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7KH�REMHFWLYH�RI�WKH�OLWHUDWXUH�VWXG\��ZKLFK�ZDV�FRQGXFWHG�ZLWKLQ�WKH�IUDPHZRUN�RI�(8

0$67(5� SURMHFW�� LV� WR� JLYH� DQ� RYHUYLHZ� RI� H[DPSOHV� RI� UHVHDUFK� UHVXOWV� RQ� VSHHG

HQIRUFHPHQW� DQG� LWV� HIIHFWV� RQ� VSHHG� EHKDYLRXU� DQG� VDIHW\�� 7KLV� VWXG\� ZLOO� EH� XVHG

�DPRQJVW�RWKHU�VWXGLHV��WR�ILQG�QHZ�VWUDWHJLHV�DQG�WDFWLFV�WR�HQKDQFH�WKH�HIILFLHQF\�DQG

HIIHFWLYHQHVV�RI� VSHHG�HQIRUFHPHQW�E\� WKH� SROLFH� LQ� WHUPV� RI� EHKDYLRXU� DQG� VDIHW\�� ,Q

WKH�SDVW�������\HDUV�PDQ\�UHSRUWV�DQG�DUWLFOHV�KDYH�EHHQ�SXEOLVKHG�RQ�WKLV�VXEMHFW�

)RU� FRUUHFW� XQGHUVWDQGLQJ� DQG� LQWHUSUHWDWLRQ� RI� WKH� OLWHUDWXUH�� UHOHYDQW� EDFNJURXQG

LQIRUPDWLRQ�LV�QHHGHG��VXFK�DV�JRYHUQPHQW�SROLF\�RQ�VSHHG�� ODZ�DQG�SHQDOW\�V\VWHP�RQ

VSHHGLQJ�� SRLQW� GHPHULW� V\VWHPV�� RUJDQLVDWLRQ� DQG� SUDFWLFH� RI� VSHHG� HQIRUFHPHQW�

SXEOLFLW\��+RZHYHU��WKLV�W\SH�RI�LQIRUPDWLRQ�LV�RIWHQ�QRW�JLYHQ�LQ�WKH�OLWHUDWXUH�

� 63(('�$1'�$&&,'(176

(PSLULFDO�HYLGHQFH�UHJDUGLQJ�WKH�UHODWLRQ�EHWZHHQ�VSHHG�DQG�DFFLGHQWV�KDYH�EHHQ�IRXQG

LQ� VHYHUDO� FRXQWULHV�� VXFK� DV� 6ZHGHQ�� )LQODQG��86$��$� UHGXFWLRQ� LQ� VSHHG� DSSHDUV� WR

JLYH�D�GLVSURSRUWLRQDWH�ODUJH�UHGXFWLRQ� LQ�DFFLGHQW��LQMXU\�DQG�IDWDOLW\�UDWHV��VHH�)LJXUH

���VHH�$QGHUVVRQ�	�1LOVVRQ�UHIHUUHG�WR�LQ�2HL���������7KH�SXUSRVH�RI�)LJXUH���LV�WR�JLYH

DQ� LGHD� RI� WKH� SRWHQWLDO� RI� DFFLGHQW� UHGXFWLRQ� E\� UHGXFLQJ� VSHHG��(QIRUFHPHQW� FDQ� EH

RQH�ZD\�WR�REWDLQ�VSHHG�UHGXFWLRQ�
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)LJXUH����&KDQJHV�LQ�DYHUDJH�VSHHG�YHUVXV�FKDQJHV�LQ�SHUFHQWDJH�LQ�DFFLGHQWV

�1LOVVRQ�������
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$�K\SRWKHWLFDO�UHODWLRQ�EHWZHHQ�HQIRUFHPHQW�OHYHO�DQG�OHYHO�RI�FRPSOLDQFH�WR�WKH�VSHHG

OLPLW� LV� JLYHQ� LQ� WKH� K\VWHUHVLV� FXUYH� �)LJXUH� ���� $W� ]HUR� HQIRUFHPHQW� OHYHO�� D� FHUWDLQ

SHUFHQWDJH� RI� GULYHUV� ZLOO� FRPSO\� WR� WKH� VSHHG� OLPLW�� 7KLV� SHUFHQWDJH� ZLOO� YDU\

GHSHQGLQJ�RQ�URDG�W\SH�DQG�SUHYDLOLQJ�FRQGLWLRQV��$�VPDOO� LQFUHDVH� LQ�WKH�HQIRUFHPHQW

OHYHO�ZLOO�KDYH�QR�HIIHFW�LQ�WKH�EHJLQQLQJ��DV�WKH�SUREDELOLW\�RI�EHLQJ�ILQHG�H�J��RQFH�LQ

���\HDUV�RU�LQ���\HDUV�ZLOO�KDYH�QR�QRWLFHDEOH�HIIHFW�LQ�EHKDYLRXU��$W�D�FHUWDLQ� OHYHO�RI

HQIRUFHPHQW�� KRZHYHU�� DQ� LQFUHDVH� RI� HQIRUFHPHQW� ZLOO� UHVXOW� LQ� DQ� LQFUHDVH� RI� WKH

FRPSOLDQFH� OHYHO�� 7KH� FRPSOLDQFH� OHYHO�ZLOO� OHYHO� RII� ZKHQ� DSSURDFKLQJ� ������ 7KHQ

ZKHQ� WKH�HQIRUFHPHQW� OHYHO� LV�GHFUHDVHG�� DW� WKH�EHJLQQLQJ�GULYHUV�ZLOO� QRW�QRWLFH� WKLV�

DQG�WKH�FRPSOLDQFH� OHYHO�ZLOO� VWLOO� UHPDLQ� QHDU�������7KH� UHVXOW� LV� D�K\VWHUHVLV� FXUYH�

7KH�TXHVWLRQ� LV�ZKDW�HQIRUFHPHQW� OHYHO�ZLOO� UHVXOW� LQ�D�FRPSOLDQFH�RI�VD\������'XWFK

WDUJHW�IRU�WKH�\HDU�������
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7KH� HQIRUFHPHQW� OHYHO� FDQ� EH� GHILQHG� DV� WKH� HQIRUFHPHQW� UDWH� SHU� WLPH� XQLW� SHU� URDG

VHFWLRQ�� 6R� ����PHDQV� WKDW� KDOI� RI� WKH� WLPH� D� VSHHG� FKHFN� LV� RSHUDWLRQDO� RQ� D� URDG

VHFWLRQ��$�URDG�VHFWLRQ�LV�GHILQHG�DV�D�SDUW�RI�D�URDG�EHWZHHQ�WZR�PDLQ�GLVFRQWLQXLWLHV�

VXFK�DV�PDLQ� LQWHUVHFWLRQ�� FKDQJH� LQ� URDG� W\SH� RU� LQ� VSHHG� OLPLW�� 7KH� LQIOXHQFH� RI� WKH

OHQJWK�RI� WKH� URDG� VHFWLRQ� LV� UHODWLYH�ZKHQ�HQIRUFHPHQW� LV� FRQGXFWHG� IURP� D� UDGDU� FDU

DQG�LV�YDULHG�LQ�WLPH�DQG�VSDFH��WR�EH�XQSUHGLFWDEOH�IRU�GULYHUV��DQG�ZKHUH�WKH�DLP�LV�WR

HQIRUFH�VWUXFWXUDO�VSHHGHUV��7KLV�W\SH�RI�VSHHGHU�ZLOO�EH�VSHHGLQJ�DOPRVW�RQ�WKH�ZKROH

URDG�VHFWLRQ�DQG�WKXV�EH�HQIRUFHG�LQGHSHQGHQW�RI�WKH�ORFDWLRQ�RI�WKH�UDGDU�FDU�DQG�OHQJWK

RI� WKH� URDG� VHFWLRQ��)RU�PRWRUZD\V� WKH�DYHUDJH� OHQJWK�FDQ�EH�H�J�� ��� NP� DQG� IRU� WZR

ODQH�UXUDO�URDGV���WR����NP�

)LJXUH����+\SRWKHWLFDO�UHODWLRQ�EHWZHHQ�HQIRUFHPHQW�OHYHO�DQG�FRPSOLDQFH�WR�WKH

VSHHG�OLPLW�

7KH�HIILFLHQF\�RI� HQIRUFHPHQW�XVLQJ�RQO\�D� FDPHUD� LV� YHU\�PXFK�KLJKHU�� FRPSDUHG� WR

HQIRUFHPHQW�ZKHUH�VSHHGHUV�DUH�VWRSSHG�DQG�ILQHG�RQ�WKH�VSRW�
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(QIRUFHPHQW�FDQ�EH�FRQGXFWHG�DW�VSHFLILF�GDQJHURXV�ORFDWLRQV��VKDUS�EHQG��LQWHUVHFWLRQ�

VFKRRO���RQ�GDQJHURXV�URXWHV��H�J��URDG�ZRUNV��RU�RQ�D� URDG�QHWZRUN��7KH�REMHFWLYH�RI

HQIRUFHPHQW�DW�VHOHFWHG�ORFDWLRQV�DQG�URXWHV�LV�VSHFLILF�SUHYHQWLRQ�DW�WKRVH�ORFDWLRQV�RU

URXWHV��LQ�VSDFH��

7KH� DLP� RI� HQIRUFHPHQW� RQ� D� URDG� QHWZRUN� LV� JHQHUDO� SUHYHQWLRQ�� WKH� QXPEHU� RI

VSHHGHUV�KDV�WR�EH�ORZHUHG�DW�DQ\�WLPH�RQ�WKH�ZKROH�QHWZRUN�

�� *(1(5$/�$1'�63(&,),&�35(9(17,21

,Q�WKH�OLWHUDWXUH�WKH�FRQFHSW�RI�SUHYHQWLRQ�LV�XVXDOO\�GHILQHG�IURP�D�SV\FKRORJLFDO�GULYHU

SRLQW� RI� YLHZ�� $QRWKHU� SRVVLELOLW\� LV� D� GHILQLWLRQ� RI� SUHYHQWLRQ� LQ� WLPH� DQG� VSDFH�

6SHFLILF�SUHYHQWLRQ� LV�DLPHG�DW� ORZHULQJ�VSHHG�DW�VHOHFWHG� ORFDWLRQV�RU� URXWHV��*HQHUDO

SUHYHQWLRQ� LV� DLPHG� DW� ORZHULQJ� VSHHG� DQ\WLPH�� DQ\ZKHUH� �LQ� D� QHWZRUN��� ,Q� WKH

IROORZLQJ�VHFWLRQV�H[DPSOHV�DUH�JLYHQ�RI�YDULRXV�W\SHV�RI�HQIRUFHPHQW�

�� /2&$/�63(('�0$1$*(0(17

7KLV� W\SH�RI�VSHHG�PDQDJHPHQW�KDV�EHHQ�DSSOLHG� LQ� VHYHUDO� FRXQWULHV��6RPH�H[DPSOHV

RI�WKLV�W\SH�RI�VSHHG�PDQDJHPHQW�DUH�JLYHQ� IURP�'XWFK�H[SHULHQFHV�� ,Q�7KH�+DJXH�DQ

H[SHULPHQW�ZDV�FRQGXFWHG�DW�DQ�XUEDQ�LQWHUVHFWLRQ��ZKHUH�D�VFKRRO�LV�ORFDWHG�DQG�VFKRRO

FKLOGUHQ�SHULRGLFDOO\�FURVV�WKH�PDLQ�URDG��$Q�DXWRPDWLF�VLJQ�VKRZV�WKH�VSHHG�OLPLW�¨��©

ZKHQ�D�FDU� LV�VSHHGLQJ��RQO\�GXULQJ�SHULRGV� WKH� VFKRRO�ZDV�RSHQ��%HIRUH� WKH� VLJQ�ZDV

SXW� LQWR� RSHUDWLRQ� D� SXEOLFLW\� FDPSDLJQ� ZDV� KHOG�� LQIRUPLQJ� WKH� SXEOLF� LQ� WKH

QHLJKERXUKRRG�RI�WKH�GDQJHUV�RI�VSHHGLQJ�WKH�RSHUDWLRQ�RI�WKH�V\VWHP��DQG�WKH�H[SHFWHG

FKDQJH� LQ� EHKDYLRXU�� $YHUDJH� VSHHG� UHGXFHG� IURP� ��� WR� ��� NP�K� �7DEOH� ���

$�WKHRUHWLFDO� FDOFXODWLRQ� VKRZHG� D� UHGXFWLRQ� LQ� WKH� SHUFHQWDJH� RI� FDUV� WKDW� FRXOG� QRW

VWRS�LQ�WLPH�EHIRUH�WKH�LQWHUVHFWLRQ��LQ�FDVH�RI�DQ�HPHUJHQF\��RI�����



5RDG�6DIHW\�LQ�(XURSH�����

2HL

�

7DEOH�����6SHHG�DQG�DFFLGHQW�HYDOXDWLRQ�UHVXOWV�DW�DQ�XUEDQ�DQG�UXUDO�LQWHUVHFWLRQ

�1/��

0HDQ�VSHHG�NP�K ��6SHHGHUV $FFLGHQWV,QWHUVHFWLRQV

%HIRUH $IWHU %HIRUH $IWHU %HIRUH $IWHU

8UEDQ �� �� ��� ��� ����

�FDOFXODWHG�

5XUDO �� �� �

�DYHUDJH�\HDU�

�

,Q�WKH�'XWFK�SURYLQFH�RI �)ULHVODQG�DQ�DXWRPDWLF�VLJQ�ZDV�LQVWDOOHG�DW�D�UXUDO�LQWHUVHFWLRQ

ZLWK�WKH�WH[W�¨<RX�DUH�VSHHGLQJ©�ZKHQ�D�FDU�ZDV�VSHHGLQJ��3UH�ZDUQLQJ�LV�JLYHQ�WKURXJK

D� IL[HG� VLJQ� VKRZLQJ� ¨6SHHG� OLPLW� ��� NP�K©�� 7KH� VSHHG� OLPLW� RQ� WKH� PDLQ� URDG� ZDV

ORFDOO\�ORZHUHG�IURP�����WR����NP�K��0HDQ�VSHHG�ZDV�UHGXFHG�IURP����WR����NP�K��WKH

QXPEHU�RI�DFFLGHQWV�GHFUHDVHG�IURP�VL[�WR�WZR��YHU\�VPDOO�QXPEHUV�� 7DEOH����

$�FRPELQDWLRQ�RI�DXWRPDWLF�VSHHG�DQG�UHG�OLJKW�HQIRUFHPHQW�ZDV�DSSOLHG�LQ� $PVWHUGDP

RQ� IRXU� LQWHUVHFWLRQV� LQ�RQH�GLUHFWLRQ�RI� WKH� WUDIILF� IORZ��&DUV�SDVVLQJ� WKURXJK�WKH� UHG

OLJKW�DQG�FDUV�GULYLQJ�IDVWHU�WKDQ����NP�K�DERYH�WKH�VSHHG�OLPLW��DOVR�GXULQJ�JUHHQ�OLJKW�

ZHUH� SKRWRJUDSKHG� IURP� D� URDG� VLGH� ER[�� 7ZR� FDPHUD©V� ZHUH� LQWHUFKDQJHDEO\� XVHG

EHWZHHQ�WKHVH�VLWHV��$�IRUH�ZDUQLQJ�ZDV�JLYHQ�XVLQJ�D�IL[HG�VLJQ�UHDGLQJ�¨:DUQLQJ��5HG

/LJKW�DQG� 6SHHG�(QIRUFHPHQW©��%HFDXVH� WKH�DLP�ZDV�VSHFLILF�SUHYHQWLRQ�DW� WKHVH� VLWHV

�DQG�QRW�JHQHUDO�SUHYHQWLRQ� IRU�DOO� LQWHUVHFWLRQV��� WKLV� IRUH�ZDUQLQJ�ZDV� WKRXJKW� WR� EH

DSSURSULDWH��7KH�SHUFHQWDJH�RI�UHG�OLJKW�RIIHQGHUV�ZDV�UHGXFHG�ZLWK�EHWZHHQ�����WR����

SHUFHQWDJH�SRLQWV��7KH�SHUFHQWDJH�RI�VSHHGHUV��OLPLW������NP�K�� LQ�WKH�EHIRUH�VLWXDWLRQ

ZDV�KLJK�RQO\�RQ�RQH�LQWHUVHFWLRQ���������7KLV�GHFOLQHG�WR������� 7DEOH����

7DEOH����3HUFHQWDJH�RI�UHG�OLJKW�RIIHQGHUV�DQG�VSHHGLQJ�DW�IRXU�LQWHUVHFWLRQV��1/��

��RI�UHG�OLJKW�RIIHQGHUV ��!�������NP�K$PVWHUGDP

%HIRUH $IWHU %HIRUH $IWHU

,QWHUVHFWLRQ�� ��� � ���� ���

,QWHUVHFWLRQ�� ��� ��� ��� ���

,QWHUVHFWLRQ�� ��� ��� ��� ���

,QWHUVHFWLRQ�� ��� ��� �����!���NP�K �����!���NP�K
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$W�WKH�HQG�RI������ WKH�'XWFK�PRWRUZD\�SROLFH� VWDUWHG� D� VSHHG� FDPSDLJQ� RQ� D� ��� NP

URDG�VHFWLRQ��KDYLQJ�VSHHG�OLPLWV�RI�����DQG�����NP�K��7KH�HQIRUFHPHQW�ZDV�FRQGXFWHG

XVLQJ�D�UDGDU�DQG�FDPHUD�IURP�YDU\LQJ�ORFDWLRQV�DORQJ�WKH�URDGVLGH��,QWHQVLYH�SXEOLFLW\

DFFRPSDQLHG� WKH� LQWURGXFWLRQ� RI� WKH� HQIRUFHPHQW�� 7KH� HQIRUFHPHQW� HQGHDYRXU� DW� WKH

VWDUW�ZDV�����UDGDU�KRXUV�GXULQJ�RQH�PRQWK��IROORZHG�E\�DQ�DYHUDJH�RI�����KRXUV�SHU

PRQWK��7KH�SHUFHQWDJH�RI�VSHHGHUV�RQ�WKH�����NP�K�SDUW�ZDV�UHGXFHG�IURP�����WR����

DQG�RQ�WKH�����NP�K�SDUW�IURP�����WR������7KH�VSHHG�FDPSDLJQ�KDV�EHHQ�H[WHQGHG�WR

RWKHU�SDUWV�RI�WKH�PRWRUZD\�QHWZRUN�VLQFH�WKHQ�

5HFHQWO\�H[SHULPHQWV�ZHUH�FRQGXFWHG�E\�PHDVXULQJ�DXWRPDWLFDOO\�WKH� DYHUDJH�VSHHG�DW

WKUHH� ORFDWLRQV� ZLWK� DQ� LQWHU� GLVWDQFH� RI� ���� P� DQG� ������ P� UHVSHFWLYHO\�� ,QGXFWLYH

ORRSV� PHDVXUHG� WKH� VSHHG�� DQG� YLGHR� FDPHUDV� GHWHUPLQHG� WKH� ¨VLJQDWXUH©� RI� SDVVLQJ

YHKLFOHV��YHKLFOH�LGHQWLILFDWLRQ�WKURXJK�SDWWHUQ�UHFRJQLWLRQ���:KHQ�WKH�DYHUDJH�VSHHG�RI

D�FDU�H[FHHGHG�WKH�VSHHG� OLPLW�SOXV���NP�K�DW� WKH� ILUVW� URDG� VHFWLRQ�� WKH�DYHUDJH� VSHHG

ZDV�FKHFNHG�DJDLQ�DW� WKH� VHFRQG� URDG� VHFWLRQ��:KHQ� WKH� DYHUDJH� VSHHG� VWLOO� H[FHHGHG

WKH�WKUHVKROG�VSHHG��WKHQ�WKH�FDU�RZQHU�ZDV�VHQW�D�WLFNHW�E\�SRVW��7KH�V\VWHP�FRXOG�UHDG

WKH� FKDUDFWHULVWLFV� RI� WKH� FDU� DXWRPDWLFDOO\� LQ� ���� RI� WKH� FDVHV�� ���� VWLOO� QHHGHG

SHUVRQDO� LQWHUYHQWLRQ��7KH� SHUFHQWDJH� RI� FDUV� H[FHHGLQJ� WKH� WKUHVKROG� VSHHG�ZDV� ���

7KLV�V\VWHP�LQFUHDVHV�WKH�HQIRUFHPHQW�HIILFLHQF\�DQG�HIIHFWLYHQHVV�HQRUPRXVO\�

����7ZR�ODQH�UXUDO�URDGV��1/��),1��8.�

([SHULPHQWV�KDYH�EHHQ�FRQGXFWHG�RQ�IRXU�'XWFK�SURYLQFLDO� URDGV�KDYLQJ�D�VSHHG� OLPLW

RI� ��� NP�K�� 7KH� URDGV� ZHUH� VHOHFWHG� E\� WKH� URDG� DXWKRULW\� DQG� WKH� SROLFH� EDVHG� RQ

XQIDYRXUDEOH� DFFLGHQW� DQG� VSHHG� KLVWRU\�� $� SXEOLFLW\� FDPSDLJQ� DFFRPSDQLHG� WKH

H[SHULPHQWV�

7ZR�RI� WKH�URDGV�DUH�RSHQ�IRU�PRWRUL]HG� WUDIILF�RQO\��W\SH�$��� WKH�RWKHU�WZR�URDGV�DUH

DOVR� RSHQ� IRU� VORZ� PRYLQJ� YHKLFOHV�� VXFK� DV� WUDFWRUV� �W\SH� %��� 7KH� REMHFWLYH� RI� WKH

FDPSDLJQ�RQ� WKH� ILUVW�W\SH�RI�URDGV�ZDV� WR�UHGXFH� VSHHGLQJ� YHKLFOHV��7KH�REMHFWLYH�RQ

WKH� VHFRQG� URDG� W\SH�ZDV� WR� UHGXFH� VSHHGLQJ�DV�ZHOO� DV� WR� LQFUHDVH� WKH� VSHHG� RI� VORZ

PRYLQJ�FDUV�
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)LJXUH����'HVLJQ�RI�WKH�DXWRPDWLF�VSHHG�PDQDJHPHQW�V\VWHP�RQ���ODQH�UXUDO�URDGV

RSHQ�IRU�D��DOO�FDUV��PRWRUF\FOHV�DQG�WUDFWRUV�RQO\��OHIW���DQG�E��IRU�FDUV�DQG

PRWRUF\FOHV�RQO\��ULJKW��

$W�WKH�VWDUW�RI�WKH�URXWH�D�IL[HG�VLJQ�LQIRUPHG�SDVVLQJ�GULYHUV�RI�D��0D[�����NP�K��DQG�E�

6DIH�VSHHG�������NP�K�

'ULYHUV�VSHHGLQJ�JHW�D�ZDUQLQJ�WKURXJK�D�VLJQ�UHDGLQJ�D��¨<RX�DUH�VSHHGLQJ©�DQG�E��¨���

��©��7KH�ODZ�GRHV�QRW�DOORZ�HQIRUFHPHQW�RI�VORZ�PRYLQJ�FDUV�

)XUWKHU�GRZQ�WKH�URDG�HQIRUFHPHQW�ZDV�FRQGXFWHG�E\�D�FLUFXODWLQJ�UDGDU���FDPHUD�VHW

IRU�WKUHH�RU�IRXU�URDG�VLGH�ER[HV�GXULQJ�D�SHULRG�RI�WKUHH�PRQWKV��7KH�UDWH�RI�RSHUDWLRQ

RI�WKH�UDGDU���FDPHUD�YDULHG�EHWZHHQ�����DQG������

&DUV�VSHHGLQJ�E\�PRUH�WKDQ����NP�K�ZHUH�ILQHG��7KH�SHUFHQWDJH�RI�VSHHGHUV�RQ�DOO�IRXU

URDGV�ZHQW�GRZQ�IURP�����WR������7KH�SHUFHQWDJH�RI�VORZ�PRYLQJ�FDUV�RQ�URDG�W\SH�%

ZDV�VPDOO�DQG�VKRZHG�D�VPDOO�LQFUHDVH��7KH�WRWDO�QXPEHU�RI�DFFLGHQWV�RQ�WKH�IRXU�URDGV

ZHQW�GRZQ�ZLWK������LQ�FRPSDULVRQ�WR�FRQWURO�URDGV��
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7DEOH����6SHHG�	�DFFLGHQWV�LQ�EHIRUH�DQG�DIWHU�VLWXDWLRQ�RQ�H[SHULPHQW�DQG�FRQWURO

URDGV��1/��

0HDQ�VSHHG ��6SHHGHUV 7RWDO�DFFLGHQWV([SHULPHQW�URDGV

%HIRUH $IWHU %HIRUH $IWHU %HIRUH $IWHU

��URDGV �� �� ��� ��� ��� ��
6KRUW

WHUP

��URDG �� �� ��� ��� ��

DYHUDJH�\HDU
��

/RQJ�WHUP���URDG �� ��� ��

DYHUDJH�\HDU

0HDQ�VSHHG ��6SHHGHUV 7RWDO�DFFLGHQWV&RQWURO�URDGV

%HIRUH $IWHU %HIRUH $IWHU %HIRUH $IWHU

6KRUW�WHUP

��URDGV

�� �� ��� ��� ���

��

DYHUDJH�\HDU

LV�YHU\�PXFK

KLJKHU�����

��

/RQJ�WHUP���URDGV �� ��� ��

DYHUDJH�\HDU

$�ORQJ�WHUP�HYDOXDWLRQ�RQ�RQH�RI�WKH�URDGV�RI�W\SH�%��WKUHH�\HDUV�DIWHU�WKH�H[SHULPHQWV

ZHUH�FRQFOXGHG��VKRZHG�WKDW� DOWKRXJK� WKH� FDPHUD� V\VWHP�ZDV�RXW�RI�RSHUDWLRQ�GXULQJ

RQH�\HDU��DQG�WKDW�VLQFH�UHLQVWDOOPHQW�WKH�UDWH�RI�RSHUDWLRQ�ZDV�RQH�GD\�SHU�PRQWK�� WKH

SHUFHQWDJH� RI� VSHHGHUV� LQFUHDVHG� VRPHZKDW� IURP� ���� WR� ����� DQG� WKH� QXPEHU� RI

DFFLGHQWV�UHPDLQHG�DW�PRUH�RU�OHVV�WKH�VDPH�OHYHO�

,Q�)LQODQG� D� FRPSDUDEOH� H[SHULPHQW� ZDV� FRQGXFWHG� RQ� D� WZR�ODQH� UXUDO� URDG� ZLWK� D

OHQJWK� RI� ��� NP� DQG� VSHHG� OLPLWV� RI� ��� DQG� ���� NP�K�� 6SHHG� LV� HQIRUFHG� LQ� RQH

GLUHFWLRQ�� (QIRUFHPHQW� ZDV� FRQGXFWHG� IURP� WZHOYH� URDG� VLGH� FDPHUD� SROHV�� 'ULYHUV

DSSURDFKLQJ�WKLV�URDG�ZHUH�ZDUQHG�WKURXJK�VLJQV��5DWH�RI�RSHUDWLRQ�ZDV�������KRXUV�LQ

WZR�\HDUV�� L�H������RI�WKH�WLPH��(QIRUFHPHQW�PDUJLQ�ZDV�����NP�K��7KH�SHUFHQWDJH�RI

VSHHGHUV� ZDV� UHGXFHG� IURP� ���� WR� ����� 2Q� D� FRPSDUDEOH� FRQWURO� URDG� QR� VSHHG

UHGXFWLRQ�ZDV�IRXQG��7KH�LQMXU\�DFFLGHQW�UDWH�ZHQW�GRZQ�E\����

7DEOH�����(IIHFWV�RQ�VSHHG�DQG�DFFLGHQWV��),1��

)LQODQG %HIRUH $IWHU

0HDQ�VSHHG PLQXV���WR���NP�K

3HUFHQWDJH�RI�VSHHGHUV ��� ���

3HUFHQWDJH�!���NP�K ������RI�PRQLWRUHG�YHKLFOHV

,QMXU\�DFFLGHQW�UDWH PLQXV���
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$QRWKHU�H[DPSOH� LV�UHG� OLJKW�DQG�VSHHG�FDPHUD�RSHUDWLRQ�RQ�D� URXWH� LQ�D�PHWURSROLWDQ

DUHD� QHDU� /RQGRQ�� 7KH� URDG� OLQNV� ZHUH� VHOHFWHG�� EDVHG� RQ� KLJK� LQFLGHQFH� RI� VSHHG

UHODWHG�DFFLGHQWV��VHULRXV�DQG�IDWDO�DFFLGHQWV��DQG�VLQJOH�YHKLFOH�DFFLGHQWV��'ULYHUV�ZHUH

ZDUQHG� EHIRUHKDQG� WKURXJK�ZDUQLQJ� VLJQV�� GXPP\� IODVK� XQLWV�� DQG� SXEOLFLW\�� 1H[W� WR

ILQHV��SHQDOW\�SRLQWV�ZHUH�LPSRVHG�

7KH�PHDQ�VSHHG�ZDV�UHGXFHG�E\���PSK��QR�KDOR�HIIHFW�ZDV� IRXQG�RQ�DGMRLQLQJ� URDGV�

7KH�QXPEHU�RI�IDWDO�DQG�VHULRXV�DFFLGHQWV�GHFUHDVHG�ZLWK����������WR������RQ�WKH�OLQNV

DV�ZHOO�RQ�WKH�MXQFWLRQV�

7DEOH����(IIHFW�RQ�VSHHG�EHKDYLRXU��*%��

6SHHG�OLPLW����PSK %HIRUH $IWHU

1R��RI�VSHHGHUV�����PSK ����� ��

0HDQ�VSHHG ���PSK

9��� ���PSK

� 63(('�0$1$*(0(17�21�585$/�52$'�1(7:25.6

,Q� WKUHH� UXUDO� SURYLQFLDO� URDG� QHWZRUNV� LQ� WKH�1HWKHUODQGV� �� ���� URDG� VHFWLRQV�ZLWK� D

WRWDO�OHQJWK�RI�����NP�ZHUH�VHOHFWHG���D�VSHHG�HQIRUFHPHQW�FDPSDLJQ�ZDV�FRQGXFWHG�LQ

������7KH� VHOHFWLRQ� FULWHULRQ�ZDV� WKH� SRWHQWLDO� UHGXFWLRQ� LQ� DFFLGHQWV�YLFWLPV�� L�H�� WKH

UHGXFWLRQ� REWDLQHG� ZKHQ� WKH� DYHUDJH� VSHHG� LV� ORZHUHG� E\� ���� �XVLQJ� WKH� 6ZHGLVK

IRUPXOD��� $� GLIIHUHQW� DSSURDFK� ZDV� QHHGHG� KHUH�� EHFDXVH� LW� ZDV� QRW� GHVLUDEOH�� QRU

SRVVLEOH��WR�LQVWDOO�VSHHG�VLJQV�DQG�FDPHUD�ER[HV�RQ�DOO�OLQNV�RI�WKH�QHWZRUN��)RU�UHDVRQV

RI�XQSUHGLFWDELOLW\��HQIRUFHPHQW�VKRXOG�EH�YDULHG� LQ� WLPH�DQG� VSDFH��(QIRUFHPHQW�ZDV

FRQGXFWHG� XVLQJ� DQ� XQPDUNHG� UDGDU� FDU�� $V� WKH� DLP� ZDV� JHQHUDO� SUHYHQWLRQ�� QR� IRUH

ZDUQLQJ�XS�VWUHDP�IURP�D�UDGDU�FDU�ZDV�JLYHQ��'RZQ�VWUHDP� IURP�WKH�UDGDU�FDU�D�VLJQ

ZDV� SODFHG� ZLWK� WKH� WH[W� ¨<RXU� VSHHG� KDV� EHHQ� FKHFNHG�� 3ROLFH©� WR� LQFUHDVH� WKH

VXEMHFWLYH� SUREDELOLW\� RI� EHLQJ� FKHFNHG�� 7KH� HQIRUFHPHQW� SHULRG�ZDV� EHWZHHQ� �� WR� �

PRQWKV�� RQ� ZRUNLQJ� GD\V� GXULQJ� GD\� WLPH�� 3XEOLFLW\� MXVW� EHIRUH� WKH� VWDUW� RI� WKH

FDPSDLJQ�JDYH�LQIRUPDWLRQ�DERXW�WKH�GDQJHUV�RI�VSHHGLQJ��WKH�RSHUDWLRQ�RI�WKH�V\VWHP�

DQG�WKH�H[SHFWHG�EHKDYLRXU��7KH�HQIRUFHPHQW�IUHTXHQF\�SHU�URDG�VHFWLRQ�ZDV�EHWZHHQ

�����DQG�����KRXUV�SHU�ZHHN�

$� VXUYH\� DPRQJ� FDU� GULYHUV� VKRZHG� WKDW� WKLV� HQIRUFHPHQW�PHWKRG�ZDV� DFFHSWHG� E\� D

JUHDW�PDMRULW\�RI� WKH�GULYHUV��+DOI�RI� WKH�GULYHUV� VDLG� WKH\�ZRXOG�FRPSO\� WR� WKH� VSHHG

OLPLW��DOVR�ZKHQ�QRW�HQIRUFHG������VDLG�WKH\�ZRXOG�GR�WKLV�ZKHQ�VSHHG�LV�FKHFNHG�RQFH

D�PRQWK��DQG�DOPRVW�DOO�GULYHUV�VDLG�VR�ZKHQ�VSHHG� LV�HQIRUFHG�RQFH�D�ZHHN��6R� LI� WKLV

UHVXOW�LV�FRQIRUP�UHDOLW\��DQ�DYHUDJH�HQIRUFHPHQW�IUHTXHQF\�RI�RQFH�D�ZHHN�RQ�ZRUNLQJ
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GD\V�IURP���WR����KRXUV�ZLOO�UHVXOW�LQ�DOPRVW�FRPSOHWH�FRPSOLDQFH�WR�WKH�VSHHG�OLPLW�RI

PRWRULQJ�WUDIILF�LQ�WKHVH�SHULRGV�

7KH�DYHUDJH� VSHHG�ZDV� UHGXFHG�E\��� WR� �� NP�K�� WKH� SHUFHQWDJH� RI� VSHHGHUV�ZLWK� �� WR

�����DOWKRXJK�WKH�SHUFHQWDJH�RI�VSHHGHUV�GXULQJ� WKH�FDPSDLJQ� LV� VWLOO� EHWZHHQ����DQG

����

,W� VKRXOG� EH� PHQWLRQHG�� KRZHYHU�� WKDW� WKH� PHWKRG� RI� VSHHG� HYDOXDWLRQ� XVLQJ� D� UDGDU

IURP� D� FDU� KDG� LWV� VLGH� HIIHFWV�� 6RPH� SDVVLQJ� GULYHUV� VORZHG� GRZQ� WHPSRUDULO\�ZKHQ

VLJKWLQJ� WKH� FDU� SDUNHG� RQ� WKH� URDG� VLGH�� $FFRUGLQJ� WR� WKH� UDGDU� SHUVRQQHO� WKLV

SKHQRPHQRQ�RFFXUUHG�PRUH�IUHTXHQWO\�GXULQJ�WKH�VSHHG�FDPSDLJQ�WKDQ�EHIRUH�

7KH� QXPEHU� RI� DFFLGHQWV�ZDV� FRPSDUHG� WR� D� FRQWURO� DUHD�� 7KHUH�ZDV� QR� UHGXFWLRQ� LQ

DFFLGHQWV�� ,Q� RQH� SURYLQFH� WKHUH� ZDV� HYHQ� D� PDUNHG� LQFUHDVH� LQ� DFFLGHQWV�� 1R

H[SODQDWLRQ�FRXOG�EH�JLYHQ�IRU�WKLV�

7KH� VSHHG� HQIRUFHPHQW� ZDV� WKHQ� FRQWLQXHG� LQ� D� SDUW� RI� WKH� SURYLQFH� RI� )ULHVODQG�

FRPSULVLQJ�HLJKW�URDG�VHFWLRQV�DQG�DQ�DYHUDJH�HQIRUFHPHQW�IUHTXHQF\�RI�����KRXUV�SHU

URDG� VHFWLRQ� SHU�ZHHN�� 7KH� VSHHG� HYDOXDWLRQ�ZDV� GRQH� XVLQJ� KDUGO\� SHUFHSWLEOH� ORRS

GHWHFWRUV��7KH�UHVXOW�ZDV�D�UHGXFWLRQ�RI�WKH�SHUFHQWDJH�RI�VSHHGHUV�RI�DURXQG����SHUFHQW

SRLQWV�

7DEOH����6SHHG�DQG�DFFLGHQWV�LQ�EHIRUH�DQG�DIWHU�VLWXDWLRQ��1/��

$YHUDJH�VSHHG ��VSHHGHUV $FFLGHQWV1HWZRUN

VSHHG

HQIRUFHPHQW
%HIRUH $IWHU %HIRUH $IWHU %HIRUH��¨���

©��
$IWHU������

&RQWURO�DUHD DYHUDJH����� ����>����@

�� �� �� �� DYHUDJH���� ����>����@)ULHVODQG

�� �� �� ��

�� �� �� �� DYHUDJH����� ����>�����@2YHULMVVHO

�� �� �� ��

)OHYRODQG �� �� �� �� DYHUDJH���� ����>����@

$�FRPSDULVRQ�ZDV�PDGH�EHWZHHQ� UDGDU� DQG� ORRS�PHDVXUHPHQWV� DW� ILYH� ORFDWLRQV��7KH

DYHUDJH� VSHHG�PHDVXUHG� E\� ORRSV� DW� WKH� ILYH� VLWHV�ZDV� �� WR� �� NP�K� KLJKHU� WKDQ�ZKHQ

PHDVXUHG�E\�UDGDU�

,Q�1RUZD\����UXUDO�URDG�VHFWLRQV�ZLWK�D�WRWDO� OHQJWK�RI�����NP�ZHUH�HQIRUFHG�E\�UDGDU

SOXV� FDPHUD� IURP� URDG� VLGH� ER[HV�� 7KH� VHOHFWLRQ� FULWHULRQ�ZDV� D� KLJKHU� DFFLGHQW� UDWH

WKDQ�QRUPDO� IRU�WKH�URDG�W\SH��ZLWK�DW� OHDVW�����DFFLGHQWV�SHU�NP�SHU�\HDU��DQG�D�PHDQ

VSHHG�KLJKHU�WKDQ�WKH�VSHHG�OLPLW��$�IRUH�ZDUQLQJ�ZDV�JLYHQ�E\�D�VLJQ�¨$XWRPDWLF�WUDIILF
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HQIRUFHPHQW©�� 7KH� WROHUDQFH� PDUJLQ� ZDV� ��� NP�K�� 1R� EHIRUH�PHDVXUHPHQWV� ZHUH

DYDLODEOH��)RU�DOO�URDGV�WRJHWKHU�WKH�QXPEHU�RI�DFFLGHQWV�ZDV�UHGXFHG�ZLWK�����

� 63(('�0$1$*(0(17�21�85%$1�52$'�1(7:25.6

,Q�WKH�FLW\�RI�(LQGKRYHQ�WKH�QXPEHU�RI�WUDIILF�YLFWLPV�SHU�FDSLWD�ZDV�VHFRQG�KLJKHVW�RI

DOO� ODUJH� FLWLHV� �!�������� LQKDELWDQWV�� LQ� WKH� 1HWKHUODQGV�� $� VSHHG� FDPSDLJQ� ZDV

FRQGXFWHG� LQ������GXULQJ�HLJKW�PRQWKV�RQ�D� VHOHFWLRQ�RI����PDLQ�XUEDQ� URDG� VHFWLRQV

DQG���VLWHV�RQ�WKH�ULQJ�URDG��7KLV�VHOHFWLRQ�ZDV�GRQH�E\�WKH�PXQLFLSDOLW\�DQG�WKH�SROLFH�

EDVHG�RQ�DFFLGHQW�KLVWRU\�DQG� VSHHG� OHYHO�� 7KH� VDPH�PHWKRG� DV� DSSOLHG� RQ� UXUDO� URDG

QHWZRUN�ZDV�XVHG�KHUH��7KH� IHHG�EDFN�VLJQ�ZDV�QRW�XVHG� IUHTXHQWO\��7KH�HQIRUFHPHQW

IUHTXHQF\�UHDOLVHG�ZDV�����KRXU�SHU�URDG�VHFWLRQ�SHU�ZHHN��3XEOLFLW\�ZDV�JLYHQ�WKURXJK

GDLO\� QHZV�SDSHU�� ORFDO�79�DQG� UDGLR�DQG�SRVWHUV�RQ� WKH� URDG� VLGH��7KH� SHUFHQWDJH�RI

VSHHGHUV�GHFUHDVHG�ZLWK���WR����SHUFHQW�SRLQWV��7KH�QXPEHU�RI�IDWDO�DQG�LQMXU\�DFFLGHQWV

LQYROYLQJ� DW� OHDVW� RQH� PRWRU� YHKLFOH� ZDV� UHGXFHG� ZLWK� ���� FRPSDUHG� ZLWK� WKH

SUHFHGLQJ�\HDU��7KH�DFFLGHQW�UHGXFWLRQ�FRXOG�SDUWO\�EH�DVFULEHG�WR�D�GRZQZDUG�WUHQG�LQ

DFFLGHQWV��DQG�IRU�DQRWKHU�SDUW�WR�WKH�FDPSDLJQ�

7DEOH����6SHHG�LQ�EHIRUH�DQG�DIWHU�VLWXDWLRQ��1/��

$YHUDJH�VSHHG ��VSHHGHUV(LQGKRYHQ

%HIRUH $IWHU %HIRUH $IWHU

�[�����NP�K �� �� �� ��

�[�����NP�K �� �� �� ��

��� NP�K�� ZLWK� F\FOH

SDWK

�� �� �� ��

���NP�K��QR�F\FOH�SDWK �� �� �� ��

�[�����NP�K �� �� �� �

7DEOH����$FFLGHQWV�LQ�(LQGKRYHQ�DQG�LQ�1/�LQ�EHIRUH�DQG�DIWHU�SHULRG��1/��

$FFLGHQWV ���� ���� ���� ���� ���� ����

(LQGKRYHQ ��� ��� ��� ��� ��� ���

1HWKHUODQGV ����� ����� ����� ����� ����� �����
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,Q�9LFWRULD�6WDWH��$XVWUDOLD�D�PDVVLYH�VSHHG�DQG�DOFRKRO�HQIRUFHPHQW�FRPELQHG�ZLWK�DQ

