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7KH PHWKRGV WKDW DOORZ ZLWK DSSOLFDWLRQ RI WKH FRPSXWHU PRGHOLQJ WR HVWLPDWH
YDOXHV RI SROOXWLRQ LQJUHGLHQWV GLVFKDUJHG IURP WKH SROOXWLRQ VRXUFHV GXULQJ D \HDU LQ
WKH ULYHUV DUH RmHUHG� :LWK WKH KHOS RI WKH PRGHOLQJ UHVXOWV FRQFOXVLRQV DUH PDGH
DERXW GLVWULEXWLRQ� FKDQJH DQG SURYHQDQFH UHDVRQV RI ULYHU SROOXWDQWV YDOXHV RQ WKH
FRQWURO VHFWLRQV

.H\ ZRUGV DQG SKUDVHV� 0RGHOLQJ� SROOXWLRQ� ULYHU� FRQWURO VHFWLRQ� SROOXWLRQ
VRXUFHV�

� ,QWURGXFWLRQ
7KH SXUSRVH RI WKH ZRUN LV E\ FRPSXWHU PRGHOLQJ WR HVWLPDWH PHDQ DQQXDO
YDOXH RI SROOXWLRQ FRPSRQHQWV GLVFKDUJHG IURP SROOXWLRQ VRXUFHV ZRUNLQJ RQ
ULYHU FRQWURO VHFWLRQV� $V DQ H[DPSOH DUH FRQVLGHUHG ORFDWHG LQ WKH ZHVWHUQ
*HRUJLD DQG UXQQLQJ LQ 7KH %ODFN 6HD IRXU ULYHUV RI WKH ULYHU .KRELVWVNDOL
EDVLQ �ZKLFK LV RQH RI EDVLF SROOXWLRQ VRXUFH RI WKH %ODFN 6HD�� ZKLFK EDVLF
SROOXWLRQ VRXUFHV DUH DJULFXOWXUDO nHOGV� FDWWOH�EUHHGLQJ IDUPV DQG VPDOO
FLWLHV� ORFDWHG RQ WKHVH ULYHUV� 7KH GDWD RI WKH ULYHUV SROOXWLRQ DUH UHFHLYHG
ZLWK WKH KHOS RI PRQWKO\ PHDVXUHPHQWV RI WKH DSSURSULDWH FRPSRQHQWV
GXULQJ WZR \HDUV LQ VL[WHHQ FRQWURO FURVV�VHFWLRQV RI WKH ULYHUV �VHH nJ� ��
ZKHUH E\ UHG WULDQJOHV DUH PDUNHG WKH PRQLWRULQJ FURVV�VHFWLRQV� DQG E\
UHG FLUFOHV DUH PDUNHG WKH FLWLHV ORFDWHG RQ WKH ULYHUV�� 7KH OHQJWK RI WKH
ULYHU .KRELVWVNDOL WKDW LV WKH JUHDWHVW ULYHU RI WKH .KRELVWVNDOL EDVLQ LV
� ���� NP� WKH PHGLXP ZLGWK LV �� P� DQG WKH PHGLXP GHSWK LV �����
P� 7KH GLVWDQFHV EHWZHHQ VL[ PRQLWRULQJ FURVV�VHFWLRQV ORFDWHG RQ LW �VHH
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nJ� �� DFFRUGLQJO\ DUH� �� NP� � NP� ���� NP� ��� NP DQG �� NP� 7KH
OHQJWK RI WKH ULYHU &KDQLVWVNDOL LV ���� NP� WKH PHGLXP ZLGWK LV ���� P�
DQG WKH PHGLXP GHSWK LV ���� P� 7KH GLVWDQFH EHWZHHQ WZR PRQLWRULQJ
FURVV�VHFWLRQV ORFDWHG RQ LW �VHH nJ� �� LV ���� NP� 7KH OHQJWK RI WKH ULYHU
2FKNKRPXUL LV ���� NP� WKH PHGLXP ZLGWK LV �� P� DQG WKH PHGLXP GHSWK
LV ���� P� 7KH GLVWDQFHV EHWZHHQ PRQLWRULQJ FURVV�VHFWLRQV ORFDWHG RQ LW
�VHH nJ� �� DFFRUGLQJO\ DUH� ���� NP� �� NP DQG �� NP� 7KH OHQJWK RI WKH
ULYHU &KRJD LV �� NP� WKH PHGLXP ZLGWK LV � P� DQG WKH PHGLXP GHSWK
LV ���� P DQG WKH GLVWDQFH EHWZHHQ PRQLWRULQJ FURVV�VHFWLRQV ORFDWHG RQ LW
�VHH nJ� �� LV �� NP�

� 7KH UHVXOWV UHFHLYHG E\ FRPSXWHU PRGHOLQJ
7KH PRGHOLQJ ZDV UHDOL]HG ZLWK DSSOLHG SURJUDPV SDFNDJH IRU ,%0�FRPSDWLEOH
SHUVRQDO FRPSXWHUV IRU FDOFXODWLRQ RI SROOXWLQJ VXEVWDQFHV FRQFHQWUDWLRQ LQ
DQ\ SRLQW RI D ULYHU� ,W DOORZ FDOFXODWH WKH SROOXWDQWV FRQFHQWUDWLRQV LQ DQ\
SRLQW RI WKH ULYHU GHSHQGLQJ RQ SROOXWLRQ FRQGLWLRQV IURP PDQ\ VRXUFHV�
7KLV SDFNDJH LV GHYHORSHG E\ WKH DXWKRUV RI WKH JLYHQ ZRUN >�� �@� ,Q LW DUH
UHDOL]HG VSDWLDOO\ RQH �� WZR � DQG WKUHH � GLPHQVLRQDO DGYHFWLYH � GLmXVLRQ
PRGHOV XQGHU GLmHUHQW LQLWLDO DQG ERXQGDU\ FRQGLWLRQV >� � �@� ,Q SDUWLF�
XODU� D� ZLWK D QRW ORFDO ERXQGDU\ FRQGLWLRQ RQ WKH HQG RI D FRQWUROODEOH
VHFWLRQ ZLWK DQ DOORZDQFH IRU WKH FRHpFLHQW RI QDWXUDO VHOI � SXULnFDWLRQ
RI WKH ULYHU� E� ZLWK D ERXQGDU\ FRQGLWLRQ RI IXOO PL[LQJ DW WKH HQG RI WKH
ULYHU FRQWUROOHG VHFWLRQ� F� ZLWKRXW WKH DFFRXQW RI YHUWLFDO DGYHFWLRQ ZLWK
D QRW ORFDO ERXQGDU\ FRQGLWLRQ RQ WKH HQG RI D FRQWUROODEOH VHFWLRQ ZLWK
DQ DOORZDQFH IRU WKH FRHpFLHQW RI QDWXUDO VHOI � SXULnFDWLRQ RI WKH ULYHU� G�
ZLWKRXW WKH DFFRXQW RI YHUWLFDO DGYHFWLRQ ZLWK D ERXQGDU\ FRQGLWLRQ RI IXOO
PL[LQJ DW WKH HQG RI WKH ULYHU FRQWUROOHG VHFWLRQ� H� GLmXVLRQ HTXDWLRQ ZLWK
D QRW ORFDO ERXQGDU\ FRQGLWLRQ RQ WKH HQG RI D FRQWUROODEOH VHFWLRQ ZLWK
DQ DOORZDQFH IRU WKH FRHpFLHQW RI QDWXUDO VHOI � SXULnFDWLRQ RI WKH ULYHU� I�
GLmXVLRQ HTXDWLRQ ZLWK D ERXQGDU\ FRQGLWLRQ RI IXOO PL[LQJ DW WKH HQG RI
WKH ULYHU FRQWUROOHG VHFWLRQ�
,W LV VXSSRVHG� WKDW WKH UHVHDUFKHG VHFWLRQ RI WKH ULYHU FRQWDLQV VRPH RI

GRW RU H[WHQGHG SROOXWLRQ VRXUFHV� 7KH\ FDQ EH� IRU H[DPSOH� HQGV RI SLSHV�
WKURXJK ZKLFK SROOXWLRQ VRXUFHV GXPS LQ WKH ULYHU ZDVWHV� WKH XQGHUJURXQG
VRXUFHV RU RWKHU ULYHUV UXQQLQJ LQWR WKH UHVHDUFKHG ULYHU RQ D FRQVLGHUHG VHF�
WLRQ� ([DFWO\ VXFK VRXUFHV DUH DJULFXOWXUDO nHOGV� FDWWOH�EUHHGLQJ IDUPV� RQ
WKH ULYHUV ORFDWHG EXLOW�XS DUHDV DQG FRPSDUDWLYHO\ VPDOO ULYHUV� ZKLFK UXQ
LQ WKH ELJ ULYHUV� ,W LV VXSSRVHG� WKDW LQ WKH EHJLQQLQJ RI WKH JLYHQ VHFWLRQ
WKH FRQFHQWUDWLRQV RI SROOXWLQJ VXEVWDQFHV DUH NQRZQ� L�H� WKHLU PHDQLQJV
DUH PHDVXUHG WKDW KDYH SODFH LQ WKH FRQVLGHUHG FDVH LQGHHG� 0RGHOLQJ KDYH

��



$0,0 9RO��� 1R��� ���� .�-� .DFKLDVKYLOL� '�*� *RUGH]LDQL� ��� �

FDUULHG RXW E\ EDVLF ELRORJLFDO SDUDPHWHUV� QLWUDWHV �12�� DQG SKRVSKDWHV
�32��� RXWJRLQJ IURP DJULFXOWXUDO nHOGV DQG FDWWOH�EUHHGLQJ IDUPV� 7KH
PRQLWRULQJ UHVXOWV RI ���� DQG ���� ZHUH XVHG IRU PRGHOLQJ� 7KH LGHD RI
PRGHOLQJ FRQVLVWV LQ WKH IROORZLQJ� 2Q WKH EDVLV RI WKH PRQLWRULQJ UHVXOWV
DUH NQRZQ WKH PHDQ DQQXDO FRQFHQWUDWLRQV RI WKH PHQWLRQHG FRPSRQHQWV
LQ HDFK FRQWURO FURVV�VHFWLRQV RI WKH ULYHUV� ,I ZH DGPLW� WKDW RQ WKH JLYHQ
VHFWLRQ RI WKH ULYHU WKH SROOXWLRQ VRXUFHV GR QRW ZRUN� WKHQ H[LVWLQJ LQ WKH
WRS VHFWLRQ RI WKH ULYHU WKH SROOXWLRQ OHYHO VKRXOG GHFUHDVH LQ WKH ERWWRP
VHFWLRQ DW WKH H[SHQVH RI SURFHHGLQJ LQ WKH ULYHU RI QDWXUDO SURFHVVHV DQG
DELOLW\ RI VHOI SXULnFDWLRQ� ,Q UHDOLW\ IRU WKH .KRELVWVNDOL
V EDVLQ ULYHUV WKLV
IDFW GRHV QRW WDNH SODFH� DV RQ HDFK VHFWLRQ RI WKH ULYHU WKH DSSURSULDWH
SROOXWLRQ VRXUFHV ZRUN� 7KHUHIRUH� LI ZLWK WKH KHOS RI WKH GHYHORSHG PDWK�
HPDWLFDO PRGHOV ZH FDOFXODWH WKH SROOXWLQJ FRPSRQHQW FRQFHQWUDWLRQ LQ WKH
ERWWRP VHFWLRQ RI WKH ULYHU RQ H[LVWLQJ FRQFHQWUDWLRQ LQ WKH WRS VHFWLRQ
DQG DIWHU D FRQGLWLRQ� WKDW RQ WKLV VHFWLRQ RI WKH ULYHU GRHV QRW ZRUN DQ\
SROOXWLRQ VRXUFH H[FHSW RI RWKHU ULYHU �LI VXFK UXQV LQ LW RQ WKLV VHFWLRQ��
WKHQ ZLWK D GLmHUHQFH EHWZHHQ PHDVXUHG DQG FDOFXODWHG FRQFHQWUDWLRQV ZH
HDVLO\ FDOFXODWH SROOXWLQJ FRPSRQHQWV YDOXHV GLVFKDUJHG LQ WKH ULYHU IURP
SROOXWLRQ VRXUFHV ZRUNHG RQ WKLV VHFWLRQ� ,Q FRQVLGHUHG FRQFUHWH FDVH IRU
PRGHOLQJ ZDV XVHG RQH�GLPHQVLRQDO PDWKHPDWLFDO PRGHO RI SROOXWLRQ GLI�
IXVLRQ DQG WUDQVIHU >� � �@� ,W LV FDXVHG E\ WKH IROORZLQJ FLUFXPVWDQFHV�
LQ nUVW� RQ WKH JHRPHWULFDO VL]HV RI WKH FRQVLGHUHG ULYHUV �LQ D FDVH� ZKHQ
OHQJWK RI WKDW VHFWLRQ RI WKH ULYHU� ZKLFK PRGHOLQJ LV FDUULHG RXW� �� WLPHV
DQG PRUH VXUSDVV LWV ZLGWK� WR SURYLGH ZLGWK LV QRW PHDQLQJIXO EHFDXVH RI
IXOO PL[LQJ RI ZDWHU RI WKH ULYHU RQ D FRQVLGHUHG VHFWLRQ RI WKH ULYHU� $OVR�
LI ZLGWK RI WKH ULYHU �� DQG PRUH WLPH VXUSDVVHV LWV GHSWK� IRU WKH VDPH
UHDVRQ� WKH WDNLQJ LQWR DFFRXQW RI GHSWK ORVHV WKH VHQVH >�@�� DQG LQ VHFRQG�
EHFDXVH WKH DYHUDJH \HDU GDWD DUH XVHG DQG WKH DFFXUDF\ RI PRGHO PRUH
KLJK UDQN� LQ WKLV FDVH� ORVHV WKH VHQVH� 7KH PRGHOLQJ UHVXOWV UHFHLYHG E\
XV IRU WKH .KRELVWVNDOL
V EDVLQ ULYHUV ZLWK WKH KHOS RI RQH� WZR DQG WKUHH
GLPHQVLRQDO PRGHOV� SUHFLVHO\ KDYH FRQnUPHG WKH PDQWLRQHG UHDVRQ� ,�H�
WZR DQG WKUHH GLPHQVLRQDO PRGHOV RQ DOO ZLGWK DQG GHSWK ZHUH JLYHQ LGHQWL�
FDO UHVXOWV ZLWK RQH�GLPHQVLRQDO PRGHO WKDW FRPSOHWHO\ FRUUHVSRQGV WR WKH
DERYH�PHQWLRQHG� 7KH FRQFHQWUDWLRQV RI 12� DQG 32� RQ DOO WKH OHQJWKV RI
WKH ULYHUV &KRJD� 2FKNKRPXUL� &KDQLVWVNDOL DQG .KRELVWVNDOL DUH FDOFXODWHG
WKURXJK WKH LGHQWLFDO VWHSV� ,Q FDVH RI WKH ULYHU &KRJD WKH OHQJWK RI WKH
VWHS LV HTXDO WR ������ PHWHUV� LQ FDVH RI WKH U� 2FKNKRPXUL WKH OHQJWK RI
WKH VWHS LV HTXDO WR ������ PHWHUV� LQ FDVH RI WKH U� &KDQLVWVNDOL WKH OHQJWK
RI WKH VWHS LV HTXDO WR ������ PHWHUV� DQG LQ FDVH RI WKH U� .KRELVWVNDOL WKH
OHQJWK RI WKH VWHS LV HTXDO WR ������ PHWHUV� )RU WKH U� &KRJD WKH WLPH
RI IXOO XSGDWLQJ RI ZDWHU� L�H� WKDW WLPH� ZKLFK LV QHFHVVDU\ IRU UXQLQJ RI
ZDWHU IURP D VRXUFH RI WKH ULYHU XS WR LWV FRQoXHQFH LQ RWKHU ULYHU� LV HTXDO
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WR �� K �� PLQ� )RU WKH ULYHUV 2FKNKRPXUL� &KDQLVWVNDOL DQG .KRELVWVNDOL
WKLV WLPH DUH DFFRUGLQJO\ HTXDOHG WR �� K �� PLQ� �� K �� PLQ� � K �� PLQ�
7KHUHIRUH� DW PRGHOLQJ RI WKH ULYHU WKURXJK WKH DSSURSULDWH LQWHUYDO RI WLPH
LW LV SRVVLEOH WDNLQJ RI FDOFXODWHG YDOXH RI FRQFHQWUDWLRQ LQ DQ\ SRLQW RI WKH
ULYHU RQ DOO OHQJWK� DV LW FRUUHVSRQGV WR WKH FRQFHQWUDWLRQ LQ LQLWLDO VHFWLRQ
UHFDOFXODWHG E\ WKH DSSURSULDWH PRGHO LQ WKH LQWHUHVWLQJ SRLQW� ,Q WKH WD�
EOHV �� �� �� � DUH JLYHQ WKH FDOFXODWLRQ UHVXOWV RI PHDQ DQQXDO YDOXHV RI
WKH SROOXWDQWV JRW IURP WKH DSSURSULDWH VRXUFHV LQ VHSDUDWH VHFWLRQV RI WKH
ULYHUV GXULQJ ����� ����� 7KH FDOFXODWLRQ RI PHDQ DQQXDO YDOXHV RI SROOX�
WDQWV GLVFKDUJHG LQ WKH JLYHQ VHFWLRQ IURP DERYH ORFDWHG SROOXWLRQ VRXUFHV
FDUULHG RXW DV IROORZV
6\HDU �NJ \HDU�  �VPHV b VPRG� �PJ VHF� Y(

r
P� VHF

s
�� �VHF� �� �KRXU� ��� �GD\� �

ZKHUH
6\HDU � LV PHDQ DQQXDO YDOXH RI D SROOXWLQJ FRPSRQHQW GLVFKDUJHG LQ WKH

JLYHQ VHFWLRQ RI WKH ULYHU IURP VRXUFHV ZRUNLQJ RQ WKLV VHFWLRQ�
6PHV � LV PHDVXUHG PHDQ DQQXDO YDOXH RI FRQFHQWUDWLRQ RI D SROOXWLQJ

FRPSRQHQW RQ WKH DSSURSULDWH VHFWLRQ�
6PRG � LV PHDQ DQQXDO YDOXH RI FRQFHQWUDWLRQ RI D SROOXWLQJ FRPSRQHQW

FDOFXODWHG E\ WKH PRGHO RQ WKH DSSURSULDWH VHFWLRQ�
Y( � LV WKH oRZ UDWH LQ WKH DSSURSULDWH VHFWLRQ RI WKH ULYHU�
7KH FDOFXODWHG UHVXOWV E\ PDWKHPDWLFDO PRGHOV DUH JLYHQ LQ WKH WDEOHV

�� �� � DQG �� ,Q WKH WZR ODVW FROXPQ RI WKH WDEOHV DUH JLYHQ E\ WKH FRQ�
VLGHUHG ULYHUV EURXJKW PHDQ DQQXDO YROXPHV RI SROOXWLRQ FRPSRQHQWV LQ
SODFHV RI WKHP FRQoXHQFH FDOFXODWHG DV E\ GLUHFWO\ PHDVXUHPHQW UHVXOWV�
DQG E\ GLUHFW VXPPDWLRQ RI WKH FDOFXODWHG E\ PRGHO WKH DSSURSULDWH YDOXHV
LQ VHSDUDWH VHFWLRQV RI WKH ULYHUV� 2Q WKH EDVLV RI WKHVH UHVXOWV LV FRQFOXGHG�
,Q ����� ���� U� &KRJD E\ SDUDPHWHU 12� EDVLFDOO\ ZDV SROOXWHG DW

VRXUFHV� XS WR nUVW FURVV�VHFWLRQ� ,Q ���� E\ SDUDPHWHU 32� WKH ULYHU
ZDV SROOXWHG LQ PRUH WR ERWWRP SDUW� L�H� EHWZHHQ WKH nUVW DQG VHFRQG
FURVV�VHFWLRQV� ,Q ���� WKH VLWXDWLRQ KDV FKDQJHG DOVR LQ SDUDPHWHU 32�
WKH ULYHU ZDV SROOXWHG PRUH XS WR WKH nUVW FURVV�VHFWLRQ� 7KH SROOXWLRQ
RI WKH ULYHU E\ ERWK FRQVLGHUHG SDUDPHWHUV LQ ���� LV VLJQLnFDQW GHFUHDVH
DIWHU FRPSDULVRQ ZLWK ����� E\ SDUDPHWHU 12� IURP ����� WRQ�\HDUV WLOO
����� WRQ�\HDUV � � WLPHV�� DQG E\ SDUDPHWHU 32� IURP ���� NJ�\HDUV WLOO
���� NJ�\HDUV � ���� WLPHV�� $ GLmHUHQFH EHWZHHQ PHDVXUHG DQG FDOFXODWHG
YDOXHV GHnQHG PHDQ DQQXDO YROXPHV RI WKH SROOXWLQJ FRPSRQHQWV EURXJKW
E\ WKH ULYHU &KRJD LQ WKH U� 2FKNKRPXUL� RQ RXU VLJKW� VSHFLnHV KLJK TXDOLW\
RI PRGHOLQJ� LI WDNH LQWR DFFRXQW WKDW FLUFXPVWDQFH� WKDW WKH PRGHOLQJ ZDV
FDUULHG RXW RQ WKH EDVLV RI WKH GHIHFWLYH LQLWLDO GDWD �EHFDXVH RI DEVHQFH RI
WKH EHWWHU�� )RU H[DPSOH� H[SHQVHV RI WKH ULYHU �DV ZHOO DV IRU RWKHU ULYHUV

��
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RI WKH .KRELVWVNDOL
V EDVLQ� FRPSOHWO\ ZDV PHDVXUHG RQO\ LQ ����� LQ ����
RQO\ WKUHH WLPHV ZHUH PHDVXUHG WKH ZDWHU H[SHQVHV� H[DFWO\ DUH QRW NQRZQ
WKH FRHpFLHQWV RI GLmXVLRQ DQG QRQ FRQVHUYDWLYLW\ HWF� 'HVSLWH RI WROG WKH
PRGHOLQJ DQG PHDVXUHPHQW UHVXOWV ZLWK DFFHSWDEOH DFFXUDF\ FRLQFLGH ZLWK
HDFK RWKHU� WKDW VSHFLnHV DFFXUDF\ RI WKH XVHG WHFKQLTXH�
7KH SROOXWLRQ RI WKH ULYHU 2FKNKRPXUL E\ SDUDPHWHU 12� LQ ���� LQ

LWV DOO FRQWURO VHFWLRQV ZDV SUDFWLFDOO\ HTXDOO\� H[FHSW RI ODVW VHFWLRQ� ZKHUH
WKH SROOXWLRQ ��� WLPHV LV VXUSDVVHG RI WKH SROOXWLRQ RI RWKHU VHFWLRQV� ,Q
���� WKH ULYHU LV PRVW RI DOO SROOXWHG ZLWK PDQWLRQHG SDUDPHWHU RQ LQLWLDO
DQG nQDO VHFWLRQV� ,Q ���� WKH WKLUG VHFWLRQ RI WKH ULYHU LV PRVW RI DOO
SROOXWHG E\ SDUDPHWHU 32�� DQG LQ ���� QDPHO\ WKLV VH[WLRQ LV SROOXWHG
OHVV RI DOO� 7KH U� &KRJD UXQV LQ WKH U� 2FKNKRPXUL LQ WKLV VHFWLRQ� $V
DOUHDG\ KDYH QRWHG LQ ���� WKH SROOXWLRQ RI WKH U� &KRJD E\ SDUDPHWHU
12� � WLPHV DUH VXUSDVVHG WKH SROOXWLRQ RI ����� DQG E\ SDUDPHWHU 32� �
���� WLPHV� 7KH SROOXWLRQ RI WKH U� 2FKNKRPXUL RQ WKH ODVW VHFWLRQ �ZKHUH
WKH U� &KRJD UXQV LQ LW� LQ ���� ��� WLPHV DUH VXUSDVVHG WKH SROOXWLRQ RI
���� E\ SDUDPHWHU 12� DQG ��� WLPHV � E\ SDUDPHWHU 32�� 7KH PHDQ
DQQXDO YROXPHV� FDOFXODWHG E\ PRGHO DQG GLUHFWO\ E\ PHDVXUHG PHDQLQJV�
EURXJKW LQ RI SROOXWLRQ FRPSRQHQWV E\ WKH ULYHU 2FKNKRPXUL LQ WKH ULYHU
.KRELVWVNVOL SUDFWLFDOO\ DUH HTXDO DPRQJ WKHPVHOYHV� %URXJKW E\ WKH ULYHU
2FKNKRPXUL LQ WKH ULYHU .KRELVWVNVOL WKH PHDQ DQQXDO YDOXHV RI SROOXWLRQ
FRPSRQHQWV RQ ERWK FRQVLGHUHG FRPSRQHQWV FRQVLGHUDEO\ KDV GHFUHDVHG
DIWHU FRPSDULVRQ ZLWK ����� E\ SDUDPHWHU 12� IURP ����� WRQ�\HDUV WLOO
����� WRQ�\HDUV � � WLPHV�� DQG E\ SDUDPHWHU 32� IURP ������ NJ�\HDUV
WLOO ������ NJ�\HDUV � ���� WLPHV��
7KH U� &KDQLVWVNDOL E\ SDUDPHWHUV 12� DQG 32� ERWK LQ ����� DQG LQ

���� LV PRUH SROOXWHG LQ WKH VHFRQG VHFWLRQ WKDQ LQ WKH nUVW� ,Q WKLV VHFWLRQ
WKH ULYHU SROOXWHV QRW RQO\ E\ WKH DJULFXOWXUDO nHOGV DQG FDWWOH�EUHHGLQJ
IDUPV� EXW DOVR E\ ZDVWH ZDWHU RI WKH FLW\ 7VDOHQGMLNKD WRR� 7KH SROOXWLRQ
RI WKH ULYHU E\ SDUDPHWHU 12� LQ ���� VXUSDVVHV WKH SROOXWLRQ RI ���� DQG
E\ SDUDPHWHU 32� WKH SROOXWLRQ RI ���� ODJV IURP WKH SROOXWLRQ RI �����
,Q SDUWLFXODU� DW ���� WKH PHDQ DQQXDO YROXPH RI WKH FRPSRQHQW 12�
GLVFKDUJHG LQ WKH ULYHU .KRELVWVNDOL LV HTXDO WR ������ WRQ�\HDU� ZKLFK RQ
WKH YROXPH RI ����� ������ WRQ�\HDU� VXUSDVV ��� WLPHV� DQG PHDQ DQQXDO
YROXPH RI WKH FRPSRQHQW 32� LQ ���� LV HTXDO WR ������ NJ�\HDU� ZKLFK ODJV
IURP PHDQ DQQXDO YROXPH RI ����� ������� NJ�\HDUV� ��� WLPHV� &DOFXODWHG
E\ PDWKHPDWLFDO PRGHOV DQG GLUHFWO\ E\ PHDVXUHG YDOXHV EURXJKW E\ WKH
ULYHU &KDQLVWVNDOL LQ WKH ULYHU .KRELVWVNDOL YROXPHV RI SROOXWLRQ FRPSRQHQWV
FRLQFLGH ZLWK HDFK RWKHU E\ YHU\ KLJK DFFXUDF\� ,Q RXU RSLQLRQ� RQH RI WKH
UHDVRQV RI VXFK JRRG UHVXOW FRQVLVWV WKDW FDOFXODWLRQ RI VHOI SXULnFDWLRQ
FRHpFLHQW RI WKH ULYHU IRU FRQVLGHUHG FRPSRQHQWV ZDV SRVVLEOH IRU GDWD RI
WKH ULYHU &KDQLVWVNDOL� ZKLFK ZHUH XVHG IRU WKH RWKHU ULYHUV WRR�

��
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7KH ULYHU .KRELVWVNDOL LQ ���� LV PRVW RI DOO SROOXWHG LQ WKH nUVW DQG
ODVW VHFWLRQV� 2Q WKHVH VHFWLRQV� H[FHSW RI DJULFXOWXUDO nHOGV DQG FDWWOH�
EUHHGLQJ IDUPV WKH ULYHU DFFRUGLQJO\ EHFRPHV SROOXWHG E\ ZDVWH ZDWHU RI
WKH FLWLHV &KNKRURWVNX DQG .KREL� 2Q WKH QH[W SODFH E\ SROOXWLRQ WKHUH
LV WKH IRXUWK VHFWLRQ RI WKH ULYHU� ZKHUH WKH ULYHU &KDQLVWVNDOL UXQV LQWR
LW� ,Q ���� WKH ULYHU LV DOPRVW HTXDOO\ SROOXWHG LQ WKH nUVW DQG IRXUWK
VHFWLRQV� L�H� WKH VHFWLRQV RQ ZKLFK ZRUN WKH FLW\ &KNKRURWVNX DQG WKH U�
&KDQLVWVNDOL� 7KH ODVW VHFWLRQ� ZKHUH RQ WKH ULYHU ZRUN WKH FLW\ .KREL� LV
RQH RI OHDVW SROOXWHG� 7KLV IDFW LV YHU\ PXFK LQWHUHVWLQJ� ZKLFK RQH PRUH
WLPH FRQnUPV WKH UHDVRQ� WKDW E\ WKH FRQVLGHUHG FRPSRQHQWV WKH EDVLF
SROOXWLRQ VRXUFHV RI WKH ULYHUV DUH DJULFXOWXUDO nHOGV DQG FDWWOH �EUHHGLQJ
IDUPV� 7KH SROOXWLRQ RI WKH U� .KRELVWVNDOL E\ WKH SDUDPHWHU 12� LQ ����
VXUSDVVHV WKH SROOXWLRQ RI ���� DQG E\ SDUDPHWHU 32� WKH SROOXWLRQ RI ����
ODJV EHKLQG SROOXWLRQ RI ����� ,Q SDUWLFXODU� E\ WKH ULYHU .KRELVWVNDOL LQ
WKH %ODFN 6HD LQWURGXFHG WKH PHDQ DQQXDO YROXPH RI WKH FRPSRQHQW 12�
LV HTXDO WR ������ WRQ�\HDU� ZKLFK VXUSDVVHV WKH YROXPH RI ���� ������
WRQ�\HDUV ��� WLPHV� DQG WKH PHDQ DQQXDO YROXPH RI WKH FRPSRQHQW 32�
IRU ���� LV HTXDO ������� NJ�\HDU� ZKLFK ODJ IURP WKH PHDQ DQQXDO YROXPH RI
���� ������� NJ�\HDU ��� WLPHV� 7KH FDOFXODWHG E\ WKH PDWKHPDWLFDO PRGHO
DQG LQ GLUHFW E\ PHDVXUHG YDOXHV EURXJKW E\ WKH ULYHU .KRELVWVNDOL LQ WKH
%ODFN 6HD YROXPHV RI SROOXWLRQ FRPSRQHQWV FRLQFLGH ZLWK HDFK RWKHU ZLWK
DFFHSWDEOH DFFXUDF\� HVSHFLDOO\ LI ZH ODNH LQWR DFFRXQW WKH DERYH PHQWLRQHG
�LQ FDVH RI WKH ULYHU &KRJD��

� &RQFOXVLRQ
:LWK DSSOLFDWLRQ RI WKH PDWKHPDWLFDO PRGHOV� GHYHORSHG E\ DXWKRUV RI WKLV
ZRUN� DQG DSSURSULDWH SURJUDP UHDOL]DWLRQV RI WUDQVSRUW LQ WKH ULYHUV RI
SROOXWLRQ FRPSRQHQWV KDYH FDUULHG RXW WKH FDOFXODWLRQ RI SROOXWLRQ FRP�
SRQHQWV YDOXHV GLVFKDUJHG IRU ���� DQG ���� RQ VHFWLRQV RI WKH ULYHUV EH�
WZHHQ WKH FRQWURO FURVV�VHFWLRQV IURP DSSURSULDWH SROOXWLRQ VRXUFHV� %\ WKH
KHOS RI WKHVH YDOXHV� �� KDYH HVWLPDWHG D VKDUH RI WKH SROOXWLRQ VRXUFHV
ZRUNLQJ RQ HDFK RI WKH VHFWLRQ RI WKH ULYHU LQ WRWDO DPRXQW RI WKH ULYHU
SROOXWLRQ� �� KDYH HVWLPDWHG D FKDQJH RI SROOXWLRQ FRPSRQHQWV YDOXHV GLV�
FKDUJHG IRU ����� ���� RQ VHSDUDWH VHFWLRQV RI WKH ULYHU� L�H� LQ WKH FRQFUHWH
WKH HpFLHQF\ RI WKRVH PHDVXUHV ZKLFK ZHUH FDUULHG RXW LQ WKHVH \HDUV RQ
WKH PDQWLRQHG SROOXWLRQ VRXUFHV LQ WKH DSSURSULDWH UHJLRQ� �� ZLWKLQ WKH
IUDPHZRUN RI WKRVH RSSRUWXQLWLHV� ZKLFK DUH JLYHQ E\ GLYLVLRQ RI WKH ULYHUV
LQWR WKH PRQLWRULQJ VHFWLRQV� IURP HDFK RWKHU KDYH GLYLGHG ZRUNLQJ RQ WKH
ULYHU DJULFXOWXUDO DQG RWKHUV �IRU H[DPSOH� FLWLHV� ORFDWHG RQ WKH ULYHUV� LQWR
WKHP UXQ RWKHU ULYHUV� SROOXWLRQ VRXUFHV� �� GHYHORSHG DQG WHVWHG RQ WKH
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UHDO GDWD WKH PDWKHPDWLFDO PRGHOV RI ULYHUV SROOXWLRQ DUH WKH FRPSRQHQW RI
HFRORJR�HFRQRPLF PRGHOV RI WKH FRQVLGHUHG DJULFXOWXUDO UHJLRQ ZLWK ZKLFK
KHOS SRVVLEO\ WR FDOFXODWH HFRORJLFDO ORDGLQJ FRPLQJ RQ WKH HQYLURQPHQW� LQ
SDUWLFXODU� RQ FORVHO\ OD\LQJ ULYHU DQG DJULFXOWXUDO nHOGV IURP WKH VLQJOH DUHD
RI D IDUPHU nOG LQ YLHZ RI LWV LQLWLDO FRQGLWLRQ DQG EURXJKW LQ IHUWLOL]HUV� DQG
DOVR LQ WKH H[LVWLQJ VLWXDWLRQ WR FDOFXODWH TXDQWLW\ DQG TXDOLW\ RI H[SHFWHG
KDUYHVW RI FRQFUHWH DJULFXOWXUDO FXOWXUH� RQ WKH EDVLV RI WKDW ZLOO EH DSSUH�
FLDWHG WKH H[SHFWHG HFRQRPLF HpFLHQF\ UHDOL]HG DJULFXOWXUDO SURMHFWV DQG
WR WKH IDUPHUV ZLOO EH JLYHQ WKH HFRQRPLFDOO\ MXVWLnHG UHFRPPHQGDWLRQV IRU
DFWLRQ�
7KH WDEOH �� 7KH FDOFXODWLRQ UHVXOWV RI SROOXWDQWV PHDQ DQQXDO PHDQLQJV

JRW IURP WKH DSSURSULDWH VRXUFHV LQ VHSDUDWH VLWHV RI WKH U� &KRJD GXULQJ
����� �����

7KH WDEOH �� 7KH FDOFXODWLRQ UHVXOWV RI SROOXWDQWV PHDQ DQQXDO PHDQLQJV
JRW IURP WKH DSSURSULDWH VRXUFHV LQ VHSDUDWH VLWHV RI WKH U� 2FKNKRPXUL
GXULQJ ����� �����
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7KH WDEOH �� 7KH FDOFXODWLRQ UHVXOWV RI SROOXWDQWV PHDQ DQQXDO PHDQLQJV
JRW IURP WKH DSSURSULDWH VRXUFHV LQ VHSDUDWH VLWHV RI WKH U� &KDQLVWVNDOL
GXULQJ ����� �����

7KH WDEOH �� 7KH FDOFXODWLRQ UHVXOWV RI SROOXWDQWV PHDQ DQQXDO PHDQLQJV
JRW IURP WKH DSSURSULDWH VRXUFHV LQ VHSDUDWH VLWHV RI WKH U� .KRELVWVNDOL
GXULQJ ����� �����
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)LJ� �� 7KH ULYHU .KRELVWVNDOL
V EDVLQ ZLWK FRQWURO VHFWLRQV�
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