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7KH SUHVHQW 0�6F� WKHVLV IRUPV WKH FRPSOHWLRQ RI P\ HGXFDWLRQ DW WKH 'HOIW 8QLYHUVLW\ RI

7HFKQRORJ\� )DFXOW\ RI &LYLO (QJLQHHULQJ DQG *HRVFLHQFHV� 'HSDUWPHQW RI &LYLO

(QJLQHHULQJ� 'LYLVLRQ RI +\GUDXOLF DQG 2IIVKRUH (QJLQHHULQJ�

7KH VWXG\ FRQFHUQV WKH HYDOXDWLRQ RI WKH VKRUHIDFH QRXULVKPHQW DW (JPRQG DDQ =HH DQG LQ

SDUWLFXODU WKH K\GURG\QDPLF DQG PRUSKRG\QDPLF LQIOXHQFH RI WKLV VKRUHIDFH QRXULVKPHQW�

7KH VWXG\ LV GLYLGHG LQ WKUHH SDUWV� FRQVLVWLQJ RI D GDWD DQDO\VLV� D KLQGFDVW VWXG\ XVLQJ WKH

PRGHOOLQJ SURJUDP 8QLEHVW�7& DQG D KLQGFDVW VWXG\ XVLQJ WKH PRGHOOLQJ SURJUDP 'HOIW�'�

025� +HUH WKH KLQGFDVW VWXG\ ZLWK WKH 81,%(67�7& PRGHO LV GHVFULEHG� 7KH

PRUSKRG\QDPLF PRGHO LV GHVLJQHG� FDOLEUDWHG� YDOLGDWHG� DQG HYDOXDWHG� $IWHU ZKLFK WKH

SHUIRUPDQFH RI WKH VKRUHIDFH QRXULVKPHQW LV HYDOXDWHG RQ WKH EDVLV RI WKH PHDVXUHG DQG

PRGHOOHG UHVXOWV� 7KH VWXG\ KDV EHHQ FDUULHG RXW DW :/ _ 'HOIW +\GUDXOLFV DQG ZDV IXQGHG

E\ WKH 'HOIW &OXVWHU 3URMHFW &RDVWV ���������� DQG WKH 5,.= �5LMNV ,QVWLWXXW YRRU .XVW HQ

=HH��

, ZRXOG OLNH WR WKDQN P\ VXSHUYLVRUV� SURI� GU� LU� 0�-�)� 6WLYH �'HOIW 8QLYHUVLW\ RI

7HFKQRORJ\�� SURI� GU� LU� /�&� 9DQ 5LMQ �8QLYHUVLW\ RI 8WUHFKW�� SURI� GU� LU� *�6� 6WHOOLQJ

�'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\�� GU� LU� -� YDQ GH *UDDII �'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\�

DQG LU� '�-�5� :DOVWUD �:/ _ 'HOIW +\GUDXOLFV� IRU VKDULQJ WKHLU NQRZOHGJH DQG VXSSRUW

GXULQJ WKLV VWXG\� )XUWKHUPRUH� , DP YHU\ JUDWHIXO IRU WKH RSSRUWXQLW\ :/ _ 'HOIW +\GUDXOLFV

KDV RIIHUHG PH WR FRPSOHWH P\ VWXG\ DW WKHLU LQVWLWXWH DQG , ZRXOG OLNH WR WKDQN P\

WHPSRUDU\ FROOHDJXHV DQG IHOORZ JUDGXDWH VWXGHQWV DW :/ _ 'HOIW +\GUDXOLFV IRU VKRZLQJ

WKHLU LQWHUHVW DQG PDNLQJ P\ VWD\ D YHU\ SOHDVDQW RQH� )LQDOO\ , ZRXOG OLNH WR WKDQN P\

IDPLO\ DQG IULHQGV IRU WKHLU VXSSRUW GXULQJ WKH \HDUV , VSHQW LQ 'HOIW�
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,Q +ROODQG D ODUJH SDUW RI WKH 'XWFK PDLQODQG LV SURWHFWHG IURP WKH VHD E\ GXQHV� 7KH GXQHV

�DQG WKHUHIRUH WKH FRDVWOLQH� XVHG WR EH D PRYLQJ GHIHQFH V\VWHP LQ D G\QDPLF HTXLOLEULXP�

$W SUHVHQW WKH 'XWFK FRDVW LV IL[HG LQ LWV ODQGZDUG PRYHPHQW EHFDXVH RI PDQ�EXLOW

VWUXFWXUHV �H�J� KRXVHV�� ZKLFK PDNHV LW QHFHVVDU\ WR SUHYHQW WKH FXUUHQW FRDVWOLQH IURP

HURVLRQ� $Q RIWHQ�XVHG VRIW PHWKRG WR PDLQWDLQ WKH FRDVWOLQH LV VDQG QRXULVKPHQW DW WKH

EHDFK RU VKRUHIDFH� $GYDQWDJHV RI WKLV PHWKRG DUH WKH UHODWLYHO\ VPDOO �QHJDWLYH� HIIHFWV RQ

DGMDFHQW FRDVWOLQHV DQG WKH UHODWLYHO\ ORZ LPSDFW RQ WKH HFRV\VWHP�

7KHUH DUH KRZHYHU VRPH ORFDWLRQV DORQJ WKH 'XWFK FRDVW� ZKHUH WKH VDQG QRXULVKPHQW RQ

WKH EHDFK LV OHVV HIIHFWLYH� 7KH EHDFK QRXULVKPHQW KDV WR EH DSSOLHG HYHU\ �RWKHU� \HDU�

ZKLFK PDNHV WKLV SURWHFWLRQ PHWKRG UHODWLYHO\ H[SHQVLYH� 2QH RI WKHVH ORFDWLRQV LV (JPRQG

DDQ =HH�

,Q WKH VXPPHU RI ���� D EHDFK QRXULVKPHQW FRPELQHG ZLWK D VKRUHIDFH QRXULVKPHQW WRRN

SODFH LQ (JPRQG DDQ =HH� 7KH VKRUHIDFH QRXULVKPHQW ZDV FDUULHG RXW WR VHH LI WKLV PHWKRG

LV D PRUH HIIHFWLYH ZD\ RI QXOOLILFDWLRQ RI FRDVWOLQH HURVLRQ� ,Q RUGHU WR ZDWFK WKH

GHYHORSPHQW RI WKH FRDVW DV D UHVXOW RI WKH VKRUHIDFH QRXULVKPHQW� WKH EDWK\PHWU\ KDV EHHQ

UHJXODUO\ PHDVXUHG�

7KLV UHSRUW LV WKH VHFRQG SDUW RI D VWXG\ WR XQGHUVWDQG WKH EHKDYLRXU DQG HIIHFWV RI

VKRUHIDFH QRXULVKPHQWV� 7KH ILUVW SDUW RI WKH VWXG\ H[LVWV RI DQ H[WHQVLYH GDWD DQDO\VLV LQ

RUGHU WR UHDFK D JRRG XQGHUVWDQGLQJ RI WKH GDWD� WKH GRPLQDQW SURFHVVHV DQG WKHLU

FRUUHVSRQGLQJ FKDQJHV� 7KLV VHFRQG SDUW RI WKH VWXG\ FRQVLVWV RI D KLQGFDVW VWXG\ XVLQJ WKH

81,%(67�7& PRGHO� WR VHH LI WKLV PRGHO LV DEOH WR FDOFXODWH ZLWK SURILOHV LQFOXGLQJ D

VKRUHIDFH QRXULVKPHQW DQG WR UHDFK DQ HYHQ EHWWHU XQGHUVWDQGLQJ RI WKH GRPLQDQW SURFHVVHV�

7KH PDLQ REMHFWLYH RI WKLV VWXG\ LV WR FDOLEUDWH� YDOLGDWH DQG HYDOXDWH WKH PRUSKRG\QDPLF

81,%(67�7& PRGHO ZLWK WKH REVHUYDWLRQV PDGH E\ 5,.= �EDWK\PHWU\ GDWD� DQG WR

HYDOXDWH WKH HIIHFW RI WKH VKRUHIDFH QRXULVKPHQW RQ WKH PRUSKRG\QDPLFV�

7KH FRQFOXVLRQV ZLOO EH XVHG DV UHIHUHQFH IRU FDOLEUDWLRQ DQG YDOLGDWLRQ RI WKH 81,%(67�

7& PRGHO� ,I WKH 81,%(67�7& PRGHO JLYHV UHVXOWV VLPLODU WR WKH PHDVXUHG UHVXOWV� LW PLJKW

EH SRVVLEOH WR XVH WKLV PRGHO IRU IXUWKHU VWXG\ RQ WKH VKRUHIDFH QRXULVKPHQW DW (JPRQG DQG

SHUKDSV DOVR DW RWKHU ORFDWLRQV�

7KH PRGHO LV FDOLEUDWHG RQ WKH DYHUDJHG FURVV�VKRUH SURILOH RI WKH VHFWLRQ VRXWK RI WKH

VKRUHIDFH QRXULVKPHQW� 7KLV FURVV�VKRUH SURILOH LV PRVW UHSUHVHQWDWLYH IRU WKH XQGLVWXUEHG

VLWXDWLRQ VLQFH WKH QHW ORQJVKRUH WUDQVSRUW DW (JPRQG DDQ =HH LV LQ QRUWKHUQ GLUHFWLRQ�

7KH FDOLEUDWLRQ OHDGV WR WKH FRQFOXVLRQ WKDW WKH PRGHO SHUIRUPDQFH RQ WKH XQGLVWXUEHG

VLWXDWLRQ LV VDWLVI\LQJ� 9DULDWLRQV LQ IULFWLRQ IDFWRUV KDYH ODUJH LQIOXHQFH RQ WKH PRGHO

UHVXOWV� 6PDOO YDULDWLRQV LQ WKH JUDLQ VL]H SDUDPHWHU KRZHYHU� GR QRW OHDG WR VLJQLILFDQW

FKDQJHV LQ WKH PRGHO SHUIRUPDQFH�

$IWHU WKH FDOLEUDWLRQ WKH PRGHO LV YDOLGDWHG RQ D ORQJVKRUH DYHUDJHG FURVV�VKRUH SURILOH RI D

VHFWLRQ� WKDW LQFOXGHV WKH PLGGOH SDUW RI WKH VKRUHIDFH QRXULVKPHQW� 7KH YDOLGDWLRQ VWXG\
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VKRZHG WKDW WKH PRGHO LV DEOH WR FRPSXWH SURILOH FKDQJHV IRU D FURVV�VHFWLRQ LQFOXGLQJ D

VKRUHIDFH QRXULVKPHQW� 7KH GHWDFKPHQW RI WKH RXWHU EUHDNHU EDU IURP WKH VKRUHIDFH

QRXULVKPHQW DV ZHOO DV WKH JHQHUDWLRQ RI D WURXJK EHWZHHQ WKHP LV SUHGLFWHG WR VRPH H[WHQW

E\ WKH 81,%(67�7& PRGHO� DOWKRXJK ERWK SURFHVVHV DUH XQGHUHVWLPDWHG� )RU FURVV�VKRUH

SURILOHV LQFOXGLQJ D VKRUHIDFH QRXULVKPHQW DV ZHOO DV IRU SURILOHV LQ DQ XQGLVWXUEHG

VLWXDWLRQ� WKH PRGHO SUHGLFWV D WRR KLJK EHG OHYHO LQ WKH QHDUVKRUH DUHD�

5HPDUNDEOH LV WKH IDFW WKDW WKH 81,%(67�7& PRGHO DSSHDUV WR EH DEOH WR FDOFXODWH

VDWLVI\LQJ ERWWRP SURILOH SUHGLFWLRQV IRU ORQJVKRUH DYHUDJHG FURVV�VKRUH SURILOHV RI VHFWLRQV

VRXWK RU QRUWK RI WKH QRXULVKPHQW DQG VHFWLRQV� LQ ZKLFK WKH PLGGOH SDUW RI WKH QRXULVKPHQW

LV ORFDWHG� )RU FURVV�VKRUH SURILOHV RI VHFWLRQV LQFOXGLQJ RQH RI WKH HQGV RI WKH VKRUHIDFH

QRXULVKPHQW� D SRRU PRGHO SHUIRUPDQFH LV REVHUYHG� 7KLV OHDGV WR WKH FRQFOXVLRQ WKDW

DURXQG WKH HQGV RI WKH QRXULVKPHQW �' SURFHVVHV� ZKLFK DUH QRW LQFOXGHG LQ WKH 81,%(67�

7& PRGHO� SOD\ DQ LPSRUWDQW UROH�

%HVLGHV HYDOXDWLQJ WKH FURVV�VKRUH SURILOH FKDQJHV� LW LV GHVLUDEOH WR GLVFRYHU ZKHUH�

DFFRUGLQJ WR WKH 81,%(67�7& PRGHO� LQ WKH FURVV�VKRUH SURILOH VHGLPHQWDWLRQ RU HURVLRQ

RFFXUV DQG LQ ZKDW ZD\ WKH VHGLPHQW LQ WKH FURVV�VKRUH SURILOH LV UHGLVWULEXWHG GXULQJ WKH

LQYHVWLJDWHG SHULRG�

7KH YROXPH FDOFXODWLRQV ZLWK WKH 81,%(67�7& PRGHO DSSHDUHG WR EH DQ RYHU�HVWLPDWLRQ

RI WKH REVHUYHG YROXPHV� 7KLV LV SUREDEO\ FDXVHG E\ WKH IDFW WKDW WKH PRGHO LPSRUWV

VHGLPHQW IURP GHHS ZDWHU LQWR WKH LQYHVWLJDWHG DUHD�

7KH PRGHO LV QRW DEOH WR SUHGLFW VHGLPHQWDWLRQ DQG HURVLRQ SDWWHUQV IRU WKH VHFWLRQ VRXWK RI

WKH QRXULVKPHQW� )RU WKH VHFWLRQ� LQFOXGLQJ WKH PLGGOH SDUW RI WKH QRXULVKPHQW� RQ WKH RWKHU

KDQG� WKH SUHGLFWHG SDWWHUQV DUH LQ DFFRUGDQFH ZLWK WKH REVHUYHG SDWWHUQV� 7KLV FRXOG

LQGLFDWH WKDW LQ WKLV VHFWLRQ WKH FURVV�VKRUH SURFHVVHV DUH GRPLQDQW� LQ FRQWUDVW WR WKRVH LQ

VRXWKHUQ VHFWLRQ�

7KH YROXPH FDOFXODWLRQV RI WKH PRGHO FRQILUP WKH DVVXPSWLRQ� PDGH LQ WKH GDWD DQDO\VLV�

WKDW EHKLQG WKH VKRUHIDFH QRXULVKPHQW D ORW RI VHGLPHQW LV JDWKHUHG DV D UHVXOW RI WKH OHH

HIIHFW RI WKH QRXULVKPHQW LQ FURVV�VKRUH GLUHFWLRQ� /DUJH ZDYHV EUHDN DW WKH VKRUHIDFH

QRXULVKPHQW� ZKLFK FDXVHV D UHGXFWLRQ RI WKH ZDYH KHLJKW EHKLQG WKH VKRUHIDFH

QRXULVKPHQW� 7KLV FDOPHU ZDYH FOLPDWH UHVXOWV LQ OHVV VWLUULQJ RI WKH VHGLPHQW DQG D

GHFUHDVLQJ ZDYH�LQGXFHG UHWXUQ IORZ �FURVV�VKRUH FXUUHQWV�� 7KH GHFUHDVLQJ UHWXUQ IORZ

UHVXOWV LQ OHVV RIIVKRUH WUDQVSRUW� ZKLFK FRUUHVSRQGV WR D VHGLPHQW LQFUHDVH LQ WKH DUHD

VKRUHZDUG RI WKH VKRUHIDFH QRXULVKPHQW�

:KHWKHU WKH VKRUHIDFH QRXULVKPHQW KDV D SRVLWLYH HIIHFW RQ WKH DFWXDO EHDFK� FDQ QRW EH

FRQFOXGHG IURP WKH UHVXOWV RI WKH 81,%(67�7& PRGHO� +RZHYHU� WKH DVVXPSWLRQ FDQ EH

PDGH WKDW WKH VKRUHIDFH QRXULVKPHQW KDV D VPDOO QHJDWLYH HIIHFW RQ WKH µYLVLEOH¶ EHDFK �WKH

SDUW DERYH ZDWHU OHYHO�� VLQFH WKH VHGLPHQW WUDQVSRUW GLDJUDP RI WKH VHFWLRQ� LQFOXGLQJ WKH

QRXULVKPHQW� VKRZHG H[SRUW IURP WKH QHDUVKRUH DUHD WR WKH VXUI ]RQH� ,Q WKH VRXWKHUQ

VHFWLRQ WKH WUDQVSRUW LV MXVW WKH UHYHUVH�

,W LV UHFRPPHQGHG WR GR UHVHDUFK RQ WKLV VKRUHIDFH QRXULVKPHQW RYHU D ORQJHU SHULRG DQG RQ

VKRUHIDFH QRXULVKPHQWV DW RWKHU ORFDWLRQV� 7KH UHVXOWV RI WKLV SURSRVHG UHVHDUFK PLJKW EH

XVHIXO IRU FRQILUPDWLRQ RI WKH DVVXPSWLRQV PDGH LQ WKLV VWXG\�
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� ,QWURGXFWLRQ ���������������������������������������������������������������������������������������������������������������������±�

� 'DWD GHVFULSWLRQ���������������������������������������������������������������������������������������������������������������±�

��� ,QWURGXFWLRQ �������������������������������������������������������������������������������������������������������±�

��� $YDLODEOH GDWD ����������������������������������������������������������������������������������������������������±�

��� 1RXULVKPHQWV DW (JPRQG DDQ =HH���������������������������������������������������������������������±�

��� 0RUSKRORJLFDO DVSHFWV RI WKH (JPRQG VLWH �������������������������������������������������������±�

��� 'HVFULSWLRQ RI WKH EDWK\PHWU\���������������������������������������������������������������������������±�

��� &RQFOXVLRQV �������������������������������������������������������������������������������������������������������±�

� 7KH 81,%(67�7& PRGHO������������������������������������������������������������������������������������������������±�

��� ,QWURGXFWLRQ �������������������������������������������������������������������������������������������������������±�

��� 6FKHPDWLVDWLRQ RI WKH 81,%(67�7& PRGHO �����������������������������������������������������±�

����� *HQHUDO ����������������������������������������������������������������������������������������������±�

����� :DYH SURSDJDWLRQ PRGHO�������������������������������������������������������������������±�

����� 0HDQ FXUUHQW SURILOH PRGHO���������������������������������������������������������������±�

����� :DYH RUELWDO YHORFLW\ PRGHO��������������������������������������������������������������±�

����� %HG ORDG DQG VXVSHQGHG ORDG WUDQVSRUW PRGHO ����������������������������������±�

����� %HG OHYHO PRGHO�������������������������������������������������������������������������������±��

����� 81,%(67�7& EHKDYLRXU QHDU ZDWHU OHYHO DQG DW GU\ SURILOH ���������±��

��� 3DUDPHWHU VHWWLQJV��������������������������������������������������������������������������������������������±��

� &DOLEUDWLRQ RI WKH 81,%(67�7& PRGHO������������������������������������������������������������������������±�

��� ,QWURGXFWLRQ �������������������������������������������������������������������������������������������������������±�

��� ,QSXW SDUDPHWHUV ������������������������������������������������������������������������������������������������±�

��� $SSOLHG VWDWLVWLFV �����������������������������������������������������������������������������������������������±�

��� 6HQVLWLYLW\ DQDO\VLV ��������������������������������������������������������������������������������������������±�

��� &DOLEUDWLRQ���������������������������������������������������������������������������������������������������������±�

����� 'HIDXOW UXQ�����������������������������������������������������������������������������������������±�

����� 3DUDPHWHU YDULDWLRQV��������������������������������������������������������������������������±�

����� 6\QWKHVLV������������������������������������������������������������������������������������������±��
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� 9DOLGDWLRQ RI WKH 81,%(67�7& PRGHO��������������������������������������������������������������������������±�

��� ,QWURGXFWLRQ �������������������������������������������������������������������������������������������������������±�

��� 'HIDXOW UXQ���������������������������������������������������������������������������������������������������������±�

��� 9DOLGDWLRQ RI WKH FDOLEUDWHG SDUDPHWHU VHWWLQJV �������������������������������������������������±�

��� 0RGHO SHUIRUPDQFH IRU VHFWLRQ �� � DQG � ��������������������������������������������������������±�

��� 6\QWKHVLV����������������������������������������������������������������������������������������������������������±��

� 6DQG GLVWULEXWLRQ LQ WKH 81,%(67�7& PRGHO��������������������������������������������������������������±�

��� ,QWURGXFWLRQ �������������������������������������������������������������������������������������������������������±�

��� 0&/ YROXPH FDOFXODWLRQV ���������������������������������������������������������������������������������±�

��� 6HGLPHQW WUDQVSRUW���������������������������������������������������������������������������������������������±�

��� 6\QWKHVLV������������������������������������������������������������������������������������������������������������±�

� &RQFOXVLRQV DQG UHFRPPHQGDWLRQV �������������������������������������������������������������������������������±�

��� &RQFOXVLRQV �������������������������������������������������������������������������������������������������������±�

��� 5HFRPPHQGDWLRQV ���������������������������������������������������������������������������������������������±�

5HIHUHQFHV

$33(1',&(6

$ 6HQVLWLYLW\ DQDO\VLV��������������������������������������������������������������������������������������������������������$��
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,Q +ROODQG D ODUJH SDUW RI WKH 'XWFK PDLQODQG LV SURWHFWHG IURP WKH VHD E\ GXQHV� 7KH GXQHV

�DQG WKHUHIRUH WKH FRDVWOLQH� XVHG WR EH D PRYLQJ GHIHQFH V\VWHP� 7KHVH GD\V WKDW V\VWHP LV

OLPLWHG LQ LWV ODQGZDUG PRYHPHQW E\ PDQ�EXLOW VWUXFWXUHV �H�J� KRXVHV�� ZKLFK PDNHV LW

QHFHVVDU\ WR SUHYHQW WKH FXUUHQW FRDVWOLQH IURP HURVLRQ� $Q RIWHQ�XVHG VRIW PHWKRG WR

PDLQWDLQ WKH FRDVWOLQH LV VDQG QRXULVKPHQW DW WKH EHDFK RU VKRUHIDFH� $GYDQWDJHV RI WKLV

PHWKRG DUH WKH UHODWLYHO\ VPDOO �QHJDWLYH� HIIHFWV RQ DGMDFHQW FRDVWOLQHV�

7KHUH DUH KRZHYHU D IHZ ORFDWLRQV DORQJ WKH 'XWFK FRDVW� ZKHUH WKH VDQG QRXULVKPHQW RQ

WKH EHDFK LV OHVV HIIHFWLYH� 7KH QRXULVKPHQW KDV WR EH UHQHZHG HYHU\ �RWKHU� \HDU� ZKLFK

PDNHV WKLV SURWHFWLRQ PHWKRG TXLWH H[SHQVLYH� 2QH RI WKHVH ORFDWLRQV LV (JPRQG DDQ =HH�

(JPRQG DDQ =HH LV ORFDWHG LQ WKH FHQWUDO SDUW RI WKH 'XWFK 1RUWK 6HD FRDVW� 6HH )LJXUH ����

7\SLFDO IRU WKLV SDUWLFXODU FRDVWOLQH LV WKH SUHVHQFH RI DOPRVW XQLIRUP VDQG\ EHDFKHV� ZKLFK

DUH GRPLQDWHG E\ WZR ORQJVKRUH EDUV LQWHUVHFWHG E\ ORFDO ULS FKDQQHOV� 7KH DUHD FRQVLVWV RI

D VWUDLJKW� QDWXUDO� VDQG\ EHDFK DQG WKHUH DUH QR VWUXFWXUHV LQ WKH YLFLQLW\�

)LJXUH ���� /RFDWLRQ RI (JPRQG DDQ =HH

(JPRQG DDQ =HH
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,Q WKH VXPPHU RI ���� D EHDFK QRXULVKPHQW FRPELQHG ZLWK D VKRUHIDFH QRXULVKPHQW WRRN

SODFH LQ (JPRQG DDQ =HH� 7KH VKRUHIDFH QRXULVKPHQW ZDV FDUULHG RXW WR VHH LI WKLV PHWKRG

LV D PRUH HIIHFWLYH ZD\ RI QXOOLILFDWLRQ RI FRDVWOLQH HURVLRQ� ,Q RUGHU WR ZDWFK WKH

GHYHORSPHQW RI WKH FRDVW DV D UHVXOW RI WKH VKRUHIDFH QRXULVKPHQW� WKH EDWK\PHWU\ KDV EHHQ

UHJXODUO\ PHDVXUHG�

7KLV UHSRUW LV WKH VHFRQG SDUW RI D VWXG\ WR XQGHUVWDQG WKH EHKDYLRXU DQG HIIHFWV RI

VKRUHIDFH QRXULVKPHQWV� 7KH ILUVW SDUW RI WKH VWXG\ H[LVWV RI DQ H[WHQVLYH GDWD DQDO\VLV LQ

RUGHU WR UHDFK D JRRG XQGHUVWDQGLQJ RI WKH GDWD� WKH RFFXUUHG SURFHVVHV DQG WKHLU

FRUUHVSRQGLQJ FKDQJHV� 7KLV VHFRQG SDUW RI WKH VWXG\ FRQVLVWV RI D KLQGFDVW VWXG\ XVLQJ WKH

PRGHOOLQJ SURJUDP 81,%(67�7&� LQ RUGHU WR UHDFK DQ HYHQ EHWWHU XQGHUVWDQGLQJ RI DOO WKH

SURFHVVHV WKDW SOD\HG D UROH� 7KH GDWD DQDO\VLV LV XVHG WR FRPSDUH WKH PRGHOOHG UHVXOWV WR

WKH PHDVXUHG GDWD� 7KH WKLUG SDUW RI WKH VWXG\ FRQVLVWV RI D KLQGFDVW DQG VHQVLWLYLW\ VWXG\

XVLQJ WKH PRGHOOLQJ SURJUDP 'HOIW�'�025� LQ RUGHU WR UHDFK DQ HYHQ EHWWHU XQGHUVWDQGLQJ

RI DOO WKH GRPLQDQW SURFHVVHV >9DQ 'XLQ� ����@�

7KH DLP RI WKLV VWXG\ LV WR FDOLEUDWH� YDOLGDWH DQG HYDOXDWH WKH PRUSKRG\QDPLF 81,%(67�

7& PRGHO ZLWK WKH REVHUYDWLRQV PDGH E\ 5,.= �EDWK\PHWU\ GDWD� DQG WR HYDOXDWH WKH HIIHFW

RI WKH VKRUHIDFH QRXULVKPHQW RQ WKH PRUSKRG\QDPLFV�

&KDSWHU � RI WKLV UHSRUW VWDUWV ZLWK DQ DQDO\VLV RI WKH ERWWRP GDWD� ,W LV D VKRUW VXPPDU\ RI

WKH ILUVW SDUW RI WKH VWXG\� 7KH PRUSKRORJLFDO DVSHFWV RI WKH (JPRQG VLWH DQG WKH EDWK\PHWU\

SHU GDWD VHW DUH GLVFXVVHG� 7KH FKDSWHU FRQFOXGHV ZLWK WKH FRQFOXVLRQV IRXQG GXULQJ WKH

GDWD DQDO\VLV >9DQ 'XLQ DQG :LHUVPD� ����@�

7KH 81,%(67�7& PRGHO LV GHVFULEHG LQ &KDSWHU �� %HVLGHV D VWHS E\ VWHS H[SODQDWLRQ RI

WKH PRGHO DQG WKH DFFRPSDQ\LQJ HTXDWLRQV� DOO LQSXW SDUDPHWHUV DQG WKHLU GHIDXOW YDOXHV DUH

JLYHQ�

&KDSWHU � GLVFXVVHV WKH VHQVLWLYLW\ DQDO\VLV DQG WKH FDOLEUDWLRQ RI WKH 81,%(67�7& PRGHO�

FDUULHG RXW RQ D VHFWLRQ WKDW UHSUHVHQWV WKH XQGLVWXUEHG VLWXDWLRQ� )LUVW WKH SDUDPHWHUV WR EH

YDULHG� WKH VWDWLVWLFDO WRROV� ZKLFK DUH XVHG IRU HYDOXDWLRQ RI WKH PRGHO� DQG WKH UHVXOWV RI

WKH VHQVLWLYLW\ DQDO\VLV DQG WKH GHIDXOW UXQ DUH SUHVHQWHG� 6XEVHTXHQWO\ WKH UHVXOWV RI WKH

FDOLEUDWLRQ DUH GLVFXVVHG� 7KH FKDSWHU HQGV ZLWK WKH FRQFOXVLRQV IRXQG LQ WKH FDOLEUDWLRQ�

,Q &KDSWHU � WKH FDOLEUDWLRQ UHVXOWV DUH YDOLGDWHG RQ D VHFWLRQ� LQ ZKLFK WKH VKRUHIDFH

QRXULVKPHQW LV ORFDWHG� )LUVW WKH GHIDXOW UXQ LV GHVFULEHG� QH[W WKH YDOLGDWLRQ UHVXOWV DUH

SUHVHQWHG� 7KH FKDSWHU LV FORVHG ZLWK D EULHI GHVFULSWLRQ RI WKH PRGHO EHKDYLRXU RQ RWKHU

VHFWLRQV RI WKH (JPRQG VLWH DQG WKH FRQFOXVLRQV GUDZQ IURP WKH YDOLGDWLRQ VWXG\�

5HIOHFWLRQV RQ VHGLPHQW WUDQVSRUWV ZLWKLQ WKH FURVV�VKRUH SURILOHV DQG WKH PRGHO

SHUIRUPDQFH LQ WKH FRPSXWDWLRQ RI YROXPH FKDQJHV DQG 0&/ � 0RPHQWDU\ &RDVW /LQH�

YROXPHV DUH JLYHQ LQ &KDSWHU ��

,Q &KDSWHU � FRQFOXVLRQV DUH GUDZQ WRZDUGV WKH LQIOXHQFH RI WKH VKRUHIDFH QRXULVKPHQW RQ

WKH (JPRQG FRDVW DQG WKH PRGHO SHUIRUPDQFH IRU FURVV�VKRUH SURILOHV LQFOXGLQJ D VKRUHIDFH
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QRXULVKPHQW� )XUWKHUPRUH UHFRPPHQGDWLRQV ZLWK UHVSHFW WR PRGHOOLQJ LQ 81,%(67�7&

DQG VWXG\ RQ VKRUHIDFH QRXULVKPHQWV DUH JLYHQ�
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7KH ILUVW SDUW RI WKLV VWXG\ FRQVLVWHG RI DQ H[WHQVLYH GDWD DQDO\VLV DQG FDQ EH IRXQG LQ

³(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW� 3DUW ,� 'DWD DQDO\VLV´ >9DQ 'XLQ 	

:LHUVPD� ����@� 7KLV FKDSWHU RQO\ JLYHV D VKRUW VXPPDU\ RI WKH DQDO\VHG GDWD�

6HFWLRQ ��� GHVFULEHV WKH DYDLODEOH GDWD� 6HFWLRQ ��� WKH QRXULVKPHQWV DW (JPRQG DDQ =HH LQ

WKH LQYHVWLJDWHG SHULRG DQG 6HFWLRQ ��� GHVFULEHV WKH EDVLF IHDWXUHV RI WKH PRUSKRORJ\�

)LQDOO\ WKH EDWK\PHWU\ SHU GDWD VHW LV GHVFULEHG LQ 6HFWLRQ ����

���
 ��������

����

7KH EDWK\PHWU\ GDWD KDV EHHQ JDWKHUHG ERWK E\ VKLS DQG :(63 �:DWHU (Q 6WUDQG 3URILOHU�

VRXQGLQJV E\ WKH 5,.= �5LMNV ,QVWLWXXW YRRU .XVW HQ =HH�� 7KH PDLQ WUDQVHFW RI WKH

LQYHVWLJDWHG DUHD LV LQ IURQW RI WKH OLJKWKRXVH� -DQ YDQ 6SHLMN� -DQ YDQ 6SHLMN KDV WKH 5' FR�

RUGLQDWHV ������� ������� 7KLV PDLQ WUDQVHFW DOVR FURVVHV WKH FHQWUH RI WKH VKRUHIDFH

QRXULVKPHQW DQG EHDFK SROH NP ������ 7KH ORFDWLRQ DQG RULHQWDWLRQ RI WKH VWXG\ DUHD DUH

VKRZQ LQ )LJXUH ���� DV ZHOO DV WKH ORFDWLRQ RI WKH VKRUHIDFH QRXULVKPHQW�

7KH VKRUHIDFH QRXULVKPHQW ZDV DSSOLHG LQ $XJXVW ����� WKHUHIRUH RQO\ GDWD DYDLODEOH DIWHU

WKLV GDWH DUH RI LQWHUHVW WR WKLV VWXG\�

;

<

.P �����

�������� �������

1

(

6KRUHIDFH

QRXULVKPHQW

< ����� P

< ����� P

< � P

)LJXUH ���� /RFDWLRQ DQG RULHQWDWLRQ RI VWXG\ DUHD DQG VKRUHIDFH QRXULVKPHQW �[ � UHSUHVHQWV EHDFK SROH

OLQH� PHDVXUHV LQ P�

(JPRQG DDQ =HH
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$W (JPRQG DDQ =HH D FRPELQHG QRXULVKPHQW RI WKH VKRUHIDFH DQG WKH EHDFK LV DSSOLHG LQ

����� 7KH FHQWUH RI WKH VKRUHIDFH QRXULVKPHQW LV LQ IURQW RI WKH OLJKWKRXVH� -DQ YDQ 6SHLMN�

RU EHDFK SROH ��� 7KH QRXULVKPHQW LV DSSUR[LPDWHO\ WZR NLORPHWUHV ORQJ DQG ��� PHWHUV

ZLGH� ,Q -XO\ ���� DQRWKHU EHDFK QRXULVKPHQW LV DSSOLHG� 0RUH GHWDLOV FDQ EH IRXQG LQ

7DEOH ��� EHORZ�

7DEOH ���� 'DWD RQ WKH EHDFK DQG VKRUHIDFH QRXULVKPHQWV DW (JPRQG DDQ =HH

6KRUHIDFH

QRXULVKPHQW

%HDFK

QRXULVKPHQW ����

%HDFK

QRXULVKPHQW ����

6WDUW RI FRQVWUXFWLRQ �� -XQH ���� $SULO ���� �� -XQH ����

(QG RI FRQVWUXFWLRQ �� 6HSW ���� 0D\ ���� �� -XO\ ����

6RXWKHUQ ERXQGDU\ 563 ������

�\  ����� P�

563 ������

�\  ���� P�

563 ������

�\  ���� P�

1RUWKHUQ ERXQGDU\ 563 ������

�\  ����� P�

563 ������

�\  ���� P�

563 ������

�\  � P�

&KDUDFWHULVWLF YROXPH RI QRXULVKPHQW ��� P
�
�P ��� P

�
�P ��� P

�
�P

7RWDO VDQG YROXPH ������� P
�

������� P
�

������� P
�

,Q WKH GDWD DQDO\VLV DOO GDWD ZDV LQWHUSRODWHG WR D ORFDO JULG� 7KH JULG RULHQWDWLRQ LV DV

IROORZV�

[ � SHUSHQGLFXODU WR ORFDO RULHQWDWLRQ RI WKH FRDVWOLQH �L�H� ���q1�

\ � SDUDOOHO WR ORFDO RULHQWDWLRQ RI WKH FRDVWOLQH �L�H� �q1�

7KH JULG KDV LWV RULJLQ DW EHDFK SROH �� �FR�RUGLQDWHV ������ DQG WKH QRUPDO WR WKH

RULHQWDWLRQ RI ���q1 �L�H� SDUDOOHO WR WKH ORFDO VKRUHOLQH�� 7KH VSDFLQJ RI WKH VRXQGLQJV LV ��

PHWHUV�

)LJXUH ��� VKRZV WKUHH WUDQVHFWV DW <  �����P� <  �P DQG <  �����P� 7KH ORFDWLRQV RI

WKH WUDQVHFWV DUH VKRZQ LQ )LJXUH ����



(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO

:/ _ 'HOIW +\GUDXOLFV � ² �

)LJXUH ���� 7UDQVHFWV VKRZLQJ WKH VKRUHIDFH QRXULVKPHQW

��#
 $������������
���
���
��
��

����	�
���


7KH (JPRQG VLWH VKRZV VRPH NH\ IHDWXUHV ZKLFK DUH GHVFULEHG EHORZ DQG FDQ DOVR EH VHHQ

LQ )LJXUH ����

x 7KH FRDVWDO SURILOH DW (JPRQG LV D WKUHH EDU V\VWHP� WZR EUHDNHU EDUV LQ WKH VXUI ]RQH

DQG D VZDVK EDU�

x 7KH RXWHU EDU LV PRVW SURQRXQFHG� WKH FUHVW LV ORFDWHG DW GHSWKV EHORZ 1$3 �� P�

x 7KH WURXJK EHWZHHQ WKH RXWHU DQG LQQHU EDU LV DERXW ��� P ZLGH DQG UHDFKHV GHSWKV RI

1$3 �� P�

x 7KH LQQHU EDU FUHVW LV ORFDWHG ��� P ODQGZDUG IURP WKH RXWHU EDU FUHVW�

6KRUHIDFH

QRXULVKPHQW

6HS ����

6KRUHIDFH

QRXULVKPHQW

6HS ����

6KRUHIDFH

QRXULVKPHQW

6HS ����
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x %HWZHHQ LQQHU EDU DQG VZDVK EDU LV D WURXJK WKDW LV OHVV SURQRXQFHG DV WKH RIIVKRUH

WURXJK DQG UHDFKHV GHSWKV RI 1$3 �� P�

x 7KH EDUV VKRZ ORQJVKRUH QRQ�XQLIRUPLWLHV� UK\WKPLF SDWWHUQV DUH SUHVHQW� :LWK D

ORQJVKRUH LQWHUYDO RI DSSUR[LPDWHO\ ���� P ³ULS FHOOV´ FDQ EH GLVWLQJXLVKHG �VHH DOVR

)LJXUH �����
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)LJXUH ���� 7\SLFDO FURVV�VKRUH SURILOH DW (JPRQG
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)LJXUH ���� ��� DQG ��� VKRZ WKH �'�SORWV RI WKH VXUYH\HG GDWD� $V FDQ EH VHHQ IURP WKH

ILJXUHV� WKH V\VWHP LV D WKUHH EDU V\VWHP DV GHVFULEHG DERYH�

,Q 0D\ ���� �OHIW SORW� )LJXUH ���� WKH GLUHFWLRQ RI WKH RULJLQDO RXWHU EDU LV QRW SDUDOOHO WR

WKH ORQJVKRUH D[LV� ,I WKH ORFDWLRQ RI WKH FUHVW RI WKH RULJLQDO RXWHU EDU DW \  � P LV WDNHQ DV

WKH SLYRW SRLQW� D FORFNZLVH URWDWLRQ RI WKH FUHVW RI WKH RULJLQDO RXWHU EDU FDQ EH QRWLFHG LQ

WKH VWXG\ DUHD� 7KH KHLJKW RI WKH RULJLQDO RXWHU EDU VOLJKWO\ GHFUHDVHV WR WKH VRXWK�

6HSWHPEHU ���� �ULJKW SORW� )LJXUH ���� FOHDUO\ VKRZV WKH VKRUHIDFH QRXULVKPHQW VHDZDUG RI

WKH RULJLQDO RXWHU EDU� 7KH QRXULVKPHQW LV ORFDWHG EHWZHHQ ��� DQG ��� P FURVV�VKRUH

GLVWDQFH DQG EHWZHHQ ����� DQG ����� P ORQJVKRUH GLVWDQFH� 7KH EDWK\PHWU\ IRU

6HSWHPEHU ���� LV D FRPSRVLWH RI WKH :(63 VXUYH\ RI 6HSWHPEHU ����� LQ ZKLFK GDWD RI

-DUNXV -XQH ���� DUH DGGHG VLQFH D IHZ :(63 GDWD DUH PLVVLQJ� 7KH DGGHG DUHD LV VKRZQ LQ

)LJXUH ����

,Q WKH ZLQWHU SHULRG IURP 6HSWHPEHU ���� WR 0D\ ���� �XSSHU OHIW SORW� )LJXUH ���� WKH

VKRUHIDFH QRXULVKPHQW VPRRWKHQV DQG IRUPV D FOHDU EDU DW ��� P FURVV�VKRUH� 7KH RULJLQDO

RXWHU EDU PLJUDWHV VKRUHZDUG DQG D WURXJK LV IRUPHG EHWZHHQ WKH RULJLQDO RXWHU EDU DQG WKH

VKRUHIDFH QRXULVKPHQW� 7KH ZLGWK RI WKH WURXJK EHWZHHQ WKH LQQHU DQG RULJLQDO RXWHU EDU

VKRZV D JHQHUDO GHFUHDVH� HVSHFLDOO\ EHKLQG WKH VKRUHIDFH QRXULVKPHQW D GUDVWLF RQVKRUH

PLJUDWLRQ RI WKH RULJLQDO RXWHU EDU WRRN SODFH� 6RXWK RI WKH VKRUHIDFH QRXULVKPHQW WKH

RULJLQDO RXWHU EDU UHPDLQV LQ SODFH DQG EHFRPHV GHWDFKHG IURP WKH DGMDFHQW RULJLQDO RXWHU

EDU� D ULS FKDQQHO DULVHV� 7KH VKDSH RI WKH LQQHU EDU LV FKDQJLQJ EHKLQG WKH VKRUHIDFH

QRXULVKPHQW� $W WKH FHQWUH OLQH RI WKH VKRUHIDFH QRXULVKPHQW WKH LQQHU EDU LV DW [  ��� P
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ZKHUHDV DW WKH HQGV RI WKH VKRUHIDFH QRXULVKPHQW �\  ����� DQG \  ����� P� WKH LQQHU EDU

KDV PRYHG VKRUHZDUG� LW KDV WUDQVIRUPHG LQWR D ERRPHUDQJ VKDSH�

)URP 0D\ ���� WR 6HSWHPEHU ���� �XSSHU ULJKW SORW� )LJXUH ���� QR ODUJH PRUSKRORJLFDO

FKDQJHV WRRN SODFH� 7KH FHQWUH VHFWLRQ RI WKH EHDFK KDV ULVHQ DV D UHVXOW RI D EHDFK

QRXULVKPHQW� SODFHG LQ WKH ILUVW ZHHN RI -XO\ ����� ,Q ORQJVKRUH GLUHFWLRQ WKH EHDFK

QRXULVKPHQW UHDFKHV IURP \  ���� P WR \  � P�

'XULQJ WKH ZLQWHU SHULRG ��������� FRQVLGHUDEOH PRUSKRORJLFDO FKDQJHV WRRN SODFH DJDLQ�

%HKLQG WKH VKRUHIDFH QRXULVKPHQW WKH RULJLQDO RXWHU EDU GHYHORSV LQWR WKH VDPH ERRPHUDQJ

VKDSH DV WKH LQQHU EDU� 7KH VKRUHIDFH QRXULVKPHQW DOVR VHHPV WR GHYHORS LQWR D ERRPHUDQJ

VKDSH� EXW WR D OHVVHU H[WHQW� 7KH FHQWUH RI WKH VKRUHIDFH QRXULVKPHQW KDV VWD\HG LQ SODFH

ZKHUHDV WKH HQGV KDYH PRYHG VKRUHZDUG� 7KH RULJLQDO RXWHU EDU VWDUWV WR UHSODFH WKH LQQHU

EDU DQG WKH VKRUHIDFH QRXULVKPHQW VHHPV WR EHFRPH WKH QHZ RXWHU EDU�

$W -XQH ���� �ORZHU ULJKW SORW� )LJXUH ���� WKH RULJLQDO RXWHU EDU KDV VWUDLJKWHQHG VRPHZKDW

EHKLQG WKH VKRUHIDFH QRXULVKPHQW� 7KH WURXJK EHWZHHQ LQQHU DQG RULJLQDO RXWHU EDU EHFDPH

ZLGHU LQ WKH FHQWUH� ,Q JHQHUDO WKH SURILOH KDV VPRRWKHQHG� 7KH VKRUHIDFH QRXULVKPHQW KDV

QRW FKDQJHG PXFK�

)LJXUH ���� �'�SORWV RI PHDVXUHG EDWK\PHWULHV DW (JPRQG �FRORXU�VFDOH LQ P Z�U�W� 1$3�
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)LJXUH ���� �'�SORWV RI PHDVXUHG EDWK\PHWULHV DW (JPRQG �FRORXU�VFDOH LQ P Z�U�W� 1$3�
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)LJXUH ���� �'�SORW RI (JPRQG EDWK\PHWU\ 6HSWHPEHU ����� ZLWK GDWD JDS �FRORXU�VFDOH LQ P Z�U�W� 1$3�

$V FDQ EH VHHQ IURP WKH �'�SORWV �)LJXUH ��� DQG )LJXUH ���� WKH VKRUHIDFH QRXULVKPHQW

DFWV DV RXWHU EDU� WDNLQJ RYHU WKH IXQFWLRQ RI WKH RULJLQDO RXWHU EDU� ,W KDUGO\ FKDQJHV LQ

KHLJKW DQG SODFH� ,Q WKH OHH RI WKH VKRUHIDFH QRXULVKPHQW WKH PRVW UDGLFDO FKDQJHV WDNH

SODFH� 7KH RULJLQDO RXWHU EDU PLJUDWHV VKRUHZDUG� EXW WKH ODWHVW VXUYH\ VHHPV WR LQGLFDWH WKDW

WKH VKRUHZDUG PLJUDWLRQ KDV VWRSSHG� EXW LW LV WRR HDUO\ WR PDNH DQ\ GHILQLWH FRQFOXVLRQV�

$Q H[SODQDWLRQ IRU WKH VWDELOLW\ RI WKH QRXULVKPHQW FDQ EH WKH ORFDWLRQ� 7KH QRXULVKPHQW

ZDV GRQH LQ DQ DUHD ZKHUH PRUSKRORJLFDO FKDQJHV RFFXU DW D ODUJH WLPH VFDOH� 7KH WLPH

VFDOH LQ ZKLFK PRUSKRORJLFDO FKDQJHV RFFXU LV \HDUV IRU WKH ORFDWLRQ RI WKH VKRUHIDFH

QRXULVKPHQW� 7KH EHDFK ]RQH KRZHYHU KDV D WLPH VFDOH RI GD\V LQ ZKLFK ODUJH

PRUSKRORJLFDO FKDQJHV FDQ RFFXU�

7KH GDWD� XVHG LQ WKLV HYDOXDWLRQ� DUH RQO\ RI D UHODWLYHO\ VKRUW SHULRG RI WLPH �WZR \HDUV

DIWHU WKH QRXULVKPHQW��

��&
 ��	������	�

7KH ILUVW SDUW RI WKLV VWXG\� WKH GDWD DQDO\VLV� LV RQO\ VKRUWO\ GHVFULEHG LQ WKLV FKDSWHU� 7KH

FRQFOXVLRQV WKDW UHVXOWHG IURP WKH ILUVW SDUW RI WKLV VWXG\ DUH VKRZQ EHORZ�

x 7KH VKRUHIDFH QRXULVKPHQW DW (JPRQG DDQ =HH KDV QRW FKDQJHG LQ KHLJKW RU ORFDWLRQ�

7KHUHIRUH LW KDV QRW LQFUHDVHG WKH EHDFK VDQG YROXPH GLUHFWO\� L�H� E\ UHGLVWULEXWLRQ RI

WKH QRXULVKHG VDQG� 7KH QRUWKHUQ DQG VRXWKHUQ HQGV RI WKH QRXULVKPHQW KDYH PRYHG

VKRUHZDUG�

x $OWKRXJK QR VLJQLILFDQW GHFUHDVH RI WKH VDQG YROXPH RI WKH VKRUHIDFH QRXULVKPHQW

RFFXUUHG� WKH LQYHVWLJDWHG DUHD VKRZHG D QHW JDLQ RI VDQG LQ WKH VXUYH\HG SHULRG�

7KHUHIRUH WKLV VDQG KDV WR FRPH IURP ORQJVKRUH RU FURVV�VKRUH WUDQVSRUW�
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x 7KH VKRUHIDFH QRXULVKPHQW VHHPV WR IXQFWLRQ DV D UHHI� 7KH UHHI HIIHFW FDXVHV D OHH

VKRUHZDUG RI WKH VKRUHIDFH QRXULVKPHQW DQG KDV HIIHFW RQ ERWK WKH FURVV�VKRUH DQG

ORQJVKRUH WUDQVSRUW�

x 7KH ODUJH EDU PRYHPHQWV LQGLFDWHG D FKDQJH LQ WKH RULJLQDO LQQHU DQG RXWHU EDUV�

%HFDXVH RI WKH ODUJH VKRUHZDUG PRYHPHQW RI WKH RULJLQDO RXWHU EDU� WKH VKRUHIDFH

QRXULVKPHQW VHHPV WR EHFRPH WKH QHZ RXWHU EDU� 7KH RULJLQDO RXWHU EDU EHFRPHV WKH QHZ

LQQHU EDU�

x 7KH OHYHO RI WKH EDU FUHVW KDV HIIHFW RQ WKH EHDFK YROXPHV� &DOMRXZ DQG .OHLQKRXW

>����@ VXJJHVWHG VWDEOH EHDFK YROXPHV IRU LQQHU EDU FUHVW OHYHOV KLJKHU WKDQ ���� P� 7KLV

FRUUHVSRQGV WR WKH REVHUYHG EHDFK YROXPHV DQG LQQHU EDU FUHVW OHYHOV RI WKLV VWXG\�

x 7KH ILUVW EHDFK QRXULVKPHQW DSSOLHG LQ $SULO ���� VKRZHG D VWURQJ GHFUHDVH LQ VDQG

YROXPH DIWHU WKH IROORZLQJ ZLQWHU �0D\ ���� WR 0D\ ������ ZKHUHDV WKH VHFRQG EHDFK

QRXULVKPHQW DSSOLHG LQ -XQH�-XO\ ���� VKRZHG D UHODWLYHO\ VPDOO GHFUHDVH LQ VDQG

YROXPH DIWHU WKH IROORZLQJ ZLQWHU �6HSWHPEHU ���� WR -XQH ������ 7KLV VHFRQG EHDFK

QRXULVKPHQW LV EHWWHU SURWHFWHG E\ WKH LQQHU EDU� ZKLFK KDV PRYHG VKRUHZDUG EHFDXVH RI

WKH LQIOXHQFH RI WKH VKRUHIDFH QRXULVKPHQW� 7KHUHIRUH LW PD\ EH FRQFOXGHG WKDW WKH

FRPELQDWLRQ RI D VKRUHIDFH QRXULVKPHQW ZLWK D EHDFK QRXULVKPHQW VHHPV WR KDYH

IXQFWLRQHG DV SODQQHG�

7KHVH FRQFOXVLRQV ZLOO EH XVHG DV UHIHUHQFH IRU FDOLEUDWLRQ DQG YDOLGDWLRQ RI WKH 81,%(67�

7& PRGHO� ,I WKH 81,%(67�7& PRGHO JLYHV UHVXOWV VLPLODU WR WKH PHDVXUHG UHVXOWV� LW PLJKW

EH SRVVLEOH WR XVH WKLV PRGHO IRU IXUWKHU VWXG\ RQ WKH VKRUHIDFH QRXULVKPHQW DW (JPRQG DQG

SHUKDSV DOVR DW RWKHU ORFDWLRQV�
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7KLV FKDSWHU GHVFULEHV WKH 81,%(67�7& PRGHO� EDVHG RQ %RVERRP HW DO� >����@� 7KH

PRGHO GHULYHV LWV QDPH IURP 8QLIRUP %HDFK 6HGLPHQW 7UDQVSRUW � 7LPH 'HSHQGHQW &URVV�

VKRUH� 81,%(67�7& LV D SURFHVV�EDVHG PRGHO WKDW LQFRUSRUDWHV PRGHOV IRU K\GURG\QDPLF

SURFHVVHV� ZKLFK LQ WXUQ SURYLGHV LQSXW WR WKH VHGLPHQW WUDQVSRUW DQG EHG OHYHO PRGHOV�
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7KH EDVLF DVVXPSWLRQ LQ WKH PRGHO LV WKDW WKH FRDVW LV XQLIRUP LQ ORQJVKRUH GLUHFWLRQ� $

ZDYH HQHUJ\ EDODQFH EDVHG RQ %DWWMHV DQG -DQVVHQ ������ FDQ EH XVHG WR SURYLGH WKH FURVV�

VKRUH GLVWULEXWLRQ RI ZDYH KHLJKW� GLVVLSDWLRQ DQG VHW�XS� 7KHVH SDUDPHWHUV LQ WXUQ GULYH

ORFDO PRGHOV IRU WKH ORQJVKRUH DQG FURVV�VKRUH YHORFLW\ SURILOHV� LQ ZKLFK DOVR ZLQG DQG

WLGDO LQIOXHQFHV DUH LQFOXGHG� &RPELQHG ZLWK D PRGHO IRU WKH QHDU�EHG RUELWDO YHORFLW\ WKLV

LQIRUPDWLRQ LV XVHG LQ WKH SUHGLFWLRQ RI ORQJVKRUH DQG FURVV�VKRUH VHGLPHQW WUDQVSRUW UDWHV�

7KH FURVV�VKRUH GLVWULEXWLRQ RI WKH WUDQVSRUW GHWHUPLQHV WKH FKDQJHV LQ WKH SURILOH GHSWK�

7KHVH FKDQJHV DUH IHG EDFN LQWR WKH SURILOH DQG WKH SURFHVV LV UHSHDWHG RYHU D QXPEHU RI

PRUSKRORJLFDO WLPH VWHSV� XVLQJ D UREXVW� IXOO\ LPSOLFLW QXPHULFDO VFKHPH�

7KH PRGHO UHTXLUHV DQ LQLWLDO SURILOH� JUDLQ VL]HV DQG RIIVKRUH ERXQGDU\ FRQGLWLRQV IRU

ZDYHV� ZDWHU OHYHO� WLGDO YHORFLW\ DQG ZLQG YHORFLW\� 7KHVH ERXQGDU\ FRQGLWLRQV XVXDOO\

YDU\ LQ WLPH� 7KH PRUSKRORJLFDO WLPH VWHS PXVW EH VPDOO HQRXJK WR UHSUHVHQW WKH QDWXUDO

IOXFWXDWLRQV�

7KH 81,%(67�7& PRGHO FRQVLVWV RI WKH IROORZLQJ ILYH VXE�PRGHOV�

x :DYH SURSDJDWLRQ PRGHO

x 0HDQ FXUUHQW SURILOH PRGHO

x :DYH RUELWDO YHORFLW\ PRGHO

x %HG ORDG DQG VXVSHQGHG ORDG WUDQVSRUW PRGHO

x %HG OHYHO PRGHO
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$ VFKHPDWLF UHSUHVHQWDWLRQ RI WKH 81,%(67�7& PRGHO LV JLYHQ LQ )LJXUH ����

)LJXUH ���� 6FKHPDWLF UHSUHVHQWDWLRQ RI WKH 81,%(67�7& PRGHO
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7KH ZDYH SURSDJDWLRQ PRGHO FRPSXWHV WKH ZDYH HQHUJ\ GHFD\ DORQJ D FURVV�VKRUH UD\

LQFOXGLQJ WKH HIIHFWV RI VKRDOLQJ� UHIUDFWLRQ DQG HQHUJ\ GLVVLSDWLRQ� 7KH 81,%(67�7&

ZDYH SURSDJDWLRQ PRGHO FRQVLVWV RI WKUHH ILUVW�RUGHU GLIIHUHQWLDO HTXDWLRQV� YL]� WKH ZDYH

HQHUJ\ EDODQFH >%DWWMHV 	 -DQVVHQ� ����@� WKH ZDYH VHW�XS HTXDWLRQ DQG WKH EDODQFH

HTXDWLRQ IRU WKH HQHUJ\ FRQWDLQHG LQ VXUIDFH UROOHUV LQ EUHDNLQJ ZDYHV >1DLUQ HW DO�� ����@�

7KH WKUHH FRXSOHG HTXDWLRQV DUH VROYHG E\ QXPHULFDO LQWHJUDWLRQ RYHU WKH FURVV�VKRUH

SURILOH� 7KHVH HTXDWLRQV JHQHUDWH WKH LQSXW UHTXLUHG E\ WKH ORFDO PRGHOV IRU WKH YHUWLFDO

YHORFLW\ SURILOH� WKH FRQFHQWUDWLRQ YHUWLFDO DQG WKH EHG�ORDG WUDQVSRUW�

7KH ILUVW GLIIHUHQWLDO HTXDWLRQ� WKH ZDYH HQHUJ\ EDODQFH IRU ZDYHV SHUSHQGLFXODU WR WKH FRDVW

UHDGV�
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LQ ZKLFK�

(FJ HQHUJ\ IOX[ >:�P@

FJ ZDYH JURXS YHORFLW\ >P�V@

( ZDYH HQHUJ\ >-�P
�
@

'E GLVVLSDWLRQ GXH WR EUHDNLQJ >-�P
�
�V@

'I GLVVLSDWLRQ GXH WR ERWWRP IULFWLRQ >-�P
�
�V@

[ SRVLWLRQ SHUSHQGLFXODU WR WKH FRDVWOLQH >P@

:DYH SURSDJDWLRQ PRGHO

:DYH RUELWDO YHORFLW\ PRGHO

%HG OHYHO PRGHO

0HDQ FXUUHQW SURILOH PRGHO

%HG ORDG WUDQVSRUW PRGHO 6XVSHQGHG ORDG WUDQVSRUW PRGHO

:DYH KHLJKW

:DYH KHLJKW

'LVVLSDWLRQ
PDVV IOX[

:DYH RUELWDO YHORFLW\ 0HDQ FXUUHQW YHORFLW\

%HG ORDG WUDQVSRUW 6XVSHQGHG ORDG WUDQVSRUW

%RWWRP SURILOH
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7KH HQHUJ\ IOX[ LQ WKLV HTXDWLRQ LV GHILQHG DV IROORZV�
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ZLWK�

UZ GHQVLW\ RI ZDWHU >NJ�P
�
@

J JUDYLWDWLRQDO DFFHOHUDWLRQ >P�V
�
@

+UPV URRW PHDQ VTXDUH ZDYH KHLJKW >P@

7KH GLVVLSDWLRQ GXH WR EUHDNLQJ LV PRGHOOHG DV�
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ZLWK�

D GLVVLSDWLRQ FRHIILFLHQW >�@

IS SHDN IUHTXHQF\ >V
��
@

4E IUDFWLRQ RI EUHDNLQJ ZDYHV >�@

+PD[ PD[LPXP ZDYH KHLJKW QRQ EUHDNLQJ ZDYHV >P@

7KH PRGHO DSSOLHV D VR�FDOOHG FOLSSHG 5D\OHLJK WKURXJK WKH VXUI�]RQH� DVVXPLQJ WKDW WKH

ZDYHV VPDOOHU WKDQ +PD[ DUH QRW EUHDNLQJ DQG 5D\OHLJK GLVWULEXWHG� DQG WKDW DOO ZDYHV ODUJHU

WKDQ +PD[ DUH EUHDNLQJ� 7KLV PD[LPXP ZDYH KHLJKW LV GHILQHG DV D IXQFWLRQ RI WKH ORFDO

ZDWHU GHSWK� DFFRUGLQJ WR�
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LQ ZKLFK�

N ORFDO ZDYH QXPEHU >UDG�P@

K ORFDO ZDWHU GHSWK >P@

J ZDYH EUHDNLQJ SDUDPHWHU >�@

*DPPD LV D ZDYH EUHDNLQJ SDUDPHWHU WR GHWHUPLQH WKH PD[LPXP ORFDO ZDYH KHLJKW� 7KH

GHIDXOW VHWWLQJ IRU JDPPD LV WKH %DWWMHV DQG 6WLYH ������ UHODWLRQ �*$00$ ¶�¶�� ,Q WKLV

UHODWLRQ WKH YDOXHV IRU J YDU\ ZLWK WKH RIIVKRUH ZDYH VWHHSQHVV V�  +UPV���/�� DFFRUGLQJ WR

γ = + %  # && �� � ���$' (� �����

*DPPD FDQ EH YDULHG ZLWK YDOXHV LQ WKH UDQJH RI ��� WR ���� %HVLGHV WKHVH YDULDWLRQV� D

YDULDEOH JDPPD FDQ EH DSSOLHG �*$00$ ¶�¶�� 7KLV YDULDEOH JDPPD LV GHSHQGHQW RI NK

DQG LV GHVFULEHG DV IROORZV �VHH 5XHVVLQN� :DOVWUD DQG 6RXWKJDWH� ������

γ YDU � �= + )*  +,	
 �����

7KH YDULDEOH JDPPD LV D QHZ FRQFHSW� RQ ZKLFK QR UHVHDUFK LV GRQH \HW�
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7KH GLVVLSDWLRQ GXH WR ERWWRP IULFWLRQ LV PRGHOOHG DV�
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ZLWK�

IZ IULFWLRQ IDFWRU >�@

Z DQJXODU IUHTXHQF\ >UDG�V@

7KH IULFWLRQ IDFWRU IZ LV WKH ERWWRP IULFWLRQ IDFWRU WKDW LQIOXHQFHV WKH DPRXQW RI ZDYH

GLVVLSDWLRQ GXH WR ERWWRP IULFWLRQ� ,I ZDYH FDOFXODWLRQV DUH PDGH RYHU D UHODWLYHO\ ORQJ

GLVWDQFH �� WR �� NP� WKLV SDUDPHWHU FDQ LQIOXHQFH WKH ZDYH KHLJKW SUHGLFWLRQV VLJQLILFDQWO\�

:LWKLQ WKH VXUI ]RQH WKLV SDUDPHWHU KDV OLWWOH LQIOXHQFH DV ZDYH EUHDNLQJ LV GRPLQDQW�

7KH VHFRQG GLIIHUHQWLDO HTXDWLRQ� WKH HTXDWLRQ IRU ZDYH VHW�XS� LV GHILQHG DV�
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LQ ZKLFK�

6[[ FURVV�VKRUH UDGLDWLRQ VWUHVV >1�P@

G ZDWHU GHSWK >P@

η PHDQ ZDYH VHW�XS >P@

7KH FURVV�VKRUH UDGLDWLRQ VWUHVV LV GHILQHG DV IROORZV�
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LQ ZKLFK�

G ZDWHU GHSWK >P@

N ZDYH QXPEHU >UDG�P@

7KH NLQHWLF HQHUJ\ LQ D UROOHU� (U LV GHILQHG DV�
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ZLWK�

$ UROOHU DUHD >P
�
@

/ UROOHU OHQJWK >P@

7KH WKLUG HTXDWLRQ� WKH UROOHU EDODQFH HTXDWLRQ LV PRGHOOHG DV IROORZV�
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LQ ZKLFK�

(U DPRXQW RI NLQHWLF HQHUJ\ LQ D UROOHU >-�P
�
@

F ZDYH SURSDJDWLRQ VSHHG >P�V@

'LVV GLVVLSDWLRQ RI UROOHU HQHUJ\ >-�P
�
�V@

7KH UROOHU HQHUJ\ EDODQFH LV FORVHG E\ PRGHOOLQJ WKH GLVVLSDWLRQ 'LVV RI UROOHU HQHUJ\ DV WKH

SRZHU SHU XQLW OHQJWK SHUIRUPHG E\ WKH VKHDU VWUHVV EHWZHHQ UROOHU DQG ZDWHU VXUIDFH�
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ZKHUH E LV WKH VORSH RI WKH IDFH RI WKH ZDYH �QRUPDOO\ LQ WKH UDQJH ���������� DQG $ LV

ZULWWHQ LQ WHUPV RI (U YLD (TXDWLRQ �����

%HWD �ZULWWHQ DV µ%(7'¶ LQ WKH 81,%(67�7& PRGHO� LV D UROOHU SDUDPHWHU DFFRUGLQJ WR

1DLUQ HW DO� >����@� H[SUHVVLQJ WKH VWHHSQHVV RI WKH ZDYH IURQW� 7KLV SDUDPHWHU GHWHUPLQHV

WKH FURVV�VKRUH GLVWULEXWLRQ RI WKH VXUIDFH VKHDU VWUHVV GXH WR ZDYH EUHDNLQJ� 7KH EHVW YDOXH

IRU EHWD FDQ SUREDEO\ EH IRXQG LQ WKH UDQJH RI ���� WR �� ,QVWHDG RI D IL[HG EHWD� D YDULDEOH

EHWD FDQ EH DSSOLHG �%9$5 ��� 7KH YDULDEOH EHWD YDULHV LQ WLPH DQG SODFH LV GHILQHG DV �VHH

:DOVWUD HW DO� >����@ �,&&( �������
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ZKHUH N LV WKH ZDYH QXPEHU >UDG�P@� K LV WKH ORFDO ZDWHU GHSWK DQG +UPV LV WKH URRW PHDQ

VTXDUH ZDYH KHLJKW�
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7KH PHDQ FXUUHQW SURILOH PRGHO LV D ORFDO PRGHO� ,W FRPSXWHV WKH YHUWLFDO GLVWULEXWLRQ RI WKH

ZDYH�DYHUDJHG PHDQ FXUUHQW LQ ERWK ORQJVKRUH DQG FURVV�VKRUH GLUHFWLRQ DFFRXQWLQJ IRU

ZLQG VKHDU VWUHVV� ZDYH EUHDNLQJ� ERWWRP GLVVLSDWLRQ LQ WKH ZDYH ERXQGDU\ OD\HU DQG WKH

VORSH RI WKH IUHH VXUIDFH�

7KH GHWHUPLQDWLRQ RI WKH WLPH DYHUDJHG FXUUHQW SURILOH LV GRQH DFFRUGLQJ WR 5RHOYLQN DQG

5HQLHUV >����@ ZKR XVH D TXDVL��' PRGHO�

7KLV TXDVL��' PRGHO LV D GLUHFW GHVFHQGDQW RI WKH PRGHO DFFRUGLQJ WR 'H 9ULHQG DQG 6WLYH

>����@ ZKR LGHQWLI\ WKUHH OD\HUV �VHH )LJXUH �����

x WKH VXUIDFH RU WURXJK�WR�FUHVW OD\HU� ZKLFK LV UHSUHVHQWHG E\ ERXQGDU\ FRQGLWLRQV RQ WKH

PLGGOH OD\HU�

x WKH PLGGOH OD\HU� IURP WKH WRS RI WKH ERWWRP �ZDYH� ERXQGDU\ OD\HU WR WKH PHDQ ZDWHU

OHYHO�

x WKH ERWWRP ERXQGDU\ OD\HU�
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VXUIDFH OD\HU

PLGGOH OD\HU

ERWWRP ERXQGDU\ OD\HU

)LJXUH ���� 'LYLVLRQ RI FXUUHQW SURILOH LQ WKUHH OD\HUV

7KH WLPH DYHUDJHG FXUUHQW SURILOH LV REWDLQHG E\ LQWHJUDWLRQ RI WKH UHODWLRQ EHWZHHQ VKHDU

VWUHVV DQG WKH YHORFLW\ JUDGLHQW�
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LQ ZKLFK�

τ
L

VKHDU VWUHVV >NJ�PV
�
@

ρ
Z

GHQVLW\ RI ZDWHU >NJ�P
�
@

ν
W

WXUEXOHQW YLVFRVLW\ >P
�
�V@

G ZDWHU GHSWK >P@

XL FXUUHQW YHORFLW\ >P�V@

V UHODWLYH KHLJKW DERYH VHDEHG ]�G >�@

7KH FXUUHQW SURILOH RI WKH PLGGOH OD\HU LV GHWHUPLQHG DV IROORZV�

7KH HIIHFWLYH VKHDU VWUHVV LV XVHG DV ERXQGDU\ FRQGLWLRQ IRU WKH WRS RI WKH PLGGOH OD\HU DW

PHDQ ZDWHU OHYHO� ,Q DGGLWLRQ WR WKLV WKH PDVV IOX[ LQ WKH VXUIDFH OD\HU KDV WR EH NQRZQ�

7KH VKHDU VWUHVV LQ WKH GLUHFWLRQ RI ZDYH SURSDJDWLRQ LV JLYHQ E\�

τ
V ZDYH
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�
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LQ ZKLFK�

'LVV GLVVLSDWLRQ RI UROOHU HQHUJ\ >-�P
�
�V@

F ZDYH SURSDJDWLRQ YHORFLW\ >P�V@

7KH PDVV IOX[ LQ WKH VXUIDFH OD\HU LV GHILQHG DV�
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ZLWK�

( ZDYH HQHUJ\ >-�P
�
@

(U NLQHWLF UROOHU HQHUJ\ >-�P
�
@

7KH ERXQGDU\ FRQGLWLRQ DW WKH ERWWRP RI WKH PLGGOH OD\HU LV GHWHUPLQHG E\ HVWLPDWLRQ RI WKH

UHIHUHQFH VKHDU VWUHVV IRU EUHDNLQJ ZDYHV DQG WKH VKHDU VWUHVV LQ WKH ERWWRP OD\HU IRU QRQ�

EUHDNLQJ ZDYHV�

8VLQJ WKH GLIIHUHQWLDO HTXDWLRQ IRU WKH WLPH DYHUDJHG FXUUHQW SURILOH DQG WKH ERXQGDU\

FRQGLWLRQV� D YDOXH IRU WKH PHDQ FXUUHQW LV IRXQG�

 ���#
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�
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7KH ZDYH RUELWDO YHORFLW\ PRGHO LV D ORFDO PRGHO WKDW FDOFXODWHV WLPH VHULHV RI WKH QHDU�EHG

ZDYH RUELWDO YHORFLW\� 7KHVH WLPH VHULHV FRQWDLQ FRQWULEXWLRQV GXH WR ZDYH DV\PPHWU\� ZDYH

JURXS UHODWHG DPSOLWXGH PRGXODWLRQ DQG ERXQG ORQJ ZDYHV DQG WKHUHIRUH UHSUHVHQWDWLYH IRU

LUUHJXODU ZDYH JURXSV�

7KH PRGHO RI WKH WLPH YDULDWLRQ RI WKH QHDU�EHG YHORFLW\ �RUELWDO PRWLRQ� GXH WR QRQ�OLQHDU

VKRUW ZDYHV DQG ORQJ ZDYHV UHODWHG WR ZDYH JURXSV LV EDVHG RQ WKH FRQFHSW GHVFULEHG LQ

5RHOYLQN DQG 6WLYH >����@� ,Q VKRUW� WKLV PRGHO FRQVLVWV RI WZR SDUWV�

x D FRQWULEXWLRQ GXH WR ZDYH DV\PPHWU\ WKDW LV FRPSXWHG XVLQJ 5LHQHFNHU DQG )HQWRQ¶V

>����@ PHWKRG IRU PRQRFKURPDWLF ZDYHV� ZKHUH WKH PHDQ ZDYH HQHUJ\ DQG SHDN SHULRG

DUH XVHG DV LQSXW IRU WKH FDVH RI UDQGRP ZDYHV�

x D FRQWULEXWLRQ GXH WR ERXQG ORQJ ZDYHV EDVHG RQ 6DQG >����@� DQG DQ HPSLULFDO

UHODWLRQVKLS IRU WKH SKDVH RI WKH ERXQG ORQJ ZDYH UHODWLYH WR WKH VKRUW ZDYH HQYHORSH�

$ WLPH�VHULHV RI WKH QHDU�EHG YHORFLW\ LQ FDVH RI UHJXODU ZDYHV �LQFOXGLQJ ZDYH DV\PPHWU\�

LV GHILQHG DV�
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ZLWK�

8� QHDU EHG YHORFLW\ >P�V@

W WLPH >V@

M QXPEHU >�@

% DPSOLWXGH >P@

ω DQJXODU YHORFLW\ >UDG�V@

%\ DGGLQJ D VHFRQG YHORFLW\ WLPH VHULHV ZKLFK LV VOLJKWO\ RXW RI SKDVH ZLWK WKH ILUVW

DFFRUGLQJ WR (T� ������� WKH DPSOLWXGH PRGXODWLRQ RQ WKH WLPH VFDOH RI D ZDYH JURXS LV

LQWURGXFHG \LHOGLQJ D WLPH VHULHV 8��W��
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LQ ZKLFK�

∆ω ω �P >UDG�V@

P QXPEHU RI ZDYHV LQ RQH ZDYH JURXS �VHW WR � LQ 81,%(67�7&� >�@

ε IRUPXODWLRQ IRU VHFRQG WLPH VHULHV >�@

)LQDOO\� WKH PDJQLWXGH RI 8� LV FRUUHFWHG WR 8¶��
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,I WZR ZDYH JURXSV ZLWK GLIIHUHQW DQJXODU YHORFLWLHV RFFXU� WKH\ JHQHUDWH D ERXQG ORQJ ZDYH

ZLWK D PXFK KLJKHU DQJXODU YHORFLW\�

7KH ORQJ�ZDYH DPSOLWXGH UHVXOWLQJ IURP WZR ZDYHV JURXSV ZLWK HTXDO DPSOLWXGHV LV

HVWLPDWHG E\ 6DQG >����@ DV�

ξ
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�
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,Q WKH HTXDWLRQ DERYH �(T� ����� WKH VKRUW ZDYH DPSOLWXGHV DUH HTXDO WR�
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ZLWK�

[D ORQJ�ZDYH DPSOLWXGH >P@

*QP WUDQVIHU IXQFWLRQ >�@

DQ� DP VKRUW ZDYH DPSOLWXGHV >P@

G ORFDO ZDWHU GHSWK >P@

7KH RUELWDO YHORFLW\ WLPH VHULHV 8��W� GXH WR WKH ORQJ ZDYH FRPSRQHQW LV GHVFULEHG E\�
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(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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ZO ORQJ�ZDYH DQJXODU YHORFLW\ >UDG�V@

M SKDVH VKLIW EHWZHHQ ORQJ�ZDYH DQG VKRUW�ZDYH HQYHORSH >UDG@

)LQDO VWHS LV WKH FRPSXWDWLRQ RI WKH WLPH VHULHV 8��W� RI WKH WRWDO RUELWDO YHORFLW\� E\ VLPSO\

DGGLQJ WKH HIIHFWV GXH WR WKH VKRUW�ZDYH HQYHORSH DQG WKH ERXQG ORQJ�ZDYH�
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,Q WKH VHGLPHQW WUDQVSRUW PRGHO RQH FDQ GLVWLQJXLVK EHWZHHQ WKH EHG ORDG DQG VXVSHQGHG

ORDG PRGXOH UHVSHFWLYHO\� ,W LV DVVXPHG WKDW WKH VXVSHQGHG ORDG WUDQVSRUW LV GRPLQDWHG E\

WKH WUDQVSRUW E\ WKH PHDQ FXUUHQW� WKH VXVSHQGHG VHGLPHQW IOX[ LV FRPSXWHG DV WKH SURGXFW

RI WKH ZDYH�DYHUDJHG FXUUHQW DQG FRQFHQWUDWLRQ SURILOHV� ZKLFK DUH REWDLQHG IURP WKH PHDQ

FXUUHQW SURILOH PRGHO DQG D WLPH�DYHUDJHG DGYHFWLRQ�GLIIXVLRQ HTXDWLRQ UHVSHFWLYHO\� 7KH

EHG�ORDG WUDQVSRUW LV FRPSXWHG DV D IXQFWLRQ RI WKH LQVWDQWDQHRXV EHG VKHDU VWUHVV� 7KH

QHDU�EHG YHORFLW\ VLJQDOV� GHWHUPLQLQJ WKH LQVWDQWDQHRXV EHG VKHDU VWUHVVHV� DUH FRPSRVHG

RI WKH JHQHUDWHG WLPH�VHULHV IRU WKH QHDU�EHG ZDYH RUELWDO YHORFLW\ SOXV WKH WLPH�DYHUDJHG

FXUUHQW YHORFLW\ QHDU WKH EHG�

6HSDUDWH WUDQVSRUW IRUPXODWLRQV DUH XVHG IRU EHG ORDG WUDQVSRUW� EHG ORDG EHLQJ WKDW SDUW RI

WKH ORDG WKDW LV LQ PRUH RU OHVV FRQWLQXRXV FRQWDFW ZLWK WKH EHG� DQG VXVSHQGHG ORDG

WUDQVSRUW�

%HG ORDG WUDQVSRUW

7KH QRQ�GLPHQVLRQDO LQVWDQWDQHRXV EHG ORDG WUDQVSRUW YHFWRU )EG� GHILQHG DV WKH UDWLR RI

EHG ORDG WUDQVSRUW UDWH TE DQG WKH VTXDUH�URRW RI D SDUDPHWHU UHSUHVHQWLQJ WKH VSHFLILF

XQGHUZDWHU ZHLJKW RI VDQG JUDLQV� LV JLYHQ E\
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ZLWK�

6E EHG ORDG WUDQVSRUW LQFOXGLQJ SRUHV >P
�
�P�V@

'�� PHGLDQ JUDLQ GLDPHWHU >P@

' UHODWLYH GHQVLW\  �UV�UZ��UZ >�@

S SRURVLW\ RI WKH VHGLPHQW � ���� >�@

J JUDYLW\ DFFHOHUDWLRQ >P�V
�
@

T¶ GLPHQVLRQOHVV HIIHFWLYH VKHDU VWUHVV >�@

TFU GLPHQVLRQOHVV FULWLFDO VKHDU VWUHVV >�@

EV VORSH IDFWRU� β ϕ
ϕV

�� ��
=

+
���

��� ' . (
>UDG@

M QDWXUDO DQJOH RI LQWHUQDO IULFWLRQ >UDG@

)RU WKH FRPSXWDWLRQ RI T¶�W� D TXDGUDWLF IULFWLRQ ODZ LV DSSOLHG XVLQJ DQ LQWUD ZDYH QHDU�EHG

YHORFLWLHV RI WKH FRPELQHG ZDYH�FXUUHQW PRWLRQ DQG D ZHLJKHG IULFWLRQ IDFWRU I¶FZ �VHH YDQ

5LMQ >����@��
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3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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LQ ZKLFK XE LV WKH WLPH�GHSHQGHQW �LQWUD�ZDYH� QHDU ERWWRP KRUL]RQWDO YHORFLW\ YHFWRU RI WKH

FRPELQHG ZDYH�FXUUHQW PRWLRQ DW WKH WRS RI WKH ZDYH ERXQGDU\ OD\HU �]  G�� 7KLV YHFWRU LV

FRPSXWHG LQ 81,%(67�7& DV WKH VXP RI WKH QHDU EHG RVFLOODWLQJ YHORFLW\ VLJQDO DQG WKH

WLPH DYHUDJHG YHORFLW\ DW � FP IURP WKH EHG�

3DUDPHWHU TF LV WKH GLPHQVLRQOHVV FULWLFDO VKHDU VWUHVV UHSUHVHQWLQJ WKH WKUHVKROG RI PRWLRQ

RI VDQG JUDLQV� 7KLV WKUHVKROG SDUDPHWHU LV FDOFXODWHG DFFRUGLQJ WR WKH FODVVLFDO 6KLHOGV

FXUYH DV PRGHOOHG E\ 9DQ 5LMQ >����@ DV D IXQFWLRQ RI WKH QRQ�GLPHQVLRQDO JUDLQ VL]H�

6XVSHQGHG ORDG WUDQVSRUW

7KH VXVSHQGHG VHGLPHQW WUDQVSRUW UDWH �TV� FDQ EH FRPSXWHG IURP WKH YHUWLFDO GLVWULEXWLRQ

RI IOXLG YHORFLWLHV DQG VHGLPHQW FRQFHQWUDWLRQV� DV IROORZV�
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ZLWK�

�   = + 1 DQG � � �= + 1 ������

LQ ZKLFK�

9 ORFDO LQVWDQWDQHRXV IOXLG YHORFLW\ DW KHLJKW ] DERYH EHG >P�V@

& ORFDO LQVWDQWDQHRXV VHGLPHQW FRQFHQWUDWLRQ DW KHLJKW ] DERYH EHG >NJ�P
�
@

G ZDWHU GHSWK �WR PHDQ VXUIDFH OHYHO� >P@

K ZDWHU VXUIDFH HOHYDWLRQ >P@

D WKLFNQHVV RI EHG ORDG OD\HU >P@

Y WLPH DQG VSDFH DYHUDJHG IOXLG YHORFLW\ DW KHLJKW ] >P�V@

F WLPH DQG VSDFH DYHUDJHG FRQFHQWUDWLRQ DW KHLJKW ] >NJ�P
�
@

1 RVFLOODWLQJ IOXLG FRPSRQHQW �LQFOXGLQJ WXUEXOHQW FRPSRQHQW� >P�V@
1� RVFLOODWLQJ FRQFHQWUDWLRQ FRPSRQHQW �LQFOXGLQJ WXUEXOHQW FRPSRQHQW� >NJ�P

�
@

6XEVWLWXWLQJ (T� ���� LQ (T� ���� DQG DYHUDJLQJ RYHU WLPH DQG VSDFH UHVXOWV LQ D WLPH

DYHUDJHG FXUUHQW�UHODWHG VHGLPHQW WUDQVSRUW UDWH >NJ�PV@RI�
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V F

D

G

� = 
 ������

DQG D WLPH DYHUDJHG ZDYH�UHODWHG VHGLPHQW WUDQVSRUW UDWH >NJ�PV@ RI�
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,Q 81,%(67�7& WKH ZDYH�UHODWHG VXVSHQGHG WUDQVSRUW LV DVVXPHG WR EH VPDOO DV FRPSDUHG

WR WKH FXUUHQW�UHODWHG VXVSHQGHG VHGLPHQW WUDQVSRUW� 7KH VXVSHQGHG ORDG WUDQVSRUW LQ

YROXPH SHU XQLW WLPH DQG ZLGWK >P
�
�V@ LQFOXGLQJ SRUHV LV WKHUHIRUH FRPSXWHG DV�
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3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO

:/ _ 'HOIW +\GUDXOLFV � ² � �



�

�
V F

V F

V

�

�

' (
=

−! ρ
������

,W LV DVVXPHG WKDW WKH WLPH DYHUDJHG FRQYHFWLRQ�GLIIXVLRQ HTXDWLRQ� DSSOLHG WR FRPSXWH WKH

HTXLOLEULXP FRQFHQWUDWLRQ SURILOH LQ VWHDG\ IORZ� LV DOVR YDOLG IRU ZDYH�UHODWHG PL[LQJ�
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LQ ZKLFK�

ZV�P IDOO YHORFLW\ RI VXVSHQGHG VHGLPHQW LQ D IOXLG�VHGLPHQW PL[WXUH >P�V@

HV�FZ VHGLPHQW PL[LQJ FRHIILFLHQW IRU FRPELQHG FXUUHQW DQG ZDYHV >P
�
�V@

F�]� WLPH DYHUDJHG FRQFHQWUDWLRQ DW KHLJKW ] DERYH WKH EHG >NJ�P
�
@

MG GDPSLQJ IDFWRU GHSHQGHQW RQ WKH FRQFHQWUDWLRQ >�@

)RU FRPELQHG FXUUHQW DQG ZDYH FRQGLWLRQV WKH VHGLPHQW PL[LQJ FRHIILFLHQW LV PRGHOOHG DV�

ε ε ε
V FZ V Z V F� � �= +� � � �
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LQ ZKLFK�

HV�Z ZDYH�UHODWHG PL[LQJ FRHIILFLHQW >P
�
�V@

HV�F FXUUHQW�UHODWHG PL[LQJ FRHIILFLHQW >P
�
�V@

7KH FKDUDFWHULVWLFV RI WKH ZDYH�UHODWHG VHGLPHQW PL[LQJ FRHIILFLHQW DUH DV IROORZV�

x FRQVWDQW PL[LQJ FRHIILFLHQW LQ WKH QHDU�EHG OD\HU �] d GV�

x FRQVWDQW PL[LQJ FRHIILFLHQW LQ WKH XSSHU KDOI �] t ��� G� RI WKH ZDWHU GHSWK

x OLQHDU YDULDWLRQ RI WKH PL[LQJ FRHIILFLHQW IRU GV � ] � ��� G

)RU WKH FXUUHQW PL[LQJ FRHIILFLHQW� D FRQVWDQW PL[LQJ LV FRHIILFLHQW LV DVVXPHG LQ WKH XSSHU

KDOI RI WKH ZDWHU FROXPQ ZKLFK GHFUHDVHV OLQHDUO\ WR ]HUR LQ WKH ORZHU KDOI RI WKH FROXPQ�

%RWK FRHIILFLHQWV DUH GHSHQGHQW RQ GHSWK� ZDYH KHLJKW DQG FXUUHQW YHORFLW\�

,Q KLJK FRQFHQWUDWLRQ PL[WXUHV� WKH IDOO YHORFLW\ RI D VLQJOH SDUWLFOH LV UHGXFHG GXH WR WKH

SUHVHQFH RI RWKHU SDUWLFOHV� ,Q RUGHU WR DFFRXQW IRU WKLV KLQGHUHG VHWWOLQJ HIIHFW� WKH IDOO

YHORFLW\ LQ D IOXLG�VHGLPHQW PL[WXUH LV GHWHUPLQHG DV D IXQFWLRQ RI WKH VHGLPHQW

FRQFHQWUDWLRQ F >NJ�P
�
@ DQG WKH SDUWLFOH IDOO YHORFLW\ ZV�
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7KH SDUWLFOH IDOO YHORFLW\ ZV LV� DFFRUGLQJ WR 9DQ 5LMQ >����@� GHSHQGHQW RQ WKH JUDLQ VL]H

DQG WKH UHODWLYH GHQVLW\�

)LQDOO\� WKH WLPH DYHUDJHG VHGLPHQW FRQFHQWUDWLRQ DV D IXQFWLRQ RI ] LV FRPSXWHG DV IROORZV�



(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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LQ ZKLFK WKH UHIHUHQFH FRQFHQWUDWLRQ FD >NJ�P
�
@ LV JLYHQ E\�
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ZLWK�

D WKLFNQHVV RI EHG ORDG OD\HU >P@

'
 GLPHQVLRQOHVV SDUWLFOH GLDPHWHU >�@

7KH EHG VKHDU VWUHVV SDUDPHWHU 7 >�@ LV GHILQHG DV IROORZV�
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LQ ZKLFK�

τ
E FZ�



WLPH DYHUDJHG HIIHFWLYH EHG VKHDU VWUHVV >1�P

�
@

τ
E FU� WLPH DYHUDJHG FULWLFDO EHG VKHDU VWUHVV DFFRUGLQJ WR 6KLHOGV >1�P

�
@
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$IWHU WKH FRPSXWDWLRQ RI WKH EHG ORDG WUDQVSRUW UDWHV DQG WKH VXVSHQGHG ORDG WUDQVSRUW UDWHV

DORQJ WKH SURILOH� WKH EHG OHYHO FKDQJHV DUH FRPSXWHG IURP WKH GHSWK�LQWHJUDWHG PDVV

EDODQFH�

∂
∂

∂
∂

�

�




�

E V+ =+  ������

)RU HDFK JULG SRLQW WKH WUDQVSRUW UDWH LV FRPSXWHG� 7KH GLIIHUHQFH LQ WUDQVSRUW UDWHV EHWZHHQ

WZR JULG SRLQWV UHVXOWV LQ D EHG OHYHO FKDQJH EHWZHHQ WKHVH JULG SRLQWV�
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7KH VHGLPHQW WUDQVSRUW FRPSXWDWLRQV VWRS ZKHQ WKH ZDWHU GHSWK EHFRPHV WRR VPDOO� $W WKDW

SRLQW WKH UHODWLYH ZDYH SHULRG UHDFKHV D� XVHU GHILQHG� YDOXH RI�

� �
�
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LQ ZKLFK�

7S SHDN SHULRG >V@



(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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:KHQ WKLV SRLQW LV UHDFKHG� WKH ODWHVW FRPSXWHG VHGLPHQW WUDQVSRUW UDWH LV H[WUDSRODWHG RYHU

WKH SURILOH DERYH WKH ZDWHU OHYHO� 7KLV FDXVHV FKDQJHV LQ WKH EHG OHYHO ODQGZDUG RI WKLV

SRLQW� 7KH VHGLPHQW WUDQVSRUW UDWH RI WKH SURILOH DERYH ZDWHU OHYHO LV FRPSXWHG DV IROORZV

�VHH DOVR )LJXUH �����


 � 

� � � �

� � � �

 


V

V

H V

V H
' (

' ( ' (

' ( ' (
' (= − −

−
�
�	



��

⋅ − ������

LQ ZKLFK�

6�[� WUDQVSRUW LQ GU\ SRLQW [ >P
�
�P�V@

6V WUDQVSRUW LQ SRLQW RI ODWHVW FRPSXWHG WUDQVSRUW >P
�
�P�V@

]�[� EHG OHYHO LQ SRLQW [ >P@

6H WUDQVSRUW LQ ODWHVW H[WUDSRODWLRQ SRLQW >P
�
�P�V@

[H ODWHVW H[WUDSRODWLRQ SRLQW >P@

[V SRLQW RI ODWHVW FRPSXWHG WUDQVSRUW UDWH >P@

7KLV H[WUDSRODWLRQ LV EDVHG RQ WKH RULJLQDO IRUPXODWLRQV RI WKH '85267$ PRGHO DQG LV

LPSOHPHQWHG LQ 81,%(67�7& E\ *RRWMHV >����@�

,Q WKH ODWHVW H[WUDSRODWLRQ SRLQW �GXQH WRS� LV QR WUDQVSRUW �6H ���

)LJXUH ���� H[WUDSRODWLRQ VHGLPHQW WUDQVSRUW RYHU GU\ SURILOH

7KLV PRGHO� ZLWK WKH VHGLPHQW PDVV EDODQFH� UHVXOWV LQ WKH IROORZLQJ GHVFULSWLRQ RI WKH GU\

SURILOH�
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7KLV HTXDWLRQ VKRZV WKDW 81,%(67�7& XVHV OLQHDU H[WUDSRODWLRQ� NHHSLQJ WKH SURILOH DERYH

]�[V� IL[HG DQG PRYLQJ LW LQ LWV HQWLUHW\ ODQGZDUG RU VHDZDUG� GHSHQGHQW RQ WKH PDJQLWXGH

DQG GLUHFWLRQ RI 6V� 7KH VORSH RI WKH GXQH UHPDLQV WKH VDPH�

VHD EHG

ZDWHU OHYHO

GU\ SURILOH
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6XEVHFWLRQ ��� VKRZHG WKDW WKH 81,%(67�7& PRGHO UHTXLUHV D ODUJH QXPEHU RI LQSXW

SDUDPHWHUV� ,Q WKLV VXEVHFWLRQ WKH GHIDXOW SDUDPHWHU VHWWLQJV IRU WKH 81,%(67�7& PRGHO

DUH SUHVHQWHG� 'XULQJ WKH KLQGFDVW VWXG\� GHVFULEHG LQ WKLV UHSRUW� PRVW SDUDPHWHUV DUH NHSW

DW WKHLU GHIDXOW VHWWLQJV� VLQFH SUHYLRXV VWXGLHV RQ WKH 81,%(67�7& PRGHO >VHH :DOVWUD HW

DO�� ����� .OHLQKRXW� ����� %RHUV ����@ KDYH VKRZQ WKDW WKHVH VHWWLQJV JLYH WKH PRVW

RSWLPDO PRGHO UHVXOWV� )RU D IHZ SDUDPHWHUV KRZHYHU� WKH GHIDXOW YDOXHV PLJKW QRW EH WKH

RSWLPDO YDOXHV LQ DQ\ FDVH� VLQFH WKHVH SDUDPHWHUV DUH HPSLULFDO GHWHUPLQHG RU ORFDWLRQ

GHSHQGHQW� )RU WKHVH SDUDPHWHUV WKH RSWLPDO YDOXHV ZLOO EH GHWHUPLQHG LQ WKH QH[W FKDSWHU

�&KDSWHU �� &DOLEUDWLRQ��

,Q WKH IROORZLQJ WDEOH �7DEOH ���� DQ RYHUYLHZ LV JLYHQ RI WKH GHIDXOW YDOXH RI HDFK

SDUDPHWHU�
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7DEOH ���� GHIDXOW SDUDPHWHU VHWWLQJV

5XQ

SDUDPHWHU

([SODQDWLRQ 'LPHQVLRQ 'HIDXOW

YDOXH

'7 WLPH VWHS GD\V �����

8675$ VHGLPHQW WUDQVSRUW DW ODVW FRPSXWDWLRQDO JULG SRLQW P
�
�KU �

,%2' ERWWRP FKDQJHV � �

7'5< UHODWLYH ZDYH SHULRG � ��

.B,-/ EUHDNHU GHOD\ VZLWFK �RQ�RII � ���� � �

)B/$0 QXPEHU ZDYH OHQJWKV � �

32: SRZHU � �

'((3B9 VHDZDUG ERXQGDU\ P �����

6+$//B9 VKRUHZDUG ERXQGDU\ P �����

7$13+,� LQWHUQDO IULFWLRQ DQJOH � ���

7$13+,� LQWHUQDO IULFWLRQ DQJOH � ���

;)� UHIHUHQFH ORFDWLRQ P ����

;)� UHIHUHQFH ORFDWLRQ P ����

)&9,6& YLVFRVLW\ FRHIILFLHQW � ���

*$00$ EUHDNLQJ SDUDPHWHU � %DWWMHV	6WLYH

9$5*$00 YDU\LQJ JDPPD VZLWFK �RQ�RII � ���� � �

$/)$& GLVVLSDWLRQ SDUDPHWHU � �

):(( IULFWLRQ IDFWRU � ����

5.9$/ IULFWLRQ IDFWRU � ����

',(39 UHIHUHQFH GHSWK WLGH P �

5(0/* IL[HG EHG OD\HU � ���

%(7' UROOHU SDUDPHWHU � ���

%9$5 YDU\LQJ EHWD VZLWFK �RQ�RII � ���� � �

'�� '�� JUDLQ GLDPHWHU P ��������

'�� '�� JUDLQ GLDPHWHU P ��������

'66 VXVSHQGHG JUDLQ GLDPHWHU P ��������

'9$5 YDU\LQJ JUDLQ VL]H VZLWFK �RQ�RII � ���� � �

)',$� PXOWLSOLFDWLRQ IDFWRU � ���

)',$� PXOWLSOLFDWLRQ IDFWRU � ����

)',$� PXOWLSOLFDWLRQ IDFWRU � �

+',$� UHIHUHQFH GHSWK P �

+',$� UHIHUHQFH GHSWK P �

+',$� UHIHUHQFH GHSWK P ��

5& IULFWLRQ IDFWRU FXUUHQW � ����

5: IULFWLRQ IDFWRU ZDYHV � ����

7(03 WHPSHUDWXUH q& ��

6$/,1 VDOLQLW\ Å ��

&B5 FRUUHODWLRQ ZDYH JURXSV � ����

)$&4% IDFWRU RI IUDFWLRQ RI EUHDNLQJ ZDYHV ZKLFK GRHV

QRW FRQWULEXWH WR ZDYH YHORFLW\ PRPHQW

� ����
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7KH LQSXW SDUDPHWHUV� ZKLFK ZLOO EH XVHG WR FDOLEUDWH WKH PRGHO� DUH SULQWHG LQ EROG W\SH� $

GHWDLOHG GHVFULSWLRQ RI WKHVH SDUDPHWHUV LV JLYHQ EHORZ� 7KH FKRLFH RI WKHVH SDUDPHWHUV LV

EDVHG RQ UHVXOWV RI SUHYLRXV VWXGLHV RQ WKH RSWLPLVDWLRQ RI WKH 81,%(67�7& PRGHO >VHH

:DOVWUD HW DO�� ����� .OHLQKRXW� ����� %RHUV ����@� )RU PRUH LQIRUPDWLRQ DERXW WKHVH

SDUDPHWHUV DQG D GHWDLOHG GHVFULSWLRQ RI DOO RWKHU LQSXW SDUDPHWHUV LV UHIHUUHG WR WKH

81,%(67�7& 8VHU 0DQXDO >:/ _ 'HOIW +\GUDXOLFV� ����@ DQG WKH 8VHUJXLGH IRU

81,%(67�7& >:DOVWUD� ����@�

*DPPD

*DPPD LV D ZDYH EUHDNLQJ SDUDPHWHU WR GHWHUPLQH WKH PD[LPXP ORFDO ZDYH KHLJKW� 7KH

GHIDXOW VHWWLQJ IRU JDPPD LV WKH %DWWMHV DQG 6WLYH ������ UHODWLRQ �*$00$ ¶�¶� �VHH

6XEVHFWLRQ ������� *DPPD ZLOO EH YDULHG ZLWK YDOXHV LQ WKH UDQJH RI ��� WR ���� %HVLGHV

WKHVH YDULDWLRQV� WKH YDULDEOH JDPPD �VHH VXEVHFWLRQ ������ ZLOO EH LQYHVWLJDWHG

�*$00$ ¶�¶��

%HWG

%HWD �ZULWWHQ DV µ%(7'¶ LQ WKH 81,%(67�7& PRGHO� LV D UROOHU SDUDPHWHU DFFRUGLQJ WR

1DLUQ HW DO� >����@� H[SUHVVLQJ WKH VWHHSQHVV RI WKH ZDYH IURQW� 7KLV SDUDPHWHU GHWHUPLQHV

WKH FURVV�VKRUH GLVWULEXWLRQ RI WKH VXUIDFH VKHDU VWUHVV GXH WR ZDYH EUHDNLQJ� %HWD ZLOO EH

YDULHG ZLWK YDOXHV LQ WKH UDQJH RI ���� WR �� %HVLGHV WKHVH YDULDWLRQV WKH YDULDEOH EHWD �VHH

VXEVHFWLRQ ������ ZLOO EH LQYHVWLJDWHG �%9$5 ��� ,I D YDULDEOH EHWD LV DSSOLHG� WKH EUHDNHU

GHOD\ IXQFWLRQ VKRXOG EH VZLWFKHG RII� VLQFH ERWK IXQFWLRQV VHUYH WKH VDPH SXUSRVH� QDPHO\

WKH GHOD\ RI ZDYH EUHDNLQJ HIIHFWV�

)ZHH

)ZHH LV WKH ERWWRP IULFWLRQ IDFWRU WKDW LQIOXHQFHV WKH DPRXQW RI ZDYH GLVVLSDWLRQ GXH WR

ERWWRP IULFWLRQ� ,I ZDYH FDOFXODWLRQV DUH PDGH RYHU D UHODWLYHO\ ORQJ GLVWDQFH �� WR �� NP�

WKLV SDUDPHWHU FDQ LQIOXHQFH WKH ZDYH KHLJKW SUHGLFWLRQV VLJQLILFDQWO\� :LWKLQ WKH VXUI ]RQH

WKLV SDUDPHWHU KDV OLWWOH LQIOXHQFH DV ZDYH EUHDNLQJ LV GRPLQDQW� )ZHH ZLOO EH YDULHG ZLWK

YDOXHV LQ WKH UDQJH RI ����� WR ����

&B5

&B5 LV WKH FRUUHODWLRQ FRHIILFLHQW EHWZHHQ WKH ZDYH HQYHORSH DQG WKH ERXQG ORQJ ZDYHV� ,W

YDULHV IURP �&B5 DW GHHS ZDWHU XS WR &B5 DW WKH VKRUHOLQH� %\ LQFUHDVLQJ &B5 WKH HIIHFW RI

WKH ORQJ ZDYH ZLOO EH HQKDQFHG �L�H� LQFUHDVHG RIIVKRUH WUDQVSRUW RXWVLGH WKH VXUI ]RQH DQG

LQFUHDVHG RQVKRUH WUDQVSRUW LQVLGH WKH VXUI ]RQH�� %\ VHWWLQJ &B5 WR ]HUR WKH ORQJ ZDYH

HIIHFW LV HOLPLQDWHG� &B5 ZLOO EH YDULHG ZLWK YDOXHV LQ WKH UDQJH RI � WR ��

)BODP

)BODP LV WKH QXPEHU RI ZDYH OHQJWKV RYHU ZKLFK WKH ZHLJKWHG GHSWK LV LQWHJUDWHG� $ KLJKHU

YDOXH RI )BODP UHVXOWV LQ D ODUJHU ZHLJKWHG GHSWK� ZKLFK FDXVHV OHVV EUHDNLQJ ZDYHV DQG

WKXV OHVV GLVVLSDWLRQ DW WKH PHDVXUHG SRLQW DQG PRYHV WKH ORFDWLRQ RI EUHDNLQJ ZDYHV PRUH

VKRUHZDUG� ,Q WKLV VWXG\ )BODP ZLOO EH YDULHG LQ WKH UDQJH RI ���� WR ��

)$&4%

)$&4% LV D IDFWRU IRU WKH IUDFWLRQ RI EUHDNLQJ ZDYHV ZKLFK GRHV QRW FRQWULEXWH WR WKH

RQVKRUH ZDYH YHORFLW\ PRPHQW� %\ UHGXFLQJ WKH RQVKRUH WUDQVSRUW FRPSRQHQW YLD WKLV
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IDFWRU WKH SURILOH GHYHORSPHQW FDQ EH WXQHG� $Q LQFUHDVLQJ )$&4% UHVXOWV LQ D GHFUHDVHG

RQVKRUH WUDQVSRUW DQG YLFH YHUVD� 7KH YDOXH RI )$&4% ZLOO EH YDULHG EHWZHHQ � DQG ��

)&YLVF

:LWK )&YLVF� D IDFWRU LQ WKH GHSWK DYHUDJHG WXUEXOHQFH H[SUHVVLRQ� WKH YHUWLFDO VWUXFWXUH RI

WKH UHWXUQ IORZ LV LQIOXHQFHG� +LJKHU YDOXHV UHVXOW LQ LQFUHDVHG YLVFRVLW\ YDOXHV DQG KHQFH

UHODWLYH VWUDLJKW YHORFLW\ SURILOHV� DQG WKH RSSRVLWH KROGV IRU ORZ YDOXHV� )&YLVF LV YDULHG LQ

WKH UDQJH RI ���� WR ����

5.9$/

5.9$/ LV WKH IULFWLRQ IDFWRU IRU WKH PHDQ FXUUHQW� 7KH IULFWLRQ IDFWRU LV LQ IDFW D URXJKQHVV

KHLJKW� ZKLFK LV UHODWHG WR WKH JUDLQ VL]H RI WKH EHG PDWHULDO RU WR WKH ULSSOH KHLJKW �LI

SUHVHQW�� 7KLV SDUDPHWHU FDQ EH XVHG WR RSWLPLVH YHORFLW\ UHVXOWV� KLJKHU YDOXHV UHVXOW LQ

ODUJH EHG VKHDU VWUHVVHV DQG YLFH YHUVD� 7KH YDOXH RI 5.9$/ ZLOO EH YDULHG LQ WKH UDQJH RI

����� P WR ��� P�

5& DQG 5:

5& DQG 5: DUH WKH FXUUHQW DQG ZDYH UHODWHG URXJKQHVV IRU VHGLPHQW WUDQVSRUW FRPSXWDWLRQ�

7KH\ DUH XVHG LQ WKH WUDQVSRUW PRGXOH DQG FDQ KDYH D VLJQLILFDQW HIIHFW RQ WKH UHVXOWLQJ

WUDQVSRUWV� +RZHYHU� WKH UHVXOWLQJ WUDQVSRUW FDQ EH VRPHZKDW XQSUHGLFWDEOH� ,Q JHQHUDO� WKH

5: YDOXH VKRXOG EH ORZHU WKDQ WKH YDOXH IRU 5&� 7KH 5: YDOXH ZLOO EH YDULHG EHWZHHQ

����� P DQG ���� P� WKH 5& YDOXH ZLOO EH YDULHG LQ WKH UDQJH RI ����� P WR ���� P�

'��� '�� DQG '66

'�� LV WKH PHGLDQ JUDLQ VL]H �'��� RI WKH EHG PDWHULDO� '�� LV WKH ��� JUDLQ VL]H �'��� RI

WKH EHG PDWHULDO DQG '66 LV WKH PHGLDQ JUDLQ VL]H �'��� RI WKH VXVSHQGHG VHGLPHQW� 7KH

GHIDXOW JUDLQ VL]HV DUH EDVHG RQ PHDVXUHPHQWV IURP WKH &2$67�' (JPRQG ILHOG VLWH

>.OHLQKRXW� ����@� 7KH '�� ZLOO EH YDULHG EHWZHHQ ��� PP DQG ��� PP� WKH '�� ZLOO EH

YDULHG LQ WKH UDQJH RI ��� PP WR ��� PP DQG WKH '66 ZLOO EH YDULHG EHWZHHQ ��� PP DQG

��� PP� ,Q VRPH FDVHV LV FDOFXODWHG ZLWK D FURVV�VKRUH YDU\LQJ JUDLQ VL]H� ,Q WKH 81,%(67�

7& PRGHO WKH SDUWLFOH JUDLQ VL]H FDQ EH YDULHG FURVV�VKRUH E\ PHDQV RI VSHFLI\LQJ

PXOWLSOLFDWLRQ IDFWRUV �)',$�� )',$� DQG )',$�� DW WKUHH UHIHUHQFH GHSWKV �+',$��

+',$� DQG +',$�� LQ WKH ERWWRP SURILOH�
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%HIRUH WKH DFWXDO KLQGFDVW VWXG\ FDQ EH FDUULHG RXW� WKH VHQVLWLYLW\ RI WKH PRGHO SDUDPHWHUV

QHHGV WR EH DQDO\VHG DQG WKH PRGHO KDV WR EH FDOLEUDWHG� 7KH VHQVLWLYLW\ DQDO\VLV DQG WKH

PRGHO FDOLEUDWLRQ ZLOO EH GLVFXVVHG LQ WKLV FKDSWHU� 3ULRU WR WKLV GLVFXVVLRQ WKH DSSOLHG

VWDWLVWLFV� WKH LQSXW SDUDPHWHUV� WKH XVHG GDWD� WKH ERXQGDU\ FRQGLWLRQV DQG WKH GHIDXOW

SDUDPHWHU VHWWLQJV ZLOO EH SUHVHQWHG�

7KH PDLQ SXUSRVH RI WKLV FKDSWHU LV WR GHWHUPLQH WKH EHVW LQSXW SDUDPHWHU VHWWLQJV IRU

YDOLGDWLRQ RI WKH 81,%(67�7& PRGHO RQ WKH VKRUHIDFH QRXULVKPHQW�

#��
 �	���
�����
�
��

,Q RUGHU WR ILQG UHDVRQDEOH UHVXOWV ZLWK WKH 81,%(67�7& PRGHO� D ORW RI VLWH VSHFLILF

SDUDPHWHUV DUH UHTXLUHG� )XUWKHUPRUH QXPHULF DQG SUDFWLFDO SDUDPHWHUV KDYH WR EH GHILQHG�

$Q H[DPSOH RI D SUDFWLFDO SDUDPHWHU LV WKH WLPH VWHS� ZKLFK LV GHVLUHG QRW WR EH WRR VPDOO LQ

RUGHU UHGXFH WKH FDOFXODWLRQ WLPH� RQ WKH RWKHU KDQG LW VKRXOG QRW EH ODUJHU WKDQ KDOI D WLGDO

SHULRG �L�H� � KRXUV� LQ RUGHU WR XVH DW OHDVW RQH YDOXH RI HDFK KLJK DQG HDFK ORZ WLGH� $OO

GHIDXOW LQSXW SDUDPHWHUV DUH EDVHG RQ UHVXOWV RI SUHYLRXV VWXGLHV RU DW VXUYH\ UHVXOWV RI WKH

&RDVW�' SURMHFW >VHH .OHLQKRXW� ����@� $ GHWDLOHG OLVW RI DOO LQSXW SDUDPHWHUV FDQ EH IRXQG

LQ 6XEVHFWLRQ ����

7KH DYDLODEOH ERWWRP SURILOHV� UHVXOWLQJ IURP :(63 �:DWHU (Q 6WUDQG 3URILOHU� VXUYH\V�

FDQ EH IRXQG WKH IROORZLQJ WDEOH �7DEOH ����� ,Q WKLV WDEOH LV GHVFULEHG IURP ZKLFK GDWH WKH

SURILOHV DUH DQG IRU ZKDW SXUSRVH WKH\ ZLOO EH XVHG�

7KH ERWWRP SURILOH RI 6HSWHPEHU ���� LV FKRVHQ DV WKH LQSXW ERWWRP SURILOH IRU DOO PRGHO

VLPXODWLRQV� VLQFH WKLV LV WKH ILUVW SURILOH PHDVXUHG DIWHU WKH SODFHPHQW RI WKH VKRUHIDFH

QRXULVKPHQW� 7KH VHQVLWLYLW\ DQDO\VLV ZLOO EH FDUULHG RXW IRU WKH SHULRG EHWZHHQ WKH ILUVW DQG

VHFRQG VXUYH\ GDWH� :KLOH WKLV LV D ZLQWHU SHULRG DQG PRVW PRUSKRORJLFDO FKDQJHV RFFXU

GXULQJ WKH ZLQWHU� WKH VHQVLWLYLW\ RI DOO SDUDPHWHUV ZLOO EH HDV\ WR GHWHFW LQ VLPXODWLRQV RYHU

WKLV SHULRG�

6LQFH WKH QDWXUDO G\QDPLF VHGLPHQW EDODQFH RI WKH FRDVWDO ]RQH LV GLVWXUEHG E\ WKH

SODFHPHQW RI WKH QRXULVKPHQW� LW LV H[SHFWHG WKDW WKH FRDVW QHHGV D IHZ \HDUV WR ILQG D QHZ

�G\QDPLF� EDODQFH� 7KHUHIRUH LW LV GHFLGHG QRW WR XVH WKH ERWWRP SURILOH RI 6HSWHPEHU �����

VLQFH WKLV LV WKH VLWXDWLRQ DIWHU RQO\ RQH \HDU� 7KH ERWWRP SURILOHV RI $SULO ���� DQG -XQH

���� DUH YHU\ PXFK DOLNH� VR WKH ODWHVW SURILOH �L�H� -XQH ����� LV FKRVHQ DV UHIHUHQFH SURILOH

IRU WKH FDOLEUDWLRQ RI WKH PRGHO WR JHW WKH ORQJHVW SRVVLEOH VLPXODWLRQ SHULRG�
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7DEOH ���� DYDLODEOH ERWWRP SURILOHV

352),/( '$7( 86(' $6

6HSWHPEHU ���� ,QSXW ERWWRP SURILOH

0D\ ���� 5HIHUHQFH ERWWRP SURILOH IRU VHQVLWLYLW\ DQDO\VLV

6HSWHPEHU ���� �

$SULO ���� �

-XQH ���� 5HIHUHQFH ERWWRP SURILOH IRU FDOLEUDWLRQ

)RU ERWK WKH VHQVLWLYLW\ DQDO\VLV DQG WKH FDOLEUDWLRQ WKH ORQJVKRUH DYHUDJHG ERWWRP SURILOH

RI VHFWLRQ � �VHH )LJXUH ���� LV XVHG� 7KLV VHFWLRQ LV VLWXDWHG VRXWK RI WKH VKRUHIDFH

QRXULVKPHQW� 7KH PDLQ ORQJVKRUH FXUUHQWV WUDYHO IURP VRXWK WR QRUWK� VR WKH VKRUHIDFH

QRXULVKPHQW KDV KDUGO\ DQ\ LQIOXHQFH DW WKH FXUUHQWV LQ VHFWLRQ �� 6LQFH WKH GRPLQDQW ZDYH

GLUHFWLRQV DUH ZHVW DQG VRXWK�ZHVW� WKH PDLQ SDUW RI WKH ZDYHV WKDW HQWHU VHFWLRQ � LV QRW

LQIOXHQFHG E\ WKH VKRUHIDFH QRXULVKPHQW� *LYHQ WKH IDFWV GHVFULEHG DERYH� VHFWLRQ � FDQ EH

FRQVLGHUHG DV DQ XQGLVWXUEHG VLWXDWLRQ� 7KLV PDNHV VHFWLRQ � WKH EHVW VHFWLRQ IRU FDOLEUDWLRQ

RI WKH PRGHO� VLQFH IRU WKH XQGLVWXUEHG VLWXDWLRQ PRVW SDUDPHWHUV DUH NQRZQ IURP SUHYLRXV

VWXGLHV� ,W KDV WR EH QRWLFHG WKDW LQ WKLV XQGLVWXUEHG VLWXDWLRQ HURVLRQ LV IRXQG�

�����
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)LJXUH ���� ,QYHVWLJDWHG DUHD GLYLGHG LQ SULPDU\ VHFWLRQV �PHDVXUHV LQ P�

7KH LQSXW SDUDPHWHUV IRU ZDYH KHLJKW� ZDYH SHULRG� SHDN ZDYH SHULRG DQG WLGDO HOHYDWLRQ

DUH UHWULHYHG IURP 5LMNVZDWHUVWDDW GDWD DW WKH ORFDWLRQ µ,-JHXO PXQLWLHVWRUWSODDWV¶� *DSV LQ

WKHVH GDWD VHWV DUH ILOOHG XS ZLWK GDWD IURP PHDVXULQJ SRLQW µ(XURSRRUW¶�

6LPXODWLRQV LQ 81,%(67�7&� XVLQJ DOO LQSXW SDUDPHWHUV PHQWLRQHG DERYH� UHVXOW LQ D

SUHGLFWLRQ RI WKH ERWWRP SURILOH DW WKH HQG RI WKH VLPXODWHG SHULRG DQG WKH YROXPH

GHYHORSPHQW GXULQJ WKH VLPXODWHG SHULRG�

1

VKRUHIDFH QRXULVKPHQW
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7KH 81,%(67�7& PRGHO LV EDVHG RQ WKH LGHD RI QR VHGLPHQW LPSRUW RU H[SRUW LQ WKH

PRGHOOHG SURILOH� 7KH VXUYH\ GDWD KRZHYHU �VHH 3DUW ,� 'DWD DQDO\VLV >YDQ 'XLQ DQG

:LHUVPD� ����@�� VKRZ D VHGLPHQW ORVV RI ������ P
�
LQ VHFWLRQ �� 7KLV ORVV LV UHODWLYHO\

VPDOO� WKHUHIRUH� IRU DOO PRGHO FDOFXODWLRQV� LW LV DVVXPHG WKDW WKH PRGHOOHG DUHD GRHV QRW

H[FKDQJH VHGLPHQW ZLWK WKH VXUURXQGLQJV�

#� 
 �����
�
����������

7KH PDLQ TXHVWLRQ LQ HYDOXDWLQJ WKH PRGHO LV ZKHWKHU WKH SUHGLFWHG SURILOH LV PRUH RU OHVV

HTXDO WR WKH PHDVXUHG SURILOH� <HW LW LV QRW WR EH H[SHFWHG WKDW WKH SUHGLFWHG SURILOH ZLOO EH

H[DFWO\ OLNH WKH PHDVXUHG SURILOH� 7KHUHIRUH� WKH PRGHO ZLOO DOVR EH MXGJHG DW LWV SUHGLFWLRQ

RI EDU PRYHPHQWV �ODQGZDUG�VHDZDUG FRPSDUHG WR LQLWLDO SURILOH� DQG EDU KHLJKW FKDQJHV

�LQFUHDVH�GHFUHDVH FRPSDUHG WR LQLWLDO SURILOH��

%HVLGHV WKLV µEDUH H\H¶ MXGJHPHQW RI WKH SURILOH SUHGLFWLRQV� WZR VWDWLVWLFDO SDUDPHWHUV DUH

XVHG WR HYDOXDWH WKH PRGHO UHVXOWV� 7KHVH WZR SDUDPHWHUV DUH WKH 5RRW 0HDQ 6TXDUH HUURU

�506�HUURU� DQG WKH %ULHU 6NLOO ,QGH[ �%6,�� %HORZ D VXPPDU\ RI WKHVH SDUDPHWHUV LV

JLYHQ� 7KH 506�HUURU LV GHILQHG DV�

#$

%

� �
FRPS L PHDV L

L
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=
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7KH 506�HUURU LV PHDVXUHG LQ PHWHUV DQG LQGLFDWHV WKH DYHUDJHG HUURU LQ WKH ERWWRP

SUHGLFWLRQ� /DUJH YDOXHV IRU WKH 506 �HUURU LQGLFDWH D SRRU PRGHO SHUIRUPDQFH� ,Q RUGHU WR

REWDLQ EHWWHU LQVLJKW LQ WKH PRGHO SHUIRUPDQFH LQ UHODWLRQ WR WKH GHIDXOW VHWWLQJV� WKH UHODWLYH

506�HUURU LV XVHG� 7KLV UHODWLYH 506�HUURU LV GHILQHG DV�

#$
 &"' #$
 #$

UXQ GHIDXOW UXQ

' �( = − �����

3RVLWLYH YDOXHV IRU WKH UHODWLYH 506�HUURU LQGLFDWH D EHWWHU PRGHO SHUIRUPDQFH WKDQ

SHUIRUPDQFH RI WKH GHIDXOW VHWWLQJV� QHJDWLYH YDOXHV LQGLFDWH OHVVHU PRGHO SHUIRUPDQFH�

7KH VHFRQG SDUDPHWHU LV WKH %ULHU 6NLOO ,QGH[ �%6,�� ZKLFK LV GHILQHG LQ WHUPV RI PHDQ�

VTXDUHG GLIIHUHQFHV EHWZHHQ PHDVXUHG YDOXHV� PRGHOOHG YDOXHV DQG D VHW RI EDVHOLQH

SUHGLFWLRQV �LQ WKLV FDVH WKH GHIDXOW SUHGLFWLRQV�� IEDVH� L� $ YDOXH RI � LQGLFDWHV D SHUIHFW

VFRUH� � LPSOLHV QR EHWWHU VFRUH WKDQ WKH EDVHOLQH SUHGLFWLRQ� DQG D QHJDWLYH VFRUH LV D ZRUVH

SUHGLFWLRQ WKDQ WKH EDVHOLQH SUHGLFWLRQ� ,Q WKLV VWXG\ WKH EDVHOLQH SUHGLFWLRQ LV WKH

SUHGLFWLRQ� XVLQJ WKH GHIDXOW VHWWLQJV�
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7KH %6, LV GHILQHG DV�
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7KH VWDWLVWLFDO UHVXOWV RI WKH PRGHO SHUIRUPDQFH VKRXOG EH XVHG ZLWK FDUH DQG QHYHU ZLWKRXW

WKH SUHGLFWHG FURVV�VKRUH SURILOHV QH[W WR WKHP� ,W PD\ RFFXU WKDW D YDULDWLRQ RI D FHUWDLQ

SDUDPHWHU UHVXOWV LQ D SRVLWLYH %6, VFRUH DQG D SRVLWLYH UHODWLYH 506�HUURU� ZKLOVW WKH FURVV�

VKRUH SURILOH� FRPSDUHG WR WKH GHIDXOW UHVXOWV� VKRZV D SRRU SUHGLFWLRQ�

%RWK VWDWLVWLFDO SDUDPHWHUV DUH QRW DSSOLHG DW WKH WRWDO SURILOH� EXW DW WKH SURILOH EHWZHHQ [  

���� P DQG [  ���� P �DFFRUGLQJ WR WKH 81,%(67�7& JULG�� ZKLFK FRUUHVSRQGV WR WKH

SURILOH EHWZHHQ [  ��� P DQG [  � P LQ WKH JULG XVHG LQ 3DUW ,� WKH GDWD DQDO\VLV >YDQ 'XLQ

DQG :LHUVPD� ����@� 7KLV VHFWLRQ RI WKH WRWDO SURILOH LV WKH FURVV�VKRUH SURILOH RI WKH

LQYHVWLJDWHG DUHD LQ WKH GDWD DQDO\VLV� 7KH FKRLFH IRU WKLV VHFWLRQ LV EDVHG RQ WKH IDFW WKDW IRU

HYHU\ SRLQW LQ WKLV VHFWLRQ VXUYH\ GDWD DUH DYDLODEOH� VR QR H[WUDSRODWLRQ LV QHHGHG� ZKLFK

DYRLGV H[WUDSRODWLRQ HUURUV�

%HVLGHV DSSOLFDWLRQ RI WKH VWDWLVWLFDO SDUDPHWHUV RYHU WKH WRWDO SURILOH� WKH\ DUH DOVR DSSOLHG

DW WKUHH FURVV�VKRUH VHFWLRQV WR REWDLQ EHWWHU LQVLJKW LQ WKH PRGHO SHUIRUPDQFH DW WKH

GLIIHUHQW VHFWLRQV RI WKH SURILOH� 7KH WKUHH VHFWLRQV DUH GHILQHG DV IROORZV� DFFRUGLQJ WR WKH

SULPDU\ FURVV�VKRUH VHFWLRQV LQ )LJXUH ����

' GHHS ZDWHU VHFWLRQ� LQFOXGHV WKH VKRUHIDFH QRXULVKPHQW �VHFWLRQ ' LQ )LJXUH ����

& PLGGOH VHFWLRQ� LQFOXGHV WKH RXWHU EUHDNHU EDU �VHFWLRQ & LQ )LJXUH ����

$% EHDFK VHFWLRQ� LQFOXGHV WKH LQQHU EUHDNHU EDU DQG WKH EHDFK ]RQH �VHFWLRQV $

DQG % LQ )LJXUH ����

7KHVH VHFWLRQV FDQ DOVR EH IRXQG LQ )LJXUH ��� LQ VXEVHFWLRQ ������ ZKLFK GHVFULEHV WKH

GHIDXOW UXQ DQG WKH\ VKRXOG QRW EH FRQIXVHG ZLWK ORQJVKRUH VHFWLRQV � WR � �VHH )LJXUH �����

#�#
 �
	��������
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%HIRUH FDOLEUDWLQJ WKH PRGHO� LW LV GHVLUDEOH WR JHW D JHQHUDO LGHD RI WKH PRGHO UHVSRQVH WR

VSHFLILF SDUDPHWHU YDULDWLRQV� 7R JHW D TXLFN YLHZ RQ WKH PRGHO EHKDYLRXU� D VHQVLWLYLW\

DQDO\VLV LV FDUULHG RXW E\ YDU\LQJ VHYHUDO SDUDPHWHUV LQ PRGHO UXQV RYHU D VKRUW SHULRG

�6HSWHPEHU ���� WR 0D\ ������ 7KH H[WHQVLYH UHVXOWV RI WKLV VHQVLWLYLW\ DQDO\VLV� LQFOXGLQJ

FURVV�VKRUH SURILOH ILJXUHV DQG VWDWLVWLFDO UHVXOWV� FDQ EH IRXQG LQ $SSHQGL[ $�

7KH VHQVLWLYLW\ DQDO\VLV OHDGV WR WKH IROORZLQJ FRQFOXVLRQV�

x ,Q FDVH RI XVLQJ WKH YDULDEOH JDPPD� WKH EUHDNHU GHOD\ IXQFWLRQ KDV WR EH VZLWFKHG RII�

VLQFH ERWK DSSOLFDWLRQV DUH XVHG IRU WKH VDPH SXUSRVH� QDPHO\ WKH GHOD\ RI ZDYH

EUHDNLQJ�

x 7KH FDOLEUDWLRQ VKRXOG EH GRQH E\ YDU\LQJ RQH SDUDPHWHU DW WKH WLPH� 9DULDWLRQ RI WZR

SDUDPHWHUV WRJHWKHU OHDGV WR SRRU PRGHO SHUIRUPDQFHV� VLQFH ERWK YDULDWLRQV HLWKHU

HTXDO RXW RU DPSOLI\ HDFK�RWKHU
V HIIHFW�

x 7R DOO SDUDPHWHU YDULDWLRQV� H[FHSW YDULDWLRQV LQ )ZHH� WKH PRGHO UHVSRQGV PRUH RU OHVV

OLQHDU� $ OLQHDU UHVSRQVH PHDQV WKDW LQFUHDVH RI D FHUWDLQ YDOXH� FRPSDUHG WR WKH GHIDXOW

VHWWLQJV� JHQHUDWHV TXLWH WKH UHYHUVH UHDFWLRQ WKDQ WKDW RI GHFUHDVH RI WKH VDPH YDOXH�

FRQFHUQLQJ EDU KHLJKW DQG EDU ORFDWLRQ�
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x 9DULDWLRQV LQ SDUDPHWHU )ZHH KRZHYHU� OHDG WR XQSUHGLFWDEOH PRGHO UHVSRQVHV�

HVSHFLDOO\ ZLWK UHJDUG WR WKH RXWHU EUHDNHU EDU� 7KHUHIRUH LW LV GHFLGHG QRW WR YDU\ )ZHH

DQG VHW LW WR LWV GHIDXOW YDOXH �������

1RWDEO\� QHDUO\ DOO SDUDPHWHU YDULDWLRQV VKRZ QHJDWLYH %6,� DQG UHODWLYH 506 VFRUHV LQ WKH

VHQVLWLYLW\ DQDO\VLV� ZKLFK PHDQV WKDW KDUGO\ DQ\ YDULDWLRQV VKRZ EHWWHU UHVXOWV WKDQ WKH

GHIDXOW SUHGLFWLRQ� 7R SUHYHQW UHMHFWLQJ SDUDPHWHU YDULDWLRQV� WKDW PLJKW JLYH EHWWHU UHVXOWV

RYHU D ORQJHU SHULRG WKDQ WKH\ GR IRU D ZLQWHU SHULRG� QRW DOO SDUDPHWHUV ZLWK D QHJDWLYH

VFRUH DUH UHMHFWHG IRU WKH FDOLEUDWLRQ�

7KH FDOLEUDWLRQ ZLOO EH GRQH ZLWK WKH SDUDPHWHU YDULDWLRQV WKDW VKRZHG UHDVRQDEOH PRGHO

UHVXOWV DQG KDG DQ DFFHSWDEOH %6,�VFRUH ��� RU KLJKHU�� 3DUDPHWHU YDULDWLRQV WKDW VKRZHG

YHU\ SRRU PRGHO UHVXOWV LQ WKH VHQVLWLYLW\ DQDO\VLV �L�H� XQUHDO SURILOH SUHGLFWLRQV RU YHU\

QHJDWLYH %6,� DQG UHODWLYH 506 VFRUHV� ZLOO QRW EH XVHG IRU WKH FDOLEUDWLRQ RI WKH PRGHO�

#�%
 ����������	

7KLV VXEVHFWLRQ GLVFXVVHV WKH DFWXDO FDOLEUDWLRQ RI WKH PRGHO� %DVHG RQ WKH UHVXOWV RI WKH

VHQVLWLYLW\ DQDO\VLV VHYHUDO SDUDPHWHU YDULDWLRQV DUH GLVFDUGHG� 7KH WDEOH EHORZ �7DEOH ����

VKRZV DQ RYHUYLHZ RI WKH SDUDPHWHUV� WKDW DUH YDULHG WR FDOLEUDWH WKH PRGHO� 7KH PRGHO

RXWSXW LV HYDOXDWHG ZLWK WKH %ULHU 6NLOO 6FRUH DQG WKH UHODWLYH 506 HUURU �VHH 6XEVHFWLRQ

���� RI WKH FURVV�VKRUH ERWWRP SURILOH DQG E\ FRPSDULQJ WKH FURVV�VHFWLRQV� SUHGLFWHG E\

81,%(67�7&� WR WKH GHIDXOW UXQ ZLWK UHJDUG WR WKH SRVLWLRQ DQG KHLJKW RI WKH EDUV�

,Q VXEVHFWLRQ ����� WKH GHIDXOW UXQ ZLOO EH HYDOXDWHG� VXEVHFWLRQ ����� GLVFXVVHV WKH UHVXOWV

RI WKH SDUDPHWHU YDULDWLRQV� )LQDOO\� LQ VXEVHFWLRQ ����� WKH FRQFOXVLRQV� GUDZQ IURP WKH

FDOLEUDWLRQ� ZLOO EH SUHVHQWHG�

7DEOH ���� RYHUYLHZ RI YDULHG SDUDPHWHUV IRU FDOLEUDWLRQ

3DUDPHWHU 'LPHQVLRQ 'HIDXOW 9DOXHV

*$00$ >�@ %DWWMHV	6WLYH ���� ���� ���� YDULDEOH JDPPD >QR EUHDNHU

GHOD\@

%(7' >�@ ��� ����� ����� YDULDEOH EHWD >QR EUHDNHU

GHOD\@

&B5 >�@ ���� �� ���

)B/$0 >�@ � ����� ���� �

)$&4% >�@ ���� ���� ���� ���

)&9,6& >�@ ��� ����� ���

�'��� '��� '66� >PP@ ����� ���� ���� ������������� ZLWK FURVV�VKRUH YDU\LQJ

JUDLQ VL]H� ����� ���� ����� ����� ����

����� ����� ���� ���� ZLWK FURVV�VKRUH

YDU\LQJ JUDLQ VL]H

5.9$/ >�@ ���� ����� ����

�5:� 5&� >P@ ������ ����� ������� ������ ������ ������ ������� �����

*$00$  :DYH EUHDNLQJ SDUDPHWHU WR GHWHUPLQH PD[LPXP ORFDO ZDYH KHLJKW�

'HIDXOW YDOXH LV µ�¶ DFFRUGLQJ WR %DWWMHV	6WLYH �������
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%(7'  5ROOHU SDUDPHWHU� H[SUHVVLQJ WKH VWHHSQHVV RI WKH ZDYH IURQW�

&B5  &RUUHODWLRQ FRHIILFLHQW EHWZHHQ ZDYH HQYHORSH DQG ERXQG ORQJ

ZDYHV�

)B/$0  1XPEHU RI ZDYH OHQJWKV RYHU ZKLFK ZHLJKWHG GHSWK LV LQWHJUDWHG �LV

SDUW RI EUHDNHU GHOD\ FRQFHSW��

)$&4%  )DFWRU IRU WKH IUDFWLRQ RI EUHDNLQJ ZDYHV ZKLFK GRHV QRW FRQWULEXWH

WR WKH ZDYH YHORFLW\ PRPHQW�

)&9,6&  9LVFRVLW\ FRHIILFLHQW IRU PHDQ FXUUHQW FRPSXWDWLRQ�

'���'���'66  '�� JUDLQ GLDPHWHU� '�� JUDLQ GLDPHWHU� '�� JUDLQ GLDPHWHU RI

VXVSHQGHG VHGLPHQW�

5.9$/  )ULFWLRQ IDFWRU IRU PHDQ FXUUHQW FRPSXWDWLRQ�

5: DQG 5&  :DYH DQG &XUUHQW UHODWHG URXJKQHVV IRU VHGLPHQW WUDQVSRUW

FRPSXWDWLRQ�

#�%��
 �
�����
��	

,Q WKH ILJXUH EHORZ �)LJXUH ���� WKH UHVXOW RI WKH UXQ ZLWK GHIDXOW SDUDPHWHU VHWWLQJV LV

VKRZQ�
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6HSWHPEHU ���� -XQH ���� 'HIDXOW SUHGLFWLRQ

)LJXUH ���� GHIDXOW SUHGLFWLRQ RI 81,%(67�7& PRGHO IRU VHFWLRQ � RYHU WZR \HDUV

7KH GHIDXOW SUHGLFWLRQ DSSHDUV WR JLYH D IDLUO\ VDWLVI\LQJ UHVXOW� $OWKRXJK WKH SUHGLFWLRQ

GLIIHUV IURP WKH UHDO SURILOH LQ -XQH ����� LW VKRZV VRPH VDPH WHQGHQFLHV RI VHDZDUG

PRYHPHQW DQG ORZHULQJ RI WKH RXWHU EUHDNHU EDU� ,Q VHFWLRQ $% WKH PRGHO SUHGLFWV D WRR

KLJK EHG OHYHO� 7KLV LV D NQRZQ RYHU�HVWLPDWLRQ RI WKH 81,%(67 PRGHO� VR WKH DWWHQWLRQ

ZLOO EH IRFXVHG RQ WKH PRGHO SHUIRUPDQFH LQ VHFWLRQ &� LQ SDUWLFXODU WKH EHKDYLRXU RI WKH

RXWHU EUHDNHU EDU� DQG DOVR VHFWLRQ '� VLQFH WKLV LV WKH VHFWLRQ LQ ZKLFK WKH VKRUHIDFH

QRXULVKPHQW LV ORFDWHG �QRWH WKDW LW LV QRW ORFDWHG LQ VHFWLRQ �� RQ ZKLFK WKH FDOLEUDWLRQ LV

GRQH��

6(&7,21 ' 6(&7,21 & 6(&7,21 $%

RXWHU EUHDNHU EDU LQQHU EUHDNHU EDU
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7KH 506�HUURU IRU WKH GHIDXOW UXQ LV ���� P IRU WKH WRWDO SURILOH� ���� P IRU 6HFWLRQ '� ����

P IRU 6HFWLRQ & DQG ���� P IRU 6HFWLRQ $%� 7KHVH YDOXHV DOVR VKRZ WKDW WKH SUHGLFWLRQ IRU

6HFWLRQ $% LV RYHU�HVWLPDWHG�

7KH ILJXUH EHORZ �)LJXUH ���� VKRZV WKH VHGLPHQW LPSRUW RYHU WKH VHDZDUG PRGHO ERXQGDU\

�G  1$3 ��� P� DQG RYHU WKH ERXQGDU\ RI VHFWLRQ ' �G  1$3 �� P� LQ FURVV�VKRUH VHFWLRQ

� RYHU WKH WRWDO LQYHVWLJDWHG SHULRG DV FRPSXWHG E\ WKH 81,%(67�7& PRGHO�

,Q 6XEVHFWLRQ ��� ZDV DVVXPHG WKDW QR VHGLPHQW LPSRUW RU H[SRUW RFFXUUHG LQ WKH PRGHO�

HYHQ WKRXJK WKH VXUYH\ GDWD VKRZHG D VPDOO ORVV RI VHGLPHQW ������� P
�
�� 7KLV ILJXUH

KRZHYHU VKRZV D VHGLPHQW LPSRUW RI ���� P
�
�P RYHU QHDUO\ WZR \HDUV� ZKLFK FRPHV GRZQ

WR D WRWDO VDQG YROXPH LQFUHDVH RI ������ P
�
LQ VHFWLRQ �� 2YHU WKH ERXQGDU\ RI WKH

LQYHVWLJDWHG DUHD HYHQ PRUH VHGLPHQW LV LPSRUWHG� 7KH ILJXUH VKRZV D VHGLPHQW LPSRUW RI

��� P
�
�P RYHU QHDUO\ WZR \HDUV� ZKLFK FRUUHVSRQGV WR D WRWDO VDQG YROXPH LQFUHDVH RI

������� P
�
LQ VHFWLRQ ��

7KLV VHGLPHQW LPSRUW GRHV QRW FRUUHVSRQG WR UHDOLW\� LW LV D PRGHO LQFRPSOHWHQHVV� ZKLFK

SHUKDSV FDQ H[SODLQ WKH RYHU�HVWLPDWLRQ RI WKH EHG OHYHO LQ VHFWLRQ $%� ,Q YROXPH

FDOFXODWLRQV� WKLV µXQUHDO¶ VHGLPHQW LPSRUW KDV WR EH NHSW LQ PLQG�
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VHGLPHQW LPSRUW RYHU VHDZDUG PRGHO ERXQGDU\ �G  1$3 ���P�

VHGLPHQW LPSRUW RYHU DUHD ERXQGDU\ �G  1$3 ��P�

)LJXUH ���� VHGLPHQW LPSRUW RYHU VHDZDUG ERXQGDU\ LQ FURVV�VHFWLRQ � IURP 6HSWHPEHU ���� WR -XQH ����

,Q D VWXG\ RQ WKH JUDGLHQW LQ ORQJVKRUH WUDQVSRUW RI VHGLPHQW LQ 81,%(67�7& >$�-� 9HXJHU�

����@ LV IRXQG WKDW WKLV VHGLPHQW LPSRUW FDQ EH FDQFHOOHG RXW E\ LQWURGXFLQJ WKLV JUDGLHQW�

+RZHYHU� WKLV UHVXOWV LQ PDUJLQDO LPSURYHPHQWV RI WKH PRGHO SHUIRUPDQFH DQG VKRXOG RQO\

EH DSSOLHG DIWHU WKH RSWLPDO SDUDPHWHU VHWWLQJ LV GHWHUPLQHG� $SSOLFDWLRQ RI WKLV JUDGLHQW LV

RXWVLGH WKH VFRSH RI WKLV VWXG\� VLQFH WKH HPSKDVLV LQ WKLV VWXG\ LV RQ EDU EHKDYLRXU LQ EURDG

RXWOLQHV� ZKLFK LV D FURVV�VKRUH SURFHVV�

#�%��
 �����
�
�
��������	�

7KH PDLQ REMHFWLYH RI WKH FDOLEUDWLRQ VWXG\ LV WR ILQG PRGHO SDUDPHWHU VHWWLQJV WKDW JLYH WKH

RSWLPDO PRGHO SUHGLFWLRQ� ,Q WKLV VXEVHFWLRQ DOO SDUDPHWHU YDULDWLRQV �VHH 7DEOH ���� DUH

GLVFXVVHG�

6HS ����

0D\ ����

6HS ����

-XQH ����

$SULO ����

0D\ ���� 6HS ����
$SULO ����

-XQH ����
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:DYH EUHDNLQJ SDUDPHWHU� *$00$

,Q WKH IROORZLQJ ILJXUHV �)LJXUH ��� DQG )LJXUH ���� WKH %6, DQG UHODWLYH 506�HUURU DQG WKH

FURVV�VKRUH SURILOHV DUH VKRZQ IRU YDULDWLRQV LQ JDPPD� $SSDUHQWO\ WKH EHVW YDOXH IRU

JDPPD LV HLWKHU WKH GHIDXOW VHWWLQJ RU SRVVLEO\ JDPPD  ���� $FFRUGLQJ WR WKH VWDWLVWLFDO

UHVXOWV WKH YDULDEOH JDPPD JLYHV D SRVLWLYH UHVXOW� H[FHSW IRU 6HFWLRQ &� 7KH FURVV�VKRUH

SURILOH KRZHYHU� VKRZV WKDW WKH EUHDNHU EDUV DUH IDGHG RXW ZKHQ XVLQJ WKH YDULDEOH JDPPD�

$ ORZHU JDPPD FDXVHV PRUH EUHDNLQJ ZDYHV DQG WKXV PRUH WXUEXOHQFH RQ WKH RXWHU EUHDNHU

EDU� 7KLV UHVXOWV LQ D PRUH VHDZDUG RXWHU EDU� ZKLFK FDQ EH VHHQ LQ )LJXUH ���� $ KLJKHU

JDPPD FDXVHV DQ RSSRVLWH UHDFWLRQ RI WKH RXWHU EUHDNHU EDU�
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3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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5ROOHU SDUDPHWHU� H[SUHVVLQJ WKH VWHHSQHVV RI WKH ZDYH IURQW� %(7'

)LJXUH ��� VKRZV WKH FURVV�VKRUH SURILOHV IRU YDULRXV YDOXHV RI EHWD� )LJXUH ��� VKRZV WKH

%6, DQG WKH UHODWLYH 506�HUURU IRU YDULRXV YDOXHV RI EHWD� %HWD  ���� DQG D YDULDEOH EHWD

�ZLWKRXW EUHDNHU GHOD\� ERWK JLYH D EHWWHU UHVXOW WKDQ WKH GHIDXOW VHWWLQJ� +RZHYHU�

VKRUHZDUG RI WKH ILUVW EUHDNHU EDU WKHVH YDOXHV JLYH MXVW WKH VDPH HUURU DV WKH GHIDXOW YDOXH�

+LJKHU YDOXHV RI EHWD UHVXOW LQ LQFUHDVHG EUHDNLQJ RQ WRS RI WKH EDU� 7KLV FDQ H[SODLQ WKH

ORZHULQJ RI WKH RXWHU EDU FUHVW ZLWK DQ LQFUHDVLQJ EHWD� $FFRUGLQJ WR WKH VWDWLVWLFDO UHVXOWV

EHWD  ���� LPSURYHV WKH PRGHO UHVXOWV PRVW�
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&RUUHODWLRQ FRHIILFLHQW EHWZHHQ ZDYH HQYHORSH DQG ERXQG ORQJ ZDYHV� &B5

7KH ILJXUHV EHORZ �)LJXUH ��� DQG )LJXUH ���� VKRZ WKH %6,� WKH UHODWLYH 506�HUURU DQG WKH

FURVV�VKRUH SURILOHV IRU YDULDWLRQV LQ &B5� $FFRUGLQJ WR WKH VWDWLVWLFDO UHVXOWV ERWK

YDULDWLRQV JLYH D EHWWHU SUHGLFWLRQ IRU 6HFWLRQ & WKDQ WKH GHIDXOW YDOXH� +RZHYHU� WKH FURVV�

VKRUH SURILOHV RQO\ VKRZ DQ LPSURYHG SUHGLFWLRQ ZKHQ DSSO\LQJ &B5  ���� 9DU\LQJ &B5

DSSHDUV WR HIIHFW 6HFWLRQ & PRVW� LQ SDUWLFXODU WKH RXWHU EUHDNHU EDU� RWKHU SDUWV RI WKH FURVV�

VKRUH VHFWLRQ DUH QRW YHU\ VHQVLWLYH IRU WKHVH YDULDWLRQV� $Q LQFUHDVLQJ &B5 LQFUHDVH ERWK

RIIVKRUH DQG RQVKRUH WUDQVSRUW� ZKLFK H[SODLQV WKH IODWWHQLQJ RI WKH RXWHU EUHDNHU EDU IRU

&B5 LV ����
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)LJXUH ���� FURVV�VKRUH SURILOHV RI YDULDWLRQV LQ &B5
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%UHDNHU 'HOD\ FRQFHSW �QXPEHU RI ZDYH OHQJWKV RYHU ZKLFK ZHLJKWHG GHSWK LV

LQWHJUDWHG�� )B/$0

&URVV�VKRUH SURILOHV IRU YDULDWLRQV LQ )B/$0 DUH VKRZQ LQ )LJXUH ����� WKH %6, DQG WKH

UHODWLYH 506�HUURU IRU YDULRXV YDOXHV RI )B/$0 DUH VKRZQ LQ )LJXUH ����� 9DOXHV RI

)B/$0 VPDOOHU WKDQ WKH GHIDXOW YDOXH RI � VHHP WR LPSURYH WKH PRGHO SUHGLFWLRQV� 0RVW

LPSURYHPHQW LV IRXQG LQ WKH KHLJKW RI WKH VHFRQG EUHDNHU EDU� $ ORZHU YDOXH RI )B/$0

UHVXOWV LQ PRUH HQHUJ\ GLVVLSDWLRQ RQ WKH EUHDNHU EDU� ZKLFK FDQ H[SODLQ WKH LPSURYHG

SUHGLFWLRQ RI WKH RXWHU EUHDNHU EDU KHLJKW �DQG DOVR WKH LQQHU EUHDNHU EDU KHLJKW� ZLWK D

ORZHU )B/$0� $OVR DFFRUGLQJ WR WKH VWDWLVWLFDO UHVXOWV� D YDOXH RI )B/$0� ORZHU WKDQ

GHIDXOW� OHDGV WR EHWWHU PRGHO SUHGLFWLRQV� )�/$0 PDLQO\ KDV LQIOXHQFH RQ WKH KHLJKW RI WKH

EUHDNHU EDUV�
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)DFWRU RI IUDFWLRQ RI EUHDNLQJ ZDYHV WKDW GR QRW FRQWULEXWH WR ZDYH DV\PPHWU\� )$&4%

,Q WKH IROORZLQJ ILJXUHV �)LJXUH ���� DQG )LJXUH ����� WKH %6,� WKH UHODWLYH 506�HUURU DQG

WKH FURVV�VKRUH SURILOHV DUH VKRZQ IRU YDULRXV YDOXHV RI )$&4%� 7KH )$&4% YDOXH RI ���

JLYHV D EHWWHU SUHGLFWLRQ WKDQ WKH GHIDXOW VHWWLQJ� EXW WKLV YDOXH DOVR IDLOV LQ SUHGLFWLQJ D

UHGXFHG KHLJKW RI WKH VHFRQG EUHDNHU EDU� )$&4% ��� KDV D VPDOO SRVLWLYH VFRUH LQ WKH

VWDWLVWLFDO UHVXOWV� WKH FURVV�VKRUH SURILOHV KRZHYHU VKRZ QR EHWWHU SUHGLFWLRQ WKDQ WKH

GHIDXOW RQH� 6LQFH )$&4% ��� GRHV QRW UHVXOW LQ ODUJH LPSURYHPHQWV� )$&4% ZLOO EH VHW DW

LWV GHIDXOW YDOXH�

9DULDWLRQV LQ )$&4% PDLQO\ UHVXOW LQ FKDQJLQJ ORFDWLRQ RI WKH RXWHU EUHDNHU EDU� $Q

LQFUHDVLQJ )$&4% OHDGV WR D GHFUHDVLQJ RQVKRUH WUDQVSRUW� ZKLFK H[SODLQV WKH VHDZDUG

PRYHPHQW RI ERWK EUHDNHU EDUV IRU D KLJKHU )$&4% DQG YLFH YHUVD�
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9LVFRVLW\ FRHIILFLHQW RI YHUWLFDO YHORFLW\ SURILOH� )&9,6&

7KH ILJXUHV EHORZ �)LJXUH ���� DQG )LJXUH ����� VKRZ WKH %6,� WKH UHODWLYH 506�HUURU DQG

WKH FURVV�VKRUH SURILOHV IRU YDULDWLRQV LQ )&9,6&� 9DULDWLRQV LQ )&9,6& DSSHDU QRW WR

LPSURYH WKH PRGHO UHVXOWV DW DOO� %RWK ILJXUHV VKRZ WKDW )&9,6& KDV D VWURQJ UHDFWLRQ WR

YDULDWLRQV� ZKLFK PDNHV LW D YHU\ VHQVLWLYH SDUDPHWHU� 7KLV VWURQJ VHQVLWLYLW\ PLJKW PDNH LW

ZRUWKZKLOH WR GHYHORS D ORFDO� FURVV�VKRUH GHSHQGHQW� YLVFRVLW\ PRGHO�

,PSURYLQJ WKH 81,%(67�7& PRGHO KRZHYHU LV EH\RQG WKH VFRSH RI WKLV VWXG\� WKHUHIRUH

)&9,6& ZLOO EH VHW WR LWV GHIDXOW YDOXH LQ WKLV YDOLGDWLRQ VWXG\�
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6HGLPHQW JUDLQ VL]H SDUDPHWHUV� '��� '��� '66

,Q )LJXUH ���� DQG )LJXUH ���� WKH %6, VFRUH� WKH UHODWLYH 506�HUURU DQG WKH FURVV�VKRUH

SURILOH IRU YDULDWLRQV LQ WKH VHGLPHQW FKDUDFWHULVWLFV DUH VKRZQ� 7KH DSSOLDQFH RI D FURVV�

VKRUH YDU\LQJ JUDLQ VL]H GRHV QRW VLJQLILFDQWO\ LPSURYH WKH PRGHO UHVXOWV� VR QR YDU\LQJ

JUDLQ VL]H ZLOO EH DSSOLHG LQ WKH YDOLGDWLRQ VWXG\�

7KH RWKHU WZR YDULDWLRQV UHVXOW LQ D PRUH RU OHVV VLPLODU SUHGLFWLRQ RI WKH ERWWRP SURILOH DQG

SUHGLFW D VHFRQG EUHDNHU EDU WKDW LV KLJKHU WKDQ LQ UHDOLW\� MXVW DV WKH GHIDXOW VHWWLQJV GR�

6WULNLQJO\ GLIIHUHQFHV LQ WKH JUDLQ VL]H SDUDPHWHUV GR QRW UHVXOW LQ ODUJH GLIIHUHQFHV LQ WKH

FRPSXWHG ERWWRP SURILOH�

7KH JUDLQ VL]H SDUDPHWHUV RI WKH VDQG LQ WKH VKRUHIDFH QRXULVKPHQW PLJKW EH VOLJKWO\

GLIIHUHQW IURP WKRVH RI WKH VDQG DW WKH VLWH� 7KLV OHDYHV WKH SRVVLELOLW\ WKDW RQH RI WKHVH

YDULDWLRQV PD\ UHVXOW LQ D EHWWHU SUHGLFWLRQ IRU VHFWLRQ �� WKDQ WKH GHIDXOW VHWWLQJV ZLOO�

7KHUHIRUH ERWK YDULDWLRQV ZLOO EH YDOLGDWHG RQ VHFWLRQ � �ZLWK VKRUHIDFH QRXULVKPHQW��
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'�� ����'�� ����'66 ��� 9$5 '�� ����'�� ����'66 ��� '�� ����'�� ����'66 ���

'�� ����'�� ����'66 ��� 9$5

)LJXUH ����� FURVV�VKRUH SURILOHV RI YDULDWLRQV LQ '��� '�� DQG '66

� � �� �

� � �� �

� � �� �

� � �� �

� � �� �

� �� �

� �� �

� �� �

� �� �

� �� �

� �� �

'
�
�
 
�
�
�
�

'
�
�
 
�
�
�
�

'
6
6
 
�
�
�

9
$
5

'
�
�
 
�
�
�
�

'
�
�
 
�
�
�
�

'
6
6
 
�
�
�

'
�
�
 
�
�
�
�

'
�
�
 
�
�
�
�

'
6
6
 
�
�
�

'
�
�
 
�
�
�
�

'
�
�
 
�
�
�
�

'
6
6
 
�
�
�

9
$
5

506 � U H O� � WR WD O S U R I LOH >P @ %6 ,� WR WD O S U R I LOH

506 � U H O� � 6 H F WLR Q ' >P@ %6 ,� 6H F W LR Q '

506 � U H O� � 6 H F WLR Q & >P@ %6 ,� 6H F W LR Q &

506 � U H O� � 6 H F WLR Q $ % >P@ %6 ,� 6H F W LR Q $ %

)LJXUH ����� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ '��� '�� DQG '66



(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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)ULFWLRQ IDFWRU IRU PHDQ FXUUHQW� 5.9$/

7KH ILJXUHV EHORZ �)LJXUH ���� DQG )LJXUH ����� VKRZ WKH %6,� WKH UHODWLYH 506�HUURU DQG

WKH FURVV�VKRUH SURILOHV IRU YDULDWLRQV LQ 5.9$/� 9DULDWLRQV LQ 5.9$/ GR QRW LPSURYH WKH

PRGHO SHUIRUPDQFH� $FFRUGLQJ WR WKH VWDWLVWLFDO UHVXOWV� WKH XVH RI 5.9$/ ���� DSSHDUV WR

LPSURYH WKH PRGHO SHUIRUPDQFH� +RZHYHU� WKH FURVV�VKRUH SURILOHV VKRZ QR LPSURYHPHQW DW

DOO� +HQFH� WKH YDOXH RI 5.9$/ LV NHSW DW WKH GHIDXOW YDOXH RI �����

5.9$/ LV D IULFWLRQ IDFWRU� ,Q )LJXUH ���� LV FOHDUO\ YLVLEOH WKDW LQFUHDVH RI WKLV IULFWLRQ

IDFWRU UHVXOWV LQ D PRUH VKRUHZDUG SRVLWLRQ RI WKH EUHDNHU EDUV DQG YLFH YHUVD� +LJKHU YDOXHV

UHVXOW LQ ODUJHU EHG VKHDU VWUHVVHV� WKDW NHHS WKH VHGLPHQW IURP PRYLQJ VHDZDUG� 5.9$/

KDV QR VLJQLILFDQW LQIOXHQFH RQ WKH EDU KHLJKWV�
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)LJXUH ����� FURVV�VKRUH SURILOHV RI YDULDWLRQV LQ 5.YDO
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506 � U H O� � 6H F W LR Q ' >P@ %6 ,� 6 H F W LR Q '

506 � U H O� � 6H F W LR Q & >P@ %6 ,� 6 H F W LR Q &

506 � U H O� � 6H F W LR Q $ % >P@ %6 ,� 6 H F W LR Q $ %

)LJXUH ����� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ 5.YDO
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&XUUHQW DQG ZDYH UHODWHG URXJKQHVV� 5& DQG 5:

7KH IROORZLQJ ILJXUHV �)LJXUH ���� DQG )LJXUH ����� VKRZ WKH %6,� WKH UHODWLYH 506�HUURU

DQG WKH FURVV�VKRUH SURILOHV IRU YDULDWLRQV LQ 5& DQG 5:� ,W DSSHDUV WKDW 5: VKRXOG QRW EH

VPDOOHU WKDQ WKH GHIDXOW YDOXH RI ����� EHFDXVH VPDOOHU YDOXHV UHVXOW LQ PRUH RQVKRUH

WUDQVSRUW DQG WKXV D WRR VKRUHZDUG SRVLWLRQ RI WKH EUHDNHU EDUV� 6OLJKWO\ ODUJHU YDOXHV RI

ERWK 5: DQG 5& UHVXOW LQ D EHWWHU ILW RI WKH SUHGLFWLRQV WR WKH PHDVXUHG ERWWRP SURILOH�

&RQVHTXHQWO\ WKH FRPELQDWLRQ RI 5: ���� DQG 5& ���� ZLOO EH YDOLGDWHG RQ VHFWLRQ ��

)URP WKH VWDWLVWLFDO UHVXOWV FDQ EH GHGXFHG WKDW WKH PRGHO LV YHU\ VHQVLWLYH IRU VPDOO

YDULDWLRQV LQ WKH FXUUHQW DQG ZDYHV UHODWHG IULFWLRQ IDFWRUV 5: DQG 5&� 7KLV LQGLFDWHV WKDW

FDXWLRQ LV UHTXLUHG ZKHQ YDU\LQJ IULFWLRQ IDFWRUV�
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6HSWHPEHU ���� -XQH ���� GHIDXOW� 5:B5&  ����B���� 5:B5&  �����B���� 5:B5&  �����B���� 5:B5&  ����B����

)LJXUH ����� FURVV�VKRUH SURILOHV RI YDULDWLRQV LQ 5& DQG 5:
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506 � U H O� � 6 H F WLR Q & >P@ %6 ,� 6H F W LR Q &

506 � U H O� � 6 H F WLR Q $ % >P@ %6 ,� 6H F W LR Q $ %

)LJXUH ����� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ 5& DQG 5:
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7KH FDOLEUDWLRQ VWXG\ GLVFXVVHG DERYH OHDGV WR WKH IROORZLQJ FRQFOXVLRQV�

x 9DU\LQJ SDUDPHWHUV FRPSDUHG WR WKH GHIDXOW VHWWLQJV PDLQO\ UHVXOWV LQ YDULDWLRQV LQ

ORFDWLRQ DQG KHLJKW RI WKH RXWHU EUHDNHU EDU

x 7KH GHIDXOW YDOXHV RI )&YLVF DQG 5.YDO DSSHDU WR EH WKH EHVW YDOXHV IRU WKHVH

SDUDPHWHUV�

x 7KH PRGHO LV QRW VHQVLWLYH IRU VPDOO YDULDWLRQV LQ WKH JUDLQ VL]H SDUDPHWHUV�

x 9DULDWLRQ LQ IULFWLRQ IDFWRUV �5.YDO� 5: DQG 5&� KDV ODUJH LQIOXHQFH RQ WKH 81,%(67�

7& PRGHO

x 9DULDWLRQV LQ )$&4% PDLQO\ OHDG WR YDULDWLRQV LQ WKH ORFDWLRQ RI WKH EUHDNHU EDUV

x 9DULDWLRQV LQ )B/$0 PDLQO\ OHDG WR GLIIHUHQFHV LQ WKH KHLJKW RI WKH EUHDNHU EDUV

x )B/$0 ��� UHVXOWV LQ D VLJQLILFDQW LPSURYHPHQW RI WKH PRGHO SHUIRUPDQFH

x 7KH EHVW SDUDPHWHU VHWWLQJV IRU WKH XQGLVWXUEHG VLWXDWLRQ� DFFRUGLQJ WR WKH FDOLEUDWLRQ�

DUH EHWD LV ���� DQG WKH GHIDXOW VHWWLQJ IRU DOO RWKHU SDUDPHWHUV

7KH IROORZLQJ VWHS RI WKLV VWXG\ LV WKH YDOLGDWLRQ RI WKH PRGHO SHUIRUPDQFH IRU ERWWRP

SURILOHV WKDW LQFOXGH D VKRUHIDFH QRXULVKPHQW �6HFWLRQ ��� 7KH PRGHO SHUIRUPDQFH IRU FURVV�

VKRUH SURILOHV LQFOXGLQJ D VKRUHIDFH QRXULVKPHQW LV QRW NQRZQ� 7KHUHIRUH DOO YDULDWLRQV WKDW

UHVXOWHG LQ D SRVLWLYH %6, VFRUH� D SRVLWLYH UHODWLYH 506�HUURU DQG D FURVV�VKRUH SURILOH

VLPLODU WR UHDOLW\ ZLOO EH UHYLHZHG� LQ RUGHU QRW WR GLVFDUG YDULDWLRQV WKDW PLJKW UHVXOW LQ

JRRG PRGHO SUHGLFWLRQV LQ WKLV QHZ VLWXDWLRQ� 7KH YDOLGDWLRQ VWXG\ ZLOO EH GHVFULEHG LQ

&KDSWHU �� 7KH SDUDPHWHUV WKDW ZLOO EH YDOLGDWHG RQ 6HFWLRQ � DUH�

x *$00$ �YDULDEOH JDPPD DQG JDPPD  ����

x %(7' �YDULDEOH EHWD DQG EHWD �����

x &B5 �&B5 ����

x )B/$0 �����

x 5:B5& �����B�����
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7KLV SDUW RI WKH VWXG\ FRQWDLQV WKH YDOLGDWLRQ RI WKH SDUDPHWHU VHWWLQJV RI WKH 81,%(67�7&

PRGHO� ZKLFK DUH H[WUDFWHG IURP WKH FDOLEUDWLRQ� IRU ERWWRP SURILOHV WKDW LQFOXGH D VKRUHIDFH

QRXULVKPHQW� $OO SDUDPHWHU YDULDWLRQV WKDW UHVXOWHG LQ D SRVLWLYH %6, VFRUH� D SRVLWLYH

UHODWLYH 506�HUURU GXULQJ WKH FDOLEUDWLRQ ZLOO EH UHYLHZHG� VLQFH LW LV XQFHUWDLQ LI WKH EHVW

VHWWLQJ LQ WKH XQGLVWXUEHG VLWXDWLRQ ZLOO EH WKH EHVW VHWWLQJ IRU WKH GLVWXUEHG VLWXDWLRQ�

([FHSWLRQV WR WKH DERYH PHQWLRQHG FULWHULD DUH PDGH IRU JDPPD  ��� DQG WKH YDULDEOH

JDPPD� 7KH PRGHO SHUIRUPDQFH ZLWK JDPPD  ��� LV DOPRVW VLPLODU WR WKH GHIDXOW PRGHO

SHUIRUPDQFH� IRU VHFWLRQ ' HYHQ EHWWHU WKDQ WKH GHIDXOW SHUIRUPDQFH� 7KH YDULDEOH JDPPD

DSSHDUHG WR JLYH D JRRG SUHGLFWLRQ RI WKH EHG VORSH LQ VHFWLRQ $% DQG WKHUHIRUH LQWHUHVWLQJ

IRU IXUWKHU VWXG\� ,Q GH QH[W WDEOH �7DEOH ���� DQ RYHUYLHZ RI WKH SDUDPHWHU YDULDWLRQV IRU WKH

YDOLGDWLRQ VWXG\ LV JLYHQ�

7DEOH ���� RYHUYLHZ RI YDULHG SDUDPHWHUV IRU YDOLGDWLRQ

3DUDPHWHU 'LPHQVLRQ 'HIDXOW 9DOXHV

*$00$ >�@ � ���� YDULDEOH JDPPD >QR EUHDNHU GHOD\@

%(7' >�@ ��� ����� YDULDEOH EHWD >QR EUHDNHU GHOD\@

&B5 >�@ ���� ���

)B/$0 >�@ � ����� ���

�'��� '��� '66� >PP@ ����� ���� ���� ����� ���� ����� ����� ���� ����

�5:� 5&� >P@ ������ ����� ������ �����

*$00$  :DYH EUHDNLQJ SDUDPHWHU WR GHWHUPLQH PD[LPXP ORFDO ZDYH KHLJKW�

'HIDXOW YDOXH LV µ�¶ DFFRUGLQJ WR %DWWMHV	6WLYH �������

%(7'  5ROOHU SDUDPHWHU� H[SUHVVLQJ WKH VWHHSQHVV RI WKH ZDYH IURQW�

&B5  &RUUHODWLRQ FRHIILFLHQW EHWZHHQ ZDYH HQYHORSH DQG ERXQG ORQJ

ZDYHV�

)B/$0  1XPEHU RI ZDYH OHQJWKV RYHU ZKLFK ZHLJKWHG GHSWK LV LQWHJUDWHG �LV

SDUW RI EUHDNHU GHOD\ FRQFHSW��

'���'���'66  '�� JUDLQ GLDPHWHU� '�� JUDLQ GLDPHWHU� '�� JUDLQ GLDPHWHU RI

VXVSHQGHG VHGLPHQW�

5: DQG 5&  :DYH DQG &XUUHQW UHODWHG URXJKQHVV IRU VHGLPHQW WUDQVSRUW

FRPSXWDWLRQ�

)RU HDFK YDOXH D VLPXODWLRQ RI WKH ORQJVKRUH�DYHUDJHG SURILOH RI VHFWLRQ � �PLGGOH SDUW RI

WKH QRXULVKPHQW� �VHH 6XEVHFWLRQ ���� )LJXUH ����� RYHU QHDUO\ WZR \HDUV �6HSWHPEHU ����

WR -XQH ����� LV PDGH�

7KH PRGHO LV YDOLGDWHG DW FURVV�VKRUH VHFWLRQ �� EHFDXVH WKLV VHFWLRQ FRQWDLQV WKH PLGGOH

SDUW RI WKH QRXULVKPHQW� ZKLFK LV PRVW UHSUHVHQWDWLYH RI WKH VKRUHIDFH QRXULVKPHQW 7KH

LQSXW �H[FHSW WKH ERWWRP SURILOH� LV VLPLODU WR WKH LQSXW XVHG LQ WKH FDOLEUDWLRQ� 7KH LQSXW
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3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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ERWWRP SURILOH LQ WKH YDOLGDWLRQ VWXG\ LV WKH ORQJVKRUH DYHUDJHG ERWWRP SURILOH RI VHFWLRQ �

�VHH )LJXUH �����

7KH RXWSXW LV HYDOXDWHG ZLWK WKH %ULHU 6NLOO 6FRUH�EDVH LV GHIDXOW SUHGLFWLRQ� IRU WKH FURVV�

VKRUH ERWWRP SURILOH� ZLWK WKH UHODWLYH 506�HUURU �VHH 6XEVHFWLRQ ���� DQG E\ FRPSDULQJ

WKH FURVV�VHFWLRQV SUHGLFWHG E\ 81,%(67 ZLWK UHJDUG WR WKH SRVLWLRQ DQG KHLJKW RI WKH EDUV

DQG HVSHFLDOO\ WR WKH EHKDYLRXU RI WKH RXWHU EUHDNHU EDU DQG WKH QRXULVKPHQW�
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,Q WKH ILJXUH EHORZ �)LJXUH ���� WKH UHVXOW RI WKH UXQ ZLWK GHIDXOW SDUDPHWHU VHWWLQJV LV

VKRZQ�
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6HSWHPEHU ���� -XQH ���� 'HIDXOW UXQ

)LJXUH ���� GHIDXOW SUHGLFWLRQ RI 81,%(67�7& PRGHO IRU VHFWLRQ � RYHU WZR \HDUV

$JDLQ WKH GHIDXOW SUHGLFWLRQ DSSHDUV WR JLYH D IDLUO\ VDWLVI\LQJ UHVXOW� $OWKRXJK WKH

SUHGLFWLRQ LV QRW H[DFWO\ HTXDO WR WKH UHDO SURILOH LQ -XQH ����� LW VKRZV WKH VDPH ODQGZDUG

PRYHPHQW RI WKH RXWHU EUHDNHU EDU� ,W DOVR JLYHV D JRRG SUHGLFWLRQ RI WKH VKRUHIDFH

QRXULVKPHQW� ZKLFK UHVKDSHV WR D VPRRWK EDU DQG UHPDLQV DW LWV ORFDWLRQ� 6LPLODU WR DOO UXQV

LQ WKH FDOLEUDWLRQ VWXG\� WKH PRGHO SUHGLFWV D WRR KLJK EHG OHYHO LQ VHFWLRQ $%� 7KHUHIRUH

DOVR LQ WKLV YDOLGDWLRQ VWXG\ WKH DWWHQWLRQ ZLOO EH IRFXVHG RQ WKH PRGHO SHUIRUPDQFH LQ

VHFWLRQ &� LQ SDUWLFXODU WKH EHKDYLRXU RI WKH RXWHU EUHDNHU EDU� DQG DOVR VHFWLRQ '� VLQFH WKLV

LV WKH VHFWLRQ LQ ZKLFK WKH VKRUHIDFH QRXULVKPHQW LV ORFDWHG�

7KH 506�HUURU IRU WKH GHIDXOW UXQ LV ���� P IRU WKH WRWDO SURILOH� ���� P IRU 6HFWLRQ '� ����

P IRU 6HFWLRQ & DQG ���� P IRU 6HFWLRQ $%� 7KHVH YDOXHV DOVR VKRZ WKDW WKH SUHGLFWLRQ IRU

6HFWLRQ $% LV RYHU�HVWLPDWHG� ,Q VHFWLRQ & D ODUJH HUURU LV IRXQG DV ZHOO� WKRXJK WKH SURILOHV

VKRZ D IDLUO\ JRRG SUHGLFWLRQ� 7KH JHQHUDWLRQ RI WKH WURXJK EHWZHHQ WKH QRXULVKPHQW DQG

WKH RXWHU EUHDNHU EDU DQG WKH VKRUHZDUG PRYHPHQW RI WKH RXWHU EUHDNHU EDU DUH SUHGLFWHG E\

WKH 81,%(67�7& PRGHO� +RZHYHU� ERWK SURFHVVHV DUH XQGHUHVWLPDWHG�

6(&7,21 ' 6(&7,21 & 6(&7,21 $%

RXWHU EUHDNHU EDU LQQHU EUHDNHU EDU
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6KRUHZDUG RI VHFWLRQ $% D GHHS HURVLRQ SLW FDQ EH REVHUYHG� 7KLV SLW LV FDXVHG E\ WKH IDFW

WKDW IRU WKH YDOLGDWLRQ VWXG\ D IL[HG OD\HU �QR VHGLPHQWDWLRQ QRU HURVLRQ SRVVLEOH DW WKH

ORFDWLRQ RI WKLV OD\HU� LV DSSOLHG IRU WKH GXQHV� :LWKRXW WKLV IL[HG OD\HU WKH 81,%(67�7&

PRGHO VKRZV XQVWDEOH UHVXOWV DURXQG WKH GXQH IRRW� ZKLFK LV SUREDEO\ FDXVHG E\ WKH EXPS

MXVW LQ IURQW RI WKH GXQH IRRW� 7KH HURVLRQ SLW LQ IURQW RI WKH GXQH IRRW FDQ EH REVHUYHG LQ

QHDUO\ DOO YDOLGDWLRQ UHVXOWV� EXW LW GRHV QRW FRUUHVSRQG WR UHDOLW\�

$W WKH ODQGZDUG ERXQGDU\ RI WKH FURVV�VKRUH SURILOH FDQ EH REVHUYHG WKDW LQ WKH PRGHO

SUHGLFWLRQ� LQ VSLWH RI WKH IL[HG OD\HU� WKH ILQDO GXQH WRS LV ORZHU WKDQ WKH LQLWLDO GXQH WRS�

7HVWV KDYH EHHQ GRQH WR VROYH WKLV HUURU� ,W DSSHDUHG WKDW WKLV HUURU FDQ EH VROYHG E\

H[WHQGLQJ WKH JULG PRUH ODQGZDUG �RYHU WKH GXQH WRS�� 0RGHO UXQV� XVLQJ WKH H[WHQGHG JULG�

DUH QRW VLJQLILFDQWO\ GLIIHUHQW IURP WKH SUHVHQW UHVXOWV� 7KH PDLQ GLIIHUHQFH LV WKH JHQHUDWLRQ

RI D GHHSHU HURVLRQ SLW DW WKH GXQH IRRW�

,Q PRVW IROORZLQJ ILJXUHV RI FURVV�VKRUH SURILOHV WKH HURVLRQ SLW DQG WKH ORZ GXQH WRS FDQ EH

IRXQG� ,Q HDFK SURILOH WKLV LV FDXVHG E\ WKH UHDVRQV PHQWLRQHG DERYH�
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7KH PDLQ FRQFHUQ RI WKH YDOLGDWLRQ VWXG\ LV WR LQYHVWLJDWH ZKHWKHU WKH� LQ WKH FDOLEUDWLRQ

VWXG\ SURSRVHG� YDULDWLRQV JLYH EHWWHU PRGHO UHVXOWV IRU D FURVV�VKRUH VHFWLRQ� LQFOXGLQJ D

VKRUHIDFH QRXULVKPHQW� ,Q WKLV VXEVHFWLRQ DOO UHVXOWV RI WKH YDOLGDWLRQ RI WKH GLIIHUHQW

SDUDPHWHU VHWWLQJV �VHH 7DEOH ���� DUH SUHVHQWHG�
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:DYH EUHDNLQJ SDUDPHWHU� *$00$

,Q WKH IROORZLQJ ILJXUHV �)LJXUH ��� DQG )LJXUH ���� WKH %6,� WKH UHODWLYH 506�HUURU DQG WKH

FURVV�VKRUH SURILOHV IRU YDULDWLRQV LQ JDPPD DUH VKRZQ� 7KH YDULDEOH JDPPD LV QRW DEOH WR

SUHGLFW WKH UHVSRQVH RI WKH ERWWRP SURILOH WR WKH SODFHPHQW RI WKH QRXULVKPHQW� 5HPDUNDEOH

WKRXJK LV WKH IDFW WKDW LW RQFH DJDLQ JLYHV D TXLWH JRRG SUHGLFWLRQ RI WKH VORSH DQJOH EHWZHHQ

WKH EHDFK DQG WKH ILUVW EUHDNHU EDU �VHFWLRQ $%��

*DPPD  ��� JLYHV D PRUH VDWLVI\LQJ UHVXOW WKDQ WKH GHIDXOW VHWWLQJ� ZKLFK LV D ELW

VXUSULVLQJ� VLQFH WKH GHIDXOW VHWWLQJ SHUIRUPHG EHWWHU LQ WKH XQGLVWXUEHG VLWXDWLRQ�
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6HSWHPEHU ���� -XQH ���� JDPPD %	6 �GHIDXOW� JDPPD  ��� YDULDEOH JDPPD

)LJXUH ���� FURVV�VKRUH SURILOH RI YDULDWLRQV LQ *$00$ �VHFWLRQ ��
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506 � UH O� � WR WD O S UR I LOH >P@ %6 ,� WR WD O S UR I LOH

506 � UH O� � 6 HF WLR Q ' >P@ %6 ,� 6H F WLR Q '

506 � UH O� � 6 HF WLR Q & >P@ %6 ,� 6H F WLR Q &

506 � UH O� � 6 HF WLR Q $ % >P@ %6 ,� 6H F WLR Q $ %

)LJXUH ���� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ *$00$ �VHFWLRQ ��
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5ROOHU SDUDPHWHU� H[SUHVVLQJ WKH VWHHSQHVV RI WKH ZDYH IURQW� %(7'

,Q WKH IROORZLQJ ILJXUHV �)LJXUH ���� )LJXUH ���� WKH %6,� WKH UHODWLYH 506�HUURU DQG WKH

FURVV�VKRUH SURILOHV IRU YDULDWLRQV LQ EHWD� $FFRUGLQJ WR WKH VWDWLVWLFDO UHVXOWV D YDULDEOH EHWD

�ZLWKRXW EUHDNHU GHOD\� GRHV LPSURYH WKH PRGHO SHUIRUPDQFH IRU VHFWLRQ $%� 7KH FURVV�

VKRUH SURILOH FRQILUPV WKLV FRQFOXVLRQ� ,Q DOO RWKHU VHFWLRQV D YDULDEOH EHWD UHVXOWV LQ

GLVDSSHDUDQFH RI WKH EUHDNHU EDUV� $ UHDVRQ IRU WKLV FDQ EH WKH IDFW WKDW QR EUHDNHU GHOD\ LV

DSSOLHG� ZKLFK UHVXOWV LQ PRUH ZDYH EUHDNLQJ RQ WKH EDUV� UHVXOWLQJ LQ GLVDSSHDUDQFH RI WKH

EDUV� %HWD  ���� LV VLPLODU WR WKH GHIDXOW VHWWLQJ� EXW QR LPSURYHPHQW HLWKHU� )RU

FRPSXWDWLRQV RQ SURILOHV LQFOXGLQJ D VKRUHIDFH QRXULVKPHQW WKH YDOXH RI EHWD LV EHVW NHSW DW

LWV GHIDXOW YDOXH RI ����
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6HSWHPEHU ���� -XQH ���� EHWD  ��� �GHIDXOW� EHWD  ���� YDULDEOH EHWD

)LJXUH ���� FURVV�VKRUH SURILOH RI YDULDWLRQV LQ %(7' �VHFWLRQ ��

�� �� �

�� �� �

�� �� �

�� �� �

�� �� �

� �� �

� �� �

� �� �

� �� �

� �� �

� �� �

%
H
WD
 

�
��
�

Y
D
UL
D
E
OH

E
H
WD

506 � UH O� � WR WD O S UR I LOH >P@ %6 ,� WR WD O S UR I LOH

506 � UH O� � 6 HF WLR Q ' >P@ %6 ,� 6H F WLR Q '

506 � UH O� � 6 HF WLR Q & >P@ %6 ,� 6H F WLR Q &

506 � UH O� � 6 HF WLR Q $ % >P@ %6 ,� 6H F WLR Q $ %

)LJXUH ���� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ %(7' �VHFWLRQ ��
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&B5� 5: DQG 5&

7KH ILJXUHV EHORZ �)LJXUH ��� DQG )LJXUH ���� VKRZ WKH %6,� WKH UHODWLYH 506�HUURU DQG WKH

FURVV�VKRUH SURILOHV IRU YDULDWLRQV LQ &B5 DQG 5: DQG 5&� $OWKRXJK WKH YDULDWLRQ RI &B5

UHVXOWV LQ D SRVLWLYH %6,�VFRUH� LW GRHV QRW OHDG WR DQ LPSURYHG SUHGLFWLRQ� ,Q WKH FURVV�VKRUH

SURILOH FDQ EH VHHQ WKDW WKLV SDUDPHWHU VHWWLQJ SUHGLFWV GLVDSSHDUDQFH RI WKH EUHDNHU EDUV� D

SKHQRPHQRQ WKDW GRHV QRW RFFXU LQ UHDOLW\�

7KH YDULDWLRQ LQ 5: DQG 5& GRHV QRW OHDG WR DQ LPSURYHG PRGH SHUIRUPDQFH� +LJKHU

IULFWLRQ IDFWRUV DSSDUHQWO\ SUHYHQW WKH RXWHU EUHDNHU EDU IURP PRYLQJ VKRUHZDUG� ,Q WKLV

VLWXDWLRQ SHUKDSV HYHQ D ORZHU IULFWLRQ IDFWRU FRXOG EH DSSURSULDWH�
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)LJXUH ���� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ &B5� 5: DQG 5& �VHFWLRQ ��
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%UHDNHU 'HOD\ FRQFHSW �QXPEHU RI ZDYH OHQJWKV RYHU ZKLFK ZHLJKWHG GHSWK LV

LQWHJUDWHG�� )B/$0

7KH ILJXUHV EHORZ �)LJXUH ��� DQG )LJXUH ���� VKRZ WKH %6,� WKH UHODWLYH 506�HUURU DQG WKH

FURVV�VKRUH SURILOHV IRU YDULDWLRQV LQ )B/$0� 7KH YDULDWLRQV LQ )B/$0 PDLQO\ OHDG WR

GHFUHDVLQJ EDU KHLJKWV DQG GR QRW JLYH LPSURYHG UHVXOWV� 7KH VWDWLVWLFDO UHVXOWV VKRZ OLWWOH

LPSURYHPHQW RI WKH SUHGLFWLRQ IRU VHFWLRQ $% ZKHQ DSSO\LQJ D VPDOOHU )B/$0� EXW WKLV

FDQ QRW FOHDUO\ EH GHWHFWHG LQ WKH FURVV�SURILOHV�
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6HSWHPEHU ���� -XQH ���� )ODP  � �GHIDXOW� )ODP  ���� )ODP  ���
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506 � UH O� � 6H F WLR Q & >P@ %6 ,� 6 H F WLR Q &

506 � UH O� � 6H F WLR Q $ % >P@ %6 ,� 6 H F WLR Q $ %

)LJXUH ���� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ )B/$0 �VHFWLRQ ��
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6HGLPHQW JUDLQ VL]H SDUDPHWHUV� '��� '��� '66

,Q )LJXUH ���� DQG )LJXUH ���� WKH %6, VFRUH� WKH UHODWLYH 506�HUURU DQG WKH FURVV�VKRUH

SURILOH IRU YDULDWLRQV LQ WKH VHGLPHQW FKDUDFWHULVWLFV DUH VKRZQ� 7KH RWKHU YDULDWLRQV LQ WKH

VHGLPHQW FKDUDFWHULVWLFV KDYH D SRVLWLYH %6, VFRUH� EXW GR QRW VKRZ D FOHDU LPSURYHPHQW LQ

WKH FURVV�VKRUH SURILOHV� 7KHUHIRUH LW LV DGYLVHG WR NHHS WKH JUDLQ VL]H GLDPHWHUV DW WKHLU

GHIDXOW VHWWLQJV �WKH VXUYH\HG SDUDPHWHUV�� WR DYRLG FKDQJLQJ UHDOLW\ WR LPSURYH WKH PRGHO

UHVXOWV�
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6HSWHPEHU ���� -XQH ���� '�� ����'�� ����'66 ��� �GHIDXOW� '�� ����'�� ����'66 ��� '�� ����'�� ����'66 ���

)LJXUH ����� FURVV�VKRUH SURILOH RI YDULDWLRQV LQ '��� '�� DQG '66 �VHFWLRQ ��
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506 � UH O� � 6 HF WLR Q & >P@ %6 ,� 6H F WLR Q &

506 � UH O� � 6 HF WLR Q $ % >P@ %6 ,� 6H F WLR Q $ %
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%HVLGHV WKH YDOLGDWLRQ RI DOO SDUDPHWHU YDULDWLRQV RQ VHFWLRQ �� D PRGHO UXQ ZLWK GHIDXOW

VHWWLQJV LV GRQH IRU VHFWLRQ �� VHFWLRQ � DQG VHFWLRQ � �VHH )LJXUH ���� WR VHH WR ZKDW H[WHQW

WKH GHIDXOW VHWWLQJV DUH DEOH WR JHQHUDWH SUHGLFWLRQV IRU WKHVH FURVV�VKRUH SURILOHV� )LJXUHV

����� ���� DQG ���� VKRZ WKH FURVV�VKRUH SURILOH WKDW UHVXOW IURP WKHVH PRGHO UXQV�
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6HSWHPEHU ���� -XQH ���� GHIDXOW� 6HFWLRQ �

)LJXUH ����� FURVV�VKRUH SURILOH RI VHFWLRQ � ZLWK GHIDXOW SDUDPHWHU VHWWLQJV
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6HSWHPEHU ���� -XQH ���� GHIDXOW� 6HFWLRQ �

)LJXUH ����� FURVV�VKRUH SURILOH RI VHFWLRQ � ZLWK GHIDXOW SDUDPHWHU VHWWLQJV
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6HSWHPEHU ���� -XQH ���� GHIDXOW� 6HFWLRQ �

)LJXUH ����� FURVV�VKRUH SURILOH RI VHFWLRQ � ZLWK GHIDXOW SDUDPHWHU VHWWLQJV

7KH ILJXUHV VKRZ WKDW WKH 81,%(67�7& PRGH JLYHV D UHDVRQDEOH UHVXOW IRU VHFWLRQ �� WKH

PRVW QRUWKHUQ VHFWLRQ� LQ ZKLFK LV WKH VKRUHIDFH QRXULVKPHQW LV QRW ORFDWHG� )RU VHFWLRQV �

DQG � WKH PRGHO JLYHV XQVDWLVI\LQJ UHVXOWV� 7KLV FDQ EH H[SODLQHG E\ WKH IDFW WKDW WKH

QRUWKHUQ DQG WKH VRXWKHUQ HQG RI WKH QRXULVKPHQW DUH ORFDWHG LQ UHVSHFWLYHO\ VHFWLRQ � DQG

VHFWLRQ �� 7KH GDWD DQDO\VLV �VHH 3DUW ,� 'DWD DQDO\VLV� 9DQ 'XLQ HQ :LHUVPD >����@�

VKRZHG WKDW ERWK HQGV RI WKH QRXULVKPHQW PRYHG PRUH VKRUHZDUG WKDQ WKH PLGGOH SDUW�

7KHUHIRUH� FURVV�VKRUH DYHUDJLQJ RI WKHVH SURILOHV UHVXOWV LQ D SURILOH ZLWK D UHODWLYHO\ ZLGH

�LQ WKH GLUHFWLRQ RI WKH ;�D[LV� VKRUHIDFH QRXULVKPHQW� %HVLGHV WKLV� LW LV VXSSRVHG WKDW

DURXQG WKH HQGV RI WKH QRXULVKPHQW FRPSOLFDWHG �' SURFHVVHV RFFXU� ZKLFK DUH QRW

GHVFULEHG LQ WKH PRGHO� 7KHVH WZR DVVXPSWLRQV FDQ H[SODLQ WKH SRRU PRGHO SHUIRUPDQFH IRU

VHFWLRQ � DQG VHFWLRQ ��

%�%
 ��	��
���

7KH YDOLGDWLRQ VWXG\ VKRZHG WKDW WKH PRGHO LV DEOH WR FRPSXWH SURILOH FKDQJHV IRU FURVV�

VHFWLRQ LQFOXGLQJ D VKRUHIDFH QRXULVKPHQW� 7KH GHWDFKPHQW RI WKH RXWHU EUHDNHU EDU IURP

WKH VKRUHIDFH QRXULVKPHQW DV ZHOO DV WKH JHQHUDWLRQ RI D WURXJK EHWZHHQ WKHP LV FRUUHFWO\

SUHGLFWHG E\ WKH 81,%(67�7& PRGHO� DOWKRXJK ERWK SURFHVVHV DUH XQGHUHVWLPDWHG� $OVR

IRU FURVV�VKRUH SURILOHV LQFOXGLQJ D VKRUHIDFH QRXULVKPHQW� WKH PRGHO SUHGLFWV D WRR KLJK

EHG OHYHO LQ VHFWLRQ $%�

:LWK UHJDUG WR WKH RSWLPLVDWLRQ RI WKH 81,%(67�7& PRGHO WKH IROORZLQJ FRQFOXVLRQV FDQ

EH GUDZQ�

x $SSOLFDWLRQ RI D YDULDEOH JDPPD RU D YDULDEOH EHWD JLYHV JRRG UHVXOWV IRU WKH VORSH RI WKH

QHDUVKRUH VHFWLRQ �VHFWLRQ $%�� ,Q ERWK FDVHV QR EUHDNHU GHOD\ LV DSSOLHG� 7KLV FDQ

LQGLFDWH WKDW WKH EUHDNHU GHOD\ IXQFWLRQ VKRXOG QRW EH XVHG IRU SUHGLFWLRQV RI WKH

QHDUVKRUH VHFWLRQ �VHFWLRQ $%��

x *$00$ ��� UHVXOWV LQ WKH PRVW RSWLPDO PRGHO SHUIRUPDQFH �FRPSDUHG WR DOO RWKHU

YDULDWLRQV LQYHVWLJDWHG LQ WKLV VWXG\�
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x /DUJHU YDOXHV IRU WKH JUDLQ VL]H SDUDPHWHUV OHDG WR D EHWWHU SUHGLFWLRQ RI WKH EDU ORFDWLRQ�

EXW WR ZRUVH EDU KHLJKW SUHGLFWLRQV�

x )RU VHFWLRQV VRXWK RU QRUWK RI WKH QRXULVKPHQW DQG VHFWLRQV� LQ ZKLFK WKH PLGGOH SDUW RI

WKH QRXULVKPHQW LV ORFDWHG� �VHFWLRQV �� � DQG �� WKH SHUIRUPDQFH RI WKH 81,%(67�7&

PRGHO LV VDWLVI\LQJ�

x 7KH 81,%(67�7& LV QRW DEOH WR JLYH D JRRG SUHGLFWLRQ IRU VHFWLRQV� LQ ZKLFK RQH RI WKH

HQGV RI WKH VKRUHIDFH QRXULVKPHQW LV ORFDWHG� 7KLV LV SUREDEO\ FDXVHG E\ FRPSOLFDWHG �'

SURFHVVHV DURXQG WKH HQGV RI WKH QRXULVKPHQW� 7KHVH �' SURFHVVHV DUH QRW LQFOXGHG LQ

WKH 81,%(67�7& PRGHO�

2YHUDOO LW FDQ EH FRQFOXGHG WKDW WKH GHIDXOW SDUDPHWHU YDOXHV� WKDW KDYH EHHQ FDOLEUDWHG RQ

WKH XQGLVWXUEHG VLWXDWLRQ� DUH WKH EHVW VHWWLQJV WR XVH IRU 81,%(67�7& FDOFXODWLRQV RQ

SURILOH FKDQJHV IRU D FURVV�VKRUH SURILOH LQFOXGLQJ D VKRUHIDFH QRXULVKPHQW� +RZHYHU WKH

UHODWLYHO\ ODUJH VHQVLWLYLW\ RI VHYHUDO SDUDPHWHUV PDNHV WKH PRGHO UHVXOWV OHVV UHOLDEOH�

:LWKRXW IXUWKHU VWXG\ LW LV QRW FOHDU ZKHWKHU WKH SRVLWLYH UHVXOWV RI *$00$ ��� DUH D

FRLQFLGHQFH RU D UHDO LPSURYHPHQW RI WKH PRGHO VHWWLQJV�

)URP QRZ RQ WKH GHIDXOW VHWWLQJV ZLOO EH DVVXPHG WR EH WKH RSWLPDO VHWWLQJV RI WKH

81,%(67�7& PRGHO IRU WKH (JPRQG VLWH� 1H[W VWHS RI WKLV KLQGFDVW VWXG\ LV LQYHVWLJDWLQJ

WR ZKDW H[WHQW WKH 81,%(67�7& PRGHO LV DEOH WR SHUIRUP VHGLPHQW YROXPH SUHGLFWLRQV DQG

HYDOXDWLQJ WKH VHGLPHQW WUDQVSRUWV ZLWKLQ WKH FURVV�VKRUH VHFWLRQV�
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%HVLGHV HYDOXDWLQJ WKH FURVV�VKRUH SURILOH FKDQJHV� LW LV GHVLUDEOH WR GLVFRYHU ZKHUH�

DFFRUGLQJ WR WKH 81,%(67�7& PRGHO� LQ WKH FURVV�VKRUH SURILOH VHGLPHQWDWLRQ RU HURVLRQ

RFFXUV DQG LQ ZKDW ZD\ WKH VHGLPHQW LQ WKH FURVV�VKRUH SURILOH LV UHGLVWULEXWHG GXULQJ WKH

LQYHVWLJDWHG SHULRG� $Q LQGLFDWRU IRU EHDFK VHGLPHQWDWLRQ RU HURVLRQ� XVHG E\

5LMNVZDWHUVWDDW� LV WKH 0&/ �0RPHQWDU\ &RDVW /LQH� YROXPH �VHH DOVR 3DUW ,� 'DWD

DQDO\VLV� 9DQ 'XLQ DQG :LHUVPD >����@�� 7KH 0&/ YROXPH LV WKH VDQG YROXPH RI WKH EHDFK

]RQH WKDW KDV LWV EHG OHYHO LQ WKH UDQJH RI � PHWHUV EHORZ WR � PHWHUV DERYH WKH DYHUDJH ORZ

ZDWHU OHYHO� 7KH DYHUDJH ORZ EHG ZDWHU OHYHO DW (JPRQG DDQ =HH LV 1$3 �� P� WKHUHIRUH WKH

0&/ YROXPH LV LQ WKH SUHVHQW VWXG\ LV WKH VDQG YROXPH EHWZHHQ 1$3 �� P DQG 1$3 �� P�

,Q WKH QH[W VXEVHFWLRQ �6XEVHFWLRQ ���� WKH 81,%(67�7& SUHGLFWLRQV RI WKH 0&/ YROXPH

IRU VHFWLRQ � DQG VHFWLRQ � DUH FRPSDUHG WR WKRVH IRXQG LQ WKH GDWD DQDO\VLV �VHH 3DUW ,� 'DWD

DQDO\VLV� 9DQ 'XLQ DQG :LHUVPD >����@��

6XEVHFWLRQ ��� GHVFULEHV WKH UHGLVWULEXWLRQ RI WKH VHGLPHQW LQ FURVV�VKRUH VHFWLRQV � DQG �

DV FRPSXWHG E\ WKH 81,%(67�7& PRGHO FRPSDUHG WR WKH UHVXOWV RI WKH GDWD DQDO\VLV �VHH

3DUW ,� 'DWD DQDO\VLV� 9DQ 'XLQ DQG :LHUVPD >����@�� )LQDOO\� WKH UHVXOWV IRXQG LQ WKLV

FKDSWHU ZLOO EH HYDOXDWHG LQ 6XEVHFWLRQ ����
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7KH ILJXUHV �)LJXUHV ��� DQG ���� EHORZ VKRZ WKH UHVXOWV RI 0&/ YROXPH FDOFXODWLRQV E\

WKH 81,%(67�7& PRGHO FRPSDUHG WR WKH UHVXOWV IRXQG LQ WKH GDWD DQDO\VLV �VHH 3DUW ,� 'DWD

DQDO\VLV� 9DQ 'XLQ DQG :LHUVPD >����@�� 7KH 0&/ YROXPH LV FDOFXODWHG IRU WKH GHIDXOW

SUHGLFWLRQ� 7KH EOXH OLQH UHSUHVHQWV WKH VXUYH\HG 0&/ YROXPH �WKH OLQH LV LQWHUSRODWHG

EHWZHHQ WKH GDWD SRLQWV�� WKH SLQN OLQH UHSUHVHQWV WKH 0&/ YROXPH FRPSXWHG E\ 81,%(67�

7& DQG WKH \HOORZ OLQH UHSUHVHQWV WKH 0&/ YROXPH FRPSXWHG E\ 81,%(67�7& PLQXV WKH

VHGLPHQW LPSRUW RYHU WKH VHDZDUG DUHD ERXQGDU\ �G  1$3 �� P� � VHH 6XEVHFWLRQ �������
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GDWD DQDO\VLV UHVXOWV VDQGYROXPH SUHGLFWHG E\ 81,%(67�7& VDQGYROXPH SUHGLFWHG E\ 81,%(67�7& PLQXV LPSRUW RYHU ERXQGDU\ (�'

)LJXUH ���� 0&/ YROXPH FDOFXODWLRQV IRU VHFWLRQ � �VHFWLRQ ZLWK VKRUHIDFH QRXULVKPHQW�
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GDWD DQDO\VLV UHVXOWV VDQGYROXPH SUHGLFWHG E\ 81,%(67�7& VDQGYROXPH SUHGLFWHG E\ 81,%(67�7& PLQXV LPSRUW RYHU ERXQGDU\ (�'

)LJXUH ���� 0&/ YROXPH FDOFXODWLRQV IRU VHFWLRQ � �VHFWLRQ ZLWKRXW VKRUHIDFH QRXULVKPHQW�

,Q WKH ILJXUHV FDQ EH VHHQ WKDW� IRU ERWK VHFWLRQV� WKH 81,%(67�7& PRGHO LV QRW DEOH WR

FRPSXWH UHDOLVWLF YDOXHV RI WKH 0&/ YROXPH� 7KH FRPSXWHG YROXPHV DUH WRR ODUJH�

6XEWUDFWLRQ RI WKH VHGLPHQW LPSRUW RYHU WKH VHDZDUG ERXQGDU\ UHGXFHV WKH YDOXHV� EXW VWLOO

WKH FRPSXWHG 0&/ YDOXH LV WRR KLJK� 7KLV OHDGV WR WKH FRQFOXVLRQ WKDW WKH PRGHO µHUURU¶ RI

LPSRUWLQJ VHGLPHQW RYHU WKH VHDZDUG ERXQGDU\ LV QRW WKH PDLQ UHDVRQ IRU WKH RYHU�

HVWLPDWLRQ RI WKH 0&/ YROXPHV�

1RW RQO\ WKH DPRXQW RI VHGLPHQW LQ WKH 0&/ ]RQH LV RYHU�HVWLPDWHG� EXW DOVR WKH

GHYHORSPHQW RI WKH 0&/ YROXPH LQ WLPH LV XQVDWLVIDFWRU\ SUHGLFWHG E\ WKH 81,%(67�7&

PRGHO� 6LQFH WKH VHGLPHQW WUDQVSRUW RYHU WKH ODQGZDUG ERXQGDU\ LV ]HUR� D SRVVLEOH

H[SODQDWLRQ IRU WKHVH UHVXOWV FDQ EH WKDW WKH PRGHO FRPSXWHV WRR PXFK RQVKRUH VHGLPHQW

WUDQVSRUW� HVSHFLDOO\ DW GHHS ZDWHU� ,Q WKH QH[W VXEVHFWLRQ WKLV DVVXPSWLRQ ZLOO EH

LQYHVWLJDWHG�

6HS ����

0D\ ����

6HS ����

$SULO ����

-XQH ����

$SULO ���� -XQH ����

6HS ����

0D\ ����

6HS ����
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7R LQYHVWLJDWH ZKHWKHU WKH 81,%(67�7& PRGHO LPSRUWV WRR PXFK VHGLPHQW IURP GHHS

ZDWHU LQWR WKH 0&/ ]RQH� WKH FURVV�VKRUH SURILOHV RI VHFWLRQ � DQG VHFWLRQ � DUH GLYLGHG LQ

WKH IROORZLQJ VL[ SDUWV�

( ORFDWHG EHWZHHQ [  � P DQG [  ���� P �GHHS ZDWHU�

' ORFDWHG EHWZHHQ [  ���� P DQG [  ���� P �LQFOXGHV VKRUHIDFH QRXULVKPHQW�

VLPLODU WR VHFWLRQ ' LQ SUHYLRXV FKDSWHUV�

& ORFDWHG EHWZHHQ [  ���� P DQG [  ���� P �LQFOXGHV RXWHU EUHDNHU EDU�

VLPLODU WR VHFWLRQ & LQ SUHYLRXV FKDSWHUV�

% ORFDWHG EHWZHHQ [  ���� P DQG [  ���� P �LQFOXGHV LQQHU EUHDNHU EDU�

VKRUHZDUG SDUW RI VHFWLRQ $% LQ SUHYLRXV FKDSWHUV�

$ ORFDWHG EHWZHHQ [  ���� P DQG [  ���� P �VKRUHZDUG SDUW RI VHFWLRQ $% LQ

SUHYLRXV FKDSWHUV�

%HDFK ORFDWHG EHWZHHQ [  ���� P DQG [  ���� P

,Q WKH IROORZLQJ ILJXUH �)LJXUH ���� WKH VHGLPHQW H[FKDQJH EHWZHHQ WKH GLIIHUHQW SDUWV RI

WKH FURVV�VKRUH VHFWLRQV� LV SUHVHQWHG IRU VHFWLRQ � DQG VHFWLRQ �� %RWK WKH UHVXOWV RI WKH

81,%(67�7& PRGHO DV ZHOO DV WKH UHVXOWV RI WKH GDWD DQDO\VLV DUH VKRZQ� ,Q WKH GDWD

DQDO\VLV QR VDQG WUDQVSRUW FRXOG EH FRPSXWHG DQG QR LQIRUPDWLRQ RI WKH EHDFK DUHD DQG

VHFWLRQ ( ZDV DYDLODEOH� $UHDV WKDW KDYH QHW VHGLPHQW H[SRUW DUH EOXH� DUHDV WKDW KDYH QHW

VHGLPHQW LPSRUW DUH \HOORZ�
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7KH WUDQVSRUW GLDJUDP RI WKH 81,%(67�7& UHVXOWV IRU VHFWLRQ � VKRZV ODUJH VHGLPHQW

LPSRUW IURP GHHS ZDWHU �SDUW (�� ZKLFK FRQILUPV WKH DVVXPSWLRQ �VHH 6XEVHFWLRQ ���� WKDW

WKH PRGHO FRPSXWHV WRR PXFK RQVKRUH VHGLPHQW WUDQVSRUW�

7KH WUDQVSRUW GLDJUDP RI WKH 81,%(67�7& UHVXOWV IRU VHFWLRQ � DOVR VKRZV ODUJH VHGLPHQW

LPSRUW IURP GHHS ZDWHU� EXW EHVLGH WKDW ODUJH VHGLPHQW H[SRUW IURP WKH EHDFK DUHD WR SDUW %

DQG & DV ZHOO� 7KLV EHDFK HURVLRQ KRZHYHU LV FDXVHG E\ WKH HURVLRQ SLW� WKDW RFFXUV DV D

UHVXOW RI WKH DSSOLFDWLRQ RI D IL[HG OD\HU DQG LV QRW QHFHVVDU\ LQ DFFRUGDQFH ZLWK UHDOLW\�

)XUWKHUPRUH WKH WUDQVSRUW GLDJUDPV RI WKH 81,%(67�7& UHVXOWV VKRZ DFFUHWLRQ LQ SDUW %

DQG & IRU VHFWLRQ � DQG LQ SDUW $ DQG % LQ VHFWLRQ �� 7KH SUHVHQFH RI WKH VKRUHIDFH

QRXULVKPHQW VHHPV WR UHVXOW LQ PRUH VHDZDUG DFFUHWLRQ �SDUW % DQG & LQ VWHDG RI $ DQG % LQ

VHFWLRQ �� DQG HURVLRQ RI WKH DFWXDO EHDFK DUHD� 7KLV DFFUHWLRQ SDWWHUQ LQ VHFWLRQ � ZDV DOVR

REVHUYHG LQ WKH GDWD DQDO\VLV� VR WKH 81,%(67�7& PLJKW JLYH VDWLVI\LQJ SUHGLFWLRQV DW WKLV

SRLQW�

)RU VHFWLRQ �� EHVLGHV HURVLRQ LQ SDUW $� QR VLPLODULW\ LV IRXQG EHWZHHQ WKH VHGLPHQWDWLRQ

DQG HURVLRQ SDWWHUQV SUHVHQWHG KHUH DQG WKRVH RI WKH GDWD DQDO\VLV� ,Q WKH GDWD DQDO\VLV ZDV

IRXQG WKDW SDUW ' KDG PXFK DFFUHWLRQ� 3DUW ' RI VHFWLRQ � LV ORFDWHG MXVW VRXWK RI WKH

QRXULVKPHQW� 7KH DFFUHWLRQ LV SUREDEO\ FDXVHG E\ D �' HIIHFW �IRU H[DPSOH EORFNLQJ RI WKH

ORQJVKRUH FXUUHQW E\ WKH VKRUHIDFH QRXULVKPHQW�� WKDW 81,%(67�7& PRGHO GRHV QRW WDNH

LQWR DFFRXQW�

&�#
 ��	��
���

7KH YROXPH FDOFXODWLRQV ZLWK WKH 81,%(67�7& PRGHO DSSHDUHG WR EH DQ RYHU�HVWLPDWLRQ

RI WKH REVHUYHG YROXPHV� 7KLV LV SUREDEO\ FDXVHG E\ WKH IDFW WKDW WKH PRGHO LPSRUWV

VHGLPHQW IURP GHHS ZDWHU LQWR WKH LQYHVWLJDWHG DUHD� ,Q D �' VLWXDWLRQ PRVW RI WKLV VHGLPHQW

LPSRUW ZRXOG EH WDNHQ DORQJ ZLWK WKH ORQJVKRUH FXUUHQW� WKH 81,%(67�7& PRGHO KRZHYHU

GRHV QRW WDNH WKLV LQWR DFFRXQW�

7KH PRGHO LV QRW DEOH WR SUHGLFW VHGLPHQWDWLRQ DQG HURVLRQ SDWWHUQV IRU VHFWLRQ �� IRU

VHFWLRQ � RQ WKH RWKHU KDQG� WKH SUHGLFWHG SDWWHUQV DUH LQ DFFRUGDQFH ZLWK WKH REVHUYHG

SDWWHUQV� 7KLV FRXOG LQGLFDWH WKDW LQ VHFWLRQ � WKH FURVV�VKRUH SURFHVVHV DUH GRPLQDQW� LQ

FRQWUDVW WR WKRVH LQ VHFWLRQ ��

7KH YROXPH FDOFXODWLRQV RI WKH PRGHO FRQILUP WKH DVVXPSWLRQ� PDGH LQ WKH GDWD DQDO\VLV�

WKDW EHKLQG WKH VKRUHIDFH QRXULVKPHQW D ORW RI VHGLPHQW LV JDWKHUHG DV D UHVXOW RI WKH OHH

HIIHFW RI WKH QRXULVKPHQW� :DYHV EUHDN DW WKH VKRUHIDFH QRXULVKPHQW� VR EHKLQG WKH

QRXULVKPHQW OHVV ZDYH EUHDNLQJ RFFXUV� 7KLV UHVXOWV LQ D UHODWLYH FDOP VLWXDWLRQ EHKLQG WKH

QRXULVKPHQW� LQ ZKLFK VHGLPHQW FDQ HDVLO\ VHWWOH�

:KHWKHU WKH VKRUHIDFH QRXULVKPHQW KDV D SRVLWLYH HIIHFW RQ WKH DFWXDO EHDFK LV� FDQ QRW EH

FRQFOXGHG IURP WKH UHVXOWV RI WKH 81,%(67�7& PRGHO� +RZHYHU� WKH DVVXPSWLRQ FDQ EH

PDGH WKDW WKH VKRUHIDFH QRXULVKPHQW KDV D VPDOO QHJDWLYH HIIHFW RQ WKH DFWXDO EHDFK� VLQFH

WKH VHGLPHQW WUDQVSRUW GLDJUDP RI VHFWLRQ � VKRZHG H[SRUW IURP SDUW $ WR SDUW %�
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$QDO\VLV RI WKH GDWD DQG VLPXODWLRQV ZLWK WKH 81,%(67�7& PRGHO UHVXOWV LQ EHWWHU

XQGHUVWDQGLQJ RI WKH G\QDPLF SURFHVVHV RI WKH (JPRQG FRDVWDO V\VWHP DIWHU WKH SODFHPHQW

RI D VKRUHIDFH QRXULVKPHQW� 7KH SURILOH DYHUDJLQJ DQG GDWD YDULDWLRQ KDYH FRQWULEXWHG WR WKH

LQWHUSUHWDWLRQ DQG YDOLGDWLRQ RI WKH PRGHO UHVXOWV�

7KH KLQGFDVW VWXG\ OHDGV WR WKH IROORZLQJ FRQFOXVLRQV�

x 7R VRPH H[WHQW WKH 81,%(67�7& PRGHO LV DEOH WR FDOFXODWH SURILOHV WKDW LQFOXGH D

VKRUHIDFH QRXULVKPHQW� 7KH PRGHO SUHGLFWV WKH GHWDFKPHQW RI WKH RXWHU EUHDNHU EDU IURP

WKH QRXULVKPHQW DQG LW LQGLFDWHV WKH EDU PRYHPHQWV�

x 7KH 81,%(67�7& PRGHO KDV GLIILFXOWLHV LQ SUHGLFWLQJ WKH EHG OHYHO RI WKH QHDUVKRUH

DUHD� $SSOLFDWLRQ RI D YDULDEOH JDPPD RU D YDULDEOH EHWD UHVXOWV LQ D VOLJKWO\ EHWWHU

SUHGLFWLRQ RI WKH VORSH RI WKLV QHDUVKRUH DUHD�

x )RU PRGHO FDOFXODWLRQV RQ D FURVV�VKRUH VHFWLRQ LQFOXGLQJ D VKRUHIDFH QRXULVKPHQW LQ WKH

(JPRQG DUHD� WKH GHIDXOW VHWWLQJV RI WKH XQGLVWXUEHG VLWXDWLRQ FDQ EH DSSOLHG DV LQSXW

VHWWLQJV�

x 7KH 81,%(67�7& PRGHO JLYHV XQUHOLDEOH UHVXOWV IRU SUHGLFWLRQV RI YROXPH FKDQJHV�

7KH PRGHO SUHGLFWV WRR KLJK VHGLPHQW YROXPHV LQ WKH VXUI ]RQH� EHFDXVH WKH PRGHO

FDOFXODWHV WRR PXFK RQVKRUH VHGLPHQW WUDQVSRUW DW GHHS ZDWHU�

x 7KH 81,%(67�7& PRGHO FRQILUPV WKH DVVXPSWLRQ RI WKH VKRUHIDFH QRXULVKPHQW KDYLQJ

D OHH HIIHFW LQ FURVV�VKRUH GLUHFWLRQ�

x $FFRUGLQJ WR WKH FDOFXODWLRQV� WKH VKRUHIDFH QRXULVKPHQW KDV D SRVLWLYH HIIHFW RQ WKH

VDQG YROXPHV LQ WKH VXUI ]RQH� $W WKH YROXPH DQG ZLGWK RI WKH µYLVLEOH¶ EHDFK �WKH SDUW

DERYH VHD OHYHO� KRZHYHU LW PLJKW KDYH D OLWWOH QHJDWLYH LQIOXHQFH�

-��
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	�����	�

$IWHU FRPSOHWLRQ RI WKLV KLQGFDVW VWXG\ VRPH TXHVWLRQV KDYH EHHQ VROYHG� 1HYHUWKHOHVV�

VRPH TXHVWLRQV DUH VWLOO XQVROYHG DQG QHZ TXHVWLRQV DUH ULVHQ GXULQJ WKLV VWXG\� %DVHG

RQ WKH UHVXOWV RI WKH KLQGFDVW VWXG\ RQ WKH 81,%(67�7& PRGHO WKH IROORZLQJ

UHFRPPHQGDWLRQV DUH JLYHQ�

x 0RUH UHVHDUFK VKRXOG EH GRQH RQ WKH GRPLQDQW SURFHVVHV WKDW RFFXU DIWHU SODFHPHQW RI

D VKRUHIDFH QRXULVKPHQW

x 7KH UHVXOWV RI WKH SUHVHQW VKRUHIDFH QRXULVKPHQW DQG WKH GRPLQDQW SURFHVVHV VKRXOG EH

FRPSDUHG WR WKRVH DW RWKHU ORFDWLRQV� LQ RUGHU WR FRPH WR D JRRG FRQFOXVLRQ ZKHWKHU QR

VKRUHIDFH QRXULVKPHQW� WKLV VKRUHIDFH QRXULVKPHQW RU DQRWKHU NLQG RI VKRUHIDFH

QRXULVKPHQW LV WKH EHVW VROXWLRQ IRU FRDVWDO HURVLRQ SUREOHPV�
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x $ ORQJ WHUP VWXG\ VKRXOG EH VWDUWHG WR LQYHVWLJDWH ZKHWKHU WKH VKRUHIDFH QRXULVKPHQW

KDV HIIHFW LQ WKH ORQJ UXQ

x 0RUH UHVHDUFK VKRXOG EH GRQH RQ WKH DSSOLFDWLRQ RI D YDULDEOH JDPPD DQG D YDULDEOH

EHWD� HVSHFLDOO\ IRU WKH QHDUVKRUH DUHD�

x 0RUH UHVHDUFK VKRXOG EH GRQH RQ ILQGLQJ VROXWLRQV IRU WKH H[WHQVLYH VHGLPHQW LPSRUW

IURP GHHS ZDWHU RI WKH 81,%(67�7& PRGHO DQG RQ WKH TXHVWLRQ ZKHWKHU WKH 0&/

FDOFXODWLRQ UHVXOWV FDQ EH HGLWHG ZLWK D FHUWDLQ NH\ WR WUDQVIRUP WKHP WR UHDVRQDEOH

UHVXOWV�

x 6LQFH )&YLVF LV D YHU\ VHQVLWLYH SDUDPHWHU LW PLJKW EH ZRUWKZKLOH WR GHYHORS D ORFDO�

FURVV�VKRUH GHSHQGHQW� PRGHO IRU WKLV SDUDPHWHU�

x 0RUH H[WHQVLYH VWXG\ VKRXOG EH GRQH RQ FXUUHQWV DQG WUDQVSRUWV EHKLQG D VKRUHIDFH

QRXULVKPHQW�
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%DWWMHV� -�$�� DQG -�3�)�0� -DQVVHQ� (QHUJ\ ORVV DQG VHW�XS GXH WR EUHDNLQJ LQ UDQGRP

ZDYHV� 3URFHHGLQJV ��
WK
,QWHUQDWLRQDO &RQIHUHQFH RQ &RDVWDO (QJLQHHULQJ� SS�

�������� $PHULFDQ 6RFLHW\ RI &LYLO (QJLQHHUV� 1HZ <RUN� �����

%DWWMHV� -�$�� DQG 0�-�)� 6WLYH� &DOLEUDWLRQ DQG YHULILFDWLRQ RI D GLVVLSDWLRQ PRGHO IRU

UDQGRP EUHDNLQJ ZDYHV� -�*HRSK\V� 5HV�� YRO� ���&��� ���������� �����

%RHUV� 0�� 9RRUVSHOOLQJ YRRURHYHUVXSSOHWLH PHW 81,%(67�7&� 5,.=� �����

%RVERRP� -�� 6�*�-� $DUQLQNKRI� $�-�+�0� 5HQLHUV� -�$� 5RHOYLQN DQG '�-�5� :DOVWUD�

8QLEHVW�7& ���� RYHUYLHZ RI PRGHO IRUPXODWLRQV� :/ _ 'HOIW +\GUDXOLFV� �����

&DOMRXZ� 0�� DQG .� .OHLQKRXW� ����� 0RUSKRG\QDPLFV RI WKH (JPRQG ILHOG VLWH� 0D\

���� � 6HSWHPEHU ����� :/ _ 'HOIW +\GUDXOLFV UHSRUW ]�������� 1RYHPEHU

�����

'LMN� 0�� 9HUJHOLMNLQJ 81,%(67�7& HQ '85267$� WZHH WLMGVDIKDQNHOLMNH GZDUVWUDQVSRUW

PRGHOOHQ� 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\� 'HSDUWPHQW RI &LYLO (QJLQHHULQJ�

-DQXDU\ �����

'XLQ� 0�-�3� YDQ� DQG 1�5� :LHUVPD� (YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW�

3DUW ,� GDWD DQDO\VLV� :/ _ 'HOIW +\GUDXOLFV UHSRUW =���� � =����� -XQH ����

'XLQ� 0�-�3� YDQ� (YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW� 3DUW ,,,� YDOLGDWLRQ

PRUSKRORJLFDO PRGHOOLQJ 'HOIW�'�025� :/ _ 'HOIW +\GUDXOLFV UHSRUW =���� �

= ����� -XQH ����

*RRWMHV� *�� 'XQHV DV VRXUFH RI VHGLPHQW IRU 'HOIW�'�025� 0VF� WKHVLV 'HOIW 8QLYHUVLW\

RI 7HFKQRORJ\� 'HOIW� 7KH 1HWKHUODQGV� �����

.OHLQKRXW� .�� ����� +\GURG\QDPLFV DQG PRUSKRG\QDPLFV LQ WKH (JPRQG ILHOG VLWH� GDWD

DQDO\VLV DQG 81,%(67�7& PRGHOOLQJ� 'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\�

'HSDUWPHQW RI &LYLO (QJLQHHULQJ� 6HSWHPEHU �����

1DLUQ� 5�%�� -�$� 5RHOYLQN DQG +�1� 6RXWKJDWH� 7UDQVLWLRQ ]RQH ZLGWK DQG LPSOLFDWLRQV IRU

PRGHOOLQJ VXUI]RQH K\GURQDPLFV� 3URFHHGLQJV ��
QG
,QWHUQDWLRQDO &RQIHUHQFH

RQ &RDVWDO (QJLQHHULQJ� SS� ������ 'HOIW� 7KH 1HWKHUODQGV� �����

5LHQHFNHU� 0�0�� DQG -�'� )HQWRQ� $ )RXULHU DSSUR[LPDWLRQ PHWKRG IRU VWHDG\ ZDWHU

ZDYHV� -� )OXLG 0HFKDQLFV� YRO� ���� SS� �������� �����

5LMQ� /�&�� 3ULQFLSOHV RI VHGLPHQW WUDQVSRUW LQ ULYHUV� HVWXDULHV DQG FRDVWDO VHDV� $PVWHUGDP�

$TXD 3XEOLFDWLRQV� �����



(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO

:/ _ 'HOIW +\GUDXOLFV � ² �

5RHOYLQN� -�$�� DQG $�-�+�0� 5HQLHUV� 8SJUDGLQJ RI D TXDVL��' K\GURQDPLF PRGHO�

$EVWUDFWV�LQ�GHSWK� 0$67 *��0 RYHUDOO ZRUNVKRS� *UHJ\QRJ� �����

5RHOYLQN� -�$�� DQG 0�-�)� 6WLYH� %DU�JHQHUDWLQJ FURVV�VKRUH IORZ PHFKDQLVPV RQ D EHDFK�

-� *HRSK\V� 5HV�� YRO� ��� SS� ���������� �����

5XHVVLQN� %�*�� '�-�5� :DOVWUD DQG +�1� 6RXWKJDWH� &DOLEUDWLRQ DQG YHULILFDWLRQ RI D

SDUDPHWULF ZDYH PRGHO RQ EDUUHG EHDFKHV� VXEPLWWHG LQ &RDVWDO (QJLQHHULQJ�

:/ _ 'HOIW +\GUDXOLFV� 0D\ �����

6DQG� 6�(�� /RQJ ZDYH SUREOHPV LQ ODERUDWRU\ PRGHOV� -� :DWHUZ� 3RUW &RDVWDO 2FHDQ 'LY��

$PHULFDQ 6RFLHW\ RI &LYLO (QJLQHHUV� YRO� ���� SS� �������� �����

9HXJHU� $�-�� *UDGLHQW LQ ORQJVKRUH WUDQVSRUW RI VHGLPHQW LQ 81,%(67�7&� 0VF� WKHVLV

'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\� 'HOIW� 7KH 1HWKHUODQGV� -XQH �����

9ULHQG� +�-� GH� DQG 0�-�)� 6WLYH� 4XDVL��' PRGHOOLQJ RI QHDUVKRUH FXUUHQWV� &RDVWDO

(QJLQHHULQJ� YRO� ��� SS� �������� �����

:DOVWUD� '�-�5�� 8VHUJXLGH IRU 8QLEHVW�7&� :/ _ 'HOIW +\GUDXOLFV� 2FWREHU �����

:DOVWUD� '�-�5�� 0� YDQ .RQLQJVYHOG� 6�*�-� $DUQLQNKRI DQG %�*� 5XHVVLQN�

0HWKRGRORJLFDO DSSURDFK WR PRGHO GHYHORSPHQW IRU 8QLEHVW�7&� 3DUW %�

'HYHORSPHQW DQG WHVWLQJ� :/ _ 'HOIW +\GUDXOLFV� 2FWREHU �����

:DOVWUD� '�-�5�� *�3� 0RFNH� )� 6PLW� 5ROOHU FRQWULEXWLRQV DV LQIHUUHG IURP LQYHUVH

PRGHOOLQJ WHFKQLTXHV� 3URFHHGLQJV RI WKH ��
WK
,QWHUQDWLRQDO &RQIHUHQFH RQ

&RDVWDO (QJLQHHULQJ� SS� ���������� $PHULFDQ 6RFLHW\ RI &LYLO (QJLQHHUV�

�����

:/ _ 'HOIW +\GUDXOLFV� 8QLEHVW�7&� YHUVLRQ ����� D JHQHULF WRRO WR LQYHVWLJDWH WKH

PRUSKRG\QDPLF EHKDYLRXU RI FURVV�VKRUH SURILOHV� XVHU PDQXDO� $SULO �����



(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO

:/ _ 'HOIW +\GUDXOLFV $ ² �
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(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO

:/ _ 'HOIW +\GUDXOLFV $ ² �

%HIRUH FDOLEUDWLQJ WKH 81,%(67�7& PRGHO� LW LV GHVLUDEOH WR JHW D JHQHUDO LGHD RI WKH

PRGHO UHVSRQVH WR VSHFLILF SDUDPHWHU YDULDWLRQV� 7R JHW D TXLFN YLHZ RQ WKH PRGHO

EHKDYLRXU� D VHQVLWLYLW\ DQDO\VLV LV FDUULHG RXW E\ YDU\LQJ VHYHUDO SDUDPHWHUV LQ PRGHO UXQV

RYHU D VKRUW SHULRG �6HSWHPEHU ���� WR 0D\ ������ 7KH H[WHQVLYH UHVXOWV RI WKLV VHQVLWLYLW\

DQDO\VLV� LQFOXGLQJ FURVV�VKRUH SURILOH ILJXUHV DQG VWDWLVWLFDO UHVXOWV� DUH SUHVHQWHG LQ WKLV

$SSHQGL[�

,Q WKH WDEOH EHORZ �7DEOH $��� DQ RYHUYLHZ LV JLYHQ RI WKH LQYHVWLJDWHG SDUDPHWHUV DQG WKH

XVHG SDUDPHWHU YDULDWLRQV LQ WKH VHQVLWLYLW\ DQDO\VLV� $OO RWKHU SDUDPHWHUV DUH NHSW DW WKH

GHIDXOW YDOXHV �VHH 6XEVHFWLRQ ����� )RU HDFK YDOXH D VLPXODWLRQ RI WKH ORQJVKRUH�DYHUDJHG

SURILOH RI VHFWLRQ � �VRXWK RI WKH QRXULVKPHQW� VHH )LJXUH ���� RYHU WKH ILUVW ZLQWHU SHULRG

�6HSWHPEHU ���� WR 0D\ ����� LV PDGH� 6HFWLRQ � LV FKRVHQ EHFDXVH WKLV VHFWLRQ WKH OHDVW

LQIOXHQFHG E\ WKH VKRUHIDFH QRXULVKPHQW� VLQFH WKH QHW VDQG WUDQVSRUW DORQJ WKH FRDVW DW

(JPRQG LV LQ QRUWKHUQ GLUHFWLRQ�

7KH RXWSXW LV HYDOXDWHG ZLWK WKH %ULHU 6NLOO 6FRUH� WKH 5HODWLYH 506�HUURU �VHH &KDSWHU ��

IRU WKH FURVV�VKRUH ERWWRP SURILOH DQG E\ FRPSDULQJ WKH FURVV�VHFWLRQV SUHGLFWHG E\

81,%(67�7& ZLWK UHJDUG WR WKH SRVLWLRQ DQG KHLJKW RI WKH EDUV�



(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO

:/ _ 'HOIW +\GUDXOLFV $ ² �

7DEOH $��� RYHUYLHZ RI YDULHG SDUDPHWHUV IRU VHQVLWLYLW\ DQDO\VLV

3DUDPHWHU 'LPHQVLRQ 'HIDXOW 9DOXHV

*$00$ >�@ %DWWMHV	6WLYH �µ�¶� ���� ���� ���� ���� YDULDEOH JDPPD�

YDULDEOH JDPPD >QR EUHDNHU GHOD\@�

%DWWMHV	6WLYH �µ�¶� >QR EUHDNHU GHOD\@

%(7' >�@ ��� ����� ����� ���� �� YDULDEOH EHWD

):(( >�@ ���� ������ ����� ����� ����� ����� ���� ���

&B5 >�@ ���� �� ���� �

)B/$0 >�@ � ����� ���� �

)$&4% >�@ ���� �� ���� ���� ���� ���� �

)&9,6& >�@ ��� ����� ������ ����� ����� ���

�'��� '��� '66� >PP@ ����� ���� ���� ����� ���� ����� ����� ���� ����� �����

���� ����� ����� ���� ���� ZLWK FURVV�

VKRUH YDU\LQ JUDLQ VL]H� ����� ���� �����

����� ���� ����� ����� ���� ����� �����

���� ���� ZLWK FURVV�VKRUH YDU\LQJ JUDLQ

VL]H

5.9$/ >�@ ���� ������ ������ ����� ����� ���

�5:� 5&� >P@ ������ ����� ������� ������� ������� ������ �������

������ ������ ������ ������� ������ ������

������ ������� �����

*$00$  :DYH EUHDNLQJ SDUDPHWHU WR GHWHUPLQH PD[LPXP ORFDO ZDYH KHLJKW�

'HIDXOW YDOXH LV µ�¶ DFFRUGLQJ WR %DWWMHV	6WLYH �������

%(7'  5ROOHU SDUDPHWHU� H[SUHVVLQJ WKH VWHHSQHVV RI WKH ZDYH IURQW�

&B5  &RUUHODWLRQ FRHIILFLHQW EHWZHHQ ZDYH HQYHORSH DQG ERXQG ORQJ ZDYHV�

)B/$0  1XPEHU RI ZDYH OHQJWKV RYHU ZKLFK ZHLJKWHG GHSWK LV LQWHJUDWHG �LV

SDUW RI EUHDNHU GHOD\ FRQFHSW��

)$&4%  )DFWRU IRU WKH IUDFWLRQ RI EUHDNLQJ ZDYHV ZKLFK GRHV QRW FRQWULEXWH

WR WKH ZDYH YHORFLW\ PRPHQW�

)&9,6&  9LVFRVLW\ FRHIILFLHQW IRU PHDQ FXUUHQW FRPSXWDWLRQ�

'���'���'66  '�� JUDLQ GLDPHWHU� '�� JUDLQ GLDPHWHU� '�� JUDLQ GLDPHWHU RI

VXVSHQGHG VHGLPHQW�

5.9$/  )ULFWLRQ IDFWRU IRU PHDQ FXUUHQW FRPSXWDWLRQ�

5: DQG 5&  :DYH DQG &XUUHQW UHODWHG URXJKQHVV IRU VHGLPHQW WUDQVSRUW

FRPSXWDWLRQ�
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3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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:DYH EUHDNLQJ SDUDPHWHU� *$00$

,Q WKH ILJXUHV EHORZ �)LJXUH $�� DQG $��� WKH %6,� WKH UHODWLYH 506�HUURU DQG WKH FURVV�

VKRUH SURILOHV DUH VKRZQ IRU YDULDWLRQV LQ JDPPD� 7KH GHIDXOW SUHGLFWLRQ LV WKH EDVH

SUHGLFWLRQ� 7KH ILJXUHV VKRZ WKDW WKH PRGHO LV QRW YHU\ VHQVLWLYH IRU YDULDWLRQV LQ JDPPD�

6LQFH WKH PRGHO UHVSRQGV TXLWH VXEWOH WR YDULDWLRQV DQG JDPPD LV D IDLUO\ XQFHUWDLQ

SDUDPHWHU� JDPPD LV DQ LQWHUHVWLQJ SDUDPHWHU WR YDU\ LQ RUGHU WR ILQG WKH RSWLPDO SDUDPHWHU

VHWWLQJV�

$ QHZ DSSOLDQFH LQ 81,%(67�7& LV D YDULDEOH JDPPD� ZKLFK DSSOLHV DQ LQ VSDFH YDULDEOH

JDPPD� ,Q WKLV VWDJH RI WKH DQDO\VLV LW VHHPV WR LPSURYH WKH PRGHO SHUIRUPDQFH LQ WKH DUHD

RI EDQN ORFDWLRQ DQG QHDU VKRUH VORSH�
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6HSWHPEHU ���� 0D\ ���� JDPPD %	6 �GHIDXOW� JDPPD  ���

JDPPD  ��� JDPPD  ��� JDPPD  ��� JDPPD %	6� QR EUHDNHU GHOD\

YDULDEOH JDPPD� QR EUHDNHU GHOD\ YDULDEOH JDPPD

)LJXUH $��� FURVV�VKRUH SURILOHV RI YDULDWLRQV LQ *$00$
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506 � UH O�� � WR WD O S H U LR G >P@ %6 ,� WR WD O S H U LR G

506 � UH O�� � 6H F WLR Q ' >P@ %6 ,� 6H F WLR Q '

506 � UH O�� � 6H F WLR Q & >P@ %6 ,� 6H F WLR Q &

506 � UH O�� � 6H F WLR Q $ % >P@ %6 ,� 6H F WLR Q $ %

)LJXUH $��� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ *$00$



(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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5ROOHU SDUDPHWHU� H[SUHVVLQJ WKH VWHHSQHVV RI WKH ZDYH IURQW� %(7'

,Q WKH IROORZLQJ ILJXUHV �)LJXUH $�� DQG )LJXUH $��� WKH %6,� WKH UHODWLYH 506�HUURU DQG

WKH FURVV�VKRUH SURILOHV DUH VKRZQ IRU YDULRXV YDOXHV IRU EHWD� %HWD DSSHDUV WR EH OLWWOH

VHQVLWLYH IRU YDULDWLRQV RI YDOXH� 7KLV VHQVLWLYLW\ PDLQO\ VKRZV LQ WKH KHLJKW SUHGLFWLRQV RI

WKH VHFRQG EUHDNHU EDQN� WKH EDQN ORFDWLRQV DUH IRU HYHU\ YDOXH RI EHWD DUH DOO EXW WKH VDPH�

)DLUO\ QHZ LV WKH DSSOLDQFH RI D YDULDEOH EHWD� LQ ZKLFK EHWD YDULHV LQ WLPH DQG VSDFH�

7KRXJK WKH UXQ ZLWK D YDULDEOH EHWD KDV D VPDOO SRVLWLYH %6, VFRUH� LW VHHPV QRW WR FUHDWH DQ

LPSURYHG SUHGLFWLRQ� 1HYHUWKHOHVV� LW ZLOO EH WHVWHG DJDLQ LQ WKH FDOLEUDWLRQ VWXG\�
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6HSWHPEHU ���� 0D\ ���� EHWD  ��� �GHIDXOW� EHWD  � EHWD  ��� EHWD  ���� EHWD  ���� YDULDEOH EHWD

)LJXUH $��� FURVV�VKRUH SURILOHV RI YDULDWLRQV LQ %(7$
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506 � UH O�� � WR WD O SH U LRG >P@ %6 ,� WR WD O SH U LRG

506 � UH O�� � 6HF WLRQ ' >P@ %6 ,� 6HF WLRQ '

506 � UH O�� � 6HF WLRQ & >P@ %6 ,� 6HF WLRQ &

506 � UH O�� � 6HF WLRQ $ % >P@ %6 ,� 6HF WLRQ $ %

)LJXUH $��� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ %(7$



(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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)ULFWLRQ IDFWRU IRU ZDYH GLVVLSDWLRQ GXH WR ERWWRP IULFWLRQ� ):((

,Q )LJXUH $�� DQG )LJXUH $�� WKH UHVXOWV RI UXQV ZLWK GLIIHUHQW YDOXHV IRU ):(( DUH

FRPSDUHG� 7KH ILJXUHV VKRZ WKDW WKH PRGHO WXUQV RXW WR EH YHU\ VHQVLWLYH IRU YDULDWLRQV LQ

):(( DQG WKDW QRQH RI WKH YDULDWLRQV OHDGV WR DQ LPSURYHPHQW RI WKH PRGHO SUHGLFWLRQV

FRPSDUHG WR WKH GHIDXOW VHWWLQJV� %HFDXVH RI WKHVH UHVXOWV DQG DFFRUGLQJ WR SUHFLRXV VWXGLHV

RQ WKH (JPRQG FRDVW >%RHUV� ����� :DOVWUD HW DO�� ����@� WKH YDOXH IRU ):(( ZLOO EH VHW DW

LWV GHIDXOW YDOXH RI ���� GXULQJ WKH FDOLEUDWLRQ DQG YDOLGDWLRQ RI WKH 81,%(67�7& PRGHO�
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6HSWHPEHU ���� 0D\ ���� IZHH  ���� �GHIDXOW� IZHH  ����� IZHH  ����

IZHH  ���� IZHH  ���� IZHH  ���� IZHH  ��� IZHH  ���

)LJXUH $��� FURVV�VKRUH SURILOHV RI YDULDWLRQV LQ ):((
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506 � UH O�� � WR WD O S H U LR G >P@ %6 ,� WR WD O S H U LR G

506 � UH O�� � 6H F WLR Q ' >P@ %6 ,� 6H F WLR Q '

506 � UH O�� � 6H F WLR Q & >P@ %6 ,� 6H F WLR Q &

506 � UH O�� � 6H F WLR Q $ % >P@ %6 ,� 6H F WLR Q $ %

)LJXUH $��� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ ):((



(YDOXDWLRQ RI WKH (JPRQG VKRUHIDFH QRXULVKPHQW ]���� -XQH ����

3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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&RUUHODWLRQ FRHIILFLHQW EHWZHHQ ZDYH HQYHORSH DQG ERXQG ORQJ ZDYHV� &B5

7KH ILJXUHV EHORZ �)LJXUH $�� DQG )LJXUH $��� VKRZ WKH %6,� WKH UHODWLYH 506�HUURU DQG

WKH FURVV�VKRUH SURILOHV IRU YDULDWLRQV LQ &B5� 7KH PRGHO DSSHDUV WR EH TXLWH VHQVLWLYH IRU

YDULDWLRQV LQ WKLV SDUDPHWHU� 7KH SUHGLFWLRQV IRU WKH KHLJKW RI WKH RXWHU EUHDNHU EDQN DUH

PRVW VHQVLWLYH IRU FKDQJHV LQ WKH YDOXH RI &B5� 7KH UXQ ZLWK &B5  ��� KDV D VPDOO SRVLWLYH

%6, VFRUH� EXW KRZHYHU JLYHV D SRRU SUHGLFWLRQ IRU WKH RXWHU EUHDNHU EDQN� 7KLV RQFH DJDLQ

VKRZV WKH VWDWLVWLFDO UHVXOWV VKRXOG EH XVHG ZLWK FDUH DQG QHYHU ZLWKRXW WKH FURVV�VKRUH

SURILOHV QH[W WR WKHP�
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6HSWHPEHU ���� 0D\ ���� &B5  ���� �GHIDXOW� &B5  � &B5  ��� &B5  �

)LJXUH $��� FURVV�VKRUH SURILOHV RI YDULDWLRQV LQ &B5

�� �� �

�� �� �

�� �� �

�� �� �

� �� �

� �� �

� �� �

&
U
 
�

&
U
 
�
��

&
U
 
�

506 � UH O�� � WR WD O S H U LR G >P@ %6 ,� WR WD O S H U LR G

506 � UH O�� � 6H F WLR Q ' >P@ %6 ,� 6H F WLR Q '

506 � UH O�� � 6H F WLR Q & >P@ %6 ,� 6H F WLR Q &

506 � UH O�� � 6H F WLR Q $ % >P@ %6 ,� 6H F WLR Q $ %

)LJXUH $��� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ &B5
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3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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%UHDNHU 'HOD\ FRQFHSW �QXPEHU RI ZDYH OHQJWKV RYHU ZKLFK ZHLJKWHG GHSWK LV

LQWHJUDWHG�� )B/$0

,Q WKH IROORZLQJ ILJXUHV �)LJXUH $�� DQG )LJXUH $���� WKH %6,� WKH UHODWLYH 506�HUURU DQG

WKH FURVV�VKRUH SURILOHV DUH VKRZQ IRU YDULRXV YDOXHV IRU )B/$0� ,W FDQ EH VHHQ WKDW WKH

PRGHO GRHV QRW UHVSRQG YHU\ VHQVLWLYH WR YDULDWLRQV LQ )B/$0� 5DWKHU ODUJH YDULDWLRQV

FDXVH RQO\ VPDOO FKDQJHV LQ WKH SUHGLFWHG ERWWRP SURILOH� 7KH FKDQJHV WKDW RFFXU DUH D

OLQHDU UHVSRQVH WR WKH YDULDWLRQV DQG PDLQO\ LQ WKH KHLJKW RI WKH VHFRQG EUHDNHU EDQN� $

VPDOOHU YDOXH IRU )B/$0 FDXVHV D ORZHU SUHGLFWLRQ IRU WKH RXWHU EDQN KHLJKW DQG YLFH�

YHUVD�
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6HSWHPEHU ���� 0D\ ���� )ODP  � �GHIDXOW� )ODP  ���� )ODP  ��� )ODP  �

)LJXUH $��� FURVV�VKRUH SURILOHV RI YDULDWLRQV LQ )B/$0
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506 � UH O�� � WR WD O S H U LR G >P@ %6 ,� WR WD O S H U LR G

506 � UH O�� � 6H F WLR Q ' >P@ %6 ,� 6H F WLR Q '

506 � UH O�� � 6H F WLR Q & >P@ %6 ,� 6H F WLR Q &

506 � UH O�� � 6H F WLR Q $ % >P@ %6 ,� 6H F WLR Q $ %

)LJXUH $���� %6,�VFRUH DQG UHODWLYH 506�HUURU IRU YDULDWLRQV LQ )B/$0
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3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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)DFWRU RI IUDFWLRQ RI EUHDNLQJ ZDYHV WKDW GR QRW FRQWULEXWH WR ZDYH DV\PPHWU\� )$&4%

)LJXUH $��� VKRZV WKH FURVV�VKRUH SURILOHV IRU YDULRXV YDOXHV RI )$&4%� )LJXUH $���

VKRZV WKH %6, DQG WKH UHODWLYH 506�HUURU IRU YDULRXV YDOXHV RI )$&4%� ,Q WKHVH ILJXUHV

FDQ EH VHHQ WKDW WKH PRGHO LV VHQVLWLYH IRU YDULDWLRQV LQ )$&4%� 7KH VPDOOHU )$&4% LV

FKRVHQ� WKH IXUWKHU VHDZDUG WKH ORFDWLRQ RI ERWK EUHDNHU EDQNV LV SUHGLFWHG DQG WKH RWKHU

ZD\ DURXQG� %DQN KHLJKW DSSHDUV WR EH QHDUO\ LQGHSHQGHQW RI WKH YDOXH RI )$&4%�
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3DUW ,,� 9DOLGDWLRQ RI WKH PRUSKRORJLFDO 81,%(67�7& PRGHO
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9LVFRVLW\ FRHIILFLHQW RI YHUWLFDO YHORFLW\ SURILOH� )&9,6&

&URVV�VKRUH SURILOHV IRU YDULDWLRQV LQ )&9,6& DUH VKRZQ LQ )LJXUH $���� WKH %6, DQG WKH

UHODWLYH 506�HUURU IRU YDULRXV YDOXHV RI )&9,6& DUH VKRZQ LQ )LJXUH $���� 7KH PRGHO

DSSHDUV WR EH YHU\ VHQVLWLYH IRU YDULDWLRQV LQ )&9,6&� &RPSDUHG WR WKH GHIDXOW VHWWLQJV�

VPDOOHU YDOXHV RI )&9,6& UHVXOW LQ D PRUH VHDZDUG SRVLWLRQ RI ERWK EUHDNHU EDQNV� 7KH

EDQN KHLJKW LV OHVV LQIOXHQFHG E\ YDULDWLRQV LQ )&9,6&�
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6HGLPHQW JUDLQ VL]H SDUDPHWHUV� '��� '��� '66

,Q )LJXUH $��� DQG )LJXUH $��� WKH %6, VFRUH� WKH UHODWLYH 506�HUURU DQG WKH FURVV�VKRUH

SURILOH IRU YDULDWLRQV LQ WKH VHGLPHQW FKDUDFWHULVWLFV DUH VKRZQ� 7KH PRGHO DSSHDUV WR EH

YHU\ VHQVLWLYH IRU VPDOO YDULDWLRQV LQ WKH VHGLPHQW FKDUDFWHULVWLFV� 6LQFH WKHVH VPDOO

YDULDWLRQV KDYH VR PXFK LQIOXHQFH RQ WKH PRGHO UHVXOWV DQG WKH GHIDXOW VHGLPHQW

FKDUDFWHULVWLFV DUH H[WUDFWHG IURP ILHOG PHDVXUHPHQWV� WKH YDULDWLRQV LQ WKHVH YDOXHV ZLOO QRW

GHYLDWH PXFK IURP WKH GHIDXOW VHWWLQJV� WR DYRLG REWDLQLQJ VDWLVI\LQJ PRGHO UHVXOWV EDVHG RQ

XQUHDO VHGLPHQW FKDUDFWHULVWLFV�
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)ULFWLRQ IDFWRU IRU PHDQ FXUUHQW� 5.9$/

,Q WKH IROORZLQJ ILJXUHV �)LJXUH $��� DQG )LJXUH $���� WKH %6,� WKH UHODWLYH 506�HUURU DQG

WKH FURVV�VKRUH SURILOHV DUH VKRZQ IRU YDULRXV YDOXHV IRU 5.9$/� ,Q WKHVH ILJXUHV FDQ EH

VHHQ WKDW WKH PRGHO UHVSRQGV TXLWH VHQVLWLYH WR YDULDWLRQV LQ 5.9$/� PDLQO\ E\ DGMXVWLQJ

WKH SRVLWLRQ RI WKH EUHDNHU EDQNV� 7KH ORZHU 5.9$/� WKH PRUH VHDZDUG WKH SRVLWLRQ RI WKH

EUHDNHU EDQNV LV SUHGLFWHG�
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&XUUHQW DQG ZDYH UHODWHG URXJKQHVV� 5& DQG 5:

7KH ILJXUHV EHORZ �)LJXUH $��� DQG )LJXUH $���� VKRZ WKH %6,� WKH UHODWLYH 506�HUURU DQG

WKH FURVV�VKRUH SURILOHV IRU YDULDWLRQV LQ 5& DQG 5:� 9DULDWLRQV LQ WKHVH URXJKQHVV IDFWRUV

DSSHDU WR KDYH D ORW RI LQIOXHQFH RQ WKH PRGHO UHVXOWV� QRW RQO\ RQ WKH SRVLWLRQ RI WKH

EUHDNHU EDQNV EXW DOVR RQ WKH ERWWRP KHLJKW LQ WKH QHDU�VKRUH DUHD� 5& DQG 5: KDYH D

VLJQLILFDQW HIIHFW RQ WKH UHVXOWLQJ WUDQVSRUWV� 7KH ZD\ LQ ZKLFK WKHVH SDUDPHWHUV LQIOXHQFH

WKH WUDQVSRUWV LV QRW NQRZQ EHIRUHKDQG DV WKHVH SDUDPHWHUV QRW RQO\ GHWHUPLQH WKH HIIHFWLYH

VKHDU VWUHVV� EXW DOVR� DPRQJ RWKHUV� WKH HIIHFWLYH JUDLQ VL]H GLDPHWHU� 7KHVH SDUDPHWHUV FDQ

EH XVHG WR WXQH WKH WUDQVSRUWV DQG WKXV WKH ERWWRP SURILOH >VHH :DOVWUD� 2FWREHU ����@�
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)LJXUH $���� FURVV�VKRUH SURILOHV RI YDULDWLRQV LQ 5: DQG 5&
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9DU\LQJ *$00$ DQG D VHFRQG SDUDPHWHU

)LJXUH $��� DQG )LJXUH $��� VKRZ WKH %6,� WKH UHODWLYH 506�HUURU DQG WKH FURVV�VKRUH

SURILOHV IRU YDULDWLRQV LQ *$00$ VLPXOWDQHRXVO\ ZLWK YDULDWLRQV LQ D VHFRQG SDUDPHWHU�

$QDO\VLQJ WKH UHVXOWV� LW FDQ EH FRQFOXGHG WKDW� DOWKRXJK WKH VWDWLVWLFDO SDUDPHWHUV VKRZ

SRVLWLYH UHVXOWV� YDU\LQJ WZR SDUDPHWHUV VLPXOWDQHRXVO\ FDXVHV D ORW RI LUUHJXODULWLHV� $

SKHQRPHQRQ WKDW LV QRW YHU\ RGG EHFDXVH WKH WZR YDULDWLRQV PLJKW LQIOXHQFH HDFK�RWKHUV

SRVLWLYH RU QHJDWLYH HIIHFW� 2Q WKH EDVLV RI WKHVH UHVXOWV� WKH FDOLEUDWLRQ RI WKH PRGHO ZLOO EH

GRQH E\ YDU\LQJ WKH SDUDPHWHUV RQH E\ RQH WR NHHS D JRRG YLVLRQ RQ WKH HIIHFW RI WKH

FRQFHUQHG SDUDPHWHU�
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