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7KH�VWDWXV�RI�WKH�PDFUR]RREHQWKLF�FRPPXQLW\�LQ�WKH�0DUDQR�DQG�*UDGR�/DJRRQ�ZDV�HYDOXDWHG��DFFRUGLQJ�WR�WKH
DSSOLFDWLRQ� RI� WKH�:DWHU� )UDPHZRUN�'LUHFWLYH� IRU� WKH� WUDQVLWLRQDO� ZDWHUV�� %HQWKRV� VDPSOLQJV�ZHUH� FDUULHG� RXW� LQ
������$W�IRUW\�WZR�VDPSOHG�VWDWLRQV��������RUJDQLVPV�IURP�����WD[D�ZHUH�LGHQWLILHG��7KH�QXPEHU�RI�WD[D�DQG�GLYHU�
VLW\�LQGH[HV�GHFUHDVHG�IURP�LQOHWV�WRZDUGV�WKH�LQQHU�EDQN�RI�WKH�ODJRRQ��DV�D�IXQFWLRQ�RI�D�VDOLQLW\�JUDGLHQW�LGHQWLILHG
ZLWK�WKUHH�ZDWHU�W\SHV��0XOWLYDULDWH�DQDO\VLV�DQG�DQDO\VLV�RI�EHQWKLF�ELRFHQRVHV�UHYHDOHG�WKH�H[LVWHQFH�RI�WKUHH�GLV�
WLQFW�PDFUR]RREHQWKLF�FRPPXQLWLHV�UHODWHG�WR�WKH�FORVHQHVV�DQG�RU�WKH�SUR[LPLW\�RI�VHD��'RPLQDQW�VSHFLHV�UHVXOWHG
WR�EH�W\SLFDO�UHVLGHQW�RI�ODJRRQDO�HQYLURQPHQW��DFFRPSDQLHG�ZLWK�RSSRUWXQLVWLF�VSHFLHV�DEOH�WR�WROHUDWH�ODUJH�YDULD�
WLRQV�RI�FKHPLFDO�DQG�SK\VLFDO�SDUDPHWHUV�LQ�WKH�WUDQVLWLRQDO�HQYLURQPHQWV��0�$0%,�LQGH[�DVVLJQHG� WKH�HFRORJLFDO
TXDOLW\�VWDWXV�LQ�UHODWLRQ�WR�ELRGLYHUVLW\�GHJUHH�

.H\�ZRUGV��PDFUR]RREHQWKRV��/DJRRQ�RI�0DUDQR�DQG�*UDGR��HFRORJLFDO�VWDWXV��:DWHU�)UDPHZRUN�'LUHFWLYH�
QRUWKHUQ�$GULDWLF�6HD
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/R� VWDWR�HFRORJLFR�GHOOH�FRPXQLWi�PDFUR]RREHQWRQLFKH�GHOOD�/DJXQD�GL�0DUDQR�H�*UDGR�o� VWDWR�HVDPLQDWR� LQ
DSSOLFD]LRQH�GHOOD�'LUHWWLYD�&RPXQLWDULD�VXOOH�DFTXH�VXSHUILFLDOL�SHU�JOL�DPELHQWL�GL�WUDQVL]LRQH��,O�PDFUR]RREHQWKRV
o�VWDWR�FDPSLRQDWR�QHO������VX����VWD]LRQL�H�VRQR�VWDWL�LGHQWLILFDWL��������LQGLYLGXL�SHU�XQ�WRWDOH�GL�����WD[D��,O�QX�
PHUR�GL�WD[D�H�JOL�LQGLFL�GL�GLYHUVLWi�KDQQR�SUHVHQWDWR�YDORUL�GHFUHVFHQWL�GDOOH�ERFFKH�ODJXQDUL�YHUVR�OH�DUHH�LQWHUQH
GHOOD�ODJXQD��LQ�IXQ]LRQH�GHO�JUDGLHQWH�GL�VDOLQLWi�LGHQWLILFDWR�QHL�WUH�WLSL�LGULFL��/¢DQDOLVL�PXOWLYDULDWD�H�O¢DQDOLVL�ELRFH�
QRWLFD�KDQQR�ULOHYDWR�OD�SUHVHQ]D�GL�WUH�GLVWLQWH�FRPXQLWi�EHQWRQLFKH�LQ�UHOD]LRQH�DOOD�YLFLQDQ]D�H�R�ORQWDQDQ]D�GDO
PDUH��/H�VSHFLH�GRPLQDQWL�VRQR�ULVXOWDWH�TXHOOH�WLSLFKH�GHJOL�DPELHQWL�ODJXQDUL��DFFRPSDJQDWH�GD�VSHFLH�RSSRUWXQL�
VWH�FDSDFL�GL�WROOHUDUH�O¢HOHYDWD�YDULDELOLWi�DPELHQWDOH�GHJOL�DPELHQWL�GL�WUDQVL]LRQH��/¢LQGLFH�0�$0%,�KD�HYLGHQ]LDWR
FRPH�OR�VWDWR�GL�TXDOLWi�HFRORJLFD�YHQJD�DWWULEXLWR�LQ�IXQ]LRQH�GHO�JUDGR�GL�ELRGLYHUVLWi�

3DUROH�FKLDYH��PDFUR]RREHQWKRV��/DJXQD�GL�0DUDQR�H�*UDGR��VWDWR�HFRORJLFR��'LUHWWLYD�4XDGUR�VXOOH�$FTXH�
$GULDWLFR�6HWWHQWULRQDOH
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/DJRRQV� DUH� FODVVLILHG� DV� WUDQVLWLRQDO� ZDWHUV� VLWHG
EHWZHHQ� PDULQH� DQG� FRQWLQHQWDO� GRPDLQV�� 7KHVH� V\V�
WHPV� DUH� EUDFNLVK� RU� K\SHUKDOLQH� ZDWHU� ERGLHV�� VHSD�
UDWHG� IURP� VHD� E\� EDUULHU� LVODQGV�� IRUPHG� LQ� WUDQVJUHV�
VLRQDO� UHJLPH�GXH� WR� WKH� SUHVHQFH� RI� DEXQGDQW� WHUULJH�
QRXV� VXSSOLHV� DQG� VLJQLILFDQW� FRDVWDO� WUDQVSRUWV� �%UDP�
EDWL���������8QWLO�����¤V�ODJRRQV��DQG�JHQHUDOO\�DOO�WUDQ�
VLWLRQDO�ZDWHUV��ZHUH�FODVVLILHG�DFFRUGLQJ�WR�VDOLQLW\��EXW
WKH�WRROV�HPSOR\HG�ZHUH�TXLWH�GLIIHUHQW��)LQDOO\�LQ�����
WKH��9HQLFH�V\VWHP��ZDV�SURSRVHG�DV�D�ZDWHU�FODVVLILFD�
WLRQ�V\VWHP�DFFRUGLQJ�WR�IL[HG�VDOLQLW\�YDOXHV�

7KH�:DWHU� )UDPHZRUN�'LUHFWLYH� �:)'���������&(�
GHILQHV�WUDQVLWLRQDO�ZDWHUV�DV��DOO�WKH�VXUIDFH�ZDWHU�ERG�
LHV�LQ�WKH�YLFLQLW\�RI�ULYHU�PRXWKV�ZKLFK�DUH�SDUWO\�VDOLQH
LQ�FKDUDFWHU�DV�D�UHVXOW�RI�WKHLU�SUR[LPLW\�WR�FRDVWDO�ZD�
WHUV�EXW�ZKLFK�DUH�VXEVWDQWLDOO\�LQIOXHQFHG�E\� IUHVK�ZD�
WHU� IORZV��� $FFRUGLQJ� WR� WKLV� GHILQLWLRQ�� WUDQVLWLRQDO�ZD�
WHUV� DUH� DOO� HFRWRQHV� VLWXDWHG� EHWZHHQ� WHUUHVWULDO�� IUHVK�
ZDWHU� DQG� PDULQH� HFRV\VWHPV�� FKDUDFWHUL]HG� E\� KLJK
VSDWLDO�KHWHURJHQHLW\�DQG� WHPSRUDO�YDULDELOLW\� �%DVVHW�HW
DO��� ����D��� 2Q� WKLV� EDVLV�� WUDQVLWLRQDO� ZDWHUV� LQFOXGH
IMRUGV��ULYHU�PRXWKV��GHOWDV�� ULDV�� ODJRRQV��FRDVWDO�SRQGV
DQG� HVWXDULHV� �0F/XVN\� 	� (OOLRWW�� ������� 7UDQVLWLRQDO
ZDWHUV�DUH�KHWHURJHQHRXV�DQG�G\QDPLF�HFRV\VWHPV��*R�
PH]�HW� DO��� ������%HQHGHWWL�&HFFKL�HW� DO��� ������ZKLFK
PRUSKRORJ\� DQG� K\GURORJ\� FKDQJH� TXLFNO\� XQGHU� WKH
LQIOXHQFH� RI� KLJK� VHGLPHQWDWLRQ� UDWHV�� QDWXUDO� FRDVWDO
G\QDPLFV� DQG� IUHTXHQW� KXPDQ� DFWLYLWLHV� �9HU� HW� DO��
������ 3DVWUHV� HW� DO��� ������� 7KHVH� KDELWDWV� RIWHQ� VKRZ
KLJK�WURSKLF�IOX[HV��EURDG�UDQJHV�RI�FKHPLFDO�DQG�SK\VL�
FDO�SDUDPHWHUV�ZLWK�IDVW�ELRJHRFKHPLFDO�F\FOHV��+HUEHUW�
������3HWLKDNLV�HW�DO���������'H�:LW�HW�DO����������,Q�DG�
GLWLRQ��GXH�WR�WKHLU�VKDOORZ�GHSWK�DQG�VFDUFH�UHQHZDO�RI
ZDWHUV��PRVW�RI�WKH�WUDQVLWLRQDO�HFRV\VWHPV�DUH�YHU\�YXO�
QHUDEOH� WR� HXWURSKLFDWLRQ� DQG� FKHPLFDO� SROOXWLRQ
�%DUQHV���������OHDGLQJ�WR�UDSLG�DQG�RIWHQ�XQSUHGLFWDEOH
FKDQJHV� LQ� FRPPXQLWLHV¤� FRPSRVLWLRQ� DQG� IXQFWLRQLQJ
�+HUEHUW��������6IULVR�HW�DO���������0LVWUL�HW�DO�������D��
7KH�FRQVHUYDWLRQ�DQG�PDQDJHPHQW�RI�WUDQVLWLRQDO�ZDWHUV
UHTXLUHV� PRQLWRULQJ� DFWLYLW\�� LQWHJUDWLQJ� FKHPLFDO� DQG
SK\VLFDO� HYDOXDWLRQ�ZLWK� ELRORJLFDO� DVVHVVPHQW� �*LEVRQ
HW�DO���������/RJDQ�	�)XUVH��������

,Q� VKDOORZ�ZDWHU� V\VWHPV�� VXFK� DV� ODJRRQV�� EHQWKLF
FRPSDUWPHQW� SOD\V� D� FUXFLDO� UROH� FRQWUROOLQJ� WKH� PDLQ
HFRORJLFDO� SURFHVVHV�� WKHUHIRUH� FKDQJHV� LQ� LWV� VWUXFWXUH
FRXOG� DIIHFW� WKH� ZKROH� HFRV\VWHP� �6QHOJURYH� HW� DO��
������:HVODZVNL�HW�DO���������7HQRUH�HW�DO����������'XH
WR� WKLV�� LW� LV� SRVVLEOH� WR� HVWLPDWH� WKH� HIIHFWV� RI� GLIIHUHQW
HFRORJLFDO� GULYHUV� RQ� WKH� HFRV\VWHPV¤� IXQFWLRQLQJ�� E\
DQDO\]LQJ�PRGLILFDWLRQV�RI� ODJRRQ�EHQWKLF�FRPPXQLWLHV
RYHU�WLPH��3UDQRYL�HW�DO���������

7KH�0DUDQR� DQG�*UDGR� /DJRRQ� LV� D� SDUW� RI� WKH� OD�
JRRQ� V\VWHP� RI� WKH� QRUWKHUQ� $GULDWLF� 6HD�� VWUHWFKLQJ
EHWZHHQ�WKH�PRXWKV�RI� WKH�3R�DQG� ,VRQ]R�ULYHUV� �%UDP�

EDWL�� ������� 7KH� ODJRRQ�� ZKLFK� LV� ORFDWHG� DPRQJ� WKH
,VRQ]R�ULYHU�WR�WKH�(DVW�DQG�WKH�7DJOLDPHQWR�ULYHU�WR�WKH
:HVW��KDV�D� WRWDO�VXUIDFH�DUHD�RI�����NP��� DQG�H[WHQGV
SDUDOOHO� WR� WKH� FRDVWOLQH� DORQJ� ��� NP� �)DODFH� HW� DO��
������

$ULVWRFOH� 9DWRYD� KDV� SURYLGHG� PRVW� RI� WKH� PDLQ
VWXGLHV� DQG� QRWLRQV� GHDOLQJ� ZLWK� VWUXFWXUH� RI� EHQWKLF
FRPPXQLWLHV� LQ� WKH� QRUWKHUQ� $GULDWLF� ODJRRQV�� 6LQFH
����� KH� VWXGLHG� K\GURORJ\�� EHQWKLF� IORUD� DQG� IDXQD� LQ
WKH�9HQLFH� /DJRRQ� �9DWRYD�� ������ ������� VXEVHTXHQWO\
EHQWKLF�IDXQD�DQG�SURGXFWLYLW\�RI�WKH�0DUDQR�DQG�*UDGR
/DJRRQ� �9DWRYD�� ����D�� ����E�� ������� 9DWRYD� �����D�
GHVFULEHG�WKH�JHQHUDO�IHDWXUHV�RI�WKH�0DUDQR�DQG�*UDGR
ODJRRQV�� IRFXVLQJ� RQ� GLIIHUHQFHV� EHWZHHQ� WKH� WZR� ED�
VLQV��,Q�SDUWLFXODU�WKH�DXWKRU�PHDVXUHG�D�ORZHU�PHDQ�VD�
OLQLW\� LQ� WKH�0DUDQR�/DJRRQ� ���¯�� WKDQ� WKH�*UDGR� /D�
JRRQ� ���¯�� DQG� WKLV� GLIIHUHQFH� DOORZHG� GLVWLQJXLVKLQJ
WKH� EDVLQV� DQG� WKH� UHODWHG� GLVWULEXWLRQ� RI� EHQWKLF� FRP�
PXQLWLHV�� %HQWKLF� IDXQD� RI� WKH� 0DUDQR� ZDV� LQ� IDFW
SRRUHU� WKDQ� WKDW�RI�*UDGR��ERWK� LQ� WHUP�RI� VSHFLHV�DQG
DEXQGDQFH�� GXH� WR� KLJKHU� IUHVKZDWHU� LQSXWV�� 2Q� WKH
RWKHU�KDQG��LW�ZDV�PRUH�SURGXFWLYH�LQ�WHUP�RI�ELRPDVV�

7KH�PRVW�UHFHQW�DQG�H[KDXVWLYH�VWXG\�RQ�PDFUR]RR�
EHQWKRV� LQ� WKH�0DUDQR� DQG�*UDGR� /DJRRQ�ZDV� FDUULHG
RXW�GXULQJ�D� WKUHH�\HDU�VWXG\�� IURP������ WR������ �2UHO
HW�DO���������=DPERQL���������$XWKRUV�VXEVWDQWLDOO\�FRQ�
ILUPHG� WKH�REVHUYDWLRQV�SRLQWHG�RXW�E\�9DWRYD� �����D��
D� GHFUHDVLQJ� JUDGLHQW� RI� ELRGLYHUVLW\� ZDV� REVHUYHG
PRYLQJ� IURP�WKH�*UDGR� WR� WKH�0DUDQR��DV�ZHOO�DV� IURP
LQOHWV�WR�LQQHU�DUHDV�RI�WKH�ODJRRQ��2UHO�HW�DO���������DQG
=DPERQL� ������� LGHQWLILHG� WKH� ]RQDWLRQ� RI� EHQWKRV� RQ
WKH�EDVLV�RI�FRQILQHPHQW�GHJUHH� LQ� WKH�SDUDOLF� HQYLURQ�
PHQWV� DV� SURSRVHG� E\� *XHORUJqW� 	� 3HUWKXLVRW� �������
ZKR� GHILQHG� SDUDOLF� HQYLURQPHQWV� WKH� DTXDWLF� HFRV\V�
WHPV�ZKLFK�KDYH��RU�KDG��UHODWLRQ�ZLWK�WKH�VHD�

,Q������WKH�0DQLOD�FODP��7DSHV�SKLOLSSLQDUXP��ZDV
LQWURGXFHG� LQ� WKH�0DUDQR� /DJRRQ� IRU� DTXDFXOWXUH� SXU�
SRVHV��,Q�WKH�WLPH�LWV�LUUDWLRQDO�KDUYHVWLQJ�ZLWK�PHFKDQL�
FDO� GUHGJHV� RXW� RI� IDUPLQJ� DUHDV� LPSDFWHG� WKH� EHQWKLF
FRPPXQLW\� �2UHO� HW� DO��� ������ ������� 6LQFH� ����� WKH
XQFRQWUROOHG� XVH� RI� GUHGJHV� ZDV� VWRSSHG� DQG� PDQXDO
KDUYHVWLQJ�LV�SHUPLWWHG�EH\RQG�WKH�IDUPLQJ�DUHDV�

7KH�DLP�RI�WKH�SDSHU�ZDV�WR�HYDOXDWH�WKH�HFRORJLFDO
VWDWXV�RI�WKH�PDFUR]RREHQWKLF�FRPPXQLW\�LQ�WKH�0DUDQR
DQG�*UDGR�/DJRRQ��DV�UHTXLUHG�E\�WKH�DSSOLFDWLRQ�LQ�WKH
:)'�

0$7(5,$/�$1'�0(7+2'6

7KH� 0DUDQR� DQG� *UDGR� /DJRRQ� LV� GHILQHG� DV� D
FRDVWDO�PLFURWLGDO� ODJRRQ�ZLWK� ODUJH�GLPHQVLRQV� �,WDOLDQ
0LQLVWU\� RI� (QYLURQPHQW� 'HFUHH� Q��������� DQG� WKH� UH�
ODWHG�ZDWHU�W\SHV�ZHUH�HVWDEOLVKHG�DV�D�IXQFWLRQ�RI�VDOLQ�
LW\� YDOXHV�� ,Q� GHWDLO�� ZH� FDQ� GLVFULPLQDWH� EHWZHHQ� WKH
PHVRKDOLQH� ODJRRQ� ������ SVX��� SRO\KDOLQH� ODJRRQ� ����
��� SVX�� DQG� HXKDOLQH� ODJRRQ� ������� SVX��� )RUW\�WZR
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)LJ�����6WXG\�DUHD�DQG�VDPSOLQJ�VWDWLRQV�
6O�����2EUDYQDYDQR�REPRàMH�LQ�Y]RUàHYDOQH�SRVWDMH�

VDPSOLQJ�VLWHV�ZHUH�VHOHFWHG�ERWK�RQ� WKH�EDVLV�RI�ZDWHU
W\SHV�� VXUIDFH� DQG� SRWHQWLDO� JUDGLHQW� RI� FRQILQHPHQW
IURP�VHD�LQOHWV�WR�LQQHU�DUHDV��)LJ�����

%HQWKLF�VDPSOHV�ZHUH�FROOHFWHG�ZLWK�D�������P��YDQ
9HHQ�JUDE�LQ�0D\�������$W�HDFK�VWDWLRQ�IRXU�JUDEV�ZHUH
WDNHQ�� 7KH� VHGLPHQW�ZDV� VLHYHG�RQ� D� ��PP�PHVK� DQG
IL[HG�LQ����EXIIHUHG�IRUPDOGHK\GH�VROXWLRQ�VWDLQHG�ZLWK
%HQJDO� 5RVH�� DQG� WKHQ� WKH� IDXQD� ZDV� VHSDUDWHG� DQG
LGHQWLILHG�WR�WKH�ORZHVW�SRVVLEOH�WD[RQRPLFDO�OHYHO�

8QL��DQG�PXOWLYDULDWH� WHFKQLTXHV�ZHUH�HPSOR\HG� WR
DQDO\]H� WKH� FRPPXQLWLHV¤� VWUXFWXUH� LQFOXGLQJ�� DEXQ�
GDQFH�� QXPEHU� RI� WD[D�� GLYHUVLW\� LQGH[HV� �6KDQQRQ�
:LHQHU� GLYHUVLW\� LQGH[� �+
�� RQ� ORJ�� EDVLV� �6KDQQRQ� 	
:HDYHU�� ������� 0DUJDOHI¤V� LQGH[� �G�� �0DUJDOHI�� �����
DQG�3LHORX¤V�HYHQQHVV�LQGH[��-���3LHORX���������7KH�%UD\�
&XUWLV� VLPLODULW\� FRHIILFLHQW� ZDV� FDOFXODWHG� RQ� VTXDUH�
URRW� WUDQVIRUPHG� GDWD�� XVLQJ� FRPSOHWH� OLQNDJH�� VXEVH�
TXHQWO\�� RQH�ZD\� $126,0�� .�GRPLQDQFH� FXUYHV� DQG
6,03(5� DQDO\VLV� ZHUH� DSSOLHG� WR� HYDOXDWH� VLPLODULW\
DQG�RU� GLIIHUHQFHV� DPRQJ� JURXSV� �35,0(5� VRIWZDUH
SDFNDJH�GHYHORSHG�DW�WKH�3O\PRXWK�0DULQH�/DERUDWRU\��

%LRQRPLF�SHUFHQWDJH�DIILQLW\��$���ZDV�FDOFXODWHG�E\
FRQVLGHULQJ� FKDUDFWHULVWLF� VSHFLHV� DFFRUGLQJ� WR� 3pUqV�	
3LFDUG���������7KH�FRUUHFWLRQ�FRHIILFLHQW�&�ZDV�ILUVW�FDO�
FXODWHG�DV�D�SHUFHQWDJH�RI�FKDUDFWHULVWLF�VSHFLHV�RI�ELR�

FHQRVLV� M� UHVSHFW� WR� WKH�RQHV�RI�RWKHU�ELRFHQRVLV��7KHQ�
WKH�DEVROXWH�DIILQLW\�RI�HDFK�VWDWLRQ�ZDV�FDOFXODWHG�DV�

$M �QM������&M�
ZKHUH� QM� LV� WKH� QXPEHU� RI� FKDUDFWHULVWLF� VSHFLHV� RI

ELRFHQRVLV� M� LQ� WKH� FRQVLGHUHG� VWDWLRQ�� )LQDOO\�� XVLQJ� D
VLPSOH�SURSRUWLRQ��WKLV�SDUDPHWHU�ZDV�H[SUHVVHG�DV�SHU�
FHQWDJH�DIILQLW\��$���

$��ZDV�FDOFXODWHG�IRU�HDFK�ELRFHQRVLV�IRXQG�LQ�WKH
ODJRRQ�� (XU\KDOLQH� DQG� (XU\WKHUPDO� /DJRRQ� ELRFHQRVLV
�/((� )UHQFK� DFURQ\P� IRU� ELRFRHQRVH� /DJXQDLUH� (XU\�
KDOLQH� HW� (XU\WKHUPH��� ILQH�ZHOO�VRUWHG� VDQG� ELRFHQRVLV
�6)%&�ELRFRHQRVH�GHV�6DEOHV�)LQV�%LHQ�&DOLEUHV���VXSHU�
ILFLDO�PXGG\� VDQG� LQ� VKHOWHUHG�DUHDV�ELRFHQRVLV� �690&
ELRFRHQRVH� GHV� 6DEOHV� 9DVHX[� 6XSHUILFLHOV� HQ� 0RGH
&DOPH��� FRDVWDO� WHUULJHQRXV�PXGV� ELRFHQRVLV� �97&� ELR�
FRHQRVH�GHV�9DVHV�7HUULJHQHV�&RWLHUHV���3RVLGRQLD�RFH�
DQLFD�PHDGRZ�ELRFHQRVLV� �+3�ELRFRHQRVH�GH� O¤+HUELHU
GH�3RVLGRQLHV���ILQH�VXSHUILFLDO�VDQG�ELRFHQRVLV��6)6�ELR�
FRHQRVH�GHV�6DEOHV�)LQV�6XSHUILFLHOV��DQG�FRDVWDO�GHWULWL�
FDO�ERWWRPV�ELRFHQRVLV��'&�ELRFRHQRVH�GHV�IRQGV�'HWUL�
WLTXHV�&RWLHUV��

7KH�%UD\�&XUWLV� VLPLODULW\� FRHIILFLHQW�ZDV� FDOFXODWHG
RQ� QRW� WUDQVIRUPHG� $�� GDWD�� XVLQJ� FRPSOHWH� OLQNDJH�
)XUWKHUPRUH� 5(/$7(� SURFHGXUH� ZDV� XVHG� WR� FRPSDUH
FOXVWHUV�GHULYHG�IURP�DEXQGDQFH�DQG�$��GDWD�
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7DE�����$YHUDJH�YDOXHV�RI�QXPEHU�RI�WD[D��DEXQGDQFH��+
��G��-�DQG�VXPPDU\�RI�.UXVNDO�:DOOLV�RQH�ZD\�DQDO\VLV�RI
YDULDQFH�DSSOLHG�WR�WKH�ZDWHU�W\SHV�
7DE�����3RYSUHàQH�YUHGQRVWL�ÉWHYLOD�WDNVRQRY��ÉWHYLOàQRVWL��+
��G��-�LQ�SRY]HWHN�.UXVNDO�:DOOLVRYH�HQRVPHUQH�DQDOL]H
YDULDQFH�QD�WLSLK�YRGD�

1R��WD[D $EXQGDQFH��LQG��P�� +
 G -

(XKDOLQH ����� ����������� ��������� ��������� ���������
3RO\KDOLQH ���� ����������� ��������� ��������� ���������
0HVRKDOLQH ���� ��������� ��������� ��������� ���������
.UXVNDO�:DOOLV��+� ����� ����� �� ���� ����
S�YDOXH A������ A���� A������ A������ A�����
GI � � � � �

$0%,�DQG�%LRWLF�,QGH[��%,��ZHUH�DSSOLHG��%RUMD�HW�DO��
������XVLQJ� WKH�$0%,�SURJUDP� �$=7,�0DULQH�%LRWLF� ,Q�
GH[���ZZZ�D]WL�HV���7KHVH�LQGH[HV�DUH�EDVHG�RQ�WKH�FODV�
VLILFDWLRQ�RI� WKH� EHQWKLF� VSHFLHV� LQ� ILYH� �,�9�� HFRORJLFDO
JURXSV� �(*��� DFFRUGLQJ� WR� WKHLU� WROHUDQFH� WR� SROOXWLRQ
�IURP� (*�,�  � VSHFLHV� YHU\� VHQVLWLYH� WR� RUJDQLF� HQULFK�
PHQW�� LQWROHUDQW� WR�SROOXWLRQ��(*�,,� �VSHFLHV� LQGLIIHUHQW
WR� HQULFKPHQW�� (*�,,,�  � VSHFLHV� WROHUDQW� WR� HQULFKPHQW�
VOLJKWO\�XQEDODQFHG�HQYLURQPHQWV��(*�,9� �VHFRQG�RUGHU
RSSRUWXQLVWLF� VSHFLHV�� VOLJKW� WR�SURQRXQFHG�XQEDODQFHG
HQYLURQPHQWV�� WR� (*�9�  � ILUVW�RUGHU� RSSRUWXQLVWLF� VSH�
FLHV�� SURQRXQFHG� XQEDODQFHG� HQYLURQPHQW��� WKHQ� DS�
SO\LQJ�DQ�DOJRULWKP�WR�FDOFXODWH�WKH�$0%,�RQ�D�VFDOH�RI
LQFUHDVLQJ�SROOXWLRQ��IURP���WR����DQG�REWDLQLQJ�WKH�FRU�
UHVSRQGLQJ�%,� �IURP����� �XQSROOXWHG� VLWHV���� � VOLJKWO\
SROOXWHG���� �PRGHUDWHO\�SROOXWHG������ �PRGHUDWHO\�WR
KHDYLO\�SROOXWHG���� �KHDYLO\�SROOXWHG� WR��� �H[WUHPHO\
SROOXWHG��D]RLF�VWDWH���0�$0%,� �0XOWLYDULDWH�$0%,��ZDV
FDOFXODWHG� WR� DVVHVV� WKH� HFRORJLFDO� TXDOLW\� VWDWXV
�(FR46���+LJK��*RRG��0RGHUDWH��3RRU�DQG�%DG�DFFRUG�
LQJ� WR�:)'�� 7KLV� LQGH[� LQFOXGHV� WKH� VSHFLHV� ULFKQHVV�
6KDQQRQ�:LHQHU� GLYHUVLW\� DQG� $0%,� DW� WKH� YHU\� VDPH
WLPH��0X[LND�HW�DO����������(FR46�ZDV�HYDOXDWHG�RQ�WKH
EDVLV� RI� WKH� UHIHUHQFH� FRQGLWLRQV� SURSRVHG� IRU� ,WDOLDQ
WUDQVLWLRQDO�ZDWHUV��,635$��������

5(68/76

�������RUJDQLVPV�IURP�����WD[D������VSHFLHV�GHWHU�
PLQHG�� ZHUH� LGHQWLILHG�� 3RO\FKDHWHV� ZHUH� E\� IDU� WKH
GRPLQDQW� JURXS�ZLWK� ��� VSHFLHV� IROORZHG� E\� WKH�PRO�
OXVFV�����VSHFLHV���FUXVWDFHDQV�����VSHFLHV���HFKLQRGHUPV
��� VSHFLHV�� DQG� �RWKHU��� 7KLV� ODWWHU� XVXDOO\� UHSUHVHQWV
VFDUFH� JURXSV� VXFK� DV� DVFLGLDQV�� DQWKR]RDQV�� VLSXQFX�
OLGV�� QHPHUWLQHV�� SKRURQLGV�� WXUEHOODULDQV� DQG� ODUYDH� RI
LQVHFWV��7DNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�WKUHH�ZDWHU�W\SHV�
���� WD[D�ZHUH� UHFRUGHG� LQ� WKH�HXKDOLQH�ZDWHU� W\SH� ���
VDPSOLQJ� VWDWLRQV�� IRU� D� WRWDO� RI� ������ LQGLYLGXDOV�� ���
WD[D� ZHUH� FROOHFWHG� LQ� WKH� SRO\KDOLQH� ZDWHU� W\SH� ���
VDPSOLQJ� VWDWLRQV��� IRU� D� WRWDO� RI� ������ LQGLYLGXDOV� DQG
ILQDOO\����WD[D�LQ�WKH�PHVRKDOLQH�ZDWHU�W\SH����VDPSOLQJ
VWDWLRQV���IRU�D�WRWDO�RI�������LQGLYLGXDOV�

7KH�SHUFHQWDJH�DEXQGDQFH�RI�JURXSV�ZDV�TXLWH�SUR�
SRUWLRQDO� LQ� HDFK�ZDWHU� W\SH�� EXW� WKH� GLVDSSHDUDQFH� RI
HFKLQRGHUPV�LQ�WKH�PHVRKDOLQH�ODJRRQ�ZDV�QRWDEOH��)LJ�
����7DEOH���VKRZV�PHDQ�YDOXHV�LQ�HDFK�ZDWHU�W\SH�RI�WKH
QXPEHU� RI� WD[D�� DEXQGDQFH�� +¤�� G� DQG� -�� $� FOHDU� GH�
FUHDVLQJ� JUDGLHQW� IURP� HXKDOLQH� ODJRRQ� WR� PHVRKDOLQH
EDVLQ�ZDV�VLJQLILFDWLYH�IRU�WD[D��+¤�DQG�G��7DE������PHDQ
DEXQGDQFH�GLG�QRW�VKRZ�DQ\�JUDGLHQW�IURP�LQOHW�WR�LQQHU
DUHDV��ZKHUHDV�PHDQ� -�ZDV�GHFUHDVLQJ�EXW�QRW� LQ�D� VLJ�
QLILFDWLYH�PDQQHU�

)LJ�� ��� 3HUFHQWDJH� RI� WD[D� IRU� GLIIHUHQW� DQLPDO� SK\OD
GHWHFWHG�LQ�HXKDOLQH��SRO\KDOLQH�DQG�PHVRKDOLQH�ZDWHU
W\SHV�
6O�� ��� 'HOHË� WDNVRQRY� ]D� UD]OLàQD� ËLYDOVND� GHEOD� Y
HYKDOLQHP��SROLKDOLQHP�LQ�PH]RKDOLQHP�WLSX�YRGH�

7KH�GHQGURJUDP�UHVXOWLQJ� IURP�WKH�%UD\�&XUWLV�VLPL�
ODULW\� PDWUL[� VKRZHG� WKUHH� GLIIHUHQW� JURXSV� WHVWHG� ZLWK
RQH�ZD\�$126,0��5 �������S���������VWDWLRQV�FORVH�WR
LQOHWV��JURXS�����VWDWLRQV�DPRQJ�LQOHWV�DQG�WKH�LQQHU�EDQN
�JURXS����DQG�VWDWLRQV�FORVHG�WR�WKH�LQQHU�EDQN��JURXS���
�)LJ�����
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)LJ�����'HQGURJUDP�REWDLQHG�E\�WD[D�DEXQGDQFH�YDOXHV�
6O�����'HQGURJUDP�ÉWHYLOàQRVWL�WDNVRQRY�

7DE�����&XPXODWLYH�SHUFHQWDJH�RI�GRPLQDQW�WD[D�LQ�HDFK�JURXS�UHYHDOHG�E\�6,03(5�DQDO\VLV�
7DE�����.XPXODWLYQL�RGVWRWHN�GRPLQDQWQLK�WDNVRQRY�Y�YVDNL�VNXSLQL��XJRWRYOMHQ�V�6,03(5�DQDOL]R�

*URXS 7D[D &XP���

$EUD�VHJPHQWXP ����
+HGLVWH�GLYHUVLFRORU �����3DUDOLF�JURXS

6WUHEORVSLR�VKUXEVROLL �����
&KDHWR]RQH�VS� �����
$EUD�VHJPHQWXP �����
+HWHURPDVWXV�ILOLIRUPLV �����
6WUHEORVSLR�VKUXEVROLL �����

0L[HG�JURXS

2OLJRFKDHWD�LQGHW� �����
0LQXVSLR�FLUULIHUD �����
0HGLRPDVWXV�FDSHQVLV �����
+HWHURPDVWXV�ILOLIRUPLV �����
$EUD�VHJPHQWXP �����
3VHXGROHLRFDSLWHOOD�IDXYHOL �����
&DSLWHOOD�FDSLWDWD �����
2OLJRFKDHWD�LQGHW� �����

0DULQH�JURXS

0\ULRFKHOH�RFXODWD ����

7UHQG�RI�N�GRPLQDQFH�FXUYHV�LGHQWLILHG�WKH�FRPPX�
QLW\�VWUXFWXUH� LQ�HDFK�RI� WKH� LGHQWLILHG�JURXSV��JURXS���
RU�PDULQH�JURXS��ZLWK�WKH�KLJKHVW�QXPEHU�RI�VSHFLHV�DQG
D� TXLWH� UHJXODU� DQG� KRPRJHQHRXV� WUHQG�� JURXS� ��� RU
SDUDOLF�JURXS��ZLWK�KLJKHU�VORSH�DQG�WKH�ORZHVW�QXPEHU
RI�VSHFLHV��JURXS����RU�PL[HG�JURXS��ZLWK�DQ�LQWHUPHGL�
DWH�VKDSH��)LJ�����

6,03(5� DQDO\VLV� LGHQWLILHG� WKH�PRVWO\� LQYROYHG� VSH�
FLHV�LQ�WKH�WKUHH�JURXSV��7DE������7KH�SDUDOLF�JURXS�ZDV
PDLQO\�UHSUHVHQWHG�E\�WKH�ELYDOYH�$EUD�VHJPHQWXP��WKH
QHUHLG� SRO\FKDHW�+HGLVWH� GLYHUVLFRORU� DQG� WKH� VSLRQLG
6WUHEORVSLR� VKUXEVROLL�� 7KH�PL[HG� JURXS�ZDV�FKDUDFWHU�

L]HG�E\�WKH�DEXQGDQFH�RI�WKH�FDSLWHOOLG�+HWHURPDVWXV�IL�
OLIRUPLV�� WKH� FLUUDWXOLG�&KDHWR]RQH� VS�� DQG� ROLJRFKDHWV�
LQ�DGGLWLRQ�WR�$��VHJPHQWXP�DQG�6��VKUXEVROLL��7KH�0D�
ULQH� JURXS�� LQ� DGGLWLRQ� WR�$�� VHJPHQWXP��+�� ILOLIRUPLV
DQG�ROLJRFKDHWV��UHFRUGHG�WKH�DEXQGDQFH�RI�WKH�FDSLWHO�
OLGV�0HGLRPDVWXV� FDSHQVLV��3VHXGROHLRFDSLWHOOD� IDXYHOL�
&DSLWHOOD�FDSLWDWD��WKH�VSLRQLG�0LQXVSLR�FLUULIHUD�DQG�WKH
RZHQLG�0\ULRFKHOH�RFXODWD�

2YHUDOO�� ��� H[FOXVLYH� DQG� SUHIHUHQWLDO� VSHFLHV� IRU� �
ELRFHQRVHV� ZHUH� IRXQG� �7DE�� ���� 7KH� GHQGURJUDP� RE�
WDLQHG� IURP�WKH�%UD\�&XUWLV�VLPLODULW\�PDWUL[�DSSOLHG�RQ
$��GDWD��KLJKOLJKWHG�WKUHH�JURXSV�RI�VWDWLRQV�RQ�WKH�ED�
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VLV�RI�WKH�GLIIHUHQW�$��YDOXHV�IRU�(XU\WKHUPDO�DQG�(XU\�
KDOLQH�ELRFRHQRVLV� �/((�� �)LJ������ WKH�3DUDOLF�JURXS�KDY�
LQJ� $�/((� !����� WKH� 0DULQH� JURXS� ZLWK� $�/((� ����
DQG�0L[HG�JURXS������$�/((�������7KH�5(/$7(�SUR�
FHGXUH� UHYHDOHG�D� VLPLODULW\�RI� WKH�JURXSV� LGHQWLILHG�E\
WZR�GHQGURJUDPV��5KR �������S���������

7DE�����&KDUDFWHULVWLF� VSHFLHV�DQG�ELRFHQRVHV�GHWHFWHG
LQ� WKH� VWXG\� DUHD�� (XU\KDOLQH� DQG� (XU\WKHUPDO� /DJRRQ
ELRFHQRVLV� �/((��� ILQH� ZHOO�VRUWHG� VDQG� ELRFHQRVLV
�6)%&��� VXSHUILFLDO�PXGG\�VDQG� LQ� VKHOWHUHG�DUHDV� ELR�
FHQRVLV� �690&��� FRDVWDO� WHUULJHQRXV� PXGV� ELRFHQRVLV
�97&��� 3RVLGRQLD� RFHDQLFD� PHDGRZ� ELRFHQRVLV� �+3��
FRDVWDO� GHWULWLFDO� ERWWRPV� ELRFHQRVLV� �'&�� DQG� ILQH
VXSHUILFLDO�VDQG�ELRFHQRVLV��6)6��
7DE�����=QDàLOQH�YUVWH�LQ�ELRFHQRQR]H�Y�REUDYQDYDQHP
REPRàMX�� ELRFHQR]D� HYULKDOLQH� LQ� HYULWHUPQH� ODJXQH
�/((��� ELRFHQR]D� QD� ILQHP� VRUWLUDQHP� SHVNX� �6)%&��
ELRFHQR]D� ]DPXOMHQLK� SHVNRY� Y� ]DÉàLWHQLK� SUHGHOLK
�690&��� ELRFHQR]D� REDOQHJD� WHULJHQHJD� PXOMD� �97&��
ELRFHQR]D� SRGYRGQLK� WUDYQLNRY� 3RVLGRQLD� RFHDQLFD
�+3��� ELRFHQR]D� REDOQHJD� GHWULWLàQHJD� GQD� �'&�� LQ
ELRFHQR]D�ILQHJD�SRYUÉLQVNHJD�SHVND��6)6��

&KDUDFWHULVWLF�VSHFLHV %LRFHQRVLV

*LEEXOD�DGULDWLFD
&HUDVWRGHUPD�JODXFXP
$EUD�VHJPHQWXP
7DSHV�SKLOLSSLQDUXP
+HGLVWH�GLYHUVLFRORU
6WUHEORVSLR�VKUXEVROLL
&DUFLQXV�PHGLWHUUDQHXV

/((

1HSKW\V�KRPEHUJL
2ZHQLD�IXVLIRUPLV
3ULRQRVSLR�FDVSHUVL
'LRJHQHV�SXJLODWRU
7HOOLP\D�IHUUXJLQRVD
7KUDFLD�SDS\UDFHD
(XFO\PHQH�RHUVWHGL

6)%&

8SRJHELD�SXVLOOD
/RULSHV�ODFWHXV
7DSHV�GHFXVVDWHV
3DSKLD�DXUHD
3HWDORSURFWXV�WHUULFROXV

690&

6WHUQDVSLV�VFXWDWD
$PSKDUHWH�DFXWLIURQV
/DRQLFH�FLUUDWD

97&

9HQXV�YHUUXFRVD
(XFO\PHQH�OXPEULFRLGHV

+3

$EUD�SULVPDWLFD '&

*O\FHUD�WULGDFW\OD 6)6

7KH� (FR46� DVVLJQHG� ZLWK� 0�$0%,�� ZDV� *RRG� IRU
���� RI� HXKDOLQH� VWDWLRQV��0RGHUDWH� IRU� ����� 3RRU� IRU
���� �VW�����DQG������DQG�%DG� IRU���� �VW������ �)LJ������ ,Q
SRO\KDOLQH� W\SH� WKH� VWDWLRQV�ZLWK�+LJK� VWDWXV�FRUUHVSRQ�
GHG�WR������*RRG�WR������0RGHUDWH�WR�����DQG�3RRU�WR
����VW�������)LJ������,Q�WKH�PHVRKDOLQH�W\SH�RQH�VWDWLRQ��VW�
����ZDV�*RRG�� WKUHH�VWDWLRQV�ZHUH�DVVHVVHG�DV�0RGHUDWH
������DQG�WZR�ZHUH�3RRU��VW�����DQG������)LJ�����

7KH�VXPPDUL]LQJ�7DEOH���UHSRUWV�0�$0%,�DV�(FR46�
$0%,�DV�GLVWXUEDQFH�FODVVLILFDWLRQ�DQG� WKH�JURXSV� �0D�
ULQH��0L[HG�� 3DUDOLF�� DVVLJQHG� ZLWK� FOXVWHUV�� 7KH� PHDQ
QXPEHU�RI�WD[D�DQG�DYHUDJH�6KDQQRQ�:LHQHU�LQGH[��+
�
ZHUH�FDOFXODWHG�IRU�HDFK�(FR46�RI�WKH�ZDWHU�W\SHV�

:LWKLQ�WKH�HXKDOLQH�W\SH��VDOLQLW\�������SVX��DOO�VWD�
WLRQV�ZLWK�*RRG�HFRORJLFDO�TXDOLW\�VWDWXV�SRVVHVVHG�0D�
ULQH� FKDUDFWHULVWLFV��ZLWK� ��� LGHQWLILHG� WD[D� DQG�+
� !��
6WDWLRQV� ZLWK� 0RGHUDWH� (FR46� SRVVHVVHG� QRUPDOO\
0L[HG� FKDUDFWHULVWLFV�� RQ� DYHUDJH� ��� WD[D� DQG� PHDQ
+
 ����� 6WDWLRQV�KDYLQJ� 3RRU� (FR46�SRVVHVVHG���� WD[D
DQG� +
 ����� VW�� ���� KDG� 0DULQH� FKDUDFWHULVWLFV� EXW� D
3RRU� VWDWXV� ZDV� DVVLJQHG� SUREDEO\� EHFDXVH� RI� KLJK
GRPLQDQFH� RI� ROLJRFKDHWHV�� LQGLFDWLQJ� VWURQJO\� XQEDO�
DQFHG� FRQGLWLRQV�� %DG� (FR46� ZDV� DVVLJQHG� WR� VW�� ���
ZKLFK�ZDV�YHU\�SRRU� LQ� WHUP�RI� WD[D�� ,Q� WKH�SRO\KDOLQH
W\SH� �VDOLQLW\�������SVX��RQO\� WZR�VWDWLRQV�KDYH�0DULQH
FKDUDFWHULVWLFV� �VW�� ��� DQG� ����� EXW� QRUPDOO\� VWDWLRQV
VKRZHG�0L[HG�RU�VRPHWLPHV�3DUDOLF�FRQGLWLRQV��6WDWLRQV
ZLWK� +LJK� (FR46� SRVVHVVHG� RQ� DYHUDJH� ��� WD[D� DQG
+
 ���6WDWLRQV�ZLWK�*RRG�(FR46�KDG����WD[D�DQG�+
!��
,Q� PHVRKDOLQH� W\SH� �VDOLQLW\� ����� SVX��� VWDWLRQV� KDYH
3DUDOLF� FRQGLWLRQV�� H[FHSW� IRU� VW�� ��� ZKLFK� LV� 0L[HG�
3DUDOLF�ZLWK�*RRG�(FR46�����WD[D��+
 ������'LVWXUEDQFH
FODVVLILFDWLRQ� GHWHFWHG� ZLWK� $0%,� YDULHG� IURP� VOLJKWO\
GLVWXUEHG� WR� PRGHUDWHO\� GLVWXUEHG� DQG� LW� VHHPV� QRW
OLQNHG�WR�ZDWHU�W\SH�DQG�FOXVWHU�JURXSV�

',6&866,21

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�FKDUDFWHUL]H�WKH�PDFUR�
]RREHQWKRV�OLYLQJ�LQ�WKH�0DUDQR�DQG�*UDGR�/DJRRQ����
\HDUV�DIWHU�WKH�VWXGLHV�FDUULHG�RXW�LQ������������'ULROL�
����������� =DPERQL�� ����������� 2UHO� HW� DO��� �����
=DPERQL��������� DQG� WR�SURYLGH�D�SUHOLPLQDU\� DSSOLFD�
WLRQ�RI�WKH�:)'���������&(�LQ�WKLV�ODJRRQ�

3UHYLRXVO\�� VHYHUDO� DXWKRUV� FODVVLILHG� ODJRRQV� DQG
FRDVWDO� SRQGV� DV� D� IXQFWLRQ� RI� VDOLQLW\� YDOXHV� �5HGHNH�
������ ������ %UXQHOOL�� ������'¤$QFRQD�� ������� 7KH� VD�
OLQLW\�LV�D�NH\�SDUDPHWHU�DIIHFWLQJ� WKH�ELRORJLFDO�RUJDQL�
]DWLRQ� DQG� WKH� H[SUHVVLRQ� RI� ELRGLYHUVLW\� LQ� ,WDOLDQ� OD�
JRRQV� �%DVVHW� HW� DO��� ����E�� DQG� *UHHN� EUDFNLVK� HQYL�
URQPHQWV� �5HL]RSRXORX� 	� 1LFRODLGRX�� ������� 7KUHH
ZDWHU�W\SHV�ZHUH�LGHQWLILHG�DQG�DQDO\]HG�LQ�0DUDQR�DQG
*UDGR�DFFRUGLQJ�WR�WKH�DFWXDO�,WDOLDQ�OHJLVODWLRQV�
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7DE�����6XPPDUL]LQJ�WDEOH�
7DE�����3UHJOHGQD�WDEHOD�

(FR46 1R��WD[D +

JURXSV
FOXVWHU

JURXSV
FOXVWHU

$0%,

GLVWXUEDQFH
VDPSOLQJ
VWDWLRQ

ZDWHU
W\SH

�0�$0%,�
�PHDQ
YDOXHV�

�PHDQ
YDOXHV�

$� DEXQGDQFH
FODVVLILFDWLRQ

�� (8 0DULQH 0DULQH 6OLJKWO\
�� (8 0DULQH 0DULQH 6OLJKWO\
�� (8 0DULQH 0DULQH 6OLJKWO\
�� (8 0DULQH 0DULQH 0RGHUDWHO\
�� (8 0L[HG 0DULQH 0RGHUDWHO\
�� (8 0DULQH 0DULQH 0RGHUDWHO\
�� (8

*22' �� ���

0DULQH 0L[HG 6OLJKWO\
�� (8 0L[HG 0L[HG 6OLJKWO\
�� (8 0L[HG 0L[HG 0RGHUDWHO\
�� (8 0DULQH 3DUDOLF 6OLJKWO\
�� (8 0L[HG 0L[HG 0RGHUDWHO\
�� (8 0L[HG 0L[HG 0RGHUDWHO\
�� (8

02'(5$7( �� ���

0L[HG 0DULQH 6OLJKWO\
�� (8 0L[HG 0L[HG 0RGHUDWHO\
��� (8

3225 �� ���
0DULQH 0DULQH 0RGHUDWHO\

�� (8 %$' �� � 0L[HG 0L[HG 0RGHUDWHO\
� 32/< 3DUDOLF 0DULQH 0RGHUDWHO\
�� 32/< 3DUDOLF 3DUDOLF 6OLJKWO\
�� 32/< 0L[HG 0L[HG 6OLJKWO\
�� 32/<

+,*+ �� �

3DUDOLF 0L[HG 6OLJKWO\
� 32/< 0L[HG 0L[HG 6OLJKWO\
�� 32/< 0L[HG 0L[HG 0RGHUDWHO\
�� 32/< 0L[HG 0L[HG 0RGHUDWHO\
�� 32/< 3DUDOLF 3DUDOLF 0RGHUDWHO\
�� 32/< 0L[HG 3DUDOLF 6OLJKWO\
�� 32/< 0L[HG 0L[HG 0RGHUDWHO\
�� 32/< 3DUDOLF 3DUDOLF 6OLJKWO\
�� 32/< 0L[HG 3DUDOLF 6OLJKWO\
�� 32/< 0L[HG 0L[HG 0RGHUDWHO\
�� 32/<

*22' �� ���

0L[HG 0L[HG 0RGHUDWHO\
� 32/< 3DUDOLF 3DUDOLF 0RGHUDWHO\
�� 32/< 0DULQH 0DULQH 6OLJKWO\
�� 32/< 0DULQH 0DULQH 0RGHUDWHO\
�� 32/< 3DUDOLF 0L[HG 0RGHUDWHO\
�� 32/<

02'(5$7( �� ���

0L[HG 0L[HG 0RGHUDWHO\
�� 32/< 3225 �� ��� 3DUDOLF 3DUDOLF 6OLJKWO\
�� 0(62 *22' �� ��� 0L[HG 3DUDOLF 6OLJKWO\
�� 0(62 3DUDOLF 3DUDOLF 6OLJKWO\
�� 0(62 3DUDOLF 3DUDOLF 6OLJKWO\
�� 0(62

02'(5$7( �� ���
3DUDOLF 3DUDOLF 0RGHUDWHO\

�� 0(62 3DUDOLF 3DUDOLF 6OLJKWO\
�� 0(62

3225 � ���
3DUDOLF 3DUDOLF 6OLJKWO\



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

+E?KH=��"11,0,�AP�=H�!�"3�)2�1&,+�,+�1%"�" ,),$& �)�01�120�,#�1%"�*� /,7,,�"+1%& � ,**2+&1&"0��
��������

���

)LJ�����.�GRPLQDQFH�FXUYHV�UHODWLYH�WR�WKUHH�GLIIHUHQW�JURXSV�GHWHFWHG�E\�GHQGURJUDP�
6O�����.ULYXOMH�.�GRPLQDQFH�]D�WUL�UD]OLàQH�VNXSLQH��XJRWRYOMHQH�]�GHQGURJUDPRP�

7KH�0DUDQR�/DJRRQ�LV�HPEHGGHG�LQ�WKH�LQODQG��FRX�
SOHG�WR�D�OHVV�PDULQH�ZDWHU�H[FKDQJH�DQG�YHU\�DEXQGDQW
IUHVKZDWHU� LQSXWV� IURP� 6WHOOD�� &RUQR� DQG� $XVVD� ULYHUV
�)LJ������RQ�WKH�FRQWUDU\�WKH�*UDGR�/DJRRQ�LV�FKDUDFWHU�
L]HG�E\� VFDUFH� IUHVKZDWHU� LQSXWV�DQG�D�ZLGHU�H[FKDQJH
RI�PDULQH�ZDWHU��7KH�VXEGLYLVLRQ�RI�WKH�ZKROH�EDVLQ�LQWR
WKUHH�ZDWHU�W\SHV�UHIOHFWV�TXLWH�ZHOO� WKH�SUHYLRXV�REVHU�
YDWLRQV� RI� 9DWRYD� �����D�� ����E�� ������ DQG� PRUH� UH�
FHQWO\� WKRVH�RI�2UHO�HW� DO�� ������� DQG�=DPERQL� �������
'XULQJ������WD[D�ULFKQHVV��GLYHUVLW\�DQG�HYHQQHVV�LQGL�
FHV�VKRZHG�KLJK�YDOXHV�SDUWLFXODUO\� LQ�QHDUE\� LQOHWV�� ,Q
WKHVH� DUHDV� 6KDQQRQ�:LHQHU� LQGH[� �+
��ZDV� !���ZKLFK
FDQ� EH� FRQVLGHUHG� D� YHU\� KLJK� YDOXH� IRU� VRIW� ERWWRP
PDFUR]RREHQWKLF� FRPPXQLWLHV� �*UD\�� ������� 7KHUHIRUH
KLJK� LQGLFHV�YDOXHV� DQG� UHOHYDQW� QXPEHU� RI� VSHFLHV� UH�
FRUGHG� LQ� ����� ����� WD[D�� FRPSDUHG� WR� WKH� ��¤V�� ���
WD[D�LQ�WKH� WKUHH�\HDUV��=DPERQL���������FRXOG� LQGLFDWH
WKH�LQFUHDVLQJ�ULFKQHVV�RI�WD[D�LQ�WKH�0DUDQR�DQG�*UDGR
/DJRRQ�GXULQJ�WKH�ODVW����\HDUV��7KH�QXPEHU�RI�WD[D�GH�
FUHDVHG�PRYLQJ� IURP� WKH� LQOHWV� WRZDUGV� WKH� LQQHU� EDQN
RI�WKH�ODJRRQ��DV�GHVFULEHG�DOVR�LQ�SUHYLRXV�VWXGLHV��2Q
WKH� FRQWUDU\�� DEXQGDQFH� GLG� QRW� VKRZ� DQ\� GLVWULEXWLRQ
JUDGLHQW�� 2Q� WKH� ZKROH�� WKH� SDUWLWLRQ� RI� EHQWKRV� LQWR
WKUHH� VDOLQLW\�EDQGV�ZDV�FRQILUPHG�E\�D� GHFUHDVLQJ� GL�
YHUVLW\� IURP� WKH� LQOHWV� WRZDUGV� WKH� LQQHU� EDQN�� 'XH� WR
WKLV��D�PRQLWRULQJ�SURJUDP�EDVHG�RQ�ZDWHU�W\SHV�LV�IXOO\
VXSSRUWHG�E\�REVHUYDWLRQV�FDUULHG�RXW�LQ�WKH�ILUVW�VWXGLHV
�9DWRYD�� ����D�� ������ 2UHO� HW� DO��� ������ =DPERQL�
������DQG�WKH������VXUYH\�

*XHORUJqW�	� 3HUWKXLVRW� ������� ������ ������ UHIHUUHG
RQ� WKH� H[LVWHQFH� RI� SHFXOLDU� HXU\KDOLQH� VSHFLHV�� 7KLV
IHDWXUH� ZDV� SUHYLRXVO\� HPSKDVL]HG� E\� 3pUqV� 	� 3LFDUG
��������ZKR�GHILQHG�WKH�(XU\KDOLQH�DQG�(XU\WKHUPDO�/D�
JRRQ� ELRFHQRVLV�� 7KLV� ELRFHQRVLV� LV� W\SLFDO� RI� XQVWDEOH
HQYLURQPHQWV� ZKHUH� KLJKHU� RU� ORZHU� VDOLQLW\� DQG�RU
ZLGHU� VDOLQLW\� DQG� WHPSHUDWXUH� YDULDWLRQV� RFFXU� GXULQJ
WKH� \HDU�� 7KLV� SHFXOLDULW\� LV�PDLQO\� GXH� WR� ULYHU� IORRGV�
UDLQIDOOV� DQG� KLJK� VXPPHU� UDWH� RI� HYDSRUDWLRQ�� 0RUH�
RYHU�� OLYLQJ� FRPPXQLWLHV� DUH� DEOH� WR� UHFRYHU� UDWKHU
TXLFNO\� WKHLU� RULJLQDO� VWUXFWXUHV� ZKHQ� HQYLURQPHQWDO
GLVWXUEDQFHV�DQG�RU�G\VWURSKLF�FULVLV�RFFXU��'XH� WR� WKLV
JUHDW�UHVLOLHQFH��UDWKHU�WKDQ�VWDELOLW\�RI�WKH�FRPPXQLWLHV�
SDUDOLF�HQYLURQPHQWV�SUHYDLO��7KH�SUHYLRXVO\�PHQWLRQHG
SHFXOLDU� FKDUDFWHULVWLFV�RI� WKH� FRPPXQLWLHV� OHG�*XHORU�
JqW�	�3HUWKXLVRW��������������������WR�GLYLGH�WKH�SDUDOLF
GRPDLQ� LQWR� WZR� VXEVHWV�� 7KH� ILUVW� RQH� DV� QHDU� SDUDOLF�
FORVH� WR� WKH� LQOHWV� DQG�ZLWK� FKHPLFDO�SK\VLFDO� SDUDPH�
WHUV�VLPLODU�WR�VHD��ZKHUHDV�WKH�VHFRQG�RQH�DV�IDU�SDUDOLF�
IDUWKHU� IURP� VHD� ZLWK� FKHPLFDO�SK\VLFDO� SDUDPHWHUV
GHHSO\� GLIIHUHQW� WR� PDULQH� GRPDLQ�� $V� SUHYLRXVO\� GLV�
FXVVHG�� WKH� VDOLQLW\� LV� FRQVLGHUHG� D� NH\� SDUDPHWHU� GH�
WHUPLQLQJ� D� WUDQVLWLRQ� JUDGLHQW� IURP� D� W\SLFDO� PDULQH
FRPPXQLW\�WR�D�IUHVKZDWHU�RQH��,Q�IDFW��WKH�IUHVK�PDULQH
ZDWHUV�H[FKDQJH�DQG�FLUFXODWLRQ�SOD\�DQ� LPSRUWDQW� UROH
LQ� WKH� G\QDPLFV� RI� D� ODJRRQ�� ,Q� WKLV�ZD\�� K\GURORJ\� LV
WKH� IXQGDPHQWDO� IDFWRU� FRQGLWLRQLQJ� DQ\� ODJRRQ� HQYL�
URQPHQW�� ,Q� WKH� VDPH� FRQWH[W� *XHORUJqW� 	� 3HUWKXLVRW
�������GHILQHG�WKH�FRQILQHPHQW�DV�WKH�WLPH�RI�UHQHZDO�RI
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)LJ�����'HQGURJUDP�REWDLQHG�E\�SHUFHQWDJH�DIILQLW\�YDOXHV�
6O�����'HQGURJUDP��QDUHMHQ�QD�SRGODJL�DILQLWHWQLK�YUHGQRVWL��Y����

PDULQH� HOHPHQWV� LQ� UHODWLRQ� WR� WKH� H[WHQVLRQ� RI� SDUDOLF
GRPDLQ��+RZHYHU�� WKLV�GHILQLWLRQ� VKRXOG�EH�FRQVLGHUHG
RQ�D�ODUJHU�VFDOH�VLQFH�LW�LV�GHSHQGHQW�RQ�PDQ\�RWKHU�SD�
UDPHWHUV� VXFK� DV� WLGDO� UDQJH�� ZLGWK� LQOHWV�� IUHVKZDWHUV
LQSXWV��ZLQG�UHJLPH��GHSWK��WURSKLF�FRQGLWLRQV��WUDQVSDU�
HQF\��R[\JHQ�FRQWHQW�DQG�VR�RQ�

0XOWLYDULDWH�DQDO\VLV� LQ������GHILQHG� WKUHH�GLIIHUHQW
DUHDV�DV�D�IXQFWLRQ�RI�FORVHQHVV�WR�LQOHWV�DQG�IUHVKZDWHUV
LQSXWV��7KH�JURXS�RI�VWDWLRQV�FORVH�WR�LQOHWV�FRXOG�EH�GH�
ILQHG�DV�D�ODJRRQ�FRPPXQLW\�KDYLQJ�PDULQH�FKDUDFWHULV�
WLFV�� VWDWLRQV� QHDUE\� WKH� LQQHU� EDQN� DV� D� VWULFWO\� SDUDOLF
FRPPXQLW\�� ILQDOO\� VWDWLRQV� VKRZLQJ� D� FRPELQDWLRQ� RI
PDULQH� DQG� SDUDOLF� SURSHUWLHV� DV� D� PL[HG� FRPPXQLW\�
7KLV� NLQG� RI� SDUWLWLRQ� ZDV� FRQILUPHG� DQG� YDOLGDWHG� E\
$126,0� DQDO\VLV�� PRUHRYHU� N�GRPLQDQFH� FXUYHV� IR�
FXVHG�D�EDVLF�FRPPXQLW\�VWUXFWXUH�LQ�HDFK�JURXS��,Q�WKH
VDPH� ZD\� 6,03(5� DQDO\VLV� SXQFWXDOO\� LGHQWLILHG� WKH
PRVWO\�LQYROYHG�VSHFLHV�RI�WKH�PHQWLRQHG�JURXSV�

7KUHH� FKDUDFWHULVWLF� VSHFLHV� RI� SDUDOLF� HQYLURQPHQWV
DQG� /((� ELRFHQRVLV� UHSUHVHQW� DW� OHDVW� ���� RI� UHODWLYH
DEXQGDQFH� LQ� WKH� 3DUDOLF� JURXS� DQG�GRPLQDWH� LQ� LQQHU
]RQHV�ZKHUH�PDULQH� VSHFLHV� FDQQRW� VXUYLYH��$EUD� VHJ�
PHQWXP��+HGLVWH�GLYHUVLFRORU�DQG�6WUHEORVSLR�VKUXEVROLL�
$��VHJPHQWXP�LV�W\SLFDOO\�HXU\KDOLQH�� IUHTXHQW�LQ�ROLJR�
K\SHUKDOLQH�ZDWHUV�� WROHUDWHV� D�ZLGH� UDQJH�RI� VDOLQLWLHV�
IURP���WR����SVX��0DUD]DQRI��������.HYUHNLGLV���������,W
LV� FRPPRQ� DQG� IUHTXHQWO\� DEXQGDQW� LQ� WKH� 0HGLWHUUD�
QHDQ� FRDVWDO� ODJRRQV�� ZKHUH� LW� SOD\V� D� GRPLQDQW� UROH�
ERWK�LQ�WHUPV�RI�QXPEHU�DQG�ELRPDVV��LQ�WKH�LQIDXQD�RI
WKHVH�KDELWDWV�DQG� UHSUHVHQWV�DQ� LPSRUWDQW� IRRG� IRU� ILVK

�.HYUHNLGLV� 	� .DVDSLV�� �������+�� GLYHUVLFRORU� SUHIHUHQ�
WLDOO\�OLYHV�LQ�PXGG\�VHGLPHQWV��,W�LV�D�W\SLFDO�LQKDELWDQW
RI� (XURSHDQ� EUDFNLVK�ZDWHU� KDELWDWV� DQG� VKRZV� D� KLJK
OHYHO�RI�WROHUDQFH�WRZDUGV�GLIIHUHQW�W\SHV�DQG�FRQFHQWUD�
WLRQV� RI� FRQWDPLQDQWV� �9ROSL� HW� DO��� �������+�� GLYHUVL�
FRORU� WROHUDWHV� D�ZLGH� VDOLQLW\� UDQJH�� SUHIHUULQJ�� LQ� DQ\
FDVH�� DUHDV� FKDUDFWHUL]HG� E\� ORZ� VDOLQLW\� YDOXHV� �*XHU�
]RQL�	�7DJOLDSLHWUD��������DQG�LW�LV�ODUJHO\�GLVWULEXWHG�LQ
0HGLWHUUDQHDQ�ODJRRQV��%D]DwUL�HW�DO���������1LFRODLGRX
HW� DO��� ������� 6�� VKUXEVROLL� LV� D� W\SLFDO� ODJRRQ� VSHFLHV
ZLGHO\� GLVWULEXWHG� DOVR� LQ� RWKHU�0HGLWHUUDQHDQ� ODJRRQV
�0LVWUL�HW� DO��� ����E��5RVVL�	�/DUGLFFL�� ������%D]DwUL�HW
DO���������'DXHU�HW�DO��� ������� )XUWKHUPRUH��0L[HG�DQG
0DULQH�JURXSV�ZHUH�FKDUDFWHUL]HG�E\�WKH�GRPLQDQFH�RI
SRO\FKDHWHV� EHORQJLQJ� WR� &DSLWHOOLGDH� DQG� 6SLRQLGDH
IDPLOLHV� UHSUHVHQWHG� E\� VPDOO� VL]H� VSHFLHV� FDSDEOH� WR
VHWWOH�LQ�KDELWDWV�KDYLQJ�D�VWURQJ�YDULDELOLW\��VXFK�DV�WUDQ�
VLWLRQDO�HQYLURQPHQWV��+ROWH�	�2XJ��������0LVWUL�HW�DO��
����E�� DQG� DGDSWHG� WR� FRORQL]H� KDELWDWV� ZLWK� RUJDQLF
HQULFKPHQW� �0LVWUL�HW�DO���������7KRX]HDX�HW�DO���������
2OLJRFKDHWV��LQGLFDWLQJ�GHVDOLQL]HG�ZDWHU��1LFRODLGRX�HW
DO����������ZHUH�DEXQGDQW�� WRR�� ,Q�DGGLWLRQ�� WKH�RZHQLG
0\ULRFKHOH�RFXODWD��D� VDQG\�VSHFLHV�HVSHFLDOO\�GLIIXVHG
QHDUE\�LQOHWV��FRQWULEXWHG�WR�GHILQH�WKH�0DULQH�JURXS�

7KH� ELRQRPLF� DQDO\VLV� �3pUqV� 	� 3LFDUG�� ������ UH�
YHDOHG� WKH� H[LVWHQFH� RI� VHYHQ� ELRFHQRVHV�� 7KH� PDLQ
ZHUH� /((�DQG� 6)%&�� WKLV� ODWWHU� LV� W\SLFDO� RI�PDULQH� GR�
PDLQ�DQG�ODUJHO\�GLIIXVHG�LQ�0HGLWHUUDQHDQ�6HD�DV�D�VRIW
ERWWRP�LQIUDOLWWRUDO�ELRFHQRVLV��7KH� VHFRQG�GHQGURJUDP
REWDLQHG�E\�$��YDOXHV�ZDV�FRPSDUDEOH� WR� DEXQGDQFH
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)LJ�� ��� (FR46� RI� HXKDOLQH�� SRO\KDOLQH� DQG� PHVRKDOLQH
VWDWLRQV�DFFRUGLQJ�WR�0�$0%,�LQGH[�
6O�� ��� (NRORÉNR� VWDQMH� NDNRYRVWL� �(FR46�� ]D� HYKDOLQH�
SROLKDOLQH� LQ� PH]RKDOLQH� SRVWDMH� QD� SRGODJL� L]UDàXQD
LQGHNVD�0�$0%,�

FOXVWHU� DV� UHYHDOHG� E\� 5(/$7(� SURFHGXUH�� ,Q� WKLV� ZD\
VWDWLRQV� KDYLQJ�0DULQH�DIILQLWLHV� DUH�PRVWO\� UHSUHVHQWHG
E\� 6)%&��ZKHUHDV� /((� LV�PHDQO\� ������ /((� DIILQLW\� LQ
3DUDOLF�VWDWLRQV�H[FHHGV������DQG�/((�DIILQLW\� LQ�0L[HG
JURXS�UDQJHV�EHWZHHQ����DQG�����

7KH�0DULQH��0L[HG�DQG�3DUDOLF�JURXSV� FRXOG� FRUUH�
VSRQG� WR� ]RQHV� ,,�� ,,,� DQG� ,9�9� UHVSHFWLYHO\�� DV� GHILQHG
E\�*XHORUJqW�	�3HUWKXLVRW¤V�EHQWKLF�]RQDWLRQ��*XHORUJqW
	�3HUWKXLVRW��������������������� ,Q� IDFW��0DULQH�JURXS
UHVHPEOHV�WKH�]RQH�,,��DV�D�FRUUHVSRQGLQJ�HQWUDQFH� LQWR
ODJRRQ�GRPDLQ�ZLWK� WKH� SUHVHQFH�RI�PRVW� WROHUDQW�PD�
ULQH� VSHFLHV� EHORQJLQJ� WR� 6)%&� DQG� )LQH� 6XSHUILFLDO
6DQGV��6)6��ELRFHQRVLV��0L[HG�JURXS�ZDV�VLPLODU�WR�]RQH
,,,�ZLWK�D� UHPDUNDEOH� VFDUFLW\�RU�HYHQ�GLVDSSHDUDQFH�RI
HFKLQRGHUPV�� 9DWRYD� �����D�� ������ QRWLFHG� WKDW� WKH
KRORWKXULRLG�7UDFK\WK\RQH�HORQJDWD� LV� WKH�RQO\�FDSDEOH
WR�ZLWKVWDQG�VXGGHQ�VDOLQLW\�FKDQJHV�DQG��LQ�IDFW��RQO\��
VSHFLPHQV�RI���HFKLQRGHUPV�VSHFLHV�ZHUH� IRXQG� LQ� WKH
SRO\KDOLQH� ZDWHU� W\SHV� �7�� HORQJDWD�� $VWHULQD� JLEERVD�
$PSKLXUD� FKLDMHL� DQG�$PSKLSKROLV� VTXDPDWD��� )LQDOO\�
3DUDOLF� JURXS� UHVHPEOHG� ]RQH� ,9�� EHFDXVH� RI� WKH� WRWDO
GLVDSSHDUDQFH�RI�PRVW� WROHUDQW�PDULQH� VSHFLHV�� VXFK�DV
HFKLQRGHUPV�� DQG� DQ� DEVROXWH� GRPLQDQFH� RI� VWULFWO\
SDUDOLF� VSHFLHV� VXFK� DV� $�� VHJPHQWXP�� &HUDVWRGHUPD
JODXFXP� DQG� +�� GLYHUVLFRORU�� ,Q� VRPH� OLPLWHG� DUHDV
3DUDOLF�JURXS�UHVHPEOHG�DOVR�]RQH�9�EHFDXVH�RI�WKH�DS�
SHDUDQFH�RI�FKLURQRPLGV�ODUYDH�

1R� VSHFLPHQV� RI� WKH� FKDUDFWHULVWLF� ODJRRQ� ELYDOYH
6FURELFXODULD�SODQD�ZHUH�IRXQG�LQ�������7KLV�VSHFLHV�DO�
UHDG\� UHFRUGHG� LQ� WKH� 0DUDQR� DQG� *UDGR� /DJRRQ� E\
9DWRYD� �����D�� ����E�� ������ DQG� FRQVLGHUHG� DV� SDU�
WLFXODUO\�VHQVLWLYH�WR�ULYHU�IORRGV��ZDV�VFDUFHO\�SUHVHQW�LQ
WKH� ��¤V� EHFDXVH� RI� SROOXWLRQ� SKHQRPHQD� �%DWWDJOLD� HW
DO���������DQG�QRZ�LW�UHVXOWV�WR�EH�DEVHQW�VLQFH�WKH���¤V
�=DPERQL��������

0DFUR]RREHQWKRV� LQ� ����� HPEUDFHG� D� GLVWULEXWLRQ
FRPSDUDEOH�WR�WKH�WKUHH�\HDUV�VWXG\������������2UHO�HW
DO��� ������ =DPERQL�� ������� ,Q� WKH� ODJRRQ� WKH� VDOLQLW\
FRQVWLWXWHV� D� VRUW� RI� EDUULHU� WR� VWULFWO\� PDULQH� VSHFLHV�
OHDGLQJ� WR� WKH� VHOHFWLRQ� RI�PRUH� WROHUDQW� RUJDQLVPV�� ,Q
WKH� LQQHU�SDUW�RI� WKH� ODJRRQ� WKHUH� LV�D�FOHDU�GRPLQDQFH
RI� /((� VSHFLHV� DFFRPSDQLHG� E\� VWURQJO\� RSSRUWXQLVWLF
DQQHOLGV�

7KH� ILQDO� JRDO� ZDV� WKH� DSSOLFDWLRQ� RI� LQGLFHV� SUR�
SRVHG�E\�:)'��LQ�RUGHU�WR�GHILQH�WKH�HFRORJLFDO�TXDOLW\
VWDWXV� LQ�HDFK�VDPSOLQJ�VWDWLRQ��0�$0%,� VKRZHG�D� VLJ�
QLILFDQW� *RRG�0RGHUDWH� TXDOLW\� VWDWXV� LQ� HXKDOLQH� VWD�
WLRQV��+RZHYHU��VRPH�VLWHV�ORFDWHG�ZLWKLQ�KHDYLO\�PRGL�
ILHG�ZDWHU�ERGLHV�VKRZHG�D�3RRU�RU�%DG�VWDWXV��,Q�SRO\�
KDOLQH� W\SH� ���� RI� VWDWLRQV� VKRZHG� *RRG� WR� +LJK
(FR46��0HVRKDOLQH� W\SH�� WKH� LQQHU� SDUW� RI� WKH�0DUDQR
/DJRRQ��VKRZHG�DOPRVW�D�0RGHUDWH�VWDWXV��GXH�WR�QDWX�
UDO� VHOHFWLYLW\� RI� SDUDOLF� KDELWDWV�� FKDUDFWHUL]HG� E\� ORZ
ELRGLYHUVLW\�� $V� VXJJHVWHG� E\�'DXYLQ�HW� DO�� �������� WKH
PDLQ�LVVXH�LQ�WKH�DSSOLFDWLRQ�RI� LQGH[HV� IRU� WKH�FODVVLIL�
FDWLRQ�LV�WKDW�LQ�RUGHU�WR�GHWHUPLQH�DQWKURSRJHQLF�VWUHVV�
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WKH\� DFFRXQW� WR� UHODWLYH� DEXQGDQFHV� RI� VWUHVV�WROHUDQW
VSHFLHV�� +RZHYHU�� WKHVH� ODWWHU� PD\� DOVR� EH� WROHUDQW� WR
QDWXUDO�VWUHVVRUV��0RUHRYHU��GXH�WR�WKH�KLJK�YDULDELOLW\�RI
ERWK�SK\VLFDO�DQG�FKHPLFDO�SDUDPHWHUV�� WUDQVLWLRQDO�HQ�
YLURQPHQWV� DUH� JHQHUDOO\� FKDUDFWHUL]HG� E\� ORZ� EHQWKLF
GLYHUVLW\� LI� FRPSDUHG� WR� WKH� PDULQH� HQYLURQPHQW� ZLWK
VHYHUDO� RSSRUWXQLVWLF� DQG� WROHUDQW� RUJDQLVPV�� ZLWK�
VWDQGLQJ� WKHVH� FRQGLWLRQV�� $0%,� SURYLGHV� HFRORJLFDO
JURXS�DVVLJQPHQWV�EDVHG�RQ�H[SHUW�RSLQLRQ� IRU� D� ORW�RI
WD[D��0RUHRYHU�WKH�HFRORJLFDO�EHKDYLRXU�RI�VHYHUDO�VSH�
FLHV� LV� TXLWH� GLIIHUHQW� ZKHQ� WKH\� KDYH� WR� DGDSW� WR� OD�
JRRQDO� FRQGLWLRQV� �&RJQHWWL� 	� 0DOWDJOLDWL�� ������ RU� WR
GLIIHUHQW� JHRJUDSKLFDO� DUHDV�� 7KH� UHIHUHQFH� FRQGLWLRQV
IRU� WKH� ILQDO� (FR46� DUH� HVWDEOLVKHG� E\� WKH� OHJLVODWLRQ�
$FWXDOO\�� LQ� ,WDO\��D�GUDIW� GRFXPHQW�SURSRVHG�E\� ,WDOLDQ
(QYLURQPHQWDO� 0LQLVWU\� SURYLGHV� WKH� VDPH� UHIHUHQFH
FRQGLWLRQ� IRU� ROLJR��� PHVR�� DQG� SRO\KDOLQH� ZDWHUV�� $V
DIRUHPHQWLRQHG�WKH�0DUDQR�DQG�*UDGR�/DJRRQ�VKRZV�D
TXLWH� GLIIHUHQW� EHQWKLF� FRPPXQLW\� LQ� WKH� PHVRKDOLQH

ZDWHUV�FRPSDUHG�WR�SRO\KDOLQH�ZDWHUV��+HQFH�WKH�DSSOL�
FDWLRQ�RI�D�VLQJOH�UHIHUHQFH�FRQGLWLRQ�IRU�WKHVH�GLIIHUHQW
W\SHV�FDXVHV� WR�FODVVLI\�PHVRKDOLQH�ZDWHUV�ZLWK�0RGHU�
DWH�RU�3RRU�TXDOLW\��,Q�WKLV�VLWXDWLRQ��LQ�RUGHU�WR�DFKLHYH
DW� OHDVW� WKH� *RRG� (FR46� LQ� WKH� ZKROH� 0DUDQR� DQG
*UDGR� /DJRRQ�� PDFUR]RREHQWKLF� FRPPXQLW\� VKRXOG
UHDFK�D�QXPEHU�RI�VSHFLHV�FRPSDUDEOH� WR�D� W\SLFDO�VRIW
ERWWRP�FRPPXQLW\�RI�PDULQH�HQYLURQPHQWV��WKXV�ORRVLQJ
WKH� FKDUDFWHULVWLFV� DQG� HFRORJLFDO� IXQFWLRQV� RI� SDUDOLF
HQYLURQPHQWV�

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

$XWKRUV�DUH�JUDWHIXO�WR�'U��$OHVVDQGUR�$FTXDYLWD�DQG
WZR�DQRQ\PRXV�UHIHUHHV�IRU�WKH�FULWLFDO�HYDOXDWLRQ�RI�WKH
PDQXVFULSW��:H� GHGLFDWH� WKLV� SDSHU� WR� WKH� PHPRU\� RI
ËLJD� 'REUDMF� DQG� 6DPR� $ODMEHJRYLß�� ZKR� WUDJLFDOO\
SDVVHG�DZD\�ODVW�VXPPHU�

2&(1$�(.2/2É.(*$�67$786$�='58Ë%�92'1,+�1(95(7(1à$5-(9�9�0$5$16.,
,1�*5$'(É.,�/$*81,��6(9(51,�-$'5$1�

1LFROD�%(77262��,GD�)ORULDQD�$/()),��/LVD�)$5(6,��3LHWUR�5266,1�	�*LRUJLR�0$77$66,
$53$�)9*�2VVHUYDWRULR�$OWR�$GULDWLFR��,�������3DOPDQRYD��8'���YLD�&DLUROL�����,WDO\

(�PDLO��QLFROD�EHWWRVR#DUSD�IYJ�LW

3DWUL]LD�&5,9(//$52
'LSDUWLPHQWR�GL�6FLHQ]H�GHOOD�9LWD��8QLYHUVLWj�GHJOL�VWXGL�GL�7ULHVWH��,�������7ULHVWH��YLD�9DOHULR����$��,WDO\

329=(7(.

2FHQMHQMHQ�MH�ELO�VWDWXV�]GUXÊE�YRGQLK�QHYUHWHQßDUMHY�Y�0DUDQVNL�LQ�*UDGHÈNL�ODJXQL��Y�VNODGX�]�DSOLNDFLMR�2N�
YLUQH�GLUHNWLYH�R�YRGDK�]D�VRPRUQLFH��9]RUßHQMD�EHQWRVD�VR�ELOD�L]YHGHQD�OHWD�������1D����Y]RUßHYDOQLK�SRVWDMDK�MH
ELOR�LGHQWLILFLUDQLK��������RUJDQL]PRY��SULSDGDMRßLK�����WDNVRQRP��ÇWHYLOR�WDNVRQRY�LQ�LQGHNVL�SHVWURVWL�VR�VH�]PDQ�
ÈHYDOL�RG�PHVWD�GRWRNRY�SURWL�QRWUDQMHPX�EUHJX�ODJXQH��LQ�VLFHU�NRW�IXQNFLMD�JUDGLHQWD�VODQRVWL�WUHK�WLSRY�YRGH��0XO�
WLYDULDWQD�DQDOL]D� LQ�DQDOL]D�EHQWRÈNLK�ELRFHQR]� VWD� UD]NULOL� REVWRM� WUHK�]GUXÊE�YRGQLK� QHYUHWHQßDUMHY�� YH]DQLK� QD
EOLÊLQR�RGGDOMHQRVW�RG�PRUMD��'RPLQDQWQH�YUVWH�VR�WLSLßQL�SUHELYDOFL�ODJXQVNHJD�RNROMD��VSUHPOMDMR�SD�MLK�RSRUWXQLV�
WLßQH�YUVWH��NL�ODKNR�WROHULUDMR�YHOLNH�YDULDFLMH�NHPLßQLK�LQ�IL]LNDOQLK�SDUDPHWURY�Y�VRPRUQLFDK��,QGHNV�0�$0%,�RSUH�
GHOMXMH�HNRORÈNR�VWDQMH�JOHGH�QD�ELRWVNR�UD]QROLNRVW�

.OMXÞQH�EHVHGH��YRGQL�QHYUHWHQáDUML��0DUDQVND�LQ�*UDGHÊND�ODJXQD��HNRORÊNL�VWDWXV��2NYLUQD�GLUHNWLYD�R�YRGDK�
VHYHUQL�-DGUDQ
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%DUQHV��5��6��.����������:KDW�GHWHUPLQHV�WKH�GLVWULEXWLRQ
RI� FRDVWDO� K\GURELLG� PXGVQDLOV� ZLWKLQ� QRUWK�ZHVWHUQ
(XURSH��0DU��(FRO��3�6�=�1�,��������������
%DVVHW�� $��� /�� 6DEHWWD�� $�� )RQQHVX��'��0RXLOORW�� 7��'R
&KL��3��9LDUROL��*��*LRUGDQL��6��5HL]RSRXORX��0��$EELDWL
	� *�� &�� &DUUDGD� �����D��� 7\SRORJ\� LQ� 0HGLWHUUDQHDQ
WUDQVLWLRQDO� ZDWHUV�� QHZ� FKDOOHQJHU� DQG� SHUVSHFWLYH�
$TXDW��&RQVHUY���0DU��)UHVKZ��(FRV\VW���������������
%DVVHW��$���1��*DOXSSR�	�/�� 6DEHWWD� �����E��� (QYLURQ�
PHQWDO� KHWHURJHQHLW\� DQG� EHQWKLF� PDFURLQYHUWHEUDWH
JXLOGV� LQ� LWDOLDQV� ODJRRQV�� 7UDQVLW��:DWHUV� %XOO��� ��� ���
���
%DWWDJOLD��%���$��%UDPEDWL�	�*��0RGHQD���������5HOD]L�
RQH�VXOOD� ODJXQD�GL�0DUDQR�*UDGR�� LQVHGLDPHQWL� LQGXV�
WULDOL� H� WXUEDPHQWL� HFRORJLFL��$VV�� UHJ�� LQGXVWULD� H� FRP�
PHUFLR��7ULHVWH�
%D]DtUL��+���$��%D\HG��0��*OmPDUHF�	�&��+LO\� �������
6SDWLDO�RUJDQLVDWLRQ�RI�PDFUR]RREHQWKLF�FRPPXQLWLHV�LQ
UHVSRQVH�WR�HQYLURQPHQWDO�IDFWRUV�LQ�D�FRDVWDO�ODJRRQ�RI
WKH�1:�$IULFDQ�FRDVW��0HUMD�=HUJD��0RURFFR���2FHDQRO�
$FWD��������������
%HQHGHWWL�&HFFKL��/���)��5LQGL��,��%HUWRFFL��)��%XOOHUL�	�)�
&LQHOOL� �������� 6SDWLDO�YDULDWLRQ� LQ�GHYHORSPHQW� RI� HSL�
EHQWKLF� DVVHPEODJH� LQ� D� FRDVWDO� ODJRRQ�� (VWXDU�� &RDVW�
6KHOI�6FL���������������
%RUMD��$���-��)UDQFR�	�9��3mUH]���������$�PDULQH�ELRWLF
LQGH[� WR� HVWDEOLVK� WKH� HFRORJLFDO� TXDOLW\� RI� VRIW�ERWWRP
EHQWKRV� ZLWKLQ� (XURSHDQ� HVWXDULQH� DQG� FRDVWDO� HQYL�
URPHQWV��0DU��3ROOXW��%XOO���������������������
%UDPEDWL��$����������/DJXQH�H�VWDJQL�FRVWLHUL��GXH�DPEL�
HQWL� D� FRQIURQWR�� ,Q�� &DUUDGD�� *�� &��� )�� &LFRJQD� 	� (�
)UHVL��HGV����/H�ODJXQH�FRVWLHUH��ULFHUFD�H�JHVWLRQH��&/(0
SXEEO���0DVVD�/XEUHQVH��1D���SS�������
%UXQHOOL��*����������5LFHUFKH�VXJOL�VWDJQL�FRVWLHUL� OLWRUD�
QHL�� 5�&�� $FFDG�� /LQFHL�� &O�� 6FL�� )LV�� 0DW�� 1DW��� VHU�� ��
YRO��;9,,��,�VHP���IDVF�������������
&RJQHWWL��*��	�)��0DOWDJOLDWL���������3HUVSHFWLYHV�RQ�WKH
HFRORJLFDO�DVVHVVPHQW�RI�WUDQVLWLRQDO�ZDWHUV��0DU��3ROOXW�
%XOO���������������
'¡$QFRQD�� 8�� �������� 7KH� FODVVLILFDWLRQ� RI� EUDFNLVK
ZDWHUV� ZLWK� UHIHUHQFH� WR� WKH� QRUWK� DGULDWLF� ODJRRQV�
$UFK��2FHDQRJU��/LPQRO���YRO��;9��VXSSO�����������
'DXHU��'��0���+�� .��0DKRQ�	�5�� 6DUGg� �������� )XQF�
WLRQDO�PRUSKRORJ\� DQG� IHHGLQJ� EHKDYLRU� RI�6WUHEORVSLR
EHQHGLFWL�DQG�6��VKUXEVROLL� �3RO\FKDHWD��6SLRQLGDH���+\�
GURELRORJLD���������������
'DXYLQ��-��&���*��%DFKHOHW��$��/��%DULOOH��+��%ODQFKHW��;�
GH� 0RQWDXGRXLQ�� 1�� /DYHVTXH� 	� 7�� 5XHOOHW� �������
%HQWKLF� LQGLFDWRUV� DQG� LQGH[� DSSURDFKHV� LQ� WKH� WKUHH
PDLQ� HVWXDULHV� DORQJ� WKH� )UHQFK� $WODQWLF� FRDVW� �6HLQH�
/RLUH�DQG�*LURQGH���0DU��(FRO���������������
'H�:LW��5���/��-��6WDO��%��$��/RPVWHLQ��5��$��+HUEHUW��+�
9DQ�*HPHUGHQ�� 3�� 9LDUROL�� 9��8�� &HFKHUHOOL�� )�� 5RGUL�
JXH]�9DOHUD�� 0�� %DUWROL�� *�� *LRUGDQL�� 5�� $]]RQL�� %�

6FKDXE�� '�� 7�� :HOVK�� $�� 'RQQHOO\�� $�� &LIXHQWHV�� -�
$QWRQ��.��)LQVWHU��/��%��1LHOVHQ��$��*��8��3HGHUVHQ��$��7�
1HXEDXHU��0�� $�� &RODQJHOR� 	� 6�� .�� +HMLV� �������� 5R�
EXVW��WKH�UROH�RI�EXIIHULQJ�FDSDFLWLHV�LQ�VWDELOL]LQJ�FRDVWDO
ODJRRQ�HFRV\VWHPV��&RQW��6KHOI�5HV�����������������
'ULROL��$�� �����������6WUXWWXUD�HG�HYROX]LRQH�GHL�SRSR�
ODPHQWL�EHQWRQLFL�GHOOD�/DJXQD�GL�*UDGR�H�0DUDQR��7HVL
LQ� 6FLHQ]H� %LRORJLFKH�� 8QLYHUVLWj� GHJOL� 6WXGL� GL� 7ULHVWH
$�$��������������S�
)DODFH��$���$�� 6IULVR��'��&XULHO��*��0DWWDVVL�	�)��$OHIIL
��������7KH�0DUDQR�DQG�*UDGR�/DJRRQ�� ,Q��&HFHUH��(��
$��3HWURFHOOL��*��,]]R�	�$��6IULVR��HGV����)ORUD�DQG�9HJH�
WDWLRQ� RI� WKH� ,WDOLDQ� 7UDQVLWLRQDO�:DWHU� 6\VWHPV�� SS�� ��
���
*LEVRQ��*��5���0��/��%RZPDQ��-��*HUULWVHQ�	�%��'��6Q\�
GHU� �������� (VWXDULQH� DQG� FRDVWDO� PDULQH� ZDWHUV�� ELR�
DVVHVVPHQW�DQG�ELRFULWHULD�WHFKQLFDO�JXLGDQFH��(3$�����
%���������8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��2IILFH
RI�:DWHU��:DVKLQJWRQ��'&�
*RPH]��(���%��0LOOHW�	�%��3LFRW� ��������1XWULHQW� DFFX�
PXODWLRQ�LQ�D�ODJRRQ�VHGLPHQW�UHODWLQJ�WR�K\GURG\QDPLF
FRQGLWLRQV��2FHDQRO��$FWD��������������
*UD\��-����������7KH�PHDVXUHPHQW�RI�PDULQH�VSHFLHV�GL�
YHUVLW\��ZLWK� DQ�DSSOLFDWLRQ� WR� WKH�EHQWKLF� IDXQD�RI� WKH
1RUZHJLDQ� FRQWLQHQWDO� VKHOI�� -�� ([S�� 0DU�� %LRO�� (FRO��
�����������
*XHORUJXnW�� 2�� 	� -�� 3�� 3HUWKXLVRW� �������� 6WUXFWXUH� HW
qYROXWLRQ� GHV� SHXSOHPHQW� EHQWLTXHV� HQ� PLOLHX� SDUD�
OLTXH��&RPSDULVRQ�HQWUH� XQ�PRGqOH� GHVVDOp� �O¤(WDQJ� GX
3UHYRVW��)UDQFH��HW�XQ�PRGqO�VXUVDOp��OD�%DKLUHW�HO�%LEDQ�
7XQLVLH��� &RQVHJXHQFHV� ELRORJLTXHV� HW� JpRORJLTXHV�
-RXUQ��5HFK��2FHDQRJUD��9,,��������������
*XHUORJnW�� 2�� 	� -�� 3�� 3HUWKXLVRW� �������� /H� GRPDLQH
SDUDOLTXH�� ([SUHVVLRQ� JpRORJLTXHV�� ELRORJLTXHV� HW� pFR�
QRPLTXHV� GX� FRQILQHPHQW�� 7UDYDX[� GX� ODERUDWRLUH� GH
JpRORJLH�� ���� 3UHVVHV� GH� O¤(FROH� 1RUPDOH� 6XSpULHXUH�
3DULV������S�
*XHUORJnW��2��	�-��3��3HUWKXLVRW���������3DUDOLF�HFRV\V�
WHP�� %LRORJLFDO� RUJDQL]DWLRQ� DQG� IXQFWLRQLQJ�� 9LH� 0L�
OLHX�����������������
*XHU]RQL�� 6�� 	� '�� 7DJOLDSLHWUD� �������� $WODQWH� GHOOD
ODJXQD��9HQH]LD�WUD�WHUUD�H�PDUH��0DUVLOLR�(G�������S�
+HUEHUW�� 5��$�� ��������1LWURJHQ� F\FOLQJ� LQ� FRDVWDO�PD�
ULQH�HFRV\VWHPV��)(06�0LFURELRO��5HY���������������
+ROWH��%��	�(��2XJ���������6RIW�ERWWRP�PDFURIDXQD�DQG
UHVSRQVHV�WR�RUJDQLF�HQULFKPHQW�LQ�WKH�VXEDUFWLF�ZDWHUV
RI�7URPVr��QRUWKHUQ�1RUZD\��-��6HD�5HV����������������
����
,635$���������,PSOHPHQWD]LRQH�GHOOD�GLUHWWLYD���������
&(��FODVVLILFD]LRQH�GHOOR�VWDWR�HFRORJLFR�GHL�FRUSL� LGULFL
GHOOH�DFTXH�PDULQR�FRVWLHUH�H�GL� WUDQVL]LRQH��0&:�7:
6LVWHPD�GL�FODVVLILFD]LRQH�HFRORJLFD�����S�
.HYUHNLGLV��7����������6HDVRQDO�YDULDWLRQV�RI� WKH�PDFUR�
]RREHQWKLF� FRPPXQLW\� VWUXFWXUH� DW� ORZ� VDOLQLWLHV� LQ� D
0HGLWHUUDQHDQ� ODJRRQ� �0RQROLPQL� /DJRRQ�� 1RUWKHUQ
$HJHDQ���,QW��5HY��+\GURELRO���������������
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.HYUHNLGLV�� 7��	�.�� .DVDSLV� �������� /LIH� F\FOH�� SRSXOD�
WLRQ�G\QDPLFV��JURZWK�DQG�SURGXFWLRQ�RI�$EUD�VHJPHQ�
WXP��0ROOXVFD��%LYDOYLD��DW�ORZ�VDOLQLWLHV�LQ�D�0HGLWHUUD�
QHDQ�ODJRRQ��+HOJRO��0DU��5HV���������������
/RJDQ��3��	�0��)XUVH���������3UHSDULQJ�IRU�WKH�(XURSHDQ
:DWHU�)UDPHZRUN�'LUHFWLYH���PDNLQJ�WKH�OLQNV�EHWZHHQ
KDELWDW�DQG�DTXDWLF�ELRWD��$TXDW��&RQVHUY���0DU��)UHVKZ�
(FRV\VW���������������
0DUD]DQRI��)����������&RQWULEXWLRQ�j�O
pWXGH�pFRORJLTXH
GHV� PROOXVTXHV� GHV� HDX[� GRXFHV� HW� VDXPkWUHV� GH
&DPDUJXH�� ,��0LOLHX[�HVSHFHV��$QQ��/LPQRO�������������
����
0DUJDOHI��'��5�� �������� ,QIRUPDWLRQ� WKHRU\� LQ� HFRORJ\�
*HQ��6\VW������������
0F/XVN\��'��6��	�0��(OOLRW� ��������7UDQVLWLRQDO�ZDWHUV�
$� QHZ� DSSURDFK�� VHPDQWLFV� RU� MXVW� PXGG\LQJ� WKH� ZD�
WHUV"�(VWXDU��&RDVW��6KHOI�6FL���������������
0LVWUL��0���5��5RVVL�	�(��$��)DQR� �������� 6WUXFWXUH�DQG
VHFRQGDU\� SURGXFWLRQ� RI� D� VRIW� ERWWRP� PDFUREHQWKLF
FRPPXQLW\�LQ�D�EUDFNLVK�ODJRRQ��6DFFD�GL�*RUR��QRUWK�
HDVWHUQ�,WDO\���(VWXDU��&RDVW��6KHOI�6FL���������������
0LVWUL�� 0��� (�� $�� )DQR�� )�� *KLRQ� 	� 5�� 5RVVL� �����D��
'LVWXUEDQFH� DQG� FRPPXQLW\� SDWWHUQ� RI� 3RO\FKDHWHV� LQ�
KDELWLQJ�9DOOH�0DJQDYDFFD��9DOOL�GL�&RPDFFKLR��1RUWK�
HUQ�$GULDWLF�6HD��,WDO\���0DU��(FRO����������������
0LVWUL��0��� )��*KLRQ�� 6��0RGXJQR�	� 5�� 5RVVL� �����E��
5HVSRQVH� RI�PDFUREHQWKLF� FRPPXQLWLHV� WR� D� K\GUDXOLF
LQWHUYHQWLRQ� LQ� DQ� HQFORVHG� ODJRRQ� �9DOH� GL� *RULQR�
1RUWKHUQ�,WDO\���-��0DU��%LRO��$VVRF��8�.���������������
0X[LND�� ,��� $�� %RUMD�	� -�� %DOG� �������� 8VLQJ� KLVWRULFDO
GDWD�� H[SHUW� MXGJPHQW� DQG� PXOWLYDULDWH� DQDO\VLV� LQ� DV�
VHVVLQJ� UHIHUHQFH� FRQGLWLRQV� DQG� EHQWKLF� HFRORJLFDO
VWDWXV��DFFRUGLQJ�WR�WKH�(XURSHDQ�:DWHU�)UDPHZRUN�'L�
UHFWLYH��0DU��3ROOXW��%XOO�������������
1LFRODLGRX��$��� 6��5HL]RSRXORX��'��.RXWVRXEDV�� 6��2U�
IDQLGLV� 	� 7�� .HYUHNLGLV� �������� %LRORJLFDO� FRPSRQHQWV
RI�*UHHN� ODJRRQDO�HFRV\VWHPV��DQ�RYHUYLHZ��0HG��0DU�
6FL���������������
2UHO��*���5��=DPERQL�� )��*ULPP�	�$��=HQWLOLQ� �������
(YROX]LRQH� GHL� SRSRODPHQWL� EHQWRQLFL� GHOOD� ODJXQD� GL
0DUDQR�H�*UDGR��$GULDWLFR�VHWWHQWULRQDOH��LQ�XQ�WULHQQLR
GL�ULFHUFKH��%LRO��0DU��0HGLW�����������������
2UHO��*���*��)RQWRODQ��,��%XUOD��5��=DPERQL��$��=HQWLOLQ
	�*��3HVVD���������$VSHWWL�GHOO¤LPSDWWR�GHOOD�SHVFD�GHOOD
YRQJROD� YHUDFH� ILOLSSLQD� �7DSHV� SKLOLSSLQDUXP�� FRQ
GUDJKH�DO� WUDLQR�QHOOD�/DJXQD�GL�0DUDQR� �$GULDWLFR�6HW�
WHQWULRQDOH���%LRO��0DU��0HGLW�����������������
2UHO�� *��� 5�� =DPERQL� 	� $�� =HQWLOLQ� �������� ,PSDWWR
GHOOD� SHVFD� H� GHOOD� FROWXUD� GL� 7DSHV� SKLOLSSLQDUXP� VXL
IRQGDOL�GHOOH�ODJXQH�DOWR�DGULDWLFKH�� ,Q��%RDWWR��9��	�0�
3HOOL]]DWR� �HGV���� /D� ILOLHUD� GHOOD� YRQJROD� �� 7DSHV
SKLOLSSLQDUXP�LQ�,WDOLD��)UDQFR�$QJHOL�(G���SS��������
3DVWUHV�� 5��� &�� 6ROLGRUR�� 6�� &LDYDWWD�� $�� 3HWUL]]R� 	�*�
&RVVDULQL���������/RQJ�WHUP�FKDQJHV�RI� LQRUJDQLF�QXWUL�
HQWV� LQ� WKH� /DJRRQ� RI� 9HQLFH� �,WDO\��� -�� 0DU�� 6\VW��� ���
��������

3mUnV�� -��	� -�� 3LFDUG� ��������1RXYHDX�0DQXHO� GH� %LR�
QRPLH� %HQWKLTXH� GH� OD� 0HU� 0pGLWHUUDQpH�� 5pF�� 7UDY�
6WDW��0DU��(QGRXPH������������
3HWLKDNLV��*���*��7ULDQWDI\OORX��'��.RXWVRXEDV�� ,��$OOHQ
	� &�� 'RXQDV� �������� 0RGHOOLQJ� WKH� DQQXDO� F\FOHV� RI
QXWULHQWV�DQG�SK\WRSODQNWRQ� LQ�D�0HGLWHUUDQHDQ� ODJRRQ
�*LDORYD��*UHHFH���0DU��(QYLURQ��5HV�������������
3LHORX�� (�� &�� �������� 7KH� PHDVXUHPHQW� RI� GLYHUVLW\� LQ
GLIIHUHQW� W\SHV� RI� ELRORJLFDO� FROOHFWLRQV�� -�� 7KHRU�� %LRO��
������������
3UDQRYL��)���)��'D�3RQWH�	�3��7RUULFHOOL���������+LVWRUL�
FDO�FKDQJHV�LQ�WKH�VWUXFWXUH�DQG�IXQFWLRQLQJ�RI�WKH�EHQ�
WKLF� FRPPXQLW\� LQ� WKH� ODJRRQ�RI�9HQLFH��(VWXDU��&RDVW�
6KHOI�6FL���������������
5HGHNH��+��&����������=XU�%LRORJLH�GHU�QLHGHUOlQGLVFKHU
%UDFNZDVVHUW\SHQ� �(LQ� %HLWUDQJ� ]XU� UHJRQDOHQ� /LPQR�
ORJLH���%LMGU�'LHUN���$PVWHUGDP��YRO��;;,,����������
5HGHNH�� +�� &�� �������� 8EHU� GHQ� MHW]LJHQ� 6WDQ� XQVHUHU
NHQQWQLVVH�GHV�)ORUD�XQG�)DXQD�GHV�%UDFNZDVVHUV��9HUK�
,QWHUQDW��9HUHLQ��/LPQRO���9,�,���������
5HL]RSRXORX��6��	�$��1LFRODLGRX���������%HQWKLF�GLYHU�
VLW\�RI�FRDVWDO�EUDFNLVK�ZDWHU�ODJRRQV�LQ�ZHVWHUQ�*UHHFH�
$TXDW��&RQVHUY���0DU��)UHVKZ��(FRV\VW��������������
5RVVL��)��	�&��/DUGLFFL���������5ROH�RI�WKH�QXWULWLYH�YDOXH
RI� VHGLPHQW� LQ� UHJXODWLQJ� SRSXODWLRQ� G\QDPLFV� RI� WKH
GHSRVLW�IHHGLQJ� SRO\FKDHWH� 6WUHEORVSLR� VKUXEVROLL�� 0DU�
%LRO������������������
6IULVR��$���7��%LUNHPH\HU�	�3��)��*KHWWL���������%HQWKLF
PDFURIDXQD� FKDQJHV� LQ� DUHDV� RI� 9HQLFH� ODJRRQ� SRSX�
ODWHG�E\�VHDJUDVVHV�RU�VHDZHHGV��0DU��(QYLURQ��5HV������
��������
6KDQQRQ��&��(��	�:��:HDYHU���������7KH�PDWKHPDWLFDO
WKHRU\�RI�FRPPXQLFDWLRQ��8UEDQD��8QLYHUVLW\�RI� ,OOLQRLV
3UHVV������S�
6QHOJURYH��3��9��5��� 7��+��%ODFNEXUQ�� 3��+XWFKLQJV��'�
$ORQJL��-��)��*UDVVOH��+��+XPPHO��*��.LQJ��,��.RLNH��3��-�
'��/DPEVKHDG��1��%��5DPVLQJ�	�9��6ROLV�:HLVV��������
7KH� LPSRUWDQFH� RI� PDULQH� ELRGLYHUVLW\� LQ� HFRV\VWHP
SURFHVVHV��$PELR��������������
7HQRUH�� .�� 5��� 5�� 1�� =DMDF�� -�� 7HUZLQ�� )�� $QGUDGH�� -�
%ODQWRQ��:��%R\QWRQ��'��&DUH\��5��'LD]��$��)��+ROODQG�
(��/RSH]�-DPDU��3��0RQWDJQD��)��1LFKROV��5��5RVHQEHUJ�
+�� 4XHLURJD�� 0�� 6SUXQJ� 	� 5�� %�� :KLWODWFK� �������
&KDUDFWHUL]LQJ� WKH� UROH� EHQWKRV� SOD\V� LQ� ODUJH� FRDVWDO
VHDV� DQG� HVWXDULHV�� D� PRGXODU� DSSURDFK�� -�� ([S�� 0DU�
%LRO��(FRO����������������
7KRX]HDX��*���-��*UDOO��-��&ODYLHU��/��&KDXYDXG��)��-HDQ�
$�� /H\QDHUW�� 6�� /RQJSKXLUW�� (�� $PLFH� 	� '�� $PRXURX[
�������� 6SDWLDO� DQG� WHPSRUDO� YDULDELOLW\� RI� EHQWKLF� ELR�
JHRFKHPLFDO� IOX[HV� DVVRFLDWHG� ZLWK� PDFURSK\WLF� DQG
PDFURIDXQDO� GLVWULEXWLRQV� LQ� WKH� 7KDX� ODJRRQ� �)UDQFH��
(VWXDU��&RDVW��6KHOI�6FL���������������
9DWRYD�� $�� �������� /H� ]RRFHQRVL� GHOOD� /DJXQD� 9HQHWD�
7KDODVVLD��YRO��,,,�������
9DWRYD��$����������&DUDWWHUL�GL�DOFXQH�IDFLHV�EHQWRQLFKH
GHOOD�/DJXQD�9HQHWD��1RYD�7KDODVVLD��YRO��,����������
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9DWRYD�� $�� �����D��� 5LFHUFKH� TXDQWLWDWLYH� VXOOD� IDXQD
EHQWRQLFD�GHOOH� ODJXQH�GL�0DUDQR�H�*UDGR��%ROO��3HVFD
3LVFLF��,GURELRO������������
9DWRYD�� $�� �����E��� 6XOOD� SURGXWWLYLWj� GHOOD� /DJXQD� GL
*UDGR�H�0DUDQR��$FFDGHPLD�1D]LRQDOH� GHL� /LQFHL�� (V�
WUDWWR� GHL� 5HQGLFRQWL� GHOOD� &ODVVH� GL� 6FLHQ]H� )LVLFKH�
0DWHPDWLFKH� H�1DWXUDOL�� VHU�� 9,,,�� YRO�� ;;;9,,�� IDVF�� ��
��������
9DWRYD�� $�� �������� 1RXYHOOHV� UHFKHUFKp� VXU� OD� IDXQH
EHQWKLTXH� GH� OD� ODJXQH� GH�*UDGR�0DUDQR�� 5DSS�� S�� Y�
5HXQ��&RPP��,QW��([SORU��6FL��0HU�0pGLW�
9HU�� /�� 0�� %��� )�� 7�� 0DFNHQ]LH� 	� $�� /HUPDQ� �������
&DUERQ�F\FOH� LQ� WKH�FRDVWDO�]RQH��HIIHFWV�RI�JOREDO�SHU�
WXUEDWLRQV�DQG�FKDQJH�LQ�WKH�SDVW�WKUHH�FHQWXULHV��&KHP�
*HRO����������������
9ROSL��*��$���/��&DYDOOLQL��(��'HODQH\��'��7DJOLDSLHWUD��3�
)��*KHWWL��&��%HWWLRO�	�(��$UJHVH���������+��GLYHUVLFRORU�
1��VXFFLQHD�DQG�3��FXOWULIHUD��3RO\FKDHWD��1HUHLGLGDH��DV
ELRDFFXPXODWRUV�RI�FDGPLXP�DQG�]LQF� IURP� VHGLPHQWV�
SUHOLPLQDU\� UHVXOWV� LQ� WKH�9HQHWLDQ� ODJRRQ� �,WDO\��� 7R[L�
FRO��(QYLURQ��&KHP���������������

:HVODZVNL��-��0���3��9��5��6QHOJURYH��/��$��/HYLQ��0��&�
$XVWHQ��5��7��.QHLE��7��0��,OLIIH��-��5��&DUH\��6��-��+DZ�
NLQV�	�5��%��:KLWODWFK���������0DULQH�VHGLPHQWDU\�ELRWD
DV�SURYLGHUV�RI�HFRV\VWHP�JRRGV�DQG�VHUYLFHV�� ,Q��:DOO�
'�+���HG����6XVWDLQLQJ�%LRGLYHUVLW\�DQG�(FRV\VWHP�6HUYL�
FHV� LQ� 6RLOV� DQG� 6HGLPHQWV�� ,VODQG� 3UHVV�� :DVKLQJWRQ�
SS��������
=DPERQL��5���������������,�SRSRODPHQWL�EHQWRQLFL�GHOOD
/DJXQD�GL�*UDGR�H�0DUDQR��7HVL� LQ�VFLHQ]H�%LRORJLFKH�
8QLYHUVLWj�GHJOL�6WXGL�GL�7ULHVWH��$�$��������������S�
=DPERQL�� 5�� �������� 3URSRVWD� GL� UHDOL]]D]LRQH� GL� XQD
FDUWRJUDILD�ELRQRPLFD�FRPH� VWUXPHQWR� GL�PRQLWRUDJJLR
H�GL�JHVWLRQH�GHOOD�/DJXQD�GL�0DUDQR�H�*UDGR��;,;�FLFOR
GHL�GRWWRUDWL�GL�ULFHUFD�LQ�PHWRGRORJLH�GL�ELRPRQLWRUDJ�
JLR� GHOO¤DOWHUD]LRQH� DPELHQWDOH�� 'LSDUWLPHQWR� GL� %LROR�
JLD��8QLYHUVLWj�GHJOL�6WXGL�GL�7ULHVWH������S�


