
5HYLHZHU��

:H ZRXOG OLNH WR WKDQN 0DUFR %RQLQL IRU KLV FRQVWUXFWLYH FRPPHQWV DQG VXJJHVWLRQV�
7KH\ JDYH XV WKH RSSRUWXQLW\ WR EHWWHU H[SODLQ WKH UDWLRQDOH RI RXU PRGHOLQJ VWXG\ DV
ZHOO DV WR SUHFLVH VRPH PRGHOLQJ WHFKQLFDO SRLQWV� 2XU UHSOLHV WR WKH VSHFLILF FRPPHQWV
�LQ�LWDOLFV��DUH�JLYHQ�SRLQW�E\�SRLQW�EHORZ�

7KH PDQXVFULSW E\ *XLOODXPH HW DO� SUHVHQWV WKH UHVXOWV RI D VHULHV RI DQDORJXH PRGHOV
DGGUHVVLQJ WKH UROH RI VLPXOWDQHRXV VKRUWHQLQJ DQG RUWKRJRQDO H[WHQVLRQ XQGHU GLIIHUHQW
UKHRORJLFDO FRQGLWLRQV� LQFOXGLQJ WKH UROH RI LQKHULWHG FUXVWDO KHWHURJHQHLWLHV� 7KH SDSHU
LV FRQFLVH DQG ZHOO ZULWWHQ� DQG ILJXUH DUH ZHOO GUDIWHG� ,Q DGGLWLRQ� WKH DLPV DUH FOHDUO\
VWDWHG� DQG WKH PRGHOLQJ UHVXOWV DUH DQDO\]HG WKURXJK XS�WR�GDWHG WHFKQLTXHV �3DUWLFOH
,PDJH YHORFLPHWU\ �3,9�� DQG VXEVHTXHQW YHORFLW\ DQG VWUDLQ DQDO\VLV�� 7KH H[WHQW RI WKH
FRQFOXVLRQV LV JHQHUDOO\ VXSSRUWHG E\ WKH SUHVHQWHG GDWD� DQG WKH UHVXOWV PD\ EH
DWWUDFWLYH IRU DQ LQWHUQDWLRQDO UHDGHUVKLS� 7KH PDQXVFULSW LV WKXV VXLWDEOH IRU EHLQJ
SXEOLVKHG LQ 6ROLG (DUWK �6(� DIWHU D PLQRU�PRGHUDWH UHYLVLRQ� 7KH LVVXHV WKDW VKRXOG EH
DGGUHVVHG�GXULQJ�WKH�UHYLVLRQ�DUH�OLVWHG�EHORZ�DQG�NH\HG�WR�OLQH�QXPEHU�LQ�WKH�WH[W�

*HQHUDO�SRLQWV

�� &RQFHSWXDO VLPXODWLRQ RI LQGHQWDWLRQ DQG ODWHUDO H[WUXVLRQ� ,Q WKLV H[SHULPHQWDO
VWXG\� ODWHUDO H[WUXVLRQ LV DFKLHYHG E\ DSSO\LQJ D VKRUWHQLQJ�RUWKRJRQDO H[WHQVLRQ
WR WKH PRGHO� +RZHYHU� LQ WKLV H[SHULPHQWDO SURFHGXUH WKH V\VWHP LV QRW
GHYHORSLQJ VSRQWDQHRXVO\� EXW LWV HYROXWLRQ LV LPSRVHG E\ WKH ERXQGDU\
FRQGLWLRQV �L�H�� WKH VKRUWHQLQJ�RUWKRJRQDO H[WHQVLRQ�� ,Q RWKHU PRGHOV� ODWHUDO
H[WUXVLRQ �DVVRFLDWHG ZLWK 9�VKDSHG VWULNH�VOLS V\VWHPV� VLPSO\ UHVXOWHG IURP D
PRGHO VHW�XS ZLWK ODWHUDO VWUHQJWK�WKLFNQHVV YDULDWLRQV �6RNRXWLV HW DO �����
7HFWRQRSK\VLFV�� DQG�RU DFFRPSOLVKHG E\ ZHDN ODWHUDO FRQILQHPHQW �H�J��
5DWVFKEDFKHU HW DO�� ����� 7HFWRQLFV�� 7KH DXWKRUV DJUHH RQ WKDW DQG
DFNQRZOHGJH WKH SULPDU\ UROH H[HUWHG E\ D ZHDN FUXVW LQ IDYRXULQJ D ODWHUDO
WHFWRQLF HVFDSH �/LQHV ��������� 2Q WKLV EDVLV� , WKLQN WKDW VRPH PRUH GLVFXVVLRQ
RQ WKH UDWLRQDOH RI WKH PRGHOOLQJ DQG LWV FRPSDULVRQ ZLWK SUHYLRXV PRGHOV ZRXOG
EH QHFHVVDU\ IRU D PRUH LQ� GHSWK FRPSDULVRQ ZLWK WKH QDWXUDO FDVHV VNHWFKHG LQ
)LJXUH����

5HSO\� ,QGHHG� LQ RXU VHULHV RI PRGHOV� FUXVWDO ODWHUDO H[WUXVLRQ LV FRQWUROOHG E\ DSSO\LQJ
D VKRUWHQLQJ�RUWKRJRQDO H[WHQVLRQ� :H PDGH WKLV FKRLFH IRU WZR UHDVRQV� 7KH ILUVW RQH
ZDV WR EH DEOH WR V\VWHPDWLFDOO\ YDU\ DQG SUHFLVHO\ FRQWURO WKH UHODWLYH UDWH RI H[WHQVLRQ
RYHU VKRUWHQLQJ� 7KH VHFRQG UHDVRQ ZDV WR EH DEOH WR UHSURGXFH V\VWHPV LQ ZKLFK
IDU�ILHOG IRUFHV PD\ DOVR SURGXFH RUWKRJRQDO VWUHWFKLQJ SDUWLFLSDWLQJ LQ FUXVWDO
GHIRUPDWLRQ��:H�QRZ�PDNH�LW�PRUH�FOHDU�LQ�WKH�,QWURGXFWLRQ�DQG�3URFHGXUH�VHFWLRQ�
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:H KDYH DOVR H[WHQGHG WKH FRPSDULVRQ RI RXU PRGHOV WR WKRVH LQ SUHYLRXV VWXGLHV DV
VXJJHVWHG� :H DGGHG D FRPSDULVRQ RI RXU PRGHOV ZLWK WKRVH E\ &RUWL HW DO� �������
'XDUWH�HW�DO����������5RVDV�HW�DO���������������

�� $GRSWHG WHUPLQRORJ\� 7KH UHDVRQV RI XVLQJ WKH WHUPV µH[WUXVLRQ UDWH¶ �VWUHWFKLQJ
YHORFLW\� DQG µLQGHQWDWLRQ UDWH¶ �VKRUWHQLQJ YHORFLW\� VKRXOG EH GLVFXVVHG LQ PRUH
GHWDLO� ,QGHQWDWLRQ UHIHUV WR D FDVH ZKHUH WKH FROOLGLQJ EORFN LV PXFK VKRUWHU WKDQ
WKH LQGHQWHG FRQWLQHQW� +RZHYHU� , FDQQRW LGHQWLI\ WKLV FRQGLWLRQ LQ WKH PRGHO
VHWXS RI )LJXUH �� 6R ZK\ QRW XVH WKH WHUPV VKRUWHQLQJ UDWH DQG H[WHQVLRQ UDWH"
3OHDVH�FRPPHQW�RQ�WKLV�

5HSO\� ,Q WKH LQLWLDO VHW�XS� WKH FROOLGLQJ EORFN LQGHHG DSSHDUV DV ODUJH DV WKH LQGHQWHG
FRQWLQHQW� +RZHYHU� LQ PRVW RI WKH PRGHOV �H[FHSW %,�� DQG %,���� DSSOLHG VWUHWFKLQJ
PDNHV WKH FROOLGLQJ EORFN ZLGWK SURJUHVVLYHO\ VPDOOHU WKDQ WKH FRQWLQHQW� :H
DFNQRZOHGJH WKDW WKH GLIIHUHQFH LQ VL]H UHPDLQV VPDOO� DQG WR DYRLG FRQIXVLRQ DQG NHHS
WKLQJV VLPSOH� ZH IROORZHG WKH VXJJHVWLRQ RI 5HYLHZHU � E\ UHSODFLQJ ³LQGHQWDWLRQ UDWH´
E\ ³VKRUWHQLQJ UDWH´ DQG ³H[WUXVLRQ UDWH´ E\ ³VWUHWFKLQJ UDWH´ LQ WKH PDQXVFULSW DQG
ILJXUHV�

�� 5KHRORJ\ RI DQDORJXH PDWHULDOV� 7KH ORZHU FUXVW KDV EHHQ VLPXODWHG XVLQJ 3'06
VLOLFRQH SXWW\ �/LQHV ������� &RQVHTXHQWO\� WKLV VLOLFRQH KDV D ORZHU GHQVLW\ WKDQ
WKH RYHUO\LQJ )RQWDLQHEOHDX TXDUW] VDQG WKDW VLPXODWHV WKH XSSHU FUXVW� $V
FRUUHFWO\ VWDWHG E\ WKH DXWKRUV� WKLV LPSOLHV DQ LQDSSURSULDWH GHQVLW\ UDWLR
EHWZHHQ XSSHU DQG ORZHU FUXVW LQ WKH PRGHOV� 'HQVLW\ FRQWUDVW LQ WKH PRGHO
VKRXOG EH HTXDO� RU DW OHDVW VLPLODU � WR QDWXUH� ,Q RWKHU WHUPV WKH YLVFRXV OD\HU LV
WRR EXR\DQW �RU WKH VDQG WRR KHDY\�� 7KLV PD\ SURGXFH D VWURQJ YHUWLFDO
LQVWDELOLW\ WKDW PD\ DPSOLI\ WKH IROGLQJ RI WKH EULWWOH�GXFWLOH LQWHUIDFH GXULQJ
VKRUWHQLQJ RU H[WHQVLRQ� DQG XOWLPDWHO\ DIIHFW WKH PRGHOOLQJ UHVXOWV DW VRPH
H[WHQW��3OHDVH�FODULI\�WKH�FKRLFH�RI�WKH�3'06�VLOLFRQH��WHFKQLFDO�DGYDQWDJHV"��

5HSO\� 7KH FKRLFH RI XVLQJ ORZ�GHQVLW\ 3'06 VLOLFRQH ZDV PDGH IRU SUDFWLFDO UHDVRQV�
,QFUHDVLQJ WKH GHQVLW\ RI WKH 3'06 VLOLFRQH E\ DGGLQJ LURQ SRZGHU WR PDNH LW DV GHQVH RU
VOLJKWO\ GHQVHU WKDQ WKH VDQG �a��������� NJ�P�� ZRXOG KDYH DOVR PRGLILHG LWV
YLVFRVLW\� ,W ZRXOG KDYH LQFUHDVHG WR YDOXHV DURXQG ��� 3D�V �H�J�� )HUQDQGH]�*DUFLD HW
DO�� ������ ZKLFK KDV LPSOLFDWLRQV RQ WKH VFDOLQJ RI WKH EULWWOH�GXFWLOH PRGHOV� 0DLQWDLQLQJ
VWUHWFKLQJ�VKRUWHQLQJ UDWHV HTXLYDOHQW WR YDOXHV LQ QDWXUH LQ WKH UDQJH a������� PP�\U
ZRXOG KDYH UHTXLUHG LPSRVLQJ SLVWRQ YHORFLWLHV DV ORZ DV a� PP�K� ZKLFK ZDV WRR VORZ
IRU WKH PRWRUV ZH XVHG� :H QRZ H[SODLQ EHWWHU WKH WHFKQLFDO UHDVRQV WKDW OHG XV WR WKLV
FKRLFH�
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:H DJUHH ZLWK UHYLHZHU � WKDW VXFK ORZ GHQVLW\ PD\ IDYRU YHUWLFDO LQVWDELOLWLHV� ZKLFK LV
QRZ LQGLFDWHG LQ WKH PDQXVFULSW� 7R IXUWKHU WHVW LWV SRWHQWLDO LPSDFW� ZH GLG WKH H[HUFLVH
RI SHUIRUPLQJ DGGLWLRQDO �' QXPHULFDO PRGHOV RI FUXVWDO VKRUWHQLQJ EDVHG RQ D PRGLILHG
H[DPSOH RI WKH EHQFKPDUNHG FRGH IURP *HU\D ������� :H YDULHG WKH LQLWLDO FRQILJXUDWLRQ
�LQFOXGLQJ D VHHG RU QRW� DQG WKH GHQVLW\ RI WKH YLVFRXV OD\HU FRQVLGHULQJ YDOXHV VLPLODU
WR WKDW LQ RXU DQDORJXH PRGHOV ���� NJ�P�� RU VLPLODU WR WKDW RI WKH VDQG LQ RXU DQDORJXH
PRGHOV ����� NJ�P�� �)LJ� ��� )RU DQ DPRXQW RI GHIRUPDWLRQ LQ WKH UDQJH RI RXU PRGHOV
���� RI VKRUWHQLQJ�� ZH VKRZ WKDW WKH HIIHFW RI WKH ORZ�GHQVLW\ YLVFRXV OD\HU RQ
GHIRUPDWLRQ ORFDWLRQ LV DOPRVW QXOO ZKHQ D VHHG LV SUHVHQW �)LJ� �$� ZKLOH IRU PRGHOV
ZLWKRXW DQ\ LQLWLDO VHHG �KRUL]RQWDO OD\HULQJ�� VRPH GLIIHUHQFHV DSSHDU� H�J�� WKH ZLGWK
EHWZHHQ FRQMXJDWH WKUXVW IDXOWV� RU WKH ORFDOL]DWLRQ RI GHIRUPDWLRQ DORQJ D VLQJOH RU
PXOWLSOH FORVH WKUXVW IDXOWV �)LJ� �%�� +RZHYHU� WKH RYHUDOO SDWWHUQ RI GHIRUPDWLRQ
UHPDLQV VLPLODU� :H WKHUHIRUH FRQVLGHU WKDW WKH ILUVW�RUGHU UHVXOWV IRU WKH EULWWOH�GXFWLOH
PRGHOV VKRXOG QRW EH YHU\ GLIIHUHQW ZLWK UHVSHFW WR PRGHOV WKDW ZRXOG XVH D KLJKHU
GHQVLW\ YLVFRXV OD\HU� HVSHFLDOO\ IRU PRGHOV ZLWK ORZ RU PRGHUDWH DPRXQW RI GHIRUPDWLRQ
DQG�VKRUW�GXUDWLRQ�

)LJ� �� ,OOXVWUDWLRQ RI WKH LQIOXHQFH RI WKH GHQVLW\ RI D YLVFRXV OD\HU LQ ��' QXPHULFDO PRGHOV RI
FUXVWDO VKRUWHQLQJ� EDVHG RQ WKH 6DQGER[BVKRUWHQLQJBUDWLR H[DPSOH RI *HU\D ������� 7KH LQLWLDO
FRQILJXUDWLRQ HPEHGV OD\HUV RI PDWHULDOV ZLWK SURSHUWLHV HTXLYDOHQW WR WKH VDQG DQG VLOLFRQH XVHG
LQ WKH DQDORJXH PRGHOV ZLWK $� D VHHG LQ WKH FHQWUDO SDUW RI WKH PRGHO DQG %� QR VHHG� 7KH PRGHO
LV VKRUWHQHG E\ PRYLQJ WRZDUG WKH OHIW D ³ULJLG´ PRELOH ZDOO DW D FRQVWDQW YHORFLW\ RI �� PP�K� 7KH



ULJKW SDQHOV VKRZ WKH JHRPHWU\ DQG VWUDLQ ORFDWLRQ DIWHU � FP RI VKRUWHQLQJ ������� IRU PRGHOV
ZLWK�D�VLOLFRQH�OD\HU�ZLWK�D�GHQVLW\�RI�����NJ�P� RU������NJ�P��

�� /LQH ��� :DV WKH FRKHVLRQ RI WKH VDQG PHDVXUHG LQ WKLV VWXG\" ,I QRW� SOHDVH
SURYLGH�D�UHIHUHQFH�

5HSO\� :H QRZ UHIHU WR SUHYLRXV VWXGLHV E\ .OLQNPXOOHU HW DO� ������ DQG 6FKUHXHUV HW
DO� ������ IRU WKH FRKHVLRQ RI WKH VDQG ZH XVHG� :H DOVR UHIHU WR 5XGROI HW DO� ������ IRU
WKH�PHDVXUHPHQWV�RI�IULFWLRQ�FRHIILFLHQWV�

�� /LQHV �������� 3OHDVH UHSRUW LQ 7DEOH � WKH 5DPEHUJ DQG 6PROXFKRZVN\�OLNH
QXPEHUV��5P��6P��IRU�ERWK�PRGHO�DQG�QDWXUH�

5HSO\� :H�QRZ�UHSRUW�5P DQG�5V QXPEHUV�LQ�7DEOH���

�� /LQHV �������� &RUWL HW DO� ������ 6SHF� 3DSHU *6$� SHUIRUPHG VLPLODU DQDORJXH
PRGHOV FKDUDFWHULVHG E\ FRHYDO VKRUWHQLQJ DQG RUWKRJRQDO H[WHQVLRQ� ZKLFK ZHUH
DSSOLHG�WR�WKH�6LFLO\�&KDQQHO�

5HSO\� :H QRZ UHIHU WR WKH PRGHOV E\ &RUWL HW DO� ������ LQ WKH ,QWURGXFWLRQ� ZKHQ
SUHVHQWLQJ WKH GLVWULEXWLRQ RI GHIRUPDWLRQ DURXQG WKH 6LFLO\ &KDQQHO� :H DOVR GLVFXVV
KRZ WKH PRGHOV E\ &RUWL HW DO� ������ FRPSDUH WR RXU PRGHOV DQG WKRVH E\ 'KLIDRXL HW
DO���������
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�� /LQHV �������� 7KH FRQYH[LW\ REVHUYHG LQ VRPH PRGHOV FRXOG UHVXOW IURP D KLJK
IULFWLRQ RI WKH VLGH ZDOOV� +DYH \RX DGRSWHG DQ\ WHFKQLFDO SUDFWLFHV WR PLQLPL]H
WKLV�HIIHFW"

5HSO\� :H GLG QRW DGRSW DQ\ SDUWLFXODU PHWKRG WR GHFUHDVH WKH IULFWLRQ RQ WKH VLGH
ZDOOV� 2Q WKH RWKHU KDQG� KDYLQJ IULFWLRQ�IUHH VLGH ZDOOV ZRXOG LPSO\ WKDW WKH HGJHV RI
WKH PRGHOV FRUUHVSRQG WR SHUIHFWO\ OXEULFDWHG VWULNH�VOLS IDXOWV LQ QDWXUH� ZKLFK ZRXOG QRW
QHFHVVDULO\ EH PRUH VXLWDEOH� 7KH HIIHFW RI KLJK IULFWLRQ LQ WKH PRGHOV RQ IDXOW VKDSH LV
YLVLEOH IRU PRGHO %,�� IRU LQVWDQFH ZKHUH LW LV OLPLWHG WR WKH ILUVW ��� FP IURP WKH :�(
HGJHV� 2XU IDXOW PDSSLQJ IRU WKUXVW IDXOWV GLVFDUGHG WKHVH DUHDV� 7KH FRQYH[LW\ ZH
GHVFULEH LV JHQHUDOO\ LQ WKH FHQWHU RI WKH PRGHOV ZKHUH ERXQGDU\ HIIHFWV VKRXOG EH
OLPLWHG DQG ZH WKHUHIRUH FRQVLGHU WKHVH IHDWXUHV D UHVXOW RI WKH PRGHOV DQG QRW VLPSO\
UHODWHG�WR�HGJH�HIIHFWV�



�� /LQHV �������� +DYH \RX FRQVLGHUHG WKH SRVVLELOLW\ WKDW WKHVH DQRPDORXV IDXOWV
GHSDUWLQJ�IURP�WKH�HGJHV�RI�WKH�JUDEHQ�FRXOG�UHSUHVHQW�RQO\�ERXQGDU\�HIIHFWV"

5HSO\� :H QRZ LQGHHG LQFOXGH ERXQGDU\ HIIHFWV DV D SRVVLEOH H[SODQDWLRQ IRU WKH
RULHQWDWLRQ�RI�WKHVH�DQRPDORXV�IDXOWV��6HH�RXU�UHSO\�WR�FRPPHQW����E\�5HYLHZHU���

�� /LQHV �������� ,W LV QRW FOHDU ZK\ VKRUWHQLQJ�SDUDOOHO WKUXVWLQJ VKRXOG GHYHORS LQ
WKLV PRGHO� +DV VKRUWHQLQJ�SDUDOOHO WKUXVWLQJ EHHQ LGHQWLILHG LQ DQ\ PRGHO RI WKLV
VHULHV" 3OHDVH FODULI\� 6SRQWDQHRXV VKRUWHQLQJ�SDUDOOHO WKUXVWLQJ UHVXOWHG LQ WKH
DERYH�PHQWLRQHG PRGHO E\ 6RNRXWLV HW DO ������� ZKLFK � GLIIHUHQWO\ IURP WKLV
H[SHULPHQWDO VHULHV � ZHUH LVRVWDWLFDOO\ FRPSHQVDWHG� 7KLV PD\ UHSUHVHQW D NH\
GLIIHUHQFH�ZLWK�UHVSHFW�WR�WKH�FXUUHQW�VHULHV�RI�PRGHOV�

5HSO\� :H GLG QRW PHDQ WKDW VKRUWHQLQJ�SDUDOOHO WKUXVWLQJ VKRXOG QHFHVVDULO\ GHYHORS LQ
WKLV PRGHO� EXW UDWKHU WKDW PRGHO %,�� VKRXOG EH WKH PRVW IDYRUDEOH PRGHO JLYHQ WKDW LW
VKDUHV FRPPRQ ERXQGDU\ FRQGLWLRQV �L�H� D ILUVW SKDVH RI VWUHWFKLQJ DQG D VHFRQG SKDVH
RI RUWKRJRQDO VKRUWHQLQJ� ZLWK SUHYLRXV PRGHOV WKDW VKRZHG EDVLQ LQYHUVLRQ� RU
IRUPDWLRQ RI WKUXVW IDXOWV ZLWK D ORZ DQJOH ZLWK UHVSHFW WR WKH VKRUWHQLQJ GLUHFWLRQ� :H
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������ WR LQGLFDWH WKDW ODWHUDO YDULDWLRQV LQ FUXVWDO WKLFNQHVV�VWUHQJWK DQG LVRVWDWLF
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UHDFWLYDWLRQ� )URP WKH WHFWRQLF VHWWLQJ �EDVLQ�SDUDOOHO VKRUWHQLQJ� , ZRXOG H[SHFW
VRPH FRPSRQHQW RI VWULNH�VOLS PRYHPHQW� :KDW LV WKH GRPLQDQW NLQHPDWLFV RI
UHDFWLYDWHG�QRUPDO�IDXOWV"

5HSO\� 7KH UHYLHZHU LV ULJKW� :H QRZ LQGLFDWH WKDW SUHH[LVWLQJ IDXOWV DUH UHDFWLYDWHG LQ
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���)LJXUH����3OHDVH�LQGLFDWH�WKH�µVHHGV¶�LQ�WKH�PRGHO�VHWXS�
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5HSO\� 7KH \HOORZ OD\HU ZDV UHSUHVHQWLQJ WKH GXFWLOH �VLOLFRQH� OD\HU� ,Q WKH ERWWRP
ILJXUH RI WKH OHIW SDQHO� LW ZDV UHSUHVHQWLQJ WKH VHHG ORFDWHG LQ WKH FHQWHU RI WKH PRGHO�
7R PDNH LW OHVV FRQIXVLQJ ZH QRZ LQGLFDWH ³VHHG´ RQ WKH ILJXUH DQG ZH FKDQJHG WKH
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PHDQLQJ�RI�WKH�FRORUV�LQ�WKH�FDSWLRQ�
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