HGXFDWLRQ�FDPSDLJQ�ZDV�VWDUWHG�LQ�������,W�ZDV�VWDWHG�WKDW�VSHHG�ZDV�WKH�SULPDU\�FDXVH

LQ� ���� RI� DOO� IDWDO� DQG� PDMRU� LQMXU\� FUDVKHV�� ,Q� $XVWUDOLD� XQVDIH� VSHHG� DQG� DOFRKRO

LPSDLUPHQW� ZHUH� UHJDUGHG� WR� EH� D� FDXVDWLYH� IDFWRU� LQ� ���� RI� DOO� URDG� FUDVKHV� LQ

$XVWUDOLD��$OO�RUJDQLVDWLRQV�UHVSRQVLEOH�IRU�URDG�VDIHW\�MRLQHG�IRUFHV�

7KH�ORQJ�WHUP�REMHFWLYH�ZDV�WR�PDNH�VSHHGLQJ�DQG�GUXQN�GULYLQJ�VRFLDOO\�XQDFFHSWDEOH

DQG� WR� DFKLHYH� D� KLJK� OHYHO� RI� YROXQWDU\� FRPSOLDQFH�� 6SHFLDOO\� FKRVHQ� SROLFH� RIILFHUV

ZHUH� VWDWLRQHG� DW� SULPDU\� VFKRROV� WR� VXSSOHPHQW� WKH� DGXOW� HGXFDWLRQ� DQG� FRPPXQLW\

DZDUHQHVV�DFWLYLW\��7KH�FDPSDLJQ�ZDV�FRQGXFWHG�LQ�VXFK�D�ZD\�WKDW�WKLV�ZDV�FRQVLGHUHG

E\�WKH�SXEOLF�WR�EH�IDLU�DQG�UHDVRQDEOH��7KH�VSHHG� OLPLWV�ZHUH�UHVSHFWLYHO\���������DQG

����NP�K��6LJQV�ZHUH� LQVWDOOHG�DW� DOO� ERUGHU�HQWU\�SRLQWV� UHDGLQJ� ¨6SHHG�DQG� UHG� OLJKW

FDPHUDV� RSHUDWH� WKURXJKRXW� 9LFWRULD©�� 6SHHG� DGYHUWLVHPHQWV� RQ� 79� VKRZHG� GLIIHUHQW

NLQGV�RI�VSHHGLQJ� OHDGLQJ�WR�VHYHUDO�NLQGV�RI��VWDJHG��DFFLGHQWV�DQG�VXIIHULQJ��1H[W� WR

ILQHV�IRU�VSHHGLQJ��GHPHULW�SRLQWV�ZHUH�DOVR�DSSOLFDEOH��7KH�WROHUDQFH�OHYHO�ZDV���NP�K�

7KHUH�ZHUH�������FDPHUD�VLWHV�VSUHDG�DFURVV� WKH�6WDWH��RQ�DYHUDJH����FDPHUDV�ZHUH� LQ

RSHUDWLRQ� GDLO\�� SHU� FDPHUD� ��� VLWHV� FRXOG� EH� HQIRUFHG�� WKH� FDPHUD� ZDV� RSHUDWLRQDO

GXULQJ�������KRXUV�SHU�PRQWK��6R�HDFK�FDPHUD�ZDV�LQ�RSHUDWLRQ�GDLO\�GXULQJ�DQ�DYHUDJH

RI� ���� KRXUV��RU� ���� KRXUV� SHU� VLWH� SHU�PRQWK��7KH� SURFHVVLQJ�ZDV� DXWRPDWHG� DQG� WKH

FDSDFLW\�ZDV���������UHFRUGV�SHU�PRQWK��1H[W�WR�D�ILQH�WR�EH�SDLG��WKH�FDU�RZQHU�FRXOG

JHW�GHPHULW�SRLQWV��XQOHVV�KH�LGHQWLILHG�WKH�VSHHGLQJ�GULYHU���7KH�HIIHFW�HQIRUFHPHQW�RQ

EHKDYLRXU� PLJKW� EH� HQKDQFHG� E\� D� SRLQW� GHPHULW� V\VWHP�� 7KH� YHKLFOH� UHJLVWUDWLRQ� RI

FRUSRUDWH� RZQHUV� FRXOG� EH� VXVSHQGHG� DERYH� D� ILQH� WR� EH� SDLG� �XQOHVV� WKH� GULYHU� ZDV

LGHQWLILHG���7KH� HIIHFW� RQ� VSHHG� EHKDYLRXU�ZDV� DQDO\VHG� RQ� D� OLPLWHG� QXPEHU� RI� VLWHV

�PHDVXUHG�E\�LQGXFWLYH�ORRSV���QR�PHDVXUDEOH�GHFUHDVH� LQ�PHDQ�VSHHG�ZDV� IRXQG��7KH

SHUFHQWDJH� RI� YHKLFOHV� VSHHGLQJ� ZLWK� PRUH� WKDQ� ��� NP�K�� KRZHYHU� GHFUHDVHG�� 7KLV

LPSOLHV� WKDW� WKH� JURXS� RI� VORZ� GULYLQJ� YHKLFOHV� PXVW� KDYH� LQFUHDVHG� WKHLU� VSHHG�

5HFLGLYLVP���VHFRQG�LQIULQJHPHQWV���ZDV�����OHVV��IRU�WKLUG�LQIULQJHPHQWV�WKH�UHGXFWLRQ

ZDV������7KH�WRWDO�URDG�WROO�ZDV�UHGXFHG�IURP�����LQ������WR�����LQ������L�H�������7KH

HIIHFW�RI�VSHHG�HQIRUFHPHQW�ZDV�HVWLPDWHG�WR�EH�����

�� &21&/86,216

/RFDWLRQV�DQG�URXWHV

,W�FDQ�EH�FRQFOXGHG�IURP�WKH�GLIIHUHQW�H[DPSOHV�WKDW�VSHHG�PDQDJHPHQW�HQIRUFHPHQW�DW

ORFDWLRQV�DQG�RQ�URXWHV�JHQHUDOO\�KDG�D�UHGXFLQJ�HIIHFW�RQ�VSHHGV�DQG�DFFLGHQWV�

,W� DSSHDUV� WR� EH� QHFHVVDU\� WKDW� GULYHUV� DUH� LQIRUPHG� DERXW� WKH� VSHHG� HQIRUFHPHQW

FDPSDLJQ�

5RDG�VLGH�ER[HV�IRU�UDGDU�DQG�FDPHUD�DUH�RIWHQ�YLVLEOH�DQG�VR�WKH�HIIHFW�LV�UHVWULFWHG�WR

WKH�QHLJKERXUKRRG�RI�WKHVH�ER[HV��$OVR�D�SDUNHG�UDGDU�FDU�LV�RIWHQ�REYLRXV�
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2Q�WKH�RWKHU�KDQG��HYHQ�D�UHODWLYHO\�VPDOO�RSHUDWLRQ�UDWH��H�J��RQH�GD\�PRQWK��RI�FDPHUD

