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'HPHUVDO� ILVK�DQG�EHQWKLF�PDFURLQYHUWHEUDWHV�ZHUH�FHQVXVHG� LQ�VSULQJ������ LQ�VL[�HPED\PHQWV�DQG�RQH�RSHQ
$GULDWLF� VKDOORZ� ZDWHU� ORFDWLRQ�� 5HODWLYH� IDXQDO� DEXQGDQFH� DQG� VSHFLHV� ULFKQHVV�� GLYHUVLW\�� DQG� HYHQQHVV� ZHUH
FDOFXODWHG�DQG�FRPSDUHG�DFURVV�ED\V�DQG�DFURVV�QDWXUDO�DQG�GHYHORSHG�FRDVWOLQH�ZLWKLQ�ED\V��:H� IRXQG� WKDW� WKH
IDXQDO�FRPPXQLWLHV�RI�WKH�PRVW�HQFORVHG�ED\V�� WKH�1RYLJUDG�6HD�DQG�WKH�.DULQ�6HD������H[KLELW�VLJQLILFDQWO\�KLJKHU
ILVK�ULFKQHVV�DQG� IDXQDO�GLYHUVLWLHV� WKDQ�DQ\�RI� WKH�RWKHU�ED\V�� ����ZHUH� WKH�PRVW�GLVVLPLODU� IURP�WKH�RSHQ�$GULDWLF
FRPPXQLW\�� ����H[SHULHQFHG�VLJQLILFDQW�UHGXFWLRQV�LQ�ELRGLYHUVLW\�DW�GHYHORSHG�FRPSDUHG� WR�QDWXUDO�FRDVWOLQHV�DQG
���� KDUERU� WZR� WKUHDWHQHG� ILVK� VSHFLHV� DQG� KLJKHVW� GHQVLWLHV� RI� MXYHQLOH� ILVK�� 7KHLU� GLYHUVLW\�� XQLTXHQHVV�� DQG
VHQVLWLYLW\�WR�GHYHORSPHQW�PDNH�WKH�1RYLJUDG�DQG�.DULQ�VHDV�FDQGLGDWHV�IRU�OHJDO�SURWHFWLRQ�

.H\�ZRUGV��PHWDFRPPXQLW\��IDXQDO�GLYHUVLW\��YLVXDO�FHQVXV��$GULDWLF�HPED\PHQWV��FRDVWDO�GHYHORSPHQW
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,O�FHQVLPHQWR�GHL�SHVFL�GHPHUVDOL�H�GHL�PDFURLQYHUWHEUDWL�EHQWRQLFL�o�VWDWR�HVHJXLWR�QHOOD�SULPDYHUD�GHO������LQ
VHL�EDLH�H�XQD�ORFDOLWi�GL�DFTXH�EDVVH�DSHUWH�GHOO¢$GULDWLFR��/¢DEERQGDQ]D�IDXQLVWLFD�UHODWLYD��OD�ULFFKH]]D�GL�VSHFLH�
OD� GLYHUVLWi� H� O¢XQLIRUPLWi� VRQR� VWDWH� FDOFRODWH� DO� ILQH� GL� FRQIURQWDUH� OH� GLYHUVH� EDLH�� DOFXQH� FRQ� OD� OLQHD� GL� FRVWD
QDWXUDOH�DOWUH�LQYHFH�VRJJHWWH�D�FDPELDPHQWL�DQWURSRJHQLFL��,�ULVXOWDWL�HYLGHQ]LDQR�FKH�OH�FRPXQLWi�IDXQLVWLFKH�GHOOH
EDLH�VHPLFKLXVH�QHO�PDUH�GL�1RYLJUDG�H�.DULQ�����SUHVHQWDQR�XQD�ULFFKH]]D�GL�VSHFLH�LWWLFKH�H�XQD�GLYHUVLWi�IDXQLVWLFD
VLJQLILFDWLYDPHQWH� SL|� DOWD� ULVSHWWR� DOOH� DOWUH� EDLH�� ���� SUHVHQWDQR� OH� SL|� DOWH� GLIIHUHQ]H� FRQ� OH� FRPXQLWi� GL� DFTXH
DSHUWH�GHOO¢$GULDWLFR������KDQQR�VXELWR�VLJQLILFDWLYH�ULGX]LRQL�QHOOD�ELRGLYHUVLWi�QHL�WUDWWL�GL�FRVWD�PRGLILFDWD�ULVSHWWR�DL
WUDWWL�GL�FRVWD�QDWXUDOH��H�SHU�ILQLUH�����RVSLWDQR�GXH�VSHFLH�LWWLFKH�PLQDFFLDWH�H�DOWH�GHQVLWi�GL�VWDGL�LWWLFL�JLRYDQLOL��/D
ORUR� GLYHUVLWi�� O¢XQLFLWi� H� OD� VHQVLELOLWi� DOOR� VYLOXSSR� FRVWLHUR� UHQGRQR� OH� EDLH� GL� 1RYLJUDG� H� .DULQ� LGRQHH� SHU� OD
SURWH]LRQH�OHJDOH�

3DUROH�FKLDYH��PHWDFRPXQLWj��GLYHUVLWj�IDXQLVWLFD��YLVXDO�FHQVXV��EDLH�GHOO¤$GULDWLFR��VYLOXSSR�FRVWLHUR
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5HJLRQDO�YV��ORFDO�IDFWRUV�LQIOXHQFLQJ�ED\�GLYHUVLW\

:LWKLQ�D�V\VWHP�RI�FRQQHFWHG�DQG�SDUWLDOO\�HQFORVHG
FRDVWDO�HPED\PHQWV�� IDXQDO� FRPPXQLW\� VWUXFWXUH� LV�GH�
WHUPLQHG� E\� ORFDO� DQG� UHJLRQDO� SURFHVVHV� �&DOH\� 	
6FKOXWHU���������7KH�ODWWHU�DIIHFW� WKH�OLNHOLKRRG�RI�DYDLO�
DEOH�VSHFLHV�GLVSHUVLQJ�LQWR�D�ED\��DQG� LQFOXGH� LQWHUDF�
WLRQV�ZLWK�ELRWLF�DQG�DELRWLF�ODQGVFDSH�YDULDEOHV�DQG�LQ�
GLYLGXDO�VSHFLHV¤�WUDLWV��ERWK�RI�ZKLFK�DIIHFW�WKH�SRWHQWLDO
RI� VSHFLHV�GLVSHUVDO� DQG�PLJUDWLRQ� �+DUULVRQ�	�&RUQHOO�
������� /RFDO� SURFHVVHV� DIIHFW� WKH� OLNHOLKRRG� RI� DUULYLQJ
VSHFLHV�HVWDEOLVKPHQW�ZLWKLQ�D�ED\��DQG�LQFOXGH�LQWHUDF�
WLRQV� ZLWK� WKH� ORFDO� ELRWLF� DQG� DELRWLF� HQYLURQPHQWV
�+LOOHEUDQG�	�%OHQFNQHU��������

/RFDO� DQG� UHJLRQDO� SURFHVVHV� FDQ� LQWHUDFW� �+LOWXQHQ
HW�DO����������5HJLRQDO�SURFHVVHV�FDQ�VWURQJO\�GHSHQG�RQ
HDFK�ED\
V�K\GURORJLFDO�FRQQHFWLYLW\� DQG�GHJUHH�RI�HQ�
FORVXUH� DQG� RQ� LWV� GLVWDQFH� IURP� WKH� SULPDU\� VSHFLHV
VRXUFH��%RXYLHU�HW�DO����������/RFDO�SURFHVVHV�DUH�GULYHQ
E\�DELRWLF�YDULDEOHV�� LQFOXGLQJ�VDOLQLW\�DQG�WHPSHUDWXUH�
GLYHUVLW\�DQG�FRPSOH[LW\�RI�KDELWDWV��DQG�IDXQDO�LQWHUDF�
WLRQV� �SUHGDWLRQ�� FRPSHWLWLRQ�� SDUDVLWLVP�� DQG� IDFLOLWD�
WLRQ���ZKLFK�FDQ�GLIIHU�HYHQ�ZLWKLQ�D�ED\�

,I� K\GURORJLFDO� FRQQHFWLYLW\� �GLVWDQFH� DQG� OHYHO� RI
HQFORVXUH�� ZLWK� WKH� SULPDU\� VSHFLHV� SRRO� GRPLQDWHV
FRPPXQLW\� DVVHPEO\�� RQH� ZRXOG� H[SHFW� RSHQ� ED\V� WR
EH� ULFKHU� LQ� VSHFLHV� WKDQ� HQFORVHG� ED\V�� DQG� WKDW� ED\V
FORVHU� WR� WKH� VRXUFH�DUH� ULFKHU� WKDQ� WKRVH� IDUWKHU�DZD\�
)XUWKHUPRUH�� LQ� WKH� DEVHQFH� RI� VWURQJ� VSHFLHV� LQWHUDF�
WLRQV� RU� LQ� XQVDWXUDWHG� FRPPXQLWLHV�� VSHFLHV� ZLWK� WKH
KLJKHVW�GLVSHUVDO�DQG�UHSURGXFWLYH�SRWHQWLDO�ZLOO�WHQG�WR
GRPLQDWH�WKH�FRPPXQLW\��UHVXOWLQJ�LQ�ORZ�HYHQQHVV�DQG
WKHUHE\�LQ�SRWHQWLDOO\�ORZ�GLYHUVLW\�GHVSLWH�KLJK�ULFKQHVV
�0RXLOORW�� ������� &RQYHUVHO\�� LI� ORFDO� LQWHUDFWLRQV� DQG
VSHFLHV�VRUWLQJ�E\�QLFKH�SDUWLWLRQLQJ�DUH�GRPLQDQW��WKHQ
ED\V�ZLWK�WKH�PRVW�GLYHUVH�DELRWLF�FRQGLWLRQV��H�J���VSD�
WLDO� VDOLQLW\� UDQJH�� DQG� WKH� KLJKHVW� KDELWDW� GLYHUVLW\
VKRXOG� H[KLELW� WKH� KLJKHVW� ULFKQHVV�GLYHUVLW\� �0RXLOORW�
������

,Q�SUDFWLFH��WKH�UHODWLYH�LPSRUWDQFH�RI�UHJLRQDO�YHUVXV
ORFDO� SURFHVVHV� PLJKW� GLIIHU� IURP� ED\� WR� ED\�� )RU� LQ�
VWDQFH�� WKH� GLYHUVLW\� ZLWKLQ� K\GURORJLFDOO\� ZHOO�FRQ�
QHFWHG�DQG�RSHQ�ED\V�VLPLODU�LQ�DELRWLF�FRQGLWLRQV�PD\
EH�SULPDULO\�GULYHQ�E\� UHJLRQDO�SURFHVVHV�ZKLOH� WKH� GL�
YHUVLW\�RI�PRUH�LVRODWHG�RU�HQFORVHG�ED\V��RU� WKRVH�ZLWK
KLJKHU�KDELWDW�GLYHUVLW\��PD\�EH�VHW�SULPDULO\�E\�WKH�RXW�
FRPHV� RI� ORFDO� LQWHUDFWLRQV� �GH� 0DFHGR�6RDUHV� HW� DO��
������

6HQVLWLYLW\�WR�FRDVWDO�GHYHORSPHQW

%D\V�WKDW�DUH�RSHQ�DQG�ZHOO�FRQQHFWHG�WR�D�UHJLRQDO
VSHFLHV� SRRO� DQG� GLYHUVLW\� RI� ZKLFK� LV� SULPDULO\� UHJX�
ODWHG� E\� UHJLRQDO� IDFWRUV�� VXFK� DV� GLVSHUVDO� DQG� K\GUR�

ORJLFDO�FRQQHFWLYLW\��DUH�OLNHO\�WR�EH�OHVV�SURQH�WR�UHGXF�
WLRQV� LQ� ULFKQHVV� DV� D� UHVXOW� RI� FRDVWDO� GHYHORSPHQW�
+HUH��VSHFLHV�ORVW� WKURXJK�WKH�QHJDWLYH�HIIHFWV�RI�GHYHO�
RSPHQW� DUH� OLNHO\� WR� EH� UHSODFHG�� SHUKDSV� TXLFNO\�� E\
QHZ�DUULYDOV��WKH�GRPLQDQFH�RI�GLVSHUVDO�RYHU�ORFDO�SUR�
FHVVHV� LV� WHUPHG� LWV��PDVV�HIIHFW���0RXLOORW���������'H�
YHORSPHQW�UHODWHG�VWUHVV�PD\�LQVWHDG�DIIHFW�SULPDULO\�WKH
HTXLOLEULXP�UHODWLYH�DEXQGDQFH�RI�VSHFLHV��EDVHG�RQ�WKH
EDODQFH�EHWZHHQ� WKHLU� WROHUDQFH�DQG�VSHHG�RI�GLVSHUVDO
UHVFXH��8FKLGD�	�,QRXH���������DQG�WKLV�EDODQFH�LQ�WXUQ
DIIHFWV�VSHFLHV�HYHQQHVV�DQG�WKHUHE\�IDXQDO�GLYHUVLW\�

%D\V� KRXVLQJ� VDWXUDWHG� FRPPXQLWLHV� WKDW� DUH� HQ�
FORVHG�DQG�SRRUO\�FRQQHFWHG�WR�WKH�VSHFLHV�SRRO�DUH�H[�
SHFWHG�WR�H[SHULHQFH�ODUJHU�UHGXFWLRQV�LQ�ULFKQHVV�GXH�WR
DQWKURSRJHQLF� GLVWXUEDQFHV�� DV� WD[D� ORVW� DUH� QRW� HDVLO\
UHSODFHG� IURP� WKH� VSHFLHV� VRXUFH� DQG� DQ\� VSHFLHV� ORVV
ZLOO� KDYH� D� UHODWLYHO\� ODUJH� HIIHFW� GXH� WR� LQWHUDFWLRQV
ZLWKLQ� WKH� FRPPXQLW\�� )XUWKHUPRUH�� FRDVWDO� GHYHORS�
PHQW�RIWHQ� UHGXFHV�KDELWDW�GLYHUVLW\�DQG�FDXVHV� DELRWLF
FKDQJHV�ZLWKLQ�ZDWHU�DQG�VHGLPHQW��ERWK�RI�ZKLFK�FDQ
KDYH� SURIRXQG� HIIHFWV� RQ� VSHFLHV� GLYHUVLW\� LQ� ORFDOO\�
FRQWUROOHG�ORFDWLRQV�

6WXG\�GHVLJQ�DQG�SUHGLFWLRQV

'HPHUVDO� ILVK� DQG� EHQWKLF�PDFURLQYHUWHEUDWHV�ZHUH
FHQVXVHG�LQ�VSULQJ������LQ�VL[�$GULDWLF�HPED\PHQWV�DQG
DW�RQH�RXWHU�FRDVW�VKDOORZ�ZDWHU�ORFDWLRQ�UHSUHVHQWLQJ�D
JUDGLHQW� LQ�K\GURORJLFDO�FRQQHFWLYLW\��GLVWDQFH� IURP� WKH
PDULQH�VSHFLHV�SRRO��DQG�LQ�OHYHO�RI�HQFORVXUH��5HODWLYH
IDXQDO� DEXQGDQFH� DQG� VSHFLHV� ULFKQHVV�� GLYHUVLW\�� DQG
HYHQQHVV� ZHUH� FDOFXODWHG� DQG� FRPSDUHG� DFURVV� ED\V
DQG�DFURVV�QDWXUDO�DQG�GHYHORSHG�FRDVWOLQHV�ZLWKLQ�HDFK
ED\�

:H�SUHGLFWHG�WKDW�����IDXQDO�ULFKQHVV�LV�KLJKHU�LQ�K\�
GURORJLFDOO\�ZHOO�FRQQHFWHG��RSHQ�ED\V�ZKLFK�DUH�PRUH
IUHTXHQWO\� UHDFKHG� E\� PDULQH� VSHFLHV� IURP� WKH� VRXUFH
ORFDWLRQ�� ���� VSHFLHV�XQLTXHQHVV�DQG�HYHQQHVV� LV�KLJKHU
LQ� HQFORVHG� DQG� OHVV� K\GURORJLFDOO\� FRQQHFWHG� ED\V� DV
WKH\� PD\� EH� PRUH� LQIOXHQFHG� E\� ORFDO� LQWHUDFWLRQV�
�VSHFLHV� VRUWLQJ��� WKDQ� E\� VSHFLHV� DUULYDO� IURP� WKH�PD�
ULQH�VRXUFH� ORFDWLRQ��DQG� ���� IDXQDO�FRPPXQLWLHV�RI�HQ�
FORVHG� ED\V� H[KLELW� WKH� KLJKHVW� GLYHUVLW\� UHGXFWLRQV� LQ
GHYHORSHG�UHODWLYH�WR�QDWXUDO�FRDVWOLQHV�

0$7(5,$/�$1'�0(7+2'6

6WXG\�DUHD�DQG�VDPSOH�ORFDWLRQV

7KH�VWXG\�DUHD�LQFOXGHG�VHYHQ�VKDOORZ�ZDWHU�ERGLHV
��ORFDWLRQV��� LQ� WKH� QRUWKHUQ� $GULDWLF�� =DGDU� UHJLRQ� RI
&URDWLD��)LJ������:LWKLQ�HDFK�ORFDWLRQ�D�QDWXUDO�FRDVWOLQH
VLWH�DQG�WKH�QHDUHVW�GHYHORSHG�FRDVWOLQH�VLWH��LQ�DOO�FDVHV
D�PDULQD�ZLWK�VHDZDOO��ZHUH�VHOHFWHG�IRU�GHWDLOHG�VWXG\�
UHVXOWLQJ�LQ�WRWDO�RI�IRXUWHHQ�VWXG\�VLWHV�
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7DE�����+\GURORJLFDO�GLVWDQFH�RI� WKH�VL[�HPED\PHQW� ORFDWLRQV� IURP�WKH�RSHQ�$GULDWLF� ORFDWLRQ�DQG� WKHLU� OHYHO�RI
HQFORVXUH�
7DE�����2GGDOMHQRVW�ÉHVWLK�]DOLYRY�RG�ORNDFLMH�QD�RGSUWHP�PRUMX�Y�-DGUDQX�LQ�RSLV�RSUWRVWL�]DSUWRVWL�]DOLYD�

1LQ�%D\ /MXEDF�%D\ 0LRFLF�%D\ 5RYDQMVND�%D\ 1RYLJUDG
6HD

.DULQ�6HD

'LVWDQFH�IURP�3ULYODND��NP� � �� �� �� �� ��
/HYHO�RI�HQFORVXUH RSHQ RSHQ RSHQ RSHQ HQFORVHG HQFORVHG

7KH� VL[� HPED\PHQWV�� 1LQ� %D\�� /MXEDF� %D\�� 0LRFLF
%D\�� 5RYDQMVND� %D\�� 1RYLJUDG� 6HD�� DQG� .DULQ� 6HD� GLI�
IHUHG� LQ� WKHLU� K\GURORJLFDO� FRQQHFWLYLW\� WR� WKH� RSHQ
$GULDWLF�ORFDWLRQ��3ULYODND��DQG�LQ�WKHLU�GHJUHH�RI�HQFOR�
VXUH��7DE�����)LJ�����

9LVXDO�FHQVXV�WUDQVHFWV

)LVK�DQG�LQYHUWHEUDWHV�ODUJH�HQRXJK�WR�EH�GHWHFWDEOH
E\� QDNHG� H\H� ZHUH� FHQVXVHG� DORQJ� 6&8%$� ��P� EHOW
WUDQVHFWV�ZLWKRXW�GLVWXUELQJ� WKH�KDELWDW� �1DJHONHUNHQ�HW
DO���������+RULQRXFKL�HW�DO���������6FKXOW]�HW�DO���������
$OO�LQGLYLGXDOV�RI�DOO�WD[D�ZHUH�UHFRUGHG�EXW�IRU�WKH�SUH�

VHQWHG�FDOFXODWLRQV�RI�UHODWLYH�DEXQGDQFH��GLYHUVLW\��DQG
HYHQQHVV��DQG�IRU�VWDWLVWLFDO�DQDO\VHV��REVHUYDWLRQDO�XQLWV
FDOOHG��JURXSV��ZHUH�XVHG��GHILQHG�DV�RQH�RU�PRUH�LQGL�
YLGXDOV� RI� WKH� VDPH� VSHFLHV� RFFXUULQJ� LQ� FORVH� VSDWLDO
SUR[LPLW\�DQG�REVHUYHG�DW� WKH�VDPH�LQVWDQW� �.UXVFKHO�	
6FKXOW]�� ������� 7UDQVHFWV� ZHUH� IROORZHG� DW� D� VWHDG\
VSHHG�RI�DSSUR[LPDWHO\�����P�VHF��7UDQVHFWV�VWDUWHG�DQG
HQGHG� DW� WKH� VKRUH� DQG� ZHUH� FRPSULVHG� RI� WZR� OLQHDU
SDWKV�IRUPLQJ�DQ�RSHQ�WULDQJOH�ZLWK�WKH�WLS�DW���P�GHSWK�
'XH�WR�GLIIHUHQFHV�LQ�VORSH�DQG�FRDVWOLQH�VKDSH�DW�WKH���
ORFDWLRQV� XQGHU� LQYHVWLJDWLRQ�� WUDQVHFW� OHQJWKV� UDQJHG
IURP�����P�WR������P�

)LJ�����$SSUR[LPDWH�ORFDWLRQ�RI�WKH�VHYHQ�VWXG\�ORFDWLRQV�LQ�WKH�QRUWKHUQ�$GULDWLF��&URDWLD��=DGDU�DUHD��
6O�����3ULEOLËQD�ORNDFLMD�VHGPLK�REUDYQDYDQLK�REPRàLM�Y�VHYHUQHP�-DGUDQX��+UYDÉND��SRGURàMH�=DGUD��
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7DE�����/LVW�RI����WD[D�LGHQWLILDEOH�WR�VRPH�WD[RQRPLF�OHYHO�EHORZ�DQLPDO�RUGHU�DQG�LQGLFDWLRQ�IRU�WKHLU�SUHVHQFH�LQ
WKH� VHYHQ� VWXG\� ORFDWLRQV�� /HJHQG��.� � .DULQ� 6HD�� /�  � /MXEDF��0� �0LRFLF��1L�  �1LQ��1R� �1RYLJUDG� 6HD�� 3�  
3ULYODND��5� �5RYDQMVND�
7DE�� ��� 6H]QDP���� WDNVRQRY�� LGHQWLILFLUDQLK� QD� HQL� RG� WDNVRQRPVNLK� VWRSHQM� SRG�QLËML� RG� ËLYDOVNLP� UHGRP� LQ� ]
R]QDàER�SULVRWQRVWL�QD�VHGPLK�REUDYQDYDQLK�ORNDFLMDK��/HJHQGD��.� �.DULQVNR�PRUMH��/� �/MXEDF��0� �0LRFLF��1L� 
1LQ��1R� �1RYLJUDMVNR�PRUMH��3� �3ULYODND��5� �5RYDQMVND�

7D[D /RFDWLRQ 7D[D /RFDWLRQ
3RULIHUD (FKLQRGHUPDWD
$QFKLQRH�WHQDFLRU 1L $QWHGRQ�PHGLWHUUDQHD 3
$SO\VLQD�DHURSKRED 01L3 $UEDFLD�OL[XOD /3
$[LQHOOD�VSS� / $VWURSHFWHQ�DUDQFLDFD 5
&KRQGULOOD�QXFXOD 03 +RORWKXULD�IRUVNDOL 3
&KRQGURVLD�VSS� 3 +RORWKXULD�WXEXORVD 50/1,3
6XEHULWHV�GRPXQFXOD 1L 0DUWKDVWHULDV�JODFLDOLV 5
XQLGHQWLILHG�VSRQJHV 50/1L3 2FQXV�SODQFL /1L3
&QLGDULD 3DUDFHQWURWXV�OLYLGXV 03
$GDPVLD�SDOOLDWD 5/ 6SKDHUHFKLQXV�JUDQXORVXV 3
$QGUHVLD�SDUWHQRSHD 5 7XQLFDWD
$QHPRQD�YLULGLV 1R5/1L &ODYHOLQD�VSS� 3
%DODQRSK\OOLD�HXURSDHD / 3KDOOXVLD�PDPPLOODWD 0/1L3
&DOOLDFWLV�SDUDVLWLFD 501L3 7HOHRVWHL
&HULDQWKXV�PHPEUDQDFHXV .1R3 $QJXLOOD�DQJXLOOD .1R
&HUHXV�SHGXQFXODWXV 53 $WKHULQD�VSS� .1R503
&RQG\ODFWLV�DXUDQWLDFD 3 &DOOLRQ\PXV�SXVLOOXV /1L3
3K\PDQWKXV�SXOFKHU 3 &RULV�MXOLV 0
0ROOXVFD 'LSORGXV�DQQXODULV .1L3
$SRUUKDLV�SHVSHOHFDQL 1R 'LSORGXV�YXOJDULV 03
$SO\VLD�SXQFWDWD /1L3 *RELXV�EXFFKLFKL 50/
$UFD�QRDH 3 *RELXV�JHQLSRUXV .1R/3
&HUDVWRGHUPD�JODXFXP .1R *RELXV�QLJHU .1R50/1L3
&HULWKLXP�YXOJDWXP .1R50/1L3 *RELXV�SDJDQHOOXV .501L3
&KDURQLD�WULWRQLV�YDULHJDWD 1L +LSSRFDPSXV�UDPXORVXV 1R
&KODP\V�YDULD 5 MXYHQLOH�ILVK����FP .1R
&UDVVRVWUHD�JLJDV 0 MXYHQLOH�*RELXV .1R0/1L
+H[DSOH[�WUXQFXOXV .1R50/1L3 /LSRSKU\V�SDYR .1R
/ROLJR�YXOJDULV 1L 3DUDEOHQQLXV�LQFRJQLWRV 1R50/1L3
0RQRGRQWD�WXUELQDWD 1R50/1L 3DUDEOHQQLXV�JDWWRUXJLQH 1R5
0XUH[�EUDQGDULV 50/1L3 3DUDEOHQQLXV�WHQWDFXODULV 5
0\WLOXV�VSS� 1R 3RPDWRVFKLVWXV�EDWKL .1R51L3
2VWUHD�HGXOLV .1R0/1L 3RPDWRVFKLVWXV�PDUPRUDWXV .50/3
3HFWHQ�MDFREDHXV .1R51L3 3RPDWRVFKLVWXV�PLQXWXV .1R/1L
3LQQD�QRELOLV 1R50/1L3 3RPDWRVFKLVWXV�SLFWXV 3
6HSLD�RIILFLQDOLV 3 3RPDWRVFKLVWXV�TXDJJD 1R
$QQHOLGD 6HUUDQXV�KHSDWXV 5
0\[LFROD�LQIXQGLEXOXP 5 6HUUDQXV�VFULED 3
6DEHOOD�VSS� 50/1L3 6SLFDUD�PDHQD 3
6HUSXOLGDH .1R50/1L3 6\QJQDWKXV�VSS� .1R5
9HQXV�YHUUXFRVD . 6\PSKRGXV�FLQHUHXV .1R50/1L3
&UXVWDFHD 6\PSKRGXV�RFHOODWXV .1R01L3
%UDFK\XUD 1R0/3 6\PSKRGXV�URLVVDOL 1R5
'DUGDQXV�DUURVRU 51L 6\PSKRGXV�URVWUDWXV 0
,QDFKXV�GRUVHWWHQVLV 53 7UDFKLQXV�GUDFR 3
0DMD�FULVSDWD 3 7ULSHU\JLRQ�VSS� 3
0\VLGDFHD 3 =RVWULVHVVRU�RSKLRFHSKDOXV .1R50/1L
3DJXUXV�VSS� .1R50/1L3
3DODHPRQ�HOHJDQV .1R0
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&DOFXODWLRQ�RI�IDXQD�DQG�KDELWDW�UHODWHG�YDULDEOHV

5HODWLYH� DEXQGDQFH� RI� XQLTXH� VSHFLHV� ZLWKLQ� HDFK
WUDQVHFW� ZDV� FDOFXODWHG� DV� WKH� DEVROXWH� DEXQGDQFH� GL�
YLGHG�E\� WKH� WRWDO�DEXQGDQFH�RI�DOO� VSHFLHV�� )DXQDO� GL�
YHUVLW\�ZDV�FDOFXODWHG�DV�RQH�PLQXV�6LPSVRQ
V�FRQFHQ�
WUDWLRQ�� WKH�SUREDELOLW\� WKDW� WZR�UDQGRP�REVHUYDWLRQV�RI
IDXQD�DUH�WKH�VDPH�VSHFLHV��DQG�DV�WKH�6LPSVRQ
V�UHFLS�
URFDO�LQGH[��ZKLFK�LV�WKH�PXOWLSOLFDWLYH�LQYHUVH�RI�6LPS�
VRQ
V�FRQFHQWUDWLRQ��7KH� ODWWHU� LV� UHIHUUHG� WR� DV� WKH��HI�
IHFWLYH��QXPEHU�RI� VSHFLHV�RU� WKH�QXPEHU�RI� VSHFLHV� DW
WKH� ORFDWLRQ� LI� WKH\�DUH� DOO� HTXDOO\� DEXQGDQW�� JLYHQ� WKH
REVHUYHG� SUREDELOLW\� WKDW� WZR� UDQGRP� REVHUYDWLRQV� DUH
WKH� VDPH� XQLTXH� VSHFLHV�� 6SHFLHV� HYHQQHVV�ZDV� FDOFX�
ODWHG�DV�WKH�VWDQGDUG�3LHORX�LQGH[��3URSRUWLRQ�RI�VSHFLHV
DW� ORFDWLRQ�$�RYHUODSSLQJ�ZLWK� WKRVH�DW� ORFDWLRQ�%�ZDV
FDOFXODWHG�DV�WKH�QXPEHU�RI�VSHFLHV�VKDUHG�E\�ORFDWLRQV
$�DQG�%��GLYLGHG�E\�WKH�WRWDO�QXPEHU�RI�VSHFLHV�LQ�ORFD�
WLRQ�$�

'LYHUVLW\� LQGH[� YDOXHV� ZHUH� FRPSDUHG� DPRQJ� VLWHV
XVLQJ� WKH� W�WHVW� RQ� UDQNHG� GDWD�� ZKLFK� LV� HTXLYDOHQW� WR
WKH�QRQ�SDUDPHWULF�.UXVNDO�:DOOLV� WHVW��'HQGURJUDPV�RI
FRPPXQLW\�GLVVLPLODULW\�ZHUH�FRQVWUXFWHG�XVLQJ�EHWD�GL�
YHUVLW\�DV�WKH�GLVVLPLODULW\�LQGH[��ZKLFK� LV�HTXLYDOHQW� WR
6LPSVRQ
V� GLVVLPLODULW\�� DQG� WR� WKH� %UD\�&XUWLV� GLVVLPL�
ODULW\� EDVHG� RQ� ELQDU\� GDWD� �/DQGH�� ������� 1RQ�PHWULF
PXOWLGLPHQVLRQDO� VFDOLQJ� RQ� GRXEOH�VWDQGDUGL]HG� VSH�
FLHV� GDWD� ZDV� SHUIRUPHG� WR� RUGLQDWH� WKH� ORFDWLRQV� DQG
VSHFLHV� LQ� WZR� GLPHQVLRQV�� XVLQJ� EHWD� GLYHUVLW\� DV� WKH
GLVVLPLODULW\�PHDVXUH��0LQFKLQ��������

5(68/76

2EVHUYHG�WD[D

7DEOH���OLVWV�WKH����IDXQDO�WD[D�WKDW�ZHUH�LGHQWLILDEOH
WR�VRPH�OHYHO�DERYH�FODVV�DQG�WKHLU�SUHVHQFH�DEVHQFH�LQ
WKH� VHYHQ� ORFDWLRQV�� ,Q� DGGLWLRQ�� ��� YLVXDOO\� GLVWLQFWO\
XQLTXH� WD[D� LGHQWLILDEOH� ZLWK� OHVV� WD[RQRPLF� FHUWDLQW\
ZHUH�REVHUYHG��PRVW�RI�ZKLFK�ZHUH� VSRQJHV�� WXQLFDWHV�
DQG�DQHPRQLHV��WRWDOOLQJ�����REVHUYHG�WD[D�

/RFDWLRQ�VLPLODULWLHV�E\�IDXQDO�ULFKQHVV�DQG�UHODWLYH
WD[RQ�DEXQGDQFH

7DEOH���OLVWV�WKH�QXPEHU�RI�VSHFLHV�REVHUYHG�LQ�HDFK
RI�WKH���ORFDWLRQV��7KH�KLJKHVW�ULFKQHVV�ZDV�REVHUYHG�DW
WKH�RSHQ�$GULDWLF�ORFDWLRQ��3ULYODND��3���7KH�ORZHVW�ULFK�
QHVV� ZDV� IRXQG� LQ� WKH� IXUWKHVW� UHPRYHG� DQG� PRVW� HQ�
FORVHG�.DULQ�6HD��.��

7DEOH���DOVR� OLVWV� WKH� VSHFLHV� VLPLODULWLHV�RI� HDFK� OR�
FDWLRQ��URZV��ZLWK�HDFK�RI�WKH�RWKHU�ORFDWLRQV��FROXPQV��
7KHVH� YDOXHV� LQGLFDWH� WKDW� WKH� WZR� QHLJKERXULQJ� ED\V
PRVW� HQFORVHG� DQG� IXUWKHVW� UHPRYHG� IURP� WKH� RSHQ
$GULDWLF�� WKH�1RYLJUDG� 6HD� �1R�� DQG� WKH� .DULQ� 6HD� �.��
DUH�PRVW�VLPLODU�WR�HDFK�RWKHU��VKDULQJ�����DQG�����RI
WKHLU� VSHFLHV� UHVSHFWLYHO\�� 7UDQVHFWV� RI� WKH� RSHQ� ED\V
WKDW� DUH�JHRJUDSKLFDOO\� FORVHU� WR� WKH� RSHQ�$GULDWLF� DQG
K\GURORJLFDOO\�PRUH� FRQQHFWHG� WR� LW�� LQFOXGLQJ� 5RYDQM�
VND��5���0LRFLF��0���/MXEDF��/���DQG�1LQ��1L���VKDUHG�RQO\
�������RI� WKHLU�VSHFLHV�ZLWK�HDFK�RWKHU��DQG�RQO\����
���� ZLWK� WKH� WZR� HQFORVHG� ED\V�� 7KH� 1RYLJUDG� 6HD
VKDUHG� IHZHU� VSHFLHV� ZLWK� WKH� RSHQ� $GULDWLF� ORFDWLRQ
������WKDQ�DQ\�RI�WKH�RWKHU�ED\V����������

7DE�����&RPPXQLW\�RYHUODS�EDVHG�RQ�SURSRUWLRQ�RI�VSHFLHV�LQ�HDFK�ED\��URZV��VKDUHG�ZLWK�HDFK�RI�WKH�RWKHU�ED\V
�FROXPQV��IRU�DEEUHYLDWLRQV�VHH�7DEOH�����3URSRUWLRQV�ZHUH�FDOFXODWHG�E\�GLYLGLQJ�WKH�QXPEHU�RI�VSHFLHV�VKDUHG�E\
ED\�$� �URZV�� DQG� ED\� %� �FROXPQ�� E\� WKH� WRWDO� QXPEHU� RI� VSHFLHV� LQ� ED\�$� �URZV���1RWH� WKDW� WKLV�PDWUL[� LV� QRW
V\PPHWULFDO� EHFDXVH� WKH� SURSRUWLRQ� RI� VSHFLHV� LQ� ED\� $� WKDW� DUH� VKDUHG� ZLWK� ED\� %� LV� QRW� WKH� VDPH� DV� WKH
SURSRUWLRQ�RI�VSHFLHV�LQ�ED\�%�WKDW�DUH�VKDUHG�ZLWK�ED\�$�
7DE�����3UHNULYDQMH�]GUXËE�JOHGH�QD�GHOHË�YUVW�Y�YVDNHP�RG�]DOLYRY� �YUVWLFH��� NRW� VR� WH�SULVRWQH�Y�GUXJLK�]DOLYLK
�VWROSFL�� ]D�NUDWLFH�JOHM�7DEHOR�����'HOHË� MH�ELO� L]UDàXQDQ�]�GHOLWYLMR� ÉWHYLOD�YUVW��SULVRWQLK�Y�]DOLYX�$� �YUVWLFH�� LQ
]DOLYX�%��VWROSFL���V�VNXSQLP�ÉWHYLORP�YUVW�Y�]DOLYX�$��YUVWLFH���0DWULFD�QL�VLPHWULàQD��NHU�GHOHË�YUVW�L]�]DOLYD�$��NL�VR
SULVRWQH�WXGL�Y�]DOLYX�%��QL�HQDN�GHOHËX�YUVW�L]�]DOLYD�%��NL�VR�SULVRWQH�WXGL�Y�]DOLYX�$�

ULFKQHVV . 1R 5 0 / 1L 3
.DULQ�6HD �� ���� ���� ���� ���� ���� ����
1RYLJUDG�6HD �� ���� ���� ���� ���� ���� ����
5RYDQMVND �� ���� ���� ���� ���� ���� ����
0LRFLF �� ���� ���� ���� ���� ���� ����
/MXEDF �� ���� ���� ���� ���� ���� ����
1LQ �� ���� ���� ���� ���� ���� ����
3ULYODND �� ���� ���� ���� ���� ���� ����
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)LJ�����'HQGURJUDPV�RI�FRPPXQLW\�GLVVLPLODULW\� IRU� LQYHUWHEUDWHV�RQO\�� ILVK�RQO\�� DQG� DOO� VSHFLHV� FRPELQHG�� DQG
QRQ�PHWULF�PXOWLGLPHQVLRQDO� VFDOLQJ� RUGLQDWLRQ� EDVHG� RQ� DOO� VSHFLHV� FRPELQHG�� /RFDWLRQV� DUH� LQGLFDWHG� DV� WH[W�
VSHFLHV�E\������7RWDO�VWUHVV�IRU�WKH�RUGLQDWLRQ�ZDV����
6O�� ���'HQGURJUDPL� UD]OLN�PHG� ]GUXËEDPL� ]D� QHYUHWHQàDUMH�� ULEMH� YUVWH� LQ� YVH� YUVWH� VNXSDM� WHU� QHPHWULàQR� YHà�
GLPHQ]LRQDOQR�XPHUMDQMH�]D�YVH� YUVWH� VNXSDM��2EPRàMD� VR�R]QDàHQD� ]�EHVHGDPL�� YUVWH� V� VLPERORP������ 7RWDOQL
VWUHV�XPHUMDQMD�MH����

7KH� GHQGURJUDP� RI� FRPPXQLW\� GLVVLPLODULW\� FOHDUO\
VHSDUDWHV�WKH�HQFORVHG�ED\V�1RYLJUDG�6HD�DQG�.DULQ�6HD�
DV�D�GLVWLQFW�FOXVWHU� IURP�DOO�RWKHU� ORFDWLRQV��DQG�SODFHV
3ULYODND�ZLWK�1LQ�� LWV�GLUHFW�QHLJKERU�ED\��5RYDQMVND� LV
FOXVWHUHG� ZLWK� /MXEDF� DQG�0LRFLF�� ZKLFK� DUH� PRUH� VL�
PLODU�WR�HDFK�RWKHU�WKDQ�WR�5RYDQMVND��)LJ�����ORZHU�OHIW�
DOO�VSHFLHV��

7KH� RUGLQDWLRQ� SORW� �)LJ�� ��� ORZHU� ULJKW�� DOO� VSHFLHV�
IXUWKHU� LOOXVWUDWHV� WKHVH� UHODWLRQVKLSV�� 7KH�1RYLJUDG� 6HD
DQG� WKH�.DULQ�6HD�DUH�DJDLQ�D�YHU\�FORVH�JURXS��DQG�VR
DUH� WKH� GLUHFW� QHLJKERXUV� 0LRFLF� DQG� /MXEDF�� 3ULYODND
DQG� 1LQ�� ZKLFK� DUH� FOXVWHUHG� WRJHWKHU� LQ� WKH� GHQGUR�
JUDP�� DUH� DFWXDOO\� TXLWH� GLIIHUHQW� IURP� HDFK� RWKHU� DF�
FRUGLQJ� WR� WKLV� RUGLQDWLRQ�� DQG� 5RYDQMVND� LV� DOVR� VXE�
VWDQWLDOO\�GLVVLPLODU�IURP�/MXEDF�DQG�0LRFLF�

7KH� WZR� VHSDUDWH� GHQGURJUDPV� EDVHG� RQ� LQYHUWH�
EUDWHV� DQG� ILVK� �)LJ�� ��� DUH� VXEVWDQWLDOO\� GLIIHUHQW� IURP
HDFK� RWKHU�� 7KH� LQYHUWHEUDWH� FRPPXQLWLHV� RI� 3ULYODND
DQG�1LQ��ZKLFK�DUH�QHDU�WKH�RSHQ�$GULDWLF��DUH�PRVW�GLV�
VLPLODU�RI�DOO�FRPPXQLWLHV�IURP�WKH�FOXVWHU�RI� WKH�1RYL�
JUDG�DQG�.DULQ�VHDV��7KLV�PD\�EH�D�VLPSOH�UHIOHFWLRQ�RI
WKH� IDFW� WKDW� WKHVH�DUH�PRVW�JHRJUDSKLFDOO\�GLVWDQW� IURP
HDFK� RWKHU� DQG� K\GURORJLFDOO\� LVRODWHG�� &OXVWHUHG� ZLWK
3ULYODND� DQG� 1LQ� DUH� WKH� WKUHH� UHPDLQLQJ� RSHQ� ED\V
�0LRFLF�� /MXEDF��5RYDQMVND���ZKLFK�DUH� LQ� WHUPV�RI� GLV�
WDQFH� FORVHU� DQG� K\GURORJLFDOO\�PRUH� RSHQ� WR� 3ULYODND
DQG�1LQ� WKDQ� WKH�1RYLJUDG�DQG�.DULQ� VHDV��7KHVH� UHOD�
WLRQVKLSV� DUH� OHVV� REYLRXV� LQ� WKH� ILVK� FRPPXQLW\� GHQ�
GURJUDP�� ZKHUH� 3ULYODND� LV� FOHDUO\� GLVVLPLODU� IURP� DOO
RWKHU�FRPPXQLWLHV�DQG�WKH�RSHQ�ED\V�QR�ORQJHU�KDYH�D
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FOHDU� JHRJUDSKLFDO� UHODWLRQVKLS�� +RZHYHU�� OLNH� WKH� LQ�
YHUWHEUDWH�GHQGURJUDP��WKH�1RYLJUDG�DQG�.DULQ�VHDV�DUH
KLJKO\� VLPLODU� DQG� FRQVWLWXWH� D� VLQJOH� FOXVWHU� VHSDUDWH
IURP�WKH�RWKHU�FRPPXQLWLHV�

9DULDELOLW\�LQ�IDXQDO�GLYHUVLW\�DQG�HYHQQHVV�DFURVV
ORFDWLRQV

7DEOH� �� VKRZV� KRZ� WKH� QDWXUDO� FRDVWOLQHV� RI� WKH
VHYHQ�VWXG\�ORFDWLRQV�GLIIHU�LQ�ILVK�DQG�LQYHUWHEUDWH�ULFK�
QHVV��GLYHUVLW\�DQG�HYHQQHVV��7KH�1RYLJUDG�6HD�DQG�WKH
.DULQ�6HD�KDYH�WKH�VLJQLILFDQWO\�KLJKHVW�LQYHUWHEUDWH�DQG
ILVK�GLYHUVLW\�DQG�HYHQQHVV�DPRQJ�WKH�VL[�ED\� ORFDWLRQV
DQG�DOVR�KDUERU�WKH�KLJKHVW� ILVK�ULFKQHVV��ZKLOH� LQYHUWH�
EUDWH� ULFKQHVV� LV� ORZ�� 7KH� RSHQ� $GULDWLF� ORFDWLRQ�� 3UL�
YODND��KDV�RI�DOO� ORFDWLRQV�WKH�VHFRQG�KLJKHVW��IROORZLQJ
WKH�1RYLJUDG� 6HD�� LQYHUWHEUDWH� DQG� WKH� KLJKHVW� ILVK� GL�
YHUVLW\�EXW�WKH�ORZHVW�LQYHUWHEUDWH�DQG�UHODWLYHO\�ORZ�ILVK
HYHQQHVV�

'LIIHUHQFHV�LQ�IDXQDO�GLYHUVLW\�DQG�HYHQQHVV�FRPSDULQJ
GHYHORSHG�DQG�QDWXUDO�FRDVWOLQHV

7KH�VLJQLILFDQWO\�ODUJHVW�ORVVHV�����DQG������LQ�LQYHU�
WHEUDWH� GLYHUVLW\� LQ� GHYHORSHG� UHODWLYH� WR� QDWXUDO� FRDVW�
OLQH� WUDQVHFWV�KDYH�EHHQ�REVHUYHG� LQ� WKH�.DULQ�6HD�DQG

WKH�1RYLJUDG�6HD��WKH�HQFORVHG�ED\V��7DE������:KLOH�DO�
PRVW� WKH�VDPH�QXPEHU�RI�VSHFLHV�ZDV�SUHVHQW�DW�GHYHO�
RSHG� DQG� QDWXUDO� VLWHV�� HYHQQHVV�ZDV� UHGXFHG� E\� KDOI�
$OO� RWKHU� ORFDWLRQV�� H[FHSW� IRU� 0LRFLF�� H[KLELWHG� LQ�
FUHDVHG� LQYHUWHEUDWH�GLYHUVLW\� DW�GHYHORSHG�VLWHV��ZKLFK
LQ�DOO�FDVHV�ZDV�SULPDULO\�GXH�WR�VXEVWDQWLDO�LQFUHDVHV�LQ
HYHQQHVV�� ZKLOH� WKH� QXPEHUV� RI� VSHFLHV� UHPDLQHG� WKH
VDPH��)LVK�GLYHUVLW\�ORVV�DW�GHYHORSHG�VLWHV�ZDV�UHFRUGHG
DW�ILYH�RI�WKH�VHYHQ�ORFDWLRQV������WR������LQFOXGLQJ�WKH
.DULQ� 6HD� DQG� WKH� 1RYLJUDG� 6HD�� ,Q� WKH� .DULQ� 6HD� WKLV
FKDQJH� ZDV� GXH� WR� ORVV� LQ� ULFKQHVV� ������ DQG� LQ� WKH
1RYLJUDG�6HD�GXH�WR�ORZHUHG�HYHQQHVV�������

3URWHFWHG�VSHFLHV�DQG�MXYHQLOH�ILVK

7KH�WKUHDWHQHG�(XURSHDQ�HHO��$QJXLOOD�DQJXLOOD��ZDV
REVHUYHG� RQO\� LQ� WKH�1RYLJUDG� 6HD� DQG� WKH� .DULQ� 6HD�
ZKLOH� WKH� VHD� KRUVH�+LSSRFDPSXV� UDPXORVXV�ZDV� RE�
VHUYHG�RQO\�LQ� WKH�1RYLJUDG�6HD��7KH�SURWHFWHG�ELYDOYH
3LQQD� QRELOLV� ZDV� SUHVHQW� LQ� DOO� ED\V� H[FHSW� WKH� .DULQ
6HD�EXW�ZDV�E\�IDU�PRVW�DEXQGDQW�LQ�0LRFLF�DQG�/MXEDF�
$OWKRXJK�MXYHQLOH�ILVK�ZHUH�SUHVHQW�DW�DOO� ORFDWLRQV��GLI�
IHUHQFHV� LQ� UHODWLYH� DEXQGDQFH� FDQ� EH� LQIHUUHG� E\� WKH
KLJKHU�OLNHOLKRRG�RI�REVHUYLQJ�MXYHQLOH�ILVK����FP�DORQJ
WKH�1RYLJUDG�6HD�DQG�.DULQ�6HD�WUDQVHFWV�

7DE�����6LPSVRQ�GLYHUVLW\��6LPSVRQ�UHFLSURFDO�LQGH[��6KDQQRQ�HYHQQHVV��DQG�VSHFLHV�ULFKQHVV�RI�LQYHUWHEUDWHV�DQG
ILVK�DQG�WKH�UDQNHG�W�WHVW�UHVXOWV�FRPSDULQJ�UDQNLQJV�EDVHG�RQ�WKH�WZR�GLYHUVLW\� LQGLFHV�DQG�HYHQQHVV� IRU�WKH�VL[
ED\V��IRU�DEEUHYLDWLRQV�VHH�7DEOH�����YDOXHV�IRU�1RYLJUDG�6HD��1R��DQG�.DULQ�6HD��.��DUH�KLJKOLJKWHG�
7DE�� ��� 6LPSVRQRY� LQGHNV� GLYHU]LWHWH�� UHFLSURàQL� 6LPSVRQRY� LQGHNV�� 6KDQQRQRY� LQGHNV� SRUDYQDQRVWL� LQ� YUVWQR
ERJDVWYR�QHYUHWHQàDUMHY�LQ�ULE�WHU�UD]YUVWLWHY�UH]XOWDWRY�W�WHVWD��NL�SULPHUMDMR�UD]YUVWLWHY�JOHGH�QD�RED�GLYHU]LWHWQD
LQGHNVD�LQ�YUVWQR�SRUDYQDQRVW�]D�YVHK�ÉHVW�]DOLYRY��]D�NUDWLFH�JOHM�7DEHOR�����YUHGQRVWL�]D�1RYLJUDMVNR�PRUMH��1R�
LQ�.DULQVNR�PRUMH��.��VR�NUHSNR�QDWLVQMHQH�

%D\
6LPSVRQ
GLYHUVLW\

6LPSV��UHFLSU�
LQGH[

GI W�YDOXH S�YDOXH %D\
6KDQQRQ
HYHQQHVV

%D\ ULFKQHVV

,QYHUWHEUDWHV��QDWXUDO�VLWHV� ����� ������� ������
1R ���� ���� . ���� 3 ��
3 ���� ���� 1R ���� / ��
. ���� ���� 5 ���� 1L ��
1L ���� ���� / ���� 5 ��
0 ���� ���� 0 ���� 0 ��
5 ���� ���� 1 ���� 1R ��
/ ���� ���� 3 ���� . �
)LVK��QDWXUDO�VLWHV� ����� ������� ������
3 ���� ����� . ���� 3 ��
. ���� ���� 1R ���� . ��
1R ���� ���� 3 ���� 1R ��
0 ���� ���� 0 ���� 0 ��
1L ���� ���� 1L ���� 1L ��
5 ���� ���� 5 ���� 5 �
/ ���� ���� / ���� / �
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7DE�����5DQNHG�UDWLRV��GHYHORSHG�VLWH�QDWXUDO�VLWH��RI�GLYHUVLW\��HYHQQHVV�DQG�VSHFLHV�ULFKQHVV�IRU�LQYHUWHEUDWHV�DQG
ILVK�DQG�WKH�W�WHVW�UHVXOWV�FRPSDULQJ�GLYHUVLW\�UDQNLQJV��YDOXHV�IRU�1RYLJUDG�6HD�DQG�.DULQ�6HD�DUH�KLJKOLJKWHG�
7DE�� ���5D]YUVWLWHY� UD]PHULM� �XPHWQR�REOLNRYDQR�REUHËMH�QDUDYQR�REUHËMH�� GLYHU]LWHWH�� SRUDYQDQRVWL� LQ� ERJDVWYD
YUVW� ]D� QHYUHWHQàDUMH� LQ� ULEH� WHU� UH]XOWDWL� W�WHVWD� V� SULPHUMDYR� UD]YUVWLWYH� GLYHU]LWHWH�� YUHGQRVWL� ]D� 1RYLJUDMVNR
PRUMH�LQ�.DULQVNR�PRUMH�VR�NUHSNR�QDWLVQMHQH�

%D\
6LPSVRQ
GLYHUVLW\

GI W�YDOXH S�YDOXH %D\
6KDQQRQ
HYHQQHVV

%D\ ULFKQHVV

,QYHUWHEUDWHV ����� ������ �������
.DULQ�VHD ���� . ���� / ����
1RYLJUDG�6HD ���� 1R ���� 5 ����
0LRFLF ���� 0 ���� 3 ����
1LQ ���� 1L ���� . ����
3ULYODND ���� 5 ���� 0 ����
5RYDQMVND ���� / ���� 1L ����
/MXEDF ���� 3 ���� 1R ����
)LVK ����� ������ ������
0LRFLF ���� 1R ���� 0 ����
.DULQ�6HD ���� . ���� 1L ����
3ULYODND ���� 5 ���� 3 ����
1RYLJUDG�6HD ���� 3 ���� . ����
1LQ ���� 1L ���� / ����
/MXEDF ���� 0 ���� 5 ����
5RYDQMVND ���� / ���� 1R ����

',6&866,21

7KLV� VWXG\� FRQILUPV� WKH� SUHGLFWLRQ� ����� LQYHUWHEUDWH
ULFKQHVV� LV�KLJKHU� LQ�RSHQ�ED\V�HDVLO\�DFFHVVHG�E\�SDV�
VLYHO\� GLVSHUVHG� VSHFLHV� �H�J�� LQYHUWHEUDWH� ODUYDH��� ,Q
FRQWUDVW��ULFKQHVV�RI� ILVK�VSHFLHV�ZDV�KLJKHVW� LQ� WKH� WZR
PRVW� GLVWDQW� DQG� OHDVW� K\GURORJLFDOO\� FRQQHFWHG� ED\V�
WKH�1RYLJUDG�6HD�DQG�WKH�.DULQ�6HD��7KLV�REVHUYDWLRQ�LV
FRQVLVWHQW�ZLWK�WKH�IDFW�WKDW�ILVK�DUH�PRUH�OLNHO\�WKDQ�LQ�
YHUWHEUDWHV� WR� GLVSHUVH� DFWLYHO\�� H�J��� DV� DGXOWV� GXULQJ
PLJUDWLRQ� LQWR� HQFORVHG� HVWXDULQH� ED\V� VSHFLILFDOO\� IRU
UHSURGXFWLRQ� �6LQRYáLß�HW�DO��� ������0DWLß�6NRNR�HW� DO��
�������:KLOH�LQYHUWHEUDWH�ULFKQHVV�DQG�GLYHUVLW\�LQ�ED\V
PD\�EH�SULPDULO\� WKH� UHVXOW� RI�PDVV� HIIHFWV� DQG� ODFN� RI
VDWXUDWLRQ�� ILVK�GLYHUVLW\�PD\�EH�EHWWHU�H[SODLQHG�E\� OR�
FDO� LQWHUDFWLRQV� WKHQ�E\� WKH�UHJLRQDO�SUHGLFWRU�YDULDEOHV
LQYHVWLJDWHG� LQ� WKLV� VWXG\�� $EXQGDQFHV� RI� ERWK� LQYHUWH�
EUDWHV�DQG�ILVK�ZHUH�PRUH�HYHQ�LQ�WKH�1RYLJUDG�6HD�DQG
WKH�.DULQ� 6HD� WKDQ� LQ� WKH� RSHQ�ED\V�� 7KLV�PD\� VXJJHVW
FRPPXQLWLHV� FORVHU� WR� HTXLOLEULXP� DQG� FRPPXQLW\
VWUXFWXULQJ�E\�SUHGLFWRU�YDULDEOHV�QRW�LQYHVWLJDWHG�LQ�WKLV
VWXG\�

3UHGLFWLRQ� ����ZDV�FRQILUPHG�� WKH�1RYLJUDG�6HD�DQG
WKH�.DULQ�6HD�FOXVWHUHG�VHSDUDWHO\�IURP�DOO�RWKHU�ED\V�E\
ILVK�� LQYHUWHEUDWH��DQG� WRWDO�GLVVLPLODULW\�� ,W� LV� LQWHUHVWLQJ
WKDW� WKH� FOXVWHULQJ� E\� LQYHUWHEUDWH� GLVVLPLODULW\� FORVHO\
PDWFKHV� GLVVLPLODULWLHV� LQ� GLVWDQFH� DQG� K\GURORJLFDO
FRQQHFWLYLW\�� ZKLOH� WKLV� LV� QRW� DV� FOHDUO\� WKH� FDVH� ZLWK
ILVK�FRPPXQLW\�GLVVLPLODULWLHV��$JDLQ�RQH�FDQ�DUJXH�WKDW

