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&RQVWUXFWLRQ�ZDVWH�KDV�EHHQ�LGHQWLILHG�DV�JOREDO�HQYLURQPHQWDO�SUREOHP�WKDW�KDYH�JUHDW�HIIHFWV�RQ�WKH�SURJUHVV�
RI� SURMHFWV��6WDWLVWLFDO� GDWD� UHODWLQJ� WR� WKH�TXDQWLWLHV�RI�PDWHULDO�ZDVWH� IRU� EXLOGLQJ�ZRUNV�KDYH�QRW� EHHQ�ZHOO�
GRFXPHQWHG�� DQG� WKHUH� LV� QR� NQRZQ�PRGHO� IRU� SUHGLFWLQJ� WKH�TXDQWLWLHV�RI� RQVLWH�PDWHULDO�ZDVWH� IRU� GLIIHUHQW�
PDWHULDOV��VXFK�DV�SODVWHULQJ�PRUWDU��7KLV�VWXG\�ZDV�DLPV�WR�GHYHORS�D�PRGHO IRU�SUHGLFWLQJ�YROXPH�RI�SODVWHULQJ�
ZDVWH� LQ� EXLOGLQJ� ZRUNV� 7KH� SRSXODWLRQ� IRU� WKH� VWXG\� FRQVLVWHG� ����� UHVLGHQWLDO� FRQVWUXFWLRQ� SURMHFW� VLWHV�
ZLWKLQ� $EXMD�� 1LJHULD� 7KH� VDPSOH� IUDPH� FRQVWLWXWHG� D� WRWDO� RI� WZHQW\� ��EHGURRP� EXQJDORZ� EXLOGLQJV� DQG�
WZHQW\� ��EHGURRP� GXSOH[� EXLOGLQJV� XVLQJ� VWUDWLILHG� UDQGRP� VDPSOLQJ� PHWKRG�� 7KH� YROXPH� RI� WKH� PRUWDU���
ZDVWHG� DQG�PRUWDU� XVHG� DUH� GHWHUPLQHG� E\� XVLQJ� EXFNHW� DV� WKH�PRVW� FRPPRQO\� � � XVHG� RQ� FRQVWUXFWLRQ� VLWHV�
/LQHDU�UHJUHVVLRQ�DQDO\WLFDO�WRRO�ZDV�XVHG�IRU�WKH�DQDO\VHV� 7KH�VWXG\�UHYHDOHG���UHODWLRQVKLSV�EHWZHHQ�YDULDEOHV�
FRQVLGHUHG�DUH� VWDWLVWLFDOO\� VLJQLILFDQW� LQ� WKLV� VWXG\� 7KH�VWXG\�FRQFOXGHV� WKDW� UHODWLRQVKLS�EHWZHHQ�YROXPH�RI�
SODVWHULQJ�PRUWDU� WR�EH�XVHG�DQG�YROXPH�RI�SODVWHULQJ�ZDVWH�DUH�VWDWLVWLFDOO\�VLJQLILFDQW� LQ�ERWK�EXQJDORZ�DQG�
GXSOH[�ZRUNV��7KLV�PHDQV�WKDW�DQ\�FKDQJH�LQ�DQ\�RI�WKH�YDULDEOHV�ZRXOG�EULQJ�D�VLPLODUO\�FKDQJH�LQ�WKH�RWKHU�
YDULDEOHV� %DVHG� RQ� WKHVH�� WKH� UHVHDUFK� UHFRPPHQGV� WKH� XVH� RI� WKHVH� PRGHOV� E\� WKH� EXLOGLQJ� FRQVWUXFWLRQ�
SURIHVVLRQDOV�DW�WKH�HDUO\�VWDJH�LQ�RUGHU�WR�KDYH�DQ�LGHDO�UHFRUG�RI�OLNHO\�ZDVWH�
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&RQVWUXFWLRQ� ZDVWH� KDV� EHHQ� LGHQWLILHG� DV� D� JOREDO�
HQYLURQPHQWDO�SUREOHP�ZKLFK�FDQ�KDYH�JUHDW�HIIHFWV�RQ�
WLPH�� FRVW�� TXDOLW\� DQG� VXVWDLQDELOLW\�� DV� ZHOO� DV� WKH�
SURJUHVV�RI�SURMHFWV��1DJDSDQ�HW�DO���������+DVVDQ�HW�DO���
������6DLGX��������6DLGX�HW�DO���������
0DWHULDO��ZDVWDJH��KDV��EHFRPH��D��VHULRXV��FKDOOHQJH��DOO�
RYHU�WKH�ZRUOG���ZKLFK��QHHGV��LPPHGLDWH��DFWLRQ�LQ��WKH�
FRQVWUXFWLRQ� LQGXVWU\� DQG� LW� KDV� DIIHFWV� WKH� FRPSOHWLRQ�
RI� PDQ\� SURMHFWV� �$GHZX\L� DQG� 2WDOL�� �������6DLGX� HW�
DO����������6WXGLHV�IURP�DURXQG�WKH�ZRUOG�KDYH�UHYHDOHG�
WKDW� PDWHULDO� ZDVWH� IURP� WKH� FRQVWUXFWLRQ� LQGXVWU\�
FRQWULEXWHV�WR�KLJKHU�SHUFHQWDJH�RI�WKH�SURGXFWLRQ�FRVWV��
+HQFH�� LQDGHTXDWH�PDQDJHPHQW� RI�PDWHULDOV� DQG�ZDVWH�
OHDGV� WR� DQ� LQFUHDVH� LQ� WKH� WRWDO� FRVW� RI� FRQVWUXFWLRQ�
SURMHFWV� �$PHK� DQG� ,WRGR�� ������� 'XULQJ� WKH�
FRQVWUXFWLRQ� SURFHVV� H[WUD� FRQVWUXFWLRQ� PDWHULDOV� DUH�
SXUFKDVHG� DV� D� UHVXOW� RI� PDWHULDO� ZDVWDJH� �3LQJ� HW� DO���
������� 7KH� LVVXH� RI� PDWHULDO� ZDVWH� DOO� RYHU� WKH� QDWLRQ�
UHPDLQV� XQUHVROYHG� LQ� WKH� FRQVWUXFWLRQ� LQGXVWU\�� )RU�
LQVWDQFH�� LQ� WKH� 8QLWHG� .LQJGRP� �8.�� ���� RI� WKH�
PDWHULDOV�VXSSOLHG�WR�FRQVWUXFWLRQ�VLWHV�HQG�XS�DV�ZDVWH�
WKDW� PD\� QRW� EH� H[SODLQHG� �2VPDQL�� ������� $PHK� DQG�
,WRGR��������VWDWHG� WKDW� LQ�1LJHULD� LQ�HYHU\�����KRXVHV�
EXLOW�� WKHUH� LV� VXIILFLHQW�ZDVWH�PDWHULDO� WR�EXLOG�DQRWKHU�
��� KRXVHV�� $GHZX\L� DQG� 2WDOL��������� 6DLGX�� �������
GLVFRYHUHG� WKDW� GXULQJ� WKH� � SURFHVV� RI� SUHSDULQJ� � DQ�
HVWLPDWH� IRU� D� FRQVWUXFWLRQ� SURMHFW� WKH� TXDQWLW\� RI�

PDWHULDO� ZDVWH� JHQHUDWHG� RQ� VRPH� FRQVWUXFWLRQ� VLWHV� LV�
RYHU� WKH� �� SHUFHQW� DOORZDQFH� � IRU�PDWHULDO� ZDVWDJH� RQ�
FRQVWUXFWLRQ� VLWHV�� � 7KXV�� FRQVWUXFWLRQ� FRVW� HVWLPDWLRQ�
PHWKRGV�SOD\�FUXFLDO�UROHV�LQ�WKH�FRPSOHWLRQ�RI�SURMHFWV�
�2\HGHOH�� ������ 0DVXGL� HW� DO�� �������6DLGX� DQG�
6KDNDQWX� ������� QRWHG� WKDW� ZKLOH� TXDQWLILFDWLRQ� RI�
PDWHULDO�ZDVWH�LV�YHU\��LPSRUWDQW�IRU�FRQVWUXFWLRQ�ZDVWH�
FRQWURO� DFFXUDWH� FDOFXODWLRQ� � FDQ� EH� DFFRPSOLVKHG� � E\�
GHYHORSLQJ�ZDVWH�TXDQWLILFDWLRQ�PRGHO�WKDW�LV�DSSOLFDEOH�
WR��QDWLRQDO�DQG��UHJLRQDO�FRQVWUXFWLRQ�ZDVWH�JHQHUDWLRQ�
0DWHULDO�ZDVWDJH�RQ�FRQVWUXFWLRQ�VLWHV�FDQ�KDYH� LPSDFW�
RQ�WKH�TXDQWLW\�RI�PDWHULDOV�GHOLYHUHG�XVHG�EXW�REMHFWLYH�
UHVHDUFKHV�WR�SURYLGH�HYLGHQFH�RI�VXFK�LPSDFW�RI�LWV�FRVW�
DUH�VXERSWLPDO� �6DLGX�DQG�6KDNDQWX���������,Q�1LJHULD��
QRW� DOO� PDWHULDOV� VXSSOLHG� WR� VLWH� DUH� XVHG� GXULQJ�
FRQVWUXFWLRQ�SURFHVV�� WKH� OHIWRYHU�PD\� UHPDLQ� DV�ZDVWH�
WKDW� PD\� QRW� EH� H[SODLQHG� �$PHK� DQG� ,WRGR�� ������
6DLGX�� ������� 7KLV� LV� GHVSLWH� WKH� IDFW� WKDW� FRQVWUXFWLRQ�
SURIHVVLRQDOV�DOORZ�VRPH�SHUFHQWDJH�RI�ZDVWDJH�ILJXUHV�
GXULQJ� WKH� SURFHVV� RI� SULFLQJ� D� ELOO� RI� TXDQWLWLHV�� EXW�
VLWHV� H[SHULHQFH� KDV� UHYHDOHG� WKDW� ZDVWDJH� DUH� RIWHQ�
PRUH WKDQ� WKH� DPRXQW� DOORZHG� LQ� WKH� ELG� GRFXPHQW�� LI�
VLWH� PDQDJHPHQW� LV� QRW� WLJKW� �6DLGX�� ������� ,Q� WKH� ODVW�
GHFDGH�� PDQDJHPHQW� RI� ZDVWH� JHQHUDWLRQ� KDV� UHFHLYHG�
OHVV� DWWHQWLRQ� LQ� WKH� 1LJHULDQ� FRQVWUXFWLRQ� LQGXVWU\�
�:DKDE�DQG�/DZDO���������7KLV�FRXOG�EH�DV�D� UHVXOW�RI�
WKH�ORZ�OHYHO�RU�ODFN�RI�SURSHU�TXDQWLILFDWLRQ�RI�PDWHULDO�
ZDVWH� DQG� WKLV� LV� HYLGHQW� LQ� WKH� DPRXQW� RI� ZDVWH�
JHQHUDWHG� DW� FRQVWUXFWLRQ� VLWHV�� ORZ� OHYHO� RI� DZDUHQHVV�
RI� WKH� FRQVWUXFWLRQ� ZRUNHUV�� D� ORZ� OHYHO� RI� DYDLODEOH�
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PHDQV� RI� ZDVWH� GLVSRVDO�� RU� WKH� VORZ� DGRSWLRQ� RI�
HQYLURQPHQWDOO\� VXVWDLQDEOH� SUDFWLFHV� �6DLGX� DQG�
6KDNDQWX���������<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� FRQVWUXFWLRQ�
SURIHVVLRQDOV�WR�SURSHUO\�PDQDJH�WKHLU�GLVSRVDO�WKHUHRI��
7KH� VWDWLVWLFDO� GDWD� UHODWLQJ� WKH� TXDQWLWLHV� RI� PDWHULDO�
ZDVWH�IRU�SURMHFWV�KDYH�QRW�EHHQ�ZHOO�GRFXPHQWHG�LQ�WKH�
FRQVWUXFWLRQ�LQGXVWU\��6DLGX��������6DLGX�DQG�6KDNDQWX��
������� 7KHUH� LV� QR� NQRZQ� PRGHO� IRU� SUHGLFWLQJ� WKH�
TXDQWLWLHV� RI� RQVLWH� PDWHULDO� ZDVWH� IRU� GLIIHUHQW�
PDWHULDOV��VXFK�DV�SODVWHULQJ�PRUWDU��EORFN�ZRUNV DQG�VR�
IRUWK�� DQG� DOVR� VWDWLVWLFV� RQ� WKH� ZDVWH� JHQHUDWHG� DUH�
PLQLPDO� LQ� WKH� 1LJHULDQ� &RQVWUXFWLRQ� LQGXVWU\�
�%DEDWXQGH��������
$GHZX\L� DQG� 2WDOL� ������� DUJXH� WKDW� GHVSLWH� WKH�
DOORZDQFH�RI���SHUFHQWDJHV�XVXDOO\�PDGH�WR�WDNH�FDUH�RI�
PDWHULDO� ZDVWH� ZKHQ� SUHSDULQJ� HVWLPDWH� IRU� SURMHFW� LV�
LQDGHTXDWH� EHFDXVH� ZDVWH� LV� IRXQG� LQ� VHYHUDO� ZD\V� LQ�
SURMHFW� LQ� 1LJHULD�� 6HYHUDO� UHVHDUFKHV� HYLGHQFH� KDV�
UHYHDOHG� WKDW� SUHYLRXV� VWXGLHV� IURP� DURXQG� 1LJHULD�
FHQWHUHG�PRVWO\�RQ�ZDVWH�FRQWURO�LQ�WKH�LQGXVWU\��DV�ZHOO�
DV� WKH� QHFHVVDU\� PHDQV� IRU� WKHLU� FRQWURO�� 1RQHWKHOHVV��
WKHVH� VWXGLHV� KDYH� IDLOHG� WR� GHYHORS� D� PRGHO� IRU�
SUHGLFWLQJ� PDWHULDO� ZDVWH� LQ� EXLOGLQJ� FRQVWUXFWLRQ�
ZRUNV��+HQFH�� WKLV� VWXG\� VHHNV� WR� GHYHORS� D�PRGHO� IRU�
SUHGLFWLQJ� WKH� YROXPH� RI� SODVWHULQJ� ZDVWH� LQ� EXLOGLQJ�
ZRUNV���7R�DFKLHYH�WKLV�DLP��QXOO�K\SRWKHVLV�ZDV�VHW�DV��
WKHUH� LV� QRQ�VWDWLVWLFDOO\� UHODWLRQVKLS� EHWZHHQ� WKH�
YROXPH�RI�SODVWHULQJ�PDWHULDO�WR EH�XVHG�DQG�WKH�YROXPH�
RI�SODVWHULQJ�ZDVWH�UHFRUGHG�
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&RQVWUXFWLRQ�ZDVWH�LV�D�ZHOO�NQRZQ�LVVXH�LQWHUQDWLRQDOO\�
DQG�KDV�DGYHUVH�LPSDFW�RQ�RYHUDOO�SURJUHVV�RI�D�SURMHFW�
DV�ZHOO� DV� WKH� EXLOGLQJ� VRFLHW\� DQG� QDWXUH� �1DJDSDQ� HW�
DO����������$V�UHVXOW�RI� WKLV�FRQVWUXFWLRQ�DFWLYLW\�GXULQJ�
WKH�DFTXLVLWLRQ�RI�UDZ�PDWHULDOV�KDV�FRQWULEXWHV� � � WR�WKH�
JHQHUDWLRQ� RI� ZDVWH� LQ� WKH� FRQVWUXFWLRQ� VLWH� �6DLGX��
������� ,Q� WKH� FRVW� RI� FDUU\LQJ� RXW� WKHVH� FRQVWUXFWLRQ�
DFWLYLWLHV�GXULQJ�FRQVWUXFWLRQ�ZRUNV�KDV��SRVH��QHJDWLYH�
HIIHFWV�WR�WKH�HQYLURQPHQW�DQG�WKH��JHQHUDWLRQ�RI�ZDVWH��
FKDQJHV� LQ� OLYLQJ� HQYLURQPHQW�� VHZDJH�� UHGXFWLRQ� LQ�
HQYLURQPHQWDO�UHVRXUFHV�DQG�HQHUJ\�XVDJH��0DKD\XGGLQ�
HW� DO��� ������'XH� WR� WKH� IDFW� WKDW� WKH� PDMRULW\� RI� WKLV�
ZDVWH� KDV� QRW EHHQ� SURSHUO\� FRQWUROOHG�� WKXV� FDXVLQJ�
FRQVLGHUDEOH� KHDOWK� DQG� HQYLURQPHQWDO� FKDOOHQJHV��
�,PDP� HW� DO�������� DQG� DIIHFWLQJ� WKH� SURJUHVV� RI�PDQ\�
SURMHFWV�LQ�1LJHULD��$GHZX\L��DQG��2WDOL����������6DLGX�
DQG�6KDNDQWX�������
$FFRUGLQJ� WR� $O�+DMM� DQG� +DPDQL� ������� FRQVWUXFWLRQ�
ZDVWH� LV� GHVFULEHG� DV� µWKH�GLIIHUHQFH�EHWZHHQ�PDWHULDOV�

VXSSOLHG� WR�FRQVWUXFWLRQ�VLWH�DQG� WKRVH�PDWHULDOV�SODFHG�
IRU�XVH�RQ�FRQVWUXFWLRQ�SURMHFWV¶��1DJDSDQ�HW�DO���������
WKHUHIRUH��FRQILUP�WKDW�ZDVWH�LV�DQ\�VXUSOXV�RU�XQZDQWHG�
PDWHULDO�FRQVWDQWO\�FDXVLQJ�HQYLURQPHQWDO�GLIILFXOWLHV�
2Q�RWKHU�KDQG��&RQVWUXFWLRQ�ZDVWH�ZDV�YLHZHG�E\�PDQ\�
VFKRODUV�DV�FRQVWUXFWLRQ�SURFHVV�WKDW�JHQHUDWH�ZDVWH�EXW�
FUHDWHV� QR� YDOXH�� VXFK� DV� UHZRUN� �� LQFRUUHFW� FKRLFH��
SURJUDPPH� RI� ZRUN� � DQG� � SRRU� FRQVWUXFWDELOLW\� WKDW
OHDGV� WR� ZDVWH JHQHUDWLRQ� LQ� FRQVWUXFWLRQ� VLWHV� �0D��
������ 1DJDSDQ� HW� DO��� ������ 1DJDSDQ�� $EGXO� 5DKPDQ�
DQG�$VPL��������&KLNH]LULP�DQG�0ZDQDXPR�������DQG�
6DLGX��������
1XJURKR�HW�DO���������DOVR�QRWHG�WKDW�FRQVWUXFWLRQ�ZDVWH�
LV� OHIWRYHU� PDWHULDO� DV� WKH� UHVLGXH� RI� FRQVWUXFWLRQ�
DFWLYLWLHV� DQG� LV� FDXVHG� E\� PDQ\� IDFWRUV�� VXFK� DV� RYHU�
SURGXFWLRQ�� KDQGOLQJ� HUURU�� DFFLGHQWV�� %DOGZLQ� HW� DO��
������� IXUWKHU� FRQVLGHUHG� FRQVWUXFWLRQ� ZDVWH� DV� WKH�
GLIIHUHQFH� EHWZHHQ� WKH� PDWHULDOV� UHTXHVWHG� DQG� WKRVH�
PDWHULDOV�SODFHG�RQ�FRQVWUXFWLRQ�SURMHFWV��*XOJKDQH�DQG�
.KDQGYH� ������ODWHU� FRQVLGHUHG� � WKDW� FRQVWUXFWLRQ�
ZDVWH�LQYROYHG��XQQHFHVVDU\��PDWHULDO�SURGXFHG�GLUHFWO\�
RU� LQFLGHQWDOO\� E\� WKH� FRQVWUXFWLRQ� RU� LQGXVWULHV� ZKLFK�
OHDGV�WR�ZDVWH�JHQHUDWLRQ�LQ�WKH�FRQVWUXFWLRQ�VLWHV�
.ZDQ� HW� DO�� ������� DQG� 6ZLQEXUQH� HW� DO�� �������
FRQWHQGHG� WKDW� FRQVWUXFWLRQ� ZDVWH� FDQ� EH� FDWHJRULHV�
LQWR�� ZDVWH� JHQHUDWHG� GXH� WR� GHVLJQ� DQG� VSHFLILFDWLRQ��
DQG� ZDVWH� JHQHUDWHG� GXULQJ� FRQVWUXFWLRQ� DFWLYLWLHV��
)RUPRVR�HW�DO�� �������DQG�6ZLQEXUQH�HW�DO�� �������DOVR�
FRQWHQGHG� WKDW� ZDVWH� FDQ� EH� XQDYRLGDEOH� �RU� QDWXUDO�
ZDVWH��� LQ� ZKLFK� WKH� QHFHVVDU\� WLPH� WR� LWV� UHGXFWLRQ� LV�
KLJKHU� WKDQ� WKH� HFRQRP\� SURGXFHG�� DQG� ZDVWH� FDQ� EH�
DYRLGDEOH�ZKHQ�WKH�FRVW�RI�ZDVWH�LV�JUHDWO\�FRQVLGHUDEOH�
KLJKHU� WKDQ� WKH� FRVW� WR� FXUE� WKH� ZDVWH� �&RQVWUXFWLRQ�
PDWHULDO� ZDVWH� ZDV� DOVR� GLYLGHG� LQWR� FXWWLQJ� ZDVWH��
DSSOLFDWLRQ�ZDVWH��WUDQVLW�ZDVWH�DQG�WKHIW�DQG�YDQGDOLVP�
�0XKZH]L�HW�DO���������DQG��,TEDO�DQG�%DLJ��������
7KH� SODVWHU� ZDVWH� FDXVHV� HQYLURQPHQWDO� GDPDJH� WKDW�
UHVXOWV�IURP�JHQHUDWLQJ�ZDVWH�PDWHULDO�DQG�WKH�HFRQRPLF�
DQG�VRFLDO� �DVSHFWV�RI�ZDVWH� WKDW�KDYH�DQ�HIIHFWV�RQ� WKH�
FRQVWUXFWLRQ�VLWHV��$OHQFHU�HW�DO���������
$PHK� DQG� ,WRGR� ������� DOVR� LGHQWLILHG� PRUWDU� IURP�
SODVWHULQJ�UHQGHULQJ� DV� WKH� PRVW� ZDVWHIXO� PDWHULDOV� RQ�
FRQVWUXFWLRQ�VLWHV��(]H�HW�DO���������FRQFOXGHG�WKDW�ZDVWH�
IURP� PRUWDU� KDV� WKH� PRVW� ZDVWHIXO� PDWHULDOV� RQ�
FRQVWUXFWLRQ�VLWHV�
0DWHULDO� ZDVWH� FDQ� DOVR� KDYH� D� JUHDW� HIIHFW� RQ� WKH�
SURJUHVV�RI�D�FRQVWUXFWLRQ�SURMHFW��VLQFH�LW�SUHFLVHO\�KDV�
D�JUHDW�HIIHFW�RQ�WKH�FRQVWUXFWLRQ�FRVWV��1DJDSDQ�HW�DO���
������� 0DGKDYL� HW� DO�� �������*XOJKDQH� DQG�
.KDQGYH�������QRWHG�WKDW� �� LI�PDQDJHPHQW�RI� �PDWHULDO�
LQ�FRQVWUXFWLRQ�SURMHFWV�LV�QRW�ZHOO�GRQH��LW�ZLOO�SURGXFH�
D�JUHDW�SURMHFW�FRVW�GLIIHUHQFH��ZKLFK�DOVR�OHDGV�WR�ZDVWH�
JHQHUDWLRQ�RQ�FRQVWUXFWLRQ�VLWHV��$PHK�DQG�,WRGR��������
DOVR� LGHQWLILHG� ZDVWH� IURP� PRUWDU� DV� WKH� KLJKHVW� FRVW�
SURGXFWLRQ� WR� WKH�SURMHFW� FRVW� DQG�ZDVWH� IURP�FRQFUHWH�
FRVW� WHQ� WLPHV� WKH� FRVW� RI� PRUWDU�� %DEDWXQGH� �������
LQGLFDWHV�WKDW�PRUWDU�IURP�SODVWHU�KDV�WKH�KLJKHVW�FRVW�RI�
PDWHULDOV� ZDVWDJH� RQ� VLWH�� %DEDWXQGH� ������� IXUWKHU�
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FRQFOXGHG�WKDW�PRUWDU�XVHG�IRU�SODVWHU�FRQWULEXWHG�WR�DQ�
DYHUDJH� RI� ������� FRVW� LQ� WKH� FRQVWUXFWLRQ� VLWHV� LQ�
1LJHULDQ�

��0(7+2'2/2*<
7KLV� UHVHDUFK� HPSOR\HG� WKH� XVH� RI� ILHOG� VWXG\� GHVLJQ�
DSSURDFK�E\�FROOHFWLQJ�TXDQWLWDWLYH�GDWD��7KH�GDWD�ZHUH�
JHQHUDWHG� IURP� WKH� GLUHFW� PHDVXUHPHQW� RI� WKH� RQ�VLWH�
SODVWHULQJ� ZDVWH� YROXPH� �PHDVXUHG� SODVWHULQJ� YROXPH��
WR� EH� XVHG� IRU� ��� QXPEHU� ��EHGURRP�EXQJDORZ� DQG� ��
EHGURRP� GXSOH[� UHVSHFWLYHO\�� DOO� FRQYHUWHG� WR� FXELF�
PHWUH� �YROXPH��� 7KH WDEOH� FRQWDLQLQJ� WKHVH� GHWDLOV� LV�
SUHVHQWHG�LQ�$SSHQGL[��RI�WKLV�UHVHDUFK�
7KH�SRSXODWLRQ�IRU�WKH�VWXG\�FRQVLVWHG��������EHGURRP�
UHVLGHQWLDO� EXQJDORZ� DQG� GXSOH[� FRQVWUXFWLRQ� SURMHFW�
VLWHV� ZLWKLQ� )HGHUDO� &DSLWDO� 7HUULWRU\� �)&7�� DUHD� RI�
1LJHULD�
,Q� WKLV� UHVHDUFK�� WRWDO� WZHQW\� �������EHGURRP�EXQJDORZ�
EXLOGLQJV� DQG� WZHQW\� ����� ��EHGURRP� GXSOH[� EXLOGLQJV�
ZHUH� VDPSOHG�� 7KHVH� ZHUH� WKH� DFWLYH� ��EHGURRP�
FRQVWUXFWLRQ� SURMHFWV� DV� DW� WKH� WLPH� RI� FROOHFWLQJ� WKH�
UHVHDUFK�GDWD�DQG�WR�ZKLFK�DFFHVV�ZDV�PDGH�HDVLHU�
��EHGURRP� EXQJDORZV� DQG� GXSOH[HV� ZHUH� VHOHFWHG��
EHFDXVH� WKH\� ZHUH� WKH� PRVW� FRQYHQLHQW� IRUPV� RI�
UHVLGHQWLDO�EXLOGLQJV�IRU�DYHUDJH�1LJHULDQV�WRGD\�
,Q�RUGHU�WR�JXDUDQWHH�HTXDO�UHSUHVHQWDWLRQ�IRU�HDFK�RI�WKH�
LGHQWLILHG� JURXSV�VWUDWD� LQ� WKH� SRSXODWLRQ�� VWUDWLILHG�
UDQGRP�VDPSOLQJ�PHWKRG�ZDV�DGRSWHG��7KH�UHVSRQGHQWV�
ZHUH� ILUVW� FDWHJRUL]HG� LQWR� WZR� GLIIHUHQW� VWUDWD� ���
EHGURRP�EXQJDORZ�DQG���EHGURRP�GXSOH[��EHIRUH� WKH\�
ZHUH�VHOHFWHG�DQG�UDQGRPO\�VDPSOHG�DFFRUGLQJO\�
)RU�WKLV�UHVHDUFK��SULPDU\�VRXUFHV�ZHUH�XVHG�WR�JHQHUDWH
GDWD�
7KLV� VWXG\� FROOHFWHG� SULPDU\� GDWD� WKURXJK� TXDQWLWDWLYH�
UHVHDUFK� DSSURDFKHV� ZKLFK� LQFOXGHG� WKH� XVH� RI� RQVLWH�
VLWH�REVHUYDWLRQ��PHDVXUHPHQWV�RI�TXDQWLW\�RI�SODVWHULQJ�
ZDVWH� DQG� UHFRUGLQJ� RQ� VLWH� ZDV� HPSOR\HG�� 7KLV�
UHVHDUFK� DOVR� FRQFHQWUDWHG� RQ� PRUWDU� ZDVWH� IRU� SODVWHU�
RQO\�DV�PDWHULDO�FRQVLGHUHG�LQ�WKLV�UHVHDUFK�
����)LHOG�LQVSHFWLRQV��
7KH� YROXPH� RI� WKH� PRUWDU� ZDVWH� DQG� PRUWDU� XVHG� DUH�
GHWHUPLQHG�E\�XVLQJ�EXFNHW�DV�WKH�PRVW�FRPPRQO\�XVHG�
RQ�FRQVWUXFWLRQ�VLWHV�
����0HWKRG�RI�GDWD�DQDO\VHV
7KH� UHVHDUFK DGRSWHG� WKH�XVH�RI� LQIHUHQWLDO�PHWKRGV�RI�
DQDO\VLV� WR� DQDO\]H WKH� GDWD� DQG� WKH� UHVXOWV� ZHUH�
SUHVHQWHG�LQ�7DEOHV�
5HJUHVVLRQ� DQDO\VHV� DUH� XVHG� WR� VKRZ� WKH� VWDWLVWLFDO�
UHODWLRQVKLS�EHWZHHQ�RQH�GHSHQGHQW�YDULDEOH�DQG�RQH�RU�
PRUH�LQGHSHQGHQW�YDULDEOHV�GDWD��7KH\�DUH�DOVR�XVHG�DV�D�
EDVLF� SUHGLFWLYH� DQDO\VLV�� 7KLV� VWXG\� ZDV� FRQGXFWHG�
EHWZHHQ�-DQXDU\������WR�-XQH�����������

���5(68/76�$1'�',6&866,21
7KLV�VHFWLRQ�SUHVHQWV�WKH�UHODWLRQVKLS�EHWZHHQ�YROXPH�RI�
PRUWDU� WR� EH� XVHG� IRU� SODVWHU� DQG� YROXPH� RI� SODVWHULQJ�

ZDVWH� E\� XVLQJ� OLQHDU� � UHJUHVVLRQ� DQDO\VHV� DQG� LWV�
GLVFXVVLRQV�
$OVR� EHIRUH� UXQQLQJ� WKH� UHJUHVVLRQ� DQDO\VHV�� WHVW� IRU�
QRUPDOLW\� ZDV� SHUIRUPHG� WR� HQVXUH� WKDW� WKH� GDWD� ZHUH�
QRUPDOO\� GLVWULEXWHG� XVLQJ� WKH� 6KDSLUR�:LONV� 7HVW� DQG�
WKH�UHVXOWV�UHYHDOHG�D�QRUPDOO\�GLVWULEXWHG�GDWD�DQG�WKLV�
DOORZV�IRU�IXUWKHU�UHJUHVVLRQ�DQDO\VHV�WR�EH�FRQGXFWHG�
����5HODWLRQVKLS�EHWZHHQ�WKH�YROXPH�RI�PRUWDU�WR�EH�
XVHG�IRU�SODVWHU�DQG�WKH�YROXPH�RI�SODVWHULQJ�ZDVWH
7KH� WZR� DQDO\VHV� LQ� 7DEOH� �� VKRZ� WKH� UHVXOW� RI� OLQHDU�
UHJUHVVLRQ� DQDO\VHV� SHUIRUPHG� EHWZHHQ� WKH� YROXPH� RI�
SODVWHU�ZDVWH�DQG�WKH�YROXPH�RI�SODVWHU�WR�EH�XVHG�RQ���
EHGURRP�EXQJDORZV� DQG�GXSOH[HV��7KH� UHVXOWV� GHSLFW� D�
OLQHDU�DQG�D�VWURQJ�FRUUHODWLRQ�ZLWK�WKH�5�VTXDUH�YDOXHV�
RI� ������� DQG� ������� UHVSHFWLYHO\�� 7KH� SUREDELOLW\�
YDOXHV���������ZHUH�OHVV�WKDQ�WKH����VLJQLILFDQFH�OHYHO��
DQG� WKH� K\SRWKHVHV� ZHUH� FRQGXFWHG� DW� WKH� ����
FRQILGHQFH� OHYHO�� � 7KHUHIRUH�� UHODWLRQVKLSV� DUH�
VWDWLVWLFDOO\� VLJQLILFDQW�� DQG� WKH� QXOO� K\SRWKHVHV� DUH�
UHMHFWHG���7KH�UHVXOWV�VKRZ�WKDW�DQ\�FKDQJH�LQ�WKH�HLWKHU�
RI� WKH� YDULDEOHV� �;� DQG� <�� ZRXOG� OHDG� WR� D�
FRUUHVSRQGLQJ�FKDQJH�LQ�WKH�RWKHU�

7$%/(� ��� 5(68/76� 2)� 5(*5(66,21� $1$/<6(6� %(7:((1�
92/80(� 2)� 3/$67(5� 72 %(� 86('� $1'� 92/80(� 2)�
3/$67(5,1*� :$67(� )25 ��%('5220� %81*$/2:6 $1'�
'83/(;(6��
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7KHUHIRUH�� WR�SUHGLFW� WKH�YROXPH�RI�SODVWHU�ZDVWH�XVLQJ�
WKH� ��EHGURRP� EXQJDORZV� DQG� GXSOH[HV� ZLOO� EH�
GHWHUPLQHG� E\�� DGGLQJ� WKH� FRQVWDQW� YDOXH� ������ DQG�



�VW ,QWHUQDWLRQDO�&LYLO�(QJLQHHULQJ�&RQIHUHQFH��,&(& �����
'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ

)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD� 1LJHULD

������UHVSHFWLYHO\��WR�WKH�FRHIILFLHQW�YDOXH�RI�WKH�SODVWHU�
XVHG� LQ� YROXPH� ������� DQG� ������ UHVSHFWLYHO\��� DQG�
PXOWLSOLHG� E\� WKH� YROXPH� RI� SODVWHU� WR� EH� XVHG� IRU�
EXLOGLQJ�ZRUNV�
7KHVH�UHVXOWV�FRUURERUDWH�ZLWK�WKH�ILQGLQJV�RI�6DLGX�DQG�
6KDNDQWX� ������� ZKR� REVHUYHG� WKDW� LQFUHDVH� LQ� WKH�
YROXPH�RI�PDWHULDOV�XVHG�ZRXOG�OHDGV�WR�LQFUHDVH�RQ�WKH�
TXDQWLW\�RI�PDWHULDO�ZDVWH�DQG�ZRXOG�DOVR� LQFUHDVHV WKH�
FRVW� RI� PDWHULDOV� ZDVWH� IRU� SURMHFW�� � $OVR�� $PHK� DQG�
,WRGR� �������� 7HR� HW� DO�� �������� 6DLGX� DQG� 6KDNDQWX
�������REVHUYHG�WKDW�ILQDO�FRVW�RI�D�EXLOGLQJ�SURMHFW�DOVR�
LQFUHDVHV�DV�UHVXOWV�RI�PDWHULDO�ZDVWDJH�RQ�FRQVWUXFWLRQ�
VLWHV��:KLFK�PRUH� VR�PHDQV� WKDW� DV�PRUH�PDWHULDOV� DUH�
ZDVWHG��PRUH� LV� QHHGHG�� WKXV�DIIHFWLQJ� WKH� ILQDO�SURMHFW�
FRVWV�

���&21&/86,21�$1'�5(&200(1'$7,216
&RQVWUXFWLRQ� ZDVWH� KDV� EHHQ� LGHQWLILHG� DV� JOREDO�
HQYLURQPHQWDO� SUREOHP� WKDW� KDYH�JUHDW� HIIHFWV� RQ� WLPH��
FRVW��TXDOLW\�DQG�VXVWDLQDELOLW\��DV�ZHOO�DV�WKH�SURJUHVV�RI�
FRQVWUXFWLRQ� SURMHFWV�� 6WDWLVWLFDO� GDWD� UHODWLQJ� WR� WKH�
TXDQWLWLHV�RI�PDWHULDO�ZDVWH�IRU�EXLOGLQJ�ZRUNV�KDYH�QRW�
EHHQ�ZHOO�GRFXPHQWHG��DQG�WKHUH�LV�QR�NQRZQ�PRGHO�IRU�
SUHGLFWLQJ� WKH� TXDQWLWLHV� RI� RQVLWH� PDWHULDO� ZDVWH� IRU�
GLIIHUHQW� PDWHULDOV�� VXFK� DV� SODVWHULQJ� PRUWDU�� EORFN�
ZRUNV� DQG� VR� IRUWK�� 7KLV� VWXG\� ZDV� DLPV� WR� GHYHORS� D�
PRGHO� IRU� SUHGLFWLQJ� SODVWHULQJ� ZDVWH� YROXPH� LQ�
EXLOGLQJ� ZRUNV�� 7KH� VWXG\� FRQFOXGHV� WKDW� UHODWLRQVKLS�
EHWZHHQ� YROXPH� RI� SODVWHULQJ� PRUWDU� WR� EH� XVHG� DQG�
YROXPH�RI�SODVWHULQJ�ZDVWH�DUH�VWDWLVWLFDOO\�VLJQLILFDQW�LQ�
ERWK�EXQJDORZ�DQG�GXSOH[�ZRUNV��7KLV�PHDQV� WKDW DQ\�
FKDQJH� LQ� DQ\� RI� WKH� YDULDEOHV�ZRXOG� EULQJ� D� VLPLODUO\�
FKDQJH�LQ�WKH�RWKHU�YDULDEOHV��7KH�PRGHO�ZDV�GHYHORSHG�
IURP�WKH�OLQHDU��UHJUHVVLRQ�DQDO\VLV��%DVHG�RQ�WKHVH��WKH�
UHVHDUFK� UHFRPPHQGV� WKH� XVH� RI� WKHVH� PRGHOV� E\� WKH�
EXLOGLQJ�FRQVWUXFWLRQ�SURIHVVLRQDOV�DW� WKH�HDUO\�VWDJH� LQ�
RUGHU�WR�KDYH�DQ�LGHD�RQ�WKH�OLNHO\�YROXPH�RI�ZDVWH�WR�EH�
UHFRUGHG��VR�WKDW�DGMXVWPHQW�FRXOG�EH�PDGH�LQ�WKH�DUHDV�
RI�PDQDJHPHQW�DQG�VXSHUYLVLRQ�RI�SURMHFW�DW�KDQG�

5()(5(1&(6
$GHZX\L�� 7�� 2�� 	� 2WDOL�� 0�� �������� (YDOXDWLRQ� RI�

&DXVHV� RI� &RQVWUXFWLRQ� 0DWHULDO� :DVWH�&DVH� RI�
5LYHU� 6WDWH�� 1LJHULD�� (WKLRSLDQ� -RXUQDO� RI�
(QYLURQPHQWDO�6WXGLHV�DQG�0DQDJHPHQW���������
����

$OHQFHU��/�+���&DUROLQH��0�0���	�0DUFHOR��+��$��
������� 7KH� SUREOHP� RI� GLVSRVLQJ� RI� SODVWHU��������������
ZDVWH IURP� EXLOGLQJ� VLWHV�3UREOHP� VWUXFWXULQJ��
EDVHG� RQ� YDOXH� � IRFXV��
WKLQNLQJPHWKRGRORJ\�%UD]LO� -RXUQDO� RI� :DVWH�
0DQDJHPHQW�� ���� ������� ����������� 5HWULHYHG�
IURP�KWWS���ZZZ�HOVHYLHU�FRP�ORFDWH��ZDVPDQ

$O�+DMM��$���	�+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��	�,WRGR��(��'����������3URIHVVLRQDOV¶�9LHZV�
RI� 0DWHULDO� :DVWDJH� RQ� &RQVWUXFWLRQ� 6LWHV��
2UJDQL]DWLRQ�� 7HFKQRORJ\� DQG� 0DQDJHPHQW� LQ�
&RQVWUXFWLRQ�� $Q� ,QWHUQDWLRQDO� -RXUQDO�� ������
��������

%DEDWXQGH�� 6�2�� �������� 4XDQWLWDWLYH� $VVHVVPHQW� RI�
&RQVWUXFWLRQ� 0DWHULDO� :DVWDJH� LQ� 1LJHULDQ�
&RQVWUXFWLRQ� 6LWHV�� -RXUQDO� RI� (PHUJLQJ� 7UHQGV�
LQ�(FRQRPLFV�DQG�0DQDJHQW�6FLHQFHV ������������
����

%DOGZLQ�� $��� 3RRQ�� &�� 6��� 6KHQ�� /�<��� $XVWLQ�� 6��� 	�
:RQJ�� ,�� �������� 'HVLJQLQJ� RXW�:DVWH� LQ� +LJK�
ULVH�5HVLGHQWLDO�%XLOGLQJV��$QDO\VLV�RI�3UHFDVWLQJ�
0HWKRGV� DQG� 7UDGLWLRQDO� &RQVWUXFWLRQ��
5HQHZDEOH�(QHUJ\���������������±����

&KLNH]LULP��2���	�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������������������ ����

'DQLD��$��$���-��2��.HKLQGH��	�.��%DOD���������$�VWXG\�
RI�FRQVWUXFWLRQ�PDWHULDO�ZDVWH��7KH�WKLUG�VFRWWLVK�
FRQIHUHQFH� IRU� SRVWJUDGXDWH� UHVHDUFKHUV� RI� EXLOW�
DQG�QDWLRQDO�HQYLURQPHQW��352%(���%DXIDFK��

(]H�� (�&��� 6HJKRVLPH�� 5�� (\RXQJ�2�3��� 	�
/R\D�2�6��������$VVHVVPHQW� RI� PDWHULDOV� ZDVWH�
LQ� WKH� &RQVWUXFWLRQ� 2SHUDWLYHV�� 7UDGHVPHQ� DQG�
$UWLVDQV� LQ�1LJHULD� 7KH� LQWHUQDWLRQDO�RI�-RXUQDO�
RI� (QJLQHHULQJ DQG� 6FLHQFH�,-(6��� ������ �������
GRL���������M�����������������

)RUPRVR�� &�� 7��� ,VDWWR�� (�� /��� 	� +LURWD�� (�� +�� ��������
³0HWKRG� IRU� ZDVWH� FRQWURO� LQ� WKH� EXLOGLQJ�
LQGXVWU\´��,Q�3URFHHGLQJV�,*/&��9RO�����S�������

*XOJKDQH�� $�� $��� 	� .KDQGYH�� 3�� 9� ��������
0DQDJHPHQW� IRU� &RQVWUXFWLRQ� 0DWHULDOV� DQG�
&RQWURO� RI� &RQVWUXFWLRQ� :DVWH� LQ� &RQVWUXFWLRQ�
,QGXVWU\��$�5HYLHZ� ,QW�� -RXUQDO�RI�(QJLQHHULQJ�
5HVHDUFK� DQG� $SSOLFDWLRQV�� ������ ������ � � ,661��
���������

+DVVDQ�� 6��+���$K]DKDU��1��� )DX]L��0��$���	�(PDQ�� -��
�������� :DVWH� 0DQDJHPHQW� ,VVXHV������������������
LQ1RUWKHUQ 5HJLRQ� RI� 0DOD\VLD� ,Q�� 3URFHGLD� RI�
6RFLDO� DQG� %HKDYLRUDO� 6FLHQFHV� ��������� ���� ±
���� 5HWULHYHG� IURP�
KWWS���ZZZ�VFLHQFHGLUHFW�FRP3XEOLVLQJ� WKH�
3URFHHGLQJV� RI��$EEDV��0�<��� %DMXQLG��$�)�,��	�
$]KDUL�� 1�)�� �(GV��� $6($1� &RQIHUHQFH� RQ�
(QYLURQPHQW�%HKDYLRXU� 6WXGLHV� �$F(�%V���
5LYHUVLGH� 0DMHVWLF� +RWHO�� ���� � � -XO\� ������
.XFKLQJ��6DUDZDN��0DOD\VLD�

,PDP��$���0RKDPPHG��%���:LOVRQ��'�&��	�&KHHVHPDQ��
&�5�� �������� &RXQWU\� UHSRUW�� 6ROLG� ZDVWH�
PDQDJHPHQW� LQ� $EXMD�� 1LJHULD�� :DVWH�
0DQDJHPHQW�������������±����

,TEDO�� .��� 	� %DLJ�� 0�$� �������� 4XDQWLWDWLYH� DQG�
4XDOLWDWLYH� (VWLPDWLRQ� RI� &RQVWUXFWLRQ� :DVWH�
0DWHULDO� LQ� 3XQMDE� 3URYLQFH� RI� 3DNLVWDQ��



�VW ,QWHUQDWLRQDO�&LYLO�(QJLQHHULQJ�&RQIHUHQFH��,&(& �����
'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ

)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD� 1LJHULD

$PHULFDQ�(XUDVLDQ�-RXUQDO�RI�$JULF� 	�(QYLURQ���
6FLHQFH�� ��� ����� ��������� GRL�� ��������M�� �����
����������������

.ZDQ�� -��� 0DOOHWW�� +��� 0DVRQ�� 6��� 	� 6SHQFHU�� '��
�������7RROV�IRU�PHDVXULQJ�DQG�IRUHFDVWLQJ�ZDVWH�
JHQHUDWHG�RQ�VLWH��3URMHFW�5HSRUW�����'HSDUWPHQW�
RI� WKH�(QYLURQPHQW��7UDQVSRUW�� DQG� WKH�5HJLRQV��
/RQGRQ��&,5,$

0D�� 8�� �������� 1R� ZDVWH�� 0DQDJLQJ� VXVWDLQDELOLW\� LQ�
FRQVWUXFWLRQ��6XUUH\��*RZHU�3XEOLVKLQJ���/LPLWHG

0DGKDYL�7�3��� 0DWKHZ�� 6� 9�� DQG� 5R\�� 6�� � ��������
0DWHULDO�0DQDJHPHQW� LQ�&RQVWUXFWLRQ� ± $�&DVH�
6WXG\�� ,QWHUQDWLRQDO� -RXUQDO� RI� 5HVHDUFK� LQ�
(QJLQHHULQJ�DQG�7HFKQRORJ\����������

0DKD\XGGLQ�� 6�$��� $NPDO=DKUL�:�� 	� =DKDUXGGLQ�:��
��������³4XDQWLILFDWLRQ�RI�:DVWH�LQ�&RQYHQWLRQDO�
&RQVWUXFWLRQ� ³,QWHUQDWLRQDO� -RXUQDO� RI�
(QYLURQPHQWDO�6FLHQFH�DQG�'HYHORSPHQW��9RO�����
1R����

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

0HPRQ��$�+��� ,��$EGXO�5DKPDQ��1�<��=DLQXQ��	�$�7��
$EG� .DULPG�� �������� �:HE�EDVHG� 5LVN�
$VVHVVPHQW� 7HFKQLTXH� IRU� 7LPH� DQG� &RVW�
2YHUUXQ� �:5$77&2�� ± $� )UDPHZRUN���
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� ,QQRYDWLRQ��
0DQDJHPHQW� DQG� 7HFKQRORJ\� 5HVHDUFK��
0DOD\VLD�� 3URFHGLD� � 6RFLDO� DQG� %HKDYLRUDO�
6FLHQFHV������± ����

0XKZH]L��/���&KDPXULKR��/��0���	�/HPD��1��0����������
³$Q� LQYHVWLJDWLRQ� LQWR� 0DWHULDOV� :DVWHV RQ�
%XLOGLQJ� &RQVWUXFWLRQ� 3URMHFWV� LQ� .DPSDOD�
8JDQGD� ³6FKRODUO\� -RXUQDO� RI� (QJLQHHULQJ�
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