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7KLV� SDSHU� GHVFULEHV� WKH� VLPXODWLRQ� PRGHO� DQG� WKH�
SHUIRUPDQFH� HYDOXDWLRQ� RI� D� ORZ� HQHUJ\� GLVWULFW�
KHDWLQJ� GLVWULEXWLRQ� QHWZRUN� ZKLFK� VXSSOLHV� KHDW� WR�
���DSDUWPHQWV��6XLWDEOH�FULWHULD�RI� WKHUPDO�RSHUDWLRQ�
DUH�VHOHFWHG�� WKH�UHODWLYH�KHDW� ORVV� LQ� WKH�GLVWULEXWLRQ�
V\VWHP�� WKH� VSHFLILF� KHDW� ORVV�� WKH� KHDW� GHQVLW\�� WKH�
WRWDO� HQHUJ\� FRQVXPSWLRQ� DQG� WKH� VHDVRQDO�
SHUIRUPDQFH� IDFWRU�RI� WKH� V\VWHP��7KH�SXUSRVH� LV� WR�
LQYHVWLJDWH� WKH� XQFHUWDLQWLHV� RQ� WKH� SHUIRUPDQFH� RI�
GLVWULFW� KHDWLQJ� V\VWHPV� LQWURGXFHG� E\� SDUDPHWHUV�
LQIOXHQFLQJ� KHDW� ORVVHV� LQ� WKH� GLVWULEXWLRQ� QHWZRUN��
$Q� XQFHUWDLQW\� DQG� VHQVLWLYLW\� DQDO\VLV� ZHUH�
FRQGXFWHG��7KH�DQDO\VLV�ZDV�FDUULHG�RXW�E\�XVLQJ�WKH�
VLPQXODWLRQ� GDWD� RI� RQH� ZHHN� LQ� ZLQWHU� SHULRG��
5HVXOWV� UHJDUGLQJ� SHUIRUPDQFH� DVVHVVPHQW� DQG�
XQFHUWDLQW\� DUH� GLVFXVVHG�� 7KH\� VKRZ� KRZ� VHQVLWLYH�
WKH� VROXWLRQ� LV� LQ� WKH� IDFH� RI� GLIIHUHQW� SDUDPHWHU�
YDOXHV�DQG�HVSHFLDOO\� WKH� LQWHUDFWLRQV�EHWZHHQ� WKHP��
7KH� UHVXOWV� GHPRQVWUDWH� WKDW� E\� XVLQJ� D� FHQWUDO�
VWRUDJH� WDQN� LQ� WKH� KHDWLQJ� SURGXFWLRQ� SODQW� WKH�
UREXVWQHVV�RI�WKH�V\VWHP�LQFUHDVHV��

,1752'8&7,21�
'LVWULFW� KHDWLQJ� QHWZRUNV� JDLQ� LQ� LPSRUWDQFH�� VLQFH�
WKH\� IDFLOLWDWH� ODUJH� VFDOH� UHQHZDEOH� HQHUJ\�
LQWHJUDWLRQ�DQG�D�EHWWHU�PDWFKLQJ�EHWZHHQ�VXSSO\�DQG�
GHPDQG� �%HQ� +DVVLQH� DQG� (LFNHU�� ������� $� GLVWULFW�
KHDWLQJ��'+��V\VWHP�LV�FRPSRVHG�RI�PDQ\�HOHPHQWV��
EXLOGLQJ� D� FKDLQ� IURP� WKH� KHDW� VRXUFH� WR� WKH� KHDWHG�
EXLOGLQJV��$W� WKH�SUHVHQW� WLPH�� DQ� � LPPHGLDWH� HIIHFW�
RI� UHLQIRUFLQJ� WKH� HQHUJ\� HIILFLHQF\� VWDQGDUGV� IRU�
EXLOGLQJV� LV� WKH� UHGXFWLRQ� RI� WKH� DPRXQW� RI� HQHUJ\�
UHTXLUHG� WR� KHDW� WKHP�� +HQFH� KHDWLQJ� UHTXLUHPHQWV�
DUH� LQFUHDVLQJO\� GRPLQDWHG� E\� GRPHVWLF� KRW� ZDWHU�
UDWKHU� WKDQ� VSDFH�KHDWLQJ�� ,Q� WKLV� FRQWH[W� VLPXODWLRQ�
WRROV� SOD\� DQ� LPSRUWDQW� UROH� IRU� WKH� GHVLJQ� DQG�
RSHUDWLRQDO�RSWLPL]DWLRQ�RI�FRPSOH[�'+�QHWZRUNV���
1RZDGD\V��WKH�UHGXFWLRQ�RI�KHDW�GLVWULEXWLRQ�ORVVHV�LV�
DQ� LPSRUWDQW� DVSHFW� RI� LPSURYLQJ� '+� QHWZRUN�
SHUIRUPDQFH�� &RQVHTXHQWO\�� GXULQJ� WKH� ODVW� \HDUV� LW�
KDV� EHHQ� GHPRQVWUDWHG� WKDW� ORZ�WHPSHUDWXUH� GLVWULFW�
KHDWLQJ��VXSSO\�WHPSHUDWXUHV�ORZHU�WKDQ����&��LV�WKH�
QH[W� HYROXWLRQ� LQ� GLVWULFW� KHDWLQJ� V\VWHPV��5HFHQWO\��
WKH� RSWLPDO� GHVLJQ� RI� SLSHV� IRU� ORZ�HQHUJ\�
DSSOLFDWLRQV�DQG�SUHVHQW�PHWKRGV�IRU�GHFUHDVLQJ�KHDW�

ORVVHV� ZHUH� UHSRUWHG� E\� 'DOOD� 5RVD� HW�� DO�� ��������
:KLOH� WKH� SHUIRUPDQFH� RI� WZR� FRQVXPHU� XQLWV� IRU� D�
ORZ�WHPSHUDWXUH�GLVWULFW�KHDWLQJ�QHW�ZDV�LQYHVWLJDWHG�
XVLQJ�751V\V� �-LDQKXD�)DQ�HW�� DO���������5lPl�DQG�
6LSLOl��������VWXGLHG�WKH�SUREOHP�RQ�ORZ�KHDW�GHQVLW\�
GLVWULFW� KHDWLQJ� QHWZRUN� GHVLJQ� LQ� D� UHSUHVHQWDWLYH�
FDVH�RI�D�ORZ�KHDW�GHQVLW\�DUHD��
7KLV� VWXG\� LV� WKH� FRQWLQXDWLRQ� RI� D� PRUH� KROLVWLF�
UHVHDUFK�FRQFHUQLQJ� ORZ� WHPSHUDWXUH�GLVWULFW�KHDWLQJ�
V\VWHPV�� ,Q� WKH� DIRUHPHQWLRQHG� UHVHDUFK�� DQ� HQHUJ\�
VLPXODWLRQ� PRGHO� LV� VHW� XS� IRU� LQYHVWLJDWLRQ� RI� WKH�
JURVV� HQHUJ\� XVH� DQG� HQHUJ\�HIILFLHQF\� RI� GLVWULFW�
KHDWLQJ� V\VWHPV��$FFRUGLQJO\�� WKH�SUHVHQW�ZRUN�ZDV�
FRQGXFWHG� RQ� D� VLPXODWLRQ� PRGHO� RI� D� ORZ�
WHPSHUDWXUH� GLVWULFW� KHDWLQJ� V\VWHP� ZLWK� FRQVXPHU�
VXEVWDWLRQ�ZLWKRXW�D�ORFDO�VWRUDJH�WDQN��
3DUDPHWHU�YDOXHV�DQG�DVVXPSWLRQV�RI�DQ\�PRGHO�DUH�
XVXDOO\� VXEMHFW� WR� FKDQJHV� DQG� GHYLDWLRQV�� 'DWD� LV�
DOZD\V� DVVRFLDWHG� ZLWK� VRPH� XQFHUWDLQW\�� DQG� LW� LV�
QHFHVVDU\� WR� TXDQWLI\� WKHVH� XQFHUWDLQWLHV� LQ� RUGHU� WR�
HYDOXDWH� WKH�TXDOLW\�RI� WKH� VLPXODWLRQ�UHVXOW� �*RIIDUW�
HW�� DO���������7R�EH�DEOH� WR�GHWHUPLQH� WKH� LQIOXHQWLDO�
SDUDPHWHUV� DQG� HVSHFLDOO\� WKH� LQWHUDFWLRQV� EHWZHHQ�
WKHP�� D� VWDWLVWLFDO� DQDO\VLV� LV� UHTXLUHG�� +HQFH�� WR�
HYDOXDWH� WKH� SHUIRUPDQFH� RI� WKH� GLVWULFW� KHDWLQJ�
V\VWHP�� VHYHUDO�VXLWDEOH�FULWHULD�RI� WKHUPDO�RSHUDWLRQ�
ZHUH�VHOHFWHG��WKH�UHODWLYH�KHDW�ORVV�LQ�WKH�GLVWULEXWLRQ�
V\VWHP�� WKH� VSHFLILF� KHDW� ORVV�� WKH� KHDW� GHQVLW\�� WKH�
WRWDO� HQHUJ\� FRQVXPSWLRQ� DQG� WKH� VHDVRQDO�
SHUIRUPDQFH�IDFWRU�RI�WKH�V\VWHP��$Q�XQFHUWDLQW\�DQG�
VHQVLWLYLW\� DQDO\VLV� RI� WKH�GLVWULFW� KHDWLQJ� VLPXODWLRQ�
PRGHO� ZHUH� FRQGXFWHG�� $Q� H[SHULPHQWDO� GHVLJQ��
FRQVLVWLQJ� RI� WKH� FRPELQDWLRQV� RI� SDUDPHWHUV� ZKLFK�
ZHUH�YDULHG�IURP�ORZ�WR�KLJK�OHYHOV�ZDV�FDUULHG�RXW��
2QFH�WKH�PDJQLWXGH�RI�WKH�XQFHUWDLQW\�LV�XQGHUVWRRG��
WKLV� LQIRUPDWLRQ�FDQ�EH�XVHG� LQ� VHYHUDO�ZD\V��%DVHG�
RQ� WKH� SUHGLFWHG� XQFHUWDLQW\� LQ� SUHVHQW� RU� IXWXUH�
FRQGLWLRQV��VDIHW\�IDFWRUV�FDQ�EH�LQFOXGHG�LQ�GHVLJQ�RI�
QHWZRUN� LPSURYHPHQWV�� +LJK� XQFHUWDLQWLHV� UHTXLUH�
LQFUHDVHG� VDIHW\� IDFWRUV� DQG� UHVXOW� LQ� PRUH� FRVWO\�
GHVLJQV��7KXV��DQ�XQGHUVWDQGLQJ�RI�WKH�PDJQLWXGH�RI�
SUHGLFWLRQ� XQFHUWDLQWLHV� LV� FUXFLDO� ZKHQ� PDNLQJ�
GHFLVLRQV�DQG�RSHUDWLRQ�VWUDWHJLHV�EDVHG�RQ�QXPHULFDO�
PRGHOV��0RUHRYHU�� XVLQJ� WKH� SUHGLFWLRQ� XQFHUWDLQW\��
WKH� RSWLPDO� QHWZRUN� FRQGLWLRQV� DQG� PHDVXUHPHQW�
ORFDWLRQV�FDQ�EH� LGHQWLILHG��8QFHUWDLQW\�DQDO\VLV�FDQ�
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DOVR�EH�KHOSIXO� LQ� LGHQWLI\LQJ�KRZ�D�QHWZRUN�VKRXOG�
EH� UHSUHVHQWHG� LQ� D� PDWKHPDWLFDO� PRGHO�� ZKHQ�
LQWURGXFLQJ� D� FRQWUROOLQJ� IXQFWLRQ� DV� D� SDUW� RI� D�
FRQWURO� VWUDWHJ\�� )XUWKHUPRUH�� XQFHUWDLQW\� DQDO\VLV�
FDQ� KHOS� WR� GHWHUPLQH� ZKHUH� DQG� XQGHU� ZKDW�
FRQGLWLRQV�DGGLWLRQDO�GDWD�VKRXOG�EH�WDNHQ�WR�LPSURYH�
PRGHO�FDOLEUDWLRQ���
7KLV� SDSHU� VWDUWV� IURP� WKH� UHFRJQLWLRQ� WKDW� WKH�
DFFXUDF\�RI�WKH�FXUUHQW�JHQHUDWLRQ�RI�VLPXODWLRQ�WRROV�
LV�DIIHFWHG�E\�PDQ\�VRXUFHV�RI�XQFHUWDLQW\��:H�KDYH�
IRFXVHG� RQ� RQH� SDUWLFXODU� VHW� RI� LQSXW� YDULDEOHV�� L�H��
WKH� RQHV� UHJDUGLQJ� GHVLJQ� DQG� WHFKQLFDO� LVVXHV�
LQIOXHQFLQJ�KHDW�ORVVHV�LQ�WKH�GLVWULEXWLRQ�QHWZRUN�RI�
D� GLVWULFW� KHDWLQJ� V\VWHP�� 7KXV�� WKH� SXUSRVH� LV� WR�
LQYHVWLJDWH�WKH�XQFHUWDLQWLHV�RQ�WKH�SHUIRUPDQFH�RI� D�
GLVWULFW� KHDWLQJ� V\VWHP� LQWURGXFHG� E\� SDUDPHWHUV�
LQIOXHQFLQJ�KHDW�ORVVHV�LQ�WKH�GLVWULEXWLRQ�QHWZRUN���

',675,&7�+($7,1*�'(6&5,37,21�
)RU� WKH� SXUSRVH� RI� G\QDPLF� VLPXODWLRQV�� HQHUJ\�
GHPDQG�SURILOHV�IRU�VSDFH�KHDWLQJ��6+��DQG�GRPHVWLF�
KRW�ZDWHU� �'+:��ZHUH�GHYHORSHG��$�6SDFH�KHDWLQJ�
GHPDQG� HTXDWLRQ� DV� D� IXQFWLRQ� RI� WKH� RXWGRRU�
WHPSHUDWXUH�ZDV�GHULYHG�IRU�WKH�FDVH�RI�D�ORZ�HQHUJ\�
DSDUWPHQW� LQ� ZKLFK� WKH� KHDW� ORVVHV� WKURXJK�
WUDQVPLVVLRQ� DQG� YHQWLODWLRQ� DUH� ���� N:� ZKHQ� WKH�
RXWVLGH� WHPSHUDWXUH� LV� ���&�� )RU� WKH� G\QDPLF�
VLPXODWLRQV�� WKH� VSDFH� KHDWLQJ� FRQWURO� ZDV� GHVLJQHG�
DFFRUGLQJ� WR� D� W\SLFDO� ORZ�HQHUJ\� KRXVH� IURP� WKH�
%HOJLXP� VWDQGDUG� UHJXODWLRQ�� +RXUO\� RXWVLGH�
WHPSHUDWXUHV�ZHUH�VHOHFWHG�IRU�%HOJLXP���
7KUHH� GRPHVWLF� KRW�ZDWHU� SURILOHV� �ORZ�� QRUPDO� DQG�
KHDY\� �� ZHUH� GHYHORSHG�� (DFK� RI� WKHP� UHSUHVHQWV� D�
W\SLFDO� '+:� XVH� RI� D� KRXVHKROG� ZLWK� RQ� DYHUDJH�
WKUHH� LQKDELWDQWV� LQ� WKH� FRXUVH� RI� D� VLQJOH� GD\�� 7KH�
DYHUDJH�HQHUJ\�XVH� IRU�'+:�LQ�D�GZHOOLQJ� LV�DERXW�
���� N:K�GD\��ZKLFK� LV� VLPLODU� WR����� O�GD\� DW����&��
7KLV�DYHUDJH�YDOXH�LV�FRQVLVWHQW�ZLWK�DYHUDJH�YDOXHV�
LQ� VHYHUDO� VRXUFHV� �9DQ� GHQ� %RVVFKH�� ����� DQG�
5HFNQDJHO�HW�DO����������
7KH� FDVH� VWXG\� LV� FRPSRVHG� RI� WKUHH� PXOWL�IDPLO\�
EXLOGLQJV�RI����DSDUWPHQWV�WKDW�DUH�SODFHG�LQ�IURQW�RI�
HDFK�RWKHU��7KH�GLVWULEXWLRQ�QHWZRUNV�RI�WKH�EXLOGLQJV�
DUH� FRQQHFWHG� WR� HDFK� RWKHU� DQG� WR� D� FHQWUDO� KHDW�
JHQHUDWLRQ�SODQW�WKURXJK�EXULHG�WZLQ�SLSHV��7KH�RQH�
ZD\�QHWZRUN� OHQJWK� LV�����P�� �7KH�GLDPHWHUV�RI� WKH�
SLSHV� LQ� WKH� QHWZRUN� ZHUH� FDOFXODWHG� IRU� QHWZRUN�
OD\RXWV�ZLWK����FRQQHFWHG�GZHOOLQJV�ZLWK�VXSSO\�SLSH�
WHPSHUDWXUHV�RI����&��)OXLG�YHORFLWLHV�ZHUH�UHVWULFWHG�
WR���P�V�LQVLGH�GZHOOLQJV������P�V�LQ�WUXQNV����P�V�LQ�
WKH�EDVHPHQW�DQG����P�V�RXWVLGH� �9DQ�GHQ�%RVVFKH��
������.UHSV�HW�DO�������DQG�2OVHQ�HW�DO���������
,Q�RUGHU� WR� UHGXFH� WKH�KHDW� ORVVHV� LQ� WKH�GLVWULEXWLRQ�
V\VWHP�� WKH� SLSHV� DUH� LQVXODWHG�ZLWK� 385�IRDP� WKDW�
KDV�OLQHDU�KHDW�FRQGXFWLYLW\��Ȝ�YDOXH��RI�������:�P.�
DW� ���&�� 7KH� SLSHV� WKHPVHOYHV� DUH� DVVXPHG� WR� EH�
PDGH�RI�FRSSHU��Ȝ� �����:�P.��DQG�WKH�RXWHU�FDVLQJ�

DURXQG� WKH� LQVXODWLRQ� OD\HU� LV�PDGH�RI�SRO\HWK\OHQH��
$Q� LPSRUWDQW� IXQFWLRQ� RI� WKH� RXWHU� FDVLQJ� LV� WR�
SURWHFW�WKH�SLSHV�IURP�GLUHFW�FRQWDFW�ZLWK�WKH�JURXQG��
WKXV� DYRLGLQJ� PRLVWXUH� GDPDJH� RI� WKH� SLSHV�
LQVXODWLRQ�PDWHULDO��,Q�DGGLWLRQ�WR�WKH�QRUPDO�µVLQJOH¶�
SLSHV�� DOVR� µWZLQ¶� SLSHV� ZHUH� XVHG� LQ� WKLV� VWXG\�� ,Q�
WKHVH� WZLQ� SLSHV�� WKH� VXSSO\� DQG� UHWXUQ� LQQHU� SLSHV�
DUH� SODFHG� DW� D� FHUWDLQ� GLVWDQFH� IURP� HDFK� RWKHU�
ZLWKLQ�RQH�LQVXODWHG�FDVLQJ�SLSH��

02'(//,1*�$1'�6,08/$7,21�
$V�ZDV�PHQWLRQHG�EHIRUH��D�GLUHFW�VXEVWDWLRQ�XQLW�KDV�
EHHQ� XVHG��2QFH� WKH� VXEVWDWLRQ�PRGHO� LV� VHW� XS�� WKH�
GLVWULEXWLRQ�QHWZRUN�LV�DGGHG�WR�WKH�PRGHO��DV�ZHOO�DV�
WKH� KHDW� SURGXFWLRQ� SODQW�� $� VXEVWDWLRQ� LV� D�
FRPSRQHQW�WKDW�FRQQHFWV�DQG�VHSDUDWHV�WKH�FROOHFWLYH�
SDUW�RI�D�GLVWULFW�KHDWLQJ�V\VWHP�DQG�WKH�SDUWV�ZLWKLQ�
WKH� LQGLYLGXDO� GZHOOLQJ�� 7KH� GLUHFW� VXEVWDWLRQ� LV�
HTXLSSHG� ZLWK� RQH� KHDW� H[FKDQJHU� IRU� WUDQVIHUULQJ�
KHDW� IURP� WKH� FROOHFWLYH� KHDWLQJ� QHWZRUN� WR� WKH� WDS�
ZDWHU�� �VHH� ILJXUH� ���� )RU� VSDFH� KHDWLQJ�� KRW� ZDWHU�
IURP� WKH� FROOHFWLYH� QHWZRUN� LV� LQWURGXFHG� LQWR� WKH�
GZHOOLQJ�VSDFH�KHDWLQJ�GLVWULEXWLRQ�JULG��

�
)LJXUH���6FKHPH�RI�WKH�GLUHFW�V\VWHP��/DYDO�$��������

)ROORZLQJ�� FDOFXODWLRQV� RI� WKH� PDLQ� FRPSRQHQWV� LQ�
WKH� 751V\V� PRGHO� DUH� GHVFULEHG�� EDVHG� RQ� WKH�
PDWKHPDWLFDO� UHIHUHQFH� XVHU� JXLGH� RI� 751V\V�
�75$1662/$5�� ������� $� IORZ� PL[HU� FRPSRQHQW�
�751V\V� 7\SH���� JXDUDQWHHV� WKH� DGGLWLRQ� RI� WZR�
LQOHW�OLTXLG�VWUHDPV�WR�RQH�RXWOHW�VWUHDP�DFFRUGLQJ�WR�
DQ� LQWHUQDOO\� FDOFXODWHG� FRQWURO� IXQFWLRQ�� 7KH� KHDW�
H[FKDQJHU� �751V\V� 7\SH� ���� LV� D� FRQVWDQW�
HIIHFWLYHQHVV�KHDW�H[FKDQJHU��VR�WKH�HIIHFWLYHQHVV�DQG�
WKH� LQOHW� FRQGLWLRQV� DUH� LQSXWV� WR� WKH� W\SH�� 7KHUPDO�
VWUDWLILFDWLRQ� LQ� WKH� LQVXODWHG� VWRUDJH� WDQN� �751V\V�
7\SH� ��� LV� PRGHOHG� E\� DVVXPLQJ� WKDW� WKH� WDQN�
FRQVLVWV� RI� D� QXPEHU� RI� IXOO\�PL[HG� HTXDO� YROXPH�
VHJPHQWV��,Q�WKH�PDWKHPDWLFDO�XVHU�JXLGH�RI�751V\V�
D� GHWDLOHG� GHVFULSWLRQ� RI� WKH� PRGHO� FDQ� EH� IRXQG�
�75$1662/$5��������
7KH�SLSH�PRGHO��7(66�7\SH������PRGHOV�WKH�WKHUPDO�
EHKDYLRU�RI�WKH�SLSH�E\�VSOLWWLQJ�WKH�SLSH�LQ�D�QXPEHU�
RI� IOXLG� VHJPHQWV� DW� GLIIHUHQW� WHPSHUDWXUHV�� 7KH�
FDOFXODWLRQ�RI�WKH�WHPSHUDWXUH�LQ�HDFK�VHJPHQW�WDNHV�
LQWR� DFFRXQW� WKH� KHDW� ORVVHV� WR� WKH� HQYLURQPHQW� E\�
VROYLQJ� WKH� IROORZLQJ� GLIIHUHQWLDO� HTXDWLRQ� DW� HYHU\�
WLPH�VWHS��

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

- 3811 -



�
�

�������
𝑀 𝐶 = (𝑈𝐴) 𝑇 − 𝑇 �����������������

:LWK�8$� WKH� RYHUDOO� HQHUJ\� ORVV� UDWH� IURP� WKH� SLSH�
�N-�K���&S� WKH� VSHFLILF� KHDW� RI� WKH� IOXLG� LQ� �N-�NJ.��
DQG�7HQYLURQPHQW�WKH�WHPSHUDWXUH�RI�WKH�VXUURXQGLQJV�RI�
WKH�SLSH���&���
%XULHG� WZLQ� SLSHV� EHFRPH� DQRWKHU� LPSRUWDQW�
PRGHOLQJ� FRPSRQHQW�� $FFRUGLQJ� WR� WKH� VWHDG\� VWDWH�
WKHRU\� RI� KHDW� ORVVHV� FDOFXODWLRQV� IRU� EXULHG� KHDWLQJ�
SLSHV� WKH� IROORZLQJ� DVVXPSWLRQV� KDV� EHHQ� PDGH�� ,Q�
WKH�FDVH�RI� WZLQ�SLSHV��WZR�PHGLD�SLSHV� LQ� WKH�VDPH�
FDVLQJ��� WKH� WZR� VLQJOH� SLSHV� DUH� LGHQWLFDO�� SODFHG�
KRUL]RQWDOO\� DQG� LQ� WKH� VDPH� GHSWK� IURP� WKH� JURXQG�
VXUIDFH�� 7KHQ� WKH� V\VWHP� FRQVWDQWV� DUH� UHGXFHG� WR�
WZR��8��� �8���DQG�8��� 8����DQG�WKH�WRWDO�KHDW�ORVV��
TWRW��LQ��:�P���LV�FDOFXODWHG��

𝑞 = 2(𝑈 − 𝑈 ) + 𝑡 �������������������������

:LWK�8LM�LV�WKH�KHDW�ORVV�FRHIILFLHQW��:�P.���W��VXSSO\�
WHPSHUDWXUH� ��&��� W�� UHWXUQ� WHPSHUDWXUH� ��&�� DQG� W��
JURXQG�WHPSHUDWXUH��&����
7KH� KHDW� WUDQVIHU� HTXDWLRQV� IRU� WKH� JURXQG� EXULHG�
SLSH� IRU� VWDWLRQDU\� FRQGLWLRQV� DUH� EDVHG� RQ� DQDO\WLF�
HTXDWLRQV�SUHVHQWHG�E\�:DOOHQWHQ��:DOOHQWpQ���������
7KH�PRGHOV�FRQVLGHU� WKH�KHDW�H[FKDQJH�EHWZHHQ� WKH�
SLSHV�DQG�FDOFXODWH�WKH�KHDW�ORVVHV�WR�WKH�HQYLURQPHQW�
�%RKP� HW� DO�� ������� ,Q� ILJXUH� �� DQG� ILJXUH� ��� D�
VXPPDU\�RI�WKH�VLPXODWLRQ�UHVXOWV�LV�GLVSOD\HG���

)LJXUH���0RQWKO\�HQHUJ\�WUDQVIHU�RI�WKH�V\VWHPV�
7KH� PRQWKO\� KHDW� VXSSOLHV�� WKH� KHDW� ORVVHV� DQG� WKH�
HQHUJ\� FRQVXPSWLRQ� DUH� GUDZQ�� 7KH� FXUYHV� RI� WKH�
KHDW� VXSSOLHV� DQG� WKH� HQHUJ\� FRQVXPSWLRQ� DUH�
VWURQJO\� FRQGLWLRQHG� E\� WKH� DPELHQW� WHPSHUDWXUH��
ZKLOH�WKH�FXUYH�RI�WKH�KHDW�ORVVHV�LV�PRUH�IODWWHQHG���
$OWKRXJK� WKH�PRQWKO\�DEVROXWH�YDOXHV�RI�KHDW� ORVVHV�
GXULQJ� WKH� ZKROH� \HDU� EHKDYHV� DURXQG� D� ZHOO�
LGHQWLILHG�DYHUDJH�YDOXH��D�VPDOO�UHGXFWLRQ�RI�WKH�KHDW�
ORVVHV� LQ� )HEUXDU\� DQG� 1RYHPEHU� WDNH� SODFH�� 7KLV�
VLWXDWLRQ�FDQ�EH�H[SODLQHG�DV�D�UHVXOW�RI�WKH�GLIIHUHQW�
ZRUN�KRXUV�RI�HDFK�PRQWK��1RWH�WKDW�)HEUXDU\�LV�WKH�
VPDOO� PRQWK� RI� WKH� \HDU�� :KHQ� IRFXV� LQ� WKH� KHDW�
ORVVHV� SHU� KRXUV� RI� ZRUN� �0-�K��� WKH� FXUYH� FOHDUO\�
VKRZ� WKDW� WKH� YDOXHV� RI� DOO� PRQWKV� EHKDYHV� LQ� D�
UHDVRQDEOH�OHYHO��
,Q� DEVROXWH� WHUPV�� WKH� KHDW� VXSSOLHG� E\� WKH� V\VWHP�
FRQVLVWV�RI������*-�\HDU�ZKLOH� WKH�KHDW� ORVVHV�UHDFK�

YDOXHV�XS�WR�����*-�\HDU��7KH�UHVXOWV�GHQRWH�WKDW�WKH�
KHDW�ORVVHV�LQ�WKH�VXSSO\�DQG�UHWXUQ�QHWZRUN�DFFRXQW�
IRU�DERXW����RI�WKH�\HDUO\�HQHUJ\�XVH��,Q�WKH�FDVH�RI�
WKH�HQHUJ\�FRQVXPSWLRQ�� WKH�HOHFWULFLW\�FRQVXPSWLRQ�
RI� WKH�KHDW�SXPS�UHSUHVHQWV�����RI� WKH� WRWDO�HQHUJ\�
FRQVXPSWLRQ��7KH�\HDUO\�DYHUDJH�VXSSO\�WHPSHUDWXUH�
ZDV� ����� �&� DQG� WKH� \HDUO\� DYHUDJH� UHWXUQ�
WHPSHUDWXUH�ZDV�������&�

�
)LJXUH���0RQWKO\�HQHUJ\�FRQVXPSWLRQ�RI�WKH�V\VWHPV�

3(5)250$1&(�,1',&$7256��
7KH� SHUIRUPDQFH� RI� WKH� GLVWULFW� KHDWLQJ� V\VWHP� LV�
DVVHVVHG�E\� ILYH�SHUIRUPDQFH� LQGLFDWRUV�� WKH�UHODWLYH�
KHDW�ORVV��LQ�WKH�GLVWULEXWLRQ�V\VWHP���WKH�VSHFLILF�KHDW�
ORVV�� WKH� KHDW� GHQVLW\�� WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ�
DQG�WKH�VHDVRQDO�SHUIRUPDQFH�IDFWRU�RI�WKH�V\VWHP��$�
FKDUDFWHULVWLF�SDUDPHWHU�IRU�GHILQLQJ�WKH�HIILFLHQF\�RI�
WKH� '+� QHWZRUNV� LV� WKH� UHODWLYH� KHDW� ORVV� LQ� WKH�
GLVWULEXWLRQ� V\VWHP�� 5+/� �LQ� SHUFHQW��� 7KH� UHODWLYH�
KHDW�ORVV�LV�D�UDWLR�RI�WKH�KHDW�ORVVHV�WR�WKH�TXDQWLW\�RI�
KHDW� VXSSOLHG� WR� WKH� '+� QHWZRUN�� 7KH� UHODWLYH� KHDW�
ORVV�GRHV�QRW�GHSHQG�RQO\�RQ�WKH�RYHUDOO�KHDW�WUDQVIHU�
FRHIILFLHQW��ZKLFK�FKDUDFWHUL]HV� WKH�HIILFLHQF\�RI� WKH�
SLSH� LQVXODWLRQ�� ,W� DOVR� GHSHQGV� RQ� WKH� VSHFLILF�
VXUIDFH� DUHD� RI� WKH� GLVWULEXWLRQ� SLSHV�� WKH� OHYHO� RI�
ZDWHU� GLVWULEXWLRQ� WHPSHUDWXUH� UHODWLYH� WR� WKH� DQQXDO�
DYHUDJH� RI� WKH� RXWGRRU� WHPSHUDWXUH� DQG� HYHQ� WKH�
FRQFHQWUDWLRQ� RI� WKH� GLVWULFW� KHDWLQJ� GHPDQG� DPRQJ�
RWKHU�SDUDPHWHUV���
$QRWKHU� SHUIRUPDQFH� FULWHULRQ� LV� WKH� VSHFLILF� KHDW�
ORVV�� 6+/� �0:K�P��� ZKLFK� LV� D� UDWLR� RI� WKH� KHDW�
ORVVHV�WR�WKH�OHQJWK�RI�WKH�'+�QHWZRUN��7KH�VSHFLILF�
KHDW� ORVV� LV� PRUH� XVHIXO� ZKHQ� FRPSDULQJ� GLIIHUHQW�
GLVWULFW� KHDWLQJ� V\VWHPV�� $Q� DGGLWLRQDO� SHUIRUPDQFH�
LQGLFDWRU� LV� WKH� KHDW� GHQVLW\� +'�� LQ�0:K�P�� ZKLFK�
FKDUDFWHUL]HV�WKH�FRQFHQWUDWLRQ�RI�WKH�GLVWULFW�KHDWLQJ�
GHPDQG�VLQFH�LW�UHSUHVHQWV�WKH�UDWLR�RI�WKH�KHDW�VXSSO\�
�FRQVXPHU¶V�OHYHO��WR�WKH�OHQJWK�RI�WKH�'+�QHWZRUN��
7KH� WRWDO� HQHUJ\� FRQVXPSWLRQ� LQ� �0:K��� WDNHV� LQWR�
DFFRXQW� WKH� SRZHU� FRQVXPSWLRQ� RI� DOO� ZDWHU� SXPSV�
RI� WKH� QHWZRUN� DQG� WKH� SRZHU� FRQVXPSWLRQ� RI� WKH�
KHDW�SXPS��7KLV�RXWSXW�SDUDPHWHU�EHFRPHV�RQH�PRUH�
LQGLFDWRU� WR� HYDOXDWH� WKH� SHUIRUPDQFH� RI� WKH� GLVWULFW�
KHDWLQJ�� � $� IXUWKHU� RSHUDWLRQDO� FULWHULRQ� FRQVLVWV� RI�
WKH�VHDVRQDO�SHUIRUPDQFH�IDFWRU�RI�WKH� V\VWHP��63)��
ZKLFK� FKDUDFWHUL]HV� WKH� HIILFLHQF\� RI� WKH� V\VWHP� E\�
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PHDQV�RI�WKH�UDWLR�RI�WKH�KHDW�VXSSO\�DW�SODQW�OHYHO�WR�
WKH�WRWDO�HQHUJ\�FRQVXPSWLRQ�RI�WKH�'+�QHWZRUN��

6(16,7,9,7<�$1'�81&(57$,17,(6��
(QHUJ\� VLPXODWLRQV� PDNH� XVH� RI� GHWDLOHG� SK\VLFDO�
UHODWLRQV�� ERWK� GLIIHUHQWLDO� DQG� DOJHEUDLF�� WKDW�
GHVFULEH� WKH� ZD\� WKDW� YDULRXV� GLVWXUEDQFHV� �IURP�
ZHDWKHU��KXPDQV��FRQWURO�V\VWHPV��HWF���LQIOXHQFH�WKH�
WKHUPRG\QDPLF� EHKDYLRXU� RI� DQ� HQHUJ\� V\VWHP��
:LWKLQ�WKLV�HTXDWLRQ�V\VWHP�D�ORW�RI�SDUDPHWHUV�DIIHFW�
WKH�UHOLDELOLW\�RI�WKH�VLPXODWLRQ�UHVXOWV��7R�RYHUFRPH�
WKHVH� LVVXHV�� XQFHUWDLQW\�DQDO\VLV� LV� XVHG� WR�TXDQWLI\�
KRZ� XQFHUWDLQWLHV� LQ� WKHVH� SDUDPHWHUV� LQIOXHQFH� WKH�
FRQFOXVLRQV� WKDW� DUH� PDGH� IURP� WKH� PRGHO� DQG�
TXDQWLI\�FRQILGHQFH�LQWHUYDOV�RI�WKH�RXWSXW���
7KLV�ZRUN�LV�IRFXVHG�RQ�D�ZHOO�GHILQHG�VHFWLRQ�RI�WKH�
SK\VLFDO� VRXUFH� RI� XQFHUWDLQWLHV� LQIOXHQFLQJ� WKH�
VLPXODWLRQ� PRGHO� RXWSXWV�� ,Q� WKLV� VWXG\� VHYHUDO�
SDUDPHWHU� LQIOXHQFLQJ� KHDW� ORVVHV�� VXFK� DV� KHDW�
FRQGXFWLYLW\� RI� WKH� LQVXODWLQJ� PDWHULDO�� VXSSO\� SLSH�
WHPSHUDWXUH��UHWXUQ�SLSH�WHPSHUDWXUH��WKLFNQHVV�RI�WKH�
SLSH�LQVXODWLRQ�OD\HU��VRLO� WKHUPDO�FRQGXFWLYLW\�� IORZ�
UDWH�� DQG� WKH� DPELHQW� WHPSHUDWXUH� ZHUH� VHOHFWHG�� $�
IDFWRULDO�DQDO\VLV�,N��L�H������ZLWK���SDUDPHWHUV�DW�WZR�
OHYHOV� �ORZ� DQG� KLJK�� ZDV� FDUULHG� RXW�� 7KH�
VWDQGDUGL]HG� UHJUHVVLRQ� FRHIILFLHQWV� �65&�� ZHUH�
DSSOLHG� WR� GHWHUPLQH� WKH� VHQVLWLYLW\� RI� WKH� VHOHFWHG�
SHUIRUPDQFH� LQGLFDWRUV�� 7KH� XQFHUWDLQW\� DQDO\VLV� LV�
WKHQ�FRQGXFWHG�E\�HVWLPDWLQJ�WKH�VWDQGDUG�GHYLDWLRQ��
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:KHUH�\� LV� WKH�RXWSXW���� WKH�H[SHFWHG�DYHUDJH�YDOXH�
RI�\��L�WKH�VDPSOH�DQG�1�LV�WKH�QXPEHU�RI�VDPSOHV��
$V� ZDV� REVHUYHG� E\� %UHHVFK� DQG� -DQVVHQV� ��������
ZKHQ� WKH� LQSXW� SDUDPHWHUV� [M� DUH� LQGHSHQGHQW�� WKH�
65&�SURYLGH�D�PHDVXUH�RI�YDULDEOH�LPSRUWDQFH�VLQFH�
65&�PHDVXUHV�WKH�HIIHFW�RI�WKH�YDULDWLRQ�RI�DQ�LQSXW�
SDUDPHWHU� [M� ZLWK� D� IL[HG� IUDFWLRQ� RI� LWV� VWDQGDUG�
GHYLDWLRQ�RQ� WKH� YDULDWLRQ�RI� WKH�RXWSXW� \L��ZKLOH� DOO�
RWKHU�LQSXW�SDUDPHWHUV�HTXDOL]H�WKHLU�H[SHFWHG�YDOXH��
7KH� VWDWLVWLFDO� PRGHO� XSRQ� ZKLFK� WKH� DQDO\VLV� RI�
VFUHHQLQJ� GHVLJQV� LV� EDVHG� H[SUHVVHV� WKH� UHVSRQVH�
YDULDEOH� ǔL� DV� D� OLQHDU� IXQFWLRQ� RI� WKH� H[SHULPHQWDO�
IDFWRUV��LQWHUDFWLRQV�EHWZHHQ�WKH�IDFWRUV��DQG�DQ�HUURU�
WHUP��ZKLFK�FDQ�EH�H[SUHVVHG�DV���
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7KH� H[SHULPHQWDO� HUURU� ԑ� LV� W\SLFDOO\� DVVXPHG� WR�
IROORZ�D�QRUPDO�GLVWULEXWLRQ�ZLWK�D�PHDQ�RI���DQG�D�
VWDQGDUG� GHYLDWLRQ� HTXDO� WR� ı�� 7KH� FKRLFH� RI�
SDUDPHWHU�UDQJH�DQG�GLVWULEXWLRQ�W\SH�ERWK� LQIOXHQFH�
WKH� VDPSOHG� EHKDYLRXU� RI� WKH� WKHUPDO�PRGHO� WKDW� LV�
VWXGLHG�� 'LVWULEXWLRQ� RQ� WKH� LQSXW� SDUDPHWHUV� KDV�
EHHQ� HVWLPDWHG� IURP� GDWD� LQ� WKH� OLWHUDWXUH� DQG�
VWDQGDUG���

7KH� XQFHUWDLQW\� RI� WKH� KHDW� FRQGXFWLYLW\� RI� WKH�
LQVXODWLQJ� PDWHULDO� �,QV+&RQG�� ZDV� HVWLPDWHG� E\�
XVLQJ�LQIRUPDWLRQ�IURP�D�WHVW�RI�WKHUPDO�FRQGXFWLYLW\�
SURYLGHG�E\�WKH�SLSH�PDQXIDFWXUH��/RJVWRU��������$�
YDULDWLRQ�RI���������:�P.� IRU�WKH�KHDW�FRQGXFWLYLW\�
RI�WKH�LQVXODWLQJ�PDWHULDO�LV�DVVXPHG���
7HPSHUDWXUH� PHDVXUHPHQWV� RI� IOXLG� LQ� SLSHV� IRU�
FRQWURO�� DQDO\VLV� RU�PRGHOLQJ� DUH� W\SLFDO� SUDFWLFH� LQ�
PDQ\� WKHUPDO� V\VWHPV� DSSOLFDWLRQV�� <DVVLQ�� ��������
SUHVHQWHG� D� WHPSHUDWXUH� PHDVXUHPHQW� XQFHUWDLQW\�
DQDO\VLV� RI� DQ� DFWXDO� GLVWULFW� KHDWLQJ� WHVW� IDFLOLW\��
$FFRUGLQJ� WR� WKH� UHVXOWV� UHSRUWHG� LQ� UHIHUHQFH�
�<DVVLQ�� ������ D� YDULDWLRQ� RI�������&�RI� WKH� VXSSO\�
SLSH� WHPSHUDWXUH� �6XS7HPS�� DQG� WKH� UHWXUQ� SLSH�
WHPSHUDWXUH��5HW7HPS��KDYH�EHHQ�DVVXPHG���
'HWHUPLQLQJ�WKLFNQHVV�RI�WKH�SLSH�LQVXODWLRQ� OD\HU�LV�
VWUDLJKWIRUZDUG� FRQVLGHULQJ� WKH� YDULDWLRQ� RI� WKH�
FDVLQJ�GLDPHWHU�RI�SUH�LQVXODWHG�SLSHV��,Q�WKLV�VWXG\��
E\� XVLQJ� WKH� LQIRUPDWLRQ� SURYLGHG� E\� WKH� SLSH�
PDQXIDFWXUH��WKH�WROHUDQFH�RI�WKH�FURVV�VHFWLRQ�LQ�WKH�
FDVLQJ� ZDV� HVWLPDWHG�� 7KH� YDULDWLRQ� IRXQG� LQ� WKH�
FURVV� VHFWLRQ� RI� WKH� FDVLQJ� ZDV� DVVXPHG� DV� WKH�
XQFHUWDLQW\� RQ� WKH� WKLFNQHVV� RI� WKH� SLSH� LQVXODWLRQ�
�7KLF3L,QV�� OD\HU� �/RJVWRU� ������� $� YDULDWLRQ� RI�
������ PP� IRU� HDFK� NLQG� RI� SLSH� ZDV� DVVXPHG��
VWUDLJKWIRUZDUG�
$V� ZDV� REVHUYHG� E\� <DVVLQ�� �������� DQ� XQFHUWDLQW\�
DQDO\VLV� FRPSULVLQJ� DOO� NLQGV� RI� IORZ� PHWHUV� LV�
LPSRVVLEOH� WR� SHUIRUP�� VLQFH� WKH\� DUH� EXLOW� RQ� VR�
PDQ\� DQG� VR� GLIIHUHQW� WHFKQRORJLHV�� ,Q� WKLV� VWXG\��
DFFRUGLQJ� WR� WKH� UHVXOWV� GHVFULEHG� E\� <DVVLQ� D�
YDULDWLRQ�RI������� IRU� WKH� IORZ�UDWH� �)ORZ5DWH��ZDV�
DVVXPHG��<DVVLQ���������
7KH� VRLO� WKHUPDO� FRQGXFWLYLW\� EHFRPHV� DQRWKHU�
LPSRUWDQW� SDUDPHWHU� LQIOXHQFLQJ� WKH� GLVWULFW� KHDWLQJ�
QHWZRUN�KHDW� ORVVHV�� ,Q� WKH� ODVW�\HDUV�VHYHUDO�VWXGLHV�
FRQFHUQLQJ� VRLO� WKHUPDO� FRQGXFWLYLW\� FDQ� EH� IRXQG���
7DUQDZVNL� DQG� /HRQJ� ������� VWXGLHG� WKH� WKHUPDO�
FRQGXFWLYLW\� RI� VRLOV� DW� YHU\� ORZ� PRLVWXUH� FRQWHQW�
DQG� PRGHUDWH� WHPSHUDWXUHV� WUDQVSRUW� LQ� SRURXV�
PHGLD�� :KLOH� �0DWMD]� HW� DO�� ������� SUHVHQWHG� WKH�
HIIHFW�RI� WKH�VRLO� WKHUPDO�FRQGXFWLYLW\�FRHIILFLHQW�RQ�
WKH� KHDW� ORVV� IURP� SUH�LQVXODWHG� SLSHV� GXULQJ�
RSHUDWLRQ�� $FFRUGLQJO\� WR� WKH� UHVXOWV� UHSRUWHG� E\�
0DWMD]�HW�DO����������D�YDULDWLRQ�RI������:�P.�IRU�WKH�
VRLO�WKHUPDO�FRQGXFWLYLW\��6RLO+&RQG��ZDV�DVVXPHG��
7KH� XQFHUWDLQW\� RI� WKH� DPELHQW� WHPSHUDWXUH�
�7PS$PE�� LV� DVVXPHG� WKH� DYHUDJH� DFFXUDF\� RI�
UHSUHVHQWDWLYH� WHPSHUDWXUH� ORJJHUV� XVHG� LQ� FRPPRQ�
PRQLWRULQJ� RI� EXLOGLQJ� PDQDJHPHQW� V\VWHPV�
�%UHHVFK�� ������� $� YDULDWLRQ� RI� ������&� IRU� WKH�
DPELHQW�WHPSHUDWXUH�ZDV�DVVXPHG���2QVHW��������
$FFRUGLQJ� WR� WKH� OLWHUDWXUH� FRQVXOWHG�� DOO� WKH� LQSXW�
SDUDPHWHUV� LQ� WKH� PRGHO� VLPXODWLRQ� KDYH� EHHQ�
DVVXPHG�QRUPDOO\�GLVWULEXWHG��7KH�OHYHOV�VHOHFWHG�IRU�
HDFK�SDUDPHWHU�FRUUHVSRQG�WR�>���ı�����ı@��ZKHUH���
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DQG� ı� DUH� UHVSHFWLYHO\� WKH� DYHUDJH� DQG� WKH� VWDQGDUG�
GHYLDWLRQ� �%UHHVFK�� �������7KLV�PHDQV� D� SDUDPHWHUV�
LV� LQFOXGHG� LQ� WKLV� LQWHUYDO� ZLWK� SUREDELOLW\� RI� ������
7DEOH���VXPPDUL]HV�WKH�ORZ�DQG�KLJK�OHYHOV�IRU�HDFK�
SDUDPHWHU���

7DEOH���
3DUDPHWHUV�RI�XQFHUWDLQW\�YDULDQWV��

3DUDPHWHUV� /HYHOV�
���ı��

,QVXODWLRQ�KHDW�FRQGXFWLYLW\��:�P.�� ���������
6XSSO\�SLSH�WHPSHUDWXUH���&�� ������
5HWXUQ�SLSH�WHPSHUDWXUH���&�� ������
6RLO�WKHUPDO�FRQGXFWLYLW\��:�P.�� �����
7KLFNQHVV�RI�SLSH�LQVXODWLRQ��PP�� �����
$PELHQW�WHPSHUDWXUH���&�� ������
)ORZ�UDWH����� ���

5(68/76�$1$/<6,6�
$V�ZDV� DIRUHPHQWLRQHG�� WKH� VWDQGDUGL]HG� UHJUHVVLRQ�
FRHIILFLHQWV�PHDVXUH�WKH�HIIHFW�RI�WKH�YDULDWLRQ�RI�DQ�
LQSXW� SDUDPHWHU� RQ� WKH� YDULDWLRQ� RI� D� JLYHQ� PRGHO�
RXWSXW�� ,Q� DGGLWLRQ�� ZKHQ� XVLQJ� WKH� VWDQGDUGL]HG�
UHJUHVVLRQ� FRHIILFLHQWV�� WKH� FRUUHODWLRQ� IDFWRU�5�� KDV�
DOVR�WR�EH�FDOFXODWHG�WR�HYDOXDWH�KRZ�ZHOO�WKH�PRGHO�
ǔL��UHSURGXFH�WKH�DFWXDO�RXWSXW�\L��%UHHVFK���������7KH�
FRUUHODWLRQ� IDFWRU� UHSUHVHQWV� WKH� IUDFWLRQ� RI� YDULDQFH�
RQ� WKH� RXWSXW�� H[SODLQHG� E\� WKH� UHJUHVVLRQ� PRGHO��
7KH� UHJUHVVLRQ� PRGHO� IRU� IRXU� RI� WKH� SHUIRUPDQFH�
LQGLFDWRU�DSSURDFKHV�WKH�UHDO�RXWSXW�YHU\�ZHOO�DV�WKH�
FRUUHODWLRQ� IDFWRU� WDNH� YDOXH� FORVH� WR� WKH� XQLW\�� IRU�
LQVWDQFH��5+/��5� ������6+/��5� �����+'��5� �����
DQG� (&�� 5� ����� ��� ,Q� FRQWUDVW�� WKH� VHDVRQDO�
SHUIRUPDQFH�IDFWRU�SUHVHQWV�D�ORZ�FRUUHODWLRQ�IDFWRU��

5� ������ 6RPH� SRVVLEOH� UHDVRQV� � RI� WKLV� EDG�
FRUUHODWLRQ� IDFWRU� DUH� SUHVHQWHG� LQ� WKH� VXFFHVVLYH�
SDUDJUDSKV����
&RPPRQO\��LQ�RUGHU�WR�VLPSOLI\� WKH�LQWHUSUHWDWLRQ�RI�
VFUHHQLQJ� GHVLJQV�� E\� XVLQJ� WKH� VWDQGDUGL]HG�
UHJUHVVLRQ� FRHIILFLHQWV� WKH� PRGHO� LV� H[SUHVVHG� LQ�
WHUPV�RI�³HIIHFWV´��7KH�³3DUHWR�&KDUWV´�GLVSOD\�HDFK�
RI�WKH�HVWLPDWHG�HIIHFWV�IRU�WKH�UHVSRQVH�VXUIDFHV��7R�
LOOXVWUDWH� WKH� LQIOXHQFH� RI� WKH� DQDO\]HG� YDULDEOHV� IRU�
VRPH� SHUIRUPDQFH� LQGLFDWRUV� ILJXUH� �� GLVSOD\V� WKH�
HVWLPDWHG� HIIHFW� ³3DUHWR�&KDUWV´� IRU� IRXU� LQGLFDWRUV��
7KH� OHQJWK� RI� HDFK� EDU� LV� SURSRUWLRQDO� WR� WKH�
VWDQGDUGL]HG� HIIHFW�� ZKLFK� LV� WKH� HVWLPDWHG� HIIHFW�
GLYLGHG�E\�LWV�VWDQGDUG�HUURU��$Q\�EDUV�ZKLFK�H[WHQG�
EH\RQG� WKH� GDVKHG� OLQH� FRUUHVSRQG� WR� HIIHFWV� ZKLFK�
DUH� VWDWLVWLFDOO\� VLJQLILFDQW� DW� WKH� ������ FRQILGHQFH�
OHYHO���
7KH� JUDSKLF� VKRZV� WKDW� WKH�KHDW� FRQGXFWLYLW\� RI� WKH�
LQVXODWLQJ� PDWHULDO� LV� WKH� PRVW� LPSRUWDQW� IDFWRU� IRU�
WKH�UHODWLYH�KHDW�ORVV��7KH�IORZ�UDWH��WKH�WKLFNQHVV�RI�
SLSH� LQVXODWLRQ� DQG� WKH� DPELHQW� WHPSHUDWXUH� KDYH�
VLJQLILFDQW� LQIOXHQFH� DV� ZHOO�� ZKLOH� WKH� RWKHU�
LQGHSHQGHQW�IDFWRUV�DUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��,W�
VKRXOG� EH� QRWLFHG� WKDW� WKH� LPSDFW� RI� WKH� KHDW�
FRQGXFWLYLW\�RI�WKH�LQVXODWLQJ�PDWHULDO�IRU�WKH�UHODWLYH�
KHDW�ORVV�LV�FRQVLGHUDEO\�ODUJHU�WKDQ�WKH�HIIHFW�RI�WKH�
RWKHU� SDUDPHWHUV� IRU� DOO� LQGLFDWRUV�� &RPELQDWLRQV�
EHWZHHQ�WKH�IORZ�UDWH�DQG�WKH�KHDW�FRQGXFWLYLW\�RI�WKH�
LQVXODWLQJ�PDWHULDO��DV�ZHOO�DV�EHWZHHQ�WKH�IORZ�UDWH�
DQG� WKH� DPELHQW� WHPSHUDWXUH� KDYH�DOVR�D� VLJQLILFDQW�
LQIOXHQFH� RQ� WKH� UHODWLYH� KHDW� ORVV�� )RU� WKH� WRWDO�
HQHUJ\�FRQVXPSWLRQ�WKH�VLJQLILFDQW�IDFWRU�DUH�WKH�IORZ�
UDWH�WKH�DPELHQW�WHPSHUDWXUH��

�
)LJXUH���3DUHWR�&KDUWV�IRU�HDFK�LQGLFDWRU���
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:KHQ� DQDO\VLQJ� WKH� 3DUHWR� FKDUW� IRU� WKH� VHDVRQDO�
SHUIRUPDQFH�IDFWRU�RQO\�WKH�VXSSO\�WHPSHUDWXUH�KDV�D�
VLJQLILFDQW�LQIOXHQFH��7KH�UHVXOWV�VKRZ�WKDW�WKH�UHVW�RI�
WKH� VHOHFWHG� SDUDPHWHUV� DUH� QRW� VWDWLVWLFDOO\�
VLJQLILFDQW��7KH� YDULDWLRQ�RI� WKH� VHOHFWHG� IDFWRUV�KDV�
PLQRU�LQIOXHQFHV�RQ�WKH�VHDVRQDO�SHUIRUPDQFH�IDFWRU��
7KH� H[SODQDWLRQ� RI� WKLV� VLWXDWLRQ� FDQ� EH� IRXQG� LQ�
VHYHUDO� DVSHFWV� UHJDUGLQJ� WKH� OD\RXW� RI� WKH� KHDWLQJ�
SODQW�� 7KH� KHDWLQJ� SODQW� FRQVLVWV� LQ� D� KHDW� SXPS�
FRXSOHG�ZLWK�D�FHQWUDO�VWRUDJH�WDQN�WKDW�LV�FRQQHFWHG�
WR� WKH� QHWZRUN� GLVWULEXWLRQ� V\VWHP�� 7KH� HQHUJ\�
FRQVXPSWLRQ�RI� WKH�KHDW�SXPS�UHSUHVHQWV�PRUH� WKDQ�
����RI�WKH�WRWDO�HQHUJ\�FRQVXPSWLRQ�DQG�EHFRPHV�DQ�
LPSRUWDQW� WHUP� ZKHQ� FDOFXODWLQJ� WKH� VHDVRQDO�
SHUIRUPDQFH�IDFWRU�RI�WKH�V\VWHP��7KH�KHDW�VXSSOLHG�
E\� WKH� SODQW� EHFRPHV� DQRWKHU� LPSRUWDQW� HOHPHQW�
ZKHQ�FDOFXODWLQJ�WKH�VHDVRQDO�SHUIRUPDQFH�IDFWRU����
2Q�RQH�KDQG�WKH�KHDW�VXSSO\�IURP�WKH�FHQWUDO�VWRUDJH�
WDQN� WR� WKH� GLVWULEXWLRQ� QHWZRUN� LV� FDUULHG� RXW�
DFFRUGLQJ� WR� WKH� FXVWRPHU� KHDW� GHPDQG��
&RQVHTXHQWO\�� LW�VKRXOG�EH�QRWLFHG� WKDW�GXULQJ�VRPH�
SHULRGV�RI�RSHUDWLRQ�WKH�KHDWLQJ�SODQW�FRYHUV�WKH�KHDW�
GHPDQG�E\�XVLQJ� WKH�KRW�ZDWHU�VWRUHG� LQ� WKH�VWRUDJH�
WDQN� ZKLOH� WKH� KHDW� SXPS� LV� QRW� ZRUNLQJ�� 2Q� WKH�
RWKHU�KDQG�� DOWKRXJK� WKH� VHOHFWHG�SDUDPHWHUV� KDYH� D�
VLJQLILFDQW� LQIOXHQFH� RQ� WKH� KHDW� ORVVHV� RI� WKH�
GLVWULEXWLRQ� QHWZRUN� GXH� WR� WKH� XVH� RI� D� PRGHUQ�
GHVLJQ� DSSURDFK� �SUH�LQVXODWHG� SLSHV�� EXULHG� WZLQ�
SLSHV�� ORZ� VXSSO\� DQG� UHWXUQ� WHPSHUDWXUHV�� WKH� KHDW�
ORVVHV�UHSUHVHQWV�D�VPDOO� IUDFWLRQ�RI� WKH�KHDW�VXSSO\��
7KH� KHDW� VXSSO\� DQG� WKH� KHDW� SXPS� HQHUJ\�
FRQVXPSWLRQ� FRQVWLWXWH� WKH� PDMRU� SDUDPHWHUV� WR�
HVWLPDWH� WKH� VHDVRQDO� SHUIRUPDQFH� IDFWRU�� 6LQFH� D�
PLVPDWFK� RFFXUV� EHWZHHQ� WKH� KHDW� VXSSO\� DQG� WKH�
KHDW� SXPS� HQHUJ\� FRQVXPSWLRQ� WKH� VHDVRQDO�
SHUIRUPDQFH� IDFWRU� LV� KDUGO\� LQIOXHQFH� E\� WKH�
VHOHFWHG�SDUDPHWHUV��
$QRWKHU� LPSRUWDQW� DVSHFW� FRQVLVWV� RI� HYDOXDWLQJ� WKH�
PDLQ� HIIHFW� RI� IDFWRUV�� DV� ZHOO� DV� WKH� LQWHUDFWLRQV�
H[LVWLQJ�DPRQJVW� WKH�H[SHULPHQWDO� IDFWRUV��7KH�PDLQ�
HIIHFW�RI�IDFWRU� M�FDQ�EH�GHILQHG�DV�WKH�FKDQJH�LQ�WKH�
UHVSRQVH�YDULDEOH�\L�ZKHQ�[M� LV�FKDQJHG�IURP�LWV�ORZ�
OHYHO� WR� LWV� KLJK� OHYHO�� ZLWK� DOO� RWKHU� IDFWRUV� EHLQJ�
KHOG� FRQVWDQW� PLGZD\� EHWZHHQ� WKHLU� ORZV� DQG� WKHLU�
KLJKV�OHYHOV���
)LJXUH���VKRZV�WKH�PDLQ�HIIHFWV�IRU�WZR�SHUIRUPDQFH�
LQGLFDWRUV�� 7KH� JUDSKLFV� FOHDUO\� VKRZV� WKDW� LQ� WKH�
FDVH� RI� WKH� UHODWLYH� KHDW� ORVV�� WKH� XQFHUWDLQW\� RI� WKH�
KHDW� FRQGXFWLYLW\� RI� WKH� LQVXODWLQJ� PDWHULDO� KDV� WKH�
ODUJHVW� LQIOXHQFH� RQ� WKH� UHODWLYH� KHDW� ORVV�� :KHQ�
WKHUH� LV� D� KLJK� OHYHO� RI� WKH� KHDW� FRQGXFWLYLW\� RI� WKH�
LQVXODWLQJ�PDWHULDO�WKH�UHODWLYH�KHDW�ORVV�UHDFK�YDOXH�
XS� WR� ������ � �������� ZKLFK� UHSUHVHQWV� D� ���� RI�
YDULDWLRQ�ZLWK� UHVSHFW� WR� WKH� UHODWLYH�KHDW� ORVV�PHDQ�
YDOXH��7KH� LPSDFW� RQ� WKH� UHODWLYH�KHDW� ORVV� KDSSHQV�
WR�EH�FRQVLGHUDEO\�ODUJHU�WKDQ�WKH�LPSDFW�RQ�WKH�WRWDO�
HQHUJ\� FRQVXPSWLRQ�� 9DU\LQJ� WKH� IORZ� UDWH� KDV� WKH�

VWURQJHVW� LQIOXHQFH� RQ� WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ�
RI�WKH�V\VWHP��,Q�WKLV�SDUDPHWHU�LQGLFDWRU��UDLVLQJ�WKH�
IORZ� UDWH� WRZDUGV� ��� RI� WKH� EDVH� FDVH� YDOXHV� ZLOO�
LQFUHDVH������WKH�WRWDO�HQHUJ\�FRQVXPSWLRQ��

�
)LJXUH���0DLQ�HIIHFWV�RI�IDFWRUV�IRU�WZR�LQGLFDWRUV�

7R� GHDO� ZLWK� WKH� ZKROH� VWRU\� DERXW� WKH� IDFWRUV�
LQWHUDFWLRQ��WKH�HIIHFW�JUDSKLF�VKRXOG�EH�SURGXFHG�IRU�
HDFK� SDLU� RI� IDFWRUV�� )ROORZLQJ� WKH� LQWHUDFWLRQV�
EHWZHHQ� VRPH� IDFWRUV� IRU� WKH� UHODWLYH� KHDW� ORVV�
LQGLFDWRU� LV� SUHVHQWHG��1RWH� WKDW� VHYHUDO� LQWHUDFWLRQV�
ZHUH� H[FOXGHG� VLQFH� WKH\� ZHUH� QRW� VWDWLVWLFDOO\�
VLJQLILFDQW��,Q�WKH�JUDSKLF�D�SDLU�RI�OLQHV�ZDV�SORWWHG�
IRU� HDFK� LQWHUDFWLRQ�� FRUUHVSRQGLQJ� WR� WKH� SUHGLFWHG�
UHVSRQVH�ZKHQ�RQH�IDFWRU�LV�YDULHG�IURP�LWV�ORZ�YDOXH�
WR�LWV�KLJK�YDOXH��DW�HDFK�OHYHO�RI�WKH�RWKHU�IDFWRU��$OO�
IDFWRUV� QRW� LQYROYHG� LQ� WKH� LQWHUDFWLRQ� DUH� KROG� DW�
WKHLU�FHQWUDO�YDOXH�
7KH� SUHGLFWHG� UHVSRQVH� IRU� HDFK� FRPELQDWLRQ� RI� WKH�
ORZ�DQG�KLJK�OHYHOV�RI�WZR�IDFWRUV�LV�GLVSOD\HG�DW�WKH�
HQG� RI� HDFK� OLQH� VHJPHQW�� ,I� WZR� IDFWRUV� GR� QRW�
LQWHUDFW��WKH�HIIHFW�RI�RQH�IDFWRU�ZLOO�QRW�GHSHQG�XSRQ�
WKH� OHYHO� RI� WKH� RWKHU� DQG� WKH� WZR� OLQHV� LQ� WKH�
LQWHUDFWLRQ�SORW�ZLOO�EH�DSSUR[LPDWHO\�SDUDOOHO��)LJXUH�
�� VKRZV�� IRU� WKH� UHODWLYH� KHDW� ORVV�� WKH� LQWHUDFWLRQ�
EHWZHHQ� WKH� KHDW� FRQGXFWLYLW\� RI� WKH� LQVXODWLQJ�
PDWHULDO�DQG�WKH�DPELHQW�WHPSHUDWXUH��DV�ZHOO�DV�WKH�
LQWHUDFWLRQ� EHWZHHQ� WKH� KHDW� FRQGXFWLYLW\� RI� WKH�
LQVXODWLQJ�PDWHULDO�DQG�WKH�IORZ�UDWH��$V�RQH�FDQ�VHH�
IRU�WKH�UHODWLYH�KHDW�ORVV��WKH�KHDW�FRQGXFWLYLW\�RI�WKH�
LQVXODWLQJ�PDWHULDO�KDV�OLWWOH�HIIHFW�RQ�WKH�UHVSRQVH�RI�
WKH� RXWSXW� YDULDEOH� DW� D� ORZ� OHYHO� RI� WKH� DPELHQW�
WHPSHUDWXUH��DV�ZHOO�DV�DW�D�KLJK�OHYHO�RI�WKH�DPELHQW�
WHPSHUDWXUH��7KH�WZR�OLQHV�LQ�WKH�LQWHUDFWLRQ�SORW�DUH�
DSSUR[LPDWHO\� SDUDOOHO� ZKLFK� PHDQV� WKDW� WKH� WZR�
IDFWRUV�GR�QRW�LQWHUDFW��
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�
)LJXUH���,QWHUDFWLRQ�SORW�IRU�HQHUJ\�FRQVXPSWLRQ��

7KH� HIIHFW� RI� WKH�KHDW� FRQGXFWLYLW\� RI� WKH� LQVXODWLQJ�
PDWHULDO� RQ� WKH� UHODWLYH� KHDW� ORVV� ZLOO� QRW� GHSHQG�
XSRQ� WKH� OHYHO� RI� WKH� DPELHQW� WHPSHUDWXUH�� 6LPLODU�
VLWXDWLRQ� RFFXUV� ZKHQ� DQDO\]LQJ� WKH� LQWHUDFWLRQ�
EHWZHHQ�WKH�IORZ�UDWH�DQG�WKH�KHDW�FRQGXFWLYLW\�RI�WKH�
LQVXODWLQJ� PDWHULDO�� 7KH� HIIHFW� RI� WKH� KHDW�
FRQGXFWLYLW\�RI�WKH�LQVXODWLQJ�PDWHULDO�RQ�WKH�UHODWLYH�
KHDW�ORVV�ZLOO�QRW�GHSHQG�XSRQ�WKH�IORZ�UDWH�OHYHO��
2QFH� WKH� VHQVLWLYLW\� DQDO\VLV� ZDV� FRQGXFWHG�� WKH�
XQFHUWDLQW\� DQDO\VLV� ZDV� FDUULHG� RXW�� 7KH� IDFWRULDO�
H[SHULPHQW� DOORZV� IRU� HVWLPDWLRQ� RI� H[SHULPHQWDO�
HUURU� VLQFH� WKH� YDULDELOLW\� RQ� WKH� UHVSRQVH� YDULDEOH�
EHFDXVH� RI� DOO� SRVVLEOH� FRPELQDWLRQV� RI� WKHVH� OHYHOV�
DFURVV� DOO� VXFK� IDFWRUV� FDQ� EH� DQDO\VHG�� :KHQ�
FRQVLGHULQJ�WKH�XQFHUWDLQW\��LQ�RUGHU�WR�DFFRPPRGDWH�
WKH� GLIIHUHQFH� EHWZHHQ� WKH� SDUDPHWHU� LQGLFDWRUV�
DQDO\]HG��D�FRHIILFLHQW�RI�YDULDWLRQ� �&9�� IRU�HDFK�RI�
WKH� RXWSXWV� KDV� WR� EH� FDOFXODWHG�� 7KH� &9� LV� WKH�
VWDQGDUG� GHYLDWLRQ� GLYLGHG� E\� WKH� PHDQ�� ZKLFK�
DOORZV�D�FRPSDULVRQ�RI�GLVWULEXWLRQV�IURP�GLVVLPLODU�
VRXUFHV�� )LJXUH� �� VKRZV� WKH� RXWFRPHV� RI� WKH�
XQFHUWDLQW\�DQDO\VLV���

�
)LJXUH���8QFHUWDLQW\�RI�WKH�SHUIRUPDQFH�LQGLFDWRUV��
7KH�LPSDFW�RQ� WKH�VLPXODWLRQ�UHVXOWV�GHSHQGV�RQ�WKH�
LQIOXHQFH� DQG� RQ� WKH� XQFHUWDLQWLHV� RI� WKH� LQSXW�
SDUDPHWHUV�� 7KH� JUDSKLF� LQ� ILJXUH� �� FOHDUO\� VKRZV�
KRZ� GLIIHUHQW� FDQ� EH� WKH� LPSDFW� RI� WKH� VHOHFWHG�
SDUDPHWHUV� RQ� WKH� XQFHUWDLQWLHV� RI� WKH� V\VWHP�� 7KH�
XQFHUWDLQWLHV� RI� WKH� GLVWULFW� KHDWLQJ� V\VWHP� WDNH�
YDOXHV� IURP� ������ XS� WR� ����� GHSHQGLQJ� RI� WKH�
SHUIRUPDQFH�LQGLFDWRU�DQDO\VHG���
7KLV�YDULDELOLW\�PDNHV�WKH�SHUIRUPDQFH�DQDO\VLV�RI�D�
'+�V\VWHP�GLIILFXOW�ZKHQ�SHUIRUPDQFH�LQGLFDWRUV�DUH�
VHSDUDWHO\� FRQVLGHUHG�� $� SRVVLEOH� VROXWLRQ� FDQ� EH�
IRXQG� E\� DSSO\LQJ� D� GLVFUHWH� RSWLPL]DWLRQ�

PHWKRGRORJ\��IRU�LQVWDQFH��D�PXOWL�FULWHULD�DQDO\VLV�RU�
D�PXOWL�REMHFWLYH�WHFKQLTXH��$WWHQWLRQ�VKRXOG�EH�SDLG�
WR�WKH�KLJK�LPSDFW�RI�WKH�LQSXW�SDUDPHWHUV�XQFHUWDLQW\�
RQ� WKH� XQFHUWDLQW\� RI� WKH� UHODWLYH� KHDW� ORVV� VLQFH� D�
UHGXFWLRQ� RI� WKH� KHDW� ORVVHV� ZLOO� FRQWULEXWH� WR� WKH�
HQHUJ\�DQG�HFRQRPLF�VDYLQJV�RI�WKH�ZKROH�V\VWHP��,Q�
DGGLWLRQ�� GLIIHUHQW� QHWZRUN� UHSUHVHQWDWLRQV� FDQ� EH�
HYDOXDWHG� E\� FRPSDULQJ� WKHLU� SUHGLFWLYH�
XQFHUWDLQWLHV��
7KH� SUHVHQW� VWXG\� ZDV� IRFXVHG� RQ� XQFHUWDLQWLHV�
LQIOXHQFLQJ�WKH�KHDW�ORVVHV�LQ�WKH�GLVWULEXWLRQ�QHWZRUN�
RI� D� GLVWULFW� KHDWLQJ� V\VWHP�� +RZHYHU�� � VLQFH� WKH�
SHUIRUPDQFH�RI�KHDW�H[FKDQJHU�GHSHQGV�RQ�LQOHW�DQG�
RXWOHW�PHGLD�WHPSHUDWXUHV�RQ�ERWK�VLGHV��LW�VKRXOG�EH�
QRWHG� WKDW� WKH� DVVXPSWLRQ� RI� FRQVWDQW� HIIHFWLYHQHVV�
PD\�KLGH�VRPH�XQFHUWDLQW\��,Q�DGGLWLRQ��WKH�LQIOXHQFH�
RI� WKH� VWRUDJH� WDQN� YROXPH�� DV� ZHOO� DV� WKH� � DYHUDJH�
WDQN� KHDW� ORVV� FRHIILFLHQW� SHU� XQLW� DUHD� VKRXOG� EH�
LQYHVWLJDWHG���
)LQDOO\�� VRPH� RI� WKH� NH\� XQFHUWDLQWLHV� DIIHFWLQJ� WKH�
FRVWV� RI� WKH� LQVWDOODWLRQ�� WKH� KHDW� SURGXFWLRQ� SODQW��
YDOYHV��WKH�FXVWRPHU�VXEVWDWLRQ�DQG�WKH�G\QDPLF�KHDW�
GHPDQG�ZHUH�QRW�DQDO\]HG��7KXV�LW�ZLOO�EH�QHFHVVDU\�
WR� GHYHORS� D� PRUH� FRPSUHKHQVLYH� VWXG\� WR� H[SORUH�
WKH� IXOO� UDQJH�RI�XQFHUWDLQWLHV��7KH�GHWHUPLQDWLRQ�RI�
WKH�UHODWLYH�LPSRUWDQFH�RI�WKH�XQFHUWDLQWLHV�RQ�LQSXWV�
FDQ�JXLGH�IXWXUH�UHVHDUFK�HIIRUWV��

&21&/86,21�
$V�ZDV�PHQWLRQHG�SUHYLRXVO\��WKH�SUHVHQW�VWXG\�LV�WKH�
FRQWLQXDWLRQ� RI� D� PRUH� KROLVWLF� UHVHDUFK� FRQFHUQLQJ�
ORZ�WHPSHUDWXUH�GLVWULFW�KHDWLQJ�V\VWHP��$�SDUDPHWULF�
RU�VWDWLVWLFDO�PRGHOLQJ�H[HUFLVH�RQ�D�ORZ�WHPSHUDWXUH�
GLVWULFW� KHDWLQJ� V\VWHP�ZDV� SUHVHQWHG��+RZHYHU�� WKH�
WDUJHW� RI� WKH� SUHVHQW� ZRUN� ZDV� QRW� WR� REWDLQ� D�
SDUDPHWULF�PRGHO��VLQFH�GHWDLOHG�G\QDPLF�VLPXODWLRQ�
PRGHOLQJ� ZDV� FDUULHG� RXW�� ,QVWHDG� LW� ZDV� DLP� WR�
GHPRQVWUDWH� WKH� FDSDELOLW\� RI� WKLV� NLQG� RI� VWDWLVWLFDO�
DSSURDFK�LQ�RUGHU�WR�LOOXVWUDWH�WKH�LQIOXHQFH�RI�FHUWDLQ�
SDUDPHWHUV� RQ� WKH� SHUIRUPDQFH� LQGLFDWRUV� RI� GLVWULFW�
KHDWLQJ�� (YHQ� PRUH�� WKH� SRVVLELOLWLHV� RI� VXFK�
VWDWLVWLFDO� DQDO\VLV� WR� KLJKOLJKW� KRZ� WKH� LQWHUDFWLRQ�
EHWZHHQ� VRPH� LQSXW� YDULDEOHV� FDQ� LQIOXHQFH� WKH�
EHKDYLRU�RI�WKH�RXWSXW�SHUIRUPDQFH�LQGLFDWRUV�VKRXOG�
EH�DFFHQWXDWHG��
7KH�UHVXOWV�GHPRQVWUDWH�DQ�DSSURDFK�WR�FDUU\�RXW�WKH�
SHUIRUPDQFH�HYDOXDWLRQ�RI�D�ORZ�WHPSHUDWXUH�GLVWULFW�
KHDWLQJ� V\VWHP�� JLYHQ� XQFHUWDLQWLHV� LQ� VHYHUDO�
YDULDEOHV��$�QXPEHU�RI�SDUDPHWHUV�ZHUH�LQYHVWLJDWHG�
DQG� UDQNHG� LQ� WHUPV� RI� LPSRUWDQFH� WR� GHWHUPLQH�
ZKLFK� RQHV� FRQWULEXWH� WKH� PRVW� WR� WKH� OHYHO� RI�
XQFHUWDLQW\� IRU� VHYHUDO� SHUIRUPDQFH� LQGLFDWRUV��
5DQNLQJ� RI� LQSXW� SDUDPHWHUV� ZDV� SHUIRUPHG� XVLQJ�
VHQVLWLYLW\� DQDO\VLV�� 7KH� PRVW� LPSRUWDQW� SDUDPHWHUV�
ZHUH�LGHQWLILHG�E\�VFUHHQLQJ�DQG�VHQVLWLYLW\�DQDO\VLV��
7KH� XQFHUWDLQWLHV� RI� WKH� GLVWULFW� KHDWLQJ� V\VWHP� WDNH�
YDOXHV� IURP� ������ XS� WR� ����� GHSHQGLQJ� RQ� WKH�
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SHUIRUPDQFH� LQGLFDWRU�� 7KH� LPSDFW� RQ� WKH� UHODWLYH�
KHDW� ORVV�KDSSHQV� WR�EH�FRQVLGHUDEO\� ODUJHU� WKDQ� WKH�
LPSDFW�RQ�WKH�WRWDO�HQHUJ\�FRQVXPSWLRQ��DV�ZHOO�DV�RQ�
WKH� VHDVRQDO� SHUIRUPDQFH� IDFWRU�� 7KH� WRWDO� HQHUJ\�
FRQVXPSWLRQ� RQO\� KDV� DQ� XQFHUWDLQW\� RI� �� �� ZKLOH�
RWKHU�WZR�SHUIRUPDQFH�LQGLFDWRUV�UHDFK�YDOXHV�ODUJHU�
WKDQ� ��� �� WKURXJK� D� VLPLODU� YDULDWLRQ� RI� WKH� LQSXW�
YDULDEOHV�� 6LQFH� WKH� VHOHFWHG� SDUDPHWHUV� KDUGO\�
LQIOXHQFH� WKH� VHDVRQDO� SHUIRUPDQFH� IDFWRU� GXH� WR� D�
PLVPDWFK�EHWZHHQ�WKH�KHDW�VXSSO\�DQG�WKH�KHDW�SXPS�
HQHUJ\�FRQVXPSWLRQ��D�������RI�XQFHUWDLQW\�IRU�WKLV�
SHUIRUPDQFH� LQGLFDWRU�ZDV�REWDLQHG��)XUWKHUPRUH�� LW�
VKRXOG�EH�KLJKOLJKWHG�WKDW�ZLWK�D�FHQWUDO�VWRUDJH�WDQN�
LQ�WKH�KHDWLQJ�SODQW�WKH�UREXVWQHVV�RI�WKH�WRWDO�HQHUJ\�
FRQVXPSWLRQ�RI�WKH�V\VWHP�PLJKW�EH�LQFUHDVHG���
$&.12:/('*(0(17��
3DUW� RI� WKLV� ZRUN� ZDV� GRQH� LQ� SUHSDUDWLRQ� IRU� WKH�
0,3��+DDOEDDUKHLGVVWXGLH������³2QGHU]RHN�QDDU�GH�
HFRQRPLVFKH� KDDOEDDUKHLG� YDQ� HHQ� EXVLQHVV� PRGHO�
YRRU� YDORULVHULQJ� YDQ� UHVWZDUPWH� XLW� ULRROZDWHU´� RI�
WKH� )OHPLVK� (QYLURQPHQWDO� 	� (QHUJ\� 7HFKQRORJ\�
,QQRYDWLRQ�3ODWIRUP��0,3�)ODQGHUV���
5()(5(1&(6�
%HQ� +DVVLQH� ,��� (LFNHU� 8�� ����� 6LPXODWLRQ� DQG�

RSWLPL]DWLRQ� RI� WKH� GLVWULFW� KHDWLQJ� QHWZRUN� LQ�
6FKDUQKDXVHU� 3DUN�� ����� �QG� 3RO\JHQHUDWLRQ�
&RQIHUHQFH��7DUUDJRQD��

%UHHVFK� +��� -DQVVHQV� $�� ����� 8QFHUWDLQW\� DQG�
VHQVLWLYLW\� DQDO\VLV� WR� HYDOXDWH� QDWXUDO� QLJKW�
YHQWLODWLRQ� LQ� DQ� RIILFH� EXLOGLQJ�� ������ ��WK�
$,9&�&RQIHUHQFH��%UXVVHOV��%HOJLXP���

%UHHVFK�+�������1DWXUDO�1LJKW�9HQWLODWLRQ�LQ�2IILFH�
%XLOGLQJV�� 3HUIRUPDQFH� (YDOXDWLRQ� %DVHG� RQ�
6LPXODWLRQ�� 8QFHUWDLQW\� DQG� 6HQVLWLYLW\�
$QDO\VLV�������*KHQW�8QLYHUVLW\��%HOJLXP��3K'��

%RKP�� %��� +�� .ULVWMDQVVRQ�� 8�� 2WWRVVRQ��0�� 5DPD��
DQG�.��6LSLOD�� �����'LVWULFW�KHDWLQJ�GLVWULEXWLRQ�
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UHSRUW� 'HSDUWPHQW� RI� &LYLO� (QJLQHHULQJ��
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9UDQFNHQ���%HVW�%HVFKLNEDUH�7HFKQLHNHQ��%%7��
YRRU�/HJLRQHOOD�EHKHHUVLQJ�LQ�1LHXZH�6DQLWDLUH�
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6\PSRVLXP� RQ� 'LVWULFW� +HDWLQJ� DQG� FRROLQJ��
5H\NMDYLN��,FHODQG���
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6\PSRVLXP� RQ� 'LVWULFW� +HDWLQJ� DQG� &RROLQJ��
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