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7R� DFKLHYH� WKH� DLP� RI� FDSWXULQJ� RFFXSDQWV
� VSDFH�
KHDWLQJ� EHKDYLRXU� WKURXJK� VLPXODWLRQ�� D� WKRURXJK�
OLWHUDWXUH� VHDUFK� RI� WKH� SRWHQWLDO� IDFWRUV� LQIOXHQFLQJ�
RFFXSDQWV¶� VSDFH� KHDWLQJ� EHKDYLRXU� LQ� UHVLGHQWLDO�
EXLOGLQJV� LV� FRPSOHWHG�� 7KH� DPDOJDPDWHG� UHVXOWV� RI�
SUHYLRXV� VWXGLHV�� HLWKHU� FRQILUPLQJ� RU� UHMHFWLQJ� D�
FDXVDO� UHODWLRQVKLS� EHWZHHQ� WKH� IDFWRU� DQG� VSDFH�
KHDWLQJ� EHKDYLRXU�� DUH� XVHG� WR� HVWDEOLVK� D� VHULHV� RI�
LPSRUWDQW�µIDFWRUV¶��ZKLFK�QHHG�WR�EH�LQFRUSRUDWHG�LQ�
EXLOGLQJ� SHUIRUPDQFH� VLPXODWLRQ�� ,Q� DGGLWLRQ�� WKH�
SDSHU� UHYLHZV� KRZ� WKHVH� IDFWRUV� DUH� FXUUHQWO\�
LPSOHPHQWHG� LQ� WUDGLWLRQDO� EXLOGLQJ� VLPXODWLRQV�� ,Q�
HDFK�VHFWLRQ��WKH�ILQGLQJV�DV�ZHOO�UHOHYDQW�GLVFXVVLRQV�
DUH�SUHVHQWHG�VLPXOWDQHRXVO\��
�

%$&.*5281'��7+(�52/(�2)�
2&&83$17��%(+$9,285�,1�
%8,/',1*�(1(5*<�86$*(�
2FFXSDQWV�DIIHFW�WKH�SHUIRUPDQFH�RI�EXLOGLQJV�LQ�WZR�
ZD\V�� ³SDVVLYHO\´� DQG� ³DFWLYHO\´� �0DKGDYL�� �������
3DVVLYH� HIIHFWV� GHVFULEH� RFFXSDQWV¶� SUHVHQFH� LQ� D�
EXLOGLQJ� DV� D� VRXUFH� RI� KHDW�� ZDWHU� YDSRXU�� FDUERQ�
GLR[LGH� HWF��� DQG� DFWLYH� HIIHFWV� GHVFULEH� RFFXSDQWV¶�
PDQLSXODWLRQ� RI� FRQWURO� GHYLFHV� VXFK� DV� ZLQGRZV��
VKDGHV�� UDGLDWRUV� DQG� IDQV� WR� EULQJ� DERXW� GHVLUDEOH�
LQGRRU�FRQGLWLRQV���
�
:KLOH�EXLOGLQJ�VLPXODWLRQ�WRROV�UHSUHVHQW�DOO�NH\�KHDW�
DQG�PDVV�WUDQVIHU�SURFHVVHV�LQ�EXLOGLQJV�� LW�KDV�EHHQ�
QRWHG� WKDW� WKHUH� LV� RIWHQ� D� GLVFUHSDQF\� EHWZHHQ�
VLPXODWHG�DQG�PHDVXUHG�HQHUJ\�XVH��%RUGDVV��&RKHQ�
	� )LHOG�� ������ %RUGDVV� HW� DO��� ������ 'HPDQXHOH��
7ZHGGHOO�	�'DYLHV��������0HQH]HV�HW�DO�����������
�
7KH� UHDVRQV� IRU� WKLV�GLVFUHSDQF\�DUH�FXUUHQWO\�XQGHU�
IXUWKHU� LQYHVWLJDWLRQ�� $SDUW� IURP� FRQVHTXHQFHV� RI�
DVVXPSWLRQV��VLPSOLILFDWLRQV�DQG�QXPHULFDO�SURFHVVHV��
LW�KDV�EHHQ�VXJJHVWHG�WKDW�LW�LV�DOVR�VWURQJO\�UHODWHG�WR�

WKH�UROH�RI�RFFXSDQW�EHKDYLRXU��)DEL�HW�DO����������,Q�
RUGHU�WR�LQYHVWLJDWH�WKH�UROH�RI�RFFXSDQW�EHKDYLRXU�RQ�
WKH� HQHUJ\� SHUIRUPDQFH� RI� EXLOGLQJV�� D� QXPEHU� RI�
VWXGLHV� �%UDQFR� HW� DO��� ������ (PHU\� 	� .LSSHQKDQ��
������0DUFKLR�	�5DEO�� ������ 1RUIRUG� HW� DO��� ������
6HOLJPDQ� 	� 'DUOH\�� ������ 6HOLJPDQ�� 'DUOH\� 	�
%HFNHU�� ������ KDYH� IRFXVHG� WKHLU� DWWHQWLRQ� RQ� WKH�
HQHUJ\� FRQVXPSWLRQ� RI� LGHQWLFDO� EXLOGLQJV�� 7KH�
UHVXOWV� VKRZ� WKDW� WKH� YDULDWLRQ� EHWZHHQ� DFWXDO� DQG�
SUHGLFWHG� HQHUJ\� XVH� LV� PDLQO\� UHODWHG� WR� WKH� ILQDO�
EXLOG� TXDOLW\�� WKH� EXLOGLQJ� V\VWHPV� LQVWDOOHG� DQG� WKH�
PDQLSXODWLRQ� RI� WKHVH� V\VWHPV� E\� WKH� EXLOGLQJ�
RFFXSDQWV��
�
$V� WKH� IRFXV� RI� H9L]� LV� RQ� FKDQJLQJ� RFFXSDQWV¶�
EHKDYLRXU� LQ� EXLOGLQJV� LQ� RUGHU� WR� DFKLHYH� HQHUJ\�
GHPDQG�UHGXFWLRQV�� WKH�SDVVLYH�HIIHFWV�RI�RFFXSDQWV��
ZKLFK� DUH� KDUG� WR� FRQWURO�� DUH� FXUUHQWO\� RXWVLGH� WKH�
VFRSH� DQG� LQVWHDG� WKH� HPSKDVLV� LV� SODFHG� RQ� WKH�
PRGLILFDWLRQ�RI�WKH�DFWLYH�EHKDYLRXUDO�HIIHFWV��
�
:KLOH�PDQ\�IDFWRUV�FRQWULEXWH�WR�WKH�HQHUJ\�GHPDQG�
RI�D�GZHOOLQJ�� WKLV�SDSHU�RQO\�IRFXVHV�RQ� WKH�HQHUJ\�
XVHG� E\� WKH� VSDFH� KHDWLQJ� V\VWHP�� GXH� WR� LWV� JUHDW�
FRQWULEXWLRQ� GXULQJ� WKH� ZLQWHUWLPH�� *HQHUDOO\�� WKLV�
SDUW� RI� HQHUJ\� LV� UHODWHG� WR� FRQWURO� VHWWLQJV� �WKH�
RSHUDWLRQ�RI�WKH�VSDFH�KHDWLQJ�V\VWHP�ZLWK�UHVSHFW�WR�
IUHTXHQF\�� DUHD� DQG� PDJQLWXGH��� SK\VLFDO� IDFWRUV�
�HIILFLHQF\� RI� WKH� EXLOGLQJ� IDEULF�KHDWLQJ� V\VWHP���
DQG� HQYLURQPHQWDO� FRQGLWLRQV� �RXWGRRU� FOLPDWH���
+RZHYHU�� WKH�GHFLGLQJ� IDFWRU� LV� WKH�KXPDQ�RFFXSDQW�
RI�WKH�LQGRRU�VSDFH��ZKR�MXGJHV�WKH�WKHUPDO�FRPIRUW�
FRQGLWLRQV� DQG� FKDQJHV� FRQWURO� VHWWLQJV� WR� DFKLHYH�
GHVLUHG� LQGRRU� HQYLURQPHQWDO� FRQGLWLRQV�� ,Q� WKLV�
SDSHU�� WKLV� DFWLYH� EHKDYLRXU� LV� QDPHG� DV� µVSDFH�
KHDWLQJ� EHKDYLRXU¶�� ZKLFK� OHDGV� WR� WKH� GHILQLWLRQ� RI�
WKUHH� LQWHUUHODWHG� YDULDEOHV�� VHWSRLQW� WHPSHUDWXUH��
QXPEHU�RI�URRPV�KHDWHG�DQG�KHDWLQJ�SHULRG��(YHQ�VR��
FXUUHQWO\�QRW�HQRXJK� LV�XQGHUVWRRG�DERXW�KRZ�VSDFH�
KHDWLQJ�EHKDYLRXUV�UHODWH� WR�RWKHU�XQGHUO\LQJ� IDFWRUV�
�H�J��JHQGHU�RI�RFFXSDQWV��GZHOOLQJ�W\SHV��RFFXSDQF\�
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HWF��� WR� LQFRUSRUDWH� WKHVH� H[SOLFLWO\� LQ� SHUIRUPDQFH�
VLPXODWLRQ� DSSOLFDWLRQV� LQ� RUGHU� WR� DFKLHYH� UHDOLVWLF�
VLPXODWLRQ�EDVHG�EXLOGLQJ�SHUIRUPDQFH�SUHGLFWLRQV��
�
$W� SUHVHQW�� WKH� WUDGLWLRQDO� ZD\� RI� PRGHOOLQJ�
RFFXSDQWV¶� VSDFH� KHDWLQJ� EHKDYLRXU� LQ� VLPXODWLRQ�
WRROV�LV�EDVHG�RQ�DVVXPSWLRQV�GLUHFWO\�DSSOLHG�WR�WKH�
EXLOGLQJ�HQHUJ\�EDODQFH��,Q�WKH�IROORZLQJ�VHFWLRQV��DQ�
LQYHVWLJDWLRQ� LV� FDUULHG� RXW� RQ� ZKDW� IDFWRUV� FDQ�
SRVVLEO\� LQIOXHQFH� RFFXSDQWV¶� VSDFH� KHDWLQJ�
EHKDYLRXU� LQ� DFWXDO� UHVLGHQWLDO� EXLOGLQJV�� DQG� KRZ�
WKRVH�IDFWRUV��LI�DW�DOO��DUH�FXUUHQWO\�EHLQJ�KDQGOHG�LQ�
EXLOGLQJ�SHUIRUPDQFH�VLPXODWLRQ��

�

��

5(9,(:�2)�)$&7256�,1)/8(1&,1*�
63$&(�+($7,1*�%(+$9,285�
7DEOH���SUHVHQWV�WKH�ILQGLQJV�RI�D�WKRURXJK�OLWHUDWXUH�
VHDUFK�RI�WKH�SRWHQWLDO�IDFWRUV�LQIOXHQFLQJ�RFFXSDQWV¶�
VSDFH� KHDWLQJ� EHKDYLRXU� LQ� UHVLGHQWLDO� EXLOGLQJV�� ,Q�
WRWDO�� ��� SDSHUV� UHODWHG� WR� WKLV� EHKDYLRXU� KDYH� EHHQ�
IRXQG�� %DVHG� RQ� WKH� UHVXOWV� IURP� WKHVH� SDSHUV�� D�
GLVFXVVLRQ� LV�PDGH� LQ� WKLV�SDSHU��ZLWK� UHVSHFW� WR� WKH�
LQIOXHQFH� RI� SRWHQWLDO� IDFWRUV� RQ� RFFXSDQWV¶� VSDFH�
KHDWLQJ�EHKDYLRXU��

��

�7�D�E�O�H������

�/�L�W�H�U�D�W�X�U�H�V���H�Y�D�O�X�D�W�L�Q�J���W�K�H���I�D�F�W�R�U�V���L�Q�I�O�X�H�Q�F�L�Q�J���R�F�F�X�S�D�Q�W�V�¶���V�S�D�F�H���K�H�D�W�L�Q�J���E�H�K�D�Y�L�R�X�U��

3RWHQWLDO�LQIOXHQFLQJ�IDFWRUV�

'RHV�WKH�IDFWRU�LQIOXHQFH�RFFXSDQWV¶�VSDFH�KHDWLQJ�EHKDYLRXU"�

7RWDO�1R��RI�SDSHUV� 1R��RI�µ<HV¶�SDSHUV� 1R��RI�µ1R¶�SDSHUV�

����2XWGRRU�FOLPDWH� �� �� ��
����5RRP�W\SH� �� �� ��
����'ZHOOLQJ�W\SH� �� �� ��
����'ZHOOLQJ�DJH� �� �� ��
����'ZHOOLQJ�VL]H� �� �� ��
����+RXVH�LQVXODWLRQ� �� �� ��
����3UHYLRXV�GZHOOLQJ�W\SH� �� �� ��
����7\SH�RI�KHDWLQJ�V\VWHPV� �� �� ��
����7\SH�RI�WHPSHUDWXUH�FRQWURO� �� �� ��
����(QHUJ\�XVH�UHFRUGLQJ� �� �� ��
����2FFXSDQW�DJH�� ��� �� ��
����2FFXSDQW�*HQGHU� �� �� ��
����2FFXSDQW�&XOWXUDO�5DFH� �� �� ��
����2FFXSDQW�(GXFDWLRQ�OHYHO� �� �� ��
����2ZQHUVKLS� �� �� ��
����+RXVHKROG�VL]H� �� �� ��
����)DPLO\�LQFRPH� �� �� ��
����7KHUPDO�VHQVDWLRQ� �� �� ��
����7LPH�RI�GD\� �� �� ��
����2FFXSDQF\� �� �� ��
����7LPH�RI�ZHHN� �� �� ��
����7\SH�RI�KHDWLQJ�IXHO� �� �� ��
����3HUFHLYHG�,$4�DQG�QRLVH�� �� �� ��
����6RFLDO�JUDGH� �� �� ��
����+HDOWK� �� �� ��
����<HDU�6HDVRQ� �� �� ��
����+HDWLQJ�SULFH� �� �� ��

��
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,Q� 7DEOH� ��� &ROXPQV� �� WR� �� SURYLGH� D� VHULHV� RI�
QXPEHUV� WKDW� HVWDEOLVK� WKH� FXUUHQW� UHVHDUFK� RQ� HDFK�
IDFWRU�� &ROXPQ� �� OLVWV� WKH� WRWDO� QXPEHU� RI� FROOHFWHG�
OLWHUDWXUHV�ZLWK�D�VXLWDEOH�GLVFXVVLRQ�RQ�WKH�LQIOXHQFH�
RI� HDFK� IDFWRU�� &ROXPQ� �� SURYLGHV� WKH� QXPEHU� RI�
OLWHUDWXUHV�WKDW�FRQILUP�WKH�LQIOXHQFH�RI� WKH�IDFWRU�RQ�
RFFXSDQWV¶� VSDFH� KHDWLQJ� EHKDYLRXU�� DQG� &ROXPQ� ��
LQGLFDWHV� WKH� QXPEHU� RI� VWXGLHV� WKDW� UHMHFW� WKH�
LQIOXHQFH�RI�WKDW�IDFWRU��
�
)URP�7DEOH����LW�FDQ�EH�VHHQ�WKDW�ZLWKLQ�WKHVH�SDSHUV��
���SRVVLEOH� IDFWRUV�KDYH�EHHQ�FRQVLGHUHG� LQ�H[LVWLQJ�
VWXGLHV�WR�KDYH�LQIOXHQFH�RQ�RFFXSDQWV¶�VSDFH�KHDWLQJ�
EHKDYLRXU�� EXW� ZLWK� YDU\LQJ� FRQFOXVLRQV� UHJDUGLQJ�
WKHLU� FDVXDO� HIIHFW�� :LWKLQ� WKHVH� SRWHQWLDO� IDFWRUV��
VRPH� KDYH� EHHQ� LQYHVWLJDWHG� PRUH� IUHTXHQWO\� WKDQ�
RWKHUV��)RU�LQGLYLGXDO�IDFWRUV��QRW�DOO�RI�WKH�SUHYLRXV�
VWXGLHV� DJUHH� RQ�ZKHWKHU� WKH\� KDYH� DQ� LQIOXHQFH� RQ�
VSDFH�KHDWLQJ�EHKDYLRXU�RU�QRW��$OWKRXJK�WKH�QXPEHU�
RI� SUHYLRXV� VWXGLHV� IRU� HDFK� IDFWRU� YDULHV�� WKH�
IROORZLQJ� IDFWRUV� FRXOG� EH� FRQVLGHUHG� WR� EH�
XQDPELJXRXVO\� LQIOXHQWLDO� RQ� RFFXSDQWV¶� VSDFH�
KHDWLQJ� EHKDYLRXU� LQ� UHVLGHQWLDO� EXLOGLQJV�� QDPHO\�
�R�X�W�G�R�R�U�� �F�O�L�P�D�W�H�� �U�R�R�P�� �W�\�S�H�� �G�Z�H�O�O�L�Q�J�� �W�\�S�H�� �K�R�X�V�H��
�L�Q�V�X�O�D�W�L�R�Q�� �W�\�S�H�� �R�I�� �K�H�D�W�L�Q�J�� �V�\�V�W�H�P�� �W�\�S�H�� �R�I��
�W�H�P�S�H�U�D�W�X�U�H�� �F�R�Q�W�U�R�O�� �R�F�F�X�S�D�Q�W�� �D�J�H�� �W�L�P�H�� �R�I�� �G�D�\�� DQG�
�R�F�F�X�S�D�Q�F�\�� DV� WKH� QXPEHU�RI� VWXGLHV� FRQILUPLQJ� WKH�
LQIOXHQFH� LV�PXFK�KLJKHU� �PRUH� WKDQ��� VWXGLHV�� WKDQ�
WKH� QXPEHU� RI� VWXGLHV� UHMHFWLQJ� WKH� LQIOXHQFH�� 7KH�
UHPDLQLQJ� IDFWRUV� FRXOG� EH� FODVVLILHG� LQWR� WKUHH�
FDWHJRULHV�� ��� WKH� LQIOXHQFH� RI� WKDW� IDFWRU� KDG� EHHQ�
FRQILUPHG� LQ�D�VPDOO�QXPEHU�RI�H[LVWLQJ�VWXGLHV�DQG�
ZLWKRXW� SDSHUV� UHMHFWLQJ� WKH� LQIOXHQFH�� DQG� WKLV�
FDWHJRU\� LQFOXGHV� �S�U�H�Y�L�R�X�V�� �G�Z�H�O�O�L�Q�J�� �W�\�S�H�� �R�F�F�X�S�D�Q�W��
�J�H�Q�G�H�U�� �R�F�F�X�S�D�Q�W�� �F�X�O�W�X�U�D�O���U�D�F�H�� �S�H�U�F�H�L�Y�H�G�� �,�$�4�� �D�Q�G��
�Q�R�L�V�H�� �V�R�F�L�D�O�� �J�U�D�G�H�� DQG� �K�H�D�O�W�K�\�� ��� WKH� LQIOXHQFH�RI�
WKDW� IDFWRU� KDG� EHHQ� UHMHFWHG� LQ� D� VPDOO� QXPEHU� RI�
H[LVWLQJ� VWXGLHV� DQG� ZLWKRXW� SDSHUV� FRQILUPLQJ� WKH�
LQIOXHQFH�� DQG� WKLV� FDWHJRU\� LQFOXGHV� �G�Z�H�O�O�L�Q�J�� �V�L�]�H��
�W�\�S�H�� �R�I�� �K�H�D�W�L�Q�J�� �I�X�H�O�� �\�H�D�U���V�H�D�V�R�Q�� DQG� �K�H�D�W�L�Q�J�� �S�U�L�F�H��
��� WKH� LQIOXHQFH� RI� WKDW� IDFWRU� KDG� EHHQ� FRQILUPHG�
DQG� UHMHFWHG� LQ� QHDUO\� HTXDO� QXPEHUV� RI� H[LVWLQJ�
VWXGLHV�� DQG� WKLV� FDWHJRU\� LQFOXGHV� �G�Z�H�O�O�L�Q�J�� �D�J�H��
�H�Q�H�U�J�\�� �X�V�H�� �U�H�F�R�U�G�L�Q�J�� �R�F�F�X�S�D�Q�W�� �H�G�X�F�D�W�L�R�Q�� �O�H�Y�H�O��
�R�Z�Q�H�U�V�K�L�S�� �K�R�X�V�H�K�R�O�G�� �V�L�]�H�� �I�D�P�L�O�\�� �L�Q�F�R�P�H�� �W�K�H�U�P�D�O��
�V�H�Q�V�D�W�L�R�Q�� DQG� �W�L�P�H�� �R�I�� �Z�H�H�N�� 7KH� IDFWRUV� LQ� WKHVH�
WKUHH� FDWHJRULHV� VWLOO� QHHG� IXUWKHU� VWXGLHV� WR� LGHQWLI\�
WKHLU� LQIOXHQFH�� 7KHUHIRUH�� DW� WKLV� WLPH�� LW� LV� QRW�
SRVVLEOH�WR�H[FOXGH�DQ\�RI�WKH����SRVVLEOH� IDFWRUV�RI�
RFFXSDQWV¶� VSDFH� KHDWLQJ� EHKDYLRXU�� EDVHG� RQ� WKH�
UHVXOWV�IURP�H[LVWLQJ�VWXGLHV��
�

5(35(6(17$7,21�2)�2&&83$17�
%(+$9,285�,1�6,08/$7,21�722/6�
,Q� WKH� ODVW� VHFWLRQ�� ��� SRVVLEOH� IDFWRUV� KDYH� EHHQ�
LGHQWLILHG� WR� KDYH� LQIOXHQFH� RQ� RFFXSDQWV¶� VSDFH�
KHDWLQJ�EHKDYLRXU�LQ�UHVLGHQWLDO�EXLOGLQJV��EDVHG�RQ�D�
WKRURXJK� UHYLHZ� RI� UHOHYDQW� OLWHUDWXUHV�� ,Q� WKLV�
VHFWLRQ��D�GLVFXVVLRQ�LV�PDGH�RQ�KRZ�WKHVH�IDFWRUV�DUH�
FXUUHQWO\�XVHG�LQ�EXLOGLQJ�SHUIRUPDQFH�VLPXODWLRQ���
�
)LJXUH� �� OLQNV� WKH���� IDFWRUV� WR� D� VFKHPDWLF�SURFHVV�
IRU�EXLOGLQJ�SHUIRUPDQFH�VLPXODWLRQV��ZKLFK�FRQVLVWV�
RI� WKH� GHILQLWLRQ� RI� D� YLUWXDO� H[SHULPHQW�� WKH�
SURGXFWLRQ� RI� VLPXODWLRQ� RXWSXW� LQ� WHUPV� RI�
REVHUYDEOH� VWDWHV�� DQG� ILQDOO\� SRVWSURFHVVLQJ� RU�
DJJUHJDWLRQ� RI� WKHVH� REVHUYDEOH� VWDWHV� LQWR�
SHUIRUPDQFH�LQGLFDWRU�YDOXHV��IROORZLQJ�WKH�VWUXFWXUH�
SUHVHQWHG� E\� $XJHQEURH� LQ� �+HQVHQ� 	� /DPEHUWV��
��������
�
)LJXUH� �� PDLQO\� VKRZV� WKUHH� OHYHOV� RI� LQIRUPDWLRQ��
7KH� FRUH� OHYHO��ZKLFK� LV� HQFORVHG� E\� WKH� UHG� GRWWHG�
OLQH�ER[��VKRZV�WKH�SURFHVV�RI�EXLOGLQJ�SHUIRUPDQFH�
VLPXODWLRQV�� 7KHUHIRUH�� WKLV� OHYHO� LV� FDOOHG� WKH�
VLPXODWLRQ� SURFHGXUH� OHYHO� LQ� WKLV� VWXG\�� 1RUPDOO\��
WKHUH� DUH� WKUHH� VHTXHQWLDO� VWHSV� LQ� WKLV� OHYHO�� )LUVWO\��
6WHS� �� SUHSDUHV� WZR� SDUWV� RI� LQIRUPDWLRQ� IRU� WKH�
VLPXODWLRQ�� LQIRUPDWLRQ� RQ� EXLOGLQJ� UHSUHVHQWDWLRQ�
DQG� LQIRUPDWLRQ� RQ� RSHUDWLRQDO� FRQGLWLRQV��
2FFXSDQWV¶� VSDFH� KHDWLQJ� EHKDYLRXU�� ZKLFK� LV� WKH�
EHKDYLRXU� LQYHVWLJDWHG� LQ� WKLV� SDSHU�� EHORQJV� WR� WKH�
VHFRQG�SDUW�RI�LQIRUPDWLRQ��DV�KLJKOLJKWHG�LQ�)LJXUH����
%DVHG�RQ�WKH�LQIRUPDWLRQ�SUHSDUHG�LQ�6WHS����EXLOGLQJ�
SHUIRUPDQFH�VLPXODWLRQ�WRROV�ZLOO�WKHQ�JHQHUDWH�VRPH�
REVHUYDEOH� VWDWHV� LQ� 6WHS� ��� VXFK� DV� KHDWLQJ� ORDG��
KXPLGLW\� ORDG�� HQYLURQPHQWDO� IDFWRUV� LQGRRUV� DQG�
SROOXWDQW� HPLVVLRQV�� ,Q� WKH� ODVW� VWHS�� 6WHS� ��� WKH�
REVHUYDEOH� VWDWHV� ZLOO� EH� DJJUHJDWHG� WR� KLJKHU� OHYHO�
LQIRUPDWLRQ� �SHUIRUPDQFH� LQGLFDWRUV��� IRU� H[DPSOH��
HQHUJ\� FRQVXPSWLRQ� SHU� DQQXP�� RYHUKHDWLQJ� KRXUV��
SHDN�ORDG�RU�RWKHUV���
�
,Q� WKH� VHFRQG� OHYHO�� ZKLFK� LV� RXWVLGH� WKH� UHG� GRWWHG�
OLQH�ER[�EXW�HQFORVHG�E\�WKH�EOXH�GDVK�OLQH�ER[��PDQ\�
WUDGLWLRQDOO\� LQFOXGHG� LQSXWV� IRU� WKH� EXLOGLQJ�
SHUIRUPDQFH� VLPXODWLRQ� DUH� GHILQHG�� 7KHUHIRUH�� WKLV�
OHYHO� LV� FDOOHG� VLPXODWLRQ� LQSXWV� OHYHO�� )URP� WKH�
DERYH� ILJXUH�� LW� FDQ� EH� VHHQ� WKDW� VRPH� IDFWRUV�
GLVFXVVHG� LQ� WKLV�SDSHU�KDYH�EHHQ�XVHG� LQ� WUDGLWLRQDO�
EXLOGLQJ� SHUIRUPDQFH� VLPXODWLRQ�� DV� WKH\� DUH�
FRQQHFWHG�ZLWK�RQH�RU�PRUH�LQIRUPDWLRQ�ER[HV�LQVLGH�
WKH�VLPXODWLRQ�SURFHGXUH�OHYHO��+RZHYHU��RQO\�D�IHZ�
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GLVFXVVHG� WKDW� LI� DQ�RFFXSDQW¶V� SHUVRQDO� EHKDYLRXUDO�
SUHIHUHQFH� LV� FRQVLGHUHG� ZKHQ� PRGHOOLQJ� KLV�KHU�
ZLQGRZ� EHKDYLRXU�� RWKHU� IDFWRUV� WKDW� FDQ� FODVVLI\�
EXLOGLQJ�RFFXSDQWV�LQWR�FRPPRQ�VXE�JURXSV�FRXOG�EH�
LJQRUHG��DV�WKHVH�IDFWRUV�RQO\�DIIHFW��³�W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q��
�R�I���W�\�S�H�V���R�I���Z�L�Q�G�R�Z���X�V�H�U�V�´�LQ�HDFK�VXE�JURXS��,Q�WKHLU�
VWXG\��WKHVH�IDFWRUV�LQFOXGHG�RFFXSDQW�JHQGHU��ZKLFK�
FODVVLILHV�EXLOGLQJ�RFFXSDQWV�LQWR�PDOHV�DQG�IHPDOHV��
DQG� IORRU� OHYHO�� ZKLFK� FODVVLILHV� EXLOGLQJ� RFFXSDQWV�
LQWR�WKRVH�ZRUNLQJ�RQ�WKH�JURXQG�IORRU�DQG�WKRVH�RQ�
XSSHU� IORRUV��:LWKLQ� WKH���� IDFWRUV�GLVFXVVHG� LQ� WKLV�
SDSHU�� WKHUH� DUH� D� JUHDW� QXPEHU� RI� IDFWRUV� WKDW� KDYH�
WKLV� FKDUDFWHULVWLF�� VXFK� DV� W\SH�RI�GZHOOLQJ�� W\SH�RI�
WHPSHUDWXUH� FRQWURO� HWF�� 7KHUHIRUH�� LI� WKH� VLPXODWLRQ�
LV� FDUULHG� RXW� EDVHG� RQ� RFFXSDQWV¶� SUHIHUHQFH� RI�
VSDFH�KHDWLQJ�RSHUDWLRQ��WKH�FRPSOH[LW\�RI�PRGHOOLQJ�
WKHLU�VSDFH�KHDWLQJ�EHKDYLRXU�LQ�VLPXODWLRQ�FRXOG�EH�
VLJQLILFDQWO\� UHGXFHG�� DQG� WKLV� DSSURDFK� LV� FDOOHG�
SUHIHUHQFH�EDVHG�VLPXODWLRQ�LQ�WKLV�VWXG\���
�
7KH�IDFWRU�SHUVRQDO�EHKDYLRXUDO�SUHIHUHQFH�JHQHUDOO\�
FODVVLILHV�EXLOGLQJ�RFFXSDQWV�LQWR�VHYHUDO�EHKDYLRXUDO�
OHYHOV� DFFRUGLQJ� WR� KRZ� DFWLYHO\� WKH\� XQGHUWDNH� D�
SDUWLFXODU� EHKDYLRXU�� )RU� RFFXSDQWV¶� VSDFH� KHDWLQJ�
EHKDYLRXU�� WKLV� FRXOG� EH� UHIHUUHG� WR� GLIIHUHQW�
SUHIHUUHG� OHYHOV� RI� VSDFH� KHDWLQJ� VHWSRLQW� LQ� WKHLU�
EXLOGLQJV�� 1RUPDOO\�� ZKHQ� PRGHOOLQJ� RFFXSDQWV¶�
EHKDYLRXU� LQ� EXLOGLQJV�� D� WKUHH�OHYHO� KLHUDUFK\� RI�
EHKDYLRXUDO� SUHIHUHQFH� LV� DGRSWHG� �%RXUJHRLV��
5HLQKDUW� 	� 0DFGRQDOG�� ������ +DOGL� 	� 5RELQVRQ��
������ <XQ�� 7XRK\� 	� 6WHHPHUV�� ������� µDFWLYH¶��
µPHGLXP¶� DQG� µSDVVLYH¶�� 7KHUHIRUH�� LQ� WKLV� VWXG\�� D�
WKUHH�OHYHO� KLHUDUFK\� KDV� EHHQ� SURSRVHG� IRU�
RFFXSDQWV¶� VSDFH� KHDWLQJ� EHKDYLRXU� LQ� UHVLGHQWLDO�
EXLOGLQJV�� L�H�� µDFWLYH� KHDWLQJ� XVHU¶�� ZKR� SUHIHUV� D�
KLJK� KHDWLQJ� VHWSRLQW�� µPHGLXP� KHDWLQJ� XVHU¶�� ZKR�
FKRRVHV� DQ� DYHUDJH� KHDWLQJ� VHWSRLQW�� DQG� µSDVVLYH�
KHDWLQJ� XVHU¶�� ZKR� XVHV� D� ORZ� KHDWLQJ� VHWSRLQW��
$SSDUHQWO\�� RFFXSDQWV¶� SHUVRQDO� EHKDYLRXUDO�
SUHIHUHQFH� ZLOO� GLUHFWO\� LQIOXHQFH� WKH� HQHUJ\�
FRQVXPSWLRQ� RI� WKHLU� EXLOGLQJV�� DQ� µDFWLYH� KHDWLQJ�
XVHU¶�XVHV�PRUH�HQHUJ\�WKDQ�WKH�RWKHU�WZR�XVHU�W\SHV��
GXH� WR� D� KLJKHU� VHWSRLQW� RI� WKH� KHDWLQJ� V\VWHP��
7KHUHIRUH�� D� FKDQJH� IURP� D� KLJKHU� OHYHO� RI� KHDWLQJ�
XVHU� WR� D� ORZHU� OHYHO� FRXOG� KHOS� WR� UHGXFH� WKH�
EXLOGLQJ� HQHUJ\� GHPDQG�� DV� VKRZQ� LQ� )LJXUH� ��� DQG�
WKLV�GHILQHV�WKH�EHKDYLRXU�FKDQJH�GLUHFWLRQ�IRU�VSDFH�
KHDWLQJ�RSHUDWLRQ���
�
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�
2QH� FKDOOHQJH� RI� PRGHOOLQJ� RFFXSDQWV¶� EHKDYLRXU�
EDVHG�RQ�WKH�SHUVRQDO�EHKDYLRXUDO�SUHIHUHQFH�LV�KRZ�
WR� DOORFDWH� D� SDUWLFXODU� XVHU� W\SH� IRU� WKH� VLPXODWHG�
EXLOGLQJ�� *HQHUDOO\�� WKHUH� DUH� WZR� PHWKRGV� WKDW� FDQ�

EH� XVHG�� ��� JHQHUDWHG� IURP� GDWD� FROOHFWHG� IURP�
ORQJLWXGLQDO� PRQLWRULQJ� RI� RFFXSDQWV¶� EHKDYLRXU�
�+DOGL�	�5RELQVRQ��������:HL��%XVZHOO�	�/RYHGD\��
������<XQ��7XRK\�	�6WHHPHUV���������RU����GHGXFHG�
E\�RFFXSDQWV¶�VWDWHG�EHKDYLRXUDO�SUHIHUHQFHV��5LMDO�HW�
DO��� ������� ,Q� H9L]�� WKH� ODWWHU� PHWKRG� LV� DGRSWHG�� DV�
WKH�IRUPHU�PHWKRG�LV�WLPH�FRQVXPLQJ��DV�ZHOO�DV�ZLWK�
D� KLJK� HFRQRPLF� FRVW�� 7R� REWDLQ� RFFXSDQWV¶� VWDWHG�
SUHIHUHQFHV� LQ� WKH� IXWXUH� VWXG\�� D� FRPSXWHU�EDVHG�
WRRO�KDV�EHHQ�GHYHORSHG�DV�VKRZQ�LQ�)LJXUH����ZKHUH�
WKH� VHFWLRQ� UHODWLQJ� WR� VSDFH� KHDWLQJ� EHKDYLRXU� KDV�
EHHQ�KLJKOLJKWHG����
�
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�
7R� GHPRQVWUDWH� WKH� LPSOHPHQWDWLRQ� RI� WKH�
SUHIHUHQFH�EDVHG� VLPXODWLRQ� DSSURDFK�� D� OLJKWZHLJKW�
H[DPSOH�URRP�LV�PRGHOOHG�LQ�(QHUJ\SOXV�9�����'2(��
�������ZKLFK�FRQWDLQV�D�ZLQGRZ�DQG�D�GRRU�� ORFDWHG�
RQ�WKH�VRXWK�IDoDGH�DQG�WKH�QRUWK�IDoDGH�UHVSHFWLYHO\��
DV�VKRZQ�LQ�)LJXUH����,Q�WKLV�PRGHO��WKH�VSDFH�KHDWLQJ�
V\VWHP�LV�PDQXDOO\�FRQWUROOHG�E\�WKH�URRP�RFFXSDQW�
WKURXJK�VHWWLQJ�GLIIHUHQW�WHPSHUDWXUH�VHWSRLQWV���
�
7R� GHPRQVWUDWH� WKH� HQHUJ\� VDYLQJ� SRWHQWLDO� E\�
FKDQJLQJ�EHKDYLRXU�IURP�D�KLJKHU�VSDFH�KHDWLQJ�XVHU�
W\SH� WR� D� ORZHU� XVHU� W\SH�� FRUUHVSRQGLQJ� KHDWLQJ�
VHWSRLQWV� IRU� HDFK� W\SH� RI� VSDFH� KHDWLQJ� XVHUV� DUH�
GHILQHG�DV�����&�IRU�WKH�µDFWLYH�KHDWLQJ�XVHU¶�������&�
IRU� WKH� µPHGLXP� KHDWLQJ� XVHU¶� DQG� ���&� IRU� WKH�
µSDVVLYH�KHDWLQJ�XVHU¶��EDVHG�RQ�WKH�UDQJH�RI�FRPIRUW�
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WHPSHUDWXUH� GHILQHG� IRU� OLYLQJ� VSDFHV� LQ� %6� (1�
������ �%6,�� ������� )LJXUH� �� VKRZV� WKH� VLPXODWLRQ�
UHVXOWV� IRU� WKH� ZLQWHU� SHULRG� ��VW� 2FWREHU� WR� ��VW�
0DUFK��� XVLQJ� WKH� RXWGRRU� ZHDWKHU� GDWD� FROOHFWHG�
IURP�WKH�*DWZLFN��/RQGRQ��8.���
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��)LJXUH���6SDFH�KHDWLQJ�HQHUJ\�FRQVXPSWLRQ�LQ�

ZLQWHU��IRU�GLIIHUHQW�VSDFH�KHDWLQJ�XVHUV�
�
7KH� VLPXODWLRQ� UHVXOWV� GHSLFWHG� LQ� )LJXUH� �� UHIOHFW�
WKDW� FKDQJLQJ� KHDWLQJ� EHKDYLRXU� KDV� D� VLJQLILFDQW�
FRQWULEXWLRQ�RQ�UHGXFLQJ�WKH�EXLOGLQJ�HQHUJ\�GHPDQG��
IRU� DQ� µDFWLYH� KHDWLQJ� XVHU¶�� LI� KH�VKH� FKDQJHV� WR� D�
µPHGLXP�KHDWLQJ�XVHU¶��WKH�WRWDO�HQHUJ\�VDYLQJ�GXULQJ�
WKH� ZLQWHU� SHULRG� FRXOG� EH� XS� WR� ������ N:K�� DQG� D�
IXUWKHU�UHGXFWLRQ�RI�������N:K�FRXOG�EH�DFKLHYHG�LI�
KH�VKH�FKDQJHV�WR�D�µSDVVLYH�KHDWLQJ�XVHU¶���
�
7KH� DERYH� H[DPSOH� LV� EDVHG� RQ� HQJLQHHULQJ�
WHPSHUDWXUH� YDOXHV� UHFRPPHQGHG� LQ�EXLOGLQJ�GHVLJQ�
VWDQGDUGV��7R� UHDOLVWLFDOO\� FODVVLI\� WKH� WKUHH� W\SHV�RI�
VSDFH� KHDWLQJ� XVHUV�� RFFXSDQWV¶� DFWXDO� EHKDYLRXU� LQ�
UHDO�EXLOGLQJV� LV�VWLOO�QHHGHG�WR�EH�FDSWXUHG��DQG�WKLV�
WDVN�LV�FXUUHQWO\�EHLQJ�FRQGXFWHG�LQ�WKH�H9L]�SURMHFW��
+RZHYHU�� WKH� DERYH� H[DPSOH� LQGHHG� GHPRQVWUDWHV�
WKDW�WKH�SUHIHUHQFH�EDVHG�VLPXODWLRQ�DSSURDFK�FDQ�EH�
XVHG�WR�GULYH�EHKDYLRXU�FKDQJH�LQ�EXLOGLQJV�����
�

&21&/86,21�
7KLV� SDSHU� GHVFULEHV� VRPH� LQLWLDO� ZRUN� IURP� DQ�
LQWHUGLVFLSOLQDU\� SURMHFW�� H9L]�� ZKLFK� LV� DLPLQJ� WR�
DFKLHYH� FKDQJHV� LQ� RFFXSDQW� EHKDYLRXU� IRU� HQHUJ\�
VDYLQJ�� XVLQJ� HQHUJ\�YLVXDOL]DWLRQV�� $V� D� ILUVW� VWDJH��
WKLV�SDSHU�UHYLHZV�WKH�SRWHQWLDO�LQIOXHQWLDO�IDFWRUV�RQ�
RFFXSDQWV¶� VSDFH� KHDWLQJ� EHKDYLRXU� LQ� UHVLGHQWLDO�
EXLOGLQJV��ZKLFK�LV�RQH�RI�WKH�WZR�LPSRUWDQW�W\SHV�RI�
DFWLYH�EHKDYLRXU�FRQVLGHUHG�LQ�H9L]��7KH�RWKHU�DFWLYH�
EHKDYLRXU� FRQVLGHUHG� LQ� WKLV� SURMHFW� LV� ZLQGRZ�
RSHQLQJ� EHKDYLRXU�� )URP� WKLV� ZRUN�� D� VHW� RI� ���
IDFWRUV�KDV�EHHQ�GHILQHG� WKDW�FRQWDLQV�DOO� WKH� IDFWRUV�
FRQVLGHUHG�E\�UHVHDUFKHUV�LQ�SUHYLRXV�VWXGLHV�WR�KDYH�
LQIOXHQFH� RQ� RFFXSDQWV¶� VSDFH� KHDWLQJ� EHKDYLRXU� LQ�
UHVLGHQWLDO�EXLOGLQJV��DQG�WKLV�UHIOHFWV�WKDW�RFFXSDQWV¶�
VSDFH�KHDWLQJ�EHKDYLRXU�LQ�DFWXDO�EXLOGLQJV� LV�D�YHU\�
FRPSOH[�SURFHVV���
�

$V� EXLOGLQJ� SHUIRUPDQFH� VLPXODWLRQ� LV� WKH� PDLQ�
DSSURDFK� DGRSWHG� LQ� H9L]� WR� YLVXDOL]H� WKH� LQIOXHQFH�
RI�FKDQJLQJ�EHKDYLRXU�XSRQ�EXLOGLQJ�HQHUJ\�GHPDQG��
WKH� UHSUHVHQWDWLRQ� RI� WKRVH� ��� IDFWRUV� LQ� SUHVHQW�
EXLOGLQJ�SHUIRUPDQFH�VLPXODWLRQ�LV�GLVFXVVHG�DV�ZHOO��
,W� LV� IRXQG� WKDW� FXUUHQW� PRGHOOLQJ� RI� VSDFH� KHDWLQJ�
EHKDYLRXU� LQ� EXLOGLQJ� SHUIRUPDQFH� VLPXODWLRQ� RQO\�
FRQVLGHUV� D� VPDOO� QXPEHU� RI� LQIOXHQWLDO� IDFWRUV�
GLVFXVVHG�LQ�WKLV�VWXG\��7KHUHIRUH��IXUWKHU�VWXGLHV�DUH�
QHHGHG�WR�SURYLGH�PRUH�UHDOLVWLF�EHKDYLRXU�PRGHOOLQJ�
LQ�VLPXODWLRQ����
�
7R� DGGUHVV� WKH� FRPSOH[LW\� RI� RFFXSDQWV¶� VSDFH�
KHDWLQJ� EHKDYLRXU� LQ� UHDO� EXLOGLQJV�� D� SUHIHUHQFH�
EDVHG�VLPXODWLRQ�DSSURDFK�LV�LQWURGXFHG�LQ�WKLV�SDSHU��
,W� FDQ� QRW� RQO\� UHGXFH� WKH� QXPEHU� RI� LQIOXHQWLDO�
IDFWRUV� WKDW� DUH� QHHGHG� IRU� UHDOLVWLF� EHKDYLRXU�
PRGHOOLQJ�� EXW� DOVR� GULYH� EHKDYLRXU� FKDQJH� LQ�
EXLOGLQJV�� 7KH� ODWWHU� RQH� KDV� EHHQ� GHPRQVWUDWHG� LQ�
WKLV� SDSHU� XVLQJ� D� OLJKWZHLJKW� H[DPSOH� URRP�
PRGHOOHG�LQ�(QHUJ\SOXV����
�

$&.12:/('*(0(17�
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&RXQFLO� �(365&�� XQGHU� WKH� 7UDQVIRUPLQJ� (QHUJ\�
'HPDQG� LQ� %XLOGLQJV� WKURXJK� 'LJLWDO� ,QQRYDWLRQ�
�7('',���JUDQW�UHIHUHQFH�(3�.������������
�
KWWS���ZZZ�HYL]�RUJ�XN��
�
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�
%RUGDVV��%���&RKHQ��5��	�)LHOG��-���������
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&RQJUHVV��

�
%RUGDVV��%���&RKHQ��5���6WDQGHYHQ��0��	�/HDPDQ��$��

�������
$VVHVVLQJ�EXLOGLQJ�SHUIRUPDQFH�LQ�XVH����
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