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'RXEWV�H[LVW�DERXW�WKH�HIIHFWLYHQHVV�RI�HVWDEOLVKLQJ�WUHHV�QHDU�VDOLQH�GLVFKDUJH�DUHDV�DV�SDUW�RI

WKH� VROXWLRQ� WR� GU\ODQG� VDOLQLW\��7KHVH� FHQWUH� RQ� ORZ� UDWHV� RI�ZDWHU� XSWDNH� IURP� VDOLQH�ZDWHU

WDEOHV��VDOW�DFFXPXODWLRQ� LQ� WUHH� URRW�]RQHV�DQG�FRQVHTXHQW�SRRU�JURZWK�DQG�VXUYLYDO�RI� WUHHV�

'HVSLWH�WKLV��WUHHV�VWLOO�VXUYLYH�LQ�PDQ\�SODQWDWLRQV�HVWDEOLVKHG�RQ�RU�DGMDFHQW�WR�VDOLQH�GLVFKDUJH

DUHDV�� 6LPLODUO\�� ODQG�KROGHUV� RIWHQ� IDYRXU� VXFK� SODQWLQJV�� DV� WKH\� GR� QRW� FRPSHWH� IRU� DUDEOH

ODQG�

7UHH� SHUIRUPDQFH� DQG� VDOW� DFFXPXODWLRQ�ZHUH� WKXV� DVVHVVHG� LQ� WKUHH� H[SHULPHQWDO� SODQWDWLRQV

�3RSDQ\LQQLQJ�� %RXQGDLQ� DQG� 'U\DQGUD�� HVWDEOLVKHG� QHDU� GLVFKDUJH� DUHDV� ������ \HDUV� DJR�

7KHVH� ZHUH� DOO� LQ� WKH� �������� PP� UDLQIDOO� ]RQH� RI� VRXWK�ZHVWHUQ� :HVWHUQ� $XVWUDOLD�� ZLWK

WH[WXUH�FRQWUDVW�VRLOV�IRUPHG�RQ�ODWHULWLF�SDOOLG�]RQH�FOD\V��0HDQ�VRLO�VDOLQLW\�������FP�GHSWK�

UDQJHG�IURP�����WR�����P6�P���
EHWZHHQ�

�
VLWHV��3HUPDQHQW�JURXQG�ZDWHU�RFFXUUHG�ZLWKLQ�������P

RI�WKH�VXUIDFH�DQG�KDG�HOHFWULFDO�FRQGXFWLYLWLHV�UDQJLQJ�IURP�����WR������P6�P���

:LWKLQ� WKH� OLPLWDWLRQV� RI� WKLV� VWXG\� ¤� WKUHH� VLWHV� DQG� D� OLPLWHG� UDQJH� RI� VSHFLHV�� WKH� ILQGLQJV

FRQILUPHG�WKH�ORZ�JURZWK�UDWHV�H[SHFWHG�IRU�WUHHV�HVWDEOLVKHG�RYHU�VKDOORZ��VDOLQH�ZDWHU�WDEOHV�

(XFDO\SWXV�FODGRFDO\[��(��VSDWKXODWD��(��VDUJHQWLL��(��RFFLGHQWDOLV�DQG�(��ZDQGRR�ZHUH�IRXQG�WR

EH�WKH�PRVW�SURGXFWLYH�VSHFLHV�DFURVV�WKH�VLWHV��(VWLPDWHG�ZRRG�YROXPH�SURGXFWLRQ�ZDV�KLJKHVW

IRU�(��FODGRFDO\[�DW�3RSDQ\LQQLQJ������P�
�KD���\HDU����ZKHUH�VRLOV�ZHUH�JHQHUDOO\�RQO\�VOLJKWO\

VDOLQH��0RVW�WUHH�VSHFLHV�SURGXFHG�EHWZHHQ���������P�
�KD���\HDU���

6RLO� VDOLQLW\� ZDV� PHDVXUHG� XVLQJ� DQ� (0���� ODERUDWRU\� DQDO\VHV� DQG�:HQQHU� DUUD\� UHDGLQJV�

6LJQLILFDQW� LQFUHDVHV��S�������ZHUH�IRXQG�ZLWKLQ� WKH�SODQWDWLRQ�DUHD�DW�DOO�VLWHV��$OWKRXJK�VRLO

VDOLQLW\�KDG�PRUH�WKDQ�GRXEOHG�VLQFH�SODQWDWLRQ�HVWDEOLVKPHQW��KLJK�VXUYLYDO�UDWHV��!�����ZHUH

PDLQWDLQHG� IRU� D� UDQJH� RI� VSHFLHV�� 7KH� H[FHOOHQW� VXUYLYDO� RI� D� QXPEHU� RI� VSHFLHV� GHVSLWH

VXEVWDQWLDO�LQFUHDVHV�LQ�VRLO�VDOLQLW\��LQGLFDWHV�GLVFKDUJH�SODQWDWLRQV�FRPSULVLQJ�VXLWDEOH�VSHFLHV

FDQ�SHUVLVW�LQ�WKH�SUHVHQFH�RI�LQFUHDVLQJ�VRLO�VDOLQLW\��+RZHYHU��WKH�ORQJHU�WHUP�VXVWDLQDELOLW\�RI

VXFK� SODQWLQJV� �������� \HDUV��� ZLWKRXW� EURDGHU� ODQGVFDSH� WUHDWPHQW� RI� OHDNDJH�� PXVW� EH

TXHVWLRQHG�

,1752'8&7,21

3ODQWDWLRQV�QHDU�VDOLQH�VHHSV�DUH�RIWHQ�HVWDEOLVKHG�ZLWK�WKH�H[SHFWDWLRQ�WKDW�WKH\�ZLOO�KDOW�ULVLQJ

VDOLQH� ZDWHU� WDEOHV� DQG� SURWHFW� DGMDFHQW� ODQG� ZLWK� HLWKHU� SURGXFWLRQ� RU� FRQVHUYDWLRQ� YDOXHV�

$GGLWLRQDO�SRWHQWLDO�EHQHILWV�RI�WKH�WUHHV�LQFOXGH�VKHOWHU�IRU�VWRFN��HURVLRQ�FRQWURO��IDXQD�KDELWDW



DQG�ZRRG�SURGXFWV��7KH�VWUDWHJ\�RI�SODQWLQJ�RQ�RU�DGMDFHQW�WR�GLVFKDUJH�VLWHV�LV�RIWHQ�IDYRXUHG

E\�ODQG�KROGHUV�RYHU�WKDW�RI�ZLGH�VSUHDG�UHFKDUJH�DUHD�SODQWLQJV��DV�OHVV�DUDEOH�ODQG�LV�ORVW�

&RPPHUFLDO�IRUHVWU\�LQ�WKH�����¤�����PP�UDLQIDOO�]RQH�LV�UHVWULFWHG�E\�GLVWDQFHV�WR�PDUNHW��ODFN

RI� IRUHVWU\� UHODWHG� LQIUDVWUXFWXUH� �=RU]HWWR� DQG� &KXGOHLJK�� ������ DQG� JHQHUDOO\� SRRU� JURZWK

UDWHV�FRPSDUHG�WR�KLJKHU�UDLQIDOO�DUHDV��)RU�H[DPSOH��DW� WKH�ORZHU�UDLQIDOO� OLPLW�RI�FRPPHUFLDO

(XFDO\SWXV�JOREXOXV�/DELOO��SODQWDWLRQV�IRU�SXOS�LQ�:HVWHUQ�$XVWUDOLD������PP���D�JURZWK�UDWH

RI����P��KD���\HDU��� LV� DFKLHYHG� DW� ���\HDUV� �+DUSHU�HW�DO��� ������� DQG� ORZHU�JURZWK� UDWHV� DUH

H[SHFWHG� LQ� DUHDV� ZLWK� ����� PP� RI� UDLQIDOO�� +LJKHU� JURZWK� UDWHV� PD\� EH� DFKLHYHG� LQ

DJURIRUHVWU\�FRQILJXUDWLRQV�DQG�E\�SODQWLQJ�LQ�QRQ�VDOLQH�DUHDV�ZLWK�HQKDQFHG�UXQ�RQ��6WLU]DNHU

DQG� 9HUWHVV\�� ������� )XWXUH� GHYHORSPHQW� RI� V\VWHPV� WKDW� SURGXFH� PXOWLSOH� SURGXFWV� �IRU

H[DPSOH��ELRPDVV�IRU�HOHFWULFLW\�JHQHUDWLRQ��DFWLYDWHG�FDUERQ��HXFDO\SWXV�RLO�DQG�HQYLURQPHQWDO

FUHGLWV��FRXOG�OHDG�WR�WKH�H[SDQVLRQ�RI�IRUHVWU\�LQ�ORZHU�UDLQIDOO�DUHDV��=RU]HWWR�DQG�&KXGOHLJK�

������� ,Q� JHQHUDO�� SODQWDWLRQV�ZLWK� KLJK� JURZWK� UDWHV�ZLOO� KDYH� D� ODUJHU� LQIOXHQFH� RYHU�ZDWHU

WDEOHV�DQG�SURYLGH�JUHDWHU�RSSRUWXQLWLHV�IRU�IDUPHUV�WR�REWDLQ�LQFRPH�IURP�WUHH�SURGXFWV�

(IIHFWV�RI�VDOLQLW\�DQG�ZDWHUORJJLQJ�QHDU�VDOLQH�VHHSV�DUH�DOVR� OLNHO\� WR� LPSRVH� UHVWULFWLRQV�RQ

JURZWK�DQG� VXUYLYDO� �0DUFDU�HW�DO��� ������� UHGXFLQJ�SRVVLEOH� UHWXUQV� IURP�SODQWDWLRQV� VLWHG� LQ

ORZHU�UDLQIDOO�DUHDV��5HFHQW�UHVHDUFK�E\�*HRUJH�HW�DO���������FRQFOXGHV�WKDW�GLVFKDUJH�SODQWLQJV

DUH�UHODWLYHO\�LQHIIHFWLYH�LQ�FRQWUROOLQJ�ZDWHU�WDEOHV��7KH\�VXJJHVW�WKDW�LQVWDQFHV�ZKHUHE\�ZDWHU

WDEOHV�DUH�ORZHUHG�DUH�JHQHUDOO\�OLPLWHG�WR�FDVHV�ZKHUH�WKH�VDOLQLW\�RI�WKH�JURXQGZDWHU�LV������

P6�P���� 6LPLODUO\�� WKH� VXVWDLQDELOLW\� RI� SODQWDWLRQV� RYHU� VKDOORZ� VDOLQH�ZDWHU� WDEOHV� KDV� EHHQ

FKDOOHQJHG�GXH�WR�WKH�DFFXPXODWLRQ�RI�VDOWV�LQ�WKH�VRLO�DQG�JURXQGZDWHU�WKDW�RFFXU�DV�WUHHV�JURZ

�7KRUEXUQ��������6WROWH�HW�DO���������9HUWHVV\�HW�DO����������7RJHWKHU��WKH�H[FOXVLRQ�RI�VDOWV�E\

URRWV� LQ� WKH�SURFHVV�RI�ZDWHU�XSWDNH�DQG� WKH� UHGXFWLRQ� LQ� UHFKDUJH�DQG� �WKHUHIRUH� OHDFKLQJ��DV

SODQWDWLRQ�OHDI�DUHD�LQFUHDVHV��DUH�FRQVLGHUHG�UHVSRQVLEOH�IRU�WKH�LQFUHDVLQJ�FRQFHQWUDWLRQ�RI�VDOW

LQ� WKH� URRW� ]RQH�� 0XFK� RI� WKH� VDOW� DIIHFWHG� ODQG� LQ� WKH� ����� PP� UDLQIDOO� ]RQH� RI� :HVWHUQ

$XVWUDOLD�LV�FKDUDFWHULVHG�E\�FRQGLWLRQV�ZKLFK�DUH�QRW�FRQGXFLYH�WR�OHDFKLQJ�RI�VDOW�IURP�WKH�VRLO

¤� ORZ� UDLQIDOO�� ORZ� JUDGLHQWV� DQG� KHDY\� WH[WXUHG� VRLOV� �&ODUNH� HW� DO��� ������� WKXV� LW� KDV� EHHQ

FRQFOXGHG�WKDW�GLVFKDUJH�SODQWLQJV�KDYH�SRRU�ORQJ�WHUP�SURVSHFWV�IRU�VXUYLYDO�

6HYHUDO�PXOWL�VSHFLHV�H[SHULPHQWV�KDYH�EHHQ�HVWDEOLVKHG�RQ�RU�DGMDFHQW�WR�VDOLQH�ODQG�LQ�WKH�ODVW

������ \HDUV�� DQG� SURYLGH� D� PHDQV� WR� WHVW� WKLV� K\SRWKHVLV�� 7KLV� VWXG\� WKXV� DVVHVVHG� JURZWK�

VXUYLYDO� DQG� VDOW� DFFXPXODWLRQ� LQ� WKUHH� VXFK� H[SHULPHQWV�� HVWDEOLVKHG�E\�$JULFXOWXUH�:HVWHUQ

$XVWUDOLD� DQG� &6,52�� 5HVXOWV� IURP� HDFK� VLWH� KDYH� EHHQ� SUHYLRXVO\� UHSRUWHG�� WKHVH� EHLQJ

%RXQGDLQ� �6WROWH�HW� DO��� ������6FRWW� DQG�&URVVOH\�� �������'U\DQGUD� �*UHHQZRRG�HW� DO��� �����

DQG�3RSDQ\LQQLQJ��*UHHQZRRG�HW�DO����������,Q�HDFK�H[SHULPHQW�WKH�OHYHO�RI�VDOW�DFFXPXODWLRQ

LQ�WKH�VRLO�ZDV�H[DPLQHG�DQG�LQIHUHQFHV�ZHUH�GUDZQ�RQ�WKH�LPSDFW�RI�WKLV�DFFXPXODWLRQ�RQ�WUHH

JURZWK�DQG�VXUYLYDO�RYHU�WKH�PHGLXP�WR�ORQJ�WHUP��$Q�DGGLWLRQDO�REMHFWLYH�ZDV�WR�FRQWLQXH�WKH

LQYHVWLJDWLRQ�XQGHUWDNHQ�E\�*UHHQZRRG�HW�DO���������������LQ�VHOHFWLQJ�WKH�EHVW�WUHH�VSHFLHV�IRU

SODQWDWLRQV�RYHU�VKDOORZ�VDOLQH�ZDWHU�WDEOHV�

0(7+2'6

6LWHV

7KH�VLWHV�ZHUH�ORFDWHG�LQ�WKH�1DUURJLQ�UHJLRQ�RI�:HVWHUQ�$XVWUDOLD��$OO�ZHUH�VLWXDWHG�RQ�JHQWO\

VORSLQJ�� FOHDUHG� IDUPODQG� ZLWK� VDQG� RYHU� FOD\� GXSOH[� VRLOV�� &OLPDWLF� DQG� WULDO� HVWDEOLVKPHQW

GHWDLOV� DUH� OLVWHG� LQ� 7DEOHV� �� DQG� ��� 7KH� 'U\DQGUD� DQG� 3RSDQ\LQQLQJ� VLWHV� ZHUH� SODQWHG� E\

&6,52�LQ������DQG�UHVHDUFK�FRQWLQXHG�DW� WKH�VLWHV�XQWLO�������*UHHQZRRG�HW�DO��������������

7KH� PDLQ� WULDO� DUHD� DW� ERWK� VLWHV� FRPSULVHV� D� QXPEHU� RI� VSHFLHV� �7DEOH� ��� DUUDQJHG� LQ



UDQGRPLVHG� EORFN� GHVLJQV� ZLWK� ILYH� EORFNV�� 7KH� WULDO� DW� %RXQGDLQ� ZDV� HVWDEOLVKHG� E\� WKH

'HSDUWPHQW� RI�$JULFXOWXUH�:HVWHUQ�$XVWUDOLD� LQ� ����� DQG� FRQVLVWV� RI� VSHFLHV� SODQWHG� LQ� WZR

GHQVLWLHV�DQG�RUGHU�RI�VDOLQLW\�WROHUDQFH�IURP�PRUH�VDOLQH�ODQG�WR�OHVV�VDOLQH�ODQG�

7DEOH����6WXG\�VLWH�FKDUDFWHULVWLFV��&OLPDWLF�GDWD�VRXUFHG�IURP�%XUHDX�RI�0HWHRURORJ\�

6LWH 5DLQIDOO

�PP�

(YDSRUDWLRQ

�PP�

3ODQWLQJ�<HDU 'HQVLW\

�VWHPV�KD�

'U\DQGUD ��� ���� ���� ���

3RSDQ\LQQLQJ ��� ���� ���� ���

%RXQGDLQ ��� ���� ���� ���DQG����

7DEOH����6SHFLHV��H[DPLQHG�LQ�WKLV�VWXG\��DW�'U\DQGUD��'���3RSDQ\LQQLQJ��3��DQG�%RXQGDLQ��%�

WULDO�VLWHV��6KDGLQJ�LQGLFDWHV�VSHFLHV�HVWDEOLVKHG�DW�VLWH�OLVWHG�

6SHFLHV ' 3 %

(XFDO\SWXV�DVWULQJHQV�0DLGHQ��0DLGHQ�

(��FODGRFDO\[�)��0XHOO�


(��FDPDOGXOHQVLV�'HKQK�

(��IORFNWRQLDH�0DLGHQ��0DLGHQ�

(��OHXFR[\ORQ�)��0XHOO�

(��RFFLGHQWDOLV�(QGOHU

(��SODW\SXV�+RRN�


(��UHGXQFD�6FKDXHU

(��VDUJHQWLL�0DLGHQ

(��VSDWKXODWD�+RRN�

(��ZDQGRR�%ODNHO\


� ,Q� *UHHQZRRG� HW� DO�� �������� WKHVH� VSHFLHV� ZHUH� JLYHQ� YDULHWDO� VWDWXV� DW� 'U\DQGUD�� (�

FODGRFDO\[�)��0XHOO��YDU��QDQD�+DUW��(��SODW\SXV�+RRN�YDU��KHWHURSK\OOD�%ODNHO\�

7UHH�PHDVXUHPHQW

$W�'U\DQGUD� DQG� 3RSDQ\LQQLQJ�� QLQH� WUHH� VSRWV� �LH� SODQWHG� ORFDWLRQV��ZHUH� VHOHFWHG� IURP� WKH

FHQWUH� RI� HDFK� SORW� IRU� PHDVXUHPHQW� VXFK� WKDW� DW� OHDVW� RQH� URZ� RI� HGJH� WUHHV� H[LVWHG� WR� WKH

SHULPHWHU� RI� WKH� PHDVXUHPHQW� WUHHV�� $W� %RXQGDLQ�� WKH� WZR� WUHHV� RQ� HLWKHU� VLGH� RI� HDFK

SLH]RPHWHU�LQ�WKH�PDLQ�WULDO�DUHD�ZHUH�VHOHFWHG��7KH�SLH]RPHWHUV�KDG�EHHQ�LQVWDOOHG�RQ�HTXDOO\

VSDFHG�� SDUDOOHO� WUDQVHFWV�� DQG� WKXV� D� JULG� VDPSOLQJ� V\VWHP� ZDV� HPSOR\HG� KHUH�� +RZHYHU�

LQVXIILFLHQW�QXPEHUV�RI�(��VDUJHQWLL�RU�(��FDPDOGXOHQVLV�DW����VWHPV�KD���FRXOG�EH�VDPSOHG�XVLQJ

WKLV� V\VWHP� DQG� WKHVH� VSHFLHV� DW� WKLV� GHQVLW\� ZHUH� QRW� WKHUHIRUH� LQFOXGHG� LQ� WKH� DQDO\VLV� RI

SURGXFWLYLW\��&DVXDULQD�JODXFD�6LHE��DQG�(��JOREXOXV�ZHUH�SODQWHG��EXW�DOVR�QRW�DVVHVVHG�GXH�WR

WKHLU�ORFDWLRQ�RXWVLGH�RU�RQ�WKH�IULQJH�RI�WKH�PDLQ�WULDO�DUHD��'XH�WR�WKH�SRRU�HDUO\�VXUYLYDO�RI�(�

UREXVWD� 6PLWK� DQG�(��SDWHQV�%HQWK�� DW�'U\DQGUD� �*UHHQZRRG�HW�DO��� ������ DQG�3RSDQ\LQQLQJ

�*UHHQZRRG�HW�DO����������WKHVH�VSHFLHV�ZHUH�DOVR�H[FOXGHG�



0HDVXUHPHQWV�ZHUH�WDNHQ�LQ�-XO\�������'LDPHWHU�RYHU�EDUN�DW�����P�IRU�DOO�VWHPV�ZDV�PHDVXUHG

DQG�FRQYHUWHG�WR�EDVDO�DUHD��%$��SHU�WUHH��7KH�VXP�RI�%$�SHU�WUHH�IRU�HDFK�SORW�ZDV�FRQYHUWHG

WR�%$�KD����XVLQJ�WKH�SORW�DUHD��7RS�KHLJKW��DV�UHSUHVHQWHG�E\�WKH�KHLJKW�WR�WKH�KLJKHVW�JUHHQ�OHDI�

ZDV� PHDVXUHG� XVLQJ� D� ¦9HUWH[§� K\SVRPHWHU��:RRG� YROXPHV� �P�� KD��� \HDU���� ZHUH� HVWLPDWHG
XVLQJ�WKH�FRQLFDO�YROXPH�IRUPXOD�

VWHP�YROXPH��P��WUHH����� ���EDVDO�DUHDu�KHLJKW����� ���

6XUYLYDO

6XUYLYDO�FRXQWV�ZHUH�EDVHG�RQ� WKH�QLQH� WUHH�VSRWV� ORFDWHG�FHQWUDOO\�ZLWKLQ�SORWV� LQ� WKH�FDVH�RI

'U\DQGUD� DQG� 3RSDQ\LQQLQJ�� $W� %RXQGDLQ�� WKH� VDPSOH� SRSXODWLRQ� FRQVLVWHG� RI� DOO� WUHH� VSRWV

ZLWKLQ�WKH�PDLQ�WULDO�

6RLO�VDOLQLW\

(0����VXUYH\V

5HDGLQJV� RI� DSSDUHQW� VRLO� HOHFWULFDO� FRQGXFWLYLW\� �(&D�� ZHUH� WDNHQ� DW� WKH� EDVH� RI� DOO

PHDVXUHPHQW�WUHHV�XVLQJ�D�¦*HRQLFV§�(0���PHWHU��+RZHYHU��WKH�HOHFWULFDO�FRQGXFWLYLW\��(&��RI

D� VDWXUDWHG� VRLO�SDVWH� �(&H�� LV� WKH� VWDQGDUG�ZD\�RI� UHSRUWLQJ� VRLO� VDOLQLW\�ZLWK� UHJDUG� WR�SODQW

UHVSRQVH��%HQQHWW�HW�DO����������(&D�ZDV�FRQYHUWHG�WR�(&H�XVLQJ�WKH�WHFKQLTXH�RI�%HQQHWW�HW�DO��

��������6RLO� VDPSOHV�ZHUH� FROOHFWHG�DW����FP� LQWHUYDOV� DQG�DQDO\VHG� IRU�(&� LQ� WKH� ODERUDWRU\

XVLQJ� WKH� ���� �VRLO��ZDWHU� VXVSHQVLRQ��PHWKRG� �(&����� �5D\PHQW� DQG�+LJJLQVRQ�� ������� (&���

ZDV� FRQYHUWHG� WR� (&H� XVLQJ� WKH� IRUPXOD� GHYHORSHG� E\� *HRUJH� DQG� :UHQ� ������� IRU

VRXWKZHVWHUQ�:HVWHUQ�$XVWUDOLDQ�VRLOV�

(&H� ������u�(&����������� :KHUH�63� �6DWXUDWLRQ�3HUFHQWDJH ���

������������������63

7H[WXUH�RI�WKH����PP�VRLO�IUDFWLRQ�ZDV�GHWHUPLQHG�E\�WKH�K\GURPHWHU�PHWKRG��*HH�DQG�%DXGHU�

�������63�ZDV�HVWLPDWHG�IURP�VRLO�WH[WXUH�XVLQJ�*HRUJH�DQG�:UHQ��������ZKHUH�

��FOD\
 7H[WXUH� 6DWXUDWLRQ�SHUFHQWDJH

��� VDQG�¤�VDQG\�ORDP ��

����� VDQG\�ORDP�¤�VDQG\�FOD\�ORDP ��

!�� VDQG\�FOD\�¤�FOD\ ��


IURP�0RRUH�������

'ULOOLQJ

$XJHU�FRULQJ�ZDV�XVHG�WR�VDPSOH�VRLO�QHDU�������P��SLH]RPHWHU�IRXU�DW�'U\DQGUD�LQ�0D\������

6DPSOHV�ZHUH�FROOHFWHG�DW����FP�GHSWK�LQWHUYDOV�IURP�������FP��&KORULGH�FRQFHQWUDWLRQV�RI�WKH

���PP�IUDFWLRQ�ZHUH�GHWHUPLQHG��5D\PHQW�	�+LJJLQVRQ��������DQG�FRPSDUHG�WR�KLVWRULFDO�GDWD

�*UHHQZRRG� HW� DO��� ������ FROOHFWHG� IROORZLQJ� WKH� RULJLQDO� GULOOLQJ� RI� WKLV� SLH]RPHWHU� VLWH� LQ

������ 'ULOO� ULJ� DFFHVV� SUREOHPV� SUHFOXGHG� WKH� H[WHQVLRQ� RI� WKLV� PHWKRG� WR� RWKHU� VLWHV� DW

'U\DQGUD�RU�3RSDQ\LQQLQJ�

$W�%RXQGDLQ��VRLO�VDPSOHV�ZHUH�WDNHQ�QHDU�������P��VHYHQ�SLH]RPHWHUV��)LYH�ZHUH�ORFDWHG�XQGHU

WUHHV�SODQWHG�LQ�������RQH�XQGHU�D�VPDOO�UHPQDQW�FOXPS�RI�WUHHV�ZLWKLQ�WKH�SODQWDWLRQ�DUHD�DQG

RQH� LQ� DGMDFHQW� SDVWXUH�� 6DPSOHV� ZHUH� FROOHFWHG� DW� ��� FP� LQWHUYDOV� E\� URWDU\� DLU� GULOOLQJ� LQ

2FWREHU� ������ $Q� DGGLWLRQDO� FROOHFWLRQ� WUD\� ZDV� SRVLWLRQHG� GRZQZLQG� WR� HQVXUH� WKH� ILQH



IUDFWLRQ�RI�WKH�VSRLO�ZDV�UHDVRQDEO\�UHSUHVHQWHG�LQ�WKH�VDPSOH��(DFK�VDPSOH�RI�WKH����FP�GHSWK

LQWHUYDO�ZDV�EXONHG�DQG�PL[HG� WKRURXJKO\�EHIRUH�DQDO\VLV��7KH����PP�IUDFWLRQ�ZDV�DQDO\VHG

IRU� (&���� LQ� WKH� ODERUDWRU\� DW� ��q&� �5D\PHQW� DQG�+LJJLQVRQ�� ������ DQG� UHVXOWV� FRPSDUHG� WR

WKRVH�REWDLQHG�LQ������DQG������E\�WKH�'HSDUWPHQW�RI�$JULFXOWXUH�

*URXQG�UHVLVWLYLW\�VXUYH\

*URXQG�UHVLVWLYLW\�IURP�����FP�GHSWK�ZDV�PHDVXUHG�DW�'U\DQGUD�DQG�3RSDQ\LQQLQJ�LQ�2FWREHU

�����XVLQJ�D� FRPELQHG�HOHFWULFDO� FXUUHQW�JHQHUDWRU� DQG� UHVLVWDQFH�PHWHU� �¦(7��0HJJHU�(DUWK

7HVWHU§�� FRQQHFWHG� WR� IRXU� HOHFWURGHV� �:HQQHU� DUUD\�� SRVLWLRQHG�RQ� WKH� VRLO� VXUIDFH� �5KRDGHV

DQG�0L\DPRWR�� �������:LWK� WKH� DLG� RI�&6,52� ILHOG� UHFRUGV�� VDPSOLQJ� SRLQWV�ZHUH� ORFDWHG� LQ

DSSUR[LPDWH�SRVLWLRQV�ZKHUH�SDVW�UHDGLQJV�ZHUH�WDNHQ��3DVW�VDPSOLQJ�ZDV�PRUH�H[WHQVLYH�LQ�WKH

'U\DQGUD�WKDQ�WKH�3RSDQ\LQQLQJ�SODQWDWLRQ�

5HVLVWLYLW\�UHDGLQJV��ERWK�KLVWRULFDO�DQG�������ZHUH�FRQYHUWHG�WR�(&D��P6�P����DVVXPLQJ�D�VRLO

WHPSHUDWXUH�RI���q&�XVLQJ�WKH�IRUPXOD�IURP�/RYHGD\��������

(&D��P6�P���� ����������IW�����S�D�5W ���

:KHUH�¦IW§�LV�WKH�IDFWRU�IRU�FRUUHFWLQJ�(&D�WR���q&��¦D§�LV�WKH�GLVWDQFH�EHWZHHQ

HOHFWURGHV�DQG�¦5W§�LV�WKH�UHVLVWDQFH�UHDGLQJ�LQ�RKPV�

IW�ZHUH�WDNHQ�IURP�%HQQHWW�HW�DO���������

*URXQGZDWHU�VDOLQLW\

3LH]RPHWHU�LQVWDOODWLRQ�IRU�'U\DQGUD�DQG�3RSDQ\LQQLQJ�LV�RXWOLQHG�E\�*UHHQZRRG�HW�DO��������

������� (LJKW� IXQFWLRQDO� SLH]RPHWHUV� UHPDLQHG� ZLWKLQ� WKH� SODQWDWLRQ� DUHDV� DW� 'U\DQGUD� DQG

3RSDQ\LQQLQJ�LQ�������DQG�WKHVH�ZHUH�VDPSOHG�IRU�JURXQGZDWHU�FRQGXFWLYLW\��DORQJ�ZLWK����RI

WKH�SLH]RPHWHUV� LQVWDOOHG�DW�%RXQGDLQ��$�PLQLPXP�RI�RQH��DQG�ZKHUH�SRVVLEOH� WZR�� WLPHV� WKH

YROXPH�RI�SLH]RPHWHUV�ZDV�EDOHG�EHIRUH�FROOHFWLQJ�ZDWHU�VDPSOHV�LQ�RUGHU� WR�UHPRYH�VWDJQDQW

ZDWHU� �'HSDUWPHQW� RI�1DWXUDO� 5HVRXUFHV�� ������� 6DPSOHV�ZHUH� FROOHFWHG� LQ� -XQH� DQG�$XJXVW

�����DQG�DQDO\VHG�IRU�(&�LQ�WKH�ODERUDWRU\�DW���q&�ZLWK�D�¦736§�FRQGXFWLYLW\�PHWHU�

6WDWLVWLFDO�DQDO\VLV

6LJQLILFDQW�GLIIHUHQFHV��S�������LQ�PHDQV�IRU�VRLO�DQG�JURXQGZDWHU�VDOLQLW\�EHWZHHQ�VLWHV�ZHUH

GHWHUPLQHG� E\� $129$� DQG� )LVKHU©V� OHDVW� VLJQLILFDQW� GLIIHUHQFH� WHVWV� �/6'��� 3DLUHG� 7�WHVWV

�%RXQGDLQ�� DQG� :LOFR[RQ� VLJQ�UDQN� WHVWV� �'U\DQGUD� DQG� 3RSDQ\LQQLQJ�� ZHUH� HPSOR\HG� WR

