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$%675$&7�
$� QHZ� +XPDQ� 7KHUPDO� 0RGHO� �+70�� KDV� EHHQ�
GHYHORSHG� DW� 977� 7HFKQLFDO� 5HVHDUFK� &HQWUH� RI�
)LQODQG� �977�� IRU� SUHGLFWLQJ� WKHUPDO� EHKDYLRXU� RI�
WKH�KXPDQ�ERG\��+70�LV�EDVHG�RQ�WUXH�DQDWRP\�DQG�
SK\VLRORJ\� RI� WKH� KXPDQ� ERG\�� DQG� LW� HVWLPDWHV�
KXPDQ�ERG\�WLVVXH�DQG�VNLQ�WHPSHUDWXUH�OHYHOV��+70�
GLYLGHV� WKH� ERG\� LQWR� VL[WHHQ� GLIIHUHQW� ERG\� SDUWV�
HDFK� EHLQJ� IXUWKHU� VXE�GLYLGHG� LQ� UHDOLVWLF� WLVVXH�
OD\HUV�� 7KH� IXQFWLRQDO� WLVVXH� OD\HUV� DUH� DOVR�
FRQQHFWHG� WR� DGMDFHQW� ERG\� SDUWV� E\� D� EORRG�
FLUFXODWLRQ� V\VWHP�� ZKLFK� KDV� EHHQ� XVHG� IRU�
SK\VLRORJLFDO� WKHUPRUHJXODWLRQ� RI� WKH� ZKROH� ERG\��
7KH� WKHUPDO� VHQVDWLRQ� DQG� WKHUPDO� FRPIRUW�
HVWLPDWLRQ� PHWKRGRORJ\� E\� =KDQJ� +XL� ������� LV�
LQWHJUDWHG� LQ� +70�� DOORZLQJ� PXFK� PRUH� GHWDLOHG�
WKHUPDO� VHQVDWLRQ� DQG� WKHUPDO� FRPIRUW� LQGH[�
HVWLPDWLRQV� WKDQ� WUDGLWLRQDO� )DQJHU¶V� PHWKRGRORJ\�
�)DQJHU� ������� +70� LV� D� PRGXOH� RI� D� QRQ�
FRPPHUFLDO� 977� +RXVH� EXLOGLQJ� VLPXODWLRQ� WRRO��
DOVR� GHYHORSHG� DW� 977�� 977� +RXVH� LV� XVHG� IRU�
PRGHOLQJ� WKHUPDO� LQWHUDFWLRQV� EHWZHHQ� WKH� KXPDQ�
ERG\� DQG� WKH� VXUURXQGLQJ� VSDFH� E\� PHDQV� RI� ILQLWH�
GLIIHUHQFH� KHDW� EDODQFH� PHWKRG�� LQFOXGLQJ�
FRQYHFWLYH�� UDGLDWLRQ�� DQG� HYDSRUDWLYH� KHDW� WUDQVIHU��
7KLV� LQWHJUDWHG� PHWKRG� HQDEOHV� WKH� TXDQWLWDWLYH�
DQDO\VLV�RI� WKH� VLJQLILFDQFH�RI�ERWK�H[WHUQDO� �DLU�DQG�
VXUIDFH� WHPSHUDWXUHV�� DLU� YHORFLW\�� DQG� UHODWLYH�
KXPLGLW\�� DQG� LQWHUQDO� �FORWKLQJ� DQG� PHWDEROLF�
DFWLYLW\� OHYHO�� ERXQGDU\� FRQGLWLRQV� RQ� WKHUPDO�
VHQVDWLRQ� DQG� FRPIRUW�� $V� D� PRGXOH� RI� WKH� 977�
+RXVH�EXLOGLQJ�VLPXODWLRQ�WRRO��+70�FDQ�EH�XVHG�IRU�
HVWLPDWLQJ� PRUH� DFFXUDWHO\� WKDQ� EHIRUH� WKH� WKHUPDO�
VHQVDWLRQ� DQG� FRPIRUW� RI� EXLOGLQJ� RFFXSDQWV� LQ�
WUDQVLHQW� DQG� QRQ�XQLIRUP� FRQGLWLRQV� �+RORSDLQHQ�
������� 7KLV� SDSHU� DLPV� WR� HYDOXDWH� LPSDFWV� RI� DJH��
JHQGHU��%0,�DQG�ILWQHVV�RQ�KXPDQ�WKHUPDO�VHQVDWLRQ��
7KHVH� UHVXOWV� FDQ�EH�XWLOLVHG� LQ�XSGDWLQJ�GHVLJQ� DQG�
GLPHQVLRQLQJ� JXLGHOLQHV� ZKHQ� EDODQFLQJ� HQHUJ\�
HIILFLHQF\� DQG� RFFXSDQW� ZHOO�EHLQJ� LQ� WKH� IXWXUH�
EXLOGLQJV���
�

,1752'8&7,21�
(QHUJ\�HIILFLHQF\� VHHPV� WR�EHFRPH�D� NH\�GULYHU� IRU�
ZKROH�EXLOGLQJ�DQG�FRQVWUXFWLRQ�LQGXVWU\�LQ�WKH�QHDU�
IXWXUH�� 7KHUHIRUH�� QHZ� FRQVWUXFWLRQ� DQG� EXLOGLQJ�

VHUYLFH� FRQFHSWV� DUH� REYLRXVO\� QHHGHG�� 0RVW� OLNHO\�
EHWWHU� WKHUPDO� LQVXODWLRQ� OHYHOV� DQG� DW� OHDVW� SDUWO\�
QHZ� KHDWLQJ� DQG� FRROLQJ� VROXWLRQV� ZLOO� EH� DGRSWHG��
7R�DYRLG�XQSOHDVDQW�LQGRRU�HQYLURQPHQW�RXWFRPHV�LQ�
IXWXUH� EXLOGLQJV�� D� PRUH� KROLVWLF� DSSURDFK� IRFXVLQJ�
RQ�RFFXSDQW�DVSHFWV�LV�WKHUHIRUH�UHFRPPHQGHG��6LQFH�
WKHUPDO� LVVXHV� VHHP� WR� UHPDLQ� GRPLQDQW� FDXVH� RI�
LQGRRU�HQYLURQPHQW�FRPSODLQWV�DOVR�LQ�WKH�IXWXUH��LW�LV�
YHU\� LPSRUWDQW� WR� UHDOO\� XQGHUVWDQG� WUXH� QDWXUH� RI�
ERWK�FRPSOH[�SK\VLFDO�DQG�SK\VLRORJLFDO�SKHQRPHQD��
LQIOXHQFLQJ�KXPDQ�WKHUPDO�VHQVDWLRQ�DQG�FRPIRUW��
:KHQ� HVWLPDWLQJ� KXPDQ� WKHUPDO� FRPIRUW��
LQIOXHQFLQJ�ERXQGDU\�FRQGLWLRQV�DUH�PRVW�FRPPRQO\�
GLYLGHG� LQWR� WZR� FDWHJRULHV�� ���� H[WHUQDO� DQG� ����
LQWHUQDO� SDUDPHWHUV�� ([WHUQDO� �RU� HQYLURQPHQWDO��
SDUDPHWHUV�DUH�UHODWHG�WR�VXUURXQGLQJ�VSDFH��DQG�WKH\�
DUH� DLU� WHPSHUDWXUH�� VXUIDFH� WHPSHUDWXUHV�� DLU�
YHORFLW\�� DQG� KXPLGLW\�� ,QWHUQDO� �RU� SHUVRQDO��
SDUDPHWHUV� DUH� UHODWHG� WR� KXPDQ� KHUVHOI�KLPVHOI��
EHLQJ� FORWKLQJ� DQG�PHWDEROLF� UDWH�� )XUWKHUPRUH�� WKH�
PHWDEROLF�UDWH��L�H���LQWHUQDO�KHDW�JHQHUDWHG�E\�KXPDQ�
ERG\� WLVVXHV�� GHSHQGV� RQ� LQGLYLGXDO� DQDWRP\� DQG�
DFWLYLW\�OHYHO��

�
Figure 1  External and internal parameters 

influencing on human thermal sensation. 
�
+XPDQ� WKHUPDO� FRPIRUW� FDQ� EH� HVWLPDWHG� ZLWK�
VHYHUDO� DOWHUQDWLYH� PHWKRGV�� 7KH� ZLGHO\� XVHG�
LQWHUQDWLRQDO� VWDQGDUGV� ,62� ����� ������� DQG�
$6+5$(� ��� ������� XVH� )DQJHU¶V� 309� �3UHGLFWHG�
0HDQ� 9RWH�� PHWKRG� IRU� FDOFXODWLRQ� RI� WKHUPDO�
FRPIRUW�� 7KLV� PHWKRG� LV� D� JRRG� VWDUWLQJ� SRLQW� IRU�
HVWLPDWLRQ�RI�WKHUPDO�FRPIRUW��DQG�LW�KDV�EHHQ�ZLGHO\�
XWLOLVHG� ZKHQ� SUHGLFWLQJ� LQGRRU� HQYLURQPHQW�
FRQGLWLRQV��+RZHYHU�� WKH�309�PHWKRG�LV�DSSOLFDEOH�
RQO\� WR� VWHDG\�VWDWH�� XQLIRUP� WKHUPDO� HQYLURQPHQWV��
,Q� RUGHU� WR� HVWLPDWH� LPSDFW� RI� LQGLYLGXDO�
FKDUDFWHULVWLFV� ±� VXFK� DV� DJH�� JHQGHU�� ERG\�PDVV�
LQGH[� �%0,��� DQG� ILWQHVV� ±� RQ� KXPDQ� WKHUPDO�
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VHQVDWLRQ�� VXFK� KXPDQ� WKHUPDO� PRGHOV�� ZKLFK� WDNH�
LQWR� DFFRXQW� WKH� HIIHFW� RI� KXPDQ� WKHUPRUHJXODWLRQ�
V\VWHP� DQG� UHDOLVWLF� WUDQVLHQW� KHDW� WUDQVIHU�
SKHQRPHQD��QHHG�WR�EH�XWLOLVHG��

0(7+2'6�
+XPDQ�WKHUPDO�PRGHO�LQWHJUDWHG�LQ�D�EXLOGLQJ�
VLPXODWLRQ�HQYLURQPHQW�

+XPDQ�7KHUPDO�0RGHO��+70��LV�D�PRGXOH�RI�D�QRQ�
FRPPHUFLDO� 977� +RXVH� EXLOGLQJ� VLPXODWLRQ� WRRO�
GHYHORSHG� DW� 977� 7HFKQLFDO� 5HVHDUFK� &HQWUH� RI�
)LQODQG� �977��� %RWK� WKH� KXPDQ� ERG\� DQG� WKH�
VXUURXQGLQJ� VSDFH� DUH� GHVFULEHG� E\� DQ� LQWHJUDWHG�
WKHUPDO� QRGDO� QHWZRUN�� ZKLFK� FRQVLVWV� RI� QRGH�
FDSDFLWDQFHV� DQG� LQWHU�QRGDO� FRQGXFWDQFHV�� 7KLV�
DSSURDFK� DOORZV� UHDOLVWLF� HVWLPDWLRQV� RI� WKHUPDO�
LQWHUDFWLRQV� EHWZHHQ� WKH� KXPDQ� ERG\� DQG� WKH�
VXUURXQGLQJ� VSDFH� LQFOXGLQJ� FRQYHFWLYH�� UDGLDWLRQ��
DQG� HYDSRUDWLYH� KHDW� WUDQVIHU�� 8OWLPDWHO\�� WKH�
WUDQVLHQW� QRGH� WHPSHUDWXUHV� RI� ERWK� KXPDQ� ERG\�
WLVVXHV� DQG� EXLOGLQJ� VWUXFWXUHV� DUH� VROYHG� XVLQJ� WKH�
ILQLWH�GLIIHUHQFH� KHDW� EDODQFH� PHWKRG� �7XRPDDOD�
�������
+70�LV�EDVHG�RQ�WUXH�DQDWRP\�DQG�SK\VLRORJ\�RI�WKH�
KXPDQ�ERG\��DQG�LW�HVWLPDWHV�KXPDQ�ERG\�WLVVXH�DQG�
VNLQ� WHPSHUDWXUH� OHYHOV��7KH�KXPDQ�ERG\� LV� GLYLGHG�
LQWR� VL[WHHQ� GLIIHUHQW� ERG\� SDUWV�� KHDG�� QHFN�� XSSHU�
DUPV�� ORZHU� DUPV�� KDQGV�� FKHVW� DQG� EDFN�� SHOYLV��
WKLJKV��ORZHU�OHJV�DQG�IHHW��(DFK�ERG\�SDUW�LV�IXUWKHU�
VXE�GLYLGHG� W\SLFDOO\� LQ� IRXU� UHDOLVWLF� WLVVXH� OD\HUV�
�ERQH��PXVFOH��IDW��DQG�VNLQ��E\�FRQFHQWULF�F\OLQGHUV��
7KH� IXQFWLRQDO� WLVVXH� OD\HUV� DUH� DOVR� FRQQHFWHG� WR�
DGMDFHQW� ERG\� SDUWV� E\� D� EORRG� FLUFXODWLRQ� V\VWHP��
ZKLFK� KDV� EHHQ� XVHG� IRU� SK\VLRORJLFDO�
WKHUPRUHJXODWLRQ� RI� WKH� ZKROH� ERG\�� �+RORSDLQHQ�
�������

6LPXODWHG�KXPDQ�ERG\��WUDQVLHQW��WLVVXH�WHPSHUDWXUH�
YDOXHV�RIIHU�JHQHUDO� OHYHO� LQIRUPDWLRQ�DERXW� WKHUPDO�
LQGRRU�HQYLURQPHQW��,Q�RUGHU�WR�REWDLQ�PRUH�YDOXDEOH�
LQIRUPDWLRQ�� WKH� WKHUPDO� VHQVDWLRQ� DQG� WKHUPDO�
FRPIRUW� HVWLPDWLRQ� PHWKRGRORJ\� E\� =KDQJ� � �������
KDV� EHHQ� LQWHJUDWHG� LQ� +70�� DOORZLQJ� PXFK� PRUH�
GHWDLOHG�WKHUPDO�VHQVDWLRQ�DQG�WKHUPDO�FRPIRUW�LQGH[�
HVWLPDWLRQV� WKDQ� H�J�� WUDGLWLRQDO� )DQJHU¶V� FRPPRQO\�
XWLOL]HG� PHWKRGRORJ\�� 7KLV� LQWHJUDWHG� +70�PHWKRG�
HQDEOHV� WKH� TXDQWLWDWLYH� DQDO\VLV� RI� WKH� VLJQLILFDQFH�
RI� ERWK� H[WHUQDO� �DLU� DQG� VXUIDFH� WHPSHUDWXUHV�� DLU�
YHORFLW\�� DQG� KXPLGLW\�� DQG� LQWHUQDO� �FORWKLQJ��
PHWDEROLF� UDWH�� ERXQGDU\� FRQGLWLRQV� RQ� WKHUPDO�
VHQVDWLRQ�DQG�FRPIRUW��

�

,QGLYLGXDO�FKDUDFWHULVWLFV�IRU�KXPDQ�WKHUPDO�
PRGHO�
:KHQ�HYDOXDWLQJ�LPSDFW�RI�LQGLYLGXDO�FKDUDFWHULVWLFV�
�L�H��� DJH��JHQGHU��%0,��DQG� ILWQHVV� LQ� WKLV� VWXG\�� RQ�
KXPDQ� WKHUPDO� VHQVDWLRQ�� WKH� LQIOXHQFLQJ� LQWHUQDO�
SDUDPHWHUV� QHHG� WR� EH� YDULHG� DQG� VHOHFWHG�
V\VWHPDWLFDOO\�� 7DEOH� �� VKRZV� WKH� DGRSWHG� FRQVWDQW�

FORWKLQJ� SDUDPHWHUV� �FRUUHVSRQGLQJ� WR� DQ� RYHUDOO�
LQVXODWLRQ� RI� ����� FOR�� EDVHG� RQ� WKHUPDO� DQG�
HYDSRUDWLYH�UHVLVWDQFHV�RI�GLIIHUHQW�JDUPHQWV�GHILQHG�
E\� )X� �������� 0HWDEROLF� UDWH� LV� GHSHQGLQJ� RQ�
LQGLYLGXDO� WLVVXH� GLVWULEXWLRQ� DQG� DFWLYLW\� OHYHO�� ,Q�
RUGHU� WR� HYDOXDWH� LPSDFW� RI� WKH� LQGLYLGXDO�
FKDUDFWHULVWLFV�� DFWLYLW\� OHYHO� ZDV� DVVXPHG� WR� EH�
FRQVWDQW�����0(7��EHLQJ����:�P��DQG�FRUUHVSRQGLQJ�
WR�VHGHQWDU\�RIILFH�ZRUN���$LU�YHORFLW\�LV�DVVXPHG�WR�
EH�������P�V�FRUUHVSRQGLQJ� WR�ERG\�SDUW�FRQYHFWLYH�
KHDW� WUDQVIHU� FRHIILFLHQW� YDOXHV� GHILQHG� IRU� D� VHDWHG�
SHUVRQ� E\� GH'HDU� HW� DO�� ������� ZLWK� YDOXHV� UDQJLQJ�
IURP�����:��P��.��WR�����:��P��.����
�

Table 1 
Adopted thermal and evaporative resistances of 

garments used in simulations (Fu 1995). 
�

*$50(17� 7+(50$/�
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P�.�:��

(9$325$7,9(�
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P�N3D�:�
6KRUW�VOHHYH�
VKLUW�

������ �������

W�VKLUW� ������ �������
ORQJ�VOHHYH�
WXUWOHQHFN�
VZHDWHU�

������ �������

EULHIV� ������ �������
VKRUWV� ������ �������
MHDQV� ������ �������
FDOI�OHQJWK�
VRFNV�

������ �������

VRIW�VROHG�
VKRHV�

������ �������

�
,QGLYLGXDO� PHWDEROLF� UDWH� GHSHQGV� QRW� RQO\� RQ�
DFWLYLW\� OHYHO� EXW� DOVR� RQ� LQGLYLGXDO� WLVVXH�
GLVWULEXWLRQ��7KLV�LV�EHFDXVH�WKH�EDVDO�KHDW�JHQHUDWLRQ�
YDULHV�TXLWH�D�ELW�EHWZHHQ�GLIIHUHQW�WLVVXH�W\SHV��%DVDO�
KHDW� JHQHUDWHG� LQ� UHVW� E\�EUDLQ�� YLVFHUD��PXVFOH�� IDW��
DQG� VNLQ� WLVVXH� DUH�����:�NJ�� ����:�NJ�� ����:�NJ��
�����:�NJ�� DQG� ����:�NJ�� UHVSHFWLYHO\� �6PLWK�
�������7KH� VSHFLILF� KHDW� JHQHUDWHG�E\�PXVFOH� WLVVXH�
YDULHV�DFFRUGLQJ�WR�DFWLYLW\�OHYHO�EHLQJ�����:�NJ�IRU�
VHDWHG�� ����:�NJ� IRU� VHGHQWDU\� DFWLYLW\�� ����:�NJ�
IRU� OLJKW�DFWLYLW\��DQG�����:�NJ� IRU�PHGLXP�DFWLYLW\�
�+RORSDLQHQ��������
3URSRUWLRQ� RI� ERQH� WLVVXH� KDV� EHHQ� UHSRUWHG� WR� EH�
������ IRU� D� W\SLFDO� PDOH� �6PLWK� ������� DQG� RQ�
DYHUDJH����OHVV�IRU�IHPDOHV��%DVHG�RQ�WKLV�LQGLFDWLYH�
LQIRUPDWLRQ�� ERQH� ZHLJKW� KDV� EHHQ� HVWLPDWHG� E\�
HTXDWLRQ�

   weightbone� �weight�>�������������Gender��@������

ZKHUH�weight�LV�WRWDO�ZHLJKW�RI�D�SHUVRQ��DQG�Gender�
LV���IRU�PDOH�DQG���IRU�IHPDOH��
�
6LPLODUO\�� ZHLJKW� RI� VNLQ� WLVVXH� �6PLWK� ������ LV�
HVWLPDWHG�E\�HTXDWLRQ�
�
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   weightskin� �weight�>��������������Gender��@������

�
'XULQJ�WKH�ODVW�WZR�GHFDGHV��WKHUH�KDV�EHHQ�JRLQJ�RQ�
VHYHUDO� VWXGLHV� GHVFULELQJ� UHODWLRQ� EHWZHHQ� KXPDQ�
ERG\�PDVV�LQGH[� �%0,�� DQG� SHUFHQWDJH� ERG\� IDW��
5HVXOWV�RI�RQH�VXFK�VWXG\�DUH�LOOXVWUDWHG�LQ�)LJXUH����
LQ�ZKLFK�SHUFHQWDJH�ERG\� IDW�GLVWULEXWLRQ�GHSHQGLQJ�
RQ�%0,� IRU� IHPDOHV� DQG�PDOHV� LV� SUHVHQWHG��)LUVWO\��
WKHVH� UHVXOWV� LQGLFDWH� WKDW� WKH� DEVROXWH� SHUFHQW� ERG\�
IDW� RI� IHPDOHV� DUH� RQ� DYHUDJH� ������� KLJKHU� WKDQ�
PDOHV� ZLWK� VDPH� %0,� YDOXHV�� 6HFRQGO\�� DYHUDJH�
GHYLDWLRQV�EHWZHHQ� WKH�PLQLPXP� DQG� WKH�PD[LPXP�
SHUFHQW�ERG\�IDW�YDOXHV�VHHPV�WR�EH�������ZLWK�VDPH�
%0,� ±� GHSHQGLQJ� PRVW� OLNHO\� RQ� LQGLYLGXDO� ERG\�
ILWQHVV� �L�H��� D� UDWLR� EHWZHHQ� ERG\� IDW� DQG� PXVFOH�
WLVVXH��� ,Q�DGGLWLRQ��DJH�RI�D�SHUVRQ�KDV�DOVR�QRWLFHG�
WR�EH�D�VLJQLILFDQW�SDUDPHWHU� LQ�SHUFHQWDJH�ERG\�IDW��
DQG�DQ�DQQXDO�LQFUHDVH�RI������������LQ�ERG\�IDW�KDV�
EHHQ�UHSRUWHG��'HXUHQEHUJ�HW�DO���������
�

�
Figure 2  Body fat percentage versus body-mass-

index. (Jackson et al. 2002) 
 

%DVHG�RQ� WKH�GDWD�SUHVHQWHG�E\�-DFNVRQ�HW�DO� �������
LQ� )LJXUH� ���ZHLJKW� RI� IDW� WLVVXH� LV� HVWLPDWHG� LQ� WKLV�
VWXG\�E\�WKH�IROORZLQJ�HTXDWLRQ��
�
weighfat� �weight�>��������BMI2���������BMI�
� ��������Gender��������Age�±������� �
� ��������ToneIndex�±�����@������ ����

ZKHUH� ToneIndex� GHVFULEHV� LQGLYLGXDO� ILWQHVV� RI� D�
SHUVRQ� �WKH� PD[LPXP� YDOXH� RI� �� FRUUHVSRQGV� WR� D�
ERG\� ZLWK� ORZ� SHUFHQWDJH� ERG\� IDW�� YDOXH� RI� ����
UHIHUV� WR� DYHUDJH� SHUFHQWV� RI� IDW� GUDZQ� LQ� )LJXUH� ���
DQG� WKH�PLQLPXP�YDOXH� RI� �� FRUUHVSRQGV� WR� D� ERG\�
ZLWK�KLJK�SHUFHQWDJH�RI�IDW���
)RU� DQ� DYHUDJH� PDOH� DGXOW�� 6PLWK� ������� KDV� JLYHQ�
ZHLJKWV�RI�����NJ�IRU�EUDLQ�������NJ�IRU�YLVFHUD��DQG�
���� NJ� IRU� OXQJ�� ,Q� DGGLWLRQ� WR� WKHVH�� ZH� KDYH�
DVVXPHG� ���� NJ� RI� EORRG� IRU� DQ� DYHUDJH� DGXOW��
)LQDOO\�� DIWHU� WKHVH� DPRXQWV� RI� GLIIHUHQW� WLVVXHV� DQG�
EORRG� DUH� HVWLPDWHG�� DOO� WKH� UHVW� RI� WKH� JLYHQ� ERG\�
ZHLJKW�ZLOO�EH�PXVFOH�WLVVXH��
�

7HVW�FDVH�GHILQLWLRQV�
)URP�WKH�+70�SRLQW�RI�YLHZ��DOO�H[WHUQDO�SDUDPHWHUV�
ZHUH� IL[HG� E\� GHILQLWLRQ� RI� D� WHVW� URRP�� )RU�
VLPSOLFLW\� UHDVRQV�� VWHDG\�VWDWH� VSDFH� FRQGLWLRQV�
ZHUH� DVVXPHG�� DQG� ERWK� LQGRRU� DLU� DQG� DOO� VXUIDFH�
KDG�FRQVWDQW� WHPSHUDWXUH�YDOXHV�RI�����&��,QGRRU�DLU�
KXPLGLW\�ZDV�����5+��DQG�HPLVVLYLW\�RI�DOO�VXUIDFHV�
ZDV�DVVXPHG�WR�EH�HTXDO�WR������
:KHQ� HVWLPDWLQJ� LPSDFW� RI� LQGLYLGXDO� ERG\�
FKDUDFWHULVWLFV� RQ� WKHUPDO� VHQVDWLRQ�� IL[HG� PDOH�
KHLJKW�RI�����FP�DQG�IHPDOH�KHLJKW�RI�����FP�ZHUH�
DVVXPHG��)RU�ERWK�JHQGHUV�� WKH� IROORZLQJ�SDUDPHWHU�
LQWHUYDOV�ZHUH�DGRSWHG�

 BMI��PLQ����±�PD[����
 Age��PLQ����\HDUV�±�PD[����\HDUV�
 ToneIndex��PLQ���±�PD[���

7KH�PLQLPXP�BMI�LQGH[�YDOXH����PHDQV�ZHLJKWV�RI�
�����NJ�DQG������NJ�DQG�WKH�PD[LPXP�BMI�YDOXH����
FRUUHVSRQGV�WR�ZHLJKWV�RI������NJ�DQG������NJ�IRU�WKH�
DVVXPHG� DYHUDJH� KHLJKWV� RI� IHPDOHV� DQG� PDOHV��
UHVSHFWLYHO\��

7KHUPDO�6HQVDWLRQ�0RGHO�E\�=KDQJ��
=KDQJ��������KDV�GHYHORSHG�D�QHZ�WKHUPDO�VHQVDWLRQ�
PRGHO� WR�SUHGLFW� ORFDO�DQG�RYHUDOO� WKHUPDO� VHQVDWLRQ�
LQ� QRQ�XQLIRUP� WUDQVLHQW� WKHUPDO� HQYLURQPHQWV�� 7KH�
RYHUDOO� WKHUPDO� VHQVDWLRQ� �76�� LV� FDOFXODWHG� DV� D�
IXQFWLRQ�RI� WKH� ORFDO� VNLQ� WHPSHUDWXUHV� DQG� WKH� FRUH�
WHPSHUDWXUH��DQG�WKHLU�FKDQJH�LQ�WLPH��7KH�VHQVDWLRQ�
VFDOH� E\� =KDQJ� LV� SUHVHQWHG� LQ� )LJXUH� ���:KHQ� WKH�
ORFDO� VNLQ� WHPSHUDWXUH� GLIIHUV� IURP� WKH� ORFDO� VNLQ�
WHPSHUDWXUH� VHW� SRLQW�� WKH� VHQVDWLRQ� UHDFKHV� WKH�
VHQVDWLRQ� VFDOH� OLPLWV� EHWZHHQ� ��� �YHU\� KRW�� DQG� ���
�YHU\� FROG��� 3RVLWLYH� LQGH[� YDOXHV� LQGLFDWH� YDULRXV�
GHJUHHV� RI� ³KRW´� VHQVDWLRQ� DQG� QHJDWLYH� YDOXHV�
LQGLFDWH� ³FROG´� VHQVDWLRQ�� 7KH� LQGH[� YDOXH� HTXDO� WR�
]HUR� LQGLFDWHV� WKHUPDO� QHXWUDOLW\�� 7KH� LQGH[� YDOXHV�
EHWZHHQ� ��� DQG���� DUH� FRPSDUDEOH� WR� WKH�$6+5$(�
WKHUPDO�VHQVDWLRQ�VFDOH��$6+5$(��������
�

�
Figure 3 Thermal sensation scale by Zhang (2003). 
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6,08/$7,21�5(68/76�
,PSDFW�RI�%RG\�PDVV�LQGH[��BMI��DQG�Tone Index�RQ�
WKHUPDO� VHQVDWLRQ� RI� IHPDOHV� IURP� ��� \HDUV� WR� ���
\HDUV�DUH�SUHVHQWHG�LQ�)LJXUHV�������DQG�����

�
Figure 4 Impact of BMI and Tone Index on thermal 

sensation of females (age 20 years). 

�
Figure 5 Impact of BMI and Tone Index on thermal 

sensation of females (age 50 years). 
�

�
Figure 6 Impact of BMI and Tone Index on thermal 

sensation of females (age 80 years). 
�

�
)LJXUHV���� ��� DQG��� VKRZ� WKH� LPSDFW� RI�%RG\�PDVV�
LQGH[��BMI��DQG�Tone Index�RQ�WKHUPDO�VHQVDWLRQ�RI�
PDOHV�IURP����\HDUV�WR����\HDUV���

�
Figure 7 Impact of BMI and Tone Index on thermal 

sensation of males (age 20 years). 

�
Figure 8 Impact of BMI and Tone Index on thermal 

sensation of males (age 50 years). 
�

�
�
Figure 9 Impact of BMI and Tone Index on thermal 

sensation of males (age 80 years). 
�
�

�
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5(68/7�$1$6<6,6�$1'�',6&866,21�
,Q� WKLV� VWXG\�� ZKHQ� HVWLPDWLQJ� KXPDQ� WKHUPDO�
VHQVDWLRQ�� DOO� external� ERXQGDU\� FRQGLWLRQV� �L�H���
RSHUDWLYH�WHPSHUDWXUH��DLU�YHORFLW\��DQG�KXPLGLW\��DUH�
DVVXPHG� WR� EH� FRQVWDQWV�� ,Q� DGGLWLRQ�� DFWLYLW\� OHYHO��
FORWKLQJ�� DQG� KHLJKWV�RI� ERWK� IHPDOHV� DQG�PDOHV� DUH�
NHSW�FRQVWDQWV��)XUWKHUPRUH��WKH�UHVXOWV�SUHVHQWHG�DUH�
YDOLG� IRU� VWHDG\�VWDWH� FRQGLWLRQV� ZLWKRXW� DV\PPHWU\�
LQ� H[WHUQDO� ERXQGDU\� FRQGLWLRQV�� 7KHVH� DVVXPSWLRQV�
ZHUH� PDGH� WR� LQYHVWLJDWH� VLJQLILFDQFH� RI� LQGLYLGXDO�
FKDUDFWHULVWLFV� RQ� WKHUPDO� VHQVDWLRQ� XQGHU� W\SLFDO�
RIILFH�ZRUNLQJ�FRQGLWLRQV��
:KHQ�HYDOXDWLQJ�LPSDFWV�RI�LQGLYLGXDO�FKDUDFWHULVWLFV�
RQ�WKHUPDO�VHQVDWLRQ�E\�+70�PHWKRGRORJ\��LW�FRXOG�
EH�QRWLFHG�WKDW�
�� ,QFUHDVH�LQ�DJH�FOHDUO\�VHHPV�WR�GHFUHDVH�WKHUPDO�

VHQVDWLRQ�YDOXHV���
�� /RZHU� WKHUPDO� VHQVDWLRQ� LQGH[� YDOXHV� ZHUH�

REWDLQHG� IRU� IHPDOHV� ZKHQ� FRPSDUHG� WR� PDOHV�
ZLWK� FRUUHVSRQGLQJ� BMI� DQG� Tone Index�
SDUDPHWHUV��

�� ,Q�JHQHUDO��BMI�VHHPV�WR�KDYH�PLQRU�LPSDFW�RQ�
WKHUPDO�VHQVDWLRQ��

�� +LJK� Tone Index� YDOXHV� �LQGLYLGXDO� ILWQHVV��
VHHPV� WR� FDXVH� WKH� PRVW� VLJQLILFDQW� LQFUHDVH� LQ�
WKHUPDO�VHQVDWLRQ�LQGH[�YDOXHV��

$�VWDQGDUG�(1��������������GHILQHV�WKHUPDO�FRPIRUW�
FDWHJRULHV�EDVHG�RQ�)DQJHU¶V�309�LQGH[�YDOXHV���

 ,��������309���������33'����������
 ,,��������309���������33'����������
 ,,,��������309���������33'����������
 ,9�309�������309!������33'�!��������

6LQFH� 309� VFDOH� LV� VLPLODU� WR� 7KHUPDO� 6HQVDWLRQ�
�76��VFDOH��DW� OHDVW� URXJK�TXDQWLWDWLYH�HVWLPDWLRQV�RI�
LPSDFWV� RI� LQGLYLGXDO� FKDUDFWHULVWLFV� RQ� SUHGLFWHG�
SHUFHQWDJH�RI�GLVVDWLVILHG�FDQ�EH�SUHVHQWHG��
$YHUDJH� GLIIHUHQFHV� EHWZHHQ� PDOHV� ZLWK� ��� \HDUV�
DQG����\HDUV��ZKHQ�FRPSDULQJ�FRUUHVSRQGLQJ�WKHUPDO�
VHQVDWLRQ� LQGH[� YDOXHV� KDYLQJ� VDPH� BMI� DQG� Tone 
Index� YDOXHV� LV� ������ DQG� VDPH� GLIIHUHQFH� EHWZHHQ�
PDOHV� ZLWK� ��� \HDUV� DQG� ��� \HDUV� LV� ������ )RU�
IHPDOHV�� WKH� FRUUHVSRQGLQJ� GLIIHUHQFHV� DUH� ����� DQG�
������ UHVSHFWLYHO\��:KHQ�FRPELQLQJ� UHVXOWV� IRU� ERWK�
IHPDOHV� DQG� PDOHV�� WKH� DYHUDJH� WKHUPDO� VHQVDWLRQ�
LQGH[�GLIIHUHQFH� IRU� ��� \HDUV� DJH�GLIIHUHQFH�RI������
ZDV� REWDLQHG�� 7KLV� SKHQRPHQD�� GHFUHDVLQJ� RI�
WKHUPDO�VHQVDWLRQ� LQGH[�YDOXH�DORQJ� LQFUHDVH�RI�DJH��
PLJKW� EH� RQH� UHDVRQ� IRU� HOGHUO\� SHRSOH� EHLQJ� PRUH�
VHQVLWLYH�WR�GUDXJKW�SUREOHPV��
$YHUDJH�GLIIHUHQFHV�EHWZHHQ� IHPDOHV�DQG�PDOHV� �E\�
FRPSDULQJ� FRUUHVSRQGLQJ� WKHUPDO� VHQVDWLRQ� LQGH[�
YDOXHV�RI�IHPDOHV�DQG�PDOHV��DUH�������������DQG�������
IRU�DJHV���������DQG����\HDUV��UHVSHFWLYHO\��7KLV�LV�D�
VLJQLILFDQW� GLIIHUHQFH� EHLQJ� D� SRWHQWLDO� FDQGLGDWH�

ZKHQ� WU\LQJ� WR� H[SODLQ� UHSRUWHG� WKHUPDO� VHQVDWLRQ�
GLIIHUHQFHV�EHWZHHQ�PDOHV� DQG� IHPDOHV� �L�H�� IHPDOHV�
KDYLQJ� KLJKHU� VHQVLWLYLW\� WR� YDULDWLRQV� LQ� WKHUPDO�
HQYLURQPHQW���
$FFRUGLQJ� WR� WKH� UHVXOWV� SUHVHQWHG� LQ� )LJXUHV� �����
BMI� YDOXH� LQFUHDVH� IURP� ��� WR� ��� ZLOO� GHFUHDVH�
7KHUPDO� 6HQVDWLRQ� LQGH[� E\� ����� IRU� PDOHV� DQG� E\�
�����IRU�IHPDOHV��DYHUDJH�YDOXH��������7KLV�UHGXFWLRQ�
PLJKW� EH� FDXVHG� E\� LQFUHDVH� LQ� VNLQ� DQG� KHDW� ORVV�
DUHD�� EXW� WKLV� SKHQRPHQD� REYLRXVO\� QHHGV� PRUH�
GHWDLOHG�DQDO\VLV�LQ�WKH�IXWXUH��
'LIIHUHQW�Tone Index� YDOXHV� �L�H��� LQGLYLGXDO� ILWQHVV��
VHHPV�WR�KDYH�WKH�PRVW�VLJQLILFDQW�LPSDFW�RQ�WKHUPDO�
VHQVDWLRQ� LQGH[� YDOXHV��$Q�DYHUDJH� LQFUHDVH�RI� �����
LQ�76� LQGH[�ZDV�REWDLQHG� LQ�FDVH�Tone Index�YDOXHV�
ZHUH� LQFUHDVHG� IURP� ���� WR� ����� 6RPH� YDULDWLRQV� LQ�
LQFUHDVH� ZDV� QRWLFHG� IRU� GLIIHUHQW� DJHV� DQG� JHQGHU��
)RU� DJHV� ���� ���� DQG� ��� \HDUV�� ������ ������ DQG� �����
DYHUDJH�LQFUHDVHV�RI�76�LQGH[�YDOXHV�ZHUH�REWDLQHG��
UHVSHFWLYHO\�� )RU� PDOHV� ����� DYHUDJH� LQFUHDVH�� DQG�
IRU� IHPDOHV������DYHUDJH� LQFUHDVH� LQ�76� LQGH[�YDOXH�
ZHUH�REWDLQHG��
$OO� WKH� PDLQ� REVHUYDWLRQV� SUHVHQWHG� DERYH� DUH�
FORVHO\� OLQNHG� WR� KXPDQ� ERG\� IDW� DQG�PXVFOH� WLVVXH�
UDWLRV�� 7KLV� LV� PRVW� OLNHO\� GXH� WR� WKH� IDFW� WKDW�
ZKHQHYHU� SURSRUWLRQ� RI� ERG\� IDW� LV� LQFUHDVHG� �DQG�
SURSRUWLRQV� RI� PXVFOH� WLVVXH� GHFUHDVHG��� PHWDEROLF�
UDWH�ZLWK�VDPH�DFWLYLW\�OHYHO�ZLOO�GHFUHDVH��7KH�ORJLF�
EHKLQG� WKLV� REVHUYDWLRQ� LV� WKH� IDFW� WKDW� WKHUH� H[LVW�
WKUHH� RUGHUV� RI� PDJQLWXGH� GLIIHUHQFH� EHWZHHQ� KHDW�
JHQHUDWLRQ� RI� PXVFOH� DQG� IDW� WLVVXHV� ������:�NJ� YV�
������ :�NJ��� 7KLV� SKHQRPHQD� DOVR� VHHPV� WR� EH�
VXSSRUWHG�E\� FRQWUROOHG� ODERUDWRU\�PHDVXUHPHQWV�RI�
VHYHUDO�\RXQJ�PDOH�VXEMHFWV��ZKHUH�LQGLYLGXDO�UHFWDO��
W\PSDQLF��DQG�VNLQ�WHPSHUDWXUHV�ZHUH�REWDLQHG��H�J���
7DNDGD�HW�DO���������
7KLV� SDSHU� LV� IRFXVHG� WR� HYDOXDWH� LPSDFWV� RI�
LQGLYLGXDO�FKDUDFWHULVWLFV��L�H���DJH��JHQGHU��%0,�DQG�
ILWQHVV�� RQ� KXPDQ� WKHUPDO� VHQVDWLRQ�� 7KH� VWXG\� KDV�
EHHQ�FRQGXFWHG�E\�XWLOL]LQJ�D�UHFHQWO\�GHYHORSHG�DQG�
YDOLGDWHG� +XPDQ� 7KHUPDO� 0RGHO�� ZKLFK� WDNHV� LQWR�
DFFRXQW� ERWK� WUXH� DQDWRP\� �ERG\� SDUW� OHYHO� WLVVXH�
GLVWULEXWLRQV�� DQG� SK\VLRORJ\� �WKHUPRUHJXODWLRQ��
PRGHOV� �+RORSDLQHQ� ������� 7KHUH� KDV� DOVR� EHHQ�
VFLHQWLILFDOO\� GRFXPHQWHG� UHVXOWV� LPSO\LQJ�
GLIIHUHQFHV� LQ� WKHUPRUHJXODWLRQ� SURFHVVHV� IRU�
H[DPSOH� EHWZHHQ� IHPDOHV� DQG� PDOHV� DV� ZHOO� DV�
EHWZHHQ�GLIIHUHQW�DJH�JURXSV��EXW�QR�VXFK�GLIIHUHQFHV�
LQ� WKHUPRUHJXODWLRQ� SURFHVVHV� DUH� LQFOXGHG� LQ� WKH�
FXUUHQW�YHUVLRQ�RI�+70��1HYHUWKHOHVV��GLIIHUHQFHV�LQ�
WLVVXH� GLVWULEXWLRQV� �HVSDFLDOO\� PXVFOH� WR� IDW� UDWLRV��
VHHP� WR� KDYH� PDMRU� LPSDFW� RQ� LQGLYLGXDO� WKHUPDO�
VHQVDWLRQ�� 7KLV� REVHUYDWLRQ� VHHPV� WR� EH� D� SRWHQWLDO�
FDQGLGDWH� ZKHQ� WU\LQJ� WR� H[SODLQ� GRFXPHQWHG�
GLIIHUHQW� WKHUPDO� VHQVDWLRQV� EHWZHHQ� GLIIHUHQW� DJH�
JURXSV� DV� ZHOO� DV� EHWZHHQ� IHPDOHV� DQG� PDOHV�
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�.DUMDODLQHQ� ������ ,QGUDJDQWL� DQG� 5DR� ������
.DUMDODLQHQ�������XQGHU�VLPLODU�ERXQGDU\�FRQGLWLRQV��
�

&21&/86,21�
%DVHG� RQ� WKH� UHVXOW� REWDLQHG� LQ� WKLV� VWXG\�� LW� VHHPV�
REYLRXV� WKDW� LQGLYLGXDO� FKDUDFWHULVWLFV� KDYH� FOHDU�
LPSDFWV�RQ�WKHUPDO�VHQVDWLRQ��7KLV�LV�PRVW�OLNHO\�GXH�
WR� LQGLYLGXDO� ERG\� IDW� DQG� PXVFOH� WLVVXH� UDWLRV��
(VSHFLDOO\�JHQGHU�DQG�LQGLYLGXDO�ILWQHVV�VHHP�WR�KDYH�
VWURQJ� LPSDFW� RQ� GLIIHUHQW� WLVVXH� W\SH� GLVWULEXWLRQ� ±�
DQG� XOWLPDWHO\� RQ� WKHUPDO� VHQVDWLRQ�� 7KLV� LV� PRVW�
OLNHO\�GXH�WR�WKH�IDFW�WKDW�WKHUH�H[LVWV�WKUHH�RUGHUV�RI�
PDJQLWXGH� GLIIHUHQFH� EHWZHHQ� KHDW� JHQHUDWLRQ� RI�
PXVFOH� DQG� IDW� WLVVXHV�� +RZHYHU�� PRUH� V\VWHPDWLF�
ODERUDWRU\� DQG� ILHOG� PHDVXUHPHQWV� ZLWK� GLIIHUHQW�
LQGLYLGXDO� ERXQGDU\� FRQGLWLRQ� SDUDPHWHU�
FRPELQDWLRQV� DUH� QHHGHG� LQ� RUGHU� WR� SUHVHQW� ILQDO�
FRQFOXVLRQV��
,Q�WKH�IXWXUH��LPSDFWV�RI�LQGLYLGXDO�FKDUDFWHULVWLFV�RQ�
WKHUPDO� VHQVDWLRQ�RXJKW� WR�KDYH� LQIOXHQFH�RQ�GHVLJQ�
DQG� GLPHQVLRQLQJ� JXLGHOLQH� GHYHORSPHQW� IRU�
GLIIHUHQW�W\SHV�RI�EXLOGLQJV��7KLV�LV�EHFDXVH�GLIIHUHQW�
XVHU�JURXSV��H�J���FKLOGUHQ��SXSLOV�ZLWK�GLIIHUHQW�DJHV��
KHDOWK�FDUH�SDWLHQWV��DQG�RFFXSDQWV�RI�ROG�DJH�KRPHV��
PRVW� OLNHO\� KDYH� GLIIHUHQW� H[SHFWDWLRQV� UHJDUGLQJ� WR�
LQGRRU�WKHUPDO�FRQGLWLRQV��
�

$&.12:/('*(0(17�
7KLV� VWXG\� ZDV� IXQGHG� E\� WKUHH� VHSDUDWH� SURMHFWV�
�$,5/2*� )3��60(�������� �������� 5<0� ,QGRRU�
(QYLURQPHQW� 5HVHDUFK� 3URJUDP�� DQG� 7È023�
������$������.219����������� SURMHFW��� ZKLFK� LV�
KLJKO\�DSSUHFLDWHG��
�

5()(5(1&(6�
$6+5$(� ������ $PHULFDQ� 6RFLHW\� RI� +HDWLQJ��

5HIULJHUDWLQJ� DQG� $LU�&RQGLWLRQLQJ� (QJLQHHUV��
3K\VLRORJLFDO� SULQFLSOHV� DQG� WKHUPDO� FRPIRUW��
$6+5$(� +DQGERRN� )XQGDPHQWDOV�� $6+5$(��
$WODQWD��86$��SS����±������

$6+5$(� ������ $PHULFDQ� 6RFLHW\� RI� +HDWLQJ��
5HIULJHUDWLQJ� DQG� $LU�&RQGLWLRQLQJ� (QJLQHHUV��
6WDQGDUG� ��3� 7KHUPDO� (QYLURQPHQWDO�
&RQGLWLRQV� IRU� +XPDQ� 2FFXSDQF\�� $6+5$(��
$WODQWD��86$��

GH'HDU��5�-���$UHQV��(���+XL��=���DQG�2JXUR��0��������
&RQYHFWLYH� DQG� UDGLDWLYH� KHDW� WUDQVIHU�
FRHIILFLHQWV� IRU� LQGLYLGXDO� KXPDQ� ERG\�
VHJPHQWV�� ,QW�� -��%LRPHWHRURO��9RO������SS������
�����

'HXUHQEHUJ� 3��� :HVWUDWH� -�� $��� 6HLGHOO� -�� &�� %RG\�
PDVV� LQGH[� DV� D� PHDVXUH� RI� ERG\� IDWQHVV�� DJH��
DQG� VH[�VSHFLILF� SUHGLFWLRQ� IRUPXODV�� %U� -� 1XWU�
������������������

(1� ������ �������� ,QGRRU� HQYLURQPHQWDO� LQSXW�
SDUDPHWHUV� IRU�GHVLJQ�DQG�DVVHVVPHQW�RI�HQHUJ\�
SHUIRUPDQFH� RI� EXLOGLQJV� DGGUHVVLQJ� LQGRRU� DLU�
TXDOLW\�� WKHUPDO� HQYLURQPHQW�� OLJKWLQJ� DQG�
DFRXVWLFV��&(1��%UXVVHOV��

)DQJHU��3��2��������7KHUPDO�&RPIRUW��0F*UDZ�+LOO��
1HZ�<RUN��86$��

)X��*��������$�7UDQVLHQW����'�0DWKHPDWLFDO�7KHUPDO�
0RGHO� IRU� WKH� &ORWKHG� +XPDQ�� 'RFWRUDO�
'LVVHUWDWLRQ��.DQVDV�6WDWH�8QLYHUVLW\��86$���

+RORSDLQHQ�� 5�� ������ $� KXPDQ� WKHUPDO� PRGHO� IRU�
LPSURYHG� WKHUPDO� FRPIRUW�� 'RFWRUDO�
'LVVHUWDWLRQ�� 977� 6FLHQFH�� 'LVVHUWDWLRQ� ����
(VSRR��)LQODQG��

,QGUDJDQWL�� 0��� 5DR�� .�� '�� (IIHFW� RI� DJH�� JHQGHU��
HFRQRPLF�JURXS�DQG� WHQXUH�RQ� WKHUPDO�FRPIRUW��
$� ILHOG� VWXG\� LQ� UHVLGHQWLDO�EXLOGLQJV� LQ�KRW�DQG�
GU\�FOLPDWH�ZLWK�VHDVRQDO�YDULDWLRQV��(QHUJ\�DQG�
%XLOGLQJV��9RO���������������±�����

,62� ������ µµ0RGHUDWH� WKHUPDO� HQYLURQPHQWV� ��
GHWHUPLQDWLRQ�RI� WKH�309�DQG�33'�LQGLFHV�DQG�
VSHFLILFDWLRQ� RI� WKH� FRQGLWLRQV� IRU� WKHUPDO�
FRPIRUW�¶¶� ,QWHUQDWLRQDO� 6WDQGDUG� ,62� ������
,QWHUQDWLRQDO�2UJDQLVDWLRQ�IRU�6WDQGDUGL]DWLRQ��

-DFNVRQ�$��6���6WDQIRUWK�3��5���*DJQRQ�-���HW�DO��,QW�-�
2EHV�5HODW�0HWDE�'LVRUG��-XQ�����������������
���

.DUMDODLQHQ�� 6�� *HQGHU� GLIIHUHQFHV� LQ� WKHUPDO�
FRPIRUW� DQG� XVH� RI� WKHUPRVWDWV� LQ� HYHU\GD\�
WKHUPDO� HQYLURQPHQWV�� %XLOGLQJ� DQG�
(QYLURQPHQW���������������±�����

.DUMDODLQHQ�� 6�� 7KHUPDO� FRPIRUW� DQG� JHQGHU�� D�
OLWHUDWXUH�UHYLHZ��,QGRRU�$LU�������������

6PLWK�� &��� ������ $� 7UDQVLHQW�� 7KUHH�'LPHQVLRQDO��
0RGHO�RI� WKH�+XPDQ�7KHUPDO�6\VWHP��'RFWRUDO�
'LVVHUWDWLRQ��.DQVDV�6WDWH�8QLYHUVLW\��86$��

7DNDGD�� 6�� .RED\DVKL�� +�� 0DWVXVKLWD�� 7�� 7KHUPDO�
PRGHO� RI� KXPDQ� ERG\� ILWWHG� ZLWK� LQGLYLGXDO�
FKDUDFWHULVWLFV� RI� ERG\� WHPSHUDWXUH� UHJXODWLRQ��
%XLOGLQJ�DQG�(QYLURQPHQW��9RO�����������������
�����

7XRPDDOD�3��������,PSOHPHQWDWLRQ�DQG�HYDOXDWLRQ�RI�
DLU� IORZ� DQG� KHDW� WUDQVIHU� URXWLQHV� IRU� EXLOGLQJ�
VLPXODWLRQ� WRROV�� 'RFWRUDO� 'LVVHUWDWLRQ�� 977�
3XEOLFDWLRQV������(VSRR��)LQODQG��

=KDQJ� +�� ������ +XPDQ� 7KHUPDO� 6HQVDWLRQ� DQG�
&RPIRUW�LQ�7UDQVLHQW�DQG�1RQ�8QLIRUP�7KHUPDO�
(QYLURQPHQWV��'RFWRUDO�'LVVHUWDWLRQ��8QLYHUVLW\�
RI�&DOLIRUQLD��%HUNHOH\��86$��

�
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