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$%675$&7�
)RU� EHWWHU� EXLOGLQJ� V\VWHP� FRQWUROV� DQG� RFFXSDQW¶V�
FRPIRUW�� D� QXPEHU� RI� VHQVRUV� DQG� QHWZRUN�
WHFKQRORJLHV� KDYH� EHHQ� GHYHORSHG� DQG� LQVWDOOHG� LQ�
FHQWUDO� +9$&� V\VWHPV�� ,Q� PRVW� PRGHUQ� EXLOGLQJV��
KRZHYHU�� LQGRRU� HQYLURQPHQWDO� LQIRUPDWLRQ�
�VSHFLILFDOO\�� URRP� WHPSHUDWXUH�� &2�� FRQFHQWUDWLRQ��
LOOXPLQDWLRQ� OHYHO�� HWF��� LV� QRW� ZHOO� SURYLGHG� IRU�
RFFXSDQWV� HYHQ� WKRXJK� LW� KDV� EHHQ� ZHOO�
DFNQRZOHGJHG� WKDW� VXFK� LQIRUPDWLRQ� FDQ� LPSDFW�
RFFXSDQW¶V� EHKDYLRU� DQG� VDWLVIDFWLRQ��$V� UHSRUWHG� LQ�
PDQ\� VWXGLHV� �,%36$� SURFHHGLQJV� ������������
XQGHUVWDQGLQJ� RFFXSDQW¶V� EHKDYLRU� LV� YHU\� HVVHQWLDO�
IRU�EHWWHU�DSSOLFDWLRQ�RI�VLPXODWLRQ� WRROV��7KLV�VWXG\�
UHSRUWV� WKH� LPSDFW� RI� HQYLURQPHQWDO� LQIRUPDWLRQ� RQ�
RFFXSDQW¶V� UHVSRQVH� DQG� LWV� UHOHYDQFH� WR� EXLOGLQJ�
HQHUJ\� VLPXODWLRQ�� $� VHULHV� RI� H[SHULPHQWV� ZHUH�
FRQGXFWHG� LQ� D� XQLYHUVLW\� ODERUDWRU\� �IORRU� DUHD��
��P��� WKH�PD[LPXP�QXPEHU�RI�RFFXSDQWV������ZLWK�
VHQVLQJ�&2��FRQFHQWUDWLRQ�RI�WKH�ODE��7KH�IROORZLQJ�
LV� DGGUHVVHG� LQ� WKLV� SDSHU�� ���� ZKHQ� RFFXSDQWV� DUH�
LQIRUPHG�RI� LQGRRU�HQYLURQPHQW�� WKH\�FDQ�EHKDYH�DV�
DQ� LQWHOOLJHQW� DJHQW�� IDU� VXUSDVVLQJ� VRSKLVWLFDWHG�
PHFKDQLFDO� V\VWHPV�� ���� LW� LV� VLJQLILFDQWO\� LPSRUWDQW�
WR�WDNH�LQWR�DFFRXQW�FRJQLWLYH�UHVSRQVH�RI�RFFXSDQWV�
IRU�EHWWHU�EXLOGLQJ�HQHUJ\�VLPXODWLRQ���

,1752'8&7,21�
%XLOGLQJ¶V� WKHUPDO� FKDUDFWHULVWLFV�� HQYLURQPHQWDO�
V\VWHPV� �H�J��� DLU� FRQGLWLRQLQJ�KHDWLQJ� YHQWLODWLRQ��
DQG� OLJKWLQJ� V\VWHPV��� FOLPDWH�� DQG� RFFXSDQWV¶�
EHKDYLRU� DIIHFW� HQHUJ\� FRQVXPSWLRQ�RI� WKH�EXLOGLQJ���
)RU� WKH� SDVW� VHYHUDO� GHFDGHV�� PRGHOLQJ�� QXPHULFDO�
PHWKRGV��FRQWUROV��HWF��KDYH�HQRUPRXVO\�LPSURYHG�LQ�
DUHD�RI�EXLOGLQJ�VLPXODWLRQ��,%36$��������������
,W�KDV�EHHQ�UHFHQWO\�DFNQRZOHGJHG�WKDW�RFFXSDQWV�DUH�
RQH� RI� WKH� PRVW� VLJQLILFDQW� XQFHUWDLQW\� IDFWRUV� LQ�
EXLOGLQJ� VLPXODWLRQ� �,%36$� ������������ +RZHYHU��
ZH� VWLOO� ODFN� XQGHUVWDQGLQJ� DQG� PRGHOLQJ� RI�
RFFXSDQWV ’ � EHKDYLRU� DQG� LWV� LPSDFW� RQ� EXLOGLQJ�
HQHUJ\� VLPXODWLRQ�� ,W� LV� LQGHHG� GLIILFXOW� WR� PDNH� D�
PDWKHPDWLFDO�PRGHOLQJ� RI� KXPDQ� EHLQJV� HLWKHU� LQ� D�
VWDWLVWLFDO� PDQQHU� RU� LQ� DQ� DQDO\WLFDO� PDQQHU� VLQFH�
KXPDQ� EHLQJV� PDNH� LQGHSHQGHQW� MXGJPHQW� DQG�
GHFLVLRQV� EDVHG� RQ� WKHLU� XQLTXH� H[SHULHQFHV��
NQRZOHGJH��KDELWV��DQG�UHFRJQLWLRQ��3DJH�HW�DO���������
7KHUHIRUH��PRVW�RI�WKH�UHVHDUFK�RQ�RFFXSDQWV�PHUHO\�

GHDOV� ZLWK� UHODWLYHO\� D� VLPSOH� VHW� RI� PHDVXUHG� GDWD�
DQG� GHULYH� RFFXSDWLRQ� VFKHGXOH� ZLWK� D� VWDWLVWLFDO�
PDQQHU� �H�J�� 0DUNRY� &KDLQ�� UHJUHVVLRQ� PRGHO���
�%RXUJHRLV�HW�DO��������.LP�HW�DO��������0DKGDYL�DQG�
3URJOKRI��������=KXQ�HW�DO����������
7KHUH� KDYH� EHHQ� WKUHH� DSSURDFKHV� WR� GHDO� ZLWK�
EXLOGLQJ� RFFXSDQWV� DV� IROORZV�� ���� GHWHUPLQLVWLF�
DSSURDFK� �H�J�� VFKHGXOH� RI� RFFXSDQWV� LQ� $6+5$(�
HQHUJ\�VWDQGDUG������������������VWRFKDVWLF�DSSURDFK�
��H�J�� 0DUNRY� FKDLQ�� .LP� HW� DO�� ������� DQG� ����
FRJQLWLYH� DSSURDFK�� 7KH� FRJQLWLYH� DSSURDFK� XVHV�
KXPDQ¶V� VHQVDWLRQ�� SHUFHSWLRQ�� FRJQLWLRQ�� DQG�
SV\FKRPRWRU�� 7KLV� DSSURDFK� LV� UHDOL]HG� ZLWK� DJHQW�
VLPXODWLRQ� �)XMLL� DQG� 7DQLPRWR� ������ &OLQWRQ� HW� DO�
������ .DVKLI� HW� DO�� ������� .DVKLI� HW� DO� �������
GHYHORSHG� WKH� FDVXDO� PRGHO� E\� XVLQJ� WKH� DJHQW�
VLPXODWLRQ� LQ� RUGHU� WR� HVWLPDWH� WKH� EHKDYLRUDO�
SDWWHUQV� RI� RFFXSDQWV� ZKR� XVH� HTXLSPHQW�� $JHQWV�
ZHUH� IRUPHG� ZLWK� WKDW� WKH� DJHQWV� ZRXOG� EH� DEOH� WR�
LQGHSHQGHQWO\�RSHUDWH�WKH�DLU�FRQGLWLRQLQJ�HTXLSPHQW�
�DLU� FRQGLWLRQHU��� ZLQGRZV� �RSHQLQJ� DQG� FORVLQJ���
DQG� OLJKWV� �WXUQLQJ� RQ� DQG� RII�� LQ� WKH� JLYHQ� LQGRRU�
HQYLURQPHQW��%UDKPV�/DQJXDJH��6LHUKXLV�HW�DO�������
GHYHORSHG� E\� 1DWLRQDO� $HURQDXWLFV� DQG� 6SDFH�
$GPLQLVWUDWLRQ��1$6$��ZDV�XVHG��.DVKLI�HW�DO��������
VKRZHG�WKH�GLYHUVLW\�RI�RFFXSDQWV¶�EHKDYLRU�DQG�ZDV�
SURYHQ� WR�EH� FORVH� WR� UHDOLW\��+RZHYHU�� .DVKLI� HW� DO�
������� FRQFHQWUDWHG� RQO\� XSRQ� WKH� EHKDYLRUDO�
FKDQJHV�RI�RFFXSDQWV�DQG�GLG�QRW�FRQVLGHU�WKH�LPSDFW�
RI�RFFXSDQWV’�EHKDYLRU�RQ� WKH�EXLOGLQJ’V�HQHUJ\�DQG�
HQYLURQPHQW�FKDQJHV��
7KLV� VWXG\� DSSURDFKHV� IURP� D� GLIIHUHQW� DQJOH��
0RGHUQ� EXLOGLQJV� DUH� QRZ� HTXLSSHG� ZLWK� FXWWLQJ�
HGJH�VPDUW�GHYLFHV��H�J���FRQWUROV��VHQVRUV��ZDOO�SDG��
DQG�WLJKWO\�LQWHUZRYHQ�ZLWK�QHWZRUN� WHFKQRORJLHV��$�
YDULHW\�RI�PRUH�LQGRRU�HQYLURQPHQWDO�LQIRUPDWLRQ�DUH�
SURYLGHG� IRU� RFFXSDQWV� VXFK� DV� WHPSHUDWXUH� DQG�
KXPLGLW\�� 7KLV� VWXG\� DLPV� WR� LQYHVWLJDWH� KRZ�
µSURYLVLRQ� RI� VXFK� LQIRUPDWLRQ¶� DIIHFWV� RFFXSDQWV¶�
EHKDYLRU� DQG� LWV� LPSDFW� RQ� EXLOGLQJ� HQHUJ\�
VLPXODWLRQ��7KH�JRDOV�RI� WKLV� VWXG\�ZHUH�DV� IROORZV��
���� WR� LGHQWLI\� WKH� LPSDFW� RI� µSURYLGLQJ� LQGRRU�
HQYLURQPHQWDO� LQIRUPDWLRQ¶� WR� RFFXSDQWV� XSRQ� WKHLU�
EHKDYLRUDO�FKDQJHV������WR�LQYHVWLJDWH�WKH�LPSRUWDQFH�
RI� FRJQLWLRQ� DQG� UHVSRQVLYH� EHKDYLRU� RI� WKH�
RFFXSDQWV������WR�TXDQWLI\�KRZ�EXLOGLQJ¶V�HQHUJ\�XVH�
FDQ� EH� LQIOXHQFHG� E\� VXFK� RFFXSDQWV¶� FRJQLWLYH�
EHKDYLRU���
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(;3(5,0(17�
)RXU�H[SHULPHQWV�ZHUH�FRQGXFWHG�DW�D�ODERUDWRU\�RI�6�
8QLYHUVLW\� LQ� -XQH� ����� �)LJXUHV� �� DQG� ���� 7KH�
PD[LPXP� QXPEHU� RI� RFFXSDQWV� ZDV� ���� 6LQFH�
RFFXSDQWV� �JUDGXDWH� VWXGHQWV�� ZHUH� QRW� PDMRU� LQ�
EXLOGLQJ� HQYLURQPHQW� DQG� QRW� NQRZOHGJHDEOH� DERXW�
HQYLURQPHQWDO� LQIRUPDWLRQ�� 7KH� LQGRRU� WHPSHUDWXUH�
RI� WKH� ODE� ZDV� FRQWUROOHG� E\� WZR� ZDOO�DWWDFKHG� DLU�
FRQGLWLRQHUV��7KHUH�LV�QR�LQVWDOOHG�YHQWLODWLRQ�V\VWHP��
2XWGRRU� DLU� LV� VXSSOLHG� HLWKHU� µSDVVLYHO\¶� E\�
LQILOWUDWLRQ� RU� µDFWLYHO\¶� E\� RSHQLQJ�FORVLQJ� RI�
ZLQGRZV�GRRUV��7KHUH�DUH�WZR�ZLQGRZV�DQG�RQH�H[LW�
GRRU���

 

)LJXUH����)ORRU�SODQ�RI�WKH�ODE�
� �

)LJXUH����6FHQHV�RI�WKH�ODE�
&2�� FRQFHQWUDWLRQ� ZDV� FKRVHQ� DV� D� FULWHULRQ� RI� WKH�
LQGRRU� DLU� TXDOLW\� DV� ZHOO� DV� LQGRRU� HQYLURQPHQWDO�
LQIRUPDWLRQ��&2��LV�D� W\SLFDO�FRQWDPLQDQW�JHQHUDWHG�
SULPDULO\� E\� RFFXSDQWV� DQG�� LQ� DGGLWLRQ��
PHDVXUHPHQW� RI� &2�� LQ� RFFXSLHG� VSDFHV� KDV� EHHQ�
XVHG�ZLGHO\�WR�HYDOXDWH�WKH�VXIILFLHQF\�RI�RXWGRRU�DLU�
VXSSOLHG� WR� LQGRRU� VSDFHV� �$6+5$(�������� ,Q�&2��
FRQFHQWUDWLRQ� LV� HDV\� DQG� FKHDS� WR�PHDVXUH�� ,Q� WKLV�
VWXG\�� ,%,7’V� ,6����� �WHPSHUDWXUH�� KXPLGLW\�� &2���
ZDV�XVHG��)LJXUH������
�

�
)LJXUH����&2���WHPSHUDWXUH��KXPLGLW\�VHQVRUV��

7KH� VHQVRUV� ZHUH� ORFDWHG� DW� IRXU� VSRWV� ���P� DERYH�
WKH� IORRU� VXJJHVWHG� E\� .(&2� ������� �)LJXUH� ����
+RZHYHU�� SRVLWLRQLQJ� WKH� VHQVRU� DW� KXPDQ� IDFH�

DOWLWXGH� �H�J��� ���FP�� ZRXOG� EH� SUHIHUDEOH�� 7KH�
PHDVXUHG�GDWD�ZHUH�WUDQVIHUUHG�RQ�D�UHDO�WLPH�EDVLV�WR�
D� VHUYHU� FRPSXWHU� YLD� D� ZLUHOHVV� QHWZRUN�� 7KH�
GDWDEDVH�KDV�EHHQ�PDGH�E\�0\64/��)LJXUHV���DQG������
7R� REVHUYH� RI� WKH� QXPEHU� RI� RFFXSDQWV� DQG� WKHLU�
EHKDYLRUV� �RSHQ� RU� FORVH� GRRUV�ZLQGRZV��� ZHE�
FDPHUDV�ZHUH� LQVWDOOHG� LQ� WZR� VSRWV� �)LJXUH� ���� ,I� D�
ZHE�FDPHUD�UHFRUGV�SHU�D�SUHGHWHUPLQHG�LQWHUYDO��H�J��
RQH� VKRW� SHU� HYHU\� PLQXWH��� WKH� UHFRUGHG� LPDJHV�
ZRXOG�EH�WRR�PXFK�DQG�LW�ZRXOG�WDNH�D�ORQJ�WLPH�WR�
DQDO\]H�� 7KHUHIRUH�� VHFXUH� FDPV� ZHUH� XVHG� ZKLFK�
UHFRUG� LPDJHV� ZKHQ� D� PRYHPHQW� LV� GHWHFWHG�� 7KH�
UHFRUGHG� LPDJHV� ZHUH� DOVR� VDYHG� DW� WKH� VHUYHU�
FRPSXWHU�RQ�D�UHDO�WLPH�EDVLV��)LJXUHV���DQG������

 
)LJXUH����,3�861�URXWHU�LQWHUORFNLQJ�VHUYHU�SURJUDP�
�

)LJXUH����QHWZRUN�GLDJUDP�
)RXU� H[SHULPHQWV� �7DEOH� ��� ZHUH� FRQGXFWHG� ZLWK� D�
VDPSOLQJ� WLPH� RI� RQH� PLQXWH�� 7KH� GXUDWLRQ� RI�
([SHULPHQW�������ZDV�WZR�GD\V� ORQJ��7KH�GHWDLOV�RI�
WKH�H[SHULPHQWV�DUH�DV�IROORZV����
 ([SHULPHQW� ���� &2�� LQIRUPDWLRQ� ZDV� QRW�

SURYLGHG�IRU�RFFXSDQWV���
 ([SHULPHQW�����&2�� LQIRUPDWLRQ�ZDV�SURYLGHG�

IRU�RFFXSDQWV�RQ�D�UHDO�WLPH�EDVLV��)LJXUH�������
 ([SHULPHQW� ��� �&2�� LQIRUPDWLRQ� DQG� LWV�

PHDQLQJ� SURYLGHG��� 3ULRU� WR� ([SHULPHQW� ���� D�
VKRUW� JXLGH� ����PLQXWHV�� DQG� ��SDJH� QRWH�ZHUH�
GHOLYHUHG� ZLWK� UHJDUG� WR� PHDQLQJ� RI� &2��
FRQFHQWUDWLRQ�� ,Q� DGGLWLRQ�� ZKHQ� &2��
FRQFHQWUDWLRQ� LV� KLJKHU� WKDQ� �����SSP� DQG�
������SSP�UHVSHFWLYHO\��ILUVW�DQG�VHFRQG�DODUPV�
DSSHDU�LQ�WKH�SRS�XS�ZLQGRZ��

 ([SHULPHQW�����IDNH�&2��LQIRUPDWLRQ�SURYLGHG���
0DQLSXODWHG� &2�� LQIRUPDWLRQ�� L�H��� PHDVXUHG�
&2�� FRQFHQWUDWLRQ� SOXV� ���SSP��ZDV� SURYLGHG�
DQG�RFFXSDQWV¶�EHKDYLRU�ZDV�REVHUYHG��

7DEOH����6WDUW�GDWH�DQG�HQG�GDWH�RI�HDFK�H[SHULPHQW�
�HDFK�VWDUWHG�DW����������DQG�HQGHG�����������
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EXP.  START END AVR. TEMP. (℃) 
OUTDOOR INDOOR 

([S��� ������������ ������������ ����� �����
([S��� ������������ ������������ ����� �����
([S��� ������������ ������������ ����� �����
([S��� ������������ ������������ ����� �����

%\� FRPSDULQJ� ([S�� ��� WR� ���� WKH� LPSDFW� RI�
HQYLURQPHQWDO� LQIRUPDWLRQ� SURYLVLRQ� FDQ� EH�
XQGHUVWRRG��%\�FRPSDULQJ�([S�����WR�����WKH�LPSDFW�
RI�RFFXSDQWV¶�FRJQLWLRQ�LV�EHWWHU�XQGHUVWRRG��([S�����
FDQ�EH�HDVLO\�SUDFWLFHG� LQ�.RUHD�VLQFH� D�ZDOO�SDG� �D�
VPDOO�GLJLWDO�SDG�DWWDFKHG�WR�D�ZDOO�RI�D�OLYLQJ�URRP��
LV�YHU\�SRSXODU��%\�FRPSDULQJ�([S����� WR����� LW�FDQ�
EH�VWXGLHG�WKDW�ZKLFK�LV�PRUH�LQIOXHQWLDO�WR�RFFXSDQWV¶�
UHVSRQVH� EHWZHHQ� HQYLURQPHQWDO� LQIRUPDWLRQ� RU�
HQYLURQPHQW� LWVHOI�� 6LQFH� WKH� SURILOHV� RI� � RXWGRRU�
PHDQ� WHPSHUDWXUH� ZDV� VLPLODU� WR� WKRVH� RI� LQGRRU�
PHDQ� WHPSHUDWXUH� GXULQJ� HDFK� H[SHULPHQW� �7DEOH� ���
)LJXUH�����LW�ZDV�DVVXPHG�WKDW�WKH�UHODWLRQ�ZLWKLQ�WKH�
SHRSOH� UHVSRQVH� DQG� LQWHUQDO�H[WHUQDO� WHPSHUDWXUH� LV�
QHJOLJLEOH��7DEOH����)LJXUH���� �

 
)LJXUH����2XWGRRU�7HPS��RI�HDFK�H[SHULPHQW�

)LJXUH� �� VKRZV� D� SRS�XS� ZLQGRZ� WKDW� SURYLGHV�
LQGRRU� HQYLURQPHQWDO� LQIRUPDWLRQ� �&2��
FRQFHQWUDWLRQ�� LQ� UHDO� WLPH� IRU� HDFK� RFFXSDQW�� 7KH�
SRS�XS� ZDV� SURJUDPPHG� ZLWK� WKH� -$9$� ODQJXDJH�
DQG� LQWHUORFNHG�ZLWK�0\64/�'DWDEDVH� LQ� UHDO� WLPH��
7KH� DXWKRUV� FDQ� PRQLWRU� ZKHWKHU� WKH� SRS�XSV� DUH�
DFWLYH�LQ�RFFXSDQWV¶�PRQLWRUV�YLD�WKH�VHUYHU�RQ�D�UHDO�
WLPH� EDVLV� DQG� UHOHYDQW� ORJ�RQ� GDWD� ZHUH� DUFKLYHG�
GXULQJ� WKH� H[SHULPHQWV��7KH� SRS�XS� DSSOLFDWLRQ�ZDV�
LQVWDOOHG�WR�HDFK�3&�ZLWK�RFFXSDQWV¶�DJUHHPHQW��7KH�
DSSOLFDWLRQ�FDQ�EH�RII� LI�KH�VKH�ZDQWV��%DVHG�RQ� WKH�
SRVW�VXUYH\V�DLP�DW�RFFXSDQWV��LW�ZDV�IRXQG�WKDW�WKH���
RXW� RI� ���RFFXSDQWV�ZHUH�QRW� DZDUH�RI� WKH�PHDQLQJ�
RI�WKH�&2��FRQFHQWUDWLRQ�GXULQJ�WKH�(;3��������

 

�D� SRS�XS�ZLQGRZ�LQ�DQ�RFFXSDQW¶V�PRQLWRU�
�

 

�E�3RS�XS�ZLQGRZ�
)LJXUH����,QIRUPDWLRQ�SURYLGHG�WR�RFFXSDQWV�

%HIRUH� ([S�� ���� 7DEOH� �� ZDV� GLVWULEXWHG� DQG�
H[SODLQHG�WR�DOO�RFFXSDQWV�IRU�D�VKRUW�SHULRG��DERXW���
���PLQXWHV���6RPH�RFFXSDQW� DWWDFKHG�7DEOH��� WR�KLV�
SDUWLWLRQ� VXUIDFH�� :KLOH� LQ� ([S�� ��� WKHUH� ZDV� QR�
DODUP� JUHDWHU� WKDQ� �����SSP�� WKH� SRS�XS� WXUQHG�
\HOORZ� DQG� UHG� ZKHQ� &2�� FRQFHQWUDWLRQ� EHFRPHV�
JUHDWHU�WKDQ������SSP�DQG������SSP�UHVSHFWLYHO\�LQ�
([S������)LJXUH�����
7DEOH����,QIRUPDWLRQ�SURYLGHG�WR�WKH�RFFXSDQWV�
CO2(PPM) REMARK 
�������� FRQFHQWUDWLRQ�OHYHO�RI�RXWGRRU�DLU�

������ $FFHSWDEOH�OHYHO�IRU�YHQWLODWLRQ�DQG�DLU�
TXDOLW\�

������
/LJKW�GLVRUGHU�RI�PHWDEROLVP��GHFOLQHG�
OHDUQLQJ�	�FRQFHQWUDWLRQ�DELOLW\��OLJKW�
KHDGDFKH��GURZVLQHVV�

������
3UHVVXUH�RQ�WKH�
FKHVW��UHVSLUDWLRQ�
GLIILFXOW\��KHDGDFKH�

2[\JHQ� VKRUWDJH�
DQG� DEQRUPDO�
EDODQFH� RI�
R[\JHQ�LQ�EORRG�0RUH�WKDQ�

������
'LIILFXOW�WR�VXUYLYH�

�

    

�D��\HOORZ�DODUP�JUHDWHU�WKDQ������SSP��/HIW���
�E��UHG�DODUP�JUHDWHU�WKDQ������SSP��5LJKW����

)LJXUH����3RS�XS�LQ�([S�����

5(68/76�
)LJXUH� �� LOOXVWUDWHV� WKH� PHDVXUHG� LQGRRU� &2��
FRQFHQWUDWLRQ� DQG� WKH� QXPEHU� RI� RFFXSDQWV� GXULQJ�
WKH� H[SHULPHQWV� IRU� ��� KRXUV� �VDPSOLQJ� WLPH�� ��
PLQXWH��� 7KRXJK� WKH� QXPEHU� RI� RFFXSDQWV� IURP�
([SHULPHQWV� ������ UHPDLQHG� VLPLODU�� WKH� &2��
FRQFHQWUDWLRQ� LV� VLJQLILFDQWO\� GLIIHUHQW� IURP� RQH�
DQRWKHU���
 ([SHULPHQW� ���� 2Q� WKH� ILUVW� GD\� RI� WKH�

H[SHULPHQW�� WKH� &2�� FRQFHQWUDWLRQ� ODUJHO\�
H[FHHGHG������SSP�DQG�UHDFKHG������SSP��2Q�
WKH� VHFRQG� GD\�� LW� UHPDLQHG� XQGHU� �����SSP�
�)LJXUH���D����$FFRUGLQJ�WR�WKH�ZHEFDP�LPDJHV��
WKH� RFFXSDQWV� NHSW� WKH� H[LW� GRRU� RSHQ� PRVW� RI�
WKH� WLPH� GXULQJ� WKH� VHFRQG� GD\�� IRU� ZKLFK� WKH�
UHDVRQ�LV�QRW�GLVFHUQLEOH�WR�WKH�DXWKRUV���

 ([SHULPHQW�����$OWKRXJK�WKH�&2��FRQFHQWUDWLRQ�
ZDV� LQIRUPHG� WR� WKH� RFFXSDQWV�� WKH�
FRQFHQWUDWLRQ� VRPHWLPHV� UHDFKHG� �����SSP�
ZLWK� WKH� LQFUHDVHG� QXPEHU� RI� RFFXSDQWV�� ,Q�
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JHQHUDO��ORZHU�&2��FRQFHQWUDWLRQ�ZDV�PHDVXUHG��
FRPSDUHG�WR�([SHULPHQW�����)LJXUH���E����

 �([SHULPHQW� ���� $IWHU� WKH� ����� PLQXWHV� VKRUW�
JXLGH� DQG� ��SDJH� QRWH� ZDV� GLVWULEXWHG��
RFFXSDQWV’�UHDFWLRQV�VLJQLILFDQWO\�FKDQJHG��7KH\�
WRRN� DFWLYH� DFWLRQV� LQ� RUGHU� WR� NHHS� WKH� LQGRRU�
&2�� FRQFHQWUDWLRQ� XQGHU� �����SSP� �H�J��� WKH\�
NHSW�WKH�ZLQGRZV�DQG�WKH�H[LW�GRRU�RSHQ���$V�D�
UHVXOW�� WKH� &2�� FRQFHQWUDWLRQ� UHPDLQHG� XQGHU�
�����SSP� PRVW� RI� WKH� WLPH�� $OWKRXJK� WKH�
QXPEHU�RI�RFFXSDQWV�ZDV� JUHDWHU� WKDQ���RQ� WKH�
VHFRQG� GD\�� WKH� &2�� FRQFHQWUDWLRQ� ZDV� VWLOO�
UHPDLQHG�XQGHU������SSP���)LJXUH���F�����

 ([SHULPHQW� ���� )DOVH� LQIRUPDWLRQ� RI� &2��
FRQFHQWUDWLRQ������SSP�SOXV�WKH�DFWXDO�RQH��ZDV�
SURYLGHG��7KH�RFFXSDQWV�WRRN�PXFK�PRUH�DFWLYH�
DFWLRQV� IRU� YHQWLODWLRQ� WKDQ� ([S�� ���� $V� D�
FRQVHTXHQFH��WKH�&2��FRQFHQWUDWLRQ�RQ�WKH�ILUVW�
GD\� ZDV� NHSW� XQGHU� ���SSP� �)LJXUH� ��G���� 2Q�
WKH�VHFRQG�GD\��KRZHYHU��WKH�&2��FRQFHQWUDWLRQ�
H[FHHGHG� �����SSP�� ,W� LV� LQWHUHVWLQJ� WKDW� WKH�
RFFXSDQWV� VWRSSHG� WKHLU� YHQWLODWLRQ� HIIRUWV� RQ�

WKH�VHFRQG�GD\�EHFDXVH� WKH\�FRXOGQ¶W� ORZHU� WKH�
LQGRRU�&2��FRQFHQWUDWLRQ� OHVV� WKDQ�������SSP��
2Q�WKH�VHFRQG�GD\��WKH\�FRQFOXGHG�WKDW�VHQVRUV�
DUH�RXW�RI�RUGHU���

%DVHG� RQ� ZKDW� KDV� EHHQ� PHQWLRQHG� DERYH�� ZKDW�
IROORZV�FDQ�EH�LQIHUUHG���
 ,W� LV� LPSRUWDQW� WKDW� RFFXSDQWV� DUH� DFFXUDWHO\�

LQIRUPHG� RI� WKH� LQGRRU� HQYLURQPHQWDO�
LQIRUPDWLRQ� LQ� UHDO� WLPH�� 3URYLGLQJ� LQGRRU�
HQYLURQPHQWDO�LQIRUPDWLRQ� VXFK�DV� WHPSHUDWXUH��
KXPLGLW\�� DQG� &2�� LV� DV� EHQHILFLDO� DV� FXWWLQJ�
HGJH�DXWRPDWLF�FRQWURO�V\VWHPV�IRU�FRPIRUW�DQG�
VDWLVIDFWLRQ��

 )RU� KHDOWK\� HQYLURQPHQW�� SURYLGLQJ� &2��
LQIRUPDWLRQ��ZKLFK�LV�DIIRUGDEOH�ZLWK�����������
DQG� HQDEOLQJ� RFFXSDQWV� WR� DFW� DV� LQWHOOLJHQW�
DJHQWV� PD\� EH� PRUH� UHVSRQVLYH� DQG� HIIHFWLYH�
WKDQ� GHSHQGLQJ� RQ� H[SHQVLYH� DXWRPDWLF�
YHQWLODWLRQ� V\VWHPV�� ,Q� .RUHD�� LQVWDOODWLRQ� RI�
YHQWLODWLRQ� V\VWHPV� LQ� UHVLGHQWLDO� EXLOGLQJV� KDV�
EHFRPH�PDQGDWRU\� VLQFH������ �.02&7�������
5DWKHU� WKDQ� UHVRUWLQJ� WR� PHFKDQLFDO� YHQWLODWLRQ�

�D� ([SHULPHQW�����

�E� ([SHULPHQW������

�F� �([SHULPHQW�������

�G� �([SHULPHQW�����
)LJXUH����5HVXOWV�RI�H[SHULPHQWV 

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

- 1980 -



V\VWHPV�IRU�LQGRRU�DLU�TXDOLW\��LW�PLJKW�EH�EHWWHU�
WR�OHDYH�RFFXSDQWV�WR�EH�FDSDEOH�RI�PDLQWDLQLQJ�
JRRG�DLU�TXDOLW\�DV�WKH\�ZLVK���

 �,I� DSSURSULDWH� JXLGH� DQG� NQRZOHGJH� DUH�
GHOLYHUHG�DORQJ�ZLWK�HQYLURQPHQWDO�LQIRUPDWLRQ��
WKH�EHQHILW�ZLOO�EH�PXOWLSOLHG��

Stochastic analysis 
7KH� LQGRRU� &2�� FRQFHQWUDWLRQ� LV� DIIHFWHG� E\� WKH�
UHVSLUDWLRQ� RI� WKH� RFFXSDQWV�� 7DEOH� �� VKRZV� WKH�
IUHTXHQF\�RI�WKH�QXPEHU�RI�RFFXSDQWV��7KH�GDWD�ZLWK�
WKH� OHDVW� VWDQGDUG� GHYLDWLRQ�� ZKLFK� LV� SHUWDLQLQJ� WR�
µHTXDO�WR�RU�PRUH�WKDQ�ILYH�RFFXSDQWV�¶�ZDV�XVHG�IRU�
WKH�IROORZLQJ�DQDO\VLV���
�7DEOH����)UHTXHQF\�RI�WKH�QXPEHU�RI�RFFXSDQWV��7KH�
YDOXH�PHDVXUHG�HYHU\�RQH�PLQXWH�ZDV�DJJUHJDWHG�IRU�
WKH�LQWHUYDO�RI�WHQ�PLQXWHV��7KHUHIRUH��WKH�QXPEHU�RI�
VDPSOHV�IRU�HDFK�H[SHULPHQW�LV���WLPHV�KRXU�����

KRXUV� ������

)LJXUH� ��� VKRZV� WKH� UHVXOWV� LQ� D� SUREDELOLW\� GHQVLW\�
IXQFWLRQ�� $� /RJQRUPDO� IXQFWLRQ� LQ� 0$7/$%� ZDV�
XVHG� IRU� JHQHUDWLQJ� SUREDELOLW\� GLVWULEXWLRQ� FXUYH�
VLQFH� WKH� 3� YDOXH� RI� .�6� �.ROPRJRURY�6PLUQRY��
IURP�WKH�ORJQRUPDO�IXQFWLRQ�LV�ILQHVW���

$V� VKRZQ� LQ� )LJXUH� ���� WKH� &2�� FRQFHQWUDWLRQ� LQ�
([S�� ��� LV� ORZHU� WKDQ� WKDW� LQ� ([SHULPHQW� ��� LQ�
JHQHUDO�� 7KH� DYHUDJHV� RI� &2�� FRQFHQWUDWLRQ� DUH�
�����SSP� �([S������ DQG����SSP��([S������� DQG� WKH�
SUREDELOLWLHV� H[FHHGLQJ� �����SSP� DUH� ������ �([S��
���� DQG� ������ �([S�� ���� UHVSHFWLYHO\�� ,W� FDQ� EH�
LQIHUUHG�WKDW�RFFXSDQWV�WDNH�DFWLYH�YHQWLODWLRQ�DFWLRQV�
ZLWK�HQYLURQPHQWDO�LQIRUPDWLRQ�SURYLGHG��
'XULQJ� ([S�� ���� WKH� LQGRRU� &2�� FRQFHQWUDWLRQ�
EHFDPH�KLJKHU� WKDQ������SSP�GXH� WR� WKH�RFFXSDQW¶V�
ODFN�RI�NQRZOHGJH�RQ�WKH�DSSURSULDWH�&2��OHYHO��,W�LV�
LQWULJXLQJ�WKDW�D�PDMRULW\�RI�WKH�RFFXSDQWV�ZDQWHG�WR�
NQRZ� ZKDW� WKH� DSSURSULDWH� &2�� OHYHO� LV� DIWHU� WKH�
SRS�XS�DSSOLFDWLRQ�KDG�EHHQ�LQVWDOOHG��)LJXUH������
�)RXU� RXW� RI� HOHYHQ� RFFXSDQWV� FXULRXVO\� DVNHG� WKH�
DXWKRUV� WKH� DSSURSULDWH� &2�� OHYHO� EXW� QR� DQVZHUV�

ZHUH� SURYLGHG� GXULQJ� ([S�� ���� $OWKRXJK� WKH�
RFFXSDQWV� ZHUH� QRW� DZDUH� RI� WKH� DSSURSULDWH� &2��
OHYHO�� WKH\� VKRZHG� WKHLU� LQWHUHVWV� LQ� &2�� OHYHO� DQG�
DFFRUGLQJO\�WRRN�DFWLRQV�WR�GHFUHDVH�WKH�&2��OHYHO��
�%HIRUH�([S�����WKH�EULHI�JXLGH�DQG���SDJH�QRWH�ZHUH�
SURYLGHG� �7DEOH� ���� 7KH� RFFXSDQWV� EHLQJ� DZDUH� RI�
&2�� OHYHO� WRRN� YHQWLODWLRQ� DFWLRQV� ZLWK� WKH� SRS�XS�
DODUPV�� 7KHUHIRUH�� WKH� IUHTXHQF\� H[FHHGLQJ�
�����SSP� ZDV� RQO\� WKUHH� WLPHV�� ZKLFK� ZDV�
VXUSULVLQJO\� DV� ORZ� DV� ������ 7KH� PD[LPXP� DQG�
DYHUDJH� &2�� FRQFHQWUDWLRQV� DUH� �����SSP� DQG�
���SSP�� 7KLV� LV� FRQWUDU\� WR� ([S�� ��� ZKHUH� WKH�
PD[LPXP� DQG� DYHUDJH� &2�� FRQFHQWUDWLRQV� DUH�
�����SSP�DQG����SSP� �7DEOH����� ,W� FDQ�EH� LQIHUUHG�
WKDW� RFFXSDQWV� WRRN� PRUH� µHIIHFWLYH� DQG� LQWHOOLJHQW¶�
DFWLRQV� GXULQJ� ([S�� ��� WKDQ� GXULQJ� ([S�� ��� ZKHQ�
FRPSDULVRQ� LV� PDGH� LQ� WHUPV� RI� &2�� FRQFHQWUDWLRQ�
VWDQGDUG� GHYLDWLRQV� DQG� WKH� SUREDELOLWLHV� H[FHHGLQJ�
������SSP��7DEOH������
,W� LV� LQWHUHVWLQJ� WKDW� WKH�PRVW� IUHTXHQW� OHYHO� RI�([S��
��� LV� �������SSP�� ZKLOH� WKDW� RI� ([S�� ��� LV� ����
���SSP�� 7KLV� SURYLGHV� PHDQLQJIXO� LPSOLFDWLRQ� WKDW�
ZKHQ� DSSURSULDWH� LQIRUPDWLRQ� DQG� NQRZOHGJH� DUH�
SURYLGHG��WKH�RFFXSDQWV�WXUQ�LQWR�LQWHOOLJHQW�DJHQWV�LQ�
WHUPV� RI� KHDOWK\� HQYLURQPHQW�� ,Q� FDVH� RI� D�
PHFKDQLFDO� YHQWLODWLRQ� V\VWHP� LQVWDOOHG� DW� D�
UHVLGHQWLDO� EXLOGLQJ�� RFFXSDQWV� IUHTXHQWO\� ILQG� LW�
GLIILFXOW�WR�GHWHUPLQH�ZKHQ�WR�WXUQ�RQ�RU�WXUQ�RII�WKH�
YHQWLODWLRQ�V\VWHP��,W�LV�YHU\�OLNHO\�WR�EULQJ�H[FHVVLYH�
RXWGRRU�DLU�LI�FXUUHQW�LQGRRU�&2��FRQFHQWUDWLRQ�DQG�D�
JXLGH�OLNH�7DEOH���DUH�QRW�SURYLGHG���
�2Q�WKH�ILUVW�GD\�RI�([S������RFFXSDQWV�FRQWLQXRXVO\�
WRRN�YHQWLODWLRQ�DFWLRQV��H�J���RSHQLQJ�WKH�H[LW�GRRU�RU�
ZLQGRZV��� %DVHG� RQ� WKH� DXWKRUV¶� REVHUYDWLRQ� �H�J���
IUHTXHQW�YLVLW�WR�WKH�ODE��LQWHUYLHZV���PRUH�YHQWLODWLRQ�
DFWLRQV� ZHUH� WDNHQ� LQ� ([S�� ��� WKDQ� LQ� ([S�� ����
7KHUHIRUH�� WKH� DFWXDO� &2�� FRQFHQWUDWLRQ� ZDV�
FRQWLQXRXVO\�NHSW�EHWZHHQ�����DQG�����SSP� RQ� WKH�
ILUVW� GD\� RI� WKH� H[SHULPHQW�� DQG� WKH� PRVW� IUHTXHQW�
OHYHO�LV�EHWZHHQ�����DQG����SSP��7DEOH�����+RZHYHU��
RQ� WKH� VHFRQG�GD\�� WKH�RFFXSDQWV�FRQFOXGHG� WKDW� WKH�
SRS�XS�RU�WKH�VHQVRUV�PLJKW�EH�PDOIXQFWLRQLQJ�VLQFH�
WKH� &2�� FRQFHQWUDWLRQ� GLG� QRW� IDOO� XQGHU� �����SSP�
GHVSLWH�WKH�RSHQLQJ�RI�WKH�ZLQGRZV�DQG�WKH�GRRU��$V�
D�UHVXOW��WKH\�WXUQHG�RII�WKH�SRS�XS�RU�VWRSSHG�WDNLQJ�
YHQWLODWLRQ�DFWLRQV�RQ�WKH�VHFRQG�GD\��7KH�SUREDELOLW\�
H[FHHGLQJ������SSP� LQFUHDVHG� IURP�������([S������
WR��������([S������DFFRUGLQJO\��7DEOH�����7KH�LQGRRU�
&2�� FRQFHQWUDWLRQ� HYHQ� UHDFKHG� D� PD[LPXP� RI�

NO. OF 
OCCUPANTS 

EXP
. #1 

EXP
. #2 

EXP
. #3 

EXP
. #4 

AVR
. 

STD
. 

