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$%675$&7�
7KH�LQLWLDO�DVVHVVPHQW�RI�HOHFWULF�HQHUJ\�GHPDQGV�RI�
D�EXLOGLQJ�LV�D�NH\�HOHPHQW�LQ�WKH�GHVLJQ�SURFHVV��WKDW�
VKRXOG�EH�LQWHJUDWHG�LQ�WKH�HDUOLHU�VWDJHV�RI�WKH�GHVLJQ�
RI� D� QHW� ]HUR� HQHUJ\� EXLOGLQJ�� 7KH� REMHFWLYH� RI� WKH�
VWXG\� LV� WKH� FUHDWLRQ� RI� SUHGLFWLYH� PRGHOV� RI�
KRXVHKROG� HOHFWULFDO� FRQVXPSWLRQV� LQ� WKH�
0HGLWHUUDQHDQ�6SDQLVK� FOLPDWH� DQG� LWV�
LPSOHPHQWDWLRQ� LQ� 7516<6� ��� HQYLURQPHQW�� 7KH�
PRGHOV� RIIHU� ERWK� D� VLPSOLILHG� OHYHO� RI� DQDO\VLV��
EDVHG� RQ� DYHUDJH� VHDVRQDO� HOHFWULFDO� FRQVXPSWLRQV�
WUHQGV� DQG� D� VWRFKDVWLF� LQ�GHSWK� OHYHO� IRU� WKH�
VLPXODWLRQ� RI� SHDN� ORDGV� WKURXJK� WKH� FRPSLOLQJ� RI�
PXOWLSOH�7516<6�W\SHV��

,1752'8&7,21�
7KH� SUHYHQWLYH� DVVHVVPHQW� RI� WKH� KRXVHKROG�
HOHFWULFDO� FRQVXPSWLRQV� �&HOOXUD��0�� HW� DO��� ������ LV�
JDLQLQJ� DWWHQWLRQ�� LQ� WKH� GRPDLQ� RI� LQWHJUDWLRQ� RI�
UHQHZDEOH�WHFKQRORJLHV�LQ�1HW�]HUR�HQHUJ\�EXLOGLQJV�
�1HW�=(%V���$OWKRXJK�WKH�LPSRUWDQFH�RI�D�SUHYHQWLYH�
NQRZOHGJH� RI� WKH� HOHFWULFDO� FRQVXPSWLRQV� LV� QRW�
XVXDOO\� DV� VWUHVVHG� DV� RWKHU� DVSHFWV� �H�J�� HQHUJ\�
HIILFLHQF\�� HQHUJ\� VDYLQJV��� LW� LV� RQH� RI� WKH� NH\�
HOHPHQWV�IRU��VL]LQJ�RI�HTXLSPHQW�DQG�V\VWHPV�DQG�WR�
HYDOXDWH� WKH� EHKDYLRU� RI� WKH� EXLOGLQJ� LQ� WHUPV� RI�
LQWHUDFWLRQ�ZLWK� WKH� HQHUJ\� JULG� �&DUERQHOO�� -�� HW� DO��
�������
7KH� HVWLPDWLRQ� RI� HOHFWULFDO� ORDGV� KDV� DOZD\V� EHHQ�
EDVHG� RQ� VWDWLVWLFDO� GDWD�� DOWKRXJK� WKLV� NLQG� RI�
DSSURDFK� KDV� VRPH� VWUHQJWKV� �H�J�� VLPSOH�
FDOFXODWLRQV��SHUIHFW� IRU� ILUVW� VWDJH�DQDO\VLV��EXW� LW� LV�
QRW� XVHIXO� ZKHQ� LW� LV� QHHGHG� WR� PRGHO� WKH� HQHUJ\�
LQWHUDFWLRQV� RI� D� ³SURVXPHU´� EXLOGLQJ�� )URP� WKLV�
SHUVSHFWLYH� D� JRRG� DQG� VROLG� PRGHOLQJ� DSSURDFK�
VKRXOG�FRPSULVH�ERWK�DYHUDJH�YDOXHV�DQG�SHDN�YDOXHV�
HVWLPDWLRQ�� WKH� ILUVW� EHLQJ� XVHIXO� IRU� DQ� HDUO\�
³FKDUUHWWH�GHVLJQ´�VL]LQJ�RI�WKH�V\VWHPV��WKH�ODWWHU�IRU�
JULG�LQWHUDFWLRQ��VWRUDJH�VL]LQJ�LVVXHV�DQG�WR�RSWLPL]H�
GHPDQG�VLGH�PDQDJHPHQW��'60��VWUDWHJLHV��
7KRVH�DUH�VRPH�RI�WKH�FRUH�WRSLFV�DQDO\]HG�LQ�GHWDLO�
�6DORP�-��HW�DO��������LQ�WKH�FRQWH[W�RI�WKH�1HW�=HUR�
(QHUJ\�%XLOGLQJV�IUDPHZRUN�GHILQHG�ZLWKLQ�WKH�MRLQW�
LPSOHPHQWLQJ� DJUHHPHQW� RI� WKH� 6RODU� +HDWLQJ� DQG�
&RROLQJ� �6+&�� DQG� (QHUJ\� &RQVHUYDWLRQ� LQ�
%XLOGLQJV� DQG� &RPPXQLW\� 6\VWHPV� �(&%&6�� 6+&�
7DVN����(&%&6�$QQH[����RI�WKH�,QWHUQDWLRQDO�

(QHUJ\� $JHQF\� �,($�� ³7RZDUGV� 1HW� =HUR� (QHUJ\�
6RODU�%XLOGLQJV´��
7KH� FDSDELOLW\� RI� DVVHVVLQJ� LQ� DGYDQFH� HOHFWULFDO�
HQHUJ\� FRQVXPSWLRQV� FDQ� EH� FUXFLDO� LQ� SHUIRUPLQJ�
FRUUHFW� VL]LQJ� RI� HQHUJ\� VWRUDJHV� RU� HQHUJ\�
SURGXFWLRQ� V\VWHPV� UHGXFLQJ� WKH� QHHG� RI� UHWURILW�
DFWLRQ�FDXVHG�E\�D�QRQ�SHUIHFW�GHVLJQ�VWDJH�� WKH�XVH�
RI�EXLOGLQJ�VLPXODWLRQ�WRROV�LQ�WKH�ILUVW�GHVLJQ�VWDJHV�
LQ�WKHUPDO�QRQ�VWHDG\�VWDWH�FRQGLWLRQV�ILHOG��GD\OLJKW�
DQG� DVVHVVPHQW� RI� HOHFWULFDO� FRQVXPSWLRQV� FRXOG�
DOORZ� PXOWL�REMHFWLYH� RSWLPL]DWLRQV�� UHVXOWLQJ� LQ� DQ�
RSWLPDO�GHVLJQ�RI� WKH�EXLOGLQJ�DV�D�ZKROH�DQG� LQ� LWV�
LQWHUDFWLRQ�ZLWK�WKH�JULG���
$QRWKHU�NH\�HOHPHQW�LQ�WKH�GHILQLWLRQ�RI�WKH�UDWLRQDOH�
RI�WKH�ZRUN�SUHVHQWHG�LQ�WKLV�SDSHU�LV�WKH�LPSRUWDQFH�
RI� XQFHUWDLQW\� FDXVHG� E\� RFFXSDQWV¶� EHKDYLRU� LQ� WKH�
GHILQLWLRQ� RI� WKHUPDO� ORDGV� DQG� HOHFWULFDO�
FRQVXPSWLRQV� LQ� EXLOGLQJV¶� VLPXODWLRQV�� 2FFXSDQWV�
WKHUPDO�ORDGV�PD\�KDYH�D�VLJQLILFDQW�LQFLGHQFH�RQ�WKH�
+�&� ORDGV� UHTXHVWHG� LQ� EXLOGLQJV�� RFFXSDQWV¶� KDELWV�
�H�J��XVLQJ��DSSOLDQFHV�DW�QLJKW��ZDWFKLQJ�WHOHYLVLRQ�LQ�
WKH� DIWHUQRRQ�� HWF��� DQG� VWDWXV� �H�J�� IDPLO\� ZLWK�
FKLOGUHQ�� VLQJOH� XQHPSOR\HG�� HWF���� W\SH�� HIILFLHQF\�
DQG�QXPEHU�RI�DSSOLDQFHV�XVHG�LQ�WKH�KRXVHKROG�KDYH�
KXJH�LPSDFWV�RQ�HOHFWULFDO�HQHUJ\�GHPDQG�SHDNV�DQG�
DYHUDJH�SURILOHV���
7KH� WRSLF� SURSRVHG� LQ� WKH� SDSHU� KDV� EHHQ� VWXGLHG�
EHIRUH�LQ�VLPLODU�ZD\V��
:LGHQ� HW� DO�� �:LGHQ�� -�� ������ SURSRVHG� D�0DUNRY�
&KDLQ� WUDQVLWLRQ� SUREDELOLWLHV� GULYHQ�PHWKRG�� ZLWK� D�
ZLGH� XVH� RI� 7LPH�8VH�'DWD� �78'�� LQIRUPDWLRQ� IRU�
6ZHGHQ�� 78'� ZHUH� XVHG� WR� GHVFULEH� RFFXSDQF\�
SDWWHUQV� LQ� D� VWRFKDVWLF� 0DUNRY� FKDLQ� ��� PRGHOLQJ�
VWDWHV�� EDVHG� PRGHO� LQ� WKH� ILHOG� RI� HOHFWULFDO� DQG�
OLJKWLQJ� GHPDQG�� :uGHQ� XVHG� GHWDLOHG� PRGHOLQJ� RI�
WKH� XVH� RI� WLPH� �KRXVHKROG� FDUH�� UHFUHDWLRQ��
WUDQVSRUWV�� IRRG� SUHSDUDWLRQ�� ZRUN� HWF��� IRU� HDFK�
RFFXSDQW�� 7KH� IXQGDPHQWDO� VHFWLRQ� RI� WKH� PRGHO� LV�
WKH� FRQYHUVLRQ� RI� WKH�78'� LQWR� RFFXSDQF\� DQG� HQG�
XVHV� HQHUJ\� SURILOHV�� WKURXJK� WKH� XVH� RI� GLIIHUHQW�
SDWWHUQ� DQG� FRQYHUWLQJ� IXQFWLRQV� DFFRUGLQJ� WR� WKH�
DSSOLDQFHV�PRGHOHG�LQ�WKH�SDSHU���
5LFKDUGVRQ�HW�DO���5LFKDUGVRQ��,�HW�DO��������SURSRVHV�
D� PHWKRG� KDYLQJ� DV� LQSXW� WKH� YDOXH� RI� QDWXUDO� OLJKW�
HQWHULQJ� ZLQGRZV� DQG� WKH� DFWLYLW\� OHYHO� RI� WKH�
KRXVHKROG�UHVLGHQWV��7KH�PDLQ�LQSXW�RI�WKH�PRGHO�LV�D�
WLPH�VHULHV� UHSUHVHQWLQJ� WKH� QXPEHU� RI� DFWLYH�
RFFXSDQWV�ZLWKLQ�D�GZHOOLQJ�DQG�LV�EDVHG�RQ�D��
�

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, Chambéry, France, August 26-28

- 2436 -



WUDQVLWLRQ�SUREDELOLWLHV�0RQWH�&DUOR�WHFKQLTXH��
7KH� VWXG\� GHVFULEHG� LQ� WKLV� SDSHU� DLPV� WR� FUHDWH� D�
WRRO�DEOH�WR�PRGHO�ERWK�DYHUDJH�WUHQGV�DQG�VWRFKDVWLF�
YDULDELOLW\�LQ�WHUPV�RI�DYHUDJH�WUHQGV�DQG�³VZLWFK�RQ�
HYHQWV´� �7XUQLQJ� WKH� VWDWH�RI� WKH� LWK� DSSOLDQFH�RI� WKH�
QWK� KRXVHKROG� IURP� RII� WR� RQ�� DW� WKH� MWK� WLPHVWHS���
GHVFULSWLRQ� IRU� HDFK� RI� WKH� DSSOLDQFHV� FRQVLGHUHG��
7KH�PRGHOV�DOORZ�WKH�XVHU�WR�GHVFULEH�ERWK�WKH�VLQJOH�
KRXVHKROG�FDVH�DQG�WKH�PXOWL�KRXVHKROG�VFHQDULRV�LQ�
7516<6� HQYLURQPHQW�� WKH� UHVXOWV� LQFOXGHG� LQ� WKH�
SDSHU� DUH� HYDOXDWHG� WXQLQJ� WKH� LQSXW� GDWD� DQG� WKH�
SUREDELOLWLHV� RI� VZLWFK�RQ� HYHQWV� WR� KDSSHQ� RQ� WKH�
6SDQLVK�FDVH��WKURXJK�WKH�DQDO\VLV�RI�SURMHFWV�GHDOLQJ�
ZLWK�WKH�XVH�RI�HQHUJ\�LQ�KRXVHKROGV�IRU�6SDLQ���

0(7+2'6�
7KH� VWXG\� KDV� EHHQ� SHUIRUPHG� RQ� GLIIHUHQW� OHYHOV��
HDFK� RQH� ZLWK� D� GLIIHUHQW� DLP�� GLIIHUHQW� UHVROXWLRQ�
DQG�XVLQJ�GLIIHUHQW�WHFKQLTXHV��0RGHOLQJ�QHHGV�YDU\�
DFFRUGLQJ�WR�WKH�PRGHOLQJ�DLP�DQG�DUH�YHU\�GLIIHUHQW�
LQ� WKH� WZR� OHYHOV� WKDW� KDYH� EHHQ� DQDO\]HG� LQ� WKH�
SDSHU�� %HIRUH� DQDO\]LQJ� LQ� GHWDLO� WKH� GLIIHUHQFHV�
DPRQJ�WKH�WZR�DSSURDFKHV��D�FRPPRQ�JURXQG�ZLOO�EH�
EULHIO\�GHVFULEHG��
7KH�VWXG\�DLPV�WR�PRGHO�WKH�HOHFWULFDO�FRQVXPSWLRQV�
RI� WKH�KRXVHKROG�VHFWRU�RI� � WKH�6SDQLVK�EDFNJURXQG��
$OO� WKH�PRGHOV� DQDO\]H� HOHFWULFDO� FRQVXPSWLRQV� WKDW�
DUH� QRW� IRUFHG� E\� H[WHUQDO� SKHQRPHQD�
�KHDWLQJ�FRROLQJ� DQG� DUWLILFLDO� OLJKWLQJ�� XQGHU� WKH�
IROORZLQJ� FODVVLILFDWLRQ�� FRRNLQJ� GHYLFHV�� ZDVKLQJ�
PDFKLQH�� GLVK� ZDVKHU�� WHOHYLVLRQ�� GU\HU�� RYHQ��
FRPSXWHUV��ZDVKHU�GU\HU��PLFURZDYH��
2WKHU� QHDUO\� FRQVWDQW� FRQVXPSWLRQV� DSSOLDQFHV� �H�J��
IULGJH�� IUHH]HU��� DQ� HVWLPDWLRQ� RI� WKH� VWDQGE\�
HTXLSPHQW�HOHFWULF�FRQVXPSWLRQV�DUH�DOVR�FRQVLGHUHG�
LQ�ERWK�DQDO\VHV��
7KH� VLPXODWLRQV� PRGHOV� KDYH� EHHQ� LPSOHPHQWHG� LQ�
7516<6� ����� HQYLURQPHQW�� DUUDQJHG� LQ� VLQJOH�
KRXVHKROG� SURMHFWV� DW� ILUVW� DQG�� DIWHU� D� )2575$1�
SURJUDPPLQJ� SURFHVV�� LPSOHPHQWHG� LQWR� PXOWLSOH�
7516<6�W\SHV�IRU�HYHU\�OHYHO�RI�PRGHOLQJ�GHSWK��LQ�
RUGHU�WR�KDQGOH�PXOWL�GZHOOLQJ�VLPXODWLRQV��$OWKRXJK�
WKH� LPSOHPHQWDWLRQ� RI� WKH� PRGHO� ZRXOG� ILW� LQ� DQ\�
VLPXODWLRQ� HQYLURQPHQW�� WKH� SRVVLELOLW\� RI� UXQQLQJ�
JHQHUDWLRQ�VLGH�DQG�ERWK�WKHUPDO�DQG�HOHFWULFDO� ORDG�
VLGH�VLPXODWLRQ�LQ�WKH�VDPH�WRRO�DQG�DW�WKH�VDPH�WLPH��
OLNH� LQ� WKH� FDVH� RI� WKH� SURSRVHG� 7516<6� W\SH�
LPSOHPHQWDWLRQ�� LV� DQ� DGYDQFHPHQW� WRZDUGV� D�
³JOREDO´� VLPXODWLQJ� DSSURDFK��7KH� WLPH�VWHS� FKRVHQ�
LV�RQH�KRXU��DV�LW�JXDUDQWHHV�D�JRRG�EDODQFH�EHWZHHQ�
FRPSXWDWLRQDO� UHTXLUHPHQWV�� VFLHQWLILF� UREXVWQHVV� RI�
WKH� UHVXOWV� �:LGHQ�� -�� ������ DQG� YDOLGDWLRQ�
FDSDELOLWLHV�DFFRUGLQJ� WR� WKH� DYDLODEOH�GDWD� �0RVW�RI�
WKHP�XVH�KRXUO\�UHVROXWLRQ���
$OO� WKH� PRGHOV� XVH� WKH� GHWDLOHG� GDWD� IURP� WKH�
6SDKRXVHF� SURMHFW� OHG� E\� ,'$(� �,'$(�� ������ IRU�
GLIIHUHQW�DLPV��WKDW�ZLOO�EH�FODULILHG�LQ�WKH�IROORZLQJ��
7KLV� SURMHFW� GHOLQHDWHV� DQ� RYHUYLHZ� RQ� WKH� VWDWH� RI�
WKH� HQHUJ\� FRQVXPSWLRQV� LQ� 6SDLQ�� ZLWK� GHWDLOHG�
LQIRUPDWLRQ� DOVR� RQ� GLIIHUHQW� VXE�UHJLRQV�

�&RQWLQHQWDO�� 0HGLWHUUDQHDQ� DQG� $WODQWLF�� DQG�
GLIIHUHQW�W\SH�RI�KRXVHKROGV� �VLQJOH�GHWDFKHG�KRXVHV�
RU� PXOWL�GZHOOLQJ� EXLOGLQJV��� 7KH� GDWD� DUH� EXLOW�
WKURXJK�ERWK�VXUYH\V�DQG�PRQLWRUHG�GDWD��
7KH� PDLQ� LQIRUPDWLRQ� XVHG� DV� LQSXW� WR� WKH� PRGHOV�
DUH�� WKH� QXPEHU� RI� KRXVHKROGV� SHU� NLQG� DQG� ]RQH��
SHQHWUDWLRQ� UDWLRV� RI� HTXLSPHQW� �1XPEHU� RI� KRXVH�
ZLWK� DW� OHDVW� RQH� DSSOLDQFH� RI� WKH� LWK� NLQG�WRWDO�
QXPEHU� RI� KRXVHV�� LQ� HDFK� UHJLRQ� LQ� FRQMXQFWLRQ� WR�
WKH� DYHUDJH� QXPEHU� RI� DSSOLDQFH� SHU� KRXVH� SHU�
UHJLRQ��7KH�,'$(�GDWDEDVH�DOVR�FRQWDLQV�WKH�6SDQLVK�
RYHUDOO� HOHFWULFDO� FRQVXPSWLRQV�� LQ� GHWDLO� IRU� HYHU\�
DSSOLDQFH� DQG� IRU� HYHU\� VXE�UHJLRQ�� 7KHVH� GDWD� DUH�
RUJDQL]HG� LQ� WKH� IRUP�RI� KRXUO\� DYHUDJH� SURILOHV� RQ�
WKH����KRXUV��ZLWK�D�ZHHNHQG�ZHHNGD\�DQG�VHDVRQDO�
GHSWK�� 7KUHH� VHDVRQV� DUH� GLIIHUHQWLDWHG�� ZLQWHU��
VXPPHU�DQG�LQWHUPHGLDWH�VHDVRQ��
,Q�JHQHUDO�WKH�SDUDPHWHUV�UHTXLUHG�IRU�HYHU\�PRGHO�WR�
UXQ� DUH�� QXPEHU� RI� VLPXODWHG� GZHOOLQJV�� RSHUDWLYH�
SDUDPHWHUV� �H�J�� QXPEHU� RI� KHDGHU� OLQHV� LQ� H[WHUQDO�
ILOHV��� VHHG�V�� WR� WKH� UDQGRP� QXPEHU� JHQHUDWRUV��
VHDVRQV�VWDUWLQJ�HQGLQJ�VLPXODWLRQ�KRXUV��
7KH�ODVW�FRQVLGHUDWLRQ�WR�EH�GRQH�EHIRUH�FDUU\LQJ�RXW�
WKH� DQDO\VLV� RI� WKH� WZR� SUHVHQWHG� DSSURDFKHV� LV� WKDW�
WKH�PRGHOV�KDYH�EHHQ�FRQFHLYHG�DQG�UHDOL]HG�LQ�RUGHU�
WR�DOORZ�IXWXUH�VWXGLHV��DOVR�QRW�GLUHFWO\�FRQQHFWHG�WR�
WKH� 6SDQLVK� EDFNJURXQG� RU� WKH� KRXVHKROG� VHFWRU�� ,Q�
RWKHU�ZRUGV��WKH�VWUXFWXUH�RI�WKH�7516<6�7\SHV�KDV�
EHHQ�FRPSLOHG�ZLWK�D�KLJK�FXVWRPL]DWLRQ�SRVVLELOLW\��
DUUDQJLQJ� WKH�GHVFULSWLRQ�RI� WKH�FDVH�VWXG\�RQO\� LQWR�
H[WHUQDO� WH[W� ILOHV� WKDW� FDQ� EH� HDVLO\� UHSODFHG� RU�
PRGLILHG��

)LUVW�PRGHOOLQJ�OHYHO��VLPSOLILHG��
$�ILUVW� OHYHO�RI�DQDO\VLV�GHDOV�ZLWK� WKH�FUHDWLRQ�RI�D�
VLPSOLILHG�WRRO��DEOH�WR�GHVFULEH�DYHUDJH�WUHQGV�LQ�WKH�
GRPDLQ�RI�KRXVHKROG�HOHFWULFDO�FRQVXPSWLRQV���
7KH�LGHD�LV�WR�KDYH�D�VLPSOH�WRRO�WR�EH�XVHG�ZKHQ�LQ�
QHHG� RI� VRPH� TXLFN� DVVHVVPHQW� RQ� WKH� H[SHFWHG�
HOHFWULFLW\�FRQVXPSWLRQV�RI�D�EXLOGLQJ�RU� LQ� WKH�FDVH�
RI� D� WDUJHW� RI� D� QHLJKERUKRRG��2EYLRXVO\� WKH�PRGHO�
GRHV�QRW�WDNH�LQ�FRQVLGHUDWLRQ�SHDN�ORDGV�DV�WKH\�DUH�
VPRRWKHG� LQ� WKH� DYHUDJH� YDOXHV�� EXW�PRGHOLQJ� SHDN�
ORDGV�LVQ¶W�WKH�WDUJHW�RI�WKLV�VHFWLRQ�RI�WKH�ZRUN��7KLV�
PRGHO�DQVZHUV� WKH�QHHG� WR�DVVHVV� WKH�RYHUDOO�HQHUJ\�
FRQVXPSWLRQV�IRU�D�EXLOGLQJ�WDUJHW�LQ�D�SHULRG�RI�WLPH�
DQG� WR� NQRZ� ZKHQ� WR� H[SHFW� WKH� KLJKHVW� RYHUDOO�
HQHUJ\�GHPDQG��
7KH� LGHD� LV� WR�PDQLSXODWH� WKH�RYHUDOO�HOHFWULF�HQHUJ\�
FRQVXPSWLRQV� IRU� WKH� VHOHFWHG� UHJLRQ� RI� WKH�
UHVLGHQWLDO�VHFWRU�ZLWK�WKH�WRWDO�QXPEHU�RI�KRXVHKROGV�
LQ�WKH�ZKROH�QDWLRQ��QXPEHU�RI�HTXLSPHQW�SHU�KRXVH�
DQG� SHQHWUDWLRQ� UDWLRV� RI� WKH� VHOHFWHG� HTXLSPHQW� LQ�
RUGHU� WR� REWDLQ� DQ� DYHUDJH� HQHUJ\� FRQVXPSWLRQ�
SURILOH� SHU� HDFK� XVH� RI� HQHUJ\� SHU� KRXVHKROG�� 7KH�
SRVVLELOLW\� RI� DQDO\]LQJ� VRPH� UHWURILW� DFWLRQV� RQ� WKH�
VHOHFWHG� XVH� RI� HQHUJ\� �H�J�� XVLQJ� PRUH� HIILFLHQW�
DSSOLDQFHV��KDV�EHHQ�LPSOHPHQWHG�WRR�DV�FRHIILFLHQWV�
WR� EH� VHOHFWHG� LQ� WKH� SDUDPHWHUV� SDQHO� RI� WKH� 7\SH�
DQG�WR�EH�DSSOLHG�WR�DOO�WKH�VLPXODWHG�EXLOGLQJV��
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7KH� GHVFULEHG� SURFHVV� KDV� EHHQ� LWHUDWHG� IRU� DOO� WKH�
6SDLQ� UHJLRQV� WKH� 6SDKRXVHF� SURMHFW� KDV� GDWD� RQ��
(YHU\�HOHPHQW�IURP�WKH�6SDKRXVHF�SURMHFW�DSSOLDQFH�
OLVW� KDV�EHHQ� DGGHG� WR� WKH�PRGHO�� LQFOXGLQJ� KHDWLQJ��
GRPHVWLF�KRW�ZDWHU��'+:���FRROLQJ��OLJKWLQJ��
7KHVH�IRXU�PRUH�WHUPV�KDYH�EHHQ�DGGHG�LQ�WKLV�PRGHO�
DOWKRXJK� WKH\� DUH� QRW� H[DFWO\� LQGHSHQGHQW� IURP�
H[WHUQDO� SKHQRPHQD� VLQFH� WKH� QDWXUH� RI� PRGHO� ��
DOORZHG�LW���
7KH� SRLQW� LV� WKDW� WKH� VWRFKDVWLF� DSSURDFK� LQ� WKLV�
PRGHO�LV�QRW�DGGHG�LQ�WHUPV�RI�³VZLWFK�RQ´�HYHQWV��DOO�
WKH� XVHV� RI� HQHUJ\� DUH� DQDO\]HG� DV� DYHUDJH�
FRQVXPSWLRQ� SURILOHV� DQG� WKHUHIRUH� KHDWLQJ�� '+:��
OLJKWLQJ�DQG�FRROLQJ�FDQ�EH�LQFOXGHG�LQ�WKLV�DQDO\VLV��
$W� WKH�EHJLQQLQJ�RI� HYHU\� VLPXODWLRQ�� WKH� VWRFKDVWLF�
PHWKRG�LV�DGGHG�LQ�WHUPV�RI�WKH�JHQHUDWLRQ�RI�D�VHW�RI�
DSSOLDQFHV� DQG� XVH� RI� HQHUJ\� GLIIHUHQW� IRU� HYHU\�
KRXVH��,Q�RWKHU�ZRUGV��DW�WKH�YHU\�ILUVW�WLPH�VWHS��WKH�
7516<6� URXWLQH� FRPSDUHV� UDQGRP� JHQHUDWHG�
QXPEHUV� WR� WKH� SHQHWUDWLRQ� UDWLRV� IRU� HDFK� XVH� RI�
HQHUJ\��LQ�RUGHU�WR�GHWHUPLQH�LI�HDFK�RQH�LV�SUHVHQW�LQ�
HDFK�RQH�RI�WKH�VLPXODWHG�KRXVHKROGV��,I�WKH�VHOHFWHG�
DSSOLDQFH� LV� XVHG� LQ� D� KRXVHKROG�� WKH� 7516<6�
URXWLQH� ZRXOG� DOVR� GHWHUPLQH� LI�PRUH� RI� RQH� RI� WKH�
VDPH�NLQG�RI�HTXLSPHQW�ZRXOG�EH�XVHG�LQ�WKH�KRXVH��
$V�DQ�H[DPSOH��LI�LW�LV�YHULILHG�WKDW�LQ�D�KRXVH�WKHUH�LV�
DW� OHDVW� D� SHUVRQDO� FRPSXWHU�� WKH� 7516<6� URXWLQH�
ZLOO� PXOWLSO\� WKH� DYHUDJH� SURILOHV� SHU� WKH� DYHUDJH�
QXPEHU� RI� 3&V� SHU� KRXVH� WKDW� KDYH� EHHQ� VHW�
SUHYLRXVO\��
7KH�SRVVLELOLW\�RI� KDYLQJ�GLIIHUHQW�DSSOLDQFHV�RI� WKH�
VDPH� NLQG� ERWK� RQ� DQG� RII� DW� WKH� VDPH� WLPH� LV� QRW�
FRQVLGHUHG� LQ� WKLV� DSSURDFK� DV� LW� LV� DQ� LQIRUPDWLRQ�
DOUHDG\�LQFOXGHG�LQ�WKH�DYHUDJH�HOHFWULFDO�GDWD�DQG�DV�
LW�LV�QRW�WKH�DLP�RI�WKLV�VLPSOHU�PRGHOLQJ�DSSURDFK��
7KH� LQSXW� GDWD� WR� WKH� W\SH� DUH� DYHUDJH� ��� KRXUV�
SURILOHV� IRU� ZHHNHQGV� DQG� ZHHNGD\V�� IRU� ZLQWHU��
VXPPHU� DQG� VSULQJ�DXWXPQ� ��� SURILOHV��� SHQHWUDWLRQ�
UDWLRV� IRU� HYHU\� XVH� RI� HQHUJ\� DQG� DYHUDJH� QXPEHUV�
RI� DSSOLDQFH� SHU� KRXVH�� 7KH� H[SHFWHG� RXWSXW� LV� DQ�
DYHUDJH� HQHUJ\� FRQVXPSWLRQV� SURILOH�� IRU� HYHU\�
KRXVHKROG� DQG� IRU� WKH� ZKROH� QHLJKERUKRRG�
VLPXODWHG��ERWK�LQ�GHWDLO�IRU�HYHU\�DSSOLDQFH�DQG�XVH�
RI� HQHUJ\� DQDO\]HG� LQ� WKH� 6SDKRXVHF� SURMHFW� DQG�
DJJUHJDWHG�� $V� ILJXUH� �� VKRZV�� WKH� VZLWFK� IURP�
ZHHNHQG�WR�ZHHNGD\�LV�FOHDUO\�UHFRJQL]DEOH��
�

�
)LJXUH���([DPSOH�RXWSXW�RI�PRGHO������ZHHN���VLQJOH�
GHWDFKHG�0HGLWHUUDQHDQ�KRXVHV��SURILOH���

�
$V�H[SHFWHG��IRU�DOO�WKH�ZHHNGD\V��RU�ZHHNHQG�GD\V��
WKH� SURILOHV� DUH� QRW� GLIIHUHQW� DV� WKH� VWRFKDVWLFLW\� LV�
DSSOLHG� DW� WKH� EHJLQQLQJ� RI� WKH� YHU\� ILUVW� WLPH�VWHS�
DQG� WKHUHIRUH� UHVXOWLQJ� LQ� WKH� DSSOLDQFH� DQG� XVH� RI�
HQHUJ\� OLVW� EHLQJ� FRQVWDQW� WKURXJKRXW� WKH� ZKROH�
VLPXODWLQJ�SURFHVV���
�

�
)LJXUH� �� &RPSDULVRQ� EHWZHHQ� WZR� ��� KRXUV�
GZHOOLQJV¶�SURILOHV��PRGHO���
�
)LJXUH����LQVWHDG��VKRZV�WZR�VWRFKDVWLFDOO\�JHQHUDWHG�
SURILOHV�IRU�WZR�GLIIHUHQW�GZHOOLQJV��$V�H[SHFWHG��WKH�
VKDSH�RI� WKH� WZR�FXUYHV� LV�GLIIHUHQW�HYHQ� WKRXJK� WKH�
LQSXW�GDWD� LV�WKH�VDPH��WKLV�LV�REYLRXVO\�FDXVHG�E\�D�
GLIIHUHQW� VHWXS� RI� WKH� DSSOLDQFHV� DQG� XVH� RI� HQHUJ\�
OLVW� EHLQJ� FRQVLGHUHG� IRU� WKH� WZR� VWRFKDVWLFDOO\�
JHQHUDWHG�EXLOGLQJV¶�FRQVXPSWLRQ�WUHQGV��

6HFRQG�PRGHOOLQJ�OHYHO��³VHPL�GHWDLOHG´�
7KH�DSSURDFK�GHVFULEHG�VR�IDU�LV�XVHIXO�ZKHQ�LW�LV�MXVW�
QHHGHG� WR�KDYH�D� ILUVW��EDVH� LGHD�RQ�DYHUDJH�SURILOHV�
RI�HOHFWULF�FRQVXPSWLRQV��
,W� LV� KRZHYHU� LQVXIILFLHQW�ZKHQ� WKH� DLP� LV� WR� DVVHVV�
WKH� LQWHUDFWLRQ� RI� WKH� EXLOGLQJ�ZLWK� WKH� HQHUJ\� JULG��
RU� VLPSO\� WR� PRGHO� SHDN� ORDGV� LQ� HOHFWULF� HQHUJ\�
FRQVXPSWLRQV��
$� VHFRQG� DSSURDFK� WKHUHIRUH� KDV� EHHQ� GHYHORSHG� LQ�
RUGHU�WR�REWDLQ�PRUH�UHDOLVWLF�SDWWHUQV�LQ�WKH�RXWSXW�RI�
WKH�PRGHO���
7KH�VHFRQG�PRGHO�LV�PXFK�PRUH�EDVHG�RQ�VWRFKDVWLF�
SURFHVVHV� WKDQ� WKH� ILUVW� RQH�� 7KH� LGHD� LV� WR� FUHDWH� D�
VWRFKDVWLF�PRGHO�XVLQJ�DYHUDJH�YDOXHV�EXW�GHYHORSLQJ�
D� QHZ� DSSURDFK� DEOH� WR� NHHS� LQ� FRQVLGHUDWLRQ� SHDN�
ORDGV�LQ�FRQVXPSWLRQV��LW�LV�³VHPL�GHWDLOHG´��EHFDXVH�
WKHUH�LV�QR�PRGHOLQJ�RI�RFFXSDQF\�OHYHOV���
7KH�PDLQ�LQSXW�WR�WKLV�PRGHO�LV�D�VHW�RI�SUREDELOLWLHV�
IRU�HYHU\�DSSOLDQFH�WR�EH�RQ�DW�HYHU\�WLPH�VWHS��7KHVH�
SUREDELOLWLHV� DUH� DUUDQJHG� LQ� ��K� SURILOHV� IRU�
ZHHNHQGV�DQG�ZHHNGD\V�DQG� IRU�HYHU\�VHDVRQ��7KH\�
DUH�H[WUDFWHG�IURP�WKH�6SDKRXVHF�GDWD��WKURXJK�VRPH�
VLPSOLILFDWLRQV� DQG� DVVXPSWLRQV� WKDW� ZLOO� EH� QRZ�
EULHIO\�GLVFXVVHG��
)LUVW�RI�DOO��DQ�DYHUDJH�HQHUJ\�FRQVXPSWLRQ�YDOXH�SHU�
KRXU� IRU� HYHU\� DSSOLDQFH�KDV�EHHQ� FKRVHQ� WKURXJK�D�
FRPSDULVRQ� RI� DYHUDJH� F\FOH� OHQJWK� DQG� DYHUDJH�
SRZHU� SHU� HTXLSPHQW�� 7KH� YDOXHV� XVHG� LQ� WKH�
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VLPXODWLRQV�KDYH�EHHQ�GHULYHG� IURP� WKRVH�GLVFXVVHG�
LQ��5LFKDUGVRQ�HW�DO���������
&URVVLQJ� RYHUDOO� QXPEHU� RI� KRXVHKROGV�� WKH� QXPEHU�
RI� KRXVHKROGV� WKDW� RZQ� DQ� DSSOLDQFH�� WKH� RYHUDOO�
HQHUJ\�FRQVXPSWLRQV�IRU�WKH�KRXVHKROG�VHFWRU�IRU�WKH�
HTXLSPHQW� FRQVLGHUHG� DQG� WKH� DYHUDJH� HQHUJ\�
FRQVXPSWLRQ� RI� D� VLQJOH� DSSOLDQFH� LW� LV� SRVVLEOH� WR�
HVWLPDWH�SUREDELOLW\�IDFWRUV�WR�EH�XVHG�DV�LQSXW�IRU�WKH�
PRGHOV�� 7KH� LGHD� LV� WR� HYDOXDWH� D� UDWLR� EHWZHHQ� WKH�
QXPEHU�RI�DSSOLDQFHV�RI�WKH�VDPH�NLQG�VZLWFKHG�RQ�DW�
D�WLPH�W��DQG�WKH�WRWDO�QXPEHU�RI�DSSOLDQFHV�LQVWDOOHG�
LQ� HYHU\� UHJLRQ�� 7KLV� FRQFHSW� LV� GHVFULEHG� LQ�
HTXDWLRQV������DQG�����
� � �

�
�

L MRQ
L M

L

(
1

H
 �� ��������������

�

�L L DYJ L1 + 1 35   ��� ����

�
�

RQ
L M

L M
L

1
3

1
 ��� � ����

�
:KHUH� 1L�

RQ
� DQG� 1L� DUH� WKH� QXPEHU� RI� DSSOLDQFHV�

VZLWFKHG�RQ�DQG�WKH�WRWDO�QXPEHU�RI�DSSOLDQFHV�RI�WKH�
LWK� NLQG� LQVWDOOHG� LQ� HYHU\� UHJLRQ�� (L� LV� WKH� RYHUDOO�
HQHUJ\� FRQVXPSWLRQ� IRU� WKH� LWK� DSSOLDQFH�� HL� LV� WKH�
DYHUDJH� KRXUO\� HQHUJ\� FRQVXPSWLRQ� IRU� WKH� LWK�
DSSOLDQFH�LI�VZLWFKHG�RQ���35L�LV�WKH�SHQHWUDWLRQ�UDWLR�
RI� WKH� LWK� DSSOLDQFH��+�DQG�1L�DYJ� DUH� UHVSHFWLYHO\� WKH�
WRWDO�QXPEHU�RI� KRXVHKROGV�DQG� WKH�DYHUDJH�QXPEHU�
RI� DSSOLDQFHV� RI� WKH� LWK� NLQG� SUHVHQW� LQ� D� KRXVH� WKDW�
KDV�DW�OHDVW�RQH���
7KH�3L�M�SUREDELOLWLHV�DSSUR[LPDWH�FDOFXODWLRQ�RI�WKH�LWK�
DSSOLDQFH� WR� EH� ³RQ´� DW� WKH� ³M´� KRXU� RI� WKH� GD\� LV�
WKHUHIRUH� FDOFXODWHG� DV� D� UDWLR� EHWZHHQ� WKH� ILUVW� DQG�
WKH�VHFRQG�HTXDWLRQ��DV�VWDWHG�LQ�HTXDWLRQ����
$W� WKH� YHU\� VWDUWLQJ� WLPH�VWHS�� WKH� PRGHO� VHWV� WKH�
QXPEHU��NLQG�RI�DSSOLDQFHV�DQG�XVH�RI�HQHUJ\�WKDW�DUH�
QRW� H[WHUQDO� SKHQRPHQD�GULYHQ� IRU� HYHU\� VLPXODWHG�
GZHOOLQJ��3UREDELOLWLHV¶�SURILOHV�IRU�HDFK�DSSOLDQFH�WR�
EH�RQ� DW� HYHU\� WLPH�VWHS� DUH�FRQQHFWHG� WR� WKH� W\SHV��
UHDG� DQG� FRPSDUHG� ZLWK� WKH� � UDQGRP� JHQHUDWHG�
QXPEHUV��5*1���DQG�LI�WKH\�DUH�ORZHU�KLJKHU�WKDQ�WKH�
5*1V�� WKH� HOHFWULF� FRQVXPSWLRQ� RI� WKH� LWK� NLQG� RI�
DSSOLDQFH�� RI� WKH� KWK� KRXVHKROG� ZRXOG� EH� VHW� WR� WKH�
SUHYLRXVO\� GHILQHG� DYHUDJH� KRXUO\� HQHUJ\�
FRQVXPSWLRQV�YDOXHV��
,Q� WKLV� ZD\�� HOHFWULF� HQHUJ\� FRQVXPSWLRQV� IRU� HYHU\�
EXLOGLQJ�DUH�JHQHUDWHG� LQ�D�VHPL�UDQGRP�ZD\��XQGHU�
WKH�VHW�RI�FRQGLWLRQ�WKH�XVHU�SURYLGHV��EXW�DOORZLQJ�D�
UDQGRP� VXSHUSRVLWLRQ� RI� GLIIHUHQW� HQHUJ\� XVHV�� 7KH�
PRGHO�WKHUHIRUH�DOORZV�WKH�PRGHOLQJ�RI�HOHFWULF�SHDN�
ORDGV�IRU�FRQVXPSWLRQV��
)LJXUH� �� VKRZV� DQ� H[DPSOH� ZHHN� RI� RXWSXW� IURP�
PRGHO���IRU�D�VLQJOH�EXLOGLQJ��

�
)LJXUH� �� ([DPSOH� RXWSXW� RI� PRGHO� �� ��� ZHHN���
0HGLWHUUDQHDQ��VLQJOH�GHWDFKHG�KRXVH�SURILOH�
�
�7DEOH� �� VKRZV�D� OLVW� FRQWDLQLQJ� WKH� DVVXPSWLRQV�RQ�
DYHUDJH� HQHUJ\� FRQVXPSWLRQV� XVHG� LQ� WKH�
VLPXODWLRQV�� DFFRUGLQJ� WR� WKH� LQSXW� GDWD�� ,W� LV� ZRUWK�
QRWLQJ� WKDW� PLQRU� YDULDWLRQV� RQ� WKH� DVVXPSWLRQV� RQ�
WKH�DYHUDJH�HQHUJ\�FRQVXPSWLRQ�SHU�KRXU�GR�QRW�KDYH�
D� KLJK� LPSDFW� RQ� WKH� RYHUDOO� WRWDO� HQHUJ\�
FRQVXPSWLRQV� EXW� WKH\� ZLOO� KDYH� LQ� WHUPV� RI� SHDN�
ORDGV��7KH�UHGXFHG�RXWSXW�HQHUJ\�SHU�VZLWFK�RQ�HYHQW�
ZLOO� FDXVH� KLJKHU� SUREDELOLWLHV� DQG� PRUH� VZLWFK�RQ�
HYHQWV���

7DEOH���
/LVW�RI�DVVXPSWLRQV�RQ�KRXUO\�HQHUJ\��HL��DYHUDJH�

FRQVXPSWLRQV�>:K@�SHU�DSSOLDQFH�
�

$SSOLDQFH� +RXUO\�
FRQVXPSWLRQV��

&RRNLQJ�GHYLFHV� �����
:DVKLQJ�PDFKLQH� ����
'LVK�ZDVKHU� �����
79� ����
'U\HU� �����
2YHQ� �����
0LFURZDYH� ����
3&� ����
:DVKHU�GU\HU� ����
)UHH]HU� ����

�
�
)LJXUH���VKRZV�WKDW�WKH�RXWSXWV�RI�WKH�WZR�PRGHOV�DUH�
FRPSOHWHO\� GLIIHUHQW�� WKH� ILUVW� EHLQJ� FOHDUO\� WKH�
DYHUDJH� SURILOH� DQG� WKH� VHFRQG� VKRZLQJ� D� QRQ�
DYHUDJH� SHDN� DQG� DQ� RYHUDOO� WUHQG� DEVROXWHO\�
VWRFKDVWLFDOO\�JHQHUDWHG�� 7KLV� UHVXOWV� ZHUH� H[WUDFWHG�
IURP� PRGHO� �� DQG� �� GXULQJ� ZLQWHU�� IRU� D� VLQJOH�
KRXVHKROG�FRQILJXUDWLRQ�LQ�WKH�0HGLWHUUDQHDQ�UHJLRQ��
�
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�
)LJXUH���&RPSDULVRQ�RI�WKH�RXWSXWV�RI�WKH�WZR�
PRGHOV�IRU�D�UDQGRP�GD\�DQG�KRXVHKROG�

�

9$/,'$7,21�$1'�5(68/76�
7KH� YDOLGDWLRQ� SURFHVV� KDV� EHHQ� SHUIRUPHG�
FRPSDULQJ�VLPXODWLRQ�GDWD�WR� WKH�6SDKRXVHF�GDWD�IRU�
DQ� DGHTXDWHO\� KLJK� QXPEHU� RI� GZHOOLQJV�� IRU� HYHU\�
UHJLRQ�� IRU� HYHU\� DSSOLDQFH� RQ� D� \HDU� WLPH� EDVH��
)LJXUH���VKRZV�WKH�RYHUDOO�HQHUJ\�FRQVXPSWLRQV�IRU�D�
QHLJKERUKRRG� RI� ���� GZHOOLQJV�� VLPXODWHG� ZLWK� WKH�
VLQJOH�GHWDFKHG��GDWD�IRU�WKH�0HGLWHUUDQHDQ�]RQH��
�

�
)LJXUH���6SOLW�HQHUJ\�FRQVXPSWLRQ�FRPSDULVRQ�
>0:K�GZHOOLQJ�\HDU@������0HGLWHUUDQHDQ��VLQJOH�

GHWDFKHG�KRXVH�
�
7KH� UHVXOWV� VKRZ� D� YHU\� JRRG� FRUUHVSRQGHQFH�
EHWZHHQ� VLPXODWHG� UHVXOWV� DQG� LQSXW� GDWD� IURP� WKH�
6SDKRXVHF�SURMHFW��,W�LV�ZRUWK�QRWLQJ�WKDW�VRPH�RI�WKH�
DSSOLDQFHV�DUH�VLPXODWHG�LQ�ERWK�PRGHOV��ZKLOH�RWKHUV�
DUH�QRW��

7KH�UHDVRQ�IRU�WKDW� LV��DV�VWDWHG�EHIRUH�� WKDW�VRPH�RI�
WKH� RXWSXWV�� QDPHO\� FRROLQJ�� GRPHVWLF� KRW� ZDWHU��
KHDWLQJ�DQG�OLJKWLQJ�DUH�GHHSO\�LQIOXHQFHG�E\�ZHDWKHU�
FRQGLWLRQV��WKH\�DUH�QRW�SXUH�VWRFKDVWLF�YDULDEOHV�DQG�
WKHUHIRUH� FDQQRW� EH� GHVFULEHG� E\� PRGHO� ��� 7KH�
YDOLGDWLRQ� RI� WKH� PRGHO� IRU� RQH� FDWHJRU\� RI� GDWD�
EDVHG�RQ� WKH� LQFLGHQFH�RI� HDFK� DSSOLDQFH�RQ�RYHUDOO�
DQQXDO�FRQVXPSWLRQV�KDV�EHHQ�VKRZQ�LQ�ILJ����
7KH�QH[W�VWHS�RI�WKH�YDOLGDWLRQ�SURFHVV�LV�FKHFNLQJ�
WKH�EHKDYLRU�RI�WKH�PRGHOV�ZKHQ�FRQVLGHULQJ����
KRXUV�DYHUDJH�SURILOHV��
�

�
)LJXUH������KRXUV�DYHUDJH�SURILOH������KRXVHKROGV��
0HGLWHUUDQHDQ��VLQJOH�GHWDFKHG�KRXVHV��ZLQWHU�

VHDVRQ�
�
$V�LW�LV�SRVVLEOH�WR�VHH�LQ�ILJXUH����HYHQ�WKRXJK�VRPH�
GLIIHUHQFHV� LQ� WKH� SURILOHV� DUH� SUHVHQW� DQG�
XQDYRLGDEOH�� VLQFH� WKH� QDWXUH� RI� WKH� PRGHOLQJ� LV�
VWRFKDVWLF��WKH�RYHUDOO�WUHQG�LV�VLPLODU�LQ�DOO�WKH�WKUHH�
FDVHV��
6LPLODU� UHVXOWV� DQG� WUHQGV� FDQ� EH� FRPSXWHG� DOVR� IRU�
WKH� RWKHU� VXE�UHJLRQV� RU� NLQG� RI� EXLOGLQJV�� $V� DQ�
H[DPSOH�WKH�IROORZLQJ�ILJXUHV����DQG����VKRZ�UHVXOWV�
IRU�����GZHOOLQJV� LQ�PXOWL�GZHOOLQJ�EXLOGLQJV� LQ� WKH�
0HGLWHUUDQHDQ�UHJLRQ���
$FFRUGDQFH� RI� UHVXOWV� WR� WKH� LQSXW� GDWD� LV� KLJK�
HQRXJK�WR�VWDWH�WKDW�WKH�PRGHOV�DUH�DEOH�WR�KDQGOH�WKH�
LQSXW�GDWD�DQG�GHVFULEH�WKH�HOHFWULFDO�FRQVXPSWLRQV�LQ�
WKH�KRXVHKROG�VHFWRU��
�

�
)LJXUH�������KRXUV�DYHUDJH�SURILOH������
0HGLWHUUDQHDQ�PXOWL�GZHOOLQJ�EXLOGLQJV���

0LG���VHDVRQ�
�
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�
)LJXUH���(QHUJ\�FRQVXPSWLRQV�>0:K�GZHOOLQJ@������

0HGLWHUUDQHDQ�PXOWL�GZHOOLQJ�EXLOGLQJV���
�
6RPH�PRUH�FRQVLGHUDWLRQV�DUH�XVHIXO�FRQFHUQLQJ�WKH�
DSSOLFDELOLW\�RI�WKH�WZR�PRGHOV��,Q�WKH�ILUVW�
SDUDJUDSKV��WKH�VHFRQG�PRGHO�KDV�EHHQ�SUHVHQWHG�DV�
DEOH�WR�KDQGOH�SHDN�ORDGV��LQ�FRPSDULVRQ�WR�WKH�ILUVW�
RQH��RQO\�DEOH�WR�KDQGOH�DYHUDJH�SURILOHV��
7KLV�DVVHUWLRQ�LV�FRUUHFW��EXW�LW�QHHGV�VRPH�UH�WXQLQJ��
$V�ILJXUH���VKRZV��WKH�WZR�DSSURDFKHV�DUH�QHDUO\�
HTXLYDOHQW�ZKHQ�VLPXODWLQJ�D�QXPEHU�ODUJH�HQRXJK�
RI�GZHOOLQJV���
)LJXUH����LQVWHDG�VKRZV�WKDW�IRU�D�ORZ�QXPEHU�RI�
EXLOGLQJV��DV�H[SHFWHG��WKH�SHDNV�SURGXFHG�E\�WKH�
VHFRQG�PRGHO�DUH�ZD\�KLJKHU�WKDQ�WKRVH�RI�WKH�ILUVW�
RQH��
�

�
)LJXUH���)LUVW����KRXUV�RI�WKH�VLPXODWLRQ��

0HGLWHUUDQHDQ�]RQH��VLQJOH�GHWDFKHG�KRXVHV������
KRXVHKROGV�VLPXODWHG�

�

�
)LJXUH����)LUVW����KRXUV�RI�WKH�VLPXODWLRQ��
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SHUFHQWDJH�YDULDWLRQV��GXH�WR�WKH�VWRFKDVWLF�QDWXUH�RI�
WKH� PRGHOV��0RUHRYHU�� DV� FRQILUPDWLRQ� RI� ZKDW� KDV�
EHHQ� VWDWHG� EHIRUH�� WKH� VWDQGDUG� GHYLDWLRQ� RI� WKH�
VHFRQG�PRGHO� GDWD� LV� ZD\� KLJKHU� WKDQ� WKH� ILUVW� RQH��
FRQILUPLQJ�WKH�KLJKHVW�YDOXH�RI�SHDNV�PRGHOOHG��
$V� PDMRU� FRQILUPDWLRQ� WR� ZKDW� KDV� EHHQ� VWDWHG�
EHIRUH�� WKH� UHVXOWV� IRU� ���� PRGHOV� DUH� PXFK� PRUH�
VLPLODU� EHWZHHQ� WKH� WZR� RXWSXWV�� 7KH� PHDQ� YDOXH�
VKRZV�GLIIHUHQFHV� WKDW� FDQ� HDVLO\�EH� FRQQHFWHG�ZLWK��
VWRFKDVWLF� YDULDWLRQV� �VHH� WDEOH� ���� DQG� DOVR� WKH�
VWDQGDUG�GHYLDWLRQ�LV�YHU\�VLPLODU�LQ�WKH�WZR�FDVHV��
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DSSURDFK�� LQ� ZKLFK� DYHUDJH� SURILOHV� DUH� XVHG�� D�
VHFRQG� OHYHO� LV� XVHG� WR� KDYH� D� PRUH� GHWDLOHG�
VWRFKDVWLF� DSSURDFK��%RWK�PRGHOV�ZHUH�YDOLGDWHG�E\�
FRPSDULQJ�WKH�FRQVXPSWLRQV�RI�HDFK�DSSOLDQFH�WR�WKH�
DYHUDJH� YDOXHV� RI� 6SDKRXVHF� DQG� KDYH� VKRZQ� JRRG�
DFFRUGDQFH� ZLWK� WKH� VRXUFH� LQSXW� ILOHV�� 7KH� WZR�
PRGHOV� KDYH� GLIIHUHQW� DSSOLFDELOLW\� ILHOG�� WKH� ILUVW�
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EHLQJ� XVHIXO� IRU� D� ILUVW�� TXDOLWDWLYH� VNHWFK� RQ�
FRQVXPSWLRQV� LQ� WKH� KRXVHKROG� VHFWRU�� WKH� VHFRQG�
EHLQJ�PRUH�GHWDLOHG�DQG�DEOH�WR�PRGHO�SHDN�ORDGV���
7KH� QXPEHU� RI� EXLOGLQJV� WR� EH� VLPXODWHG�� KRZHYHU��
KDV� ODUJH� LPSDFWV� RQ� WKH� UHVXOWV��$� ODUJH� QXPEHU� RI�
EXLOGLQJV�PD\�FDXVH�SHDN�ORDGV�WR�EH�VPRRWKHG�LQWR�
DYHUDJH�YDOXHV��WKHUHIRUH�DOORZLQJ�WKH�RXWSXWV�RI�WKH�
VWRFKDVWLF� DSSURDFK� WR� EH� YHU\� VLPLODU� WR� WKRVH�
REWDLQHG�E\�XVLQJ�DYHUDJH�SURILOHV���
3RWHQWLDO�DSSOLFDWLRQV�RI�WKHVH�PHWKRGV�DUH�FRQQHFWHG�
WR� WKH� VL]LQJ� RI� HQHUJ\� JHQHUDWLRQ� HTXLSPHQW� LQ�
EXLOGLQJV� DQG� HOHFWULFDO� VWRUDJHV� IRU� VLQJOH�
KRXVHKROGV�DQG�QHLJKERXUKRRGV��
7KH� FKRLFH� EHWZHHQ� WKH� WZR� PRGHOOLQJ� DSSURDFKHV�
VKRXOG�EH�FDUHIXOO\�RULHQWHG�WR� WKH�PRVW�DSSURSULDWH��
DFFRUGLQJ� WR� WKH� QXPEHU� RI� EXLOGLQJV� WDUJHW� RI� WKH�
VWXG\�DQG� WR� WKH�UHVXOWV�RI� WKH�SUREDELOLVWLF�DQDO\VLV��
$� VHQVLWLYLW\� DQDO\VLV� RQ� WKH� QXPEHU�RI� EXLOGLQJV� LV�
DOZD\V� WKH� EHVW� FKRLFH� ZKHQ� HYDOXDWLQJ� WKH� WZR�
RSWLRQV��
7KH�PRGHOV�KDYH�EHHQ�EXLOW�ZLWK� LQFUHDVLQJ� OHYHO�RI�
GHWDLO�RI� WKH�RXWSXWV��EXW� WKLV� UHVROXWLRQ�FDQ�EH�RQO\�
DFKLHYHG� ZLWK� PRUH� GHWDLOHG� LQSXW� LQIRUPDWLRQ� �H�J��
³VZLWFK�RQ´� SUREDELOLWLHV��� ,Q� RUGHU� WR� FRQQHFW�
RFFXSDQF\�WR�HOHFWULFDO�FRQVXPSWLRQV��DV�DQ�H[DPSOH��
LW�ZRXOG�EH�QHHGHG�PXFK�PRUH�GHWDLOHG� LQIRUPDWLRQ�
RQ� WKH� XVH� RI� WLPH� RI� RFFXSDQWV�� +LJKHU� UHVROXWLRQ�
PHDQV� KLJKHU� FDOLEUDWLQJ� QHHGV�� WKDW� XVXDOO\� FDQQRW�
HDVLO\� EH� VDWLVILHG� EHFDXVH� REWDLQLQJ� UHOLDEOH��
FRPSOHWH�DQG�GHWDLOHG�PRQLWRUHG�GDWD�WR�YDOLGDWH�WKH�
PRGHOV�RQ��FDQ�SURYH�FKDOOHQJLQJ��
7KH� VWXG\� ZLOO� IRUHVHH� IXWXUH� GHYHORSPHQWV��
FRPSOHWLQJ�WKH�DQDO\VLV�RI�WKH�GHVFULEHG�GDWDEDVH�DQG�
ZLOO� ILQG� QHZ� DSSOLFDWLRQ� LQ� WKH� ILHOG� RI� ORDG�PDWFK�
DQG� JULG� LQWHUDFWLRQ� �/0*,�� �6DORP�� -�� ������
LQGLFDWRUV� DVVHVVPHQW� DQG� LQ� WKH� VL]LQJ� RI� HOHFWULFDO�
VWRUDJHV�LQ�QHLJKERXUKRRGV�VLPXODWLRQV��
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