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$%675$&7�
'XH�WR�UDSLG�DQG�LQWHQVLILHG�XUEDQLVDWLRQ�LQ�FLWLHV��WKH�
FKDUDFWHULVWLFV� RI� RXWGRRU� XUEDQ� PLFURFOLPDWHV� KDYH�
EHHQ�GHWULPHQWDOO\�LQIOXHQFHG��DOWHULQJ�WKH�SHUFHSWLRQ�
DQG�VDWLVIDFWLRQ�RI�SHGHVWULDQV��HVSHFLDOO\� LQ�KRW�DQG�
GU\� FOLPDWHV�� 7KLV� SRVHV� FKDOOHQJHV� WR� PDQ\�
UHVHDUFKHUV� DQG� XUEDQ� VSDFH� GHVLJQHUV� LQ� ILQGLQJ�
DSSURSULDWH�PHWKRGV� WR� UHGXFH� WKH� XUEDQ� KHDW� VWUHVV�
DQG� WKXV� WR� HQKDQFH� WKH� WKHUPDO� FRPIRUW� OHYHO� RI�
RXWGRRU� SHGHVWULDQ� VSDFHV�� WR� SURORQJ� WKH� SHULRG� RI�
WKHLU� XVH� RI� VSDFH� DQG� YLDELOLW\� DV� XUEDQ� UHWUHDWV��
+RZHYHU�� WKHUH� LV� OLPLWHG� UHVHDUFK� FRQGXFWHG� RQ�
RXWGRRU�XUEDQ�VSDFHV� LQ�KRW� DULG�FOLPDWH��7KHUHIRUH��
WKH�SXUSRVH�RI� WKLV� FXUUHQW� UHVHDUFK� LV� WR� UHYLHZ� WKH�
RXWGRRU� WKHUPDO� FRPIRUW� LQWHUDFWLRQ� IDFWRUV�� DV� ZHOO�
DV�WR�FRQWULEXWH�WR�WKH�NQRZOHGJH�RI�WKH�OLWHUDWXUH�E\�
FRQGXFWLQJ�D�FDVH� VWXG\�RI�D�SHGHVWULDQ� VWUHHW� LQ� WKH�
KRW�GU\�FLW\�RI�0DGLQDK��6DXGL�$UDELD��,W�DOVR�DLPV�WR�
ILQG�RXW�WKH�DYDLODEOH�PHWKRGV�WR�LQFUHDVH�WKH�RXWGRRU�
SHGHVWULDQ�WKHUPDO�FRPIRUW�OHYHO�LQ�KRW�DQG�GU\�XUEDQ�
PLFURFOLPDWHV�� LQ� DGGLWLRQ� WR� XQGHUVWDQG� KRZ� &)'�
VLPXODWLRQ� PHWKRG� FDQ� LQIOXHQFH� WKH� XUEDQ� VSDFH�
GHVLJQ�DQG�SODQQLQJ�SURFHVVHV��
7KLV�UHYLHZ�FRYHUV�WKH�HIIHFW�RI�WKH�PRGHUDWLRQ�RI�WKH�
EXLOW�HQYLURQPHQW¶V�FRPSRQHQWV�RQ�WKH�PLFURFOLPDWLF�
SDUDPHWHUV� RQ� SHGHVWULDQV¶� VFDOH�� ZLWK� WKH� DLP� IRU�
RSWLPLVLQJ� WKH� WKHUPDO� FRPIRUW� OHYHO� LQ� RXWGRRU�
XUEDQ� VSDFHV�� 7KH� OLWHUDWXUH� DOVR� FRYHUV� WKH� XVH� RI�
VLPXODWLRQ� WRROV� XVHG� WR� VLPXODWH� HQYLURQPHQWDO�
FRQGLWLRQV� RXWGRRUV� ZLWK� VSHFLILF� IRFXV� RQ� &)'�
VLPXODWLRQ� IRU�RXWGRRU� WKHUPDO�FRPIRUW�DSSOLFDWLRQV��
)LQDOO\��WKLV�SDSHU�H[SHFWV�WR�KLJKOLJKW�WKH�OLPLWDWLRQV�
RI�ERWK�WKH�PLFURFOLPDWLF�HQKDQFHPHQW�DSSURDFK�DQG�
WKH� &)'� VLPXODWLRQ� DV� D� WRRO� LQ� WKH� ILHOG� RI� XUEDQ�
GHVLJQ��

,1752'8&7,21�
7KH�H[WHUQDO�HQYLURQPHQW�KDV�D�VLJQLILFDQW�HIIHFW�RQ�
WKH�ZD\�SHRSOH� OLYH��ZKLFK� LV� GHWHUPLQHG�E\�QDWXUDO�
FRQGLWLRQV�� DQWKURSRJHQLF� IDFWRUV�� WKH� GHQVLW\� RI�
XUEDQ�FRQVWUXFWLRQV��DQG�WKH�VL]H�RI�YHJHWDWLRQ�DUHDV��
HWF�� �.OHPP�� ������� 7KH� LQFUHDVLQJ� QXPEHU� RI�
EXLOGLQJV�LQ�D�FLW\��UHGXFWLRQ�RI�YHJHWDWLRQ�DUHDV�DQG�
WKH� XVH� RI� ZDUP� EXLOGLQJ� DQG� JURXQG� VXUIDFH�
PDWHULDOV� DIIHFW� WKH� FRQGLWLRQV� RI� PLFURFOLPDWH� LQ�
XUEDQ�VSDFHV��ZKLFK�FDQ�LQIOXHQFH�WKH�XVH�RI�RXWGRRU�
VSDFH�� 3HRSOH� H[SHFWDWLRQV�� ZKHQ� VWD\LQJ� RXWGRRUV��

DUH�GLIIHUHQW� IURP�LQGRRUV��DV� WKH\�H[SHFW�YDULDELOLW\�
LQ�WKH�H[SRVXUH�FLUFXPVWDQFHV��VXFK�DV�YDULDQW�LQ�VXQ�
DQG�VKDGH��PRGLILFDWLRQV�LQ�ZLQG�VSHHG�DQG�GLUHFWLRQ��
DQG� FKDQJHV� LQ� KXPLGLW\� UDWH�� HWF�� �*LYRQL� HW� DO���
�������3HGHVWULDQ� VDWLVIDFWLRQ� OHYHO�ZLWK� WKH� WKHUPDO�
HQYLURQPHQW� LV� RQH� RI� WKH� LPSRUWDQW� VXEMHFWLYH�
LQGLFDWLRQV� WKDW� GHWHUPLQH� WKH� DPRXQW� RI� WLPH� WR�
VSHQG� LQ� RXWGRRU� SXEOLF� VSDFHV�� +RZHYHU�� LW� LV�
GLIILFXOW� WR� MXGJH� RQH¶V� VDWLVIDFWLRQ� OHYHO� ZLWK� WKH�
WKHUPDO�HQYLURQPHQW�DV�LW�FDQ�YDU\�IURP�D�SHUVRQ�WR�
DQRWKHU��
5HVHDUFKHUV� KDYH� DWWHPSWHG� WR� GHVLJQ� PRGHOV� WKDW�
FDQ� HVWLPDWH� WKH� FRPIRUW� FRQGLWLRQV� SHRSOH� ILQG�
DFFHSWDEOH� RXWGRRUV� �H�J�� 3(7� E\� +RSSH�� ������
287B6(7
�E\�3LFNXS�DQG�GH�'HDU��������([WHQGHG�
309�E\�)DQJHU�DQG�7RIWXP��������HWF����3(7�LQGH[��
IRU� H[DPSOH�� LV� GHILQHG� DV� ³WKH� SK\VLRORJLFDO�
HTXLYDOHQW�WHPSHUDWXUH�DW�DQ\�JLYHQ�SODFH��RXWGRRU�RU�
LQGRRU�� DQG� LV� HTXLYDOHQW� WR� WKH� DLU� WHPSHUDWXUH� DW�
ZKLFK��LQ�D�W\SLFDO�LQGRRU�VHWWLQJ��WKH�KHDW�EDODQFH�RI�
WKH� KXPDQ� ERG\� �ZRUN� PHWDEROLVP� ��� :� RI� OLJKW�
DFWLYLW\�� DGGHG� WR� EDVLF� PHWDEROLVP�� KHDW� UHVLVWDQFH�
RI�FORWKLQJ�����FOR��LV�PDLQWDLQHG�ZLWK�FRUH�DQG�VNLQ�
WHPSHUDWXUHV� HTXDO� WR� WKRVH� XQGHU� WKH� FRQGLWLRQV�
EHLQJ� DVVHVVHG´� �+RSSH�� ���������� )RU� WKH�
FDOFXODWLRQ�RI�3(7�LQGH[��WKLV�UHVHDUFK�KDV�HPSOR\HG�
5D\0DQ� SURJUDP� �0DW]DUDNLV� HW� DO��� ������� ,W�
UHTXLUHV� WKH� LQSXWV� RI� KXPDQ�DFWLYLW\� OHYHO�� FORWKLQJ�
LQVXODWLRQ� UDWLR�� DLU� WHPSHUDWXUH�� PHDQ� UDGLDQW�
WHPSHUDWXUH�� UHODWLYH� KXPLGLW\� DQG� DLU� VSHHG�� 7KH�
GLVWULEXWLRQ�RI�KXPDQ�WKHUPDO�FRPIRUW�LQGH[�ZLWK�WKH�
DLG� RI� VLPXODWLRQ� PRGHOV�� LW� FDQ� EH� SRVVLEOH� WR�
HVWLPDWH� WKH� KXPDQ� WKHUPDO� FRPIRUW� FRQGLWLRQ� IRU� D�
SURSRVHG��'�XUEDQ�GHVLJQ��0XUDNDPL���������
&RPSXWDWLRQDO� IOXLG�G\QDPLFV��&)'��LV�LQFUHDVLQJO\�
UHFRJQLVHG�DV�D�VLJQLILFDQW�DQG�XVHIXO�VLPXODWLRQ�WRRO�
IRU� WKH� SUHGLFWLRQ� RI� WKH� IRXU� FODVVLFDO� WKHUPDO�
HQYLURQPHQW� SDUDPHWHUV� DQG� WKH� DVVHVVPHQW� RI�
SHGHVWULDQ� WKHUPDO� PLFURHQYLURQPHQW� �8OODK�� ������
/LQ�HW�DO���������&KHQ�HW�DO���������&KXQJ�DQG�&KRR��
������ 6WDYUDNDNLV� HW� DO��� ������ =KDQJ� HW� DO��� ������
%ORFNHQ�HW�DO�����������
+RZHYHU�� WR� XQGHUVWDQG� WKH� FRQWULEXWLRQ� RI� &)'� LQ�
WKH�DSSURDFK�RI�XUEDQ�GHVLJQ��WKLV�SDSHU�ZLOO�VWDUW�E\�
UHYLHZLQJ�WKH�WKHUPDO�FRPIRUW�LQWHUDFWLRQ�IDFWRUV�DQG�
SUHVHQW�WKH�GDWD�FROOHFWHG�IURP�WKH�ILHOG�PHDVXUHPHQW�
LQ�0DGLQDK��6DXGL�$UDELD��7KHQ�LW�ZLOO� ORRN�LQWR�WKH�
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PHWKRGV� XVHG� WR� PRGHUDWH� XUEDQ� PLFURFOLPDWHV� WR�
PLWLJDWH� XUEDQ� KHDW� VWUHVV� LQ� RXWGRRU� SXEOLF� VSDFHV��
7KH� WKHRULHV� RI� DGDSWLYH� WKHUPDO� FRPIRUW� SURSRVHG�
E\�UHVHDUFKHUV��VXFK�DV�1LFRO�HW�DO���������6WDYUDNDNLV�
HW�DO���������$NEDUL�HW�DO���������/LQ�HW�DO���������DUH�
DSSOLHG� DV� PHDVXUH� WR� XQGHUVWDQG� WKH� SRVVLELOLW\� RI�
XWLOL]LQJ� RXWGRRU� VSDFHV� DQG� IRU� WKH� H[WHQVLRQ� RI� LWV�
XVH�� 7KLV� SDSHU�ZLOO� WKHQ� UHYLHZ� WKH� XVH� RI� &)'� LQ�
XUEDQ�GHVLJQ� VWXGLHV� IRU� WKH� VLPXODWLRQ� DQG� DQDO\VLV�
RI� WKHUPDO� HQYLURQPHQW�� DQG� ZLOO� KLJKOLJKW� LWV�
OLPLWDWLRQV�DV�D�WRRO�LQ�WKLV�ILHOG��

287'225�7+(50$/�&20)257�
$FFRUGLQJ� WR�%URZQ���������PDQ\�RI�RXWGRRU�XUEDQ�
HQYLURQPHQWV��HVSHFLDOO\�LQ�KRW�GU\�FRXQWULHV��WHQG�WR�
EH� SRRUO\� UHJXODWHG� DQG� QRW� WKHUPDOO\� FRPIRUWDEOH��
+RZHYHU�� SHGHVWULDQ� WKHUPDO� FRPIRUW� OHYHOV� FDQ� EH�
LPSURYHG� RQFH� WKH� GHVLJQ� RI� PLFURFOLPDWH� LV�
FRQVLGHUHG� ZLWK� WKH� XVH� RI� DSSURSULDWH� XUEDQ�
LQWHUYHQWLRQV�WKDW�KDYH�FRROLQJ�HIIHFWV��,W�LV�FUXFLDO�WR�
XQGHUVWDQG� WKH� FRQFHSW� RI� WKHUPDO� FRPIRUW� IRU� WKH�
RXWGRRU� VSDFH� GHVLJQ� DQG� WKH� UHODWLRQVKLS� EHWZHHQ�
WKH� HIIHFWV� RI� WKH� HQYLURQPHQWDO� SDUDPHWHUV�� WKH�
REMHFWLYHV� RI� XUEDQ� SK\VLFDO� FRQILJXUDWLRQ�� VRFLDO�
EHKDYLRXUDO� IDFWRUV��DV�ZHOO�DV�DSSURDFKHV�RI�KXPDQ�
WKHUPDO� SK\VLRORJLFDO� DQG� SV\FKRORJLFDO� IDFWRUV�
�&KHQ�DQG�1J������������$LKXD�HW�DO���������������
WKHUH� DUH� VL[� NH\� IDFWRUV� WR� KXPDQ� WKHUPDO� FRPIRUW�
WKDW� VKRXOG� EH� FRQVLGHUHG� IRU� WKH� GHVLJQ� ZLWK�
PLFURFOLPDWH�� ZKLFK� DUH� WKH� HQYLURQPHQWDO� IDFWRUV�
�L�H��DLU�WHPSHUDWXUH��UHODWLYH�KXPLGLW\��DLU�PRYHPHQW��
PHDQ� UDGLDQW� WHPSHUDWXUH�� DQG� SHUVRQDO� IDFWRUV� �L�H��
FORWKLQJ� LQVXODWLRQ� UDWLR� DQG� DFWLYLW\� RU� PHWDEROLF�
KHDW�UDWH���)LJXUH�����

$�&$6(�678'<�2)�$�+27�'5<�
85%$1�0,&52&/,0$7(�
2QH� RI� WKH� PDMRU� PLFURFOLPDWH� LVVXHV� IDFLQJ� XUEDQ�
VSDFH� GHVLJQHUV� LV� WKH� SUHVHQFH� RI� WKH� WKHUPDO�
GLVFRPIRUW� LQ�PDQ\�RXWGRRU�SHGHVWULDQ�VSDFHV�LQ�WKH�
0LGGOH� (DVW�� HVSHFLDOO\� GXULQJ� GD\�WLPH� LQ� KRW� DQG�
GU\�VHDVRQV��VXFK�DV�LQ�0DGLQDK�FLW\�LQ�6DXGL�$UDELD��
7KH� FXUUHQW� UHVHDUFK� KDV� FRQGXFWHG� DQ� LQ�VLWX�
PHDVXUHPHQW� DSSURDFK� RQ� D� VHJPHQW� DORQJ� 4XED�
URDG��D�VWUHHW�RI�WKUHH�NLORPHWUHV�ORQJ�LQ�0DGLQDK��IRU�
WKH� GXUDWLRQ� RI� ��� KRXUV� D� GD\� SHU� ZHHN�� 7KLV�
VHJPHQW� RU� ORFDWLRQ� LV� FKDUDFWHULVHG� E\� LWV� LQWHQVLW\�
RI� EXLOW�XS� DUHD� UDWLR�� $� GLJLWDO� ZHDWKHU� PHWHU�
�.HVWUHO� ����� +HDW� 6WUHVV� 7UDFNHU�� ZDV� XVHG� WR�

PRQLWRU� WKH� XUEDQ� PLFURFOLPDWLF� SDUDPHWHUV�� 7KH�
UHVHDUFK� KDV� XVHG� WKH� PHDVXUHG� SDUDPHWHUV� DV� DQ�
LQSXW�LQ�5D\0DQ�SURJUDP�IRU�WKH�FDOFXODWLRQ�RI�3(7�
LQGH[��L�H��3K\VLRORJLFDO�(TXLYDOHQW�7HPSHUDWXUH�� WR�
SUHGLFW� WKH� KXPDQ� WKHUPDO� FRPIRUW� LQ� WKH� DUHD� RI�
LQWHUHVW�� 7KH� IROORZLQJ� PLFURFOLPDWLF� SDUDPHWHUV�
ZHUH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�3(7�LQGH[��

 $LU�7HPSHUDWXUH��7D��
 5HODWLYH�+XPLGLW\��5+��
 :LQG�9HORFLW\��9��
 0HDQ�5DGLDQW�7HPSHUDWXUH��057��

7KH� 057� LQ� WKH� FRPPHUFLDO� XUEDQ� VSDFH� ZDV�
FDOFXODWHG� IURP� WKH� PHDVXUHPHQWV� RI� WKH� JOREH�
WHPSHUDWXUH�� ZLQG� VSHHG� DQG� DLU� WHPSHUDWXUH� EDVHG�
RQ�WKH�IROORZLQJ�HTXDWLRQ��7KRUVVRQ�HW�DO����������

ZKHUH� 7J� LV� JOREH� WHPSHUDWXUH� �R&��� 7D� LV� DLU�
WHPSHUDWXUH��R&���9� LV�DLU�YHORFLW\��PV�����'� LV�JOREH�
GLDPHWHU�� ���PP��DQG�İ�LV�JOREH�HPLVVLYLW\�� �������
7KH� ILJXUHV� EHORZ� �)LJ��� D� 	� E�� VKRZ� WKDW� WKH�
QXPEHU� RI� SHGHVWULDQV� LQFUHDVHV� VLJQLILFDQWO\� ZKHQ�
WKH� VXQ� VHWV�� 7KLV� LV� EHFDXVH� RI� WKH� DEVHQFH� RI� WKH�
VRODU�UDGLDWLRQ��7KHUHIRUH�� WKLV�RXWGRRU�DUHD�RI�4XED�
URDG��ZKLFK�LV�FKDUDFWHULVHG�E\�UHVLGHQWLDO�RYHU�UHWDLO�
EXLOGLQJV�� JHWV� YHU\� EXV\� DW� QLJKW� EHWZHHQ� ������
������ KRXUV� LQ� DOO� VHDVRQV�� 7KH� 057� LQ� ZLQWHU� LV�
VOLJKWO\�ORZHU�WKDQ�WKH�DLU�WHPSHUDWXUH�GXULQJ�WKH�GD\�
WLPHV��+RZHYHU�� LQ� VSULQJ� WKH�057� LQFUHDVHV�ZKHQ�
WKH� VXQ� ULVHV� DQG� UHDFKHV� ��R&� DERYH� WKH� DLU�
WHPSHUDWXUH� LQ� WKH� DIWHUQRRQ�� DQG� GURSV� LQ� WKH�
HYHQLQJ�ZKHQ�WKH�VXQ�VHWV���

)LJ����7KHUPDO�FRPIRUW�LQWHUDFWLRQ�IDFWRUV��

)LJ����057�LQ�ZLQWHU��D��DQG�VSULQJ��E��LQ�������
�7KHUH�ZDV�DQ�
DQRPDO\�LQ�PHDVXUHPHQWV�LQ�&KDUW��D��EHWZHHQ�������WR������WKHVH�
YDOXHV�DUH�UHPRYHG�IURP�UHDGLQJV��
�
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,Q�DGGLWLRQ�WR�WKH�PLFURFOLPDWLF�IDFWRUV�� WKH�SHUVRQDO�
SDUDPHWHUV� XVHG� LQ� 3(7� LQGH[� DUH�� �1LFRO� HW� DO���
�������

 $FWLYLW\� /HYHO� �:��� DV� ZDONLQJ� D� IL[HG�
QXPEHU� RI� �����:� � ���PHW�� ZDV� XVHG� LQ�
WKLV�FDVH�VWXG\�DV�DQ�LQSXW�LQ�5D\0DQ���

 &ORWKLQJ� ,QVXODWLRQ� �&OR��� � ����� FOR� LQ�
ZLQWHU� DQG� ����� LQ� DOO� RWKHU� VHDVRQV� ZHUH�
XVHG��

7KH� UHVXOWV� RI� 3(7� DQG� WKH� PLFURFOLPDWLF�
PHDVXUHPHQWV�LQ�WKH�FDVH�VWXG\�DUH�VKRZQ�LQ�7DEOH���
IRU� $XWXPQ� �2FWREHU� ������� :LQWHU� DQG� 6SULQJ�
�-DQXDU\� DQG� $SULO� ������ UHVSHFWLYHO\��� ZKLFK� ZDV�
FDOFXODWHG� XVLQJ� 5D\0DQ� VRIWZDUH�� 7KHVH� GDWD� ZLOO�
EH�XVHG� LQ� WKH� IXWXUH�VWXGLHV� IRU� WKH�FRPSDULVRQ�DQG�
YDOLGDWLRQ� RI� &)'� RXWFRPHV�� WKXV� WR� LQYHVWLJDWH� LQ�
WKH�XUEDQ�LQWHUYHQWLRQV�WKDW�PD\�HQKDQFH�WKH�KRW�GU\�
PLFURFOLPDWH� RI� WKH� VWXG\� DUHD� DQG� WKH� RXWGRRU�
SHGHVWULDQ�WKHUPDO�FRPIRUW�FRQGLWLRQ���

0,&52&/,0$7,&�(1+$1&(0(17�
0(7+2'6�)25�7+(50$/�&20)257�
7KLV� VHFWLRQ� UHYLHZV� WKH�DYDLODEOH�PHWKRGV�RI�XUEDQ�
PLFURFOLPDWLF� PRGHUDWLRQ� DSSURDFK� LQ� WKH� XUEDQ�
FDQRS\� OD\HU�� 7KH� XUEDQ� PLFUR�HQYLURQPHQWDO�
SDUDPHWHUV�� L�H�� DLU� WHPSHUDWXUH�� PHDQ� UDGLDQW�
WHPSHUDWXUH��UHODWLYH�KXPLGLW\�DQG�ZLQG�YHORFLW\��DUH�
WKH� PRVW� LQIOXHQWLDO� IDFWRUV� RQ� SHGHVWULDQ� WKHUPDO�
FRPIRUW� OHYHO�� DV� XUEDQ� GHVLJQHUV� DQG� SODQQHUV� DW�
OHDVW� VKRXOG� FRQVLGHU� WKHVH� IDFWRUV� ZKHQ� GHVLJQLQJ�
SXEOLF� VSDFHV� ZLWKLQ� EXLOW� HQYLURQPHQW� �$UHQV� DQG�
%RVVHOPDQQ��������*DLWDQL�HW�DO����������

7KHVH�SDUDPHWHUV�FDQ�EH�PRGLILHG�E\�WKH�HIIHFW�RI�WKH�
XVH�RI� XUEDQ� LQWHUYHQWLRQV��ZKLFK� WKXV�PD\�HQKDQFH�
WKH�RXWGRRU� WKHUPDO�FRPIRUW�FRQGLWLRQV��)LJ������)RU�
H[DPSOH�� WKH� XVH� RI� KLJK� HPLVVLYLW\� DQG� UHIOHFWLYLW\�
PDWHULDOV� �/LQ� HW� DO��� ������� WUHHV� DQG� YHJHWDWLRQ� LQ�
XUEDQ� DUHDV�� XVH� RI� ZDWHU� IHDWXUHV� �5RELWX� HW� DO���
�������DQG�WKH�VKDGLQJ�GHYLFHV��H�J��WUHHV��EXLOGLQJV��
SHUJRODV���/LQ�HW�DO���������+ZDQJ�HW�DO����������DOO�RI�

WKHVH� KDYH� JUHDW� LPSDFWV� RQ� WKH� UHGXFWLRQ� RI� XUEDQ�
KHDW�VWUHVV���
*DLWDQL� HW� DO�� ������� DUJXHG� WKDW� WKHVH� XUEDQ�
LQWHUYHQWLRQV� VKRXOG� EH� KLJKO\� FRQVLGHUHG� LQ� XUEDQ�
SODQQLQJ� SURFHVV� LQ� RUGHU� WR� HQKDQFH� WKH� XUEDQ�
PLFURFOLPDWH� LQ� KRW� GU\� DUHDV� DQG� HVSHFLDOO\� WR�
LQFUHDVH� WKH� RXWGRRU� WKHUPDO� FRPIRUW� FRQGLWLRQV��
$FWLYH� UHJXODWLRQ� RI� FRROLQJ� HIIHFWV� UHTXLUHV�

)LJ�����&RROLQJ�(IIHFWV�RI�WKH�8VH�RI�8UEDQ�,QWHUYHQWLRQV��

7DEOH����3(7�,QGH[�IRU�2XWGRRU�7KHUPDO�&RPIRUW�DQG�WKH�PHDVXUHPHQWV�RI�8UEDQ�0LFURFOLPDWLF�3DUDPHWHUV�GXULQJ�WKH�VHDVRQ�RI�DXWXPQ�
�2FWREHU���ZLQWHU��-DQXDU\��DQG�VSULQJ��$SULO���
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LQYHVWLJDWLYH� VLPXODWLRQ� RI� WKH� LQWHUDFWLRQ� RI� WKH�
DIRUHPHQWLRQHG� YDULDEOHV� ZLWKLQ� WKH� VSDWLDOO\�
LQIOXHQFHG�PLFURFOLPDWH�GLVWULEXWLRQ��0RFKLGD�HW�DO���
�������&RPSXWDWLRQDO�)OXLG�'\QDPLFV��&)'��PRGHO��
IRU� H[DPSOH�� � LV� D� SRZHUIXO� VLPXODWLRQ� WRRO� IRU�
DVVHVVLQJ� RXWGRRU� HQYLURQPHQW� LVVXHV�� VXFK� DV�
WKHUPDO� DQG� ZLQG� GLVFRPIRUW�� XVLQJ� UHTXLUHG� GDWD�
LQSXWV� RI� VRODU� UDGLDWLRQ�� JHRPHWU\� RI� ERXQGDU\�
FRQGLWLRQ�� ERXQGDU\� FRQGLWLRQV� RI� JURXQG� DQG�
EXLOGLQJ�ZDOO�VXUIDFHV��HWF���0XUDNDPL�HW�DO����������
7KH� IROORZLQJ� VHFWLRQV� ORRN� DW� XUEDQ� LQWHUYHQWLRQV�
WKDW� DUH� XVHG� WR� GHFUHDVH� SHGHVWULDQ� KHDW� VWUHVV� LQ�
XUEDQ�PLFURFOLPDWHV��
Cool Reflective Materials 
7KH� XVH� RI� KLJK� DOEHGR� PDWHULDOV�� ZKLFK� DUH�
FKDUDFWHULVHG�E\�WKH�DELOLW\�RI�WKHLU�VXUIDFHV�WR�UHIOHFW�
LQFRPLQJ�VRODU�UDGLDWLRQ�LQ�XUEDQ�HQYLURQPHQWV��LV�DQ�
HIIHFWLYH� WHFKQLTXH� WKDW� FRQVLGHUHG� DV� D� SURPLVLQJ�
PHWKRG� WR� UHGXFH� WKH� HIIHFWV� RI� WKH� WKHUPDO�
HQYLURQPHQW� RQ� SHGHVWULDQ� FRPIRUW� �$NEDUL� HW� DO���
������ )LQWLNDNLV� HW� DO��� ������� 5HVHDUFK� HYLGHQFH�
LQGLFDWHG� WKDW� LQFUHDVLQJ� WKH� VRODU� UHIOHFWDQFH� RI�
PDWHULDOV�E\������OHDGV�WR�VLJQLILFDQW�UHGXFWLRQ�RI�WKH�
PDWHULDO� WHPSHUDWXUH� E\� ��R&�� DV� LW� NHHSV� WKH�
VWUXFWXUH�VXUIDFHV�FRROHU�XQGHU� WKH�VXQ�� WKXV�UHGXFHV�
WKH� FRQYHFWLRQ�RI� KHDW� IURP� WKH�PDWHULDO� WR� DPELHQW�
DLU� �6\QQHID� HW� DO��� ������ $NEDUL� HW� DO��� �������
5HVHDUFK� RQ� ZKLWH� DQG� OLJKW� FRORXUHG� VXUIDFHV� KDV�
GHPRQVWUDWHG� VLJQLILFDQW� LPSURYHPHQWV� RQ� WKHUPDO�
FRPIRUW� DV� D� UHVXOW� RI� D� KLJK� DELOLW\� LQ� UHGXFLQJ� WKH�
DPELHQW�WHPSHUDWXUH��/HYLQVRQ�HW�DO���������6\QQHID�
HW�DO����������������
Water Surfaces 
8VH�RI�ZDWHU� IHDWXUHV�LV�D�JRRG�KHDW�VLQNV�WHFKQLTXH�
WKDW� DOVR� KHOSV� LQ� LPSURYLQJ� WKH� SHGHVWULDQ� WKHUPDO�
FRPIRUW� OHYHO� LQ� KRW� GU\� XUEDQ� EXLOW� HQYLURQPHQWV��
7KH�ZDWHU�ERGLHV�PLJKW�QRW�EH�D�VXLWDEOH�KHDW�VLQN�IRU�
FOLPDWHV� ZLWK� KLJK� KXPLGLW\� FRQGLWLRQV�� ,Q� KRW� GU\�
FOLPDWHV�� ZDWHU� IHDWXUHV� VXFK� DV� IRXQWDLQV�� ZDWHU�
SRQGV�� ZDWHU� VWUHDPV�� DQG� VKDOORZ� ZDWHU� LQ� SXEOLF�
VSDFHV� FDQ� GLVVLSDWH� SDUW� RI� WKH� H[WUHPH� XUEDQ� KHDW�
WKURXJK� HYDSRUDWLYH� FRROLQJ� V\VWHP� �6WDYUDNDNLV� HW�
DO��� ������� ³(YDSRUDWLRQ� DQG� HYDSRWUDQVSLUDWLRQ� DUH�
DOZD\V�DVVRFLDWHG�WR�WKH�KHDW�WUDQVIHU�EHWZHHQ�ZDWHU��
YHJHWDWLRQ� DQG� DLU´�� DV� WKHLU� SUHVHQFH� LPSURYH� WKH�
XUEDQ�WKHUPDO�HQYLURQPHQW�LQ�KRW�VHDVRQV�E\�FRROLQJ�
WKH�DLU��5RELWX�HW�DO��������������5HVHDUFKHUV�LQ�-DSDQ�
VXFK� DV�1LVKLPXUD� HW� DO�� ������� SURSRVHG� D� FRQFHSW�
RI� DUWLILFLDO� ZDWHUIDOO� DQG� VSUD\� IRXQWDLQ� DQG� XUEDQ�
FDQDO� IDFLOLW\� LQ�KRW�DQG�KXPLG�XUEDQ�VSDFHV� WR�DOWHU�
WKH� WHPSHUDWXUH� DQG� KXPLGLW\� DQG� FUHDWH� EHWWHU�
PLFURFOLPDWH�IRU�SHGHVWULDQ�FRPIRUW��7KH�UHVXOWV�KDYH�
FRQILUPHG�WKH�XVHIXOQHVV�RI�ZDWHU�IDFLOLWLHV�LQ�HDVLQJ�
WKH� XQFRPIRUWDEOH� WKHUPDO� HQYLURQPHQW�� ZLWK� D�
UHGXFWLRQ� LQ� WKH� PLFURFOLPDWLF� DLU� WHPSHUDWXUH�
UHDFKLQJ���R&��
Green Spaces and Vegetation 
2QH�RI�WKH�PRVW�FRPPRQ�DQG�HIIHFWLYH�PHWKRGV�XVHG�
WR� LPSURYH� WKH� RXWGRRU� SHGHVWULDQ� WKHUPDO� FRPIRUW�

FRQGLWLRQ� LQ�KRW�DQG�GU\�XUEDQ� VSDFHV� LV�E\�SODQWLQJ�
YHJHWDWLRQ� DQG� WUHHV� LQ� SXEOLF� VSDFHV�� 6XFK� PHWKRG�
FDQ� DOORZ� IRU� WKH�PRGHUDWLRQ� RI� WKH� KHDW� JDLQ� IURP�
WKH� VXQ� WR� WKH� XUEDQ� HQYLURQPHQW� �'LPRXGL� DQG�
1LNRORSRXORX�� ������� 3LFRW� ������� DQG� 0DKPRXG�
������� DVVHUW� WKDW� YHJHWDWLRQ� SOD\V� D� VWURQJ� UROH� LQ�
PRGLI\LQJ� XUEDQ� PLFURFOLPDWHV� DQG� HQKDQFLQJ�
RXWGRRU� WKHUPDO� FRPIRUW�� +RZHYHU�� WKH� FRPPRQ�
GUDZEDFN� RI� WKH� LQIOXHQFH� RI� WUHH� FRYHU� RQ�
PLFURFOLPDWH� LV� WKDW� LW� PD\� VWDQG� DV� DQ� REVWDFOH�
DJDLQVW� WKH� GHVLUHG� ZLQG� VSHHG� LQ� KRW� XUEDQ� VWUHHW�
FDQ\RQV�� ZKLFK� LV� GXH� WR� WKH� IULFWLRQ� RI� SODQW�
FDQRSLHV� �0DKPRXG�� ������� 'HVSLWH� RI� WKLV�� RQH� RI�
WKH�JUHDW� DGYDQWDJHV�RI� WKH� WUHH�FRYHU� LV� WKH�FRROLQJ�
DIIHFW� WKDW� UHVXOWV� IURP� WKH� MRLQW� LPSDFW� RI�
HYDSRWUDQVSLUDWLRQ�DQG�FDQRS\�VKDGLQJ��6KDVKXD�%DU�
DQG� +RIIPDQ�� ������� $FFRUGLQJ� WR� )LQWLNDNLV� HW� DO��
������� EH\RQG� LWV� DHVWKHWLF� UROH� DQG� SOHDVDQW� QDWXUH�
SHUFHSWLRQ�� LQFUHDVLQJ� JUHHQ� VSDFHV� LQ� XUEDQ� DUHDV�
UHSUHVHQWV� D� VLJQLILFDQW� PLWLJDWLRQ� WHFKQLTXH� DV� LW�
SDUWLFLSDWHV� LQ�KHDW�VWUHVV� UHOD[DWLRQ��EORFNLQJ�QRLVH��
DLU�TXDOLW\�LPSURYHPHQW�DQG�ZLQG�SURWHFWLRQ��
The Use of Shading Elements 
6KDGLQJ� E\� SK\VLFDO� HOHPHQWV� �L�H�� WUHHV�� EXLOGLQJV��
DUWLILFLDO� VKDGLQJ� GHYLFHV�� LV� D� SUHIHUUHG� XUEDQ�
LQWHUYHQWLRQ�LQ�KRW�FOLPDWHV��DV�LW�SURYLGHV�VKDGLQJ�E\�
EORFNLQJ� WKH� LQFLGHQW� VRODU� UDGLDWLRQ�� ZKLFK�
LQIOXHQFHV� RXWGRRU� WKHUPDO� DWPRVSKHUHV� DQG��
WKHUHIRUH�� DIIHFWV� WKH� WKHUPDO� VHQVLWLYLWLHV� RI�
SHGHVWULDQ�LQ�RXWGRRU�DUHDV��/LQ�HW�DO����������5HVXOWV�
KDYH� VKRZQ� WKDW� WKHUH� DUH� VLJQLILFDQW� GLIIHUHQFHV�
EHWZHHQ�D�KXPDQ�WKHUPDO�FRPIRUW�VHQVDWLRQ�YDOXHV�LQ�
VXQQ\�DUHDV� WKDQ� LW� LV� LQ� WKH� VKDGHG�DUHDV�DV�D� UHVXOW�
RI� WKH� PDLQ� FRQWULEXWLRQ� RI� WKH� VRODU� UDGLDWLRQ�
�0XUDNDPL���������2XU�ERG\�VHQVDWLRQ�GHSHQGV�PRUH�
RQ� WKH� WHPSHUDWXUH� RI� WKH� VXUURXQGLQJV� DQG� WKH�
GHJUHH�RI� LQVRODWLRQ� UDWKHU� WKDQ� WKH�FRQYHFWLRQ�� WKXV�
ZH� IHHO� FRROHU� LQ� VKDGHG� DUHDV� WKDQ� WKRVH� LQ� VXQ�
�0RQWHLK� DQG� 8QVZRUWK�� ������ 0DW]DUDNLV� HW� DO���
������$UPVRQ�HW�DO����������([SHULPHQWDO�VWXGLHV�RQ�
SHRSOH¶V� EHKDYLRXU� LQ� 7DLZDQ� UHYHDOHG� WKDW� D� JUHDW�
SHUFHQWDJH�RI�D�SXEOLF�VTXDUH�XVHUV�LQ�VXPPHU�SUHIHU�
WR�VWD\� LQ�EXLOGLQJ�VKDGH�RU�XQGHU� WKH�VKDGH�RI� WUHHV�
�/LQ�� ������� 0RUHRYHU�� H[SHULPHQWV� LQ� 0DOD\VLD�
REVHUYHG�WKDW�DOWKRXJK�WKH�WHPSHUDWXUH�LV�KLJKHU�WKDQ�
WKH� DFFHSWDEOH� UDQJH� RI� FRPIRUW�� SHRSOH� JDWKHU� LQ�
DUHDV�WKDW�DUH�VKDGHG�E\�EXLOGLQJV�DQG�RWKHU�VKDGLQJ�
VWUXFWXUHV�LQ�RXWGRRU�VSDFHV��0DNDUHPL�HW�DO����������
+RZHYHU�� UHVXOWV� KDYH� VKRZQ� WKDW� KLJKO\� VKDGHG�
ORFDWLRQV� LQ�ZLQWHU� WHQG� WR� KDYH� XQFRPIRUWDEOH� FRRO�
VXUIDFH� WHPSHUDWXUH�� EXW� PRUH� FRPIRUWDEOH� LQ�
VXPPHU��VSULQJ�DQG�DXWXPQ��+ZDQJ�HW�DO����������
Building Arrangements with Wind Movement 
0RQWD]HUL� DQG� %ORFNHQ� ������� VWDWHG� WKDW� ZLQG�
LQGXFHG� SUHVVXUH� GLVWULEXWLRQV� GHSHQG� RQ� PDQ\�
IDFWRUV� LQ� XUEDQ� HQYLURQPHQW� VXFK� DV� WKH� FRQGLWLRQV�
RI�DSSURDFK�IORZ��ZLQG�GLUHFWLRQ��XUEDQ�JHRPHWU\�RI�
VWUXFWXUHV� DQG� WKH� XUEDQ� VXUURXQGLQJV�� +LJK�ULVH�
EXLOGLQJV�� IRU� H[DPSOH�� FDQ� LQWURGXFH� KLJK� ZLQG�
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YHORFLW\� DW� SHGHVWULDQ� OHYHO�� KRZHYHU�� WKLV� PD\� EH�
FRQWUROOHG� E\� DUFKLWHFWXUDO� GHVLJQ� DQG� RWKHU�
ZLQGEUHDN� IHDWXUHV�� VXFK� DV� WUHH�SODQWLQJV� �%ORFNHQ�
HW�DO���������5HVHDUFK�KDV�VKRZQ�WKDW� LQ�XUEDQ�DUHDV�
ZKHUH�WKHUH�LV�QR�ZLQG��WKH�YDOXH�RI�D�KXPDQ�WKHUPDO�
FRPIRUW� FRQGLWLRQ� LQGH[�� FDQ� LQFUHDVH� EHWZHHQ� ��
��R&�� WKXV� DLU� PRYHPHQW� LQ� KRW� DUHDV� LV� QHFHVVDU\�
�0XUDNDPL� HW� DO��� ������� 7KLV� LQGLFDWHV� WKDW� DLU�
WHPSHUDWXUH�LV�QRW�WKH�RQO\�SDUDPHWHU�WKDW�GHWHUPLQHV�
WKH�DVVHVVPHQW�RI�WKHUPDO�FRPIRUW�FRQGLWLRQ��EXW�DOVR�
WKH�ZLQG�VSHHG��*RRG�GHVLJQ�RI�XUEDQ�IDEULF�ZLWK�DLU�
PRYHPHQW� FDQ� UHGXFH� WKH� HIIHFW� RI� WKHUPDO�
HQYLURQPHQW�� DV� WKLV� FDQ� FRQWURO� WKH� ZLQG� GLUHFWLRQ�
DQG�VSHHG��
7KH�XVH�RI� WKH�DERYH�PHQWLRQHG�XUEDQ� LQWHUYHQWLRQV�
WR�PLWLJDWH�KHDW�VWUHVV�LQ�KRW�GU\�PLFURFOLPDWHV�VHHPV�
XVHIXO�LQ�KRW�VHDVRQV��KRZHYHU��LQ�WKH�FROG�VHDVRQ�WKH�
XVH�RI�WKHVH�IHDWXUHV�FDQ�GHFUHDVH�WKH�WHPSHUDWXUHV�LQ�
XUEDQ� VSDFHV� DQG� LQFUHDVH� WKH� GLVFRPIRUW� RI� FROG�
FRQGLWLRQ� LQ� ZLQWHU�� 7KHUHIRUH�� D� FDUHIXO� EDODQFH�
QHHGV�WR�FRQVLGHU�ZKHQ�FKRRVLQJ�XUEDQ�LQWHUYHQWLRQV�
IRU� RXWGRRU� WKHUPDO� FRPIRUW� LQ� VXPPHU� DQG� ZLQWHU�
FRQGLWLRQV���

6,08/$7,21�())(&76�,1�85%$1�
63$&(�'(6,*1�
&KXQJ�DQG�&KRR� ������� VXJJHVW� WKDW�&RPSXWDWLRQDO�
)OXLG� '\QDPLFV� �&)'�� DQDO\VLV� VKRXOG� EH�
DFFRPSOLVKHG� DW� WKH� XUEDQ� GHVLJQ� VWDJH�� LQVWHDG� RI�
XVLQJ�LW�MXVW�IRU�DUFKLWHFWXUDO�GHVLJQ��WR�DFKLHYH�EHWWHU�
RXWGRRU� HQYLURQPHQWV� DW� WKH� XUEDQ� OHYHO� DQG� WKXV� DW�
KXPDQ� VFDOH�� &)'� DV� D� SUHGLFWLYH� WRRO�PD\EH�PRUH�
HIIHFWLYH�LQ�PLWLJDWLQJ�FHUWDLQ�SHUIRUPDQFHV�RI�XUEDQ�
LQWHUYHQWLRQV� WKDQ� DFWXDO� EXLOG� DQG� WHVW� SURFHVV��
+RZHYHU��NQRZOHGJH�RI�D�JRRG�PRGHOOLQJ�HIIRUW�FDQ�
EH�RI�YDOXH�WR�FLW\�SODQQHUV�DQG�GHVLJQHUV��$6+5$(��
������� &)'� VLPXODWLRQ� LV� D� YDOXDEOH� WHFKQLTXH� WKDW�
DOORZV� WKH� XUEDQ� GHVLJQHUV� DQG� RWKHU� UHVHDUFKHUV� WR�
YLVXDOLVH� DQG� HYDOXDWH� WKH� LQWDQJLEOH� XUEDQ�
HQYLURQPHQWDO� IDFWRUV�� VXFK� DV� DLUIORZ�� DLU� DQG�
UDGLDQW� WHPSHUDWXUHV�� SROOXWDQW� FRQFHQWUDWLRQ� OHYHO��
HWF��� WKURXJKRXW� &)'� FRGHV�� 7KH� LQWDQJLEOH�
HQYLURQPHQW�LQ�XUEDQ�DUHDV�LV�IRUPHG�DV�DQ�RXWFRPH�
RI� WKH� WUDQVSRUW� SKHQRPHQD� RI� KHDW�� PRPHQWXP��
PRLVWXUH� DQG� FRQWDPLQDQW� E\� FRQYHFWLRQ�� GLIIXVLRQ�
DQG� UDGLDWLYH�KHDW� WUDQVIHU� �0XUDNDPL�� ������� �&)'�
FRGHV�DUH�QXPHULFDO�SURFHGXUHV�RI�VROYLQJ�JRYHUQLQJ�
HTXDWLRQV��ZKLFK�FDQ�EH�XVHG�WR�VROYH�IOXLG�IORZ��KHDW�
WUDQVIHU�� FKHPLFDO� UHDFWLRQV� DV� ZHOO� DV� WKHUPDO�
VWUHVVHV��$6+5$(���������3ODQQLQJ�D�&)'�PRGHO�LV�
EDVHG� RQ� ZKHWKHU� WR� FRQGXFW� D� VWHDG\�VWDWH� RU�
WUDQVLHQW� VLPXODWLRQ�� DQG� WR� GHWHUPLQH� WKH� SK\VLFV�
WKDW� VKRXOG� EH� H[DPLQHG�� VXFK� DV� WXUEXOHQFH�� KHDW�
WUDQVIHU� FRHIILFLHQW�� UDGLDWLRQ� SKHQRPHQD�� HWF�� ,Q�
RUGHU�WR�FRQGXFW�D�&)'�DQDO\VLV��WKHUH�DUH�WKUHH�PDLQ�
VWHSV� PXVW� EH� DFFRPSOLVKHG� �.DXVKDO� DQG� 6KDUPD��
�������ZKLFK�DUH��

 *HQHUDWLRQ�RI�JULG��L�H��SUH�SURFHVVLQJ��

 7KH� DFWXDO� FRPSXWDWLRQDO� SURFHVVLQJ� �L�H��
VROYLQJ�UHOHYDQW�HTXDWLRQV���DQG�

 3RVW�SURFHVVLQJ�� L�H�� YLVXDOLVDWLRQ� RI� WKH�
UHVXOWV��

6,08/$7,21�2)�7+(50$/�&20)257�
7KH�IORZFKDUW��)LJ����UHSUHVHQWV�D�IUDPHZRUN�IRU�WKH�
DVVHVVPHQW� RI� RXWGRRU� KXPDQ� WKHUPDO� FRPIRUW�� 7R�
SUHGLFW� WKH� PLFURFOLPDWLF� SDUDPHWHUV� E\� XVLQJ� &)'�
FRXSOHG�VLPXODWLRQ��WKLV�UHTXLUHV�GDWD�LQSXWV�RI�VRODU�
UDGLDWLRQ� GDWD�� JHRPHWU\� RI� ERXQGDU\� FRQGLWLRQ� DQG�
ERXQGDU\�FRQGLWLRQV�RI�JURXQG�DQG�EXLOGLQJ�VXUIDFHV��
7KH�SUHGLFWHG�PLFURFOLPDWLF� SDUDPHWHUV�E\� WKH�&)'�
VLPXODWLRQ�� L�H��ZLQG�YHORFLW\��DLU� WHPSHUDWXUH��PHDQ�
UDGLDQW� WHPSHUDWXUH� DQG� UHODWLYH� KXPLGLW\�� FRXSOHG�
ZLWK� WKH� H[WHUQDO� LQSXWV�RI� SHUVRQDO� IDFWRUV�� VXFK� DV�
FORWKLQJ� UDWLR� DQG� DFWLYLW\� OHYHO�� DUH� WKH� KXPDQ�
WKHUPDO� FRPIRUW� VL[� PDLQ� LQWHUDFWLRQ� IDFWRUV�� 7KHVH�
IDFWRUV� FDQ� LQGLFDWH� WKH� WKHUPDO� FRPIRUW� FRQGLWLRQ�
ZLWK�WKH�KHOS�RI�KXPDQ�WKHUPDO�FRPIRUW�LQGLFHV��VXFK�
DV�WKH�3K\VLRORJLFDO�(TXLYDOHQW�7HPSHUDWXUH��3(7���

,W� LV� FRQVLGHUHG� WKDW� XVLQJ� DSSURSULDWH� DUFKLWHFWXUDO�
LQWHUYHQWLRQV� �L�H�� EXLOGLQJV� DQG� JURXQG� VXUIDFH�
PDWHULDOV�� ZDWHU� DQG� SODQWDWLRQ� VXUIDFHV�� EXLOGLQJ�
DUUDQJHPHQW� ZLWK� ZLQG� FRQGLWLRQV�� KDYH� HIIHFWV� RQ�
XUEDQ� PLFURFOLPDWLF� SDUDPHWHUV� DQG� SHRSOH¶V�
EHKDYLRXU�WRZDUGV�RXWGRRU�WKHUPDO�HQYLURQPHQWV��DV�
WKHVH� LQWHUYHQWLRQV� PD\� JLYH� SURPLVLQJ� UHVXOWV� LQ�
WHUPV� RI� WKHUPDO� FRPIRUW� HQKDQFHPHQW� DSSURDFK� LQ�
KRW�GU\�FOLPDWHV��6WDYUDNDNLV�HW�DO����������
Simulation of the Urban Interventions 
:LWK� WKH� DLG� RI� WKH� QXPHULFDO� UHVXOWV� RI� &)'��
YDULDEOHV�VXFK�DV�DLU�YHORFLW\�UDWLR��IURQWDO�DUHD�LQGH[�
�L�H��WKH�WRWDO�DUHDV�RI�EXLOGLQJ�ZDOOV�IDFLQJ�WKH�ZLQG�
IORZ�� GLYLGHG� E\� SODQH� DUHD� LQ� WKH� FRPSXWDWLRQDO�
GRPDLQ��DQG� WKHUPDO� VHQVDWLRQ� LQGH[� �H�J��3(7��FDQ�
XWLOLVH� WR� HYDOXDWH� WKH� WKHUPDO� FRPIRUW� DQG� DLU�

)LJ�����$�)UDPHZRUN�IRU�WKH�$VVHVVPHQW�RI�2XWGRRU�+XPDQ�
7KHUPDO�&RPIRUW��6RXUFH��$GDSWHG�IURP�0XUDNDPL�HW�DO������������
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FLUFXODWLRQ� SHUIRUPDQFH� RXWGRRUV� �=KDQJ� HW� DO���
�������,W�KDV�EHHQ�SURYHQ� WKDW�WKH�IURQWDO�DUHD�LQGH[�
RI� EXLOGLQJV�� DV� D� SURSRVHG� XUEDQ� GHVLJQ� SDUDPHWHU��
KDV�D�VLJQLILFDQW�HIIHFW�RQ� WKH� OHYHO�RI�FKDQJH� LQ� WKH�
WKHUPDO� FRPIRUW�ZKHQ� LW� UHDFKHV� XQGHU�����RI� DUHD�
�=KDQJ�HW�DO����������,Q�DGGLWLRQ��&)'�FDQ�EH�XVHG�WR�
GHWHUPLQH�PHDQ�ZLQG�LQGXFHG� SUHVVXUH� GLVWULEXWLRQV�
RQ� EXLOGLQJ� ZDOO� VXUIDFHV� �0RQWD]HUL� DQG� %ORFNHQ��
��������
5RELWX� HW� DO�� ������� SURSRVHG� D� FRXSOHG� &)'�
UDGLDWLRQ� PRGHO� WR� H[DPLQH� WKH� HIIHFWV� RI� QDWXUDO�
JUHHQ� HOHPHQWV� DV� ZHOO� DV� ZDWHU� IHDWXUHV� RQ� XUEDQ�
PLFURFOLPDWH� VSDFHV�� E\� WKH� PHDQV� RI� QXPHULFDO�
VWXG\�WR�VLPXODWH�HYDSRUDWLRQ�DQG�HYDSRWUDQVSLUDWLRQ�
DV� D� FRQFHSW� RI� KHDW� DQG�PDVV� WUDQVIHU�PHFKDQLVPV��
0XUDNDPL� ������� PRGHOOHG� WKH� SODQW� FDQRS\�
FRQVLGHULQJ� WKH� HIIHFWV� RI� GUDJ� IRUFH� RI� WKH� SODQWHG�
WUHHV��VKDGLQJ�HIIHFWV�RQ�VKRUW�ZDYH�UDGLDWLRQ�DQG�WKH�
ORQJ�ZDYH��DQG�WKH�SURGXFWLRQ�RI�ODWHQW�KHDW�IURP�WKH�
FDQRS\�� 7KLV� FDQ� REWDLQ� XVLQJ� WKH� PRGLILHG� NLQHWLF�
HQHUJ\� PRGHO� IRU� WKH� DHURG\QDPLFV� HIIHFW� RI�
YHJHWDWLRQ� E\� DSSO\LQJ� H[WUD� WHUPV� LQ� IORZ��
PRPHQWXP�DQG�HQHUJ\�HTXDWLRQV��/LQ�HW�DO����������
7R� PLWLJDWH� WKH� XUEDQ� KHDW� )LQWLNDNLV� HW� DO�� �������
XVHG� D� FRXSOHG� &)'� WHVW� WRRO� DQG� DQ� H[SHULPHQWDO�
PHWKRG�ZLWK� WKH� XVH� RI� WKH� LPSRVLQJ�PHDVXUHPHQWV�
RI�VXUIDFH�WHPSHUDWXUH�DV�ERXQGDU\�FRQGLWLRQV�LQ�WKH�
&)'�PRGHO��7KLV� LQYROYHG� WKH�XVH�RI�PDWHULDOV�ZLWK�
KLJK�DOEHGR�YDOXH��LQFUHDVHG�JUHHQ�DUHD�UDWLR�DQG�WKH�
XVH�RI�FRRO�VLQNV��$NEDUL�HW�DO���������*DLWDQL�HW�DO���
�������7KH�UHVXOWV�KDYH�VKRZQ�D�VLJQLILFDQW�UHGXFWLRQ�
LQ� WKH� DLU� WHPSHUDWXUH�� 7DNDKDVKL� HW� DO�� �������
GHYHORSHG�D�&)'�VLPXODWLRQ� FRGH� IRU� WKH�SUHGLFWLRQ�
RI� VROLG�VXUIDFHV� WHPSHUDWXUHV� YLD� LQWHJUDWLQJ� &)'�
FRPSXWDWLRQV� ZLWK� WKH� FDOFXODWLRQV� RI� VXUIDFH�
UDGLDWLRQ� H[FKDQJH� DQG� XQVWHDG\� KHDW� FRQGXFWLRQ�
HTXDWLRQ�� 5HVHDUFKHUV� VXFK� DV� 0RFKLGD� DQG� /XQ�
�������KDYH� XVHG� WKH�0RQWH�&DUOR� VLPXODWLRQ�EDVHG�
PHWKRG� WR� FRPSXWH� WKH� UDGLDWLYH� KHDW� WUDQVSRUW�
�2PRUL�HW�DO���������+RZHOO���������

,668(6�2)�&)'�,1�85%$1�'(6,*1�
&)'�LV�XVHIXO� IRU�SUHGLFWLQJ�ZLQG� IORZ�SDWWHUQV�DQG�
WKH� DVVHVVPHQW� RI� RXWGRRU� SHGHVWULDQ� WKHUPDO�
FRPIRUW��+RZHYHU�� RQH�RI� WKH� GLIILFXOWLHV�RI�&)'� LV�
WKH� UHTXLUHG� DFFXUDF\� IRU� VROYLQJ� SUREOHPV� RI�
WXUEXOHQFH� DQG� WKH� KHDW� WUDQVIHU� LQ� RXWGRRU� XUEDQ�
HQYLURQPHQWV�� (DFK� ERXQGDU\� OD\HU� VKRXOG� EH�
PRGHOOHG� LQ� KLJK� GHWDLO� WR� DFKLHYH� DFFXUDWH� UHVXOWV��
7KLV�UHTXLUHV�KLJK�UHVROXWLRQ�JULGV��ZKLFK�PDNHV�WKH�
FRPSXWDWLRQ� V\VWHP� FRPSOLFDWHG� �%ORFNHQ� HW� DO���
�������$FFRUGLQJ�WR�(UHOO�HW�DO����������PRGHOOLQJ�WKH�
ERXQGDU\� FRQGLWLRQV� RI� DQ� XUEDQ� DUHD� UDWKHU� WKDQ� D�
VLQJOH�EXLOGLQJ�EHFRPHV�GLIILFXOW�ZKHQ�KLJK�DFFXUDF\�
UHVXOWV�IURP�&)'�DUH�VRXJKW��0LU]DHL�DQG�+DJKLJKDW�
������� DUJXH� WKDW� WKH� FRPSOH[� XUEDQ� DWPRVSKHULF�
LQWHUDFWLRQV�UHTXLUH�D�YDVW�QXPEHU�RI�QRGHV�DQDO\VHV�
LQ�&)'�WR�VLPXODWH�DQ�XUEDQ�HQYLURQPHQW��
$QRWKHU� LVVXH�RI�&)'�LV� WKH�GLIILFXOW\�RI� VLPXODWLQJ�
GLIIHUHQW� VFDOHV� RI� WXUEXOHQFH� LQ� DQ� XUEDQ�

HQYLURQPHQW� �H�J�� DWPRVSKHULF� DQG� FDQRS\� VFDOH�
WXUEXOHQFHV���)RU�VXFK�VLPXODWLRQ��LW�UHTXLUHV�VHSDUDWH�
DQG�VLPSOLILHG�PRGHOOLQJ��ZKLFK�PD\�JLYH�LQDFFXUDWH�
UHVXOWV��&KDOOHQJHV�IDFHG�LQ�SUDFWLFH�DOVR�LQFOXGH�WKH�
DYDLODELOLW\�RI�WKH�VRIWZDUH�DQG�WKH�FRPSDWLELOLW\�ZLWK�
GLIIHUHQW�RSHUDWLQJ�V\VWHPV��&KXQJ�DQG�&KRR���������
7KLV� LQFRPSDWLELOLW\� FDQ� PDNH� LW� GLIILFXOW� WR�
LQFRUSRUDWH� ZRUN� DQG� JHQHUDWH� FRQWLQXLW\� LQ� WKH�
GHVLJQ�SURJUHVVLRQ��

&21&/86,21�
&RPSXWDWLRQDO� )OXLG�'\QDPLFV� �&)'�� VLPXODWLRQ� LV�
LQFUHDVLQJO\� UHFRJQLVHG� DV� D� VLJQLILFDQW� DQG� XVHIXO�
WRRO� IRU� WKH� SUHGLFWLRQ� DQG� DVVHVVPHQW� RI� WKHUPDO�
FRPIRUW� LQ� RXWGRRU� XUEDQ� PLFURFOLPDWHV� DV� ZHOO� DV�
LQGRRUV�� 7KLV� SDSHU� KDV� HPSKDVLVHG� WKH� LPSRUWDQFH�
RI� WKH� XVH� RI� RXWGRRU� VSDFHV�� ,W� KDV� PHQWLRQHG� WKDW�
WKH� H[WHUQDO� WKHUPDO� HQYLURQPHQW� UHJXODWHG� E\� WKH�
DWPRVSKHULF� QDWXUDO� FRQGLWLRQV�� PDQ�PDGH�
DQWKURSRJHQLF� IDFWRUV�� WKH� GHQVLW\� RI� XUEDQ�
FRQVWUXFWLRQV� DQG� WKH� VL]H� RI� YHJHWDWLRQ�� 3HGHVWULDQ�
VDWLVIDFWLRQ� ZLWK� WKH� WKHUPDO� HQYLURQPHQW� FRQWUROV�
WKHLU� EHKDYLRXU� DQG� WKH� GXUDWLRQ� RI� XVH� RI� RXWGRRU�
VSDFHV�� 7KH� PRVW� HIIHFWLYH� XUEDQ� HQKDQFHPHQW�
LQWHUYHQWLRQV�WR�XUEDQ�PLFURFOLPDWHV�DQG�VSHFLILFDOO\�
WKH�WKHUPDO�FRPIRUW�OHYHO�ZHUH�DOVR�KLJKOLJKWHG��7KH�
XVH� RI� FRRO� VXUIDFH� PDWHULDOV�� YHJHWDWLRQ� DQG� WUHH�
FDQRS\� FRYHU�� ZDWHU� IHDWXUHV� DQG� VKDGLQJ� HOHPHQWV�
KDYH�FRROLQJ�HIIHFWV��ZKLFK�FDQ�HQKDQFH�WKH�WKHUPDO�
HQYLURQPHQW� FRQGLWLRQV� LQ� KRW� GU\� VHDVRQV�� &)'�
VLPXODWLRQ� LV�D�XVHIXO� WRRO� WR� VLPXODWH� WKH� LQWDQJLEOH�
PLFURFOLPDWLF� SDUDPHWHUV�� L�H�� DLU� WHPSHUDWXUH�� DLU�
YHORFLW\��VRODU�UDGLDWLRQ�DQG�UHODWLYH�KXPLGLW\��ZKLFK�
DUH� LQIOXHQFHG� E\� WKH� DERYH� PHQWLRQHG� XUEDQ�
LQWHUYHQWLRQV�� &)'� FDQ� SUHGLFW� WKHVH� UHTXLUHG�
SDUDPHWHUV� IRU� WKH� DVVHVVPHQW� RI� SHGHVWULDQ� WKHUPDO�
FRPIRUW�LQ�XUEDQ�DUHDV�ZLWK�WKH�GLVWULEXWLRQ�RI�KXPDQ�
WKHUPDO�FRPIRUW�LQGH[��VXFK�DV�287B6(7
��3(7�DQG�
H[WHQGHG�309��

5()(5(1&(6�
$LKXD��0��� -LH��/���<L��/���;LDRQDQ��/��DQG�5XRPHL��

:�� ������ $� 0XOWL�GLVFLSOLQDU\� 6WUDWHJ\� IRU�
&RPSXWHU�DLGHG� &ORWKLQJ� 7KHUPDO� (QJLQHHULQJ�
'HVLJQ��(/6(9,(5�&RPSXWHU�$LGHG�'HVLJQ������
�����������

$NEDUL�� +��� 'DYLV�� 6��� 'RUVDQR�� 6��� +XDQJ�� -�� DQG�
:LQQHWW��6��������&RROLQJ�2XU�&RPPXQLWLHV��$�
*XLGHERRN�RQ�7UHH�3ODQWLQJ�DQG�/LJKW�&RORUHG�
6XUIDFLQJ�� 8�6�� (QYLURQPHQWDO� 3URWHFWLRQ�
$JHQF\�� 2IILFH� RI� 3ROLF\� $QDO\VLV�� &OLPDWH�
&KDQJH�'LYLVLRQ��

$NEDUL��+���3RPHUDQW]��0��DQG�7DKD��+��������&RRO�
6XUIDFHV�DQG�6KDGH�7UHHV�WR�5HGXFH�(QHUJ\�8VH�
DQG� ,PSURYH� $LU� 4XDOLW\� LQ� 8UEDQ� $UHDV��
-RXUQDO�RI�6RODU�(QHUJ\���������������

$UHQV��(�� DQG�%RVVHOPDQQ��3�� ������:LQG��6XQ� DQG�
7HPSHUDWXUH� �� 3UHGLFWLQJ� WKH� 7KHUPDO� &RPIRUW�
RI� 3HRSOH� LQ� 2XWGRRU� 6SDFHV�� -RXUQDO� RI�
%XLOGLQJ�DQG�(QYLURQPHQW���������������
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$UPVRQ��'���6WULQJHU��3��DQG�(QQRV��$�5��������7KH�
(IIHFW� RI�7UHH�6KDGH� DQG�*UDVV�RQ�6XUIDFH� DQG�
*OREH�7HPSHUDWXUH�LQ�DQ�8UEDQ�$UHD��-RXUQDO�RI�
8UEDQ� )RUHVWU\� 	� 8UEDQ� *UHHQLQJ�� ���� ����
�����

$6+5$(��������+DQGERRN��)XQGDPHQWDOV��$WODQWD��
*$��$PHULFDQ�6RFLHW\�RI�+HDWLQJ��5HIULJHUDWLQJ�
DQG�$LU�&RQGLWLRQLQJ�(QJLQHHUV��,QF��

%ORFNHQ��%���-DQVVHQ��:�'��DQG�YDQ�+RRII��7��������
&)'� 6LPXODWLRQ� IRU� 3HGHVWULDQ� :LQG� &RPIRUW�
DQG� :LQG� 6DIHW\� LQ� 8UEDQ� $UHDV�� *HQHUDO�
'HFLVLRQ� )UDPHZRUN� DQG� &DVH� 6WXG\� IRU� WKH�
(LQGKRYHQ� 8QLYHUVLW\� &DPSXV�� -RXUQDO� RI�
(QYLURQPHQWDO�0RGHOOLQJ�	�6RIWZDUH�������������

%ORFNHQ�� %��� 6WDWKRSRXORV�� 7��� &DUPHOLHW�� -�� DQG�
+HQVHQ��-��������$SSOLFDWLRQ�RI�&)'�LQ�%XLOGLQJ�
3HUIRUPDQFH� 6LPXODWLRQ� IRU� WKH� 2XWGRRU�
(QYLURQPHQW�� *ODVJRZ�� 6FRWODQG�� ��WK�
,QWHUQDWLRQDO�,%36$�&RQIHUHQFH���

%URZQ�� 5�� ������ 'HVLJQ� ZLWK� 0LFURFOLPDWH�� 7KH�
6HFUHW� WR� &RPIRUWDEOH� 2XWGRRU� 6SDFH��
:DVKLQJWRQ�'&��,VODQG�3UHVV��

&KHQ�� +��� 2RND�� 5�� DQG� .DWR�� 6�� ������ 6WXG\� RQ�
2SWLPXP� 'HVLJQ�0HWKRG� IRU� 3OHDVDQW� 2XWGRRU�
7KHUPDO�(QYLURQPHQW�8VLQJ�*HQHWLF�$OJRULWKPV�
�*$�� DQG� &RXSOHG� 6LPXODWLRQ� RI� &RQYHFWLRQ��
5DGLDWLRQ� DQG� &RQGXFWLRQ�� -RXUQDO� RI� %XLOGLQJ�
DQG�(QYLURQPHQW�������������

&KHQ��/��DQG�1J��(��������2XWGRRU� WKHUPDO�FRPIRUW�
DQG� RXWGRRU� DFWLYLWLHV�� $� UHYLHZ� RI� UHVHDUFK� LQ�
WKH�SDVW�GHFDGH��&LWLHV���������������

&KXQJ�� '�+�-�� DQG� &KRR�� 0��/�/�� ������
&RPSXWDWLRQDO� )OXLG� '\QDPLFV� IRU� 8UEDQ�
'HVLJQ�� 7KH� 3URVSHFWV� IRU� *UHDWHU� ,QWHJUDWLRQ��
,QWHUQDWLRQDO� -RXUQDO� RI� $UFKLWHFWXUDO�
&RPSXWLQJ������������

'LPRXGL��$��DQG�1LNRORSRXORX��0��������9HJHWDWLRQ�
LQ� WKH� 8UEDQ� (QYLURQPHQW�� 0LFURFOLPDWLF�
$QDO\VLV� DQG� %HQHILWV�� -RXUQDO� RI� (QHUJ\� DQG�
%XLOGLQJV�������������

(UHOO��(���3HDUOPXWWHU��'��DQG�:LOOLDPVRQ��7�-��������
8UEDQ� 0LFURFOLPDWH�� 'HVLJQLQJ� WKH� 6SDFHV�
EHWZHHQ�%XLOGLQJV��/RQGRQ��(DUWKVFDQ��

)DQJHU��2�3�� DQG�7RIWXP�� -�� ������([WHQVLRQ� RI� WKH�
309� PRGHO� WR� 1RQ�$LU�&RQGLWLRQHG� %XLOGLQJV�
LQ� ZDUP� &OLPDWHV�� (QHUJ\� %XLOGLQJ�� ���� ����
�����

)LQWLNDNLV�� 1��� *DLWDQL�� 1��� 6DQWDPRXULV�� 0���
$VVLPDNRSRXORV�� 0��� $VVLPDNRSRXORV�� '�1���
)LQWLNDNL�� 0��� $OEDQLV�� *��� 3DSDGLPLWULRX�� .���
&KU\VVRFKRLGHV�� (��� .DWRSRGL�� .�� DQG� 'RXPDV��
3�� ������ %LRFOLPDWLF� 'HVLJQ� RI� 2SHQ� 3XEOLF�
6SDFHV�LQ�WKH�+LVWRULF�&HQWUH�RI�7LUDQD��$OEDQLD��
-RXUQDO�RI�6XVWDLQDEOH�&LWLHV�DQG�6RFLHW\��������
����

*DLWDQL�� 1��� 0LKDODNDNRX�� *�� DQG� 6DQWDPRXULV�� 0��
������ 2Q� WKH� 8VH� RI� %LRFOLPDWLF� $UFKLWHFWXUH�

3ULQFLSOHV�LQ�2UGHU�WR�,PSURYH�7KHUPDO�&RPIRUW�
&RQGLWLRQV� LQ�2XWGRRU�6SDFHV��-RXUQDO�RI�%XLOG�
(QYLURQPHQW���������������

*LYRQL�� %��� 1RJXFKL�� 0��� 6DDURQL�� +��� 3RFKWHU�� 2���
<DDFRY�� <��� )HOOHU�� 1�� DQG� %HFNHU�� 6�� ������
2XWGRRU� &RPIRUW� 5HVHDUFK� ,VVXHV�� -RXUQDO� RI�
(QHUJ\�DQG�%XLOGLQJV�������������

+RZHOO�� -�5�� ������ 7KH� 0RQWH� &DUOR� 0HWKRG� LQ�
5DGLDWLYH�+HDW�7UDQVIHU��$60(�-RXUQDO�RI�+HDW�
7UDQVIHU����������������

+ZDQJ�� 5��� /LQ�� 7�� DQG� 0DW]DUDNLV�� $�� ������
6HDVRQDO� (IIHFWV� RI� 8UEDQ� 6WUHHW� 6KDGLQJ� RQ�
/RQJ�7HUP�2XWGRRU� 7KHUPDO� &RPIRUW�� -RXUQDO�
RI�%XLOGLQJ�DQG�(QYLURQPHQW���������������

-RKDQVVRQ��(��������,QIOXHQFH�RI�8UEDQ�*HRPHWU\�RQ�
2XWGRRU�7KHUPDO�&RPIRUW�LQ�D�+RW�'U\�&OLPDWH��
$� 6WXG\� LQ� )H]�� 0RURFFR�� -RXUQDO� RI� %XLOGLQJ�
DQG�(QYLURQPHQW�����������������

.DXVKDO�� 3�� DQG� 6KDUPD�� +�.�� ������ &RQFHSW� RI�
&RPSXWDWLRQDO� )OXLG� '\QDPLFV� �&)'�� DQG� LWV�
$SSOLFDWLRQV� LQ� )RRG� 3URFHVVLQJ� (TXLSPHQW�
'HVLJQ�� -RXUQDO� RI� )RRG� 3URFHVVLQJ� 	�
7HFKQRORJ\����������

.OHPP�� .�� ������ $SSOLFDWLRQ� RI� 1XPHULFDO�
6LPXODWLRQ� LQ� $VVHVVPHQW� RI� 0LFURFOLPDWLF�
&RQGLWLRQ� LQ� 8UEDQ� $UHDV�� &RQIHUHQFH�
3URFHHGLQJV� RI� %XLOGLQJ� 6LPXODWLRQ� �,%36$���
%HLMLQJ��&KLQD��6HSWHPEHU��

/HYLQVRQ�� 5��� %HUGDKO�� 3��� $NEDUL�� +��� 0LOOHU�� :���
-RHGLFNH��,���5HLOO\��-���6X]XNL��<��DQG�9RQGUDQ��
0�� ������0HWKRGV� RI� &UHDWLQJ� 6RODU�5HIOHFWLYH�
1RQ:KLWH� 6XUIDFHV� DQG� 7KHLU� $SSOLFDWLRQ� WR�
5HVLGHQWLDO�5RRILQJ�0DWHULDOV��-RXUQDO�RI� 6RODU�
(QHUJ\�0DWHULDOV�	�6RODU�&HOOV���������������

/LQ��%���/L��;���=KX��<��DQG�4LQ��<��������1XPHULFDO�
6LPXODWLRQ� 6WXGLHV� RI� WKH� 'LIIHUHQW� 9HJHWDWLRQ�
3DWWHUQV
�(IIHFWV�RQ�2XWGRRU�3HGHVWULDQ�7KHUPDO�
&RPIRUW�� -RXUQDO� RI� :LQG� (QJLQHHULQJ� DQG�
,QGXVWULDO�$HURG\QDPLFV�����������������

/LQ��7���+R��<��DQG�+XDQJ��<��������6HDVRQDO�(IIHFW�
RI�3DYHPHQW�RQ�2XWGRRU�7KHUPDO�(QYLURQPHQWV�
LQ� 6XEWURSLFDO�7DLZDQ�� -RXUQDO� RI�%XLOGLQJ� DQG�
(QYLURQPHQW�����������������

/LQ��7���0DW]DUDNLV��$��DQG�+ZDQJ��5��������6KDGLQJ�
(IIHFW�RQ�/RQJ�7HUP�2XWGRRU�7KHUPDO�&RPIRUW��
-RXUQDO� RI� %XLOGLQJ� DQG� (QYLURQPHQW�� ���� ����
�����

0DKPRXG�� $�+�$�� ������ $QDO\VLV� RI� WKH�
0LFURFOLPDWLF� DQG� +XPDQ� &RPIRUW� &RQGLWLRQV�
LQ� DQ� 8UEDQ� 3DUN� LQ� +RW� DQG� $ULG� 5HJLRQV��
-RXUQDO�RI�%XLOGLQJ�DQG�(QYLURQPHQW�����������
������

0DW]DUDNLV�� $��� 5XW]�� )�� DQG� 0D\HU�� +�� ������
0RGHOOLQJ� 5DGLDWLRQ� )OX[HV� LQ� 6LPSOH� DQG�
&RPSOH[� (QYLURQPHQWV� �� $SSOLFDWLRQ� RI� WKH�
5D\0DQ� 0RGHO�� ,QWHUQDWLRQDO� -RXUQDO� RI�
%LRPHWHURORJ\���������������
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0DNDUHPL�� 1��� 6DOOHK�� (��� -DDIDU�� 0�=�� DQG�
*KDIIDULDQ+RVHLQL�� $�� ������ 7KHUPDO� &RPIRUW�
&RQGLWLRQV� RI� 6KDGHG� 2XWGRRU� 6SDFHV� LQ� +RW�
DQG� +XPLG� &OLPDWH� RI� 0DOD\VLD�� -RXUQDO� RI�
%XLOGLQJ�DQG�(QYLURQPHQW������������

0LU]DHL��3�$��DQG�+DJKLJKDW��)��������$SSURDFKHV�WR�
6WXG\� 8UEDQ� +HDW� ,VODQG� ±� $ELOLWLHV� DQG�
OLPLWDWLRQV��%XLOGLQJ�DQG�(QYLURQPHQW�����������
������

0RFKLGD�� $�� DQG� /XQ�� ,�<�)�� ������ 3UHGLFWLRQ� RI�
:LQG� (QYLURQPHQW� DQG� 7KHUPDO� &RPIRUW� DW�
3HGHVWULDQ�/HYHO�LQ�8UEDQ�$UHD��-RXUQDO�RI�:LQG�
(QJLQHHULQJ� DQG� ,QGXVWULDO� $HURG\QDPLFV�� ����
�����������

0RFKLGD�� $��� <RVKLQR�� +��� 0L\DXFKL�� 6�� DQG�
0LWDPXUD�� 7�� ������ 7RWDO� $QDO\VLV� RI� &RROLQJ�
(IIHFWV� RI� &URVV�9HQWLODWLRQ� $IIHFWHG� E\�
0LFURFOLPDWH� DURXQG� D� %XLOGLQJ�� -RXUQDO� RI�
6RODU�(QHUJ\���������������

0RQWD]HUL�� +�� DQG� %ORFNHQ�� %�� ������ &)'�
6LPXODWLRQ� RI� :LQG�,QGXFHG� 3UHVVXUH�
&RHIILFLHQWV� RQ� %XLOGLQJV� ZLWK� RU� ZLWKRXW�
%DOFRQLHV�� 9DOLGDWLRQ� DQG� 6HQVLWLYLW\� $QDO\VLV��
-RXUQDO� RI� %XLOGLQJ� DQG� (QYLURQPHQW�� ���� ����
�����

0RQWHLWK��-�/��DQG�8QVZRUWK��0�+��������3ULQFLSOHV�
RI� (QYLURQPHQWDO� 3K\VLFV�� 1HZ� <RUN�� (GZDUG�
$UQROG��

0XUDNDPL�� 6�� ������ (QYLURQPHQWDO� 'HVLJQ� RI�
2XWGRRU� &OLPDWH� %DVHG� RQ� &)'�� -RXUQDO� RI�
)OXLG�'\QDPLFV�5HVHDUFK���������������

0XUDNDPL�� 6��� 2RND�� 5��� 0RFKLGD�� $��� <RVKLGD�� 6��
DQG� .LP�� 6�� ������ &)'� $QDO\VLV� RI� :LQG�
&OLPDWH� IURP� +XPDQ� 6FDOH� WR� 8UEDQ� 6FDOH��
-RXUQDO� RI� :LQG� (QJLQHHULQJ� DQG� ,QGXVWULDO�
$HURG\QDPLFV�������������

1LFRO�� )��� +XPSKUH\V�� 0�� DQG� 5RDI�� 6�� ������
$GDSWLYH� 7KHUPDO� &RPIRUW�� 3ULQFLSOHV� DQG�
3UDFWLFH��2[RQ��5RXWOHGJH��

1LVKLPXUD��1���1RPXUD��7���,\RWD��+��DQG�.LPRWR��6��
������ 1RYHO� :DWHU� )DFLOLWLHV� IRU� &UHDWLRQ� RI�
&RPIRUWDEOH� 8UEDQ� 0LFURPHWHRURORJ\�� -RXUQDO�
RI�6RODU�(QHUJ\���������������

2PRUL��7���7DQLJXFKL��+��DQG�.XGR��.��������0RQWH�
&DUOR� 6LPXODWLRQ� RI� ,QGRRU� 5DGLDQW�
(QYLURQPHQW�� ,QWHUQDWLRQDO� -RXUQDO� IRU�
1XPHULFDO�0HWKRGV�LQ�(QJLQHHULQJ���������������

3LFNXS�� -�� DQG� GH� 'HDU� 5�-�� ������ $Q� 2XWGRRU�
7KHUPDO� &RPIRUW� ,QGH[� �287B6(7
�� ±� 3DUW� ,��
7KH� 0RGHO� DQG� ,WV� $VVXPSWLRQV�� ,Q� GH� 'HDU��
5�-��� .DOPD�� -�'��� 2NH�� 7�5�� DQG� $XOLFLHPV� $��
�HGV���%LRPHWHRURORJ\�DQG�8UEDQ�&OLPDWRORJ\�DW�
WKH� 7XUQ� RI� WKH� 0LOOHQQLXP�� 6HOHFWHG� 3DSHUV�
IURP� WKH� ,&%�,&8&¶��� &RQIHUHQFH�� 6\GQH\��
:&$63�����:02�7'�1R�����������������
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