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$EVWUDFW 

'DP�LV�D�XVHIXO� LQIUDVWUXFWXUH� IRU�KXPDQ�OLIH�� ,W�KHOSV�VXSSRUWLQJ�VRFLDO�DQG�HFRQRPLF�GHYHORSPHQW��'DPDJHV� WR�
GDPV�PD\�FDXVH�QHJDWLYH�LPSDFWV�VXFK�DV�FDVXDOWLHV�DQG�GHVWUXFWLRQ���7KXV��PLWLJDWLRQ�IRU�GDP�UHODWHG�GLVDVWHU�KDV�
WR�EH�SHUIRUPHG��7KLV�VWXG\�XVHV�GHULYDWLYHV�RI��'�DQG��'�VKDOORZ�ZDWHU�ZDYH�HTXDWLRQV���7KLV�HTXDWLRQ�LV�EDVHG�RQ�
WKH�SULQFLSOH�RI�PDVV�DQG�PRPHQWXP�FRQVHUYDWLRQ��)XUWKHUPRUH�� LW� LV�GLVFUHWL]HG�XVLQJ� ILQLWH�GLIIHUHQFH�)RUZDUG�
7LPH�&HQWHU�6SDFH� �)7&6�� VFKHPH��+DQVHQ
V� ILOWHU� LV�XVHG� WR� UHGXFH�RVFLOODWLRQ�DQG�PDLQWDLQ� WKH� VWDELOLW\�RI� WKH�
FDOFXODWLRQ�� 7KH� ILOWHU� VHUYHV� DV� DQ� DUWLILFLDO� GLVVLSDWLRQ� WR� ILOWHU� HDFK� SRLQW� IRU� HDFK� WLPH� VWHS�� %DVHG� RQ� WKH�
DQDO\VLV��VLPXODWLRQ�RI��'�GDP�EUHDN�XVLQJ�)7&6�QXPHULFDO�VFKHPH�VKRZV�D�VLPLODU�IORZ�SDWWHUQ�WR�WKH�DQDO\WLFDO�
VROXWLRQ�� %XW�� LW� LV� QRW� VWDEOH� DQG� VWLOO� VKRZV� D� TXLWH� ELJ� RVFLOODWLRQ�� +DQVHQ� )LOWHU� FDQ� VLJQLILFDQWO\� UHGXFH�
RVFLOODWLRQ� DQG� LQFUHDVH� DFFXUDF\��+RZHYHU�� LWV� DSSOLFDWLRQ� VKRZV� D� OHVV� DFFXUDWH�ZDYHIURQW� DQG�PRYHDEOH� EHG�
VLWXDWLRQ��2YHUDOO�LW�FDQ�EH�FRQFOXGHG�WKDW�)7&6�QXPHULFDO�VFKHPH�ZLWK�QXPHULFDO�ILOWHU�FDQ�EH�XVHG�WR�VROYH��'�
VKDOORZ�IORZ�SUREOHPV�VXFK�DV�FLUFXODU�GDP�EUHDN�VLPXODWLRQ� 

.H\ZRUGV��'DP�EUHDN��+DQVHQ�ILOWHU��)7&6 

$EVWUDN 

%HQGXQJDQ�DGDODK�LQIUDVWUXNWXU�\DQJ�EHUPDQIDDW�EDJL�NHKLGXSDQ�PDQXVLD�XQWXN�PHQGXNXQJ�SHPEDQJXQDQ�VRVLDO�
GDQ� HNRQRPL�� 6HODLQ� EHUPDQIDDW�� EHQGXQJDQ� MXJD� ELVD� EHUGDPSDN� QHJDWLI� \DLWX� PHQ\HEDENDQ� NRUEDQ� MLZD� GDQ�
NHUXVDNDQ�� 2OHK� NDUHQD� LWX�� PLWLJDVL� EHQFDQD� WHUNDLW� NHJDJDODQ� EHQGXQJDQ� SHUOX� GLODNXNDQ�� 3HQHOLWLDQ� LQL�
GLODNXNDQ�PHQJJXQDNDQ� WXUXQDQ�GDUL�SHUVDPDDQ�JHORPEDQJ�DLU�GDQJNDO��'�GDQ��'��3HUVDPDDQ� LQL�PHUXSDNDQ�
JDEXQJDQ�GDUL�SULQVLS�NRQVHUYDVL�PDVVD�GDQ�PRPHQWXP��3HUVDPDDQ�WHUVHEXW�NHPXGLDQ�GLGLVNULWLVDVL�PHQJJXQDNDQ�
VNHPD�EHGD�KLQJJD�)RUZDUG�7LPH�&HQWHU�6SDFH��)7&6���)LOWHU�+DQVHQ�GLJXQDNDQ�XQWXN�PHQJXUDQJL�RVLODVL�GDQ�
PHQMDJD�VWDELOLWDV�SHUKLWXQJDQ��)LOWHU�EHUIXQJVL�VHEDJDL�GLVLSDVL�EXDWDQ�XQWXN�PHQ\DULQJ�VHWLDS� WLWLN�SDGD�VHWLDS�
ODQJNDK�ZDNWX��%HUGDVDUNDQ�KDVLO�DQDOLVLV��GDSDW�GLVLPSXONDQ�EDKZD�VLPXODVL�GDP�EUHDN��'�PHQJJXQDNDQ�VNHPD�
QXPHULN� )7&6� PHQXQMXNNDQ� SROD� DOLUDQ� \DQJ� PLULS� GHQJDQ� VROXVL� DQDOLWLN� WHWDSL� WLGDN� VWDELO� GDQ� PDVLK�
PHQXQMXNNDQ� RVLODVL� \DQJ� FXNXS� EHVDU�� +DQVHQ� )LOWHU� VHFDUD� VLJQLILNDQ� GDSDW� PHQJXUDQJL� RVLODVL� GDQ�
PHQLQJNDWNDQ� DNXUDVL�� $NDQ� WHWDSL�� DSOLNDVLQ\D� PHQXQMXNNDQ� PXND� JHORPEDQJ� GDQ� VLWXDVL� ODSLVDQ� GDVDU� \DQJ�
NXUDQJ�DNXUDW�� 6HFDUD� NHVHOXUXKDQ�GDSDW� GLVLPSXONDQ�EDKZD� VNHPD�QXPHULN�)7&6�GHQJDQ� ILOWHU� QXPHULN�GDSDW�
GLJXQDNDQ�XQWXN�PHQ\HOHVDLNDQ�PDVDODK�DOLUDQ�GDQJNDO��'�VHSHUWL�VLPXODVL�GDP�EUHDN� 

