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'HSDUWPHQW RI &LYLO (QJLQHHULQJ� 7KH 8QLYHUVLW\ RI +RQJ .RQJ� 3RNIXODP 5RDG� +RQJ .RQJ� &KLQD

�5HFHLYHG -XQH �� ����� $FFHSWHG 1RYHPEHU �� �����
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.H\ZRUGV� FRPSRVLWH EULGJH� H[WUHPH DQDO\VLV� WHPSHUDWXUH� WHPSHUDWXUH JUDGLHQW� WKHUPDO UHVSRQVH�

�� ,QWURGXFWLRQ

,W KDV ORQJ EHHQ UHFRJQLVHG WKDW WKH WHPSHUDWXUH LQ EULGJH GHFNV YDULHV ZLWK WKH H[WHUQDO

HQYLURQPHQW� $SDUW IURP WKH RYHUDOO PRYHPHQW DQG GHIRUPDWLRQ RI EULGJH GHFNV LQ UHVSRQVH WR

FKDQJHV LQ WKH HIIHFWLYH EULGJH WHPSHUDWXUH� VWUHVVHV DUH VHW XS GXH WR FKDQJHV LQ WHPSHUDWXUH

JUDGLHQW ZLWKLQ WKH FURVV VHFWLRQ� 6XFK WKHUPDO ORDGLQJ LQIOXHQFHV QRW RQO\ WKH GHVLJQ RI PRYHPHQW

MRLQWV DQG EULGJH EHDULQJV� EXW DOVR WKH EULGJH GHFNV� EULGJH SLHUV DQG RWKHU VWUXFWXUDO HOHPHQWV�

2YHUORRNLQJ WKH HIIHFWV RI VXFK UHSHDWHG F\FOHV RI KHDWLQJ DQG FRROLQJ PLJKW JLYH ULVH WR GLVWUHVV LQ

YDULRXV SDUWV RI WKH VWUXFWXUH�
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��� )�7�.� $X� 6�.� &KHXQJ DQG /�*� 7KDP

HIIHFW RI DVSKDOW VXUIDFLQJ� 6XEVHTXHQW UHVHDUFK ZRUN RQ WKH WRSLF PDLQO\ FRQFHQWUDWHG RQ WKH

SUHGLFWLRQ RI WHPSHUDWXUH GLVWULEXWLRQ IRU GLIIHUHQW IRUPV RI EULGJHV� 7KH\ LQFOXGHG WKH ZRUN RQ VWHHO

GHFNV E\ &DSSV ������� FRQFUHWH GHFN E\ +XQW DQG &RRNH ������ DQG FRPSRVLWH GHFN E\ (PHUVRQ

������ DV ZHOO DV .HQQHG\ DQG 6ROLPDQ �������

�� 5HYLHZ RI GHVLJQ FRGHV

,QYHVWLJDWLRQV LQ WKH WKHUPDO EHKDYLRXU RI EULGJHV LQ WKH 8�.� ZHUH SULPDULO\ FDUULHG RXW E\ WKH

7UDQVSRUW DQG 5RDG 5HVHDUFK /DERUDWRU\ �755/�� (PHUVRQ ������ UHSRUWHG WKDW WKH WHPSHUDWXUH

GLVWULEXWLRQ GRZQ WKH GHSWK ZDV QRQ�OLQHDU� ZKLFK LPSOLHV WKDW WKHUPDO VWUHVVHV ZLOO DOZD\V EH LQGXFHG

ZKHWKHU WKH VWUXFWXUH LV VLPSO\ VXSSRUWHG RU FRQWLQXRXV� ,Q DGGLWLRQ� WKH 755/ DOVR VWXGLHG WKH WKHUPDO

PRYHPHQWV DV ZHOO DV WKH HVWLPDWLRQ RI WHPSHUDWXUH GLVWULEXWLRQ IURP WKH VKDGH WHPSHUDWXUH �&DSSV

����� (PHUVRQ ����� (PHUVRQ ������ 7KH FRGH %6���� �%6, ����� HQFRPSDVVLQJ WKH GHVLJQ RI VWHHO�

FRQFUHWH DQG FRPSRVLWH EULGJHV ZDV LQWURGXFHG LQ ����� 7KH SDUW RQ WKHUPDO ORDGLQJ ZDV DFWXDOO\

GUDIWHG RQ WKH EDVLV RI WKH ILQGLQJV RI WKH 755/�

+RZHYHU� DV FOLPDWLF FRQGLWLRQV GLIIHU� WKH FRQFOXVLRQV DQG GHVLJQ UXOHV GUDZQ XS IRU RQH FRXQWU\

FRXOG QRW EH DSSOLHG JHQHUDOO\� ZLWKRXW PRGLILFDWLRQ� LQ DQRWKHU� ,Q YLHZ RI WKLV� YDULRXV SURJUDPPHV

RQ WKH PHDVXUHPHQWV RI WHPSHUDWXUH GLVWULEXWLRQV LQ KLJKZD\ EULGJHV ZHUH LQLWLDWHG E\ WKH +LJKZD\V

'HSDUWPHQW �+\'� RI WKH +RQJ .RQJ *RYHUQPHQW VWDUWLQJ IURP ����� 7KH &DVWOH 3HDN� 7H[DFR 5RDG

)O\RYHU DQG WKH &RUQZDOO 5RDG� :DWHUORR 5RDG� -XQFWLRQ 5RDG ,QWHUFKDQJH KDYH EHHQ VWXGLHG LQ GHWDLO

�/LX ����� +R DQG /LX ������ 7KHVH ILQGLQJV ZHUH H[WHQVLYHO\ XVHG LQ WKH ORFDO GHVLJQ FRGHV VXFK DV WKH

FXUUHQWO\ XVHG 6WUXFWXUHV 'HVLJQ 0DQXDO IRU +LJKZD\V DQG 5DLOZD\V �6'0+5� �+\' ������ 7KH

UHOHYDQW VHFWLRQ RI WKH ORFDO FRGH RQ WKHUPDO ORDGLQJ KDV EHHQ ZULWWHQ JHQHUDOO\ LQ OLQH ZLWK WKH %ULWLVK

FRGH� H[FHSW WKDW FHUWDLQ SDUDPHWHUV KDYH EHHQ DGMXVWHG WR DFFRXQW IRU WKH ORFDO FOLPDWLF FRQGLWLRQV�

'HSHQGLQJ RQ WKH W\SH RI FRQVWUXFWLRQ� EULGJH GHFNV DUH GLYLGHG LQWR IRXU JURXSV� QDPHO\ VWHHO GHFN RQ

VWHHO ER[ JLUGHU �7\SH ��� VWHHO GHFN RQ VWHHO WUXVV RU SODWH JLUGHU �7\SH ��� FRQFUHWH GHFN RQ VWHHO ER[�

WUXVV RU SODWH JLUGHUV �7\SH ��� DQG FRQFUHWH VODE DQG FRQFUHWH EHDP�DQG�VODE GHFN �7\SH ��� (IIHFWLYH

EULGJH WHPSHUDWXUHV DQG WHPSHUDWXUH GLIIHUHQFHV DUH VSHFLILHG IRU YDULRXV JURXSV RI VWUXFWXUHV� 7KH

QHFHVVDU\ DGMXVWPHQWV IRU WKLFNQHVV RI VXUIDFLQJ DQG KHLJKW DERYH PHDQ VHD OHYHO DUH DOVR VSHFLILHG�

+RZHYHU WKHVH UHFRPPHQGDWLRQV KDYH EHHQ GUDIWHG RQ WKH EDVLV RI ILHOG PHDVXUHPHQWV LQ FRQFUHWH

EULGJHV RQO\�

'LIIHUHQW DSSURDFKHV KDYH EHHQ DGRSWHG IRU WKH VSHFLILFDWLRQ RI WKHUPDO ORDGLQJ IRU EULGJHV LQ

GLIIHUHQW FRXQWULHV� ,Q WKH 8QLWHG 6WDWHV� GHWDLOHG VSHFLILFDWLRQ RI WKH SRVLWLYH DQG UHYHUVH WHPSHUDWXUH

JUDGLHQWV DUH JLYHQ IRU FRQFUHWH DQG FRPSRVLWH EULGJHV E\ WKH $$6+72 &RGH �$$6+72 ������

+RZHYHU� RQO\ WKH H[WUHPH HIIHFWLYH EULGJH WHPSHUDWXUHV DUH JLYHQ IRU VWHHO EULGJHV �$$6+72 ������

7KLV LV SUREDEO\ GXH WR WKH VPDOOHU WHPSHUDWXUH JUDGLHQWV FDXVHG E\ WKH KLJKHU WKHUPDO FRQGXFWLYLW\ RI

VWHHO� ,QYHVWLJDWLRQV LQ 1HZ =HDODQG ZHUH PDLQO\ IRFXVHG RQ WKH WHPSHUDWXUH�GHSWK UHODWLRQVKLS ZLWKLQ

WKH EULGJH GHFN� 3ULHVWOH\ ������ SURSRVHG D QRQ�OLQHDU GLVWULEXWLRQ UHSUHVHQWHG E\ D ILIWK�RUGHU

SRO\QRPLDO DW WKH WRS� D XQLIRUP VHJPHQW LQ WKH PLGGOH DQG D OLQHDU GLVWULEXWLRQ DW WKH ERWWRP� ,Q

&DQDGD� WKH 2QWDULR +LJKZD\ %ULGJH 'HVLJQ &RGH �2+%'&� �0LQLVWU\ RI 7UDQVSRUW� &DQDGD� �����

VSHFLILHV WKH HIIHFWLYH WHPSHUDWXUH IRU GLIIHUHQW W\SHV RI EULGJHV� $SDUW IURP WKDW� DQ HIIHFWLYH

FRQVWUXFWLRQ WHPSHUDWXUH RI ��R& LV DOVR DVVXPHG LQ WKH FDOFXODWLRQ RI WKHUPDO H[SDQVLRQ DQG

FRQWUDFWLRQ�



'HVLJQ WKHUPDO ORDGLQJ IRU FRPSRVLWH EULGJHV LQ WURSLFDO UHJLRQ ���

�� ,QYHVWLJDWLRQV E\ VFDOH PRGHOV

7KH PRVW LGHDO PHWKRG RI LQYHVWLJDWLRQ LV WR LQVWUXPHQW SURWRW\SH EULGJHV IRU WHPSHUDWXUH PRQLWRULQJ�

+RZHYHU� IRU YDULRXV SUDFWLFDO UHDVRQV� LW PD\ QRW EH SRVVLEOH WR SXW LQVWUXPHQWDWLRQ LQ DOO WKH

FRPSRQHQWV RI LQWHUHVW� )RU H[DPSOH� WURXJK VWLIIHQHUV DQG ER[ JLUGHUV FDQQRW QRUPDOO\ EH GULOOHG

WKURXJK� RWKHUZLVH WKH ZDUUDQW\ ZLOO EHFRPH YRLG� ,W LV WKHUHIRUH QHFHVVDU\ WR FRPSOHPHQW VXFK RQ VLWH

PRQLWRULQJ RI DFWXDO VWUXFWXUHV ZLWK H[SHULPHQWV RQ VFDOH PRGHOV� 7KUHH VWHHO VHJPHQWDO PRGHOV �)LJ� ��

ZLWK LQVWUXPHQWDWLRQ KDYH EHHQ VHW XS RQ WKH URRI RI D EXLOGLQJ RQ WKH FDPSXV RI WKH 8QLYHUVLW\ RI

+RQJ .RQJ VLQFH ���� �$X HW DO� ������

7KH PRGHOV LQFOXGH WZR ER[ JLUGHU VHFWLRQV DQG D SODWH JLUGHU VHFWLRQ� DOO RI ZKLFK KDYH EHHQ

IDEULFDWHG IURP VWHHO SODWHV� %RWK ER[ JLUGHU VHFWLRQV KDYH FURVV VHFWLRQDO GLPHQVLRQV RI ��� PPî���

PP� 2QH RI WKHP KDV WKH HQGV RSHQ VR WKDW WKH FHOO LV IUHHO\ YHQWLODWHG ZKLOH WKH RWKHU KDV ERWK HQGV

EORFNHG E\ SO\ZRRG WR VLPXODWH QRUPDO ER[ JLUGHUV LQ ZKLFK WKH LQWHULRU LV QRW IUHHO\ YHQWLODWHG� 7KH

SODWH JLUGHU VHFWLRQ FRPSULVHV D ���� PP ZLGH VWHHO SODWH VXSSRUWHG RQ WZR ,�EHDP VHFWLRQV RI ��� PP

GHSWK� 3ODWLQXP UHVLVWDQFH W\SH GHWHFWRUV DUH XVHG WR PHDVXUH WHPSHUDWXUHV RI WKH VWHHO SODWHV DQG VKDGH

WHPSHUDWXUHV DW YDULRXV ORFDWLRQV� �� FKDQQHOV DUH SURYLGHG RQ HDFK ER[ JLUGHU PRGHO DQG �� FKDQQHOV

DUH SURYLGHG RQ WKH SODWH JLUGHU VHFWLRQ� 0HDVXUHPHQWV DUH WDNHQ DQG VWRUHG E\ GDWD ORJJHUV DW KDOI�KRXU

LQWHUYDOV� 'DWD UHWULHYDO LV WKHQ GRQH E\ D QRWHERRN FRPSXWHU HYHU\ IRUWQLJKW�

6WDWLVWLFDO FRUUHODWLRQ ZDV FDUULHG RXW EHWZHHQ WKH ILHOG PHDVXUHPHQWV DQG WKH PHWHRURORJLFDO GDWD

JLYHQ E\ WKH +RQJ .RQJ 2EVHUYDWRU\ �$X HW DO� ������ ,W VKRZV WKDW WKH GDLO\ PD[LPXP WHPSHUDWXUH RI

WKH EULGJH GHFN GHSHQGV RQ ERWK WKH GDLO\ PD[LPXP DLU WHPSHUDWXUH DQG WKH JOREDO VRODU UDGLDWLRQ�

)URP WKH PXOWLSOH OLQHDU FRUUHODWLRQV GRQH RQ WKH GDWD IURP -XO\ ���� WR 'HFHPEHU ����� D FRUUHODWLRQ

FRHIILFLHQW ODUJHU WKDQ ���� ZDV REWDLQHG� +RZHYHU� WKH GDLO\ PLQLPXP WHPSHUDWXUH RI WKH EULGJH GHFN

ZDV VKRZQ WR FRUUHODWH ZLWK WKH GDLO\ PLQLPXP DLU WHPSHUDWXUH RQO\� DQG D FRUUHODWLRQ FRHIILFLHQW

ODUJHU WKDQ ���� ZDV REWDLQHG IURP VLPSOH OLQHDU FRUUHODWLRQ�

+RXUO\ JOREDO VRODU UDGLDWLRQ GDWD DUH DYDLODEOH IURP WKH +RQJ .RQJ 2EVHUYDWRU\� 7KH\ UHSUHVHQW WKH

WRWDO HIIHFW RI GLUHFW DQG GLIIXVH VRODU UDGLDWLRQ RQ D KRUL]RQWDO VXUIDFH� +RZHYHU VLPLODU GDWD RQ

VXUIDFHV RI GLIIHUHQW RULHQWDWLRQV QHHG WR EH FDOFXODWHG DQG WKH DSSURDFK VXJJHVWHG E\ <LN HW DO� ������

KDV EHHQ DGRSWHG� )URP SUHYLRXV ZRUN FDUULHG RXW LQ WKH ����V �/LX ����� +R DQG /LX ������ LW LV

)LJ� � 6FDOHG PRGHOV XVHG LQ LQYHVWLJDWLRQ



��� )�7�.� $X� 6�.� &KHXQJ DQG /�*� 7KDP

HYLGHQW WKDW WKH FRROLQJ RI WKH EULGJH GHFN DW QLJKW DOVR GHSHQGV RQ WKH RXWJRLQJ UDGLDWLRQ� 6LPLODU

UDWLRQDOH ZDV IROORZHG WR IRUPXODWH WKH RXWJRLQJ UDGLDWLRQ DW QLJKW�

�� 7KHRUHWLFDO EDFNJURXQG

7KH WKHUPDO EHKDYLRXU RI D EULGJH VHFWLRQ LV JHQHUDOO\ JRYHUQHG E\ WKH PHWHRURORJLFDO IDFWRUV DQG WKH

SURSHUWLHV RI FRQVWUXFWLRQ PDWHULDOV RI WKH EULGJH� $PRQJ YDULRXV PHWHRURORJLFDO IDFWRUV� WKH DPELHQW

DLU WHPSHUDWXUH DQG WKH LQWHQVLW\ RI VRODU UDGLDWLRQ KDYH EHHQ VKRZQ WR EH LQIOXHQWLDO� 7KH WHPSHUDWXUH

GLVWULEXWLRQ DW D VHFWLRQ LV QRUPDOO\ GHVFULEHG E\ LWV HIIHFWLYH WHPSHUDWXUH DQG WKH WHPSHUDWXUH

GLIIHUHQFH WKHUH� 7KH HIIHFWLYH WHPSHUDWXUH LV WKH ZHLJKWHG PHDQ YDOXH RI WHPSHUDWXUH DW WKH VHFWLRQ

GHILQHG DV

���

ZKHUH ( LV WKH <RXQJ¶V PRGXOXV� α LV WKH FRHIILFLHQW RI WKHUPDO H[SDQVLRQ� 7 LV WKH WHPSHUDWXUH� G$

LV WKH GLIIHUHQWLDO FURVV�VHFWLRQDO DUHD� DQG LQWHJUDWLRQ LV FDUULHG RXW RYHU WKH ZKROH FURVV VHFWLRQ�

7KH WHPSHUDWXUH GLIIHUHQFH UHIHUV WR WKH GLIIHUHQFH LQ WHPSHUDWXUH IURP WKDW DW D FKRVHQ UHIHUHQFH

SRLQW LQ WKH VHFWLRQ� 7KH GDLO\ H[WUHPH DLU WHPSHUDWXUHV XVXDOO\ DIIHFW WKH HIIHFWLYH WHPSHUDWXUH ZKLOH

WKH VRODU UDGLDWLRQ XVXDOO\ FRQWULEXWHV WR WKH WHPSHUDWXUH GLIIHUHQFH LQ WKH VHFWLRQ� 7KH RYHUDOO

H[SDQVLRQ RI WKH EULGJH GHFN FDQ EH FDOFXODWHG IURP WKH SURGXFW RI WKH FKDQJH LQ HIIHFWLYH WHPSHUDWXUH�

WKH FRHIILFLHQW RI WKHUPDO H[SDQVLRQ DQG WKH WRWDO OHQJWK� ,I WKH GHFN ZHUH UHVWUDLQHG� WKH WHPSHUDWXUH

GLIIHUHQFH ZRXOG WHQG WR LQGXFH D EHQGLQJ PRPHQW JLYHQ E\

���

ZKHUH \ LV WKH GLVWDQFH IURP WKH KRUL]RQWDO FHQWURLGDO D[LV RI WKH VHFWLRQ� 6WUHVVHV PD\ EH LQGXFHG

GHSHQGLQJ RQ WKH DELOLW\ RI WKH VWUXFWXUH WR GHIRUP�

6LQFH WKH HIIHFW RI WHPSHUDWXUH JUDGLHQW RQ WKH VWUXFWXUDO EHKDYLRXU LV FRQVLGHUDEOH� WKH SUHGLFWLRQ RI

WKLV JUDGLHQW LQ GLIIHUHQW VWUXFWXUHV DFFRUGLQJ WR WKH ORFDO PHWHRURORJLFDO FRQGLWLRQ EHFRPHV HVVHQWLDO�

7KH WHPSHUDWXUH GLVWULEXWLRQ ZLWKLQ D VHFWLRQ LV JRYHUQHG E\ KHDW FRQGXFWLRQ LQVLGH LWV ERG\� DQG WKH

FRQYHFWLYH DQG UDGLDWLYH KHDW H[FKDQJH ZLWK WKH VXUURXQGLQJ HQYLURQPHQW� 8QGHU QRUPDO FLUFXPVWDQFHV� WKH

ORQJLWXGLQDO KHDW IORZ LQ D SULVPDWLF VHFWLRQ FDQ EH QHJOHFWHG� %HFDXVH RI WKH KLJK WKHUPDO FRQGXFWLYLW\

DQG VPDOO WKLFNQHVV RI VWHHO SODWH� WKH WHPSHUDWXUH JUDGLHQW DFURVV WKH WKLFNQHVV LV QHJOHFWHG� 7KHUHIRUH�

FRQGXFWLYH KHDW IORZ LV RQO\ FRQVLGHUHG DORQJ WKH ZLGWK RI HDFK VWHHO SODWH� )RU WKH PRGHOOLQJ RI WKH

FRQFUHWH VODE� D VLPSOLILHG ILQLWH HOHPHQW PHVK VLPXODWLQJ WKH WZR�GLPHQVLRQDO KHDW IORZ LV DGRSWHG�

+HDW H[FKDQJH ZLWK VXUURXQGLQJ WKURXJK FRQYHFWLRQ DQG UDGLDWLRQ WDNHV SODFH RQ WKH WZR VXUIDFHV RQO\�

7KH WUDQVLHQW RQH�GLPHQVLRQDO KHDW IORZ E\ FRQGXFWLRQ LQ D KRPRJHQHRXV VROLG IROORZV )RXULHU¶V ODZ

���

ZKHUH N LV WKH WKHUPDO FRQGXFWLYLW\� ρ LV WKH GHQVLW\� F LV WKH VSHFLILF KHDW FDSDFLW\� DQG 7 LV WKH

WHPSHUDWXUH DW SRVLWLRQ [ DW WLPH W� $W WKH LQWHUIDFH ZLWK VXUURXQGLQJ� WKH KHDW IORZ UHODWLRQVKLS ZLWK

7
H

(α7G$ (αG$∫⁄∫=

0� (α7\G$∫=

N
∂�
7

∂[�
�������� ρF∂7

∂W
������=



'HVLJQ WKHUPDO ORDGLQJ IRU FRPSRVLWH EULGJHV LQ WURSLFDO UHJLRQ ���

FRQYHFWLRQ DQG UDGLDWLRQ GXULQJ GD\WLPH LV JLYHQ E\

���

ZKHUH K LV WKH ILOP FRHIILFLHQW� 7
D
LV WKH DPELHQW WHPSHUDWXUH� α LV WKH DEVRUSWLYLW\� , LV WKH VRODU

LQWHQVLW\� DQG Q LV WKH QRUPDO WR WKH VXUIDFH� $ VLPLODU HTXDWLRQ DW QLJKW ZKHQ WKHUH LV RXWJRLQJ

UDGLDWLRQ HPLWWHG IURP WKH EULGJH FDQ EH ZULWWHQ� DQG LW GHSHQGV RQ WKH HPLVVLYLW\ RI WKH VXUIDFH ξ�
7R DSSO\ WKH DERYH WKHRU\ WR WKH EULGJH VHFWLRQ� WKH VHFWLRQ LV GLVFUHWL]HG LQWR HOHPHQWV DV VKRZQ LQ

)LJ� �� 1RWH WKDW WKH FRQFUHWH VODE LV PRGHOOHG DV D JULOODJH RI VLPLODU HOHPHQWV IRU FRQYHQLHQFH� 7KLV LV

DOUHDG\ EHWWHU WKDQ WKH ILQLWH GLIIHUHQFH PHWKRG DGRSWHG E\ WKH SUHYLRXV ZRUN RQ FRQFUHWH EULGJHV �/LX

����� +R DQG /LX ������ %DVHG RQ WKH YDULDWLRQDO DSSURDFK� WKH HTXDWLRQ JRYHUQLQJ KHDW WUDQVIHU FDQ EH

ZULWWHQ DV

���

ZKHUH E DQG / DUH WKH WKLFNQHVV DQG OHQJWK RI WKH HOHPHQW UHVSHFWLYHO\� 1RWH WKDW WKH VXEVFULSWV D

DQG E FRUUHVSRQG WR VLGHV $ DQG % RI WKH HOHPHQW UHVSHFWLYHO\�

)ROORZLQJ WKH VWDQGDUG ILQLWH HOHPHQW SURFHGXUH� RQH FDQ HDVLO\ DVVHPEOH WKH FKDUDFWHULVWLF PDWULFHV

DQG VROYH IRU WKH WHPSHUDWXUH GLVWULEXWLRQ RI WKH VHFWLRQ E\ FDUU\LQJ RXW IRUZDUG WLPH PDUFKLQJ �7RQJ HW

DO� ������ ,Q WKH DQDO\VLV� D QXPEHU RI SDUDPHWHUV DUH UHTXLUHG� 7KH GHQVLW\ ρ� WKH VSHFLILF KHDW FDSDFLW\
F DQG WKH WKHUPDO FRQGXFWLYLW\ N DUH NQRZQ IDLUO\ DFFXUDWHO\� +RZHYHU� WKH ILOP FRHIILFLHQWV DQG KHDW

IOX[ GHSHQG RQ WKH HQYLURQPHQW DQG PD\ QRW EH UHDGLO\ DYDLODEOH� 7KH ILOP FRHIILFLHQW K DW D VXUIDFH

UHSUHVHQWV WKH WRWDO DPRXQW RI WKHUPDO HQHUJ\ ORVW SHU XQLW DUHD WR WKH VXUURXQGLQJ FDXVHG E\ D XQLW

WHPSHUDWXUH GLIIHUHQFH EHWZHHQ WKH VXUIDFH DQG WKH VXUURXQGLQJ� 7KHUPDO HQHUJ\ LV ORVW WR WKH

VXUURXQGLQJ DW GLIIHUHQW UDWHV E\ QDWXUDO FRQYHFWLRQ� IRUFHG FRQYHFWLRQ DQG UDGLDWLRQ� (DFK NLQG RI KHDW

H[FKDQJH ZRXOG EH JRYHUQHG E\ LWV RZQ KHDW WUDQVIHU FRHIILFLHQW� )RU VLPSOLFLW\� YDULRXV UHVHDUFKHUV

�&DSSV ����� (PHUVRQ ����� /LX ����� 7RQJ ����� KDYH FRPELQHG WKH KHDW ORVVHV E\ FRQYHFWLRQ DQG

UDGLDWLRQ� DQG JHQHUDWHG WKH ILOP FRHIILFLHQW K WKDW JRYHUQV WKH WRWDO HIIHFW RI KHDW ORVV� ,W ZDV VKRZQ E\

WKHVH UHVHDUFKHUV WKDW WKH ILOP FRHIILFLHQW YDULHV IURP � :�.�P� WR �� :�.�P� GHSHQGLQJ RQ ZLQG
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��� )�7�.� $X� 6�.� &KHXQJ DQG /�*� 7KDP

VSHHG� ORFDWLRQ DQG RULHQWDWLRQ RI WKH VXUIDFH� 7KHVH YDOXHV PD\ EH XVHG LQ WKH DQDO\VLV EXW LW PD\ EH

QHFHVVDU\ WR FDUU\ RXW D SDUDPHWULF VHDUFK WR HVWDEOLVK WKH EHVW YDOXHV IRU WKH JLYHQ HQYLURQPHQWDO

FRQGLWLRQV� 7DEOH � VKRZV WKH LQLWLDO SDUDPHWHUV DGRSWHG IRU WKH VWXG\ FDUULHG RXW E\ 7RQJ ������ FRPSDUHG

ZLWK WKRVH DGRSWHG E\ &DSSV ������ DQG+LUVW ������� 7KH DEVRUSWLYLW\ α DQG WKH HPLVVLYLW\ ξ DUH OHVV FHUWDLQ
DQG WKH\ GHSHQG RQ WKH VXUIDFH WH[WXUH DQG FRORXU� 6HQVLWLYLW\ DQDO\VHV KDYH EHHQ FDUULHG RXW� DQG WKHVH

SDUDPHWHUV DUH DGMXVWHG� $ FRPSDULVRQ RI WKH LQLWLDO DQG DGMXVWHG YDOXHV LV VKRZQ LQ 7DEOH ��

�� )LHOG VWXG\ DQG FDOLEUDWLRQ RI QXPHULFDO PRGHO

%HIRUH WKH PHWKRGRORJ\ GHYHORSHG DW WKH PRGHO LQYHVWLJDWLRQV FDQ EH JHQHUDOO\ DSSOLHG WR UHDO OLIH

VLWXDWLRQV� LW LV QHFHVVDU\ WR WHVW LW ZLWK DFWXDO VWUXFWXUHV� 7RQJ HW DO� ������ UHSRUWHG VRPH UHVXOWV RI WKH

WHPSHUDWXUH PHDVXUHPHQWV WDNHQ DW YDULRXV VXSHUVWUXFWXUH FRPSRQHQWV RI 7VLQJ 0D %ULGJH� D

VXVSHQVLRQ EULGJH LQ +RQJ .RQJ KDYLQJ D VWHHO GHFN� $ FRQWLQXRXV ���PRQWK WHPSHUDWXUH UHFRUG RQ

7VLQJ 0D %ULGJH XS WR 'HFHPEHU ���� KDV EHHQ XVHG DV D GDWDEDVH IRU WKH LQYHVWLJDWLRQ� DQG KRXUO\

JOREDO VRODU UDGLDWLRQ GDWD DUH SURYLGHG E\ WKH +RQJ .RQJ 2EVHUYDWRU\� 7KH GDWD KDYH EHHQ DQDO\VHG

DQG YDULRXV QXPHULFDO PRGHOV KDYH EHHQ VHW XS DQG FDOLEUDWHG DJDLQVW WKH ILHOG GDWD� ,Q SDUWLFXODU� WKH

PHWHRURORJLFDO FRQGLWLRQV RQ RQH VXPPHU GD\ �� $XJXVW ����� DQG RQH ZLQWHU GD\ ��� -DQXDU\ �����

KDYH EHHQ FKRVHQ IRU DQDO\VLV DQG FRPSDULVRQ ZLWK ILHOG PHDVXUHPHQWV� 6LPLODU WR WKH SUHYLRXV VWXG\

RQ VHJPHQWDO VWHHO ER[ VHFWLRQV� WKH YDOXHV IRU ILOP FRHIILFLHQWV� DEVRUSWLYLW\ DQG HPLVVLYLW\ KDYH EHHQ

ZRUNHG RXW DIWHU D VHULHV RI SDUDPHWULF VWXGLHV� 7KH YDOLGLW\ RI WKH RQH�GLPHQVLRQDO WHPSHUDWXUH SURILOH

LV DOVR FRQILUPHG�

7KH SUHVHQW VWXG\ IRFXVHV RQ FRPSRVLWH EULGJH GHFNV ZLWK RU ZLWKRXW ELWXPLQRXV VXUIDFLQJ� ZKLFK

7DEOH � &RPSDULVRQ RI LQLWLDO DQG DGMXVWHG SDUDPHWHUV IRU PRGHO LQYHVWLJDWLRQ

,QLWLDO 2SHQ ER[ �DGMXVWHG� 3ODWH JLUGHU �DGMXVWHG�

)LOP FRHIILFLHQW DW WRS KD� �:�P��.� ���� ���� ����

)LOH FRHIILFLHQW DW ERWWRP KD� �:�P��.� � ���� ����

)LOP FRHIILFLHQW RI DLU YRLG KE �:�P��.� � ��� �

$EVRUSWLYLW\ α ��� ���� ����

(PLVVLYLW\ ξ ��� ���� ����

7DEOH � ,QLWLDO SDUDPHWHUV DGRSWHG LQ WKH LQYHVWLJDWLRQ XVLQJ VFDOH PRGHO

7RQJ ������ &DSSV ������ +LUVW ������

'HQVLW\ ρ �NJ�P�� ���� ���� ����

6SHFLILF KHDW FDSDFLW\ F �-�NJ�.� ��� ��� ���

7KHUPDO FRQGXFWLYLW\ N �:�P�.� ���� � ��

)LOP FRHIILFLHQW DW WRS KD� �:�P��.� ���� ���� ������Y

)LOH FRHIILFLHQW DW ERWWRP KD� �:�P��.� � ��� �

)LOP FRHIILFLHQW RI DLU YRLG KE �:�P��.� � ��� �

$EVRUSWLYLW\ α ��� ���� �

(PLVVLYLW\ ξ ��� ���� �

1RWH� Y LV WKH ZLQG VSHHG LQ P�V�



'HVLJQ WKHUPDO ORDGLQJ IRU FRPSRVLWH EULGJHV LQ WURSLFDO UHJLRQ ���

FRPSULVHV D FRQFUHWH VODE VXSSRUWHG RQ VWHHO JLUGHUV� 7KH SDUDPHWHUV DGRSWHG LQ WKH SUHVHQW VWXG\

FRQVLVW RI WKH WKHUPDO SURSHUWLHV RI FRQFUHWH YDOLGDWHG E\ /LX ������� DQG WKH SURSHUWLHV RI DVSKDOW DQG

VWHHO LQ WKH VWXG\ RQ VWHHO EULGJHV �7RQJ ������ 7KHVH SDUDPHWHUV DUH VXPPDUL]HG LQ 7DEOH ��

�� 3DUDPHWULF VWXGLHV IRU GHWHUPLQDWLRQ RI GHVLJQ WKHUPDO ORDGLQJ

$ QXPEHU RI FRPSRVLWH EULGJH VHFWLRQV KDYH EHHQ VWXGLHG �&KHXQJ ����� IROORZLQJ WKH DSSURDFK

DGRSWHG E\ $X HW DO� ������ IRU VWHHO EULGJHV� 7KH\ DUH �D� SODWH JLUGHUV� �E� WUDSH]RLGDO ER[ JLUGHUV� DQG

�F� UHFWDQJXODU ER[ JLUGHUV� DV VKRZQ LQ )LJ� �� )URP WKH VWXG\� LW LV IRXQG WKDW WKH SODWH JLUGHUV DQG WKH

WUDSH]RLGDO ER[ JLUGHUV SURGXFH WKH VWHHSHVW WHPSHUDWXUH JUDGLHQW LQ WKH VWHHO ZHE DV ZHOO DV WKH KLJKHVW

HIIHFWLYH WHPSHUDWXUH� 7KHUHIRUH WKH\ DUH FKRVHQ IRU WKH VXEVHTXHQW DQDO\VLV� DQG KHUHDIWHU D ER[ JLUGHU

VHFWLRQ UHIHUV WR WKH WUDSH]RLGDO ER[ JLUGHU VHFWLRQ �)LJ� �E� XQOHVV RWKHUZLVH VWDWHG�

)LJ� � DOVR VKRZV WKH QRWDWLRQV DQG GHIDXOW GLPHQVLRQV RI WKH SODWH JLUGHU DQG WKH ER[ JLUGHU FKRVHQ

IRU SDUDPHWULF VWXGLHV� 7KH VHFWLRQ GHSWK GW LV WDNHQ DV ���� PP VR DV WR DOORZ VXIILFLHQW GHSWK IRU WKH

JLUGHU ZHE WR UHWXUQ WR WKH DPELHQW DLU WHPSHUDWXUH� 7KH PHWHRURORJLFDO FRQGLWLRQV RI WKH FKRVHQ

VXPPHU GD\ DUH DVVXPHG� DQG WKH VRODU UDGLDWLRQ LV WDNHQ WR DFW RQO\ RQ WKH WRS VXUIDFH RI WKH WRS IODQJH�

6WULFWO\ VSHDNLQJ WKH WHPSHUDWXUH GLVWULEXWLRQ RI D FRPSRVLWH EULGJH GHFN GHSHQGV RQ DOO WKH

JHRPHWULF DQG PDWHULDO SDUDPHWHUV LQ DGGLWLRQ WR WKH HQYLURQPHQW� +RZHYHU PRVW GHVLJQ FRGHV FODVVLI\

VHFWLRQV LQWR FDWHJRULHV� HDFK RI ZKLFK KDV RQH VLQJOH GHVLJQ SURILOH� 7KH WKHUPDO SURSHUWLHV RI VWHHO�

7DEOH � 3DUDPHWHUV DGRSWHG LQ WKH SUHVHQW VWXG\

6WHHO &RQFUHWH $VSKDOW

'HQVLW\ �NJ�P�� ���� ���� ����

6SHFLILF +HDW &DSDFLW\ �-�NJ�.� ��� ��� ���

7KHUPDO FRQGXFWLYLW\ �:�P�.� ���� ���� ���

$EVRUSWLYLW\ � ������ ���

(PLVVLYLW\ � ����� ���

)LOP FRHIILFLHQW �:�P��.�
�8SZDUG KHDW ORVV� ����

�'RZQZDUG KHDW ORVV� ���

1RWH� 9DOXHV ZLWKLQ EUDFNHWV DUH IRU EDUH FRQFUHWH VXUIDFHV�

)LJ� � 6HFWLRQV DGRSWHG LQ VHQVLWLYLW\ VWXGLHV DQG H[WUHPH DQDO\VLV� ZLWK GHIDXOW GLPHQVLRQV LQ PP �QRW WR VFDOH�



��� )�7�.� $X� 6�.� &KHXQJ DQG /�*� 7KDP

FRQFUHWH DQG ELWXPLQRXV VXUIDFLQJ DUH NQRZQ ZLWK OLWWOH XQFHUWDLQW\� $ VWXG\ RQ WKH LQIOXHQFH RI

JHRPHWULF SDUDPHWHUV RQ WKH WHPSHUDWXUH GLVWULEXWLRQ RI FRPSRVLWH VHFWLRQV KDV EHHQ FDUULHG RXW

�&KHXQJ ����� E\ YDU\LQJ RQO\ D SDUDPHWHU HDFK WLPH� )RU H[DPSOH� WR LQYHVWLJDWH WKH HIIHFWV RI VHFWLRQ

GHSWK GW� LW LV YDULHG IURP ��� PP WR ���� PP� ZKLOH WKH RWKHU GLPHQVLRQV DUH WKH VDPH DV WKRVH VKRZQ

LQ )LJ� � XQOHVV RWKHUZLVH QRWHG KHUHDIWHU� )LJ� � VKRZV WKDW WKH WHPSHUDWXUH SURILOHV DUH QRW VHQVLWLYH WR

WKH WRWDO JLUGHU GHSWK� 6LPLODUO\ WKH HIIHFWV RI JLUGHU VSDFLQJ EW RQ WKH WHPSHUDWXUH SURILOH DUH VWXGLHG

DQG IRXQG WR EH PLQLPDO IRU ERWK VHFWLRQV� 7KH WHPSHUDWXUHV DW WKH IODQJHV DUH DOVR IRXQG WR EH

UHODWLYHO\ FRQVWDQW DFURVV WKH ZLGWK� 7KH HIIHFWV RI ZHE WKLFNQHVV WZ RQ WKH WHPSHUDWXUH SURILOHV DUH

VWXGLHG E\ YDU\LQJ WZ IURP �� PP WR �� PP� )LJ� � VKRZV WKDW LQFUHDVLQJ WKH ZHE WKLFNQHVV GRHV

UHGXFH WKH WHPSHUDWXUH JUDGLHQW D ELW� $GRSWLQJ WKH WHPSHUDWXUH SURILOHV IRU D WKLQ ZHE RI �� PP LV D

)LJ� � (IIHFWV RI VHFWLRQ GHSWK RQ WHPSHUDWXUH SURILOH

)LJ� � (IIHFWV RI ZHE WKLFNQHVV RQ WHPSHUDWXUH SURILOH



'HVLJQ WKHUPDO ORDGLQJ IRU FRPSRVLWH EULGJHV LQ WURSLFDO UHJLRQ ���

UHDVRQDEOH DSSURDFK RQ WKH VDIH VLGH� 7KH HIIHFWV RI WRS IODQJH WKLFNQHVV WW RQ WKH WHPSHUDWXUH SURILOHV

DUH OLNHZLVH VWXGLHG� 7KH HIIHFWV DUH VLPLODU WR WKRVH FDXVHG E\ WKH YDULDWLRQ RI ZHE WKLFNQHVV� 7KH

WKLFNQHVV RI ELWXPLQRXV VXUIDFLQJ WV LV YDULHG IURP �� PP WR ��� PP IRU ERWK VHFWLRQV� 7KH HIIHFWV DV

VKRZQ LQ )LJ� � DUH VXEVWDQWLDO� 7KH GHFN VXUIDFH WHPSHUDWXUH LQFUHDVHV DV WKH WKLFNQHVV RI ELWXPLQRXV

VXUIDFLQJ UHGXFHV� ,Q D VLPLODU IDVKLRQ� WKH WKLFNQHVV RI FRQFUHWH VODE WF LV YDULHG IURP ��� PP WR ���

PP IRU ERWK VHFWLRQV� 7KH HIIHFWV DV VKRZQ LQ )LJ� � DUH DOVR VLJQLILFDQW� 7KH WHPSHUDWXUH JUDGLHQW LQ

WKH VWHHO ZHE LQFUHDVHV DV WKH FRQFUHWH VODE EHFRPHV WKLQQHU� 7KH HIIHFWV RI WRS IODQJH ZLGWK EW RQ WKH

WHPSHUDWXUH SURILOHV DUH VWXGLHG E\ YDU\LQJ EW IURP ��� PP WR ��� PP IRU WKH ER[ JLUGHU DQG ��� PP

WR ���� PP IRU WKH SODWH JLUGHU� )LJ� � VKRZV WKDW WKH HIIHFWV DUH QRW REYLRXV� 7KHUHIRUH IRU SUDFWLFDO

)LJ� � (IIHFWV RI ELWXPHQ WKLFNQHVV RQ WHPSHUDWXUH SURILOH

)LJ� � (IIHFWV RI FRQFUHWH WKLFNQHVV RQ WHPSHUDWXUH SURILOH



��� )�7�.� $X� 6�.� &KHXQJ DQG /�*� 7KDP

GHVLJQ SXUSRVHV� WKH HIIHFWV FDXVHG E\ FKDQJHV LQ JLUGHU GHSWK� JLUGHU VSDFLQJ� ZHE WKLFNQHVV� IODQJH

WKLFNQHVV DQG WRS IODQJH ZLGWK DUH PLQLPDO� 7KH RQO\ VLJQLILFDQW IDFWRUV DUH WKH WKLFNQHVVHV RI WKH

ELWXPLQRXV VXUIDFLQJ DQG FRQFUHWH VODE�

$ VWXG\ RQ WKH WUDQVYHUVH YDULDWLRQ RI WHPSHUDWXUH LQ WKH FRQFUHWH VODE DQG WKH WRS VWHHO IODQJH RI WKH

JLUGHU LV DOVR FDUULHG RXW� 7ZR SODWH JLUGHU VHFWLRQV DV VKRZQ LQ )LJ� � ZLWK FRQFUHWH VODE WKLFNQHVVHV RI

��� PP DQG ��� PP DUH DQDO\VHG XQGHU WKH PHWHRURORJLFDO FRQGLWLRQV RI WKH FKRVHQ VXPPHU GD\� )LJ�

� VKRZV WKH WHPSHUDWXUH DW WKH PLG�SODQH RI WKH FRQFUHWH VODE DQG WKH WRS VWHHO IODQJH RI WKH SODWH

JLUGHUV� 7KH UHVXOWV UHYHDO WKDW WKH WUDQVYHUVH YDULDWLRQ RI WHPSHUDWXUH UHGXFHV ZLWK LQFUHDVLQJ VODE

WKLFNQHVV� ,Q DOO FDVHV LQYHVWLJDWHG� WKH WUDQVYHUVH YDULDWLRQ RI WHPSHUDWXUH LV EHORZ �R&� ,W VKRZV WKDW

)LJ� � (IIHFWV RI WRS IODQJH ZLGWK RQ WHPSHUDWXUH SURILOH

)LJ� � 7UDQVYHUVH YDULDWLRQ RI WHPSHUDWXUH LQ FRQFUHWH VODE DQG WRS VWHHO IODQJH



'HVLJQ WKHUPDO ORDGLQJ IRU FRPSRVLWH EULGJHV LQ WURSLFDO UHJLRQ ���

WKH XVH RI D UHSUHVHQWDWLYH WHPSHUDWXUH SURILOH DORQJ WKH ZHE SODQH ZKLOH LJQRULQJ DQ\ WUDQVYHUVH

WHPSHUDWXUH YDULDWLRQ LV DFFHSWDEOH�

�� ([WUHPH GLVWULEXWLRQV RI FOLPDWLF IDFWRUV

7KH WKHUPDO ORDGV RQ D EULGJH PD\ EH FRQVLGHUHG DV UDQGRP IXQFWLRQV RI WKH UDQGRP YDULDEOHV 7PD[�

WKH GDLO\ PD[LPXP DLU WHPSHUDWXUH� 7PLQ� WKH GDLO\ PLQLPXP DLU WHPSHUDWXUH DQG 4� WKH GDLO\ JOREDO

VRODU UDGLDWLRQ� 7KH H[WUHPH WKHUPDO ORDGV DUH WKHUHIRUH UDQGRP YDULDEOHV� 7R SUHGLFW WKH SUREDELOLW\ RI

RFFXUUHQFH RI WKHLU PD[LPD DQG PLQLPD� WKHLU IUHTXHQF\ GLVWULEXWLRQV DUH UHTXLUHG� ,W LV DVVXPHG WKDW

WKH H[WUHPH WKHUPDO ORDGV DUH IXQFWLRQV RI WKH H[WUHPH YDOXHV RI 4 DQG 7PD[�

7R GHWHUPLQH WKH H[WUHPH WKHUPDO ORDGV DW D JHRJUDSKLFDO ORFDWLRQ� LW LV QHFHVVDU\ WR FDUU\ RXW WKH

H[WUHPH DQDO\VLV RI WKH FOLPDWLF IDFWRUV ILUVW� *XPEHO ������ KDV REVHUYHG WKDW WKH WDLOV RI WKH IUHTXHQF\

GLVWULEXWLRQV RI PRVW FOLPDWLF IDFWRUV GHFD\ LQ DQ H[SRQHQWLDO PDQQHU� $PRQJ Q REVHUYDWLRQV RI D

UDQGRP YDULDEOH \� WKH FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ RI WKH ODUJHVW YDOXH <Q IROORZV D GRXEOH�

H[SRQHQWLDO 7\SH , DV\PSWRWLF GLVWULEXWLRQV� QDPHO\

���

ZKHUH DQ LV WKH VFDOH SDUDPHWHU DQG XQ LV WKH ORFDWLRQ SDUDPHWHU� :KHQ WKH DERYH H[WUHPH

GLVWULEXWLRQ LV GHILQHG� WKH GHVLJQ YDOXH IRU DQ\ UHWXUQ SHULRG FDQ EH FDOFXODWHG IURP WKH VWDWLVWLFV RI

H[WUHPHV� ,Q WKH VWXG\� WKH SDUDPHWHUV DQ DQG XQ DUH REWDLQHG IURP WKH OLQHDULVHG SORW RI WKH FOLPDWLF

IDFWRU \L IURP Q REVHUYDWLRQV DQG WKHLU FRUUHVSRQGLQJ SUREDELOLWLHV SL XVLQJ WKH UHGXFHG YDULDWH [L�

GHILQHG DV �+R DQG /LX ������

���

7KHUHIRUH [L DQG \L DUH UHODWHG E\

���

7KH FRUUHVSRQGLQJ FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ IRU WKH VPDOOHVW YDOXH <� DPRQJ WKH Q REVHUYHG

YDOXHV LV

���

DQG [L DQG \L DUH VLPLODUO\ UHODWHG E\

����

6WDWLVWLFDO DQDO\VHV DUH FDUULHG RXW EDVHG RQ WKH PHWHRURORJLFDO UHFRUGV RI WKH +RQJ .RQJ 2EVHUYDWRU\ VLQFH

����� 7DEOH � VXPPDUL]HV WKH VWDWLVWLFV RI FOLPDWLF IDFWRUV DGRSWHG �7RQJ ����� WRJHWKHU ZLWK WKH

SUHGLFWHG YDOXHV \�� DQG \��� IRU UHWXUQ SHULRGV RI �� DQG ��� \HDUV UHVSHFWLYHO\�

7R IDFLOLWDWH VXEVHTXHQW H[WUHPH DQDO\VLV RI WKHUPDO ORDGLQJ� LW LV XVHIXO WR DGRSW HTXDWLRQV WR H[SUHVV

WKH LQVWDQWDQHRXV YDOXHV RI FOLPDWLF IDFWRUV LQ WHUPV RI WKHLU H[WUHPH YDOXHV� 7KH DGRSWHG H[SUHVVLRQ IRU
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WKH LQVWDQWDQHRXV VRODU LQWHQVLW\ ,W LV GXH WR +LUVW ������� QDPHO\

����

ZKHUH ,'* LV WKH GDLO\ JOREDO VRODU UDGLDWLRQ� ' LV WKH OHQJWK RI VRODU GD\WLPH DQG WVRO LV WKH VRODU

WLPH� 7KH H[SUHVVLRQ DGRSWHG IRU WKH GLXUQDO YDULDWLRQ RI DLU WHPSHUDWXUH 7D KDV EHHQ GHWHUPLQHG E\

FXUYH ILWWLQJ IURP ORFDO PHWHRURORJLFDO UHFRUGV �+R DQG /LX ����� DV

����

ZKHUH W LV ORFDO WLPH LQ KRXUV� %DVHG RQ UHJUHVVLRQ RI WKH ORFDO PHWHRURORJLFDO UHFRUGV IURP ���� WR

����� WKH GDLO\ PD[LPXP DQG PLQLPXP DLU WHPSHUDWXUHV IRU VXPPHU DQG ZLQWHU DUH JLYHQ

UHVSHFWLYHO\ E\

IRU VXPPHU ����

IRU ZLQWHU ����

7R SUHGLFW WKH H[WUHPH SRVLWLYH WHPSHUDWXUH JUDGLHQW LQ VXPPHU� WKH H[WUHPH YDOXH RI GDLO\ JOREDO

VRODU UDGLDWLRQ 4 LV XVHG� ,Q DGGLWLRQ� WKH GLXUQDO YDULDWLRQ RI DLU WHPSHUDWXUH 7D LV DVVXPHG WR

IROORZ (T� ���� XVLQJ WKH H[WUHPH YDOXH RI GDLO\ PD[LPXP DLU WHPSHUDWXUH 7PD[ DQG WKH GDLO\

PLQLPXP DLU WHPSHUDWXUH 7PLQ JLYHQ E\ (T� ����� 7R SUHGLFW WKH H[WUHPH UHYHUVH WHPSHUDWXUH

JUDGLHQW GXULQJ D ZLQWHU QLJKW� WKH GLXUQDO YDULDWLRQ RI DLU WHPSHUDWXUH 7D LV VLPLODUO\ EDVHG RQ WKH

H[WUHPH YDOXH RI GDLO\ PLQLPXP DLU WHPSHUDWXUH 7PLQ DQG WKH GDLO\ PD[LPXP DLU WHPSHUDWXUH 7PD[

JLYHQ E\ (T� ����� 7KH YDULDWLRQ RI RXW�JRLQJ UDGLDWLRQ LV DVVXPHG WR WDNH D WUDSH]RLGDO SURILOH

�7RQJ ������ ,W LQFUHDVHV OLQHDUO\ IURP ]HUR DW ����� WR ���� :�P� DW ������ UHPDLQLQJ FRQVWDQW DW

���� :�P� XQWLO ���� WKH IROORZLQJ GD\� DQG WKHQ GHFUHDVHV OLQHDUO\ IURP ���� :�P� WR ]HUR DW �����

7KH SUHGLFWHG UHVXOWV EDVHG RQ WKLV FRPSDUH IDYRXUDEO\ ZLWK ILHOG PHDVXUHPHQWV�

�� ([WUHPH GLVWULEXWLRQV RI WKHUPDO ORDGLQJ

7KHRUHWLFDOO\� WKH H[WUHPH GLVWULEXWLRQV RI EULGJH WKHUPDO ORDGLQJ FDQ EH HYDOXDWHG LQ D VLPLODU

PDQQHU DV WKH FOLPDWLF IDFWRUV� +RZHYHU� WKLV DSSURDFK UHTXLUHV D GDWDEDVH ZLWK ORQJ SHULRG RI ILHOG

,W �,'* '⁄( ) VLQ
� πWVRO '⁄( )⋅=

7D W( )

7PD[ 7PLQ+( ) �⁄ W �+( ) 7PD[ 7PLQ–( ) �� � W �<≤⁄–

7PD[ 7PLQ+( ) �⁄ VLQ π W ��–( ) �⁄[ ] 7PD[ 7PLQ–( ) � � W ��<≤⁄–

7PD[ 7PLQ+( ) �⁄ W ��–( ) 7PD[ 7PLQ–( ) �� �� W ��<≤⁄–





=

7PLQ ����7PD[ ����+=

7PD[ ����7PLQ ����+=

7DEOH � 6WDWLVWLFV DQG SUHGLFWHG YDOXHV RI FOLPDWLF IDFWRUV REWDLQHG E\ 7RQJ ������

DQ RU
D�

XQ RU
X�

6WDWLVWLFV

µ σ θ κ \�� \���

'DLO\ PD[LPXP DLU WHPSHUDWXUH �°&� ��� ���� ����� ���� ���� ���� ���� ����

'DLO\ PLQLPXP DLU WHPSHUDWXUH �°&� ���� ��� ���� ���� ����� ���� ��� ���

0D[� JOREDO VRODU UDGLDWLRQ �0-�P��GD\� ��� ���� ����� ���� ���� ���� ���� ����



'HVLJQ WKHUPDO ORDGLQJ IRU FRPSRVLWH EULGJHV LQ WURSLFDO UHJLRQ ���

PHDVXUHPHQWV� ZKLFK LV QRW DYDLODEOH� $ FRQYHQLHQW� WKRXJK QRW PDWKHPDWLFDOO\ ULJRURXV� DOWHUQDWLYH LV

WR HYDOXDWH WKH H[WUHPH WKHUPDO ORDGLQJ E\ XVLQJ QXPHULFDO LQWHJUDWLRQ �+R DQG /LX ������ )LUVWO\ WKH

VWDWLVWLFDO SDUDPHWHUV� LQFOXGLQJ WKH PHDQ µ� VWDQGDUG GHYLDWLRQ σ� VNHZQHVV θ DQG NXUWRVLV κ� ZKLFK
GHILQH WKH H[WUHPH GLVWULEXWLRQV RI DLU WHPSHUDWXUH DQG VRODU UDGLDWLRQ DUH FDOFXODWHG� 7KH VWDWLVWLFDO

SDUDPHWHUV RI WKH UHGXFHG YDULDWH [ RI WKH GRXEOH�H[SRQHQWLDO 7\SH , DV\PSWRWLF GLVWULEXWLRQV GHVFULEHG E\ (T�

��� DUH JLYHQ E\ *XPEHO ������ DV µ[  �������� σ[  �������� θ[ ������� DQG κ[ ����� )RU WKH ODUJHVW

YDOXH RI HDFK FOLPDWLF IDFWRU� WKH VWDWLVWLFDO SDUDPHWHUV DUH UHODWHG WR DQ DQG XQ E\ µ\  ��������DQ � XQ�

σ\  ��������DQ� θ\  ������� DQG κ\  ����� 7KH FRUUHVSRQGLQJ VWDWLVWLFDO SDUDPHWHUV IRU WKH VPDOOHVW YDOXH DUH

µ\  ��������D� � X�� σ\  −��������D�� θ\  −������� DQG κ\  �����

7KH VWDWLVWLFDO PRGHOOLQJ E\ QXPHULFDO LQWHJUDWLRQ WHFKQLTXH VXJJHVWHG E\ (YDQV ������ DQG

VXEVHTXHQWO\ PRGLILHG E\ +R DQG /LX ������ LV XVHG KHUH� /HW I �[� EH D UDQGRP IXQFWLRQ RI D UDQGRP

YDULDEOH [� 6XSSRVLQJ WKH IUHTXHQF\ GLVWULEXWLRQ RI [ LV JLYHQ E\ S�[�� WKHQ WKH H[SHFWDWLRQ RI I �[� LV

JLYHQ E\ *DXVVLDQ TXDGUDWXUH ZLWK WKUHH *DXVVLDQ SRLQWV DV

����

ZKHUH $L LV WKH ZHLJKWLQJ FRHIILFLHQW DVVRFLDWHG ZLWK WKH SRVLWLRQ RI *DXVVLDQ SRLQW [L DV JLYHQ

H[SOLFLWO\ E\ +R DQG /LX �������

6LPLODUO\� IRU D UDQGRP IXQFWLRQ J�[� \� RI WZR LQGHSHQGHQW UDQGRP YDULDEOHV [ DQG \ ZLWK WKHLU

UHVSHFWLYH IUHTXHQF\ GLVWULEXWLRQV S��[� DQG S�� \�� WKH H[SHFWDWLRQ (�J� RI J�[� \� LV JLYHQ E\ +R DQG

/LX ������ DV�

����

7KH SDUDPHWHUV [L DQG $L IRU *XDVVLDQ TXDGUDWXUH LQ WKH [ GLUHFWLRQ DQG WKH SDUDPHWHUV \M DQG %M LQ

WKH \ GLUHFWLRQ FDQ EH VLPLODUO\ GHWHUPLQHG �+R DQG /LX ������ 7KHQ WKH PHDQ µJ� VWDQGDUG

GHYLDWLRQ σJ� VNHZQHVV θJ DQG NXUWRVLV κJ RI WKH IXQFWLRQ J�[� \� EHFRPH

����

����

����

����

$Q HDUOLHU VWXG\ �$X HW DO� ����� KDV HVWDEOLVKHG WKDW WKH GDLO\ PD[LPXP DLU WHPSHUDWXUH 7PD[ DQG WKH

GDLO\ JOREDO VRODU UDGLDWLRQ 4 JRYHUQ WKH WKHUPDO ORDGLQJ GXULQJ GD\WLPH� $ FRUUHODWLRQ DQDO\VLV �+R
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��� )�7�.� $X� 6�.� &KHXQJ DQG /�*� 7KDP

DQG /LX ����� EHWZHHQ 7PD[ DQG 4 XVLQJ GDWD RI �� \HDUV ��������� �������� LQGHHG VKRZV WKH\ DUH

HIIHFWLYHO\ XQFRUUHODWHG� ZLWK D FRUUHODWLRQ FRHIILFLHQW RI ������ 7KHUHIRUH WKH DSSOLFDWLRQ RI WKH DERYH

DSSURDFK LV DFFHSWDEOH� 7KH WKHUPDO ORDGLQJ )L FRQVLGHUHG LQFOXGH WKH WRS IODQJH WHPSHUDWXUH 7V�

WHPSHUDWXUH GLIIHUHQFH ∆7 ZKLFK LV GHILQHG DV WKH GLIIHUHQFH EHWZHHQ WKH KLJKHVW DQG ORZHVW

WHPSHUDWXUHV ZLWKLQ WKH VHFWLRQ� HIIHFWLYH WHPSHUDWXUH 7H DQG WKHUPDO PRPHQW 07 JLYHQ E\

����

7KH HVWLPDWLRQ RI H[WUHPH WKHUPDO ORDGLQJ GXULQJ GD\WLPH UHTXLUHV ELYDULDWH QXPHULFDO LQWHJUDWLRQ

XVLQJ (TV� ��������� DQG DOWRJHWKHU � �L�H�� �î�� FRPELQDWLRQV RI 7PD[ DQG 4 DUH QHFHVVDU\� )RU HDFK

FRPELQDWLRQ� DQDO\VLV LV FDUULHG RXW RQ D W\SLFDO VHFWLRQ IRU VXPPHU FRQGLWLRQ XVLQJ WKH SDUDPHWHUV LQ

7DEOH � DQG WKH FOLPDWLF IDFWRUV GHVFULEHG E\ (TV� ���������� 7KH HYDOXDWHG VWDWLVWLFDO SDUDPHWHUV IRU

HDFK WKHUPDO ORDGLQJ DUH VKRZQ LQ 7DEOH �� 7KH SUHGLFWHG YDOXHV RI WKHUPDO ORDGLQJ IRU UHWXUQ SHULRGV

RI �� DQG ��� \HDUV DUH DOVR LQFOXGHG�

+RZHYHU WKH H[WUHPH WKHUPDO ORDGLQJ GXULQJ QLJKWWLPH LV HVVHQWLDOO\ JRYHUQHG E\ WKH GDLO\ PLQLPXP

DLU WHPSHUDWXUH 7PLQ GXULQJ ZLQWHU FRQGLWLRQ DQG XQLYDULDWH QXPHULFDO LQWHJUDWLRQ VXIILFHV� 7DEOH �

VKRZV WKH HYDOXDWHG VWDWLVWLFDO SDUDPHWHUV DQG SUHGLFWHG YDOXHV IRU HDFK WKHUPDO ORDGLQJ IRU ZLQWHU

FRQGLWLRQ�

0
7

7\(αG$ \�∫ (αG$⁄∫=

7DEOH � 5HVXOWV RI H[WUHPH DQDO\VLV RI ER[ JLUGHU VHFWLRQ IRU VXPPHU FRQGLWLRQ

6WDWLVWLFDO SDUDPHWHUV
0D[� HIIHFWLYH WHP�
SHUDWXUH 7H �°&�

0D[� WRS VXUIDFH
WHPSHUDWXUH 7V �°&�

([WUHPH SRVLWLYH WHP�
SHUDWXUH GLII� ∆7 �°&�

0D[� WKHUPDO
PRPHQW 07 �°&�P�

0HDQ µ ����� ����� ����� ����

6WDQGDUG GHYLDWLRQ σ ���� ���� ���� ����

6NHZQHVV θ ���� ���� ���� ����

.XUWRVLV κ ���� ���� ���� ����

6FDOH SDUDPHWHU DQ ���� ���� ���� ����

/RFDWLRQ SDUDPHWHU XQ ����� ����� ���� ����

3UHGLFWHG YDOXH \�� ����� ����� ����� ����

3UHGLFWHG YDOXH \��� ����� ����� ����� ����

7DEOH � 5HVXOWV RI H[WUHPH DQDO\VLV RI ER[ JLUGHU VHFWLRQ IRU ZLQWHU FRQGLWLRQ

6WDWLVWLFDO SDUDPHWHUV
0LQ� HIIHFWLYH

WHPSHUDWXUH 7H �°&�
0LQ� WRS VXUIDFH

WHPSHUDWXUH 7V �°&�
0LQ� LQWHUIDFH

WHPSHUDWXUH 7L �°&�
0D[� WKHUPDO

PRPHQW 07 �°&�P�

0HDQ µ ���� ���� ����� ����

6WDQGDUG GHYLDWLRQ σ ���� ���� ���� ����

6NHZQHVV θ ����� ����� ����� ����

.XUWRVLV κ ���� ���� ���� ����

6FDOH SDUDPHWHU DQ ���� ���� ���� ����

/RFDWLRQ SDUDPHWHU XQ ���� ���� ����� ����

3UHGLFWHG YDOXH \�� ���� ���� ���� ����

3UHGLFWHG YDOXH \��� ���� ���� ���� ����



'HVLJQ WKHUPDO ORDGLQJ IRU FRPSRVLWH EULGJHV LQ WURSLFDO UHJLRQ ���

�� 'HVLJQ WHPSHUDWXUH SURILOHV

7R JHQHUDWH GHVLJQ WHPSHUDWXUH SURILOHV IRU JHQHUDO XVH� RQO\ WKH PRUH LPSRUWDQW SDUDPHWHUV DUH

FRQVLGHUHG� 'HVLJQ SURILOHV SUHGLFWHG IRU GLIIHUHQW WKLFNQHVVHV RI ELWXPLQRXV VXUIDFLQJ DQG FRQFUHWH

VODE DUH JLYHQ� $ ILIWK�RUGHU SRO\QRPLDO �3ULHVWOH\ ����� $86752$'6 ����� LV XVHG WR PRGHO WKH

GLVWULEXWLRQ RI WHPSHUDWXUH GXULQJ GD\WLPH� ,W LV DVVXPHG WKDW WKH ZHE ZLOO DSSURDFK WKH DPELHQW DLU

WHPSHUDWXUH LI LW LV GHHS HQRXJK� 7KH SURILOH LV JLYHQ E\

����

ZKHUH 7 LV WKH WHPSHUDWXUH DW D GHSWK K IURP WKH WRS� K� LV WKH GHSWK EHORZ ZKLFK WKH ZHE

WHPSHUDWXUH EHFRPHV D FRQVWDQW YDOXH 7E� 7' LV WKH GLIIHUHQFH EHWZHHQ WKH WRS IODQJH WHPSHUDWXUH

DQG WKH FRQVWDQW WHPSHUDWXUH 7E� 7KHQ WKH YDOXHV RI WKH SDUDPHWHUV 7'� 7E DQG K� DUH GHWHUPLQHG VR

WKDW WKH ILIWK�RUGHU SURILOH JHQHUDWHV WKH ���\HDU UHWXUQ YDOXHV RI SRVLWLYH WHPSHUDWXUH GLIIHUHQFH ∆7�
WRS VXUIDFH WHPSHUDWXUH 7V DQG WKHUPDO PRPHQW 07�

:KHQ WKH SDUDPHWHUV 7'� 7E DQG K� DUH FDOFXODWHG EDVHG RQ WKH H[WUHPH WKHUPDO ORDGLQJ� WKH

FRUUHVSRQGLQJ H[WUHPH WHPSHUDWXUH SURILOH FDQ EH GHILQHG� )LJ� �� VKRZV WKH WHPSHUDWXUH SURILOH

FDOFXODWHG EDVHG RQ WKH WKHUPDO ORDGV RI ���\HDU UHWXUQ SHULRG VKRZQ LQ 7DEOH �� 7KH FDOFXODWHG SURILOH

LV FRPSDUHG ZLWK WKRVH JLYHQ LQ WKH 6'0+5 FRGH �+\' ������ %6���� �%6, ������ DQG WKRVH E\

$86752$'6 ������ DQG $$6+72 ������ E\ DOLJQLQJ WKH SURILOHV DW WKH VRIILW� ,W LV REVHUYHG WKDW� LQ

JHQHUDO� WKH FDOFXODWHG SURILOH LV FORVH WR RWKHU VSHFLILFDWLRQV H[FHSW WKH ORFDO 6'0+5 FRGH� ZKLFK

WHQGV WR RYHUHVWLPDWH WKH WHPSHUDWXUH HVSHFLDOO\ DW WKH WRS�

)LJ� �� VKRZV WKH SRVLWLYH DQG UHYHUVH WHPSHUDWXUH SURILOHV DGRSWHG E\ WKH ORFDO 6'0+5 FRGH� )RU

WKH FDVH RI WKH SRVLWLYH WHPSHUDWXUH GLIIHUHQFH� LI WKH YDOXHV RI 7� WR 7� DUH FKRVHQ DFFRUGLQJ WR WKH ILIWK�

7
7' � K– K�⁄( )� 7E � K K�≤ ≤+

7E K K�>
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)LJ� �� 'HVLJQ WHPSHUDWXUH SURILOHV IRU SRVLWLYH JUDGLHQW IRU ER[ JLUGHU



��� )�7�.� $X� 6�.� &KHXQJ DQG /�*� 7KDP

RUGHU SRO\QRPLDO� D IDLUO\ DFFXUDWH UHSUHVHQWDWLRQ LV REWDLQHG� 7DEOH � VKRZV WKH YDOXHV RI 7� DQG 7� IRU

GLIIHUHQW WKLFNQHVVHV RI VXUIDFLQJ DQG FRQFUHWH VODE DQG D ���\HDU UHWXUQ SHULRG� DVVXPLQJ WKH VDPH

YDOXHV RI K� DQG K� DUH PDLQWDLQHG�

'XULQJ QLJKWWLPH� KHDW HVFDSHV PRUH TXLFNO\ IURP WKH WRS RI FRQFUHWH VODE DV ZHOO DV WKH VXSSRUWLQJ

VWHHO JLUGHUV� $ VLQJOH ILIWK�RUGHU SRO\QRPLDO LV WKHUHIRUH QRW VXIILFLHQW IRU PRGHOOLQJ WKH WHPSHUDWXUH

SURILOH� ,QVWHDG WZR ILIWK�RUGHU SRO\QRPLDOV LQ WKH IRUP RI (T� ���� DUH XVHG ZLWK RQH IRU WKH FRQFUHWH

VODE DQG DQRWKHU IRU WKH VWHHO JLUGHUV� ,W LV IXUWKHU DVVXPHG WKDW WKH ILIWK�RUGHU SRO\QRPLDO IRU WKH

FRQFUHWH VODE VWDUWV DW LWV LQWHUIDFH ZLWK WKH VWHHO JLUGHUV� 7DNLQJ LQWR DFFRXQW WKH FRQWLQXLW\ SURSHUW\ RI

WKH WHPSHUDWXUH SURILOH� WKH SDUDPHWHUV QHFHVVDU\ WR GHILQH WKH WZR ILIWK�RUGHU SRO\QRPLDOV DUH WKH

WHPSHUDWXUH GLIIHUHQFH �7'�VODE EHWZHHQ WKH WRS DQG ERWWRP RI WKH FRQFUHWH VODE� WKH WHPSHUDWXUH

GLIIHUHQFH �7'�JLUGHU ZLWKLQ WKH VWHHO JLUGHU� DQG WKH GHSWK �K��JLUGHU EHORZ ZKLFK WKH ZHE WHPSHUDWXUH

EHFRPHV D FRQVWDQW YDOXH �7E�JLUGHU� 7KH WKUHH SDUDPHWHUV �7'�VODE� �7'�JLUGHU DQG �K��JLUGHU DUH GHWHUPLQHG

VR WKDW WKH SURILOH JHQHUDWHV WKH ���\HDU UHWXUQ YDOXHV RI WRS VXUIDFH WHPSHUDWXUH 7V� LQWHUIDFH

)LJ� �� 'HVLJQ WHPSHUDWXUH SURILOHV IRU *URXS � DFFRUGLQJ WR 6WUXFWXUHV 'HVLJQ 0DQXDO IRU +LJKZD\V DQG
5DLOZD\V �+\' �����

7DEOH � 3RVLWLYH WHPSHUDWXUH GLIIHUHQFH ZLWK YDOXHV IURP 6'0+5 �+\' ����� VKRZQ LQ EUDFNHWV

7KLFNQHVV RI FRQFUHWH VODE �PP� 7KLFNQHVV RI VXUIDFLQJ �PP� 7� �°&� 7� �°&�

���

� ����� ���� ���� ���

�� ����� ����

�� ����� ���� ���� ����

��� ����� ���� ���� ����

��� ����� ���� ���� ���

���

� ����� ���� ���� ���

�� ����� ����

�� ����� ���� ���� ���

��� ����� ���� ���� ���

��� ����� ���� ���� ���



'HVLJQ WKHUPDO ORDGLQJ IRU FRPSRVLWH EULGJHV LQ WURSLFDO UHJLRQ ���

WHPSHUDWXUH 7L� DQG WKHUPDO PRPHQW 07 DV VKRZQ LQ 7DEOH �� 7KH YDOXHV RI 7� DQG 7� DW WKH OHYHOV

VKRZQ LQ )LJ� ���E� DUH VKRZQ LQ 7DEOH � IRU GLIIHUHQW WKLFNQHVVHV RI VXUIDFLQJ DQG FRQFUHWH VODE DQG D

���\HDU UHWXUQ SHULRG� )LJ� �� VKRZV WKH UHYHUVH WHPSHUDWXUH SURILOH FDOFXODWHG EDVHG RQ WKH WKHUPDO

ORDGV RI ���\HDU UHWXUQ SHULRG IRU WKH ER[ JLUGHU VKRZQ LQ )LJ� �� 7KH FDOFXODWHG SURILOH LV FRPSDUHG

ZLWK WKRVH JLYHQ LQ WKH RWKHU GHVLJQ FRGHV E\ DOLJQLQJ WKH SURILOHV DW WKH LQWHUIDFH EHWZHHQ FRQFUHWH VODE

DQG VWHHO JLUGHU� ,W LV VHHQ WKDW DSDUW IURP WKH $$6+72 ������ FRGH ZKLFK LJQRUHV WKH WHPSHUDWXUH

JUDGLHQW ZLWKLQ WKH VWHHO JLUGHUV� DOO RWKHU FRGHV VSHFLI\ VHSDUDWH WHPSHUDWXUH JUDGLHQWV IRU WKH FRQFUHWH

VODE DQG VWHHO JLUGHUV� 7KH FDOFXODWHG SURILOH LV FORVH WR PRVW FRGH VSHFLILHG SURILOHV ZLWK WKH H[FHSWLRQ

RI WKH $$6+72 ������ SURILOH�

7DEOH � 5HYHUVH WHPSHUDWXUH GLIIHUHQFH ZLWK YDOXHV IURP 6'0+5 �+\' ����� VKRZQ LQ EUDFNHWV

7KLFNQHVV RI FRQFUHWH VODE �PP� 7KLFNQHVV RI VXUIDFLQJ �PP� 7� �°&� 7� �°&�

���

� ���� ��� ���� ���

�� ���� ����

�� ���� ��� ���� ���
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)LJ� �� 'HVLJQ WHPSHUDWXUH SURILOHV IRU UHYHUVH JUDGLHQW IRU ER[ JLUGHU



��� )�7�.� $X� 6�.� &KHXQJ DQG /�*� 7KDP

��� 'HVLJQ HIIHFWLYH WHPSHUDWXUHV

8VLQJ WKH UHVXOWV IURP WKH H[WUHPH DQDO\VLV� WKH H[WUHPH HIIHFWLYH WHPSHUDWXUHV FDQ EH FDOFXODWHG

IURP (T� ���� )RU D W\SLFDO FRPSRVLWH VHFWLRQ DV VKRZQ LQ )LJ� �� WKH HIIHFWLYH WHPSHUDWXUH DFWXDOO\

GHSHQGV SULPDULO\ RQ WKH FRQFUHWH VODE DQG WKH FRQWULEXWLRQV IURP WKH WRS IODQJH� WKH ZHE DQG WKH

ERWWRP IODQJH RI WKH VWHHO JLUGHU� 7KH HIIHFWLYH WHPSHUDWXUH EHFRPHV KLJKHU ZLWK WKLQQHU ELWXPLQRXV

VXUIDFLQJ DQG FRQFUHWH VODE� 8VLQJ WKH SUHYLRXV UHVXOWV IURP WKH H[WUHPH DQDO\VLV� 7DEOH � VXPPDUL]HV

WKH UHVXOWV IRU D ���\HDU UHWXUQ SHULRG IRU GLIIHUHQW WKLFNQHVVHV RI ELWXPLQRXV VXUIDFLQJ DQG FRQFUHWH

VODE� DQG FRPSDUHG ZLWK WKH UHFRPPHQGDWLRQV RI 6'0+5 �+\' ������

��� &RQFOXVLRQV

$IWHU D FRPSUHKHQVLYH VWXG\ RI WKH WKHUPDO EHKDYLRXU RI FRPSRVLWH EULGJHV� LW LV FRQILUPHG WKDW WKH

VKDGH DLU WHPSHUDWXUH DQG VRODU UDGLDWLRQ DUH WKH PRVW LQIOXHQWLDO IDFWRUV DIIHFWLQJ WKHLU WHPSHUDWXUH

GLVWULEXWLRQ� )RU EULGJHV RI FRQVLGHUDEOH ZLGWK� WKH YDOLGLW\ RI WKH RQH�GLPHQVLRQDO KHDW WUDQVIHU PRGHO

KDV EHHQ YHULILHG� %\ XVLQJ PDWKHPDWLFDO PRGHOV EDVHG RQ SDUDPHWHUV YDOLGDWHG E\ ILHOG VWXGLHV�

H[WUHPH DQDO\VLV LV FDUULHG RXW EDVHG RQ WKH VWDWLVWLFV RI H[WUHPHV DQG QXPHULFDO LQWHJUDWLRQ� 7KH

PHWKRG KDV EHHQ DSSOLHG WR W\SLFDO FRPSRVLWH VHFWLRQV FRPSULVLQJ D FRQFUHWH VODE VXSSRUWHG RQ SODWH

JLUGHUV RU ER[ JLUGHUV� 6RPH GHVLJQ WHPSHUDWXUH SURILOHV KDYH EHHQ GHYHORSHG� ZLWK DOORZDQFH IRU

YDULRXV WKLFNQHVVHV RI ELWXPLQRXV VXUIDFLQJ DQG FRQFUHWH VODE� 7KH GHVLJQ WHPSHUDWXUH GLIIHUHQFHV DQG

HIIHFWLYH WHPSHUDWXUHV KDYH EHHQ REWDLQHG DQG FRPSDUHG WR WKH UHFRPPHQGDWLRQV RI WKH ORFDO FRGH DV

ZHOO DV FRGHV LQ RWKHU FRXQWULHV� ,W FRQILUPV WKDW WKH H[LVWLQJ UHTXLUHPHQWV DUH UHDVRQDEOH� 7KLV SDSHU

LOOXVWUDWHV D V\VWHPLF DSSURDFK WR WKH GHYHORSPHQW RI VLWH�VSHFLILF WHPSHUDWXUH SURILOHV IRU FRGH

GRFXPHQWV ZKHUH WKH UHTXLVLWH FOLPDWLF LQIRUPDWLRQ IRU D SDUWLFXODU JHRJUDSKLF ORFDWLRQ LV DYDLODEOH�

$OWKRXJK WKLV SDSHU GHVFULEHV RQO\ LWV DSSOLFDWLRQ WR +RQJ .RQJ� WKH PHWKRG FDQ DOVR EH DSSOLHG WR

FUHDWH ]RQLQJ PDSV IRU WHPSHUDWXUH ORDGLQJ IRU ODUJH FRXQWULHV ZKHUH WKHUH DUH JUHDW FOLPDWLF

GLIIHUHQFHV�

7DEOH � 'HVLJQ HIIHFWLYH WHPSHUDWXUHV IRU D ���\HDU UHWXUQ SHULRG ZLWK YDOXHV IURP 6'0+5 �+\' ����� VKRZQ LQ
EUDFNHWV

7KLFNQHVV RI FRQFUHWH
VODE �PP�

7KLFNQHVV RI VXUIDFLQJ
�PP�

0LQLPXP HIIHFWLYH
WHPSHUDWXUH �°&�

0D[LPXP HIIHFWLYH
WHPSHUDWXUH �°&�
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'HVLJQ WKHUPDO ORDGLQJ IRU FRPSRVLWH EULGJHV LQ WURSLFDO UHJLRQ ���

5HIHUHQFHV

$PHULFDQ $VVRFLDWLRQ RI 6WDWH +LJKZD\ DQG 7UDQVSRUWDWLRQ 2IILFLDOV ������� 6WDQGDUG 6SHFLILFDWLRQV IRU

+LJKZD\ %ULGJHV� ��WK HG�� :DVKLQJWRQ� '�&�� 8�6�$�

$PHULFDQ $VVRFLDWLRQ RI 6WDWH +LJKZD\ DQG 7UDQVSRUWDWLRQ 2IILFLDOV ������� $$6+72 /5)' %ULGJH 'HVLJQ

6SHFLILFDWLRQV� �QG HG�� :DVKLQJWRQ� '�&�� 8�6�$�

$X� )�7�.�� 7KDP� /�*� 7RQJ� 0�� ������� ³'HVLJQ WKHUPDO ORDGLQJ IRU VWHHO EULGJHV LQ +RQJ .RQJ´� +.,(

7UDQVDFWLRQV� ����� $XJXVW� ����

$X� )�7�.�� 7KDP� /�*�� 7RQJ� 9�0� DQG /HH� 3�.�.� ������� ³$Q LQLWLDO UHYLHZ RI GHVLJQ WKHUPDO ORDGLQJ IRU

EULGJHV LQ +RQJ .RQJ´� 3URF� RI 6HPLQDU RI 6WUXFWXUDO $VSHFWV RI $LUSRUW &RUH 3URJUDP 3URMHFWV� � 0D\�

�������

$86752$'6 ������� %ULGJH 'HVLJQ &RGH� 6HFWLRQ � � FRGH DQG FRPPHQWDU\� 6\GQH\�

%ULWLVK 6WDQGDUG ,QVWLWXWLRQ ������� %6����� 6WHHO� &RQFUHWH DQG &RPSRVLWH %ULGJHV� /RQGRQ� 8�.�

&DSSV� 0�:�5� ������� 7KH 7KHUPDO %HKDYLRU RI WKH %HDFKOH\ 9LDGXFW�:\H %ULGJH� 0LQLVWU\ RI 7UDQVSRUW� 5RDG

5HVHDUFK /DERUDWRU\� 55/ 5HS� /5 ����

&KHXQJ� 6�.� ������� 5HYLHZ RI /RFDO 'HVLJQ &RGH RQ 7HPSHUDWXUH 'LVWULEXWLRQ LQ &RPSRVLWH %ULGJHV�

0�6F��(QJ�� 'LVVHUWDWLRQ� 7KH 8QLYHUVLW\ RI +RQJ .RQJ� +RQJ .RQJ�

(PHUVRQ� 0� ������� %ULGJH 7HPSHUDWXUHV DQG 0RYHPHQWV LQ WKH %ULWLVK ,VOHV� 0LQLVWU\ RI 7UDQVSRUW� 755/

5HS� /5 ����

(PHUVRQ� 0� ������� �7KH FDOFXODWLRQ RI WKH GLVWULEXWLRQ RI WHPSHUDWXUH LQ EULGJHV´� 'HSDUWPHQW RI WKH

(QYLURQPHQW� 755/ 5HS� /5 ����

(PHUVRQ� 0� ������� ³%ULGJH WHPSHUDWXUHV HVWLPDWHG IURP WKH VKDGH WHPSHUDWXUH´� 'HSDUWPHQW RI WKH (QYLURQPHQW�

755/ 5HS� /5 ����

(YDQV� '�+� ������� ³$Q DSSOLFDWLRQ RI QXPHULFDO LQWHJUDWLRQ WHFKQLTXHV WR VWDWLVWLFDO WROHUHQFLQJ ,,, � *HQHUDO

GLVWULEXWLRQ´� 7HFKQRPHWULFV� ���

*XPEHO� (�-� ������� 6WDWLVWLFV RI ([WUHPHV� &ROXPELD 8QLYHUVLW\ 3UHVV� 1HZ <RUN�

+LJKZD\V 'HSDUWPHQW ������� 6WUXFWXUHV 'HVLJQ 0DQXDO IRU +LJKZD\V DQG 5DLOZD\V� �QG HG� +RQJ .RQJ

*RYHUQPHQW�

+LUVW� 0�-�6� ������� ³6RODU KHDWLQJ RI EULGJHV´� $XVWUDOLDQ 5RDG 5HVHDUFK %RDUG� ������ -XQH� ������

+R� '� DQG /LX� &�+� ������� ³([WUHPH WKHUPDO ORDGLQJV LQ KLJKZD\ EULGJHV�´ -� 6WUXFW� 'LY�� $6&(� �������

-XO\� ��������

+XQW� %� DQG &RRNH� 1� ������� ³7KHUPDO FDOFXODWLRQV IRU EULGJH GHVLJQ´� -� 6WUXFW� 'LY�� $6&(� ���� 6HSWHPEHU�

��������

.HQQHG\� -�%� DQG 6ROLPDQ� 0�+� ������� ³7HPSHUDWXUH GLVWULEXWLRQ LQ FRPSRVLWH EULGJHV´� -� 6WUXFW� (QJ��

������� 0DUFK� �������

/LX� &�+� ������� ³,QYHVWLJDWLRQ RI WHPSHUDWXUH GLVWULEXWLRQ LQ KLJKZD\ EULGJHV´� 0�3KLO� 7KHVLV� 7KH 8QLYHUVLW\

RI +RQJ .RQJ� +RQJ .RQJ�

0LQLVWU\ RI 7UDQVSRUW ������� &DQDGD� 2QWDULR +LJKZD\ %ULGJH 'HVLJQ &RGH DQG &RPPHQWDU\� �UG HG�

3ULHVWOH\� 0�-�1� ������� ³'HVLJQ WKHUPDO JUDGLHQW IRU FRQFUHWH EULGJHV´� 1HZ =HDODQG (QJLQHHULQJ� ������ ��������

5H\QROGV� -�&� DQG (PDQXHO� -�+� ������� ³7KHUPDO VWUHVVHV DQG PRYHPHQWV LQ EULGJHV´� -� 6WUXFW� 'LY�� $6&(�

���� -DQXDU\� ������

7RQJ� 0�9� ������� ³7HPSHUDWXUH GLVWULEXWLRQ LQ KLJKZD\ EULGJHV´� 0�3KLO� 7KHVLV� 7KH 8QLYHUVLW\ RI +RQJ

.RQJ� +RQJ .RQJ�

7RQJ� 0�� $X� )�7�.�� 7KDP� /�*� DQG :RQJ� .�<� ������� ³$ VWXG\ RI WHPSHUDWXUH PHDVXUHPHQW LQ ORQJ VSDQ

VWHHO EULGJH´� 3URF� RI :RUNVKRS RQ 5HVHDUFK DQG 0RQLWRULQJ RI /RQJ 6SDQ %ULGJHV� 7KH 8QLYHUVLW\ RI +RQJ

.RQJ� ����� $SULO� ��������

7RQJ� 0�� 7KDP� /�*�� $X� )�7�.� DQG /HH� 3�.�.� ������� ³1XPHULFDO PRGHOOLQJ IRU WHPSHUDWXUH GLVWULEXWLRQ LQ

VWHHO EULGJHV´� &RPSXWHUV DQG 6WUXFWXUHV� ������ )HEUXDU\� ��������



��� )�7�.� $X� 6�.� &KHXQJ DQG /�*� 7KDP

<LN� )�:�+�� &KXQJ� 7�0� DQG &KDQ� .�7� ������� ³$ PHWKRG WR HVWLPDWH GLUHFW DQG GLIIXVH UDGLDWLRQ LQ +RQJ

.RQJ DQG LWV DFFXUDF\´� +.,( 7UDQVDFWLRQV� ����� ������

=XN� :� ������� ³7KHUPDO EHKDYLRXU RI FRPSRVLWH EULGJHV � LQVXODWHG DQG XQLQVXODWHG´� +LJKZD\ 5HVHDUFK

5HFRUG� 1R� ��� ��������
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