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$EVWUDFW�
�
$�VXPPDU\�RI�WKH�PDFURSK\WH�VSHFLHV�DQG�WKHLU�GLVWULEXWLRQ�ZLWKLQ�:DWHU�&RQVHUYDWLRQ�$UHDV�
�$�DQG��%�LV�SUHVHQWHG���1HDUO\�����SODQW�VSHFLHV�ZHUH�LGHQWLILHG��ZLWK�WKH�KLJKHVW�QXPEHUV�
EHORQJLQJ� WR� WKH� 3RDFHDH� ������� $VWHUDFHDH� ������� DQG� &\SHUDFHDH� ������� $SSUR[LPDWHO\�
RQH�ILIWK�RI�WKH�VSHFLHV�IRXQG�ZHUH�QRQ�QDWLYH���1LQH�GLVWLQFW�KDELWDWV�DQG�DVVRFLDWHG�YHJHWD�
WLRQ�DUH�GHVFULEHG�ZLWKLQ�WKHVH�:DWHU�&RQVHUYDWLRQ�$UHDV���2I�WKH�KDELWDWV�SUHVHQW��WKUHH�DUH�
PDQ�PDGH� DQG� DUH� DVVRFLDWHG�ZLWK� WKH� FRQVWUXFWLRQ� RI� SHULPHWHU� OHYHHV� DQG�ZDWHU� FRQWURO�
VWUXFWXUHV���/HYHHV�ZHUH�IRXQG�WR�FDUU\�WKH�JUHDWHVW�GLYHUVLW\�RI�SODQW�VSHFLHV��PRVW�RI�ZKLFK�
DUH�DVVRFLDWHG�ZLWK�GU\��GLVWXUEHG�VLWHV�DQG�SUREDEO\�GLG�QRW�FRQVWLWXWH�D�SDUW�RI�WKH�KLVWRULF�
YHJHWDWLRQ�RI�WKH�DUHD��
�
�
�
,QWURGXFWLRQ�
�
:DWHU�&RQVHUYDWLRQ�$UHDV��:&$���$�DQG��%�DUH�UHPQDQWV�RI� WKH�KLVWRULF�(YHU�
JODGHV��DQ�DUHD�WKDW�RQFH�VWUHWFKHG�IURP�/DNH�2NHHFKREHH�WR�)ORULGD�%D\���7KHVH�
:&$V�ERUGHU� WKH�(YHUJODGHV�$JULFXOWXUDO�$UHD� � �($$�� WR� WKH� VRXWKZHVW�� /R[D�
KDWFKHH�1DWLRQDO�:LOGOLIH�5HIXJH��DOVR�UHIHUUHG�WR�DV�:&$����WR�WKH�QRUWK��:&$�
�$�WR�WKH�ZHVW��DQG�XUEDQ�%URZDUG�&RXQW\�WR�WKH�HDVW�DQG�VRXWKHDVW�� �:&$��$�
DQG�:&$��%�FRYHU�DQ�DUHD�RI�����DQG����NP���UHVSHFWLYHO\���7KH�SODQW�FRPPXQL�
WLHV�RI�WKHVH�:&$V�KDYH�EHHQ�RQO\�JHQHUDOO\�VXUYH\HG�VLQFH�DSSUR[LPDWHO\�WKH�ILUVW�
KDOI�RI� WKH���WK�FHQWXU\� �+DUVKEXUJHU�������'DYLV�������/RYHOHVV�������� �7RGD\��
WKHVH� DUHDV� DUH�XQGHU�PRUH� LQWHQVH� VWXG\� UHODWHG� WR� LVVXHV�RI� HXWURSKLFDWLRQ��K\�
GURORJ\��DQG�WKH�VSUHDG�RI�QRQ�QDWLYH�VSHFLHV���,Q�VSLWH�RI�WKLV��D�FRPSOHWH�UHYLHZ�
RI�WKH�SODQW�VSHFLHV�SUHVHQW�DQG�WKH�KDELWDWV�WKH\�RFFXU�LQ�LV�ODFNLQJ��
�
7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�SUHVHQW�DQ�RYHUYLHZ�RI�D�VXUYH\�RI�WKH�PDFURSK\WH�
VSHFLHV� IRXQG� LQ�:&$� ��� 7KH� VXUYH\� ZDV� FRQGXFWHG� E\� WKH� DXWKRU� IURP� �����
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WKURXJK������ WR�FKDUDFWHUL]H� WKH�GLVWULEXWLRQ�RI� WKH� IORUD� UHODWLYH� WR� WKH�KDELWDWV�
ZLWKLQ� WKH� DUHD�� DQG� GLVFXVV� IDFWRUV� WKDW� DIIHFW� VSHFLHV� GLVWULEXWLRQ�� � 6SHFLPHQV�
ZHUH�FROOHFWHG��GULHG��DQG�VWRUHG�ZLWK�WKH�DXWKRU���9HULILFDWLRQ�RI�VSHFLHV�LGHQWLIL�
FDWLRQ�ZDV�SURYLGHG�E\�'U��'DYLG�%ODFN��6RXWK�)ORULGD�:DWHU�0DQDJHPHQW�'LV�
WULFW����
�
�
5HJLRQDO�DQG�+LVWRULFDO�%DFNJURXQG�
�
&OLPDWH�
�
7KH�FOLPDWH�RI�VRXWKHUQ�)ORULGD�LV�PRUH�OLNH�WKDW�RI�WKH�&DULEEHDQ�EDVLQ�WKDQ�WKH�
FRQWLQHQWDO�8QLWHG�6WDWHV���7KH�DUHD�KDV�JHQHUDOO\�KLJK�WHPSHUDWXUHV�DQG�KXPLGLW\��
ZLWK�D�GLVWLQFWLYH�DQQXDO�SDWWHUQ�RI�ZHW�DQG�GU\�VHDVRQV����3UHYDLOLQJ�VRXWKHDVWHUO\�
ZLQGV�PDNH� WKH� DUHD�ZDUPHU� WKDQ� WKH� ���&�ZLQWHU� LVRWKHUP�� SODFLQJ� LW� ZLWKLQ� D�
VXEWURSLFDO�FOLPDWH���$YHUDJH�GDLO\�PD[LPXP�WHPSHUDWXUHV�DUH�XVXDOO\�DERYH����&�
IURP�$SULO� WKURXJK�2FWREHU��DQG�DYHUDJH�GDLO\�PLQLPXP�WHPSHUDWXUHV� UDUHO\� IDOO�
EHORZ� ���&� WKURXJKRXW� WKH� ZLQWHU� �7KRPDV� ������� � ,Q� VRPH� \HDUV�� IURVWV� PD\�
VZHHS�WKURXJK�WKH�DUHD�ZLWK�WKH�SDVVDJH�RI�ZLQWHU�FROG�IURQWV����
�
$QQXDO� SUHFLSLWDWLRQ� IRU� WKH�:&$V� DYHUDJHV� ���� FP� �0DF9LFDU� ������� ZLWK� DS�
SUR[LPDWHO\�����IDOOLQJ� IURP� -XQH� WKURXJK�6HSWHPEHU�� �5DLQIDOO�� SULPDULO\� IURP�
WKXQGHUVWRUPV�GXULQJ�WKH�UDLQ\�VHDVRQ�DQG�IURP�FROG�FRQWLQHQWDO�IURQWV�GXULQJ�WKH�
ZLQWHU��DFFRXQWV�IRU�WKH�EXON�RI� WKH�ZDWHU�HQWHULQJ� WKH�:&$V�� �7URSLFDO�F\FORQH�
HYHQWV�RFFXU�VSRUDGLFDOO\�DQG�FDQ�GURS�VLJQLILFDQW�DPRXQWV�WKURXJKRXW�WKH�V\VWHP�
RYHU�D�SHULRG�RI�VHYHUDO�GD\V���
�
(YDSRWUDQVSLUDWLRQ�LV�WKH�SULPDU\�PHFKDQLVP�E\�ZKLFK�ZDWHU�LV�H[SRUWHG�IURP�WKH�
V\VWHP���(VWLPDWHV�UDQJH�IURP����WR�����RI�WKH�WRWDO�DQQXDO�UDLQIDOO��.HQQHU�������
%ODFN��&URZ��DQG�(LGVQHVV�������'RKUHQZHQG������� IRU�VRXWK�)ORULGD�ZHWODQGV���
7KHVH�KLJK�HVWLPDWHV�FDQ�EH�DFFRXQWHG�IRU�E\�WKH�KLJK�PHDQ�DQQXDO�WHPSHUDWXUHV��
IODW�WRSRJUDSK\�RI�WKH�DUHD��DQG�VORZ�PRYHPHQW�RI�ZDWHU�WKURXJK�WKH�V\VWHP��
�
7HUUDLQ�
�
([FOXGLQJ�PDQ�PDGH� VWUXFWXUHV�� H�J��� OHYHHV�� OLWWOH� YDULDWLRQ� RI� VRLO� VXUIDFH� HOHYD�
WLRQV� LV�FKDUDFWHULVWLF�RI�WKLV� UHJLRQ�� � ,Q� WKH�:&$V��JURXQG�HOHYDWLRQV�ZLWKLQ� WKH�
PDUVK�UDQJHV�IURP�DSSUR[LPDWHO\���P�DERYH�PHDQ�VHD�OHYHO�LQ�WKH�QRUWK�WR���P�LQ�
WKH�VRXWK���7KLV�WRSRJUDSKLF�JUDGLHQW�LV�RQ�WKH�RUGHU�RI���FP�NP��EXW�ODUJHU�YDULD�
WLRQV�PD\�EH�IRXQG�RQ�VPDOOHU�VSDWLDO�VFDOHV����
�
�
+LVWRU\�RI�WKH�$UHD�
�
7KH�(YHUJODGHV�FRQVLVWV�RI�D�PDQWOH�RI�SHDW�RYHUO\LQJ�D�IODW�OLPHVWRQH�IRUPDWLRQ�RI�
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UHFHQW�PDULQH�RULJLQ�� �)RUPDWLRQ�RI� WKH�ROGHVW�(YHUJODGHV�SHDW�EHJDQ�RQ� D� ODUJH�
VFDOH� DERXW������\HDUV� DJR� �*OHDVRQ�HW� DO�� ������� �$JH�HVWLPDWHV� IRU� VRLOV�ZLWKLQ�
WKHVH�:&$V�YDULHV�FRQVLGHUDEO\�PRYLQJ�IURP�QRUWK�WR�VRXWK���8VLQJ�UDGLRFDUERQ�
WHFKQLTXHV��*OHDVRQ�HW�DO���������������GDWHG�WKH�ROGHVW�EDVDO�SHDWV�IURP�QRUWKHUQ�
:&$��$�DQG�FHQWUDO�:&$���DW������������DQG������������\HDUV�EHIRUH�SUHVHQW��
UHVSHFWLYHO\���7KRVH�LQ�:&$��%�ZHUH�GDWHG�DV�FRQVLGHUDEO\�PRUH�UHFHQW��UDQJLQJ�
IURP�FD������������\HDUV�EHIRUH�SUHVHQW����
�
7KH�ILUVW�PDMRU�GUDLQDJH�HIIRUWV�RI�WKH�(YHUJODGHV�EHJDQ�ZLWK�WKH�FUHDWLRQ�RI�WKH�
(YHUJODGHV�'UDLQDJH�'LVWULFW� LQ� ������ �%\� ������ IRXU�PDMRU� FDQDOV� GLVVHFWHG� WKH�
(YHUJODGHV� IURP� /DNH� 2NHHFKREHH� WR� WKH� $WODQWLF� 2FHDQ�� � 7ZR� RI� WKHVH�� WKH�
1RUWK�1HZ�5LYHU�&DQDO�DQG�WKH�+LOOVERUR�&DQDO��IRUP�WKH�ZHVWHUQ�DQG�QRUWKHUQ�
ERXQGDULHV�RI�:&$��$���$�VHULHV�RI�HDVWHUQ�SHULPHWHU�OHYHHV�ZDV�LQVWDOOHG�GXULQJ�
WKH� SHULRG� ���������ZKLFK� QRZ� IRUP� WKH� HDVWHUQ� � ERXQGDU\� RI� WKH�:&$V�� WKH\�
UDQJH�LQ�KHLJKW�IURP���WR����IW���7RGD\�WKLV�OHYHH�IRUPV�WKH�ILQDO�EDUULHU�WR�XUEDQ�
DQG�DJULFXOWXUDO�GHYHORSPHQW��ZKLFK�KDV�SURJUHVVLYHO\�H[SDQGHG�IURP�WKH�HDVW��
�
'XULQJ� WKH� SHULRG� ��������� DGGLWLRQDO� FDQDO� DQG� OHYHH� FRQVWUXFWLRQ� DGGHG� WKH�
QRUWKZHVW�ERXQGDU\�WR�:&$��$���'XULQJ������������WKUHH�JDWHV�ZHUH�LQVWDOOHG��6�
��$��6���&��DQG�6���'��WR�DOORZ�WKH�SDVVDJH�RI�ZDWHU�IURP�WKH�+LOOVERUR�&DQDO�LQ�
:&$���LQWR�:&$�����%HFDXVH�WKH�VRXWKHDVWHUQ�SRUWLRQ�RI�:&$���LV�ORFDWHG�RYHU�
WKH�%LVFD\QH�DTXLIHU��LW�ZDV�FRQVLGHUHG�WRR�SRURXV�WR�KROG�VXUIDFH�ZDWHU�DV�QHHGHG�
IRU�ZDWHU�VWRUDJH���7KLV�SURPSWHG�WKH�FRQVWUXFWLRQ�RI�DQRWKHU�OHYHH�DQG�FDQDO�WKDW�
FRPSDUWPHQWDOL]HG�:&$���LQWR�WZR�VHFWLRQ��:&$��$�DQG��%��ZLWK�WKUHH�LQIORZ�
JDWHV�EHWZHHQ�WKHP��6������6������DQG�6���������
�
(DUO\�YHJHWDWLRQ�VWXGLHV�RI�WKH�DUHD�
�
0XFK�RI�WKH�(YHUJODGHV�UHPDLQHG�YLUWXDOO\�XQVWXGLHG�XQWLO� WKH�PLGGOH�RI�WKH���WK�
FHQWXU\�� �2QH�RI� WKH�HDUOLHVW�ERWDQLVWV� WR� VWXG\� WKH�QRUWK�FHQWUDO�(YHUJODGHV�ZDV�
ZKR� -RKQ�+DUVKEXUJHU�FRQGXFWHG�KLV�SK\WRJHRJUDSKLF� VWXG\�RI� WKH�DUHD� DURXQG�
WKH�QHZO\�FRQVWUXFWHG�1RUWK�1HZ�5LYHU�FDQDO��+DUVKEXUJHU���������'DYLV��������
SURYLGHG�WKH�ILUVW�FRPSUHKHQVLYH�PDS�RI�(YHUJODGHV�YHJHWDWLRQ�DQG�RIIHUHG�JHQ�
HUDO�GHVFULSWLRQV�RI�WKH�SODQW�FRPPXQLW\�DVVHPEODJHV�DIWHU�ODUJH�VFDOH�GUDLQDJH�HI�
IRUWV�KDG�EHHQ�HIIHFWHG���/RYHOHVV��������IXUWKHU�GHWDLOHG�WKH�PDMRU�SODQW�FRPPX�
QLWLHV�RI�WKH�DUHD�DQG�DWWHPSWHG�WR�DVVHVV�WKH�FKDQJHV�DVVRFLDWHG�ZLWK�GUDLQDJH�DQG�
WKH�VXFFHVVLYH�GURXJKWV�WKDW�RFFXUUHG�GXULQJ�WKH�����V�DQG�����V��
�
�
9HJHWDWLRQ�RI�:&$��$�DQG�:&$��%�
�
0RGHUQ�IORULVWLFV�
�
7KH�FXUUHQW�IORUD�RI�:&$��$�DQG��%�UHIOHFWV�D�QXPEHU�RI�QDWXUDO�DQG�DQWKURSR�
JHQLF� SURFHVVHV�� � 7KH� FRPSRVLWLRQ� RI� (YHUJODGHV� SODQW� FRPPXQLWLHV� KDV� EHHQ�
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FKDQJLQJ�VLQFH�WKH�HFRV\VWHP�EHJDQ�WR�IRUP��DV�VSHFLHV�DUH�LQWURGXFHG�IURP�RXW�
VLGH�UHJLRQV�DQG�GLVWULEXWHG�DFFRUGLQJ�WR�D�YDULHW\�RI�LQIOXHQFHV���7KH�HOHPHQWV�RI�D�
VXEWURSLFDO� FOLPDWH�� LQIUHTXHQW� IURVW� HYHQWV�� D� GLVWLQFW� F\FOH� RI� LQXQGDWLRQ� DQG�
GURXJKW��DQG�ORZ�WRSRJUDSK\�DOO�VKDSHG�WKH�KLVWRULF�SODQW�FRPPXQLWLHV�WKDW�UHVLGH�
ZLWKLQ�WKLV�DUHD���5HFHQW�FKDQJHV�WR�WKH�V\VWHP�KDYH�UHVXOWHG�LQ�DOWHUDWLRQV�WR�KLV�
WRULFDO�VSHFLHV�GLVWULEXWLRQ��DV�ZHOO�DV�WKH�FUHDWLRQ�RI�QHZ�KDELWDWV�ZLWK�GLVWLQFWLYH�
SODQW�FRPPXQLWLHV����
�
7KLV� VXUYH\� GRFXPHQWHG� ���� YDVFXODU� DQG� �� QRQ�YDVFXODU� PDFURSK\WH� VSHFLHV�
�&KDUD�DQG�1LWHOOD����2I�WKH�YDVFXODU�SODQW�IDPLOLHV��WKH�3RDFHDH��������$VWHUDFHDH�
�������DQG�&\SHUDFHDH�������ZHUH�PRVW�UHSUHVHQWHG���7DEOH���VKRZV�WKH�GLVWULEX�
WLRQ�RI�VSHFLHV�E\�WD[RQRPLF�JURXS����
�
,QWHUHVWLQJO\��RQO\�D�UHODWLYHO\�VPDOO�QXPEHU�RI�VSHFLHV�SUHVHQW�LQ�:&$���DUH��IDF�
XOWDWLYH�RU�REOLJDWH�ZHWODQG�VSHFLHV��):6�DQG�2:6�DW�����DQG������UHVSHFWLYHO\��
VHH�7DEOH������7KLV�LV�VXUSULVLQJ�JLYHQ�WKDW�WKH�YDVW�PDMRULW\�RI�DUHD�LV�GRPLQDWHG�E\�
ZHWODQG�KDELWDWV�� �7KH� UHODWLYHO\� ORZ�SHUFHQWDJH� RI�):6� DQG�2:6� VSHFLHV� LQGL�
FDWHV�WKDW�WKH�PDMRULW\�RI�VSHFLHV�SUHVHQW�DUH�DGDSWHG�IRU�GULHU�KDELWDWV��
�
�
+DELWDWV�DQG�$VVRFLDWHG�3ODQW�&RPPXQLWLHV�
�
7KH�SODQW�FRPPXQLWLHV�IRXQG�LQ�:&$���FDQ�EH�EURDGO\�GHILQHG�E\�WKH�IROORZLQJ�
KDELWDW� W\SHV�� UDQNHG� IURP� KLJKHVW� WR� ORZHVW� PHDQ� ZDWHU� GHSWK�� � GHHS� ZDWHU��
VORXJK�� IODW�� PDUVK�� SHDW� LVODQG�� WUHH� LVODQG�� WUDQVLWLRQ�OHYHH�� GU\� OHYHH�� DQG� HSL�
SK\WLF���2IWHQ��RYHUODS�RFFXUV�EHWZHHQ�WKHVH�FRPPXQLWLHV��DQG�LQ�VRPH�VLWXDWLRQV�
LW�LV�GLIILFXOW�WR�FDWHJRUL]H�DQ�DVVHPEODJH�WR�D�VSHFLILF�FRPPXQLW\�W\SH��
�
'HHS�ZDWHU�KDELWDW�LV�UHSUHVHQWHG�E\�FDQDOV�DQG��PRUH�UDUHO\��ZHOO�WUDYHOHG�DLUERDW�
WUDLOV�� �&DQDOV� XVXDOO\� OLH� SDUDOOHO� WR� WKH�SHULPHWHU� OHYHHV� DQG�PRUH� UDUHO\� LQWUXGH�
LQWR�WKH�PDUVK���2IWHQ��WKH�QXWULHQW�OHYHOV�DUH�KLJKHU�WKDQ�LQ�WKH�LQWHULRU�PDUVK�DV�
PRVW�FDQDOV�LQ�WKLV�DUHD�IXQFWLRQ�DV�ZDWHU�PRYHPHQW�DQG�GHOLYHU\�V\VWHPV��FKDQ�
QHOLQJ� VWRUPZDWHU� UXQRII� IURP� WKH�($$�GUDLQDJH� EDVLQ� VRXWKZDUG� RU� HDVWZDUG���
$LUERDW�WUDLOV� WHQG�WR�UDGLDWH�IURP�ERDW�UDPSV�DQG�FDPSV��WKH�PRVW�KHDYLO\�WUDY�
HOHG�RQHV�EHLQJ� WKH�GHHSHVW�DQG�GHYRLG�RI�FKDUDFWHULVWLF�PDUVK�YHJHWDWLRQ�� �7KLV�
KDELWDW�QHYHU�GULHV�RXW�DQG�XVXDOO\�KDV�VWDQGLQJ�ZDWHU� IURP�D�GHSWK�RI�����P�RU�
JUHDWHU���,Q�WKH�QRUWKHDVWHUQ�DUHD�RI�:&$��$��QXWULHQW�OHYHOV�DUH�PXFK�KLJKHU�WKDQ�
HOVHZKHUH�LQ�WKH�:&$V�GXH�WR�DJULFXOWXUDO�UXQRII�HQWHULQJ�WKH�PDUVK�WKURXJK�WKH�
6���� VWUXFWXUHV�� �7KLV� LQFUHDVHG� QXWULHQW� VWDWXV� OHDGV� WR� WKH� SUROLIHUDWLRQ� RI� QXL�
VDQFH� IORDWLQJ� YHJHWDWLRQ� VXFK� DV� ZDWHU� OHWWXFH� �3LVWLD�VWUDWLRWHV�/��� DQG�ZDWHU� K\D�
FLQWK� �(LFKKRUQLD�FUDVVLSHV��0DUW��� 6ROPV��� �2WKHU� FKDUDFWHULVWLF� YHJHWDWLRQ� LQFOXGHV�
9DOOLVQHULD�DPHULFDQD�0LFK[���1\PSKDHD�VSS���1DMDV�VS��� DQG�+\GULOOD�YHUWLFLOODWD��/�I���
5R\OH����
�
6ORXJKV�DUH�WKH�GHHSHVW��QDWXUDOO\�RFFXUULQJ�KDELWDW� IRXQG� LQ� WKHVH�:&$V�� �7KH\�
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3WHULGRSK\WHV� ��� �� �� �� �� �� �� ��

*\PQRVSHUPV� �� �� �� �� �� �� �� ��

0RQRFRWV� ��� ��� ������ ���� ��� �� ��� ���

'LFRWV� ���� ��� ������ ����� ��� �� ��� ���

7RWDO� ���� ���� ������ ������ ��� ��� ��� ���

7DEOH�����7D[RQRPLF�GLVWULEXWLRQ�RI�VSHFLHV�IRXQG�ZLWKLQ�:DWHU�&RQVHUYDWLRQ�$U�
HDV��$�DQG��%���):6��IDFXOWDWLYH�ZHWODQG�VSHFLHV��2:6��REOLJDWH�ZHWODQG�VSHFLHV��

W\SLFDOO\�KDYH�VWDQGLQJ�ZDWHU�DOO�\HDU��KRZHYHU�� WKH�ZDWHU�WDEOH�PD\�UHFHGH�EHORZ�
WKH� VXUIDFH�GXULQJ� VHYHUH�GURXJKW� HYHQWV�� � 6ORXJKV� SUHGRPLQDWH� LQ� WKH� VRXWKHUQ�
HQGV�RI�WKH�:&$V�DQG�EHFRPH�UDUHU�DV�RQH�PRYHV�QRUWKZDUG���7KLV�LV�FDXVHG�E\�
WKH�SRROLQJ�RI�ZDWHU� LQ� WKH�VRXWKHUQ�DUHDV�RI� WKH�:&$V�UHVXOWLQJ�IURP�WKH�FRQ�
WDLQPHQW� OHYHHV� DQG� SDVW� ZDWHU� PDQDJHPHQW� SUDFWLFHV� �:RUWK� ������ /LJKW� DQG�
'LQHHQ�������� �6ORXJKV� ORFDWHG�FORVHU� WR� WKH�6���� VWUXFWXUHV�KDYH�QXWULHQW� OHYHOV�
PXFK�KLJKHU�WKDQ�LQ�XQLPSDFWHG�DUHDV��UHVXOWLQJ� LQ�D�FKDQJH� LQ�VSHFLHV�FRPSRVL�
WLRQ� �9DLWKL\DQDWKDQ�HW�DO��������� �7\SLFDO� VSHFLHV� LQ�XQHQULFKHG� VORXJKV� LQFOXGHV�
1\PSKDHD�RGRUDWD�6RO���8WULFXODULD� VSS�� DQG�&KDUD� VS�� � 6ORXJKV� WKDW� KDYH� EHHQ� LP�
SDFWHG� E\� LQFUHDVHG� FRQFHQWUDWLRQV� RI� QXWULHQWV� DUH� GRPLQDWHG� E\� 3��VWUDWLRWHV��
/HPQD�YDOGLYLDQD�3KLO���(��FUDVVLSHV��DQG�7\SKD�VSS����
�
)ODWV� DUH�KDELWDWV� WKDW�RFFXS\� WKH�HFRWRQH�EHWZHHQ� WKH�PDUVK�DQG� VORXJKV�� �)ODW�
FRPPXQLWLHV��OLNH�WKH�VORXJKV��DUH�PRUH�IUHTXHQW�LQ�WKH�VRXWKHUQ�VHFWLRQV�RI�WKHVH�
:&$V���7KH�GRPLQDQW�YHJHWDWLRQ�LQ�IODWV�LQFOXGHV�(OHRFKDULV�VSS���3DQLFXP�KHPLWRPRQ�
6FKXOW���3HOWDQGUD�YLUJLQLFD��/��� 6FKRWW�	�(QGO���3RQWHGHULD�FRUGDWD�/���6DJLWWDULD�ODQFLIROLD�
/���8WULFXODULD�SXUSXUHD�:DOWHU�� DQG�+\PHQRFDOOLV�SDOPHUL�6��:DWVRQ�� �(OHRFKDULV�HORQJDWD�
&KDSP�� DQG�8��SXUSXUHD� KDYH� EHHQ� IRXQG� WR� EH� VHQVLWLYH� WR� SKRVSKRUXV� HQULFK�
PHQW� DQG� DUH� DEVHQW� LQ� DUHDV� ZKHUH� QXWULHQW� LQSXWV� KDYH� LPSDFWHG� WKH� PDUVK��
�5LFKDUGVRQ�HW�DO��������9DLWKL\DQDWKDQ�HW�DO��Q�G����
�
7KH�PDUVK�KDELWDW� FDQ�EH� URXJKO\�GLYLGHG� LQWR� WZR� W\SHV�� QXWULHQW� HQULFKHG� DQG�
XQHQULFKHG���8QHQULFKHG�PDUVK�LV�W\SLFDO�RI�WKH�KLVWRULF�(YHUJODGHV�V\VWHP�DQG�LV�

=DKLQD�



������ )ORULGD·V�*DUGHQ�RI�*RRG�DQG�(YLO�

GRPLQDWHG�E\�VDZJUDVV��&ODGLXP�MDPDLFHQVH�&UDQW]����ZLWK�RWKHU�VSHFLHV�VXFK�DV�(OHR�
FKDULV�FHOOXORVD�7RUU���3��KHPLWRPRQ�� DQG�6��ODQFLIROLD� DV� OHVVHU�DEXQGDQW� DVVRFLDWHV�� � ,Q�
GULHU� VLWHV� ZKHUH� ILUH� KDV� EHHQ� H[FOXGHG�� 0\ULFD�FHULIHUD� /�� DQG� 6DOL[�FDUROLQLDQD�
0LFK[��KDYH�EHFRPH�HVWDEOLVKHG���7KH�PDUVK�LQ�WKH�QRUWKHDVWHUQ�VHFWLRQ�RI�:&$�
�$�KDV�EHHQ�LPSDFWHG�E\�QXWULHQWV�IURP�DJULFXOWXUDO�UXQRII�DQG�DOWHUHG�K\GURORJ\�
DVVRFLDWHG�ZLWK� WKH� RSHUDWLRQ� RI� WKH� 6���� VWUXFWXUHV�� � ,Q� WKLV� DUHD�� WKH�PDUVK� LV�
GRPLQDWHG� E\� 7\SKD�VSS���0LNDQLD�VFDQGHQV��/��� :LOOG��� 3RO\JRQXP�VSS��� DQG�$FURV�
WLFKXP�GDQDHLIROLXP�/DQJVG��	�)LVFK���8UEDQ�HW�DO��������5XFKH\�DQG�9LOFKHFN�������
9DLWKL\DQDWKDQ�HW�DO��Q�G������
�
3HDW�LVODQGV�DUH�KLJKO\�VSHFLDOL]HG�KDELWDWV�WKDW�DUH�FUHDWHG�ZKHQ�D�SRUWLRQ�RI�WKH�
SHDW� VRLO� EHFRPHV� GLVORGJHG� IURP� D� VORXJK� ERWWRP� DQG� IRUPV� D� IORDWLQJ� PDVV���
7KLV�QDWXUDO�SKHQRPHQRQ�RFFXUV�ZKHUH�RSHQ�ZDWHU�XQHQULFKHG�VORXJKV�DUH�IRXQG���
5HYHJHWDWLRQ�LV�DFFRPSOLVKHG�E\�VXFFHVVLRQ�WKURXJK�D�VHW�RI�LQWHUPHGLDWH�VSHFLHV�
�&\SHUXV�VSS��� (OHRFKDULV�IODYHVFHQV��3RLU��� 8UE��� 3RO\JRQXP�VSS��� DQG� $PDUDQWKXV�DXV�
WUDOLV��$��*UD\��-�'��6DXHU���UHVXOWLQJ� LQ�D�FOLPD[�&ODGLXP�PDUVK�FRPPXQLW\�RU�WKH�
HVWDEOLVKPHQW�RI� D� WUHH� LVODQG� �:RUWK�������*XQGHUVRQ������� -��=DKLQD�� XQSXEO��
GDWD���
�
7UHH�LVODQGV�DUH�IRXQG�WKURXJKRXW�ERWK�:&$V�DQG�DUH�QDPHG�IRU�WKH�WUHH�VSHFLHV�
SUHVHQW�� �0HODOHXFD� KHDGV�� GRPLQDWHG� E\�0HODOHXFD�TXLQTXHQHUYLD��&DY��� 6�7�� %ODNH��
DUH�SUHYDOHQW�LQ�:&$��%���+RZHYHU��HUDGLFDWLRQ�HIIRUWV�KDYH�VLJQLILFDQWO\�UHGXFHG�
WKH�RFFXUUHQFH�RI�WKLV�QRQ�QDWLYH��LQYDVLYH�VSHFLHV���7KH�VHFRQG�W\SH�RI�WUHH�LVODQG��
ED\KHDGV��DUH� UDUH� LQ� WKH�:&$V�WRGD\��ZLWK�RQO\� D� IHZ�SHUVLVWLQJ� LQ� WKH�H[WUHPH�
QRUWKZHVWHUQ�SDUW�RI�:&$��$���7KHVH�FRPPXQLWLHV�KDYH�EHHQ�VHYHUHO\�LPSDFWHG�
E\�GURXJKW�� ILUH�� DQG� IORRGLQJ� HYHQWV� DVVRFLDWHG�ZLWK�GUDLQDJH� DQG� IORRG� FRQWURO�
SUDFWLFHV�LQ�WKH�SDVW�KDOI�FHQWXU\��:RUWK�������/LJKW�DQG�'LQHHQ���������%D\KHDGV�
DUH� GRPLQDWHG� E\� 3HUVHD�ERUERQLD��/��� 6SUHQJ��� ,OH[�FDVVLQH�/��� DQG�0��FHULIHUD�� � 7KH�
WKLUG�W\SH�RI�WUHH�LVODQG��ZLOORZ�KHDGV��RIWHQ�FRQWDLQV�D�YDU\LQJ�PL[WXUH�RI�6��FDUR�
OLQLDQD� DQG�0��FHULIHUD�� � 8VXDOO\�� WKHVH� WUHH� LVODQGV� DUH� EXW� VPDOO� UHPQDQWV� RI� ED\�
KHDGV��ZKLFK�RQFH�ZHUH�WKH�SUHGRPLQDQW�WUHH� LVODQG�W\SH�IRXQG�LQ�WKLV�UHJLRQ�RI�
WKH�(YHUJODGHV��%D\KHDGV� DQG�ZLOORZ�KHDGV�PD\� DOVR� FRQWDLQ� XQGHUVWRU\� VSHFLHV�
VXFK� DV� $��GDQDHLIROLXP�� %OHFKQXP�VHUUXODWXP�5LFK��� ,SRPRHD�VDJLWWDWD�3RLU��� DQG� 6DU�
FRVWHPPD�FODXVXP��-DFT���5RHP��	�6FKXOW��
�
7KH�WUDQVLWLRQDO�OHYHH�KDELWDW�LV�D�VWHHS�VLGHG��HORQJDWHG�WUDQVLWLRQDO�]RQH�EHWZHHQ�
WKH�GHHS�ZDWHU�FDQDO�DQG�GU\�OHYHH�FRPPXQLWLHV���7KLV�G\QDPLF�KDELWDW�ZDV�FUHDWHG�
E\�WKH�FRQVWUXFWLRQ�RI�WKH�SHULPHWHU�OHYHHV�DURXQG�WKH�:&$V�DQG�LV�FKDUDFWHUL]HG�
E\�ZLGHO\�IOXFWXDWLQJ�ZDWHU�OHYHOV�DQG�D�KLJK�GHJUHH�RI�GLVWXUEDQFH���7KH�VRLO�VXE�
VWUDWH� FRQVLVWV� RI� XQFRQVROLGDWHG� VKHOO� URFN� ILOO�� � 7\SLFDO� VSHFLHV� LQFOXGH�$QQRQD�
JODEUD�/���%DFRSD�PRQQLHUL��/��� 3HQQHOO��&��MDPDLFHQVH��/XGZLJLD�UHSHQV�-�)�� )RUVW���3KUDJ�
PLWHV�DXVWUDOLV��&DY���6WHXG��� DQG�7\SKD� VSS�� �7KH� VSHFLHV�SUHVHQW� DUH�XVXDOO\� VWUDWL�
ILHG�LQWR�GLVFUHHW�]RQHV�UHIOHFWLQJ�K\GURORJLFDO�FRQGLWLRQV����
�
'U\� OHYHH�KDELWDW� LV� IRXQG�RQ� WKH�KLJK� HPEDQNPHQWV� DQG� WRSV� RI� WKH� SHULSKHU\�
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OHYHHV�RI�WKH�:&$V���7KH�VRLO�LV�XQFRQVROLGDWHG�VKHOO�URFN�ILOO�ZKLFK�LV�H[WUHPHO\�
ZHOO�GUDLQHG�DQG�QXWULHQW�SRRU���7KH�FKDUDFWHULVWLF�IORUD�LQFOXGH�D�ODUJH�QXPEHU�RI�
JUDVV� VSHFLHV� �H�J���$QGURSRJRQ� VSS����%LGHQV�DOED��/���'&���6LGD� VSS��� DQG�6��FODXVXP���
7KLV�FRPPXQLW\�LV�WKH�PRVW�GLYHUVH�LQ�WHUPV�RI�VSHFLHV�ULFKQHVV��
�
(SLSK\WLF� KDELWDWV� DUH� UHVWULFWHG� WR� WUHH� LVODQGV� RU� WUDQVLWLRQDO�OHYHH� DUHDV� ZKHUH�
DUERUHVFHQW�VSHFLHV�KDYH�DQ�RSSRUWXQLW\�WR�EHFRPH�HVWDEOLVKHG���9HU\�IHZ�YDVFXODU�
HSLSK\WHV�DUH�IRXQG�LQ�WKLV�VXUYH\��WKRVH�SUHVHQW�EHLQJ�PRVWO\�RI�WKH�%URPHOLDFHDH�
IDPLO\��
�
6SHFLHV�GLVWULEXWLRQ�DV�D�IXQFWLRQ�RI�KDELWDW�
�
7KH�KDELWDWV� IRXQG�ZLWKLQ�:&$��� UHSUHVHQW� D� URXJK�K\GURORJLFDO� JUDGLHQW� IURP�
SHUPDQHQWO\�IORRGHG��GHHS�ZDWHU�DQG�VORXJKV��WR�QHYHU� IORRGHG��GU\� OHYHH��KDEL�
WDWV�� � 7DEOH� �� VKRZV� WKH� QXPEHU� RI� VSHFLHV�ZKLFK� DUH� IRXQG� LQ�PRUH� WKDQ� RQH�
KDELWDW�W\SH���$OWKRXJK�PRUH�WKDQ�WZR�WKLUGV�RI�WKH�VSHFLHV�ZLWKLQ�WKHVH�:&$V�DUH�
IRXQG�LQ�WZR�KDELWDWV��WKDW�QXPEHU�EHJLQV�WR�GURS�TXLFNO\�DV�WKH�QXPEHU�RI�FRP�
PRQ�KDELWDWV�LQFUHDVHV���7KLV�LQGLFDWHV�WKDW�PRVW�SODQW�VSHFLHV�DSSHDU�WR�EH�DVVRFL�
DWHG� ZLWK� VSHFLILF� FRQGLWLRQV�� � )XUWKHUPRUH�� WKH� GLVWULEXWLRQ� RI� VSHFLHV� DPRQJ�
KDELWDWV�UHYHDOV�D�WUHQG�RI�LQFUHDVLQJ�GLYHUVLW\�LQ�OHVV�IORRGHG�DUHDV��7DEOH�����SHDN�
LQJ�LQ�WKH�WUDQVLWLRQDO�OHYHH�KDELWDW���2YHUDOO��OHYHHV�FRQWDLQ�WKH�JUHDWHVW�QXPEHU�RI�
VSHFLHV��7DEOH�����PRVW�RI�ZKLFK�DUH�DGDSWHG�IRU�GU\�VLWHV�DQG�ZRXOG�EH�XQDEOH�WR�
VXUYLYH�ZHWODQG�FRQGLWLRQV��
�

7DEOH�����1XPEHU�RI�VSHFLHV�LQ�FRPPRQ�EHWZHHQ�KDELWDWV�LQ�:&$��$�DQG��%��
�

�

1XPEHU�RI�KDELWDWV�
�

�

1XPEHU�RI�VSHFLHV�LQ�FRPPRQ�
�

� �

�� ����
�� ���
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&RQFOXVLRQV�
�
1HDUO\� ����PDFURSK\WH� VSHFLHV�ZHUH� GRFXPHQWHG� GXULQJ� D� YHJHWDWLRQ� VXUYH\� RI�
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7DEOH���� �6SHFLHV�GLVWULEXWLRQ�DPRQJ�KDELWDWV�DQG��SHUFHQW�RI�VSHFLHV� LQ�FRPPRQ�EHWZHHQ�KDELWDWV�� �+DELWDW�DEEUHYLDWLRQV��':��
GHHS�ZDWHU��6/��VORXJK��)/��IODW��0$��PDUVK��3,��SHDW�LVODQG��7,��WUHH�LVODQG��7/��WUDQVLWLRQDO�OHYHH��'/��GU\�OHYHH��(3��HSLSK\WLF��
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6/� 3HUPDQHQWO\�
IORRGHG�

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

)/� �����PR��
IORRGHG�

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

0$� ����PR��
IORRGHG�

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

3,� 6DWXUDWHG�VRLO��
QRW�IORRGHG�

��� � � � � � ����� ����� ����� �����

7,� 6DWXUDWHG�VRLO��
QRW�IORRGHG�

��� � � � � � � ����� ����� �����

7/� 9DULDEOH�K\�
GURORJ\�

���� � � � � � � � ����� �����

'/� 6RLO�QHYHU�VDWX�
UDWHG�

��� � � � � � � � � �����

(3�

�

$HULF� �� � � � � � � � � �

�

+DELWDW�

�

*HQHUDO�
K\GURORJ\�

�

1XPEHU�RI�
VSHFLHV�LQ�
KDELWDW�

�

�

3HUFHQW�RI�VSHFLHV�LQ�KDELWDW�IRXQG�LQ�RWKHU�KDELWDWV�
�

���':����������6/����������)/����������0$��������3,�����������7,����������7/����������'/����������(3�
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:&$��$�DQG��%���2I�WKH�YDVFXODU�SODQW�IDPLOLHV�SUHVHQW��3RDFHDH��������$VWHUD�
FHDH� ������� DQG� &\SHUDFHDH� ������ ZHUH�PRVW� UHSUHVHQWHG�� � 1LQH� KDELWDWV� ZHUH�
LGHQWLILHG��WKUHH�RI�ZKLFK��GU\�OHYHH��WUDQVLWLRQDO�OHYHH��DQG�GHHS�ZDWHU��ZHUH�PDQ�
PDGH���7KH�WUDQVLWLRQDO�OHYHH�DQG�GU\�OHYHH�KDELWDWV�FRQWDLQHG�WKH�KLJKHVW�GLYHUVLW\�
RI� VSHFLHV��PRVW� RI�ZKLFK�ZHUH� VSHFLILFDOO\� DGDSWHG� WR� GU\�� UDWKHU� WKDQ�ZHWODQG��
FRQGLWLRQV���7KH�FRQVWUXFWLRQ�RI�WKH�FDQDOV��FRQWDLQPHQW�OHYHHV��DQG�WKH�LQIOX[�RI�
QXWULHQW�IURP�DJULFXOWXUDO�UXQRII�DUH�VLJQLILFDQW�IDFWRUV�VKDSLQJ�WKH�FXUUHQW�GLVWUL�
EXWLRQ�RI�VSHFLHV�LQ�WKHVH�:&$V���
�
�
/LWHUDWXUH�&LWHG�
�
%ODFN��&URZ�� DQG�(LGVQHVV�� ,QF�� � ������ �+\GURORJLF�6WXG\�RI�WKH�*�$�&��&DQDO�1HWZRUN��&ROOLHU�&RXQW\��)ORU�

LGD��*DLQHVYLOOH��)OD���%ODFN��&URZ��	�(LGVQHVV��,QF��
'DYLV��-�+����������9HJHWDWLRQ�RI�WKH�(YHUJODGHV�DQG�FRQVHUYDWLRQ�IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�SODQW�

HFRORJLVW���3URFHHGLQJV�RI�WKH�6RLO�6FLHQFH�6RFLHW\�RI�)ORULGD���$����������
'RKUHQZHQG��5�(����������(YDSRWUDQVSLUDWLRQ�SDWWHUQV�LQ�)ORULGD���)ORULGD�6FLHQWLVW�������������
*OHDVRQ��3�-���$�'��&RKHQ��:�*��6PLWK��+�.��%URRNV��3�$��6WRQH��5�/��*RRGULFN��DQG�:��6SDFNPDQ���

������ � 7KH� HQYLURQPHQWDO� VLJQLILFDQFH� RI� +RORFHQH� VHGLPHQWV� IURP� WKH� (YHUJODGHV� DQG�
VDOLQH� WLGDO�SODLQ�� ,Q� �3�-��*OHDVRQ��HG����(QYLURQPHQWV�RI�6RXWK�)ORULGD��3UHVHQW�DQG�3DVW��0HPRLU�
,,��&RUDO�*DEOHV��)OD���0LDPL�*HRORJLFDO�6RFLHW\���

*OHDVRQ��3�-���3�$��6WRQH��5�/��*RRGULFN��*��*XHULQ��DQG�/��+DUULV����������7KH�6LJQLILFDQFH�RI�3DOHRIORUDO�
6WXGLHV�DQG�(FRORJLFDO�$VSHFWV�RI�)ORDWLQJ�3HDW�,VODQGV�WR�:DWHU�0DQDJHPHQW�LQ�WKH�(YHUJODGHV�&RQVHU�
YDWLRQ�$UHDV���:HVW�3DOP�%HDFK��6RXWK�)ORULGD�:DWHU�0DQDJHPHQW�'LVWULFW���

*XQGHUVRQ��/�+����������9HJHWDWLRQ�RI�WKH�(YHUJODGHV��'HWHUPLQDWHV�RI�FRPPXQLW\�FRPSRVLWLRQ���,Q�
6�0��'DYLV�DQG�-�&��2JGHQ��HGV����(YHUJODGHV��7KH�(FRV\VWHP�DQG�,WV�5HVWRUDWLRQ�� �'HOUD\�%HDFK��
)OD���6W��/XFLH�3UHVV��

+DUVKEXUJHU�� -�:�� � ������ � 7KH� YHJHWDWLRQ� RI� 6RXWK� )ORULGD�� � 7UDQVDFWLRQV�RI�WKH�:DJQHU�)UHH�,QVWLWXWH�RI�
6FLHQFH�RI�3KLODGHOSKLD�������������

.HQQHU��:�(�� ������� �5XQRII�LQ�)ORULGD�� �0DS�6HULHV�1R������7DOODKDVVHH��)ORULGD�%RDUG�RI�&RQVHUYD�
WLRQ��'LYLVLRQ�RI�*HRORJ\��

/LJKW��6�6���DQG�-�:�'LQHHQ����������:DWHU�FRQWURO�LQ�WKH�(YHUJODGHV��$�KLVWRULFDO�SHUVSHFWLYH��,Q�6�0��
'DYLV� DQG� -�&��2JGHQ� �HGV����(YHUJODGHV��7KH�(FRV\VWHP�DQG�,WV�5HVWRUDWLRQ���'HOUD\�%HDFK��)OD���
6W��/XFLH�3UHVV��

/RYHOHVV��&�0����������$�VWXG\�RI�WKH�YHJHWDWLRQ�RI�WKH�)ORULGD�(YHUJODGHV���(FRORJ\���������
0DF9LFDU��7�� � ������ �5DLQIDOO�$YHUDJHV�DQG�6HOHFW�([WUHPHV�IRU�&HQWUDO�DQG�6RXWK�)ORULGD���7HFKQLFDO�3XEOLFD�

WLRQ��������:HVW�3DOP�%HDFK��6RXWK�)ORULGD�:DWHU�0DQDJHPHQW�'LVWULFW��
5LFKDUGVRQ�� &�-��� 5�*��4XDOOV�� DQG� 3�� 9DLWKL\DQDWKDQ�� � ������ � &KDQJHV� LQ� PDFURSK\WH� FRPPXQLW\�

FRPSRVLWLRQ�DQG�FDOFDUHRXV�PDW�FRYHU�RYHU�IRXU�\HDUV�RI�3�DGGLWLRQV�WR�(YHUJODGHV�PHVR�
FRVPV�� ,Q� &�-�� 5LFKDUGVRQ� �HG���� (IIHFWV�RI�3KRVSKRUXV�DQG�+\GURSHULRG�$OWHUDWLRQV�RQ�(FRV\VWHP�
6WUXFWXUH� DQG�)XQFWLRQ� LQ� WKH�(YHUJODGHV�� ����������%LHQQLDO�5HSRUW� WR� WKH�(YHUJODGHV�$JULFXOWXUDO�
$UHD�(QYLURQPHQWDO�3URWHFWLRQ�'LVWULFW�� 'XNH� :HWODQG� &HQWHU� 3XEOLFDWLRQ� ������� 'XUKDP��
1&���'XNH�8QLYHUVLW\���

5XFKH\��.���DQG�/��9LOFKHFN�� ������� �'HYHORSPHQW�RI�DQ�(YHUJODGHV�YHJHWDWLRQ�PDS�XVLQJ�D�6327�
LQDJH� DQG� WKH� JOREDO� SRVLWLRQLQJ� V\VWHP�� � 3KRWRJUDPPHWULF�(QJLQHHULQJ�DQG�5HPRWH�6HQVLQJ� ����
���������

7KRPDV��7�0����������$�GHWDLOHG�DQDO\VLV�RI�FOLPDWRORJLFDO�DQG�K\GURORJLFDO�UHFRUGV�RI�6RXWK�)ORULGD�
ZLWK�UHIHUHQFH�WR�PDQ
V�LQIOXHQFH�XSRQ�HFRV\VWHP�HYROXWLRQ���,Q�3�-��*OHDVRQ��HG����(QYLURQ�
PHQWV�RI�6RXWK�)ORULGD��3UHVHQW�DQG�3DVW��0HPRLU�,,�� �&RUDO�*DEOHV�)OD���0LDPL�*HRORJLFDO�6RFL�
HW\��

�
�

=DKLQD�
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8UEDQ��1�+���6�0��'DYLV��DQG�1�*��$XPHQ��������� �)OXFWXDWLRQV�LQ�VDZJUDVV�DQG�FDWWDLO�GHQVLWLHV� LQ�
(YHUJODGHV�:DWHU�&RQVHUYDWLRQ�$UHD��$�XQGHU�YDU\LQJ�QXWULHQW��K\GURORJLFDO� DQG� ILUH� UH�
JLPHV���$TXDWLF�%RWDQ\�������������

9DLWKL\DQDWKDQ��3���-�*��=DKLQD��DQG�&�-��5LFKDUGVRQ���Q�G���0DFURSK\WH�VSHFLHV�FKDQJHV�LQ�WKH�(YHU�
JODGHV�� ([DPLQDWLRQ� DORQJ� WKH� HXWURSKLFDWLRQ� JUDGLHQW�� � -RXUQDO�RI�(QYLURQPHQWDO�4XDOLW\�� ,Q�
UHYLHZ��
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