LQYHUWHEUDWH� FRPPXQLW\� GLVVLPLODULWLHV� DUH� PRUH� OLNHO\
WKH� RXWFRPH�RI� UHJLRQDO� GLVSHUVDO�� DIIHFWHG� E\� GLVWDQFH
DQG�FRQQHFWLYLW\��ZKLOH�ILVK�FRPPXQLWLHV�DUH�PRUH�OLNHO\
WR�EH�VKDSHG�E\�ORFDO�IRUFHV��VXFK�DV�KDELWDW�DYDLODELOLW\
RU� IDXQDO� LQWHUDFWLRQV�� EHFDXVH� WKH\� DUH� KLJKO\� PRWLOH
DQG�PRUH�IOH[LEOH�LQ�GLVSHUVDO�WKDQ�WKH�PRVWO\�VHGHQWDU\
LQYHUWHEUDWHV�WKDW�DUH�GLVSHUVHG�HDVLO\�RQO\�DV�ODUYDH��7KH
WZR� FOXVWHUV� RI� RSHQ� ED\� ILVK� FRPPXQLWLHV� /MXEDF�1LQ
DQG�5RYDQMVND�0LRFLF�PD\� EH� LQGLFDWLYH� RI� GLIIHUHQFHV
LQ� KDELWDW� DYDLODELOLW\� LQ� WKHVH� ORFDWLRQV�� $FFRUGLQJ� WR
6WLHIHO� �������� VWXG\� VLWHV� LQ� /MXEDF�1LQ� DUH� VWURQJO\
GRPLQDWHG�E\�XQFRQVROLGDWHG�RU�VSDUVHO\�YHJHWDWHG�VHGL�
PHQW�UHDFKLQJ�WR�WKH�VKRUH��ZKLOH�DW�VLWHV�LQ�0LRFLF�5R�
YDQMVND�ED\V�VXFK�VHGLPHQWV�DUH�IULQJHG�E\�URFN\�VKRUHV�

:KLOH�KLJKO\�VLPLODU�WR�HDFK�RWKHU��WKH�1RYLJUDG�6HD
DQG�WKH�.DULQ�6HD�VKDUHG�WKH�OHDVW�VSHFLHV�ZLWK�WKH�RSHQ
$GULDWLF�VRXUFH�ORFDWLRQ��3ULYODND���DQG�ZHUH�OHVV�VLPLODU
WR�DQ\�RWKHU�ED\�WKDQ�DQ\�RI�WKH�RWKHU�ED\V�ZHUH�WR�HDFK
RWKHU��7DE������6WLHIHO� �������UHSRUWV� WKDW� WKH� WKUHH�RSHQ
ED\V� 1LQ�� /MXEDF�� DQG�0LRFLF� KDYH� VLJQLILFDQWO\� ORZHU
GLYHUVLW\� DQG� FRPSOH[LW\� RI� KDELWDW� WKDQ� WKH� 1RYLJUDG
DQG�.DULQ�VHDV��7KLV�FRPSDULVRQ�VXSSRUWV�WKH�K\SRWKHVLV
WKDW� WKH� IDXQD�RI� WKH�HQFORVHG�ED\V�PD\�EH� VKDSHG�E\
ORFDO�LQWHUDFWLRQV��DQG�LW�IXUWKHU�FRQILUPV�WKH�XQLTXHQHVV
RI� WKH� 1RYLJUDG� DQG� .DULQ� 6HD� DPRQJ� WKH� VWXG\� ORFD�
WLRQV��)XWXUH�DQDO\VHV�RI�H[LVWLQJ�GDWD�ZLOO� WHVW�K\SRWKH�
VHV�DERXW�WKH�UHODWLYH�HIIHFW�RI�ORFDO�IDFWRUV��H�J���KDELWDW
GLYHUVLW\�DQG�KHWHURJHQHLW\��RQ�ILVK�DQG�LQYHUWHEUDWH�GH�
VFULSWRUV�LQ�WKH�VHYHQ�ORFDWLRQV�
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7KH�VWXG\�DOVR�FRQILUPHG�SUHGLFWLRQ������ZH�GHWHFWHG
WKH�ODUJHVW�FKDQJHV�LQ�LQYHUWHEUDWH�GLYHUVLW\�EHWZHHQ�GH�
YHORSHG�DQG�QDWXUDO�FRDVWOLQHV�LQ�WKH�1RYLJUDG�6HD�DQG
WKH� .DULQ� 6HD�� SULPDULO\� EHFDXVH� LQFUHDVHG� UHODWLYH
DEXQGDQFHV�RI� IHZ� VSHFLHV�FDXVHG�D�GHFUHDVHG� VSHFLHV
HYHQQHVV�� 6XEVWDQWLDO� FKDQJHV� LQ� ILVK� GLYHUVLW\� ZHUH
OLNHZLVH�REVHUYHG��GXH�WR�ULFKQHVV�ORVV�LQ�WKH�.DULQ�6HD
DQG�LQFUHDVHG�DEXQGDQFH�RI�D�IHZ�WD[D�LQ�WKH�1RYLJUDG
6HD��,Q�FRQWUDVW��DW�WKH�RSHQ�$GULDWLF�ORFDWLRQ�DQG�LQ�WKH
RSHQ� ED\V�� LQYHUWHEUDWH� GLYHUVLW\� ZDV� QRW� DIIHFWHG�� RU
HYHQ�SRVLWLYHO\�DIIHFWHG��E\�GHYHORSPHQW��SULPDULO\�EH�
FDXVH� KLJKO\� XQHYHQ� FRPPXQLWLHV� EHFDPH� PRUH� HYHQ
GXH� WR� ORZHUHG� DEXQGDQFHV� RI� WKH�PRUH�FRPPRQ� VSH�
FLHV��7KH�HIIHFW�RI�GHYHORSPHQW�RQ� ILVK� GLYHUVLW\� LV� OHVV
REYLRXV��\HW� ILVK�GLYHUVLW\�DW�GHYHORSHG�FRDVWOLQHV� LV� UH�
GXFHG�HYHU\ZKHUH��QRW�RQO\� LQ� WKH�1RYLJUDG�DQG�.DULQ
6HD�� 7KH� RQO\� WZR� ED\V� QRW� H[SHULHQFLQJ� ILVK� GLYHUVLW\
ORVV�ZHUH�5RYDQMVND�DQG�/MXEDF��ZKLFK�QDWXUDOO\�KDUERU
VLJQLILFDQWO\�ORZHU�ILVK�GLYHUVLWLHV�

2YHUDOO�RXU�VWXG\�VXJJHVWV�WKDW�WKH�IDXQDO�FRPPXQL�
WLHV�RI�WKH�WZR�HQFORVHG�ED\V��WKH�1RYLJUDG�6HD�DQG�WKH
.DULQ�6HD��DUH�PRVW�GLYHUVH��PRVW�GLIIHUHQW�DQG�PRVW�VHQ�
VLWLYH� WR�FRDVWDO�GHYHORSPHQW��2XU�REVHUYDWLRQV� VXJJHVW
WKDW� WKHVH� ED\V� PD\� EH�PRUH� FRQWUROOHG� E\� ORFDO� HFR�
ORJLFDO� LQWHUDFWLRQV� WKDQ� UHJLRQDO� PDVV� HIIHFWV�� DQG
WKHUHIRUH�WKDW�ORFDO�DOWHUDWLRQV�RI�HFRORJLFDO�LQWHUDFWLRQV�
VXFK� DV� WKRVH� FDXVHG� E\� VKRUHOLQH� GHYHORSPHQW�� DUH
OLNHO\�WR�KDYH�D�JUHDWHU�LPSDFW�RQ�WKH�FRPPXQLW\�WKDQ�LQ
WKH�PRUH�RSHQ�ED\V�LQ�RXU�VWXG\�

3XEOLVKHG� UHVXOWV� IURP� GHWDLOHG� VWXGLHV� RI� WKH�1RYL�
JUDG� 6HD� VXSSRUW� WKH� VLJQLILFDQWO\� KLJKHU� VHQVLWLYLW\� WR
FRDVWDO�GHYHORSPHQW�� ����FRDVWDO�GHYHORSPHQW� �� WKH� UH�
SODFHPHQW� RI� QDWXUDO� FRDVWOLQH� ZLWK� KXPDQ� VWUXFWXUHV�
LQFOXGLQJ�VHDZDOOV�LQ�PDULQDV���UHGXFH�WKH�DYDLODELOLW\�RI
URFN\� UHHIV�� WKH� PRVW� FRPSOH[� KDELWDW� KDUERULQJ� WKH
KLJKHVW� IDXQDO� GLYHUVLW\� �.UXVFKHO� 	� 6FKXOW]�� ������� ���
DQWKURSRJHQLF� VWUHVVRUV� DVVRFLDWHG� ZLWK� FRDVWDO� GHYHO�
RSPHQW��VXFK�DV�ZDVWHZDWHU�DQG�UXQ�RII�SROOXWLRQ��ERDW
WUDIILF��DQG�WRXULVP��DOWHU�VHGLPHQW�SURSHUWLHV�DQG�QHJD�
WLYHO\� DIIHFW� ZDWHU� FODULW\�� VXEVWDQWLDOO\� DOWHULQJ� EHQWKLF
KDELWDWV��.UXVFKHO�HW�DO����������7KH�VHDJUDVV�&\PRGRFHD
QRGRVD��ZKLFK�RFFXSLHV�WKH�GHHSHU�EHQWKRV������P��DQG
KDUERUV�WKH�KLJKHVW� LQYHUWHEUDWH�GLYHUVLW\��6FKXOW]�HW�DO��
������ GLVDSSHDUV� GXH� WR� ORZHUHG� OLJKW� SHQHWUDWLRQ�

=RVWHUD�PDULQD��PRVW� WROHUDQW� WR� VHGLPHQW� UHVXVSHQVLRQ
DQG� RUJDQLFDOO\� HQULFKHG� VHGLPHQWV�� LQYDGHV� WKH� PRUH
QDWXUDO�=��QROWLL�PHDGRZV������P��FDXVLQJ�ERWK�ORVV�DQG
XQXVXDOO\� KLJK�DEXQGDQFHV� RI� VRPH� LQYHUWHEUDWHV�� WKXV
QHJDWLYHO\�DIIHFWLQJ�GLYHUVLW\�WKURXJK�ULFKQHVV�DQG�HYHQ�
QHVV� UHGXFWLRQ� �6WLHIHO�� ������� ,Q� DGGLWLRQ�� GHQVH� VHD�
JUDVV�SDWFKHV�LQYDGHG�E\�=��PDULQD�KDYH�EHHQ�VKRZQ�WR
KDUERU�WKH�ORZHVW�ILVK�ULFKQHVV��GLYHUVLW\��DQG�DEXQGDQFH
�6FKXOW]�HW�DO���������.UXVFKHO�	�6FKXOW]��������

(QFORVHG� HVWXDULQH� ED\V� RI� HXU\WKHUPDO� DQG� HXU\�
KDOLQH�FKDUDFWHU��VXFK�DV�WKH�1RYLJUDG�6HD�DQG�WKH�.DULQ
6HD��DUH� NQRZQ� WR� IXQFWLRQ�DV� ILVK�QXUVHULHV�� HVSHFLDOO\
WKH� VKDOORZ�� ORZ�JUDGLHQW� UHJLRQV� QHDU� ULYHU� PRXWKV
�0DWLß�6NRNR�HW�DO����������+LJKHU� DEXQGDQFHV�RI� MXYH�
QLOH� ILVK� WKDQ� LQ� QRQ�HVWXDULQH� ED\V� DUH� H[SHFWHG� KHUH�
2XU�REVHUYDWLRQV�FRQILUP� WKLV�SUHGLFWLRQ��DQG� VPDOO� MX�
YHQLOH�ILVK������FP��KDYH�EHHQ�PRUH�RIWHQ�HQFRXQWHUHG
LQ� WKH�1RYLJUDG�DQG�.DULQ� VHDV��7D[D� REVHUYHG�RQO\� LQ
WKHVH�ED\V�LQFOXGHG�WKH�UHG�OLVWHG� ILVK�$QJXLOOD�DQJXLOOD
DQG�WKH�UDUH�+LSSRFDPSXV�UDPXORVXV�

&21&/86,216

:LWKLQ� D� UHJLRQDO� QHWZRUN� RI� FRQQHFWHG� HPED\�
PHQWV��WKH�IDXQDO�FRPPXQLWLHV�RI�PRUH�LVRODWHG�DQG�HQ�
FORVHG� ED\V� ZHUH� WKH� PRVW� GLYHUVH� DQG� PRUH� GLVWLQFW
WKDQ� LQ� OHVV� LVRODWHG� RSHQ� ED\V�� 7KLV� PD\� KDYH� WR� GR
ZLWK� WKH� IXQGDPHQWDOO\�GLIIHUHQW� SURFHVVHV� �UHJLRQDO�YV�
ORFDO�� VWUXFWXULQJ� WKHVH� FRPPXQLWLHV�� ,VRODWHG� HQFORVHG
ED\V� H[SHULHQFH�KLJKHU� DELRWLF� YDULDELOLW\� �H�J��� LQ� WHP�
SHUDWXUH� DQG� VDOLQLW\�� DQG� LQ� WKH� FDVH� RI� WKH� 1RYLJUDG
6HD� DQG� WKH� .DULQ� 6HD�� KLJKHU� KDELWDW� GLYHUVLW\� �6WLHIHO�
������ZKLFK� LQGLFDWHV� WKDW� WKH\�PD\�EH� SULPDULO\� FRQ�
WUROOHG�E\�ORFDO�LQWHUDFWLRQV��,Q�FRQWUDVW��FRPPXQLWLHV�RI
PRUH� RSHQ� DQG�K\GURORJLFDOO\� FRQQHFWHG�ED\V�PD\� EH
SULPDULO\�VKDSHG�E\�UHJLRQDO�SURFHVVHV�

7KH� IDXQDO� FRPPXQLWLHV� RI� WKH� WZR� HQFORVHG� ED\V�
WKH� 1RYLJUDG� 6HD� DQG� WKH� .DULQ� 6HD�� KDYH� DOVR� EHHQ
LGHQWLILHG�DV�EHLQJ�VLJQLILFDQWO\�PRUH�VHQVLWLYH�WR�FRDVWDO
GHYHORSPHQW�WKDQ�IDXQDO�FRPPXQLWLHV�LQ�RWKHU�ORFDWLRQV
RI� WKH� UHJLRQ�� :H� WKHUHIRUH� UHFRPPHQG� WKH� 1RYLJUDG
DQG�.DULQ� VHDV� DV� H[FHOOHQW� FDQGLGDWHV� IRU� IRUPDO� OHJDO
VWDWXV� DV� SURWHFWHG� QDWXUDO� DUHDV� ZLWKLQ� WKH� &URDWLDQ
1DWXUD������QHWZRUN�
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35,�5,%$+�,1�1(95(7(1à$5-,+�9�129,*5$-6.(0�,1�.$5,16.(0�025-8�

É78',-$�0(7$='58Ë%�9�6(9(51(0�-$'5$18��+59$É.$

&ODXGLD�.586&+(/��6WHZDUW�7��6&+8/7=�	�-XOLD�67,()(/
8QLYHUVLW\�RI�=DGDU��'HSDUWPHQW�RI�0DULWLPH�6F LHQFHV��+5�������=DGDU��0��3DYOLQRYLßD�EE��&URDWLD

(�PDLO��FNUXVFKH#XQL]G�KU

329=(7(.

3RSLV�SULGQHQLK�ULEMLK�YUVW�LQ�EHQWRÈNLK�QHYUHWHQßDUMHY�MH�ELO�L]YHGHQ�SRPODGL������Y�ÈHVWLK�]DOLYLK�LQ�HQL�ORNDFLML
Y�SOLWYL�YRGL�RGSUWHJD�-DUDQVNHJD�PRUMD�� ,]UDßXQDQD�MH�ELOD�UHODWLYQD�ÈWHYLOßQRVW� IDYQH��SD�WXGL�ERJDVWYR��GLYHU]LWHWD
WHU� SRUDYQDQRVW� YUVW�� SRGDWNH� VPR� SULPHUMDOL� PHG� ]DOLYL� LQ� QDUDYQLP� WHU� XPHWQR� REOLNRYDQLP� REUHÊMHP� ]DOLYRY�
8JRWRYOMHQR� MH� ELOR�� GD� IDYQLVWLßQL� ]GUXÊEL� GYHK� QDMEROM� ]DSUWLK� ]DOLYRY�� 1RYLJUDMVNHJD� LQ� .DULQVNHJD� PRUMD� ���
L]ND]XMHWD� REßXWQR� YHßMH� ERJDVWYR� ULEMLK� YUVW� LQ� YHßMR� GLYHU]LWHWR� RG� NDWHUHJD� NROL� GUXJHJD� ]DOLYD�� ���� VH� QDMEROM
UD]OLNXMHWD� RG� ]GUXÊEH� QD� ORNDFLML� QD� RGSUWHP� PRUMX�� ���� VWD� GRÊLYHOL� L]UD]LWHMÈH� ]PDQMÈHYDQMH� ELRGLYHU]LWHWH�� ßH
SULPHUMDPR� SRGDWNH� ]D� QDUDYQR� LQ� XPHWQR� REOLNRYDQR� REUHÊMH� LQ� ���� QXGLWD� ]DYHWMH� GYHPD� RJURÊHQLPD� ULEMLPD
YUVWDPD�LQ�QDMYLÈML�JRVWRWL�PODGRVWQLK�SULPHUNRY� ULE�� 6� VYRMR�GLYHU]LWHWR��HGLQVWYHQRVWMR� LQ�REßXWOMLYRVWMR�QD� UD]YRM
REDOQHJD�REPRßMD�VWD�1RYLJUDMVNR�LQ�.DULQVNR�PRUMH�NDQGLGDWD�]D�SUDYQR�]DÈßLWR�

.OMXÞQH�EHVHGH��PHWD]GUXÌED��IDYQLVWLáQD�GLYHU]LWHWD��YL]XDOQR�ÊWHWMH��MDGUDQVNL�]DOLYL��UD]YRM�REDOQLK�REPRáLM

5()(5(1&(6

%RXYLHU��/��'���.��&RWWHQLH�	�6��(��'RND���������$TXDWLF
FRQQHFWLYLW\� DQG� ILVK� PHWDFRPPXQLWLHV� LQ� ZHWODQGV� RI
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