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$EVWUDFW
7KH�HQYLURQPHQWDO�JHRFKHPLVWU\�RI�VRLOV�IURP�6DLJEH�DQG�HQYLURQV��0LQQD��1RUWK�FHQWUDO�1LJHULD�ZDV�
VWXGLHG�ZLWK�WKH�DLP�RI�DVVHVVLQJ�WKH�LPSDFWV�RI�DUWLVDQDO�JROG�PLQLQJ�DFWLYLW\�LQ�6DLJEH�DQG�HQYLURQV��
*HRORJLFDO� ILHOGZRUN� FDUULHG� RXW� LQ� WKH� DUHD� UHYHDOHG WKDW� WKH� XQGHUO\LQJ� OLWKRORJLHV� LQFOXGH� VFKLVW��
JUDQLWH�DQG�DPSKLEROLWH��$�JHRFKHPLFDO�VRLO�VXUYH\�ZDV�DOVR�FDUULHG�RXW�DQG�D�WRWDO�QXPEHU�RI�WZHQW\�
�����VRLO�VDPSOHV�ZHUH�V\VWHPDWLFDOO\�FROOHFWHG�IURP�ERWK�PLQHG�DQG�XQPLQHG�VLWHV�ZLWKLQ�WKH�VWXG\�
DUHD��RI�ZKLFK�HLJKW�����UHSUHVHQWDWLYH�VDPSOHV�ZHUH�JHRFKHPLFDOO\�DQDO\VHG��(OHPHQWDO�FRQFHQWUDWLRQV�
�PDMRU� DQG� WUDFH� HOHPHQWV�� LQ� WKH� VRLO� VDPSOHV�ZHUH� GHWHUPLQHG� XVLQJ�;�5D\� )OXRUHVFHQFH� �;5)��
WHFKQLTXH�� � 7KH� SK\VLFDO� LPSDFWV� REVHUYHG� GXULQJ� ILHOGZRUN� LQFOXGH� ORVV� RI� YHJHWDWLRQ�� ODQG�
GHJUDGDWLRQ�� ZDWHU� SROOXWLRQ� DQG� DEDQGRQHG� SLWV�� 7KH� DYHUDJH� FRQFHQWUDWLRQV� RI� WKH� HOHPHQWV�
GHWHUPLQHG�ZHUH�FRPSDUHG�ZLWK�WKH�SXEOLVKHG�XSSHU�FUXVWDO�DEXQGDQFH�RI�WKH�LQGLYLGXDO�HOHPHQWV�DQG�
VXEVHTXHQWO\� WKHLU� HQULFKPHQW� UDWLRV�ZHUH� FRPSXWHG��(OHPHQWV� VXFK� DV�$J��$X� DQG�+J� VKRZ�KLJK�
HQULFKPHQW� ZLWK� ����� SSP�� ����� SSP� DQG� ����� SSP� FRQFHQWUDWLRQV� UHVSHFWLYHO\�� 7KH� UHVXOW� IURP�
DFFXPXODWLRQ�LQGH[��,JHR��DOVR�VKRZV�SRVVLEOH�+J�FRQWDPLQDWLRQ��7KLV�SRWHQWLDOO\�WR[LF�HOHPHQW�FDQ�
FDXVH� VHULRXV� GDPDJH� WR� WKH� VNLQ�� QHUYRXV� DQG� GLJHVWLYH� V\VWHPV� LQ�PDQ� WKURXJK�GLUHFW� RU� LQGLUHFW�
FRQVXPSWLRQ�

.H\ZRUGV��&RQWDPLQDWLRQ��*HRFKHPLVWU\��+XPDQ�+HDOWK��/DQG�'HJUDGDWLRQ��6DLJEH

���,QWURGXFWLRQ
0LQLQJ�LV�WKH�H[WUDFWLRQ�RI�PLQHUDO�UHVRXUFHV�WKDW�RFFXU�QDWXUDOO\�LQ�WKH�(DUWK�VXFK�DV�JROG��
FRDO��FDVVLWHULWH��JHPVWRQHV�DQG�VR�RQ�IRU�WKH�SURGXFWLRQ�DQG�VXSSO\�RI�UDZ�PDWHULDOV�QHHGHG�
IRU�FRQVWUXFWLRQ�RI�VRFLDO�DPHQLWLHV�LQ�XUEDQ�FRPPXQLWLHV�LQ�GHYHORSLQJ�QDWLRQV��$KPHG�HW�DO��
�������$UWLVDQDO�DQG�6PDOO�6FDOH�0LQLQJ��$60V��UHIHUV�WR�WKH�PLQLQJ�DFWLYLWLHV�FDUULHG�RXW�E\�
LQGLYLGXDOV��JURXSV�RU�FRPPXQLWLHV�XVLQJ�VLPSOH�DQG�PHQLDO� WRROV� LQ�GHYHORSLQJ�QDWLRQV� WR�
H[SORLW� PLQHUDOV�� *ROG� KDV� DOZD\V� EHHQ� GHSLFWHG� DV� D� V\PERO� RI� VXFFHVV� DPRQJ� RWKHU�
FKDUDFWHULVWLFV�LW�KDV��6PLWK���������,Q�RUGHU�WR�ZLQ�JROG��WKH�DFWLYLWLHV�RI�SDQQLQJ�LQ�ULYHUV�DQG�
VWUHDPV�� GHYHORSPHQW� RI� XQGHUJURXQG� ZRUNLQJV�� VPDOO� VFDOH� SURFHVVLQJ� SODQWV� DV� ZHOO� DV�
LQGXVWULDO�PLQHV�KDYH�HYROYHG��$UWLVDQDO�JROG�PLQLQJ�DV�D�SURFHVV�RI�H[SORLWLQJ�IRU�JROG�XVLQJ�
UXGLPHQWDU\� WRROV� KDYH� EHHQ� SDUW� RI� WKH� VRFLR�HFRQRPLF� VHFWRU� IRU� WKH� UXUDO� SRRU� LQ�PDQ\�
GHYHORSLQJ�QDWLRQV��2PDQD\LQ�HW�DO����������
*OREDOO\��WKH�FRQVHTXHQFHV�RI�DUWLVDQDO�DQG�VPDOO�VFDOH�PLQLQJ�DUH�DV�LPSRUWDQW�DV�ODUJH�VFDOH�
PLQLQJ�DFWLYLWLHV��6RPH�RI�WKHVH�DUH�ODUJH�LQIOX[�RI�SRSXODWLRQ��FKDQJH�LQ�OHYHO�RI�QDWXUDO�DQG�
FXPPXQLW\�UHVRXUFHV��SRWHQWLDO�HIIHFW�RQ�KHDOWK��FRQIOLFW�JHQHUDWLRQ��FUHDWLRQ�RI�HPSOR\PHQW��
FKLOG�DQG�KXPDQ�ODERXU��5RODQG���������7KHUH�DUH�DERXW����WR�����PLOOLRQ�SHRSOH�WKDW�JOREDOO\�
GHSHQG�GLUHFWO\�RU�LQGLUHFWO\�RQ�WKLV�IRUP�RI LQIRUPDO�PLQHUDO�UHVRXUFH�H[SORLWDWLRQ�DV�D�PHDQV�
RI�VXUYLYDO��*XQVRQ�HW�DO�� �������,Q�VRPH�GHYHORSLQJ�FRXQWULHV��WKH�SURGXFWLRQ�RI�$60V�PD\�
HYHQ�HTXDO�RU�H[FHHG�WKH�SURGXFWLRQ�RI�ODUJH�VFDOH�PLQHV��+HQWVFKHO�HW�DO�� �������,W�HPSOR\V�
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DERXW� WHQ�WLPHV�DV PDQ\�SHRSOH�WKDW�ZRUN�LQ� LQGXVWU\�PLQHV��JHQHUDOO\�FRQVWLWXWLQJ�ZRUNHUV�
ZKR�DUH�QRW�HOLJLEOH�IRU�HPSOR\PHQW�LQ�LQGXVWULDO�PLQLQJ�GXH�WR�ODFN�RI�IRUPDO�HGXFDWLRQ�DQG�
H[SHULHQFH��%HQGHU���������+RZHYHU��WKH�UHSHUFXVVLRQV�RI�WKLV�PHWKRG�RI�H[SORLWDWLRQ�FDQ�EH�
GHYDVWDWLQJ� RQ� WKH� KHDOWK� RI� WKH� DUWLVDQV� DQG� WKH� LQKDELWDQWV� RI� WKH�PLQLQJ� DUHD� DV�ZHOO� DV�
VXUURXQGLQJ�FRPPXQLWLHV�OHDGLQJ�WR�ORVV�RI�YHJHWDWLRQ��VRLO�GHJUDGDWLRQ�DQG�HURVLRQ�DV�D�UHVXOW�
RI�HQJUDLQHG�GLJJLQJ�RI�WKH�VRLOV��,Q�DQ�DWWHPSW�WR�DVVHVV�VRPH�RI WKHVH�HIIHFWV�RIWHQ�DVVRFLDWHG�
ZLWK�DUWLVDQDO�JROG�PLQLQJ��WKLV�ZRUN�IRFXVHV�RQ�WKH�JHRFKHPLFDO�LQYHVWLJDWLRQ�RI�VRLOV�IURP�
WKH�6DLJEH�DUWLVDQDO�JROG�PLQLQJ�LQ�SDUW�RI�1RUWK�FHQWUDO�1LJHULD�

���/RFDWLRQ�DQG�*HRORJLFDO�6HWWLQJ�
6DLJEH�LV�VLWXDWHG�LQ�%RVVR�/RFDO�*RYHUQPHQW�$UHD�RI�1LJHU�6WDWH�DQG�LW�IDOOV�ZLWKLQ�6RXWK�
ZHVWHUQ�SDUW�RI�0LQQD�6KHHW������)LJXUH�����,W�LV�ERXQGHG�EHWZHHQ�WKH�FRRUGLQDWHV�RI�/DWLWXGHV�
����
��

1�DQG�����
��

1��DQG�/RQJLWXGHV�����
��

(�DQG�����
��

(��FRYHULQJ�D�WRWDO�DUHD�RI�
DSSUR[LPDWHO\����NP���7KH�VWXG\�DUHD�LV�OLQNHG�E\�VHYHUDO�PLQRU�URDGV�DQG�D�VHFRQGDU\�URDG��
DQG� IRRWSDWKV�ZKLFK�PDGH�DFFHVVLELOLW\� WR� WKH�VWXG\�DUHD� HDV\��2WKHU�QHLJKERXULQJ�YLOODJHV�
DURXQG�WKH�VWXG\�DUHD�LQFOXGH�3DZR��6KLSDGD��6KLSDQD�DQG�'DQJZDQL�

6DLJEH�DQG LWV�HQYLURQ�OLHV�ZLWKLQ�WKH�3UHFDPEULDQ�EDVHPHQW�URFNV�RI�FHQWUDO�1LJHULD��7KHVH�
EDVHPHQW� URFNV� IRUP� SDUW� RI� WKH� H[WHQVLYH� 3DQ�$IULFDQ� 3URYLQFH� RI� :HVW� $IULFD� DQG� DUH�
ERUGHUHG�LQ�WKH�HDVW�E\�WKH�&RQJR�&UDWRQ�DQG�LQ�WKH�ZHVW�E\�WKH�:HVW�$IULFDQ�&UDWRQ��7XUQHU��
�������2Q� WKH� EDVLV� RI� JHRFKURQRORJ\� DQG� OLWKRORJLFDO� DVVRFLDWLRQV�� WKH�1LJHULDQ� EDVHPHQW�
URFNV�FRQVLVW�RI�0LJPDWLWH�*QHLVV�4XDUW]LWH�FRPSOH[��6FKLVW�EHOWV��2OGHU�*UDQLWH�VXLWHV��7KH�
0LJPDWLWH�JQHLVVLF±TXDUW]LWH� FRPSOH[� LV� GDWHG�$UFKHDQ� WR�(DUO\�3URWHUR]RLF� ������± �����
0D����7KH�ORZ�JUDGH�VFKLVW�FRQVLVWV�RI�WKH�1(�6:�WUHQGLQJ�EHOWV�PDLQO\�DGYDQFHG�ZLWKLQ�WKH�
ZHVWHUQ�KDOI�RI� WKH� FRXQWU\� DQG� WKH�JUDQLWRLG�SOXWRQV�RI� WKH�2OGHU�*UDQLWH� VXLWH�GDWHG�/DWH�
3URWHUR]RLF�WR�(DUO\�3KDQHUR]RLF������± ����0D���7KHVH�VFKLVW�EHOWV��HVSHFLDOO\�WKH�ZHVWHUQ�
KDOI�KDYH�EHHQ� VWXGLHG�H[WHQVLYHO\� DQG�HVWDEOLVKHG� WR� VHUYH� DV�KRVWV� WR� JROG�PLQHUDOL]DWLRQ�
DPRQJVW�RWKHUV��7XUQHU��������$MLEDGH�HW�DO���������*DUED�������������DQG�2EDMH��������
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)LJXUH��� /RFDWLRQ�PDS�RI�6DLJEH�DQG�HQYLURQV�LQ�1LJHU�6WDWH��1RUWK�FHQWUDO�1LJHULD�

���0DWHULDOV�DQG�0HWKRGV
7KH� PHWKRGV� HPSOR\HG� LQ� WKLV� VWXG\� LQFOXGH� ILHOGZRUN� GXULQJ� ZKLFK� VRLO� VDPSOHV� ZHUH�
FROOHFWHG��SK\VLFDO�LPSDFWV�ZHUH�REVHUYHG��DQG�ODERUDWRU\�ZRUN�LQ�ZKLFK�UHSUHVHQWDWLYH�VRLO�
VDPSOHV�FROOHFWHG�IURP�WKH�VWXG\�DUHD�ZHUH�DQDO\VHG�IRU�WKHLU�HOHPHQWDO�FRQWHQWV�

����)LHOGZRUN
6\VWHPDWLF�JHRORJLF�PDSSLQJ�ZDV�GRQH�RQ�D�VFDOH�RI�����������7KH�VRLO�VDPSOHV�ZHUH�FROOHFWHG�
ZLWKLQ�WKH�ERXQGDULHV�RI�WKH�VWXG\�DUHD��7KH�YDULRXV�URFN�W\SHV�ZHUH�PDSSHG�XVLQJ�WUDYHUVH�
PHWKRG�ZKLOH� WKH� VRLO� VDPSOHV�ZHUH� FROOHFWHG� XVLQJ� JULG�FRQWUROOHG PHWKRG�� 7KH� ORFDWLRQV�
ZKHUH�WKH�URFN�RXWFURSSHG�DQG�VRLO�VDPSOHV�FROOHFWHG�ZHUH�HVWDEOLVKHG�RQ�WKH�PDS�XVLQJ�*OREDO�
3RVLWLRQLQJ�6\VWHP� �*36���'LIIHUHQW� OLWKRORJLF� XQLWV�ZLWKLQ� WKH�SHULPHWHU�RI� WKH� VWXG\� DUHD�
ZHUH�FORVHO\�REVHUYHG�DQG�GHVFULEHG�LQ�KDQG�VSHFLPHQ�ZLWK�UHJDUGV�WR�WKHLU�FRORXU��WH[WXUH�DQG�
PLQHUDORJ\�� 6RLO� VDPSOHV�ZHUH� FROOHFWHG� IURP� ERWK�PLQHG� DQG� XQ�PLQHG� DUHDV��ZLWKLQ� WKH�
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PLQLQJ�VLWH�ZLWK�WKH�DLG�RI�KDQG�WURZHO�EHWZHHQ���FP�WR����FP�GHSWK�DQG�WKHLU�FKDUDFWHULVWLFV�
UHFRUGHG�LQ�VLWX�RQ�WKH�ILHOG�QRWHERRN��$�WRWDO�RI�WZHQW\�VRLO�VDPSOHV�ZHUH�FROOHFWHG��IRXU�IURP�
PLQHG� VLWH� DQG� VL[WHHQ� IURP� XQ�PLQHG� DUHD�� (LJKW� UHSUHVHQWDWLYH� VRLO� VDPSOHV� ZHUH�
JHRFKHPLFDOO\�DQDO\VHG�XVLQJ�;�UD\�IOXRUHVFHQFH�DQDO\WLFDO�WHFKQLTXH�
,Q�WKH�FRXUVH�RI�ILHOGZRUN��WKH�ZKROH�PLQLQJ�VLWH�ZDV�HYDOXDWHG�LQ�RUGHU�WR�DVVHVV�WKH�OHYHO�RI�
SK\VLFDO�GDPDJHV�WKH�JROG�PLQLQJ�DFWLYLW\�KDV�LQFXUUHG�RQ�WKH�HQYLURQPHQW��7KLV�ZDV�PDGH�
SDUWLFXODUO\�RQ WKH�DJULFXOWXUDO�ODQG�XVH�VLQFH�WKDW�LV�WKH�PDMRU�RFFXSDWLRQ�RI�WKH�LQKDELWDQWV�RI�
WKH�DUHD�

����/DERUDWRU\�:RUN

������6DPSOH�3UHSDUDWLRQ
6DPSOH�SUHSDUDWLRQ�IRU�FKHPLFDO�DQDO\VLV�ZDV�FDUULHG�RXW�RQ�HLJKW�UHSUHVHQWDWLYH�VRLO�VDPSOHV�
RXW� RI� WKH� WZHQW\� VDPSOHV� FROOHFWHG� IURP� WKH� ILHOG�� ,W� ZDV� SDUWO\� GRQH� LQ� WKH� (QJLQHHULQJ�
/DERUDWRU\�RI�WKH�'HSDUWPHQW�RI�*HRORJ\��)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD�ZKHUH�WKH�
VDPSOHV�ZHUH�ILUVW�VXQ�GULHG�XQGHU�GXVW�IUHH�FRQGLWLRQ�IRU�DERXW����KRXUV�LQ�RUGHU�WR�UHPRYH�
WKH�PRLVWXUH�������JUDPV�RI�HDFK�RI�WKH�VHOHFWHG�VDPSOHV�ZDV�GLVDJJUHJDWHG�RU�FUXVKHG�XVLQJ�
SRUFHODLQ�PRUWDU�DQG�SHVWOH�DQG VLHYHG�XVLQJ�D�VWDFN�RI�VLHYHV�RI�GLIIHUHQW�PHVK�VL]HV�WR�REWDLQ�
PLQXV���PP�IUDFWLRQ��$ERXW�����J�RI�WKH�PLQXV���PP�IUDFWLRQ�HDFK�RI�WKH�VDPSOHV�ZDV�VHQW�WR�
WKH�1DWLRQDO�*HRVFLHQFHV�5HVHDUFK�/DERUDWRULHV��.DGXQD��1LJHULD�ZKHUH�IXUWKHU�SUHSDUDWLRQ�
ZDV�FDUULHG�RXW�RQ�WKHP��$W�WKH�/DERUDWRU\��JODVV�EHDGV�DQG�SRZGHUHG�SHOOHWV�ZHUH�SUHSDUHG�
IRU�PDMRU�R[LGHV�DQG�WUDFH�HOHPHQWV�JHRFKHPLFDO�DQDO\VHV��)RU�WKH�JODVV�EHDGV������P�IUDFWLRQ�
RI�HDFK�RI�WKH�UHSUHVHQWDWLYH�VRLO�VDPSOHV�ZDV�PL[HG�ZLWK�D�IOX[�LQ�D�IOX[�VDPSOH�UDWLR�RI�����
WR������DQG�KHDWHG�WR����&�± ����&�LQ�D�SODWLQXP�FUXFLEOH��7KH�VDPSOH�ZDV�WKHQ�GLVVROYHG�LQ�
WKH�IOX[�XVLQJ�OLWKLXP�WHWUDERUDWH�FDVWH�LQ�D�PRXOG�ZLWK�D�IODW�ERWWRP�DQG�UHVXOWDQW�JODVV�IXVHG�
EHDGV�RI�HDFK�UHSUHVHQWDWLYH�VRLO�VDPSOH�ZHUH�SURGXFHG��3RZGHUHG�SHOOHWV�ZHUH�SURGXFHG�IRU�
HDFK�RI�WKH�VRLO�VDPSOHV�E\�ZHLJKLQJ���J�RI�WKH�SXOYHULVHG�VDPSOH�LQWR�D�EHDNHU�DQG�DGGLWLRQ�
RI��� J�RI�ELQGLQJ�DJHQW� �VWDUFK� DQG� VROXEOH���7KH�PL[WXUH�ZDV� WKRURXJKO\�PL[HG� WR� HQVXUH�
KRPRJHQHLW\� ZKLFK�ZDV� ODWHU� SUHVVHG� XQGHU� KLJK� SUHVVXUH� ��� µWRQQHV¶�� WR� SURGXFH� SHOOHWV��
ODEHOOHG�DQG�SDFNDJHG�IRU�DQDO\VLV��

������;�5D\�)OXRUHVFHQFH�6SHFWURPHWU\�$QDO\VLV�RI�6RLOV
7KH�SUHSDUHG�JODVV�EHDGV� DQG�SRZGHUHG�SHOOHWV� RI� WKH� VRLO� VDPSOHV�ZHUH� DQDO\VHG� IRU� WKHLU�
PDMRU� R[LGHV� DQG� WUDFH� HOHPHQWV� UHVSHFWLYHO\� XVLQJ� (QHUJ\�'LVSHUVLYH�;�UD\� )OXRUHVFHQFH�
�(';5)��VSHFWURPHWHU�RI�PRGHO�³0LQLSDO��´�VRIWZDUH�PDFKLQH��7KH�FXUUHQW�XVHG�ZHUH����N9�
DQG����N9�� DQG� VHOHFWHG� ILOWHUV�ZHUH�.DSWRQ� DQG�$J�$O� WKLQ�� IRU�PDMRU� DQG� WUDFH� HOHPHQWV�
UHVSHFWLYHO\�� 7KH� ILOWHUV� ZHUH� VHOHFWHG� EDVHG� RQ� D� JXLGHG� SHULRGLF� WDEOH� IRU� HOHPHQWDO�
GHWHUPLQDWLRQ��7KH�SUHSDUHG�JODVV�EHDGV�DQG�SHOOHWV�IURP�HDFK�RI�WKH�VDPSOHV�ZHUH�SODFHG�LQ�
HDFK�SRVLWLRQ�RQ�D�VDPSOH�FKDQJHU�RI�WKH�PDFKLQH�DQG�WKH�VSLQQHU�ZLWK�WKH�VDPSOH�FKDQJHU�
HQDEOHV�EDWFKHV�RI�VDPSOHV�WR�EH�SURFHVVHG�IXOO\�DQG�DXWRPDWLFDOO\��7KH�PHDQ�FRQFHQWUDWLRQ�RI�
HDFK�HOHPHQW�LQ�WKH�VDPSOHV�ZDV�FRPSDUHG�WR�:HGHSRKO��������DQG�5XGQLFN�DQG�*RD��������
DYHUDJH�FRQFHQWUDWLRQV�RI�HOHPHQWV�LQ�XSSHU�FRQWLQHQWDO�FUXVW��9DOXHV�WKDW�FRUUHVSRQG�RU�IDOO�
EHORZ�WKH�H[SHFWHG�OLPLW�ZHUH�DFFHSWHG�DV�VDIH�ZKLOH�YDOXHV�DERYH�WKH�OLPLWV�LQGLFDWH�YHU\�KLJK�
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FRQFHQWUDWLRQV�RI�VXFK�HOHPHQWV�LQ�WKH�VRLO�ZKLFK�FDQ�FDXVH�VHULRXV�HQYLURQPHQWDO�SUREOHPV�WR�
SODQWV�DQG�DQLPDOV�

���5HVXOWV�DQG�'LVFXVVLRQ
����/LWKRORJ\�DQG�)LHOG�5HODWLRQV
6DLJEH�DQG�HQYLURQV�LV�PDLQO\�XQGHUODLQ�E\�WKUHH�3UHFDPEULDQ�URFNV��7KHVH�LQFOXGH�WKH�VFKLVW��
JUDQLWH�DQG�DPSKLEROLWH� �3ODWH�����7KH�VFKLVW�RFFXUUHG�DV�D� ORZ�O\LQJ�RXWFURS�DQG�LW� LV� OLJKW�
FRORXUHG��PHGLXP�WR�FRDUVH�JUDLQHG�LQ�WH[WXUH�DQG�IDLUO\�ZHDWKHUHG��DQG�RFFXSLHG�����RI�WKH�
VWXG\�DUHD��0LQHUDORJLFDO�FRPSRVLWLRQV�LQ�KDQG�VSHFLPHQ�LQFOXGH�TXDUW]��IHOGVSDU�DQG�PLFD��
7KH�URFN�JHQHUDOO\�WUHQG�LQ�1(�� 6:�GLUHFWLRQ�ZLWK�D�GLS�DQJOH�UDQJLQJ�EHWZHHQ������ ����(��
7KHUH�DUH�SUHVHQFH�RI�MRLQWV�ZKLFK�DUH�ILOOHG�ZLWK�TXDUW]�DQG�TXDUW]R�IHOGVSDWKLF�YHLQV��7KH�
JUDQLWHV��VHFRQG�LQ�WHUP�RI�DUHDO�H[WHQW�������LQWUXGHG�WKH�VFKLVW��*UDQLWH�LV�SURPLQHQW�WRZDUGV�
WKH�QRUWK�ZHVWHUQ�SDUW�RI�WKH�DUHD��7KH\�DUH�OHXFRFUDWLF�WR�PHODQRFUDWLF�LQ�FRORXU��ILQH�WR�FRDUVH�
JUDLQHG� LQ� WH[WXUH�� FRQVLVW� RI� TXDUW]�� IHOGVSDU�� PXVFRYLWH� DQG� RWKHU� GDUN� PLQHUDOV� LQ� WUDFH�
DPRXQW��7KH\�DUH�KLJKO\�MRLQWHG�DQG�IDXOWHG��DQG�WKLV�VHUYHV�DV�DQ�HYLGHQFH�RI�GHIRUPDWLRQDO�
SURFHVVHV� LQ� WKH�DUHD��7KH�$PSKLEROLWH�RFFXUV�PDLQO\� LQ� WKH�QRUWK�HDVWHUQ�SDUW�RI� WKH� DUHD��
FOHDUO\�DORQJ�WKH�PDLQ�5LYHU�6DLJEH�ZKLFK�LV�EHOLHYHG�WR�KDYH�EHHQ�VWUXFWXUDOO\�FRQWUROOHG��7KH�
DPSKLEROLWH�DUH�PHGLXP�WR�FRDUVH�JUDLQHG�LQ�WH[WXUH��ZHDNO\�IROLDWHG�DQG�GDUN�LQ�FRORXU�ZKLFK�
PD\�EH�GXH�WR�WKH�SUHVHQFH�RI�KRUQEOHQGH�DQG�SODJLRFODVH�PLQHUDOV��,W�RFFXSLHG�WKH�UHPDLQLQJ�
���RI�WKH�ZKROH�DUHD�VWXGLHG��6XPPDU\�RI�WKH�VRLO�VDPSOHV�DQG�WKHLU�FKDUDFWHULVWLFV�DV�REWDLQHG�
IURP�6DLJEH�DUHD�LV�SUHVHQWHG�LQ�7DEOH����

3ODWH��� �D��$�VOLJKWO\�ZHDWKHUHG�VFKLVW�VKRZLQJ�VFKLVWRVLW\��E��*UDQLWH�RXWFURS�ZLWK�IDXOW��F��
:HDNO\�IROLDWHG�DPSKLEROLWH�
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7DEOH����6XPPDU\�RI�WKH�SK\VLFDO�IHDWXUHV�RI�WKH�VRLO�VDPSOHV�FROOHFWHG�IURP�WKH�VWXG\�DUHD�

6DPSOH�

1R�

/DWLWXGH

�1�

/RQJLWXGH

�(�

0RLVWXUH�

&RQWHQW
&RORXU 7H[WXUH

(OHYDWLRQ��P��

$ERYH�VHD�OHYHO
/LWKRORJ\

/RFDWLRQ�

1DPH

� �ފ�����މ���� ފ�����މ����� 'DPS 'DUN )LQH ��� $PSKLEROLWH 6DLJEH

� �ފ�����މ���� ފ�����މ����� 'DPS /LJKW�%URZQ 1RW�6RUWHG ��� *UDQLWH 6DLJEH

� �ފ�����މ���� ފ�����މ����� 'DPS /LJKW 1RW�6RUWHG ��� 6FKLVW 6DLJEH

� �ފ�����މ���� ފ�����މ����� 'DPS /LJKW 1RW�6RUWHG ��� 6FKLVW 6DLJEH

� �ފ�����މ���� ފ�����މ����� 'U\ /LJKW�%URZQ 1RW�6RUWHG ��� 6FKLVW 6DLJEH

� �ފ�����މ���� ފ�����މ����� 'U\

5HGGLVK�

%URZQ 1RW�6RUWHG ��� *UDQLWH 6DLJEH

� �ފ�����މ���� ފ�����މ����� :HW %URZQ

0HGLXP�

*UDLQHG ��� *UDQLWH 6DLJEH

� �ފ�����މ���� ފ�����މ����� 'U\ /LJKW 1RW�6RUWHG ��� *UDQLWH 3DZR

� �ފ�����މ���� ފ�����މ����� 'U\ 'DUN 1RW�6RUWHG ��� *UDQLWH 3DZR

�� �ފ�����މ���� ފ�����މ����� 'U\ /LJKW

)LQH�

*UDLQHG ��� *UDQLWH 6DLJEH

�� �ފ�����މ���� ފ�����މ����� 'U\ /LJKW 1RW�6RUWHG ��� *UDQLWH 6DLJEH

�� �ފ�����މ���� ފ�����މ����� 'U\ 'DUN 1RW�6RUWHG ��� 6FKLVW 6DLJEH

�� �ފ�����މ���� ފ�����މ����� 'U\ 'DUN 1RW�6RUWHG ��� 6FKLVW 6DLJEH

�� �ފ�����މ���� ފ�����މ����� 'U\ /LJKW 1RW�6RUWHG ��� 6FKLVW 6DLJEH

�� �ފ�����މ���� ފ�����މ����� :HW /LJKW 1RW�6RUWHG ��� 6FKLVW 6KLSDGD

�� �ފ�����މ���� ފ�����މ����� 'U\ 'DUN 1RW�6RUWHG ��� *UDQLWH 6KLSDGD

�� �ފ�����މ���� ފ�����މ����� 'U\ 'DUN 1RW�6RUWHG ��� 3HJPDWLWH

'XQJXQ�

*ZDUL

�� �ފ�����މ���� ފ�����މ����� 'U\

5HGGLVK�

%URZQ 1RW�6RUWHG ��� 6FKLVW 6KLSDGD

�� �ފ�����މ���� ފ�����މ����� 'U\ /LJKW 1RW�6RUWHG ��� 6FKLVW 'DQJZDQL

�� �ފ�����މ���� ފ�����މ����� 'U\ 'DUN 1RW�6RUWHG ��� 6FKLVW 'DQJZDQL

$UWLVDQDO�PLQLQJ�DFWLYLWLHV�DUH�GLIILFXOW� WR�EH�PRQLWRUHG�DQG�WKHUHIRUH�DUH�GHWULPHQWDO� WR� WKH�
HQYLURQPHQW��KHDOWK�RI�WKH�RSHUDWRUV�DQG�WKH�LQKDELWDQWV�LQ�WKH�FRPPXQLW\��)LHOG�REVHUYDWLRQV�
LQGLFDWHG�WKDW�DUWLVDQDO�JROG�PLQLQJ�KDV�UHVXOWHG�LQ�ORWV�RI�SK\VLFDO�HQYLURQPHQWDO�GHJUDGDWLRQ�
RQ�WKH�DUHD�RI�VWXG\��2QH�RI�WKH�QXPHURXV�HIIHFWV�RI�DUWLVDQDO�JROG�PLQLQJ�LQ�WKH�VWXG\�DUHD�LV�
WKH�GHVWUXFWLRQ�RI�WKH�RULJLQDO�ODQGVFDSH�DV�D�UHVXOW�RI�H[FDYDWLRQ��7KH�KHDSV�RI�URFN�DQG�WDLOLQJV�
JHQHUDWHG�GXULQJ�JROG�PLQLQJ�DFWLYLW\�FDQQRW�HDVLO\�EH�GLVSRVHG�RI�DQG�KHQFH�FRQVWLWXWH�VRXUFH�
RI�HQYLURQPHQWDO�LPSDFW��3ODWH��D��
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3ODWH��� �D��/DQG�GHJUDGDWLRQ�GXH� WR� H[FDYDWLRQ�GXULQJ�PLQLQJ� �E��/RVV�RI�YHJHWDWLRQ� DQG�
GHYHORSPHQW�RI�HURVLRQ�IHDWXUHV�GXH�WR�PLQLQJ�LQ�6DLJEH�

$OVR��PLQLQJ�DFWLYLW\�KDV� LQVWLJDWHG� WKH�FOHDULQJ� RI� VLWH�ZKLFK�KDV�EHHQ� UHVSRQVLEOH� IRU� WKH�
UHPRYDO�RI�YDVW�TXDQWLW\�RI�VXUIDFH�YHJHWDWLRQ��7KH�JROG�PLQLQJ�DFWLYLW\�LQ�WKH�DUHD�KDV�OHG�WR�
WKH� GHVWUXFWLRQ� RI� YHJHWDWLRQ�� H[SRVH� WKH� VRLO� WR� HURVLRQ� DQG� PDNHV LW� XQIHUWLOH� IRU� FURS�
FXOWLYDWLRQ��3ODWH��E���7ROXORSH��������UHSRUWHG�D�VLPLODU�FDVH�RI�YHJHWDWLRQ�ORVV�SDUWLFXODUO\�LQ�
WKH� 1LJHU� 'HOWD� DUHDV� ZKHUH� RLO� VSLOODJH� KDV� HTXDOO\� DIIHFWHG� WKH� JURZWK� RI� YHJHWDWLRQ��
$EDQGRQHG�SLWV�WKDW�KDYH�EHHQ�OHIW�XQ�UHFODLPHG�QRZ�VHUYH�DV�GHDWK�WUDSV�IRU�OLYHVWRFN�DQG�
KXPDQ�EHLQJV�HVSHFLDOO\�ZKHQ�ILOOHG�ZLWK�ZDWHU��3ODWH��D���5HSWLOHV�DUH�DOVR�IRUFHG�WR�ILQGLQJ�
VKHOWHU� LQ� WKHVH� SLWV� EHFDXVH� WKHLU� KDELWDWV� ZHUH� GHVWUR\HG� GXULQJ� WKH� JROG� H[SORLWDWLRQ��
$UWLVDQDO�PLQLQJ�RI�EDU\WHV�LQ�$]DUD�DUHD�RI�1DVDUDZD�6WDWH�ZDV�UHSRUWHG�WR�KDYH�GHVWUR\HG�
PRUH�WKDQ������KHFWDUHV�RI�DUDEOH�IDUPODQGV�DQG�IORRGLQJ�RI�DEDQGRQHG�SLWV�WKDW�KDYH�EHFRPH�
GDQJHURXV�WUDSV��6DODWL�HW�DO����������3RWDEOH�ZDWHU�PXVW�EH�WDVWHOHVV��RGRXUOHVV�DQG�FRORXUOHVV��
:DWHU�DORQJ�WKH�ULYHU�FKDQQHOV�XVHG�IRU�JROG�SURFHVVLQJ�LV�REVHUYHG�WR�KDYH�EHHQ�FRQWDPLQDWHG�
GXH�WR�LQFUHDVH�LQ�KHDY\�ORDG�IURP�PLQH�ZDVWH�DQG�URFN�GXPSV�IURP�WKH�PLQH�SLWV�ZLWKLQ�WKH�
VWXG\�DUHD��7KLV�LV�HYLGHQW�LQ�WKH�GLVFRORXUDWLRQ�RI�WKH�ZDWHU�IURP�SURFHVVLQJ�DUHDV��3ODWH��E���
7KH�SDQQLQJ�DORQJ�WKH�ULYHUV�RU�VWUHDPV�GXULQJ�JROG�SURFHVVLQJ�JHQHUDOO\�SRVH�ULVN�RQ�KXPDQ�
KHDOWK�DQG�HQYLURQPHQW�EHFDXVH� WKH�ULYHU� LV� WKH�PDMRU�VRXUFH�RI�ZDWHU� IRU� WKH�YLOODJHUV� WKDW�
VXUURXQG�LW�

3ODWH��� �D��$Q�DEDQGRQHG�RSHQ�SLW��E��&RQWDPLQDWLRQ�RI�ZDWHU�DORQJ�WKH�VWUHDP�GXH�WR�JROG�
SURFHVVLQJ�
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ϭϱϱ

����*HRFKHPLVWU\�RI�WKH�6RLO�6DPSOHV
7DEOH� �� SUHVHQWV� WKH� UHVXOWV� RI� WKH� FRQFHQWUDWLRQV� RI�PDMRU� DQG� WUDFH� HOHPHQWV� DQG�RUJDQLF�
PDWWHU�FRPSRVLWLRQ�IRU�WKH�DQDO\VHG�VRLO�VDPSOHV�IURP�6DLJEH�DUHD�RI�1RUWK�FHQWUDO�1LJHULD��
7KH�WDEOH�VKRZV�WKH�UHVXOWV�RI�WKLV�ZRUN�DORQJ�ZLWK�WKH�FUXVWDO�DYHUDJHV�E\�:HGHSRKO��������
DQG�5XGQLFN�DQG�*RD��������
,Q�7DEOH��D��DOXPLQD��$O�2���KDV�D�PHDQ�FRQFHQWUDWLRQ�YDOXH�RI�������ZW���ZKLFK�LV�ORZ�ZKHQ�
FRPSDUHG�ZLWK�WKH�SXEOLVKHG�FUXVWDO�DEXQGDQFHV�RI�������SSP�DQG�������SSP�E\�:HGHSRKO�
�������DQG�5XGQLFN�DQG�*RD��������UHVSHFWLYHO\��7KH�SUHVHQFH�RI�DOXPLQD�LQ�WKH�VRLO�VDPSOHV�
LV� DV� D� UHVXOW� RI� FKHPLFDO� ZHDWKHULQJ� RI� DOXPLQRVLOLFDWH� PLQHUDO� �UHVLGXDO� FOD\� PLQHUDOV��
FRPSRVLWLRQV�LQ�WKH�VXUURXQGLQJ�EDVHPHQW�URFNV�VXFK�DV�IHOGVSDUV��;$O6L�2���; �.��&D�RU�1D��
DQG� PLFDV�� 6LOLFD� �6L2��� KDV� DQ� DYHUDJH� FRQFHQWUDWLRQ� YDOXH� ������ ZW��� ZKLFK� LV� KLJK�
FRPSDUHG� WR�:HGHSRKO� ������� DQG� ORZ� FRPSDUHG� WR� 5XGQLFN� DQG� *RD� �������� 7KH� 6L2��

FRQFHQWUDWLRQV� LQ� WKH� VDPSOHV� LQGLFDWH� JUDQLWLF� FRPSRVLWLRQ� RI� WKH� VXUURXQGLQJ� URFNV��
3RWDVVLXP�R[LGH��.�2��LQ�WKH�VRLO�VDPSOHV�KDV�D�PHDQ�YDOXH�RI������ZW����WKLV�YDOXH�LV�ORZ�
ZKHQ�FRPSDUHG�WR�:HGHSRKO��������DQG�5XGQLFN�DQG�*RD���������7KH�SUHVHQFH�RI�.�2�LQ�WKH�
VRLO�VDPSOHV�VKRZHG� WKDW�FOD\�PLQHUDOV�DUH�SUHVHQW�GXH� WR� WKH�ZHDWKHULQJ�RI�IHOGVSDU� LQ� WKH�
FRXQWU\�URFN�
7KH�YDOXHV�RI�&D2��0J2�DQG�1D�2�DUH�FRQVLGHUDEO\�ORZ�LQ�DOO� WKH�VDPSOHV�FRPSDUHG�ZLWK�
:HGHSRKO���������DQG�5XGQLFN�DQG�*RD���������7LWDQLXP�R[LGH��7L2���KDV�YHU\�KLJK�DYHUDJH�
FRQFHQWUDWLRQ�������ZW����ZKHQ�FRPSDUHG�ZLWK�ERWK�:HGHSRKO��������DQG�5XGQLFN�DQG�*RD�
��������7L2��PLJKW� LQGLFDWH� DQ�XQXVXDO� DPRXQW�RI� UXWLOH�� LOPHQLWH�RU� VSKHQH� VLQFH� WKH\� DUH�
XVXDOO\� IRXQG LQ� LJQHRXV� URFNV� DQG� VHGLPHQWV� WKDW� IRUPHG� IURP� WKHP�� 7KLV� KLJK� 7L2��

FRQFHQWUDWLRQ�ZDV�UHFRUGHG�LQ�DUHD�XQGHUODLQ�E\�JUDQLWH�ZLWK�SHJPDWLWH�LQWUXVLRQ��7KH�PHDQ�
FRQFHQWUDWLRQ� RI� PDQJDQHVH� R[LGH� �0Q2�� LQ� WKH� VRLOV� LV� ����� ZW���� ZKLFK� LV� KLJK� ZKHQ�
FRPSDUHG�ZLWK�ERWK�VWDQGDUGV��&RQFHQWUDWLRQ�RI�PDQJDQHVH�LQ�WKH�VRLOV�FDQ�RFFXU�QDWXUDOO\�E\�
JHRFKHPLFDO�SURFHVVHV�ZKLFK�DUH�VPDOO�FKDQJHV�LQ�S+�RI�VRLOV�LQ�WKH�DEVHQFH�RI�R[\JHQ��'RUQ��
�������7KH�PHDQ�FRQFHQWUDWLRQ�RI�LURQ�R[LGH��)H�2�� LV�DOVR�KLJK�FRPSDUHG�ZLWK�:HGHSRKO�
�������DQG�5XGQLFN�DQG�*RD���������

7DEOH��D��6XPPDU\�RI�;5)�GDWD� IRU�PDMRU� �ZW����� LQ� VRLOV� IURP�6DLJEH�DUHD�FRPSDUHG�ZLWK�
SXEOLVKHG�FUXVWDO�DEXQGDQFHV�

2[LGHV�
(OHPHQW

0LQLPXP�
FRQFHQWUDWLRQ�

0D[LPXP�
FRQFHQWUDWLRQ�

$YHUDJH�
FRQFHQWUDWLRQ�
�1� ����

&UXVWDO� $EXQGDQFH� RI� &KHPLFDO�
(OHPHQWV
:HGHSRKO�
������

6WDWXV 5XGQLFN� DQG�
*RD�������

6WDWXV

$O�2� ���� ����� ����� ����� /RZ ����� /RZ
6L2� ���� ����� ����� ����� +LJK ����� /RZ
.�2 ���� ���� ���� ���� /RZ ���� /RZ
1D�2 ���� ���� ���� ���� /RZ ���� /RZ
&D2 ����� ���� ���� ���� /RZ ���� /RZ
0J2 ���� ���� ���� ���� /RZ ���� /RZ
7L2� ���� ���� ���� ���� +LJK ���� +LJK
0Q2 ���� ���� ���� ���� +LJK ���� +LJK
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)H�2� ���� ����� ���� ���� +LJK ���� +LJK

