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ABSTRACT 
Signi¿cant contradiction arises in buildings in the hot 
climate regions when relating window sizes and 
shadings to achieve both reduced energy 
consumption (requiring minimum opening ratios and 
more shading) and suI¿cient daylighting (requiring 
maximum opening ratios and less shading). This 
paper is a part of an on-going Master Thesis research 
based on a Parametric Analysis to study the 
quantitative effect of window’s  ratio, glazing and 
shading techniques on Daylight Autonomy and 
Energy Consumption in a hot climate region. This 
study aims to aggregate two different parameters to 
achieve better daylight autonomy and less energy 
consumption, mentioning possible further criterions 
for assessing the buildings performance. 

INTRODUCTION 
Designing facades is one of the most complicated 
subjects that faces the architect throughout the design 
process, especially when the design intention is to 
reduce energy consumption and improve the 
occupants health and well-being (Rashid et al. 2008; 
Edwards and Torcellini, 2002; Boyce, 2003). Facade 
openings in buildings are important for several 
reasons; they provide daylight, which is considered 
the best source of light that matches human visual 
response and required colour. Thus, they have a 
substantial positive impact on the occupants (Li & 
Tsang, 2008). Natural lighting has two noticeable 
effects, Light and Heat. In hot climates, large 
windows can provide more daylight but higher 
cooling loads, while small windows can decrease 
energy consumption but do not offer suf¿cient 
daylight. Hence, hot climate is considered one of the 
most challenging climates when it comes to 
daylighting (Meleki, 2012). On designing daylit 
buildings, the most critical decisions come in the 
conceptual phase and the primary strategies (Leslie et 
al. 2011). Due to the exponential growth of cities, 
and the need for more residential building, it is 
important to provide a guideline for the architects 
and designers in order to achieve good results 
regarding daylighting. 
 
Based on the Egyptian code of Energy Ef¿ciency in 
Residential Buildings (EERB), different choices of 

glazing transmittance and interior reÀections were 
proposed for the different window ratios and 
Projection Factor (PF). Research has been conducted 
to assess the effect of window to wall ratio (WWR) 
and shading types on both daylight autonomy and 
energy consumption or even daylighting alone 
(Mandalaki et al., 2012, David et al., 2011 and Li & 
Tsang 2008). Others that followed developed 
daylighting dashboards (Reinhart et al., 2010, Leslie 
et al., 2011) were based upon new simulation 
software attempted to combine more than one 
parameter in examining daylighting and energy 
consumption, e.g. DIVA for Rhino and AGi32. So an 
integrated design approach of daylighting and energy 
consumption was therefore highly recommended 
(Hampton, 1989). 
 
The Authors present a new contribution in this paper, 
where the urban context is a considerable factor 
within the simulation process. Several window ratios 
were combined with different shading types to assess 
both daylight and energy consumption (heating & 
cooling). All these parameters have been 
parametrically analysed through a multiple 
simulation process. This research presents an 
important step towards a more inclusive and 
validated optimization process. 

METHODOLOGY 
This paper is a part of a Master Thesis, which aims at 
conducting a Parametric Analysis between two main 
parameters; Daylight Autonomy and Energy 
Consumption. It is a computer-based study of a 
single residential zone in Cairo.  
 
This study is realized through four main steps. The 
¿rst step is de¿ning in detail the properties of the 
chosen climatic zone for the study. The second step 
is pin pointing the software used for the simulation, 
illustrating the process of using these tools. The third 
step entails a clear image on the variants and 
invariants that the parametric analysis was based on 
in addition to the urban context analysis. The fourth 
and last step de¿ned the thermal and daylight 
parameters assumed in the simulation process giving 
the results. The sections followed explain in detail 
the steps undertaken. 
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Weather analysis 
7KH� ORFDWLRQ� RI� WKH�&DVH� VWXG\� LV� LQ�&DLUR��/DWLWXGH�
����� DQG� /RQJLWXGH� ������ 7KH� KLJK� WHPSHUDWXUHV� LQ�
ZLQWHU� UDQJHV� IURP� ��&� WR� ��&�� ZKLOH� DW� QLJKW� LW�
GURSV�IURP���&�WR��&��+LJK�WHPSHUDWXUHV�LQ�VXPPHU�
FDQ� UHDFK� ��&� E\� PD[LPXP�� DQG� GURSV� WR� ��&� DW�
QLJKW�� ,Q� (J\SW�� WKHUH� LV� PRUH� GHPDQG� RQ� FRROLQJ�
VLQFH� WKH� KRW� DULG� FOLPDWH� LV� SUHGRPLQDWLQJ� DQG�
RYHUKHDW�SHULRG�ODVWV�IRU�DERXW���PRQWKV���$WWLD�HW�DO���
������ $FFRUGLQJ� WR� WKH�:HDWKHU� WRRO� VXSSRUWHG� E\�
(FRWHFW������6RIWZDUH��WKH�H[WUHPH�VXQ�DOWLWXGHV�DUH�
�����GHJUHHV�LQ�ZLQWHU�DQG������GHJUHHV�LQ�VXPPHU�DW�
������QRRQ�IRU�D�VRXWK�IDoDGH��

Simulation 
7ZR� VLPXODWLRQ� WRROV�ZHUH� XVHG� LQ� WKLV� VWXG\�� )LUVW��
'HVLJQ� %XLOGHU� VLPXODWLRQ� VRIWZDUH� IRU� WKH� WKHUPDO�
DQDO\VLV�DQG�HQHUJ\�FRQVXPSWLRQ�±�RQO\�KHDWLQJ�DQG�
FRROLQJ�ORDGV�±��6HFRQG��',9$�IRU�5KLQR�LV�XVHG�IRU�
WKH�'D\OLJKW�$XWRQRP\�VLPXODWLRQ�DQG�FDOFXODWLRQ�LQ�
DFFRUGDQFH� ZLWK� WKH� HQHUJ\� FRQVXPSWLRQ� RI� WKH�
HOHFWULF� OLJKWLQJ� XVHG� WR� FRPSHQVDWH� WKH� OXPLQDQFH�
QHHGHG� IRU� WKH� DUHDV� WKDW� GLG� QRW�PHHW� WKH� WDUJHWHG�
OXPLQDQFH���
�
',9$�IRU�5KLQR�SHUIRUPV�D�VLPXODWLRQ�IRU�WKH�VLQJOH�
WKHUPDO� ]RQH�� +RZHYHU�� WKHUPDO� PRGHO� EXLOW� LQ�
'HVLJQ� %XLOGHU� VLQFH� LW� FRYHUV� PRUH� PDWHULDOV� WKDW�
DSSOLHG� IRU� WKH� DVVHVVPHQW� RI� WKH� FDVH� LQ� &DLUR�� $V�
IRU�WKH�HOHFWULFLW\�ORDGV�FRQVXPHG�E\�OLJKWLQJ��LW�ZLOO�
EH� FDOFXODWHG� SUHFLVHO\� DFFRUGLQJ� WR� 'D\OLJKW�
$XWRQRP\� E\� ',9$�� DV� 'HVLJQ� %XLOGHU� GRHV� QRW�
SURYLGH�WKLV�LQWHJUDWLRQ�\HW��

Variants and Invariants 
0DQ\� IDFWRUV� DIIHFW� WKH� DVVHVVPHQW� RI� (QHUJ\�
&RQVXPSWLRQ� DQG� WKH� 'D\OLJKWLQJ� LQVLGH� WKH�
EXLOGLQJV��7KLV�LV�VKRZQ�DV�IROORZV��
3DUDPHWHUV�*URXS���
- *HRJUDSKLFDO�ORFDWLRQ�� � �)L[HG��
- 6N\�FRQGLWLRQ�� � � �)L[HG��
- $UHD���YROXPH�� � � �)L[HG��
- )XQFWLRQ���$FWLYLW\�� � � �)L[HG��
- 8UEDQ�FRQWH[W�DQG�2ULHQWDWLRQ�����������������)L[HG��
- 9HUWLFDO� 6N\� &RPSRQHQW� �96&��� 7KH� KHLJKW� RI�

WKH�ZLQGRZ�DERYH�WKH�JURXQG�� ��������������9DULDQW��

3DUDPHWHUV�*URXS���

- :LQGRZ�'HVLJQ�	�5DWLR� ��������������9DULDQW��
- +9$&��/LJKWLQJ�DQG�(TXLSPHQW�� �)L[HG��
- %XLOGLQJ�(QYHORSH�� � � �)L[HG��
- *OD]LQJ� SURSHUWLHV�� 7UDQVPLWWDQFH�� 5HIOHFWDQFH��

6HFXODULW\��6+*&� � ��������������9DULDQW��
- 6KDGLQJ�7\SHV�DQG�GHYLFHV� ��������������9DULDQW��

'XH� WR� WLPH� FRQVWUDLQV�� UHVHDUFK� VFRSH� DQG�
OLPLWDWLRQV��WKH�SDUDPHWHUV�ZHUH�QRW�DOO�KDQGOHG�DW�WKH�
VDPH� WLPH�� $V� LOOXVWUDWHG� DERYH� WKH� *HRJUDSKLFDO�
ORFDWLRQ��VN\�FRQGLWLRQ��$UHD��)XQFWLRQ��96&��8UEDQ�
FRQWH[W� DQG� RULHQWDWLRQ�ZHUH� DOO� IL[HG��7KH�$XWKRUV�
JDWKHUHG� WKHP�XQGHU�D�JURXS�RI�SDUDPHWHUV�ZKHUHDV�
WKH� DUFKLWHFW� RU� WKH� HQJLQHHU� GRHV� QRW� KDYH� DQ\�
SRVVLELOLW\�WR�FKDQJH�RU�PRGLI\��7KH�VHFRQG�JURXS�RI�
SDUDPHWHUV� LV� ::5�� +9$&�� %XLOGLQJ� (QYHORSH��
*OD]LQJ� SURSHUWLHV� DQG� 6KDGLQJ� W\SHV�� ZKHUH� WKH�
DUFKLWHFW� PD\� KDYH� WKH� SRVVLELOLW\� WR� PRGLI\� DQ�
H[LVWLQJ�FRQGLWLRQ��7KLV�VWXG\�ZLOO�KDQGOH�WKH�::5��
96&�DQG�6KDGLQJ�7\SH�DV�WKUHH�YDULDQWV�� LW�PXVW�EH�
QRWHG� WKDW� WKHUPDO� DQG� YLVXDO� FRPIRUWV� DUH� QRW�
LQFOXGHG�LQ�WKLV�UHVHDUFK��

Model parameters 
7KH� VLPXODWLRQ� H[DPLQHV� DQ� H[SHULPHQWDO� 6KRHER[�
UHSUHVHQWLQJ� D� VDPSOH� RI� D� VLQJOH� UHVLGHQWLDO� ]RQH��
7KH� VKRHER[�SDUDPHWHUV� DUH�DV� IROORZV�� �P� [��P�[�
�P� �:LGWK� [� /HQJWK� [� +HLJKW��� 7KH� WRWDO� DUHD� LV�
��P��� ZLWK� ��P�� 9ROXPH�� :LQGRZ� WR� :DOO� 5DWLR�
YDULHV� IURP� ���� WR� ���� DQG� ���� RQ� WKH� 6RXWK�
)DoDGH�� ZLWK� GLIIHUHQW� GHVLJQV�� 7KH� VLPXODWLRQ�
H[DPLQHV�VHYHQ�GLIIHUHQW�6KDGLQJ�FDVHV�����7KH�ILUVW�
FDVH�KDV�QR�6KDGH�� ����7KH�VHFRQG�FDVH�KDV�D� WLQWHG�
GRXEOH� OD\HU� JOD]H� ZLWK� 7RWDO� VRODU� WUDQVPLVVLRQ�
�6+*&�� ������ DQG� 8�YDOXH� ���� :�P�.�� ����
+RUL]RQWDO� EOLQGV� SDUDOOHO� WR� WKH� ZLQGRZ� ZLWK� ����
GHJUHH� DQJOH�� ���� 3HUIRUDWHG� VFUHHQ� ZLWK� ����
SHUIRUDWLRQ�UDWLR�DQG�����GHSWK�UDWLR�DV�DQ�RSWLPL]HG�
SDUDPHWHUV� RI� D� VRODU� VFUHHQ� �6KHULI� HW� DO�� ������ ����
$Q�RYHUKDQJ�DQG�VLGH� ILQV�ZLWK���FP�ORQJ�RYHU� WKH�
ZLQGRZ�� ���� )L[HG� VKDGLQJ� RYHUKDQJ� DQG� VLGH� ILQV�
ZLWK� WLQWHG� JOD]H�� ���� )L[HG� VKDGLQJ� RYHUKDQG� DQG�
VLGH�ILQV�ZLWK�KRUL]RQWDO�EOLQGV������7KH�ODVW�VKDGLQJ�
W\SH�LV�+RUL]RQWDO�EOLQGV�ZLWK�WLQWHG�JODVV��
�

�
)LJXUH���6KRHER[�0RGHO��
�
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�
)LJXUH���3URSRVHG�:LQGRZ�UDWLRV�
�

�
)LJXUH���:LQGRZ�GLIIHUHQW�VKDGLQJ�W\SHV�

Urban context definition 
6LQFH�WKH�DVVHVVPHQW�SURFHVV�LV�EDVHG�RQ�VLPXODWLRQ��
WKH� XUEDQ� FRQWH[W� VKRXOG� EH� VLPXODWHG� EHIRUH�
DVVHVVLQJ�WKH�VLQJOH�]RQH��7KH�(J\SWLDQ�XQLILHG�FRGH�
IRU� FRQVWUXFWLRQ� �������� VWDWHV� WKDW� WKH� PLQLPXP�
VWUHHW� ZLGWK� IRU� DQ� XUEDQL]HG� QHLJKERXUKRRG� LV� ���
PHWHUV� DQG� WKH� KHLJKW� RI� WKH� EXLOGLQJ� VKRXOG� QRW�
H[FHHG� RQH� DQG� KDOI� RI� WKH� VWUHHW� ZLGWK�� 7KLV� JLYHV�
VHYHUDO� SRVVLELOLWLHV� IRU� WKH� IRUPDWLRQ� RI� DQ� XUEDQ�
FRQWH[W�� 7KH� $XWKRU� FRQGXFWHG� DQ� HDUOLHU� VWXG\� WR�
LOOXVWUDWH�WKH�SRVVLEOH�HIIHFWV�RI�WKH�XUEDQ�FRQWH[W�RQ�
WKH� DPRXQW� RI� VRODU� UDGLDWLRQ� H[SRVHG� E\� WKH�
EXLOGLQJ¶V� IDoDGH�� 7KH� GLPHQVLRQV� RI� D� SURWRW\SH�
ZLWK���VWRULHV�UHVLGHQWLDO�EXLOGLQJ�DUH���PHWHU�KHLJKW�
DQG���P�ZLGWK��$WWLD�HW�DO���������ZDV�EXLOW�LQ�D�WKUHH�
YLUWXDO� XUEDQ� FRQWH[WV� DFFRUGLQJ� WR� WKH� (J\SWLDQ�
XQLILHG� FRQVWUXFWLRQ� ODZ�� 6LPXODWLRQV� ZHUH� FDUULHG�
RXW� ZLWK� ',9$� IRU� 5KLQR�� 7KH� IROORZLQJ� UHVXOWV�
VKRZHG�XS��VHH�WDEOH������

7DEOH� ��� 5DGLDWLRQ� PDS� RQ� GLIIHUHQW� IDFDGHV�
DFFRUGLQJ�WR�GLIIHUHQW�FRQWH[W�
�

�
�
7KH� VWXG\� LV� IRFXVHV� RQ� WKH� VRXWK� RULHQWDWLRQ� ZLWK�
��P�ZLGWK� 6WUHHW�� 7ZR� OHYHOV� DUH� H[DPLQHG�� KLJKHU�
���P��DERYH�WKH�JURXQG��DQG�ORZHU�OHYHO���P��DERYH�
WKH�JURXQG��

Thermal model parameters (Design Builder) 
7KH�ZDOO�VHFWLRQ�IRU�WKH�WKHUPDO�PRGHO�ZDV�VHOHFWHG�
DFFRUGLQJ� WR� DQ� RSWLPL]HG� FDVH� IRU� WKH� (J\SWLDQ�
W\SLFDO� ZDOO� VHFWLRQ� IRU� WKH� UHVLGHQWLDO� VHFWRU��
+RZHYHU�� LQ� WKLV� FDVH� LQWHULRU� ZDOOV�� &HLOLQJ� DQG�
)ORRU�DUH�VHW�DGLDEDWLF��RQO\�WKH�H[WHULRU�ZDOO�KDV�WKH�
SURSHUWLHV� WKDW� ZLOO� DIIHFW� WKH� WKHUPDO� DQDO\VLV�� 7KH�
WRWDO� 8�YDOXH� RI� WKH� H[WHULRU� ZDOO� LV� ����� :�P��.�
DFFRUGLQJ�WR�WKH�IROORZLQJ�ZDOO�VHFWLRQ��
�

7DEOH���([WHULRU�:DOO�6HFWLRQ�

�
7KH� GHVLJQHG� GHQVLW\� RI� WKH� RFFXSDQWV� LV�
���SHUVRQ�P���ZKLFK�KDV�D�PHDQ�RI�IRXU�SHUVRQV�SHU�
WKH�]RQH��0HWDEROLF� UDWH� LV����� IRU�D�JHQHUDO�PDQXDO�

 

��P�ZLGWK�
VWUHHW�

��P�ZLGWK�
VWUHHW�

1R�
QHLJKERXUHG�
EXLOGLQJ� N:

K�
P

��

1
RU
WK
�)
Do
DG
H�
�

�
PHDQ� UDGLDWLRQ��
���N:K�P���

�
PHDQ� UDGLDWLRQ��
���N:K�P��

�
PHDQ� UDGLDWLRQ��
���N:K�P��

�

(D
VW�
�)
Do
DG
H�

�
PHDQ� UDGLDWLRQ��
���N:K�P��

�
PHDQ� UDGLDWLRQ��
���N:K�P��

�
PHDQ� UDGLDWLRQ��
���N:K�P��

:
HV
W�)
Do
DG
H�

�
PHDQ� UDGLDWLRQ��
���N:K�P��

�
PHDQ� UDGLDWLRQ��
���N:K�P��

�
PHDQ� UDGLDWLRQ��
����N:K�P��

6R
XW
K�
)D
oD
GH
�

�
PHDQ� UDGLDWLRQ��
���N:K�P��

�
PHDQ� UDGLDWLRQ��
���N:K�P��

�
PHDQ� UDGLDWLRQ��
����N:K�P��

Material Width 
(mm) 

Conductivity 
(W/m.K) 

Density 
(Kg/m3) 

0RUWDU� ��� ����� �����
,QQHU�%ULFN�

OHDI�
���� ����� �����

,QVXODWLRQ� ���� ����� ���
,QQHU�%ULFN�

OHDI�
���� ����� �����

0RUWDU� ��� ����� �����
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ZRUN�DQG�OLJKW�DFWLYLWLHV��1R�LQWHUQDO�JDLQV�IURP�DQ\�
HTXLSPHQW�RU�OLJKWLQJ�DUH�FDOFXODWHG��7KH�PRGHO�ZDV�
GHVLJQHG� ZLWKRXW� KROLGD\V�� +HDWLQJ� 6HWSRLQW�
WHPSHUDWXUH�LV���&�ZKLOH�FRROLQJ�6HWSRLQW�LV����DQG�
WKH� YHQWLODWLRQ� VHWSRLQW� LV� ��&�� 7KH� 8�YDOXH� RI� WKH�
GRXEOH�FOHDU�JOD]LQJ�LV������:�P�.��7KH�ZLQGRZ�KDV�
D�ZRRGHQ�IUDPH�RI��FP��DQG�ZLWKRXW�DQ\�GLYLGHUV���

Daylight model parameters (DIVA for Rhino) 
$FFRUGLQJ�WR�WKH�(J\SWLDQ�FRGH�RI�(QHUJ\�(IILFLHQF\�
LQ� 5HVLGHQWLDO� %XLOGLQJV� �((5%�� WKH� PHDQ� WDUJHW�
LOOXPLQDQFH�IRU�WKH�VLQJOH�UHVLGHQWLDO�]RQH�LV�����OX[��
&HLOLQJ� UHIOHFWDQFH� LV� ����� )ORRU� DQG� *URXQG�
UHIOHFWDQFH� DUH� ����� ,QWHULRU�ZDOOV� UHIOHFWDQFH� �����
2XWHU�IDFDGHV�ZLWK�UHIOHFWDQFH������
�
$FFRUGLQJ�WR�WKH�,OOXPLQDWLQJ�(QJLQHHULQJ�VRFLHW\�RI�
1RUWK�$PHULFD��,(61$��'D\OLJKW�$YDLODELOLW\�UHIHUV�
WR�WKH�DPRXQW�RI�GD\OLJKW�DYDLODEOH�IURP�WKH�VXQ�DQG�
WKH�VN\�DW�D�VSHFLILF�ORFDWLRQ��WLPH��DQG�GDWH�DQG�VN\�
FRQGLWLRQ�� ,Q� RUGHU� WR� FDOFXODWH� WKLV�� WKH� DQQXDO�
DPRXQW� RI� GD\OLJKW� VKRXOG� EH� TXDQWLILHG�� &OLPDWH�
EDVHG� 'D\OLJKW� 0RGHOLQJ� DSSURDFKHV� �&%'0��
�0DUGDOMHYLF��������5HLQKDUW�DQG�:DONHQKRUVW��������
DUH� DSSURDFKHV� WKDW� KDQGOH� ORQJ� SHULRGLF� DQDO\VLV��
+RZHYHU�� WKHUH� LV� QR� FRQVHQVXV� LQ� LGHQWLI\LQJ� WKH�
LPSRUWDQW� LQIRUPDWLRQ� JHQHUDWHG� E\� WKHVH� PHWKRGV��
7KLV� VWDJH� XVHV� WKH�'\QDPLF�'D\OLJKW� 3HUIRUPDQFH�
0HWULFV� �''30V��� 'D\OLJKW� $XWRQRP\� �'$��
�5HLQKDUW� DQG� :DONHQKRUVW�� ������ DQG� 8VHIXO�
'D\OLJKW� ,OOXPLQDQFH� �8',��� 7KRVH� PHWULFV� XVH�
DQQXDO� VLPXODWLRQV� WR� ILQG� WKH� SHUFHQWDJH� RI� XVHIXO�
GD\OLJKW�DYDLODELOLW\�DW�D�JLYHQ�VHQVRU�SRLQW�DFFRUGLQJ�
WR� D� JLYHQ� UHTXLUHG� LOOXPLQDWLRQ� OHYHO�� ,Q� RUGHU� WR�
FDOFXODWH�WKH�'D\OLJKW�$XWRQRP\�RU�8VHIXO�'D\OLJKW�
,OOXPLQDQFH�� WKH� GHVLJQHU� VKRXOG� XVH� DGYDQFHG�
GD\OLJKWLQJ� VLPXODWLRQ� WRROV� VXFK� DV� 'D\VLP� XVLQJ�
5DGLDQFH�VLPXODWLRQ�HQJLQH��
�
$GHTXDF\� RI� WKH� GD\OLJKWLQJ� OHYHOV� DUH� GHILQHG�
DFFRUGLQJ� WR� WKH� PRVW� FRPPRQ� DSSURDFKHV� XVHG�
ZKLFK� LV� �'$�� DQG� �8',��� $V� GHILQHG� E\� WKH�
SHUFHQWDJH�RI�WKH�RFFXSLHG�KRXUV�RI� WKH�\HDU�ZKHQ�D�
PLQLPXP� LOOXPLQDQFH� WKUHVKROG� LV� PHW� E\� GD\OLW�
DORQH��7KH�WDUJHW�LOOXPLQDQFH�LV�XVHG�DV�WKH�PHWULF�IRU�
WKH� VSDFH� DFFRUGLQJ� WR� �,(61$��� 7KH� �8',��
GLVWULEXWLRQ� XVHV� XSSHU� DQG� ORZHU� WKUHVKROGV� �1DELO�
DQG�0DUGDOMHYLF�������	������� WLPHV� WKDW� UHSUHVHQW�
H[FHVVLYH�GD\OLJKW�WKDW�FDQ�OHDG�WR�WKHUPDO�DQG�YLVXDO�
GLVFRPIRUW�LV�WKH�XSSHU�WKUHVKROG��8',!����OX[��DQG�
WKH� WLPHV� ZLWK� WRR� OLWWOH� GD\OLJKW� LV� WKH� ORZHU�
WKUHVKROG��8',����OX[��DQG�WKH�LQWHUPHGLDWH�OHYHO�LV�
�8',���������OX[���
�
8QWLO�QRZ��VHYHUDO�VXEFRPPLWWHHV�XQGHU�WKH��,(61$��
DQG� WKH� �&,(�� DWWHPSW� WR� GHILQH� DQG� PDNH�
DXWKRULWDWLYH� SUDFWLFH� RI� ''30� FULWHULD� WR� HYDOXDWH�
WKH�SHUIRUPDQFH�RI�'D\OLJKWLQJ��0DUGDOMHYLF����������
$FFRUGLQJ� WR� WKH� 'D\OLJKW� 5XOH� RI� 7KXPE� �'57��
ZKHUH�DQ�LQWHULRU�DUHD�LV�FRQVLGHUHG�WR�EH�GD\OLW�LI�LW�
UHFHLYHV� DW� OHDVW� KDOI� WKH� WLPH� VXIILFLHQW� GD\OLW�

FRPSDUHG� WR� DQ� RXWVLGH� SRLQW�� ZKLFK� PHDQV� PRUH�
WKDQ������5HLQKDUW��������6LQFH�WKLV�LV�DQ�RQ�JRLQJ�
GHYHORSPHQW� WR� DVVHVV� WKH� PLQLPXP� WKUHVKROG� IRU�
'D\OLJKW� $XWRQRP\� LQ� WKH� GLIIHUHQW� W\SHV� RI�
EXLOGLQJV� �6KHULI� HW� DO��� ������ DVVHVVPHQW� FULWHULD�
DGRSWHG�LQ�WKLV�SDSHU�ZHUH�DVVXPHG�DV�IROORZV��
�
±�'XH�WR�WKH�SRVVLEOH�GLIIHUHQFH�LQ�UHVXOWV�WKDW�XVXDOO\�
RFFXU� EHWZHHQ� WKH� VLPXODWLRQ� PRGHO� DQG� UHDOLW\�� D�
PDUJLQ� RI� ��� YDULDQFH� LQ� 'D\OLJKW� $XWRQRP\�
EHWZHHQ� WKH� GLIIHUHQW� GHVLJQV� LV� FRQVLGHUHG�� ,Q�
DGGLWLRQ�� PRUH� WKDQ� ��� .ZK�\U�� LV� FRQVLGHUHG� D�
³VLJQLILFDQW¶�LQ�WKH�DQQXDO�HQHUJ\�FRQVXPSWLRQ���
  
±� 7KH� SHUFHQWDJH� RI� WKH� VSDFH� ZLWK� D� 'D\OLJKW�
$XWRQRP\�ODUJHU�WKDQ�RU�HTXDO�WR�����LV�FRQVLGHUHG�
WKH�PRGHUDWH� WKUHVKROG� IRU� D�ZHOO�'D\OLW� OLYLQJ� DUHD�
IRU� D� UHVLGHQWLDO� ]RQH�� 7KH� W\SH� RI� XVHV� WKDW� QHHG�
���OX[� OHYHO� RI� LOOXPLQDWLRQ� ZHUH� QRW� H[SHFWHG� WR�
RFFXS\�PRUH�WKDQ�����RI�WKH�VSDFH��DQG�RWKHU�XVHV�DW�
WKH� EDFN� DUHD� RI� WKH� URRP� GR� QRW� QHHG� KLJKHU�
GD\OLJKWLQJ�OHYHOV��
�
2Q� WKH� RWKHU� KDQG�� ���.ZK�\U�� LV� GHILQHG� DV� WKH�
WKUHVKROG� IRU� WKH� WRWDO�HQHUJ\� FRQVXPSWLRQ� LQ�ZKLFK�
LW�UHVHPEOHV�WKH�FULWHULD�RI�SDVVLYH�KRXVH�GHVLJQV�WKDW�
FRQVXPHV� QR� PRUH� WKDQ� ��.ZK�P��\U�� 2FFXSDQF\�
VFKHGXOH� ZHUH� VHW� IURP� ����� WR� ������� 7KLV� VDPH�
GXUDWLRQ�ZLOO�EH�XVHG�IRU�DVVHVVPHQW�GXUDWLRQ�IRU�WKH�
'D\OLJKW�DYDLODELOLW\�ZLWK�D� UHIHUHQFH� WR� WKH�(QHUJ\�
&RQVXPSWLRQ��
�
',9$� FDOFXODWHV� WKH� HOHFWULFLW\� QHHGHG� IRU� OLJKWLQJ��
$FFRUGLQJ� WR� WKH� DYDLODEOH� GD\OLJKW�� OLJKW� EXOEV�
VZLWFK�RQ�RII�PDQXDOO\�ZKHQ�GD\OLJKWLQJ�WKUHVKROG�LV�
XQGHU�����OX[��5HLQKDUW���������7KHUH�LV�RQH�JURXS�RI�
OLJKWLQJ� VHQVRUV� LV� VHW� LQ� WKH� ILUVW� WKLUG� DUH� RI� WKH�
URRP�� $FFRUGLQJ� WR� WKH� (J\SWLDQ� FRGH� RI� (QHUJ\�
(IILFLHQF\� LQ� 5HVLGHQWLDO� %XLOGLQJV� �((5%��� WKH�
PHDQ�DPRXQW�RI�HOHFWULF�GHQVLW\�QHHGHG�WR�LOOXPLQDWH�
D� OLYLQJ� URRP� LV� ��:�P��� ,I� ZH� XVH� HQHUJ\� VDYLQJ�
EXOEV��WKHUHIRUH����:�LV�QHHGHG�WR�OLJKW�XS�WKH�URRP�
ZKHQ�WKHUH�LV�QR�VXIILFLHQW�GD\OLJKW���
�

� �
�
)LJXUH���7KH�SODFHPHQW�RI�WKH�OLJKWLQJ�VHQVRU�
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',6&866,21�
7KLV�VWXG\�KDV�VKRZHG����VLPXODWLRQ�����IRU�HDFK�RI�
GD\OLJKWLQJ�SHUIRUPDQFH�DQG�HQHUJ\�FRQVXPSWLRQ�� ,W�
LV� REYLRXV� QRZ� WKDW� WKH� DVVHVVPHQW� VWUDWHJ\� IRU�
GLIIHUHQW� ZLQGRZ� GHVLJQV� ZLOO� GLIIHU� LQWHQVHO\�
DFFRUGLQJ� WR� WKH� XUEDQ� FRQWH[W�� /RZHU� IORRUV� QHHG�
PRUH� OLJKWLQJ� HQHUJ\� WKDQ� WKH� XSSHU� IORRU�� ZKLFK�
DSSUR[LPDWH� WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ� UHVXOWV�
ZLWK�WKH�XSSHU�IORRUV�WKDW�FRQVXPH�PRUH�KHDWLQJ�DQG�
FRROLQJ�HQHUJ\��
�
7KH� OLJKWLQJ� HQHUJ\� LV� FDOFXODWHG� XVLQJ� ',9$� IRU�
5KLQR��LQ�ZKLFK�WKH�UHVXOWHG�VFKHGXOHV�DUH�LQWHJUDWHG�
ZLWK� WKH� HQHUJ\� PRGHO� WKURXJK� (QHUJ\3OXV�
VLPXODWLRQ� HQJLQH�� 7KH� LQWHJUDWLRQ� EHWZHHQ� WKH� WZR�
VLPXODWLRQ�WRROV�ZDV�LPSRUWDQW��+HDW�ORDGV�JHQHUDWHG�
E\� WKH� OLJKWLQJ� HQHUJ\� ZHUH� FDOFXODWHG� LQ� WKH� WRWDO�
KHDWLQJ�DQG�FRROLQJ�ORDGV�JLYLQJ�UHVXOWV�WKDW�DUH�PRUH�
YDOLG���
�
+RZHYHU��WKH�(J\SWLDQ�FRGH�RI�(QHUJ\�(IILFLHQF\�LQ�
5HVLGHQWLDO�%XLOGLQJV��((5%��KDV�SURSRVHG�RSWLPXP�
ZLQGRZ� UDWLRV�� LW� ZDV� LPSRUWDQW� LQ� WKLV� UHVHDUFK� WR�
VWXG\� WKH� LQWHJUDWLRQ� RI� YDULRXV�ZLQGRZ� UDWLRV�ZLWK�
GLIIHUHQW�VKDGLQJ�GHYLFHV�DQG�JOD]LQJ��7KH�VWXG\�KDV�
SURYHQ� WKDW� GLIIHUHQW� ZLQGRZ� UDWLRV� HIIHFWV� FKDQJH�
GUDPDWLFDOO\� DFFRUGLQJ� WR� WKH� W\SH� RI� VKDGLQJ� DQG�
JOD]LQJ�� 7UDGH�RIIV� EHWZHHQ� GLIIHUHQW� VROXWLRQV� FDQ�
EH�PDGH�DFFRUGLQJ�WR� WKH�UHVXOWHG�SHUIRUPDQFH��7KH�
RYHUDOO� WDUJHW� RI� WKLV� SDSHU� LV� WR� DJJUHJDWH� WZR�
GLIIHUHQW� SDUDPHWHUV� WR� DFKLHYH� EHWWHU� GD\OLJKW�
DXWRQRP\�DQG�OHVV�HQHUJ\�FRQVXPSWLRQ���
�
,Q�WKLV�UHVHDUFK��WKH�'D\OLJKW�$XWRQRP\�LV�JLYHQ�WKH�
SULRULW\� LQ� WKH� DVVHVVPHQW� SURFHVV� DQG� WKHQ� HQHUJ\�
FRQVXPSWLRQ� FRPHV� LQ� WKH� VHFRQG� VWDJH�� 7KLV� LV�
EHFDXVH� WKHUH� DUH� PDQ\� VWUDWHJLHV� WKDW� FRQWURO� WKH�
WRWDO�HQHUJ\�FRQVXPSWLRQ��VXFK�DV�WKH�+9$&�V\VWHP��
LQVXODWLRQ� PDWHULDOV� DQG� LQWHUQDO� ORDGV�� ZKLFK� DUH�
IL[HG�LQ�WKLV�FDVH���
�

&21&/86,21�
In the lower floor�� WKHUH�LV�D�VLJQLILFDQW�VKRUWDJH�RI�
GD\OLJKWLQJ� LQ� DOO� W\SHV� RI� IHQHVWUDWLRQ� GHVLJQV�ZLWK�
HYHQ�ZLWK�WKH�PD[LPXP�ZLQGRZ�UDWLRV��6RPH�GHVLJQ�
RSWLRQV� IDLOHG� WR� DFKLHYH� DW� OHDVW� WKH� WDUJHW�
LOOXPLQDQFH� ZKLFK� LV� ���� OX[�� VXFK� DV� SHUIRUDWHG�
VFUHHQV�� FRPELQHG� VKDGH�ZLWK� EOLQGV� RU� WLQWHG� JOD]H�
DQG�EOLQGV�ZLWK�WLQWHG�JOD]H��LQ�DOO�ZLQGRZ�UDWLRV���
�
7KH�VHFRQG��WKLUG�DQG�IRXUWK�RSWLRQV�VHHP�WR�KDYH�WKH�
VDPH�UHVXOWV��ZLWK�::5�����WLQWHG�JOD]H�JLYHV�'$�
����FRPELQHG�VKDGH�JLYHV�'$�����DQG�EOLQGV�JLYHV�
'$� ���� :LWK� ::5� ����� WLQWHG� JOD]H� DQG� EOLQGV�
KDYH�WKH�VDPH�UHVXOW�RI�'$������EXW�FRPELQHG�VKDGH�
KDYH� KLJKHU� '$� ZLWK� ����� 2QO\� ZLWK� �����
FRPELQHG�VKDGH�DQG�EOLQGV�JLYH�KLJKHU�'$�����WKDQ�
WKH�WLQWHG�JOD]H�WKDW�JLYHV�'$�������
�

7KH� EDVH� FDVH�ZLWKRXW� DQ\� VKDGLQJ� GHYLFH� RU� WLQWHG�
JOD]LQJ� KDV� EHWWHU� SHUIRUPDQFH� LQ� GD\OLJKWLQJ�� 7KH�
GLIIHUHQFH�LQ�GD\OLJKW�DXWRQRP\�EHWZHHQ�::5�����
DQG� ���� LQ� WKH� EDVH� FDVH� LV� ���� ZKLFK� KDV� QR�
VLJQLILFDQW� HIIHFW�� 2Q� WKH� RWKHU� KDQG�� ���� ZLQGRZ�
UDWLR� FRQVXPHV� PXFK� HQHUJ\� WKDQ� ���� LQ� WKH� EDVH�
FDVH�� 7KHUHIRU� D� ZLQGRZ� ZLWK� ����::5� KDV� WKH�
EHWWHU� SHUIRUPDQFH�� KRZHYHU�� LW� PD\� KDYH� RWKHU�
GLVDGYDQWDJHV�GXH�WR�SULYDF\�FRQFHUQV��+HJD]\�HW�DO��
��������
��
,Q�WKH�HQHUJ\�FRQVXPSWLRQ�FKDUW��PRVW�RI�WKH�GHVLJQ�
RSWLRQV�� H[FHSW� WKH� EDVH� FDVH�� ZLWK� WKH� GLIIHUHQW�
ZLQGRZ� UDWLRV� KDYH� WKH� VDPH� HQHUJ\� FRQVXPSWLRQV�
ZLWK� DSSUR[LPDWHO\� HTXDO� ���� .ZK�\U�� ZLWK� ���
.ZK�\U�� PRUH� RU� OHVV�� ,W� LV� DOVR� VLJQLILFDQW� WKDW� LQ�
PDQ\�FDVHV� WKH� OLJKWLQJ� ORDGV�DUH�QHDUO\�HTXDO� WR�RU�
KLJKHU�WKDQ�WKH�KHDWLQJ�DQG�FRROLQJ�ORDGV���
�
,Q�VRPH�GHVLJQ�RSWLRQV��::5�����FRQVXPHV�PRUH�
HQHUJ\� WKDW� ::5� ����� VXFK� DV� FRPELQHG� VKDGH��
H[WHULRU�EOLQGV��FRPELQHG�VKDGH�ZLWK�WLQWHG�JOD]H�DQG�
FRPELQHG�VKDGH�ZLWK�EOLQGV��ZKLFK�LV�XQH[SHFWHG�E\�
WKH� FRPPXQLW\� RI� DUFKLWHFWV� RU� GHVLJQHUV�� <HW�� LW� LV�
LPSRUWDQW� WR� NQRZ� WKDW� WKHVH� FDVHV� DUH� DFFRUGLQJ� WR�
WKH�GHVLJQHG�SDUDPHWHUV�DQG�VLPXODWLRQ�FRQGLWLRQV��
�
In the upper floor�� RQO\� WKH� SHUIRUDWHG� VFUHHQ��
FRPELQHG� VKDGH� ZLWK� WLQWHG� JOD]H� DQG� EOLQGV� ZLWK�
WLQWHG�JOD]H��IDLOHG�WR�DFKLHYH�WKH�'$�����WKUHVKROG��
7LQWHG�JOD]H�GLG�QRW�UHDFK�WKH�'$�WKUHVKROG��KRZHYHU�
ZLWK�::5�����DQG�����LW�ZDV�YHU\�QHDU� WR�UHDFK�
LW�� 7KH� EDVH� FDVH� KDYH� WKH� KLJKHU� '$� �� LQ� DOO�
ZLQGRZ�UDWLRV��QHYHUWKHOHVV� LW� FRQVXPHV�PXFK�PRUH�
HQHUJ\�IRU�FRROLQJ���
�
7KH�WKLUG�DQG�IRXUWK�RSWLRQV�RI�FRPELQHG�VKDGH�DQG�
H[WHULRU�EOLQGV�KDYH�KLJK�'$��::5�����DQG�����
JLYH� RQO\� ��� RU� ���RI� GLIIHUHQFH�� KRZHYHU��::5�
���� FRQVXPHV� PRUH� HQHUJ\� WKDQ�::5� ���� ZLWK�
DOPRVW�����.ZK�\U��ZLWK�WKH�FRPELQHG�VKDGH�RSWLRQ��
DQG� ��� .ZK�\U�� ZLWK� WKH� H[WHULRU� EOLQGV� RSWLRQ��
::5� ���� RI� ERWK� RSWLRQV� GLG� QRW� UHDFK�'$� ����
DQG�FRQVXPH�DOPRVW�WKH�VDPH�HQHUJ\��
�
7KH� GHEDWH� FDQ� EH� UXQ� EHWZHHQ� WKH� VHFRQG� DQG� WKH�
VHYHQWK�RSWLRQ�ZLWK�::5������7KH�'$�GLIIHUHQFH�
LV�RQO\����WKDW�LV�FRQVLGHUHG�QRW�VLJQLILFDQW��EXW�LW�LV�
VLJQLILFDQW�ZLWK�HQHUJ\� FRQVXPSWLRQ� LQ�ZKLFK� WLQWHG�
JOD]H�ZLWK�::5� ���� FRQVXPHG�PRUH� ���.ZK�\U��
WKDQ� FRPELQHG� VKDGH� ZLWK� JOD]H�� 7KH� EHVW� FKRLFH�
EHWZHHQ� WKH� GLIIHUHQW� GHVLJQV� ZLOO� EH� WKH� VHYHQWK�
RSWLRQ�RI�FRPELQHG�VKDGH�ZLWK�EOLQGV���
�
6LPLODU� WR� WKH� SUHYLRXV� FKDUW� RI� WKH� HQHUJ\�
FRQVXPSWLRQ�� VRPH�GHVLJQ� RSWLRQV�ZLWK�::5�����
FRQVXPHV� PRUH� HQHUJ\� WKDW� ::5� ����� VXFK� DV�
FRPELQHG� VKDGH� ZLWK� WLQWHG� JOD]H� RU� EOLQGV� DQG�
EOLQGV� ZLWK� WLQWHG� JOD]H�� 2QO\� ZLWK� SHUIRUDWHG�
VFUHHQV�� WKH�::5� ���� FRQVXPHV� OHVV� HQHUJ\� WKDQ�
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::5� ���� GXH� WR� WKH� VLJQLILFDQW� UHGXFWLRQ� LQ�
OLJKWLQJ�ORDGV���
�
7KLV� VWXG\� UHVHPEOHV� DQ� LPSRUWDQW� VWHS� WR� GHILQH�
UHVXOWV� WKDW� DUH� PRUH� FRPSDWLEOH� ZLWK� WKH� RQVLWH�
FRQGLWLRQV�� 7KH� $XWKRUV� DUH� VXJJHVWLQJ� FRQGXFWLQJ�
IXUWKHU� UHVHDUFK� WR� H[DPLQH� WKH� ZLGH� UDQJH� RI�
SDUDPHWHUV�RI�HDFK�VKDGLQJ�W\SH�LQFOXGLQJ�H[DPLQLQJ�
WKH� SHUIRUPDQFH� RI� WKH� IRXU� IDFDGHV� XQGHU�PXOWLSOH�
XUEDQ�FRQWH[WV���
�

5()(5(1&(6�
$OL��$���$KPHG��7����������µ(YDOXDWLQJ�WKH�,PSDFW�RI�

6KDGLQJ�'HYLFHV�RQ�WKH�,QGRRU�7KHUPDO�&RPIRUW�
RI� 5HVLGHQWLDO� %XLOGLQJV� LQ� (J\SW¶� ,%36$��
6\GQH\�

$WWLD��6���(YUDUG��$���*UDWLD��(���������µ'HYHORSPHQW�
RI� EHQFKPDUN� PRGHOV� IRU� WKH� (J\SWLDQ�
UHVLGHQWLDO�EXLOGLQJV�VHFWRU¶��$SSOLHG�(QHUJ\�����
��������

'DYLG��0���'RQQ��0���*UDGH�� )���/HQRLU��$��� �������
$VVHVVPHQW�RI�WKH�WKHUPDO�DQG�YLVXDO�HIILFLHQF\�
RI� VRODU� VKDGHV��%XLOGLQJ�DQG�(QYULRQPHQW� �����
�����������

(GZDUGV�/���7RUFHOOLQL�3���������µ$�OLWHUDWXUH�UHYLHZ�
RI� WKH� HIIHFWV� RI� QDWXUDO� OLJKW� RQ� EXLOGLQJ�
RFFXSDQWV¶� 1DWLRQDO� 5HQHZDEOH� (QHUJ\�
/DERUDWRU\��*ROGHQ��&2��

(J\SWLDQ� FRGH� RI� (QHUJ\� (IILFLHQF\� LQ� 5HVLGHQWLDO�
%XLOGLQJV��((5%���(&3�����±�������ILUVW�VHFWLRQ�
��������HG�������

(J\SWLDQ� XQLILHG� FRGH� IRU� FRQVWUXFWLRQ��/DZ�����RI�
\HDU������WHUP����

+DPSWRQ�� :��� 5��������� 'D\OLJKWLQJ� 6WUDWHJLHV��
6N\OLJKWLQJ� LQ�+RW�'U\� &OLPDWHV�� 8QLYHUVLW\� RI�
$UL]RQD� >RQOLQH@1R����� DYDLODEOH� IRUP�
�KWWS���DJ�DUL]RQD�HGX�RDOV�$/1�DOQ���KDPSWRQ�
KWPO!�>VSULQJ�VXPPHU�����@�

+HJD]\�� 0��� $��� 0RUR�� -��� /�� ������� µ,QWHJUDWHG�
$VVHVVPHQW� &ULWHULD� RI� )HQHVWUDWLRQ� IRU� WKH�
5HVLGHQWLDO� 6HFWRU� LQ�(J\SW¶�SURFHHGLQJV� RI� WKH�
�VW� FRQIHUHQFH� RI� WKH� (J\SWLDQ� DIILOLDWLRQ� RI�
LQWHUQDWLRQDO�EXLOGLQJ�SHUIRUPDQFH����������

/HVOLH�� 5��� 6PLWK�� $��� 5DGHWVN\�� /��� )LJXHLUR�� 0���
<XH��/����������µ3DWWHUQV�WR�'D\OLJKW�6FKRROV�IRU�
3HRSOH� DQG� 6XVWDLQDELOLW\¶� /LJKWLQJ� 5HVHDUFK�
&HQWHU��86$��

/L� '+:�� 7VDQJ� (.:�� ������� � $Q� DQDO\VLV� RI�
GD\OLJKWLQJ� SHUIRUPDQFH� IRU� RIILFH� EXLOGLQJV� LQ�
+RQJ� .RQJ�� %XLOGLQJ� DQG� (QYLURQPHQW� �����
����±�����

0DUGDOMHYLF� -�� �������� µ6LPXODWLRQ� RI� DQQXDO�
GD\OLJKWLQJ� SURILOHV� IRU� LQWHUQDO� LOOXPLQDQFH¶�
/LJKWLQJ�5HVHDUFK�DQG�7HFKQRORJ\�������������±
����

0DUGDOMHYLF�� -��� +HVFKRQJ�� /��� /HH�� (�� �������
µ'D\OLJKW�PHWULFV� DQG� HQHUJ\� VDYLQJV¶� /LJKWLQJ�
5HVHDUFK�DQG�7HFKQRORJ\�����������������

0HOHNL��%���$����������1DWXUDO�'D\OLJKWLQJ�LQ�,UDQLDQ�
+RW�DQG�$ULG�5HJLRQ��,-73(�������������������

1DELO�� $��� 0DUGDOMHYLF�� -�� ������� µ8VHIXO� GD\OLJKW�
LOOXPLQDQFHV�� $� UHSODFHPHQW� IRU� GD\OLJKW�
IDFWRUV¶�(QHUJ\�DQG�%XLOGLQJV������������������

1DELO�� $��� 0DUGDOMHYLF�� -�� ������� µ8VHIXO� GD\OLJKW�
LOOXPLQDQFH�� D� QHZ� SDUDGLJP� IRU� DVVHVVLQJ�
GD\OLJKW� LQ� EXLOGLQJV�� /LJKWLQJ� 5HVHDUFK� DQG�
7HFKQRORJ\���������������

%R\FH�� 3��� +XQWHU�� &��� +RZOHWW�� 2�� ������� µ7KH�
%HQHILWV� RI� 'D\OLJKW� WKURXJK� :LQGRZV¶� 8�6��
'HSDUWPHQW�RI�(QHUJ\��

5DVKLG�� 0��� =LPULQJ�� &��� ������� µ$� UHYLHZ� RI� WKH�
HPSLULFDO�OLWHUDWXUH�RQ�WKH�UHODWLRQVKLSV�EHWZHHQ�
LQGRRU�HQYLURQPHQW�DQG�VWUHVV�LQ�KHDOWK�FDUH�DQG�
RIILFH� VHWWLQJV�� 3UREOHPV� DQG� SURVSHFWV� RI�
VKDULQJ�HYLGHQFH¶�(QYLURQPHQW�DQG�%HKDYLRU����
�������������

5HD�� 0�� 6��� HG�� ������ ,(61$� /LJKWLQJ� +DQGERRN��
5HIHUHQFH� DQG� $SSOLFDWLRQ�� �WK� HG�� ,OOXPLQDWLQJ�
(QJLQHHULQJ�6RFLHW\�RI�1RUWK�$PHULFD���

5HLQKDUW�� &��� :LHGROG�� -��� ������� µ7KH� 'D\OLJKWLQJ�
'DVKERDUG� ±� $� 6LPXODWLRQ� ±� %DVHG� 'HVLJQ�
$QDO\VLV� IRU� 'D\OLW� 6SDFHV¶� %XLOGLQJ� DQG�
(QYLURQPHQW�

5HLQKDUW�� &��� :DONHQKRUVW�� 2�� ������� µ'\QDPLF�
5$',$1&(�EDVHG� GD\OLJKW� VLPXODWLRQV� IRU� D�
IXOO� VFDOH� WHVW� RIILFH�ZLWK� RXWHU� YHQHWLDQ� EOLQGV¶�
(QHUJ\�	�%XLOGLQJV�����������������

5HLQKDUW��&��������µ$�VLPXODWLRQ�EDVHG�UHYLHZ�RI�WKH�
XELTXLWRXV� ZLQGRZ�KHDG�KHLJKW� WR� GD\OLW� ]RQH�
GHSWK� UXOH� RI� WKXPE¶� %XLOGLQJ6LPXODWLRQ��
0RQWUHDO��&DQDGD�

5HLQKDUW�� &�� ������� µ/LJKWVZLWFK������� D�PRGHO� IRU�
PDQXDO� DQG� DXWRPDWHG� FRQWURO� RI� HOHFWULF�
OLJKWLQJ�DQG�EOLQG¶�6RODU�(QHUJ\���������������

6KHULI� $��� 6DEU\�� +��� 5DNKD�� 7�� ������� µ([WHUQDO�
SHUIRUDWHG� 6RODU� 6FUHHQV� IRU� 'D\OLJKWLQJ� LQ�
UHVLGHQWLDO� GHVHU� EXLOGLQJV�� ,GHQWLILFDWLRQ� RI�
PLQLPXP� SHUIRUDWLRQ� SHUFHQWDJHV¶� (QHUJ\� DQG�
%XLOGLQJV����������������

7]HPSHOLNRV��$���$WKLHQLWLV��$��� ������� µ7KH� ,PSDFW�
RI� 6KDGLQJ� 'HVLJQ� DQG� &RQWURO� RQ� %XLOGLQJ�
&RROLQJ�DQG�/LJKWLQJ�'HPDQG¶�6RODU�(QHUJ\�����
��������

�
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