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,Q� RUGHU� WR� SUHGLFW� WKH� SHUIRUPDQFH� RI� D� EXLOGLQJ�
UHJDUGLQJ� HQHUJ\� GHPDQG� DQG� LQGRRU� FRQGLWLRQV��
UHOLDEOH� LQSXW� LQIRUPDWLRQ� LV� QHHGHG�� :HDWKHU� GDWD�
UHSUHVHQWV� DQ� LPSRUWDQW� FRPSRQHQW� RI� VXFK� LQSXW�
LQIRUPDWLRQ� IRU� SHUIRUPDQFH� VLPXODWLRQ�� &XUUHQWO\��
VWDQGDUG� ZHDWKHU� ILOHV� DUH� W\SLFDOO\� XVHG� IRU� WKLV�
SXUSRVH��7KHVH� DUH�EDVHG�RQ� ORQJ�WHUP�REVHUYDWLRQV�
�ZHDWKHU� UHFRUGV�� IURP�ZHDWKHU� VWDWLRQV��)UHTXHQWO\��
WKLV� GDWD� LV� JHQHUDWHG� IURP� ZHDWKHU� VWDWLRQV� LQ� WKH�
SUR[LPLW\� RI� DLUSRUWV�� +RZHYHU�� VXFK� ILOHV� GR�Q RW�
QHFHVVDULO\� UHSUHVHQW� LQ� D� GHWDLOHG� PDQQHU� WKH�
PLFURFOLPDWLF� FRQGLWLRQV� DURXQG� WKH� GHVLJQDWHG�
ORFDWLRQ� RI� D� EXLOGLQJ�� ,Q� WKLV� FRQWH[W�� WKH� SUHVHQW�
SDSHU� H[SORUHV� WKH� SRVVLELOLW\� RI� JHQHUDWLQJ�ZHDWKHU�
LQIRUPDWLRQ�IRU�XUEDQ�DUHDV�WKDW�LV�PRUH�LQ�WXQH�ZLWK�
WKH� FRQGLWLRQV� DURXQG� VSHFLILF� EXLOGLQJ� ORFDWLRQV��
7KLV�ORFDO�DGMXVWPHQW�RI�WKH�ZHDWKHU�LQIRUPDWLRQ�DQG�
LWV� FRQVLGHUDWLRQ� LQ� ZHDWKHU� ILOHV� FRXOG� LPSURYH� WKH�
UHOLDELOLW\�RI�VLPXODWLRQ�EDVHG�SUHGLFWLRQV�RI�EXLOGLQJ�
SHUIRUPDQFH��
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5HFHQWO\�� D� QXPEHU� RI� UHVHDUFK� HIIRUWV� KDYH� EHHQ�
LQLWLDWHG� WR� EHWWHU� XQGHUVWDQG� WKH� YDULDQFH� LQ�
PLFURFOLPDWLF� FRQGLWLRQV� GXH� WR� IDFWRUV� VXFK� DV�
XUEDQL]DWLRQ�� SUHVHQFH� DQG� GHQVLW\� RI� LQGXVWULDO� RU�
FRPPHUFLDO� EXLOGLQJV�� JUHHQ� DUHDV�� ERGLHV� RI� ZDWHU��
HWF�� �*ULPPRQG� ������ $OH[DQGUL� ������� 7KH�
JHRPHWU\�� VSDFLQJ� DQG� RULHQWDWLRQ� RI� EXLOGLQJV� DQG�
VXUURXQGLQJ� RSHQ� DUHDV� JUHDWO\� LQIOXHQFH� WKH�
PLFURFOLPDWH� LQ� WKH� FLW\� �.OHHUHNRSHU� HW� DO�� �������
/RRNLQJ�RQ�WKH�VPDOOHU�VFDOH��PLFURFOLPDWH�FDQ�YDU\�
VLJQLILFDQWO\�DFURVV�DQ�DUHD�FRQVLVWLQJ�RI�HYHQ�D� IHZ�
VWUHHWV��2Q�D�JUHDWHU�VFDOH��WKLV�GHYLDWLRQ�LV�REVHUYHG�
LQ� WHUPV� RI� VLJQLILFDQWO\� KLJKHU� XUEDQ� WHPSHUDWXUHV�
WKDQ� WKDW�RI� WKH�VXUURXQGLQJ�UXUDO�HQYLURQPHQW��7KLV�
FLUFXPVWDQFH� �VHH�� IRU� H[DPSOH�� 9RRJW� ������ LV�
UHIHUUHG� WR� DV� WKH� XUEDQ� KHDW� LVODQG� SKHQRPHQRQ�
�8+,���)XUWKHUPRUH��WKH�8+,�HIIHFW�LV�GLUHFWO\�UHODWHG�
WR��DQG�ZRUVHQHG�E\��WKH�FOLPDWH�FKDQJH��,QFUHDVH�LQ�
DYHUDJH� WHPSHUDWXUHV� LV� EHOLHYHG� WR� DGYHUVHO\� DIIHFW�
WKH� KHDOWK� RI� SHRSOH� OLYLQJ� LQ� FLWLHV� �+DUODQ� HW� DO��
������� $GGLWLRQDOO\�� KLJKHU� DLU� WHPSHUDWXUHV� KDYH� D�
GLUHFW� HIIHFW� RQ� WKH� HQHUJ\� XVH� GXH� WR� LQFUHDVHG�
GHSOR\PHQW�RI�DLU�FRQGLWLRQLQJ��$NEDUL��������

,Q� WKLV� FRQWH[W�� WKLV� SDSHU� SUHVHQWV� WKH� UHVXOWV� RI� DQ�
RQ�JRLQJ�UHVHDUFK�SURMHFW� WKDW� LQYHVWLJDWHV� WKH�XUEDQ�
KHDW� LVODQG�SKHQRPHQD� LQ� WKH�&HQWUDO�(XURSHDQ�DUHD�
�0DKGDYL�HW�DO���������,Q�DGGLWLRQ�WR�WKH�FRPSDULVRQ�
RI�8+,�HIIHFWV�LQ�HDFK�RI�WKH�SDUWLFLSDWLQJ�FLWLHV��ZH�
DOVR� DGGUHVV� WKH� YDULDWLRQ� LQ� WKH� PLFURFOLPDWLF�
FRQGLWLRQV�LQ�GLIIHUHQW�ORFDWLRQV�LQ�WKH�FLW\�RI�9LHQQD��
&RQVLGHUDWLRQ�RI�WKH�PLFUR�FOLPDWLF�YDULDWLRQV�RI�WKH�
ZHDWKHU� LQIRUPDWLRQ�� LQ� WHUPV� RI� WHPSHUDWXUH� DQG�
XUEDQ� KHDW� LVODQG� LQWHQVLW\�� FDQ� LPSURYH� WKH�
UHOLDELOLW\�RI�VLPXODWLRQ�EDVHG�SUHGLFWLRQV�RI�EXLOGLQJ�
SHUIRUPDQFH��6SHFLILFDOO\��WKH�SUHVHQW�SDSHU�H[SORUHV�
WKH�SRVVLELOLW\�RI�JHQHUDWLQJ�ZHDWKHU�LQIRUPDWLRQ�IRU�
XUEDQ� DUHDV� WKDW� LV�PRUH� LQ� WXQH�ZLWK� WKH� FRQGLWLRQV�
DURXQG�VSHFLILF�EXLOGLQJ�ORFDWLRQV��
7RZDUG� WKLV� HQG�� ZH� SXUVXH� D� WKUHH�VWHS� DSSURDFK��
)LUVW�� WKH�GDWD� IURP�SDUWLFLSDWLQJ� FLWLHV� DUH� FROOHFWHG�
DQG�DQDO\]HG��6SHFLILFDOO\��ORQJ�WHUP�ZHDWKHU�VWDWLRQ�
GDWD� IURP� XUEDQ� DQG� UXUDO� ZHDWKHU� VWDWLRQV� LQ�
6WXWWJDUW�� :DUVDZ�� 3UDJXH�� 3DGXD�� 0RGHQD��
/MXEOMDQD�DQG�%XGDSHVW�DUH�FROODWHG�DQG� LQFOXGHG� LQ�
WKH� DQDO\VLV�� :H� VKDOO� FRQVLGHU� WKH� DSSOLFDELOLW\� RI�
WKH� UHVXOWV� LQ� D� EURDGHU� JHRJUDSKLFDO� FRQWH[W�
LQYROYLQJ�WKH�&HQWUDO�(XURSHDQ�UHJLRQ��6HFRQG��GDWD�
IURP�PXOWLSOH�ZHDWKHU�VWDWLRQV� LQ� WKH�FLW\�RI�9LHQQD�
DUH� FROOHFWHG� DQG� DQDO\]HG�� 7KH� UHVXOWV� VKRZ� D�
FRQVLGHUDEOH�YDULDQFH��ZKLFK�� LI� LJQRUHG��ZRXOG� OHDG�
WR� PDMRU� XQFHUWDLQWLHV� LQ� LQIHUHQFHV� PDGH� EDVHG� RQ�
SHUIRUPDQFH� VLPXODWLRQ�� 6XEVHTXHQWO\�� WKLV� YDULDQFH�
LV� VWXGLHG� LQ� YLHZ� RI� WKH� SK\VLFDO� IHDWXUHV� RI� WKH�
DIRUHPHQWLRQHG� ZHDWKHU� VWDWLRQ� ORFDWLRQV��
6SHFLILFDOO\��ZH�H[SORUH�WKH�SRVVLELOLW\�WR�H[SODLQ�DQG�
DSSUR[LPDWHO\� SUHGLFW� PLFURFOLPDWLF� YDULDQFH� EDVHG�
RQ� ORFDWLRQ� VSHFLILFV�� )XUWKHUPRUH�� DV� D�I LQDO� VWHS��
ZH¶OO� LQWURGXFH� D� V\VWHPDWLF� IUDPHZRUN� IRU� WKH�
HYDOXDWLRQ� RI� 8+,
V� IDU�UHDFKLQJ� LPSOLFDWLRQV� IRU�
PLFURFOLPDWH�� HQHUJ\� XVH�� DQG� KXPDQ� UHTXLUHPHQWV�
SHUWDLQLQJ� WR� KHDOWK� DQG� FRPIRUW�� :LWKLQ� RXU�
IUDPHZRUN�� WKH� PDJQLWXGH� RI� 8+,� SKHQRPHQRQ� LV�
H[SUHVVHG� IRU� VSHFLILF� FOHDUO\� ERXQGHG� VHJPHQWV� RI�
WKH�XUEDQ�GRPDLQ�WKDW�FRXOG�EH�GHILQHG�LQ�WHUPV�RI�DQ�
�8UEDQ�8QLWV�RI�2EVHUYDWLRQ��RU��8�2���0DKGDYL�HW�
DO�� ������� 7KHVH� ZHOO�GHILQHG� VHJPHQWV� PD\� VKDUH�
FKDUDFWHULVWLF�IHDWXUHV�LQ�YLHZ�RI�JHRPHWU\��PDVVLQJ��
RU�RWKHU�DVSHFWV�RI�WKH�SK\VLFDO�VWUXFWXUH��
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*LYHQ� WKH� FRPSOH[LW\� RI� WKH� 8+,� SKHQRPHQD�� LW�
QHHGV� WR� EH� H[SORUHG� LQ� D� EURDGHU� JHRJUDSKLFDO�
FRQWH[W��:LWKLQ�WKH�IUDPHZRUN�RI�WKH�DIRUHPHQWLRQHG�
UHVHDUFK�SURMHFW��ZH�LQYHVWLJDWH�WKH�XUEDQ�KHDW�LVODQG�
SKHQRPHQD�LQ�WKH�&HQWUDO�(XURSHDQ�DUHD��$QDO\VLV�RI�
WKH� GDWD� SURYLGHG� E\� HDFK� SDUWLFLSDWLQJ� FLW\� UHYHDOV�
WKH� H[WHQW� RI� WKH� 8+,� HIIHFW� DQG� D�FR QVLGHUDEOH�
YDULDQFH�LQ�LWV�PDQLIHVWDWLRQV��

Assessment of UHI intensity 
(DFK� SDUWLFLSDWLQJ� FLW\� SURYLGHG� GDWD� �LQFOXGLQJ� DLU�
WHPSHUDWXUH��ZLQG�VSHHG�DQG�SUHFLSLWDWLRQ��IURP�WZR�
UHSUHVHQWDWLYH� ZHDWKHU� VWDWLRQV� �RQH� XUEDQ� DQG� RQH�
UXUDO��� 6SHFLILFDOO\�� GDWD� IURP� VHYHQ� FRQVHFXWLYH�
VXPPHU� GD\V� ZHUH� DQDO\]HG� LQ� WHUPV� RI� KRXUO\�
YDOXHV�RI�WKH�XUEDQ�KHDW�LVODQG�LQWHQVLW\�LQ�WKH�FRXUVH�
RI�D�UHIHUHQFH�GD\��)LJXUH��� VKRZV� WKH�PHDQ�KRXUO\�
8+,�LQWHQVLW\�YDOXHV�LQ�WKH�SDUWLFLSDWLQJ�FLWLHV��8UEDQ�
KHDW� LVODQG� LQWHQVLW\� GHQRWHV� WKH� GLIIHUHQFH� EHWZHHQ�
XUEDQ� DQG� UXUDO� WHPSHUDWXUH��� )LJXUH� �� VKRZV� WKH�
FXPXODWLYH� IUHTXHQF\�GLVWULEXWLRQ�RI�8+,�YDOXHV� IRU�
WKH�UHIHUHQFH�ZHHN��8VLQJ�WKLV�ILJXUH��RQH�FDQ�GHILQH�
WKH� SHUFHQWDJH� RI� WLPH�� GXULQJ� ZKLFK� WKH� 8+,�
LQWHQVLW\�LV�EHORZ��RU�DERYH��D�FHUWDLQ�YDOXH���)LJXUH�
��VKRZV�KRXUO\�YDOXHV�RI�XUEDQ�WHPSHUDWXUHV�IRU�WKH�
UHIHUHQFH�VXPPHU�GD\���

�
Figure 1 Mean hourly UHI intensity distribution for 

the reference day 
 

�
Figure 2 Cumulative frequency distribution of UHI 

intensity for a one week summer period 
 

7KHVH� UHVXOWV� FOHDUO\� GHPRQVWUDWH� WKH� H[LVWHQFH� DQG�
VLJQLILFDQW� PDJQLWXGH� RI� WKH� 8+,� HIIHFW� LQ�
SDUWLFLSDWLQJ�FLWLHV��HVSHFLDOO\�GXULQJ�WKH�QLJKW�KRXUV��
+RZHYHU�� WKH� WLPH�GHSHQGHQW� 8+,� SDWWHUQV� YDU\�
FRQVLGHUDEO\� DFURVV� WKH� SDUWLFLSDWLQJ� FLWLHV�� ,Q�
:DUVDZ�� IRU� H[DPSOH�� 8+,� LQWHQVLW\� OHYHO� UDQJHV�
IURP�DURXQG��.�GXULQJ�GD\WLPH�WR�DOPRVW��.�GXULQJ�
WKH�QLJKW��ZKLOH� LQ�6WXWWJDUW� OHYHOV�DUH� UDWKHU� VWHDG\��
UDQJLQJ�IURP��.�WR��.���

�
Figure 3 Mean hourly urban air temperature 

distribution for a day representing the reference 
week in summer 

�
7KHVH� YDULDWLRQV� XQGHUOLQH� WKH� DIRUHPHQWLRQHG�
SUREOHP� RI� VWDQGDUG� ZHDWKHU� ILOHV� XVHG� LQ�
SHUIRUPDQFH� VLPXODWLRQ�� 6LPXODWLRQ�EDVHG�
SUHGLFWLRQV� RI� LQGLYLGXDO� EXLOGLQJV
� WKHUPDO�
SHUIRUPDQFH�QHHG� WR� DGGUHVV� WKLV� SUREOHP��7KHUHE\��
KLJKHU�OHYHO� �XUEDQ�� UHJLRQDO�� PRGHOLQJ� WRROV� FRXOG�
EH� DSSOLHG�� 6XFK� WRROV�� KRZHYHU�� ZRXOG� KDYH� WR� EH�
DEOH� WR� DFFRXQW� IRU� WKH� LPSDFW� RI� FLWLHV
� PDLQ�
JHRJUDSKLFDO� DQG� WRSRJUDSKLF� FKDUDFWHULVWLFV��
)XUWKHUPRUH�� WKH� UROH� RI� XUEDQ� OD\RXW� DQG�
PRUSKRORJ\�� LQGXVWULDO� VLWHV�� WUDQVSRUWDWLRQ� V\VWHPV�
DQG� LQIUDVWUXFWXUHV�� VXUIDFH� SURSHUWLHV�� JUHHQ� DUHDV��
DQG�ZDWHU�ERGLHV�RQ�PLFURFOLPDWLF�FRQGLWLRQV�QHHG�WR�
EH� XQGHUVWRRG� DQG� PRGHOHG�� 7KH� LPSDFW� RI� XUEDQ�
KHDW�LVODQG�RQ�EXLOGLQJV¶�HQHUJ\�UHTXLUHPHQWV�FDQQRW�
EH� LJQRUHG�� 8UEDQ� PLFURFOLPDWH� VWXGLHV� KDYH� WKH�
SRWHQWLDO� WR� SURYLGH� YDOXDEOH� LQVLJKWV� UHJDUGLQJ� WKH�
LQWHUDFWLRQ� EHWZHHQ� EXLOGLQJV¶� HQHUJ\� EDODQFH� DQG�
WKHLU�VXUURXQGLQJV��

85%$1�+($7�,6/$1'�3+2120(121�
,1�7+(�&,7<�2)�9,(11$�
Intra-city variations 
,Q� RUGHU� WR� FKDUDFWHUL]H� WKH� VSDWLDO� DQG� WHPSRUDO�
IHDWXUHV� RI� WKH� 8+,� PDQLIHVWDWLRQV� LQ� WKH� FLW\� RI�
9LHQQD��PLFUR�FOLPDWLF�YDULDWLRQV�ZLWKLQ�VHYHUDO�FLW\�
ORFDWLRQV� ZHUH� REVHUYHG� DQG� DQDO\]HG� �.LHVHO� HW� DO��
������� 7KH� ZHDWKHU� GDWD� XVHG� IRU� WKLV� UHVHDUFK� ZDV�
FROOHFWHG� DW� VHYHUDO� ZHDWKHU� VWDWLRQV� SRVLWLRQHG� LQ�
GLIIHUHQW� ORFDWLRQV� WKURXJKRXW� 9LHQQD� E\� WKH�
UHVSRQVLEOH� RUJDQL]DWLRQ� =$0*� ��=HQWUDODQVWDOW� I�U�
0HWHRURORJLH�XQG�*HRG\QDPLN���GXULQJ�������7DEOH�
��SURYLGHV�DQ�RYHUYLHZ�RI�WKHVH�ZHDWKHU�VWDWLRQV��)RU�
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WKH� SXUSRVHV� RI� WKH� SUHVHQW� WUHDWPHQW�� ZH� IRFXV� RQ�
GDWD�IURP�VXPPHU�DQG�ZLQWHU�SHULRGV�LQ�������
�

Table 1 
Description of the weather stations 

 

 
)LJXUHV���DQG���VKRZ�WKH�PHDQ�KRXUO\�8+,�LQWHQVLW\�
�LQ�WKH�FRXUVH�RI�D�UHIHUHQFH�GD\��IRU�FHQWUDO��$��DQG�
SHULSKHUDO�XUEDQ�ORFDWLRQV��%��&��'��IRU�VXPPHU�DQG�
ZLQWHU� UHVSHFWLYHO\�� 1RWH� WKDW� XUEDQ� KHDW� LVODQG�
LQWHQVLW\� LV� GHILQHG� KHUH� LQ� WHUPV� RI� DLU� WHPSHUDWXUH�
GLIIHUHQFH�EHWZHHQ�PHDVXUHPHQWV�PDGH�LQ�XUEDQ�DQG�
UXUDO� ORFDWLRQ� �5�� L�H�� 6HLEHUVGRUI��� 7KH� UHVXOWV�
VXJJHVW�WKDW�WKH�H[WHQW�RI�WKH�WHPSHUDWXUH�GLIIHUHQFHV�
DFURVV� WKH� FLW\� YDU\� FRQVLGHUDEO\� LQ� WLPH� �GD\��
VHDVRQ��DQG�VSDFH��ORFDWLRQ�� 

�
Figure 4 Mean hourly UHI-intensity for central (A) 

and peripheral urban locations (B, C, D) for summer 
period 

 
Figure 5 Mean hourly UHI-intensity for central (A) 
and peripheral urban locations (B, C, D) for winter 

period 

7KH� FHQWUDO� XUEDQ� ORFDWLRQ� FOHDUO\� GLVSOD\V� WKH�
KLJKHVW� 8+,� OHYHO�� SDUWLFXODUO\� GXULQJ� WKH� QLJKW�
KRXUV�� 7KLV� PD\� EH� H[SODLQHG� YLD� IDFWRUV� UHODWHG� WR�
GHQVLW\��DEXQGDQFH�RI�LPSHUYLRXV�VXUIDFHV��UHGXFWLRQ�
RI�QLJKW�WLPH�EDFN�UDGLDWLRQ��HWF�����

 

Temperature differences in urban environment 

7R�IXUWKHU�H[SORUH�PLFURFOLPDWLF�YDULDQFH�RQ�D�VPDOO�
XUEDQ� VFDOH� OHYHO�� ZH� GHSOR\HG� PRELOH� ZHDWKHU�
VWDWLRQV�WR�DFTXLUH�ZHDWKHU�LQIRUPDWLRQ�SHUWDLQLQJ� WR�
DLU�WHPSHUDWXUH��KXPLGLW\��JOREDO�VRODU�UDGLDWLRQ��DQG�
ZLQG� LQ� D�S DUW� RI� RQH� RI� 9LHQQD
V� FHQWUDO� GLVWULFWV��
0RUHRYHU�� IRU� HDFK� PHDVXUHPHQW� ORFDWLRQ�� VN\�
LPDJHV� ZHUH� JHQHUDWHG� XVLQJ� D� ILVK�H\H� FDPHUD�
�0DOHNL�HW�DO����������

Data sources and methodology 
'DWD� ZHUH� FROOHFWHG� DW� ��� PRUSKRORJLFDOO\�
GLIIHUHQWLDWHG� ORFDWLRQV� �VHH� 7DEOH� ���� 6SHFLILFDOO\��
FROOHFWHG� GDWD� ZHUH� FRPSDUHG� ZLWK� WKH�
VLPXOWDQHRXVO\� PRQLWRUHG� ZHDWKHU� FRQGLWLRQV� DV�
PRQLWRUHG�YLD�D�VWDWLRQDU\�ZHDWKHU�VWDWLRQ��/RFDWLRQV�
YDULHG�LQ�WHUPV�RI�W\SRORJLFDO�FDWHJRU\��VWUHHW��SOD]D��
SDUN�� FRXUW\DUGV�� DV� ZHOO� DV� VN\� YLHZ� IDFWRUV��
SUHVHQFH�RI�YHJHWDWLRQ��DOEHGR�DQG�WKHUPDO�SURSHUWLHV�
RI� VXUURXQGLQJ� VXUIDFHV�� DQG�SUHVHQFH�RU� DEVHQFH�RI�
ZDWHU�ERGLHV��'DWD�ZDV�FROOHFWHG� -XQH� WR�6HSWHPEHU�
LQ������DQG������RQ�KRW�DQG�VXQQ\�GD\V��

Table 2 
Selected measurement locations (SVF: Sky View 

Factor; H/W height to width ratio)  

NO TYPE SVF [%] STREET 
H/W VEGETATION 

6�� VWUHHW� ��� ���� QR�
6�� VWUHHW� ��� ���� QR�
6�� VWUHHW� ��� ���� KHDY\�
6�� VWUHHW� ��� ���� KHDY\�
6�� VWUHHW� ��� ���� QR�
6�� VWUHHW� ��� ���� QR�
3�� SOD]D� ��� Q�D� KHDY\�
3�� SOD]D� ��� Q�D� QR�
3�� SOD]D� ��� Q�D� QR�
&�� FRXUW\DUG� ��� Q�D� QR�
&�� FRXUW\DUG� ��� Q�D� PHGLXP�
*�� SDUN� ��� Q�D� PHGLXP�
*�� SDUN� ��� Q�D� KHDY\�
�

)LJXUH� �� VXPPDUL]HG� WKH� UHVXOWV� RI� WKHVH�
PHDVXUHPHQWV� �IRU� D�U HSUHVHQWDWLYH� VXPPHU� GD\�� LQ�
WHUPV� RI� WKH� WHPSHUDWXUH� GLIIHUHQFH� EHWZHHQ�
WHPSHUDWXUHV�PHDVXUHG�DW�YDULRXV� ORFDWLRQ�DQG� WKRVH�
PHDVXUHG� VLPXOWDQHRXVO\� DW� WKH� VWDWLRQDU\� ZHDWKHU�
VWDWLRQ�� 7KH� UHVXOWV� LOOXVWUDWH� WKH� FRQVLGHUDEOH�
YDULDQFH�LQ�WKHUPDO�FRQGLWLRQV�H[LVWLQJ�HYHQ�ZLWKLQ�D�
UHODWLYHO\� VPDOO� DUHD� ZLWKLQ� WKH� FLW\�� 7KH� YDULDWLRQV�
DSSHDU� WR�EH�UHODWHG� WR�FHUWDLQ�FKDUDFWHULVWLF� IHDWXUHV�
RI� WKH� ORFDWLRQV� �H�J��� VN\� YLHZ� IDFWRU�� YHJHWDWLRQ��
HWF���� +LJKHVW� WHPSHUDWXUHV� ZHUH� PRQLWRUHG� DW� ODUJH�
RSHQ� SOD]DV� ZLWK� LPSHUYLRXV� VXUIDFHV� DQG� OLWWOH�
VKDGLQJ��6KDGHG�FRXUW\DUGV�DQG�VWUHHWV�GLVSOD\HG�WKH�
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y = 0.9016x - 0.2123
R² = 0.6627
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ORZHVW� WHPSHUDWXUHV�GXULQJ� WKH�GD\��7KH�UHVXOWV�DOVR�
SRLQW� WR� D� UHODWLRQVKLS� �0DOHNL� HW� DO�� ������ EHWZHHQ�
ERWK� VRODU� LUUDGLDQFH� DQG� DLU� WHPSHUDWXUH� DW� WKH�
PHDVXUHPHQW� ORFDWLRQV� DQG� WKH� UHVSHFWLYH� VN\� YLHZ�
IDFWRUV��69)��RI�WKHVH�ORFDWLRQV��)LJXUHV���DQG�����

�
Figure 6 Deviation of measured air temperatures at 
13 locations in a central district of Vienna over the 
course of a typical summer day from reference data 

of a nearby weather station 
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Figure 7 Relationship between SVF and the relative 
deviation (in percentage) of the location irradiance 
from the simultaneously measured irradiance at the 

reference weather station 
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Figure 8 Relationship between SVF and temperature 

difference (location temperature and the 
simultaneously measured temperature at the 

reference weather station) 
�

$�)5$0(:25.�)25�7+(�
(9$/8$7,21�2)�8+,�
�

:LWKLQ�WKH�DIRUHPHQWLRQHG�(XURSHDQ�SURMHFW��IXUWKHU�
HIIRUWV� DUH� EHLQJ� PDGH� WR� IRUPXODWH� D�V \VWHPDWLF�
DSSURDFK�WR�WKH�GHWHFWLRQ��GHVFULSWLRQ��DQG�PLWLJDWLRQ�
RI�8+,� SKHQRPHQD��7KHVH� HIIRUWV� DUH� GULYHQ� E\� WKH�
LQVLJKW� WKDW� WKH� XUEDQ�PLFURFOLPDWH� LV� LQIOXHQFHG� E\�
IDFWRUV� VXFK� DV� GLIIHUHQW� PRUSKRORJLHV�� EXLOGLQJ�
VWUXFWXUHV��DQG�VXUIDFH�PDWHULDOV��*ULPPRQG�DQG�2NH�
������6WHZDUW�DQG�2NH������� WKDW�FDQ�EH� LQIOXHQFHG�
YLD� SURSHU� GHVLJQ� DQG� UHWURILW� VWUDWHJLHV�� ,Q� WKLV�
FRQWH[W��ZH�GHVFULEH�D�V\VWHPDWLF� IUDPHZRUN� IRU� WKH�
HYDOXDWLRQ� RI� 8+,
V� IDU�UHDFKLQJ� LPSOLFDWLRQV� IRU�
PLFURFOLPDWH�� HQHUJ\� XVH�� DQG� KXPDQ� UHTXLUHPHQWV�
SHUWDLQLQJ� WR� KHDOWK� DQG� FRPIRUW� �0DKGDYL� HW� DO��
�������7KH�IUDPHZRUN�LV�LQWHQGHG�WR�LQFRUSRUDWH�ERWK�
GHWDLOHG�QXPHULF�VLPXODWLRQ�PHWKRGV�DQG�HPSLULFDOO\�
GULYHQ�VWDWLVWLFDOO\�EDVHG�FDOFXODWLRQ�WRROV��

Framework introduction 
7KH�GHILQLWLRQ��GHVFULSWLRQ��DQG�TXDQWLILFDWLRQ�RI� WKH�
XUEDQ�KHDW�LVODQG�HIIHFW�UHO\�RQ�D�ODUJH�ERG\�RI�ERWK�
VKRUW�WHUP� DQG� ORQJ�WHUP� PHDVXUHPHQW� UHVXOWV��
:LWKLQ� WKH� SURSRVHG� IUDPHZRUN�� WKH� PDJQLWXGH� RI�
8+,� SKHQRPHQRQ� LV� H[SUHVVHG� IRU� VSHFLILF� FOHDUO\�
ERXQGHG�VHJPHQWV�RI�WKH�XUEDQ�GRPDLQ�WKDW�FRXOG�EH�
GHILQHG� LQ� WHUPV�RI� DQ� �8UEDQ�8QLW� RI�2EVHUYDWLRQ��
�8�2��� $� VSDWLDO� GLPHQVLRQ� �GLDPHWHU�� RI�
DSSUR[LPDWHO\� ����W R� ����� P� KDV� EHHQ� WDUJHWHG��
7KHVH� ZHOO�GHILQHG� VHJPHQWV� PD\� VKDUH�
FKDUDFWHULVWLF�IHDWXUHV�LQ�YLHZ�RI�JHRPHWU\��PDVVLQJ��
RU�RWKHU�DVSHFWV�RI�WKH�SK\VLFDO�VWUXFWXUH���
,Q�RUGHU�WR�SUHGLFW��HVWLPDWH��DQG�YHULI\�WKH�HIIHFW�RI�
8+,� RQ� EXLOGLQJV� HQHUJ\� UHTXLUHPHQWV�� ZH� QHHG� WR�
H[SUHVV� WKLV� SKHQRPHQRQ� LQ� WHUPV� RI� FKDQJHV� LW�
LQWURGXFHV� LQ� DQ� 8�2�� :H� WKXV� QHHG� D� VWUXFWXUHG�
DSSURDFK� WR� V\VWHPDWLFDOO\� FDSWXUH� WKH� HVVHQWLDO�
JHRPHWULF� DQG� SK\VLFDO� IHDWXUHV� RI� DQ� 8�2�� 7KHVH�
YDULDEOHV�� ZKLFK� FRQVWLWXWH� PRGHO� LQSXW� LQIRUPDWLRQ�
ERWK� IRU� VLPXODWLRQ� DSSOLFDWLRQV� DQG� VLPSOLILHG�
FDOFXODWLRQV��DUH�SUHVHQWHG�LQ�7DEOHV���DQG�����
7KH� JHRPHWULF� SURSHUWLHV� DUH� DSSOLHG� IRU�
LGHQWLILFDWLRQ� RI� WKH� XUEDQ� PRUSKRORJ\� LQ� DQ� 8�2��
7KH�6N\�YLHZ�IDFWRU��69)��GHSLFWV�WKH�IUDFWLRQ�RI�WKH�
VN\�KHPLVSKHUH�YLVLEOH�IURP�JURXQG�OHYHO��7KH�DVSHFW�
UDWLR�JLYHV�LQIRUPDWLRQ�RQ�WKH�KHLJKW�WR�ZLGWK�UDWLR�RI�
VWUHHW� FDQ\RQV�� %XLOW� DUHD� IUDFWLRQ�� XQEXLOW� DUHD�
IUDFWLRQ�� LPSHUYLRXV� VXUIDFH� IUDFWLRQ�� DQG� SHUYLRXV�
VXUIDFH� IUDFWLRQ� �JUHHQ�� HDUWK�� ZDWHU�� JLYH�
LQIRUPDWLRQ�RQ� WKH�FRQILJXWDWLRQ�RI� WKH�JURXQG�DUHD��
7KH�PHDQ�EXLOGLQJ�FRPSDFWQHVV�GHQRWHV� WKH�UDWLR�RI�
EXLOW�YROXPH�DERYH�WHUUDLQ�WR�WRWDO�EXLOGLQJ�SODQ�DUHD��
7KH� EXLOW� VXUIDFH� IUDFWLRQ� GHQRWHV� WKH� UDWLR� RI� WRWDO�
EXLOW� VXUIDFH� DUHD� �DERYH� WHUUDLQ�� RI� EXLOGLQJV�
LQFOXGLQJ� ZDOO� DUHD� DQG� WKH� WRWDO� URRI� DUHD�
�LPSHUYLRXV�DQG�SHUYLRXV��WR�WRWDO�EXLOW�DUHD��
7KH� SK\VLFDO� SURSHUWLHV� GHVFULEH� WKH� WKHUPDO�
FKDUDFWHULVWLFV� RI� XUEDQ� VXUIDFHV�� 7KHVH� LQFOXGH� WKH�
DOEHGR�� HPLVVLYLW\�� WKHUPDO� FRQGXFWLYLW\�� VSHFLILF�

y = 109.37x - 107.05
R² = 0.7937
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KHDW� FDSDFLW\�� DQG� GHQVLW\�� $GGLWLRQDOO\� WKH�
DQWKURSRJHQLF�KHDW�RXWSXW�LV�FRQVLGHUHG���

Table 3 
Geometric properties of an U2O 

 PROPERTIES SYMBOL RANGE 
$VSHFW�UDWLR� +�:� �����
%XLOW�DUHD�IUDFWLRQ� $E�$WRW�

$E���EXLOGLQJ�SODQ�DUHD�
$WRW���WRWDO�JURXQG�DUHD�

����

8QEXLOW�DUHD�IUDFWLRQ� ���$E�$WRW� ����
,PSHUYLRXV�VXUIDFH�
IUDFWLRQ�

$L� ����

3HUYLRXV�VXUIDFH�
IUDFWLRQ�

$S� ��$H��$J��$+�2��
$H���HDUWK�
$J���JUHHQ�
$+�2���ZDWHU�

����

0HDQ�EXLOGLQJ�
FRPSDFWQHVV�

OF� �9E�$E�
9E���EXLOW�YROXPH�

��

%XLOW�VXUIDFH�IUDFWLRQ� $V�$E�
$V���WRWDO�EXLOW�VXUIDFH�
DUHD�

��

����:DOOV� $:�$E�
$:���WRWDO�ZDOO�DUHD�

��

����5RRIV� $5�$E��
$5� ��$5�L���$5�S��
$5���WRWDO�URRI�DUHD�

��

����,PSHUYLRXV�URRIV� $5�L��$E��
$5�L���WRWDO�LPSHUYLRXV�
URRI�DUHD�

��

����3HUYLRXV�URRIV� $5�S��$E�
$5�S���WRWDO�SHUYLRXV�URRI�
DUHD�

��

0HDQ�VHD�OHYHO� KVO� ��
 

Table 4 
Surface/material properties of an U2O 

 
2QFH� 8�2V� DQG� WKHLU� UHVSHFWLYH� YDULDEOHV� DUH�
GHILQHG�� SRWHQWLDO� PLWLJDWLRQ� PHDVXUHV� PD\� EH�
H[SUHVVHG� LQ� WHUPV� RI� UHVSHFWLYH� FKDQJHV� WR� WKH�
YDULDEOH� DWWULEXWHV��2QFH� WKH� VSHFLILFV� RI� HQYLVLRQHG�
PLWLJDWLRQ�PHDVXUHV�DUH�GHWHUPLQHG��WKHLU�LPSDFW�FDQ�
EH� HVWLPDWHG�� 7RZDUG� WKLV� HQG�� ZH� KDYH� EHHQ�
FRQVLGHULQJ� WZR�SULQFLSDO�DSSURDFKHV��2QH�DSSURDFK�
UHOLHV� RQ� WKH� VWDWLVWLFDO� DQDO\VHV� RI� HPSLULFDO� GDWD��
7KHUHE\�� FRUUHODWLRQV� EHWZHHQ� PHDVXUHG� XUEDQ� KHDW�
LVODQG�LQWHQVLW\�DW�GLIIHUHQW�ORFDWLRQV�LQ�D�FLW\�DQG�WKH�
SK\VLFDO� IHDWXUHV� RI� WKHVH� ORFDWLRQV� DUH� H[SORLWHG� WR�
GHULYH� HPSLULFDOO\� EDVHG� IRUPXODV�� 7KH� RWKHU�

DSSURDFK�H[SORUHV�WKH�SRWHQWLDO�RI�QXPHULF��W\SLFDOO\�
&)'�EDVHG�� FRPSXWDWLRQDO� PRGHOV� IRU� SHUIRUPLQJ�
SUHGLFWLRQV�� $� FRPELQDWLRQ� RI� ERWK� RI� WKH� DERYH�
PHQWLRQHG� DSSURDFKHV� ZLOO� KHOS� XV� H[SODLQ� 8+,�
YDULDELOLW\�RYHU�VSDFH�DQG�WLPH��7KHUHE\��WKH�QXPHULF�
VLPXODWLRQ�WRROV�FDQ�EH�FDOLEUDWHG�EDVHG�RQ�DYDLODEOH�
HPSLULFDO� GDWD�� $GGLWLRQDOO\�� WKH� IUDPHZRUN� FDQ�
IDFLOLWDWH�WKH�H[SORUDWLRQ�RI�WKH�8+,�LPSOLFDWLRQV�IRU�
WKH�WKHUPDO�SHUIRUPDQFH�RI�LQGLYLGXDO�EXLOGLQJV��
�

&21&/86,21�
�

7KH� 8UEDQ� KHDW� LVODQG� FRXOG� EH� GRFXPHQWHG� IRU�
PXOWLSOH�FLWLHV�LQ�FHQWUDO�(XURSH��)XUWKHUPRUH�D�PRUH�
GHWDLOHG� ORRN� DW� WKH� FLW\� RI� 9LHQQD� UHYHDOHG�
VLJQLILFDQW� GLIIHUHQFHV� LQ� WKH� PLFURFOLPDWH� DFURVV�
PXOWLSOH� GLVWULFWV�� 7KLV� VWUHVVHV� WKH� LPSRUWDQFH� RI�
VWXG\LQJ� PLFURFOLPDWLF� YDULDQFH�� 7KH� DQDO\VLV� RI�
ORFDO� PLFURFOLPDWLF� FRQGLWLRQV� VKRZV� WKDW� WKH\� FDQ�
YDU\�FRQVLGHUDEO\�GHSHQGLQJ�RQ�WKH�VLWH�IHDWXUHV�VXFK�
DV� XUEDQ� JHRPHWU\�� VXUIDFH� SURSHUWLHV�� SUHYDLOLQJ�
ZLQG� VLWXDWLRQ�� H[WHQW� RI� YHJHWDWLRQ�� DQG� VRXUFHV� RI�
DQWKURSRJHQLF� KHDW� HPLVVLRQV�� $GGLWLRQDOO\� D�
V\VWHPDWLF� IUDPHZRUN� IRU� WKH� HYDOXDWLRQ� RI� 8+,�
PLWLJDWLRQ�PHDVXUHV�ZDV�LQWURGXFHG��7KLV�IUDPHZRUN�
IDFLOLWDWHV� WKH� VLPXODWLRQ� EDVHG� DVVHVVPHQW� RI� WKH�
LPSDFW�RI�PLWLJDWLRQ�PHDVXUHV�RQ�ORFDO�PLFURFOLPDWLF�
FRQGLWLRQV�LQ�FLWLHV���

$&.12:/('*(0(17�
7KLV�SURMHFW�ZDV�IXQGHG�LQ�SDUW�E\�WKH�(8�3URMHFW�
�'HYHORSPHQW�DQG�DSSOLFDWLRQ�RI�PLWLJDWLRQ�DQG�
DGDSWDWLRQ�VWUDWHJLHV�DQG�PHDVXUHV�IRU�FRXQWHUDFWLQJ�
WKH�JOREDO�8UEDQ�+HDW�,VODQG�SKHQRPHQRQ��&HQWUDO�
(XURSH�3URJUDP��1R��&(���3����

5()(5(1&(6�
$NEDUL�� +�� ������ (QHUJ\� 6DYLQJ� 3RWHQWLDOV� DQG� $LU�

4XDOLW\� %HQHILWV� RI� 8UEDQ� +HDW� ,VODQG�
0LWLJDWLRQ�� /DZUHQFH� %HUNHOH\� 1DWLRQDO�
/DERUDWRU\��%HUNHOH\��&$��

$OH[DQGUL�� (�� ������ *UHHQ� FLWLHV� RI� WRPRUURZ"��
3RUWXJDO� 6%���� 6XVWDLQDEOH� &RQVWUXFWLRQ��
0DWHULDOV�DQG�3UDFWLFHV�����������

*ULPPRQG��&�6�%���2NH��7��5��������+HDW�6WRUDJH�LQ�
8UEDQ� $UHDV�� /RFDO�6FDOH� 2EVHUYDWLRQV� DQG�
(YDOXDWLRQ� RI� D� 6LPSOH� 0RGHO�� -RXUQDO� RI�
DSSOLHG� PHWHRURORJ\�� 9ROXPH� ���� ,VVXH� ��� SS��
���±�����

*ULPPRQG�� &�6�%�� ������ 8UEDQL]DWLRQ� DQG� JOREDO�
HQYLURQPHQWDO� FKDQJH�� ORFDO� HIIHFWV� RI� XUEDQ�
ZDUPLQJ�� &LWLHV� DQG� JOREDO� HQYLURQPHQWDO�
FKDQJH��9ROXPH������,VVXH����SS���������

+DUODQ�� 6� /��� 5XGGHOO�� '�0�� ������ &OLPDWH� FKDQJH�
DQG� KHDOWK� LQ� FLWLHV�� LPSDFWV� RI� KHDW� DQG� DLU�
SROOXWLRQ� DQG� SRWHQWLDO� FR�EHQHILWV� IURP�
PLWLJDWLRQ� DQG� DGDSWDWLRQ�� 9ROXPH� ��� ,VVXH� ���
SS�����������

PROPERTIES SYMBOL RANGE 
5HIOHFWDQFH�DOEHGR� ȡVZ� ����
(PLVVLYLW\� ഌOZ� ����
7KHUPDO�FRQGXFWLYLW\� Ȝ� ��ȜL���ȜS��

ȜL���LPSHUYLRXV�VXUIDFH�
ȜS���SHUYLRXV�VXUIDFH�

��

6SHFLILF�KHDW�FDSDFLW\� F� ��FL���FS��
FL���LPSHUYLRXV�VXUIDFH�
FS���SHUYLRXV�VXUIDFH�

��

'HQVLW\� ȡ� ��ȡL���ȡS��
ȡL���LPSHUYLRXV�VXUIDFH�
ȡS���SHUYLRXV�VXUIDFH�

��

$QWKURSRJHQLF�KHDW�
RXWSXW�

4)� ��
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.LHVHO�� .��� 9XFNRYLF��0���2 UHKRXQLJ�� .���0DKGDYL��
$�� ������ $QDO\VLV� RI� PLFUR� FOLPDWLF� YDULDWLRQV�
DQG�WKH�XUEDQ�KHDW�LVODQG�SKHQRPHQRQ�LQ�WKH�FLW\�
RI�9LHQQD��(85$������&RQIHUHQFH��9LHQQD��

.OHHUHNRSHU�� /��YDQ� (VFK�� 0��� 6DOFHGR�� 7�%�� ������
+RZ� WR� PDNH� D� FLW\� FOLPDWH�SURRI�� DGGUHVVLQJ�
WKH� XUEDQ� KHDW� LVODQG� HIIHFW�� 5HVRXUFHV��
&RQVHUYDWLRQ�DQG�5HF\FOLQJ��9ROXPH�����SS�����
����

0DKGDYL�� $��� .LHVHO�� .��� 9XFNRYLF�� 0��� ����� $�
IUDPHZRUN� IRU� WKH� HYDOXDWLRQ� RI� XUEDQ� KHDW�
LVODQG� PLWLJDWLRQ� PHDVXUHV�� 6%��� 0XQLFK�
&RQIHUHQFH��*HUPDQ\�

0DOHNL��$���2UHKRXQLJ��.���.LHVHO��.���0DKGDYL��$��
������ 0RQLWRULQJ� DQG� PRGHOLQJ� RI� WKH� XUEDQ�
PLFUR�FOLPDWH�� (85$� ����� &RQIHUHQFH��
3URFHHGLQJV��������9LHQQD��

6WHZDUW�� ,�'���2NH��7�5�� ������/RFDO�&OLPDWH�=RQHV�
IRU� 8UEDQ� 7HPSHUDWXUH� 6WXGLHV�� %XOOHWLQ� RI� WKH�
$PHULFDQ� 0HWHRURORJLFDO� 6RFLHW\�� 9ROXPH� ����
,VVXH�����SS������±������

9RRJW�� -�$�� ������8UEDQ�+HDW� ,VODQG�� (QF\FORSHGLD�
RI�*OREDO�(QYLURQPHQWDO�&KDQJH��9ROXPH����SS��
���������

�
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