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$%675$&7�
0RGHOV� RI� 8.� KRXVHV� KDYH� EHHQ� FUHDWHG� DW� QLQH�
OHYHOV�RI�GHWDLO��WR�VWXG\�WKH�LPSDFWV�RQ�WKH�FRPSXWHG�
HQHUJ\� FRQVXPSWLRQ�� 7KH� UHVXOWV� ZLOO� LQIRUP� DQ�
HYDOXDWLRQ� RI� DOWHUQDWLYH� PHWKRGV� RI� ODUJH�VFDOH�
G\QDPLF� VWRFN� PRGHOOLQJ�� 7KH� OHYHOV� UHIOHFW� WKH�
VKRUWDJH�RI�VXLWDEOH�GDWD�DW�RQH�HQG�RI� WKH�VFDOH�DQG�
WKH�HIIRUW�LQYROYHG�LQ�LPSOHPHQWLQJ�D�GHWDLOHG�PRGHO�
DW�WKH�RWKHU���
6LPXODWLRQV� XVLQJ� (QHUJ\3OXV� VKRZHG� WKDW� D� EXLOW�
IRUP�EDVHG�RQ�WKH�WUXH�EXLOGLQJ�IRRWSULQW��DORQJ�ZLWK�
WKH� LQFOXVLRQ� RI� ZLQGRZ� IUDPHV� DQG� D� VHSDUDWHO\�
]RQHG� OLYLQJ� DUHD�� EURXJKW� WKH� FRPSXWHG� DQQXDO�
HQHUJ\� GHPDQG� ZLWKLQ� DERXW� ���� RI� WKH� EHVW�
HVWLPDWH�� +LJKHU� DFFXUDF\� ZDV� DVVRFLDWHG� ZLWK� WKH�
LQFOXVLRQ� RI� FRPSOHWH� ]RQLQJ�� VRSKLVWLFDWHG� JURXQG�
IORRU�KHDW�ORVV�DQG�KLJK�OHYHOV�RI�DUFKLWHFWXUDO�GHWDLO���

,1752'8&7,21�
7KH� FRPELQDWLRQ� RI� LQFUHDVLQJ� XUEDQL]DWLRQ� DQG� WKH�
QHHG� WR� UHGXFH� &2�� HPLVVLRQV� KDV� OHG� WR� WKH�
HPHUJHQFH�RI�WKH�6(&85(�SURMHFW��6(&85(��������
,WV�DLP�LV�WR�VWXG\�WKH�HQHUJ\�DQG�UHVRXUFH�IORZV�RI�D�
ZKROH�(QJOLVK�UHJLRQ�DQG� WR�GHWHUPLQH� WKH�H[WHQW� WR�
ZKLFK�LW�FDQ�EH�VHOI�VXSSRUWLQJ��
7KH� UHJLRQ� RI� LQWHUHVW� LV� WKH� 1RUWK� (DVW�� ZLWK� D�
SRSXODWLRQ�RI�����PLOOLRQ� OLYLQJ� LQ�DERXW�����PLOOLRQ�
KRPHV�� ,W� LQFOXGHV� VHYHUDO� ODUJH� WRZQV� DQG� FLWLHV�
LQFOXGLQJ� 1HZFDVWOH�� *DWHVKHDG�� 'XUKDP��
6XQGHUODQG� DQG� 0LGGOHVEURXJK�� DORQJ� ZLWK� ODUJH�
UXUDO�DUHDV�ZLWK� ORZ�SRSXODWLRQV��2QH�PDMRU�DUHD�RI�
VWXG\� LV� WKH� HQHUJ\� FRQVXPSWLRQ� DQG� FRUUHVSRQGLQJ�
&2�� HPLVVLRQV� DVVRFLDWHG� ZLWK� WKH� KRPHV� LQ� WKH�
UHJLRQ�� DQG� WKH� SURVSHFWV� IRU� GHPDQG� UHGXFWLRQ�
WKURXJK� HQHUJ\� HIILFLHQF\�PHDVXUHV� DQG� ORZ�FDUERQ�
HQHUJ\�V\VWHPV��
&XUUHQW� DSSURDFKHV� LQ� ERWWRP�XS� GRPHVWLF� VWRFN�
PRGHOOLQJ�LQ�WKH�8.�W\SLFDOO\�HPSOR\�VWHDG\�VWDWH�RU�
TXDVL�VWHDG\� VWDWH� FDOFXODWLRQV� WR� FRPSXWH� HQHUJ\�
GHPDQGV�RQ�D�PRQWKO\�RU�\HDUO\�EDVLV�DV�UHYLHZHG�E\�
.DYJLF� HW� DO�� �������� ([DPSOHV� DUH� %5(+20(6�
�6KRUURFN� DQG� 'XQVWHU� ������� 8.'&0� �%RDUGPDQ�
HW� DO�� ������� '(&DUE� �1DWDUDMDQ� DQG� /HYHUPRUH�
������� &'(0� �)LUWK� HW� DO�� ������ DQG� WKH� &$5�
KRXVLQJ� PRGHO� �&$5� ������ +XJKHV� HW� DO�� �������
7\SLFDO� XVHV� DUH� WR� HVWLPDWH� HPLVVLRQV� DQG� HYDOXDWH�

WKH� SRWHQWLDO� LPSDFW� RI� ODUJH�VFDOH� UHIXUELVKPHQW�
VWUDWHJLHV���
+RZHYHU�� VWHDG\� VWDWH� PHWKRGV� DUH� QRW� DSSURSULDWH�
IRU�VWXG\LQJ�WKH�WUDQVLHQW�EHKDYLRXU�WKDW�FDQ�DULVH�LQ�D�
UDQJH�RI�LPSRUWDQW�FLUFXPVWDQFHV��VXFK�DV�VKRUW�WHUP�
FKDQJHV� LQ� WKH�ZHDWKHU�RU�GLVUXSWLRQV� WR�SDUWV�RI� WKH�
HQHUJ\�VXSSO\��7KHUH�DUH�DOVR�DVSHFWV�RI�QHW�IORZV�RI�
JDV��HOHFWULFLW\�DQG�RWKHU�UHVRXUFHV�WKDW�UHTXLUH�D�IXOO\�
WLPH�GHSHQGHQW� DSSURDFK� WR� FDSWXUH� LPSRUWDQW�
EHKDYLRXUV�� ([DPSOHV� DUH� GLVWULFW� KHDWLQJ�� KHDW�
VWRUDJH�� WKH� FKDUJLQJ� RI� HOHFWULF� FDUV�� HPEHGGHG�
HOHFWULFLW\� JHQHUDWLRQ�� DQG� WKH� EHKDYLRXU� DQG�
PDQDJHPHQW�RI�VPDUW�JULGV��

02'(//,1*�$3352$&+�
+DYLQJ� HVWDEOLVKHG� WKDW� WKHUH� LV� D� FDVH� IRU� G\QDPLF�
PRGHOOLQJ�RI�WKH�EXLOGLQJ�VWRFN��DQ�DSSURDFK�QHHGV�WR�
EH� HVWDEOLVKHG�� 7KHUH� DUH� WZR� PDLQ� PHWKRGV� RI�
FDUU\LQJ�RXW�VWRFN�PRGHOOLQJ��2QH�LV�WR�UHSUHVHQW�VHWV�
RI�GZHOOLQJ�W\SHV�E\�ZHOO�VSHFLILHG�PRGHOV�NQRZQ�DV�
³DUFKHW\SHV´��7KHVH�PD\�QRW�PDWFK�DQ\�VSHFLILF�UHDO�
GZHOOLQJ� EXW� DUH� QHYHUWKHOHVV� DVVXPHG� WR� EHKDYH� LQ�
DQ� DYHUDJH�ZD\� VXFK� WKDW�ZKHQ� WKH�EHKDYLRXUV� �H�J��
HQHUJ\� FRQVXPSWLRQV�� RI� WKH� DUFKHW\SHV� DUH�
FRPELQHG� LQ� SURSRUWLRQ� WR� WKH� SRSXODWLRQ� LQ� WKH�
UHJLRQ�RI�LQWHUHVW��WKH�WRWDO�LV�DQ�DFFXUDWH�UHIOHFWLRQ�RI�
WKH�KRXVLQJ� VWRFN��$Q�H[DPSOH� LV� WKH�&'(0�PRGHO�
RI�)LUWK�HW�DO���������ZKLFK�XVHG����DUFKHW\SHV�EDVHG�
RQ�EXLOGLQJ�DJH�EDQG�DQG�KRXVH�W\SH��WKH�ODWWHU�XVLQJ�
WKH� DUFKHW\SHV� GHILQHG� E\�$OOHQ� DQG�3LQQH\� ��������
$UFKHW\SH� DSSURDFKHV� KDYH� DOVR� EHHQ� XVHG� E\��
DPRQJ� RWKHUV�� 3DUHNK� �������� =KDR� HW� DO�� ��������
)DPX\LER� HW� DO�� ������� DQG� 0DYURJLDQQL� HW� DO��
���������
$Q�DOWHUQDWLYH�VWRFN�PRGHOOLQJ�DSSURDFK�LV�WR�PRGHO�
UHODWLYHO\�ODUJH�QXPEHUV�RI�VDPSOHV�RI�UHDO�GZHOOLQJV��
7KLV�³DFWXDO�EXLOGLQJ�VDPSOHV´�DSSURDFK�� UHIHUUHG� WR�
KHUHDIWHU�DV�$%6��ZDV�XVHG�E\�6ZDQ�HW�DO���������WR�
VXSSO\� WKH� (63�U� G\QDPLF� PRGHOOLQJ� WRRO� IURP� DQ�
H[LVWLQJ� GDWDEDVH� RI� QHDUO\� ������� UHDO� &DQDGLDQ�
KRXVHV�� +RZHYHU�� WKH� GDWDEDVH� GLG� QRW� FRQWDLQ�
VXIILFLHQW� JHRPHWULFDO� GDWD� WR� FUHDWH� D� GHWDLOHG� IORRU�
SODQ� OD\RXW� �6ZDQ� ������� OHDGLQJ� WR� WKH� QHHG� IRU� D�
³UHFWDQJXODUL]DWLRQ�SURFHVV´� WR�FUHDWH�VLPSOH�PRGHOV�
FRQVLVWHQW�ZLWK�WKH�YDOXH�DYDLODEOH�IRU�WKH�IORRU�DUHD���
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$Q�DWWHPSW�ZDV�PDGH�WR�XVH�D�VLQJOH�WKHUPDO�]RQH�LQ�
OLQH� ZLWK� WKH� ILQGLQJ� RI� 3XUG\� DQG� %HDXVROHLO�
0RUULVRQ��������WKDW�WKH�LPSDFW�RI�VXFK�DQ�DSSURDFK�
RQ� WKH� PRGHOOLQJ� DFFXUDF\� ZDV� VPDOO�� %XW� ZKHQ�
FRPELQHG� ZLWK� WKH� UHFWDQJXODUL]DWLRQ� SURFHVV�� WKLV�
DSSURDFK� OHG� WR� D� ORVV� RI� DFFXUDF\� LQ� WKH� PRGHO� RI�
6ZDQ�HW�DO���DQG�DV�D�UHVXOW�D�]RQH�ZDV�XVHG�RQ�HDFK�
IORRU��
7KH�PRVW�H[SHGLHQW�DSSURDFK�WR�XVH�LQ�WKH�6(&85(�
SURMHFW� LV� QRW� FXUUHQWO\� FOHDU�� VLQFH� ERWK� PHWKRGV�
KDYH� DGYDQWDJHV� DQG� GLVDGYDQWDJHV�� ,Q� EURDG� WHUPV��
WKH� FKRLFH� LV� EHWZHHQ� FUHDWLQJ� D� ODUJH� QXPEHU� RI�
PRGHOV� IRU�ZKLFK� WKH�EXLOW� IRUP� DQG� LQWHUQDO� GHWDLOV�
DUH� HVWLPDWHG�� RU� D� VPDOO� QXPEHU� IRU� ZKLFK� WKHVH�
DVSHFWV� DUH� UHSUHVHQWHG� SUHFLVHO\�� ,Q� DGGLWLRQ�� WKHUH�
DUH�PDQ\�RWKHU�DVSHFWV�WR�FRQVLGHU��VXFK�DV�WKH�DELOLW\�
WR� LQFRUSRUDWH� IXWXUH� WHFKQLFDO� GHYHORSPHQWV�� GDWD�
DYDLODELOLW\� ERWK� QRZ� DQG� LQ� WKH� IXWXUH�� DQG� WKH�
VRIWZDUH� GHYHORSPHQW� HIIRUW� DQG� FRPSXWLQJ�
UHVRXUFHV�UHTXLUHG���
2QH�LPSRUWDQW�FRQWULEXWRU�WR�WKH�GHFLVLRQ�LV�WKH�OHYHO�
RI� GHWDLO� UHTXLUHG� LQ� WKH� EXLOGLQJ�PRGHOV� WR� DFKLHYH�
VXIILFLHQWO\�DFFXUDWH�UHVXOWV��,I�PRUH�GHWDLO�LV�UHTXLUHG�
WKDQ�DYDLODEOH�LQ�WKH�GDWDEDVHV�WKDW�ZRXOG�EH�XVHG�IRU�
DQ�$%6� DSSURDFK� WKHQ� DQ� DUFKHW\SH� EDVLV�PLJKW� EH�
SUHIHUUHG�� (YHQ� LI� WKH� GDWD� DUH� DYDLODEOH�� FRPSXWLQJ�
UHVRXUFH� LVVXHV� �VSHHG� DQG� VWRUDJH�� RU� WKH� HIIRUW�
UHTXLUHG� WR� FRQVWUXFW� WKH� $%6� PRGHOV� PLJKW� PDNH�
VXFK�DQ�DSSURDFK�LPSUDFWLFDEOH��RU�DW�OHDVW�H[SHQVLYH��
7KHVH�SRLQWV�DUH�VWXGLHG�LQ�WKH�SUHVHQW�SDSHU���
$� IXUWKHU� FRQVLGHUDWLRQ�� QRW� FRQVLGHUHG�KHUH�EXW� WKH�
VXEMHFW�RI�SODQQHG�ZRUN�LQ�WKH�IXWXUH��LV�WKH�DELOLW\�RI�
WKH� G\QDPLF� EHKDYLRXU� RI� DQ� DUFKHW\SH� PRGHO� WR�
UHSUHVHQW�WKDW�RI�D�UHDO�SRSXODWLRQ�RI�GZHOOLQJV��,Q�WKH�
FXUUHQW�ZRUN� WKLV�ZRXOG�EH� WKH�FOXVWHUV�RI����������
KRPHV�LQ�D�/RZHU�/D\HU�6XSHU�2XWSXW�$UHD���

3$5$0(75,&�$1$/<6,6�
$� PRGHOOLQJ� H[HUFLVH� ZDV� FDUULHG� RXW� WR� SURYLGH�
LQIRUPDWLRQ� DERXW� WKH� LPSDFW� RI� GLIIHUHQW� OHYHOV� RI�
GHWDLO� RQ� WKH� HQHUJ\� FRQVXPSWLRQ� DQG� UXQ� WLPH�RI� D�
VHW�RI�KRXVH�PRGHOV���
7KH� OHYHOV� ZHUH� FKRVHQ� WR� UHSUHVHQW� ERWK� GDWD�
DYDLODELOLW\�DQG�YDULDWLRQV�LQ�GHWDLO�XVHG�WR�UHSUHVHQW�
KRXVHV�� DQG�VR�FDSWXUH� VRPH�RI� WKH� LPSRUWDQW� LVVXHV�
WKDW� ZLOO� EH� WDNHQ� LQWR� DFFRXQW� ZKHQ� FKRRVLQJ�
EHWZHHQ�DQ�DUFKHW\SH�RU�$%6�DSSURDFK���

7KH�GZHOOLQJ�W\SHV�VLPXODWHG�ZHUH�WZR�VWRUH\�QRUWK�
IDFLQJ� KRXVHV� EDVHG� RQ� WKH� SHULRG� WHUUDFH�� VHPL�
GHWDFKHG� DQG� GHWDFKHG� KRXVH� DUFKHW\SHV� GHILQHG� E\�
$OOHQ� DQG� 3LQQH\� �������� 1LQH� YDULDQWV� RI� HDFK� RI�
WKHVH�GHVLJQV�DOORZHG�WKH�LPSDFW�RI�PRGHOOLQJ�GHWDLO�
RQ� DQQXDO� HQHUJ\� FRQVXPSWLRQ� DQG� UXQ� WLPH� WR� EH�
DVVHVVHG��7KH�YDULDQWV�DUH�OLVWHG�EHORZ�DQG�LOOXVWUDWHG�
LQ�)LJ����IRU�WKH�SHULRG�WHUUDFH��ZLWK�WKH�OHYHO�RI�GHWDLO�
LQFUHDVLQJ�IURP�OHIW�WR�ULJKW���
7KH�GHWDLOV�RI�WKH�YDULDQWV�DUH�DV�IROORZV���
�� 7KH� VLPSOHVW� FDVH�� XVLQJ� MXVW� WKH� JURXQG� IORRU�

DUHD��*)$��IURP�WKH�EXLOGLQJ�GDWDEDVH�WR�GHILQH�
D� VTXDUH� EXLOGLQJ� IRRWSULQW�� VR� WKDW� WKH� ZDOO�
OHQJWKV� DUH� WKH� VTXDUH� URRW� RI� WKH� *)$�� (DFK�
IORRU� IRUPV� D� VLQJOH� ]RQH� �+RSNLQV� �������
:LQGRZ� DUHD� LV� GLVWULEXWHG� HTXDOO\� EHWZHHQ� WKH�
�IURQW� DQG� UHDU�� H[SRVHG� ZDOOV�� ZLQGRZV� DUH�
SODFHG� FHQWUDOO\� LQ� HDFK� VXUIDFH�� )URQW� DQG� UHDU�
H[WHUQDO�GRRUV�DUH�SODFHG�RQ�WKH�OHIW�RI�WKH�KRXVH�
ZKHQ�YLHZHG�IURP�WKH�IURQW��

�� $� UHFWDQJXODU� EXLOGLQJ� IRRWSULQW� ZLWK� DQ� DVSHFW�
UDWLR�RI�����LV�FDOFXODWHG�IURP�WKH�*)$��ZLWK�WKH�
OHQJWK�RI� WKH�IURQW� IDoDGH�VKRUWHU� WKDQ� WKH�IURQW�
WR�EDFN� GLVWDQFH�� $OO� RWKHU� DVVXPSWLRQV� DUH� WKH�
VDPH�DV�9DULDQW�����

�� $V�9DULDQW���EXW�ZLWK�WKH�DVSHFW�UDWLR�RI�WKH�EDVH�
UHFWDQJOH�DGMXVWHG�WR�HQVXUH�WKH�DUHD�RI�WKH�SDUW\�
ZDOOV� LV� FRUUHFW�� 7KLV� OHYHO� RI� PRGHOOLQJ� LV�
RPLWWHG�IRU�GHWDFKHG�EXLOGLQJV�EHFDXVH�WKH\�KDYH�
QR�SDUW\�ZDOO��

�� 7KH�IRRWSULQW�RI�WKH�DFWXDO�EXLOGLQJ�LV�XVHG��7KLV�
PLJKW� EH� WDNHQ� IURP� GLJLWDO� PDSSLQJ� GDWD�� IRU�
H[DPSOH�� DV� GRQH� E\� =KDR� HW� DO�� �������� 7KH�
UHVXOW�LV�SUHFLVH�OHQJWKV�RI�DOO�RXWHU�ZDOOV���

�� 6LPSOH� ZLQGRZ� IUDPHV� DQG� GLYLGHUV� DUH� DGGHG��
UHSODFLQJ� ZDOO� DUHD� �VR� WKDW� WKH� JOD]HG� DUHD�
UHPDLQV� FRQVWDQW��� 7KH� DLP� LV� WR� GHWHUPLQH� WKH�
QHHG�IRU�GHWDLOHG�JOD]LQJ��

�� $�³OLYLQJ�]RQH´�LV�LQWURGXFHG�WR�WKH�JURXQG�IORRU��
7KLV� UHIOHFWV� WKH� PXOWL�]RQH� PRGHO� RI� WKH� 8.�
6WDQGDUG� $VVHVVPHQW� 3URFHGXUH� �6$3�� ZKLFK�
GHILQHV�WZR�]RQHV��WKH�OLYLQJ�DUHD�DQG�WKH�UHVW�RI�
GZHOOLQJ�� IRU� ZKLFK� GLIIHUHQW� VSDFH� KHDWLQJ�
VFKHPHV� DUH� DSSOLHG�� 7KH� ³WUXH´� OLYLQJ� DUHD�� DV�
GHILQHG�E\�$OOHQ�DQG�3LQQH\���������LV�XVHG�KHUH�
WR� HQVXUH� WKH� VXEVHTXHQW� FRPSDULVRQ� SURYLGHV�
WKH�JUHDWHVW�YDOXH��

Figure 1 Variants of the Allen and Pinney period terrace 
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�� (DFK� GZHOOLQJ� LV� IXOO\� LQWHUQDOO\� ]RQHG� �HDFK�
LQGLYLGXDO�URRP�LV�D�WKHUPDO�]RQH���0DQ\�VWXGLHV�
KDYH� XVHG� H[HPSODU� KRXVHV� DW� WKLV� OHYHO� RI�
VRSKLVWLFDWLRQ�LQ�ZKLFK�EXLOGLQJV�DUH�VXIILFLHQWO\�
ZHOO� GHVFULEHG� WKDW� GHWDLOHG� RFFXSDQF\�� OLJKWLQJ�
DQG� DSSOLDQFH� ORDG� VFKHGXOHV� PD\� EH�
LQYHVWLJDWHG��

�� 5DWKHU� WKDQ� WKH� VLPSOH� PRQWKO\� JURXQG�
WHPSHUDWXUH� DSSURDFK� �D� JURXQG� WHPSHUDWXUH�
REMHFW� ZLWK� D� WHPSHUDWXUH� VHWWLQJ� RI� ��� &��
IROORZLQJ� WKH� GHIDXOW� XVHG� E\� 'HVLJQ%XLOGHU���
WKH� (QHUJ\3OXV� JURXQG� VODE� SUH�SURFHVVLQJ� WRRO�
LV� XVHG�� 7KLV� GHSDUWXUH� IURP� GHIDXOW� RSWLRQV��
ZKLOH�RQO\�UHTXLULQJ�VHYHQ�DGGLWLRQDO�(QHUJ\3OXV�
REMHFWV��ZRXOG�IRUFH�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�
FRPSXWDWLRQDO�FRPSOH[LW\�VLQFH�PRQWKO\�LQWHUQDO�
WHPSHUDWXUHV�PXVW� EH� ILUVW� HVWLPDWHG� DQG�SDVVHG�
DV�SDUDPHWHUV�WR�WKH�VODE�REMHFW���

�� 0RVW�RI�WKH�GHWDLO�GHVFULEHG�E\�$OOHQ�DQG�3LQQH\�
������� LV� UHSUHVHQWHG�� LQFOXGLQJ� FRUUHFWO\� VL]HG�
ZLQGRZV�DQG�ED\�ZLQGRZV�ZKHUH�SUHVHQW���

�

�
Figure 2 Detached house, Variant 9 

�
7KH�OHYHO�RI�GHWDLO�LQFOXGHG�LQ�9DULDQW���LV�LOOXVWUDWHG�
LQ�)LJ�����ZKLFK�GHSLFWV�WKH�$OOHQ�DQG�3LQQH\�
GHWDFKHG�KRXVH��
7KH� HIIHFWV� RI� WKHVH� FKDQJHV� RQ� WKH� EXLOGLQJ�
HQYHORSHV� RI� WKH� WKUHH� KRXVH� W\SHV� DUH� VKRZQ� LQ�
7DEOH�����
,W� LV� ZRUWK� QRWLQJ� WKDW� DOWKRXJK� WKH� JURVV� H[SRVHG�
ZDOO�DUHD��WKDW� LV�� WKH�DUHD�RI�ZDOO�SOXV�ZLQGRZV��RI�
WKH� SHULRG� WHUUDFH� LV� VPDOOHU� WKDQ� WKDW� RI� WKH� VHPL�
GHWDFKHG�� LWV� FRQGLWLRQHG� IORRU� DUHD� DQG� YROXPH� DUH�
ERWK�ODUJHU��

0(7+2'2/2*<�
7KH� G\QDPLF� WKHUPDO� PRGHOOLQJ� WRRO� DGRSWHG� ZDV�
(QHUJ\3OXV� EHFDXVH� LW� LV� ZHOO�UHJDUGHG�� ZHOO�
VXSSRUWHG� DQG� FDSDEOH� RI� RSHUDWLQJ� DW� D� UDQJH� RI�
OHYHOV� RI� FRPSOH[LW\�� 9HUVLRQ� ���������� ZDV� XVHG��

ZLWK� WKH� VDPH�ZHDWKHU� ILOH�� IRU�/HLFHVWHU��8.�� LQ�DOO�
VLPXODWLRQV���
7KH� DQQXDO� KHDWLQJ� HQHUJ\� GHPDQG� ZDV� GHWHUPLQHG�
IRU� WKH� WKUHH� GHILQHG� KRXVH� W\SHV�� GHWDFKHG�� VHPL�
GHWDFKHG� DQG� SHULRG� WHUUDFH�� XVLQJ� WKH� YDULDWLRQV�
GHILQHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� 6ROLG� ZDOO�
FRQVWUXFWLRQ�ZDV�DVVXPHG�LQ�DOO�VLPXODWLRQV���
�

Table 1 
External Envelope Details�

�
7KH�VDPH�FRQYHFWLYH�KHDW�WUDQVIHU�DOJRULWKPV��7$53�
IRU� LQWHUQDO� VXUIDFHV� DQG� 'R(��� IRU� H[WHUQDO�� ZHUH�
XVHG�IRU�DOO�VLPXODWLRQV��7KH�FKRLFH�ZDV�QRW�FUXFLDO��
EHFDXVH� WKH� PDLQ� DLP� LQ� WKH� SUHVHQW� ZRUN� ZDV� WR�
FRPSDUH� WKH� HIIHFW� RQ� WKH� UHVXOWV� RI� FKDQJHV� LQ� WKH�
OHYHO� RI� GHWDLO� EHLQJ� PRGHOOHG�� 7KH� DSSURSULDWH�
FKRLFH�RI� FRQYHFWLRQ�KHDW� WUDQVIHU� DOJRULWKP�ZLOO� EH�
WKH�VXEMHFW�RI�IXWXUH�ZRUN��
7KH� LQILOWUDWLRQ�ZDV� NHSW� FRQVWDQW� LQ� DOO� VLPXODWLRQV�
DW�����DFK��DLU�FKDQJHV�SHU�KRXU��LQ�FRQGLWLRQHG�DUHDV�
DQG�����DFK�LQ�WKH�URRIV��
,Q�DOO�FDVHV�D�KHDWLQJ�VFKHGXOH�ZDV�XVHG�LQ�ZKLFK�WKH�
KHDWLQJ� LV� VZLWFKHG� RQ� EHWZHHQ� �� DQG� �� D�P�� DQG� ��
DQG����S�P��GXULQJ�WKH�ZHHN�DQG�EHWZHHQ���D�P��DQG�
��� S�P�� DW� ZHHNHQGV�� ,Q� WKH� ODWHU� YDULDQWV� ���
RQZDUGV���WZR�VHWSRLQW�WHPSHUDWXUHV�ZHUH�XVHG�����&�
LQ�WKH�OLYLQJ�URRP�DQG����&�HOVHZKHUH��,Q�WKH�HDUOLHU�
YDULDQWV�ZKLFK�GLG�QRW� KDYH� D� GHILQHG� OLYLQJ� DUHD�� D�
IORRU�DUHD�ZHLJKWHG�PHDQ�WHPSHUDWXUH�ZDV�FDOFXODWHG�
XVLQJ�WKH�DUHD�RI� WKH�OLYLQJ�URRP�XVHG�VXEVHTXHQWO\��
7KLV�WHPSHUDWXUH�ZDV�FORVH�WR������&�IRU�HDFK�KRXVH�
W\SH���
+HDWLQJ� ZDV� PRGHOOHG� XVLQJ� DQ� LGHDO� ORDGV� V\VWHP�
ZKLFK� VXSSOLHG� SUHFLVHO\� WKH� HQHUJ\� UHTXLUHG� WR�
PDLQWDLQ�WKH�VHWSRLQW�WHPSHUDWXUH�LQ�HDFK�]RQH�GXULQJ�
WKH�KHDWLQJ�SHULRG���
)RU�VLPSOLFLW\��WKHUH�ZHUH�QR�FDVXDO�JDLQV�IURP�HLWKHU�
RFFXSDQWV� RU� OLJKWLQJ� DQG� DSSOLDQFH� XVDJH�� PDNLQJ�
WKH� KHDWLQJ� VFKHGXOH� WKH� RQO\� DVSHFW� RI� RFFXSDQF\�
LQFOXGHG��

Property House 
type 

Variant 

1 2 3 4-8 9 

Gross 
exp wall 
area / m2 

Terrace 66.9 52.9 47.5 62.8 63.0 
Semi 110.2 96.4 97.7 97.3 103.4 
Detached 137.2 140.8 - 141.7 144.7 

Party 
wall area 
/ m2 

Terrace 66.9 84.7 94.4 105.1 105.1 
Semi 30.7 38.3 38.9 33.4 33.4 
Detached 0.0 0.0 - 0.0 0.0 

Floor 
area / m2 

Terrace 86.1 86.2 86.2 86.3 87.5 
Semi 85.3 83.0 85.4 83.2 85.5 
Detached 100.0 99.8 - 100.0 102.8 

Volume / 
m3 

Terrace 219.5 219.7 219.8 216.0 222.1 
Semi 200.4 195.0 200.5 195.6 201.0 
Detached 242.4 242.0 - 242.5 249.3 
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5(68/76�
Energy demand 
7KH�DQQXDO�VSDFH�KHDWLQJ�HQHUJ\�GHPDQG�IRU�WKH�QLQH�
YDULDQWV�RI�WKH�WKUHH�KRXVH�W\SHV�LV�VKRZQ�LQ�)LJ������
6HYHUDO� IHDWXUHV� DUH� ZRUWK� QRWLQJ�� )LUVW�� WKH� SHULRG�
WHUUDFH� DQG� WKH� VHPL�GHWDFKHG� KRXVH� KDYH� VLPLODU�
HQHUJ\� FRQVXPSWLRQV� DW� DOO� VWDJHV�� 7KLV� FDQ� EH�
DWWULEXWHG� WR� D� EDODQFH� EHWZHHQ� WZR� KHDW� ORVV�
PHFKDQLVPV��:KLOH� WKH� VHPL�GHWDFKHG�KRXVH� VXIIHUV�
JUHDWHU�IDEULF�KHDW�ORVV�GXH�WR�LWV�ODUJHU�H[SRVHG�DUHD��
WKH� KLJKHU� YROXPH� RI� WKH� WHUUDFHG� KRXVH� OHDGV� WR�
KLJKHU�YHQWLODWLRQ�KHDW�ORVV���
�

�
Figure 3 Annual heating energy demand 

 
6HFRQG�� WKH� UDQJH� RI� WKH� YDOXHV� RI� DQQXDO� KHDWLQJ�
HQHUJ\� FRQVXPSWLRQ� UHVXOWLQJ� IURP� WKH� FKDQJHV�
EHWZHHQ�WKH�YDULDQWV�LV�DERXW�����RI�WKH�PHDQ�YDOXH�
IRU� WKH� VHPL�GHWDFKHG� DQG� GHWDFKHG� KRXVHV�� DQG�
VOLJKWO\�KLJKHU�DW�DERXW�����IRU�WKH�SHULRG�WHUUDFH��
7KH� UHGXFLQJ� WUHQG� LQ� HQHUJ\� FRQVXPSWLRQ� IRU� WKH�
SHULRG�WHUUDFH�LQ�9DULDQWV���WR���FDQ�EH�DWWULEXWHG�WR�D�
GHFUHDVLQJ� H[SRVHG� DUHD� DQG� LQFUHDVLQJ� SDUW\� ZDOO�
DUHD� DV� VKRZQ� LQ� 7DEOH� ��� 7KH� WUHQG� UHYHUVHV� LQ�
9DULDQW� ��� ZKHUH� DOWKRXJK� WKH� SDUW\� ZDOO� DUHD�
LQFUHDVHV� VOLJKWO\�� WKH� H[SRVHG� ZDOO� DUHD� ULVHV�
VKDUSO\���
7KHUH� LV� D� JHQHUDO� WUHQG� LQ� DOO� WKUHH�KRXVH� W\SHV� IRU�
WKH� DQQXDO� HQHUJ\� FRQVXPSWLRQ� WR� LQFUHDVH� ZLWK�
YDULDQW�QXPEHU� IURP��� WR����ZLWK�VRPH� OHYHOOLQJ�RII�
DIWHUZDUGV���

Run time 
)LJXUH� �� VKRZV� WKH� LPSDFW� RI� WKH�PRGHO� FRPSOH[LW\�
RQ� FRPSXWHU� UXQ� WLPH�� 7KH� YDOXH� UHWXUQHG� E\�
(QHUJ\3OXV� LV� DFWXDOO\� DQ� HODSVHG� WLPH� DQG� VR�
GHSHQGV�RQ�RWKHU�SURFHVVHV�EHLQJ�FDUULHG�RXW�E\� WKH�
FRPSXWHU�� 7KH� GDWD� SUHVHQWHG� VKRXOG� WKHUHIRUH� EH�
VHHQ�DV�LQGLFDWLYH�UDWKHU�WKDQ�SUHFLVH��
$OO�VLPXODWLRQV�ZHUH�SHUIRUPHG�RQ�WKH�VDPH�PDFKLQH�
�DQ� +3� 3UR%RRN� ����E� UXQQLQJ� D� &RUH� L������0�
&38� DW� ���*+]� ZLWK� �*%� 5$0��� 7KH� H[HFXWLRQ�
WLPH�LV�VKRZQ�IRU�HDFK�YDULDQW�RI�HDFK�EXLOGLQJ��7KH�
PDLQ� LQFUHDVHV� LQ�H[HFXWLRQ� WLPH�RFFXU�ZLWK�9DULDQW�
�� �LQWHUQDO� ]RQLQJ�� DQG�� IRU� WKH� GHWDFKHG� KRXVH��

9DULDQW��� �KLJK� OHYHOV�RI�GHWDLO� LQFOXGLQJ�D�FRPSOH[�
ED\�ZLQGRZ����
�

�
Figure 4 Simulation run times 

�

',6&866,21�
Impacts of changes in detail 
7KH�PDLQ�DLP�RI�WKH�SUHVHQW�ZRUN�ZDV�WR�H[DPLQH�WKH�
LPSDFW� RI� YDULDWLRQV� LQ� WKH� OHYHO� RI�PRGHOOLQJ�GHWDLO�
RQ� WKH� DQQXDO� HQHUJ\� GHPDQG� DQG� DOVR� RQ� WKH� UXQ�
WLPH�� 9DULDQW� �� FDQ� EH� WDNHQ� DV� WKH� PRVW� DFFXUDWH�
UHSUHVHQWDWLRQ�RI� WKH� WKUHH�$OOHQ�DQG�3LQQH\�KRXVHV��
DQG� WKH� GLVFUHSDQFLHV� LQ� WKH� HQHUJ\� FRQVXPSWLRQ�
YDOXHV� IRU� WKH� HDUOLHU� YDULDQWV� WKHUHIRUH� JLYH� D�
PHDVXUH�RI�WKHLU�SHUIRUPDQFH���
7DEOH� �� SUHVHQWV� WKH� GHJUHH� E\� ZKLFK� WKH� HDUOLHU�
YDULDQWV� XQGHUHVWLPDWH� WKH� HQHUJ\� FRQVXPSWLRQ�
SUHGLFWHG�E\�9DULDQW����
�

Table 2  
Underestimation of Variant 9  

energy consumption 

Variant Period 
Terrace 

Semi-
detached Detached 

1 14.9% 16.2% 19.1% 

2 21.4% 19.0% 17.6% 

3 23.9% 16.1% - 

4 12.7% 18.8% 16.8% 

5 8.9% 15.3% 14.0% 

6 4.6% 12.3% 9.1% 

7 1.2% 8.5% 0.4% 

8 2.6% 6.9% 0.9% 

9 0.0% 0.0% 0.0% 

�
%\� 9DULDQW� ��� DOO� UHVXOWV� DUH� FORVH� WR� EHLQJ� ZLWKLQ�
����RI�WKH�9DULDQW���YDOXH��9DULDQW���LV�WKH�SRLQW�DW�
ZKLFK�D�VHSDUDWHO\�]RQHG�OLYLQJ�DUHD�LV�LQWURGXFHG��
)LJXUH� �� VKRZV� WKDW� VRPH� VKDUS� ULVHV� LQ�
FRPSXWDWLRQDO� UXQ� WLPH� RFFXU� DIWHU� 9DULDQW� ���
$OWKRXJK� WKHVH� ILJXUHV� DUH� DSSUR[LPDWH�� DV�
PHQWLRQHG�HDUOLHU��WKH�LQGLFDWLRQV�DUH�WKDW�LI�UXQ�WLPH�
ZDV� DQ� LVVXH�� 9DULDQW� �� FRXOG� UHSUHVHQW� D� JRRG�
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FRPSURPLVH� LI� VXLWDEOH� GDWD�ZHUH� DYDLODEOH� WR� DOORZ�
LWV�FDOFXODWLRQ���
Feasibility of the ABS approach 
7KH� GLVFXVVLRQ� VR� IDU� KDV� FRYHUHG� HQHUJ\�
FRQVXPSWLRQ� DQG� UXQ� WLPH� EXW�� DV� QRWHG� HDUOLHU�� WKH�
FKRLFH� RI� OHYHO� RI� GHWDLO� ZLOO� KDYH� PDQ\� RWKHU�
FRQVHTXHQFHV�� :KLOH� KLJK� GHWDLO� OHYHOV� PD\� EH�
DFKLHYDEOH� IRU� DQ� DUFKHW\SH� DSSURDFK� EHFDXVH� WKH�
QXPEHU� RI� PRGHOV� FDQ� EH� ORZ� HQRXJK� WR� DOORZ�
PDQXDO� GDWD� FROOHFWLRQ�� WKH� VDPH� LV� QRW� WUXH� RI� WKH�
$%6�DSSURDFK��DQG�WKLV�VHFWLRQ�RI�WKH�GLVFXVVLRQ�ZLOO�
IRFXV� RQ� WKH� IHDVLELOLW\� RI� LPSOHPHQWLQJ� WKH� ODWWHU�
PHWKRG���
7KH�KLJKHU� OHYHOV�RI�GHWDLO�PD\�UHTXLUH�GDWD� WKDW�DUH�
XQDYDLODEOH� RU� LPSUDFWLFDEOH� WR� REWDLQ� IRU� WKH�
QXPEHUV�RI�PRGHOV�UHTXLUHG�E\�WKH�$%6�DSSURDFK��VR�
WKDW�LQIHUHQFH�PHWKRGV�EHFRPH�QHFHVVDU\��7KLV�FRXOG�
FRQVLGHUDEO\� LQFUHDVH� WKH� PRGHOOLQJ� HIIRUW� EHFDXVH�
UREXVW� DOJRULWKPV� WKDW� SURGXFH� UHDOLVWLF� RXWSXWV�� H�J��
RI�URRP�VKDSHV�DQG�VL]HV��ZLOO�EH�UHTXLUHG���
,Q� WKLV� FRQWH[W�� LW� LV� LQWHUHVWLQJ� WR� FRQVLGHU� WKH�
SRVVLELOLWLHV� RIIHUHG� E\� WKH� (QJOLVK�+RXVLQJ� 6XUYH\�
�(+6�� GDWDEDVH� DV� SUHVHQWHG� LQ� DVVRFLDWLRQ�ZLWK� WKH�
&DPEULGJH� +RXVLQJ� 0RGHO� �+XJKHV� HW� DO�� ������
&$5���������
7KLV�GDWDEDVH�FRQWDLQV�GDWD�IRU��������8.�GZHOOLQJV��
LQWHQGHG� WR�EH� UHSUHVHQWDWLYH�RI� WKH�(QJOLVK�KRXVLQJ�
VWRFN�RI�DERXW������PLOOLRQ�KRPHV��,W�LQFOXGHV�WKH�DJH�
EDQG�� WHQXUH� W\SH�� GZHOOLQJ� W\SH� �GHWDFKHG�� VHPL�
GHWDFKHG��HWF����QXPEHU�RI�RFFXSDQWV��LQIRUPDWLRQ�RQ�
ZLQGRZV�DQG�KHDWLQJ�V\VWHP�DQG�WKH�QXPEHU��KHLJKW�
DQG� IORRU� DUHD� RI� VWRUH\V�� 7KHUH� LV� DOVR� D� UHJLRQDO�
FRGH��DOORZLQJ�WKH�����GZHOOLQJV�LQ�WKH�1RUWK�(DVW�RI�
(QJODQG��ZKLFK�LV�WKH�IRFXV�RI�WKH�6(&85(�SURMHFW��
WR�EH�LGHQWLILHG��
7KH�GDWDEDVH�GRHV�QRW�GHILQH�WKH�EXLOGLQJ�JHRPHWU\��
VR� DQ� HOHPHQW� RI� VLPSOLILFDWLRQ� ZRXOG� EH� QHFHVVDU\�
DV� LQ� WKH� ZRUN� RI� 6ZDQ� HW� DO�� ��������+RZHYHU�� WKH�
GDWD� WKDW� DUH� SURYLGHG� GR� DOORZ� VRPH� FOXHV� WR� WKH�
EXLOW� IRUP�� 7KH� DYDLODEOH� GDWD� IURP�ZKLFK� WKH� EXLOW�
IRUP� PXVW� EH� GHULYHG� DUH� KRXVH� W\SH�� JURXQG� IORRU�
DUHD�� H[SRVHG�SHULPHWHU�� SDUW\�ZDOO� DUHD� DQG�KHLJKW��
)URP�WKLV�� LW� LV�FOHDU�WKDW� WKH� WRWDO�H[SRVHG�ZDOO�DUHD�
FDQ� EH� GHULYHG�� WKXV� DOORZLQJ� RQH� RI� WKH� PRVW�
LPSRUWDQW�IHDWXUHV�RI�WKH�EXLOW�IRUP�WR�EH�UHSUHVHQWHG��
%\� PDNLQJ� UHDVRQDEOH� DVVXPSWLRQV�� WKH� GDWD�
SURYLGHG�DOORZ�D�EDVLF�IRRWSULQW�VKDSH�WR�EH�LQIHUUHG��
7RWDO� ZLQGRZ� DUHD� WRJHWKHU� ZLWK� IXUWKHU� UHDVRQDEOH�
DVVXPSWLRQV�DOORZV�WKH�IHQHVWUDWLRQ�WR�EH�GHILQHG���
%XW� WKH� VLWXDWLRQ� LV� OHVV� FOHDU�FXW� IRU� DVSHFWV� RI� WKH�
EXLOGLQJ� IRU�ZKLFK�GDWD� DYDLODELOLW\� LV�PRUH� OLPLWHG��
$Q� H[DPSOH� LV� WKH� LQWHUQDO� ]RQLQJ� RI� D� GZHOOLQJ�� ,W�
VKRXOG� EH� SRVVLEOH� WR� DXWRPDWLFDOO\� GHWHUPLQH� D�
OLNHO\�URRP�OD\RXW�IRU�D�JLYHQ�EXLOW�IRUP��VR�WKDW�HDFK�
URRP� FDQ� EH� GHILQHG� DV� D� ]RQH�� %XW� WKH� SUREOHP� LV�
QRW� WULYLDO�� DQG� WKH� SURJUDPPLQJ� HIIRUW� ZLOO� EH�
FRQVLGHUDEOH�� $W� WKH� VDPH� WLPH� WKH� UHVXOWV� ZLOO� EH�
GHEDWDEOH�EHFDXVH�DQ�DXWRPDWLF�DSSURDFK�LV�XQOLNHO\�
WR�JHW�]RQLQJ�H[DFWO\�ULJKW��7KLV�ZRXOG�QRW�PDWWHU�LI�

WKH� LPSDFW� RQ� WKH� HQHUJ\� FRQVXPSWLRQ� ZHUH� VPDOO��
EXW� LQ� WKDW�FDVH� WKH�]RQLQJ�ZRXOG�EH�EHVW� OHIW� DW� WKH�
FXUUHQW� GHIDXOW� OHYHO�� 6R� WKH� VHQVLWLYLW\� RI� WKH�
PRGHOOLQJ� UHVXOWV� WR� D� FKDQJH� IURP� GHIDXOW� WR� IXOO�
]RQLQJ�LV�DQ�LPSRUWDQW�LVVXH���
7KH� UHVXOWV� VXJJHVW� WKDW� WKH� LQWURGXFWLRQ� RI� ]RQLQJ�
GRHV� KDYH� DQ� LPSDFW� RQ� WKH� DQQXDO� HQHUJ\�
FRQVXPSWLRQ�� VXSSRUWLQJ� WKH� ZRUN� RI� 3XUG\� DQG�
%HDXVROHLO�0RUULVRQ� �������� $Q� LPSRUWDQW� IXWXUH�
WDVN� ZLOO� EH� WR� XQGHUVWDQG� WKH� UHDVRQV� IRU� WKLV��
3RVVLEOH� UHDVRQV� DUH� JUHDWHU� WKHUPDO� PDVV� GXH� WR�
PRUH� LQWHUQDO� ZDOOV�� RU� GLIIHUHQFHV� LQ� WKH� XWLOL]DWLRQ�
RI� VRODU� JDLQ�� 'HSHQGLQJ� RQ� WKH� FDXVH�� LW� PD\� EH�
SRVVLEOH� WR� UHWDLQ� VLPSOH�]RQLQJ�DQG�DFFRXQW� IRU� WKH�
GLIIHUHQFH�E\�DQ�DOWHUQDWLYH�PHWKRG��)RU�H[DPSOH�� LI�
WKH� H[SODQDWLRQ� ZHUH� WKH� DGGLWLRQDO� WKHUPDO� PDVV�
SURYLGHG�E\�H[WUD�]RQHV�� LW�ZRXOG� UHTXLUH�PXFK� OHVV�
GHYHORSPHQW�HIIRUW�WR�SODFH�D�FRQFUHWH�EORFN�ZLWK�WKH�
UHTXLUHG� WKHUPDO� SURSHUWLHV� LQ� D� VLQJOH�]RQH� PRGHO�
WKDQ� WR� SURJUDP� DQ� DOJRULWKP� WR� GHILQH� ]RQHV�
DXWRPDWLFDOO\��
,I� WKLV� LV� QRW� SRVVLEOH�� DQG� DXWRPDWLF� ]RQLQJ� LV�
UHTXLUHG��VRPH�LQWHUHVWLQJ�LVVXHV�DUH�UDLVHG��,W�ZRXOG�
EH� HDVLHU� WR� ]RQH� DQ� DUFKHW\SH� EHFDXVH� LW� ZRXOG�
SUREDEO\� EH� IHDVLEOH� WR� SHUIRUP� WKH� WDVN� PDQXDOO\��
%XW� VLQFH� WKH� SUHFLVH� SRVLWLRQLQJ� PXVW� EH� UDWKHU�
DUELWUDU\��VLQFH�WKH�PDMRULW\�RI�EXLOGLQJV�UHSUHVHQWHG�
E\� DQ� DUFKHW\SH� ZLOO� GLIIHU� IURP� LW� LQ� PDWWHUV� RI�
GHWDLO��� WKH� UHVXOW� IURP� DQ� DXWRPDWLF� PHWKRG� WKDW�
EHKDYHV� DFFRUGLQJ� WR� UHDVRQDEOH� UXOHV� VKRXOG� EH� QR�
ZRUVH�� 7KHUH� ZRXOG� EH� RWKHU� DGYDQWDJHV� RI� IXOO�
]RQLQJ�� LQFOXGLQJ� WKH� DELOLW\� WR� VWXG\� ]RQDO� KHDWLQJ�
FRQWUROOHUV� DQG� VXPPHU� RYHUKHDWLQJ� ULVN�� 7KH�
DGGLWLRQDO� FRPSXWLQJ� FRVW� RI� IXOO� ]RQLQJ� ZRXOG��
KRZHYHU��EH�FRQVLGHUDEOH��

Future work 
7KH� LQLWLDO� SKDVH�RI� IXWXUH�ZRUN�ZLOO� FRQFHQWUDWH� RQ�
WKH� IHDVLELOLW\� RI� WKH� WZR� DOWHUQDWLYH� PRGHOOLQJ�
DSSURDFKHV��7KH�PDLQ�WDVNV�DUH�WR�GHWHUPLQH�PHWKRGV�
IRU�UHSUHVHQWLQJ�EXLOW�IRUP�XVLQJ�WKH�DYDLODEOH�GDWD�LQ�
WKH�(+6�GDWDEDVH� DV�GHVFULEHG� DERYH�� DQG� WR� DVVHVV�
WKH� RSHUDWLRQ� RI� DQ� DUFKHW\SH� DSSURDFK� ZKHQ�
SHUIRUPLQJ�G\QDPLF�PRGHOOLQJ��
:KHQ�WKH�DSSURDFK�KDV�EHHQ�GHFLGHG��WKH�PDLQ�IRFXV�
ZLOO� EH� WKH� PHWKRGV� WR� EH� XVHG� IRU� PRGHOOLQJ�
RFFXSDQF\�� WKH�DSSURSULDWH� UHSUHVHQWDWLRQ�RI� KHDWLQJ�
V\VWHPV��DQG�WKH�FUHDWLRQ�RI�D�VRIWZDUH�WRRO�WR�FUHDWH�
DQG�UXQ�G\QDPLF�VLPXODWLRQV�DW�WKH�DSSURSULDWH�OHYHO�
RI�GHWDLO��
2FFXSDQF\� ZLOO� QHHG� WR� EH� PRGHOOHG� ZKLFKHYHU�
DSSURDFK� LV� FKRVHQ�� :LWKLQ� D� G\QDPLF� EXLOGLQJ�
PRGHOOLQJ� WRRO� OLNH� (QHUJ\3OXV�� KXPDQ� EHKDYLRXU�
DSSHDUV� LQ� WKH� IRUP� RI� VFKHGXOHV� UHODWHG� WR� WKH�
QXPEHUV� RI� SHRSOH� SUHVHQW� DQG� WKH� RSHUDWLRQ� RI�
ZLQGRZV�� +9$&� �H[WUDFW� YHQWV�� KHDWLQJ� DQG� KRW�
ZDWHU�V\VWHPV���DQG��FUXFLDOO\��OLJKWV�DQG�DSSOLDQFHV���
7KH� EHKDYLRXU� RI� RFFXSDQWV� FDQ� KDYH� D� SURIRXQG�
LPSDFW� RQ� HQHUJ\� FRQVXPSWLRQ�� DV� VKRZQ� E\� PDQ\�
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VWXGLHV�� $� UHFHQW� H[DPSOH� LV� *LOO� HW� DO�� ������� ZKR�
PHDVXUHG� HQHUJ\� DQG� ZDWHU� FRQVXPSWLRQ� LQ� D� ORZ�
HQHUJ\� KRXVLQJ� GHYHORSPHQW�� 7KH\� IRXQG� VSDFH�
KHDWLQJ� DQG� HOHFWULFLW\� FRQVXPSWLRQ� SHU� XQLW� DUHD�
YDU\LQJ� E\� IDFWRUV� H[FHHGLQJ� �� EHWZHHQ� VLPLODU�
GZHOOLQJV���
0HWKRGV� IRU� PRGHOOLQJ� RFFXSDQF\� LQFOXGH� WKH�
FUHDWLRQ�RI� V\QWKHWLF� GHPDQG�GDWD�� FORVHO\�PDWFKLQJ�
UHDO� GDWD� IRU� LQGLYLGXDO� GZHOOLQJV�� H�J�� <DR� DQG�
6WHHPHUV� �������� 5LFKDUGVRQ� HW� DO�� �������� 0RUH�
UHFHQWO\�� *ROGVWHLQ� HW� DO�� �����D�� ����E��
GHPRQVWUDWHG� WKH� XVH� RI� ³SHUVRQDV´� WR� UHSUHVHQW�
LQGLYLGXDOV¶�HQHUJ\�XVH�LQ�QRQ�GRPHVWLF�EXLOGLQJV��
7KH�FRPSOH[LW\�RI�KHDWLQJ�V\VWHP�PRGHOOLQJ��DQG�WKH�
ODFN�RI�WKH�KLJKO\�GHWDLOHG�GDWD�WKDW�ZRXOG�EH�QHHGHG�
WR�VXSSRUW�LW��PHDQV�WKDW�IXUWKHU�LQYHVWLJDWLRQV�RI� WKH�
PRGHOOLQJ�DSSURDFK�ZLOO� IRFXV�RQ�VPDOO� LQFUHDVHV� LQ�
WKH� OHYHO� RI� GHWDLO�� WR� FDSWXUH� WKH� PDLQ� GLIIHUHQFHV�
EHWZHHQ� WKH� EHKDYLRXU� DV� PRGHOOHG� LQ� WKH� SUHVHQW�
ZRUN� �ZLWK� QHDU�LQVWDQWDQHRXV� WHPSHUDWXUH� LQFUHDVH��
DQG� WKH� UHDOLWLHV� RI� V\VWHPV� LQ� H[LVWLQJ� RFFXSLHG�
KRPHV���

&21&/86,216�
$� VWXG\� KDV� EHHQ� FDUULHG� RXW� RI� WKH� HIIHFW� RI�
YDULDWLRQV� LQ� PRGHOOLQJ� GHWDLO� RQ� WKH� HQHUJ\�
FRQVXPSWLRQ�RI�WKUHH�8.�KRXVH�W\SHV��7KH�ZRUN�ZDV�
SURPSWHG� E\� WKH� QHHG� WR� GHFLGH� RQ� D� PRGHOOLQJ�
DSSURDFK� IRU� WKH� 6(&85(�SURMHFW�ZKLFK�ZLOO� DSSO\�
G\QDPLF� WKHUPDO�PRGHOOLQJ� WR� WKH� KRXVLQJ� LQ� D�8.�
UHJLRQ���
$Q� RYHUDOO� WUHQG� RI� LQFUHDVLQJ� HQHUJ\� FRQVXPSWLRQ�
ZLWK� LQFUHDVLQJ� GHWDLO� ZDV� IRXQG�� ZLWK� WKH� PRVW�
GHWDLOHG� PRGHOOLQJ� SURGXFLQJ� WKH� KLJKHVW� HQHUJ\�
FRQVXPSWLRQ�� 6LPXODWLRQ� UXQ� WLPHV� DOVR� LQFUHDVHG�
ZLWK�WKH�OHYHO�RI�GHWDLO��ZLWK� WKH�HIIHFW�PRVW�PDUNHG�
IRU�WKH�GHWDFKHG�KRXVH��
,W� ZDV� SRVVLEOH� WR� RPLW� FRPSOHWH� LQWHUQDO� ]RQLQJ��
VRSKLVWLFDWHG�JURXQG�IORRU�KHDW� ORVV�FDOFXODWLRQV�DQG�
GHWDLOHG� DUFKLWHFWXUDO� IHDWXUHV� DQG� VWLOO� DFKLHYH�
HQHUJ\�FRQVXPSWLRQ�YDOXHV�ZLWKLQ�DERXW�����RI� WKH�
KLJK�GHWDLO�UHVXOWV��7KH�UXQ�WLPHV�IRU�WKLV�GHWDLO�OHYHO�
ZHUH�OHVV�WKDQ�WKUHH�WLPHV�WKH�EDVH�FDVH�YDOXHV���
:KHWKHU� WKH� OHYHOV� RI� PRGHOOLQJ� GHWDLO� UHTXLUHG� IRU�
WKLV� OHYHO� DUH� DFKLHYDEOH� XVLQJ� DFWXDO� EXLOGLQJV�
VDPSOHV� �$%6�� DSSURDFK� ZLOO� EH� WHVWHG� E\� IXUWKHU�
ZRUN�RQ�FRQVWUXFWLQJ�GZHOOLQJ�PRGHOV�IURP�WKH�(+,�
GDWDEDVH��

$&.12:/('*0(176�
7KDQNV�DUH�GXH�WR�WKH�DQRQ\PRXV�UHIHUHHV�IRU�KHOSIXO�
FRPPHQWV��
7KLV� ZRUN� ZDV� FDUULHG� RXW� DV� SDUW� RI� WKH� 6(&85(�
SURMHFW� ZKLFK� ZDV� IXQGHG� E\� WKH� (QJLQHHULQJ� DQG�
3K\VLFDO�6FLHQFHV�5HVHDUFK�&RXQFLO� �(365&��XQGHU�
WKHLU� 6XVWDLQDEOH� 8UEDQ� (QYLURQPHQW� SURJUDPPH�
�JUDQW� (3�,����������� 6(&85(� �6HOI� &RQVHUYLQJ�
8UEDQ� (QYLURQPHQWV�� LV� D� FRQVRUWLXP� RI� IRXU� 8.�
XQLYHUVLWLHV��1HZFDVWOH�8QLYHUVLW\�� WKH�8QLYHUVLW\�RI�

6KHIILHOG�� WKH� 8QLYHUVLW\� RI� ([HWHU� DQG�
/RXJKERURXJK� 8QLYHUVLW\�� 7KH� SURMHFW� ZHEVLWH� LV�
KWWSV���ZZZ�VHFXUH�SURMHFW�RUJ���

5()(5(1&(6�
$OOHQ��(�$���3LQQH\��$�$���������6WDQGDUG�GZHOOLQJV�

IRU� PRGHOOLQJ�� GHWDLOV� RI� GLPHQVLRQV��
FRQVWUXFWLRQ�DQG�RFFXSDQF\�VFKHGXOHV��%XLOGLQJ�
(QYLURQPHQWDO� 3HUIRUPDQFH� $QDO\VLV� &OXE�
�%(3$&��5HSRUW��%5(��8.��

%RDUGPDQ�� %��� 'DUE\�� 6��� .LOOLS�� *��� +LQQHOOV�� 0���
-DUGLQH�&�1��� 3DOPHU�� -�� 6LQGHQ��*��� ������ ����
+RXVH��2[IRUG��(&,��8QLYHUVLW\�RI�2[IRUG���

&$5� �������� &DPEULGJH� +RXVLQJ� 0RGHO� DQG� 8VHU�
*XLGH�� &DPEULGJH� $UFKLWHFWXUDO� 5HVHDUFK��
$YDLODEOH�DW��
KWWS���WLQ\XUO�FRP�G�G�V��� �DFFHVVHG� ��� $SULO�
������

)DPX\LER�� $�$��� 'XII\�� $��� 6WUDFKDQ�� 3��� ������
'HYHORSLQJ�$UFKHW\SHV� IRU�'RPHVWLF�'ZHOOLQJV�
±�$Q�,ULVK�&DVH�6WXG\��(QHUJ\�DQG�%XLOGLQJV�����
���������

)LUWK�� 6�.��� /RPDV�� .�-��� :ULJKW�� $�-��� ������
7DUJHWLQJ�KRXVHKROG�HQHUJ\�HIILFLHQF\�PHDVXUHV�
XVLQJ� VHQVLWLYLW\� DQDO\VLV�� %XLOGLQJ� 5HVHDUFK� 	�
,QIRUPDWLRQ������������

*LOO�� =�0��� 7LHUQH\�� 0�-��� 3HJJ�� ,�0��� $OODQ�� 1���
������0HDVXUHG� HQHUJ\� DQG� ZDWHU� SHUIRUPDQFH�
RI� DQ� DVSLULQJ� ORZ� HQHUJ\�FDUERQ� DIIRUGDEOH�
KRXVLQJ�VLWH�LQ�WKH�8.��(QHUJ\�DQG�%XLOGLQJV�����
��������

*ROGVWHLQ�� 5��� 7HVVLHU�� $��� .KDQ�� $��� ����D��
&XVWRPLVLQJ� WKH� EHKDYLRXU� RI� LQWHUDFWLQJ�
RFFXSDQWV� XVLQJ� SHUVRQDV�� ,Q�� 6LP%XLOG� ������
)RXUWK� 1DWLRQDO� &RQIHUHQFH� RI� ,%36$�86$��
1HZ�<RUN�&LW\��1HZ�<RUN��$XJXVW��������������

*ROGVWHLQ�� 5��� 7HVVLHU�� $��� .KDQ�� $��� ����E��
6FKHGXOH�&DOLEUDWHG� 2FFXSDQW� %HKDYLRU�
6LPXODWLRQ�� ,Q�� 3URFHHGLQJV� RI� WKH� 6\PSRVLXP�
RQ� 6LPXODWLRQ� IRU� $UFKLWHFWXUH� DQG� 8UEDQ�
'HVLJQ� �6LP$8'��� 2UODQGR�� )ORULGD�� 86$��
$SULO��������������

+RSNLQV�� $�6��� /HNRY�� $��� /XW]�� -��� 5RVHQTXLVW�� *���
*X�� /��� ������ 6LPXODWLQJ� D� 1DWLRQDOO\�
5HSUHVHQWDWLYH� +RXVLQJ� 6DPSOH� 8VLQJ�
(QHUJ\3OXV�� /%1/�����(�� %HUNHOH\�� &$� �86���
(UQHVW� 2UODQGR� /DZUHQFH� %HUNHOH\� 1DWLRQDO�
/DERUDWRU\��$YDLODEOH�DW���
KWWS���WLQ\XUO�FRP�FK]NXHZ� �$FFHVVHG� ��� $SU�
������

+XJKHV�� 0��� 3DOPHU�� -��� &KHQJ�� 9��� 6KLSZRUWK�� '���
������ 6HQVLWLYLW\� DQG� XQFHUWDLQW\� DQDO\VLV� RI�
(QJODQG
V� KRXVLQJ� HQHUJ\� PRGHO�� %XLOGLQJ�
5HVHDUFK�	�,QIRUPDWLRQ��������������

.DYJLF�� 0��� 0DYURJLDQQL�� $��� 0XPRYLF�� '���
6XPPHUILHOG�� $��� 6WHYDQRYLF�� =��� 'MXURYLF�
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3HWURYLF�� 0��� ������ $� UHYLHZ� RI� ERWWRP�XS�
EXLOGLQJ�VWRFN�PRGHOV�IRU�HQHUJ\�FRQVXPSWLRQ�LQ�
WKH�UHVLGHQWLDO�VHFWRU��%XLOGLQJ�DQG�(QYLURQPHQW�
���������������

0DYURJLDQQL�� $��� :LONLQVRQ�� 3��� 'DYLHV�� 0���
%LGGXOSK�� 3��� 2LNRQRPRX�� (��� ������ %XLOGLQJ�
FKDUDFWHULVWLFV� DV� GHWHUPLQDQWV� RI� SURSHQVLW\� WR�
KLJK� LQGRRU� VXPPHU� WHPSHUDWXUHV� LQ� /RQGRQ�
GZHOOLQJV�� %XLOGLQJ� DQG� (QYLURQPHQW� ���� ����
�����

1DWDUDMDQ�� 6��� /HYHUPRUH�� *�-��� ������ 3UHGLFWLQJ�
IXWXUH�8.� KRXVLQJ� VWRFN� DQG� FDUERQ� HPLVVLRQV��
(QHUJ\�3ROLF\����������������

3DUHNK�� $��� ������ 'HYHORSPHQW� RI� DUFKHW\SHV� RI�
EXLOGLQJ� FKDUDFWHULVWLFV� OLEUDULHV� IRU� VLPSOLILHG�
HQHUJ\� XVH� HYDOXDWLRQ� RI� KRXVHV�� ,Q�� %XLOGLQJ�
6LPXODWLRQ� ������ �WK� ,QWHUQDWLRQDO� ,%36$�
&RQIHUHQFH�� 0RQWUpDO�� &DQDGD�� $XJXVW� �������
������

3XUG\�� -��� %HDXVROHLO�0RUULVRQ�� ,��� ������ 7KH�
VLJQLILFDQW� IDFWRUV� LQ� PRGHOOLQJ� UHVLGHQWLDO�
EXLOGLQJV�� ,Q�� %XLOGLQJ� 6LPXODWLRQ� ������ �WK�
,QWHUQDWLRQDO�,%36$�&RQIHUHQFH��5LR�GH�-DQHLUR��
$XJXVW��������������

5LFKDUGVRQ�� ,��� 7KRPVRQ�� 0��� ,QILHOG�� '��� &OLIIRUG��
&��� ������ 'RPHVWLF� HOHFWULFLW\� XVH�� $� KLJK�
UHVROXWLRQ� HQHUJ\� GHPDQG� PRGHO�� (QHUJ\� DQG�
%XLOGLQJV����������������

6KRUURFN��/�'���'XQVWHU�� -�(���������7KH�SK\VLFDOO\�
EDVHG� PRGHO� %5(+20(6� DQG� LWV� XVH� LQ�
GHULYLQJ�VFHQDULRV�IRU�WKH�HQHUJ\�XVH�DQG�FDUERQ�
GLR[LGH� HPLVVLRQV� RI� WKH� 8.� KRXVLQJ� VWRFN��
(QHUJ\�3ROLF\����������������

6(&85(�� ������ 6HOI�&RQVHUYLQJ� 8UEDQ� (QYLURQ�
PHQWV�SURMHFW�ZHEVLWH���
KWWSV���ZZZ�VHFXUH�SURMHFW�RUJ�� �$FFHVVHG� ���
)HE��������

6ZDQ�� /�*��� ������ 5HVLGHQWLDO� VHFWRU� HQHUJ\� DQG�
*+*�HPLVVLRQV�PRGHO�IRU�WKH�DVVHVVPHQW�RI�QHZ�
WHFKQRORJLHV�� 'LVVHUWDWLRQ� �3K'��� 'DOKRXVLH�
8QLYHUVLW\��+DOLID[��1RYD�6FRWLD��&DQDGD��

6ZDQ�� /�*�� 8JXUVDO�� 9�,��� %HDXVROHLO�0RUULVRQ�� ,���
������ +\EULG� UHVLGHQWLDO� HQG�XVH� HQHUJ\� DQG�
JUHHQKRXVH�JDV�HPLVVLRQV�PRGHO�±�GHYHORSPHQW�
DQG�YHULILFDWLRQ�IRU�&DQDGD��-RXUQDO�RI�%XLOGLQJ�
3HUIRUPDQFH�6LPXODWLRQ����������

<DR�� 5��� 6WHHPHUV�� .��� ������ $� PHWKRG� RI�
IRUPXODWLQJ� HQHUJ\� ORDG� SURILOH� IRU� GRPHVWLF�
EXLOGLQJV� LQ� WKH� 8.�� (QHUJ\� DQG� %XLOGLQJV� ����
���±�����

=KDR�� )��� 0DUWLQH]�0R\DQR�� ,�-��� $XJHQEURH�� *���
������ $JHQW�EDVHG� PRGHOOLQJ� RI� FRPPHUFLDO�
EXLOGLQJ� VWRFNV� IRU� SROLF\� VXSSRUW�� ,Q�� %XLOGLQJ�
6LPXODWLRQ� ������ ��WK� ,QWHUQDWLRQDO� ,%36$�
&RQIHUHQFH��6\GQH\��1RYHPEHU��������������
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