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3XUSRVH��7KH�DLP�RI�WKLV�SDSHU�LV�WR�LGHQWLI\�WKH�FDUERQ�LQWHQVLYH�EXLOGLQJ�HOHPHQWV�RU�µFDUERQ�KRWVSRWV¶�
RI�RIILFH�EXLOGLQJV�LQ�RUGHU�WR�PD[LPL]H�WKH�FDUERQ�UHGXFWLRQ�SRWHQWLDO�GXULQJ�GHVLJQ�VWDJHV�

'HVLJQ�PHWKRGRORJ\�DSSURDFK�� (PERGLHG� FDUERQ� HVWLPDWHV� RI� ��� RIILFH� EXLOGLQJV� LQ� WKH� 8.� ZHUH�
REWDLQHG� DQG� FDUERQ� KRWVSRWV� RI� WKH� VDPSOH� �LQ� DFFRUGDQFH� ZLWK� 150� HOHPHQW� FODVVLILFDWLRQ�� ZHUH�
LGHQWLILHG�XVLQJ�WKH�������3DUHWR�3ULQFLSOH�

)LQGLQJV�� )UDPH�� 6XEVWUXFWXUH�� ([WHUQDO� ZDOOV�� 6HUYLFHV� DQG� 8SSHU� )ORRUV� ZHUH� LGHQWLILHG� DV� FDUERQ�
KRWVSRWV�RI�WKH�VHOHFWHG�VDPSOH��+RZHYHU��ILQGLQJV�GR�QRW�VXSSRUW�WKH�������UDWLR�LQ�WKLV�FDVH�EXW�SURSRVH�
D�UDWLR�RI��������6WDLUV��,QWHUQDO�:DOOV�DQG�SDUWLWLRQV��,QWHUQDO�'RRUV��:DOO�)LQLVKHV��&HLOLQJ�)LQLVKHV�DQG�
)LWWLQJV�DQG�)XUQLVKLQJV�ZHUH�LGHQWLILHG�DV�FDUERQ�LQVLJQLILFDQW�HOHPHQWV�WKDW�KDYH�D�ORZHU�(&�UHGXFWLRQ�
SRWHQWLDO�FRPSDUHG�WR�WKH�UHVW���

2ULJLQDOLW\�YDOXH��)LQGLQJV�XQYHLO�FDUERQ�LQWHQVLYH�DQG�FDUERQ�LQVLJQLILFDQW�EXLOGLQJ�HOHPHQWV�RI�W\SLFDO�
RIILFH�EXLOGLQJV� LQ�WKH�8.��7KLV�LQIRUPV�GHVLJQHUV�RI�WKH�HOHPHQWV�WKDW�FRXOG�\LHOG�WKH�KLJKHVW�SRWHQWLDO�
HPERGLHG�FDUERQ�VDYLQJV�YLD�HIIHFWLYH�GHVLJQ�FKRLFHV��,Q�DGGLWLRQ��D�ORJLFDO�GHVLJQ�WLPHOLQH�LV�SURSRVHG�
IRU� EXLOGLQJ� HOHPHQWV� EDVHG� RQ� WKHLU� HOHPHQW� KRWVSRW� FDWHJRU\� DQG� GHVLJQ� VHTXHQFH� WR� DVVLVW� GHVLJQ�
GHFLVLRQ�PDNLQJ����

.H\ZRUGV��&DUERQ�+RWVSRWV��&DUERQ�+RWVSRW�3UREDELOLW\��(PERGLHG�&DUERQ��2IILFH�%XLOGLQJV��3DUHWR�
3ULQFLSOH��

$UWLFOH�W\SH��5HVHDUFK�SDSHU�

�� ,1752'8&7,21

5HFHQW� FOLPDWH� FRQYHQWLRQV� DQG� WKH� QXPEHU� RI� DFDGHPLF� SDSHUV� SXEOLVKHG� RQ� FOLPDWH� FKDQJH� DQG�
FDUERQ� PDQDJHPHQW� HYLGHQFH� WKH� LQFUHDVHG� DWWHQWLRQ� WR� (PERGLHG� &DUERQ� �(&�� PDQDJHPHQW� RI�
EXLOGLQJV��(&�PDQDJHPHQW��KRZHYHU��LV�RQO\�DFKLHYDEOH�WKURXJK�HIIHFWLYH�(&�PHDVXUHPHQW��0DWHULDO�
TXDQWLWLHV�DQG�WKHLU�UHVSHFWLYH�(&�GDWD�DUH�WKH�IXQGDPHQWDO�EXLOGLQJ�EORFNV�RI�(&�PHDVXUHPHQW�ZKLOH�
V\VWHP�ERXQGDU\��VFRSH�RI�DQDO\VLV��PHWKRGRORJ\��HVWLPDWRU¶V�DVVXPSWLRQV�DQG�WKH�VRXUFH�RI�GDWD�DUH�
WKH�WRS�ILYH�IDFWRUV�DPRQJVW�RWKHUV�WKDW�FDXVH�YDULDWLRQV�LQ�(&�HVWLPDWLQJ��'H�:ROI�HW�DO���������'L[LW�
HW� DO�� ������ 3HUHUD� DQG�9LFWRULD�� ������� ,Q� IDFW�� WKH� ILJXUHV� FDQ� YDU\� IURP�����NJ&2�H�P

�� WR� �����
NJ&2�H�P

�� LQ� RIILFH� EXLOGLQJV� �'H� :ROI� HW� DO��� ������ DQG� ���� NJ&2�H�P
�� WR� ���� NJ&2�H�P

�� LQ�
GZHOOLQJV��+DPPRQG�DQG�-RQHV��������GXH�WR�WKHVH�IDFWRUV��+HQFH��VWDQGDUGLVDWLRQ�DQG�UHJXODWLRQ�RI�
(&�PHDVXUHPHQWV�DUH�DW�WKH�KHDUW�RI�WKH�(&�GHEDWH��1HYHUWKHOHVV��(&�HVWLPDWLQJ�DQG�PDQDJHPHQW�RI�
EXLOGLQJV�LV�LQHYLWDEOH�WR�PLQLPLVH�HPLVVLRQV�IURP�WKH�EXLOW�HQYLURQPHQW��

7KH�(&� UHGXFWLRQ� SRWHQWLDO� GHFUHDVHV� DV� WKH� GHVLJQ� SURJUHVV� GXH� WR� WKH� GLPLQLVKLQJ�PDUJLQDO� JDLQ�
�5,&6��������9LFWRULD��HW�DO����������+RZHYHU��HVWLPDWLQJ�(&�DW�HDUO\�GHVLJQ�VWDJHV�LV�FKDOOHQJLQJ�GXH�
WR� OLPLWHG� GHVLJQ� LQIRUPDWLRQ� �3HUHUD� DQG�9LFWRULD�� �������+HQFH�� HDUO\� VWDJH� WRROV�PRVWO\� UHO\� RQ�
VWRFKDVWLF� PRGHOOLQJ� WKDW� SUHGLFWV� (&� E\� FDSWXULQJ� SDWWHUQV� IURP� SDVW� GDWD� UHVXOWLQJ� LQ� D� ORZHU�
SUHFLVLRQ�FRPSDUHG�WR�WKH�GHWDLOHG�VWDJH�(&�PRGHOV��1HYHUWKHOHVV��0DUVK�HW�DO���������VKRZ�WKDW���WR�
���� RI� SUHFLVLRQ� FDQ� EH� DFKLHYHG� LQ� HDUO\� VWDJH� (&� WRROV� E\� FDUHIXOO\� VHOHFWLQJ� EXLOGLQJ� GDWD� WR�
FRQVWUXFW�WKH�PRGHO�GDWDEDVH��2I�WKH�PDQ\�HDUO\�VWDJH�(&�WRROV��WKH�WRRO�FRQFHSWXDOLVHG�E\�9LFWRULD�HW�
DO�� ������� LV�XQLTXH�DQG� LQWURGXFHV� WKH� VLJQLILFDQFH�RI�FDUERQ� LQWHQVLYH� HOHPHQWV� LQ�HVWLPDWLQJ�(&��
)XUWKHUPRUH�� IRFXVLQJ� RQ� LQWHQVLYH� HPLVVLRQ� VRXUFHV� LV� UHFRJQLVHG� DV� DQ� HIIHFWLYH� DSSURDFK� IRU�
UHGXFLQJ� D� VLJQLILFDQW� DPRXQW�RI�(&�GXULQJ� WKH� HDUO\� VWDJHV� RI� GHVLJQ� �&DUERQ�7UXVW�� ������5,&6��
������+DOFURZ�<ROOHV��������3HUHUD�DQG�9LFWRULD���������/LWHUDWXUH�HYLGHQFH�VKRZV�WKDW�VXEVWLWXWLQJ�
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FRQYHQWLRQDO� PDWHULDOV� LQ� FDUERQ� LQWHQVLYH� HOHPHQWV� ZLWK� ORZ� FDUERQ� DOWHUQDWLYHV� FDQ� OHDG� WR� D�
UHGXFWLRQ�RI�(&�XS�WR������+RZHYHU��WKH�NQRZOHGJH�RI�FDUERQ�LQWHQVLYH�HOHPHQWV�DUH�VWLOO�HYROYLQJ�
DQG� WKHVH� HOHPHQWV� DUH�PDLQO\� GHSHQGHQW� RQ� WKH� IXQFWLRQ� RI� EXLOGLQJV� �3HUHUD� DQG�9LFWRULD�� �������
7KHVH�FDUERQ�LQWHQVLYH�HOHPHQWV�DUH�UHIHUUHG�WR�DV�µFDUERQ�KRWVSRWV¶�LQ�WKLV�SDSHU��&DUERQ�KRWVSRWV�RI�
D� VDPSOH� RI� RIILFH� EXLOGLQJV� LQ� WKH� 8.� ZHUH� LGHQWLILHG�� FRPSDUHG� DJDLQVW� WKH� OLWHUDWXUH� DQG�
FRQFOXVLRQV�UHJDUGLQJ�FDUERQ�KRWSRWV�RI�RIILFH�EXLOGLQJV�ZHUH�GUDZQ�LQ�OLJKW�RI�WKH�VWDWHG�OLPLWDWLRQV��
7KH�ILQGLQJV�RI�WKH�UHVHDUFK�KHOS�GHVLJQHUV�WR�IRFXV�RQ�WKH�FDUERQ�KRWVSRWV�RI�RIILFH�EXLOGLQJV�HDUO\�LQ�
WKH�GHVLJQ�SURFHVV�WR�PD[LPL]H�WKH�FDUERQ�UHGXFWLRQ�DELOLW\�RI�WKH�SURMHFW��7KH�SURSRVHG�PHWKRG�DOVR�
DOORZV�UHVHDUFKHUV�WR�UHSOLFDWH�WKH�VWXG\�ZLWK�GLIIHUHQW�W\SHV�RI�EXLOGLQJ�WR�JHQHUDWH�QHZ�NQRZOHGJH�RU�
WR�DOWHU�WKH�H[LVWLQJ�NQRZOHGJH�EDVH��

�� &$5%21�+2763276�2)�%8,/',1*6

&DUERQ� KRWVSRWV� RI� EXLOGLQJV� DUH� WKH� HOHPHQWV�ZKLFK� DUH� FDUERQ� VLJQLILFDQW�� HDVLO\�PHDVXUDEOH� DQG�
ZLWK�KLJK�UHGXFWLRQ�SRWHQWLDO� �5,&6��������� ,GHQWLILFDWLRQ�RI�KRWVSRWV� LV�FUXFLDO� WR� UHGXFH�HPERGLHG�
FDUERQ� LPSDFWV�RI�EXLOGLQJ�GHVLJQV� ULJKW� IURP� WKH� HDUO\� VWDJHV�RI� WKH�GHVLJQ�SURFHVV��+RZHYHU�� WKH�
NQRZOHGJH�DERXW�FDUERQ�KRWVSRWV�LV�VWLOO�GHYHORSLQJ��VHH��9LFWRULD�DQG�3HUHUD��������9LFWRULD��HW�DO���
������� &DUERQ� KRWVSRWV� PD\� YDU\� IURP� RQH� EXLOGLQJ� WR� DQRWKHU� GHSHQGLQJ� RQ� WKH� IXQFWLRQ� RI� WKH�
EXLOGLQJ��$VKZRUWK�DQG�3HUHUD��������3HUHUD�DQG�9LFWRULD��������GXH�WR�GLIIHULQJ�HOHPHQW�LQWHQVLWLHV��
0RQDKDQ�DQG�3RZHOO��������LGHQWLILHG�VXEVWUXFWXUH�DQG�H[WHUQDO�ZDOOV�DV�µFDUERQ�KRWVSRWV¶�RI�D�WZR�
VWRULHG� UHVLGHQWLDO� EXLOGLQJ� DQG� GHPRQVWUDWHG� WKDW� ���� RI� HPERGLHG� FDUERQ� FDQ� EH� UHGXFHG� E\�
VXEVWLWXWLQJ� FRQYHQWLRQDO� PDVRQU\� FRQVWUXFWLRQ� ZLWK� WLPEHU� FRQVWUXFWLRQ�� 6LPLODUO\�� 6KDILT� HW� DO��
������� SURYHG� WKDW� LW� LV� SRVVLEOH� WR� UHGXFH� XS� WR� ���� RI� HPERGLHG� FDUERQ� RI� D� WZR�VWRULHG� RIILFH�
EXLOGLQJ�E\�GHVLJQLQJ�WKH�VWUXFWXUDO�HOHPHQWV��LQFOXGLQJ�VXEVWUXFWXUH��IUDPH��XSSHU�IORRUV�DQG�VWDLUV��
XVLQJ�GLIIHUHQW�FODVVHV�RI�FRQFUHWH�DQG�VWHHO��$JDLQ��3HUHUD�DQG�9LFWRULD��������LGHQWLILHG�VXEVWUXFWXUH��
IUDPH��XSSHU�IORRUV�DQG�H[WHUQDO�ZDOOV�DV� µFDUERQ�KRWVSRWV¶�RI� IRXU�RIILFH�EXLOGLQJV��$GGLWLRQDOO\��D�
EXLOGLQJ� FDVH� VWXG\�E\�:HQ��6LRQJ�DQG�1RRU� �������KLJKOLJKWHG� WKDW� SDLQWLQJ� FDQ� FRQWULEXWH�XS� WR�
���� RI� WKH� WRWDO� HPERGLHG� HQHUJ\� DQG� ��� RI� HPERGLHG� HPLVVLRQV�� 2Q� WKH� RWKHU� KDQG�� &ROH� DQG�
.HUQDQ� ������� IRXQG� WKDW� FODGGLQJ� ILQLVKHV� DQG� VHUYLFHV�ZHUH� WKH� ELJJHVW� FRPSRQHQWV� RI� UHFXUULQJ�
HPERGLHG�HPLVVLRQV�RI�DQ�RIILFH�EXLOGLQJ�ZKLOH�VHUYLFHV�FDQ�DFFRXQW� IRU��������RI�WRWDO�HPERGLHG�
FDUERQ�HPLVVLRQV��+LWFKLQ��������5,&6����������

&DVH� VWXGLHV� RQ� HPERGLHG� HQHUJ\� UHSRUWHG� E\� 5HGG\� DQG� -DJDGLVK� ��������:HQ�� 6LRQJ� DQG� 1RRU�
������� DOVR� DGG� LQVLJKWV� LQWR� HPERGLHG� FDUERQ� GHEDWH� ZLWK� WKH� FDXWLRQ� RI� FRQGLWLRQDO�
LQWHUFKDQJHDELOLW\�RI�HPERGLHG�FDUERQ�ZLWK�HPERGLHG�HQHUJ\�GXH�WR�SURFHVV�UHODWHG�HPLVVLRQV��/pOp��
������ $\D]� DQG� <DQJ�� ������� 5HGG\� DQG� -DJDGLVK� ������� FRPSDUHG� EXLOGLQJV� ZLWK� FRQYHQWLRQDO�
PDWHULDOV� DQG� PHWKRGV� DJDLQVW� HQHUJ\� HIILFLHQW� PDWHULDOV� DQG� PHWKRGV� LQ� ,QGLD� DQG� IRXQG� WKDW�
VXEVWLWXWLQJ� FRQYHQWLRQDO� PDWHULDOV� DQG�PHWKRGV� ZLWK� HQHUJ\� HIILFLHQW� PDWHULDOV� VDYHV� ���� RI� WKH�
HQHUJ\�FRQVXPHG��&RQYHQWLRQDO�PDWHULDOV�LQFOXGHG�5HLQIRUFHG�&RQFUHWH��5&��IUDPHV��5&�VODEV��EXUQW�
FOD\�EULFN�PDVRQU\��FRQFUHWH�EORFN�PDVRQU\�DQG�WLOH�URRIV�ZKLOH�VWDELOLVHG�PXG�EORFNV��SUHIDEULFDWHG�
URRILQJ�V\VWHPV��PDVRQU\�YDXOWV��ILOOHU�VODE�URRIV��OLPH�SR]]RODQD�FHPHQW�ZHUH�FRQVLGHUHG�DV�HQHUJ\�
HIILFLHQW�PDWHULDOV� LQ� WKH� VWXG\� �5HGG\� DQG� -DJDGLVK�� ������� $XWKRUV� RI� WKLV� VWXG\� DOVR� IRXQG� WKDW�
UHSODFLQJ� ���� RI� FHPHQW� E\� SR]]RODQD� RU� E\� GLOXWLQJ� WKH� FHPHQW� ZLWK� PRUH� VRLO� UHVXOWV� LQ� ����
UHGXFWLRQ�RI�HPERGLHG�HQHUJ\��6LPLODUO\��SUH�IDEULFDWHG�EXLOGLQJV�FRQVXPH�OHVV�HPERGLHG�HQHUJ\�WKDQ�
FDVW� LQ� VLWX� EXLOGLQJV� GXH� WR� FRQWUROOHG� SURGXFWLRQ� RI� FRPSRQHQWV� DQG� UHGXFH�ZDVWDJH� RQ� VLWH�� )RU�
LQVWDQFH�� :HQ�� 6LRQJ� DQG� 1RRU� ������� QRWHG� FDVW� LQ� VLWX� EXLOGLQJV� FRQVXPHG� ���� PRUH� HQHUJ\�
FRPSDUHG�WR�SUH�IDEULFDWHG�EXLOGLQJV���

$OO� FDVH� VWXGLHV� UHSRUWHG� DERYH� VXJJHVW� WKDW� D� VLJQLILFDQW� UHGXFWLRQ� RI�(&� �RU� HPERGLHG� HQHUJ\�� LV�
SRVVLEOH�WKURXJK�ZLVH�GHVLJQ�FKRLFHV��7KHUHIRUH��LW�LV�FULWLFDO�WR�LGHQWLI\�WKH�HOHPHQWV�WKDW�KDYH�KLJK�
UHGXFWLRQ� SRWHQWLDO� VR� WKDW� WKH� KLJKHVW� SRVVLEOH� (&� UHGXFWLRQ� FDQ� EH� DFKLHYHG� HIILFLHQWO\�� ,Q� IDFW��
HOHPHQWDO�DQDO\VLV�WDNHV�SUHFHGHQFH�RYHU�PDWHULDO�DQDO\VLV�DV�LW�KHOSV�SULRULWLVLQJ�WKH�GHVLJQ�RI�KRWVSRW�
HOHPHQWV� ZKHQ� WKHUH� LV� D� EXGJHW� FRQVWUDLQW�� )RU� LQVWDQFH�� LQVWHDG� RI� UHSODFLQJ� DOO� FRQYHQWLRQDO�
PDWHULDOV�ZLWK�ORZ�FDUERQ�PDWHULDOV��H�J��FHPHQW�ZLWK�SXOYHULVHG�IO\�DVK���LW�LV�ZLVH�WR�VXEVWLWXWH�RQO\�
WKH� FDUERQ� VLJQLILFDQW� HOHPHQWV� WKDW� FRXOG� \LHOG� D� VXEVWDQWLDO� UHGXFWLRQ� LQ� (&� DW� DQ� HIILFLHQW� FRVW��
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)XUWKHUPRUH��DQ�DQDO\VLV�RI�WKH�ZKROH�EXLOGLQJ�LV� LQHYLWDEOH�WR�LGHQWLI\�WKH�KRWVSRWV�DV� LW�SURYLGHV�D�
KROLVWLF� SLFWXUH� RI� WKH�(&� FRQWULEXWLRQ� RI� DOO� HOHPHQWV� RI� WKH� EXLOGLQJV� �9LFWRULD� DQG�3HUHUD�� ������
ZKLFK�LV�ODFNLQJ�LQ�PRVW�RI�WKH�UHSRUWHG�VWXGLHV��

9LFWRULD�DQG�3HUHUD��������SUHVHQWHG�FDUERQ�DQG�FRVW�KRWVSRWV�RI�RIILFH�EXLOGLQJV�EDVHG�RQ�D�KROLVWLF�
DQDO\VLV�RI�D�VDPSOH�RI����EXLOGLQJV��6XEVWUXFWXUH��6HUYLFHV��)UDPH��8SSHU�)ORRUV��([WHUQDO�:DOOV�DQG�
5RRI��FDSLWDOLVHG�HOHPHQWV�FRPSO\�ZLWK�WKH�HOHPHQW�GHILQLWLRQ�RI�1HZ�5XOHV�RI�0HDVXUHPHQW��150���
ZHUH� LGHQWLILHG� DV� FDUERQ� KRWVSRWV� �HOHPHQWV� UHVSRQVLEOH� IRU� ���� RI� WKH� WRWDO� (&� RI� EXLOGLQJV�� LQ�
GHVFHQGLQJ�RUGHU�RI� LQWHQVLW\��7KH� VDPH� VL[� HOHPHQWV�ZHUH� IRXQG� WR�EH� UHVSRQVLEOH� IRU�����RI� WKH�
FDSLWDO�FRVW�RQ�DYHUDJH��,Q�DGGLWLRQ��WKH�DXWKRUV�DOVR�FODVVLILHG�EXLOGLQJ�HOHPHQWV�LQWR�WKUHH�FDWHJRULHV�
EDVHG�RQ�WKH�KRWVSRW�SUREDELOLW\�LQ�WKH�VDPSOH�QDPHO\��µ/HDG�SRVLWLRQV¶�±�HOHPHQWV�WKDW�ZHUH�PRVWO\�
LGHQWLILHG� DV� KRWVSRWV�� µ6SHFLDO� SRVLWRQV¶� ±� HOHPHQWV� WKDW� ZHUH� RFFDVLRQDOO\� LGHQWLILHG� DV� KRWVSRWV��
µ5HPDLQGHU�SRVLWLRQV¶�±� HOHPHQWV� WKDW�ZHUH�QHYHU� LGHQWLILHG� DV�KRWVSRWV��$FFRUGLQJO\��9LFWRULD� DQG�
3HUHUD� ������� UHSRUWHG� WKDW� 6WDLUV�� ,QWHUQDO�'RRUV�� )LWWLQJV�� )XUQLVKLQJV� DQG� (TXLSPHQW� DUH� FDUERQ�
LQVLJQLILFDQW�HOHPHQWV�WKDW�FDQ�EH�RYHUORRNHG�LQ�HDUO\�GHVLJQ�GHFLVLRQV��+RZHYHU��WKHVH�ILQGLQJV�DUH�
EDVHG�RQ�D�VDPSOH�RI����EXLOGLQJV��+HQFH��LW�LV�XVHIXO�WR�WHVW�WKH�JHQHUDOLVDELOLW\�DQG�DSSOLFDELOLW\�RI�
WKH�ILQGLQJV�RI�9LFWRULD�DQG�3HUHUD��������E\�HPSOR\LQJ�DQRWKHU�VDPSOH��

�� 5(6($5&+�0(7+2'�

0RVW� RI� WKH� HPERGLHG� FDUERQ� VWXGLHV� UHSRUWHG� LQ� WKH� OLWHUDWXUH� FRQFHUQLQJ� WKH� FDUERQ� LQWHQVLYH�
HOHPHQWV�RU�PDWHULDOV�IROORZV�D�TXDOLWDWLYH�DSSURDFK�WR�DQDO\VLV�DV�WKH\�DUH�EDVHG�RQ�RQH�RU�D�IHZ��OHVV�
WKDQ�WHQ��EXLOGLQJ�FDVH�VWXGLHV��$�TXDQWLWDWLYH�DSSURDFK�WR�HPERGLHG�FDUERQ�VWXGLHV�LV�ODFNLQJ�LQ�WKH�
OLWHUDWXUH�GXH�WR�WKH�GLIILFXOWLHV�LQ�REWDLQLQJ�GDWD��+RZHYHU��TXDQWLWDWLYH�DQDO\VHV�SURYLGH�D�GLIIHUHQW�
DQJOH� WR� WKH�SUREOHP� LQYHVWLJDWHG�� ,W� OHDGV� WR�REMHFWLYH� ILQGLQJV��KHQFH� LQFUHDVHV� WKH�FUHGLELOLW\�DQG�
JHQHUDOLVDELOLW\� RI� WKH� ZRUN�� 7KHUHIRUH�� WKH� UHVHDUFK� DGRSWHG� D� TXDQWLWDWLYH� DSSURDFK� VLPLODU� WR�
9LFWRULD� DQG� 3HUHUD� ������� LQ� DQDO\VLQJ� FDUERQ� KRWVSRWV� RI� EXLOGLQJV� WR� JDLQ� D� KROLVWLF� YLHZ� DQG�
FRPSDUH�ILQGLQJV�WR�LQIHU�FRQFOXVLRQV�DERXW�WKH�SRSXODWLRQ��)LJXUH���LOOXVWUDWHV�WKH�UHVHDUFK�SURFHVV�±�
D� VDPSOH� RI� RIILFH� EXLOGLQJV� ZDV� REWDLQHG�� FDUERQ� KRWVSRWV� ZHUH� LGHQWLILHG� XVLQJ� ������ 3DUHWR�
SULQFLSOH��EXLOGLQJ�HOHPHQWV�ZHUH�WKHQ�FODVVLILHG�LQWR�WKUHH�W\SHV�DV�SURSRVHG�E\�9LFWRULD�DQG�3HUHUD�
��������

)LJXUH����5HVHDUFK�PHWKRG�GLDJUDP�

2EWDLQLQJ� GDWD� IURP� WKH�ZKROH� SRSXODWLRQ� LV� LPSUDFWLFDO� GXH� WR� WKH� ODFN� RI� SXEOLF� UHSRVLWRULHV� IRU�
FRQVWUXFWLRQ� SURMHFWV� LQ� WKH� 8.�� ,Q� SDUWLFXODU�� UHVWULFWLRQV� RQ� GDWD� DYDLODELOLW\� OLPLWV� WKH� VDPSOLQJ�
RSWLRQV��7KHUHIRUH��QRQ�SUREDELOLW\�VDPSOLQJ�WHFKQLTXHV�ZHUH�H[SORUHG��$FFRUGLQJ�WR�6DXQGHUV�HW�DO�
��������VQRZEDOO�VDPSOLQJ�ZDV�LGHQWLILHG�DV�WKH�PRVW�VXLWDEOH� WHFKQLTXH�IRU�WKLV�UHVHDUFK�GXH�WR�WKH�
GDWD�DFFHVVLELOLW\�LVVXHV��6QRZEDOO�VDPSOLQJ�UHVXOWHG�LQ�RQO\�RQH�46�SUDFWLFH�YROXQWHHULQJ�WR�VXSSO\�
WKH�UHTXLUHG�GDWD��ZKLFK�EHFDPH�WKH�VWXG\�VDPSOH��7KH�VWXG\�VDPSOH�FRQVLVWHG�RI����RIILFH�EXLOGLQJV�
�VHH�� 7DEOH� ��� ZLWK� WKHLU� HOHPHQWDO� HPERGLHG� FDUERQ� HVWLPDWHV�� %XLOGLQJ� HOHPHQWV� UHSRUWHG� LQ� WKLV�
SDSHU�FRPSO\�ZLWK� WKH�HOHPHQW�GHILQLWLRQ�RI�150��ZKLFK� LV� WKH� ODWHVW�PHDVXUHPHQW�VWDQGDUG�RI� WKH�
8.� FRQVWUXFWLRQ� LQGXVWU\�� 7KH� (&� HVWLPDWHV� ZHUH� SUHSDUHG� XVLQJ� %LOOV� RI� 4XDQWLWLHV� �%24�� DQG�
SXEOLVKHG� VRXUFHV� RI� HPERGLHG� FDUERQ� HPLVVLRQ� IDFWRUV� VXFK� DV� ,QYHQWRU\� RI� &DUERQ� DQG� (QHUJ\�
�,&(���+DPPRQG�DQG�-RQHV��������DQG�WKH�8.�%XLOGLQJ�%ODFNERRN��)UDQNOLQ�DQG�$QGUHZV���������
7KLV� LPSOLHV� WKDW� WKH� HPERGLHG� FDUERQ� HVWLPDWHV� KDYH� D� V\VWHP� ERXQGDU\� RI� FUDGOH�WR�JDWH�� ZKLFK�
DFFRXQWV� IRU� WKH� HPERGLHG� FDUERQ� DVVRFLDWHG� ZLWK� WKH� PDWHULDO� SURGXFWLRQ� RQO\� �UDZ� PDWHULDO�
H[WUDFWLRQ�XS�WR�WKH�PDQXIDFWXULQJ�IDFWRU\�JDWH����

7DEOH����6DPSOH�SURILOH�

7KH�REWDLQHG�VDPSOH�RI�EXLOGLQJV�FRQVLVWHG�RI�VWHHO��FRQFUHWH��K\EULG�IUDPHG�EXLOGLQJV�UDQJLQJ�IURP�
RQH�����WR�WKLUW\�VL[������VWRUH\V��DQG�WKH�*URVV�,QWHUQDO�)ORRU�$UHD��*,)$��RI�EXLOGLQJV�UDQJHG�IURP�
������P��WR���������P���)LJXUH���VXJJHVWV�WKDW�WKHUH�LV�D�FRUUHODWLRQ�EHWZHHQ�WKH�QXPEHU�RI�VWRUH\V�

)LJXUH����3URILOH�RI�WKH�VDPSOH�EXLOGLQJV�
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DQG� WKH� *,)$� RI� EXLOGLQJV�� ZKLFK� LV� VHOI�H[SODQDWRU\�� &RQYHUVHO\�� GDWD� SRLQWV� LQ� )LJXUH� �� DUH�
UDQGRPO\� GLVWULEXWHG� VXJJHVWLQJ� D� ODFN� RI� FRUUHODWLRQ�� 7KLV� LPSOLHV� WKDW� (&� SHU� *,)$� LV� QRW�
VLJQLILFDQWO\�DIIHFWHG�E\�*,)$�RI�EXLOGLQJV��

7KH� QH[W� VWHS� LQ� WKH� DQDO\VLV� LV� WR� HVWDEOLVK� DQ� REMHFWLYH� GHILQLWLRQ� RU� D� FXW�RII� SRLQW� WR� GHWHUPLQH�
KRWVSRWV�LQ�EXLOGLQJV��7KH�������3DUHWR�3ULQFLSOH�ZDV�DGRSWHG�DIWHU�WKH�ZRUN�RI�9LFWRULD�DQG�3HUHUD�
������� ZKR� GHPRQVWUDWHG� WKH� VXLWDELOLW\� RI� WKH� WHFKQLTXH� E\� FLWLQJ� VHPLQDO� WH[W� IURP� WKH� FRVW�
PDQDJHPHQW�OLWHUDWXUH��VHH��0XQQV�DQG�$O�+DLPXV��������DQG�7DV�DQG�<DPDQ����������7KLV�LPSOLHV�
WKDW�WKH�HOHPHQWV�FRQWULEXWLQJ�XS�WR�����RI�WKH�WRWDO�(&�HPLVVLRQV�DUH�LGHQWLILHG�DV�FDUERQ�LQWHQVLYH�
HOHPHQWV��,Q�DGGLWLRQ��WKH�SUREDELOLW\�RI�HDFK�HOHPHQW�EHLQJ�D�FDUERQ�KRWVSRW�LQ�WKH�ZKROH�VDPSOH�ZDV�
FDOFXODWHG�XVLQJ�WKH�IRUPXOD�SUHVHQWHG�LQ�(TXDWLRQ�����

(TXDWLRQ����)RUPXOD�IRU�SUREDELOLW\�FDOFXODWLRQ�

ܲ ൌ
݊
ܰ

:KHUH� ܲ� LV� WKH� FDUERQ� KRWVSRW� SUREDELOLW\� RI� WKH� UHVSHFWLYH� HOHPHQW�� ݊� LV� WKH� IUHTXHQF\� RI� WKH�
UHVSHFWLYH�HOHPHQW�EHLQJ�D�KRWVSRW�LQ�WKH�ZKROH�VDPSOH�DQG�ܰ�LV�WKH�VDPSOH�VL]H�RU�WKH�WRWDO�QXPEHU�
RI�EXLOGLQJV�FRQVLGHUHG��ZKLFK�LV�����

%DVHG�RQ�WKH�FDUERQ�KRWVSRW�SUREDELOLW\��WKH�EXLOGLQJ�HOHPHQWV�ZHUH�FDWHJRULVHG�LQWR�WKUHH�W\SHV�VXFK�
DV� µ/HDG� 3RVLWLRQ¶�� µ6SHFLDO� 3RVLWLRQ¶� DQG� µ5HPDLQGHU� 3RVLWLRQ¶� �9LFWRULD� DQG� 3HUHUD�� ������� 7KH�
GHVFULSWLRQ�RI�HDFK�FDWHJRU\�LV�DV�IROORZV��

�� /HDG�SRVLWLRQV��&DUERQ�KRWVSRW�SUREDELOLW\�!�������

�� 6SHFLDO�SRVLWLRQV��&DUERQ�KRWVSRW�SUREDELOLW\����������

�� 5HPDLQGHU�SRVLWLRQV��&DUERQ�KRWVSRW�SUREDELOLW\� ����

$FFRUGLQJO\��µ/HDG�3RVLWLRQV¶�DUH�WKH�HOHPHQWV�WKDW�DUH�DOZD\V�RU�PRVWO\�D�FDUERQ�KRWVSRW��LGHQWLILHG�
DV�D�KRWVSRW�LQ�PRUH�WKDQ�����RI�WKH�EXLOGLQJV������RU�PRUH�EXLOGLQJV�RI������µ6SHFLDO�3RVLWLRQV¶�DUH�
WKH�HOHPHQWV� WKDW�FDQ�SRWHQWLDOO\�EH�D�KRWVSRW� LQ�VRPH�EXLOGLQJV��LGHQWLILHG�DV�D�KRWVSRW�EHWZHHQ���
����RI�EXLOGLQJV� �� �� WR����EXLOGLQJV�RI������ µ5HPDLQGHU�3RVLWLRQV¶� DUH� WKH� HOHPHQWV� WKDW� DUH�QRW� D�
KRWVSRW� �1HYHU� LGHQWLILHG� DV� D� KRWVSRW� LQ� WKH� VDPSOH��� )LQGLQJV� ZHUH� WKHQ� FRPSDUHG� DJDLQVW� WKH�
ILQGLQJV�RI�9LFWRULD�DQG�3HUHUD��������DQG�LQIHUHQFHV�ZHUH�PDGH���

�� '$7$�$1$/<6,6�$1'�',6&866,21

7KH�GHVFULSWLYH�VWDWLVWLFV�RI�WKH�(&�DQDO\VLV�RI�WKH�ZKROH�VDPSOH�LV�SUHVHQWHG�LQ�7DEOH����$FFRUGLQJO\��
WKH�(&�SHU�*,)$�RI�RIILFH�EXLOGLQJV�UDQJHV�IURP�����NJ&2��P

��WR�������NJ&2��P
��ZLWK�DQ�DYHUDJH�

RI�����NJ&2��P
���7KH�FRQILGHQFH� LQWHUYDO�RI� WKH�VDPSOH� LV����ZKLFK� LPSOLHV� WKDW� LW�FDQ�EH� LQIHUUHG�

ZLWK�����FRQILGHQFH�WKDW�WKH�SRSXODWLRQ�PHDQ��(&�SHU�*,)$��ZLOO�YDU\�E\�����NJ&2��P
��IURP�WKH�

VDPSOH�PHDQ��(&�SHU�*,)$��ZKLFK�LV��������NJ&2��P
���7KLV�VWDWLVWLF�VXJJHVWV�WKDW�WKH�VDPSOH�PHDQ�

FDQ�EH�XVHG�WR�SUHGLFW�(&�SHU�*,)$�RI�D�SURSRVHG�EXLOGLQJ�ZLWK�����DFFXUDF\�������GHYLDWLRQ�LQ�WKH�
SUHGLFWLRQ�� ZKLFK� LV� DQ� DFFHSWDEOH� SUHFLVLRQ� IRU� DQ� HDUO\� VWDJH� HVWLPDWH� �$VKZRUWK� DQG� 6NLWPRUH��
������0DUVK�HW�DO���������

7DEOH����'HVFULSWLYH�VWDWLVWLFV�RI�HOHPHQWDO�(&�SHU�*,)$�RI�WKH�VDPSOH�

7DEOH� �� SUHVHQWV� WKH� FDUERQ� KRWVSRW� DQDO\VLV� RI� WKH� VDPSOH� ZLWK� SHUFHQWDJH� FRQWULEXWLRQV� RI� HDFK�
HOHPHQW�DQG� WKH�FXPXODWLYH�SHUFHQWDJH�RI� WKH�JURXS��)UDPH��6XEVWUXFWXUHV��([WHUQDO�ZDOOV��6HUYLFHV�

)LJXUH����3ORWWLQJ�(&�SHU�*,)$�DJDLQVW�WKH�*,)$�RI�EXLOGLQJV�



�

DQG� 8SSHU� )ORRUV� ZHUH� LGHQWLILHG� DV� FDUERQ� KRWVSRWV� �HOHPHQWV� FRQWULEXWLQJ� XS� WR� ���� RI� (&�� RI�
RIILFH� EXLOGLQJV� LQ� GHVFHQGLQJ� RUGHU� RI� VLJQLILFDQFH�� $FFRUGLQJO\�� WKH� VWXG\� ILQGLQJV� DJUHH� ZLWK�
0RQDKDQ�DQG�3RZHOO���������6KDIILT�HW�DO����������5,&6��������DQG�+LWFKLQ��������H[FHSW�IRU�6WDLUV��
ZKLFK�FRQWULEXWHG�WR�OHVV�WKDQ����RQ�DYHUDJH�LQ�WKH�VHOHFWHG�VDPSOH��JLYHQ�WKDW�WKH�VDPSOH�FRQVLVWHG�
RI�ORZ�WR�KLJK�ULVH�EXLOGLQJV��+HQFHIRUWK��LW�FDQ�EH�DUJXHG�WKDW�DQ\�ORZ�FDUERQ�DOWHUQDWLYHV�IRU�6WDLUV�
ZLOO� UHGXFH� WKH� WRWDO�(&�E\� OHVV� WKDQ�����7KH� VWXG\� ILQGLQJV� DOVR� DJUHH�ZLWK� WKH� ILQGLQJV�RI�:HQ��
6RQJ�DQG�1RRU��������RQ�SDLQWLQJ��DV�WKH�DYHUDJH�SHUFHQWDJH�FRQWULEXWLRQ�RI�,QWHUQDO�)LQLVKHV��:DOO��
)ORRU�DQG�&HLOLQJ��LV�DURXQG�����ZKLFK�DJDLQ�LV�LQVLJQLILFDQW��+RZHYHU��)LQLVKHV�FDQ�EH�D�VLJQLILFDQW�
FRPSRQHQW� DW� WKH� RXWVHW� RI� D� OLIH� F\FOH� DVVHVVPHQW� GXH� WR� UHFXUULQJ� HPLVVLRQV� DV�&ROH� DQG�.HUQDQ�
�������DOOXGHG���

)LYH�RXW�RI�IRXUWHHQ�HOHPHQWV�FRQWULEXWHG�XS�WR�����RI�WKH�WRWDO�(&��SURSRVLQJ�D�QHZ�UDWLR�RI�������LQ�
WKH�FRQWH[W�RI�(&�RI�RIILFH�EXLOGLQJV��6LPLODUO\��9LFWRULD�DQG�3HUHUD��������DOVR� LGHQWLILHG�DOO� WKHVH�
ILYH�HOHPHQWV�DQG�5RRIV�DV�FDUERQ�KRWVSRWV�LQ�D�VDPSOH�RI����RIILFH�EXLOGLQJV��7KLV�DFFHQWXDWHV�WKH�
DPELJXLW\� FRQFHUQLQJ� WKH� KRWVSRW� SRVLWLRQ� RI� 5RRIV�� ZKLFK� FRXOG� KDYH� EHHQ� DWWULEXWDEOH� WR� GHVLJQ�
FRPSOH[LWLHV�DQG�VSHFLILFDWLRQV��(OHPHQW�TXDQWLWLHV�DQG�PDWHULDO�FKRLFHV�DUH�WKH�WZR�NH\�YDULDEOHV�WKDW�
PDNH�WKHVH�HOHPHQWV�D�KRWVSRW��,Q�WHUPV�RI�PDWHULDO�FKRLFHV��FRQFUHWH�DQG�VWHHO�DUH�WKH�PRVW�FRPPRQ�
PDWHULDOV� RSWHG� IRU� 6XEVWUXFWXUH�� )UDPH� DQG�8SSHU� )ORRUV��&RQFUHWH� DQG� VWHHO� DUH� FDUERQ� LQWHQVLYH�
PDWHULDOV� DQG� FRQVXPH� D� VLJQLILFDQW� DPRXQW� RI� HPERGLHG� HQHUJ\� LQ� WKHLU� SURGXFWLRQ� SURFHVV�� 7KH�
HPERGLHG�HQHUJ\�RI�VWHHO� LV�KLJKHU� WKDQ�FRQFUHWH�DQG� LW�FDQ�EH�DV�KLJK�DV���0-�SHU�NJ�RI�VWHHO�DQG�
HPLWV� URXJKO\� ����NJ&2�� SHU� NJ� RI� VWHHO� �+DPPRQG� DQG� -RQHV�� �������2Q� WKH� RWKHU� KDQG�� FXUWDLQ�
ZDOOLQJ� LV� WKH� PRVW� FRPPRQ� IRUP� RI� IDoDGH� RI� RIILFH� EXLOGLQJV� LQ� WKH� 8.�� &XUWDLQ� ZDOOV� DUH�
UHVSRQVLEOH� IRU� ����� 0-� RI� HPERGLHG� HQHUJ\� FRQVXPSWLRQ� DQG� HPLW� ����� NJ&2�� SHU� NJ� RI� JODVV��
6HUYLFHV� DUH� LGHQWLILHG� DV� D� KRWVSRW� GXH� WR� WKH� LQWHQVLW\� RI� WKH� HOHPHQW� DQG� WKH� DPRXQW� RI� ZRUN�
LQYROYHG� LQ� WKH� LQVWDOODWLRQ� RI� HOHFWULFDO�� PHFKDQLFDO� DQG� VSHFLDOLVW� LQVWDOODWLRQV� VXFK� DV� EXLOGLQJ�
PDQDJHPHQW�V\VWHPV��,Q�IDFW��TXDQWLWLHV�RI�HOHPHQWV�PD\�DOVR�SOD\�D�PDMRU�UROH�LQ�PDNLQJ�DQ�HOHPHQW�
D�KRWVSRW��+RZHYHU��WKH�LQIOXHQFH�RI�HOHPHQW�TXDQWLWLHV�FRXOG�QRW�EH�H[SORUHG�GXH�WR�WKH�OLPLWHG�GDWD�
DYDLODELOLW\���

7DEOH����&DUERQ�KRWVSRW�DQDO\VLV�RI�WKH�VDPSOH�

7DEOH���SUHVHQWV�WKH�FDUERQ�KRWVSRW�FDWHJRU\�RI�HDFK�HOHPHQW�EDVHG�RQ�WKH�SUREDELOLW\�RI�RFFXUUHQFH�
DV� D� KRWVSRW� LQ� WKH� VDPSOH� DQG� WKHLU� SULRULW\� UDWLQJ�� )UDPHV� ZHUH� LGHQWLILHG� DV� D� KRWVSRW� LQ� DOO�
EXLOGLQJV��6XEVWUXFWXUH�DQG�6HUYLFHV�ZHUH� LGHQWLILHG�DV�KRWVSRWV� LQ�����RI� WKH�VDPSOH�DQG�([WHUQDO�
:DOOV�ZHUH�LGHQWLILHG�DV�D�KRWVSRW�LQ�����RI�WKH�VDPSOH��$FFRUGLQJO\��)UDPH��6XEVWUXFWXUH��6HUYLFHV�
DQG� ([WHUQDO� :DOOV� FDQ� EH� FODVVHG� DV� µ/HDG� 3RVLWLRQV¶� ZKLFK� DJDLQ� RYHUODSV� ZLWK� WKH� ILQGLQJV� RI�
9LFWRULD� DQG� 3HUHUD� �������ZKR� DOVR� LGHQWLILHG� WKHVH� IRXU� HOHPHQWV� LQ� DGGLWLRQ� WR�8SSHU� )ORRUV� DV�
/HDG�SRVLWLRQV��6WDLUV��,QWHUQDO�:DOOV�DQG�3DUWLWLRQV��,QWHUQDO�'RRUV��:DOO�)LQLVKHV��&HLOLQJ�)LQLVKHV�
DQG� )LWWLQJV� DQG� )XUQLVKLQJV� ZHUH� QRW� LGHQWLILHG� DV� KRWVSRWV� LQ� DQ\� RI� WKH� EXLOGLQJV�� KHQFH� ZHUH�
FODVVHG� DV� µ5HPDLQGHU�3RVLWLRQV¶��&RQYHUVHO\��9LFWRULD�DQG�3HUHUD� ������� IRXQG� ,QWHUQDO�:DOOV� DQG�
SDUWLWLRQV��:DOO�)LQLVKHV�DQG�&HLOLQJ�)LQLVKHV�WR�EH�6SHFLDO�3RVLWLRQV��5HVW�RI� WKH�EXLOGLQJ�HOHPHQWV�
�8SSHU�)ORRUV��5RRI��:LQGRZV� DQG�([WHUQDO�'RRUV� DQG�)ORRU�)LQLVKHV��ZHUH� LGHQWLILHG� DV� µ6SHFLDO�
3RVLWLRQV¶��7KH�FRPSDULVRQ�RI�ILQGLQJV�GLVSOD\V�WKH�YDULDELOLW\�LQ�KRWVSRW�SRVLWLRQV�RI�HOHPHQWV�HYHQ�
ZLWKLQ� WKH� VDPH� W\SH� RI� EXLOGLQJV� �L�H�� RIILFHV�� ZKLFK� FRXOG� EH� GXH� WR� WKH� QRWHG� YDULDELOLW\� LQ� WKH�
EXLOGLQJ�FKDUDFWHULVWLFV�RI�WKH�VDPSOH�GDWD��7KLV�LV�D�OLPLWDWLRQ�RI�WKH�VWXG\���

/HDG� 3RVLWLRQV� VKRXOG� EH� JLYHQ� WKH� KLJKHVW� GHVLJQ� SULRULW\� GXH� WR� WKHLU� KLJK� FDUERQ� LQWHQVLW\��
+RZHYHU�� WKH� UHGXFWLRQ� SRWHQWLDO�PD\� EH� ORZ� LQ� HOHPHQWV� OLNH� 6HUYLFHV� GXH� WR� OLPLWHG� ORZ� FDUERQ�
DOWHUQDWLYHV��5HPDLQGHU�3RVLWLRQV�FDQ�EH�JLYHQ�WKH�OHDVW�GHVLJQ�SULRULW\�DV�WKHVH�HOHPHQWV�FRQWULEXWH�
OHVV�WKDQ�����RI�(&��7KH�GHVLJQ�RI�6SHFLDO�3RVLWLRQV�LV�DOVR�DV�LPSRUWDQW�DV�/HDG�3RVLWLRQV�EHFDXVH�
QRWDEOH�(&�UHGXFWLRQV�DUH�SRVVLEOH�LQ�6SHFLDO�3RVLWLRQV�LI�GHVLJQHG�HIIHFWLYHO\��7KHUHIRUH��LW�ZRXOG�EH�
LPSUDFWLFDO� WR� SURSRVH� D� OLQHDU� GHVLJQ� WLPHOLQH� IRU� WKHVH� HOHPHQWV� VWDUWLQJ� IURP� /HDG� 3RVLWLRQV�
WKURXJK� WR� 6SHFLDO� DQG�5HPDLQGHU� 3RVLWLRQV� DV� HOHPHQWV� VXFK� DV� VWUXFWXUH� DQG� HQYHORS� QHHG� WR� EH�
GHILQHG� DW� WKH� VWDUW� DQG� VHUYLFHV� DUH� XVXDOO\� GHVLJQHG� ODWHU� LQ� WKH� GHVLJQ� SKDVH�� 7DNLQJ� WKHVH� LQWR�
FRQVLGHUDWLRQ�D�GHVLJQ�PDWUL[�LV�SURSRVHG�LQ�7DEOH���IRU�GLIIHUHQW�HOHPHQWDO�FDWHJRULHV�EDVHG�RQ�5,%$�
3ODQ�RI�:RUN�������VHH��7DEOH�����
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$FFRUGLQJO\��DOO�/HDG�3RVLWLRQV� VKRXOG�EH�GHVLJQHG�GXULQJ� WKH�&RQFHSW� VWDJH�ZLWK� WKH�H[FHSWLRQ�RI�
6HUYLFHV�� ZKLFK� FDQ� EH� GHVLJQHG� DW� DQ\� VWDJH� EHWZHHQ� FRQFHSW� DQG� WHFKQLFDO� GHVLJQ� GXH� WR� WKH�
FRPSOH[LW\�RI�WKH�HOHPHQW�DQG�FRPSDUDWLYHO\�ORZHU�UHGXFWLRQ�SRWHQWLDO��8SSHU�)ORRUV�DQG�5RRIV�FDQ�
DOVR�EH�GHVLJQHG�DW�WKH�&RQFHSW�VWDJH�LUUHVSHFWLYH�RI�WKHVH�HOHPHQWV�EHLQJ�FODVVHG�DV�VSHFLDO�SRVLWLRQV�
DV� WKH\� IRUP�SDUW�RI� WKH�EXLOGLQJ�VWUXFWXUH��7KH� UHPDLQLQJ�6SHFLDO�3RVLWLRQV�FDQ�EH�GHVLJQHG�DW� WKH�
GHWDLOHG�GHVLJQ�VWDJH��6LPLODUO\��,QWHUQDO�:DOOV�DQG�3DUWLWLRQV�:DOO�)LQLVKHV�DQG�&HLOLQJ�)LQLVKHV�FDQ�
DOVR� EH� GHVLJQHG� DW� GHWDLOHG� GHVLJQ� VWDJH� UHJDUGOHVV� RI� WKHVH� HOHPHQWV� EHLQJ� FODVVHG� DV� 5HPLQGHU�
SRVLWLRQV�LQ�WKH�VWXG\�DV�9LFWRULD�DQG�3HUHUD��������LGHQWLILHG�WKHVH�DV�6SHFLDO�SRVLWLRQV��7KLV�LPSOLHV�
WKH�GHVLJQ�RI�6WDLUV�� ,QWHUQDO�'RRUV�DQG�)LWWLQJV�DQG�)XUQLVKLQJV�FDQ�ZDLW�XQWLO� WKH� WHFKQLFDO�GHVLJQ�
VWDJH��,Q�WKLV�ZD\��GHVLJQ�HIILFLHQF\�FDQ�EH�PD[LPLVHG�E\�HQDEOLQJ�GHVLJQHUV�WR�FKDQQHO�WKHLU�WLPH�DQG�
HIIRUW�RQ�HOHPHQWV�WKDW�KDYH�KLJKHU�UHGXFWLRQ�SRWHQWLDO�WKDQ�RWKHUV��

7DEOH����&DUERQ�KRWVSRW�FDWHJRU\�

7DEOH����3URSRVHG�GHVLJQ�WLPHOLQH�IRU�WKH�HOHPHQWV�

�� &21&/86,216

7KH�3DUHWR�DQDO\VLV�KLJKOLJKWHG�)UDPH��6XEVWUXFWXUHV��([WHUQDO�ZDOOV��6HUYLFHV�DQG�8SSHU�)ORRUV�DV�
FDUERQ� KRWVSRWV� RI� WKH� VDPSOH� VXJJHVWLQJ� ���� RI� WKH� HOHPHQWV� DUH� UHVSRQVLEOH� IRU� ���� RI� WKH�
HPERGLHG�FDUERQ�LPSDFWV�IURP�RIILFH�EXLOGLQJV��7KLV�IDOVLILHV�WKH�������UDWLR�DQG�SURSRVHV�DQ�������
UDWLR�LQ�WKH�FRQWH[W�RI�(&�RI�RIILFH�EXLOGLQJV��7KLV�UHDIILUPV�WKH�ILQGLQJV�RI�9LFWRULD�DQG�3HUHUD��������
ZKLOH�WKH�VWDWXV�RI�5RRIV�DV�D�KRWVSRW�UHPDLQV�XQYHULILHG��)UDPH��6XEVWUXFWXUH��6HUYLFHV�DQG�([WHUQDO�
:DOOV�ZHUH�FODVVHG�DV�HOHPHQWV�WKDW�VKRXOG�EH�JLYHQ�WKH�KLJKHVW�GHVLJQ�SULRULW\�ZKLOH�8SSHU�)ORRUV��
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