR� WKHLU� WROHUDQFH� WR�SROOXWLRQ� �IURP�(*�,� � VSH�
FLHV� YHU\� VHQVLWLYH� WR� RUJDQLF� HQULFKPHQW�� LQWROHUDQW� WR
SROOXWLRQ��(*�,,� �VSHFLHV� LQGLIIHUHQW� WR�HQULFKPHQW��(*�
,,,� � VSHFLHV� WROHUDQW� WR� HQULFKPHQW�� VOLJKWO\�XQEDODQFHG
HQYLURQPHQWV�� (*�,9�  � VHFRQG�RUGHU� RSSRUWXQLVWLF� VSH�
FLHV�� VOLJKW� WR�SURQRXQFHG�XQEDODQFHG� HQYLURQPHQWV�� WR
(*�9� �ILUVW�RUGHU�RSSRUWXQLVWLF�VSHFLHV��SURQRXQFHG�XQ�
EDODQFHG� HQYLURQPHQW��� WKHQ� DSSO\LQJ� DQ� DOJRULWKP� WR
FDOFXODWH� WKH� $0%,� RQ� D� VFDOH� RI� LQFUHDVLQJ� SROOXWLRQ
�IURP��� WR����DQG�REWDLQLQJ� WKH�FRUUHVSRQGLQJ�%,� ����� 
XQSROOXWHG� VLWHV�� ��  � VOLJKWO\� SROOXWHG�� ��  � PRGHUDWHO\
SROOXWHG������ �PRGHUDWHO\�WR�KHDYLO\�SROOXWHG���� �KHDY�
LO\�SROOXWHG��DQG��� �H[WUHPHO\�SROOXWHG��D]RLF�VWDWH��

$� UHFHQW� PXOWLPHWULF� LQGH[� �0�$0%,�� WR� DVVHVV� WKH
HFRORJLFDO�TXDOLW\�VWDWXV�ZDV�DSSOLHG��ZKHUH�WKH�VSHFLHV
ULFKQHVV� DQG� 6KDQQRQ�:LHQHU� GLYHUVLW\� DUH� DOVR� WDNHQ
LQWR�FRQVLGHUDWLRQ�WRJHWKHU�ZLWK�$0%,�DW� WKH�YHU\�VDPH
WLPH��0X[LND�HW�DO����������7KH�$0%,�SURJUDP�SURYLGHV
�%DG�� DQG� �+LJK�� UHIHUHQFH� FRQGLWLRQV� DV� GHIDXOW�� $V
�%DG��FRQGLWLRQV�WKH�YDOXHV�DUH�DOZD\V���IRU�$0%,�DQG��
IRU� GLYHUVLW\� DQG� ULFKQHVV�� )RU� �+LJK�� FRQGLWLRQV� WKH
VRIWZDUH�VHOHFWV� WKH� ORZHVW�$0%,�YDOXH�DQG� WKH�KLJKHVW
GLYHUVLW\�DQG�ULFKQHVV�YDOXHV��7KH�XVHU�FDQ�PRGLI\�WKHVH
YDOXHV��EDG�DQG�KLJK��LI�VRPH�UHIHUHQFH�FRQGLWLRQV�KDYH

EHHQ�GHILQHG��ZLWKLQ�WKH�:DWHU�)UDPHZRUN�'LUHFWLYH��IRU
WKH� VWXGLHG� DUHD� �0X[LND�HW� DO��� �������:DLWLQJ� IRU� WKH
GHILQLWLRQ�RI�UHIHUHQFH�FRQGLWLRQV�LQ�,WDOLDQ�FRXQWULHV��WKH
SUHVHQW�SDSHU�DGRSWHG�WKH�GHIDXOW�ERXQGDULHV�VXJJHVWHG
E\�%RUMD�HW�DO���������

5(68/76

$ELRWLF�SDUDPHWHUV

%RWWRP� WHPSHUDWXUHV� UDQJHG� IURP������ �&� �ZLQWHU�� WR
������ �&� �HQG� RI� WKH� VXPPHU��� 'XULQJ� WKH� VDPH� FDP�
SDLJQ��GLIIHUHQFHV�DPRQJ�VWDWLRQV�ZHUH�QHJOLJLEOH�HYHQ�LI
GHSWK�YDULHG�IURP����P��VWDWLRQ����WR����P��VWDWLRQ����ZLWK
WKH�RQO\�H[FHSWLRQ�RI�$XJXVW������ZKHQ��DW� WKH�GHHSHVW
VWDWLRQV��WHPSHUDWXUH�GURSSHG�RI�DERXW��� �&�ZLWK�UHVSHFW
WR� WKH� VKDOORZHU� RQHV� �7DE�� ���� %RWWRP� VDOLQLWLHV� YDULHG
IURP������� WR��������R[\JHQ�FRQFHQWUDWLRQV� �'�2���YDO�
XHV�DW�WKH�ERWWRP�ZHUH�DOZD\V�DURXQG�VDWXUDWLRQ��H[FHSW
IRU�VWDWLRQV���DQG����DW�WKH�HQG�RI�WKH�VXPPHU��7DE�����

6HGLPHQW�FRPSRVLWLRQ�YDULHG�IURP�VDQGV�DW�VWDWLRQ��
WR�PXGV�DW� VWDWLRQ���DQG����$W� VWDWLRQV���DQG����PL[HG
VHGLPHQWV�ZHUH�SUHVHQW��ZLWK�KLJKHU�VDQG�FRQWHQW�LQ�VWD�
WLRQ���WKDQ�LQ�VWDWLRQ����7DE�����

)DXQDO�VWUXFWXUH

�������RUJDQLVPV� IURP����� WD[D� �$SSHQGL[����ZHUH
LGHQWLILHG�� WKH� SRO\FKDHWHV� ZHUH� E\� IDU� WKH� GRPLQDQW
JURXS�ZLWK��������RUJDQLVPV��������RI� WKH� WRWDO�SRSX�
ODWLRQ�� IROORZHG� E\� WKH�PROOXVFV�ZLWK� ������ RUJDQLVPV
��������� 7RJHWKHU�� WKH\� FRQVWLWXWHG� ���� RI� WKH� WRWDO�
&UXVWDFHDQV� ZLWK� ���� �������� HFKLQRGHUPV� ZLWK� ���
�������DQG��RWKHUV���WKH�UHPDLQGHU�RI�WKH�XVXDOO\�VFDUFH
JURXSV� VXFK�DV��DVFLGLDQV��DQWKR]RDQV�� VLSXQFXOLGV��QH�
PHUWLQHV�� SKRURQLGV� DQG� WXUEHOODULDQV�� ZLWK� ���� RUJDQ�
LVPV� �������� FRPSOHWH� WKH� OLVW�� LQ� WKLV� ODVW� JURXS�� WKH
VLSXQFXOLGV� FRQVWLWXWHG� ������� 7KH� SRO\FKDHWHV� ZHUH
DOVR� WKH� ULFKHVW� JURXS� ZLWK� ���� VSHFLHV� ��������� IRO�
ORZHG�E\�WKH�PROOXVFV�ZLWK����VSHFLHV����������WRJHWKHU
WKH\� FRQVWLWXWHG� DOPRVW� ���� RI� WKH� WRWDO�� &UXVWDFHDQV
����WD[D���������HFKLQRGHUPV�����WD[D��������DQG��RWK�
HUV������WD[D��������IROORZHG�IDU�EHKLQG�

7KH�QXPEHU�RI�VSHFLHV�DQG�WKH�PHDQ�RI�0DUJDOHI�LQ�
GH[�GHFUHDVHG�IURP�VWDWLRQ���WR�������WR���������WR������
ZKLOH�DEXQGDQFH�DQG�+¤�GURSSHG�IURP�VWDWLRQV�����WR���
DQG� WKHQ� WR������0HDQ�YDOXHV�RI�HYHQQHVV�ZHUH� ORZHVW
DW�VWDWLRQV���DQG����7DE�����

&XPXODWLYH� SHUFHQWDJHV� RI� WKH� WHQ� PRVW� DEXQGDQW
VSHFLHV� ZHUH� VLJQLILFDQWO\� ORZHU� DW� VWDWLRQV� ���� ������
������� WKDQ� DW� VWDWLRQV� ���� �������������� 'RPLQDQFH
RI� WKH�PRVW�DEXQGDQW�VSHFLHV�ZDV�PRUH�SURQRXQFHG�DW
VWDWLRQV���DQG����ZKHUH�LW�UHSUHVHQWHG���DQG���WLPHV�WKH
SHUFHQWDJH� RI� WKH� QH[W� VSHFLHV� �7DE�� ����&RUEXOD� JLEED
ZDV� VWURQJO\� GRPLQDQW� DW� VWDWLRQV� ��� �� DQG� ��� EXW� ZDV
DEVHQW�DW�VWDWLRQV���DQG���
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7DE�����$ELRWLF�SDUDPHWHUV�UHJLVWHUHG�DW�WKH�ERWWRP�LQ�WKH�ILYH�GXFWV£�RXWIDOOV�RI�WKH�*XOI�RI�7ULHVWH�
7DE�����$ELRWLàQL�SDUDPHWUL��XJRWRYOMHQL�QD�GQX�SHWLK�Y]RUàHYDOQLK�SRVWDM�RE�SRGYRGQLK�L]SXVWLK�RGSODN�Y�7UËDÉNHP
]DOLYX�

6WDWLRQ 'DWH
GHSWK��P�

7���&� 6DO
'�2��FP�

GP���
'�2���� VDQG���� PXG����

6W��� �������� ���� ����� ����� ���� ������ ���� ����
���������� ���� ����� ����� ���� ����� ���� ����
��������� ���� ����� ����� ���� ����� ���� ����
���������� ���� ���� ����� ���� ����� ���� ����

� �������� ���� ����� ����� ���� ������ ���� ����
6W��� �������� ���� ����� ����� ���� ������ ���� ����

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

� �������� ���� ����� ����� ���� ����� ���� ����
6W��� �������� ���� ����� ����� ���� ������ ���� ���

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

� �������� ���� ����� ����� ���� ����� ���� ���
6W��� �������� ���� ����� ����� ���� ����� ��� ����

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

� ��������� ���� ����� ����� ���� ����� ��� ����
6W��� �������� ���� ����� ����� ���� ����� ��� ����

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

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

7DE�����(FRORJLFDO�SDUDPHWHUV�PHDVXUHG�IRU�WKLV�VWXG\��+£���6KDQQRQ�:LHQHU�GLYHUVLW\�LQGH[��G���0DUJDOHI£V�LQGH[��-
��3LHORX£V�HYHQQHVV�LQGH[�
7DE�����(NRORÉNL�SDUDPHWUL��XJRWRYOMHQL�]D�SULàXMRàR�ÉWXGLMR��+£���6KDQQRQ�:LHQHUMHY�GLYHU]LWHWQL�LQGHNV��G���0DU�
JDOHIRY�LQGHNV��-���3LHORXMHY�LQGHNV�L]HQDàHQRVWL�

$EXQGDQFH
�LQG�P���

6SHFLHV�ULFKQHVV
�Q�� +
 G -

6WDWLRQ PLQ PD[ PHDQ PLQ PD[ PHDQ PLQ PD[ PHDQ PLQ PD[ PHDQ PLQ PD[ PHDQ
6W��� ��� ���� ��� �� �� �� ��� ��� ��� ��� ���� ��� ��� ��� ���
6W��� ��� ���� ��� �� �� �� ��� ��� ��� ��� ��� ��� ��� ��� ���
6W��� ��� ���� ��� �� �� �� ��� ��� ��� ��� ��� ��� ��� ��� ���
6W��� ��� ���� ��� �� �� �� ��� ��� ��� ��� ��� ��� ��� ��� ���
6W��� ��� ��� ��� � �� �� ��� ��� ��� ��� ��� ��� ��� ��� ���

7KH�GHQGURJUDP�UHVXOWLQJ� IURP�WKH�%UD\�&XUWLV�VLPL�
ODULW\�PDWUL[��)LJ���D��VKRZV�WKDW� WKH�VWDWLRQV�ZHUH�PRUH
FORVHO\�UHODWHG�DPRQJ�WKHPVHOYHV�WKDQ�ZLWK�WKH�RWKHUV��D
WUHQG�FRQILUPHG�E\� WKH�0'6�RUGLQDWLRQ� �)LJ���E��� WKUHH
PDLQ�JURXSV�ZHUH� LGHQWLILHG�� WKH� ILUVW� LV� IRUPHG�E\� WZR
VXEJURXSV�FRQVWLWXWHG�E\�VWDWLRQV���DQG����WKH�VHFRQG�LV
IRUPHG�E\� VWDWLRQ����DQG� WKH� WKLUG�FRPSULVHV� VWDWLRQV��

DQG���ZLWK�WKH�RQO\�H[FHSWLRQ�RI�WKH�VDPSOH�RI��������
DW�VWDWLRQ���

7KH�YDOXH�RI�%LRWLF�,QGH[�ZDV���LQ�VWDWLRQ���DQG���LQ
UHPDLQLQJ� VWDWLRQV� �)LJ�� ���� ZKLFK� FRUUHVSRQG� UHVSHF�
WLYHO\� WR�XQSROOXWHG�DQG�VOLJKWO\�SROOXWHG�FRQGLWLRQV� IRU
WKH� �VLWH� SROOXWLRQ� FODVVLILFDWLRQ��� DQG� WR� LPSRYHULVKHG
DQG�XQEDODQFHG� VLWXDWLRQV� UHJDUGLQJ� WKH� �EHQWKLF� FRP�
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)LJ�� ��� �D��+LHUDUFKLFDO� DJJORPHUDWLYH� FOXVWHULQJ� RI� VTXDUH�URRW� WUDQVIRUPHG�PDFUREHQWKRV� GDWD� XVLQJ� FRPSOHWH
OLQNLQJ�RQ�%UD\�&XUWLV�VLPLODULWLHV�������E��PXOWLGLPHQVLRQDO�VFDOLQJ�RUGLQDWLRQ�IURP�VTXDUH�URRW�WUDQVIRUPHG�PDF�
UREHQWKRV�GDWD�EDVHG�RQ�%UD\�&XUWLV�VLPLODULWLHV�
6O����� �D��.ODVWHUVNL�GLDJUDP�QD�SRGODJL�%UD\�&XUWLVRYHJD� LQGHNVD�SRGREQRVWL�� �E��YHàGLPHQ]LRQDOQR�VNDOLUDQMH�QD
SRGODJL� %UD\�&XUWLVRYHJD� LQGHNVD� SRGREQRVWL�� 3UL� REHK� DQDOL]DK� VR� ELOL� PDNUREHQWRÉNL� SRGDWNL� WUDQVIRUPLUDQL� ]
XSRUDER�NYDGUDWQHJD�NRUHQD�
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PXQLW\� KHDOWK�� �%RUMD� HW� DO��� ������� 0�$0%,� LQGH[� UH�
YHDOHG�D��*RRG��WR��+LJK��TXDOLW\�RI�EHQWKLF�HFRORJLFDO
VWDWXV��)LJ�����

$ERXW� IHHGLQJ� JXLOGV�� PRVW� GRPLQDQW� VSHFLHV� ZHUH
VXUIDFH� GHSRVLW� IHHGHUV�� VXE�VXUIDFH� GHSRVLW� IHHGHUV� RU
FDUQLYRUHV��7DE������H[FHSW�IRU�WKH�DEVROXWH�GRPLQDQW��&�
JLEED� �FD�� ���� RI� WKH� WRWDO��� ZKLFK� LV� D� VXVSHQVLRQ�
IHHGHU�

',6&866,21

:KHQ�DQDO\VLQJ� VSHFLHV� ULFKQHVV� LQ� WKH�*XOI� RI� 7UL�
HVWH��ZH�FDQ�VHH�WKDW�WKH�ULFKHVW�DUHDV�LQ�QXPEHU�RI�VSH�
FLHV� DUH� WKH� FHQWUH� RI� WKH� *XOI�� DURXQG� WKH� GLVFKDUJHV
GXFWV� RI� WKH� XUEDQ� FHQWUHV�� WKH� ]RQH� WR� WKH� HDVW� RI� WKH
,VRQ]R� HVWXDU\� DQG� WKH�%DUFROD� DQG�6LVWLDQD� DUHDV�� 7KH
SRRUHVW� DUHDV� ZHUH� IRXQG� WR� EH� LQ� WKH� QRUWKHUQPRVW
]RQH�� DW� WKH� IDUWKHU� HQG� RI� WKH� %D\� RI�0XJJLD� DQG� WKH
GHHSHVW�PXGG\� DUHDV�� VRPHWLPHV� VXEMHFWHG� WR� K\SR[LD
HYHQWV�� 7\SLFDO� VSHFLHV� LQGLFDWLQJ� SROOXWLRQ� FRQGLWLRQV
ZHUH� IRXQG� LQ� VRPH� UHVWULFWHG� FRDVWDO� DUHDV� DQG� LQ� WKH
%D\�RI�0XJJLD��DQG�JHQHUDOO\� WKH\�ZHUH� LQ� ORZ�GHQVLW\
�6ROLV�:HLVV� HW� DO��� ������� 7KH� DYHUDJH� %LRWLF� ,QGH[� LQ
WKH�*XOI� LV� �� DQG� LQGLFDWHV� D� JHQHUDO� QRW� SROOXWHG� DQG
TXLWH� GLYHUVLILHG� FRQGLWLRQ� RI� PDFUR]RREHQWKRV�� H[�
FHSWLQJ� VRPH� DUHD� FKDUDFWHUL]HG� E\� VOLJKW� RU�PRGHUDWH
GLVWXUEDQFH� GXH� WR� &�� JLEED� GRPLQDQFH�� ZKHUH� ERWK
QDWXUDO� DQG� PDQ� LQGXFHG� VWUHVVHV� DUH� LQYROYHG� �6ROLV�
:HLVV�HW�DO���������5RVVLQ��������

7KH� %LRWLF� ,QGH[� FDOFXODWHG� LQ� WKH� SUHVHQW� VWXG\
VHHPHG�WR�LQGLFDWH�D�VLPLODU�UHVSRQVH�RI�WKH�PDFURIDXQD
WR� WKH� GLVFKDUJHV�� H[FHSWLQJ� WKH� XQGLVWXUEHG� FRQGLWLRQ
UHYHDOHG�LQ�VWDWLRQ����+RZHYHU��WKLV�YDOXH�LV�WKH�DYHUDJH
RI� YHU\� GLIIHUHQW� SURSRUWLRQV� RI� WKH� IRXU� HFRORJLFDO
JURXSV� �(*�� RI� VSHFLHV� SUHVHQW� DW� HDFK� VWDWLRQ� SDUWLFX�
ODUO\�HYLGHQW�DW�VWDWLRQV���DQG����)LJ������DW�VWDWLRQ����(*�,
VSHFLHV�FOHDUO\�GRPLQDWHG��������ZKLOH�DW�VWDWLRQ���WKHUH
ZHUH� SUDFWLFDOO\� QR� VSHFLHV� RI� (*�,,� DQG� ,,,�� DQG� (*�,9
VSHFLHV�GRPLQDWHG��FORVHO\�IROORZHG�E\�(*�,�VSHFLHV�� ,Q
WKH� RWKHU� WKUHH� VWDWLRQV�� WKH� SURSRUWLRQV� EHWZHHQ� HFR�
ORJLFDO� JURXSV�ZHUH�PRUH� EDODQFHG��ZLWK� D� SUHYDOHQFH
RI�(*�,9�VSHFLHV�LQ�VWDWLRQV���DQG���

7KH� DSSOLFDWLRQ� RI� 0�$0%,� �0X[LND� HW� DO��� �����
ZLWKLQ� WKH�(XURSHDQ�:DWHU�)UDPHZRUN�'LUHFWLYH� �:)'
��������(&��LQGLFDWHG�DQ�RYHUDOO�JRRG�HFRORJLFDO�VWDWXV
RI�WKH�VWXG\�DUHD�

7KH� DQDO\VLV� RI� WKH� VSHFLHV� FRPSRVLWLRQ� DQG� DEXQ�
GDQFH� IXUWKHU� HPSKDVL]HG� WKH� GLIIHUHQFHV� DPRQJ� WKH
VWDWLRQV��&RQVLGHULQJ� WKH� WHQ�PRVW�DEXQGDQW�VSHFLHV� IRU
HDFK� VWDWLRQ� �7DE�� ����$SRQXSKLV� ELOLQHDWD��ZDV� DPRQJ
WKH�ILUVW�DW�VWDWLRQV������DQG����EHLQJ�WKH�GRPLQDQW�DW�VWD�
WLRQ� ��� ZKLOH� WRWDOO\� DEVHQW� IURP� VWDWLRQV� �� DQG� ��� WKLV
VSHFLHV� LV�PDLQO\� IRXQG� LQ� ILQH� VDQGV� �$PH]LDQH�HW� DO��
������'HVUR\�	�5HWLHUH���������/XFLQHOOD�GLYDULFDWD��DQ�
RWKHU� VDQG�GZHOOHU� �6DUGj�HW�DO���������DQG�2ZHQLD� IX�
VLIRUPLV��D�VSHFLHV�FKDUDFWHULVWLF��RI��ILQH�VDQGV���3pUqV��	

)LJ�����3HUFHQWDJH�RI�VSHFLHV�RI�(*�,�WR�(*�9�SHU�VWDWLRQ
ZLWK�WKH�FRUUHVSRQGLQJ�$0%,�DQG�%LRWLF� ,QGH[�YDOXHV�
IROORZLQJ�%RUMD�HW�DO���������
6O�� ��� 2GVWRWHN� YUVW� (*� ,� GR� (*� 9� QD� SRVDPH]QR
Y]RUàHYDOQR� SRVWDMR� ]� YUHGQRVWPL� $0%,� LQ� ELRWVNLK
LQGHNVRY�SR�%RUMD�HW�DO���������
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7DE�����&XPXODWLYH�SHUFHQWDJH�DQG� IHHGLQJ�JXLOGV�RI� WKH� ILUVW� WHQ�PRVW� DEXQGDQW� VSHFLHV� LQ� WKH� VWXG\� DUHD�� 7RW�
DEXQG����WRWDO�DEXQGDQFH��6')���VXUIDFH�GHSRVLW�IHHGHUV��66')���VXE�VXUIDFH�GHSRVLW�IHHGHUV��&���FDUQLYRUHV��6)��
VXVSHQVLRQ�IHHGHUV�
7DE�����6NXSQL�GHOHË�LQ�SUHKUDQMHYDOQL�FHKL�SUYLK�GHVHW�QDMÉWHYLOàQHMÉLK�YUVW�Y�SUHXàHYDQHP�REPRàMX��7RW��DEXQG���
VNXSQD�DEXQGDQFD��6')���GHWULWLYRUL�QD�SRYUÉMX�PRUVNHJD�GQD��66')���GHWULWLYRUL�Y�PRUVNHP�GQX��&���PHVRMHGL�RU�
JDQL]PL��6)���ILOWUDWRUML�

6WDWLRQ��
6SHFLHV � &XP�� 7RW��DEXQG� )HHG��JXLOGV

$SRQXSKLV�ELOLQHDWD ���� ���� ���� &
1RWRPDVWXV�VS� ��� ���� ��� 6')�66')
&KRQH�GXQHUL ��� ���� ��� 6)
&O\PHQH�VS� ��� ���� ��� 66')

0DOGDQH�JOHELIH[ ��� ���� ��� 66')
(XQLFH�YLWWDWD ��� ���� ��� &
/DRQLFH�FLUUDWD ��� ���� ��� 6')
3LVWD�FULVWDWD ��� ���� ��� 6')
&KRQH�FROODULV ��� ���� ��� 6)

/XPEULQHULV�ODWUHLOOL ��� ���� �� &
6WDWLRQ��

6SHFLHV � &XP�� 7RW��DEXQG� )HHG��JXLOGV
&RUEXOD�JLEED ���� ���� ���� 6)

