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$%675$&7�
7KH� SUHVHQWHG� ZRUN� LV� GHYRWHG� WR� WKH� DQDO\VLV� RI�
YLVXDO�FRPIRUW�LQGH[HV�XQGHU�WKHRUHWLFDO�DQG�UHDO�VN\�
FRQGLWLRQV�� FOHDU� DQG� RYHUFDVW�� )RU� WKH� VHOHFWHG�
SHULRG�RI�WKH�\HDU��WKH�VN\�OXPLQDQFH�GLVWULEXWLRQ�ZDV�
HVWLPDWHG� XVLQJ� VWDQGDUG� VN\� PRGHO� DQG�
PHDVXUHPHQW� GDWD�� 0HDVXUHPHQWV� ZHUH� FRQGXFWHG�
WKURXJK� WKH�ZKROH� \HDU� IURP�0DUFK� ����� WR�0DUFK�
������ ,OOXPLQDQFH� GLVWULEXWLRQ� LQVLGH� D� URRP� ZDV�
HVWLPDWHG�E\�ZD\�RI�FRPSXWHU�VLPXODWLRQ�XVLQJ�5D\�
7UDFLQJ� 7HFKQLTXHV�� %DVHG� RQ� VLPXODWLRQ� UHVXOWV��
'D\OLJKW�*ODUH�,QGH[�DQG�9HUWLFDO�,OOXPLQDQFH�DW�(\H�
ZHUH� GHWHUPLQHG� DW� ���� DQG� ���� GHSWK� RI� WKH� URRP��
7KH�PDLQ�JRDO�RI�WKH�SUHVHQWHG�VWXG\�ZDV�WR�HVWLPDWH�
WKH� GLIIHUHQFH� EHWZHHQ� WKHRUHWLFDO� DQG� UHDO� GD\OLJKW�
FRQGLWLRQV� DQG� LWV� HIIHFW� RQ� WKH� YDOXH� RI� FRPIRUW�
LQGH[HV�� %RWK� SDUDPHWHUV� �'*,� DQG� 9,(�� ZHUH�
HVWLPDWHG�QXPHULFDOO\�DQG�H[SHULPHQWDOO\�XVLQJ�VFDOH�
PRGHO�RI�WKH�URRP��
7KH�VHFRQG�SXUSRVH�RI�WKH�SUHVHQWHG�DQDO\VLV�ZDV�WR�
ILQG�WKH�EHVW�SRVVLEOH�VROXWLRQ�IRU�WUDQVSDUHQW�IDoDGHV�
FRQVLGHULQJ� GLIIHUHQW� VSHFWUDO� SURSHUWLHV� RI� JOD]LQJ�
V\VWHPV�� )RXU� JOD]LQJ� V\VWHPV� GLIIHUULQJ� LQ� WRWDO�
YLVXDO� WUDQVPLWWDQFH� ZHUH� FRQVLGHUHG� DQG� DQDO\VHG�
ERWK� QXPHULFDOO\� DQG� H[SHULPHQWDOO\�� 7DNLQJ� LQWR�
DFFRXQW� WKH� PLQLPXP� OHYHO� RI� LOOXPLQDQFH� DW� D�
ZRUNLQJ� SODQH�� WKH� UHFRPPHQGHG� VROXWLRQ� ZDV�
SURSRVHG��)LQDOO\��JHQHUDO�UHPDUNV�IRU�KLJKO\�JOD]HG�
EXLOGLQJV�ZHUH�IRUPXODWHG�ZLWK�VRPH�UHFRPPHQGDWLRQ�
GHSHQGLQJ�RQ�WKH�IDoDGH¶V�RULHQWDWLRQ��

,1752'8&7,21�
/XPLQRXV�GLVWULEXWLRQ� LQ�D�EXLOGLQJ� VSDFH� LV�XVXDOO\�
DQDO\VHG�DV�YLUWXDO�PRGHOV�XVLQJ�DGYDQFHG�QXPHULFDO�
WHFKQLTXHV� �5DGLRVLW\� DQG� 5D\�7UDFLQJ��
�7VDQJUDVVRXOLV� 	� %RXUGDNLV� ������� $� YDULHW\� RI�
GD\OLJKW� VLPXODWLRQ� SURJUDPPHV� KDYH� EHHQ�
GHYHORSHG�LQ�WKH�ODVW�GHFDGH�EDVHG�RQ�WKH�FDOFXODWLRQ�
PHWKRGV� OLVWHG� DERYH�� )RU� GD\OLJKW� FDOFXODWLRQV��
OLJKWLQJ� VRXUFHV� DUH� GHVFULEHG� E\� KHPLVSKHULFDO�
OXPLQDQFH�GLVWULEXWLRQ�±�VN\�PRGHOV��6N\�PRGHOV�DUH�
DOZD\V� FKDUDFWHUL]HG� E\� DQ� LGHDO�� FRQWLQXRXV�
OXPLQDQFH�SDWWHUQ�ZKLFK�GLIIHUV�IURP�WKH�GLVWULEXWLRQ�
RI�OLJKW�RYHU�WKH�VN\�GRPH��.LWWOHU�DW�DO���������7KHUH�
DUH� PDQ\� VN\� PRGHOV� EXW� WKH� PRVW� FRPPRQ� LV� DQ�
RYHUFDVW� VN\�� IUHTXHQWO\� XVHG� LQ� SUREOHPV� RI�
LOOXPLQDQFH� GLVWULEXWLRQ�� 7KH� PRVW� SRSXODU�

VWDQGDUGL]HG� VN\� PRGHOV� DUH� UHFRPPHQGHG� E\� WKH�
,QWHUQDWLRQDO�&RPPLVVLRQ�RQ� ,OOXPLQDWLRQ�&,(� �&,(�
������� 7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WR� FRPSDUH�
LOOXPLQDQFH� GLVWULEXWLRQ� LQ� D� VFDOH� PRGHO� RI� D�
EXLOGLQJ� XQGHU� PHDVXUHG� DQG� WKHRUHWLFDO� �&,(�
PRGHOV�� OXPLQDQFH� FRQGLWLRQV�� 7ZR� W\SHV� RI� VNLHV�
KDYH�EHHQ�VHOHFWHG��FOHDU�DQG�RYHUFDVW��
7KH� H[SHULPHQW� ZDV� FRQGXFWHG� XVLQJ� DQ� RULJLQDO��
PHDVXUHPHQW� VWDWLRQ� +HOLRER[� H[SRVHG� WR� H[WHUQDO�
ZHDWKHU� FRQGLWLRQV�� +HOLRER[� LV� D� PRGHO� RI� D�
UHFWDQJXODU� URRP� ��î�î��P�� EXLOW� LQ� D� VFDOH� RI� �����
([WHUQDO� GD\OLJKW� FRQGLWLRQV� ZHUH� PRQLWRUHG� E\�
SKRWRPHWULF�WHFKQLTXHV��RQ�WKH�VWDQG�LQVWDOOHG�RQ�WKH�
URRI� DERYH� WKH� +HOLRER[�� +LJK� '\QDPLF� 5DQJH�
LPDJHV� RI� WKH� VN\� ZHUH� WDNHQ� HYHU\� KRXU�� 6N\�
OXPLQDQFH�GLVWULEXWLRQV�ZHUH�FDOFXODWHG�EDVHG�RQ�WKH�
GLJLWDO� LPDJHV� �-DFREV� ������� 7KH� %DFNZDUG� 5D\�
7UDFLQJ�PHWKRG�ZDV�VHOHFWHG�IRU�WKH�VLPXODWLRQ�DV�LW�
FDQ�EH�XVHG�WR�VROYH�WKH�UHQGHULQJ�HTXDWLRQ�XQGHU�DQ\�
NLQG� RI� UHIOHFWLRQ� RU� WUDQVPLVVLRQ�� DOVR� LQ�
JHRPHWULFDOO\� FRPSOLFDWHG� HQYLURQPHQWV�� 7KH�
FRPSXWHU� VLPXODWLRQ� VRIWZDUH�5DGLDQFH�ZDV� XVHG� IRU�
FDOFXODWLRQV� RI� LOOXPLQDQFH� GLVWULEXWLRQ� �/DUVRQ� 	�
6KDNHVSHDUH��������

352%/(0�'(),1,7,21�
7KH� SUREOHP� RI� YLVXDO� FRPIRUW� XVXDOO\� RFFXUV� LQ�
KLJKO\� JOD]HG� EXLOGLQJV� H[SRVHG� WR� GLUHFW� VRODU�
UDGLDWLRQ�� ,Q� FRQVWUXFWLRQV� ZLWKRXW� VRODU� SURWHFWLRQ�
V\VWHPV�� FRPIRUW� LQGH[HV�� H�J�� '*,�� 9,(� FDQ� EH�
LPSURYHG� E\� GLIIHUHQW� RU� HYHQ� FKDQJHDEOH� VRODU�
WUDQVPLWWDQFH� �³LQWHOOLJHQW� PDWHULDOV´��� LQFOXGLQJ� WKH�
FKDUDFWHU� RI� OLJKW� �GLUHFW� RU� GLIIXVH��� 7KH� UHTXLUHG�
WUDQVSDUHQW� SURSHUWLHV� FDQ� EH� REWDLQHG� E\� XVLQJ�
XQXVXDO� W\SH� RI� JODVV�� FRORXUHG�� IUR]HQ�� HWF�� 6XFK�
VROXWLRQV� FDQ� HOLPLQDWH� WKH� OXPLQDQFH� FRQWUDVW� LQ�
EXLOGLQJ�LQWHULRUV��EXW�RQ�WKH�RWKHU�KDQG�GHFUHDVH�WKH�
LOOXPLQDQFH�OHYHO�DW�D�ZRUNLQJ�SODQH��
1XPHULFDO� DQDO\VLV� RI� JODUH� GLVFRPIRUW� FDXVHG� E\�
GD\OLJKW� VRXUFH� LV� GHWHUPLQHG� E\� VN\� OXPLQDQFH�
GLVWULEXWLRQ��2YHU�WKH�ODVW�GHFDGHV��.LWWOHU�DQG�'DUXOD�
KDYH� GRQH� D� ORW� RI� UHVHDUFK� WR� IRUPXODWH� PRUH�
UHDOLVWLF� VN\� PRGHOV� GHVFULELQJ� H[WHUQDO� FRQGLWLRQV�
�'DUXOD� 	� .LWWOHU� ������� �'DUXOD� HW� DO�� �������
+RZHYHU�� GLIIHUHQFHV� EHWZHHQ� UHDO� DQG� WKHRUHWLFDO�
VN\� OXPLQDQFH� GLVWULEXWLRQ� DUH� VWLOO� VLJQLILFDQW�� HYHQ�
WKH� SURSRVHG� QXPEHU� RI� EDVLF� VN\� W\SHV� ZDV�
LQFUHDVHG� WR� ���� 7KHUHIRUH�� LQGLYLGXDO� PRGHO�
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DGDSWDWLRQ� WR� ORFDO� FOLPDWLF� FRQGLWLRQV� LV� XVXDOO\�
QHFHVVDU\��

9,68$/�&20)257�
9&3� �9LVXDO� &RPIRUW� 3UREDELOLW\�� �,(61$� �������
8*5� �8QLILHG� *ODUH� 5DWLQJ�� �&,(� ������ DQG� '*,�
�'D\OLJKW� *ODUH� ,QGH[�� �+RSNLQVRQ� ������ DUH� ZHOO�
NQRZQ� DSSURDFKHV� WR� WKH� HYDOXDWLRQ� RI� GLVFRPIRUW�
JODUH��$PRQJ�RWKHUV��8*5�LV�WKH�DVVHVVPHQW�PHWKRG�
WKDW� WKH� ,QWHUQDWLRQDO� &RPPLVVLRQ� RQ� ,OOXPLQDWLRQ�
�&,(��GHILQHG�DV�WKH�VWDQGDUG�WR�HYDOXDWH�GLVFRPIRUW�
JODUH��)RU�WKH�SXUSRVH�RI�FXUUHQW�ZRUN��WZR�PHWKRGV�
ZHUH�VHOHFWHG�DQG�WDNHQ�WR�DVVHVV�YLVXDO�FRPIRUW��
)URP� WKH� KXPDQ� SHUFHSWLRQ�� WKH� JODUH� HIIHFW� FDQ� EH�
GLYLGHG� LQWR� ILYH� GHJUHHV�� SHUFHSWLEOH�� DFFHSWDEOH��
ERUGHUOLQH� EHWZHHQ�� XQFRPIRUWDEOH�� DQG� LQWROHUDEOH��
&ODVVLILFDWLRQ�WR�RQH�RI�WKH�IROORZLQJ�JURXSV�GHSHQGV�
RQ� WKH� YDOXH� RI� 'D\OLJKW� *ODUH� ,QGH[� �'*,��� 7KH�
KLJKHVW� OXPLQDQFH� LQ� WKH� EXLOGLQJ� LQWHULRU� LV� FDXVHG�
E\� WKH� OLJKW� VRXUFH�� H�J��ZLQGRZ�DQG�RWKHU�HOHPHQWV�
RI� WKH� WUDQVSDUHQW� HQYHORSH� �GLUHFW� JODUH��� 7KH� ILUVW�
H[SUHVVLRQ�RI�'*,�ZDV�EDVHG�RQ�DQ�DQDO\WLF�UHODWLRQ�
WR� WKH� VR�FDOOHG� &RUQHOO
D� IRUPXOD� �+RSNLQVRQ� 	�
%UDGOH\� ������� E\� PRGLILFDWLRQ� RI� &KDXYHO� HW� DO��
�������� )RU� Q� OLJKW� VRXUFHV� RI� JODUH� LQGH[� LV�
H[SUHVVHG�DV�IROORZV��
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ZKHUH��
/YV� LV� WKH� OXPLQDQFH� RI� HDFK� SDUW� RI� WKH� VRXUFH�
>FG�P�@��
/YE� LV� WKH� DYHUDJH� OXPLQDQFH� RI� WKH� VXUIDFH� LQ� WKH�
HQYLURQPHQW��ZLWKLQ�WKH�ILHOG�RI�YLHZ�>FG�P�@��
/YZ� LV� WKH� ZHLJKWHG� DYHUDJH� OXPLQDQFH� RI� WKH�
ZLQGRZ�� LQ� IXQFWLRQ� RI� WKH� UHODWLYH� DUHDV� RI� VN\��
REVWUXFWLRQ�DQG�JURXQG�>FG�P�@��
� LV�WKH�VROLG�DQJOH�RI�WKH�ZLQGRZ�>VU@��
� LV� WKH� VROLG� DQJOH� RI� WKH� VRXUFH�� PRGLILHG� LQ�
IXQFWLRQ�RI�WKH�OLQH�RI�VLJKW�>VU@��
7KH� VHFRQG� JODUH� LQGH[� DQDO\VHG� LQ� WKLV� ZRUN� LV�
9HUWLFDO�,OOXPLQDQFH�DW�(\H��9,(��GLUHFWO\�FDOFXODWHG�
E\�5$',$1&(�PRGHO��

02'(//,1*�$1'�0($685(0(176�
Model set up and measurement installation 
7KH� VLPXODWLRQ� DQDO\VLV� DQG� WKH� H[SHULPHQW� ZHUH�
FRQGXFWHG� IRU� WKH� VHOHFWHG�� IXOO\� FORXG\� �RYHUFDVW�
VN\��� DQG� VXQQ\� �FOHDU� VN\�� GD\V� RI� WKH� \HDU�
����·������ 7KH� H[SHULPHQW� ZDV� FRQGXFWHG� IRU� D�
VFDOH�PRGHO�RI�UHFWDQJXODU�EXLOGLQJ�VSDFH���î�î��P��
+HOLRER[� �)LJXUH����� /RFDWLRQ� RI� WKH� LQVWDOODWLRQ� LV�
&HQWUDO� (XURSH�� ODWLWXGH� ��� GHJUHHV� QRUWK��

5HIOHFWDQFH��H[SUHVVHG�LQ�5*%�IRUPDW�RI�DOO� LQWHUQDO�
VXUIDFHV�DUH�SUHVHQWHG�LQ�7DEOH����

7DEOH���
3K\VLFDO�SURSHUWLHV�RI�RSDTXH�DQG�WUDQVSDUHQW�
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7KH�WUDQVSDUHQW�SDUW�RI�WKH�H[WHUQDO�ZDOO�ZDV�RULHQWHG�
WR� WKH� VRXWK�� 7KH� GD\OLJKW� VRXUFH� IRU� WKH� EXLOGLQJ�
VSDFH�ZDV�D�VRODU�UDGLDWLRQ�WUDQVPLWWHG�WKURXJK�JODVV�
SDQH� ZLWK� D� WKLFNQHVV� RI� ��PP� DQG� GLIIHUHQW� YLVXDO�
WUDQVPLWWDQFH� YLV� SUHVHQWHG� LQ� 7DEOH� ��� $OO� RSWLFDO�
SDUDPHWHUV�IRU�RSDTXH�DQG�WUDQVSDUHQW�VXUIDFHV�ZHUH�
REWDLQHG�XVLQJ�VSHFWURVFRS\�PHDVXUHPHQWV� �9,6���$�
VHW� RI� QLQH� OX[PHWHUV� IRU� VLPXOWDQHRXV� LOOXPLQDQFH�
PHDVXUHPHQW�ZDV�LQVWDOOHG�LQVLGH�WKH�+HOLRER[�DW�WKH�
KHLJKW� FRUUHVSRQGLQJ� WR� WKH� KHLJKW� RI� WKH� ZRUNLQJ�
SODQH� �)LJXUH� ���� 7KH� ODVW�� WHQWK� OX[PHWHU� ZDV�
LQVWDOOHG� RXWVLGH�+HOLRER[� RQ� D� KRUL]RQWDO� SODQH� WR�
PHDVXUH� WRWDO� KRUL]RQWDO� LOOXPLQDQFH�� 7KH� VDPH�
PRGHO�ZDV�GHILQHG�LQ�'HVNWRS�5DGLDQFH�IRU�GD\OLJKW�
VLPXODWLRQ��0DWHULDOV�SURSHUWLHV�ZHUH�DVVXPHG� WR�EH�
WKH�VDPH�DV�IRU�WKH�H[SHULPHQW��7UDQVSDUHQW�HOHPHQWV�
ZHUH� GHVFULEHG� DV� D� JODVV�ZLWK� YLVXDO� WUDQVPLVVLYLW\�
DQG�RSDTXH�PDWHULDO�ZDV�GHILQHG�XVLQJ�5*%�YDOXHV��
ZLWK�VSHFXODULW\�HTXDO����

�

)LJXUH���6FKHPH�RI�KHDG�GLVWULEXWLRQ�LQ�+HOLRER[�
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    �
)LJXUH���D��,QWHULRU�RI�+HOLRER[��E��PHWHU�7����ZLWK�

PHDVXUHPHQW�KHDG�

Monitoring of the sky luminance 
%RXQGDU\�FRQGLWLRQV�IRU�WKH�VLPXODWLRQ�ZHUH�GHILQHG�
VHSDUDWHOO\� IRU� HDFK� KRXU�� DFFRUGLQJ� WR� WKHRUHWLFDO�
DQG�PHDVXUHG�VN\�OXPLQDQFH�GLVWULEXWLRQ��7DEOHV���	�
���� :HDWKHU� FRQGLWLRQV� GXULQJ� PHDVXUHPHQWV� ZHUH�
FODVVLILHG�DV�D�FOHDU�DQG�IXOO\�FORXG\�VN\��&ORXGLQHVV�
ZDV� DW� WKH� OHYHO� RI� ��� RU� ������ )RU� ��� RI�
FORXGLQHVV�� WKH� VN\� ZDV� FRPSOHWHO\� FOHDU�� ZKLOH� IRU�
�����LW�EHFDPH�UHJXODUO\�FRYHUHG�E\�FORXGV�ZLWK�DQ�
LQYLVLEOH�VXQ�GLVF��6N\�DUHD�ZLWK�GLIIHUHQW�OXPLQDWLRQ�
ZDV� GHILQHG� EDVHG� RQ� +'5� LPDJHV� �7DEOH� ����
2EWDLQHG�TXDQWLWLHV�ZHUH�YHULILHG�E\�FRPSDULQJ�+'5�
UHVXOWV� DQG� PHVXUHPHQWV� RI� ]HQLWK� OXPLQDQFH� E\� D�
KLJK� SUHFLVLRQ� OXPLQDQFH� PHWHU� �ZLWK� D� VPDOO� YLHZ�
DQJOH���VU���
$GGLWLRQDOO\�� IRU� WKH� SXUSRVH� RI� VLPXODWLRQV�� DOO�
RYHUFDVW� VN\� PRGHOV� ZHUH� DGRSWHG� WR� WKH� PHDVXUHG�
FRQGLWLRQV�E\� FRPSDULVRQ�RI� KRUL]RQWDO� LOOXPLQDQFH��
7KH� FRUUHFWHG� YDOXHV� DUH� SUHVHQWHG� LQ� 7DEOH� �� �ODVW�
FROXPQ��� 'XH� WR� WKH� ODFN� RI� VHSDUDWH�� GLUHFW�� DQG�
GLIIXVH�OLJKW�PHDVXUHPHQWV�GDWD��LW�ZDV�LPSRVVLEOH�WR�
DGDSW�WKLV�LQIRUPDWLRQ�IRU�VLPXODWLRQ��

5(68/76�	�$1$/<6(6�
7KH�UHVXOWV�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�IRUP��

 �'� GLVWULEXWLRQ� DORQJ� EXLOGLQJ� GHSWK�
�)LJXUHV��·����

 VSDWLDO� GLVWULEXWLRQ� IURP� FDPHUD� WRZDUG� WKH�
ZLQGRZ��7DEOH�����DQG�

 DV� FRPIRUW� LQGH[HV�� KRUL]RQWDO� LOOXPLQDQFH�
�7DEOH�����'*,��7DEOH�����DQG�9,(��7DEOH�����

5HVXOWV� RI� DQDO\VHV� SHUIRUPHG� IRU� FOHDU� VNLHV� DUH�
SUHVHQWHG� LQ� )LJXUHV� ��	���� )RU� �'� LOOXPLQDQFH�
GLVWULEXWLRQ�� WKH�KLJKHVW�GLIIHUHQFHV�ZHUH�QRWLFHG�IRU�
OLJKW�FRORXU�RI� LQWHULRU� �)LJXUH�����'LIIHUHQFHV�DUH� LQ�
ERWK� WKH� ERXQGDU\� RI� OLJKWHG� DUHD� DQG� ORFDO�
LOOXPLQDQFH� YDOXH�� )RU� KHDY\� GDUN� VNLHV�� GD\OLJKW�
GLVWULEXWLRQ� LV� PRUH� UHJXODU�� 7KLV� HIIHFW� LV� DOVR�
FRQILUPHG�RQ�D�VSDWLDO�GLVWULEXWLRQ��7DEOH�����
5HVXOWV�RI�DQDO\VHV�FRQGXFWHG� IRU�RYHUFDVW� VNLHV�DUH�
SUHVHQWHG� LQ� )LJXUHV� �·��� %DVHG� RQ� WKH� UHVXOWV�
SUHVHQWHG� LQ� )LJXUHV� ��	���� WKH� HIIHFW� RI� OXPLQDQFH�
DGDSWDWLRQ� ZDV� QRWLFHG�� )RU� JODVV� ³�´� DQG� ³�´�� WKH�
WRWDO�DJUHHPHQW�ZDV�REWDLQHG��ZKLOH�IRU�JODVV�³�´��WKH�
GLIIHUHQFHV� LQFUHDVHG�� )RU� JODVV� ³�´�� WKH� PHDVXUHG�
DQG� VLPXODWLRQ� UHVXOWV� DUH� LQYHUWHG�� KRZHYHU� LQ� WKLV�
FDVH� WKH� VN\� FRQGLWLRQ� ZDV� UHODWLYHO\� EULJKW�� ,W� ZDV�

DOVR� QRWLFHG� IURP� WKH� SUHYLRXV� ZRUN� WKDW� IRU� YHU\�
EULJKW� FORXG\� VNLHV�� WKH� RYHUFDVW� PRGHO� LV�
LQDSSURSULDWH�� &RPSDULVRQ� RI� ILJXUHV� ��	��� FRQILUP�
WKH�HIIHFW�RI�DGDSWDWLRQ� IRU�JODVVHV� ³�´�DQG�³�´��)RU�
JODVV� ³�´� WKH� HIIHFW� LV�ZRUVW� DJDLQ� EXW� WKLV� WLPH� WKH�
VN\�LV�YHU\�IRJJ\��
7KH� VSDWLDO� GLVWULEXWLRQ� RI� WKH� OLJKW� LQ� DQ� DQDO\VHG�
URRP��7DEOH����ZDV�XVHG�IRU�HVWLPDWLRQ�RI�'*,�LQGH[�
�7DEOH����� %DVHG� RQ� WKH� JHQHUDO� FULWHULD�� WKH� YLVXDO�
HQYLURQPHQW� FDQ� EH� FODVVLILHG� LQ� �� FODVV� IURP� �MXVW�
SHUFHSWLEOH�� �'*,����� WR� �LQWROHUDEOH�� �'*,!�����
)RU� DOO� FDVHV� XQGHU� FORXG\� VN\�� WKH� LQGRRU� YLVXDO�
FRQGLWLRQ� FDQ� EH� FODVVLILHG� DV� FRPIRUWDEOH�� ZLWK�
KLJKHVW� '*,� DW� ��P� IURP� WKH� ZLQGRZ�� 7KH� KLJKHVW�
YDOXHV� ZHUH� REWDLQHG� IRU� IRXU� W\SHV� RI� FOHDU� VNLHV��
ZKLOH� WKH� YLVXDO� FRQGLWLRQV� DUH� FODVVLILHG� DV�
XQFRPIRUWDEOH�� )RU� RQH�PRPHQW� GD\OLJKW� FRQGLWLRQV�
ZHUH�HYHQ�LQWROHUDEOH��'*,�DERYH�����
:KLOH� HYDOXDWLQJ� UHVXOWV� RI� 9HUWLFDO� ,OOXPLQDQFH� DW�
(\H�� LW� LV� QHFHVVDU\� WR� FRQVLGHU� WKH� YLVXDO� DQG� QRQ�
YLVXDO�HIIHFWV�RI� OLJKW�RQ�KXPDQ�ERG\��:KLOH�IRU�WKH�
YLVXDO�HIIHFW�WKH�UHTXLUHG�YDOXH�LV��������O[��WKH�QRQ�
YLVXDO� LQ� WKH�PRUQLQJ� LV�HYHQ������O[��%DVHG�RQ� WKH�
UHVXOWV�SUHVHQWHG�LQ�7DEOH����WKH�PRVW�UHTXLUHG�YDOXHV�
ZHUH� UHFRUGHG� IRU� RYHUFDVW� VN\� DW� ��P� IURP� WKH�
ZLQGRZ�� )RU� FOHDU� VNLHV� WKHVH�YDOXHV� DUH�PXFK� WKDQ�
IHZ� WLPHV� KLJKHU�� $GGLWLRQDOO\�� WKH� GLIIHUHQFHV�
EHWZHHQ� WKHRUHWLFDO� DQG� DGDSWHG� VNLHV� DUH� VWLOO� HYHQ�
GRXEOH��

6800$5<�
7KLV� SDSHU� LV� WKH� ILUVW� VWHS� LQ� DQ� H[WHQVLYH� SURMHFW�
UHODWHG�WR�WKH�YDOLGDWLRQ�RI�YLVXDO�FRPIRUW�SDUDPHWHUV�
REWDLQHG�E\�QXPHULFDO�WHFKQLTXHV��

$&.12:/('*(0(176�
5HVHDUFK�ZRUN�ILQDQFHG�IURP�WKH�VWDWH�EXGJHW� IXQGV�
LQ� ������������ DV� D� UHVHDUFK� SURMHFW�
������%�7�����������DQG������%�7�������������

5()(5(1&(6�
&,(� 7HFKQLFDO� 5HSRUW� ����� ������ 'LVFRPIRUW� *ODUH�

LQ�,QWHULRU�/LJKWLQJ��&,(��9LHQQD��
&KDXYHO�3���&ROOLQV� -�%���'RJQLDX[�5���/RQJPRUH� -��

������ *ODUH� IRUP� ZLQGRZV�� FXUUHQW� YLHZV� RI�
SUREOHP�� /LJKWLQJ� 5HVHDUFK� DQG� 7HFKQRORJ\��
��������������

'DUXOD�6���.LWWOHU�5���������6WDQGDUG�VN\�FDOFXODWLRQV�
IRU� GD\OLJKW� GHVLJQ� DQG� HQHUJ\� SHUIRUPDQFH�
SXUSRVHV�� %XLOGLQJ� 3K\VLFV� LQ� 7KHRU\� DQG�
3UDFWLFH��9RO��,9���������

'DUXOD�6���.LWWOHU�5���.DPEH]LGLV�+�'���%DUW]RNDV�$���
������ *XLGHOLQHV� IRU� PRUH� UHDOLVWLF� GD\OLJKW�
H[WHULRU�FRQGLWLRQV� LQ�HQHUJ\� FRQVFLRXV�GHVLJQV��
&RPSXWHU� DGDSWDWLRQ� DQG� H[DPSOHV�� %UDWLVODYD��
$WKHQV��

,(61$�� ,(6� /LJKWLQJ� +DQGERRN�� ����� 5HIHUHQFH�
9ROXPH��1HZ�<RUN��������

E��D��
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7DEOH���
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7DEOH���
&RPSDULVRQ�RI�ERXQGDU\�FRQGLWLRQV�

�

� DATE HORIZONTAL ILLUMINANCE 

�  MEASURED THEOR. THEOR. 
ADAPT. 

�� ����������������� ������ ������ ��
�� ����������������� ������ ������ ��
�� ����������������� ������ ������ ��
�� ����������������� ������ ������ ��
�� ����������������� ������ ������ ��
�� ����������������� ������ ������ ��
�� ����������������� ������� ������ ��
�� ����������������� ����� ������ ��
�� ����������������� ������ ����� ������
�� �� �� �� ��
�� ����������������� ������ ����� ������

�� ����������������� ������ ����� ������

�� ����������������� ����� ����� �����

�� ����������������� ����� ����� �����

�� ����������������� ������ ������ ������

�� ����������������� ������ ������ ������

�
�
�

+RSNLQVRQ�5�*���*ODUH�IURP�GD\OLJKWLQJ�LQ�EXLOGLQJV��
������$SSO��(UJRQRP������������������

+RSNLQVRQ� 5�*��� %UDGOH\� 5�&��� ������ $� VWXG\� RI�
JODUH� IURP� YHU\� ODUJH� VRXUFHV�� ,OOXPLQDWLQJ�
(QJLQHHULQJ������������������

-DFREV�$���������+LJK�'\QDPLF�5DQJH�,PDJLQJ�DQG�
LWV�$SSOLFDWLRQ� LQ�%XLOGLQJ�5HVHDUFK��$GYDQFHV�
LQ� %XLOGLQJ� (QHUJ\� 5HVHDUFK�� -DPHV� 	� -DPHV��
/RQGRQ��9RO����1R����

.LWWOHU� 5��� 3HUH]� 5��� 'DUXOD� 6��� ������ $� QHZ�
JHQHUDWLRQ� RI� VN\� VWDQGDUGV�� 3URF�� RI� WKH� /X[�
(XURSD�¶�������������

/DUVRQ�*�:���6KDNHVSHDUH�5�� ������5HQGHULQJ�ZLWK�
5DGLDQFH� ±� 7KH� $UW� DQG� 6FLHQFH� RI� /LJKWLQJ�
9LVXDOL]DWLRQ��0RUJDQ�.DXIPDQ�3XEOLVKHUV�,QF���
6DQ�)UDQFLVFR��&DOLIRUQLD��

7VDQJUDVVRXOLV� $��� %RXUGDNLV� 9�� ������ &RPSDULVRQ�
RI� UDGLRVLW\� DQG� UD\�WUDFLQJ� WHFKQLTXHV� ZLWK� D�
SUDFWLFDO� GHVLJQ� SURFHGXUH� IRU� WKH� SUHGLFWLRQ� RI�
GD\OLJKW� OHYHOV� LQ� DWULD�� WHFKQLFDO� QRWH��
5HQHZDEOH�(QHUJ\����������±������
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)LJXUH���,OOXPLQDQFH�GLVWULEXWLRQ�LQ�+HOLRER[�ZLWK�EODFN�VXUIDFHV�
±�PHDVXUHG�YV��VLPXODWLRQ��WKHRUHWLFDO�DGDSWHG�2YHUFDVW�6N\��
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�
)LJXUH���/XPLQDQFH�GLVWULEXWLRQ�LQ�+HOLRER[�ZLWK�ZKLWH�VXUIDFHV�
±�PHDVXUHG�YV��VLPXODWLRQ��WKHRUHWLFDO�DGDSWHG�2YHUFDVW�6N\��
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7DEOH���

'D\OLJKW�*ODUH�,QGH[HV�IRU�DQDO\VHG�WLPH�SHULRG�
�

�

DATE 

DGI 
� 1/3 2/3 

� THEOR. THEOR. 
ADAPT. THEOR. THEOR. 

ADAPT. 
�� ����������������� ������ �� ������ ��
�� ����������������� ������ �� ������ ��
�� ����������������� �� �� ������ ��
�� ����������������� ������ �� ������ ��
�� ����������������� �� �� ������ ��
�� ����������������� �� �� ������ ��
�� ����������������� �� �� ������ ��
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ADAPT. THEOR. THEOR. 

ADAPT. 
�� ����������������� ����� �� ����� ��
�� ����������������� ����� �� ����� ��
�� ����������������� ����� �� ����� ��
�� ����������������� � �� ����� ��
�� ����������������� ������ �� ����� ��
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