0RUH�WKDQ�RU�
HTXDO�WR��� ��� ��� ���� ��� ����� �����

0RUH�WKDQ�RU�
HTXDO�WR��� ��� ��� ��� ��� ����� �����

0RUH�WKDQ�RU�
HTXDO�WR��� ��� ��� ��� ��� ����� �����

7DEOH���&RPSDULVRQ�EHWZHHQ�H[SHULPHQWV���$YHUDJH�QXPEHU�RI�RFFXSDQWV�GXULQJ�RUGLQDU\�RIILFH�KRXUV��IURP�
��WR������DQG�SUREDELOLW\�WKDW�&2��FRQFHQWUDWLRQ�H[FHHGV�������ZKHQ�RFFXSDQWV�DUH�PRUH�WKDQ����

 EXP. #1 EXP. #2 EXP. #3 EXP. #4 
AVERAGE NUMBER OF OCCUPANTS ����� ����� ����� �����

MININUM (PPM) ���� ���� ���� ����
AVRERAGE (PPM) ������ ���� ���� ����
MAXIMUM (PPM) ������ ������ ������ ������

STANDARD DEVIATION (PPM) ���� ���� ���� ����
MOST FREQUENT LEVEL (PPM) ������������ �������� �������� ��������

PROBABILITY EXCEEDING 1,000PPM  ������ ������ ����� ������

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

- 1981 -



�����SSP��'XH� WR� VXFK� SKHQRPHQRQ� RQ� WKH� VHFRQG�
GD\�� WKH� VWDQGDUG� GHYLDWLRQ� LQFUHDVHG� IURP� ���SSP�
�([S�� ���� WR� ���SSP� �7DEOH�����$V� WKH� H[SHULPHQWV�
ZHUH� PDGH� LQ� RUGHU�� WKH� RFFXSDQWV� PRUH� RU� OHVV�
OHDUQHG� WKH� UHODWLRQVKLS� EHWZHHQ� WKHLU� YHQWLODWLRQ�
DFWLRQV� DQG� WKH� &2�� FRQFHQWUDWLRQ�� $V� VXFK�
UHODWLRQVKLS� FKDQJHG�� WKH\� VWRSSHG� WKH� DFWLRQV��7KLV�
FOHDUO\� VKRZV� WKDW� RFFXSDQWV� DUH� QRW� µVWDWLF¶� EXW�
µLQWHOOLJHQWO\�G\QDPLF¶�DQG�FDOOV�VLJQLILFDQW�DWWHQWLRQ�
WR� KRZ� WR� DFFRXQW� IRU� FRJQLWLYH� UHVSRQVH� RI� KXPDQ�
EHLQJV�LQ�EXLOGLQJ�SHUIRUPDQFH�VLPXODWLRQ���

 

)LJXUH������&2��FRQFHWUDLRQ�DQDO\VLV�

6,08/$7,21�
�2QH� RI� WKH�PDLQ� WKHPHV� LQ� WKLV� SDSHU� LV� WR� DGGUHVV�
XUJHQW� QHHG� WR� UHIOHFW� WKH� DIRUHPHQWLRQHG� FRJQLWLYH�
UHVSRQVH� RI� RFFXSDQWV� IRU� EHWWHU� EXLOGLQJ�
SHUIRUPDQFH� VLPXODWLRQ�� ,Q� WKLV� VHFWLRQ�� WKH� DXWKRUV�
ZDQW� WR� GHPRQVWUDWH� LPSRUWDQFH� RI� RFFXSDQWV¶�
UHVSRQVH���
$IWHU� WKH� IRXU� H[SHULPHQWV�� WKH� VLPXODWLRQ� UXQ�ZHUH�
PDGH�� 7KH� JHRPHWULF� WKHUPDO� LQIRUPDWLRQ� RI� WKH�
ODERUDWRU\� ZDV� PRGHOHG� LQ� (QHUJ\3OXV� ����� 7KH�
PHDVXUHG� RFFXSDQW
V� VFKHGXOH� DQG� PHWHRURORJLFDO�
GDWD� �.0$� ������ ZHUH� XVHG� IRU� WKH� IROORZLQJ�
VLPXODWLRQ� VWXG\�� 2FFXSDQWV¶� YHQWLODWLRQ� DFWLRQV�
�RSHQLQJ�FORVLQJ� WKH� ZLQGRZV� DQG� GRRU�� DQG� WKHLU�
LQIOXHQFH� RQ� RXWGRRU� DLU� UDWH� HQWHULQJ� WKH� ODE� ZHUH�
PRGHOHG� XVLQJ� LQILOWUDWLRQ� VFKHGXOH�� 7KH� LQILOWUDWLRQ�
UDWH� DW� HDFK� WLPH�VWHS�ZDV�GHWHUPLQHG�VR� WKDW� µ=RQH�
$LU� &DUERQ� 'LR[LGH� &RQFHQWUDWLRQ�¶� RQH� RI� WKH�
VLPXODWLRQ� UHVXOWV� LQ� (QHUJ\3OXV�� ZRXOG� PDWFK� WKH�
DFWXDO� PHDVXUHG� &2�� FRQFHQWUDWLRQ�� %H� QRWHG� WKDW�
([S�� ��� ZDV� DGGHG� WR� 7DEOH� �� IRU� FRPSDULVRQ� RI�
FRJQLWLYH� DJHQW� VLPXODWLRQ� �([S�� ������� WR� D�
WUDGLWLRQDO�VLPXODWLRQ�DSSURDFK��([S�����UHSUHVHQWV�D�
WUDQGLWLRQDO� � DSSURDFK�� VFKHGXOHV� RI� RFFXSDQWV��
HTXLSPHQW�DQG�OLJKWLQJ�IROORZ�$6+5$(���������7KH�
LQGRRU�YHQWLODWLRQ�UDWH�ZDV�VHW�WR�����$LU�&KDQJHV�SHU�
+RXU� �.02&7� ������� 7ZR� GLIIHUHQW� PRGHOLQJ�
DSSURDFKHV� �WUDGLWLRQDO� DSSURDFK� >([S�� ��@� YV��
RFFSXDQW�EDVHG�DSSURDFK�>([S������@��ZHUH�VKRZQ�LQ�
)LJXUH������

 

)LJXUH������6LPXODWLRQ�SURFHVV�
7KH� IROORZLQJ� VLPSOH� RSWLPL]DWLRQ� IRUPXODWLRQ� ZDV�
XVHG�IRU�HVWLPDWH�LQILOWUDWLRQ�PRGHO���
�

PLQ>� � � � � �@7- 0 , 0 , � ����
�

:KHUH��
-��FRVW�IXQFWLRQ��
0��YHFWRU�RI�PHDVXUHG�&2��FRQFHQWUDWLRQ���
,��YHFWRU�RI�VLPXODWHG�&2��FRQFHQWUDWLRQ���
7��WUDQVSRVH��

�

7KH� IROORZLQJ� LQILOWUDWLRQ�PRGHO� LQ� (QHUJ\3OXV� ZDV�
VHOHFWHG�IRU�WKLV�VWXG\��'XH�WR�ODFN�RI�LQIRUPDWLRQ�RQ�
$��%��&��DQG�'��)0,1&21��RQH�RI�WKH�RSWLPL]DWLRQ�
URXWLQHV�LQ�0$7/$%�ZDV�XVHG���

 
  �� � � � �

    
 

      

, , )GHVLJQ VFK

$ % 7 7 & :LQG ' :LQG]RQH RXW

�
����

�

)LJXUH� ��� VKRZV� WKH� VLPXODWLRQ� UHVXOWV� RI� &2��
FRQFHQWUDWLRQ�� 7KHUH� ZDV� D� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� WKH� PHDVXUHG�� VLPXODWHG� �GHQRWHG� E\�
µZLWKRXW� (T�� ���¶�� DQG� FDOLEUDWHG� �GHQRWHG� E\� µZLWK�
(T�����¶����

 

)LJXUH�����6LPXODWLRQ�UHVXOW�RI�&2� 
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�

:LWK� WKH� DIRUHPHQWLRQHG� FDOLEUDWLRQ� SURFHVV� DV�
GHSLFWHG�LQ�)LJXUH�����WKH�VLPXODWHG�&2��ZHUH�PDGH�
FORVH� WR� PHDVXUHG� GDWD� IRU� HDFK� H[SHULPHQW��
2FFXSDQW� EHKDYLRU� GXULQJ� HDFK� H[SHULPHQW� ZHUH��
VLPXODWHG�IRU�WZR�GD\V�DV�VKRZQ�LQ�7DEOH�����
 ([S�� ���� 7KH� HQHUJ\� XVH� IRU� ([S�� ��� ����NZK�

DQG� ����NZK� �7DEOH� ���� &RPSDUHG� WR� RWKHU�
H[SHULPHQWV��([S�����UHSUHVHQWV�WKH�OHDVW�HQHUJ\�
FRQVXPSWLRQ� GXH� WR� ORZHVW�
LQILOWUDWLRQ�YHQWLODWLRQ� UDWH� DQG� LV� VLPLODU� WR� WKH�
UHVXOWV�RI�([S�������

 ([S�� ���� 6LQFH� PRUH� YHQWLODWLRQ� DFWLRQV� ZHUH�
WDNHQ� FRPSDUHG� WR� ([S�� ���� WKH� DYHUDJH� RI�
FRROLQJ� HQHUJ\� FRQVXPSWLRQ� GXULQJ� GD\V�
LQFUHDVHG�IURP������WR�����NZK��7DEOH�����

 ([S������'XH�WR�RFFXSDQWV¶�EHLQJ�DZDUH�RI�&2��
FRQFHQWUDWLRQ�DQG�LWV�LPSDFW��YHQWLODWLRQ�DFWLRQV�
ZHUH� WDNHQ� DFWLYHO\� WR� NHHS� WKH� LQGRRU� &2��
FRQFHQWUDWLRQ� OHVV� WKDQ� �����SSP�� $V� D� UHVXOW��
WKH� DYHUDJH� HQHUJ\� FRQVXPSWLRQ� LV� DV�PXFK� DV�
����NZK�� 6LQFH� WKH� RFFXSDQWV� WRRN� YHQWLODWLRQ�
DFWLRQV� PRUH� DFWLYHO\� DQG� UHJXODUO\� RQ� WKH�
VHFRQG� GD\� RI� WKH� ([SHULPHQW�� WKH� HQHUJ\�
FRQVXPSWLRQ� RQ� WKH� VHFRQG� GD\� ZDV� KLJKHU� E\�
���NZK� WKDQ�RQ� WKDW� RQ� WKH� ILUVW� GD\� �7DEOH�����
7KLV� PHDQV� WKDW� HYHQ� ZLWK� WKH� VDPH� FRJQLWLYH�
DJHQW�HQHUJ\�VLPXODWLRQ�PRGHO��VXFK�VLJQLILFDQW�
GLIIHUHQFH��DERXW��NZK��PD\�H[LVW���

 ([S������6LQFH�RFFXSDQWV�ZHUH� LQIRUPHG�RI� WKH�
PDQLSXODWHG�&2��FRQFHQWUDWLRQ�LQIRUPDWLRQ��WKH�
HQHUJ\� FRQVXPSWLRQ� LQFUHDVHG� WR� ����NZK� RQ�
WKH� ILUVW� GD\�� $V� WKH� RFFXSDQWV� VWRSSHG�
YHQWLODWLRQ�DFWLRQV�RQ�WKH�VHFRQG�GD\��WKH�HQHUJ\�
FRQVXPSWLRQ� GUDVWLFDOO\� GURSSHG� WR� ����NZK�
�7DEOH� ���� 7KLV� PHDQV� WZRIROG�� ���� RFFXSDQWV�
DUH� D� YHU\� GRPLQDQW� DQG� LQWHOOLJHQW� DJHQW� LQ�
EXLOGLQJ� HQHUJ\� XVH�� ���� PDO�IXQFWLRQLQJ�
VHQVRUV�V\VWHPV�HTXLSPHQW� FDQ� VLJQLILFDQWO\��
FKDQJH� WKH� ODQGVFDSH� ZH� YLHZ� E\� OHQV� RI�
EXLOGLQJ�VLPXODWLRQ���

%DVHG�RQ�WKH�GLVFXVVLRQ�DERYH��WKH�IROORZLQJ�FDQ�EH�
LQIHUUHG���
 7KH� WUDGLWLRQDO� �FRQYHQWLRQDO�� DSSURDFK� �([S��

����VLJQLILFDQWO\�GLIIHUV�IURP�WKRVH�WKDW�FRQVLGHU�
FRJQLWLYH�DJHQWV�LQ�EXLOGLQJ��)RU�WKH�QH[W�GHFDGH��
VLPXODWLQJ� VXFK� DJHQW� LV� YHU\� XUJHQW� IRU� EHWWHU�

SUHGLFWLRQ�DQG�SHUIRUPDQFH�DVVHVVPHQW���
 :KHQ�LQGRRU�&2��LQIRUPDWLRQ�DQG� LWV�PHDQLQJ�

ZHUH� SURYLGHG�� HQHUJ\� FRQVXPSWLRQ� ZDV�
LQFUHDVHG��FRQWUDU\�WR�RXU�H[SHFWDWLRQ��+RZHYHU��
SOHDVH� EH� QRWHG� WKDW� WKH� H[SHULPHQWV� ZHUH�
FRQGXFWHG� LQ� WKH� VPDOO� DQG� GHQVHO\� SRSXODWHG�
ODERUDWRU\��7KH�HQHUJ\�XVH�FRXOG�EH�UHYHUVH�LI�LW�
KDG�EHHQ�GRQH�LQ�D�ODUJH�DQG�VSDUVHO\�SRSXODWHG�
RU�UDQGRPO\�RFFXSLHG�VSDFH���

 6PDUW� GHYLFHV� DUH� ZLGHO\� DGRSWHG� LQ�
$UFKLWHFWXUH���(QJLQHHULQJ���&RQVWUXFWLRQ��$(&��
LQGXVWU\� DQG� VRRQHU� RU� ODWHU� RFFXSDQWV� ZLOO� EH�
DEOH� WR� FKHFN� WKH� LQGRRU� HQYLURQPHQW�
XELTXLWRXVO\�� DQ\ZKHUH� DQ\WLPH�� ,W� PHDQV� WKDW�
RFFXSDQWV�ZLOO�DFW�DV�QRW�VWDWLF�EXW�G\QDPLF�DQG�
LQWHOOLJHQW� DJHQWV� LQ� EXLOGLQJV�� )XWXUH� EXLOGLQJ�
VLPXODWLRQ� PXVW� FKDOOHQJH� WR� UHSUHVHQW� VXFK�
DJHQWV¶� EHKDYLRU� DQG� UHVSRQVH� LQ� EXLOGLQJ�
VLPXODWLRQ���

&21&/86,216�
7KLV�SDSHU�H[DPLQHG�WKH�LPSDFW�RI�SURYLGLQJ�LQGRRU�
HQYLURQPHQWDO� LQIRUPDWLRQ� DQG� NQRZOHGJH� XSRQ� WKH�
RFFXSDQWV¶� EHKDYLRUV� DQG� UHVSRQVH�� ,W� DOVR� DLPHG� WR�
GLVFRYHU� WKH� LQIOXHQFH� RI� RFFXSDQWV¶� EHKDYLRUV� DQG�
UHVSRQVH� RQ� WKH� EXLOGLQJ� HQHUJ\� VLPXODWLRQ��
7KHUHIRUH�� D� WRWDO� RI� IRXU� H[SHULPHQWV� ZHUH�
SHUIRUPHG�DQG�WKHLU�UHVXOWV�ZHUH�DQDO\]HG��%DVHG�RQ�
WKH�H[SHULPHQWV��VLPXODWLRQ�UXQV�ZHUH�PDGH���
$V�D�UHVXOW��RFFXSDQWV¶�DZDUHQHVV�DQG�EHKDYLRU�KDYH�
FKDQJHG� WKURXJK� WKH� SURYLVLRQ� RI� LQGRRU�
HQYLURQPHQWDO� LQIRUPDWLRQ� DQG� NQRZOHGJH�� ,Q�
SDUWLFXODU�� WKHLU� FRJQLWLYH� UHVSRQVH� WR� NHHS� WKH�&2��
FRQFHQWUDWLRQ�XQGHU������SSP�VKRZV� WKDW�RFFXSDQWV�
FDQ� EHFRPH� LQWHOOLJHQW� DJHQWV� ZKHQ� ULFKHU�
LQIRUPDWLRQ� ��WKH� LQIRUPDWLRQ� ZLWK� NQRZOHGJH��� LV�
SURYLGHG��6XFK�FRJQLWLYH�UHVSRQVH�DQG�DFWLRQV�RI�WKH�
RFFXSDQWV� JUHDWO\� LQIOXHQFH� WKH� EXLOGLQJ¶V� HQHUJ\�
FRQVXPSWLRQ�� ZKLFK� PXVW� EH� UHIOHFWHG� LQ� WUDGLWLRQDO�
EXLOGLQJ�VLPXODWLRQ���

$&.12:/('*(0(17�
7KLV� ZRUN� LV� ILQDQFLDOO\� VXSSRUWHG� E\� WKH� .RUHD�
0LQLVWHU� RI� 0LQLVWU\� RI� /DQG�� 7UDQVSRUW� DQG�
0DULWLPH� $IIDLUV� �0/70�� DV� ³8�&LW\� 0DVWHU� DQG�
'RFWRU�&RXUVH�*UDQW�3URJUDP´�
�

7DEOH���6LPXODWLRQ�UHVXOWV��ZHDWKHU�GDWD�EHWZHHQ���������������������a���������������������ZHUH�XVHG��
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8VH�.ZK�� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

&RPSDUH�
([S��������� �� �� ����� ������ ������ ������ ������ ������ ������ �����
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�5()(5(1&(6�
$6+5$(���$16,� ��$6+5$(�6WDQGDUG��������������

(QHUJ\� VWDQGDUG� IRU� EXLOGLQJ� H[FHSW� ORZ�ULVH�
UHVLGHQWLDO�EXLOGLQJV��86$��$WODQWD�

$6+5$(� �������� $6+5$(� 6WDQGDUG� ������
9HQWLODWLRQ� IRU� $FFHSWDEOH� ,QGRRU� $LU� 4XDOLW\��
$PHULFDQ�6RFLHW\�RI�+HDWLQJ��5HIULJHUDWLQJ�DQG�
$LU�&RQGLWLRQLQJ�(QJLQHHUV�,QF���$WODQWD��86$�

�$6+5$(� �������� $6+5$(� +DQGERRN —
IXQGDPHQWDOV�� $PHULFDQ� 6RFLHW\� RI� +HDWLQJ��
5HIULJHUDWLQJ� DQG� $LU�&RQGLWLRQLQJ� (QJLQHHUV�
,QF���$WODQWD��86$�

%RXUJHRLV�'���5HLQKDUW�&��DQG�0DFGRQDOG�,�� ��������
$GGLQJ� DGYDQFHG� EHKDYLRXUDO� PRGHOV� LQ� ZKROH�
EXLOGLQJ� HQHUJ\� VLPXODWLRQ�� D� VWXG\�RQ� WKH� WRWDO�
HQHUJ\�LPSDFW�RI�PDQXDO�DQG�DXWRPDWHG�OLJKWLQJ�
FRQWURO�� (QHUJ\� DQG� %XLOGLQJV� 9RO����� 1R����
SS���������

&OLQWRQ� -�$��� 'DQLHO� <��� 8WD� .��� -HQQLIHU� $�6�� DQG�
5LFKDUG� (�:�� �������� 'HVLJQLQJ� EXLOGLQJV� IRU�
UHDO� RFFXSDQWV��$Q� DJHQW�EDVHG� DSSURDFK�� ,(((�
7UDQVDFWLRQV� RQ� V\VWHPV��PDQ�� DQG� F\EHUQHWLFV�
SDUW�$��V\VWHPV�DQG�KXPDQV��SS������

)XMLL� +�� DQG� 7DQLPRWR� -�� �������� ,QWHJUDWLRQ� RI�
EXLOGLQJ� VLPXODWLRQ� DQG� DJHQW� VLPXODWLRQ� IRU�
H[SORUDWLRQ� WR� HQYLURQPHQWDOO\� V\PELRWLF�
DUFKLWHFWXUH�� %XLOGLQJ� DQG� (QYLURQPHQW� 9RO�����
1R����SS����������

,%36$� ������������� 3URFHHGLQJV� RI� WKH� ,%36$�
�,QWHUQDWLRQDO� %XLOGLQJ� 3HUIRUPDQFH� 6LPXODWLRQ�
$VVRFLDWLRQ��FRQIHUHQFH��’����’����‘����’����

.DVKLI� $�;�+��� %LQK� /��� 'XJGDOH� -�� DQG� 3ORL[� 6��
�������� $JHQW� EDVHG� IUDPHZRUN� WR� VLPXODWH�
LQKDELWDQWV
� EHKDYLRXU� LQ� GRPHVWLF� VHWWLQJV� IRU�
HQHUJ\� PDQDJHPHQW�� ,&$$57� �����
�,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $JHQWV� DQG�
$UWILFLDO�,QWHOOLJHQFH���,WDO\��

.(&2� �������� ,QGRRU� DLU� TXDOLW\� WHVW� VWDQGDUGV�
SURFHVV� ��������� 6HRXO�� .RUHD�� .RUHD�
(QYLURQPHQW�&RUSRUDWLRQ��

.LP�� -�+��� 3DUN�� 6�/��� .LP�� '�:�� DQG� 3DUN�� &�6��
�������� $JHQW�EDVHG� %XLOGLQJ� (QHUJ\�
6LPXODWLRQ�� -RXUQDO� RI�$UFKLWHFWXUDO� ,QVWLWXWH� RI�
.RUHD��9RO����1R����SS���������

.LP�� <�-�� DQG� �3DUN�� &�6���������� 3UREDELOLVWLF�
3UHGLFWLRQ�RI�2FFXSDQWV’�3UHVHQFH�LQ�5HVLGHQWLDO�
'ZHOOLQJV�� 3URFHHGLQJV� RI� WKH� ��WK�
52209(17� &RQIHUHQFH�� 0D\� ������� %XVDQ��
6RXWK�.RUHD��SS���������

.0$���������2EVHUYHG�PHWHRURORJLFDO�GDWD���6XZRQ��
.RUHD�� .RUHD� 0HWHRURORJLFDO�
$GPLQLVWUDWLRQ�KWWS���ZZZ�NPD�JR�NU�ZHDWKHU�R
EVHUYDWLRQ���

.02&7���������9HQWLODWLRQ�6WDQGDUG�IRU�5HVLGHQWLDO�
%XLOGLQJV� ������������� 6HRXO�� .RUHD�� .RUHDQ�
0LQLVWU\�2I�&RQVWUXFWLRQ�DQG�7UDQVSRUWDWLRQ��LQ�
.RUHDQ���

0DKGDYL� $�� DQG� 3URJOKRI� &�� �������� 7RZDUG�
HPSLULFDOO\�EDVHG� PRGHOV� RI� SHRSOH’V� SUHVHQFH�
DQG� DFWLRQV� LQ� EXLOGLQJV�� 3URFHHGLQJV� RI�
%XLOGLQJ�6LPXODWLRQ��6FRWODQG����SS���������

3DJH�-���5RELQVRQ�'���0RUHO�1��DQG�6FDUWH]]LQL�-�/���
�������� $� JHQHUDOLVHG� VWRFKDVWLF� PRGHO� IRU� WKH�
SUHGLFWLRQ� RI� RFFXSDQW� SUHVHQFH�� (QHUJ\� DQG�
%XLOGLQJV��9RO�����1R����SS�������

3DUN��6DQJ�/LQ��.LP��-�+���.LP��'�:�DQG�3DUN��&�6��
�������� 6WRFKDVWLF� DQG� &RJQLWLYH� $JHQW�EDVHG�
%XLOGLQJ� (QHUJ\� 6LPXODWLRQ�� -RXUQDO� RI�
$UFKLWHFWXUDO� ,QVWLWXWH� RI� .RUHD� 9RO���� 1R���
SS���������

6LHUKXLV� 0��� &ODQFH\� :�-�� DQG� +RRI� 9�5�� ��������
%5$+06�$�PXOWL�DJHQW�PRGHOOLQJ�HQYLURQPHQW�
IRU� VLPXODWLQJ� ZRUN� SURFHVVHV� DQG� SUDFWLFHV��
,QWHUQDWLRQDO� -RXUQDO� RI� 6LPXODWLRQ� DQG� 3URFHVV�
0RGHOOLQJ�

=KXQ�<���%HQMDPLQ�&�0�)��� )DULERU]�+���+LURVKL�<��
DQG�(GZDUG�0�� ��������$� V\VWHPDWLF� SURFHGXUH�
WR� VWXG\� WKH� LQIOXHQFH� RI� RFFXSDQW� EHKDYLRU� RQ�
EXLOGLQJ� HQHUJ\� FRQVXPSWLRQ�� (QHUJ\� DQG�
%XLOGLQJV�9RO�����1R����SS�����������

�
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