.DWD-NDWD�.XQFL��'DP�EUHDN��ILOWHU�+DQVHQ��)7&6 
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���,QWURGXFWLRQ 

'DP� LV� RQH� RI� WKH� LQIUDVWUXFWXUHV� WKDW� DUH� XVHIXO� IRU�
KXPDQ�OLIH��,W�KHOSV�LQ�VXSSRUWLQJ�VRFLDO�DQG�HFRQRPLF�
GHYHORSPHQW��'DPV�DUH�EHQHILFLDO�IRU�LUULJDWLRQ��SRZHU�
JHQHUDWLRQ�� DQG� ZDWHU� QHHGV�� 7KH\� DOVR� FDQ� EH�
IXQFWLRQHG� DV� IORRG� FRQWUROOHU�� GURXJKW� PLWLJDWLRQ��
ILVKHULHV�� DQG� UHFUHDWLRQ�� <HW�� GDPDJHV� WR� GDPV� PD\�
FDXVH� QHJDWLYH� LPSDFWV� VXFK� DV� FDVXDOWLHV� DQG�
GHVWUXFWLRQ�� <DNWL� HW� DO� ������� KDYH� VKRZQ� WKH�
GHYDVWDWLQJ� HIIHFW� RI� :DL� (OD� GDP� EUHDN� WR� 1HJHUL�
/LPD�YLOODJH��$PERQ�� ,QGRQHVLD��7KXV��PLWLJDWLRQ� IRU�
GDP�UHODWHG�GLVDVWHU�KDV�WR�EH�SHUIRUPHG���$�GDP�EUHDN�
DQDO\VLV� FDQ� EH� FRQGXFWHG� XVLQJ� QXPHULFDO�PRGHOLQJ��
7KH� UHVXOWV� SURYLGH� YDULRXV� LQIRUPDWLRQ� IRU� WKH�
PLWLJDWLRQ�SODQ� 

7KH� GDP� EUHDN� IORZ� LV� PRGHOHG� E\� D� VKDOORZ� ZDWHU�
HTXDWLRQ�� 7KH� VKDOORZ� ZDWHU� HTXDWLRQ� LV� RQH� RI� WKH�
PDQ\� VXUIDFH�ZDYH�PRGHOV�� ,W� LV� XVHG� WR� VLPXODWH� WKH�
VSUHDG� RI� WZR-ZD\� VXUIDFH� ZDYHV� LQ� WKH� �'� FKDPEHU�
DQG�LQ�DOO�GLUHFWLRQV�IRU��'�VSDFH��7KH�HTXDWLRQ�RI�WKLV�
VKDOORZ� ZDWHU� ZDYH� FRQVLVWV� RI� WZR� HTXDWLRQV�� 7KH\�
DUH� GHULYHG� IURP� PDVV� DQG� PRPHQWXP� FRQVHUYDWLRQ�
ODZ�� 

,Q� QXPHULFDO�PRGHOLQJ�� GDP� EUHDN� LV� FRQVLGHUHG� DV� D�
FRPSOH[� FDVH�� ,W� LQYROYHV� VKRFN� ZDYHV� UHVXOWLQJ� LQ�
XQVWDEOH� QXPHULFDO� PRGHOLQJ�� ,QVWDELOLW\� LQ� PRGHOLQJ�
FDQ�EH�FDXVHG�E\�VHYHUDO�IDFWRUV��7KRVH�DUH�DQ�H[WUHPH�
VORSH��D�KLJK�OHYHO�RI�FKDQQHO�URXJKQHVV��DQG�D�VXGGHQ�
FKDQJH�LQ�WKH�FKDQQHO��'XH�WR�DOO�WKHVH�FRQGLWLRQV��ZH�
FDQ� XVH� 6DLQW� 9HQDQW� (TXDWLRQ� WR� UHVROYH� GDP� EUHDN�
FDVHV� DQG� DGG� VRPH� ILOWHUV� WR� PDLQWDLQ� QXPHULFDO�
VWDELOLW\� 

6RPH� SUHYLRXV� VWXGLHV� KDYH� WULHG� DSSO\LQJ� VKDOORZ�
ZDWHU�HTXDWLRQ�WR�GDP�EUHDN�FDVHV���)DULG�HW�DO���������
KDV�XVHG�D�ILQLWH�GLIIHUHQFH�PHWKRG�WR�VLPXODWH��'�GDP�
EUHDN�� 7KH\� WU\� VHYHUDO� QXPHULFDO� VFKHPHV� IRU� WKH�
FDVH��)URP�WKH�UHVXOWV�RI�WKLV�VWXG\��WKH�0DF�&RUPDFN�
0HWKRG� LV� WKH� PRVW� VXLWDEOH� VFKHPH�� 7KLV� PHWKRG� LV�
LQGHHG� HIIHFWLYH� IRU� PRGHOLQJ� GDP� EUHDN�� EXW� LW� LV�
FRPSOLFDWHG�� ,W� UHTXLUHV� WZR� VWHSV�� D� SUHGLFWRU� VWHS�
ZKLFK� LV� IROORZHG� E\� D� FRUUHFWRU� VWHS�� �%UXIDX� DQG�
*DUFÕғD-1DYDUUR�� ������ KDV� DOVR� WULHG� WKH� ILQLWH�
GLIIHUHQFH� PHWKRGV�� 7KH\� SHUIRUP� 8QVWHDG\� IUHH�
VXUIDFH�IORZ�VLPXODWLRQ�RYHU�FRPSOH[�WRSRJUDSK\�ZLWK�
D� PXOWLGLPHQVLRQDO� XSZLQG� VFKHPH�� 7KLV� VFKHPH� LV�
H[FHOOHQW� DW� VROYLQJ� SDUWLDO� K\SHUEROLF� GLIIHUHQWLDO�
HTXDWLRQV��8QIRUWXQDWHO\�� LW� LV� DOVR� FRPSOLFDWHG� WR� EH�
XVHG�� 8SZLQG� VFKHPHV� XVH� DQ� DGDSWLYH� RU� VROXWLRQ�
VHQVLWLYH� ILQLWH� GLIIHUHQFH� VWHQFLO�� ,W� QXPHULFDOO\�
VLPXODWHV� WKH� GLUHFWLRQ� RI� SURSDJDWLRQ� RI� LQIRUPDWLRQ�
LQ� D� IORZ� ILHOG�� �*LQWLQJ� DQG� 0XQGDQL�� ������ KDV�
FRPSDUHG� VKDOORZ� ZDWHU� HTXDWLRQV� IRU� VRPH� FDVHV� RI�
�'�GDP�EUHDN�XVLQJ�XSZLQG�QXPHULFDO�VFKHPHV��7KLV�
VWXG\�DOVR�XVHV�DQ�XSZLQG�VFKHPH�WKDW� LV�VXSHULRU�EXW�
FRPSOLFDWHG� LQ� LWV� XVH�� 2WKHU� WKDQ� ILQLWH� GLIIHUHQW�
PHWKRG�� �.DZDKDUD� DQG�8PHWVX�� ������ DSSOLHG� ILQLWH�
HOHPHQW� PHWKRG� IRU� PRYLQJ� ERXQGDU\� SUREOHPV� LQ�
ULYHU� IORZ��7KH� UHVXOW� VKRZV� WKLV�PHWKRG� VXFFHVVIXOO\�
DSSOLHG� WR� VROYH� WKH� VKDOORZ� ZDWHU� HTXDWLRQ� RI� ULYHU�
IORZ�� 7KH� WZR-VWHS� H[SOLFLW� ILQLWH� HOHPHQW� PHWKRG�

VXFFHVV�WR�VROYH�WKH�VKDOORZ�ZDWHU�HTXDWLRQ��%XW�DJDLQ��
LQ�LWV�XVH��WKLV�PHWKRG�LV�DOVR�FRPSOLFDWHG�� 

�'HOLV� DQG� .DWVDRXQLV�� ������ DSSO\� WKH� �G� VKDOORZ�
ZDWHU�HTXDWLRQV�E\�XVLQJ�UHOD[DWLRQ�PHWKRGV��086&/�
6FKHPH��� 7KH� 086&/� VFKHPH� LV� D� ILQLWH� YROXPH�
PHWKRG�� 7KLV� PHWKRG� FDQ� SURYLGH� KLJKO\� DFFXUDWH�
QXPHULFDO�VROXWLRQV�IRU�D�JLYHQ�V\VWHP��,W�VKRZV�JRRG�
UHVXOW� HYHQ� LI� WKH� VROXWLRQV� H[KLELW� VKRFNV��
GLVFRQWLQXLWLHV��RU�ODUJH�JUDGLHQWV��(YHQ�VR��WKLV�PHWKRG�
LV�DOVR�FRPSOLFDWHG�LQ�LWV�XVH���'HOLV�DQG�6NHHOV��������
SURSRVHG� 79'-0DF� &RUPDFN� PHWKRG� WR� UHGXFH� WKH�
RVFLOODWLRQ� RQ� WKH� PRGHO�� 79'� VFKHPH� LV� XVHG� WR�
FDSWXUH�VKDUSHU�VKRFN�SUHGLFWLRQV��LW�ZRUNV�ZLWKRXW�DQ\�
PLVOHDGLQJ�RVFLOODWLRQV�ZKHQ�YDULDWLRQ�RI�ILHOG�YDULDEOH�
³�´�LV�GLVFRQWLQXRXV��8QIRUWXQDWHO\��79'�6FKHPH�KDV�
EHFRPH�KHDY\�DQG�XQHFRQRPLF�WR�FDSWXUH�WKH�YDULDWLRQ�
ILQH�JULGV��¨[� �YHU\�VPDOO����:HODKHWWLJH�HW�DO���������
GHPRQVWUDWHG�WKH�DSSOLFDELOLW\�RI�)OX[�/LPLWHU�0HWKRG�
WR�PLQLPL]H�WKH�RVFLOODWLRQ�RI�WKH�RSHQ�YHQWXUL�FKDQQHO�
PRGHOLQJ�� 7KH� UHVXOW� LV�� ÀX[� OLPLWHUV� DUH� VXLWDEOH� WR�
DYRLG� SKDVH� HUURU� IRU� PRQRWRQH� VROXWLRQV�� 3DUWLDO�
GLIIHUHQWLDO� HTXDWLRQV� FDQ� EH� VROYHG� E\� VSOLWWLQJ� WKHP�
LQWR�D�K\SHUEROLF�DQG�VRXUFH�SUREOHP�� �/DL�DQG�.KDQ��
������KDV� LPSOHPHQWHG�6ORSH�/LPLWHU�0HWKRG� WR� ILQG�
WKH�VROXWLRQ�RI��G�VKDOORZ�ZDWHU�HTXDWLRQV�ZLWK�ERWWRP�
VORSH�VRXUFH�WHUP��7KH�UHVXOW�VKRZV�WKDW�WKLV�PHWKRG�LV�
EHWWHU�VXLWHG�IRU�RSHQ�FKDQQHO�IORZV�ZLWK�LUUHJXODU�EHG� 

,Q� WKH� FDVH� WKDW�ZLOO� EH� GLVFXVVHG� KHUH�� GHULYDWLYHV� RI�
VKDOORZ�ZDWHU�ZDYH�HTXDWLRQ��'�DQG��'�DUH�XVHG��7KLV�
HTXDWLRQ� LV� EDVHG� RQ� WKH� SULQFLSOH� RI� PDVV� DQG�
PRPHQWXP� FRQVHUYDWLRQ�� )XUWKHUPRUH�� WKH� VKDOORZ�
ZDWHU�ZDYH�HTXDWLRQ�LV�VROYHG�QXPHULFDOO\�XVLQJ�ILQLWH�
GLIIHUHQFH� )RUZDUG� 7LPH� &HQWHU� 6SDFH� �)7&6��
VFKHPH��7R�UHGXFH�WKH�RVFLOODWLRQ�RQ�WKH�PRGHO��LW�ZLOO�
XVH�+DQVHQ
V�ILOWHU��$GLW\DZDQ�DQG�7DQDND���������7KH�
ILOWHU�ZLOO�PDLQWDLQ� WKH� VWDELOLW\� RI� WKH� FDOFXODWLRQ� DQG�
DFW� DV� DQ� DUWLILFLDO� GLVVLSDWLRQ�� 7KLV� LV� XVHG� IRU� HDFK�
WLPH�VWHS�DW�HDFK�QRGH� 

�� *RYHUQLQJ� (TXDWLRQV� DQG� 1XPHULFDO�
0RGHOV 

7KH� JRYHUQLQJ� HTXDWLRQ� IRU� WKH� PRGHO� LV� WKH� IXOO�
G\QDPLF� 6W�� 9HQDQW� HTXDWLRQ�� 7KH� 6W�� 9HQDQW�
(TXDWLRQV�FRQVLVWV�RI�WKH�FRQWLQXLW\�DQG�WKH�PRPHQWXP�
HTXDWLRQV� DV� JLYHQ� EHORZ� �%\� LJQRULQJ� WKH� HIIHFWV� RI�
ZLQG�� &RULROLV� IRUFHV�� DQG� PRPHQWXP� GXH� WR�
WXUEXOHQFH�DQG�YLVFRVLW\�� 
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ZKLFK� 
X�  � YHORFLWLHV�RI�[-GLUHFWLRQ 
Y  � YHORFLWLHV�RI�\-GLUHFWLRQ 
K�  � ZDWHU�GHSWK 
J�  � JUDYLWDWLRQDO�DFFHOHUDWLRQ 
6R[�  � GHSWK�JUDGLHQWV�RI�[-GLUHFWLRQ 
6R\�  � GHSWK�JUDGLHQWV�RI�\-GLUHFWLRQ 
6I[�   �VORSH�IULFWLRQ�RI�[-GLUHFWLRQ 
6I\�  � VORSH�IULFWLRQ�RI�\-GLUHFWLRQ 
Q�  � 0DQQLQJ¶V�URXJKQHVV�QXPEHU 
W�  � WLPH 
[�  � [-GLUHFWLRQ�LQ�VSDFH 
\  � \-GLUHFWLRQ�LQ�VSDFH 

7KH�JRYHUQLQJ�HTXDWLRQ� LV�VROYHG�XVLQJ�ILQLWH�GLIIHUHQFH�
)7&6�QXPHULFDO�VFKHPH��WKLV�PHWKRG�LV�RIWHQ�UHIHUUHG�DV�
DQ� H[SOLFLW� PHWKRG� IRU� GLIIXVLRQ� HTXDWLRQV�� ,Q� )7&6�
PHWKRG��WKH�WLPH�GHULYDWLYH�LV�DSSURDFKHG�ZLWK�ILUVW�RUGHU�
IRUZDUG�GLIIHUHQFH�DQG� WKH� VSDFH�GHULYDWLYH�XVHV�FHQWUDO�
GLIIHUHQFH�� 7KH� 6W�� 9HQDQW� HTXDWLRQ� GLVFUHWL]DWLRQ� ZLWK�
)7&6�FDQ�EH�VHHQ�LQ�WKH�HTXDWLRQ�EHORZ�� 

�'�&RQWLQXLW\�(TXDWLRQ 
 
 
 
'LUHFWLRQDO�0RPHQWXP-; 
 
 
 
 
 
 
 
 
 
 
 
 
 
'LUHFWLRQDO�0RPHQWXP-< 
 
 
 
 
 
 
 
 
 
 
 
 

7KH�PRGHOLQJ� LQ� WKLV�FDVH�XVHV�+DQVHQ
V� ILOWHU� WR� UHGXFH�
WKH�RVFLOODWLRQ�RQ�WKH�PRGHO�DQG�WR�PDLQWDLQ�WKH�VWDELOLW\�
RI� WKH� FDOFXODWLRQ�� 7KH� ILOWHU� VHUYHV� DV� DQ� DUWLILFLDO�
GLVVLSDWLRQ�� ZKLFK� ZLOO� ILOWHU� IRU� HDFK� WLPH� VWHS� DW� HDFK�
QRGH��7KH�ZDWHU�GHSWK�DQG�YHORFLW\�YDOXHV�ZLOO�EH�ILOWHUHG�
RU� XSGDWHG� DW� HDFK� LWHUDWLRQ� XVLQJ� WKH� IROORZLQJ�
HTXDWLRQ�� 

 
 

7KH� FRUUHFWLRQ� IDFWRU� �&�� XVHG� LV� ������ ZLWK� )�
FRUUHVSRQGLQJ�WR�WKH�ILOWHU�SDUDPHWHU� 

��� 

��� 

��� 

��� 

��� 

��� 

���1XPHULFDO�7HVW�DQG�5HVXOW 

����'DP�EUHDN�IORZ��G 

,W� LV�NQRZQ� WKDW�0DF�&RUPDFN�VFKHPH�VKRZV� WKH�EHVW�
DFFXUDF\� FRPSDUHG� WR� PHWKRG� RI� FKDUDFWHULVWLF�� /HDS�
)URJ�� DQG� /D[�:HQGURII� VFKHPHV� �)DULG� HW� DO��� �������
EXW�LQ�WKLV�FDVH�ZH�DUH�JRLQJ�WR�VHH�WKH�UHVXOW�LI�ZH�XVH�D�
VLPSOHU� VFKHPH� WKDQ� WKRVH� ��� 7KLV� PRGHOLQJ� SURFHVV�
VLPXODWHV� D� VLPSOH� �'� GDP� EUHDN� IORZV� XVLQJ� )7&6�
QXPHULFDO� VFKHPH�DQG�FRPSDUH� WKH� UHVXOW� WR�DQDO\WLFDO�
VROXWLRQ�WR�FKHFN�WKH�DFFXUDF\�� 

,Q� D� ���� P� ORQJ� FKDQQHO�� WKH� GDP� LV� VLWXDWHG� LQ� WKH�
FHQWHU�RI�WKH�FKDQQHO�ZLWK�LQLWLDO�XSVWUHDP�ZDWHU�GHSWK�
K� ���� P� DQG� GRZQVWUHDP� ZDWHU� GHSWK� K� �� P�� 7KH�
LQLWLDO�FRQGLWLRQ�FDQ�EH�VHHQ�LQ�)LJXUH���� 

)LJXUH����,QLWLDO�FRQGLWLRQ 

7KH�GDP�EUHDN�IORZ�LV�JLYHQ�E\�D�VXGGHQ�RSHQLQJ�RI�WKH�
JDWH��7KH�VLPXODWLRQ�WLPH�LV�VHW� WR����VHFRQGV�ZLWK�����
P� GLVWDQFH� LQWHUYDO� DQG� ������ V� WLPH� LQWHUYDO��
9HULILFDWLRQ� FDQ� EH� GRQH�ZLWK� VWRNHU� VROXWLRQ� EHFDXVH�
WKLV� WHVW� FDVH� PHHW� WKH� UHTXLUHPHQWV�� VXGGHQ� IORZ�
FKDQJH��IODW�FKDQQHO�EDVH��DQG�QR�VFRXULQJ� 

$V�ZH� FDQ� VHH� IURP�)LJXUH� �� WKH� VLPXODWLRQ� VKRZV� D�
VLPLODU� IORZ� SDWWHUQ� EXW� TXLWH� ELJ� RVFLOODWLRQ� DQG�
LQVWDELOLW\� VWLOO� RFFXU� HVSHFLDOO\� LQ� WKH� GRZQVWUHDP��
7KHUHIRUH�� D� QXPHULFDO� ILOWHU� LV� QHHGHG� WR� KDQGOH� WKH�
VKRFN��+DUODQ�HW�DO����������&RUUHFWLRQ�IDFWRU�IN� ������
LV�XVHG� 

7KH� GLIIHUHQFH� LQ� HUURU� EHWZHHQ� WKH� VLPXODWLRQ� UHVXOWV�
ZLWKRXW�XVLQJ�D�ILOWHU�ZLWK�WKH�VLPXODWLRQ�UHVXOWV�XVLQJ�D�
ILOWHU� LV� FDOFXODWHG� ZLWK� WKH� 5RRW� 0HDQ� 6TXDUH� (UURU�
�506(��PHWKRG��506(�LV�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�
UHVLGXDOV� �SUHGLFWLRQV� HUURUV��� 5HVLGXDOV� DUH� D�PHDVXUH�
RI� KRZ� IDU� WKH� GDWD� SRLQWV� WR� WKH� UHJUHVVLRQ� OLQH� DUH��
6LPXODWLRQ�XVLQJ� QXPHULFDO� ILOWHU� LQ�)LJXUH��� VKRZV� D�
VPRRWKHU� DQG� PRUH� VWDEOH� UHVXOW� ZLWKRXW� RVFLOODWLRQ�
FRPSDUHG�WR�)LJXUH����7KH�UHVXOW�IURP�)7&6�QXPHULFDO�
VFKHPH� LV� FRPSDUHG� WR� WKH� DQDO\WLFDO� VROXWLRQ� E\�
FDOFXODWLQJ� 506(� YDOXH� DW� �� VHFRQGV� DQG� ��� VHFRQGV�
WLPH� VWHSV�� 7KH� DSSOLFDWLRQ� RI� QXPHULFDO� ILOWHU� FDQ�
GHFUHDVH�506(�YDOXH��VR� WKH�ILOWHU� LV� UHFRPPHQGHG� WR�
EH�XVHG�LQ�WKH�QH[W�FDVH� 
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)LJXUH����6LPXODWLRQ�UHVXOW�DW��D��WLPH ��VHFRQGV�DQG��E��WLPH ���VHFRQGV 

)LJXUH����6LPXODWLRQ�UHVXOW�DW��D��WLPH ��VHFRQGV�DQG��E��WLPH ���VHFRQGV�XVLQJ�KDQVHQ�ILOWHU 

W�V� 

506( 

&KRRVHQ�FKRLFH )7&6 
ZLWKRXW�ILOWHU 

)7&6 
ZLWK�ILOWHU 

� ����� ����� )7&6�ZLWK�)LOWHU 

�� ����� ����� )7&6�ZLWK�)LOWHU 

FXPXODWLYH ����� ����� )7&6�ZLWK�)LOWHU 

7DEHO����(UURU�VXPPDU\�UHSRUW� 

)LJXUH����,QLWLDO�FRQGLWLRQ�RI�FLUFXODU�GDP�EUHDN�IURP��D��D�SHUVSHFWLYH�YLHZ�DQG��E��D�PLGGOH�FURVV-VHFWLRQ 

�D� �E� 

����&LUFXODU�GDP�EUHDN��G 

7KH�VHFRQG�FDVH�DERXW�D�FLUFXODU�GDP�EUHDN�LV�VLPLODU�
WR�FDVHV�SUHVHQWHG� LQ� UHIHUV� WR� �*LQWLQJ�DQG�0XQGDQL��
������ DQG� �'HOLV� DQG�.DWVDRXQLV�� �������7KLV� FDVH� LV�
XVHG� WR� FKHFN� WKH� UHOLDELOLW\� RI� )7&6� QXPHULFDO�
VFKHPH�ZLWK�QXPHULFDO�ILOWHU�ZKHQ�LW�FRPHV�WR�VROYH�D�
FRPSOH[�VKDOORZ�IORZ�SUREOHP�LQ��'��WKH�GRPDLQ�LV�D�
���[����P�VTXDUH�ZLWK�QR�VORSH�QRU�IULFWLRQ��7KH�LQLWLDO�
FRQGLWLRQ� LV� WKDW� WZR� UHJLRQV� RI� VWLOO� ZDWHU� DUH�
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�D� 

�E� 

)LJXUH����5HVXOW�RI�)7&6�VFKHPH�IRU�FLUFXODU�GDP�EUHDN�DW�����V�IURP��D��D�SHUVSHFWLYH�YLHZ�DQG��E��D�PLGGOH�FURVV-VHFWLRQ 

�D� 

�E� 

)LJXUH����5HVXOW�RI�)7&6�VFKHPH�IRU�&LUFXODU�'DP�%UHDN�DW�����V�IURP��D��D�SHUVSHFWLYH�YLHZ�DQG��E��D�PLGGOH�FURVV-VHFWLRQ 

)LJXUH����5HVXOW�RI�)7&6�VFKHPH�IRU�FLUFXODU�GDP�EUHDN�DW�����V�IURP��D��D�SHUVSHFWLYH�YLHZ�DQG��E��D�PLGGOH�FURVV-VHFWLRQ 

�E� �D� 

VHSDUDWHG� E\� D� F\OLQGULFDO� ZDOO� ZLWK� ���� P� UDGLXV� DV�
VKRZQ�LQ�)LJXUH��� 

:DWHU� GHSWK� LQVLGH� WKH� F\OLQGHU� ZDOO� LV� ���� P� DQG� WKH�
RXWVLGH� ZDOO� FRQVLVWV� RI� ���� P� ZDWHU�� 7KH� ZDWHU� LV�

DVVXPHG� WR� EH� DW� UHVW� ZLWK� QR� LQLWLDO� YHORFLW\� DQG� DOO�
ERXQGDULHV� DUH� VHW� WR� ZDOO� ERXQGDU\�� 7KH� WRWDO�
VLPXODWLRQ� WLPH� LV� ���� VHFRQGV� ZLWK� ������ V� WLPH�
LQWHUYDO�DQG�FDOFXODWHG�LQ�D����[����JULG� 
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)LJXUH�����5HVXOW�RI�)7&6�VFKHPH�IRU�FLUFXODU�GDP�EUHDN�DW�����V�IURP��D��D�SHUVSHFWLYH�YLHZ�DQG��E��D�PLGGOH�FURVV-VHFWLRQ 

