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6$/7%86+��5$,1)$//��$1'�7,0(�75(1'6

5��)HUGRZVLDQD��'�-��3DQQHOOE�DQG�0��/OR\HGF

D'HSDUWPHQW�RI�$JULFXOWXUH��$OEDQ\�:$�������$XVWUDOLD��UIHUGRZVLDQ#DJULF�ZD�JRY�DX�
E&5&�IRU�3ODQW�%DVHG�0DQDJHPHQW�RI�'U\ODQG��8QLYHUVLW\�RI�:HVWHUQ�$XVWUDOLD��&UDZOH\��:$

������$XVWUDOLD��GDYLG�SDQQHOO#XZD�HGX�DX�

F�%XQGLOOD�)DUPV��/DNH�*UDFH��OOR\G�YV#IDUPZLGH�FRP�DX�

$%675$&7

0RQLWRULQJ� FKDQJHV� LQ� JURXQGZDWHU� OHYHOV� LV� KHOSIXO� WR� GHWHFW� WKH� HIIHFWLYHQHVV� RI� WKH

UHKDELOLWDWLRQ� WUHDWPHQWV�� 0DQ\� UHVHDUFKHUV� KDYH� VWXGLHG� JURXQGZDWHU� OHYHO� FKDQJHV� DQG

DWWHPSWHG� WR� H[SODLQ� WKHP� VWDWLVWLFDOO\�� 7KH� FRPPRQ� VWDWLVWLFDO� DQDO\VLV� GR� QRW� H[SODLQ� WKH

FKDQJHV�LQ�JURXQGZDWHU�OHYHOV�YHU\�ZHOO�LI�WKH�ZDWHUWDEOH�LV�FORVH�WR�WKH�VRLO�VXUIDFH��:H�SUHVHQW

DQ� DSSURDFK� IRU� VWDWLVWLFDOO\� HVWLPDWLQJ� FKDQJHV� LQ�JURXQGZDWHU� OHYHOV� LQFOXGLQJ� WKH� LPSDFWV� RI

WUHDWPHQWV�RQ�WKRVH�OHYHOV��7KLV�DSSURDFK�H[SODLQV�WKH�FKDQJHV�LQ�JURXQGZDWHU�OHYHOV�YHU\�ZHOO�

7KH�DSSURDFK�QRW�RQO\�VHSDUDWHV�WKH�HIIHFW�RI�UDLQIDOO�HYHQWV�IURP�DQ\�XQGHUO\LQJ�WLPH�WUHQG�EXW�LW

DOVR� HVWLPDWHV� WKH� LPSDFW� RI� RWKHU� IDFWRUV�� VXFK� DV� HYDSRUDWLRQ� DQG� VDOWEXVK� RQ� JURXQGZDWHU

OHYHOV��6RPH�H[DPSOHV�RI�DSSOLFDWLRQ�RI�WKH�DSSURDFK�DUH�SUHVHQWHG�

.H\ZRUGV��6DOWEXVK��$WULSOH[��*URXQGZDWHU��0RQLWRULQJ��7UHDWPHQW��6DOLQLW\��5HKDELOLWDWLRQ�RI

VDOLQH�ODQG��6XVWDLQDELOLW\�LQGLFDWRUV

,1752'8&7,21

%\�������DQ�HVWLPDWHG�����PLOOLRQ�KHFWDUHV�RI�FOHDUHG�ODQG�LQ�:HVWHUQ�$XVWUDOLD�ZDV�DIIHFWHG�E\

VHFRQGDU\�GU\ODQG�VDOLQLW\�WR�VRPH�H[WHQW��UHSUHVHQWLQJ�����SHUFHQW�RI�DJULFXOWXUDO�ODQG�LQ�WKH�VWDWH

�)HUGRZVLDQ� HW� DO��� ������� 7KLV� DUHD� LV� OLNHO\� WR� GRXEOH� LQ� WKH� FRPLQJ� ��� \HDUV� �WR� DURXQG� ���

PLOOLRQ�KD��DQG�PD\�UHGRXEOH�DJDLQ�EHIRUH�D�QHZ�HTXLOLEULXP�LV�UHDFKHG��7KH�VDOW�DIIHFWHG�DUHDV

DUH� XVXDOO\� WKH� OHDVW� SURGXFWLYH� SDUW� RI� WKH� ODQGVFDSH�� 0DQ\� IDUPHUV� KDYH� SODQWHG� VDOWEXVK

�$WULSOH[�VSHFLHV�WR�UHKDELOLWDWH�WKH�VDOLQH�ODQG�DQG�FKDQJH�WKHP�WR�SURGXFWLYH�DUHDV��0RQLWRULQJ

FKDQJHV� LQ� JURXQGZDWHU� OHYHOV� LV� KHOSIXO� WR� GHWHFW� WKH� HIIHFWLYHQHVV� RI� WKHVH� UHKDELOLWDWLRQ

WUHDWPHQWV�

)HUGRZVLDQ�HW�DO����������SUHVHQWHG�D�QHZ�DSSURDFK�FDOOHG�+$577��+\GURJUDSK�$QDO\VLV�

5DLQIDOO�DQG�7LPH�7UHQGV��IRU�VWDWLVWLFDOO\�HVWLPDWLQJ�JURXQGZDWHU�OHYHOV��7KHLU�PHWKRG

GLIIHUHQWLDWHV�EHWZHHQ�WKH�HIIHFW�RI�UDLQIDOO�IOXFWXDWLRQV�DQG�WKH�XQGHUO\LQJ�WUHQG�RI�JURXQGZDWHU

OHYHOV�RYHU�WLPH��5DLQIDOO�LV�UHSUHVHQWHG�DV�DQ�DFFXPXODWLRQ�RI�GHYLDWLRQV�IURP�DYHUDJH�UDLQIDOO

DQG�WKH�ODJ�EHWZHHQ�UDLQIDOO�DQG�LWV�LPSDFW�RQ�JURXQGZDWHU�LV�H[SOLFLWO\�UHSUHVHQWHG��7KH�+$577

PHWKRG�SURYLGHV�KLJK�TXDOLW\�ILWV�WR�REVHUYHG�GDWD�LQ�DOO�EXW�VKDOORZ�ERUHV���)HUGRZVLDQ�HW�DO��

�������DQG�HYHQ�LQ�WKHVH�FDVHV��WKH�DSSURDFK�LV�VXSHULRU�WR�WKH�WLPH�WUHQG�RQO\�DSSURDFK�

7KH� FRPPRQ� VWDWLVWLFDO� DSSURDFK� �DQG� HYHQ� WKH� +$577� PHWKRG�� GRHV� QRW� ZHOO� H[SODLQ� WKH

FKDQJHV� LQ� JURXQGZDWHU� OHYHOV� XQGHU� VDOWEXVK� SODQWDWLRQV�� 7KLV� LV� EHFDXVH� JURXQGZDWHU� OHYHOV

XQGHU� WKHVH�DUHDV�DUH�XVXDOO\�FORVH� WR� WKH�VRLO� VXUIDFH�DQG�DUH�DIIHFWHG�E\�D�GLYHUVLW\�RI� IDFWRUV

VXFK�DV�UDLQIDOO��HYDSRUDWLRQ��YHJHWDWLRQ��SODQW�GHQVLW\��K\GUDXOLF�JUDGLHQW��K\GUDXOLF�FRQGXFWLYLW\

DQG�GHSWK�WR�JURXQGZDWHU��:H�QHHG�D�UHILQHG�PRGHO�IRU�H[SODLQLQJ�FKDQJHV�LQ�ZDWHUWDEOH�XQGHU

VDOWEXVK�SODQWDWLRQV�



7KH�PRGHO�SUHVHQWHG�KHUH� LV�D�YDULDWLRQ�RQ� WKH�+$577�PHWKRG�� LQFOXGLQJ� WKH�PRQWKO\� UDLQIDOO

ZLWK� YDULRXV� GHOD\V�� ,W� UHODWHV� WKH� VHDVRQDO� IOXFWXDWLRQ� LQ� JURXQGZDWHU� OHYHOV� WR� YDULDWLRQ� LQ

GHOD\HG�PRQWKO\� UDLQIDOO� DQG�YDULDEOHV� UHSUHVHQWLQJ� WKH�SUHVHQFH�RU� DEVHQFH�RI� VDOWEXVK�� ,Q� WKH

IROORZLQJ� VHFWLRQV��ZH� H[SODLQ� WKH� DSSURDFK� DQG�SUHVHQW� ILYH� H[DPSOHV� RI� LWV� DSSOLFDWLRQ�ZKHQ

VDOWEXVK�WUHDWPHQW�KDV�EHHQ�LPSOHPHQWHG�

'$7$�$1'�6,7(�'(7$,/6

7KH�%XQGLOOD�IDUP�����q��c(����q��c�6��LV�ORFDWHG����.P�QRUWK�HDVW�RI�/DNH�*UDFH�LQ�WKH�ZKHDW

EHOW�RI�:HVWHUQ�$XVWUDOLD�DQG�LQ�D�����PP�DQQXDO�UDLQIDOO�]RQH��7KH�ODQGVFDSH�FRQVLVWV�RI�IODWV

ZLWK� OHYHO� ������ SODLQV� DQG� EURDG� �EHWZHHQ� �� WR� !�� .P� ZLGH��� SRRUO\� GHILQHG� VWDJQDQW

VHGLPHQWDU\� GHSUHVVLRQV�� 7KH� EURDG� GHSUHVVLRQV� JUDGXDOO\� FKDQJH� WR� VWDJQDQW� EURDG� IODWV� ZLWK

QDWXUDOO\�VDOLQH�DUHDV�DQG�VDOLQH�VKDOORZ�SOD\DV��7KH�XSSHU�SDUWV�RI�WKH�EURDG�GHSUHVVLRQV��ZKLFK

GLG� QRW� KDYH� SULPDU\� VDOLQLW\�� KDYH� EHHQ� FOHDUHG� IRU� DJULFXOWXUH�� 7KHVH� DUHDV� KDYH� VKDOORZ� �$

KRUL]RQ�������P��GXSOH[�VRLOV��1RUWKFRWH���������([FHVVLYH�UHFKDUJH�GXH�WR�FRPPRQ�DJULFXOWXUDO

SUDFWLFHV�KDV�FDXVHG�WKH�OHYHOV�RI�YHU\�VDOLQH�JURXQGZDWHU�WR�ULVH�DQG�FRPH�FORVH�WR�VRLO�VXUIDFH

������P��UHVXOWLQJ�LQ�H[SDQGLQJ�VRLO�VDOLQLW\��7KH�DTXLIHU�LV�VWDJQDQW�ZLWK�OHYHO�������K\GUDXOLF

JUDGLHQW� DQG�YHU\� OLWWOH� RU� QR� IORZ�JRLQJ�RXW� RI� WKH� DUHD��&RQVHTXHQWO\� WKH� JURXQGZDWHU� OHYHOV

KDYH�RQO\�RQH�GLPHQVLRQDO��XS�DQG�GRZQ��PRYHPHQWV�

7KH� VRLOV� RI� WKH�YDOOH\� IORRU� FRQWDLQ�KLJK� OHYHOV� RI� VDOW� �)LJXUH� ����$W� WKH� VRLO� VXUIDFH�� WKH� VDOW

VWRUDJH�LV�OHVV�WKDQ���NJ�P����EXW�LW�LQFUHDVHV�WR�JUHDWHU�WKDQ����NJ�P���EHORZ���PHWUHV�GHSWK�

6DOW�VWRUDJH��%RUH�0/��
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)LJXUH����6DOW�VWRUDJH�LQFUHDVHV�ZLWK�GHSWK�DQG�ODUJH�DPRXQW�RI�VDOW�LV�VWRUHG�LQ�WKH�VRLO�SURILOH�

7KH�IDUPHU�KDV�SODQWHG�ODUJH�DUHDV��KXQGUHGV�RI�KHFWDUHV��XQGHU�VDOWEXVK�WR�SUHYHQW�VRLO�VDOLQLW\

DQG�FKDQJH� WKH�DUHD� WR�SURGXFWLYH� ODQG��7KH�VLWH� LV�DQ� LPSRUWDQW�DQG�D�FRPPRQ�SODFH� IRU�)LHOG

'D\V� DQG� KDV� DWWUDFWHG� KXQGUHGV� RI� IDUPHUV� DQG� UHVHDUFKHV� WR� REVHUYH� SURGXFWLYLW\� RI� WKH� VLWH�

0RUH�WKDQ����VKDOORZ�ERUHV������P��ZHUH�GULOOHG�LQ�WKH�DUHD�LQ�HDUO\�������WR�REVHUYH�DQG�UHFRUG

FKDQJHV� LQ� JURXQGZDWHU� OHYHOV� DQG� GRFXPHQW� WKH� HIIHFW� RI� VDOWEXVKHV� RQ� ZDWHUWDEOH�� 7KH

ODQGKROGHU�KDV�UHFRUGV�RI�PRQWKO\�UDLQIDOO�DQG�JURXQGZDWHU�OHYHOV�ZLWK�RQO\�D�IHZ�PLVVLQJ�GDWD�LQ

JURXQGZDWHU� OHYHOV�� 7KH� UHFRUGV� DUH� YDOXDEOH� GDWD� VHW� IRU� GRFXPHQWLQJ� WKH� HIIHFWLYHQHVV� RI

VDOWEXVK�LQ�VRLO�VDOLQLW\�SUHYHQWLRQ��:H�KDYH�XVHG�WKH�UDLQIDOO�GDWD�DQG�WKH�UHFRUGV�RI���ERUHV�WR

GRFXPHQW�WKH�FKDQJHV�LQ�JURXQGZDWHU�OHYHOV�LQ�YDULRXV�JURZWK�SHULRGV�RI�VDOWEXVK�



7KH� ILYH� VHOHFWHG� ERUHV� ZHUH� DOO� GULOOHG� LQ� HDUO\� ����� EXW� VDOWEXVK� SODQWLQJ� DQG� WKHLU� SUHVHQW

FRQGLWLRQV�YDULHG��7DEOH����

7DEOH����7KH�\HDU�DQG�PHWKRG�RI�SODQWLQJ�VDOWEXVK�DQG�WKHLU�SUHVHQW�FRQGLWLRQV�

%RUH�1R <HDU�RI�SODQWLQJ 0HWKRG�RI�VDOWEXVK

HVWDEOLVKPHQW

7KH�SUHVHQW�FRQGLWLRQ��)DUPHUV

DVVHVVPHQW�

0/�� ���� 6HHGOLQJV $YHUDJH

0/�� ���� 'LUHFW�VHHGHG 6WXQWHG�EXVKHV

0/�� ���� 'LUHFW�VHHGHG %HWWHU� WKDQ� WKH� SUHYLRXV� FDVH

�$YHUDJH�

0/�� ���� 'LUHFW�VHHGHG *RRG�FRQGLWLRQV

0/��� ���� 'LUHFW�VHHGHG *RRG�FRQGLWLRQV

$1$/<7,&$/�0(7+2'

:DWHUWDEOH� GHSWK� ZDV� K\SRWKHVLVHG� WR� GHSHQG� RQ� UDLQIDOO�� WLPH� DQG� VDOWEXVK� DFFRUGLQJ� WR� WKH

IROORZLQJ�IXQFWLRQDO�UHODWLRQVKLS�

'HSWKW� �N����N��u�5W�����N��u�5W�����N��u�5W�����N��u�5W�����N��u�W���N��u�6W��������������������������������������������������������������

W�LV�WLPH��LQ�PRQWKV��VLQFH�WKH�VWDUW�RI�WKH�GDWD�VHW�

N��LV�DQ�LQWHUFHSW�WHUP��,Q�PRGHOV�ZLWK�QR�WLPH�WUHQG��LW�LV�WKH�EDVH�OLQH�ZDWHU�WDEOH�GHSWK�WKDW�WKH

PRGHO�UHWXUQV�WR�DIWHU�WKH�HIIHFWV�RI�UDLQIDOO�KDYH�SDVVHG�

5W���WR�5W���UHSUHVHQW�WKH�UDLQIDOO�LQ�WKH�PRQWKV�SULRU�WR�WDNLQJ�WKH�UHDGLQJ�RI�ZDWHU�WDEOH�GHSWK�

6W�UHSUHVHQWV�WKH�QXPEHU�RI�PRQWKV�VLQFH�HVWDEOLVKPHQW�RI�VDOWEXVK�

N��WR�N��DUH�SDUDPHWHUV�WR�EH�HVWLPDWHG�E\�PXOWLSOH�UHJUHVVLRQ�

,Q�VRPH�FDVHV��WKH�6W�YDULDEOH�ZDV�VHSDUDWHG�LQWR�WZR�YDULDEOHV��UHSUHVHQWLQJ�WKH�ILUVW����PRQWKV�RI

VDOWEXVK� HVWDEOLVKPHQW�� DQG� VXEVHTXHQW�PRQWKV� RI� VDOWEXVK�� 7KLV� VHSDUDWLRQ� DOORZHG� XV� WR� WHVW

ZKHWKHU�WKH�LQIOXHQFH�RI�VDOWEXVK�RQ�ZDWHUWDEOH�GHSWK�FKDQJHG�RYHU�WLPH�

5HJUHVVLRQV�ZHUH�XQGHUWDNHQ�XVLQJ�WKH�0LFURVRIW�([FHO�VRIWZDUH�SDFNDJH��,W�ZRXOG�EH�SRVVLEOH�WR

XVH�D�7RELW�UHJUHVVLRQ�DQDO\VLV�WR�LPSURYH�WKH�HVWLPDWLRQ�RI�GDWD�VHWV�ZLWK�GU\�UHDGLQJV��EXW�WKDW

ZDV�QRW�GRQH�LQ�WKLV�VWXG\��:KHUH�HVWLPDWHG�SDUDPHWHUV�IDLOHG�D�7�WHVW�IRU�GLIIHUHQFH�IURP�]HUR�

WKH\�ZHUH�GURSSHG�IURP�WKH�PRGHO�DQG�LW�ZDV�UH�HVWLPDWHG�

5(68/76

7KH�VWDWLVWLFDO�DQDO\VLV�VKRZHG�WKDW�GHVSLWH�KDYLQJ�VKDOORZ�JURXQGZDWHU�OHYHOV��WKH�H[SODQDWRU\

SRZHU�RI�WKH�PRGHO�ZDV�YHU\�JRRG��7DEOH�����$OO�SDUDPHWHUV�OLVWHG�LQ�7DEOH���KDG�VLJQLILFDQW

�3�������HIIHFW�RQ�JURXQGZDWHU�OHYHOV���%HWZHHQ�����DQG�����RI�FKDQJHV�LQ�JURXQGZDWHU�OHYHOV

LQ�WKH���VHOHFWHG�ERUHV�FRXOG�EH�H[SODLQHG��7DEOH�����:H�FRQVLGHU�WKHVH�WR�EH�YHU\�JRRG�UHVXOWV�LQ

WHUPV�RI�VWDWLVWLFDO�ILW��,Q�DOO�FDVHV�PRQWKO\�UDLQIDOO�LQFUHDVHG�JURXQGZDWHU�OHYHOV�VLJQLILFDQWO\�DQG

LWV�HIIHFW�ODVWHG�IRU���WR���PRQWK�DIWHU�WKH�HYHQW��7R�GHVFULEH�WKH�HIIHFW�RI�VDOWEXVK�GXULQJ�LWV�OLIH

F\FOH�HDFK�ERUH�ZLOO�EH�UHYLHZHG�VHSDUDWHO\�



7DEOH����6WDWLVWLFDO�DQDO\VLV�UHVXOWV�RI�WKH���VHOHFWHG�ERUHV�LQ�VDOWEXVK�

%RUHV 0/�� 0/��� 0/�� 0/�� 0/��

1XPEHU�RI�PRQWKV�XQGHU�VDOWEXVK �� �� �� �� DOO

5�6TXDUH ����� ����� ����� ����� �����

,QWHUFHSW ������ ������ ������ ������ ������

7UHQG��P�\HDU� Q�V� Q�V� ����� ����� Q�V�

(IIHFW�RI�PRQWKO\�UDLQ����PRQWK�GHOD\��P�PP� ����� ����� ����� ����� �����

(IIHFW�RI�PRQWKO\�UDLQ����PRQWK�GHOD\��P�PP� ����� ����� ����� ����� �����

(IIHFW�RI�PRQWKO\�UDLQ����PRQWK�GHOD\��P�PP� ����� ����� ����� ����� �����

(IIHFW�RI�PRQWKO\�UDLQ����PRQWK�GHOD\��P�PP� Q�V� ����� ����� ����� �����

(IIHFW�RI�WUHDWPHQW��ILUVW�������PRQWKV�

P�PRQWK�

������ ������

(IIHFW�RI�WUHDWPHQW��DIWHU����PRQWKV��P�PRQWK�

������ ������

�� ������

1RW

GHWHFWHG

1RWHV��0RQLWRULQJ�SHULRG�KDV�EHHQ�VLQFH������

Q�V��LV�IRU�SDUDPHWHUV�ZKLFK��ZHUH�QRW�VLJQLILFDQW��3!������DQG�ZHUH�UHPRYHG�IURP�WKH�PRGHO��$OO

SDUDPHWHUV�LQFOXGHG�LQ�WKH�WDEOH�ZHUH�VLJQLILFDQW�ZLWK�3�YDOXHV�������

%RUH�0/�

%RUH�0/��ZDV�XQGHU�VDOWEXVK�IRU�RQO\����PRQWKV�DQG�ZDV�LQ�D�ORFDWLRQ�ZKHUH�VDOWEXVK�SODQWV

ZHUH�UHODWLYHO\�VSDUVH��7KH�PRGHO�H[SODLQHG�����RI�WKH�YDULDWLRQ�LQ�ZDWHUWDEOH�GHSWK��GHVSLWH

KDYLQJ�D�IHZ�¦GU\§�UHFRUGV�ZKHUH�WKH�ZDWHUWDEOH�ZDV�EHORZ�WKH�GHSWK�RI�WKH�ERUH��)LJXUH����

7KHUH�ZDV�QR�XQGHUO\LQJ�WLPH�WUHQG�IRU�JURXQGZDWHU�OHYHO�SULRU�WR�SODQWLQJ�VDOWEXVK��7KH

ZDWHUWDEOH�IOXFWXDWHG�DERYH�D�¤�����P�EDVHOLQH��ZLWK�GHSWK�DW�DQ\�SRLQW�LQ�WLPH�GHSHQGLQJ�RQ

UDLQIDOO�RYHU�WKH�SUHYLRXV�WKUHH�PRQWKV��7DEOH���VKRZV�WKDW�IRU�WKUHH�RI�WKH�ILYH�ERUHV��WKH

LQIOXHQFH�RI�UDLQIDOO�RQ�ZDWHUWDEOH�GHSWK�ZDV�JUHDWHVW�IRU�WKH�PRVW�UHFHQW�UDLQIDOO�DQG

SURJUHVVLYHO\�VPDOOHU�IRU�UDLQIDOO�LQ�WKH�PRUH�GLVWDQW�SDVW��%RUH�0/���ZDV�DQ�H[FHSWLRQ�WR�WKLV��LWV

SDUDPHWHUV�IRU�PRQWKO\�UDLQIDOO�ZHUH�VLPLODU�IRU�WKH�WKUHH�PRVW�UHFHQW�PRQWKV�

6DOWEXVK�FDXVHG�D�VLJQLILFDQW�UHGXFWLRQ���������P�PRQWK�������P�\HDU��LQ�JURXQGZDWHU�OHYHO

GXULQJ�LWV����PRQWK�SHULRG�RI�HIIHFW��7KH�WKLQ�OLQH�WR�WKH�ULJKW�RI�6HSWHPEHU������VKRZV�WKH�UHVXOW

RI�XVLQJ�WKH�HVWLPDWHG�VWDWLVWLFDO�PRGHO�WR�SUHGLFW�ZKDW�WKH�JURXQGZDWHU�GHSWK�ZRXOG�KDYH�EHHQ

GXULQJ�WKLV�SHULRG�LI�VDOWEXVK�KDG�QRW�EHHQ�HVWDEOLVKHG��%\�WKH�HQG�RI�WKH����PRQWK�SHULRG��WKH

WRWDO�HIIHFW�RI�WKH�VDOWEXVK�RQ�JURXQGZDWHU�OHYHO�ZDV�HVWLPDWHG�WR�EH�����P��,Q�YLHZ�RI�WKH�UHODWLYH

VSDUVHQHVV�RI�VDOWEXVK�DW�WKLV�ORFDWLRQ��VXFK�D�IDOO�LQ�OHYHO�LV�HQFRXUDJLQJ��*LYHQ�WKDW�WKH�GDWD�VHW

LQFOXGHV�D�ODUJH�QXPEHU�RI�¦GU\§�UHDGLQJV��WKH�WUXH�LPSDFW�RQ�JURXQGZDWHU�LV�OLNHO\�WR�KDYH�EHHQ

JUHDWHU�WKDQ�WKH�����P�HVWLPDWHG�

%RUH�0/��

/LNH�ERUH�0/���ERUH�0/���ZDV�XQGHU�VDOWEXVK�IRU�RQO\����PRQWKV�DQG�RIWHQ�GXULQJ�WKLV�SHULRG

WKH�ZDWHUWDEOH�GURSSHG�EHORZ�WKH�GULOOLQJ�GHSWK��)LJXUH�����7KH�PRGHO�H[SODLQHG�����RI�WKH

YDULDWLRQ�LQ�ZDWHUWDEOH�GHSWK��DV�D�IXQFWLRQ�RI�UDLQIDOO�DQG�WKH�SUHVHQFH�RI�VDOWEXVK��/LNH�ERUH

0/���WKH�HVWLPDWHG�LQIOXHQFH�RI�UDLQIDOO�GLG�QRW�GHFOLQH�JUHDWO\�ZLWK�WLPH��7DEOH�����H[WHQGLQJ�WR

IRXU�PRQWKV�LQ�WKLV�FDVH��7KHUH�ZDV�DJDLQ�QR�XQGHUO\LQJ�WLPH�WUHQG�IRU�JURXQGZDWHU�OHYHO�SULRU�WR

SODQWLQJ�VDOWEXVK��:DWHUWDEOH�GURSSHG�E\��������P�PRQWK�������P�\HDU��GXULQJ�WKH�SHULRG�RI

VDOWEXVK��DURXQG�WZLFH�WKH�HVWLPDWHG�UDWH�IRU�ERUH�0/��
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%RUH�0/�

5HVXOWV�IRU�ERUH�0/���DUH�VKRZQ�LQ�)LJXUH����7KLV�ERUH�KDG����PRQWKV�PRQLWRULQJ�SULRU�WR�DQG���

PRQWKV� DIWHU� VDOWEXVK�ZDV� SODQWHG�� )XUWKHU�� LWV�ZDWHUWDEOH� IHOO� WR� WKH� ERUH� GHSWK� RQ� RQO\� D� IHZ

RFFDVLRQV�� VR� WKDW� D�KLJKHU�TXDOLW\� HVWLPDWH�RI� WKH� LPSDFW�RI� VDOWEXVK�ZDV�SRVVLEOH� WKDQ� IRU� WKH

SUHYLRXV�WZR�ERUHV�

3ULRU� WR� SODQWLQJ� VDOWEXVK� WKHUH� ZDV� DQ� XQGHUO\LQJ� WLPH� WUHQG� RI� ������P� ULVH� SHU� \HDU� LQ� WKH

JURXQGZDWHU�OHYHO��)RU�DURXQG����PRQWKV�DIWHU�WKH�HVWDEOLVKPHQW�RI�VDOWEXVK��WKH�HVWLPDWHG�WUHQG

UHYHUVHG�DQG�IHOO�DW������P�SHU�\HDU��$IWHU�WKDW�� LW�DSSHDUV�WKDW�WKH�JURXQGZDWHU�WUHQG�VWDELOLVHG�

ZLWK�UDLQIDOO�FDXVLQJ�ULVHV�DERYH�D�FRQVWDQW�EDVH�GHSWK�RI�����P��7KXV��LQ�WKLV�FDVH��WKH�VDOWEXVK



ZDV�DEOH�WR�SUHYHQW�JURXQGZDWHU�IURP�ULVLQJ�WR�QHDU�WKH�VRLO�VXUIDFH��EXW�LW�ZDV�QRW�DEOH�WR�ORZHU

WKH�ZDWHUWDEOH�EHORZ�D�GHSWK�RI�����P�

7KH�WKLQ�OLQH�WR�WKH�ULJKW�RI�6HSWHPEHU������VKRZV�WKH�SUHGLFWHG�ZDWHUWDEOH�GHSWK�LQ�WKH�DEVHQFH

RI�VDOWEXVK��$FFRUGLQJ�WR�WKH�PRGHO��JURXQGZDWHU�ZRXOG�KDYH�EHHQ�GLVFKDUJLQJ�DW�WKH�VXUIDFH�IRU

WZR�SHULRGV��1RWH�WKDW�WKH�SUHGLFWHG�GHSWKV�IRU�WKH�ZLWKRXW�VDOWEXVK�FDVH�GR�QRW�WDNH�DFFRXQW�RI

WKH�ORVV�RI�ZDWHU�IURP�WKHVH�SHULRGV�RI�GLVFKDUJH�
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�)LQDO�HIIHFW�ZDV�D�GURS�RI����P��

%RUH�0/��

5HVXOWV�IRU�WKLV�ERUH��)LJXUH����ZHUH�VRPHZKDW�VLPLODU�WR�ERUH�0/����DOEHLW�ZLWK�VOLJKWO\�GHHSHU

ZDWHUWDEOH� GHSWKV�� 7KHUH� ZDV� ����� P�\HDU� ULVLQJ� WUHQG� SULRU� WR� VDOWEXVK� HVWDEOLVKPHQW�� DQG� D

IDOOLQJ�WUHQG�RI������P�\HDU�GXULQJ�WKH�ILUVW����PRQWKV�RI�VDOWEXVK��$V�ZLWK�%RUH�0/����WKH�UDWH�RI

JURXQGZDWHU�OHYHO�UHGXFWLRQ�E\�VDOWEXVK�ZDV�QRW�VXVWDLQHG��LW�IHOO�WR������P�\HDU�DIWHU����PRQWKV�

7KH�SUHGLFWHG�ZDWHU�WDEOH�GHSWKV�LQ�WKH�DEVHQFH�RI�VDOWEXVK�ZHUH�DURXQG�����P�VKDOORZHU�E\�WKH

HQG�RI�WKH�REVHUYDWLRQ�SHULRG�
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%RUH�0/�

%RUH�0/��ZDV�GULOOHG�DIWHU�VDOWEXVK�KDG�DOUHDG\�EHHQ�HVWDEOLVKHG��7KHUHIRUH�ZH�ZHUH�XQDEOH�WR

GHWHFW� WKH� HIIHFW� RI� VDOWEXVK�� +RZHYHU� ZH� FDQ� REVHUYH� WKDW� WKH� V\VWHP� VWD\HG� LQ� HTXLOLEULXP

GXULQJ� WKH�PRQLWRULQJ�SHULRG� ������ WR�������DQG� WKHUH�ZDV�QR�XQGHUO\LQJ� WLPH�UHODWHG� WUHQG� LQ

JURXQGZDWHU�OHYHOV��)LJXUH�����)OXFWXDWLRQV�LQ�JURXQGZDWHU�OHYHO�ZHUH�WHPSRUDU\�HIIHFWV�RI�ORFDO

UDLQIDOO��$IWHU�HDFK�SHULRG�RI�UDLQIDOO��WKH�ZDWHUWDEOH�GURSSHG�WRZDUGV�WKH�HVWLPDWHG�EDVH�OHYHO�RI
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)LWWHG�YDOXHV

%RUH�0/��

)LJXUH����+\GURJUDSK�IRU�ERUH�0/���VKRZLQJ�RQO\�VHDVRQDO�IOXFWXDWLRQ�DERYH�WKH�EDVH�OLQH���

�����P��

&21&/86,21�$1'�',6&866,21

:H�KDYH�SUHVHQWHG�DQ�DSSURDFK�WR�VWDWLVWLFDO�PRGHOLQJ�RI�K\GURJUDSKV�WKDW�DSSHDUV�WR�KDYH�VRPH

FRQVLGHUDEOH� VWUHQJWK�� 7KH� PHWKRG� LV� VLPSOH� WR� DSSO\� ZLWK� VWDQGDUG� UHJUHVVLRQ� PHWKRGV�� ,W

SURYLGHG�KLJK� TXDOLW\� ILWV� WR� REVHUYHG�GDWD� HYHQ�ZKHQ� JURXQGZDWHU� OHYHOV� DUH� FORVH� WR� WKH� VRLO

VXUIDFH��,W�DOORZHG�WKH�VHSDUDWLRQ�RI� WKH�LPSDFWV�RI�DW\SLFDO�UDLQIDOO�HYHQWV�IURP�DQ\�XQGHUO\LQJ

WLPH� WUHQG� �LI� SUHVHQW�� DQG� TXDQWLILHG� WKH� HIIHFWV� RI� WUHDWPHQW� YHU\� ZHOO�� 5HVXOWV� DUH� KLJKO\

FRQVLVWHQW� ZLWK� K\GURORJLFDO� H[SHFWDWLRQV�� ,Q� FDVH� VWXGLHV�� ZH� KDYH� EHHQ� DEOH� WR� GLVFHUQ� WKH

LPSDFWV�RI�WUHDWPHQWV�RQ�WKH�JURXQGZDWHU�ULVH�DQG�SUHGLFW�ZKDW�WKH�JURXQGZDWHU�ZRXOG�KDYH�GRQH

LQ�WKH�DEVHQFH�RI�VDOWEXVK�

$V�H[SHFWHG��LQ�WKH�HQYLURQPHQW�RI�WKH�VWXG\�DUHD��VKDOORZ�ZDWHUWDEOH��YHU\�ORZ�RU�QR�K\GUDXOLF

JUDGLHQW��� JURXQGZDWHU� OHYHOV� KDYH� VWURQJ� VHDVRQDO� IOXFWXDWLRQV� GXH� WR� ORFDO� UDLQIDOO�� 7KH

VHDVRQDOLW\� LQ�JURXQGZDWHU� OHYHOV� FRXOG�EH� VLJQLILFDQWO\� H[SODLQHG�E\�PRQWKO\� UDLQIDOO� RYHU� WKH

SUHFHGLQJ� IRXU� PRQWKV�� ,Q� WZR� RI� WKH� ILYH� FDVH� VWXGLHV� WKHUH� ZDV� D� VOLJKW� ULVLQJ� WUHQG� LQ

JURXQGZDWHU� OHYHO�SULRU� WR� WKH�HVWDEOLVKPHQW�RI�VDOWEXVK��ZKLOH� LQ� WKH�RWKHU� WKUHH�� WKH� ORQJ�WHUP

WUHQG�ZDV�IODW�

7KH�DQDO\VLV�VKRZ�WKDW�VDOWEXVK�FDQ� ORZHU�JURXQGZDWHU� OHYHOV� WR�EHORZ�WKH�FDSLOODU\�IULQJH�DQG

WKXV�SUHYHQW�RQJRLQJ�ZRUVHQLQJ�RI� VRLO� VDOLQLW\�DW� WKH� VXUIDFH�� -XGJLQJ� IURP� WKH� WZR�ERUHV� WKDW

KDG� EHHQ� HVWDEOLVKHG� IRU� ��� PRQWKV�� WKLV� HIIHFW� RI� VDOWEXVK� RQ� ZDWHUWDEOH� HIIHFW� ZDV� PRVWO\

FRPSOHWHG� ZLWKLQ� ��� PRQWKV� DIWHU� SODQWLQJ�� $IWHU� WKDW� SHULRG�� VDOWEXVK� PDQDJHG� WR� NHHS

JURXQGZDWHU�OHYHOV�DW�ED\�DQG�SUHYHQW�WKHP�IURP�ULVLQJ�DJDLQ�



7KHUH� DUH� LPSHGLPHQWV� SUHYHQWLQJ� VDOWEXVK� IURP� IXUWKHU� ORZHULQJ� WKH�ZDWHUWDEOH��*URXQGZDWHU

VDOLQLW\���������PJ�/��DQG�KLJK�VDOW�VWRUDJH��L�H��!���.J�P���DUH�OLNHO\�WR�EH�SURPLQHQW�DPRQJVW

WKHVH�OLPLWLQJ�IDFWRUV��7KH�VDPH�IDFWRUV�PD\�KDYH�DIIHFWHG�WKH�QDWXUDO�YHJHWDWLRQ�SULRU�WR�FOHDULQJ�

,Q� WKHVH� FDVHV� WKH� VDOWEXVK� SODQWDWLRQV� PD\� KDYH� UHYHUWHG� WKH� K\GURORJLFDO� SURFHVVHV� EDFN� WR

SUHFOHDULQJ�FRQGLWLRQV�

8QGHU� WKH�HQYLURQPHQW�RI� WKHVH�FDVH�VWXGLHV�� UDLQIDOO�DGGV�ZDWHU� WR� WKH�SURILOH�DQG� WKH� VDOWEXVK

GHSOHWHV� LW�GXULQJ� WKH� IROORZLQJ� IRXU�PRQWKV�� ,W� DSSHDUV� WKDW� WKH� VDOWEXVK� LV�QRW�GUDZLQJ�RQ� WKH

KLJKO\� VDOLQH� JURXQGZDWHU� EHORZ� GHSWKV� RI� ���� WR� �� P�� 7KHVH� FRQFOXVLRQV� KDYH� LPSRUWDQW

LPSOLFDWLRQV�

x� ,Q� WKLV� GU\� HQYLURQPHQW� ����� PP� DQQXDO� UDLQIDOO�� VDOWEXVK� ZLOO� UXQ� VKRUW� RI� ZDWHU� LQ� GU\

VHDVRQV�DQG�LWV�SURGXFWLYLW\�PD\�EH�DIIHFWHG�E\�ODFN�RI�ZDWHU�

x� 6DOWEXVK�PD\�SHUIRUP�EHWWHU�DQG�EH�PRUH�SURGXFWLYH��LQ�DUHDV�ZLWK�KLJKHU�UDLQIDOO�DQG�ORZHU

VDOW�VWRUDJH�

,Q�PDQ\� DUHDV� LQFUHDVHG� FRQFHQWUDWLRQ� RI� FKORULGH� EHQHDWK� VWDQGV� RI� VDOWEXVKHV� FDQ� EHFRPH� D

SUREOHP��L�H��%DUUHFWW�/HQQDUG�DQG�0DOFROP���������+RZHYHU�� LQ� WKH�HQYLURQPHQW�VWXGLHG�KHUH�

WKH� SURGXFWLRQ� V\VWHP� DSSHDUV� WR� EH� VXVWDLQDEOH�� VXEMHFW� WR� VXUYLYDO� RI� WKH� VDOWEXVK� SODQWV�

%HFDXVH� WKLV� SDUW� RI� WKH� ODQGVFDSH� KDV� D� RQH�GLPHQVLRQDO� JURXQGZDWHU� IORZ� V\VWHP� �L�H�

PRYHPHQW� LV� SUHGRPLQDQWO\�XS� DQG�GRZQ��QRW� WR� WKH� VLGH�� VDOW� EXLOGXS� LQ� WKH� URRW� ]RQH� RI� WKH

VDOWEXVK� SODQWV� ZLOO� EH� SUHYHQWHG�� 7KLV� PD\� QRW� EH� WKH� FDVH� ZKHUH� VDOLQH� JURXQGZDWHU� IURP

DQRWKHU�DUHD�IORZV�WR�WKH�URRW�]RQH�DQG�UHSODFHV�WKH�GHSOHWHG�ZDWHUWDEOH�

$&.12:/('*(0(176

'DYLG� 3DQQHOO� DFNQRZOHGJHV� ILQDQFLDO� VXSSRUW� IURP� *UDLQV� 5HVHDUFK� DQG� 'HYHORSPHQW

&RUSRUDWLRQ�

5()(5(1&(6

%DUUHFWW�/HQQDUG�� (�*�� DQG�0DOFROP�� &�9��� ������ ,QFUHDVHG� FRQFHQWUDWLRQ� RI� FKORULGH� EHQHDWK

VWDQGV� RI� VDOWEXVKHV� �$WULSOH[� VSHFLHV�� VXJJHVW� VXEVWDQWLDO� XVH� RI� JURXQGZDWHU�� $XVWUDOLDQ

-RXUQDO�RI�([SHULPHQWDO�$JULFXOWXUH�������������

)HUGRZVLDQ��5���5��*HRUJH��)��/HZLV��'��0F)DUODQH��5��6KRUW��DQG�5��6SHHG��������7KH�H[WHQW�RI

GU\ODQG�VDOLQLW\� LQ�:HVWHUQ�$XVWUDOLD�� ,Q��&RQIHUHQFH�3URFHHGLQJV���WK�1DWLRQDO�&RQIHUHQFH

DQG�:RUNVKRS�RQ� WKH�3URGXFWLYH�8VH�DQG�5HKDELOLWDWLRQ�RI�6DOLQH�/DQGV��$OEDQ\��:HVWHUQ

$XVWUDOLD�� ������0DUFK� ������ 3URPDFR� &RQYHQWLRQV�� 3HUWK��:HVWHUQ� $XVWUDOLD�� 33�� ������

�����

)HUGRZVLDQ�� 5��� '��-�� 3DQQHOO�� &�� 0F&DUURQ�� $�� 5\GHU�� DQG� /��&URVVLQJ�� ������ ([SODLQLQJ

*URXQGZDWHU� +\GURJUDSKV�� 6HSDUDWLQJ� $W\SLFDO� 5DLQIDOO� (YHQWV� IURP� 7LPH� 7UHQGV�

$XVWUDOLDQ�-RXUQDO�RI�6RLO�5HVHDUFK��������������

1RUWKFRWH�� .�+��� ������ $� )DFWXDO� .H\� IRU� 5HFRJQLWLRQ� RI� $XVWUDOLDQ� 6RLOV�� 5HOOLP�� $GHODLGH�

�����


