
,1752'8&7,21
7KH� FRPIRUW� DQG� VDIHW\� RI� GULYHUV� LV� VWURQJO\� LQIOXHQFHG

E\� WKH� OD\RXW� RI� WKH� SULPDU\� FRQWUROV� LQ� UHODWLRQ� WR� WKH� VHDW
DGMXVWPHQW� UDQJH� DQG� WKH� YHKLFOH� VWUXFWXUH�� 7KH� VWHHULQJ
ZKHHO� ORFDWLRQ� UHODWLYH� WR� WKH� SHGDOV� XVXDOO\� KDV� D� PXFK
VPDOOHU�DGMXVWPHQW�UDQJH�WKDQ�WKH�VHDW�SRVLWLRQ��DQG�KHQFH�WKH
VWHHULQJ� ZKHHO� SRVLWLRQ� LV� D� PDMRU� GHWHUPLQDQW� RI� KRZ� WKH
GULYLQJ�³SDFNDJH´�IHHOV�WR�WKH�GULYHU�

7KH� VWDQGDUGV� DQG� UHFRPPHQGHG� SUDFWLFHV� IRU� YHKLFOH
LQWHULRU� SDFNDJLQJ� GHYHORSHG� E\� WKH� 6RFLHW\� RI� $XWRPRWLYH
(QJLQHHUV� �QRZ� 6$(� ,QWHUQDWLRQDO�� PHDVXUH� GULYHU
ZRUNVWDWLRQ� GLPHQVLRQV� IURP� UHIHUHQFH� SRLQWV� GHILQHG� QHDU
WKH� DFFHOHUDWRU� SHGDO��7KH� DFFHOHUDWRU� KHHO� SRLQW� �$+3�� LV� D
SRLQW� RQ� WKH� GHSUHVVHG� FDUSHW� VXUIDFH� QHDU� WKH� DFFHOHUDWRU
SHGDO�WKDW�LV�XVHG�DV�WKH�RULJLQDO�IRU�YHUWLFDO�PHDVXUHPHQWV�RI
VHDW�KHLJKW��6$(�+����DQG�VWHHULQJ�ZKHHO�KHLJKW��6$(�+����
0DQ\� IRUH�DIW� GLPHQVLRQV� DUH� UHIHUHQFHG� WR� WKH� EDOO�RI�IRRW
UHIHUHQFH� SRLQW� �%2)53��� ZKLFK� LV� D� SRLQW� QHDU� RU� RQ� WKH
VXUIDFH�RI� WKH�DFFHOHUDWRU�SHGDO��7KH�SURFHGXUHV�IRU� ORFDWLQJ
DQG�XVLQJ�WKHVH�SRLQWV�DUH�GHVFULEHG�LQ�GHWDLO� LQ�6$(�-�����
-������DQG�-������3ULRU�WR�WKH�GHYHORSPHQW�RI�WKHVH�SUDFWLFHV�
SHGDO� UHIHUHQFH� SRLQWV� ZHUH� GHILQHG� LQ� 6$(� -����� �-����
QRZ�DSSOLHV�RQO\� WR�&ODVV�%�YHKLFOHV�� L�H��� KHDY\� WUXFNV�DQG
EXVHV��

6$(� /�� LV� WKH� IRUH�DIW� ORFDWLRQ� RI� WKH� VWHHULQJ� ZKHHO
FHQWHU� UHODWLYH� WR� WKH� %2)53� �VHH� 6$(� -������� 6$(
VWDQGDUGV� DQG� UHFRPPHQGHG� SUDFWLFHV� SURYLGH� TXDQWLWDWLYH

JXLGDQFH� RQ� GHVLJQLQJ� VHDW� WUDFN� DGMXVWPHQW� UDQJHV� �6$(
-�������EXW�GR�QRW�SURYLGH�LQIRUPDWLRQ�RQ�WKH�VWHHULQJ�ZKHHO
ORFDWLRQV�WKDW�GULYHUV�SUHIHU��7R�DGGUHVV�WKLV�LVVXH��VXEMHFWLYH
UDWLQJV�RI�VWHHULQJ�ZKHHO�IRUH�DIW�SRVLWLRQ�ZHUH�REWDLQHG�IURP
SDUWLFLSDQWV� LQ� D� ODERUDWRU\� VWXG\� RI� GULYLQJ� SRVWXUH�� 7KH
UHVXOWV�ZHUH�DQDO\]HG�WR�SUHGLFW�WKH�GLVWULEXWLRQ�RI�VXEMHFWLYH
UHVSRQVHV�� 7KH� UHVXOWLQJ� PRGHO� FDQ� EH� XVHG� WR� SUHGLFW� WKH
SUHIHUUHG�VWHHULQJ�ZKHHO�SRVLWLRQ�

0(7+2'6
$V�SDUW� RI� D� ODUJHU� ODERUDWRU\� VWXG\� >�@�� VL[W\�HLJKW�PHQ

DQG�ZRPHQ�ZLWK�D�ZLGH�UDQJH�RI�ERG\�VL]H��UDQJLQJ�IURP�OHVV
WKDQ��WK�SHUFHQWLOH�IHPDOH�WR�JUHDWHU�WKDQ���WK�SHUFHQWLOH�PDOH
VWDWXUH� UHODWLYH� WR� WKH�8�6��SRSXODWLRQ��HYDOXDWHG� WKH� IRUH�DIW
VWHHULQJ�ZKHHO�SRVLWLRQV� LQ�HDFK�RI���SDFNDJHV��7DEOH��� OLVWV
WKH�SDFNDJHV��,Q�HDFK�FRQGLWLRQ��WKH�SDUWLFLSDQW�VHOHFWHG�KLV�RU
KHU� SUHIHUUHG� VHDW� SRVLWLRQ� RQ� DQ� XQUHVWULFWHG� IRUH�DIW� WUDFN
DQG� DGMXVWHG� WKH� VHDW� EDFN� DQJOH� �QR� VHDW� KHLJKW� RU� VHDW
FXVKLRQ� DQJOH� DGMXVWPHQW�� SULRU� WR� SURYLGLQJ� D� QXPHULFDO
UDWLQJ� RQ� WKH� VFDOH� VKRZQ� LQ� )LJXUH� ��� 7KH� HQWLUH� VLWWLQJ
SHULRG� SULRU� WR� UDWLQJ� ZDV� OHVV� WKDQ� ILYH� PLQXWHV� LQ� HDFK
FRQGLWLRQ�� 'ULYHUV� ZHUH� GLUHFWHG� WRZDUG� D� KRUL]RQWDO� YLVLRQ
WDUJHW�EXW�QR�GULYLQJ� VLPXODWLRQ�ZDV�SHUIRUPHG��'ULYHUV�GLG
QRW�FRQGXFW�DQ\�UHDFK�RU�VHFRQGDU\�WDVNV�SULRU�WR�UDWLQJ�

������������
3XEOLVKHG�����������

&RS\ULJKW��������6$(�,QWHUQDWLRQDO
GRL���������������������
VDHSFPHFK�VDHMRXUQDOV�RUJ

'ULYHU�3UHIHUHQFH�IRU�)RUH�$IW�6WHHULQJ�:KHHO�/RFDWLRQ
0DWWKHZ�5HHG
8QLY��RI�0LFKLJDQ

$%675$&7
7KH�IRUH�DIW�ORFDWLRQ�RI�WKH�VWHHULQJ�ZKHHO�UHODWLYH�WR�WKH�SHGDOV�LV�D�FULWLFDO�GHWHUPLQDQW�RI�GULYLQJ�SRVWXUH�DQG�FRPIRUW�

&XUUHQW�6$(�SUDFWLFHV�ODFN�TXDQWLWDWLYH�JXLGDQFH�RQ�VWHHULQJ�ZKHHO�SRVLWLRQLQJ��7KLV�SDSHU�SUHVHQWV�D�PRGHO�RI�VXEMHFWLYH
SUHIHUHQFH�IRU� IRUH�DIW�VWHHULQJ�ZKHHO�SRVLWLRQ�DFURVV�D� UDQJH�RI�VHDW�KHLJKWV��6L[W\�HLJKW�PHQ�DQG�ZRPHQ�HYDOXDWHG� WKH
VWHHULQJ�ZKHHO�SRVLWLRQV�LQ�D�WRWDO�RI���SDFNDJH�FRQGLWLRQV�GLIIHUHQWLDWHG�E\�VHDW�KHLJKW�DQG�IRUH�DIW�VWHHULQJ�ZKHHO�SRVLWLRQ�
1XPHULFDO�UHVSRQVHV�ZHUH�JLYHQ�RQ�D���SRLQW�VFDOH�DQFKRUHG�ZLWK�WKH�ZRUGV�³7RR�&ORVH´��³-XVW�5LJKW´��DQG�³7RR�)DU´��$
VWDWLVWLFDO�DQDO\VLV�RI�WKH�UHVXOWV�GHPRQVWUDWHG�WKDW�WKH�SUHIHUUHG�IRUH�DIW�VWHHULQJ�ZKHHO�SRVLWLRQ�ZDV�DIIHFWHG�E\�VHDW�KHLJKW
DQG�GULYHU�VWDWXUH��$Q�RUGLQDO�ORJLVWLF�UHJUHVVLRQ�PRGHO�ZDV�FUHDWHG�WKDW�SUHGLFWV�WKH�GLVWULEXWLRQ�RI�VXEMHFWLYH�UHVSRQVHV�WR
VWHHULQJ� ZKHHO� ORFDWLRQ�� 7KH� PRGHO� FDQ� EH� XVHG� WR� FDOFXODWH� WKH� SUHIHUUHG� VWHHULQJ� ZKHHO� SRVLWLRQ� IRU� LQGLYLGXDOV� RU
SRSXODWLRQV��7KH�UHVXOWV�ZHUH�FRPSDUHG�WR�GLVWULEXWLRQV�RI�VWHHULQJ�ZKHHO�ORFDWLRQV�LQ����YHKLFOHV�

&,7$7,21��5HHG��0����'ULYHU�3UHIHUHQFH�IRU�)RUH�$IW�6WHHULQJ�:KHHO�/RFDWLRQ���
�����������GRL����������������������
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7DEOH����3DFNDJH�&RQGLWLRQV

)LJXUH����5DWLQJ�VFDOH�IRU�VWHHULQJ�ZKHHO�SRVLWLRQ�

$�VWDWLVWLFDO�DQDO\VLV�XVLQJ�RUGLQDO�ORJLVWLF�UHJUHVVLRQ�ZDV
FRQGXFWHG� WR�SUHGLFW� WKH�GLVWULEXWLRQ�RI� VXEMHFWLYH� UHVSRQVHV
DV�D� IXQFWLRQ�RI� VWHHULQJ�ZKHHO�SRVLWLRQ� �/����RWKHU�SDFNDJH
GLPHQVLRQV�� VXFK�DV� VHDW�KHLJKW� �+�����DQG�GULYHU�DWWULEXWHV�
'XH�WR�UHODWLYHO\�IHZ�UHVSRQVHV�DW� WKH�H[WUHPHV�RI�WKH�VFDOH�
UHVSRQVHV�������DQG���ZHUH�FRXQWHG�DV�³WRR�FORVH´��UHVSRQVH��
DV�³MXVW�ULJKW´��DQG�UHVSRQVHV�������DQG���DV�³WRR�IDU´��8VLQJ
WKH� UHVXOWLQJ� PRGHOV�� WKH� SUHGLFWHG� PRVW�SUHIHUUHG� VWHHULQJ
ZKHHO�SRVLWLRQ�IRU����YHKLFOHV�ZDV�FRPSDUHG�WR�WKH�PHDVXUHG
SRVLWLRQ�

5(68/76
6WDWLVWLFDO�$QDO\VLV�RI�'ULYHU�5DWLQJV

6WDWXUH�� /��� VHDW� KHLJKW� �+����� DQG� VHDW� KHLJKW� VTXDUHG
ZHUH� VLJQLILFDQWO\� UHODWHG� WR� VXEMHFWLYH� UHVSRQVH�� 7DEOH� �
VKRZV�WKH�RUGLQDO�ORJLVWLF�PRGHO�

7DEOH����2UGLQDO�/RJLVWLF�0RGHO

7DEOH����FRQW���2UGLQDO�/RJLVWLF�0RGHO

7KH�LPSOHPHQWDWLRQ�RI�WKH�PRGHO�LV�DV�IROORZV��7KH�OLQHDU
SRUWLRQ� RI� WKH� ORJLVWLF� PRGHO� LV� JLYHQ� E\� ϕ�  � í��������

����������� �í��������� �������������� ��IRU
GULYHU�VWDWXUH�DQG�+���LQ�PP��7KH�FXPXODWLYH�SUREDELOLW\�RI
³WRR�FORVH´�LV�JLYHQ�E\

$QG�WKH�SUREDELOLW\�RI�³MXVW�ULJKW´�RU�³WRR�FORVH´�LV�JLYHQ
E\�

7KHQ� WRRBFORVH� � ���� MXVWBULJKW� � ���� ����DQG� WRRBIDU� ��
�� ��

)LJXUH���VKRZV�WKH�HIIHFW�RI�/��RQ�WKH�UDWLQJ�SUREDELOLWLHV
IRU� VWDWXUH� RI� ����� PP� �DSSUR[LPDWHO\� PHGLDQ� 8�6�� PDOH�
DQG�+���RI�����PP��W\SLFDO�RI�D�PLGVL]H�VHGDQ���)RU�WKLV�VHDW
KHLJKW�� WKH� ODUJHVW� SURSRUWLRQ� RI� ³MXVW� ULJKW´� HYDOXDWLRQV
������RFFXUV�ZLWK�DQ�/��YDOXH�RI�����PP�

)LJXUH� �� GHPRQVWUDWHV� WKDW� WKH� UDWLQJV� DUH� VRPHZKDW
DIIHFWHG� E\� GULYHU� VWDWXUH�� EXW� WKH� HIIHFW� LV� UHODWLYHO\� VPDOO�
7KH� ODUJHVW� HIIHFWV� DUH� LQ� WKH� ³WRR� FORVH´� DQG� ³WRR� IDU´
FDWHJRULHV��ZLWK�WKH�H[SHFWHG�WUHQGV��$W�DQ�+���YDOXH�RI����
PP��DQ�/��YDOXH�RI�����PP�LV�PXFK�PRUH�OLNHO\�WR�EH�MXGJHG
DV� ³WRR� FORVH´� E\� VKRUWHU�VWDWXUHG� GULYHUV� WKDQ� E\� WDOOHU�
VWDWXUH�GULYHUV�

7KH� +��� HIIHFW� LQ� )LJXUH� �� VKRZV� QRQOLQHDULW\� DQG
JHQHUDOO\� D� PXFK� ZHDNHU� HIIHFW� WKDQ� H[SHFWHG�� 7KH
SHUFHQWDJH� RI� GULYHUV� UDWLQJ� DQ� /�� YDOXH� DV� ³MXVW� ULJKW´� LV
SUHGLFWHG�WR�EH�DSSUR[LPDWHO\�WKH�VDPH�WKURXJK�D�ODUJH�UDQJH
RI�+���YDOXHV��2QO\�DERYH�+��� �����PP�GRHV�WKH�IUDFWLRQ
RI�SUHGLFWHG�³MXVW�ULJKW´�UHVSRQVHV�GURS�DSSUHFLDEO\�
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)LJXUH����(IIHFWV�RI�/��RQ�GULYHU�UDWLQJ�RI�VWHHULQJ�ZKHHO
ORFDWLRQ�IRU�GULYHUV������PP�WDOO�DW�DQ�+���RI�����PP�
7KLFN��UHG��OLQH�LV�WKH�SUREDELOLW\�RI�UDWLQJ�WKH�VWHHULQJ
ZKHHO�ORFDWLRQ�DV�³MXVW�ULJKW´��WKH�WKLQ��EOXH��OLQH�LV�WKH
SUREDELOLW\�RI�UDWLQJ�³WRR�IDU´�DQG�WKH�GDVKHG�OLQH�LV�WKH

SUREDELOLW\�RI�UDWLQJ�³WRR�FORVH´�

)LJXUH����(IIHFWV�RI�VWDWXUH�RQ�GULYHU�UDWLQJ�RI�VWHHULQJ
ZKHHO�ORFDWLRQ�IRU�/�� �����PP�DQG�+��� �����PP�
7KLFN��UHG��OLQH�LV�WKH�SUREDELOLW\�RI�UDWLQJ�WKH�VWHHULQJ
ZKHHO�ORFDWLRQ�DV�³MXVW�ULJKW´��WKH�WKLQ��EOXH��OLQH�LV�WKH
SUREDELOLW\�RI�UDWLQJ�³WRR�IDU´�DQG�WKH�GDVKHG�OLQH�LV�WKH

SUREDELOLW\�RI�UDWLQJ�³WRR�FORVH´�

)LJXUH����(IIHFWV�RI�+���RQ�GULYHU�UDWLQJ�RI�VWHHULQJ
ZKHHO�ORFDWLRQ�IRU�/�� �����PP�DQG�VWDWXUH� ������PP�
7KLFN��UHG��OLQH�LV�WKH�SUREDELOLW\�RI�UDWLQJ�WKH�VWHHULQJ
ZKHHO�ORFDWLRQ�DV�³MXVW�ULJKW´��WKH�WKLQ��EOXH��OLQH�LV�WKH
SUREDELOLW\�RI�UDWLQJ�³WRR�IDU´�DQG�WKH�GDVKHG�OLQH�LV�WKH

SUREDELOLW\�RI�UDWLQJ�³WRR�FORVH´�

&RPSDULVRQ�ZLWK�9HKLFOH�'DWD
,Q�D�VHSDUDWH�VWXG\�� WKH�GLPHQVLRQV�RI�D� ODUJH�QXPEHU�RI

YHKLFOHV�ZHUH�PHDVXUHG��1R�GULYHU� WHVWLQJ�ZDV�SHUIRUPHG�LQ
WKHVH� YHKLFOHV�� )LJXUH� �� VKRZV� +��� DQG� /�� IURP� ��
SDVVHQJHU� FDUV�� OLJKW� WUXFNV�� 689V�� DQG� PLQLYDQV� OLVWHG� LQ
$SSHQGL[� $�� 3HGDO� UHIHUHQFH� SRLQWV� DQG� 6HDWLQJ� 5HIHUHQFH
3RLQW� �6J53��ZHUH� IRXQG�XVLQJ� -����������SURFHGXUHV��)RU
WKH�UDQJH�RI�VHDW�KHLJKWV��WKH�RSWLPDO�/��ZDV�FRPSXWHG�XVLQJ
WKH�ORJLVWLF�UHJUHVVLRQ�PRGHO�IRU�D�PHDQ�SRSXODWLRQ�VWDWXUH�RI
����� PP�� DSSUR[LPDWHO\� WKH� PHDQ� RI� WKH� 8�6�� DGXOW
SRSXODWLRQ��VHH�KWWS���ZZZ�FGF�JRY�QFKV�QKDQHV�KWP���)LJXUH
�� VKRZV� WKH� UHVXOWLQJ� FXUYH�� ,Q� DGGLWLRQ�� WKH� IUDFWLRQ� RI� WKH
8�6�� DGXOW� SRSXODWLRQ� SUHGLFWHG� WR� UDWH� WKH� IRUH�DIW� VWHHULQJ
ZKHHO�SRVLWLRQ�DV�³MXVW�ULJKW´�ZDV�FRPSXWHG�IRU�HDFK�YHKLFOH�
)RU� ��� YHKLFOHV� ������� WKH� IUDFWLRQ� SUHGLFWHG� DV� UDWLQJ� WKH
VWHHULQJ�ZKHHO�SRVLWLRQ�DV�³MXVW� ULJKW´�ZDV�EHWZHHQ�����DQG
�����HVVHQWLDOO\�WKH�PD[LPXP�SRVVLEOH�IRU�WKLV�PRGHO��2QO\��
YHKLFOHV� KDG� SUHGLFWHG� ³MXVW� ULJKW´� IUDFWLRQV� EHORZ� ����� 7KH
ORZHVW� SUHGLFWHG� ³MXVW� ULJKW´� IUDFWLRQ� ZDV� ����� IRU� WKH
RXWO\LQJ�YHKLFOH�WR�WKH�ULJKW�LQ�)LJXUH���

)LJXUH����+���DQG�/��IRU����YHKLFOHV�PHDVXUHG�DW
8075,��2SWLPDO�/��DV�D�IXQFWLRQ�RI�+���EDVHG�RQ�WKH
FXUUHQW�DQDO\VLV�LV�VKRZQ�DV�D�FXUYH��7HVW�FRQGLWLRQV
IURP�WKH�GULYHU�UHVSRQVH�GDWD�DUH�VKRZQ�DV�ILOOHG

VTXDUHV��9HKLFOH�V\PEROV�DQG�FRORUV�VKRZ�WKH�SUHGLFWHG
IUDFWLRQ�RI�³MXVW�ULJKW´�UDWLQJV�IURP������WR������LQYHUWHG
WULDQJOHV��������WR�������GLDPRQGV��������WR�������[�������

WR���������������WR�������WULDQJOHV��WR�OHVV�WKDQ����
�FLUFOHV��

',6&866,21
7KHVH� UHVXOWV� DUH� WKH� ILUVW� DYDLODEOH� WR� TXDQWLI\� GULYHUV


SUHIHUUHG�VWHHULQJ�ZKHHO�SRVLWLRQV�XVLQJ�VXEMHFWLYH�UHVSRQVHV�
7KH� UHVXOWV� DUH� EURDGO\� FRQVLVWHQW� ZLWK� D� ODUJH� VDPSOH� RI
FXUUHQW� YHKLFOHV�� LQ� RQO\� D� IHZ� YHKLFOHV� LV� WKH� IRUH�DIW
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VWHHULQJ�ZKHHO�SRVLWLRQ�PRUH�WKDQ����PP�IURP�WKH�SUHIHUHQFH
OLQH�JLYHQ�E\�WKH�FXUUHQW�GDWD�

7KH� VWDWXUH� HIIHFW� LQ� WKH� PRGHO� ZDV� UHODWLYHO\� VPDOO�
VXJJHVWLQJ� WKDW� SRVWXUDO� YDULDEOHV� VXFK� DV� HOERZ� DQJOH� DUH
SUREDEO\�QRW�VWURQJO\�UHODWHG�WR�SUHIHUHQFH�IRU�VWHHULQJ�ZKHHO
SRVLWLRQ��6WHHULQJ�ZKHHO�KHLJKW�ZDV�QRW�YDULHG�LQGHSHQGHQW�RI
+��� LQ� WKLV� VWXG\�� VR� WKH� LQGHSHQGHQW� LQIOXHQFH� RI� VWHHULQJ
ZKHHO� KHLJKW� DQG� IRUH�DIW� SRVLWLRQ� FRXOG� QRW� EH� H[SORUHG�
8QH[SHFWHGO\�� WKH� VXEMHFWLYH� UHVSRQVHV� IRU� WKH� VDPH� /�
YDOXHV�GLIIHUHG�OLWWOH�IRU�+���YDOXHV�RI�����DQG�����PP�

7KH� VWXG\� LV� OLPLWHG� E\� WKH� ODERUDWRU\� VHWWLQJ�� DOWKRXJK
WKH� SRVWXUH� UHVXOWV� IURP� WKH� VWXG\� KDYH� SUHYLRXVO\� EHHQ
YDOLGDWHG�DJDLQVW�LQ�YHKLFOH�GDWD�>�@��'ULYHUV�DOVR�H[SHULHQFHG
HDFK�FRQGLWLRQ�IRU�OHVV�WKDQ�ILYH�PLQXWHV��ZKLFK�PD\�QRW�KDYH
EHHQ� VXIILFLHQW� IRU� WKHP� WR� GHYHORS� D� VWURQJ� VXEMHFWLYH
HYDOXDWLRQ��0RVW�QHZ�YHKLFOHV�VROG� LQ� WKH�8�6��DUH�HTXLSSHG
ZLWK� WLOWDEOH� VWHHULQJ� ZKHHOV� DQG� PDQ\� KDYH� WHOHVFRSLQJ
ZKHHOV�� EXW� QHLWKHU� IHDWXUH� ZDV� LQYHVWLJDWHG� LQ� WKH� FXUUHQW
VWXG\��1RQHWKHOHVV��WKHVH�UHVXOWV�FRXOG�EH�XVHG�DV�D�JXLGH�IRU
ORFDWLQJ�WKH�VWHHULQJ�ZKHHO�DGMXVWPHQW�UDQJH�

$V� VKRZQ� LQ� )LJXUH� ��� WKH� WHVW� FRQGLWLRQV� VSDQQHG� WKH
UDQJH� RI� FRPELQDWLRQV� RI�+��� DQG�/�� IRU�PRGHUQ� YHKLFOHV�
([SRVXUH�WR�WKLV�ODUJH�UDQJH�RI�FRQGLWLRQV�PD\�KDYH�UHGXFHG
WKH�GULYHUV
�VHQVLWLYLW\�WR�VPDOO�GLIIHUHQFHV��0RUHRYHU��WKH�WHVW
FRQGLWLRQV�PD\�KDYH�WHQGHG�WR�³FHQWHU´�WKH�GULYHUV�UHVSRQVHV�
OHDGLQJ� WR� WKH� ³MXVW� ULJKW´� FRQGLWLRQV� EHLQJ� ORFDWHG� QHDU� WKH
PLGGOH� RI� WKH�PDWUL[�� +RZHYHU�� WKH�PDWUL[�ZDV� FRQVWUXFWHG
EDVHG� RQ� FXUUHQW� SUDFWLFH� LQ� YHKLFOHV�� ZKLFK� DOVR� FDQ� EH
SUHVXPHG� WR� KDYH� VRPH�PHULW� DV� D�PHDVXUH� RI�ZKDW� GULYHUV
SUHIHU�

,Q� IXWXUH� ZRUN�� GULYHU
V� SUHIHUHQFHV� IRU� VWHHULQJ� ZKHHO
ORFDWLRQ� FRXOG� DOVR� EH� DVVHVVHG� E\� PDJQLWXGH� SURGXFWLRQ
WULDOV�� LQ� ZKLFK� GULYHUV� DGMXVW� WKH� VWHHULQJ� ZKHHO� WR� WKHLU
SUHIHUUHG�SRVLWLRQ��7KH�GLVDGYDQWDJH�RI� WKDW�DSSURDFK� LV� WKDW
LW� GRHV� QRW� SURGXFH� DQ� HVWLPDWH� RI� WKH� VXEMHFWLYH� FRVW� RI
GHYLDWLQJ�IURP�WKH�SUHIHUUHG�SRVLWLRQ�

5()(5(1&(6
�� 5HHG�� 0�3��� 0DQDU\�� 0�$��� )ODQQDJDQ�� &�$�&��� DQG� 6FKQHLGHU�� /�:�

7KH�HIIHFWV�RI�YHKLFOH�LQWHULRU�JHRPHWU\�DQG�DQWKURSRPHWULF�YDULDEOHV�RQ
DXWRPRELOH�GULYLQJ�SRVWXUH�� ������������������������

�� 5HHG��0�3���0DQDU\��0�$���)ODQQDJDQ��&�$�&���DQG�6FKQHLGHU��/�:��$
VWDWLVWLFDO� PHWKRG� IRU� SUHGLFWLQJ� DXWRPRELOH� GULYLQJ� SRVWXUH��

������������������������
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0DNH 0RGHO <HDU +����PP� /���PP� +����PP�

)RUG 7DXUXV�/; ���� ��� ��� ���

&KHY\ 6LOYHUDGR�/6 ���� ��� ��� ���

'RGJH &DUDYDQ ���� ��� ��� ���

+RQGD &LYLF�(; ���� ��� ��� ���

+RQGD &59 ���� ��� ��� ���

%XLFN 5HJDO ���� ��� ��� ���

)RUG 5DQJHU ���� ��� ��� ���

&KHY\ ,PSDOD ���� ��� ��� ���

)RUG )RFXV ���� ��� ��� ���

9: 3DVVDW ���� ��� ��� ���

0HUFXU\ 0RXQWDLQHHU ���� ��� ��� ���

7R\RWD &RUROOD ���� ��� ��� ���

2OGVPRELOH ,QWULJXH ���� ��� ��� ���

0D]GD � ���� ��� ��� ���

6DWXUQ 6�6HULHV ���� ��� ��� ���

&DGLOODF 'HYLOOH ���� ��� ��� ���

7R\RWD 6LHQQD�/( ���� ��� ��� ���

0D]GD 3URWpJp ���� ��� ��� ���

7R\RWD 7DFRPD ���� ��� ��� ���

1LVVDQ $OWLPD�����6( ���� ��� ��� ���

)RUG )UHHVW\OH ���� ��� ��� ���

-HHS /LEHUW\ ���� ��� ��� ���

7R\RWD &DPU\ ���� ��� ��� ���

&KHY\ 0DOLEX ���� ��� ��� ���

,QILQLW\ );�� ���� ��� ��� ���

&KU\VOHU 3DFLILFD ���� ��� ��� ���
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+RQGD $FFRUG�(; ���� ��� ��� ���

-HHS *G��&KHURNHH ���� ��� ��� ���

*0& (QYR\ ���� ��� ��� ���

'RGJH 5DP ���� ��� ��� ���

7R\RWD 6RODUD ���� ��� ��� ���

*0& <XNRQ ���� ��� ��� ���

)RUG ([SHGLWLRQ ���� ��� ��� ���

)RUG )UHHVWDU ���� ��� ��� ���

)RUG 7DXUXV�6( ���� ��� ��� ���

3RQWLDF *UDQG�3UL[�6( ���� ��� ��� ���

+RQGD &LYLF ���� ��� ��� ���

2OGVPRELOH &LHUD�6 ���� ��� ��� ���

&DGLOODF 'H9LOOH ���� ��� ��� ���

)RUG :LQGVWDU�*/ ���� ��� ��� ���

0D]GD ����/; ���� ��� ��� ���

6DWXUQ 9XH�9� ���� ��� ��� ���

3RQWLDF %RQQHYLOOH�6/( ���� ��� ��� ���

7R\RWD 3ULXV�K\EULG ���� ��� ��� ���

)RUG ([SORUHU�6SRUW ���� ��� ��� ���

)RUG 0XVWDQJ�697 ���� ��� ��� ���

&KHYUROHW &���� ���� ��� ��� ���

&KHYUROHW 6���/6 ���� ��� ��� ���

)RUG &RQWRXU�697 ���� ��� ��� ���

&KHYUROHW 7UDFNHU ���� ��� ��� ���

7R\RWD &RUROOD�'; ���� ��� ��� ���

$FXUD ,QWHJUD�*6 ���� ��� ��� ���

7R\RWD &DPU\�'; ���� ��� ��� ���

6XEDUX /HJDF\�2XWEDFN ���� ��� ��� ���

6XEDUX )RUHVWHU�/ ���� ��� ��� ���

)RUG 3UREH�*7 ���� ��� ��� ���
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&KHYUROHW 1RYD ���� ��� ��� ���

+RQGD $FFRUG�/; ���� ��� ��� ���

7R\RWD 7HUFHO�67' ���� ��� ��� ���

)RUG 7DXUXV�*/ ���� ��� ��� ���

7R\RWD 6LHQQD�/( ���� ��� ��� ���

&KHYUROHW 7UDYHUVH ���� ��� ��� ���

9ROYR ;&�� ���� ��� ��� ���

)RUG 7DXUXV ���� ��� ��� ���

+RQGD &LYLF ���� ��� ��� ���

'RGJH &DUDYDQ ���� ��� ��� ���

)RUG 7DXUXV ���� ��� ��� ���

+\XQGDL 6RQDWD ���� ��� ��� ���

7R\RWD 6LHQQD ���� ��� ��� ���

&KU\VOHU *UDQG�&DUDYDQ ���� ��� ��� ���

.LD 6RXO ���� ��� ��� ���

1LVVDQ 9HUVD ���� ��� ��� ���

&KHYUROHW ,PSDOD ���� ��� ��� ���

)RUG ([SORUHU ���� ��� ��� ���

0LWVXELVKL /DQFHU ���� ��� ��� ���

0D]GD � ���� ��� ��� ���

)RUG )��� ���� ��� ��� ���

&KHYUROHW 7DKRH ���� ��� ��� ���

9RONVZDJHQ (RV ���� ��� ��� ���

$XGL $� ���� ��� ��� ���

)RUG )RFXV ���� ��� ��� ���

+\XQGDL $FFHQW ���� ��� ��� ���

+RQGD )LW ���� ��� ��� ���

1LVVDQ &XEH ���� ��� ��� ���

)RUG )LHVWD ���� ��� ��� ���

&KHYUROHW $YHR ���� ��� ��� ���
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