ER[HV��KDG�D�VSHHG�UHGXFLQJ�HIIHFW��EHFDXVH�RI�WKH�XQSUHGLFWDELOLW\�RI�WKH�SUHVHQFH�RI�WKH

V\VWHP�IRU�WKH�GULYHU�

&DPHUD�ER[HV�DUH�OLDEOH�WR�YDQGDOLVP�

1HWZRUNV

(QIRUFHPHQW�RQ�URDG�QHWZRUNV�KDG�D�VSHHG�UHGXFLQJ�HIIHFW�DV�D�ZKROH�� UHVSHFWLYHO\�RQ

WKH�IDVW�GULYLQJ�JURXS��7KH�H[WHQW�RI� WKH�HIIHFW�GHSHQGV�RQ� WKH�HQIRUFHPHQW� IUHTXHQF\

DQG�GXUDWLRQ��,Q�VRPH�H[SHULPHQWV�WKLV�OHYHO�ZDV�WRR�ORZ��VR�WKH�HIIHFW�ZDV�OLPLWHG�

6SHHG� HYDOXDWLRQ� XVLQJ� UDGDU� KDG� LWV� LQIOXHQFH� RQ� GULYHU� EHKDYLRXU�� DV� VRPH� RI� WKH

GULYHUV�GHFHOHUDWHG�DW�WKH�VLJKW�RI�WKH�SDUNHG�UDGDU�FDU�

6RPH�RI�WKH�H[SHULPHQWV�GLG�QRW�UHVXOW�LQ�DQ�DFFLGHQW�UHGXFWLRQ�� LQ�RQH�'XWFK�SURYLQFH

WKLV� QXPEHU� HYHQ� LQFUHDVHG� VWURQJO\�� 1R� FOHDU� H[SODQDWLRQV� FRXOG� EH� JLYHQ� IRU� WKLV

SKHQRPHQRQ�

)URP� WKH� UHVXOWV� RI� VWXGLHV� LQ� GLIIHUHQW� FRXQWULHV�� LW� FDQ� EH� FRQFOXGHG� WKDW� DQ� DYHUDJH

HQIRUFHPHQW� IUHTXHQF\� RI� RQFH� D� ZHHN� SHU� URDG� VHFWLRQ�� L�H�� DQ� DYHUDJH� RI� ��� KRXUV

GXULQJ�WKH�GD\�SHU�ZHHN��ZLOO�UHVXOW� LQ�DOPRVW�DOO�GULYHUV�QRW�H[FHHGLQJ�WKH�VSHHG� OLPLW

VHW� E\� WKH� SROLFH� IRU� ILQLQJ�� 7KLV� UHTXLUHG� HQIRUFHPHQW� HQGHDYRXU� IURP� WKH� SROLFH� LV

KLJK��LQ�SUDFWLFH�WKLV�UHTXLUHG�OHYHO�FDQ�QRW�EH�UHDOLVHG�HDVLO\�

�� 5(&200(1'$7,216

7KH�IROORZLQJ�JHQHUDO�UHFRPPHQGDWLRQV�FDQ�WHQWDWLYHO\�EH�PDGH�EDVHG�RQ�WKH�UHVXOWV�RI

WKH�HQIRUFHPHQW�VWXGLHV��VHH�IRU�PRUH�GHWDLOHG�LQIRUPDWLRQ�2HL��������

$�VWUDWHJLF�DOOLDQFH�EHWZHHQ�UHOHYDQW�GHSDUWPHQWV��URDG�DXWKRULWLHV��DQG�RWKHU�SDUWQHUV�LV

UHFRPPHQGHG�WR�EH�IRUPHG�DW�D�QDWLRQDO��SURYLQFLDO�DQG�PXQLFLSDO�OHYHO�

([SOLFLWO\�DQG�TXDQWLWDWLYHO\� IRUPXODWHG�JRYHUQPHQW�SROLF\�REMHFWLYHV� UHJDUGLQJ� VSHHG

DQG�DFFLGHQW�UHGXFWLRQ�DUH�QHHGHG�

$� ZULWWHQ� DJUHHPHQW� DOORFDWLQJ� WKH� WDVNV� EHWZHHQ� URDG� DXWKRULW\�� WKH� SROLFH� DQG

SURVHFXWLRQ� RIILFH� �028�� UHJDUGLQJ� VSHHG� PDQDJHPHQW� DQG� HQIRUFHPHQW� IRU� WKH

FRPLQJ�\HDUV��LV�UHFRPPHQGHG�

6SHHG�HQIRUFHPHQW�VKRXOG�EH�UHJDUGHG�DV�D�SHUPDQHQW�DQG�VXVWDLQHG�WDVN��DQG�QRW�MXVW�D

WHPSRUDU\�DFWLRQ�

%HFDXVH� WKH� HIILFLHQF\� RI� HQIRUFHPHQW� XVLQJ� D� FDPHUD� LV� YHU\� PXFK� KLJKHU� WKDQ

HQIRUFHPHQW�ZKHUH�VSHHGHUV�DUH�VWRSSHG��WKH�ILUVW�W\SH�RI�HQIRUFHPHQW�LV�UHFRPPHQGHG�
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$� FRPELQDWLRQ� RI� VSHHG� DQG� UHG� OLJKW� HQIRUFHPHQW� DW� LQWHUVHFWLRQV� ZLOO� HQKDQFH� WKH

HIIHFWLYHQHVV�UHJDUGLQJ�DGDSWLRQ�RI�WKH�GULYLQJ�EHKDYLRXU�

,W� LV� UHFRPPHQGHG� WKDW� WKH� FDU� RZQHU� LV� PDGH� SULPDULO\� UHVSRQVLEOH� IRU� RIIHQFHV

FRPPLWWHG�ZLWK�D�FDU�

1H[W�WR�ZLWKGUDZDO�RI�D�GULYLQJ�OLFHQVH��WKH�ZLWKGUDZDO�RI�WKH�OLFHQVH�RI�EXVLQHVV�FDUV�LV

DQRWKHU�SRVVLELOLW\�

$� SRLQW� GHPHULW� V\VWHP� PLJKW� HQKDQFH� WKH� HIILFLHQF\� DQG� HIIHFWLYHQHVV� RI� WKH

HQIRUFHPHQW�HQGHDYRXU�

&RQWLQXRXV� PRQLWRULQJ� RI� VSHHG� E\� LQGXFWLYH� ORRSV� ZLOO� IDFLOLWDWH� WKH� VHOHFWLRQ� RI

SUREOHP�URDGV�WR�EH�HQIRUFHG�DQG�WR�GHWHUPLQH�KRZ�WR�PRGXODWH�WKH�HQIRUFHPHQW� OHYHO

GHSHQGLQJ�RQ�WKH�VSHHG�OHYHO��LQFUHDVH�UHVSHFWLYHO\�GHFUHDVH��

)RU� HQIRUFHPHQW� WR�EH�DFFHSWHG�E\� WKH�SXEOLF�� LW� LV�RI� LPSRUWDQFH� WKDW� WKH�REMHFWLYH� LV

SULPDULO\�SUHYHQWLRQ�DQG�DFFLGHQW�UHGXFWLRQ��DQG�QRW�SXQLVKPHQW�RU�ILQDQFLDO�JDLQ�

(QIRUFHPHQW� VKRXOG� DOZD\V� EH� SUHFHGHG� DQG� FRPELQHG� ZLWK� SXEOLFLW\� WR� LQIRUP� WKH

SXEOLF�DERXW�WKH�GDQJHU�RI�VSHHGLQJ��WKH�HQIRUFHPHQW�PHWKRG��DQG�WKH�HIIHFWV�DFKLHYHG�

7KLV� ZLOO� SUHYHQW� RYHUORDGLQJ� WKH� SURFHVVLQJ� RI� VSHHGLQJ� WLFNHWV� DW� WKH� VWDUW� RI� WKH

FDPSDLJQ��3XEOLFLW\�VKRXOG�EH�DLPHG�DW�WDUJHW�JURXSV�

)RUH�ZDUQLQJ�RI�VSHHG�HQIRUFHPHQW�LV�IXQFWLRQDO�ZKHUH�WKH�HQIRUFHG�ORFDWLRQ�RU�URXWH�LV

VHOHFWHG��EDVHG�RQ�D�VDIHW\�DQG�VSHHG�SUREOHP�

2Q�D� URDG�QHWZRUN� HQIRUFHPHQW� LV� UHFRPPHQGHG� WR� EH� UDQGRPL]HG� LQ� VSDFH� DQG� WLPH

�XQSUHGLFWDEOH��� 1R� IRUH� ZDUQLQJ� VKRXOG� EH� JLYHQ� H[FHSW� WKURXJK� SXEOLFLW\�� $� VLJQ

LQIRUPLQJ�GULYHUV� WKDW� WKHLU� VSHHG� KDV� EHHQ� FKHFNHG� FDQ� EH� JLYHQ� GRZQ� VWUHDP�RI� WKH

VSHHG�FKHFN�

,W� LV� UHFRPPHQGHG� WR�XVH� FDPRXIODJH� WHFKQLTXHV� VR� WKH� HQIRUFHPHQW� EH� XQSUHGLFWDEOH

IRU�GULYHUV�

(QIRUFHPHQW�V\VWHPV�VKRXOG�EH�PDGH�¨YDQGDO�SURRI©�

8VH�RI�QHZ�HOHFWURQLF�WHFKQRORJLHV�ZLOO� LQFUHDVH�WKH�HIILFLHQF\�DQG�HIIHFWLYHQHVV�RI�WKH

HQIRUFHPHQW� SURFHVV�� 6XFK� DV� DXWRPDWLF� UHJLVWHULQJ�� UHDGLQJ�� DQG� LGHQWLILFDWLRQ� RI

VSHHGLQJ�FDUV��$�KLJK� VXEMHFWLYH�DQG�REMHFWLYH� IUHTXHQF\�RI� VSHHG�FKHFNV�FDQ� WKXV� EH

UHDFKHG�

'HYHORSPHQW� RI� D� GHVLJQ� IRU� DQ� LQWHJUDO� DSSURDFK� RI� HQIRUFHPHQW� RQ� GUXQN� GULYLQJ�

VSHHGLQJ��DJJUHVVLYH�EHKDYLRXU��HWF��LV�UHFRPPHQGHG�
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2HL�� +ZD\�OLHP� ��������7KH� (IIHFW� RI� (QIRUFHPHQW� RQ� 6SHHG� %HKDYLRXU�� $� OLWHUDWXUH

VWXG\�� $� 0$67(5� UHSRUW�� 3URMHFW� )XQGHG� E\� WKH� (XURSHDQ� &RPPLVVLRQ� XQGHU� WKH

7UDQVSRUW�57'�3URJUDPPH�RI�WKH��WK�)UDPHZRUN�3URJUDPPH�


