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VXPPHU¶V� GD\� LQ� &DLUR�� ,Q� ERWK� FDVHV�� RQ�VLWH�
PHDVXUHPHQWV� DUH� XVHG� WR� YDOLGDWH� WKH� (19,�PHW�
UHVXOWV�ZKLFK�VKRZHG�DQ�RYHUDOO� DJUHHPHQW�ZLWK� WKH�
PHDVXUHPHQWV��UHSUHVHQWLQJ�DGHTXDWH�7PUW�DQG�309�
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DQG� FHQWUDO� VRXWKHUQ� $IULFD�� �,3&&�� �������:DUPHU�
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WKH� HQYLURQPHQWDO� TXDOLW\� RI� XUEDQ� RSHQ� VSDFHV� DQG�
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PLFURFOLPDWH� UHVHDUFK� DQG� SRVVLEOH� XUEDQ�
LQWHUYHQWLRQV� WR� DPHOLRUDWH� WKHUPDO� XQFRPIRUWDEOH�
FRQGLWLRQV� VXFK� DV� � 2NH� �������� %RVVHOPDQQ� HW� DO��
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LQIRUPDWLRQ�DFFRUGLQJ�WR�WLPH�DQG�ORFDWLRQ�YDULDWLRQV�
DQG� WR� JHQHUDWH� DQDO\WLFDO� UHVXOWV� WR� UHYHDO� WKH�
UHODWLRQVKLS� DPRQJ� WKH� PLFURFOLPDWLF� HQYLURQPHQW��
RXWGRRU� XUEDQ� GHVLJQ� DQG� WKHUPDO� FRPIRUW�� ,Q� WKLV�
VWXG\� WKH�PLFURFOLPDWLF�HIIHFWV�RI� WZR�XUEDQ�VLWHV� LQ�
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����ZKLFK�LV�WKH�XUEDQ�VLWH�H[DPLQHG�LQ�WKLV�SDSHU�� ,W�
LV� RQH� RI� WKH� ROGHVW� VWUHHWV� LQ� 0HGLHYDO� &DLUR��
DSSUR[LPDWHO\� RQH� PLOH� ORQJ�� ,Q� WKH� ODWH� ��¶V� WKH�
81(6&2� UHFRJQL]LQJ� WKDW� $O�0XL]]� DQG� LWV�
VXUURXQGLQJV�KROG�JUHDW�KLVWRULFDO� DQG�FXOWXUDO�YDOXH�
GHFODUHG� ,VODPLF� &DLUR� D� SURWHFWHG� ZRUOG� KHULWDJH�
VLWH�� 7KH� UHVWRUDWLRQ� SURMHFW� ZDV� FRPPLVVLRQHG� E\�
WKH�(J\SWLDQ�JRYHUQPHQW��WUDQVIRUPLQJ�WKH�VWUHHW�LQWR�
DQ�RSHQ�DLU�PXVHXP��7KH�ILUVW�SDUW�RI� WKH�VWUHHW�ZDV�
IXOO\� UHVWRUHG�DQG�ZDV�RSHQHG� WR� WKH�SXEOLF� LQ�HDUO\�
������7KH�VHFRQG�SDUW�RI�WKH�$OOH\�KDV�\HW�WR�XQGHUJR�
UHVWRUDWLRQ�� 7KH� SUHVHQW� VWXG\� FRQWUDVWV� WKH�
PLFURFOLPDWH� IRU� HDFK� SDUW� RI� WKH� VDPH� DOOH\� XVLQJ�
(19,�PHW�QXPHULFDO�VLPXODWLRQ��ZKHUH�HDFK�SDUW�KDV�
LWV� RZQ� XUEDQ� GLVWLQFWLYH� IHDWXUHV�� UHJXODWLRQ��
PDWHULDOV��VKDGLQJV��YHJHWDWLRQ��DQG�VXUIDFHV�HWF��7KH�
FDVH� VWXG\� LV� LQ� D� KRW� DULG� FOLPDWH� ZKLFK� LV�
FKDUDFWHUL]HG�E\�ODUJH�GLXUQDO�WHPSHUDWXUH�YDULDWLRQV�
DQG� VSDUVH� UDLQ� IDOO� �JURXS� %� DFFRUGLQJ� WR� .RSSHQ�
FODVVLILFDWLRQ�� DQG� LQ� DOPRVW� OLHV� HQWLUHO\� LQ� WKH� VXE�
JURXS�� %:K� �� DULG� RU� GHVHUW�ZLWK� KRW� FOLPDWH� �3HHO�
0&��)LQOD\VRQ�%/��0F0DKRQ�7$���������

�
Figure 1 Al Muizz Alley location 
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Figure 2 The renovated part on the top and the non 
renovated on the bottom�

%DVHG� RQ� ��� \HDUV� RI� GDWD� IURP� WKH� PHWURORJLFDO�
6WDWLRQ� QR�������� UHFRUGV� DW� &DLUR� LQWHUQDWLRQDO�
DLUSRUW� -XQH� DQG� -XO\� DUH� FRQVLGHUHG� WKH� KRWWHVW�
PRQWKV�� 6PDOO� VFDOH� PLFURPHWHRURORJ\�
PHDVXUHPHQWV�ZHUH�WDNHQ�EHWZHHQ���WK�-XQH�DQG��QG�
-XO\� ����� UHSUHVHQWLQJ� WKH� VXPPHU� H[WUHPH�� 7KH�
SK\VLFDO� SDUDPHWHUV� VWXGLHG� DV� VWDWHG� LQ� $6+5$(�
KDQGERRN� ������� DUH� WKH� DLU� WHPSHUDWXUH�� UHODWLYH�
KXPLGLW\��VRODU�UDGLDWLRQ�DQG�ZLQG�VSHHG��LQ�DGGLWLRQ�
WR� JOREH� WHPSHUDWXUH� XVLQJ� WKH� NHVWUHO� ����� KHDW�
VWUHVV� WUDFNHU�� )LJXUH� �� VKRZV� WKH� LQVWUXPHQW� VHWXS�
IRU� PHDVXULQJ� WKH� ILYH� PHQWLRQHG� SDUDPHWHUV�� 7KH�
PHDVXUHPHQW� KHLJKW� ZDV� ���� P� DERYH� WKH� JURXQG�
�D�J�O��� FRUUHVSRQGLQJ� WR� WKH� DYHUDJH� KHLJKW� RI� WKH�
FHQWUH� RI� JUDYLW\� IRU� DGXOWV� �0D\HU� DQG� +RSSH��
������� )LJXUH� ��� VKRZV� WKH� WZR� PRGHO� GRPDLQV� DV�
ZHOO�DV�PHDVXUHPHQW�SRLQWV�ZKLFK�ZHUH�FKRVHQ�WR�EH�
UHSUHVHQWDWLYH�RI� WKHLU� UHVSHFWLYH�QHLJKERXUKRRGV�� WR�
YDOLGDWH�WKH�PRGHOOLQJ�RXWSXW��

180(5,&$/�6,08/$7,21 
7KH�PRGHO�VLPXODWLRQV�KDYH�EHHQ�FDUULHG�RXW�ZLWK�WKH�
WKUHH�GLPHQVLRQDO� QRQ�K\GURVWDWLF� FOLPDWH� PRGHO�
(19,�PHW� 9HUVLRQ� ���� �%UXVH� DQG� )OHHU� �������
(19,�PHW� FDQ� VLPXODWH� WKH� VXUIDFH�SODQW�DLU�
LQWHUDFWLRQV�ZLWKLQ�XUEDQ�HQYLURQPHQWV�ZLWK�D�W\SLFDO�
UHVROXWLRQ�RI�����WR����P�LQ�VSDFH�DQG����VHF�LQ�WLPH��
,W� FDOFXODWHV� WKH� G\QDPLFV� RI�PLFURFOLPDWH� GXULQJ� D�
GLXUQDO�F\FOH�����WR����KRXUV��XVLQJ�WKH�IXQGDPHQWDO�
ODZV� RI� IOXLG� G\QDPLFV� DQG� WKHUPRG\QDPLFV�� 7KH�
PRGHO� LQFOXGHV� WKH� VLPXODWLRQ� RI� IORZ� DURXQG� DQG�
EHWZHHQ� EXLOGLQJV�� H[FKDQJHV� SURFHVVHV� RI� KHDW� DQG�
YDSRXU� DW� WKH� JURXQG� DQG� YHUWLFDO� VXUIDFHV��

WXUEXOHQFH�� H[FKDQJH� DW� YHJHWDWLRQ� DQG� YHJHWDWLRQ�
SDUDPHWHUV�� ELRFOLPDWRORJ\�� SDUWLFOH� GLVSHUVLRQ�´�
�ZZZ�HQYL�PHW�FRP��� $FFRUGLQJ� WR� /HQ]KROHU�� 6��
�������� LW� LV� WKH� RQO\� VRIWZDUH� ZKHUH� DOO� WKH� IDFWRUV�
LQIOXHQFLQJ� WKHUPDO� FRPIRUW� OLNH� ZLQG� VSHHG� DQG�
GLUHFWLRQ��DQG�PHDQ�UDGLDQW� � WHPSHUDWXUH��7PUW�� �DUH�
VLPXODWHG� LQWHJUDOO\� WR� GHULYH� WKHUPDO� FRPIRUW�
LQGLFHV��

�
Figure 3 The mobile weather station setup 

)RU�WKH�PRGHO�VLPXODWLRQV��WKH�DUHD�DURXQG�$O�0XL]]�
DOOH\�KDV�EHHQ�WUDQVIRUPHG�LQWR�WZR�PRGHO�JULGV�ZLWK�
WKH�GLPHQVLRQ����[�����[����ZLWK�D�UHVROXWLRQ�RI���P�
[���P�[���P�IRU�WKH�UHQRYDWHG�SDUW�DQG�WKH�GLPHQVLRQ�
���[����[����JULGV�ZLWK�D�UHVROXWLRQ�RI���P�[���P�[���
P�IRU�WKH�QRQ�UHQRYDWHG��1RWH�WKDW�WKH�PRGHO�DUHD�LV�
URWDWHG� ���� RXW� RI� JULG� QRUWK�� 7DEOH� �� VKRZV� WKH�
VLPXODWLRQ�LQSXW�GDWD�IRU�WKH���WK�RI�-XQH������ZKLFK�
LV� WKH�H[WUHPH�VXPPHU�GD\� IRU�&DLUR��7ZR�VQDSVKRW�
PHDVXUPHQWV� ZHUH� ORFDWHG� DW� WKH� VDPH� VSRWV� RI� WKH�
PHDVXUHPHQW� FDPSDLJQ� WR� UHFRUG� 7D�� 5+�� 9�� VRODU�
UDGLDWLRQ� DQG� *OREH� WHPSHUDWXUH� DW� ���� P� DERYH�
JURXQG� OHYHO� �D�J�O��� 2XWSXWV� ZHUH� WKHQ� FRPSDUHG�
ZLWK� WKH�ORFDO�FOLPDWH�VFDOH�DYHUDJHG�UHFRUGV�IRU�WKH�
VDPH� SDUDPHWHUV� REVHUYHG� IURP� WKH� VLWH�
PHDVXUHPHQW��

Table 1.  
Main input data used for ENVI-met 

PARAMETER VALUE 
Ta, air dry bulb 

temperature 301.95 oK 

RH, relative humidity 59% 
V, wind speed 3.5 m/s at 10m height 

soil temperature 302 at (0-0.5m)   and 
299 at (0,5-2m) 

U value walls 1.7 
U value roofs 2.2 
Albedo walls 0.4 
Albedo roofs 0.15 

�
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Figure 4 The 2 Modelling domains and the 2 measurement points

5(68/76�$1'�',6&866,21�
)LJXUH� �� VKRZV� WKH� FRPSDULVRQ� EHWZHHQ� WKH�
PHDVXUHG� � DLU� WHPSHUDWXUH� DW� WKH� WZR� PHDVXUHPHQW�
SRLQWV� LQ� ���� P� D�J�O� DQG� WKH� FRUUHVSRQGLQJ� PRGHO�
UHVXOWV� DW� ���� P� D�J�O� �GXH� WR� WKH� YHUWLFDO� PRGHO�
UHVROXWLRQ��7ZR�PRGHO�VLPXODWLRQ�RXWSXWV�DUH�SORWWHG�
DJDLQVW� WKH� GDWD� REVHUYHG� IRU� WKH� WZR� SDUWV� RI� $O�
0XL]]� DOOH\�� (19,�PHW� HVWLPDWLRQ� IRU� WKH� GU\� DLU�
WHPSHUDWXUH��7D��ZHUH�LQ�D�JRRG�DSSUR[LPDWLRQ�ZLWK�
WKH�REVHUYHG�RQH� LQ�ERWK�SDUWV�DV� VKRZQ� LQ� ILJXUH� ��
7KH� DLU� WHPSHUDWXUH� �7D�� IRU� WKH� REVHUYHG� DQG�
0RGHOOHG� UHDFKHG� WKHLU� SHDN� LQ� WKH� DIWHUQRRQ��
EHWZHHQ� ������ DQG� ������ LQ� WKH� UHQRYDWHG� SDUW�� WKH�
REVHUYHG� DLU� WHPSHUDWXUHV� ZHUH� EHWZHHQ� ��� �&� DQG�
�������&�FRPSDULQJ� WR�(19,�PHW�DLU�WHPSHUDWXUH�RI�
������ �&� DQG� ������ �&� UHVSHFWLYHO\�� ,Q� WKH� QRQ�
UHQRYDWHG� SDUW�� PHDVXUHG� DLU� WHPSHUDWXUHV� � ZHUH��
EHWZHHQ� ������ �&� DQG� ������ �&� DQG� WKH� (19,�PHW�
DLU�WHPSHUDWXUH��������&�DQG��������&�UHVSHFWLYHO\��
5HODWLYH� KXPLGLW\� LQ� ILJXUH� �� DOVR� VKRZHG� D� JRRG�
DJUHHPHQW� EHWZHHQ� WKH� 5+� REVHUYHG� IURP� WKH� VLWH�
PHDVXUHPHQW�FDPSDLJQ�DQG�WKH�5+�JHQHUDWHG�E\�WKH�
(19,�PHW��DV�WKH\�UHDFKHG�WKHLU�PD[LPXP�LQ�WKH�ODWH�
PRUQLQJ� EHWZHHQ� ����� WLOO� ������ IRU� WKH� UHQRYDWHG�
SDUW� ZKHUH� WKH� REVHUYHG� 5+� ZDV� ���� DQG� ����
FRUUHVSRQGLQJ� WR� (19,�PHW� HVWLPDWLRQ� ZKLFK� ZDV�
����DQG�����ZKLOH�IRU�WKH�QRQ�UHQRYDWHG�ZDV�����
DQG�����DJDLQVW�����DQG�����DV�(19,�PHW�YDOXHV�
)LJXUH� �� VKRZV� WKH� 7PUW� FDOFXODWHG� XVLQJ� WKH� ����
PP� IODW� EODFN� JOREH� WKHUPRPHWHU� FRPSDUHG� WR� WKH�
7PUW� HVWLPDWHG� E\� (19,�PHW�� 7KH� PHDQ� UDGLDQW�
WHPSHUDWXUHV�FDOFXODWHG�IURP�WKH�JOREH�WKHUPRPHWHUV�
KDG� WR� EH� UHFDOFXODWHG� XVLQJ� WKH� REVHUYHG� LQ� VLWX�
YDOXHV� WR�GLPLQLVK� WKH�ZLQG� IDFWRU� DQG� WKH�GLDPHWHU�
RI� WKH� JOREH� DFFRUGLQJ� WR� HTXDWLRQ� ���� JLYHQ� E\�
$6+5$(��������ZLWK�HPSLULFDO�FRHIILFLHQW� UHFHQWO\�
UHILQHG�E\�7KRUVVRQ�HW�DO��������LV��

𝑇௠௥௧ = ൣ൫𝑇௚ + 273.15൯ସ + ଵ.ଵ×ଵ଴ఴ௏ೌబ.ల
ఌ೒஽బ.ర

× (𝑇௚ −

  𝑇௔)]
భ
ర − 273.15                                                                (1) 

:KHUH� �𝑇௚)� LV� WKH� JOREH� WHPSHUDWXUH� �R&��(𝑉௔) LV� DLU�
YHORFLW\� �PV����� (𝑇௔)� LV� WKH� DLU� WHPSHUDWXUH� �R&��� '�
>PP@�LV�WKH�JOREH�GLDPHWHU�� �����PP���DQG�(ɛக௚)�LV�
WKH�HPLVVLYLW\�RI�WKH�VSKHUH�� �����IRU�D�EODFN�JOREH����
7KH�HPSLULFDO�GHULYHG�SDUDPHWHU�1.1 × 10଼�DQG�WKH�
ZLQG�H[SRQHQW��𝑉௔଴.଺��WRJHWKHU�UHSUHVHQW�WKH�JOREH¶V�
PHDQ�FRQYHFWLRQ�FRHIILFLHQW��1.1 × 10଼𝑉௔଴.଺���

�

�

Figure 5 comparison between the dry air 
temperature measured and the ENVI-met output for 

the renovated (top) and non-renovated (bottom)�

�

�Figure 6 comparison between the Relative Humidity 
measured and the ENVI-met output for the renovated 

(top) and non-renovated (bottom)�
7KH� 7PUW� �JOREH�� DW� ���� ZDV� ��R&� DQG� DW� �������
����R&� DW� WKHVH� WLPHV� WKH� 7PUW� �(19,�PHW�� ZDV�
FDOFXODWHG� DW� ��� R&� DQG� ����� R&� UHVSHFWLYHO\�� ERWK�
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UHDFKLQJ� WKHLU� SHDN� DW� ������ ZLWK� ����� R&� 7PUW�
�JOREH��DJDLQVW����R&�7PUW��(19,�PHW���7PUW��JOREH��
DQG� 7PUW� �(19,�PHW�� DUH� DERXW� ����� DQG� ����� �&�
UHVSHFWLYHO\� KLJKHU� WKDQ� 7D� DW� WKH� WLPH� RI� WKHLU�
PD[LPXP�� WLOO� WKH� VXQVHW�� ZKHQ� ERWK� 7PUW� �JOREH��
DQG�7PUW��(19,�PHW��ZHUH�GUDPDWLFDOO\�IDOO�GRZQ�WR�
DOPRVW� UHDFK� WKH�7D�DQG�7J�YDOXHV�DV� WKH�GLIIHUHQFH�
YDULHV� EHWZHHQ� �� �&� WR� �� �&�� (19,�PHW� SUHGLFWHG�
7PUW� VKRZHG� JRRG� TXDOLWDWLYH� DJUHHPHQW� ZLWK� WKH�
PHDVXUHG� 7PUW� XQWLO� VXQVHW� ��������� 1XPHULFDOO\� LW�
SUHGLFWHG�YDOXH�LV�KLJKHU�WKDQ�WKH�PHDVXUHG��EXW�GRHV�
IDOO� ZLWKLQ� WKH� HUURU� EDQG� RI� PHDVXUHG� 7PUW�� $IWHU�
VXQVHW� WKH� SUHGLFWHG� YDOXH� GRHV� QRW� IROORZ� WKH�
PHDVXUHG� YDOXH�� VXJJHVWLQJ� WKH� VRODU� HQHUJ\� LV� QRW�
ZHOO�DFFRXQWHG�IRU�WKH�(19,�PHW�PHWKRG��7KH�VDPH�
UHVXOW� ZDV� UHSRUWHG� E\� 7RXGHUW�� )��� DQG� 0D\HU�� +��
�������� ZKR� IRXQG� D� JRRG� DSSUR[LPDWLRQ� EHWZHHQ�
VLPXODWHG� 7PUW� DQG� PHDVXUHG� \HW� (19,�PHW�
XQGHUHVWLPDWHG�WKH�7PUW�YDOXH�LQ�WKH�QLJKW�WLPH��

�
Figure 7 the mean radiant temperature Tmrt 

simulated by ENVI-met plotted against measured 
Tmrt 

2QFH� WKH� 7PUW� DUH� NQRZQ�� WKH� SUHGLFWHG�PHDQ� YRWH�
�309�� WKHUPDO� LQGH[�� DV� D� VLQJOH� YDOXH� WKDW�
LQWHJUDWHV� WKH� HIIHFWV� RI� WKH� EDVLF� SDUDPHWHUV� LQ� DQ\�
KXPDQ� WKHUPDO� HQYLURQPHQW�� FDQ� EH� FDOFXODWHG� E\�
(19,�PHW� EDVHG� RQ� WKH� KHDW� EDODQFH� HTXDWLRQ�
�)DQJHUV�������PRGHO� �%UXVH�DQG�)OHHU�������%UXVH�
�������
ENVI-met micro-scale climatic map 
)LJXUH� ��� �� VKRZV� WKH� (19,�PHW� PRGHOV� IRU� WKH�
VSDWLDO� SDWWHUQ� RI� PHDQ� UDGLDQW� WHPSHUDWXUH� DQG�
SUHGLFWHG�PHDQ�YRWH��309���GDLO\�DYHUDJH�PHDVXUHG�
DW�����P�KHLJKW����
7KH� 309� LV� D� WKHUPDO� FRPIRUW� LQGH[� SUHGLFWV� WKH�
DYHUDJH�WKHUPDO�UHVSRQVH��RQ�D�VFDOH�UDQJLQJ�IURP���
�FROG�� WR��� �KRW���RI� D� JURXS�RI�SHRSOH� H[SRVHG� WR� D�
VHW� RI� HQYLURQPHQWDO� FRQGLWLRQV�� 7KH� )DQJHU¶V�
HTXDWLRQ� LQ� LWV� IXOO� IRUP� JLYHV� DOO� KXPDQ�UHODWHG�
WHUPV� DV� D� IXQFWLRQ� RI� WKH� LQWHUQDO� KHDW� SURGXFWLRQ��
WRJHWKHU�ZLWK�7D��7PUW��93��YDSRXU�SUHVVXUH���Y�DQG�
WKH�FORWKLQJ�LQVXODWLRQ��309�LV�FDOFXODWHG�E\�(19,�
PHW� EDVHG� RQ� WKH� PRGLILHG� )DQJHU� KHDW� EDODQFH�
HTXDWLRQ� GHYHORSHG� E\� -HQGULW]N\� DQG� 1XEOHU��� IRU�
RXWGRRU�FRQGLWLRQV��VKRZQ�LQ�(TXDWLRQ���

M + W + Q* + QH + QL + QSW + QRe + S = 0 ����

:KHUH�� �0�� LV� PHWDEROLF� UDWH� �:�� LV� PHFKDQLFDO�
SRZHU� �4
�� LV� WKH� UDGLDWLRQ� EXGJHW� �D� IXQFWLRQ� RI�
PHDQ� UDGLDQW� WHPSHUDWXUH� 7PUW� DQG� DLU� YHORFLW\� Y���
�4+��LV�WXUEXOHQW�IOX[�RI�VHQVLEOH�KHDW��D�IXQFWLRQ�RI�
DLU� WHPSHUDWXUH�7D�DQG�Y���� �4/�� LV� WXUEXOHQW� IOX[�RI�
ODWHQW� KHDW� �GLIIXVHG� ZDWHU� YDSRXU��� �46:�� LV�
WXUEXOHQW� IOX[� RI� ODWHQW� KHDW� �VZHDW� HYDSRUDWLRQ���
�45H�� LV� UHVSLUDWRU\� KHDW� IOX[� �VHQVLEOH� DQG� ODWHQW��
DQG��6��LV�KHDW�VWRUHG��
7KH� PHDQ� UDGLDQW� WHPSHUDWXUH� �7PUW�� LV� RQH� RI� WKH�
PRVW� LPSRUWDQW� PHWHRURORJLFDO� SDUDPHWHU� JRYHUQLQJ�
KXPDQ� HQHUJ\� EDODQFH� DQG� ,W� LV� WKH� NH\� YDULDEOH� LQ�
HYDOXDWLQJ� WKHUPDO� VHQVDWLRQ� RXWGRRUV� XQGHU� VXQQ\�
FRQGLWLRQV� UHJDUGOHVV� RI� WKH� FRPIRUW� LQGH[� XVHG�
�0D\HU� DQG� +|SSH� ������ -HQGULW]N\� HW� DO�� ������
0D\HU� ������ 6SDJQROR� DQG�'H�'HDU� ������� 7KXV� LW�
KDV� D� VWURQJ� LQIOXHQFH� RQ� WKHUPDO� VHQVDWLRQ� RI� WKH�
SHGHVWULDQV� XVLQJ� WKH� RSHQ� SXEOLF� VSDFHV�� ,Q� WKHVH�
YLHZ�WKH�PRGHOV�VKRZ�VSHFLILF�DUHDV�ZLWK�KLJK�309�
DQG�7PUW�ZKHUH�DFWLRQ�LV�QHHGHG��+RZHYHU��WKH�QRQ�
UHQRYDWHG�SDUW�RI�WKH�DOOH\�UHYHDOHG�UHGXFWLRQV�LQ�WKH�
ZKROH� QHLJKERXUKRRG� SHGHVWULDQ� FRPIRUW� UHFRUGV��
7KLV�RZHG�WR�VHYHUDO�UHDVRQV��ZKHUH�WKH�KLJKHU�DVSHFW�
UDWLR� �KHLJKW�ZLGWK�� DQG� GLIIHUHQW� VWUHHW� JHRPHWU\�
FDXVHV�OHVV�GLUHFW�VRODU�UDGLDWLRQ�WR�HQWHU�WKH�DOOH\�DQG�
JHQHUDOO\� OHDGV� WR� ORZHU�7PUW�YDOXHV� WKURXJKRXW� WKH�
PRVW�RI�WKH�GD\�ZKLFK�LQ�WXUQ�DIIHFW�WKH�309��ILJXUH�
����� ,Q� DGGLWLRQ� WR� LQFUHDVLQJ� WKH� DOEHGR� RI� WKH�
JURXQG�VXUIDFH�ZLWKLQ�WKH�QRQ�UHQRYDWHG�SDUW��DV�LW�LV�
PL[�EHWZHHQ�WKH�EDVDOW�DQG�URDG�EDUH�JURXQG�DJDLQVW�
WKH�EDVDOW�DQG�JUDQLWH�RI�WKH�UHQRYDWHG�RQH�ZLWK�ORZHU�
DOEHGR�YDOXH��7KLV�OHDGV�WR�VWURQJ�VRODU�LUUDGLDWLRQ�LQ�
WKH� UHQRYDWHG� SDUW� FRPSDUHG� WR� WKH� QRQ�UHQRYDWHG�
RQH�WKDW�VWURQJO\�LQIOXHQFH�WKH�7PUW�ZKHUH�LW�UHDFKHG�
LWV� PD[LPXP� WR� ����� R&� DJDLQVW� ��� R&� LQ� WKH� QRQ�
UHQRYDWHG�RQH��ILJXUH�����

&21&/86,216�
,Q� WKLV� SDSHU�� WKH� DSSOLFDWLRQ� RI� WKH� (19,�PHW�
DYHUDJLQJ�WRRO�KDV�EHHQ�YDOLGDWHG�WKURXJK�FRPSDULQJ�
RXWSXWV� RI� GLIIHUHQW� SDUDPHWHUV� UHVXOWV� WR� UHFHSWRUV�
RXWSXW�� $OO� DYHUDJHV� UHFRUGV� RFFXUUHG� EHWZHHQ� WKH�
PD[LPD� DQG� PLQLPD� RI� UHFHSWRUV� RXWSXWV� RI� HDFK�
FDVH��0HWKRGRORJ\�FRPSRVHG�RI�WKUHH�VWHSV�� ILUVW�� LQ�
VLWX�PHDVXUHPHQWV�IRU�HDFK�SDUW�RI�WKH�DOOH\�LQFOXGLQJ�
WKH� PDLQ� PHWHRURORJLFDO� SDUDPHWHUV� DQG� WKH� JOREH�
WHPSHUDWXUH�� � 6HFRQG�� XUEDQ� FOLPDWH� FRQGLWLRQV� RI�
HDFK�FDVH�LV�VLPXODWHG�WR�KDYH�PHWHRURORJLFDO�SORWV�DW�
WKH�VDPH�FHUWDLQ�SRLQWV�RI�WKH�VLWH�PHDVXUHPHQWV��
)LQDOO\�� DYHUDJH� RXWGRRU� PHWHRURORJ\� IRU� HDFK� FDVH�
ZHUH� REVHUYHG� DQG� FRPSDUHG� ZLWK� WKH� PRGHOOLQJ�
RXWSXW��(19,�PHW�UHSURGXFHV�WKH�REVHUYHG�GDWD�ZLWK�
D�VXIILFLHQW�DFFXUDF\��7KH�FRQFOXVLRQV�RI�WKH�DQDO\VLV�
SUHVHQWHG�KHUHLQ�DUH�VXPPDUL]HG�DV�IROORZV��
��� 0HDVXUHPHQWV� DQG� PRGHOOLQJ� RI� WKH� RXWGRRU�

WKHUPDO� FRQGLWLRQV� KDV� WR� EH� VHHQ� DV� D� WRRO� IRU�
XUEDQ�SODQQLQJ�DQG�PLWLJDWLRQ�RI�D�JOREDO�FOLPDWH�
FKDQJH
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�
Figure 8 the spatial pattern of the Mean Radiant Temperature (Tmrt) for 26th of June 2012 by ENVI-met 

�
Figure 9 the spatial pattern of the Predicted Mean Vote (PMV) for 26th of June 2012 by ENVI-met
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�� (19,�PHW� SURYHG� WR� EH� D� UHOLDEOH� WRRO� WR�
VLPXODWH�WKH�GLIIHUHQW�XUEDQ�VFHQDULRV��WKXV��LW�
LV� DGYLVDEOH� IRU� DQ\� SODQQLQJ� SURFHVV�� RU�
DUFKLWHFWXUDO� LQWHUYHQWLRQ� VSDWLDO� GLVWULEXWLRQ�
PDSV�IRU�WKH�PLFURFOLPDWH�FRQGLWLRQV�VLPLODU�
WR� WKH� RQH� SUHVHQWHG� LQ� WKLV� SDSHU� VKRXOG� EH�
SURYLGHG�EHIRUH�FRQVWUXFWLRQ��

�� 7KH� PHWKRGRORJ\� GHVFULEHG� PD\� FRQWULEXWH�
LQ� GHYHORSLQJ� JXLGH�OLQHV� DQG� VWDQGDUGV� IRU�
UHWURILWWLQJ�RSHQ�SXEOLF�VSDFHV��

�� (19,�PHW� HVWLPDWLRQ� IRU� WKH� 7PUW� LV� LQ� D�
JRRG� DSSUR[LPDWLRQ� DV� PHQWLRQHG� E\�
7RXGHUW�� )��� DQG�0D\HU��+�� �������� DQG� WKDW�
FRSH�ZLWK� WKH�ZRUN�RI�7KRUVVRQ�HW�DO� �������
DQG�WKH�KHDW�EDODQFH�HTXDWLRQ�IRU�D�VXUIDFH�LQ�
DQ� XUEDQ� FDQ\RQ� ZKLFK� LV� VROYHG� XVLQJ� WKH�
ZRUN�RI�.XUQ�HW�DO���������

�
Figure 10 the H/Wand different urban geometry 

between the two parts 

120(1&/$785�
D �������� �LV�WKH�JOREH�GLDPHWHU�>PP@�
M ������� �PHWDEROLF�UDWH��
Q*������� �UDGLDWLRQ�EXGJHW��
QH������ �WXUEXOHQW�IOX[�RI�VHQVLEOH�KHDW�4/�LV�

WXUEXOHQW�IOX[�RI�ODWHQW�KHDW��GLIIXVHG�
ZDWHU�YDSRXU��

QSW��� �WXUEXOHQW�IOX[�RI�ODWHQW�KHDW��VZHDW�
HYDSRUDWLRQ���

QRe����� �UHVSLUDWRU\�KHDW�IOX[��VHQVLEOH�DQG�
ODWHQW���

S  �������� �KHDW�VWRUHG��
Ta ������� �WKH�DLU�WHPSHUDWXUH�
Tg  ������� �WKH�JOREH�WHPSHUDWXUH�
Tmrt ������ �WKH�PHDQ�UDGLDQW�WHPSHUDWXUH�
Tground��� �JURXQG�WHPSHUDWXUH�
W   ������ �ZDWW�SRZHU�
Va�������� �DLU�YHORFLW\�
ɛக୥������� �HPLVVLYLW\�RI�WKH�VSKHUH�

5()(5(1&(6�
$OL�7RXGHUW� )� ������� 'HSHQGHQFH� RI� RXWGRRU�

WKHUPDO� FRPIRUW� RQ� VWUHHW� GHVLJQ�� 3K'�
7KHVLV��8QLYHUVLW\�RI�)UHLEXUJ��)UHLEXUJ�

$OL�7RXGHUW�)��0D\HU�+��������2XWGRRU�WKHUPDO�
FRPIRUW� LQ� WKH� ROG� GHVHUW� FLW\� RI� %HQL�
,VTXHQ��$OJHULD��&OLPDWH�5HVHDUFK��������±
�����

$6+5$(�� ����� $6+5$(� +DQGERRN�
)XQGDPHQWDOV� �,QFK�SRXQG� (GLWLRQ��
$PHULFDQ�6RFLHW\�RI�+HDWLQJ��5HIULJHUDWLQJ��
DQG� $LU�&RQGLWLRQLQJ� (QJLQHHUV�� ,6%1��
�������������������

%UXVH�� 0������� 6LPXODWLQJ� KXPDQ� WKHUPDO�
FRPIRUW� DQG� UHVXOWLQJ� XVDJH� SDWWHUQV� RI�
XUEDQ� RSHQ� VSDFHV� ZLWK� D� PXOWL�DJHQW�
V\VWHP�� ��WK� &RQIHUHQFH� RQ� 3DVVLYH� DQG�
/RZ� (QHUJ\� $UFKLWHFWXUH� 3/($������
6LQJDSRUH� 24. 

%UXVH�� 0�� ������ (19,�PHW� �� ±� D� WKUHH�
GLPHQVLRQDO� PLFURFOLPDWH� PRGHO�� 5XKU�
8QLYHUVLW\� DW� %RFKXP�� *HRJUDSKLVFKHU�
,QVWLWXW�� *HRPDWLN�� KWWS���ZZZ�HQYL�
PHW�FRP��

%UXVH�� 0�� ������ 7KH� LQIOXHQFHV� RI� ORFDO�
HQYLURQPHQWDO�GHVLJQ�RQ�PLFURFOLPDWH��3K�'�
7KHVLV� 8QLYHUVLW\� RI� %RFKXP�� %RFKXP�LQ�
*HUPDQ��

&DUIDQ��$���*DOYDQL��(���1HU\��-���������6WXG\�RI�
WKHUPDO� FRPIRUW� LQ� WKH� &LW\� RI� 6mR� 3DXOR�
XVLQJ� (19,�PHW�PRGHO�� ,QYHVW����
*HRJ��QR�����0p[LFR�DJR��

)DKP\�� 0��� ,QWHUDFWLYH� XUEDQ� IRUP� GHVLJQ� RI�
ORFDO�FOLPDWH�VFDOH�LQ�KRW�VHPL�DULG�]RQH��LQ�
6FKRRO�RI�$UFKLWHFWXUH�� ������8QLYHUVLW\�RI�
6KHIILHOG��6KHIILHOG���

)DKP\��0��DQG�6��6KDUSOHV��([WHQVLYH�UHYLHZ�IRU�
XUEDQ� FOLPDWRORJ\��'HILQLWLRQV�� DVSHFWV� DQG�
VFDOHV�� LQ� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
&LYLO�DQG�$UFKLWHFWXUH�(QJLQHHULQJ��,&&$(�
�������D��0LOLWDU\�7HFKQLFDO�&ROODJH��&DLUR�
0D\���������

*LYRQL�� %��� 1RJXFKL�� 0��� 6DDURQL�� +��� 3RFKWHU��
2��� <DDFRY�� <��� )HOOHU�� 1��� HW� DO�� ��������
2XWGRRU� FRPIRUW� UHVHDUFK� LVVXHV�� (QHUJ\�
DQG�%XLOGLQJV�����������±����

-HDQQHW�0���6FKXHPSHUOLQ�1���������7KH�&RUH�RI�
&DLUR� �5HVLVWDQFH� WR� &RPSUHKHQVLYH�
*HQWULILFDWLRQ�� (7+� 6WXGLR� %DVHO�
&RQWHPSRUDU\�&LW\�,QVWLWXWH��
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+HOGHQV�� :��� ������ 8VH� RI� DLUERUQH�
K\SHUVSHFWUDO�GDWD�DQG�KHLJKW�LQIRUPDWLRQ�WR�
VXSSRUW�XUEDQ�PLFUR�FOLPDWH�FKDUDFWHULVDWLRQ�
7KH�8QLYHUVLW\�RI�:�U]EXUJ��

+XWWQHU�� 6�� ������ � )XUWKHU� GHYHORSPHQW� DQG�
DSSOLFDWLRQ� RI� WKH� �'� PLFURFOLPDWH�
VLPXODWLRQ� (19,�PHW�� 0DLQ]� 8QLYHUVLW\��
*HUPDQ\��

.iQWRU�� 1��� 8QJHU�� -��� ������ 7KH� PRVW�
SUREOHPDWLF�YDULDEOH�LQ�WKH�FRXUVH�RI�KXPDQ�
ELRPHWHRURORJLFDO�FRPIRUW�DVVHVVPHQW�±� WKH�
PHDQ� UDGLDQW� WHPSHUDWXUH� 'HSDUWPHQW� RI�
&OLPDWRORJ\� DQG� /DQGVFDSH� (FRORJ\��
8QLYHUVLW\�RI�6]HJHG��+XQJDU\��

.DULP��5��� ������7KH�5HYLYDO� RI�$O�0XL]]�7KH�
,PSDFW�RI�5HVWRUDWLRQ�RQ�,VODPLF�&DLUR¶V�$O�
0XL]]VWUHH��&DPEULGJH�XQLYHUVLW\��

.DW]VFKQHU��/���7KRUVVRQ��6�������0LFURFOLPDWLF�
,QYHVWLJDWLRQV� DV� 7RRO� IRU� 8UEDQ� 'HVLJQ��
7KH� VHYHQWK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
8UEDQ�&OLPDWH�<RNRKDPD��-DSDQ��

.QH]�� ,���7KRUVVRQ��6���(OLDVVRQ�� ,���:HVWHUEHUJ��
8��� /LQGEHUJ�� )��� ������ 2XWGRRU� 3ODFH�
5HODWHG�$VVHVVPHQW��7RZDUGV�D�&RQFHSWXDO�
0RGHO�� ,QWHUQDWLRQDO� -RXUQDO� RI�
%LRPHWHRURORJ\���������±�����

/DKPH�� (��� %UXVH�� 0�� �������� 0LFURFOLPDWLF�
HIIHFWV� RI� D� VPDOO� XUEDQ� SDUN� LQ� GHQVHO\�
EXLOW�XS� DUHDV�� 0HDVXUHPHQWV� DQG� PRGHO�
VLPXODWLRQV�,&8&���/RG]��

/HH��6�(��DQG�6��6KDUSOHV��$QDO\VLV�RI�WKH�8UEDQ�
+HDW� ,VODQG� RI� 6KHIILHOG� �� WKH� ,PSDFW� RI� D�
&KDQJLQJ� &OLPDWH�� LQ� 3URFHHGLQJV� RI�
3/($����� �� ��WK� &RQIHUHQFH� RQ� 3DVVLYH�
DQG�/RZ�(QHUJ\�$UFKLWHFWXUH��������'XEOLQ��
3/($���

/HQ]KRO]HU��6���DQG�.RK��-����������³,PPHUVHG�LQ�
PLFURFOLPDWLF� VSDFH�� 0LFURFOLPDWH�
H[SHULHQFH� DQG� SHUFHSWLRQ� RI� VSDWLDO�
FRQILJXUDWLRQV�LQ�'XWFK�VTXDUHV�´�/DQGVFDSH�
DQG�8UEDQ�3ODQQLQJ������������

/LDQJ� &�� (GZDUG� 1J�� ������� RXWGRRU� WKHUPDO�
FRPIRUW� DQG� RXWGRRU� DFWLYLWLHV�� D� UHYLHZ� RI�
UHVHDUFK�LQ�WKH�SDVW�GHFDGH��&LWLHV����������
�����

/LQ�� 7��3�� �������� 7KHUPDO� SHUFHSWLRQ��
DGDSWDWLRQ�DQG�DWWHQGDQFH�LQ�D�SXEOLF�VTXDUH�
LQ� KRW� DQG� KXPLG� UHJLRQV�� %XLOGLQJ� DQG�
(QYLURQPHQW����������±������

0DW]DUDNLV� $��� 5XW]� )��� 0D\HU� +��� 0RGHOOLQJ�
UDGLDWLRQ� IOX[HV� LQ� VLPSOH� DQG� FRPSOH[�

HQYLURQPHQWV��EDVLFV�RI�WKH�5D\0DQ�PRGHO��
,QW��-��%LRPHWHRURO���������������������

0DW]DUDNLV� $�� 5XW]� )�� 0D\HU� +�� ������
(VWLPDWLRQ� DQG� &DOFXODWLRQ� RI� WKH� PHDQ�
UDGLDQW� WHPSHUDWXUH�ZLWKLQ�XUEDQ� VWUXFWXUHV��
,Q� %LRPHWHRURORJ\� DQG� 8UEDQ� &OLPDWRORJ\�
DW� WKH� 7XUQ� RI� WKH� 0LOOHQQLXP�� 0DFTXDULH�
8QLYHUVLW\��GH�'HDU�5-��.DOPD�-'��2NH�75��
$XOLFLHPV�$��HGV����6\GQH\�����±�����,&%�
,&8&¶����:&$63�����:02�7'�1R�������

1LNRORSRXORX� 1�� %DNHU� 1�� 6WHHPHUV� .�� ������
,PSURYHPHQWV� WR� WKH�JOREH� WKHUPRPHWHU� IRU�
RXWGRRU� XVH�� $UFKLWHFWXUDO� 6FLHQFH� 5HYLHZ�
������±����

1LNRORSRXORX� 0��� %DNHU� 1��� 6WHHPHUV� .���
7KHUPDO� FRPIRUW� LQ� RXWGRRU� XUEDQ� VSDFHV��
8QGHUVWDQGLQJ� WKH� KXPDQ� SDUDPHWHU�� 6RO��
(QHUJ\�������������

6XWWRQ�� .��� DQG� )DKPL�� :�� �������� 7KH�
5HKDELOLWDWLRQ� RI� 2OG� &DLUR�� � +DELWDW�
,QWHUQDWLRQDO�������������

7KRUVVRQ��6���/LQGTYLVW��0���/LQGTYLVW��6���������
7KHUPDO�ELRFOLPDWLF�FRQGLWLRQV�DQG�SDWWHUQV�
RI�EHKDYLRXU�LQ�DQ�XUEDQ�SDUN�LQ�*|WHERUJ���

7KRUVVRQ�6���/LQGEHUJ�)���(OLDVVRQ�,���+ROPHU�%��
������ 0HDVXUHPHQWV� RI� PHDQ� UDGLDQW�
WHPSHUDWXUH� LQ�GLIIHUHQW�XUEDQ�VWUXFWXUHV�� ,Q�
�WK� ,QWHUQDWLRQDO� -RXUQDO� RI�
%LRPHWHRURORJ\�������������

7KRUVVRQ�6���/LQGEHUJ�)���(OLDVVRQ�,���+ROPHU�%��
������ 'LIIHUHQW� PHWKRGV� IRU� HVWLPDWLQJ� WKH�
PHDQ� UDGLDQW� WHPSHUDWXUH� LQ� DQ� RXWGRRU�
XUEDQ� VHWWLQJ�� ,QWHUQDWLRQDO� MRXUQDO� RI�
FOLPDWRORJ\������'2,����������MRF�

�
�
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