/XPEULQHULV�ODWUHLOOL ��� ���� ��� &
$SRQXSKLV�ELOLQHDWD ��� ���� ��� &
$PSKLXUD�FKLDMHL ��� ���� ��� 6')

/XPEULQHULV�JUDFLOLV ��� ���� ��� &
0DOGDQH�JOHELIH[ ��� ���� ��� 66')

&O\PHQH�VS� ��� ���� ��� 66')
(XQLFH�YLWWDWD ��� ���� ��� &

7HUHEHOOLGHV�VWURHPL ��� ���� ��� 6')
6SLRFKDHWRSWHUXV�FRVWDUXP ��� ���� ��� 6)

6WDWLRQ��
6SHFLHV � &XP�� 7RW��DEXQG� )HHG��JXLOGV

(XQLFH�YLWWDWD ���� ���� ��� &
/XFLQHOOD�GLYDULFDWD ���� ���� ��� 6)

&O\PHQH�VS� ��� ���� ��� 66')
$SRQXSKLV�ELOLQHDWD ��� ���� ��� &
3ULRQRVSLR�PDOPJUHQL ��� ���� ��� 6')
&KDHWR]RQH�VHWRVD ��� ���� ��� 6')

3RHFLORFKDHWXV�VHUSHQV ��� ���� ��� 6')
3ULRQRVSLR�FDVSHUVL ��� ���� ��� 6')

$QFLVWURV\OOLV�JURHQODQGLFD ��� ���� �� &
2ZHQLD�IXVLIRUPLV ��� ���� �� 6')�6)

6WDWLRQ��
6SHFLHV � &XP�� 7RW��DEXQG� )HHG��JXLOGV

&RUEXOD�JLEED ���� ���� ���� 6)
0DOGDQH�JOHELIH[ ���� ���� ��� 66')
0HOLQQD�SDOPDWD ��� ���� ��� 6')
(XQLFH�YLWWDWD ��� ���� ��� &

6SLRFKDHWRSWHUXV�FRVWDUXP ��� ���� ��� 6)
1XFXOD�QXFOHXV ��� ���� ��� 6')
3HFWLQDULD�NRUHQL ��� ���� �� 66')

3RPDWRFHURV�WULTXHWHU ��� ���� �� 6)
3DUDRQLV�VS� ��� ���� �� 6')
$ULFLGHD�VS� ��� ���� �� 6')

6WDWLRQ��
6SHFLHV � &XP�� 7RW��DEXQG� )HHG��JXLOGV

&RUEXOD�JLEED ���� ���� ���� 6)
0DOGDQH�JOHELIH[ ���� ���� ���� 66')

6SLRFKDHWRSWHUXV�FRVWDUXP ��� ���� �� 6)
3RPDWRFHURV�WULTXHWHU ��� ���� �� 6)

3HFWLQDULD�NRUHQL ��� ���� �� 66')
1XFXOD�QXFOHXV ��� ���� �� 6')
3URFHVVD�VS� ��� ���� �� &

7HUHEHOOLGHV�VWURHPL ��� ���� �� 6')
$WULQD�SHFWLQDWD ��� ���� �� 6)

3HFWLQDULD�DXULFRPD ��� ���� �� 66')
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3LFDUG�� �������ZHUH� SUDFWLFDOO\� IRXQG� RQO\� DW� VWDWLRQ� �
�UHVSHFWLYHO\� ������ DQG� ������ RI� WKH� VSHFLPHQV� FRO�
OHFWHG� LQ� WKLV� VWXG\��� 6WDWLRQ� �� GLIIHUHG� IURP� WKH� RWKHU
IRXU�VWDWLRQV�LQ�VSHFLHV�FRPSRVLWLRQ��VHYHQ�RXW�RI�LWV�WHQ
PRVW�DEXQGDQW�VSHFLHV�ZHUH�IRXQG�DV�GRPLQDQW�RQO\�DW
WKLV� VWDWLRQ� �7DE�� ��� DQG� WKH� GRPLQDQFHV� ZHUH� QRW
PDUNHG��0RUHRYHU�� LQ� FRQWUDVW� ZLWK� WKH� RWKHU� IRXU� VWD�
WLRQV��DW�VWDWLRQ���QR�HFKLQRGHUPV�ZHUH�IRXQG�

$W� VWDWLRQV� �� DQG� ��� &�� JLEED� DQG�0DOGDQH� JOHELIH[
ZHUH� WKH� DEVROXWH�GRPLQDQWV�� DPRXQWLQJ� WRJHWKHU� WR� DO�
PRVW�����DQG�����RI� WKH� WRWDO�� UHVSHFWLYHO\� �7DE������ ,Q
DGGLWLRQ�� VL[�RXW�RI� WKH� WHQ�PRVW� DEXQGDQW� VSHFLHV�ZHUH
FRPPRQ�WR�WKRVH�WZR�VWDWLRQV��%RWK�&��JLEED�DQG�0��JOH�
ELIH[�DUH�SUHYDOHQWO\� IRXQG� LQ�PXGG\�ERWWRPV��&�� JLEED
ZDV�DOVR�VWURQJO\�GRPLQDQW�DW�VWDWLRQ��������RI�WKH�WRWDO��
EXW�WKH�IDXQDO�FRPSRVLWLRQ�RI�WKLV�VWDWLRQ�ZDV�YHU\�GLIIHU�
HQW�IURP�WKH�IRUPHU�WZR��7DE������7KH�FKDQJHV�RYHU�WLPH�RI
&�� JLEED¤V� DEXQGDQFH�ZHUH�PXFK�PRUH� HYLGHQW�� EHLQJ
YHU\�KLJK�RQO\�LQ�WKH������VDPSOLQJV��7KH�QXPEHU�RI�WRWDO
WD[D�ZDV� DOVR�PXFK� ODUJHU� DW� VWDWLRQV� �� DQG� ��� ���� DQG
�����YHUVXV����DQG����DW�VWDWLRQV���DQG���

6LQFH�WKUHH�GLIIHUHQW�JURXSV���������������HPHUJHG�DV
D�UHVXOW�RI�XQL��DQG�PXOWLYDULDWH�DQDO\VHV�� WKHVH�SRSXOD�
WLRQV�FDQQRW�EH�W\SLILHG�DV�WKH�PDFURIDXQD��FKDUDFWHULV�
WLF�RI�WKH�RXWIDOOV�DUHDV��RI�WKH�*XOI�

:H�IRXQG�WKDW� WKH�LQGLYLGXDWHG�JURXSV�VKDUH�VLPLODU
VHGLPHQW� DQG� GHSWK� FRQGLWLRQV�� 6HGLPHQW� FRPSRVLWLRQ
KDV�EHHQ�IRXQG�WR�EH�D�NH\�HOHPHQW�LQ�VWUXFWXULQJ�PDF�
URIDXQD� FRPPXQLW\� �*UD\�� ������� DOVR�ZKHQ� UHODWHG� WR
VHZDJH� RXWIDOOV��1LFRODLGRX�HW� DO�� �������� IRU� H[DPSOH�
IRXQG� WKDW� LQ�DUHDV� LQIOXHQFHG�E\�RUJDQLF�GLVFKDUJHV� WR
6DURQLNRV�*XOI��$HJHDQ�6HD���GLYHUVLW\�LQFUHDVHG�LQ�DUHDV
RI�PL[HG�VHGLPHQWV�� UDWKHU� WKDQ�UHODWHG� WR�D�JUDGLHQW� LQ
RUJDQLF�HQULFKPHQW��ZKHQ�FRQGLWLRQV�RI�SROOXWLRQ�ZHUH
QRW�WRR�VHYHUH��L�H��QRW�GLUHFWO\�DW�WKH�RXWIDOOV�

'HSWK�LV�DOVR�NQRZQ�WR�LQIOXHQFH�DEXQGDQFH�DQG�GL�
YHUVLW\�EHFDXVH� LW� LV�KLJKO\�FRUUHODWHG� WR� IDFWRUV�VXFK�DV
OLJKW�� WHPSHUDWXUH��K\GURG\QDPLF�SURSHUWLHV�DQG�VL]H�RI
VHGLPHQWV¤�SDUWLFOHV�DPRQJ�RWKHUV��9LR�HW�DO���������2UHO
HW� DO��� ������'LHQHU� HW� DO��� ������� LQ� WKLV� VKDOORZ� ED\�
HYHQ�D� IHZ�PHWHUV�PDNH�D�GLIIHUHQFH� IRU� WKH� ORFDO�EHQ�
WKRV��$OHIIL�HW�DO���������

7KH�VWUXFWXUH�RI�HDFK�VWDWLRQ¤V�SRSXODWLRQV�DSSHDUHG
ILUVWO\�UHODWHG�WR�ORFDO�FRPELQDWLRQV�RI�VHGLPHQW�FRPSR�
VLWLRQ�DQG�VHFRQGDULO\�WR�GHSWK��7KHVH�WZR�IDFWRUV�VHHP
WR� DFW� V\QHUJHWLFDOO\� LQ� WKH� VHSDUDWLRQ� RI� WKH� VWDWLRQV
JURXSV�RI�)LJXUH����$W�VWDWLRQV���DQG���� VKDOORZ�ZDWHUV
DQG�PL[HG�VHGLPHQWV�OHG�WR�WKH�KLJKHVW�YDOXHV�RI�GLYHU�
VLW\�DQG�DEXQGDQFH��DW�VWDWLRQ����WKH�VKDOORZHVW�DQG�ZLWK
RQO\� VDQG\� VHGLPHQWV�� WKH� SRSXODWLRQV¤� VWUXFWXUH� ZDV
GLIIHUHQW��ZLWK� WKH� KLJKHVW� GRPLQDQFH� RI� VDQG� GZHOOHUV
�7DE�� ���� DW� WKH� GHHSHVW� VWDWLRQV� �� DQG� ��� ZKHUH� PXGV
GRPLQDWHG�� UHGXFHG� DEXQGDQFH� DQG� GLYHUVLW\� ZHUH� UH�
FRUGHG��7KH�ODWWHU�DUH�DOVR�RFFDVLRQDOO\�VXEMHFWHG�WR�DQ�
R[LD��2UHO�HW�DO���������

2Q� WKH�RWKHU�KDQG�� HYHQ� WKRXJK� WKH� SRSXODWLRQV� RI

WKH� ILYH� VWDWLRQV� FDQQRW� EH� W\SLILHG�DV� �FKDUDFWHULVWLF� RI
WKH�RXWIDOOV��� WKH�YHU\� VWURQJ�GRPLQDQFH�RI� SRO\FKDHWHV
DQG�PROOXVFV� LQ� WKHLU�FRPSRVLWLRQ� �������DQG� WKH� VFDU�
FLW\�RI�HFKLQRGHUPV�FRQVWLWXWH�DQ�LQGLFDWLRQ�RI�HQYLURQ�
PHQWDO�LQVWDELOLW\�RU�DQWKURSLF�LPSDFW�FRPPRQ�WR�DOO�

+RZHYHU��WKH�LPSDFW�GRHV�QRW�VHHP�WR�EH�WRR�VHYHUH�
DV� LQGLFDWHG� E\� WKH� %LRWLF� ,QGH[� �)LJ�� ���� WKH� VSHFLHV
FRPSRVLWLRQ��WKH�SUHGRPLQDQW�HFRORJLFDO�JURXSV��DV�GH�
ILQHG�E\�%RUMD�HW�DO���������DQG�0�$0%,� ,QGH[� �)LJ�����
7KH� GRPLQDQW� VSHFLHV�� ERWK� LQ� DEXQGDQFH� DQG� IUH�
TXHQF\��$SSHQGL[����7DE�����ZHUH�&��JLEED��$��ELOLQHDWD�
(XQLFH�YLWWDWD�DQG�0��JOHELIH[��&��JLEED� �(*�,9�� LV�FRQ�
VLGHUHG� DQ� LQGLFDWRU� RI� LQVWDELOLW\� �2UHO� HW� DO��� �����
&UHPD�HW�DO���������(OLDV��������$OHIIL�	�%HWWRVR�������
=DPRXUL�/DQJDU�HW�DO���������� ,W� LV�DEOH�WR�ZLWKVWDQG�DF�
WLYH� VHGLPHQW� UHVXVSHQVLRQ� DQG� HYHQ� K\SR[LD� �'LD]� 	
5RVHQEHUJ���������EXW�LW�LV�QHYHU�IRXQG�LQ�FRQGLWLRQV�RI
VHYHUH� SROOXWLRQ� �6ROLV�:HLVV� HW� DO��� �������$�� ELOLQHDWD
�(*�,,��DQG�(��YLWWDWD� �(*�,,��DUH� IRXQG� LQ�XQEDODQFHG�RU
PRGHUDWHO\�LPSDFWHG�ERWWRPV��DQG�0��JOHELIH[� �(*�,�� LV
EDVLFDOO\�IRXQG�LQ�XQSROOXWHG�PXGG\�ERWWRPV�

,Q� DGGLWLRQ�� HYHQ� WKRXJK� PRVW� DEXQGDQW� VSHFLHV
ZHUH�VXUIDFH�GHSRVLW�IHHGHUV��VXE�VXUIDFH�GHSRVLW�IHHGHUV
RU� FDUQLYRUHV� �7DE�� ���� DEOH� WR� ZLWKVWDQG� RUJDQLFDOO\
SROOXWHG� FRQGLWLRQV� �3HDUVRQ� 	� 5RVHQEHUJ�� ������� QR
VSHFLHV�LQGLFDWLQJ�RUJDQLF�HQULFKPHQW��RU�RI�(*�9��%RUMD
HW�DO����������VXFK�DV�&DSLWHOOD�FDSLWDWD��0DODFRFHURV�IX�
OLJLQRVXV��&LUULIRUPLD�WHQWDFXODWD�RU�HYHQ�1HDQWKHV�FDX�
GDWD��FROOHFWHG�RQO\�RQFH���3pUqV�	�3LFDUG��������%HOODQ�
������*UDVVOH�	�*UDVVOH��������%HOODQ�	�%RXUFLHU�������
&DUGHOO�HW�DO���������ZHUH�SUHVHQW��7KH�KLJK�DEXQGDQFH
RI�&��JLEED�DW�VWDWLRQ���RQO\�UHFRUGHG�LQ������FHUWDLQO\
LQGLFDWH�D�PRUH�XQVWDEOH�VLWXDWLRQ�DW� WKDW�VWDWLRQ� LQ� WKDW
SHULRG��EXW�WKH�VRXUFH�WKDW�WULJJHUHG�WKLV�UHVSRQVH�FRXOG
QRW�EH�LGHQWLILHG�

7KH� YDOXHV� UHSRUWHG� IRU� KHDY\�PHWDOV� UHODWHG� WR� DQ�
WKURSLF�DFWLYLWLHV��3E��&X��0Q��1L��=Q��&G�DQG�&U��LQ�WKH
VHGLPHQWV� RI� WKH� VWXG\� DUHD� �5LYHWWL�� ������ &RYHOOL� 	
)RQWRODQ�� ������ %DUELHUL� HW� DO��� ������ &RYHOOL� HW� DO��
������DUH�GLIILFXOW�WR�HYDOXDWH�DV�D�PHDVXUH�RI�SROOXWLRQ�
DW� OHDVW�ZLWK�UHIHUHQFH� WR� WKH�ORFDO�EHQWKLF�SRSXODWLRQV�
7KH� IDFW� WKDW� VHGLPHQW� FRPSRVLWLRQ� LPSRUWDQWO\� LQIOX�
HQFHV�LWV�KHDY\�PHWDOV¤�FRQFHQWUDWLRQV��L�H��XQGHU�VLPLODU
FRQGLWLRQV�� LQ�ILQH�VHGLPHQWV�WKH�FRQFHQWUDWLRQV�ZLOO�DO�
ZD\V� EH� KLJKHU�� LV� QRW� WDNHQ� LQWR� DFFRXQW� LQ� 5LYHWWL
������� DQG� %DUELHUL� HW� DO�� �������� ,Q� DGGLWLRQ�� WKH� GDWD
SXEOLVKHG� GR� QRW� WDNH� LQWR� FRQVLGHUDWLRQ� WKH� ELR�
DYDLODELOLW\�RI� WKRVH�PHWDOV�� VXFK�VWXGLHV�KDYH�QRW�EHHQ
FDUULHG�RXW�VR�IDU�LQ�WKLV�DUHD��,W�LV�YHU\�GLIILFXOW�WR�HYDOX�
DWH� DQ\� HQYLURQPHQWDO� LPSDFW� EDVHG� RQO\� RQ� DELRWLF
GDWD�� ,GHDOO\��ERWK�DELRWLF�DQG�ELRWLF�SDUDPHWHUV�VKRXOG
EH�FRQIURQWHG��EXW�ZH�EHOLHYH� WKDW� WKH�EHQWKLF�SRSXOD�
WLRQV� DUH� WKH� EHVW� LQGLFDWRUV� RI� WKH� JOREDO� SROOXWLRQ
�VWDWH��RI�DQ�DUHD��VLQFH�LW�LV�WKHLU�VWUXFWXUH�WKDW�PRVW�DF�
FXUDWHO\�UHIOHFWV�WKH�V\QHUJHWLF�HIIHFWV�RI�DOO�VXEVWDQFHV�WR
ZKLFK�WKH\�DUH�VXEMHFWHG�
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)LJ�����0�$0%,�,QGH[�SHU�VWDWLRQ��IROORZLQJ�%RUMD�HW�DO�
�������
6O�� ��� ,QGHNV�0�$0%,� QD� SRVDPH]QR� Y]RUàHYDOQR� SR�
VWDMR�SR�%RUMD�HW�DO���������

,Q� WKLV� VWXG\�� WKH� YDOXHV� RI� GLVVROYHG� R[\JHQ�PHDV�
XUHG� DW� WKH� GXFWV� RXWIDOOV� �7DE�� ��� ZHUH� DOPRVW� DOZD\V
DURXQG�VDWXUDWLRQ�OHYHOV��L�H��EHWWHU�WKDQ�H[SHFWHG�LQ�GLV�
FKDUJH�DUHDV�

6SHFLHV� FRPSRVLWLRQ� DQG� GLYHUVLW\� YDOXHV� LQGLFDWHG
FRQGLWLRQV�WKDW�FDQ�EH�TXDOLILHG�DV��VOLJKWO\�SROOXWHG��RU
�XQEDODQFHG�� �%RUMD� HW� DO��� ������ ������ DQG� RQ� WKH
ZKROH� �*RRG�� �0X[LND�HW�DO��� �������+RZHYHU�� LQ�PRVW
RI� WKH�RWKHU�VRIW�ERWWRP�DUHDV�RI� WKLV� ODUJH�*XOI�� VLPLODU
TXDOLILFDWLRQV� FDQ�EH� DSSOLHG�� VR� WKDW� WKH� RXWIDOOV� DUHDV
FRPH� RXW� DV� QRW� SDUWLFXODUO\� LPSDFWHG� ZLWK� UHVSHFW� WR
WKH�QHLJKERXULQJ�]RQHV��6ROLV�:HLVV�HW�DO���������

7KLV�FRXOG�PHDQ�WKDW�WKHUH�LV�DQ�HQYLURQPHQWDO�JHQ�
HUDOLVHG� LPSDFW�RU� VWUHVV� LQ� WKH�ZKROH�*XOI�� ,W�KDV�EHHQ
UHSRUWHG� WKDW� WKH� QRUWKHUQ�$GULDWLF� EHQWKLF�PDFURIDXQD
KDV� D� ORZHU� QXPEHU� RI� VSHFLHV� EXW� KLJKHU� YDOXHV� RI
DEXQGDQFH� DQG� ELRPDVV� WKDQ� WKH� VRXWKHUQ� UHJLRQ
�*DPXOLQ�%ULGD��������ÉLPXQRYLß�������� WKXV� UHIOHFWLQJ
�KDUVKHU�� HQYLURQPHQWDO�FRQGLWLRQV��7KH�*XOI� RI� 7ULHVWH
UHSUHVHQWV� WKH� PRVW� H[WUHPH� FRQGLWLRQV� VLQFH� LW� LV� OR�
FDWHG�DW� WKH�QRUWKHDVWHUQ�HQG�RI� WKH�$GULDWLF�DQG�XQGHU
VWURQJ�QDWXUDO�VWUHVV�IDFWRUV�DOUHDG\�RXWOLQHG�LQ�WKH�VWXG\
DUHD� VHFWLRQ�� WR�ZKLFK� WKH�DQWKURSLF�SUHVVXUH� LV� DGGHG�
&RQVHTXHQWO\� �XQEDODQFHG�� FRQGLWLRQV� DUH� JHQHUDOL]HG
WKURXJKRXW� WKH� DUHD�� ZLWK� WKH� LQIOXHQFH� RI� WKH� QDWXUDO
VWUHVV�IDFWRUV�SUHYDLOLQJ�RYHU�WKH�DQWKURSLF�SUHVVXUH��,W�LV
QRWHZRUWK\�WKDW�DW�DOO� VWDWLRQV�GLYHUVLW\�ZDV�KLJKHU� WKDQ
H[SHFWHG� DW� DQ� RXWIDOO� ]RQH� �%HOODQ� 	� %RXUFLHU�� �����

7VXWVXPL�� ������ 0pQGH]�� ������ 7D\ORU� HW� DO��� ������
SDUWLFXODUO\� DW� VWDWLRQV� �� DQG� �� ZKHUH� EHQWKLF� PDFUR�
IDXQD� LV� DPRQJ� WKH� ULFKHVW� DQG�PRUH� GLYHUVLILHG� LQ� WKH
HQWLUH�*XOI��6ROLV�:HLVV�HW�DO���������

2QH� SRVVLEOH� H[SODQDWLRQ� WKDW� VKRXOG� EH� YHULILHG
FRXOG� EH� WKDW� LQ� WKHVH� ROLJRWURSKLF�PHVRWURSKLF�ZDWHUV
RI�WKH�QRUWKHUQ�$GULDWLF��)RQGD�8PDQL���������VRPH�RU�
JDQLF�PDWWHU�LQSXW�FRXOG�IDYRXU�WKH�ORFDO�EHQWKLF�SRSX�
ODWLRQV�� 6HYHUDO� DXWKRUV� �3HDUVRQ� 	� 5RVHQEHUJ�� �����
:LONLQVRQ�� ������ KDYH� LQGLFDWHG� WKDW� LQ� FRQGLWLRQV� RI
PRGHUDWH� RUJDQLF� HQULFKPHQW�� DQ� LQFUHDVH� LQ� WKH� QXP�
EHU�RI�VSHFLHV�FDQ�RFFXU��EHIRUH�DQ�HYHQWXDO�GHFOLQH�

&21&/86,216

6LQFH� OLWWOH�ZDV�NQRZQ�DERXW� WKH� VRIW� ERWWRPV�PDF�
UREHQWKRV�VXUURXQGLQJ�WKH�VHZDJH�GLVFKDUJH�DUHDV�LQ�WKH
*XOI�RI�7ULHVWH��WKH�DQDO\VLV�RI�WKHVH�ILUVW�VDPSOLQJV�RSHQ
QHZ�LQVLJKWV�RQ�WKH�UHDO�HIIHFW�RI�WKH�ORFDO�GLVFKDUJHV�RQ
WKH�EHQWKLF� IDXQD��DOWKRXJK�DW� WKLV�SRLQW� WKH\�DUH� WR�EH
FRQVLGHUHG� DV� SUHOLPLQDU\� UHVXOWV� DQG� WKH� EDVHOLQH� IRU
IXUWKHU�VWXGLHV��7KH�PDFUREHQWKLF�SRSXODWLRQV¤�VWUXFWXUH
GLIIHUHG�EHWZHHQ�VWDWLRQV�DQG�ZDV�IRXQG�WR�EH�PRUH�LQ�
IOXHQFHG� E\� ORFDO� HQYLURQPHQWDO� SDUDPHWHUV�� VXFK� DV
VHGLPHQW� FRPSRVLWLRQ� DQG� GHSWK�� WKDQ� E\� WKH� VHOHFWHG
FRPPRQ�GHQRPLQDWRU��L�H��WKH�VHZDJH�GLVFKDUJHV�

,W� LV� LPSHUDWLYH� WR�FRQWLQXH� WKHVH� VWXGLHV� DQG�HVWDE�
OLVK�D�PRQLWRULQJ�SURJUDPPH�WR�HYDOXDWH�DFFXUDWHO\� WKH
HFRORJLFDO�LPSRUWDQFH�RI�WKH�LPSDFWV�LQ�WKH�PHGLXP�DQG
ORQJ�UDQJH��DQG��KRSHIXOO\��FRQILUP�WKHVH�WUHQGV�RYHU�WKH
IROORZLQJ�\HDUV��:LWKLQ� WKLV� IUDPHZRUN�� WKH�KHDY\�PHW�
DOV¤�ELR�DYDLODELOLW\�VKRXOG�EH�DVVHVVHG��LQ�RUGHU�WR�LQWHU�
SUHW� FRUUHFWO\� WKH� VRXUFH�DQG� WKH�HIIHFWV� RI� WKH� LPSDFWV
RQ�WKH�ORFDO�PDULQH�IDXQD��VLQFH�VR�IDU��WKHVH�UHVXOWV�SR�
WHQWLDOO\� LQGLFDWH� WKDW� WKH� ZDVWH� WUHDWPHQWV� KDYH� EHHQ
HIIHFWLYH�LQ�FRQWUROOLQJ�WKH�QHJDWLYH�HIIHFWV�RI�XUEDQ�GLV�
FKDUJHV�RQ�WKRVH�ERWWRPV�RU�DW�OHDVW�KDYH�QRW�QHJDWLYHO\
LQIOXHQFHG�WKHLU�SRSXODWLRQV�

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

7KH� ILUVW�DXWKRU�ZRXOG� OLNH� WR� WKDQN�81$0�DQG�HV�
SHFLDOO\�'U�$��*UDFLD�*DVFD��'LUHFWRU�RI�WKH�,QVWLWXWR�GH
&LHQFLDV�GHO�0DU�\�/LPQRORJLD�IRU�DOORZLQJ�KHU�VRMRXUQ
DW� WKH� /%0� �DV� SDUW� RI� KHU� VDEEDWLFDO�� WR� SDUWLFLSDWH� LQ
WKLV�UHVHDUFK��DQG�WR�3URI�6HUHQD�)RQGD�8PDQL�IURP�WKH
8QLYHUVLW\� RI� 7ULHVWH� IRU� KHU� KHOSIXO� FRPPHQWV� RQ� WKH
PV�
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%(172É.$�0$.52)$91$�35,�32'92'1,+�,=3867,+�.$1$/,=$&,-6.,+
2'3/$.�9�75Ë$É.,�=$/,9��6(9(512�-$'5$16.2�025-(��,7$/,-$�

9LYLDQQH�62/,6�:(,66
/DE��(FRORJLD�&RVWHUD��,&0/�81$0��$SGR�SRVWDO���������0H[LFR�'�)���0H[LFR

(�PDLO��VROLVZ#PDU�LFP\O�XQDP�P[

,GD�)ORULDQD�$/()),��1LFROD�%(77262�	�3LHWUR�5266,1
$53$�)9*���2VVHUYDWRULR�$OWR�$GULDWLFR��,�������3D OPDQRYD��8'���3�]]D�&ROODOWR�����,WDO\

*LXOLDQR�25(/
'LSDUWLPHQWR�GL�%LRORJLD��8QLYHUVLWj�GL�7ULHVWH��,�������7ULHVWH��9LD�:HLVV����,WDO\

329=(7(.

0HG�OHWRPD������LQ������VR�DYWRUML�Y]RUßHYDOL�LQ�]�XSRUDER�XQL��LQ�PXOWLYDULDWQLK�PHWRG�DQDOL]LUDOL�PDNUREHQ�
WRÈNH� ]GUXÊEH�� ÊLYHßH� SUL� L]OLYLK� RGSODN�� NL� VH� SR� SHWLK� SRGYRGQLK� NDQDOL]DFLMVNLK� FHYHK� VWHNDMR� Y� 7UÊDÈNL� ]DOLY�
8JRWRYOMHQLK� MH� ELOR� ������� RUJDQL]PRY�� SULSDGDMRßLK� ���� WDNVRQRP�� 9� PDNUREHQWRÈNL� ]GUXÊEL� VR� SUHYODGRYDOL
PQRJRÈßHWLQFL� LQ� PHKNXÊFL�� VDM� VR� VHVWDYOMDOL� ���� FHORWQH� DEXQGDQFH� LQ� ���� ÈWHYLOD� YVHK� ]DEHOHÊHQLK� YUVW�
8JRWRYOMHQR�MH�ELOR��GD�REVWDMDMR�UD]OLNH�Y�IDYQLVWLßQL�VHVWDYL�QD�SRVDPH]QLK�Y]RUßQLK�SRVWDMDK�LQ�GD�QDQMH�YSOLYDWD
EROM�VHVWDYD�XVHGOLQ�LQ�JORELQD�NRW�SD�RGSODNH�VDPH��ßHWXGL�MH�Y]RUßHQMH�SRWHNDOR�QHSRVUHGQR�RE�QMLKRYLK�L]OLYLK�Y
7UÊDÈNL�]DOLY��ÞHSUDY� MH�ELO� ELRWVNL� LQGHNV� QL]HN� QD� YVHK�SRVWDMDK� LQ� DYWRUML� QLVR� QDÈOL� QREHQLK� ND]DOFHY� RUJDQVNH
RERJDWLWYH��MH�FHORWQD�DQDOL]D�SRND]DOD�QD�GRORßHQR�PHUR�RNROMVNHJD�QHUDYQRWHÊMD��NL�MH�VLFHU�SRGREQR�QHUDYQRWHÊMX
Y�YHßLQL�REPRßLM�7UÊDÈNHJD�]DOLYD�]�PHKNLP�GQRP��7H�XJRWRYLWYH�NDÊHMR��GD�MH�ELOR�ßLÈßHQMH�RGSODN�XßLQNRYLWR�SUL
QDG]RURYDQMX�ÈNRGOMLYLK�YSOLYRY�XUEDQLK�RGSDGQLK�YRGD�DOL�SD�GD�WH�YVDM�QLVR�QHJDWLYQR�YSOLYDOH�QD�ORNDOQH�EHQWRÈNH
SRSXODFLMH�PHG�SUHXßHYDQLP�REGREMHP�

.OMXÞQH�EHVHGH��PDNUREHQWRV�PHKNHJD�GQD��ELRWVNL�LQGHNV��NDQDOL]DFLMVNH�RGSODNH��7UÌDÊNL�]DOLY��-DGUDQVNR�PRUMH

5()(5(1&(6

$OHIIL�� )��	�1�� %HWWRVR� ��������'LVWULEXWLRQ� RI�&RUEXOD
JLEED��%LYDOYLD��&RUEXOLGDH��LQ�WKH�QRUWKHUQ�$GULDWLF�6HD�
$QQDOHV�6HU��+LVW��1DW������������������
$OHIIL��)���*��2UHO��'��'HO�3LHUR�	�(��9LR� ��������2[\�
JHQ�FRQGLWLRQV�LQ�WKH�*XOI�RI�7ULHVWH��+LJK�$GULDWLF���6FL�
7RWDO�(QYLURQ���VXSSO����������
$OHIIL��)���*��'HOOD�6HWD��)��*RULXS��3��/DQGUL�	�*��2UHO
�������� )DWWRUL� FOLPDWLFL� HG� HGDILFL� H� SRSRODPHQWL� EHQ�
WRQLFL�GHOO
$GULDWLFR�6HWWHQWULRQDOH�H�GHO�*ROIR�GL�7ULHVWH�
,Q��(YROX]LRQH�GHOOR�VWDWR�WURILFR�LQ�$GULDWLFR��DQDOLVL�GH�
JOL� LQWHUYHQWL� DWWXDWL� H� IXWXUH� OLQHH� GL� LQWHUYHQWR�� �����
6HSWHPEHU�������0DULQD�GL�5DYHQQD��S��������
$PH]LDQH��1���3��&KDUG\�	�-��&��'DXYLQ���������0RGHO�
OLQJ� VRIW� ERWWRP�FRPPXQLWLHV� IURP� WKH�%D\�RI�0RUODL[�
ZHVWHUQ� (QJOLVK� &KDQQHO�� ,Q�� %LRORJ\� DQG� HFRORJ\� RI
VKDOORZ�FRDVWDO�ZDWHUV��3URF����WK�(0%6��,0%&��+HUVRQ�
LVVRV��&UHWH��������S����������

%DFKHOHW��*����������'RQQHHV�SUHOLPLQDLUHV�VXU�O
RUJDQL�
VDWLRQ�WURSKLTXH�G
XQ�SHXSOHPHQW�EHQWKLTXH�PDULQ��9LH
0LOLHX�������������������
%DUELHUL��3���*��$GDPL��6��3UHGRQ]DQL�	�(��5HLVHQKRIHU
�������� +HDY\�PHWDOV� LQ� VXUIDFH� VHGLPHQWV� QHDU� XUEDQ
DQG� LQGXVWULDO� VHZDJH�GLVFKDUJHV� LQ� WKH�*XOI�RI�7ULHVWH�
7R[LFRO��(QYLURQ��&KHP���������������
%HOODQ��*�� ��������3ROOXWLRQ�HW�SHXSOHPHQWV�EHQWKLTXHV
VXU�VXEVWUDW�PHXEOH�GDQV�OD�UHJLRQ�GH�0DUVHLOOH���UH�SDU�
WLH��/H�VHFWHXU�GH�&RUWLRX��5HY�� ,QW��2FpDQRJU��0pG�����
������
%HOODQ�� *�� 	� 0�� %RXUFLHU� �������� /HV� HQVHLJQHPHQWV
G
XQH� HWXGH� VXU� GL[� DQV� ������������ GHV� SHXSOHPHQWV
GH�VXEVWUDWV�PHXEOHV�DX�ODUJH�G
XQ�HPLVVDLUH�G
HDX[�XV�
HHV��0DUVHLOOH�&RUWLRX��&DK��%LRO��0DU���������������
%RUMD��$���-��)UDQFR�	�9��3mUH]���������$�PDULQH�ELRWLF
LQGH[� WR� HVWDEOLVK� WKH� HFRORJLFDO� TXDOLW\� RI� VRIW�ERWWRP
EHQWKRV�ZLWKLQ�(XURSHDQ�HVWXDULQH�DQG�FRDVWDO�HQYLURQ�
PHQWV��0DU��3ROOXW��%XOO���������������������
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%RUMD��$���,��0X[LND�	�-��)UDQFR���������7KH�DSSOLFDWLRQ
RI�D�0DULQH�%LRWLF� ,QGH[� WR�GLIIHUHQW� LPSDFW� VRXUFHV�DI�
IHFWLQJ�VRIW�ERWWRP�EHQWKLF�FRPPXQLWLHV�DORQJ�(XURSHDQ
FRDVWV��0DU��3ROOXW��%XOO������������������
%RUMD��$���$��%��-RVHIVRQ��$��0LOHV��,��0X[LND��)��2OVJDUG�
*�� 3KLOOLSV�� -��*�� 5RGUrJXH]�	� %�� 5\JJ� �������� $Q� DS�
SURDFK� WR� WKH� LQWHUFDOLEUDWLRQ� RI� EHQWKLF� HFRORJLFDO
VWDWXV� DVVHVVPHQW� LQ� WKH�1RUWK� $WODQWLF� HFR�UHJLRQ�� DF�
FRUGLQJ� WR� WKH� (XURSHDQ� :DWHU� )UDPHZRUN� 'LUHFWLYH�
0DU��3ROOXW��%XOO������������������
%UDPEDWL��$��	�*��$��9HQ]R���������5HFHQW�VHGLPHQWD�
WLRQ� LQ� WKH� QRUWKHUQ� $GULDWLF� 6HD� EHWZHHQ� 9HQLFH� DQG
7ULHVWH��6WXGL�7UHQWLQL�6FL��1DW������������������
%UDPEDWL��$���0��&LDEDWWL��*��3��)DQ]XWWL��)��0DUDELQL�	
5�� 0DURFFR� �������� $� QHZ� VHGLPHQWRORJLFDO� WH[WXUDO
PDS� RI� WKH� QRUWKHUQ� DQG� FHQWUDO� $GULDWLF� 6HD�� %ROO�
2FHDQRO��7HRU��$SSO�����������������
&DUGHOO�� 0�� -��� 5�� 6DUGh� 	� -�� 5RPHUR� �������� 6SDWLDO
FKDQJHV� LQ� VXEOLWWRUDO� VRIW�ERWWRP� SRO\FKDHWH� DVVHP�
EODJHV�GXH� WR� ULYHU� LQSXWV�DQG� VHZDJH�GLVFKDUJHV��$FWD
2HFRO������������������
&DUGLQ��9��	�0��&HOLR���������&OXVWHU�DQDO\VLV�DV�D�VWD�
WLVWLFDO�PHWKRG�IRU�LGHQWLILFDWLRQ�RI�WKH�ZDWHU�ERGLHV�SUH�
VHQW� LQ� WKH�*XOI�RI�7ULHVWH� �1RUWKHUQ�$GULDWLF�6HD���%ROO�
*HRILV��7HRU��$SSO���������������
&ODUNH��.��5��	�5��0��:DUZLFN� ��������&KDQJH� LQ�PD�
ULQH�FRPPXQLWLHV��DQ�DSSURDFK�WR�VWDWLVWLFDO�DQDO\VLV�DQG
LQWHUSUHWDWLRQ���QG�HGLWLRQ��35,0(5�(�/WG��3O\PRXWK��8.�
&KDSWHU������S�
&RYHOOL��6��	�*��)RQWRODQ� ��������$SSOLFDWLRQ�RI�D�QRU�
PDOL]DWLRQ� SURFHGXUH� LQ� GHWHUPLQLQJ� UHJLRQDO� JHR�
FKHPLFDO�EDVHOLQHV��(QYLURQ��*HRO����������������
&RYHOOL��6���-��)DJDQHOL��0��+RUYDW�	�$��%UDPEDWL��������
0HUFXU\�FRQWDPLQDWLRQ�RI�FRDVWDO�VHGLPHQWV�DV�WKH�UHVXOW
RI� ORQJ�WHUP� FLQQDEDU� PLQLQJ� DFWLYLW\� �*XOI� RI� 7ULHVWH�
QRUWKHUQ�$GULDWLF�6HD���$SSO��*HRFKHP���������������
&UHPD��5���$��&DVWHOOL�	�'��3UHYHGHOOL���������/RQJ�WHUP
HXWURSKLFDWLRQ� HIIHFWV� RQ� PDFURIDXQDO� FRPPXQLWLHV� LQ
QRUWKHUQ� $GULDWLF� 6HD�� 0DU�� 3ROOXW�� %XOO��� �������� ����
����
'DXHU��'��0����������%LRORJLFDO�FULWHULD��HQYLURQPHQWDO
KHDOWK�DQG�HVWXDULQH�PDFUREHQWKLF�FRPPXQLW\�VWUXFWXUH�
0DU��3ROOXW��%XOO������������������
'HJREELV��'���6��)RQGD�8PDQL��3��)UDQFR��$��0DOHM��5�
3UHFDOL�	�1��6PRGODND���������&KDQJHV�LQ�WKH�QRUWKHUQ
$GULDWLF�HFRV\VWHP�DQG�K\SHUWURSKLF�DSSHDUDQFH�JHODWL�
QRXV�DJJUHJDWHV��6FL��7RWDO�(QYLURQ��������������
'HJREELV��'���$��0DOHM�	�6��)RQGD�8PDQL� ��������7KH
PXFLODJH� SKHQRPHQRQ� LQ� WKH� 1RUWKHUQ� $GULDWLF� �� D
FULWLFDO�UHYLHZ�RI�WKH�SUHVHQW�VFLHQWLILF�K\SRWKHVHV��$QQ�
,VW��6XS��6DQLWj�����������������
'HVUR\��1��	�&��5HWLHUH� �������� /RQJ�WHUP�FKDQJHV� LQ
PXGG\�ILQH�VDQG�FRPPXQLW\�RI�WKH�5DQFH�%DVLQ��UROH�RI
UHFUXLWPHQW��-��0DU��%LRO��$VV��8��.���������������
'LD]��5�� -��	�5��5RVHQEHUJ� ��������0DULQH�EHQWKLF�K\�
SR[LD��D� UHYLHZ�RI� LWV�HFRORJLFDO� HIIHFWV�DQG� WKH�EHKDY�

LRXUDO�UHVSRQVHV�RI�EHQWKLF�PDFURIDXQD��2FHDQRJU��0DU�
%LRO��$QQX��5HY���������������
'LHQHU��'��5���6��&��)XOOHU��$��/LVVQHU��&�� ,��+D\GRFN�	
'��0DXUHU� ��������6SDWLDO�DQG� WHPSRUDO�SDWWHUQV�RI� WKH
LQIDXQDO� FRPPXQLW\� QHDU� D� PDMRU� RFHDQ� RXWIDOO� LQ
VRXWKHUQ�&DOLIRUQLD��0DU��3ROOXW��%XOO�������������������
(OLDV��5�� ��������4XDQWLWDWLYH�EHQWKLF�FRPPXQLW\� VWUXF�
WXUH�LQ�%ODQFD�%D\�DQG�LWV�UHODWLRQVKLS�ZLWK�RUJDQLF�HQ�
ULFKPHQW��3�6�=�1�,���0DU��(FRO������������������
)�9�*�� �������� 3LDQR� GL� ULVDQDPHQWR� GHO� �EDFLQR
LGURJUDILFR�� GHOOH� DFTXH� PDULWWLPH� FRVWLHUH� �� 5DSSRUWR
FRQFOXVLYR�� 5HJLRQH� $XWRQRPD� )ULXOL�9HQH]LD� *LXOLD
�'LUH]LRQH�5HJLRQDOH�GHL�/DYRUL�3XEEOLFL���7ULHVWH�
)�9�*�� �������� /D� SRSROD]LRQH� GHOOD� UHJLRQH� )ULXOL
9HQH]LD�*LXOLD�DOO
LQL]LR�GHOO
DQQR�������5HJLRQH�$XWR�
QRPD� )ULXOL�9HQH]LD� *LXOLD� �6HUYL]LR� $XWRQRPR� GHOOD
6WDWLVWLFD���7ULHVWH�
)DLUZHDWKHU��3��*����������6HZDJH�DQG�WKH�ELRWD�RQ�VHD�
VKRUHV��DVVHVVPHQW�RI� LPSDFW� LQ� UHODWLRQ� WR�QDWXUDO�YDUL�
DELOLW\��(QYLURQ��0RQLW��$VVHVV���������������
)DXFKDOG��.��	�3�� -XPDUV� ��������7KH�GLHW�RI�ZRUPV��D
VWXG\�RI�SRO\FKDHWH�IHHGLQJ�JXLOGV��2FHDQRJU��0DU��%LRO�
$QQX��5HY���������������
)RQGD� 8PDQL�� 6�� �������� 3HODJLF� SURGXFWLRQ� DQG� ELR�
PDVV�LQ�WKH�$GULDWLF�6HD��6FL��0DU����������������
*DOODJKHU�� (�� '�� 	� .�� .�� .HD\� �������� 2UJDQLVP�
VHGLPHQW�FRQWDPLQDQW� LQWHUDFWLRQV� LQ� %RVWRQ� +DUERXU�
,Q�� 6WRO]HQEDFK�� .�� '�� 	� (�� (�� $GDPV� �HGV���� &RQWDPL�
QDWHG� VHGLPHQWV� LQ� %RVWRQ� +DUERXU�� 0,7� 6HD� *UDQW
3UHVV��%RVWRQ��S���������
*DPXOLQ�%ULGD�� +�� �������� 7KH� EHQWKLF� IDXQD� RI� WKH
$GULDWLF�6HD��2FHDQRJU��0DU��%LRO��$QQX��5HY����������
����
*KLUDUGHOOL�� (��� *�� 2UHO� 	� *�� *LDFFRQH� �������� /
LQ�
TXLQDPHQWR� GHO� *ROIR� GL� 7ULHVWH�� $WWL� 0XV�� &LY�� 6WRU�
1DW��7ULHVWH�����������������
*KLUDUGHOOL�� (��� *�� 2UHO� 	� *�� *LDFFRQH� �������� (V�
SHULHQ]H�VXOOR�VFDULFR�D�PDUH�GL�7ULHVWH��0HWRGRORJLH�H
ULFHUFKH�SHU�OD�YDOXWD]LRQH�GHJOL�HIIHWWL�VXO�EHQWKRV��,QJ�
$PE��������������
*UDVVOH�� -�� )��	� -�� 3��*UDVVOH� ��������2SSRUWXQLVWLF� OLIH
KLVWRU\� DQG� JHQHWLF� V\VWHPV� LQ� PDULQH� EHQWKLF� SRO\�
FKDHWHV��-��0DU��5HV���������������
*UD\�� -�� 6�� �������� $QLPDO�VHGLPHQW� UHODWLRQVKLSV�
2FHDQRJU��0DU��%LRO��$QQX��5HY���������������
*ULJJ��5��:����������(IIHFWV�RI�VHZDJH�GLVFKDUJH��ILVKLQJ
SUHVVXUH� DQG� KDELWDW� FRPSOH[LW\� RQ� FRUDO� HFRV\VWHPV
DQG�UHHI�ILVKHV�LQ�+DZDLL��0DU��(FRO��3URJ��6HU�����������
���
+LO\��&���+��/H�%ULV�	�0��*OmPDUHF� �������� ,PSDFW�EL�
RORJLTXHV� GHV� pPLVVDLUHV� XUEDLQV� VXU� OHV� pFRV\VWqPHV
EHQWKLTXHV��2FHDQLF��������������
+ROPH��1��$��	�$��'��0F,QW\UH���������0HWKRGV�IRU�WKH
VWXG\� RI� PDULQH� EHQWKRV�� %ODFNZHOO� 6FLHQWLILF� 3XEOLFD�
WLRQV��/RQGRQ������S�
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.RRS��.��	�3��+XWFKLQJV���������'LVSRVDO�RI�VHZDJH�WR
WKH� RFHDQ� �� D� VXVWDLQDEOH� VROXWLRQ"� 0DU�� 3ROOXW�� %XOO��
������������������
/LWWOHU��0��0��	�6��1��0XUUD\���������,PSDFW�RI�VHZDJH
RQ�WKH�GLVWULEXWLRQ��DEXQGDQFH�DQG�FRPPXQLW\�VWUXFWXUH
RI� URFN\� LQWHUWLGDO� PDFUR�RUJDQLVPV�� 0DU�� %LRO��� ���
��������
0DOHM��$��	�9��0DODÞLÞ���������)DFWRUV�DIIHFWLQJ�ERWWRP
OD\HU� R[\JHQ� GHSOHWLRQ� LQ� WKH� *XOI� RI� 7ULHVWH� �$GULDWLF
6HD���$QQDOHV�6HU��+LVW��1DW������������
0DUJDOHI�� 5�� �������� ,QIRUPDWLRQ� WKHRU\� LQ� HFRORJ\�
*HQ��6\VWHP�����������
0mQGH]�� 1�� �������� &DSLWHOOD� FDSLWDWD� �3RO\FKDHWD�
&DSLWHOOLGDH��DV�D�ELRORJLFDO� LQGLFDWRU�RI�RUJDQLF�PDWWHU
SROOXWLRQ� LQ� WKH� OLWWRUDO� ]RQH� RI� %DUFHORQD�� 6SDLQ�� ,Q�
%RXGRXUHVTXH�� &�� )��� 0�� $YRQ� 	� &�� 3HUJHQW�0DUWLQL
�HGV����4XDOLWp� GX�PLOLHX� PDULQ�LQGLFDWHXUV� ELRORJLTXHV
HW�SK\VLFR�FKLPLTXHV��*,6�3RVLGRQLH�SXEO���S����������
0X[LND�� ,��� $�� %RUMD�	� -�� %DOG� ��������8VLQJ� KLVWRULFDO
GDWD�� H[SHUW� MXGJHPHQW� DQG�PXOWLYDULDWH� DQDO\VLV� LQ� DV�
VHVVLQJ� UHIHUHQFH� FRQGLWLRQV� DQG� EHQWKLF� HFRORJLFDO
VWDWXV�� DFFRUGLQJ� WR� WKH� (XURSHDQ�:DWHU� )UDPH� 'LUHF�
WLYH��0DU��3ROOXW��%XOO������������������
1LFRODLGRX��$���$��=HQHWRV��0��$�� 3DQFXFFL�	�1�� 6LP�
ERXUD� �������� &RPSDULQJ� HFRORJLFDO� HIIHFWV� RI� WZR�GLI�
IHUHQW� W\SHV� RI� SROOXWLRQ� XVLQJ�PXOWLYDULDWH� WHFKQLTXHV�
3�6�=�1�,���0DU��(FRO������������������
1RYHOOL�� *�� �������� *OL� VFDULFKL� D� PDUH� QHOO¤$OWR
$GULDWLFR��5DVVHJQD�7HFQLFD�GHO�)ULXOL�9HQ]LD�*LXOLD����
������
2JRUHOHF��%���0��0LÇLÞ�	�-��)DJDQHOL���������0DULQH�JH�
RORJ\� RI� WKH� *XOI� RI� 7ULHVWH� �QRUWKHUQ� $GULDWLF��� VHGL�
PHQWRORJLFDO�DVSHFWV��0DU��*HRO�������������
2UHO��*���5��0DURFFR��(��9LR��'��'HO�3LHUR�	�*��'HOOD
6HWD� �������� 6HGLPHQWL� H� ELRFHQRVL� EHQWRQLFKH� WUD� OD
IRFH�GHO�3R�HG� LO�*ROIR�GL�7ULHVWH� �$OWR�$GULDWLFR���%XOO�
(FRO������������������
2UHO��*���6��)RQGD�8PDQL�	�)��$OHIIL� �������� ,SRVVLH�H
DQRVVLH�GL� IRQGDOL�PDULQL��/
$OWR�$GULDWLFR�H� LO�*ROIR�GL
7ULHVWH��5HJLRQH�$XWRQRPD�)ULXOL�9HQH]LD�*LXOLD������S�
2WZD\��1��0�������D���$VVHVVLQJ� LPSDFWV�RI�GHHSZDWHU
VHZDJH�GLVSRVDO�� D� FDVH� VWXG\� IURP�1HZ� 6RXWK�:DOHV�
$XVWUDOLD��0DU��3ROOXW��%XOO���������������������
2WZD\��1��0�������E���(QYLURQPHQWDO�SUREOHPV�GXH� WR
WKH� GLVSRVDO� RI� ZDVWHV�� ��� 'LVSRVDO� RI� VHZDJH�� ,Q�� 8Q�
GHUZRRG��$��-��	�0��*��&KDSPDQ��HGV����&RDVWDO�0DULQH
(FRORJ\�RI� 7HPSHUDWH�$XVWUDOLD��16:�8QLYHUVLW\� 3UHVV�
6LGQH\��$XVWUDOLD��S����������
3HDUVRQ�� 7�� +�� 	� 5�� 5RVHQEHUJ� �������� 0DFUREHQWKLF
VXFFHVVLRQ�LQ� UHODWLRQ� WR�RUJDQLF�HQULFKPHQW�DQG�SROOX�
WLRQ� RI� WKH� PDULQH� HQYLURQPHQW�� 2FHDQRJU�� 0DU�� %LRO�
$QQX��5HY���������������
3mUnV��-��0��	�-��3LFDUG���������1RXYHDX�PDQXHO�GH�EL�
RQRPLH� EHQWKLTXH� GH� OD� 0HU� 0pGLWHUUDQpH�� 5pF�� 7UDY�
6WDW��0DU��(QGRXPH������������

3LHORX�� (�� &�� �������� 7KH� PHDVXUHPHQW� RI� GLYHUVLW\� LQ
GLIIHUHQW� W\SH� RI� ELRORJLFDO� FROOHFWLRQV�� -�� 7KHRU�� %LRO��
������������
3XIIHU��+��:��� 6��3��$]HQ�	�0�� -��'XGD� �������� 6SRUW�
ILVKLQJ�DFWLYLW\�DQG�FDWFKHV�LQ�SROOXWHG�FRDVWDO�UHJLRQV�RI
PHWURSROLWDQ�/RV�$QJHOHV��1DW��$P��)LVK��0DQDJ���������
���
5HLVK�� '�� -�� �������� (IIHFWV� RI� GRPHVWLF� ZDVWHV� RQ� WKH
EHQWKLF� PDULQH� FRPPXQLWLHV� RI� VRXWKHUQ� &DOLIRUQLD�
+HOJRO��0HHUHVXQWHUV���������������
5HLVK��'��-����������%HQWKLF�LQYHUWHEUDWHV�DV�LQGLFDWRUV�RI
PDULQH� SROOXWLRQ�� ��� \HDUV� RI� VWXG\�� ,(((� RFHDQV� 
��
FRQIHUHQFH�SURFHHGLQJV�:DVKLQJWRQ��'�&���S����������
5LYHWWL��'����������,QGDJLQH�VXOOD�TXDOLWj�GHOO
DFTXD�QHO�
O
$OWR�$GULDWLFR��7KHVLV��8QLYHUVLWj�GHJOL�6WXGL�GL�7ULHVWH�
7ULHVWH��,WDO\�
5RVVLQ�� 3�� �������� 6YLOXSSR� GL� XQ� 6LVWHPD� ,QIRUPDWLYR
7HUULWRULDOH� �6,7��SHU� OD�PRGHOOL]]D]LRQH�GHOOH�FRPXQLWj
EHQWRQLFKH�GHO�*ROIR�GL�7ULHVWH�H�GHVFUL]LRQH�GL�YDULDELOL
DPELHQWDOL�FKH�QH� LQIOXHQ]DQR� OD�GLQDPLFD��3K�'��7KH�
VLV��8QLYHUVLWj�GHJOL�6WXGL�GL�7ULHVWH��7ULHVWH��,WDO\�
6DUGh��5���6��3LQHGR�	�0��0DUWLQ� �������� 6HDVRQDO�G\�
QDPLFV�RI�PDFURLQIDXQDO�NH\�VSHFLHV�LQKDELWLQJ�VKDOORZ
VRIW�ERWWRPV� LQ� WKH�%D\�RI�%ODQHV� �1:�0HGLWHUUDQHDQ��
$FWD�2HFRO������������������
6KDQQRQ��&��(��	�:��:HDYHU���������0DWKHPDWLFDO�WKH�
RU\� RI� FRPPXQLFDWLRQ�� 8QLYHUVLW\� RI� ,OOLQRLV� 3UHVV�� 8U�
EDQD������S�
6PLWK��.��/���*��7��5RZH��	�-��$��1LFKROV���������%HQWKLF
FRPPXQLW\�UHVSLUDWLRQ�QHDU�:RRGV�+ROH�VHZDJH�RXWIDOO�
(VW��&RDVW��6KHOI�6FL������������
6ROLV�:HLVV��9���3��5RVVLQ��)��$OHIIL��1��%HWWRVR��*��2UHO
	�%��9ULÇHU���������*XOI�RI�7ULHVWH�VHQVLWLYLW\�DUHDV�XVLQJ
%HQWKRV� DQG� *,6� WHFKQLTXHV�� 3URF�� �WK� ,QWHUQDWLRQDO
&RQIHUHQFH�RQ� WKH�0HGLWHUUDQHDQ� FRDVWDO� HQYLURQPHQW�
0HGFRDVW�������+DPPDPHW��7XQLVLD�����S������������
6ROLV�:HLVV��9���)��$OHIIL��1��%HWWRVR��3��5RVVLQ��*��2UHO
	� 6�� )RQGD�8PDQL� �������� (IIHFWV� RI� LQGXVWULDO� DQG� XU�
EDQ�SROOXWLRQ�RQ� WKH�EHQWKLF�PDFURIDXQD� LQ� WKH�%D\�RI
0XJJLD� �,QGXVWULDO�3RUW�RI�7ULHVWH�� ,WDO\���6FL��7RWDO�(QYL�
URQ����������������
6WHYHQVRQ��-��&���-��,��0DUXVLF��%��2]UHWLF��$��0DUVRQ��*�
&HFFRQL� 	� 0�� 6�� .HDUQH\� �������� 6KDOORZ� ZDWHU� DQG
VKRUHOLQH�HFRV\VWHPV�RI� WKH�&KHVDSHDNH�%D\�FRPSDUHG
WR�WKH�QRUWKHUQ�$GULDWLF�6HD��WUDQVIRUPDWLRQ�RI�KDELWDW�DW
WKH� ODQG�VHD�PDUJLQ�� ,Q��0DORQH��7��&���$��0DOHM��/��:�
+DUGLQJ��1��6PRGODND�	�5��(��7XUQHU��HGV����&RDVWDO�DQG
HVWXDULQH� VWXGLHV� �� (FRV\VWHPV� DW� WKH� ODQG�VHD� PDUJLQ�
'UDLQDJH� EDVLQ� WR� FRDVWDO� VHD�� $PHULFDQ� *HRSK\VLFDO
8QLRQ��:DVKLQJWRQ��S��������
ÆLPXQRYLÜ�� $�� �������� 4XDQWLWDWLYH� DQG� TXDOLWDWLYH� LQ�
YHVWLJDWLRQV�RI�EHQWKLF�FRPPXQLWLHV�LQ�WKH�DUHDV�RI�PR�
ELOH�ERWWRPV�RI�WKH�$GULDWLF�6HD��$FWD�$GULDW�������������
����
7D\ORU��/��$���3��0��&KDSPDQ��5��$��0LOOHU�	�5��9��3\P
��������7KH� HIIHFWV� RI� XQWUHDWHG�PXQLFLSDO� VHZDJH� GLV�
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FKDUJH� WR� WKH� PDULQH� HQYLURQPHQW� RII� 9LFWRULD�� %ULWLVK
&ROXPELD�� &DQDGD�� :DWHU� 6FL�� 7HFKQRO��� �������� ����
����
7VXWVXPL��+����������3RSXODWLRQ�SHUVLVWHQFH�RI�&DSLWHOOD
VS�� �3RO\FKDHWD�� &DSLWHOOLGDH�� RQ� D� PXG� IODW� VXEMHFW� WR
HQYLURQPHQWDO�GLVWXUEDQFH�E\�RUJDQLF�HQULFKPHQW��0DU�
(FRO��3URJ��6HU���������������
9LR�� (��� *�� 9DOOL� 	� *�� 2UHO� �������� &ODVVLILFDWLRQ� GH
TXHOTXHVXQHV� GHV� ELRFRHQRVHV� GH� OD� +DXWH� $GULDWLTXH
SDU� O
HWXGH�GH� OD�PDFURIDXQH��5DS��&RP�� ,QW�� ([SO�� 6FL�
0HU�0pGLW������������������

:LONLQVRQ�� '��0�� �������� 7KH� GLVWXUELQJ� KLVWRU\� RI� LQ�
WHUPHGLDWH�GLVWXUEDQFH��2LNRV��������������
=DPRXUL�/DQJDU�� 1��� /�� &KRXED� 	� $�� (O� $EHG� �������
%HQWKLF�PDFURIDXQD�LQ�WKUHH�SRUWV�RI�7XQLVLD��LPSDFWV�RI
SROOXWLRQ�� 3URF�� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� WKH
0HGLWHUUDQHDQ� FRDVWDO� HQYLURQPHQW�� 0HGFRDVW� �����
+DPPDPHW��7XQLVLD�����S����������

$33(1',;���'2'$7(.

/LVW�RI� WKH�PDFURIDXQD�VSHFLHV� IRXQG�LQ�WKH�VWXG\�DUHD
ZLWK� WRWDO� DEXQGDQFH� DQG� IUHTXHQF\� DV� SUHVHQFHV� RI
VSHFLHV�LQ�WKH����FROOHFWHG�VDPSOHV�
6H]QDP�PDNURIDYQLVWLàQLK�YUVW��RGNULWLK�Y�SUHXàHYDQHP
REPRàMX�V�VNXSQR�ÉWHYLOàQRVWMR�LQ�IUHNYHQFR�SRMDYOMDQMD
YUVW�Y�SHWLQGYDMVHWLK�QDEUDQLK�Y]RUFLK�

6SHFLHV LQG��P�� IUHT�
$QQHOLGD
$PDJH�DGVSHUVD � �
$PSKDUHWH�DFXWLIURQV �� �
$PSKLFWHLV�JXQQHUL �� �
$PSKLWULWH�YDULDELOLV � �
$QFLVWURV\OOLV�JURHQODQGLFD ��� �
$RQLGHV�R[\FHSKDOD �� �
$SRQXSKLV�ELOLQHDWD ���� ��
$UDEHOOD�JHQLFXODWD �� �
$ULFLGHD�VS� ��� ��
&DSLWHOOLGDH�LQGHW� ��� �
&HUDWRQHUHLV�FRVWDH � �
&KDHWRSWHUXV�YDULRSHGDWXV �� �
&KDHWR]RQH�VHWRVD ��� �
&KRQH�DFXVWLFD �� �
&KRQH�FROODULV ��� �
&KRQH�GXQHUL ��� �
&LUUDWXOLGDH�LQGHW� ��� ��
&LUUDWXOXV�ILOLIRUPLV � �
&LUULIRUPLD�WHQWDFXODWD � �
&O\PHQH�VS� ��� ��
&O\PHQXUD�FO\SHDWD �� �
'DV\EUDQFKXV�FDGXFXV �� �
'RUYLOOHD�VS� � �
'ULORQHUHLV�ILOXP �� �
(XFKRQH�URVHD �� �
(XFO\PHQH�OXPEULFRLGHV �� �
(XFO\PHQH�RHUVWHGL �� �
(XFO\PHQH�SDOHUPLWDQD ��� �
(XODOLD�VS� �� �
(XQHUHLV�ORQJLVVLPD � �
(XQLFH�YLWWDWD ��� ��

(XSRO\PQLD�QHEXORVD �� �
(XSRO\PQLD�QHVLGHQVLV �� �
*O\FHUD�DOED � �
*O\FHUD�FDSLWDWD � �
*O\FHUD�URX[LL ��� ��
*O\FHUD�VS� �� �
*O\FHUD�XQLFRUQLV �� �
*RQLDGD�PDFXODWD �� �
+DUPRWKRH�H[WHQXDWD � �
+DUPRWKRH�VS� �� �
-DVPLQHLUD�FDXGDWD � �
-DVPLQHLUD�HOHJDQV �� �
/DRQLFH�FLUUDWD ��� ��
/XPEULQHULV�JUDFLOLV ��� ��
/XPEULQHULV�ODWUHLOOL ��� ��
/XPEULQHULV�WHWUDXUD �� �
0DJHORQD�DOOHQL �� �
0DODFRFHURV�VS� � �
0DOGDQH�JOHELIH[ ���� ��
0DUSK\VD�EHOOLL �� ��
0DUSK\VD�VDQJXLQHD �� �
0HJDORPPD�YHVLFXORVXP �� �
0HOLQQD�SDOPDWD ��� ��
0RQWLFHOOLQD�GRUVREUDQFKLDOLV �� �
0\ULRFKHOH�KHHUL �� �
0\ULRFKHOH�RFXODWD �� �
0\VWD�SLFWD �� �
0\[LFROD�LQIXQGLEXOXP � �
1DLQHUHLV�ODHYLJDWD � �
1HDQWKHV�FDXGDWD �� �
1HPDWRQHUHLV�XQLFRUQLV � �
1HSKWK\V�KRPEHUJL � �
1HSKWK\V�K\VWULFLV � �
1HUHLV�ODPHOORVD �� ��
1HUHLV�UDYD �� �
1HUHLV�VS� �� �
1LFRPDFKH�VS� � �
1RWKULD�FRQFK\OHJD �� �
1RWRPDVWXV�ODWHULFHXV �� �
1RWRPDVWXV�VS� ��� ��
2SKLRGURPXV�IOH[XRVXV � �
2UELQLD�FXYLHUL � �
2ZHQLD�IXVLIRUPLV ��� ��
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3DUDRQLV�VS� �� �
3HFWLQDULD�DXULFRPD �� �
3HFWLQDULD�NRUHQL ��� ��
3HWDORSURFWXV�WHUULFROD �� �
3KHUXVD�PRQLOLIHUD �� �
3KHUXVD�SOXPRVD � �
3K\OORGRFH�ODPLQRVD �� �
3K\OORGRFH�OLQHDWD �� �
3K\OORGRFH�PXFRVD � �
3K\OORGRFH�VS� �� �
3K\OORGRFLGDH�LQGHW� �� �
3K\OR�IRHWLGD �� �
3LODUJLV�YHUUXFRVD � �
3LURPLV�HUXFD � �
3LVWD�FULVWDWD ��� �
3ODW\QHUHLV�GXPHULOLL � �
3RHFLORFKDHWXV�VHUSHQV ��� ��
3RO\GRUD�FLOLDWD �� �
3RO\GRUD�IODYD �� �
3RO\QRLGDH�LQGHW� �� �
3RPDWRFHURV�WULTXHWHU ��� ��
3ULRQRVSLR�FDVSHUVL ��� �
3ULRQRVSLR�FLUULIHUD �� �
3ULRQRVSLR�PDOPJUHQL ��� �
3VHXGRSRO\GRUD�DQWHQQDWD �� �
3VHXGRSRWDPLOOD�UHQLIRUPLV � �
6DEHOOLGDH�LQGHW� �� �
6DEHOOLGHV�RFWRFLUUDWD � �
6FDOLEUHJPD�LQIODWXP �� �
6FKLVWRPHULQJRV�UXGROSKLL � �
6FRODULFLD�W\SLFD �� �
6FROHOHSLV�FDQWDEUD � �
6FROHOHSLV�WULGHQWDWD � �
6FRORSORV�DUPLJHU � �
6HUSXOD�FRQFKDUXP � �
6HUSXOD�YHUPLFXODULV �� �
6RVDQH�VXOFDWD � �
6SLR�ILOLFRUQLV �� �
6SLRFKDHWRSWHUXV�FRVWDUXP ��� ��
6SLRQLGDH�LQGHW� �� �
6SLRSKDQHV�NUR\HUL �� �
6WHUQDVSLV�VFXWDWD �� �
6WKHQHODLV�ERD �� �
6WKHQHODLV�PLQRU � �
6WKHQROHSLV�K\OHQL �� �
6WUHEORVRPD�EDLUGL �� �
6\OOLV�FRUQXWD �� �
6\OOLV�VS� � �
7HUHEHOOD�ODSLGDULD � �
7HUHEHOOLGDH�LQGHW� �� �
7HUHEHOOLGHV�VWURHPL ��� �
0ROOXVFD
$EUD�DOED �� �

$EUD�SULVPDWLFD �� �
$FDQWKRFDUGLD�DFXOHDWD � �
$FDQWKRFDUGLD�SDXFLFRVWDWD � �
$FDQWKRFKLWRQD�DHQHD � �
$QRGRQWLD�IUDJLOLV �� ��
$QRPLD�HSKLSSLXP � �
$WULQD�SHFWLQDWD �� �
$]RULQXV�FKDPDVROHQ �� �
&DOOLVWD�FKLRQH � �
&DO\SWUDHD�FKLQHQVLV � �
&KDPHOHD�JDOOLQD � �
&KODP\V�YDULD � �
&RUEXOD�JLEED ���� ��
'HQWDOLXP�LQDHTXLFRVWDWXP �� �
'LRGRUD�JLEEHUXOD � �
'LSORGRQWD�URWXQGDWD �� �
'RVLQLD�OXSLQXV � �
(XOLPD�JODEUD � �
(XVSLUD�JXLOOHPLQL � �
(XVSLUD�QLWLGD �� �
*O\F\PHULV�LQVXEULFD � �
+LDWHOOD�DUFWLFD �� �
/LPD�H[LOLV � �
/LPHD�ORVFRPEL � �
/RULSHV�ODFWHXV �� �
/XFLQHOOD�GLYDULFDWD ��� �
0RGLRODUFD�VXESLFWD � �
0\VLD�XQGDWD � �
1XFXOD�QXFOHXV ��� ��
2VWUHD�HGXOLV � �
3DSKLD�DXUHD �� �
3HFWHQ�MDFREDHXV � �
3KD[DV�DGULDWLFXV �� ��
3KLOLQH�DSHUWD �� �
3LWDU�UXGLV �� �
3ODJLRFDUGLXP�SDSLOORVXP � �
3URWHRSHFWHQ�JODEHU � �
3VDPPRELD�IHUYHQVLV �� �
6FDSKDUFD�LQDHTXLYDOYLV � �
6ROHFXUWXV�VWULJLODWXV � �
6SLVXOD�VXEWUXQFDWD �� �
6WULDUFD�ODFWHD � �
7HOOLQD�GLVWRUWD ��� ��
7HOOLQD�VHUUDWD � �
7KUDFLD�FRQYH[D � �
7KUDFLD�SXEHVFHQV �� �
7K\DVLUD�IOH[XRVD �� �
&UXVWDFHD
$PSKLSRGD�LQGHW� ��� ��
&RU\VWHV�FDVVLYHODXQXV �� �
(WKXVD�PDVFDURQH �� �
*DODWKHD�LQWHUPHGLD � �
,VRSRGD�LQGHW� ��� ��
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0DFURSLSXV�YHUQDOLV � �
2VWUDFRGD�LQGHW� � �
3DJXULGHD�LQGHW� �� �
3DJXULVWHV�HUHPLWD �� �
3LOXPQXV�KLUWHOOXV � �
3LVLGLD�EOXWHOL �� �
3LVLGLD�VS� � �
3URFHVVD�HGXOLV �� �
3URFHVVD�SDUYD �� �
3URFHVVD�VS� ��� ��
(FKLQRGHUPDWD
$PSKLXUD�FKLDMHL ��� ��
$VWURSHFWHQ�DUDQFLDFXV �� �
$VWURSHFWHQ�VS� � �
&XFXPDULD�SODQFL � �
+RORWXULGHD�LQGHW� � �
2SKLRWKUL[�TXLQTXHPDFXODWD �� �
2SKLXUD�DOELGD �� �
2SKLXUD�JUXEHL �� �
2SKLXUD�WH[WXUDWD �� �
3DUDFHQWURWXV�OLYLGXV �� �
3VDPPHFKLQXV�PLFURWXEHUFXODWXV �� �
6FKL]DVWHU�FDQDOLIHUXV �� �
7K\RQH�IXVXV �� �
7UDFK\WK\RQH�HORQJDWD � �

2WKHUV
$QWKR]RD�LQGHW� �� �
$VFLGLDFHD�LQGHW� � �
$VFLGLHOOD�DVSHUVD � �
$VSLGRVLSKRQ�PXHOOHUL � �
%UDQFKLRVWRPD�ODQFHRODWXP �� �
&DOOLDFWLV�SDUDVLWLFD � �
(GZDUGVLD�FODSDUHGL � �
*ROILQJLD�VS� � �
*ROILQJLD�YXOJDUH �� �
1HPHUWHD�LQGHW� �� �
3KDVFRORVRPD�VS� � �
3KRURQLGD�LQGHW� �� �
6LSXQFXOD�LQGHW� �� �
6LSXQFXOXV�QXGXV �� �
7XUEHOODULD�LQGHW� �� �
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