GHWHFW�VLJQLILFDQW�GLIIHUHQFHV��S�������EHWZHHQ�PHDQ�VRLO�VDOLQLW\�ZLWK�WLPH�

6LJQLILFDQW�GLIIHUHQFHV��S�������EHWZHHQ�PHDQ�SURGXFWLYLW\�IRU�GLIIHUHQW�VSHFLHV�ZHUH�DVVHVVHG

DW� HDFK� VLWH�� $129$� DQG� 7XNH\©V� SDLUZLVH� FRPSDULVRQV� ZHUH� XVHG� IRU� 'U\DQGUD� DQG

3RSDQ\LQQLQJ�� 7�WHVWV� ZHUH� DSSOLHG� LQ� WKH� FDVH� RI� %RXQGDLQ�� KRZHYHU� SURGXFWLYLW\� RI� (�

FDPDOGXOHQVLV�DW�����VWHPV�KD���ZDV�QRW�FRPSDUDEOH�WR� WKDW� IRU�(��VDUJHQWLL�RU�(��RFFLGHQWDOLV

GXH�WR�WKH�WULDO�GHVLJQ��([DPLQDWLRQ�RI�UHVLGXDO�SORWV�JHQHUDWHG�IURP�WKH�$129$V�IRU�'U\DQGUD

DQG� 3RSDQ\LQQLQJ� KLJKOLJKWHG� D� QXPEHU� RI� RXWOLHUV�ZLWK� KLJK� SRVLWLYH� YDOXHV��:LWK� RQO\� RQH

URZ�RI�WUHHV�EXIIHULQJ�WKH�SORWV�LQ�PRVW�FDVHV��SORWV�ORFDWHG�RQ�WKH�HGJH�RI�WKH�WULDO�ZRXOG�KDYH

EHHQ�SDUWLFXODUO\�VXEMHFW� WR�JURZWK�HQKDQFHPHQW�7KH�PRUH�H[WUHPH�RXWOLHUV�ZHUH� IRXQG� WR�EH

DVVRFLDWHG�ZLWK�SORWV�ZKHUH�D�VLJQLILFDQW�HGJH�HIIHFW�ZDV�OLNHO\��WKDW�LV��WKH�SORWV�ZHUH�H[SRVHG

WR�DQ�HGJH�HIIHFW�RQ�WZR�RU�PRUH�VLGHV��7KHVH�SORWV�ZHUH�UHPRYHG�IURP�WKH�DQDO\VLV��7KUHH�SORWV



�(��RFFLGHQWDOLV��(��FODGRFDO\[�DQG�(��VDUJHQWLL��DW�'U\DQGUD�DQG�RQH�SORW�DW�3RSDQ\LQQLQJ��(�

FODGRFDO\[���ZHUH�H[FOXGHG�IRU�WKLV�UHDVRQ��3ORWV�ZKHUH�QR�VXUYLYLQJ�WUHHV�ZHUH�SUHVHQW�ZHUH�QRW

LQFOXGHG�LQ�WKH�$129$�EXW�ZHUH�XVHG�WR�FDOFXODWH�PHDQV�DQG�VWDQGDUG�HUURUV

5(68/76

6DOLQLW\�RI�VRLO�DQG�JURXQGZDWHU

6XUIDFH� VRLO� VDOLQLW\� ZDV� JUHDWHVW� DW� %RXQGDLQ� ZLWK� H[WUHPHO\� VDOLQH� ODQG� �!����� P6� P��
�

H[LVWLQJ� RQ� D� SURSRUWLRQ� RI� WKH� VLWH� �7DEOH� ���� 7KH� PHDQ� VDOLQLW\� RI� WKH� JURXQGZDWHU� LQ� WKH

SHUPDQHQW� DTXLIHU� DW� WKLV� VLWH� ZDV� !�����P6�P��� �YHU\� VDOLQH��� 6RLO� DW� 'U\DQGUD� ZDV

SUHGRPLQDQWO\�PRGHUDWHO\� VDOLQH� �PHDQ�����P6�P���� DQG�3RSDQ\LQQLQJ�� VOLJKWO\� VDOLQH� �PHDQ

����P6�P�����7KH�PHDQ�VDOLQLW\�RI�WKH�PDLQ�DTXLIHU�DW�WKHVH�VLWHV�ZHUH�������P6�P����'HSWKV�WR

WKH�PDLQ�DTXLIHU�DW�WKH�WKUHH�ORFDWLRQV�ZHUH���P�DQG�JUHDWHU�DFURVV�HDFK�VLWH�

7DEOH����6XPPDU\�VWDWLVWLFV�IRU�VRLO�(&H��P6�P�����GHULYHG�IURP�WKH�(0����DQG�(&��P6�P����RI

WKH� SHUPDQHQW� DTXLIHU� ZLWKLQ� WKH� PDLQ� WULDO� DUHD� DW� 'U\DQGUD� �'��� 3RSDQ\LQQLQJ� �3�� DQG

%RXQGDLQ� �%�� GXULQJ� ZLQWHU� ������ 7KH� JURXQGZDWHU� GDWD� ZHUH� GHULYHG� IURP� WKH� -XQH� DQG

$XJXVW�PHDVXUHPHQWV��0HDQV�ZLWK�WKH�VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��S�������XVLQJ

)LVKHU©V�/6'�

6RLO��(&H��P6�P�� *URXQGZDWHU��(&��P6�P��

' 3 % ' 3 %

0LQLPXP �� �� �� ��� ��� ���

0D[LPXP ���� ��� ���� ���� ��� ����

0HDQ E��� D��� F��� D��� D��� E����

6WDQGDUG�'HYLDWLRQ ��� ��� ��� ��� ��� ���

1XPEHU ��� ��� ��� � � ��

6XUYLYDO

7UHH�VXUYLYDO�UDWHV�LQ������ZHUH�����DQG�DERYH�IRU�WKH�WKUHH�VSHFLHV�VWXGLHG�DW�%RXQGDLQ��DQG

���� DQG� DERYH� IRU� WKH� PDMRULW\� RI� VSHFLHV� ZLWKLQ� WKH� PDLQ� WULDO� DUHDV� DW� 'U\DQGUD� DQG

3RSDQ\LQQLQJ��7DEOH�����+LJKHVW� UDWHV�DW�HDFK�VLWH�ZHUH������(��FDPDOGXOHQVLV� DW�%RXQGDLQ��

���� �(�� FODGRFDO\[� DW� 3RSDQ\LQQLQJ�� DQG� ���� �(�� VDUJHQWLL� DW� 'U\DQGUD��� 3DVW� ILUHV� KDG

DIIHFWHG�VXUYLYDO�RI�(��VDUJHQWLL��(��SODW\SXV��(��IORFNWRQLDH�DQG�(��DVWULQJHQV�DW�3RSDQ\LQQLQJ

�*UHHQZRRG�HW�DO���������

7UHH�SURGXFWLYLW\

(��FODGRFDO\[�ZDV�UDQNHG�KLJKHVW�IRU�SURGXFWLYLW\��DFFRXQWLQJ�IRU�ERWK�JURZWK�DQG�VXUYLYDO��DW

ERWK�3RSDQ\LQQLQJ�DQG�'U\DQGUD� �)LJXUH�����0HDQ� UDWHV�RI�SURGXFWLYLW\� IRU� WKLV� VSHFLHV�ZHUH

�����P�
�KD���\HDU���DW�3RSDQ\LQQLQJ�DQG������P�

�KD���\HDU���DW�'U\DQGUD��+RZHYHU��WKHVH�ILJXUHV

ZHUH� QRW� VLJQLILFDQWO\� GLIIHUHQW� �S������� IURP� D� QXPEHU� RI� RWKHU� VSHFLHV� DW� ERWK� WKHVH� VLWHV�

3URGXFWLYLW\�RI�(��RFFLGHQWDOLV�FRXOG�QRW�EH�GLVWLQJXLVKHG�VWDWLVWLFDOO\��S�������IURP�WKDW�IRU�(�

FODGRFDO\[� DW�'U\DQGUD�RU�3RSDQ\LQQLQJ��(��VDUJHQWLL� DW� ���� VWHPV�KD��� LQ� WKH�%RXQGDLQ� WULDO�

KDG� SURGXFHG� D� EDVDO� DUHD� RI� ����� P�
� KD��� \HDU��� E\� DJH� ��� \HDUV�� 7KLV� YDOXH� ZDV� QRW

VLJQLILFDQWO\�GLIIHUHQW��S�������IURP�WKDW�IRU�(��RFFLGHQWDOLV�HVWDEOLVKHG�DW�HLWKHU�����VWHPV�KD��

RU����VWHPV�KD���



7DEOH����6XUYLYDO�UDWHV�����E\�VSHFLHV�DW�'U\DQGUD�DQG�3RSDQ\LQQLQJ�DW����\HDUV��DQG�%RXQGDLQ

DW����\HDUV��6DPSOH�VL]H�LQ�EUDFNHWV��� �QRW�DYDLODEOH�

6XUYLYDO

'U\DQGUD 3RSDQ\LQQLQJ %RXQGDLQ

6SHFLHV

� �Q� � �Q� � �Q�

(��VDUJHQWLL �� ���� �� ���� �� �����

(��FODGRFDO\[ �� ���� �� ���� � �

(��VSDWKXODWD �� ���� � � � �

(��FDPDOGXOHQVLV �� ���� �� ���� �� �����

(��ZDQGRR �� ���� �� ���� � �

(��OHXFR[\ORQ �� ���� �� ���� � �

(��SODW\SXV �� ���� �� ���� � �

(��IORFNWRQLDH �� ���� �� ���� � �

(��RFFLGHQWDOLV �� ���� �� ���� �� �����

(��DVWULQJHQV � �� ���� � �

)LJXUH����0HDQ�%$�KD���\HDU����P���E\�VSHFLHV�DW�D��'U\DQGUD�DQG�E��3RSDQ\LQQLQJ�DW����\HDUV

RI�DJH��DQG�F��%RXQGDLQ�DW����\HDUV�RI�DJH��%DUV�GHQRWH�VWDQGDUG�HUURUV��6SHFLHV�ZLWK�WKH�VDPH

OHWWHU� DUH� QRW� VLJQLILFDQWO\� GLIIHUHQW� �S������� XVLQJ� 7XNH\©V� SDLUZLVH� FRPSDULVRQV� �'U\DQGUD

DQG�3RSDQ\LQQLQJ��RU� WZR�VDPSOH�7�WHVWV�ZKHUH�DSSOLFDEOH� �%RXQGDLQ���)XOO� VSHFLHV�QDPHV� LQ

7DEOH����(VWDEOLVKPHQW�GHQVLW\��VWHPV�KD����IRU�HDFK�VSHFLHV�GHQRWHG�LQ�EUDFNHWV�IRU�%RXQGDLQ

6LPSOH� HVWLPDWHV� RI� SURGXFWLYLW\� RQ� D� YROXPH� EDVLV� UHYHDOHG� WKH�PD[LPXP� WR� EH� ����P�
� KD��

\HDU���IRU�(��FODGRFDO\[�DW�3RSDQ\LQQLQJ��0HDQ�YDOXHV�IRU�(��RFFLGHQWDOLV�ZHUH�����P�
�KD���\HDU��

DW�'U\DQGUD�DQG�3RSDQ\LQQLQJ��DQG���P�
�KD���\HDU���DW�WKH�ORZHU�GHQVLW\��\RXQJHU�SODQWDWLRQ�DW
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%RXQGDLQ��(�� VDUJHQWLL�� (�� VSDWKXODWD� DQG�(�� FODGRFDO\[� DOVR� SURGXFHG� ���� P�
� KD��� \HDU��� DW

'U\DQGUD�� ,Q� DOO� RWKHU� FDVHV��YROXPHV�ZHUH� HVWLPDWHG� WR� OLH� LQ� WKH� UDQJH� IURP���������P�
�KD��

\HDU���

6DOW�DFFXPXODWLRQ

0HDVXUHPHQWV� RI� VRLO� VDOLQLW\� WDNHQ� ZLWKLQ� WKH� SODQWDWLRQ� DUHDV� DW� %RXQGDLQ� DQG� 'U\DQGUD

VKRZHG� D� SURQRXQFHG� LQFUHDVH�ZLWK� WLPH��$W�%RXQGDLQ�� WKH� LQFUHDVH�ZDV� JUHDWHVW� EHWZHHQ� ��

����P�GHSWK�XQGHU� WKH�SODQWDWLRQ� �)LJXUH�����(&���� KDV�PRUH� WKDQ�GRXEOHG� WKURXJKRXW�PRVW�RI

WKLV�GHSWK�LQWHUYDO�VLQFH�WKH�SODQWDWLRQ�ZDV�HVWDEOLVKHG��,Q�FRQWUDVW��WKHUH�KDV�EHHQ�OLWWOH�FKDQJH

LQ�WKH�VDOLQLW\�RI�WKH�VRLO�SURILOH�DW�RQH�QHDUE\�SRVLWLRQ�RXWVLGH�WKH�SODQWDWLRQ�DUHD��$W�'U\DQGUD�

WKH�(&D� IURP��� ¤� ��� FP�DV�PHDVXUHG� E\� D� UHVLVWLYLW\�PHWHU�� DSSUR[LPDWHO\� GRXEOHG� EHWZHHQ

�����DQG�������)LJXUH��D���7KH�LQFUHDVH�IRU�WKH�PHDQ�RI�WKH�VXUYH\�ORFDWLRQV�DW�3RSDQ\LQQLQJ

RYHU� WKH� VDPH� SHULRG�ZDV� HYHQ� JUHDWHU� �)LJXUH� �E��� 7KH� VDOLQLW\� RI� VRLO� VDPSOHV� FROOHFWHG� DW

YDULRXV� GHSWKV� EHQHDWK� RQH� ORFDWLRQ� ZLWKLQ� WKH� SODQWDWLRQ� DUHD� DW� 'U\DQGUD� VXJJHVWHG� D

VXEVWDQWLDO�DFFXPXODWLRQ�RI�VDOW��XS�WR������PJ�NJ����KDG�RFFXUUHG�WR�D�GHSWK�RI���P�EHWZHHQ

�����DQG�������)LJXUH����

',6&866,21

:LWK�FRUUHFW�VHOHFWLRQ�RI�VSHFLHV�DQG�SODQWLQJ�GHQVLW\��VXUYLYDO�FDQ�EH�PDLQWDLQHG�DERYH�����WR

������\HDUV�DQG�EH\RQG�ZKHQ�WUHHV�DUH�SODQWHG�QHDU�VDOLQH�VHHSV��(��SODW\SXV�DW�'U\DQGUD�ZDV

WKH�RQO\�LQVWDQFH�ZKHUH�VXUYLYDO�VXEVWDQWLDOO\�GHFOLQHG�DFURVV�WKH�WKUHH�VLWHV�VLQFH�WKH\�ZHUH�ODVW

VWXGLHG�¤�DW����\HDUV�IRU�'U\DQGUD��*UHHQZRRG�HW�DO���������DQG�3RSDQ\LQQLQJ��*UHHQZRRG�HW

DO����������DQG�DW���\HDUV�IRU�%RXQGDLQ��VRXUFH��'HSDUWPHQW�RI�$JULFXOWXUH�:HVWHUQ�$XVWUDOLD��

/RVVHV� RI� WKLV� VSHFLHV� FRXOG� EH� DWWULEXWHG� WR� D� FRPELQDWLRQ� RI� FRPSHWLWLRQ� HIIHFWV� �JLYHQ� WKH

VPDOO� SORW� VL]HV�� DQG� WKH� IDFW� WKDW� WKLV� VSHFLHV�ZDV� SODQWHG� RXWVLGH� LWV� QDWXUDO� UDQJH
��+LJKHU

VXUYLYDO� UDWHV� IRU�(��RFFLGHQWDOLV��(�� VDUJHQWLL� DQG�(��RFFLGHQWDOLV� DW�%RXQGDLQ�ZKHUH� VDOLQLW\

ZDV� KLJKHU�� EXW� WKH� SODQWLQJ� GHQVLW\� ZDV� ORZHU� ���� DQG� ����VWHPV�KD��� YV�� ����VWHPV�KD����

VXJJHVWV�FRPSHWLWLRQ�IRU�ZDWHU�UHVRXUFHV�RU�VDOW�DFFXPXODWLRQ�PD\�KDYH�DIIHFWHG�VXUYLYDO�LQ�WKH

EORFN�SODQWLQJV�

7KH�HYLGHQFH�IRU�D�VLJQLILFDQW�HOHYDWLRQ�RI�VDOW�LQ�WKH�VRLO�EHORZ�WKH�SODQWDWLRQ�DUHDV�ZDV�VWURQJ�

$W�%RXQGDLQ�� LQFUHDVHG� VDOLQLW\� OHYHOV� LQ� VRLO� XQGHU� WUHHV� LQ� FRQWUDVW�ZLWK� WKRVH�XQGHU�SDVWXUH

GHPRQVWUDWHV� WKH� OLQN�EHWZHHQ� WUHH�JURZWK�DQG�VDOW�DFFXPXODWLRQ��+RZHYHU�� IURP�WKH�VXUYLYDO

GDWD��DQ�DVVRFLDWHG�GHFOLQH�LQ�WUHH�KHDOWK�ZDV�QRW�DSSDUHQW�DW�WKH�WLPH�RI�WKH�VWXG\��$V�REVHUYHG

LQ�QDWXUDO�V\VWHPV��ORQJ�WHUP�OHDI�DUHD��ZDWHU�XVH�DQG�VDOLQLW\�FR�HYROYH�DQG�DFKLHYH�HTXLOLEULXP

�*��:DONHU� SHUV�� FRPP���� 6SHFLHV� WKDW� RFFXU� QDWXUDOO\� LQ� VDOLQH� HQYLURQPHQWV� �IRU� H[DPSOH�

(�VDUJHQWLL�� (�� VSDWKXODWD� DQG� (�� RFFLGHQWDOLV�� FRXOG� WKHUHIRUH� EH� H[SHFWHG� WR� SHUVLVW� ZLWK

LQFUHDVLQJ�FRQFHQWUDWLRQV�RI�VDOW��DOEHLW�DW�D�FRVW�WR�JURZWK��7KH�UHODWLYHO\�VWDEOH�VDOW�SURILOH�RYHU

WLPH� XQGHU� WKH� UHPQDQW� WUHHV� DW� %RXQGDLQ�� LQ� FRQWUDVW� WR� WKDW� XQGHU� WKH� SODQWDWLRQ�� PD\� EH
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