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'LDQD�:DOGURQ���3KLO�-RQHV���6LPRQ�/DQQRQ����
7KRPDV�%DVVHWW��+HOHGG�,RUZHUWK��

�/RZ�&DUERQ�5HVHDUFK�,QVWLWXWH��:HOVK�6FKRRO�RI�$UFKLWHFWXUH���
&DUGLII�8QLYHUVLW\��:DOHV�

�
�
$%675$&7�
:KLOH�VLJQLILFDQW�SURJUHVV�KDV�EHHQ�PDGH�LQ�UHGXFLQJ�
2SHUDWLRQDO� (QHUJ\�� (PERGLHG� (QHUJ\� KDV� EHHQ�
ODUJHO\� LJQRUHG�� �+RZHYHU�� WKHVH� WRSLFV�DUH�VWURQJO\�
OLQNHG� DQG� VKRXOG� EH� FRQVLGHUHG� DV� D� ³%DODQFH�
(TXDWLRQ´�� ZKHUH� DOO� IDFWRUV� PXVW� EH� FDUHIXOO\�
PHDVXUHG� LQ�RUGHU�WR�DYRLG� WKH�H[FHVVHV�RI� ERWK�� �$�
FRPSDUDWLYH�VWXG\�RI�XUEDQ�OD\RXW�DQG�IRUP�XWLOLVLQJ�
9,59,/� SOXJLQV� �LQ� 6NHWFKXS�� ZLWK� +7%�� �+HDW�
7UDQVIHU� LQ� %XLOGLQJV�� LQGLFDWHV� WKDW� XUEDQ� OD\RXW�
KDYH� DQ� LPSDFW� RQ� WKH� 2SHUDWLRQDO� DQG� (PERGLHG�
(QHUJ\�RI�EXLOGLQJV��7KH�FDVH�VWXGLHV�DQDO\VHG�LQ�WKLV�
SDSHU�VXJJHVW� WKDW� WKHUH� LV�DQ�DGYDQWDJH�RI�0LG�ULVH�
W\SH� RI� EXLOGLQJV� LQ� WHUPV� RI� 2SHUDWLRQDO� (QHUJ\��
KRZHYHU� WKH� (PERGLHG� (QHUJ\� VFHQDULRV� DUH� OHVV�
FOHDU� DQG� VHHP� WR� GHSHQG� PRUH� RQ� WKH� XVH� RI� WKH�
EXLOGLQJ��

,1752'8&7,21�
(YLGHQFH� RI� WKH� RYHUZKHOPLQJ� VLJQV� RI� FOLPDWH�
FKDQJH� DUH� QRZ� ZHOO� GLVVHPLQDWHG� �&RPPXQLWLHV��
������ &267�� ������� IXUWKHUPRUH� LW� LV� ZLGHO\�
DFFHSWHG� WKDW� KXPDQ� DFWLYLW\� KDV� EHHQ� ODUJHO\�
UHVSRQVLEOH� IRU� WKLV� FKDQJH� DQG� WKHUHIRUH� SROLFLHV�
KDYH� EHHQ� GHYHORSHG� DLPLQJ� WR� UHGXFH� WKH� SUREOHP�
�&RPPLVVLRQ�� ������ $EDQGD� HW� DO��� ������� 7KH�
EXLOGLQJ� VHFWRU� LV� ODUJHO\� UHVSRQVLEOH� IRU� VXFK�
QHJDWLYH�HQYLURQPHQWDO�LPSDFW��/L��������6WHSKDQ�HW�
DO���������3XOOHQ���������WKHUHIRUH�SHRSOH�LQYROYHG�LQ�
WKH� GHYHORSPHQW� RI� EXLOGLQJV� KDYH� D� JUHDW�
UHVSRQVLELOLW\� WRZDUGV� DFKLHYLQJ� VXVWDLQDELOLW\�
VWDQGDUGV���
7KH� EXLOW� HQYLURQPHQW� KDV� EHHQ� XQGHU� GHYHORSPHQW�
IRU� WKRXVDQGV� RI� \HDUV� �)D]LR� HW� DO��� ������ DQG� LW� LV�
RQO\� DW� D� YHU\� ODWH� VWDJH� RI� KLVWRU\� WKDW� µ*UHHQ¶�
'HVLJQ� DSSHDUHG� LQWR� WKH� SLFWXUH� �9DOOHUR� DQG�
%UDVLHU��������(GZDUGV��6DVVL���������+HQFH�LW�FDQ�EH�
GHGXFHG� WKDW� WKH� FKDOOHQJHV� IDFHG� E\� WKH� VR� FDOOHG�
³6XVWDLQDEOH� GHVLJQ�� /RZ� FDUERQ� GHVLJQ�� *UHHQ�
GHVLJQ´�DUH�YDVW���7KXV��WKLV�LV�OLNHO\�WR�EH�GXH�WR�WKH�
IDFW�WKDW�D�IHZ�GHFDGHV�RI�HQYLURQPHQWDOO\�FRQVFLRXV�
GHVLJQ�DUH�EHLQJ�LPSOHPHQWHG�LQ�D�EXLOW�HQYLURQPHQW�
WKDW�DOUHDG\�KDV�WKRXVDQGV�RI�\HDUV�RI�KLVWRU\��,Q�WKH�
SDVW�� WKH� PDLQ� LQIOXHQFLQJ� IDFWRUV� FRQVLGHUHG� LQ�
EXLOGLQJ�GHVLJQ�ZHUH�EDVHG�RQ�DHVWKHWLFV�DQG�KXPDQ�
FRPIRUW��LQ�WKH�KLVWRU\�RI�DUFKLWHFWXUH�WKH�ZHOO�NQRZQ�
³5RPDQ� DUFKLWHFW� DQG� HQJLQHHU� 9LWUXYLXV� >«@�

FRQVLGHUHG� WKH� HVVHQWLDOV� RI�$UFKLWHFWXUH� WR� EH� >«@�
ILUPQHVV��FRPPRGLW\�DQG�GHOLJKW´��)D]LR�HW�DO����������
KRZHYHU� WKH� FRQVLGHUDWLRQ� RI� VXVWDLQDEOH� GHVLJQ�
SULQFLSOHV�RQO\�DURXVH�LQ�PRGHUQ�WLPHV��
7KLV�DQDO\VLV�WKURXJK�KLVWRU\�PHUHO\�DLPV�WR�SURYLGH�
DQ�LGHD�RQ�WKH�VFDOH�RI�WKH�SUREOHP�WKDW�XUEDQLVDWLRQ�
GHYHORSPHQW�LV�IDFLQJ���

&LWLHV� KDYH� EHHQ� XQGHU� GHYHORSPHQW� IRU�
VHYHUDO� WKRXVDQGV� RI� \HDUV� ZLWKRXW�
FRQVLGHULQJ�HQYLURQPHQWDO�GHVLJQ��ZKLFK�QRZ�
PDNHV� LW� GLIILFXOW� WR� RYHUOD\� HQYLURQPHQWDO�
GHVLJQ�RQ�WKHP���

7KHUHIRUH�� H[LVWLQJ� DQG� QHZ� GHYHORSPHQWV� PXVW� EH�
DQDO\VHG�LQ�FRQMXQFWLRQ��7KHUH�LV�DQ�LPSHUDWLYH�QHHG�
IRU�ODUJH�VFDOH�VROXWLRQV��KHQFH�WKH�LPSRUWDQFH�RI�WKLV�
UHVHDUFK�SURMHFW��
:KHQ�EXLOGLQJ�GHVLJQHUV�UHDOLVHG�WKH�LPSDFW�RQ�*+*�
HPLVVLRQV� RULJLQDWHG� IURP� WKH� EXLOGLQJ� LQGXVWU\��
PDQ\� HIIRUWV� ZHUH� IRFXVHG� WRZDUGV� LPSURYLQJ� WKH�
GHVLJQ�DQG�PDWHULDOV�RI� EXLOGLQJV� LQ�RUGHU� WR� UHGXFH�
WKHLU�2SHUDWLRQDO�(QHUJ\��2(���6WHSKDQ�HW�DO���������
<HR�DQG�*DEEDL���������KRZHYHU��WKLV�RIWHQ�UHVXOWHG�
LQ� KLJKHU� (PERGLHG� (QHUJ\� �((�� � �7DUJHW=HUR��
������� ,Q� UHFHQW� \HDUV�� IRFXV� KDV� EHHQ� GLUHFWHG�
WRZDUGV� FRQWUROOLQJ� WKH� LPSDFW� RI� WKH� H[LVWLQJ� DQG�
SRWHQWLDO� ((� LQ� WKH� EXLOW� HQYLURQPHQW�� 7KLV�
DFNQRZOHGJHV� WKH� IDFW� WKDW� LQ� RUGHU� WR� EH� DEOH� WR�
FRQWURO�� LPSURYH� DQG� DFFRXQW� IRU� WKH� XVH� �DQG��
PLVXVH�� RI� ((�� JUHDWHU� LQIRUPDWLRQ� RQ� WKH� PDWWHU�
VKRXOG� EH� PDGH� DYDLODEOH�� DV� D� UHVXOW� ODUJH� ((�
GDWDEDVHV�DUH�EHLQJ�GHYHORSHG��+DPPRQG�DQG�-RQHV��
������ +DPPRQG� DQG� -RQHV�� ������� ,QIRUPDWLRQ� RI�
WKLV�QDWXUH�KDV�EHHQ�KHOSLQJ�WKH�UHVHDUFK�FRPPXQLW\��
DV�ZHOO�DV� WKH�LQGXVWU\��WR�DWWULEXWH�HPERGLHG�HQHUJ\�
YDOXHV�WR�PRVW�RI�WKH�DYDLODEOH�FRQVWUXFWLRQ�PDWHULDOV�
DQG� SURFHVVHV� �7UHORDU� HW� DO��� ������ +DPPRQG� DQG�
-RQHV�� ������� )XUWKHUPRUH�� WKHUH� KDYH� EHHQ� YDULRXV�
DWWHPSWV� WR� GHYHORS� FDVH� VWXGLHV�� PHWKRGV� DQG�
SURWRFROV�WKDW�FRXOG�EH�XVHG�DV�JXLGDQFH�WR�FDOFXODWH�
HPERGLHG�HQHUJ\�YDOXHV�ZLWKLQ�D�YDULHW\�RI�FRQWH[WV�
�+DPPRQG� DQG� -RQHV�� ������ 'L[LW� HW� DO��� ������
7DUJHW=HUR�� ������ 7UHORDU�� ������� +RZHYHU�� WKHVH�
GDWDEDVHV� DQG� SURFHVVHV� DUH� VWLOO�XQGHU� GHYHORSPHQW�
DQG� VFUXWLQ\�� �'XH� WR� LWV� FRPSOH[LW\�PDQ\�GLIIHUHQW�
VRXUFHV� GLVDJUHH� RQ� VSHFLILF� YDOXHV� �'L[LW� HW� DO���
�������5HVHDUFK�GHYHORSPHQW�RQ�/LIH�&\FOH�$QDO\VLV�
�/&$�� JUHDWO\� FRQVLGHUV� WKH� LPSDFW� RI� HPERGLHG�
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HQHUJ\�DQ�RSHUDWLRQDO�HQHUJ\�LQ�WKH�EXLOW�HQYLURQPHQW�
�3XOOHQ�� ������� KRZHYHU� WKH� UHVHDUFK� SURMHFW�
SUHVHQWHG�LQ�WKLV�SDSHU�GHDOV�ZLWK�GLIIHUHQW�WKUHVKROGV�
WKDQ� WKH� /&$�� ,QVWHDG� RI� XVLQJ� YDOXHV� IURP� D� /LIH�
&\FOH� ,QYHQWRU\� �/&,�� �/HH� HW� DO��� ������ ZKHUH�
ILJXUHV� DUH� FUDGOH�WR�JUDYH�� WKH� YDOXHV� XVHG� LQ� WKLV�
DQDO\VLV� DUH� WDNHQ� IURP� (PERGLHG� (QHUJ\� �((��
GDWDEDVHV�� ZLGHO\� DYDLODEOH� LQ� WKH� UHVHDUFK�
FRPPXQLW\�� SULPDULO\� ILJXUHV� IURP� WKH� ,QYHQWRU\� RI�
&DUERQ� DQG� (QHUJ\� �,&(�� �+DPPRQG� DQG� -RQHV��
������VLQFH�WKH�FDVH�VWXGLHV�DUH�ORFDWHG�LQ�WKH�8.��
7KH� HPSKDVLV� RI� WKLV� SURMHFW� LV� QRW� WR� DJUHH� RQ�
VSHFLILF�(PERGLHG�RU�2SHUDWLRQDO�(QHUJ\�ILJXUHV��EXW�
WR� GHVFULEH� D� PHWKRGRORJ\� WKURXJK� ZKLFK� LQLWLDO�
HVWLPDWHV�FDQ�EH�PRGHOOHG� IRU� WKH�RYHUDOO�(PERGLHG�
DQG�2SHUDWLRQDO�(QHUJ\�XVH�RI�D�ZKROH�VLWH��SRVVLEO\�
DW�D�UHJLRQDO� VFDOH��DQG�YLDEOH�DW�DQ�HDUO\�VWDJH�RI�D�
GHVLJQ�SURFHVV��+RZHYHU��HPERGLHG�HQHUJ\� RI� URDGV�
DQG� VHUYLFHV� LQIUDVWUXFWXUH� �L�H�� SLSHOLQHV� DQG�
HOHFWULFV��DUH�QRW�FRQVLGHUHG�LQ�WKLV�LQYHVWLJDWLRQ��
7KH� VRIWZDUH� WRROV� XVHG� KHUH� SURYLGH� WKH� IOH[LELOLW\�
RI� DOWHULQJ� VSHFLILF� HQHUJ\� YDOXHV� DVVLJQHG� WR� WKH�
VLPXODWLRQ�� VLQFH� VXFK� YDOXHV� FDQ� YDU\� VLJQLILFDQWO\�
DFURVV� WKH� GLIIHUHQW� FRQWH[WV�� L�H�� WKH� ((� YDOXHV� IRU�
FRQFUHWH� ZLOO� GLIIHU� DFFRUGLQJ� WR� WKH� JHRORFDWLRQ��
VLQFH�LW�FDQ�EH�KLJKO\�GHSHQGHQW�RQ�WKH�SUHGRPLQDQW�
W\SH�RI�IXHO�RI�D�FRXQWU\��RU�RQ�WKH�YDULRXV�VRXUFHV�RI�
WKH�UDZ�PDWHULDOV�DQG�WKH�GLVWDQFHV�WR�WUDQVSRUW�WKHP��
DPRQJVW�PDQ\�RWKHU�DIIHFWLQJ�YDULDEOHV��
(VVHQWLDOO\�� (PERGLHG� (QHUJ\� LQ� WKH� EXLOW�
HQYLURQPHQW� LV� DQ� LVVXH� RI� JUHDW� LPSRUWDQFH� DQG� LW�
UHTXLUHV� XUJHQW� DGYDQFH�� LW� FDQQRW� EH� DOORZHG� WR�
UHPDLQ� ÄZHGJHd’� EHWZHHQ� DUJXPHQWV� UHJDUGLQJ� WKH�
EHVW�DFFXUDF\�RI�VSHFLILF�YDOXHV�RI�VLQJOH�PDWHULDOV��,W�
UHTXLUHV� D� QHZ� DSSURDFK�� SHUKDSV� IURP� DQRWKHU�
YDQWDJH�SRLQW��YLHZLQJ�LW�IURP�D�SODFH�WKDW�FRXOG�WDNH�
WKH� PDWWHU� WR� D� IXUWKHU� OHYHO�� 7KLV� UHVHDUFK� PHWKRG�
DLPV�WR�PRYH�LQ�VXFK�GLUHFWLRQ���
$GGLWLRQDOO\�� WKH� H[SDQVLRQ� RI� XUEDQLVHG� DUHDV� LV� D�
UHDOLW\� �9RV� HW� DO��� ������ 6RXEERWLQD�� ������ DQG� D�
ODUJH� QXPEHU� RI� LQIOXHQFLQJ� DFWRUV� DUH� DOUHDG\�
GHYHORSLQJ� GHVLJQV�� SODQV�� LQYHVWLJDWLRQV� DQG�
VWUDWHJLHV� WRZDUGV� ILQGLQJ� ZD\V� WR� WDFNOH� WKLV� LVVXH�
�6FRWW� DQG� %HQ�-RVHSK�� ������ 5RJHUV�� ������
%UXHFNQHU�� ������ %DUWRQ� HW� DO��� ������� +RZHYHU�� DV�
SUHYLRXVO\� PHQWLRQHG�� WKH� H[LVWLQJ� XUEDQ� IRUP� DQG�
OD\RXW�ZDV�GHYHORSHG�ZLWKRXW�FRQVLGHULQJ�LWV�LPSDFW�
RQ� HQHUJ\� FRQVXPSWLRQ��DV� D� UHVXOW� RQH� RI� WKH�PDLQ�
UHVHDUFK� FKDOOHQJHV� LV� WR� WDFNOH� WKHVH� LVVXHV� DW� D�
VLJQLILFDQWO\�ODUJH�VFDOH��+RZ�LV�LW� WKHQ�SRVVLEOH�WKDW�
WKH�PDMRULW\�RI�EXLOGLQJ�HQHUJ\�VLPXODWLRQV� WKDW�DUH�
EHLQJ� GHYHORSHG� DUH� PDLQO\� IRFXVHG� RQ� LQGLYLGXDO�
VFDOH"� 7KHUH� LV� HQRXJK� HYLGHQFH� WKDW� WKH� EXLOGLQJ�
GHVLJQ� LQGXVWU\� LV� LQ� XUJHQW� QHHG� RI� WRROV� DQG�
PHWKRGV� WKDW� FDQ� KHOS� WRZDUGV� ILQGLQJ� HQHUJ\�
HIILFLHQW�IRFXVHG�VROXWLRQV��DW�D�ODUJHU�VFDOH��
7KLV�SDSHU�DLPV� WR� LOOXVWUDWH�E\�PHDQV�RI� WKUHH�FDVH�
VWXGLHV�� D� QHZ� DSSURDFK� WR� EXLOGLQJ� PRGHOOLQJ��
FRQVLGHULQJ� D� ODUJHU� VFDOH� VFHQDULR� �UHJLRQDO� VFDOH���

7KH� VWXGLHV� ZLOO� SUHVHQW� D� FRPSDUDWLYH� DQDO\VLV� RI�
W\SLFDO� XUEDQ� OD\RXWV��+LJK�ULVH��0LG�ULVH� DQG�/RZ�
ULVH��

7+(�&$6(�678',(6�
7KH� FDVH� VWXGLHV� ZHUH� VHOHFWHG� IURP� D� YDULHW\� RI�
XUEDQ� FRQWH[WV�� 6LPLODU� IORRU� DUHDV� KDYH� EHHQ�
VLPXODWHG�XQGHU�WKUHH�GLIIHUHQW�FRQGLWLRQV��+LJK�ULVH��
0LG�ULVH�DQG�/RZ�ULVH��$OO�RI�WKH�VFHQDULRV�VKDUH�WKH�
VDPH�JOD]LQJ�UDWLRV��������JHRORFDWLRQ�DQG�ZHDWKHU��
DQG�GLIIHUHQW�EXLOGLQJ�XVHV�HVWDEOLVKHG�WKH�VLPXODWLRQ�
FKDUDFWHULVWLFV�VXFK�DV�RFFXSDQF\�VFKHGXOHV��HWF���

Case 1: High-rise buildings 

�
)LJXUH���+LJK�ULVH�FDVH�VWXG\�

)RXU�VWDQGDUG�KLJK�ULVH�EXLOGLQJV�ZHUH�FKRVHQ�IURP�D�
W\SLFDO�GHQVHO\�XUEDQLVHG�FLW\��7KH\�DUH�����DQG����
VWRUH\�EXLOGLQJV�ZLWK�KHLJKWV�UDQJLQJ�EHWZHHQ����DQG�
��� PHWHUV� �)LJXUH� ���� 6LPXODWLRQV� KDYH� EHHQ�
SHUIRUPHG� RQ� WKH� EXLOGLQJV� PDUNHG� ZLWK� EULJKW�
FRORXUV� �DV� LW� FDQ� EH� VHHQ� LQ� )LJXUHV� �����7KH� WRWDO�
IORRU�DUHD�IRU�WKH�+LJK�ULVH�FDVH�VWXG\�LV�������P���

Case 2: Mid-rise buildings 

�
)LJXUH���0LG�ULVH�FDVH�VWXG\�

7KH�VHFRQG�FDVH�VWXG\�GHYHORSHG�KDV�EHHQ�WKH�0LG�
ULVH� XUEDQ� GLVWULEXWLRQ�� ZLWK� ������ P�� IORRU� DUHD�
�)LJXUH�����7KH�DQDO\VLV�LQ�WKLV�VFHQDULR�FRPSULVHV���
VWRUH\�EXLOGLQJV�RI�DSSUR[LPDWHO\����PHWHUV�KLJK��
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Case 3: Low-rise buildings 

�
�)LJXUH���/RZ�ULVH�FDVH�VWXG\�

)LQDOO\�� D� VLPLODU� SURFHGXUH� KDV� EHHQ� IROORZHG� WR�
GHYHORS�WKH�/RZ�ULVH�XUEDQ�GLVWULEXWLRQ�VWXG\�ZLWK�D�
WRWDO� IORRU� DUHD� RI� �����P��� 7KLV� VFHQDULR� DQDO\VHV�
W\SLFDO�%ULWLVK�WHUUDFH�KRXVHV��)LJXUH�����

0(7+2'2/2*<�
$V� SUHYLRXVO\� PHQWLRQHG�� WKH� PDLQ� IRFXV� RI� WKLV�
LQYHVWLJDWLRQ�LV�WR�FRPSDUH�WKH�HQHUJ\�LPSDFW�RI�WKH�
GLIIHUHQW� W\SHV� RI� XUEDQ� OD\RXWV�� EDVHG� SULPDULO\� RQ�
WKHLU� (PERGLHG� DQG� 2SHUDWLRQDO� (QHUJ\� �((� DQG�
2(��� ,Q� RUGHU� WR� DWWHPSW� WKLV�� EXLOGLQJ� WKHUPDO�
VLPXODWLRQV� RI� WKH� WKUHH� FDVH� VWXGLHV� KDYH� EHHQ�
LPSOHPHQWHG���
6LQFH�WKHUH�LV�QRW�FXUUHQW�SXEOLFO\�DYDLODEOH�VRIWZDUH�
WKDW� ZRXOG� DOORZ� WKH� GHYHORSPHQW� RI� WKH� GHVFULEHG�
LQYHVWLJDWLRQ��QRYHO� VRIWZDUH� WRROV� DUH�EHLQJ�XVHG�LQ�
WKLV� SURMHFW�� 6XFK� VRIWZDUH� LV� XQGHU� GHYHORSPHQW�
ZLWKLQ�WKH�/RZ�&DUERQ�5HVHDUFK�,QVWLWXWH��/&5,��DW�
WKH�:HOVK�6FKRRO�RI�$UFKLWHFWXUH�DQG� LW� LV�FXUUHQWO\�
XQGHU�WHVWLQJ��7KLV�SURMHFW�DLPV� WR�FRQWULEXWH� WR� WKLV�
GHYHORSPHQW�� 7KH� PDLQ� VRIWZDUH� WRROV� XVHG� LQ� WKLV�
SURMHFW�DUH�WKH�9,59,/�SOXJLQV��%DVVHWW�HW�DO���������
ZKLFK� OLQN� 6NHWFK8S� �'�PRGHOV� ZLWK� +7%�� �+HDW�
7UDQVIHU� LQ� %XLOGLQJ�� �/HZLV� DQG� $OH[DQGHU�� ������
ZKLFK�LV�D�WKHUPDO�VLPXODWLRQ�VRIWZDUH��%DVVHWW�HW�DO���
������ WKDW� KDV� EHHQ� XVHG� LQ� D� QXPEHU� RI� WKHUPDO�
VLPXODWLRQ�SURMHFWV�DURXQG�WKH�ZRUOG���
7KH�9,59,/�VRIWZDUH�DOORZV�UHJLRQDO�VFDOH�EXLOGLQJ�
PRGHOOLQJ��7KLV�DSSURDFK�KDV�EHHQ�FKRVHQ�GXH�WR�WKH�
LPSRUWDQFH�RI�WKH�VXUURXQGLQJ�ODQGVFDSH�LQ�DQ�XUEDQ�
FRQWH[W�� HVSHFLDOO\� ZKHQ� GHYHORSLQJ� HQHUJ\�
FDOFXODWLRQV�� � %DVVHWW� HW� DO�� �%DVVHWW� HW� DO��� ������
SURYLGH� GHPRQVWUDWLRQV� RQ� WKH� FDSDELOLWLHV� RI� WKH�
9,59,/� WRROV� ZKLOH� FRQVLGHULQJ� WKH� LPSDFW� RI� WKH�
XUEDQ� VXUURXQGLQJV� RQ� HQHUJ\� FDOFXODWLRQV�� DOVR�
SURYLQJ� LWV� LPSRUWDQFH� ZKHQ� FRQVLGHULQJ� WKH� VRODU�
JDLQV�SRWHQWLDO�RI�EXLOGLQJV��
�
%HORZ�DUH�WKH�EDVLF�VWHSV�IROORZHG�LQ�WKLV�DQDO\VLV��
�� 7KH�ILUVW�VWHS�KDV�EHHQ�WR�FROOHFW�UHOHYDQW�GDWD�WR�

SURYLGH� UHDOLVWLF� ILJXUHV� IRU� WKH� FDOFXODWLRQ� RI�
ERWK�RSHUDWLRQDO�DQG�HPERGLHG�HQHUJ\��

�� 7KUHH�FDVH�VWXGLHV�KDYH�EHHQ�SURSRVHG��LQ�RUGHU�
WR� GHYHORS� JURXQGV� RQ�ZKLFK� WKH�PHDVXUHPHQWV�

FDQ�EH�DQDO\VHG�DQG�FRPSDUHG��+LJK�5LVH��0LG�
5LVH� DQG� /RZ�� 5LVH� FDVHV� KDYH� EHHQ� GHVLJQHG��
FRQVLGHULQJ�WKHLU�WRWDO�H[SRVHG�DUHD��WKH�IDEULF�RI�
EXLOGLQJ��DQG�DSSUR[LPDWLQJ�WKHLU�WRWDO�IORRU�DUHD�
DQG� RULHQWDWLRQ�� VR� WKDW� WKH� ILQDO� ILJXUHV� FDQ� EH�
FRPSDUHG��

�� (DFK� FDVH� VWXG\� LV� WKHQ� PRGHOOHG� XVLQJ�
6NHWFKXS�� WKHUHDIWHU� WKH� 9,59,/� SOXJLQV� DUH�
XVHG� WR� GHYHORS� WKH� GDWDEDVH� IRFXVHG� RQ� WKH�
FKDUDFWHULVWLFV� RI� WKH� �'� PRGHO� DQG� ILQDOO\�
WKHUPDOO\� VLPXODWHG� ZLWK� +7%��� ,QLWLDO� ILJXUHV�
FDQ�WKHQ�EH�JDWKHUHG�WR�FRPSDUH�WKH�2SHUDWLRQDO�
(QHUJ\��2(��RI�WKH�WKUHH�FDVHV����

�� 7KHUHDIWHU�� HPERGLHG� HQHUJ\� FDOFXODWLRQV� DUH�
JHQHUDWHG�DQG�FRPSDUHG���7KH�9,59,/�GDWDEDVH�
RI� ((� YDOXHV� IRU� PDWHULDOV� LV� SRSXODWHG� ZLWK�
DYHUDJH�� FUDGOH�WR�JDWH� YDOXHV� WDNHQ� IURP� WKH�
,&(� GDWDEDVH� �+DPPRQG� DQG� -RQHV�� �������
KRZHYHU�� WKH� VRIWZDUH� LV� IOH[LEOH� WR� DOORZ� IRU�
XVHUV� WR� LQSXW� RWKHU� YDOLGDWHG� RU� UHIHUHQFHG� ((�
YDOXHV�� � 7KH� ((� YDOXHV� DUH� FRQYHUWHG� IURP� WKH�
VWDQGDUG�XQLW�RI�0-�NJ�WR�0-�Pð�RI�FRQVWUXFWLRQ�
XVLQJ� WKH�GHQVLW\� RI� WKH�PDWHULDOV�� �7KH�DUHDV�LQ�
Pð� RI� WKH� VWUXFWXUDO� JHRPHWULHV� PRGHOOHG� LQ�
6NHWFK8S� DUH� WKHQ� H[SRUWHG� WR� D� GDWDEDVH� XVLQJ�
WKH� 9,59,/� SOXJLQ� DQG� FRPELQHG� ZLWK� WKH� ((�
YDOXHV�WR�FDOFXODWH�WKH�((�IRU�HDFK�OD\RXW���7KHVH�
UHVXOWV�DUH�WKHQ�SUHVHQWHG�DQG�FRPSDUHG��9DOXHV�
REWDLQHG�IURP�VLPXODWLRQV�FRXSOHG�ZLWK�UHOHYDQW�
YDOXHV� IURP� OLWHUDWXUH�� DOORZ� FDOFXODWLQJ� WKH�
HQHUJ\�LPSDFW��2(�DQG�((��RI�WKH�GLIIHUHQW�W\SHV�
RI�XUEDQ�GLVWULEXWLRQ�OD\RXWV��

$�YLWDO�FRQFHSW�EHKLQG�WKH�QHZ�VRIWZDUH�WRROV�XVHG�LQ�
WKLV�SURMHFW�LV�WR�SURYLGH�DQ�DOWHUQDWLYH�WR�WKH�FXUUHQW�
DSSURDFK� WR� HQHUJ\� EXLOGLQJ� VLPXODWLRQ�� 0RVW�
DYDLODEOH� VLPXODWLRQ� WRROV� DUH� FRPSOLFDWHG� DQG�
GLUHFWHG� WR� VSHFLDOLVHG� XVHUV�� 7KLV� QHZ� VLPXODWLRQ�
SURFHVV� DLPV� WR� VLPSOLI\� WKH� SURFHVV� RI� WKLV� W\SH� RI�
DQDO\VLV�� EXW� QRW� WR� WKH� SRLQW� RI� PDNLQJ� UHVXOWV�
XQUHOLDEOH�� 7R� PDNH� WKLV� SRVVLEOH�� D� GDWDEDVH� LV�
FUHDWHG� DQG� UHJXODUO\� XSGDWHG� WR� H[SDQG� RQ� WKH�
SRVVLEOH� FKDUDFWHULVWLFV� RI� GLIIHUHQW� VFHQDULRV�� � 7KLV�
GDWDEDVH� FDQ� WKHQ� EH� UHFDOOHG� DQG� XVHG� WR� UXQ�
VLPXODWLRQV�� 7KH� GDWDEDVH� FRYHUV� W\SLFDO� GDWD� RQ�
EXLOGLQJ� XVHV� DQG� PDWHULDOV�� 7R� GHILQH� RFFXSDQF\�
SDWWHUQV� DQG� W\SHV� RI� PDWHULDOV� WKUHH� PDLQ�
SRVVLELOLWLHV� H[LVW� ZLWKLQ� WKH� VRIWZDUH�� 5HVLGHQWLDO��
&RPPHUFLDO� DQG� ,QGXVWULDO�� EXW� WKH� QXPEHU� RI�
EXLOGLQJ�XVHV�SURYLGHG�E\�WKH�VRIWZDUH�LV�H[SHFWHG�WR�
LQFUHDVH�ZLWK� WKH� H[SDQVLRQ� RI� WKH� GDWDEDVH�� ,Q� WKLV�
SDSHU�� WKH� VLPXODWLRQV� DUH� PRGHOOHG� IRU� EXLOGLQJV�
XQGHU�5HVLGHQWLDO�DQG�&RPPHUFLDO�XVH�RQO\�����
%\�SURYLGLQJ�VFHQDULR�W\SLFDO�YDOXHV�IRU�VLPXODWLRQV��
DOO� SDUWLHV� LQWHUHVWHG� LQ� XQGHUVWDQGLQJ� WKH� WKHUPDO�
SHUIRUPDQFH� RI� WKH� EXLOW� HQYLURQPHQW� FRXOG� EH�
LQYROYHG� LQ� WKH� DQDO\VLV�� +RZHYHU�� WKH� VRIWZDUH� LV�
IOH[LEOH�HQRXJK�WR�DOORZ�VSHFLDOLVHG�PRGHOOHUV�WR�DGG�
IXUWKHU� DFFXUDF\� WR� WKH� WKHUPDO� FDOFXODWLRQV�
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�UHFRPPHQGHG���7KLV�OHYHO�RI�VLPSOLFLW\��ZLWK�D�JRRG�
GRVH� RI� DFFXUDF\�� SURYLGHV� WKH� SRWHQWLDO� RI�PHUJLQJ�
WKH� WKHUPDO� DQDO\VLV� SURFHVV� LQWR� WKH� W\SLFDO� GHVLJQ�
VWUHDP�IROORZHG�E\�EXLOGLQJ�FRQVWUXFWLRQ�SUDFWLVHV���
7KH� WKUHH� FDVH� VWXGLHV� SUHVHQWHG� KHUH� UHIOHFW� KRZ� D�
SURFHVV�WKDW�PD\�EH�UDWKHU�FRPSOH[�E\�QDWXUH�FDQ�EH�
WKHUPDOO\� DQDO\VHG� PRUH� VLPSO\� E\� XVLQJ� D� ZLGHO\�
DYDLODEOH� DQG� XVHU�IULHQGO\� VRIWZDUH�� 6NHWFKXS�
7ULPEOH�� 7KH� VXJJHVWHG� SURFHVV� SURYLGHV� D� ÄEULGJH’�
EHWZHHQ�6NHWFKXS��'�PRGHOV�DQG�+7%��ZKLFK� LV�D�
EXLOGLQJ� SK\VLFV� VLPXODWLRQ� VRIWZDUH� �-RQHV� HW� DO���
������/HZLV� DQG�$OH[DQGHU���������+7%��KDV� EHHQ�
YDOLGDWHG� DQG� LV� D� SRZHUIXO� WRRO� FDSDEOH� RI�
GHYHORSLQJ� FRPSOH[� HQHUJ\� EXLOGLQJ� VLPXODWLRQV�
�-RQHV�HW�DO����������
7KH� WKUHH� FDVH� VWXGLHV� KDYH� VLPLODU� FKDUDFWHULVWLFV��
IORRU� DUHD�� ORFDWLRQ�� ZHDWKHU� DQG� RFFXSDQF\�
VFKHGXOHV��DFFRUGLQJ�WR�WKHLU�XVH��EXW�GLIIHULQJ�XUEDQ�
GLVWULEXWLRQ�� 8VLQJ� WKHVH� WRROV� WKH� XVHU� FDQ� WKHQ�
WKHUPDOO\� VLPXODWH� D� JURXS�RI� EXLOGLQJV� XVLQJ� VRPH�
LQLWLDO� DVVXPSWLRQV� SURYLGHG� E\� WKH� 9,59,/�
GDWDEDVH�� DQG� WKLV� SURFHVV� FDQ� JHQHUDWH� LQLWLDO�
HVWLPDWHV�� ZKLFK� FDQ� WKHUHDIWHU� EH� UHILQHG� DQG�
FRPSDUHG���
7\SLFDO�FRQVWUXFWLRQ�W\SHV�DQG�PDWHULDOV�ZHUH�FKRVHQ�
DFFRUGLQJ�WR�WKH�FRQWH[WV�RI�WKH�FDVH�VWXGLHV��VWDQGDUG�
EULFNZRUN� FRQVWUXFWLRQ� IRU� WKH� /RZ�ULVH� FDVH� VWXG\�
DQG� VWHHO�IUDPH� IRU� 0LG�� 	� +LJK�ULVH�� PRUHRYHU�
GLIIHUHQW�W\SHV�RI�PDWHULDOV�ZHUH�FKRVHQ�DFFRUGLQJ�WR�
WKHLU�XVH��5HVLGHQWLDO�RU�&RPPHUFLDO��GHVSLWH�KDYLQJ�
WKH� VDPH� OD\RXW�� 7KXV�� WKH� LPSDFW� RI� FKDQJLQJ� WKH�
W\SH� RI� FRQVWUXFWLRQ� FDQ� EH� GHPRQVWUDWHG�� 'DWD� LV�
H[WUDFWHG�IURP�WKH��'�PRGHOV�EDVHG�RQ�WKH�EXLOGLQJV’�
YROXPHV�DQG�RULHQWDWLRQ��JOD]LQJ�UDWLR�LV�DVVLJQHG�E\�
FOLFNLQJ�RQ� WKH��'�PRGHO�� LQ� WKHVH�FDVHV�DOO� IDFDGHV�
ZHUH� JLYHQ� ���� JOD]LQJ� UDWLR�� 7KHUHDIWHU�� WKH�
ÄEULGJH’  EHWZHHQ�6NHWFK8S� DQG�+7%�� FDQ� EH� EXLOW��
6XEVHTXHQWO\�VLPXODWLRQV�FDQ�UXQ�XVLQJ�YDULRXV�SDUWV�
HPEHGGHG� LQ� WKH� 9,59,/� VRIWZDUH� WR� DGG� ZHDWKHU�
FKDUDFWHULVWLFV��RFFXSDQF\�VFKHGXOHV��HWF��
,I� VSHFLILF� YDOXHV� DUH� QRW� DYDLODEOH� LQ� WKH� GDWDEDVH�
�HYHQ�WKH�GHVLUHG�((�YDOXH�IRU�FHUWDLQ�PDWHULDOV��WKH\�
FDQ�EH�DGGHG�DQG�VLPXODWLRQV�FDQ� WKHQ�EH� UXQ�PRUH�
DFFXUDWHO\���

5(68/76�
)LJXUH� �� LOOXVWUDWHV� DQ� H[DPSOH� RI� KRZ� VRPH�RI� WKH�
LQIRUPDWLRQ� HPEHGGHG� ZLWKLQ� WKH� PRGHO� FDQ� EH�
YLHZHG� DIWHU� VLPXODWLRQ�� 7KH� 9,59,/� SOXJLQV� KDYH�
JUHDW�SRWHQWLDO�IRU�VRODU�DQDO\VLV��)LJXUH���LV�VKRZLQJ�
KRZ�WKH�VRIWZDUH�KDV�FDOFXODWHG�WKH�DPRXQW�RI� VRODU�
UDGLDWLRQ� IDOOLQJ� RQ� DOO� WKH� VXUIDFHV� RI� WKH� DQDO\VHG�
EXLOGLQJV��WKH�EULJKWO\�FRORXUHG�VXUIDFHV���
7KH� LQVHW� ZLQGRZ� �YLHZHG� ZLWKLQ� WKH� 6NHWFK8S�
HQYLURQPHQW��GLVSOD\V�UHOHYDQW�LQIRUPDWLRQ�DERXW�WKH�
VHFWLRQ� RI� D� IDoDGH� RU� URRI� WKDW� KDV� EHHQ� VHOHFWHG��
7KLV� LQIRUPDWLRQ�ZLQGRZ� FRQWDLQV� D� GLDJUDP�RI� WKH�
VKDGLQJ�PDVN�RI� WKLV� VSHFLILF� VXUIDFH��DV�ZHOO�DV� WKH�
DPRXQW� RI� VRODU� UDGLDWLRQ� IDOOLQJ� RQ� LW� �LQ�

N:K�P��\HDU��� DOVR� LWV� RULHQWDWLRQ�� DUHD�� HWF�� 7KH�
FRORXU� VFDOH� VKRZQ� RQ� WKLV� ZLQGRZ� UHSUHVHQWV� WKH�
OHYHOV� RI� VRODU� UDGLDWLRQ� �UHG� EHLQJ� WKH�KLJKHVW�� DQG�
WKLV� UDQJH� RI� FRORXUV� DUH� XVHG� WR� FRORXU�FRGH� WKH�
VXUIDFHV�RI�WKH�DFWXDO��'�PRGHO��DV�VHHQ�LQ�)LJXUH�����
(YHU\� VLQJOH� IDFH� RI� WKH�PRGHO� KDV� D� VKDGLQJ�PDVN�
DQG� DOO� WKLV� LQIRUPDWLRQ� LV� VWRUHG�ZLWKLQ� WKH�PRGHO��
+RZHYHU�� WKH� IRFXV� RI� WKLV� UHVHDUFK� LV� QRW� ÄVRODU�
DQDO\VLV’,�QHYHUWKHOHVV�WKLV�IHDWXUH�RI�WKH�VRIWZDUH�LV�
KLJKO\� LPSRUWDQW�� SDUWLFXODUO\� ZKHQ� GHYHORSLQJ�
WKHUPDO�VLPXODWLRQV�RI�WKH�XUEDQ�VLWHV��

)LJXUH� ��+LJK�ULVH�� 6DPSOH� RI� D� VKDGLQJ�PDVN� DQG�
YLVXDOL]DWLRQ�RI�VRPH�RI�WKH�UHVXOWV��
�
$IWHU� UXQQLQJ� WKH� WKHUPDO� VLPXODWLRQV�� WKH� 9,59,/�
SOXJLQV�DXWRPDWLFDOO\�FUHDWH�DQ�([FHO� VSUHDGVKHHW� WR�
VWRUH� WKH� ODUJH� DPRXQW� RI� GDWD�� DV� ZHOO� DV� KDYLQJ�
LQIRUPDWLRQ� VWRUHG� ZLWKLQ� WKH� �'� PRGHOV�� WKHUHE\�
JHQHUDWLQJ�D�G\QDPLF�GDWDEDVH��,Q�WKLV�LQYHVWLJDWLRQ��
D� QXPEHU� RI� VLPXODWLRQV� KDYH� EHHQ� GHYHORSHG� LQ�
RUGHU� WR� FUHDWH� D� YDULHW\� RI� SRVVLEOH� XUEDQ� VHWWLQJV�
WKDW� DUH� UHOHYDQW� WR� WKH� DQDO\VLV�� L�H�� KLJK�� PLG� DQG�
ORZ�ULVH�� 7DEOH� �� VKRZV� WKH� WRWDO� IORRU� DUHD� DQG�
H[SRVHG�DUHD�IRU�HDFK�RI�WKH�FDVH�VWXGLHV���

7DEOH���
7RWDO�IORRU�DUHD�DQG�H[SRVHG�DUHD�

IRU�HDFK�FDVH�VWXG\�
�

  7RWDO�)ORRU�
$UHD��P���

7RWDO�([SRVHG�
$UHD��P���

+LJK�ULVH� ������ ������
0LG�ULVH� ������ ������
/RZ�ULVH� ������ �������

�
,W� VKRXOG� EH� QRWHG� WKDW� VRPH� EXLOGLQJ� IRUPV� DQG�
OD\RXWV� DUH� PRUH� DSSURSULDWH� IRU� VSHFLILF� XVHV� �L�H��
WHUUDFH�KRXVHV�DUH�XVXDOO\�OLQNHG�WR�UHVLGHQWLDO�XVH��RU�
FRPPHUFLDO� XVH� PD\� EH� FRPPRQO\� OLQNHG� WR� PLG�
ULVH��� EXW� LQ� WKH� LQWHUHVW� RI� FRPSDULQJ� WKH� LPSDFW� RI�
WKH� EXLOGLQJ� IRUP� DQG�PDWHULDOV�� ERWK� EXLOGLQJ� XVHV�
ZHUH�HYDOXDWHG�IRU�DOO�OD\RXWV���
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Results on Operational Energy (OE) 
7KH� IROORZLQJ� JUDSKV� GLVSOD\� WKH� PDLQ� UHVXOWV� WKDW�
SURYLGH� DQ� DGHTXDWH� FRPSDULVRQ� DPRQJVW� WKH�
GLIIHUHQW� VFHQDULRV�� IRU� 5HVLGHQWLDO� DQG� &RPPHUFLDO�
XVHV���

�
�
�
�

�
�
�
�
�
�
�
�
�
�

)LJXUH� �� �� &RPSDULVRQ� RI� WKH� 7RWDO� 2SHUDWLRQDO�
(QHUJ\� �2(�� RI� WKH� �� FDVH� VWXGLHV� ±� +HDWLQJ� DQG�
&RROLQJ�>5HVLGHQWLDO�8VH@�
�
)LJXUH� �� VKRZV� WKH� RYHUDOO� EHKDYLRXU� RI� WKH� FDVH�
VWXGLHV�WKURXJKRXW�WKH�\HDU��:KLOH�KHDWLQJ�DSSHDUV�WR�
EH� DOPRVW� WKH� VDPH� IRU� +LJK�ULVH� DQG� /RZ�ULVH�
UHVLGHQWLDO� EXLOGLQJV�� 0LG�ULVH� LQFXUV� VLJQLILFDQWO\�
OHVV� RSHUDWLRQDO� HQHUJ\�� +RZHYHU� ZKHQ� IRFXVHG� RQ�
FRROLQJ�� WKH� /RZ�ULVH� OD\RXW� VHHPV� WR� KDYH� WKH�
DGYDQWDJH��1RQHWKHOHVV��FRROLQJ�KDV�VLJQLILFDQWO\�OHVV�
LPSDFW� WKDQ� KHDWLQJ� LQ� WKH� JUDQG� VFKHPH� RI� WKHVH�
FDVHV��1RUPDOLVHG�GDWD�FDQ�EH�REVHUYHG�LQ�)LJXUHV���
DQG�����

�
�
�
�
�
�
�
�
�
�
�

�
)LJXUH�����1RUPDOLVHG�GDWD�RI�WKH�DQQXDO�HQHUJ\�XVH�
IRU�+HDWLQJ���SHU�VTXDUH�PHWUH�>5HVLGHQWLDO�8VH@�
�
)LJXUH���FOHDUO\�VKRZV�KRZ�WKH�0LG�ULVH�OD\RXW�XVHV�
DERXW� D� WKLUG� OHVV� HQHUJ\� �2(�� LQ� KHDWLQJ� WKDQ� WKH�
RWKHU� WZR� VFHQDULRV�� %\� FRPSDULQJ� )LJXUH� �� DQG� ���
+HDWLQJ�FDQ�E\�LPPHGLDWHO\�LGHQWLILHG�DV�WKH�UHOHYDQW�
LQIOXHQFLQJ� GHVLJQ� IHDWXUH� �XQGHU� WKH� DQDO\VHG�
FOLPDWH�DQG�PDWHULDOV���
�
�

)LJXUH�����1RUPDOLVHG�GDWD�RI�WKH�DQQXDO�HQHUJ\�XVH�
IRU�&RROLQJ���SHU�VTXDUH�PHWUH�>5HVLGHQWLDO�8VH@�

�
)LJXUH���GLVSOD\V� WKH�VDPH�IHDWXUHV�DV�)LJXUH����EXW�
ZLWK�D�GLIIHUHQW�XVH�RI�EXLOGLQJV��&RPPHUFLDO�XVH��
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
)LJXUH�����&RPSDULVRQ�RI�WKH�7RWDO�2SHUDWLRQDO�
(QHUJ\��2(��RI�WKH���FDVH�VWXGLHV�±�+HDWLQJ�DQG�
&RROLQJ�>&RPPHUFLDO�8VH@�
�

)LJXUHV���DQG����VKRZ�WKH�UHVXOWV�RI�WKH�FRPPHUFLDO�
FDVH�VWXGLHV��7KH�PDWHULDOV��RFFXSDQF\�VFKHGXOHV�DQG�
RWKHU�IHDWXUHV�KDYH�EHHQ�DOWHUHG�WR�ILW�WKH�QHZ�XVH�RI�
EXLOGLQJV�IRU�WKH�WKUHH�GLIIHUHQW�OD\RXWV��

)LJXUH�����1RUPDOLVHG�GDWD�RI�WKH�DQQXDO�HQHUJ\�XVH�
IRU�+HDWLQJ���SHU�VTXDUH�PHWUH�>&RPPHUFLDO�8VH@�
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)LJXUH�����1RUPDOLVHG�GDWD�RI�WKH�DQQXDO�HQHUJ\�XVH�
IRU�&RROLQJ���SHU�VTXDUH�PHWUH�>&RPPHUFLDO�8VH@�

�
)LJXUHV� �� DQG� ��� VKRZ� WKDW� IRU� FRPPHUFLDO� XVH� WKH�
GLIIHUHQW� OD\RXWV� GR� QRW� SRVH� D� ODUJH� LPSDFW� RQ� WKH�
2(�UHTXLUH� IRU�+HDWLQJ��&RROLQJ��RQ�WKH�RWKHU�KDQG��
LV�VWDUWLQJ�WR�KDYH�D�PRUH�VLJQLILFDQW�UROH��KHQFH�WKH�
QHHG� WR� FRQVLGHU� WKLV� LVVXH� EHIRUH� GHVLJQLQJ� WKHVH�
FRPPHUFLDO� W\SHV� RI� EXLOGLQJV�� +RZHYHU�� +HDWLQJ�
FRQWLQXHV� WR� EH� WKH� PRVW� VLJQLILFDQW� LQIOXHQFH�� DQG�
DJDLQ�WKH�0LG�ULVH�VFHQDULR�VKRZV�D�VOLJKW�DGYDQWDJH�
RYHU�WKH�RWKHU�OD\RXWV��
�
,W� FDQ� EH� REVHUYHG� WKDW� IRU� ERWK� UHVLGHQWLDO� DQG�
FRPPHUFLDO�XVH��WKH�0LG�ULVH�OD\RXW�VHHPV�WR�EH�WKH�
PRUH� HIILFLHQW� W\SH� RI� OD\RXW� ZKHQ� ORRNLQJ� DW� WKH�
RYHUDOO� SLFWXUH�� +RZHYHU�� LQ� WHUPV� RI� RSHUDWLRQDO�
HQHUJ\�IRU�FRROLQJ�WKH�HYLGHQFH�VKRZV�WKDW�LW�GHSHQGV�
RQ�WKH�XVH�RI�WKH�EXLOGLQJ��)XUWKHUPRUH��WKH�IDFW�WKDW�
WKH� /RZ�ULVH� FDVH� VWXG\� KDV� D� VLJQLILFDQWO\� ODUJHU�
H[SRVHG�DUHD� �VHH�7DEOH���� WKDQ� WKH�RWKHU�WZR� FDVHV�
VKRXOG� DOVR� EH� FRQVLGHUHG�� VLQFH� LW� LQFUHDVHV� WKH�
SRWHQWLDO�IRU�KHDW�ORVVHV�WKURXJK�IDEULF���

Comparing OE results to EE 
)LJXUH� ��� GLVSOD\V� WKH� FRQWUDVW� EHWZHHQ� WKH� LQLWLDO�
ILJXUHV� IRU� 2(� DQG� ((� DFURVV� WKH� YDULRXV� XUEDQ�
OD\RXWV�DQG�EXLOGLQJ�XVHV� 

�
)LJXUH� ��� �� &RPSDULVRQ� RI� ERWK� EXLOGLQJ� XVHV� LQ�
WHUPV�RI�2(�DQG�((�RI�EXLOGLQJ�IDEULF 
7KH� EXLOGLQJ� VLPXODWLRQ� SUHVHQWHG� KHUH�KDV� EHHQ� DQ�
LQLWLDO� DWWHPSW� WR�PDNH� WKH� FRPSDULVRQ� EHWZHHQ�2(�
DQG�((�VRPHWKLQJ�YLDEOH��LQ�RUGHU�WR�SURYLGH�D�URXJK�
HVWLPDWH� RI� WKH� RYHUDOO� FRQWH[W�� 7KH� UHVXOWV� RI� WKLV�
DQDO\VLV� KDYH� VKRZQ� DQ� DGYDQWDJH� RI� 0LG�ULVH�

EXLOGLQJV�RYHU�+LJK�ULVH�DQG�ORZ�ULVH��PDLQO\�WHUUDFH�
KRXVHV�� LQ� WHUPV� RI� 2(�� +RZHYHU�� LQ� WHUPV� RI�
HPERGLHG�HQHUJ\��((��WKH�HYLGHQFH�LV�OHVV�FOHDU�ZLWK�
UHVSHFW� WR� WKH� W\SH� RI� OD\RXW� WKDW� PD\� EH� PRUH�
EHQHILFLDO� WR� WKH� GLIIHUHQW� EXLOGLQJ� XVHV�� $V�
SUHYLRXVO\� PHQWLRQHG�� 5HVLGHQWLDO� DQG� &RPPHUFLDO�
FDVHV�KDYH�EHHQ�GHVLJQHG�EDVHG�RQ�GLIIHUHQW�VHWWLQJV�
LQ� WHUPV� RI� RFFXSDQF\� SDWWHUQV� DQG� FRQVWUXFWLRQ�
PDWHULDOV��2QH�GHILQLWH�IDFWRU�WKDW�)LJXUH����VXJJHVWV�
LV� WKDW� WKH� ((� RI� WKH� IDEULF� RI� /RZ�ULVH� EXLOGLQJ� LV�
VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�RWKHU�WZR�VFHQDULRV��WKLV�
LV� SUREDEO\� GXH� WR� WKH� IDFW� WKDW� WKH� H[SRVHG� DUHD� RI�
WKH�/RZ�ULVH�FDVH�VWXG\�LV�DOVR�ODUJHU��,Q�WHUPV�RI�((�
RI� FRPPHUFLDO� EXLOGLQJV�� 0LG�ULVH� DQG� +LJK�ULVH�
VFHQDULRV� H[KLELW� OLWWOH� GLIIHUHQFH� LQ� WKHLU� HIIHFW� RQ�
(PERGLHG�(QHUJ\��
'HVSLWH� WKH�DYDLODELOLW\�RI�FXUUHQW�((�GDWDEDVHV�� WKH�
YDULDELOLW\�RI� ILQDO�QXPEHUV�RQ� WKH� LVVXHV� WKDW�DIIHFW��
((� FDOFXODWLRQV� SRVHV� D� VLJQLILFDQW� REVWDFOH� WR� WUXO\�
UHIOHFW�UHOLDEOH�ILJXUHV��'DWD�LV�VWLOO�EHLQJ�FROOHFWHG�WR�
FUHDWH� PRUH� VWDQGDUG� ILJXUHV� IRU� WKLV� FRPSDULVRQ��
7KLV� GRFXPHQW� SUHVHQWV� WKH� ILUVW� DWWHPSW� WR� DFKLHYH�
VXFK� FRPSDULVRQ� DQG� DLPV� WR� HVWDEOLVK� D� VRXQG�
PHWKRGRORJ\�� ZKLFK� ZLOO� JHQHUDWH� KLJK� TXDOLW\�
UHVXOWV� ZKHQ� PRUH� DFFXUDWH� YDOXHV� RQ� ((� DUH�
HVWDEOLVKHG�� 
7KHUH� DUH� D� QXPEHU� RI� LVVXHV� WKDW� VKRXOG� EH�
FRQVLGHUHG�ZKHQ�FRPSDULQJ�2(�DQG�((�LQ�EXLOGLQJV��
WKH�SURFHVV�IROORZHG�KHUH�LV�MXVW�D�ILUVW�VWHS�WRZDUGV�
DFKLHYLQJ� RWKHU� OHYHO� RI� FDOFXODWLRQV� DW� DQ� XUEDQ�
VFDOH�� 8VXDOO\�� ZKHQ� WKH� FXPXODWLYH� 2SHUDWLRQDO�
(QHUJ\� RI�EXLOGLQJV� LV�FRQVLGHUHG�WKH� WHQGHQF\� LV� WR�
WDFNOH� LWV� UHGXFWLRQ�� EHIRUH� WUXO\� FRQVLGHULQJ� WKH�
FRQVHTXHQW� LPSDFW� RQ� WKH� (PERGLHG� (QHUJ\�� $V� D�
UHVXOW�� WKLV� WUHQG� LV� FUHDWLQJ� D� GLVWRUWLRQ� LQ� WKH�
ÄEDODQFH� HTXDWLRQ’  SUHYLRXVO\�PHQWLRQHG�� �ZKHUH� E\�
EOLQGO\� LPSURYLQJ�2(�� WKH�RWKHU� VLGH�HLWKHU�UHPLQGV�
WKH� VDPH� RU� PRVW� FRPPRQO\� LQFUHDVHV� RQ� ((��
SRWHQWLDOO\� FUHDWLQJ� QHZ� SUREOHPV� WR� WKH� EXLOW�
HQYLURQPHQW��
7KH� VSUHDGVKHHWV� ZLWK� WKH� PRGHOOHG� GDWD� IRU� HDFK�
FDVH�VWXG\�KDYH�EHHQ�XVHG�WR�FRPSDUH�WKH�LPSDFW�RQ�
WKH�((�ZKHQ�DGGLQJ� LQVXODWLRQ��7ZR�PDWHULDOV�KDYH�
EHHQ� XVHG� IRU� WKLV� FRPSDULVRQ� 3RO\VW\UHQH� ERDUG�
�(36�� DQG� :RRO�� %RWK� PDWHULDOV� KDYH� DOPRVW� WKH�
VDPH� FRQGXFWLYLW\�� KHQFH� QR� PXFK� GLIIHUHQFH� LQ�
WKLFNQHVV� RI� WKH� PDWHULDO� ZDV� QHHGHG� WR� REWDLQ� WKH�
VDPH� WKHUPDO� SHUIRUPDQFH��+RZHYHU�� WKH�(PERGLHG�
HQHUJ\�RI�(36�LV�VLJQLILFDQWO\�ODUJHU�WKDQ�:RRO��7KH�
FDOFXODWHG�UHVXOWV�IRU�WKH�GLIIHUHQW�VFHQDULRV�VKRZHG�D�
ODUJHU� LQFUHDVH� RI� HPERGLHG� HQHUJ\� IRU� (36� LQ�
FRPSDULVRQ� WR�:RRO� �VHH�7DEOH�����ZKLOVW�DFKLHYLQJ�
WKH� VDPH� WKHUPDO� SHUIRUPDQFH�� 7KH� DLP� RI� WKLV�
H[HUFLVH� ZDV� WR� FRPSDUH� WKH� HQHUJ\� VDYLQJV� LQ� 2(�
DIWHU� DGGLQJ� WKH� LQVXODWLRQ� �KHQFH� LQFUHDVLQJ� ((���
ILQDOO\�EHLQJ�DEOH�WR�FDOFXODWH�WKH�SD\EDFN�SHULRG�RI�
WKH� LQYHVWHG� ((� DJDLQVW� WKH� 2(� RI� EXLOGLQJV�� L�H��
UHFRYHUHG� ((� LQ� WHUPV� RI� HTXLYDOHQW� 2(�
FRQVXPSWLRQ��
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7DEOH���
&RPSDULVRQ�RI�((�IRU�GLIIHUHQW�LQVXODWLRQ�PDWHULDOV�

�
7KH� UHVXOWV� VKRZQ� LQ�7DEOH���ZHUH� FRPSDUHG� WR� WKH�
2(�RI�WKH�YDULRXV�FDVH�VWXGLHV��VXFK�YDOXHV�VXJJHVWHG�
WKDW� WKH� ORQJHVW� SD\EDFN� SHULRG� RI� WKH� LQVXODWLRQ�
PDWHULDO� ZLWK� WKH� KLJKHVW� (PERGLHG� (QHUJ\� �(36��
ZRXOG� EH� VL[� PRQWKV�� ZKLFK� VHHPHG� VLJQLILFDQWO\�
VPDOO��DQG�WKH�SD\EDFN�SHULRG�RI�:RROV�ZHUH�PHUHO\�
ZHHNV��7KLV�FRPSDUDWLYH�PHWKRG�KDV�JUHDW�SRWHQWLDO��
KRZHYHU�LW�PXVW�EH�UHYLVHG�ZLWK�XSGDWHG�((�YDOXHV��
5HVHDUFK�SDSHUV�FDQ�EH�IRXQG�ZLWK�VLJQLILFDQW�GHWDLOV�
RQ� ((� YDOXHV� RI� ZLQGRZV�� LQWHUQDO� DQG� H[WHUQDO�
ZDOOV��URRIV��FHLOLQJV��IORRUV��HWF���7UHORDU�HW�DO���������
7UHORDU�HW�DO����������ZKLFK�FDQ�EH�XVHG�WR�PDNH�WKH�
GLIIHUHQW� FDVHV� PRUH� DFFXUDWH� DFFRUGLQJ� WR� WKHLU�
FRQWH[W��'XH�WR�WKH�VL]H�RI�WKH�GDWDEDVH�SURGXFHG�E\�
WKH�W\SHV�RI�VLPXODWLRQ�RXWOLQHG�LQ�WKLV�SDSHU��WKHUH�LV�
D�SRWHQWLDO�WR�FRPSDUH�WKH�HPERGLHG�HQHUJ\�RI�IDEULF��
VWUXFWXUHV�DQG�SRVVLEO\� IRXQGDWLRQV��7KLV�SDUW�RI�WKH�
VLPXODWLRQ� LV� VWLOO� XQGHU� GHYHORSPHQW�� LQLWLDOO\� WKH�
FRPSDULVRQ� KDV� EHHQ� PDGH� EHWZHHQ� WKH� ((� UHVXOWV�
REWDLQHG� IURP� VLPXODWLRQV� DJDLQVW� UHVXOWV� VXJJHVWHG�
E\�VLPLODU�FDVH�VWXGLHV�REWDLQHG�LQ�UHVHDUFK�OLWHUDWXUH�
�7UHORDU� HW� DO��� ������� )LJXUH� ��� VKRZV� WKH�
FRPSDULVRQ� EHWZHHQ� WKH� ((� RI� IDEULF� �REWDLQ� IURP�
WKH�VLPXODWLRQV��YHUVXV�WKH�((�RI�VWUXFWXUHV��REWDLQHG�
IURP�OLWHUDWXUH��7UHORDU�HW�DO�����������)XWXUH�UHVHDUFK�
RQ� WKHVH�FDVH� VWXGLHV�ZLOO�DLP�WR� LQFOXGH� WKH�HQHUJ\�
LPSDFW�RI�WKH�GLIIHUHQW�W\SHV�RI�IRXQGDWLRQV����

�
)LJXUH�����&RPSDULVRQ�RI�WKH�((�RI�WKH�IDEULF��DQG�
VWUXFWXUHV��DFURVV�GLIIHUHQW�XUEDQ�OD\RXWV�

&21&/86,21�
6LJQLILFDQW� DPRXQW� RI� WLPH� DQG� HIIRUW� LV� EHLQJ�
GLUHFWHG�WRZDUGV�UHGXFLQJ�WKH�2(�RI�EXLOGLQJV�LQ�RXU�
VRFLHW\’s�FXUUHQW�JUHHQ�HIIRUWV�WR�PLQLPLVH�WKH�ZDVWH�
RI� HQHUJ\�� +RZHYHU�� DV� WKLV� LQYHVWLJDWLRQ� KDV�
LQGLFDWHG��2(�LV�RQO\�ÄWKH�WLS�RI�WKH�LFHEHUg’.�((�LV�D�
VLJQLILFDQWO\� LPSRUWDQW� LVVXH� DQG� LWV� FRPSOH[LW\�

PDNHV� LW� DQ� HYHQ� PRUH� XUJHQW� PDWWHU�� LQ� QHHG� RI�
IXUWKHU�LQYHVWLJDWLRQ�DQG�LPSURYHPHQW��
/LWWOH� ZRUN� KDV� EHHQ� GRQH� RQ� GHYHORSLQJ�
ODUJH�PHGLXP�VFDOH�HQHUJ\�VROXWLRQV��SDUWLFXODUO\� RQ�
(PERGLHG�(QHUJ\��WKLV�FRXOG�DUJXDEO\�EH�GXH�WR�WKH�
IDFW� WKDW� WKH� PDLQ� IRFXV� KDV� EHHQ� GLUHFWHG� WRZDUGV�
LPSURYLQJ� WKH� GDWDEDVHV�� ZKLFK� DUH� VLJQLILFDQW�� EXW�
QRW� WKH� VROH� LVVXH�� 7KLV� UHVHDUFK� DLPV� WR� OD\� WKH�
IRXQGDWLRQV� IRU� D� PHWKRGRORJ\� WKDW� PD\� SURYLGH�
VRXQG�UHVXOWV�ZKLOH�VWLOO�EHLQJ�VLPSOH�HQRXJK� WR�XVH�
LQ�WKH�FXUUHQW�GHVLJQ�SURFHVV��
,QLWLDO�UHVHDUFK�EDVHG�RQ�WKLV�PHWKRGRORJ\��VXJJHVWHG�
WKDW� 0LG�ULVH� KDV� D� ORZHU� 2(�� KRZHYHU�� WKH� PRVW�
HIILFLHQW� VFHQDULR� IRU� ((� LV� OHVV� FOHDU� DQG� VHHPV� WR�
GHSHQG�PRUH�RQ�WKH�DSSOLFDWLRQ��XVH��RI�WKH�EXLOGLQJ��
%HLQJ�DEOH�WR�SUHGLFW�((�DW�DQ�HDUO\�VWDJH�DV�ZHOO�DV�
2(� FRXOG� SURYLGH� FOXHV� WRZDUGV� WKH� DSSURSULDWH�
VWUDWHJLHV� WR� UHGXFH� WKH�RYHUDOO�HQHUJ\�FRQVXPSWLRQ��
)XUWKHUPRUH�� MRLQWO\� ((� DQG� 2(� FDQ� EH� XVHG� WR�
ÄFRXQWHUDFW’   WKH� QHJDWLYH� HIIHFW� RI� HDFK� RWKHU�� DV� LW�
ZDV�GHPRQVWUDWHG�GXULQJ�WKH�WHVWLQJ�RI�WKH�ÄSD\EDFk’  
SHULRGV�RI�WKH�((�RI�GLIIHUHQW�PDWHULDOV���
$Q� DUHD� WKDW� UHTXLUHV� D� GHHSHU� XQGHUVWDQGLQJ� LV� WKH�
DQDO\VLV� RI� WKH� UROH� SOD\HG� E\� VHYHUDO� RWKHU�
LQIOXHQFLQJ� HOHPHQWV� RI� WKH� EXLOW� HQYLURQPHQW�� VXFK�
DV�VWUXFWXUHV��IRXQGDWLRQV�DQG�VHUYLFHV�LQIUDVWUXFWXUH��
:KLOH� WKHLU� SUHVHQFH� LV�PRUH� VXEWOH� WKDQ� WKH� DFWXDO�
EXLOGLQJV�� WKH\� DOVR� DFFRXQW� IRU� D� ODUJH� SDUW� RI� WKH�
HQHUJ\�XVHG��$�IXWXUH�JRDO�LQ�WKH�GHYHORSPHQW�RI�WKLV�
PHWKRGRORJ\� LV� WR� EXLOG� XS� WRZDUGV� H[SORULQJ� WKRVH�
LVVXHV��

$&.12:/('*(0(17�
6LQFHUH� WKDQNV� WR� 0DKPRXG� (O6D\HG� WKH� PDLQ�
GHYHORSHU�RI�WKH�9,59,/�SOXJLQV��
7KLV� UHVHDUFK� LV� SDUW� RI� WKH� /RZ� &DUERQ� %XLOW�
(QYLURQPHQW� SURMHFW�� VXSSRUWHG� E\� WKH� (XURSHDQ�
5HJLRQDO� 'HYHORSPHQW� )XQG� WKURXJK� WKH� :HOVK�
*RYHUQPHQW��

5()(5(1&(6�
$%$1'$��)��+���7$+��-��+��0��	�&+(81*��)��.��

7�� ������ 0DWKHPDWLFDO� PRGHOOLQJ� RI�
HPERGLHG� HQHUJ\�� JUHHQKRXVH� JDVHV��ZDVWH��
WLPH� ��FRVW�SDUDPHWHUV�RI�EXLOGLQJ�SRUMHFWV��
$�UHYLHZ��%XLOG�DQG�(QYLURQPHQW�������

%$5721�� +��� *5$17�� 0�� 	� *8,6(�� 5�� ������
6KDSLQJ� 1HLJKERXUKRRGV�� /RQGRQ�� 6SRQ�
3UHVV��

%$66(77�� 7��� /$1121�� 6��� (/6$<('�� 0���
:$/'521�� '�� 	� -21(6�� 3�� ������
&DOFXODWLQJ� WKH� VRODU� SRWHQWLDO� RI� WKH� XUEDQ�
IDEULF� ZLWK� 6NHWFK8S� DQG� +7%��� ,Q��
)2580�� (�� �HG��� 6RODU� %XLOGLQJ� 6NLQV��
(QHUJ\�)RUXP��EUHVVDQRQH��,WDO\��

%58(&.1(5�� -�� .�� ������ 8UEDQ� JURZWK�
ERXQGDULHV��$Q�HIIHFWLYH�VHFRQG�EHV�UHPHG\�
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IRU� XQSULFHG� WUDIILF� FRQJHVWLRQ"� -RXUQDO� RI�
+RXVLQJ�(FRQRPLFV���,����������

&200,66,21��(��������&OLPDWH�$FWLRQ��(XURSHDQ�
&RPPLVVLRQ� ��:KDW� LV� WKH�(8� GRLQJ� DERXW�
FOLPDWH� FKDQJH"� >2QOLQH@�� $YDLODEOH��
KWWS���HF�HXURSD�HX�FOLPD�SROLFLHV�EULHI�HX�LQ
GH[BHQ�KWP��

&20081,7,(6�� $�� /�� *�� ������ %XLOGLQJ� $�
*UHHQHU� )XWXUH�� 7RZDUGV� =HUR� &DUERQ�
'HYHORSPHQW� &RQVXOWDWLRQ�� :HWKHUE\�� HVW�
<RUNVKLUH� 'HSDUWPHQW� IRU� &RPPXQLWLWHV�
DQG�ORFDO�JRYHUQPHQW��

&267� ������ (XURSHDQ� &DUERQ� $WODV��:DOHV�� 8.��
7KH�:HOVK� 6FKRRO� RI�$UFKLWHFWXUH�� &DUGLII�
8QLYHUVLW\��

',;,7��0��� )(51$1'(=�62/,6�� -���/$9<��6��	�
&8/3�� &�� ������ 1HHG� IRU� DQ� HPERGLHG�
HQHUJ\� PHDVXUHPHQW� SURWRFRO� IRU� EXLOGLQJ��
$�UHYLHZ�SDSHU��5HQHZDEOH�DQG�VXVWDLQDEOH�
HQHUJ\�UHYLHZV���,������������

(':$5'6�� %�� 6XVWDLQDELOLW\� +XE� >2QOLQH@��
$YDLODEOH��
KWWS���ZZZ�DUFKLWHFWXUH�FRP�6XVWDLQDELOLW\
+XE�'HVLJQVWUDWHJLHV�,QWURGXFWLRQ�������
'LVWLQFWLRQVRIJUHHQ�HFR�ELR�
FOLPDWLFDQGVXVWDLQDEOHGHVLJQ�DVS[��

)$=,2�� 0��� 02))(77�� 0�� 	�:2'(+286(�� /��
������ $� :RUOG� +LVWRU\� RI� $UFKLWHFWXUH��
/DXUHQFH�.LQJ�3XEOLVKLQJ��

+$0021'��*��3��	�-21(6��&��,��������(PERGLHG�
HQHUJ\�DQG�FDUERQ�LQ�FRQVWUXFWLRQ�PDWHULDOV��
3URFHHGLQJV� RI� WKH� ,QVWLWXWLRQ� RI� &LYLO�
(QJLQHHUV���,��������

+$0021'��*��3��	�-21(6��&��,��������(PERGLHG�
&DUERQ� �� 7KH� LQYHQWRU\� RI� &DUERQ� DQG�
(QHUJ\��,&(���8.��%65,$��

-21(6�� 3��� /$1121�� 6�� 	� 526(17+$//�� +��
������ (QHUJ\� 2SWLQLVDWLRQ� 0RGHOOLQJ� IRU�
8UEDQ� 6FDOH� 0DVWHU� 3ODQQLQJ�� ��WK�
,62&$53�&RQJUHVV��

/((�� -��� 2
&$//$*+$1�� 3��	�$//(1��'�� ������
&ULWLFDO�5HYLHZ�RI�/LIH�&\FOH�$QDO\VLV�DQG�
$VVHVVPHQW� 7HFKQLTXHV� DQG� 7KHLU�
$SSOLFDWLRQ� WR� &RPPHUFLDO� $FWLYLWLHV�
5HVRXUFHV��&RQVHUYDWLRQ�DQG�5HF\FOLQJ����,�
�������

/(:,6�� 3�� 	� $/(;$1'(5�� '�� ������ +7%��� $�
)OH[LEOH� 0RGHO� IRU� '\QDPLF� %XLOGLQJ�
6LPXODWLRQ�� %XLOG� DQG� (QYLURQPHQW�� ��,� ��
����

/,�� =�� ������ $� QHZ� OLIH� F\FOH� LPSDFW� DVVHVVPHQW�
DSSURDFK� IRU� EXLOGLQJV�� %XLOGLQJ� DQG�
(QYLURQPHQW������������

38//(1�� 6�� ������ 7KH� 6SDWLDO� 5HSUHVHQWDWLRQ� RI�
(PERGLHG� (QHUJ\� RI� 5HVLGHQWLDO� $UHDV� LQ�

WKH� 8UEDQ� (QYLURQPHQW�� 3K'� 'RFWRU� RI�
3KLORVRSK\��8QLYHUVLW\�RI�$GHODLGH��

52*(56��5��������7RZDUGV�DQ�8UEDQ�5HQDLVVDQFH�
�� )LQDO� 5HSRUW� RI� WKH� 8UEDQ� 7DVN� )RUFH��
/RQGRQ�� 8.�� (� 	� )1� 6SRQ�� 7D\ORU� 	�
)UDQFLV��

6$66,�� 3�� ������ 6WUDWHJLHV� IRU� 6XVWDLQDEOH�
$UFKLWHFWXUH��R[RQ��7D\ORU�	�)UDQFLV��

6&277��$��	�%(1�-26(3+��(��������5H1HZ�7RZQ�
�� $GDSWLYH� 8UEDQLVP� DQG� WKH� /RZ� &DUERQ�
&RPPXQLW\�� +DPSVKLUH�� 8.�� 5RXWOHGJH�
7D\ORU�	�)UDQFLV�*URXS��

628%%27,1$��7��������%H\RQG�(FRQRPLF�*URZWK�
�� $Q� LQWURGXFWLRQ� WR� VXVWDLQDEOH�
GHYHORSPHQW�� �QG� (GLWLRQ� HG�� :DVKLQJWRQ��
'�&���7KH�:RUOG�%DQN�,QVWLWXWH��

67(3+$1�� $��� &5$:)25'�� 5�� 	�
0<77(1$(5(��.��������7RZDUGV�D�PRUH�
KROLVWLF� DSSURDFK� WR� UHGXFLQJ� WKH� HQHUJ\�
GHPDQG� RI� GZHOOLQJV�� 3URFHGLD�
(QJLQHHULQJ�������,QWHUQDWLRQDO�&RQIHUHQFH�
RQ� *UHHQ� %XLOGLQJV� DQG� 6XVWDLQDEOH� &LWLHV�
�����������

7$5*(7=(52� ������ *XLGDQFH� RQ� WKH� GHVLJQ� DQG�
FRQVWUXFWLRQ� RI� VXVWDLQDEOH�� ORZ� FDUERQ�
RIILFH�EXLOGLQJV��8.��

75(/2$5��*��-��������$�&RPSUHKHQVLYH�(PERGLHG�
(QHUJ\� $QDO\VLV� )UDPHZRUN�� 'RFWRU� RI�
3KLORVRSK\�3K'��'HDNLQ�8QLYHUVLW\��

75(/2$5��*��-���)$<��5���%���,��	�/29(��3��������
$Q� DQDO\VLV� RI� WKH� HPERGLHG� HQHUJ\� RI�
RIILFH� EXLOGLQJV� E\� KHLJKW�� )DFLOLWLHV�� ��,�
���������

75(/2$5��*�� -���0&&28%5,(��$��� /29(�� 3��	�
,<(5�5$1,*$��8��������(PERGLHG�HQHUJ\�
DQDO\VLV�RI� IL[WXUHV��ILWWLQJV�DQG�IXUQLWXUH�LQ�
RIILFH�EXLOGLQJV��)DFLOLWLHV����,����������

9$//(52�� '�� 	� %5$6,(5�� &�� ������ 6XVWDLQDEOH�
'HVLJQ�� 7KH� 6FLHQFH� RI� 6XVWDLQDELOLW\� DQG�
*UHHQ�(QJLQHHULQJ�86$��:LOH\��

926�� 5��� 0217(6�� 0�� )��� $/$5&21�� '���
%2'2852*/28��&��	�+817��1�� ������
:RUOG� (FRQRPLF� DQG� 6RFLDO� 6XUYH\� ������
7KH� *UHDW� *UHHQ� 7HFKQRORJLFDO�
7UDQVIRUPDUWLRQV�� (FRQRPLF� 	� 6RFLDO�
$IIDLUV��1HZ�<RUN��8QLWHG�1DWLRQV��

<(2��'��	�*$%%$,��5��������6XVWDLQDEOH�GHVLJQ�RI�
UHLQIRUFHG� FRQFUHWH� VWUXFWXUHV� WKURXJK�
HPERGLHG� HQHUJ\� RSWLPL]DWLRQ��(QHUJ\� DQG�
%XLOGLQJV����,������������
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