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$%675$&7�
7KH� PDLQ� REMHFWLYH� RI� WKLV� SDSHU� LV� WR� DVVHVV� WKH�
XQFHUWDLQW\� UHODWHG� WR� XVHU� EHKDYLRXU� LQ� EXLOGLQJ�
VLPXODWLRQ�� 6FKHGXOHV� IRU� RFFXSDQF\�� KRXVHKROG�
DSSOLDQFHV� DQG� OLJKWLQJ�� DQG� ZLQGRZV� DQG� GRRUV�
RSHUDWLRQ� ZHUH� REWDLQHG� EDVHG� RQ� D� VDPSOH� RI� ���
ORZ�LQFRPH� GZHOOLQJV� LQ� 6RXWKHUQ� %UD]LO�� 6RPH�
DQDO\VHV�ZHUH�SHUIRUPHG��L�H���D�VHQVLWLYLW\�DQDO\VLV�WR�
GHWHUPLQH� WKH� PRVW� LPSRUWDQW� SDUDPHWHUV�� DQG� DQ�
XQFHUWDLQW\�DQDO\VLV�EDVHG�RQ�IDFWRULDO�VDPSOLQJ��7KH�
PDLQ�FRQFOXVLRQ�LV�WKDW�WKH�XVHU�EHKDYLRXU��VFKHGXOHV�
RI�RFFXSDQF\�DQG�ZLQGRZ�RSHUDWLRQ��DQG�WKH�QXPEHU�
RI� LQKDELWDQWV� JHQHUDWH� FRQVLGHUDEOH� XQFHUWDLQW\� LQ�
WKH� VLPXODWLRQV�� DQG� DIIHFW� WKH� VWDWLVWLFDO� WHVWV� RI�
PHDQV�DQG�LQGLYLGXDO�YDOXHV��

,1752'8&7,21�
7KH� UHVLGHQWLDO� HOHFWULFLW\� FRQVXPSWLRQ� UHSUHVHQWHG�
������ RI� WKH� WRWDO� HOHFWULFLW\� FRQVXPSWLRQ� LQ�%UD]LO�
LQ� ����� �%UDVLO�� ������� ZKLFK� LV� WKH� VHFRQG� ODUJHVW�
FRQVXPHU� EHKLQG� WKH� LQGXVWULDO� VHFWRU�� 7KLV� IDFW�
MXVWLILHV�WKH�QHHG�IRU�HQHUJ\�HIILFLHQF\�UHVHDUFKHV�RQ�
UHVLGHQWLDO�EXLOGLQJV�XVLQJ�FRQVROLGDWHG�WRROV�WKDW�FDQ�
HYDOXDWH� WKHLU� WKHUPDO� SHUIRUPDQFH� DQG� HQHUJ\�
FRQVXPSWLRQ�� L�� H��� WKH� EXLOGLQJ� VLPXODWLRQ�
SURJUDPPHV��
'HJHOPDQ��������VWDWHV�WKDW�LQ�WKH�ODVW�IRUW\�\HDUV�WKH�
KHDW� WUDQVIHU� PHFKDQLVPV� DQG� RWKHU� WKHUPDO�
SURFHVVHV�EHFDPH�SHUIHFW�RQ� WKH�EXLOGLQJ�VLPXODWLRQ�
SURJUDPPHV��+RZHYHU�� WKH� UHVXOWV� DUH� RQO\� DFFXUDWH�
LI� WKH� XVDJH� DQG� RSHUDWLRQ� RI� WKH� EXLOGLQJ� ZHUH�
SUHGLFWDEOH�DQG�UHJXODU��.ZRN�DQG�/HH����������
8VHU� EHKDYLRXU� LV� RIWHQ� GLVUHJDUGHG� RQ� FDOLEUDWLRQ�
VWXGLHV��ZKLFK� OHDGV� WR� WKH� LQFOXVLRQ�RI�K\SRWKHWLFDO�
YDOXHV� IRU� WKH� SK\VLFDO� SDUDPHWHUV� �5\DQ� DQG�
6DQTXLVW���������
$FFRUGLQJ� WR� 0DKGDYL� DQG� 3U|JOK|I� �������� WKH�
RFFXSDQF\�DQG�XVHU�EHKDYLRXU�KDYH�JUHDW� LPSDFW�RQ�
WKH� EXLOGLQJ� SHUIRUPDQFH�� EXW� WKHVH� DUH� GLIILFXOW� WR�
LQYHVWLJDWH� DQDO\WLFDOO\� �<X� HW� DO��� ������� � 7KH�
RFFXSDQW� FKDQJHV� WKH� WKHUPDO� HQYLURQPHQW� E\�
FKDQJLQJ� WKH� VHW� SRLQW� WHPSHUDWXUHV� RI� WKH� DLU�
FRQGLWLRQLQJ� V\VWHPV�� RSHQLQJ�ZLQGRZV� RU� GRRUV� RU�
WR� EH� DEVHQW� DW� DQ\� JLYHQ� WLPH�� DOO� WKLV� EHLQJ�
VRPHWKLQJ� VSRQWDQHRXV� DQG� LUUHJXODU� �5\DQ� DQG�
6DQTXLVW���������

,Q� JHQHUDO�� WKH� VWXGLHV� WKDW� SURSRVH� PRGHOV� RI� XVHU�
EHKDYLRXU� DGRSW� �GLYHUVLW\� SURILOHV�� WKDW� DUH� KRXUO\�
IUDFWLRQV� RI� SHDN� ORDG�� WRWDOOLQJ� D� ���KRXU� SURILOH�
�3DJH� HW� DO��� ������� 6XFK� SURILOHV� FDQ� EH� XVHG� IRU�
PHWDEROLVP�� HTXLSPHQW� RU� OLJKWLQJ� XVDJH�� DQG� RWKHU�
URXWLQHV�UHODWHG�WR�WKHLU�EHKDYLRXU��+RZHYHU��WKH\�GR�
QRW� FRQVLGHU� VWRFKDVWLF� YDULDWLRQV� VXFK� DV� QRQ�
UHSHDWLQJ� SURILOHV� RI� WKH� VDPH� GD\� RI� WKH� ZHHN��
KROLGD\� SHULRGV� DQG� VSRQWDQHRXV� DOWHUDWLRQV� RI�
EHKDYLRXU�� 2Q� WKDW� ZD\�� WKH� EHKDYLRXU� RI� WKH�
RFFXSDQW� DQG� WKH� RWKHU� LQWHUQDO� JDLQV� DUH� IL[HG� E\�
GHWHUPLQLVWLF�YDOXHV��6DHOHQV�HW�DO����������
0F/RXJKOLQ� HW� DO�� ������� FRQGXFWHG� VWXGLHV� RQ� WKH�
LQIOXHQFH� RI� RFFXSDQF\� RQ� IRXU� SDUDPHWHUV�� HQHUJ\�
FRQVXPSWLRQ�� PD[LPXP� GHPDQG�� ORDG� IDFWRU� DQG�
WLPH� RI� XVH�� WDNLQJ� LQWR� DFFRXQW� VRFLR�HFRQRPLF�
YDULDEOHV� LQ� DSSUR[LPDWHO\� ����� KRXVHKROGV� LQ�
,UHODQG��6DQWLQ��������FRQGXFWHG�VWXGLHV�LQ�KRXVHV�LQ�
WKH�1HWKHUODQGV��HVWDEOLVKLQJ� URXWLQHV� IRU�RFFXSDQF\�
VHSDUDWHG� E\� W\SH� RI� RFFXSDQW�� VHQLRUV�� IDPLOLHV��
VLQJOH�FRXSOHV� DQG� ZHDOWKLHU� FRXSOHV�� 7KH�
VLQJOH�FRXSOHV� W\SH� LV� OHVV� UHODWHG� WR� WKH� FRPIRUW�
WHPSHUDWXUH� DQG� VSDFH� XVDJH��:HDOWKLHU� FRXSOHV� DUH�
OHVV� FRQFHUQHG� ZLWK� HQHUJ\� VDYLQJV�� )DPLOLHV� QHHG�
ODUJHU� VSDFHV� DQG� KDYH�PRUH� KLJK�SRZHU� DSSOLDQFHV�
XVDJH�� 6HQLRUV� DUH� FRQFHUQHG� DERXW� WKH� WKHUPDO�
FRPIRUW� DQG� QDWXUDO� YHQWLODWLRQ�� DQG� WKHLU� KRPHV�
XVXDOO\�KDYH�ORZHU�HQHUJ\�FRQVXPSWLRQ��
$O�0XPLQ� HW� DO�� ������� VWXGLHG� WKH� HIIHFW� RI� WKH�
LPSURYHPHQW� RI� WKH� XVHU� EHKDYLRXU� E\� PHDQV� RI�
FRPSXWHU� VLPXODWLRQ�� 'DWD� RQ� RFFXSDQF\� DQG�
HOHFWULFDO� DSSOLDQFHV� VFKHGXOHV� ZHUH� FROOHFWHG� IURP�
��� VWXGHQWV¶� UHVLGHQFHV� RI� GLIIHUHQW� FXOWXUH� DQG�
HFRQRPLF� VWDWXV� IURP� .XZDLW�� 7KHVH� GDWD� ZHUH�
FRPSDUHG� ZLWK� WKH� GHIDXOW� GDWD� RI� (1(5:,1�
WKHUPDO� VLPXODWLRQ�SURJUDPPH��7KH� DFWXDO� RFFXSDQW�
EHKDYLRXU�OHG�WR�����PRUH�HQHUJ\�FRQVXPSWLRQ�WKDQ�
WKH� GHIDXOW� GDWD�� ZKLFK� ZHUH� EDVHG� RQ� WKH�:HVWHUQ�
OLIHVW\OH��
<X� HW� DO�� ������� SURSRVHG� D� PHWKRG� IRU� LPSURYLQJ�
WKH�XVHU�EHKDYLRXU�RQ�UHVLGHQWLDO�EXLOGLQJV� LQ�-DSDQ��
7KH� PHWKRG� LV� EDVHG� RQ� HQG�XVH� ORDGV� VXUYH\� DQG�
KHOSHG�WR�LGHQWLI\��RQ�D�EDVH�FDVH�UHVLGHQWLDO�EXLOGLQJ��
ZKLFK�EHKDYLRXU�QHHGV�WR�EH�PRGLILHG�DQG�LPSURYHG��
7KHUHIRUH��LW�FDQ�EH�FRQFOXGHG�WKDW�PRUH�VWXGLHV�PXVW�
EH� SHUIRUPHG� LQ� RUGHU� WR� DQDO\VH� XVHU� EHKDYLRXU�
HIIHFWV�RQ�EXLOGLQJ�VLPXODWLRQ��
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2%-(&7,9(�
7KH� REMHFWLYH� RI� WKLV� SDSHU� LV� WR� DQDO\VH� WKH�
XQFHUWDLQW\� UHODWHG� WR� XVHU� EHKDYLRXU� LQ� WKH� WKHUPDO�
SHUIRUPDQFH� RI� ORZ�LQFRPH� GZHOOLQJV� LQ� VRXWKHUQ�
%UD]LO��

0(7+2'�
7KH�PHWKRG� LV� GLYLGHG� LQWR�� ���� GDWD� DFTXLVLWLRQ� RQ�
XVHU� EHKDYLRXU�� ���� VWDWLVWLFDO� GDWD� SURFHVVLQJ�� ����
LQSXW� GDWD�� ���� LQLWLDO� VHQVLWLYLW\� DQDO\VLV�� ����
XQFHUWDLQW\�DQDO\VLV������ILQDO�VHQVLWLYLW\�DQDO\VLV�DQG�
����RXWSXW�GDWD��

Data Acquisition 
7KH� VFRSH� RI� WKH� GDWD� DFTXLVLWLRQ� LQFOXGHV� ���� WKH�
DPRXQW�RI�SHRSOH� LQ�HDFK� URRP�IRU�HDFK�KRXU�RI� WKH�
GD\�� ���� WKH� WRWDO� WLPH� WKDW�HDFK�ZLQGRZ�RU�GRRU�DUH�
WRWDOO\� RSHQ�� ���� WKH� KRXVHKROG� DSSOLDQFHV� DQG�
OLJKWLQJ� KRXUO\� XVDJH�� DQG� DOO� DUH� VHSDUDWHG� E\�
SURORQJHG�RFFXSDQF\�URRP�DQG�SHU�GD\�RI�WKH�ZHHN��
7KH� GDWD�ZHUH� FROOHFWHG� WKURXJK� VWUXFWXUHG� UHVHDUFK�
RQ� D� ��� ORZ�LQFRPH� GZHOOLQJV� VDPSOH� LQ�
)ORULDQySROLV�� VRXWKHUQ� %UD]LO�� 7KH� RFFXSDQWV� ZHUH�
LQWHUYLHZHG� XVLQJ� WZR� W\SHV� RI� TXHVWLRQQDLUHV�� RQH�
DERXW�RFFXSDQF\�SDWWHUQV�RI�WKH�URRPV��ZLQGRZV�DQG�
GRRUV� RSHUDWLRQV�� DQG� WKH� RWKHU� RQH� UHJDUGLQJ� WKH�
KRXVHKROG�DSSOLDQFHV�DQG�OLJKWLQJ�XVDJH�SDWWHUQV��
$OO� HOHFWULFDO� DSSOLDQFHV� ZHUH� PRQLWRUHG� IRU� PRUH�
WKDQ� RQH� ZHHN� WR� GHWHUPLQH� WKH� WRWDO� HOHFWULFLW\�
FRQVXPSWLRQ� DQG� XVDJH� WLPH�� ZKLFK� OHDGV� WR� WKH�
DYHUDJH� SRZHU� FDOFXODWLRQ�� 7KH� PHWHU� XVHG� ZDV� WKH�
3RZHU%DOO� 7��� IURP� 1RUWKPHWHU� PDQXIDFWXUHU�
�ZZZ�QRUWKPHWHU�FRP��� 7KH� OLJKW� EXOEV� ZHUH�
FKDUDFWHUL]HG�E\�WKH�PDQXIDFWXUHU�SRZHU�UDWLQJ���

Data Processing 
7KH� QRQSDUDPHWULF� :LOFR[RQ� UDQN� VLJQ� WHVW� ZDV�
SHUIRUPHG� ZLWK� ���� FRQILGHQFH� LQ� RUGHU� WR� DVVLJQ�
FRQILGHQFH� LQWHUYDOV� WR� WKH� FROOHFWHG� GDWD��
1RQSDUDPHWULF�WHVWV�DUH�LQGHSHQGHQW�RI�DGKHUHQFH�WR�
NQRZQ�SUREDELOLW\�GHQVLW\�IXQFWLRQV��
7KH� FROOHFWHG� GDWD� ZHUH� FRQYHUWHG� LQWR� KRXUO\�
VFKHGXOHV��ZKLFK�UHSUHVHQW�WKH�GLYHUVLW\�SURILOHV��DV�D�
IUDFWLRQ�RI�SHDN� ORDGV��7KXV�� IRU� WKH�RFFXSDQF\�� WKH�
IUDFWLRQ�UHIHUV�WR�DQ�KRXUO\�SHUFHQWDJH�RI�D�PD[LPXP�
DPRXQW� RI� SHRSOH� LQ� HDFK� URRP�� )RU� WKH� DSSOLDQFHV�
DQG� OLJKWLQJ�� WKH� IUDFWLRQ� UHIHUV� WR� DQ� KRXUO\�
SHUFHQWDJH� RI� WKH� DYHUDJH� LQVWDOOHG� SRZHU� LQ� HDFK�
URRP��
)RU�WKH�GHWHUPLQDWLRQ�RI�WKH�DYHUDJH�LQVWDOOHG�SRZHU�
LQ� HDFK� URRP�� WKH� DSSOLDQFHV� ZHUH� JURXSHG�� DQG�
XVDJH� VFKHGXOHV� ZHUH� DVVLJQHG� WR� HDFK� DSSOLDQFH��
7KH�GDWD�ZHUH�ZHLJKWHG�E\�ERWK�WKH�DYHUDJH�SRZHU�RI�
HDFK�DSSOLDQFH�DQG�WKHLU�VKDUH�RQ�WKH�WRWDO�HOHFWULFLW\�
FRQVXPSWLRQ�RI�HDFK�RI�WKH����GZHOOLQJV��
7KH�ZLQGRZV�DQG�GRRUV�RSHUDWLRQ�DUH� LQWHUSUHWHG�DV�
DYDLODELOLW\�VFKHGXOHV��ZLWK�GLVFUHWH�YDOXHV�RI���DQG���
LQGLFDWLQJ� WKDW� WKH\� DUH� FRPSOHWHO\� FORVHG� RU� RSHQ��
UHVSHFWLYHO\��

Input Data 
7KH� (QHUJ\3OXV� Y���� VLPXODWLRQ� SURJUDPPH� ZDV�
XVHG�IRU� WKH� WKHUPDO�SHUIRUPDQFH�DQDO\VLV��7KH�EDVH�
FDVH�LV�D�ORZ�LQFRPH�QDWXUDOO\�YHQWLODWHG�KRXVH�ZLWK�
�����Pð��ZLWK� WZR�EHGURRPV�� FRPELQHG� OLYLQJ� URRP�
DQG�NLWFKHQ��DQG�EDWKURRP��VKRZQ�LQ�)LJXUH����DORQJ�
ZLWK�WKH�VRODU�RULHQWDWLRQ�VHWWLQJV�YDULHG�LQ�WKLV�SDSHU��
7KH� UXQ�SHULRG� LV� IURP�1RYHPEHU� WR�0D\��ZKLFK� LV�
WKH� KRW� SHULRG� RI� WKH� \HDU�� 7KH� PHDQ� RI� WKH� GDLO\�
PLQLPDO�DQG�PD[LPXP� WHPSHUDWXUHV�DUH�����°&�DQG�
����°&�� UHVSHFWLYHO\�� 7KH� FOLPDWH� GDWD� LV� WKH� 7HVW�
5HIHUHQFH� <HDU� �75<�� ILOH� RI� )ORULDQySROLV�� 6ODE�
SURJUDPPH� ZDV� XVHG� LQ� RUGHU� WR� GHWHUPLQH� WKH�
JURXQG� WHPSHUDWXUHV�� ZKLFK� GHSHQG� RQ� WKH� LQWHUQDO�
WHPSHUDWXUHV�RI�WKH�URRPV��
7KH� LQWHUQDO� ORDGV�DQG�RWKHU� VFKHGXOHV�DUH� UHVXOWV�RI�
WKLV�VWXG\��DQG�DUH�VKRZQ�LQ�WKH�5HVXOWV�VHFWLRQ��

Initial Sensitivity Analysis 
7KH� LQLWLDO� VHQVLWLYLW\� DQDO\VLV� DLPV� WR� GHWHUPLQH�
ZKLFK�SDUDPHWHUV�PRVW�LQIOXHQFH�WKH�'HJUHH�KRXU�IRU�
FRROLQJ�LQ�RUGHU�WR�UHGXFH�WKH�QXPEHU�RI�SDUDPHWHUV�
DQDO\VHG��
7DEOH� �� VKRZV� WKH�SDUDPHWHUV� DQG� WKHLU� YDOXHV� XVHG�
RQ� WKLV� DQDO\VLV�� $� FRPELQHG� DSSURDFK� ZDV�
SHUIRUPHG� WKURXJK� SK\VLFDO� SURSHUWLHV� DQG� XVHU�
EHKDYLRXU� SDUDPHWHUV�� 7KH� VFUHHQLQJ� VDPSOLQJ�
WHFKQLTXH�ZDV�DSSOLHG��ZLWK�RQH�SDUDPHWHU�DW�D�WLPH�
YDULDWLRQ�LQ�WKH�PLQLPXP�DQG�PD[LPXP�OHYHOV��ZKLOH�
WKH�RWKHUV�ZHUH�IL[HG�RQ�WKH�DYHUDJH�OHYHO��6DOWHOOL�HW�
DO�����������
)RU� WKH� VFKHGXOHG� SDUDPHWHUV�� WKH� OHYHOV� LQGLFDWH�
IUDFWLRQV� RI� SHDN� ORDGV�� )RU� ZLQGRZV� DQG� GRRUV�
DYDLODELOLW\�VFKHGXOHV��WKH������YDOXH�UHIHUV�WR�KDOI�RI�
WKH�DUHD�RSHQHG��
7KH�VRODU�RULHQWDWLRQ�ZDV�YDULHG�DFFRUGLQJ�WR�)LJXUH�
���7KH�VHW�SRLQW�FRQWURO�RI�RSHQLQJV�RSHUDWLRQ�UHIHUV�
WR�LQWHUQDO�WHPSHUDWXUHV�DERYH�ZKLFK�ZLQGRZV�FDQ�EH�
RSHQHG�� WKH� 2II� YDOXH� LQGLFDWHV� WKDW� WKH� FRQWURO� LV�
PDGH�DFFRUGLQJ�WKH�DYDLODELOLW\�VFKHGXOHV�RQO\��
7R� GHWHUPLQH� WKH� LQIOXHQFH� RI� HDFK� SDUDPHWHU�� WKH�
YDULDQFH� GHFRPSRVLWLRQ� WHFKQLTXH� �6DOWHOOL� HW� DO���
������ZDV� SHUIRUPHG�ZLWK�0LQL7DE� ��� SURJUDPPH��
7KH�LQLWLDO�VHQVLWLYLW\�DQDO\VLV�UHVXOWHG�LQ�����UXQV��

Uncertainty Analysis 
7DEOH� �� VKRZV� WKH� SDUDPHWHUV� YDULHG� LQ� WKH�
XQFHUWDLQW\� DQDO\VLV�� 7KH� XVHU� EHKDYLRXU� SDUDPHWHUV�
ZHUH�FKRVHQ�IURP�WKH�UHVXOWV�RI�WKH�SUHYLRXV�VHFWLRQ��
ZKLFK� DUH� WKH� RFFXSDQF\� VFKHGXOHV�� ZLQGRZ�
DYDLODELOLW\� VFKHGXOH� DQG� WKH� QXPEHU� RI� LQKDELWDQWV��
LQ�PLQLPXP��PHGLDQ� DQG�PD[LPXP� OHYHOV� IURP� WKH�
����FRQILGHQFH�LQWHUYDO��7KH�IDFWRULDO�VDPSOLQJ�ZDV�
XVHG� �)XUEULQJHU� DQG� 5RXOHW�� ������� ZLWK� GLIIHUHQW�
FRQILJXUDWLRQV� RI� SK\VLFDO� SDUDPHWHUV� LQ� WZR� OHYHOV�
�DYHUDJH�DQG�YDULDWLRQ���DPRXQWLQJ�����UXQV���
7KH� WKHUPDO�SURSHUWLHV�RI� WKH�ZDOOV�ZHUH� FRQVLGHUHG�
WRJHWKHU�� WKH� DYHUDJH� OHYHO� UHIHUV� WR� D� FRPSRQHQW�
ZLWK� KLJK� WKHUPDO� WUDQVPLWWDQFH� DQG� ORZ� WKHUPDO�

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

- 1756 -



FDSDFLW\�� DQG� WKH� YDULDWLRQ� OHYHO� UHIHUV� WR� D�
FRPSRQHQW�ZLWK� ORZ� WKHUPDO� WUDQVPLWWDQFH�DQG�KLJK�
WKHUPDO� FDSDFLW\�� 7KH� VDPH� ZDV� FRQVLGHUHG� IRU� WKH�
URRI��
7KH� VLPXODWLRQV� ZHUH� VHSDUDWHG� LQWR� JURXSV�
DFFRUGLQJ� WR� WKH� ILYH� GLIIHUHQW� SK\VLFDO� SDUDPHWHUV��
����ĮZDOO�� ���� İURRI�� ����ĮURRI�� ����:DOO� H� ����5RRI��
WKH� WZR� ODVW� RQHV� FRQWDLQ� WKH� WKHUPDO� WUDQVPLWWDQFH�
DQG� WKHUPDO� FDSDFLW\� YDULHG� VLPXOWDQHRXVO\�� 7KH�
DQDO\VHV� ZHUH� SHUIRUPHG� IRU� VXEJURXSV� GLYLGHG� E\�
HDFK� URRP� DQG� VRODU� RULHQWDWLRQ�� WRWDOOLQJ� ���
VXEJURXSV� �FRQVLGHULQJ� ILYH� SK\VLFDO� SDUDPHWHUV��
IRXU� URRPV�� DQG� IRXU� VRODU� RULHQWDWLRQV��� HDFK� RI�
ZKLFK� KDV� WZR� GDWD� GLVWULEXWLRQV� �DYHUDJH� DQG�
YDULDWLRQ���
)RU� HDFK� VXEJURXS�� WKH� ���� FRQILGHQFH� LQWHUYDOV�
ZLWK� 6WXGHQW¶V� W�WHVW� IRU� WKH� PHDQ� DQG� LQGLYLGXDO�
YDOXHV� ZHUH� FDOFXODWHG�� DVVXPLQJ� WKH� GDWD� DUH�
QRUPDOO\� GLVWULEXWHG�� ,Q� RWKHU� ZRUGV�� WKH� LQWHUYDO�
UHSUHVHQWV�D�UDQJH�FRQWDLQLQJ�����RI�WKH�RXWSXW�GDWD�
RI� HDFK� VXEJURXS�� DQG� LV� QRW� DVVRFLDWHG� ZLWK� WKH�
QRQSDUDPHWULF�FRQILGHQFH�LQWHUYDO�RI�WKH�LQSXW�GDWD��
7KH� GLIIHUHQFHV� EHWZHHQ� DYHUDJH� DQG� LQGLYLGXDO�
YDOXHV� ZHUH� FRPSDUHG� RQ� HDFK� GLVWULEXWLRQ� RI� HDFK�
VXEJURXS��DFFRUGLQJ�WR�(TXDWLRQV���DQG����

∆𝑎𝑣𝑔 = %����������������������������

∆𝑖𝑛𝑑 = %�����������������������������

Final Sensitivity Analysis 
7KH� YDULDQFH� GHFRPSRVLWLRQ� �6DOWHOOL� HW� DO��� ������
ZDV� SHUIRUPHG�� UHJDUGLQJ� WKH� UHVXOWV� RI� WKH�
XQFHUWDLQW\� DQDO\VLV� RI� WKH� SUHYLRXV� VHFWLRQ�� ZLWK�
0LQL7DE� ��� SURJUDPPH�� ,W� UHSUHVHQWV� WKH� WRWDO�
YDULDQFH� GXH� WR� HDFK� SDUDPHWHU� DQG� DOVR� WKH� (UURU��
ZKLFK� LV� WKH� XQH[SODLQHG� YDULDQFH� DQG� WKLUG� RUGHU�
HIIHFWV�� 7KXV�� WKH� SDUDPHWHUV� WKDW� FDXVHG� ODUJHU�
YDULDWLRQ�ZHUH�GHWHUPLQHG��

Output Data 
7KH�RXWSXW�GDWD�� L�� H��� WKH�GHSHQGHQW�YDULDEOHV��ZHUH�
WKH�KRXUO\�RSHUDWLYH� WHPSHUDWXUHV�RI�HDFK�SURORQJHG�
RFFXSDQF\� URRP�� ZKLFK� DUH� WKH� DULWKPHWLF� DYHUDJH�
EHWZHHQ� WKH� DLU� WHPSHUDWXUH� DQG� WKH� PHDQ� UDGLDQW�
WHPSHUDWXUH��8VLQJ�WKHVH�GDWD��WKH�'HJUHH�+RXU��'+��
IRU�&RROLQJ�ZDV�REWDLQHG�IRU�HDFK�URRP�FRQVLGHULQJ�
D�EDVH�WHPSHUDWXUH�RI����&��6XFK�EDVH�WHPSHUDWXUH�LV�
LQGHSHQGHQW� IURP� WLPH� RU� SUHVHQFH� RI� RFFXSDQWV� LQ�
WKH�URRP��DQG�UHSUHVHQWV�WKH�WKHUPDO�SHUIRUPDQFH�IRU�
WKLV�VWXG\�SXUSRVHV��7KLV�OLPLW�LV�QRW�DVVRFLDWHG�ZLWK�
WKH� VHW� SRLQW� WHPSHUDWXUHV� RI� ZLQGRZV� RSHUDWLRQ�
VKRZQ�LQ�7DEOH�����

5(68/76��
Data Processing 
)LJXUH� �� VKRZV� WKH� RFFXSDQF\� VFKHGXOHV� IRU� HDFK�
SURORQJHG�RFFXSDQF\�URRP��ZLWK�WKH�����FRQILGHQFH�
LQWHUYDO�� 7KH� DEEUHYLDWLRQ�/LQI�PHDQV� LQIHULRU� OLPLW��

/VXS� PHDQV� VXSHULRU� OLPLW�� DQG� ZKHQ� WKHVH� WZR�
FXUYHV�JHW�FORVH�WR�HDFK�RWKHU�� LW� LQGLFDWHV�WKDW�PRUH�
KRXVHV�IROORZ�WKH�VDPH�SDWWHUQ��DQG�WKH�XQFHUWDLQW\�LV�
ORZHU��
)LJXUHV� �� DQG� �� VKRZ� WKH� VFKHGXOHV� RI� OLJKWLQJ� DQG�
DSSOLDQFHV� DV� SRZHU� IUDFWLRQV�� IRU� HDFK� URRP� ZLWK�
����FRQILGHQFH�LQWHUYDO��DVVRFLDWHG�ZLWK�WKH�DYHUDJH�
SRZHU�VKRZQ�LQ�7DEOH����
,Q� )LJXUHV� �� DQG� ��� WKH� PHGLDQ�� LQ� VRPH� FDVHV�� LV�
HTXDO�WR�WKH�PLQLPXP�RU�WKH�PD[LPXP�OLPLW��7KLV�LV�
GXH� WR� WKH� ODFN� RI� V\PPHWU\� RQ� WKH� GDWD�� ,Q� RWKHU�
ZRUGV�� VRPH�RI� WKH�YDOXHV� DUH� VR� UHSUHVHQWDWLYH� WKDW�
WKH\� FDQ� EH� WKH� PHGLDQ� DQG� RQH� RI� WKH� OLPLWV��
VLPXOWDQHRXVO\��
7DEOH���VKRZV�WKH�UHVXOWV�IRU�WKH�GRRUV�DQG�ZLQGRZV�
RSHUDWLRQ��ZLWK�����FRQILGHQFH�LQWHUYDO��DV�WKH�WRWDO�
KRXUV�WKDW�WKH�RSHQLQJ�LV�KDOI�RU�WRWDOO\�RSHQ��

Initial Sensitivity Analysis 
)LJXUH� �� VKRZV� WKH� UDQNLQJ� RI� WKH� PRVW� LQIOXHQW�
SDUDPHWHUV� RI� WKH� LQLWLDO� VHQVLWLYLW\� DQDO\VLV�� $V� WKH�
GDWD� DUH� H[WUDSRODWHG� WR� WKH� ZKROH� EXLOGLQJ�� WKH�
LQWHUYDO� �ORZHU� WR� XSSHU�� LV� GXH� WR� WKH� GLIIHUHQFHV�
DPRQJ�HDFK�URRP��)RU�WKH�'+�IRU�&RROLQJ��WKH�PRVW�
LQIOXHQW� SDUDPHWHUV� ZHUH� 6RODU� RULHQWDWLRQ� �6RODU���
WKHUPDO� FDSDFLW\� RI� WKH� ZDOOV� �&W:DOO��� ZLQGRZV�
DYDLODELOLW\� VFKHGXOH� �2S:LQGRZ�� DQG� QXPEHU� RI�
LQKDELWDQWV��,QKDE���
$OWKRXJK�WKH�RQH�SDUDPHWHU�DW�D�WLPH�PHWKRG�KDV�LWV�
OLPLWDWLRQV�� WKH� LPSRUWDQFH�RI� WKH�2FXS��2S:LQGRZ�
DQG� ,QKDE� SDUDPHWHUV� LV� QRWLFHG� �VFKHGXOHV� RI�
RFFXSDQF\�� ZLQGRZV� RSHUDWLRQ� DYDLODELOLW\�
VFKHGXOHV�� QXPEHU� RI� LQKDELWDQWV��� 7KH\� ZHUH� DV�
LQIOXHQWLDO� RQ� WKH� '+� IRU� &RROLQJ� DV� WKH� SK\VLFDO�
SDUDPHWHUV� DQG� ZHUH� FKRVHQ� WR� EH� SDUW� RI� WKH�
XQFHUWDLQW\�DQDO\VLV��

Uncertainty Analysis 
)LJXUH���VKRZV�WKH�UHVXOWV�RI�WKH�'+�IRU�&RROLQJ��DV�
DQ� DYHUDJH� LQ� WKH�ZKROH�EXLOGLQJ� DQG� LQ� HDFK� JURXS�
RI� SK\VLFDO� SDUDPHWHU�� DORQJ� ZLWK� VXEWLWOHV�
LQIRUPDWLRQ��7KH�LQWHUYDO�RI�WKH�UHVXOWV�UHIHUV�RQO\�WR�
XVHU� EHKDYLRXU� DQG� QXPEHU� RI� LQKDELWDQWV�� 'DWD� DUH�
VHSDUDWHG� DFFRUGLQJ� WR� SK\VLFDO� SDUDPHWHU� DQG� VRODU�
RULHQWDWLRQ� �ZKLFK� KDG� WKH� JUHDWHVW� LQIOXHQFHV� DV�
VKRZQ�LQ�)LJXUH����IRU�EHWWHU�YLVXDOL]DWLRQ��,Q�)LJXUH�
��D�� IRU� H[DPSOH�� IRU� ĮZDOO� HTXDO� WR� ���� DQG� VRODU�
RULHQWDWLRQ� ��� WKH� PHGLDQ� '+� IRU� &RROLQJ� LV�
�����&K��WKHUH�LV�����RI�SUREDELOLW\�WKDW�WKH�GDWD�LV�
EHWZHHQ� �����&K� DQG� �����&K�� ���� DERYH� �����
DQG�����EHORZ������&K���
5HIHUULQJ� WR� )LJXUHV� ��D� DQG� ��F�� WKH�PHGLDQ� RI� WKH�
GDWD�ZLWK�KLJK�VRODU�DEVRUSWDQFH�ZLWK� WKH�PHGLDQ�RI�
WKH�GDWD�ZLWK� ORZ�DEVRUSWDQFH� DUH�GLVWDQW� HQRXJK� LQ�
FRPSDULVRQ�ZLWK�WKH�RWKHU�SK\VLFDO�SDUDPHWHUV��:DOO��
5RRI� DQG� İURRI��� 7KXV�� WKH� YDULDWLRQ� RI� D� KLJK� WR� D�
ORZ� DEVRUSWDQFH� �ERWK� ZDOOV� DQG� URRI�� KDV� WKH�
FDSDFLW\�WR�UHGXFH�WKH�'+�IRU�&RROLQJ��UHJDUGOHVV�WKH�
VRODU� RULHQWDWLRQ�� XVHU� EHKDYLRXU� RU� QXPEHU� RI�
LQKDELWDQWV��
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6RODU�RULHQWDWLRQV���DQG����ZKHQ�WKH�OLYLQJ�URRP�DQG�
NLWFKHQ�KDYH�VRXWK�DQG�QRUWK�IDFLQJ�ZDOOV��DFFRUGLQJ�
WR� )LJXUH� ��� VKRZ� WKH� EHVW� UHVXOWV�� 7KLV� KDSSHQV�
EHFDXVH�WKHUH�LV�FURVV�QDWXUDO�YHQWLODWLRQ�LQ�WKH�URRPV�
WKURXJK� WKH� WZR� RSSRVLWH� RSHQLQJV�� DV� WKH�
SUHGRPLQDQW�PRQWKO\�ZLQG� GLUHFWLRQ� LV� ���� D]LPXWK�
IRU� WKLV� UXQ� SHULRG� �DFFRUGLQJ� WR� WKH� 75<� ZHDWKHU�
GDWD���
6WLOO� EDVHG� RQ� )LJXUH� ��� WKH� XQFHUWDLQW\� RI� WKH� XVHU�
EHKDYLRXU� DQG� WKH� QXPEHU� RI� LQKDELWDQWV� LV� KLJKHU�
ZKHQ�WKH�EXLOGLQJ�KDV�ORZ�WKHUPDO�SHUIRUPDQFH��KLJK�
WUDQVPLWWDQFHV�� ORZ� WKHUPDO� FDSDFLWLHV�� KLJK�
DEVRUSWDQFHV�� DQG� KLJK� ORQJ� ZDYH� HPLVVLYLW\� RI� WKH�
URRI��� 7KH� RQO\� FDVH� WKDW� LV� QRW� FOHDU� LV� WKH� VRODU�
DEVRUSWDQFH� RI� WKH� ZDOOV�� EHFDXVH� LWV� XQFHUWDLQW\� LQ�
)LJXUH� �� LV� JHQHUDOL]HG� IRU� WKH� ZKROH� EXLOGLQJ��
+RZHYHU�� LQ� HDFK� URRP�� WKLV� SDUDPHWHU� IROORZV� WKH�
VDPH�SDWWHUQ�DV�WKH�RWKHUV��
$FFRUGLQJ� WR� (LVHQKRZHU� HW� DO�� �������� KLJK�
SHUIRUPDQFH�PRGHOV�DUH�PRUH�UREXVW�WR�XQFHUWDLQWLHV��
7KXV�� WKH� FRQILGHQFH� LQWHUYDOV�ZHUH� ODUJHU�ZKHQ� WKH�
EXLOGLQJ�KDG�ORZ�WKHUPDO�SHUIRUPDQFH��FKDUDFWHUL]HG�
E\�KLJK�'+�IRU�&RROLQJ��
'XH� WR� WKH� LPSRVVLELOLW\� WR� UHSRUW� DOO� WKH� FDOFXODWHG�
GDWD� RI� WKH� GLIIHUHQFHV� EHWZHHQ� DYHUDJHV� DQG�
LQGLYLGXDO� YDOXHV� DW� ���� FRQILGHQFH� LQ� WKLV� SDSHU��
VRPH�FRPPHQWV�ZHUH�PDGH��
,Q� WKH� YDULDWLRQ� RI� WKH� ZDOO� DQG� IRU� WKH� ORQJ� ZDYH�
HPLVVLYLW\� RI� WKH� URRI�� WKHUH� ZDV� QR� VXFFHVV� LQ�
UHGXFLQJ� WKH� '+� IRU� &RROLQJ� LQ� DYHUDJH� YDOXHV��
HVSHFLDOO\�LQ�WKH�VRODU�RULHQWDWLRQ����LQ�DOO�URRPV��DQG�
LQ�WKH�NLWFKHQ��LQ�DOO�VRODU�RULHQWDWLRQV��7KLV�H[SODLQV�
WKH� SUR[LPLW\� EHWZHHQ� WKH� PHGLDQV� RI� )LJXUHV� ��E�
DQG���G��
)RU� DOO� RWKHU� SK\VLFDO� SDUDPHWHUV� �5RRI�� VRODU�
DEVRUSWDQFHV�RI�ZDOO� DQG� VRODU� DEVRUSWDQFH�RI� URRI���
WKHUH� ZDV� VXFFHVV� LQ� UHGXFLQJ� WKH� '+� IRU� &RROLQJ�
FRQVLGHULQJ�DYHUDJH�YDOXHV�LQ�DOO�FDVHV��+RZHYHU��WKH�
LQGLYLGXDO� YDOXHV� DVVHVVPHQW� OHDGV� WR� GLIIHUHQW�
FRQVLGHUDWLRQV�� $QDO\VLQJ� WKH� ǻDYJ� ±� ǻLQG� YDOXH�
�GLIIHUHQFH� EHWZHHQ� DYHUDJH� DQG� LQGLYLGXDO� YDOXHV�
IURP�(TXDWLRQV���DQG����IRU�WKH�'+�IRU�&RROLQJ��
D�� ����� WR� ������ ZDV� REWDLQHG� IRU� WKH� VRODU�
DEVRUSWDQFH�RI�WKH�URRI��
E�� ����� WR� ������ ZDV� REWDLQHG� IRU� WKH� VRODU�
DEVRUSWDQFHV�RI�ZDOOV��
F�� ����� WR� ������ ZDV� REWDLQHG� IRU� WKH� URRI� W\SH��
ZKLFK�UHSUHVHQWV�WKH�ODUJHVW�UDQJH�IRXQG��
,Q� RWKHU� ZRUGV�� WKHUH� ZDV� D� GLIIHUHQFH� RI� ����� WR�
������EHWZHHQ�DYHUDJHV�DQG� LQGLYLGXDO�YDOXHV��7KLV�
LQGLFDWHV�WKDW�WKH�VLPXODWLRQ�UHSRUWV�WKDW�DUH�EDVHG�RQ�
RQO\�RQH�GHWHUPLQLVWLF�VLPXODWLRQ�VKRXOG�FRQVLGHU�XS�
WR�������RI�HUURU��DW�����FRQILGHQFH��
)LJXUH� �� VKRZV� WZR� H[DPSOHV� RI� WKH� SUREDELOLW\�
GLVWULEXWLRQV�REWDLQHG�LQ�WKH�XQFHUWDLQW\�DQDO\VLV��IRU�
MXVW�WZR�VXEJURXSV�DPRQJ�WKH�HLJKW\�WRWDO�VXEJURXSV�
RI� WKLV� DQDO\VLV�� WR�EHWWHU� XQGHUVWDQG� WKH� VXEKHDGLQJ�
D�� WR� F��� ,Q� )LJXUH� ��D�� QR� RYHUODSSLQJ� ZDV� IRXQG�

DPRQJ�GLVWULEXWLRQV��DYHUDJH�DQG�YDULDWLRQ��RI�7DEOH�
���� 7KH� GLIIHUHQFH� EHWZHHQ� DYHUDJH� YDOXHV� ZDV�
������ DQG� EHWZHHQ� LQGLYLGXDO� YDOXHV� ZDV� �������
LQGLFDWLQJ� KLJK� UHOLDELOLW\� IRU� WKH� VRODU� DEVRUSWDQFHV�
RI�WKH�ZDOOV��+RZHYHU��LQ�)LJXUH���E��WKH�GLIIHUHQFHV�
EHWZHHQ� DYHUDJH� YDOXHV� LV� ������� EXW� GXH� WR�
XQFHUWDLQW\�� WKH� GLVWULEXWLRQV� RYHUODS� DW� ����
FRQILGHQFH�� LQGLFDWLQJ�SRRU� UHOLDELOLW\� IRU� WKH� XVH�RI�
ORZ� VRODU� DEVRUSWDQFHV� LQ� WKH� URRI�� LQ� WKLV� VSHFLILF�
VXEJURXS��

Final Sensitivity Analysis 
7DEOH� �� VKRZV� WKH� WHQ� PRVW� LQIOXHQW� SDUDPHWHUV� RQ�
WKH�'+�IRU�&RROLQJ��7KH�VRODU�DEVRUSWDQFHV�RI�ZDOOV�
DQG� URRI�� URRI� FRPSRQHQW�� DQG� VRODU� RULHQWDWLRQ�
WRJHWKHU� FRUUHVSRQG� IURP������ WR�������RI� WKH� WRWDO�
YDULDQFH�� 7KH� RFFXSDQF\�� ZLQGRZV� DYDLODELOLW\�
VFKHGXOHV�DQG�QXPEHU�RI�LQKDELWDQWV�FRUUHVSRQG�IURP�
���� WR� ����� RI� WKH� WRWDO� YDULDQFH�� $V� WKH� UDQJHV� RI�
XVHU� EHKDYLRXU� LQ� WKLV� VHFWLRQ� DUH� VPDOOHU� WKDQ� WKH�
UDQJHV� RI� WKH� LQLWLDO� VHQVLWLYLW\� DQDO\VLV�� WKH\� KDG�
OLWWOH�GLUHFW�LQIOXHQFH�RQ�WKH�ZKROH�GDWD�DQDO\VLV��7KH�
(UURU� �WKLUG� RUGHU� HIIHFWV�� ZDV� PRUH� LPSRUWDQW� WKDQ�
WKH�XVHU�EHKDYLRXU��LQ�VRPH�FDVHV��VHH�7DEOH�����7KH�
ODUJHVW�VHFRQG�RUGHU�HIIHFW�LV�WKH�VRODU�DEVRUSWDQFH�RI�
WKH�ZDOOV�WRJHWKHU�ZLWK�VRODU�RULHQWDWLRQ��

&21&/86,21�
7KLV� VWXG\� KDV� VKRZQ� WKH� LQIOXHQFH� RI� WKH� XVHU�
EHKDYLRXU�RQ�WKH�WKHUPDO�SHUIRUPDQFH�RI�ORZ�LQFRPH�
GZHOOLQJV� LQ� VRXWKHUQ� %UD]LO�� DV� ZHOO� DV� WKHLU�
XQFHUWDLQW\� GXH� WR� YDULDWLRQ� RI� WKH� SK\VLFDO�
SDUDPHWHUV���
7KH� RFFXSDQF\� DQG� ZLQGRZV� DYDLODELOLW\� VFKHGXOHV�
�XVHU� EHKDYLRXU��� DQG� QXPEHU� RI� LQKDELWDQWV��
UHSUHVHQWHG� OLWWOH� LQIOXHQFH� RQ� WKH� XQFHUWDLQW\�
DQDO\VLV��ZKHQ� DOO� GDWD�ZHUH� DQDO\VHG��+RZHYHU�� E\�
VHSDUDWLQJ� GDWD� E\� VXEJURXSV� �E\� VRODU� RULHQWDWLRQ�
DQG� E\� SK\VLFDO� SDUDPHWHUV��� WKH\� JHQHUDWH�
FRQVLGHUDEOH� XQFHUWDLQW\� LQ� WKH� UHVXOWV� DQG� KDYH�
LQIOXHQFH� LQ� WKH� K\SRWKHVLV� WHVWV� RI� GLIIHUHQFHV�
EHWZHHQ� PHDQV� DQG� LQGLYLGXDO� YDOXHV�� 7KXV�� VRPH�
QRW� VLJQLILFDQW� FKDQJHV� ZHUH� IRXQG�� DW� ����
FRQILGHQFH��
7KH� LPSRUWDQFH� RI� FRQVLGHULQJ� WKH� XVHU� EHKDYLRXU�
DQG� QXPEHU� RI� LQKDELWDQWV� DV� D� YDULDEOH� SDUDPHWHU�
ZDV� FRQILUPHG�� 7KH\� VWLOO� JHQHUDWH� XQFHUWDLQW\� DQG�
DIIHFW� WKH� DQDO\VHV� LQ� VRPH� FDVHV�� 2QO\� SDUDPHWHUV�
WKDW�H[HUW� OLWWOH� LQIOXHQFH�FDQ�EH� IUR]HQ�DW�DQ\�YDOXH�
ZLWKLQ�LWV�UDQJH�RI�YDULDWLRQ��6DOWHOOL�HW�DO����������
$ERXW�WKH�OLPLWDWLRQV�RI�WKLV�VWXG\��RQO\�RQH�W\SH�RI�
EXLOGLQJ�ZDV�DQDO\VHG��IRU�RQH�FOLPDWH�LQ�%UD]LO��DQG�
RQO\�IRU�WKH�KRW�SHULRG�RI�WKH�\HDU��GXH�WR�OLPLWDWLRQ�
RI� VSDFH�� 7KH� VHQVLWLYLW\� DQDO\VLV� PHWKRGV� DQG�
VDPSOLQJ� WHFKQLTXHV� ZHUH� VLPSOH�� RWKHU� PHWKRGV�
VXFK� DV�0RUULV�0HWKRG� �0RUULV�� ������ LQ� WKH� LQLWLDO�
DQDO\VLV� DQG� WKH� ([WHQGHG� )$67� �6DOWHOOL� DQG�
%RODGR��������LQ�WKH�ILQDO�DQDO\VLV�ZLOO�EH�DSSOLHG�LQ�
IXWXUH�ZRUNV��
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120(1&/$785(�
∆𝑎𝑣𝑔��  � ,V� WKH� GLIIHUHQFH� EHWZHHQ� DYHUDJH� YDOXHV�
ZLWK�����FRQILGHQFH�ZLWK�WKH�W�WHVW��
𝑥   ;   𝑥 �  � ,V� WKH� DYHUDJH� YDOXH� IURP� WKH� LWK� DQG� MWK�
GLVWULEXWLRQ�LQ�HDFK�VXEJURXS��
∆𝑖𝑛𝑑��  � ,V� WKH� GLIIHUHQFH� EHWZHHQ� LQGLYLGXDO�
YDOXHV�ZLWK�����FRQILGHQFH��ZLWK�WKH�W�WHVW��
𝑈 �  � ,V� WKH� XSSHU� OLPLW� IURP� WKH� GLVWULEXWLRQ�
ZLWK�ORZHU�DYHUDJH�YDOXH��
𝐿 �  � ,V� WKH� ORZHU� OLPLW� IURP� WKH� GLVWULEXWLRQ�
ZLWK�WKH�JUHDWHU�DYHUDJH�YDOXH��

$&.12:/('*(0(17�
7KH�DXWKRUV�DFNQRZOHGJH�WKH�)XQGLQJ�RI�6WXGLHV�DQG�
3URMHFWV��),1(3��DQG�&13T��

5()(5(1&(6�
$O�0XPLQ�� $��� .KDWWDE�� 2��� 6ULGKDU�� *�� ������

2FFXSDQWV¶� EHKDYLRU� DQG� DFWLYLW\� SDWWHUQV�
LQIOXHQFLQJ� WKH� HQHUJ\� FRQVXPSWLRQ� LQ� WKH�
.XZDLWL� UHVLGHQFHV�� (QHUJ\� DQG� %XLOGLQJV�� Y��
�������SS�����±�����

%UDVLO�� ������ %DODQoR� (QHUJpWLFR� 1DFLRQDO� ������
$QR�EDVH�������(PSUHVD�GH�3HVTXLVD�(QHUJpWLFD�
�(3(���5LR�GH�-DQHLUR��

'HJHOPDQ�� /�2�� ������ $� PRGHO� IRU� VLPXODWLRQ� RI�
GD\OLJKWLQJ�DQG�RFFXSDQF\�VHQVRUV�DV�DQ�HQHUJ\�
FRQWURO� VWUDWHJ\� IRU� RIILFH� EXLOGLQJV�� LQ��
3URFHHGLQJV� RI� %XLOGLQJ� 6LPXODWLRQ� ���� .\RWR��
-DSDQ��SS�����±�����

(LVHQKRZHU�� %��� 1HLOO�� =�2��� 1DUD\DQDQ�� 6���
)RQREHURY��9�$���0H]LF��,��������$�FRPSDUDWLYH�
VWXG\� RQ� XQFHUWDLQW\� SURSDJDWLRQ� LQ� KLJK�
SHUIRUPDQFH�EXLOGLQJ�GHVLJQ�� LQ��3URFHHGLQJV�RI�
%XLOGLQJ� 6LPXODWLRQ� ������ 6\GQH\�� $XVWUDOLD��
SS����±����

)XUEULQJHU�� -��� 5RXOHW�� &�$�� ������ &RPSDULVRQ� DQG�
&RPELQDWLRQ� RI� )DFWRULDO� DQG� 0RQWH�&DUOR�
'HVLJQ� LQ� 6HQVLWLYLW\� $QDO\VLV�� %XLOGLQJ� DQG�
(QYLURQPHQW��Y���������SS�����������

.ZRN�� 6�6�.��� /HH�� (�:�0�� ������ $� VWXG\� RI� WKH�
LPSRUWDQFH� RI� RFFXSDQF\� WR� EXLOGLQJ� FRROLQJ�
ORDG� LQ� SUHGLFWLRQ� E\� LQWHOOLJHQW� DSSURDFK��
(QHUJ\� &RQYHUVLRQ� DQG�0DQDJHPHQW�� Y�� �������
SS������±������

0DKGDYL��$���3U|JOK|I��&���������8VHU�EHKDYLRU�DQG�
HQHUJ\� SHUIRUPDQFH� LQ� EXLOGLQJV�� LQ��
,QWHUQDWLRQDOHQ� (QHUJLHZLUWVFKDIWVWDJXQJ� DQ� GHU�
78�:LHQ��9LHQQD��

0F/RXJKOLQ�� )��� 'XII\�� $��� &RQORQ�� 0�� ������
&KDUDFWHULVLQJ� GRPHVWLF� HOHFWULFLW\� FRQVXPSWLRQ�
SDWWHUQV� E\� GZHOOLQJ� DQG� RFFXSDQW� VRFLR�
HFRQRPLF�YDULDEOHV��$Q�,ULVK�FDVH�VWXG\��(QHUJ\�
DQG�%XLOGLQJV��Y������0D\�������SS�����±�����

0RUULV�� 0�'�� ������ )DFWRULDO� 6DPSOLQJ� 3ODQV� IRU�
3UHOLPLQDU\� &RPSXWDWLRQDO� ([SHULPHQWV��
7HFKQRPHWULFV��Y���������SS����������

3DJH�� -���5RELQVRQ��'���0RUHO��1��� 6FDUWH]]LQL�� -��/��
������ $� JHQHUDOLVHG� VWRFKDVWLF� PRGHO� IRU� WKH�
VLPXODWLRQ� RI� RFFXSDQW� SUHVHQFH�� (QHUJ\� DQG�
%XLOGLQJV��Y���������SS����±����

5\DQ�� (�0��� 6DQTXLVW�� 7�)�� ������ 9DOLGDWLRQ� RI�
EXLOGLQJ� HQHUJ\� PRGHOLQJ� WRROV� XQGHU� LGHDOL]HG�
DQG� UHDOLVWLF� FRQGLWLRQV�� (QHUJ\� DQG� %XLOGLQJV��
Y������$SULO�������SS�����±�����

6DHOHQV��'���3DU\V��:���%DHWHQV��5��������(QHUJ\�DQG�
FRPIRUW� SHUIRUPDQFH� RI� WKHUPDOO\� DFWLYDWHG�
EXLOGLQJ� V\VWHPV� LQFOXGLQJ� RFFXSDQW� EHKDYLRU��
%XLOGLQJ� DQG� (QYLURQPHQW�� Y�� ������� SS�� ���±
�����

6DOWHOOL��$���%RODGR��5�� ������$Q� DOWHUQDWLYH�ZD\� WR�
FRPSXWH� )RXULHU� $PSOLWXGH� 6HQVLWLYLW\� 7HVW�
�)$67��� &RPSXWDWLRQDO� 6WDWLVWLF� DQG� 'DWD�
$QDO\VLV��Y���������SS�����������

6DOWHOOL�� $��� 7DUDQWROD�� 6��� &DPSRORQJR�� )�� ������
6HQVLWLYLW\� $QDO\VLV� DV� DQ� ,QJUHGLHQW� RI�
0RGHOLQJ��6WDWLVWLFDO�6FLHQFH��Y���������SS�����±
�����

6DQWLQ�� 2�*�� ������ %HKDYLRXUDO� 3DWWHUQV� DQG� 8VHU�
3URILOHV� UHODWHG� WR� HQHUJ\� FRQVXPSWLRQ� IRU�
KHDWLQJ�� (QHUJ\� DQG� %XLOGLQJV�� Y�� �������� SS��
����±������

<X��=�-���+DJKLJKDW��)���)XQJ��%�&�0���0RURIVN\��(���
<RVKLQR�� +�� ������ $� PHWKRGRORJ\� IRU�
LGHQWLI\LQJ� DQG� LPSURYLQJ�RFFXSDQW�EHKDYLRU� LQ�
UHVLGHQWLDO� EXLOGLQJV�� (QHUJ\�� Y�� �������� SS��
����±������

�
)LJXUH���)ORRU�SODQ�RI�WKH�KRXVH�DQG�6RODU�

RULHQWDWLRQV�
�

7DEOH���
$YHUDJH�LQVWDOOHG�SRZHU�LQ�HDFK�URRP��

Installed power Kitchen Living room Bedroom 
$SSOLDQFHV� ������:� �����:� ������:�
/LJKWLQJ� �����:� �����:� �����:�

�
�
�
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�
7DEOH���

3DUDPHWHUV�YDULHG�LQ�WKH�LQLWLDO�VHQVLWLYLW\�DQDO\VLV��
Parameter Identification minimum medium maximum 

2FFXSDQF\�VFKHGXOH� 2FXS� ���� ���� ����
0HWDEROLF�UDWH��:�SHUVRQ�� 0HW� ����� ������ ������

1XPEHU�RI�LQKDELWDQWV� ,QKDE� �� �� ��
:LQGRZ�RSHUDWLRQ�VFKHGXOH� 2S:LQGRZ� ���� ���� ����

'RRU�RSHUDWLRQ�VFKHGXOH� 2S'RRU� ���� ���� ����
'LVFKDUJH�FRHIILFLHQWV�RI�ZLQGRZV� 'F� ���� ���� ����
+RXVHKROGV�DSSOLDQFHV�VFKHGXOH� (TXLS� ���� ���� ����

/LJKWLQJ�XVH�VFKHGXOH� /LJKW� ���� ���� ����
5DGLDQW�IDFWRU�RI�WKH�HTXLSPHQW� )HTXLS� ���� ���� ����
5DGLDQW�IDFWRU�RI�WKH�OXPLQDLUHV� )OLJKW� ���� ���� ����

5RRI�VRODU�DEVRUSWDQFH� ĮURRI� ���� ���� ����
5RRI�WKHUPDO�WUDQVPLWWDQFH��:�Pð.�� 8URRI� ����� ����� �����

5RRI�ORQJ�ZDYH�HPLVVLYLW\����� İURRI� ���� ���� ����
5RRI�WKHUPDO�FDSDFLW\��N-�Pð.�� &WURRI� ���� ����� ������

:DOOV�VRODU�DEVRUSWDQFH� ĮZDOO� ���� ���� ����
:DOOV�WKHUPDO�WUDQVPLWWDQFH��:�Pð.�� 8ZDOO� ����� ����� �����

:DOOV�WKHUPDO�FDSDFLW\��N-�Pð.�� &WZDOO� ����� ������ ������
,QILOWUDWLRQ�UDWH��NJ�V�P�� ,QI5DWH� �������� �������� ��������

6LWH�VRODU�RULHQWDWLRQ� 6RODU� 1RUWK��6RXWK��(DVW�DQG�:HVW�
7HPSHUDWXUH�FRQWURO�RI�ZLQGRZ�RSHUDWLRQ����� 6HWSRLQW� ��� 2II� ���

1RWHV�RI�7DEOH��������7KH�ORQJ�ZDYH�HPLVVLYLW\�RI�WKH�URRI�ZDV�YDULHG�LQ�MXVW�WZR�YDOXHV������DQG������ZKHUHDV�IRU�WKH�DYHUDJH�
FDVH��ZKLFK�WKH�����YDOXH�ZDV�PDLQWDLQHG������,I�WKH�LQGRRU�DLU�WHPSHUDWXUH�LV�JUHDWHU�WKDQ���R&�RU�WKDQ���R&��PLQLPXP�DQG�
PD[LPXP�FDVH��UHVSHFWLYHO\���DQG�LI�WKH�RXWVLGH�DLU�WHPSHUDWXUH�LV�ORZHU�WKDQ�WKH�LQGRRU�DLU��QDWXUDO�YHQWLODWLRQ�LV�DOORZHG���

�
7DEOH���

3K\VLFDO�DQG�XVHU�EHKDYLRXU�SDUDPHWHUV�YDULHG�LQ�WKH�XQFHUWDLQW\�DQDO\VLV�DQG�ILQDO�VHQVLWLYLW\�DQDO\VLV��
User behaviour parameters Identification minimum median maximum 

2FFXSDQF\�VFKHGXOH� 2FXS� DFFRUGLQJ�WR�)LJXUH�������
1XPEHU�RI�LQKDELWDQWV����� ,QKDE� �� �� ��

:LQGRZ�RSHUDWLRQ�VFKHGXOH� 2S:LQGRZ� DFFRUGLQJ�WR�7DEOH�������
Physical Parameters Identification average variation 
5RRI�VRODU�DEVRUSWDQFH� ĮURRI� ���� ����

5RRI�WKHUPDO�WUDQVPLWWDQFH��:�Pð.�� 8URRI� ���� ����
5RRI�ORQJ�ZDYH�HPLVVLYLW\� İURRI� ���� ����

5RRI�WKHUPDO�FDSDFLW\��N-�Pð.�� &WURRI� ������ �����
:DOOV�VRODU�DEVRUSWDQFH� ĮZDOO� ���� ����

:DOOV�WKHUPDO�WUDQVPLWWDQFH��:�Pð.�� 8ZDOO� ���� ����
:DOOV�WKHUPDO�FDSDFLW\��N-�Pð.�� &WZDOO� ������ ������

1RWHV�RI�7DEOH��������6FKHGXOHV�IRU�RFFXSDQF\�GHWHUPLQHG�IRU�HDFK�URRP�ZHUH�XVHG�DFFRUGLQJ�WR�)LJXUH��������7KH�QXPEHU�RI�
LQKDELWDQWV� YDULHV� IURP� �� WR� �� SHRSOH� LQ� WKH� EHGURRPV� DQG� ��� �� RU� �� SHRSOH� LQ� WKH� ZKROH� KRXVH�� ���� :LQGRZ� RSHUDWLRQ�
DYDLODELOLW\�VFKHGXOHV�ZHUH�XVHG�DFFRUGLQJ�WR�7DEOH����

�
)LJXUH���/LJKWLQJ�VFKHGXOHV�IRU�URRPV�ZLWK�����FRQILGHQFH�LQWHUYDO��DV�D�SRZHU�IUDFWLRQ�
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�
)LJXUH���+RXVHKROG�DSSOLDQFHV�VFKHGXOHV��DV�D�SRZHU�IUDFWLRQ��

�

�
)LJXUH���2FFXSDQF\�VFKHGXOHV�IRU�URRPV�ZLWK�����FRQILGHQFH�LQWHUYDO��IRU�ZHHNGD\V�DQG�ZHHNHQG��

�

�
)LJXUH���0RVW�LQIOXHQW�SDUDPHWHUV�LQ�WKH�LQLWLDO�VHQVLWLYLW\�DQDO\VLV��IRU�WKH�'+�IRU�&RROLQJ��

�
7DEOH���

7HQ�PRVW�LQIOXHQW�SDUDPHWHUV�LQ�WKH�ILQDO�VHQVLWLYLW\�DQDO\VLV��IRU�WKH�'+�IRU�&RROLQJ��

% variance Factor % variance Factor % variance Factor % variance Factor
� ����� ĮZDOO ����� ĮZDOO ����� ĮZDOO ����� ĮZDOO
� ����� 5RRI ����� 6RODU ����� 5RRI ����� 5RRI
� ����� ĮURRI ����� 5RRI ����� ĮURRI ����� ĮURRI
� ���� 6RODU ����� ĮURRI ���� 6RODU ����� 6RODU
� ���� ,QKDE ���� 6RODUĮZDOO ���� 2FXS ���� :DOO
� ���� 6RODUĮZDOO ���� ,QKDE ���� :DOO ���� (UURU
� ���� (UURU ���� (UURU ���� ,QKDE ���� 2FXS
� ���� 2FXS ���� 2S:LQGRZ ���� 2S:LQGRZ ���� 2S:LQGRZ
� ���� 2S:LQGRZ ���� İURRI ���� (UURU ���� ,QKDE
�� ���� İURRI ���� 2FXS ���� 6RODUĮURRI ���� 6RODUĮURRI

Bedroom1 Bedroom2 Kitchen Living roomRank
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�

�
)LJXUH���8QFHUWDLQW\�DQDO\VLV�IRU�WKH�'+�IRU�&RROLQJ��FRUUHVSRQGLQJ�WR�ZKROH�EXLOGLQJ�DYHUDJH�YDOXHV��

�

�
)LJXUH���&RPSDULVRQ�EHWZHHQ�DYHUDJH�DQG�LQGLYLGXDO�YDOXHV��LQ�WKH�VXEJURXS�D��DQG�E���D��UHIHUV�WR�WKH�
EHGURRP����VRODU�RULHQWDWLRQ���DQG�IRU�WKH�VRODU�DEVRUSWDQFH�RI�WKH�ZDOOV��E��UHIHUV�WR�EHGURRP����VRODU�

RULHQWDWLRQ���DQG�VRODU�DEVRUSWDQFH�RI�WKH�URRI��
�

7DEOH����
6FKHGXOHV�RI�'RRUV�DQG�:LQGRZV�RSHUDWLRQ�LQ�WHUPV�RI�WLPH��KRXUV�SHU�GD\��WKDW�WKH\�DUH�KDOI�RU�HQWLUH�RSHQ��

ZLWK�����QRQSDUDPHWULF�FRQILGHQFH�LQWHUYDO��
Doors (hours per day) Windows (hours per day) 

Zone Kitchen Living room Bedroom Zone Kitchen Living room Bedroom 
Opening Half Entire Half Entire Half Entire Opening Half Entire Half Entire Half Entire 
ORZHU� �� �� �� �� �� �� ORZHU� �� ��� �� �� �� ��
PHGLDQ� �� ��� �� �� �� ��� PHGLDQ� �� ��� �� �� �� ���
XSSHU� �� ��� �� ��� �� ��� XSSHU� �� ��� �� ��� �� ���

�
�
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