7KH� VLPXODWLRQ� LV� DOVR� FRQGXFWHG� ZLWKRXW� XVLQJ�
+DQVHQ¶V� )LOWHU�� 7KH� PRGHO� FUDVKHV� DW� ����� VHFRQGV�
DQG� DOUHDG\� VKRZV� RVFLOODWLRQ� RU� LQVWDELOLW\� IURP� WKH�
VWDUW��:KHUHDV��DOO�WKH�UHVXOWV�IURP�)LJXUH���WR�)LJXUH�

���ZLWK�+DQVHQ¶V� )LOWHU� DUH� VWDEOH� DQG� VPRRWK�� 7KH\�
DOVR�VKRZ�VLPLODU�UHVXOWV�WR�WKRVH�SUHVHQWHG�LQ�UHIHUV�WR�
�*LQWLQJ�DQG�0XQGDQL��������� 

�D� �E� 

�D� �E� 

�D� �E� 



� sŽů͘�Ϯϳ�EŽ͘�ϭ͕��Ɖƌŝů�ϮϬϮϬ 

0HOOLYHUD��HW�DO� 

�ŝƚĞƌŝŵĂ�Ϯϵ��ŐƵƐƚƵƐ�ϮϬϭϵ͕��ŝƌĞǀŝƐŝ��ϮϬ�WĞďƌƵĂƌŝ�ϮϬϮϬ͕��ŝƚĞƌŝŵĂ�ƵŶƚƵŬ�ĚŝƉƵďůŝŬĂƐŝŬĂŶ�ϭϰ��Ɖƌŝů�ϮϬϮϬ 
�ŽƉǇƌŝŐŚƚ������ϮϬϮϬ��ŝƚĞƌďŝƚŬĂŶ�ŽůĞŚ�:ƵƌŶĂů�dĞŬŶŝŬ�^ŝƉŝů�/d�͕�/^^E�Ϭϴϱϯ-ϮϵϴϮ͕��K/͗�ϭϬ͘ϱϲϭϰͬũƚƐ͘ϮϬϮϬ͘Ϯϳ͘ϭ͘ϭ 

���&RQFOXVLRQ 

· %DVHG�RQ�WKH�DQDO\VLV�DERYH��VLPXODWLRQ�RI��'�GDP-
EUHDN� XVLQJ� )7&6� QXPHULFDO� VFKHPH� ZKLFK� LV�
PRGHOHG�RQ�D�����P�ORQJLWXGLQDO�FKDQQHO�ZLWK�LQLWLDO�
FRQGLWLRQV� LQ� WKH� XSVWUHDP�ZDWHU� GHSWK� K��  � ���� P�
DQG� GRZQVWUHDP� K��  � ���� P� VKRZV� D� VLPLODU� IORZ�
SDWWHUQ� WR� DQDO\WLFDO� VROXWLRQ� EXW� LW� LV� QRW� VWDEOH� DQG�
TXLWH�ELJ�RVFLOODWLRQ�VWLOO�RFFXUV� 

· +DQVHQ�)LOWHU�FDQ�VLJQLILFDQWO\�UHGXFH�WKH�RVFLOODWLRQ�
GXH� WR� QXPHULFDO� LQVWDELOLW\�� ,W� FDQ� DOVR� LQFUHDVHV�
DFFXUDF\� HYHQ� WKRXJK� LW� VKRZV� D� OHVV� DFFXUDWH�
ZDYHIURQW�DQG�PRYHDEOH�EHG�VLWXDWLRQ��)XUWKHUPRUH��
D�QXPHULFDO�VFKHPH�FDQ�EH�DSSOLHG�WR��'�GDP-EUHDN�
VLPXODWLRQV��,Q�WKLV�FDVH��WKH�)7&6�QXPHULFDO�VFKHPH�
ZDV�DSSOLHG�WR�WKH�FLUFXODU�GDP�EUHDN�FDVH� 

· 7KH� LQLWLDO� FRQGLWLRQV� JLYHQ� LQ� WKH� �'� FLUFXODU� GDP�
EUHDN� VLPXODWLRQ� DUH� ���� P� ZDWHU� GHSWK� LQVLGH� WKH�
F\OLQGHU�ZDOO� DQG� WKH�RXWVLGH�ZDOO� FRQVLVWV�RI�����P�
ZDWHU���7KH�WRWDO�VLPXODWLRQ�WLPH�LV�����VHFRQGV�ZLWK�
������V�WLPH�LQWHUYDO�DQG�FDOFXODWHG�LQ�D����[����JULG��
2YHUDOO�� LW� FDQ� EH� FRQFOXGHG� WKDW� )7&6� QXPHULFDO�
VFKHPH� ZLWK� QXPHULFDO� ILOWHU� FDQ� EH� XVHG� WR� VROYH�
VKDOORZ�IORZ�SUREOHP��'�VXFK�DV�FLUFXODU�GDP�EUHDN�
VLPXODWLRQ� 

· +RZHYHU�� DGGLWLRQDO� LQYHVWLJDWLRQ� DQG� YHULILFDWLRQ�
DUH�UHTXLUHG�IRU�IXUWKHU�DSSOLFDWLRQ�RI�WKLV�PHWKRG� 

���$FNQRZOHGJPHQW 

7KLV� VWXG\� LV� VXSSRUWHG� E\� 3�0,� /330� ,7%� DQG� ..�
,7%�*UDQW�5HVHDUFK���F�,��&���3/������ 

���5HIHUHQFHV 

$GLW\DZDQ�� 0�� %��� DQG� 7DQDND�� +�� �������� %HG� VWUHVV�
DVVHVVPHQW� XQGHU� VROLWDU\� ZDYH� UXQ-XS�� (DUWK��
3ODQHWV�DQG�6SDFH�������������–���� 

%UXIDX�� 3��� DQG� *DUFÕғD-1DYDUUR�� 3�� �������� 8QVWHDG\�
)UHH� 6XUIDFH� )ORZ� 6LPXODWLRQ� 2YHU� &RPSOH[�
7RSRJUDSK\� ZLWK� $� 0XOWLGLPHQVLRQDO� 8SZLQG�
7HFKQLTXH�� -RXUQDO� RI� &RPSXWDWLRQDO� 3K\VLFV��
�����������–����� 

'HOLV�� $�� ,��� DQG� .DWVDRXQLV�� 7K�� �������� 1XPHULFDO�
VROXWLRQ� RI� WKH� WZR-GLPHQVLRQDO� VKDOORZ� ZDWHU�
HTXDWLRQV� E\� WKH� DSSOLFDWLRQ� RI� UHOD[DWLRQ�
PHWKRGV�� $SSOLHG� 0DWKHPDWLFDO� 0RGHOOLQJ�� ��
��������–����� 

'HOLV��$��,���DQG�6NHHOV��&��3����������79'�VFKHPHV�IRU�
RSHQ� FKDQQHO� IORZ�� ,QWHUQDWLRQDO� -RXUQDO� IRU�
1XPHULFDO�0HWKRGV�LQ�)OXLGV������������-���� 

)DULG��0���<DNWL��%��3���5L]DOGL��$���DQG�$GLW\DZDQ��0��
%�� �������� )LQLWH� 'LIIHUHQFH� 1XPHULFDO� 6FKHPH�
IRU�6LPXODWLQJ�'DP�%UHDN�)ORZ��7KH��WK�+$7+,�
,QWHUQDWLRQDO� 6HPLQDU� RQ� :DWHU� 5HVLOLHQFH� LQ� D�
&KDQJLQJ�:RUOG� 

*LQWLQJ��%���DQG�0XQGDQL��5�-3����������&RPSDULVRQ�RI�
6KDOORZ� :DWHU� 6ROYHUV�� $SSOLFDWLRQV� IRU� 'DP-

%UHDN� DQG� 7VXQDPL� &DVHV� ZLWK� 5HRUGHULQJ�
6WUDWHJ\� IRU� (IILFLHQW� 9HFWRUL]DWLRQ� RQ�0RGHUQ�
+DUGZDUH��:DWHU������������� 

+DUODQ��'���$GLW\DZDQ��0��%���1DWDNXVXPDK��'��.���DQG�
/HO\�+DUGLDQWL�=HQGUDWR��1����������$SSOLFDWLRQ�
RI�1XPHULFDO� )LOWHU� WR� D� 7D\ORU�*DOHUNLQ� )LQLWH�
(OHPHQW� 0RGHO� IRU� 0RYDEOH� %HG� 'DP� %UHDN�
)ORZV�� ,QWHUQDWLRQDO� -RXUQDO� RI�*(20$7(�� ��
����� 

.DZDKDUD�� 0��� DQG� 8PHWVX�� 7�� �������� )LQLWH� (PHQW�
0HWKRG�IRU�0RYLQJ�%RXQGDU\�3UREOHPV�LQ�5LYHU�
)ORZ�� ,QWHUQDWLRQDO� -RXUQDO� IRU� 1XPHULFDO�
0HWKRGV�LQ�)OXLGV�����������–����� 

/DL�� :��� DQG� .KDQ�� $�� $�� �������� 'LVFRQWLQXRXV�
*DOHUNLQ� 0HWKRG� IRU� �'� 6KDOORZ� :DWHU� )ORZ�
ZLWK�:DWHU�6XUIDFH�6ORSH�/LPLWHU����������� 

:HODKHWWLJH��3���9DDJVDHWKHU��.���DQG�/LH��%����������$�
6ROXWLRQ�0HWKRG� IRU� 2QH-'LPHQVLRQDO� 6KDOORZ�
:DWHU� (TXDWLRQV� 8VLQJ� )OX[� /LPLWHU� &HQWHUHG�
6FKHPH�IRU�2SHQ�9HQWXUL�&KDQQHO��7KH�-RXUQDO�
RI�&RPSXWDWLRQDO�0XOWLSKDVH�)ORZV������������–
����� 

<DNWL�� %DJXV� 3UDPRQR��� $GLW\DZDQ�� 0�%��� )DULG��
0RKDPPDG��� 6XU\DGL�� <DGL��� 1XJURKR�� -RNR���
+DGLKDUGDMD�� ,ZDQ� .ULGDVDQWDXVD�� ��������
0RGHOLQJ� RI� )ORRG� 3URSDJDWLRQ� GXH� WR� WKH�
)DLOXUH�RI�:D\�(OD�1DWXUDO�'DP��0$7(&�:HE�
RI�&RQIHUHQFHV������������ 
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