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�
�
�
$EVWUDFW�
�
$LU�SRWDWR��'LRVFRUHD�EXOELIHUD�/���KDV�WKH�SRWHQWLDO�RI�UDSLGO\�LQYDGLQJ�DQG�GLVSODFLQJ�QDWLYH�
IRUHVW�FRPPXQLWLHV�RI�)ORULGD��0DQDJHPHQW�RI�WKLV�H[RWLF��DV�ZLWK�PRVW��KDV�EHHQ�FRQGXFWHG�
XVLQJ�D�YDULW\�RI�PHFKDQLFDO�DQG�RU�FKHPLFDO�FRQWURO�WHFKQLTXHV��7KH�SXUSRVH�RI�WKLV�VWXG\�
ZDV�WR�FRQWUDVW�DQG�FRPSDUH�WKH�HIIHFWLYHQHVV�RI�WZR�FRQWURO�PHWKRGV��KDQG�SXOOLQJ�DQG�KHU�
ELFLGH�DSSOLFDWLRQ�� LQ�VL[�KDUGZRRG�KDPPRFNV� LQ�VRXWKHUQ�)ORULGD���(IIHFWLYH�PDQDJHPHQW�
ZLOO�PD[LPL]H�FRQWURO��ZKLOH�PLQLPL]LQJ�LPSDFWV�WR�QDWLYH�SODQW�FRPPXQLWLHV�����
�
�
�
,QWURGXFWLRQ�
 
7KH�LQYDVLRQ�RI�QRQ�LQGLJHQRXV�SODQW�VSHFLHV�LQWR�QDWXUDO�DUHDV�LQ�VRXWKHUQ�)ORU�
LGD�WKUHDWHQV�QDWXUDO�FRPPXQLW\�VWUXFWXUH�DQG�FRPSRVLWLRQ�FKDUDFWHULVWLFV���:KHQ�
WKHVH�LQYDVLYH�VSHFLHV�DUH�WZLQLQJ�YLQHV��WKH\�RIWHQ�KDYH�GUDPDWLF�LQIOXHQFHV�RQ�WKH�
QDWXUDO� FRPPXQLW\�EHFDXVH�RI� WKHLU� DELOLW\� WR� UDSLGO\� UHDFK� WKH� FDQRS\�� VXSSUHVV�
VDSOLQJ�JURZWK��DQG�OLQN�WKH�FDQRSLHV�RI�VHYHUDO�WUHHV��6FKPLW]�HW�DO��������*RUGRQ�

���

3UHVHQWHG�DW�WKH�(OHYHQWK�$QQXDO�0HHWLQJ�RI�WKH�)ORULGD�([RWLF�3HVW�3ODQW�&RXQFLO��KHOG�LQ�
7DOODKDVVHH��)ORULGD������0D\�������



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

������� �$V� D� UHVXOW�� UHVHDUFK� RQ� FRQWURO�PHWKRGV� IRU� YLQHV� WKDW� LQYDGH� WKH� IUDJ�
PHQWHG�QDWXUDO�FRPPXQLWLHV�WKDW�UHPDLQ�LQ�VRXWKHUQ�)ORULGD�LV�FULWLFDOO\�QHHGHG��
���
$LU�SRWDWR��'LRVFRUHD�EXOELIHUD�/����D�SHUHQQLDO��KHUEDFHRXV�YLQH�ZLWK�DQQXDO�VWHPV��LV�
QDWLYH�WR�ERWK�$IULFD�DQG�$VLD��6FKPLW]�HW�DO����������7KLV�YLQH�WZLQHV�DURXQG�VXS�
SRUWLQJ� VSHFLHV� DQG� FDQ� RXW�FRPSHWH� FDQRS\� DQG� XQGHUVWRU\� VSHFLHV� IRU� OLJKW���
)ORZHULQJ�� EXW� QRW� VH[XDO� UHSURGXFWLRQ�� LQ� WKLV� VSHFLHV� KDV� EHHQ� GRFXPHQWHG� LQ�
)ORULGD���+RZHYHU��DLU�SRWDWR�UHSURGXFHV�UDSLGO\�WKURXJK�YHJHWDWLYH�JURZWK�RI�DHU�
LDO�WXEHUV�RU�EXOELOV��7KH�1DWXUH�&RQVHUYDQF\���������1XPHURXV�EXOELOV��XVXDOO\�LQ�
OHDI�D[LOV��DUH�SURGXFHG�E\�VLQJOH�SODQWV���%XOELOV�RI�DOO�VL]HV�������FP�LQ�GLDPHWHU��
FDQ�SURGXFH�QHZ�SODQWV���1HZ�SODQWV�TXLFNO\�IRUP�XQGHUJURXQG�SHUHQQLDO� WXEHUV�
WKDW�FDQ�H[FHHG����FP�LQ�GLDPHWHU���7KHVH�WXEHUV�VXSSRUW�YLJRURXV�UHVSURXWLQJ�RI�
VWHPV��7KH�1DWXUH�&RQVHUYDQF\����������
 
1R�ZRUN�KDV�H[DPLQHG�ZKHWKHU�UHSHDWHG�UHPRYDO�RI�DLU�SRWDWR�VWHPV�FDQ�UHGXFH�
SODQW� YLJRU�� EXOELO� SURGXFWLRQ�� DQG� DELOLW\� WR� UHJHQHUDWH�� � &RQWURO�PHWKRGV� KDYH�
WUDGLWLRQDOO\�LQFOXGHG�KDQG�SXOOLQJ�DQG�KHUELFLGH��5RXQGXS��DSSOLFDWLRQ��DOWKRXJK�
WKH�UHODWLYH�HIIHFWLYHQHVV�RI�WKHVH�WZR�PHWKRGV�RI�FRQWURO�KDV�QRW�EHHQ�FRPSDUHG����
�
7KLV� UHVHDUFK� ZDV� GHVLJQHG� WR� H[DPLQH� WKH� HIIHFWLYHQHVV� RI� UHSHDWHG� SXOOLQJ� RI�
DERYH�JURXQG�DLU�SRWDWR�VWHPV��YHUVXV�SXOOLQJ�DQG�WUHDWLQJ�UHVSURXWLQJ�OHDYHV�ZLWK�
5RXQGXS�KHUELFLGH�� � �:H�K\SRWKHVL]HG�WKDW� � ����ERWK�KDQG�SXOOLQJ�DQG�KHUELFLGH�
FRQWURO�WUHDWPHQWV�ZRXOG�VLJQLILFDQWO\�UHGXFH�GHQVLW\�DQG�FRYHU�RI�DLU�SRWDWR�� ����
KHUELFLGH�DSSOLFDWLRQ�ZRXOG�EH�VLJQLILFDQWO\�PRUH�HIIHFWLYH� DW� UHGXFLQJ�DLU�SRWDWR�
DEXQGDQFH�WKDQ�KDQG�SXOOLQJ��DQG�����QDWLYH�DQG�QRQ�QDWLYH�VSHFLHV�ULFKQHVV�ZRXOG�
QRW�EH�DIIHFWHG�E\�HLWKHU�DLU�SRWDWR�UHPRYDO�PHWKRG���7UHDWPHQWV�ZHUH�FRPSDUHG�
LQ�VPDOO�SORWV�ZLWKLQ�D�PDWUL[� IURP�ZKLFK�QRQ�QDWLYH�SODQWV�XQGHU���P� WDOO�ZHUH�
UHPRYHG�DQG�VSHFLHV�ZHUH�PHFKDQLFDOO\�SUXQHG�WR�UHGXFH�YLQH�DFFHVV�WR�WKH�FDQ�
RS\���:H�UHSOLFDWHG�WKH�WUHDWPHQWV�WKUHH�WLPHV�LQ�WZR�0LDPL�'DGH�&RXQW\�SDUNV��
�
2XU�RULJLQDO� LQWHQW�ZDV�WR�WUHDW�WKH�SORWV�PRQWKO\�IRU�VL[�PRQWKV��FRPSDULQJ�UH�
SHDWHG�SXOOLQJ�ZLWK�UHSHDWHG�5RXQGXS�DSSOLFDWLRQ�� �$IWHU� WKH�VHFRQG�PRQWK�DQG�
ILUVW�KHUELFLGH�WUHDWPHQW��+XUULFDQH�$QGUHZ�LPSDFWHG�DOO�EORFNV�� �$V�D� UHVXOW��QR�
IXUWKHU�SORW�WUHDWPHQWV�ZHUH�LPSRVHG��DOWKRXJK�ZH�ZHUH�DEOH�WR�UHORFDWH�WKH�SORWV�
DQG� DVVHVV� WKH� HIIHFWV� RI� WKH� OLPLWHG� WUHDWPHQW� DW� WKUHH� \HDU� SRVW�WUHDWPHQW�� DV�
SODQQHG�� �+RZHYHU�� WKH� FRQFOXVLRQV�GUDZQ� IURP� WKLV� H[SHULPHQW� DUH� OLPLWHG� EH�
FDXVH�DOO�WUHDWPHQWV�ZHUH�QRW�FRPSOHWHG�DQG�WKH�KXUULFDQH�PD\�KDYH�FRQIRXQGHG�
WUHDWPHQW�UHVXOWV�� �7KH�KXUULFDQH�GLG�VXJJHVW�DQ�DGGLWLRQDO�K\SRWKHVLV��FRQWURO�RI�
DLU�SRWDWR�UHGXFHV�LWV�UDWH�RI�GHQVLW\�DQG�FRYHU�LQFUHDVH�SRVW�KXUULFDQH��
�
�
0HWKRGV�
�
5HVHDUFK� EORFNV� ZHUH� ORFDWHG� LQ� KDPPRFNV� DW� WKH� &KDUOHV� 'HHULQJ� (VWDWH� ���
EORFNV��DQG�.HQGDOO� ,QGLDQ�+DPPRFNV�3DUN� ���EORFN�� �WKHVH� VLWHV�ZLOO�EH� VXEVH�



���������

TXHQWO\�FDOOHG�'HHULQJ���DQG����DQG�,QGLDQ�+DPPRFNV��UHVSHFWLYHO\���$W�HDFK�VLWH��
WZR� SORWV� ZHUH� SHUPDQHQWO\� PDUNHG�� � 1RQ�QDWLYH� VSHFLHV� UHPRYDO� �WUHDWPHQW��
SORWV�ZHUH����[����P��ZKLOH�WKH�XQGLVWXUEHG�FRQWURO�SORWV�ZHUH����[����P�WR�HQ�
VXUH�FRQVWDQW�GHQVLW\�RI�VDPSOH�VXESORWV���3DLUHG�SORWV�ZHUH�QRW�FORVHU�WKDQ����P�
WR�HDFK�RWKHU��%ORFNV�ZHUH�VHOHFWHG�WR�EH�DV�VLPLODU�LQ�VRLO�W\SH��YHJHWDWLYH�FRPPX�
QLW\��DQG�GHQVLW\�RI�DLU�SRWDWR�DV�SRVVLEOH����
�
3ULRU�WR�WUHDWPHQW�HVWDEOLVKPHQW� LQ�-XQH����������DQG����UDQGRPO\�GLVWULEXWHG���
P��VXESORWV�ZHUH�ORFDWHG�LQ�HDFK�FRQWURO�DQG�WUHDWPHQW�SORW��UHVSHFWLYHO\��)LJ�������

)LJXUH����6DPSOLQJ�GHVLJQ�IRU�WKH�FRQWURO�DQG�'LRVFRUHD�EXOELIHUD�UHPRYDO�WUHDWPHQW�
EORFNV�� 7UHDWPHQWV� ZHUH� LPSRVHG� LQ� WKH� �� [� ��P� VXESORWV��PHDVXUHPHQWV� ZHUH�
WDNHQ�LQ�WKH�FHQWUDO���[���P�TXDGUDWV��6XESORW�GHQVLW\�ZDV�KHOG�FRQVWDQW�DFURVV�WKH�
EORFNV��

+DQGSXOO���5RXQGXS�

+DQGSXOO��
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6XESORWV�ZHUH�VHOHFWHG�IURP�D�JULG�ZLWK� LQWHUVHFWLRQV�HYHU\���P�LQ�HDFK�SORW�� �,Q�
WKH� WUHDWPHQW� SORWV�� WKH� VXESORWV�ZHUH� VXUURXQGHG� RQ� DOO� VLGHV� E\� D� ��P� EXIIHU�
DUHD�� PDNLQJ� HIIHFWLYH� SORW� VL]H� �� P��� � 0HDVXUHPHQWV� LQ� WUHDWPHQW� DQG� FRQWURO�
EORFNV�ZHUH�FRQGXFWHG�HDFK�0D\�IURP�������SUH�WUHDWPHQW��WKURXJK�������
�
:LWKLQ�WKH���P��VXESORWV��ZH�FRXQWHG�WKH�WRWDO�QXPEHU�RI�XQURRWHG�EXOELOV��DQG�
URRWHG��ILUVW�\HDU��DHULDO�WXEHU�YLVLEOH��DQG�ROGHU�DLU�SRWDWR�VWHPV�LQ�����P������P��



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

DQG�!��P�KHLJKW�FODVVHV���:H�DOVR�RFXODUO\�HVWLPDWHG�WKH�SHUFHQW�FRYHU�RI�DLU�SR�
WDWR�LQ�WKH�WKUHH�KHLJKW�VWUDWD���7KH�QXPEHU�RI�DOO� LQGLYLGXDOV�URRWHG�LQ�SORWV�ZDV�
FRXQWHG�E\�VSHFLHV�DQG�E\�VSHFLHV�JURXS��QDWLYH�RU�QRQ�QDWLYH���
�
:LWKLQ�WKH�ODUJHU�H[SHULPHQWDO�DQG�FRQWURO�SORWV�LQ�HDFK�EORFN��ILYH����P�ORQJ��UDQ�
GRPO\�ORFDWHG�SHUPDQHQW�WUDQVHFWV�ZHUH�HVWDEOLVKHG���3RLQW�LQWHUFHSWV�HYHU\���P����
P� LQ�FRQWURO�EORFNV�� �DORQJ� WKH� WUDQVHFWV�ZHUH�XVHG� WR�H[DPLQH�FDQRS\�FRYHU�RI�
QDWLYH�DQG�QRQ�QDWLYH�WUHH�VSHFLHV�DW�����DQG�!��P�KHLJKWV���3HUFHQW�FDQRS\�FRYHU�
ZDV�DOVR�PHDVXUHG�ZLWK�D�VSKHULFDO�GHQVLRPHWHU�HYHU\���P�� �)ROORZLQJ�WKH�KXUUL�
FDQH��WKH�SRLQW�LQWHUFHSW�GDWD�ZHUH�FROOHFWHG�IURP�WKH�GLDJRQDO�FRUQHUV�RI�WKH���P��
VDPSOLQJ�VXESORWV�EHFDXVH�DFFHVV�WKURXJKRXW�WKH�SORWV�ZDV�GLIILFXOW��
�
7UHDWPHQWV�ZHUH�HVWDEOLVKHG�LQ�-XQH�������IROORZLQJ�FRPSOHWLRQ�RI�WKH�LQLWLDO�GDWD�
FROOHFWLRQ�� �7KURXJKRXW� WKH� ���[� ���P� WUHDWPHQW�SORW� LQ� HDFK� EORFN�� QRQ�QDWLYH�
VSHFLHV� UHPRYDO� HIIRUWV�ZHUH� LPSRVHG�� �$OO� FOLPELQJ�QRQ�QDWLYH� YLQHV�� H[FHSW� DLU�
SRWDWR��ZHUH�FXW�DW�����FP�DQG�DJDLQ�DW�D�KHLJKW�RI���P���6WXPSV�RI�ZRRG\�YLQHV�
ZHUH�WUHDWHG�ZLWK�*DUORQ�������LQ�RLO��WR�SUHYHQW�UHVSURXWLQJ���6HHGOLQJV�RI�YLQHV�
ZHUH� KDQG�SXOOHG�� � 5HDGLO\� UHVSURXWLQJ� YLQHV� OLNH�(SLSUHPQXP�SLQQDWXP��/��� (QJO��
ZHUH� FXW� DW� �� P� DERYH� JURXQG� DQG� SK\VLFDOO\� UHPRYHG� EHORZ� WKDW� KHLJKW�� � $OO�
VWHPV�RI�DLU�SRWDWR�ZHUH�SXOOHG�WR�XSURRW�RU�EUHDN�DW�JURXQG�OHYHO���$HULDO�WXEHUV�
WKDW� KDG� QRW� \HW� HVWDEOLVKHG�� DQG� URRWHG� WXEHUV� IURP� ������ ZHUH� PDQXDOO\� UH�
PRYHG�� $OO� RWKHU� QRQ�QDWLYH� VSHFLHV� XQGHU� �� P� LQ� KHLJKW� ZHUH� KDQG�SXOOHG��
JUXEEHG�RXW�� FXW� DQG�RU� WUHDWHG�ZLWK�*DUORQ� RU�5RXQGXS�� � /DWHUDO� EUDQFKHV� RI�
UHPDLQLQJ�WUHHV�DQG�YHUWLFDO�VKUXEV�WKDW�SURYLGHG�VXSSRUW�IRU�FOLPELQJ�SODQWV�ZHUH�
DOVR�WULPPHG���1R�HQWLUH�SODQWV�RI�QDWLYH�VSHFLHV�ZHUH�UHPRYHG��
�
:LWKLQ� WKH� ��P�� VXESORWV� LQWHQGHG� IRU� WKH� KDQG�SXOOLQJ� WUHDWPHQW� RQO\�� QHLWKHU�
KHUELFLGH�QRU�JUXEELQJ�RFFXUUHG���:LWKLQ�WKH�FHQWUDO���P��RI�WKRVH�VXESORWV���WKH�
QXPEHUV� RI� DLU� SRWDWR� VWHPV� VSURXWLQJ� IURP� DHULDO� WXEHUV� �VHHGOLQJV�� DQG� UH�
VSURXWLQJ�IURP�XQGHUJURXQG�WXEHUV�ZHUH�UHFRUGHG�HDFK�WLPH�WKH\�ZHUH�SXOOHG��LQ�
-XQH�DQG�-XO\������RQO\����:LWKLQ�WKH���P��FOLSSHG�5RXQGXS�WUHDWPHQW�ZLWK�EXIIHU�
SORWV� �Q ���EORFN��� DOO� VWHPV� RI� DLU� SRWDWR� ZHUH� SXOOHG� WR� XSURRW� RU� EUHDN� DW�
JURXQG�OHYHO��LQ�-XQH��������5HVSURXWLQJ�OHDYHV�ZHUH�VSUD\HG�RQFH�ZLWK�5RXQGXS�
LQ�-XO\��XQGHU�WKH�RULJLQDO�SODQ��VSUD\LQJ�ZDV�WR�EH�PRQWKO\�XQWLO�-DQXDU\���6LPLODU�
WR� WKH� KDQG�SXOOLQJ� WUHDWPHQW�� QR� JUXEELQJ� RU�*DUORQ�KHUELFLGH�ZDV� XVHG�� � 7KH�
SODQW� PDWHULDO� UHPRYHG� ZDV� SLOHG� RXWVLGH� WKH� SORWV� LQ� WKH� WUHDWPHQW� EORFNV���
1RQ�QDWLYH�VSHFLHV�WKDW�UHDGLO\�UHVSURXW�IURP�VKRRW�WLVVXH��DQG�DHULDO�DQG�EHORZ�
JURXQG� WXEHUV�RI� DLU� SRWDWR��ZHUH�SODFHG� LQ�QRQ�ELRGHJUDGDEOH�SODVWLF�EDJV� DGMD�
FHQW�WR�GHEULV�SLOHV���
�
7UHDWPHQW� DQG� FRQWURO� EORFNV� ZHUH� UHPHDVXUHG� HDFK� 0D\�� IURP� ����� WKURXJK�
�������&RQGLWLRQV�LQ�DOO�WKH�EORFNV�KDG�VXEVWDQWLDOO\�FKDQJHG�EHFDXVH�PRVW�RI�WKH�
RULJLQDO�FDQRS\�ZDV�UHPRYHG�E\�+XUULFDQH�$QGUHZ�� �$OO�EORFNV�ZHUH�H[SRVHG�WR�
+XUULFDQH�LPSDFWV��ZLWK�HDFK�SDLUHG�FRQWURO�DQG�WUHDWPHQW�EORFN�VLPLODUO\�DIIHFWHG��
DV�D�UHVXOW��FRPSDULVRQV�ZHUH�FRQGXFWHG�DV�SODQQHG��



���������*RUGRQ��*DQQ��&DUWHU��DQG�7KRPDV�

7KH� HIIHFWV� RI� WKH� KDQG�SXOOLQJ� YHUVXV� SXOOLQJ� SOXV� KHUELFLGH� WUHDWPHQWV� RQ� WKH�
QXPEHUV�DQG�FRYHU�RI�DLU�SRWDWR�SODQWV�ZHUH�DVVHVVHG�EHWZHHQ������DQG������XV�
LQJ�.UXVNDO�:DOOLV�QRQ�SDUDPHWULF� WHVWV��EHWZHHQ������DQG������� UHSHDWHG�PHDV�
XUH� DQDO\VLV� RI� YDULDQFH� RQ� WUDQVIRUPHG�GDWD�ZDV� XVHG�� �&DQRS\� FRYHU� GDWD� DQG�
FKDQJHV� LQ� FRPSRVLWLRQ� RI� RWKHU� QDWLYH� DQG� QRQ�QDWLYH� VSHFLHV� ZLWKLQ� WKH� SORWV�
ZHUH�VLPLODUO\�DQDO\]HG�� �$OO�GDWD�ZHUH�VTXDUH�URRW� WUDQVIRUPHG�H[FHSW� WKH�FRYHU�
GDWD�ZKLFK�ZHUH� DUFVLQH� WUDQVIRUPHG��5HVLGXDOV� IURP� WKHVH� DQDO\VHV�ZHUH� H[DP�
LQHG�DQG�FRQVLVWHQW�ZLWK�WKH�DVVXPSWLRQV�RI�WKH�WHVWV���&KDQJHV�LQ�WKH�UHODWLYH�UHS�
UHVHQWDWLRQ� RI� QDWLYH� DQG� QRQ�QDWLYH� VSHFLHV� LQ� WKH� FDQRS\� ZHUH� DVVHVVHG� ZLWK�
FKL�VTXDUH�WHVWV��
�
�
5HVXOWV�
�
$LU�SRWDWR�
�
1RQ�SDUDPHWULF�DQDO\VLV�RI�YDULDQFH�RQ�WKH�PDLQ�DQG�LQWHUDFWLYH�HIIHFWV�RI�VLWH�DQG�
WUHDWPHQW� RQ� FKDQJH� LQ� DLU� SRWDWR� QXPEHU� DQG� FRYHU� IRU� WKH� SHULRG� ����������
VKRZHG�WKDW�RQO\�D�IHZ�RI�WKHVH�HIIHFWV�ZHUH�VLJQLILFDQW��7DEOH������2YHUDOO��GLIIHU�
HQFHV�ZHUH�RQO\�EHWZHHQ�WKH�FRQWURO�SORWV�DQG�WKH�WUHDWPHQW�SORWV��ZLWK�QR�GLIIHU�
HQFHV�LQ�HIIHFW�EHWZHHQ�WKH�WZR�W\SHV�RI�WUHDWPHQW�� �%\�������WUHDWPHQWV�KDG�UH�
GXFHG� WKH� QXPEHU� RI� URRWHG� DLU� SRWDWR� VHHGOLQJV� OHVV� WKDQ� �� \HDU� ROG� URXJKO\�
IRXU�IROG�FRPSDUHG�WR�WKH�FRQWUROV��7DEOH������$OWKRXJK�WKH�QXPEHU�RI�VWHPV�OHVV�
WKDQ���P�WDOO�GHFUHDVHG�LQ�DOO�EORFNV��SHUKDSV�GXH�WR�KXUULFDQH�HIIHFWV��WKH�GHFUHDVH�
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<HDU� �� ���� � ������ ������ ������ � ������ ������ ������

<HDU�[�WPW� �� ����� � ������ ���� ���� � ��������� ���� ����
(UURU� ���� � � � � � � ���� � �
� � � � � � � � � � �

ZDV�PRUH�WKDQ�WKUHH�WLPHV�KLJKHU�LQ�WKH�WUHDWPHQW�SORWV�WKDQ�LQ�WKH�FRQWUROV���7KH�
RWKHU�YDULDEOHV�VKRZHG�VLPLODU�EXW�QRQ�VLJQLILFDQW�WUHQGV���$GGLWLRQDOO\��WKH�HIIHFW�
RI�WKH�WUHDWPHQWV�RQ�WKH�QXPEHU�RI�XQURRWHG�EXOELOV�DQG�VWHP�GHQVLW\�LQ�WKH�����
P�KHLJKW�VWUDWXP�ZHUH�GHSHQGHQW�RQ�WKH�VLWH��
�
:KHQ� ZH� UHWXUQHG� WR� FOLSSHG� SORWV� IRU� WKH� VHFRQG� VKRRW� UHPRYDO� WUHDWPHQW� LQ�
������ZH�IRXQG�PDUNHG�GLIIHUHQFHV� LQ�WKH�QXPEHU�RI�VKRRWV�GHULYHG�IURP�QHZO\�
VSURXWLQJ�EXOELOV�YHUVXV�WKRVH�UHVSURXWLQJ�IURP�ROG�WXEHUV���7KH�VSURXWV�IURP�QHZ�
EXOELOV� UHSUHVHQWHG� EHWZHHQ� ��� DQG� ���� RI� DOO� VSURXWV� SUHVHQW�� � 2Q� DYHUDJH��
VSURXWV�IURP�QHZ�EXOELOV�DYHUDJHG�������������DQG������P����WKRVH�IURP�UHVSURXWV�
DYHUDJHG� ������ ������ DQG� �����P�� IURP�'HHULQJ� ���'HHULQJ� ��� DQG� ,QGLDQ�+DP�
PRFNV��UHVSHFWLYHO\���7KXV��UHVSURXWLQJ�PD\�EH�OHVV�LPSRUWDQW�WKDQ�RULJLQDOO\�VXV�
SHFWHG���7KH�QXPEHU�RI�XQURRWHG�EXOELOV�ZDV�VLJQLILFDQWO\�KLJKHU�LQ������WKDQ�LQ�
�����DQG������DFURVV�DOO�VLWHV��7DEOHV���������
�
,I�DOO�IRXU�\HDUV�RI�GDWD�DUH�H[DPLQHG��WKH�SDWWHUQV�EHFRPH�FOHDUHU��7DEOH������,QLWLDO�
DLU�SRWDWR�GHQVLWLHV�DW�DOO�KHLJKWV�H[DPLQHG�ZHUH�VLPLODU�DFURVV�WKH�WKUHH�VLWHV��)LJV��
������ � ,Q� ������ ERWK� WKH� WUHDWPHQW� DQG� FRQWURO� SORWV� FRQWDLQHG� FRPSDUDEO\� GH�
SUHVVHG� GHQVLWLHV� RI� DLU� SRWDWR� XQGHU� ��P� WDOO� �)LJV�� ������ � $V� D� UHVXOW�� E\� ������
ZKLOH�DLU�SRWDWR�GHQVLWLHV�LQ�WKH��WUHDWPHQW�SORWV�ZHUH�WZLFH�WKRVH�RI�WKH������VWDUW�
LQJ� FRQGLWLRQV�� GHQVLWLHV� LQ� WKH� FRQWURO� SORWV�ZHUH� VLJQLILFDQWO\� KLJKHU� �7DEOH� �����
$JDLQ��QR�GLIIHUHQFHV� LQ�DLU�SRWDWR�UHVSRQVHV�ZHUH�DWWULEXWDEOH� WR� WKH�PHWKRG�RI�
UHPRYDO� HPSOR\HG�� DOO� VLJQLILFDQW� WUHDWPHQW� HIIHFWV� ZHUH� EHWZHHQ� WKH� WUHDWPHQW�
DQG�FRQWURO�EORFNV��
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6LJQLILFDQW�GLIIHUHQFHV�DPRQJ�WKH�VLWHV�ZHUH�HYLGHQW�LQ�DOO�PHDVXUHV�H[FHSW�SHUFHQW�
FRYHU�LQ�WKH�XSSHUPRVW�VWUDWXP��7DEOH������7KHVH�GLIIHUHQFHV�UHIOHFW�KLJKHU�DYHUDJH�
VWHP�GHQVLWLHV�DW�,QGLDQ�+DPPRFNV�WKDQ�DW�HLWKHU�RI�WKH�'HHULQJ�VLWHV��)LJV���������
KRZHYHU��SHUFHQW�FRYHU�ZDV�KLJKHU�DW�'HHULQJ���WKDQ�DW�WKH�RWKHU�WZR�VLWHV��)LJ������
���
7KH� VPDOO� VDPSOH� VL]H�RI� YLQHV� WDOOHU� WKDQ���P�FRPSOLFDWHV� WKH� LQWHUSUHWDWLRQ� RI��
WKH�G\QDPLFV�ZLWKLQ� WKLV� VL]H�FODVV� �)LJ������ �+RZHYHU��GHQVLW\�RI� WKLV�JURXS�ZDV�
ORZHVW�LQ�������WKH�VXEVWDQWLDO�UHGXFWLRQ�LQ�FDQRS\�KHLJKW�FDXVHG�E\�WKH�KXUULFDQH�
PD\�H[SODLQ�WKLV�UHVXOW���(YHQ�WKRXJK�IHZ�YLQHV�UHDFKHG�WKH�XSSHU�VWUDWXP���WKHLU�
SHUFHQW�FRYHU�WHQGHG�WR�LQFUHDVH�RYHU�WLPH�LQ�WZR�RI�WKH�WKUHH�VLWHV��)LJ�������$V�LQ�
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VWHP�GHQVLWLHV��WKLV�LQFUHDVH�ZDV�PRUH�UDSLG�LQ�WKH�FRQWURO�SORWV�WKDQ�LQ�WKH�WUHDW�
PHQW�SORWV��UHVXOWLQJ�LQ�D�VLJQLILFDQW�WUHDWPHQW�HIIHFW��7DEOH������$�VLJQLILFDQW�\HDU�
HIIHFW� UHIOHFWV� WKH� GHFUHDVH� LQ� FRYHU� DQG� GHQVLW\� IRU� WKH� SHULRG� ����������� ZLWK�
�����DQG������OHYHOV�UHFRYHULQJ�WR������OHYHOV��DV�ZDV�VHHQ�LQ�WKH�ORZHU�VWUDWD���%H�
FDXVH�WKHVH�SDWWHUQV�ZHUH�VLPLODU�IRU�WKH�RWKHU�DEXQGDQFH�PHDVXUHV�UHFRUGHG��VHH�
7DEOH�����DQG�EHFDXVH�RI�JHQHUDOO\�ZHDN�FRUUHODWLRQV�DPRQJ�WKH�YDULDEOHV���QR�RWKHU�
YDULDEOHV�ZHUH�JUDSKHG��
�
�
2WKHU�VSHFLHV�

*RUGRQ��*DQQ��&DUWHU��DQG�7KRPDV�
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5LFKQHVV�
 
5HVSRQVHV�RI�RWKHU�VSHFLHV� LQ� WKH�SORWV�ZDV�H[DPLQHG�E\� VHSDUDWLQJ� VSHFLHV� LQWR�
QDWLYH� DQG� QRQ�QDWLYH� FDWHJRULHV� XVLQJ� WKH� EHVW� DYDLODEOH� LQIRUPDWLRQ� �7DEOH� �����
6SHFLHV�ULFKQHVV�LQ�WKH��P��VXESORWV�UDQJHG�IURP���WR����VSHFLHV��LQFOXGLQJ�DLU�SR�
WDWR�� �1RQ�QDWLYH� VSHFLHV� JHQHUDOO\� UHSUHVHQWHG��������RI� WKDW� ULFKQHVV� �)LJ�� �����
:KLOH�D�WRWDO�RI����QDWLYH�DQG����QRQ�QDWLYH�VSHFLHV�ZHUH�LGHQWLILHG�DFURVV�DOO�SORWV�
�7DEOH� ���� WKH� DYHUDJH� ULFKQHVV� UHPDLQHG� FRQVWDQW� DW� �� WR� �� QDWLYH� DQG� �� WR� ��
QRQ�QDWLYH� VSHFLHV� SHU� VT� P�� �)LJ�� ���� � 7KH� QXPEHU� RI� QDWLYH� VSHFLHV�� EXW� QRW�
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$UGLVLD�HVFDOORQLRLGHV�

$UHFDFHDH���

%LGHQV�DOED�YDU��UDGLDWD�

%OHFKQXP�VHUUXODWXP�

%XUVHUD�VLPDUXED�

&DO\SWUDQWKHV�SDOOHQV�

&DPS\ORQHXUXP�SK\OOLWLGLV�

&HOWLV�ODHYLJDWD�

&KLRFRFFD�DOED�

&KU\VREDODQXV�LFDFR�

&LWKDUH[\OXP�IUXWLFRVXP�

&RFFRORED�GLYHUVLIROLD�

&RFFRORED�XYLIHUD���

'LFKDQWKHOLXP�VSS��

'U\SHWHV�ODWHULIORUD�

(XJHQLD�D[LOODULV�

([RWKHD�SDQLFXODWD�

+DPHOLD�SDWHQV�

,OH[�FDVVLQH�

.UXJLRGHQGURQ�IHUUHXP�

0RUXV�UXEUD�

0\UVLQH�IORULGDQD�

1HSKUROHSLV�H[DOWDWD�

2FRWHD�FRULDFHD�

2SOLVPHQXV�KLUWHOOXV�

2UFKLGDFHDH���

3DUWKHQRFLVVXV�TXLQTXHIROLD�

3HUVHD�ERUERQLD�

3OHRSHOWLV�SRO\SRGLRLGHV�

3RDFHDH���

3V\FKRWULD�QHUYRVD�

3V\FKRWULD�VXO]QHUL�

4XHUFXV�YLUJLQLDQD��

6LGHUR[\ORQ�IRHWLGLVVLPXP�

6LGHUR[\ORQ�VDOLFLIROLXP�

6LPDURXED�JODXFD�

������121�1$7,9(6�

$UGLVLD�HOOLSWLFD�

%LVFKRILD�MDYDQLFD�

&OHURGHQGUXP�VSHFLRVLVVLPXP�

'LRVFRUHD�EXOELIHUD�

(SLSUHPQXP�SLQQDWXP�

(XJHQLD�XQLIORUD�

-DVPLQXP�IOXPLQHQVH�

.DODQFKRH�VSS��

0DQJLIHUD�LQGLFD�

2HFHRFODGHV�PDFXODWD�

5R\VWRQHD�VSS��

6FKLQXV�WHUHELQWKLIROLXV�

6\QJRQLXP�SRGRSK\OOXP�
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$PEURVLD�DUWHPLVLLIROLD�

&\SHUDFHDH�

(U\WKULQD�KHUEDFHD�

(XSDWRULXP�VHURWLQXP�

)LFXV�DXUHD�

,SRPRHD�LQGLFD�

,SRPRHD�VSS���

/HSLGLXP�YLUJLQLFXP�

0HORWKULD�SHQGXOD�

0LNDQLD�FRUGLIROLD�

������1$7,9(6��

�
6PLOD[�VSS��

7LOODQGVLD�EDOELVLDQD�

7LOODQGVLD�FI��IDVFLFXODWD�

7LOODQGVLD�UHFXUYDWD�

7LOODQGVLD�FI��XWULFXODWD�

7R[LFRGHQGURQ�UDGLFDQV�

9LWLV�URWXQGLIROLD�

=DQWKR[\OOXP�IDJDUD�

8QNQRZQ�

������1(:�121�1$7,9(6�

&DULFD�SDSD\D�

(PLOLD�IRVEHUJLL�

0RPRUGLFD�FKDUDQWLD�

7ULGD[�SURFXPEHQV�

8UHQD�OREDWD�
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3HWLYHULD�DOOLDFHD�

3K\WRODFFD�ULJLGD�

5LYLQD�KXPLOLV�

6DEDO�SDOPHWWR�

7UHPD�PLFUDQWKXP�

������1(:�1$7,9(6�

&\QDQFKXP�VSS��

'HVPRGLXP�VSS��

�

������1(:�121�1$7,9(6�

1H\UDXGLD�UH\QDXGLDQD�

������1(:�121�1$7,9(6�

$UHFDFHDH���

-DVPLQXP�GLFKRWRPXP�

.DODQFKRH�SLQQDWD�

�������1(:�1$7,9(6�

&DOOLFDUSD�DPHULFDQD�

&\SHUXV�FI��OLJXODULV�

'HVPRGLXP�LQFDQXP�

0HWRSLXP�WR[LIHUXP�

3DVVLIORUD�VXEHURVD�

6LGD�VSS��

��8QLGHQWLILHG�SDOP�VHHGOLQJ����$GYHQWLYH�QDWLYH����8QLGHQWLILHG�RUFKLG��
��8QLGHQWLILHG�JUDVV����,��DOED�/�" 

*RUGRQ��*DQQ��&DUWHU��DQG�7KRPDV�
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%HFDXVH�RI�GLIIHUHQW�UHVSRQVHV�RI�QDWLYH�DQG�QRQ�QDWLYH�VSHFLHV�ZLWKLQ�DQG�DPRQJ�
WKH� VLWHV��RQO\�RQH� VLJQLILFDQW�SDWWHUQ�ZDV�GHWHFWHG�EHWZHHQ������DQG������� � WKH�
FKDQJH�LQ�GHQVLW\�RI�QRQ�QDWLYH�VSHFLHV�ZDV�WUHDWPHQW�GHSHQGHQW�DFURVV�WKH�WKUHH�
VLWHV��VLJQLILFDQW�VLWH�E\�WUHDWPHQW�LQWHUDFWLRQ��GI ���) ������S���������:KLOH�'HHU�
LQJ���GHQVLWLHV�UHPDLQHG�VLPLODU�DFURVV�WKH�EORFNV��H[FHSW�IRU�D�GHFOLQH�LQ�QRQ�QD�
WLYHV�LQ�WKH�SXOOHG�SOXV�5RXQG�8S�WUHDWPHQW��WKLV�GLG�QRW�RFFXU�LQ�WKH�RWKHU�VLWHV��
QRQ�QDWLYHV�LQFUHDVHG�LQ�DOO�SORWV�LQ�'HHULQJ���DQG�,QGLDQ�+DPPRFNV��)LJ��������
�
2YHU� WKH� IRXU� \HDUV� RI� WKLV� VWXG\�� WKH� GHQVLW\� RI� QRQ�QDWLYH� VSHFLHV�ZDV� VLJQLIL�
FDQWO\�GHSHQGHQW�RQ�WUHDWPHQW��VLWH��DQG�\HDU��7DEOH������7UHDWPHQW�GLIIHUHQFHV�UH�
VXOWHG�IURP�VLJQLILFDQWO\�KLJKHU�VWHP�GHQVLWLHV�RI�QRQ�QDWLYH�VSHFLHV�LQ�WKH�FRQWURO�
SORWV� WKDQ� LQ� WKH� UHPRYDO�SORWV�RI� HLWKHU�PHWKRG� �)LJ������ �6LWH� HIIHFWV�PD\�KDYH�
KDG�PRUH�WR�GR�ZLWK�KXUULFDQH� LPSDFWV�DQG�ORFDO�SURSDJXOH�DYDLODELOLW\�WKDQ�ZLWK�
WKH�WUHDWPHQWV���)RU�H[DPSOH��'HHULQJ���PD\�KDYH�KDG�JUHDWHU�H[SRVXUH�WR�VWRUP�
VXUJH�DQG�VDOLQLW\�HIIHFWV�WKDQ�WKH�RWKHU�VLWHV���'HQVLWLHV�RI�QDWLYH�VSHFLHV�ZHUH�LQ�
GHSHQGHQW�RI�WUHDWPHQW��EXW�GLG�LQFUHDVH�RYHU�WLPH�DV�ZHOO��7DEOH������3ULRU�WR�WKH�
KXUULFDQH�DQG� WUHDWPHQW�HVWDEOLVKPHQW��KLJK� ORFDO� GHQVLWLHV�RI� VSHFLHV�ZHUH�PRVW�
OLNHO\� WR� EH� RI� QDWLYHV� OLNH�3V\FKRWULD�QHUYRVD�6Z��DQG�1HSKUROHSLV�H[DOWDWD��/��� 6FKRWW���
,Q�������KLJK�ORFDO�GHQVLWLHV�ZHUH�FRPSULVHG�RI�ERWK�QDWLYHV�DQG�QRQ�QDWLYHV��H�J���
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QRQ�QDWLYH� VSHFLHV�� LQFUHDVHG� RYHU� WLPH� �7DEOH� ���� �:KHQ� DOO� IRXU� \HDUV� RI� GDWD�
ZHUH� FRPELQHG�� GLIIHUHQFHV� LQ� ULFKQHVV� DPRQJ� VLWHV� DQG� WUHDWPHQWV� GLPLQLVKHG���
+RZHYHU��PRUH� QRQ�QDWLYH� VSHFLHV� ZHUH� IRXQG� LQ� WKH� KHUELFLGH� WUHDWPHQW� SORWV�
WKDQ�LQ�WKH�FRQWURO�SORWV��)LJ���������
'HQVLW\�
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&HOWLV�ODHYLJDWD�:LOOG���1HSKUROHSLV�H[DOWDWD��3V\FKRWULD�QHUYRVD��&DULFD�SDSD\D�/��� -DVPLQXP�
IOXPLQHQVH�9HOO���DQG�6FKLQXV�WHUHELQWKLIROLXV�5DGGL���
�
&DQRS\�FRYHU�
�
6SKHULFDO�GHQVLRPHWHU�UHDGLQJV�RI�FDQRS\�FRYHU�LQ������VKRZHG�FRYHU�QRW�VLJQLIL�
FDQWO\� GLIIHUHQW� WKDQ� ����� � LQ� DOO� EORFNV�� � 7KH� SHUFHQW� WRWDO� FDQRS\� FRYHU� GH�
FUHDVHG� LQ� ����� E\� DQ� DYHUDJH� RI� ����� EXW� WKH� KHLJKW� RI� WKDW� FDQRS\� DOVR� GH�
FUHDVHG�� � 6LPLODU� GDWD� FROOHFWHG� DIWHU� WKH� KXUULFDQH� LQ� WKUHH�0LDPL�'DGH�&RXQW\�
KDPPRFNV�� LQFOXGLQJ� WKH�'HHULQJ�(VWDWH�� VKRZHG� WKDW� WKH� DYHUDJH� FDQRS\� FRYHU�
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)LJXUH����1DWLYH�VSHFLHV��QRQ�QDWLYH�VSHFLHV��DQG�'LRVFRUHD�EXOELIHUD�
GHQVLWLHV�YHUVXV�WLPH�IRU�WKH�FRQWURO�DQG�'��EXOELIHUD�UHPRYDO�WUHDW�
PHQW�SORWV��PHDQV�DUH�DFURVV�DOO�WKUHH�VLWHV��

0
HD

Q�
GH

QV
LW\

��
QR

��S
OD
QW
V�
P

�

��
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DQG�'LRVFRUHD�EXOELIHUD� UHPRYDO� WUHDWPHQW�SORWV��PHDQV�DUH�DFURVV�
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UDQJHG�IURP������'HHULQJ��WR�RYHU������+RUYLW]�HW�DO��������� �$IWHU�������WRWDO�
SHUFHQW� FRYHU� UHFRYHUHG� LQ� RXU� VWXG\�� EXW� LW� ZDV� JHQHUDOO\� DW� VXEVWDQWLDOO\� ORZHU�
FDQRS\� KHLJKWV�� �%HFDXVH�ZH� GLG� QRW� GRFXPHQW� WKH� DYHUDJH� KHLJKW� RI� WKH� FRYHU�
PHDVXUHG��WKHVH�PHDVXUHPHQWV�SURYHG�WR�EH�LQFUHDVLQJO\�XQLQIRUPDWLYH�RYHU�WLPH�
DQG�ZLOO�QRW�EH�GLVFXVVHG�IXUWKHU���+RZHYHU��VLPLODU�UHVXOWV�KDYH�EHHQ�UHSRUWHG�IRU�
FDQRS\�FORVXUH�DIWHU�+XUULFDQH�+XJR�LQ�3XHUWR�5LFR�����PRQWKV�DIWHU�WKH�VWRUP��
SUH�KXUULFDQH�FRYHU�KDG�EHHQ�UH�HVWDEOLVKHG�DW� WKH�VLWH�DW� VLJQLILFDQWO\� ORZHU�FDQ�
RS\�KHLJKW��)HUQDQGH]�DQG�)HWFKHU��������
�
&RPSRVLWLRQ�RI�WKH�FDQRS\�ZDV�DOVR�FDWHJRUL]HG�DV�QDWLYH�DQG�QRQ�QDWLYH�DQG�GH�
WHUPLQHG�IRU�WKH�����P�OD\HU��)LJ�����DQG�WKH�!��P�OD\HU��)LJ�������,Q�������QDWLYH�
VSHFLHV�GRPLQDWHG�ERWK�OHYHOV�RI�WKH�FDQRS\�LQ�DOO�VLWHV�� �7KH�SHUFHQW�RI�QRQ�QD�
WLYHV�LQFUHDVHG�VLJQLILFDQWO\�LQ�WKH�����P�OD\HU�E\������DQG�LQ�WKH�JUHDWHU�WKDQ���P�
OD\HU�E\��������7KHVH�HIIHFWV�SUHVXPDEO\�UHIOHFW�KXUULFDQH�LPSDFWV���7KHUH�ZHUH�QR�
WUHDWPHQW�GHSHQGHQW�GLIIHUHQFHV�LQ�FDQRS\�FRPSRVLWLRQ�DW�WKH�ORZHU� OHYHO��EXW� LQ�
WKH�XSSHU�VWUDWXP��QDWLYHV�DQG�QRQ�QDWLYHV�VKRZHG�VLJQLILFDQWO\�KLJKHU�UHSUHVHQWD�
WLRQ�LQ�WKH�FRQWURO�DQG��WUHDWPHQW�EORFNV��UHVSHFWLYHO\���
�
�
'LVFXVVLRQ�
�
7KH�UHVXOWV�LQGLFDWH�WKDW�KDQG�SXOOLQJ�RI�DLU�SRWDWR�VWHPV�LV�HIIHFWLYH�DW�UHPRYLQJ�
\RXQJ�SODQWV�RYHU�WKH�VKRUW�WHUP���3ODQWV�WKDW�UHDFK�KHLJKWV�DERYH���P�DSSDUHQWO\�
DUH�DEOH�WR�UHVSURXW�IURP�WXEHUV�DQG�UHDFK�VLPLODU�KHLJKWV�ZLWKLQ�D�\HDU�DIWHU�WUHDW�
PHQW�� �+RZHYHU�� WKH�PDMRULW\�RI� WKH� VWHPV� DUH�GHULYHG� IURP�EXOELOV� LQ� WKH� OLWWHU�
WKDW�KDG�QRW�VSURXWHG�SULRU�WR�WKH� LQLWLDO� WUHDWPHQW�DQG�QRW� IURP�UHVSURXWLQJ� WX�
EHUV�� �$GGLWLRQDOO\�� WKH� UHVXOWV� DUH� LQIOXHQFHG� E\� VLJQLILFDQWO\� KLJKHU� QXPEHUV� RI�
VWHPV�LQ�WKH�����P�KHLJKW�FODVV�WKDQ�LQ�KLJKHU�FODVVHV��VHH�7DEOH������,QWHUHVWLQJO\��
WKHUH�ZHUH�QR�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�UHPRYDO�WUHDWPHQWV�LQ�DIIHFWLQJ�DLU�SR�
WDWR�QXPEHUV�RU�FRYHU���:KLOH�WKHVH�UHVXOWV�QHHG�WR�EH�LQWHUSUHWHG�LQ�WKH�FRQWH[W�
RI� WKH�KXUULFDQH�GLVWXUEDQFH�� LW�DSSHDUV� WKDW� LI� WUHDWPHQWV�DUH�QRW� LQWHQGHG�WR�EH�
UHSHDWHG�LQ�D�SDUWLFXODU�VLWH��KHUELFLGH�XVH�IROORZLQJ�KDQG�SXOOLQJ�LV�QR�PRUH�HIIHF�
WLYH�WKDQ�KDQG�SXOOLQJ�DORQH��
�
5HVSRQVHV�RI�RWKHU�VSHFLHV�WR�WKH�WUHDWPHQWV�LQ�WKH�VLWHV�DUH�GLIILFXOW� WR�HYDOXDWH���
:H�EHOLHYH�WKDW�WKH�OHQJWK�RI�WKLV�H[SHULPHQW�DQG�WKH�FRQIRXQGLQJ�HIIHFWV�RI�WKH�
KXUULFDQH�SUHFOXGH�FRQFOXVLRQV�� �:H�IRXQG�QR�HYLGHQFH� WKDW� WKH�VLQJOH�5RXQGXS�
WUHDWPHQW�KDG�QHJDWLYH�LPSDFWV�RQ�WKH�VSHFLHV�ULFKQHVV�RI�HLWKHU�QDWLYH�RU�QRQ�QD�
WLYH�VSHFLHV�DV�FRPSDUHG�WR�WKH�FRQWURO�RU�WKH�KDQG�SXOOHG�WUHDWPHQWV���7KH�WUHDW�
PHQWV�DSSHDUHG�QRW� WR�FUHDWH�D�GLVWXUEDQFH�VXFK� WKDW�QDWLYH� VSHFLHV�ZHUH� ORVW�RU��
QRQ�QDWLYHV�EHFDPH�GRPLQDQW���$Q\�VKLIWV�LQ�VSHFLHV�FRPSRVLWLRQ�DUH�PRUH�OLNHO\�
GXH�WR�WKH�KXUULFDQH�WKDQ�WR�WKH�WUHDWPHQWV���)RU�H[DPSOH��WKH�LQFUHDVH�LQ�QRQ�QD�
WLYH� VSHFLHV� UHSUHVHQWDWLRQ� LQ� WKH� FDQRS\�PD\�KDYH�EHHQ� IDFLOLWDWHG�E\� WKH�KXUUL�
FDQH��DV�WKH�SUHGRPLQDQWO\�QDWLYH�ODUJHU�WUHHV�PD\�KDYH�EHHQ�WKH�PRVW�VLJQLILFDQWO\�
LPSDFWHG�� �,W� LV�SRVVLEOH�WKDW��ZLWKRXW�FRQWURO��RQH� ORQJ�WHUP�HIIHFW�RI�+XUULFDQH�

*RUGRQ��*DQQ��&DUWHU��DQG�7KRPDV�
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$QGUHZ�ZLOO�EH�WR�VKLIW�WKH�FDQRS\�VSHFLHV�GRPLQDQFH�WR�QRQ�QDWLYH�VSHFLHV��
�
7KH� UHVXOWV� LQGLFDWH� QR� GLIIHUHQFHV� LQ� WKH� HIIHFWLYHQHVV� RU� HIIHFWV� RI� WKH�
KDQG�SXOOHG�RU�KHUELFLGH�WUHDWPHQWV�RQ�DLU�SRWDWR�RU�WKH�WURSLFDO�KDUGZRRG�KDP�
PRFNV���+RZHYHU��UHFRYHU\�RI�WKH�GHQVLW\�DQG�FRYHU�RI�WKLV�LQYDVLYH�H[RWLF�VSHFLHV�
ZDV� VORZHU� LQ� WKH� WUHDWPHQW� SORWV� WKDQ� LQ� WKH� FRQWUROV�� � 5DWH� RI� LQFUHDVH� LQ� WKH�
DEXQGDQFH�RI�DLU�SRWDWR�ZDV�� WKHUHIRUH��JUHDWHU� LQ� WKH�FRQWURO�SORWV�� �$V�D� UHVXOW��
SRVW�KXUULFDQH�PDQDJHPHQW�RI�WKLV�LQYDVLYH�VSHFLHV�FRXOG�EH�PRUH�GLIILFXOW�LQ�DU�
HDV� LQ�ZKLFK� QR� VSHFLHV� FRQWURO� HIIRUWV� KDG� EHHQ� FRQGXFWHG� SULRU� WR� WKLV� HYHQW�
WKDQ�LQ�WKRVH�ZKHUH�WKLV�DQG�RWKHU�VSHFLHV�KDG�EHHQ�UHPRYHG����
�
�
5HFRPPHQGDWLRQV�
 
