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

$EVWUDFW

7KLV�)LQDO�5HSRUW�RI� WKH�SURMHFW�0$67(5��0$QDJLQJ�6SHHGV�RI�7UDIILF�RQ�(XURSHDQ

5RDGV��VXPPDULVHV�WKH�UHVXOWV�RI�WKH�WZR�\HDU�UHVHDUFK�SURMHFW��7KH�PDLQ�REMHFWLYH�ZDV
WR� GHYHORS� UHFRPPHQGDWLRQV� IRU� VSHHG� PDQDJHPHQW� VWUDWHJLHV� DQG� SROLFLHV�� 3UHVHQW
VSHHGV�DQG�VSHHG�PDQDJHPHQW�PHWKRGV�LQ�(XURSH�DUH�GHVFULEHG��7KH�YDULRXV�LPSDFWV�RI
VSHHG�DUH�H[DPLQHG��$�SURFHGXUH�IRU�DVVLVWLQJ�GHFLVLRQ�PDNHUV�WR�GHWHUPLQH�DSSURSULDWH
OHYHOV�RI�VSHHG�RQ�GLIIHUHQW�NLQGV�RI�URDGV�LV�RXWOLQHG��)DFWRUV�DIIHFWLQJ�GULYHUV
�FKRLFH�RI
VSHHG�DUH�VWXGLHG��'LIIHUHQW�VSHHG�PDQDJHPHQW�PHDVXUHV� DQG� WRROV� DUH� DVVHVVHG�RQ� WKH
EDVLV�RI�OLWHUDWXUH�VWXGLHV��VLPXODWRU�H[SHULPHQWV�DQG�ILHOG�VWXGLHV��5HFRPPHQGDWLRQV�IRU
VSHHG�PDQDJHPHQW�PHDVXUHV� DQG� WRROV� DUH� SUHVHQWHG� VHSDUDWHO\� IRU� IRXU� GLIIHUHQW� URDG
FDWHJRULHV�� XUEDQ� UHVLGHQWLDO� VWUHHWV�� XUEDQ� PDLQ� URDGV�� UXUDO� PL[HG� WUDIILF� URDGV� DQG
PRWRUZD\V�� ,W� LV� FRQFOXGHG� WKDW� IXUWKHU� GHYHORSPHQW� RI� VSHHG� PDQDJHPHQW� FRXOG
LQFOXGH�� IRU� H[DPSOH�� KDUPRQLVDWLRQ� RI� VSHHGV� DQG� VSHHG� OLPLWV� LQ� GLIIHUHQW� FRXQWULHV�
GHYHORSPHQW�RI�(XURSHDQ�JXLGHOLQHV�IRU�VSHHG�PDQDJHPHQW�RQ�GLIIHUHQW�NLQGV�RI�URDGV�
LPSURYHPHQW� RI� URDG� GHVLJQ�� IXUWKHU� GHYHORSPHQW� DQG� ZLGHU� XVH� RI� DXWRPDWHG� VSHHG
HQIRUFHPHQW��DQG�LQWURGXFWLRQ�RI�DGDSWLYH�LQ�YHKLFOH�VSHHG�OLPLWHUV�
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� 35(6(17�63(('6�$1'�63(('�0$1$*(0(17�0(7+2'6�,1�(8523( ��� �
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��� $FFLGHQWV ������������������������������������������������������������������������������������������������������ �
����� 3UHYLRXV�VWXGLHV ��������������������������������������������������������������������������������� �
����� 0HWKRGRORJLFDO�LVVXHV���������������������������������������������������������������������� ��
����� 6WDWLVWLFDO�PRGHOOLQJ�IRU�VLQJOH�FDUULDJHZD\�UXUDO�URDGV �������������������� ��
����� &RQFOXVLRQV ������������������������������������������������������������������������������������� ��

��� ([KDXVW�HPLVVLRQV ��������������������������������������������������������������������������������������� ��
��� 1RLVH�DQG�YLEUDWLRQ ������������������������������������������������������������������������������������� ��
��� &RVWV�WR�XVHUV�RI�YHKLFOHV ���������������������������������������������������������������������������� ��

����� 2YHUYLHZ����������������������������������������������������������������������������������������� ��
����� 7LPH�FRVWV ��������������������������������������������������������������������������������������� ��
����� 9HKLFOH�RSHUDWLQJ�FRVWV �������������������������������������������������������������������� ��

��� ,PSDFWV�RQ�LQGLYLGXDO�MRXUQH\V �������������������������������������������������������������������� ��
��� (TXLW\�DQG�GLVWULEXWLRQDO�LPSDFWV ����������������������������������������������������������������� ��
��� 1HWZRUN�OHYHO�LPSDFWV��������������������������������������������������������������������������������� ��
��� 3ULYDWH�DQG�VRFLDO�FRVWV ������������������������������������������������������������������������������� ��
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��� &RQWH[W�IRU�GHFLVLRQ�PDNLQJ������������������������������������������������������������������������ ��
��� )UDPHZRUN�IRU�DVVHVVLQJ�WKH�LPSDFWV�RI�VSHHG ��������������������������������������������� ��

����� 2EMHFWLYHV���������������������������������������������������������������������������������������� ��
����� 6WUXFWXUH������������������������������������������������������������������������������������������ ��
����� 6FRSH ���������������������������������������������������������������������������������������������� ��
����� /LPLWDWLRQV��������������������������������������������������������������������������������������� ��

��� $SSOLFDWLRQ�RI�WKH�IUDPHZRUN���������������������������������������������������������������������� ��
��� 8VH�RI�WKH�RXWSXWV�LQ�GHFLVLRQ�PDNLQJ ��������������������������������������������������������� ��
��� $FFHSWDELOLW\�DV�FULWHULRQ�IRU�VSHHG�PDQDJHPHQW������������������������������������������ ��
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��� 6SHHG�DQG�PRWLYDWLRQ���������������������������������������������������������������������������������� ��

����� 7KHRU\�RI�SODQQHG�EHKDYLRXU������������������������������������������������������������ ��
����� 3ODQQLQJ�RI�TXHVWLRQQDLUHV�DQG�LQIRUPDWLRQ�FDPSDLJQV���������������������� ��
����� $WWLWXGHV�WRZDUGV�VSHHGV�DQG�VSHHG�UHGXFLQJ�PHDVXUHV�������������������� ��

��� $FFHSWDELOLW\�RI�SUHVHQW�VSHHGV�������������������������������������������������������������������� ��
����� 5HVHDUFK�PHWKRG ����������������������������������������������������������������������������� ��
����� 5HVXOWV�IURP�LQWHUYLHZV�������������������������������������������������������������������� ��
����� 7KH�XVH�RI�UHVXOWV�LQ�PDUNHWLQJ�DQG�GHFLVLRQ�PDNLQJ ������������������������ ��

��� (QIRUFHPHQW������������������������������������������������������������������������������������������������ ��
����� (IIHFWV�RI�VSHHG�HQIRUFHPHQW ����������������������������������������������������������� ��
����� 5HFRPPHQGDWLRQV�IRU�VSHHG�HQIRUFHPHQW����������������������������������������� ��

��� 5RDG�GHVLJQ ������������������������������������������������������������������������������������������������ ��
����� /LWHUDWXUH�UHYLHZ�DQG�VXUYH\������������������������������������������������������������ ��
����� &DWHJRULVDWLRQ�RI�URDG�HQYLURQPHQWV ������������������������������������������������ ��
����� (IIHFWV�RI�FRJQLWLYH�URDG�FODVVLILFDWLRQ�RQ�GULYLQJ�VSHHGV������������������ ��
����� &RQFOXVLRQV ������������������������������������������������������������������������������������� ��

� ,1129$7,9(�63(('�0$1$*(0(17�722/6 ��������������������������������������������� ��

��� %DFNJURXQG ������������������������������������������������������������������������������������������������ ��
��� 7UDGLWLRQDO�DQG�DGYDQFHG�VSHHG�PDQDJHPHQW�WRROV �������������������������������������� ��

����� /LWHUDWXUH�VWXG\�RI�$77�DQG�QRQ�$77�VSHHG�PDQDJHPHQW�WRROV ������ ��
����� 6LPXODWRU�VWXG\�RI�$77�DQG�QRQ�$77�VSHHG�PDQDJHPHQW�WRROV������� ��

��� ,Q�FDU�VSHHG�OLPLWHU�������������������������������������������������������������������������������������� ��
����� 6LPXODWRU�VWXG\�RI�LQ�FDU�VSHHG�OLPLWHU ��������������������������������������������� ��
����� )LHOG�VWXG\�RI�LQ�FDU�VSHHG�OLPLWHU����������������������������������������������������� ��

� &855(17�.12:/('*(�2)�63(('�0$1$*(0(17�0($685(6�$1'
722/6���������������������������������������������������������������������������������������������������������������� ��

��� $VVHVVPHQW�FULWHULD�������������������������������������������������������������������������������������� ��
��� ,QIRUPDWLYH�DQG�OHJDO�PHDVXUHV�������������������������������������������������������������������� ��

����� 3RVWHG�VSHHG�OLPLWV��������������������������������������������������������������������������� ��
����� 9DULDEOH�VSHHG�OLPLWV ������������������������������������������������������������������������ ��
����� 9HKLFOH�DQG�GULYHU�W\SH�VSHFLILF�VSHHG�OLPLWV ������������������������������������� ��
����� 3HQDOW\�V\VWHPV�������������������������������������������������������������������������������� ��
����� 6SHHG�UHFRPPHQGDWLRQ�VLJQV ����������������������������������������������������������� ��
����� ,Q�YHKLFOH�LQIRUPDWLRQ ���������������������������������������������������������������������� ��
����� 5RDG�VLGH�IHHGEDFN�������������������������������������������������������������������������� ��
����� ,Q�YHKLFOH�IHHGEDFN �������������������������������������������������������������������������� ��
����� 6WRS�UHJXODWLRQ �������������������������������������������������������������������������������� ��
������ (GXFDWLRQ�DQG�SXEOLFLW\�FDPSDLJQV��������������������������������������������������� ��
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����� 5RDG�FDYLWLHV��LQYHUWHG�KXPSV� �������������������������������������������������������� ��
����� 5RDG�QDUURZLQJV�DQG�KRUL]RQWDO�GHIOHFWLRQV ������������������������������������� ��
����� 5RXQGDERXWV������������������������������������������������������������������������������������ ��
����� 9LOODJH�JDWHZD\V������������������������������������������������������������������������������ ��
����� 5RDG�PDUNLQJV��������������������������������������������������������������������������������� ��
����� 5XPEOH�VWULSV�DQG�RWKHU�URDG�VXUIDFH�WUHDWPHQWV������������������������������� ��
����� 9LVLELOLW\�DQG�YLVXDO�JXLGDQFH ����������������������������������������������������������� ��
����� 7UDIILF�FDOPLQJ��������������������������������������������������������������������������������� ��
������ (QYLURQPHQWDOO\�DGDSWHG�WKURXJK�URDGV ������������������������������������������� ��
������ 6HOI�H[SODLQLQJ�URDGV������������������������������������������������������������������������ ��
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����� &RQYHQWLRQDO�VSHHG�HQIRUFHPHQW ������������������������������������������������������ ��
����� $XWRPDWHG�VSHHG�HQIRUFHPHQW ��������������������������������������������������������� ��
����� $GDSWLYH�FUXLVH�FRQWURO �������������������������������������������������������������������� ��
����� ,Q�YHKLFOH�YDULDEOH�VSHHG�OLPLWHUV ������������������������������������������������������ ��

��� ,QWHUDFWLRQV ������������������������������������������������������������������������������������������������� ��

� 5(&200(1'$7,216�)25�63(('�0$1$*(0(17 ����������������������������������� ��

��� %DFNJURXQG ������������������������������������������������������������������������������������������������ ��
��� %DVLF�SULQFLSOHV ������������������������������������������������������������������������������������������� ��
��� 7DUJHW�VSHHGV���������������������������������������������������������������������������������������������� ��

����� 'HWHUPLQDWLRQ�SURFHGXUH������������������������������������������������������������������ ��
����� 3UDFWLFDO�FRQVLGHUDWLRQV�������������������������������������������������������������������� ��
����� +DUPRQLVDWLRQ�RI�VSHHG�OLPLWV ���������������������������������������������������������� ��

��� 0HDVXUHV�DQG�WRROV�IRU�DGRSWLQJ�WDUJHW�VSHHGV��������������������������������������������� ��
����� 8UEDQ�UHVLGHQWLDO�VWUHHWV ������������������������������������������������������������������� ��
����� 8UEDQ�PDLQ�URDGV����������������������������������������������������������������������������� ��
����� 5XUDO�PL[HG�WUDIILF�URDGV������������������������������������������������������������������ ��
����� 0RWRUZD\V �������������������������������������������������������������������������������������� ��

� &21&/86,216 ���������������������������������������������������������������������������������������������������

��� 5HFRPPHQGDWLRQV�IRU�VSHHG�PDQDJHPHQW�PHDVXUHV��WRROV�DQG�SROLF\ ������������
��� 5HFRPPHQGDWLRQV�IRU�IXUWKHU�UHVHDUFK ����������������������������������������������������������

�� 5()(5(1&(6 ������������������������������������������������������������������������������������������������������

$33(1',&(6�

��� $�EULHI�GHVFULSWLRQ�RI�0$67(5�'HOLYHUDEOHV�DQG�:RUNLQJ�3DSHUV

��� $FFLGHQW�PRGHOV

��� $SSOLFDWLRQ�RI�0$67(5�IUDPHZRUN�IRU�DVVHVVLQJ�WKH�LPSDFW�RI�VSHHG

��� 6SHHG�DGYLFH�V\VWHPV�LQ�WKH�VLPXODWRU�H[SHULPHQW
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3DUWQHUVKLS

7KH�0$67(5�SURMHFW�ZDV�GHYHORSHG�E\�WKH�IROORZLQJ�FRQVRUWLXP�

3URMHFW�&RRUGLQDWRU�

977�&RPPXQLWLHV�	�,QIUDVWUXFWXUH��977��)LQODQG��

3DUWQHUV�

)$&780�&KDORXSND��3UDVFKO�	�5LVVHU�2+*��)$&780��$XVWULD�
8QLYHUVLW\�RI�/HHGV���,QVWLWXWH�IRU�7UDQVSRUW�6WXGLHV��,76��8�.��
.7,�,QVWLWXWH�IRU�7UDQVSRUW�6FLHQFHV�/WG��.7,��+XQJDU\�
/XQG�8QLYHUVLW\���'HSDUWPHQW�RI�7UDIILF�3ODQQLQJ�DQG�(QJLQHHULQJ��/8��6ZHGHQ�
712�+XPDQ�)DFWRUV�5HVHDUFK�,QVWLWXWH���712��WKH�1HWKHUODQGV�
7UDQVSRUW�5HVHDUFK�/DERUDWRU\��75/��8�.��
8QLYHUVLW\�&ROOHJH�/RQGRQ���&HQWUH�IRU�7UDQVSRUW�6WXGLHV��8&/��8�.��

$VVRFLDWH�SDUWQHUV�

,175$�6�/���6SDLQ�
75$16�325��3RUWXJDO�
6:29�,QVWLWXWH�IRU�5RDG�6DIHW\�5HVHDUFK��WKH�1HWKHUODQGV�
6ZHGLVK�5RDG�DQG�7UDQVSRUW�5HVHDUFK�,QVWLWXWH��97,��6ZHGHQ�
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([HFXWLYH�6XPPDU\

7KH�DLP�RI�WKH�SURMHFW�0$67(5��0$QDJLQJ�6SHHGV�RI�7UDIILF�RQ�(XURSHDQ�5RDGV��ZDV
WR� SURGXFH� LQIRUPDWLRQ� IRU� WKH� SUHSDUDWLRQ� RI� QDWLRQDO� DQG� (8� GHFLVLRQV� FRQFHUQLQJ
VSHHG�PDQDJHPHQW�VWUDWHJLHV�DQG�WRROV��7KH�UHVXOWV�RI�WKH�SURMHFW�DUH�GRFXPHQWHG�LQ���
UHSRUWV�����GHOLYHUDEOHV�DQG����ZRUNLQJ�SDSHUV��7KLV� UHSRUW�SUHVHQWV� D� VXPPDU\�RI� WKH
SURMHFW�

%$&.*5281'

7KH�SURMHFW�0$67(5�DURVH�SULPDULO\�IURP�FRQFHUQV�DERXW�WKH�FRQWULEXWLRQ�RI�VSHHG�WR
DFFLGHQWV�FDXVLQJ�GHDWK�DQG�LQMXU\��6HYHUDO�VWXGLHV�KDYH�FRQILUPHG�WKDW�UHGXFWLRQV�LQ�WKH
DYHUDJH� GULYLQJ� VSHHG� UHVXOW� LQ� UHGXFWLRQV� LQ� WKH� QXPEHU� DQG� VHYHULW\� RI� DFFLGHQWV�
0RUHRYHU�� WKH� DFFLGHQW� UDWH� RQ� D� JLYHQ� URDG� LQFUHDVHV�ZLWK� WKH� VSHHG� YDULDQFH�� 7KHVH
REVHUYDWLRQV� LQGLFDWH� WKDW� DFKLHYLQJ� ORZHU� DQG� PRUH� HYHQ� VSHHGV� ZRXOG� UHGXFH� WKH
QXPEHU�RI�DFFLGHQWV�DQG�PLWLJDWH�WKHLU�RXWFRPH�

+RZHYHU��LW�LV�UHFRJQLVHG�WKDW�DFFLGHQW�SUHYHQWLRQ�DQG�FDVXDOW\�UHGXFWLRQ�DV�DQ�REMHFWLYH
RI� VSHHG�PDQDJHPHQW�KDV� WR�EH�SXUVXHG�ZLWK�GXH�FRQVLGHUDWLRQ�RI�RWKHU� HIIHFWV��0RUH
VSHFLILFDOO\�� LW� LV� LPSRUWDQW� WR� WDNH� LQWR� DFFRXQW� WKH� LPSDFWV� RQ� MRXUQH\�WLPHV�� YHKLFOH
RSHUDWLQJ�FRVWV��H[KDXVW�HPLVVLRQV�DQG�QRLVH��DQG�WKH�DFFHSWDELOLW\�RI� OHYHOV�RI�VSHHG�WR
URDG�XVHUV�RI�DOO�NLQGV�DQG�WR�RWKHUV�DIIHFWHG�E\�WKHP��$OO�WKHVH�HIIHFWV�RI�OHYHOV�RI�VSHHG
PXVW�WKHUHIRUH�EH�DVVHVVHG�FRPSUHKHQVLYHO\�LQ�WKH�FRQWH[W�RI�VSHHG�PDQDJHPHQW�

2%-(&7,9(6

7KH�REMHFWLYH�ZDV�WR�SURGXFH�LQIRUPDWLRQ�WKDW�FDQ�EH�FLWHG�LQ�WKH�SUHSDUDWLRQ�RI�QDWLRQDO
DQG�(8�GHFLVLRQV�FRQFHUQLQJ�VSHHG�PDQDJHPHQW�VWUDWHJLHV�DQG�WRROV��)RU� WKLV�SXUSRVH�
WKH�SURMHFW�ORRNHG�IRU�DQVZHUV�WR�WKUHH�NH\�TXHVWLRQV�

���:KDW�DUH�DFFHSWDEOH�UDQJHV�RI�VSHHGV"

���:KDW�DUH�WKH�NH\�IDFWRUV�LQIOXHQFLQJ�GULYHUV©�FKRLFH�RI�VSHHG"

���:KDW�DUH�WKH�EHVW�VSHHG�PDQDJHPHQW�WRROV�DQG�VWUDWHJLHV"

7KH�DQVZHU�WR�WKH�ILUVW�TXHVWLRQ�GHWHUPLQHV�WKH�WDUJHW�UDQJHV�RI�VSHHG�IRU�GLIIHUHQW�NLQGV
RI� URDGV�� HQYLURQPHQWDO� FRQGLWLRQV� DQG� GULYLQJ� VLWXDWLRQV�� 7KH� DQVZHU� WR� WKH� VHFRQG
TXHVWLRQ� SURYLGHV� LQIRUPDWLRQ� IRU� WKH� DVVHVVPHQW� RI� PHDVXUHV� DQG� WRROV�� H[LVWLQJ� DQG
SRWHQWLDOO\� DYDLODEOH�� WKDW� FDQ� EH� DSSOLHG� IRU� DGRSWLRQ� RI� WDUJHW� UDQJHV� RI� VSHHGV�� 7KH
DQVZHU� WR� WKH� WKLUG� TXHVWLRQ� EXLOGV� RQ� WKH� DQVZHUV� WR� WKH� RWKHU� WZR� TXHVWLRQV� DQG
SURYLGHV� UHFRPPHQGDWLRQV� IRU� SUDFWLFDO� IRUPXODWLRQ� RI� UDWLRQDO� VSHHG� PDQDJHPHQW
VWUDWHJLHV�DQG�SROLFLHV��DQG�IRU�DSSOLFDWLRQ�RI�EHVW�VSHHG�PDQDJHPHQW�PHDVXUHV�DQG�WRROV
LQ�GLIIHUHQW�VLWXDWLRQV�
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35(6(17�63(('�0$1$*(0(17�0(7+2'6

3RVWHG�VSHHG�OLPLWV�DUH� WKH�EDFNERQH�RI�VSHHG�PDQDJHPHQW� LQ�(XURSH��6SHHG�LV� OLPLWHG
RQ� DOO� URDGV� H[FHSW� IRU� VRPH� VHFWLRQV� RI� *HUPDQ� PRWRUZD\V�� 7KHUH� DUH� DOVR� VSHFLILF
VSHHG�OLPLWV�IRU�KHDY\�YHKLFOHV�DQG�QRYLFH�GULYHUV��9DULDEOH�VSHHG�OLPLWV�DUH�XVHG�WR�VRPH
GHJUHH��XVXDOO\�RQ�PRWRUZD\V�RU�RWKHU�KLJK�YROXPH�URDGV��&RPSOLDQFH�WR�VSHHG�OLPLWV�LV
HQIRUFHG�E\�WKH�SROLFH��DOWKRXJK�WKHUH�DUH�GLIIHUHQFHV�EHWZHHQ�FRXQWULHV� LQ� WKH� LQWHQVLW\
DQG� WROHUDQFHV� RI� WKH� HQIRUFHPHQW� DQG� SHQDOWLHV� IRU� VSHHGLQJ�� 3K\VLFDO� PHDVXUHV� OLNH
VSHHG�KXPSV�DQG�URDG�QDUURZLQJV�DUH�XVHG�IRU�VSHHG�PDQDJHPHQW�LQ�LQFUHDVLQJ�QXPEHUV
LQ�XUEDQ�DUHDV��,QIRUPDWLRQ�FDPSDLJQV�DERXW�WKH�GDQJHUV�RI�VSHHGLQJ�DUH�XVHG�WR�VXSSRUW
VSHHG�PDQDJHPHQW�

7KH� UHVSRQVLELOLW\� IRU� VSHHG� PDQDJHPHQW� LV� W\SLFDOO\� GLYLGHG� EHWZHHQ� VHYHUDO� QDWLRQDO
DQG�ORFDO�DXWKRULWLHV��7KH� UROHV�RI� WKH�(XURSHDQ�&RPPXQLW\�DQG�YHKLFOH�PDQXIDFWXUHUV
DUH� UDWKHU� PLQLPDO�� (YHQ� WKRXJK� WKHUH� LV� FR�RSHUDWLRQ� EHWZHHQ� DXWKRULWLHV�� VSHHG
PDQDJHPHQW�FDQ�ODUJHO\�EH�VHHQ� WR�FRQVLVW�RI� LQGHSHQGHQW� DFWLRQV�ZLWKRXW� D�GLVWLQFWLYH
LQWHJUDWHG� ORQJ�WHUP�SODQ��7KLV� LV� WKH�FDVH�HVSHFLDOO\� LQ�XUEDQ�DUHDV�ZKHUH� WKH�YLHZV�RI
ORFDO�DXWKRULWLHV�UHJDUGLQJ�VSHHG�PDQDJHPHQW�FDQ�YDU\�VLJQLILFDQWO\�ZLWKLQ�DQG�EHWZHHQ
FRXQWULHV�

35(6(17�63(('6�$1'�63(('�/,0,76

7KHUH�DUH�JUHDW�YDULDWLRQV�LQ�VSHHG�OLPLWV�RQ�VLPLODU�URDGV�LQ�(XURSH��2QO\�LQ�XUEDQ�DUHDV
VSHHG� OLPLWV� DUH�EURDGO\� LQ� KDUPRQ\��8UEDQ� VSHHG� OLPLW� LV� JHQHUDOO\� ��� NP�K��ZLWK� IHZ
H[FHSWLRQV�RI����NP�K��6SHHG� OLPLWV�RQ� UXUDO�PL[HG� WUDIILF� URDGV� UDQJH� IURP���� WR����
NP�K�� 6SHHG� OLPLWV� RQ�PRWRUZD\V� YDU\� EHWZHHQ� ��� DQG� ���� NP�K�� HYHQ� WKRXJK� WKHVH
URDGV�KDYH�IDLUO\�VLPLODU�VWDQGDUGV�DFURVV�(XURSH��)XUWKHUPRUH��VRPH�PRWRUZD\�VHFWLRQV
LQ�*HUPDQ\�KDYH�QR�VSHHG�OLPLW�DW�DOO�

6SHHG�OLPLWV�DUH� W\SLFDOO\� VHW� IRU� VDIHW\� UHDVRQV�� DQG� UHIOHFW� URDG�DQG� WUDIILF� FRQGLWLRQV�
%XW� GHHSHU� UHDVRQLQJ� EHKLQG� WKH� VHOHFWLRQ� RI� WKH� SUHYDLOLQJ� YDOXHV� RI� VSHHG� OLPLWV� LV
XVXDOO\�YDJXH��DQG�WKHUH�LV� OLWWOH�HYLGHQFH� WKDW�SUHVHQW�VSHHG�OLPLWV�DUH�RSWLPDO�IURP�WKH
YLHZSRLQW�RI�VRFLHW\�� WKH�URDG�WUDQVSRUW�V\VWHP��RU� WKH� LQGLYLGXDO�URDG�XVHU�� ,Q�JHQHUDO�
WKH�GHWHUPLQDWLRQ�RI�GHVLUHG�VSHHG�OHYHOV��DQG�FRQVHTXHQWO\�VSHHG�OLPLWV��VKRXOG�EH�EDVHG
RQ� PRUH� H[SOLFLW� FULWHULD� DQG� PRUH� V\VWHPDWLF� DQG� FRPSUHKHQVLYH� DVVHVVPHQW� RI� DOO
LPSDFWV�RI�VSHHG�

'ULYHUV�IUHTXHQWO\�H[FHHG�WKH�VSHHG�OLPLW�ZLWK�XS�WR����SHU�FHQW�VSHHGLQJ��7KLV�LQGLFDWHV
WKDW�VSHHG�OLPLWV�QHHG�WR�EH�VXSSRUWHG�E\�RWKHU�PHDVXUHV�WR�NHHS�VSHHGV�DW�GHVLUHG�OHYHO�
6SHHGLQJ� RFFXUV� HVSHFLDOO\� RQ� ORZ� VSHHG� XUEDQ� URDGV� DQG� RQ� PRWRUZD\V�� 'DWD� IURP
VRPH�FRXQWULHV�LQGLFDWH�WKDW�GULYLQJ�VSHHGV�DQG�VSHHGLQJ�DUH�V\VWHPDWLFDOO\�LQFUHDVLQJ�

,03$&76�2)�63(('

$FFLGHQWV��2Q�URDGV�RI�D�JLYHQ�W\SH��LQMXU\�DFFLGHQW�UDWH��VHYHUH�LQMXU\��LQFOXGLQJ�IDWDO�
DFFLGHQW�UDWH�DQG�IDWDO�DFFLGHQW�UDWH�LQFUHDVH�URXJKO\�DV�WKH��QG���UG�DQG��WK�SRZHUV�RI
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WKH�PHDQ�WUDIILF�VSHHG��6WXGLHV�VXPPDULVLQJ�ILQGLQJV�IURP�EHIRUH�DQG�DIWHU�VWXGLHV�RI�WKH
LPSDFWV� RI� VSHHG� RQ� DFFLGHQWV� KDYH� UHVXOWHG� LQ� D� UXOH� RI� WKXPE� VD\LQJ� WKDW� D� �� NP�K
GHFUHDVH� LQ�PHDQ� VSHHG� FDXVHV� D� �� WR� �� SHU� FHQW� UHGXFWLRQ� LQ� LQMXU\� DFFLGHQWV��:RUN
ZLWKLQ�0$67(5�RQ� VSHHG�DFFLGHQW� UHODWLRQVKLSV� KDV� GHPRQVWUDWHG� WKDW� FURVV�VHFWLRQDO
ORJ�OLQHDU� VWDWLVWLFDO� PRGHOOLQJ� RIIHUV� WKH� SURVSHFW� RI� FURVV�QDWLRQDO� PRGHOV� WKDW� FRXOG
HVWLPDWH� WKH� HIIHFWV� RI� FKRLFH� RI� VSHHGV� XSRQ� DFFLGHQW� IUHTXHQFLHV� RQ� SDUWLFXODU
FDWHJRULHV�RI�URDG�LQ�D�UDQJH�RI�0HPEHU�6WDWHV�

(QYLURQPHQWDO� LPSDFWV�� (PLVVLRQV� IURP� URDG� WUDQVSRUW� FRQVLVW� RI� D� YDULHW\� RI
SROOXWDQWV�� ZKLFK� DUH� SURGXFHG� LQ� GLIIHUHQW� TXDQWLWLHV� DW� GLIIHUHQW� VSHHGV�� 7KH� PDMRU
SROOXWDQWV� DUH� R[LGHV� RI� QLWURJHQ� ZKRVH� HPLVVLRQV� LQFUHDVH� ZLWK� VSHHG�� K\GURFDUERQV
ZKRVH� HPLVVLRQV� JHQHUDOO\� GHFUHDVH� ZLWK� VSHHG�� DQG� FDUERQ� PRQR[LGH� DQG� SDUWLFXODWH
PDWWHU�ZKRVH�HPLVVLRQ�OHYHOV�DUH�ORZHVW�DW�PHGLXP�VSHHGV��&DUERQ�GLR[LGH�HPLVVLRQV�DUH
SURSRUWLRQDO� WR� WKH� DPRXQW� RI� IXHO� FRQVXPHG�� &KDQJHV� LQ� VSHHG� FDQ� PDNH� D� ODUJH
FRQWULEXWLRQ� WR� HPLVVLRQV� DQG� LQ� SDUWLFXODU� DFFHOHUDWLRQ� FDQ� FDXVH� GLVSURSRUWLRQDWH
HPLVVLRQV��$W� VSHHGV�DERYH������NP�K�QRLVH� IURP� WUDIILF� LQFUHDVHV� OLQHDUO\�ZLWK� VSHHG�
$FFHOHUDWLRQ�DQG�EUDNLQJ�FDXVH�D�VPDOO�LQFUHDVH�LQ�QRLVH��5RDG�KXPSV�DQG�VLPLODU�GHYLFHV
PD\�FDXVH�H[WUD�QRLVH�GXH�WR�PRYHPHQW�RI�ERG\ZRUN�DQG�FRQWHQWV�RI�YHKLFOHV�

&RVWV�WR�XVHUV�RI�YHKLFOHV��6SHHG�DIIHFWV�WKH�XVHUV�RI�WKH�YHKLFOHV�E\�FKDQJLQJ�WKH�WLPH
VSHQW�RQ�WKH�MRXUQH\�DQG�WKH�YHKLFOH�RSHUDWLQJ�FRVWV��6RPH�FKDQJHV�LQ�FRVWV�LQ�WHUPV�RI
WLPH�DQG�PRQH\�PD\�EH�TXLWH� DFFXUDWHO\�SHUFHLYHG�E\� WKH�XVHUV��RWKHU� FKDQJHV�PD\�EH
DSSUHFLDEO\� RU� HYHQ� VXEVWDQWLDOO\� PLVSHUFHLYHG�� 0LVSHUFHSWLRQ� GRHV� QRW� DIIHFW� WKH
LQFLGHQFH�RI�WKH�FKDQJHV�LQ�FRVW��EXW�GRHV�DIIHFW�WKH�XVHUV©�UHVSRQVH�WR�WKH�FKDQJHV��1RU
GR� FKDQJHV� LQ� FRVWV� WR� XVHUV� LPSO\� HTXDO� FKDQJHV� LQ� FRVW� DV� UHFNRQHG� E\� JRYHUQPHQWV
IURP�WKH�SRLQW�RI�YLHZ�RI�VRFLHW\��:KHUHDV�PRQHWDU\�DQG�RWKHU�PDWHULDO�FRVWV�WR�YHKLFOH
XVHUV�PRXQW�XS�LQ�YDOXH�DGGLWLYHO\�ZKHWKHU�WKH\�DUH�LQFXUUHG�LQ�D�IHZ�ODUJH�LQFUHPHQWV�RU
PDQ\�VPDOOHU�RQHV�� LW� LV� VWURQJO\�GHEDWHG�ZKHWKHU� WKH� VDPH� LV� WUXH�RI� FKDQJHV� LQ� WUDYHO
WLPH�

'LVWULEXWLRQDO�LPSDFWV��,Q�SULQFLSOH��DSSURSULDWH�RU�WDUJHW�UDQJHV�RI�VSHHG�IRU�DQ\�URDG
FRXOG�EH�GHWHUPLQHG�E\�FKRRVLQJ�VSHHGV�ZKHUH�WKH�WRWDO�EHQHILWV�LQ�UHODWLRQ�WR�WRWDO�FRVWV
DUH� KLJKHVW�� 6XFK�PHWKRG�� KRZHYHU�� GRHV� QRW� WDNH� LQWR� DFFRXQW� GLVWULEXWLRQDO� LPSDFWV�
WKH�IDFW� WKDW�JDLQV�IURP�FKDQJHV� LQ�VSHHG�IRU�RQH�JURXS�RI�SHRSOH�RIWHQ�PHDQ�ORVVHV� WR
VRPH� RWKHU� JURXS�� $QRWKHU� UHODWHG� FRQFHSW� LV� ¨HTXLW\©�� ZKLFK� UHIHUV� WR� WKH� HWKLFDO
GHVLUDELOLW\�RI�GLVWULEXWLQJ�EHQHILWV�RU�ZHDOWK� DPRQJ� JURXSV� DQG� LQGLYLGXDOV�� DQG� WR� WKH
FRUUHVSRQGLQJ�LQMXVWLFH�FDXVHG�E\�VXEVWDQWLDO�XQFRPSHQVDWHG�ORVVHV��)URP�VRFLHW\
V�SRLQW
RI�YLHZ�HTXLW\�DQG�GLVWULEXWLRQDO� LPSDFWV�FDQ�EH�HTXDOO\� LPSRUWDQW� WR�RYHUDOO� HIILFLHQF\�
VRPHWLPHV�HYHQ�PRUH�LPSRUWDQW�

1HWZRUN�OHYHO�LPSDFWV��,I�VSHHG�PDQDJHPHQW�SHUPDQHQWO\�FKDQJHV�WKH�DFFHVVLELOLWLHV�RI
ORFDWLRQV�LQ�UHODWLRQ�WR�HDFK�RWKHU��VSDWLDO�VRFLR�HFRQRPLF�HIIHFWV�PD\�RFFXU� LQ� WKH� ORQJ
UXQ�� 3HRSOH� DQG� FRPSDQLHV� FDQ� PRYH� WR� RWKHU� ORFDWLRQV� ZKHUH� VRPH� RWKHU� PRGH� RI
WUDQVSRUW�PD\�EH�PRUH�DWWUDFWLYH�WKDQ�WKH�RQH�XVHG�SUHYLRXVO\��6WXGLHV�RQ�WKH�LPSDFWV�RI
FKDQJHV� LQ�VSHHG�RIWHQ�FRQVLGHU�RQO\� OLQN� OHYHO� LPSDFWV��ZKLFK�XVXDOO\�PHDQV�DVVXPLQJ
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WKDW�WUDIILF�YROXPHV�UHPDLQ�XQDIIHFWHG��1HWZRUN�OHYHO�VWXGLHV�WKDW�WDNH�LQWR�DFFRXQW�DOVR
WKH�LQGLUHFW�LPSDFWV�RQ�WUDIILF�YROXPHV�DUH�PRUH�ODERULRXV�DQG�UDUH�

)5$0(:25.�)25�$66(66,1*�7+(�,03$&76�2)�63(('

,W� LV�KHOSIXO� IRU� WKH� GHFLVLRQ�PDNHUV� WR� EH� DV� IXOO\� LQIRUPHG� DV� LV� SUDFWLFDEOH� DERXW� WKH
HIIHFWV�WKDW�DQ\�VSHHG�PDQDJHPHQW�SROLFLHV�DQG�PHDVXUHV�WKH\�DUH�FRQVLGHULQJ�PD\�KDYH�
7KLV�LV�KHOSIXO�QRW�RQO\�WR�WKHLU�RZQ�GHFLVLRQ�PDNLQJ��EXW�DOVR�LQ�WKHLU�WDVN�RI�FRQVXOWLQJ
WKH�DIIHFWHG�SHRSOH�DQG�DVVHVVLQJ�WKH�DFFHSWDELOLW\�WR�WKHP�RI�WKH�HQYLVDJHG�SROLFLHV�DQG
PHDVXUHV�� 7KH� 0$67(5� IUDPHZRUN� IRU� DVVHVVLQJ� WKH� HIIHFWV� RI� WUDIILF� VSHHG� ZDV
GHYHORSHG�DQG�WHVWHG�IRU�WKHVH�SXUSRVHV�

7KH�0$67(5�IUDPHZRUN�LV�D�WRRO�IRU�V\VWHPDWLF�DQG�FRPSUHKHQVLYH�DVVHVVPHQW�RI� WKH
LPSDFWV� RI� �FKDQJHV� LQ�� VSHHG�� 7KH� SRLQW� RI� GHSDUWXUH�ZDV� VRFLDO� FRVW�EHQHILW� DQDO\VLV
LQFOXGLQJ� WKH� DVVHVVPHQW� RI� ERWK� WKH� PDJQLWXGH� DQG� GLVWULEXWLRQ� RI� LPSDFWV�� ,W� LV
UHFRJQLVHG�WKDW�QRW�DOO�LPSDFWV�FDQ�EH�H[SUHVVHG�LQ�PRQHWDU\�WHUPV��7KH�IUDPHZRUN�FDQ
EH�VHHQ�DV�FROOHFWLRQ�RI�UXOHV�WKDW�JXLGH�WKH�DVVHVVPHQW�SURFHVV��UDWKHU�WKDQ�D��EODFN�ER[�
ZKLFK�PHFKDQLFDOO\�FDOFXODWHV�HIIHFWV��7KH�PDLQ�SKDVHV�RI�WKH�DVVHVVPHQW�SURFHVV�DUH�

��� GHVFULSWLRQ�RI�WKH�FDVH�WR�EH�DVVHVVHG�

��� GHFLVLRQ� RI� WKH� VFRSH� RI� WKH� DVVHVVPHQW� �OLQN� OHYHO� RU� QHWZRUN� OHYHO�� DQG� ZKLFK
LPSDFWV��H�J��DFFLGHQWV��HPLVVLRQV�� WUDYHO� WLPH��YHKLFOH�RSHUDWLQJ�FRVWV�� URXWH� FKRLFH�
DUH�UHOHYDQW�WR�WKH�FDVH�LQ�TXHVWLRQ�

��� GHWHUPLQDWLRQ� RI� LPSDFW� IXQFWLRQV� RU� PRGHOV� �H�J�� UHODWLRQVKLS� EHWZHHQ� VSHHG� DQG
DFFLGHQWV��

��� FDOFXODWLRQ�RI�LPSDFWV�DFFRUGLQJ�WR�WKH�VHOHFWHG�LPSDFW�IXQFWLRQV�

���YDOXDWLRQ� RI� LPSDFWV� LQ� PRQHWDU\� WHUPV� IRU� LPSDFWV� IRU� ZKLFK� LW� LV� GHHPHG
DSSURSULDWH�

��� DQDO\VLV�RI�QRQ�TXDQWLILDEOH�LPSDFWV�

��� DQDO\VLV�RI�GLVWULEXWLRQDO�LPSDFWV�

��� VHQVLWLYLW\�WHVWV�

��� SUHVHQWDWLRQ�RI�UHVXOWV�

7KH�RXWSXW�IURP�WKH�DSSOLFDWLRQ�RI�WKH�IUDPHZRUN�VKRXOG�LQFOXGH�DOO�HVVHQWLDO�NQRZOHGJH�
QRW� RQO\� WKH� UHVXOWV�� EXW� DOVR� WKH� GDWD� DQG� DVVHVVPHQW� PHWKRGV� XVHG�� 7KH� ZKROH
DVVHVVPHQW�SURFHVV�LQ� WKH�0$67(5�IUDPHZRUN�LV�PHDQW� WR�EH� WUDQVSDUHQW�DQG�RSHQ�WR
GHEDWH��,W�LV�UHFRJQLVHG�WKDW�TXDQWLWDWLYH�HIIHFWV�RQ�GLIIHUHQW�VFDOHV��DQG�TXDOLWDWLYH�HIIHFWV
RIWHQ�FDQQRW�EH�DJJUHJDWHG�ZLWKRXW�FRQVLGHULQJ�WKHLU�UHODWLYH�ZHLJKWV��7KLV�LV�OHIW�WR�WKH
GHFLVLRQ�PDNHUV�

$�VWDQGDUG�([FHO�VSUHDGVKHHW�ZDV�GHYHORSHG�IRU�SUDFWLFDO�DSSOLFDWLRQ�RI�WKH�IUDPHZRUN�
7KH�XVH�RI�WKH�IUDPHZRUN�LV�LOOXVWUDWHG�LQ�D�UHDO�OLIH�H[DPSOH��7HVWV�KDYH�FRQILUPHG�WKDW
WKH�GLIILFXOWLHV�LQ�WKH�XVH�RI�WKH�IUDPHZRUN�OLH�ODUJHO\�LQ�WKH�DELOLW\�RI�WKH�XVHU�WR�VSHFLI\
LPSDFW�IXQFWLRQV�DQG�PRGHOV��DQG�DVVHPEOH�WKH�UDQJH�RI�GDWD�UHTXLUHG�WR�LPSOHPHQW�LW�
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'ULYHUV
�FKRLFH�RI�VSHHG�LV�DIIHFWHG�E\�WKH�GULYLQJ�VSHHG�RI�IHOORZ�URDG�XVHUV�DQG�E\�KRZ
SHRSOH� HYDOXDWH� WKH� RSLQLRQV� DQG� UHDFWLRQV� RI� VLJQLILFDQW� RWKHUV� �IDPLO\�� IULHQGV�
SDVVHQJHUV�� WKH� SROLFH� DQG� WKH� JRYHUQPHQW��� 7KH� UHODWLYH� LPSRUWDQFH� RI� DWWLWXGHV� DQG
VRFLDO�QRUPV�GHSHQGV�RQ�WKH�NLQG�RI�URDG�LQ�TXHVWLRQ��3HRSOH�DUH�QRW�RQO\�VXEMHFW�WR�EXW
DOVR�H[HUW� VRFLDO� LQIOXHQFHV�� ,QIRUPDWLRQ�FDPSDLJQV�FDQ�PDNH�XVH�RI� WKLV� IDFW�� 3HRSOH©V
LQWHQWLRQV� DQG� EHKDYLRXUV� DUH� DOVR� DIIHFWHG� E\� WKH� FRQWURO� SHRSOH� WKLQN� WKH\� KDYH� RYHU
WKHLU� EHKDYLRXU�� 3HRSOH� QRW� RQO\� KDYH� WKH� IHHOLQJ� WKDW� LW� LV� GLIILFXOW� WR� FRQWURO� GULYLQJ
VSHHG�EHKDYLRXU��EXW�WKH\�DOVR�RYHUHVWLPDWH�WKHLU�RZQ�DELOLW\�WR�FRQWURO�WKH�FRQVHTXHQFHV
RI�VSHHG�

,QWHUYLHZV�RI�GULYHUV� DQG� SHGHVWULDQV� LQ� VL[� FRXQWULHV� LQGLFDWH� FOHDU� GLVVDWLVIDFWLRQ�ZLWK
FXUUHQW�OHYHOV�RI�VSHHG��LQ�WHUPV�RI�WKH�TXDOLW\�RI�XUEDQ�OLIH�DV�ZHOO�DV�URDG�VDIHW\��7KHUH
LV� D� UHDGLQHVV� DW� OHDVW� LQ� SULQFLSOH� WR� VHH� VSHHGV� UHGXFHG�� 7KLV� LQGLFDWHV� WKDW�
QRWZLWKVWDQGLQJ�FXUUHQW�FKRLFHV�RI�VSHHG�E\�GULYHUV�� WKH�FOLPDWH� IRU� VSHHG�PDQDJHPHQW
SROLFLHV�IRU�PRGHUDWLQJ�VSHHG�PD\�ZHOO�EH�IDYRXUDEOH�

6SHHG�HQIRUFHPHQW�FDQ�VLJQLILFDQWO\�GHFUHDVH�VSHHGV��0RGHUQ� WHFKQRORJ\�RIIHUV� VHYHUDO
FRVW�HIILFLHQW�PHDQV�IRU�VSHHG�HQIRUFHPHQW�SURYLGHG�WKDW�WKH�GULYHU�GRHV�QRW�QHFHVVDULO\
KDYH�WR�EH�LGHQWLILHG��EXW�LQVWHDG�WKH�RZQHU�RI�WKH�YHKLFOH�FDQ�EH�KHOG�UHVSRQVLEOH��6SHHG
UHGXFWLRQV� E\� URDG� GHVLJQ� FDQ� EH� DFKLHYHG� E\� LVRODWHG� SK\VLFDO� PHDVXUHV� �H�J�� VSHHG
KXPSV��KRUL]RQWDO�GHIOHFWLRQV�� URXQGDERXWV�� URDG� VXUIDFH� WUHDWPHQWV� DQG� UXPEOH� VWULSV�
RU�LQWHJUDWHG�PHDVXUHV�OLNH�WUDIILF�FDOPLQJ�]RQHV�LQ�XUEDQ�DUHDV��6XFK�SK\VLFDO�PHDVXUHV
W\SLFDOO\�IRUFH�URDG�XVHUV� WR� UHGXFH� VSHHG�� LQVWHDG�RI�SHUVXDGLQJ� WKHP� WR� UHGXFH� VSHHG
YROXQWDULO\�� $� SUHIHUDEOH� VROXWLRQ� ZRXOG� EH� WR� GHVLJQ� URDGV� VR� WKDW� WKH\� DUH� ¦VHOI�
H[SODLQLQJ§��%\�GHVLJQLQJ�D�URDG�WKDW�SURYLGHV�D�VSHHG�LPDJH�WKDW�LV�LQ�DFFRUGDQFH�ZLWK
WKH�DFWXDO�VSHHG�OLPLW��GULYHUV�ZLOO�EH�OHG�WR�FKRRVH�DSSURSULDWH�GULYLQJ�VSHHGV�

6SHHG�EHKDYLRXU�DOVR�GHSHQGV�RQ�URDG�FDWHJRU\�DQG�GHVLJQ��,Q�SUDFWLFH��URDG�FDWHJRULHV
DUH� GHILQHG� E\� D� VHW� RI� FKDUDFWHULVWLFV� RQ� VHYHUDO� GLPHQVLRQV� VXFK� DV� ODQH� ZLGWK�� URDG
VXUIDFH�DQG�GHOLQHDWLRQ��5HVXOWV�IURP�VLPXODWRU�VWXGLHV�LQGLFDWH�WKDW�SURYLGLQJ�UHGXQGDQW
LQIRUPDWLRQ�LV�QRW�XVHIXO�VLQFH�GULYHUV�XVH�RQO\�D�IHZ�RI� WKH�DYDLODEOH�FKDUDFWHULVWLFV�IRU
LQGLYLGXDO� URDG� FODVVLILFDWLRQ�� &RUUHFW� FODVVLILFDWLRQ� FDQ� RQO\� EH� HQDEOHG� LI� WKH� IHZ
GLPHQVLRQV�WKDW�DUH�XVHG�E\�URDG�XVHUV�DOZD\V�SURYLGH�FRQVLVWHQW�DQG�FRUUHFW�LQIRUPDWLRQ
RQ� WKH� W\SH� RI� URDG�� ,W� DSSHDUV� WR� EH� EHVW� WR� LGHQWLI\� WKRVH� GLPHQVLRQV� VXFK� WKDW
GLIIHUHQFHV� DPRQJ� FDWHJRULHV� DUH� OHDUQW� PRVW� HDVLO\�� 2QO\� VSHFLILF� GLPHQVLRQV� VXFK� DV
ODQH�ZLGWK�DQG�WKH�SUHVHQFH�RI�ELF\FOH�ODQHV�VHHP�WR�DIIHFW�GULYHUV©�VSHHG�FKRLFH�GLUHFWO\�

7R� PHHW� GULYHUV©� H[SHFWDWLRQV� FRQVLVWHQWO\�� D� OLPLWHG� VHW� RI� URDG� FDWHJRULHV� WKDW� DUH
PD[LPDOO\�GLVWLQJXLVKDEOH�IURP�HDFK�RWKHU�E\�WKH�URDG�XVHUV�LV�QHHGHG��ZLWK�DSSURSULDWH
VSHHG� OHYHOV� GHSHQGHQW� RQ� WKH� IXQFWLRQ� RI� WKH� URDG�� 7KH� GHVLJQ� HOHPHQWV� RI� WKH� URDG
VKRXOG�FRQVLVWHQWO\� UHIOHFW� WKH� URDG�FDWHJRU\�DQG� WKXV� VXSSRUW� FRUUHFW� FKRLFH� RI� VSHHG�
7KH� UHVXOWV� LQGLFDWH� WKDW� D� PRUH� V\VWHPDWLF� DSSOLFDWLRQ� RI� URDG� GHVLJQ� HOHPHQWV� FRXOG
UHVXOW� LQ� D� VXEMHFWLYH� URDG� FDWHJRULVDWLRQ� WKDW� LV� PRUH� LQ� FRUUHVSRQGHQFH� ZLWK� WKH
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RIILFLDOO\� LQWHQGHG� IXQFWLRQV� RI� WKH� URDG�� DQG� LQ� D� UHGXFHG� YDULDWLRQ� LQ� GULYLQJ� VSHHGV
ZLWKLQ�D�JLYHQ�URDG�FDWHJRU\�

,1129$7,9(�63(('�0$1$*(0(17�722/6

$GYDQFHG� 7UDQVSRUW� 7HOHPDWLFV� �$77�� FDQ� EH� XVHG�� IRU� H[DPSOH�� IRU� JLYLQJ� GULYHUV
LQGLYLGXDO� IHHGEDFN� RI� WKHLU� VSHHG�� DQG� IRU� UHVWULFWLRQ� RI�PD[LPXP� VSHHG� DFFRUGLQJ� WR
SUHYDLOLQJ� URDG�DQG� WUDIILF� FRQGLWLRQV� E\�PHDQV� RI� DQ� DGDSWLYH� LQ�YHKLFOH� VSHHG� OLPLWHU�
$77�DQG�WUDGLWLRQDO�VSHHG�UHGXFLQJ�V\VWHPV�DQG�PHDVXUHV�ZHUH�UHYLHZHG�DQG�WKH�PRVW
SURPLVLQJ� RI� WKHP� WHVWHG� LQ� GULYLQJ� VLPXODWRU�� )XUWKHUPRUH�� DGDSWLYH� LQ�YHKLFOH� VSHHG
OLPLWHUV�ZHUH� WHVWHG� LQ� UHDO� WUDIILF� LQ� WKUHH� FRXQWULHV�� 7KH� UHVXOWV� VKRZ� WKDW� LQWHUYHQLQJ
V\VWHPV�DUH�PRUH�HIIHFWLYH� LQ� UHGXFLQJ� VSHHGV�� ,QIRUPDWLYH� V\VWHPV��RQ� WKH�RWKHU�KDQG�
DSSHDU�WR�EH�PRUH�DFFHSWDEOH�WR�GULYHUV�

$FFRUGLQJ� WR� VLPXODWRU� VWXGLHV�� WKH� SURYLVLRQ� RI� VSHHG� DGYLFH� WR� GULYHUV� GRHV� UHVXOW� LQ
UHGXFHG� VSHHG� LQ� FXUYHV�� ,W� VHHPV� WR�PDWWHU� OLWWOH� H[DFWO\� LQ�ZKDW� PRGH� WKLV� DGYLFH� LV
JLYHQ� WR� GULYHUV�� $V� ZRXOG� EH� H[SHFWHG� RSWLPDO� SHUIRUPDQFH� LV� DWWDLQHG� XQGHU� DQ
DXWRPDWLF�V\VWHP��DOWKRXJK�IXUWKHU�UHVHDUFK�VKRXOG�HYDOXDWH�OLNHO\�ORQJ�WHUP�EHQHILWV�DQG
EHKDYLRXUDO� DGDSWDWLRQ� LVVXHV�� '\QDPLF� VSHHG� FRQWURO� UHGXFHG� VLJQLILFDQWO\� WKH� PHDQ
VSHHG�DQG�VSHHG�YDULDQFH��DV�FRPSDUHG�WR�DGYLVRU\�V\VWHPV��7KH�UHGXFWLRQ�LQ�VSHHG�ZDV
HVSHFLDOO\�KLJK�DW�YLOODJH�HQWULHV��+RZHYHU�WKHVH�EHQHILWV�VKRXOG�EH�FRQVLGHUHG�LQ�WKH�OLJKW
RI�SRWHQWLDO� VDIHW\�FRVWV� VXFK�DV� UHGXFHG� IROORZLQJ�GLVWDQFHV�DQG�SRVVLEOH� FRPSODFHQF\
DQG�ORVV�RI�YLJLODQFH�

,Q� WKH�ILHOG�VWXGLHV�RI�DGDSWLYH� LQ�FDU�VSHHG�OLPLWHU�� WKH� WHVW�GULYHUV�GURYH� WKH� VDPH� WHVW
URXWH�ZLWK� WKH�VDPH�FDU�ERWK�ZLWK�DQG�ZLWKRXW� WKH�VSHHG�OLPLWHU��6SHHG�OLPLWHU�UHGXFHG
VWDWLVWLFDOO\� VLJQLILFDQWO\� WKH�PHDQ� GULYLQJ� VSHHGV� LQ� XUEDQ� DUHDV�� ZKHUH� WKH� VSHHG� OLPLW
ZDV�EHWZHHQ����DQG����NP�K��2Q�PRVW�WHVW�VHFWLRQV�WKH�UHGXFWLRQ�ZDV�VHYHUDO�NLORPHWUHV
SHU� KRXU�� 2Q� UXUDO�PL[HG� WUDIILF� URDGV�ZLWK� VSHHG� OLPLWV� EHWZHHQ� ��� DQG� ��� NP�K� WKH
HIIHFWV� RQ� PHDQ� VSHHG� ZHUH� VPDOOHU� DQG� VLJQLILFDQW� RQO\� RQ� ��� NP�K� URDG� VHFWLRQV�
SRVVLEO\�EHFDXVH�RI�FRQJHVWHG�GULYLQJ�FRQGLWLRQV�RQ�URDGV�ZLWK�D�VSHHG�OLPLW�RI����RU���
NP�K��7KH�WHVW�VHFWLRQV�RQ�PRWRUZD\V�KDG�D�VSHHG�OLPLW�RI�����RU�����NP�K�DQG�EHFDXVH
RI�KLJK�WUDIILF�YROXPHV�WKH�PHDQ�VSHHG�RI�WUDIILF�ZDV���WR����NP�K�EHORZ�WKH�VSHHG�OLPLW�
&RQVHTXHQWO\��VSHHG�OLPLWHU�KDG�OLWWOH�HIIHFW�RQ�PHDQ�VSHHG�RQ�PRWRUZD\V��+RZHYHU��WKH
VSHHG� OLPLWHU� HIIHFWLYHO\� HOLPLQDWHG� PRPHQWDU\� KLJK� VSHHGV� RQ� DOO� W\SHV� RI� URDG�� 7KH
UHVXOWV�RI�WKH�ILHOG�WHVWV�DUH�EHVW�JHQHUDOLVHG�WR�FRQGLWLRQV�ZKHQ�WUDYHOOLQJ�LQ�PHWURSROLWDQ
DUHDV��FORVH�WR�XUEDQ�DUHDV�DQG�LQVLGH�WRZQV�DQG�FLWLHV��7KHUH�ZHUH�KDUGO\�DQ\�FRQGLWLRQV
LQ�ZKLFK�GULYHUV�FRXOG�GULYH�ORQJHU�SHULRGV�RI�WLPH�IUHHO\�FKRRVLQJ�WKHLU�VSHHG�OHYHO�

&855(17�.12:/('*(�2)�63(('�0$1$*(0(17�0($685(6�$1'�722/6

7KH� WRWDO� RI� ��� GLIIHUHQW� VSHHG� PDQDJHPHQW� PHDVXUHV� DQG� WRROV� DUH� V\VWHPDWLFDOO\
GHVFULEHG� DQG� DVVHVVHG� LQ� WHUPV� RI� LPSDFW� RQ� VSHHGV�� RWKHU� VLJQLILFDQW� LPSDFWV�� FRVW�
HIIHFWLYHQHVV�� DQG� RWKHU� UHOHYDQW� LQIRUPDWLRQ�� 7KH� PHDVXUHV� DUH� FDWHJRULVHG� DV
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LQIRUPDWLYH� DQG� OHJDO� PHDVXUHV�� PHDVXUHV� UHODWHG� WR� URDG� GHVLJQ� DQG� LQWHUYHQLQJ
PHDVXUHV��DQG�LQWHUDFWLRQV�EHWZHHQ�PHDVXUHV�DUH�GLVFXVVHG�

5(&200(1'$7,216�)25�63(('�0$1$*(0(17

7KH� EDVLF� SULQFLSOHV�� RQ� ZKLFK� UHFRPPHQGDWLRQV� IRU� VSHHG� PDQDJHPHQW� DUH� EDVHG�
FRQVLVWHQW�ZLWK�WKH�REMHFWLYHV�RI�WKH�&RPPRQ�7UDQVSRUW�3ROLF\��DUH�VHW�RXW��2QH�RI� WKH
NH\� SULQFLSOHV� LV� WKDW� WKH� GHWHUPLQDWLRQ� RI� WDUJHW� UDQJHV� RI� VSHHG� LV� EDVHG� RQ� D
FRPSUHKHQVLYH� DVVHVVPHQW� RI� WKH� YDULRXV� LPSDFWV� RI� VSHHG�� 2QO\� WKHQ� LW� FDQ� EH
DVFHUWDLQHG�WKDW�WKH�UHVXOWLQJ�VSHHGV�UHIOHFW�WKH�VRFLDOO\�GHVLUDEOH�EDODQFH�RI�DOO�LPSDFWV�RI
VSHHG�� DQG� HTXLWDEOH� GLVWULEXWLRQ� RI� WKHVH� LPSDFWV� EHWZHHQ� GLIIHUHQW� JURXSV� LQ� WKH
SRSXODWLRQ�

7KH� IROORZLQJ� UHFRPPHQGDWLRQV� ZHUH� PDGH� IRU� JHQHUDO� GHYHORSPHQW� RI� VSHHG
PDQDJHPHQW�PHDVXUHV��WRROV�DQG�SROLF\�

��� 6SHHG�OLPLWV�RQ�URDGV�RI�VLPLODU�FODVVLILFDWLRQ�LQ�GLIIHUHQW�(XURSHDQ�FRXQWULHV�VKRXOG
EH�KDUPRQLVHG�VR�WKDW�URDG�XVHUV©�H[SHFWDWLRQV�DUH�FRQVLVWHQW�ZLWK�UHVSHFW�WR�FRUUHFW
FKRLFH�RI�VSHHG�LUUHVSHFWLYH�RI�SUHYLRXV�GULYLQJ�H[SHULHQFHV� LQ� WKHLU�KRPH�FRXQWU\�
7KHVH�VSHHG�OLPLWV�VKRXOG�UHIOHFW�WKH�VRFLDOO\�GHVLUDEOH�VSHHGV�

��� (XURSHDQ�JXLGHOLQHV�DUH�QHHGHG�IRU�DSSOLFDWLRQ�RI�VSHHG�PDQDJHPHQW�PHDVXUHV�DQG
WRROV�RQ�UHVLGHQWLDO�DQG�PDLQ�URDGV� LQ�XUEDQ�DUHDV�DQG�RQ�UXUDO�PL[HG�WUDIILF�URDGV�
7KLV�ZRXOG�SURPRWH�FRQVLVWHQW�DQG�FRVW�HIIHFWLYH�VSHHG�PDQDJHPHQW�

��� 3UHSDUDWLRQV� IRU� WKH� LQWURGXFWLRQ� RI� FRPSXOVRU\� DGDSWLYH� VSHHG� OLPLWHUV� VKRXOG� EH
VWDUWHG��$GDSWLYH�VSHHG�OLPLWHUV�DXWRPDWLFDOO\�SUHYHQW�VSHHGLQJ�E\�DGMXVWLQJ�VSHHGV
DFFRUGLQJ� WR� WKH� SUHYDLOLQJ� VSHHG� OLPLW�� 7KH� ILUVW� VWHS� FRXOG� EH� ODUJH�VFDOH� ILHOG
H[SHULPHQWV�LQ�XUEDQ�DUHDV�LQ�GLIIHUHQW�FRXQWULHV�

��� 5RDG�GHVLJQ�VKRXOG�EH�GHYHORSHG�LQ�RUGHU�EHWWHU� WR�VXSSRUW�GULYHUV
� FRUUHFW� FKRLFH
RI� VSHHG�� 7KLV� FRXOG� EH� DFKLHYHG� E\� KLHUDUFKLFDO� FDWHJRULVDWLRQ� RI� URDGV� LQWR� D
OLPLWHG� QXPEHU� RI� FDWHJRULHV� VR� WKDW� HDFK� FDWHJRU\� KDV� D� GLVWLQFW� VHW� RI
FKDUDFWHULVWLFV�WKDW�LV�FOHDUO\�GLIIHUHQW�IURP�WKDW�RI�RWKHU�FDWHJRULHV��DFFRUGLQJ�WR�WKH
SULQFLSOH�RI�VHOI�H[SODLQLQJ�URDGV�

��� $XWRPDWHG� VSHHG� HQIRUFHPHQW� VKRXOG� EH� GHYHORSHG� IXUWKHU� DQG� WDNHQ� LQWR� ZLGHU
XVH�� 7R� LPSURYH� WKH� FRVW�HIIHFWLYHQHVV� RI� DXWRPDWHG� HQIRUFHPHQW�� OHJLVODWLYH
FKDQJHV�DUH�QHHGHG�LQ�VRPH�FRXQWULHV�VR� WKDW� WKH�RZQHU�RI� WKH�YHKLFOH� FDQ�EH�KHOG
UHVSRQVLEOH�IRU�VSHHGLQJ�RIIHQFHV��&RVW�HIIHFWLYHQHVV�FRXOG�EH�IXUWKHU�LPSURYHG�LI�DOO
YHKLFOHV�ZHUH�HTXLSSHG�ZLWK�DQ�HOHFWURQLF� LGHQWLILFDWLRQ�GHYLFH��6XFK�GHYLFH�ZRXOG
EH� XVHIXO� DOVR� IRU� RWKHU� SXUSRVHV�� H�J�� WUDFLQJ� VWROHQ� YHKLFOHV� DQG� FROOHFWLRQ� RI
SDUNLQJ�IHHV�

��� 6SHHG�PDQDJHPHQW�ZRXOG�EHQHILW� IURP�WKH�UHGXFWLRQ�RI� WKH�GLIIHUHQFH�EHWZHHQ�WKH
HIIHFWV�RI�VSHHG�RQ�VRFLDO�DQG�SULYDWH�FRVWV��,I�WKH�FRVW�RI�LQFUHDVLQJ��RU�GHFUHDVLQJ�
GULYLQJ� VSHHG� DV� H[SHULHQFHG� E\� GULYHUV�ZRXOG� IROORZ�PRUH� FORVHO\� WKH� UHVSHFWLYH
FRVW� WR� WKH� VRFLHW\�� GULYHUV� ZRXOG� YROXQWDULO\� FKRRVH� VSHHGV� WKDW� DUH� FORVHU� WR
VRFLDOO\�RSWLPDO�VSHHGV��,Q�SULQFLSOH��WKLV�FRXOG�EH�DFKLHYHG�E\�LQWHUQDOLVLQJ�H[WHUQDO
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FRVWV�� H�J�� DFFLGHQW� FRVWV� DQG� HQYLURQPHQWDO� FRVWV�� +RZHYHU�� IXUWKHU� UHVHDUFK� LV
QHHGHG�WR�ILQG�RXW�LI�DQG�KRZ�WKLV�FRXOG�EH�UHDOLVHG�LQ�SUDFWLVH�

��� ,QIRUPDWLRQ� DQG� SXEOLFLW\� FDPSDLJQV� UHJDUGLQJ� WKH� LPSDFWV� RI� VSHHG� DUH� QHHGHG�
ZLWK� WKH� SXUSRVH� RI� JLYLQJ� REMHFWLYH� LQIRUPDWLRQ� DERXW� DOO� LPSDFWV� RI� VSHHG�� 6XFK
LQIRUPDWLRQ� FRXOG� LQFUHDVH� WKH� SXEOLF� DFFHSWDQFH� RI� VSHHG� UHVWULFWLRQV� WKDW� DUH
MXVWLILHG� IURP� VRFLHW\©V� YLHZSRLQW�� 1HYHUWKHOHVV�� GHFLVLRQ�PDNHUV� ZLOO� VWLOO� QHHG� WR
UHFRJQLVH� WKDW�SRSXODULW\� LV�QRW�QHFHVVDULO\�D�JRRG�FULWHULRQ� IRU� VSHHG�PDQDJHPHQW
SROLFLHV�

��� 6SHHG� OLPLWV� VKRXOG� EH� H[WHQGHG� WR� FRYHU� DOO� URDGV� LQ� (XURSH�� DQG� WKH� KLJKHVW
SRVVLEOH� VSHHG� RI� YHKLFOHV� VKRXOG� EH� UHVWULFWHG� WR� WKH� KLJKHVW� VSHHG� OLPLW� RQ
PRWRUZD\V�

,Q�DGGLWLRQ�� UHFRPPHQGDWLRQV� IRU� VSHHG�PDQDJHPHQW�PHDVXUHV� DQG� WRROV� DUH� SURSRVHG
IRU�IRXU�GLIIHUHQW�URDG�FDWHJRULHV��XUEDQ�UHVLGHQWLDO�VWUHHWV��XUEDQ�PDLQ�URDGV��UXUDO�PL[HG
WUDIILF� URDGV�� DQG� PRWRUZD\V�� 7KHVH� FDWHJRULHV� FRYHU� SUDFWLFDOO\� DOO� URDGV� DQG� WKH\
W\SLFDOO\� GLIIHU� IURP� HDFK� RWKHU� LQ� UHVSHFW� RI� URDG� JHRPHWU\�� HQYLURQPHQW�� VSHHGV� DQG
VDIHW\�SUREOHPV��)RU�HDFK�FDWHJRU\�LWV�NH\�IHDWXUHV�DQG�SUHVHQW�VSHHGV�DUH�GLVFXVVHG�DQG
UHFRPPHQGDWLRQV�IRU�VKRUW�WHUP�DQG�ORQJ�WHUP�VSHHG�PDQDJHPHQW�DUH�PDGH�

5(&200(1'$7,216�)25�)857+(5�5(6($5&+

)XUWKHU� UHVHDUFK� LV� QHHGHG� LQ� VHYHUDO� DUHDV� EHIRUH� WKH� UHFRPPHQGDWLRQV� DERYH� FDQ� EH
IXOO\��FRUUHFWO\�DQG�HIIHFWLYHO\�LPSOHPHQWHG��(VSHFLDOO\��VSHHG�PDQDJHPHQW�FRXOG�EHQHILW
IURP�UHVHDUFK�RQ

��� WKH�LPSDFWV�RI�VSHHG�RQ�WKH�YDULRXV�H[KDXVW�HPLVVLRQV��QRLVH��YHKLFOH�RSHUDWLQJ�FRVWV
DQG�WLPH�FRVWV�

��� QHWZRUN�OHYHO�HIIHFWV�RI�VSHHG�PDQDJHPHQW�

��� WKH�XVH�RI�GLIIHUHQW�NLQGV�RI�URDGV�LQ�WKH�FRXUVH�RI�GLIIHUHQW�NLQGV�RI�MRXUQH\V�

��� WKH�LPSDFWV�RI�FKDQJHV�LQ�VSHHGV�RQ�DFFLGHQWV�JHQHUDOO\��DQG�WKH� LPSDFWV�RI�DGDSWLYH
LQ�YHKLFOH�VSHHG�OLPLWHUV�RQ�DFFLGHQWV�HVSHFLDOO\�

���PRQHWDU\� YDOXDWLRQ� RI� WKH� LPSDFWV� RI� VSHHG�� HVSHFLDOO\� WKH� YDOXH� RI� WLPH�
HQYLURQPHQWDO�LPSDFWV�DQG�DFFLGHQWV�

���PHWKRGV�IRU�DVVHVVLQJ�WKH�GLVWULEXWLRQDO�DQG�HTXLW\�LPSDFWV�RI�FKDQJHV�LQ�VSHHG�

��� VWDQGDUGLVDWLRQ�RI�FROOHFWLRQ�DQG�UHSRUWLQJ�RI�VSHHG�GDWD�

��� DGDSWLYH� LQ�YHKLFOH�VSHHG�OLPLWHUV�ZLWK�UHVSHFW� WR� WKHLU�SRWHQWLDO� IRU� LPSURYLQJ� VSHHG
EHKDYLRXU� LQ� DGYHUVH� ZHDWKHU� DQG� URDG� VXUIDFH� FRQGLWLRQV�� EHKDYLRXUDO� DGDSWDWLRQ
HIIHFWV��DFFHSWDELOLW\��DQG�KXPDQ�PDFKLQH�LQWHUIDFHV�
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���� %$&.*5281'

7KH�SURMHFW�0$67(5�DURVH�SULPDULO\�IURP�FRQFHUQV�DERXW�WKH�FRQWULEXWLRQ�RI�VSHHG�WR
WKH� QXPEHU� DQG� VHYHULW\� RI� DFFLGHQWV� FDXVLQJ� GHDWK� DQG� LQMXU\�� 6HYHUDO� VWXGLHV� KDYH
FRQILUPHG�WKDW�UHGXFWLRQV�LQ�DYHUDJH�GULYLQJ�VSHHG�UHVXOW�LQ�UHGXFWLRQV�LQ�WKH�QXPEHU�DQG
VHYHULW\�RI�DFFLGHQWV��VHH�H�J��$QGHUVVRQ�	�1LOVVRQ�������(OYLN�HW�DO��������������)LQFK
HW�DO��������5DQWD�	�.DOOEHUJ��������0RUHRYHU�� LW�KDV�EHHQ� VKRZQ� WKDW� WKH�KLJKHU� WKH
VSHHG�YDULDQFH� WKH�KLJKHU� WKH�DFFLGHQW� UDWH� LV�RQ�D�JLYHQ� W\SH� RI� URDG�� ,Q� DGGLWLRQ�� WKH
VSHHG� YDULDQFH� LQFUHDVHV� ZLWK� WKH� SURSRUWLRQ� RI� YHKLFOHV� H[FHHGLQJ� WKH� VSHHG� OLPLW
�%DUX\D�����F���7KHVH�REVHUYDWLRQV�LQGLFDWH�WKDW�DFKLHYLQJ�ORZHU�DQG�PRUH�HYHQ�VSHHGV
LV�DQ�HIIHFWLYH�PHDVXUH�WR�UHGXFH�WKH�QXPEHU�RI�DFFLGHQWV�DQG�PLWLJDWH�WKH�RXWFRPH�RI�D
FROOLVLRQ�

&OHDUO\��YHKLFOH�VSHHG�LV�D�NH\�IDFWRU�LQ�URDG�VDIHW\��DQG�WKH�GULYHU�ZKR�PDNHV�WKH�VSHHG
FKRLFH� LV� WKH�GHFLVLYH�SDUW� LQ� WKH� URDG�YHKLFOH�KXPDQ� V\VWHP��7KH� GULYHU
V� DFWXDO� VSHHG
FKRLFH� GHSHQGV� RQ� YDULRXV� IDFWRUV�� ,W� GHSHQGV� SDUWO\� RQ� WKH� URDG� HQYLURQPHQW� DQG� WKH
GULYLQJ�VLWXDWLRQ�� DQG�SDUWO\�RQ�KLV� LQWHQWLRQ� WR�DGDSW� �RU�QRW� DGDSW�� WR� WKH� VSHHG� OLPLW�
DQG�RQ�KLV�VSHHG�KDELWV��7KH�FKRLFH�RI�VSHHG�LV�DOVR�LQIOXHQFHG�E\�WKH�GULYHU
V�VXEMHFWLYH
DVVHVVPHQW� RI� WKH� ULVN� RI� EHFRPLQJ� LQYROYHG� LQ� DQ� DFFLGHQW� RU� JHWWLQJ� D� SHQDOW\� IRU
VSHHGLQJ��'ULYHUV�PD\�VSHHG�IRU�D�YDULHW\�RI�UHDVRQV�VXFK�DV�LPSDLUHG�MXGJHPHQW�WKURXJK
DOFRKRO�DQG�RWKHU�GUXJV�RU�WKH\�PD\�VLPSO\�EH�LQ�D�KXUU\��0DQ\�GULYHUV�PDLQWDLQ�D�VSHHG
LQ�H[FHVV�RI�WKH�SRVWHG�OLPLW�EXW�EHORZ�D�OHYHO�DW�ZKLFK�WKH\�EHOLHYH�WKH\�ZLOO�EH�FLWHG��,Q
DGGLWLRQ��GULYHUV�PD\�HQJDJH�LQ�LQDGYHUWHQW�VSHHGLQJ�ZKHUHE\�WKH\�IDLO�WR�UHDOLVH�WKH\�DUH
WUDYHOOLQJ� WRR� IDVW� IRU� WKH� HQYLURQPHQW� �H�J�� MXQFWLRQV�� FXUYHV�� PRWRUZD\� H[LWV�
FRQVWUXFWLRQ� ]RQHV��� )LQDOO\�� GULYHUV� ZKR� KDYH� EHHQ� GULYLQJ� DW� D� KLJK� VSHHG� IRU� DQ
H[WHQGHG� SHULRG� �H�J�� RQ� D� PRWRUZD\�� PD\� EHFRPH� KDELWXDWHG� WR� WKH� VSHHG� DQG
RYHUHVWLPDWH� WKH� GHJUHH� E\� ZKLFK� WKH\� DUH� ORZHULQJ� WKHLU� VSHHG� ZKHQ� DUULYLQJ� ]RQHV
ZKHUH�VORZLQJ�GRZQ�LV�UHTXLUHG�

3RVWHG� VSHHG� OLPLWV� DUH� WKH�EDFNERQH�RI� VSHHG�PDQDJHPHQW� LQ� DOO� FRXQWULHV��%XW� VSHHG
PDQDJHPHQW� LV� FRQFHUQHG� QRW� RQO\� ZLWK� WKH� VHWWLQJ� DQG� HQIRUFLQJ� RI� VSHHG� OLPLWV� �WR
GLVFRXUDJH� RU� SUHYHQW� H[FHVV� VSHHGV�� EXW� DOVR� ZLWK� DFKLHYLQJ� GULYHU� EHKDYLRXU� ZKLFK
UHVXOWV� LQ� FKRLFHV� RI� VSHHG� WKDW� DUH� DSSURSULDWH� LQ� WKH� SUHYDLOLQJ� FLUFXPVWDQFHV� �WR
GLVFRXUDJH�RU�SUHYHQW�LQDSSURSULDWH�VSHHGV��

)XUWKHUPRUH�� DFFLGHQW� SUHYHQWLRQ� DQG� FDVXDOW\� UHGXFWLRQ� DV� DQ� REMHFWLYH� RI� VSHHG
PDQDJHPHQW�KDV�WR�EH�SXUVXHG�ZLWK�GXH�FRQVLGHUDWLRQ�RI�RWKHU�HIIHFWV��0RUH�VSHFLILFDOO\�
LW�LV�LPSRUWDQW�WR�WDNH�LQWR�DFFRXQW�WKH�LPSDFWV�RQ�MRXUQH\�WLPHV��YHKLFOH�RSHUDWLQJ�FRVWV�
H[KDXVW�HPLVVLRQV�DQG�QRLVH��DQG�WKH�DFFHSWDELOLW\�RI�OHYHOV�RI�VSHHG�WR�URDG�XVHUV�RI�DOO
NLQGV�DQG�WR�RWKHUV�DIIHFWHG�E\�WKHP��$OO�WKHVH�HIIHFWV�RI�OHYHOV�RI�VSHHG�PXVW� WKHUHIRUH
EH�DVVHVVHG�FRPSUHKHQVLYHO\�LQ�WKH�FRQWH[W�RI�VSHHG�PDQDJHPHQW�
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7KH� REMHFWLYH� RI� WKH� SURMHFW� 0$67(5� �0$QDJLQJ� 6SHHGV� RI� 7UDIILF� RQ� (XURSHDQ

5RDGV��ZDV� WR�SURGXFH� LQIRUPDWLRQ�WKDW�FDQ�EH�FLWHG� LQ� WKH�SUHSDUDWLRQ�RI�QDWLRQDO� DQG
(8�GHFLVLRQV�FRQFHUQLQJ�VSHHG�PDQDJHPHQW�DQG�VSHHG�FRQWURO�HTXLSPHQW�VWDQGDUGV��)RU
WKLV�SXUSRVH��WKH�SURMHFW�ORRNHG�IRU�DQVZHUV�WR�WKUHH�NH\�TXHVWLRQV�

��� :KDW�DUH�DFFHSWDEOH�UDQJHV�RI�VSHHGV"

��� :KDW�DUH�WKH�NH\�IDFWRUV�LQIOXHQFLQJ�GULYHUV©�FKRLFH�RI�VSHHG"

��� :KDW�DUH�WKH�EHVW�VSHHG�PDQDJHPHQW�WRROV�DQG�VWUDWHJLHV"

7KH�DQVZHU� WR� WKH�ILUVW�TXHVWLRQ�GHWHUPLQHV� WKH�SULPDU\�JRDOV�RI�VSHHG�PDQDJHPHQW�E\
GHILQLQJ�WKH�WDUJHW�UDQJHV�RI�VSHHG�IRU�GLIIHUHQW�NLQGV�RI�URDGV��HQYLURQPHQWDO�FRQGLWLRQV
DQG�GULYLQJ�VLWXDWLRQV��7DUJHW�UDQJHV�RI�VSHHG�VKRXOG�UHIOHFW�WKH�VRFLDOO\�GHVLUHG�EDODQFH
EHWZHHQ�WKH�SRVLWLYH�DQG�QHJDWLYH�LPSDFWV�RI�VSHHG��ZKHQ�DOO�LPSDFWV�DUH�FRQVLGHUHG�

7KH�DQVZHU�WR�WKH�VHFRQG�TXHVWLRQ�SURYLGHV�WKH�QHFHVVDU\�LQIRUPDWLRQ�IRU�WKH�DVVHVVPHQW
RI�PHDVXUHV�DQG�WRROV��H[LVWLQJ�DQG�SRWHQWLDOO\�DYDLODEOH��WKDW�FDQ�EH�DSSOLHG�IRU�DGRSWLRQ
RI�WDUJHW�UDQJHV�RI�VSHHGV�

7KH�DQVZHU� WR� WKH� WKLUG�TXHVWLRQ�EXLOGV�RQ� WKH�DQVZHUV� WR� WKH�RWKHU� WZR�TXHVWLRQV�DQG
SURYLGHV� UHFRPPHQGDWLRQV� IRU� SUDFWLFDO� IRUPXODWLRQ� RI� UDWLRQDO� VSHHG� PDQDJHPHQW
VWUDWHJLHV�DQG�SROLFLHV��DQG�IRU�DSSOLFDWLRQ�RI�EHVW�VSHHG�PDQDJHPHQW�PHDVXUHV�DQG�WRROV
LQ�GLIIHUHQW�VLWXDWLRQV��7KLV�LV�WKH�PDLQ�REMHFWLYH�RI�WKH�SURMHFW�

���� *(1(5$/�6758&785(�2)�7+(�352-(&7

7KH�JHQHUDO�VWUXFWXUH�RI�SURMHFW�0$67(5�LV�GHVFULEHG�LQ�)LJXUH����7KH�SUHVHQW�OHYHOV�RI
VSHHGV�RQ�GLIIHUHQW�NLQGV�RI�URDGV�DQG�GULYLQJ�FRQGLWLRQV��DQG�FXUUHQW�VSHHG�PDQDJHPHQW
PHWKRGV�DQG� WRROV� LQ�GLIIHUHQW� FRXQWULHV�ZHUH� WKH� VWDUWLQJ�SRLQW�RI� WKH�SURMHFW� �ER[� ���
)URP�WKHUH�RQ�WKHUH�ZHUH�WZR�PDLQ�EUDQFKHV�

7KH� EUDQFK� RQ� WKH� OHIW� VLGH� RI� )LJXUH� �� DLPHG� IRU� WKH� GHWHUPLQDWLRQ� RI� DFFHSWDEOH� RU
WDUJHW�OHYHOV�RI�VSHHG�RQ�GLIIHUHQW�NLQGV�RI�URDGV�DQG�GLIIHUHQW�GULYLQJ�FRQGLWLRQV��ER[����
7KH� JHQHUDO� LGHD� RI� WKLV� DSSURDFK� ZDV� WKDW� GULYLQJ� VSHHGV� VKRXOG� UHIOHFW� WKH� GHVLUHG
EDODQFH�RI�SRVLWLYH�DQG�QHJDWLYH� LPSDFWV�RI�VSHHG�IURP�VRFLHWDO�YLHZSRLQW��DQG� WKDW� WKH
SURFHVV�RI�GHWHUPLQLQJ�WDUJHW�VSHHGV�VKRXOG�EH�UDWLRQDO�� WUDQVSDUHQW�DQG�FRPSUHKHQVLYH
LQ�WKH�VHQVH�WKDW�DOO�LPSDFWV�RI�VSHHG�VKRXOG�EH�FRQVLGHUHG��,Q�RUGHU�WR�DFKLHYH�WKLV�LW�ZDV
QHFHVVDU\� WR�GHVFULEH� V\VWHPDWLFDOO\� WKH�YDULRXV� LPSDFWV�RI� VSHHG�� LQ�TXDQWLWDWLYH� WHUPV
ZKHUH� SRVVLEOH� �ER[� ���� ,Q� DGGLWLRQ�� D� IUDPHZRUN� ZDV� GHYHORSHG� IRU� VLPXOWDQHRXV
DVVHVVPHQW�RI�WKH�WRWDO�LPSDFW�RI�VSHHG��ER[�����,Q�SUDFWLFDO�DSSOLFDWLRQV�LW�LV�XVXDOO\�WKH
LPSDFWV�RI�FKDQJHV�LQ�VSHHG�RI�WUDIILF�WKDW�QHHG�WR�EH�DVVHVVHG��UDWKHU�WKDW�WKH�LPSDFWV�RI
DEVROXWH�OHYHOV�RI�VSHHG�
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)LJXUH����*HQHUDO�VWUXFWXUH�RI�WKH�SURMHFW�0$67(5�

7KH� EUDQFK� RQ� WKH� ULJKW� VLGH� RI� )LJXUH� �� DLPHG� IRU� WKH� GHWHUPLQDWLRQ� RI� VSHHG
PDQDJHPHQW� PHDVXUHV� DQG� WRROV� WKDW� VKRXOG� EH� XVHG� LQ� SHUVXDGLQJ� GULYHUV� WR� DGRSW
WDUJHW� UDQJHV� RI� VSHHGV�� WDNLQJ� LQWR� FRQVLGHUDWLRQ� GLIIHUHQW� URDG�� WUDIILF� DQG
HQYLURQPHQWDO� FRQGLWLRQV� �ER[� ���� 7KH� QHFHVVDU\� EXLOGLQJ� EORFNV� FDPH� SDUWO\� IURP
UHVHDUFK� RQ� IDFWRUV� DIIHFWLQJ� GULYHUV
� FKRLFH� RI� VSHHG� �ER[� ���� DQG� SDUWO\� IURP� WKH
DVVHVVPHQW� RI� WKH� HIIHFWLYHQHVV�� FRVW�HIIHFWLYHQHVV� DQG� RWKHU� LPSDFWV� RI� SUHVHQWO\
DYDLODEOH�DQG�SRWHQWLDO��QHZ�DQG�LQQRYDWLYH�VSHHG�PDQDJHPHQW�PHDVXUHV�DQG�WRROV��ER[
���

7KH�UHVW�RI�WKH�UHSRUW�IROORZV�WKH�VWUXFWXUH�RI�)LJXUH����3KDVHV�IURP���WR���DUH�GHVFULEHG
LQ� &KDSWHUV� �� WR� ��� &KDSWHU� �� VXPPDULVHV� SUHVHQW� NQRZOHGJH� RI� VSHHG� PDQDJHPHQW
PHDVXUHV� DQG� WRROV�� ,Q�&KDSWHU� �� EDVLF� SULQFLSOHV� RI� VSHHG�PDQDJHPHQW� LQ� JHQHUDO� DUH
RXWOLQHG� DQG� UHFRPPHQGDWLRQV� IRU� WKH� DSSOLFDWLRQ� RI� YDULRXV� VSHHG� PDQDJHPHQW
PHDVXUHV�DQG�WRROV�LQ�GLIIHUHQW�URDG�FDWHJRULHV�DUH�SUHVHQWHG��7KH�FRQFOXGLQJ�&KDSWHU��
VXPPDULVHV� WKH� UHFRPPHQGDWLRQV� IRU� IXUWKHU� GHYHORSPHQW� RI� VSHHG� PDQDJHPHQW�� DQG
SRLQWV�RXW�UHODWHG�UHVHDUFK�QHHGV�

7KLV�UHSRUW�LV�PDLQO\�EDVHG�RQ�WKH����'HOLYHUDEOHV�DQG����:RUNLQJ�3DSHUV�IURP�SURMHFW
0$67(5��$�EULHI�GHVFULSWLRQ�RI�WKHLU�FRQWHQWV�LV�SURYLGHG�LQ�$SSHQGL[���

����'HVFULEH�LPSDFWV�RI�VSHHG

��RQ�DFFLGHQWV��RSHUDWLRQ�FRVWV��

HQYLURQPHQW�HWF��

����'HYHORS�IUDPHZRUN�IRU

�DVVHVVLQJ�WKH�WRWDO�HIIHFWV�RI

�FKDQJHV�LQ��VSHHG

���'HVFULEH�IDFWRUV�LQIOXHQFLQJ

GULYHUV©�FKRLFH�RI�VSHHG

����'HVFULEH�DQG�DVVHVV�H[LVWLQJ�

DQG�QHZ��LQQRYDWLYH�VSHHG

��PDQDJHPHQW�PHDVXUHV�DQG�WRROV

���'HYHORS�UHFRPPHQGDWLRQV�IRU���

GHWHUPLQLQJ�WDUJHW��

��UDQJHV�RI�VSHHG

����'HYHORS�UHFRPPHQGDWLRQV�IRU�

�DSSOLFDWLRQ�RI�GLIIHUHQW�VSHHG�

PDQDJHPHQW�PHDVXUHV�DQG�WRROV

����'HVFULEH�SUHVHQW�OHYHOV�RI�VSHHG�

�DQG�FXUUHQW�SUDFWLFH��

LQ�VSHHG�PDQDJHPHQW

5HFRPPHQGDWLRQV�IRU�VSHHG�PDQDJHPHQW�VWUDWHJLHV�DQG�SROLFLHV
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%\� PHDQV� RI� D� TXHVWLRQQDLUH� VXUYH\� GDWD� FROOHFWLRQ� ZDV� FRQGXFWHG� LQ� WHQ� (XURSHDQ
8QLRQ� FRXQWULHV� �$XVWULD�� 'HQPDUN�� )LQODQG�� *HUPDQ\�� *UHHFH�� WKH� 1HWKHUODQGV�
3RUWXJDO�� 6SDLQ�� 6ZHGHQ�� DQG� WKH�8QLWHG�.LQJGRP�� DQG� WHQ� RWKHU� (XURSHDQ� FRXQWULHV
�+XQJDU\��,FHODQG��,VUDHO��/DWYLD��/LWKXDQLD��1RUZD\��5RPDQLD��6ORYHQLD��6ORYDNLD�� DQG
6ZLW]HUODQG��� 7KLV� VXUYH\� UHVXOWHG� LQ� EDFNJURXQG� LQIRUPDWLRQ� RQ� XQLIRUP� DQG
FRPSDUDEOH�GDWD�RQ�JHQHUDO�DQG�ORFDO�VSHHG�OLPLWV�LQ�PRVW�(XURSHDQ�FRXQWULHV��RQ�VSHHG
PDQDJHPHQW�PHWKRGV�LQ�(XURSHDQ�FRXQWULHV��DQG�RQ�DFWXDO�VSHHGV�RQ�(XURSHDQ�URDGV��$
EULHI�VXPPDU\�RI�WKH�PDLQ�UHVXOWV�LV�SUHVHQWHG�KHUH��0RUH�GHWDLOHG�UHVXOWV�FDQ�EH�IRXQG�LQ
'UDVNyF]\�	�0RFViUL���������$�VHSDUDWH� OLWHUDWXUH� UHYLHZ�ZDV�FRQGXFWHG�ZLWK� UHVSHFW
WR� WKH� HIIHFWV� RI� HQIRUFHPHQW� RQ� VSHHG� EHKDYLRXU� DQG� VDIHW\� �2HL� �������$� GLVWLQFWLRQ
ZDV�PDGH�EHWZHHQ� WKH�HIIHFWV�RI� HQIRUFHPHQW� DW� VHSDUDWH� ORFDWLRQV��RQ� VSHFLILF� URXWHV�
DQG� LQ� URDG� QHWZRUNV�� 7KH� REMHFWLYH�ZDV� WR� JLYH� DQ� RYHUYLHZ� RI� WKH� FXUUHQW� VWDWXV� RI
HQIRUFHPHQW�PHWKRGV�DQG�WR�LGHQWLI\�QHZ�ZD\V�RI�HQKDQFLQJ�HIILFLHQF\�DQG�HIIHFWLYHQHVV
RI�VSHHG�HQIRUFHPHQW�PHDVXUHV�E\�WKH�SROLFH�

���� 63(('�/,0,76

*HQHUDO�VSHHG�OLPLWV�E\�URDG�FDWHJRU\

,Q� WKH� VXUYH\� D� GLVWLQFWLRQ� ZDV� PDGH� LQ� VHYHUDO� URDG� FDWHJRULHV� �EXLOW�XS� DUHDV�� UXUDO
URDGV��PRWRU� URDGV�� DQG�PRWRUZD\V�� DQG� YHKLFOH� FDWHJRULHV� �SDVVHQJHU� FDUV�� SDVVHQJHU
FDUV� WRZLQJ� D� FDUDYDQ� RU� WUDLOHU�� EXVHV� DQG� FRDFKHV�� WUXFNV�ZLWK�PD[LPXP� ORDG� �� ���
WRQQHV��WUXFN�ZLWK�PD[LPXP�ORDG�!�����WRQQHV���7DEOH���SUHVHQWV�WKH�JHQHUDO�VSHHG�OLPLWV
RI�SDVVHQJHU� FDUV� DQG�KHDY\� WUXFNV� IRU� WKH� IRXU� URDG� FDWHJRULHV�� ,Q�PRVW� FRXQWULHV� WKH
VSHHG�OLPLWV�IRU�KHDY\�WUXFNV�DOVR�DSSO\�IRU�EXVHV�DQG�OLJKW�WUXFNV��6SHHG�OLPLWV�LQ�EXLOW�
XS�DUHDV��%$��DUH�LQ�KDUPRQ\�ZLWK�HDFK�RWKHU�LQ�PRVW�(XURSHDQ�FRXQWULHV��D�OLPLW�RI���
NP�K���2QO\�&]HFK��3RODQG��5RPDQLD��6ORYDNLD��DQG�6ORYHQLD�KDYH�D�OLPLW�RI����NP�K�LQ
EXLOW�XS�DUHDV��2Q�UXUDO�URDGV�ZLWK�PL[HG�WUDIILF��55��WKH�VSHHG�OLPLWV�GLIIHU�PXFK�PRUH
UDQJLQJ�IURP����XS�WR�����NP�K�IRU�SDVVHQJHU�FDUV��$�OLPLW�RI����NP�K�LV�PRVW�FRPPRQ
IRU�ERWK�SDVVHQJHU�FDUV� DQG� WUXFNV��6RPH�FRXQWULHV� DSSO\�GLIIHUHQW� OLPLWV�GHSHQGDQW�RQ
IDFWRUV� VXFK� DV� VXPPHU�� RU� ZLQWHUWLPH�� ZLWK� RU� ZLWKRXW� $%6� EUDNH� V\VWHPV�� RU� URDG
TXDOLW\�� 7KH� FDWHJRU\�PRWRU� URDG� �05��ZLWK� DFFHVV� OLPLWHG� WR�PRWRU� YHKLFOHV� �PRVWO\
H[FOXGLQJ� DJULFXOWXUDO� YHKLFOHV� DQG� PRSHGV�� LV� QRW� WKDW� FRPPRQ� LQ� (XURSH�� 8VXDOO\�
VSHHG� OLPLWV� DUH� EHWZHHQ� WKH� OLPLWV� WKDW� DSSO\� RQ� UXUDO� URDGV� DQG� PRWRUZD\V� IRU
SDVVHQJHU� FDUV�� D� FRPPRQ� YDOXH� EHLQJ� ���� NP�K�� 0RWRUZD\V� DUH� WKH� KLJKHVW� URDG
FDWHJRU\�ZLWK� IDLUO\� VWDQGDUG� TXDOLWLHV� DFURVV� (XURSH�� +RZHYHU�� VSHHG� OLPLWV� DUH� TXLWH
GLYHUVH��6SHHG� OLPLWV� IRU�SDVVHQJHU� FDUV� DUH�PDLQO\�EHWZHHQ�����DQG����� NP�K�� H[FHSW
IRU�*HUPDQ\�ZKHUH�QR�OLPLW�H[LVWV�LQ�ODUJH�SDUWV�RI�WKH�PRWRUZD\�QHWZRUN��DOWKRXJK�D�ORW
RI� ORFDO�VSHHG�OLPLWV�DUH� LQ�SODFH�QRZ���6RPH�FRXQWULHV� DOORZ�����NP�K��ZKHUHDV� VRPH
RWKHU�FRXQWULHV�KDYH�OLPLWV�RI����RU����NP�K�
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7DEOH����*HQHUDO�VSHHG�OLPLWV��NP�K��RI�SDVVHQJHU�FDUV�DQG�WUXFNV�IRU�EXLOW�XS�DUHDV

�%$��� UXUDO� URDGV� ZLWK� PL[HG� WUDIILF� �55��� PRWRU� URDGV� �RQO\� DFFHVV� IRU� PRWRU

YHKLFOHV�� �05��� DQG� PRWRUZD\V� �0:�� LQ� (XURSHDQ� FRXQWULHV� �DIWHU� 'UDVNyF]\� 	

0RFViUL�������

3DVVHQJHU�FDUV 7UXFNV&RXQWU\

%$ 55 05 0: %$ 55 05 0:

$XVWULD �� ��� � ��� �� �� �� ��

%HOJLXP �� �� ������ ��� �� �� �� ��

'HQPDUN �� �� �� ��� �� �� �� ��

)LQODQG �� ������ ��� �������
���

�� �� �� ��

)UDQFH �� �������� �������
���

�������
���

�� �������� �������� ��������

*HUPDQ\ �� ��� ��� QR�OLPLW �� �� �� ��

*UHHFH �� �� ��� ��� �� �� �� ��

,UHODQG �� �� � ��� �� �� � ��

,WDO\ �� �� �� ��� �� �� �� ��

/X[HPEXUJ �� �� �� ��� �� �� �� ��

1HWKHUODQGV �� �� ��� ��� �� �� �� ��

3RUWXJDO �� ����� ������ ������� �� �� �� ��

6SDLQ �� ������ ��� ��� �� ����� �� ��

6ZHGHQ �� ����� ������ ������ �� �� �� ��

8. �� ������ � ��� �� ����� � ��

&]HFK �� �� �� ��� �� �� �� ��

+XQJDU\ �� �� ��� ��� �� �� �� ��

,FHODQG �� �� �� � �� �� �� �

,VUDHO �� �� �� ��� �� �� �� ���

/DWYLD �� �� � � �� �� � �

/LWKXDQLD �� �� �� ��� �� �� �� ���

1RUZD\ �� �� ����� �� �� �� �� ��

3RODQG �� �� �� ��� �� �� �� ��

5RPDQLD �� �� �� �� �� �� �� ��

6ORYDNLD �� �� �� ��� �� �� �� ��

6ORYHQLD �� �� ��� ��� �� �� �� ��

6ZLW]HUODQG �� �� ��� ��� �� �� �� ���
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/RFDO�VSHHG�OLPLWV�DW�VSHFLILF�SODFHV

,Q�PRVW�(XURSHDQ�FRXQWULHV� ORFDO�VSHHG�OLPLWV� ORZHU� WKDQ� WKH����NP�K�JHQHUDO� OLPLW� DUH
XVHG�LQ�XUEDQ�DUHDV�DW�VSHFLILF�SODFHV��VXFK�DV�UHVLGHQWLDO�DUHDV��VFKRRO�DUHDV��DQG�WUDIILF
FDOPLQJ�]RQHV�ZLWK�YDOXHV�UDQJLQJ�EHWZHHQ���DQG����NP�K��&RPPRQ�SUDFWLFH�LV�WR�KDYH
VSHHG�OLPLWV�RI�������NP�K�DW�PDLQ�DUWHULDO�URDGV��VRPHWLPHV�HYHQ����NP�K��GHSHQGLQJ�RQ
WKH�TXDOLW\�RI�WKH�URDG�DQG�WKH�FKDUDFWHULVWLFV�RI�WKH�VXUURXQGLQJ�DUHD�

���� $&78$/�63(('�/(9(/6

,Q�PDQ\�(XURSHDQ�FRXQWULHV��DFWXDO�VSHHGV�DUH�PHDVXUHG�V\VWHPDWLFDOO\�E\�GLIIHUHQW�NLQGV
RI� HTXLSPHQW� VXFK� DV� GRSSOHU� UDGDU�� ODVHU� UDGDU�� LQGXFWLYH� ORRSV�� SQHXPDWLF� WXEHV�� RU
ZHLJK�LQ�PRWLRQ� WHFKQLTXHV�� +RZHYHU�� UHVXOWV� XVXDOO\� DUH� QRW� SXEOLVKHG� RU� HDVLO\
DFFHVVLEOH�� 0RUHRYHU�� XVXDOO\� QR� RU� RQO\� YHU\� OLPLWHG� VSHHG� GDWD� DUH� DYDLODEOH� IRU
GLIIHUHQW�URDG�VXUIDFH��ZHDWKHU��YLVLELOLW\��RU� WUDIILF�GHQVLW\�FRQGLWLRQV��0RUHRYHU��VSHHG
LQGLFDWRUV�YDU\�ODUJHO\�IURP�PHDQ�VSHHG��VWDQGDUG�GHYLDWLRQ�RI�VSHHG����WK����WK��WR���WK
SHUFHQWLOHV�RI�VSHHG�GLVWULEXWLRQV��$OWKRXJK�FRPSDULVRQ�RI�DFWXDO�VSHHG�OHYHOV�LQ�GLIIHUHQW
(XURSHDQ� FRXQWULHV� LV� GLIILFXOW� EHFDXVH� RI� WKHVH� UHDVRQV�� LW� FDQ� EH� FRQFOXGHG� WKDW
VSHHGLQJ� LV� D�YHU\�FRPPRQ�SKHQRPHQRQ�DOO�RYHU�(XURSH�ZLWK�SHUFHQWDJHV�RI� VSHHGLQJ
XS�WR������,W�LV�FOHDU�WKDW�VSHHG�OLPLWV�WKHPVHOYHV�DUH�LQVXIILFLHQW�IRU�PDQDJLQJ�VSHHGV�DW
D� GHVLUHG� OHYHO�� HYHQ� LI� VXEVWDQWLDO� HQIRUFHPHQW� LV� FRQGXFWHG�� 6SHHGLQJ� LV� HVSHFLDOO\
RFFXUULQJ�RQ�ORZ�VSHHG�XUEDQ�URDGV�DQG�RQ�PRWRUZD\V��'DWD�IURP�+XQJDU\�LQGLFDWH�WKDW
D� UHGXFWLRQ� RI� WKH� VSHHG� OLPLW� LQ� XUEDQ� DUHDV� IURP���� WR� ��� NP�K� LQ� ������ RQO\� KDG� D
WHPSRUDU\� UHGXFLQJ�HIIHFW�RQ�DFWXDO� VSHHGV��5HVXOWV� RI� V\VWHPDWLF� VSHHG�PHDVXUHPHQWV
LQGLFDWH� WKDW� DFWXDO� VSHHGV�DUH� LQ� D�KLJK�SHUFHQWDJH�RYHU� WKH� VSHHG� OLPLW� DQG� WKH� VSHHG
OHYHO�KDV�EHHQ�SHUPDQHQWO\� LQFUHDVLQJ�GXULQJ� WKH� ODVW� GHFDGHV� LQ�(XURSH�� ,W�PHDQV� WKDW
VSHHGLQJ�LV�EHFRPLQJ�D�PRUH�DQG�PRUH�IUHTXHQW�SUREOHP�DOO�RYHU�(XURSH�

���� 63(('�0$1$*(0(17�0(7+2'6

6SHHG�OLPLWV�DUH� WKH�EDFNERQH�RI� VSHHG�PDQDJHPHQW� LQ�(XURSH��6SHHG� LV� OLPLWHG�RQ�DOO
URDGV� H[FHSW� IRU� VRPH� VHFWLRQV� RI� *HUPDQ� PRWRUZD\V�� )XUWKHUPRUH�� FRPSOLDQFH� WR
VSHHG�OLPLWV�LV�HQIRUFHG�E\�WKH�SROLFH�LQ�DOO�FRXQWULHV��DOWKRXJK�WKHUH�DUH�GLIIHUHQFHV�LQ�WKH
LQWHQVLW\� DQG� WROHUDQFHV� RI� WKH� HQIRUFHPHQW� DQG� SHQDOWLHV� IRU� VSHHGLQJ�� 3ROLFH
HQIRUFHPHQW� W\SLFDOO\� XVHV� FRQYHQWLRQDO� PHWKRGV� ZKHUH� SROLFH� RIILFHUV� PHDVXUH� WKH
VSHHGV�E\�UDGDU�RU�RWKHU�SRUWDEOH�GHYLFH��VWRS�WKH�VSHHGHUV�DQG�SUHVFULEH�ILQHV�DW�WKH�VLWH�
5HFHQWO\�� WKH� XVH� RI� VSHHG� FDPHUDV� KDV� LQFUHDVHG�� ,Q� VRPH� FRXQWULHV� WKH� RZQHU� RI� WKH
YHKLFOH� FDQ� EH� KHOG� UHVSRQVLEOH� IRU� VSHHGLQJ� RIIHQFHV� DQG� LGHQWLILFDWLRQ� RI� WKH� OLFHQFH
QXPEHU�RI�WKH�VSHHGLQJ�YHKLFOH�LV�HQRXJK��ZKHUHDV�LQ�RWKHU�FRXQWULHV�WKH�GULYHU�QHHGV�WR
EH� LGHQWLILHG� IURP� WKH� SKRWR�� 7KH� IRUPHU� V\VWHP� UHTXLUHV� OHVV� PDQXDO� ZRUN� DQG� LV
WKHUHIRUH�PXFK�PRUH�FRVW�HIIHFWLYH�WKDQ�WKH�ODWWHU�

,Q�DOO�FRXQWULHV�ORUULHV�KDYH�D�YHKLFOH�W\SH�VSHFLILF�VSHHG�OLPLW�WKDW�YDULHV�EHWZHHQ����DQG
���� NP�K�� 1RYLFH� GULYHUV� PD\� DOVR� KDYH� D� VSHFLILF� VSHHG� OLPLW� RI� VLPLODU� PDJQLWXGH�



0DQDJLQJ�6SHHGV�RI�7UDIILF�RQ�(XURSHDQ�5RDGV ),1$/�5(3257
'HFHPEHU�����

�

/RFDO�� UHGXFHG� VSHHG� OLPLWV� DUH� RIWHQ� XVHG� LQ� WKH� YLFLQLW\� RI� VFKRROV� DQG� GDQJHURXV
LQWHUVHFWLRQV�� IRU� H[DPSOH�� 9DULDEOH� VSHHG� OLPLWV� DUH� XVHG� WR� VRPH� GHJUHH�� XVXDOO\� RQ
PRWRUZD\V�RU�RWKHU�KLJK�YROXPH�URDGV��ZKHUH�VSHHG�OLPLWV�DUH� W\SLFDOO\�UHGXFHG�GXULQJ
UXVK�KRXUV�DQG�LQ�DGYHUVH�URDG�VXUIDFH�DQG�ZHDWKHU�FRQGLWLRQV�

6SHHG� UHFRPPHQGDWLRQV� GLVSOD\HG� E\� IL[HG� URDGVLGH� VLJQV� DUH� XVHG� WR� VRPH� GHJUHH� LQ
PDQ\�FRXQWULHV��HVSHFLDOO\�LQ�VXE�VWDQGDUG�FXUYHV��5HFRPPHQGHG�VSHHG�LV�ORZHU�WKDQ�WKH
VSHHG�OLPLW�

,QIRUPDWLRQ� FDPSDLJQV� DERXW� WKH� GDQJHUV� RI� VSHHGLQJ� DQG� SXEOLFLW\� IRU� WKH� XVH� RI
DSSURSULDWH�VSHHGV�DUH�SDUW�RI�VSHHG�PDQDJHPHQW�LQ�PDQ\�FRXQWULHV�

3K\VLFDO�PHDVXUHV�DUH�XVHG�IRU�VSHHG�PDQDJHPHQW�LQ�LQFUHDVLQJ�QXPEHUV�LQ�XUEDQ�DUHDV�
0HDVXUHV� OLNH� VSHHG� KXPSV�� FKLFDQHV� DQG� URDG� QDUURZLQJV� DUH� XVHG� HVSHFLDOO\� LQ
UHVLGHQWLDO� DUHDV�� 5RXQGDERXWV� FDQ� DOVR� VHUYH� VSHHG� PDQDJHPHQW� DQG� WKH\� DUH� ZLGHO\
XVHG�LQ�VRPH�FRXQWULHV�ZKLOVW�WKH\�DUH�UDUH�LQ�RWKHUV��6SHHG�UHGXFWLRQ�LV�RIWHQ�RQH�RI�WKH
PDLQ� REMHFWLYHV� RI� WUDIILF� FDOPLQJ�� ZKHUH� HQWLUH� URDGV� RU� DUHDV� DUH� WUHDWHG� XVLQJ
FRPELQDWLRQV�RI�PHDVXUHV�PHQWLRQHG�DERYH��DQG�RWKHU�PHDVXUHV� OLNH�VXUIDFH� WUHDWPHQWV
RU� URDG�PDUNLQJV��YLOODJH�JDWHZD\V�� UDLVHG�SHGHVWULDQ�FURVVLQJV�RU� MXQFWLRQV�� UH�URXWLQJ
RI�WUDIILF�DQG�LQIRUPDWLRQ�FDPSDLJQV��7UDIILF�FDOPLQJ�PHWKRGV�KDYH�EHHQ�ZLGHO\�XVHG� LQ
VRPH�FRXQWULHV��H�J��WKH�1HWKHUODQGV���EXW�LQ�PRVW�FRXQWULHV�RQO\�WR�D�OLPLWHG�GHJUHH�

,Q�UXUDO�DUHDV�UXPEOH�VWULSV�DW�DSSURDFKHV�WR�LQWHUVHFWLRQV�DUH�SHUKDSV�WKH�PRVW�FRPPRQ
SK\VLFDO�VSHHG�PDQDJHPHQW�WRRO��%HFDXVH�RI�KLJKHU�VSHHGV�DQG�WKH�GDQJHU� WKDW�SK\VLFDO
VSHHG�UHGXFLQJ�PHDVXUHV�FDQ�FDXVH�DFFLGHQWV��WKH\�DUH�VHOGRP�XVHG�RQ�PDLQ�UXUDO�URDGV�
4XLWH� WKH�FRQWUDU\�� WKHUH� LV�RIWHQ�D� WHQGHQF\�WR�PDNH�UXUDO� URDGV�VWUDLJKW�DQG�ZLGH�DQG
NHHS� WKH� URDGVLGHV� RSHQ� DQG� FOHDU�� EHFDXVH� DOO� GHYLDWLRQV� IURP� WKH� KLJKHVW� VWDQGDUG
SRWHQWLDOO\� LQFUHDVH� DFFLGHQW� ULVN�� 7KLV� LV� QRW� QHFHVVDULO\� DQ� LGHDO� VROXWLRQ� VLQFH� KLJK
JHRPHWULF�VWDQGDUG� LQ�JHQHUDO� LQFUHDVHV�VSHHGV��ZKLFK� LQ� WXUQ� LQFUHDVHV� WKH�QXPEHU�DQG
VHYHULW\�RI�DFFLGHQWV�

)URP�DQ�DGPLQLVWUDWLYH�SRLQW�RI�YLHZ�WKH�UHVSRQVLELOLW\�IRU�VSHHG�PDQDJHPHQW�LV�W\SLFDOO\
GLYLGHG� EHWZHHQ� VHYHUDO� DXWKRULWLHV�� H�J�� FHQWUDO� JRYHUQPHQW�� QDWLRQDO� DQG� ORFDO� URDG
DGPLQLVWUDWRUV�� WKH� SROLFH� DQG� WUDIILF� VDIHW\� RUJDQLVDWLRQV�� 7KH� UROHV� RI� WKH� (XURSHDQ
&RPPXQLW\� DQG� YHKLFOH�PDQXIDFWXUHUV� KDYH� EHHQ� UDWKHU�PLQLPDO� LQ� WKLV� UHVSHFW� VR� IDU�
(YHQ�WKRXJK�WKHUH�LV�FR�RSHUDWLRQ�EHWZHHQ�DXWKRULWLHV�DQG�JXLGHOLQHV�IRU�URDG�GHVLJQ��IRU
H[DPSOH�� VSHHG� PDQDJHPHQW� FDQ� ODUJHO\� EH� VHHQ� WR� FRQVLVW� RI� LQGHSHQGHQW� DFWLRQV
ZLWKRXW�D�GLVWLQFWLYH�LQWHJUDWHG�ORQJ�WHUP�SODQ��7KLV�LV�WKH�FDVH�HVSHFLDOO\�LQ�XUEDQ�DUHDV
ZKHUH� ORFDO�DXWKRULWLHV�FDQ�KDYH�GLIIHUHQW�YLHZV� UHJDUGLQJ� VSHHG�PDQDJHPHQW�� DQG�DOVR
ELJ�YDULDWLRQV�LQ�WKH�DYDLODEOH�UHVRXUFHV�PD\�H[LVW�
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7KH� UDSLG� GRRU�WR�GRRU� MRXUQH\� WLPHV� PDGH� SRVVLEOH� E\� PRWRU� YHKLFOHV� DQG� WKH� URDG
V\VWHP� DUH� RQH� RI� WKH� JUHDW� EHQHILWV� FRQIHUUHG� E\�PRGHUQ� WUDQVSRUW�� %XW� WKH� OHYHOV� RI
VSHHG� WKDW� PDNH� WKHVH� MRXUQH\�WLPHV� SRVVLEOH� DOVR� KDYH� HIIHFWV� LQ� WHUPV� RI� RSHUDWLQJ
FRVWV�� QRLVH�� H[KDXVW� HPLVVLRQV� DQG� WKH� RFFXUUHQFH� RI� WUDIILF� DFFLGHQWV� DQG� FRQVHTXHQW
GHDWK�� LQMXU\�DQG�PDWHULDO�GDPDJH��:KHUH�PRWRU� WUDIILF�VKDUHV� WKH� URDG�ZLWK�YXOQHUDEOH
URDG�XVHUV�RU�WUDYHOV�FORVH�WR�SHRSOH©V�KRPHV��LVVXHV�RI�DFFHSWDELOLW\�RI�OHYHOV�RI�VSHHG�WR
YXOQHUDEOH�URDG�XVHUV�DQG�WR�UHVLGHQWV�DULVH��1RU�DUH�FXUUHQW� OHYHOV�RI� VSHHG�QHFHVVDULO\
DFFHSWDEOH�WR�DOO�RI�WKH�GULYHUV�ZKR�SDUWLFLSDWH�LQ�WKHP�

7KH�SURMHFW�0$67(5�DURVH�SULPDULO\�IURP�FRQFHUQV�DERXW�WKH�FRQWULEXWLRQ�RI�VSHHG�WR
URDG�VDIHW\��DV�H[SUHVVHG��IRU�H[DPSOH��E\�WKH�(76&���������DQG�UHLWHUDWHG�PRUH�UHFHQWO\
E\�WKH�&(&� �������DQG� WKH�(XURSHDQ�3DUOLDPHQW� ��������%XW� DFFLGHQW�SUHYHQWLRQ�DQG
FDVXDOW\� UHGXFWLRQ� DV� DQ� REMHFWLYH� RI� VSHHG� PDQDJHPHQW� KDV� WR� EH� SXUVXHG� ZLWK� GXH
FRQVLGHUDWLRQ� IRU� WKH� YDOXH� WR� LQGLYLGXDOV� DQG� VRFLHW\� RI� UDSLG� MRXUQH\�WLPHV�� WKH
FRQVHTXHQFHV� RI� OHYHOV� RI� VSHHG� IRU� RSHUDWLQJ� FRVWV�� HPLVVLRQV� DQG� QRLVH�� DQG� WKH
DFFHSWDELOLW\�RI�OHYHOV�RI�VSHHG�WR�URDG�XVHUV�RI�DOO�NLQGV�DQG�WR�RWKHUV�DIIHFWHG�E\�WKHP�
$OO� WKHVH� HIIHFWV� RI� OHYHOV� RI� VSHHG�PXVW� WKHUHIRUH� EH� DVVHVVHG� FRPSUHKHQVLYHO\� LQ� WKH
FRQWH[W�RI�VSHHG�PDQDJHPHQW�

&KDSWHU���JLYHV�DQ�RYHUYLHZ�RI�WKH�YDULRXV�LPSDFWV�RI�VSHHG�

���� $&&,'(176

������ 3UHYLRXV�VWXGLHV

(DUO\� VWXGLHV�RQ� WKH� UHODWLRQVKLS� EHWZHHQ� VSHHG� DQG� DFFLGHQW� LQYROYHPHQW� VKRZHG� WKDW
YHKLFOHV� WUDYHOOLQJ� PRUH� VORZO\� WKDQ� WKH� DYHUDJH� VSHHG� IRU� WKH� URDG�� DV� ZHOO� DV� WKRVH
WUDYHOOLQJ�IDVWHU��KDG�DQ�DERYH�DYHUDJH�ULVN�RI�DFFLGHQW�LQYROYHPHQW��EXW�WKDW�WKH�VHYHULW\
RI� DFFLGHQWV� LQFUHDVHG� PRUH� WKDQ� SURSRUWLRQDOO\� WR� VSHHG�� 7KHVH� HDUO\� ILQGLQJV� DUH
FRQVLVWHQW�ZLWK�VXEVHTXHQW�ILQGLQJV� WKDW��RQ� URDGV�RI� D�JLYHQ� W\SH�� LQMXU\�DFFLGHQW� UDWH�
VHYHUH�LQMXU\��LQFOXGLQJ�IDWDO��DFFLGHQW�UDWH�DQG�IDWDO�DFFLGHQW�UDWH�LQFUHDVH�URXJKO\�DV�WKH
�QG���UG�DQG��WK�SRZHUV�RI�WKH�PHDQ�WUDIILF�VSHHG�DV�LOOXVWUDWHG�LQ�)LJXUH����$QGHUVVRQ�	
1LOVVRQ� ������� 2WKHU� VWXGLHV� VXPPDULVLQJ� UHSRUWHG� ILQGLQJV� �PDLQO\� IURP� EHIRUH�DQG�
DIWHU� VWXGLHV�� DUH� JHQHUDOO\� LQ� DJUHHPHQW� ZLWK� WKH� 6ZHGLVK� PRGHO� �(OYLN� HW� DO�� �����
������)LQFK�HW�DO��������5DQWD�	�.DOOEHUJ��������$OO�WKHVH�VWXGLHV�DUH�LQ�OLQH�ZLWK�D�UXOH
RI� WKXPE�VWDWLQJ� WKDW�D�UHGXFWLRQ�RI��� WR���SHU�FHQW� LQ� LQMXU\�DFFLGHQWV�UHVXOWV� IURP�D��
NP�K�UHGXFWLRQ�LQ�PHDQ�VSHHG��7KLV�UXOH�LV�DSSOLFDEOH�ZKHQ�WKH�UHGXFWLRQ�LQ�PHDQ�VSHHG
LV� OHVV� WKDQ�DERXW����NP�K��$FFLGHQW� FRVWV� LQFUHDVH�ZLWK� VSHHG� DSSUR[LPDWHO\� WZLFH� DV
IDVW�DV�WKH�QXPEHU�RI�LQMXU\�DFFLGHQWV��.DOOEHUJ�������
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)LJXUH����(IIHFWV�RI�PHDQ�VSHHG�RQ�WKH�QXPEHU�RI�DFFLGHQWV�DFFRUGLQJ�WR�WKH�6ZHGLVK

PRGHO�LQ�FDVH�ZKHUH�WKH�LQLWLDO�PHDQ�VSHHG�LV����NP�K��$QGHUVVRQ�	�1LOVVRQ�������

$FFLGHQW�UDWHV�DQG�WKH�YDULDQFH�RI� VSHHG�DUH�SRVLWLYHO\�FRUUHODWHG� �*DUEHU�	�*DUGLUDX
������)LQFK� HW� DO�� ������2©&LQQpLGH�	�0XUSK\� ������� ,W� KDV� HYHQ� EHHQ� FODLPHG� WKDW
VSHHG�YDULDQFH��DQG�QRW� WKH�DEVROXWH� OHYHO�RI�VSHHG� LV� WKH�PRVW� LPSRUWDQW� VSHHG�UHODWHG
IDFWRU� FRQWULEXWLQJ� WR� DFFLGHQWV� �/DYH� ������� 6XFK� FODLPV�� KRZHYHU�� DUH� FRQWUDU\� WR
FRPPRQ�VHQVH�EHFDXVH�LQ�PDQ\�FRPPRQ�DFFLGHQW�W\SHV��H�J��VLQJOH�YHKLFOH�DFFLGHQWV�DQG
KHDG�RQ�DFFLGHQWV�� WKHUH� LV�QR� ORJLFDO� FRQQHFWLRQ�EHWZHHQ� VSHHG�YDULDWLRQ�DQG�DFFLGHQW
FDXVDWLRQ��)XUWKHUPRUH��VSHHG�YDULDWLRQ�GRHV�QRW� DIIHFW� WKH�FRQVHTXHQFHV�JLYHQ� WKDW� DQ
DFFLGHQW�RFFXUV��$Q�LQFUHDVH�LQ�WKH�DEVROXWH�VSHHG��RQ�WKH�RWKHU�KDQG��ORJLFDOO\�LQFUHDVHV
DFFLGHQW� ULVN� EHFDXVH� LW� GHFUHDVHV� WKH� WLPH� WKH� GULYHU� KDV� LQ� FULWLFDO� VLWXDWLRQV� IRU
REVHUYDWLRQ��GHFLVLRQ�PDNLQJ�DQG�HYDVLYH�PDQRHXYUHV�

,PSRUWDQWO\�� LQFUHDVHV� LQ� WKH� DEVROXWH� VSHHG� �XQOLNH� LQFUHDVHV� LQ� VSHHG� YDULDWLRQ�
SUDFWLFDOO\�DOZD\V� LQFUHDVH� WKH� IRUFHV� DIIHFWLQJ� LQ� WKH� FUDVK��&RQVHTXHQWO\�� LQFUHDVHV� LQ
VSHHG�LQFUHDVH�WKH�GDPDJHV�WR�WKH�YHKLFOHV�DQG�WKH�VHYHULW\�RI�LQMXULHV�WR�WKH�RFFXSDQWV�
)XUWKHUPRUH�� LQ�SHGHVWULDQ�DFFLGHQWV� WKH� IDWDOLW\� ULVN�RI� WKH�SHGHVWULDQ� LQFUHDVHV� UDSLGO\
ZLWK� WKH� LPSDFW� VSHHG� RI� WKH� FDU� �H�J�� E\� D� IDFWRU� RI� ����ZKHQ� LPSDFW� VSHHG� LQFUHDVHV
IURP����WR����NP�K���)LJXUH����

$SSDUHQWO\�FRQWUDGLFWRU\� LQGLFDWLRQV� LQ� VRPH�VWXGLHV� �H�J��*DUEHU�DQG�*DUGLUDX������
WKDW�DFFLGHQW�UDWH�ZDV�QHJDWLYHO\�FRUUHODWHG�ZLWK�PHDQ�VSHHG�FDQ�RIWHQ�EH�DFFRXQWHG�IRU
E\�IDLOXUH�WR�DOORZ�IRU�GLIIHUHQFHV�LQ�JHRPHWULF�FKDUDFWHULVWLFV�EHWZHHQ�WKH�URDGV�WKDW�KDG
EHHQ�VWXGLHG�
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)LJXUH� ��� 7KH� HIIHFW� RI� LPSDFW� VSHHG� RQ� IDWDOLW\� ULVN� LQ� SHGHVWULDQV� DFFLGHQWV

�3DVDQHQ�������

������ 0HWKRGRORJLFDO�LVVXHV

$�PDMRU�SDUW�RI�WKH�UHVXOWV�FLWHG�DERYH�KDYH�EHHQ�GHULYHG�IURP�EHIRUH�DQG�DIWHU�VWXGLHV
RI� FKDQJHV� LQ� VSHHG� OLPLWV�� $� FRPSOHPHQWDU\� DSSURDFK� WR� WKDW� RI� EHIRUH�DQG�DIWHU
DQDO\VLV� LV� WKH� FURVV�VHFWLRQDO� DQDO\VLV� RI� VSHHG� DQG� WUDIILF� DFFLGHQWV�� ,QYHVWLJDWLRQV� RI
VSHHG�DFFLGHQW�UHODWLRQVKLSV�E\�PHDQV�RI�FURVV�VHFWLRQDO�DQDO\VLV�RI�GDWD� IRU� VDPSOHV�RI
VWUHWFKHV�RI�URDG�QHHG�WR� WDNH� LQWR�DFFRXQW� WUDIILF� IORZ��JHRPHWULFDO� FKDUDFWHULVWLFV� DQG
WKH�YDULDELOLW\�RI�VSHHGV�DV�ZHOO� DV�PHDQ� VSHHG��0XOWLSOLFDWLYH�PRGHOV� VHHP� WR�EH�PRVW
DSSURSULDWH�IRU�FURVV�VHFWLRQDO�DQDO\VLV��$OOVRS�������%DUX\D�����������F��

7KH� HYLGHQFH� RI� FDXVDOLW\� LQ� UHODWLRQVKLSV� GHULYHG� IURP� EHIRUH�DQG�DIWHU� DQDO\VLV� LV
VWURQJHU�WKDQ�LQ�WKRVH�GHULYHG�IURP�FURVV�VHFWLRQDO�DQDO\VLV��+RZHYHU��WKH�RSSRUWXQLWLHV
IRU�WKH�IRUPHU�DUH�IHZHU��WKH�WLPH�VFDOH�IRU�JDWKHULQJ�WKH�GDWD�IRU�WKHP�LV�ORQJHU��DQG�WKH
VFRSH�IRU�REWDLQLQJ�UHSUHVHQWDWLYH�VDPSOHV�RI� VLWHV�ZLWK�JLYHQ�FKDUDFWHULVWLFV� LV� VPDOOHU�
WKDQ�IRU� WKH� ODWWHU��6HYHUDO� LQYHVWLJDWLRQV�RI�VSHHG�DFFLGHQW�UHODWLRQVKLSV� LQ� UHFHQW�\HDUV
KDYH� WKHUHIRUH� EHHQ� EDVHG� RQ� FURVV�VHFWLRQDO� DQDO\VLV� �$OOVRS� ������ %DUX\D� �����
����F��

������ 6WDWLVWLFDO�PRGHOOLQJ�IRU�VLQJOH�FDUULDJHZD\�UXUDO�URDGV

0RGHOV�IRU�(QJODQG

6SHHG�� IORZ� DQG� �� \HDUV©� DFFLGHQW� GDWD�ZHUH� DQDO\VHG� IRU� ��� VWUHWFKHV� RI� UXUDO� VLQJOH�
FDUULDJHZD\� URDG� LQ� YDULRXV� FRXQWLHV� LQ� (QJODQG� �%DUX\D� ����D�� ����F��� /LPLWHG
JHRPHWULF�GDWD�ZDV�H[WUDFWHG�IURP�PDSV��$GGLWLRQDO�JHRPHWULF�GDWD�JDWKHUHG�RQ�VLWH�ZDV
DYDLODEOH�IRU�D�VXEVHW�RI�WKH�URDGV��2Q����RI�WKH�URDGV�WKH�VSHHG�OLPLW�ZDV����PLOHV�K����
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NP�K�� DQG� RQ� WKH� RWKHU� �� LW� ZDV� ��� PLOHV�K� ���NP�K��� 7KH� GLVWULEXWLRQ� RI� VSHHGV� RI
YHKLFOHV�RQ�HDFK�URDG�ZDV�FKDUDFWHULVHG�E\�WKUHH�SDUDPHWHUV�

�� WKH�PHDQ�VSHHG�

�� WKH�SURSRUWLRQ�H[FHHGLQJ�WKH�VSHHG�OLPLW��DQG

�� WKH�SURSRUWLRQ�WUDYHOOLQJ�DW�OHVV�WKDQ�KDOI�WKH�VSHHG�OLPLW�

7KH�VHFRQG�DQG�WKLUG�SDUDPHWHUV�FDQ�EH�VHHQ�DV�LQGLFDWRUV�RI�WKH�OHYHOV�RI�VSHHGLQJ�DQG
FRQJHVWLRQ��UHVSHFWLYHO\��RU�VLPSO\�DV�LQGLFDWRUV�RI�WKH�VL]HV�RI�WKH�XSSHU�DQG�ORZHU�WDLOV
RI�WKH�GLVWULEXWLRQ�

0HDQ� VSHHG�ZDV� IRXQG� WR� EH� D� GHFUHDVLQJ� IXQFWLRQ� RI� IORZ� DQG�� IRU� JLYHQ� IORZ�� WR� EH
VWURQJO\� FRUUHODWHG� SRVLWLYHO\� ZLWK� WKH� VSHHG� OLPLW� LWVHOI� DQG� ZLWK� WKH� SHUFHQWDJH
H[FHHGLQJ�WKH�VSHHG�OLPLW��DQG�QHJDWLYHO\�ZLWK�WKH�SHUFHQWDJH�WUDYHOOLQJ�DW� OHVV� WKDQ�KDOI
WKH� OLPLW�� 7KLV� PHDQV� WKDW� LQ� WKH� PRGHOOLQJ� RI� WKH� VSHHG�DFFLGHQW� UHODWLRQVKLSV� DQG
LQWHUSUHWDWLRQ� RI� WKH� UHVXOWLQJ� PRGHOV�� HIIHFWV� RI� FKDQJHV� LQ� PHDQ� VSHHG� FDQQRW
PHDQLQJIXOO\�EH�FRQVLGHUHG�ZLWKRXW�GXH�UHJDUG�WR� WKH� OLNHO\�FRQFRPLWDQW�FKDQJHV� LQ� WKH
GLVWULEXWLRQ� RI� VSHHGV� DV� FKDUDFWHULVHG� E\� WKH� RWKHU� WZR� SDUDPHWHUV� �%DUX\D� ����D�
����F��$OOVRS�������

$FFLGHQWV� LQFOXGHG� LQ� WKH� DQDO\VLV� ZHUH� UHSRUWHG� SHUVRQDO� LQMXU\� DFFLGHQWV� ZLWKLQ� WKH
VWUHWFKHV�RI�URDG��LQFOXGLQJ�WKRVH�DW�PLQRU�MXQFWLRQV�DQG�SULYDWH�DFFHVVHV��EXW�H[FOXGLQJ
WKRVH�DW�PDMRU� MXQFWLRQV�DW�HQGV�RI� WKH� VDPSOH� VHFWLRQV��1XPEHUV�RI� DFFLGHQWV�SHU�\HDU
ZHUH�HVWLPDWHG�WR�EH�SURSRUWLRQDO�WR

�� PHDQ�VSHHG�LQ�NP�K�WR�WKH�SRZHU������

�� SHUFHQWDJH�H[FHHGLQJ�WKH�VSHHG�OLPLW�WR�WKH�SRZHU��������DQG

�� SHUFHQWDJH�EHORZ�KDOI�WKH�VSHHG�OLPLW�WR�WKH�SRZHU��������

ZLWK�D�FRQVWDQW�RI�SURSRUWLRQDOLW\�HVWLPDWHG� LQ� WHUPV�RI�DPRXQW�RI� WUDIILF�� OHQJWK�RI� WKH
VWUHWFK�RI�WKH�URDG��DQG�QXPEHU�RI�MXQFWLRQV��7KH�ILW�ZDV�PRGHVW��DFFRXQWLQJ�IRU�RQO\���
SHU� FHQW� RI� WKH� QRQ�3RLVVRQ� YDULDWLRQ� LQ� WKH� DFFLGHQW� QXPEHUV� SHU� \HDU�� 'HWDLOV� RI� WKH
PRGHOV�IRU�PHDQ�VSHHG�DQG�QXPEHU�RI�DFFLGHQWV�DUH�JLYHQ�LQ�$SSHQGL[���

7KH� PRGHOV� JLYH� ULVH� WR� D� QXPEHU� RI� TXHVWLRQV�� WKH� PRVW� REYLRXV� RI� ZKLFK� LV� WKH
LPSOLFDWLRQ�RI� WKH� VL]HDEOH�QHJDWLYH�SRZHU�RI�PHDQ� VSHHG� LQ� WKH�PRGHO� IRU� QXPEHUV� RI
DFFLGHQWV� SHU� \HDU�� 7KHUH� LV� D� SULPD� IDFLH� LQIHUHQFH� WKDW� DFFLGHQWV� GHFUHDVH� ZLWK
LQFUHDVLQJ�VSHHG��ZKLFK�ZRXOG�EH�FRXQWHU�WR�VR�PXFK�SUHYLRXV�HYLGHQFH�DQG�WR�SK\VLFDO
DQG� EHKDYLRXUDO� XQGHUVWDQGLQJ��%XW� WKLV� LQIHUHQFH� LV� QHJDWHG� E\� WKH� HYLGHQFH� IURP� WKH
PRGHO� IRU�PHDQ� VSHHG�RI� D� VWURQJ� LQWHUGHSHQGHQFH� EHWZHHQ�PHDQ� VSHHG� DQG� WKH� RWKHU
SDUDPHWHUV�RI�WKH�VSHHG�GLVWULEXWLRQ��7KLV�PHDQV�WKDW�VSHHG�FDQQRW�UHDOLVWLFDOO\�EH�YDULHG
LQ� WKH�DFFLGHQW�PRGHO�ZLWKRXW�PDNLQJ�FRUUHVSRQGLQJ�FKDQJHV� LQ� WKH�SHUFHQWDJHV� DERYH
WKH�OLPLW�DQG�EHORZ�KDOI�WKH�OLPLW�LQ�DFFRUGDQFH�ZLWK�WKH�PRGHO�IRU�PHDQ�VSHHG��%DUX\D
����D������F��$OOVRS�������

7KLV� FDQ� EH� LOOXVWUDWHG� E\� FRQVLGHULQJ� D� �NP� VWUHWFK� RI� URDG�ZLWKRXW� MXQFWLRQV�� ZLWK� D
VSHHG�OLPLW�RI����NP�K�DQG�D�IORZ�RI������YHKLFOHV�GD\��7DEOH���VKRZV�IRU�SHUFHQWDJHV
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H[FHHGLQJ� WKH� VSHHG� OLPLW� UDQJLQJ� IURP��� WR����ZKDW�SHUFHQWDJHV�EHORZ�KDOI� WKH� VSHHG
OLPLW�DUH�FRQVLVWHQW��DFFRUGLQJ�WR�WKH�PRGHO�IRU�PHDQ�VSHHG��ZLWK�PHDQ�VSHHGV�RI���NP�K
DQG���NP�K��WRJHWKHU�ZLWK�WKH�FRUUHVSRQGLQJ�HVWLPDWHG�QXPEHUV�RI�DFFLGHQWV�SHU�\HDU��,Q
HYHU\�FDVH�� IHZHU�DFFLGHQWV�SHU�\HDU�DUH�HVWLPDWHG�WR�RFFXU�DW� WKH� ORZHU� VSHHG��EXW� WKH
GLIIHUHQFH� LV� PXFK� VPDOOHU� WKDQ� ZRXOG� EH� H[SHFWHG� IURP� WKH� UXOH� RI� WKXPE� EDVHG� RQ
EHIRUH�DQG�DIWHU�VWXGLHV��7KLV�GLVFUHSDQF\�LV�DGGUHVVHG�ODWHU� LQ� WKLV�VHFWLRQ��EXW� WKH�VLJQ
DQG�VL]H�RI�WKH�SRZHU�RI�PHDQ�VSHHG�LQ�WKH�PRGHO�UHPDLQ�D�VRXUFH�RI�FRQFHUQ��7KH�ODFN
RI�YDULDWLRQ� LQ�HVWLPDWHG�DFFLGHQW�QXPEHUV� DV� WKH� SHUFHQWDJH� H[FHHGLQJ� WKH� VSHHG� OLPLW
FKDQJHV� LV� DFFRXQWHG� IRU�E\� WKH�FRXQWHUYDLOLQJ�FKDQJH� LQ� WKH�SHUFHQWDJH�XQGHU�KDOI� WKH
VSHHG� OLPLW� WKDW� LV� UHTXLUHG� WR� NHHS� WKH� PHDQ� VSHHGV� DW� WKHLU� FKRVHQ� OHYHOV� �%DUX\D
����D������F��$OOVRS�������

7DEOH����(VWLPDWHG�QXPEHUV�RI�LQMXU\�DFFLGHQWV�\HDU�RQ�D��NP�OHQJWK�RI�UXUDO�VLQJOH�

FDUULDJHZD\� URDG� LQ� (QJODQG� ZLWK� VSHHG� OLPLW� RI� ���NP�K� DQG� IORZ� RI� ����

YHKLFOHV�GD\�ZKHQ�WKH�PHDQ�VSHHG�LV����RU���NP�K�DQG�WKH�SHUFHQWDJH�H[FHHGLQJ�WKH

VSHHG�OLPLW�UDQJHV�IURP���WR�����$OOVRS�������

3HUFHQWDJH
H[FHHGLQJ

WKH�VSHHG�OLPLW�

3HUFHQWDJH�XQGHU�KDOI�WKH�VSHHG
OLPLW�ZLWK�PHDQ�VSHHG�

(VWLPDWHG�QXPEHU�RI�LQMXU\
DFFLGHQWV�SHU�\HDU�ZLWK�PHDQ

VSHHG�

��NP�K ��NP�K ��NP�K ��NP�K

� ����� ����� ����� �����

� ����� ����� ����� �����

�� ����� ����� ����� �����

�� ����� ����� ����� �����

�� ����� ����� ����� �����

$�VHFRQG�TXHVWLRQ�DULVHV�IURP�WKH�IDFW�WKDW� WKH�PRGHOV�DUH�EHLQJ�FRQVLGHUHG�KHUH�LQ�WKH
FRQWH[W� RI� VSHHG�PDQDJHPHQW�� 7KLV� LV�ZKHWKHU� LW� LV� DSSURSULDWH� IRU� WKH� GLVWULEXWLRQ� RI
VSHHGV�WR�EH�GHVFULEHG�E\�SDUDPHWHUV�WKDW�DUH�GHILQHG�LQ�UHODWLRQ�WR�WKH�VSHHG�OLPLW��ZKLFK
LV�LWVHOI�RQH�RI�WKH�PDQDJHPHQW�WRROV�WKDW�QHHG�WR�EH�DVVHVVHG��,W�ZRXOG�EH�SUHIHUDEOH�WR
XVH� SDUDPHWHUV� LQKHUHQW� LQ� WKH� VSHHG� GLVWULEXWLRQ�� OLNH� WKH� FRHIILFLHQW� RI� YDULDWLRQ
�VWDQGDUG�GHYLDWLRQ�RI�VSHHGV�GLYLGHG�E\�PHDQ�VSHHG��

$�WKLUG�TXHVWLRQ�LV�WKH�VWUHQJWK�RI�HIIHFW�RI�WKH�VSHHG�OLPLW�LWVHOI�XSRQ�WKH�PHDQ�VSHHG�DV
HVWLPDWHG�E\�WKH�PRGHO�IRU�WKH�ODWWHU��$V�%DUX\D�KDV�SRLQWHG�RXW�� ����F���WKLV�LV�JUHDWHU
E\�D�IDFWRU�RI�DERXW���WKDQ�KDV�W\SLFDOO\�EHHQ�IRXQG�LQ�SUDFWLFH��+RZHYHU��WKLV�HVWLPDWH�RI
WKH�HIIHFW�RI�VSHHG�OLPLW� LV�EDVHG�RQ�GDWD�IRU� MXVW��� VWUHWFKHV�RI� URDG�ZLWK�D� OLPLW�RI���
PLOHV�K� RXW� RI� D� VDPSOH� RI� ��� LQ�ZKLFK� WKH� RWKHU� ��� KDG� D� OLPLW� RI� ��� PLOHV�K�� 7KXV�
DOWKRXJK�WKH�UHOHYDQW�SDUDPHWHU�ZDV�PRUH�WKDQ���WLPHV�LWV�VWDQGDUG�HUURU�RI�HVWLPDWH��LW�LV
FOHDUO\� SRVVLEOH� WKDW� D� ODUJHU� VDPSOH�ZRXOG� JLYH� DQ� DSSUHFLDEO\� GLIIHUHQW� HVWLPDWH�� ,W� LV
WKHUHIRUH�DGYLVDEOH�WR�FRQILQH�WKH�DSSOLFDWLRQ�RI�WKHVH�PRGHOV�WR�URDGV�ZLWK�D�VSHHG�OLPLW
RI�����NP�K��DV�LV�GRQH�LQ�WKH�IRUHJRLQJ�H[DPSOH�
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$� IRXUWK� TXHVWLRQ� LV� ZKHWKHU� LI� IXOOHU� GDWD� DERXW� URDG� JHRPHWU\� KDG� EHHQ� DYDLODEOH�
UHOHYDQW� JHRPHWULF� SDUDPHWHUV� ZRXOG� KDYH� EHHQ� VLJQLILFDQW� LQ� WKH� ILWWHG� PRGHOV�� 7KLV
ZRXOG�EH� UHOHYDQW� WR� WKH�XVH�RI� WKH�PRGHOV� WR� HVWLPDWH� WKH� OLNHO\� HIIHFWV� RI� FKDQJHV� LQ
URDG�JHRPHWU\�EHLQJ�FRQVLGHUHG�IRU�SXUSRVHV�RI�VSHHG�PDQDJHPHQW�

7KH�ODVW�WZR�TXHVWLRQV�UHIOHFW� WKH�IDFW� WKDW� WKHVH�PRGHOV�DUH�WKH�UHVXOW�RI�DQ�H[HUFLVH�LQ
GDWD� JDWKHULQJ� DQG� PRGHO� GHYHORSPHQW� WKDW� ZDV� WLJKWO\� FRQVWUDLQHG� E\� WKH� VWULFW
OLPLWDWLRQ� LPSRVHG� E\� WKH� RYHUDOO� EXGJHW� IRU� 0$67(5�� 7KLV� EHLQJ� VR�� WKH� UHVXOWLQJ
PRGHOV�PXVW�EH� UHJDUGHG� DV� SUHOLPLQDU\�� DQG� D� IXOO�VFDOH� GDWD�FROOHFWLRQ� DQG�PRGHOOLQJ
H[HUFLVH�ZRXOG�HQDEOH�WKH�IRUHJRLQJ�TXHVWLRQV�WR�EH�DGGUHVVHG�ZLWK�D�JRRG�SURVSHFW�RI
WKHLU� EHLQJ� UHVROYHG��1HYHUWKHOHVV�� WKH�PRGHOV� UHVXOWLQJ� IURP� WKH� ZRUN� VXPPDULVHG� LQ
WKLV� VHFWLRQ� SURYLGHG� WKH� EDVLV� IRU� XVHIXO� ZRUN� ZLWK� GDWD� IURP� RWKHU� 0HPEHU� 6WDWHV
�$OOVRS�������

0RGHOV�IRU�WKH�1HWKHUODQGV��3RUWXJDO��6ZHGHQ�DQG�8.

7KH� PRGHOV� GHVFULEHG� LQ� 6HFWLRQ� �������� ZHUH� DSSOLHG� WR� RQ� ��� VWUHWFKHV� RI� VLQJOH�
FDUULDJHZD\�UXUDO�URDGV�LQ�7KH�1HWKHUODQGV�����LQ�3RUWXJDO�����LQ�6ZHGHQ�DQG����LQ�WKH
8.� �%DUX\D� ����E�� %DUX\D� ����F��� 'DWD� DYDLODEOH� RI� WKHVH� URDG� VHFWLRQV� FRPSULVHG
LQIRUPDWLRQ� DERXW� VSHHG�� IORZ�� JHRPHWU\� DQG� LQMXU\� DFFLGHQWV�� 6SHHG� OLPLWV� RQ� WKHVH
URDGV�YDULHG�IURP����WR�����NP�K�

0HDQ� VSHHG�ZDV� IRXQG� WR� EH� HVWLPDWHG� LQ� WHUPV� RI� VSHHG� OLPLW�� SHUFHQWDJHV� DERYH� WKH
OLPLW� DQG� EHORZ� KDOI� WKH� OLPLW�� DQG� WUDIILF� IORZ�� 7KH� PRGHO� SDUDPHWHU� YDOXHV� ZHUH
FRQVLVWHQW� ZLWK� WKRVH� HVWLPDWHG� IURP� WKH� (QJOLVK� GDWD� DORQH�� ZLWK� WKH� DGGLWLRQ� RI� D
PXOWLSOLHU�FRPSULVLQJ�URDG�OHQJWK�UDLVHG�WR�D�VPDOO�SRZHU��'HWDLOV�RI�WKLV�PRGHO�DUH�JLYHQ
LQ�$SSHQGL[���

:KHQ�WKH�DERYH�GHVFULEHG�8.�PRGHO�IRU�QXPEHU�RI�LQMXU\�DFFLGHQWV�SHU�\HDU�ZDV�DSSOLHG
GLUHFWO\�WR�GDWD�IURP�WKH�RWKHU�WKUHH�FRXQWULHV��LW�RYHUHVWLPDWHG�DFFLGHQW�IUHTXHQFLHV�IRU
7KH�1HWKHUODQGV�DQG�6ZHGHQ�E\�IDFWRUV�RI�����DQG�����UHVSHFWLYHO\��DQG�XQGHUHVWLPDWHG
WKRVH�IRU�3RUWXJDO�E\�D�IDFWRU�RI�����

7KH� PRGHO� ZDV� ILUVW� UHILQHG� E\� ILWWLQJ� WR� GDWD� IURP� (QJODQG�� 7KH� 1HWKHUODQGV� DQG
6ZHGHQ��XVLQJ�WKH�VDPH�YDULDEOHV�DV�IRU� WKH�SUHYLRXV�ILWWLQJ� WR� WKH�(QJOLVK�GDWD��H[FHSW
WKDW� URDG�ZLGWK�ZDV� OLVWHG�DV� DQ�DGGLWLRQDO�YDULDEOH��1XPEHU�RI� DFFLGHQWV�SHU�\HDU�ZDV
HVWLPDWHG�WR�EH�SURSRUWLRQDO�WR

�� PHDQ�VSHHG�LQ�NP�K�WR�WKH�SRZHU��������

�� SHUFHQWDJH�H[FHHGLQJ�WKH�VSHHG�OLPLW�WR�WKH�SRZHU��������DQG

�� H[S��������[�VSHHG�OLPLW�

ZLWK�D�FRQVWDQW�RI�SURSRUWLRQDOLW\�HVWLPDWHG� LQ� WHUPV�RI� WKH�DPRXQW�RI� WUDIILF�� OHQJWK�RI
WKH��VWUHWFK�RI�URDG��QXPEHU�RI�MXQFWLRQV�DQG�URDG�ZLGWK��'HWDLOV�RI�WKLV�PRGHO�DUH�JLYHQ
LQ�$SSHQGL[����&RPSDUHG�WR�WKH�PRGHO�EDVHG�RQ�WKH�(QJOLVK�GDWD�RQO\��LQ�WKLV�PRGHO�
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�� SHUFHQWDJH�EHORZ�KDOI�WKH�VSHHG�OLPLW�GRHV�QRW�DSSHDU�LQ�WKH�PRGHO�

�� VSHHG�OLPLW�GRHV�DSSHDU��RQ�WKH�EDVLV�RI�GDWD�IRU�D�UDQJH�RI�YDOXHV���DQG

�� WKH�SRZHU�RI�PHDQ�VSHHG�LV�PRUH�WKDQ�KDOYHG��WKRXJK�LW�UHPDLQV�QHJDWLYH��

7KLV�PRGHO�DFFRXQWV�IRU����SHU�FHQW�RI�WKH�QRQ�3RLVVRQ�YDULDWLRQ�LQ�WKH�DFFLGHQW�QXPEHUV
SHU�\HDU��DQG�ZDV�IRXQG�WR�ILW�WKH�GDWD�IRU�DOO���FRXQWULHV�ZHOO��EXW�VWLOO�WR�XQGHUHVWLPDWH
WKH�QXPEHU�RI�DFFLGHQWV�SHU�\HDU�RQ�WKH�3RUWXJXHVH�URDGV�E\�D�IDFWRU�RI�����

)URP� WKLV�PRGHO� DQG� WKH� ��FRXQWU\�PRGHO� IRU�PHDQ� VSHHG� LW� FDQ� EH� HVWLPDWHG� WKDW� IRU
FKDQJHV�LQ�PHDQ�VSHHG�UHVXOWLQJ�VLPSO\�IURP�DQ�LQFUHDVH�LQ�GULYLQJ�DERYH�WKH�OLPLW��WKH
HODVWLFLW\�RI�QXPEHU�RI�LQMXU\�DFFLGHQWV�ZLWK�UHVSHFW�WR�PHDQ�VSHHG�LV�DERXW�����

7KHVH�WZR�PRGHOV�FDQ�DOVR�EH�XVHG��DV�LQ�WKH�FDVH�RI�7DEOH����WR�HVWLPDWH�IRU�SHUFHQWDJHV
H[FHHGLQJ� WKH� VSHHG� OLPLW� ZKDW� SHUFHQWDJHV� EHORZ� KDOI� WKH� VSHHG� OLPLW� DUH� FRQVLVWHQW�
DFFRUGLQJ�WR� WKH�PRGHO�IRU�PHDQ�VSHHG��ZLWK�SDUWLFXODU�PHDQ�VSHHGV�� WRJHWKHU�ZLWK� WKH
FRUUHVSRQGLQJ� HVWLPDWHG� QXPEHUV� RI� DFFLGHQWV� SHU� \HDU�� 1RZ� WKDW� WKH� HIIHFW� RI� VSHHG
OLPLW�DSSHDUV�LQ�ERWK�PRGHOV�DQG�LV�HVWLPDWHG�IURP�GDWD�IRU�D�UDQJH�RI�OLPLWV��WKH�HIIHFW�RI
D�GLIIHUHQFH� LQ� VSHHG� OLPLWV� FDQ�EH� LQFOXGHG��7KH�DFFLGHQW�PRGHO� DOVR� QRZ� UHTXLUHV� WKH
ZLGWK�RI�WKH�URDG�WR�EH�VSHFLILHG��7KH�UHVXOWV�RI�VXFK�D�FDOFXODWLRQ�DUH�VKRZQ�LQ�7DEOH���

7DEOH����(VWLPDWHG�QXPEHUV�RI�LQMXU\�DFFLGHQWV�\HDU�RQ�D���NP�OHQJWK�RI�UXUDO�VLQJOH�

FDUULDJHZD\�URDG���P�ZLGH� LQ�(QJODQG��7KH�1HWKHUODQGV�RU�6ZHGHQ�ZLWK�D� IORZ�RI

�����YHKLFOHV�GD\�ZKHQ�WKH�PHDQ�VSHHG�LV����NP�ZLWK�D�VSHHG�OLPLW�RI�����NP�K�RU���

NP�K� ZLWK� D� VSHHG� OLPLW� RI� ��� NP�K� DQG� WKH� SHUFHQWDJH� H[FHHGLQJ� WKH� VSHHG� OLPLW

UDQJHV�IURP���WR�����$OOVRS�������

3HUFHQWDJH�XQGHU�KDOI�WKH�VSHHG
OLPLW�ZLWK�PHDQ�VSHHG�

(VWLPDWHG�QXPEHU�RI�LQMXU\
DFFLGHQWV�SHU�\HDU�ZLWK�PHDQ

VSHHG�

3HUFHQWDJH
H[FHHGLQJ

WKH�VSHHG�OLPLW�

��NP�K ��NP�K ��NP�K ��NP�K

� ������ ������ ����� �����

� ����� ����� ����� �����

�� ����� ����� ����� �����

�� ����� ����� ����� �����

�� ����� ����� ����� �����

,W�FDQ�EH�VHHQ�LQ�WKLV�FDVH�WKDW�WKH�PRGHOV�HVWLPDWH�DQ�LQFUHDVH�RI�DERXW���SHU�FHQW�LQ�WKH
QXPEHU�RI�LQMXU\�DFFLGHQWV�FRUUHVSRQGLQJ�WR�D���NP�K�LQFUHDVH�LQ�PHDQ�VSHHG�IURP����WR
���NP�K��7KLV�LV�LQ�OLQH�ZLWK�WKH�6ZHGLVK�PRGHO��ZKLFK�SUHGLFWV�WKDW�VXFK�LQFUHDVH�LQ�WKH
WKLV�PHDQ�ZRXOG�LQFUHDVH�WKH�QXPEHU�RI� LQMXU\�DFFLGHQWV�E\�������� ������ ����SHU�FHQW�
7KH�SUHGLFWHG�LQFUHDVH�DFFRUGLQJ�WR�WKH�UXOH�RI�WKXPE�LV����WR����SHU�FHQW��&RQVHTXHQWO\�
DOO�WKHVH�SUHGLFWLRQV�DUH�RI�D�VLPLODU�RUGHU�RI�PDJQLWXGH�
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7KH�UHVXOWV�IURP�WKH�SUHVHQW�VWXG\�DUH�DOVR�LQ�OLQH�ZLWK�WKH�6ZHGLVK�PRGHO� LQ� WKH� VHQVH
WKDW�WKH�SHUFHQWDJH�FKDQJH�LQ�WKH�QXPEHU�RI� LQMXU\�DFFLGHQWV�UHVXOWLQJ�IURP�D���NP�K�LQ
PHDQ�VSHHG�LV�WKH�KLJKHU�WKH�KLJKHU�LV�WKH�LQLWLDO�VSHHG�� )LJXUH����

�

�

�

�

�

�

�� �� �� �� �� �� �� ��� ���
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)LJXUH����3HUFHQW� FKDQJH� LQ�DFFLGHQW� IUHTXHQF\� IRU� �� NP�K� FKDQJH� LQ�PHDQ� VSHHG

�%DUX\D�����F���7KH�FXUYH�IRU�XUEDQ�URDGV�LV�IURP�D�SUHYLRXV�8.�VWXG\��%DUX\D�	

)LQFK��������

)RU� WKH� 3RUWXJXHVH� URDGV�� LW� ZDV� IRXQG� WKDW� ZLWK� WKH� H[FHSWLRQ� RI� WZR� URDGV� ZLWK
XQXVXDOO\�KLJK�DFFLGHQW�IUHTXHQFLHV�� WKH�QXPEHU�RI�DFFLGHQWV�SHU�\HDU� FRXOG�EH� URXJKO\
HVWLPDWHG�E\�DSSO\LQJ�WKH�PRGHO�ILWWHG�WR�GDWD�IURP�WKH�RWKHU�WKUHH�FRXQWULHV�DQG�UDLVLQJ
WKH� UHVXOWLQJ� HVWLPDWH� WR� WKH� SRZHU� ������ 5HDVRQV� IRU� WKLV� GLIIHUHQFH� UHPDLQ� WR� EH
LQYHVWLJDWHG�

$� E\�SURGXFW� RI� WKH� DQDO\VLV� RI� GDWD� IURP� WKH� IRXU� FRXQWULHV� ZDV� D� ILQGLQJ� WKDW� WKH
VDPSOHG� VWUHWFKHV� RI� URDG� FRXOG� EH� FODVVLILHG� LQ� WHUPV� RI� WUDIILF� IORZ�� URDG� ZLGWK� DQG
SDUDPHWHUV�RI�WKH�VSHHG�GLVWULEXWLRQ�LQWR���JURXSV�

�� FRQJHVWHG�URDGV�ZLWK�KLJK�IORZ�DQG�ORZ�VSHHGV

�� QDUURZHU�URDGV�ZLWK�PRGHUDWH�IORZ�DQG�D�ZLGH�UDQJH�RI�VSHHGV

�� XQFRQJHVWHG�URDGV�ZLWK�ORZ�IORZ�DQG�PDQ\�H[FHVV�VSHHGV

�� ZLGH�URDGV�ZLWK�PRGHUDWH�IORZ�DQG�KLJK�VSHHGV

7DNHQ� WRJHWKHU�ZLWK� DSSURSULDWH� FRQVLGHUDWLRQ� RI� WKH� VXUURXQGLQJV�� OD\RXW�� DQG� WUDIILF
DQG� RWKHU� IXQFWLRQV� RI� WKH� URDG�� DQG� VXEMHFW� WR� D� GHILQLWLRQ� RI� FRQJHVWHG� WKDW� WDNHV
DFFRXQW� RI� YDULDWLRQ� RI� WUDIILF� IORZ� RYHU� WKH� GD\�� WKLV� FODVVLILFDWLRQ� PLJKW� SHUKDSV
FRQWULEXWH� WR� D� WUDQV�QDWLRQDO� FDWHJRULVDWLRQ� RI� UXUDO� VLQJOH�FDUULDJHZD\� URDGV
LQGHSHQGHQW�RI�QDWLRQDO�DGPLQLVWUDWLYH�FODVVLILFDWLRQV�
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������ &RQFOXVLRQV

:RUN�ZLWKLQ�0$67(5�RQ�VSHHG�DFFLGHQW�UHODWLRQVKLSV��WKRXJK�RQO\�SUHOLPLQDU\�LQ�VFDOH
DQG� FRQILQHG� WR� RQH� LPSRUWDQW� FDWHJRU\� RI� URDGV�� VLQJOH�FDUULDJHZD\� UXUDO� URDGV�� KDV
GHPRQVWUDWHG� WKDW� FURVV�VHFWLRQDO� ORJ�OLQHDU� VWDWLVWLFDO�PRGHOOLQJ� RIIHUV� WKH� SURVSHFW� RI
FURVV�QDWLRQDO�PRGHOV� WKDW�FRXOG�HVWLPDWH� WKH�HIIHFWV�RI�FKRLFH�RI� VSHHGV�XSRQ�DFFLGHQW
IUHTXHQFLHV�RQ�SDUWLFXODU�FDWHJRULHV�RI�URDG�LQ�D�UDQJH�RI�0HPEHU�6WDWHV��$OOVRS�������

'HYHORSPHQW�RI� WKLV� WRRO� WR� FRQWULEXWH� WR� WKH� DSSUDLVDO� RI� HIIHFWV� RI� GLIIHUHQW� OHYHOV� RI
VSHHG� RQ� GLIIHUHQW� W\SHV� RI� URDG� UHTXLUHV� D� IXOO�VFDOH� SURJUDPPH� RI� GHYHORSPHQW� RI
FURVV�QDWLRQDO�PRGHOV�IRU�HDFK�UHOHYDQW�FDWHJRU\�RI�URDG���QRWDEO\�PRWRUZD\V��PDLQ�UXUDO
URDGV�DQG�PDLQ�XUEDQ�URDGV��6XFK�D�SURJUDPPH�VKRXOG�UHFRJQLVH�WKDW

�� IXOO�VFDOH� PRGHO� GHYHORSPHQW� UHTXLUHV� H[WHQVLYH� FROOHFWLRQ� RI� KLJK�TXDOLW\� VSHHG�
IORZ�DQG�JHRPHWULF�GDWD�DFFRUGLQJ�WR�D�VWULFW�H[SHULPHQWDO�GHVLJQ�IURP�DSSURSULDWHO\
VHOHFWHG�VWUHWFKHV�RI�URDG�LQ�D�UDQJH�RI�0HPEHU�6WDWHV�

�� WKH� GHVLJQ� RI� WKH� IXOO�VFDOH� ZRUN� PD\� XVHIXOO\� EH� LQIRUPHG� E\� VPDOOHU� IRFXVVHG
VWXGLHV�WR�H[SORUH�SDUWLFXODU�DVSHFWV�RI�WKH�PRGHOOLQJ�

�� VSHHG�VKRXOG�EH�UHSUHVHQWHG�LQ�WKH�PRGHOV�QRW�VLPSO\�E\�WKH�PHDQ�RU�PHGLDQ�VSHHG
EXW� E\� D� UDQJH� RI� SDUDPHWHUV� RI� WKH� GLVWULEXWLRQ� RI� VSHHGV�� DQG� WKHVH� SDUDPHWHUV
VKRXOG�EH�GHWHUPLQHG�IURP�WKH�REVHUYHG�VSHHGV�WKHPVHOYHV�ZLWKRXW�UHIHUHQFH�WR�WKH
VSHHG�OLPLW�

�� WKH�VSHHG�OLPLW�LWVHOI�LV�D�VHSDUDWH�FDQGLGDWH�YDULDEOH�IRU�LQFOXVLRQ�LQ�WKH�PRGHOV�

�� PRGHOV�ZKLFK� DUH� FURVV�QDWLRQDO� LQ� UHVSHFW� RI� PDQ\� SDUDPHWHUV� ZLOO� SUREDEO\� DOVR
QHHG�WR�LQFOXGH�VRPH�QDWLRQDOO\�RU�HYHQ�UHJLRQDOO\�VSHFLILF�SDUDPHWHUV��DQG

�� GHYHORSPHQW�RI� WKH�PRGHOV�VKRXOG� LQFOXGH�H[WHQVLYH�FURVV�FKHFNLQJ�IRU�FRQVLVWHQF\
ZLWK� WKH� DYDLODEOH� UHVXOWV� RI� EHIRUH�DQG�DIWHU� DQDO\VLV� RI� WKH� HIIHFWV� RI� FKDQJHV� LQ
VSHHG�RQ�DFFLGHQW�RFFXUUHQFH�

$SSOLFDWLRQ�RI�WKH�UHVXOWLQJ�PRGHOV�DQG�IXUWKHU�PRGHOV�RI�WKLV�W\SH�ZLOO�UHTXLUH�PXWXDOO\
FRQVLVWHQW�DGMXVWPHQW�RI�DOO�VSHHG�UHODWHG�YDULDEOHV�WR�UHIOHFW�WKH�DFWXDO�QDWXUH�RI�FKDQJHV
LQ� VSHHG� OHYHOV� WKDW� DUH� EHLQJ� DSSUDLVHG�� RYHUVLPSOLVWLF� LQWHUSUHWDWLRQ� RI� LQGLYLGXDO
SDUDPHWHUV�ZLOO�QHHG�WR�EH�JXDUGHG�DJDLQVW��8VH�RI�WKH�PRGHOV�LQ�SUDFWLFH�VKRXOG�WKHQ�EH
DFFRPSDQLHG� E\� D� SURJUDPPH� RI� EHIRUH�DQG�DIWHU� VWXGLHV� WR� PRQLWRU� WKHLU� FRQWLQXLQJ
YDOLGLW\��%DUX\D�����F��$OOVRS�������
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(PLVVLRQV� IURP� URDG� WUDQVSRUW� FRQVLVW�RI� D�YDULHW\�RI�SROOXWDQWV�ZKLFK�DUH�SURGXFHG� LQ
GLIIHUHQW�TXDQWLWLHV�DW�GLIIHUHQW�VSHHGV��7KH�UHYLHZ�E\�5REHUWVRQ�HW�DO���������VXPPDULVH
WKH�LPSDFWV�RI�VSHHG�RQ�H[KDXVW�HPLVVLRQV�

7KH�UHYLHZ�EHJLQV�E\�GHVFULELQJ�WKH�SURFHVVHV�E\�ZKLFK�HPLVVLRQV� IURP�PRWRU�YHKLFOHV
DUH�SURGXFHG��6LQFH�WKLV�SDUW�RI�WKH�UHYLHZ�LV�RQO\�LQGLUHFWO\�FRQQHFWHG�WR�WKH�LPSDFWV�RI
VSHHG� LW� LV� QRW� FRQVLGHUHG� KHUH� DQ\� IXUWKHU�� EXW� WKH� LQWHUHVWHG� UHDGHU� LV� UHIHUUHG� WR
5REHUWVRQ�HW�DO���������DQG�WR�WKH�HDUOLHU�ZRUN�E\��+D\ZRRG�������

7KH� PDMRU� SROOXWDQWV� DUH� FDUERQ� PRQR[LGH� �&2��� R[LGHV� RI� QLWURJHQ� �12[��
K\GURFDUERQV� �+&�� DQG� SDUWLFXODWH�PDWWHU�� ,Q� JHQHUDO� WKH�+&� HPLVVLRQV� GHFUHDVH�ZLWK
VSHHG� DQG�12[� HPLVVLRQV� LQFUHDVH� ZLWK� VSHHG�� &2� DQG� SDUWLFXODWHV� KDYH� WKHLU� ORZHVW
HPLVVLRQ� OHYHOV� DW� PHGLXP� VSHHGV� �)LJXUH� ���� &DUERQ� GLR[LGH� �&2��� HPLVVLRQV� DUH
SURSRUWLRQDO�WR�WKH�DPRXQW�RI�IXHO�FRQVXPHG�

( IIHFW�RI�VSHHG�RQ �HPLVVLRQV

�+RW�HQJ LQH�����JUDGLHQ W�

�

����

����

����

����

�����

�����

�����

�����
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���� �YHK LFOH V�GD\

��� �WUXFNV

��� �FD WDO\VW�XVH

���� �YHK LFOH V�GD\

��� �WUXFNV

��� �FD WDO\VW�XVH

)LJXUH����(IIHFW�RI�VSHHG�RQ�HPLVVLRQV��5REHUWVRQ�HW�DO��������

7KH� FXUYHV� SUHVHQWHG� LQ� )LJXUH� �� DUH� EDVHG� RQ� D� PLFURVFRSLF� PRGHO� GHYHORSHG
VSHFLILFDOO\� WR� SURYLGH� HVWLPDWHV� RI� YHKLFOH� HPLVVLRQV� XQGHU� YDULRXV� UHODWLYHO\� IUHH�
IORZLQJ�WUDIILF�FRQGLWLRQV�LV�WKH�PRGHO�9(72��+DPPDUVWU|P�DQG�.DUOVVRQ��������7KLV
SDUWLFXODU�DSSOLFDWLRQ�RI�9(72�GHPRQVWUDWHV�KRZ�WKH�HVWLPDWHG�OHYHOV�RI�HPLVVLRQV�YDU\
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ZLWK� VSHHG� IRU� D� VWUHDP� RI� YHKLFOHV� FRQVLVWLQJ� RI� ��� SHU� FHQW� FDUV�� ��� SHU� FHQW� KHDY\
ORUULHV�DQG���SHU�FHQW�PHGLXP�ORUULHV�DW�VWHDG\�VSHHGV�RI�EHWZHHQ����DQG����NP�K�DQG
OHYHO�JURXQG��6HSDUDWH�HVWLPDWHV�DUH�PDGH�IRU�WKH�FDVHV�LQ�ZKLFK����SHU�FHQW�DQG����SHU
FHQW�UHVSHFWLYHO\�RI�FDUV�ZHUH�DVVXPHG�WR�EH�ILWWHG�ZLWK�FDWDO\WLF�FRQYHUWHUV��5REHUWVRQ
HW�DO���������SURYLGH�D�QXPEHU�RI�WDEOHV�ZKHUH�WKH�GHSHQGHQFH�RI�HPLVVLRQV�RQ�VSHHG�KDV
EHHQ�FDOFXODWHG� IRU� GLIIHUHQW� WUDIILF� YROXPHV� ������� ����� DQG� ������ YHKLFOHV� SHU� GD\��
JUDGLHQWV� �IURP� ���� GRZQKLOO� WR� ��� XSKLOO��� SURSRUWLRQV� RI� FDUV� ZLWK� FDWDO\WLF
FRQYHUWHUV������RU������

*UDGLHQW�KDV�D�VWURQJ�HIIHFW�RQ�IXHO�XVH�DQG�VWURQJO\�GLIIHUHQWLDWHG�HIIHFWV�RQ�WKH�YDULRXV
HPLVVLRQV��)LJXUH����

(IIHFW�RI�VSHHG�DQG�JUDGLHQW�RQ�HPLVVLRQV
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�����YHKLFOHV�GD\

����WUXFNV

����FDWD O\VW�XVH

'RZQ�����

)ODW� ����

8S�����

)LJXUH����(PLVVLRQV�DV�D�IXQFWLRQ�RI�VSHHG�DQG�JUDGLHQW��5REHUWVRQ�HW�DO��������

&KDQJHV� LQ� VSHHG�� VXFK� DV� RFFXU� LQ� WUDQVLWLRQDO� ]RQHV� DQG� QHDU� WR� ORFDOLVHG� VSHHG�
UHGXFLQJ� PHDVXUHV�� FDQ� PDNH� D� ODUJH� FRQWULEXWLRQ� WR� HPLVVLRQV� DQG� LQ� SDUWLFXODU� KDUG
DFFHOHUDWLRQ� FDQ� FDXVH� D� GLVSURSRUWLRQDWH� DPRXQW� RI� SROOXWDQWV� WR� EH� HPLWWHG�
$FFHOHUDWLQJ�YHKLFOHV�LQ�WKH�DERYH�PHQWLRQHG�PL[�RI�WUDIILF�E\����NP�K�RQ�WKH�OHYHO�XVHV
RI� WKH� RUGHU� RI� ��� SHU� FHQW� RI� WKH� IXHO� XVHG� LQ� WUDYHOOLQJ� �� NP� DW� VWHDG\� VSHHG�� 7KH
FRUUHVSRQGLQJ� SHUFHQWDJHV� IRU� HPLVVLRQV� UDQJH� IURP� DERXW� �� IRU� +&� WR� DERXW� ��� IRU
SDUWLFXODWHV��$OO� WKHVH�SHUFHQWDJHV�DUH�GHSHQGHQW�XSRQ� WKH� LQLWLDO� VSHHG� IURP�ZKLFK� WKH
DFFHOHUDWLRQ�WDNHV�SODFH��'HFHOHUDWLQJ�WKLV�PL[�RI�YHKLFOHV�E\����NP�K�RQ�WKH�OHYHO�UHVXOWV
LQ� PXFK� VPDOOHU� UHGXFWLRQV� LQ� IXHO� XVH� DQG� HPLVVLRQV�� H[FHSW� WKDW� DW� ORZ� VSHHGV
GHFHOHUDWLRQ�FDQ�UHVXOW�LQ�VPDOO�DGGLWLRQDO�HPLVVLRQV�RI�&2��5REHUWVRQ�HW�DO��������



0DQDJLQJ�6SHHGV�RI�7UDIILF�RQ�(XURSHDQ�5RDGV ),1$/�5(3257
'HFHPEHU�����

��

(PLVVLRQV�DUH�JUHDWO\� LQFUHDVHG�ZKHQ�HQJLQH�DQG�FDWDO\WLF� FRQYHUWHU� DUH� FROG��7KLV� KDV
LPSOLFDWLRQV�IRU�VSHHG�PDQDJHPHQW�SROLFLHV��ZKLFK�UHTXLUH� WKH�FKRLFH�RI� ORZ�VSHHGV�IRU
UHODWLYHO\�ORQJ�GLVWDQFHV�LQ�XUEDQ�DUHDV�

$� UDQJH� RI� PRGHOV� DQG� GDWD� KDYH� EHHQ� LGHQWLILHG� IURP� ZKLFK� D� V\VWHPDWLF� EDVLV� IRU
HVWLPDWLRQ�RI�HIIHFWV�XSRQ�HPLVVLRQV�RI�VSHHG�PDQDJHPHQW�PHDVXUHV�DQG�SROLFLHV�FRXOG
EH� GHYHORSHG�� EXW� HIIRUW� ZLOO� EH� QHHGHG� WR� H[SORLW� WKHVH� VRXUFHV� IXOO\� � $OOVRS� �����
5REHUWVRQ�HW�DO��������

7KH� UHOHYDQFH� WR� DSSUDLVDO� RI� VSHHG� PDQDJHPHQW� PHDVXUHV� RI� SUHYLRXV� VWXGLHV� RI� WKH
HQYLURQPHQWDO�HIIHFWV�RI�WUDIILF�PDQDJHPHQW�VFKHPHV�LV�LGHQWLILHG��DQG�DQ�LQWHUQDWLRQDOO\
ZLGH�UDQJLQJ� UHYLHZ� RI� DVVHVVPHQWV� RI� WKHVH� �$EERWW� HW� DO�� ������ LV� LGHQWLILHG�
&RXQWHUSDUW�VWXGLHV�RI�HIIHFWV�RI�VFKHPHV�RQ�LQWHUXUEDQ�URDGV�DUH�H[HPSOLILHG�E\�D�VWXG\
E\�0HW]�HW�DO���������RI�D�VFKHPH�RQ�D�*HUPDQ�$XWREDKQ�

6RPH� PLFURVFRSLF� DQG� PHVRVFRSLF� WUDIILF� VLPXODWLRQ� PRGHOV� FDQ� EH� XVHG� WR� SURYLGH
HVWLPDWHV� RI� HIIHFWV� RI� WUDIILF�PDQDJHPHQW� VFKHPHV� RQ� HPLVVLRQV�� DQG� GHWDLOV� RI� WKRVH
ZKLFK�FODLP�WKLV�FDSDELOLW\�DUH�VXPPDULVHG�E\�5REHUWVRQ�HW�DO���������

7KH�PRGHOOLQJ�FDQ�EH�H[WHQGHG�WR� WKH�PRUH�UHDOLVWLF�FDVH�RI�JLYHQ�IORZV�RI�PL[WXUHV�RI
YHKLFOHV�ZLWK�GLIIHUHQW�GHVLUHG� VSHHGV� WUDYHOOLQJ�RQ�D�JLYHQ� VWUHWFK�RI� URDG��7KH�9(72
PRGHO� �+DPPDUVWU|P� 	� .DUOVVRQ� ������ LV� D� PLFURVLPXODWLRQ� PRGHO� WKDW� WDNHV� LQWR
DFFRXQW�WKH�DFFHOHUDWLRQV�DQG�GHFHOHUDWLRQV�DVVRFLDWHG�ZLWK�RYHUWDNLQJ�DQG�ZLWK�ZDLWLQJ
IRU�RSSRUWXQLWLHV�WR�GR�VR�

7ZR� GDWDEDVHV� FRQFHUQLQJ� HPLVVLRQV� ZHUH� LGHQWLILHG�� &25,1$,5� �(JJOHVWRQ� HW� DO�
�������ZDV�GHYHORSHG�WR�SURYLGH�DQ�(8�ZLGH�LQYHQWRU\�RI�SROOXWDQW�VRXUFHV�E\�0HPEHU
6WDWH� LQ� ����� DQG� KDV� VLQFH� EHHQ� XSGDWHG�� ,W� LQFOXGHV� HVWLPDWHV� RI� HPLVVLRQV� DW� D� VHW
VSHHG� IRU� FHUWDLQ� W\SHV� RI� YHKLFOH� DQG� URDG�� WRJHWKHU� ZLWK� FXUYHV� HVWLPDWLQJ� VSHHG�
GHSHQGHQFH�

02'(0� WDNHV� WKH� IRUP� RI� D� FRPSXWHU� SURJUDP� �%DUORZ� ������ LQFRUSRUDWLQJ� GDWD
UHVXOWLQJ�IURP�D�VWXG\��-RVW�HW�DO��������LQ�ZKLFK�����YHKLFOHV�IURP�D�UDQJH�RI�(XURSHDQ
SDVVHQJHU�FDUV�ZHUH�XVHG�WR�PHDVXUH�HPLVVLRQV� LQ� WKH� ODERUDWRU\��7KH�GDWD�ZDV�GHULYHG
IURP� D� VHW� RI� UHDOLVWLF� GULYLQJ� F\FOHV� EDVHG� RQ� RQ�VWUHHW� PHDVXUHPHQWV� PDGH� ZLWK
LQVWUXPHQWHG�FDUV�LQ���FLWLHV�LQ�%ULWDLQ��)UDQFH�DQG�*HUPDQ\�

7KHUH�WKXV�H[LVW�D�UDQJH�RI�PRGHOV�DQG�GDWD�IURP�ZKLFK�D�V\VWHPDWLF�EDVLV�IRU�HVWLPDWLRQ
RI� HIIHFWV� XSRQ� HPLVVLRQV� RI� VSHHG� PDQDJHPHQW� PHDVXUHV� DQG� SROLFLHV� FRXOG� EH
GHYHORSHG��EXW�HIIRUW�ZLOO�EH�QHHGHG�WR�H[SORLW�WKHVH�VRXUFHV�IXOO\�

���� 12,6(�$1'�9,%5$7,21

0HWKRGV�RI�TXDQWLI\LQJ�OHYHOV�RI�QRLVH�DUH�VXPPDULVHG�E\�5REHUWVRQ�HW�DO�� �������� ,W� LV
UHFRJQLVHG�WKDW�WKH�PHDVXUH�PRVW�ZLGHO\�XVHG�LQ�WKH�(8�IRU�VSHFLI\LQJ�WKH�OHYHO�RI�QRLVH
IURP�URDG�WUDIILF�LV�WKH�HQHUJ\�HTXLYDOHQW�OHYHO�/HT��7KLV�LV�WKH�OHYHO�RI�FRQWLQXRXV�VWHDG\
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VRXQG��ZKLFK�KDV�WKH�VDPH�HQHUJ\�FRQWHQW�SHU�XQLW�WLPH�DV�WKH�DYHUDJH�RYHU�WLPH�IRU�WKH
FRQWLQXDOO\�IOXFWXDWLQJ�WUDIILF�QRLVH�EHLQJ�TXDQWLILHG��7KH�QRUPDO�XQLW�RI�PHDVXUHPHQW� LV
WKH�$�ZHLJKWHG�GHFLEHO��G%�$���LQ�ZKLFK�WKH�LQWHQVLWLHV�RI�VRXQG�RI�GLIIHUHQW�IUHTXHQFLHV
DUH�ZHLJKWHG�LQ�SURSRUWLRQ� WR� WKH� W\SLFDO�KXPDQ�UHVSRQVH� WR� WKHP��ZKLFK� LV� LQ� WXUQ�� IRU
DQ\�JLYHQ�IUHTXHQF\��SURSRUWLRQDO�WR�WKH�ORJDULWKP�RI�WKH�HQHUJ\�LQWHQVLW\�RI�WKH�VRXQG�

7UDIILF� QRLVH� DULVHV� IURP� WZR�PDLQ� VRXUFHV�� WKH� SRZHU� XQLWV� RI� YHKLFOHV� DQG� W\UH�URDG
LQWHUDFWLRQ��1RLVH� IURP� WKH� ODWWHU� GRPLQDWHV� DW� KLJKHU� VSHHGV� �� DERYH� WKH� UDQJH� �����
NP�K� IRU� QHZ� FDUV� DQG� DERYH� ������ NP�K� IRU� QHZ� ORUULHV� �� EHFDXVH� W\UH�URDG� QRLVH
LQFUHDVHV�VWURQJO\�ZLWK�VSHHG��W\SLFDOO\�E\����G%�$��IRU�D�GRXEOLQJ�RI�VSHHG��)LJXUH����
)RU�ROGHU�YHKLFOHV�WKH�VSHHGV�DERYH�ZKLFK�W\UH�URDG�QRLVH�GRPLQDWHV�DUH�DERXW����NP�K
KLJKHU�� EHFDXVH� SRZHU� XQLW� QRLVH� KDV� EHHQ� SURJUHVVLYHO\� UHGXFHG� E\� GHYHORSPHQWV� LQ
WHFKQRORJ\�

��
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7RWDO 7\UHV

3RZHU�XQLW

)LJXUH����*HQHUDOLVHG�QRLVH�VSHHG�UHODWLRQ��5REHUWVRQ�HW�DO��������

7KH�PD[LPXP�OHYHO�RI�W\UH�URDG�QRLVH�LQ�G%�$��H[SHULHQFHG�E\�D�E\VWDQGHU�DV�D�YHKLFOH
SDVVHV� LV� UHODWHG� DSSUR[LPDWHO\� OLQHDUO\� WR� WKH� ORJDULWKP� RI� WKH� YHKLFOH� VSHHG� LQ� NP�K�
ZLWK�D�FRHIILFLHQW�W\SLFDOO\�DERXW�����+DYLQJ�UHJDUG� WR� WKH�GHILQLWLRQ�RI� WKH�GHFLEHO�� WKLV
LPSOLHV�WKDW�WKH�PD[LPXP�HQHUJ\�LQWHQVLW\�RI�WKH�W\UH�URDG�QRLVH�IURP�D�SDVVLQJ�YHKLFOH
LV�W\SLFDOO\�SURSRUWLRQDO�WR�VSHHG�WR�WKH�SRZHU������6ZHGLVK�HYLGHQFH� LV� WKDW� WKLV�SRZHU
UDQJHV� LQ� SUDFWLFH� IURP� DERXW� ���� WR� ���� �1HOVRQ� ������� 7KH� GXUDWLRQ� RI� WKH� QRLVH� LV
LQYHUVHO\� SURSRUWLRQDO� WR� WKH� VSHHG� DW� ZKLFK� WKH� YHKLFOH� SDVVHV�� ,W� IROORZV� WKDW� WKH
LQWHJUDO� RI� WKH� HQHUJ\�LQWHQVLW\� RI� WKH� W\UH�URDG� QRLVH� RYHU� WLPH� IRU� WKH� SDVVDJH� RI� D
YHKLFOH� LV� W\SLFDOO\� SURSRUWLRQDO� WR� WKH� YHKLFOH� VSHHG� WR� WKH� SRZHU� ����� 7KH� HQHUJ\�
HTXLYDOHQW� VRXQG� OHYHO� IRU� D� JLYHQ� IORZ� RI� VLPLODU� YHKLFOHV� LV� WKHUHIRUH� DOVR� W\SLFDOO\
SURSRUWLRQDO�WR�YHKLFOH�VSHHG�WR�WKH�SRZHU������:KHQ�YDULDELOLW\�EHWZHHQ�YHKLFOHV��ZKLFK
LV� JUHDWHU� DW� ORZHU� WKDQ� DW� KLJKHU� VSHHGV�� LV� WDNHQ� LQWR� DFFRXQW�� KRZHYHU�� WKH
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GHSHQGHQFLHV�RI�PD[LPXP�QRLVH� OHYHO�DQG�HQHUJ\�HTXLYDOHQW�QRLVH� OHYHO�XSRQ�VSHHG�DUH
IRXQG�WR�EH�TXLWH�VLPLODU��7HPD1RUG�������

0DQ\� (XURSHDQ� FRXQWULHV� KDYH� HVWDEOLVKHG� URDG� WUDIILF� QRLVH� SUHGLFWLRQ� PRGHOV� DQG� D
UHFHQW�FRPSDULVRQ�RI�VHYHQ�RI�WKHP��9DQ�/HHXZHQ�HW�DO��������KDV�VKRZQ�WKDW�WKH\�DUH
FRQVLVWHQW�WR�ZLWKLQ���RU���G%�$�� LQ�UHSUHVHQWLQJ�WKH�GHSHQGHQFH�RI�YHKLFOH�QRLVH�XSRQ
VSHHG��7KH�PRUH�UHFHQW\�GHYHORSHG�RU�XSGDWHG�PRGHOV�DUH�OLNHO\�WR�EH�PRUH�DFFXUDWH�LQ
WKLV�UHVSHFW�EHFDXVH�RI�WKH�UHFHQW�WHQGHQF\�IRU�WKH�OHVV�VSHHG�GHSHQGHQW�SRZHU�XQLW�QRLVH
WR�GHFUHDVH�UHODWLYH�WR�WKH�PRUH�VSHHG�GHSHQGHQW�W\UH�URDG�QRLVH�

2QH�RI�WKH�PRVW�UHFHQW�PRGHOV�LV�WKH�1RUGLF�PRGHO�SURGXFHG�E\�7HPD1RUG��������DQG
PDGH�RSHUDWLRQDO�LQ�VRIWZDUH�SURGXFHG�E\�7ULYHFWRU���������7KLV�LV�XVHG�E\�5REHUWVRQ�HW
DO�� ������� WR� FDOFXODWH� H[DPSOHV�RI� WKH�HVWLPDWHG� VSHHG�GHSHQGHQFH� RI�$�ZHLJKWHG�/HT

RYHU� WKH� UDQJH� ������ NP�K� DW� D� VSHFLILHG� SRVLWLRQ� UHODWLYH� WR� URDGV� ZLWK� GLIIHUHQW
JUDGLHQWV�FDUU\LQJ�D�JLYHQ�PL[�RI�WUDIILF�DW�GLIIHUHQW�OHYHOV�RI�IORZ��,Q�DOO�FDVHV�WKH�YDOXH
RI�/HT�LV�VLPLODU�DW����DQG����NP�K�DQG�WKHQ�ULVHV�URXJKO\�OLQHDUO\�DQG�E\�DERXW���G%�$�
EHWZHHQ�DERXW����DQG����NP�K��)LJXUH����

��

��

��

��

�� �� �� �� �� �� �� ��

6SHHG�>NP�K@

/
H
T
�>
G
%
�$

�@

7UDIILF�IORZ�������
5RDG�JUDGLHQW��

7UDIILF�IORZ�������
5RDG�JUDGLHQW���

7UDIILF�IORZ�������
5RDG�JUDGLHQW����

7UDIILF�IORZ������
5RDG�JUDGLHQW��

7UDIILF�IORZ������

5RDG�JUDGLHQW���

7UDIILF�IORZ������
5RDG�JUDGLHQW����

7UDIILF�IORZ������
5RDG�JUDGLHQW��

7UDIILF�IORZ������
5RDG�JUDGLHQW���

7UDIILF�IORZ������

5RDG�JUDGLHQW����

)LJXUH����7KH�LPSDFW�RI�VSHHG�RQ�QRLVH��5REHUWVRQ�HW�DO��������

$�JUDGLHQW�RI����SHU�FHQW�LV�HVWLPDWHG�WR�DGG�DERXW���G%�$���EXW�WKH�PRGHO�LV�XQDEOH�\HW
WR�HVWLPDWH�GLIIHUHQFHV�EHWZHHQ�WKH�JUDGLHQW�HIIHFWV�DW�GLIIHUHQW�VSHHGV�

(IIHFWV�RI�DFFHOHUDWLRQ�DQG�GHFHOHUDWLRQ�RQ�QRLVH�DUH�W\SLFDOO\�PRGHVW�DW�VSHHGV�RYHU���
NP�K� EXW� KLJKHU� DW� VSHHGV� ORZHU� WKDQ� WKLV�� 7KLV� KDV� LPSOLFDWLRQV� IRU� WKH� XVH� RI
LQWHUPLWWHQW�VSHHG�UHGXFLQJ�GHYLFHV�VXFK�DV� URDG�KXPSV�RU� FKLFDQHV��6SHFLDOO\� WH[WXUHG
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VXUIDFHV�DQG�VXUIDFH�ZHWQHVV�FDQ�DIIHFW�WKH�OHYHO�RI�QRLVH��EXW�YDULDWLRQV�RI�WKHVH�HIIHFWV
ZLWK�VSHHG�DUH�PRGHVW�

6SHHG�FDQ�DIIHFW� WKH�GLVWDQFH�RYHU�ZKLFK�QRLVH� WUDYHOV� WR� WKH�H[WHQW� WKDW� WKH� IUHTXHQF\
VSHFWUXP� RI� WKH� QRLVH� LV� DOWHUHG� E\� FKDQJHV� LQ� VSHHG�� EHFDXVH� WKH� ORZHU� IUHTXHQF\
FRPSRQHQWV�WUDYHO�IXUWKHU�

9LEUDWLRQ� LQ�EXLOGLQJV�FDQ�EH�FDXVHG�E\�URDG� WUDIILF� HLWKHU� WKURXJK� ORZ�IUHTXHQF\�QRLVH
FDXVLQJ� UHVRQDQFH� LQ� FRPSRQHQWV� RI� EXLOGLQJV�� RU� WKURXJK� ERXQFLQJ� RI� WKH� ZKHHOV� RI
KHDY\� YHKLFOHV� FDXVLQJ� JURXQG� YLEUDWLRQ�� )LQGLQJV� RQ� WKH� GHSHQGHQFH� RI� YLEUDWLRQ� RQ
WUDIILF�VSHHG�ZHUH�QRW�ORFDWHG�

���� &2676�72�86(56�2)�9(+,&/(6

������ 2YHUYLHZ

6SHHG�PDQDJHPHQW�LQIOXHQFHV�WKH�VSHHGV�DW�ZKLFK�YHKLFOHV�DUH�GULYHQ�RQ�YDULRXV�NLQGV�RI
URDGV� LQ� WKH� FRXUVH� RI� WKHLU� MRXUQH\V�� 7KLV� LQ� WXUQ� DIIHFWV� WKH� XVHUV� RI� WKH� YHKLFOHV� E\
FKDQJLQJ

�� WKH�WLPH�VSHQW�RQ�WKH�MRXUQH\�

�� WKH�DPRXQW�RI�IXHO�XVHG�

�� WKH�DPRXQW�RI�RLO�XVHG�

�� WKH�DPRXQW�RI�ZHDU�RQ�WKH�W\UHV�

�� WKH�FRVW�RI�PDLQWDLQLQJ�WKH�YHKLFOHV��DQG

�� WKH�UDWH�RI�GHSUHFLDWLRQ�RI�WKH�YHKLFOHV�

7KHVH�DUH�FKDQJHV� LQ� WKH�FRVWV� LQFXUUHG�E\�XVHUV�RI� WKH�YHKLFOHV��6RPH�FKDQJHV�PD\�EH
TXLWH�DFFXUDWHO\�SHUFHLYHG�E\�WKH�XVHUV� LQ� WHUPV�RI� WLPH�DQG�PRQH\��RWKHU�FKDQJHV�PD\
EH� DSSUHFLDEO\� RU� HYHQ� VXEVWDQWLDOO\� PLVSHUFHLYHG�� 0LVSHUFHSWLRQ� GRHV� QRW� DIIHFW� WKH
LQFLGHQFH� RI� WKH� FKDQJHV� LQ� FRVW�� EXW� GRHV� DIIHFW� WKH� XVHUV©� UHVSRQVH� WR� WKH� FKDQJHV�
6RPHRQH�ZKR�QRWLFHV�WKDW�D�MRXUQH\�WDNHV�ORQJHU�RU�FRVWV�PRUH�PD\�VHHN�WR�PRGLI\�WKHLU
WUDYHO�WR�PLWLJDWH�WKH�LQFUHDVHV�LQ�FRVW��ZKHUHDV�QR�VXFK�UHVSRQVH�LV�OLNHO\�LI�WKH�FKDQJHV
LQ�FRVW�DUH�QRW�QRWLFHG��RU�QRW�DVVRFLDWHG�ZLWK�WKH�MRXUQH\�IURP�ZKLFK�WKH\�DULVH��$OOVRS
������

1RU� GR� FKDQJHV� LQ� FRVWV� WR� XVHUV� LPSO\� HTXDO� FKDQJHV� LQ� FRVW� DV� UHFNRQHG� E\
JRYHUQPHQWV�IURP�WKH�SRLQW�RI�YLHZ�RI�VRFLHW\��7KH�HOHPHQW�RI�WD[DWLRQ�LQ�SULFHV�SDLG�IRU
WKH�XVH�RI�YHKLFOHV� LV�D�FRVW� WR� WKH�XVHU�EXW�QRW� WR�VRFLHW\��ZKLFK�JDLQV� LI�SHRSOH� VSHQG
PRUH�RQ�KLJKO\�WD[HG�LWHPV��VXFK�DV�IXHO�IRU�PRWRU�YHKLFOHV��DQG�OHVV�RQ�PRGHVWO\�WD[HG
LWHPV��$QG�JRYHUQPHQWV�GR�QRW� LQ�JHQHUDO�DWWDFK�WKH�VDPH�YDOXH� WR�SHRSOH©V� WLPH�VSHQW
RU�VDYHG�DV�GR�WKH�SHRSOH�WKHPVHOYHV��$OOVRS�������
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������ 7LPH�FRVWV

-RXUQH\�WLPH� �K�� LV� HTXDO� WR�GLVWDQFH� �NP��GLYLGHG�E\� VSHHG� �NP�K���)RU� DQ\� �DEVROXWH�
FKDQJH�LQ�VSHHG��WKH�FKDQJH�LQ�MRXUQH\�WLPH�LV�WKH�JUHDWHU�WKH�VPDOOHU�LV�WKH�LQLWLDO�VSHHG
�)LJXUH����
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)LJXUH����'HSHQGHQFH�RI�MRXUQH\�WLPH�RQ�PHDQ�VSHHG�IRU�D����NP�MRXUQH\��5REHUWVRQ

	�:DUG�������

*LYLQJ�D�PRQHWDU\�YDOXH�WR�WLPH�FRVWV��RU�VDYLQJV���KRZHYHU��LV�QRW�QHFHVVDULO\�DV�VLPSOH�
,Q� SUDFWLFDOO\� DOO� FRXQWULHV� YDOXHV� RI� WLPH� DUH� SURYLGHG� IRU� GLIIHUHQW� YHKLFOH� W\SHV� �H�J�
FDUV�ORUULHV�EXVHV��� DQG� VRPHWLPHV� DOVR� IRU� GLIIHUHQW� RFFXSDQW� FDWHJRULHV� �GULYHUV�
SDVVHQJHUV��DQG�VHSDUDWHO\�IRU�ZRUNLQJ�DQG�QRQ�ZRUNLQJ�WLPH�

:KHUHDV�PRQHWDU\�DQG�RWKHU�PDWHULDO�FRVWV�WR�YHKLFOH�XVHUV�PRXQW�XS�LQ�YDOXH�DGGLWLYHO\
ZKHWKHU�WKH\�DUH�LQFXUUHG�LQ�D�IHZ�ODUJH�LQFUHPHQWV�RU�PDQ\�VPDOOHU�RQHV�� LW� LV�VWURQJO\
GHEDWHG�ZKHWKHU� WKH�VDPH�LV� WUXH�RI�FKDQJHV� LQ� WUDYHO� WLPH��3UDFWLFH� LQ� WKH�YDOXDWLRQ�RI
VXFK�FKDQJHV�GLIIHUV�LQ�WKLV�UHVSHFW�DPRQJ�0HPEHU�6WDWHV��6RPH�DJJUHJDWH�DOO�FKDQJHV�LQ
WLPH��KRZHYHU�VPDOO��DQG�YDOXH�WKH� WRWDO��ZKLOVW�RWKHUV�GLVUHJDUG�FKDQJHV�VPDOOHU� WKDQ�D
FHUWDLQ�WKUHVKROG��.DOOEHUJ�HW�DO��������
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������ 9HKLFOH�RSHUDWLQJ�FRVWV

9HKLFOH�RSHUDWLQJ�FRVWV��92&��GHVFULEH�WKH�FRVWV�RI�UXQQLQJ�D�YHKLFOH��92&�PD\�LQFOXGH
VRPH�RU�DOO�RI�WKH�IROORZLQJ�FRPSRQHQWV�

�� )XHO

�� 2LO

�� 7\UHV

�� 0DLQWHQDQFH

�� &RVW�RI�WLPH�VSHQW�RQ�PDLQWHQDQFH

�� :HDU�DQG�WHDU�RQ�YHKLFOH

�� 9DOXH�RI�WLPH�IRU�YHKLFOH�RSHUDWRUV

$�QXPEHU�RI�PRGHOV�GHVFULELQJ�WKH�UHODWLRQVKLS�EHWZHHQ�VSHHG�DQG�92&�DUH�VXPPDULVHG
E\�5REHUWVRQ�	�:DUG���������7KH\�DUH�XVXDOO\�EDVHG�RQ�WKH�DYHUDJH�VSHHG�RI�WUDYHO��DQG
DUH�PRVW�GLUHFWO\�DSSOLFDEOH�WR�WUDYHO�DORQJ�D�VLQJOH�URDG�VHFWLRQ�RI�NQRZQ�FKDUDFWHULVWLFV�
7KLV� LV� EHFDXVH� WKH\� DUH� RIWHQ� XVHG� LQ� WKH� HFRQRPLF� DSSUDLVDO� RI� URDG� FRQVWUXFWLRQ
VFKHPHV� LQ� ZKLFK� IORZV� RI� WUDIILF� FXUUHQWO\� XVLQJ� D� URDG� VHFWLRQ� ZLWK� RQH� VHW� RI
FKDUDFWHULVWLFV�ZLOO� EH� SURYLGHG� LQVWHDG�ZLWK� D� QHZ�RU�PRGLILHG� VHFWLRQ� RI� URDG� KDYLQJ
GLIIHUHQW� NQRZQ� FKDUDFWHULVWLFV�� 92&�PRGHOV�PD\� LQFOXGH� WKH� IROORZLQJ� IDFWRUV� ZKLFK
PD\�DIIHFW�WKH�FRPSRQHQWV�

�� 6SHHG

�� +LOOLQHVV

�� %HQGLQHVV

�� 9HKLFOH�W\SH

�� 5RDG�W\SH

�� 5RDG�URXJKQHVV

�� 6QRZ�LFH

�� 6SHHG�OLPLW

�� 5RDG�ZLGWK

9HKLFOH�RSHUDWLQJ�FRVW�PRGHOV�PD\�EH�PHFKDQLVWLF�RU�HPSLULFDO�ZLWK�WKH�PHFKDQLVWLF�RQHV
EHLQJ�EDVHG�RQ�D�PRGHO�RI�WKH�RSHUDWLRQ�RI�WKH�YHKLFOH��7KLV�PD\�EH�FRQVLGHUHG�WR�ERUGHU
RQ� D� VLPXODWLRQ� RI� YHKLFOH� RSHUDWLRQ�� ([DPSOHV� RI� WKLV� W\SH� RI� PRGHO� DUH� WKH� 9(72
�+DPPDUVWU|P�	�.DUOVVRQ� ������ DQG� WKH�1HZ�=HDODQG�92&�PRGHO� �%HQQHWW� ������
7KLV� W\SH� RI� PRGHO� LV� KLJKO\� GHWDLOHG� ZLWK� PDQ\� YDULDEOHV� UHTXLUHG� DQG� FDQ� LQFOXGH
YHKLFOH� W\SHV�� URDG� FRQGLWLRQV� DQG� VSHHG� SURILOHV�� 7KLV� W\SH� RI� PRGHO� UHTXLUHV
FRQVLGHUDEOH�DPRXQWV�RI�GHWDLOHG�GDWD�

2WKHU� HVWLPDWHV�RI�YHKLFOH�RSHUDWLQJ�FRVWV�PD\�EH�EDVHG�RQ�HPSLULFDO�GDWD� DQG�PD\� EH
EDVHG�RQ�VLPSOH�UHJUHVVLRQ�PRGHOV�RI�WKH�YDULRXV�FRPSRQHQWV�RI�YHKLFOH�RSHUDWLQJ�FRVWV
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�IRU�H[DPSOH�'HSDUWPHQW�RI�WKH�(QYLURQPHQW��7UDQVSRUW�DQG�WKH�5HJLRQV��������7KHVH
DUH�OLNHO\�WR�KDYH�D�IHZ�YHKLFOH�FODVVHV�FRUUHVSRQGLQJ�WR�W\SLFDO�YHKLFOHV��DQG�PD\�LQFOXGH
YDULDEOHV�VXFK�DV�URDG�W\SH��JUDGLHQW�DQG�EHQGLQHVV�

,W�LV�QRW�WUDQVSDUHQW�KRZ�VRPH�RI�WKH�YHKLFOH�RSHUDWLQJ�FRVW�PRGHOV�KDQGOH�LVVXHV�UHODWLQJ
WR� FRQJHVWLRQ� DQG� YHKLFOH� LQWHUDFWLRQ� LQ� VWUHDPV� RI� WUDIILF� ZKHUH� WKHUH� DUH� VSHHG
GLIIHUHQWLDOV��0RUHRYHU��92&�PRGHOV� KDYH� QRW� EHHQ� GHVLJQHG�ZLWK� VSHHG�PDQDJHPHQW
LVVXHV�LQ�PLQG�DQG�VR�KDYH�VRPH�OLPLWDWLRQV�IRU�WKH�SXUSRVHV�RI�DVVHVVPHQW�RI�WKH�HIIHFWV
RI�VSHHG�PDQDJHPHQW�

$Q�H[DPSOH�RI�YHKLFOH�RSHUDWLQJ�FRVWV�DV�D�IXQFWLRQ�RI�VSHHG�LV�JLYHQ�LQ�)LJXUH����

�

�

�

�

�

�

�

�

�

�

��

�� �� �� �� �� �� �� �� ��
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:LWK�KLOOV /HYHO

5XUDO

����+*9������FDUV

8UEDQ�KLOOV���

5XUDO�KLOOV����

8UEDQ

)LJXUH� ���� 9HKLFOH� RSHUDWLQJ� FRVWV� DV� D� IXQFWLRQ� RI� VSHHG� DFFRUGLQJ� WR� D� %ULWLVK

PRGHO��5REHUWVRQ�	�:DUG�������

���� ,03$&76�21�,1',9,'8$/�-2851(<6

0RVW�DFWXDO�MRXUQH\V�FRQVLVW�RI�WUDYHO�DORQJ�D�QXPEHU�RI�GLIIHUHQW�URDG�VHFWLRQV��RIWHQ�RI
ZLGHO\�GLIIHULQJ�FKDUDFWHULVWLFV��DQG�OLDEOH�WR�EH�DIIHFWHG�LQ�TXLWH�GLIIHUHQW�ZD\V�E\�VSHHG
PDQDJHPHQW��7R�HVWLPDWH� WKH�HIIHFW�RI�YDULRXV� VSHHG�PDQDJHPHQW�PHDVXUHV� RQ� VXFK� D
MRXUQH\�ZRXOG�LQ�SULQFLSOH�UHTXLUH�WKH�DSSURSULDWH�FRVW�PRGHO�WR�EH�DSSOLHG�WR�HDFK�URDG
VHFWLRQ�DQG�WKH�HIIHFWV�DFFXPXODWHG�RYHU�WKH�MRXUQH\�

$JDLQ�� WR�HVWLPDWH� WKH�DJJUHJDWH� HIIHFW�RI� VSHHG�PDQDJHPHQW�XSRQ�RQH�SDUWLFXODU� URDG
VHFWLRQ�ZRXOG�UHTXLUH�WKH�FRVW�PRGHO�IRU�WKDW�VHFWLRQ�WR�EH�XVHG�WR�HVWLPDWH�WKH�FKDQJHV
LQ�FRVWV�WR�XVHUV�RI�DOO�YHKLFOHV�WUDYHOOLQJ�DORQJ�WKDW�URDG�VHFWLRQ�DV�SDUW�RI�WKHLU�MRXUQH\�
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7KH�DYDLODELOLW\�RI�GDWD� WR�VXSSRUW�VXFK�FDOFXODWLRQV� LV�H[DPLQHG�E\�5REHUWVRQ�	�:DUG

�������� $� QXPEHU� RI� 0HPEHU� 6WDWHV� FDUU\� RXW� V\VWHPDWLF� VXUYH\V� RI� SHUVRQDO� WUDYHO
ZKLFK�SURYLGH�UHOLDEOH�LQIRUPDWLRQ�DERXW�WKH�GLVWULEXWLRQ�RI�OHQJWKV�RI�MRXUQH\V�E\�FDU��¤
VKRZLQJ� IRU� H[DPSOH� WKDW� LQ�*HUPDQ\� WKH� ORQJHVW� ��� SHU� FHQW� RI� MRXUQH\V� DFFRXQW� IRU
QHDUO\� ��� SHU� FHQW� RI� YHKLFOH�GLVWDQFH� WUDYHOOHG�� ZKLOVW� WKH� VKRUWHVW� ��� SHU� FHQW� RI
MRXUQH\V� DFFRXQW� IRU� RQO\� ��� SHU� FHQW�� 7KHUH� LV� DOVR� DJJUHJDWH� GDWD� IURP� V\VWHPDWLF
WUDIILF�FRXQWV�DERXW�WKH�DPRXQWV�RI�YHKLFOH�GLVWDQFH�WUDYHOOHG�RQ�URDGV�LQ�GLIIHUHQW�EURDG
DGPLQLVWUDWLYH�FDWHJRULHV��%XW�WKHVH�VRXUFHV�RI�GDWD�SURYLGH�QR�LQIRUPDWLRQ�DERXW�WKH�XVH
RI�GLIIHUHQW� NLQGV� RI� URDG� LQ� WKH� FRXUVH� RI� WKH� MRXUQH\V��7R� HVWLPDWH� WKH� WRWDO� FRVWV� WR
YHKLFOH�XVHUV�RI�D�VSHHG�PDQDJHPHQW�VWUDWHJ\��LW�LV�QHFHVVDU\�WR�NQRZ�KRZ�PXFK�YHKLFOH�
GLVWDQFH� LV� WUDYHOOHG�RQ�URDGV� LQ�HDFK�RI� WKH�FDWHJRULHV� LQWR�ZKLFK� WKHVH�DUH�GLYLGHG� IRU
WKH�SXUSRVHV�RI�VSHHG�PDQDJHPHQW��$QG�WR�HVWLPDWH�WKH�GLVWULEXWLRQ�RI� WKH� LQFLGHQFH�RI
WKHVH�FRVWV�DPRQJ�GLIIHUHQW�NLQGV�RI�YHKLFOH�XVHUV� LW� LV�QHFHVVDU\� WR�NQRZ�� IRU�GLIIHUHQW
NLQGV�DQG�OHQJWKV�RI�MRXUQH\��ZKDW�SURSRUWLRQ�RI�WKH�MRXUQH\�LV�FRYHUHG�RQ�HDFK�RI�WKHVH
FDWHJRULHV�RI�URDG��7R�PHHW�WKHVH�WZR�UHTXLUHPHQWV�ZLOO�QHHG�QHZ�NLQGV�RI�VXUYH\�ZRUN�
ZKLFK�QHHG�QRW�EH�PDVVLYH�LQ�VFDOH��EXW�ZLOO�QHHG�WR�EH�VNLOIXOO\�GHVLJQHG�DQG�H[HFXWHG�
7KH� VXUYH\V� ZLOO� QHHG� WR� FRYHU� WKH� XVH� RI� DOO� NLQGV� RI� PRWRU� YHKLFOHV�� QRW� MXVW� FDUV
�$OOVRS�������

7KHVH�QHZ�NLQGV�RI�LQIRUPDWLRQ�DUH�SDUWLFXODUO\�UHOHYDQW�WR�WKH�YDOXDWLRQ�RI�WUDYHO�WLPH��LI
WLPH� FKDQJHV� SHU� MRXUQH\� EHORZ� D� FHUWDLQ� WKUHVKROG� DUH� QHJOHFWHG� LQ� HFRQRPLF
FDOFXODWLRQV�DV�GHEDWHG�LQ�6HFWLRQ��������,I�WKLV�NLQG�RI�DSSURDFK�LV�DGRSWHG�LQ�UHODWLRQ�WR
VSHHG�PDQDJHPHQW�� LW�ZLOO�EH�QHFHVVDU\� WR� HVWLPDWH� WKH� GLVWULEXWLRQ� RI� WKH� LQFLGHQFH� RI
WUDYHO�WLPH� FKDQJHV� LQ� RUGHU� WR� NQRZ� IRU� KRZ�PDQ\� MRXUQH\V� WKH� FKDQJHV� H[FHHG� WKH
WKUHVKROG�DQG�E\�KRZ�PXFK�

���� (48,7<�$1'�',675,%87,21$/�,03$&76

,Q� SULQFLSOH� RSWLPDO� UDQJHV� RI� VSHHG� IRU� DQ\� URDG� FRXOG� EH� GHWHUPLQHG� E\� FKRRVLQJ
VSHHGV�ZKHUH�WKH�WRWDO�EHQHILWV�LQ�UHODWLRQ�WR�WKH�WRWDO�FRVWV�DUH�KLJKHVW��6XFK�D�PHWKRG�
KRZHYHU�� GRHV� QRW� WDNH� LQWR� DFFRXQW� GLVWULEXWLRQDO� LPSDFWV�� WKH� IDFW� WKDW� JDLQV� IURP
FKDQJHV� LQ� VSHHG� IRU� RQH� JURXS� RI� SHRSOH� RIWHQ� PHDQ� ORVVHV� WR� VRPH� RWKHU� JURXS�
$QRWKHU�UHODWHG�FRQFHSW� LV�HTXLW\��ZKLFK�UHIHUV� WR� WKH�HWKLFDO�GHVLUDELOLW\�RI�GLVWULEXWLQJ
EHQHILWV� RU� ZHDOWK� DPRQJ� JURXSV� DQG� LQGLYLGXDOV�� DQG� WR� WKH� FRUUHVSRQGLQJ� LQMXVWLFH
FDXVHG�E\�VXEVWDQWLDO�XQFRPSHQVDWHG�ORVVHV��/LFKILHOG�HW�DO���������)URP�VRFLHW\
V�SRLQW
RI�YLHZ�HTXLW\�DQG�GLVWULEXWLRQDO� LPSDFWV�FDQ�EH�HTXDOO\� LPSRUWDQW�DV�RYHUDOO� HIILFLHQF\�
VRPHWLPHV�HYHQ�PRUH�LPSRUWDQW��$V�WKHUH�DUH�QHLWKHU�PDUNHWV�QRU�PHDVXUDEOH�SULFHV�IRU
HTXLW\�DQG�GLVWULEXWLRQDO�IDFWRUV�� WKH\�KDYH�WUDGLWLRQDOO\�EHHQ�WKH�GRPDLQV�RI�SROLWLFLDQV�
:KLOH�HIILFLHQF\�LQ�UHVRXUFH�DOORFDWLRQ�LV�PHDVXUHG�E\�ILJXUHV� OLNH� WKH�EHQHILW�FRVW� UDWLR�
HTXLW\�LPSDFWV�DUH�VWXGLHG�DQDO\VLQJ�WKH�GLVWULEXWLRQ�RI�FRVWV�DQG�EHQHILWV�DPRQJ�UHJLRQV�
VRFLR�HFRQRPLF�JURXSV��HWF���.DOOEHUJ�	�7RLYDQHQ�������������
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���� 1(7:25.�/(9(/�,03$&76

,I� VSHHG�PDQDJHPHQW�SHUPDQHQWO\�FKDQJHV� WKH�DFFHVVLELOLWLHV� RI� ORFDWLRQV� LQ� UHODWLRQ� WR
HDFK� RWKHU�� VSDWLDO� VRFLR�HFRQRPLF� HIIHFWV� PD\� RFFXU� LQ� WKH� ORQJ� UXQ�� 3HRSOH� DQG
FRPSDQLHV� FDQ�PRYH� WR� RWKHU� ORFDWLRQV�� )RU� H[DPSOH�� JUHDWHU� VSHHG� RI� WUDYHO� DOORZV� D
KRXVHKROG� WR� UHORFDWH� IDUWKHU� IURP� LWV�ZRUNSODFH� WR�DUHDV�ZKHUH� WKH�KRXVHKROG�PD\�EH
DEOH� WR�REWDLQ�D� ODUJHU� RU� RWKHUZLVH�PRUH� DWWUDFWLYH� GZHOOLQJ� IRU� FRVWV� VLPLODU� WR� WKRVH
SULRU� WR� WKH�PRYH��7KH�GHFLVLRQ�WR�PRYH�IDUWKHU�IURP�WKH�ZRUNSODFH�KDV�D�GLUHFW� HIIHFW
RQ� WKH� DPRXQW� RI� NLORPHWUHV� WUDYHOOHG��$OVR�� LQ� WKH� QHZ� ORFDWLRQ�� VRPH� RWKHU�PRGH� RI
WUDQVSRUW�PD\�EH�PRUH�DWWUDFWLYH�WKDQ�WKH�RQH�XVHG�SUHYLRXVO\��&RPSDQLHV�PD\�QDWXUDOO\
PDNH�VLPLODU�NLQGV�RI�GHFLVLRQV�

6WXGLHV�RQ�WKH�LPSDFWV�RI�FKDQJHV�LQ�VSHHG�RIWHQ�FRQVLGHU�RQO\�OLQN�OHYHO�LPSDFWV��ZKLFK
XVXDOO\� PHDQV� DVVXPLQJ� WKDW� WUDIILF� YROXPHV� UHPDLQ� XQDIIHFWHG��1HWZRUN� OHYHO� VWXGLHV
WKDW� WDNH� LQWR�DFFRXQW�DOVR� WKH��LQGLUHFW�� LPSDFWV�RQ� WUDIILF�YROXPHV�DUH�PRUH� ODERULRXV
DQG�UDUH��$�SDUWLFXODU�SUREOHP�ZLWK� WKH�DVVHVVPHQW�RI�QHWZRUN�OHYHO� LPSDFWV� LV� WKH� ODFN
RI�NQRZOHGJH�RI� WKH�HODVWLFLW\�EHWZHHQ�VSHHG�DQG� WUDIILF�YROXPH� �.DOOEHUJ�	�7RLYDQHQ
������������

���� 35,9$7(�$1'�62&,$/�&2676

7KH� GLYHUJHQFH� RI� SULYDWH� DQG� VRFLDO� LPSDFWV� LV� RQH� RI� WKH� PDMRU� UHDVRQV� ZK\� VSHHG
PDQDJHPHQW� LV�QHHGHG��7KH� DVVHVVPHQW� RI� WKH� VRFLR�HFRQRPLF� IHDVLELOLW\� RI� D� SROLF\� LV
EDVHG� RQ� WKH� FRVWV� H[SHULHQFHG� E\� VRFLHW\�� 7KLV� LV� QRW� HTXDO� WR� WKH� VXP� RI� WKH� FRVWV
LQFXUUHG�E\� LQGLYLGXDOV�� EHFDXVH� DOO� FRVWV� DUH� QRW� SHUFHLYHG� FRUUHFWO\� E\� LQGLYLGXDOV�� ,Q
WKH� FRQWH[W� RI� WKH� FRVWV� �DQG� EHQHILWV�� DVVRFLDWHG�ZLWK� WKH� VSHHG� RI� WUDYHO�� HYHQ� LI� ZH
DVVXPH�WKDW�HDFK�GULYHU�FKRRVHV�KLV�KHU�VSHHG�UDWLRQDOO\�

¦WKHUH� LV� QR� UHDVRQ�ZK\� WKH� IDFWRUV� WKDW� OHDG� GULYHUV� WR� FKRRVH� SDUWLFXODU� VSHHGV
VKRXOG�UHVXOW�LQ�OHYHOV�RI�VSHHG�WKDW�DUH�SUHIHUDEOH�IURP�WKH�SRLQW�RI�YLHZ�RI�VRFLHW\

DV� D� ZKROH�� EHFDXVH� VRPH� LPSRUWDQW� JDLQV� DQG� ORVVHV� WR� VRFLHW\� UHVXOWLQJ� IURP

YHKLFOHV�EHLQJ�GULYHQ�DW�GLIIHUHQW�VSHHGV�DUH�QRW�H[SHULHQFHG� LQGLYLGXDOO\�E\� WKHLU

GULYHUV��$OOVRS������§�

,Q�SULQFLSOH��VSHHG�UHJXODWLRQ�E\�SRVWHG�VSHHG�OLPLWV�DQG�VSHHG�OLPLWHUV�LQ�YHKLFOHV�FRXOG
EH� ODUJHO\� UHSODFHG� E\� SULFLQJ� HDFK� NLORPHWUH� RI� WUDYHO� DFFRUGLQJ� WR� LWV� IXOO� PDUJLQDO
VRFLDO� FRVW��7KLV� FRXOG�EH�DFFRPSOLVKHG�E\� VHWWLQJ�D� WD[� �RU� VXEYHQWLRQ�� WKDW�ZRXOG� EH
HTXDO� WR� WKH� GLIIHUHQFH� EHWZHHQ� WKH� VRFLDO� DQG� SULYDWH�PDUJLQDO� FRVWV�� ,Q� SUDFWLFH� VXFK
VROXWLRQV� GR� QRW� VHHP� OLNHO\� IRU� WKH� IRUHVHHDEOH� IXWXUH�� )XUWKHUPRUH�� LW� LV� XQFHUWDLQ
ZKHWKHU� VXFK� VROXWLRQV� ZRXOG� EH� DFFHSWDEOH� IURP� WKH� YLHZSRLQW� RI� HTXLW\� DQG
GLVWULEXWLRQ�RI�ZHOIDUH�LQ�VRFLHW\��.DOOEHUJ�	�7RLYDQHQ�������������
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�� 352&('85(�72�$66,67�'(&,6,21�0$.(56

&21&(51,1*�63(('�0$1$*(0(17

���� &217(;7�)25�'(&,6,21�0$.,1*

7KH�OHYHO�RI�VSHHG�RQ�D�VHFWLRQ�RI�URDG�LV�WKH�SURGXFW�RI� LQGLYLGXDO�FKRLFHV�RI�VSHHG�E\
WKH�GULYHUV�XVLQJ�WKH�URDG��)RU�D�GULYHU�DQG�RWKHU�RFFXSDQWV�RI�WKH�YHKLFOH�EHLQJ�GULYHQ�
WKH� PRVW� GLUHFWO\� SHUFHLYHG� FRQVHTXHQFH� RI� FKRLFH� RI� VSHHG� LV� WUDYHO� WLPH�� ZKLFK
GHFUHDVHV�DV�VSHHG�LQFUHDVHV��WKRXJK�DW�D�SURJUHVVLYHO\�GLPLQLVKLQJ�UDWH��2SHUDWLQJ�FRVWV
LQFUHDVH� ZLWK� VSHHG� IURP� WKH� PLGGOH� UDQJH� RI� VSHHGV� XSZDUGV�� EXW� WKLV� HIIHFW� LV� OHVV
GLUHFWO\�SHUFHLYHG�E\�GULYHUV�WKDQ�WKH�VDYLQJ�LQ�WLPH��5LVN�RI�DFFLGHQW�LQFUHDVHV�DV�VSHHG
LQFUHDVHV�� EXW� WKHUH� LV� D�ZLGHVSUHDG� WHQGHQF\� RI� GULYHUV� WR� GLVFRXQW� WKHLU� RZQ� ULVN� RI
LQYROYHPHQW� LQ� DQ� DFFLGHQW�� 1RLVH� DQG� H[KDXVW� HPLVVLRQV� LQFUHDVH� ZLWK� VSHHG�� DW� OHDVW
IURP�WKH�PLGGOH�UDQJH�RI�VSHHGV�XSZDUGV��EXW�DUH�ERUQH�ODUJHO\�E\�SHRSOH�RWKHU�WKDQ�WKH
GULYHU�DQG�IHOORZ�RFFXSDQWV�RI�WKH�YHKLFOH��7KH�FRQVHTXHQFH�RI�DOO�WKHVH�HIIHFWV�RI�VSHHG
FKRLFH�� DQG� RI� WKHLU� LQFLGHQFH�� LV� WKDW� WKH� VSHHGV� FKRVHQ� E\� GULYHUV� KDYH� D� VWURQJ
WHQGHQF\� WR�EH� KLJKHU� WKDQ�ZRXOG� EH� RSWLPDO� IRU� VRFLHW\� XQGHU� DQ\� UHDVRQDEOH� UHODWLYH
YDOXDWLRQ�RI�WKH�YDULRXV�DERYH�PHQWLRQHG�HIIHFWV�RI�VSHHG��$OOVRS�������

,W� IROORZV� WKDW�ZKHQ� WKH�DXWKRULWLHV� UHVSRQVLEOH� IRU� UHJXODWLRQ�RI� URDG� WUDIILF� HQJDJH� LQ
VSHHG�PDQDJHPHQW��WKDW�LV�LQ�SROLFLHV�DQG�PHDVXUHV�WR�LQIOXHQFH�GULYHUV©�FKRLFH�RI�VSHHG�
WKH\� DUH� XVXDOO\� VHHNLQJ� WR� UHGXFH� VSHHGV�� 6SHHG� UHJXODWLRQ� FDQ� DOVR� EH� VHHQ� DV
SHUVXDGLQJ�YHKLFOH�XVHUV� WR�IRUHJR�VRPH�RI� WKH�SHUFHLYHG�DGYDQWDJHV� WR� WKHP�RI�KLJKHU
VSHHGV�� LQ�RUGHU� WR�UHGXFH�VRPH�RI� WKH� OHVV�ZHOO�SHUFHLYHG�GLVDGYDQWDJHV� WR� WKHPVHOYHV
DQG�PDQ\�GLVDGYDQWDJHV�WR�RWKHUV��$OOVRS�������

,Q�GRLQJ�VR��WKH�DXWKRULWLHV�KDYH�WR�JDLQ�WKH�DFTXLHVFHQFH��LI�QRW�WKH�HQWKXVLDVWLF�FRQVHQW�
RI�WKH�PDMRULW\�RI�GULYHUV����WKDW�LV�WKH�VSHHG�PDQDJHPHQW�SROLFLHV�DQG�PHDVXUHV�QHHG�WR
EH�DFFHSWDEOH�LQ�WKH�EDODQFH�WKH\�VWULNH�EHWZHHQ�WKH�IRUHJRQH�DGYDQWDJH�WR�YHKLFOHV�XVHUV
DQG�WKH�FRQFRPLWDQW�DGYDQWDJH�WR�VRFLHW\�

,Q�UHDFKLQJ�GHFLVLRQV�DERXW�VSHHG�PDQDJHPHQW�� WKHUHIRUH�� LW� LV�KHOSIXO� IRU� WKH�GHFLVLRQ�
PDNHUV� WR� EH� DV� IXOO\� LQIRUPHG� DV� LV� SUDFWLFDEOH� DERXW� WKH� HIIHFWV� WKDW� DQ\� VSHHG
PDQDJHPHQW�SROLFLHV�DQG�PHDVXUHV�WKH\�DUH�FRQVLGHULQJ�PD\�KDYH��ERWK�LQ�DJJUHJDWH�DQG
LQ� WKHLU� GLVWULEXWLRQ� RYHU� WKH� DIIHFWHG� SHRSOH�� 7KLV� LV� KHOSIXO� QRW� RQO\� WR� WKHLU� RZQ
GHFLVLRQ�PDNLQJ��EXW�DOVR�LQ�WKHLU�WDVN�RI�FRQVXOWLQJ�WKH�DIIHFWHG�SHRSOH�DQG�DVVHVVLQJ�WKH
DFFHSWDELOLW\�WR�WKHP�RI�WKH�HQYLVDJHG�SROLFLHV�DQG�PHDVXUHV��$OOVRS�������

,W�LV�WR�KHOS�LQ�WKLV�WKDW�WKH�0$67(5�IUDPHZRUN�IRU�DVVHVVLQJ�WKH�HIIHFWV�RI�WUDIILF�VSHHG
KDV�EHHQ�GHYHORSHG�DQG�WHVWHG��.DOOEHUJ�	�7RLYDQHQ�������������
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���� )5$0(:25.�)25�$66(66,1*�7+(�,03$&76�2)�63(('

������ 2EMHFWLYHV

7KH� PDLQ� REMHFWLYH� RI� WKH� 0$67(5� IUDPHZRUN� LV� WR� SURYLGH� D� WRRO� IRU� WKH� RYHUDOO
DVVHVVPHQW� RI� WKH� LPSDFWV� RI� �FKDQJHV� LQ�� VSHHG� �.DOOEHUJ� 	� 7RLYDQHQ� ������ ������
'LIIHUHQW� LPSDFWV� RI� VSHHG� ZHUH� JHQHUDOO\� GHVFULEHG� LQ� &KDSWHU� ��� 7KH� IUDPHZRUN
FRPELQHV� WKH� HIIHFWV� RI� D� JLYHQ� �FKDQJH� RI�� VSHHG� LQWR� D� V\VWHPDWLF� SUHVHQWDWLRQ�
)XUWKHUPRUH��WKH�0$67(5�IUDPHZRUN�DLPV�WR�EH

�� FRPSUHKHQVLYH�LQ�WKH�VHQVH�WKDW�DOO�UHOHYDQW�HIIHFWV�RI�VSHHG�DUH�FRQVLGHUHG�

�� HDV\�WR�DSSO\��UHFRJQLVLQJ�WKDW�WKLV�PD\�UHTXLUH�VRPH�WUDGHRII�ZLWK�SUHFLVLRQ�

�� DSSOLFDEOH�IURP�WKH�OHYHO�RI�VLQJOH�URDG�VHFWLRQV�WR�WKDW�RI�ZKROH�URDG�QHWZRUNV��L�H�
IURP�WKH�OLQN�WR�WKH�QHWZRUN�OHYHO�

�� LQWHUSUHWDEOH�LQ�PRQHWDU\�WHUPV�DV�IDU�DV�WKH�XVHU�ZLVKHV�DQG�ZLWKLQ�WKH�OLPLWV�RI�ZKDW
LV� SUDFWLFDEOH�� EXW�ZLWKRXW� H[FOXGLQJ� LPSDFWV� WKDW� DUH� KDUG� WR� H[SUHVV� LQ�PRQHWDU\
WHUPV�

�� WUDQVSDUHQW�LQ�WKDW�WKH�EDVHV�RI�DOO�WKH�FDOFXODWLRQV�DUH�PDGH�H[SOLFLW�

�� HDV\� WR� DGDSW� WR� QHZ� LQIRUPDWLRQ� DERXW� WKH� LPSDFWV� RI� VSHHG� RU� WR� GLIIHUHQW
YDOXDWLRQV�RI�LWV�HIIHFWV�

�� IOH[LEOH� HQRXJK� WR� DOORZ�XVHUV� WR� DSSO\� WKHLU� RZQ�ZHLJKWLQJ� WR� GLIIHUHQW� HIIHFWV� RI
VSHHG��DQG

�� DEOH� WR� SUHVHQW� LQIRUPDWLRQ� DERXW� WKH� GLVWULEXWLRQ� RI� LPSDFWV� RI� VSHHG�� DV� ZHOO� DV
DERXW�DJJUHJDWH�LPSDFWV�

������ 6WUXFWXUH

)LJXUH� ��� VXPPDULVHV� WKH� GLUHFW� DQG� LQGLUHFW� LPSDFWV� RI� WKH� VSHHG� RI� WUDIILF� WKDW� WKH
IUDPHZRUN� LV� FDSDEOH� RI� KDQGOLQJ�� 7KH� FDXVDO� OLQNV� IURP� �D�� WR� �M�� DUH� UHOHYDQW� LQ� DOO
FDVHV�� ZKHUHDV� WKRVH� IURP� �N�� WR� �P�� DUH� FRQVLGHUHG� RQO\� DW� WKH� OHYHO� RI� WUDQVSRUW
QHWZRUNV�

7KH�0$67(5�IUDPHZRUN�FRQVLVWV�RI�WKUHH�GLVWLQFW�SKDVHV�����RXWOLQLQJ�����PHDVXUHPHQW
DQG����DVVHVVPHQW��(DFK�SKDVH�FDQ�EH�GLYLGHG�LQWR�D�QXPEHU�RI�VWHSV��)LJXUH�����

)RU�SUDFWLFDO� LPSOHPHQWDWLRQ�RI� WKH�IUDPHZRUN�([FHO�VSUHDGVKHHWV�DUH� DYDLODEOH� WR�KHOS
LQ� WKH� FDOFXODWLRQV�� 7KH\� FDQ� EH� GRZQORDGHG� IURP� WKH� 0$67(5� ZHE� VLWH� DW
KWWS���ZZZ�YWW�IL�\NL�\NL���
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��O�

OLQN

OHYHO

QHWZRUN

OHYHO

�J� �K�

�D�

�M� �L�
�E�

�I�

�H�

�P�

�F�
�N�

�G�

9HKLFOH

RSHUDWLQJ

FRVWV

6SHHG

PDQDJHPHQW

$FFHSW�

DELOLW\

7UDYHO�WLPH
6SDWLDO�VRFLR�

HFRQRPLF�LPSDFWV

3HUFHLYHG

DFFHVVLELOLW\

$FFLGHQWV

3ROOXWLRQ
0RELOLW\�DQG

PRGDO�VSOLW

6SHHG

)LJXUH� ���� $� VXPPDU\� RI� WKH� GLUHFW� DQG� LQGLUHFW� LPSDFWV� RI� WKH� VSHHG� RI� WUDIILF

�.DOOEHUJ�	�7RLYDQHQ�������

)LJXUH�����6WUXFWXUH�RI�WKH�0$67(5�IUDPHZRUN��.DOOEHUJ�	�7RLYDQHQ�������

���2XWOLQLQJ

$��'HFLGLQJ�WKH

PHDVXUH�RU�SROLF\�WR�EH

WHVWHG

%��'HFLGLQJ�RQ�OLQN�RU

QHWZRUN�OHYHO

DVVHVVPHQW

&��(VWDEOLVKLQJ�ZKLFK

LPSDFWV�DUH�UHOHYDQW�WR

WKH�FDVH�FRQFHUQHG

���0HDVXUHPHQW

'��&KRRVLQJ�WKH�LPSDFW

IXQFWLRQV�RU�PRGHOV�DQG

JDWKHULQJ�GDWD

(��'HFLGLQJ�RQ�ZKLFK

LPSDFWV�WR�PRQHWLVH�DW

ZKDW�PRQHWDU\�YDOXH

)��0DNLQJ�WKH

FDOFXODWLRQV

*��$QDO\VLQJ�WKH�H[WHQW

RI�QRQ�TXDQWLILDEOH

LPSDFWV

���$VVHVVPHQW

+��6XPPDULVLQJ�WKH�QHW

LPSDFWV

,��$QDO\VLQJ�WKH

GLVWULEXWLRQDO�HIIHFWV

-��0DNLQJ�VHQVLWLYLW\

WHVWV�ZLWK�WKH�NH\

DVVXPSWLRQV

.��$QDO\VLQJ�WKH

DFFHSWDELOLW\�RI�WKH

SROLF\

/��$QDO\VLQJ�WKH�RYHUDOO

VRFLR�HFRQRPLF
IHDVLELOLW\�RI�WKH�SROLF\

� �
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������ 6FRSH

7KH� IUDPHZRUN� FDQ� LQ� SULQFLSOH� EH� XVHG� WR� DVVHVV� DQ\�PHDVXUH� RU� SROLF\� UDQJLQJ� IURP
PRGHUDWLQJ�WKH�VSHHGV�RI�WKH�IDVWHVW�IHZ�SHU�FHQW�RI�YHKLFOHV�RQ�RQH�SDUWLFXODU�VHFWLRQ�RI
URDG� WR� D� SROLF\� IRU� UHGXFLQJ� WKH� VSHHGV� RQ� DOO� NLQGV� RI� URDG� WKURXJKRXW� D� UHJLRQ� RU
FRXQWU\�

7KH�0$67(5�IUDPHZRUN�DOORZV�WKH�XVHU�WR�EHJLQ�E\�VSHFLI\LQJ�WKH�PHDVXUH�RU�SROLF\�WR
EH�WHVWHG��7KH�XVHU� WKHQ�GHFLGHV�RQ�D� OLQN�RU�QHWZRUN�OHYHO�RI�DVVHVVPHQW�� DQG�FKRRVHV
WKH�LPSDFWV�WKDW�DUH�LQFOXGHG�LQ�WKH�DVVHVVPHQW��3RVVLEOH�LPSDFWV�DUH�

�� DW�WKH�OLQN�OHYHO
�� DFFLGHQWV
�� H[KDXVW�HPLVVLRQV�
�� QRLVH�
�� WUDYHO�WLPH�
�� YHKLFOH�RSHUDWLQJ�FRVWV��DQG

�� DGGLWLRQDOO\�DW�WKH�QHWZRUN�OHYHO
�� UHURXWLQJ�
�� FKDQJH�RI�PRGH�RI�WUDYHO�
�� FKDQJH�RI�GHVWLQDWLRQ��DQG
�� ODQG�XVH�WUDQVSRUW�LQWHUDFWLRQV

)RU�WKH�LQFOXGHG�LPSDFWV��WKH�XVHU�WKHQ

�� FKRRVHV�WKH�LPSDFW�IXQFWLRQV�RU�PRGHOV�IRU�WKH�TXDQWLILFDWLRQ�RI�LPSDFWV��JDWKHUV�WKH
UHOHYDQW� GDWD� IRU� WKH� H[LVWLQJ� VLWXDWLRQ� DQG�PDNHV� FRUUHVSRQGLQJ� HVWLPDWHV� IRU� WKH
QHZ�VLWXDWLRQ�ZLWK�WKH�PHDVXUH�RU�SROLF\�EHLQJ�FRQVLGHUHG�LQ�RSHUDWLRQ�

�� GHFLGHV� ZKLFK� LPSDFWV� WR� H[SUHVV� LQ� WHUPV� RI� PRQH\� DQG� DW� ZKLFK� PRQHWDU\
YDOXDWLRQV�

�� PDNHV�WKH�FDOFXODWLRQV��DQG

�� DQDO\VHV�DQG�GHVFULEHV�WKH�QRQ�TXDQWLILDEOH�HIIHFWV�

7KH�XVHU�LV�WKHQ�UHDG\�WR

�� VXPPDULVH�WKH�QHW�LPSDFWV�RI�WKH�SROLF\�RU�PHDVXUHV�

�� VHW�RXW�WKH�GLVWULEXWLRQDO�HIIHFWV�

�� PDNH�VHQVLWLYLW\�WHVWV�ZLWK�UHVSHFW�WR�NH\�DVVXPSWLRQV�DQG�LQSXW�YDOXHV�

�� XVH� WKH� UHVXOWV� WR� DVVLVW� WKH� SURFHVV� RI� FRQVXOWLQJ� WKH� DIIHFWHG� SHRSOH� DERXW� LWV
DFFHSWDELOLW\��LQ�FDVH�WKH�UHVXOWV�DUH�VXIILFLHQWO\�IDYRXUDEOH� WR� WKH�SROLF\�RU�PHDVXUH
IRU�LW�WR�EH�ZRUWK�LQYHVWLJDWLQJ�LWV�DFFHSWDELOLW\���DQG

�� XVH�WKH�UHVXOWV�WRJHWKHU�ZLWK�WKH�RXWFRPH�RI�FRQVXOWDWLRQ�ZLWK�WKH�DIIHFWHG�SHRSOH�WR
DVVLVW�LQ�WKH�GHFLVLRQ�ZKHWKHU�WR�JR�DKHDG�ZLWK�WKH�SROLF\�RU�PHDVXUH�
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������ /LPLWDWLRQV

7KH�OLPLWDWLRQV�RQ�WKH�XVH�RI�WKH�IUDPHZRUN�OLH�ODUJHO\�LQ�WKH�DELOLW\�RI�WKH�XVHU�WR�VSHFLI\
LPSDFW�IXQFWLRQV�DQG�PRGHOV��DQG�DVVHPEOH�WKH�UDQJH�RI�GDWD�QHHGHG�WR�LPSOHPHQW�WKHVH
IXQFWLRQV� DQG� PRGHOV�� 7KHVH� OLPLWDWLRQV� EHFRPH� PRUH� VHYHUH� DV� WKH� UHTXLUHG� OHYHO� RI
GHWDLO�DQG�SUHFLVLRQ�RI� WKH�FDOFXODWLRQV� LQFUHDVH��7KH�UHTXLUHG� OHYHO�RI�DFFXUDF\�WKDW� WKH
XVHU�� WKH� GHFLVLRQ�PDNHUV� FRQFHUQHG� DQG� WKH� DIIHFWHG� SHRSOH� EHLQJ� FRQVXOWHG� ZLOO� ILQG
DGHTXDWH�LQ�WXUQ�GHSHQGV�RQ�WKH�FRQWH[W�DQG�RI�WKH�SROLF\�RU�PHDVXUH�EHLQJ�FRQVLGHUHG�

&KDSWHU���RI�WKLV�UHSRUW�KDYH�GHPRQVWUDWHG�WKDW�D�UDQJH�RI�UHOHYDQW�PRGHOV�DQG�GDWD�H[LVW
WKDW� HQDEOH� WKH� VSHHG�GHSHQGHQFH� RI� D� UDQJH� RI� UHOHYDQW� LPSDFWV� RI� WUDIILF� WR� EH
TXDQWLILHG�DW�WKH�OLQN�OHYHO��1HYHUWKHOHVV��DOO�RI�WKLV�LQIRUPDWLRQ�LV�QRW�DYDLODEOH� LQ�IRUPV
WKDW�DUH�UHDGLO\�DFFHVVLEOH�WR�SRWHQWLDO�XVHUV�RI�WKH�0$67(5�IUDPHZRUN��$OOVRS�������

$W� WKH� QHWZRUN� OHYHO�� WKH� XVHU� RI� WKH� IUDPHZRUN� ZLOO� QHHG� WR� LPSOHPHQW� DSSURSULDWH
DVVLJQPHQW�� PRGH� FKRLFH�� GHVWLQDWLRQ� FKRLFH� RU� HYHQ� ODQG�XVH� WUDQVSRUW� LQWHUDFWLRQ
PRGHOV�WR�HVWLPDWH�UHYLVHG�IORZV�RI�WUDIILF�RQ�DOO�DIIHFWHG�OLQNV�EHIRUH�DSSO\LQJ�OLQN�EDVHG
PRGHOV�RI�WKH�YDULRXV�LPSDFWV�

���� $33/,&$7,21�2)�7+(�)5$0(:25.

,Q�DFFRUGDQFH�ZLWK� WKH�SULQFLSOH�RI� VXEVLGLDULW\�� VSHHG�PDQDJHPHQW�� H[FHSW�SRVVLEO\�RQ
WKH�7UDQV�(XURSHDQ�5RDG�1HWZRUN��7(51��ZLOO� IRU� WKH� IRUHVHHDEOH� IXWXUH�EH�D�PDWWHU
IRU� WKH� 0HPEHU� 6WDWHV�� 0RUHRYHU�� LQ� PDQ\� 0HPEHU� 6WDWHV� WKH� UHVSRQVLELOLW\� IRU
UHJXODWLRQ� RI� PXFK� RI� WKH� URDG� V\VWHP� LV� GHOHJDWHG� WR� UHJLRQDO� RU� ORFDO� DXWKRULWLHV�
7KHUHIRUH�PDQ\� GHFLVLRQV� DERXW� VSHHG�PDQDJHPHQW�ZLOO� EH� WDNHQ� E\� WKHVH� DXWKRULWLHV�
)RU�WKH�IUDPHZRUN�WR�EH�XVHIXO� WR� WKHP�� LW�ZLOO�QHHG�WR�EH�PDGH�DYDLODEOH�DV�D�SLHFH�RI
XVHU�IULHQGO\� VRIWZDUH� WRJHWKHU�ZLWK�FOHDU�JXLGHOLQHV�RQ� LWV�XVH�� LQFOXGLQJ� WKH� FKRLFH� RI
IXQFWLRQV�DQG�PRGHOV� IRU� WKH�YDULRXV� LPSDFWV� DQG� WKH� JDWKHULQJ� RI� VXLWDEOH� GDWD�� 6RPH
DXWKRULWLHV�ZLOO�ZLVK�WR�DSSO\�WKH�IUDPHZRUN�WKHPVHOYHV��RWKHUV�ZLOO�ZLVK�WR�FRPPLVVLRQ
FRQVXOWDQWV�WR�DSSO\�LW�IRU�WKHP��$OOVRS�������

1DWLRQDO� JRYHUQPHQWV� RU� WKHLU� DJHQFLHV� PD\� ZHOO� ZLVK� WR� DSSO\� WKH� IUDPHZRUN� WR
QDWLRQDOO\� IXQGHG� URDG� QHWZRUNV� RU� WR� H[DPLQH� WKH� IHDVLELOLW\� RI� QDWLRQDO� SROLFLHV� IRU
VSHHG�PDQDJHPHQW�RQ�RWKHU�URDGV�

$W� WKH� OHYHO� RI� WKH� (8� WKH� IUDPHZRUN� PLJKW� EH� XVHG� WR� H[DPLQH� SROLFLHV� IRU� VSHHG
PDQDJHPHQW� RQ� WKH� 7(51�� 7KH� PDLQ� UROH� RI� WKH� (8� LQ� UHVSHFW� RI� WKH� IUDPHZRUN�
KRZHYHU�� PD\� ZHOO� EH� LQ� SURPRWLQJ� VSHHG� PDQDJHPHQW� DFURVV� WKH� (8� E\� PDNLQJ� LW
DYDLODEOH� LQ� D�ZLGHO\� XVDEOH� IRUP�ZLWK� DVVRFLDWHG� IXQFWLRQV� DQG�PRGHOV� IRU� WKH� YDULRXV
LPSDFWV��DQG�FRUUHVSRQGLQJ�VSHFLILFDWLRQV�RI�WKH�UHTXLUHG�GDWD��7HVWLQJ�RI�WKH�IUDPHZRUN
LQ� WKUHH�GLIIHUHQW� FRXQWULHV�� DV� UHSRUWHG� E\�.DOOEHUJ�	�7RLYDQHQ� �������� LQGLFDWHV� WKDW
WKLV�VKRXOG�EH�IHDVLEOH���WKRXJK�LW�ZLOO�UHTXLUH�VXEVWDQWLDO�LQYHVWPHQW��,Q�WKLV�ZD\��WKH�(8
ZRXOG�DGG�YDOXH�WR�WKH�VHSDUDWH�HIIRUWV�RI�LQGLYLGXDO�0HPEHU�6WDWHV�LQ�WKH�ILHOG�RI�VSHHG
PDQDJHPHQW�
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7KH� IUDPHZRUN� LV� DGDSWHG� IRU� DSSOLFDWLRQ� WR� HYHU\� W\SH� RI� URDG� IURP� WKH� UHVLGHQWLDO
DFFHVV� URDG� WR� WKH� PXOWL�ODQH� PRWRUZD\�� 7KH� GLIIHUHQFHV� EHWZHHQ� DSSOLFDWLRQV� WR
GLIIHUHQW�NLQGV�RI�URDG�OLH�LQ�WKH�FKRLFH�EHWZHHQ�OLQN�DQG�QHWZRUN�OHYHOV��GHFLGLQJ�ZKLFK
LPSDFWV� DUH� UHOHYDQW�� DQG�FKRRVLQJ� DSSURSULDWH� IXQFWLRQV� DQG�PRGHOV� IRU� WKHVH� LPSDFWV
DFFRUGLQJ�WR�WKH�W\SH�RI�URDG�

7KH�XVH�RI�WKH�IUDPHZRUN�LV�LOOXVWUDWHG�E\�D�UHDO�OLIH�H[DPSOH�LQ�$SSHQGL[���

���� 86(�2)�7+(�2873876�,1�'(&,6,21�0$.,1*

7ZR�XVHV�RI� WKH�RXWSXWV� IURP� WKH�0$67(5� IUDPHZRUN� LQ� GHFLVLRQ�PDNLQJ� KDYH� EHHQ
LGHQWLILHG��2QH�LV� WR�DVVLVW� WKH�SURFHVV�RI�FRQVXOWDWLRQ�ZLWK�SHRSOH�ZKR�ZLOO�EH�DIIHFWHG
E\� D� SURSRVHG� VSHHG� PDQDJHPHQW� PHDVXUH� RU� SROLF\�� ZLWK� D� YLHZ� WR� DVVHVVLQJ� WKH
DFFHSWDELOLW\�RI�WKH�SURSRVHG�PHDVXUH�RU�SROLF\��,Q�FRQVXOWLQJ�VXFK�SHRSOH�� LW�VKRXOG�EH
KHOSIXO� WR�EH�DEOH� WR�PDNH�DYDLODEOH� WR� WKHP� WKH� UHVXOWV� RI� D� WUDQVSDUHQW� SURFHGXUH� IRU
DVVHVVLQJ�WKH�OLNHO\�LPSDFWV�DQG�WKHLU�GLVWULEXWLRQ��$OOVRS�������

7KH�VHFRQG�XVH�RI�WKH�RXWSXWV�IURP�WKH�IUDPHZRUN�LV� LQ� WKH�VXEVHTXHQW�GHFLVLRQ�WDNLQJ
LWVHOI�� 7KLV� VKRXOG� EH� DVVLVWHG� E\� EHLQJ� LQIRUPHG� E\� WKH� RXWSXWV� IURP� WKH� IUDPHZRUN�
ZKLFK�ZLOO�WKHQ�EH�FRQVLGHUHG�DORQJVLGH�WKH�UHVXOWV�RI�SXEOLF�FRQVXOWDWLRQ�DQG�DQ\�RWKHU
UHOHYDQW� PDWHULDO� RU� FRQVLGHUDWLRQV� ZKLFK� WKH� GHFLVLRQ�PDNHUV� FKRRVH� WR� WDNH� LQWR
DFFRXQW�LQ�H[HUFLVLQJ�WKHLU�MXGJHPHQW�DQG�SROLWLFDO�UHVSRQVLELOLWLHV�

,Q� QR�ZD\� LV� WKH� IUDPHZRUN� LQWHQGHG� WR� VXEVWLWXWH� IRU� WKH� MXGJHPHQW� RI� WKH� GHFLVLRQ�
PDNHUV�� ,W� LV� D� WRRO� WR� KHOS� WKHP� WR� H[HUFLVH� WKDW� MXGJHPHQW�PRUH� HIIHFWLYHO\� E\� EHLQJ
EHWWHU� LQIRUPHG� DERXW� VRPH� RI� WKH� SULQFLSDO� OLNHO\� FRQVHTXHQFHV� RI� D� GHFLVLRQ� WR� JR
DKHDG�ZLWK�DQ\�SURSRVHG�PHDVXUH�RU�SROLF\�IRU�VSHHG�PDQDJHPHQW�

���� $&&(37$%,/,7<�$6�&5,7(5,21�)25�63(('�0$1$*(0(17

$FFRUGLQJ�WR�D�UHFHQW�VXUYH\����SHU�FHQW�RI�GULYHUV�LQ�WKH�(XURSHDQ�8QLRQ�ZRXOG�SUHIHU
KLJKHU�VSHHG�OLPLWV�RQ�PRWRUZD\V�����SHU�FHQW�RQ�PDLQ�URDGV�DQG����SHU�FHQW�LQ�EXLOW�XS
DUHDV��$W�WKH�VDPH�WLPH��VOLJKWO\�PRUH�WKDQ�KDOI�RI�WKH�GULYHUV�H[SUHVVHG�WKHLU�VXSSRUW�WR

D� GHYLFH� LQ� \RXU� FDU� WR� DVVLVW� \RX� LQ� QRW� H[FHHGLQJ� WKH� OLPLW
� DQG� WKH� OLPLWDWLRQ� RI� WKH
PD[LPXP� VSHHG� RI� YHKLFOHV� E\� WKH� PDQXIDFWXUHUV� �6$575(� ������� $Q� LPSRUWDQW
TXHVWLRQ�LV�ZKDW�NLQG�RI�UROH�VKRXOG�VXUYH\V�OLNH�WKLV�KDYH�LQ�VSHHG�PDQDJHPHQW�

,Q� D� GHPRFUDWLF� VRFLHW\� SXEOLF� RSLQLRQ� KDV� DQ� LPSRUWDQW� UROH� LQ� GHFLVLRQ�PDNLQJ�
&RQVHTXHQWO\�� SXEOLF� VXUYH\V� DERXW� WKH� DFFHSWDELOLW\� RI� SODQQHG� VSHHG� PDQDJHPHQW
SROLFLHV� DUH� RIWHQ� GHVLUDEOH� IURP� WKH� YLHZSRLQW� RI� GHFLVLRQ�PDNHUV�� +RZHYHU�� LQ� WKH
0$67(5�IUDPHZRUN�GHVLJQHG� WR�DVVLVW�GHFLVLRQ�PDNHUV� �VHFWLRQ������ DFFHSWDELOLW\�KDV
RQO\�D� UHODWLYHO\�PLQRU� UROH�� 7KLV� LV� EHFDXVH� WKHUH� DUH� DW� OHDVW� WKUHH� JRRG� UHDVRQV�ZK\
SXEOLF� DFFHSWDELOLW\� LV� QRW� QHFHVVDULO\� D� JRRG� FULWHULRQ� IRU� GHFLVLRQV� FRQFHUQLQJ� VSHHG
PDQDJHPHQW�
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)LUVW�� WKHUH� LV� QR� UHDVRQ� WR� EHOLHYH� WKDW� GULYHUV� FRQVLGHU� DOO� LPSDFWV� RI� VSHHG� ZKHQ
GHFLGLQJ� RQ� WKHLU� FKRLFH� RI� VSHHG�� 7KHUHIRUH�� WKH\� PD\� GLVUHJDUG� LPSDFWV� �H�J�
HQYLURQPHQWDO�LPSDFWV��WKDW�DUH�LPSRUWDQW�IURP�WKH�SRLQW�RI�YLHZ�RI�VRFLHW\�DV�D�ZKROH�

6HFRQG��GULYHUV
�FKRLFH�RI�VSHHG�LV�RIWHQ�EDVHG�PRUH�RQ�WKHLU�VXEMHFWLYH�DVVHVVPHQW�DQG
EHOLHIV� RI� WKH� DVVRFLDWHG� FRVWV� DQG� EHQHILWV�� UDWKHU� WKDQ� UHVHDUFK�EDVHG� NQRZOHGJH�
6XEMHFWLYH� DVVHVVPHQWV� PD\� EH� HUURQHRXV� ZLWK� UHJDUG� HLWKHU� WR� WKH� PDJQLWXGH� RI� WKH
LPSDFW�RU�LWV�YDOXDWLRQ�

7KHVH�WZR�SRLQWV�DUH�WKH�PDLQ�FDXVHV�RI�WKH�GLYHUJHQFH�EHWZHHQ�SULYDWH�DQG�VRFLDO�FRVWV
�VHH� 6HFWLRQ� ������ &RQVHTXHQWO\�� VSHHGV� WKDW� DUH� FRQVLGHUHG� RSWLPDO� E\� PDMRULW\� RI
GULYHUV�DUH�QRW�QHFHVVDULO\�RSWLPDO�IURP�VRFLHW\
V�SRLQW�RI�YLHZ�

7KLUG��GRXEOH�FRXQWLQJ�LV�D�SRWHQWLDO�SUREOHP�LQ�VLQFH�DFFHSWDELOLW\�LV�QRW�LQGHSHQGHQW�RI
WKH�GLVWULEXWLRQ�RI�LPSDFWV�H�J��EHWZHHQ�PRWRULVWV�DQG�SHGHVWULDQV��,W�LV� OLNHO\� WKDW� WKRVH
ZKR�IHHO�WKH\�JDLQ�IURP�D�VSHHG�FKDQJH�DUH�LQ�IDYRXU�RI�LW�DQG�WKRVH�ZKR�WKLQN�WKH\�ORVH
DUH�DJDLQVW��7KHUHIRUH��LI�EHQHILWV�DQG�FRVWV�DUH�SURSHUO\�KDQGOHG��WKHLU�QHW�FKDQJH�VKRXOG
DOVR� LQGLFDWH� WKH� ¨QHW� DFFHSWDELOLW\©�RI� WKH�SROLF\�� DQG� DQDO\VLQJ� DFFHSWDELOLW\� VHSDUDWHO\
ZRXOG�OHDG�WR�GRXEOH�FRXQWLQJ�RI�WKH�EHQHILWV�DQG�FRVWV��.DOOEHUJ�	�7RLYDQHQ�������

$QRWKHU� SRLQW� LV� WKDW� WKH� LPSUHVVLRQ� DERXW� WKH� DFFHSWDELOLW\� RI� D� FHUWDLQ� VSHHG
PDQDJHPHQW�SROLF\�RU�PHDVXUH�JLYHQ�E\�WKH�PHGLD�FDQ�EH�ELDVHG�DQG�UHIOHFW�PDLQO\� WKH
RSLQLRQV� RI� VRPH� DFWLYH� LQWHUHVW� JURXSV�� )XUWKHUPRUH�� WKH� UHVXOWV� RI� LQWHUYLHZV� DQG
TXHVWLRQQDLUH� VXUYH\V� W\SLFDOO\� GHSHQG� RQ� WKH� VHOHFWLRQ� RI� UHVSRQGHQWV�� IRUPXODWLRQ� RI
TXHVWLRQV� DQG� ZKHWKHU� WKH� UHVSRQGHQWV� KDYH� FRUUHFW� NQRZOHGJH� DERXW� WKH� H[SHFWHG
HIIHFWV�RI�WKH�SROLF\�RU�PHDVXUH�

'HVSLWH� WKHVH� SUREOHPV�� LQIRUPDWLRQ� RQ� SXEOLF� RSLQLRQ� PD\� KHOS� WR� IRUPXODWH� SROLFLHV
WKDW� DUH� ERWK� VRFLDOO\� EHQHILFLDO� DQG� DFFHSWDEOH�� 7KH� VLPSOHVW� ZD\� RI� DFTXLULQJ� WKLV
LQIRUPDWLRQ� LV� E\� DVNLQJ� URDG� XVHUV� DQG� UHVLGHQWV� GLUHFWO\� DERXW� WKHLU� YLHZV� RI� WKH
SODQQHG� SROLF\�� 6WDWHG� SUHIHUHQFH� WHFKQLTXHV� FRXOG� EH� DSSOLHG�� IRU� H[DPSOH�� 7KH
VWUXFWXUH� RI� WKH� LQWHUYLHZ�RU� TXHVWLRQQDLUH�� KRZHYHU�� VKRXOG� EH� FDUHIXOO\� GHVLJQHG� DQG
WKH�UHVSRQGHQWV�VKRXOG�EH�SURSHUO\�LQIRUPHG�RI�DOO�LPSDFWV�RI�WKH�SROLF\� LQ�RUGHU� WR�JHW
DQ�XQELDVHG�UHVSRQVH�
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7KH�WKHRU\�RI�SODQQHG�EHKDYLRXU�E\�$M]HQ��������LV�IUHTXHQWO\�XVHG�LQ�WUDIILF�SV\FKRORJ\�
0RGHOV� EXLOW� RQ� WKLV� WKHRU\� LQGLFDWH� WKDW� GULYLQJ� EHKDYLRXU� LV� ODUJHO\� GHWHUPLQHG� E\
LQWHQWLRQV��ZKLFK� LQ� WXUQ� DUH� GHWHUPLQHG� E\� DWWLWXGHV�� VXEMHFWLYH� QRUPV�� DQG� SHUFHLYHG
EHKDYLRXUDO� FRQWURO�� +RZHYHU�� VSHHG� EHKDYLRXU� LV� QRW� RQO\� GULYHQ� E\� PRWLYDWLRQ�� EXW
DOVR�E\�H[WHUQDO�IHHGEDFN�IDFWRUV�DV�SHUFHLYHG�E\�WKH�GULYHU��VXFK�DV�URDG�GHVLJQ�HOHPHQWV
DQG� WKH� EHKDYLRXU� RI� RWKHU� URDG� XVHUV� LQ� KLV� VXUURXQGLQJV�� ,Q� )LJXUH� ��� D� FRPELQHG
RYHUDOO� PRGHO� LV� JLYHQ� RI� WKH� IDFWRUV� WKDW� LQIOXHQFH� GULYHUV©� VSHHG� EHKDYLRXU�� )RU
H[DPSOH�� HQIRUFHPHQW� PHDVXUHV� ZLOO� EH� PXFK� PRUH� HIIHFWLYH� ZKHQ� WKH� URDG� GHVLJQ� LV
DOUHDG\�LQ�OLQH�ZLWK�GULYHUV©�H[SHFWDWLRQV�FRQFHUQLQJ�WKH�EHKDYLRXU�WKDW�LV�WR�EH�H[SHFWHG
IURP�WKHP�

)LJXUH� ���� &RPELQHG� RYHUDOO� EHKDYLRXUDO� PRGHO� WR� LQGLFDWH� IDFWRUV� WKDW� LQIOXHQFH

GULYHUV©�VSHHG�EHKDYLRXU��YDQ�GHU�+RUVW�������

,Q�WKH�SURMHFW�0$67(5�IDFWRUV�DIIHFWLQJ�GULYHUV
�FKRLFH�RI�VSHHG�KDYH�EHHQ�LQYHVWLJDWHG
PDLQO\�IURP�WZR�SRLQWV�RI�YLHZ��)LUVW��LQWHUYLHZV�RI�GULYHUV�DQG�SHGHVWULDQV�ZHUH�FDUULHG
RXW�LQ�VL[�(XURSHDQ�FRXQWULHV�DERXW�WKH�DFFHSWDELOLW\�RI�SUHVHQW�VSHHGV�DQG�VSHHG�OLPLWV�
,Q�SUHSDUDWLRQ�IRU�WKHVH�LQWHUYLHZV��DQ�H[WHQVLYH�OLWHUDWXUH�UHYLHZ�ZDV�FDUULHG�RXW�RQ�WKH
UHODWLRQVKLS� EHWZHHQ� PRWLYDWLRQ� DQG� VSHHG�� 6HFRQG�� UHOHYDQW� DVSHFWV� RI� URDG� GHVLJQ
HOHPHQWV� ZLWK� UHVSHFW� WR� GULYLQJ� VSHHG� EHKDYLRXU� ZHUH� LGHQWLILHG� DQG� TXDQWLILHG� E\
H[SHULPHQWDO�VWXGLHV��9DULRXV�VSHHG�UHGXFLQJ�PHDVXUHV�DUH�DOVR�LGHQWLILHG�DQG�TXDQWLILHG�
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5.2 SPEED AND MOTIVATION

A literature study was conducted focusing on the preparation of surveys among road
users (both motorists as well as pedestrians and cyclists users) about driving speeds and
speed limits in areas within and beyond their own residential neighbourhoods (Levelt
1998). The information thus collected has consequences for the form and content of the
questions to be presented in the survey as well as for the content of possible information
campaigns. The results of this study are summarised in the following, and they were used
in the preparation of the survey described in Section 5.3.

5.2.1 Theory of planned behaviour

The theoretical model normally used in traffic psychology is the Theory of Planned
Behaviour (Ajzen 1985), an extension of the Theory of Reasoned Action (Fishbein &
Ajzen 1975).

The theory of planned behaviour is illustrated by Figure 14. In short, the theory states
that behaviour is motivated by intentions and by perceived behavioural control (do I have
the means to behave?). The intentions are caused by attitudes and subjective norm (or
the social perception). The attitude determines how favourable the behaviour is deemed
to be, based on the valued beliefs (valued expectations) associated with the behaviour
(the behaviour probably has certain outcomes, and I evaluate these outcomes as more or
less positive or negative). The subjective norm is built on the perceived opinions of
people judged as important with respect to this behaviour. The perceived behavioural
control also influences the intention. When someone is convinced that he cannot perform
the behaviour, he will probably not form an intention to do so.

Attitude

Subjective norm

Perceived 
behavioural 

control

Intention Behaviour

Figure 14. The elements of the Theory of Planned Behaviour (Levelt 1998).

This theory is criticised by Levelt (1998) for insufficient account of affective domain,
while there are indications that this domain actually contributes to the motivation for
speeding behaviour.
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������ 3ODQQLQJ�RI�TXHVWLRQQDLUHV�DQG�LQIRUPDWLRQ�FDPSDLJQV

$V�IDU�DV�WKH�IRUP�RI�WKH�TXHVWLRQV�LQ�WKH�VXUYH\�LV�FRQFHUQHG��GHWHUPLQLQJ�DQ�DWWLWXGH�LV
EDVHG�RQ�DVNLQJ� WZR�NLQGV�RI�TXHVWLRQV�� D�TXHVWLRQ�DERXW� WKH�SUREDELOLW\� WKDW� D� FHUWDLQ
EHKDYLRXU�ZLOO� OHDG� WR�D�FHUWDLQ�FRQVHTXHQFH��DQG�D�TXHVWLRQ�DERXW�KRZ�WKH�UHVSRQGHQW
HYDOXDWHV� WKDW� FRQVHTXHQFH�� 7KH� DQVZHUV� DUH� WKHQ� PXOWLSOLHG� E\� RQH� DQRWKHU� GXULQJ
VWDWLVWLFDO�DQDO\VLV��$GGLWLRQDO�SURFHVVLQJ�RI�WKHVH�SURGXFWV��FRUUHODWLRQV��IDFWRU�DQDO\VLV�
SODFHV�KLJK�GHPDQGV� RQ� WKH� FKDUDFWHU� RI� WKH� RULJLQDO� VFDOHV�� WKLV� SURFHVVLQJ� LV� SRVVLEOH
RQO\� E\� XVLQJ� UDWLR� VFDOHV�� 6LQFH� PDQ\� DWWLWXGH� VWXGLHV� DERXW� VSHHG� DQG� RWKHU� WUDIILF
EHKDYLRXU�IDLO�WR�WDNH�WKLV�UXOH�LQWR�DFFRXQW��EDVLQJ�UHVXOWV�RQ�WKHP�EHFRPHV�YHU\�GLIILFXOW
LI�QRW�LPSRVVLEOH�

$V�WR�WKH�FRQWHQW�RI�WKH�TXHVWLRQQDLUHV�DQG�LQIRUPDWLRQ�FDPSDLJQV��ERWK�HVWDEOLVKHG�DQG
QHZO\� GHYHORSHG� FRQFHSWV� FDQ� EH� IRXQG� LQ� WKH� OLWHUDWXUH� SHUWDLQLQJ� WR� URDG� VDIHW\
SV\FKRORJ\�DQG�VRFLDO�SV\FKRORJ\��7UDGLWLRQDO�PHWKRGV�RI�PHDVXULQJ�DWWLWXGH�VRPHWLPHV
LJQRUH�WKH�SRVVLELOLW\�WKDW�QHZ�PRWLYDWLRQV�DUH�JRLQJ�WR�EH�D�IDFWRU�DQG�XQGHUHVWLPDWH�WKH
IDFWRU�RI�IHHOLQJV�SHRSOH�PD\�KDYH�LQ�WKH�IXWXUH��$WWHQWLRQ�LV�UHTXHVWHG�IRU�VXFK�DWWLWXGH
FKDUDFWHULVWLFV�DV�VWUHQJWK��DFFHVVLELOLW\��DPELYDOHQFH��LPSRUWDQFH�DQG�FRQVLVWHQF\�DV�ZHOO
DV�IRU�WKH�GLIIHUHQFH�EHWZHHQ�FRJQLWLYH�DQG�DIIHFWLYH�DVSHFWV�

$WWLWXGH� LV� XQGHUVWRRG� WR� PHDQ� DQ� LQWHUQDO� VLWXDWLRQ� WKDW� FDXVHV� D� SHUVRQ� WR� UHVSRQG
IDYRXUDEO\� RU� RWKHUZLVH� WR� DQ� REMHFW� �:LWWLQN� 	� /HYHOW� ������� 7KH� REMHFW� KDV� D
FKDUDFWHULVWLF�DQG�WKLV�FKDUDFWHULVWLF�LV�HYDOXDWHG�LQ�HLWKHU�D�SRVLWLYH�RU�D�QHJDWLYH�VHQVH�
2IWHQ��DWWLWXGHV�DUH�RQO\�FRQVLGHUHG�DSSOLFDEOH�WR�EHKDYLRXU��LPSO\LQJ�HLWKHU�D�SRVLWLYH�RU
QHJDWLYH�HYDOXDWLRQ�RI�WKH�FRQVHTXHQFHV�RI�EHKDYLRXU��7KLV�DWWLWXGH�SUHGLVSRVHV�VRPHRQH
WR� DFWXDOO\� SHUIRUP� RU� QRW� SHUIRUP� WKH� EHKDYLRXU�� 7KH� DWWLWXGH� WKHUHIRUH� KDV� WZR
FRPSRQHQWV�� WKH� FRQYLFWLRQ� WKDW� WKH� EHKDYLRXU� KDV� D� FHUWDLQ� FRQVHTXHQFH�� DQG� DQ
HYDOXDWLRQ�RI� WKDW�FRQVHTXHQFH��$Q�DWWLWXGH�GRHV�QRW� OHDG�GLUHFWO\� WR�EHKDYLRXU��3HRSOH
RIWHQ� LQVHUW� DQ� LQWHQWLRQ� WKDW� LV� HOLFLWHG� E\� DQ� DWWLWXGH�� 7KH� LQWHQWLRQ� WKHQ� OHDGV� WR� WKH
EHKDYLRXU�

$WWLWXGHV�FDQ�EH�VHHQ�DV�DQWLFLSDWHG�HPRWLRQV��SHRSOH�ZHLJK�WKH�DGYDQWDJHV�DJDLQVW� WKH
GLVDGYDQWDJHV�DV�ZHOO� DV� WKH�SOHDVDQW� DQG�XQSOHDVDQW� IHHOLQJV� WR�EH�H[SHFWHG��7KHVH�GR
QRW� QHFHVVDULO\� KDYH� WR� DJUHH� ZLWK� WKH� HPRWLRQV� WKDW� ZLOO� DULVH� ZKHQ� WKH� WLPH� FRPHV�
*UDGXDOO\��PRUH�DQG�PRUH�LV�EHFRPLQJ�NQRZQ�DERXW�WKH�HIIHFW�WKDW�HPRWLRQV�KDYH�RQ�WKH
FKRLFH� RI� D� FHUWDLQ� VSHHG� DQG� RQ� WKH� DVVHVVPHQW� RI� DQRWKHU� SHUVRQ©V� VSHHG�� DV�ZHOO� DV
DERXW� WKH� XVH� RI� HPRWLRQDO� DSSHDOV� LQ� FDPSDLJQV�� 6XFK� HPRWLRQV� DV� JXLOW�� UHJUHW�� IHDU�
DQJHU��ERUHGRP�DQG�SOHDVXUH�RFFXS\�DQ� LPSRUWDQW�SODFH�KHUH�� (PRWLRQ� WKHRU\� RIIHUV� D
JRRG� IUDPHZRUN� IRU� VWXG\LQJ� WKHVH� HPRWLRQV� DV� WKH� EDVLV� IRU� PRWLYDWLRQV�� $WWHQWLRQ
VKRXOG�EH�JLYHQ�WR�LQYHVWLJDWLQJ�PRRGV�VLQFH�PRRGV�DSSHDU�WR�EH�LPSRUWDQW�IRU�DOO�NLQGV
RI�RSHUDWLRQV�DQG�EHKDYLRXUV�
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������ $WWLWXGHV�WRZDUGV�VSHHGV�DQG�VSHHG�UHGXFLQJ�PHDVXUHV

'ULYHUV
�FKRLFH�RI�VSHHG�LV�DIIHFWHG�E\�WKH�GULYLQJ�VSHHG�RI�IHOORZ�URDG�XVHUV�DQG�E\�KRZ
SHRSOH� HYDOXDWH� WKH� RSLQLRQV� DQG� UHDFWLRQV� RI� VLJQLILFDQW� RWKHUV� �IDPLO\�� IULHQGV�
SDVVHQJHUV�� WKH� SROLFH� DQG� WKH� JRYHUQPHQW��� 7KH� UHODWLYH� LPSRUWDQFH� RI� DWWLWXGHV� DQG
VRFLDO�QRUPV�GHSHQGV�RQ�WKH�NLQG�RI�URDG�LQ�TXHVWLRQ��3HRSOH�DUH�QRW�RQO\�VXEMHFW�WR�EXW
DOVR�H[HUW� VRFLDO� LQIOXHQFHV�� ,QIRUPDWLRQ�FDPSDLJQV�FDQ�PDNH�XVH�RI� WKLV� IDFW�� 3HRSOH©V
LQWHQWLRQV� DQG� EHKDYLRXUV� DUH� DOVR� DIIHFWHG� E\� WKH� FRQWURO� SHRSOH� WKLQN� WKH\� KDYH� RYHU
WKHLU� EHKDYLRXU�� 3HRSOH� QRW� RQO\� KDYH� WKH� IHHOLQJ� WKDW� LW� LV� GLIILFXOW� WR� FRQWURO� GULYLQJ
VSHHG�EHKDYLRXU��EXW�WKH\�DOVR�RYHUHVWLPDWH�WKHLU�RZQ�DELOLW\�WR�FRQWURO�WKH�FRQVHTXHQFHV
RI�VSHHG�

3HRSOH�YDU\�LQ�WKHLU�SURSHQVLWLHV�IRU�H[SHULHQFLQJ�HPRWLRQV�VXFK�DV�IHDUIXOQHVV�DV�ZHOO�DV
WKH�ZD\�LQ�ZKLFK�WKH\�PDQDJH�WKHLU�HPRWLRQV��$�IDPLOLDU�IDFWRU�LQ�VSHHG�EHKDYLRXU�LV�WKDW
RI� VHQVDWLRQ�VHHNLQJ�� 7KH� QHHG� WR� EH� LQ� FRQWURO� LQ� GLIILFXOW� VLWXDWLRQV� LV� SUREDEO\� D
SULPDU\� IDFWRU� LQ� GULYLQJ� DW� KLJKHU� VSHHGV�� WKH� QHHG� IRU� GDQJHU� SOD\V� D� OHVVHU� UROH�� $
VHFRQG� SRVVLELOLW\� LV� DJJUHVVLRQ�� $JJUHVVLRQ� SUREDEO\� OHDGV� WR� DOO� NLQGV� RI� GDQJHURXV
EHKDYLRXU��LQFOXGLQJ�GULYLQJ�DW�KLJK�VSHHGV�

/HYHOW��������SUHVHQWV�UHVXOWV�IURP�D�ODUJH�QXPEHU�RI�VWXGLHV�FRQFHUQLQJ�VSHHG�EHKDYLRXU
DQG� DWWLWXGHV� WRZDUGV� VSHHG� DQG� VSHHG�UHGXFLQJ� PHDVXUHV�� 6RPH� RI� WKH� ILQGLQJV� DUH
VXPPDULVHG�LQ�WKH�IROORZLQJ�

�� $�UHDVRQDEOH� UHODWLRQVKLS� LV�XVXDOO\� IRXQG�EHWZHHQ�GLUHFWO\�DQG� LQGLUHFWO\�PHDVXUHG
DWWLWXGHV��WKH�VXP�RI� FRQVHTXHQFHV� WLPHV�HYDOXDWLRQV���EHWZHHQ�DWWLWXGHV�DQG� VSHHG
LQWHQWLRQ�DQG�EHWZHHQ�VSHHG�LQWHQWLRQ�DQG�UHSRUWHG�EHKDYLRXU��5RWKHQJDWWHU�������

�� 7KH�SULQFLSDO�DWWLWXGH�HOHPHQWV�WKDW�GHWHUPLQH�VSHHG�LQWHQWLRQ�DQG�EHKDYLRXU��ZKHUH
LW�FRQFHUQV�GULYLQJ�RYHU�WKH�VSHHG�OLPLW��DUH�LQ�GHVFHQGLQJ�RUGHU��SOHDVXUH�LQ�GULYLQJ�
ULVN��WUDYHO�WLPH�DQG�FRVWV��3OHDVXUH�RI�GULYLQJ�LV�HVSHFLDOO\�LPSRUWDQW�RQ�PRWRUZD\V�
EXW�LQVLJQLILFDQW�RQ�XUEDQ�WUXQN�URDGV��9RJHO�	�5RWKHQJDWWHU�������

�� $WWLWXGHV�WRZDUGV�VSHHGLQJ�DUH�OHVV�QHJDWLYH�WKDQ�WRZDUGV�GUXQN�GULYLQJ�WDLOJDWLQJ�RU
GDQJHURXV� RYHUWDNLQJ�� 7KH� EHOLHIV� EHKLQG� WKH� DWWLWXGH� WRZDUGV� VSHHGLQJ� LQFOXGHG�
UDSLG�DUULYDO�DW�GHVWLQDWLRQ��GULYLQJ�IDVW� LV�SOHDVDQW�� DGDSWLQJ� WR� WKH� VSHHG�RI�RWKHUV�
VPDOO� SUREDELOLW\� RI� JHWWLQJ� FDXJKW� DQG� ILQHG�� QR� KD]DUG� WR� SHGHVWULDQV�� DQG� VPDOO
SUREDELOLW\�RI�DQ�DFFLGHQW��3DUNHU�������

�� 0RWLYHV�IRU�VSHHGLQJ�DUH�PDLQO\�WR�DGDSW�WR�WKH�VSHHG�RI�RWKHUV��EHFDXVH�RQH�LV�LQ�D
KXUU\��EHFDXVH�RQH�LV�QRW�DZDUH�RI�WKH�OLPLW��DQG�EHFDXVH�RQH�HQMR\V� LW��0RWLYHV�IRU
NHHSLQJ�WR�WKH�OLPLW�DUH�VDIHW\��OHJDO�REOLJDWLRQ��ULVN�RI�EHLQJ�ILQHG�DQG�QRW�EHLQJ�LQ�D
KXUU\��3RO�HW�DO��������

�� 3HRSOH� ZKR� GULYH� YHU\� VORZO\� GR� LW� EHFDXVH�� WKH\� ZLVK� WR� GULYH� VORZO\�� SRRU
FRQGLWLRQ� RI� WKH� FDU�� VXEMHFWLYHO\� H[SHULHQFHG� VDIHW\�� ODFN� RI� FRQILGHQFH� RU� XVLQJ� D
FDU�SKRQH��5DMDOLQ�	�6XPPDOD�������

�� 3HRSOH�DUH�PRWLYDWHG�WR�GULYH�DW�LQFUHDVLQJO\�IDVWHU�VSHHGV��6XPPDOD�������
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�� 3HRSOH� DUH� VDWLVILHG� ZLWK� WKH� SUHYDLOLQJ� VSHHG� OLPLWV�� EXW� WKH\� DUH� DOVR� ZLOOLQJ� WR
DFFHSW�ORZHU�OLPLWV�LI�LW�FRQFHUQV�(XURSHDQ�UHJXODWLRQ��6$575(�����D������E��

�� 5HVLGHQWV�JHQHUDOO\� OLNH� WKH� LQWURGXFWLRQ�RI� ORZ�VSHHG�OLPLWV�����NP�K�� LQ� WKHLU�RZQ
XUEDQ�QHLJKERXUKRRG�LQ�FRQQHFWLRQ�RI�WUDIILF�FDOPLQJ�VFKHPHV��&KLOGUHQ�LQ�SDUWLFXODU�
DQG� SHGHVWULDQV� LQ� JHQHUDO�� ZHUH� LGHQWLILHG� DV� WKH� PDLQ� EHQHILFLDULHV� �0DF.LH� 	

:HEVWHU������

�� 7KH� DFFHSWDQFH� RI� ORZHUHG� VSHHG� OLPLWV� ���� NP�K�� LQFUHDVHV� VLJQLILFDQWO\� IROORZLQJ
WKH�LQWURGXFWLRQ�RI�WKH�PHDVXUH�DPRQJ�DOO�URDG�XVHU�JURXSV��6DPPHU������

�� $FFRUGLQJ� WR� VSHHG�UHGXFLQJ�PHDVXUHV� DUH� MXGJHG�PRUH� IDYRXUDEO\� WKH�PRUH�HIIHF�
WLYH� WKH\� ZHUH� FRQVLGHUHG� WR� EH�� DQG� WKH� OHVV� WKH\� FDXVHG� SHUVRQDO� GLVDGYDQWDJH
�UHGXFWLRQ�RI�FKRLFH��LQFUHDVHG�MRXUQH\�WLPHV�RU�GLVFRPIRUW���&DUWK\�HW�DO��������

�� 3HRSOH�JHQHUDOO\�KDYH�D�SRVLWLYH�YLHZ�RI�SROLFH�HQIRUFHPHQW�IRU�VSHHGLQJ��&DUWK\�HW
DO��������2HL�	�*ROGHQEHOG�����������D������E�������

�� ,Q�D�1HZ�=HDODQG�VXUYH\�LW�ZDV�IRXQG�WKDW�DFFRUGLQJ�WR�����RI�UHVSRQGHQWV�WKH�QHZ
GHPHULW�SRLQWV� UHJLPH�DJDLQVW� VSHHGLQJ�ZDV�HLWKHU� DFFHSWDEOH�RU�QRW� VHYHUH�HQRXJK
�3HUNLQV�������

�� 3HRSOH�ZKR� UDUHO\�RU�QHYHU� VSHHG� WKHPVHOYHV�XQGHUHVWLPDWHG� WKH�QXPEHU�RI�SHRSOH
ZKR�UHJXODUO\�VSHHG��ZKHUHDV�SHRSOH�ZKR�RIWHQ�VSHHG��RYHUHVWLPDWHG�LW��0DQVWHDG�HW

DO��������

�� /RFDO�LQKDELWDQWV�RIWHQ�GHPDQG�ORZHU�VSHHGV�LQ�WKHLU�RZQ�QHLJKERXUKRRG��&DLUQH\�HW
DO�� ������� DQG� DUH� JHQHUDOO\� SOHDVHG� ZLWK� DFKLHYHG� VSHHG� UHGXFWLRQV� �+HUUVWHGW
�������7KH\�DOVR�DUJXH�LQ�IDYRXU�RI�VWULFWHU�SROLFH�HQIRUFHPHQW��&DUWK\�HW�DO��������

�� 3HRSOH� PD\� DOVR� KDYH� D� VHQVH� RI� WHUULWRU\� LQ� WKHLU� ORFDO� DUHD� DQG� LJQRUH� ORFDO
UHJXODWLRQV��LI�WKH\�IHHO�WKH\�DUH�WKHUH�PDLQO\�WR�FRQWURO�WKURXJK�WUDIILF��-RQHV�������

�� &KDQJLQJ� VSHHG� EHKDYLRXU� E\� PHDQV� RI� LQIOXHQFLQJ� DWWLWXGHV� LV� DOPRVW� LPSRVVLEOH�
1HLWKHU� WKH� FRQVHTXHQFH�� L�H�� GULYLQJ� SOHDVXUH�� QRU� LWV� HYDOXDWLRQ� FDQ� EH� LQIOXHQFHG
�5RWKHQJDWWHU� ������ ������� 6HYHUDO� VWXGLHV� DUH� LQ� OLQH� ZLWK� WKLV� FRQFOXVLRQ� �H�J�
6SRODQGHU�������1ROHQ�	�-RKDQVVRQ��������5RRLMHUV�������3DUNHU��������DOWKRXJK
DOVR�GLIIHUHQW�UHVXOWV�H[LVW��H�J��0HQWLQJ�	�6WH\YHUV�������6HQLRU�HW�DO��������
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���� $&&(37$%,/,7<�2)�35(6(17�63(('6

������ 5HVHDUFK�PHWKRG

$OWRJHWKHU� ����� URDG� XVHUV� LQ� VL[� (XURSHDQ� FRXQWULHV� ����� LQ� HDFK� FRXQWU\�� ZHUH
LQWHUYLHZHG�DERXW�DFFHSWDELOLW\�RI�OHYHOV�RI�VSHHG�DQG�RI�PHDVXUHV�WR�OLPLW�VSHHG��5LVVHU
	�/HKQHU��������,Q�HDFK�FRXQWU\�����URDG�XVHUV�ZHUH�VHOHFWHG�LQ�HDFK�RI�IRXU�VLWXDWLRQV�

�� EHWZHHQ�MXQFWLRQV�RQ�D����RU���ODQH�XUEDQ�URDG�

�� LQ�D�QDUURZ�RQH�ZD\�XUEDQ�VWUHHW�ZLWK�SDUNHG�FDUV�

�� DW�DQ�XQFRQWUROOHG�MXQFWLRQ�ZLWK�FDU�GULYHUV�LQWHUDFWLQJ�ZLWK�SHGHVWULDQV�DQG�F\FOLVWV
ZKLOH�JRLQJ�DKHDG�RU�WXUQLQJ��DQG

�� DW�WKH�HQWUDQFH�WR�D�YLOODJH�

$ERXW�KDOI�RI�WKRVH�DW�HDFK�VLWH�ZHUH�LQWHUYLHZHG�DV�EHLQJ�FDU�GULYHUV�DQG�WKH�RWKHU�KDOI
DV�EHLQJ�SHGHVWULDQV��LQFOXGLQJ�D�IHZ�F\FOLVWV���7KH�UHVSRQVHV�ZHUH�VXIILFLHQWO\�FRQVLVWHQW
DFURVV�WKH���FRXQWULHV�IRU�WKH�GDWD�IRU�DOO������URDG�XVHUV� WR�EH� LQWHUSUHWHG� ODUJHO\�DV�D
ZKROH�

7KH�PRGHO�XQGHUO\LQJ�WKH�LQWHUYLHZV�LV�SUHVHQWHG�LQ�)LJXUH����

,��5HDO�VSHHGV�DQG�WKHLU

DVVHVVPHQW�E\�WKH

LQWHUYLHZHHV

,9��([SODQDWLRQ�IRU�RQH
V

RZQ�EHKDYLRXU��ZKDW�LV

WKH�JRDO�RI�LW��PRWLYHV�

LQWHUHVWV�

9,,��'LUHFWLRQ�DQG�GHJUHH

RI�QHFHVVDU\�FKDQJHV�LQ

EHKDYLRXU�DQG�WKH

LQWHUDFWLRQ�VWUXFWXUHV

UHVXOWLQJ�WKHUHRI

,,��([SODQDWLRQ�RI�WKH

DVVHVVPHQW��FULWHULD�IRU�LW

�DWWLWXGHV�

9��7HFKQLFDO�UHDVRQV�IRU

FULWLFDO�EHKDYLRXU�

VXSSRVHG�PRWLYHV�RI�WKH

RWKHU�URDG�XVHUV

9,,,��0HDVXUHV�WR

DFKLHYH�FKDQJH��:KDW

VKRXOG�EH�GRQH�WR

DFKLHYH�FKDQJHV"

,,,��'HVFULSWLRQ�DQG

DVVHVVPHQW�RI�RQH
V�RZQ

EHKDYLRXU�DQG�LWV�FRQ�

WULEXWLRQ�WR�WKH�SUHVHQW

VLWXDWLRQ

9,��'HJUHH�RI�QHFHVVLW\

RI�D�FKDQJH��GHJUHH�RI

VXIIHULQJ�IURP�SUREOHPV

,;��2QH
V�RZQ

SUHSDUHGQHVV�WR�DFFHSW

FKDQJHV��DFFHSWDQFH��

YL]�WR�FRQWULEXWH�RQHVHOI

ZLWK�RQH
V�RZQ�EHKDYLRXU

)LJXUH�����6WUXFWXUH�RI�WKH�LQWHUYLHZV��5LVVHU�	�/HKQHU�������
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������ 5HVXOWV�IURP�LQWHUYLHZV

7KH�PDMRULW\�RI�ERWK�FDU�GULYHUV�DQG�SHGHVWULDQV�FRQVLGHU� WKH�FXUUHQW� VSHHG� OLPLWV� LQ� DV
DSSURSULDWH��+RZHYHU�� DERXW� KDOI� RI� WKRVH� LQWHUYLHZHG� DV� FDU� GULYHUV� DQG� DERXW� WKUHH�
ILIWKV�RI�WKRVH�LQWHUYLHZHG�DV�SHGHVWULDQV�WKRXJKW�WKDW�FXUUHQW�VSHHGV�LQ�JHQHUDO�ZHUH�WRR
KLJK�� $VNHG� DERXW� VSHHGV� RI� WUDIILF� DW� WKH� VDPSOLQJ� VLWHV�� RYHU� RQH�WKLUG� RI� WKRVH
LQWHUYLHZHG� DV� GULYHUV� DQG� RYHU� KDOI� RI� WKRVH� LQWHUYLHZHG� DV� SHGHVWULDQV� WKRXJKW� WKH\
ZHUH�WRR�KLJK��ZKHUHDV�OHVV�WKDQ����SHU�FHQW�WKRXJKW�WKH\�ZHUH�WRR�ORZ�

:KHQ�DVNHG�DERXW�VLWXDWLRQV�LQ�ZKLFK�VSHHGV�VKRXOG�EH�UHGXFHG��ERWK�JURXSV�PHQWLRQHG
WKH�SUHVHQFH�RI�SHGHVWULDQV��HVSHFLDOO\�FKLOGUHQ�DQG�WKH�HOGHUO\�� WKRVH� LQWHUYLHZHG�DV�FDU
GULYHUV�ZHUH�PRUH� OLNHO\� WR�PHQWLRQ� EDG� URDG�� WUDIILF� RU�ZHDWKHU� FRQGLWLRQV�� 7KH� VDPH
FRQGLWLRQV��WRJHWKHU�ZLWK�WKH�SUHVHQFH�RI�SHGHVWULDQV��ZHUH�PHQWLRQHG�ZKHQ�LQWHUYLHZHHV
ZHUH� DVNHG� XQGHU�ZKDW� FLUFXPVWDQFHV� GULYHUV� VKRXOG� GULYH� EHORZ� WKH� VSHHG� OLPLW�� 7KH
OLNHOLKRRG�RI�HQIRUFHPHQW�ZDV�DOVR�PHQWLRQHG�DV�D�UHDVRQ�IRU�GRLQJ�VR�

$VNHG�ZKHWKHU�PHDVXUHV�VKRXOG�EH�WDNHQ�WR�FKDQJH�WKH�VSHHG�DW�WKH�LQWHUYLHZ�VLWH��RYHU
D�WKLUG�RI�WKRVH�LQWHUYLHZHG�DV�GULYHUV�DQG�QHDUO\�KDOI�RI�WKRVH�LQWHUYLHZHG�DV�SHGHVWULDQV
VDLG�\HV��DQG�D�FOHDU�PDMRULW\�RI�ERWK�JURXSV�IDYRXUHG�UHGXFWLRQ�

7KHUH�ZDV�DQ�DSSUHFLDEOH�WHQGHQF\�IRU�WKRVH�LQWHUYLHZHG�DV�GULYHUV�WR�VD\�WKDW�WKH\�GULYH
VRPHZKDW� VORZHU� WKDQ� RWKHUV� DQG� WKDW� WKH\� H[FHHG� VSHHG� OLPLWV� OHVV� IUHTXHQWO\� WKDQ
RWKHUV�� DQG� IRU� OHVV� VHOILVK� UHDVRQV��0RUH� WKDQ� KDOI� RI� WKH� FDU� GULYHUV� DQG� HYHQ� PRUH
SHGHVWULDQV� WKLQN� WKDW� VSHHG� OLPLWV� VKRXOG� EH� UHVSHFWHG� XQGHU� DOO� FLUFXPVWDQFHV�� %RWK
JURXSV� KDYH� WKH� LPSUHVVLRQ� WKDW� VSHHG� OLPLWV� DUH� H[FHHGHG� UDWKHU� RIWHQ�� HVSHFLDOO\� RQ
PRWRUZD\V�DQG�RQ�UXUDO�URDGV�

+LJK�VSHHG�ZDV�DOVR�PHQWLRQHG�E\�ERWK�JURXSV�RI�LQWHUYLHZHHV�DV�RQH�RI�WKH�DVSHFWV�RI
WKHLU�XVH�RI�WKH�URDGV�WKDW�WKH\�IHOW�ZDV�GDQJHURXV��0RUH�WKDQ�WKUHH�ILIWKV�RI�HDFK�JURXS
VDLG� WKDW� WKH\� RIWHQ� HQFRXQWHUHG� GDQJHURXV� VLWXDWLRQV�� 6LPLODU� SURSRUWLRQV� UHJDUGHG
GULYLQJ�DW�KLJK�VSHHG�DV�DJJUHVVLYH�DQG�DV�UHFNOHVV��DQG�RYHU����SHU�FHQW�UHJDUGHG�LW�DV
GDQJHURXV�

%RWK� GULYHUV� DQG� SHGHVWULDQV� UHDOLVH� WKDW� LQDSSURSULDWH� VSHHGV� KDYH� QHJDWLYH
FRQVHTXHQFHV�IRU�UHVLGHQWV©�OLIH�TXDOLW\��3HGHVWULDQV�H[SHULHQFH�YHKLFOH�VSHHGV�DV�WRR�IDVW
PRUH� RIWHQ� WKDQ� FDU� GULYHUV�� &RQVHTXHQWO\�� SHGHVWULDQV� DUH� PRUH� LQ� IDYRXU� RI� VSHHG�
UHGXFLQJ�PHDVXUHV� WKDQ�FDU�GULYHUV�� HVSHFLDOO\�DW� VLWHV�ZKHUH� WKH\�KDYH� WR� LQWHUDFW�ZLWK
FDU�GULYHUV�

3HGHVWULDQV� FRQVLGHU� PHDVXUHV� WKDW� DIIHFW� FDU� GULYHUV©� EHKDYLRXU� GLUHFWO\�� VXFK� DV
HQIRUFHPHQW�E\�SROLFH��QRQ�VWDWLRQDU\�VSHHG�FKHFNV��VSHHG�KXPSV��DQG�VSHHG�OLPLWHUV� LQ
FDUV�� DV�PRUH� HIIHFWLYH� WKDQ� FDU� GULYHUV� GR��&DU� GULYHUV� FRQVLGHU�PHDVXUHV� WKDW� GR� QRW
GLUHFWO\�DIIHFW� WKHLU�EHKDYLRXU��VXFK�DV�FOHDU� DQG�ZHOO� LQGLFDWHG� VSHHG� OLPLW� VLJQV��EHWWHU
URDG�PDUNLQJV��DQG�EHWWHU�LQIRUPDWLRQ�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�VSHHG�DQG�DFFLGHQW
ULVN�� PRVW� IUHTXHQWO\� DV� HIIHFWLYH�� &DU� GULYHUV� DOVR� WKLQN� WKDW� WKH� HIIHFWLYHQHVV� DQG
DFFHSWDQFH�RI�PHDVXUHV�LV�KLJKHU�ZKHQ�WKH\�GR�QRW�DIIHFW�WKHLU�EHKDYLRXU�GLUHFWO\�
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/DUJH�PDMRULWLHV� RI� ERWK� JURXSV� RI� LQWHUYLHZHHV� DJUHHG�ZLWK� D� UDQJH� RI� VWDWHPHQWV� RI
DGYDQWDJHV�RI�ORZHU�VSHHGV�� LQFOXGLQJ�VWDWHPHQWV�DERXW� WKH�TXDOLW\�RI�XUEDQ�OLIH�DV�ZHOO
DV�VWDWHPHQWV�DERXW�URDG�VDIHW\�

$OO�LQ�DOO�WKHVH�ILQGLQJV�LQGLFDWH�FOHDU�GLVVDWLVIDFWLRQ�ZLWK�FXUUHQW�OHYHOV�RI�VSHHG��DPRQJ
GULYHUV�WKHPVHOYHV�DV�ZHOO�DV�DPRQJ�YXOQHUDEOH�URDG�XVHUV��DQG�LQ�WHUPV�RI�WKH�TXDOLW\�RI
XUEDQ�OLIH�DV�ZHOO�DV�URDG�VDIHW\��7KHUH� LV�D�UHDGLQHVV�DW� OHDVW� LQ�SULQFLSOH� WR� VHH� VSHHGV
UHGXFHG�� 7KLV� LQGLFDWHV� WKDW�� QRWZLWKVWDQGLQJ� FXUUHQW� FKRLFHV� RI� VSHHG� E\� GULYHUV�� WKH
FOLPDWH�IRU�VSHHG�PDQDJHPHQW�SROLFLHV�IRU�PRGHUDWLQJ�VSHHG�PD\�ZHOO�EH�IDYRXUDEOH�

������ 7KH�XVH�RI�UHVXOWV�LQ�PDUNHWLQJ�DQG�GHFLVLRQ�PDNLQJ

5LVVHU�	�/HKQHU��������GHPRQVWUDWH�WKDW�¨VHOOLQJ©�WUDIILF�VDIHW\�PHDVXUHV�LQFOXGLQJ�VSHHG
PDQDJLQJ�PHDVXUHV�LV�D�FRPPXQLFDWLRQ�SURFHVV�DFFRUGLQJ�WR�D�JHQHUDO�PDUNHWLQJ�PRGHO�
7KH� VWHSV� LQ� WKH� PRGHO� LQFOXGH�� IRU� H[DPSOH�� D�� GHILQLWLRQ� RI� ZKDW� LV� JRLQJ� WR� EH
PDUNHWHG��E��OHDUQLQJ�DERXW�WKH�FXVWRPHU��F��SURYLVLRQ�RI�XQGHUVWDQGDEOH�DQG�FOHDU�ODZV
DQG�UHJXODWLRQV��G��GLVWULEXWLRQ�RI�WKH�SURGXFW�WR�UHOHYDQW�JURXSV�LQ�WKH�ULJKW�FRQWH[W��H�
FRPPXQLFDWLRQ� RI� LQIRUPDWLRQ� DERXW� WKH� SURGXFW� LQ� D� ZD\� WKDW� LV� DSSUHFLDWHG� E\� WKH
FXVWRPHUV��DQG�I��SURYLVLRQ�RI�LQFHQWLYHV�IRU�WKH�LQWHQGHG�EHKDYLRXU��7KH�UHVXOWV�GHULYHG
IURP� WKH� LQWHUYLHZV� FOHDUO\� VKRZHG� WKDW� WUDIILF� VDIHW\� LPSOLFDWLRQV� DUH� DVSHFWV� WKDW� DOO
URDG�XVHUV�FRQVLGHU�WR�EH�LPSRUWDQW��ZKHQ�WKH\�DUH�DVNHG�DERXW�WKH�LPSRUWDQFH�RI�VSHHG
OLPLWV�DQG�RI�URDG�XVHUV©�FRPSOLDQFH��%XW�FDU�GULYHUV�FRQQHFW�GDQJHURXV�VLWXDWLRQV�ZLWK
WKH�SUHVHQFH�RI�RWKHU�FDU�GULYHUV�DQG�QRW�VR�PXFK�ZLWK� WKHLU�RZQ�EHKDYLRXU��+RZHYHU�
PRVWO\�LQ�FRQQHFWLRQ�ZLWK�EHLQJ�LQ�D�KXUU\�RU�QRW�ZDQWLQJ�WR�GLVWXUE�WKH�WUDIILF�IORZ��FDU
GULYHUV�DJUHH�WKDW�WKH\�FRQWULEXWH�WR�VSHHG�SUREOHPV��$UJXPHQWV�VKRXOG�EH�UHODWHG�WR�WKLV
DVSHFW� DQG� FRPELQHG� ZLWK� WKH� SHUVSHFWLYH� WKDW� FDU� GULYHUV� DUH� ZHOO� DZDUH� WKDW
LQDSSURSULDWH�VSHHGV�FDXVH�VHULRXV�SUREOHPV� IRU�SHGHVWULDQV�DQG� UHVLGHQWV��7KH�SHUVRQV
WR�EH�DGGUHVVHG��VKRXOG�DOVR�EH�UHPLQGHG�ZLWK�IDFWV�WKDW�VSHHGLQJ�RFFXUV�IUHTXHQWO\�DQG
HYHU\ZKHUH�� L�H�� VSHHGLQJ� LV� QRW� D�PDUJLQDO� SUREOHP�� 7KH� UHVXOWV� DOVR� VKRZHG� WKDW� IRU
FRPPXQLFDWLQJ�ZLWK�WKH�SXEOLF�RQH�VKRXOG�IRFXV�RQ�WKH�DGYDQWDJHV�RI�ORZHU�VSHHGV�DQG
ZKDW�WKH\�FDQ�FRQWULEXWH�WR�WKH�TXDOLW\�RI�OLIH�IRU�UHVLGHQWV��6LQFH�FDU�GULYHUV�LQ�WKHLU�UROH
DV� UHVLGHQWV�ZRXOG� EHQHILW� IURP� D� EHWWHU� VSHHG�PDQDJHPHQW� DV�ZHOO�� WKH� XVHIXOQHVV� RI
WUDIILF� VDIHW\�PHDVXUHV� IRU� UHVLGHQWV� VKRXOG�EH�PDGH�PRUH� WUDQVSDUHQW��$QRWKHU�ZD\� RI
LQFUHDVLQJ� WKH�DFFHSWDQFH� RI� WUDIILF� VDIHW\�PHDVXUHV� LV� WR� FRPPXQLFDWH� WKDW� HYHQ�ZKHQ
EHWWHU�DGDSWHG�VSHHGV�DUH�IHOW�UHVWULFWLYH�E\�GULYHUV�IURP�WKHLU�SRLQW�RI�YLHZ��WKH\�KHOS�WR
LPSURYH�WKH�VLWXDWLRQ�RI�RWKHUV�

���� (1)25&(0(17

7KH�UHVXOWV�RI�D�OLWHUDWXUH�UHYLHZ�E\�2HL��������RQ� WKH�HIIHFWV�RI�HQIRUFHPHQW�RQ�VSHHG
EHKDYLRXU�DQG�VDIHW\�DUH�VXPPDULVHG�LQ�WKH�IROORZLQJ�
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������ (IIHFWV�RI�VSHHG�HQIRUFHPHQW

7KH�SXUSRVH�RI�VSHHG�HQIRUFHPHQW�E\�WKH�SROLFH� LV� WR�NHHS�DFWXDO�GULYLQJ�VSHHGV�ZLWKLQ
WKH� OHJDO� OLPLWV�� (QIRUFHPHQW� PHDVXUHV� FDQ� EH� HIIHFWLYH� RQO\� ZKHQ� WKH� SUREDELOLW\� RI
JHWWLQJ� FDXJKW�� DV� SHUFHLYHG� E\� WKH� GULYHU�� LV� UHODWLYHO\� KLJK�� 6SHHG� HQIRUFHPHQW� DW
VSHFLILF� SUREOHP� ORFDWLRQV� RU� RQ� VSHFLILF� URXWHV� FDQ� VLJQLILFDQWO\� GHFUHDVH� VSHHGV�� 7KH
LPSDFW�RI�HQIRUFHPHQW�RQ�DFWXDO�VSHHGV�GHSHQGV�RQ�VHYHUDO�IDFWRUV��H�J��D��DFWXDO�VSHHG
OHYHO� FRPSDUHG� WR� VSHHG� OLPLW�� E�� LQWHQVLW\� RI� HQIRUFHPHQW� �ULVN� RI� JHWWLQJ� FDXJKW��� F�
SHQDOW\�V\VWHP��DQG�G��SXEOLFLW\�

,W� LV� VXJJHVWHG� VXJJHVWV� WKDW� D� ¨K\VWHUHVLV©� W\SH� RI� FXUYH� LQ� JHQHUDO� UHIOHFWV� ZHOO� WKH
UHODWLRQVKLS�EHWZHHQ�WKH�OHYHO�RI�HQIRUFHPHQW�DQG�WKH�OHYHO�RI�FRPSOLDQFH��)LJXUH�����
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)LJXUH�����+\SRWKHWLFDO�UHODWLRQVKLS�EHWZHHQ�HQIRUFHPHQW�OHYHO�DQG�FRPSOLDQFH�ZLWK

D�VSHHG�OLPLW��2HL�������

7KH� HIIHFWV� RI� WUDGLWLRQDO� VSHHG� HQIRUFHPHQW� ZKHUH� SROLFH� RIILFHUV� PHDVXUH� VSHHGV� E\
UDGDU�DQG�VWRS�VSHHGHUV�IRU�WLFNHWLQJ�DUH�W\SLFDOO\�OLPLWHG�LQ�WLPH�DQG�VSDFH��)XUWKHUPRUH�
VXFK�HQIRUFHPHQW�LV�UDWKHU�UHVRXUFH�LQWHQVLYH�DQG�QRW�QHFHVVDULO\�YHU\�FRVW�HIIHFWLYH�

6SHHG�FDPHUDV�KDYH�SURYHG�WR�EH�HIIHFWLYH�DQG�HFRQRPLF�LQ�PDQ\�FDVHV�EXW�FDQ�DOVR�EH
UHVRXUFH�FRQVXPLQJ�LI� WKH� ODZ�UHTXLUHV� WKDW� WKH�VSHHGLQJ�GULYHU�PXVW�EH� LGHQWLILHG� IURP
WKH� SKRWR��0RGHUQ� WHFKQRORJ\� RIIHUV� VHYHUDO� UHODWLYHO\� FKHDS� DQG� HIIHFWLYH� PHDQV� IRU
VSHHG�HQIRUFHPHQW�SURYLGHG�WKDW�WKH�GULYHU�GRHV�QRW�KDYH�WR�EH�LGHQWLILHG��EXW�LQVWHDG�WKH
RZQHU� RI� WKH� YHKLFOH� FDQ� EH� KHOG� UHVSRQVLEOH�� $Q� H[DPSOH� RI� VXFK� VROXWLRQ� LV� DQ
HOHFWURQLF�LGHQWLILFDWLRQ�GHYLFH�LQ�WKH�YHKLFOH�WKDW�FRXOG�EH�XVHG�DOVR�IRU�RWKHU�SXUSRVHV�
VXFK� DV� IRU� FROOHFWLRQ� RI� URDG� WROOV� DQG� SDUNLQJ� IHHV�� $W� WKH� PRPHQW� VXFK� V\VWHPV
SUREDEO\�ODFN�SXEOLF�VXSSRUW��2HL�������YDQ�GHU�+RUVW�������
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6SHHG� HQIRUFHPHQW� DW� VSHFLILF� SUREOHP� ORFDWLRQV� RU� RQ� VSHFLILF� URXWHV� KDV� D� UHGXFLQJ
HIIHFW�RQ�VSHHG��DV�VHYHUDO�H[DPSOHV�VKRZ�

�� $Q�DXWRPDWLF�VSHHG�ZDUQLQJ�V\VWHP�QHDU�D�VFKRRO�FRXOG�UHVXOW�LQ�D�VSHHG�UHGXFWLRQ
RI���NP�K��6SHHG�HQIRUFHPHQW� DW� IRXU�XUEDQ� LQWHUVHFWLRQV� �LQ� FRPELQDWLRQ�ZLWK� UHG
OLJKW�HQIRUFHPHQW��UHVXOWHG�LQ�D�UHGXFWLRQ�RI�WKH�SHUFHQWDJH�RI�FDUV�ZLWK�D�VSHHG�!���
NP�K�DERYH�WKH�VSHHG�OLPLW�RI����NP�K�EHWZHHQ����DQG����

�� ([SHULPHQWDO� VWXGLHV�ZLWK� DXWRPDWLF� VSHHG�ZDUQLQJ� DQG� HQIRUFHPHQW� PHDVXUHV� RQ
VSHFLILF�URXWHV�UHVXOWHG�LQ�VSHHG�UHGXFWLRQV�RI�DERXW���WR�XS�WR���NP�K��ZLWK�PRVW�RI
WKH�WLPH�DOVR�DQ�REYLRXV�UHGXFWLRQ�LQ�DFFLGHQW�UDWHV�

�� $UHD�ZLGH�HQIRUFHPHQW�PHDVXUHV�RQ�UXUDO�URDGV�LQ�WKH�1HWKHUODQGV�UHVXOWHG�LQ�VSHHG
UHGXFWLRQV�RI�DERXW�����NP�K��WKRXJK�ZLWKRXW�FOHDU�UHGXFWLRQV�LQ�DFFLGHQW�UDWHV�

�� ,Q�DQ�XUEDQ�DUHD�VSHHG�UHGXFWLRQV�RI�����NP�K�ZHUH�IRXQG�WRJHWKHU�ZLWK�D�UHGXFWLRQ
LQ�DFFLGHQW�UDWHV�RI�����

�� $� YHU\� LQWHQVLYH� HQIRUFHPHQW� FDPSDLJQ� LQ� 9LFWRULD�� $XVWUDOLD�� ZLWK� ����� FDPHUD
VLWHV�� ��� UDGDU� FDPHUD� V\VWHPV� UHVXOWLQJ� LQ� WKH� FKHFNLQJ� RI� WKH� VSHHG� RI� HYHU\� FDU
QLQH�WLPHV�D�PRQWK��UHVXOWHG�LQ�QR�GHFUHDVH�LQ�WKH�DYHUDJH�VSHHG�OHYHO��EXW�LQ�D�FOHDU
UHGXFWLRQ� RI� H[FHVVLYH� VSHHGV�� 2YHU� D� SHULRG� RI� ILYH� \HDUV� D� ���� UHGXFWLRQ� RI
FROOLVLRQV������LQ�PDMRU�LQMXULHV��DQG�����LQ�IDWDOLWLHV�ZDV�DFKLHYHG��8QIRUWXQDWHO\�
WKH� HIIHFWV� RI� HQIRUFHPHQW� RQ� VSHHGLQJ� DQG� RQ� GULQNLQJ� DQG� GULYLQJ� FRXOG� QRW� EH
VHSDUDWHG�IURP�HDFK�RWKHU�LQ�WKLV�VWXG\�

�� ,Q� JHQHUDO�� HIIHFWV� RI� D� VLQJOH� HQIRUFHPHQW� FRQWURO� ODVW� IURP� WKUHH� GD\V� DQG� RI
UHSHDWHG� HQIRUFHPHQW� FKHFNV� XS� WR� �� WR� ��� GD\V�� (IIHFWV� RI� D� VWDWLRQDU\� SDUNHG
FOHDUO\�YLVLEOH�SROLFH�FDU�UHVXOWHG�LQ�D�VSHHG�UHGXFLQJ�HIIHFW�RYHU�D�OHQJWK�RI�������NP
IURP�WKH�DFWXDO�FKHFNSRLQW��$�SROLFH�FDU�UDQGRPO\�PRYLQJ�DURXQG�DORQJ�D�VWUHWFK�RI
URDG�FDXVHG�VSHHG�UHGXFWLRQV�DV�IDU�DV����NLORPHWUHV�DZD\�IURP�WKH�FDU�

������ 5HFRPPHQGDWLRQV�IRU�VSHHG�HQIRUFHPHQW

$�QXPEHU�RI�UHFRPPHQGDWLRQV�IRU�HIIHFWLYH�VSHHG�HQIRUFHPHQW�DUH�JLYHQ�RQ�WKH�EDVLV�RI
WKH�OLWHUDWXUH�VWXG\�IRU�H[DPSOH�

�� ([SOLFLWO\� DQG� TXDQWLWDWLYHO\� IRUPXODWHG� JRYHUQPHQW� SROLF\� REMHFWLYHV� UHJDUGLQJ
VSHHG�DQG�DFFLGHQW�UHGXFWLRQ�DUH�QHHGHG�

�� %HFDXVH� RI� KLJKHU� HIILFLHQF\� RI� VSHHG�FDPHUD� HQIRUFHPHQW� FRPSDUHG� WR� WUDGLWLRQDO
VSHHG� HQIRUFHPHQW� ZKHUH� VSHHGHUV� DUH� VWRSSHG�� WKH� ILUVW� W\SH� RI� HQIRUFHPHQW� LV
UHFRPPHQGHG�

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

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

�� )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�
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�� (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�

�� 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�

���� ��52$'�'(6,*1

$SDUW� IURP� DOO� NLQG� RI� LQWHUQDO� IDFWRUV� WKDW� LQIOXHQFH� GULYHUV©� VSHHG� FKRLFH� VXFK� DV
PRWLYDWLRQ��LQWHQWLRQV��HPRWLRQV�DQG�WKH�OLNH��DOVR�URDG�GHVLJQ�DQG�WKH�PDQQHU�WKH�URDG�LV
SHUFHLYHG�E\�WKH�URDG�XVHU�PD\�FRQVLGHUDEO\�FRQWULEXWH�WR�GULYHUV©�VSHHG�FKRLFH��)LJXUH
����SDJH������$V�VSHHG�SHUFHSWLRQ�GHSHQGV�RQ�FXHV� LQ� WKH�YLVXDO�HQYLURQPHQW��D�SURSHU
GHVLJQ�RI�WKH�URDG�HQYLURQPHQW�PD\�EULQJ�GULYHUV©�VSHHG�FKRLFH�DQG�H[SHFWDQF\�PRUH�LQ
OLQH�ZLWK�ZKDW� LV� FRQVLGHUHG� WR� DSSURSULDWH� LQ� WKH� JLYHQ� FLUFXPVWDQFHV� �9DQ�GHU�+RUVW
������

)RXU�VWXGLHV�ZHUH�FRQGXFWHG�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�URDG�GHVLJQ�DQG�VSHHG��)LUVW�RI
DOO�� D� OLWHUDWXUH� VWXG\� �0DUWHQV� HW� DO�� ������ JDYH� DQ� RYHUYLHZ�RI� URDG� GHVLJQ� HOHPHQWV
WKDW� DIIHFW� GULYLQJ� VSHHG�� 6HFRQGO\�� D� VXUYH\�ZDV� FRQGXFWHG� LQ� (XURSHDQ� FRXQWULHV� WR
ILQG�RXW�VSHHG�UHGXFLQJ�HIIHFWV�RI�GLIIHUHQW� FRXQWHU�PHDVXUHV� WKDW�ZHUH�QRW� UHSRUWHG� LQ
OLWHUDWXUH� �0DUWHQV�	�.DSWHLQ��������$� WKLUG� VWXG\� ORRNHG� DW� WKH� UHODWLRQVKLS� EHWZHHQ
VXEMHFWLYH�URDG�FDWHJRULVDWLRQ�DQG�GULYLQJ�VSHHG��.DSWHLQ�	�&ODHVVHQV��������$�IRXUWK
VWXG\� LQYHVWLJDWHG� KRZ� GULYHUV� OHDUQ� WR� FODVVLI\� FRUUHFWO\� FDWHJRULHV� RQ� WKH� EDVLV� RI
IHHGEDFN� RQO\�� ZLWKRXW� NQRZLQJ� ZKLFK� GHVLJQ� HOHPHQWV� SURYLGHG� WKLV� LQIRUPDWLRQ
�.DSWHLQ�HW�DO���������7KHVH�VWXGLHV�DUH�VXPPDULVHG�LQ�WKH�IROORZLQJ�

������ /LWHUDWXUH�UHYLHZ�DQG�VXUYH\

0DUWHQV�HW�DO���������FRQGXFWHG�DQ�H[WHQVLYH� OLWHUDWXUH�UHYLHZ�WR� LGHQWLI\�UHOHYDQW�URDG
GHVLJQ� DVSHFWV� WKDW� LQIOXHQFH� GULYLQJ� VSHHG� EHKDYLRXU� DQG� WKH� HIIHFWV� RI� VHYHUDO� VSHHG�
UHGXFLQJ� PHDVXUHV�� 0DUWHQV� 	� .DSWHLQ� ������� FRQGXFWHG� D� VXUYH\� DPRQJ� URDG
DGPLQLVWUDWLRQV�LQ�GLIIHUHQW�(XURSHDQ�FRXQWULHV�WR�ILQG�RXW�ZKHWKHU�WKHLU�H[SHULHQFH�ZLWK
SK\VLFDO� VSHHG� UHGXFLQJ� PHDVXUHV� SUDFWLFH� ZDV� LQ� DJUHHPHQW� ZLWK� WKH� ILQGLQJV� RI� WKH
OLWHUDWXUH�UHYLHZ��$�VXPPDU\�RI�WKHLU�ILQGLQJV�LV�JLYHQ�EHORZ�
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$Q�HIIHFWLYH�ZD\�WR�UHGXFH�GULYLQJ�VSHHG�LV� WR�DGMXVW� WKH�URDG�OD\RXW� LQ�RUGHU� WR�PDWFK
WKH�LPDJH��DV�SURYLGHG�WR�WKH�GULYHU��ZLWK�WKH�VSHHG�OLPLW��7KHQ�GULYHUV�KDYH�WKH�LGHD�WKDW
VSHHGLQJ�LV�QRW�DSSURSULDWH��DQG�WKH\�GR�QRW�IHHO�WKH\�DUH�IRUFHG�WR�GHFUHDVH�WKHLU�VSHHG
EXW�VKRZ�WKH�DSSURSULDWH�VSHHG�EHKDYLRXU�UDWKHU�YROXQWDULO\�

,Q�XUEDQ�DUHDV�DQG�HVSHFLDOO\�LQ�UHVLGHQWLDO�DUHDV�DQG�WUDIILF�FDOPLQJ�]RQHV�VSHHG�KXPSV
DQG� URDG� QDUURZLQJV� FDQ� EH� HIIHFWLYH� LQ� UHGXFLQJ� GULYLQJ� VSHHGV�� $OVR� URDG� VXUIDFH
WUHDWPHQWV�FDQ�UHGXFH�VSHHGV��+RZHYHU��DOVR�QHJDWLYH�VLGH�HIIHFWV� DUH� UHSRUWHG� VXFK�DV
GHFUHDVHG� GULYLQJ� FRPIRUW� DW� ORZ� VSHHGV�� DEUXSW� EUDNLQJ� SDWWHUQV� DQG� LQFUHDVHG� QRLVH
OHYHOV��&RQYHUWLQJ�WUDGLWLRQDO�MXQFWLRQV�LQWR�URXQGDERXWV�FDQ�VLJQLILFDQWO\�UHGXFH�VSHHGV�

5XUDO� VLQJOH�FDUULDJHZD\� URDGV� GLVSOD\� WKH� PRVW� GLYHUVH� VSHHG� FKRLFH� SDWWHUQV� DQG
IUHTXHQWO\� VFRUH� KLJKHVW� LQ� DFFLGHQW� UDWHV�� 2Q� WKHVH� KLJKHU� VSHHG� URDGV�� DW� VSHFLILF
ORFDWLRQV� GULYLQJ� VSHHGV� FDQ� EH� UHGXFHG� E\� WUDQVYHUVH� URDG� PDUNLQJV� RU� WUDQVYHUVHO\
SODFHG� UXPEOH� VWULSV�� ,I� WKH� GLVWDQFH� EHWZHHQ� WUDQVYHUVH� PDUNLQJV� RU� UXPEOH� VWULSV
GHFUHDVHV�ZKLOH�DSSURDFKLQJ�WKH�GDQJHURXV�ORFDWLRQ�� WKLV�XVXDOO\� OHDGV� WR�D�UHGXFWLRQ� LQ
VSHHG�� VLQFH� WKLV� FUHDWHV� DQ� LOOXVLRQ�RI� DFFHOHUDWLRQ��/RQJLWXGLQDOO\�SODFHG� UXPEOH� VWULSV
WKDW� UHGXFH�FRPIRUW�ZKHQ� WDNHQ�ZLWK�KLJK� VSHHGV�� UHTXLUH�PRUH�DFFXUDWH� ODQH� NHHSLQJ�
ZKLFK� LV� GHFUHDVHV� GULYLQJ� VSHHG�� $GYLVRU\� VSHHG� VLJQV�PD\� VHUYH� DV� D� ZDUQLQJ� IRU� D
GDQJHURXV�ORFDWLRQ��EXW�ZLOO�RQO\�OHDG�WR�DFWXDO�VSHHG�UHGXFWLRQV�LI�GULYHUV�XQGHUVWDQG�WKH
UHDVRQ�IRU�WKH�ZDUQLQJ�

2QH� ZD\� WR� UHGXFH� GULYLQJ� VSHHG�� ERWK� RQ� XUEDQ� DQG� UXUDO� URDGV�� LV� E\� PHDQV� RI
GHFUHDVLQJ�YLVLELOLW\�GLVWDQFHV�� ,Q� WKLV�ZD\�GULYHU©V�XQFHUWDLQW\� LV� LQFUHDVHG�DQG� LQ�RUGHU
WR�DFKLHYH�EHWWHU�DQWLFLSDWLRQ��WKH\�KDYH�WR�VORZ�GRZQ��'HFUHDVHG�YLVLELOLW\�GLVWDQFH�FDQ
EH�DFKLHYHG�E\�LQFUHDVLQJ�WKH�DPRXQW�RI�FXUYDWXUH��ULVLQJ�DQG�IDOOLQJ�JUDGLHQWV��EXLOGLQJV
DQG� RYHUJURZWK�� ,QFUHDVLQJ� WKH� DPRXQW� RI� YLVXDO� LQIRUPDWLRQ� LQ� VXFK� D� ZD\� WKDW� WKH
DQJXODU� VSHHG� DW� WKH� ERUGHU� RI� WKH� SHULSKHUDO� ILHOG� RI� YLVLRQ�ZLOO� H[FHHG� �� UDGLDQV� SHU
VHFRQG�PD\�OHDG�WR�VSHHG�UHGXFWLRQV��VLQFH�GULYHUV�ZLOO� WU\� WR�DYRLG�VXFK�YDOXHV�GXH� WR
WKH�H[SHULHQFHG�YLVXDO�GLVFRPIRUW��'LVDGYDQWDJHV�RI�WKHVH�PHDVXUHV�VKRXOG�EH�WDNHQ�LQWR
DFFRXQW��VLQFH�WKH\�FDQ�GHFUHDVH�GULYLQJ�VDIHW\�ZKHQ�GULYHUV�GR�QRW�UHGXFH�WKHLU�VSHHG�DV
PXFK�DV�UHTXLUHG��7KHUHIRUH�� LW�ZRXOG�EH�ZLVH� WR�FRPELQH�PHDVXUHV� OLNH� WKHVH�ZLWK� IRU
LQVWDQFH�URDG�PDUNLQJV�RU�WUDQVYHUVH�UXPEOH�VWULSV�WR�ZDUQ�GULYHUV�WR�VORZ�GRZQ�

0RWRUZD\V� DUH� WKH� URDGV� ZLWK� WKH� KLJKHVW� GHVLJQ� VWDQGDUGV�� 8VXDOO\�� WKH� FRQFHSW� RI
GHVLJQ�VSHHG�LV�XVHG��D�VSHHG�D�GULYHU�FDQ�PDLQWDLQ�FRPIRUWDEO\�XQGHU�IDYRXUDEOH�WUDIILF
DQG� ZHDWKHU� FRQGLWLRQV�� 7KH� ZKROH� JHRPHWULF� GHVLJQ� LV� EDVHG� XSRQ� WKDW� DVVXPSWLRQ�
'ULYHUV� ZLOO� KDYH� D� KLJK� OHYHO� RI� H[SHFWDQF\� DERXW� WKLV� DQG� EHKDYH� DFFRUGLQJO\�� ,Q
VXEVWDQGDUG� VLWXDWLRQV� RQ� PRWRUZD\V�� GULYHUV� VKRXOG� EH� ZDUQHG� H[SOLFLWO\�� 0RUH� DQG
PRUH��9DULDEOH�0HVVDJH�6LJQV�DUH�XVHG�WR�UHJXODWH�DQG�JXLGH� WKH� WUDIILF�RQ�PRWRUZD\V
ZLWK�G\QDPLF�VSHHG�OLPLW�VLJQV��)RU�H[DPSOH�GHSHQGDQW�RQ�WKH�YLVLELOLW\�FRQGLWLRQV��D�IRJ
ZDUQLQJ� LV� JLYHQ� WRJHWKHU�ZLWK� DQ� DSSURSULDWH� VSHHG� OLPLW�� ,Q� WKH� 1HWKHUODQGV�� VXFK� D
V\VWHP�UHVXOWHG�LQ�D���WR����NP�K�H[WUD�VSHHG�UHGXFWLRQ�GXH� WR� WKH�V\VWHP�LQ�GHQVH�IRJ
FRQGLWLRQV��+RJHPD�HW�DO��������
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0RVW�URDG�GHVLJQ�DGDSWDWLRQV��DV�GLVFXVVHG�DERYH��OHDG�WR�WKH�EHVW�VSHHG�UHGXFLQJ�HIIHFWV
LI� WKH\�DUH�FRPELQHG�ZLWK�RWKHU�DGDSWDWLRQV� LQ�URDG�GHVLJQ��7KLV�ZD\�� VSHHG� UHGXFWLRQV
FDQ�EH�ODUJHU�VLQFH�WKH�PHDVXUHV�ZRUN�LQ�WKH�VDPH�GLUHFWLRQ�

%\�SURYLGLQJ�GULYHUV�ZLWK� WKH� LGHD�RI�DQ� LQFUHDVHG� ULVN� IRU� KLJK� VSHHGV�� GULYLQJ� VSHHGV
FDQ�EH�UHGXFHG�RQ�DOO�NLQGV�RI�URDGV�� ,GHDOO\��GULYHUV
�SHUFHLYHG��VXEMHFWLYH��ULVN�VKRXOG
UHIOHFW�FRUUHFWO\� WKH�DFWXDO� �REMHFWLYH�� ULVNV��RU� HYHQ�RYHUHVWLPDWH� WKHP��5HGXFLQJ� URDG
ZLGWK�DVNV�IRU�DFFXUDWH�VWHHULQJ�EHKDYLRXU�DQG�LQFUHDVHV�WKH�SHUFHLYHG�ULVN�RI�UXQQLQJ�RII
WKH� URDG� RU� KLWWLQJ� RWKHU� YHKLFOHV�� 3ODFLQJ� REVWDFOHV� DORQJ� WKH� VLGH� RI� WKH� URDG� ZRUNV
PXFK� LQ� WKH� VDPH�ZD\��7KH�SUREOHP�ZLWK� WKHVH�PHDVXUHV� LV� WKDW� WKH\�DOVR� LQFUHDVH� WKH
DFWXDO�ULVN�RI�UXQQLQJ�RI�WKH�ODQH�DQG�FROOLGLQJ�ZLWK�DQ�RQFRPLQJ�YHKLFOH�RU�DQ�REVWDFOH
IRU�WKRVH�GULYHUV�ZKR�GR�QRW�UHGXFH�WKHLU�VSHHG�DV�LQWHQGHG��,GHDOO\��RQO\� WKH�SHUFHLYHG
ULVN� RI� KLJK� VSHHG� GULYLQJ� VKRXOG� EH� LQFUHDVHG�� 2QH� ZD\� WR� DFKLHYH� WKLV� FRXOG� EH� WKH
UHGXFWLRQ�RI�ODQH�ZLGWK�ZLWKRXW�UHGXFLQJ�SDYHPHQW�ZLGWK�

2QO\� OLPLWHG� DQG� SDUWO\� ELDVHG� UHVSRQVHV� ZHUH� UHFHLYHG� LQ� WKH� TXHVWLRQQDLUH� VXUYH\
DPRQJ�(XURSHDQ�URDG�DGPLQLVWUDWLRQV�DERXW�SK\VLFDO�VSHHG�UHGXFLQJ�PHDVXUHV��0DUWHQV

	�.DSWHLQ��������$FFRUGLQJ�WR�WKH�UHVXOWV��GLIIHUHQW�W\SHV�RI�PHDVXUHV�JHQHUDOO\�KDYH�DQ
HIIHFW� RQ� GULYLQJ� VSHHG�� &RPELQHG� PHDVXUHV�� HVSHFLDOO\� ZKHQ� WKH� LPDJH� RI� WKH� HQWLUH
URDG�VHFWLRQ� LV�FKDQJHG��H�J�����NP�K�]RQHV��KDG� WKH� ODUJHVW� HIIHFWV��7KH� UHVXOWV�RI� WKH
VXUYH\�DQG�WKH� OLWHUDWXUH�UHYLHZ�ZHUH�JHQHUDOO\�FRPSOHWHO\� LQ� OLQH��&XUUHQWO\� WKH� ODUJHVW
UHGXFWLRQV� LQ� GULYLQJ� VSHHG� DUH� UHDOLVHG� ZLWK� VSHHG�UHGXFLQJ� PHDVXUHV� WKDW� SK\VLFDOO\
UHVWULFW� GULYLQJ� DW� KLJK� VSHHGV� VXFK� DV� VSHHG� KXPSV� DQG� FKLFDQHV�� 5RXQGDERXWV� KDYH
SULPDULO\�D�SRVLWLYH�VDIHW\�HIIHFW�

������ &DWHJRULVDWLRQ�RI�URDG�HQYLURQPHQWV

.DSWHLQ� HW� DO�� ������� GHYHORSHG� D� PHWKRG� WKDW� FDQ� EH� XVHG� WR� ILQG� GLPHQVLRQV
�FKDUDFWHULVWLFV�� WKDW� FRQWULEXWH� WR� EHWWHU� UHFRJQLVDEOH� DQG� GLVWLQJXLVKDEOH� URDG
FDWHJRULHV�� /LWWOH� UHVHDUFK� KDV� EHHQ� GHYRWHG� WR� WKH� ZD\� WKLV� FDWHJRU\� OHDUQLQJ� WDNHV
SODFH�� 6DLNL� 	� +XPPHO� ������� LQYHVWLJDWHG� RQH� SRWHQWLDO� SHUFHSWXDO� FRQVWUDLQW� RQ
LQWHUDFWLRQV�EHWZHHQ�SURSHUWLHV� LQ�REMHFW�FDWHJRU\�OHDUQLQJ��7KH\�XVHG�D�PHWKRG� WKDW� LV
EDVHG�RQ�WKH�QRWLRQ�WKDW�GLIIHUHQFHV�EHWZHHQ�FDWHJRULHV�DUH�PRUH�GLVWLQFWLYH�WR�WKH�H[WHQW
WKDW�WKH\�DUH�OHDUQW�PRUH�HDVLO\��7KHHXZHV�	�'LNV��������FRQFOXGH�WKDW�HQYLURQPHQWV�DUH
PHQWDOO\� UHSUHVHQWHG� LQ� H[DFWO\� WKH� VDPH� ZD\� DV� REMHFWV� DQG� WKHVH� UHSUHVHQWDWLRQV
GHYHORS�E\�H[SHULHQFH��,Q�WKH�SUHVHQW�VWXG\�DQ�DSSURDFK�LQVSLUHG�E\�6DLNL�DQG�+XPPHO©V
PHWKRG��ZDV�DSSOLHG�LQ�D�VHULHV�RI�ILYH�H[SHULPHQWV��$�VL[WK�H[SHULPHQW�ZDV�FRQGXFWHG�WR
OLQN�WKHVH�HQYLURQPHQW�FKDUDFWHULVWLFV�ZLWK�VXEMHFWV©�HVWLPDWHV�RI�WKHLU�GULYLQJ�VSHHG�

([SHULPHQW���ZDV�D�SUH�WHVW�WR�VHOHFW�HTXDOO\�VDOLHQW�OHYHOV�IURP�WKH�GLIIHUHQW�GLPHQVLRQV�
7R� FRQFHQWUDWH� RQ� EDVLF� SULQFLSOHV� RI� FODVVLILFDWLRQ�� LQ� ILUVW� LQVWDQFH� DUWLILFLDO
HQYLURQPHQWV�ZHUH� XVHG� DV� VWLPXOL� �)LJXUH� ����� ,W� ZDV� WHVWHG� KRZ� GLIILFXOW� LW� ZDV� IRU
VXEMHFWV� WR� OHDUQ� WR� FODVVLI\� DQ� HQYLURQPHQW� RQ� WKH� EDVLV� RI� GLIIHUHQFHV�ZLWKLQ� D� VLQJOH
GLPHQVLRQ�RQO\��6XEMHFWV�DSSHDUHG�WR�EH�DEOH�WR�FRUUHFWO\�FODVVLI\�VWLPXOL�RQ�WKH�EDVLV�RI
HDFK�RI�ILYH�GLPHQVLRQV��RI�ZKLFK�VRPH�ZHUH�UHODWLYHO\�HDV\�WR�OHDUQ�DQG�RWKHU�UHODWLYHO\
GLIILFXOW�
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)LJXUH� ���� ([DPSOHV� RI� WKH� VL[� VKDSHV� XVHG� DV� VWLPXOL� LPDJHV� IRU� ([SHULPHQW� �

�.DSWHLQ�HW�DO��������

,Q�DQ�VXEVHTXHQW�H[SHULPHQW�LW�ZDV�WHVWHG�WR�ZKDW�H[WHQW�VXEMHFWV�ZHUH�DEOH�WR�FRUUHFWO\
FODVVLI\� HQYLURQPHQWV� ZKHQ� RQH� RXW� RI� WKUHH� UHOHYDQW� GLPHQVLRQV� SURYLGHV� GHYLDQW
LQIRUPDWLRQ��5HVXOWV�VKRZHG�WKDW�VXEMHFWV�ZHUH�DEOH�WR�OHDUQ�FDWHJRUL]LQJ�RQ�WKH�EDVLV�RI
RQH� RU� WZR� GLPHQVLRQV�� EXW� FRXOG� QRW� FRUUHFWO\� OHDUQ� WR� XVH� LQIRUPDWLRQ� IURP� WKUHH
VWLPXOXV� GLPHQVLRQV� WRJHWKHU�� 7KH\� XVHG� WZR� RXW� RI� WKUHH� DYDLODEOH� GLPHQVLRQV�� DQG
LJQRUHG�WKH�WKLUG�RQH�

([SHULPHQWV� ZLWK� URDG� HQYLURQPHQWV� XVHG� DV� VWLPXOL� ODQH� ZLGWK�� FHQWUH�OLQH� PDUNLQJ�
URDG� VXUIDFH� FRORXU�� ELF\FOH� ODQHV� DQG� UHIOHFWRU� SRVWV� �)LJXUH� ����� 7KH� UHVXOWV� VWURQJO\
UHVHPEOHG� WKH� UHVXOWV� RI� WKH� DEVWUDFW� HQYLURQPHQW� VWXGLHV�� 6XEMHFWV� RQO\� XVHG� WZR
VWLPXOXV�GLPHQVLRQV�WKDW�ZHUH�OHDUQW�PRVW�HDVLO\��DQG�LJQRUHG�D�WKLUG�RQH�

)LJXUH�����([DPSOHV�RI� VWLPXOL� UHSUHVHQWLQJ� URDG� HQYLURQPHQWV� LQ� WKH� H[SHULPHQWV

�.DSWHLQ�HW�DO��������
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)RU� WKH� URDG� HQYLURQPHQWV� SUHVHQWHG� VXEMHFWV©� HVWLPDWHG� RZQ� GULYLQJ� VSHHGV�ZHUH�� RQ
DYHUDJH�� DERXW� ��� NP�K�� 1HLWKHU� FHQWUH�OLQH� PDUNLQJ� �LQWHUUXSWHG�FRQWLQXRXV��� URDG
VXUIDFH� �OLJKW�GDUN� JUH\��� RU� UHIOHFWRU� SRVWV� �SUHVHQW�DEVHQW�� LQIOXHQFHG� WKHVH� HVWLPDWHG
GULYLQJ� VSHHGV�� %RWK� ODQH� ZLGWK� ��� YV�� ���� P�� DQG� UHG� ELF\FOH� ODQHV� �SUHVHQW�DEVHQW�
FRQVLGHUDEO\�DIIHFWHG�HVWLPDWHG�GULYLQJ�VSHHGV�ZLWK�WKH�QDUURZ�ODQH�ZLGWK�DQG�SUHVHQFH
RI�ELF\FOH�ODQHV�KDYLQJ�WKH�ORZHVW�HVWLPDWHG�VSHHGV�� )LJXUH�����

���

���

���

��

��

��

��

��
��� ���
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QR�ELF\FOH�ODQHV

ZLWK�ELF\FOH�ODQHV

)LJXUH�����(VWLPDWHG�GULYLQJ�VSHHGV�IRU�WZR�OHYHOV�RI�ODQH�ZLGWK�DQG�UHG�ELF\FOH�ODQHV

�DEVHQW�SUHVHQW����.DSWHLQ�HW�DO��������

������ (IIHFWV�RI�FRJQLWLYH�URDG�FODVVLILFDWLRQ�RQ�GULYLQJ�VSHHGV

6LQFH� SK\VLFDO�PHDVXUHV� RQO\� IRUFH� URDG� XVHUV� WR� UHGXFH� VSHHG�� EXW� GRHV� QRW� OHW� WKHP
FKRRVH�WKLV�YROXQWDULO\��D�EHWWHU�VROXWLRQ�LV�WR�GHVLJQ�URDGV�WKDW�DUH�¨VHOI�H[SODLQLQJ©��%\
GHVLJQLQJ�D�URDG�WKDW�SURYLGHV�D�VSHHG�LPDJH�WKDW�LV�LQ�DFFRUGDQFH�ZLWK�WKH�DFWXDO�VSHHG
OLPLW�� GULYHUV� DUH� SHUVXDGHG� WR� FKRRVH� DSSURSULDWH� GULYLQJ� VSHHG� PRUH� RU� OHVV
DXWRPDWLFDOO\��7KH�6HOI�([SODLQLQJ�5RDGV��6(5��FRQFHSW�DGYRFDWHV�D�WUDIILF�HQYLURQPHQW
WKDW�HOLFLWV�VDIH�EHKDYLRXU�VLPSO\�E\�LWV�GHVLJQ��7KHUHIRUH��LW�LV�LPSRUWDQW�WKDW�WKH�IXQFWLRQ
DQG�XVH�RI�URDGV�PDWFK�WKH�ZD\�SHRSOH�VXEMHFWLYHO\�FDWHJRULVH� WKHVH� URDGV��$W�SUHVHQW�
VXEMHFWLYH�URDG�FDWHJRULHV�GR�QRW�VHHP�WR�FRUUHVSRQG�ZLWK�WKH�RIILFLDO�URDG�FDWHJRULHV�

$FFRUGLQJ�WR�WKH�6(5�FRQFHSW��URDG�XVHUV�FODVVLI\�URDG�VFHQHV�LQWR�FDWHJRULHV��(DFK�W\SH
RI�URDG�KDV�LWV�SURWRW\SLFDO�UHSUHVHQWDWLRQ��VR�LQGLYLGXDO�URDGV�GR�QRW�KDYH�WR�EH�VWRUHG
�DQG� UHPHPEHUHG�� VHSDUDWHO\�� 3URWRW\SLFDO� UHSUHVHQWDWLRQV� RI� URDG� VFHQHV� GHYHORS
WKURXJK�H[SHULHQFH�DQG�FRQVWLWXWH�WKH�EDVLV�IRU�FDWHJRULVLQJ�URDG�HQYLURQPHQWV��$V�VRRQ
DV�DQ�XQNQRZQ�URDG�LV�HQFRXQWHUHG��H[LVWLQJ�VFKHPHV�DQG�WKHLU�W\SLFDO�FKDUDFWHULVWLFV�DUH
XVHG� WR� FDWHJRULVH� WKLV� URDG� DV� D�PHPEHU� RI� D� VXEMHFWLYH� FDWHJRU\�� ,Q� RUGHU� WR� REWDLQ
6HOI�([SODLQLQJ�5RDGV��LWV�LV�LPSRUWDQW�WKDW�WKH�GHVLJQ�RI�WKH�LQIUDVWUXFWXUH�LV�DGMXVWHG�WR
WKH�ZD\�WKH�URDG�HQYLURQPHQW�LV�FDWHJRULVHG�LQ�WKH�¨KHDGV©�RI�LWV�XVHUV��7KHHXZHV�	�'LNV
������
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6XFFHVVIXO�FDWHJRULVDWLRQ�PD\�OHDG�WR�D�WLPHO\�DQWLFLSDWLRQ�RI�SRVVLEOH�HYHQWV��,QDGHTXDWH
FDWHJRULVDWLRQ� LQGXFHV�ZURQJ�H[SHFWDWLRQV� WKDW�PD\�OHDG� WR�KXPDQ�HUURUV� LQ�SHUFHSWLRQ
DQG� MXGJHPHQW� RQ� DSSURSULDWH� VSHHG� FKRLFH� DQG� FRQVHTXHQWO\� LQ� DQ� LQFUHDVHG� DFFLGHQW
ULVN�

.DSWHLQ�	�&ODHVVHQV� ������� LQYHVWLJDWHG� LQ�D�GULYLQJ� VLPXODWRU� �)LJXUH����� H[SHULPHQW
WR�ZKDW�H[WHQW�FRJQLWLYH�URDG�FODVVLILFDWLRQ�GHWHUPLQHG�GULYLQJ�VSHHG�

)LJXUH�����7KH�712�GULYLQJ�VLPXODWRU��.DSWHLQ	�&ODHVVHQV�������

,Q�WKH�H[SHULPHQW����VXEMHFWV�GURYH�LQ�WKH�VLPXODWRU�WKUHH�VHVVLRQV��WKH�GXUDWLRQ�RI�HDFK
VHVVLRQ�ZDV�DERXW����PLQXWHV��7KH�URDG�QHWZRUN�WKH\�GURYH�FRQVLVWHG�RI�URDG�VHFWLRQV�LQ
IRXU�GLIIHUHQW�URDG�FDWHJRULHV��7DEOH�����DQG�WKH�GHVLJQ�LQ�HDFK�FDWHJRU\�YDULHG�EHWZHHQ
&XUUHQW� URDG� �&5�� DQG� 6HOI�H[SODLQLQJ� URDG� �6(5�� GHVLJQ�� 7KH� OHQJWK� RI� WKH� URDG
VHFWLRQV�ZDV������P��DQG� VSHHG�PHDVXUHPHQWV�EHWZHHQ�����DQG������P�ZHUH�XVHG� LQ
WKH�DQDO\VLV�

7DEOH����7KH� IRXU�RIILFLDO�'XWFK� URDG� FDWHJRULHV�XVHG� LQ� WKH� H[SHULPHQW��)RU� HDFK

FDWHJRU\�WKH�VSHHG�OLPLW�DQG�WKH�SRVVLEOH�RFFXUUHQFH�RI�RWKHU�WUDIILF�LV�JLYHQ��.DSWHLQ

	�&ODHVVHQV�������

&DWHJRU\ 6SHHG�OLPLW &\FOLVWV 6ORZ�PRWRU
YHKLFOHV

2QFRPLQJ
WUDIILF

&URVVLQJ
WUDIILF

$��0RWRUZD\ ��� � � � �

%��0RWRU�URDG ��� � � ��� �

&����NP�K�URDG�IRU
IDVW�WUDIILF

�� � � � �

'����NP�K�URDG�IRU
IDVW���VORZ�WUDIILF

�� � � � �
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&RPSDUHG�ZLWK�&XUUHQW� URDGV� VXEMHFWV� ZHUH� DEOH� WR� FDWHJRULVH� 6HOI�([SODLQLQJ� 5RDGV
ZLWK� D� VHOHFWLYH� DQG� V\VWHPDWLF� DSSOLFDWLRQ� RI� URDG� FKDUDFWHULVWLFV� PRUH� LQ� DFFRUGDQFH
ZLWK�WKH�RIILFLDO�URDG�FDWHJRU\�V\VWHP�

$FFRUGLQJ�WR�WKH�UHVXOWV�DYHUDJH�GULYLQJ�VSHHG�ZDV�KLJKHU�RQ�KLJKHU�FDWHJRU\�URDGV��IRU
ERWK�&5�DQG�6(5�GHVLJQ��2Q�6(5�����NP�K�PRWRUZD\V�VXEMHFWV©�GULYLQJ�EHK DYLRXU�ZDV
PRUH�LQ�OLQH�ZLWK�ZKDW�ZDV�LQWHQGHG�WKDQ�RQ�URDGV�RI� WKH�FXUUHQW�GHVLJQ��2Q�����NP�K
PRWRUZD\V� DQG� ��� NP�K� URDGV� QR� VXFK� HIIHFW� RQ� PHDQ� VSHHG� ZDV� IRXQG�� EXW� D� PRUH
FRQVLVWHQW�URDG�GHVLJQ�ZLWKLQ�FDWHJRULHV�OHG�WR�PRUH�KRPRJHQRXV�GULYLQJ�VSHHGV�� )LJXUH
����

$ % & ' $ % & '

2IILFLDO�URDG�FDJHJRULHV2IILFLDO�URDG�FDJHJRULHV
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&5�GHVLJQ

6(5�GHVLJQ

&5�GHVLJQ

6(5�GHVLJQ

)LJXUH�����7KH�HIIHFWV�RI�URDG�GHVLJQ�RQ�PHDQ�VSHHG�DQG�VWDQGDUG�GHYLDWLRQ�RI�VSHHG

E\� URDG� FDWHJRU\�� &5�PHDQV� &XUUHQW� URDG� GHVLJQ� DQG� 6(5�PHDQV� 6HOI�H[SODLQLQJ

URDG�GHVLJQ��.DSWHLQ�	�&ODHVVHQV�������

������ &RQFOXVLRQV

7KH� UHVXOWV� KDYH� LPSOLFDWLRQV� IRU� URDG� GHVLJQ��5RDG� FDWHJRU\� DQG� GULYLQJ� HQYLURQPHQW
DSSDUHQWO\�LQIOXHQFH�GULYHUV
�VSHHG�FKRLFH��&RQVHTXHQWO\��LW�LV�LPSRUWDQW�WKDW�URDG�GHVLJQ
JLYHV�FRUUHFW�LPSUHVVLRQ�RI�WKH�URDG�FDWHJRU\�WR�GULYHUV��DQG�WKXV�HQKDQFHV�WKHLU�FKDQFHV
IRU� DSSURSULDWH� FKRLFH� RI� VSHHG�� ,Q� SUDFWLFH�� URDG� FDWHJRULHV� DUH� GHILQHG� E\� D� VHW� RI
FKDUDFWHULVWLFV�RQ� VHYHUDO�GLPHQVLRQV� VXFK�DV� ODQH�ZLGWK�� URDG� VXUIDFH�� GHOLQHDWLRQ�� DQG
HOHPHQWV� DORQJ� WKH� URDG�� 'XH� WR� ORFDO� FLUFXPVWDQFHV� VRPH� RI� WKH� SUH�GHILQHG
FKDUDFWHULVWLFV�FDQ�QRW�DOZD\V�EH�DSSOLHG� LQ�D�JLYHQ�WUDIILF�VLWXDWLRQ��7KH�SUHVHQW�UHVXOWV
VXJJHVW� WKDW� SURYLGLQJ� UHGXQGDQW� LQIRUPDWLRQ� GRHV� QRW� KHOS� WKH� LQGLYLGXDO� URDG� XVHUV
VLQFH�WKH\�RQO\�XVH�D�IHZ�RI�WKH�DYDLODEOH�FKDUDFWHULVWLFV�IRU�LQGLYLGXDO�URDG�FODVVLILFDWLRQ�
&RUUHFW� FODVVLILFDWLRQ�E\� URDG�XVHUV� FDQ�RQO\�EH� HQDEOHG� LI� WKH� IHZ� GLPHQVLRQV� WKDW� DUH
XVHG� E\� URDG� XVHUV� DOZD\V� SURYLGH� FRQVLVWHQW� DQG� FRUUHFW� LQIRUPDWLRQ� RQ� WKH� W\SH� RI
URDG�� ,W� DSSHDUV� WR� EH� EHVW� WR� LGHQWLI\� WKRVH� GLPHQVLRQV� VXFK� WKDW� GLIIHUHQFHV� DPRQJ
FDWHJRULHV� DUH� OHDUQW�PRVW� HDVLO\�� 2QO\� VSHFLILF� GLPHQVLRQV� VXFK� DV� ODQH�ZLGWK� DQG� WKH
SUHVHQFH�RI�ELF\FOH�ODQHV�VHHP�WR�DIIHFW�GULYHUV©�VSHHG�FKRLFH�GLUHFWO\�
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7R� PHHW� GULYHUV©� H[SHFWDQF\� FRQVLVWHQWO\�� D� OLPLWHG� VHW� RI� URDG� FDWHJRULHV� ZLWK� HDFK
PD[LPDOO\�GLVWLQJXLVKDEOH�IURP�HDFK�RWKHU�E\�WKH�URDG�XVHUV�LV�QHHGHG��ZLWK�DSSURSULDWH
VSHHG�OHYHOV�GHSHQGHQW�RQ�WKH�IXQFWLRQ�RI�WKH�URDG�DQG�D�URDG�HQYLURQPHQW�GHVLJQ�WKDW�LV
LQ�DFFRUGDQFH�ZLWK�WKLV�IXQFWLRQ��7KH�UHVXOWV�LQGLFDWH�WKDW�D�PRUH�V\VWHPDWLF�DSSOLFDWLRQ
RI� URDG� GHVLJQ� HOHPHQWV� UHVXOW� LQ� D� VXEMHFWLYH� URDG� FDWHJRULVDWLRQ� WKDW� LV� PRUH� LQ
FRUUHVSRQGHQFH�ZLWK�WKH�RIILFLDO�URDG�FODVVLILFDWLRQ�DQG�LQ�D�UHGXFHG�YDULDWLRQ� LQ�GULYLQJ
VSHHGV�ZLWKLQ�D�JLYHQ�URDG�FDWHJRU\�
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9HKLFOH� VSHHG� LV� D� NH\� IDFWRU� LQ� URDG� VDIHW\� DQG� WKH� GHFLVLYH� SDUW� LQ� WKH� URDG�YHKLFOH�
KXPDQ�V\VWHP�LV�WKH�GULYHU�ZKR�PDNHV�WKH�VSHHG�FKRLFH��7KH�GULYHU©V�DFWXDO�VSHHG�FKRLFH
GHSHQGV� SDUWO\� RQ� WKH� HQYLURQPHQW� DQG� WKH� DFWXDO� VLWXDWLRQ� LQ�ZKLFK� KH� LV� GULYLQJ� DQG
SDUWO\� RQ� KLV� LQWHQWLRQ� WR� NHHS� �RU� QRW� NHHS�� WKH� VSHHG� OLPLW�� DQG� RQ� KLV� VSHHG� KDELWV�
,QWHQWLRQV� DUH� LQIOXHQFHG� E\� VXEMHFWLYH� ULVNV� RI� EHLQJ� LQYROYHG� LQ� DQ� DFFLGHQW� RU� EHLQJ
FDXJKW� IRU� VSHHGLQJ�� 6DIH� GULYLQJ� UHTXLUHV� WKH� DELOLW\� WR� PDNH� DFFXUDWH� HVWLPDWHV� RI
DEVROXWH�DQG�UHODWLYH�VSHHG��'ULYHUV�PD\�VSHHG�IRU�D�YDULHW\�RI�UHDVRQV�VXFK�DV�LPSDLUHG
MXGJHPHQW� WKURXJK� DOFRKRO� DQG� RWKHU� GUXJV� RU� WKH\� PD\� VLPSO\� EH� LQ� D� KXUU\�� 0DQ\
GULYHUV�PDLQWDLQ� D� VSHHG� LQ� H[FHVV� RI� WKH� SRVWHG� OLPLW� EXW� EHORZ� D� OHYHO� DW� ZKLFK� WKH\
EHOLHYH� WKH\� ZLOO� EH� FLWHG�� ,Q� DGGLWLRQ�� GULYHUV� PD\� HQJDJH� LQ� LQDGYHUWHQW� VSHHGLQJ
ZKHUHE\� WKH\� IDLO� WR� UHDOLVH� WKH\� DUH� WUDYHOOLQJ� WRR� IDVW� IRU� WKH� HQYLURQPHQW� �H�J�
MXQFWLRQV�� FXUYHV��PRWRUZD\� H[LWV�� FRQVWUXFWLRQ� ]RQHV��� )LQDOO\�� GULYHUV�ZKR� KDYH� EHHQ
GULYLQJ� DW� D� KLJK� VSHHG� IRU� DQ� H[WHQGHG� SHULRG� �H�J�� RQ� D� PRWRUZD\�� PD\� EHFRPH
KDELWXDWHG� WR� WKH� VSHHG� DQG� RYHUHVWLPDWH� WKH� GHJUHH� E\�ZKLFK� WKH\� DUH� ORZHULQJ� WKHLU
VSHHG�ZKHQ�DUULYLQJ�]RQHV�ZKHUH�VORZLQJ�GRZQ�LV�UHTXLUHG��9iUKHO\L�������

7UDIILF� VDIHW\� ZRUN� LV� JHQHUDOO\� FRQFHQWUDWHG� RQ� PDNLQJ� WKH� GULYHU©V� WDVN� HDVLHU�� E\
SURYLGLQJ�EHWWHU�URDGV�DQG�FDUV�DQG�E\�LPSURYLQJ�WKH�GULYHU©V� VNLOOV��7KLV� VWUDWHJ\�GRHV
QRW� WDNH� LQWR�FRQVLGHUDWLRQ� WKDW�GULYHU� WHQG�WR�UHDFW� WR�FKDQJHV� LQ� WKH� WUDIILF� V\VWHP� �LQ
URDGV��YHKLFOHV�RU�LQ�WKHLU�RZQ�VNLOOV��LQ�D�ZD\�ZKLFK�HOLPLQDWHV�RU�UHGXFHV�WKH�SRWHQWLDO
VDIHW\� HIIHFWV�� $� FKDQJHG� GULYLQJ� HQYLURQPHQW�� UHVXOWLQJ� LQ� DQ� LQFUHDVH� LQ� WKH� GULYHU©V
VHQVH� RI� VXEMHFWLYH� VDIHW\�� FDQ� OHDG� WR� EHKDYLRXUDO� PRGLILFDWLRQ� �H�J�� IDVWHU� GULYLQJ��
ZKLFK�PD\�GLPLQLVK�WKH�VDIHW\�EHQHILWV�RI�WKH�LPSURYHPHQW��9iUKHO\L�������

&DU�PDQXIDFWXUHUV�GHYHORS�DQG�HTXLS�QHZ�YHKLFOHV�LQ�LQFUHDVLQJ�DPRXQWV�ZLWK�DGYDQFHG
V\VWHPV� EDVHG� RQ� QHZ� WHFKQRORJ\� �$%6� EUDNHV�� DQWL�VNLG� GHYLFHV�� DLUEDJV�� DXWRPDWLF
KD]DUG� GHWHFWLRQ� GHYLFHV��89�KHDGOLJKW�� HWF���� 7KHVH� V\VWHPV� KDYH� GHPRQVWUDWHG� JRRG
VDIHW\� SRWHQWLDO� ¤� LQ� FRQWUROOHG� WHVW� VLWXDWLRQV�� &DQ�ZH� EH� VXUH� WKDW� WKH\�ZLOO� KDYH� WKH
VDPH�HIIHFWV�LQ�UHDO�WUDIILF�FRQGLWLRQV"��,W�LV�WRR�RIWHQ�DVVXPHG�WKDW�WKH�GULYHU��LI�KH�JHWV
WKH�ULJKW�LQIRUPDWLRQ�DW�WKH�ULJKW�WLPH�DQG�WKH�RSSRUWXQLW\�WR�HQKDQFH�KLV�VDIHW\�ZLWK�WKH
KHOS�RI�WKH�VLPSOLILHG�GULYLQJ�WDVNV��ZLOO�UHDOO\�XVH�LW� WR� LPSURYH�KLV�VDIHW\��1RQHWKHOHVV�
VLPSOLILHG�GULYLQJ�WDVNV�FDQ�DOVR�EH�XVHG�WR�ZLQ�PRUH�WLPH�E\�GULYLQJ�IDVWHU�DQG�WKHUHE\
WKH�VDIHW\�HIIHFW�RI� WKH� V\VWHP�FDQ�EH� UHGXFHG��9HU\� OLWWOH�KDV�EHHQ�GRQH� WR� UHGXFH� WKH
SURSRUWLRQ�RI�GULYHUV�H[FHHGLQJ� WKH� VSHHG� OLPLW��7KHVH�REVHUYDWLRQV� VSHDN� IRU� D� V\VWHP
ZKLFK�KHOSV�WKH�GULYHU�ERWK�LQ�WKH�LQIRUPDWLRQ�DFTXLVLWLRQ�DQG�GHFLVLRQ�PDNLQJ�SKDVH�RI
KLV� VSHHG�FKRLFH�DQG�FKDQJHV�KLV�EHKDYLRXU� LQ� WKH� ORQJ�WHUP� LQWR� SRVLWLYH� GLUHFWLRQ� IRU
VDIHW\��9iUKHO\L�������

5HFHQW� WHFKQRORJLFDO�DGYDQFHV�KDYH�DOORZHG�WKH�DSSOLFDWLRQ�RI�,QIRUPDWLRQ�7HFKQRORJ\
DQG� PRGHUQ� FRPPXQLFDWLRQV� WR� WUDQVSRUW� LVVXHV�� RIWHQ� WHUPHG� $77� �$GYDQFHG
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7UDQVSRUW�7HOHPDWLFV���7RROV�EDVHG�RQ�$77�RIIHU�IOH[LELOLW\�DQG�JLYH�EURDG�SRVVLELOLWLHV
WR� PDQDJH� VSHHG� DOVR� LQ� YDU\LQJ� FRQGLWLRQV� OLNH� DGYHUVH� URDG� DQG� ZHDWKHU� FRQGLWLRQV
�H�J�� VOLSSHU\� URDG�� IRJ��� LQ� SODFH��� DQG� WLPH� UHODWHG� FULWLFDO� FRQGLWLRQV� �H�J�� LQ� VFKRRO
]RQHV���LQ�FULWLFDO�LQWHUDFWLYH�VLWXDWLRQV�ZLWK�RWKHU�URDG�XVHUV��H�J��SHGHVWULDQV�FURVVLQJV��
$77�PD\� LQFOXGH� HTXLSPHQW� LQ� WKH� URDG� HQYLURQPHQW� DQG�RU� LQ� WKH� YHKLFOH� �9iUKHO\L
������

�� JLYLQJ�LQIRUPDWLRQ�RQ�DFWXDO�VSHHG�OLPLWV

�� JLYLQJ�UHFRPPHQGDWLRQV�UHJDUGLQJ�DSSURSULDWH�VSHHG�LQ�FULWLFDO�FRQGLWLRQV

�� ZDUQLQJ�WKH�GULYHU�RI�VSHHG�HUURUV

�� UHJLVWHULQJ�LQDSSURSULDWH�VSHHG

�� SUHYHQWLQJ�WKH�GULYHU�IURP�H[FHHGLQJ�WKH�FXUUHQW�VSHHG�OLPLW�RU�WKH�DSSURSULDWH�VSHHG
LQ�D�FHUWDLQ�VLWXDWLRQ�

7KH�UHVHDUFK�LQ�SURMHFW�0$67(5�FRQFHUQLQJ�LQQRYDWLYH�VSHHG�PDQDJHPHQW�WRROV�VWDUWHG
ZLWK�D� OLWHUDWXUH�DQG�HYDOXDWLRQ�RI�YDULRXV�$77�DQG�WUDGLWLRQDO��QRQ�$77��PHWKRGV� IRU
UHGXFLQJ�GULYLQJ�VSHHG��VHFWLRQ���������7KH�RXWFRPHV�RI�WKH�OLWHUDWXUH�UHYLHZ�ZHUH�XVHG
WR� WHVW� WKH� HIIHFWLYHQHVV� RI� WKH� PRVW� SURPLVLQJ� $77� DQG� QRQ�$77� V\VWHPV� LQ� D
FRQWUROOHG� HQYLURQPHQW� RQ� D� GULYLQJ� VLPXODWRU� �VHFWLRQ� �������� ,Q� DQRWKHU� VLPXODWRU
H[SHULPHQW�GULYHU�UHDFWLRQ�WR�DQG�DFFHSWDQFH�RI�DQ�LQ�FDU�VSHHG�OLPLWHU�ZHUH�LQYHVWLJDWHG
�VHFWLRQ��������� ,Q�RUGHU� WR� LQYHVWLJDWH�GULYHU� UHDFWLRQ� WR�DQ� LQ�FDU� VSHHG� OLPLWHU� LQ� UHDO
WUDIILF�FRQGLWLRQV��ILHOG�WULDOV�LQ�WKUHH�¦UHJLRQDO�W\SLFDO§�(XURSHDQ�FRXQWULHV�ZHUH�FDUULHG
RXW���������

���� 75$',7,21$/�$1'�$'9$1&('�63(('�0$1$*(0(17�722/6

������ /LWHUDWXUH�VWXG\�RI�$77�DQG�QRQ�$77�VSHHG�PDQDJHPHQW�WRROV

7KH�DLP�RI�WKH�OLWHUDWXUH�VWXG\�ZDV�WR�WR�LGHQWLI\�WKH�PRVW�SURPLVLQJ�$77�DQG�QRQ�$77
V\VWHPV�IRU�VSHHG�PDQDJHPHQW�DQG�WR�EXLOG�D�EDVH�IRU�FRPSDUDWLYH�WULDOV�LQ�D�FRQWUROOHG
HQYLURQPHQW�RQ�D�GULYLQJ�VLPXODWRU��7KH�SULQFLSDO�ILQGLQJV�DUH�VXPPDULVHG�EHORZ��&RPWH
HW�DO���������0RUH�GHWDLOHG�DVVHVVPHQW�RI�WKH�LQGLYLGXDO�PHDVXUHV�DQG�WRROV�LV�SUHVHQWHG
LQ�&KDSWHU���

7UDGLWLRQDO�PHDVXUHV

7UDGLWLRQDO�DSSURDFKHV�WR�VSHHG�PDQDJHPHQW�KDYH�FRQFHQWUDWHG�RQ�PRGLI\LQJ�URDG�DQG
HQYLURQPHQW� UHODWHG�YDULDEOHV� �VXFK� DV� WUDIILF� FDOPLQJ� LQWHUYHQWLRQV��� DQG� GULYHU� UHODWHG
YDULDEOHV� �VXFK� DV� HQIRUFHPHQW� DQG� SXEOLF� DZDUHQHVV� FDPSDLJQV��� ,W� LV� WKRXJKW� WKDW
HQIRUFHPHQW�PHDVXUHV��DV�ZHOO�DV�UHVXOWLQJ�LQ�UHGXFHG�VSHHGV��PD\�EULQJ�DERXW�LQFUHDVHG
OHYHOV� RI� GULYHU� YLJLODQFH� �LQ� WKH� KRSH� WKDW� HDUO\� VLJKWLQJ� RI� SROLFH� ZLOO� UHGXFH� WKH
OLNHOLKRRG�RI�GHWHFWLRQ�DQG�SXQLVKPHQW��DQG�WKDW� WKHVH� LQFUHDVHG�OHYHOV�RI�YLJLODQFH�ZLOO
KDYH� LQKHUHQW� VDIHW\� EHQHILWV��9LVLEOH� HQIRUFHPHQW�� GLUHFWHG� WRZDUGV� VSHFLILF� JURXSV� RI
GULYHUV��FRQILQHG�WR�FHUWDLQ�SODFHV�DQG�DGPLQLVWHUHG�UHJXODUO\�DW�WLPHV�ZKHQ�PDQ\�RI�WKH
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SDVVLQJ� GULYHUV� DUH� FRPPXWHUV�� XVXDOO\� UHVXOWV� LQ� DQ� LPPHGLDWH� UHGXFWLRQ� LQ� VSHHGLQJ�
+RZHYHU��WKH�FRVW�RI�HQIRUFHPHQW�LV�UHODWLYHO\�KLJK�DQG�HYHQ�LI�WKH�QHFHVVDU\�IXQGV�ZHUH
DYDLODEOH�WR�LQFUHDVH�WKH�OHYHO�RI�HQIRUFHPHQW��WKHUH�LV�HYLGHQFH�WR�VXJJHVW�WKDW�WKH�H[WHQW
RI�VSHHG�UHGXFWLRQ� LQ� WLPH�DQG�VSDFH� LV�YHU\� VPDOO� �+DXHU�HW�DO���������VWYLN��	�(OYLN
������7HHG�HW�DO��������

3XEOLF� DZDUHQHVV� FDPSDLJQV� WU\� WR� DOWHU� SXEOLF� DWWLWXGHV� WRZDUGV� VSHHG� �H�J�� .LOO� \RXU
VSHHG�� QRW� D� FKLOG��� $FFRUGLQJ� WR�$QGHUVVRQ� �������� WKH� SUREOHP� FDQ� EH� GLYLGHG� LQWR
WKUHH�SDUWV�

�� 7KH�UHFLSLHQW�PXVW�EH�PRWLYDWHG

�� 7KH� PDWHULDO� PXVW� FOHDUO\� FRPPXQLFDWH� WR� WKH� UHFLSLHQW� ZKDW� LQIRUPDWLRQDO�
DWWLWXGLQDO�DQG�EHKDYLRXUDO�FKDQJHV�DUH�QHFHVVDU\

�� 7KH�UHFLSLHQW�PXVW�PDNH�WKRVH�FKDQJHV�

,W�VHHPV�WKDW�PDQ\�FDPSDLJQV�IDLO�WR�PHHW�WKHVH�FULWHULD��7KH�DERYH�FULWHULD�DOVR�UHO\�RQ
WKH�DVVXPSWLRQ�WKDW�EHKDYLRXUDO�FKDQJH�ZLOO�DULVH�DV� D� UHVXOW�RI� DWWLWXGLQDO� FKDQJH��7KLV
FRUUHODWLRQ�KDV�EHHQ� VKRZQ� WR�EH� ORZ� �)LVKEHLQ�	�$M]HQ�������� ,W� KDV� EHHQ� VXJJHVWHG
WKDW� LQIRUPDWLRQ� FDPSDLJQV� DJDLQVW� VSHHGLQJ� DUH� LQHIIHFWLYH� EHFDXVH� VSHHGLQJ� LV� D
FRPSOH[� EHKDYLRXU� DQG� WR� IROORZ� WKH� DGYLFH�PD\� EH� LQFRQYHQLHQW� DQG� WKH� EHQHILWV� QRW
REYLRXV�� $V� ZLWK� HQIRUFHPHQW� LW� LV� SRVWXODWHG� WKDW� DQ\� SRVVLEOH� SRVLWLYH� HIIHFWV� PD\
GLVDSSHDU� DIWHU� WKH� FDPSDLJQ� KDV� FHDVHG� �VHH� H�J�� +\GpQ� 	� 3HUVVRQ� ������ -lUPDUN
������

(QJLQHHULQJ�WKH�URDG�DQG�LWV�LPPHGLDWH�HQYLURQPHQW�KDYH�EHHQ�VKRZQ�WR�KDYH�ORQJ�WHUP
HIIHFWV�RQ�FKDQJLQJ�GULYHU�EHKDYLRXU��5XVVDP�������6LOFRFN�	�:DONHU�������:ULJKW�	

%R\OH� ������� 7KH� HIIHFWV� FDQ� EH� ODVWLQJ� LQ� WLPH�� KRZHYHU� WKHLU� HIIHFW� LQ� VSDFH� PRVWO\
FHDVHV�RXWVLGH�WKH�YLFLQLW\�RI�WKH�PHDVXUHV�DQG�GULYHU�DFFHSWDQFH�LV�QRW�DOZD\V�KLJK��7KH
PRVW�HIILFLHQW�VSHHG�UHGXFLQJ�SK\VLFDO�PHDVXUH� LV� WKH�URDG�KXPS�ZLWK� VWDEOH�� ORQJ�WHUP
ORFDO�HIIHFWV��7UDQVYHUVH� URDG�PDUNLQJV�DQG� UXPEOH� VWULSV�KDYH�D�JRRG� LQLWLDO� HIIHFW�EXW
WKLV� FDQ� EH� VKRUW� OLYHG�� 5XPEOH� DUHDV� DQG� VWULSV� DUH� VXLWDEOH� ZKHUH� DFFLGHQW� UHSRUWV
DSSHDU�WR�VKRZ�WKDW�GULYHUV�ZHUH�XQDZDUH�RI�SRWHQWLDO�KD]DUGV��ZKLFK�PD\�EH� OLQNHG�WR
WKH�VSHHGV�RI�WKH�YHKLFOHV�

,VRODWHG� PHDVXUHV�� VXFK� DV� DGYLVRU\� VSHHG� OLPLWV�� ZDUQLQJ� VLJQV�� JDWHZD\V�� URDG
QDUURZLQJV� DQG� FKLFDQHV� RIWHQ� KDYH� RQO\� D� VPDOO� HIIHFW� RQ� VSHHGV�� &KLFDQHV� FDQ�ZRUN
ZHOO� DW� VORZLQJ� WUDIILF� EXW� WKHLU� HIIHFWLYHQHVV� LV� UHODWHG� WR� WKH� VHYHULW\� RI� WKH� JHRPHWU\
DQG� FDUH�PXVW� EH� WDNHQ� ZKHQ� DFFHVV� LV� UHTXLUHG� IRU� ODUJHU� YHKLFOHV� RU� RQ� EXV� URXWHV�
7KURWWOHV�RU�QDUURZLQJV�FDQ�EH�HIIHFWLYH��EXW�UHDOO\�RQO\�ZKHQ�WZR�ZD\�YHKLFOH�IORZV�DUH
UHODWLYHO\�KLJK�VR�WKDW�JUHDWHU�FDXWLRQ�LV�UHTXLUHG�E\�GULYHUV��,Q�DGGLWLRQ��WKH\�PD\�UHZDUG
DJJUHVVLYH� GULYHU� EHKDYLRXU� DQG� UHTXLUH� DGHTXDWH� VLJQLQJ� DQG� PDUNLQJ� LQ� DGYDQFH� WR
DYRLG� EHFRPLQJ� D� VDIHW\� SUREOHP� WKHPVHOYHV�� ,W� DSSHDUV� WKDW� E\� EUHDNLQJ� XS� WKH
SHUFHLYHG�VWUDLJKWQHVV�RI�D�URDG�GULYHU�VSHHG�FDQ�EH�UHGXFHG�� WKXV� WKH� LQWURGXFWLRQ�RI�D
PLQL�URXQGDERXW� RU� FKDQJHG� MXQFWLRQ� SULRULWLHV� FDQ� KDYH� D� FDOPLQJ� HIIHFW� SDUWLFXODUO\
ZKHQ�OLQNHG�WR�RWKHU�IHDWXUHV��7KH�HYLGHQFH�RQ�WKH�HIIHFWLYHQHVV�RI�FXUYH�ZDUQLQJ�VLJQV
DQG�DGYLVRU\�VSHHG�VLJQV�LV�FRQWUDGLFWRU\�LQ�WHUPV�RI�WKHLU�HIIHFW�RQ�VSHHG��EXW�LW�DSSHDUV
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WKDW�VLJQV�VKRXOG�MXVWLI\�WKHLU�SUHVHQFH�E\�VSHFLI\LQJ�WKH�SRVVLEOH�KD]DUG�RU�RWKHU�UHDVRQ
IRU�WKH�UHTXLUHG�ORZHU�VSHHG��'HOLQHDWLRQ�V\VWHPV�DUH�URDGZD\�PDUNHUV�WKDW�SURYLGH�WKH
GULYHU� ZLWK� LQIRUPDWLRQ� DERXW� WKH� SDWK� DQG� GHPDQGV� RI� WKH� URDG�� +RZHYHU�� VHYHUDO
VWXGLHV�KDYH�LQGLFDWHG�WKDW�QHJDWLYH�VDIHW\�EHQHILWV�PD\�DFFUXH�DV� WKH\�FRXOG�HQFRXUDJH
LQFUHDVHV�LQ�VSHHG�GXH�WR�RYHUFRQILGHQFH�RQ�WKH�SDUW�RI�WKH�GULYHU�DQG�LPSURYHG�YLVLELOLW\�

&RPELQDWLRQV�RI� WUDGLWLRQDO�PHDVXUHV�RIWHQ�ZRUN�ZHOO� WRJHWKHU�ZKHUH� LQGLYLGXDOO\� WKH\
PD\� KDYH� OLWWOH� HIIHFW� �H�J�� 3\QH� HW� DO�� ������� 7UDIILF� FDOPLQJ� PHDVXUHV� VKRXOG� EH
LPSOHPHQWHG�DV�SDUW�RI�DQ�RYHUDOO�8UEDQ�6DIHW\�0DQDJHPHQW�6WUDWHJ\�DV�WKH\�QHHG�WR�EH
YLHZHG�LQ�WHUPV�RI�WKH�ZKROH�WUDQVSRUWDWLRQ�V\VWHP��,W�LV�DOVR�SRVVLEOH�WKDW�WKH�LQVWDOODWLRQ
RI� WUDIILF� FDOPLQJ�PHDVXUHV� RQ� LVRODWHG� URDGV� FDXVHV� ORFDO� GLYHUVLRQV� RQWR� RWKHU� URDGV
DQG� WKXV�FUHDWH� DFFLGHQW�PLJUDWLRQ��7UDIILF� FDOPLQJ�PD\� KDYH� WKH� SRWHQWLDO� WR� VWHP� WKH
IORZ�RI�WUDIILF�LQ�ORFDO�HQYLURQPHQWV��EXW�LI�WKH�DUWHULDO�DQG�FROOHFWRU�URDGV�DUH�LQFDSDEOH
RI� FDUU\LQJ� WKH� H[FHVV� WUDIILF�� WKHUH� ZLOO� EH� QR� RYHUDOO� JDLQ� WR� WKH� V\VWHP�� $UHD�ZLGH
PHDVXUHV� DQG� HQYLURQPHQWDOO\� DGDSWHG� WKURXJK�URDGV� DUH� HIIHFWLYH� ZLWKLQ� WKH
LPSOHPHQWDWLRQ� DUHD�� EXW� FRPSHQVDWLQJ� HIIHFWV� FDQ� DULVH� LQ� WKH� IRUP� RI� GULYLQJ� IDVWHU
RXWVLGH�WKHVH�DUHDV�

$77�V\VWHPV

$77�V\VWHPV�IRU�VSHHG�PDQDJHPHQW�PD\�EH�GLYLGHG�LQ�WKUHH�FDWHJRULHV�

��� ,QIRUPDWLYH�ZDUQLQJ� V\VWHPV� DLP� WR� LQIOXHQFH� GULYHUV
� VSHHG� FKRLFH�� EXW� OHDYH� WKH
GHFLVLRQ�WR�WKHP�
�� YDULDEOH�VSHHG�OLPLW�VLJQV�DW�WKH�URDGVLGH
�� VSHHG�IHHGEDFN�VLJQV�DW�WKH�URDGVLGH
�� LQIRUPDWLYH�LQ�YHKLFOH�GHYLFHV
�� LQ�YHKLFOH�IHHGEDFN�RQ�VSHHG�HUURUV

��� 5HFRUGLQJ�V\VWHPV�UHJLVWHU�VSHHG�
�� DXWRPDWLF�VSHHG�VXUYHLOODQFH
�� LQ�YHKLFOH�VSHHG�UHFRUGHU

��� ,QWHUYHQLQJ� WRROV� VHW� WKH� OLPLW� LQ� WKH� YHKLFOH� DQG� WKHUHE\� WDNH� DZD\� WKH� SRVVLELOLW\
IURP�WKH�GULYHU�WR�H[FHHG�WKH�SUH�VHW�OLPLW�
�� DGDSWLYH�FUXLVH�FRQWURO
�� IL[HG�VSHHG�OLPLWHUV
�� YDULDEOH�VSHHG�OLPLWHUV

7KH� LPSDFWV� RQ� VSHHG� RI� WKHVH� V\VWHPV� DUH� GHVFULEHG� EULHIO\� EHORZ�� 0RUH� GHWDLOHG
GHVFULSWLRQV�DUH�SURYLGHG�E\�&RPWH�HW�DO���������DQG�9iUKHO\L��������

9DULDEOH�VSHHG�OLPLWV�DUH�XVXDOO\�HPSOR\HG�LQ�GHQVH�WUDIILF�WR�LPSURYH�IORZ��RU�DGYHUVH
ZHDWKHU�RU�URDG�VXUIDFH�FRQGLWLRQV�WR�UHGXFH�DFFLGHQW�ULVN��H�J��IRJ�RU�LF\�URDG���6HYHUDO
VWXGLHV�KDYH�VKRZHG�WKDW�WKH\�FDQ�EH�HIIHFWLYH��7KH�VSHHG�UHGXFLQJ�FDSDFLW\�RI�YDULDEOH
VSHHG� OLPLWV� DSSHDUV� WR� EH� ODUJHVW� LI� WKH� UHDVRQ� IRU� WKH� FXUUHQW� OLPLW� LV� LQGLFDWHG� LQ� WKH
IRUP�RI�ZDUQLQJ�RU�DGYLFH��)XUWKHUPRUH��LQ�DGYHUVH�FRQGLWLRQV�GULYHUV�XVXDOO\�YROXQWDULO\
UHGXFH� WKHLU� VSHHG� �HYHQ�ZLWKRXW� UHGXFHG� VSHHG� OLPLW��� DQG� WKH� VLJQV�FDQ�HYHQ� LQFUHDVH
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VSHHGV� LI� WKH�UHGXFHG�VSHHG�OLPLW� LV� WRR�KLJK�IRU� WKH�SUHYDLOLQJ�FRQGLWLRQV��&RPWH�HW�DO�
������9iUKHO\L�������

)HHGEDFN�VLJQV�DW�WKH�URDGVLGH�FDQ�HLWKHU�SHUWDLQ�GLUHFWO\� WR�DQ� LQGLYLGXDO�GULYHU��H�J�
¦6ORZ�'RZQ��<RXU�VSHHG�LV�;;�NP�K§��RU�WR�WKH�VXUURXQGLQJ�JHQHUDO�GULYLQJ�SRSXODWLRQ
�H�J�� ¦'ULYHUV�QRW� VSHHGLQJ�\HVWHUGD\�;;�§���7KH�HIIHFWLYHQHVV� RI� SURYLGLQJ� IHHGEDFN
WR� WKH� GULYHU� PD\� QRW� EH� GXH� WR� WKH� IHHGEDFN� SHU� VH�� EXW� LQ� LWV� LPSOLFDWLRQ� RI� VSHHG
HQIRUFHPHQW��)HHGEDFN�KDV�JRRG�LQLWLDO�HIIHFWV��KRZHYHU�WKHVH�PLJKW�GHFUHDVH�ZLWK�WLPH
DV�GULYHUV�UHDOLVH�WKDW�QR�HQIRUFHPHQW�LV�FRQQHFWHG�ZLWK�WKH�PHDVXUH��%\�WKH�FRPELQDWLRQ
RI�IHHGEDFN�DQG�HQIRUFHPHQW� VSHHGLQJ�FDQ�DOPRVW�EH�FRPSOHWHO\� VXSSUHVVHG�FRQGLWLRQV
�&RPWH�HW�DO��������9iUKHO\L�������

,QIRUPDWLYH�LQ�YHKLFOH�GHYLFHV�SURYLGH�GULYHUV�ZLWK�HQKDQFHG�LQIRUPDWLRQ�RQ�WKH�DFWXDO
VSHHG�� ([SHULPHQWV� ZLWK� VXFK� HQKDQFHG� LQIRUPDWLRQ� V\VWHPV� KDYH� SURGXFHG� PL[HG
UHVXOWV�� $� KHDG�XS� GLVSOD\� �+8'�� VSHHGRPHWHU�� ZKLFK� JLYHV� FRQWLQXDOO\� VSHHG
LQIRUPDWLRQ�WR�WKH�GULYHU�LQ�KLV�QRUPDO�ILHOG�RI�YLHZ��PLJKW�LPSURYH�VSHHG�EHKDYLRXU�DQG
LQFUHDVH� VDIHW\�DV� HYHU\� ORRNLQJ� DW� WKH� FRQYHQWLRQDO� VSHHGRPHWHU� WDNHV� RQ� DYHUDJH� ���
VHF�ZKLFK�FDQ�EH�GDQJHURXV� LQ� VRPH�VLWXDWLRQV��&RQWLQXRXV� LQIRUPDWLRQ�RQ� WKH� FXUUHQW
VSHHG�OLPLW�FDQ�HYHQ�LQFUHDVH�VSHHGV��&RPWH�HW�DO��������9iUKHO\L�������

,Q�YHKLFOH�IHHGEDFN�RQ�VSHHG�HUURUV�LQIRUPV�WKH�GULYHU�RI�VSHHG�OLPLW�YLRODWLRQV��,W�FDQ
EH� YLVXDO� RU� DXGLWRU\�� ([SHULPHQWV� ZLWK� IHHGEDFN� RQ� VSHHG� HUURUV� KDYH� VKRZQ
HQFRXUDJLQJ�UHVXOWV��ZLWK�VLJQLILFDQW�UHGXFWLRQV�LQ�WKH�SURSRUWLRQ�RI�VSHHGHUV��+RZHYHU�
WKHUH� DUH� GLIIHUHQFHV� LQ� WKH� RSHUDWLQJ� PRGHV� DQG� LQVWDOODWLRQV� RI� WKH� WHVWHG� LQ�YHKLFOH
IHHGEDFN� V\VWHPV�� DQG� WKH�HIIHFW�RQ� VSHHGV�DQG�GULYHU� DFFHSWDQFH� LQ� WKHVH� H[SHULPHQWV
YDULHG� UHVSHFWLYHO\��)XUWKHUPRUH�� WKHUH� LV� OLWWOH� LQIRUPDWLRQ� RQ� WKH� ORQJ�WHUP� HIIHFWV� RQ
VSHHG��&RPWH�HW�DO��������9iUKHO\L�������

$XWRPDWHG� VSHHG� VXUYHLOODQFH� E\� VSHHG�FDPHUDV� LV� PXFK� PRUH� FRVW�HIIHFWLYH� WKDQ
PDQXDO�VXUYHLOODQFH��LW�LQFUHDVHV�WKH�REMHFWLYLW\�RI�WKH�HQIRUFHPHQW��DQG�VLPSOLILHV�RU�HYHQ
PDNHV�FRXUW�SURFHGXUHV� VXSHUIOXRXV��6HYHUDO� VWXGLHV�KDYH�GHPRQVWUDWHG� WKDW� DXWRPDWLF
VSHHG�VXUYHLOODQFH�LV�HIIHFWLYH�IRU�LPSURYLQJ�FRPSOLDQFH�LQ�WUDIILF��7KH�FRVW�HIIHFWLYHQHVV
RI�WKH�V\VWHP�LV�VLJQLILFDQWO\�LPSURYHG�LI�WKH�RZQHU�RI�WKH�YHKLFOH�FDQ�EH�KHOG�UHVSRQVLEOH
IRU�VSHHGLQJ�RIIHQFHV�FRPSDUHG�WR�WKH�SUDFWLFH�ZKHUH�WKH�GULYHU�KDV�WR�EH�LGHQWLILHG�IURP
WKH�SKRWR��2HL�������&RPWH�HW�DO��������9iUKHO\L�������

,Q�YHKLFOH� VSHHG� UHFRUGHU� LV� D� FORFN�GULYHQ� WDFKRJUDSK� UHFRUGHU�� ZKLFK� SURYLGHV� D
SHUPDQHQW� UHFRUG� RI� VXFK� YHKLFOH� IXQFWLRQV� DV� VSHHG�� GLVWDQFH� WUDYHOOHG�� HWF�� ,Q� DQ
H[SHULPHQW� LQ� WKH�86$� WDFKRJUDSKV�ZHUH� LQVWDOOHG� LQ� ���� SROLFH� FDUV� GXULQJ� ��������
6SHHGV�ZHUH�UHGXFHG�ERWK�ZKHQ�GULYLQJ�ZLWK�DQG�ZLWKRXW� HPHUJHQF\� OLJKWV�� DQG� LQMXU\
DFFLGHQWV�ZHUH�YLUWXDOO\�HOLPLQDWHG��7KH�HIIHFWV�ZHUH�PRVW� DSSDUHQW� GULYHUV�ZHUH� JLYHQ
UHJXODU� IHHGEDFN� RQ� WKHLU� WDFKRJUDSK� GLVFV�� 7KH� RIILFHUV�� DIWHU� D� VKRUW� SHULRG� RI
UHVLVWDQFH��DFFHSWHG�WKH�V\VWHP�DV�D�KHOSIXO�SDUW�RI�WKHLU�MRE�DQG�PRVW�RI�WKHP�VXSSRUWHG
WKH�UHFRUGHUV�DV�DFFLGHQW�SUHYHQWLRQ�WRROV��/DUVRQ�HW�DO��������9iUKHO\L�������

$GDSWLYH�FUXLVH�FRQWURO��$&&��LV�D�FRPIRUW�V\VWHP�ZKLFK�KHOSV�WKH�GULYHU� WR�PDLQWDLQ
KLV� VSHHG� RQ� D� SUH�VHW� OHYHO�� ,W� FDQ� UHFRPPHQG� DSSURSULDWH� VSHHGV� RU� DGDSW� VSHHG
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DXWRPDWLFDOO\�WR�FKDQJHV�LQ�VSHHG�OLPLWV��$,&&��$XWRQRPRXV�,QWHOOLJHQW�&UXLVH�&RQWURO�
FDQ�GHWHFW�YHKLFOHV�DKHDG�DQG�UHFRPPHQG�RU�DGDSW�WKH�VSHHG�DXWRPDWLFDOO\�LQ�VXFK�D�ZD\
WKDW� D� VDIH� GLVWDQFH� LV� NHSW� IURP� WKH� YHKLFOH� DKHDG�� ,Q� WKH� ILUVW� SODFH� LW� LV� QRW� D� VSHHG
OLPLWHU��EXW� DLPV� DW�PDNLQJ� VSHHGV�PRUH� KRPRJHQHRXV��$&&�KDV� OLPLWDWLRQV�� LW� FDQQRW
GHWHFW�VWDWLRQDU\�REMHFWV�� LWV�EUDNLQJ�FDSDFLW\� LV� OLPLWHG�DQG� WKH�GULYHU�KDV� WR� LQWHUYHQH�
DQG� LW� ZRUNV� RQO\� ZLWKLQ� D� FHUWDLQ� VSHHG� LQWHUYDO�� $&&� FRXOG� JLYH� ULVH� WR� KDUPIXO
EHKDYLRXUDO�DGDSWDWLRQ�LQ�YDULRXV�IRUPV��&RPWH�HW�DO��������9iUKHO\L�������

)L[HG� VSHHG� OLPLWHUV� DUH� FXUUHQWO\� REOLJDWRU\� LQ� KHDY\� WUXFNV� LQ� PDQ\� (XURSHDQ
FRXQWULHV�� 7KH\� SUHYHQW� WKH� XVH� RI� VSHHGV� KLJKHU� WKDQ� �� WR� ��� NP�K� DERYH� WKH� YHKLFOH
W\SH� VSHFLILF� VSHHG� OLPLW�� ZKLFK� LV� ��� RU� ��� NP�K� LQ� PRVW� FRXQWULHV� �'UDVNyF]\� 	
0RFViUL��������,Q�DGGLWLRQ��VRPH�FDU�PDQXIDFWXUHUV�KDYH�OLPLWHG� WKH� WRS�VSHHG�RI� WKHLU
FDUV�WR�����NP�K�

9DULDEOH�VSHHG�OLPLWHUV�FDQ�EH�PDQXDO�RU�DXWRPDWLF��7KH�GULYHU�FDQ�VHW�WKH�VSHHG�OLPLW
RI� PDQXDO� VSHHG� OLPLWHUV� DQG� FKDQJH� LW� DFFRUGLQJ� WR� WKH� SUHYDLOLQJ� VSHHG� OLPLW�� IRU
H[DPSOH��+H�FDQ�DOVR�GLVHQJDJH�WKH�OLPLWHU�HQWLUHO\��9DULDEOH�VSHHG�OLPLWHUV�DUH�PHDQW�WR
EH�FRPSXOVRU\�DQG�WKH\�UHFHLYH�WKH�VLJQDO�WKDW�VHW�WKH�VSHHG�IURP�H[WHUQDO�VRXUFHV��H�J�
WUDQVPLWWHUV�DW� WKH�URDGVLGH�RU�YLD�VDWHOOLWH�QDYLJDWLRQ�V\VWHP��� ,I� WKH� VSHHG� OLPLWHU� LV� WR
JLYH� VLJQLILFDQW� VDIHW\� LPSURYHPHQWV� LW� PXVW� ZRUN� DXWRPDWLFDOO\� DQG� EH� FRPSXOVRU\�
6XFK� VSHHG� OLPLWHUV�� ZKHQ� LQVWDOOHG� LQ� DOO� YHKLFOHV�� FDQ� SUHYHQW� YLUWXDOO\� DOO� VSHHGLQJ
�&RPWH�HW�DO��������9iUKHO\L��������7KLV�ZRXOG�UHGXFH�WKH�QXPEHU�RI�LQMXU\�DFFLGHQWV�E\
EHWZHHQ����DQG����SHU�FHQW��9iUKHO\L��������7KH� LPSDFWV�RI�YDULDEOH�VSHHG�OLPLWHUV�RQ
GULYLQJ�VSHHGV�DUH�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�6HFWLRQ�����

,GHDOO\� DQ� $77�V\VWHP� LV� GHVLJQHG� LQ� VXFK� D� VRSKLVWLFDWHG� ZD\� WKDW� GULYHUV� OHDUQ� WR
DSSUHFLDWH� WKH� V\VWHP� VR� WKDW� WKHUH� LV� D� PLQLPXP� RI� ZDUQLQJV� DQG� UHFRPPHQGDWLRQV
H[HFXWHG� DQG� DOPRVW� QHYHU� DQ\� LQWHUYHQWLRQ� IRU� DFXWH� VDIHW\� UHDVRQV�� ,Q� JHQHUDO�� OLWWOH
UHVLVWDQFH� LV� WR� EH� H[SHFWHG� DJDLQVW� WKH� LQWURGXFWLRQ� RI� LQIRUPDWLYH� PHDVXUHV�
3UHVXPDEO\�� LW�ZLOO� EH� GLIIHUHQW�ZLWK� UHFRUGLQJ� V\VWHPV� �EHFDXVH� RI� LPSOLFDWLRQV� RI� WKH
¦ELJ�EURWKHU�VHHV�\RX§� GUHDG�� DQG� LQWHUYHQLQJ�PHDVXUHV�ZKLFK� DUH� EHOLHYHG� WR� UHVWUDLQ
WKH� DFWLRQ� E\� WKH� GULYHU�� +RZHYHU�� WKHUH� LV� D� GLIIHUHQFH� EHWZHHQ� DWWLWXGHV� EDVHG� RQ
H[SHFWDWLRQ� DQG� DWWLWXGHV� EDVHG� RQ� H[SHULHQFH� �/HYHOW� ������� KHQFH� DFFHSWDQFH� FDQ
FKDQJH�DIWHU�WU\LQJ�RXW�D�GHYLFH�

5HDO�WLPH�LQIRUPDWLRQ�RQ�DSSURSULDWH�VSHHGV�VHHP�WR�EH�LPSRUWDQW�IRU�GULYHUV��$�VXUYH\
DPRQJ�GULYHUV�LQ�WKH�86$�LGHQWLILHG�DQG�VFRUHG�WKH�UHODWLYH�SULRULW\�RI� WUDYHOOHUV©�QHHGV
RI� $GYDQFHG� ,QIRUPDWLRQ� 6\VWHPV�� $PRQJ� ��� V\VWHPV� RQ� WULS� SODQQLQJ�� WUDYHOOHU
DGYLVRU\��WUDYHOOHU�VHUYLFHV��VDIHW\�	�ZDUQLQJ��URXWH�JXLGDQFH�DQG�HPHUJHQF\�VHUYLFHV�WKH
KLJKHVW� UHODWLYH�SULRULW\�ZDV�JLYHQ�WR�¦PD\GD\�PHGLFDO� HPHUJHQF\� VHUYLFH§� IROORZHG�E\
¦ZDUQLQJ� IRU� DSSURSULDWH� VSHHG� OLPLWV� IRU� WKH� SUHYDLOLQJ� FRQGLWLRQ§� DQG� ¦FROOLVLRQ
ZDUQLQJ§��)+:$�������
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������ 6LPXODWRU�VWXG\�RI�$77�DQG�QRQ�$77�VSHHG�PDQDJHPHQW�WRROV

$�VLPXODWRU�H[SHULPHQW�ZDV�FDUULHG�RXW�LQIOXHQFHG�E\�WKH�ILQGLQJV�RI�WKH�OLWHUDWXUH�UHYLHZ
GHVFULEHG�LQ�6HFWLRQ��������$�YDULHW\�RI�WKH�PRVW�SURPLVLQJ�$77�DQG�QRQ�$77�V\VWHPV
ZHUH� VHOHFWHG� DQG� WKHLU� HIIHFWLYHQHVV� WHVWHG� LQ� D� FRQWUROOHG� HQYLURQPHQW� RQ� D� GULYLQJ
VLPXODWRU��7KH�H[SHULPHQW�LV�GHVFULEHG�LQ�GHWDLO�E\�&RPWH������D���7KH�SULQFLSDO�ILQGLQJV
IURP�WKH�H[SHULPHQW�DUH�VXPPDULVHG�EHORZ��9DUKHO\L�������

,Q� WKH�VLPXODWRU� H[SHULPHQW� �)LJXUH�����GULYHUV� HQFRXQWHUHG�FXUYHV� �UDGLXV�����RU����
PHWUHV�� LQ� D� VLPXODWHG� QHWZRUN� RI� URDGV� WKDW� ZHUH� HLWKHU� WUHDWHG� ZLWK� RQH� RI� IRXU
LPSOHPHQWDWLRQV�RU�XQWUHDWHG��7KH�IRXU�V\VWHPV�HPSOR\HG�WKH�IROORZLQJ�PHDVXUHV�

�� 7UDQVYHUVH�EDUV��%DUV��

�� $GYLVRU\�VSHHG�VLJQV�DW�WKH�URDGVLGH��906��

�� ,Q�FDU�YLVXDO�DGYLFH�GLVSOD\��,Q�FDU��

�� ,Q�FDU�DXWRPDWHG�VSHHG�FRQWURO��6/��

7KHVH�V\VWHPV�DUH�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�$SSHQGL[���

)LJXUH�����7KH�/HHGV�GULYLQJ�VLPXODWRU��&RPWH�����D��

$�FRQWURO�FRQGLWLRQ�ZDV� LQFOXGHG�WR�VHUYH�DV� D�EHKDYLRXUDO�EDVHOLQH��7KLUW\� WHVW�GULYHUV
ZHUH�LQYROYHG�LQ�WKH�H[SHULPHQW�

,W�ZDV�K\SRWKHVLVHG�WKDW�E\�SURYLGLQJ�LQIRUPDWLRQ�DQG�VSHHG�DGYLFH�WR�WKH�GULYHU��VSHHG
ZRXOG� EH� UHGXFHG� RQ� WKH� WUHDWHG� FXUYHV�� ,Q� DGGLWLRQ� LW� ZDV� WKRXJKW� WKDW� WKH� GLIIHUHQW
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V\VWHPV�ZRXOG�EH�YDULDEOH� LQ� WKHLU� HIIHFWLYHQHVV�� ,W�ZDV�DOVR� DQWLFLSDWHG� WKHUH�PLJKW� EH
QHJDWLYH�HIIHFWV�RI�WKH�V\VWHPV�VXFK�DV�LQFUHDVHG�GLVWUDFWLRQ�DQG�PHQWDO�ZRUNORDG�

'ULYLQJ� EHKDYLRXU� ZDV� PHDVXUHG� LQ� WHUPV� RI� FXUYH� DSSURDFK� DQG� QHJRWLDWLRQ�� XVLQJ
YDULDEOHV� RI� VSHHG� DQG� KHDGLQJ� DQG� WKHLU� GHULYDWLYHV�� (DFK� SDUWLFLSDQW� FRPSOHWHG� ILYH
H[SHULPHQWDO�URXWHV��WKH�RUGHULQJ�RI�ZKLFK�ZDV�EDODQFHG��:RUN�ORDG�PHDVXUHPHQWV�ZHUH
DGPLQLVWHUHG� ZLWK� KHOS� RI� 1$6$�57/;� PHWKRG� DIWHU� HDFK� H[SHULPHQWDO� URXWH�
3HUIRUPDQFH�PHDVXUHV�ZHUH� WDNHQ�WKDW�UHODWHG� WR�ERWK�FXUYH�DSSURDFK�DQG�QHJRWLDWLRQ�
2SWLPDO�SHUIRUPDQFH�ZDV�GHILQHG�DV�KDYLQJ�WKH�IROORZLQJ�FKDUDFWHULVWLFV�

�� FRQWUROOHG�DQG�WLPHO\�EUDNLQJ�RQ�DSSURDFK�WR�FXUYHV

�� ODUJH�SHUFHQWDJH�RI�VSHHG�UHGXFWLRQ�FRPSOHWHG�EHIRUH�FXUYH�HQWU\

�� PLQLPDO�GLVUXSWLRQ�WR�VWHHULQJ�SHUIRUPDQFH�LQ�WKH�SUHVHQFH�RI�D�QRYHO�V\VWHP

�� FXUYH�QHJRWLDWLRQ�VSHHG�UHIOHFWLQJ�DGYLVRU\�VSHHG

�� PLQLPDO�EHKDYLRXUDO�DGDSWDWLRQ�RQ�VWUDLJKW�VHFWLRQV�RI�URDG

2I�DOO�WKH�V\VWHPV��DV�ZRXOG�EH�H[SHFWHG��DXWRPDWLF�VSHHG�FRQWURO�VXUSDVVHG�DOO�WKH�RWKHU
V\VWHPV� LQ� WHUPV�RI� HIIHFWLYHO\� UHGXFLQJ� VSHHG� RQ� DSSURDFK� WR� FXUYHV�� DV� LOOXVWUDWHG� E\
)LJXUH�����)LJXUH����DQG�)LJXUH�����$XWRPDWLF�VSHHG�FRQWURO�KDG�DOVR�SRVLWLYH�HIIHFWV�RQ
ODWHUDO�FRQWURO�LQ�FXUYH�QHJRWLDWLRQ�� ,Q� WHUPV�RI�XVHU�DFFHSWDELOLW\��KRZHYHU�� WKLV�V\VWHP
ZDV�OHDVW�OLNHG�

$OO� WKH� IHHGEDFN� V\VWHPV� VLJQLILFDQWO\� UHGXFHG� VSHHGV�ZKHQ� DFWLYDWHG� �DOWKRXJK� QRW� DV
HIIHFWLYHO\� DV� WKH� DXWRPDWLF� V\VWHP��� LQ� WKH� RUGHU� RI� DSSUR[LPDWHO\� �NP�K�� +RZHYHU�
WKHUH� ZHUH� YHU\� IHZ� GLIIHUHQFHV� EHWZHHQ� WKH� DGYLFH� V\VWHPV�� 7KH� SURYLVLRQ� RI
LQIRUPDWLRQ�ZDV�SDUWLFXODUO\�HIIHFWLYH� LQ�VPDOOHU�UDGLXV�FXUYHV��7KLV�ZDV�D�K\SRWKHVLVHG
UHVXOW� DV� WKH� DGYLVRU\� VSHHG� IRU� WKHVH� FXUYHV� ZDV� UDGLFDOO\� GLIIHUHQW� WR� WKH� VSHHG
HQYLURQPHQW�LPPHGLDWHO\�SUHFHGLQJ�WKHP��,W�DSSHDUV�WKDW�WKH�SURYLVLRQ�RI�DGYLFH��LQ�DQ\
IRUPDW��FRXOG�EH�HIIHFWLYH�LQ�UHGXFLQJ�VSHHGV��7KH�906�VLJQ�ZDV�SDUWLFXODUO\�HIIHFWLYH�LQ
ORZHULQJ�VSHHGV�HDUO\�RQ�LQ�WKH�DSSURDFK�WR� WKH�FXUYHV��SUREDEO\�GXH� WR�HDUO\�GHWHFWLRQ
RI� WKH� VLJQ� E\� WKH� URDGVLGH�� +RZHYHU�� WKLV� HDUO\� DGYDQWDJH� ZDV� QRW� PDLQWDLQHG�� DQG
HYHQWXDOO\�SDUDOOHOHG�WKH�VSHHG�UHGXFWLRQ�FXUYHV�RI�WKH�RWKHU�DGYLFH�V\VWHPV�

:KDW� LV�QRW� FOHDU� IURP� WKLV� H[SHULPHQW� LV�KRZ� WKHVH�DGYLFH� V\VWHPV� SHUIRUP�RYHU� WLPH
�DQG� GLVWDQFH��� ,Q� VRPH� SUHYLRXV� VWXGLHV� RI� WKLV� QDWXUH� WKHUH� KDV� EHHQ� GHPRQVWUDWHG
UHGXFWLRQV�LQ�VSHHG��RQO\� WR�EH�IROORZHG�E\�D�VXEVHTXHQW� LQFUHDVH�DJDLQ��7KHVH�VRUWV�RI
QRYHOW\�HIIHFWV�DUH�LPSRUWDQW�WR�HVWDEOLVK�LQ�WHUPV�RI�FRVW�EHQHILWV�DQDO\VLV��DV�DQ\�LQLWLDO
EHQHILW�PD\�EH�ORVW�RYHU�WLPH�

7KLV�H[SHULPHQW�ZDV�DOVR�DEOH�WR�GHPRQVWUDWH�WKDW�WKHUH�ZHUH�QR�REYLRXV�DGYHUVH�DIIHFWV
RI�SURYLGLQJ�LQIRUPDWLRQ�LQ�WHUPV�RI�GULYHU�GLVWUDFWLRQ�DQG�ZRUNORDG��,W�LV�LPSRUWDQW�WKDW
HYDOXDWLRQV�RI� LQIRUPDWLRQ�SURYLVLRQ� LQFOXGH� VXFK�DQ�DVVHVVPHQW�� DV� DQ\�SRVVLEOH� VDIHW\
EHQHILWV�JDLQHG�IURP�UHGXFHG�VSHHG�PD\�EH�RXWZHLJKHG�E\�GULYHU�GLVWUDFWLRQ�
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�D�����P�UDGLXV�FXUYHV

)LJXUH�����&XUYH�HQWU\�VSHHGV��&RPWH�����D��

,Q� FRQFOXVLRQ�� LW� DSSHDUV� WKDW� WKH� SURYLVLRQ� RI� VSHHG� DGYLFH� WR� GULYHUV� GRHV� UHVXOW� LQ
UHGXFHG�VSHHG�RQ�WKH�DSSURDFK�DQG�QHJRWLDWLRQ�WR�FXUYHV��,W�VHHPV�WR�PDWWHU�OLWWOH�H[DFWO\
LQ�ZKDW�PRGH�WKLV�DGYLFH�LV�JLYHQ�WR�GULYHUV��$V�ZRXOG�EH�H[SHFWHG�RSWLPDO�SHUIRUPDQFH
LV� DWWDLQHG� XQGHU� DQ� DXWRPDWLF� V\VWHP� DOWKRXJK� IXUWKHU� UHVHDUFK� VKRXOG� HYDOXDWH� OLNHO\
ORQJ�WHUP�EHQHILWV�DQG�EHKDYLRXUDO�DGDSWDWLRQ�LVVXHV�

���� ,1�&$5�63(('�/,0,7(5

������ 6LPXODWRU�VWXG\�RI�LQ�FDU�VSHHG�OLPLWHU

$�VLPXODWRU�H[SHULPHQW�ZDV�FDUULHG�RXW�RQ�GULYHU�UHDFWLRQ�WR�DQG�DFFHSWDQFH�RI�DQ�LQ�FDU
VSHHG� OLPLWHU��XVLQJ� WKH� VDPH�VLPXODWRU� DV� LQ� WKH�H[SHULPHQW�GHVFULEHG� LQ� 6HFWLRQ� �����
�)LJXUH� ����� 7KH� H[SHULPHQW� LV� GHVFULEHG� E\�&RPWH� �����E�� DQG�9iUKHO\L� �������� 7KH
SULQFLSDO�ILQGLQJV�IURP�WKH�H[SHULPHQW�DUH�VXPPDULVHG�EHORZ�

7KH�8QLYHUVLW\� RI� /HHGV�$GYDQFHG�'ULYLQJ� 6LPXODWRU�ZDV� XVHG� WR� WHVW� WZR� LQ�YHKLFOH
VSHHG�FRQWURO�V\VWHPV�DJDLQVW�DQ�DGYLVRU\�V\VWHP�DQG�D�EDVHOLQH�FRQWURO�

�� $GYLVRU\� V\VWHP� SURYLGHG�GULYHUV�ZLWK�D� FRQWLQXDO� UHPLQGHU�RI� WKH� H[WHUQDO� VSHHG
OLPLW�� ,Q� DGGLWLRQ� DGYLVRU\� VSHHGV� IRU� DQ\� KD]DUGRXV� FRQGLWLRQV� DKHDG� ZHUH� DOVR
GLVSOD\HG�� ,Q� WKLV� H[SHULPHQW� GULYHUV� ZHUH� ZDUQHG� WKH\� ZHUH� DSSURDFKLQJ� D� VXE�
VWDQGDUG�KRUL]RQWDO� FXUYH�DQG� WKH�DSSURSULDWH� DGYLVRU\� VSHHG�ZDV�GLVSOD\HG�E\� WKH
V\VWHP�� ,Q� DGGLWLRQ�� D� PHVVDJH� ZDUQLQJ� RI� IRJ� ZDV� GLVSOD\HG� DQG� DJDLQ� WKH
DSSURSULDWH� DGYLVRU\� VSHHG�ZDV�GLVSOD\HG� E\� WKH� V\VWHP��7KH� DGYLFH�ZDV� SURYLGHG
YLD�DQ�LQ�FDU�GLVSOD\�VLWXDWHG�RQ�WKH�GDVK�ERDUG�

�� )L[HG�V\VWHP�DXWRPDWLFDOO\� OLPLWHG� WKH�FDU� WR� WKH�H[WHUQDO�VSHHG�OLPLW�� ,I� WKH�GULYHU
WUDYHOV� IURP�D�KLJKHU� VSHHG� OLPLW� WR� D� ORZHU� RQH�� WKH� V\VWHP� DXWRPDWLFDOO\� UHGXFHV
WKH�VSHHG�RI�WKH�VLPXODWRU�LQ�UHDGLQHVV�IRU�WKH�ORZHU�VSHHG�OLPLW��7KXV�WKH�GULYHU�ZLOO
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EH�WUDYHOOLQJ�DW�WKH�VSHHG�OLPLW�DV�WKH\�SDVV�WKH�VSHHG�OLPLW�VLJQ��DV�LV�UHTXLUHG�XQGHU
WUDIILF�ODZ���:KHQ�WKH�GULYHU�LV�WUDYHOOLQJ�IURP�D�ORZ�VSHHG�OLPLW�WR�D�KLJKHU�RQH��WKHQ
WKH� V\VWHP� DOORZV� DFFHOHUDWLRQ� RQO\� DIWHU� WKH� QHZ� VSHHG� OLPLW� LV� LQ� RSHUDWLRQ�� 6HH
&RPWH������E��IRU�PRUH�GHWDLOV�RI�WKH�V\VWHP�RSHUDWLRQ�

�� '\QDPLF� V\VWHP�� LQ� DGGLWLRQ� WR� DXWRPDWLFDOO\� OLPLWLQJ� WKH� VSHHG� RI� WKH� FDU� WR� WKH
H[WHUQDO� VSHHG� OLPLW�� DOVR� IXUWKHU� UHGXFHV� VSHHG� LQ� KD]DUGRXV� VLWXDWLRQV�� ,Q� WKLV
H[SHULPHQW� GULYHUV� ZHUH� ZDUQHG� WKH\� ZHUH� DSSURDFKLQJ� D� VXE�VWDQGDUG� KRUL]RQWDO
FXUYH�DQG�WKH�DSSURSULDWH�DGYLVRU\�VSHHG�ZDV�GLVSOD\HG�E\� WKH� V\VWHP��7KH� V\VWHP
ZDV�DFWLYDWHG�DQG�GULYHUV�FRXOG�EH�GHFHOHUDWHG�LI�QHFHVVDU\�WR�WKLV�DGYLVRU\�VSHHG��,Q
DGGLWLRQ��D�PHVVDJH�ZDUQLQJ�RI�IRJ�ZDV�GLVSOD\HG�DQG�VXEVHTXHQW�GHFHOHUDWLRQ�WR�WKH
DGYLVRU\�VSHHG�WKHQ�RFFXUUHG�

$� URDG� HQYLURQPHQW� LQFRUSRUDWLQJ� XUEDQ�� UXUDO� DQG� PRWRUZD\� VFHQDULRV� DOORZHG� WKH
FRPSDULVRQ� RI� WKH� V\VWHPV� DFURVV� URDG� W\SHV�� 'ULYHU� EHKDYLRXU� XQGHU� WKH� WZR� FRQWURO
V\VWHPV� ZDV� FRPSDUHG� WR� WKDW� LQ� WKH� DGYLVRU\� DQG� EDVHOLQH� FRQGLWLRQV�� %HKDYLRXUDO
SDUDPHWHUV� PHDVXUHG� LQFOXGH� VSHHG� DQG� LWV� GHULYDWLYHV�� WLPH� KHDGZD\�� RYHUWDNLQJ
PDQRHXYUHV�� WUDIILF� OLJKW� YLRODWLRQV� DQG� FROOLVLRQ� PHDVXUHV�� 6XEMHFWLYH� PHDVXUHV� RI
ZRUNORDG� ZHUH� WDNHQ� WR� PRQLWRU� DQ\� SRVVLEOH� XQGHUORDG� RU� RYHUORDG� HIIHFWV�� DQG� DQ
DFFHSWDELOLW\� TXHVWLRQQDLUH� ZDV� DGPLQLVWHUHG� WR� DVFHUWDLQ� GULYHU� RSLQLRQ� DERXW� WKH
V\VWHPV�

$V�K\SRWKHVLVHG��VSHHG�FRQWURO�ZDV�VXFFHVVIXO� LQ�UHGXFLQJ�H[FHVVLYH� VSHHG��SDUWLFXODUO\
LQ� XUEDQ� DUHDV�� 7KH� VSHHG� SURILOHV� VKRZHG� WKDW� ZLWKRXW� VSHHG� FRQWURO�� GULYHUV� DUH
VXVFHSWLEOH�WR�SRRU�VSHHG�DGDSWDWLRQ��)LJXUH�����
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'LVWDQFH�DORQJ�VHFWLRQ��P�
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%DVHOLQH

$GYLVRU\

)L[HG

'\QDPLF

6SHHG�/LPLW

��

6SHHG�OLPLWHU�

DFWLYDWHG

'HUHVWULFWLRQ�

VLJQ�LQ�VLJKW

)LJXUH�����6SHHG�SURILOH�WKURXJK�9LOODJH����&RPWH�����E��
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'ULYHUV�LQ�ERWK�WKH�EDVHOLQH�DQG�DGYLVRU\�FRQGLWLRQV�GR�QRW�GHFHOHUDWH�WR�WKH�VSHHG�OLPLW
RI�WKH�YLOODJHV�����NP�K��DV�WKH\�SDVV�WKH�QHZ�VSHHG�OLPLW��DOWKRXJK�WKH�DGYLVRU\�V\VWHP
GRHV�HQFRXUDJH�GULYHUV�WR�UHGXFH�WKHLU�VSHHG�IXUWKHU�WKDQ�LQ�WKH�EDVHOLQH��7KLV�LV�NQRZQ
WR� EH� D� SDUWLFXODU� SUREOHP� LQ� UHDO�OLIH� VLWXDWLRQV� ZKHUH� GULYHUV� DUH� UHOXFWDQW� WR� UHGXFH
WKHLU�VSHHG�LQ�UXUDO�YLOODJHV��,Q�UHFHQW�\HDUV�WKLV�SUREOHP�KDV�EHHQ�WDFNOHG�XVLQJ�D�YDULHW\
RI�¨YLOODJH�JDWHZD\�VFKHPHV©��$OWKRXJK�WKHVH�FDQ�EH�VXFFHVVIXO�LQ�WKH�VKRUW�UXQ��WKH�ORQJ�
WHUPV�HIIHFWV�DUH�OHVV�FRQYLQFLQJ��7KH�DGYLVRU\�V\VWHP�DSSHDUV� WR�KDYH�VRPH�VXFFHVV� LQ
UHGXFLQJ� VSHHG�� DOWKRXJK� WKLV� FRXOG� EH� HQKDQFHG� E\� SURYLGLQJ� WKH� LQIRUPDWLRQ� DERXW
FKDQJHV� LQ� VSHHG� OLPLW� EHIRUH� WKH\� DFWXDOO\� RFFXU�� 7KLV�ZRXOG� SURYLGH� GULYHUV�ZLWK� WKH
RSSRUWXQLW\�WR�GHFHOHUDWH�EHIRUH�UHDFKLQJ�WKH�ORZHU�VSHHG�OLPLW�

6SHHG�FRQWURO�DOVR�GHPRQVWUDWHV�RWKHU�EHQHILWV�LQ�XUEDQ�DUHDV�VXFK�DV�PDLQWDLQLQJ�ORZHU
VSHHGV�RQ�FXUYH�QHJRWLDWLRQ�DQG� LQ�DUHDV�ZKHUH� WKHUH�DUH�YXOQHUDEOH� URDG�XVHUV�� 6SHHG
YDULDQFH� ZDV� DOVR� UHGXFHG� XQGHU� VSHHG� FRQWURO�� VXJJHVWLQJ� WKDW� ZLGHVSUHDG
LPSOHPHQWDWLRQ� FRXOG� KDYH� WKH� HIIHFW� RI� VPRRWKLQJ� WUDIILF� IORZ� E\� UHGXFLQJ� H[WUHPH
VSHHG�YDOXHV�

7KH�DGYLVRU\� V\VWHP�ZRUNHG�DOPRVW� DV�ZHOO� DV� WKH�G\QDPLF� VSHHG� OLPLWHU� LQ� SRWHQWLDOO\
KD]DUGRXV�VLWXDWLRQV�VXFK�DV�VXE�VWDQGDUG�FXUYDWXUH�DQG�SRRU�YLVLELOLW\�FRQGLWLRQV��6XFK
EHQHILWV�PD\� EH� VLJQLILFDQW� FRQVLGHULQJ� WKH� SURSRUWLRQ� RI� DFFLGHQWV� WKDW� RFFXU� LQ� VXFK
FRQGLWLRQV�

+RZHYHU��WKHUH�ZHUH�DOVR�VRPH�QHJDWLYH�HIIHFWV�RI�WKH�VSHHG�FRQWURO�V\VWHPV��)LUVWO\��LQ
WKH� FDVH� RI� FDU� IROORZLQJ�� LW�ZDV� IRXQG� WKDW� WKRVH� GULYLQJ�ZLWK� D� FRQWURO� V\VWHP� VSHQW
PRUH� WLPH�DW� VKRUWHU�KHDGZD\V� �)LJXUH������7KLV�PD\�KDYH�EHHQ�GXH� WR� LPSDWLHQFH�� RU
GXH� WR�GULYHUV�NHHSLQJ� WKHLU� IRRW�RQ� WKH�DFFHOHUDWRU� WR�PDLQWDLQ�PD[LPXP� VSHHG�� 6XFK
GULYLQJ� EHKDYLRXU� PD\� UHVXOW� LQ� D� KLJKHU� LQFLGHQFH� RI� UHDU�HQG� FROOLVLRQV�� HVSHFLDOO\� LI
GULYHUV�H[SHULHQFH�D�GHJUHH�RI�FRPSODFHQF\�
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%DVHOLQH $GYLVRU\ )L[HG '\QDPLF
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)LJXUH�����3HUFHQWDJH�RI�WULDO�GXUDWLRQ�VSHQW�DW�OHVV�WKDQ���VHFRQG�KHDGZD\��&RPWH
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7KH�LQFLGHQFH�RI�FROOLVLRQV�ZDV�IRXQG�WR�EH�KLJKHU�LQ�WKH�IL[HG�FRQGLWLRQ��LQGHSHQGHQW�RI
VSHHG��7KLV�PD\� UHIOHFW� VRPH�GHJUHH�RI� ORVV�RI� VLWXDWLRQDO�DZDUHQHVV�� VXFK� WKDW� GULYHUV
H[SHULHQFLQJ� WKH� IL[HG� VSHHG� OLPLWHU� ZHUH� WDNHQ� RXW�RI�ORRS�� DQG� IDFHG� ZLWK� D� FULWLFDO
VLWXDWLRQ�IRXQG�LW�FRQVHTXHQWO\�PRUH�GLIILFXOW� WR� UHDFW� LQ� WLPH��7KLV� LV� VXSSRUWHG�E\� WKH
UHODWLYHO\�ODWH�EUDNLQJ�WKDW�ZDV�REVHUYHG�LQ�WKH�IL[HG�FRQGLWLRQ�

7KHUH�ZHUH�QR�HIIHFWV� RI� V\VWHPV� RQ� UHSRUWHG�PHQWDO�ZRUNORDG��+RZHYHU� LW� VKRXOG� EH
QRWHG�WKDW�DQ\�UHGXFWLRQ�LQ�ZRUNORDG�PD\�KDYH�EHHQ�RIIVHW�E\� WKH�/&'�GLVSOD\��ZKLFK
FRXOG�KDYH�FDXVHG�DGGLWLRQDO�SURFHVVLQJ��)XWXUH�VWXGLHV�VKRXOG�LQYROYH�WKH�PRQLWRULQJ�RI
H\H�PRYHPHQWV�LQ�RUGHU�WR�HQVXUH�WKDW�GLVWUDFWLRQ�E\�WKH�LQ�FDU�GLVSOD\�LV�QRW�GHWULPHQWDO
WR�WKH�SULPDU\�WDVN�RI�GULYLQJ�

7KH� DFFHSWDELOLW\� H[HUFLVH� GHPRQVWUDWHG� GULYHU©V� GLVOLNH� IRU� D� V\VWHP� WKDW� SRWHQWLDOO\
FRQWUROV�WKHLU�VSHHG��+RZHYHU�LW�ZDV�IRXQG�WKDW�DIWHU�H[SHULHQFLQJ�VXFK�D�V\VWHP��GULYHUV
ZHUH� OHVV� QHJDWLYH� WRZDUGV� LW�� $V� SUHGLFWHG�� GULYHUV� DUH� PRUH� LQFOLQHG� WR� ILQG� DQ
LQIRUPDWLYH�V\VWHP�PRUH�DFFHSWDEOH��HYHQ�LI� LWV�DFFHSWDQFH�GHFUHDVHG�DIWHU�H[SHULHQFLQJ
LW�

,Q�FRQFOXVLRQ��VSHHG�FRQWURO�DSSHDUV�UHGXFH�VLJQLILFDQWO\�PHDQ�VSHHG�DQG�VSHHG�YDULDQFH�
7KH� UHGXFWLRQ� LQ� VSHHG� ZDV� HVSHFLDOO\� KLJK� DW� YLOODJH� HQWULHV�� +RZHYHU� WKHVH� EHQHILWV
VKRXOG� EH� FRQVLGHUHG� LQ� WKH� OLJKW� RI� SRWHQWLDO� VDIHW\� FRVWV� VXFK� DV� UHGXFHG� IROORZLQJ
GLVWDQFHV�DQG�SRVVLEOH�FRPSODFHQF\�DQG�ORVV�RI�YLJLODQFH�

������ )LHOG�VWXG\�RI�LQ�FDU�VSHHG�OLPLWHU

)LHOG�WULDOV�ZHUH�FDUULHG�RXW�LQ�RUGHU� WR� LQYHVWLJDWH�GULYHU�UHDFWLRQ� WR�DQG�DFFHSWDQFH�RI
DQ� LQ�FDU� VSHHG� OLPLWHU�� $� VXPPDU\� RI� WKHVH� WULDOV� LV� SUHVHQWHG� EHORZ�� 0RUH� GHWDLOHG
GHVFULSWLRQV�DUH�SURYLGHG�E\�9iUKHO\L�	�0lNLQHQ��������DQG�9iUKHO\L�HW�DO���������

7KH�WULDOV�ZHUH�FDUULHG�RXW� LQ� WKUHH�¦UHJLRQDO� W\SLFDO§�(XURSHDQ�FRXQWULHV��6ZHGHQ�� WKH
1HWKHUODQGV� DQG� 6SDLQ�� 0HDVXUHPHQWV� ZHUH� FRQGXFWHG� ZLWK� DQ� LQVWUXPHQWHG� YHKLFOH�
ZLWK� XQREWUXVLYH� REVHUYDWLRQ� RI� GULYHU� EHKDYLRXU�� ZKLFK� PHDQV� WKDW� DOO� PHDVXULQJ
LQVWUXPHQWV�ZHUH�KLGGHQ�DQG� WKH� WHVW�GULYHUV�ZHUH�QRW� WROG�DERXW� WKH�DOO�PHDVXUHPHQWV
WKDW�ZHUH� WDNHQ� XQWLO� DIWHU� WKH� WULDO�� 7KH� VXEMHFWV�� ������ SHU� FRXQWU\� GURYH� WZR� WLPHV�
RQFH�ZLWK�WKH�¦OLPLWHU�RII§�DQG�RQFH�ZLWK�WKH�¦OLPLWHU�RQ§�DORQJ�D�WHVW�URXWH��7KH�OHQJWK
RI�WKH�WHVW�URXWHV�ZDV���������NP�FRQVLVWLQJ�RI�XUEDQ�VWUHHW�QHWZRUN��UXUDO� URDGV�DQG�D
PRWRUZD\�VWUHWFK��'LIIHUHQW�VSHHG�OLPLWV�W\SLFDO�IRU�XUEDQ�����RU��������NP�K��DQG�LQWHU�
XUEDQ� URDGV� ���� ������ NP�K��ZHUH� LQFOXGHG��2EVHUYHG� YDULDEOHV�ZHUH� VSHHG�� IROORZLQJ
EHKDYLRXU��LQWHUDFWLRQV�ZLWK�RWKHU�URDG�XVHUV��GULYHU�ZRUNORDG��DQG�GULYHU�RSLQLRQV�

6HSDUDWH�DQDO\VLV�ZHUH�PDGH�IRU�IUHH�VSHHGV��ZKHUH�WKH�GULYHU�FRXOG�FKRRVH�KLV�KHU�VSHHG
ZLWKRXW�EHLQJ�REVWUXFWHG�E\�RWKHU�WUDIILF��QR�YHKLFOH�LQ�IURQW���DQG�VSHHGV�WKURXJKRXW�WKH
PHDVXUHPHQW� VHFWLRQV�� $FWXDOO\�� GULYHUV� ZHUH� UDUHO\� LQ� IUHH� GULYLQJ� FRQGLWLRQV� DQG
WKHUHIRUH�WKH�VSHHGV�ODWHU�UHIHUUHG�WR�DV��DOO��SUDFWLFDOO\�PHDQ�DOPRVW�WKH�VDPH�DV�GULYLQJ
LQ�SODWRRQV�
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6SHHGV�RQ�XUEDQ�URDGV

7KH� UHVXOWV� VKRZHG� WKDW� WKH� VSHHG� OLPLWHU� UHGXFHG� VSHHGV� VLJQLILFDQWO\� RQ� DOO� W\SHV� RI
XUEDQ�URDG�VWUHWFKHV��ZLWK�VSHHG�OLPLWV�RI������������DQG����NP�K��7DEOH����

7DEOH����0HDQ�WUDYHO�VSHHGV�E\�WKH�OLPLWHU�RQ�DQG�WKH�OLPLWHU�RII�FRQGLWLRQ�RQ�XUEDQ

URDGV��$OO� �QRUPDO�GULYLQJ�FRQGLWLRQV��)UHH� �GULYLQJ�XQREVWUXFWHG���9iUKHO\L�HW�DO�

������

0HDQ�WUDYHO�VSHHG

��NP�K�

$YHUDJH�HIIHFW

RQ�PHDQ�VSHHG

�NP�K�

(IIHFW�RQ�V�G�

RI�VSHHGV

�NP�K�

$OO )UHH $OO )UHH $OO )UHH

6SHHG

OLPLW

NP�K

&RXQWU\

2Q 2II 2Q 2II

3HUFHQWDJH�RI

GULYLQJ�WLPH�ZLWK

VSHHG�OLPLWHU

LQWHUIHUHQFH

�� 1O ���� ���� ���� ���� ���� ���� ���� ���� ���

6SDLQ ���� ���� ���� ���� ���� ���� ���� � ���

6ZHGHQ ���� ���� ���� ���� ���� ���� ���� ���� ���

6ZHGHQ ���� ���� ���� ���� ���� ���� ���� ���� ���

$YHUDJH ���� ���� ���� ���� ���� ���� ���� ���� ���

�� 6SDLQ ���� ���� ���� ���� ����� ����� ���� ���� ���

6SDLQ ���� ���� ���� ���� ���� ����� ���� ���� ���

$YHUDJH ���� ���� ���� ���� ����� ����� ���� ���� ���

�� 1O ���� ���� ���� ���� ���� ���� ���� ���� ���

1O ���� ���� ���� ���� ���� ���� ���� ���� ���

1O ���� ���� ���� ���� ���� ���� ���� ���� ���

1O ���� ���� ���� ���� ���� ���� ���� ���� ���

1O ���� ���� ���� ���� ���� ���� ���� ���� ���

6SDLQ ���� ���� ���� ���� ���� ���� ���� ���� ��

6SDLQ ���� ���� ���� ���� ���� ���� ���� ���� ���

6SDLQ ���� ���� ���� ���� ���� ����� ���� ����� ���

6SDLQ ���� ���� ���� ���� ����� ����� ���� ���� ��

6ZHGHQ ���� ���� ���� ���� ���� ���� ���� ���� ���

6ZHGHQ ���� ���� ���� ���� ���� ���� ���� ���� ���

6ZHGHQ ���� ���� ���� ���� ���� ���� ���� ���� ���

6ZHGHQ ���� ���� ���� ���� ���� ���� ���� ���� ���

6ZHGHQ ���� ���� ���� ���� ��� ��� ���� ���� ��

6ZHGHQ ���� ���� ���� ���� ��� ��� ���� ���� ��

$YHUDJH ���� ���� ���� ���� ���� ���� ���� ���� ���

�� 6SDLQ ���� ���� ���� ���� ���� ����� ���� ���� ���

$Q�H[DPSOH�RI�VSHHG�SURILOHV�RQ�DQ�XUEDQ�WHVW�URDG�VHFWLRQ�LV�SUHVHQWHG�LQ�)LJXUH����
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'LVWDQFH��P�
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1R�OLPLWHU��IUHH

1R�OLPLWHU��DOO

/LPLWHU��IUHH

/LPLWHU��DOO

+ROODQG����6�������NP�K

)LJXUH� ���� 0HDQ� VSHHGV� E\� WKH� OLPLWHU�RQ� DQG� OLPLWHU�RII� FRQGLWLRQ� LQ� D� ��� NP�K

VWUHHW�LQ�WKH�6RHVWHUEHUJ�DUHD��WKH�1HWKHUODQGV��$OO� �QRUPDO�GULYLQJ�FRQGLWLRQV��)UHH

 � GULYLQJ� XQREVWUXFWHG��� 6HFWLRQ� ���  � D� VHFWLRQ� LQFOXGLQJ� IRXU� LQWHUVHFWLRQV�

�9iUKHO\L�HW�DO��������

6SHHGV�RQ�UXUDO�URDGV

2Q�UXUDO�VWUHWFKHV� WKH�VSHHG�UHGXFLQJ�HIIHFWV�ZHUH�RQO\�VLJQLILFDQW�RQ����NP�K�URDGV� LQ
6ZHGHQ�� 2Q� WKH� RWKHU� UXUDO� URDG� VWUHWFKHV� �ZLWK� VSHHG� OLPLWV� RI� ��� DQG� ��� NP�K�� QR
VLJQLILFDQW� HIIHFW� FRXOG� EH� IRXQG��ZKLFK�PLJKW� EH� GXH� WR� WKH� WUDIILF� VLWXDWLRQ� RQ� WKHVH
URDGV�ZLWK�IUHTXHQW�SODWRRQ�GULYLQJ��7DEOH�����+RZHYHU��WKH�OLPLWHU�HOLPLQDWHG�HIIHFWLYHO\
WKH�PRPHQWDU\�KLJK�VSHHGV�
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7DEOH����0HDQ�WUDYHO�VSHHGV�E\�WKH�OLPLWHU�RQ�DQG�WKH�OLPLWHU�RII�FRQGLWLRQ�RQ�UXUDO

URDGV� �$OO� �QRUPDO�GULYLQJ�FRQGLWLRQV��)UHH� �GULYLQJ�XQREVWUXFWHG�� �� �9iUKHO\L� HW

DO��������

0HDQ�WUDYHO�VSHHG

NP�K�

$YHUDJH�HIIHFW

RQ�PHDQ�VSHHG

�NP�K�

(IIHFW�RQ�V�G�

RI�VSHHGV

�NP�K�

$OO )UHH $OO )UHH $OO )UHH

6SHHG

OLPLW

NP�K

&RXQWU\

2Q 2II 2Q 2II

3HUFHQWDJH�RI

GULYLQJ�WLPH�ZLWK

VSHHG�OLPLWHU

LQWHUIHUHQFH

�� 6ZHGHQ ���� ���� ���� ���� ���� ���� ���� ���� ���

6ZHGHQ ���� ���� ���� ���� ���� ���� ���� ���� ���

$YHUDJH ���� ���� ���� ���� ���� ���� ���� ���� ���

�� 1O ���� ���� ���� ���� ���� ���� ���� ���� ���

1O ���� ���� ���� ���� ���� ���� ���� ���� ��

1O ���� ���� ���� ���� ���� ���� ���� ���� ��

$YHUDJH ���� ���� ���� ���� ���� ���� ���� ���� ���

�� 6SDLQ ���� ���� ���� ���� ���� ���� ���� � ��

6ZHGHQ ���� ���� ���� ���� ���� ���� ���� ���� ���

$YHUDJH ���� ���� ���� ���� ���� ���� ���� ���� ���

6SHHGV�RQ�PRWRUZD\V

7KH�PRWRUZD\�VWUHWFKHV�ZHUH�QHDU�WKH�FLW\�DUHDV�DQG�FRQVHTXHQWO\�UDWKHU�EXV\��)RU� WKLV
UHDVRQ� WKH�RYHUDOO�PHDQ� VSHHGV� UHPDLQHG� FOHDUO\� XQGHU� WKH� SRVWHG� OLPLW� DQG� WKH� OLPLWHU
KDG�LQ�PRVW�FDVHV�QRW�D�YHU\�JUHDW�HIIHFW�RQ�PHDQ�WUDYHO�VSHHGV��7DEOH�����+RZHYHU��DOVR
KHUH�WKH�PRPHQWDU\�KLJK�VSHHGV�ZHUH�DW�VRPH�SRLQWV�UHGXFHG�E\����WR����NP�K�

7DEOH� ��� 0HDQ� WUDYHO� VSHHGV� E\� WKH� OLPLWHU�RQ� DQG� WKH� OLPLWHU�RII� FRQGLWLRQ� RQ

PRWRUZD\V��$OO� �QRUPDO�GULYLQJ�FRQGLWLRQV��)UHH� �GULYLQJ�XQREVWUXFWHG�����9iUKHO\L

HW�DO��������

0HDQ�WUDYHO�VSHHG

NP�K�

$YHUDJH�HIIHFW

RQ�PHDQ�VSHHG

�NP�K�

(IIHFW�RQ�V�G�

RI�VSHHGV

�NP�K

$OO )UHH $OO )UHH $OO )UHH

6SHHG

OLPLW

NP�K

&RXQWU\

2Q 2II 2Q 2II

3HUFHQWDJH�RI

GULYLQJ�WLPH�ZLWK

VSHHG�OLPLWHU

LQWHUIHUHQFH

��� 1O ���� ���� ���� ����� ���� ���� ���� ���� ���

��� 6SDLQ ����� ����� ����� ����� ���� ���� ���� ���� ���

��� 6ZHGHQ ����� ����� ����� ����� ���� ���� ���� ���� ���

$YHUDJH ����� ����� ����� ����� ���� ���� ���� ���� ���
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2WKHU�LPSDFWV

$SSURDFKHV� WR� URXQGDERXWV�� LQWHUVHFWLRQV� DQG� FXUYHV�ZHUH� DOVR� HIIHFWHG� E\� WKH� OLPLWHU
FDXVLQJ� VRPHZKDW� VPRRWKHU� DSSURDFKHV� LQ� WHUPV� RI� GHFHOHUDWLRQ�� 7KLV� VWXG\� GRHV� QRW
OHQG�FOHDU�VXSSRUW�WR�WKH�HDUOLHU�REVHUYDWLRQV�WKDW�WXUQLQJ�VSHHGV�DUH�KLJKHU�ZKHQ�GULYLQJ
ZLWK� WKH� OLPLWHU� RQ�� 7KH� VSHHGV� LQ� WXUQV� LQ� WKH� OLPLWHU�RQ� FRQGLWLRQV� ZHUH� PRUH� RIWHQ
ORZHU�FRPSDUHG�WR�OLPLWHU�RII�FRQGLWLRQV��KRZHYHU��WKH�GLIIHUHQFHV�ZHUH�QRW�VWDWLVWLFDOO\
VLJQLILFDQW��7KH�VSHHG�OLPLWHU�DOVR�GHFUHDVHG�WKH�YDULDWLRQ�RI�VSHHGV�FOHDUO\�WKXV�UHGXFLQJ
VXGGHQ�GHFHOHUDWLRQV��7KLV� LQGLFDWHV� WKDW� LI� FDUV� LQ�JUHDWHU�YROXPHV�ZHUH�HTXLSSHG�ZLWK
VSHHG�OLPLWHU�WUDIILF�IORZ�FRXOG�EH�VPRRWKHU�

7KH�UHFRUGHG�QXPEHU�RI�WKH�OLPLWHU� LQWHUIHUHQFHV�E\�GULYHU�VKRZV�� WKDW�SUDFWLFDOO\�HYHU\
VXEMHFW�H[FHHGHG�WKH�SRVWHG�OLPLW�DW�VRPH�SRLQW��6RPH�GULYHUV�DW�DOO�WLPHV�DQG�WKH�RWKHUV
RQO\�RFFDVLRQDOO\��7KH�GXUDWLRQ�RI�WKH�LQWHUIHUHQFH�DOVR�VKRZV�JUHDW�GLIIHUHQFHV��$W�VRPH
VLWHV�DQG�IRU�VRPH�GULYHUV�WKH�GXUDWLRQ�RI�OLPLWHU�LQWHUIHUHQFH�ODVWV�RQO\�D�IHZ�SHUFHQW�RI
WKH�GULYLQJ�WLPH��ZKLOH�VRPH�RWKHU�VLWHV��GULYLQJ�FRQGLWLRQV�DQG�GULYHUV�FDXVH�WKH�OLPLWHU
WR�ZRUN�HYHQ�KDOI�RI�WKH�WUDYHO�WLPH��7DEOHV������DQG�����8VXDOO\�LQ�IUHH�GULYLQJ�FRQGLWLRQV
WKH� UROH� RI� WKH� LQWHUIHUHQFH� IXQFWLRQ� RI� WKH� OLPLWHU� ZDV� DFFHQWXDWHG� �� DV� PLJKW� EH
H[SHFWHG�

7UDYHO� WLPHV� LQFUHDVHG� E\� EHWZHHQ� ����� DQG� ����� GHSHQGLQJ� RQ� WKH� FRXQWU\�� 7KH
GLIIHUHQFH�LQ�WKH�FRPELQHG�GDWD�RI�WKH�WKUHH�FRXQWULHV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�

7LPH�JDSV�LQ�FDU�IROORZLQJ�VLWXDWLRQV�LQFUHDVHG�VOLJKWO\�LQ�WKH�VSHHG�LQWHUYDO�EHWZHHQ���
DQG� ��� NP�K� LQGLFDWLQJ� WKDW� IROORZLQJ� EHKDYLRXU� EHFDPH� VDIHU� ZKHQ� GULYLQJ� ZLWK� WKH
VSHHG� OLPLWHU�ZLWK� OHVV� WHQGHQF\� WR� IROORZ� DW� VKRUW� JDSV�� 2Q� WKH� RWKHU� KDQG�� RQ� UXUDO
URDGV�LQ�WKH�VSHHG�LQWHUYDO�EHWZHHQ����DQG����NP�K�WLPH�JDSV�GHFUHDVHG�ZKLFK�LQGLFDWHV
D�OHVV�VDIH�IROORZLQJ�EHKDYLRXU�

%HKDYLRXUDO� REVHUYDWLRQV� GLG� QRW� VKRZ� DQ\� QHJDWLYH� DGDSWDWLRQ� HIIHFW� LQ� WHUPV� RI
LQFRUUHFW�JLYLQJ�ZD\�EHKDYLRXU�WRZDUGV�RWKHU�URDG�XVHUV��7KH�SURSRUWLRQ�RI�SHGHVWULDQV�
F\FOLVWV� DQG� FDUV� ZKR� UHFHLYHG� SULRULW\� GLG� QRW� FKDQJH� ZKHQ� GULYLQJ� ZLWK� WKH� VSHHG
OLPLWHU�FRPSDUHG�WR�GULYLQJ�ZLWKRXW�

$�VXEMHFWLYH�PHDVXUHPHQW�RI�WKH�WHVW�GULYHUV©�ZRUNORDG�ZLWK� WKH�KHOS�RI�57/;�PHWKRG
VKRZHG� D� VLJQLILFDQW� LQFUHDVH� LQ� RQH� RI� WKH� VL[� UHSRUWHG� ZRUNORDG� DVSHFWV�� QDPHO\
IUXVWUDWLRQ� OHYHO��ZKHQ�GULYLQJ�ZLWK� WKH�VSHHG�OLPLWHU�FRPSDUHG� WR�GULYLQJ�ZLWKRXW��7KH
FKDQJH� LQ� WKLV�DVSHFW�RI�ZRUNORDG��KRZHYHU��PD\�EH�H[SHFWHG�ZKHQ�ILUVW�GULYLQJ�ZLWK�D
QHZ�HTXLSPHQW�ZKLFK�LQWHUIHUHV�ZLWK�WKH�QRUPDO�GULYLQJ�EHKDYLRXU�

7KH�PRVW�IUHTXHQW�FRPPHQW�DIWHU�WHVWLQJ�WKH�VSHHG�OLPLWHU�ZDV�WKDW�¦RQH�PXVW�EH�DEOH�WR
DFFHOHUDWH� LQ� HPHUJHQF\� VLWXDWLRQV§� DQG� WKH� PRVW� RIWHQ� PHQWLRQHG� ¦HPHUJHQF\
VLWXDWLRQ§� ZDV� RYHUWDNLQJ�� 7KLV� FRQFHUQ� PLJKW� KDYH� VRPH� JURXQG� RQ� UXUDO� URDGV� LQ� D
VFHQDULR�ZLWK�D�PL[HG�IOHHW�RI�HTXLSSHG�DQG�QRQ�HTXLSSHG�YHKLFOHV�ZKHUH�RYHUWDNLQJ� LV
PRUH� FRPPRQ�� +RZHYHU�� LQ� D� VFHQDULR� ZKHUH� DOO� FDUV� DUH� HTXLSSHG� DQG� PRYH� LQ� D
VPRRWK� WUDIILF� IORZ� WKH� QHHG� WR� RYHUWDNH� SUREDEO\� GHFUHDVHV� VLJQLILFDQWO\�� 7KLV� LV
UHIOHFWHG� LQ� WKH� VHFRQG� PRVW� IUHTXHQW� FRPPHQW� WKDW� WKH� VSHHG� OLPLWHU� ZRXOG� EH
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¦XVHIXO�LGHDO§�ZKHQ�DOO�YHKLFOHV�DUH�HTXLSSHG��,Q�WRGD\©V�WUDIILF�¤�DV�RQH�RI�WKH�VXEMHFWV
H[SUHVVHG�¤� WKH�GULYHU� LV�XQGHU�¦VWUDLQ�GXH� WR� WKH�SUHVVXUH�RI�NQRZLQJ� WKDW� WKH� UHVW� RI
YHKLFOHV�DUHQ©W�XVLQJ�LW§��,Q�D�VFHQDULR�ZKHUH�DOO�YHKLFOHV�DUH�HTXLSSHG�WKHUH�LV�QR�UHDVRQ
IRU� VXFK� VWUDLQ�� 7KH� WKLUG� PRVW� FRPPRQ� FRPPHQW� ZDV� WKDW� VSHHG� OLPLWHU� LV� ¦D� JRRG
LGHD�ZRUNV�EHVW��EXW�RQO\��ZLWKLQ�EXLOW�XS�DUHDV§�

%HIRUH�WKH�WHVW�GULYHV��D�¦GHYLFH�LQ�WKH�YHKLFOH�SUHYHQWLQJ�WKH�GULYHU�IURP�H[FHHGLQJ�WKH
VSHHG� OLPLW§� ZDV� SRLQWHG� RXW� DV� WKH� EHVW� PHWKRG� E\� ����� $IWHU� WKH� WHVW� GULYHV� ���
WKRXJKW�WKDW�VSHHG�OLPLWHUV�VKRXOG�EH�PDQGDWRU\�LQ�DOO�FDUV�DQG�����WKRXJKW�WKDW�VXFK�D
V\VWHP�VKRXOG�EH�VHOI�RSHUDWHG��ZKLOH�RQO\� ����ZHUH� FRPSOHWHO\� DJDLQVW� WKH� LGHD� RI� D
V\VWHP�ZLWK�VSHHG�OLPLWHUV�LQ�DOO�FDUV��7KLV�ILQGLQJ�LQGLFDWHV�WKDW�DFFHSWDQFH�RI�WKH�VSHHG
OLPLWHU�GHYLFH� LQFUHDVHG�DIWHU� WU\LQJ� LW�RXW� LQ� WKH� ILHOG��+DOI�RI� WKH� WHVW�GULYHUV� VDLG� WKDW
WKH\�ZRXOG�YROXQWDULO\�LQVWDOO�D�VSHHG�OLPLWHU�LQ�WKHLU�FDU��LI�LW�GLG�QRW�FRVW�WKHP�DQ\WKLQJ�
DQG�KDOI�RI�WKHP�DQVZHUHG�QR�

1DWLRQDO�GLIIHUHQFHV�ZHUH�IRXQG�

�� 'XWFK� GULYHUV� UHSRUWHG�PRUH� VLJQLILFDQW� LQFUHDVH� LQ� IUXVWUDWLRQ� OHYHO� ZKHQ� GULYLQJ
ZLWK�VSHHG�OLPLWHU�WKDQ�WKH�VXEMHFWV�LQ�WKH�RWKHU�WZR�FRXQWULHV�

�� E��D� ODUJHU� VKDUH� ������RI�'XWFK�GULYHUV�ZHUH�DJDLQVW� WKH� LGHD�RI� DXWRPDWLF� VSHHG
OLPLWLQJ�WKDQ�LQ�WKH�RWKHU�WZR�FRXQWULHV�

�� F��RQ� WKH�RWKHU�KDQG�� LQ� WKH�1HWKHUODQGV� D� VLJQLILFDQWO\� ODUJHU� JURXS� ������ DJUHHG
HQWLUHO\�ZLWK�WKH�LGHD�RI�DXWRPDWLF�VSHHG�OLPLWLQJ�LQ�SRRU�YLVLELOLW\�WKDQ�LQ�WKH�RWKHU
WZR�FRXQWULHV�

�� G��ZKLOH� LQ�6SDLQ� WKH�PDMRULW\� ������DQVZHUHG� WKDW� WKH\�ZRXOG�QRW� LQVWDOO�D� VSHHG
OLPLWHU� LQ� WKHLU� FDU�� LQ� 6ZHGHQ� WKH� PDMRULW\� ������ DQVZHUHG� \HV� DQG� LQ� WKH
1HWKHUODQGV�LW�ZDV�HYHQ�EHWZHHQ�\HV�DQG�QR�DQVZHUV�

�� H��ZKLOH�LQ�6SDLQ�WKH�RYHUZKHOPLQJ�PDMRULW\�������DJUHHG�SDUWO\�RU�HQWLUHO\�ZLWK�WKH
LGHD�RI�DXWRPDWLF�VSHHG�OLPLWLQJ�LQ�GDUNQHVV��LQ�WKH�RWKHU�WZR�FRXQWULHV�WKH�PDMRULW\
ZHUH�GRXEWIXO�RU�GLVDJUHHG�HQWLUHO\�

&RQFOXVLRQV

7KH�UHVXOWV�RI�WKH�ILHOG�VWXG\�VWXG\�DUH�EHVW�JHQHUDOLVHG�WR�FRQGLWLRQV�ZKHQ�WUDYHOOLQJ� LQ
PHWURSROLWDQ�DUHDV��FORVH� WR�XUEDQ�DUHDV�DQG�LQVLGH� WRZQV�DQG�FLWLHV��7KHUH�ZHUH�KDUGO\
DQ\�FRQGLWLRQV� LQ�ZKLFK�GULYHUV�FRXOG�GULYH� ORQJHU�SHULRGV�RI� WLPH�IUHHO\�FKRRVLQJ�WKHLU
VSHHG� OHYHO�� 2Q� WKH� RWKHU� KDQG�� D� JUHDW� GHDO� RI� WUDYHOOLQJ� LQ� (XURSH� WDNHV� SODFH� LQ
FRQGLWLRQV� VLPLODU� WR� WKLV� H[SHULPHQW�� 7KH� UHVXOWV� RI� WKH� WULDO� VKRXOG� EH� LQWHUSUHWHG� DV
VKRUW�WHUP�HIIHFWV��'ULYHUV�QHHG�WLPH�WR�JHW�XVHG�WR�WKH�HTXLSPHQW�DQG�WKH�WLPH�DYDLODEOH
IRU�WKH�WHVW�GULYHV�ZDV�OLPLWHG�WR�������PLQXWHV�SHU�GULYHU�SHU�FRQGLWLRQ��9iUKHO\L�������
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�� &855(17�.12:/('*(�2)�63(('

0$1$*(0(17�0($685(6�$1'�722/6

,Q�WKLV�&KDSWHU�GLIIHUHQW�VSHHG�PDQDJHPHQW�PHDVXUHV�DQG�WRROV�DUH�EULHIO\�GHVFULEHG�DQG
DVVHVVHG� ZLWK� UHVSHFW� WR� WKHLU� LPSDFW� RQ� VSHHGV�� RWKHU� VLJQLILFDQW� LPSDFWV� DQG� FRVW�
HIIHFWLYHQHVV�

���� $66(660(17�&5,7(5,$

,Q� WKH� IROORZLQJ� VHFWLRQV� VSHHG� PDQDJHPHQW� PHDVXUHV� DQG� WRROV� DUH� V\VWHPDWLFDOO\
GHVFULEHG�DQG�DVVHVVHG�ZLWK�UHJDUG�WR�WKH�IROORZLQJ�SURSHUWLHV�

���'HVFULSWLRQ�RI�WKH�PHDVXUH�RU�WRRO
��� ,PSDFW�RQ�VSHHGV
���2WKHU�VLJQLILFDQW�LPSDFWV
���&RVW�HIIHFWLYHQHVV
���2WKHU�UHOHYDQW�LQIRUPDWLRQ

'HVFULSWLRQ� 3URYLGHV�D�GHVFULSWLRQ�RI�WKH�PHDVXUH�RU�WRRO��LQFOXGLQJ
LQIRUPDWLRQ�RQ�WKH�FRPPRQ�YDULDWLRQV�LQ�GHVLJQ�DQG
DSSOLFDWLRQ�WKDW�PD\�DIIHFW�LWV�SHUIRUPDQFH�

,PSDFW�RQ�VSHHGV� 'HVFULEHV�WKH�HIIHFW�RI�WKH�PHDVXUH�RQ�GULYLQJ�VSHHGV��XVXDOO\
PHDQ�VSHHG�EXW�DOVR�VSHHG�YDULDWLRQ�DQG�RWKHU�VSHHG
SDUDPHWHUV�ZKHQ�LQIRUPDWLRQ�H[LVWV��)XUWKHUPRUH��DWWHQWLRQ�LV
SDLG�WR�WKH�GHSHQGHQFH�RI�WKH�VSHHG�HIIHFW�RQ��IRU�H[DPSOH��D�
W\SH�RI�ORFDWLRQ��E��LQLWLDO�DEVROXWH�VSHHG�OHYHO��DQG�F��LQLWLDO
VSHHG�OHYHO�LQ�UHODWLRQ�WR�WKH�SUHYDLOLQJ�VSHHG�OLPLW��,Q
DGGLWLRQ��WLPH�DQG�GLVWDQFH�KDOR�HIIHFWV�DUH�DVVHVVHG�ZKHQ
UHOHYDQW�

2WKHU�VLJQLILFDQW�LPSDFWV� 0HDQV�LPSDFWV�RQ�WKH�HQYLURQPHQW��FRVW�WR�URDG�XVHUV��DQG
LQVWDOODWLRQ�DQG�PDLQWHQDQFH�FRVWV�ZKHQ�WKH\�DUH�FRQVLGHUHG
LPSRUWDQW�

&RVW�HIIHFWLYHQHVV� 3URYLGHV�DQ�HVWLPDWH�RI�WKH�EHQHILWV�IURP�WKH�LPSDFW�RI�WKH
PHDVXUH�XSRQ�VSHHGV��WDNLQJ�LQWR�FRQVLGHUDWLRQ�DOVR�WKH
GLVWULEXWLRQ�RI�HIIHFWV�LQ�WLPH�DQG�VSDFH��FRPSDUHG�ZLWK�WKH
UHVRXUFHV�UHTXLUHG�

2WKHU�UHOHYDQW�LQIRUPDWLRQ� 'HVFULEHV�PLVFHOODQHRXV�DVSHFWV�VXFK�DV�DFFLGHQW�PLJUDWLRQ
ZKHQ�WUDIILF�GLYHUWV�WR�RWKHU�URXWHV�WR�DYRLG�VSHHG�UHGXFLQJ
PHDVXUHV��3RWHQWLDO�SUREOHPV�ZLWK�DFFHSWDELOLW\�DUH�DOVR
PHQWLRQHG�KHUH�ZKHQ�WKH\�DUH�FRQVLGHUHG�LPSRUWDQW�
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)RU�PRUH�GHWDLOHG�LQIRUPDWLRQ�DERXW�WKH�YDULRXV�PHDVXUHV�LQ�WKH�QH[W�VHFWLRQV��WKH�UHDGHU
LV� UHIHUUHG� WR� RWKHU� 0$67(5� UHSRUWV�� HVSHFLDOO\� &RPWH� HW� DO�� �������� 'UDVNyF]\� 	
0RFViUL���������0DUWHQV�HW�DO����������0DUWHQV�	�.DSWHLQ���������2HL���������5LVVHU�	

/HKQHU� �������� 5REHUWVRQ� HW� DO�� �������� 5REHUWVRQ� 	� :DUG� �������� 9iUKHO\L� HW� DO�

��������$OOVRS���������YDQ�GHU�+RUVW��������DQG�9iUKHO\L��������

���� ,1)250$7,9(�$1'�/(*$/�0($685(6

������ 3RVWHG�VSHHG�OLPLWV

'HVFULSWLRQ��6SHHG�OLPLWV�WKDW�DUH�LQGLFDWHG�E\�IL[HG�VLJQV�RQ�WKH�URDGVLGH�

,PSDFWV�RQ�VSHHG��%DFNERQH�RI�WKH�SUHVHQW�VSHHG�PDQDJHPHQW�V\VWHP�LQ�HYHU\�FRXQWU\�
6WXGLHV�RQ� WKH� WUDQVLWLRQ� IURP� IUHH� WR� OLPLWHG� VSHHGV� RQ� UXUDO� URDGV� LQ� WKH� ����
V� KDYH
VKRZQ�WKDW�VSHHG�OLPLWV�VLJQLILFDQWO\�UHGXFH�VSHHGV�DQG�DFFLGHQWV��3RVWHG�VSHHG�OLPLWV�DUH
VWLOO�HIIHFWLYH�HYHQ�WKRXJK�D�VLJQLILFDQW�SURSRUWLRQ�RI�YHKLFOHV�XVXDOO\�H[FHHGV�WKHP�

2WKHU�VLJQLILFDQW�LPSDFWV��(IIHFWV�WKDW�QRUPDOO\�IROORZ�IURP�VSHHG�UHGXFWLRQ��UHGXFHG
H[KDXVW� DQG�QRLVH�SROOXWLRQ�DQG�YHKLFOH�RSHUDWLQJ�FRVWV�� LQFUHDVHG� WLPH� FRVWV�� ,Q� XUEDQ
DUHDV��KRZHYHU��FDUERQ�PRQR[LGH�DQG�SDUWLFXODWH�HPLVVLRQ�PD\�LQFUHDVH�ZLWK�GHFUHDVLQJ
VSHHGV�

&RVW�HIIHFWLYHQHVV�� 7KH� FRVW� RI� LQVWDOODWLRQ� DQG� PDLQWHQDQFH� LV� ORZ� FRPSDUHG� WR
EHQHILWV��7KH�PDLQ�FRVWV�FRPH�IURP�LQFUHDVHG�WLPH�FRVWV�

2WKHU��/RZHULQJ�RI�WKH�SRVWHG�VSHHG�OLPLW�E\����NP�K�RQ�UXUDO� URDGV� W\SLFDOO\�UHGXFHV
WKH�PHDQ�VSHHG�E\��¤��NP�K��5DQWD�	�.DOOEHUJ��������$�VLPLODU�HIIHFW�LV�OLNHO\�LQ�XUEDQ
DUHDV��6XSSRUWLQJ�WKH�UHGXFWLRQ�RI�WKH�SRVWHG�VSHHG�OLPLW�E\�RWKHU�PHDVXUHV��IRU�H[DPSOH
E\�PRGLILFDWLRQV� RI� WKH� URDG� HQYLURQPHQW� DQG� LQFUHDVHG� HQIRUFHPHQW�� FDQ� VLJQLILFDQWO\
LQFUHDVH�LWV�HIIHFW�RQ�GULYLQJ�VSHHGV�

,Q� UHVLGHQWLDO� DQG�RWKHU�XUEDQ�DUHDV� VSHHG� UHGXFWLRQV� FDQ� LQFUHDVH� WKH� IHHOLQJ� RI� VDIHW\
DQG�WKH�TXDOLW\�RI�OLIH�RI�UHVLGHQWV�

6SHHG�OLPLW�VLJQV�E\�WKHPVHOYHV�GR�QRW�DOZD\V�JXDUDQWHH� WKDW� WKH�GHVLUHG� VSHHG� OHYHO� LV
UHDFKHG� DQG� LQ� XUEDQ� DUHDV� WKH\� KDYH� WR� EH� VXSSRUWHG� ZLWK� SK\VLFDO� HQJLQHHULQJ
PHDVXUHV�

������ 9DULDEOH�VSHHG�OLPLWV

'HVFULSWLRQ��6SHHG�OLPLWV�WKDW�DUH�LQGLFDWHG�E\�YDULDEOH��XVXDOO\�UHPRWH�FRQWURO�VLJQV�RQ
WKH� URDGVLGH�� 7KH� OLPLW� LV� FKDQJHG� DFFRUGLQJ� WR� H�J�� WUDIILF� YROXPH�� ZHDWKHU� DQG� URDG
VXUIDFH�FRQGLWLRQV�
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,PSDFWV� RQ� VSHHG�� 7HPSRUDULO\� UHGXFHG� VSHHG� OLPLWV� FDQ� KDYH� D� VPDOO� EXW� VLJQLILFDQW
GRZQZDUG� HIIHFW� RQ� WKH� PHDQ� VSHHG�� DQG� DOVR� VLJQLILFDQWO\� UHGXFH� VSHHG� YDULDWLRQ�
5HGXFHG�VSHHG�OLPLWV�DUH�XVXDOO\�XVHG� LQ�FRQGLWLRQV� LQ�ZKLFK�GULYHUV�PLJKW�ZHOO� UHGXFH
VSHHGV�DQ\ZD\��DQG�YDULDEOH�OLPLWV�WKXV�EULQJ�DQ�¦H[WUD§�UHGXFWLRQ�

2WKHU�VLJQLILFDQW� LPSDFWV��,PSURYHV� WKH�FUHGLELOLW\�RI� WKH�VSHHG�OLPLW�V\VWHP�DV�VSHHG
OLPLWV�EHFRPH�PRUH�IOH[LEOH�DQG�PRUH�DGHTXDWH�IRU�WKH�SUHYDLOLQJ�FRQGLWLRQV�

&RVW�HIIHFWLYHQHVV�� 6LJQLILFDQW� LQVWDOODWLRQ� DQG� PDLQWHQDQFH� FRVWV�� ,I� YDULDEOH� VSHHG
OLPLWV�DUH�XVHG�PDLQO\�WR�UHGXFH�VSHHGV�LQ�EDG�GULYLQJ�FRQGLWLRQV��WKH�RYHUDOO�EHQHILWV�FDQ
H[FHHG�WKH�FRVWV��,I��RQ�WKH�RWKHU�KDQG��YDULDEOH�OLPLWV�DUH�XVHG�WR�LQFUHDVH�VSHHG�OLPLWV�LQ
LGHDO�GULYLQJ�FRQGLWLRQV��EHQHILWV�FDQ�UHPDLQ�ZHOO�EHORZ�WKH�FRVWV�

2WKHU��5RDG� XVHUV� RIWHQ�ZHOFRPH� DQG� OLNH� YDULDEOH� VSHHG� OLPLWV� DQG� WKLV� FDQ� UHVXOW� LQ
LPSURYHG� FRPSOLDQFH�� ,I� YDULDEOH� OLPLWV� DUH� XVHG� QRW� RQO\� WR� UHGXFH� VSHHGV� LQ� DGYHUVH
FRQGLWLRQV�� EXW� DOVR� WR� UDLVH� WKH� SUHYDLOLQJ� VSHHG� OLPLW� LQ� LGHDO� GULYLQJ� FRQGLWLRQV�� WKH
RYHUDOO�DFFLGHQW�ULVN�PD\�LQFUHDVH�

7HFKQRORJ\� IRU� WKH� V\VWHP� LV� DYDLODEOH�� 6HDVRQDO� VSHHG� OLPLWV�� XVHG� GXULQJ� WKH� ZLQWHU
SHULRG� LQ� WKH� GDUN� ZKHQ� URDGV� DUH� RIWHQ� VOLSSHU\�� DUH� DQRWKHU� IRUP� RI� YDULDEOH� VSHHG
OLPLWV�ZKLFK�KDYH�EHHQ�XVHG�LQ�)LQODQG�IRU�DERXW�WHQ�\HDUV�

7KH�ODQJXDJH�DQG�VWDQGDUGLVDWLRQ�SUREOHP�GHVHUYHV�DWWHQWLRQ� LQ� WKH�FDVH�RI�H[SODQDWRU\
VLJQV�WKDW�DUH�XVHG�LQ�FRQQHFWLRQ�RI�YDULDEOH�VSHHG�OLPLW�VLJQV��7KH�SUREOHP�LV� WKDW�SDQ�
(XURSHDQ� WUDYHO� LV� H[SDQGLQJ�� EXW� VLJQV� DUH� SUHGRPLQDQWO\� WH[W� EDVHG�� 7KH� XVH� RI
SLFWRJUDPV�FRXOG�KHOS�WR�FRQYH\�WKH�PHVVDJHV��KHQFH�WKHUH�LV�D�QHHG�IRU�DQ�LQWHUQDWLRQDO
VWDQGDUG�IRU�SLFWRJUDPV��IRU�LQGLFDWLQJ�H�J��IRJ���$FWLRQ�IRU�LPSOHPHQWDWLRQ�FDQ�EH�WDNHQ
E\�WKH�QDWLRQDO�URDG�DGPLQLVWUDWLRQV��+RZHYHU��LQ�RUGHU�WR�PDNH�WKH�YDULDEOH�VSHHG�OLPLW
PRUH�DSSURSULDWH� WR� WKH�SUHYDLOLQJ�FRQGLWLRQV��ZLWK�D�ZLGHU� UDQJH�RI� VSHHG� OLPLW�YDOXHV
WKDQ�WKRVH�FXUUHQWO\�LQ�XVH�LQ�D�FRXQWU\��FKDQJHV�LQ�WKH�QDWLRQDO�WUDIILF�DFWV�DUH�QHHGHG�

������ 9HKLFOH�DQG�GULYHU�W\SH�VSHFLILF�VSHHG�OLPLWV

'HVFULSWLRQ���0D[LPXP�OHJDO�VSHHGV�IRU�FHUWDLQ�W\SHV�RI�YHKLFOHV��H�J�� ORUULHV��PRSHGV�
FDUV�ZLWK�WUDLOHUV��RU�FDWHJRULHV�RI�URDG�XVHUV��W\SLFDOO\�QRYLFH�GULYHUV���&DQQRW�EH�KLJKHU
WKDQ�DQ\�RWKHU�SUHYDLOLQJ�VSHHG�OLPLW�

,PSDFWV�RQ�VSHHG��3UREDEO\�VLPLODU�WR�WKH�LPSDFW�RI�SRVWHG�VSHHG�OLPLWV��(YHQ�WKRXJK�D
VLJQLILFDQW� SURSRUWLRQ� RI� YHKLFOHV� �RU� GULYHUV�� PD\� H[FHHG� WKH� OLPLW�� LW� VWLOO� KDV� DQ
LPSRUWDQW�UROH�LQ�UHGXFLQJ�VSHHGV�

+RZHYHU��WKHUH�PLJKW�EH�D�QHJDWLYH�HIIHFW�E\�DQ�LQFUHDVH�LQ�WKH�YDULDWLRQ�RI�VSHHGV�LQ�WKH
WUDIILF� IORZ� ZKHQ� WKH� VSHHG� OLPLW� IRU� D� JLYHQ� YHKLFOH� RU� GULYHU� W\SH� LV� ORZHU� WKDQ� WKH
JHQHUDO�VSHHG�OLPLW�RQ�D�URDG�VHFWLRQ�

2WKHU�VLJQLILFDQW�LPSDFWV��5HGXFHG�YHKLFOH�RSHUDWLQJ�FRVWV��LQFUHDVHG�WLPH�FRVWV�
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&RVW�HIIHFWLYHQHVV��/RZ�LQVWDOODWLRQ�DQG�PDLQWHQDQFH�FRVWV��,W�LV�QRW�FOHDU�ZKLFK�RQH�RI
WKH� WZR� PDMRU� HIIHFWV�� UHGXFWLRQV� LQ� DFFLGHQW� FRVWV� RU� LQFUHDVHV� LQ� WLPH� FRVWV�� LV
GRPLQDWLQJ�

2WKHU��6SHHG�OLPLWV�RI�ORUULHV�DUH�VXSSRUWHG�E\�WKHLU�LPSHUIHFW�EUDNLQJ�FDSDELOLW\�WKDW�LV
VLJQLILFDQWO\�ZRUVH�WKDQ�WKDW�RI�FDUV�DQG�E\�WKH�KLJK�OHYHO�RI�NLQHWLF�HQHUJ\�WKH\�UHSUHVHQW
LQ�D�FUDVK�

������ 3HQDOW\�V\VWHPV

'HVFULSWLRQ�� 3URFHGXUHV� IRU� KDQGOLQJ� VSHHG� OLPLW� YLRODWRUV� DQG� FRQVHTXHQFHV� IRU
VSHHGLQJ�GULYHUV�

,PSDFWV�RQ�VSHHG��7KHUH� LV�QR�FOHDU�GHSHQGHQFH�EHWZHHQ� WKH� VHYHULW\�RI� WKH�SHQDOWLHV
IRU�VSHHGLQJ��LQ�WHUPV�RI�WKH�DPRXQW�RI�ILQHV��IRU�H[DPSOH��DQG�GULYLQJ�VSHHG��,Q�JHQHUDO�
LQFUHDVLQJ� WKH� ULVN� RI� JHWWLQJ� FDXJKW� LV�PRUH� HIIHFWLYH� DJDLQVW� VSHHGLQJ� WKDQ� LQFUHDVLQJ
WKH�DPRXQW�RI�ILQHV��$�V\VWHP�ZKHUH�D�GULYHU©V�OLFHQFH�FDQ�EH�FDQFHOOHG�IRU�D�IL[HG�SHULRG
IRU�UHSHDWHG�VSHHGLQJ��WKUHH�WLFNHWV�ZLWKLQ�D�\HDU�RU�WZR��IRU�H[DPSOH��FDQ�EH�HIIHFWLYH�

(IIHFWLYHQHVV� RI� VSHHG� FDPHUDV� DJDLQVW� KDELWXDO� VSHHGHUV� FDQ� GHSHQG� RQ� WKH� OHJDO
UHTXLUHPHQWV�IRU�LGHQWLILFDWLRQ�RI�WKH�GULYHU��$�V\VWHP�ZKHUH�LW�LV�HQRXJK�WR�LGHQWLI\�WKH
YHKLFOH� DQG� WKH� RZQHU� FDQ� EH� KHOG� UHVSRQVLEOH� XQOHVV� KH�VKH� FDQ� SURYH� RWKHUZLVH� LV
SUREDEO\�PRUH�HIIHFWLYH� WKDQ�D� V\VWHP�ZKHUH� LW� LV�QHFHVVDU\� WR� LGHQWLI\� WKH� GULYHU� IURP
WKH�SKRWR�

2WKHU� VLJQLILFDQW� LPSDFWV��+DQGOLQJ� RI� RIIHQFHV� FDQ� EH� ODERULRXV� DQG� LQYROYH� ORWV� RI
PDQXDO�ZRUN�E\�SROLFH�RIILFHUV�DQG�RWKHUV�

&RVW�HIIHFWLYHQHVV�� ,W� LV� QRW� OLNHO\� WKDW� WKH� PDJQLWXGH� RI� LQGLYLGXDO� ILQHV� KDV� DQ\
VLJQLILFDQW� LPSDFW� RQ� WKH� FRVW� RI� ZULWLQJ� DQG� FROOHFWLQJ� WKDW� ILQH�� $XWRPDWLRQ� RI� WKH
LGHQWLILFDWLRQ�RI�WKH�VSHHG�RIIHQGHU�DQG�ODWHU�KDQGOLQJ�RI�SHQDOWLHV�ZRXOG�JUHDWO\�LQFUHDVH
FRVW�HIIHFWLYHQHVV�� ,Q� SUDFWLFH� WKLV�ZRXOG�PHDQ� WKDW� WKH� RZQHU� RI� WKH� YHKLFOH� FRXOG� EH
KHOG�UHVSRQVLEOH�IRU�VSHHGLQJ�

2WKHU��7HFKQRORJ\� IRU� VLJQLILFDQW� LPSURYHPHQW� RI� WKH� FRVW�HIIHFWLYHQHVV� RI� SHQDOLVLQJ
VSHHGLQJ�GULYHUV�LV�DYDLODEOH�EXW�WKLV�ZRXOG�RIWHQ�PHDQ�FKDQJHV� LQ� OHJLVODWLRQ��HVSHFLDOO\
LQ�WKH�UHTXLUHPHQWV�IRU�WKH�LGHQWLILFDWLRQ�RI�WKH�GULYHU�

������ 6SHHG�UHFRPPHQGDWLRQ�VLJQV

'HVFULSWLRQ��)L[HG�URDGVLGH�VLJQV� LQGLFDWLQJ�PD[LPXP�UHFRPPHQGHG�VSHHG� �EHORZ� WKH
OHJDO� VSHHG� OLPLW�� LQ� VXE�VWDQGDUG� RU� GDQJHURXV� ORFDWLRQV�� HVSHFLDOO\� FXUYHV� DQG
LQWHUVHFWLRQV�

,PSDFWV� RQ� VSHHG�� 7KH\� XVXDOO\� KDYH� VPDOO� HIIHFWV� LQ� WKH� EHJLQQLQJ�� EXW� WKH� HIIHFW
W\SLFDOO\� GHFUHDVHV�ZLWK� WLPH�� /HVV� HIIHFWLYH� WKDQ� VSHHG� OLPLW� ZLWK� WKH� VDPH� QXPHULFDO
YDOXH�
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2WKHU�VLJQLILFDQW�LPSDFWV���

&RVW�HIIHFWLYHQHVV��2YHUDOO�FRVWV�VPDOO��&RQVHTXHQWO\�� HYHQ� VPDOO� VSHHG� UHGXFWLRQV�DUH
VXIILFLHQW� WR� PDNH� WKH� PHDVXUH� FRVW�HIIHFWLYH�� +RZHYHU�� LQFUHDVHG� XVH� RI
UHFRPPHQGDWLRQV� LQ� SODFHV� ZKHUH� WKH� UHDVRQ� LV� QRW� DSSDUHQW� IRU� WKH� GULYHUV�� ZRXOG
SUREDEO\�UHGXFH�WKHLU�FRVW�HIIHFWLYHQHVV�

2WKHU��'ULYHUV�LQ�JHQHUDO�DSSURYH�RI�VSHHG�UHFRPPHQGDWLRQV��HYHQ�WKRXJK�WKDW�GRHV�QRW
PHDQ�WKDW�WKH\�FRPSO\�

������ ,Q�YHKLFOH�LQIRUPDWLRQ

'HVFULSWLRQ��&RQWLQXRXV� LQIRUPDWLRQ� RI� WKH� FXUUHQW� VSHHG� OLPLW� SURYLGHG� E\� LQ�YHKLFOH
GLVSOD\�

,PSDFWV�RQ�VSHHG��/LWWOH�RU�QR�HIIHFW�RQ�VSHHG�OLPLW�FRPSOLDQFH�

2WKHU� VLJQLILFDQW� LPSDFWV�� ,Q�YHKLFOH� GLVSOD\� PD\� GLVWUDFW� WKH� GULYHU� DQG� SURGXFH
PHQWDO�RYHUORDG�LQ�FRPSOH[�GULYLQJ�VLWXDWLRQV��7KLV�PD\�LQFUHDVH�DFFLGHQW�ULVN�

&RVW�HIIHFWLYHQHVV�� 3RRU�� 7KH� FRVWV� IRU� LQ�FDU� HTXLSPHQW� DUH� IRU� WKH� YHKLFOH� RZQHUV
ZKHUHDV�WKH�FRVWV�IRU�WKH�LQIUDVWUXFWXUH�DUH�SXEOLF�

2WKHU��+LJK�GULYHU� DFFHSWDQFH��7HFKQRORJ\� IRU� WKH� V\VWHP� LV� DYDLODEOH� DQG� SURWRW\SHV
KDYH�EHHQ�WHVWHG�

������ 5RDG�VLGH�IHHGEDFN

'HVFULSWLRQ��)HHGEDFN�FDQ�HLWKHU�EH�LQGLYLGXDO��SHUWDLQLQJ�GLUHFWO\�WR�DQ�LQGLYLGXDO�GULYHU
�H�J�� ¦6ORZ�'RZQ��<RXU� VSHHG� LV�;;�NP�K§��RU� FROOHFWLYH� IRU� WKH� VXUURXQGLQJ� GULYLQJ
SRSXODWLRQ��H�J��¦'ULYHUV�QRW�VSHHGLQJ�\HVWHUGD\�;;�§��

,PSDFWV�RQ�VSHHG��)HHGEDFN�KDV�JRRG�ORFDO� HIIHFWV��+RZHYHU�� WKH� LQLWLDO� HIIHFWV�PLJKW
GHFUHDVH�ZLWK�WLPH�DV�GULYHUV�UHDOLVH�WKDW�QR�HQIRUFHPHQW�LV�FRQQHFWHG�ZLWK�WKH�PHDVXUH�
&ROOHFWLYH� IHHGEDFN� LV� OHVV� HIIHFWLYH� WKDQ� LQGLYLGXDO� IHHGEDFN�� 7KH� HIIHFWLYHQHVV� RI
SURYLGLQJ� IHHGEDFN� WR� WKH� GULYHU� PD\� QRW� EH� GXH� WR� WKH� IHHGEDFN� SHU� VH�� EXW� LQ� LWV
LPSOLFDWLRQ�WKDW�LW�PLJKW�EH�FRPELQHG�ZLWK�HQIRUFHPHQW�

2WKHU�VLJQLILFDQW�LPSDFWV���

&RVW�HIIHFWLYHQHVV�� 5RDGVLGH� GLVSOD\V� DUH� UHODWLYHO\� LQH[SHQVLYH�� 7KHUHIRUH� WKH\� DUH
OLNHO\� WR� EH� FRVW�HIILFLHQW� LQ� SRWHQWLDOO\� KD]DUGRXV� ORFDWLRQV�� ,QGLYLGXDO� IHHGEDFN� LV
SUREDEO\�PRUH�FRVW�HIILFLHQW�WKDQ�FROOHFWLYH�IHHGEDFN�

2WKHU�� 'ULYHU� DFFHSWDQFH� LV� SUREDEO\� JRRG�� %HFDXVH� WKH� HIIHFW� LV� OLPLWHG� LQ� GLVWDQFH
IHHGEDFN�LV�PRVW�HIIHFWLYH�LQ�SRWHQWLDOO\�GDQJHURXV�ORFDWLRQV�ZKHUH�VSHHGLQJ�LV�IUHTXHQW�
7HFKQRORJ\�IRU�WKH�V\VWHP�LV�DYDLODEOH�
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������ ,Q�YHKLFOH�IHHGEDFN

'HVFULSWLRQ��,QGLYLGXDO�IHHGEDFN�SURYLGHG�E\�LQ�YHKLFOH�GLVSOD\V�LQIRUPLQJ�GULYHUV�DERXW
WKHLU� VSHHG�� DQG� XVXDOO\� DOVR� ZDUQLQJ� WKHP� LI� WKH\� DUH� H[FHHGLQJ� WKH� VSHHG� OLPLW�� ,Q�
YHKLFOH�IHHGEDFN�FDQ�EH�DOVR�DXGLWRU\�

,PSDFWV�RQ� VSHHG�� ,QGLYLGXDO� IHHGEDFN�KDV�EHHQ� IRXQG� WR� GHFUHDVH� VSHHGLQJ� E\� XS� WR
����

2WKHU�VLJQLILFDQW�LPSDFWV��,Q�YHKLFOH�GLVSOD\�PD\�GLVWUDFW�WKH�GULYHU�

&RVW�HIIHFWLYHQHVV��+LJK�LQLWLDO�FRVW��7KH�FRVWV� IRU� WKH� LQ�FDU� HTXLSPHQW�ZLOO� OLH�RQ� WKH
YHKLFOH�RZQHUV�ZKHUHDV�WKH�FRVWV�IRU�WKH�LQIUDVWUXFWXUH�DUH�SXEOLF�

2WKHU��'ULYHU�DFFHSWDQFH�LV�JRRG��)HHGEDFN�PXVW�EH�LPPHGLDWH��LQGLFDWLQJ�WKDW�DQ�HUURU
KDV�MXVW�EHHQ�FRPPLWWHG���$XGLWRU\�IHHGEDFN�LV�HDVLHU�WR�SUHVHQW�DQG�LQFUHDVHV�WKH�PHQWDO
ZRUNORDG�RI� WKH�GULYHU� OHVV� WKDQ�YLVXDO� IHHGEDFN��)HHGEDFN�� LI� DQ� LPPHGLDWH� UHDFWLRQ� LV
UHTXLUHG��VKRXOG�EH�E\�DQ�DXGLWRU\�RU�WDFWLOH�ZDUQLQJ��:KHQ�WKHUH�LV�PRUH�WLPH�WR�UHDFW��D
YLVXDO� ZDUQLQJ� FDQ� EH� XVHG�� 7HFKQRORJ\� IRU� WKH� V\VWHP� LV� DYDLODEOH�� KRZHYHU� RQO\
SURWRW\SHV�KDYH�EHHQ�WHVWHG�VR�IDU�

������ 6WRS�UHJXODWLRQ

'HVFULSWLRQ��$� IRXU�ZD\� VWRS� LPSOHPHQWHG� DW� LQWHUVHFWLRQV� RQ� ORFDO� VWUHHWV� WR� UHTXLUH
WKH�GULYHUV�RQ�DOO�DSSURDFKHV�WR�VWRS�EHIRUH�HQWHULQJ�WKH�LQWHUVHFWLRQ�

,PSDFWV� RQ� VSHHG�� 6WRS� UHJXODWLRQ� KDV� VLJQLILFDQW� VSHHG�UHGXFLQJ� HIIHFWV� DW
LQWHUVHFWLRQV�

2WKHU� VLJQLILFDQW� LPSDFWV�� $� PHWD�UHYLHZ�� EDVHG� RQ� D� ODUJH� QXPEHU� RI� VWXGLHV�
FRQFOXGHG�WKDW�IRXU�ZD\�VWRSV�UHGXFHG�WKH�WRWDO�QXPEHU�RI�DFFLGHQWV�E\�EHWZHHQ����DQG
�����(OYLN�HW�DO���������2Q�WKH�RWKHU�KDQG��WKH\�LQFUHDVH�WLPH�FRVWV��QRLVH�DQG�H[KDXVW
HPLVVLRQV�

&RVW�HIIHFWLYHQHVV�� /RZ� LQVWDOODWLRQ� DQG� PDLQWHQDQFH� FRVWV� WKDW� WRJHWKHU� ZLWK� WKH
VLJQLILFDQW�VSHHG�UHGXFLQJ�HIIHFW�JLYH�JRRG�FRVW�HIIHFWLYHQHVV�

2WKHU��*RRG�GULYHU�DFFHSWDQFH��+\GpQ��������6WRSSLQJ�EHKDYLRXU�GHWHULRUDWHV�VOLJKWO\
ZLWK�WLPH��7UDILNE\UnQ�������
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������� (GXFDWLRQ�DQG�SXEOLFLW\�FDPSDLJQV

'HVFULSWLRQ��3XEOLFLW\�DQG�LQIRUPDWLRQ�FDPSDLJQV�LQ�PHGLD�DQG�HGXFDWLRQ�DW�VFKRRO�DQG
GULYLQJ�VFKRROV�DERXW�WKH�GDQJHUV�RI�VSHHGLQJ�

,PSDFWV� RQ� VSHHG�� 7KHUH� LV� OLWWOH� GLUHFW� HYLGHQFH� WKDW� HGXFDWLRQ� DQG� SXEOLFLW\� KDYH� D
VXEVWDQWLDO� LPSDFW� LQ�UHGXFLQJ�VSHHGV��3DUWO\�� WKLV� LV�H[SODLQHG�E\�WKH�IDFW� WKDW� LW� LV�YHU\
GLIILFXOW�WR�PHDVXUH�WKH�LPSDFW��3DUWO\��WKLV�FDQ�DOVR�EH�FRQVLGHUHG�DV�DQ�LPSOLFDWLRQ�WKDW
WKH� HIIHFW� RI� DQ\� RQH� FDPSDLJQ� FDQQRW� EH� YHU\� ELJ�� EXW� WKLV� GRHV� QRW� H[FOXGH� WKH
SRVVLELOLW\�RI�ODUJH�FXPXODWLYH�HIIHFWV�

2Q�WKH�RWKHU�KDQG�� LW� LV�JHQHUDOO\�UHFRJQLVHG�WKDW� WUDIILF�VDIHW\�HGXFDWLRQ��ZKLFK� VKRXOG
QDWXUDOO\� LQFOXGH� VSHHG� HGXFDWLRQ�� LV� QHFHVVDU\� IRU� WKH� V\VWHP� WR� IXQFWLRQ� DW� DOO�
)XUWKHUPRUH�� LQIRUPDWLRQ� FDPSDLJQV� DQG� SXEOLFLW\� FDQ� HQKDQFH� WKH� SRVLWLYH� LPSDFWV� RI
RWKHU�PHDVXUHV��H�J��VSHHG�HQIRUFHPHQW�

2WKHU� VLJQLILFDQW� LPSDFWV��0HGLD� FDPSDLJQV� IRU� DQ\� VSHFLILF� WUDIILF� VDIHW\� REMHFWLYHV
FDQ� SURPRWH� WKH� UROH� RI� WUDIILF� VDIHW\� LQ� WKH� SXEOLF� GHFLVLRQ�PDNLQJ� SURFHVV�� ,QFUHDVHG
LQWHUHVW�RIWHQ�PHDQV�LQFUHDVHG�UHVRXUFHV�DQG�DWWHQWLRQ��DQG�FRQVHTXHQWO\�EHWWHU�UHVXOWV�

&RVW�HIIHFWLYHQHVV��&RVWV�DUH�UHODWLYHO\�HDV\�WR�PHDVXUH�� ,PSDFWV�DUH�GLIILFXOW� WR�DVVHVV
EHFDXVH�WKH\�DUH�GLYHUVH�DQG�H[WHQG�IDU�LQWR�WKH�IXWXUH�

2WKHU�� (GXFDWLRQ� DQG� LQIRUPDWLRQ� FDPSDLJQV� DUH� FRPPRQO\� VXJJHVWHG� DV� D� FRXQWHU�
PHDVXUH� IRU� DQ\� WUDIILF� VDIHW\� SUREOHP�� ,W� LV� DQ� HDV\� VROXWLRQ� LQ� WKH� VHQVH� WKDW� WKHUH� LV
KDUGO\�DQ\�RSSRVLWLRQ�WR�WKLV�NLQG�RI�PHDVXUHV��+RZHYHU��WKHUH�LV�XVXDOO\�OLWWOH�UHDVRQ�WR
H[SHFW�HGXFDWLRQ�DQG�SXEOLFLW\�FDPSDLJQV�WR�EH�HIIHFWLYH��QRW�LQ�WKH�VKRUW�SHUVSHFWLYH�DW
OHDVW�� 7KLV� FRQFHUQV� DOVR� WKH� HGXFDWLRQ� DQG� SXEOLFLW\� FDPSDLJQV� DERXW� WKH� GDQJHUV� RI
VSHHG�

���� 0($685(6�5(/$7('�72�52$'�'(6,*1

������ 6SHHG�KXPSV

'HVFULSWLRQ��7UDQVYHUVH�YHUWLFDO�GHIOHFWLRQ�H[WHQGLQJ�RYHU�WKH�ZLGWK�RU�WKH�URDG��KHLJKW
W\SLFDOO\�IURP���WR����FP��OHQJWK�XS�WR�VHYHUDO�PHWUHV��DQG�VKDSH�URXQG�RU�DQJXODU��8VH
UHVWULFWHG�WR�XUEDQ�URDGV�WR�VXSSRUW�VSHHG�OLPLW�WKDW�LV�XVXDOO\����NP�K�RU�OHVV�

,PSDFWV�RQ�VSHHG��+XPSV�FDQ�EH�GHVLJQHG��KHLJKW��OHQJWK�DQG�VKDSH��VR�WKDW�WKH�PHDQ
VSHHG� DW� RU� QHDU� WKH� KXPS� GHFUHDVHV� WR� WKH� GHVLUHG� OHYHO� �IRU� H[DPSOH� ��� NP�K��� %\
NHHSLQJ� WKH�GLVWDQFH�EHWZHHQ� WKH�KXPSV�ZLWKLQ�FHUWDLQ� OLPLWV�� H�J��QR�PRUH� WKDQ����P�
DOVR� WKH� VSHHG� EHWZHHQ� WKH� KXPSV� FDQ� EH� UHGXFHG� DOPRVW� DV� PXFK� DV� DW� RU� QHDU� WKH
KXPSV�

2WKHU� VLJQLILFDQW� LPSDFWV�� &DQ� EH� XQSOHDVDQW� HYHQ� WR� RFFXSDQWV� RI� YHKLFOHV� QRW
H[FHHGLQJ�WKH�VSHHG�OLPLW��,QFUHDVHV�LQ�QRLVH�DQG�H[KDXVW�HPLVVLRQV�PD\�UHVXOW��HVSHFLDOO\
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LQ�FDVHV�ZKHUH�WKH�GLVWDQFH�EHWZHHQ�KXPSV�LV�ORQJ�HQRXJK�WR�PDNH�DFFHOHUDWLRQ�EHWZHHQ
KXPSV� DWWUDFWLYH� WR� GULYHUV�� +XPSV� �DQG� WKH� DVVRFLDWHG� VSHHG� OLPLW�� VKRXOG� EH� FOHDUO\
YLVLEOH�WR�DYRLG�GDPDJH�FDXVHG�E\�XQLQWHQWLRQDO�VSHHGLQJ��$FFLGHQW��PLJUDWLRQ�LV�SRVVLEOH
LI�GULYHUV�FKDQJH�WKHLU�URXWHV�

&RVW�HIIHFWLYHQHVV���'HSHQGV�RQ�WKH�VSHHG�UHGXFWLRQ��ZKLFK�LQ�WXUQ�W\SLFDOO\�GHSHQGV�RQ
WKH� VSHHG� OHYHO� �PHDQ� VSHHG�� EHIRUH� LQVWDOODWLRQ�� ,W� LV� OHVV� OLNHO\� WKDW� KXPSV� ZRXOG� EH
FRVW�HIIHFWLYH�RQ�URDGV�ZKHUH�WKH�VSHHGV�DUH�W\SLFDOO\�LQ�WKH�RUGHU�RI����NP�K��FRPSDUHG
WR�URDGV�ZKHUH�WKH�VSHHGV�DUH�DURXQG����NP�K��)XUWKHUPRUH��KXPSV�DUH�QDWXUDOO\�PRUH
FRVW�HIIHFWLYH� RQ� EXV\� URDGV� FRPSDUHG� WR� ORZ� YROXPH� URDGV�� 7KH� DFKLHYDEOH� VSHHG
UHGXFWLRQ�DOVR�GHSHQGV�RQ�WKH�GHVLJQ�DV�H[SODLQHG�DERYH�

2WKHU��5HVLGHQWV�XVXDOO\�DSSURYH��D�SURSRUWLRQ�RI�GULYHUV�XVXDOO\�RSSRVHV��8VH�RQ�ORQJ
FRQWLQXRXV�VHFWLRQV�VKRXOG�EH�DYRLGHG�WR�NHHS�DFFHSWDELOLW\�DQG�FRPSOLDQFH�KLJK�

������ 5RDG�FDYLWLHV��LQYHUWHG�KXPSV�

'HVFULSWLRQ��5RDG�FDYLWLHV�DUH�LQYHUWHG�KXPSV�ZLWK�GUDLQDJH�LQ�WKH�ERWWRP�

,PSDFWV�RQ�VSHHG��5RDG�FDYLWLHV�KDYH�VLJQLILFDQW�VSHHG�UHGXFLQJ�HIIHFWV�

2WKHU� VLJQLILFDQW� LPSDFWV�� 7KH� FRUUHVSRQGLQJ� DFFLGHQW� UHGXFWLRQ� GHSHQGV� RQ� WKH
PDJQLWXGH� RI� VSHHG� UHGXFWLRQ�� 7KH� PHDVXUH� FDQ� EH� XQSOHDVDQW� WR� FDU� RFFXSDQWV�� ,W
LQFUHDVHV� QRLVH� DQG� H[KDXVW� HPLVVLRQV�� 7KHUH� LV� D� SRVVLEOH� UHGLVWULEXWLRQ� RI� WUDIILF� WR
RWKHU� URDGV� ZLWK� FRUUHVSRQGLQJ� DFFLGHQW� PLJUDWLRQ�� 7KH\� KDYH� UHODWLYHO\� KLJK
PDLQWHQDQFH�FRVWV�LQ�WKH�IRUP�RI�NHHSLQJ�WKH�FDYLWLHV�FOHDU�IURP�H�J�� OHDYHV� WR�PDLQWDLQ
ZDWHU�UXQRII�

&RVW�HIIHFWLYHQHVV�� 'HSHQGV� RQ� WKH� VSHHG� UHGXFWLRQ� WKH\� EULQJ� DERXW�� ZKLFK� LQ� WXUQ
GHSHQGV�RQ�WKH�VSHHG�OHYHO��PHDQ�VSHHG��EHIRUH�LQVWDOODWLRQ�

2WKHU�� 7KH�PHDVXUH�� LI� VR� GHVLJQHG�� ILWV� DOVR� RQ� DUWHULDO� URDGV�ZLWK� EXV� WUDIILF� �XQOLNH
KXPSV���DV�ODUJH�YHKLFOHV�FDQ�SDVV�LW�ZLWKRXW�LQFRQYHQLHQFH��ZKLOH�SDVVHQJHU�FDUV�KDYH�WR
ORZHU�WKHLU�VSHHG��'ULYHU�DFFHSWDQFH�LV�OHVV�WKDQ�IRU�KXPSV�

������ 5RDG�QDUURZLQJV�DQG�KRUL]RQWDO�GHIOHFWLRQV

'HVFULSWLRQ�� 3K\VLFDO� QDUURZLQJ� RI� WKH� FDUULDJHZD\� RU� KRUL]RQWDO� GHIOHFWLRQV� WKDW
SK\VLFDOO\�UHVWULFWV�XVH�RI�KLJK�VSHHG��&DQ�EH�VXSSRUWHG�E\�VWUXFWXUHV��H�J��JDWHZD\V��RU
YHJHWDWLRQ� WKDW� UHVWULFW� VLJKW� GLVWDQFHV� DQG� VWUHQJWKHQ� WKH� SHUFHSWLRQ� WKDW� WKH� URDG� LV
QDUURZ��8VH� W\SLFDOO\� UHVWULFWHG� WR� VXSSRUW� WKH� VSHHG� OLPLW� RI� ��� NP�K� RU� OHVV� LQ� XUEDQ
DUHDV�

,PSDFWV� RQ� VSHHG�� :LGH� YDULDWLRQ� RI� LPSDFWV�� SUREDEO\� EHFDXVH� RI� YDULDWLRQ� LQ� WKH
GHWDLOHG�GHVLJQ�DQG�VSHHG�OHYHO�LQ�WKH�EHIRUH�VLWXDWLRQ�



0DQDJLQJ�6SHHGV�RI�7UDIILF�RQ�(XURSHDQ�5RDGV ),1$/�5(3257
'HFHPEHU�����

��

2WKHU�VLJQLILFDQW�LPSDFWV��,I�WKH�ZLGWK�LV� LQVXIILFLHQW�IRU� WZR�RQFRPLQJ�YHKLFOHV� WKHUH
LV� D� GDQJHU� WKDW� WKH\� ZLOO� FRPSHWH� WR� DUULYH� ILUVW� DW� WKH� QDUURZLQJ� DQG� WKHUHE\� ULVN� D
FROOLVLRQ��$FFLGHQW�PLJUDWLRQ�LV�SRVVLEOH�LI�GULYHUV�FKDQJH�WKHLU�URXWHV�

&RVW�HIIHFWLYHQHVV�� 'HSHQGV� RQ� WKH� VSHHG� UHGXFWLRQ�� ZKLFK� LQ� WXUQ� GHSHQGV� RQ� WKH
GHVLJQ�DQG�VSHHG�OHYHO� LQ� WKH�EHIRUH�VLWXDWLRQ��7UDIILF�YROXPH�DIIHFWV�FRVW�HIIHFWLYHQHVV�
WRR�

2WKHU�� 7KHUH� DUH� QR� JHQHUDO� JXLGHOLQHV� VR� IDU� FRQFHUQLQJ� WKH� GHWDLOHG� GHVLJQ� RI
QDUURZLQJV� DQG� KRUL]RQWDO� GHIOHFWLRQV�� 7KHUHIRUH�� LW� LV� GLIILFXOW� WR� SUHGLFW� KRZ� PXFK
VSHHG�UHGXFWLRQ�D�SDUWLFXODU�GHVLJQ�FDQ�SURGXFH�

������ 5RXQGDERXWV

'HVFULSWLRQ�� -XQFWLRQ� W\SH� WKDW� SK\VLFDOO\� EUHDNV� XS� VWUDLJKW� URDG� VHFWLRQV� DQG
GLVFRXUDJHV�GULYLQJ�DW�KLJK� VSHHG��7KH� YHKLFOH� RQ� WKH� URXQGDERXW� XVXDOO\� KDV� ULJKW�RI�
ZD\� FRPSDUHG� WR� HQWHULQJ� YHKLFOHV�� ZKLFK� DOVR� SURPRWHV� WKH� XVH� RI�PRGHUDWH� VSHHGV�
)XUWKHUPRUH�� URXQGDERXWV� KDYH� IDYRXUDEOH� LPSDFW� RQ� DFFLGHQW� W\SH� GLVWULEXWLRQ
FRPSDUHG� WR� WUDGLWLRQDO� MXQFWLRQV�� IRU� H[DPSOH� SRWHQWLDOO\� GDQJHURXV� IURQW� WR� VLGH
FROOLVLRQV�DW�ULJKW�DQJOHV�DUH�ODUJHO\�SUHYHQWHG�

5RXQGDERXWV� FDQ� EH� RI� WKH� IDLUO\� ODUJH� ¦FRQYHQWLRQDO§� W\SH�ZKHUH� WKH� GLDPHWHU� RI� WKH
FHQWUDO� LVODQG� YDULHV� IURP� D� IHZ�PHWUHV� WR� GR]HQV� RI� PHWUHV�� ,Q� PLQL�URXQGDERXWV� WKH
FHQWUDO�LVODQG�LV�VPDOOHU��DQG�VRPHWLPHV�WKH�FHQWUDO�LVODQG�LV�EXLOW�VR�WKDW�LW�LV�SRVVLEOH�WR
GULYH�RYHU�LW�WR�PDNH�LW�QHJRWLDEOH�IRU�ODUJH�YHKLFOHV�

,PSDFWV� RQ� VSHHG�� 5RXQGDERXWV� DQG� HVSHFLDOO\� PLQL�URXQGDERXWV� FDQ� VLJQLILFDQWO\
UHGXFH� VSHHGV� DW� XUEDQ� MXQFWLRQV�� 7KH� PDJQLWXGH� RI� WKH� HIIHFW� GHSHQGV� RQ� WKH� ODWHUDO
GLVSODFHPHQW� WKH� URXQGDERXW� IRUFHV� WKH�GULYHU� WR�� DQG� WKH� OHYHO�RI� VSHHGV� LQ� WKH�EHIRUH
VLWXDWLRQ��7KH�PDJQLWXGH�RI� WKH�VSHHG�UHGXFWLRQ�RQ�OLQNV�EHWZHHQ�URXQGDERXWV�GHSHQGV
RQ�WKH�GLVWDQFH�EHWZHHQ�WKH�URXQGDERXWV�

2WKHU� VLJQLILFDQW� LPSDFWV�� 5RXQGDERXWV� FDQ� GHFUHDVH� WRWDO� ZDLWLQJ� WLPHV�� QRLVH� DQG
H[KDXVW�SROOXWLRQ�DQG�YHKLFOH�RSHUDWLQJ�FRVWV�FRPSDUHG�WR�VLJQDOLVHG�LQWHUVHFWLRQV�XS�WR
D�FHUWDLQ� WUDIILF�YROXPH��2Q� WKH�RWKHU�KDQG�� WKH\�FDQ� LQFUHDVH� WKHVH�FRVWV� FRPSDUHG� WR
SULRULW\� MXQFWLRQV� ZLWK� ORZ� WUDIILF� YROXPHV� RQ� WKH� PLQRU� URDGV�� $FFLGHQW� PLJUDWLRQ� LV
SRVVLEOH�LI�GULYHUV�FKDQJH�WKHLU�URXWHV�

&RVW�HIIHFWLYHQHVV�� 'HSHQGV� RQ� WKH� VSHHG� UHGXFWLRQ�� ZKLFK� LQ� WXUQ� GHSHQGV� RQ� WKH
GLPHQVLRQV� DQG� VSHHG� OHYHO� LQ� WKH� EHIRUH� VLWXDWLRQ�� 7UDIILF� YROXPH� DQG� LWV� GLVWULEXWLRQ
DPRQJ�WKH�DUPV�DIIHFWV�FRVW�HIIHFWLYHQHVV��WRR�

2WKHU�� )RU� DOO� URXQGDERXWV� DWWHQWLRQ� VKRXOG� EH� JLYHQ� WR� WKH� QHHGVW� RI� ELF\FOLVWV�
PRWRUF\FOLVWV�DQG�SHGHVWULDQV�LQ�WKH�SODQQLQJ�DQG�GHVLJQ�SKDVH��2WKHUZLVH�WKHLU�DFFLGHQW
ULVN�PD\�LQFUHDVH�
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������ 9LOODJH�JDWHZD\V

'HVFULSWLRQ�� 6WUXFWXUHV� WKDW� FOHDUO\�PDUN� WKH� HQWUDQFH� WR� D� YLOODJH� IRU� WKH� SXUSRVH� RI
UHGXFLQJ�VSHHGV��7KH\�FDQ�FRQVLVW�RI� URDG�QDUURZLQJV�RU�KRUL]RQWDO�GHIOHFWLRQV�� FHQWUDO
LVODQGV�� VWUXFWXUHV� RU� YHJHWDWLRQ� WKDW� DUH� XVHG� WR� FUHDWH� DQ� LPDJH� RI� D� QDUURZ� URDG�
VXSSOHPHQWHG�E\�URDG�PDUNLQJV�DQG�VXUIDFH�WUHDWPHQWV��HWF�

,PSDFWV� RQ� VSHHG�� 7KH� LPSDFW� RQ� VSHHGV� GHSHQGV� RQ� WKH� DFWXDO� GHVLJQ� DQG� WKH
DVVRFLDWHG�UHGXFWLRQ�RI�VSHHG�OLPLW��7KHUH�DUH�H[DPSOHV�RI�VXFFHVVIXO�DQG�OHVV�VXFFHVVIXO
LQVWDOODWLRQV�

2WKHU� VLJQLILFDQW� LPSDFWV��9LOODJH� JDWHZD\V� DOVR� VHUYH� WR� IRFXV� GULYHUV©� DWWHQWLRQ� WR
LQFUHDVHG�GHPDQGV�RI�WKH�HQYLURQPHQW�

&RVW�HIIHFWLYHQHVV��'HSHQGV�RQ�WKH�DFKLHYHG�VSHHG�UHGXFWLRQ��ZKLFK�LQ�WXUQ�GHSHQGV�RQ
WKH�DFWXDO�GHVLJQ�

2WKHU�� *DWHZD\V� KDYH� RQO\� ORFDOLVHG� HIIHFWV� DQG� QHHG� WR� EH� UHLQIRUFHG� E\� RWKHU
PHDVXUHV�LI�WKH�VSHHG�UHGXFWLRQV�DUH�WR�EH�PDLQWDLQHG�WKURXJK�WKH�YLOODJHV�

������ 5RDG�PDUNLQJV

'HVFULSWLRQ��5RDG�PDUNLQJV� �XVXDOO\�SDLQWHG�� WKDW� DFWXDOO\� QDUURZ�GRZQ� GULYLQJ� ODQHV
�H�J��SDLQWLQJ�RI�D�FHQWUDO�LVODQG�RU�QDUURZLQJ�WKH�ODQHV�E\�LQFUHDVLQJ�WKH�ZLGWK�RI�SDYHG
VKRXOGHUV���RU�FUHDWH�D�YLVXDO� LPDJH�WKDW� LQFUHDVHV� WKH�VHQVH�RI�VSHHG��RU� HPSKDVLVH� WKH
VKDUSQHVV� RI� D� FXUYH�� 8VHG� W\SLFDOO\� LQ� VXE�VWDQGDUG� FXUYHV� DQG� DSSURDFKHV� WR
LQWHUVHFWLRQV� RU� YLOODJHV��1DUURZLQJ� WKH� ODQHV� E\�ZLGHQLQJ� WKH� SDYHG� VKRXOGHUV� FDQ� EH
XVHG�DOVR�RQ�ORQJHU�URDG�VHFWLRQV�

,PSDFWV�RQ�VSHHG��'HFUHDVLQJ�ODQH�ZLGWK�RIWHQ�UHGXFHV�VSHHGV�RQ�VWUHWFKHV��7KH�LPSDFW
LV� SUREDEO\� ODUJHU� RQ� ORZ� VWDQGDUG� WKDQ� RQ� KLJK� VWDQGDUG� URDGV�� 7KH� LPSDFW� RI� YLVXDO
LPDJHV�H�J��RQ�FXUYHV�FDQ�EH�VXEVWDQWLDO�DW�ILUVW�EXW�W\SLFDOO\�GHFUHDVH�ZLWK�WLPH�

2WKHU�VLJQLILFDQW�LPSDFWV��1DUURZLQJ�RI�ODQHV�DW�WXUQV�DQG�FXUYHV�FDQ�PHDQ�WKDW�KHDY\
YHKLFOHV� LQ� LQFUHDVLQJ�YROXPHV�FXW� WKH�FXUYHV�ZKLFK� LQFUHDVHV�FRQIOLFWV�ZLWK�SHGHVWULDQV
DQG�ELF\FOHV�WKDW�XVH�SDYHG�VKRXOGHU�

&RVW�HIIHFWLYHQHVV��&RVWV� DUH� XVXDOO\� ORZ� DQG� FKDQFHV� IRU� KLJK� FRVW�HIIHFWLYHQHVV� DUH
WKHUHIRUH� RIWHQ� KLJK�� 7KH� LPSDFW� RQ� VSHHG�� KRZHYHU�� YDULHV� GHSHQGLQJ� RQ� WKH
FKDUDFWHULVWLFV�RI�WKH�URDG�RU�ORFDWLRQ�DQG�GHWDLOV�RI�WKH�GHVLJQ�

2WKHU��,QFUHDVHG�XVH�RI�YLVXDO�LPDJHV�LV�OLNHO\�WR�UHGXFH�WKHLU�HIIHFWLYHQHVV�
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������ 5XPEOH�VWULSV�DQG�RWKHU�URDG�VXUIDFH�WUHDWPHQWV

'HVFULSWLRQ��5XPEOH�VWULSV�DUH�UDLVHG� WUDQVYHUVDO� URDG�PDUNLQJV� �RU�RWKHU� URDG� VXUIDFH
WUHDWPHQWV��RQ�D�ODQH�DW��XVXDOO\��GHFUHDVLQJ�LQWHUYDOV�WKDW�FDXVH�QRLVH�DQG�YLEUDWLRQ�DQG
LQFUHDVH�WKH�VHQVH�RI�VSHHG��7KH\�DUH�W\SLFDOO\�XVHG�DW�DSSURDFKHV�WR�LQWHUVHFWLRQV��2WKHU
VXUIDFH� WUHDWPHQWV� FDQ� EH� URXJK� URDG� VXUIDFHV� WKDW� EHFRPH� LQFUHDVLQJO\� QRLV\� RU
RWKHUZLVH�XQFRPIRUWDEOH��VWRQH�VXUIDFHV��ZLWK�LQFUHDVLQJ�VSHHG��HLWKHU�RQ�FDUULDJHZD\�RU
VKRXOGHU�RQO\��(GJH�OLQHV�FDQ�EH�WUHDWHG�VR�WKDW� WKH\�JHQHUDWH�QRLVH�DQG�YLEUDWLRQ�ZKHQ
GULYHQ�RQ�

,PSDFWV� RQ� VSHHG�� 5XPEOH� VWULSV� KDYH� EHHQ� IRXQG� HIIHFWLYH� LQ� UHGXFLQJ� VSHHGV� DW
DSSURDFKHV� WR� LQWHUVHFWLRQV� ZKHUH� VXEVWDQWLDO� VSHHG� UHGXFWLRQV� DUH� UHTXLUHG�� 1RLV\� RU
URXJK�ELWXPLQRXV�URDG�VXUIDFHV�FDQ�UHGXFH�VSHHGV��7LOH�RU�VWRQH�VXUIDFHV��W\SLFDOO\�XVHG
RQ� UHVLGHQWLDO� VWUHHWV�� FDQ� DOVR� EH� HIIHFWLYH�� 6RPH� VWXGLHV� KDYH� IRXQG� QRLV\� HGJH� OLQHV
HIIHFWLYH�LQ�UHGXFLQJ�ODQH�YLRODWLRQV�EXW�WKHLU�HIIHFW�RQ�VSHHG�LV�XQFHUWDLQ�

2WKHU� VLJQLILFDQW� LPSDFWV�� 5XPEOH� VWULSV� DQG� RWKHU� URDG� VXUIDFH� WUHDWPHQWV� W\SLFDOO\
JHQHUDWH�QRLVH�WKDW�FDQ�EH�XQSOHDVDQW�WR�UHVLGHQWV�DQG�PDNH�WKHP�XQDFFHSWDEOH�RQ�PDLQ
URDGV�LQ�XUEDQ�DUHDV�DQG�LQ�YLOODJHV��1RLV\�VXUIDFHV�RIWHQ�KDYH�DQ�RSHQ�PDFUR�WH[WXUH�VR
WKDW�WKH\�GHFUHDVH�WKH�ULVN�RI�DTXDSODQLQJ�LQ�ZHW�ZHDWKHU�DQG�WKXV�UHGXFH�DFFLGHQW�ULVN�

&RVW�HIIHFWLYHQHVV��5XPEOH�VWULSV�DUH�PRVW� OLNHO\�FRVW�HIILFLHQW� LQ�PDQ\� VLWXDWLRQV��7KH
FRVW�HIIHFWLYHQHVV�RI�URDG�VXUIDFH�WUHDWPHQWV�RQ�GULYLQJ�ODQHV�LV�OHVV�FHUWDLQ��6WRQH�RU�WLOH
VXUIDFHV�DUH�H[SHQVLYH�DQG�WKXV�OHVV�OLNHO\�WR�EH�FRVW�HIIHFWLYH�H[FHSW�LQ�VSHFLDO�ORFDWLRQV
ZKHUH�WKH�YLVXDO�DSSHDUDQFH�LV�KLJKO\�YDOXHG�

2WKHU��:KDWHYHU� WKH� PDFUR�WH[WXUH�� LW� LV� LPSRUWDQW� WKDW� WKH� PLFUR�WH[WXUH� SURYLGHV� D
KLJK�UHVLVWDQFH�WR�VNLGGLQJ�

7KH�HIIHFWV�FDQ�GHFUHDVH�ZLWK� WLPH� LI� WKH�PHDVXUH� LV�XVHG�DW� VLWHV�ZLWK�D� ODUJH� VKDUH�RI
FRPPXWLQJ�WUDIILF�EHFDXVH�GULYHUV�JHW�XVHG�WR�WKHP�

������ 9LVLELOLW\�DQG�YLVXDO�JXLGDQFH

'HVFULSWLRQ�� 'HFUHDVHG� VLJKW� GLVWDQFHV� LQFUHDVH� XQFHUWDLQW\� DERXW� WUDIILF� VLWXDWLRQV
DKHDG�DQG�WKXV�HQFRXUDJH�GULYHUV� WR�VORZ�GRZQ��%XLOGLQJV�� IHQFHV�DQG�RWKHU� VWUXFWXUHV
FDQ�EH�XVHG�WR�UHGXFH�VLJKW�GLVWDQFHV�HVSHFLDOO\�LQ�XUEDQ�DUHDV��,QFUHDVHG�YLVXDO�JXLGDQFH
ZRUNV� WKH�RSSRVLWH�ZD\��9LVXDO�JXLGDQFH�FDQ�EH� LQFUHDVHG�HVSHFLDOO\�RQ� UXUDO� URDGV�E\
LPSURYLQJ�WKH�YLVLELOLW\�RI�URDG�VXUIDFH�PDUNLQJV�RU�LQVWDOOLQJ�URDGVLGH�UHIOHFWRU�SRVWV�

,PSDFWV�RQ�VSHHG��'HFUHDVHG�VLJKW�GLVWDQFHV�DW�LQWHUVHFWLRQV�DUH�OLNHO\�WR�UHGXFH�VSHHG
LQ�SULRULW\�GLUHFWLRQV��,QFUHDVHG�YLVXDO�JXLGDQFH��RQ�WKH�RWKHU�KDQG��KDV�RIWHQ�EHHQ�IRXQG
WR�LQFUHDVH�VSHHGV�HVSHFLDOO\�RQ�ORZ�VWDQGDUG�URDGV�

2WKHU�VLJQLILFDQW�LPSDFWV���

&RVW�HIIHFWLYHQHVV��+LJKO\�FRQVSLFXRXV�YLVXDO�JXLGDQFH�LV�QRW�QHFHVVDULO\�FRVW�HIIHFWLYH
RQ�ORZ�VWDQGDUG�UXUDO�URDGV�
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2WKHU��'ULYHUV�JHQHUDOO\�ZHOFRPH�LPSURYHG�YLVXDO�JXLGDQFH��SUREDEO\�EHFDXVH�LW�VHHPV
WR�PDNH�GULYLQJ�HDVLHU��HVSHFLDOO\�LQ�GDUNQHVV�

,W� LV� XQFHUWDLQ� ZKHWKHU� WKH� VSHHG� UHGXFWLRQV� GXH� WR� UHGXFHG� VLJKW� GLVWDQFHV� DUH� ODUJH
HQRXJK� WR� IXOO\� FRPSHQVDWH� IRU� WKH� DFWXDO� ULVN� LQFUHDVH� LQ� DFFLGHQW� RFFXUUHQFH�
1HYHUWKHOHVV��VSHHG�UHGXFWLRQV�JHQHUDOO\�GHFUHDVH�WKH�VHYHULW\�RI�DFFLGHQWV�

(YHQ� WKRXJK� KLJKO\� SHUFHLYDEOH� YLVXDO� JXLGDQFH� WHQGV� WR� LQFUHDVH� VSHHGV�� D� FHUWDLQ
PLQLPXP�OHYHO�RI�JXLGDQFH��HLWKHU�LQ�WKH�IRUP�RI�FHQWUH�RU�HGJH�OLQHV�RU�ERWK��LV�QHHGHG
IRU�VDIH�GULYLQJ�

������ 7UDIILF�FDOPLQJ

'HVFULSWLRQ�� ,QWHJUDWHG� WUHDWPHQW� RI� DUHDV� RU� VWUHWFKHV� RI� URDG� ZLWK� YDULRXV� NLQGV� RI
VSHHG�UHGXFLQJ�PHDVXUHV� LQ�XUEDQ�DUHDV��)UHTXHQWO\�FRPELQHG�ZLWK�RWKHU�PHDVXUHV� OLNH
URDG�FORVXUHV��RQH�ZD\�VWUHHWV�DQG�UHRUJDQLVDWLRQ�RI�URDG�KLHUDUFK\�

,PSDFWV�RQ�VSHHG��2IWHQ�VXEVWDQWLDO��GHSHQG�RQ�WKH�PHDVXUHV�HPSOR\HG�� WKH�GHWDLOV�RI
WKH�GHVLJQ�DQG�WKH�VSHHG�OHYHOV�LQ�WKH�EHIRUH�VLWXDWLRQ�

2WKHU� VLJQLILFDQW� LPSDFWV�� 0D\� FDXVH� XQH[SHFWHG� FKDQJHV� RI� URXWHV� DQG� DFFLGHQW
PLJUDWLRQ�� 'HFUHDVHV� QRLVH� LQ� UHVLGHQWLDO� DUHDV� DQG� LQFUHDVHV� JHQHUDO� OLNHDELOLW\� RI� WKH
DUHD�

&RVW�HIIHFWLYHQHVV�� 'HSHQGV� RQ� WKH� GHVLJQ� DQG� WKH� DPRXQW� RI� DWWHQWLRQ� SDLG� WR� RWKHU
WKDQ�VSHHG�UHGXFLQJ�TXDOLWLHV��H�J��DHVWKHWLFV��

2WKHU�� 8VXDOO\� KDV� WKH� VXSSRUW� RI� ORFDO� UHVLGHQWV�� EXW� VRPH� PHDVXUHV� �H�J�� URDG
FORVXUHV��FDQ�DOVR�EH�GLVOLNHG�E\�GULYHUV�

������� (QYLURQPHQWDOO\�DGDSWHG�WKURXJK�URDGV

'HVFULSWLRQ�� (QYLURQPHQWDOO\� DGDSWHG� URDGV� DUH� DLPHG� DW� WKH� VSHHG� DGDSWDWLRQ
SKHQRPHQRQ�RQ�WKURXJK�URDGV� LQ�EXLOW�XS�DUHDV�E\�UHVKDSLQJ� WKH�HQYLURQPHQW� LQ� D�ZD\
WKDW�WKH�YLVXDO�LPSUHVVLRQ��WRJHWKHU�ZLWK�WKH�FKDQJHG�GHVLJQ�RI�WKH�URDG��PDNHV�WKH�GULYHU
ORZHU� KLV� VSHHG�� $Q� HQYLURQPHQWDOO\� DGDSWHG� URDG� FRPSULVHV� VHYHUDO� FRPELQHG� VSHHG�
UHGXFLQJ�PHDVXUHV� �YLOODJH� JDWHZD\V�� UXPEOH� VWULSV�� FKLFDQHV�� URDG� QDUURZLQJV�� FHQWUDO
LVODQGV��PLQL�URXQGDERXWV��YDU\LQJ�URDG�VXUIDFH�VWUXFWXUH�DQG�FRORXU��HWF��

,PSDFWV�RQ�VSHHG��6LJQLILFDQW��HYHQ�DV�KLJK�DV����NP�K�

2WKHU� VLJQLILFDQW� LPSDFWV�� 6DIHW\� RI� YXOQHUDEOH� URDG�XVHUV� LPSURYHV�� $� PHWD�UHYLHZ
FRQFOXGHG�WKDW�WKH�PHDVXUH�UHGXFHG�WKH�QXPEHU�RI�LQMXU\�DFFLGHQWV�E\���������(OYLN�HW

DO���������&RPSHQVDWLQJ�HIIHFWV� FDQ�DULVH� LQ� IRUP�RI�GULYLQJ� IDVWHU�RXWVLGH� WKHVH�DUHDV�
7LPH�FRVWV�DUH�LQFUHDVHG�
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&RVW�HIIHFWLYHQHVV��5HODWLYHO\�KLJK�LQVWDOODWLRQ�FRVWV��7KH�HIIHFWV�RQ�DFFLGHQWV�GHSHQG�RQ
WKH�PDJQLWXGH�RI�VSHHG�UHGXFWLRQ��DQG�DFFLGHQW�UHGXFWLRQ�LV�DFKLHYHG�RQO\�LQ�FDVH�RI�UHDO
VSHHG�UHGXFWLRQ�

2WKHU��:KLOH�UHVLGHQWV�DQG�VKRS�NHHSHUV�PD\�ZHOFRPH�WKH�PHDVXUHV��FDU�GULYHUV�PD\�EH
QHJDWLYH�WR�WKHP�

������� 6HOI�H[SODLQLQJ�URDGV

'HVFULSWLRQ�� 5RDGV� ZLWK� D� GHVLJQ� WKDW� HYRNHV� FRUUHFW� H[SHFWDWLRQV� IURP� URDG� XVHUV�
ZKLFK� LQ� WXUQ� OHDGV� WR� FRUUHFW� FKRLFHV� RI� VSHHG�� ,Q� SUDFWLFH� VHOI�H[SODLQLQJ� URDGV�PHDQ
WKH�LQWURGXFWLRQ�RI�D�OLPLWHG�QXPEHU�RI�URDG�FDWHJRULHV�VR�WKDW�HDFK�URDG�FDWHJRU\�KDV�D
GLVWLQFW�VHW�RI�FKDUDFWHULVWLFV�WKDW�LV�FOHDUO\�GLIIHUHQW�IURP�WKDW�RI�RWKHU�URDG�FDWHJRULHV�

,PSDFWV�RQ�VSHHG��*HQHUDOO\�GHFUHDVHV�WKH�YDULDWLRQ�RI�VSHHGV��5RDG�PRGLILFDWLRQV�WKDW
DUH�QHHGHG�IRU�UHDOLVDWLRQ�RI�WKH�FRQFHSW�PD\�HLWKHU�GHFUHDVH�RU�LQFUHDVH�WKH�PHDQ�VSHHGV
RQ�SDUWLFXODU�URDGV��+RZHYHU��EHFDXVH� WKH�SRVVLEOH� VSHHG� LQFUHDVHV�DUH� FDXVHG�E\� URDG
LPSURYHPHQWV��WKH\�GR�QR�QHFHVVDULO\�GHFUHDVH�VDIHW\�

2WKHU� VLJQLILFDQW� LPSDFWV�� ,W� LV� H[SHFWHG� WKDW� VHOI�H[SODLQLQJ� URDGV� VLJQLILFDQWO\
LPSURYH�VDIHW\�E\�DIIHFWLQJ�DOVR�RWKHU�DUHDV�RI�GULYLQJ�EHKDYLRXU�WKDQ�VSHHG�FKRLFH��)RU
H[DPSOH�� WKH\�SUREDEO\�SURPRWH�FRUUHFW� DQWLFLSDWLRQ�� ,W� LV� OLNHO\� WKDW� WKH�PDMRU�EHQHILWV
FRPH�IURP�FKDQJHV�LQ�RWKHU�WKDQ�VSHHG�EHKDYLRXU�

&RVW�HIIHFWLYHQHVV��(IIHFWLYH� LQ�UHGXFLQJ�YDULDWLRQ�RI�VSHHGV��&RVW�RI�UHFRQVWUXFWLQJ�RU
PRGLI\LQJ� H[LVWLQJ� URDGV� FDQ� EH� KLJK�� EXW� LW� LV� UHGXFHG� LI� LW� LV� GRQH� JUDGXDOO\� DQG
V\VWHPDWLFDOO\�LQ�WKH�FRXUVH�RI�QRUPDO�URDG�PDLQWHQDQFH�

2WKHU��$�SURPLVLQJ�FRQFHSW�IRU�D�ORQJ�WHUP�V\VWHPDWLVDWLRQ�RI�WKH�URDG�QHWZRUN�

���� ,17(59(1,1*�0($685(6

������ &RQYHQWLRQDO�VSHHG�HQIRUFHPHQW

'HVFULSWLRQ�� 5RDGVLGH� HQIRUFHPHQW� E\� SROLFH� SDWUROV� ZKHUH� VSHHGV� DUH� PHDVXUHG� E\
UDGDU� �RU�E\�RWKHU�SRUWDEOH�GHYLFHV�� IURP� WKH� URDGVLGH�� 6SHHGHUV� DUH� WKHQ� VWRSSHG� DQG
ILQHV�SUHVFULEHG�DW�VLWH��7KH�VSHHG�PHDVXUHPHQW�LWVHOI�FDQ�HLWKHU�EH�FOHDUO\�VHHQ�E\�GULYHUV
�YLVXDO�HQIRUFHPHQW��RU�LW�FDQ�EH�KLGGHQ�

,PSDFWV�RQ� VSHHG��6LJQLILFDQW�GHFUHDVH� LQ� VSHHG�YLRODWLRQV��EXW� WKH� HIIHFW� LV� OLPLWHG� LQ
WLPH� DQG� VSDFH�� 7KH� HIIHFWV� W\SLFDOO\� ODVW� RQO\� D� IHZ� NLORPHWUHV� GRZQVWUHDP� DQG
GLVDSSHDU�ZLWKLQ� GD\V�� (QGXULQJ� DQG� DUHD�ZLGH� HIIHFWV� UHTXLUH� IUHTXHQW� HQIRUFHPHQW� LQ
YDU\LQJ�ORFDWLRQV��7KH�LPSDFW�LV�LQFUHDVHG�LI�SDUW�RI�WKH�HQIRUFHPHQW�LV�KLGGHQ�VR�GULYHUV
FDQQRW�NQRZ�LQ�DGYDQFH�ZKHUH�RU�ZKHQ�HQIRUFHPHQW�WDNHV�SODFH�
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2WKHU� VLJQLILFDQW� LPSDFWV�� 6HYHUDO� SROLFHPHQ� DUH� QHHGHG� DW� HDFK� HQIRUFHPHQW� VLWH�
7KHVH�UHVRXUFHV�FRXOG�EH�XVHG�PRUH�HIIHFWLYHO\�LQ�RWKHU�DUHDV�RI�SROLFH�ZRUN�

&RVW�HIIHFWLYHQHVV��&RVW�LV�KLJK�DQG�FRVW�HIIHFWLYHQHVV�LV�ORZ�EHFDXVH�RI�WKH�LPSDFWV�DUH
OLPLWHG�LQ�WLPH�DQG�VSDFH�

2WKHU��'ULYHUV�JHQHUDOO\�DSSURYH�RI�FRQYHQWLRQDO�VSHHG�HQIRUFHPHQW��6RPHWLPHV�KLGGHQ
HQIRUFHPHQW�LV�FRQVLGHUHG�XQIDLU�

������ $XWRPDWHG�VSHHG�HQIRUFHPHQW

'HVFULSWLRQ�� 6XUYHLOODQFH� ZKHUH� WKH� VSHHG� PHDVXUHPHQW� DQG� YHKLFOH� LGHQWLILFDWLRQ� LV
DXWRPDWHG�� 6SHHGLQJ� YHKLFOHV� GR� QRW� KDYH� WR� EH� VWRSSHG� DW� WKH� VLWH�� ,Q� SUHVHQW
DSSOLFDWLRQV� LGHQWLILFDWLRQ� LV� EDVHG� RQ� SKRWRV� RI� VSHHGLQJ� YHKLFOHV� DQG� GULYHUV�� 3UHVHQW
WHFKQRORJ\� ZRXOG� HQDEOH� PRUH� HIILFLHQW� LGHQWLILFDWLRQ� E\� FRPSXOVRU\� HOHFWURQLF
LGHQWLILFDWLRQ�GHYLFHV�LQ�YHKLFOHV�

,PSDFWV�RQ�VSHHG��5HGXFHV�VSHHGLQJ�EXW�WKH�LPSDFW�LV�OLPLWHG�LQ�WLPH�DQG�VSDFH��(IIHFW
FDQ� EH� LPSURYHG� E\� LQVWDOOLQJ� D� QXPEHU� RI� FDPHUD� ER[HV� DORQJ� WKH� URDG� DQG� E\
FLUFXODWLQJ� WKH� FDPHUD� EHWZHHQ� WKHP�� ,QIRUPLQJ� GULYHUV� RI� WKH� VXUYHLOODQFH� H�J�� E\
URDGVLGH� VLJQV�DQG� LQGLYLGXDO� VSHHG� IHHGEDFN�GLVSOD\V�E\� WKH� URDGVLGH� IXUWKHU� LPSURYHV
WKH�HIIHFW�

$YHUDJH� HQIRUFHPHQW� IUHTXHQF\� RI� ��� KRXUV� SHU� ILYH� GD\V� LV� QHHGHG� WR� DFKLHYH� KLJK
FRPSOLDQFH�

2WKHU�VLJQLILFDQW�LPSDFWV��$XWRPDWHG�HQIRUFHPHQW� LV�REMHFWLYH��/RWV�RI�H[WUD�ZRUN� LV
UHTXLUHG�LI�LGHQWLILFDWLRQ�RI�WKH�GULYHU�IURP�WKH�SKRWR�LV�QHFHVVDU\�

&RVW�HIIHFWLYHQHVV�� 0XFK� PRUH� FRVW�HIIHFWLYH� WKDQ� FRQYHQWLRQDO� VSHHG� HQIRUFHPHQW�
&RVW�HIIHFWLYHQHVV�LV�IXUWKHU�LPSURYHG�LI�LW�LV�QRW�QHFHVVDU\�WR�LGHQWLI\�WKH�GULYHU��DQG�WKH
RZQHU�RI�WKH�YHKLFOH�FDQ�EH�KHOG�UHVSRQVLEOH�

2WKHU��'ULYHUV�LQ�JHQHUDO�DSSURYH�RI�DXWRPDWLF�VSHHG�VXUYHLOODQFH�

������ $GDSWLYH�FUXLVH�FRQWURO

'HVFULSWLRQ��7KHUH�DUH�VHYHUDO�W\SHV�RI�$GDSWLYH�&UXLVH�&RQWURO��$&&���$&&�KHOSV�WKH
GULYHU�WR�DGDSW�KLV�VSHHG�WR�WKH�SUHYDLOLQJ�FRQGLWLRQV��H�J��E\�NHHSLQJ�WKH�YHKLFOH�ZLWKLQ�D
SUH�VHW�GLVWDQFH�UDQJH�IURP�WKH�YHKLFOH�LQ�IURQW��,W�FDQ�DGDSW� WR�FKDQJHV� LQ�VSHHG�OLPLWV�
EXW�LW�GRHV�QRW�QHFHVVDULO\�PHDQ�WKDW�VSHHGLQJ�LV�SUHYHQWHG�

,PSDFWV� RQ� VSHHG��'HFUHDVHV� VSHHG� YDULDWLRQ� EHWZHHQ� YHKLFOHV�� &DQ� LQFUHDVH� VSHHGV
EHFDXVH�LW�PD\�LQFUHDVH�GULYHUV©�IHHOLQJ�RI�VDIHW\�

2WKHU� VLJQLILFDQW� LPSDFWV�� $&&� FDQ� JLYH� ULVH� WR� SRWHQWLDOO\� GDQJHURXV� EHKDYLRXUDO
DGDSWDWLRQV��H�J��LQ�WKH�IRUP�RI�GHFUHDVHG�VLWXDWLRQ�DZDUHQHVV�
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&RVW�HIIHFWLYHQHVV��/HVV�FRVW�HIIHFWLYH�WKDQ�LQ�YHKLFOH�VSHHG�OLPLWHUV�

2WKHU��$&&�LV�QRW�D�VSHHG�OLPLWHU��EXW�UDWKHU�D�FRPIRUW�GHYLFH��$&&�ZRUNV�RQO\�ZLWKLQ
D� FHUWDLQ� VSHHG� LQWHUYDO�� $&&� LV� QRW� D� FROOLVLRQ�DYRLGDQFH� V\VWHP�� VLQFH� LQ� HPHUJHQF\
VLWXDWLRQV�WKH�GULYHU�KLPVHOI�KDV�WR�LQWHUYHQH�DQG�LQFUHDVH�EUDNLQJ�

������ ,Q�YHKLFOH�YDULDEOH�VSHHG�OLPLWHUV

'HVFULSWLRQ��7KH�YDULDEOH�VSHHG�OLPLWHU�SUHYHQWV�WKH�GULYHU�IURP�DFFHOHUDWLQJ�WKH�YHKLFOH
EH\RQG�WKH�SUHYDLOLQJ�VSHHG�OLPLW��,QIRUPDWLRQ�RI�WKH�SUHYDLOLQJ�OLPLW�LV�WUDQVPLWWHG�WR�WKH
YHKLFOH� H�J�� IURP� URDGVLGH� WUDQVPLWWHUV� RU� YLD� VDWHOOLWH�� ZKLFK� SHUPLWV� DOPRVW� UHDO� WLPH
DGMXVWPHQW�RI�WKH�OLPLW�DFFRUGLQJ�WR�WUDIILF��ZHDWKHU�DQG�URDG�VXUIDFH�FRQGLWLRQV�

,PSDFWV� RQ� VSHHG�� 3UHYHQWV� VSHHGLQJ� FRPSOHWHO\�� H[FHSW� LQ� GRZQKLOO� VHFWLRQV� ZKHUH
JUDYLW\�FDQ�DFFHOHUDWH�WKH�YHKLFOH�RYHU�WKH�OLPLW��,W�DOVR�GHFUHDVHV�VSHHG�YDULDWLRQ�

2WKHU�VLJQLILFDQW�LPSDFWV��6RPH�QHJDWLYH�EHKDYLRXUDO�PRGLILFDWLRQV�PD\�DULVH�LQ�IRUP
RI� VKRUWHU�KHDGZD\V�� VKRUWHU� DFFHSWHG�JDSV� DW� MXQFWLRQV�� GHOD\HG� EUDNLQJ� EHKDYLRXU� RQ
DSSURDFK�WR�MXQFWLRQV��FRPSODFHQF\�DQG�ORVV�RI�YLJLODQFH�

&RVW�HIIHFWLYHQHVV��3URYLGLQJ�DOO�YHKLFOHV�ZLWK�VSHHG�OLPLWHUV�DQG�VHWWLQJ�XS�WKH�V\VWHP
ZRXOG�EH�H[SHQVLYH��EXW�WKH�EHQHILWV�DUH�DOVR�JUHDW�
2WKHU��8VHU�DFFHSWDELOLW\�YDULHV�EHWZHHQ�FRXQWULHV��2Q�WKH�DYHUDJH�DSSUR[LPDWHO\�RQH
WKLUG�RI�GULYHUV�DSSURYH�RI�FRPSXOVRU\�VSHHG�OLPLWHUV�DQG�DQ�DGGLWLRQDO�����DUH�IRU�D�VHOI
RSHUDWHG�GHYLFH��$FFHSWDELOLW\�LV�JUHDWHU�LQ�XUEDQ�WKDQ�UXUDO�DUHDV��*UDGXDO�LQWURGXFWLRQ
RI�VSHHG�OLPLWHUV�ZRXOG�SUREDEO\�FDXVH�VRPH�SUREOHPV�

)HZ� RWKHU� URDG� VDIHW\� PHDVXUHV� KDYH� DV� JUHDW� SRWHQWLDO� IRU� LPSURYLQJ� URDG� VDIHW\� DV
FRPSXOVRU\�LQ�YHKLFOH�YDULDEOH�VSHHG�OLPLWHUV�

���� ,17(5$&7,216

6SHHG� PDQDJHPHQW� PHDVXUHV� VXFK� DV� WKRVH� GHVFULEHG� HDUOLHU� LQ� WKLV� FKDSWHU� DUH� RIWHQ
XVHG�LQ�FRPELQDWLRQV�RI�WZR�RU�PRUH�PHDVXUHV��DFFRUGLQJ�WR�DQ�DUHD�SODQ�RU�DW�LQGLYLGXDO
ORFDWLRQV��7UDIILF�FDOPLQJ�LV�D�W\SLFDO�H[DPSOH�RI�DQ�LQWHJUDWHG�DSSURDFK�ZKHUH�GLIIHUHQW
PHDVXUHV�DUH�DSSOLHG�V\VWHPDWLFDOO\�DQG�SK\VLFDOO\�FORVH�WR�HDFK�RWKHU��7KH�LGHD�RI�VXFK
DSSURDFK� LV� WR�XVH�PHDVXUHV� WKDW� ILW� EHVW� WR� WKH� ORFDWLRQ�DQG�PDNH� VXUH� WKDW� WKH�ZKROH
DUHD� RU� URDG� VHFWLRQ�ZLOO� EH� WUHDWHG� HIIHFWLYHO\�� 7KH� HIIHFWV� RI� SK\VLFDO� VSHHG�UHGXFLQJ
PHDVXUHV�DUH�W\SLFDOO\�OLPLWHG�LQ�VSDFH��7KHUHIRUH��DGMDFHQW�PHDVXUHV�VXSSRUW�HDFK�RWKHU
LQ� WKH� VHQVH� WKDW� ZKHQ� WKH� GULYHU� LV� OHDYLQJ� EHKLQG� RQH� PHDVXUH� DQG� LV� WHPSWHG� WR
LQFUHDVH�VSHHG��WKH�NQRZOHGJH�WKDW�DQRWKHU�PHDVXUH�LV�ZDLWLQJ�QHDUE\�SUREDEO\�GDPSHQV
WKLV� WHPSWDWLRQ�� 7KH� DUHDV� RI� LQIOXHQFH� RI� WZR� SK\VLFDOO\� VXFFHVVLYH� PHDVXUHV� FDQ
RYHUODS�

'LIIHUHQW�PHDVXUHV�FDQ�DOVR�ZRUN�WRJHWKHU��$Q�H[DPSOH�RI�VXFK�FRPELQDWLRQ�RI�PHDVXUHV
LV� VSHHG� OLPLWV� DQG� VSHHG� HQIRUFHPHQW�� 2WKHU� IUHTXHQWO\� XVHG� FRPELQDWLRQV� DUH�� IRU
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H[DPSOH��D��VSHHG�HQIRUFHPHQW�DQG�SXEOLF�LQIRUPDWLRQ�DERXW�LW��E��URDGVLGH�VLJQ�ZDUQLQJ
LQ�FRQQHFWLRQ�RI�VSHHG�FDPHUDV��DQG�F��VSHHG�KXPSV�RU�URDG�QDUURZLQJV�FRPELQHG�ZLWK
URDG�PDUNLQJV��7KH� LGHD� LV� WR�VWUHQJWKHQ�WKH� LPSDFW�RI�RQH�PHDVXUH�ZLWK� WKH� LPSDFW�RI
DQRWKHU�

/LWWOH� LV� NQRZQ� DERXW� WKH�PDJQLWXGH� RI� WKH� LQWHUDFWLRQ� HIIHFWV�� 7KDW� LV� XQGHUVWDQGDEOH
EHFDXVH� WKH�QXPEHU�RI� SRVVLEOH� FRPELQDWLRQV� RI�PHDVXUHV� LV� ODUJH�� DQG� WKHUH� DUH� JUHDW
YDULDWLRQV�LQ�WKH�GHVLJQ�RI�PHDVXUHV�

,Q�SULQFLSOH��LI�WZR�PHDVXUHV�DUH�LQGHSHQGHQW��WKH\�GR�QRW�DIIHFW�HDFK�RWKHU��DQG�WKH\�DUH
DSSOLHG� VLPXOWDQHRXVO\�� WKHLU� FRPELQHG� HIIHFW� LV� VLPLODU� WR� WKH� HIIHFW� ZKHQ� WKH� WZR
PHDVXUHV�DUH�DSSOLHG�RQH�DIWHU�DQRWKHU��)RU�H[DPSOH��LI�PHDVXUH���UHGXFHV�VSHHG�E\����
DQG�PHDVXUH���E\������WKHLU�FRPELQHG�HIIHFW�ZRXOG�EH�������������Õ��������� ������
UHGXFWLRQ��,Q�FDVH�WKH�PHDVXUHV�DUH�QRW�LQGHSHQGHQW��WKH�WRWDO�HIIHFW�LV�HLWKHU�ODUJHU��WKH
PHDVXUHV�VWUHQJWKHQ�HDFK�RWKHU��RU�VPDOOHU��WKH�PHDVXUHV�ZHDNHQ�HDFK�RWKHU��WKDQ�LQ�WKH
FDVH�RI�WZR�LQGHSHQGHQW�PHDVXUHV�

7KH�H[DPSOH�DERYH��KRZHYHU��LV�QRW�YDOLG�LQ�DOO�FDVHV��0DQ\�PHDVXUHV�DUH�HIIHFWLYH�RQO\
IRU� VSHHGV� DERYH� FHUWDLQ� OHYHO�� )RU� H[DPSOH�� LI� VSHHG� KXPSV� DUH� GHVLJQHG� WR� UHGXFH
VSHHGV�WR�WKH�OHYHO�RI�DSSUR[LPDWHO\����NP�K��WKH\�SUREDEO\�KDYH�D�ELJ�HIIHFW�LI�WKH�LQLWLDO
PHDQ� VSHHG� LV� ��� NP�K�� EXW� OLWWOH� RU� QR� HIIHFW� LI� WKH� LQLWLDO� PHDQ� VSHHG� LV� ��� NP�K�
6LPLODUO\�� HYHQ� WKRXJK� VSHHG� HQIRUFHPHQW� LQ� JHQHUDO� FDQ� UHGXFH� WKH� PHDQ� VSHHG� E\
VHYHUDO� NP�K�� LW� LV� SUREDEO\� OHVV� HIIHFWLYH� LI� WKH� SHUFHQWDJH� RI� VSHHGHUV� LQ� WKH� LQLWLDO
VLWXDWLRQ�LV�H[FHSWLRQDOO\�ORZ�

,Q�SUDFWLFH�LW�LV�RIWHQ�SUDFWLFDOO\�LPSRVVLEOH�WR�DVVHVV�WKH�PDJQLWXGH�RI�WKH�LQWHUDFWLRQV��,Q
PRVW� FDVHV�� KRZHYHU�� LW� LV� SUREDEO\� WUXH� WKDW� WKH� FRPELQHG� HIIHFW� RI� WZR� RU� PRUH
VLPXOWDQHRXVO\�DSSOLHG�PHDVXUHV� LV�DW� OHDVW�DV�ELJ�DV� WKH�HIIHFW�DFKLHYHG�ZKHQ�WKH�PRUH
HIIHFWLYH�RI�WKHVH�PHDVXUHV� LV�DSSOLHG�DORQH�� ,Q�PDQ\�FDVHV�FRPPRQ�VHQVH�VD\V� WKDW� WKH
HIIHFW�LV�ELJJHU�EXW�WKHUH�LV�QR�VLPSOH�ZD\�RI�WHOOLQJ�E\�KRZ�PXFK�
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0$1$*(0(17

���� %$&.*5281'

7KHUH�DUH� VHYHUDO� UHDVRQV�ZK\� IXUWKHU� GHYHORSPHQW� RI� VSHHG�PDQDJHPHQW� LV� LPSRUWDQW
DQG�ZK\�LW�FDQ�EH�GLIILFXOW��6RPH�RI�WKH�PDLQ�UHDVRQV�DUH�OLVWHG�EHORZ�

��� (YHU\�\HDU�DERXW��������SHRSOH�DUH�NLOOHG�DQG�����PLOOLRQ� LQMXUHG� LQ�URDG�DFFLGHQWV
LQ�WKH����PHPEHU�VWDWHV�RI�WKH�(XURSHDQ�8QLRQ��6SHHG�LV�D�FRQWULEXWLQJ�IDFWRU�WR�WKH
RFFXUUHQFH� RI� D� VLJQLILFDQW� QXPEHU� RI� WKHVH� DFFLGHQWV�� )XUWKHUPRUH�� WKH
FRQVHTXHQFHV�RI�DFFLGHQWV�JHQHUDOO\�LQFUHDVH�ZLWK�LQFUHDVLQJ�VSHHGV�

��� 7DEOH� �� �SDJH� ��� VKRZV� WKDW� WKHUH� DUH� JUHDW� YDULDWLRQV� LQ� VSHHG� OLPLWV� RQ� VLPLODU
URDGV� LQ� (XURSH�� HYHQ� WKRXJK� KDUPRQLVDWLRQ� RI� VSHHGV� RQ� VLPLODU� URDGV� ZRXOG
FRQWULEXWH� WR� IOXHQW� DQG� VDIH� IORZ� RI� WUDIILF�� 2QO\� LQ� XUEDQ� DUHDV� DUH� VSHHG� OLPLWV
EURDGO\�LQ�KDUPRQ\�VLQFH�WKH�JHQHUDO�VSHHG�OLPLW�LV����NP�K�ZLWK�IHZ�H[FHSWLRQV�RI
���NP�K��2Q�UXUDO�URDGV�ZLWK�PL[HG�WUDIILF�WKH�VSHHG�OLPLWV�GLIIHU�PXFK�PRUH�UDQJLQJ
IURP����XS�WR�����NP�K�IRU�SDVVHQJHU�FDUV��$�OLPLW�RI����NP�K�LV�PRVW�FRPPRQ�IRU
ERWK�SDVVHQJHU� FDUV� DQG� WUXFNV��0RWRUZD\� LV� WKH�KLJKHVW� URDG� FDWHJRU\�ZLWK� IDLUO\
VWDQGDUG�TXDOLWLHV� DFURVV�(XURSH��+RZHYHU�� VSHHG� OLPLWV� DUH� TXLWH� GLYHUVH�� UDQJLQJ
IURP� ��� WR� ���� NP�K� IRU� FDUV�� DQG� LQ� *HUPDQ\� WKHUH� LV� QR� VSHHG� OLPLW� RQ� VRPH
PRWRUZD\�VHFWLRQV�

��� 7KH�EDVLV�RI� WKH�SUHVHQW�YDOXHV�RI� VSHHG� OLPLWV� DUH�YDJXH� LQ� WKH� VHQVH� WKDW� WKHUH� LV
OLWWOH� HYLGHQFH� WKDW� WKH\� UHIOHFW� WKH� GHVLUHG� OHYHOV� RI� VSHHG� IURP� WKH� YLHZSRLQW� RI
VRFLHW\��RU�WKH�URDG�WUDQVSRUW�V\VWHP��,Q�JHQHUDO��WKH�GHWHUPLQDWLRQ�RI�WDUJHW�VSHHGV
�DQG�FRQVHTXHQWO\�VSHHG�OLPLWV��VKRXOG�EH�EDVHG�RQ�PRUH�H[SOLFLW�FULWHULD�DQG�PRUH
V\VWHPDWLF�DQG�FRPSUHKHQVLYH�DVVHVVPHQW�RI�DOO�LPSDFWV�RI�VSHHG�WKDQ�SUHVHQWO\�

��� 'ULYHUV�IUHTXHQWO\�H[FHHG�WKH�VSHHG�OLPLW�ZLWK�XS�WR����SHU�FHQW�VSHHGLQJ��,W�LV�FOHDU
WKDW� VSHHG� OLPLWV� WKHPVHOYHV� DUH� LQVXIILFLHQW� IRU� NHHSLQJ� VSHHGV� DW� D� GHVLUHG� OHYHO�
HYHQ� LI� VXEVWDQWLDO� HQIRUFHPHQW� LV� FRQGXFWHG�� 6SHHGLQJ� RFFXUV� HVSHFLDOO\� RQ� ORZ
VSHHG�XUEDQ�URDGV�DQG�RQ�PRWRUZD\V��'DWD�IURP�VRPH�FRXQWULHV�VKRZ�D�V\VWHPDWLF
LQFUHDVH�RI�DFWXDO�VSHHG�OHYHOV�RYHU� WKH� ODVW�\HDUV�� HVSHFLDOO\� IRU�SDVVHQJHU� FDUV�� ,Q
JHQHUDO�� VSHHGLQJ� LV� EHFRPLQJ� PRUH� DQG� PRUH� IUHTXHQW� SKHQRPHQRQ� DOO� RYHU
(XURSH�

��� %HFDXVH� RI� WKH� GLIIHUHQFH� EHWZHHQ� SULYDWH� DQG� VRFLDO� FRVWV� RI� GULYLQJ� DW� D� FHUWDLQ
VSHHG�� GULYHUV©� SHUFHSWLRQ� RI� GHVLUDEOH� VSHHG� GLIIHUV� IURP� WKDW� RI� VRFLHW\�� ,Q
SDUWLFXODU�� LW� LV� OLNHO\� WKDW� GULYHUV� JHQHUDOO\� XQGHUUDWH� DFFLGHQW� DQG� HQYLURQPHQWDO
FRVWV�DQG�RYHUHVWLPDWH� WLPH�VDYLQJV�DFKLHYHG�E\�IDVW�GULYLQJ��&RQVHTXHQWO\��VSHHGV
WKDW� DUH� RSWLPDO� IURP� VRFLHW\©V� YLHZSRLQW� DUH� JHQHUDOO\� FRQVLGHUHG� WRR� ORZ� E\
GULYHUV�
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��� &RQVHTXHQWO\�� VSHHG� PDQDJHPHQW� W\SLFDOO\� KDV� WR� GHDO� ZLWK� OLPLWDWLRQ� RI� VSHHGV�
6SHHG�UHGXFLQJ�PHDVXUHV��KRZHYHU��DUH�QRW�YHU\�SRSXODU�DPRQJ�GULYHUV��7KHUHIRUH�
GHFLVLRQ�PDNHUV�� LI� WKH\� SXUVXH� PD[LPLVDWLRQ� RI� SXEOLF� ZHOIDUH�� RIWHQ� KDYH� WR� DFW
DJDLQVW�JHQHUDO�RSLQLRQ�

��� 5HOXFWDQFH� WR� DFW� DJDLQVW� SXEOLF� RSLQLRQ�� HYHQ� LI� LW� ZRXOG� SURPRWH� WKH� RYHUDOO
ZHOIDUH� RI� VRFLHW\�� PD\� OHDG� WR� DSSOLFDWLRQ� RI� JHQHUDOO\� DFFHSWDEOH� VSHHG
PDQDJHPHQW�PHDVXUHV�DQG�WRROV�WKDW�DUH�QRW�QHFHVVDULO\�HIIHFWLYH��LQVWHDG�RI�HIILFLHQW
EXW� OHVV� SRSXODU� DOWHUQDWLYHV�� ,W� PD\� DOVR� EH� WKDW� OHVV� SURRI� RI� HIILFLHQF\� EHIRUH
DSSOLFDWLRQ� LV� UHTXLUHG� IURP�JHQHUDOO\� DSSURYHG�PHDVXUHV� WKDQ� IURP�PHDVXUHV� WKDW
DUH�FRQVLGHUHG�XQSOHDVDQW�

���� %$6,&�35,1&,3/(6

7KH� UHFRPPHQGDWLRQV� SUHVHQWHG� ODWHU� LQ� WKLV� FKDSWHU� DUH� EDVHG� RQ� WKH� IROORZLQJ
SULQFLSOHV�

�� 6SHHG�PDQDJHPHQW� KDV� WZR� GLVWLQFW� PDLQ� SKDVHV�� )LUVW�� LW� LV� QHFHVVDU\� WR� GHILQH
ZKDW� DUH� WKH� DFFHSWDEOH� RU� WDUJHW� UDQJHV� RI� VSHHG� RQ� GLIIHUHQW� NLQGV� RI� URDGV�
6HFRQG��PHDVXUHV�DQG�WRROV�KDYH�WR�EH� VHOHFWHG�DQG�GHYHORSHG� WKDW�EHVW�SURPRWH
WKH�DGRSWLRQ�RI�VXFK�VSHHGV�

�� 6SHHG� PDQDJHPHQW� RQ� (XURSHDQ� URDGV� VKRXOG� UHIOHFW� WKH� REMHFWLYHV� RI� WKH
&RPPRQ�7UDQVSRUW�3ROLF\��&73���&(&��������6SHFLILFDOO\�

�D� 7KH�WUDQVSRUW�VHFWRU�VKRXOG�IXQFWLRQ�HIILFLHQWO\��VDIHO\��XQGHU�WKH�EHVW�SRVVLEOH
VRFLDO� FRQGLWLRQV� DQG� IXOO\� UHVSHFW� WKH� REMHFWLYHV� RI� WKH� &RPPXQLW\©V
HQYLURQPHQW�SROLF\�

�E� $V� D� JHQHUDO� UXOH� DOO� WUDQVSRUW� XVHUV� VKRXOG� SD\� WKH� IXOO� FRVWV�� LQWHUQDO� DQG
H[WHUQDO��RI�WKH�WUDQVSRUW�VHUYLFHV�WKDW�WKH\�FRQVXPH��HYHQ�LI�WKHVH�FRVWV�DUH�LQ
VRPH�FDVHV�SDLG�E\�VRFLHW\�WR�DVVLVW�WKRVH�LQ�QHHG�

�F� $FFRUGLQJ� WR� WKH� VXEVLGLDULW\� SULQFLSOH�� LW� LV� RIWHQ� EHVW� WR� DFFRPPRGDWH� IRU
VDIHW\�UHTXLUHPHQWV�DW�QDWLRQDO�DQG�ORFDO�OHYHOV��+RZHYHU��HYHQ�LQ�WKH�DEVHQFH
RI�H[FOXVLYH�SRZHU��WUDQVSRUW�VDIHW\�LV�D�PDWWHU��ZKLFK�VKRXOG�EH�DGGUHVVHG�E\
WKH�&RPPXQLW\�ZKHQ�LW�LV�LQ�D�SRVLWLRQ�WR�DFW�XVHIXOO\�

�� 6SHHG�PDQDJHPHQW��HVSHFLDOO\�WKH�GHWHUPLQDWLRQ�RI� WDUJHW�UDQJHV�RI�VSHHG��VKRXOG
SD\�GXH�DWWHQWLRQ�WR�WKH�SURSHU�EDODQFH�EHWZHHQ�WKH�QHHG�IRU�QDWLRQDO�DQG�UHJLRQDO
YDULDWLRQ� RQ� WKH� RQH� KDQG� DQG� WKH� QHHG� RI� SDQ�(XURSHDQ� KDUPRQLVDWLRQ� RQ� WKH
RWKHU�KDQG�

�� 6SHHG� PDQDJHPHQW�� ERWK� WKH� GHWHUPLQDWLRQ� RI� WDUJHW� UDQJHV� RI� VSHHG� DQG� WKH
DSSOLFDWLRQ� RI� PHDVXUHV� DQG� WRROV� IRU� WKH� DGRSWLRQ� RI� VXFK� VSHHGV�� VKRXOG� LQ
JHQHUDO�KDYH�WKH�DSSURYDO�RI�PRWRULVWV�DQG�RWKHU�SHRSOH�
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+RZHYHU��ZKDW�LV�FRQVLGHUHG�EHQHILFLDO�DQG�DFFHSWDEOH�E\�WKH�PDMRULW\�RI�SHRSOH�LV
QRW� QHFHVVDULO\� GHVLUDEOH� IURP� VRFLHW\©V� YLHZSRLQW�� EHFDXVH� RI� D�� WKH� GLIIHUHQFH
EHWZHHQ�SULYDWH�DQG�VRFLDO�FRVWV��DQG�E��WKH�GLVWULEXWLRQDO�LPSDFWV��7KHUHIRUH�� LW� LV
QRW�DOZD\V�JRRG�SUDFWLFH�WR�JLYH�XQGXH�ZHLJKW�WR�SXEOLF�RSLQLRQ�RU�DFFHSWDELOLW\�LQ
GHFLVLRQ�PDNLQJ�UHJDUGLQJ�VSHHG�PDQDJHPHQW�

�� 7KH� GHFLVLRQV� FRQFHUQLQJ� VSHHG� PDQDJHPHQW� VKRXOG� EH� EDVHG� RQ� H[SOLFLWO\
IRUPXODWHG� SULQFLSOHV� �H�J�� OLNH� WKRVH� SUHVHQWHG� LQ� WKLV� OLVW��� DQG� FDUHIXO
FRQVLGHUDWLRQ� RI� DOO� SRVVLEOH� LPSDFWV�� 7KH� UHDVRQLQJ� EHKLQG� GHFLVLRQV� DQG� WKH
ZHLJKWV�JLYHQ�WR�GLIIHUHQW�LPSDFWV�VKRXOG�EH�FOHDUO\�VWDWHG�

�� 'ULYLQJ�VSHHGV�VKRXOG�UHIOHFW�WKH�VRFLDOO\�GHVLUDEOH�EDODQFH�RI�DOO�LPSDFWV�RI�VSHHG�
DQG� HTXLWDEOH� GLVWULEXWLRQ� RI� WKHVH� LPSDFWV� EHWZHHQ� GLIIHUHQW� JURXSV� LQ� WKH
SRSXODWLRQ�

�� 'ULYLQJ� VSHHGV� VKRXOG� EH� LQ� KDUPRQ\� ZLWK� WKH� URDG� HQYLURQPHQW� VR� WKDW� WKH
HQYLURQPHQW�SURPRWHV�DSSURSULDWH�FKRLFHV�RI�VSHHG�E\�GULYHUV�

�� 6SHHG�PDQDJHPHQW�PHDVXUHV�DQG�WRROV�VKRXOG�EH�FRVW�HIIHFWLYH�

�� 6SHHG� PDQDJHPHQW� PHDVXUHV� DQG� WRROV� VKRXOG� H[SORLW� DGYDQFHG� WHFKQRORJ\� DQG
SURPRWH� WKH� UHOHYDQW� LQGXVWU\� LQ� WKH� &RPPXQLW\�� ZKHQHYHU� SRVVLEOH� DQG
UHDVRQDEOH�

��� 9DULRXV� DXWKRULWLHV� DQG� RWKHU� RUJDQLVDWLRQV� UHVSRQVLEOH� IRU� VSHHG� PDQDJHPHQW
VKRXOG�KDYH�FRPSDWLEOH�YLHZV�DERXW� WKH�JHQHUDO�REMHFWLYHV�RI� VSHHG�PDQDJHPHQW�
WDUJHW�VSHHGV�DQG�PHDVXUHV�DQG�WRROV�IRU�DGRSWLRQ�RI�VXFK�VSHHGV�

��� 6SHHG�PDQDJHPHQW�VKRXOG�KDYH�D�ORQJ�WHUP�SODQ�WR�JXLGH�WKH�LPSOHPHQWDWLRQ�DQG
GHYHORSPHQW�RI�PHDVXUHV�DQG�WRROV�

���� 7$5*(7�63(('6

������ 'HWHUPLQDWLRQ�SURFHGXUH

$FFRUGLQJ� WR� SRLQW� RQH� LQ� 6HFWLRQ� ���� WKH� ILUVW� VWDJH� LQ� VSHHG� PDQDJHPHQW� LV� WR
GHWHUPLQH�DSSURSULDWH�RU�WDUJHW�UDQJHV�RI�VSHHG�IRU�HDFK�URDG�

,Q�RUGHU�WR�PHHW�WKH�UHTXLUHPHQWV�RI�SRLQW��� LQ�6HFWLRQ������ WKH�GHWHUPLQDWLRQ�RI� WDUJHW
UDQJHV� RI� VSHHG� VKRXOG� EH� EDVHG� RQ� D� FRPSUHKHQVLYH� DQG� V\VWHPDWLF� DVVHVVPHQW� RI� DOO
LPSDFWV�RI�VSHHG��7KH�0$67(5�IUDPHZRUN�IRU�DVVHVVLQJ�WKH�HIIHFWV�RI�VSHHG�GHVFULEHG
LQ�&KDSWHU���ZDV�GHYHORSHG�DQG�WHVWHG�IRU�VXFK�SXUSRVHV�
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������ 3UDFWLFDO�FRQVLGHUDWLRQV

$SSOLFDWLRQ� RI� WKH� 0$67(5� IUDPHZRUN� GHVFULEHG� LQ� &KDSWHU� �� DOORZV�� DW� OHDVW� LQ
SULQFLSOH��D�YHU\�SUHFLVH�GHWHUPLQDWLRQ�RI� WDUJHW� UDQJHV�RI� VSHHGV�� ,W� LV�KDUGO\�SUDFWLFDO�
KRZHYHU�� WR�GHILQH� WDUJHW�VSHHGV�PRUH�DFFXUDWHO\� WKDQ�E\�URXQGLQJ�WKHP� WR� WKH�QHDUHVW
���NP�K��IRU�H[DPSOH�

,W�LV�UHFRJQLVHG�WKDW�FHUWDLQ�IUHHGRP�LQ�WKH�GHWHUPLQDWLRQ�RI�WDUJHW�VSHHGV�LV�QHFHVVDU\�IRU
FRQVLGHUDWLRQ�RI�GLIIHUHQFHV�LQ�QDWLRQDO�OHJLVODWLRQ��HQIRUFHPHQW��DQG�WKH�SDUWLFXODU�VRFLDO�
JHRJUDSKLFDO��GHPRJUDSKLF�DQG�LQIUDVWUXFWXUDO�SHFXOLDULWLHV��DQG�GLIIHUHQFHV� LQ�URDG�XVHU
EHKDYLRXU�WKDW�H[LVW�EHWZHHQ�DQG�ZLWKLQ�PHPEHU�FRXQWULHV��1HYHUWKHOHVV�� WKHUH� LV�DOVR�D
QHHG� IRU� KDUPRQLVDWLRQ� RI� VSHHGV� DQG� VSHHG� OLPLWV�� 7KH� YROXPH� RI� YHKLFOHV� FURVVLQJ
QDWLRQDO�ERUGHUV�LV�LQFUHDVLQJ�DQG�LW�LV�HVVHQWLDO�IRU�WKH�IOXHQW�DQG�VDIH�IORZ�RI�WUDIILF�WKDW
GULYHUV�FDQ�WUXVW�WKDW�WKHUH�DUH�QR�ODUJH�GLIIHUHQFHV�EHWZHHQ�FRXQWULHV�LQ�SUHIHUUHG�GULYLQJ
VSHHGV� RU� VSHHG� OLPLWV� RQ� VLPLODU� URDGV�� +DUPRQLVDWLRQ� LV� QHHGHG� HVSHFLDOO\� RQ� UXUDO
URDGV�DQG�PRWRUZD\V�

,W�ZRXOG�EH�KHOSIXO�IRU�GULYHUV�FURVVLQJ�ERUGHUV�LI�WKH\�FRXOG�GHGXFH�RQ�WKH�EDVLV�RI�URDG
FDWHJRU\�ZKDW� LV� WKH� FRUUHFW� OHYHO� RI� VSHHG�� &XUUHQWO\�� KRZHYHU�� WKH� FDWHJRULVDWLRQ� RI
URDGV� LQ� (XURSH� WDNHV� SODFH� RQ� D� QDWLRQDO� EDVLV�� DQG� WKHUH� DUH� JUHDW� GLIIHUHQFHV� LQ
FDWHJRULVDWLRQ�EHWZHHQ�FRXQWULHV��0RWRUZD\V�DUH�SHUKDSV�WKH�RQO\�FDWHJRU\�ZKHUH�VXFK
GLIIHUHQFHV� DUH� VPDOO�� &RQVHTXHQWO\�� DQ� LPSRUWDQW� VWHS� WRZDUGV� WKH� KDUPRQLVDWLRQ� RI
VSHHGV�RQ�(XURSHDQ�URDGV�ZRXOG�EH�XQLIRUP�URDG�FODVVLILFDWLRQ�DFURVV�(XURSH�

,W� VHHPV� OLNHO\� WKDW� VSHHG� OLPLWV� ZLOO� FRQWLQXH� WR� IRUP� WKH� EDFNERQH� RI� VSHHG
PDQDJHPHQW�

������ +DUPRQLVDWLRQ�RI�VSHHG�OLPLWV

,W�VHHPV�ORJLFDO�WKDW�LQ�JHQHUDO�URDGV�WKDW�DUH�VLPLODU�ZLWK�UHVSHFW�WR�IXQFWLRQ��JHRPHWU\
DQG� WUDIILF� YROXPHV� VKRXOG� KDYH� WKH� VDPH� VSHHG� OLPLW�� $GMXVWPHQWV� WR� WKHVH� OLPLWV� FDQ
WKHQ�EH�PDGH��H�J��RQ� WKH�EDVLV�RI�DGYHUVH�ZHDWKHU�� URDG�VXUIDFH�RU� OLJKW�FRQGLWLRQV��E\
XVLQJ�YDULDEOH�RU�VHDVRQDO�VSHHG�OLPLWV�

7KH� SUHVHQW� VSHHG� OLPLWV� LQ� GLIIHUHQW� FRXQWULHV� KDYH� EHHQ� W\SLFDOO\� FKRVHQ� ZLWKRXW
FRPSUHKHQVLYH�FRQVLGHUDWLRQ�RU�H[SOLFLW�ZHLJKWLQJ�RI�WKH�LPSDFWV��,Q�JHQHUDO��LW�LV�KDUG�WR
ILQG�VXSSRUW� IRU� WKH�DVVXPSWLRQ�WKDW� WKH�SUHVHQW�VSHHG� OLPLWV� DUH� DSSUR[LPDWHO\�RSWLPDO
IRU�VRFLHW\©V�YLHZSRLQW��RU�HYHQ�IURP�WKH�YLHZSRLQW�RI�D�SULYDWH�URDG�XVHU��&RQVHTXHQWO\�
HYHQ�LI�LW�LV�DJUHHG�WKDW�KDUPRQLVDWLRQ�RI�VSHHG�OLPLWV�LQ�(XURSH�LV�QHFHVVDU\��ZH�FDQ�RQO\
JXHVV�ZKDW�ZRXOG�EH�DSSURSULDWH�OLPLWV�RQ�GLIIHUHQW�NLQGV�RI�URDGV��)XUWKHUPRUH��WKHUH�LV
PXFK� YDULDWLRQ� SUHVHQWO\� LQ�ZKDW� WKH� DXWKRULWLHV� LQ� GLIIHUHQW� FRXQWULHV� FRQVLGHU� SURSHU
VSHHG�OLPLWV��7DEOH����SDJH����

%HIRUH�PDNLQJ� VSHFLILF� VXJJHVWLRQV�ZKDW� VKRXOG� EH� WKH� VSHHG� OLPLW� RQ� VRPH� SDUWLFXODU
URDG��RU�RQ�D� URDG� WKDW� EHORQJV� WR� D� SDUWLFXODU� URDG� FDWHJRU\� �WKDW� EURDGO\� GHILQHV� WKH
IXQFWLRQ�� JHRPHWU\� DQG� WUDIILF� FKDUDFWHULVWLFV� RI� WKDW� URDG��� LW� LV� UHFRPPHQGHG� WKDW� D
VWXG\�LV�FRQGXFWHG�ZKHUH�WKH�LPSDFWV�RI�VSHHG�RQ�D�VDPSOH�RI�GLIIHUHQW�NLQGV�RI�URDGV�LQ
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GLIIHUHQW� FRXQWULHV� DUH� V\VWHPDWLFDOO\� DVVHVVHG�� 7KH�0$67(5� IUDPHZRUN� GHVFULEHG� LQ
&KDSWHU���ZRXOG�EH�D�VXLWDEOH�WRRO�IRU�VXFK�VWXG\�

,I� WKH� VSHHG� OLPLWV� LQ�(XURSH�ZHUH�KDUPRQLVHG�DQG� WKH�YDOXHV�RI� WKH� OLPLWV�ZHUH� VHW� WR
UHIOHFW� WKH� GHVLUHG� EDODQFH� RI� WKH� SRVLWLYH� DQG� QHJDWLYH� LPSDFWV� RI� VSHHG� IURP� WKH
YLHZSRLQW� RI� VRFLHW\�� WKH� RYHUDOO�ZHOIDUH� LQ� WKH�0HPEHU�&RXQWULHV� FRXOG� EH� LQFUHDVHG�
HYHQ�FRQVLGHUDEO\��)RU�H[DPSOH��VLJQLILFDQW�UHGXFWLRQV�FRXOG�EH�DFKLHYHG�LQ� WKH�QXPEHU
RI�IDWDOLWLHV�DQG�LQMXULHV�UHVXOWLQJ�IURP�URDG�DFFLGHQWV��,W�LV�QRW�VHOI�HYLGHQW��KRZHYHU��WKDW
JUHDW� UHGXFWLRQV� LQ� DFFLGHQWV� ZRXOG� EH� DFKLHYHG� VLQFH� WKH� YDOXHV� RI� WKH� VSHHG� OLPLWV
ZRXOG� GHSHQG� RQ�ZKDW� LV� FRQVLGHUHG� �VRFLDOO\� GHVLUDEOH��� 6SHFLILFDOO\�� WKH� YDOXDWLRQ� RI
DFFLGHQWV��WUDYHO�WLPH�DQG�HQYLURQPHQWDO�LPSDFWV�ZRXOG�SUREDEO\�KDYH�D�GHFLVLYH�UROH�LQ
WKH�GHWHUPLQDWLRQ�RI�WKH�YDOXHV�RI�VSHHG�OLPLWV��)XUWKHUPRUH��GULYHUV�ZRXOG�DOVR�KDYH�WR
DGDSW�WR�WKH�QHZ�VSHHG�OLPLWV�

3RVWHG� VSHHG� OLPLWV� FRQFHUQ� DOO� YHKLFOHV�� ,Q� DGGLWLRQ�� WKHUH� DUH� YHKLFOH� DQG� GULYHU� W\SH
VSHFLILF� VSHHG� OLPLWV�H�J�� IRU�KHDY\�JRRGV�YHKLFOHV�� FRDFKHV��EXVHV��PRSHGV� DQG� QRYLFH
GULYHUV�� ,Q� FDVHV�ZKHUH� WKH� SRVWHG� VSHHG� OLPLW� DQG� RWKHU� VSHHG� OLPLWV� DUH� GLIIHUHQW�� WKH
ORZHVW�RI�WKH�OLPLWV�WKDW�FRQFHUQ�WKH�YHKLFOH�DQG�WKH�GULYHU�LQ�TXHVWLRQ�KROGV�WUXH��9HKLFOH
DQG� GULYHU� W\SH� VSHFLILF� VSHHG� OLPLWV�� KRZHYHU�� ZHUH� QRW� HVSHFLDOO\� DGGUHVVHG� LQ� WKH
SUHVHQW�VWXG\��1HYHUWKHOHVV��LW�GRHV�QRW�VHHP�OLNHO\�WKDW�WKLV�LV�D�PDMRU�VKRUWFRPLQJ�ZLWK
UHJDUG�WR�WKH�RYHUDOO�REMHFWLYHV�RI�WKH�SURMHFW�

7KH�UHVWULFWLRQ�RI�WKH�WRS�VSHHG�RI�DOO�YHKLFOHV�E\�IL[HG�EXLOW�LQ�VSHHG�OLPLWHUV�LV�D�SRVVLEOH
RSWLRQ� IRU� KDUPRQLVDWLRQ� RI� VSHHGV�� $� QHFHVVDU\� SUHFRQGLWLRQ� LV� WKDW� VSHHG� OLPLWV� DUH
H[WHQGHG�DOVR�WR�WKRVH�VHFWLRQV�RI�*HUPDQ�PRWRUZD\V�WKDW�SUHVHQWO\�KDYH�QR�OLPLW��7KH
WRS� VSHHG�RI�YHKLFOHV� VKRXOG� WKHQ� EH� VHW� DW� WKH� KLJKHVW� SRVVLEOH� VSHHG� OLPLW�� RU� VOLJKWO\
DERYH�LW�WR�DOORZ�IRU�LQDFFXUDFLHV�RI�VSHHGRPHWHUV�WKDW�FDQ�GHYHORS�GXH�WR�FKDQJH�RI�W\UH
W\SH� RU� W\UH� ZHDU�� IRU� H[DPSOH�� 7KLV� ZRXOG� HIILFLHQWO\� UHGXFH� VSHHGLQJ� DQG� VSHHG
YDULDQFH�RQ�KLJK�VSHHG� URDGV��ZKLFK�ZRXOG� LPSURYH� VDIHW\�DV� VKRZQ� LQ�6HFWLRQ� ����� ,I
WKH�PD[LPXP�VSHHG�RI�YHKLFOHV�ZHUH�VHW�FOHDUO\�DERYH�WKH�KLJKHVW�SRVVLEOH� VSHHG� OLPLWV
WKH�LPSDFWV�RQ�VSHHGV�DQG�VDIHW\�EHQHILWV�ZRXOG�EH�GHFUHDVHG��,W�KDV�DOVR�EHHQ�FODLPHG
WKDW�LQ�YHKLFOH�VSHHG�OLPLWHUV�VKRXOG�KDYH�D�SRVVLELOLW\�WR�H[FHHG�WKH�OLPLW��WHPSRUDULO\��LQ
RUGHU� WR� DOORZ� VDIHU� RYHUWDNLQJ�� 7KH� VDIHW\� EHQHILWV� RI� VXFK� RSWLRQ�� KRZHYHU�� DUH
DUJXDEOH�VLQFH�LW�FRXOG�LQFUHDVH�WKH�QXPEHU�RI�RYHUWDNLQJV�DQG�FRQVHTXHQWO\�FDXVH�PRUH
DFFLGHQWV�WKDQ�SUHYHQW�WKHP�

���� 0($685(6�$1'�722/6�)25�$'237,1*�7$5*(7�63(('6

,Q�WKLV�6HFWLRQ�UHFRPPHQGDWLRQV�IRU�VSHHG�PDQDJHPHQW�PHDVXUHV�DQG�WRROV�DUH�SURSRVHG
IRU�IRXU�GLIIHUHQW�URDG�FDWHJRULHV�

�� 8UEDQ�UHVLGHQWLDO�VWUHHWV

�� 8UEDQ�PDLQ�URDGV

�� 5XUDO�PL[HG�WUDIILF�URDGV

�� 0RWRUZD\V
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,W� LV�FOHDU� WKDW�GLIIHUHQW�DQG�PRUH�GHWDLOHG�FDWHJRULVDWLRQ�FRXOG�KDYH�EHHQ�XVHG� LQVWHDG�
7KHVH�IRXU�FDWHJRULHV��KRZHYHU��FRYHU�SUDFWLFDOO\�DOO�URDGV�DQG�ZKDW�LV�LPSRUWDQW�IRU�WKH
SUHVHQW� SXUSRVH�� WKH\� W\SLFDOO\� GLIIHU� IURP� HDFK� RWKHU� ZLWK� UHVSHFW� WR� URDG� JHRPHWU\�
HQYLURQPHQW�� VSHHGV� DQG� VDIHW\� SUREOHPV�� :KHUH� IXUWKHU� FDWHJRULVDWLRQ� LV� FRQVLGHUHG
SUDFWLFDO�DQG�XVHIXO��LW�LV�QRWHG�LQ�WKH�WH[W�

$FFRUGLQJ� WR� WKH� SULQFLSOHV� SUHVHQWHG� LQ� 6HFWLRQ� ����� WKH� DSSOLFDWLRQ� RI� PHDVXUHV� DQG
WRROV� IROORZV� WKH�GHWHUPLQDWLRQ� RI� WDUJHW� VSHHGV�� ,Q� WKH� IROORZLQJ� VXEVHFWLRQV�ZH� KDYH
WKHUHIRUH�SUHVHQWHG�RXU�YLHZ�RI�DSSURSULDWH�VSHHGV�DQG�VSHHG�OLPLWV�RQ�GLIIHUHQW�NLQGV�RI
URDGV�� FRQVLGHULQJ� HVSHFLDOO\� VDIHW\� DVSHFWV�� ,W� VKRXOG� EH� HPSKDVLVHG�� KRZHYHU�� WKDW
VRPHZKDW� GLIIHUHQW� HVWLPDWHV� RI� WDUJHW� VSHHGV� FRXOG� UHVXOW� IURP� FRPSUHKHQVLYH� DQG
V\VWHPDWLF� DVVHVVPHQW� RI� DOO� LPSDFWV� RI� VSHHG��ZKLFK�ZDV� QRW� SRVVLEOH� LQ� WKLV� SURMHFW�
1HYHUWKHOHVV�� ZH� EHOLHYH� WKDW� WKH� SRVVLEOH� LQDFFXUDFLHV� LQ� WKH� GHWHUPLQDWLRQ� RI� WDUJHW
VSHHGV�KDYH�FULWLFDOO\�DIIHFWHG�WKH�UHFRPPHQGDWLRQV�IRU�VSHHG�PDQDJHPHQW�PHDVXUHV�DQG
WRROV�IRU�WKH�IRXU�URDG�FDWHJRULHV�SUHVHQWHG�EHORZ�

7KH�UHFRPPHQGDWLRQV�SUHVHQWHG�LQ�6HFWLRQ�����FRQFHUQ�PDLQO\�VSHHGV�DQG�VSHHG�OLPLWV�LQ
JHQHUDO��9HKLFOH�RU�GULYHU�W\SH�VSHFLILF�VSHHG�OLPLWV�DUH�QRW�FRQVLGHUHG��7KLV�VKRXOG�QRW�
KRZHYHU�� EH� D�PDMRU� FRQFHUQ� VLQFH� QHZ� VXJJHVWLRQV� IRU� YHKLFOH� RU� GULYHU� W\SH� VSHFLILF
VSHHG�OLPLWV�ZRXOG�SUREDEO\�KDYH�RQO\�D�PLQRU�UROH�LQ�WKH�RYHUDOO�VSHHG�PDQDJHPHQW�

������ 8UEDQ�UHVLGHQWLDO�VWUHHWV

.H\�IHDWXUHV�

7KH�LPSDFWV�RI�WUDIILF�DQG�VSHHG�PDQDJHPHQW�DUH�LPSRUWDQW�IRU�WKH�JHQHUDO�TXDOLW\�RI�OLIH
LQ� WKH�DUHD��3HGHVWULDQV�DW� OHDVW�RFFDVLRQDOO\�� DQG�F\FOLVWV� DQG�PRSHG�GULYHUV� IUHTXHQWO\
XVH� WKH� VDPH� SDUW� RI� URDG� DV�PRWRU� YHKLFOHV�� $FFLGHQW� GHQVLW\� �SHU� URDG� NLORPHWUH�� LV
W\SLFDOO\� ORZ�EHFDXVH� RI� VPDOO� WUDIILF� YROXPHV�� 6DIHW\� RI� FKLOGUHQ� DQG� RWKHU� YXOQHUDEOH
URDG� XVHUV� LV� GHFLVLYH� IRU� VSHHG� PDQDJHPHQW�� ,Q� DFFLGHQWV� FDU� RFFXSDQWV� DUH� VHOGRP
LQMXUHG� VHULRXVO\�� H[FHSW� LQ� FDVHV� LQYROYLQJ� VSHHGLQJ�� 7KH� UHVSRQVLELOLW\� IRU� VSHHG
PDQDJHPHQW�OLHV�ZLWK�ORFDO�DXWKRULWLHV��7KH�VSHHG�OLPLW�LV�W\SLFDOO\����WR����NP�K��7KHUH
LV�OLWWOH�RU�QR�VSHHG�HQIRUFHPHQW�

3UHVHQW�VSHHGV�

0HDQ�VSHHGV�LQ�WKHVH�VWUHHWV�DUH�W\SLFDOO\�IURP����WR����NP�K��9DULDWLRQ�RI�VSHHGV�DORQJ
WKH�URDG�LV�ORZ�RU�PHGLXP��VSHHGV�RI�VLQJOH�YHKLFOHV�FDQ�RFFDVLRQDOO\�EH�YHU\�KLJK��6SHHG
OLPLW� YLRODWLRQV� DUH� FRPPRQ� HVSHFLDOO\� ZKHQ� WKH� VSHHG� OLPLW� LV� ��� NP�K� RU� ORZHU
�'UDVNyF]\�	�0RFViUL�������

,PSOLFDWLRQV�RI�NH\�IHDWXUHV�DQG�SUHVHQW�VSHHGV�

7KH�EDVLF�VSHHG�OLPLW�RQ�SXUH�UHVLGHQWLDO�VWUHHWV�VKRXOG�EH����NP�K��/RZHU�OLPLWV�����RU
���NP�K��RU� 
ZDONLQJ�SDFH
��VKRXOG�EH�XVHG�RQ� VKRUW� DQG�QDUURZ�EOLQG�DOOH\V�ZLWK� VLJKW
REVWUXFWLRQV� E\� WKH� URDGVLGH�� DQG� RQ� DUHDV� VSHFLILFDOO\� GHVLJQHG� IRU� VORZ� VSHHGV� �H�J�
'XWFK�ZRRQHUIV��� 6SHHG� OLPLW� ��� NP�K� FDQ� EH� XVHG� LI� WKH� VDIHW\� RI� SHGHVWULDQV� �DQG
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F\FOLVWV��LV�SURSHUO\�WDNHQ�LQWR�DFFRXQW��H�J��E\�SURYLVLRQ�RI�VLGHZDONV�RU�VHSDUDWH�SDWKV�
6SHHG�OLPLW����NP�K�LV�QRUPDOO\�WRR�KLJK�IRU�SXUH�UHVLGHQWLDO�VWUHHWV�

,W� LV� RIWHQ� QHFHVVDU\� WR� VXSSRUW� VSHHG� OLPLWV� E\� RWKHU� PHDVXUHV� WR� UHDFK� VDWLVIDFWRU\
FRPSOLDQFH�

,Q�DFFLGHQWV�ZKHUH�D�FDU�KLWV�D�SHGHVWULDQ�� WKH�SUREDELOLW\�RI� D� IDWDO� LQMXU\�GHFUHDVHV�E\
DSSUR[LPDWHO\����SHU�FHQW�DV�WKH�LPSDFW�VSHHG�RI�WKH�FDU�GHFUHDVHV�IURP����WR����NP�K�
$�UHGXFWLRQ�RI�LPSDFW�VSHHG�IURP����WR����NP�K�UHGXFHV�WKH�ULVN�RI�D�IDWDO� LQMXU\�E\�DW
OHDVW����SHU�FHQW��3DVDQHQ�������

5HFRPPHQGDWLRQV�IRU�VKRUW�WHUP�VSHHG�PDQDJHPHQW�

'XH� WR� ORZ� WUDIILF� YROXPHV� LQ� WKHVH� VWUHHWV�� RQO\� ORZ�FRVW�PHDVXUHV� DUH� FRVW�HIIHFWLYH
IURP� D� WUDQVSRUW� HFRQRPLF� SRLQW� RI� YLHZ�� +RZHYHU�� H[WUD� EHQHILWV� GXH� WR� LPSURYHG
RYHUDOO�TXDOLW\�RI�OLIH�PD\�MXVWLI\�VROXWLRQV�WKDW�ZRXOG�QRW�EH�FRQVLGHUHG�HFRQRPLF�IURP�D
SXUHO\� WUDQVSRUW�SRLQW�RI�YLHZ��7KH�PRVW� HIIHFWLYH�HQJLQHHULQJ� ORZ�FRVW�PHDVXUH� LV� WKH
VSHHG�KXPS��VHH�6HFWLRQ��������ZLWK�VWDEOH�ORQJ�WHUP�ORFDO�HIIHFWV��2WKHU�PHDVXUHV�ZLWK
HVVHQWLDO�DQG�ODVWLQJ�VSHHG�UHGXFLQJ�HIIHFW�DUH�PLQL�URXQGDERXWV��VHH�6HFWLRQ���������VWRS
UHJXODWLRQ��VHH�6HFWLRQ��������DQG�HQWU\�WUHDWPHQWV�DW�MXQFWLRQV�ZKHUH�UHVLGHQWLDO�VWUHHWV
EHJLQ��&KLFDQHV�� URDG�QDUURZLQJ�DQG�URDG�PDUNLQJV�VRPHWLPHV�KDYH�RQO\�D�VPDOO� HIIHFW
RQ�VSHHG��$UHD�ZLGH�WUDIILF�FDOPLQJ�PHDVXUHV��VHH�6HFWLRQ��������DUH�HIIHFWLYH�ZLWKLQ�WKH
LPSOHPHQWDWLRQ�DUHD��EXW�DFFLGHQW�PLJUDWLRQ�HIIHFWV�KDYH�WR�EH�FRQVLGHUHG�RXWVLGH� WKHVH
DUHDV� �&RPWH� HW� DO�� ������ DQG� GHDOW� ZLWK� E\� FRPSOHPHQWDU\� PHDVXUHV�� )RU� QHZ
UHVLGHQWLDO�VWUHHWV�ORZ�GHVLJQ�VSHHGV�VKRXOG�EH�DGRSWHG�QRW�RQO\� LQ� WKH� WUDGLWLRQDO�VHQVH
WKDW�GULYLQJ�LV�VDIH�RQO\�EHORZ�D�FHUWDLQ�VSHHG��EXW�DOVR�VR�WKDW�GULYLQJ�DERYH�WKH�GHVLJQ
VSHHG�LV�HIIHFWLYHO\�GLVFRXUDJHG�

5HFRPPHQGDWLRQV�IRU�ORQJ�WHUP�VSHHG�PDQDJHPHQW�

8UEDQ�DUHDV�LQ�JHQHUDO�DQG�UHVLGHQWLDO�VWUHHWV�LQ�SDUWLFXODU�ZRXOG�EH�LGHDOO\�VXLWHG�IRU�ILUVW
ODUJH�VFDOH�DSSOLFDWLRQV�RI�DGDSWLYH�LQ�YHKLFOH�VSHHG�OLPLWHUV��VHH�6HFWLRQ���������2QH�RI
WKH� PDLQ� DUJXPHQWV� DJDLQVW� VSHHG� OLPLWHUV� LV� WKHLU� ORZ� DFFHSWDELOLW\� DPRQJ� PRWRULVWV�
+RZHYHU�� UHVXOWV� IURP�GLIIHUHQW� WULDOV� LQGLFDWH� WKDW� LQ� XUEDQ� UHVLGHQWLDO� VWUHHWV� DGDSWLYH
VSHHG� OLPLWHUV� DUH� DSSURYHG� RI� E\� D� PDMRULW\� RI� GULYHUV� �VHH� H�J�� &RPWH� HW� DO�� �����
9iUKHO\L� 	� 0lNLQHQ� ������� 0RUHRYHU�� LQ� WKHVH� VWUHHWV� UHVLGHQWV©� RSLQLRQ� VKRXOG� EH
LQIOXHQWLDO�

$GPLQLVWUDWLYH�DVSHFWV�

*XLGHOLQHV� RU� VWDQGDUGV� DUH� QHHGHG� WR� SURPRWH� FRQVLVWHQW� VSHHG� PDQDJHPHQW� ZLWKLQ
FRXQWULHV� DQG� DFURVV� (XURSH�� 5HJLRQDO� GLIIHUHQFHV� QHHG� WR� EH� WDNHQ� LQWR� DFFRXQW� LQ
*XLGHOLQHV�
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������ 8UEDQ�PDLQ�URDGV

.H\�IHDWXUHV�

2Q�WKHVH� URDGV� WKHUH�DUH�RIWHQ� ODUJH�YROXPHV�RI�PRWRU�YHKLFOHV�� LQ� FHUWDLQ�DUHDV�PL[HG
ZLWK�ODUJH�YROXPHV�RI�SHGHVWULDQV��VRPHWLPHV�DOVR�ELF\FOHV��9HKLFOHV�WXUQLQJ�DW�MXQFWLRQV
DQG�SULYDWH�DFFHVVHV��DQG�JLYLQJ�ZD\�WR�ELF\FOH�WUDIILF�DQG�SHGHVWULDQV�FDXVH�GLVWXUEDQFHV
LQ� YHKLFOH� IORZ�� $FFLGHQW� GHQVLW\� �SHU� URDG� NLORPHWUH�� FDQ� EH� KLJK�� VHULRXV� DFFLGHQWV
IUHTXHQWO\� LQYROYH� SHGHVWULDQV� RU� F\FOLVWV�� $FFLGHQWV� LQYROYLQJ� RQO\� PRWRU� YHKLFOHV
VHOGRP�FDXVH�VHULRXV�LQMXULHV��ZLWK�WKH�H[FHSWLRQ�RI�DFFLGHQWV�FDXVHG�E\�UHFNOHVV�GULYLQJ
DQG�H[WUHPHO\�KLJK� VSHHG�DQG�DFFLGHQWV�RI�PRWRUF\FOHV� DQG�PRSHGV��7KH� UHVSRQVLELOLW\
IRU�VSHHG�PDQDJHPHQW�XVXDOO\� OLHV�ZLWK� ORFDO�DXWKRULWLHV��7KH�VSHHG�OLPLW� LV� W\SLFDOO\���
NP�K��6SHHG�HQIRUFHPHQW�LV�OLPLWHG�

3UHVHQW�VSHHGV�

7KH�PHDQ�VSHHG�LV�W\SLFDOO\�RYHU�WKH�VSHHG�OLPLW�LQ�VHYHUDO�FRXQWULHV��7KHUH�LV�DOVR�D�ODUJH
YDULDWLRQ�RI�VSHHGV��LQ�VSDFH�DQG�WLPH���([FHVVLYH�VSHHGLQJ�FDQ�EH�D�SUREOHP�LQ�WLPHV�RI
GD\�ZKHQ�YROXPHV�DUH�ORZ�

,PSOLFDWLRQV�RI�NH\�IHDWXUHV�DQG�SUHVHQW�VSHHGV�

&RPSOLDQFH�ZLWK� WKH�VSHHG�OLPLW�RQ� WKHVH�URDGV�VKRXOG�EH�JHQHUDOO\� LPSURYHG��3UHVHQWV
VSHHGV�DUH�WRR�KLJK�HVSHFLDOO\�IRU�WKH�VDIHW\�RI�YXOQHUDEOH�URDG�XVHUV��,Q�DUHDV�ZLWK�KLJK
SHGHVWULDQ�DFWLYLW\�UHGXFWLRQ�RI�VSHHG�OLPLW�IURP����WR����NP�K�VKRXOG�EH�FRQVLGHUHG��$W
ORFDWLRQV�ZKHUH�DFFLGHQWV�LQYROYLQJ�SHGHVWULDQV�FURVVLQJ�WKH�URDG�DUH�D�VSHFLILF�SUREOHP�
UHGXFLQJ�WKH�VSHHG�OLPLW� WR����NP�K�FRXOG�EH�DQ�HIIHFWLYH�DQG� UHODWLYHO\�FKHDS�FRXQWHU�
PHDVXUH�HYHQ�LI�VWUXFWXUDO�PRGLILFDWLRQV�DUH�XVHG�WR�HQVXUH�FRPSOLDQFH�

5HFRPPHQGDWLRQV�IRU�VKRUW�WHUP�VSHHG�PDQDJHPHQW�

,Q� RUGHU� WR� LPSURYH� FRPSOLDQFH� ZLWK� WKH� VSHHG� OLPLW� RQ� XUEDQ� PDLQ� URDGV� DXWRPDWHG
VSHHG�OLPLW�HQIRUFHPHQW�ZLWK�WKH�KHOS�RI�VSHHG�FDPHUDV�FRXOG�EH�D�FRVW�HIIHFWLYH�VROXWLRQ
�VHH�6HFWLRQ���������7KH�HIIHFW�RI�VXUYHLOODQFH�FDQ�EH�VLJQLILFDQWO\� LQFUHDVHG� LI�FRPELQHG
ZLWK�LQIRUPDWLRQ�RQ�WKH�VSHHG�HQIRUFHPHQW�ERWK�LQ�WKH�PDVV�PHGLD�DQG�DW�WKH�URDGVLGH�

7LPLQJ�RI�FR�RUGLQDWHG� WUDIILF�VLJQDOV�FDQ�EH�XVHG� WR�PRGHUDWH� VSHHG�SURYLGHG� WKDW� WKH
GLVWDQFH�EHWZHHQ�VXFFHVVLYH�VLJQDOV�LV�QRW�WRR�ORQJ�

$W�ORFDWLRQV�ZKHUH�WKH�VSHHG�OLPLW�LV�UHGXFHG�WR����NP�K�EHFDXVH�RI�SHGHVWULDQ�DFFLGHQWV�
FRPSOLDQFH�WR�WKH�OLPLW�VKRXOG�EH�HQVXUHG�E\�SK\VLFDO�PHDVXUHV� OLNH�HOHYDWHG�SHGHVWULDQ
FURVVLQJV�

7KHUH�DUH� IHZ� HQJLQHHULQJ�PHDVXUHV� WKDW� DUH� VXLWDEOH� IRU� LPSURYLQJ� WKH� FRPSOLDQFH� RQ
URDGV� ZLWK� D� VSHHG� OLPLW� RI� ��� RU� ��� NP�K�� 6SHHG� KXPSV� DUH� QRW� DSSURSULDWH� KHUH�
EHFDXVH� RI� WKH� GLVDGYDQWDJHV� FDXVHG� IRU� KHDY\� YHKLFOHV� DQG� EXVHV�� 5RDG� FDYLWLHV
�LQYHUWHG� KXPSV�� �VHH� 6HFWLRQ� ������� DUH� EHWWHU� IRU� ODUJH� YHKLFOHV� DQG� VWLOO� HIILFLHQW� IRU
SDVVHQJHU�FDUV��+RZHYHU��FRQVWUXFWLRQ�DQG�PDLQWHQDQFH�FRVWV�RI�URDG�FDYLWLHV�DUH�KLJK�
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0LQL�URXQGDERXWV��VHH�6HFWLRQ��������DUH�FDQ�HIIHFWLYHO\�UHGXFH�VSHHGV�DW� MXQFWLRQV�DQG
UHGXFH�ZDLWLQJ�WLPHV��QRLVH�DQG�H[KDXVW�SROOXWLRQ�DQG�YHKLFOH�RSHUDWLQJ�FRVWV�FRPSDUHG
WR� VLJQDOLVHG� LQWHUVHFWLRQV�� /RZ�FRVW� PLQL�URXQGDERXWV� DUH� RIWHQ� FRVW�HIIHFWLYH�� 5RDG
FXVKLRQV� �RU� VSHHG� FXVKLRQV��� ZKLFK� FDQ� EH� SDVVHG� E\� ODUJH� YHKLFOHV� VPRRWKO\�� ZKLOH
SDVVHQJHU�FDUV�KDYH�WR�VORZ�GRZQ��FDQ�EH�XVHG�RQ�URDGV�ZLWK�EXV�WUDIILF��7RZOLDW�������
/RFDO�VSHHG�UHGXFWLRQV�VKRXOG�EH�VXSSRUWHG�E\�RWKHU�PHDVXUHV�VXFK�DV�URXQGHOV�RQ� WKH
URDG� VXUIDFH� LQGLFDWLQJ� WKH� YDOXH� RI� WKH� ORZHUHG� VSHHG� OLPLW�� )XUWKHUPRUH�� GULYHUV� DQG
RWKHU�FLWL]HQV�VKRXOG�EH�LQIRUPHG�DERXW�WKH�HIIHFWV�RI�WKH�FKDQJH�LQ�VSHHG�OHYHO��LQFOXGLQJ
WKH�HIIHFWV�RQ�DFFLGHQWV��GULYLQJ�WLPH��HQYLURQPHQW��YHKLFOH�RSHUDWLQJ�FRVWV�HWF���SULRU�WR
LQVWDOOLQJ�VSHHG�UHGXFLQJ�PHDVXUHV�

5HFRPPHQGDWLRQV�IRU�ORQJ�WHUP�VSHHG�PDQDJHPHQW�

,Q�YHKLFOH� IHHGEDFN� �VHH� 6HFWLRQ� ������� DQG� DGDSWLYH� VSHHG�OLPLWHUV� �VHH� 6HFWLRQ� ������
DUH� VXVWDLQDEOH� DQG� HIILFLHQW� WRROV� IRU� VSHHG� PDQDJHPHQW�� HVSHFLDOO\� LQ� XUEDQ� DUHDV�
/DUJH��VFDOH�ILHOG�H[SHULPHQWV�LQ�GLIIHUHQW�FRXQWULHV�DQG�GLIIHUHQW�NLQGV�RI�XUEDQ�DUHDV�DUH
QHHGHG��KRZHYHU��WR�FRQILUP�WKH�SRVLWLYH�UHVXOWV�IURP�ODERUDWRU\�VWXGLHV�DQG�VPDOO�VFDOH
ILHOG�H[SHULPHQWV�

$Q� LQWHUPHGLDWH� VROXWLRQ� LV� WKH� GHYHORSPHQW� RI� DXWRPDWHG� VSHHG� HQIRUFHPHQW� �VHH
6HFWLRQ� ������� ZKHUH� YHKLFOHV� DUH� HTXLSSHG� ZLWK� HOHFWURQLF� LGHQWLILFDWLRQ� GHYLFHV�� 7KH
V\VWHP�PDNHV�SRVVLEOH�KLJKO\�DXWRPDWHG�SURFHVVLQJ�RI�FRQVHTXHQFHV��&RQVHTXHQWO\��LW�LV
QHFHVVDU\� WKDW� WKH� RZQHU� RI� WKH� YHKLFOH� FDQ� EH� KHOG� UHVSRQVLEOH� IRU� VSHHGLQJ� RIIHQFHV�
DQG�LGHQWLILFDWLRQ�RI�GULYHUV� DW� VLWH� LV�QRW� UHTXLUHG��)XUWKHUPRUH�� VXFK�GHYLFHV�FRXOG�EH
XVHIXO�IRU�RWKHU�SXUSRVHV�OLNH�FROOHFWLRQ�RI�SDUNLQJ�IHHV�DQG�WUDFLQJ�RI�VWROHQ�YHKLFOHV�

)XUWKHU�UHVHDUFK�RQ�WKH�LPSDFWV�RI�VSHHG�LQ�XUEDQ�DUHDV�LV�QHHGHG�IRU� WKH�DVVHVVPHQW�RI
WKH� DSSURSULDWHQHVV� RI� WKH� SUHVHQW� ��� NP�K� JHQHUDO� VSHHG� OLPLW�� 7KH� 0$67(5
IUDPHZRUN�GHVFULEHG�LQ�&KDSWHU���FRXOG�EH�DSSOLHG�IRU�VXFK�DVVHVVPHQW��$QG�LI�QHHGHG�
XUEDQ�VSHHG�OLPLWV�VKRXOG�EH�DGMXVWHG�DFFRUGLQJO\�

$GPLQLVWUDWLYH�DVSHFWV�

*XLGHOLQHV� RU� VWDQGDUGV� DUH� QHHGHG� WR� SURPRWH� FRQVLVWHQW� VSHHG� PDQDJHPHQW� ZLWKLQ
FRXQWULHV�DQG�DFURVV�(XURSH��5HJLRQDO�GLIIHUHQFHV�QHHG�WR�EH� WDNHQ� LQWR�DFFRXQW� LQ� WKH
JXLGHOLQHV�

������ 5XUDO�PL[HG�WUDIILF�URDGV

.H\�IHDWXUHV�

7KHVH�DUH�XVXDOO\�WZR�ODQH�URDGV�ZLWK�ODUJH�YDULDWLRQV�LQ�JHRPHWU\��ZLGWK��KRUL]RQWDO�DQG
YHUWLFDO� DOLJQPHQW�� DQG� WUDIILF� YROXPHV�� 7KHUH� LV� W\SLFDOO\� OLWWOH� SHGHVWULDQ� DQG� ELF\FOH
WUDIILF�H[FHSW�QHDU�VHWWOHPHQWV��EXW�ZKHUH�WKHUH�LV�VXFK�WUDIILF�LW�RIWHQ�KDV�WR�XVH�WKH�VDPH
SDUW� RI� WKHVH� QDUURZ� URDGV� DV� PRWRU� YHKLFOHV�� $FFLGHQWV� DUH� QRW� QHFHVVDULO\� IUHTXHQW
ZKHQ� UHODWHG� WR� YHKLFOH� NLORPHWUHV� GULYHQ� RU� SHU� URDG� NLORPHWUH�� HVSHFLDOO\� RQ� ORZ�
YROXPH�URDGV��7KH�FRQVHTXHQFHV�RI�DFFLGHQWV��KRZHYHU��DUH�RIWHQ�VHULRXV��SDUWLFXODUO\�LQ
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KHDG�RQ�DFFLGHQWV��IURQW�WR�VLGH�FROOLVLRQV�DW�MXQFWLRQV��DFFLGHQWV�LQYROYLQJ�SHGHVWULDQV�RU
ELF\FOHV��DQG�VLQJOH�YHKLFOH�DFFLGHQWV��7KH�UHVSRQVLELOLW\�IRU� VSHHG�PDQDJHPHQW� LV�RIWHQ
GLYLGHG� EHWZHHQ� QDWLRQDO� DQG� ORFDO� DXWKRULWLHV�� ZKHUHDV� LQ� VRPH� FRXQWULHV� UXUDO� VSHHG
OLPLWV� DUH� PDLQO\� GHWHUPLQHG� DW� WKH� QDWLRQDO� OHYHO�� 'HWHUPLQDWLRQ� RI� VSHHG� OLPLWV� LV
W\SLFDOO\� EDVHG� RQ� QDWLRQDO� JXLGHOLQHV�� EXW� WKHUH� DUH� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ
FRXQWULHV� LQ� WKLV�UHVSHFW��7KH�VSHHG�OLPLWV�YDU\�IURP����WR�����NP�K��2FFDVLRQDO� VSHHG
HQIRUFHPHQW�LV�GRQH�E\�FRQYHQWLRQDO�PHDQV��SROLFH�SDWURO�ZLWK�UDGDU���7KH�XVH�RI�VSHHG
FDPHUDV�LV�LQFUHDVLQJ�HYHQ�WKRXJK�WKH\�DUH�VWLOO�UDUH�LQ�DOO�FRXQWULHV�

7KHUH�KDYH�EHHQ�QXPHURXV�EHIRUH�DQG�DIWHU�VWXGLHV�RQ�WKH�LPSDFWV�RI�FKDQJHV� LQ� VSHHG
OLPLWV�RQ�GULYLQJ�VSHHGV�DQG�DFFLGHQWV�RQ�WKLV�W\SH�RI�URDG��DQG�WKHUH�LV�VWURQJ�HYLGHQFH
WKDW�D�FKDQJH�RI�PHDQ�VSHHG�E\���NP�K�W\SLFDOO\�FDXVHV�D�FKDQJH�RI���WR���SHU�FHQW�LQ�WKH
QXPEHU� RI� LQMXU\� DFFLGHQWV�� DQG� XS� WR� WZLFH� DV� ELJ� UHODWLYH� FKDQJH� LQ� WKH� QXPEHU� RI
IDWDOLWLHV��$QGHUVVRQ�	�1LOVVRQ�������%DUX\D�����F��(OYLN�HW�DO�������	�������)LQFK�HW
DO��������5DQWD�	�.DOOEHUJ�������

3UHVHQW�VSHHGV�

6SHHGLQJ�LV�TXLWH�FRPPRQ�RQ�WKHVH�URDGV��7KH�PHDQ�VSHHG�YDULHV�IURP����WR�����NP�K
EXW� RQ� FRQJHVWHG� URDGV� LW� FDQ� EH� ORZHU�� 7KH� SURSRUWLRQ� RI� VSHHGHUV� LV� RIWHQ� KLJK�
HVSHFLDOO\� RQ� ORZ�YROXPH� URDGV�ZLWK� UHODWLYHO\� JRRG� JHRPHWULF� VWDQGDUGV�� 6SHHGLQJ� LV
PRUH�FRPPRQ�RQ�URDGV�ZLWK�UHODWLYHO\� ORZ�VSHHG�OLPLWV�FRPSDUHG�WR�URDGV�ZLWK�KLJKHU
VSHHG�OLPLWV�9DULDWLRQ�RI�VSHHGV�LQ�VSDFH�DQG�EHWZHHQ�YHKLFOHV�LV�UHODWLYHO\�ORZ��VWDQGDUG
GHYLDWLRQ� RI� VSRW�VSHHGV� W\SLFDOO\� DSSUR[LPDWHO\� ���� RI� WKH� PHDQ� VSHHG�� KLJKHU� RQ
FRQJHVWHG�URDGV���'UDVNyF]\�	�0RFViUL��������7KHUH�DUH�LQGLFDWLRQV�RI�ODUJH�YDULDWLRQV
EHWZHHQ�FRXQWULHV�LQ�WKH�UHODWLRQ�EHWZHHQ�WKH�VSHHG�OLPLW�DQG�WKH�PHDQ�VSHHG��DQG�DOVR�LQ
WKH�SURSRUWLRQ�RI�VSHHGHUV��,Q�RQH�VDPSOH�RI� WZR�ODQH�UXUDO� URDGV� LQ�IRXU�FRXQWULHV�� IRU
H[DPSOH�� WKH� SURSRUWLRQ� RI� VSHHGHUV� YDULHG� IURP� �� WR� ��� SHU� FHQW� �%DUX\D� ����E�
����F��� &RQVHTXHQWO\�� WKHUH� PD\� EH� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� FRXQWULHV� LQ� WKH
JXLGHOLQHV�IRU�GHWHUPLQLQJ�VSHHG�OLPLWV�

6SHHG� OLPLW� YLRODWLRQV� DUH� IUHTXHQW� RQ� URDGV� WKURXJK� VPDOO� WRZQV� DQG� YLOODJHV� ODFNLQJ
E\SDVV�URDGV�

6SHHG�DGDSWDWLRQ�WR�DSSURSULDWH�OHYHOV�LQ�DGYHUVH�FRQGLWLRQV�ZLWK�LQFUHDVHG�DFFLGHQW�ULVN
�GDUNQHVV�� UHGXFHG� VNLG� UHVLVWDQFH� DQG� YLVLELOLW\�� LV� XQVDWLVIDFWRU\�� 2Q� VRPH� URDGV�
GULYLQJ�VSHHGV�GXULQJ�QLJKW�WLPH�FDQ�HYHQ�EH�KLJKHU�WKDQ�GXULQJ�GD\WLPH�

,PSOLFDWLRQV�RI�NH\�IHDWXUHV�DQG�SUHVHQW�VSHHGV�

7KH�DPRXQW�RI�VSHHGLQJ�FOHDUO\�QHHGV�WR�EH�UHGXFHG��7KLV�FDQ�EH�DFFRPSOLVKHG�HLWKHU�E\
VSHHG�UHGXFLQJ�PHDVXUHV�� RU� E\� UDLVLQJ� WKH� VSHHG� OLPLW�� )URP� D� WUDIILF� VDIHW\� SRLQW� RI
YLHZ�� LQFUHDVHG�XVH�RI�VSHHG�UHGXFLQJ�PHDVXUHV�VHHPV� WR�EH� WKH�RQO\� VHQVLEOH� VROXWLRQ�
/DUJH�YDULDWLRQV�LQ�VSHHG�OLPLWV�DQG�SRVVLEO\�DOVR�LQ�QDWLRQDO�JXLGHOLQHV�IRU�VHWWLQJ�VSHHG
OLPLWV�LQGLFDWH�WKDW�SUHVHQW�VSHHG�OLPLWV��DQG�LPSOLFLW�WDUJHW�VSHHGV��GR�QRW�DOZD\V�UHIOHFW
VRFLDOO\� GHVLUDEOH� RU� DFFHSWDEOH� VSHHGV�� &RVW�HIIHFWLYHQHVV� RI� VSHHG� PDQDJHPHQW
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PHDVXUHV� DQG� WRROV� RQ� WKHVH� URDGV� GHSHQGV� FULWLFDOO\� RQ� D�� WUDIILF� YROXPHV� DQG
FRPSRVLWLRQ�DQG�E��WKH�PDJQLWXGH�RI�VSHHG�UHGXFWLRQV�WKDW�FDQ�EH�DFKLHYHG�

5HFRPPHQGDWLRQV�IRU�VKRUW�WHUP�VSHHG�PDQDJHPHQW�

,Q�RUGHU�WR� ORZHU� WKH�VSHHG�OHYHO�RQ�UXUDO� URDGV�� URDG�PDUNLQJV��VHH�6HFWLRQ��������FDQ
EH� XVHG� WR� LQFUHDVH� WKH� VHQVH� RI� VSHHG�� HVSHFLDOO\� LQ� VXE�VWDQGDUG� ORFDWLRQV� EXW� DOVR
GHFUHDVLQJ� WKH� ODQH� ZLGWK� E\� LQFUHDVLQJ� WKH� ZLGWK� RI� SDYHG� VKRXOGHUV� FRXOG� UHGXFH
VSHHGV�� )XUWKHUPRUH�� SDYHG� VKRXOGHUV� DUH� LPSRUWDQW� IRU� WKH� VDIHW\� RI� SHGHVWULDQV� DQG
F\FOLVWV��7KH�FRVW�RI�WKH�PHDVXUH�LV�ORZ��+RZHYHU��WKH�FRVW�HIIHFWLYHQHVV�GHSHQGV�RQ�WKH
FKDUDFWHULVWLFV�DQG�GHVLJQ�RI�WKH�URDG�DQG�WKH�LQLWLDO�VSHHG�OHYHO�

2Q� URDGV�ZKHUH� VSHHGLQJ� LV� IUHTXHQW�� WR� LQFUHDVH� FRPSOLDQFH�� DXWRPDWHG� HQIRUFHPHQW
ZLWK� VSHHG� FDPHUDV� �VHH� 6HFWLRQ� ������� VKRXOG� EH� LQWURGXFHG�� ,Q� RUGHU� WR� LQFUHDVH� WKH
HIILFDF\� RI� WKH� VXUYHLOODQFH� LW� VKRXOG� EH� FRPELQHG� ZLWK� LQIRUPDWLRQ� DERXW� WKH� VSHHG
HQIRUFHPHQW�ERWK�LQ�WKH�PDVV�PHGLD�DQG�DW�WKH�URDGVLGH��$XWRPDWHG�VSHHG�HQIRUFHPHQW
LV�FRVW�HIIHFWLYH�DW�WKH�ORFDWLRQV�ZKHUH�LW�LV�LPSOHPHQWHG��EXW�LW�FDQ�QRW�FRYHU�WKH�ZKROH
URDG�QHWZRUN�

$W� ORFDWLRQV�ZLWK� IUHTXHQW� VSHHGLQJ�DQG�RU�KLJK�DFFLGHQW� IUHTXHQF\�� IHHGEDFN� IURP� WKH
URDGVLGH� �VHH� 6HFWLRQ� ������� VKRXOG� EH� LQWURGXFHG�� 5RDGVLGH� GLVSOD\V� DUH� UHODWLYHO\
LQH[SHQVLYH�DQG�WKHUHIRUH�FRVW�HIIHFWLYH�DW�KD]DUGRXV�ORFDWLRQV�

,Q� RUGHU� WR� GHDO� ZLWK� WKH� VSHHG� OLPLW� YLRODWLRQV� RQ� UXUDO� URDGV� WKURXJK� EXLOW�XS� DUHDV
YLOODJH� JDWHZD\V� DW� WKH� HQWUDQFH� RI� WKH� YLOODJH� �VHH� 6HFWLRQ� ������� DQG� HQYLURQPHQWDOO\
DGDSWHG� WKURXJK� URDGV� ZLWKLQ� WKH� YLOODJH� �VHH� 6HFWLRQ� �������� FDQ� EH� LPSOHPHQWHG�
9LOODJH�JDWHZD\V�DUH�PRGHUDWHO\�H[SHQVLYH�DQG� WKHLU� FRVW�HIIHFWLYHQHVV� GHSHQGV� RQ� WKH
LQLWLDO�VSHHG�OHYHO�DW�WKH�VLWH��$GDSWLQJ�WKURXJK�URDGV�HQYLURQPHQWDOO\�LV�RIWHQ�H[SHQVLYH
PHDVXUH� DQG� FDQ� LQYROYH� WKH� UHEXLOGLQJ� WKH�ZKROH� VWUHWFK� RI� URDG� WKURXJK� WKH� YLOODJH�
+RZHYHU�� LW� FDQ� EH� D� FRVW�HIIHFWLYH� DOWHUQDWLYH� WR� D� E\SDVV� URDG� LQ� YLOODJHV� ZLWK� KLJK
YROXPHV�RI�WKURXJK�WUDIILF�

'XULQJ�DGYHUVH�FRQGLWLRQV�WKH�VSHHG�OLPLW�VKRXOG�EH�GHFUHDVHG�DFFRUGLQJO\�DQG�LQGLFDWHG
E\� YDULDEOH� VSHHG� OLPLW� VLJQV� �VHH� 6HFWLRQ� �������� ,I� FRPELQHG�ZLWK� LQGLYLGXDO� IHHGEDFN
VLJQV�IURP� WKH� URDGVLGH� �VHH�6HFWLRQ�������� FRPSOLDQFH� LPSURYHV� VLJQLILFDQWO\��9DULDEOH
VSHHG�OLPLW�VLJQV�KDYH�KLJK�LQVWDOODWLRQ�FRVWV��EXW�WKHLU�VDIHW\�SRWHQWLDO�LV�KLJK��HVSHFLDOO\
LI�FRPELQHG�ZLWK�IHHGEDFN�VLJQV�RU�DXWRPDWHG�VSHHG�HQIRUFHPHQW�

5HFRPPHQGDWLRQV�IRU�ORQJ�WHUP�VSHHG�PDQDJHPHQW�

7KH� FRQFHSW� RI� VHOI�H[SODLQLQJ� URDGV� �VHH� 6HFWLRQ� �������� VKRXOG� EH� LQWURGXFHG�� $
JUDGXDO�UH�GHVLJQ�RI�SUHVHQW�URDGV�DFFRUGLQJO\�ZRXOG�SUREDEO\�UHGXFH� WKH�YDULDELOLW\�RI
VSHHGV��,PSRUWDQWO\��VHOI�H[SODLQLQJ�URDGV�KDYH�RWKHU�SRVLWLYH� LPSDFWV�RQ�VDIHW\�VXFK�DV
SURPRWLQJ�FRUUHFW�DQWLFLSDWLRQ�DPRQJ�GULYHUV�

)XUWKHU�UHVHDUFK� LV�QHHGHG�RQ� WKH� LPSDFWV�RI� VSHHG�RQ�GLIIHUHQW�NLQGV�RI� UXUDO� URDG� IRU
DVVHVVPHQW�RI�WKH�DSSURSULDWHQHVV�RI�WKH�SUHVHQW�VSHHG�OLPLWV��7KH�0$67(5�IUDPHZRUN
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GHVFULEHG�LQ�&KDSWHU���FRXOG�EH�DSSOLHG�WR�VXFK�DVVHVVPHQW��$QG�LI�QHHGHG��VSHHG�OLPLWV
VKRXOG�EH�DGMXVWHG�DFFRUGLQJO\�

)XUWKHU�UHVHDUFK�LV�QHHGHG�RQ�LQ�YHKLFOH�IHHGEDFN��VHH�6HFWLRQ��������DQG�DGDSWLYH�VSHHG�
OLPLWHUV��VHH�6HFWLRQ��������LQ�WHUPV�RI�FRPSOLDQFH�DQG�DFFHSWDELOLW\�RQ�UXUDO�URDGV�DQG�WR
ORRN�DW�WKHLU�SRWHQWLDO�LQ�DGYHUVH�FRQGLWLRQV�

$GPLQLVWUDWLYH�DVSHFWV�

*XLGHOLQHV� RU� VWDQGDUGV� DUH� QHHGHG� WR� SURPRWH� FRQVLVWHQW� VSHHG� PDQDJHPHQW� ZLWKLQ
FRXQWULHV�DQG�DFURVV�(XURSH��5HJLRQDO�GLIIHUHQFHV�DW�WKH�(XURSHDQ�OHYHO�QHHG�WR�EH�WDNHQ
LQWR�DFFRXQW�LQ�WKH�JXLGHOLQHV�

������ 0RWRUZD\V

.H\�IHDWXUHV�

0RWRUZD\V�DUH�KLJK�VWDQGDUG�GXDO�FDUULDJHZD\�URDGV�ZLWK�JUDGH�VHSDUDWHG�MXQFWLRQV�DQG
IRU� PRWRU� YHKLFOHV� RQO\�� 7UDIILF� YROXPHV� DUH� KLJK�� $FFLGHQW� UDWH� LV� ORZ� FRPSDUHG� WR
RWKHU� URDG� W\SHV��0XOWL�YHKLFOH� DFFLGHQWV�� RIWHQ� LQ� FRQJHVWHG� SHULRGV� DQG� OLPLWHG� VLJKW
FRQGLWLRQV�� DUH� D� VSHFLILF� SUREOHP�� 'HFLVLRQV� FRQFHUQLQJ� VSHHG� PDQDJHPHQW� RQ
PRWRUZD\V�DUH�W\SLFDOO\�PDGH�DW�WKH�QDWLRQDO�JRYHUQPHQW�OHYHO��6SHHG�OLPLWV�DUH�EHWZHHQ
���DQG�����NP�K��H[FHSW�IRU�SDUWV�RI�WKH�*HUPDQ�PRWRUZD\V�ZKHUH� WKHUH�DUH�QR�OLPLWV�
&RQYHQWLRQDO� VSHHG� HQIRUFHPHQW� LV� GLIILFXOW� H[FHSW� GXULQJ� KRXUV� RI� TXLHW� WUDIILF� DQG� LQ
JRRG� ZHDWKHU� DQG� YLVLELOLW\� FRQGLWLRQV� EHFDXVH� VWRSSLQJ� YHKLFOHV� DW� VLWH� LV� D� SRWHQWLDO
VDIHW\�SUREOHP�

3UHVHQW�VSHHGV�

7KH�PHDQ�VSHHG�LQ�IUHH�IORZ�FRQGLWLRQV�LV�W\SLFDOO\�IURP����WR�����NP�K��EXW�RIWHQ�ORZHU
LQ�FRQJHVWLRQ��6SHHGLQJ�LV� IUHTXHQW� LQ�PDQ\�FRXQWULHV�DQG� LQFUHDVHV�YDULDWLRQ�RI� VSHHGV
EHWZHHQ� YHKLFOHV�� 9HKLFOH� W\SH� VSHFLILF� VSHHG� OLPLWV� IRU� ORUULHV� DQG� EXVHV� DUH� DQRWKHU
VRXUFH� RI� VSHHG� YDULDWLRQ� EHWZHHQ� YHKLFOHV�� 9DULDWLRQ� RI� VSHHGV� DORQJ� WKH� URDG� LV
W\SLFDOO\� VPDOO� ZKHQ� WUDIILF� YROXPHV� DUH� PRGHUDWH�� :KHQ� WKH� WUDIILF� YROXPH� VWDUWV� WR
DSSURDFK�FDSDFLW\��VSHHG�IOXFWXDWHV�DQG�VXGGHQ�GHFHOHUDWLRQV�PD\�RFFXU��$FFLGHQWV�DQG
LQFLGHQWV� FDQ� FDXVH� VLPLODU� GLVWXUEDQFHV� LQ� WKH� IORZ� DQG� WKH\� DOVR� RIWHQ� FRPH� DV� D
VXUSULVH�WR�WKH�GULYHUV�

,PSOLFDWLRQV�RI�NH\�IHDWXUHV�DQG�SUHVHQW�VSHHGV�

&RPSOLDQFH�WR�VSHHG�OLPLWV�KDV�WR�EH�LPSURYHG��'ULYHUV�VKRXOG�EH�ZDUQHG�LQ�DGYDQFH�RI
ODUJH�DQG�RIWHQ�VXGGHQ�GHFUHDVHV�LQ�VSHHG�FDXVHG�E\�FRQJHVWLRQ�� LQFLGHQWV�RU�DFFLGHQWV�
%HFDXVH�RI�KLJK�WUDIILF�YROXPHV�HYHQ�KLJK�FRVW�PHDVXUHV�DQG�WRROV�FDQ�EH�FRVW�HIIHFWLYH�
1HYHUWKHOHVV�� FULWLFDO� IRU� FRVW�HIIHFWLYHQHVV� LV� E\� KRZ�PXFK��ZKHUH� DQG� KRZ� RIWHQ� WKH
PHDVXUH�LQ�TXHVWLRQ�DIIHFWV�VSHHGV��6SHHG�OLPLWV�RQ�PRWRUZD\V�DUH�D�SRWHQWLDO�WDUJHW�IRU
KDUPRQLVDWLRQ�� HVSHFLDOO\� RQ� WKH� 7UDQV�(XURSHDQ� 5RDG�1HWZRUN� �7(51��� 5HVHDUFK� LV
QHHGHG�WR�GHWHUPLQH�WKH�GHVLUHG�OHYHOV�RI�VSHHG�RQ�GLIIHUHQW�NLQGV�RI�PRWRUZD\V�
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5HFRPPHQGDWLRQV�IRU�VKRUW�WHUP�VSHHG�PDQDJHPHQW�

,Q�RUGHU�WR�LQFUHDVH�FRPSOLDQFH��DXWRPDWHG�VSHHG�HQIRUFHPHQW�ZLWK�VSHHG�FDPHUDV��VHH
6HFWLRQ� ������� VKRXOG� EH� LQWURGXFHG� HVSHFLDOO\� RQ� VHFWLRQV� ZKHUH� DQG� GXULQJ� SHULRGV
ZKHQ� VSHHGLQJ� LV� IUHTXHQW� RU� H[WUHPHO\� KLJK� VSHHGV� RFFXU�� ,Q� RUGHU� WR� LQFUHDVH� WKH
HIILFDF\� RI� WKH� VXUYHLOODQFH� LW� VKRXOG� EH� FRPELQHG� ZLWK� LQIRUPDWLRQ� RQ� WKH� VSHHG
HQIRUFHPHQW�ERWK�LQ�WKH�PHGLD�DQG�DW�WKH�URDGVLGH��$XWRPDWHG�VSHHG�HQIRUFHPHQW�LV�FRVW
HIIHFWLYH�DW�WKH�ORFDWLRQV�ZKHUH�LW�LV�LPSOHPHQWHG�

9DULDEOH� VSHHG� OLPLWV� �VHH�6HFWLRQ� ������� WRJHWKHU�ZLWK� YDULDEOH�PHVVDJH� VLJQV�ZDUQLQJ
GULYHUV�RI�KD]DUGRXV� VLWXDWLRQV� VKRXOG�EH� LQVWDOOHG�RQ�EXV\�PRWRUZD\� VHFWLRQV�� ,I� WKHVH
DUH� FRPELQHG� ZLWK� LQGLYLGXDO� IHHGEDFN� VLJQV� IURP� WKH� URDGVLGH� �VHH� 6HFWLRQ� ������
FRPSOLDQFH� FDQ� LPSURYH� VLJQLILFDQWO\�� 9DULDEOH� VSHHG� OLPLW� VLJQV� KDYH� KLJK� LQVWDOODWLRQ
FRVWV�� EXW� WKHLU� VDIHW\� SRWHQWLDO� LV� KLJK�� HVSHFLDOO\� LI� FRPELQHG� ZLWK� IHHGEDFN� VLJQV� RU
DXWRPDWHG�VSHHG�HQIRUFHPHQW�

$W�PRWRUZD\� H[LWV�ZKHUH� VXEVWDQWLDO� VSHHG� UHGXFWLRQV� DUH� UHTXLUHG� UXPEOH� VWULSV� �VHH
6HFWLRQ��������VKRXOG�EH�LQVWDOOHG��5XPEOH�VWULSV�DUH�DQ�LQH[SHQVLYH�PHDVXUH�DQG�FDQ�EH
FRVW�HIIHFWLYH�� EXW� LWV� HIIHFWV� FDQ� GHFUHDVH� ZLWK� WLPH� RQ� VLWHV� ZLWK� ODUJH� VKDUH� RI
FRPPXWLQJ�WUDIILF�EHFDXVH�GULYHUV�JHW�XVHG�WR�WKHP�

7KH� ODFN� RI� VSHHG� OLPLWV� RQ� VRPH�*HUPDQ�PRWRUZD\� VHFWLRQV�PD\� OHDG� WR� D�ZDVWH� RI
UHVRXUFHV� DQG� XQQHFHVVDULO\� KLJK� QXPEHUV� RI� URDG� DFFLGHQW� FDVXDOWLHV� WKDW� FRQFHUQ� DOO
FLWL]HQV�RI� WKH�(8�ZKR� WUDYHO�RQ� WKHVH� URDGV��$SSURSULDWH� VSHHG� OHYHOV� IRU� WKHVH� URDGV
VKRXOG�EH�GHWHUPLQHG�DV�GHVFULEHG�LQ�6HFWLRQ������DQG�VSHHG�OLPLWV�VKRXOG�EH�LQWURGXFHG
DFFRUGLQJO\�

5HFRPPHQGDWLRQV�IRU�ORQJ�WHUP�VSHHG�PDQDJHPHQW�

7KHUH� LV� D� QHHG� IRU� KDUPRQLVDWLRQ� RI� VSHHG� OLPLWV� RQ� PRWRUZD\V�� +RZHYHU�� IXUWKHU
VWXGLHV�DUH�QHHGHG�WR�GHWHUPLQH�GHVLUDEOH�OHYHOV�RI�VSHHG�RQ�GLIIHUHQW�NLQGV�RI�PRWRUZD\V
�ZLWK� UHVSHFW� WR� WUDIILF� YROXPHV�� URDG� JHRPHWU\�� LQWHUVHFWLRQ� GHQVLW\� DQG� GHVLJQ�� URDG
VXUIDFH��ZHDWKHU�DQG�YLVLELOLW\�FRQGLWLRQV��

7KH� FRQFHSW� RI� VHOI�H[SODLQLQJ� URDGV� �VHH� 6HFWLRQ� �������� VKRXOG� EH� DSSOLHG� DOVR� WR
PRWRUZD\V�

0RWRU�YHKLFOHV�VKRXOG�EH�HTXLSSHG�ZLWK� WRS� VSHHG� OLPLWHUV� VHW� DW�� RU� VOLJKWO\�DERYH� WKH
KLJKHVW�SRVVLEOH�VSHHG�OLPLW�

)XUWKHU�UHVHDUFK�LV�QHHGHG�RQ�LQ�YHKLFOH�IHHGEDFN��VHH�6HFWLRQ��������DQG�DGDSWLYH�VSHHG�
OLPLWHUV��VHH�6HFWLRQ��������DQG�WKHLU�DSSOLFDWLRQ�WR�PRWRUZD\V�

$GPLQLVWUDWLYH�DVSHFWV�

%\�LQFUHDVLQJ�DQG�GHYHORSLQJ�DXWRPDWHG�VSHHG�HQIRUFHPHQW��SROLFH�PDQSRZHU�FRXOG�EH
UHOHDVHG�IURP�VSHHG�VXUYHLOODQFH�WR�RWKHU�GXWLHV�
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7(51�URDGV�PDNH�D�FOHDU�FDVH�IRU�WKH�&RPPXQLW\�WR�WDNH�DFWLRQ�WRZDUGV�KDUPRQLVDWLRQ
RI�VSHHG�PDQDJHPHQW��)XUWKHUPRUH�� WKH�&RPPXQLW\�DFWLRQ� LV�QHHGHG�WR�UHVWULFW� WKH� WRS
VSHHG�RI�YHKLFOHV�
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�� &21&/86,216

7KH�FRQFOXVLRQV�IURP�WKH�SURMHFW�0$67(5�FRPSULVH�WZR�VHWV�RI�UHFRPPHQGDWLRQV��RQH
FRQFHUQLQJ� VSHHG� PDQDJHPHQW� PHDVXUHV�� WRROV� DQG� SROLF\�� DQG� WKH� RWKHU� FRQFHUQLQJ
IXUWKHU�UHOHYDQW�UHVHDUFK�

���� 5(&200(1'$7,216�)25�63(('�0$1$*(0(17�0($685(6�
722/6�$1'�32/,&<

��� 6SHHG�OLPLWV�RQ�URDGV�RI�VLPLODU�FODVVLILFDWLRQ�LQ�GLIIHUHQW�(XURSHDQ�FRXQWULHV�VKRXOG
EH�KDUPRQLVHG�VR�WKDW�URDG�XVHUV©�H[SHFWDWLRQV�DUH�FRQVLVWHQW�ZLWK�UHVSHFW�WR�FRUUHFW
FKRLFH�RI�VSHHG�LUUHVSHFWLYH�RI�SUHYLRXV�GULYLQJ�H[SHULHQFHV� LQ� WKHLU�KRPH�FRXQWU\�
7KHVH� VSHHG� OLPLWV� VKRXOG� UHIOHFW� WKH� VRFLDOO\� GHVLUDEOH� VSHHGV� GHWHUPLQHG� IRU
H[DPSOH�ZLWK�WKH�KHOS�RI�WKH�0$67(5�IUDPHZRUN�GHVFULEHG�LQ�&KDSWHU���

��� (XURSHDQ�JXLGHOLQHV�DUH�QHHGHG�IRU�DSSOLFDWLRQ�RI�VSHHG�PDQDJHPHQW�PHDVXUHV�DQG
WRROV�RQ�UHVLGHQWLDO�DQG�PDLQ�URDGV� LQ�XUEDQ�DUHDV�DQG�RQ�UXUDO�PL[HG�WUDIILF�URDGV�
7KLV�ZRXOG�SURPRWH�FRQVLVWHQW�DQG�FRVW�HIIHFWLYH�VSHHG�PDQDJHPHQW�ERWK�RQ�XUEDQ
URDGV��ZKHUH�D�ZLGHU�UDQJH�RI�SRWHQWLDO� DOWHUQDWLYHV� LV� DYDLODEOH� DQG�RQ� UXUDO� URDGV
ZKHUH�WKH�SRVVLELOLWLHV�IRU�XVLQJ�ORZ�FRVW�SK\VLFDO�PHDVXUHV�DUH�PRUH�OLPLWHG�

��� 3UHSDUDWLRQV� IRU� WKH� LQWURGXFWLRQ� RI� FRPSXOVRU\� DGDSWLYH� VSHHG� OLPLWHUV� VKRXOG� EH
VWDUWHG��$GDSWLYH�VSHHG�OLPLWHUV�DXWRPDWLFDOO\�SUHYHQW�VSHHGLQJ�E\�DGMXVWLQJ�VSHHGV
DFFRUGLQJ� WR� WKH� SUHYDLOLQJ� VSHHG� OLPLW�� 7KH� ILUVW� VWHS� FRXOG� EH� ODUJH�VFDOH� ILHOG
H[SHULPHQWV�LQ�XUEDQ�DUHDV�LQ�GLIIHUHQW�FRXQWULHV�

��� 5RDG�GHVLJQ�VKRXOG�EH�GHYHORSHG�LQ�RUGHU�EHWWHU� WR�VXSSRUW�GULYHUV
� FRUUHFW� FKRLFH
RI� VSHHG�� 7KLV� FRXOG� EH� DFKLHYHG� E\� KLHUDUFKLFDO� FDWHJRULVDWLRQ� RI� URDGV� LQWR� D
OLPLWHG� QXPEHU� RI� FDWHJRULHV� VR� WKDW� HDFK� FDWHJRU\� KDV� D� GLVWLQFW� VHW� RI
FKDUDFWHULVWLFV�WKDW�LV�FOHDUO\�GLIIHUHQW�IURP�WKDW�RI�RWKHU�FDWHJRULHV��DFFRUGLQJ�WR�WKH
SULQFLSOH�RI�VHOI�H[SODLQLQJ�URDGV�

��� $XWRPDWHG� VSHHG� HQIRUFHPHQW� VKRXOG� EH� GHYHORSHG� IXUWKHU� DQG� WDNHQ� LQWR� ZLGHU
XVH�� 7R� LPSURYH� WKH� FRVW�HIIHFWLYHQHVV� RI� DXWRPDWHG� HQIRUFHPHQW�� OHJLVODWLYH
FKDQJHV�DUH�QHHGHG�LQ�VRPH�FRXQWULHV�VR� WKDW� WKH�RZQHU�RI� WKH�YHKLFOH� FDQ�EH�KHOG
UHVSRQVLEOH�IRU�VSHHGLQJ�RIIHQFHV��&RVW�HIIHFWLYHQHVV�FRXOG�EH�IXUWKHU�LPSURYHG�LI�DOO
YHKLFOHV�ZHUH�HTXLSSHG�ZLWK�DQ�HOHFWURQLF� LGHQWLILFDWLRQ�GHYLFH��6XFK�GHYLFH�ZRXOG
EH� XVHIXO� DOVR� IRU� RWKHU� SXUSRVHV�� H�J�� WUDFLQJ� VWROHQ� YHKLFOHV� DQG� FROOHFWLRQ� RI
SDUNLQJ�IHHV�

��� 6SHHG�PDQDJHPHQW�ZRXOG�EHQHILW� IURP�WKH�UHGXFWLRQ�RI� WKH�GLIIHUHQFH�EHWZHHQ�WKH
HIIHFWV�RI�VSHHG�RQ�VRFLDO�DQG�SULYDWH�FRVWV��,I�WKH�FRVW�RI�LQFUHDVLQJ��RU�GHFUHDVLQJ�
GULYLQJ� VSHHG� DV� H[SHULHQFHG� E\� GULYHUV�ZRXOG� IROORZ�PRUH� FORVHO\� WKH� UHVSHFWLYH
FRVW� WR� WKH� VRFLHW\�� GULYHUV� ZRXOG� YROXQWDULO\� FKRRVH� VSHHGV� WKDW� DUH� FORVHU� WR
VRFLDOO\�RSWLPDO�VSHHGV��,Q�SULQFLSOH��WKLV�FRXOG�EH�DFKLHYHG�E\�LQWHUQDOLVLQJ�H[WHUQDO
FRVWV�� H�J�� DFFLGHQW� FRVWV� DQG� HQYLURQPHQWDO� FRVWV�� +RZHYHU�� IXUWKHU� UHVHDUFK� LV
QHHGHG�WR�ILQG�RXW�LI�DQG�KRZ�WKLV�FRXOG�EH�UHDOLVHG�LQ�SUDFWLVH�
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��� ,QIRUPDWLRQ� DQG� SXEOLFLW\� FDPSDLJQV� UHJDUGLQJ� WKH� LPSDFWV� RI� VSHHG� DUH� QHHGHG�
ZLWK� WKH� SXUSRVH� RI� JLYLQJ� REMHFWLYH� LQIRUPDWLRQ� DERXW� DOO� LPSDFWV� RI� VSHHG�� 6XFK
LQIRUPDWLRQ� FRXOG� LQFUHDVH� WKH� SXEOLF� DFFHSWDQFH� RI� VSHHG� UHVWULFWLRQV� WKDW� DUH
MXVWLILHG� IURP� VRFLHW\©V� YLHZSRLQW�� 1HYHUWKHOHVV�� GHFLVLRQ�PDNHUV� ZLOO� VWLOO� QHHG� WR
UHFRJQLVH�WKDW�SRSXODULW\� LV�QRW�QHFHVVDULO\�D�JRRG�FULWHULRQ� IRU� VSHHG�PDQDJHPHQW
SROLFLHV�

��� 6SHHG� OLPLWV� VKRXOG� EH� H[WHQGHG� WR� FRYHU� DOO� URDGV� LQ� (XURSH�� DQG� WKH� KLJKHVW
SRVVLEOH� VSHHG� RI� YHKLFOHV� VKRXOG� EH� UHVWULFWHG� WR� WKH� KLJKHVW� VSHHG� OLPLW� RQ
PRWRUZD\V�

���� 5(&200(1'$7,216�)25�)857+(5�5(6($5&+

)XUWKHU� UHVHDUFK� LV� QHHGHG� LQ� VHYHUDO� DUHDV� EHIRUH� WKH� UHFRPPHQGDWLRQV� DERYH� FDQ� EH
IXOO\��FRUUHFWO\�DQG�HIIHFWLYHO\�LPSOHPHQWHG��(VSHFLDOO\��VSHHG�PDQDJHPHQW�FRXOG�EHQHILW
IURP�UHVHDUFK�LQ�WKH�IROORZLQJ�ILHOGV�

��� )XUWKHU� UHVHDUFK� DQG� PRGHOOLQJ� RI� WKH� LPSDFWV� RI� VSHHG� RQ� WKH� YDULRXV� H[KDXVW
HPLVVLRQV��QRLVH��YHKLFOH�RSHUDWLQJ�FRVWV�DQG�WLPH�FRVWV�LV�QHHGHG�VR� WKDW� WKH�VSHHG
GHSHQGHQFH� RI� GLIIHUHQW� IDFWRUV� ZRXOG� EH� HDVLHU� WR� XVH� LQ� GHWHUPLQDWLRQ� RI� WDUJHW
VSHHG�

��� 3UHVHQW� NQRZOHGJH� RI� QHWZRUN� HIIHFWV� RI� VSHHG� PDQDJHPHQW� LV� LQVXIILFLHQW�
HVSHFLDOO\�LQ�UHODWLRQ�WR�WKH�HODVWLFLW\�EHWZHHQ�VSHHG�DQG�WUDIILF�YROXPHV�

��� 0RUH�LQIRUPDWLRQ�LV�QHHGHG�DERXW�WKH�XVH�RI�GLIIHUHQW�NLQGV�RI�URDGV�LQ�WKH�FRXUVH�RI
GLIIHUHQW�NLQGV�RI�MRXUQH\V�IRU�LPSURYHG�DVVHVVPHQW�RI�WKH�LPSDFWV�RI�GLIIHUHQW�VSHHG
PDQDJHPHQW�SROLFLHV�

��� 5HVHDUFK� RQ� WKH� LPSDFWV� RI� FKDQJHV� LQ� VSHHGV� RQ� DFFLGHQW� RFFXUUHQFH� VKRXOG� EH
FRQWLQXHG�� 6SHFLILFDOO\�� LQWURGXFWLRQ� RI� VSHHG�OLPLWHUV� DQG� LPSURYHG� VSHHG
HQIRUFHPHQW�DUH�OLNHO\�WR�FKDQJH�WKH�IRUP�RI�WKH�VSHHG�GLVWULEXWLRQV��DQG�WKH�HIIHFWV
RQ�DFFLGHQWV�RI� VXFK�FKDQJHV�FDQQRW�EH� UHOLDEO\�SUHGLFWHG�RQ� WKH�EDVLV�RI� SUHYLRXV
VWXGLHV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�VSHHG�DQG�DFFLGHQW�RFFXUUHQFH�

��� 7KHUH� DUH� ODUJH� YDULDWLRQV� EHWZHHQ� FRXQWULHV� LQ� WKH� PRQHWDU\� YDOXDWLRQ� RI� WKH
LPSDFWV�RI�VSHHG��HVSHFLDOO\�WKH�YDOXH�RI�WLPH��HQYLURQPHQWDO�LPSDFWV�DQG�DFFLGHQWV�
5HVHDUFK� DLPLQJ� DW� PRUH� XQLIRUP� YDOXDWLRQ� RI� VXFK� LPSDFWV� ZRXOG� SURPRWH
KDUPRQLVDWLRQ�RI�VSHHGV�

��� 5HVHDUFK�LV�QHHGHG�WR�GHYHORS�FRPPRQO\�DFFHSWHG�SURFHGXUHV�IRU�FRQVLGHUDWLRQ�RI
GLVWULEXWLRQDO�DQG�HTXLW\�LPSDFWV�RI�FKDQJHV�LQ�VSHHG�

��� 7KH� SUHVHQW� SUDFWLFH� RI� PRQLWRULQJ� WKH� VSHHGV� RQ� GLIIHUHQW� NLQGV� RI� URDGV� GLIIHUV
EHWZHHQ�FRXQWULHV��6WDQGDUGLVDWLRQ�RI�FROOHFWLRQ�DQG�UHSRUWLQJ�RI�VSHHG�GDWD�ZRXOG
KHOS�LQ�WKH�LGHQWLILFDWLRQ�RI�SUREOHP�DUHDV�LQ�VSHHG�PDQDJHPHQW�

�� )XUWKHU� UHVHDUFK� LV� QHHGHG� RQ� LQ�FDU� V\VWHPV� IRU� LQWHOOLJHQW� VSHHG� DGDSWDWLRQ�
3RWHQWLDO�IRU�DGDSWDWLRQ�DFFRUGLQJ�WR�ZHDWKHU�DQG�URDG�VXUIDFH�FRQGLWLRQ�QHHGV�WR�EH
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H[SORUHG��%HKDYLRXUDO�DGDSWDWLRQ�HIIHFWV�QHHG� WR�EH� LQYHVWLJDWHG��$FFHSWDELOLW\� DQG
HIIHFWV� RQ� FRPSOLDQFH� RI� WKH� YDULRXV� W\SHV� RI� V\VWHP�QHHG� WR� EH� VWXGLHG�� WRJHWKHU
ZLWK�WKHLU�KXPDQ�PDFKLQH�LQWHUIDFHV�LQ�RUGHU�WR�PDNH�UHFRPPHQGDWLRQV�IRU�GHVLJQ�
DQG�IRU�VWUDWHJLHV�DQG�WLPH�VFDOHV�RI�LPSOHPHQWDWLRQ�
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��� 5()(5(1&(6

��� $EERWW��3�*��	�/D\ILHOG��5�(�� �������7KH�FKDQJH� LQ� WUDIILF�QRLVH� OHYHOV� IROORZLQJ
WKH� LQVWDOODWLRQ�RI� VSHHG�FRQWURO� FXVKLRQV�DQG� URDG� KXPSV���3URFHHGLQJV� RI� ,QWHU�
1RLVH�����/LYHUSRRO��8�.��SS�����������

��� $M]HQ�� ,�� ������ )URP� LQWHQWLRQV� WR� DFWLRQV�� D� WKHRU\� RI� SODQQHG� EHKDYLRXU�� ,Q�� -�
.XKO� 	� %�� %UHKPHU� �HGV��� $FWLRQ� FRQWURO�� )URP� &RQWURO� WR� %HKDYLRXU� ��������
6SULQJHU�9HUODJ��%HUOLQ�

��� $OOVRS�� 5�� (�� ������ $VSHFWV� RI� 6SHHG� LQ� 5HODWLRQ� WR� 7UDIILF� 6DIHW\�� ,$766
5HVHDUFK�9RO�����1R����

��� $OOVRS��5��(��������6XPPDU\�RI�5HVHDUFK�$UHD����%DVLV�IRU�$SSUDLVDO�RI�(IIHFWV�RI
'LIIHUHQW�/HYHOV�RI�6SHHG��0$67(5�:RUNLQJ�3DSHU�������

��� $QGHUVVRQ�� -�:�� ������ 7KH� HIIHFWLYHQHVV� RI� WUDIILF� VDIHW\�PDWHULDOV� LQ� LQIOXHQFLQJ
WKH� GULYLQJ� SHUIRUPDQFH� RI� WKH� JHQHUDO� GULYLQJ� SRSXODWLRQ�� $FFLGHQW� $QDO\VLV� DQG
3UHYHQWLRQ�����SS�������

��� $QGHUVVRQ�� *�� 	� 1LOVVRQ�� *�� ������ 6SHHG� 0DQDJHPHQW� LQ� 6ZHGHQ�� 6ZHGLVK
1DWLRQDO�5RDG�DQG�7UDQVSRUW�5HVHDUFK�,QVWLWXWH��97,������S�

��� %DUORZ�� 7�� ������ 02'(0� (PLVVLRQV� 0RGHO� &RPSXWHU� 3URJUDPPH� �� 8VHUV
0DQXDO���9HUVLRQ�������7UDQVSRUW�UHVHDUFK�ODERUDWRU\��&URZWKRUQH��%HUNVKLUH�

��� %DUX\D��$��������$�5HYLHZ�RI�6SHHG�$FFLGHQW�5HODWLRQVKLS� RQ�(XURSHDQ�5RDGV�
0$67(5�:RUNLQJ�3DSHU�������

��� %DUX\D�� $�� ����D�� 6SHHG�$FFLGHQW� 5HODWLRQVKLS� RQ� 6LQJOH�FDUULDJHZD\� 5RDGV� RI
8.�:RUNLQJ�3DSHU�������

���� %DUX\D�� $�� ����E�� 6SHHG�$FFLGHQW� 5HODWLRQVKLS� RQ� (XURSHDQ� 5RDGV�� 0$67(5
:RUNLQJ�3DSHU�������

���� %DUX\D�� $�� ����F�� 6SHHG�$FFLGHQW� 5HODWLRQVKLS� RQ� 'LIIHUHQW� .LQGV� RI� (XURSHDQ
5RDGV��0$67(5�'HOLYHUDEOH����UHSRUW��������

���� %HQQHWW�&��5��������7KH�1HZ�=HDODQG�YHKLFOH�RSHUDWLQJ�FRVW�PRGHO��558�%XOOHWLQ
����7UDQVLW�1HZ�=HDODQG��:HOOLQJWRQ�

���� &DLUQH\��3�7��	�+DUZRRG��&�:��������([SHULHQFH�ZLWK�D� ORFDO�DUHD�VSHHG�OLPLW� LQ
8QOH\�� 6RXWK� $XVWUDOLD�� 3URFHHGLQJV� ��WK� $55%� FRQIHUHQFH�� &ROG� &RDVW�
4XHHQVODQG�� ������ $XJXVW� ������ 9RO�� ���� 3DUW� ��� S�� ��������� 9HUPRQW� 6RXWK�
$XVWUDOLDQ�5HVHDUFK�%RDUG�

���� &DUWK\��7���3DFNKDP��'���5KRGHV�'HIW\��1���6DOWHU��'��	�6LOFRFN��'��������5LVN�RQ
WKH�URDGV�����$WWLWXGHV�DQG�DFFHSWDELOLW\�RI�FRXQWHUPHDVXUHV��7UDIILF�(QJLQHHULQJ��
&RQWURO���-XQH���S����������
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���� &(&���&RPPLVVLRQ�RI�WKH�(XURSHDQ�&RPPXQLWLHV��������7KH�)XWXUH�'HYHORSPHQW
RI� WKH� &RPPRQ� 7UDQVSRUW� 3ROLF\�� $� *OREDO� $SSURDFK� WR� WKH� &RQVWUXFWLRQ� RI� D
&RPPXQLW\� )UDPHZRUN� IRU� 6XVWDLQDEOH� 0RELOLW\�� %XOOHWLQ� RI� WKH� (XURSHDQ
&RPPXQLWLHV��6XSSOHPHQW����������S����DSS����S�

���� &(&���&RPPLVVLRQ�RI�WKH�(XURSHDQ�&RPPXQLWLHV��������3URPRWLQJ�URDG�VDIHW\�LQ
WKH�(8���WKH�SURJUDPPH�IRU������������&20����������ILQDO��%UXVVHOV

���� &RPWH��6������D��6LPXODWRU�6WXG\�RQ�WKH�(IIHFWV�RI�RI�$77�DQG�QRQ�$77�6\VWHPV
DQG�7UHDWPHQWV�RQ�'ULYHU�6SHHG�%HKDYLRXU��0$67(5�:RUNLQJ�3DSHU�������

���� &RPWH�� 6�� ����E�� (YDOXDWLRQ� RI� ,Q�FDU� 6SHHG� /LPLWHUV� �� 6LPXODWRU� 6WXG\�
0$67(5�:RUNLQJ�3DSHU�������

���� &RPWH�� 6���	� -DPVRQ��+�� ������ 7KH� (IIHFWV� RI� $77� DQG� QRQ�$77� V\VWHPV� DQG
WUHDWPHQWV�RQ�VSHHG�DGDSWDWLRQ�EHKDYLRXU��0$67(5�'HOLYHUDEOH�����UHSRUW��������

���� &RPWH�� 6��� 9iUKHO\L�� $�� 	� 6DQWRV�� -�� ������ 7KH� (IIHFWV� RI� $77� DQG� 1RQ�$77
6\VWHPV� DQG� 7UHDWPHQWV� RQ� 'ULYHU� 6SHHG� %HKDYLRXU�� 0$67(5�:RUNLQJ� 3DSHU
������

���� 'UDVNyF]\�� 0�� 	� 0RFViUL�� 7�� ������ 3UHVHQW� 6SHHGV� DQG� 6SHHG� 0DQDJHPHQW
0HWKRGV�LQ�(XURSH��0$67(5�'HOLYHUDEOH�'���5HSRUW��������

���� 'HSDUWPHQW� RI� WKH� (QYLURQPHQW�� 7UDQVSRUW� DQG� WKH� 5HJLRQV�� ������ +LJKZD\V
(FRQRPLFV�1RWH� ��� 'HSDUWPHQW� RI� WKH� (QYLURQPHQW�� 7UDQVSRUW� DQG� WKH� 5HJLRQV�
+LJKZD\V�(FRQRPLFV�DQG�7UDIILF�$SSUDLVDO�'LYLVLRQ��/RQGRQ�

���� (JJOHVWRQ�� +�6��� *RULVVHQ�� 1��� -RXPDUG�� 5��� 5LMNHERHU�� 5�&��� 6DPUDV�� =�� DQG
=LHURFN�� .�+�� ������ &25,1$,5� :RUNLQJ� *URXS� RQ� HPLVVLRQ� IDFWRUV� IRU
FDOFXODWLQJ� ����� HPLVVLRQV� IURP� URDG� WUDIILF�� 9ROXPH� ��� 0HWKRGRORJ\� DQG
HPLVVLRQV� IDFWRUV�� &RPPLVLRQ� RI� WKH� (XURSHDQ� &RPPXQLWLHV�� &RQWUDFW� 1R�
��������������(85�������(1

���� (OYLN� 5��� 0\VHQ�� $��� 9DD�� 7�� ������ 7UDILNVLNNHUKHWVKnQGERN�� WUHGMH� XWJDYH�
�UHYLVHG� YHUVLRQ� RI� WKH� ����� 7UDILNNVLNNHUKHWVKnQGERN�� LQ� 1RUZHJLDQ��� 2VOR�
7UDQVSRUW�NRQRPLVN�,QVWLWXWW�

���� (OYLN�� 5��� 9DD�� 7�� 	� �VWYLN�� (�� ������ 7UDILNNVLNNHUKHWVKnQGERN� �7UDIILF� 6DIHW\
+DQGERRN���2VOR��7UDQVSRUW�NRQRPLVN�LQVWLWXW��,Q�1RUZHJLDQ�

���� (76&� �(XURSHDQ� 7UDQVSRUW� 6DIHW\� &RXQFLO��� ������ 5HGXFLQJ� WUDIILF� LQMXULHV
UHVXOWLQJ�IURP�H[FHVV�DQG�LQDSSURSULDWH�VSHHG��%UXVVHOV�

���� (XURSHDQ�3DUOLDPHQW�������5HSRUW�IURP�WKH�&RPPLWWHH�RQ�7UDQVSRUW�DQG�7RXULVP
3(���������ILQ��6WUDVERXUJ�

���� )+:$� �)HGHUDO�+LJIZD\�$GPLQLVWUDWLRQ��� ������5XUDO�$SSOLFDWLRQV� RI� $GYDQFHG
7UDYHOHU� ,QIRUPDWLRQ� 6\VWHPV�� 8VHU� 1HHGV� DQG� 7HFKQRORJ\� $VVHVVPHQW�
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3XEOLFDWLRQ� 12�� )+:$�5'��������� -XO\� ������ 8�6�� 'HSDUWPHQW� RI
7UDQVSRUWDWLRQ��)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ

���� )LQFK��'���.RPSIQHU��3���/RFNZRRG��&��	�0D\FRFN��*��������6SHHG��VSHHG�OLPLWV
DQG�DFFLGHQWV��&URZWKRUQH��7UDQVSRUW�5HVHDUFK�/DERUDWRU\��3URMHFW�5HSRUW����

���� )LVKEHLQ�� 0�� DQG� $M]HQ�� ,�� ������ %HOLHI�� DWWLWXGH�� LQWHQWLRQ� DQG� EHKDYLRXU�� DQ
LQWURGXFWLRQ�WR�WKHRU\�DQG�UHVHDUFK��$GGLVRQ�:HVOH\��5HDGLQJ��0$�

���� *DUEHU�1�-�� DQG�*DGLUDX�5�� ������ 6SHHG� YDULDQFH� DQG� LWV� LQIOXHQFH� RQ� DFFLGHQWV�
$$$�)RXQGDWLRQ�IRU�7UDIILF�6DIHW\��:DVKLQJWRQ�'&�

���� +DPPDUVWU|P��8��	�.DUOVVRQ��%��������9HWR���D�FRPSXWHU�SURJUDP�IRU�FDOFXODWLRQ
RI� WUDQVSRUW� FRVWV� DV� D� IXQFWLRQ� RI� URDG� VWDQGDUG�� 6ZHGLVK� 5RDG� DQG� 7UDQVSRUW
,QVWLWXWH�97,��/LQN|SLQJ�

���� +DXHU�� (��� $KOLQ�� )�-�� DQG� %RZVHU�� -�6��� ������ 6SHHG� HQIRUFHPHQW� DQG� VSHHG
FKRLFH��$FFLGHQW�$QDO\VLV�DQG�3UHYHQWLRQ���������SS�������

���� +HUUVWHGW�� /�� ������ (QYLURQPHQWDOO\� DGDSWHG� WKURXJK� URDG� LQ� YLQGHUXS�� HIIHFW
HYDOXDWLRQ�� ��WK�$UUE� &RQIHUHQFH�� ��� $XJXVW� �� �� 6HSWHPEHU�� ������ &DQEHUUD�
$XVWUDOLDQ� &DSLWDO� 7HUULWRU\�� 3URFHHGLQJV� ��� ����� S�� ������� $XVWUDOLDQ� 5RDG
5HVHDUFK�%RDUG��9LFWRULD

���� +H\ZRRG��-�%��������,QWHUQDO�FRPEXVWLRQ�HQJLQH�IXQGDPHQWDOV��0F*UDZ�+LOO��1HZ
<RUN�

���� +RJHPD��-�+���+RUVW��$�5�$��YDQ�GHU�	�%DNNHU��3�-��������(YDOXDWLRQ�RI�WKH�$��
IRJ�VLJQDOOLQJ� V\VWHP� ZLWK� UHVSHFW� WR� GULYLQJ� EHKDYLRXU� >(YDOXDWLH� YDQ� KHW� $��
PLVWVLJQDOHULQJVV\VWHHP� LQ� WHUPHQ� YDQ� KHW� ULMJHGUDJ@�� �5HSRUW� 712�70� ����� &�
�����6RHVWHUEHUJ��7KH�1HWKHUODQGV��712�+XPDQ�)DFWRUV�5HVHDUFK�,QVWLWXWH

���� +\GpQ�� &�� ������ (IIHNWHQ� DY� I\UYlJVWRSS�� �7KH� HIIHFWV� RI� IRXU�ZD\� VWRS�� �LQ
6ZHGLVK���6lNWUD��/XQG�

���� +\GpQ��&���3HUVVRQ��+���������3nYHUNDQ�DY�KDVWLJKHWVYDO� L�ERVWDGVRPUnGHQ�JHQRP
LQIRUPDWLRQ���(IIHNWHU�DY�HQ�ORNDO�NDPSDQM��/XQG�8QLYHUVLW\��6ZHGHQ�

���� -RQHV� �������� 8.� SXEOLF� DWWLWXGHV� WRZDUGV� WUDIILF� UHJXODWLRQ�� FRPSOLDQFH� DQG
HQIRUFHPHQW�LQ�XUEDQ�DUHDV��2[IRUG�8QLYHUVLW\�7UDQVSRUW�6WXGLHV�8QLW��2[IRUG�

���� -RVW�� 3�� +DVVHO�� '��� :HEHU�� )�-�� DQG� 6RQQERUQ�� .�6�� ������ (PLVVLRQ� DQG� IXHO
FRQVXPSWLRQ�PRGHOOLQJ�EDVHG�RQ�FRQWLQXRXV�PHDVXUHPHQWV��'HOLYHUDEOH��1R�����(8
'5,9(�SURMHFW�9�������0RGHOOLQJ�RI�HPLVVLRQV�DQG�FRQVXPSWLRQ� LQ�XUEDQ�DUHDV��
02'(0�

���� -lUPDUN��6���������2P�WUDILNVlNHUKHWVLQIRUPDWLRQ��97,�QRWDW��/LQN|SLQJ��6ZHGHQ�
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���� .DOOEHUJ��9�3��������7KH�WZR�HIIHFWV�RI�VSHHG�RQ�DFFLGHQWV��QXPEHU�DQG� VHYHULW\�
7UDQVSRUWDWLRQ� 5HVHDUFK� %RDUG� ��WK� $QQXDO� 0HHWLQJ�� ��¤��� -DQXDU\�� �����
:DVKLQJWRQ��'�&��3DSHU�1R�������������S�

���� .DOOEHUJ��9�3��	�7RLYDQHQ��6��������)UDPHRUN�IRU�$VVHVVLQJ�WKH�(IIHFWV�RI�6SHHG�
0$67(5�:RUNLQJ�3DSHU�������

���� .DOOEHUJ�� 9�3�� 	� 7RLYDQHQ�� 6�� ������ )UDPHZRUN� IRU� $VVHVVLQJ� WKH� ,PSDFWV� RI
6SHHG�LQ�5RDG�7UDQVSRUW��0$67(5�'HOLYHUDEOH����UHSRUW��������

���� .DOOEHUJ�� 9�3��� $OOVRS�� 5�(���:DUG�� +�� YDQ� GHU� +RUVW�� 5�� 	� 9iUKHO\L�� $�� �����
5HFRPPHQGDWLRQV� IRU� 6SHHG� 0DQDJHPHQW� 6WUDWHJLHV� DQG� 3ROLFLHV�� 0$67(5
'HOLYHUDEOH�����UHSRUW��������

���� .DSWHLQ�� 1�� 	� &ODHVVHQV�� 0�� ������ (IIHFWV� RI� &RJQLWLYH� 5RDG� &ODVVLILFDWLRQ� RQ
'ULYLQJ�%HKDYLRXU��$�'ULYLQJ�6LPXODWRU�6WXG\��0$67(5�'HOLYHUDEOH�'�� �UHSRUW
������

���� .DSWHLQ�� 1��� YDQ�+DWWXP�� 7��	� YDQ� GHU�+RUVW�� 5�� ������ &DWHJRULVDWLRQ� RI� 5RDG
(QYLURQPHQWV�DQG�'ULYLQJ�6SHHG��0$67(5�'HOLYHUDEOH�'���UHSRUW��������

���� /DUVRQ��/�'���6FKQHOOH��-�)���.LUFKQHU��5�-U���&DUU��$�)���'RPDVK��0���5LVOH\��7�5�
������ 5HGXFWLRQ� RI� SROLFH� YHKLFOH� DFFLGHQWV� WKURXJK� PHFKDQLFDOO\� DLGHG
VXSHUYLVLRQ��-RXUQDO�RI�$SSOLHG�%HKDYLRU�$QDO\VLV��������������������

���� /DYH�� &�$�� ������ 6SHHGLQJ� FR�RUGLQDWLRQ� DQG� WKH� ���PLOHV�K� OLPLW�� $PHULFDQ
(FRQRPLF�5HYLHZ��9RO������6HS���SS���������

���� /HYHOW�� 3�� ������ 6SHHG� DQG� 0RWLYDWLRQ�� (VWDEOLVKHG� DQG� QHZO\� GHYHORSHG� LGHDV
DERXW� WKH� FRQWHQW� RI� TXHVWLRQQDLUHV� DQG� WKH� GHVLJQ� RI� FDPSDLJQV�� 0$67(5
:RUNLQJ�3DSHU�������

���� /LFKILHOG�� 1��� .HWWOH�� 3�� DQG� :KLWEUHDG�� 0�� ������ (YDOXDWLRQ� LQ� WKH� SODQQLQJ
SURFHVV��3HUJDPRQ�3UHVV��2[IRUG�

���� 0DF.LH�� $�� 	� :HEVWHU�� '�� ������ 0RQLWRULQJ� RI� ��� PSK� ]RQHV�� 7UDIILF
0DQDJHPHQW�DQG�5RDG�6DIHW\��3URFHHGLQJV�RI�6HPLQDU�*�+HOG�DW� WKH���UG�375&
(XURSHDQ�7UDQVSRUW�)RUXP��8QLYHUVLW\�RI�:DUZLFN��6HSWHPEHU��������������9RO�
3����� S�� ������� 375&�(GXFDWLRQ� DQG�5HVHDUFK�6HUYLFHV�/WG��*OHQWKRUQH�+RXVH�
+DPPHUVPLWK�*URYH��/RQGRQ�

���� 0DQVWHDG�� $�6�5��� 3DUNHU�� '��� 6WUDGOLQJ�� 6�*��� 5HDVRQ�� -�7��� %D[WHU�� -�6�� 	
.HOHPHQ��'����������)DOVH�FRQVHQVXV�LQ�HVWLPDWLQJ�WKH�SUHYDOHQFH�RI�GULYLQJ�HUURUV
DQG�YLRODWLRQV��LQ�%HKDYLRXUDO�UHVHDUFK�LQ�URDG�VDIHW\��SURFHHGLQJV�RI�D�VHPLQDU�KHOG
DW�1RWWLQJKDP�8QLYHUVLW\��������6HSWHPEHU�������S��������

���� 0DUWHQV��0��	�.DSWHLQ��1��������6SHHG�%HKDYLRXU�%HIRUH�DQG�$IWHU�5RDG�'HVLJQ
0RGLILFDWLRQV��0$67(5�'HOLYHUDEOH�'���UHSRUW��������
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���� 0DUWHQV��0���&RPWH��6��	�.DSWHLQ��1��������7KH�(IIHFWV�RI�5RDG�'HVLJQ�RQ�6SHHG
%HKDYLRXU�¤�$�OLWHUDWXUH�UHYLHZ��0$67(5�'HOLYHUDEOH�'���5HSRUW��������

���� 0HQWLQJ��/�-��	�6WH\YHUV��)�-�-�0��������(YDOXDWLRQ� VWXG\� LQWR�D� FRPSXWHU�EDVHG
HGXFDWLRQ� SURJUDP� IRU� VSHHG� RIIHQGHUV�� >,Q� 'XWFK@� :5�������� 7KH� 7UDIILF
5HVHDUFK�&HQWUH�96&��+DUHQ�

���� 0HW]� 1��� 6FKOLFKWHU� +�� DQG� 6FKHOOHQEHUJ� +�� ������� 3RVLWLYH� HIIHFWV� RI� D� WUDIILF
FRQWURO� V\VWHP� RQ� IXHO� FRQVXPSWLRQ� DQG� H[KDXVW� HPLVVLRQV� RQ� WKH� *HUPDQ� $�
$XWREDKQ��,QW��-��RI�9HKLFOH�'HVLJQ�������������������

���� 1HOVRQ��3���HG����������7UDQVSRUWDWLRQ�QRLVH�UHIHUHQFH�ERRN��/RQGRQ��%XWWHUZRUWK�
6HFWLRQ�����

���� 1ROHQ��6��	�-RKDQVVRQ��5��������(YDOXDWLRQ�RI�D�ORFDO�VSHHG�FDPSDLJQ�LQ�PMRHOE\�
VDOD� DQG� VDQGYLNHQ�� >,Q� 6ZHGLVK@�� 97,� 0HGGHODQGH� ������� 6WDWHQV� 9lJ�� 2FK
7UDQVSRUWIRUVNLQJVLQVWLWXW��/LQN|SLQJ�

���� 2
&LQQpLGH�� '�� 	� 0XUSK\�� (�� ������ 7KH� UHODWLRQVKLS� EHWZHHQ� JHRPHWULF� URDG
GHVLJQ� VWDQGDUGV� DQG� GULYHU�YHKLFOH� EHKDYLRXU�� OHYHO� RI� VHUYLFH� DQG� VDIHW\�
8QLYHUVLW\�RI�<RUN��7UDIILF�5HVHDUFK�8QLW�

���� 2HL�� +�/�� ������ 7KH� (IIHFW� RI� (QIRUFHPHQW� RQ� 6SHHG� %HKDYLRXU�� $� /LWHUDWXUH
6WXG\��0$67(5�'HOLYHUDEOH�'���5HSRUW��������

���� 2HL��+�/��	�*ROGHQEHOG��&��������(YDOXDWLRQ�RI�D�VSHHG�HQIRUFHPHQW�FDPSDLJQ�RQ
���DQG�����NP�K�URDGV� LQ� WKH�'XWFK�SURYLQFH�RI�2YHULMVVHO��5HSRUW�RQ�SKDVH�����
DQG� ��� >,Q� 'XWFK@�� 5�������� 6:29� ,QVWLWXWH� IRU� 5RDG� 6DIHW\� 5HVHDUFK�
/HLGVFKHQGDP�

���� 2HL�� +�/��	��*ROGHQEHOG�� &�� ����D�� (YDOXDWLRQ� RI� WKH� VSHHG� HQIRUFHPHQW� RQ� ��
NP�K�DQG�����NP�K�URDGV�LQ�WKH�'XWFK�SURYLQFH�RI�)ULHVODQG��5HSRUW�RQ�SKDVH�����
DQG� ��� >,Q� 'XWFK@�� 5��������� 6:29� ,QVWLWXWH� IRU� 5RDG� 6DIHW\� 5HVHDUFK�
/HLGVFKHQGDP�

���� 2HL��+�/��	��*ROGHQEHOG��&������E��(YDOXDWLRQ�RI�WKH�VSHHG�HQIRUFHPHQW�RQ�WKH���
NP�K�URDG�QHWZRUN�LQ�WKH�'XWFK�SURYLQFH�RI�)OHYRODQG��5HSRUW�RQ�SKDVH������DQG���
>,Q�'XWFK@��5��������6:29�,QVWLWXWH�IRU�5RDG�6DIHW\�5HVHDUFK��/HLGVFKHQGDP�

���� 2HL��+�/��	�*ROGHQEHOG��&��������6SHHG�FDPSDLJQ������LQ�(LQGKRYHQ��5HVXOWV�RI
WKH� HYDOXDWLRQ� VWXG\�� >,Q� 'XWFK@�� 5�������� 6:29� ,QVWLWXWH� IRU� 5RDG� 6DIHW\
5HVHDUFK��/HLGVFKHQGDP�

���� �VWYLN��(��DQG�(OYLN��5���������7KH�HIIHFWV�RI�VSHHG�HQIRUFHPHQW�RQ�LQGLYLGXDO�URDG
XVHU� EHKDYLRXU� DQG� DFFLGHQWV�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� 5RDG� 6DIHW\
6\PSRVLXP� RQ� (QIRUFHPHQW� DQG� 5HZDUGLQJ� 6WUDWHJLHV� DQG� (IIHFWV�� &RSHQKDJHQ�
'HQPDUN�������
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���� 3DUNHU��'�� ������ ,QWHQWLRQV� WR� YLRODWH�� ,Q�� %HKDYLRXUDO� 5HVHDUFK� LQ� 5RDG� 6DIHW\�
3URFHHGLQJV�RI�D�6HPLQDU�KHOG�DW�1RWWLQJKDP�8QLYHUVLW\��S�����������

���� 3DUNHU��'�� ������9LGHR�EDVHG� LQWHUYHQWLRQ� VWXG\�� FKDQJLQJ� DWWLWXGHV� WR� VSHHGLQJ�
%HKDYLRXUDO�5HVHDUFK�LQ�5RDG�6DIHW\�,9��S�����������7UDQVSRUW�DQG�5RDG�5HVHDUFK
/DERUDWRU\��&URZWKRUQH�

���� 3DVDQHQ�� (�� ������ $MRQRSHXGHW� MD� MDODQNXONLMDQ� WXUYDOOLVXXV� �'ULYLQJ� VSHHGV� DQG
SHGHVWULDQ� VDIHW\��� (VSRR�� )LQODQG�� +HOVLQNL� 8QLYHUVLW\� RI� 7HFKQRORJ\�� 7UDIILF
ODERUDWRU\��3XEOLFDWLRQ�����LQ�)LQQLVK��

���� 3HUNLQV��:�$�� ������ 3XEOLF� DWWLWXGHV� WRZDUG� DOFRKRO� LPSDLUHG� GULYLQJ� DQG� VSHHG�
7UDIILF� 5HVHDUFK� 5HSRUW� �������� ������ 0LQLVWU\� RI� 7UDQVSRUW�� /DQG� 7UDQVSRUW
'LYLVLRQ��6DIHW\�6WDQGDUGV�%UDQFK��7UDIILF�5HVHDUFK�DQG�6WDWLVWLFV�6HFWLRQ��3ULYDWH
%DJ��:HOOLQJWRQ��1HZ�=HDODQG�

���� 3RO��0���9LVVHUV��-�$�0�0���1lJHOH��5�&��	�/LQGHLMHU��-�(��������3HULRGLF�5HJLRQDO
6XUYH\�RQ�5RDG�6DIHW\�3529��������$QQH[� UHSRUW��%\� WKH� GLUHFWLRQ� RI� 6:29
,QVWLWXWH� IRU� 5RDG� 6DIHW\� 5HVHDUFK�� >,Q� 'XWFK@�� 77� ������� 7UDIILF� 7HVW�
9HHQHQGDDO�

���� 3\QH��+�&���'RXJKHUW\��0�6���&DUVWHQ��2�0�-��DQG�7LJKW��0�5��������$�VLPXODWRU
EDVHG� HYDOXDWLRQ� RI� VSHHG� UHGXFWLRQ� PHDVXUHV� IRU� UXUDO� DUWHULDO� URDGV�� :RUNLQJ
3DSHU������,QVWLWXWH�IRU�7UDQVSRUW�6WXGLHV��8QLYHUVLW\�RI�/HHGV��8.�

���� 5DMDOLQ�� 6�� 	� 6XPPDOD�� +�� ������ :K\� GR� VORZ� GULYHUV� GULYH� VORZO\�� 7UDIILF
(QJLQHHULQJ���&RQWURO��-XO\�$XJXVW���S����������

���� 5DQWD��6��	�.DOOEHUJ��9�3�� ������$MRQRSHXGHQ� WXUYDOOLVXXVYDLNXWXNVLD� NRVNHYLHQ
WLODVWROOLVWHQ� WXWNLPXVWHQ� DQDO\\VL�� �$QDO\VLV� RI� VWDWLVWLFDO� VWXGLHV� RI� WKH� HIIHFWV� RI
VSHHG� RQ� VDIHW\��� +HOVLQNL�� )LQODQG�� )LQQLVK� 1DWLRQDO� 5RDG� $GPLQLVWUDWLRQ�
7LHODLWRNVHQ�WXWNLPXNVLD������������S����DSSV�����S���,Q�)LQQLVK��(QJOLVK�DEVWUDFW��
7,(/����������,6%1��������������

���� 5LVVHU��5��	�/HKQHU��8��������$FFHSWDELOLW\�RI�6SHHGV�DQG�6SHHG�/LPLWV�WR�'ULYHUV
DQG�3HGHVWULDQV�&\FOLVWV��0$67(5�'HOLYHUDEOH����UHSRUW��������

���� 5REHUWVRQ� 6�� 	� :DUG� +�� ������ 9DOXDWLRQ� RI� QRQ�DFFLGHQW� LPSDFWV� RI� VSHHG�
0$67(5�:RUNLQJ�3DSHU�������

���� 5REHUWVRQ�� 6���:DUG��+���0DUVGHQ��*��� 6DQGEHUJ��8��	�+DPPDUVWU|P��8�� �����
7KH�(IIHFWV�RI�6SHHG�RQ�1RLVH��9LEUDWLRQ�DQG�(PLVVLRQV�IURP�9HKLFOHV��0$67(5
:RUNLQJ�3DSHU�������

���� 5RRLMHUV�� $�-�� ������ 7KH� LQIOXHQFH� RI� VHOHFWLYH� WUDIILF� HQIRUFHPHQW�� UXPEOH� VWULSV
DQG�¨IHHGEDFN©�VLJQDOLVDWLRQ�RQ�WKH�GULYLQJ�VSHHG�RI�GULYHUV�LQVLGH�EXLOW�XS�DUHDV�RI
$PVWHUGDP��>,Q�'XWFK@��9.��������7KH�7UDIILF�5HVHDUFK�&HQWUH�96&��+DUHQ�
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���� 5RWKHQJDWWHU��7��������5LVN�DQG�WKH�DEVHQFH�RI�SOHDVXUH��D�PRWLYDWLRQDO� DSSURDFK
WR�PRGHOOLQJ�URDG�XVHU�EHKDYLRXU��(UJRQRPLFV���������S����������

���� 5RWKHQJDWWHU�� -�$�� ������ 5RDG� XVHU� DWWLWXGHV� DQG� EHKDYLRXU�� ,Q�� %HKDYLRXU
5HVHDUFK�LQ�5RDG�6DIHW\��6HPLQDU�������7UDQVSRUW�DQG�5RDG�5HVHDUFK�/DERUDWRU\�
&URZWKRUQH�

���� 5XVVDP��.��������� � ,PSURYLQJ�XVHU�EHKDYLRXU�E\� FKDQJLQJ� WKH� URDG� HQYLURQPHQW�
7KH�+LJKZD\�(QJLQHHU��$XJXVW�6HSWHPEHU�

���� 6DLNL�� 6DLNL�� -�� 	� +XPPHO�� -�(�� ������ $WWULEXWH� &RQMXQFWLRQV� DQG� WKH� 3DUW
&RQILJXUDWLRQ� $GYDQWDJH� LQ� 2EMHFW� &DWHJRU\� /HDUQLQJ�� -RXUQDO� RI� ([SHULPHQWDO
3V\FKRORJ\��/HDUQLQJ��0HPRU\�DQG�&RJQLWLRQ��������������

���� 6DPPHU��*�� ������*HQHUDO� ��� NSK� VSHHG� OLPLW� LQ� WKH� FLW\�� WKH� UHVXOWV� RI� D�PRGHO
SURMHFW� LQ� WKH�FLW\� RI�*UD]�� 3URFHHGLQJV� RI� WKH�7KLUG� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ
6DIHW\�DQG� WKH�(QYLURQPHQW� LQ� WKH� ��VW�&HQWXU\��/HVVRQV� IURP� WKH� 3DVW�� 6KDSLQJ
WKH�)XWXUH��1RYHPEHU�������������7HO�$YLY���S������������7UDQVSRUWDWLRQ�5HVHDUFK
,QVWLWXWH��7HFKQLRQ�,VUDHO�,QVWLWXWH��+DLID��,VUDHO�

���� 6$575(�� ����D�� (XURSHDQ� GULYHUV� DQG� WUDIILF� VDIHW\�� 6RFLDO� $WWLWXGHV� WR� 5RDG
7UDIILF� 5LVN� LQ� (XURSH� 6$575(�� 3UHVVHV� GH� O©eFROH� QDWLRQDOH� GHV� 3RQWV� HW
&KDXVVpHV��3DULV�

���� 6$575(�� ����E�� (XURSHDQ� GULYHUV� DQG� WUDIILF� VDIHW\�� 6RFLDO� $WWLWXGHV� WR� 5RDG
7UDIILF�5LVN� LQ� (XURSH� 6$575(�� ,Q�GHSWK� DQDO\VHV�� 3UHVVHV� GH� O©eFROH� QDWLRQDOH
GHV�3RQWV�HW�&KDXVVpHV��3DULV�

���� 6$575(� ��� ������ 7KH� DWWLWXGH� DQG� EHKDYLRXU� RI� (XURSHDQ� FDU� GULYHUV� WR� URDG
VDIHW\�� 5DUW� ��� 5HSRUW� RQ� SULQFLSDO� UHVXOWV�� /HLGVFKHQGDP�� 7KH� 1HWKHUODQGV�
6:29�,QVWLWXWH�IRU�5RDG�6DIHW\�5HVHDUFK��,6%1���������������

���� 6HQLRU�� 9��� 3DUNHU�� '��� 0DQVWHDG�� $�6�5�� 	� 6WUDGOLQJ�� 6�*�� ������ &KDQJLQJ
GULYHUV©�DWWLWXGHV�WRZDUGV�VSHHGLQJ�IROORZLQJ�WKH�LQGXFWLRQ�RI�FRJQLWLYH�WXQLQJ�VHW�
,Q�� %HKDYLRXUDO� 5HVHDUFK� LQ� 5RDG� 6DIHW\� ,,,�� 3URFHHGLQJV� RI� D� 6HPLQDU� DW� WKH
8QLYHUVLW\�RI�.HQW��������6HSWHPEHU��������75/�3XEOLVKHG�$UWLFOH�3$����������S�
�������7UDQVSRUW�DQG�5RDG�5HVHDUFK�/DERUDWRU\��&URZWKRUQH�

���� 6LOFRFN��'��7��DQG�:DONHU��5��7��������7KH�HYDOXDWLRQ�RI�DFFLGHQW�FRXQWHUPHDVXUHV
IRU�DSSOLFDWLRQ�LQ�UHVLGHQWLDO�VWUHHWV��5HVHDUFK�5HSRUW�1R�����7UDQVSRUW�2SHUDWLRQV
*URXS��8QLYHUVLW\�RI�1HZFDVWOH�XSRQ�7\QH��8.�

���� 6SRODQGHU��.��������+RZ�WR�UHGXFH�VSHHGLQJ"�7KH�UHVXOWV�RI� FRPELQHG�PHDVXUHV�
3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 1HZ� :D\V� DQG� 0HDQV� IRU
,PSURYHG�6DIHW\��7HO�$YLY��,VUDHO���S����������

���� 6XPPDOD�� +�� ������ 5LVN� FRQWURO� LV� QRW� ULVN� DGMXVWPHQW�� WKH� ]HUR�ULVN� WKHRU\� RI
GULYHU�EHKDYLRXU�DQG�LWV�LPSOLFDWLRQV��(UJRQRPLFV���������S����������
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���� 7HHG�� 1��� /XQG�� $�.�� 	� .QREODXFK�� 5�� ������ 7KH� GXUDWLRQ� RI� VSHHG� UHGXFWLRQV
DWWULEXWDEOH� WR� UDGDU� GHWHFWRUV�� $FFLGHQW� DQDO\VLV� DQG� SUHYHQWLRQ� ��� ����� SS� ����
����

���� 7(0$125'��������§5RDG�7UDIILF�1RLVH���1RUGLF�3UHGLFWLRQ�0RGHO§��7HPD1RUG
����������1RUGLF� &RXQFLO� RI�0LQLVWHUV�� 1RUGLF� 3XEOLVKLQJ�+RXVH� �DYDLODEOH� IURP
&(�)ULW]HV�$%��6WRFNKROP��

���� 7KHHXZHV�� -��	�'LNV��*�� ������ 6XEMHFWLYH� URDG� FDWHJRULVDWLRQ� DQG� VSHHG� FKRLFH�
�5HSRUW� 712�70� ����� %������ 6RHVWHUEHUJ�� 712� +XPDQ� )DFWRUV� 5HVHDUFK
,QVWLWXWH�

���� 7RLYDQHQ�� 6�� 	� .DOOEHUJ�� 9�3�� ������ )UDPHZRUN� IRU� DVVHVVLQJ� WKH� LPSDFWV� RI
VSHHG�� 5RDG� 6DIHW\� LQ� (XURSH� &RQIHUHQFH�� %HUJLVFK� *ODGEDFK�� *HUPDQ\�
6HSWHPEHU����

���� 7RZOLDW�� 0�� ������ 7UDILNVlNHUKHWV� nWJlUGHU� I|U� RVN\GGDGH� WUDILNDQWHU� L
P|WHVSXQNWHU�PHG� ELOLVWHU� Sn� KXYXGJDWRU�� �7UDIILF� VDIHW\�PHDVXUHV� IRU� YXOQHUDEOH
URDG�XVHUV� DW� PHHWLQJ� SRLQWV� ZLWK� FDUV� RQ� DUWHULDO� URDGV��� 8QSXEOLVKHG� ZRUNLQJ
SDSHU��/XQG�8QLYHUVLW\��/XQG��6ZHGHQ�

���� 7UDILNE\UnQ��������7Yn��RFK� I\UYlJVWRSS�'HO����)RUWVDWWD� I|UV|N� L�0DOP|�� �7ZR�
DQG� )RXU�ZD\� VWRS� 3DUW� ��� &RQWLQXHG� WULDOV� LQ� 0DOP|�� �LQ� 6ZHGLVK��� 0DOP|�
7UDILNE\UnQ��30��������

���� 9DQ�GHU�+RUVW��5��������6XPPDU\�RI�5HVHDUFK�$UHD����)DFWRUV�,QIOXHQFLQJ�'ULYHUV

6SHHG�%HKDYLRXU�DQG�$GDSWDWLRQ��0$67(5�:RUNLQJ�3DSHU�������

���� 9DQ�/HHXZHQ��-�-�$���0DQYHOO��'��	�1RWD��5��������6RPH�3UHGLFWLRQ�0RGHOV� IRU
WKH�&DOFXODWLRQ�RI�7UDIILF�1RLVH�LQ�WKH�(QYLURQPHQW��3URFHHGLQJV�RI�,QWHU�1RLVH����
/LYHUSRRO��8QLWHG�.LQJGRP��SS������������

���� 9$1� /((8:(1�� -�� -�� $��� 0$19(//�� '�� $1'� 127$�� 5�� ������ 6RPH
3UHGLFWLRQ� 0RGHOV� IRU� WKH� &DOFXODWLRQ� RI� 7UDIILF� 1RLVH� LQ� WKH� (QYLURQPHQW�
3URFHHGLQJV�RI�,QWHU�1RLVH�����/LYHUSRRO��8QLWHG�.LQJGRP��SS�����������

����� 9iUKHO\L��$�� ������ 6XPPDU\� RI�5HVHDUFK�$UHD� ��� ,QQRYDWLYH� 6SHHG�0DQDJHPHQW
7RROV��0$67(5�:RUNLQJ�3DSHU�������

����� 9iUKHO\L��$��	�0lNLQHQ��7��������(YDOXDWLRQ�RI�,Q�FDU�6SHHG�/LPLWHUV��)LHOG�6WXG\�
0$67(5�:RUNLQJ�3DSHU�������

����� 9iUKHO\L��$���0lNLQHQ��7��	�&RPWH��6��������(YDOXDWLRQ�RI�,Q�FDU�6SHHG�/LPLWHUV�
)LQDO�5HSRUW��0$67(5�'HOLYHUDEOH�'����UHSRUW��������

����� :LWWLQN�� 5�'�� 	� /HYHOW�� 3�%�0�� ������ ,QIOXHQFLQJ� VSHHGLQJ� EHKDYLRXU� E\
LQIRUPDWLRQ� FDPSDLJQV�� >,Q� 'XWFK@�� 5�������� 6:29� ,QVWLWXWH� IRU� 5RDG� 6DIHW\
5HVHDUFK��/HLGVFKHQGDP�
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����� 9RJHO�� 5�� 	� 5RWKHQJDWWHU�� -�$�� ������ 0RWLHYHQ� YDQ� VQHOKHLGVJHGUDJ� RS
DXWRVQHOZHJHQ�� HHQ� DWWLWXGH� RQGHU]RHN�� 9.� ������� 7KH� 7UDIILF� 5HVHDUFK� &HQWUH
96&��+DUHQ�

����� :ULJKW�� &�&��� %R\OH�� $�-�� ������ 5RDG� DFFLGHQW� FDXVDWLRQ� DQG� HQJLQHHULQJ
WUHDWPHQWV��D� UHYLHZ�RI�VRPH�FXUUHQW� LVVXHV��7UDIILF�(QJLQHHULQJ�DQG�&RQWURO� ����
SS���������
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$33(1',;���

$�EULHI�GHVFULSWLRQ�RI�0$67(5�'HOLYHUDEOHV�DQG
:RUNLQJ�3DSHUV

'HOLYHUDEOHV�

'� 0DUWHQV��0���&RPWH�� 6��	�.DSWHLQ�� 1�� 7KH� (IIHFWV� RI� 5RDG�'HVLJQ� RQ� 6SHHG
%HKDYLRXU� ¤�$�/LWHUDWXUH�5HYLHZ��0$67(5�'HOLYHUDEOH�'�� �5HSRUW� �������� ��
6HQW�IRU�DSSURYDO�WR�'*�9,,�LQ�'HFHPEHU������

7KH� UHSRUW� FRQWDLQV�DQ�RYHUYLHZ� RI� WKH� HIILFDF\� RI� YDULRXV� VSHHG�UHGXFLQJ�PHDVXUHV�

$GYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�YDULRXV�PHDVXUHV�DUH�GLVFXVVHG��0HDVXUHV�WKDW�DIIHFW

GULYLQJ�VSHHG�GLUHFWO\�DUH�GLVFXVVHG��EXW�VSHFLDO�DWWHQWLRQ�LV�SDLG�WR�IDFWRUV�WKDW�DIIHFW

GULYLQJ� VSHHG� LQGLUHFWO\�� L�H�� E\� LQIOXHQFLQJ� WKH� ZLOOLQJQHVV� WR� VKRZ� WKH� DSSURSULDWH

VSHHG�EHKDYLRXU��,W�LV�FRQFOXGHG�WKDW�WKH�ODWWHU�FDQ�EH�SURPRWHG�E\�GHVLJQLQJ�URDGV�VR

WKDW�WKH\�DUH�¦VHOI�H[SODLQLQJ§�

'� 0DUWHQV�� 0��� 	� .DSWHLQ�� 1�� 6SHHG� %HKDYLRXU� %HIRUH� $QG� $IWHU
5RDG�'HVLJQ�0RGLILFDWLRQV�¤�$�0HWD�5HYLHZ��0$67(5�'HOLYHUDEOH�'���5HSRUW
��������6HQW�IRU�DSSURYDO�WR�'*�9,,�LQ�-XO\������

7KH� UHSRUW� SUHVHQWV� WKH� UHVXOWV� RI� D� VXUYH\� DPRQJ� QDWLRQDO� URDG� DXWKRULWLHV� DERXW

H[SOLFLWO\� HYDOXDWHG� FRXQWHU� PHDVXUHV� WR� UHGXFH� GULYLQJ� VSHHG�� &RPELQHG� PHDVXUHV�

HVSHFLDOO\�ZKHQ�WKH�LPDJH�RI�DQ�HQWLUH�URDG�VHFWLRQ�LV�FKDQJHG��H�J�����NP�K�]RQH���KDG

WKH�ODUJHVW�HIIHFWV��2I�WKH�LQGLYLGXDO�PHDVXUHV��GLUHFW�SK\VLFDO�PHDVXUHV�VXFK�DV�VSHHG

KXPSV� DQG� FKLFDQHV� UHVXOW� LQ� WKH� ODUJHVW� VSHHG� UHGXFWLRQV�� 5RXQGDERXWV� SULPDULO\

KDYH�D�SRVLWLYH�VDIHW\�HIIHFW��7KH�UHVXOWV�ZHUH�LQ�OLQH�ZLWK�WKH�OLWHUDWXUH�UHYLHZ��'���

'� 2HL��+�/��7KH�(IIHFW�RI�(QIRUFHPHQW�RQ�6SHHG�%HKDYLRXU��$�/LWHUDWXUH�6WXG\�
0$67(5�'HOLYHUDEOH�'�� �5HSRUW���������6HQW� IRU� DSSURYDO� WR�'*�9,,� LQ� -XQH
�����

7KH� UHSRUW� SUHVHQWV�DQ�RYHUYLHZ�RI� UHVHDUFK�RQ� VSHHG� HQIRUFHPHQW�DQG� LWV� HIIHFWV� RQ

VSHHG� EHKDYLRXU� DQG� VDIHW\��'LIIHUHQW� DVSHFWV� DIIHFWLQJ� WKH� HIILFLHQF\� RI� HQIRUFHPHQW

DUH�GLVFXVVHG��6WXGLHV�RQ� WKH� LPSDFWV�RI� HQIRUFHPHQW�RIWHQ� ODFN� UHOHYDQW� LQIRUPDWLRQ�

H�J�� JRYHUQPHQW� SROLF\� RQ� VSHHG�� ODZ� RQ� VSHHG� OLPLWV� DQG� VSHHG�� V\VWHP� RI� ILQHV�

HQIRUFHPHQW� IUHTXHQF\� HWF�� 7KH� UHSRUW� FRQFOXGHV� ZLWK� UHFRPPHQGDWLRQV� IRU� HIILFLHQW

DQG�HIIHFWLYH�VSHHG�HQIRUFHPHQW�VWUDWHJLHV�

'� 'UDVNyF]\��0��	�0RFViUL��7��3UHVHQW�6SHHGV�DQG�6SHHG�0DQDJHPHQW�0HWKRGV
LQ�(XURSH��0$67(5�'HOLYHUDEOH�'�� �5HSRUW� �������� 6HQW� IRU� DSSURYDO� WR�'*
9,,�LQ�'HFHPEHU������

7KH� UHSRUW� SUHVHQWV� WKH� UHVXOWV� RI� D� VXUYH\� RQ� VSHHG� OLPLWV�� VSHHG� PDQDJHPHQW� DQG

HQIRUFHPHQW�PHWKRGV� DQG� DFWXDO� VSHHGV� LQ� ��� (8� FRXQWULHV� DQG� ��� RWKHU� (XURSHDQ

FRXQWULHV��7KHUH�DUH�ODUJH�YDULDWLRQV�EHWZHHQ�FRXQWULHV�LQ�VSHHG�OLPLWV�RQ�UXUDO�URDGV�

7KH�PHWKRGV� RI� VSHHG�PDQDJHPHQW� DQG� HQIRUFHPHQW� DUH� VLPLODU� WKURXJKRXW� (XURSH�

DOWKRXJK� WKHUH�DUH�GLIIHUHQFHV� LQ� WKH� IUHTXHQF\� RI� DSSOLFDWLRQ�� $FWXDO� VSHHGV� XVXDOO\

H[FHHG� WKH�VSHHG� OLPLW� LQ�PRVW�(XURSHDQ�FRXQWULHV�� HVSHFLDOO\� LQ�XUEDQ�DUHDV�DQG�RQ

PRWRUZD\V�
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'� .DSWHLQ��1��	�&ODHVVHQV��0��(IIHFWV�RI�&RJQLWLYH�5RDG�&ODVVLILFDWLRQ�RQ�'ULYLQJ
%HKDYLRXU��$�'ULYLQJ�6LPXODWRU� 6WXG\��0$67(5�'HOLYHUDEOH� �� �UHSRUW� �������
6HQW�IRU�DSSURYDO�WR�'*�9,,�LQ�$XJXVW������

7KH�FXUUHQW� VWXG\� LQYHVWLJDWHG� WKH� HIIHFWV� RI� URDG� GHVLJQ� FKDUDFWHULVWLFV� RQ� FRJQLWLYH

URDG�FODVVLILFDWLRQ�DQG�GULYLQJ�EHKDYLRXU��,W�ZDV�FRQFOXGHG�WKDW�6HOI�([SODLQLQJ�5RDGV

�6(5����L�H��URDGV� WKDW�SURPRWH�VDIH�GULYLQJ�EHKDYLRXU�VLPSO\�E\� WKHLU�GHVLJQ���ZHUH

FDWHJRULVHG� PRUH� LQ� DFFRUGDQFH� ZLWK� WKH� RIILFLDO� URDG� FDWHJRULVDWLRQ� WKDQ� FXUUHQW

H[LVWLQJ�URDGV��1R�FOHDU�HIIHFW�RQ�PHDQ�GULYLQJ�VSHHGV�ZDV�IRXQG��<HW��UHVXOWV�VKRZHG

WKDW�PRUH� FRQVLVWHQW� URDG� GHVLJQ�ZLWKLQ� FDWHJRULHV�PD\� OHDG� WR� UHGXFHG� YDULDWLRQ� RI

VSHHGV�

'� 5LVVHU��5��	�/HKQHU��8�� $FFHSWDELOLW\� RI� 6SHHGV�$QG� 6SHHG� /LPLWV� WR�'ULYHUV
DQG� 3HGHVWULDQV�&\FOLVWV�� 0$67(5� 'HOLYHUDEOH� �� �UHSRUW� �������� 6HQW� IRU
DSSURYDO�WR�'*�9,,�LQ�-XQH������

7KH�DFFHSWDELOLW\�RI�SUHVHQW�VSHHGV�DQG�VSHHG�OLPLWV�WR�FDU�GULYHUV�DQG�YXOQHUDEOH�URDG

XVHUV�ZHUH� LQYHVWLJDWHG� E\� LQWHUYLHZV� LQ� VL[� FRXQWULHV�� %RWK� JURXSV� WKLQN� WKDW� DFWXDO

VSHHGV�DUH�WRR�KLJK��&DU�GULYHUV�DJUHH�WKDW�WKH\�FRQWULEXWH�WR�WKH�SUREOHPV�ZLWK� WKHLU

RZQ�VSHHG�EHKDYLRXU��$OPRVW�KDOI�RI�ERWK�JURXSV� WKLQN� WKDW�VSHHG�UHGXFLQJ�PHDVXUHV

DUH�QHFHVVDU\��+RZHYHU��SHGHVWULDQV�SUHIHU�HIILFLHQW�PHDVXUHV�WKDW�KDYH�D�GLUHFW�LPSDFW

RQ�VSHHGV��ZKLOH�FDU�GULYHUV�SUHIHU�PHDVXUHV�WKDW�OHDYH�WKH�GHFLVLRQ�WR�WKHPVHOYHV�

'� %DUX\D��$��6SHHG�$FFLGHQW�5HODWLRQVKLSV�RQ�'LIIHUHQW�.LQGV�RI�(XURSHDQ�5RDGV�
0$67(5� 'HOLYHUDEOH� �� �UHSRUW� �������� 6HQW� IRU� DSSURYDO� WR� '*� 9,,� LQ
6HSWHPEHU������

7KH� UHSRUW� JLYHV� D� FRPSUHKHQVLYH� GHVFULSWLRQ� DQG� DQDO\VLV� RI� IORZ� DQG� VSHHG

GLVWULEXWLRQV� RQ� D� VDPSOH� RI� 8.� DQG� (XURSHDQ� URDGV� DQG� H[DPLQHV� FULWLFDOO\� WKH

HIIHFWV� RI� URDG� HQYLURQPHQW� DQG� URDG� JHRPHWU\� RQ� WUDIILF� VSHHG� DQG� DFFLGHQWV�� $Q

DFFLGHQW� SUHGLFWLYH�PRGHO� LV� SURSRVHG� IRU�ZLGHU� DSSOLFDWLRQ� LQ� WKH� (XURSHDQ� 8QLRQ�

'HVSLWH�WKH�OLNHOLKRRG�WKDW�WKH�PRGHO�ZLOO�VXFFHVVIXOO\�SUHGLFW�DFFLGHQW�IUHTXHQF\�IRU�D�ZLGH

YDULHW\�RI�URDGV� LW� LV�UHFRPPHQGHG� WKDW��ZKHUH�SRVVLEOH�� WKH�PRGHO� LV� WHVWHG�DQG�DVVHVVHG

SULRU�WR�XVH�LQ�D�SDUWLFXODU�VLWXDWLRQ�

'� .DOOEHUJ��9�3��	�7RLYDQHQ��6��)UDPHZRUN�IRU�$VVHVVLQJ�WKH�,PSDFWV�RI�6SHHG�LQ
5RDG�7UDQVSRUW��0$67(5�'HOLYHUDEOH����UHSRUW���������6HQW�IRU�DSSURYDO�WR�'*
9,,�LQ�-XO\������

7KH�IUDPHZRUN�LV�PHDQW�IRU�V\VWHPDWLF�DQG�FRPSUHKHQVLYH�DVVHVVPHQW�RI�WKH�LPSDFWV�RI

VSHHG��%RWK�WKH�WRWDO�PDJQLWXGH�RI�WKH�HIIHFWV�DQG�WKHLU�GLVWULEXWLRQ�DUH�FRQVLGHUHG��7KH

IUDPHZRUN�LV�HDV\�WR�XVH�DQG�IOH[LEOH��HYHQ� WKRXJK�GDWD�DFTXLVLWLRQ�PD\�EH� ODERULRXV

GHSHQGLQJ�RQ�WKH�DVSLUHG�DFFXUDF\��7KH�DSSOLFDWLRQ�RI�WKH�IUDPHZRUN�LV�LOOXVWDUWHG�E\

WKUHH�UHDO�OLIH�FDVHV�IURP�)LQODQG��+XQJDU\�DQG�3RUWXJDO�

'� .DSWHLQ�� 1��� YDQ� +DWWXP�� 7�� 	� YDQ� GHU� +RUVW�� 5�� &DWHJRULVDWLRQ� RI� 5RDG
(QYLURQPHQWV�$QG�'ULYLQJ�6SHHG��0$67(5�'HOLYHUDEOH��� �UHSRUW��������� 6HQW
IRU�DSSURYDO�WR�'*�9,,�LQ�6HSWHPEHU������

7KH� UHSRUW� SUHVHQWV� D� VHULHV� RI� �� H[SHULPHQWV� WR� LQYHVWLJDWH� KRZ� VXEMHFWV� FDWHJRULVH

GLIIHUHQW�HQYLURQPHQWV��6XEMHFWV�ZHUH�QRW�DEOH�WR�FRUUHFWO\�XVH�LQIRUPDWLRQ�IURP�WKUHH

VWLPXOXV�GLPHQVLRQV�VLPXOWDQHRXVO\��2XW�RI�WKUHH�DYDLODEOH�GLPHQVLRQV� WKH\�XVHG�RQO\

WKH� WZR� WKDW�ZHUH� HDVLHVW� WR� OHDUQ�� ,Q� WKH� VL[WK� H[SHULPHQW� WKHVH� URDG� FKDUDFWHULVWLFV
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ZHUH� OLQNHG�ZLWK�VXEMHFWV©�HVWLPDWHV�RI� WKHLU� GULYLQJ� VSHHGV��2QO\� VSHFLILF�GLPHQVLRQV

VHHP�WR�DIIHFW�GULYHUV©�VSHHG�FKRLFH�GLUHFWO\�� ,PSOLFDWLRQV� IRU�FRUUHFW�FODVVLILFDWLRQ�RI

GLIIHUHQW�URDG�FDWHJRULHV�DUH�SUHVHQWHG�

'�� &RPWH�� 6��� 	� -DPVRQ�� +�� 7KH� (IIHFWV� RI� $77� $QG� 1RQ�$77� 6\VWHPV� $QG
7UHDWPHQWV� RQ� 6SHHG� $GDSWDWLRQ� %HKDYLRXU�� 0$67(5� 'HOLYHUDEOH� ��� �UHSRUW
��������6HQW�IRU�DSSURYDO�WR�'*�9,,�LQ�0D\������

)ROORZLQJ� D� OLWHUDWXUH� VWXG\� IRXU� V\VWHPV� ZHUH� VHOHFWHG� IRU� VLPXODWRU� H[SHULPHQW�

WUDQVYHUVH�EDUV��LQ�FDU�DGYLFH�V\VWHP��YDULDEOH�PHVVDJH�VLJQ�DQG�LQ�FDU�VSHHG�OLPLWHU�

7KH�UHVXOWV�RI�WKH�VLPXODWRU�WHVWV�VXJJHVW�WKDW�WKH�SURYLVLRQ�RI�VSHHG�DGYLFH�WR�GULYHUV

GRHV� UHVXOW� LQ� UHGXFHG� VSHHG�RQ� WKH�DSSURDFK� DQG� QHJRWLDWLRQ� WR� FXUYHV�� ,W� VHHPV� WR

PDWWHU�OLWWOH�H[DFWO\�LQ�ZKDW�PRGH�WKLV�DGYLFH�LV�JLYHQ�WR�GULYHUV��$V�ZRXOG�EH�H[SHFWHG

RSWLPDO�SHUIRUPDQFH�LV�DWWDLQHG�XQGHU�DQ�DXWRPDWLF�V\VWHP�

'�� 9iUKHO\L�� $��� &RPWH�� 6�� 	� 0lNLQHQ�� 7�� (YDOXDWLRQ� RI� ,Q�&DU� 6SHHG� /LPLWHUV�
)LQDO�5HSRUW��0$67(5�'HOLYDUDEOH�����UHSRUW���������6HQW�IRU� DSSURYDO� WR�'*
9,,�LQ�6HSWHPEHU�������

7KH�UHSRUW�VXPPDULVHV� WKH�VWXGLHV�RQ� WKH� HIIHFWV� RI� DGDSWLYH� LQ�FDU� VSHHG� OLPLWHUV�RQ

GULYLQJ�EHKDYLRXU� �:RUNLQJ�3DSHUV�������� ������� DQG��������� ,W� ZDV� FRQFOXGHG� RQ� WKH

EDVLV� RI� VLPXODWRU� DQG� ILHOG� H[SHULPHQWV� WKDW� LQ�FDU� VSHHG� OLPLWHUV� FDQ� VLJQLILFDQWO\

UHGXFH� VSHHGLQJ� DQG� VSHHG� YDULDWLRQ� DQG� LPSURYH� GULYLQJ� EHKDYLRXU� LQ� FULWLFDO

VLWXDWLRQV�� 7KH� UHVXOWV� ZHUH� SURPLVLQJ� HVSHFLDOO\� LQ� XUEDQ� DUHDV�� ZKHUH� DOVR� GULYHU

DFFHSWDQFH�ZDV�KLJKHVW��$UHDV�IRU�IXUWKHU�UHVHDUFK�ZHUH�LGHQWLILHG�

'�� .DOOEHUJ��9�3���$���$OOVRS��5�(���:DUG��+�$���YDQ�GHU�+RUVW��5��	�9iUKHO\L��$�
5HFRPPHQGDWLRQV� IRU� 6SHHG� 0DQDJHPHQW� 6WUDWHJLHV� DQG� 3ROLFLHV�� 0$67(5
'HOLYHUDEOH�����UHSRUW���������5HYLVHG�LQ�'HFHPEHU�������

7KH�UHSRUW�GHVFULEHV�WKH�VFRSH�DQG�SUHVHQW�VWDWH�RI�VSHHG�PDQDJHPHQW�DQG�VXPPDULVHV

FXUUHQW� NQRZOHGJH�RI� VSHHG�PDQDJHPHQW�PHDVXUHV�DQG� WRROV�� ,W� LV� UHFRPPHQGHG� WKDW

WDUJHW�VSHHGV�RQ�GLIIHUHQW�NLQGV�RI�URDGV�DUH�GHWHUPLQHG�RQ�WKH�EDVLV�RI�V\VWHPDWLF�DQG

FRPSUHKHQVLYH�DVVHVVPHQW�RI�DOO�LPSDFWV�RI�VSHHG��5HFRPPHQGDWLRQV� IRU� WKH�DGRSWLRQ

RI�VXFK�WDUJHW�VSHHGV�LQFOXGH�KDUPRQLVDWLRQ�RI�VSHHG�OLPLWV��GHYHORSPHQW�RI�URDG� W\SH

VSHFLILF� JXLGHOLQHV� IRU� WKH� DSSOLFDWLRQ� RI� GLIIHUHQW� VSHHG� PDQDJHPHQW� PHDVXUHV� DQG

WRROV�� IXUWKHU� GHYHORSPHQW� DQG� ZLGHU� XVH� RI� DXWRPDWHG� VSHHG� HQIRUFHPHQW�� DQG

LQWURGXFWLRQ�RI�DGDSWLYH�LQ�YHKLFOH�VSHHG�OLPLWHUV�

�:RUNLQJ�3DSHUV�

����� %DUX\D�� $�� $� 5HYLHZ� RI� 6SHHG�$FFLGHQW� 5HODWLRQVKLS� RQ� (XURSHDQ� 5RDGV�
0$67(5�:RUNLQJ�3DSHU��������&RPSOHWHG�LQ�$XJXVW������

7KH�UHSRUW�UHYLHZV�WKH�DYDLODEOH�UHVHDUFK�RQ�PRGHOV�UHODWLQJ�URDG�DFFLGHQWV�WR�WUDIILF

VSHHGV��,QWHUQDWLRQDO�GDWD�VXJJHVW�WKDW�D���NP�K�UHGXFWLRQ�LQ�WKH�PHDQ�WUDIILF�VSHHG�RQ

UXUDO�URDGV�LV�DVVRFLDWHG�ZLWK�DQ�DSSUR[LPDWHO\���SHUFHQW�UHGXFWLRQ� LQ� WKH�QXPEHU�RI

LQMXU\�DFFLGHQWV��DQG� WKH�HIIHFW�RQ� IDWDO� DFFLGHQWV� LV� HYHQ�KLJKHU��)XUWKHU� UHVHDUFK� LV

QHHGHG�� KRZHYHU�� WR� ILQG� RXW� LI� WKH� HIIHFW� RI� VSHHG� YDULHV� EHWZHHQ� URDG� FDWHJRULHV�

0XOWLSOLFDWLYH�3RLVVRQ�PRGHOV�DQG�JHQHUDOLVHG� OLQHDU�PRGHOOLQJ��*/0�� WHFKQLTXH�DUH

UHFRPPHQGHG�IRU�WKH�PRGHOOLQJ�RI�DFFLGHQW�FRXQWV�
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����� %DUX\D�� $�� 6SHHG�$FFLGHQW� 5HODWLRQVKLS� RQ� 6LQJOH �&DUULDJHZD\�5RDGV�RI�8.�
0$67(5�:RUNLQJ�3DSHU��������&RPSOHWHG�LQ�-XO\������

7KLV� UHSRUW� H[DPLQHV� WKH� VSHHG�DFFLGHQW� UHODWLRQVKLS� RQ� UXUDO� VLQJOH� FDUULDJHZD\

URDGV�RI�(QJODQG��,W�JLYHV�D�FRPSUHKHQVLYH�GHVFULSWLRQ�DQG�DQDO\VLV�RI�REVHUYHG� IORZ

DQG� VSHHG� GLVWULEXWLRQ� SDUDPHWHUV�� 7KH� HIIHFWV� RI� IORZ�� VSHHG� DQG� JHRPHWU\� RQ

DFFLGHQWV�RQ�UXUDO�URDGV�ZHUH�LQYHVWLJDWHG��7ZR�PRGHOV�ZHUH�GHYHORSHG�WR�GHVFULEH�WKH

HIIHFWV�RI�IORZ��VSHHG�DQG�JHRPHWU\�RQ�WKH�QXPEHU�RI�LQMXU\�DFFLGHQWV�

����� %DUX\D�� $�� 6SHHG�$FFLGHQW� 5HODWLRQVKLS� RQ�(XURSHDQ�5RDGV�� 0$67(5
:RUNLQJ�3DSHU��������&RPSOHWHG�LQ�-XO\������

7KH� UHSRUW� JLYHV� D� FRPSUHKHQVLYH� GHVFULSWLRQ� DQG� DQDO\VLV� RI� IORZ� DQG� VSHHG

GLVWULEXWLRQ� SDUDPHWHUV� RQ� UXUDO� VLQJOH�FDUULDJHZD\� URDGV� LQ� (QJODQG�� 6ZHGHQ�� WKH

1HWKHUODQGV�DQG�3RUWXJDO� LQ�RUGHU� WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�RI� WKHLU� HIIHFWV� RQ

DFFLGHQWV��7KH� UHODWLRQVKLSV�GHULYHG� RQ� WKH� EDVLV� RI� (QJOLVK� GDWD� �0$67(5�ZRUNLQJ

SDSHU��������ZHUH� WHVWHG�XVLQJ�GDWD� IURP�RWKHU� FRXQWULHV� DQG� WKH� DFFLGHQW� SUHGLFWLYH

PRGHOV�ZHUH�IXUWKHU�UHILQHG�IRU�IXUWKHU�DSSOLFDWLRQ�LQ�(XURSH�

����� 5REHUWVRQ��6���:DUG��+���0DUVGHQ��*���6DQGEHUJ��8��	�+DPPDUVWU|P��8��7KH
(IIHFWV� RI� 6SHHG� RQ�1RLVH�� 9LEUDWLRQ� DQG� (PLVVLRQV� IURP�9HKLFOHV�� 0$67(5
:RUNLQJ�3DSHU��������&RPSOHWHG�LQ�-XQH������

7KH� UHSRUW� GHVFULEHV� EULHIO\� WKH� SURGXFWLRQ� SURFHVVHV� IRU� QRLVH� DQG� HPLVVLRQV�� ,Q

JHQHUDO� WKH�+&�HPLVVLRQV�UHGXFH�ZLWK�VSHHG�DQG�12[�HPLVVLRQV� LQFUHDVH�ZLWK�VSHHG�

&2�DQG�SDUWLFXODWHV�KDYH�ORZHVW�HPLVVLRQ�OHYHOV�DW�PHGLXP�VSHHGV��+DUG�DFFHOHUDWLRQ

FDQ� VLJQLILFDQWO\� LQFUHDVH� SROOXWDQW� HPLVVLRQV�� $ERYH� �����NP�K� QRLVH� LQFUHDVHV

OLQHDUO\�ZLWK�VSHHG��$FFHOHUDWLRQ�DQG�EUDNLQJ�FDXVH�D�VPDOO�����G%��LQFUHDVH�LQ�QRLVH�

([DPSOH�HVWLPDWHV� IRU�QRLVH�DQG� HPLVVLRQV�DUH�SURYLGHG� IRU�D� OLPLWHG� VHW� RI� FDVHV�RI

VWHDG\�VSHHGV�

����� 5REHUWVRQ�6��	�:DUG�+�� ������9DOXDWLRQ� RI� 1RQ�$FFLGHQW� ,PSDFWV� RI� 6SHHG�
0$67(5�:RUNLQJ�3DSHU��������&RPSOHWHG�LQ�6HSWHPEHU������

7KLV�UHSRUW�JLYHV�LQIRUPDWLRQ�RQ�D�UDQJH�RI�PRGHOV�WR�KHOS�LQ�HVWLPDWLQJ�WKH�HIIHFWV�RI

VSHHG�PDQDJHPHQW�PHDVXUHV�RQ�WKH�FRVWV�H[SULHQFHG�E\�YHKLFOH�XVHUV��$�GHVFULSWLRQ�RI

WKH� LPSDFW� RI� VSHHG� RQ� MRXUQH\� WLPH� WRJHWKHU� ZLWK� D� ZRUNHG� H[DPSOH� LV� SURYLGHG�

9HKLFOH� RSHUDWLQJ� FRVWV� IDOO� WR� D� PLQLPXP� DW� DERXW� ��NP�K� DQG� IXHO� FRVWV� DW� DERXW

��NP�K��7KH� YDOXDWLRQ�RI� QRQ�DFFLGHQW� LPSDFWV�RI� VSHHG� DUH� GHVFULEHG� DQG� H[DPSOHV

IRU� QRLVH� DQG� VRPH� H[KDXVW� HPLVVLRQV� DUH� SURYLGHG�� $UHDV� IRU� IXUWKHU� UHVHDUFK� DUH

LGHQWLILHG�

����� .DOOEHUJ��9�3��	�7RLYDQHQ�� 6�� )UDPHZRUN� IRU�$VVHVVLQJ� WKH�(IIHFWV� RI� 6SHHG�
0$67(5�:RUNLQJ�3DSHU��������&RPSOHWHG�LQ�'HFHPEHU������

7KH�SUHVHQWHG�IUDPHZRUN�HQDEOHV�V\VWHPDWLF�DVVHVVPHQW�RI�WKH�LPSDFWV�RI�VSHHG�RQ�D�

YHKLFOH�RSHUDWLRQ�FRVWV��E��WUDYHO�WLPH��F��DFFLGHQWV��G��SROOXWLRQ��DQG�H��RWKHU�SRWHQWLDO

LPSDFWV��%RWK�PDJQLWXGLQDO�DQG�GLVWULEXWLRQDO�HIIHFWV�DUH�FRQVLGHUHG��7KH�IUDPHZRUN�LV

HDV\� WR� XVH� DQG� IOH[LEOH�� 7KH� XVHU� GHILQHV� WKH� LPSDFW� IXQFWLRQV� DQG� FKRRVHV� WKH

PRQHWDU\� SULFHV� RI� WKH� HIIHFWV� ZKHUH� DSSOLFDEOH�� 7UDQVSDUHQW�� V\VWHPDWLF� DQG� FOHDU

SUHVHQWDWLRQ�RI�WKH�UHVXOWV�LV�DQ�HVVHQWLDO�IHDWXUH�RI�WKH�IUDPHZRUN�
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����� $OOVRS�� 5�� 6XPPDU\� RI� UHVHDUFK� DUHD� ��� %DVLV� IRU� $SSUDLVDO� RI� (IIHFWV� RI
'LIIHUHQW� /HYHOV� RI� 6SHHG�� 0$67(5� :RUNLQJ� 3DSHU� ������� &RPSOHWHG� LQ
6HSWHPEHU������

7KLV� VXPPDU\� UHSRUW� RQ�:RUN�$UHD� �� DGGUHVVHV� WKH� TXHVWLRQ� ¦:KDW� DUH� DFFHSWDEOH

UDQJHV�RI�VSHHGV"§�7KH�UHSRUW�JLYHV�DQ�RYHUYLHZ�RI�WKH�UHVXOWV�IURP�'HOLYHUDEOHV���DQG

��DQG�ZRUNLQJ�SDSHUV�������� ������� ������� ������� ������� DQG�������� ,W� LV� FRQFOXGHG� WKDW

WKH� FOLPDWH� RI� RSLQLRQ� RI� GULYHUV� DV� ZHOO� DV� YXOQHUDEOH� URDG� XVHUV� PD\� ZHOO� EH

IDYRXUDEOH�WR�VSHHG�PDQDJHPHQW�WR�PRGHUDWH�VSHHGV�

����� /HYHOW��3��6SHHG�DQG�0RWLYDWLRQ��(VWDEOLVKHG�$QG�1HZO\�'HYHORSHG�,GHDV�$ERXW
WKH� &RQWHQW� RI� 4XHVWLRQQDLUHV� $QG� WKH� 'HVLJQ� RI� &DPSDLJQV�� 0$67(5
:RUNLQJ�3DSHU��������&RPSOHWHG�LQ�$SULO������

7KH� UHSRUW� GLVFXVVHV�PRWLYDWLRQV� RI� URDG� XVHUV� LQ� UHJDUG� WR� KRZ� IDVW� WKH\� GULYH� DQG

ZKDW� WKH\� WKLQN�DERXW� WKH�GULYLQJ�VSHHG�RI�RWKHUV�� ,W� LV�FRQFOXGHG� WKDW� GULYLQJ� VSHHGV

DUH�DIIHFWHG�E\� VHYHUDO� IDFWRUV�� H�J�� D�� WKH� VSHHG�RI� RWKHUV�� E�� RSLQLRQV�RI� VLJQLILFDQW

RWKHUV��F��HPRWLRQV�DQG�PRRGV��DQG�G��SHUVRQDO�FKDUDFWHULVWLFV��3HRSOH�RIWHQ�IHHO�WKDW

LW�LV�GLIILFXOW�WR�FRQWURO�RZQ�GULYLQJ�VSHHG��DQG�WKH\�DOVR�RYHUHVWLPDWH�WKHLU�RZQ�DELOLW\

WR�FRQWURO�WKH�FRQVHTXHQFHV�RI�VSHHG�

����� YDQ� GHU� +RUVW�� 5�� 6XPPDU\� RI� 5HVHDUFK� $UHD� ��� )DFWRUV� ,QIOXHQFLQJ� 'ULYHUV©
6SHHG�%HKDYLRXU�DQG�$GDSWDWLRQ��0$67(5�:RUNLQJ�3DSHU��������&RPSOHWHG�LQ
6HSWHPEHU������

7KLV� UHSRUW� VXPPDULVHV� WKH� ILQGLQJV� RI� 5HVHDUFK�$UHD� �� DQG� DGGUHVVHV� WKH� TXHVWLRQ

¦:KDW�DUH�WKH�NH\�IDFWRUV�LQIOXHQFLQJ�GULYHUV©�FKRLFH�RI�VSHHGV"§�7KH�UHSRUW�JLYHV�DQ

RYHUYLHZ� RI� WKH� UHVXOWV� IURP�'HOLYHUDEOHV� ��� ��� ��� ��� ��� �� DQG� �� DQG� ZRUNLQJ� SDSHU

�������,W�GHDOV�ZLWK�VSHHG�HQIRUFHPHQW��PRWLYDWLRQ�DQG�DFFHSWDELOLW\�RI�GULYLQJ�VSHHGV�

DQG�URDG�GHVLJQ�DQG�FRJQLWLYH�URDG�FDWHJRULVDWLRQ�

����� &RPWH��6���9iUKHO\L��$��	�6DQWRV��-��7KH�(IIHFWV�RI�$77�DQG�1RQ�$77�6\VWHPV
DQG� 7UHDWPHQWV� RQ� 'ULYHU� 6SHHG� %HKDYLRXU�� 0$67(5�:RUNLQJ� 3DSHU� ������
&RPSOHWHG�LQ�$XJXVW������

7KH�UHSRUW�UHYLHZV�WKH�UHOHYDQW�OLWHUDWXUH�DQG�YDULRXV�$GYDQFHG�7UDQVSRUW�7HOHPDWLFV

�$77�� DQG� WUDGLWLRQDO� �QRQ�$77��PHWKRGV� RI� UHGXFLQJ� GULYHU� VSHHGV�� ,W� LV� FRQFOXGHG

WKDW�WKH�PRVW�VXFFHVVIXO�WUDGLWLRQDO�PHDVXUHV�DSSHDU�WR�EH�WKRVH�ZKLFK�UHTXLUH�GULYHUV

SK\VLFDOO\�WR�ORZHU�WKHLU�VSHHG�RU�DOWHU�WKH�ZD\�LQ�ZKLFK�GULYHUV�SHUFHLYH�WKH�URDG��$77

V\VWHPV� VXFK� DV� VSHHG� OLPLWHUV� DQG� DGDSWLYH� FUXLVH� FRQWURO� DUH� SURPLVLQJ�� EXW� WKH

DVVRFLDWHG�LVVXHV�RI�UHOLDELOLW\��EHKDYLRXUDO�DGDSWDWLRQ�DQG�DFFHSWDELOLW\�PHULW�IXUWKHU

UHVHDUFK�

����� &RPWH�� 6�� 6LPXODWRU� 6WXG\� RQ� WKH�(IIHFWV� RI�$77� DQG�1RQ�$77�6\VWHPV� DQG
7UHDWPHQWV� RQ� 'ULYHU� 6SHHG� %HKDYLRXU�� 0$67(5� :RUNLQJ� 3DSHU� ������
&RPSOHWHG�LQ�-DQXDU\������

7KH�UHSRUW�GHVFULEHV�WKH�GULYLQJ�VLPXODWRU�H[SHULPHQW�RQ�WKH�LPSDFWV�RI�IRXU�GLIIHUHQW

V\VWHPV��9DULDEOH�0HVVDJH�6LJQ��LQ�FDU�DGYLFH��DXWRPDWLF�VSHHG�FRQWURO�DQG�WUDQVYHUVH

EDUV�� RQ� FXUYH� DSSURDFK� DQG� QHJRWLDWLRQ� VSHHGV�� $V� ZRXOG� EH� H[SHFWHG�� DXWRPDWLF

VSHHG� FRQWURO� ZDV� PRVW� HIIHFWLYH�� EXW� LW� ZDV� DOVR� OHDVW� OLNHG� E\� GULYHUV�� 7KH� RWKHU

V\VWHPV� DOVR� VLJQLILFDQWO\� UHGXFHG� VSHHGV�� ,W� ZDV� FRQFOXGHG� WKDW� WKH� SURYLVLRQ� RI

DGYLFH��LQ�DQ\�IRUPDW��FRXOG�EH�HIIHFWLYH�LQ�UHGXFLQJ�VSHHGV�
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����� &RPWH�� 6�� (YDOXDWLRQ� RI� ,Q�&DU� 6SHHG� /LPLWHUV� �� 6LPXODWRU� 6WXG\�� 0$67(5
:RUNLQJ�3DSHU��������&RPSOHWHG�LQ�0D\������

7ZR� GLIIHUHQW� VSHHG� OLPLWHUV� ZHUH� WHVWHG� DJDLQVW� DQ� DGYLVRU\� V\VWHP� DQG� D� EDVHOLQH

FRQWURO�LQ�D�GULYLQJ�VLPXODWRU��%RWK�VSHHG�OLPLWHUV�UHGXFHG�VSHHG��VSHHG�YDULDQFH�DQG

VSHHG�DW�KD]DUGRXV� ORFDWLRQV��+RZHYHU�� WKH�VSHHG� OLPLWHUV�DOVR�KDG� VHFRQGDU\� HIIHFWV

WKDW� FRXOG� FRPSURPLVH� VDIHW\�� 7KHVH� LQFOXGHG� D� KLJKHU� LQFLGHQFH� RI� VKRUW� WLPH

KHDGZD\V��GHOD\HG�EUDNLQJ�DQG�D�KLJKHU� LQFLGHQFH�RI� FROOLVLRQV��7KH�DGYLVRU\� V\VWHP

DOVR� SHUIRUPHG� ZHOO�� 'ULYHUV� IRXQG� WKH� DGYLVRU\� V\VWHP� PRUH� DFFHSWDEOH� WKDQ� WKH

FRQWURO�V\VWHPV�

����� 9iUKHO\L�� $��	�0lNLQHQ�� 7�� (YDOXDWLRQ� RI� ,Q�FDU� 6SHHG� /LPLWHUV�� )LHOG� 6WXG\�
0$67(5�:RUNLQJ�3DSHU��������&RPSOHWHG�LQ�-XQH������

7KH� LPSDFWV�RI�D�YDULDEOH�VSHHG� OLPLWHU�ZHUH�VWXGLHG� LQ� ILHOG� WULDOV� LQ� WKUHH� FRXQWULHV

XVLQJ� DQ� LQVWUXPHQWHG� FDU� ZKHUH� DOO� PHDVXULQJ� HTXLSPHQW� ZDV� KLGGHQ�� 7KH� UHVXOWV

UHYHDOHG�WKDW�WKH�VSHHG�OLPLWHU�UHGXFHG�VSHHGV�VLJQLILFDQWO\�LQ�IUHH�GULYLQJ�FRQGLWLRQV�

GHFUHDVHG� VSHHG� YDULDQFH� DQG� DSSURDFK� VSHHGV� DW� FXUYHV� DQG� LQWHUVHFWLRQV�� ,W� DOVR

LQFUHDVHG� WUDYHO� WLPH�� 7KH� GULYHUV
� DFFHSWDQFH� RI� WKH� GHYLFH� LQFUHDVHG� DIWHU� WKH� WHVW

GULYH� EXW� WKH\� VWLOO� JHQHUDOO\� IHOW� WKDW� VSHHG� OLPLWHU� FDXVHG� IUXVWUDWLRQ�� VWUHVV� DQG

LPSDWLHQFH�

����� 9iUKHO\L�� $�� ,QQRYDWLYH� 6SHHG� 0DQDJHPHQW� 7RROV�� 6XPPDU\� 5HSRUW� RQ
5HVHDUFK�$UHD����0$67(5�:RUNLQJ�3DSHU��������&RPSOHWHG�LQ�-XQH������

7KLV�VXPPDU\�UHSRUW�RQ�:RUN�$UHD���DGGUHVVHV�WKH�TXHVWLRQ�¦:KDW�DUH�WKH�EHVW�VSHHG

PDQDJHPHQW� WRROV�DQG� VWUDWHJLHV"§�7KH� UHSRUW� JLYHV�DQ�RYHUYLHZ� RI� WKH� UHVXOWV� IURP

'HOLYHUDEOHV����DQG����DQG�ZRUNLQJ�SDSHUV���������������������DQG��������)XUWKHUPRUH�

UHFRPPHQGDWLRQV�DUH�PDGH� IRU� VSHHG�PDQDJHPHQW� WRROV� DQG� VWUDWHJLHV� DQG� DUHDV� RI

IXUWKHU�UHVHDUFK�DUH�LGHQWLILHG�
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0RGHOV�IRU�PHDQ�VSHHG�DQG�DFFLGHQWV

�� 0RGHOV� IRU�PHDQ� VSHHG� DQG� QXPEHU� RI� LQMXU\� DFFLGHQWV� SHU� \HDU� RQ

VWUHWFKHV�RI�VLQJOH�FDUULDJHZD\�UXUDO�URDG�LQ�(QJODQG

7KH�PHDQ�VSHHG�ZDV�IRXQG�WR�EH�HVWLPDWHG�LQ�NP�K�E\

������ [�H[S���������[�VSHHG�OLPLW�LQ�NP�K�

[��SHUFHQWDJH�H[FHHGLQJ�WKH�VSHHG�OLPLW� � �����

[��SHUFHQWDJH�EHORZ�KDOI�WKH�VSHHG�OLPLW�� �� �����

[��IORZ�LQ�YHKLFOHV�GD\� �� �����

7KH�QXPEHU�RI�LQMXU\�DFFLGHQWV�ZDV�IRXQG�WR�EH�HVWLPDWHG�E\

��������[���� [��PHDQ�VSHHG�LQ�NP�K� �� ���

[��SHUFHQWDJH�H[FHHGLQJ�WKH�VSHHG�OLPLW� � ����

[��SHUFHQWDJH�EHORZ�KDOI�WKH�VSHHG�OLPLW� �� ����

[��IORZ�LQ�YHKLFOHV�GD\� � ����

[�H[S��������[�QXPEHU�RI�MXQFWLRQV�

�� 0RGHOV� IRU�PHDQ� VSHHG� DQG� QXPEHU� RI� LQMXU\� DFFLGHQWV� SHU� \HDU� RQ

VWUHWFKHV� RI� VLQJOH�FDUULDJHZD\� UXUDO� URDG� LQ� (QJODQG�� 7KH

1HWKHUODQGV��3RUWXJDO�DQG�6ZHGHQ�

7KH�PHDQ�VSHHG�ZDV�IRXQG�WR�EH�HVWLPDWHG�LQ�NP�K�E\

����� [��H[S���������[�VSHHG�OLPLW�LQ�NP�K�
[���SHUFHQWDJH�H[FHHGLQJ�WKH�VSHHG�OLPLW��������

[���SHUFHQWDJH�EHORZ�KDOI�WKH�VSHHG�OLPLW���������

[���IORZ�LQ�YHKLFOHV�GD\���������

[���OHQJWK�RI�URDG�LQ�NP�������

7KH�QXPEHU�RI�LQMXU\�DFFLGHQWV�ZDV�IRXQG�WR�EH�HVWLPDWHG�E\

����� [��PHDQ�VSHHG�LQ�NP�K� �� ���

[��SHUFHQWDJH�H[FHHGLQJ�WKH�VSHHG�OLPLW� � ����

[�H[S��������[�VSHHG�OLPLW�LQ�NP�K�

[��IORZ�LQ�YHKLFOHV�GD\� � ����

[��OHQJWK�RI�URDG�LQ�NP� � ����

[�H[S��������[�QXPEHU�RI�MXQFWLRQV�
[�H[S���������[�URDG�ZLGWK�LQ�PHWUHV�
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$33(1',;���

$SSOLFDWLRQ�RI�0$67(5�IUDPHZRUN�IRU�DVVHVVLQJ�WKH
LPSDFW�RI�VSHHG

,Q� WKH� IROORZLQJ� WKH�DSSOLFDWLRQ�RI� WKH� IUDPHZRUN� LV� LOOXVWUDWHG�E\� D� UHDO� OLIH� FDVH� IURP
)LQODQG��7KH�HPSKDVLV�LV�RQ�WKH�GHVFULSWLRQ�RI�WKH�UHVXOWV��7KH�SUHVHQWDWLRQ�LV�EDVHG�RQ�D
SDSHU�E\�7RLYDQHQ�	�.DOOEHUJ��������ZKHUH�DOVR� WKH�SKDVHV�RI� WKH�DSSOLFDWLRQ�SURFHVV
LWVHOI� DUH� GHVFULEHG� JHQHUDOO\�� $� PRUH� GHWDLOHG� GHVFULSWLRQ� LV� SUHVHQWHG� LQ�.DOOEHUJ� 	
7RLYDQHQ��������

&DVH��([WHQGLQJ�WKH�([WHQGLQJ�ZLQWHUWLPH�VSHHG�OLPLW�WR�VHPL�PRWRUZD\V��LQ

)LQODQG

3UHVHQWO\��D�PDMRU�SDUW�WKH�WUXQN�URDG�QHWZRUN�LQ�)LQODQG���������NP�RXW�RI��������NP�
LV�VXEMHFW�WR�D�ORZHU�VSHHG�OLPLW�GXULQJ�ZLQWHU��IRXU�WR�VL[�PRQWKV�GXULQJ�2FWREHU¤$SULO��
7KH�ZLQWHUWLPH� UHGXFWLRQ� LV� IURP����� WR�����NP�K�RQ�PRWRUZD\V� DQG� IURP����� WR� ��
NP�K�RQ�RWKHU�URDGV��$�SROLF\�WHVW�ZDV�FDUULHG�RXW�RQ�H[WHQGLQJ�WKH�ZLQWHUWLPH�OLPLW� WR
WKH� VOLJKWO\� RYHU� ���� NLORPHWUHV� RI� VHPL�PRWRUZD\V�� 7KH� SUHVHQW� FDVH� FRQFHUQV� WKH
UHGXFWLRQ�RI�WKH�VSHHG�OLPLW�RQ�WKHVH�URDGV�IURP�����NP�K�WR����NP�K�IRU�D�SHULRG�RI�ILYH
PRQWKV��2QO\�OLQN�OHYHO�LPSDFWV�DUH�FRQVLGHUHG�

3UHVHQWO\��WKH�DYHUDJH�VSHHG�LV����NP�K�LQ�WKH�VXPPHU�DQG����NP�K�LQ�WKH�ZLQWHU��,W�ZDV
DVVXPHG�WKDW�D�VSHHG�OLPLW�RI����NP�K�ZRXOG�ORZHU�WKH�ZLQWHU�WLPH�DYHUDJH�VSHHG�WR���
NP�K��7KLV�DVVXPSWLRQ�ZDV�VXEMHFW�WR�VHQVLWLYLW\�WHVWV��DYHUDJH�VSHHGV�RI����DQG����NP�K
ZHUH�XVHG�DV�WKH�PLQLPXP�DQG�PD[LPXP�VSHHG�FKDQJHV��UHVSHFWLYHO\�

7KH�DYHUDJH�QXPEHU�RI�SHUVRQDO�LQMXU\�DFFLGHQWV��3,$��LQFOXGLQJ�IDWDO�DFFLGHQWV��RQ�WKHVH
URDGV� LV� DERXW����SHU�ZLQWHU�� UHVXOWLQJ� LQ� �� GHDWKV� DQG� ��� QRQ�IDWDO� LQMXULHV�� 7KXV�� WKH
DFFLGHQWV�RQ�WKHVH�URDGV�DUH�RIWHQ�YHU\�VHYHUH�

0RQHWDU\�LPSDFWV

7DEOH�����VXPPDULVHV�WKH�UHVXOWV�UHJDUGLQJ�PRQHWDU\�LPSDFWV��7KH�SROLF\�EULQJV�EHQHILWV
WR� VRFLHW\�� WKH� QHW� FKDQJH� RI� VRFLDO� FRVWV� LV� DERXW� 0(&8� ¤���� SHU� ZLQWHU�� ZKLFK
UHSUHVHQWV����RI� WKH� WRWDO� FRVWV��7KH� VLQJOH� ODUJHVW� FKDQJH� RFFXUV�ZLWK� DFFLGHQW� FRVWV�
0(&8� ¤���� ������� SHU�ZLQWHU�� ZLWK� WLPH� ORVVHV� LQFUHDVLQJ�ZRUWK� DERXW�0(&8� ����
������ SHU�ZLQWHU�� 7KH� VDYLQJV� LQ� DFFLGHQW� FRVWV�ZHUH� GHULYHG� IURP� DQ� HVWLPDWHG� ���
GHFUHDVH�LQ�WKH�QXPEHU�RI�LQMXU\�DFFLGHQWV�DQG�D�����GHFUHDVH�LQ�WKH�DYHUDJH�FRVW�RQ�DQ
LQMXU\�DFFLGHQW�

�����������������������������������������������
��6HPL�PRWRUZD\V�LQ�)LQODQG�DUH�UXUDO�WZR�RU�WKUHH�ODQH�VLQJOH�FDUULDJHZD\�URDGV�ZLWK�JUDGH�VHSDUDWHG

MXQFWLRQV�DQG�DFFHVV�OLPLWHG�WR�PRWRU�YHKLFOHV�ZLWK�VWUXFWXUDO�VSHHG�H[FHHGLQJ����NP�K��WKXV
H[FOXGLQJ�PRSHGV�DQG�DJULFXOWXUDO�WUDFWRUV��IRU�H[DPSOH��
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7DEOH������0RQHWDU\� LPSDFWV� �N(&8�SHU�ZLQWHU�� RI� H[WHQGLQJ� WKH�ZLQWHUWLPH� VSHHG

OLPLW�WR�VHPL�PRWRUZD\V�LQ�)LQODQG�

%HIRUH $IWHU &KDQJH

9HKLFOH�RSHUDWLQJ�FRVWV ������ ������ ���� ������
7LPH�FRVWV ������ ������ ����� �����
$FFLGHQW�FRVWV ����� ����� ������ �����
$LU�SROOXWLRQ�FRVWV ����� ����� ��� �������
1RLVH�FRVWV ����� ����� ���� �����
7RWDO ������� �������� ������ �������

7KH�UHVXOWV�RI�WKH�DFWXDO�SROLF\�WHVW��PHDQ�VSHHG�GHFUHDVHV�IURP����WR����NP�K��DQG�WKH
VHQVLWLYLW\�WHVWV�DUH�VXPPDULVHG�LQ�)LJXUH������7KH�DVVXPSWLRQ�RI�PLQLPDO�VSHHG�FKDQJH
�0,1��IURP����WR����NP�K��UHGXFHV�WKH�QHW�FKDQJH�LQ�WKH�VRFLDO�FRVWV�WR�0(&8�¤����SHU
ZLQWHU��7KH�FKDQJH�LQ�DFFLGHQW�FRVWV�E\�0(&8�¤����SHU�ZLQWHU�UHPDLQV�GHFLVLYH�IRU�WKH
QHW�HIIHFW��ZKLOH� WLPH�FRVWV� LQFUHDVH�E\�0(&8������SHU�ZLQWHU��7KH�X SSHU� OLPLW�RI� WKH
DQWLFLSDWHG�VSHHG�FKDQJH��0$;��IURP����WR����NP�K��DOWHUV�WKH�QHW�FRVWV�ZLWK�0(&8�¤
����SHU�ZLQWHU��$FFLGHQW�FRVWV�GHFUHDVH�E\�DV�PXFK�DV�0(&8����� RU� ����SHU�ZLQWHU�
ZKLOH�WLPH�FRVWV�LQFUHDVH�E\�0(&8�������,Q�DOO�FDVHV��YHKLFOH�RSHUDWLQJ�FRVWV�UHPDLQ�WKH
FOHDUO\�ODUJHVW�FRVW�LWHP�UHSUHVHQWLQJ�RYHU�����RI�WKH�WRWDO�FRVWV��7KH\�FKDQJH�UHODWLYHO\
OLWWOH�DV�WKH\�LQFOXGH�DOVR�WKH�IL[HG�FRVWV�WKDW�DUH�LQGHSHQGHQW�RI�VSHHG�

'LVWULEXWLRQ�RI�WKH�LPSDFWV

,Q�DOO�FDVHV�WKH�JURXS�WKDW�LV�PRVW�DIIHFWHG�E\�FKDQJHV�LQ�YHKLFOH�RSHUDWLQJ�FRVWV��92&�
DQG�WUDYHO�WLPH�FRVWV��77&��LV�SULYDWH�PRWRULVWV��ZKLFK�LV�QDWXUDO�DV�FDUV��DQG�YDQV��IRUP
���� RI� WKH� WUDIILF� RQ� VHPL�PRWRUZD\V�� +RZHYHU�� WKHLU� VKDUH� RI� WKH� FKDQJHV� LQ� WKHVH
FRVWV� LV�VOLJKWO\� ODUJHU��DERXW������VHH�)LJXUH�������7KH�VKDUHV�RI�FRDFKHV�DUH������RI
WKH�92&�VDYLQJV�DQG�������RI�WKH�77&V�DV�FRPSDUHG�WR�WKH������RI�WKH�WUDIILF��ZKHUHDV
WKH� VKDUHV� RI� JRRGV� WUDIILF� RI� WKHVH� FRVW� FKDQJHV� ������ DQG� ������ UHVSHFWLYHO\�� DUH
FOHDUO\� VPDOOHU� WKDQ� WKHLU� VKDUH�RI� WKH� IORZ� �������7KH� FRDFK� WUDIILF� UHFHLYHV� D� VPDOOHU
SRUWLRQ�RI�WKH�92&�VDYLQJV�DQG�SD\V�D� ODUJHU�SRUWLRQ�RI� WKH�77&�LQFUHDVH� WKDQ�ORUULHV�
7KXV�� ZKHQ� RQH� ORRNV� DW� WKH� VXP� RI� WKH� FKDQJHV� LQ� YHKLFOH� RSHUDWLQJ� DQG� WLPH� FRVWV�
FRDFKHV�WDNH�D�VKDUH�RI�DOPRVW�VHYHQ�WLPHV�WKHLU�VKDUH�RI�WKH�WUDIILF�ZKHUHDV�WKH�VKDUH�RI
JRRGV�WUDIILF�LV�RQO\�DERXW�RQH�VHYHQWK�RI�LWV�VKDUH�RI�WKH�WUDIILF�IORZ��7KH�H[SODQDWLRQ�WR
WKLV�LV�WKDW�WKH�VKDUH�RI�WLPH�FRVWV�LV�PXFK�KLJKHU�IRU�FRDFKHV�WKDQ�ORUULHV������YV�����
LQ�WKH�LQLWLDO�VLWXDWLRQ��

7KH� LPSDFW� IXQFWLRQV� XVHG� GR� QRW� SUHGLFW� YHKLFOH�W\SH� VSHFLILF� DFFLGHQW� UDWHV�� 7KXV�� LW
FDQ�RQO\�EH�VWDWHG�WKDW�DOO�URDG�XVHUV�EHQHILW�IURP�UHGXFHG�DFFLGHQWV�
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1RLVH�FRVWV

$LU�SROOXWLRQ�FRVWV

$FFLGHQW�FRVWV

7LPH�FRVWV

9HKLFOH�RSHUDWLQJ�FRVWV

)LJXUH������6XPPDU\�RI�WKH�LPSDFWV�RI�LQWURGXFLQJ�D�ZLQWHUWLPH�VSHHG�OLPLW�RQ�VHPL�
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&DUV�DQG
YDQV

&RDFKHV /RUULHV
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$QQXDO�DYHUDJH�
GDLO\�WUDIILF

&KDQJH�LQ�WRWDO�YHKLFOH
RSHUDWLQJ�FRVWV

&KDQJH�LQ�WRWDO
WUDYHO�WLPH�FRVWV

&KDQJH�LQ�WKH�VXP
RI�WKH�DERYH

)LJXUH������6KDUHV�RI�WKH�YHKLFOH�W\SHV�RI�WKH�WUDIILF�DV�ZHOO�DV�RI�FKDQJHV�LQ�YHKLFOH

RSHUDWLQJ�DQG�WLPH�FRVWV�

)RU�SROOXWLRQ��LW�LV�KDUG�WR�VD\�ZKLFK�JURXS�EHQHILWV�PRVW��)LUVW��LW�PXVW�EH�QRWHG�WKDW�WKH
DEVROXWH� FKDQJHV� RI� SROOXWDQW� FRQFHQWUDWLRQV� DUH� ERXQG� WR� EH� YHU\� VPDOO�� HYHQ
LQVLJQLILFDQW��ZKLFK�UHQGHUV�FORVH�WR�XQLPSRUWDQW�DOVR�WKH�GLVWULEXWLRQ�RI� WKDW�FKDQJH��,Q
SULQFLSOH�� KRZHYHU�� LW� FDQ� EH� QRWHG� WKDW� WKRVH� OLYLQJ� DW� WKH� URDGVLGH� DUH� H[SRVHG� IRU
ORQJHU�SHULRGV�WKDQ�WKRVH�LQVLGH�WKH�YHKLFOHV��EXW�WR�ORZHU�FRQFHQWUDWLRQV�WKDQ�WKH�ODWWHU
DUH�� 7KH� LPSDFWV� RI� SROOXWDQWV� KDYLQJ� PRUH� JOREDO� HIIHFWV� FDQ� EH� GHHPHG� GLVWULEXWHG
HYHQO\�
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7KH� UHVLGHQWV� RI� WKH� URDGVLGH� ZRXOG� EHQHILW� PRVW� IURP� WKH� VRPHZKDW� UHGXFHG� QRLVH
OHYHOV�� EHFDXVH� WKHLU� GDLO\� H[SRVXUH� WLPH� LV�PXFK� ORQJHU� WKDQ� WKDW� RI� DQ\� RWKHU� JURXS�
1HYHUWKHOHVV�� WKH� QRLVH� OHYHOV� LQVLGH� WKH� YHKLFOHV� GHFUHDVH� DV� ZHOO�� +RZHYHU�� WKH
UHGXFWLRQ� RI� WKH� QRLVH� HPLVVLRQV� DQG� OHYHOV� LV� VR� VOLJKW� ����� G%�� WKDW� LW� LV� KDUGO\
VLJQLILFDQW�

'LVFXVVLRQ

%HFDXVH�RI� WKH�KLJK� VHYHULW\� RI� WKH� DFFLGHQWV�� WKH� FRVW� RI� WKH� DYHUDJH� 3,$� XVHG� LQ� WKH
FDOFXODWLRQV�ZDV�GHULYHG�IURP�WKH�REVHUYHG�QXPEHUV�RI�GHDWKV�DQG�QRQ�IDWDO�LQMXULHV�DQG
WKHLU�QDWLRQDO�XQLW�YDOXHV�� LQVWHDG�RI�XVLQJ� WKH�QDWLRQDO� DYHUDJH�YDOXH� RQ� D� 3,$� �N(&8
������&RQVHTXHQWO\�WKH�DYHUDJH�FRVW�RQ�D�3,$�RQ�WKHVH�URDGV��N(&8������ZDV�HVWLPDWHG
WR�EH�DOPRVW�WZLFH�DV�KLJK�DV�WKH�QDWLRQDO�DYHUDJH�FRVW�RI�D�3,$�WKDW�LV�QRUPDOO\�XVHG�LQ
WKH� FDOFXODWLRQ� RI� DFFLGHQW� FRVWV�� 1HYHUWKHOHVV�� WKH� LPSDFW� RQ� DFFLGHQW� FRVWV� SUREDEO\
ZDV�VWLOO�XQGHUHVWLPDWHG��EHFDXVH� LQ� WKH� ODFN�RI�EHWWHU�GDWD�� WKH�FRVW�RI�QRQ�IDWDO� LQMXU\
XVHG�LQ�WKHVH�FDOFXODWLRQV�ZDV�WKH�QDWLRQDO�DYHUDJH��N(&8������WKH�UHDO�FRVW�EHLQJ�PRVW
FHUWDLQO\�PXFK�KLJKHU�

8QFHUWDLQWLHV�DUH�DOVR�SUHVHQW�LQ�PRQHWLVLQJ�WKH�LPSDFWV�RI�SROOXWLRQ�DQG�QRLVH��(VSHFLDOO\
WKH� LPSDFWV� RI� JOREDO� ZDUPLQJ� DUH� QRW� HDVLO\� SUHGLFWHG�� $V� FDUERQ� GLR[LGH�� WKH� PRVW
LPSRUWDQW�JUHHQKRXVH�JDV��VWDQGV�IRU�D�PDMRU�SDUW�RI� WKH�DLU�SROOXWLRQ�FRVWV��FKDQJHV� LQ
LWV�XQLW�YDOXH�EULQJ�DOPRVW�FRUUHVSRQGLQJ�FKDQJHV�WR�WKHVH�FRVWV��)RU�LQVWDQFH��LI�WKH�XQLW
SULFH� ZHUH� WHQIROG�� WKH� WRWDO� QHW� EHQHILWV� ZRXOG� EH�� LQ� WKH� 0$;� VFHQDULR�� DQQXDOO\
0(&8�����KLJKHU�WKDQ�LQ�WKH�EHIRUH�SROLF\�VLWXDWLRQ��7KH�SUHVHQW�YDOXH�LV�DW�VXFK�D�ORZ
UDQJH�WKDW�XVLQJ�RQH�WHQWK�RI�LW�ZRXOG�QRW�PDUNHGO\�FKDQJH�WKH�RYHUDOO�UHVXOWV�

2YHUDOO��WKH�DQDO\VLV�VKRZV�WKDW�ORZHULQJ�WKH�ZLQWHU�WLPH�VSHHG�OLPLW�E\����NP�K�ZRXOG
EULQJ�QHW�EHQHILWV� WR� VRFLHW\�� 7KH� FRVWV� RI� LPSOHPHQWLQJ� WKH� SROLF\� DUH� QRW� FRQVLGHUHG�
EXW� LW� LV�QRW� OLNHO\� WKDW� WKH\�ZLOO� FRPH� FORVH� WR� RIIVHWWLQJ� WKH� SUHVHQWHG� HIIHFW�� 7KH� QHW
HIIHFW�LV�IDLUO\�VPDOO�LQ�UHODWLYH�WHUPV�������7KH�PDLQ�FRQFOXVLRQ�FRXOG�EH�WKDW�WKH�SROLF\
ZRXOG�VLJQLILFDQWO\�LPSURYH�VDIHW\�DW�WKH�FRVW�RI�LQFUHDVHV�LQ�WUDYHO�WLPH�
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6SHHG�DGYLFH�V\VWHPV�LQ�WKH�VLPXODWRU�H[SHULPHQW

����9DULDEOH�PHVVDJH�VLJQ
'LPHQVLRQV������P�;��P

3RVLWLRQLQJ������P�EHIRUH�FXUYH�HQWU\

$FWLYDWLRQ�����P�EHIRUH�FXUYH�HQWU\

6SHFLDO�IHDWXUHV���7KH�VLJQ�LV�DFWLYDWHG�RQO\�ZKHQ
GULYHUV�DUH�H[FHHGLQJ�WKH�DGYLVRU\�VSHHG���/(('6����RQ
WRS�UHIHUV�WR�UHJLVWHU�SODWH��7KH�DGYLVRU\�VSHHG�LV
GLVSOD\HG�LQ�UHG�WR�LPSURYH�OHJLELOLW\�

����,Q�FDU�GLVSOD\ 'LPHQVLRQV������PP�;����PP

3RVLWLRQLQJ��,Q�WKH�FHQWUH�RI�WKH�GDVK�ERDUG��OHYHO�ZLWK
WKH�VWHHULQJ�ZKHHO�

$FWLYDWLRQ���7KH�PHVVDJH�LV�GLVSOD\HG����P�EHIRUH�FXUYH
HQWU\�

6SHFLDO�IHDWXUHV���7KH�PHVVDJH�LV�DFWLYDWHG�RQO\�ZKHQ
GULYHUV�DUH�H[FHHGLQJ�WKH�DGYLVRU\�VSHHG��7KH�DGYLVRU\
VSHHG�LV�GLVSOD\HG�LQ�UHG�WR�LPSURYH�OHJLELOLW\��7KH
PHVVDJH�LV�GHDFWLYDWHG�DW�FXUYH�HQWU\�

����6SHHG�OLPLWHU�LQWHUIDFH 'LPHQVLRQV������PP�;����PP

3RVLWLRQLQJ���,Q�WKH�FHQWUH�RI�WKH�GDVK�ERDUG��OHYHO�ZLWK
WKH�VWHHULQJ�ZKHHO�

$FWLYDWLRQ���7KH�PHVVDJH�¦63(('�&21752/�$+($'§
LV�GLVSOD\HG����P�EHIRUH�FXUYH�HQWU\��DQG�FKDQJHV�WR
¦63(('�&21752/�$&7,9(§����P�EHIRUH�FXUYH�HQWU\�

6SHFLDO�IHDWXUHV���7KH�VSHHG�FRQWURO�LV�GHDFWLYDWHG�RQ
FXUYH�H[LW�

����7UDQVYHUVH�EDUV
'LPHQVLRQV��������PHWUHV�ZLGH

3RVLWLRQLQJ���$W�ULJKW�DQJOHV�WR�WKH�FHQWUH�OLQH�RI�WKH
FDUULDJHZD\��3ODFHG�DW�GHFUHDVLQJ�LQWHUYDOV�IURP����P
EHIRUH�FXUYH�HQWU\�WR�FXUYH�DSH[��DV�ODLG�RXW�LQ
'HSDUWPHQW�RI�7UDQVSRUW�6WDQGDUG�7'�������'LVWDQFH
EHWZHHQ�EDUV�UDQJHG�IURP�����P������P�

$FWLYDWLRQ������P�EHIRUH�FXUYH�HQWU\

6SHFLDO�IHDWXUHV���<HOORZ

/(('6��

�6+$53�%(1'
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