
$%675$&7
7KLV� SDSHU� GHVFULEHV� WKH� GHYHORSPHQW� RI� WKH� IL[HG� VHDW
H\HOOLSVH�LQ�WKH�2FWREHU������UHYLVLRQ�RI�6$(�5HFRPPHQGHG
3UDFWLFH�-�����7KH�H\H�ORFDWLRQV�RI����PHQ�DQG�ZRPHQ�ZLWK�D
ZLGH� UDQJH� RI� VWDWXUH� ZHUH� UHFRUGHG� DV� WKH\� VDW� LQ� HDFK� RI
WKUHH�VHFRQG�URZ�EHQFK�VHDWV�LQ�D�ODERUDWRU\�PRFNXS��7HVWLQJ
ZDV� FRQGXFWHG� DW� ����� ����� DQG� ���GHJUHH� VHDW� EDFN� DQJOHV�
5HJUHVVLRQ�DQDO\VLV�GHPRQVWUDWHG�WKDW�SDVVHQJHU�H\H�ORFDWLRQ
ZDV�VLJQLILFDQWO\�DIIHFWHG�E\�VWDWXUH�DQG�E\�VHDW�EDFN�DQJOH�
7KH� UHJUHVVLRQ� UHVXOWV� ZHUH� XVHG� WR� GHYHORS� DQ� HOOLSWLFDO
DSSUR[LPDWLRQ� RI� WKH� GLVWULEXWLRQ� RI� DGXOW� SDVVHQJHU� H\H
ORFDWLRQV��DSSO\LQJ�D�PHWKRGRORJ\�SUHYLRXVO\�XVHG�WR�GHYHORS
WKH�GULYHU�H\HOOLSVH�LQ�6$(�-���������

,1752'8&7,21
7KH� H\HOOLSVH� LV� D� VWDWLVWLFDO� FRQVWUXFW� WKDW� UHSUHVHQWV� WKH
GLVWULEXWLRQ�RI�YHKLFOH�RFFXSDQWV
�H\H�ORFDWLRQV�DV�DQ�HOOLSVH�
RU� HOOLSVRLG� LQ� WKUHH� GLPHQVLRQV� ���� ���� 7KH� H\HOOLSVH� ZDV
LQWURGXFHG� E\� 0HOGUXP� ����� ZKR� REVHUYHG� WKDW� WKH
GLVWULEXWLRQ� RI� D� ODUJH� QXPEHU� RI� PHDVXUHG� GULYHU� H\H
ORFDWLRQV� ZDV� VLPLODU� WR� D� WKUHH�GLPHQVLRQDO� PXOWLYDULDWH
QRUPDO� GLVWULEXWLRQ�� $� ELYDULDWH� QRUPDO� GLVWULEXWLRQ� LV
IUHTXHQWO\� GHSLFWHG�XVLQJ� DQ� HOOLSVRLG� FHQWHUHG�RQ� WKH�PHDQ
RI�WKH�GLVWULEXWLRQ��7KH�HOOLSVRLG�FDQ�EH�FRPSXWHG�WR�HQFORVH
D� VSHFLILHG� SHUFHQWDJH� RI� WKH� GLVWULEXWLRQ� GHQVLW\�� IRU
H[DPSOH�������0HOGUXP�H[SORLWHG�WKH�³FXWRII´�FKDUDFWHULVWLF
RI� WKH� GHQVLW\� HOOLSVRLG� WR� REWDLQ� D� UHVXOW� PRUH� XVHIXO� IRU
YLVLRQ� DQDO\VLV�� 7DQJHQWV� WR� DQ\� ELYDULDWH� QRUPDO� GHQVLW\
HOOLSVH� GLYLGH� WKH� GLVWULEXWLRQ� LQWR� D� FRQVWDQW� IUDFWLRQ�
(TXLYDOHQWO\��DV�VKRZQ�LQ�)LJXUH����D�³FXWRII´�HOOLSVH�FDQ�EH
FRQVWUXFWHG� VXFK� WKDW� DOO� WDQJHQWV� WR� WKH� HOOLSVH� GLYLGH� WKH
GLVWULEXWLRQ�LQWR�FRQVWDQW�IUDFWLRQV�

7KH�FXWRII�HOOLSVH�SURYLGHV�JUHDWHU�XWLOLW\�IRU�YLVLRQ�DQDO\VHV
WKDQ� GRHV� WKH� GHQVLW\� HOOLSVH��&RQVLGHU� D� GHVLJQ� FULWHULRQ� WR
HQVXUH�D�PLQLPXP�XSZDUG�YLVLRQ�DQJOH� IRU�GULYHUV��8VLQJ�D
���� FXWRII� HOOLSVH�� )LJXUH� �� VKRZV� D� VFKHPDWLF� VLGH�YLHZ
DQDO\VLV� RI� XSYLVLRQ� DQJOH�� 7KH� ILJXUH� VKRZV� WKDW� ���� RI
GULYHUV�KDYH�DQ�XSYLVLRQ�DQJOH�DW�OHDVW�DV�ODUJHU�DV�WKH�DQJOH
RI�WKH�WDQJHQW�

)LJXUH����&RQGXFWLQJ�DQ�XSZDUG�YLVLRQ�DQDO\VLV�ZLWK�D
VLGH�YLHZ�����FXWRII�GULYHU�H\HOOLSVH��7KH�H\HOOLSVH

HQFORVHV�DSSUR[LPDWHO\�����RI�GULYHU
V�H\HV�LQ�VLGH�YLHZ�
EXW�����RI�GULYHU
V�H\HV�OLH�EHORZ�WKH�WDQJHQW�WR�SRLQW�RI

REVWUXFWLRQ�

6$(� 5HFRPPHQGHG� 3UDFWLFH� -���� SUHVHQWV� H\HOOLSVHV� IRU
GULYHUV� LQ� SDVVHQJHU� FDUV� DQG� OLJKW� WUXFNV� �6$(� &ODVV� $
YHKLFOHV�� DV� ZHOO� DV� KHDY\� WUXFNV� �&ODVV� %� YHKLFOHV��� 7KH
RULJLQDO�H\HOOLSVH������ZKLFK�DSSOLHG�RQO\�WR�&ODVV�$�YHKLFOHV�
ZDV�EDVHG�RQ�H\H�ORFDWLRQV�PHDVXUHG�VWDWLFDOO\�XVLQJ�VWHUHR�
SKRWRJUDPPHWU\��7KH�H\HOOLSVH�ZDV�HQKDQFHG�ZLWK�RWKHU�GDWD
WR� SURYLGH� IRU� JUHDWHU� VHDW� WUDFN� DGMXVWDELOLW\� DQG� KHDG� WXUQ
�����<HW�� DPRQJ�RWKHU� OLPLWDWLRQV�� WKH�RULJLQDO� H\HOOLSVH�ZDV
EDVHG�RQ�GDWD�REWDLQHG�XVLQJ�IL[HG�VHDW�EDFN�DQJOHV�DQG�GLG
QRW�SURYLGH�FRQILJXUDELOLW\�IRU�SRSXODWLRQ�DQWKURSRPHWU\�

$Q�(\HOOLSVH�IRU�5HDU�6HDWV�ZLWK�)L[HG�6HDW�%DFN
$QJOHV

������������
3XEOLVKHG
����������

0DWWKHZ�5HHG
8QLY��RI�0LFKLJDQ

&RS\ULJKW��������6$(�,QWHUQDWLRQDO

GRL���������������������
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,Q������� D�QHZ�HGLWLRQ�RI� -����ZDV�DGRSWHG� WKDW� LQWURGXFHG
DQ�HQWLUHO\�QHZ�H\HOOLSVH�PRGHO�EDVHG�RQ�GULYHU�H\H�ORFDWLRQV
IURP� ��� YHKLFOHV� ����� 7KH� PRGHO� DOORZV� VSHFLILFDWLRQ� RI
VLQJOH�JHQGHU� VWDWXUH�GLVWULEXWLRQV�DQG�JHQGHU�PL[�DQG� WDNHV
LQWR� DFFRXQW� WKH� HIIHFW�RI� VWHHULQJ�ZKHHO�SRVLWLRQ� �VHH� -����
$SSHQGL[�$��

%HFDXVH�WKH�HDUOLHU�YHUVLRQ�RI�-����XVHG�VHDW�EDFN�DQJOH�DV�DQ
LQSXW�� WKH�PRGHO�ZDV� IUHTXHQWO\� XVHG� WR� HVWLPDWH� GULYHU� H\H
DQG�KHDG� ORFDWLRQV� LQ� UHDU�VHDWV�ZLWK� IL[HG�VHDW�EDFN�DQJOHV�
+RZHYHU��WKH�PRGHO�ZDV�QHLWKHU�GHYHORSHG�QRU�YDOLGDWHG�IRU
WKLV�SXUSRVH�

%RWK� WKH� GULYHU� DQG� IL[HG�VHDW� H\HOOLSVHV� LQ� -���� KDYH� EHHQ
XVHG�WR�FUHDWH�KHDG�FRQWRXUV�IRU�XVH�LQ�HYDOXDWLQJ�KHDGURRP�
7KH� FRQWRXUV�� GHVFULEHG� LQ� 6$(� -������ ZHUH� FRPSXWHG� DV
HOOLSVRLGDO� DSSUR[LPDWLRQV� WR� WKH� KHDG� GLVWULEXWLRQV
DVVRFLDWHG�ZLWK�WKH�H\HOOLSVH�

7KH�FXUUHQW�SDSHU�GHVFULEHV�WKH�GHYHORSPHQW�RI�WKH�UHDU�VHDW
H\HOOLSVH� PRGHO� LQFOXGHG� LQ� $SSHQGLFHV� %� DQG� &� RI� WKH
2FWREHU� ����� UHYLVLRQ� RI� -����� 7KH� SUDFWLFH� UHIHUV� WR� D
³IL[HG�VHDW´� H\HOOLSVH�� VLQFH� WKH�PRGHO� LV� DSSOLFDEOH� WR� VHDWV
ZLWKRXW�DGMXVWPHQWV��6LQFH�WKHVH�VHDWV�DUH�W\SLFDOO\�DYDLODEOH
RQO\� LQ� WKH� VHFRQG� DQG� PRUH�UHDUZDUG� URZV� RI� SDVVHQJHU
YHKLFOHV��WKH�PRGHO�LV�DOVR�UHIHUUHG�WR�DV�D�UHDU�VHDW�H\HOOLSVH�

0(7+2'6
$V� SDUW� RI� D� ODUJHU� VWXG\� RI� UHDU�VHDW� DFFRPPRGDWLRQ�� WKH
SRVWXUHV� RI� ��� ZRPHQ� DQG� ��� PHQ� ZHUH� PHDVXUHG� LQ� D
ODERUDWRU\�PRFNXS��7KH�VXEMHFWV�UDQJHG�LQ�VWDWXUH�IURP�����
WR������PP��7KH�PHGLDQ�ERG\�PDVV� LQGH[�ZDV������NJ�P��
7KH� WHVW� FRQGLWLRQV� DUH� GHVFULEHG� LQ� 5HHG� HW� DO�� ����� 7KH
VHFRQG�URZ� VHDWV� RI� WKUHH� YHKLFOHV� �WZR� SDVVHQJHU� FDUV� DQG
RQH�PLQLYDQ��ZHUH�PRFNHG�XS�LQ�WKH�ODERUDWRU\�VXFK�WKDW�WKH
EDFN�DQJOHV�FRXOG�EH�PDQLSXODWHG��7KH�VHDW�KHLJKW��+����ZDV
���� PP�� 7HVWLQJ� ZDV� FRQGXFWHG� ZLWK� EDFN� DQJOHV� �6$(
-�����GLPHQVLRQ�$����PHDVXUHG�ZLWK�WKH�6$(�-����+�SRLQW
PDFKLQH��RI���������DQG����GHJUHHV��$�)$52�$UP�FRRUGLQDWH
GLJLWL]HU�ZDV� XVHG� WR� UHFRUG� WKH� WKUHH�GLPHQVLRQDO� ORFDWLRQV
RI� ERG\� ODQGPDUNV�� 7KH� H\H� ORFDWLRQ� ZDV� HVWLPDWHG� LQ
VLGHYLHZ�IURP�WKH�;��IRUH�DIW��FRRUGLQDWH�RI�WKH�LQIUDRUELWDOH
ODQGPDUN� DQG� WKH�=� �YHUWLFDO�� FRRUGLQDWH� RI� WKH� HFWRFDQWKXV
�FRUQHU�RI�H\H��ODQGPDUN�

$� UHJUHVVLRQ� DQDO\VLV�ZDV� FRQGXFWHG� WR�SUHGLFW� H\H� ORFDWLRQ
ZLWK�UHVSHFW�WR�VHDW�+�SRLQW�DV�D�IXQFWLRQ�RI�VWDWXUH�DQG�VHDW
EDFN� DQJOH� �6$(�$������)RU� HDVH�RI�PRGHOLQJ�� H\H� ORFDWLRQ
ZDV�SUHGLFWHG�DV�WKH�OHQJWK�DQG�DQJOH�ZLWK�UHVSHFW�WR�YHUWLFDO
RI�D�VLGHYLHZ�YHFWRU�IURP�+�SRLQW�WR�H\H��)ROORZLQJ�0DQDU\
HW� DO�� ����� WKH� UHVLGXDO� YDULDQFH� IURP� WKH� UHJUHVVLRQV� ZDV
UHWDLQHG�WR�IRU�XVH�LQ�PRGHOLQJ�

)LJXUH����6FKHPDWLF�RI�IL[HG�VHDW�H\HOOLSVH�

5(68/76
5(*5(66,21�$1$/<6,6
7KH� VLGH�YLHZ�DQJOH�RI� WKH�+�SRLQW�WR�H\H�YHFWRU�ZDV�JLYHQ
E\�WKH�UHJUHVVLRQ�HTXDWLRQ�

>�@

ZKHUH� į� LV� WKH� YHFWRU� DQJOH� DQG�$��� LV� WKH� VHDW� EDFN� DQJOH
�VHH� )LJXUH� ���� 7KH� URRW� PHDQ� VTXDUH� HUURU� �506(�� LV� WKH
VWDQGDUG� GHYLDWLRQ� RI� WKH� UHVLGXDO� YDULDQFH� IURP� WKH
UHJUHVVLRQV�� 7KH� KHLJKW� RI� WKH� H\H� DERYH� WKH�+�SRLQW� DORQJ
WKH�YHFWRU�ZDV�JLYHQ�E\�

>�@

ZKHUH�K� LV� WKH�YHFWRU�GLVWDQFH�DQG�6� LV� VWDWXUH��ERWK� LQ�PP�
1RWH�WKDW�WKH�+�SRLQW�WR�H\H�GLVWDQFH�LV�VOLJKWO\�VPDOOHU�ZLWK
LQFUHDVHG�VHDW�EDFN�DQJOH�

02'(/�'(9(/230(17
)ODQQDJDQ�HW�DO������LQWURGXFHG�D�PHWKRGRORJ\�IRU�FRQGXFWLQJ
DFFRPPRGDWLRQ� DQDO\VHV� WKDW� H[SORLWV� WKH� REVHUYDWLRQV� WKDW
VWDWXUH� LV� DSSUR[LPDWHO\� QRUPDOO\� GLVWULEXWHG� ZLWKLQ� ODUJH
VLQJOH�JHQGHU� DGXOW� SRSXODWLRQV�� PDQ\� IXQFWLRQDO
DQWKURSRPHWULF� PHDVXUHV� RI� LQWHUHVW� DUH� OLQHDUO\� UHODWHG� WR
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VWDWXUH��DQG�WKH�UHVLGXDOV�RI�OLQHDU�UHJUHVVLRQ�DQDO\VHV�RI�VXFK
GDWD�DUH�XVXDOO\�QRUPDOO\�GLVWULEXWHG��,Q�WKH�FXUUHQW�GDWD��WKH
UHODWLRQVKLS� EHWZHHQ� GHOWD� DQG� VHDW� EDFN� DQJOH� ZDV
DSSUR[LPDWHO\�OLQHDU��DV�ZDV�WKH�UHODWLRQVKLS�EHWZHHQ�VWDWXUH
DQG�+�

)ROORZLQJ�)ODQQDJDQ�HW�DO���DQ�HVWLPDWH�RI�WKH�GLVWULEXWLRQV�RI
GHOWD� DQG� +� ZHUH� REWDLQHG� E\� FRQYROYLQJ� VLQJOH�JHQGHU
QRUPDO� GLVWULEXWLRQV� RI� VWDWXUH� E\� WKH� REVHUYHG� OLQHDU
UHODWLRQVKLSV� EHWZHHQ� VWDWXUH� DQG� WKH� RXWFRPH� PHDVXUHV�
ZKLOH� UHWDLQLQJ� WKH� UHVLGXDO� YDULDQFH�� 7KHVH� FDOFXODWLRQV
H[SORLW�WKH�IDFW�WKDW�D�OLQHDU�IXQFWLRQ�RI�D�QRUPDO�GLVWULEXWLRQ
LV� LWVHOI� D� QRUPDO� GLVWULEXWLRQ� ZLWK� UHDGLO\� FRPSXWHG
SDUDPHWHUV��PHDQ�DQG�YDULDQFH��

7KH�PHDQ�PDOH�DQG� IHPDOH� VWDWXUHV�DUH�GHQRWHG�60�DQG�6)�
UHVSHFWLYHO\�� DQG� WKH� FRUUHVSRQGLQJ� VWDQGDUG� GHYLDWLRQV� DUH
ı0�DQG�ı)�

6WHS�����&RPSXWH�=ƍ�D[LV�DQJOH
7KH� =ƍ� D[LV� OLHV� DW� WKH� DQJOH� GHOWD� ZLWK� UHVSHFW� WR� YHUWLFDO�
FDOFXODWHG�XVLQJ�HTXDWLRQ���

6WHS�����&RPSXWH�VLQJOH�JHQGHU�PHDQ�ORFDWLRQV�RQ�=ƍ
7KH�PDOH� DQG� IHPDOH�PHDQ� H\H� ORFDWLRQV� DUH� REWDLQHG� IURP
HTXDWLRQ���

>�@

>�@

6WHS�����&RPSXWH�PDOH�DQG�IHPDOH�VWDQGDUG�GHYLDWLRQV�RQ�=ƍ
7KH�VWDQGDUG�GHYLDWLRQV�RI�VLQJOH�JHQGHU�H\H�ORFDWLRQV�RQ�=ƍ
DUH� FRPSXWHG� IURP� WKH� VLQJOH�JHQGHU� VWDWXUH� VWDQGDUG
GHYLDWLRQV�� WKH� VORSH�RI� WKH� VWDWXUH� HIIHFW� LQ� HTXDWLRQ���� DQG
WKH�UHVLGXDO�IURP�HTXDWLRQ���

>�@

>�@

ZKHUH� VP� DQG� VI� DUH� WKH� VWDQGDUG� GHYLDWLRQV� RI� PDOH� DQG
IHPDOH�H\H�ORFDWLRQ�DORQJ�WKH�=ƍ�D[LV�

6WHS�����&RPSXWH�=ƍ�D[LV�OHQJWK
7KH� =ƍ� H\HOOLSVH� D[LV� OHQJWK� LV� FRPSXWHG� VR� WKDW� WDQJHQWV
SHUSHQGLFXODU�WR�WKH�=ƍ�D[LV�FXW�RII�WKH�GHVLUHG�SHUFHQWDJH�RI
WKH� FRPELQHG�PDOH� DQG� IHPDOH� SRSXODWLRQ� RI� H\H� ORFDWLRQV�
*LYHQ� D� GHVLUHG� FXWRII� TXDQWLOH� T� �H�J��� ������ WKH� IROORZLQJ
HTXDWLRQV� PXVW� EH� VROYHG� IRU� &8� DQG� &/� UHVSHFWLYHO\� WKH
XSSHU�DQG�ORZHU�FXWRII�YDOXHV�RI�K�

>�@

>�@

ZKHUH�S0�LV�WKH�IUDFWLRQ�RI�PDOHV�LQ�WKH�SRSXODWLRQ�DQG�ĭ�LV
WKH� FXPXODWLYH� VWDQGDUG� QRUPDO� GLVWULEXWLRQ�� H�J���ĭ�������  
������7KHVH�HTXDWLRQV�PXVW�EH�VROYHG�LWHUDWLYHO\�WR�GHWHUPLQH
WKH�FXWRII�YDOXHV�IRU�WKH�VHOHFWHG�YDOXH�RI�T��7KHQ

>�@

6WHS�����&RPSXWH�;ƍ�D[LV�OHQJWK
7KH�DQJOH�RI�WKH�+�SRLQW�WR�H\H�YHFWRU�ZLWK�UHVSHFW�WR�YHUWLFDO
LV� LQGHSHQGHQW� RI� VWDWXUH� DQG� QRUPDOO\� GLVWULEXWHG� ZLWK� D
VWDQGDUG� GHYLDWLRQ� RI� ����� GHJUHHV� �WKH� UHVLGXDO� IURP
HTXDWLRQ�����7KH�;ƍ�D[LV�ZLOO�VSDQ�DQ�DQJXODU�UDQJH�JLYHQ�E\

>��@

ZKHUH� LV� WKH� LQYHUVH� VWDQGDUG� QRUPDO� GLVWULEXWLRQ�� H�J��� ĭí�

�������  � ������ $SSUR[LPDWLQJ� WKH� D[LV� OHQJWK� E\� WKH� FKRUG
OHQJWK�

>��@

6WHS�����&RPSXWH�<�D[LV�OHQJWK
7KH�ZLGWK�RI�WKH�H\HOLSVH�LV�WDNHQ�WR�EH�WKH�VDPH�DV�WKH�ZLGWK
RI� WKH� &ODVV� $� GULYHU� H\HOOLSVH� LQ� -����� $V� D� IXQFWLRQ� RI
H\HOOLSVH�FXWRII�TXDQWLOH�T�

>��@

6WHS�����&RPSXWH�F\FORSHDQ�FHQWURLG�ORFDWLRQ
7KH�H\HOOLSVH�FHQWURLG�IRU�D�VLQJOH�F\FORSHDQ�H\HOOLSVH�OLHV�RQ
WKH�VHDW�SRVLWLRQ�FHQWHUOLQH�DW�D�GLVWDQFH��&8���&/����XS�WKH�=ƍ
D[LV�IURP�WKH�VHDWLQJ�UHIHUHQFH�SRLQW��6J53���5HODWLYH�WR�WKH
6J53�RQ�VHDW�FHQWHUOLQH�

>��@

>��@

>��@
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6HSDUDWH�H\HOOLSVHV�IRU�WKH�OHIW�DQG�ULJKW�H\HOOLSVHV�DUH�ORFDWHG
�����PP�RQ�HLWKHU�VLGH�RI�WKH�RFFXSDQW�FHQWHUOLQH��IROORZLQJ
WKH�-����UHFRPPHQGHG�HVWLPDWH�RI����PP�IRU� LQWHUSXSLOODU\
GLVWDQFH

',6&866,21
7KH�FHQWURLG�RI�WKH�IL[HG�VHDW�H\HOOLSVH�PRGHO�GHVFULEHG�KHUH
LV� DERXW� ���PP� ORZHU� DQG� ���PP� IRUZDUG� RI� WKH� SUHYLRXV
PRGHO� �-����������� GHSHQGLQJ� RQ� EDFN� DQJOH�� 7KH� ����
PRGHO� ZDV� GHYHORSHG� EDVHG� RQ� GULYHU� GDWD�� ZKLFK� PD\
DFFRXQW�IRU�VRPH�RI�WKH�GLIIHUHQFH��7KH�FHQWURLG�RI�WKH�����
IL[HG� VHDW� H\HOOLSVH� LV� IDLUO\� FORVH� WR� WKH� FHQWURLG� RI� WKH
SUH������IL[HG�VHDW�H\HOOLSVH�

7KH� FXUUHQW� PRGHO� KDV� OHVV� DSSOLFDELOLW\� WKDQ� WKH� GULYHU
H\HOOLSVH�� 2QH� LPSRUWDQW� DSSOLFDWLRQ� RI� WKH� IL[HG� VHDW
H\HOOLSVH�LV�WKH�GHULYDWLRQ�RI�KHDG�FRQWRXUV�WR�DVVHVV�RFFXSDQW
FOHDUDQFH� WR� WKH�KHDGOLQHU� LQ� UHDU� VHDWV� �VHH�6$(� -����� DQG
-�������7KH�PRGHO�FDQ�EH�DOVR�XVHG�WR�DVVHVV�WKH�YLVLELOLW\�RI
UHDU�VHDW�HQWHUWDLQPHQW�GLVSOD\V�

-���� $SSHQGL[� %� SUHVHQWV� D� IL[HG�VHDW� H\HOOLSVH� EDVHG� RQ
8�6�� DGXOW� VWDWXUH� GDWD� IURP� WKH� ����� 1DWLRQDO� +HDOWK� DQG
1XWULWLRQ� ([DPLQDWLRQ� VXUYH\�� 7KH� PRGHO� SUHVHQWHG� KHUH�
ZKLFK� LV� UHSURGXFHG� LQ� -����$SSHQGL[�&�� FDQ�EH�XVHG�ZLWK
DQ\�DGXOW�SRSXODWLRQ�VWDWXUH�GLVWULEXWLRQV�

7KH� VWDWLVWLFDO�PRGHO�XQGHUO\LQJ� WKLV� H\HOOLSVH� LV�EDVHG�RQ�D
UHODWLYHO\� VPDOO� VDPSOH� RI� VXEMHFWV�� FRPSDUHG� ZLWK� WKH
KXQGUHGV� RI� VXEMHFWV� XVHG� WR� GHYHORS� WKH� GULYHU� H\HOOLSVH�
+RZHYHU�� WKH� UHJUHVVLRQ� PHWKRGRORJ\� DSSOLHG� KHUH� LV
VWDWLVWLFDOO\� SRZHUIXO�� XQGHU� WKH� QRUPDO� GLVWULEXWLRQ
DVVXPSWLRQV� WKDW� KDYH�EHHQ�YDOLGDWHG�XVLQJ� WKH�PXFK� ODUJHU
GULYHU�GDWDVHWV��'RXEOLQJ�RU� WULSOLQJ� WKH�VDPH�VL]H�ZRXOG�EH
XQOLNHO\�WR�VKLIW�WKH�PHDQ�ORFDWLRQV�VXEVWDQWLDOO\��WKH�ELJJHVW
HIIHFW�ZRXOG�OLNHO\�EH� WR�H[SDQG�RU�FRQWUDFW� WKH�D[HV��ZKLFK
DUH�EDVHG�RQ�UHVLGXDO�YDULDQFH�HVWLPDWHV�

7KH�FXUUHQW�PRGHO�LV�EDVHG�RQ�VWDWLF�ODERUDWRU\�GDWD��0DQDU\
HW�DO������UHSRUWHG�WKDW�GULYHU�H\H�ORFDWLRQV�DYHUDJHG�DERXW���
PP� ORZHU� DIWHU� GULYLQJ� IRU� DSSUR[LPDWHO\� ��� PLQXWHV�� ,I� D
VLPLODU� G\QDPLF� DIIHFW� DSSOLHV� WR� SDVVHQJHU� GDWD�� WKH�PRGHO
PLJKW�EH�ELDVHG�KLJK�

$ERXW� KDOI� RI� UHDU�VHDW� SDVVHQJHUV� DUH� DJH� ��� DQG� \RXQJHU
�����EXW� WKH�FXUUHQW�PRGHO�DSSOLHV�RQO\� WR�DGXOWV��+XDQJ�DQG
5HHG� ���� LQWURGXFHG� D� PHWKRG� IRU� ZHLJKWLQJ� FKLOG
DQWKURSRPHWULF�GDWD�WR�REWDLQ�UHSUHVHQWDWLYH�GLVWULEXWLRQV�IRU
UHDU�VHDW�DVVHVVPHQW��$�VLPLODU�PHWKRGRORJ\�FRXOG�EH�DSSOLHG
WR�REWDLQ�DQ�H\HOOLSVH�IRU�D�UHDU�VHDW�SRSXODWLRQ�RI�ERWK�DGXOWV
DQG� FKLOGUHQ�� +HDG� ORFDWLRQV� IRU� FKLOGUHQ� ZLWK� D� UDQJH� RI
ERG\� VL]H� VLWWLQJ�ZLWK� DQG�ZLWKRXW� EHOW� SRVLWLRQLQJ� ERRVWHUV
ZHUH�SUHYLRXVO\�SXEOLVKHG�����

7KH�FXUUHQW�PRGHO�GRHV�QRW�UHSUHVHQW�WKH�HIIHFWV�RI�KHDGURRP
UHVWULFWLRQ�RU� VHDW� KHLJKW��+HDGURRP� UHVWULFWLRQ�ZRXOG� OLNHO\
UHGXFH� WKH� YHUWLFDO� H[WHQW� RI� WKH� H\HOOLSVH� E\� FRQVWUDLQLQJ
KLJK�KHDG�SRVLWLRQV��6HDW�KHLJKW�PLJKW�DIIHFW�VHDW�EDFN�DQJOH
LI� LW� FDXVHV� RFFXSDQWV� WR� VKLIW� LQ� WKH� VHDW� WR� REWDLQ� PRUH
FRPIRUWDEOH�IRRW�SRVLWLRQV��%RG\�PDVV�LQGH[��%0,��ZDV�QRW�D
VLJQLILFDQW� SUHGLFWRU� RI� KHDG� ORFDWLRQ� LQ� WKLV� GDWDVHW�� EXW� D
SRSXODWLRQ�ZLWK�D� VXEVWDQWLDOO\�GLIIHUHQW�GLVWULEXWLRQ�RI�%0,
PLJKW� KDYH� D� GLIIHUHQW� KHDG� ORFDWLRQ�� SDUWLFXODUO\� EHFDXVH
LQFUHDVHG�%0,�LV�DVVRFLDWHG�ZLWK�PRUH�IRUZDUG�KLS�ORFDWLRQV
����

7KH�PRGHO� SUHVHQWHG� KHUH� GRHV� QRW� DWWHPSW� WR� UHSUHVHQW� WKH
YDULDELOLW\� LQ�SDVVHQJHU�KHDG�ORFDWLRQ�WKDW�ZRXOG�UHVXOW�IURP
DW\SLFDO�RU�DV\PPHWULF�SRVWXUHV��5DWKHU��WKH�PRGHO�UHSUHVHQWV
QRPLQDO�� VDJLWWDOO\� V\PPHWULF� SRVWXUHV� WKDW� UHVXOW� ZKHQ
VXEMHFWV�DUH�DVNHG�WR�³VLW�QRUPDOO\�´�,Q�JHQHUDO��H\H�ORFDWLRQ
GLVWULEXWLRQV�LQ�UHDO�YHKLFOHV�GULYHQ�RQ�URDG�ZRXOG�EH�ODUJHU�
UHSUHVHQWLQJ� JUHDWHU� YDULDQFH� LQ� H\H� ORFDWLRQ�� 1RQHWKHOHVV�
WKH� FXUUHQW� PRGHO� LV� D� UHDVRQDEOH� UHSUHVHQWDWLRQ� RI� WKH
GLVWULEXWLRQ� RI� H\H� ORFDWLRQV� WKDW� SDVVHQJHUV� FRXOG� QRUPDOO\
DFKLHYH�� DQG� KHQFH� LV� XVHIXO� IRU� DVVHVVPHQWV� RI� YLVLRQ� DQG
KHDG�FOHDUDQFH�

$&.12:/('*0(176
7KH� GDWD� XVHG� LQ� WKLV� DQDO\VLV� ZHUH� JDWKHUHG� IRU� D� VWXG\
FRQGXFWHG� IRU� WKH� 1DWLRQDO� +LJKZD\� 7UDIILF� 6DIHW\
$GPLQLVWUDWLRQ� XQGHU� FRQWUDFW� '71+������+������
0LFKHOOH�:D\��%ULDQ�(E\��DQG�6WHZDUW�6LPRQQHWW�FRQWULEXWHG
WR� WKH� GDWD� FROOHFWLRQ�� 7KH� DXWKRU� DFNQRZOHGJHV� WKH
FRQWULEXWLRQV� RI� &DURO� )ODQQDJDQ� DQG� WKH� PHPEHUV� RI� WKH
6$(�'ULYHU�9LVLRQ�&RPPLWWHH��SDUWLFXODUO\�*DU\�5XSS��ZKR
UHYLHZHG�D�GUDIW�RI�WKLV�PDQXVFULSW�

5()(5(1&(6
����'HYOLQ��:�$��DQG�5RH��5�:���³7KH�(\HOOLSVH�DQG
&RQVLGHUDWLRQV�LQ�WKH�'ULYHU
V�)RUZDUG�)LHOG�RI�9LHZ�´�6$(
7HFKQLFDO�3DSHU���������������GRL�����������������

����+DPPRQG��'�&��DQG�5RH��5�:���³'ULYHU�+HDG�DQG�(\H
3RVLWLRQV�´�6$(�7HFKQLFDO�3DSHU���������������GRL�
���������������

����0HOGUXP��-����������'ULYHU�H\H�SRVLWLRQ��7HFKQLFDO�UHSRUW
QR��6�������)RUG�0RWRU�&RPSDQ\��$XWRPRWLYH�6DIHW\�2IILFH�
'HDUERUQ��0,�

����0DQDU\��0�$���)ODQQDJDQ��&�$�&���5HHG��0�3���DQG
6FKQHLGHU��/�:���³'HYHORSPHQW�RI�DQ�,PSURYHG�'ULYHU�(\H
3RVLWLRQ�0RGHO�´�6$(�7HFKQLFDO�3DSHU���������������GRL�
���������������

����)ODQQDJDQ��&�$�&���0DQDU\��0�$���6FKQHLGHU��/�:���DQG
5HHG��0�3���³$Q�,PSURYHG�6HDWLQJ�$FFRPPRGDWLRQ�0RGHO
ZLWK�$SSOLFDWLRQ�WR�'LIIHUHQW�8VHU�3RSXODWLRQV�´�6$(
7HFKQLFDO�3DSHU���������������GRL�����������������
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����+XDQJ��6��DQG�5HHG��0�3���³&RPSDULVRQ�RI�&KLOG�%RG\
'LPHQVLRQV�ZLWK�5HDU�6HDW�*HRPHWU\�´�6$(�7HFKQLFDO�3DSHU
��������������������GRL����������������������

����5HHG��0�3���(EHUW�+DPLOWRQ��6�0���DQG�6FKQHLGHU��/�:��
³'HYHORSPHQW�RI�$7'�,QVWDOODWLRQ�3URFHGXUHV�%DVHG�RQ
5HDU�6HDW�2FFXSDQW�3RVWXUHV�´�6$(�7HFKQLFDO�3DSHU
�������������������

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

����5HHG��0�3���(EHUW�+DPLOWRQ��6�0���0DQDU\��0�$��
.OLQLFK��.�'��HW�DO���³,PSURYHG�3RVLWLRQLQJ�3URFHGXUHV�IRU
�<2�DQG���<2�$7'V�%DVHG�RQ�&KLOG�2FFXSDQW�3RVWXUHV�´
6$(�7HFKQLFDO�3DSHU��������������������
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