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0XUSK\�*�%��7XRK\�3��
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'HSDUWPHQW�RI�0HFKDQLFDO�DQG�$HURVSDFH�(QJLQHHULQJ��
8QLYHUVLW\�RI�6WUDWKFO\GH���

*ODVJRZ���
6FRWODQG�

�
�

$%675$&7�
7KH� GULYH� WR� UHGXFH� FDUERQ� HPLVVLRQV� DQG� HQHUJ\�
XWLOLVDWLRQ�GLUHFWO\�DVVRFLDWHG�ZLWK�GZHOOLQJV�VXJJHVWV�
WKDW� WKH� HQHUJ\� HIILFLHQF\�RI� GZHOOLQJV�ZLOO� KDYH� DQ�
LQFUHDVLQJO\�SULRULWLVHG�UROH�LQ�WKH�EXLOW�HQYLURQPHQW��
&UHDWHG� E\� WKH� 3DVVLYH� +RXVH� ,QVWLWXWH�� 3DVVLYH�
+RXVH� LV� D� ORZ�HQHUJ\� EXLOGLQJ� VWDQGDUG� WKDW� FDQ�
UHGXFH�WKH�HQHUJ\�XVH�RI�D�EXLOGLQJ���3DVVLYH�+RXVHV�
KDYH�EHHQ�EXLOW� LQ�PDQ\�SDUWV�RI�WKH�ZRUOG��ZLWK�WKH�
ILUVW� 3DVVLYH�+RXVH� LQ� 6FRWODQG� FRPSOHWHG� UHFHQWO\��
0RQLWRULQJ� DQG� PRGHOOLQJ� DGYDQFHV� LQ� EXLOGLQJ�
GHVLJQ� DQG� WHFKQRORJ\� FDQ� EH� XVHIXO� WR� LPSURYH�
IXWXUH� FRQVWUXFWLRQV� DQG� WHFKQRORJ\� DSSOLFDWLRQV��
7KLV�SDSHU�GHVFULEHV�WKH�PRQLWRULQJ�DQG�PRGHOOLQJ�RI�
D� 3DVVLYH� +RXVH� LQ� 'XQRRQ�� 6FRWODQG�� 0RQLWRULQJ�
UHVXOWV� VXJJHVW� WKDW� WKH� 3DVVLYH� +RXVH� DSSURDFK� LV�
DSSOLFDEOH�LQ�D�6FRWWLVK�FOLPDWH�DQG�FRXOG�EH�YDOXDEOH�
WR� UHGXFH� FDUERQ� HPLVVLRQV� DQG� LPSURYH� HQHUJ\�
HIILFLHQF\� LQ� GZHOOLQJV�� 0RGHOOLQJ� UHVXOWV� VXJJHVW�
WKDW� VLPXODWLRQ� FDQ� EH� XVHG� WR� LQIOXHQFH� WKH� GHVLJQ�
SURFHVV�� HVSHFLDOO\� LQ� ORZ� HQHUJ\� EXLOGLQJV� DV�
G\QDPLF� VLPXODWLRQ�FDQ�RIIHU�D�TXLFNHU�DQG�FKHDSHU�
DOWHUQDWLYH�WR�H[SHULPHQWDO�ILHOG�WUDLOV����

�,1752'8&7,21�
$V�*RYHUQPHQWV� DURXQG� WKH� ZRUOG� ORRN� WR� LQFUHDVH�
WKH�HQHUJ\�HIILFLHQF\�RI�GZHOOLQJV�IRU�D�PXOWLWXGH�RI�
UHDVRQV� VXFK� DV� KHDOWK� IDFWRUV�� VHFXULW\� RI� HQHUJ\�
VXSSO\� DQG� PLWLJDWLQJ� FOLPDWH� FKDQJH�� WKH� HQHUJ\�
HIILFLHQF\�RI�GZHOOLQJV�EHFRPHV�LPSHUDWLYH����
³$� VLPSOH� FROOHFWLRQ� RI� DSSURSULDWH� FRPSRQHQWV� LV�
QRW� VXIILFLHQW� WR� FRQVWUXFW� D� EXLOGLQJ� DV� D� 3DVVLYH�
+RXVH�±�WKH�LQWHJUDWLRQ�DV�D�ZKROH�LV�JUHDWHU�WKDQ�WKH�
VXP� RI� WKH� LQGLYLGXDO� SDUWV�´� �)HLVW� DQG� 3DVVLY+DXV�
,QVWLWXW�� ������� 7KH� 8.� *RYHUQPHQW� VHFUHWDU\� RI�
VWDWH� IRU� HQHUJ\� DQG� FOLPDWH� FKDQJH� UHFHQWO\� VWDWHG�
WKH� 3DVVLYH� +RXVH� VWDQGDUG� ZDV� ³D� ZDWHUVKHG�
PRPHQW� LQ� RXU� UHODWLRQVKLS� ZLWK� WKH� EXLOW�
HQYLURQPHQW� �DQG� WKDW� KH�� ZRXOG� OLNH� WR� VHH� HYHU\�
QHZ�KRPH�LQ�WKH�8.�UHDFK�WKH�VWDQGDUG´��&XWWLQJ�WKH�
&DUERQ�� ������� 7KH� &(3+(86� SURMHFW� �6FKQLHGHUV�
DQG� +HUPHOLQN�� ������ 6FKQLHGHUV�� ������ GHWDLOV� WKH�
UHVXOWV� IURP� GHWDLOLQJ� 32(� RI� RYHU� ���� 3DVVLYH�
+RXVHV� LQ� (XURSH�� ,W� VWDWHV� WKH� SULQFLSOH� LGHD� RI� D�
3DVVLYH� +RXVH� DV� WKH� UHGXFWLRQ� RI� KHDW� ORVVHV��
WKURXJK� LQFUHDVHG� LQVXODWLRQ�� VR� WKDW� WKH� XVH� RI�
LQWHUQDO� JDLQV�� DSSOLDQFHV� �� SHRSOH� �� VRODU� ODUJHO\�
QHJDWH�WKH�QHHG�IRU�D�VHSDUDWH�KHDWLQJ�V\VWHP��

7KH� WHUP� 3DVVLYH� +RXVH�� IURP� WKH� *HUPDQ�
3DVVLY+DXV��UHIHUV�WR�D�VWDQGDUG�XVHG�WR�GHILQH�KLJKO\�
LQVXODWHG� HQHUJ\� HIILFLHQW� EXLOGLQJV�� 3DVVLYH� +RXVH�
VWDQGDUG� FDQ� EH� DFKLHYHG� E\� ERWK� GRPHVWLF� DQG�
FRPPHUFLDO� EXLOGLQJV�� WKLV� VWXG\� ZLOO� IRFXV� XSRQ� D�
3DVVLYH�+RXVH�LQ�D�GRPHVWLF�FRQWH[W��7R�EH�WHUPHG�D�
3DVVLYH�+RXVH�� WKH�EXLOGLQJ�PXVW�PHHW�D� VHW�RI�FRUH�
IXQGDPHQWDOV�DV�GHVFLEHG� LQ�7DEOH����3DVVLYH�+RXVH�
&ULWHULD���
7DEOH���±�3DVVLYH�+RXVH�&ULWHULD�
&5,7(5,$�$5($� 0($685(0(17�

+HDWLQJ� (QHUJ\�
'HPDQG�

�����N:K�P�D��
�

%XLOGLQJ�(QHUJ\�/RDG� %XLOGLQJ�+HDWLQJ�/RDG������:�P��

7KHUPDO�%ULGJHV� 7KHUPDO�%ULGJH�)UHH�'HVLJQ�

$LU�7LJKWQHVV� ����DLU�FKDQJHV���KRXU�#����3D�

(QWLUH� 6SHFLILF� 3ULPDU\�
(QHUJ\�'HPDQG�

0D[�����N:K�P�D�

0HFKDQLFDO� 9HQWLODWLRQ�
+HDW�5HFRYHU\�

09+5�LV�FULWLFDO� LQ�D�3DVVLYH�+RXVH��
D� V\VWHP� ZLWK� D� KLJK� HIILFLHQF\�
�!�����PXVW�EH�XVHG�

'RPHVWLF� +RW� :DWHU�
*HQHUDWLRQ� DQG�
'LVWULEXWLRQ�6\VWHPV�

0LQLPDO�+HDW�/RVVHV��

6WUXFWXUH�� 8�9DOXH��������:�P�.�

5RRI�� 8�9DOXH��������:�P�.�

)ORRU�� 8�9DOXH��������:�P�.�

*OD]LQJ� 8�9DOXH�������:�P�.�
6RODU� (QHUJ\� 7UDQVPLWWDQFH� �*�
)DFWRU��RI�DW� OHDVW����� WR�DFKLHYH�QHW�
KHDW�JDLQV�LQ�ZLQWHU�

$Q� H[FLWLQJ� GHYHORSPHQW� RI� ORZ� HQHUJ\� KRPHV��
LQFOXGLQJ� WKH� ILUVW� FHUWLILHG� 3DVVLYH� +RXVH� LQ�
6FRWODQG�� KDV� EHHQ� UHFHQWO\� FRPSOHWHG� E\� )\QH�
+RPHV�LQ�'XQRRQ��7KH�KRPHV�ZHUH�RIILFLDOO\�RSHQHG�
WKH� 6FRWWLVK� *RYHUQPHQW� 0LQLVWHU� IRU� +RXVLQJ� DQG�
&RPPXQLWLHV�ZLWK�WKH�SURSHUWLHV�GHWDLOHG�DV�IROORZV��
³7KH���� WHUUDFHG�SURSHUWLHV�� ORFDWHG���PLOH� VRXWK�RI�
'XQRRQ�DQG�RYHUORRNLQJ�WKH�EHDXWLIXO�)LUWK�RI�&O\GH��
ERDVWV� WKH� )LUVW� 3DVVLYKDXV� IRU� 6FRWODQG�� WKH� )LUVW�
DIIRUGDEOH�3DVVLYKDXV� IRU� WKH�8.�� DQG�GHPRQVWUDWHV�
WKDW�ORZ�HQHUJ\�KRPHV�FDQ�DOVR�EH�DIIRUGDEOH�´��)\QH�
+RPHV�� ������� 6LPLODU� 3DVVLYH�+RXVH� SURMHFWV� KDYH�
DOVR� EHHQ� FRQVWUXFWHG� LQ� RWKHU� QDWLRQV� VXFK� DV� LQ�
:DOHV� ZKHUH� WKHUH� FDQ� RIWHQ� H[LVW� FRPSDUDEOH�
PDULWLPH� ORFDWLRQV� ZLWK� GLIILFXOW� WRSRJUDSKLHV�
�0F/HRG�HW�DO�����������
$Q�LQLWLDWLYH�ZDV�WDNHQ�IRUZDUG�E\�WKH�8QLYHUVLW\�RI�
6WUDWKFO\GH� DQG� )\QH� +RPHV� WR� FDUU\� RXW� GHWDLOHG�
PRQLWRULQJ� RQ� D� QXPEHU� RI� KRPHV� LQ� WKH�
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GHYHORSPHQW� DQG� ORFDOLW\�� � 7KH� PRQLWRULQJ� ZLOO� EH�
XVHG� WR� DVVHVV� WKH� DSSOLFDELOLW\� RI� 3DVVLYH� +RXVH�
GHVLJQ�LQ�D�6FRWWLVK�FOLPDWH����
2EMHFWLYH�
7KH�REMHFWLYH�RI�WKLV�SDSHU�LV�WR�GHWDLO�WKH�PRQLWRULQJ�
RI� WKH� ILUVW� 3DVVLYH�+RXVH� LQ� 6FRWODQG� DORQJ�ZLWK� D�
KLJKO\� LQVXODWHG� GZHOOLQJ� DQG� D� KRPH� EXLOW� LQ� WKH�
����¶V� DV� FRPSDUDWRUV�� $OO� WKUHH� GZHOOLQJV� DUH�
ORFDWHG� ZLWKLQ� D� ���� PHWUH� UDGLXV�� 7KH� PRQLWRUHG�
LQIRUPDWLRQ�ZLOO�EH�XVHG�WR�DVVHVV�WKH�LPSDFW�RI�QHZ�
GHVLJQ� PHWKRGV� DQG� PDWHULDOV� WR� HQHUJ\� XWLOLVDWLRQ�
DQG�RFFXSDQW� VDWLVIDFWLRQ��7KH�IRFXV�RI� WKLV�SDSHU� LV�
WKH� PRQLWRULQJ� DQG� PRGHOOLQJ� RI� WKH� ILUVW� 3DVVLYH�
+RXVH�EXLOW�LQ�6FRWODQG��

0(7+2'2/2*<�
/RFDWLRQ�RI�0RQLWRULQJ�3URMHFW�
/RFDWLRQ�RI�WKH�SURMHFW�ZDV�GLFWDWHG�WR�D�ODUJH�GHJUHH�
E\�WKH�ORFDWLRQ�RI�6FRWODQG¶V�ILUVW�3DVVLYH�+RXVH�DQG�
WKH�RWKHU�WHVW�FDVH�GZHOOLQJV�� �6LWXDWHG�RQ�WKH�&RZDO�
3HQLQVXOD� LQ� $UJ\OO� 6FRWODQG�� 'XQRRQ� HQMR\V� D�
FOLPDWH� ZKLFK� UDUHO\� GURSV� EHORZ� ��&� DQG� UDUHO\�
H[FHHGV����&��:HDWKHU���/WG�������������

�
)LJXUH� �� ±� 0RQLWRULQJ� 3URMHFW� /RFDWLRQ�� 'XQRRQ��
6FRWODQG�
1RQ�LQYDVLYH�PRQLWRULQJ�ZDV�D�SULPDU\�IRFXV�RI�WKH�
SURMHFW�WR�UHGXFH�WKH�LPSDFW�RQ�WKH�IDPLOLHV�OLYLQJ�LQ�
HDFK�KRPH��7HOHPHWU\�PRQLWRULQJ�ZDV�VHOHFWHG�DV�WKH�
EHVW� PHWKRG� RI� FRQGXFWLQJ� WKH� PRQLWRULQJ�� 7KH�
WHOHPHWU\� PRQLWRULQJ� SODFHG� D� UHVWULFWLRQ� XSRQ� WKH�
PRQLWRULQJ� DV� HDFK� WUDQVPLWWHU�PXVW� EH� SODFHG� ZLWK�
���PHWHUV� RI� WKH�PDLQ� UHFHLYHU�� 5HSHDWHUV� FRXOG� EH�
XVHG�WR�ERRVW�WKH�VLJQDO�IRU�PRUH�WKDQ����PHWHUV�EXW�
WKLV�ZRXOG�KDYH�DGGHG�DQRWKHU�OD\HU�RI�FRPSOH[LW\�WR�
WKH�PRQLWRULQJ�SURFHVV���

'HVFULSWLRQ�RI�0RQLWRUHG�'ZHOOLQJV�
$� VHOHFWLRQ�RI� WKUHH�KRPHV� WR�PRQLWRU� ZDV�PDGH� WR�
UHSUHVHQW� WKH� EURDG� VSHFWUXP� RI� KRXVLQJ� W\SHV� LQ�
6FRWODQG�� WDNLQJ� WKH� FRQWUROOLQJ� IDFWRU� DV� EHLQJ�
YDU\LQJ�LQVXODWLRQ�FRQVWUXFWLRQV��$V�FDQ�EH�VHHQ�IURP�
)LJXUH� ��� DOO� KRPHV� DUH� ZLWKLQ� D� FORVH� SUR[LPLW\� WR�
HDFK�RWKHU��WKHUHIRUH�DOO�RI�WKH�KRPHV�ZLOO�H[SHULHQFH�
YHU\� VLPLODU� H[WHUQDO� FRQGLWLRQV��$OO� KRPHV� DUH�RI� D�
VHPL�GHWDFKHG� GHVLJQ�� � 6XPPDU\� GHWDLO� RQ� HDFK�
GZHOOLQJ�LV�SURYLGHG�LQ�7DEOH����

7DEOH���±�6XPPDU\�RI�0RQLWRUHG�'ZHOOLQJV�
� 7)$

��
�

8�9DOXHV�
:����Pð�.��

+HDWLQJ��

1DPH� P�� :DOO� *OD]LQJ� 6SDFH� :DWHU�
�

3DVVLYH�
+RXVH�
�����

��� ������ ����� $6+3� 6'+:���
,PPHUVLRQ�

+LJKO\�
,QVXODWHG�
+RPH�
�����

���� ���� ���� 6WRUDJH�
+HDWHUV�

,PPHUVLRQ�
%RLOHU�

����¶V�
+RPH�
�����

��� ���� ���� 6WRUDJH�
+HDWHUV�

,PPHUVLRQ�
%RLOHU�

3DVVLYH�+RXVH��'ZHOOLQJ����
)LJXUH� �� KLJKOLJKWV� WKH� ORFDWLRQ� RI� GZHOOLQJ� ���
ORFDWHG�RQ� WKH�)LUWK�RI�&O\GH� WR�HQVXUH�D� IDYRXUDEOH�
YLHZ� �LPSRUWDQW� LQ� WKH� GHVLJQ� RI� D� 3DVVLYH� +RXVH��
DQG� DGGLWLRQDO� VRXUFH� RI� KXPLGLW\�� +RZHYHU�� WKH�
ORFDWLRQ� LV� VKDGHG� E\� ORFDO� WUHHV� DQG� GRHV� QRW� KDYH�
WKH� EHQHILW� RI� VRXWKHUO\� IDFLQJ� ZLQGRZV�� 6RODU� KHDW�
JDLQ�LV�WKHUHIRUH�PLQLPLVHG�LQ�WKLV�ORFDWLRQ����

)LJXUH�����'XQRRQ�3DVVLYH�+RXVH�±�1RWH�6RODU�
7KHUPDO�3DQHO�,QVWDOODWLRQ�
7KH� 3DVVLYH�+RXVH� LV� KHDWHG� SULPDUO\� E\� XVH� RI� DQ�
$LU� 6RXUFH�+HDW� 3XPS� �$6+3�� (FR�$LU� 6SOLW� 7\SH�
$LU� &RQGLWLRQHU�� PRGHO� (&2����6�� VXSSO\LQJ� KHDW�
WR� WKH� EXLOGLQJ� WR� WKH� ORZHU� KDOO� E\� ZD\� RI� ZDOO�
PRXQWHG� KHDWHG� DLU� GHOLYHU\�� 7KLV� $6+3� KDV� EHHQ�
UHFRPPHQGHG� IRU� WKH� SURSHUW\� EDVHG� XSRQ� WKH�
FDOFXODWLRQV� FRQGXFWHG� GXULQJ� WKH� FHUWLILFDWLRQ�
SURFHVV� XVLQJ� WKH� 3DVVLYH� +RXVH� 3ODQQLQJ� 3DFNDJH�
�3+33����
7KH� 3DVVLYH� +RXVH� DOVR� KDV� WKH� EHQHILW� RI� 6RODU�
'RPHVWLF�+RW�:DWHU� �6'+:�� LQ� WKH� IRUP�RI� ���P��
9HOX[�0���&ROOHFWRUV� ���FROOHFWRUV�ZLWK�D� VSHFLILHG�
DSHUWXUH� RI� ���P�� HDFK��� 7KH� VRODU� FROOHFWRUV� IHHG� D�
���OLWUH� WDQN� ZKLFK� KDV� D� GLUHFW� LPPHUVLRQ� WRS� XS�
ZKLFK� FDQ�EH� VHW� E\� D� WLPHU�� ,QWHOOLJHQW� FRQWUROV� DUH�
YHU\� LPSRUWDQW� LQ� V\VWHPV� VXFK� DV�6+':� WR� HQVXUH�
WKDW�� IRU� H[DPSOH�� WKH� LPPHUVLRQ� WRS� XS� LV� PDGH� DW�
WKH� FRUUHFW� WLPH� RI� WKH� GD\�� +HDWLQJ� ZDWHU� ZLOO�
EHFRPH�HVSHFLDOO\�LPSRUWDQW�DV�GHPDQG�IRU�KRW�ZDWHU�

�����������������������������������������������������������
1 Total Floor Area 
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ZLOO�GRPLQDWH�LQ�EXLOGLQJV�ZKLFK�KDYH�ORZ�KHDW�ORVV�
DQG�PHHW�DGYDQFH�EXLOGLQJ�VWDQGDUGV�VXFK�DV�3DVVLYH�
+RXVH� �7XRK\�� ������ )HLVW� DQG� 3DVVLY+DXV� ,QVWLWXW��
�������
�
�
�
�
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�
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�
)LJXUH�����3DVVLYH�+RXVH�)ORRU�3ODQV���'LYLFL���������
)LJXUH���GHWDLOV�WKH�JRXQG�IORRU�SODQV�IRU�GZHOOLQJ�����
1RWHG�RQ�WKH�GLDJUDP�LV�WKH�ORFDWLRQ�RI�WKH�VXSSO\�DLU�
GXFWZRUN� DQG� VXSSO\� DLU� LQWDNH� �ZHVWHUQ� VLGH� RI�
SRUFK��� WKH�VXSSO\�DLU� LQOHWV�DUH�SODFHG�DSSURSULDWHO\�
LQ� WKH� OLYLQJ� DQG� VOHHSLQJ� DUHDV� RI� WKH� KRPH�� $OVR�
KLJKOLJKWHG� LV� WKH�H[WUDFW�DLU� RXWOHW� �QRUWKHUQ�VLGH�RI�
SRUFK��� WKH� H[WUDFW� DLU� RXWOHWV� DUH� SODFHG� LQ� WKH�
NLWFKHQ�DQG�EDWKURRP�WR�UHFRYHU�WKH�KHDW� IURP�WKHVH�
DUHDV��
�
�

(QHUJ\�(IILFLHQW�+RXVH��'ZHOOLQJ����
(QHUJ\�HIILFLHQW�PDWHULDOV�ZHUH�XWLOLVHG�WR�HQVXUH�WKDW�
WKH� KRPH� LV� EURDGO\� LQ� OLQH� ZLWK� WKH� &RGH� IRU�
6XVWDLQDEOH�+RPHV��*D]H��������OHYHO������
7DEOH���±�(QHUJ\�(IILFLHQW�+RPH�±�0RQLWRULQJ��

/RFDWLRQ� 7R�0HDVXUH� ,'�

/RXQJH� 5HODWLYH�
+XPLGLW\� ��
7HPSHUDWXUH� ��
&2��

*'����

.LWFKHQ� 7HPSHUDWXUH� *&�����

&ROGHVW�5RRP� 7HPSHUDWXUH� *&�����

%DWKURRP� 7HPSHUDWXUH� *&�����

(OHFWULF�0HWHU� &XUUHQW� 0�'���(OWHN�*6���
7UDQVPLWWHU�
�

+:� ,PPHUVLRQ�
+HDWHU�

&XUUHQW� 0�'� �� (OWHN� *6�
���7UDQVPLWWHU�

+:�7DQN� +:�WDQN�WHPS� �� 7KHUPLVWRU� �� ��
*6���

+RW� :DWHU� �� &ROG�
:DWHU�,QWDNH�)HHG�

&ROG�:DWHU� ,QOHW�
3LSH�

�� 7KHUPLVWRU�
�*6��� QRW�
UHTXLUHG� DV� RQH�
*V��� �� ��
7KHUPLVWRU��

+RW� :DWHU� �� +RW�
:DWHU� 3LSH�
/HDYLQJ�7DQN�

+RW�:DWHU�2XWOHW�
3LSH�

�� 7KHUPLVWRU� �� ��
*6���

����V�+RXVH��'ZHOOLQJ����
&RQVWUXFWHG�LQ�WKH�����¶V�GZHOOLQJ����)LJXUH����LV�DQ�
H[DPSOH� RI� WKH� W\SH� RI� GZHOOLQJ� ZKLFK� ZDV�
FRPPRQSODFH� WKURXJKRXW� 6FRWODQG�� EXW� DUH� NQRZQ�
IRU�WKHLU�SRRU�LQVXODWLRQ�DQG�ODUJH�HQHUJ\�XVH����
�

/RFDWLRQ� 7R�0HDVXUH� ,'�
/RXQJH� 5HODWLYH� +XPLGLW\� ��

7HPSHUDWXUH���&2��
*'����
�

.LWFKHQ� 7HPSHUDWXUH� *&�����
&ROGHVW�
5RRP�

7HPSHUDWXUH� *&�����

%DWKURRP� 7HPSHUDWXUH� *&�����
(OHFWULF�
0HWHU�

&XUUHQW� (OWHN�0�'�

09+5� &XUUHQW� (OWHN�0�'���
*6� ���
7UDQVPLWWHU�
�

6SDFH� +HDW�
�'XFW��

&XUUHQW� (OWHN�0�'���
*6����

+HDW� 3XPS� ��
2XWVLGH�

&XUUHQW� (OWHN�0�'���
(OWHN�*6����
7UDQVPLWWHU��
�

6'+:� 7DQN� 7HPSHUDWXUH� �� &ROG�
:DWHU� ,QWDNH� 7HPSHUDWXUH�
�� 6RODU� +HDWHG� :DWHU�
,QWDNH���+RW�:DWHU�([WUDFW�

(OWHN� *6���
7UDQVPLWWHU�
�

6'+:� ,PPHUVLRQ�&XUHQW� �� 3XPS�
&XUUHQW�

7ZR� �
&ODPS�
0HWHU������
*6���
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�
)LJXUH���±�����¶V�7HVW�&DVH�'ZHOOLQJ�
�
7DEOH���±�����¶V�+RXVH��LQVWDOOHG�0RQLWRULQJ�
(TXLSPHQW�GHWDLOV�

2YHUDUFKLQJ�0RQLWRULQJ�,QVWDOODWLRQ�
,Q� DGGLWLRQ� WR� WKH�PRQLWRULQJ� HTXLSPHQW� LQVWDOOHG� LQ�
HDFK� KRPH�� DGGLWLRQDO� PRQLWRULQJ� HTXLSPHQW� ZDV�
XWLOLVHG�� D� S\UDQRPHWHU� WR� UHFRUG� VRODU� UDGLDWLRQ�� DQ�
H[WHUQDO� WHPSHUDWXUH� VHQVRU� WR�PHDVXUH� WKH� H[WHUQDO�
WHPSHUDWXUH�� 7KH� 3\UDQRPHWHU� DQG� H[WHUQDO�
WHPSHUDWXUH� VHQVRU� GDWD� ZDV� UHSUHVHQWDWLYH� IRU� DOO�
WKUHH�GZHOOLQJV�����
�
7DEOH���±�2YHUDUFKLQJ�PRQLWRULQJ�HTXLSPHQW��

6,7(�6859(<�2%6(59$7,216�
3DVVLYH�+RXVH�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�

)LJXUH� �� KLJKOLJKWV� WKDW� WKH� LQVXODWLRQ� DURXQG� WKH�
3DXO� 7KHUPRV� ���'&� 09+5� XQLW� KDV� EHHQ�
LQFRUUHFWO\� LQVWDOOHG�� 7KLV� RYHUVLJKW� ZLOO� KDYH� WKH�
HIIHFW� RI� UHGXFLQJ� WKH� WHPSHUDWXUHV� LQ� WKH� 3DVVLYH�
+RXVH� DQG� WKHUHIRUH� UHTXLULQJ� DGGLWLRQDO� HOHFWULFLW\�
WR�KHDW�WKH�KRPH�IXUWKHU����

(QHUJ\�(IILFLHQW�+RPH��
'ZHOOLQJ���VXIIHUHG�IURP�SRRU�LQVXODWLRQ�DURXQG�WKH�
KRW� ZDWHU� VWRUDJH� WDQN� DQG� SLSLQJ�� 7KH� OHYHO� RI�
DWWHQWLRQ� WR� GHWDLO� UHJDUGLQJ� LQVXODWLRQ� FRXOG� KDYH�
EHHQ�LPSURYHG�VLJQLILFDQWO\��

����¶V�+RXVH��
'ZHOOLQJ���DOVR�VXIIHUHG�IURP�SRRU�LQVXODWLRQ�DURXQG�
WKH�KRW�ZDWHU�VWRUDJH�WDQN�DQG�SLSLQJ��,W�LV�FOHDU�WKDW�
LQVXODWLRQ�RI�SLSLQJ�UHODWHG�WR�WKH�KRW�ZDWHU�WDQN�ZLOO�
UHGXFH�KHDW�ORVV�DQG�UHGXFH�FRVW���

6LWH�6XUYH\�6XPPDU\�
,QLWLDO� REVHUYDWLRQV� KLJKOLJKW� WKH� LPSRUWDQFH� RI�
LQVXODWLRQ� RI� VHUYLFHV� V\VWHPV� LQVLGH� RI� HDFK� RI� WKH�
GZHOOLQJV�� 7KH� ODFN� RI� DWWHQWLRQ� WR� GHWDLO� RQ� WKH�
3DVVLYH� +RXVH� ZDV� XQH[SHFWHG� DV� IRU� D� 3DVVLYH�
+RXVH� WR� IXQFWLRQ� DV� LQWHQGHG�� LW� LV� LPSHUDWLYH� WKDW�
DWWHQWLRQ�WR�GHWDLO�LV�LQ�SODFH�HVSHFLDOO\�IRU�DUHDV�VXFK�
DV� LQVXODWLRQ�� 2Q� GLVFXVVLRQ� ZLWK� WKH� RZQHU� RI� WKH�
3DVVLYH� +RXVH� LW� ZDV� FOHDU� WKDW� WKH� 09+5� V\VWHP�
KDV� QRW� EHHQ� DGHTXDWHO\� H[SODLQHG� WR� KHU��
)XUWKHUPRUH�� WKH� RZQHUV� HOHFWULFLW\� ELOOV� IRU� WKH�
3DVVLYH�+RXVH�ZHUH�IDU�KLJKHU�WKDQ�VKH�KDG�EHHQ�OHG�
WR�H[SHFW��7KH�RZQHU�DOVR�PHQWLRQHG�WKDW�WKH�3DVVLYH�
+RXVH� ZDV� YHU\� FROG�� 0RQLWRULQJ� ZDV� UHTXLUHG� WR�
GHWHUPLQHG� KRZ� WKH� 3DVVLYH� +RXVH� ZDV� SHUIRUPLQJ�
DQG� LI� WKH� H[SHFWHG� ���&� WKURXJKRXW� WKH� KRPH� ZDV�
EHLQJ�DFKLHYHG��

/RFDWLRQ� 7R�0HDVXUH� 0RQLWRULQJ�
(TXLSPHQW�
5HIHUHQFH�

/RXQJH� 5HODWLYH�
+XPLGLW\� ��
7HPSHUDWXUH� ��
&2��

*'���

.LWFKHQ� 7HPSHUDWXUH� *&����
&ROGHVW�5RRP� 7HPSHUDWXUH� *&����
%DWKURRP� 7HPSHUDWXUH� *&����
(OHFWULF�0HWHU� &XUUHQW� 0�'� �� *6���

�0�'� &ODPS�
0HWHU� ±� 6HQVH�
+HDW� 3XPS� DQG�
+RXVH� (OHFWULF�
&RQVXPSWLRQ��

+:� ,PPHUVLRQ�
+HDWHU�

&XUUHQW� 0�'���*6���

+RW� :DWHU� 7DQN� ��
&ROG� :DWHU� ,QWDNH�
)HHG�

&ROG� :DWHU� ,QOHW�
3LSH�

��7KHUPLVWRU�

+RW� :DWHU� �� +RW�
:DWHU� 3LSH�
/HDYLQJ�7DQN�

+RW�:DWHU� 2XWOHW�
3LSH�

�� 7KHUPLVWRU� �� ��
*6���

/RFDWLRQ� 7R�0HDVXUH� 0RQLWRULQJ�
(TXLSPHQW�
5HIHUHQFH�

3DVVLYH�+RXVH� /RJ�DOO��
WUDQVPLWWHUV��

'DWD� /RJJHU�
5HFHLYHU�
5;���$/�
�6TXLUUHO��

2XWGRRUV� 6RODU�,QWHQVLW\� 3\UDQRPHWHU�
6HQVRU�6.6�����
�KWWS���ELW�O\�5)
(]8J��

2XWGRRUV� 2XWVLGH�7HPSHUDWXUH� *&�����

)LJXUH���±3DVVLYH�+RXVH�09+5�,QVXODWLRQ�
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�021,725,1*�5(68/76�
�)LJXUH� �� SUHVHQWV� D� VXPPDU\� RI� RQH� ZHHN¶V� GDWD�
RXWSXW� IURP� WKH� PRQLWRULQJ� SURFHVV�� � 7KH� RXWGRRU�
WHPSHUDWXUH� FDQ� EH� VHHQ� WR� QHYHU� ULVH� DERYH� ���&���
7KH� WHPSHUDWXUHV� RI� WKH� PDLQ� OLYLQJ� DUHD� RI� HDFK�
GZHOOLQJ� LV� VKRZQ�� WKLV� KLJKOLJKWV� WKDW� GZHOOLQJ� ��
�KLJKO\� LQVXODWHG� KRPH�� LV� FRQVLVWHQWO\� KLJKHU� WKDQ�
HLWKHU� GZHOOLQJ� �� �3DVVLYH� +RXVH�� RU� GZHOOLQJ� ��
�����¶V�+RPH�����
�
,QLWLDO�6XPPDU\�DQG�(QHUJ\�6DYLQJ�$GYLFH�
%DVHG� XSRQ� WKH� LQLWLDO� PRQLWRULQJ� UHVXOWV�� WKH�
IROORZLQJ� FRQFOXVLRQV� DQG� UHFRPPHQGDWLRQV� ZHUH�
SURYLGHG�WR�HDFK�GZHOOLQJ�DV�IROORZV��

3DVVLYH�+RXVH��
 ,QWHUQDO�GU\�EXOE�WHPSHUDWXUH�UHDGLQJV�ZHUH�

EHORZ�WKH�FRPIRUW�]RQH�IRU�QHDUO\�DOO�WKH�
KRXUV�UHFRUGHG�

o 7HPSHUDWXUHV�RI���°&�ZHUH�
FRPPRQSODFH�LQ�WKH�3DVVLYH�+RXVH�

 'RRUV�UHTXLUH�XQGHUFXWWLQJ�EHWZHHQ�NLWFKHQ�
OLYLQJ�URRP�

o $V� WKH� GRRUV� ZHUH� QRW� XQGHUFXW�
WKHUH�ZDV�QR�ZD\�IRU�WKH�KHDWHG�DLU�
WR�PRYH�DURXQG� WKH�3DVVLYH�+RXVH�
DV�LQWHQGHG�

 7KHUH�DUH�LVVXHV�ZLWK�WKH�6'+:�
o &RQWUROV� LVVXHV� H[LVW� ZLWK� WKH�

6'+:��D�FRQWUROOHU� WHVW�EHG�FRXOG�
EH�XVHG�WR�DVVHVV�WKH�EHVW�FRQWUROOHU�
VWUDWHJ\�IRU�WKH�3DVVLYH�+RXVH�

 7KH�GXFWLQJ�VXUURXQGLQJ�WKH�09+5�XQLW�
ZDV�IRXQG�WR�EH�PLVVLQJ�LQVXODWLRQ�LQ�FHUWDLQ�
DUHDV�

o 7KLV� LV� D�PDMRU� LVVXH� DQG�PXVW� EH�
UHFWLILHG� WR�KHOS� WKH�3DVVLYH�+RXVH�
SHUIRUP�DV�LQWHQGHG��

�

+LJKO\�,QVXODWHG�+RXVH��
 *RRG�DLU�TXDOLW\�LQ�WKH�KRPH�

o 7KH� KRXVH� LV� SHUIRUPLQJ� ZHOO� DQG�
KDV� EHHQ� EXLOW� WR� D� KLJK�
VSHFLILFDWLRQ��

 7HPSHUDWXUH�RI�/RXQJH�DQG�.LWFKHQ�DUHD�
FRXOG�EH�UHGXFHG�

o 7HPSHUDWXUHV�LQ�WKH�UDQJH�RI���°&�
ZHUH� FRPPRQSODFH� �WKLV� LV� D�
SHUVRQDO�SUHIHUHQFH��

o ,QGLFDWLYH� ILJXUHV� KLJKOLJKW� WKDW�
WXUQLQJ�GRZQ�WKH�WKHUPRVWDW�E\�RQH�
GHJUHH�FRXOG�VDYH�����D�\HDU�

����¶V�+RXVH��
 7HPSHUDWXUHV�DUH�LQ�D�VHQVLEOH�UDQJH�

o 7KHUH� LV� OLWWOH� RYHUKHDWLQJ� VR�
HQHUJ\� LV� QRW� EHLQJ� ZDVWHG� RQ�
KHDWLQJ�

 $GGLWLRQDO�'UDIW�3URRILQJ�FRXOG�EH�LQVWDOOHG�
LQ�WKH�KRPH�

o ,QGLFDWLYH� ILJXUHV� KLJKOLJKW� WKDW�
LQFUHDVLQJ� GUDIW� SURRILQJ� FRXOG�
VDYH�����RQ�\RXU�KHDWLQJ�ELOO�GXH�
WR�WKH�UHGXFWLRQ�RI�KHDW�ORVV�

o 7KH�PDLQ� LVVXH� LV� WKH� LQVXODWLRQ�RI�
WKH�KRW�ZDWHU�WDQN�DQG�SLSHV 

02'(//,1*�
7KH�PRGHOOLQJ�IRFXV�RI�WKLV�SDSHU�ZLOO�EH�VROHO\�RQ��
WKH�3DVVLYH�+RXVH�IRU�EUHYLW\��
)RU� WKH�3DVVLYH�+RXVH� WR�EH�FRQVWUXFWHG��D� VHULHV�RI�
GHVLJQ�DQG�DVVHVVPHQW�VWDJHV�ZHUH�UHTXLUHG��
8VH�RI�3+33��D�VWHDG\�VWDWH�FDOFXODWLRQ�PHWKRG� WKDW�
FRPPRQO\� XVHG� DV� D� GHVLJQ� WRRO�� WR� FHUWLI\� WKDW� D�
EXLOGLQJ�PHHWV�3DVVLYH�+RXVH�VWDQGDUG��7KH�6WDQGDUG�
$VVHVVPHQW� 3URFHGXUH� �6$3�� LV� XVHG� WR� VXJJHVW� WKH�
HQHUJ\�UDWLQJ�RI� WKH�3DVVLYH�+RXVH��6$3�LV�D�VWHDG\�
VWDWH�FDOFXODWLRQ�PHWKRG��ZKLFK�VKRXOG�QRW�EH�XVHG�DV�
D� GHVLJQ� WRRO�� &UHDWHG� E\� %5(�� 6$3� LV� WKH� 8.�
*RYHUQPHQW¶V� UHFRPPHQGHG� PHWKRG� RI� PHDVXULQJ�
WKH� HQHUJ\� UDWLQJV� RI� GRPHVWLF� GZHOOLQJV�� ,W� LV� WKH�
UHFRJQLVDEOH� WRRO� XVHG� LQ� WKH� 8.� WR� JHQHUDWH� (3&V�
DQG� IRU� EXLOGLQJ� SURIHVVLRQDOV� WR� PHHW� %XLOGLQJV�
&RPSOLDQFH����
,W� FDQ� EH� VHHQ� IURP� WKH� 3DVVLYH� +RXVH� PRQLWRULQJ�
UHVXOWV�WKDW�WKH�3DVVLYH�+RXVH�ZDV�QRW�IXQFWLRQLQJ�DV�
LQWHQGHG�ZLWK�WRR�FROG�LQWHUQDO�WHPSHUDWXUHV��WRR�KLJK�

�

�
)LJXUH���±�0RQLWRULQJ�'HWDLO��+LJKO\�,QVXODWHG�+RXVH�

�
�
�

+LJKO\�,QVXODWHG�+RXVH���/RXQJH���.LWFKHQ�7HPSHUDWXUH��6XQGD\��!�7KXUVGD\��0DUFK��
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HOHFWULFLW\� XVH� DQG� YLVLEOH� LQVXODWLRQ� GHIHFWV�� ZKLFK�
ZHUH�GHWULPHQWDO��
$GGLWLRQDO� PRGHOOLQJ� FDQ� EH� XVHG� WR� VXJJHVW� ZKHUH�
WKH�3DVVLYH�+RXVH�FDQ�EH�LPSURYHG���
�
,'($6��
$Q� ,'($6� EDVHG� PRGHOOLQJ� HQYLURQPHQW� ZDV�
VHOHFWHG� IRU� WKLV� VWXG\�� $� 6$3�FRPSOLDQW� G\QDPLF�
PRGHOOLQJ� DQG� VLPXODWLRQ� WRRO� QDPHG� ,'($6�
�,QYHUVH� '\QDPLFV� EDVHG� (QHUJ\� $VVHVVPHQW� DQG�
6LPXODWLRQ�� KDV� EHHQ� GHYHORSHG� WR� HQDEOH� WKH�
SHUIRUPDQFH�DVVHVVPHQW�RI�QRYHO�FRQWURO�V\VWHPV�IRU�
GRPHVWLF� KHDWLQJ�FRROLQJ� HTXLSPHQW� DQG� DSSOLDQFHV��
7KH� WRRO� LV� LPSOHPHQWHG� LQ� D� 0$7/$%�6LPXOLQN�
HQYLURQPHQW� DQG� RIIHUV� SOXJ�LQ� VXSSRUW� IRU�
K\SRWKHVLVHG�FRQWURO�DOJRULWKPV�ZLWK�RXWSXWV�DSSOLHG�
WR� WKH� ,'($6� V\VWHPV� PRGHOV�� ,Q� XVH�� ,'($6�
HQVXUHV� FRPSOLDQFH� ZLWK� WKH� 8.� *RYHUQPHQW¶V��
HPSLULFDOO\� EDVHG�� 6WDQGDUG� $VVHVVPHQW� 3URFHGXUH�
�6$3�� VR� WKDW� HIIHFWLYH� FRQWURO� UHJLPHV� PLJKW� EH�
DGGHG�WR�HTXLSPHQW�WR�JDLQ�FRPSOLDQFH�DSSURYDO��
,'($6�DOORZV�IRU�DQ�H[WHQVLRQ�RI�6$3�DQG�3+33�LQ�
PDQ\� DUHDV�� VXFK� DV�� WKH� DELOLW\� WR� PDNH� XVH� RI�
YDULRXV� G\QDPLF� ZHDWKHU� ILOHV� �0\ORQD�� ������ DQG�
WKH�IOH[LELOLW\�WR�DPHQG�WKH�KHDWLQJ�VHWSRLQW�ZKLFK�LV�
WUDFNHG� �IRU� H[DPSOH�� FRPSDULVRQV� FDQ� EH� PDGH�
EHWZHHQ� WUDFNLQJ� D� FRQVWDQW� VHWSRLQW� YV�� D� YDU\LQJ�
VHWSRLQW����
,'($6� KDV� EHHQ� GHVFULEHG� LQ� GHSWK� �0XUSK\� HW� DO���
������0XUSK\�HW�DO����������
,Q� ,'($6��KHDW� JDLQV� VXFK� DV� H[WHUQDO�ZHDWKHU�GDWD�
DQG� KHDW� JDLQV� IURP� DSSOLDQFHV� DUH� GHVFULEHG� DV�
GLVWXUEDQFHV� WR� WKH� PRGHO�� 7KHVH� GLVWXUEDQFHV� DUH�
WDNHQ� LQWR�DFFRXQW�E\�,'($6�DQG�SOD\�DQ� LPSRUWDQW�
SDUW� LQ� WKH� RYHUDOO� HQHUJ\� HVWLPDWLRQ� DQDO\VLV� RI� D�
GZHOOLQJ���)RU�H[DPSOH��LI�WKHUH�DUH�PRUH�KHDW�JDLQV��
WKHQ�OHVV�KHDWLQJ�FRXOG�EH�UHTXLUHG�WR�EH�SURGXFHG�E\�
WKH� KHDWLQJ� V\VWHP� IRU� WKH� VWDQGDUG� WHPSHUDWXUH�
GHPDQG�SURILOH�WR�EH�PHW���
7KH� IRFXV� RI� WKLV� VHFWLRQ� RI� WKH� SDSHU� LV� WKH� XVH� RI�
,'($6�WR�VXJJHVW�ZKHUH�VLPXODWLRQ�GLIIHUV�IURP�WKH�
PRGHOOLQJ�UHVXOWV�SUHVHQWHG�KHUH�DQG�ZK\�����
�
,'($6�0HWKRG�
$Q�,'($6�PRGHO�RI� WKH�3DVVLYH�+RXVH�ZDV�FUHDWHG�
EDVHG� XSRQ� DSSURSULDWH� LQSXWV�� :KHUH� SRVVLEOH��
LQSXWWHG�SDUDPHWHUV�LQ�,'($6�ZHUH�LGHQWLFDO�WR�WKRVH�
ZKLFK�ZRXOG�KDYH�EHHQ�XVHG�LQ�3+33�±�IRU�H[DPSOH��
SDUDPHWHUV� VXFK� DV� DUHDV� ZHUH� LGHQWLFDO�� )XOO�
SDUDPHWHUV�XVHG�LQ�WKH�,'($6�PRGHO�DUH�UHSURGXFHG�
KHUH�LQ�7DEOH�����
�
7DEOH���±�,'($6�3DVVLYH�+RXVH�3DUDPHWHUV�
3DUDPHWHU� 1RPHQFODWXUH� 9DOXH��8QLWV��

VLP �� 0DVV� RI� LQWHUQDO�
VWUXFWXUH�

������NJ�

VHP �� 0DVV� RI� H[WHUQDO�
VWUXFWXUH�

������NJ�

LPP �� ,QWHUQDO�PDVV� ������NJ�

DP �� PDVV�RI�LQWHUQDO�DLU� ���������NJ�

V& �� 7KHUPDO� FDSDFLW\� RI�
EXLOGLQJ�VWUXFWXUH�

�������-��NJÂ.��

LP& �� 7KHUPDO� FDSDFLW\� RI�
LQWHUQDO�PDVV�

�����-��NJÂ.��

D& �� 7KHUPDO�FDSDFLW\�RI�DLU� �����-��NJÂ.��

Z8 �� 8�YDOXH�RI�ZLQGRZV� ������:��P�Â.��

I8 �� 8�YDOXH�RI�IORRU� �������:��P�Â.��

U8 �� 8�YDOXH�RI�URRI� ������:��P�Â.��

LP8 �� 8�YDOXH� RI� LQWHUQDO�
PDVV�

����:��P�Â.��

V8 �� 8�YDOXH�RI�VWUXFWXUH� �������:��P�Â.��

Z$ �� 6XUIDFH� DUHD� RI�
ZLQGRZV�

������P��

I$ �� 6XUIDFH�DUHD�RI�IORRU� �����P��

U$ �� 6XUIDFH�DUHD�RI�URRI� ������P��

LP$ �� 6XUIDFH�DUHD�RI�LQWHUQDO�
PDVV�

������P��

V$ �� 6XUIDFH� DUHD� RI�
VWUXFWXUH�

�������P��

LK ��
,QWHUQDO� DLU� KHDW�
WUDQVIHU�FRHIILFLHQW�

�����:��P�Â.��

HK ��
([WHUQDO� DLU� KHDW�
WUDQVIHU�FRHIILFLHQW�

���:��P�Â.��

ZN ��
(TXLYDOHQW�WKHUPDO�
FRQGXFWLYLW\�RI�WKH�
VWUXFWXUH�

�������:��PÂ.��

ZG ��
7KLFNQHVV�RI�WKH�
VWUXFWXUH�

�������P�

�
&OLPDWH� SOD\V� DQ� LPSRUWDQW� UROH� LQ� PRGHOOLQJ�� ,Q�
6$3�� FOLPDWH� GDWD� IRU� PDQ\� DVSHFWV� VXFK� DV� WKH�
SUHGLFWHG� UXQQLQJ�FRVWV�RI�D�GZHOOLQJ�DUH�EDVHG� LQ�D�
6KHIILHOG�� (QJODQG� ORFDWLRQ�� 3+33� PDNHV� XVH� RI�
PRUH� ORFDOLVHG� FOLPDWH� GDWD� DV� WKH� EDVLV� IRU� VRODU�
JDLQV� DQG� H[WHUQDO� WHPSHUDWXUH� KDV� D� PDMRU� EHDULQJ�
RQ�WKH�RXWFRPH�RI�D�3+33�PRGHO��7KH�LPSRUWDQFH�RI�
FOLPDWH� GDWH� LQ� 3DVVLYH� +RXVH� PRGHOOLQJ� KDV� EHHQ�
UHFRJQLVHG��0F/HRG�HW�DO�����������
7KH� &KDUWHUHG� ,QVWLWXWH� RI� %XLOGLQJV� 6HUYLFHV�
(QJLQHHUV� �&,%6(�� 7HVW� 5HIHUHQFH� <HDUV� �75<V��
GDWD� IRU�*ODVJRZ�ZDV�XVHG� LQ� WKH� ,'($6�PRGHO�� DV�
*ODVJRZ� LV� WKH� FORVHVW� 75<� GDWD� DYDLODEOH� WR� WKH�
ORFDWLRQ� RI� WKH� 3DVVLYH� +RXVH�� &,%6(� 75<V� DQG�
'HVLJQ� 6XPPHU� <HDUV� �'6<V�� DUH� DYDLODEOH� IRU� ���
ORFDWLRQV�DFURVV�WKH�8.���7KH�LPSRUWDQFH�RI�ZHDWKHU�
GDWD� KDV� DOVR� EHHQ� KLJKOLJKWHG� E\�&,%6(�� ³ZHDWKHU�
GDWD� KDV� QRZ� EHFRPH� DQ� HVVHQWLDO� FRPSRQHQW� RI�
YLUWXDOO\� HYHU\� QHZ� EXLOGLQJ� GHVLJQ� DQG� PDMRU�
UHIXUELVKPHQW´�&,%6(���������
$Q\� VHW�SRLQW�FDQ�EH� WUDFNHG� LQ� WKH� ,'($6�PHWKRG��
WKH� VHW�SRLQW� WUDFNHG� LQ� WKLV� ,'($6�PRGHO� LV� EDVHG�
XSRQ� WKH� VWDQGDUG� 6$3� WHPSHUDWXUH� GHPDQG� SURILOH�
���&� GHPDQGHG� EHWZHHQ� �DP�!�DP� �� �SP�!��SP�
PLGZHHN� 	� �DP�!��SP� ZHHNHQG�� %\� WUDFNLQJ� WKH�
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VWDQGDUG� 6$3� WHPSHUDWXUH� GHPDQG� SURILOH� VHWSRLQW��
,'($6� ZLOO� FDOFXODWH� WKH� SUHGLFWHG� HQHUJ\�
FRQVXPSWLRQ�IRU�WKDW�PRGHOOHG�GZHOOLQJ�RYHU�D�\HDU���
7KLV� HQHUJ\� XVH� ZLOO� EH� DIIHFWHG� E\� IDFWRUV� VXFK� DV�
ZHDWKHU�GDWD�DQG�KHDW�JDLQV�IURP�DSSOLDQFHV��
$SSOLDQFH� JDLQV� ZHUH� WDNHQ� IURP� DQ� ,QWHUQDWLRQDO�
(QHUJ\�$JHQF\� �� (QHUJ\�&RQVHUYDWLRQ� LQ�%XLOGLQJV�
DQG� &RPPXQLW\� 6\VWHPV� 3URJUDP� �(&%&6�� $QQH[�
��� VWXG\� EDVHG� XSRQ� UHDO� 8.� WHVW� GDWD� IRU� ���
PRQLWRUHG�EXLOGLQJV��%HDXVROHLO�0RUULVRQ���������
,'($6�5HVXOWV�
,QGLFDWLYH�UHVXOWV�DUH�SUHVHQWHG�KHUH�WR�VXJJHVW�ZKHUH�
D� PHWKRG� VXFK� DV� ,'($6� FRXOG� DVVLVW� LQ� WKH�
SHUIRUPDQFH� LPSURYHPHQW� RI� DGYDQFHG� GZHOOLQJV�
VXFK�DV�WKH�3DVVLYH�+RXVH��)LJXUH����SUHVHQWV�,'($6�
FDOFXODWHG�\HDUO\�KHDWLQJ�HQHUJ\�FRQVXPSWLRQ���
�

�
)LJXUH���±�+HDWLQJ�&RQVXPSWLRQ�6XPPDU\�
�
,'($6� HQHUJ\� FRQVXPSWLRQ� UHVXOWV� FRXOG� EH�
FDOLEUDWHG� ZLWK� WKRVH� DVVXPHG� E\� 3+33� EXW� 3RVW�
2FFXSDQF\� (YDOXDWLRQ� �32(�� GDWD� ZRXOG� DOORZ� IRU�
UHVXOWV� WKDW� DUH� PRUH� UHSUHVHQWDWLYH� RI� UHDOLW\��
0RQLWRUHG�32(�GDWD�FDQ�KHOS�SUHGLFW�HQHUJ\�XVH��ZH�
FDQ�SRSXODWH� ,'($6�ZLWK� VXFK�GDWD� WR�KHOS�JDLQ� DQ�
LPSURYHG�PRGHOOLQJ�HVWLPDWLRQ�RI�IXWXUH�HQHUJ\�XVH��
$OVR� GHPRQVWUDEOH� LV� WKDW� E\� WUDFNLQJ� WKH� 6$3�
GHPDQG�SURILOH��D�PLQLPXP�RI����&�ZLOO�EH�JHQHUDOO\�
DFKLHYHG� WKURXJKRXW� WKH� \HDU� DVVXPLQJ� WKDW� WKH�
KHDWHU� LV� VL]HG� DSSURSULDWHO\� IRU� WKH� GZHOOLQJ� LV�
SHUIRUPLQJ� DV�GHVLJQHG��$�EHQHILW� RI� ,'($6� LV� WKDW�
WUDQVLWRU\� EHKDYLRXU� FDQ� EH� DQDO\VHG�� LQ� D� 6$3�
FRPSOLDQW� IUDPHZRUN� DV� KLJKOLJKWHG� LQ� )LJXUH� ����
,QLWLDO�FRPSDULVRQV�ZLWK�PRQLWRULQJ�GDWD�VXJJHVW�WKDW�
WKH� 3DVVLYH� +RXVH� LV� FROGHU� WKDQ� WKH� JHQHUDO�
PLQLPXP� IRXQG� RI� ���&�� DQG� WKDW� WKLV� LV� GXH� WR� LQ�
XVH� SUREOHPV� ZLWK� WKH� LQVWDOOHG� $6+3� DQG� VR� WKH�
VHWSRLQW�ZLOO�QRW�LQ�SUDFWLFH�EHLQJ�WUDFNHG�DV�ZHOO�DV�
WKDW� PRGHOOHG� LQ� ,'($6� DQG� KLJKOLJKWHG� LQ� )LJXUH�
����,'($6�FRXOG�EH�XVHG�WR�KHOS�VL]H�DQ�DSSURSULDWH�
KHDWLQJ�V\VWHP�DQG�WR�WKHQ�DVVHVV�WKH�H[SHFWHG�\HDUO\�
HQHUJ\�DQG�PRUH�JUDQXODU�WUDQVLWRU\�LPSDFW���

�
)LJXUH�����,'($6�3DVVLYH�+RXVH�WUDQVLHQW�UHVSRQVH��

&21&/86,21�
7KLV� SDSHU� SUHVHQWHG� WKH� SURFHVV� RI� PRQLWRULQJ� ��
GZHOOLQJV�LQ�'XQRRQ��6FRWODQG��2QH�RI�WKH�PRQLWRUHG�
GZHOOLQJV� LV� WKH� ILUVW� FHUWLILHG� 3DVVLYH� +RXVH� LQ�
6FRWODQG�DQG�WKH�ILUVW�DIIRUGDEOH�3DVVLYH�+RXVH�LQ�WKH�
8.�� 2I� WKH� RWKHU� WZR� GZHOOLQJV�� RQH� LV� D� KLJKO\�
LQVXODWHG�KRPH�DQG�RQH�LV�DQ�H[DPSOH�RI�D�GZHOOLQJ�
FRQVWUXFWHG� LQ� WKH� ����V�� %RWK� RI� WKH� PRGHUQ�
EXLOGLQJV� ZHUH� IRXQG� WR� KDYH� EHHQ� EXLOW� WR� D� YHU\�
JRRG� VWDQGDUG�� ,W� ZDV� IRXQG� WKDW� WKHUH� ZHUH�
UHFRPPHQGDWLRQV�WKDW�FRXOG�EH�PDGH�IRU�HDFK�RI�WKH�
GZHOOLQJV�� 7KH� 3DVVLYH� +RXVH� ZDV� IRXQG� WR� KDYH�
VLJQLILFDQW�LVVXHV�ZLWK�LWV�VHUYLFLQJ�V\VWHPV�DQG�WKHVH�
DSSHDUHG�WR�KDYH�D�NQRFN�RQ�HIIHFW�ZLWK�ORZ�LQWHUQDO�
WHPSHUDWXUHV� DQG� KLJK� HQHUJ\� ELOOV� EHLQJ�
H[SHULHQFHG�� 7KH� UHVXOWV� IURP� WKH� KLJKO\� LQVXODWHG�
KRPH�KLJKOLJKWHG�WKH�RYHUDOO�KRW�WHPSHUDWXUHV�LQ�WKH�
GZHOOLQJV� DQG� VXJJHVWHG� WKDW� PRGHOOLQJ� RFFXSDQW�
EHKDYLRXU� LV� YHU\� GLIILFXOW�� 7KH� ����V� GZHOOLQJ�
KLJKOLJKWHG� WKH� LPSURYHPHQWV� WKDW� FDQ� EH� PDGH� WR�
VLPSO\� LPSURYH� WKH� HQHUJ\� HIILFLHQF\� RI� D� KRPH��
VXFK� DV� LQVXODWLQJ� WKH� SLSLQJ� DURXQG� D� GRPHVWLF� KRW�
ZDWHU� WDQN�� 7KH� LPSRUWDQW� IDFWRUV� LQ� WKH�PRQLWRULQJ�
RI� WKH� WKUHH�GZHOOLQJV� LV� WKH� LPSDFW�ZKLFK�XVHUV�FDQ�
KDYH� XSRQ� WKHLU� KRPH� DQG� WKH� QHHG� IRU� JUHDWHU�
DWWHQWLRQ� WR� GHWDLO� LQ� KRPHV� LQ� DUHDV� VXFK� DV�
LQVXODWLRQ���
)ROORZLQJ�RQ�IURP�WKH�PRQLWRULQJ�RI�WKHVH�GZHOOLQJV��
IRFXV� ZDV� SODFHG� RQ� WKH� 3DVVLYH� +RXVH�� ,W� LV�
LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� 3DVVLYH�+RXVH� KDG� EHHQ�
FHUWLILHG�E\�WKH�XVH�RI�3+33�DQG�WKH�XVH�RI�6$3��EXW�
WKDW� WKH� 3DVVLYH� +RXVH� ZDV� QRW� SHUIRUPLQJ� WR� WKH�
RFFXSDQW¶V� VDWLVIDFWLRQ� RU� H[SHFWDWLRQ�� ,QGLFDWLYH�
PRGHOOLQJ� UHVXOWV� ZHUH� SUHVHQWHG� E\� WKH� XVH� RI� WKH�
,'($6� PHWKRG�� WKLV� PHWKRG� KLJKOLJKWHG� WKH�
LPSRUWDQFH� RI� KHDW� JDLQV� IURP� DSSOLDQFHV� DQG�
FOLPDWLF�GDWD�LQ�VLPXODWLRQ��� 

�',6&866,21�$1'�)8785(�:25.�
7KH� LQLWLDO�PRQLWRULQJ� UHVXOWV� KLJKOLJKW� WKH�GZHOOLQJ�
UHTXLULQJ� PRVW� DWWHQWLRQ� DSSHDUV� WR� EH� WKH� 3DVVLYH�
+RXVH��7KH� 3DVVLYH�+RXVH� KDG� EHHQ� KHUDOGHG� DV� DQ�
H[HPSODU�GZHOOLQJ�DQG� DSSHDUV� WKDW� WKH�FRQVWUXFWLRQ�
DQG� GHVLJQ� KDV� PHW� WKH� KLJK� 3DVVLYH� +RXVH� FULWHULD�
VWDQGDUGV�� 8QIRUWXQDWHO\� WKH� VDPH� FDQQRW� EH� VDLG�
DERXW� WKH� VHUYLFLQJ� V\VWHPV� LQVWDOOHG� LQWR� WKH�
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GZHOOLQJ��LVVXHV�ZHUH�IRXQG�WKH�6'+:��09+5�DQG�
+HDW� 3XPS�� � 8S�VNLOOLQJ� RI� WKH� LQGXVWU\� DQG� 32(�
FRXOG�KHOS�DOOHYLDWH�WKHVH�LVVXHV����
7KH� YDULDWLRQ� RI� PRQLWRUHG� DQG� PRGHOOHG� GDWD� LV�
KLJKOLJKWHG� LQ� WKLV� SDSHU�� 7KH� EXLOGLQJ� LQGXVWU\� LV�
VXIIHULQJ� IURP� PHWKRGV� VXFK� DV� 6$3� DQG� 3+33�
VWDWLQJ� KLJK� H[SHFWDWLRQV� IRU� GZHOOLQJV� ZKLFK� 32(�
�DV� KLJKOLJKWHG� LQ� WKLV� SDSHU�� RIWHQ� GLVSURYHV�� ,W� LV�
SRVVLEOH� WR� DFKLHYH� PRGHOOLQJ� UHVXOWV� ZKLFK� DUH�
FORVHU� WR� ZKDW� ZDV� DFWXDOO\� PHDVXUHG�� $� GHWDLOHG�
DQDO\VLV�LV�UHTXLUHG�FRPSDULQJ�ZKDW�ZDV�DVVXPHG�IRU�
KHDW� JDLQV� LQ� WKH� 3DVVLYH� +RXVH� ZLWK� ZKDW� DFWXDOO\�
ZHUH�WKH�KHDW�JDLQV��WKLV�FDQ�WKHQ�EH�FRQWUDVWHG�ZLWK�
WKH�32(�GDWD�UXQQLQJ�LQ�DQ�,'($6�PRGHO���
,'($6�KDV�EHHQ�GHYHORSHG� DV� D� FRQWUROOHU� WHVW� EHG��
WKLV� LV� HVSHFLDOO\� XVHIXO� IRU� DVVHVVLQJ� WKH� SRWHQWLDO�
LPSDFW�RI� LPSURYLQJ�SRRU�FRQWUROV� LQ�GZHOOLQJV��)RU�
H[DPSOH�� FRQWUROV� LVVXHV� ZHUH� IRXQG� LQ� 3DVVLYH�
+RXVH�6'+:�VHWXS�� ,'($6�FDQ�EH�XVHG� WR�TXLFNO\�
DVVHVV� WKH� LPSDFW� RI� LPSURYLQJ� WKH� FRQWUROV� DQG� WKH�
VXEVHTXHQW�HIIHFW�XSRQ�XVHU�VDWLVIDFWLRQ�DQG�GZHOOLQJ�
SHUIRUPDQFH����
6$3� KDV� DOVR� EHHQ� FRPSDUHG� WR� WKH� 3DVVLYH� +RXVH�
3ODQQLQJ�3DFNDJH��3+33��DQG�LW�KDV�EHHQ�IRXQG�WKDW�
6$3� PD\� XQGHUHVWLPDWH� WKH� KHDWLQJ� UHTXLUHG� IRU� D�
ORZ� HQHUJ\� KRXVH� FRPSDUHG� WR� 3+33� �5HDVRQ� DQG�
&ODUNH�� ������� )XWXUH� ZRUN� LV� VXJJHVWHG� E\�
FRPSDULQJ� 32(� GDWD� IRU� WKH� 3DVVLYH� +RXVH� LQ�
,'($6�� 3+33� DQG� 6$3�� � 6SHFLILFDOO\� IXWXUH� ZRUN�
ZLOO� FRQWUDVW� LQ� GHWDLO� WKH� \HDUO\� PHDVXUHG�
FRQVXPSWLRQ� ZLWK� WKH� DLP� RI� WKH� 3DVVLYH� +RXVH�
VWDQGDUG�� <HDUO\� DQQXDO� FRQVXPSWLRQ� IRU� DOO�
PRQLWRUHG� KRPHV� ZLOO� DOVR� EH� FRPSDUHG� DQG�
FRQWUDVWHG�ZLWK�PRGHOOLQJ�IRU�HDFK���

5()(5(1&(6�
%($862/(,/�0255,621��,��������)LQDO�5HSRUW�

RI�$QQH[����RI�WKH�,QWHUQDWLRQDO�(QHUJ\�
$JHQF\
V�(QHUJ\�&RQVHUYDWLRQ�LQ�%XLOGLQJV�
DQG�&RPPXQLW\�6\VWHPV�3URJUDPPH��
&$10(7�(QHUJ\�7HFKQRORJ\�&HQWUH��
1DWXUDO�5HVRXUFHV�&DQDGD��

&,%6(��������&,%6(�:HDWKHU�'DWD�3DFNDJHV�
>2QOLQH@��&,%6(�.QRZOHGJH�3RUWDO��&,%6(��
$YDLODEOH��
KWWSV���ZZZ�FLEVHNQRZOHGJHSRUWDO�FR�XN�ZH
DWKHU�GDWD�>$FFHVVHG��������������@��

&877,1*�7+(�&$5%21��������)LUVW�8.�
3DVVLYKDXV�&RQIHUHQFH�>2QOLQH@��$YDLODEOH��
KWWS���ZZZ�FXWWLQJWKHFDUERQ�FR�XN�SDVVLYKD
XV��>$FFHVVHG�������������

',9,&,��*��������%HWKDQLD�$UFKLWHFWXUDO�3ODQV���
)(,67��:��	�3$66,9+$86�,167,787�������

3DVVLYH�+RXVH�3ODQQLQJ�3DFNDJH�������
3+33�������5HTXLUHPHQWV�IRU�4XDOLW\�
$SSURYHG�3DVVLYH�+RXVHV��3DVVLYKDXV�
,QVWLWXW��

)<1(�+20(6������������������7LJK�1D�&ODGDFK�
RIILFLDOO\�RSHQHG�E\�$OH[�1HLO��+RXVLQJ�DQG�

&RPPXQLWLHV�0LQLVWHU�>2QOLQH@��$YDLODEOH��
KWWS���ZZZ�I\QHKRPHV�RUJ�XN�QHZV�KWPO�
>$FFHVVHG�������������

*$=(��&��������&RPSO\LQJ�ZLWK�WKH�&RGH�IRU�
6XVWDLQDEOH�+RPHV���/HVVRQV�OHDUQW�RQ�WKH�
%5(�,QQRYDWLRQ�3DUN��

0&/(2'��5��6���+23)(��&��-��	�5(=*8,��<��
������$�SURSRVHG�PHWKRG�IRU�JHQHUDWLQJ�
KLJK�UHVROXWLRQ�FXUUHQW�DQG�IXWXUH�FOLPDWH�
GDWD�IRU�3DVVLYKDXV�GHVLJQ��(QHUJ\�DQG�
%XLOGLQJV���������������

0&/(2'��5��6���+23)(��&��-���5(=*8,��<��	�
&$5',))��:��8��.��������$33/,&$7,21�
$1'�/,0,7$7,216�2)�5(*,21$/�
$1'�)8785(�35(',&7,9(�&/,0$7(�
'$7$�,1�3$66,9+$86�'(6,*1����WK�
&RQIHUHQFH�RI�,QWHUQDWLRQDO�%XLOGLQJ�
3HUIRUPDQFH�6LPXODWLRQ�$VVRFLDWLRQ��
6\GQH\��$XVWUDOLD��

0853+<��*���&2816(//��-���%$67(5��(���
$//,621��-��	�&2816(//��6��������
6\PEROLF�PRGHOOLQJ�DQG�SUHGLFWLYH�
DVVHVVPHQW�RI�DLU�VRXUFH�KHDW�SXPSV��
%XLOGLQJ�6HUYLFHV�(QJLQHHULQJ�5HVHDUFK�DQG�
7HFKQRORJ\��

0853+<��*���.+$/,'��<��	�&2816(//��-��
������$�6LPSOLILHG�'\QDPLF�6\VWHPV�
$SSURDFK�IRU�WKH�(QHUJ\�5DWLQJ�RI�
'ZHOOLQJV��%XLOGLQJ�6LPXODWLRQ�������
6\GQH\��$XVWUDOLD��

0</21$��$��������7KH�XVH�RI�8.&3���WR�SURGXFH�
ZHDWKHU�ILOHV�IRU�EXLOGLQJ�VLPXODWLRQ��
%XLOGLQJ�6HUYLFHV�(QJLQHHULQJ�5HVHDUFK�DQG�
7HFKQRORJ\�������������

5($621��/��	�&/$5.(��$��������352-(&7,1*�
(1(5*<�86(�$1'�&2��(0,66,216�
)520�/2:�(1(5*<�%8,/',1*6��$�
&203$5,621�2)�7+(�3$66,9+$86�
3/$11,1*�3$&.$*(��3+33��$1'�
6$3��$(&%��

6&+1,('(56��-��������&(3+(86±PHDVXUHPHQW�
UHVXOWV�IURP�PRUH�WKDQ�����GZHOOLQJ�XQLWV�LQ�
SDVVLYH�KRXVHV��7LPH�WR�7XUQ�'RZQ�(QHUJ\�
'HPDQG��HFHHH�����������

6&+1,('(56��-��	�+(50(/,1.��$��������
&(3+(86�UHVXOWV��PHDVXUHPHQWV�DQG�
RFFXSDQWV
�VDWLVIDFWLRQ�SURYLGH�HYLGHQFH�IRU�
3DVVLYH�+RXVHV�EHLQJ�DQ�RSWLRQ�IRU�
VXVWDLQDEOH�EXLOGLQJ��(QHUJ\�3ROLF\������
���������

782+<��3��������(658��%HQFKPDUNLQJ�6FRWWLVK�
(QHUJ\�6WDQGDUGV��3DVVLYH�+RXVH�DQG�
&DURERQ/LWH��6WDQGDUGV��$�FRPSDULVRQ�RI�
HQHUJ\�GHPDQG�XVLQJ�6$3��6%(0�DQG�
3+33�0HWKRGRORJLHV��

:($7+(5���/7'��������+LVWRULFDO�:HDWKHU�'DWD��
>2QOLQH@���>$FFHVVHG�����������@��
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