7KLV� VWXG\� VXJJHVWV� WKDW� DQ� LQLWLDO� QRQ�QDWLYH� VSHFLHV� FRQWURO� WUHDWPHQW� LQ� WKHVH�
KDPPRFNV�UHVXOWV�LQ�D�VLJQLILFDQW�VSURXWLQJ�RI�DLU�SRWDWR�EXOELOV�LQ�WKH�OLWWHU�OD\HU���
$V�D�UHVXOW��ZH�UHFRPPHQG�WKDW�DQ\�SODQ�WR�FRQWURO�WKLV�VSHFLHV�LQFRUSRUDWH�DW�OHDVW�
WZR�KDQG�SXOOLQJ� WUHDWPHQWV�SHU�\HDU�� VHSDUDWHG�E\� IRXU� WR� VL[�ZHHNV�� �2XU�GDWD�
LQGLFDWH�WKDW�WKLV�GRXEOH�KDQG�SXOOLQJ�RI�VWHPV�LV�D�IDLUO\�HIIHFWLYH�FRQWURO�PHWKRG�
RYHU� WKH� VKRUW�WHUP�� ZLWK� QR� DGGLWLRQDO� JDLQ� RI� XVLQJ� FKHPLFDO� FRQWURO� ZLWK�
5RXQGXS���+RZHYHU��ZH�ZHUH�XQDEOH�WR�GHWHUPLQH�ZKHWKHU�WKH�KHUELFLGH�ZRXOG�EH�
PRUH� HIIHFWLYH� LQ� NLOOLQJ� WKH� SODQWV� WKDW� FRQWLQXHG� WR� UHVSURXW� IURP� WXEHUV� WKDQ�
ZDV� WKH�GRXEOH�KDQG�SXOOLQJ� WUHDWPHQW� LQ� WKLV� H[SHULPHQW�� �$V� UHPRYDO� RI� WKHVH�
FRQWLQXLQJ�VRXUFHV�RI�EXOELOV�ZLOO�EH�QHFHVVDU\�IRU�ORQJ�WHUP�HIIHFWLYHQHVV��IXUWKHU�
VWXG\�RI�PHWKRGV�IRU�NLOOLQJ�WKHVH�UREXVW�SODQWV�LV�LQGLFDWHG���6XFK�PHWKRGV�PLJKW�
LQFOXGH�UHSHDWHG�SXOOLQJ��DQG�WKH�XVH�RI�GLIIHUHQW�KHUELFLGHV�DQG�KHUELFLGH�FRQFHQ�
WUDWLRQV��0LDPL�'DGH�&RXQW\�3DUNV�DQG�5HFUHDWLRQ�'HSDUWPHQW�VWDII� UHSRUW�VXF�
FHVV� LQ� NLOOLQJ� ROGHU� SODQWV� XVLQJ� D� EDVDO� DSSOLFDWLRQ� RI� ����*DUORQ� �� LQ� RLO� �6��
:HOOV��SHUV��FRPP����������
�
&OHDUO\�� KRZHYHU�� KDQG�SXOOLQJ� RU� RWKHU� FRQWURO�PHWKRGV� ZLOO� EH� QHFHVVDU\� RQ� D�
FRQWLQXLQJ� EDVLV� WR� UHPRYH� QHZO\� VSURXWLQJ� SODQWV�� �:H� UHFRPPHQG� FRQWLQXHG�
KDQG�SXOOLQJ�HYHU\�IRXU�WR�VL[�ZHHNV�XQWLO�DOO�VSURXWLQJ�SODQWV�KDYH�EHHQ�UHPRYHG��
:H�DOVR�UHFRPPHQG�WKDW�PHFKDQLFDO�SUXQLQJ�DQG�UHPRYDO�RI�DOO�RU�PRVW�QRQ�QD�
WLYH�SODQWV�DQG�QDWLYH�YLQHV�EH� LQFRUSRUDWHG� LQWR� WKH�FRQWURO�HIIRUWV� WR�PD[LPL]H�
HIILFLHQF\�DQG�HIIHFWLYHQHVV���7KH�LQFUHDVHG�SRVW�KXUULFDQH�UHVSRQVH�RI�QRQ�QDWLYH�
VSHFLHV��KLJKOLJKWV�WKH�QHHG�WR�FRQWURO�QRQ�QDWLYH�VSHFLHV���,Q�WKH�FRQWURO�EORFNV��
WKUHH�\HDUV�SRVW�KXUULFDQH��RQH�RI�WKH�HIIHFWV�RI�DLU�SRWDWR�DSSHDUV�WR�EH�WR�LPSHGH�
WKH�UHFRYHU\�RI�YHUWLFDO�FDQRS\�FRYHU���7KH�YLQH�LV�FUHDWLQJ�DQG�PDLQWDLQLQJ�JDSV�LQ�
WKH�WURSLFDO�KDUGZRRG�IRUHVW�FDQRS\��FKDQJLQJ�HFRORJLFDO�FRQGLWLRQV�DQG�FRPPX�
QLW\� VWUXFWXUH�� � 6LPLODU� SRVW�KXUULFDQH� REVHUYDWLRQV� ZHUH� GRFXPHQWHG� IRU� RWKHU�
YLQH�VSHFLHV��-DVPLQXP�VSS���LQ�VRXWKHUQ�)ORULGD�VXEWURSLFDO�KDPPRFNV��+RUYLW]�HW�
DO�� ������� � 7KXV�� WKHVH� QRQ�QDWLYH� YLQHV� DSSHDU� WR�PRGLI\� WKH� UHVLOLHQFH� RI� WKLV�
FRPPXQLW\� WR� KXUULFDQHV�� DQ� LPSDFW� WKDW� PD\� KDYH� ORQJ�WHUP� LPSOLFDWLRQV� IRU�
FRPPXQLW\�PDLQWHQDQFH�LI�QRQ�QDWLYHV�DUH�QRW�FRQWUROOHG��

*RUGRQ��*DQQ��&DUWHU��DQG�7KRPDV�
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$FNQRZOHGJHPHQWV�
�
7KLV�ZRUN�FRXOG�QRW�KDYH�EHHQ�DFFRPSOLVKHG�ZLWKRXW�WKH�WHFKQLFDO�DVVLVWDQFH�DQG�
VXSSRUW� RI� � WKH�0LDPL�'DGH�&RXQW\� 3DUNV� DQG�5HFUHDWLRQ�'HSDUWPHQW��0LDPL�
'DGH� &RXQW\� 'HSDUWPHQW� RI� (QYLURQPHQWDO� 5HVRXUFHV� 0DQDJHPHQW�� )ORULGD�
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