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$%675$&7�
%XLOGLQJ� ,QIRUPDWLRQ� 0RGHOOLQJ� �%,0�� KDV� PDQ\�
EHQHILWV�� DQG� FDQ� EH� XVHG� WKURXJKRXW� WKH� EXLOGLQJ�
OLIHF\FOH�� $W� WKH� LQLWLDO� SODQQLQJ� VWDJH� EXLOGLQJ�
SHUIRUPDQFH�VLPXODWLRQ��%36��FDQ�EH�XVHG�WR�LQIRUP�
GHVLJQ� GHFLVLRQV�� 'DWD� FDQ� EH� H[FKDQJHG� EHWZHHQ�
%,0�DQG�%36�WRROV�XVLQJ�GDWD�WUDQVIHU�VFKHPDV�VXFK�
DV� WKH� ,QGXVWU\� )RXQGDWLRQ� &ODVVHV� �,)&��� 7KH� ,)&�
VFKHPD� ODFNV� DQ� HQHUJ\� GRPDLQ�� VR� DQ� H[WHQVLRQ� LV�
SURSRVHG� ZKLFK� FRQWDLQV� HQHUJ\� FRQFHSWV� IURP� D�
%36� WRRO� FDOOHG� 3DVVLYH� +RXVH� 3ODQQLQJ� 3DFNDJH�
�3+33���7KH�H[WHQGHG�VFKHPD�ZDV�XVHG�WR�FUHDWH�DQ�
REMHFW� RULHQWHG� WRRO� ZKLFK� IDFLOLWDWHV� WKH� WUDQVIHU� RI�
GDWD�� 7KH� SURFHVV� RI� JHRPHWU\� H[WUDFWLRQ� KDV� EHHQ�
YDOLGDWHG� �ZLWK�VHYHUDO�FDVH�VWXGLHV�ZKLFK�DUH�EDVHG�
LQ� +DQQRYHU� .URQVEHUJ�� *HUPDQ\� DQG� (EEZ� 9DOH��
:DOHV��

,1752'8&7,21�
%,0�SURYLGHV�PDQ\�EHQHILWV�� UDQJLQJ� IURP�FRVW�DQG�
WLPH� VDYLQJV� WR� LPSURYHG� FRQWURO� WKURXJKRXW� WKH�
SURMHFW� OLIHF\FOH� �%U\GH� HW� DO�� �������$V� SDUW� RI� WKH�
%,0� SURFHVV�� %,0� DXWKRULQJ� WRROV� DUH� XVHG� WR� SODQ�
DQ� LQLWLDO� EXLOGLQJ� GHVLJQ�� 7KLV� FDQ� EH� LWHUDWLYHO\�
LPSURYHG� ODWHU� LQ� WKH� GHVLJQ� VWDJH� EDVHG� RQ� DQ�
DQDO\VLV� RI� LWV� SHUIRUPDQFH� XVLQJ� µGRZQVWUHDP¶�
DSSOLFDWLRQV�� 7KH� GRZQVWUHDP� DSSOLFDWLRQV� FDQ� DOVR�
EH� XVHG� IRU� SXUSRVHV� VXFK� DV� WR� FKHFN� FRPSOLDQFH�
ZLWK�EXLOGLQJ�UHJXODWLRQV��.HLKRO]�HW�DO���������RU�WR�
VXSSRUW� D� FHUWLILFDWLRQ� SURFHVV�� $Q� H[DPSOH� RI� WKH�
ODWWHU� LV� WKH� ([FHO�EDVHG� ORZ� HQHUJ\� GHVLJQ� WRRO�
3DVVLYH�+RXVH�3ODQQLQJ�3DFNDJH��3+33���7KLV�WRRO�LV�
SDUW�RI�WKH�FHUWLILFDWLRQ�SURFHVV�RI�D�3DVVLYKDXV�WR�WKH�
3DVVLYKDXV�VWDQGDUG��)HLVW���������
7KH�3DVVLYKDXV�VWDQGDUG�LV�D�IDVW�JURZLQJ�ORZ�HQHUJ\�
VWDQGDUG� ZLWK� RYHU� ������ EXLOGLQJV� FHUWLILHG�
ZRUOGZLGH� �%5(� /WG�� ������� ,W� UHOLHV� RQ� GHVLJQ�
SULQFLSOHV� VXFK� DV� SDVVLYH� VRODU� GHVLJQ�� KLJK� DLU�
WLJKWQHVV� DQG� KLJK� OHYHOV� RI� LQVXODWLRQ� �H�J�� WULSOH�
JOD]LQJ� IRU� ZLQGRZV��� /RZ� HQHUJ\� GHVLJQV� DUH�
EHFRPLQJ�LQFUHDVLQJO\�LPSRUWDQW��DV�WKH�8.�SODQV�WR�
UHGXFH�LWV�HPLVVLRQV�DFFRUGLQJ�WR�WKH�&OLPDWH�&KDQJH�
$FW� ����� �'HSDUWPHQW� RI� (QHUJ\� DQG� &OLPDWH�
&KDQJH� ������ DQG� FRQWURO� EXLOGLQJV� HQHUJ\�
HIILFLHQF\�ZLWK� VWDQGDUGV� VXFK�DV� WKH�)DEULF�(QHUJ\�
(IILFLHQF\�6WDQGDUG��=HUR�&DUERQ�+XE���������3+33�
XVHV�VWHDG\�VWDWH�FDOFXODWLRQV��EXW�KDV�EHHQ�SURYHQ�WR�
EH� DFFXUDWH� LQ� FRPSDULVRQV�ZLWK� UHDO�PHDVXUHG� GDWD�

�6FKQLHGHUV� 	� +HUPHOLQN� ������ DQG� UHVXOWV� IURP�
G\QDPLF�WRROV��)HLVW�HW�DO�����������
,QWHURSHUDELOLW\�EHWZHHQ�%,0�WRRO�DQG�3+33�LV�YHU\�
ORZ�� $WWHPSWV� WR� WUDQVIHU� GDWD� LQFOXGH��
µZRUNDURXQGV¶� �'XQFDQ� ������'HVLJQ5HIRUP� ������
DQG�D�SURSULHWDU\�VROXWLRQ�IURP�$UFKL&$'�LQ�YHUVLRQ�
����*5$3+,62)7�Q�G����'XQFDQ��������IRFXVVHV�RQ�
H[SRUWLQJ�ZDOO� VFKHGXOHV� IURP�D�%,0�WRRO� WR�3+33��
DQG� �'HVLJQ5HIRUP�� LQYROYHV� PRUH� EXLOGLQJ�
HOHPHQWV��7KHVH�DUH�DOO� LQFRPSOHWH�VROXWLRQV�DV� WKH\�
RQO\� IRFXV� RQ� H[SRUWLQJ� D� VHFWLRQ� RI� LQIRUPDWLRQ�
QHHGHG� IRU� DQ� HQHUJ\� DQDO\VLV�� 7KH\� DUH� DOVR� WLPH�
FRQVXPLQJ��DQG�SURQH�WR�KXPDQ�HUURU��,W�PXVW�DOVR�EH�
QRWHG�WKDW�WKH�ODWHU�YHUVLRQ�RI�$UFKL&$'��YHUVLRQ�����
GRHV� QRW� VHHP� WR� VXSSRUW� 3+33� DV� WKRURXJKO\� DV�
YHUVLRQ�����3LFNHULQJ���������
,Q�RUGHU�WR�DYRLG�GDWD�UHSHWLWLRQ�DQG�UHGXQGDQF\��GDWD�
FDQ�EH�WUDQVIHUUHG�EHWZHHQ�%,0�DXWKRULQJ�WRROV�DQG�
GRZQVWUHDP�DSSOLFDWLRQV�XVLQJ�GDWD�WUDQVIHU�VFKHPDV���
7KH� ,)&� �EXLOGLQJ60$57� ������ LV� D� GDWD� WUDQVIHU�
VFKHPD� WKDW� FDQ� GHVFULEH� WKH� ZKROH� EXLOGLQJ�
OLIHF\FOH��7KH�NH\�OLPLWDWLRQ�RI�WKLV�VFKHPD�LV�WKDW�LW�
GRHV�QRW�LQFOXGH�D�GHVFULSWLRQ�RI�DQ�HQHUJ\�GRPDLQ�LQ�
WKH�PDLQ� VSHFLILFDWLRQ�� 5HVHDUFK� RQ� DQ� H[WHQVLRQ� LV�
GHVFULEHG� E\�2¶'RQQHOO� HW�DO�� �������� ,WV� SXUSRVH� LV�
WR� VXSSRUW� GDWD� H[FKDQJH� EHWZHHQ� +9$&� GHVLJQ�
DSSOLFDWLRQV� DQG� HQHUJ\� DQDO\VLV� DSSOLFDWLRQV�� ,W�
ZRXOG� QRW� EH� VXLWDEOH� IRU� GDWD� H[FKDQJH� EHWZHHQ�
%,0�DQG�3+33��7R�WKH�DXWKRUV¶�NQRZOHGJH��WKHUH�LV�
QR�SXEOLVKHG�UHVHDUFK�VXSSRUWLQJ�LQWHUDFWLRQ�EHWZHHQ�
,)&�DQG�3+33���
&HPHVRYD� HW� DO�� ������� SURSRVHG� �3DVVLY%,0�� �� D�
PHWKRGRORJ\� WR� H[WHQG� WKH� ,)&� VFKHPD� ZLWK� NH\�
HQHUJ\� HQWLWLHV�� 7KLV� SDSHU� � GHVFULEHV� WKH�
LPSOHPHQWDWLRQ�RI�3DVVLY%,0��DQG� LWV�DSSOLFDWLRQ� WR�
H[LVWLQJ� 3DVVLYKDXV� EXLOGLQJV� LQ� WZR� ORFDWLRQV�� 7KH�
ILUVW� VWXG\� IRFXVHV� RQ� EXLOGLQJV� IURP� WKH� +DQQRYHU�
.URQVEHUJ�SURMHFW��7KH�VHFRQG�LV�D�GHWDFKHG�KRXVH�LQ�
:DOHV� FDOOHG� /DUFK� +RXVH�� 2QH� RI� WKH� PDLQ�
FKDOOHQJHV� LQ� LPSOHPHQWLQJ� WKH� 3DVVLYKDXV� V\VWHP�
ZDV�WKH�H[WUDFWLRQ�DQG�SURFHVVLQJ�RI�JHRPHWULFDO�GDWD�
IURP� DQ� ,)&� ILOH�� 7KH� UHVXOWLQJ� REMHFW� RULHQWHG�
EXLOGLQJ� GHVLJQ� WRRO� 3DVVLY%,0� FDQ� SURFHVV� LQSXW�
IURP� ,)&� ILOHV�� 3+33� DQG� XVHU� LQSXW�� 7KH� ,)&� ILOHV�
DUH�JHQHUDWHG�ZLWK�D�%,0�WRRO�FDOOHG�$XWRGHVN�5HYLW�
$UFKLWHFWXUH� �$XWRGHVN�� ,QF�� ������� 3DVVLY%,0�
FUHDWHV� D� OLQN� EHWZHHQ�%,0�EDVHG� WRROV� DQG� 3+33��
DQG�FDQ�LQIRUP�XVHUV�RQ�GHVLJQ�SRVVLELOLWLHV���
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7KH� QH[W� VHFWLRQ� FRQWDLQV� D� EULHI� RYHUYLHZ� RI� WKH�
LQWHURSHUDELOLW\�EHWZHHQ�%,0�DQG�HQHUJ\�WRROV��7KLV�
LV� IROORZHG� E\� DQ� RYHUYLHZ� RI� WKH� JHRPHWULFDO� GDWD�
QHHGHG�IRU�WKH�3+33�DQQXDO�KHDW�GHPDQG�FDOFXODWLRQ��
7KH� 3DVVLY%,0� PHWKRGRORJ\� LV� WKHQ� GHVFULEHG� LQ�
PRUH�GHWDLO��7KH�FDVH�VWXGLHV�XVHG�DUH�WKHQ�GHWDLOHG��
)LQDOO\��WKH�LPSRUWDQFH�RI�WKH�UHVXOWV�LV�GLVFXVVHG�DQG�
FRQFOXVLRQV�DUH�GUDZQ�RQ�WKH�3DVVLY%,0�WRRO��

6800$5<�2)�%,0�$1'�(1(5*<�
6,08/$7,21��
&XUUHQW� SUDFWLFH� LQ� WKH� HQHUJ\� GRPDLQ� LQYROYHV� DQ�
DUFKLWHFW� GHVLJQLQJ� D� EXLOGLQJ� DQG� DQ� HQHUJ\�
VSHFLDOLVW�PDQXDOO\� UHFUHDWLQJ� LW� LQ� DQ� DQDO\VLV� WRRO��
DQG�DGGLQJ�PLVVLQJ�GDWD�VXFK�DV�D�8�YDOXH��%D]MDQDF�
	�.LYLQLHPL� ������� $XWRPDWLQJ� GDWD� H[FKDQJH� FDQ�
FKDQJH� WKLV�� DQG� FDQ� UHVXOW� LQ� VDYLQJV� LQ� WLPH�� D�
UHGXFWLRQ� LQ� HUURU� DQG� RIIHU� PRGHO� UHSURGXFLELOLW\��
([FKDQJLQJ� EXLOGLQJ� GDWD� RIWHQ� UHOLHV� RQ� FKDQJLQJ�
EHWZHHQ� PRGHO� YLHZV� RI� D� EXLOGLQJ� VR� GDWD� FDQ� EH�
DQDO\VHG�E\�GLIIHUHQW�GRPDLQV��,Q�WKH�HQHUJ\�GRPDLQ��
DQ� µDUFKLWHFWXUDO� YLHZ¶� LV� RIWHQ� WUDQVIRUPHG� LQWR� D�
µWKHUPDO� YLHZ¶� �:LONLQV� 	� .LYLQLHPL� ������� 6XFK�
WUDQVIRUPDWLRQ� LV� QHFHVVDU\� IRU� YDULRXV� UHDVRQV�� )RU�
H[DPSOH�� VRIWZDUH� WRROV� DUH� RIWHQ� VWDQGDORQH� ZLWK�
GLIIHUHQW� ZD\V� WR� UHSUHVHQW� D� PRGHO�� DQG� FRQFHSWV�
QHHG�WR�EH�PDSSHG�IURP�RQH�WR�DQRWKHU���
%,0�LV�D�JRRG� FDQGLGDWH�DV�D�EDVH� IURP�ZKLFK�GDWD�
FRXOG� EH� H[WUDFWHG� WR� GLIIHUHQW� GRPDLQV� �(DVWPDQ�
������� VXFK� DV� GD\OLJKWLQJ� �.U\JLHO� 	� 1LHV� �������
%,0� LV� DOVR� DQ� RSSRUWXQLW\� WR� KROG� GDWD� FHQWUDOO\��
WKHUHE\� DYRLGLQJ� GDWD� UHGXQGDQF\� DQG� UHSHWLWLRQ��
'HVLJQHUV�FRXOG�LPSURYH�WKHLU�EXLOGLQJ�LWHUDWLYHO\�DV�
FKDQJHV� WR� D� EXLOGLQJ� ZRXOG� LQIOXHQFH� IRU� H[DPSOH�
HQHUJ\�GHPDQG� LQ�UHDO�WLPH��+RZHYHU�� UHVHDUFK� LQWR�
WKH� LQWHURSHUDELOLW\� RI� %,0� DQG� %36� WRROV� UHYHDOV�
PDQ\� VWLOO� XQUHVROYHG� LVVXHV� �2VHOOR� HW� DO�� ������
0RRQ� HW� DO�� ������ 2¶'RQQHOO� HW� DO�� ������� 7KHVH�
LQGLFDWH� WKDW� GDWD� LV� RIWHQ� WUDQVIHUUHG� XVLQJ� WKH� ,)&�
VFKHPD� DQG� WKH� JE;0/� VFKHPD�� 7KH� DGYDQWDJH� RI�
WKH� JE;0/� VFKHPD� LV� WKDW� LW� LV� VXSSRUWHG� E\�PDQ\�
%,0�DQG�HQHUJ\�WRROV� �0RRQ�HW�DO���������+RZHYHU��
WKH� ,)&� VFKHPD� KDV� EHHQ� LGHQWLILHG� DV� WKH� ³RQO\�
SXEOLF�� QRQ�SURSULHWDU\� DQG� ZHOO� GHYHORSHG� GDWD�
PRGHO� IRU�EXLOGLQJV�DQG�DUFKLWHFWXUH�H[LVWLQJ� WRGD\´�
�(DVWPDQ� HW� DO�� ������� ,W� KDV� D� ZLGHU� VFRSH� WKDQ�
JE;0/�� ZKLFK� LV� VHHQ� DV� DQ� LPSRUWDQW� IDFWRU�
�&RUPLHU�HW�DO���������
3UHYLRXV�UHVHDUFK�KDV�LGHQWLILHG�VL[�VWDJHV�RI�DQ�LGHDO�
ZRUNIORZ� IURP� %,0� WR� HQHUJ\� WRROV� �0DLOH� HW� DO��
������S������7KHVH�VWDJHV�DUH�����GHILQLQJ�WKH�ORFDWLRQ�
RI�WKH�EXLOGLQJ�VR�LW�FDQ�EH�OLQNHG�ZLWK�ZHDWKHU�GDWD��
���GHILQLQJ�WKH�JHRPHWU\��FRQVWUXFWLRQV�DQG�PDWHULDOV�
DQG�VSDFH�W\SHV�RI�D�EXLOGLQJ�����DVVLJQLQJ�VSDFHV�DV�
WKHUPDO�]RQHV�����DVVLJQLQJ�VSDFH�DQG�OLJKWLQJ�ORDGV�
WR�VSDFHV�����GHILQLQJ�LQ�GHWDLO�WKH�+9$&�V\VWHP�DQG�
LWV� FRPSRQHQWV�� ��� � UXQQLQJ� DQ� HQHUJ\� VLPXODWLRQ��
7KH� 3DVVLY%,0� V\VWHP� IRFXVHV� RQ� GHYHORSLQJ� WKH�
VHFRQG� VWDJH� LQ� WKH� WUDQVIHU� IURP� D� %,0� WRRO� WR�
3+33�� 7KLV� VWDJH� LV� DQ� DFWLYH� UHVHDUFK� DUHD�

�+LWFKFRFN� 	� :RQJ� ������� ZLWK� HDUO\� HIIRUWV�
LQFOXGLQJ� WKH� FUHDWLRQ� RI� GDWD� VFKHPDV� VXFK� DV�
&20%,1(� �$XJHQEURH� ������� /DZUHQFH� %HUNHOH\�
1DWLRQDO� /DERUDWRU\� �/%1/�� KDV� GHYHORSHG� VHYHUDO�
,)&� WUDQVIRUPDWLRQ� XWLOLWLHV�� VXFK� DV� WKH� µ*HRPHWU\�
6LPSOLILFDWLRQ�7RRO¶��ZKLFK�WUDQVODWHV�JHRPHWU\�IURP�
,)&�FRPSDWLEOH�&$'�WRROV�WR�DSSOLFDWLRQV�ZKLFK�FDQ�
UHDG�JE;0/��%D]MDQDF�	�.LYLQLHPL��������7KLV�WRRO�
LV� QRW� \HW� SXEOLFDOO\� DYDLODEOH�� %,0� WR� HQHUJ\�
VLPXODWLRQ� LV� DOVR� WKH� WRSLF� RI� $6+5$(� UHVHDUFK�
SURMHFW�������$�UHIHUHQFH�%,0�PRGHO�ZDV�GHYHORSHG�
IRU�HQHUJ\�VLPXODWLRQ��DQG�SUHVHQWHG�LQ�D�VHPLQDU�DW�
WKH� $6+5$(� ����� :LQWHU� &RQIHUHQFH�� EXW� QR�
SXEOLVKHG�ZRUN�LV�FXUUHQWO\�DYDLODEOH�RQ�WKLV�SURMHFW��
0RGHO� JHRPHWU\� XVXDOO\� LQYROYHV� VRPH� GHJUHH� RI�
SUH�SURFHVVLQJ� DQG� SRVW�SURFHVVLQJ� �&RUPLHU� HW� DO��
������� 3UH�SURFHVVLQJ� LQYROYHV� SUHSDULQJ� UDZ� GDWD�
IURP� D� %,0� WRRO�� VXFK� DV� GHOHWLQJ� HOHPHQWV� RU�
FRQQHFWLQJ� VXUIDFHV� DQG� VSDFHV� XVLQJ� ORJLF�� 3RVW�
SURFHVVLQJ� LQYROYHV� PDSSLQJ� GDWD� EHWZHHQ� WKH� ,)&�
IRUPDW� DQG� WKH� VLPXODWLRQ� WRRO�� 7KH� 3DVVLY%,0�
SURMHFW�UHOLHV�RQ�ERWK�SURFHVVLQJ�W\SHV��3+33�LV�TXLWH�
GLIIHUHQW� WR� PRVW� %36� WRROV�� IRU� H[DPSOH�� LW� LV�
VSUHDGVKHHW�EDVHG� DQG� DVVXPHV� WKHUH� LV� RQO\� RQH�
WKHUPDO�]RQH�� �,W�LV�WR�EH�H[SHFWHG�WKDW�FKDOOHQJHV�LQ�
WUDQVIRUPLQJ�JHRPHWU\�GDWD�WR�WKLV�WRRO�ZLOO�GLIIHU�WR�
FKDOOHQJHV�SUHVHQWHG�IRU�RWKHU�HQHUJ\�WRROV�LQ�VWXGLHV�
VXFK�DV��2VHOOR�HW�DO��������+HWKHULQJWRQ�HW�DO���������
)RU� H[DPSOH�� DXWRPDWLFDOO\� GHWHUPLQLQJ� ZDOO�
SODFHPHQWV�FDQ�UHVXOW�LQ�KROHV�LQ�WKHUPDO�PRGHOV��EXW�
D� 3+33� PRGHO� XVHV� H[WHUQDO� GLPHQVLRQV� WR� GHILQH�
DUHDV� WKXV� WKH� SURFHVV� LV� PRUH� H[SOLFLW�� 7KH� QH[W�
VHFWLRQ�FRQWDLQV�GHWDLOV�RQ�WKH�DUHDV�WKDW�3+33�XVHV��

3+33�*(20(75<�
3DVVLY%,0�UHSOLFDWHV� WKH�FDOFXODWLRQV� IRU� WKH�DQQXDO�
KHDW� GHPDQG� VHFWLRQ� RI� 3+33�� 7KLV� LQYROYHV�
EDODQFLQJ� LQWHUQDO�DQG� VRODU� JDLQV�ZLWK� WUDQVPLVVLRQ�
DQG� YHQWLODWLRQ� KHDW� ORVV�� 7KH� DUHD� RI� WKH� WKHUPDO�
HQYHORSH�RI�D�EXLOGLQJ�LV�QHHGHG�IRU�WKH�WUDQVPLVVLRQ�
ORVV�� DQG� LW� VKRXOG� QRW� KDYH� DQ\� YRLGV�� ([WHUQDO�
GLPHQVLRQV� RI� WKH� WKHUPDO� HQYHORSH� DUH� XVHG�� 7KH�
EXLOGLQJ� HOHPHQWV� DUH� WKH� IORRU� VODE�� ZDOOV� DQG�
ZLQGRZV��URRI�DQG�GRRUV��7KH�ZLQGRZ�DQG�GRRU�DUHD�
GHSHQGV� RQ� WKH� WRWDO�KHLJKW�DQG�ZLGWK��7KH�ZLQGRZ�
DUHDV� DUH� VRUWHG� E\� RULHQWDWLRQ� WR� GHWHUPLQH� VRODU�
JDLQ��7KH� IORRU�VODE�GLPHQVLRQV�UHO\� RQ� WKH�H[WHUQDO�
FRUQHUV� RI� WKH� EXLOGLQJ� ZDOOV�� QRW� SRLQWV� LQVLGH� WKH�
ZDOOV��7KH�ZDOO�DUHD� GHSHQGV� RQ� WKH� ORFDWLRQ� RI� WKH�
WKHUPDO�ERXQGDU\��$V�GLPHQVLRQV�VKRXOG�FRQYH\�WKH�
WRWDO� H[WHUQDO� GLVWDQFH�� WKH� IORRU� VODE� WKLFNQHVV� LV�
LQFOXGHG��7KH�ORFDWLRQ�RI�WKH�LQVXODWLRQ�DW�WKH�WRS�RI�
WKH� EXLOGLQJ� LV� DOVR� LPSRUWDQW�� � ,I� WKH� WKHUPDO�
ERXQGDU\� LV� WKH� VODE� WKDW� UHSUHVHQWV� WKH� KLJKHVW�
FHLOLQJ�� LWV�KHLJKW� LV� WKH�XSSHU� OLPLW�RI� H[WHUQDO�ZDOO�
DUHD�DQG�WKH�WRS�IORRU�DUHD�LV�XVHG�DV�WKH�URRI�DUHD��,I�
WKH� LQVXODWLRQ� LV� LQ� WKH� URRI�� WKH� ZKROH� ZDOO� DUHD�
�LQFOXGLQJ� WKH� URRI� WKLFNQHVV��FRXQWV�DV�D�ZDOO�DUHD��
DQG� WKH� URRI� DUHD� LV� FDOFXODWHG� EDVHG� RQ� WKH� DFWXDO�
URRI��7KH�URRI�DUHD�VKRXOG�QRW�LQFOXGH�DQ\�RYHUKDQJ��
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7KH� WUHDWHG� IORRU� DUHD� �7)$�� LV�DOVR� FDOFXODWHG�� DQG�
XVHG�WR�QRUPDOLVH�WKH�DQQXDO�KHDW�GHPDQG��7KH�7)$�
LV�WKH�FOHDU�IORRU�DUHD�LQVLGH�WKH�WKHUPDO�HQYHORSH�RI�D�
EXLOGLQJ�� ,W� LV� EDVHG� RQ� WKH� *HUPDQ� )ORRU� $UHD�
2UGLQDQFH�� 7KH� LQFOXVLRQ� RI� DUHDV� LQ� WKH� WRWDO� 7)$�
GHSHQGV� RQ� UXOHV� EDVHG� RQ� FKDUDFWHULVWLFV� VXFK� DV�
WKHLU� XVH� DQG� KHLJKW� �+RSIH� 	� 0F/HRG� ������� ,Q�
FHUWDLQ�FDVHV��WKH�DUHDV�RI�UHYHDOV�DUH�DOVR�LQFOXGHG�LQ�
WKH�7)$��$�PHWKRGRORJ\�ZKLFK�XVHV�WKLV�LQIRUPDWLRQ�
WR� WUDQVIHU� GDWD� IURP� D� %,0�EDVHG� HQYLURQPHQW� LV�
RXWOLQHG�EHORZ���

0(7+2'2/2*<�
$V� WKLV� SURMHFW� LV� VXSSRUWLQJ� WKH� WRRO� 3+33�� WKH�
V\VWHP�QHHGV�WR�EH�FRPSDWLEOH�ZLWK�0V([FHO�DQG�EH�
DEOH�WR�UHDG�,)&�ILOHV��2QH�RI�WKH�DLPV�RI�WKLV�SURMHFW�
LV�WR�SURGXFH�D�QRQ�SURSULHWDU\�VROXWLRQ� WR�JHRPHWU\�
H[WUDFWLRQ��ZKLFK�LV�FRPSDWLEOH�ZLWK�D�UDQJH�RI�%,0�
WRROV��%\�XVLQJ� WKH� ,)&�VFKHPD�� WKH�V\VWHP�UHPDLQV�
JHQHULF�DQG�FDQ�EH�DSSOLHG�WR�DQ\�%,0�DXWKRULQJ�WRRO�
WKDW�H[SRUWV�,)&�ILOHV��$QRWKHU�DLP�LV�WR�DGGUHVV�WKH�
QHHG� WR� VWRUH� EHKDYLRXUDO� GDWD� DORQJVLGH� VWDWLF� GDWD�
VXFK�DV�JHRPHWU\��5H]JXL�HW�DO���������7KH�H[WHQVLRQ�
RI�WKH�,)&�VFKHPD�WKHUHIRUH�QRW�RQO\�LQFOXGHV�WHUPV�
QHFHVVDU\� IRU� WKH� ILQDO� VWHSV� RI� WKH� DQQXDO� KHDW�
GHPDQG�FDOFXODWLRQ��EXW�DOVR� UHVXOWV��7KH�SURFHVV�RI�
GHYHORSLQJ� VXFK� D� V\VWHP� FRQVLVWHG� RI� WKUHH� PDLQ�
SDUWV�� ��� H[WHQGLQJ� WKH� ,)&� VFKHPD�ZLWK� DQ� HQHUJ\�
GRPDLQ�� ��� XVLQJ� WKH� H[WHQVLRQ� XVHG� WR� H[WUDFW� GDWD�
IURP� 3+33� DQG� ��� JHQHUDWLQJ� D� WRRO� EDVHG� RQ� WKH�
H[WHQGHG�VFKHPD�LQ�WKH�-DYD�SURJUDPPLQJ�ODQJXDJH��

IFC Energy Extension 
7KHUH�DUH�PDQ\�YHUVLRQV�RI�WKH�,)&�VFKHPD��DQG�WKH�
RQH�H[WHQGHG�LQ�WKLV�SURMHFW�LV�WKH�,)&��[��7&����7KH�
ILUVW� VWDJH� LQYROYHG� LGHQWLI\LQJ� NH\� HQHUJ\� FRQFHSWV�
IURP�3+33��7KH�,)&�DOUHDG\�KDV�D�VWUXFWXUDO�DQDO\VLV�
GRPDLQ��DQG� WKH�SRVLWLRQ�DQG�ZRUGLQJ�RI� LWV� HQWLWLHV�
LQIOXHQFHG� WKH� GHVLJQ� RI� WKH� HQHUJ\� H[WHQVLRQ�� 7KH�
,)&� VFKHPD� LV� DYDLODEOH� LQ� ERWK� WKH� (;35(66� DQG�
;0/� ODQJXDJH�� 7KH� ;0/� YHUVLRQ�� ,IF;0/�� LV� DQ�
;6'� VFKHPD� WKDW� LV� H[WHQVLEOH� ZLWKRXW� WKH� QHHG� WR�
HGLW� WKH� RULJLQDO� VFKHPD�� )LJXUH� �� LV� DQ� ([SUHVV�*�
GLDJUDP� RI� NH\� FRQFHSWV� FKRVHQ� WR� H[WHQG� WKH� ,)&�
VFKHPD�� 7KH� ER[HV� UHSUHVHQW� HQWLWLHV� LQ� WKH� ,)&�
VFKHPD�� DQG� WKHLU� DWWULEXWHV� KDYH� EHHQ� VKRZQ��
(QWLWLHV�ZLWK�D�JUH\�EDFNJURXQG�DUH�SUH�H[LVWLQJ��DQG�
WKH� WZR� GDUN� JUH\� HQWLWLHV� DUH� WKH� PDLQ� VXSHUW\SHV�
XVHG��(QWLWLHV�IURP�WKH�VWUXFWXUDO�GRPDLQ��GHSLFWHG�DV�
OLJKW�JUH\��DUH�LQFOXGHG�IRU�FRPSDULVRQ�UHDVRQV��7KH�
H[WHQVLRQ�FRQFHSWV�SURYLGH�D�PHFKDQLVP�WR�GHVFULEH�
WKHUPDO� LWHPV�� DFWLYLWLHV� DQG� JURXSV�� 7KH� LWHPV�
LQFOXGH�SK\VLFDO�LWHPV��VXFK�DV�EXLOGLQJ�HOHPHQWV�DQG�
WKH� JURXQG�� ([DPSOHV� RI� WKHUPDO� DFWLYLWLHV� LQFOXGH�
WUDQVPLVVLRQ� DQG� YHQWLODWLRQ�� 7KH� JURXSV� OLQN�
DFWLYLWLHV� WR� UHSUHVHQW� WRWDO� KHDW� ORVV�� KHDW� JDLQ� DQG�
WKH� µ,IF(QHUJ\$QDO\VLV0RGHO¶�� 7KLV� ODVW� HQWLW\�
FRQQHFWV� WKH� W\SH�RI�DQDO\VLV��EXLOGLQJ�HOHPHQWV�DQG�
WKHUPDO�ORDG�JURXSV��7KH�LWHPV��DFWLYLWLHV�DQG�JURXSV�
DUH�IXUWKHU�EURNHQ�GRZQ�LQWR�PRUH�VSHFLILF�FRQFHSWV��
DQG� DVVLJQHG� DWWULEXWHV� VXFK� DV� µ7RWDO/RDG¶�� 2WKHU�

HOHPHQWV� WKDW� DUH� LQ� WKH� H[WHQGHG� VFKHPD� LQFOXGH� D�
KHDW� UHFRYHU\� GHYLFH� DQG� DQ� HQHUJ\� UHVRXUFH�� 7KH�
µ,IF(QHUJ\5HVRXUFH¶�GHILQHV�ERXQGDU\�FRQGLWLRQV�IRU�
WKH�VLPXODWLRQV�VXFK�DV�µ,IF$YHUDJH$LU&KDQJH5DWH¶����
$� QHZ� HQWLW\� DQG� UHODWLRQVKLS� IRUP� SDUW� RI� WKH�
H[WHQVLRQ��7KH�µ,IF'HVLJQ$OWHUQDWLYH¶�HQWLW\�FRQWDLQV�
LQIRUPDWLRQ� RQ� DOWHUQDWLYH� EXLOGLQJ� HOHPHQWV� DQG�
FOLPDWHV� ILOHV�� 7KH� QHZ� UHODWLRQVKLS�
µ,IF5HO&RQQHFWV'HVLJQ$OWHUQDWLYH¶� LV� D� PHFKDQLVP�
WKDW� HQDEOHV� DOWHUQDWLYH� GHVLJQV� DQG� WKHLU� HQHUJ\�
FRQVXPSWLRQ�WR�EH�OLQNHG�WR�D�EDVH�EXLOGLQJ�PRGHO���
�

�
)LJXUH���([SUHVV�*�GLDJUDP�RI�D�VHOHFWLRQ�RI�

H[LVWLQJ�DQG�SURSRVHG�HQWLWLHV�LQ�WKH�,)&�VFKHPD�
�

MsExcel XML Template  
$V� WKH� HQHUJ\� H[WHQVLRQ� LV� LQ� WKH� IRUPDW� RI� D�;6'�
VFKHPD��LW�FDQ�DOVR�IDFLOLWDWH�WKH�H[SRUW�RI�GDWD�IURP�
3+33� PRGHOV� LQWR� DQ� ;0/� GRFXPHQW�� 7R� EH�
FRPSDWLEOH�ZLWK�0V([FHO� DQG� LQKHUHQWO\� 3+33�� WKH�
H[WHQVLRQ�KDG�WR�EH�VLPSOLILHG�DQG�XQOLQNHG�IURP�WKH�
,)&��[��7&��VFKHPD��7KLV�SURFHVV�ZDV�QHFHVVDU\��DV�
VRPH�;0/�WDJV�XVHG�WR�GHVFULEH�WKH�,)&�VFKHPD�DUH�
QRW� FRPSDWLEOH� ZLWK� ([FHO�� 7KH� VLPSOLILHG� VFKHPD�
ZDV� XVHG� WR� FUHDWH� D� VSUHDGVKHHW�� FDOOHG� µ;0/�
7HPSODWH¶��&RQFHSWV� LQ� WKH� VLPSOLILHG� VFKHPD�ZHUH�
WKHQ�PDSSHG�WR�FHOOV�LQ�WKH�;0/�7HPSODWH��$�PDFUR�
ZDV� GHVLJQHG� ZKLFK� ORDGV� GDWD� IURP� 3+33�PRGHOV�
LQWR� WKLV� ;0/� 7HPSODWH�� 7KH� GDWD� LQ� WKH� PDSSHG�
FHOOV� LV� QRZ� H[SRUWDEOH� WR� D� ;0/� GRFXPHQW�� 7KH�
VLPSOLILHG�H[WHQVLRQ�ZDV�WKHQ�UHXVHG�WR�JHQHUDWH�-DYD�
FODVVHV�E\�VRIWZDUH�FDOOHG�/LTXLG�;0/�6WXGLR�������
7KHVH� FODVVHV� FRQWDLQ� DOJRULWKPV� WKDW� FDQ� UHDG� WKH�
H[SRUWHG�;0/�GRFXPHQWV�IURP�WKH�;0/�7HPSODWH��
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7KHVH�GDWD�DUH�QRZ�DFFHVVLEOH�WR�WKH�PDLQ�3DVVLY%,0�
-DYD�WRRO���

PassivBIM Java tool 
7KH� DLP� RI� WKLV� SDUW� RI� WKH� 3DVVLY%,0� V\VWHP� LV�
WZRIROG�� 3ULPDULO\�� LW� LV� DQ� H[DPSOH� LPSOHPHQWDWLRQ�
RI� WKH� H[WHQGHG� VFKHPD�� DQG� LW� VKRZV� KRZ� EXLOGLQJ�
LQIRUPDWLRQ� DQG� VLPXODWLRQ� UHVXOWV� VKRXOG� EH� VWRUHG�
WRJHWKHU�� 7KH� VHFRQGDU\� UHDVRQ� LV� WR� SURYLGH� D�
SURWRW\SH� WKDW� ZRXOG� DXWRPDWH� VRPH� RI� WKH� VWHSV�
QHFHVVDU\�WR�GHILQH�JHRPHWU\�IRU�D�3+33�PRGHO�IURP�
DQ� H[LVWLQJ� %,0� PRGHO�� ,Q� RUGHU� WR� IXOILO� WKH� ILUVW�
SXUSRVH��/LTXLG�;0/�6WXGLR�FRQYHUWHG�WKH�H[WHQGHG�
VFKHPD�LQWR�-DYD�FODVVHV��7KHVH�IRUP�WKH�VNHOHWRQ�RI�
WKH�WRRO��3DUW�RI�WKH�FRGH�JHQHUDWLRQ�SURFHVV�LQ�/LTXLG�
;0/�6WXGLR�LV�DOVR�WR�SURYLGH�FODVVHV�WKDW�HQDEOH�WKH�
UHDGLQJ� DQG� ZULWLQJ� RI� ;0/� GRFXPHQWV� WKDW� DUH�
FRQVLVWHQW� ZLWK� WKH� IXOO\� H[WHQGHG� VFKHPD�� -DYD�
SDFNDJHV�IURP�WKH�2SHQ�,)&�7RROV��2SHQ�,)&�7RROV�
������ SURMHFW� DUH� XVHG� WR� UHDG� ,)&� ILOHV�� DQG� VWRUH�
GDWD��7KH�-DYD�WRRO�ZDV�WKHQ�GHYHORSHG�IXUWKHU�WR�EH�
DEOH� WR� SUH�� DQG� SRVW�SURFHVV� WKH� GDWD�� FDOFXODWH� WKH�
KHDW� GHPDQG� DQG� WR� SHUIRUP� VHYHUDO� WDVNV� WKDW� FDQ�
LQIRUP�GHFLVLRQ�PDNLQJ��7KHVH� WDVNV�DUH� MXVW� VLPSOH�
H[DPSOHV�WR�KLJKOLJKW�WKH�SRWHQWLDO�RI�3DVVLY%,0��
)LJXUH� �� LV� D�80/� FDVH� GLDJUDP� RI� KRZ� DUFKLWHFWV�
DQG�3DVVLYH�+RXVH�GHVLJQHUV�ZRXOG�LQWHUDFW�ZLWK�WKH�
3DVVLY%,0�V\VWHP��7KH�ILUVW�VWHS�LV�IRU�DQ�DUFKLWHFW�WR�
FUHDWH�D�5HYLW�PRGHO�RI�D�EXLOGLQJ��DQG�H[SRUW�DQ�,)&�
ILOH��$GGLWLRQDO�LQSXW�LV� WKHQ�HQWHUHG�E\�KDQG��RU�DQ�
;0/� GRFXPHQW� LV� VHOHFWHG�� 7KH� ODWWHU� UHGXFHV� GDWD�
UHSHWLWLRQ� DQG� UHGXQGDQF\�� 7KH� FDOFXODWLRQ� RI� DUHDV�
UHOLHV� RQ� PDQ\� UXOHV� LQ� RUGHU� WR� GHFLGH� ZKHUH� WKH�
WKHUPDO� ERXQGDULHV� DUH� LQ� D� EXLOGLQJ�� ([DPSOHV� RI�
GHFLVLRQV� LQFOXGH� GHWHUPLQLQJ� WKH� RULHQWDWLRQ� RI�
EXLOGLQJ� HOHPHQWV�� GHFLGLQJ� LI� VSHFLILF� ZDOO� DUHDV�
QHHG�WR�LQFOXGH�VLGH�DUHDV�RI�RWKHU�ZDOOV�DV�WKH\�MRLQ�

EXW�GR�QRW�RYHUOD\� LQ�DQ� ,)&�ILOH� DQG� LI� WKH� WKHUPDO�
ERXQGDU\� LV� LQ� WKH� FHLOLQJ� RU� LQ� WKH� URRI�� 3RVW�
SURFHVVLQJ� RI� WKH� GDWD� WKHQ� IRU� H[DPSOH� UHPRYHV�
XQZDQWHG�DUHDV�VXFK�DV�DQ�RYHUKDQJ�DQG�DGGV�DUHDV�
VXFK�DV�WKH�VLGH�WKLFNQHVV�RI�D�JURXQG�IORRU��
7KH� QH[W� VHFWLRQ� GHVFULEHV� LQ� PRUH� GHWDLO� WKH� FDVH�
VWXGLHV� XVHG� WR� FUHDWH� DQG� WHVW� WKH� PDLQ� -DYD� WRRO��
8VLQJ� %,0� JHQHUDWHG� ,)&� ILOHV� SUHVHQWHG� DQ�
RSSRUWXQLW\� WR� GHWHUPLQH� FRPPRQO\� H[SRUWHG�
JHRPHWULFDO�UHSUHVHQWDWLRQV�RI�,)&�HQWLWLHV�VXFK�DV�DQ�
µ,IF:DOO¶��7KLV�LV�LPSRUWDQW��DV�WKH�WRRO�LV�D�SURRI�RI�
FRQFHSW� DQG� GRHV� QRW� FXUUHQWO\� QHHG� WR� KDQGOH� DOO�
SRVVLEOH� ,)&� UHSUHVHQWDWLRQV�� 7ZR� PDLQ� VWXGLHV�
YDOLGDWH�WKH�SURFHVV�RI�H[WUDFWLQJ�JHRPHWU\���

+$1129(5�.5216%(5*��*(50$1<�
7KH�ILUVW�VWXG\�LV�EDVHG�RQ�EXLOGLQJV�IURP�DQ�HVWDWH�LQ�
+DQQRYHU�.URQVEHUJ��*HUPDQ\��7KH\�DUH�FHUWLILHG�DV�
3DVVLYKDXV�� DQG� WKHLU� SHUIRUPDQFH� LV� YDOLGDWHG� E\�
PHDVXUHG� UHVXOWV� �6FKQLHGHUV� 	� +HUPHOLQN� �������
7KH�DLP�RI�WKLV�VWXG\�LV�WR�VKRZ�WKDW�3DVVLY%,0�FDQ�
SURFHVV�����EXLOGLQJV�LQ�WHUUDFHV�WKDW�KDYH�SDUW\�ZDOOV��
���WZR�EXLOGLQJV�LQ�D�VLQJOH�,)&�ILOH��DQG����D�PLGGOH�
DQG� HQG� WHUUDFH� KRXVH� WR� LQIRUP� GHVLJQ� GHFLVLRQV��
7KH� EXLOGLQJV� DOO� KDYH� WKH� WKHUPDO� ERXQGDU\� LQ� WKH�
URRI�� 7KH� FDVH� VWXG\� LQIRUPHG� WKH� GHYHORSPHQW� RI�
DOJRULWKPV� WKDW� FDQ� GHGXFH� WKLV� ORFDWLRQ� RI� WKH�
WKHUPDO� ERXQGDU\�� DQG� SURFHVV� UHSUHVHQWDWLRQV� RI�
ZDOOV�DQG�URRI�VODEV�WR�JLYH�WKH�FRUUHFW�URRI�DQG�ZDOO�
DUHD��DQG�UHPRYH�RYHUKDQJ�IURP�WKH�URRI�DUHD��)LJXUH�
��VKRZV�WKH�VRXWK�IDFDGHV�RI�SDUW�RI�WKH�WHUUDFHV���7KH�
EXLOGLQJV�DW�WKH�HQG�DQG�LQ�WKH�PLGGOH�RI�WKH�WHUUDFH�
DUH� FDOOHG� µ(QGKDXV¶� DQG� µ0LWWHOKDXV¶� UHVSHFWLYHO\��
EXW� LQ� WKLV� SDSHU� WKH\�ZLOO� EH� UHIHUUHG� WR� DV� WKH� HQG�
KRXVH�DQG�PLGGOH�KRXVH���
�

�

�
)LJXUH���80/�FDVH�GLDJUDP�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�$UFKLWHFWV��3DVVLYH�+RXVH�'HVLJQHUV�DQG�3DVVLY%,0
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�

�
)LJXUH���6RXWK�IDFDGHV�RI�WKH�+DQQRYHU�

7HUUDFHV�)HLVW�HW�DO��������
�

0LGGOH�KRXVH�DQG�HQG�KRXVH�GDWD�FDQ�EH� IRXQG� LQ�D�
UHSRUW� E\� )HLVW� HW� DO�� �������� 7KH\� DUH� ERWK� WKH�
µ-DQJVWHU� GH� /X[¶� IORRU� SODQ�� EXW� KDYH� GLIIHUHQW�
H[WHUQDO� ZDOOV�� 1RQ�JHRPHWULF� GDWD� IURP� WKH� UHSRUW�
ZDV�HQWHUHG�LQWR�3DVVLY%,0�E\�KDQG��0RVW�EXLOGLQJ�
GLPHQVLRQV� DUH� DYDLODEOH� LQ� IORRU� SODQV�� EXW� VRPH�
LQWHUQDO� GLPHQVLRQV� KDG� WR� EH� H[WUDSRODWHG�� $�
VXPPDU\�RI�WKH�DUHDV�XVHG�LV�SUHVHQWHG�LQ�7DEOH�����
�

7DEOH���
$UHD�SURSHUWLHV�LQ��P���RI�WKH�FDVH�VWXGLHV�

�

BUILDING 
ELEMENTS 

MIDDLE 
HOUSE  

END 
HOUSE  

LARCH 
HOUSE  

 (m2) (m2) (m2) 
([WHUQDO�GRRU�� �� �� �����
)ORRU�VODE� ������ ������ ������
1RUWK��ZLQGRZV� ����� ����� �����
(DVW��ZLQGRZV� �� �� �����
6RXWK��ZLQGRZV� ������ ������ ������
:HVW��ZLQGRZV� �� �� ��
([WHULRU�:DOO�
�:LWKRXW�
ZLQGRZV�GRRUV��

������ ������� �������

7UHDWHG�)ORRU�
$UHD�

������� ������� ������

5RRI�� ������ ������ ������
�

7KH� ILUVW� SDUW� RI� WKH� VWXG\� LQYROYHG� ,)&� ILOHV�
UHSUHVHQWLQJ� WKH� PLGGOH� DQG� HQG� KRXVH� WHUUDFH�� $OO�
H[WHUQDO� ZDOOV� PXVW� EH� ODEHOOHG� µH[WHUQDO¶� LQ� 5HYLW��
7KH�VHFRQG�SDUW�RI�WKH�VWXG\�XVHG�DQ�,)&�ILOH�RI�WZR�
HQG� KRXVHV� VLGH� E\� VLGH�� ZLWK� WKHLU� SDUW\� ZDOOV� LQ�
EHWZHHQ��7KH�HQG�KRXVH�PRGHO�ZDV�FUHDWHG�IRU�ERWK�
WKH� OHIW� DQG� ULJKW� HQG� RI� D� WHUUDFH� LQ�5HYLW�� DQG� WKH�
WZR� PRGHOV� ZHUH� µOLQNHG¶� DQG� µH[SORGHG¶� LQWR� D�
VLQJOH� ILOH�� 1RQ�JHRPHWULFDO� GDWD� LV� WKH� VDPH� DV� IRU�
WKH� HQG� KRXVH�� ZLWK� WKH� H[FHSWLRQ� RI� WKH� WKHUPDO�
EULGJH�DUHDV��7KLV�GDWD�LV�JHQHUDOO\�FDOFXODWHG�XVLQJ�D�
G\QDPLF�WKHUPDO�VLPXODWLRQ��EXW�DV�WKH�EXLOGLQJV�DUH�
LGHQWLFDO��WKH�DUHDV�ZHUH�VLPSO\�GRXEOHG��,Q�WKH�WKLUG�
SDUW�RI�WKH�FDVH�VWXG\��3DVVLY%,0�LV�XVHG�WR�JHQHUDWH�
D�JUDSK�WKDW�VKRZV�WKH�DYHUDJH�FRQVXPSWLRQ�RI�DOO�WKH�
EXLOGLQJV� LQ� D� UDQJH� RI� WHUUDFHV�� 7KLV� SURFHVV� VWDUWV�
ZLWK�DQ�HQG�KRXVH�DQG�D�PLGGOH�KRXVH�PRGHO��,W�WKHQ�
FUHDWHV� VFHQDULRV� E\� FRPSRVLQJ� WKHP� LQWR� WHUUDFHV��

)LJXUH� �� VKRZV� WHUUDFHV� ZLWK� WKHRUHWLFDO�
FRPSRVLWLRQV� RI� WZR�� WKUHH� DQG� IRXU� EXLOGLQJV��7KLV�
FDQ� EH� XVHG� WR� DVVHVV� WKH� LPSDFW� RI� VXUIDFH� DUHD� WR�
YROXPH�UDWLR�RQ�HQHUJ\�GHPDQG��ZKLFK�LV�RQH�RI�WKH�
SDVVLYH�EXLOGLQJ�GHVLJQ�FRQFHSWV��6RGKD�HW�DO���������
�

�
)LJXUH���7KH�FRPSRVLWLRQ�RI�KRXVHV�LQ�D�WHUUDFH�

�

/$5&+�+286(��:$/(6�
7KH�VHFRQG�VWXG\�LV�D�EXLOGLQJ�LQ�(EEZ�9DOH��:DOHV��
FDOOHG�WKH�/DUFK�+RXVH��)LJXUH���VKRZV�D�SLFWXUH�RI�
WKLV�GHWDFKHG�FHUWLILHG�3DVVLYKDXV���,W�ZDV�FRPSOHWHG�
LQ� -XO\� ������ EXW� PRQLWRUHG� GDWD� DUH� QRW� \HW�
DYDLODEOH���,W�LV�RQH�RI�WKH�ILUVW�H[DPSOHV�RI�D�ORZ�FRVW�
3DVVLYKDXV� DQG� LW� LV� XVHG� DV� VRFLDO� KRXVLQJ� �L3+$�
�������7KHUH�DUH� WKUHH�PDLQ�DLPV� RI� XVLQJ� WKLV� FDVH�
VWXG\��7KH�JHRPHWULFDO�H[WUDFWLRQ�RI� WKH�-DYD� WRRO� LV�
IXUWKHU� YDOLGDWHG� XVLQJ� D� GHWDFKHG� EXLOGLQJ� PRGHO��
ZKLFK�KDG� WKH� WKHUPDO� ERXQGDU\� LQ� WKH� WRS� IORRU�� ,W�
LQIRUPV� WKH� GHYHORSPHQW� RI� DQ� DOJRULWKP� WKDW�
SURFHVVHV�ZLQGRZV� WR� FDOFXODWH� LI� UHYHDOV� VKRXOG� EH�
LQFOXGHG� LQ� WKH� 7)$�� )LQDOO\�� YDOLGDWHG� PRGHOV� DUH�
XVHG� WR� VKRZ� KRZ� GHVLJQ� GHFLVLRQV� FRXOG� EH�
LQIRUPHG��$�VSHFLILF�H[DPSOH�LV�DQQXDO�KHDW�GHPDQG�
LV� OLPLWHG�� DQG� WKH� HIIHFW� RQ� EXLOGLQJ� HOHPHQW� DUHDV�
FDQ�EH�FDOFXODWHG��*HRPHWULFDO�GDWD� IRU� WKH�EXLOGLQJ�
RULJLQDWHV� IURP� DUFKLWHFWXUDO� SODQV� VR� H[WUDSRODWLQJ�
LQWHUQDO� GLPHQVLRQV� LV� QRW� QHFHVVDU\�� $UHDV� RI� LWV�
EXLOGLQJ�HOHPHQWV�DSSHDU�LQ�7DEOH�����
�

�
)LJXUH���7KH�/DUFK�+RXVH�FDVH�VWXG\��L3+$�������

�

2QO\� RQH� ,)&� ILOH� LV� QHFHVVDU\� IRU� WKLV� VWXG\��
DGGLWLRQDO� LQIRUPDWLRQ� DERXW�ZHDWKHU� ILOHV� DQG� QRQ�
JHRPHWULFDO�GDWD�FRPHV� IURP�;0/�ILOHV��7KH� LQLWLDO�
PRGHO�XVHV�DQ�(EEZ�9DOH�FOLPDWH�ILOH�WR�YDOLGDWH�WKH�
/DUFK� +RXVH� PRGHO� DJDLQVW� H[LVWLQJ� GDWD�� 7ZR�
IXUWKHU�PRGHOV�DUH�VHW�XS�IRU�FRPSDULVRQ��SODFLQJ�WKH�
VDPH�EXLOGLQJ�XQGHU�D�µ/RQGRQ�&%'¶�FOLPDWH��DQG�D�
IXWXUH� FOLPDWH� FDOOHG� µ/RQGRQ� &%'����0���¶��
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7KHVH� FOLPDWHV� ZHUH� JHQHUDWHG� DQG� YDOLGDWHG� LQ� D�
VWXG\�E\�0F/HRG�HW�DO����������7KH�IXWXUH�FOLPDWH�LV�
IRU� D� PHGLDQ� HVWLPDWH� RI� FKDQJH�� EDVHG� RQ� WKH�
PHGLXP�HPLVVLRQV�VFHQDULR�DQG�LQ�WKH�\HDU�������,W�LV�
LQWHUHVWLQJ� WR� QRWH� WKDW� WKH� ODWLWXGHV� RI� WKH� ZHDWKHU�
ILOHV�DUH�VLPLODU��ZLWK�(EEZ�9DOH�KDYLQJ�D�ODWLWXGH�RI�
������1�DQG�/RQGRQ�&%'�KDYLQJ�D�ODWLWXGH�RI�������
1���

5(68/76�$1'�',6&866,21�
7KH�3DVVLY%,0�V\VWHP�KDV�H[WUDFWHG�JHRPHWU\� IURP�
ERWK� WHUUDFHG� DQG� GHWDFKHG� EXLOGLQJV�� 7KH� SURFHVV�
KLJKOLJKWV� VRPH� LVVXHV� ZLWK� ERWK� WKH� 3DVVLYKDXV�
VWDQGDUG� DQG� ,)&� H[SRUWDWLRQ�� 7R� WKH� VWDQGDUG� UXOHV�
WR� EH� IXOO\� DXWRPDWHG�� VRPH� QHHG� WR� EH� PRUH�
ULJRURXVO\�GHILQHG��)RU�H[DPSOH��WKH�7)$�FDOFXODWLRQ�
VWDWHV�WKDW�WKH�UHYHDO�DUHDV�RI�IXOO�KHLJKW�ZLQGRZV�FDQ�
EH�LQFOXGHG�LQ�WKH�7)$��,Q�UHDOLW\��WKLV�ZLQGRZ�PD\�
EH�D�FRXSOH�RI�FHQWLPHWUHV�EHORZ�RU�DERYH�WKH�KHLJKW�
RI�D�IORRU��VR�D�WROHUDQFH�OHYHO�QHHGV�WR�EH�DJUHHG��,Q�
WHUPV�RI�,)&�H[SRUWDWLRQ��WKH�YDOXH�IRU�WKH�WUXH�QRUWK�
ZDV�QRW�DFFXUDWHO\�H[SRUWHG�� �7KLV� VKRXOG�GHIDXOW� WR�
WKH� SRVLWLYH� GLUHFWLRQ� RI� WKH� \�D[LV�� DQG� \RX� ZRXOG�
H[SHFW�WKH�FRRUGLQDWH�µ���������¶� WR�EH�H[SRUWHG��7KH�
FRRUGLQDWH�DFWXDOO\�H[SRUWHG�ZDV�µ���������¶��7KLV�ZDV�
IXUWKHU� WHVWHG� ZLWK� RWKHU� URWDWLRQV�� WR� ILQG� WKDW� WKH�
ILUVW�YDOXH�LQ�WKH�FRRUGLQDWH�ZDV�DOZD\V�µ�¶��DQG�LI�WKH�
VHFRQG�WZR�YDOXHV�ZHUH�XVHG�WR�UHSUHVHQW�µ[¶�DQG�µ\¶�
YDOXHV��WKH\�JDYH�WKH�ULJKW�GLUHFWLRQ��
([SRUWHG� ,)&� ILOHV� ZHUH� DOVR� LPSRUWHG� EDFN� LQWR�
5HYLW� WR� WHVW� ,)&� LQWHURSHUDELOLW\�� )LJXUH� �� VKRZV� D�
�'�YLHZ� RI� D�� WKH�/DUFK�KRXVH� 5HYLW�PRGHO� DQG� E��
WKH� /DUFK� KRXVH� ,)&� ILOH� LPSRUWHG� LQWR� 5HYLW��
$ORQJVLGH� VRPH� ORVV� RI� LQIRUPDWLRQ�� WKH� PRVW�
QRWLFHDEOH� SUREOHPV� DUH� ZLQGRZV� KDYH� ORVW�
WUDQVSDUHQF\� DQG� WKH� ZDOOV� DUH� QRW� FXW� DFFXUDWHO\��
$QRWKHU� OLPLWDWLRQ� DURVH� ZKHQ� ZLQGRZV� ZHUH�
LQVHUWHG�LQWR�D�ZDOO�DW�WKH�IORRU�KHLJKW�RQ�WKH�VHFRQG�
IORRU��7KH�ZDOO�ZDV� H[SRUWHG� XVLQJ� D� UHSUHVHQWDWLRQ�
WKDW� ORVHV� VRPH�SDUDPHWULF� LQIRUPDWLRQ��:KHQ� WKHVH�
ZLQGRZV� ZHUH� DW� OHDVW� �PP� DERYH� WKH� IORRU�� WKH�
ZDOOV�ZHUH�H[SRUWHG�ZLWK�WKH�SDUDPHWULF�LQIRUPDWLRQ��
�

�
�)LJXUH���/DUFK�KRXVH�LQ�5HYLW�D��EHIRUH�H[SRUW�DQG�

E��DIWHU�H[SRUW�WR�,)&�DQG�LPSRUW�WR�5HYLW�
�

7KH�VHFWLRQV�EHORZ�YDOLGDWH�WKH�+DQQRYHU�.URQVEHUJ�
DQG�/DUFK�+RXVH�PRGHOV�DJDLQVW�SXEOLVKHG�GDWD��DQG�
SURYLGH�H[DPSOHV�RI�LQIRUPLQJ�GHVLJQ�GHFLVLRQV��

Hannover Kronsberg, Germany 
7KHUH� LV� D� KLJK� OHYHO� RI� DJUHHPHQW� EHWZHHQ� WKH�
VLPXODWHG�DQG�SXEOLVKHG�ILJXUHV��)HLVW�HW�DO��������RI�

WKH�WRWDO�KHDW�GHPDQG�IRU�WKH�PLGGOH�DQG�HQG�KRXVH��
3DVVLY%,0� FDOFXODWHG� KHDW� ORVVHV� DQG� JDLQV� DUH�
VKRZQ� LQ� )LJXUH� ��� QRUPDOLVHG� E\� WKHLU� 7)$�� 7KH�
SHUFHQWDJH� GLIIHUHQFH� LQ� KHDW� GHPDQG� EHWZHHQ� WKH�
PLGGOH� DQG� HQG� KRXVH� LQ� WKH� UHSRUW� DQG� WKDW�
FDOFXODWHG� E\� 3DVVLY%,0� LV� RQO\� ������ DQG� ������
UHVSHFWLYHO\��
�

�
)LJXUH���+HDW�WUDQVIHU�LQ�+DQQRYHU�EXLOGLQJV�

�

$V� WKH� PLGGOH� KRXVH� RQO\� KDV� WZR� H[WHUQDO� ZDOOV�
RSSRVHG�WR�WKH�WKUHH�LQ�DQ�HQG�KRXVH��LW�KDV�D�VPDOOHU�
KHDW� GHPDQG�� ,Q� D� VXUIDFH� DUHD� WR� YROXPH� VWXG\��
3DVVLY%,0� FDQ� SUHGLFW� WR� ZKDW� SRLQW� XVLQJ� PRUH�
EXLOGLQJV� LQ� D� WHUUDFH� LV� HIIHFWLYH�� )LJXUH� �� LV� DQ�
H[DPSOH� RI� WHUUDFHV� FUHDWHG� XVLQJ� WKH� +DQQRYHU�
.URQVEHUJ�PRGHOV��,W�VKRZV�WKDW�WKH�HIIHFWLYHQHVV�RI�
WHUUDFLQJ�KRXVHV�GHFUHDVHV�DW�DURXQG���KRXVHV��
�

�
)LJXUH���$QQXDO�KHDW�GHPDQG�LQ�WHUUDFHV�

�

3DVVLY%,0� FDQ� DOVR� SURFHVV� GDWD� IRU� D� URZ� RI�
WHUUDFHG� EXLOGLQJV�� )LJXUH� �� VKRZV� WKH� WRWDO� KHDW�
GHPDQG� IRU� DQ� HQG� KRXVH� WKDW� KDV� QRW� EHHQ�
QRUPDOLVHG� E\� WKH�7)$��DQG� WZR� HQG� KRXVHV� LQ� RQH�
,)&�ILOH����
�

�
)LJXUH���+HDW�WUDQVIHU�LQ�+DQQRYHU�EXLOGLQJV�

Larch House, Wales 
2YHUDOO�� WKH� /DUFK� +RXVH� KHDW� GHPDQG� LV� FORVHU� WR�
SXEOLVKHG� ILJXUHV� WKDQ� WKH� +DQQRYHU� .URQVEHUJ�
EXLOGLQJV�� 7KH� KHDW� ORVVHV� DQG� JDLQV� EHWZHHQ� D�� D�
PRGHO�ZLWK�DOO�GDWD�LPSRUWHG� IURP�3+33�DQG�E�� WKH�
VDPH�PRGHO�RYHUZULWWHQ�ZLWK�JHRPHWU\� IURP�DQ�,)&�
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ILOH� DUH� VKRZQ� LQ� )LJXUH� ���� 7KHVH� PRGHOV� XVH� WKH�
(EEZ�9DOH�FOLPDWH�ILOH��

�
)LJXUH����+HDW�WUDQVIHU�RI�/DUFK�KRXVH�ZLWK�DQG�

ZLWKRXW�,)&�JHRPHWU\�
�

7KH� SHUFHQWDJH� GLIIHUHQFH� LQ� WRWDO� KHDW� GHPDQG� LQ�
)LJXUH� ��� LV� RQO\� ������ZKLFK� IXUWKHU� YDOLGDWHV� WKH�
3DVVLY%,0�JHRPHWU\�H[WUDFWLRQ��7KH�KHDW�GHPDQG�IRU�
WKH�/DUFK� KRXVH� LQ� WKH�(EEZ�9DOH� FOLPDWH� LV� ORZHU�
WKDQ�LQ�WKH�VWXG\�E\�0F/HRG�HW�DO����������7KLV�FRXOG�
EH�GXH�WR�3+33�KDYLQJ�WZR�PHWKRGV�IRU�ZRUNLQJ�RXW�
WKH�DQQXDO�KHDW�GHPDQG��:KHQ�SODQQLQJ�D�EXLOGLQJ��LW�
PD\� EH� XVHIXO� WR� FKHFN� KRZ� LW� FRXOG� EHKDYH� LQ� D�
IXWXUH�FOLPDWH�RU�LQ�DQ�XUEDQ�KHDW�LVODQG��7KH�HIIHFWV�
RI�WKHVH�WZR�VFHQDULRV�DUH�SUHVHQWHG�LQ�)LJXUH������
�

�
)LJXUH����)XWXUH�KHDW�GHPDQG�RI�WKH�/DUFK�KRXVH�

�

7KH� µ/RQGRQ�&%'¶� DQG� µ/RQGRQ�&%'� ����0���¶�
PRGHOV�XVH�RQO\�GDWD�H[WUDFWHG�IURP�3+33��7KH\�DUH�
WKH� EDVLV� RI� µ�,)&� *HRPHWU\�¶� PRGHOV�� EXW� WKH�
JHRPHWU\� LV� RYHUZULWWHQ�� �7KH� SHUFHQWDJH� GLIIHUHQFH�
EHWZHHQ�WKH�3DVVLY%,0�DQG�SXEOLVKHG��0F/HRG�HW�DO��
������µ/RQGRQ�&%'¶�DQG�µ/RQGRQ�&%'����0���¶��
PRGHOV� LV� �����DQG������ UHVSHFWLYHO\�� 7KH� FOLPDWH�
ILOHV�DUH�WKH�VDPH�DV�XVHG�LQ�WKH�UHSRUW��VR�DQ\�HUURU�LV�
DVVRFLDWHG�ZLWK�GLVFUHSDQFLHV�LQ�WKH�3+33�PRGHOV��,W�
FRXOG�DOVR�EH�GXH�WR�GLIIHUHQW�PHWKRGV�LQ�FDOFXODWLQJ�
WKH� DQQXDO� KHDW� GHPDQG�� 0RUH� LPSRUWDQWO\�� WKH�
GLIIHUHQFH� EHWZHHQ� PRGHOV� ZLWK� DQG� ZLWKRXW� ,)&�
JHRPHWU\�LV�ORZ��7KH�SHUFHQWDJH�GLIIHUHQFH�EHWZHHQ�
WKH� µ/RQGRQ� &%'¶� DQG� µ/RQGRQ� &%'� ����0���¶�
ZLWK�DQG�ZLWKRXW�,)&�JHRPHWU\� LV�������DQG�������
UHVSHFWLYHO\�� 7KLV� LV� DQRWKHU� YDOLGDWLRQ� RI� WKH�
3DVVLY%,0� JHRPHWU\� H[WUDFWLRQ� SURFHVV��
$GGLWLRQDOO\��GXH�WR�WKH�µ,IF'HVLJQ$OWHUQDWLYH¶�HQWLW\��
D� VLQJOH� ,)&� PRGHO� FDQ� QRZ� KROG� UHVXOWV� IURP�
)LJXUHV� ������� )XUWKHU� SURFHVVLQJ� FRXOG� QRZ� EH�
SHUIRUPHG�RQ�WKH�PRGHOV�WR�LQIRUP�GHVLJQ�GHFLVLRQV��

)RU� H[DPSOH�� DV� WKH� KHDW� GHPDQG� LV� D� VWHDG\� VWDWH�
FDOFXODWLRQ�� LW� FDQ� EH� UHYHUVHG� DQG� XVHG� WR� FDOFXODWH�
OLPLWV�IRU�EXLOGLQJ�HOHPHQWV��)RU�H[DPSOH��WKH�DQQXDO�
KHDW� GHPDQG� FDQ� EH� VHW� WR� ��N:K�P�D� IRU� WKH�
/RQGRQ� ����� PRGHO�� DQG� LQGLYLGXDO� FKDUDFWHULVWLFV�
DUH�FDOFXODWHG�VXFK�DV�WDUJHW�ZDOO�DUHD�����P����ZDOO�
8�YDOXH������:�P�.���RU�ZLQGRZ�*�YDOXH���������

&21&/86,21�
7KLV� VWXG\� GHVFULEHV� DQ� LPSOHPHQWDWLRQ� RI� D�
PHWKRGRORJ\� WKDW� H[WHQGV� WKH� ,)&� VFKHPD� ZLWK�
HQHUJ\� FRQFHSWV�� 7KH� UHVXOWLQJ� 3DVVLY%,0� V\VWHP�
FDQ�UHDG�ERWK� ,)&�DQG�3+33� ILOHV� DQG�FDOFXODWH� WKH�
DQQXDO� KHDW� GHPDQG� XVLQJ� WKH� DQQXDO� PHWKRG�� 7KH�
H[WHQGHG� VFKHPD� DOORZV� ERWK� GHVFULSWLYH� DQG�
EHKDYLRXUDO�GDWD�WR�EH�VWRUHG�LQ�WKH�VDPH�SODFH��7KLV�
VXSSRUWV� WKH� FRQFHSW� RI� FROODERUDWLRQ�� DV� WKH� GDWD�
FRXOG�EH�VKDUHG�EHWZHHQ�WHDP�PHPEHUV�RI�D�SURMHFW�
LQ� RUGHU� WR� PDNH� GHVLJQ� GHFLVLRQV�� 7KH� SDSHU� DOVR�
LQFOXGHV� VRPH� VLPSOH� H[DPSOHV� RI� KRZ� WKH� GDWD�
FRXOG� EH� XVHG� WR� LQIRUP� GHVLJQ� GHFLVLRQV�� RQ� WKH�
VXEMHFW� RI� PDVWHU� SODQQLQJ� DQG� FUHDWLQJ� VXVWDLQDEOH�
EXLOGLQJV�IRU�WKH�IXWXUH��
7KH� SURFHVV� RI� H[WUDFWLQJ� JHRPHWU\� LV� YDOLGDWHG� E\�
ERWK� GHWDFKHG� DQG� WHUUDFHG� EXLOGLQJV�� ZKLFK� IXUWKHU�
GLIIHUHQWLDWHG� LQ� WKH�ZD\� WKH\� XVHG� WKH� VSDFH� XQGHU�
WKH�URRI��7KH�HUURU�EHWZHHQ�D�PRGHO�XVLQJ�RQO\�3+33�
GDWD�DQG�RQH�ZLWK�,)&�JHRPHWU\�UHPDLQV�EHORZ������
IRU� WKH� /DUFK� +RXVH� PRGHOV�� DQG� ����� IRU� WKH�
+DQQRYHU�.URQVEHUJ�PRGHOV��:KHQ�WKLV�JHRPHWU\�LV�
XVHG� WR� FDOFXODWH� WKH� DQQXDO� KHDW� GHPDQG� IRU� WKH�
/DUFK� +RXVH� FDVH� VWXG\�� UHVXOWV� GLIIHU� WR� WKH�
SXEOLVKHG�GDWD�E\�XS�WR�����7KLV�LV�PDLQO\�FDXVHG�E\�
WKH� GLIIHUHQFH� LQ� LQLWLDO� EXLOGLQJ�PRGHOV� DQG�QRW� WKH�
JHRPHWU\� H[WUDFWLRQ�� )XWXUH� ZRUN� ZRXOG� EH� WR�
YDOLGDWH�WKH�WRRO�ZLWK�D�ZLGHU�UDQJH�RI�PRGHOV��ZKLFK�
ZRXOG� LQFOXGH� VORSLQJ� DQG� FXUYHG� ZDOOV�� 7KH� ,)&�
H[SRUWDWLRQ� SURFHVV� DOVR� QHHGV� WR� EH� IXUWKHU�
GHYHORSHG��+RZHYHU��WKH�SURFHVV�RI�DXWRPDWLQJ�GDWD�
HQWU\� IRU� 3+33� VKRZV� JRRG� SRWHQWLDO�� DQG� VXSSRUWV�
WKH� DLP� RI� FUHDWLQJ� LQWHURSHUDEOH� VRIWZDUH� DQG�
GHVLJQLQJ�VXVWDLQDEOH�EXLOGLQJV���

$&.12:/('*(0(17�
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�1LFN�1HZPDQ�IURP�
EHUH�DUFKLWHFWV� IRU�DFFHVV� WR�EXLOGLQJ�GDWD�� �DQG�5RE�
0F/HRG� IRU� DFFHVV� WR� IXWXUH� FOLPDWH� GDWD� LQ� 3+33�
IRUPDW���

5()(5(1&(6�
$XJHQEURH��*���������,QWHJUDWHG�EXLOGLQJ�SHUIRUPDQFH�

HYDOXDWLRQ�LQ�HDUO\�GHVLJQ�VWDJHV��%XLOGLQJ�DQG�
(QYLURQPHQW������SS����±�����

$XWRGHVN��,QF���������$XWRGHVN�5HYLW�3URGXFWV��
$XWRGHVN��$YDLODEOH�DW��
KWWS���ZZZ�DXWRGHVN�FR�XN�DGVN�VHUYOHW�SF�LQGH["VLW
H,' ������	LG ���������>$FFHVVHG�-DQXDU\�����
����@��

%D]MDQDF��9��	�.LYLQLHPL��$���������5HGXFWLRQ��
VLPSOLILFDWLRQ��WUDQVODWLRQ�DQG�LQWHUSUHWDWLRQ�LQ�WKH�
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H[FKDQJH�RI�PRGHO�GDWD��,Q�3URFHHGLQJV�RI�WKH���WK��
&,%�:���FRQIHUHQFH��0DULERU��SS�����±�����

%U\GH��'���%URTXHWDV��0��	�9ROP��-�0���������7KH�
SURMHFW�EHQHILWV�RI�%XLOGLQJ�,QIRUPDWLRQ�0RGHOOLQJ�
�%,0���,QWHUQDWLRQDO�-RXUQDO�RI�3URMHFW�
0DQDJHPHQW��,Q�3UHVV���

EXLOGLQJ60$57��������,QGXVWU\�)RXQGDWLRQ�&ODVVHV�
�,)&���$YDLODEOH�DW��KWWS���EXLOGLQJVPDUW�FRP��
VWDQGDUGV�LIF�>$FFHVVHG�$SULO���������@��

&HPHVRYD��$���+RSIH��&�-��	�5H]JXL��<���������
3DVVLY%,0�±�$�QHZ�DSSURDFK�IRU�ORZ�HQHUJ\�
VLPXODWLRQ�XVLQJ�%,0��,Q�(&330�������5H\NMDYLN��

&RUPLHU��$��HW�DO���������7RZDUGV�D�%,0�EDVHG�VHUYLFH�
RULHQWHG�SODWIRUP��DSSOLFDWLRQ�WR�EXLOGLQJ�HQHUJ\�
SHUIRUPDQFH�VLPXODWLRQ��,Q�3URFHHGLQJV�RI�%XLOGLQJ�
6LPXODWLRQ���������WK�&RQIHUHQFH�RI�,%36$��
6\GQH\��

'HSDUWPHQW�RI�(QHUJ\�DQG�&OLPDWH�&KDQJH��������
&OLPDWH�&KDQJH�$FW�������$YDLODEOH�DW��
KWWS���ZZZ�GHFF�JRY�XN�HQ�FRQWHQW�FPV�OHJLVODWLRQ�F
FBDFWB���FFBDFWB���DVS[�>$FFHVVHG�-DQXDU\�����
����@��

'HVLJQ5HIRUP��������*UHHQ�)XQG�3DVVLYKDXV�6HULHV����
��,QWUR�WR�3+�LQ�5HYLW��$YDLODEOH�DW��
KWWS���GHVLJQUHIRUP�QHW�OHDUQLQJ������������JUHHQ�
IXQG�SDVVLYKDXV�VHULHV����LQWUR�SK�UHYLW���
>$FFHVVHG�-DQXDU\���������@��

'XQFDQ��*���������5HYLW�DQG�3+33��*HWWLQJ�%,0�DQG�
(QHUJ\�0RGHOLQJ�6RIWZDUH�WR�:RUN�7RJHWKHU��
$YDLODEOH�DW��KWWS���ZZZ�JGXQFDQ�XV�"S ����
>$FFHVVHG�-DQXDU\���������@��

(DVWPDQ��&��HW�DO���������%,0�+DQGERRN��$�*XLGH�WR�
%XLOGLQJ�,QIRUPDWLRQ�0RGHOOLQJ�IRU�2ZQHUV��
0DQDJHUV��'HVLJQHUV��(QJLQHHUV��DQG�&RQWUDFWRUV��
&DQDGD��-RKQ�:LOH\�	�6RQV��,QF���

(DVWPDQ��&���������%XLOGLQJ�3URGXFW�PRGHOV��&RPSXWHU�
(QYLURQPHQWV�6XSSRUWLQJ�'HVLJQ�DQG�&RQVWUXFWLRQ��
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