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'HSDUWPHQW�RI�%XLOGLQJ�6FLHQFH��7VLQJKXD�8QLYHUVLW\��%HLMLQJ��&KLQD�
�

$%675$&7�
$V� %HLMLQJ� EHFRPHV� D� PRGHUQ� \HW� PRUH� SRSXODWHG�
FLW\��SHRSOH�QRZ�DUH�IDFHG�ZLWK�DQ�LQFUHDVLQJ�QXPEHU�
RI� FKRLFHV� ZKHQ� WKH\� ZDQW� WR� SXUFKDVH� FRPPHUFLDO�
EXLOGLQJ�� %HVLGH� IURP� DSDUWPHQW� SULFH�� ORFDWLRQ� DQG�
RWKHU� IDFWRUV�� EXLOGLQJ� URRP� VWUXFWXUH� KDV� DOZD\V�
EHHQ� D� PDMRU� GHWHUPLQDQW� IRU� DSDUWPHQW� EX\HUV��
7UDGLWLRQDOO\�� ZKHQ� LW� FRPHV� WR� WKH� URRP� VWUXFWXUH�
SHRSOH�ZLOO�PDLQO\�IRFXV�RQ�VSDFH�VXIILFLHQF\�DV�ZHOO�
DV� FRQYHQLHQFH�� 7KLV� SDSHU� WULHV� WR� H[SORUH� WKH�
LPSRUWDQFH�RI�WKH�EXLOGLQJ�URRP�VWUXFWXUH�LQ�WHUPV�RI�
HQHUJ\� VDYLQJ� DQG� HQHUJ\� VDYLQJ� UDWLR�� 7KH�
GLIIHUHQFHV�RI�YDULRXV�W\SHV�RI�EXLOGLQJ�VWUXFWXUHV�DUH�
PDLQO\�DERXW�VSDFH�DOORFDWLRQ�RI�GLIIHUHQW�URRPV�DQG�
GLUHFWLRQV� HDFK� ZLQGRZ� RU� GRRU� LV� IDFLQJ�� 6XFK�
GLIIHUHQFH� ZLOO� OHDG� WR� WKH� YDULDWLRQ� RI� WKH� OHYHO� RI�
QDWXUDO�YHQWLODWLRQ��%HVLGHV��QDWXUDO�YHQWLODWLRQ�LV�WKH�
PRVW� FRPPRQ� ZD\� WR� SURYLGH� IUHVK� DLU� WR� LQGRRU�
HQYLURQPHQW���
7R� VWXG\� WKH� GLIIHUHQFH� RI� QDWXUDO� YHQWLODWLRQ� IRU�
GLIIHUHQW�URRP�VWUXFWXUHV��WKLV�SDSHU�IRFXVHV�RQ�WKUHH�
PRVW� FRPPRQ� URRP� VWUXFWXUHV� ZLWK� WKH� VDPH�
EXLOGLQJ�RXWHU�GHVLJQ��7KH�FKDQJHV�ZLOO�RQO\�EH�PDGH�
RQ�WKH�ORFDWLRQ�RI�GLIIHUHQW�URRPV�LQ�D�KRXVHKROG�DQG�
WKH�RULHQWDWLRQ�RI�HDFK�URRP¶V�GRRU��ZLQGRZ�HWF��%\�
XVLQJ� &)'� VLPXODWLRQ� VRIWZDUH�� WKH� ILUVW� VLPXODWLRQ�
ZLOO�EH�DERXW� WKH�H[WHUQDO�ZLQG�ILHOG�RI� WKH�EXLOGLQJ�
DQG� WR� JHW� WKH� WX\HUH� DLU� SUHVVXUH�� 7KHQ� 'H67�
9(17��� D� VRIWZDUH� GHYHORSHG� E\� 7VLQJKXD�
8QLYHUVLW\�VSHFLILHG�IRU�EXLOGLQJ�HQYLURQPHQW�GHVLJQ�
VLPXODWLRQ�� LV� XVHG� WR� FDOFXODWH� WKH� FRROLQJ� DQG�
KHDWLQJ� ORDG� IRU� WKH� EXLOGLQJ�� $IWHU� WKDW� D� WKRURXJK�
FRPSDULVRQ� EHWZHHQ� GLIIHUHQW� URRP� VWUXFWXUHV� DQG�
EXLOGLQJ� ORDG� LV�PDGH�� )LQDOO\�� ZH� FDQ� ILQG� WKDW� WKH�
LQIOXHQFHV� URRP� VWUXFWXUH� KDV� RQ� EXLOGLQJ� HQHUJ\�
VDYLQJ� UDWLR� FDQQRW� EH� LJQRUHG� DQG� YHQWLODWLRQ�
GHPDQG� DQG� YHQWLODWLQJ� DELOLW\� DUH� WZR�PDLQ� IDFWRUV�
ZKHQ�ZH�DQDO\VH�HQHUJ\�VDYLQJ�UDWLR��
.H\� ZRUGV�� URRP� VWUXFWXUH�� QDWXUDO� YHQWLODWLRQ��
HQHUJ\�VDYLQJ�UDWLR��EXLOGLQJ�VLPXODWLRQ�

,1752'8&7,21�
1DWXUDO� YHQWLODWLRQ� LV� WKH�H[FKDQJH�RI� IOXLG�EHWZHHQ�
WKH� LQWHULRU� RI� VRPH� VSDFH� DQG� LWV� H[WHULRU�
HQYLURQPHQW�ZKHQ�WKH�IORZ�LV�SURGXFHG�E\�QDWXUDOO\�
RFFXUULQJ� SUHVVXUH� GLIIHUHQFHV� �3�� )�� /LQGHQ�� �������
,W� LV� WKH� PDMRU� PHDQV� E\� ZKLFK� PRVW� UHVLGHQWLDO�
EXLOGLQJV� DUH� YHQWLODWHG�� %HVLGHV�� QDWXUDO� YHQWLODWLRQ�
LV�SURYHG�WR�EH�D�JRRG�ZD\�WR�UHGXFH�WKH�FRROLQJ�ORDG�
RI� EXLOGLQJ�� HQKDQFH� LQGRRU� WKHUPDO� FRPIRUW� DQG�
LPSURYH� LQGRRU� DLU� TXDOLW\�� DV� ORQJ� DV� LW� LV� XVHG�
HIILFLHQWO\�� (VSHFLDOO\� GXULQJ� WKH� DJH� ZKHQ� JOREDO�

ZDUPLQJ�DQG�HQHUJ\�SRYHUW\�EHFRPH�PDMRU�SUREOHPV��
QDWXUDO� YHQWLODWLRQ� VKRXOG� EH� EHWWHU� XWLOL]HG� WR� KHOS�
VROYH�VXFK�LVVXHV��
:KHQ�LW�FRPHV� WR�HIILFLHQW�QDWXUDO�YHQWLODWLRQ��PDQ\�
IDFWRUV� ZKLFK� LQIOXHQFH� WKH� SHUIRUPDQFH� RI� QDWXUDO�
YHQWLODWLRQ�KDYH�EHHQ�VWXGLHG��$O$Q]L��$���'��6HR��HW�
DO���������HVWDEOLVKHG�D�FRUUHODWLRQ�HTXDWLRQ�WR�DVVHVV�
WKH�LPSDFW�RI�VKDSH�RQ�WKH�HQHUJ\�HIILFLHQF\�RI�RIILFH�
EXLOGLQJV� LQ�.XZDLW��+XDQJ�HW�DO���������VWXGLHG�WKH�
LPSDFW� RI� WKH� UHVLGHQWLDO� EXLOGLQJ� VKDSH� RQ� QDWXUDO�
YHQWLODWLRQ�� 7KH\� IRXQG� QDWXUDO� YHQWLODWLRQ�
SHUIRUPDQFH�LQ�WKH�SODWH�UHVLGHQWLDO�EXLOGLQJ�LV�EHWWHU�
WKDQ� WKDW� LQ� WKH� WRZHU� EXLOGLQJ�� ZKLOH� FRROLQJ� ORDG�
VDYLQJ� UDWLRV� RI� WKH� WZR� PRGHOV� ZLWK� QDWXUDO�
YHQWLODWLRQ� DUH� VLPLODU�� /L� HW� DO� ������� IRXQG� WKDW�
DQQXDO�FRROLQJ�ORDG�VDYLQJ�UDWLR�LQFUHDVHV�ZLWK�52)�
�WKH� DUHD� UDWLR� RI� RSHUDEOH� ZLQGRZ� WR� IORRU�� XQWLO�
52)�UHDFKHV�LWV�FULWLFDO�SRLQW��7KLV�SDSHU�SD\V�FORVH�
DWWHQWLRQ� WR� WKH� EXLOGLQJ� URRP� VWUXFWXUH¶V� LPSDFW� RQ�
WKH�SHUIRUPDQFH�RI�QDWXUDO�YHQWLODWLRQ���
,Q� RUGHU� WR� VWXG\� WKH� LPSDFW� RI� EXLOGLQJ� URRP�
VWUXFWXUH�� WKLV� SDSHU� SLFNV� XS� WKUHH� W\SLFDO� GLIIHUHQW�
EXLOGLQJ� URRP� VWUXFWXUHV� DV� VLPXODWLRQ� VDPSOH，
ZKLFK� DOO� ZLWK� VLPLODU� RXWHU� GHVLJQ²VODE�W\SH�
UHVLGHQWLDO� EXLOGLQJ� DQG� WKH� VWUXFWXUHV� DUH� EDVHG� RQ�
WKH�� QDWLRQDO� ��a��� ㎡ � UHVLGHQWLDO� EXLOGLQJ� URRP�
VWUXFWXUH�VXUYH\��$QG�ZH�XVHV�&/65��&RROLQJ�/RDG�
6DYLQJ� 5DWLR�� DV� DQ� HYDOXDWLRQ� LQGH[� WR� VWXG\� WKLV�
WRSLF�� 7R� JHW� WKH� FRROLQJ� ORDG� ZLWK� DQG� ZLWKRXW�
QDWXUDO�YHQWLODWLRQ��'H67�9HQW�� LV�D�XVHIXO�VRIWZDUH�
GHYHORSHG� E\� 7VLQJKXD� 8QLYHUVLW\�� DQG� &)'�
VLPXODWLRQ�VRIWZDUH�3KRHQL[�LV�D�JRRG�DX[LOLDU\�WRROV��
7KH�VSHFLILF�PHWKRG�DQG�PRGHOV�DUH�SUHVHQWHG�EHORZ��

0(7+2'�
,Q� WKLV� SDSHU�� 'H67�9HQW�� DQG� 3KRHQL[� DUH� PRVW�
LPSRUWDQW�VLPXODWLRQ�VRIWZDUH��'H67�<DQ�HW�DO��������
LV� D� UHOLDEOH� VLPXODWLRQ� VRIWZDUH� ZKLFK� KDV� EHHQ�
ZLGHO\� XVHG� LQ� WKH� VLPXODWLRQ� RI� EXLOGLQJ¶V� HQHUJ\�
FRQVXPSWLRQ�LQ�SUDFWLFH��'H67�9HQW���=KDQJ��������
LV� D� GHYHORSHG� VLPXODWLRQ� VRIWZDUH� FDOFXODWLQJ�
EXLOGLQJ¶V� HQHUJ\� FRQVXPSWLRQ� ZLWK� QDWXUDO�
YHQWLODWLRQ� EDVHG� RQ� 'H67�� 9HQW�� XVHV� PXOWL�]RQDO�
PRGHO� WR� FDOFXODWH� QDWXUDO� YHQWLODWLRQ¶V� DLUIORZ� UDWH��
7KH� PDLQ� LQSXW� SDUDPHWHUV� RI� 'H67�9HQW�� DQG� WKH�
FRXSOLQJ� UHODWLRQVKLS� EHWZHHQ� 'H67� DQG� 9HQW�� DUH�
SUHVHQWHG�LQ�ILJXUH����
$V� IRU� DFFXUDF\� DQG� FUHGLELOLW\� RI� 'H67�9HQW���
=KDQJ�������KDV�SURYHG�WKDW�'H67�9HQW��EXLOGLQJ¶V�
FRQVXPSWLRQ� VLPXODWLRQ� RQ� DLUIORZ� UDWH� DQG� DLU�
WHPSHUDWXUH� LV� FUHGLEOH� DQG� DFFXUDWH� FRPSDUHG�ZLWK�
UHVXOWV� RI� H[SHULPHQW� GDWD�� 6R� 'H67�9HQW�� LV� D�
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UHOLDEOH� VRIWZDUH� IRU� WKH� EXLOGLQJ� FRQVXPSWLRQ�
VLPXODWLRQ�ZLWK�QDWXUDO�YHQWLODWLRQ��
�

�
)LJXUH����,QSXW�GDWD�RI�FRXSOLQJ�FDOFXODWLRQ�

�

,Q� RUGHU� WR� JHW� EXLOGLQJ¶V� ZLQG� SUHVVXUH� FRHIILFLHQW�
�ILJXUH� ���� ZH� DOVR� XVH� &)'� VLPXODWLRQ� VRIWZDUH�
3KRHQL[��$V�PRVW�EXLOGLQJV�LQ�&KLQD�DUH�FRQVWUXFWHG�
QHDU� RWKHU� EXLOGLQJV� DV� D� FOXVWHU�� D� �î�� DUUD\�
EXLOGLQJV� PRGHO� LV� DGRSWHG� LQ� WKH� &)'� VLPXODWLRQ��
:LQG�SUHVVXUH�FRHIILFLHQWV�RI����ZLQG�GLUHFWLRQV�DUH�
FDOFXODWHG�WKURXJK�&)'�VLPXODWLRQ��
�

�
)LJXUH�������ZLQG�GLUHFWLRQV�RI�&)'�VLPXODWLRQ�

%RXQGDU\� FRQGLWLRQV� DQG� FRQYHUJHQFH� FULWHULRQ� LQ�
&)'� VLPXODWLRQ� DUH� DFFRUGLQJ� WR� $,-�� 7KH� 'XUELQ�
WXUEXOHQFH� PRGHO� LV� RQH� RI� WKH� EHVW� ��HTXDWLRQ�
PRGHOV� �0RFKLGD� HW� DO��� ������ 'XUELQ� �������
WKHUHIRUH�� LQ�SUHVHQW� SDSHU�'XUELQ� WXUEXOHQFH�PRGHO�
LV�DGRSWHG�WR�SUHGLFW�WKH�RXWGRRU�ZLQG�HQYLURQPHQW��

02'(/�
,Q� WKLV� SDSHU�� ZH� SLFN� XS� WKUHH� W\SLFDO� GLIIHUHQW�
EXLOGLQJ�URRP�VWUXFWXUHV�ZLWK�VLPLODU�RXWHU�GHVLJQ²
VODE�W\SH� UHVLGHQWLDO� EXLOGLQJ� LQ� %HLMLQJ�� &KLQD�� $OO�
WKHVH� WKUHH� DUH� ��VWRU\� ORZ�ULVH� UHVLGHQWLDO� EXLOGLQJV�
DQG�HDFK�VWRU\�LV���PHWHUV�KLJK��$FFRUGLQJ�WR�IRUPHU�
VLPXODWLRQ�VWXG\�)HQJ�HW�DO���������ORZ�ULVH�EXLOGLQJ�
DQG� KLJK�ULVH� EXLOGLQJ� SUHVHQW� WKH� VDPH� FRQFOXVLRQ�
ZKHQ�VWXG\LQJ�KRZ�GLIIHUHQW�IDFWRUV�LQIOXHQFH�QDWXUDO�
YHQWLODWLRQ�LQ�%HLMLQJ��6R�WKLV�SDSHU�ZLOO�RQO\�IRFXVHV�
RQ�ORZ�ULVH�EXLOGLQJ�LQ�%HLMLQJ���
,Q� WKLV� SDSHU�� ZH� SLFN� XS� WKUHH� W\SLFDO� GLIIHUHQW�
EXLOGLQJ� URRP� VWUXFWXUHV� ZLWK� VLPLODU� RXWHU� GHVLJQ�
VODE�W\SH� UHVLGHQWLDO� EXLOGLQJ� LQ� &KLQD�� DQG� WKHVH�
WKUHH�DOO�KDYH�VDPH�DUHD���㎡�� VDPH�URRP�W\SH�DQG�
QXPEHU� RI� URRPV�� VXFK� DV� RQH� OLYLQJ� URRP�� RQH�
NLWFKHQ��WKUHH�EHGURRPV�DQG�WZR�WRLOHWV���

7KH�ILUVW�PRGHO¶V�VSHFLILF�URRP�VWUXFWXUH�LV�SUHVHQWHG�
LQ� ILJXUH� ���'LIIHUHQW� QXPEHUV� LQ� ILJXUH� �� VWDQG� IRU�
GLIIHUHQW�URRP�W\SHV��

�
)LJXUH�����)LUVW�EXLOGLQJ�URRP�VWUXFWXUH��

����/LYLQJ�URRP�����.LWFKHQ�����%HGURRP�����7RLOHW���
���6WDLUV��

7KH�VHFRQG�PRGHO¶V�VSHFLILF�EXLOGLQJ�URRP�VWUXFWXUH�
LV�SUHVHQWHG�LQ�ILJXUH�����

�
)LJXUH�����6HFRQG�EXLOGLQJ�URRP�VWUXFWXUH��

����/LYLQJ�URRP�����.LWFKHQ�����%HGURRP�����7RLOHW���
���6WDLUV��

7KH�WKLUG�PRGHO¶V�VSHFLILF�EXLOGLQJ�URRP�VWUXFWXUH�LV�
SUHVHQWHG�DV�ILJXUH�����

�
)LJXUH�����7KLUG�EXLOGLQJ�URRP�VWUXFWXUH��

����/LYLQJ�URRP�����.LWFKHQ�����%HGURRP�����7RLOHW���
���6WDLUV��

7KH�WKUHH�PRGHOV�DUH�DOO�SUHVHQWHG�LQ�ILJXUH����
,Q�WKHVH�WKUHH�PRGHOV��WKHUH�DUH�HLJKW�KRXVHKROGV�SHU�
VWRUH\�� 7KH� WZR� EODFN� IUDPHV� VWDQG� IRU� WZR�
KRXVHKROGV�XVLQJ�RQH�VWDLUV��)LJXUH����

�

�

�
)LJXUH��������PRGHOV�LQ�'H67��WRS�WR�ERWWRP��������

%XLOGLQJ�HQYHORSH�SDUDPHWHUV��
%XLOGLQJ� HQYHORSH� SDUDPHWHUV� RI� WKHVH� PRGHOV� DUH�
GHWHUPLQHG� E\� 'HVLJQ� 6WDQGDUG� IRU� (QHUJ\�
(IILFLHQF\� RI� 5HVLGHQWLDO� %XLOGLQJV� LQ� %HLMLQJ�� 7KH�
GHWDLOHG� SDUDPHWHUV� RI� WKH� EXLOGLQJ� HQYHORSH� DUH�
JLYHQ� LQ� 7DEOH� ��� 6FKHGXOHV� IRU� WKH� XVDJH� RI� WKH�
URRPV�DQG� HTXLSPHQW� LQ� HDFK� URRP� LQ� WKUHH�PRGHOV�
DUH�WKH�VDPH�DFFRUGLQJ�WR�WKH�PRVW�SHRSOH¶V�KDELWV��
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7DEOH���
3DUDPHWHUV�RI�EXLOGLQJ�HQYHORSHV�

Item K-Value(W/(㎡·K) 
External Wall ������
Window ����
Roof ����
Floor ����

,QWHUQDO�FRQQHFWLRQV�EHWZHHQ�URRPV�
,Q� WKUHH� PRGHOV�� GRRUV� EHWZHHQ� DLU�FRQGLWLRQHG�
URRPV�DUH�DVVXPHG� WR�EH�RSHQHG��6SHFLILFDOO\�� WRLOHW�
GRRU� DQG� NLWFKHQ� GRRU� DUH� DVVXPHG� WR� EH� FORVHG��
ZKLOH�EHGURRP�GRRU�LV�DVVXPHG�WR�EH�RSHQHG��ZKLFK�
IROORZV�WKH�KDELWV�DQG�FXVWRPV����)LJXUH����

�
)LJXUH���LQWHUQDO�FRQQHFWLRQV�EHWZHHQ�URRPV�

�UHG�GRRU��RSHQHG���EOXH�GRRU��FORVHG��
7KURXJK�WKH�DQDO\VLV�RI�YHQWLODWLRQ�UDWH�DQG�VRXUFH�RI�
YHQWLODWLRQ�� ZH� FDQ� ILQG� WKDW� WKLV� SXUSRVH�SURYLGHG�
RSHQLQJ��DUH�DSSOLHG�LQVLGH�WKH�EXLOGLQJV��7DNH�URRP�
�� IRU�H[DPSOH�� WKLV� URRP�KDYH�DQ�DLU�H[FKDQJH�ZLWK�
URRP���DQG�RXWGRRU��EXW�ZLWKRXW�URRP�����
:HDWKHU�GDWD�
,Q�WKLV�SDSHU��ZH�SLFN�%HLMLQJ�DV�WKH�RQO\�VLPXODWLRQ�
ORFDWLRQ�� DQG� WKH� ZHDWKHU� GDWD� ZH� XVHG� LQ� WKH�
VLPXODWLRQ� FRPHV� IURP� WKH� %HLMLQJ� ZHDWKHU� EXUHDX��
ZKLFK� SURYLGHV� RXWGRRU� WHPSHUDWXUH� DQG� KXPLGLW\�
GDWD� SHU� KRXU� IRU� WKH� ZKROH� \HDU� ������ KRXUV�� LQ�
%HLMLQJ�)LJXUH�����7KH�KRWWHVW�PRQWK� LV�-XO\�DQG� WKH�
KLJKHVW� WHPSHUDWXUH� LV� ����℃��7KH� FROGHVW�PRQWK� LV�
-DQXDU\�DQG�WKH�ORZHVW�WHPSHUDWXUH�LV������℃��

�

)LJXUH���KRXUO\�ZHDWKHU�GDWD�LQ�%HLMLQJ�
1DWXUDO�YHQWLODWLRQ�FRQWUROOLQJ�VWUDWHJ\�
1DWXUDO�YHQWLODWLRQ�VWUDWHJ\�SOD\V�DQ�LPSRUWDQW�SDUW�LQ�
WKH�QDWXUDO�YHQWLODWLRQ��7KH�FRUH�RI�WKH�VWUDWHJ\�LV�WKH�
LQWHUYDOV� RI� WHPSHUDWXUH� DQG� KXPLGLW\�� ZKLFK�
GHWHUPLQH� WKH� YHQWLODWLRQ� RSHQLQJ�� 7KH� LQWHUYDOV� DUH�
DOVR� WKH� FRPIRUWDEOH� WHPSHUDWXUH� DQG� KXPLGLW\�
LQWHUYDOV� RI� URRPV��:KHQ� RXWGRRU� DLU¶V� WHPSHUDWXUH�
DQG�KXPLGLW\�DUH�LQ�WKHVH�LQWHUYDOV��LQFRPLQJ�RXWGRRU�
DLU� LV� DQ� HIILFLHQW� ZD\� WR� NHHS� WKH� LQGRRU� DLU¶V�
SDUDPHWHUV� LQ� WKH� LQWHUYDOV� DQG� PHDQZKLOH� WKH�
YHQWLODWLRQ� RSHQLQJV� DUH� RSHQ�� 7KH� FRPIRUWDEOH�
WHPSHUDWXUH� DQG� KXPLGLW\� LQWHUYDOV� RI� URRPV� DUH�
OLVWHG�LQ�7DEOH����

7DEOH���
7KH�FRPIRUWDEOH�WHPSHUDWXUH�DQG�KXPLGLW\�LQWHUYDOV�

RI�URRPV�

,WHP�
7HPSHUDWXUH��℃�� +XPLGLW\�����
/RZ�� 8S� /RZ�� 8S��

SDUDPHWHUV� ≥��� ≤��� ≥���� ≤����
�

,Q� DGGLWLRQ� WR� QDWXUDO� YHQWLODWLRQ�� HDFK� URRP� KDV�
PLQLPXP�IUHVK�DLU�SHU�SHUVRQ�WR�HQVXUH�WKH�KHDOWK�RI�
SHRSOH���7DEOH����

7DEOH���
5RRP¶V�VHWWLQJ�PLQLPXP�IUHVK�DLU�SHU�SHUVRQ�
,WHP� EHGURRP� /LYLQJ�

URRP� WRLOHW�� NLWFKHQ��

0)$33�P³�+�� ��� ��� ��� ���

0RGHOV�LQ�&)'�
7KHVH�WKUHH�PRGHOV�LQ�'H67�9HQW��DUH�VKRZHG�DV�
EHORZ��,Q�RUGHU�WR�JHW�EXLOGLQJ¶V�ZLQG�SUHVVXUH�
FRHIILFLHQW��WKH�WKUHH��î��DUUD\�EXLOGLQJV�PRGHOV�RI�
&)'�VLPXODWLRQ�DQG�WKHLU�VSHFLILF�SDUDPHWHUV�DUH�
VKRZHG�LQ�ILJXUH�����
0RUHRYHU��LQ�WKHVH�&)'�VLPXODWLRQV��PRUH�LQWHQVLYH�
PHVK�DQG�PXFK�VWULFWHU�FRQYHUJHQFH�FULWHULRQ�KDYH�
QR�GLVWLQFW�LQIOXHQFH�RQ�UHVXOW���

�
)LJXUH�����7KUHH�PRGHO¶V�&)'�VLPXODWLRQ�
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5(68/7�
&/65�
&/65��&RROLQJ�/RDG�6DYLQJ�5DWLR��LV�DQ�LPSRUWDQW�
HYDOXDWLRQ�LQGH[�WR�VWXG\�WKLV�WRSLF��

CLSR = 1 − 𝑄
𝑄   

�

,Q� WKLV� HTXDWLRQ�� &/65� LV� FRROLQJ� ORDG� VDYLQJ�
UDWLR� 𝑄 �LV� WKH� FRROLQJ� ORDG� ZLWK� QDWXUDO�
YHQWLODWLRQ�� DQG�𝑄    �LV� WKH� FRROLQJ� ORDG�ZLWKRXW�
QDWXUDO�YHQWLODWLRQ��
7KH�LQIOXHQFH�RI�6��VKDSH�FRHIILFLHQW�RI�EXLOGLQJ��
�$V�IRU�WKUHH�PRGHOV�LQ�WKLV�SDSHU��DOWKRXJK�WKH\�KDYH�
VLPLODU� RXWHU� GHVLJQ²VODE�W\SH� UHVLGHQWLDO� EXLOGLQJ��
WKHLU�6�LV�GLIIHUHQW���
,Q�RUGHU� WR� HOLPLQDWH� LQIOXHQFH�RI�6��ZH� LQWURGXFH� D�
QHZ� PRGHO� QDPHG� PRGHO� ��� 0RGHO� �� LV� KDOI� RI�
PRGHO� ��� 7KH\� KDYH� VDPH� URRP� VWUXFWXUH� DQG� WKH�
RQO\�GLIIHUHQW�EHWZHHQ�PRGHO���DQG�PRGHO���LV�WKDW�
WKHUH�DUH���KRXVHKROGV�SHU�VWRUH\�LQ�PRGHO����EXW���LQ�
PRGHO����7KHVH�IRXU�PRGHOV¶�6�LV�VKRZQ�LQ�7DEOH�����

7DEOH���
6�RI�WKUHH�PRGHOV�

,WHP� 0RGHO��� 0RGHO��� 0RGHO���� 0RGHO���

6� ������ ������ ������ ������

:H�FDOFXODWH�WKHVH�IRXU�PRGHOV¶�DQQXDO�DQG�PRQWKO\�
FRROLQJ� ORDG� SHU� XQLW� DUHD� ZLWK� DQG� ZLWKRXW� QDWXUDO�
YHQWLODWLRQ� WKURXJK� VLPXODWLRQ� PHQWLRQHG� DERYH��
7KHQ�&/65�RI�IRXU�PRGHOV�LV�HDV\�WR�JHW��)LJXUH�������

�
)LJXUH���&/65�RI�EXLOGLQJ¶V�DQQXDO�FRROLQJ�ORDG�

�
$V�VKRZQ� LQ� WKH�JUDSK�DERYH��PRGHO��¶V�DQG�PRGHO�
�¶V� &/65� LV� YHU\� VLPLODU�� ZKLFK� FDQ� SURYH� WKDW�
ZKHQ�ZH�WDON�DERXW�GLIIHUHQW�URRP�VWUXFWXUH¶V�&/65��
WKH� LQIOXHQFH� RI� 6� �IURP� ������ WR� ������� FDQ� EH�
LJQRUHG�� 7KHUHIRUH�� LQ� WKLV� SDSHU�� ZH� FDQ� VDIHO\�
FRPSDUH� WKUHH� PRGHOV¶� URRP� VWUXFWXUH� DQG� &/65�
ZLWKRXW�FRQVLGHULQJ�LQIOXHQFH�RI�6��
&/65�
,Q�)LJXUH�����WKH�UHODWLYH�RUGHU�RI�FRROLQJ�ORDG�&/65�
EHWZHHQ� WKUHH�PRGHOV� LV��PRGHO��!�PRGHO��!�PRGHO�
����
,Q�RUGHU� WR�HQVXUH� WKLV�RUGHU�FUHGLELOLW\�DQG� ILQG� WKH�
FKDQJLQJ� SDWWHUQ� RI� &/65� DW� D� PRQWKO\� IUHTXHQF\��

ZH� VLPXODWH� WKH�PRQWKO\�&/65�RI� WKH� WKUHH�PRGHOV�
�)LJXUH������

�
)LJXUH������&/65�RI�EXLOGLQJ¶V�PRQWKO\�FRROLQJ�ORDG�

LQ�$SU��±�1RY��
�
,Q� )LJXUH� ���� ZKROH� &/65� RUGHU� LV� DOVR�� PRGHO� �!�
PRGHO� �!� PRGHO� ��� ,Q� -XO\� DQG� $XJXVW�� WKH�
WHPSHUDWXUH�RI� RXWGRRU� DLU� LV�XVXDOO\� KLJKHU� WKDQ���℃
DQG� LW� LV� QRW� DSSURSULDWH� IRU� QDWXUDO� YHQWLODWLRQ�� VR�
WKDW� &/65� LQ� WKHVH� WZR�PRQWKV� LV� ORZHU� WKDQ� RWKHU�
PRQWKV�� ,Q� WKH� PHDQWLPH�� WKH� GLIIHUHQFH� EHWZHHQ�
WKHVH� &/65V� LQ� WKHVH� WZR� PRQWKV� LV� PXFK� ELJJHU�
WKDQ�&/65V�LQ�RWKHU�PRQWKV��)RU�H[DPSOH�� LQ�$SULO��
0D\��2FWREHU�DQG�1RYHPEHU��&/65V�RI�PRGHO���DQG�
PRGHO���DUH�QHDUO\������EHFDXVH��WKH�WHPSHUDWXUH�RI�
RXWGRRU� DLU� LV� DOZD\V� ORZHU� WKDQ� ��℃� DQG� WKURXJK�
QDWXUDO� YHQWLODWLRQ�� EXLOGLQJ¶V� FRROLQJ� ORDG� LV� QHDUO\�
QXOO��
7KUHH� EHGURRPV� DQG� RQH� OLYLQJ� URRP� DUH� WKH� PDLQ�
URRPV� GHPDQGLQJ� DLU� FRQGLWLRQ� LQ� D� KRXVHKROG�� %\�
FRPSDULQJ� EHGURRP¶V� DQG� OLYLQJ� URRP¶V� &/65V� RI�
WKUHH�PRGHOV�RQ� WKH� WKLUG� IORRU��ZH�FDQ�VHH�KRZ� WKH�
GLIIHUHQFHV� RI� URRPV¶� VWUXFWXUH� DIIHFW� WKHLU� DQQXDO�
FRROLQJ�ORDG��)LJXUH�������
$FWXDOO\�� ZKHQ� ZH� ORRN� DW� WKH� HDFK� PRGHO¶V� HQWLUH�
URRPV¶� DQQXDO� FRROLQJ� ORDG�� ZH� FDQ� ILQG� WKDW� WKH�
URRPV¶� FRROLQJ� ORDG� LQ� WKH� PLGGOH� IORRUV� �VHFRQG��
WKLUG��IRXUWK��ILIWK��LV�YHU\�VLPLODU��0RUHRYHU��ZKHQ�LW�
FRPHV� WR� &/65� RI� URRPV¶� DQQXDO� FRROLQJ� ORDG�� WKH�
LQIOXHQFH�RI�GLIIHUHQW� IORRU� LV� YHU\� VPDOO��7KHUHIRUH��
ZH�MXVW�FKRRVH�WKH�EHGURRPV�DQG�OLYLQJ�URRP�RQ�WKH�
WKLUG�IORRU�LQ�HYHU\�PRGHO���

�
)LJXUH������&/65�RI�URRPV¶�DQQXDO�FRROLQJ�ORDG�
�EHGURRP¶V�&/65�UHSUHVHQWV�WKH�DYHUDJH�RI�WKUHH�
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&/65V�RI�PRGHO��¶V�ERWK�EHGURRP�DQG� OLYLQJ� URRP�
DUH� WKH� KLJKHVW� DQG� &/65V� RI� PRGHO� �¶V� DUH� WKH�
ORZHVW��)LJXUH����VKRZV�WKH�VDPH�UHODWLYH�RUGHU�ZLWK�
)LJXUH����&/65�RI�EXLOGLQJ¶V�DQQXDO�FRROLQJ�ORDG���
1DWXUDO�YHQWLODWLRQ�KRXUV�DQG�QDWXUDO�YHQWLODWLRQ�UDWH�
7KURXJK� VLPXODWLRQ�� ZH� FDQ� JHW� HDFK� EXLOGLQJ¶V�
YHQWLODWLRQ� KRXUV�� ZKLFK� VWDQGV� IRU� HDFK� EXLOGLQJ¶V�
YHQWLODWLRQ� GHPDQG�� 7KH� IROORZLQJ� ILJXUH� LV� WKUHH�
PRGHOV�QDWXUDO�YHQWLODWLRQ�KRXUV���

�
)LJXUH������%XLOGLQJ¶V�QDWXUDO�YHQWLODWLRQ�KRXUV�

,Q� )LJXUH� ���� ZH� FDQ� ILQG� WKDW� GLIIHUHQW� PRGHO¶V�
QDWXUDO� YHQWLODWLRQ� KRXUV� DUH� VLPLODU� H[FHSW� WKDW�
PRGHO� �¶V� QDWXUDO� YHQWLODWLRQ� KRXUV� LQ� -XO\� DQG�
$XJXVW� DUH� KLJKHU� WKDQ� RWKHU� PRGHOV¶�� 7KH� UHVXOWV�
LPSO\�WKDW�WKUHH�PRGHOV¶�QDWXUDO�LQGRRU�KXPLGLW\�DQG�
WHPSHUDWXUHV� SHU� KRXU� DUH� VLPLODU� EHFDXVH� WKH�
GLIIHUHQFHV�EHWZHHQ� LQGRRU� DQG�RXWGRRU� WHPSHUDWXUH�
DQG�KXPLGLW\�GHWHUPLQH�ZKHWKHU�WR�YHQWLODWH�RU�QRW��
:KHQ� ZH� ORRN� DW� WKH� EXLOGLQJ¶V� PRQWKO\� QDWXUDO�
YHQWLODWLRQ� UDWH�� ZH� FDQ� ILQG� VRPHWKLQJ� TXLWH�
GLIIHUHQFH��)LJXUH�����

�
)LJXUH����%XLOGLQJ¶V�PRQWKO\�QDWXUDO�YHQWLODWLRQ�UDWH�
7KH�PRGHO��¶V�QDWXUDO�YHQWLODWLRQ�UDWH�LV�PXFK�ORZHU�
WKDQ� WKH� RWKHU� WZR¶V�� $QG� WKH� PRGHO� �¶� LV� D� OLWWOH�
KLJKHU� WKDQ� PRGHO� �¶�� 1DWXUDO� YHQWLODWLRQ� UDWH� FDQ�
VWDQG�IRU�YHQWLODWLQJ�DELOLW\��
&RQVLGHULQJ� DOO� GDWD� DQG� ILJXUHV� DERYH�� ZH� FDQ� ILQG�
WKDW�� ��� PRGHO� �¶V� QDWXUDO� YHQWLODWLRQ� KRXUV� DUH� WKH�
KLJKHVW� DQG� YHQWLODWLRQ� LV� PRVW� QHHGHG� LQ� PRGHO� ���
ZKLOH�LWV�YHQWLODWLQJ�DELOLW\�LV�WKH�ZRUVW��6R�WDNHQ�DOO�
IDFWRUV� WRJHWKHU�� PRGHO� �¶V� &/65� LV� WKH� ZRUVW�� ���
0RGHO� �¶V� YHQWLODWLRQ� KRXUV� DUH� ORZHVW� DQG�
YHQWLODWLRQ� LV� OHDVW� QHHGHG� LQ� WKLV� PRGHO�� ZKLOH� LWV�
YHQWLODWLQJ� DELOLW\� LV� WKH� EHVW�� 6R� WDNHQ� DOO� WKHVH�

IDFWRUV� LQWR� DFFRXQW�� PRGHO� �¶&/65� LV� KLJKHU� WKDQ�
PRGHO��¶V�����0RGHO��¶V�QDWXUDO�YHQWLODWLRQ�KRXUV�DQG�
YHQWLODWLQJ�DELOLW\�ERWK�UDQN�LQ�WKH�PLGGOH��+RZHYHU��
FRQVLGHULQJ� LWV� YHQWLODWLRQ� GHPDQG� DQG� YHQWLODWLQJ�
DELOLW\�LQ�VXPPHU��PRGHO��¶V�&/65�LV�WKH�KLJKHVW���
:KHQ� ZH� ORRN� DW� WKHVH� PRGHOV
� URRP� VWUXFWXUH�
VSHFLDOO\�� ZH� FDQ� ILQG� WKDW� DOO� WKH� LQQHU� GRRUV� DQG�
ZLQGRZV�RI�PRGHO���DQG�PRGHO���DUH�RSHQHG�IDFLQJ�
QRUWK�VRXWK�� WKXV� HDFK� GRRU� RU� ZLQGRZ� LQ� WKH� VRXWK�
FDQ�KDYH�D�VWUDLJKW�IDFHG�GRRU�RU�ZLQGRZ�WKDW�KHOS�WR�
SURYLGH� HIIHFWLYH� FURVV� YHQWLODWLRQ�� ,Q� FRPSDULVRQ��
WKH�EHGURRP�GRRUV�RI�PRGHO���DUH�RSHQHG�IDFLQJ�HDVW�
DQG� ZHVW�� WKHUHIRUH� FURVV� YHQWLODWLRQ� LV� QRW� DV�
HIIHFWLYH� DQG� WKXV� PDNLQJ� WKH� RYHUDOO� YHQWLODWLQJ�
DELOLW\�RI�PRGHO� �� LQIHULRU� WR� WKDW� RI�PRGHO� �� DQG��
（)LJXUH���）�

�
)LJXUH����WKUHH�PRGHOV¶�URRP�VWUXFWXUH�

&21&/86,21�
,Q� WKLV� SDSHU��ZH� VLPXODWH� WKUHH�PRGHOV� RI� GLIIHUHQW�
URRP�VWUXFWXUHV��7KURXJK�WKH�GDWD�DQG�JUDSK�VKRZHG�
DERYH�� LW� LV� VDIH� WR� UHDFK� WKH� IROORZLQJ� IRXU�
FRQFOXVLRQV��
��� 7KH� LQIOXHQFHV� URRP� VWUXFWXUH� KDV� RQ� EXLOGLQJ�
HQHUJ\�VDYLQJ�UDWLR�FDQQRW�EH� LJQRUHG��DW� OHDVW�ZKHQ�
LW�FRPHV�WR�VODE�W\SH�UHVLGHQWLDO�EXLOGLQJV�LQ�%HLMLQJ��
,Q� WKRVH� WKUHH� PRGHOV�� WKH� KLJKHVW� &/65� RI�
EXLOGLQJ¶V� DQQXDO� FRROLQJ� ORDG� FDQ� UHDFK� WR� �����
ZKLOH�WKH�ORZHVW�RQH�LV�RQO\������DQG�WKH�GLIIHUHQFH�
EHWZHHQ�WKHP�LV�DV�PXFK�DV�������
��� 7KH� HIIHFWV� WKDW� URRP� VWUXFWXUH� KDV� RQ� FRROLQJ�
ORDGV�DUH�DVVRFLDWHG�ZLWK�VHDVRQV��'XULQJ�WUDQVLWLRQDO�
VHDVRQV�� &/65V� RI� WKUHH� PRGHOV� DUH� VLPLODU��
HVSHFLDOO\�GXULQJ�$SULO�DQG�1RYHPEHU�ZKHQ�&/65V�
UHDFKHG������� WKXV� WKH�GLIIHUHQFH�FDQ�EH�QHJOHFWHG��
,Q�FRQWUDVW��LQ�VXPPHU�PRQWKV�OLNH�-XO\�DQG�$XJXVW��
HQHUJ\� VDYLQJ� SRWHQWLDO� EURXJKW� E\� VWUXFWXUH�
GLIIHUHQFH�LV�VWLOO�ODUJH��
���6SHFLILFDOO\��EXLOGLQJ¶V�&/65�LV�LQIOXHQFHG�E\�WZR�
PDLQ� IDFWRUV�� YHQWLODWLRQ� GHPDQG� DQG� YHQWLODWLQJ�
DELOLW\��$V�IRU�EXLOGLQJ�ZLWK�KLJK�YHQWLODWLRQ�GHPDQG��
HQKDQFLQJ� LWV� YHQWLODWLQJ� DELOLW\� FDQ� LPSURYH� LWV�
&/65� HIILFLHQWO\�� 7KHUHIRUH�� ZKHQ� ZH� FRPSDUH�
GLIIHUHQW� URRP� VWUXFWXUHV¶� &/65�� ZH� VKRXOG� MXGJH�
WKHP�IURP�WKHVH�WZR�DVSHFWV��VR�WKDW�ZH�FDQ�DQDO\VH�
PRUH�GHHSO\�DERXW�WKDW��
���$V�VKRZQ�LQ�WKH�WKUHH�PRGHOV�ZH�KDYH�GLVFXVVHG�LQ�
WKH� SDSHU�� ZH� FDQ� ILQG� WKDW� PRGHOV�� ZKRVH� LQQHU�
GRRUV� DQG� ZLQGRZV� DUH� RSHQHG� IDFLQJ� 1RUWK�6RXWK�
DQG� ORFDWHG� RQ� WKH� VDPH� OLQH�� DUH�PRUH� VXLWDEOH� IRU�
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FURVV� YHQWLODWLRQ� DQG� H[KLELW� KLJKHU� RYHUDOO�
YHQWLODWLQJ� DELOLW\��)RU� VODE�W\SH�EXLOGLQJV�� WKHUH� DUH�
IHZ� GLIIHUHQFHV� DPRQJ� GLIIHUHQW� PRGHOV� UHJDUGLQJ�
YHQWLODWLQJ�GHPDQG��7KXV�FKRRVLQJ�D�PRGHO�RI�KLJKHU�
YHQWLODWLQJ�DELOLW\�ZRXOG�PDNH�D�ODUJHU�HQHUJ\�VDYLQJ�
UDWLR�EURXJKW�E\�QDWXUDO�YHQWLODWLRQ��

5()(5(1&(6�
3�)�/,1'(1�*�)�/$1(�6(5))�$1'�'�$�60(('��

������ (PSW\LQJ� ILOOLQJ� ER[HV� �� WKH� IOXLG�
PHFKDQLFV�RI� QDWXUDO� YHQWLODWLRQ��'HSDUWPHQW�RI�
$SSOLHG� 0DWKHPDWLFV� DQG� 7KHRUHWLFDO� 3K\VLFV��
8QLYHUVLW\� RI� &DPEULGJH�� 6LOYHU� 6WUHHW��
&DPEULGJH�&%���(:��8.�

$O$Q]L�� $���'�� 6HR�� HW� DO�� ������ ,PSDFW� RI� EXLOGLQJ�
VKDSH� RQ� WKHUPDO� SHUIRUPDQFH� RI� RIILFH�
EXLOGLQJV� LQ� .XZDLW�� (QHUJ\� &RQYHUVLRQ� DQG�
0DQDJHPHQW�����������������

<DQ��'���;LD��-���7DQJ��:���6RQJ��)���=KDQJ��;���-LDQJ��
<��� ������ 'H67� ²� $Q� LQWHJUDWHG� EXLOGLQJ�
VLPXODWLRQ� WRRONLW� 3DUW� ,�� )XQGDPHQWDOV��
%XLOGLQJ�6LPXODWLRQ������������

%,$'��������'HVLJQ�6WDQGDUG�IRU�(QHUJ\�(IILFLHQF\�
RI�5HVLGHQWLDO�%XLOGLQJV� LQ�%HLMLQJ��'%�������
�����

0LQJUXL� =KDQJ�� ����� 6WXG\� RQ� &RXSOHG� 1DWXUDO�
9HQWLODWLRQ� 6LPXODWLRQ� $QDO\VLV� DQG� 'HVLJQ�
*XLGH��7VLQJKXD�8QLYHUVLW\��

+H�+XDQJ��.HOLQ�/L�DQG�;LDRIHQJ�/L��������6WXG\�RQ�
WKH� LPSDFW� RI� WKH� UHVLGHQWLDO� EXLOGLQJ� VKDSH� RQ�
QDWXUDO� YHQWLODWLRQ�� 'HSDUWPHQW� 2I� %XLOGLQJ�
6FLHQFH�� 6FKRRO� 2I� $UFKLWHFWXUH�� 7VLQJKXD�
8QLYHUVLW\��%HLMLQJ��&KLQD�

<DQ�/L��&KHQJ�/L�DQG�;LDRIHQJ�/L�������� �$QDO\VLV�
RQ� DQQXDO� HQHUJ\� VDYLQJ� SRWHQWLDO� RI� QDWXUDO�
YHQWLODWLRQ� IRU� RIILFH� EXLOGLQJV�� %HLMLQJ�
7VLQJKXD� 8UEDQ� 3ODQQLQJ� 	� 'HVLJQ� ,QVWLWXWH��
%HLMLQJ��&KLQD�

<LQJ\LQJ�)HQJ��;LDRIHQJ�/L��<LQ[LQ�=KX��������7KH�
FRQVWUXFWLRQ� RI� ZLQG� SUHVVXUH� FRHIILFLHQW�
GDWDEDVH�XVHG�IRU�QDWXUDO�YHQWLODWLRQ�VLPXODWLRQ��
7VLQJKXD�8QLYHUVLW\�XQGHUJUDGXDWH�WKHVLV�

0RFKLGD� $�� /XQ� ,�� ������ 3UHGLFWLRQ� RI� ZLQG�
HQYLURQPHQW� DQG� WKHUPDO� FRPIRUW�� -RXUQDO� RI�
:LQG�(QJLQHHULQJ�DQG�,QGXVWULDO�$HURG\QDPLFV��
��������������
'XUELQ�3�$���������2Q�WKH�N±H�VWDJQDWLRQ�SRLQW�
DQRPDO\��,QW��-��+HDW�)OXLG�)ORZ��������±����

�
�
�
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