7DEOH� �E�� 6XPPDU\� RI� ;5)� GDWD� WUDFH� HOHPHQWV� �SSP�� LQ� VRLOV� IURP� 6DLJEH� DUHD�
FRPSDUHG�ZLWK�SXEOLVKHG�FUXVWDO�DEXQGDQFHV�

2[LGHV�
(OHPHQW

0LQLPXP�
FRQFHQWUDWLRQ

0D[LPXP�
FRQFHQWUDWLRQ�

$YHUDJH�
FRQFHQWUDWLRQ
�1� ����

&UXVWDO� $EXQGDQFH� RI� &KHPLFDO�
(OHPHQWV
:HGHSRKO�
������

6WDWXV 5XGQLFN� DQG�
*RD�������

6WDWXV

9 ���� ���� ���� ����� /RZ ����� /RZ
&U ���� ���� ���� ������ /RZ ����� /RZ
&X ���� ����� ���� ����� /RZ ����� /RZ
=Q ���� ����� ���� ����� /RZ ����� /RZ
6U ���� ����� ���� ������ /RZ ������ /RZ
=U ���� ���� ���� ������ /RZ ������ /RZ
&H ���� ���� ���� ����� /RZ ����� /RZ
%D ���� ���� ���� ������ /RZ ������ /RZ
3E ���� ���� ���� ����� /RZ ����� /RZ
&R ����� ����� ����� ����� /RZ ����� /RZ
$J ���� ���� ���� ���� +LJK ���� +LJK
0R ���� ���� ���� ���� /RZ ���� /RZ
+J ����� ���� ���� ���� +LJK ���� +LJK
$X ����� ���� ���� ����� +LJK ����� +LJK

7KH�UHVXOWV�RI�WUDFH�HOHPHQW�DQDO\VLV�DUH�VXPPDUL]HG�LQ�7DEOH��E�DORQJ�ZLWK�WKHLU�FRPSDULVRQ�
ZLWK� SXEOLVKHG� FRQFHQWUDWLRQV� E\� :HGHSRKO� ������� DQG� 5XGQLFN� DQG� *RD� �������� 7UDFH�
HOHPHQWV�VXFK�DV�9��&U��&X��=Q��6U��=U��&H��%D��3E��&R�DQG�0R�KDYH�ORZHU�FRQFHQWUDWLRQV�ZKHQ�
FRPSDUHG�ZLWK�:HGHSRKO��������DQG�5XGQLFN�DQG�*RD���������$J��+J�DQG�$X�FRQFHQWUDWLRQV�
UDQJH�IURP������SSP�± ����SSP��������SSP�± �����SSP�DQG�������SSP�± �����SSP�ZLWK�PHDQ�
FRQFHQWUDWLRQV�RI������SSP�������SSP�DQG������SSP�UHVSHFWLYHO\��7KH�UHVXOWV�VKRZ�WKDW�PHDQ�
FRQFHQWUDWLRQV�RI�$J��+J�DQG�$X�DUH�KLJKHU�ZKHQ�FRPSDUHG�WR�:HGHSRKO��������DQG�5XGQLFN�
DQG�*RD���������$J�FDQ�JHW�LQWR�KXPDQ�WKURXJK�LQJHVWLRQ�DQG�LQKDODWLRQ��([SRVXUH�WR�KLJK�
OHYHO�RI�$J�OHDGV�WR�GLVFRORXUDWLRQ�RI�VNLQ�DQG�EUHDWKLQJ�SUREOHP��7KH�KLJK�FRQFHQWUDWLRQ�RI�
$J� LQ� WKH� VWXG\� DUHD� LV� SRVVLEO\�GXH� WR� WKH� ORFDO�JHRORJ\�DQG�PLQLQJ� DFWLYLWLHV��+J�RFFXUV
QDWXUDOO\�LQ�WUDFH�TXDQWLW\�LQ�WKH�HDUWK�FUXVW��&DYD�HW�DO����������%HU]DV�HW�DO� �������UHSRUWHG�
WKDW�PLQLQJ�RI�RUH�H[SRVH�KXPDQ�WR�PHUFXU\��+J�PD\�EH�UHOHDVHG�LQWR�ZDWHU�ERGLHV��GHSRVLWHG�
LQ� VHGLPHQW�RU�HPLWWHG� LQWR� WKH�DWPRVSKHUH��0HUFXU\�FRQWDPLQDWLRQ LV�SDVVHG� WKURXJK� IRRG�
FKDLQ�WR�KXPDQ��,W�LV�WR[LF�WR�WKH�UHSURGXFWLYH�DQG�QHUYRXV�V\VWHP��)UXPNLQ�HW�DO����������+LJK�
+J�FRQWHQW�LQWHUUXSW�PHWDEROLVP�LQ�SODQWV��0HVVHU�HW�DO����������7KH�KLJK�+J�FRQFHQWUDWLRQ�LQ�
WKH�VWXG\�DUHD�LV�SUREDEO\�UHODWHG�WR�PLQLQJ�DFWLYLW\�
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ϭϱϳ

����(QULFKPHQW�5DWLRV
,Q�DQ�DWWHPSW�WR�GHGXFH�WKH�HQULFKPHQW�DQG�RU�GHSOHWLRQ�RI�VRPH�WUDFH�HOHPHQWV�LQ�UHODWLRQ�WR�
WKHLU�DYHUDJH�FUXVWDO�DEXQGDQFHV�LQ�VRLO�VDPSOHV�IURP�WKH�VWXG\�DUHD��HQULFKPHQW�UDWLRV�ZHUH�
FDOFXODWHG��7KH�HQULFKPHQW�UDWLR �(5��ZDV�FRPSXWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ�

ܴܧ ൌ
݊ܥ

݊ܤ
:KHUH��&Q� �$YHUDJH�FRQFHQWUDWLRQ�RI�DQ�HOHPHQW�PHDVXUHG�LQ�WKH�VRLO�VDPSOH

%Q� �5HODWLYH�FRQFHQWUDWLRQ�RI�WKH�HOHPHQW�LQ�WKH�EDFNJURXQG�DFFRUGLQJ�WR�
5XGQLFN�DQG�*RD���������

7KH�HQULFKPHQW�UDWLRV�RI�WKH�WUDFH�HOHPHQWV�DUH�VXPPDUL]HG�LQ�7DEOH����7KH�DVVHVVPHQW�RI�WKHVH�
HOHPHQWV�ZDV�GRQH�LQ�DFFRUGDQFH�WR�WKH�ZRUN�RI�6XWKHUODQG���������ZKR�LQWHUSUHW�HQULFKPHQW�
UDWLRV��(5��DV�IROORZV�

(5����± 'HSOHWLRQ�WR�PLQLPDO�HQULFKPHQW
(5�������±0RGHUDWH�HQULFKPHQW
(5��������± 6LJQLILFDQW�HQULFKPHQW
(5���������� 9HU\�KLJK�HQULFKPHQW
(5!����� ([WUHPHO\�KLJK�HQULFKPHQW

7DEOH����(QULFKPHQW�UDWLR��(5��RI�WUDFH�HOHPHQWV�LQ�WKH�VRLO�VDPSOHV�IURP�6DLJEH�DUHD�

(OHPHQWV $YHUDJH� FRQF��
�&Q�

%Q
�5XGQLFN�	�*RD�������

(5 �
�&Q�%Q�

6WDWXV

9 ���� ����� ����� 'HSOHWHG
&U ���� ����� ����� 'HSOHWHG
&X ���� ����� ����� 'HSOHWHG
=Q ���� ����� ����� 'HSOHWHG
6U ���� ������ ����� 'HSOHWHG
=U ���� ������ ����� 'HSOHWHG
&H ���� ����� ����� 'HSOHWHG
%D ���� ������ ����� 'HSOHWHG
3E ���� ����� ����� 'HSOHWHG
&R ����� ����� ����� 'HSOHWHG
$J ���� ���� ������ 9HU\�KLJK�HQULFKPHQW
0R ���� ���� ����� 'HSOHWHG
+J ���� ���� ����� 0RGHUDWHO\�HQULFKHG
$X ���� ����� ����� 6LJQLILFDQWO\�HQULFKHG
(5� �(QULFKPHQW�5DWLR��&Q� �&RQFHQWUDWLRQ�RI�WKH�HOHPHQW�PHDVXUHG�LQ�D�VHGLPHQW�VDPSOH�%Q�
 �5HODWLYH�FRQFHQWUDWLRQ�RI�WKH�HOHPHQWV�LQ�FUXVWDO�YDOXH�JLYHQ�E\�5XGQLFN�	�*RD��������

,W�FDQ�EH�GHGXFHG�IURP�7DEOH���WKDW�WKH�VRLOV�LQ�WKH�VWXG\�DUHD�DUH�GHSOHWHG�LQ�9��&U��&X��=Q��
6U�� =U�� &H�� %D�� 3E�� &R� DQG� 0R�� 7KH� VRLOV�� KRZHYHU�� DUH� PRGHUDWHO\� HQULFKHG� ZLWK� +J��
VLJQLILFDQWO\�HQULFKHG�ZLWK�$X�DQG�YHU\�KLJKO\�HQULFKHG�ZLWK�$J�
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����,QGH[�RI�*HRDFFXPXODWLRQ��,JHR�
,QGH[�RI�JHRDFFXPXODWLRQ��,JHR��SURSRVHG�E\�0XOOHU��������LV�D�PHWKRG�XVHG�WR�DVVHVV�WKH�
H[WHQW�RI�SROOXWLRQ�XVLQJ�VHYHQ�HQULFKPHQW�FODVVHV�EDVHG�RQ�DQ�LQFUHDVH�RQ�WKH�QXPHULFDO�YDOXH�
LQ�7DEOH����+HQFH��WKH�LQGLFHV�RI�JHR�DFFXPXODWLRQ�IRU�WKHVH�WUDFH�HOHPHQWV�IURP�6DLJEH�DUH�
SUHVHQWHG�LQ�7DEOH���

7DEOH����&ODVVHV�RI�WKH�LQGH[�RI�JHR�DFFXPXODWLRQ��,JHR �0XOOHU��������

,JHR�YDOXH ,JHR�FODVV 3ROOXWLRQ�LQWHQVLW\
!� � ([WUHPHO\�SROOXWHG
��± � � 6WURQJ�WR�H[WUHPHO\�SROOXWHG
��± � � 6WURQJO\�SROOXWHG
��± � � 0RGHUDWH�WR�VWURQJO\�SROOXWHG
��± � � 0RGHUDWHO\�SROOXWHG
��± � � 8QSROOXWHG�WR�PRGHUDWO\�SROOXWHG
� � 8QSROOXWHG

7DEOH����6XPPDU\�RI�LQGH[�RI�JHR�DFFXPXODWLRQ��,JHR��IRU�WUDFH�HOHPHQWV�LQ�VRLOV�IURP�WKH�
6DLJEH�DUHD�

(OHPHQWV�
�SSP�

$YHUDJH
FRQF���&Q�

$YHUDJH� &UXVWDO�
$EXQGDQFH��%Q�

$YHUDJH� LQGH[� RI�
JHRDFFXPXODWLRQ��,JHR�

6WDWXV

9 ���� ����� ������ 8QSROOXWHG
&U ���� ����� ������ 8QSROOXWHG
&X ���� ����� ����� 8QSROOXWHG
=Q ���� ����� ������ 8QSROOXWHG
6U ���� ������ ������ 8QSROOXWHG
=U ���� ������ ����� 8QSROOXWHG
&H ���� ����� ������ 8QSROOXWHG
%D ���� ������ ������ 8QSROOXWHG
3E ���� ����� ����� 8QSROOXWHG
0R ���� ���� ����� 8QSROOXWHG
+J ���� ���� ���� 8QSROOXWHG� WR�

PRGHUDWHO\�SROOXWHG

1RWH��$YHUDJH�&UXVWDO�$EXQGDQFH��%Q��DV�JLYHQ�E\�5XGQLFN�DQG�*DR��������

7KH� LQGH[�RI� JHRDFFXPXODWLRQ�� ,JHR�ZDV�FDOFXODWHG� IRU� LQ� DOO� WKH� VDPSOHV� DFFRUGLQJ� WR� WKH�
HTXDWLRQ�

݁݃ܫ ൌ ���ʹ ሺ
��

ͳǤͷ��
ሻ

7KH�UHVXOWV�VKRZ�WKDW�WKH�VRLOV�IURP�WKLV�DUHD�DUH�XQSROOXWHG�WR�PRGHUDWHO\�SROOXWHG�ZLWK�+J�
EHFDXVH�WKH�PHDQ�,JHR�YDOXH�IRU�+J�LV�����ZKLFK�IDOOV�LQ�FODVV���RI�WKH�0XOOHU�VFDOH��,QGLFHV�RI�
JHR�DFFXPXODWLRQ��,JHR�IRU�9��&U��&X��=Q��6U��=U��&H��%D��3E��DQG�0R�DOO�IDOO�EHORZ�FODVV���RI�



(QYLURQPHQWDO� ,PSDFW� RI� $UWLVDQDO�*ROG�0LQLQJ� RQ� 6RLOV� LQ� 6DLJEH� DQG� (QYLURQV�� 3DUW� RI�
0LQQD�6KHHW������1RUWK�&HQWUDO�1LJHULD

ϭϱϵ

WKH�0XOOHU�VFDOH�LQGLFDWLQJ�WKH�VRLOV�LV�QRW�FRQWDPLQDWHG�ZLWK�DQ\�RI�WKHVH�HOHPHQWV��7DEOHV���
DQG����

���&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQ
$UWLVDQDO�DQG�6PDOO�6FDOH�0LQLQJ�RSHUDWLRQ�KDV�JHQHUDOO\�FUHDWHG�VLJQLILFDQW�LPSDFWV�RQ�WKH�
VRFLR�FXOWXUDO�HQYLURQPHQWV�DQG�VRPH�RI�WKHVH�LQFOXGH�ODUJH�LQIOX[�RI�SRSXODWLRQ��FKDQJH�LQ�
OHYHO� RI� QDWXUDO� DQG� FXPPXQLW\� UHVRXUFHV�� SRWHQWLDO� HIIHFW� RQ� KHDOWK�� FRQIOLFW� JHQHUDWLRQ��
FUHDWLRQ�RI�HPSOR\PHQW��FKLOG�DQG�KXPDQ�ODERXU��7KHVH�SRWHQWLDO�LPSDFWV LQIRUPHG�WKH�VWXG\�
RI� HQYLURQPHQWDO� LPSDFWV� RI� DUWLVDQDO� JROG� PLQLQJ� LQ� 6DLJEH� DQG� HQYLURQV�� 1RUWK�FHQWUDO�
1LJHULD��7KH�PLQLQJ�DFWLYLW\�LQ�WKH�VWXG\�DUHD�KDV�UHVXOWHG�LQWR�HQYLURQPHQWDO�SUREOHPV�VXFK�
DV�ODQG�GHJUDGDWLRQ��ORVV�RI�YHJHWDWLRQ��HURVLRQ�DQG�SRRU�ZDWHU�TXDOLW\�
7KH�UHVXOWV�RI�FKHPLFDO�DQDO\VHV�RI�WKH�VRLO�VDPSOHV�VKRZ�WKDW�WKH�DUHD�LV�KLJKO\�HQULFKHG�ZLWK�
$J�DQG�$X�DQG�PRGHUDWHO\�HQULFKHG�ZLWK�+J��7KLV�ZDV�FRQILUPHG�ZLWK�WKH�SUHVHQFH�RI�DUWLVDQDO�
JROG�PLQLQJ�DFWLYLW\�LQ�WKH�DUHD��7UDFH�HOHPHQWV�VXFK�DV�3E��&X�DQG�=Q�ZHUH�GHSOHWHG�LQ�WKH�
DQDO\VHG�VRLO�VDPSOHV�LQGLFDWLQJ�QR�PLQHUDOL]DWLRQ�RI�WKHVH�HOHPHQWV�LQ�WKH�DUHD��7KH�DFWLYLW\�
RI�DUWLVDQDO�PLQLQJ�LQ�WKH�DUHD�KDV�VOLJKWO\�LPSDFWHG�RQ�WKH�HQYLURQPHQW�ZLWK�+J��7KLV�WR[LF�
HOHPHQW� ZKHQ� FRQVXPHG� WKURXJK� IRRG� FKDLQ� FDQ� EH� GHWULPHQWDO� FDXVLQJ� FDQFHU�� VNLQ�
FRORXUDWLRQ�DQG�NLGQH\�DQG�OXQJ�GLVHDVHV��7R�SODQWV��LW�FDQ�UHVXOW�WR�VWXQWHG�JURZWK�DQG�ORZ�
\LHOGV�ZKLFK�DUH�HYLGHQW�LQ�WKH�DUHD�ZLWK�VSDUVH�YHJHWDWLRQ�DQG�VRPH�\HOORZ�FRORXUDWLRQ�
,W� LV� UHFRPPHQGHG� WKDW� RWKHU� FKHPLFDOV� WKDW� DUH� PRUH� HQYLURQPHQWDOO\� IULHQGO\� VKRXOG� EH�
HPSOR\HG�WR�UHFRYHU�JROG�LQ�RUGHU�WR�VDYH�WKH�LQKDELWDQWV�DQG�WKH�HFRV\VWHP�LQ�WKH�DUHD�IURP�
PHUFXU\�SRLVRQLQJ�

5HIHUHQFHV
$KPHG��<��0��	�2UXQR\H��(��'����������6RFLRHFRQRPLF�,PSDFW�RI�$UWLVDQDO�DQG�6PDOO�6FDOH�

0LQLQJ� RQ� WKH� 0DPELOOD� 3ODWHDX� RI� 7DUDED� 6WDWH�� 1LJHULD�� 3S�� �����
ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ����������

$MLEDGH��$��&���:RDNHV��0���	 5DKDPDQ��0��$����������3URWHUR]RLF�FUXVWDO�GHYHORSPHQW�LQ�
WKH�3DQ�$IULFDQ�UHJLPH�RI�1LJHULD��$PHULFDQ�*HRSK\VLFDO�8QLRQ������� ����

%HQGHU�� 7�� ��������$UWLVDQDO�PLQLQJ�� 5HWULHYHG� RQ� ��WK� RI� )HEUXDU\������ IURP�ZLNLSHGLD��
KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�$UWLVDQDOBPLQLQJ

%HU]DV��1��-���*DUFLD�%HUPHMR��/��)���5RGULJXH]��0��	�'RLPHDGLRV��5��&����������'LVWULEXWLRQ�
RI�PHUFXU\�LQ�DTXDWLF�HQYLURQPHQW�DW�$OPDGHQ��6SDLQ��(QYLURQ��3ROOXW����������������

&DYD��0��3���5RGHQDV�� 7��(���0RUDOHV��5��$���&HUYHUD��0��/��	�*XDUGLD��0�� ��������&ROG�
9DSRXU�DWRPLF�IOXRUHVFHQFH�GHWHUPLQDWLRQ�RI�PHUFXU\�LQ�PLON�E\�VOXUU\�VDPSOLQJ�XVLQJ�
PXOWL�FRPPXWDWLRQ��$QDO\WLFDO�&OLQLFDO�DFWD����������������

'RUQ��5��,����������5RFN�FRDWLQJV��$PVWHUGDP��(OVHYLHU�
)UXPNLQ��+���/HW]��5���:LOOLDPV��3��/���*HUU��)���3LHUFH��0���6DQGHUV��$���(ORQ��/���0DQQLQJV��

&��&���:RRGV��-��6���+HUW]EHUJ��9��6���0XHOOHU��3���	�7D\ORU��%��%����������+HDOWK�HIIHFWV�
RI� ORQJ� WHUP� PHUFXU\� H[SRVXUH� DPRQJ� FKORUDONDOL� SODQWV� ZRUNHUV�� $P�� -�� ,QG�
0HG������������

*DUED��,����������2ULJLQ�RI�3DQ�$IULFDQ�PHVRWKHUPDO�JROG�PLQHUDOL]DWLRQ�DW�%LQ�<DXUL��1LJHULD��
-RXUQDO�RI�$IULFDQ�(DUWK�6FLHQFH����������� ����
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*DUED��,����������*HRFKHPLFDO�FKDUDFWHULVWLFV�RI�PHVRWKHUPDO�JROG�PLQHUDOL]DWLRQ�LQ�WKH�3DQ�
$IULFDQ� ���������0D�� EDVHPHQW� RI� 1LJHULD�� $SSOLHG� (DUWK� 6FLHQFHV �7UDQVDFWLRQ� RI�
,QVWLWXWLRQ�RI�0LQLQJ�DQG�0HWDOOXUJ\��6HFWLRQ�%��������%����± ����

*XQVRQ�� $�� -�� 	� 0DUFHOOR�� 0�� 9�� �������� 0HUFXU\� DQG� $UWLVDQDO� 0LQLQJ� LQ� &KLQD��
(QYLURQPHQWDO�3UDFWLFH��9ROXPH����SS������� ����

+HQWVFKHO��7���+UXVFKND��)���	��3ULHVWHU��0����������*OREDO�5HSRUW�RQ�$UWLVDQDO�DQG�6PDOO�6FDOH�
0LQLQJ��0LQLQJ�0LQHUDOV�DQG�6XVWDLQDEOH�'HYHORSHPHQW��9ROXPH������SS�������

0HVVHU��5��/���/RFNZRRG��3��(���7VHQJ��:��<���(GZDUGV��.���6KDZ��0���&DXJKPDQ��*��%���
/HZLV�� -�� %�� 	� :DWDKD�� -�� &�� �������� 0HUFXU\� �,,�� DOWHUV� PLWRFKRQGULDO� DFWLYLW\� RI�
PRQRF\WHV�DW�VXEOHWKDO�GRVHV�YLD�R[LGDWLYH�VWUHVV�PHFKDQLVPV��-RXU�%LRPHG�0DW�5HV %�
������������

0XOOHU��*����������,QGH[�RI�JHRDFFXPXODWLRQ�LQ�VHGLPHQWV�RI�WKH�5KLQH�5LYHU��*HRMRXUQDO�����
����� ����

2EDMH�� 1�� *�� ��������*HRORJ\� DQG�0LQHUDO� 5HVRXUFHV� RI� 1LJHULD�� /HFWXUH� 1RWHV� LQ� (DUWK�
6FLHQFHV��SS�������1HZ�<RUN��/RQGRQ��6SULQJHU�

2PDQD\LQ��<��$���2JXQEDMR��0��,���:D]LUL��1��0���$NR��7��$���6KXDLEX��$��0��DQG�$ODNX��,��2��
��������*HRFKHPLFDO� ,QYHVWLJDWLRQ�DQG�3K\VLFDO� ,PSDFW�$VVHVVPHQW�RI�$UWLVDQDO�*ROG�
0LQLQJ��.DWDHUHJL��1RUWK�&HQWUDO�1LJHULD�� ,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQFH� IRU�*OREDO�
6XVWDLQDELOLW\��,-6*6���9RO��������SS�����± ����,661�������± ����

5RODQG��(��-����������$Q�$VVHVVPHQW�RI�WKH�(QYLURQPHQWDO�,PSDFW�DQG�5HKDELOLWDWLRQ�3UDFWLFHV�
RI�$UWLVDQDO�DQG�6PDOO�6FDOH�0LQHUV� LQ�2NSHOOD� (GR�6WDWH��1LJHULD��3XEOLVKHG�0DVWHU�
7KHVLV��SS������

5XGQLFN�� 5�� /��� 	� *RD�� 6�� �������� &RPSRVLWLRQ� RI� WKH� &RQWLQHQWDO� &UXVW�� 7UHDWLVH� RQ�
*HRFKHPLVWU\��(OYLVLHU�/WG��9ROXPH�����SS����� ��

6DODWL��/��.���-DWXD��%��6���%LGD��$��'���	�*DQL\X��,��$����������0LWLJDWLQJ�WKH�(QYLURQPHQWDO�
(IIHFWV�RI�$UWLVDQDO 0LQLQJ��$�&DVH�6WXG\�RI�$]DUD�%DU\WHV�'HSRVLWV�LQ�1DVDUDZD�6WDWH��
1RUWK�&HQWUDO�1LJHULD��8QSXEOLVKHG�

6PLWK�� $�� �������� ,PSRUWDQFH� RI� *ROG�� 5HWULHYHG� RQ� WKH� ��WK RI� 'HFHPEHU�� ����� IURP�
JRGFRLQV�RUJ��KWWS���JRGFRLQV�RUJ!:KDW�,V�*ROG

6XWKHUODQG�� 5�� $�� �������� %HG� VHGLPHQWDVVRFLDWHG� WUDFH� PHWDOV� LQ� DQ� XUEDQ� VWUHDP�� 2DKX��
+DZDLL��(QYLURQPHQWDO�*HRORJ\����������� ����

7XUQHU��'��&����������8SSHU�3URWHUR]RLF�6FKLVW�EHOWV�LQ�WKH�1LJHULDQ�6HFWRU�RI�WKH�3DQ�$IULFDQ�
3URYLQFH�RI�:HVW�$IULFD��3UHFDPEULDQ 5HVRXUFHV���������� ���

7ROXORSH�� $�� 2�� �������� 2LO� ([SORUDWLRQ� DQG� (QYLURQPHQWDO� 'HJUDGDWLRQ�� WKH� 1LJHULD�
H[SHULHQFH��(QYLURQPHQWDO�,QIRUPDWLFV�$UFKLYHV��9RO���������� ����

:HGHSRKO��.��+����������7KH�FRPSRVLWLRQ�RI�WKH�FRQWLQHQWDO�FUXVW��*HRFKLP&RVPRFKLP�$FWD��
��


