
3URWHLQ�)ROGLQJ�DW�&RQVWDQW�S+��6DOW�&RQFHQWUDWLRQ�

DQG�S+�&KDQJLQJ�3URWHLQ�6WDELOLW\� �
�

9LQtFLXV�*��&RQWHVVRWR�������
���9LQtFLXV�0��GH�2OLYHLUD�����)HUQDQGR�%��GD�6LOYD�����'DQLHO�/��=DJR�����6LGQH\�-��GH�

&DUYDOKR�����/HDQGUR�&��GH�2OLYHLUD������DQG�9LWRU�%�3��/HLWH���

6KRUW $EVWUDFW ² 7KH XQGHUVWDQGLQJ RI HOHFWURVWDWLF� � � � � � �

LQWHUDFWLRQV LQ SURWHLQ IROGLQJ SURFHVV DQG� LQ QDWLYH VWDWH� � � � � � � � �

VWDELOLW\ LV LPSRUWDQW WR PROHFXODU ELRSK\VLFV DUHD� 7KH FKDUJH� � � � � � � � �

LQWHUDFWLRQV DUH DIIHFWHG E\ FKDQJHV LQ S+ DQG VDOW� � � � � � � � �

FRQFHQWUDWLRQ RI WKH HQYLURQPHQW ZKLFK PD\ DOWHU WKH SURWHLQ� � � � � � � � �

VWDELOLW\� +HUH LW LV LPSOHPHQWHG WKH 6WUXFWXUH�%DVHG 0RGHOV� � � � � � � �

ZLWK D &RQVWDQW S+ 0ROHFXODU '\QDPLFV �6%0�&S+0'� WR� � � � � � � �

LQYHVWLJDWH WKH SURWHLQ IROGLQJ LQ GLIIHUHQW S+ DQG VDOW� � � � � � � � �

FRQFHQWUDWLRQ FRQGLWLRQV� 7KH VLPXODWLRQV SUHVHQW TXDOLWDWLYH� � � � � �

DQG TXDQWLWDWLYH UHVXOWV WKDW DJUHH ZLWK H[SHULPHQWDO GDWD DQG� � � � � � � � �

WKHVH VWXGLHV KHOS LQ WKH XQGHUVWDQGLQJ RI S+ DQG VDOW� � � � � � � � � �

GHSHQGHQFH�HIIHFWV�LQ�SURWHLQ�VWDELOLW\��

�

.H\ZRUGV ² &RQVWDQW S+ 0ROHFXODU '\QDPLFV�� � � � � �

6WUXFWXUH�%DVHG�0RGHOV��S+�'HSHQGHQFH��,RQLF�6WUHQJWK�
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$ �1 XQGHUVWDQGLQJ RI IDFWRUV ZKLFK DIIHFW WKH VWDELOLW\� � � � � � � �

DQG WKH IROGLQJ RI SURWHLQV LV RI IXQGDPHQWDO LPSRUWDQFH LQ� � � � � � � � � �

WKH FRPSUHKHQVLRQ RI SULQFLSOHV WKDW JRYHUQ WKH EHKDYLRU RI� � � � � � � � �

WKHVH PDFURPROHFXOHV DV ZHOO DV LQ WKH GHYHORSPHQW RI� � � � � � � � �

ELRWHFKQRORJLFDO DSSOLFDWLRQV� &KDUJHG UHVLGXHV PD\ SOD\ DQ� � � � � � �

HVVHQWLDO UROH LQ SURWHLQ VWDELOLW\ DQG IXQFWLRQ� HVSHFLDOO\� � � � � � � �

ZKHQ WKH\ DUH UHODWHG WR ELQGLQJ VLWH UHFRJQLWLRQ�� � � � � � � �

(OHFWURVWDWLF LQWHUDFWLRQV GXULQJ WKH SURWHLQ IROGLQJ SURFHVV� � � � � � �

KDYH EHHQ H[WHQVLYHO\ LQYHVWLJDWHG E\ H[SHULPHQWV DQG� � � � � � �

WKHRU\� S+ DQG LRQLF VWUHQJWK SOD\ D FHQWUDO UROH LQ WKHVH� � � � � � � � � � �

HOHFWURVWDWLF LQWHUDFWLRQV� DV ZHOO DV LQ WKH DUUDQJHPHQW RI� � � � � � � � �

LRQL]DEOH�UHVLGXHV�LQ�HDFK�SURWHLQ�IROGLQJ�VWDJH�� �

0RVW RI WKH FRPSXWDWLRQDO VWXGLHV D IL[HG FKDUJH KDV EHHQ� � � � � � � � � �

DGRSWHG WR LQYHVWLJDWH WKH FRQWULEXWLRQ RI WKH HOHFWURVWDWLF� � � � � � � �

LQWHUDFWLRQ� ,Q ELRORJLFDO V\VWHPV� 7KH FKDUJH GLVWULEXWLRQ LQ� � � � � � � �

D SURWHLQ PD\ FKDQJH IROORZLQJ WKH� � � � � �

SURWRQDWLRQ�GHSURWRQDWLRQ RI WKH FKDUJHG UHVLGXHV EDVHG RQ� � � � � � �

WKH�LRQLF�VWUHQJWK�DQG�WKH�S+�RI�WKH�HQYLURQPHQW���

,Q WKLV VWXG\� D 0ROHFXODU '\QDPLFV VLPXODWLRQ ZLWK� � � � � � � �

&RQVWDQW S+ ZDV LPSOHPHQWHG LQ WKH 6WUXFWXUH�%DVHG 0RGHO� � � � � � � �

�&S+0'�6%0� WR LQYHVWLJDWH WKH S+ DQG 6DOW FRQFHQWUDWLRQ� � � � � � � �

HIIHFWV�RQ�WKH�IROGLQJ�RI�GLIIHUHQW�SURWHLQV�>�±�@���
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7KH SURWHLQV ZHUH PRGHOHG XVLQJ D 6WUXFWXUH�EDVHG PRGHO� � � � � � � �

�6%0� LQ ZKLFK WKH SURWHLQ LV FRDUVH�JUDLQHG LQ D &. DWRP� � � � � � � � � � �

OHYHO RI VLPSOLILFDWLRQ� 7KH UHVLGXHV DUH UHSUHVHQWHG E\� � � � � � � �

EHDGV LQ . FDUERQ SRVLWLRQV� DQG WKH +DPLOWRQLDQ WKDW JLYHV� � � � � � � � � �

WKH SURWHLQ HQHUJ\ LQWHUDFWLRQ LV EDVHG RQ WKH JHRPHWU\ RI LWV� � � � � � � � � � �

QDWLYH�VWDWH�>�@����

7KH HOHFWURVWDWLF LQWHUDFWLRQV ZHUH LQWURGXFHG WKURXJK WKH� � � � � � �

LQFOXVLRQ RI SRLQW FKDUJHV DW WKH FHQWHU RI WKH EHDGV� � � � � � � � � �

UHSUHVHQWLQJ EDVLF�DFLGLF UHVLGXHV DQG WUHDWLQJ WKH HOHFWURO\WH� � � � � � �

VROXWLRQ DFFRUGLQJ WR WKH 'HE\H�+�FNHO WKHRU\� 7KXV� D� � � � � � � �

&RXORPE VFUHHQLQJ SRWHQWLDO JDYH WKH FKDUJH�FKDUJH� � � � � �

LQWHUDFWLRQ�>�@����

7KH FRQVWDQW�S+ PROHFXODU G\QDPLF PHWKRG �&S+0'�� � � � � �

DGRSWHG LQ WKLV VWXG\ FRPELQHV D VWDQGDUG PROHFXODU� � � � � � � �

G\QDPLFV VLPXODWLRQ ZLWK WKH 0HWURSROLV 0RQWH &DUOR� � � � � � �

PHWKRG IRU VDPSOLQJ SURWHLQ SURWRQDWLRQ VWDWHV�>�@�� %DVLFDOO\�� � � � � � �

DW HDFK JLYHQ QXPEHU RI PROHFXODU G\QDPLFV VWHSV� D� � � � � � � � �

WLWUDWDEOH UHVLGXH LV UDQGRPO\ FKRVHQ� DQG WKH FKDQJLQJ RI LWV� � � � � � � � � �

SURWRQDWLRQ VWDWH LV DFFHSWHG RU UHMHFWHG DFFRUGLQJ WR WKH� � � � � � � � �

0HWURSROLV�FULWHULRQ��
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7KH VLPXODWLRQV ZHUH SHUIRUPHG IRU GLIIHUHQW SURWHLQV� � � � � � �

FDSWXULQJ WKH HVVHQWLDO IHDWXUHV RI WKH S+ DQG VDOW� � � � � � � � �

FRQFHQWUDWLRQ GHSHQGHQFH� 7KH SURWHLQ VWDELOLW\ FDOFXODWLRQ� � � � � �

VKRZV D JRRG DJUHHPHQW EHWZHHQ VLPXODWLRQV DQG� � � � � � �

H[SHULPHQWV���

7KH LPSOHPHQWDWLRQ RI &S+0'�6%0 UHYHDOV WR EH D� � � � � � � �

SRZHUIXO WRRO ZKLFK KHOSV LQ WKH HYDOXDWLRQ RI VDOW DQG S+� � � � � � � � � � �

HIIHFWV�WKURXJKRXW�WKH�IROGLQJ�SURFHVV���
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>�@ &RURQDGR 0$ HW DO� &ROG 6KRFN 3URWHLQ $ IURP &RU\QHEDFWHULXP� � � � � � � � � �

SVHXGRWXEHUFXORVLV� 5ROH RI (OHFWURVWDWLF )RUFHV LQ WKH 6WDELOLW\ RI WKH� � � � � � � � � �

6HFRQGDU\�6WUXFWXUH��3URWHLQ�3HSW�/HWW��������������±�����

>�@ &RQWHVVRWR 9* DQG �2OLYHLUD 9�0 HW DO�� 17/� )ROGLQJ DW &RQVWDQW� � � � � � � � � � �

S+� 7KH ,PSRUWDQFH RI (OHFWURVWDWLF ,QWHUDFWLRQ DQG S+ 'HSHQGHQFH�� � � � � � � � �

-�&KHP�7KHRU\�&RPSXW���������������±������

>�@ 2OLYHLUD 90 DQG &RQWHVVRWR 9* HW DO� (IIHFWV RI S+ DQG 6DOW� � � � � � � � � � � �

&RQFHQWUDWLRQ RQ 6WDELOLW\ RI D 3URWHLQ * 9DULDQW 8VLQJ� � � � � � � � �

&RDUVH�*UDLQHG�0RGHOV��%LRSK\V�-��������������±����

>�@� &OHPHQWL & HW DO�� 7RSRORJLFDO DQG HQHUJHWLF IDFWRUV� ZKDW GHWHUPLQHV� � � � � � � � � �

WKH VWUXFWXUDO GHWDLOV RI WKH WUDQVLWLRQ VWDWH HQVHPEOH DQG ³HQ�URXWH´� � � � � � � � � �

LQWHUPHGLDWHV IRU SURWHLQ IROGLQJ" $Q LQYHVWLJDWLRQ IRU VPDOO JOREXODU� � � � � � � � �

SURWHLQV��-�0RO�%LRO���������������±�����

>�@ $]LD $� /HY\ <� 1RQQDWLYH HOHFWURVWDWLF LQWHUDFWLRQV FDQ PRGXODWH� � � � � � � � �

SURWHLQ IROGLQJ� PROHFXODU G\QDPLFV ZLWK D JUDLQ RI VDOW� - 0RO %LRO�� � � � � � � � � � � �

�������������±�����

>�@ %DSWLVWD $0 HW DO�� &RQVWDQW�S+ PROHFXODU G\QDPLFV XVLQJ VWRFKDVWLF� � � � � � � � �

WLWUDWLRQ��-�&KHP�3K\V����������������±������
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16)�JUDQWV����������������������������DQG�3+<���������� �
��5LFH�8QLYHUVLW\��&7%3�%5&��+RXVWRQ���7;��86$��
��%UD]LOLDQ�%LRHWKDQRO�6FLHQFH�DQG�7HFKQRORJ\�/DERUDWRU\���

&7%(�&13(0��&DPSLQDV���63��%UD]LO��
��6mR�3DXOR�6WDWH�8QLYHUVLW\��81(63�,%,/&(���

6mR�-RVp�GR�5LR�3UHWR���63��%UD]LO���
�FRQWHVVRWR#ULFH�HGX�


