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SENSITIVITY ANALYSIS OF AN ENERGYPLUS SIMULATION MODEL OF THE 
AMBIENT HUMIDITY IN AN OLD BUILDING 
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$%675$&7�
,Q�)UDQFH��ROG�EXLOGLQJV��EXLOW�EHIRUH�������UHSUHVHQW�
���PLOOLRQV� RI� GZHOOLQJV� DQG� KDYH� WR� EH� UHWURILWWHG��
+RZHYHU�� WKH� SUHVHQFH� RI� WKH� PRLVWXUH� LQ� ROG�
EXLOGLQJV� PD\� EH� SUREOHPDWLF� IRU� UHWURILWWLQJ�
VROXWLRQV�� ,QGHHG�� WKRVH� PD\� DFFHQWXDWH� VXUIDFH�
FRQGHQVDWLRQ�DQG�FDXVH�PRXOGV��GHJUDGH�WKH�VWUXFWXUH�
RU� UHGXFH� WKH� FRPIRUW��7KDW� LV�ZK\� LW� LV� HVVHQWLDO� WR�
SUHGLFW�K\JURWKHUPDO�EHKDYLRXU�RI�WKHVH�EXLOGLQJV���
$� VHQVLWLYLW\� DQDO\VLV� LV� SHUIRUPHG� WR� NQRZ� WKH�
VHQVLWLYLW\� RI� DPELHQW� PRLVWXUH� WR� LQSXW� GDWD��
(QHUJ\3OXV�ZLWK�KHDW�DQG�PRLVWXUH�WUDQVIHU�DOJRULWKP�
LV� XVHG� IRU� WKLV� DQDO\VLV�� 7ZR� FDWHJRULHV� RI�
SDUDPHWHUV� VLJQLILFDQWO\� DIIHFW� DPELHQW� PRLVWXUH��
LQILOWUDWLRQV� WKDW� FDXVH� ���� RI� LQIOXHQFH� DQG�
K\JURWKHUPDO� SURSHUWLHV� RI� PDWHULDOV� �PDLQO\�
WKLFNQHVV� DQG� GLIIXVLRQ� UHVLVWDQFH� IDFWRU��� 7KH�
LQIOXHQFH�RI�PDWHULDOV�GHSHQGV�RQ�WKHLU�SURSRUWLRQV�LQ�
WKH�EXLOGLQJ���

120(1&/$785(�
𝑋 ���  �YDULDEOH�;�IRU�WKH�]RQH�
𝑋 ���  �YDULDEOH�;�DW�WLPH�W�
𝑊��  �VSHFLILF�KXPLGLW\��NJZDWHU�NJGU\DLU��
𝑘𝑔    � �LQWHUQDO�ODWHQW�ORDGV��NJDLU�V��
$L�  �DUHD�RI�HOHPHQW�,��Pð��
KPL�  � LQVLGH� PRLVWXUH� WUDQVIHU� FRHIILFLHQW� RI�
HOHPHQW�,��NJ�Pð�V��
�̇� �  �PDVV�DLUIORZ�IURP�]RQH�L���NJDLU�V��
𝑚 ̇ �  �PDVV�DLUIORZ�IURP�RXWGRRU��NJDLU�V��
𝑚 ̇ �  �PDVV�DLUIORZ�IURP�KXPLGLVWDW���NJDLU�V��
𝑊  �VSHFLILF�KXPLGLW\�RI�VXUIDFH��NJZDWHU�NJGU\DLU��
𝐻𝑆 �������  � DYHUDJH� RQ� WKH� \HDU� RI� VSHFLILF� KXPLGLW\�
IRU�WKH�EDVH�FDVH��NJZDWHU�NJGU\DLU��
𝐻𝑆 �������  � DYHUDJH� RQ� WKH� \HDU� RI� VSHFLILF� KXPLGLW\�
IRU�WKH�FDVH�L��NJZDWHU�NJGU\DLU��
𝐻𝑆 (𝑡)�  �VSHFLILF�KXPLGW\�DW�WLPH�W�IRU�WKH�EDVH�FDVH�
�NJZDWHU�NJGU\DLU��
𝐻𝑆 (𝑡)�  � VSHFLILF� KXPLGW\� DW� WLPH� W� IRU� WKH� FDVH� L�
�NJZDWHU�NJGU\DLU��

,1752'8&7,21�
7KH� FXUUHQW� HQHUJHWLF� DQG� HQYLURQPHQWDO� FRQVWUDLQWV�
UHTXLUH� WKH� LPSURYHPHQW� RI� WKH� HQHUJ\� SHUIRUPDQFH�
DQG� HQYLURQPHQWDO� TXDOLW\� RI� EXLOGLQJ�� ,QGHHG�� WKH�

EXLOGLQJ� VHFWRU� UHSUHVHQWV� DERXW� ���� RI� WKH� ZRUOG�
HQHUJ\�FRQVXPSWLRQ��$,(����������
(QHUJ\� SHUIRUPDQFH� LV� QRW� WKH� VDPH� IRU� WKH� ZKROH�
KRXVLQJ� VWRFN�� ,Q� )UDQFH�� WKUHH� PDLQ� SHULRGV�
FKDUDFWHUL]H� WKH� HQWLUH� KRXVLQJ� VWRFN��7KH� ILUVW� SDUW��
ZKLFK�UHSUHVHQWV�DERXW����PLOOLRQV�RI�GZHOOLQJV��ZDV�
FRQVWUXFWHG� EHIRUH� ����� �&DQWLQ� HW� DO��� ������� ,W� LV�
GLVWLQJXLVKHG� E\� D� VRFLDO� DQG� FXOWXUDO� KHULWDJH�� 7KH�
LQGXVWULDOL]HG� EXLOGLQJV� VXEPLWWHG� WR� HFRQRPLF� DQG�
SURILWDELOLW\� FRQVWUDLQWV� FRPSRVH� WKH� VHFRQG� SDUW� RI�
WKH� KRXVLQJ� VWRFN�� 7KH� ODVW� SDUW� UHSUHVHQWV� WKH� QHZ�
EXLOGLQJV� WKDW� UHVSHFW� WKH� WKHUPDO� UHJXODWLRQ� VLQFH�
�������
)RU� WKH� ROG� EXLOGLQJV�� WKH� DYHUDJH� HQHUJ\�
FRQVXPSWLRQ� LV�EHORZ�����N:K�Pð�SHU�\HDU� �&DQWLQ�
HW� DO��� ������� 7KHUHIRUH�� LQ� WKLV� HQHUJHWLF� FRQWH[W��
PRVW�RI�WKH�H[LVWLQJ�EXLOGLQJV�KDYH�WR�EH�UHIXUELVKHG��
7KH� ROG� EXLOGLQJV� UHSUHVHQW� D� ODUJH� SRWHQWLDO� IRU�
HQHUJ\� VDYLQJV� EXW� UHWURILWWLQJ� PHDVXUHV� GR� QRW�
DOZD\V�GHOLYHU�WKH�DFFHSWDEOH�IXQFWLRQDO�SHUIRUPDQFH�
DQG�HQHUJ\�FRQVXPSWLRQ�UHTXLUHG���
8QOLNH� QHZ� EXLOGLQJV�� ROG� GZHOOLQJV� DUH� QRW�
ZDWHUSURRI� DQG� LQGRRU� DPELHQW� PRLVWXUH� LV� VWURQJO\�
GHSHQGDQW�RQ�RXWGRRU�PRLVWXUH��&DQWLQ�HW�DO����������
6R��WKH�SUHVHQFH�RI�PRLVWXUH�PD\�EH�SUREOHPDWLF�IRU�
UHWURILWWLQJ�VROXWLRQV��,QGHHG��WKH�LQGRRU�LQVXODWLRQ�RI�
ZDOOV�PD\� GHFUHDVH� WKH� H[WHULRU� VXUIDFH� WHPSHUDWXUH�
ZKLFK�FDQ�EH�EHORZ�GHZ�SRLQW�WHPSHUDWXUH��$HOHQHL�
HW� DO��� ������� 0RUHRYHU�� UHWURILWWLQJ� PHDVXUHV� PD\�
DIIHFW� DLU� FKDQJH� UDWH� VR� WKHUHIRUH� LQGRRU� PRLVWXUH��
$HOHQHL�HW�DO��������VKRZV�WKDW�FRQGHQVDWLRQ�GHSHQGV�
RQ� WKH� VXUIDFH� HQHUJ\� EDODQFH� DQG� RQ� WKH� PRLVWXUH�
FRQWHQW� RI� WKH� DPELHQW� DLU�� 7KHUHIRUH�� UHWURILWWLQJ�
VROXWLRQV�PD\�DFFHQWXDWH�FRQGHQVDWLRQ�ULVN�DQG�FDXVH�
PRXOGV� RU� GHJUDGH� WKH� VWUXFWXUH� �0RUDGLDV� HW� DO���
��������
,Q� WKLV� FRQWH[W�� WKH�EXLOGLQJ� VLPXODWLRQ� WRROV� FDQ�EH�
YHU\�KHOSIXO�WR�SURSRVH�DGDSWHG�UHWURILWWLQJ�PHDVXUHV��
8VXDOO\�� WKH� LQGLFDWRUV� WR� LGHQWLI\� UHWURILWWLQJ�
VROXWLRQV� DUH� HQHUJ\� FRQVXPSWLRQ� DQG� WHPSHUDWXUH�
IRU�VXPPHU�FRPIRUW��7R�SUHYHQW�IURP�VRPH�KXPLGLW\�
GDPDJHV� DQG� WR� EH� HIILFLHQW� LQ� SURSRVHG�
UHIXUELVKPHQW� VROXWLRQV�� LW� LV� LPSRUWDQW� WR� NQRZ� WKH�
DPELHQW�PRLVWXUH��5HWURILWWLQJ�PHDVXUHV� DIIHFW� LQSXW�
GDWD� RI� VLPXODWLRQ�� 6R�� LW� LV� LPSRUWDQW� WR� NQRZ� WKH�
VHQVLWLYLW\� RI� WKH� PRLVWXUH� PRGHO� WR� LQSXW� GDWD��
.QRZLQJ� VHQVLWLYLW\� RI� DPELHQW� PRLVWXUH� WR� WKHVH�
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GDWD� JLYHV� LQIRUPDWLRQ� DERXW� VROXWLRQV� DQG� KHOS�
GHFLVLRQV�� +RZHYHU�� WKH� PRLVWXUH� PRGHO� LQ� PRVW�
VLPXODWLRQ�WRROV�LV�VLPSOH���
7KH� DLP� RI� WKLV� SDSHU� LV� WR� GHWHUPLQH� WKH� PRVW�
LQIOXHQW� SDUDPHWHUV� RQ� LQGRRU� DPELHQW� PRLVWXUH� LQ�
VLPXODWLRQ�� 7KH� GHWHUPLQDWLRQ� RI� WKHVH� SDUDPHWHUV�
KHOSV� WR�SHUIRUP�PRUH�HIILFLHQW�HQHUJHWLF� DXGLWV�DQG�
PRQLWRULQJ� LQ� WKH� ILUVW� SDUW� DQG� WR� JLYH� LQIRUPDWLRQ�
DERXW� WKH� LPSDFW� RI� UHWURILWWLQJ� PHDVXUHV� LQ� WKH�
VHFRQG�SDUW���
7KLV� ZRUN� EHJLQV� E\� D� OLWHUDWXUH� UHYLHZ� DERXW�
K\JURWKHUPDO�PRGHOV�DQG�WKH�FKRLFH�RI�D�XVHG�PRGHO��
(QHUJ\3OXV� ZLWK� +$07� $OJRUWLKP�� 7KHQ�� D�
FRPSDULVRQ� RI� WKH� VHOHFWHG� ZDOO� KHDW� DQG� PRLVWXUH�
PRGHO� WUDQVIHUV� DQG� :8),� �'� LV� SUHVHQWHG� RQ� D�
VLPSOH�FDVH��
)LQDOO\�� D� VHQVLWLYLW\� DQDO\VLV� LV� SHUIRUPHG� RQ� D�
UHIHUHQFH� EXLOGLQJ� WR� GHWHUPLQH� LQIOXHQW� SDUDPHWHUV�
RQ�DPELHQW�PRLVWXUH����

/,77(5$785(�5(9,(:�
0RVW�WKHUPDO�EXLOGLQJ�VLPXODWLRQ�FRGHV��IRU�H[DPSOH�
7516<6� DQG� (QHUJ\3OXV�� IRFXV� RQ� SUHGLFWLRQ� RI�
WHPSHUDWXUH�ILHOGV�DQG�HQHUJ\�GHPDQG��7KHUHIRUH��WKH�
PRLVWXUH� H[FKDQJH� ZLWK� PDWHULDOV� LV� VLPSOLILHG�
�-DQVHQV� HW� DO��� ������� +RZHYHU�� ROG� EXLOGLQJV� DUH�
YHU\� VHQVLWLYH� WR� PRLVWXUH�� 7KLV� SDUDPHWHU� PXVW� EH�
WDNHQ� LQWR� DFFRXQW� LQ� VLPXODWLRQ�� %XW�� WKH� DLP� LV� WR�
FRQVLGHU� HQJLQHHULQJ� PRGHOV� WR� KHOS� DFWRUV� RI�
UHWURILWWLQJ�VROXWLRQV���
(QHUJ\3OXV�GHYHORSHG�D�QHZ�WUDQVIHU�DOJRULWKP��+HDW�
$QG� 0RLVWXUH� 7UDQVIHU� �+$07�� ZKLFK� WDNHV� LQWR�
DFFRXQW�PRLVWXUH�WUDQVSRUW��OLTXLG�DQG�YDSRXU��LQ�WKH�
ZDOO� DQG� WKH� HIIHFW� RI� PRLVWXUH� RQ� K\JURWKHUPDO�
SURSHUWLHV��((5(����������
7KH� DOJRULWKP� LV� EDVHG� RQ� WKH� HTXDWLRQV� GHYHORSHG�
E\� .�Q]HO� �.�Q]HO� HW� DO��� ������� 7KLV� PRGHO� WUHDWV�
RQO\� RQH� GLPHQVLRQDO� K\JURWKHUPDO� WUDQVIHU�� 7KH�
PRYHPHQW� DQG� VWRUDJH� RI� KHDW� DQG� PRLVWXUH� IURP�
H[WHULRU� DQG� LQWHULRU� VXUIDFHV� DUH� UHSUHVHQWHG� E\� D�
ILQLWH�HOHPHQW�PRGHO���
)LQDOO\� WKH� VSHFLILF� KXPLGLW\� RI� LQGRRU� FOLPDWH� LV�
EDVHG�RQ�(TXDWLRQ������((5(����������
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7KH� WUDQVLHQW� DLU� PDVV� EDODQFH� HTXDWLRQ� IRU� WKH�
FKDQJH�LQ�WKH�]RQH�KXPLGLW\�UDWLR�LV�HTXDO�WR�WKH�VXP�
RI� LQWHUQDO� VFKHGXOHG� ODWHQW� ORDGV�� WKH� LQILOWUDWLRQV��
WKH� V\VWHP�� WKH� PXOWL]RQH� DLUIORZV� DQG� WKH�
FRQYHFWLRQ�WR�WKH�]RQH�VXUIDFHV���
7KHUHIRUH�� DPELHQW� VSHFLILF� KXPLGLW\� LV� DIIHFWHG� E\�
WKH� +$07� DOJRULWKP� EHFDXVH� RI� PRLVWXUH� RQ� WKH�
VXUIDFH��WKH�VHFRQG�WHUP�RI�(TXDWLRQ��������
%HIRUH� SXUVXLQJ� WKH� VWXG\�� D� FRPSDULVRQ� EHWZHHQ� D�
YDOLGDWHG�PRGHO� IRU�PRLVWXUH�DQG�WKHUPDO�WUDQVIHU� LQ�
WKH�ZDOO�DQG�(QHUJ\3OXV�LV�FDUULHG�RXW���

&203$5,621�2)�+$07�$/*25,7+0�
2)�(1(5*<3/86�$1'�:8),��'�
7R� UHDOL]H� D� VLPSOH� HYDOXDWLRQ� RI� WKH� (QHUJ\3OXV�
+$07� DOJRULWKP�� :8),� �'� LV� XVHG� WR� FRPSDUH�
UHVXOWV�� :8),¶V� PRGHO� LV� EXLOW� ZLWK� GLIIHUHQWLDO�
HTXDWLRQV� IRU� KHDW� DQG�PRLVWXUH� WUDQVSRUW� GHYHORSHG�
E\�.�Q]HO�� �.�Q]HO� HW� DO��� ������ DV�ZDV�+$07� IRU�
(QHUJ\3OXV�� 7KLV� PRGHO� ZDV� YDOLGDWHG� E\� WKH�
EHQFKPDUN� WHVW� RI� (1� ������ �:8),�� ������ DQG�
H[SHULPHQWDO�GDWD��2XVWDG�HW�DO��������DQG�+ROPV�HW�
DO�����������
7KH�FRQVWUXFWLRQ�RI�WKH�FRPSDULVRQ�PHWKRG�LV�EDVHG�
RQ�EHQFKPDUN�1R����IRU�RQH�GLPHQVLRQDO�FDVH�RI� WKH�
+$07� PRGHO� SUHVHQWHG� E\� +DJHQWRIW� HW� DO��� ������
7KH�FRQGLWLRQV�DUH�WKH�VDPH�DV�WKH�DQDO\WLFDO�FDVH�DV�
SUHVHQWHG�LQ�7DEOH����

7DEOH���
&RQGLWLRQV�RI�HYDOXDWLRQ�FDVH�

� 2XWGRRU� ,QGRRU�

$LU�WHPSHUDWXUH���&�� ��� ���

5HODWLYH�KXPLGLW\����� ��� ���

7KHUH� LV� QR� UDGLDWLRQ�� UDLQ� DQG�ZLQG�� 7KH� ERXQGDU\�
FRQGLWLRQV�DUH�WKH�VDPH�IRU�ERWK� WKH�(QHUJ\3OXV�DQG�
:8),��'�PRGHOV��
7KH� OD\HU� LV� LQLWLDOO\� LQ� PRLVWXUH� EDODQFH� ZLWK� WKH�
DPELHQW� DLU�� ZKLFK� KDV� D� FRQVWDQW� WHPSHUDWXUH� RI�
���&�DQG�D�FRQVWDQW�UHODWLYH�KXPLGLW\�RI������
7KH� WZR� PRGHOV� GRQ¶W� FRQFHUQ� WKH� VDPH� VFDOH��
(QHUJ\3OXV�WUHDWV�D�]RQH�DQG�:8),�FRQFHUQV�D�ZDOO��
+RZHYHU�� ZH� RQO\� LQWHUHVW� LQ� WKH� HYROXWLRQ� RI� WKH�
ZDWHU� FRQWHQW� RI� WKH� ZDOO� IRU� WKH� ERWK� PRGHOV�� $�
VSHFLILF�FDVH�LV�EXLOW�ZLWK�(QHUJ\3OXV���
2QH�]RQH�LV�FRQVWUXFWHG�ZLWK�(QHUJ\3OXV���[�[�P����
)LYH� VXUIDFHV� DUH� DGLDEDWLF� DQG� WKH\� GRQ¶W� FRQVLGHU�
PRLVWXUH� WUDQVSRUW�� 7KH� ODVW� VXUIDFH� LV� DQ� RXWGRRU�
ZDOO��LWV�WKLFNQHVV�LV�����P��
7ZR� PDWHULDOV� IURP� WKH�:8),� GDWDEDVH� DUH� WHVWHG��
7XII�DQG�&RQFUHWH��7DEOH���SUHVHQWV�WKH�EDVLF�YDOXHV�
RI�WKH�PDWHULDOV���
7KH� WHPSRUDO� HYROXWLRQ�RI�ZDWHU� FRQWHQW� LQ� WKH�ZDOO�
IRU�WKH�WZR�PRGHOV�LV�DQDO\]HG��,Q�WKLV�SDSHU��UHVXOWV�
DERXW�7XII�DUH�SUHVHQWHG��5HVXOWV�IRU�WKH�&RQFUHWH�DUH�
VLPLODU���
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7DEOH���

�

3URSHUWLHV�RI�7XII�DQG�&RQFUHWH�IURP�:8),�
'DWDEDVH�

�

3URSHUWLHV� 7XII� &RQFUHWH�
%XON�GHQVLW\��NJ�P��� ����� ����
3RURVLW\��P��P��� ����� �����
6SHFLILF�KHDW�FDSDFLW\��-�NJ�.�� ���� ����
7KHUPDO�FRQGXFWLYLW\��:�P�.�� ������ �����
:DWHU� YDSRXU� GLIIXVLRQ�
UHVLVWDQFH�����

��� ���

�

5HVXOWV� RI� ZDWHU� FRQWHQW� LQ� WKH� ZDOO� DUH� FRPSDUHG�
GXULQJ� RQH� \HDU�� )LJXUH� �� SUHVHQWV� WKH� HYROXWLRQ� RI�
ZDWHU� FRQWHQW� LQ� WKH� ZDOO� IRU� WKH� WZR� DOJRULWKPV�
GXULQJ�D�\HDU��

��
)LJXUH���(YROXWLRQ�RI�ZDWHU�FRQWHQW�LQ�D�7XII�ZDOO�

ZLWK�(QHUJ\3OXV�DQG�:8),�DOJRULWKPV�
�

7KH�FRUUHODWLRQ�EHWZHHQ�WKH�WZR�PRGHOV�LV�LPSRUWDQW�
�:&(QHUJ\3OXV � �����:&:8),� ±� ����� DYHF� 5ð �������
DQG� WKH� GLIIHUHQFHV� DUH� ORZ�� ,QGHHG�� WKH� GLUHFWRU�
FRHIILFLHQW� RI� WKH� HTXDWLRQ� LV� FORVH� WR� ��� +RZHYHU��
WKHUH� DUH� VRPH� SRLQWV� ZKLFK� XQGHUOLQH� PRUH�
YDULDWLRQV�� 7KH� EHJLQQLQJ� RI� WKH� FXUYH� XQGHUOLQHV��
YDULRXV�EHKDYLRXUV��7KUHH�RU�IRXU�GD\V�DUH�QHHGHG�WR�
VWDELOL]H� LQGRRU� UHODWLYH� KXPLGLW\� DW� ���� IRU�
(QHUJ\3OXV�� 7KLV� WLPH� PD\� H[SODLQ� GLIIHUHQFHV�
EHWZHHQ�WKH� WZR�FRGHV�DW� WKH�VWDUW�RI�WKH�VLPXODWLRQ��
0RUHRYHU�� ILQDO� ZDWHU� FRQWHQW� LV� WKH� VDPH� IRU� WKH�
ERWK�PRGHOV��6LQFH�ZH�VWXG\�ROG�ZDOOV��LW�LV�SRVVLEOH�
WR� ODXQFK� VLPXODWLRQ� IRU� WZR� \HDUV� WR�EDODQFH� LQLWLDO�
FRQGLWLRQV�LQ�WKH�ZDOO��
7KH�EHKDYLRXU�RI�ZDWHU�FRQWHQW�LQ�WKH�ZDOO�LV�VLPLODU�
IRU� WKH� WZR� PRGHOV�� 7KH� (QHUJ\3OXV� +$07�
DOJRUWLKPH� JLYHV� FRQVLVWHQW� UHVXOWV� IRU� WKH� ZDWHU�
FRQWHQW�RI�WKH�ZDOO�DQG�ZLOO�EH�XVHG�IRU�WKLV�VWXG\��

6(16,7,9,7<�$1$/<6,6�
Methodology 
7KH�DLP�RI�D� VHQVLWLYLW\�DQDO\VLV� LV� WR�GHWHUPLQH� WKH�
FKDQJH� LQ� PRGHO� RXWSXW� GDWD� WKDW� UHVXOWV� IURP� OLWWOH�
YDULDWLRQ�LQ�PRGHO�LQSXW�GDWD��/RXFNV�HW�DO�����������

8QOLNH�DQ�XQFHUWDLQW\�DQDO\VLV�� D� VHQVLWLYLW\�DQDO\VLV�
VWXGLHV�D�ORFDOL]HG�UHJLRQ�RI�WKH�VSDFH�RI�LQSXWV��7KLV�
UHJLRQ� LV� DURXQG� WKH� YDOXHV� WKDW� DUH� VXSSRVHG� WR� EH�
WUXH���
7KLV� SDSHU� LV� WKH� ILUVW� SDUW� RI� D� JOREDO� ZRUN� RQ�
XQFHUWDLQW\�RI�ROG�EXLOGLQJV�PRGHOOLQJ��:H�H[DPLQH�
WKH� HIIHFWV� RI� FKDQJH� RQ� RQH� SDUDPHWHU�� 7KHUHIRUH��
ZH�QHJOHFW�WKH�LQWHUDFWLRQV�EHWZHHQ�LQSXW�SDUDPHWHUV���
7KH� LPSRUWDQFH� RI� GLIIHUHQW� LQSXW� SDUDPHWHUV� ZLOO�
GHSHQG� RQ� RXWSXW� FULWHULD� DQG� WKH� VFDOH� RI�
FRQVLGHUDWLRQ�� ,Q� RXU� FDVH�� WKH� VWXGLHG� RXWSXW� LV� WKH�
LQGRRU�DPELHQW� VSHFLILF� KXPLGLW\��5HODWLYH�KXPLGLW\�
ZDV� UXOHG� RXW� EHFDXVH� LW� VWURQJO\� GHSHQGV� RQ�
WHPSHUDWXUH���
:H�VWXG\�WKH�YDULDWLRQ�RI�VSHFLILF�KXPLGLW\�IRU�HDFK�
]RQH�RI�WKH�EXLOGLQJ���
7KH�K\JURWKHUPDO�PRGHO�LQSXW�GDWD�FDQ�EH�FODVVLILHG�
LQWR�IRXU�FDWHJRULHV��

� JHRPHWULFDO�EXLOGLQJ�GDWD��
� K\JURWKHUPDO� FKDUDFWHULVWLFV� RI� PDWHULDOV��

WKLFNQHVV�� WKHUPDO� FRQGXFWLYLW\�� LQLWLDO�
PRLVWXUH� FRQWHQW�� VRUSWLRQ�� VXFWLRQ��
GLIIXVLRQ��HWF���

� ZHDWKHU� GDWD�� H[WHULRU� UHODWLYH� KXPLGLW\��
WHPSHUDWXUH�DQG�UDGLDWLRQ��

� RFFXSDQF\� GDWD�� LQWHULRU� DPELHQW�
WHPSHUDWXUH��LQWHUQDO�JDLQV��DLU�FKDQJH�UDWH��

(TXDWLRQ� ���� DQG� WKH� LQ�VLWX� REVHUYDWLRQV� OHG� WR� WKH�
ILUVW� VHOHFWLRQ� RI� LQSXW� GDWD�� 2QH� KXQGUHG� DQG� WKUHH�
������ SDUDPHWHUV� ZHUH� VHOHFWHG�� :H� GRQ¶W� FRQVLGHU�
WKH�JHRPHWULFDO�EXLOGLQJ�GDWD�LQ�WKLV�VWXG\��
�7KH�SHUWXUEDWLRQ�RI� HDFK�SDUDPHWHU� LV�����7KH�����
VLPXODWLRQV��EDVH�FDVH�DQG�YDULDQWV��ZHUH�FDUULHG�RXW�
WKDQNV�WR�FRXSOLQJ�(QHUJ\3OXV�DQG�0DWODE����
:H�DUH� LQWHUHVWHG� LQ� WKH�DQQXDO�YDULDWLRQ�RI� VSHFLILF�
KXPLGLW\�� :H� DGDSW� WKH� HQHUJ\� FRQVXPSWLRQ�
LQGLFDWRUV� RI� WKH� $6+5$(� JXLGHOLQH� ������� WR�
VSHFLILF�KXPLGLW\��7KH�VHOHFWHG� LQGLFDWRUV� WR�DQDO\VH�
WKH� HIIHFW� RI� HDFK� SDUDPHWHU� DUH� ERWK� PHDQ� ELDV�
GLIIHUHQFH�DQG�FRHIILFLHQW�YDULDWLRQ�RI�GLIIHUHQFH��

� 0HDQ�ELDV�GLIIHUHQFH��0'����
�

𝑀𝐷 = (𝐻𝑆 − 𝐻𝑆 ) 𝐻𝑆⁄ �
�

����

� &RHIILFLHQW�YDULDWLRQ�RI�GLIIHUHQFH��&9'���
�

𝐶𝑉𝐷 = 1
8760 |𝐻𝑆 (𝑡) − 𝐻𝑆 (𝑡)| 𝐻𝑆 �

�

��� 

7KH� EDVH� VLPXODWLRQ� LV� WKH� VLPXODWLRQ� ZLWK� YDOXH�
VXSSRVHG�WR�EH�WUXH��QXPEHU�����7KHVH�WZR�LQGLFDWRUV�
ZLOO� LGHQWLI\�WKH�LQGLYLGXDO�HIIHFW�RI�WKH�SHUWXUEDWLRQ�
RI�HDFK�IDFWRU���
,I� WKH� YDOXH� RI� WKH�PHDQ� ELDV� GLIIHUHQFH� LV� SRVLWLYH��
WKH�LQFUHDVLQJ�RI�WKH�YDOXH�RI�WKH�SDUDPHWHU�GHFUHDVHV�
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WKH� RXWSXW� DYHUDJH�� ,I� WKH� YDOXH� RI� WKH� PHDQ� ELDV�
GLIIHUHQFH�LV�QHJDWLYH��WKH�LQFUHDVLQJ�RI�WKH�SDUDPHWHU�
LQFUHDVHV�WKH�RXWSXW�DYHUDJH���

Case study 
2OG� EXLOGLQJV� DUH� FRQVWUXFWHG� ZLWK� WUDGLWLRQDO�
WHFKQLTXHV� DQG� ORFDO� PDWHULDOV�� 7KHUHIRUH�� WKRVH�
EXLOGLQJV� GHSHQG� RQ� WKH� VL]H�� WKH� ORFDO� DUFKLWHFWXUDO�
VW\OH� RI� FRQVWUXFWLRQ� DQG� WKH� PDWHULDO� DYDLODEOH� RQ�
VLWH�� +RZHYHU�� PRVW� RI� WKHP�ZHUH� EXLOW� ZLWK� VWRQH��
$PRQJ� WKH� GLYHUVLW\� RI� H[LVWLQJ� VWRQHV�� OLPHVWRQH�
UHSUHVHQWV� ���� RI� WKH� WRWDO� VHGLPHQWDU\� VWRFN�� ,W� LV�
ZLGHO\� XVHG� IRU� FRQVWUXFWLRQV� LQ� )UDQFH� �6WpSKDQ� HW�
DO����������7KLV�SDSHU� LV� IRFXVHG�RQ�D�KLJKO\�SRURXV�
OLPHVWRQH�EHFDXVH�RI�LWV�K\JURWKHUPDO�SURSHUWLHV�DQG�
PRLVWXUH�SUREOHPDWLF����

$�KLJKO\�SRURXV�OLPHVWRQH�
³7XIIHDX´�LV�D�OLPHVWRQH�IRXQG�LQ�WKH�/RLUH�9DOOH\�LQ�
)UDQFH�� ,WV� SRURVLW\� LV� LPSRUWDQW� DQG� YDULHV� IURP����
WR� ����� 7KLV� YDOXH� H[SODLQV� WKH� ORZ� YDOXH� RI� LWV�
GHQVLW\�IURP������WR�������%HFN����������
7KLV� VWRQH¶V� FRQWHQW�PD\� FRQWDLQ� D� ODUJH� SURSRUWLRQ�
RI�PRLVWXUH�XS�WR�D�PD[LPXP�RI�����RI�LWV�PDVV���
,W� LV� D� K\JURVFRSLF� PDWHULDO� DQG� LWV� K\JURWKHUPDO�
SURSHUWLHV�YDU\�DV�D�IXQFWLRQ�RI�LWV�PRLVWXUH�FRQWHQW��
)RU�H[DPSOH��WKH�WUDQVIRUPDWLRQ�IURP�D�GU\�VWDWH�WR�D�
VDWXUDWHG� RQH� GRXEOHV� LWV� WKHUPDO� FRQGXFWLYLW\�
�6WpSKDQ� HW� DO��� ������� 7DEOH� �� SUHVHQWV� WKH� PDLQ�
SURSHUWLHV�RI�7XIIHDX�VWRQH��
�

7DEOH���
0DLQ�SURSHUWLHV�RI�7XIIHDX�VWRQH�

�

3URSHUWLHV� 9DOXH�
3RURVLW\� �����
'HQVLW\� �����NJ�P��
6SHFLILF�+HDW� �����-�NJ�.�
7KHUPDO�FRQGXFWLYLW\��GU\�� ����:�P�.�
 

0RLVWXUH�LV�WKH�ILUVW�FDXVH�RI�GHJUDGDWLRQ�RI�7XIIHDX�
VWRQH� �'HVVDQGLHU�� ������� ,W� DIIHFWV� WKH� URFNV�
SK\VLFDOO\�� FKHPLFDOO\� DQG� ELRORJLFDOO\�� 7KH�
REVHUYHG� DOWHUDWLRQV� RQ� 7XIIHDX� PD\� GHFUHDVH�
PHFKDQLFDO�VWUXFWXUH�DQG�WKHUPDO�UHVLVWDQFH��)LJXUH���
SUHVHQWV� DQ� H[DPSOH� RI� FRPPRQ� DOWHUDWLRQV�� 7KHVH�
DOWHUDWLRQV�UHGXFH�WKH�WKLFNQHVV�RI�WKH�ZDOO��7KHUHIRUH�
WKH\�FDXVH�VWUXFWXUDO�SUREOHPV�DQG�WKHUPDO�EULGJHV���
�

�
�

)LJXUH���'LVDJJUHJDWLRQ�RI�7XIIHDX�VWRQH��OHIW��DQG�
VSOLW�XS�RI�WKLQ�SODWHV�RI�7XIIHDX�VWRQH��ULJKW���

7KDW¶V� ZK\� LW� LV� HVVHQWLDO� WR� SUHGLFW� K\JURWKHUPDO�
EHKDYLRXU�RI�7XIIHDX�EXLOGLQJV��

3UHVHQWDWLRQ�RI�WKH�GZHOOLQJ�
$�UXUDO�ROG�KRXVH����WK�FHQWXU\��LQ�WKH�/RLUH�9DOOH\��
)UDQFH�LV�VHOHFWHG�DV�D�UHIHUHQFH�EXLOGLQJ�WR�SHUIRUP�
WKH�FDOFXODWLRQ�DQG�WKH�VHQVLWLYLW\�DQDO\VHV��7KLV�FDVH�
VWXG\� LV� FRQVLGHUHG� DQ� H[DPSOH� RI� D� FRPPRQ� UXUDO�
ROG� KRXVH� EXLOW� ZLWK� 7XIIHDX� UHSUHVHQWLQJ� FRPPRQ�
EXLOGLQJ�PDWHULDOV�DQG�FRQVWUXFWLRQ�WHFKQLTXHV�RI�WKLV�
W\SH�RI� DUFKLWHFWXUH��7KLV�GZHOOLQJ� LV� DERXW�����Pð��
6L[� ]RQHV� FRPSRVH� WKH� EXLOGLQJ�� NLWFKHQ�� OLYLQJ�
URRP��EHGURRP��EDWKURRP��DWWLF�VSDFHV�DQG�EDUQ��

�
)LJXUH���6FKHPD�RI�WKH�FDVH�RI�WKH�VWXG\�

�

)LJXUH���UHSUHVHQWV�D�YLHZ�RI�WKH�KRXVH��7KH�EXLOGLQJ�
LV�RULHQWHG�WRZDUGV�WKH�6RXWK�1RUWK��7KH�WKLFNQHVV�RI�
WKH�ZDOOV� � LV������P��7KH�URRI�RI�WKH�VHFRQG�IORRU�LV�
LQVXODWHG�ZLWK�JODVV�ILEHU��:LQGRZV�DUH�VLPSOH�JODVV���
7KH�YHQWLODWLRQ�LV�QDWXUDO�DQG�WKHUH�LV�QRW�DQ\�FRROLQJ�
V\VWHP��%DUQ�DQG�DWWLF�VSDFHV�DUH�QRW�LQVXODWHG��7KH\�
EHQHILW�IURP�D�JUHDW�QXPEHU�RI�LQILOWUDWLRQV���

Simulation 
7KH� FDVH� RI� VWXG\� LV� VLPXODWHG� ZLWK� (QHUJ\3OXV�
Y������� 7KH� WLPHVWHS� LV� �� PLQXWHV� IRU� WKH� +$07�
DOJRULWKP� EXW� WKH� IUHTXHQF\� RI� RXWSXW� UHSRUW� LV� RQH�
KRXU�� 7KH�PRGHO� LV� FUHDWHG� WKDQNV� WR� WKH� SOXJ�LQ� RI�
6NHWFKXS����
7KH�SURSHUWLHV�RI�PDWHULDO�DUH�EDVHG�RQ�PHDVXUHV�RI�
.�� %HFN� �%HFN�� ������ DQG� WKH� OLEUDU\� RI� PRLVWXUH�
PDWHULDOV� RI� (QHUJ\3OXV� �((5(�� ������� 7DEOH� ��
SUHVHQWV�WKH�PDWHULDOV�DQG�WKHLU�WKLFNQHVV���
7KH�FDOFXODWLRQ�XVHV�WKH�FOLPDWH�RI�$QJHUV��)UDQFH���
7KH� QDWXUDO� YHQWLODWLRQ� LV� PRGHOOLQJ� WKDQNV� WR�
LQILOWUDWLRQV�LQ�HYHU\�URRP��7KH�LQILOWUDWLRQ�UDWH�WDNHV�
LQWR�DFFRXQW�WKH�HTXLYDOHQW�OHDNDJH�DUHD��WKH�HIIHFW�RI�
WKH�ZLQG�DQG�WKH�HIIHFW�RI�LQGRRU�RXWGRRU�WHPSHUDWXUH�
GLIIHUHQFHV��(TXDWLRQ��������

𝐼𝑛𝑓 = 𝐴
1000 𝐶 ∆𝑇 + 𝐶 (𝑊𝑖𝑛𝑑𝑆𝑝𝑒𝑒𝑑)²� ����

7KH� RFFXSDWLRQ� LV� VLPXODWHG� E\� LQWHUQDO� JDLQV� RI� ��
:�Pð� LQ� NLWFKHQ�� OLYLQJ� URRP�� EHGURRP� DQG�
EDWKURRP��7KH�VFKHGXOH�LV�WKH�RQH�RI�)UHQFK�WKHUPDO�
UHJXODWLRQ� RI� ����� �&67%�� ������� 7KH� DPELHQW�
LQGRRU� WHPSHUDWXUH� LV� IL[HG� E\� WKH� )UHQFK� WKHUPDO�
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UHJXODWLRQ�����&�GXULQJ�RFFXSDQF\�DQG����&�GXULQJ�
WKH�XQRFFXSDQF\�RU�GXULQJ�WKH�QLJKW���

7DEOH���
&RQVWUXFWLRQV�GHWDLOV�

&RQVWUXFWLRQ� 0DWHULDOV� 7KLFNQHVV��FP��
:LQGRZ� &OHDU�JODVV� ����
)LUVW�IORRU� 7LOLQJ� ��
5RRI� 6ODWH� ��
6HFRQG�IORRU� :RRG�

*ODVV�ILEHU�
%$���

��
���
����

,QWHUPHGLDWH�
IORRU�

:RRG�
$LU�
%$���

��
��
����

,QVXODWHG�URRI� 6ODWH�
$LU�
*ODVV�ILEHU�
%$���

��
��
���
����

5(68/76�$1'�',6&866,21�
7KH�VLPXODWLRQV�IRU�WKH�����SDUDPHWHUV�DUH�ODXQFKHG�
DQG�IRU�HDFK�RQH��ZH�FDOFXODWH�WKH�WZR�LQGLFDWRUV�0'�
DQG� &9'�� 7R� FRPSOHWH� WKHVH� WZR� LQGLFDWRUV�� ZH�
FDOFXODWH� WKH� SHUFHQWDJH� RI� LQIOXHQFH� RI� HDFK�
SDUDPHWHU� LQ� IURQW� RI� WKH� WRWDO� LQIOXHQFH� �(TXDWLRQ�
�������

𝑃 = |𝑀𝐷 |
∑ |𝑀𝐷 |� ����

7KHQ��ZH�DGG�WKLV�SHUFHQWDJH�RI�LQIOXHQFH�E\�UDQNLQJ�
RI�SDUDPHWHUV� WR�JHW�D�FXUYH�RI� LQIOXHQFH��:H�VHOHFW�
WKH� SDUDPHWHUV� WKDW� DUH� UHVSRQVLEOH� IRU� ���� RI� WKH�
WRWDO� LQIOXHQFH� LQ� HDFK� ]RQH�� )LJXUH� �� SUHVHQWV� WKH�
FXUYH�RI�LQIOXHQFH�IRU�WKH�OLYLQJ�URRP���
7DEOH���GHVFULEHV�WKH�VHOHFWHG�SDUDPHWHUV���
2QO\� DERXW� ���� RI� SDUDPHWHUV� FDXVH� ���� RI�
LQIOXHQFH� LQ� HDFK� URRP�� 7KURXJKRXW� WKH� UHVW� RI� WKH�
SDSHU��ZH�ZLOO�RQO\�VWXG\�WKH�SDUDPHWHUV�LQ�7DEOH�����
7DEOH���KLJKOLJKWV�VLPLODULWLHV�EHWZHHQ�WKH�]RQHV�DQG�
VRPH� GLIIHUHQFHV�� :H� ZLOO� EHJLQ� VWXG\LQJ� WKH�
FRPPRQ� IHDWXUHV� WKHQ� ZH� ZLOO� DQDO\]H� WKH�
GLIIHUHQFHV���
7KH�PRVW� LQIOXHQW�SDUDPHWHU�RQ�VSHFLILF�KXPLGLW\� LQ�
HDFK� URRP� LV� LQILOWUDWLRQ� UDWH�� ,QGHHG�� WKH�HTXLYDOHQW�
OHDNDJH�DUHD� LV� WKH�PDLQ�SDUDPHWHU� LQ�DOO� WKH� URRPV��
,WV� SHUFHQWDJH� RI� LQIOXHQFH� LV� DERXW� ���� LQ� HDFK�
URRP�� 6R� RQO\� WKLV� SDUDPHWHU� LV� UHVSRQVLEOH� IRU� RQH�
ILIWK� RI� WKH� WRWDO� LQIOXHQFH�� 0RUHRYHU�� WKH� WZR�
LQILOWUDWLRQV� FRHIILFLHQWV� �VWDFN�LQGXFHG� FRHIILFLHQW�
DQG� ZLQG�LQGXFHG� FRHIILFLHQW��� WKDW� DUH� XVHG� LQ� WKH�
FDOFXODWLRQ� RI� LQILOWUDWLRQ� UDWH� �(TXDWLRQ� ������ DUH�
VHOHFWHG�WRR���
7KLV� DQDO\VH� LV� FRQVLVWHQW� ZLWK� (TXDWLRQ� ����� ,WV�
IRXUWK� WHUP� UHSUHVHQWV� WKH� LQILOWUDWLRQ� UDWH� DQG�
RXWGRRU� VSHFLILF� KXPLGLW\�� 7KHVH� WKUHH� SDUDPHWHUV�
DUH� GLUHFWO\� XVHG� LQ� WKH� FDOFXODWLRQ� RI� LQILOWUDWLRQ�
PDVV�IORZ���
7KH� PDWHULDO� SURSHUWLHV� DUH� LQIOXHQW� SDUDPHWHUV� RQ�
VSHFLILF� KXPLGLW\� RI� LQGRRU� DPELDQFH�� 7ZR� PDLQ�

FKDUDFWHULVWLFV� DUH� LQIOXHQW�� WKH� WKLFNQHVV� DQG� WKH�
YDSRXU�GLIIXVLRQ�UHVLVWDQFH�IDFWRU���
7KH� WKLFNQHVV� DIIHFWV� KHDW� DQG� PRLVWXUH� WUDQVIHUV��
0RUHRYHU�� LW� GHWHUPLQHV� KHDW� DQG� PRLVWXUH� VWRUDJH�
FDSDFLWLHV�LQ�WKH�PDWHULDO��6SDWLDO�UHSDUWLWLRQ�RI�ZDWHU�
FRQWHQW� GHSHQGV� RQ� WKH� WKLFNQHVV� RI� WKH� ZDOO��
7KHUHIRUH��WKH�WKLFNQHVV�DIIHFWV�WKH�PRLVWXUH�TXDQWLW\�
WKDW�PD\�WUDQVIHU�IURP�WKH�ZDOO�WR�WKH�URRP���
7KH� YDSRXU� GLIIXVLRQ� UHVLVWDQFH� IDFWRU� FKDUDFWHUL]HV�
WKH� PDWHULDO� FDSDFLW\� WR� OHW� YDSRXU� WUDQVIHU�� 7KH�
TXDQWLW\� RI� YDSRXU� WKDW� FURVVHV� WKH� ZDOO� DQG� HQWHUV��
LQFUHDVHV�DV�WKH�GLIIXVLRQ�UHVLVWDQFH�IDFWRU�GHFUHDVHV���
)RU� WKH� SUHGRPLQDQW� PDWHULDO� LQ� WKLV� EXLOGLQJ�� WKH�
7XIIHDX�� PRUH� SURSHUWLHV� DUH� REVHUYHG� DV� WKH� OLTXLG�
WUDQVSRUW� IDFWRU� E\� UHGLVWULEXWLRQ�� 7KLV� FRHIILFLHQW�
FKDUDFWHUL]HV�WKH�OLTXLG�WUDQVIHU�LQ�WKH�PDWHULDO��$V�D�
GLIIXVLRQ�UHVLVWDQFH� IDFWRU�� WKLV�SDUDPHWHU�DIIHFWV� WKH�
PRLVWXUH�SURSRUWLRQ�WKDW�FURVVHV�WKH�ZDOO�DQG�DSSHDUV�
RQ�WKH�VXUIDFH���
6SHFLILF� KXPLGLW\� LQ� HDFK� URRP� LV� LQIOXHQFHG�E\� VHW�
SRLQW� WHPSHUDWXUH�� ,W� LV� XVHG� LQ� WKH� FDOFXODWLRQ� RI�
LQILOWUDWLRQ� UDWH� �(TXDWLRQ� ������ 0RUHRYHU�� LQGRRU�
WHPSHUDWXUH� GHWHUPLQHV� WKH� PD[LPDO� TXDQWLW\� RI�
PRLVWXUH�LQ�WKH�DLU��)LQDOO\��LW�LV�D�GULYH�IRUFH�RI�KHDW�
WUDQVIHUV��(YHQ� LI� VHW� SRLQW� WHPSHUDWXUH� LV� XVHG�RQO\�
GXULQJ� ZLQWHU�� LW� DIIHFWV� VRPH� OHYHO� RI� VSHFLILF�
KXPLGLW\��
1RZ�� ZH� ZLOO� VWXG\� WKH� GLIIHUHQFHV� EHWZHHQ� WKH�
URRPV��
$� FODVVLILFDWLRQ� RI� WKH� ]RQH� LV� SRVVLEOH�� ,QIOXHQW�
SDUDPHWHUV� DUH� VLPLODU� EHWZHHQ� WKH� NLWFKHQ� DQG� WKH�
OLYLQJ� URRP� �ILUVW� IORRU�� DQG� EHWZHHQ� WKH� EHGURRP�
DQG�WKH�EDWKURRP��VHFRQG�IORRU����
)LJXUH� �� SUHVHQWV� WKH�0'� IRU� WKH� WZR� URRPV� RI� WKH�
ILUVW�IORRU�IRU�WKH����PDLQ�SDUDPHWHUV�RI�WKH�NLWFKHQ��
7KH�UDQNLQJ�RI�WKH�SDUDPHWHUV�IRU�WKH�OLYLQJ�URRP�LV�D�
OLWWOH�GLIIHUHQW��6HW�SRLQW�WHPSHUDWXUH�LV�PRUH�LQIOXHQW�
LQ� WKH� OLYLQJ� URRP� WKDQ� LQ� WKH� NLWFKHQ�� )LJXUH� ��
XQGHUOLQHV�WKDW�WKH�LQIOXHQFH�RI�SDUDPHWHUV�DUH�KLJKHU�
LQ� WKH� OLYLQJ� URRP� WKDQ� LQ� WKH� NLWFKHQ�� 7KH� ODUJHU�
VXUIDFH� LQ� WKH� OLYLQJ� URRP� PD\� H[SODLQ� WKLV�
SKHQRPHQRQ���
7KH� LQIOXHQW� PDWHULDOV� DUH� 7XIIHDX� DQG� %$����
7XIIHDX� LV� WKH� SUHGRPLQDQW� PDWHULDO� LQ� WKHVH� WZR�
URRPV��%$��� LV� WKH� LQVLGH� OD\HU� RI� FHOLQJ�� 6R� WKHVH�
PDWHULDOV� LQWHUDFW� GLUHFWO\�ZLWK� WKH� LQGRRU� DLU� RI� WKH�
URRPV���
)LQDOO\�� FRQYHFWLRQ� FRHIILFLHQWV� DIIHFW� VSHFLILF�
KXPLGLW\� RI� WKHVH� WZR� URRPV�� 7KH\� DUH� XVHG� LQ�
(TXDWLRQ� ���� DQG� DIIHFW� WKH� DLU�PRYHPHQWV� EHWZHHQ�
VXUIDFHV�DQG�DPELDQFH��
7KH� PHDQ� ELDV� GLIIHUHQFH� FKDUDFWHUL]HV� D� JOREDO�
EHKDYLRXU� EHFDXVH� LW� GHDOV� ZLWK� WKH� DYHUDJH� GXULQJ�
WKH� \HDU�� 7KH� VHFRQG� LQGLFDWRU� GHDOV� ZLWK� G\QDPLF�
EHKDYLRXU� RI� VSHFLILF� KXPLGLW\�� 7KH� UDQNLQJ� RI� WKH�
SDUDPHWHUV� LV�GLIIHUHQW� LI�ZH� FRQVLGHU� WKH�PHDQ� ELDV�
GLIIHUHQFH� RU� WKH� &9'�� )RU� H[DPSOH�� 7DEOH� ��
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SUHVHQWV� WKH� UDQNLQJ� IRU�0'�DQG�&9'� LQ� WKH� OLYLQJ�
URRP��

7DEOH���
5DQNLQJ�RI�WKH�SDUDPHWHUV�IRU�0'�DQG�&9'�

LQGLFDWRUV�LQ�WKH�OLYLQJ�URRP�
�

�
MD CVD 

�� (TXLYDOHQW�OHDNDJH�DUHD� 6HW�SRLQW�WHPSHUDWXUH�
�� 6HW�SRLQW�WHPSHUDWXUH� (TXLYDOHQW�OHDNDJH�DUHD�
�� 7XIIHDX�WKLFNQHVV� 7XIIHDX�WKLFNQHVV�
�� %$���WKLFNQHVV� %$���WKLFNQHVV�

��
%$���GLIIXVLRQ�
UHVLVWDQFH�

%$���GLIIXVLRQ�
UHVLVWDQFH�

��
:LQG�LQILOWUDWLRQ�
FRHIILFLHQW�

:LQG�LQILOWUDWLRQ�
FRHIILFLHQW�

�� $LU�WKLFNQHVV� $LU�WKLFNQHVV�

��
6WDFN�LQILOWUDWLRQ�
FRHIILFLHQW�

%$���WKHUPDO�
DEVRUSWLRQ��

��
7XIIHDX�UHGLVWULEXWLRQ�
IDFWRU� 7XIIHDX�VRUSWLRQ�

�
��

7XIIHDX�GLIIXVLRQ�
UHVLVWDQFH�

6WDFN�LQILOWUDWLRQ�
FRHIILFLHQW�

7KHUH� DUH� QRW� WKH� VDPH� SDUDPHWHUV� LQ� WKH� WZR�
UDQNLQJV�� 6HW� SRLQW� WHPSHUDWXUH� LV� WKH�PRVW� LQIOXHQW�
SDUDPHWHU�IRU�WKH�&9'�DQG�UDQNV�VHFRQG�IRU�WKH�0'��
)RU�WKH�RQ�WKH�\HDU�DYHUDJH��WKH�VHW�SRLQW�WHPSHUDWXUH�
LV� FRQVLGHUHG�RQO\� LQ� WKH�ZLQWHU��6R�� LWV� LQIOXHQFH� LV�
PLWLJDWHG�FRQWUDU\�WR�WKH�&9'���
0RUHRYHU�� VRPH� QHZ� SDUDPHWHUV� DSSHDUV� LQ� WKH�
UDQNLQJ�IRU�WKH�&9'���7XIIHDX�VRUSWLRQ�IRU�H[DPSOH��
,W� FKDUDFWHUL]HV� WKH� ZDWHU� FRQWHQW� LQ� WKH� ZDOO� DV� D�
IXQFWLRQ�RI�UHODWLYH�KXPLGLW\�RI�WKH�DPELDQFH���
7KH�VHQVLWLYH�SDUDPHWHUV�DUH�GLIIHUHQW�LI�WKH�REMHFWLYH�
LV� WKH� DYHUDJH� GXULQJ� WKH� \HDU� RU� WKH� G\QDPLF�
EHKDYLRXU���
)RU�WKH�VHFRQG�IORRU��WKH�REVHUYHG�GLIIHUHQFHV�DUH�WKH�
PDWHULDOV� WKDW� DIIHFW� WKH� VSHFLILF� KXPLGLW\�� ,QGHHG��
FRQWUDU\� WR� WKH� ILUVW� IORRU�� WKH�PRVW� LQIOXHQW�PDWHULDO�
LV�WKH�JODVV�ILEHU��LW�LV�WKH�7XIIHDX�IRU�WKH�ILUVW�IORRU����
*ODVV� ILEHU� LQVXODWHV� WKH� URRI� VR� WKHUH� LV� QRW� JODVV�
ILEHU� LQ� WKH� ILUVW� IORRU�� 7XIIHDX� DIIHFWV� VSHFLILF�
KXPLGLW\� RI� WKH� VHFRQG� IORRU� EXW� WKH� YDOXH� LV� ORZHU�
WKDQ�IRU�WKH�ILUVW�IORRU��7KH�SURSRUWLRQ�RI�7XIIHDX�LQ�
WKH�VHFRQG�IORRU�LV�ORZHU�WKDQ�LQ�WKH�VHFRQG�IORRU���
7KLV� DQDO\VLV� XQGHUOLQHV� WKDW� LQIOXHQFH� RI� WKH�
PDWHULDOV� GHSHQGV� RQ� WKHLU� SURSRUWLRQV� LQ� WKH�
EXLOGLQJ���

&21&/86,21�
7KH� ILUVW� DLP� RI� WKLV� VWXG\� LV� WR� LPSURYH� WKH� ROG�
EXLOGLQJ� PRGHOOLQJ�� 7KH� SUREOHPDWLF� RI� PRLVWXUH� LV�
LPSRUWDQW�IRU�WKHVH�EXLOGLQJV����
(QHUJ\3OXV� PRLVWXUH� PRGHO� WDNHV� LQWR� DFFRXQW� ZDOO�
WUDQVIHU� DQG� ZDOO� VWRUDJH�� 7KHUHIRUH�� LW� LV� DQ�
LPSURYHPHQW� IRU� PRLVWXUH� FRQVLGHUDWLRQ�� +RZHYHU��
LQ� WKLV� ILUVW� VWXG\�� ZH� GR� QRW� LQWURGXFH� PRLVWXUH�

VRXUFHV�� VR� ZH� QHJOHFW� D� SDUDPHWHU� WKDW� VHHPV�
LPSRUWDQW�IRU�VSHFLILF�KXPLGLW\���
7ZR� FDWHJRULHV� RI� SDUDPHWHUV� DUH� XQGHUOLQHG��
LQILOWUDWLRQV�DQG�K\JURWKHUPDO�SURSHUWLHV�RI�PDWHULDOV��
,QILOWUDWLRQV�FDXVH�����RI�WKH�WRWDO�LQIOXHQFH��
5HWURILWWLQJ� VLJQLILFDQWO\� DIIHFWV� WKHVH� SDUDPHWHUV��
,QILOWUDWLRQV� DUH� PRGLILHG� E\� WKH� ZLQGRZV� EHLQJ�
FKDQJHG� DQG� QHZ� PDWHULDOV� LQVXODWH� WKH� ZDOOV�� 6R��
WKLV�ILUVW�DQDO\VLV�KLJKOLJKWV�WKH�HIIHFW�RI�D�UHWURILWWLQJ�
RQ� WKH� EXLOGLQJ� SHUIRUPDQFH� DQG� WKH� XQFHUWDLQW\� RI�
WKLV�HIIHFW���
,QGHHG�� D� VROXWLRQ� FDQ� LPSURYH� D� EXLOGLQJ� IRU� VRPH�
SDUDPHWHU� YDOXHV� EXW� LW� WXUQV� LQ� EDG� SHUIRUPDQFHV�
ZLWK� RWKHU� YDOXHV�� 7KH� IXWXUH� DLP� LV� WR� HYDOXDWH� WKH�
SHUWLQHQFH�RI�D�VROXWLRQ� LQ�UHJDUGV�WR�WKH�XQFHUWDLQW\�
RI�LQSXW�SDUDPHWHUV���

5()(5(1&(6�
$HOHQHL��'���+HQULTXHV�)��0�$���������$QDO\VLV�RI�WKH�

FRQGHQVDWLRQ� ULVN� RQ� WKH� H[WHULRU� VXUIDFH� RI�
EXLOGLQJ� HQYHORSHV�� (QHUJ\� DQG� %XLOGLQJV�� YRO��
����S�������������(OVHYLHU���

$,(��������.H\�ZRUOGV�HQHUJ\�VWDWLVWLFV�����S��
$6+5$(� *XLGHOLQH� ��������� ������ *XLGHOLQH� IRU�

0HDVXUHPHQW�RI�(QHUJ\�DQG�'HPDQG�6DYLQJV��
%HFN�� .��� ������ eWXGH� GHV� SURSULpWpV� K\GULTXHV� HW�

GHV� PpFDQLVPHV� G¶DOWpUDWLRQV� GHV� SLHUUHV�
FDOFDLUHV� j� IRUWH� SRURVLWp�� 3K'�� 8QLYVHULW\� RI�
2UOpDQV��)UDQFH��

&DQWLQ�� 5��� %XUJKRO]HU�� -��� *XDUUDFLQR�� *���
0RXMDOOHG�� %��� 7DPHOLNHFKW�� 6��� 5R\HU�� %�*��
������)LHOG�DVVHVVPHQW�RI� WKHUPDO�EHKDYLRXU�RI�
KLVWRULFDO� GZHOOLQJV� LQ� )UDQFH�� %XLOGLQJ� DQG�
(QYLURQPHQW��YRO������S����������(OVHYLHU��1HZ�
<RUN��

&67%��������)UHQFK�WKHUPDO�UHJXODWLRQ�������
'HVVDQGLHU�� '��� $XJHU�� 3��� +DDV�� +��� +XJXHV�� *���

������ *XLGH� PpWKRGRORJLTXH� GHV� SLHUUHV� GHV�
PRQXPHQW� HQ� WHUPHV� GH� GXUDELOLWp� HW�
FRPSDWLELOLWp��%5*0�53��������)UDQFH��

((5(�� �����´(QHUJ\3OXV� (QHUJ\� 6LPXODWLRQ�
6RIWZDUH´��KWWS���DSSV��HHUH�HQHUJ\�JRY��

+DJHQWRIW��&�(���.DODJDVLGLV��$��6���$GO�=DUUDEL��%���
5RHIOV��6���&DUPHOLHWG��-���+HQV��+���*UXQHZDOG��
-���)XQN��0���%HFNHU��5���6KDPLU��'���$GDQ��2���
%URFNHQ�� +��� .XPDUDQ�� .��� 'MHEEDU�� 5��� ������
$VVHVVPHQW� PHWKRG� RI� QXPHULFDO� SUHGLFWLRQ�
PRGHOV� IRU� FRPELQHG� KHDW�� DLU� DQG� PRLVWXUH�
WUDQVIHU� LQ� EXLOGLQJ� FRPSRQHQWV�� %HQFKPDUNV�
IRU� RQH�GLPHQVLRQDO� FDVHV�� 7KHUPDO�
(QYLURQPHQWV� DQG� %XLOGLQJ� 6FLHQFH�� YRO�� ����
6ZHGHQ��

+ROP�� $��� .XHQ]HO�� +��� ������3UDFWLFDO� DSSOLFDWLRQ�
RI� D� XQFHUWDLQW\� DSSURDFK� IRU� K\JURWKHUPDO�
EXLOGLQJ�VLPXODWLRQ�±�GU\LQJ�RI�DQ�$$&�IODW�URRI��
%XLOGLQJ�DQG�(QYLURQPHQW��YRO������S�����������
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-DQVVHQV��$���'H�3DHSH��0���������(IIHFW�RI�PRLVWXUH�
LQHUWLD�PRGHOV�RQ�WKH�SUHGLFHWHG�LQGRRU�KXPLGLW\�
LQ�D�URRP����WK�$,9&�&RQIHUHQFH��%UXVVHOV���

.XQ]HO�� +�0��� ������ 6LPXOWDQHRXV� +HDW� DQG�
0RLVWXUH� 7UDQVSRUW� LQ� %XLOGLQJ� &RPSRQHQWV��
)UDXQKRIHU� ,QVWLWXWH� RI� %XLOGLQJ� 3K\VLFV��
)UDXQKRIHU�,5%�9HUODJ�6WXWJDUW��

/RXFNV��'�3���9DQ�%HHN�� (��� ������:DWHU� UHVRXUFHV�
V\VWHPV� SODQQLQJ� DQG� PDQDJHPHQW� ±� $Q�
LQWURGXFWLRQ� WR� PHWKRGV�� PRGHOV� DQG�
DSSOLFDWLRQV�� 6WXGLHV� DQG� 5HSRUWV� LQ� +\GURORJ\�
VHULHV��8QHVFR�3XEOLVKLQJ���

0RUDGLDV�� 3�$��� 6LOYD�� 3�'��� &DVWUR�*RPHV�� -�3���
6DOD]DU�� 0�9��� 3LUHV�� /��� ������ ([SHULPHQWDO�
VWXG\� RQ� K\JURWKHUPDO� EHKDYLRXU� RI� UHWURILW�
VROXWLRQV� DSSOLHG� WR� ROG� EXLOGLQJ� ZDOOV��

&RQVWUXFWLRQ�DQG�%XLOGLQJ�0DWHULDOV��YRO������S��
���������(OVHYLHU��1HZ�<RUN���

2XVWDWG�� 0��� *XVWDYVHQ�� $��� 8YVORNN�� 6��� ������
&DOFXODWLRQ� RI� 0RLVWXUH� DQG� +HDW� 7UVQIHU� LQ�
&RPSDFW� 5RRIV� DQG� &RPSDULVRQ� ZLWK�
([SHULPHQWDO� 'DWD�� 3URFHHGLQJV� RI� WKH� �WK�
1RUGLF�V\PSRVLXP�RQ�EXLOGLQJ�SO\VLFV��9RO�����S��
���������

6WpSKDQ��(���&DXFKHWHX[��$���&DQWLQ��5���0LFKHO��3���
7DVFD��6���������©�7KH�GLYHUVLW\�RI�OLPHVWRQH�DQG�
WKH� LPSOLFDWLRQ� IRU� HQHUJ\� HIILFLHQF\� RI�
EXLOGLQJV´�� �WK�$QQXDO� ,QWHUQDWLRQDO�6\PSRVLXP�
RQ�(QYLURQPHQW��$WKHQV��*UHHFH���

:8),��������³:8),�3&�3URJUDP�IRU�FDOFXODWLQJ�WKH�
FRXSOHG� KHDW� DQG� PRLVWXUH� WUDQVIHU� LQ� EXLOGLQJ�
FRPSRQHQWV´��KWWS���ZZZ�ZXGL�GH��

�
�

)LJXUH���,QIOXHQFH�FXUYH�IRU�0'�LQGLFDWRU�LQ�WKH�OLYLQJ�URRP�DQG�WKH�OLPLWV�RI�����RI�LQIOXHQFH�
�

7DEOH��D�
&RORU�OHJHQG�RI�7DEOH���

Color Parameters categories 
� ,QILOWUDWLRQV�
� 2FFXSDQF\�
� &RQYHFWLRQ�
� 0DWHULDOV�SURSHUWLHV�

�
� �
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7DEOH��E�
5DQNLQJ�RI�WKH�SDUDPHWHUV�UHVSRQVLEOH�RI�����RI�LQIOXHQFH�LQ�HDFK�URRP�

�

Bedroom Bathroom Living room Kitchen 

(TXLYDOHQW�OHDNDJH�DUHD� (TXLYDOHQW�OHDNDJH�DUHD� (TXLYDOHQW�OHDNDJH�DUHD� (TXLYDOHQW�OHDNDJH�DUHD�

*ODVVILEHU�WKLFNQHVV� *ODVVILEHU�WKLFNQHVV� 6HW�SRLQW�WHPSHUDWXUH� 7XIIHDX�WKLFNQHVV�

*ODVVILEHU�GLIIXVLRQ�UHVLVWDQFH� 7XIIHDX�WKLFNQHVV� 7XIIHDX�WKLFNQHVV� %$���WKLFNQHVV�

%$���WKLFNQHVV� *ODVVILEHU�GLIIXVLRQ�UHVLVWDQFH� %$���WKLFNQHVV� %$��� GLIIXVLRQ�
UHVLVWDQFH�

%$���GLIIXVLRQ�UHVLVWDQFH� %$���WKLFNQHVV� %$���GLIIXVLRQ�UHVLVWDQFH� 6HW�SRLQW�WHPSHUDWXUH�

:LQG�LQILOWUDWLRQ�FRHIILFLHQW� :LQG�LQILOWUDWLRQ�FRHIILFLHQW� :LQG�LQILOWUDWLRQ�FRHIILFLHQW� :LQG� LQILOWUDWLRQ�
FRHIILFLHQW�

7XIIHDX�WKLFNQHVV� %$���GLIIXVLRQ�UHVLVWDQFH� $LU�WKLFNQHVV� $LU�WKLFNQHVV�

$LU�WKLFNQHVV� 6HW�SRLQW�WHPSHUDWXUH� 6WDFN�LQILOWUDWLRQ�FRHIILFLHQW� 6WDFN� LQILOWUDWLRQ�
FRHIILFLHQW�

6WDFN�LQILOWUDWLRQ�FRHIILFLHQW� $LU�WKLFNQHVV� 7XIIHDX�UHGLVWULEXWLRQ�IDFWRU� 7XIIHDX� UHGLVWULEXWLRQ�
IDFWRU�

6HW�SRLQW�WHPSHUDWXUH� 6WDFN�LQILOWUDWLRQ�FRHIILFLHQW� 7XIIHDX�GLIIXVLRQ�UHVLVWDQFH� 7XIIHDX� GLIIXVLRQ�
UHVLVWDQFH�

*ODVV�VRODU�WUDQVPLVVLRQ� 7XIIHDX�UHGLVWULEXWLRQ�IDFWRU� %$���WKHUPDO�DEVRUSWLRQ� &RQYHFWLRQ�FRHIILFLHQW�

7XIIHDX�UHGLVWULEXWLRQ�IDFWRU� 7XIIHDX�GLIIXVLRQ�UHVLVWDQFH� &RQYHFWLRQ�FRHIILFLHQW� 7XIIHDX�VRUSWLRQ�

7XIIHDX�GLIIXVLRQ�UHVLVWDQFH� *ODVV�VRODU�WUDQVPLVVLRQ� *ODVV�VRODU�WUDQVPLVVLRQ� 7XIIHDX� WKHUPDO�
FRQGXFWLYLW\�

6ODWH�WKLFNQHVV� 6ODWH�WKLFNQHVV� � *ODVV�VRODU�WUDQVPLVVLRQ�

7XIIHDX�WKHUPDO�FRQGXFWLYLW\� 7XIIHDX�WKHUPDO�FRQGXFWLYLW\� � �

:RRG�VRUSWLRQ� 6ODWH�GLIIXVLRQ�UHVLVWDQFH� � �

6ODWH�GLIIXVLRQ�UHVLVWDQFH� � � �

�
�

�

)LJXUH���0'�LQGLFDWRU�IRU�WKH�OLYLQJ�URRP�DQG�WKH�NLWFKHQ�IRU�WKH����ILUVW�SDUDPHWHUV�
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