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6DLGX��,EUDKLP� DQG�:LQVWRQ 0��:��6KDNDQWX�
�	�'HSDUWPHQW�RI�&RQVWUXFWLRQ�0DQDJHPHQW��1HOVRQ�0DQGHOD�0HWURSROLWDQ�8QLYHUVLW\��

(DVWHUQ�&DSH��3RUW�(OL]DEHWK��6RXWK�$IULFD

:KLOH� TXDQWLILFDWLRQ� RI� PDWHULDO� ZDVWH� LV� FUXFLDO� IRU� FRQVWUXFWLRQ� ZDVWH�
PDQDJHPHQW�� DFFXUDWH� HVWLPDWLRQ� FDQ� EH� DFFRPSOLVKHG� E\� GHYHORSLQJ�
ZDVWH� TXDQWLILFDWLRQ� PRGHO� WKDW� LV� DSSOLFDEOH� IRU� QDWLRQDO� RU� UHJLRQDO�
FRQVWUXFWLRQ�ZDVWH�JHQHUDWLRQ��7KLV�LV�LPSRUWDQW�IRU EXLOGLQJ�SURIHVVLRQDOV�
WR� SURSHUO\� SODQ� DQG� FRQWURO� WKHLU� GLVSRVDO� WKHUHRI�� 7KH� SXUSRVH� RI� WKLV�
VWXG\�ZDV� WR�GHYHORS�PDWKHPDWLFDO�PRGHOV� IRU�TXDQWLI\LQJ�WKH�YROXPH�RI�
EXLOGLQJ�PDWHULDO�ZDVWH� LQ� $EXMD��1LJHULD�� 7KH�PHWKRGRORJLFDO� DSSURDFK�
DGRSWHG� LV� WKH� TXDQWLWDWLYH� WHFKQLTXH� WKDW� LV� URRWHG� LQ� WKH� SRVLWLYLVW�
UHVHDUFK� SDUDGLJP� ��� RQJRLQJ� EXLOGLQJ� FRQVWUXFWLRQ� SURMHFWV� ZHUH�
LQYHVWLJDWHG�� ZKLFK� LQFOXGHV� SXEOLF� DQG� SULYDWH� SURMHFWV XVLQJ� SXUSRVLYH�
VDPSOLQJ� WHFKQLTXH� �SURMHFWV� WR� WKH� YDOXH� RI� ���� ELOOLRQ� 1DLUD��� PLOOLRQ�
86'�DQG�DERYH���7KH�GDWD� IRU� WKLV� UHVHDUFK�ZHUH� VRXUFHG� IURP� WKH� ILHOG�
LQYHVWLJDWLRQ� �PHDVXUHPHQW� RI� WKH� YROXPH� RI� PDWHULDO� ZDVWH�� DQG� GDWD�
IURP� WKH� DUFKLYDO� UHFRUGV� �GUDZLQJV�� SURMHFW�SURJUHVV� UHSRUWV�� DQG�
VSHFLILFDWLRQV�� RQ� EXLOGLQJ� PDWHULDOV� DQG� YROXPH� RI� PDWHULDO� ZDVWH�
/LQHDU�UHJUHVVLRQ� DQDO\WLFDO� WRRO� ZDV� XVHG� IRU� WKH� DQDO\VHV�� 7KH� VWXG\�
UHYHDOHG D� VWDWLVWLFDOO\� VLJQLILFDQW� UHODWLRQVKLS� EHWZHHQ� WKH� YDULDEOHV�
DQDO\VHG�PRGHOV�IRU�SUHGLFWLQJ�WKH�YROXPH�RI�EXLOGLQJ�PDWHULDO�ZDVWH�LQ�D�
SURMHFW�ZHUH�GHYHORSHG�IURP�WKH�OLQHDU�UHJUHVVLRQ�DQDO\VHV��7KHVH�PRGHOV�
DUH�SUHVHQWHG�DQG�GLVFXVVHG�LQ�WKLV�SDSHU��7KH�VWXG\�UHFRPPHQGV WKH�XVH�
RI� WKLV� PRGHO� E\� FRQVWUXFWLRQ� SURIHVVLRQDOV� RI� WKH� 1LJHULDQ� FRQVWUXFWLRQ�
LQGXVWU\�LQ�TXDQWLI\LQJ�YROXPH�RI�ZDVWH�DW�DQ�HDUO\�VWDJH�LQ�WKH� OLIH�RI�D�
SURMHFW��7KLV� LQ� WXUQ��ZRXOG�PLQLPLVH�ZDVWH� JHQHUDWLRQ��ZKLFK� LV� LQ� OLQH�
ZLWK�WKH�SULPH�REMHFWLYH�RI�ZDVWH�PDQDJHPHQW�IRU�D�EXLOGLQJ�SURMHFW��

.H\ZRUGV��EXLOGLQJ�VL]H��EXLOGLQJ�PDWHULDOV�YROXPH��PDWHULDO�ZDVWH��
PRGHOV���ZDVWH�YROXPH

,1752'8&7,21

7KH�UDSLG�XUEDQLVDWLRQ�LQ�GHYHORSLQJ�QDWLRQV KDV�UHVXOWHG�LQ�D�VXEVWDQWLDO�
LQFUHDVH�LQ�FRQVWUXFWLRQ�DFWLYLWLHV��ZKLFK�LQ�WXUQ��KDV�OHG�WR�WKH�JHQHUDWLRQ
RI� D� ODUJH� TXDQWLW\� RI� FRQVWUXFWLRQ� ZDVWH� �&KLNH]LULP� DQG� 0ZDQDXPR��

�V���������#QPPX�DF�]D
� :LQVWRQ�VKDNDQWX#QPPX�DF�]D
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������������&RQVWUXFWLRQ�ZDVWH�LV�D�PDMRU�VRXUFH�RI�PXQLFLSDO�VROLG�ZDVWH�
LQ� DOO� WKH�PHJDFLWLHV�DURXQG� WKH�ZRUOG�� IUHTXHQWO\�DFFRXQWLQJ� IRU� ���� WR�
���� RI� WKH� WRWDO� ZDVWH� VHQW� WR� ODQGILOOV�� )RU� LQVWDQFH�� LQ� +RQJ� .RQJ��
FRQVWUXFWLRQ�ZDVWH�FRQVLVWV�RI�����WR�����RI�WKH�WRWDO�ZDVWH��/L�DQG�=KDQJ��
�����������%HJXP�������������

0DWHULDO� ZDVWDJH� KDV� EHFRPH� D� VHULRXV� SUREOHP�� ZKLFK� UHTXLUHV� XUJHQW�
DWWHQWLRQ�LQ�WKH�FRQVWUXFWLRQ�LQGXVWULHV��7KLV�FRQVWUDLQW�KDUPIXOO\�DIIHFWV�
WKH�GHOLYHU\�RI�PDQ\�SURMHFWV� LQ�1LJHULD� �$GHZX\L�DQG�2WDOL�� ������������
$PHK�DQG�,WRGR�������������DVVHUW�WKDW��IRU�HYHU\�����KRXVHV�EXLOW��WKHUH�LV�
VXIILFLHQW� ZDVWH� PDWHULDO� WR� EXLOG� DQRWKHU� ��� KRXVHV� LQ� 1LJHULD��
$FFRUGLQJO\��2VPDQL�������������DGGHG�WKDW�����RI�WKH�PDWHULDOV�GHOLYHUHG�
WR�VLWHV�LQ�WKH�8.�FRQVWUXFWLRQ�LQGXVWU\�HQG�XS�DV�ZDVWH��

1JX\HQ�� *XSWD� DQG�)DQLUDQ� �QG�� ��� HPSKDVLVH� WKDW�� GHVSLWH� WKH� VWXGLHV�
WKDW�KDYH�KLJKOLJKWHG� WKH� IXWXUH�EHQHILWV� RI� UHGXFLQJ� FRQVWUXFWLRQ�ZDVWH��
WKHUH� KDV� EHHQ� OLWWOH� SURJUHVV� LQ� LPSOHPHQWLQJ� WKH� ZDVWH�PDQDJHPHQW�
RSWLRQ�DYDLODEOH��LQ�RUGHU�WR�HQVXUH�WKDW�FRQVWUXFWLRQ�ZDVWH�LV�PLQLPLVHG��
:DKDE� DQG� /DZDO� ������� ����� VXJJHVW� WKDW� D� PRUH� HIIHFWLYH� FRQWURO� RI�
PDWHULDOV�RQ�VLWH�VKRXOG�EH�DGRSWHG��DV WKH�SUREOHPV�RI�PDWHULDO�ZDVWDJH�
FDQQRW�EH� IXOO\� WUHDWHG�ZLWKRXW�HIILFLHQW�PDWHULDO� FRQWURO��+HQFH��%HJXP��
6LZDU�� 3HUHLUD�� -DDIDU� ������� ����� SURSRVH� YDULRXV� FRQVWUXFWLRQ�PDWHULDO�
ZDVWH�PDQDJHPHQW�DSSURDFKHV�

,Q� WKH� ODVW� GHFDGH�� OLWWOH� DWWHQWLRQ� KDV� EHHQ� SDLG� WR� WKH�PDQDJHPHQW� RI�
ZDVWH�JHQHUDWHG�LQ�WKH�1LJHULDQ�FRQVWUXFWLRQ�LQGXVWU\��:DKDE�DQG�/DZDO��
������������7KLV�FRXOG�EH�DV�D� UHVXOW�RI� WKH� ORZ� OHYHO�RI�DZDUHQHVV�RI� WKH�
FRQVWUXFWLRQ�ZRUNHUV��D�ORZ�OHYHO�RI�DYDLODEOH�PHDQV�RI�ZDVWH�GLVSRVDO��RU�
WKH� VORZ DGRSWLRQ� RI� HQYLURQPHQWDOO\� VXVWDLQDEOH� SUDFWLFHV�� <XDQ� DQG�
6KHQ� ������� ����� KLJKOLJKWHG� WKDW� WKH� LQVXIILFLHQW� DWWHQWLRQ� JLYHQ� WR�
PDWHULDO�ZDVWH�JHQHUDWLRQ� LQ�GHYHORSLQJ�QDWLRQV�GXULQJ� WKH�SDVW�GHFDGHV�
KDV� PHDQW� WKDW� WKH� VWDWLVWLFDO� GDWD� RQ� WKH� TXDQWLW\� RI� PDWHULDO�ZDVWH�
JHQHUDWLRQ� DUH� QRW� UHDGLO\� DYDLODEOH�� 7KLV� LV� VXSSRUWHG� E\� %DEDWXQGH�
������� ������ ZKR� EHOLHYHV� WKDW WKH� VLWXDWLRQ� LV� QRW� DQ\� GLIIHUHQW� LQ� WKH�
1LJHULDQ� FRQVWUXFWLRQ� LQGXVWU\� DQG� WKHVH� DUH� LPSRUWDQW� IRU� WKH� EXLOGLQJ�
SUDFWLWLRQHUV�WR�SURSHUO\ SODQ�DQG�FRQWURO�WKHLU�GLVSRVDO�WKHUHRI�

0RUHRYHU��0DVXGL� HW� DO� ������� ����� EHOLHYH� WKDW�� ZKLOH� TXDQWLILFDWLRQ� LV�
FUXFLDO� IRU� FRQVWUXFWLRQ� ZDVWH� PDQDJHPHQW�� DFFXUDWH� HVWLPDWLRQ� FDQ� EH�
VDWLVILHG� E\� GHYHORSLQJ�ZDVWH� TXDQWLILFDWLRQ�PRGHO� WKDW� LV� DSSOLFDEOH� IRU�
UHJLRQDO�RU�QDWLRQ�ZLGH�FRQVWUXFWLRQ�ZDVWH�JHQHUDWLRQ��

2YHU� WKH� \HDUV�� UHVHDUFK� LQWHUHVWV� LQ� DGGUHVVLQJ� FRQVWUXFWLRQ� DQG�
GHPROLWLRQ�ZDVWH�PDQDJHPHQW�LVVXHV�DFURVV�WKH�ZRUOG�KDYH�UHVXOWHG�LQ�D�
ODUJH�QXPEHU�RI�SXEOLFDWLRQV��+RZHYHU��UHVHDUFK�HYLGHQFH�KDV�VKRZQ�WKDW�
SUHYLRXV�VWXGLHV�IURP�GLIIHUHQW�SDUWV�RI�1LJHULD�FHQWHUHG�PRVWO\�RQ�ZDVWH�
DQG�ZDVWH�PDQDJHPHQW�SUDFWLFHV� LQ�WKH�FRQVWUXFWLRQ� LQGXVWU\��DV�ZHOO�DV�
WKH�WHFKQLTXHV�IRU�WKHLU�PDQDJHPHQW��1RQHWKHOHVV��WKHVH�VWXGLHV�IDLOHG�WR�
GHYHORS�PRGHOV� IRU� SUHGLFWLQJ� WKH� YROXPH� RI�PDWHULDO� ZDVWH� IRU� EXLOGLQJ�
SURMHFWV� LQ� 1LJHULD�� $V� WKLV� ZRXOG� DVVLVW� FRQVWUXFWLRQ� SURIHVVLRQDOV� LQ�
KDYLQJ�LGHD�RQ�WKH�SUREDEOH�YROXPH�RI�PDWHULDO�ZDVWH�WR�EH�JHQHUDWHG�IRU�
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WKHLU� SURMHFWV�� LQ� RUGHU� WR� SODQ� DQG� DGRSW� DW� DQ� HDUO\� VWDJH� WKH� EHVW�
PDWHULDO� ZDVWH�PDQDJHPHQW� SULQFLSOHV� DQG� GLVSRVDO� WKHUHRI�� 7KLV� OHG� WR�
WKH� GHYHORSPHQW� RI� WKH� SUREOHP� SRVHG� LQ� WKLV� VWXG\� WKDW�� � GDWD� RQ� WKH�
TXDQWLWLHV�RI�PDWHULDO�ZDVWH�KDYH�QRW�EHHQ�ZHOO�GRFXPHQWHG�DQG�VWDWLVWLFV�
RQ� WKH� ZDVWH� JHQHUDWHG� DUH�PLQLPDO� LQ� 1LJHULD� �%DEDWXQGH�� ������ ������
+HQFH��WKLV�UHVHDUFK�DLPV�WR�GHYHORS�PDWKHPDWLFDO�PRGHOV�IRU�TXDQWLI\LQJ�
WKH�YROXPH�RI�EXLOGLQJ�PDWHULDO�ZDVWH�LQ�$EXMD��1LJHULD��

/,7(5$785(�5(9,(:

6RXUFHV�DQG�FDXVHV�RI�PDWHULDO�ZDVWH�LQ�FRQVWUXFWLRQ�
&RQVWUXFWLRQ�ZDVWH�LV�JHQHUDWHG�WKURXJKRXW�WKH�SURMHFW� OLIHF\FOH�IURP�WKH�
SUH�FRQVWUXFWLRQ� VWDJH� WKURXJK� WR� WKH� FRQVWUXFWLRQ� VWDJH�� DQG� RQ� WR� WKH�
ILQLVKLQJ� VWDJH� �1DJDSDQ� HW�DO��� �������:DVWH� VRXUFHV�DQG� FDXVHV� UHYROYH�
DURXQG�IRXU�IDFWRUV��QDPHO\��SURFXUHPHQW��KDQGOLQJ��RSHUDWLRQ�DQG�FXOWXUH�
�$O�+DMM� DQG� +DPPDQL�� ������� .DUHHP� DQG� 3DQG\� ������� DGGHG� WKDW�
FRQVWUXFWLRQ� ZDVWH� FRXOG� DULVH� IURP� GLIIHUHQW� VRXUFHV�� GHSHQGLQJ� RQ� WKH�
FRPSOH[LW\� RI� WKH� SURMHFW�� QDPHO\�� GHVLJQ� VWDJH�� SURFXUHPHQW� VWDJH��
RSHUDWLRQ�VWDJH��PDWHULDO�PDQDJHPHQW�VWDJH��DQG�PDWHULDO�VWRUDJH�DUHD��

3RRU�VLWH�PDQDJHPHQW�DQG�VXSHUYLVLRQ��WKH�ODFN�RI�H[SHULHQFH��LQDGHTXDWH�
SODQQLQJ�DQG�VFKHGXOLQJ��PLVWDNHV�DQG�HUURUV�LQ�GHVLJQ��DQG�FRQVWUXFWLRQ�
ZHUH�UDQNHG�DV�WKH�WRS�FDXVHV�RI�ZDVWH�LQ�D�SURMHFW��1DJDSDQ�HW�DO�� ������
%DEDWXQGH�� ������� )XUWKHUPRUH� $O�KDMM� DQG�+DPDQL� ������� VXPPDULVHG�
WKDW� GHVLJQ� HUURU� OHDGLQJ� WR� XQQHFHVVDU\� RII�FXWV�� ORZ�TXDOLW\� SURGXFWV��
ODFN� RI� DZDUHQHVV�� UHZRUN� DQG� YDULDWLRQV�� DQG� WHPSRUDU\�ZRUNV� DUH� WKH�
PDMRU�FDXVHV�RI�PDWHULDO�ZDVWH�RQ�FRQVWUXFWLRQ�VLWHV��1DJDSDQ�HW�DO���������
FRQGXFWHG�D�VXUYH\�RQ�WKH�FDXVHV�RI�PDWHULDO�ZDVWH�DW�WKUHH�FRQVWUXFWLRQ�
VLWHV� LQ� 0DOD\VLD� DQG� UHYHDOHG� WKDW� LQDSSURSULDWH� VWRUDJH� RI� PDWHULDOV��
SRRU� PDWHULDOV� KDQGOLQJ�� ORZ� TXDOLW\� RI� PDWHULDOV�� HUURU� LQ� PDWHULDO�
RUGHULQJ�� PLVWDNHV� LQ� HVWLPDWLRQ�� DQG� EDG� DWWLWXGHV� RI� ZRUNHUV� DUH� WKH�
PDMRU�FDXVHV�RI�PDWHULDO�ZDVWH��

2VPDQL� HW� DO� ������� FDWHJRULVHG� FRQVWUXFWLRQ� ZDVWH� LQWR�� &RQWUDFWXDO�
ZDVWH��ZKLFK�LQFOXGHV�FOLHQW�GULYHQ�ZDVWH��PLVWDNHV�LQ�FRQWUDFW�GRFXPHQWV��
DQG�LQFRPSOHWH�FRQWUDFW�DQG�WHQGHU�GRFXPHQWV��3URFXUHPHQW�ZDVWH� ODFN�RI�
HDUO\� VWDNHKROGHUV·� LQYROYHPHQW�� SRRU� FRPPXQLFDWLRQ� IORZ�� LPSURSHU� FR�
RUGLQDWLRQ�DPRQJVW�WKH�SDUWLHV�DQG�WUDGHV��DQG�ODFN�RI�DOORFDWHG�GXWLHV�IRU�
GHFLVLRQ� PDNLQJ�� 'HVLJQ� FKDQJHV� LQ� GHVLJQ�� FRPSOH[LW\� LQ� GHVLJQ� DQG�
VSHFLILFDWLRQV��PLVWDNHV� LQ�GHVLJQ�DQG�FRQVWUXFWLRQ�GHWDLOV�� LQVXIILFLHQW�RU�
LQFRKHUHQW� VSHFLILFDWLRQV�� SRRU� FR�RUGLQDWLRQ� DQG� FRPPXQLFDWLRQ� �ODWH�
LQIRUPDWLRQ��ODVW�PLQXWH�FOLHQW�UHTXLUHPHQWV��VORZ�LQ�GUDZLQJ�UHYLVLRQ�DQG�
GLVWULEXWLRQ��

$GHZX\L�DQG�2WDOL��������IRXQG�WKDW��UHZRUN��GHVLJQ�FKDQJHV��ZDVWH�IURP�
XQHFRQRPLFDO� RXWOLQHV�� LQFOHPHQW� ZHDWKHU�� DQG� EDG� TXDOLW\� PDWHULDOV�
FRQWUDU\� WR� VSHFLILFDWLRQ� ZHUH� UDQNHG� DV� WKH� WRS� FDXVHV� RI� ZDVWH� LQ� WKH�
5LYHUV�6WDWH�RI�1LJHULD��,Q�1LJHULD��WKH�YDULRXV�FDXVHV�RI�PDWHULDO�ZDVWDJH�
LGHQWLILHG�E\�2ODGLUDQ��������DUH��FKDQJHV�LQ�GHVLJQ��HUURUV�DQG�PLVWDNHV�
RI�ZRUNHUV�� LPSURSHU� IORZ� RI� � FRPPXQLFDWLRQ�DPRQJVW� WKH�SDUWLHV��ZDVWH�
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UHVXOWLQJ� IURP� XQHFRQRPLFDO� VKDSH�� SRRU� VSHFLILFDWLRQV�� XQIDPLOLDULW\� RI�
GHVLJQHUV� ZLWK� DOWHUQDWLYH� SURGXFWV�� LPSURSHU� VXSHUYLVLRQ�� ZURQJ�
LQWHUSUHWDWLRQ� RI� GUDZLQJV�� YDQGDOLVP�� SRRU� VLWH� FRQGLWLRQV�� SRRU�
WUDQVSRUWDWLRQ�RI�PDWHULDOV��EXLOGLQJ�IDLOXUH�GHIHFWV��ORDGLQJ�DQG�XQORDGLQJ�
RI� PDWHULDOV�� SRRU� VHWWLQJ� RXW�� WKHIW� RI� PDWHULDO�� XVH� RI� VXEVWDQGDUG�
PDWHULDOV��EXON�PDWHULDO�GHOLYHU\��DQG�HUURUV�LQ�HVWLPDWLRQ�

7KH�SURFHGXUHV�IRU�FRQVWUXFWLRQ�PDWHULDOV�ZDVWH�TXDQWLILFDWLRQ�
7KH� TXDQWLILFDWLRQ� RI� WKH� DPRXQW� RI� FRQVWUXFWLRQ�PDWHULDO� ZDVWH� LV�
LPSRUWDQW�IRU�WKH�EXLOGLQJ�SUDFWLWLRQHUV�WR�SURSHUO\�SODQ�DQG�FRQWURO�WKHLU�
GLVSRVDO�WKHUHRI��-LQJNXDQJ��<RXVRQJ�DQG�<L\RQJ��������������/L��'LQJ��0L�
DQG�:DQJ������������KLJKOLJKW�WKDW�UHVHDUFKHUV�TXDQWLI\�FRQVWUXFWLRQ�VLWH�
ZDVWH�LQ�PDQ\�ZD\V�

,Q�WKH�1HWKHUODQGV��FRQVWUXFWLRQ�ZDVWH�KDV�EHHQ�PHDVXUHG�LQ�WKUHH�ZD\V��
DV� D� SHUFHQWDJH� RI� WKH� WRWDO� DPRXQW� RI� ZDVWH�� WKH� SXUFKDVHG� DPRXQW� RI�
PDWHULDO�� DQG� WKH� WRWDO�PDWHULDO�ZDVWH� FRVWV�� ,W� ZDV� DOVR� IRXQG� WKDW� WKH�
DPRXQW�RI�ZDVWH�IRU�HDFK�EXLOGLQJ�PDWHULDO�OLHV�EHWZHHQ����DQG�����RI�WKH�
DPRXQW�SXUFKDVHG��(NDQD\DNH�DQG�2IRUL�������������/LDWDV��������������

7KH�TXDQWLILFDWLRQ�RI�PDWHULDO�ZDVWH�LV�EDVHG�RQ�WKH�YROXPH�RI�VWRFNSLOHG�
ZDVWH��ZKLFK�LV�GHWHUPLQHG�HLWKHU�RQ�WKH�EDVLV�RI�D�UHFWDQJXODU�SULVP��RU�
LQ�D�S\UDPLGDO�VKDSH��1DJDSDQ��HW�DO� ����������

)LJXUH���� 7KH�YROXPH�PHWKRG�RI�S\UDPLG�VKDSH�

)LJXUH�����7KH�YROXPH�PHWKRG�RI�UHFWDQJXODU�VKDSH�
�6RXUFH��1DJDSDQ�HW�DO��������

)RU� WKH� S\UDPLGDO� VKDSH�� WKH� YROXPH � ���� �%� [� /� [� +��� DQG� IRU� WKH�
UHFWDQJXODU�SULVP�IRUP��WKH�FDOFXODWHG�YROXPH�LV� �/�[�%�[�+��:KHUH�/ LV�
WKH�OHQJWK��% LV�WKH�EDVH��DQG�+ LV�WKH�KHLJKW�
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:DVWH�*HQHUDWLRQ�5DWHV��:*5V��DUH�XVHIXO�YDULDEOHV�WKDW�OLH�DW�WKH�FRUH�RI�
PDQ\� HIIRUWV� IRU� XQGHUVWDQGLQJ� ZDVWH� PDQDJHPHQW� LQ� WKH� FRQVWUXFWLRQ�
VHFWRU�� :*5V� FDQ� SURYLGH� TXDQWLWDWLYH� LQIRUPDWLRQ� IRU� EHQFKPDUNLQJ�
GLIIHUHQW� FRQVWUXFWLRQ� ZDVWH�PDQDJHPHQW� SUDFWLFHV� �/X�� <XDQ�� /L�� +DR��
0L�� DQG�'LQJ� ����������� 7KLV� LV�DFKLHYHG�E\�PHDVXULQJ� WKH� TXDQWLW\� RI�
FRQVWUXFWLRQ�ZDVWH� JHQHUDWHG� E\�ZHLJKW� �WRQV�� IRU� HYHU\� VTXDUH�PHWUH� RI�
QRUPDOLVHG� IORRU� VSDFH� DW� WKH� FRQVWUXFWLRQ� VLWHV� �/DFKLPSDGLD�� 3HUHLUD��
7DKD��DQG�0RNKWDU������������

/X� HW� DO� ������� ����� VXJJHVWHG� WKDW� GLIIHUHQW� SUDFWLFHV� FDQ� EH� XVHG� WR�
PHDVXUH� ZDVWH�� HLWKHU� E\� ZHLJKW� �NJ� RU� WRQ��� RU� E\� YROXPH� �FXELF�
PHWUHV�P����+RZHYHU�� WKH�:*5V�DUH� FDOFXODWHG�E\�GLYLGLQJ� WKH�ZDVWH� E\�
HLWKHU� WKH� DPRXQW� RI� SXUFKDVHG� PDWHULDOV�� WKH� DPRXQW� RI� PDWHULDOV�
UHTXLUHG�E\�WKH�GHVLJQ��RU�SHU�VTXDUH�PHWUH�P��RI�*URVV�)ORRU�$UHD��*)$���
7KHUHIRUH��WKH�IRXU�W\SLFDO�PHDVXUHPHQWV�IRU�:*5V�DUH������WKH�SHUFHQWDJH�
RI� SXUFKDVHG� PDWHULDOV� ���� WKH� SHUFHQWDJH� RI� PDWHULDO� UHTXLUHG� E\� WKH�
GHVLJQ������NJ�P� RI�*)$��DQG�����P���P� RI�*)$��

ܴܩܹ ൌ
୭୲ୟ୪ ୡ୭୬ୱ୲୰୳ୡ୲୧୭୬ ୵ୟୱ୲ୣ ሺ୲୭୬ୱሻ

୭୲ୟ୪ ୪୭୭୰ ୱ୮ୟୡୣ ሺ୫ଶ ୭ ୬୭୰୫ୟ୪୧ୣୢ ୪୭୭୰ ୱ୮ୟୡୣሻ
;>Ƶ�Ğƚ�Ăů͕͘ ϮϬϭϭ͗�ϲϴϮͿ�

/L� HW� DO�� ������� ���� KLJKOLJKWHG� WKDW� PDWHULDO�ZDVWH� TXDQWLILFDWLRQ�
FRPPHQFHV� ZLWK� WKH� IROORZLQJ� VWHSV�� ���� OLVWLQJ� WKH� PDMRU� W\SHV� RI�
FRQVWUXFWLRQ�PDWHULDO�� ���� WKH�SXUFKDVHG�DPRXQW� RI�PDMRU�PDWHULDOV�� DQG�
����WKH�DFWXDO�0DWHULDO�:DVWH�5DWH�ሺ ሻܴܹܯ RI�HDFK�W\SH�RI�PDWHULDO�OLVWHG�
LQ����E\�GLYLGLQJ�WKH�DPRXQW�RI�ZDVWH�E\�HLWKHU�WKH�DPRXQW�RI�SXUFKDVHG�
PDWHULDO� �7DP� 6KHQ� DQG� 7DP�� ������� RU� E\� WKH� DPRXQW� RI� PDWHULDO�
UHTXLUHG�E\�WKH�GHVLJQ���DQG��ODVWO\������HVWLPDWLRQ�RI�WKH�SHUFHQWDJH�RI�WKH�
UHPDLQLQJ�ZDVWH�

0DMRU� PDWHULDOV� DFFRXQW� IRU� QHDUO\� ��� RI� WKH� WRWDO� FRQVWUXFWLRQ� ZDVWH��
7KH�UHPDLQLQJ�ZDVWH�RFFXSLHV�DSSUR[LPDWHO\����SHUFHQW�RI�WKH�WRWDO�ZDVWH�
�/L�HW�DO�� �������������

/LVWLQJ�WKH�PDMRU�W\SHV�RI�FRQVWUXFWLRQ�PDWHULDOV
$OWKRXJK�EXLOGLQJV�DFURVV�WKH�ZRUOG�DUH�YDULHG� LQ�EXLOGLQJ�VWUXFWXUH�DQG�
FRQVWUXFWLRQ� WHFKQLTXHV�� W\SLFDO� FRQVWUXFWLRQ� ZDVWH� FRPSRQHQWV� LQFOXGH��
FRQFUHWH�� EULFNV� DQG� EORFNV�� VWHHO� UHLQIRUFHPHQW�� WLPEHU�� FHPHQW� DQG�
PRUWDU�� FHUDPLF� WLOHV�� SODVWLF� DQG� FDUGERDUG�SDFNDJLQJ�PDWHULDOV�� DQG� VR�
RQ��/L�HW�DO�� �������������

,QYHVWLJDWLQJ WKH�SXUFKDVHG�DPRXQWV�RI�WKH�PDMRU�PDWHULDOV
7KH�DPRXQW�RI�PDWHULDO�SXUFKDVHG�FDQ�EH�GHWHUPLQHG�IURP�WKH�SXUFKDVLQJ�
UHFRUGV�RI�WKH�ILQLVKHG�SURMHFWV��RU� IURP�WKH�EXGJHW�GRFXPHQWV�RI�RQJRLQJ�
SURMHFWV�� 7KH� DPRXQW� LQ� WKH� EXGJHW� GRFXPHQW� JHQHUDOO\� LQFOXGHV� QRUPDO�
PDWHULDO�ORVV�GXULQJ�FRQVWUXFWLRQ��DQG�WKXV�LV�FORVH�WR�WKH�DFWXDO�SXUFKDVHG�
DPRXQW��/L�HW�DO�� �������������
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7KH�7DEOH���EHORZ�VKRZV�WKH�SUHYLRXV�VWXGLHV�IURP�GLIIHUHQW�FRXQWULHV�RQ�
ZDVWH� JHQHUDWLRQ�UDWHV�

7DEOH������3UHYLRXV�VWXGLHV�RQ�ZDVWH�JHQHUDWLRQ�UDWHV

6Q $XWKRU &RXQWU\ 0HDVXUHPHQW�RI�:*5V 0HWKRGRORJ\ &RQFOXVLRQV

� 6NR\OHV�
������

8. 3HUFHQWDJH�E\�ZHLJKW��RI�
WKH�DPRXQW�UHTXLUHG�
DFFRUGLQJ�WR�GHVLJQ�

'LUHFW�
REVHUYDWLRQ�DQG�
FRPSDULQJ�
FRQWUDFWRU·V�
UHFRUG

������E\�ZHLJKW�DFFRXQW�WR�WKH�
DPRXQW�SXUFKDVHG�IRU����
PDWHULDOV

� 0F�*UHJRU�HW�
DO��������

86$ :HLJKW�DQG�SHUFHQWDJH�
RI�WRWDO�ZDVWH�IURP�DQ�
LQGLYLGXDO�SURMHFW

4XHVWLRQQDLUH�
DQG�WHOHSKRQH�
VXUYH\

9DULHG�ZLWK�FRQVWUXFWLRQ�W\SH�
DQG�SURMHFW�FRVW

� %RVVLQN�	�
%URXZHUV�
������

1HWKHUODQG 3HUFHQWDJH�E\�ZHLJKW��RI�
SXUFKDVHG�PDWHULDOV�

6RUWHG�DQG�

ZHLJKWHG�WKH�

ZDVWH�PDWHULDOV

������E\�ZHLJKW�RI�WKH�DPRXQW�
SXUFKDVHG�IRU�VHYHQ�PDWHULDOV��

ZLWK�DQ�DYHUDJH�RI����

� 0FGRQDOG�	�
6PLWKHUV�
������

$XVWUDOLD 7KH�YROXPH��P���RI�
ZDVWH�JHQHUDWHG�SHU�P��
RI�JURVV�IORRU�DUHD

6RUW�LQ�ZDVWH�ELQV�
DQG�GHOLYHU\�
UHFRUGV�RI�ELQV

7RWDO�ZDVWH�UDWH�������P��P�

� )RUVWKH�DQG�
0DUVGHQ�
������

$XVWUDOLD :DVWH�RUGHUHG�
PDWHULDOV�LQVLWX�
TXDQWLWLHV

,QVLWX�TXDQWLWLHV�
IURP�GUDZLQJV�RU�
VLWH�
PHDVXUHPHQW��
RUGHUHG�PDWHULDOV�
IURP�GHOLYHU\�DQG�
RUGHU�GRFXPHQW

0D[LPDO�DQG�PLQLPDO�
JHQHUDWLRQ�UDWH�IRU�HLJKW�
PDWHULDOV�E\�SHUFHQWDJH�LQ�WZR�
SURMHFWV

� 3RRQ�HW�DO��
������

+RQJ�.RQJ 3HUFHQWDJH�E\�ZHLJKW�RU�
YROXPH�DFFRUGLQJ�WR�
GLIIHUHQW�PDWHULDOV

6LWH�REVHUYDWLRQ�

DQG�TXHVWLRQQDLUH

�����IRU�SXEOLF�KRXVLQJ�DQG���
�����IRU�SULYDWH�KRXVLQJ

� 0RUULV�
6SHFLILFDWLRQ
V�,QF��������

&DQDGD 1$ 1$ :*5V�IRU�PDLQ�FRQVWUXFWLRQ�
PDWHULDOV��ZRRG��GU\ZDOO��
PHWDO��FRQFUHWH��RWKHUV��DUH�
JLYHQ

� )RUPRVR�HW�
DO��������

%UD]LO ࢋ࢚࢙ࢇࢃ ሺΨሻ ൌ
ሼ୮୳୰ୡ୦ୟୱୣୢି୍୬୴ሻିୢୣୱ୧୬ሽ

ୢୣୱ୧୬ୣୢ

ZKHUH�,QY�LQGLFDWHV�WKH�
ILQDO�LQYHQWRU\�RI�
PDWHULDOV

'LUHFW�
REVHUYDWLRQ�DQG�
FRQWUDFWRUV�UHFRUG

�����������E\�ZHLJKW�DFFRUGLQJ

WR�WKH�DPRXQW�SXUFKDVHG�IRU�
HLJKW�PDWHULDOV

� 7UHORDU�HW�DO��
������

$XVWUDOLD 1RW�FOHDU &RQVXOWDWLRQ�ZLWK�
FRQVWUXFWLRQ�
FRPSDQ\�
HPSOR\HU

������IRU�HLJKW�PDWHULDOV

�� 3RRQ�HW�DO��
������

+RQJ�.RQJ 7KH�YROXPH��P���RI�
ZDVWH�JHQHUDWHG�SHU�P��
RI�JURVV�IORRU�DUHD

9LVXDO�LQVSHFWLRQ��
WDSH�
PHDVXUHPHQW��
WUXFN�ORDG�UHFRUGV

7KH�WRWDO�ZDVWH�JHQHUDWLRQ�
UDWH������P��P�������
����P��P��

�� /LQ������� 7DLZDQ 7KH�YROXPH��P���RI�
ZDVWH�JHQHUDWHG�SHU�P��
RI�JURVV�IORRU�DUHD

7KH�QHXWUDO�

QHWZRUN�PHWKRG

����P��P���IRU�IDFWRU\�DQG�
���������P��P��IRU�UHVLGHQWLDO

�� 7DQ�HW�DO��
������

+RQJ�.RQJ :DVWH�OHYHO ��0DWHULDO�
SXUFKDVHG�PDWHULDO�
XVHG��PDWHULDO�XVHG�
PXOWLSOLHG�E\����

,QWHUYLHZ�ZLWK�
WKH�SHRSOH�
LQYROYHG�LQ�WKH�
LQGXVWU\

��������DQG������������E\�
ZHLJKW�IRU�ILYH�PDWHULDOV�
DFFRUGLQJ�WR�GLIIHUHQW�VXE�
FRQWUDFWLQJ�DUUDQJHPHQWV

,QYHVWLJDWLQJ�WKH�DFWXDO�PDWHULDO�ZDVWH�UDWH
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0:5�LV�PHDVXUHG�E\�GLYLGLQJ�WKH�DPRXQW�RI�ZDVWH�E\�HLWKHU�WKH�DPRXQW�
RI� SXUFKDVHG�PDWHULDO �7DP� 6KHQ� DQG�7DP�� ������� RU� E\� WKH� DPRXQW� RI�
PDWHULDO� UHTXLUHG�E\�WKH�GHVLJQ��7KH� WZR�SRVVLEOH� UDWHV�ZRXOG�GLIIHU� WR�D�
YHU\�VPDOO�H[WHQW��XQOHVV�WKH�UDWH�LV�KXJH��0:5�LV�HYDOXDWHG�DV�WKH�UDWLR�
RI�ZDVWH�PDWHULDO�WR�SXUFKDVHG�PDWHULDO��H[SUHVVHG�DV�D�SHUFHQWDJH��/L�HW�
DO����������������

(VWLPDWLRQ�RI�WKH�SHUFHQWDJH�RI�UHPDLQLQJ�ZDVWHV
,Q�DGGLWLRQ�WR�WKH�ZDVWH�JHQHUDWHG�IURP�WKH�PDMRU�PDWHULDOV�OLVWHG�LQ�WKH�
ILUVW� SKDVH�� WKHUH� DUH� DOVR� QXPHURXV� W\SHV� RI� VPDOO� TXDQWLWLHV� RI� ZDVWH��
VXFK� DV� FDUGERDUG� SDFNDJLQJ�� SODVWLF� SLOH�� LURQ�ZLUH�� DQG� VR� IRUWK�� 7KHVH�
UHPDLQLQJ�ZDVWHV� LQFOXGH�QXPHURXV�FDWHJRULHV��EXW� WKH\�FRPSULVH�RQO\�D�
VPDOO�SDUW�RI�WKH�WRWDO�ZDVWH�E\�ZHLJKW�

3UHYLRXV� VWXGLHV� KDYH� UHYHDOHG� WKDW� WKH� ZDVWH� JHQHUDWHG IURP� PDMRU�
PDWHULDOV�DFFRXQWV�IRU�QHDUO\����SHUFHQW�RI�WKH�WRWDO�FRQVWUXFWLRQ�ZDVWH��,W�
FDQ� EH� GHGXFHG� WKDW� LQ� WKLV� VLWXDWLRQ�� WKLV� UHPDLQLQJ� ZDVWH� FRPSULVH�
DSSUR[LPDWHO\����SHUFHQW�RI�WKH�WRWDO�ZDVWH��/L�HW�DO����������������

&DOFXODWLRQ�RI�ZDVWH�JHQHUDWLRQ�SHU�JURVV�IORRU�DUHD��ZJD�
,Q� WKH� ILUVW� VWHS�� WKH� WRWDO� FRQVWUXFWLRQ� ZDVWH� JHQHUDWHG� RQ� VLWH� LV�
FDOFXODWHG�XVLQJ�(T������

:* �σ ሺ݅ܯ ሺ݅ݎሻ  ሻݓ
ୀଵ «««««««««««««««««««««��

ZKHUH�:*�UHIHUV�WR�WKH�WRWDO�FRQVWUXFWLRQ�ZDVWH�JHQHUDWHG�IURP�WKH�SURMHFW
E\�ZHLJKW��NJ���0L�PHDQV�WKH�SXUFKDVHG�DPRXQW�RI�PDMRU�PDWHULDO�L�LQ�WKH�
LGHQWLILHG�OLVW�E\�ZHLJKW��NJ���UL�LV�WKH�0:5�RI�PDMRU�PDWHULDO�L��:��LV�WKH�
UHPDLQLQJ�ZDVWH��Q�LV�WKH�QXPEHU�RI�PDMRU�PDWHULDO�W\SHV�

,Q�WKH�VHFRQG�VWHS��WKH�WRWDO�:*$�LV�FDOFXODWHG XVLQJ�(T���

ܣܩܹ ൌ
ௐீ

ீி
ǡ ««««««««««««««««««««««««««««««��

:KHUH�*)$�LV�WKH�JURVV�IORRU�DUHD�RI�WKH�EXLOGLQJ�SURMHFW�LQ�PHWHU�VTXDUH�
�P����/L�HW�DO�� �������������

6XPPDU\�DQG�OLWHUDWXUH�JDS
,W� LV� REYLRXV� IURP� WKH� OLWHUDWXUH� WKDW� SDVW� UHVHDUFK� RQ� PDWHULDO� ZDVWH�
TXDQWLILFDWLRQ� IRFXVHG� RQ� GLUHFW� RQ� VLWH� PHDVXUHPHQW� RI� ZDVWH� �IRU�
LQVWDQFH��PHDVXULQJ�ZDVWH�DV�D�SHUFHQWDJH�RI�WKH�WRWDO�DPRXQW�RI�ZDVWH�RU�
EDVHG� RQ� WKH� YROXPH� RI� VWRFNSLOHG�ZDVWH�� DQG� E\�PHDVXUHPHQW� RI�ZDVWH�
JHQHUDWLRQ� UDWHV�� +RZHYHU�� QRQH� RI� WKLV� UHVHDUFK� IRFXVHG� VSHFLILFDOO\� RQ�
XVLQJ�SDUDPHWHUV� VXFK�DV�HVWLPDWHG�YROXPH�RI�PDWHULDOV� IURP� WKH�ELOO� RI�
TXDQWLWLHV�RU�EXLOGLQJ�VL]H��OHQJWK�E\�ZLGWK�E\�KHLJKW��IURP�WKH�GUDZLQJ�WR�
SUHGLFW�PDWHULDO� ZDVWH�� +HQFH�� WKH� QHHG� IRU� WKLV� UHVHDUFK� DV� WKH� SURMHFW�
PDQDJHU�RU�RWKHU�SURIHVVLRQDOV�GR�QRW�QHHG�WR�JR�WR�VLWH�RU�ZDLW�XQWLO�WKH�
ZDVWH�LV�JHQHUDWHG�RQ�VLWH�EHIRUH�WKH�YROXPH�RI�ZDVWH�FDQ�EH�NQRZQ���
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5(6($5&+�0(7+2'2/2*<

7KH� UHVHDUFK� HPSOR\HG� WKH� TXDQWLWDWLYH� PHWKRG� WKDW� LV� URRWHG� LQ� WKH�
SRVLWLYLVW� UHVHDUFK� SDUDGLJP�� ,W� LV� TXDQWLWDWLYH� EHFDXVH�� WKH� GDWD� ZHUH�
JHQHUDWHG� IURP� WKH� QXPHULF� PHDVXUHPHQW� RI� WKH� YROXPH� RI� RQ�VLWH�
PDWHULDO� ZDVWH�� WKH� GHVLJQHG� TXDQWLWLHV� RI� WKH� EXLOGLQJ� PDWHULDOV�� DOO�
FRQYHUWHG� WR� FXELF� PHWUH� �YROXPH��� WKH� YROXPH� RI� PDWHULDOV� XVHG� IRU�
SURMHFWV��WKH�EXLOGLQJ�YROXPH��OHQJWKZLGWKKHLJKW���WKH�HVWLPDWHG�FRVW�RI�
SURMHFWV�� WKH�HVWLPDWHG� WLPH� IRU�SURMHFWV�� WKH�DFWXDO� WLPH� �WLPH�QRZ���DQG�
WKH� SHUFHQWDJH� RI� ZRUN� FRPSOHWHG�� 7KH� WDEOH� FRQWDLQLQJ� WKHVH� GHWDLOV� LV�
SUHVHQWHG�LQ�$SSHQGL[���RI�WKLV�VWXG\�

7KH�VWXG\�SRSXODWLRQ�LV�SXEOLF�DQG�SULYDWH�RQ�JRLQJ EXLOGLQJ�FRQVWUXFWLRQ�
SURMHFWV�ZLWKLQ�$EXMD��WKH�)HGHUDO�&DSLWDO�7HUULWRU\�RI�1LJHULD��IURP�ZKLFK�
D�VDPSOH�RI����SURMHFWV�ZDV�VHOHFWHG��2QO\�EXLOGLQJ�SURMHFWV�ZLWK�YDOXH�RI�
���� ELOOLRQ� 1DLUD� ��� PLOOLRQ� 8'�� DQG� DERYH�� ZHUH� VHOHFWHG� XVLQJ� WKH�
SXUSRVLYH�VDPSOLQJ�WHFKQLTXHV��$V�DW�WKH�SHULRG�RI�GDWD�FROOHFWLRQ��RQO\����
RI� VXFK� SURMHFWV�ZHUH� QRWLFHDEOH� 7KH� UDWLRQDOH� IRU� WKLV� VHOHFWLRQ� LV� WKDW��
EXLOGLQJ�FRQVWUXFWLRQ� SURMHFWV� RI� WKLV� YDOXH� DQG� DERYH� DUH� OLNHO\� WR�
JHQHUDWH�ODUJH�TXDQWLWLHV�RI�PDWHULDO�ZDVWH�ZKHQ�FRPSDUHG�ZLWK�SURMHFWV�
RI�OHVV�YDOXH��6DLGX�	�6KDNDQWX��������������

$EXMD�DV�D�JHRJUDSKLFDO�FDVH�VWXG\�DUHD�ZDV�VHOHFWHG�EHFDXVH�� LW�KDV�WKH�
KLJKHVW�SRSXODWLRQ�RI�SURIHVVLRQDOV�ZLWKLQ�WKH�EXLOW�HQYLURQPHQW� DQG�KDV�
PDQ\�RQ�JRLQJ�EXLOGLQJ�FRQVWUXFWLRQ�SURMHFWV��

7KLV� VWXG\� IRFXVHG� PDLQO\� RQ� SULPDU\� GDWD�� ZKLFK� LQFOXGHG�� WKH� ILHOG�
LQYHVWLJDWLRQ� RQ� WKH� RQ�VLWH� PDWHULDO� ZDVWH� DQG� GDWD� IURP� WKH� DUFKLYDO�
UHFRUGV� �GUDZLQJV�� ELOOV� RI� TXDQWLWLHV�� SURMHFW� SURJUHVV� UHSRUWV�� DQG�
VSHFLILFDWLRQV��� 7KH� VWUXFWXUDO� FRPSRQHQWV� RI� WKH� EXLOGLQJV� DUH�PRVWO\� RI�
UHLQIRUFHG� FRQFUHWH�VWHHO� VWUXFWXUHV� ZLWK� KROORZ� EXW� ILOOHG� VROLG�VROLG�
VDQGFUHWH�EORFNV�

7KH�UHVHDUFK�LV�GHVLJQHG�WR�DQVZHU�WKH�IROORZLQJ�UHVHDUFK�TXHVWLRQV�

�� :KDW� DUH� WKH� SDUDPHWHUV�� FRQVWDQW� DQG� FRHIILFLHQW� YDOXHV� IRU�
SUHGLFWLQJ� WKH� YROXPH� RI� RQVLWH� PDWHULDO� ZDVWH� IRU� D� EXLOGLQJ�
SURMHFW"

�� :KDW� DUH� WKH� SDUDPHWHUV�� FRQVWDQW� DQG� FRHIILFLHQW� YDOXHV� IRU�
SUHGLFWLQJ�WKH�YROXPH�RI�PDWHULDOV�WR�EH�XVHG�IRU�D�SURMHFW"

$UFKLYDO�UHFRUGV��
7KH�GHVLJQHG�YROXPH�RI�PDWHULDOV�IRU�HDFK�EXLOGLQJ�SURMHFW�ZHUH�JHQHUDWHG�
IURP� WKH�PHDVXUHG� TXDQWLWLHV� RI� HDFK�PDWHULDO� IURP� WKH� SULFHG�XQSULFHG�
ELOOV�RI�TXDQWLWLHV��%24��SUHSDUHG�IRU�WKH�SURMHFW��7KH�PHDVXUHPHQW�XQLWV�
RI�HDFK�PDWHULDO��DV�FRQWDLQHG�LQ WKH�%24��OLQHDU��VTXDUH�DQG�FXELF�PHWUH��
QXPEHU��NLORJUDP��WRQQH��DQG�VR�RQ��ZHUH�FRQYHUWHG�WR�D�FRPPRQ�VWDQGDUG�
XQLW� �YROXPH�FXELF� PHWUH��� 7KH� FRQYHUWHG� YROXPHV� ZHUH� VXPPHG� XS� WR�
DFKLHYH�WKH�7RWDO�9ROXPH�RI�0DWHULDOV�IRU�HDFK�%XLOGLQJ��79R0%��

:KHUH�DFFHVV�WR�%24�ZDV�GHQLHG��WKH�YROXPH�RI�PDWHULDO�ZDV�JHQHUDWHG�E\�
WDNLQJ� GLUHFW� PHDVXUHPHQWV� RI� WKH� TXDQWLWLHV� IURP� GUDZLQJV�� DQG� E\�
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PDNLQJ� WKH�QHFHVVDU\�DGMXVWPHQW� �IRU� RSHQLQJV��SODVWHULQJ�� ILQLVKHV�� DQG�
VR� IRUWK��� LQ� DFFRUGDQFH� ZLWK� WKH� UXOHV� RI� WKH� 6WDQGDUG� 0HWKRG� RI�
0HDVXUHPHQW� �600�� IRU� EXLOGLQJ� ZRUNV�� LQ� RUGHU� WR� GHWHUPLQH� WKH� QHW�
YROXPH�RI�PDWHULDOV�IRU�WKH�EXLOGLQJV�

7KH�YROXPH�RI�PDWHULDO�XVHG�IRU�HDFK�SURMHFW�ZDV�GHWHUPLQHG�IURP�WKH� ¶��
RI�:&· DQG�WKH� ¶79R0%·��7KH� ¶EXLOGLQJ�YROXPH��/%:�·��ZDV�PHDVXUHG�
IURP� WKH� GHVLJQ�ZRUNLQJ� GUDZLQJ�� 7KLV� LQYROYHV� PHDVXULQJ� DQG�
PXOWLSO\LQJ�WKH�OHQJWK��ZLGWK��DQG�WKH�KHLJKW�RI�WKH�EXLOGLQJ�

7KH� GDWD� RQ� 7LPH� 1RZ ሺܶܰሻ�� WKH� 3HUFHQWDJH� RI� WKH� :RUN� &RPSOHWHG�
ሺΨ ݂ ሻǡܥܹ IRU� GLIIHUHQW� SURMHFWV� ZHUH� JHQHUDWHG� IURP� WKH� UHFRUGV� RI�
SURMHFWV�FRPSLOHG�E\�WKH�4XDQWLW\�6XUYH\RU

)LHOG�LQYHVWLJDWLRQV��
7KH� GDWD� RQ� WKH� YROXPH� RI� RQ�VLWH� PDWHULDO� ZDVWH� ZDV� JHQHUDWHG� E\�
SK\VLFDO� RQ�VLWH� PHDVXUHPHQWV� ZLWK� WKH� DLG� RI� PHDVXULQJ� LQVWUXPHQWV��
VXFK�DV�WDSH�DQG�PHDVXUHPHQW�UXOH� 7KH�YROXPH�RI�WKH�VWRFNSLOHG�ZDVWH�LV�
GHWHUPLQHG�E\�WKH�VKDSH�LW�FUHDWHG�RQ�VLWH��IRU�LQVWDQFH��UHFWDQJXODU�SULVP��
S\UDPLGDO�VKDSH��DQG�VR�IRUWK�

:KHUH�WKH�JHQHUDWHG�RQ�VLWH�PDWHULDO�ZDVWH�KDV�DOUHDG\�EHHQ�GLVSRVHG�DQG�
UHPRYHG� IURP�VLWH��D� UHTXHVW�ZDV�PDGH� WR�DOORZ�WKH�UHVHDUFKHU� WR�DFFHVV�
WKH� WRWDO� YROXPH� �PDWHULDO� ZDVWH�� GLVSRVHG�UHPRYHG� IURP� WKH� SURMHFW·V�
RQVLWH�UHFRUGV��QXPEHU�RI�WUXFN� ORDG�UHFRUG��

$QDO\VHV�RI�WKH�GDWD��
7KH� LQIHUHQWLDO� DQDO\VLV� RI� WKH� GDWD�ZDV� HPSOR\HG� LQ� WKLV� VWXG\� DQG� WKH�
UHVXOWV�ZHUH�SUHVHQWHG�LQ�7DEOHV�DQG�)LJXUHV�

5HJUHVVLRQ� DQDO\VHV� DUH� XVHG� WR� GHVFULEH� GDWD� DQG� WR� H[SODLQ� WKH�
UHODWLRQVKLS�EHWZHHQ�RQH�GHSHQGHQW�YDULDEOH�DQG�RQH�RU�PRUH�LQGHSHQGHQW�
YDULDEOHV��7KH\�DUH�DOVR�XVHG�DV�D�EDVLF�SUHGLFWLYH�DQDO\VLV��7KH�VLPSOHVW�
IRUP� LV� ZLWK� RQH� GHSHQGHQW� DQG� RQH� LQGHSHQGHQW� YDULDEOH� �0RUHQLNHML��
������

7KH�OLQHDU�UHJUHVVLRQ�HTXDWLRQ�ZDV�XVHG�WR�GHYHORS�WKH�VWDWLVWLFDO�PRGHOV��
)RU�D�OLQHDU�UHJUHVVLRQ�HTXDWLRQ�

࢟ ൌ ࢇ  Ǣ࢞࢈ ࢞ ൌ ࢇ െ
࢟

࢈
Ǣ ܽ݊݀ ࢈ ൌ

ሻ࢟ሻሺσ࢞ሺσି࢟࢞σ

 σ࢞ିሺσ࢞ሻ
Ǥ

:KHUH�ǲݕǳ LV�WKH�GHSHQGHQW�YDULDEOH��YROXPH�RI�PDWHULDO�ZDVWH��̶ݔ̶� LV�WKH�
LQGHSHQGHQW�YDULDEOH��EXLOGLQJ�YROXPH���ǲܾǳ LV�WKH�FRHIILFLHQW�RI�ǲݔǢ DQG�ǲܽǳ
LV�D�FRQVWDQW�

7KLV�VWXG\�ZDV�FRQGXFWHG�EHWZHHQ�'HFHPEHU������WR�0DUFK������DQG�WKH�
DSSUR[LPDWH�FRQYHUVLRQ�UDWHV�DV�DW�1RYHPEHU������ZHUH��1LJHULDQ�1DLUD�
WR�86�GROODU� �ଂ���� ��86'�

6LQFH� WKH� SURMHFWV� FRQVLGHUHG� ZHUH� RQ�JRLQJ�� WKH� DYHUDJH� SHUFHQWDJH�
FRPSOHWLRQ� IRU� WKH� HQWLUH� SURMHFWV� ZDV� ������ DV� DW� WKH� SHULRG� RI� GDWD�
FROOHFWLRQ�
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5HOLDELOLW\�DQG�9DOLGLW\�RI�WKH�UHVHDUFK�
5HOLDELOLW\�LQ�UHVHDUFK�LV�JHQHUDOO\�WKH�DELOLW\�RI�D�FROOHFWHG�GDWD��DQG�WKH�
LQWHUSUHWDWLRQ�RU�WKH�DQDO\VLV�WR EH�GHSHQGDEOH��WUXVWZRUWK\��XQLIRUP�DQG�
UHSHDWDEOH��0LOOHU���������9DOLGLW\�GHWHUPLQHV�ZKHWKHU�WKH�UHVHDUFK�WUXO\�
PHDVXUHV� WKDW� ZKLFK� LW� ZDV� LQWHQGHG� WR� PHDVXUH�� RU� KRZ� YDOLG� WKH�
UHVHDUFK�UHVXOWV�DUH��*RODIVKDQL���������

$OO� LQIRUPDWLRQ� SUHVHQWHG� LQ� WKLV� UHVHDUFK� DUH� IDFWXDO�� VXEVWDQWLDWHG� E\�
WKH� FROOHFWLRQ� RI� WKH� UHOHYDQW� GDWD��$OO� WKH� IHHGEDFNV� DUH� LQFRUSRUDWHG� LQ�
WKH� VWXG\� LQVWUXPHQW� LQ� WKH� UHVHDUFK� UHSRUW�� 7KHUH�� WKH� UHVXOWV� FDQ� EH�
WUXVW�ZRUWK\�

5(68/76�

7DEOH���VKRZV�WKDW����YDOLG�FRQVWUXFWLRQ�SURMHFWV�ZHUH�YLVLWHG�LQ�WKH�VWXG\�
DUHD��7KH�SURMHFWV·�YDOXHV�UDQJHG�IURP�ଂ������ELOOLRQ�WR�ଂ���ELOOLRQ��5������
PLOOLRQ� WR� 5����� ELOOLRQ�� ZLWK� D� PHDQ� DYHUDJH� RI� ଂ������ ELOOLRQ�
�5������PLOOLRQ���ZKLFK�DUH�DERYH�WKH�WDUJHW�RI�ଂ����ELOOLRQ��5����PLOOLRQ��
VWDWHG� LQ� VHFWLRQ��� RI� WKLV� VWXG\��7KH�SURMHFWV�KDG�DWWDLQHG�EHWZHHQ��� WR�
���� FRPSOHWLRQ� ZLWK� D� WRWDO� DYHUDJH� FRPSOHWLRQ� RI� ������ 7KH�
¶HVWLPDWHG� WLPH· IRU� WKH�SURMHFWV� UDQJHG� IURP���� WR����PRQWKV��ZLWK�DQ�
DYHUDJH�RI����PRQWKV��ZKLOH�WKH�¶DFWXDO�WLPH· �WLPH�QRZ��UDQJHG�IURP���WR�
���PRQWKV��ZLWK�DQ�DYHUDJH�RI������PRQWKV�

7KH� PHDVXUHG� ¶%XLOGLQJV� 9ROXPH·� �/:+� UDQJHG� IURP� �������� WR�
������������ FXELF�PHWUHV�ZLWK�DQ�DYHUDJH�RI����������� FXELF�PHWUHV��7KH�
¶YROXPH�RI�PDWHULDOV�XVHG· IRU�WKH�SURMHFWV�UDQJHG�IURP���������WR������
������ FXELF� PHWUHV�� ZLWK� DQ� DYHUDJH� RI� ��������� FXELF� PHWUHV�� 7KH�
¶JHQHUDWHG� YROXPH� RI� RQVLWH� PDWHULDO� ZDVWH· UDQJHG� IURP� ����� WR�
��������FXELF�PHWUHV� ZLWK�DQ�DYHUDJH�RI�������FXELF�PHWUHV�

7KH� FROOHFWHG� GDWD� IURP�ZKLFK� WKLV� VXPPDU\�ZDV� GUDZQ� LV� SUHVHQWHG� LQ�
WKH�DSSHQGL[���RI�WKLV�VWXG\�

7DEOH����6XPPDU\�RI�WKH�DUFKLYDO�UHFRUG�DQG�ILHOG�LQYHVWLJDWLRQV�IRU�WKH�GDWD�
FROOHFWHG
'HVFULSWLYH�6WDWLVWLFV 9DOLG�QXPEHU�

RI�SURMHFWV
0LQLPXP 0D[LPXP 0HDQ� 6WDQGDUG�'HYLDWLRQ

(VWLPDWHG�&RVW�RI�
3URMHFW��(&���ଂ�

�� �����������
�����

��������������
���

������������
�����

������������������

(VWLPDWHG�7LPH�IRU�WKH�
3URMHFW��0RQWK�

�� �����PRQWK �����PRQWK �����
PRQWK

����

7LPH�1RZ��0RQWK� �� ����PRQWK �����PRQWK �����
PRQWK

�����

%XLOGLQJ�9ROXPH�
�/:+�

�� ��������P� ���������P� ���������
P�

�������������

(VWLPDWHG�YROXPH�RI�
PDWHULDOV�IRU�3URMHFW�
�0��

�� �������P� ���������P� ��������P ����������

9ROXPH�RI�PDWHULDOV�
XVHG��0��

�� �������P� ���������P� ��������P ���������

*HQHUDWHG�YROXPH�RI�
RQVLWH�PDWHULDO ZDVWH�
�0��

�� �����P� �������P� ������P� �����

7UDQVIRUPHG������
9ROXPH�RI�ZDVWH�

�� ������P� ��������P� �������P� ��������
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5HJUHVVLRQ�DQDO\VHV�DQG�PDWKHPDWLFDO�PRGHOV�
7KLV� VHFWLRQ� SUHVHQWV� WKH� UHVXOWV� RI� WKH� OLQHDU�UHJUHVVLRQ� DQDO\VHV�
SHUIRUPHG�DQG�WKH PDWKHPDWLFDO�PRGHOV�GHYHORSHG�IURP�WKH�DQDO\VHV�

5HODWLRQVKLS�EHWZHHQ�WKH�9ROXPH�RI�0DWHULDOV�8VHG� IRU�3URMHFWV� �9083��
�������DYHUDJH�SURMHFWV�FRPSOHWLRQ��DQG�WKH�%XLOGLQJ�9ROXPH��/:+�·�

7DEOH���VKRZV WKH�UHVXOW�RI� WKH�UHJUHVVLRQ�DQDO\VLV�EHWZHHQ�WKH�%XLOGLQJ�
9ROXPH��/:+��DQG�WKH�9083��������FRPSOHWLRQ���7KH�UHVXOW�GHSLFWV�D�
OLQHDU�DQG�D�VWURQJ�FRUUHODWLRQ�ZLWK�WKH�5�VTXDUH��5���YDOXH�RI���������7KH�
SUREDELOLW\� YDOXH� ��������� LV� OHVV� WKDQ� WKH� ��� VLJQLILFDQFH� OHYHO�� DQG� WKH�
K\SRWKHVLV�ZDV�WHVWHG�DW�WKH�����FRQILGHQFH�OHYHO��

7KHUHIRUH�� WKH�UHODWLRQVKLS� LV�VWDWLVWLFDOO\�VLJQLILFDQW��DQG�WKH�DOWHUQDWLYH�
K\SRWKHVLV�LV�DFFHSWHG��ZKLOH�WKH�QXOO�K\SRWKHVLV�LV�UHMHFWHG��

7KH�UHVXOW�VKRZV�WKDW�DQ\�FKDQJH�LQ�WKH�HLWKHU�RI�WKH�YDULDEOHV��;�DQG�<��
ZRXOG�OHDG�WR�D�FRUUHVSRQGLQJ�FKDQJH�LQ�WKH�RWKHU�

7DEOH����5HVXOW�RI�UHJUHVVLRQ�DQDO\VLV�EHWZHHQ�EXLOGLQJ�YROXPH��/:+��DQG�
WKH�9083��������FRPSOHWLRQ�

6
�Q 9DULDEOHV

7
\SH�RI�

P
RGHO

2EVHUYDWLRQ ,QIHUHQFH
; < 5HJUHVVLRQ�

(TXDWLRQ
5�
VTXDUH

3UREDE
LOLW\�
YDOXH

6WUHQJWK�RI
UHODWLRQVKLS

5HPDUNV� $FWLRQ�RQ�
+\SRWKHVHV

� %XLOGLQJ�
YROXPH�
�P���
�/:+�

9ROXPH�RI�
PDWHULDOV�
XVHG�IRU�
SURMHFW��P���
�����

/
LQ
HDU�UHJUHVVLRQ

(VWLPDWHG�
YROXPH�RI�
PDWHULDOV�
XVHG�
 ����������
�������ݔ�

������ ������ 6WURQJ 6WDWLVWLFDO
O\�
VLJQLILFDQ
W

$FFHSW�+L�
DQG�UHMHFW�
+R

7KHUHIRUH�� WR� SUHGLFW� WKH� 9083� ������� SURMHFW� FRPSOHWLRQ�� XVLQJ� WKH�
%XLOGLQJ�9ROXPH� �/:+�� IRU� WKDW�SURMHFW�ZLOO� EH�GHWHUPLQHG�E\��DGGLQJ�
WKH� FRQVWDQW� YDOXH� ������������ WR� WKH� FRHIILFLHQW� YDOXH� RI� WKH� %XLOGLQJ�
9ROXPH� ���������� DQG� PXOWLSOLHG� E\� WKH� YDOXH� RI� WKH� ¶%XLOGLQJ� 9ROXPH�
�/:+�·�DV�VKRZQ�LQ�)LJXUH����7KLV�UHVXOW�LV�LQ�OLQH�ZLWK�WKH�ILQGLQJV�RI�
1DJDSDQ� HW� DO� �������ZKR� FRQFOXGHG� WKDW� WKH� TXDQWLILFDWLRQ� RI� ZDVWH� LV�
EDVHG�RQ�WKH�YROXPH�RI�VWRFNSLOHG�ZDVWH�DQG�WKDW�RI�/X�HW�DO� �������ZKR�
FRQFOXGHG�WKDW�ZDVWH�FRXOG�EH�TXDQWLILHG�XVLQJ�GLIIHUHQW�SUDFWLFHV��RQH�RI�
ZKLFK�LV�E\�YROXPH��7KLV�UHVXOW�TXDQWLILHV�PDWHULDO�ZDVWH�E\�YROXPH�

)LJXUH����0DWKHPDWLFDO�PRGHO�IRU�SUHGLFWLQJ�WKH�YROXPH�RI�PDWHULDOV�WR�EH�XVHG�IRU�D�
SURSRVHG�EXLOGLQJ�SURMHFW��������FRPSOHWLRQ�
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5HODWLRQVKLS� EHWZHHQ� WKH� 9083� ����� FRPSOHWLRQ� DQG� WKH� %XLOGLQJ�
9ROXPH��/:+��

7KH�UHVXOWV� LQ�7DEOH���GHSLFWV� WKDW�� LI� WKH�SURMHFW� LV������FRPSOHWHG�� WKH�
UHJUHVVLRQ�DQDO\VLV�EHWZHHQ�WKH�%XLOGLQJ�9ROXPH��/:+�·�DQG�WKH�9083�
������� DOVR� UHYHDOV� D� OLQHDU� DQG� D� YHU\�VWURQJ� FRUUHODWLRQ� ZLWK� WKH� �5�
VTXDUH�� YDOXH� RI� ������� 7KH� SUREDELOLW\� YDOXH� �������� ZDV� OHVV� WKDQ� WKH�
����� ����� OHYHO�RI� VLJQLILFDQFH��DQG� WKH�K\SRWKHVLV�ZDV� WHVWHG�DW� WKH�����
FRQILGHQFH�OHYHO��

7KH�UHODWLRQVKLS�LV�VWDWLVWLFDOO\�VLJQLILFDQW��DQG�WKH�DOWHUQDWLYH�K\SRWKHVLV�
LV�DFFHSWHG��ZKLOH�WKH�QXOO�K\SRWKHVLV�LV�UHMHFWHG��

7DEOH����5HVXOW�RI�UHJUHVVLRQ�DQDO\VLV�EHWZHHQ�WKH�%XLOGLQJ�9ROXPH��/:+��
DQG�WKH�9083�������FRPSOHWLRQ�

6
�Q 9DULDEOHV

7
\SH�RI�P

RGHO

2EVHUYDWLRQ ,QIHUHQFH

; < 5HJUHVVLRQ�
(TXDWLRQ

5� 3UREDELO
LW\�YDOXH

6WUHQJWK�RI�
UHODWLRQVKLS

5HPDUNV� $FWLRQ�RQ�
+\SRWKHVHV

� %XLOGLQJ�
YROXPH�
�P���
�/:+�

(VWLPDWHG�
YROXPH�RI�
PDWHULDOV�

/
LQ
HDU�

UHJUHVVLRQ

(VWLPDWHG�
YROXPH�RI�
PDWHULDOV �������
����������ݔ�

����� ����� 9HU\�VWURQJ 6WDWLVWLFDOO
\�
VLJQLILFDQW

$FFHSW�+L�
DQG�UHMHFW�
+R

7R� SUHGLFW� WKH� 9083� ����� FRPSOHWLRQ� XVLQJ� WKH� %XLOGLQJ� 9ROXPH�
�/:+�� IRU� WKDW� SURMHFW� LV� GHWHUPLQHG� E\�� DGGLQJ� WKH� FRQVWDQW� YDOXH�
������������ WR� WKH� FRHIILFLHQW� YDOXH� RI� WKH� EXLOGLQJ� YROXPH ���������� DQG�
PXOWLSOLHG�E\�WKH�EXLOGLQJ�YROXPH��/:+��DV�VKRZQ�LQ�WKH�)LJXUH����7KLV�
UHVXOW�LV�LQ�OLQH�ZLWK�WKH�ILQGLQJV�RI�1DJDSDQ�HW�DO� �������ZKR�FRQFOXGHG�
WKDW�WKH�TXDQWLILFDWLRQ�RI�ZDVWH�LV�EDVHG�RQ�WKH�YROXPH�RI�VWRFNSLOHG�ZDVWH�
DQG�WKDW�RI�/X�HW DO� �������ZKR�FRQFOXGHG�WKDW�ZDVWH�FRXOG�EH�TXDQWLILHG�
XVLQJ�GLIIHUHQW�SUDFWLFHV��RQH�RI�ZKLFK�LV�E\�YROXPH��7KLV�UHVXOW�TXDQWLILHV�
PDWHULDO�ZDVWH�E\�YROXPH�

)LJXUH����0DWKHPDWLFDO�PRGHO�IRU�SUHGLFWLQJ������9083�IRU�D�SURSRVHG�EXLOGLQJ�SURMHFW

5HODWLRQVKLS�EHWZHHQ�WKH�*HQHUDWHG�9ROXPH�RI�2Q�VLWH�0DWHULDO�
:DVWH��*920:����������FRPSOHWLRQ��DQG�WKH�%XLOGLQJ�9ROXPH�
�/:+�
7DEOH� �� VKRZV� WKH� UHVXOW� RI� WKH� OLQHDU�UHJUHVVLRQ� DQDO\VLV� EHWZHHQ� WKH�
%XLOGLQJ� 9ROXPH� �/:+�� DQG� WKH� *920:� ������� FRPSOHWLRQ��� 7KH�
UHVXOWV� LQGLFDWH� D� VWURQJ� FRUUHODWLRQ� EHWZHHQ� WKH� YDULDEOHV� ZLWK� DQ� 5�
VTXDUH� YDOXH� RI� ������� DQG� D� SUREDELOLW\� YDOXH� RI� �������� ZKLFK� LV� OHVV�
WKDQ�WKH����VLJQLILFDQFH�OHYHO�DW�WKH�����FRQILGHQFH�OHYHO�
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,W�LV�LQIHUUHG�WKDW�D�VWDWLVWLFDOO\�VLJQLILFDQW�UHODWLRQVKLS�H[LVWV�EHWZHHQ�WKH�
YDULDEOHV�� DQG� WKH� DOWHUQDWLYH� K\SRWKHVLV� LV� DFFHSWHG�� ZKLOH� WKH� QXOO�
K\SRWKHVLV�LV�UHMHFWHG�

7R�SUHGLFW� WKH� YROXPH� RI� RQVLWH�PDWHULDO�ZDVWH� ������� FRPSOHWLRQ��XVLQJ�
WKH�%XLOGLQJ�9ROXPH��/:+��IRU�WKDW�SURMHFW��LV�GHWHUPLQHG�E\�DGGLQJ�WKH�
FRQVWDQW� YDOXH� ����������� WR� WKH� FRHIILFLHQW� YDOXH� RI� %XLOGLQJ� 9ROXPH�
�/:+��� ���������� DQG�PXOWLSOLHG� E\� WKH� %XLOGLQJ� 9ROXPH� �/:+��� DV�
VKRZQ�LQ�)LJXUH����7KLV�UHVXOW�LV�QRW�LQ�OLQH�ZLWK�WKH�ILQGLQJV�RI�/LQ���������
3RRQ� HW� DO� �������� DQG� 0F'RQDOG DQG� 6PLWKHU�
�������ZKR�ERWK�FRQFOXGHG�WKDW�WKH�YROXPH�RI�ZDVWH�LV�JHQHUDWHG�EDVHG�RQ�
WKH�JURVV�IORRU�DUHD��%XW�WKLV�UHVXOW�XVHV�EXLOGLQJ�YROXPH�DV�D�EHQFKPDUN

7DEOH����5HVXOW�RI�UHJUHVVLRQ�DQDO\VLV�EHWZHHQ�WKH�%XLOGLQJ�9ROXPH��/:+��
DQG�WKH�*920:������� FRPSOHWLRQ�

6
�Q 9DULDEOHV

7
\SH

RI�P
RGHO

2EVHUYDWLRQ ,QIHUHQFH
; < 5HJUHVVLRQ�

(TXDWLRQ
5� 3UREDELOLW

\�YDOXH
6WUHQJWK�RI�
UHODWLRQVKLS

5HPDUNV� $FWLRQ�RQ�
+\SRWKHVHV

� %XLOGLQJ�
YROXPH�
�P���
�/:+�

*HQHUDWHG�
YROXPH�RI�RQVLWH�
PDWHULDO�ZDVWH�
�������
FRPSOHWLRQ�

/
LQ
HDU�

UHJUHVVLRQ

9ROXPH�RI�
PDWHULDO�ZDVWH�
UHFRUGHG�
 ��������������
�ݔ

������ ������ 6WURQJ 6WDWLVWLFDOO\�
VLJQLILFDQW

$FFHSW�+L�	�
UHMHFW�+R

��

)LJXUH����0DWKHPDWLFDO�PRGHO�IRU�SUHGLFWLQJ�WKH�YROXPH�RI�PDWHULDO�ZDVWH�IRU�D�SURSRVHG�SURMHFW

5HODWLRQVKLS�EHWZHHQ�WKH�%XLOGLQJ�9ROXPH��/:+��DQG�*920:�������
FRPSOHWLRQ�

7KH�������*920:�LQ�7DEOH���DERYH�ZDV�XSJUDGHG�WR������� LQ�RUGHU�WR�
GHWHUPLQH�D�UHODWLRQVKLS�DW�SURMHFW�FRPSOHWLRQ�

7KH� UHVXOW� LV� SUHVHQWHG� LQ� 7DEOH� �� DQG� VKRZV� D� YHU\�VWURQJ� FRUUHODWLRQ�
EHWZHHQ�WKH�YDULDEOHV�ZLWK�DQ�5�VTXDUH�YDOXH�RI�������DQG�D�SUREDELOLW\�
YDOXH�RI�������

,W�LV�LQIHUUHG�WKDW�D�VWDWLVWLFDOO\�VLJQLILFDQW�UHODWLRQVKLS�H[LVWV�EHWZHHQ�WKH�
YDULDEOHV� DQG� WKH� DOWHUQDWLYH� K\SRWKHVLV� LV� DFFHSWHG�� ZKLOH� WKH� QXOO�
K\SRWKHVLV�LV�UHMHFWHG��

7DEOH����5HVXOWV�RI�WKH�UHJUHVVLRQ�DQDO\VLV�EHWZHHQ�WKH�EXLOGLQJ�YROXPH�
�/:+��DQG�DQ������JHQHUDWHG�YROXPH�RI�PDWHULDO�ZDVWH

6
�Q 9DULDEOHV

7
\SH�RI�

P
RGHO

2EVHUYDWLRQ ,QIHUHQFH
; < 5HJUHVVLRQ�

(TXDWLRQ
5�
VTXDUH

3UREDELOLW\�
YDOXH

6WUHQJWK�RI�
UHODWLRQVKLS

5HPDUNV� $FWLRQ�RQ�
+

� %XLOGLQJ�
YROXPH�
�P���
�/:+�

�����
*HQHUDWHG�
YROXPH�RI�
RQVLWH�
PDWHULDO�
ZDVWH

/
LQ
HDU�UHJUHVVLRQ

�����YROXPH�RI�
PDWHULDO�ZDVWH�
 ������������
���ݔ

����� ����� 9HU\�VWURQJ 6WDWLVWLFDOO\�
VLJQLILFDQW

$FFHSW�+L�
	�UHMHFW�+R
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7R� SUHGLFW� WKH� ����� YROXPH� RI� RQVLWH� PDWHULDO� ZDVWH� IRU� D� SURSRVHG�
EXLOGLQJ� XVLQJ� WKH� %XLOGLQJ� 9ROXPH� �/:+�� IRU� WKDW� SURMHFW� LV�
GHWHUPLQHG� E\� DGGLQJ� WKH� FRQVWDQW� YDOXH� ����������� WR� WKH� FRHIILFLHQW�
YDOXH� RI� EXLOGLQJ� YROXPH� ���������� DQG� PXOWLSO\LQJ� WKH� UHVXOW� E\� WKH�
EXLOGLQJ�YROXPH��/:+���DV�VKRZQ�LQ�)LJXUH����7KLV�UHVXOW�LV�LQ�OLQH�ZLWK�
WKH�ILQGLQJV�RI�1DJDSDQ�HW�DO� �������ZKR�FRQFOXGHG�WKDW�WKH�TXDQWLILFDWLRQ�
RI�ZDVWH� LV�EDVHG�RQ�WKH�YROXPH�RI�VWRFNSLOHG�ZDVWH�DQG�WKDW�RI�/X� HW�DO�
������� ZKR� FRQFOXGHG� WKDW� ZDVWH� FRXOG� EH� TXDQWLILHG� XVLQJ� GLIIHUHQW�
SUDFWLFHV��RQH�RI�ZKLFK�LV�E\�YROXPH��7KLV�UHVXOW�TXDQWLILHV�PDWHULDO�ZDVWH�
E\�YROXPH�

)LJXUH����0DWKHPDWLFDO�PRGHO�IRU�SUHGLFWLQJ�WKH�WRWDO�YROXPH��������RI�RQ�VLWH�PDWHULDO�
ZDVWH�IRU�D�SURSRVHG�EXLOGLQJ�SURMHFW

5HVXOWV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�(VWLPDWHG�9ROXPH�RI�0DWHULDOV�IRU�
3URMHFWV��(903��DQG�WKH�*920:��������FRPSOHWLRQ��

7DEOH���VKRZV�WKH�UHVXOWV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�(903�DQG�WKH�
JHQHUDWHG�YROXPH�RI�RQ�VLWH�PDWHULDO�ZDVWH�IRU�WKH�SURMHFWV��

7KH� UHVXOW� VKRZV� D� QRQ�VWDWLVWLFDOO\� VLJQLILFDQW� UHODWLRQVKLS�� EHFDXVH� WKH�
SUREDELOLW\�YDOXH����������LV�JUHDWHU�WKDQ�WKH�VLJQLILFDQFH�YDOXH���������DQG�
WKH� K\SRWKHVLV� ZDV� WHVWHG� DW� WKH� ���� FRQILGHQFH� OHYHO�� 7KH� 5�VTXDUHG�
YDOXH� RI� ������� ZDV� ZHDN�� 7KH� DOWHUQDWLYH� K\SRWKHVLV� ZDV� UHMHFWHG� LQ�
IDYRXU�RI�WKH�QXOO�K\SRWKHVLV�

7DEOH����7KH�UHVXOWV�RI�UHJUHVVLRQ�DQDO\VLV�EHWZHHQ�WKH�HVWLPDWHG�YROXPH�RI�
PDWHULDO�IRU�WKH�SURMHFW��P���DQG�WKH�YROXPH�RI�RQ�VLWH�PDWHULDO�ZDVWH�
UHFRUGHG�

6
�Q 9DULDEOHV

7
\SH�RI�P

RGHO

2EVHUYDWLRQ ,QIHUHQFH
; <
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HJUHVVLRQ

�(
TX
DWLRQ

5�

3
UREDELOLW\�YDOX
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WUHQ
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�RI�

UHODWLRQ
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5HPDUNV�

$
FWLRQ

�RQ
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\SRWK

HVHV� (VWLPDWHG�
YROXPH�RI�
PDWHULDO�
IRU�SURMHFW

*HQHUDWHG�
YROXPH�RI�
PDWHULDO�
ZDVWH��������
FRPSOHWLRQ�

/
LQ
HDU�

9ROXPH�RI�RQVLWH�
PDWHULDO�ZDVWH�
UHFRUGHG�
 ��������������
�ݔ

������ ������ :HDN 1RW�
VWDWLVWLFDOO
\�
VLJQLILFDQW

$FFHSW�+L�
	�UHMHFW�+R

7R� SUHGLFW� WKH� YROXPH� RI� RQVLWH� PDWHULDO� ZDVWH� WR� EH� JHQHUDWHG� IRU� D�
SURSRVHG� EXLOGLQJ� SURMHFW� �������� XVLQJ� WKH� (903� LI� WKH� YROXPH� RI�
PDWHULDOV�LV�NQRZQ��
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7KLV� LV� GHWHUPLQHG� E\� DGGLQJ� WKH� FRQVWDQW� YDOXH� ����������� WR� WKH�
FRHIILFLHQW� YDOXH� RI� WKH� YROXPH� RI� PDWHULDOV� IRU� WKH� SURSRVHG� SURMHFW�
���������� DQG� PXOWLSOLHG� E\� WKH� YROXPH� RI� PDWHULDOV� IRU� WKH� SURSRVHG�
SURMHFW�DV�VKRZQ�LQ�)LJXUH����7KLV�UHVXOW�LV�QRW�LQ�OLQH�ZLWK�WKH�ILQGLQJV�RI�
/LQ� �������� 3RRQ� HW� DO�� �������� DQG� 0F'RQDOG� DQG� 6PLWKHU�
�������ZKR�ERWK�FRQFOXGHG�WKDW�WKH�YROXPH�RI�ZDVWH�LV�JHQHUDWHG�EDVHG�RQ�
WKH�JURVV�IORRU�DUHD��%XW�WKLV�UHVXOW�XVHV�EXLOGLQJ�YROXPH�DV�D�EHQFKPDUN�

)LJXUH����0DWKHPDWLFDO�PRGHO�IRU�SUHGLFWLQJ�WKH�YROXPH�RI�RQ�VLWH�PDWHULDO�ZDVWH�IRU�D�
SURSRVHG�SURMHFW��������FRPSOHWLRQ�

5HVXOWV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�(903�DQG�D������*920:
7KH�UHVXOWV�LQ�7DEOH���VKRZ�KRZ�WKH�������RQVLWH�PDWHULDO�ZDVWH�YROXPH�
LQ�7DEOH���LV�XSJUDGHG�WR�������7KH�UHVXOW�VKRZV�D�YHU\�VWURQJ�FRUUHODWLRQ�
EHWZHHQ�WKH�YDULDEOH�ZLWK�DQ�5�VTXDUHG�YDOXH�RI��������DQG�D�SUREDELOLW\�
YDOXH� �������� OHVV� WKDQ� WKH VLJQLILFDQFH� OHYHO� �������� 7KH� K\SRWKHVLV� ZDV�
WHVWHG�DW�WKH�����FRQILGHQFH�OHYHO�

7KH� UHODWLRQVKLS� LV� VWDWLVWLFDOO\� VLJQLILFDQW�� DQG� WKH� QXOO� K\SRWKHVLV� ZDV�
DFFHSWHG�DQG�DOWHUQDWLYH�ZDV�UHMHFWHG�

7DEOH����7KH�UHVXOWV�RI�WKH�UHJUHVVLRQ�DQDO\VLV�EHWZHHQ�WKH (903��P���DQG�
WKH�����*920:

6
�Q

9DULDEOHV

7
\SH�RI�P

RGHO

2EVHUYDWLRQ ,QIHUHQFH

; < 5HJUHVVLRQ�(TXDWLRQ 5� 3UREDELOLW\�
YDOXH

6WUHQJWK�RI�
UHODWLRQVKLS

5HPDUNV� $FWLRQ�RQ�
+\SRWKHVHV

� (VWLPDWHG�
YROXPH�RI�
PDWHULDO�
IRU�SURMHFW

�����
PDWHULDO�
ZDVWH�
YROXPH

/
LQHDU�

UHJUHVVLRQ

9ROXPH�RI�ZDVWH�
 ���������������ݔ

������ ����� 9HU\�
VWURQJ

6WDWLVWLFDOO\�
VLJQLILFDQW

$FFHSW�+L�	�
UHMHFW�+R

7R�SUHGLFW�WKH����� YROXPH�RI�RQVLWH�PDWHULDO�ZDVWH�IRU�D�SURSRVHG�SURMHFW�
XVLQJ�WKH�HVWLPDWHG�YROXPH�RI�PDWHULDOV�IRU�WKDW�SURMHFW�LV�GHWHUPLQHG�E\�
DGGLQJ�WKH�FRQVWDQW�YDOXH������������WR�WKH�FRHIILFLHQW�YDOXH�RI�WKH�YROXPH�
RI�PDWHULDOV�IRU�D�SURSRVHG�SURMHFW�����������DQG�PXOWLSOLHG�E\�WKH�YROXPH�
RI�PDWHULDOV�IRU�WKH�SURSRVHG�SURMHFW�DV�VKRZQ�LQ�)LJXUH����7KLV�UHVXOW�LV�LQ�
OLQH� ZLWK� WKH� ILQGLQJV� RI� 1DJDSDQ� HW� DO� ������� ZKR� FRQFOXGHG� WKDW� WKH�
TXDQWLILFDWLRQ�RI�ZDVWH�LV�EDVHG�RQ�WKH�YROXPH�RI�VWRFNSLOHG�ZDVWH�DQG�WKDW�
RI� /X� HW� DO� ������� ZKR� FRQFOXGHG� WKDW� ZDVWH� FRXOG� EH� TXDQWLILHG� XVLQJ�
GLIIHUHQW� SUDFWLFHV�� RQH� RI� ZKLFK� LV� E\� YROXPH�� 7KLV� UHVXOW� TXDQWLILHV�
PDWHULDO�ZDVWH�E\�YROXPH�
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)LJXUH� ���0DWKHPDWLFDO�PRGHO� IRU� SUHGLFWLQJ� �����YROXPH� RI� RQ�VLWH�PDWHULDO�ZDVWH� IRU� D� SURSRVHG�
SURMHFW

7R�JDLQ�D�JHQHUDO�LQVLJKW�LQWR�WKH�PDWKHPDWLFDO�PRGHOV�IRU�TXDQWLI\LQJ�WKH�
WRWDO�YROXPH�RI�PDWHULDOV�DQG�PDWHULDO�ZDVWH�IRU�D�SURSRVHG�SURMHFW��)LJXUH�
��SUHVHQWV�WKH�JHQHUDO�VXPPDU\�

)LJXUH����6XPPDU\�RI�PDWKHPDWLFDO�PRGHOV�IRU�TXDQWLI\LQJ�WKH�DPRXQW�RI�PDWHULDO�ZDVWH�
RQ�FRQVWUXFWLRQ�VLWH

0HULWV��OLPLWDWLRQV��SUDFWLFDELOLW\�DQG�EDVLF�DVVXPSWLRQV�RI�WKH�
PRGHO
7KH�PRGHO�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�YROXPH�RI�RQVLWH�PDWHULDO�ZDVWH�WR�
EH� JHQHUDWHG� IURP� GUDZLQJ�� XVLQJ� WKH� EXLOGLQJ� VL]H� �OHQJWK� E\� ZLGWK� E\�
KHLJKW���,W�LV�DOVR�HDVLHU�WR�GHWHUPLQH�WKH�HQWLUH�YROXPH�RI�PDWHULDOV�WR�EH�
XVHG�LQ�OXPS�IRU�D�SURSRVHG�EXLOGLQJ�XVLQJ�WKLV�PRGHO�

+RZHYHU�� WKH�YROXPH�RI�PDWHULDO�ZDVWH�SUHGLFWHG�E\�WKLV�PRGHO�FRPHV� LQ�
OXPS� �FRPELQDWLRQ�RI�ZDVWH� IURP�GLIIHUHQW�EXLOGLQJ�PDWHULDOV���DV� LW�GRHV�
QRW�FRQVLGHU�VHJUHJDWLRQ�VHSDUDWLRQ�RI�ZDVWH�IRU�LQGLYLGXDO�PDWHULDO��

7KH�PRGHO ZDV�GHYHORSHG�DW�WKH�OHYHO�RI�������DYHUDJH�SURMHFW�FRPSOHWLRQ��
VLQFH� WKH� SURMHFWV� FRQVLGHUHG� ZHUH� RQJRLQJ� DV� DW� WKH� SHULRG� RI� GDWD�
FROOHFWLRQ��+RZHYHU��DGMXVWPHQW�KDV�EHHQ�PDGH�WR�WKH�YROXPH�RI�WKH�������



6DLGX�DQG�6KDNDQWX

����

ZDVWH� WR� DFFRPPRGDWH� ����� SURMHFW� FRPSOHWLRQ�� DV� VKRZQ� LQ� WKH� ODVW�
FROXPQ�RI�WKH�DSSHQGL[�

7KH� UHVHDUFK� DVVXPHV� WKDW� WKH� JHQHUDWHG� YROXPH� RI� ZDVWH� KDV� SDVV�
WKURXJK�UH�XVLQJ�SURFHVV��EXW�QRW�UHF\FOHG��EHFDXVH�RQO\�RQH�RXW�RI�WKH����
FRQVWUXFWLRQ�SURMHFWV�YLVLWHG�ZDV�LQYROYHG�LQ�PDWHULDO�ZDVWH�UHF\FOLQJ�

7KH SUDFWLFDELOLW\�RI�WKLV�PRGHO�LV�WKDW�LW�JLYHV�WKH�SURIHVVLRQDOV�WKH�LGHD�RI�
WKH�OLNHO\�YROXPH�RI�PDWHULDO�ZDVWH�WR�EH�JHQHUDWHG�IRU�SURMHFWV��DV�ZHOO�DV�
WKH�LGHD�RQ�KRZ�WR�SODQ�WKH�ZDVWH�PLQLPLVDWLRQ�DQG�GLVSRVDO�SURFHVVHV��

7KLV�UHVHDUFK� LV� OLPLWHG� WR�EXLOGLQJ�FRQVWUXFWLRQ�SURMHFWV� WKDW�XVH�KROORZ�
ILOOHG� VROLG� EORFNZRUN� FRPPRQO\� XVHG� LQ� WKH� 1LJHULDQ� FRQWH[W�� 7KH�
UHVHDUFK�GLG�QRW�FRQVLGHU�RWKHU�VLPLODU�EXLOGLQJ�PDWHULDOV��VXFK�DV�EXUQW�
EULFNV��SUHFDVW�XQLW�ZDOOLQJ�DQG�RWKHU�SDQHOHG�EXLOGLQJ���

&21&/86,21�$1'�5(&200(1'$7,216

7KH� VWXG\� FRQFOXGHV� WKDW�� D� VWDWLVWLFDOO\� VLJQLILFDQW� UHODWLRQVKLS� H[LVWV�
EHWZHHQ�WKH�YDULDEOHV�FRQVLGHUHG�LQ�WKH�VWXG\���%XLOGLQJ�9ROXPH��/:+��
DQG� WKH� HVWLPDWHG� YROXPH� RI� PDWHULDOV� XVHG� IRU� SURMHFWV�� WKH� %XLOGLQJ�
9ROXPH��/:+��DQG�WKH�¶JHQHUDWHG�YROXPH�RI�RQ�VLWH�PDWHULDO�ZDVWH·��DQG�
¶WKH�HVWLPDWHG�YROXPH�RI�PDWHULDO�IRU�EXLOGLQJ�SURMHFWV·�DQG�WKH�¶YROXPH�RI�
PDWHULDO�ZDVWH�JHQHUDWHG·���7KLV� LPSOLHV�WKDW�DQ\�FKDQJH� LQ�WKH�HLWKHU�RI�
WKH�YDULDEOHV�ZRXOG�OHDG�WR�D�FRUUHVSRQGLQJ�FKDQJH�LQ�WKH�RWKHU�

7KH� OLQHDU�UHJUHVVLRQ� DQDO\VHV� UHYHDOHG� WKH� PDWKHPDWLFDO� PRGHOV� IRU�
TXDQWLI\LQJ� DQG� SUHGLFWLQJ� ERWK� WKH� ¶YROXPH� RI� EXLOGLQJ�PDWHULDO� ZDVWH·�
DQG�WKH�¶YROXPH�RI�PDWHULDOV�IRU�D�EXLOGLQJ·�

7KH�PDWKHPDWLFDO�PRGHOV� IRU� WKH� TXDQWLILFDWLRQ� RI� RQVLWH�PDWHULDO�ZDVWH�
GHYHORSHG� LQ� WKH� VWXG\� DUH� UHFRPPHQGHG� WR� WKH� 1LJHULDQ� FRQVWUXFWLRQ�
LQGXVWU\��7KLV�VKRXOG�HQDEOH� WKH�FRQVWUXFWLRQ�SURIHVVLRQDOV� WR�KDYH�VRPH�
LGHD�RI�ZKDW�DPRXQW�RI�ZDVWH�LV�JHQHUDWHG��DQG�WR�HYDOXDWH�WKH�H[WHQW�WR�
ZKLFK� LW� FRXOG� EH� PLQLPLVHG�� LQ� RUGHU� WR� PHHW� WKH� UHTXLUHG� ZDVWH�
PDQDJHPHQW�REMHFWLYHV�IRU�D�SURMHFW�

5()(5(1&(6

$GHZX\L�� 7�� 2��� DQG� 0�� 2WDOL�� ������ �(YDOXDWLRQ� RI� &DXVHV� RI� &RQVWUXFWLRQ�
0DWHULDO� :DVWH�� &DVH� RI� 5LYHU� 6WDWH�� 1LJHULD��� (WKLRSLDQ� -RXUQDO� RI�
(QYLURQPHQWDO�6WXGLHV�DQG�0DQDJHPHQW �����������

$O�+DMM�� $��� DQG� .�� +DPDQL�� ������ �0DWHULDO� :DVWH� LQ� WKH� 8$(� &RQVWUXFWLRQ�
,QGXVWU\�� 0DLQ� &DXVHV� DQG� 0LQLPLVDWLRQ� 3UDFWLFHV��� $UFKLWHFWXUDO�
(QJLQHHULQJ�DQG�'HVLJQ�0DQDJHPHQW� �+HULRW�:DWW�8QLYHUVLW\�*DWH�ZD\��
����������������

$PHK��-��2���DQG�(��'��,WRGR���������3URIHVVLRQDOV·�YLHZV�RI�PDWHULDO�ZDVWDJH�RQ�
FRQVWUXFWLRQ�VLWHV���2UJDQL�]DW�LRQ��7HFKQRORJ\�DQG�0DQDJHPHQW�LQ�&RQVW�
UXFW�LRQ��$Q�LQWHUQDWLRQDO�-RXUQDO ���������������
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%DEDWXQGH�� 6�2�� ������ �4XDQWLWDWLYH� DVVHVVPHQW� RI� FRQVWUXFWLRQ� PDWHULDO�
ZDVWDJH� LQ�1LJHULDQ� FRQVWUXFWLRQ� VLWHV��� -RXUQDO� RI� (PHUJLQJ� 7UHQGV� LQ�
(FRQRPLFV�DQG�0DQDJHQW�6FLHQFHV ���������������

%HJXP��5��$���&�� 6LZDU�� -�� -�� 3HUHLUD�� DQG�$�� -DDIDU�� ������ �,PSOHPHQWDWLRQ�RI�
ZDVWH� PDQDJHPHQW� DQG� PLQLPLVDWLRQ� LQ� WKH� FRQVWUXFWLRQ� LQGXVWU\� RI�
0DOD\VLD���5HVRXUFHV��&RQVHUYDWLRQ�DQG�5HF\FOLQJ �������²����

&KLNH]LULP�� 2��� DQG� (�� 0ZDQDXPR�� ������ �(YDOXDWLRQ� RI� :DVWH� 0DQDJHPHQW�
6WUDWHJLHV� $GRSWHG� LQ� 7VKZDQH� %XLOGLQJ� ,QGXVWU\��� -RXUQDO� RI�
&RQVWUXFWLRQ�3URMHFW�0DQDJHPHQW�DQG�,QQRYDWLRQ �&HQWUH�RI�&RQVWUXFWLRQ�
0DQDJHPHQW�DQG�/HDGHUVKLS�'HYHORSPHQW������������������� ����

(NDQD\DNH��/��/���DQG�*��2IRUL���������%XLOGLQJ�ZDVWH�DVVHVVPHQW�VFRUH��GHVLJQ�
EDVHG�WRRO���%XLOGLQJ�DQG�(QYLURQPHQW ��������² ����

*RODIVKDQL�� 1�� ������ �8QGHUVWDQGLQJ� 5HOLDELOLW\� DQG� 9DOLGLW\� LQ� 4XDOLWDWLYH�
5HVHDUFK���7KH�4XDOLWDWLYH�5HSRUW�9ROXPH�����������������

-LQJNXDQJ��/���:��<RXVRQJ��DQG�/��<L\RQJ���������$�0RGHO� IRU�4XDQWLILFDWLRQ�RI�
&RQVWUXFWLRQ� :DVWH� LQ� 1HZ� 5HVLGHQWLDO��� 7KH� 2SHQ� &RQVWUXFWLRQ� DQG�
%XLOGLQJ�7HFKQRORJ\�-RXUQDO �����������

.DUHHP��.��5��� DQG�5��.��3DQGH\�� ������ �6WXG\� RI�0DQDJHPHQW� DQG�&RQWURO� RI�
:DVWH�� &RQVWUXFWLRQ� 0DWHULDOV� LQ� &LYLO� &RQVWUXFWLRQ� 3URMHFW���
,QWHUQDWLRQDO�-RXUQDO�RI�(QJLQHHULQJ�DQG�$GYDQFHG�7HFKQRORJ\��,-($7����
��������������

/DFKLPSDGLD�� 6�.��� -�-�� 3HUHLUD�� 0�5�� 7DKD�� DQG� 0�� 0RNKWDU�� �&RQVWUXFWLRQ�
ZDVWH� PLQLPLVDWLRQ� FRPSDULQJ� FRQYHQWLRQDO� DQG� SUHFDVWFRQVWUXFWLRQ�
�0L[HG�6\VWHP�DQG� ,%6��PHWKRGV� LQ�KLJK�ULVH�EXLOGLQJV��$�0DOD\VLDFDVH�
VWXG\���5HVRXUFHV��&RQVHUYDWLRQ�DQG�5HF\FOLQJ �������������² ����

/L��-���=KDQJ��;����������:HE�EDVHG�&RQVWUXFWLRQ�:DVWH�(VWLPDWLRQ�6\VWHP�
IRU�%XLOGLQJ

&RQVWUXFWLRQ�3URMHFWV��$XWRPDWLRQ�LQ�&RQVWUXFWLRQ���������²����

/L��-���=��'LQJ��;��0L��DQG�-��:DQJ�� �$�PRGHO� IRU�HVWLPDWLQJ�FRQVWUXFWLRQ�ZDVWH�
JHQHUDWLRQ� LQGH[IRU� EXLOGLQJ� SURMHFW� LQ� &KLQD��� 5HVRXUFHV�� &RQVHUYDWLRQ�
DQG�5HF\FOLQJ �������������² ���

/LDWDV�� &�� ������ �$� PRGHO� IRU� TXDQWLI\LQJ� FRQVWUXFWLRQ� ZDVWH� LQ� SURMHFWV�
DFFRUGLQJ���:DVWH�0DQDJHPHQW��(OVHYLHU�/WG�����������²�����

/X�� :��� +�� <XDQ�� -�� /L�� -�-�/� +DR�� ;�� 0L�� DQG� =�� 'LQJ�� ������ �$Q� HPSLULFDO�
LQYHVWLJDWLRQ� RI� FRQVWUXFWLRQ� DQG� GHPROLWLRQ� ZDVWH� JHQHUDWLRQ� UDWHV� LQ�
6KHQ]KHQ�FLW\��6RXWK�&KLQD���:DVWH�0DQDJHPHQW �������²����

0DVXGL��$�)���&�5�&��+DVVDQ��1�=��0DKPRRG��6�1��0RNWDU�DQG�1�0��6XODLPDQ��
������ ´:DVWH� TXDQWLILFDWLRQ� PRGHOV� IRU� HVWLPDWLRQ� RI� FRQVWUXFWLRQ� DQG�
GHPROLWLRQ� ZDVWH� JHQHUDWLRQ�� D� UHYLHZ�µ� ,QWHUQDWLRQDO� -RXUQDO� RI� *OREDO�
(QYLURQPHQWDO�,VVXHV�������������

0LOOHU�� 3�� ������ �9DOLGLW\��� ,Q� 7KH� 6DJH� (QF\FORSHGLD� RI� 4XDOLWDWLYH� 5HVHDUFK�
0HWKRGV�� HGLWHG� E\� /�� *LYHQ�� ��������� /RV� $QJHOHV�� 6$*(� 3XEOLFDWLRQV�
,QF��



6DLGX�DQG�6KDNDQWX

����

028�� .�� ������ �7KH� UROH� RI� JRYHUQPHQW� DQG� FRQVWUXFWLRQ� ZDVWH��� 06&�
'LVVHUWDWLRQ�� 7KH� &HQWUH� RI� 8UEDQ� 3ODQQLQJ� 	� (QYLURQPHQWDO�
0DQDJHPHQW���8QLYHUVLW\�RI�+RQJ�.RQJ��+RQJ�NRQJ��������

1DJDSDQ��6���,��$EGXO�5DKPDQ��$��$VPL��DQG�1�)��$GQDQ���������6WXG\�RI�6LWH
V�
FRQVWUXFWLRQ�ZDVWH� LQ�%DWX�3DKDW��-RKRU���3URFHGLD�(QJLQHHULQJ �������²
����

1JX\HQ��%���+��*XSWD��DQG�6��)DQLUDQ��Q�G���:DVWH�PLQLPL]DWLRQ�VWUDWHJLHVLQ�WKH�
FRQVWUXFWLRQ�LQGXVWU\�$�*HHORQJ FDVH�VWXG\���*HHORQJ�������

2ODGLUDQ��2�-���������&DXVHV�DQG�0LQLPL]DWLRQ�7HFKQLTXHV�RI�0DWHULDOV�:DVWH�LQ�
1LJHULDQ� &RQVWUXFWLRQ� 3URFHVV��� )LIWK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
&RQVWUXFWLRQ�LQ�WKH���VW�&HQWXU\��&,7&�9���,VWDQEXO��7XUNH\���������

2VPDQL�� 0�� ������ �&RQVWUXFWLRQ� ZDVWH��� &KDS�� ��� LQ� :DVWH�� $� KDQGERRN� IRU�
PDQDJHPHQW�� E\�/HWFKHU� DQG�9DOOHUR�� �������6DQ�'LHJR��$FDGHPLF�3UHVV�
DQ�LPSULQW�RI�(OVHYLHU�

2VPDQL�� 0��� -�� *ODVV�� DQG� $�'�)�� 3ULFH�� ������ �$UFKLWHFWV� ¶3HUVSHFWLYHV� RQ�
&RQVWUXFWLRQ�:DVWH�5HGXFWLRQ E\�'HVLJQ���:DVWH�0DQDJHPHQW���������²
������

7DP�� 9�:�<��� /�<�� 6KHQ�� &�0�� 7DP�� ����� �$VVHVVLQJ� WKH� OHYHOV� RI� PDWHULDO�
ZDVWDJH�DIIHFWHG�E\�VXE�FRQWUDFWLQJ UHODWLRQVKLSV�DQG�SURMHFWV�W\SHV�ZLWK�
WKHLU�FRUUHODWLRQV�� %XLOGLQJ�DQG�(QYLURQPHQW ��������²�����

:DKDE��$��%���DQG�$��)��/DZDO���������$Q�HYDOXDWLRQ�RI�ZDVWH�FRQWURO�PHDVXUHV�
LQ���$IULFDQ�-RXUQDO�RI�(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\ �����������
����

<XDQ�� +��� DQG� /�� 6KHQ�� ������ �7UHQG� RI� WKH� UHVHDUFK� RQ� FRQVWUXFWLRQ� DQG�
GHPROLWLRQ�ZDVWH�PDQDJHPHQW���:DVWH�0DQDJHPHQW �������²����


