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$%675$&7�
&OLPDWH� FKDQJH� ZLOO� DIIHFW� WKH� SHUIRUPDQFH� RI� RXU�
EXLOGLQJ� VWRFN�� $V� EXLOGLQJV� FDQ� KDYH� D� OLIHVSDQ� RI�
������� \HDUV�� GHVLJQLQJ� IRU� WKLV� FRQGLWLRQ� LV� QRZ� D�
NH\�FKDOOHQJH�IRU�WKH�EXLOGLQJ�LQGXVWU\���
7KLV� VWXG\� IRFXVHV� RQ� SUHGLFWLQJ� FXUUHQW� DQG� IXWXUH�
EHKDYLRXU�RI�D�IXOO\�DLU�FRQGLWLRQHG�RIILFH�EXLOGLQJ�LQ�
:DOHV��8.�SUREDELOLVWLF�FOLPDWH�SURMHFWLRQV�DUH�XVHG�
WR� SUHGLFW� LWV� DQQXDO� KHDWLQJ� DQG� FRROLQJ� HQHUJ\�
FRQVXPSWLRQ��7KH�PDLQ�DLP�LV�WR�LGHQWLI\�WKH�HIIHFWV�
RI� LQWHUYHQWLRQV� WR� WKH� EXLOGLQJ� HQYHORSH� DQG� WKH�
EHKDYLRXU�RI� WKH�RFFXSDQWV�� �7KH�GLIIHUHQFH� WR�RWKHU�
VWXGLHV� LQ� WKLV� FRQWH[W� LV� WKDW� WKH� W\SH� DQG� UDQJH� RI�
SDUDPWHUV� FKDQJHG� ZHUH� FKRVHQ� E\� WKH� FOLHQW�� 7KH\�
KDG� WKH� ILQDO� GHFLVLRQ� DV� WR� ZKLFK� ZKDW� ZDV� ILQDOO\�
ZRXOG�EH� LPSOHPHQWHG��2QH� RI� WKH� NH\� ILQGLQJV� IRU�
WKH� FOLHQW� ZDV� WKDW� HYHQ� LQ� D� IXOO\� DLU�FRQGLWLRQHG�
EXLOGLQJ�� H[SRVLQJ� WKH� WKHUPDO� PDVV� UHGXFHV� WKH�
DQQXDO�HQHUJ\�FRQVXPSWLRQ���

,1752'8&7,21�
7KHUH� LV� QRZ� D� JHQHUDO� DJUHHPHQW� WKDW� FOLPDWH�
FKDQJH� LV� LQHYLWDEOH� �&,%6(� ������ -HQNLQV� HW� DO��
������ DQG� WKDW� DQWKURSRJHQLF� JUHHQKRXVH� JDV�
HPLVVLRQV� DUH� SDUW� RI� WKH� FDXVH� IRU� WKH� ULVLQJ�
WHPSHUDWXUH�DQG�VHD�OHYHOV��-HQNLQV�HW�DO��������,3&&�
������� *OREDOO\�� WKLV� FDQ� UHVXOW� LQ� IORRGLQJ� DQG� DQ�
H[DFHUEDWHG� KHDW� LVODQG� �6KLPRGD� ������� ,Q� WKH�8.�
H[WUHPH� HYHQWV� DUH� SUHGLFWHG� WR� RFFXU�� VXFK� DV�
SHULRGV� RI� KLJK� WHPSHUDWXUHV� DQG� KHDY\� ZLQWHU�
SUHFLSLWDWLRQ��%HQLVWRQ�HW�DO����������
7UHQGV� VXFK� DV� D� ULVLQJ� DYHUDJH� WHPSHUDWXUH� DQG� D�
FKDQJLQJ�GLVWULEXWLRQ� RI� UDLQIDOO� WKURXJKRXW� WKH� \HDU�
DUH� DOUHDG\� FKDQJLQJ� �-HQNLQV� HW� DO�� ������� � 7UHQGV�
VXFK� DV� DYHUDJH� WHPSHUDWXUHV� DUH� SUHGLFWHG� WR�
FRQWLQXH�ULVLQJ�JOREDOO\�DV�D�UHVXOW�RI�FOLPDWH�FKDQJH�
�&,%6(�������,3&&��������7KHVH�FKDQJHV�ZLOO�DIIHFW�
WKH� SHUIRUPDQFH� RI� EXLOGLQJV�� ,Q� WKH� EXLOGLQJ�
LQGXVWU\��WKHUH�DUH�GLIIHULQJ�RSLQLRQV�RQ�WKH�DGHTXDF\�
RI� FXUUHQW� GHVLJQ� SUDFWLFHV� DGGUHVVLQJ� FOLPDWH�
FKDQJH�� ,Q� D� VXUYH\� E\� 0RUWHQ� HW� DO�� �������� PRVW�
SDUWLFLSDQWV� DJUHHG� WKDW� FXUUHQW� GHVLJQ� SUDFWLVHV� DUH�
LQDGHTXDWH�� 7KRVH� ZKR� GLVDJUHHG� JHQHUDOO\� KHOG�
VHQLRU�SRVLWLRQV�ZLWKLQ�DQ�RUJDQLVDWLRQ��'H�:LOGH�HW�
DO�� ������� LGHQWLILHG� DQRWKHU� SUREOHP�� SDUWV� RI� D�
GHVLJQ�DUH�RFFDVLRQDOO\�LJQRUHG�RQ�VLWH��7KLV�OHDGV�WR�

XQH[SHFWHG�SUREOHPV��RPLWWHG�FKLOOHUV�DQG�GXFWZRUN�
IRU�H[DPSOH�KDV�OHG�WR�RYHUKHDWLQJ��
0DQ\� UHVHDUFK� DFWLYLWLHV� H[LVW� ZKLFK� WU\� WR� SUHGLFW�
KRZ�FOLPDWH�FKDQJH�ZLOO� DIIHFW�EXLOGLQJV� �'H�:LOGH�
	� 7LDQ� ������ 5DGKL� ������ -HQNLQV� HW� DO�� �������
%XLOGLQJ� SHUIRUPDQFH� VLPXODWLRQ� �%36�� WRROV� FDQ�
LQGLFDWH� KRZ� D� EXLOGLQJ� ZLOO� EHKDYH�� $� EXLOGLQJV�
EHKDYLRXU� FDQ� EH� GHVFULEHG� XVLQJ� GLIIHUHQW�
SHUIRUPDQFH� PHWULFV�� RI� ZKLFK� D� FULWLFDO� UHYLHZ� LV�
JLYHQ�E\�'H�:LOGH�HW�DO����������&RQFOXVLRQV�GUDZQ�
IURP� WKLV� UHYLHZ� LQFOXGH� ��� IXWXUH� EHKDYLRXU�
SUHGLFWLRQ�LV�IHDVLEOH�DQG����D�ODFN�RI�UHVHDUFK�H[LVWV�
WKDW� XVHV� D� SUREDELOLVWLF� DSSURDFK� ��� D� W\SLFDO�
SHUIRUPDQFH� PHWULF� IRU� D� FOLPDWH� FKDQJH� VWXG\� LV�
DQQXDO�HQHUJ\�FRQVXPSWLRQ���
%36�FDQ�DQDO\VH�D�UDQJH�RI�V\VWHPV�LQ�D�EXLOGLQJ�DQG�
DVVRFLDWHG� SDUDPHWHUV�� 5DGKL� ������� FODLPV� WKDW�
EXLOGLQJ� V\VWHPV�� RFFXSDQWV� DQG� WKH� GHVLJQ� RI� D�
EXLOGLQJ¶V� HQYHORSH� FDQ� KDYH� D� VLJQLILFDQW� HIIHFW� RQ�
HQHUJ\� FRQVXPSWLRQ�� 6RPH� V\VWHPV� DUH� PRUH�
LQIOXHQWLDO�WKDQ�RWKHUV�RQ�WKH�HQHUJ\�FRQVXPSWLRQ�RI�
D� EXLOGLQJ�� 2YHU� D� EXLOGLQJV� OLIHF\FOH�� D� VWXG\� KDV�
GHPRQVWUDWHG�WKDW�WKH�+9$&�DQG�HOHFWULFLW\�V\VWHPV�
FDQ� EH� WKH� FDXVH� RI� XS� WR� ������ RI� WKH� SULPDU\�
HQHUJ\� FRQVXPSWLRQ� �6FKHXHU� HW� DO�� ������� � 7KHVH�
V\VWHPV� FRXOG� VLJQLILFDQWO\� LQIOXHQFH� WKH� HQHUJ\�
FRQVXPSWLRQ�RI�D�EXLOGLQJ�LI�WKH�DYHUDJH�WHPSHUDWXUH�
ZLOO�ULVH�LQ�WKH�IXWXUH��,W�LV�DOVR�LPSRUWDQW�WR�FKHFN�LI�
H[LVWLQJ�WHFKQRORJLHV�VXFK�DV�WKH�+9$&�V\VWHP�ZLOO�
EH� VXLWDEOH� IRU� KLJKHU� RXWVLGH� WHPSHUDWXUHV��
2YHUKHDWLQJ�FDQ�RFFXU�HYHQ�LQ�DLU�FRQGLWLRQHG�RIILFHV��
LQ�WKH�IXWXUH��*XDQ��������5HVHDUFK�RQ�VLPLODU�WRSLFV�
DV�DERYH�KDV�OHG�WR�D�UDQJH�RI�JXLGDQFH�RQ�WKH�HIIHFW�
RI� �FOLPDWH�FKDQJH�RQ�EXLOGLQJV� �+DFNHU�HW�DO��������
&,%6(��������
%36�FDQ�DOVR�EH�FRPELQHG�ZLWK�XQFHUWDLQW\�DQDO\VLV�
WR� H[DPLQH� IXWXUH� EHKDYLRXU� �7LDQ� HW� DO�� ������ DQG�
UREXVWQHVV� �+RSIH� HW� DO�� ������ LQ� PRUH� GHWDLO� �� $�
VHQVLWLYLW\�DQDO\VLV�FDQ�IXUWKHU�OHDG�WR�WKH�GHULYDWLRQ�
RI� SRVVLEOH� DGDSWDWLRQ� PHDVXUHV� �*XDQ� ������� 7KH�
RSSRUWXQLW\� WR� PDNH� D� GLIIHUHQFH� ZLWK� VXFK�
DGDSWDWLRQ�VWUDWHJLHV�DQG�QHZ�WHFKQRORJLHV�LV�EHIRUH�D�
EXLOGLQJ� LV� FRQVWUXFWHG� �&DPLOOHUL� HW� DO�� ������
*UDQDGHLUR�HW�DO���������7KH�YDOLGLW\�RI�DQDO\VLQJ�WKH�
SHUIRUPDQFH� RI� D� EXLOGLQJ� XVLQJ� GDWD� IURP� WKH�
SODQQLQJ�VWDJH�LV�VXSSRUWHG�E\�.RUMHQLF�HW�DO����������
+RZHYHU�� WKH� UHOLDELOLW\� RI� UHVXOWV� KDV� EHHQ�
TXHVWLRQHG� ZKHQ� SUHGLFWLRQV� RI� WHFKQRORJLHV� DQG�
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HIILFLHQFLHV�RI�V\VWHPV�DUH�LQYROYHG��'H�:LOGH�HW�DO��
������'H�:LOGH�HW�DO���������
7KH�DERYH�KLJKOLJKWV�FRRSHUDWLRQ�EHWZHHQ�DFDGHPLD�
DQG� LQGXVWU\� LV� LPSRUWDQW�� 5HVHDUFK� RQ� H[LVWLQJ� RU�
SODQQHG� EXLOGLQJV� FRXOG� VXSSRUW� LQGXVWU\� WR� PDNH�
LQIRUPHG�GHVLJQ�FKRLFHV��7KLV�SDSHU�LV�DQ�H[DPSOH�RI�
FORVH�FRRSHUDWLRQ�EHWZHHQ�DFDGHPLD�DQG� LQGXVWU\�� ,W�
ZDV� SDUW� RI� D� 7HFKQRORJ\� 6WUDWHJ\� %RDUG� �76%��
FRPSHWLWLRQ� ³'HVLJQ� IRU� )XWXUH� &OLPDWH�� $GDSWLQJ�
%XLOGLQJV´��7KH�DLP�RI�WKLV�FRPSHWLWLRQ�LV�WR�VXSSRUW�
WKH� GHYHORSPHQW� RI� DGDSWDWLRQ� VWUDWHJLHV� RI� 8.�
EXLOGLQJV� WR� FOLPDWH� FKDQJH�� 7KHUHIRUH�� WKH� SXUSRVH�
RI�WKLV�SDSHU�LV�WR�H[DPLQH�WKH�IXWXUH�SHUIRUPDQFH�RI�
D� SODQQHG� EXLOGLQJ� DW� WKH� GHWDLOHG� GHVLJQ� VWDJH� LQ�
RUGHU� WR� KHOS� LQIRUPHG� GHFLVLRQ�PDNLQJ�� � ,W� LV�
LPSRUWDQW� WR� QRWH� WKDW� WKH� FOLHQW� PDNHV� WKH� ILQDO�
GHFLVLRQV�� DQG� IHDVLELOLW\� SOD\V� DQ� LPSRUWDQW� UROH��
3UREDELOLVWLF� FOLPDWH� GDWD� LV� XVHG� WR� GHYHORS� DQ�
DGDSWLRQ� VWUDWHJ\�EDVHG�RQ�EHKDYLRXUDO�DQG�SK\VLFDO�
GHVLJQ�SDUDPHWHUV���
7KH� SDSHU� ZLOO� ILUVW� DQDO\VH� H[LVWLQJ� UHVHDUFK� RQ�
FOLPDWH�FKDQJH�DQG�EXLOGLQJ�GHVLJQ��7KLV�LV�IROORZHG�
ZLWK� GHWDLOV� RQ� WKH� FOLPDWH� SURMHFWLRQV� XVHG�� $�
PHWKRGRORJ\� DQG� FDVH� VWXG\� LV� SUHVHQWHG�� GHWDLOLQJ�
WKH� VHQVLWLYLW\� DQDO\VLV�� 7KH� DQDO\VLV� H[DPLQHV�
EHKDYLRXUDO� DQG� IDEULF� GHVLJQ� SDUDPHWHUV�� )LQDOO\��
UHVXOWV�DQG�DQ�DGDSWLRQ�VWUDWHJ\�DUH�GLVFXVVHG���

&/,0$7(�&+$1*(�$1'�%8,/',1*�
'(6,*1�
'\QDPLF� EXLOGLQJ� VLPXODWLRQ� WRROV� DQG� FOLPDWH�
SURMHFWLRQV� FDQ� EH� FRPELQHG� VR� HQJLQHHUV� DQG�
DUFKLWHFWV� FDQ� GHVLJQ� D� EXLOGLQJ�ZLWK� D�PRUH� UREXVW�
GHVLJQ� WR� IXWXUH� SHUIRUPDQFH�� 0DQ\� VWXGLHV� KDYH�
ORRNHG�LQWR�VLPSOLI\LQJ�WKLV�SURFHVV��
�&ROH\� 	� .HUVKDZ� ������ SUHGLFWHG� WKH� IXWXUH�
UHVLOLHQFH�RI�D�EXLOGLQJ�XVLQJ�D�PHWKRG�WKDW�FDOFXODWHV�
LWV�FOLPDWH�FKDQJH�DPSOLILFDWLRQ�FRHIILFLHQW��&7���,W�LV�
XQVXLWDEOH� IRU� D� VHQVLWLYLW\� DQDO\VLV�� DV� D� QHZ�&7� LV�
QHHGHG�HDFK�WLPH�D�PRGHO�SDUDPHWHU�ZDV�FKDQJHG���
$QRWKHU� VWXG\� �&KULVWHQVRQ� HW� DO�� ������ XVHG� WKH�
PHWKRG� RI� GHJUHH�GD\V� EDVHG� RQ� PRQWKO\�
WHPSHUDWXUH�GDWD� WR�GHWHUPLQH� WKH� LPSDFW� RI� FOLPDWH�
ZDUPLQJ�RQ�EXLOGLQJV��2QH�RI� WKH� FRQFOXVLRQV� IURP�
WKLV� VWXG\� LV� WKDW� LW� ZDV� LPSRUWDQW� WR� FRQWLQXRXVO\�
XSGDWH� ZHDWKHU� GDWD� XVHG� IRU� EXLOGLQJ� GHVLJQ��
RWKHUZLVH� FRROLQJ� GHPDQG� ZLOO� EH� XQGHUHVWLPDWHG�
DQG� KHDWLQJ� GHPDQG� RYHUHVWLPDWHG�� 7KH� FKRVHQ�
PHWKRG�LV�GHVFULEHG�DV�IDLUO\�DFFXUDWH�DV� ORQJ�DV� WKH�
LQWHUQDO� WHPSHUDWXUH�� WKHUPDO� JDLQV� DQG� EXLOGLQJ�
SURSHUWLHV� DUH� UHODWLYHO\� FRQVWDQW�� $V� D� UHVXOW�� WKLV�
PHWKRG�LV�QRW�VXLWDEOH�IRU�VRPH�DSSOLFDWLRQV�� 
5HJUHVVLRQ� PRGHOV� KDYH� DOVR� EHHQ� GHYHORSHG� WR�
DVVHVV� WKH� IXWXUH� SHUIRUPDQFH� RI� EXLOGLQJV� �:DQ� HW�
DO�� ������ -HQNLQV� HW� DO�� ������� 7KHVH� VLPSOLILHG�
PRGHOV�DUH�EDVHG�RQ�VSHFLILF�EXLOGLQJV�DQG�FOLPDWHV��
7KHLU�XVHIXOQHVV�LV�WKHUHIRUH�OLPLWHG���
$� FRPPRQ� WUHQG� IRXQG� LQ� VWXGLHV� LQ� WKLV� ILHOG� LV� LQ�
WKH� IXWXUH� KHDWLQJ� HQHUJ\� GHPDQG� ZLOO� IDOO� DQG�
FRROLQJ� HQHUJ\� GHPDQG� ZLOO� ULVH� �&KULVWHQVRQ� HW� DO��

������&,%6(�������&DUWDOLV� HW� DO�� �������7KH� ODWWHU�
FDQ� DOPRVW� KDYH� D� OLQHDU� FRUUHODWLRQ� WR� WKH� ULVH� LQ�
DYHUDJH�WHPSHUDWXUH��*XDQ���������
:KHQ�SUHGLFWLQJ�VXFK�D�FKDQJH�LQ�WKH�SHUIRUPDQFH��D�
VHQVLWLYLW\� DQDO\VLV� FDQ� LGHQWLI\� ZKLFK� SDUDPHWHUV�
KDYH� WKH� JUHDWHVW� LPSDFW� RQ� IXWXUH� SHUIRUPDQFH��
�7LDQ� 	� 'H� :LOGH� ������ XQGHUWRRN� DQ� XQFHUWDLQO\�
DQG� VHQVLWLYLW\� DQDO\VLV� RQ� WKHUPDO� EHKDYLRXU� RI� DQ�
H[LVWLQJ� DLU�FRQGLWLRQHG� XQLYHUVLW\� EXLOGLQJ� LQ�
3O\PRXWK��8.��,W�LV�VKRZQ�WKDW�PRUH�WKDQ�����RI�WKH�
RXWSXW�XQFHUWDLQW\�LQ�DQQXDO�KHDWLQJ�HQHUJ\�LV�OLQNHG�
WR� WKH�ZLQGRZ�8�YDOXH�� LQILOWUDWLRQ�UDWH�DQG�ZLQGRZ�
VRODU� KHDW� JDLQ� FRHIILFLHQW� �6+*&��� )RU� WKH� DQQXDO�
FRROLQJ� HQHUJ\�� WKH� YDULDEOHV� ZHUH� WKH� ZLQGRZ�
6+*&�� ZLQGRZ� 8�YDOXH� DQG� FRROLQJ� GHJUHH� GD\V�
ZKLFK�KDYH�D�EDVH� WHPSHUDWXUH�RI�����&�� �'H�:LOGH�
	� 7LDQ� ������ KDYH� VKRZQ� WKDW� WKH� RULHQWDWLRQ� RI� D�
EXLOGLQJ�LV�DOVR�LPSRUWDQW��DV�RIILFH�SURGXFWLYLW\�FDQ�
GLIIHU� EHWZHHQ� HOHYDWLRQV�� 7KH� OLPLWDWLRQ� RI� XVLQJ�
VXFK�GDWD�LV�LW�LV�RQO\�DSSOLFDEOH�WR�VLPLODU�EXLOGLQJV��
DQG� RQH� FKDUDFWHULVWLF� PD\� EH� HQRXJK� WR� UHQGHU�
UHVXOWV� XQVXLWDEOH�� )RU� H[DPSOH�� *XDQ� �������
GLVFXVVHV� WKDW� DGDSWDELOLW\� PHDVXUHV� VXLWDEOH� IRU�
KHDWLQJ�ORDG�GRPLQDWHG�EXLOGLQJV�PD\�QRW�EH�VXLWDEOH�
IRU� FRROLQJ� ORDG� GRPLQDWHG� EXLOGLQJV�� 6XFK� D�
FKDUDFWHULVWLF� LV� GLYRUFHG� IURP� ZHDWKHU�� ORFDWLRQ��
RULHQWDWLRQ�HWF��
$QRWKHU� SK\VLFDO� GHVLJQ� SDUDPHWHU� WKDW� KDV� EHHQ�
LGHQWLILHG�DV� VLJQLILFDQW� LQ� OLWHUDWXUH� LV� WKHUPDO�PDVV�
�5RGULJXHV�HW�DO���������%XLOGLQJV�WKDW�KDYH�D�KLJKHU�
WKHUPDO�PDVV��+DFNHU�HW�DO��������DQG�ZKLFK�XVH�ORZ�
HQHUJ\� GHVLJQ� WHFKQLTXHV� �+ROPHV�	� +DFNHU� ������
KDYH� EHHQ� VKRZQ� WR� SURGXFH� ORZHU� &2�� HPLVVLRQV��
7KLV�LV�VXSSRUWHG�E\�3HDFRFN�HW�DO����������ZKR�FODLP�
WKDW�VRPH�ORZ�WKHUPDO�PDVV�GZHOOLQJV�ZLOO�EH�OLNHO\�
WR�RYHUKHDW�LQ�WKH�IXWXUH���
$� VHOHFWLRQ� RI� WKH� SK\VLFDO� GHVLJQ� SDUDPHWHUV�
PHQWLRQHG�DERYH�LV�LQFOXGHG�LQ�WKLV�VWXG\��2QH�PDLQ�
H[FHSWLRQ�LV�WKH�VWXG\�XVHV�D�ZLQGRZ�*�YDOXH�LQVWHDG�
RI�D�ZLQGRZ�6+*&��DV�WKLV�LV�PRUH�FRPPRQ�SUDFWLVH�
LQ�WKH�8.��,Q�DGGLWLRQ��VRPH�EHKDYLRXUDO�SDUDPHWHUV�
DUH�WHVWHG��DV�VWXGLHV�VXFK�DV��&ROH\�HW�DO��������KDYH�
VKRZQ�WKH\�DUH�DOVR�LPSRUWDQW��

8.&3���$1'�3520(7+(86�
,QIRUPDWLRQ� RQ� WKH� ILUVW� 8.� SUREDELOLVWLF� FOLPDWH�
SURMHFWLRQV�������8.&3����LV�DYDLODEOH�LQ�0XUSK\�HW�
DO�� ��������3DUW�RI� WKH�8.&3���SURMHFW� LV�D�ZHDWKHU�
JHQHUDWRU�� 7KLV� XVHV� EDVHOLQH� FOLPDWH� GDWD� ������
������ WR� FDOLEUDWH� LWV� UDLQIDOO� PRGHO�� DQG� FDOFXODWHV�
IXWXUH� ZHDWKHU� ILOHV� IRU� ��� \HDU� WLPH� SHULRGV�� 7KH�
EDVHOLQH� FOLPDWH� GDWD� RULJLQDWHV� IURP� KLVWRULFDO�
REVHUYDWLRQV� WR� WDNH� LQWR�DFFRXQW� ORFDO� WRSRORJ\�DQG�
KDV� D� �NP� VSDWLDO� UHVROXWLRQ�� &KDQJH� IDFWRUV� WKHQ�
DPSOLI\� EDVHOLQH� SUHFLSLWDWLRQ� GDWD� WR� UHVHPEOH� D�
FKRVHQ� IXWXUH� SHULRG�� IURP� ZKLFK� RWKHU� ZHDWKHU�
YDULDEOHV�FDQ�EH�GHULYHG��7KHVH�FKDQJH�IDFWRUV�GLIIHU�
RQ� D� ��NP� UHVROXWLRQ�� $V� WKH� 8.&3��� LV� EDVHG� RQ�
SUREDELOLVWLF� LQIRUPDWLRQ�� WKHUH� DUH� ������ SRVVLEOH�
FKDQJH� IDFWRUV� IRU� HDFK� ORFDWLRQ�� HPLVVLRQ� VFHQDULR�
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DQG� GHFDGH�� 7KH� ZHDWKHU� JHQHUDWRU� ZLOO� RXWSXW� ����
VDPSOHV�RI�FOLPDWH�GDWD�SHU�\HDU��EDVHG�RQ�UDQGRPO\�
VHOHFWHG� FKDQJH� IDFWRUV�� 7KLV� UHVXOWV� LQ� �����
HTXLSUREDEOH� IXWXUH� FOLPDWH� ILOHV� IRU� HDFK� WLPH�
SHULRG��8VLQJ�WKLV�WRRO�WR�JHQHUDWH�IXWXUH�FOLPDWH�GDWD�
GRHV� KDYH� VRPH� OLPLWDWLRQV�� ��� SURFHVVLQJ� WKH�
VLJQLILFDQW�DPRXQW�RI�RXWSXW�GDWD� LV�FRPSXWDWLRQDOO\�
H[SHQVLYH� DQG� ��� WKH� GDWD� ODFNV� FHUWDLQ� YDULDEOHV�
QHFHVVDU\� IRU� WKHUPDO� VLPXODWLRQV� �(DPHV� HW� DO��
�������VXFK�DV�ZLQG�GLUHFWLRQ��
,Q�RUGHU�WR�SURPRWH�WKH�XVH�RI�WKH�8.&3����SURMHFWV�
KDYH� EHHQ� VHW� XS� VXFK� DV� ³7KH� XVH� RI� SUREDELOLVWLF�
FOLPDWH� GDWD� WR� IXWXUH�SURRI� GHVLJQ� GHFLVLRQV� LQ� WKH�
EXLOGLQJV�VHFWRU´��3URPHWKHXV���7KH�RXWFRPHV�RI�WKLV�
SURMHFW�DUH�EDVHOLQH�DQG�IXWXUH�ZHDWKHU�ILOHV�IRU�WKUHH�
WLPH� SHULRGV�� 7KHVH� ILOHV� � LQFOXGH� WKH� PLVVLQJ�
YDULDEOHV� �(DPHV� HW� DO�� ������� 7KHUPDO� VLPXODWLRQV��
XVLQJ� WKHVH� ZHDWKHU� ILOHV� KDYH� EHHQ� VKRZQ� WR� EH�
FRQVLVWHQW�ZLWK�PRGHOV� XVLQJ�&,%6(� IXWXUH�ZHDWKHU�
\HDUV�DQG�8.�&OLPDWH�,PSDFWV�3URJUDP������FOLPDWH�
GDWD� �+XOPH� HW� DO�� ������� � $GGLWLRQDOO\�� WKH\� KDYH�
EHHQ� IRXQG� WR� SURGXFH� VLPLODU� UHVXOWV� WR� XVLQJ� WKH�
HTXLSUREDEOH�ZHDWKHU�ILOHV�LQ�OHVV�FRPSXWDWLRQDO�WLPH�
�.HUVKDZ�HW�DO���������
7KH� 3URPHWKHXV� ILOHV� DUH� GHFDGDO�� DQG� DUH� FXUUHQWO\�
DYDLODEOH� IRU� WKH�SUHVHQW�� ������ ����� DQG������ WLPH�
SHULRGV�� (DFK� WLPH� SHULRG� HQFRPSDVVHV� ��� \HDUV� RI�
GDWD��)RU�H[DPSOH�������DFWXDOO\�FRQWDLQV�GDWD� IURP�
�����������7KH�PHWKRGRORJ\�RI� WKHLU�GHULYDWLRQ�KDV�
EHHQ� SXEOLVKHG� DQG� SHHU�UHYLHZHG� E\� (DPHV� HW� DO��
�������� 7KH� ILOHV� GLIIHU� LQ� WKUHH� ZD\V�� VXPPHU�
WHPSHUDWXUH�� HPLVVLRQ� VFHQDULR� DQG� SUREDELOLW\�
SHUFHQWLOH�� 7KH� VXPPHU� WHPSHUDWXUH� RI� WKH� ILOH� LV�
HLWKHU� DYHUDJH� RU� KLJKHU�� UHVXOWLQJ� LQ� HLWKHU� D� 7HVW�
5HIHUHQFH� <HDU� �75<�� RU� D� 'HVLJQ� 6XPPHU� <HDU�
�'6<�� ILOH�� 75<� DUH� UHFRPPHQGHG� IRU� HQHUJ\�
DQDO\VLV� �&,%6(� ������� 7KHUH� DUH� WKUHH� HPLVVLRQ�
VFHQDULRV� DYDLODEOH� LQ� 8.&3���� ORZ�� PHGLXP� DQG�
KLJK�� � /DVWO\�� WKHUH� LV� D� FKRLFH� LQ� WKH� FXPXODWLYH�
GHQVLW\� IXQFWLRQ� �&')�� SUREDELOLW\� SHUFHQWLOH�� 7KLV�
FDQ�EH��������������������DQG������ZLWK�WKH�����
ODEHOOHG� DV� WKH� FHQWUDO� HVWLPDWH� RI� WKH� OLNHOLKRRG� RI�
WKH� FKDQJH� �(DPHV� HW� DO�� ������� )LJXUH� �� VKRZV� D�
FRPSDULVRQ� RI� VRPH� RI� WKH� YDULDEOHV� EHWZHHQ� WKH�
SUHVHQW�75<�DQG������75<�LQ�D�PHGLXP�HPLVVLRQV�
VFHQDULR�� DQG� ZLWK� D� ���� &')�� 7KH� ORFDWLRQ� LV�
&DUGLII��:DOHV���
�

�
)LJXUH���3HUFHQWDJH�&KDQJH�IURP�&RQWURO�75<�WR�
�����75<�>PHGLXP�HPLVVLRQV�����SHUFHQWLOH@�

�

7KH�PRVW� VLJQLILFDQWO\� LQFUHDVHG�YDULDEOH� LV� WKH�GHZ�
SRLQW� WHPSHUDWXUH�� IROORZHG� E\� WKH� GU\� EXOE�
WHPSHUDWXUH��$�EXLOGLQJ� H[SHULHQFLQJ� WKLV� FKDQJH� LQ�
H[WHUQDO� VWLPXOL� ZLOO� KDYH� D� ORZHU� FRROLQJ� HQHUJ\�
GHPDQG� DQG� IDFH� GLIIHUHQW� FKDOOHQJHV� ZLWK�
FRQGHQVDWLRQ��

&$6(�678'<�$1'�0(7+2'2/2*<�
7KH� QHZ� $GPLUDO� ,QVXUDQFH� +HDGTXDUWHUV� ZLOO� EH�
EXLOW�LQ�WKH�FLW\�FHQWUH�RI�&DUGLII��:DOHV��,W�LV�DLPLQJ�
IRU�D�%5(($0��%5(�*OREDO�������H[FHOOHQW�UDWLQJ��
%5(($0� LV� D� VXVWDLQDELOLW\� GHVLJQ� DQG� DVVHVVPHQW�
PHWKRG�� 7KH� EXLOGLQJ� KDV� ��� VWRUH\V� DQG� ������P��
IORRU� VSDFH�� DQG� DW� WKH� WLPH� RI� ZULWLQJ� ZDV� DW� WKH�
GHWDLOHG� SODQQLQJ� VWDJH�� 7KH� JURXQG� IORRU� ZLOO� EH�
UHWDLO�DQG�DQFLOODU\�VSDFH��ZKLOVW�WKH�UHPDLQLQJ�IORRUV�
ZLOO�EH�RIILFH�VSDFH�IRU�D�WHOHSKRQH�H[FKDQJH�FHQWUH��
7KH� RFFXSDQF\� GHQVLW\� LV� ���P��SHUVRQ�� ZKLFK� LV�
KLJKHU� WKDQ� WKH� UHFRPPHQGHG� DYHUDJH� ��P��SHUVRQ�
�%&2� ������� 7KH� WRS� ��� VWRUH\V� KDYH� DQ� LGHQWLFDO�
IORRU� SODQ�� DQ� RSHQ� SODQ� RIILFH� FHQWUHG� DURXQG� D�
VWDLUFDVH�� 7KH� EXLOGLQJ� ZLOO� XVH� RQO\� PHFKDQLFDO�
YHQWLODWLRQ�WR�DYRLG�WKH�QRLVH�SROOXWLRQ�RI�D�FLW\���
7KH� PHWKRGRORJ\� XQGHUO\LQJ� WKLV� VWXG\� LV� VR�FDOOHG�
DFWLRQ� UHVHDUFK� �2DWHV� ������� 7KH� FDVH� VWXG\� UXQV�
SDUDOOHO� WR� DQ� LQGXVWU\� SURMHFW�� 3URJUHVV� UHOLHV� RQ�
PHHWLQJV��ZRUNVKRSV�DQG�IHHGEDFN�EHWZHHQ�GLIIHUHQW�
GHVLJQ� WHDP�PHPEHUV��7KH� LQLWLDO�PRGHO� LV� IURP� WKH�
GHVLJQ� WHDP��DQG� LW� LV�EDVHG�RQ�FOLHQW� VSHFLILFDWLRQV��
7KLV� LQFOXGHV� JHRPHWU\�� PDWHULDO� DQG� +9$&�
GHVFULSWLRQV��DQG�LQWHUQDO�JDLQV��7KLV�IRUPV�WKH�µEDVH¶�
FDVH� LQ� WKLV� VWXG\�� &DUGLII� 8QLYHUVLW\¶V� UROH� LQ� WKLV�
SURMHFW�ZDV� WR� DQDO\VH� WKH� EXLOGLQJV� SHUIRUPDQFH� DW�
GLIIHUHQW� WLPH� SHULRGV�� LGHQWLI\� WKH�PDLQ� SDUDPHWHUV�
ZKLFK� KDG� D� VLJQLILFDQW� LPSDFW� RQ� HQHUJ\�
FRQVXPSWLRQ�� DQG� VXJJHVW� DGDSWDWLRQ�PHDVXUHV�� 7KH�
%36� WRRO� XVHG� IRU� WKH� HQHUJ\� DQDO\VLV� ZDV� ,(6�9(�
�YHUVLRQ������������)LJXUH���VKRZV�D�VFUHHQVKRW�RI�WKH�
PRGHO���
�

�
�

)LJXUH���0RGHO�RI�WKH�$GPLUDO�EXLOGLQJ�DQG�LWV�
VXUURXQGLQJV��

,QLWLDOO\� D� µEDVH¶� FDVH� ZDV� VLPXODWHG� XQGHU� DOO� WLPH�
SHULRGV�� WKHQ� YDULRXV� SK\VLFDO� DQG� EHKDYLRXUDO�
SDUDPHWHUV�ZHUH�DGMXVWHG��7KH�SK\VLFDO�SDUDPHWHUV�RI�
WKH� µEDVH¶� FDVH� DQG� µYDULDWLRQ¶� FDVHV� DUH� OLVWHG� LQ�
7DEOHV��� DQG���� ,Q� HDFK� µYDULDWLRQ¶� VLPXODWLRQ�� RQO\�
RQH�SDUDPHWHU�GLIIHUV�WR�WKH� µEDVH¶��7DEOH���FRQWDLQV�
LQWHUQDO�JDLQV�DQG�WKH�ERLOHU�DQG�FKLOOHU�FRHIILFLHQW�RI�
SHUIRUPDQFH� �&23��� 7DEOH� �� FRQWDLQV� VWUXFWXUDO�
SDUDPHWHUV��

�
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&OLPDWH�)LOH�9DULDEOHV�
.H\���D���'U\�%XOE�7HPSHUDWXUH�
����������E���'HZ�3RLQW�7HPSHUDWXUH�
����������F���+RUL]RQWDO�,QIUDUHG�5DGLDWLRQ��IURP�6N\�
����������G���'LUHFW�1RUPDO�5DGLDWLRQ�
����������H���*OREDO�+RUL]RQWDO�,OOXPLQDQFH�
����������I����'LUHFW�1RUPDO�,OOXPLQDQFH� �
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7DEOH���
'HWDLOV�RI�WKH�µEDVH¶�FDVH�IRU�WKH�$GPLUDO�%XLOGLQJ�

�

7KH�GHFLVLRQV�RQ�GDWD�XVH�LQ�WKLV�SURMHFW�ZHUH�FOLHQW�
GULYHQ��7KH�DXWKRUV�JXLGHG�WKH�FKRLFH�RI�SDUDPHWHUV��
EXW� WKH� HQWLUH� GHVLJQ� WHDP� DJUHHG� RQ� WKH� YDOXHV� IRU�
WKH�µEDVH¶�DQG�µYDULDWLRQ¶�FDVHV�LQ�RUGHU�WR�PLUURU�EHVW�
DQG�VWDQGDUG�SUDFWLFH�YDOXHV���
�

7DEOH���
3K\VLFDO�SDUDPHWHUV�DGMXVWHG�LQ�GHULYDWLYH�PRGHOV��

�

7KH�EHKDYLRXUDO�SDUDPHWHUV� VWXGLHG�ZHUH�RFFXSDQF\�
WLPHV� DQG� WKH� FRROLQJ� VHW� SRLQW� WHPSHUDWXUH�� 7KH�
FRROLQJ� VHW� SRLQW� WHPSHUDWXUH� LV� FDWHJRULVHG� DV� D�
EHKDYLRXUDO� SDUDPHWHU� LQ� WKLV� VWXG\�� DV� FKDQJLQJ� LW�
ZRXOG� DIIHFW� WKH� RFFXSDQWV� DQG� QRW� LQFXU� DQ\�
ILQDQFLDO� FRVWV�� 7KH� FRROLQJ� VHW� SRLQW� WHPSHUDWXUH�
SDUDPHWHU��7��LQ�WKH�µEDVH¶�DQG�WZR�µYDULDWLRQ¶�FDVHV�
LV� ���� ��� DQG� ���&� UHVSHFWLYHO\�� 7KH� RFFXSDQF\�
SDUDPHWHU� �2�� KDV� WZR� µYDULDWLRQ¶� FDVHV��7KH� µEDVH¶�
FDVH�LV�RFFXSLHG�����SP��7KH�ILUVW�µYDULDWLRQ¶�LV��DP�
��SP�� WR� VHH� WKH� HIIHFW� RI� VWDUWLQJ� ZKHQ� WKHUH� LV� D�
ORZHU�RXWVLGH�WHPSHUDWXUH��7KH�VHFRQG� µYDULDWLRQ¶� LV�
�DP�����SP��DQG�����SP��7KLV�DWWHPSWV�WR�PLQLPLVH�
WKH� FRROLQJ� QHFHVVDU\� GXULQJ� ZKDW� VKRXOG� EH� WKH�
KRWWHVW�SDUW�RI�WKH�GD\�E\�YDFDWLQJ�WKH�SUHPLVHV���
7KH�µEDVH¶�DQG�µYDULDWLRQ¶�FDVHV�ZHUH�VLPXODWHG�ZLWK�
IXWXUH�ZHDWKHU� ILOHV� WR� WHVW� WKH� EXLOGLQJV� UREXVWQHVV��
7KH� &DUGLII� ZHDWKHU� ILOHV� XVHG� DUH� IURP� WKH�
3URPHWKHXV� SURMHFW�� 75<� ILOHV� ZHUH� XVHG� IRU� WKH�
SUHVHQW� ������������� ������ ����� DQG� ����� WLPH�
SHULRGV�� 7R� DYRLG� H[WUHPH� SUHGLFWLRQV�� WKH� PHGLXP�
HPLVVLRQ� VFHQDULR� DQG� WKH� ���� SUREDELOLVWLF�
SHUFHQWLOH� ZDV� VHOHFWHG�� 2YHUKHDWLQJ� LV� QRW�

FRQVLGHUHG� DV� WKH� FDVH� VWXG\� UHOLHV� RQ� PHFKDQLFDO�
YHQWLODWLRQ�� &DUERQ� HPLVVLRQV� KDYH� DOVR� QRW� EHHQ�
SUHVHQWHG� DV� LW� LV� H[SHFWHG� WKDW� WKH� +9$&� V\VWHP�
ZLOO� EH� UHSODFHG� PDQ\� WLPHV� ZLWK� PRUH� HIILFLHQW�
&23V�DV�LW�KDV�D�VKRUWHU�OLIHVSDQ�WKDQ�WKH�EXLOGLQJ��

5(68/76�$1'�',6&866,21�
7KH� $GPLUDO� EXLOGLQJ� µEDVH¶� DQG� µYDULDWLRQ¶� FDVHV�
DUH� VLPXODWHG� LQ� WKH� SUHVHQW�� ������ ����� DQG� �����
WLPH� SHULRGV�� 7KH� SHUIRUPDQFH� PHWULF� FKRVHQ� LV�
KHDWLQJ� DQG� FRROLQJ� ORDGV�� &2�� HPLVVLRQV� DUH� QRW�
FRQVLGHUHG�DV�WKH�&23�IRU�WKH�FKLOOHU�DQG�ERLOHU�KDYH�
QRW� EHHQ� DGMXVWHG� WR� WDNH� LQWR� DFFRXQW� UHSODFHPHQW�
ZLWK�PRUH�HIILFLHQW�YHUVLRQV�LQ�WKH�EXLOGLQJV�OLIHWLPH��
6XFK� DQ� HVWLPDWH� ZRXOG� DOVR� QHHG� WR� EH� WHVWHG� IRU�
VHQVLWLYLW\�� DQG� WKLV� VWXG\� IRFXVHV� RQ� VWUXFWXUDO� DQG�
EHKDYLRXUDO�SDUDPHWHUV�RQO\��

µ%DVH¶�&DVH�
7KH�SXUSRVH�RI� WKH� µEDVH¶�FDVH� LV� WZRIROG��)LUVWO\�� LW�
SRUWUD\V�KRZ�WKH�SODQQHG�$GPLUDO�EXLOGLQJ�ZLOO�UHDFW�
WR�FOLPDWH�FKDQJH��6HFRQGO\��LW�LV�XVHG�DV�D�FRQWURO�WR�
ZKLFK�DOO�µYDULDWLRQ¶�FDVHV�FDQ�EH�FRPSDUHG��)LJXUH���
VKRZV� WKH� KHDWLQJ� DQG� FRROLQJ� HQHUJ\� XVH� RI� WKH�
µEDVH¶�FDVH�ZLWK�GLIIHUHQW�FOLPDWH�ILOH�SHULRGV��
�

�
)LJXUH���)XWXUH�HQHUJ\�XVH�RI�WKH�$GPLUDO�EXLOGLQJ�
�

&OLPDWH�FKDQJH�ZLOO�FDXVH�WKH�FRROLQJ�GHPDQG�RI�WKH�
EDVH�FDVH�WR�ULVH�E\������DQG�WKH�KHDWLQJ�GHPDQG�WR�
GHFUHDVH� E\� ����� 7KLV� ZLOO� EH� PRVWO\� GXH� WR� WKH�
DIRUHPHQWLRQHG�DYHUDJH�WHPSHUDWXUH�ULVH��7KH�RYHUDOO�
V\VWHP� HQHUJ\� FRQVXPSWLRQ� RI� WKH� EXLOGLQJ� ZLOO�
GHFUHDVH�� PDLQO\� DV� WKHVH� YDOXHV� WDNH� LQWR� DFFRXQW�
ERLOHU�DQG�FKLOOHU�&23V���

µ9DULDWLRQ¶�&DVHV�
7KH�SXUSRVH�RI�FKDQJLQJ�SDUDPHWHUV�LQ�LVRODWLRQ�LV�WR�
GHWHUPLQH� WKHLU� VXLWDELOLW\� IRU� LQFOXVLRQ� LQ� DQ�
DGDSWLRQ� VWUDWHJ\�� 7KH� KHDWLQJ� DQG� FRROLQJ� GHPDQG�
RI�WKH�µEDVH¶�FDVH��ODEHOOHG�µ%¶��DQG�µYDULDWLRQ¶�FDVHV�
DUH�LQ�)LJXUHV���������&KDQJLQJ�SDUDPHWHUV�DIIHFWV�WKH�
EXLOGLQJ�XQGHU�DOO� WKH�WLPH�SHULRGV�LQ�WKH�VDPH�ZD\��
WKH�PDLQ� GLIIHUHQFH� LV� WKDW� WKH� YDOXHV� RI� WKH� ILJXUHV�
LQFUHDVH� IURP� WKH� µEDVH¶� FDVH� WR� ������ 7KH�
REVHUYDWLRQV�EHORZ�DUH�WKHUHIRUH�DSSOLFDEOH�WR�DOO�WKH�
WLPH�SHULRGV���
7KH�PRVW�LQIOXHQWLDO�FKDQJH�LV�WR�LQFUHDVH�WKH�FRROLQJ�
VHW�SRLQW�WHPSHUDWXUH��$OWKRXJK�WKLV�LV�QRW�FXUUHQWO\�D�
IHDVLEOH� VWUDWHJ\�IRU� WKH�SODQQHG�EXLOGLQJ�� WKLV�FRXOG�
EH� D� IXWXUH� RSWLRQ� LI� SHRSOHV� WROHUDQFH� OHYHO� ULVHV�
EHFDXVH�RI�WKH�H[WHUQDO�WHPSHUDWXUH�LQFUHDVLQJ���
�
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%RLOHU�&23� �����

3$5$0(7(5� 81,7� %$6(�� 9$5,$7,21�
*OD]LQJ�*�
YDOXH��*J��

� ���� �����������

*URXQG�8�
YDOXH��8J��

:�P��
.�

���� ����������

5RRI�8�YDOXH�
�8U��

:�P��
.�

���� ����������

7KHUPDO�PDVV�
�70��

� 6XVSHQGHG�
FHLOLQJ�

7P�H[SRVHG�
E\�UHPRYLQJ�
FHLOLQJ�WLOHV�

:DOO�8�YDOXH�
�8Z��

:�P��
.�

���� ����������

*OD]LQJ�8�
YDOXH��8J��

:�P��
.�

����� ���������

,QILOWUDWLRQ��,�� DFK� ����� �������������
*OD]LQJ�5DWLR�
�*5��

�� ��� �������

6KDGLQJ��6�� � 1R�VKDGLQJ� :LWK�VKDGLQJ�

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

- 1814 -



�
)LJXUH���$GPLUDO�EXLOGLQJ�SHUIRUPDQFH�LQ�WKH�SUHVHQW�WLPH�SHULRG�

�

$QRWKHU� PHDVXUH� LV� LQFUHDVLQJ� ZLQGRZV� 8�YDOXHV�
DQG� GHFUHDVLQJ� WKHLU� *�YDOXHV�� $� SHQDOW\� RI�
GHFUHDVLQJ� WKH� *�YDOXH� LV� LQVLGH� OLJKWLQJ� FRQGLWLRQV�
PD\�EH�ORZHUHG�WRR�IDU��$�GD\OLJKWLQJ�DQDO\VLV�ZRXOG�
KDYH� WR� EH� UXQ� WR� LGHQWLI\� DQ\� SUREOHP� DUHDV�� $V� D�
UHVXOW� DGGLWLRQDO� HOHFWULF� OLJKWLQJ� PD\� QHFHVVDU\��
ZKLFK� ZRXOG� LQFUHDVH� WKH� DOUHDG\� SUREOHPDWLF�
LQWHUQDO�KHDW�JDLQ�DQG�DOVR�WKH�HQHUJ\�GHPDQG�RI�WKH�
EXLOGLQJ�� 7KLV� FRXOG� EH� QHJOLJLEOH� LQ� WKH� IXWXUH�� LI�
OLJKWLQJ�LV�PRUH�HQHUJ\�HIILFLHQW��7KH�KLJKHU�8�YDOXH�
FRXOG�DOVR�KDYH�D�QHJDWLYH�HIIHFW�RQ�RFFXSDQWV��DV�LI�
WKH\�DUH�QHDU�WKH�JODVV�WKHLU�H[SRVDO�WR�D�FROG�VXUIDFH�
FRXOG�UHVXOW�LQ�WKHLU�UDGLDQW�KHDW�ORVV��
$V�WKH�EXLOGLQJ�KDV�KLJK�LQWHUQDO�JDLQV��LQFUHDVLQJ�WKH�
LQILOWUDWLRQ�VLJQLILFDQWO\�GHFUHDVHV�FRROLQJ�GHPDQG��
7KH�ULVNV�ZLWK�VXFK�D�VWUDWHJ\�LQFOXGH�WKH�EXLOGLQJ�
PD\�EH�XQFRPIRUWDEOH�WR�ZRUN�LQ�GXH�WR�GUDXJKWV�DQG�
LW�LV�DQ�XQFRQWUROOHG�PHDVXUH��LQ�WKH�IXWXUH�LW�PD\�
OHDN�WRR�PXFK�KHDW��6XLWDEOH�DOWHUQDWLYH�VWUDWHJLHV�
LQFOXGH�QLJKW�FRROLQJ�RU�QDWXUDO�YHQWLODWLRQ���
$OWKRXJK�WKHVH�PHDVXUHV�ZHUH�LQLWLDOO\�WXUQHG�GRZQ�
GXH�WR�IHDU�RI�QRLVH�SROOXWLRQ��WKH\�FRXOG�IRUP�SDUW�RI�
DQ�DGDSWLRQ�VWUDWHJ\�IRU�WKH�IXWXUH�ZKHQ�WKHUH�LV�PRUH�
GDWD�DYDLODEOH�RQ�WKH�DFWXDO�XVH�DQG�RFFXSDQF\�RI�WKH�
EXLOGLQJ��
1DWXUDO�YHQWLODWLRQ�FRXOG�DOVR�DXJPHQW�WKH�EHQHILW�RI�
XVLQJ�WKH�WKHUPDO�PDVV�RI�WKH�EXLOGLQJ��([SRVLQJ�WKH�
WKHUPDO�PDVV�LV�DOUHDG\�DQ�LQIOXHQWLDO�SDUDPHWHU�WR�
ORZHULQJ�WKH�DQQXDO�FRROLQJ�GHPDQG��,Q�WKLV�VWXG\��
WKH�µH[SRVLQJ¶�PHFKDQLVP�LV�WKH�UHPRYDO�RI�WKH�
FHLOLQJ�WLOHV��)LJXUH���VXSSRUWV�WKLV�WKHRU\�LQ�WKH�
SUHVHQW�WLPH�SHULRG��,W�VKRZV�WKH�FRROLQJ�GHPDQG�RI�
WKH�EXLOGLQJ�ZLWK�DQG�ZLWKRXW�FHLOLQJ�WLOHV�RQ�WKH���VW�
-XO\��SHDN�FRROLQJ���7KH�PRGHO�ZLWK�QR�FHLOLQJ�WLOHV�
LV�SHQDOL]HG�ZLWK�D�KLJKHU�FRROLQJ�GHPDQG�DW�WKH�VWDUW�
RI�WKH�GD\��7KLV�ZLOO�LQDGYHUWHQWO\�FRRO�WKH�WKHUPDO�
PDVV�DQG�DOORZ�LW�WR�DEVRUE�KHDW�GXULQJ�WKH�GD\��7KLV�
LV�VKRZQ�ZLWK�WKH�UHGXFHG�FRROLQJ�GHPDQG�GXULQJ�
SHDN�RFFXSDQF\��,W�FDQ�H[XGH�WKLV�KHDW�EDFN�ZKHQ�WKH�
WHPSHUDWXUH�GURSV�DW�QLJKW���
7KHUPDO�PDVV�DOVR�KDV�D�SRVLWLYH�HIIHFW�RQ�WKH�
KHDWLQJ�VHDVRQ��ZKLFK�FDQ�EH�VHHQ�LQ�)LJXUH����7KLV�

VKRZV�D�UHGXFWLRQ�LQ�WKH�KHDWLQJ�DQG�FRROLQJ�GHPDQG�
RQ�WKH�SHDN�GD\�RI�KHDWLQJ��-DQ��VW��LQ�DQ�RSHQ�SODQ�
RIILFH�VSDFH�LQ�WKH�EXLOGLQJ�LQ�WKH�SUHVHQW�WLPH�
SHULRG��,W�DOVR�VKRZV�WKH�EXLOGLQJ�QHHGV�FRROLQJ�HYHQ�
LQ�WKH�ZLQWHU��
�

�
)LJXUH���(IIHFW�RI�WKHUPDO�PDVV�RQ�FRROLQJ�GHPDQG�

�

,Q� FRPSDULVRQ� WR� RWKHU� PHDVXUHV�� FKDQJLQJ� WKH�
JOD]LQJ� UDWLR��ZDOO�8�YDOXH� DQG�RFFXSDQF\�ZHUH�QRW�
DV� HIIHFWLYH�� 7KLV� ZRXOG� GLIIHU� LQ� D� ZDUPHU� FOLPDWH�
ZKHUH�DQ�HPSW\�EXLOGLQJ�GXULQJ�WKH�ZDUPHVW�SDUW�RI�
WKH�GD\�ZRXOG�QRWLFHDEO\�ORZHU�WKH�FRROLQJ�GHPDQG��
,Q�WHUPV�RI�WKH�KHDWLQJ�GHPDQG��QRQH�RI�WKH�FKDQJHV�
LQ�SDUDPHWHU�YDOXHV�KDG�D�VLJQLILFDQW�HIIHFW��6DYLQJV�
IURP� DGDSWDWLRQ� VWUDWHJLHV� ORZHULQJ� FRROLQJ� GHPDQG�
ZLOO� QRW� EH� RIIVHW� E\� WKH� KHDWLQJ� GHPDQG� LQFUHDVLQJ�
GUDVWLFDOO\��
�

�
)LJXUH���(IIHFW�RI�WKHUPDO�PDVV�RQ�KHDWLQJ�DQG�

FRROLQJ�GHPDQG�
�

$� VXPPDU\�RI�D�FDVH�ZKLFK�XVHV� WKH�PRVW�HIIHFWLYH�
YDULDWLRQV�LV�JLYHQ�LQ�7DEOH����0LVVLQJ�YDULDWLRQV�DUH�
UHYHDOLQJ�WKHUPDO�PDVV��XVLQJ�VKDGLQJ�DQG�WKH��DP��
��SP��DQG������SP�RFFXSDQF\���
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7DEOH���
$�VXPPDU\�RI�WKH�PRVW�HIIHFWLYH�YDULDWLRQV�IRU�ORZHULQJ�DQQXDO�KHDWLQJ�DQG�FRROLQJ�

3$5$0(7(56� *J� 8J� 8U� 7� 8Z� 8J� ,� *5�

9DOXHV� �����:�P�.� ����:�P�.� ����:�P�.� ���&� �����:�P�.� ����:�P�.� ����DFK� ����

&21&/86,21�
$�VHQVLWLYLW\�DQDO\VLV�KDV�EHHQ�SHUIRUPHG�XVLQJ�%36�
RQ� WKH�$GPLUDO� ,QVXUDQFH�+HDGTXDUWHUV�EXLOGLQJ� WKDW�
ZLOO� EH� ORFDWHG� LQ�&DUGLII��:DOHV�� ,QLWLDO� SDUDPHWHUV�
DQG� WKHLU� XSSHU� DQG� ORZHU� OLPLWV� RULJLQDWH� IURP� WKH�
GHVLJQ� WHDP�� $V� WKH� EXLOGLQJ� ZDV� LQ� WKH� GHWDLOHG�
SODQQLQJ� VWDJH� GXULQJ� WKLV� VWXG\�� WKLV� FOLHQW�GULYHQ�
DSSURDFK� HQDEOHG� WKH� VLPXODWLRQ� RI� UHDOLVWLF� GHVLJQ�
LQWHUYHQWLRQV��3URPHWKHXV�FOLPDWH�GDWD�ZDV�XVHG� IRU�
SUHVHQW� DQG� IXWXUH� VLPXODWLRQV�� %RWK� SK\VLFDO� DQG�
EHKDYLRXUDO� SDUDPHWHUV� ZHUH� DQDO\VHG� IRU� WKHLU�
LPSDFW�RQ�IXWXUH�KHDWLQJ�DQG�FRROLQJ�HQHUJ\�XVH���
)URP�WKH�SK\VLFDO�SURSHUWLHV��WKH�ZLQGRZ�8��DQG�*�
YDOXHV�KDYH�WKH�JUHDWHVW�HIIHFW�RQ�FRROLQJ�HQHUJ\�XVH��
7KHLU�UHSODFHPHQW�VKRXOG�KDYH�SULRULW\�LQ�DQ�DGDSWLRQ�
VWUDWHJ\�� ZKLFK� FRXOG� LQFOXGH� PHDVXUHV� VXFK� DV�
VKDGLQJ��$QRWKHU�VHQVLWLYH�SK\VLFDO�SDUDPHWHU�RI�WKH�
EXLOGLQJ�LV�LQILOWUDWLRQ��7KLV�LV�LQGLFDWLYH�WKDW�LQWHUQDO�
KHDW� JDLQV� DUH� KLJK�� DQG� QLJKW� RU� GD\� SDVVLYH�
YHQWLODWLRQ� VKRXOG� EH� UHFRQVLGHUHG�� ,Q� RUGHU� IRU� D�
FOLHQW�WR�DFFHSW�WKLV��WKH\�ZRXOG�KDYH�WR�EH�SUHVHQWHG�
PRUH� LQIRUPDWLRQ� RQ� � QRLVH� SROOXWLRQ�� )LQDOO\�� WKH�
DELOLW\�WR�UHYHDO�WKHUPDO�PDVV�LQ�WKH�IXWXUH�VKRXOG�EH�
FRQVLGHUHG�� ,W� KHOSV� UHGXFH� ERWK� WKH� KHDWLQJ� DQG�
FRROLQJ� GHPDQG�� HYHQ� LQ� WKH� DEVHQFH� RI� QDWXUDO�
YHQWLODWLRQ�� %XLOGLQJV� ZLWK� FRQFUHWH� IUDPHV� ZLWK�
XQH[SRVHG� WKHUPDO�PDVV�KDYH� WR�SRWHQWLDO� WR� UHGXFH�
WKHLU�HQHUJ\�GHPDQG�LQ� WKH� IXWXUH���7KLV� LQIRUPDWLRQ�
FDQ�EH�LQIOXHQWLDO�LQ�WKH�GHVLJQ�VWDJH�DV�WKH�VWUXFWXUDO�
IUDPH�FDQQRW�EH�HDVLO\�UHSODFHG�LQ�ODWHU�VWDJHV�RI�WKH�
EXLOGLQJ¶V� OLIHF\FOH�� 5HJDUGLQJ� EHKDYLRXUDO�
SDUDPHWHUV��PHDVXUHV�UHODWLQJ�WR�ORZHULQJ�RFFXSDQF\�
VKRXOG� KDYH� SULRULW\� DV� WKH\� ORZHU� LQWHUQDO� JDLQV��
7KHVH� FRXOG� LQFOXGH� DGGLQJ� WKH� SRVVLELOLW\� RI�
ZRUNLQJ� IURP� KRPH� WR� FRPSDQ\� SROLF\�� $OWHUQDWLYH�
PHDVXUHV� LQFOXGH� UHSODFLQJ� HTXLSPHQW� DQG� OLJKWLQJ�
IUHTXHQWO\� ZLWK� PRUH� HIILFLHQW� PRGHOV�� 7KH\�
FRQWULEXWH�WR�WKH�LQWHUQDO�JDLQV�WKDW�FDXVH�WKH�EXLOGLQJ�
WR�EH�FRROLQJ�GRPLQDWHG���
$�OLPLWDWLRQ�RI�WKH�UHVHDUFK�PHWKRGRORJ\�LV�WKH�LQLWLDO�
EDVH�PRGHO� UHFHLYHG�KDG� WR�EH�FKDQJHG�RYHU�VHYHUDO�
PHHWLQJV�DQG�HPDLOV�LQ�RUGHU�WR�JLYH�D�PRUH�DFFXUDWH�
UHSUHVHQWDWLRQ� RI� WKH� SODQQHG� EXLOGLQJ�� 8VLQJ� DQ�
DSSURDFK� VXFK� DV� %XLOGLQJ� ,QIRUPDWLRQ� 0RGHOOLQJ�
ZRXOG� KDYH� VLPSOLILHG� WKLV� DQG� WKH�PRGHO� ZRXOG� EH�
EHQHILFLDO�DW�ODWHU�VWDJHV�LQ�WKH�OLIHF\FOH��IRU�H[DPSOH�
LQ� IDFLOLW\� PDQDJHPHQW�� ,Q� DGGLWLRQ�� WKH�
FRPSUHKHQVLYHQHVV� RI� WKH� VWXG\� ZDV� OLPLWHG� DV� WKH�
FOLHQW�ZDV�RQO\�LQWHUHVWHG�LQ�FKDQJLQJ�FHUWDLQ�DVSHFWV���
5HVXOWV� RI� WKLV� VWXG\� DQG� DGDSWDWLRQ� PHDVXUHV� ZHUH�
IHG� EDFN� WR� WKH� GHVLJQ� WHDP�� (DFK� SDUDPHWHU� ZDV�
DQDO\VHG� LQ� WHUPV� RI� SUDFWLFDOLW\�� HQHUJ\� DQG� FRVW�
VDYLQJV�� &RPPHQWV� ZHUH� PDGH� WKDW� WKH� DGDSWDWLRQ�
VWUDWHJLHV�DUH�XVHIXO��HVSHFLDOO\�WKH�LQIRUPDWLRQ�DERXW�

WKH� ZLQGRZ� DQG� WKH� IXWXUH� EHQHILWV� RI� XVLQJ� D�
FRQFUHWH� IUDPH�� 7KH� GHYHORSHU� DOVR� H[SUHVVHG� WKDW�
WKH\�ZRXOG�EH�PRUH�OLNHO\�WR�FRQVLGHU�XVLQJ�FRQFUHWH�
VWUXFWXUHV� LQ� IXWXUH� EXLOGLQJV�� +RZHYHU�� QR� FKDQJH�
ZDV� PDGH� WR� WKH� RULJLQDO� EXLOGLQJ� SODQV�� � 7KLV�
LOOXVWUDWHV� KRZ� HYHQ� ZLWK� WLPH� DQG� PRQH\� LQYHVWHG�
E\�WKH�FOLHQW��DQG�VXIILFLHQW�LQIRUPDWLRQ�DYDLODEOH�RQ�
DGDSWDWLRQ�PHDVXUHV��WKH�ILQDO�GHFLVLRQ�LV�VWLOO�FOLHQW��
DQG�QRW�SHUIRUPDQFH�GULYHQ��5HVHDUFK�VKRZV��6WUXFN�
������WKDW�WKH�UHVXOWV�IURP�WKLV�VWXG\�FRXOG�KDYH�EHHQ�
PRUH� LQIOXHQWLDO� LQ� WKH� HDUOLHU� GHVLJQ� VWDJHV��
+RZHYHU�� EDVHG� RQ� WKH� FRQFHUQ� RI� WKH� FOLHQW� WKDW�
PXFK�RI�WKH�GDWD�ZDV�QRW�DYDLODEOH�DW�WKH�FRQFHSWXDO�
VWDJH�� WKH� UHVHDUFK� ZDV� FRQGXFWHG� DW� WKH� GHWDLOHG�
GHVLJQ� VWDJH�� ,Q� FRQFOXVLRQ�� WKLV� FOLHQW� GULYHQ� FDVH�
VWXG\� VKRZV� WKH� LPSRUWDQFH� RI� %36� DQG� PRGHOOLQJ�
XQGHU�D�IXWXUH�FOLPDWH��DQG�KRZ�LW�FDQ�LQIRUP�GHVLJQ�
GHFLVLRQV� LQ� WKH� EXLOGLQJ� LQGXVWU\�� ,W� VKRZV� LQ� D�
FRROLQJ� EDVHG� EXLOGLQJ� LQ� D� WHPSHUDWH� FOLPDWH� ���
UHPRYLQJ� LQWHUQDO� KHDW� IURP� D� EXLOGLQJ� LV� PRUH�
LPSRUWDQW�WKDQ�DGMXVWLQJ�WKH�EXLOGLQJ�HQYHORSH�DQG����
XVLQJ� D� FRQFUHWH� IUDPH� LQ� D� EXLOGLQJ� JLYHV� LW� WKH�
DELOLW\� WR� XVH� LWV� WKHUPDO�PDVV� HLWKHU� FXUUHQWO\�RU� LQ�
WKH�IXWXUH�WR�ORZHU�FRROLQJ�GHPDQG���

$&.12:/('*(0(17�
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�PHPEHUV�RI�WKH�
76%�FRPSHWLWLRQ�µ'HVLJQ�IRU�)XWXUH�&OLPDWH��
$GDSWLQJ�%XLOGLQJV¶�IRU�DOO�WKHLU�VXSSRUW��LQ�
SDUWLFXODU�$QG\�6XWWRQ�DQG�'DQ�%ODFN�IURP�WKH�%5(�
:DOHV�DQG�6RXWK�:HVW��DQG�6WHYH�%XUURZV�IURP�
$UXS���

5()(5(1&(6�
%HQLVWRQ��0��HW�DO���������)XWXUH�H[WUHPH�HYHQWV�LQ�

(XURSHDQ�FOLPDWH��DQ�H[SORUDWLRQ�RI�UHJLRQDO�
FOLPDWH�PRGHO�SURMHFWLRQV��&OLPDWLF�&KDQJH������
SS���±����

%5(�*OREDO��������%5(($0��WKH�ZRUOG¶V�OHDGLQJ�
GHVLJQ�DQG�DVVHVVPHQW�PHWKRG�IRU�VXVWDLQDEOH�
EXLOGLQJV��$YDLODEOH�DW��KWWS���ZZZ�EUHHDP�RUJ��
>$FFHVVHG�$SULO���������@��

&DPLOOHUL��0���-DTXHV��5��	�,VDDFV��1���������,PSDFWV�
RI�FOLPDWH�FKDQJH�RQ�EXLOGLQJ�SHUIRUPDQFH�LQ�
1HZ�=HDODQG��%XLOGLQJ�5HVHDUFK�	�,QIRUPDWLRQ��
�������SS����±�����

&DUWDOLV��&��HW�DO���������0RGLILFDWLRQV�LQ�HQHUJ\�
GHPDQG�LQ�XUEDQ�DUHDV�DV�D�UHVXOW�RI�FOLPDWH�
FKDQJHV��DQ�DVVHVVPHQW�IRU�WKH�VRXWKHDVW�
0HGLWHUUDQHDQ�UHJLRQ��(QHUJ\�&RQYHUVLRQ�DQG�
0DQDJHPHQW����������SS�����±������

&KULVWHQVRQ��0���0DQ]��+��	�*\DOLVWUDV��'���������
&OLPDWH�ZDUPLQJ�LPSDFW�RQ�GHJUHH�GD\V�DQG�
EXLOGLQJ�HQHUJ\�GHPDQG�LQ�6ZLW]HUODQG��(QHUJ\�
&RQYHUVLRQ�DQG�0DQDJHPHQW���������SS����±�����
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&,%6(��������&,%6(�*XLGH�$��(QYLURQPHQWDO�
'HVLJQ��1RUZLFK��3DJH�%URV�/WG��

&,%6(��������70����&OLPDWH�&KDQJH�DQG�WKH�LQGRRU�
HQYLURQPHQW��LPSDFWV�DQG�DGDSWDWLRQ��/RQGRQ��
7KH�&KDUWHUHG�,QVWLWXWLRQ�RI�%XLOGLQJ�6HUYLFHV�
(QJLQHHUV��

&ROH\��'��	�.HUVKDZ��7���������&KDQJHV�LQ�LQWHUQDO�
WHPSHUDWXUHV�ZLWKLQ�WKH�EXLOW�HQYLURQPHQW�DV�D�
UHVSRQVH�WR�D�FKDQJLQJ�FOLPDWH��%XLOGLQJ�DQG�
(QYLURQPHQW���������SS���±����

(DPHV��0���.HUVKDZ��7��	�&ROH\��'���������2Q�WKH�
FUHDWLRQ�RI�IXWXUH�SUREDELOLVWLF�GHVLJQ�ZHDWKHU�
\HDUV�IURP�8.&3����%XLOGLQJ�6HUYLFHV�
(QJLQHHULQJ�5HVHDUFK�DQG�7HFKQRORJ\��

�*UDQDGHLUR��9��HW�DO���������%XLOGLQJ�HQYHORSH�VKDSH�
GHVLJQ�LQ�HDUO\�VWDJHV�RI�WKH�GHVLJQ�SURFHVV��
,QWHJUDWLQJ�DUFKLWHFWXUDO�GHVLJQ�V\VWHPV�DQG�
HQHUJ\�VLPXODWLRQ��$XWRPDWLRQ�LQ�&RQVWUXFWLRQ��
,Q�3UHVV���

*UDYHV��+�0��	�3KLOOLSVRQ��0�&���������3RWHQWLDO�
LPSOLFDWLRQV�RI�FOLPDWH�FKDQJH�LQ�WKH�EXLOW�
HQYLURQPHQW��:DWIRUG��)%(�%5(���

*XDQ��/���������(QHUJ\�XVH��LQGRRU�WHPSHUDWXUH�DQG�
SRVVLEOH�DGDSWDWLRQ�VWUDWHJLHV�IRU�DLU�FRQGLWLRQHG�
RIILFH�EXLOGLQJV�LQ�IDFH�RI�JOREDO�ZDUPLQJ��
%XLOGLQJ�DQG�(QYLURQPHQW������SS��±����

*XDQ��/���������3UHSDUDWLRQ�RI�IXWXUH�ZHDWKHU�GDWD�WR�
VWXG\�WKH�LPSDFW�RI�FOLPDWH�FKDQJH�RQ�EXLOGLQJV��
%XLOGLQJ�DQG�HQYLURQPHQW���������SS����±�����

+DFNHU��-�1��HW�DO���������%HDWLQJ�WKH�KHDt  ��NHHSLQJ�
8.�EXLOGLQJV�FRRO�LQ�D�ZDUPLQJ�FOLPDWH��2[IRUG��
8.&,3��

�+DFNHU��-�1��HW�DO���������(PERGLHG�DQG�RSHUDWLRQDO�
FDUERQ�GLR[LGH�HPLVVLRQV�IURP�KRXVLQJ��$�FDVH�
VWXG\�RQ�WKH�HIIHFWV�RI�WKHUPDO�PDVV�DQG�FOLPDWH�
FKDQJH��(QHUJ\�DQG�%XLOGLQJV���������SS����±
�����

+ROPHV��0�-��	�+DFNHU��-�1���������&OLPDWH�FKDQJH��
WKHUPDO�FRPIRUW�DQG�HQHUJ\��0HHWLQJ�WKH�GHVLJQ�
FKDOOHQJHV�RI�WKH���VW�FHQWXU\��(QHUJ\�DQG�
%XLOGLQJV���������SS����±�����

+RSIH��&�-��	�+HQVHQ��-���������8QFHUWDLQW\�DQDO\VLV�
LQ�EXLOGLQJ�SHUIRUPDQFH�VLPXODWLRQ�IRU�GHVLJQ�
VXSSRUW��(QHUJ\�DQG�%XLOGLQJV����������SS�����±
������

+XOPH��0��HW�DO���������&OLPDWH�&KDQJH�6FHQDULRV�
IRU�WKH�8QLWHG�.LQJGRP��7KH�8.&,3�6FLHQWLILF�
5HSRUW��7\QGDOO�&HQWUH�IRU�&OLPDWLF�&KDQJH�
5HVHDUFK��6FKRRO�RI�(QYLURQPHQWDO�(QJLQHHULQJ��
8QLYHUVLW\�RI�(DVW�$QJOLD��1RUZLFK���

,3&&��������,3&&�)RXUWK�$VVHVVPHQW�5HSRUW��
&OLPDWH�&KDQJH�������$5����

-HQNLQV��'�3��HW�DO���������3UREDELOLVWLF�FOLPDWH�
SURMHFWLRQV�ZLWK�G\QDPLF�EXLOGLQJ�VLPXODWLRQ��
SUHGLFWLQJ�RYHUKHDWLQJ�LQ�GZHOOLQJV��(QHUJ\�DQG�
%XLOGLQJV��

-HQNLQV��*�-���3HUU\��0��	�3ULRU��-���������7KH�FOLPDWH�
RI�WKH�8QLWHG�.LQJGRP�DQG�UHFHQW�WUHQGV��([HWHU��
0HW�2IILFH�+DGOH\�&HQWUH���

.HUVKDZ��7���(DPHV��0��	�&ROH\��'���������
$VVHVVLQJ�WKH�ULVN�RI�FOLPDWH�FKDQJH�IRU�
EXLOGLQJV��$�FRPSDULVRQ�EHWZHHQ�PXOWL�\HDU�DQG�
SUREDELOLVWLF�UHIHUHQFH�\HDU�VLPXODWLRQV��%XLOGLQJ�
DQG�(QYLURQPHQW��

.RUMHQLF��$��	�%HGQDU��7���������9DOLGDWLRQ�DQG�
HYDOXDWLRQ�RI�WRWDO�HQHUJ\�XVH�LQ�RIILFH�EXLOGLQJV��
$�FDVH�VWXG\��$XWRPDWLRQ�LQ�&RQVWUXFWLRQ������
SS���±����

0RUWRQ��7�$��HW�DO���������%XLOGLQJ�D�EHWWHU�IXWXUH��
$Q�H[SORUDWLRQ�RI�EHOLHIV�DERXW�FOLPDWH�FKDQJH�
DQG�SHUFHLYHG�QHHG�IRU�DGDSWDWLRQ�ZLWKLQ�WKH�
EXLOGLQJ�LQGXVWU\��%XLOGLQJ�DQG�(QYLURQPHQW��
�������SS�����±������

0XUSK\��-�0��HW�DO���������8.�&OLPDWH�3URMHFWLRQV�
6FLHQFH�5HSRUW��&OLPDWH�FKDQJH�SURMHFWLRQV���
([HWHU��0HW�2IILFH�+DGOH\�&HQWUH���

2DWHV��%���������5HVHDUFKLQJ�,QIRUPDWLRQ�6\VWHPV�
DQG�&RPSXWLQJ��/RQGRQ��6DJH�3XEOLFDLRQV���

3HDFRFN��$���-HQNLQV��'��	�.DQH��'���������
,QYHVWLJDWLQJ�WKH�SRWHQWLDO�RI�RYHUKHDWLQJ�LQ�8.�
GZHOOLQJV�DV�D�FRQVHTXHQFH�RI�H[WDQW�FOLPDWH�
FKDQJH��(QHUJ\�SROLF\���������SS�����±������

5DGKL��+���������(YDOXDWLQJ�WKH�SRWHQWLDO�LPSDFW�RI�
JOREDO�ZDUPLQJ�RQ�WKH�8$(�UHVLGHQWLDO�EXLOGLQJV�
$�FRQWULEXWLRQ�WR�UHGXFH�WKH�&2��HPLVVLRQV��
%XLOGLQJ�DQG�(QYLURQPHQW����������SS�����±
������

5RGULJXHV��/�7���*LOORWW��0��	�7HWORZ��'���������
6XPPHU�RYHUKHDWLQJ�SRWHQWLDO�LQ�D�ORZ�HQHUJ\�
VWHHO�IUDPH�KRXVH�LQ�IXWXUH�FOLPDWH�VFHQDULRV��
6XVWDLQDEOH�&LWLHV�DQG�6RFLHW\�����SS��±����

6FKHXHU��&���.HROHLDQ��*�$��	�5HSSH��3���������/LIH�
F\FOH�HQHUJ\�DQG�HQYLURQPHQWDO�SHUIRUPDQFH�RI�D�
QHZ�XQLYHUVLW\�EXLOGLQJ��PRGHOLQJ�FKDOOHQJHV�DQG�
GHVLJQ�LPSOLFDWLRQV��(QHUJ\�DQG�%XLOGLQJV��
��������SS�����±������

6KLPRGD��<���������$GDSWDWLRQ�PHDVXUHV�IRU�FOLPDWH�
FKDQJH�DQG�WKH�XUEDQ�KHDW�LVODQG�LQ�-DSDQ¶V�EXLOW�
HQYLURQPHQW��%XLOGLQJ�5HVHDUFK�	�,QIRUPDWLRQ��
���������SS����±�����

7LDQ��:��	�'H�:LOGH��3���������8QFHUWDLQW\�DQG�
VHQVLWLYLW\�DQDO\VLV�RI�EXLOGLQJ�SHUIRUPDQFH�XVLQJ�
SUREDELOLVWLF�FOLPDWH�SURMHFWLRQV��$�8.�FDVH�
VWXG\��$XWRPDWLRQ�LQ�&RQVWUXFWLRQ��

:DQ��.�.�:��HW�DO���������)XWXUH�WUHQGV�RI�EXLOGLQJ�
KHDWLQJ�DQG�FRROLQJ�ORDGV�DQG�HQHUJ\�
FRQVXPSWLRQ�LQ�GLIIHUHQW�FOLPDWHV��%XLOGLQJ�DQG�
(QYLURQPHQW���������SS����±�����

'H�:LOGH��3��	�7LDQ��:���������0DQDJHPHQW�RI�
WKHUPDO�SHUIRUPDQFH�ULVNV�LQ�EXLOGLQJV�VXEMHFW�WR�
FOLPDWH�FKDQJH��%XLOGLQJ�DQG�(QYLURQPHQW��

'H�:LOGH��3��	�7LDQ��:���������3UHGLFWLQJ�WKH�
SHUIRUPDQFH�RI�DQ�RIILFH�XQGHU�FOLPDWH�FKDQJH��$�
VWXG\�RI�PHWULFV��VHQVLWLYLW\�DQG�]RQDO�UHVROXWLRQ��
(QHUJ\�DQG�%XLOGLQJV����������SS�����±������

'H�:LOGH��3��	�7LDQ��:���������7RZDUGV�
SUREDELOLVWLF�SHUIRUPDQFH�PHWULFV�IRU�FOLPDWH�
FKDQJH�LPSDFW�VWXGLHV��(QHUJ\�DQG�%XLOGLQJV��
������SS�����±�����
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