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�'HSDUWPHQW�RI�4XDQWLW\�6XUYH\LQJ��6FKRRO�RI�(QYLURQPHQWDO�7HFKQRORJ\��)HGHUDO�
8QLYHUVLW\�RI�7HFKQRORJ\��0LQQD��1LJHULD

�'HSDUWPHQW�RI�&RQVWUXFWLRQ�0DQDJHPHQW��)DFXOW\�RI�(QJLQHHULQJ��WKH�%XLOW�
(QYLURQPHQW�DQG�,QIRUPDWLRQ�7HFKQRORJ\��1HOVRQ�0DQGHOD�0HWURSROLWDQ�8QLYHUVLW\��

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

$%675$&7�
0DWHULDO� ZDVWDJH� DQG� FRVW� RYHUUXQV DUH� FRPPRQ� SUREOHPV� DIIHFWLQJ� FRQVWUXFWLRQ� SURMHFWV�� 7KHVH�
SUREOHPV�RFFXU�DW�GLIIHUHQW�VWDJHV�RI�D�SURMHFW��(PSLULFDO�UHVHDUFK�WKDW�OLQN PDWHULDO�ZDVWH LVVXHV�WR�FRVW�
RYHUUXQV�DW�GHVLJQ�PDQDJHPHQW�VWDJH�RI�D�SURMHFW�UHPDLQ�DW�WKH�VXE�RSWLPDO�OHYHO�LQ�1LJHULD��+HQFH��WKLV�
SDSHU�LQYHVWLJDWHV�WKH�PDWHULDO�ZDVWH�LVVXHV�WKDW�UHODWH�WR�FRVW�RYHUUXQV�DW�GHVLJQ�PDQDJHPHQW�VWDJH�RI�D�
EXLOGLQJ� SURMHFW�� 7KH� VWXG\� SRSXODWLRQ� LV� EXLOGLQJ� FRQVWUXFWLRQ� SURIHVVLRQDOV� ZLWKLQ� $EXMD� DQG� WKH�
VDPSOLQJ�PHWKRG�ZDV�SXUSRVLYH�MXGJPHQWDO��EHFDXVH�RQO\�EXLOGLQJ�FRQVWUXFWLRQ�SURIHVVLRQDOV�KDQGOLQJ�
SURMHFWV�WKDW�DUH�ZRUWK�����ELOOLRQ�1DLUD�DQG�PRUH��ZHUH�FRQVXOWHG��3URMHFWV�RI�WKLV�YDOXH�DUH�OLNHO\�WR�EH�
KDQGOHG� E\� PRUH� H[SHULHQFHG� SURIHVVLRQDOV�� ZKR� PLJKW� EH� PRUH� IDPLOLDU� ZLWK� WKH� LVVXHV� OHDGLQJ� WR�
PDWHULDO� ZDVWH� DQG� FRVW� RYHUUXQV�� 6HPL�VWUXFWXUHG� EXW� LQ�GHSWK� LQWHUYLHZV�ZHUH� FRQGXFWHG�ZLWK� WKLUW\�
�����FRQVWUXFWLRQ�SURIHVVLRQDOV�IURP�HDFK�SURMHFW��FRPSULVLQJ����SURMHFW�PDQDJHUV����TXDQWLW\�VXUYH\RUV��
�� VLWH� HQJLQHHUV� DQG��� VHQLRU� WHFKQLFDO� RIILFHU� RI� D�ZDVWH�PDQDJHPHQW�GHSDUWPHQW��7KH� LQWHUYLHZ�GDWD�
ZHUH�DQDO\VHG�E\�XVLQJ�WKH�GHGXFWLYH�DSSURDFK��ZKLFK�LQYROYHV�FRQVWDQW�FRPSDUDWLYH�DQDO\VLV�DIWHU�WKH�
LQWHUYLHZ�GDWD�KDYH�EHHQ�VRUWHG�DQG�FRGHG�WR�JHQHUDWH�NQRZOHGJH�DERXW�DQ\�FRPPRQ�SDWWHUQ�ZLWKLQ�WKH�
LQWHUYLHZHHV¶�HYLGHQFH�RQ�PDWHULDO�ZDVWH�DQG�FRVW�RYHUUXQ� ,W�ZDV�IRXQG�WKDW�GHVLJQV�PXVW�UHPDLQ�VLPSOH�
DQG�QHFHVVDU\�GHWDLOV�DQG�VSHFLILFDWLRQV�EH�FOHDU�DQG�UHDGDEOH� WR�DYRLG�DVVXPLQJ�HVWLPDWLQJ� ILJXUHV�� LQ�
RUGHU� WR�PLQLPLVH�PDWHULDO�ZDVWH�DQG�FRVW�RYHUUXQV��%DVHG�RQ� WKHVH� ILQGLQJV�� LW� FDQ�EH� FRQFOXGHG� WKDW�
HIIHFWLYH�PDQDJHPHQW�RI�PDWHULDO�ZDVWH�DW�GHVLJQ�VWDJH�ZRXOG� WUDQVODWH� LQWR�D� UHGXFWLRQ� LQ� WKH� OHYHO�RI�
FRVW�RYHUUXQ��7KH�PDQDJHPHQW�RI�PDWHULDO�ZDVWH�VKRXOG�EH�UHYLVHG�EDVHG�RQ�WKH�ILQGLQJV�RI�WKLV�UHVHDUFK�
DQG�LQFOXGHG�DV�SDUW�RI�WKH�SUH�FRQWUDFW�PDQDJHPHQW�SURFHVV�RI�D�SURMHFW�

.H\ZRUGV� FRVW�RYHUUXQV��GHVLJQ�PDQDJHPHQW��PDWHULDO�ZDVWH��1LJHULD�

,1752'8&7,21

&RVW� RYHUUXQ DQG�PDWHULDO�ZDVWH DUH� FRPPRQ� SUREOHPV� LQ� ERWK� GHYHORSHG� DQG� GHYHORSLQJ�
QDWLRQV�ZKLFK�PDNHV�LW�GLIILFXOW�IRU�PDQ\�SURMHFWV�WR�EH�FRPSOHWHG�ZLWKLQ�WKHLU�EXGJHW��6DLGX�
DQG�6KDNDQWX�� �������0DWHULDO�ZDVWH�KDV�EHFRPH�D� VHULRXV�SUREOHP��ZKLFK� UHTXLUHV�XUJHQW�
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DWWHQWLRQ�LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\��$GHZX\L�DQG�2WDOL���������0RVW�RI�WKLV�ZDVWH�KDV�QRW�
EHHQ�ZHOO�PDQDJHG��WKXV�FDXVLQJ�KHDOWK�DQG�HQYLURQPHQWDO�SUREOHPV��,PDP�HW�DO�� �������DQG�
DIIHFWLQJ� WKH� SHUIRUPDQFH� RI� PDQ\� SURMHFWV� �$PHK� DQG� ,WRGR�� ������ 6DLGX� DQG� 6KDNDQWX��
����D��� 7KH� SUREOHP� RI� PDWHULDO� ZDVWH� LV� GLVFORVHG� E\� YDULRXV� DXWKRUV� UHSRUWLQJ� RQ� WKH�
VLWXDWLRQ�� IRU� LQVWDQFH�� ������� RI� PDWHULDOV� GHOLYHUHG� WR� FRQVWUXFWLRQ� VLWHV� LQ� WKH� 8QLWHG�
.LQJGRP��8.��HQG�XS�DV�ZDVWH��2VPDQL�������� 7KH�8QLWHG�6WDWHV��86��JHQHUDWHV����P�WRQ�
RI�FRQVWUXFWLRQ�ZDVWH�DQQXDOO\��UHSUHVHQWLQJ��������RI�WKH�FRXQWU\¶V�PXQLFLSDO�VROLG�ZDVWH�
�2VPDQL���������2VPDQL��������KLJKOLJKWHG�WKDW�����RI�PDWHULDOV�GHOLYHUHG�WR�VLWH�LQ�WKH�8.�
HQG�XS�DV�D�ZDVWH�WKDW�PD\�QRW�EH�DFFRXQWHG�IRU��6LPLODUO\��$PHK�DQG�,WRGR��������REVHUYHG�
WKDW�LQ�HYHU\�����KRXVHV�EXLOW�WKHUH�LV�VXIILFLHQW�ZDVWH�PDWHULDO�WR�EXLOG�DQRWKHU����KRXVHV�LQ�
1LJHULD��

7KH�DUJXPHQW�LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\�RQ�KRZ�WR�UHGXFH�RU�WRWDOO\�UHPRYH�FRVW�RYHUUXQV
IURP�SURMHFWV�KDV�EHHQ�RQ�JRLQJ�DPRQJ�WKH�EXLOW�HQYLURQPHQW SURIHVVLRQDOV��SURMHFW�RZQHUV�
DQG� WKH�XVHUV� IRU� WKH�SDVW�VHYHQW\�\HDUV� �$SRORW�HW�DO���������$OODKDLP�DQG�/LX���������EXW�
WKHUH� LV� QR� VXEVWDQWLDO� LPSURYHPHQW� QRU� VLJQLILFDQW� VROXWLRQ� LQ� PLWLJDWLQJ� LWV GHWULPHQWDO�
HIIHFWV��$OODKDLP�DQG�/LX�����������

5HODWLQJ�PDWHULDO�ZDVWH WR�FRVW�RYHUUXQ��2VPDQL�HW�DO���������KLJKOLJKWHG�WKDW����SHUFHQW�RI�
RQVLWH� ZDVWH� LV� JHQHUDWHG� DV� D� UHVXOW� RI� GHVLJQHUV¶� IDLOXUH� WR� LPSOHPHQW� ZDVWH� UHGXFWLRQ�
PHDVXUHV�DQG�WKHVH�ZDVWH�KDYH�HIIHFWV�RQ�FRVW�RYHUUXQ��$PHK�DQG�,WRGR����������$PHK�DQG�
,WRGR� ������ EHOLHYH� WKDW� EXLOGLQJ�PDWHULDO�ZDVWDJH� RQ� FRQVWUXFWLRQ� VLWHV� DFFRXQWV� IRU� FRVW�
RYHUUXQV��)RU�LQVWDQFH��PDWHULDO�ZDVWH�DFFRXQWV�IRU�DGGLWLRQDO�����RI�SURMHFW�FRVW�RYHUUXQV�LQ�
WKH�8.������LQ�+RQJ�.RQJ��DQG�EHWZHHQ�����DQG�����LQ�1HWKHUODQGV��6DLGX�DQG�6KDNDQWX�
�����E�� LQYHVWLJDWHG� WKH�FRQWULEXWLRQV�RI�PDWHULDO�ZDVWH� WR� FRVW�RYHUUXQV� LQ�$EXMD��1LJHULD�
DQG� FRQFOXGHG� WKDW EXLOGLQJ�PDWHULDO� ZDVWH� FRQWULEXWHV� DSSUR[LPDWHO\� �� SHUFHQW� WR� SURMHFW�
FRVW�RYHUUXQ�������

0DWHULDO� ZDVWH� DQG� FRVW� RYHUUXQ DUH� RFFDVLRQHG� E\� VHYHUDO� FDXVHV DW� GLIIHUHQW� VWDJHV� RI�
SURMHFWV�� LQFOXGLQJ� SODQQLQJ�� HVWLPDWLQJ�� GHVLJQ� DQG� GHVLJQ� PDQDJHPHQW�� DQG� FRQVWUXFWLRQ�
VWDJH�� ,GHQWLILFDWLRQ� RI� WKHVH� FDXVHV� DQG� WKH� DSSOLFDWLRQ� RI� UHOHYDQW� FRQWURO� PHDVXUHV� WR�
PLQLPLVH� WKHLU� RFFXUUHQFH� LV� D� VWHS� WRZDUGV� DOOHYLDWLQJ� WKH� FRQVHTXHQFHV� �0RX�� ������
2ODGLUDQ��������1DJDSDQ�HW DO�� ������6DLGX�DQG�6KDNDQWX��������

&RQVHTXHQWO\��$PHK�DQG ,WRGR��������EHOLHYHG� WKDW�EXLOGLQJ�PDWHULDO�ZDVWDJH�RQ�FRQVWUXF�
WLRQ� VLWHV� DFFRXQWV� IRU� FRVW� RYHUUXQV�� 7KLV� LV� EHFDXVH� RI� WKH� IDFW� WKDW�� PRVW� PDQDJHUV RI�
FRQVWUXFWLRQ� SURMHFWV SD\� OLWWOH� DWWHQWLRQ� WR� WKH� HIIHFWV� RI� JHQHUDWHG�PDWHULDO�ZDVWH RQ� FRVW�
RYHUUXQV�DW�WKH�GHVLJQ�VWDJH�RI�D�SURMHFW��0DQ\�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�LQ�WKLV�ILHOG��IRU�
LQVWDQFH�� 7DP� HW� DO�� ������� DVVHVVHG� WKH� OHYHOV� RI� PDWHULDO� ZDVWDJH� DIIHFWHG� E\� VXE�
FRQWUDFWLQJ�UHODWLRQVKLSV�DQG�SURMHFWV�W\SHV�ZLWK�WKHLU�FRUUHODWLRQV�RQ�FRQVWUXFWLRQ�VLWH��$PHK
DQG�,WRGR��������DVVHVVHG�SURIHVVLRQDOV¶�YLHZV�RI�PDWHULDO�ZDVWDJH�DQG�FRVW�RYHUUXQV��DV�ZHOO�
DV�WKH�PRVW�ZDVWHIXO�PDWHULDOV�RQ�FRQVWUXFWLRQ�VLWHV��6DLGX�DQG�6KDNDQWX��������H[DPLQHG�WKH�
UHODWLRQVKLS� EHWZHHQ�TXDOLW\� RI� HVWLPDWLQJ�� FRQVWUXFWLRQ�PDWHULDO�ZDVWH� JHQHUDWLRQ� DQG� FRVW�
RYHUUXQV�LQ�$EXMD��1LJHULD��6DLGX�DQG�6KDNDQWX������D��H[DPLQHG WKH�UHODWLRQVKLS�EHWZHHQ�
PDWHULDO� ZDVWH� DQG� FRVW� RYHUUXQ LQ� WKH� FRQVWUXFWLRQ� LQGXVWU\� XVLQJ� OLWHUDWXUH� EDVHG�
PHWKRGRORJ\� DQG� UHFRPPHQGHG� IXUWKHU� HPSLULFDO� LQYHVWLJDWLRQV�� 0RUHRYHU�� 6DLGX� DQG�
6KDNDQWX������E��GHYHORSHG�D�IUDPHZRUN�DQG�DQ�HTXDLRQ�IRU�PDQDJLQJ�FRQVWUXFWLRQ�PDWHULDO�
ZDVWH� DQG� FRVW� RYHUUXQV�� 6DLGX� DQG�6KDNDQWX� �����F�� DOVR� GHWHUPLQHG� WKH� FRQWULEXWLRQV� RI�
PDWHULDO� ZDVWH� WR� SURMHFW� FRVW� RYHUUXQ� LQ� $EXMD�� 1LJHULD�� 1RQH� RI� WKH� DERYH�PHQWLRQHG�
UHVHDUFK�FOHDUO\� LGHQWLILHG� WKH�PDWHULDOV�ZDVWH�FDXVHV WKDW�DUH� OLQNHG� WR�FRVW�RYHUUXQV�DW� WKH�
GHVLJQ� VWDJH�RI� D�SURMHFW��7KHVH� WKHUHIRUH�� SURYLGHV� WKH�QHHG� IRU� D� UHVHDUFK� WKDW�SURYLGHV� D�
KROLVWLF� DVVHVVPHQW� RI� WKH� PDWHULDO� ZDVWH� FDXVHV� WKDW� KDYH� HIIHFWV� RQ� FRVW� RYHUUXQV� DW� WKH�
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GHVLJQ�VWDJH�RI�D�FRQVWUXFWLRQ�SURMHFW��+HQFH��WKLV�SDSHU�VRXJKW�WKH�SHUFHSWLRQ�RI�FRQVWUXFWLRQ�
SURIHVVLRQDOV�RQ�WKH�PDWHULDO�ZDVWH�LVVXHV�WKDW�UHODWH�WR�FRVW�RYHUUXQV�DW�GHVLJQ�PDQDJHPHQW�
VWDJH�RI�D�EXLOGLQJ�SURMHFW���7R�DFKLHYH�WKLV�DLP��WKH�IROORZLQJ REMHFWLYHV�DUH�IRUPXODWHG��7R�
H[DPLQH� WKH� PDWHULDO� ZDVWH� FDXVHV� WKDW� KDYH� HIIHFWV� RQ� FRVW� RYHUUXQ�� DQG� WR� H[DPLQH� WKH�
PDWHULDO�ZDVWH�FRQWURO�PHDVXUHV�WKDW�KDYH�HIIHFWV�RQ�FRVW�RYHUUXQV�DW�WKH�GHVLJQ�PDQDJHPHQW
VWDJH�RI�EXLOGLQJ�SURMHFW�

/,7(5$785(�5(9,(:

0DWHULDO�ZDVWH�DQG�FRVW�RYHUUXQ

&RQVWUXFWLRQ� ZDVWH LV� D� JOREDO� FKDOOHQJH� IDFLQJ� FRQVWUXFWLRQ� SUDFWLWLRQHUV�� ,W� FDQ� KDYH� D�
VLJQLILFDQW�LPSDFW�RQ�WLPH��FRVW��TXDOLW\�DQG�VXVWDLQDELOLW\��DV�ZHOO�DV�WKH�VXFFHVV�RI�SURMHFWV�
�1DJDSDQ� HW� DO�� ������� ,W� LV� WKH� GLIIHUHQFH� EHWZHHQ� SXUFKDVH� DQG� DFWXDO� XVH� �$O�+DMM� DQG�
+DPDQL�� ������ &RQVWUXFWLRQ� ZDVWH� KDV� EHHQ� GHVFULEHG� DV� DQ\� FRQVWLWXHQW� JHQHUDWHG�� DV� D�
UHVXOW�RI�FRQVWUXFWLRQ�ZRUN��DQG�DEDQGRQHG�ZKHWKHU�RU�QRW�LW�KDV�EHHQ�SURFHVVHG��RU�VWRFNHG�
XS�EHIRUH�EHLQJ�DEDQGRQHG��<XDQ�HW�DO�� ������+XVVDLQ�HW�DO����������

&RVW� LV� FRQVLGHUHG� DV� RQH� RI� WKH� PRVW� VLJQLILFDQW� LVVXHV�� DQG� D� GULYLQJ� IRUFH� RI� SURMHFW�
VXFFHVV�� ,W� KDV� EHHQ UHJDUGHG� DV� D�PDMRU� FRQFHUQ� WKURXJKRXW� WKH� SURMHFW�PDQDJHPHQW� OLIH�
F\FOH��,Q�VSLWH�RI�LWV�UHFRJQLVHG�VLJQLILFDQFH��LW�LV�FRPPRQ�IRU�D�FRQVWUXFWLRQ�SURMHFW�WR�IDLO�WR�
DFKLHYH�LWV�JRDOV�ZLWKLQ�WKH�EXGJHW��$]KDU�HW�DO����������&RVW�RYHUUXQ DFFRUGLQJ�WR�LV VLPSO\�
DQ� RFFXUUHQFH�� ZKHUH� WKH� ILQDO� RU� DFWXDO� FRVW� RI� D� SURMHFW� VXUSDVVHV� WKH� RULJLQDO� RU� LQLWLDO�
HVWLPDWHV��7KHUHIRUH��FRVW�RYHUUXQ LV�D�YHU\�FRPPRQ�LVVXH��DQG�LW�DIIHFWV�PRVW�SURMHFWV�LQ�WKH�
FRQVWUXFWLRQ�LQGXVWU\ �$]KDU HW�DO�� �������0DWHULDO�ZDVWH�FDQ�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�WKH�
VXFFHVV�RI�D�FRQVWUXFWLRQ�SURMHFW��VLQFH�LW�VSHFLILFDOO\�KDV�D�PDMRU�LPSDFW�RQ�WKH�FRQVWUXFWLRQ�
FRVWV��1DJDSDQ�HW�DO�� ������

,Q 1LJHULD� WKH ORZHVW DYHUDJH UHSRUWHG SHUFHQWDJH RI FRVW RYHUUXQ RQ D SURMHFW ZDV ����
�+XVVDLQ HW DO�� ����� $PHK�HW�DO��������� 7KLV SUREOHP DFFRUGLQJ WR 2JXQVHPL�DQG�-DJERUR�
�������� LV� DWWULEXWHG� WR� D� ZURQJ� FRVW� HVWLPDWLRQ� PHWKRG� DGRSWHG� DW� WKH� HDUO\� VWDJH� RI� WKH�
EXLOGLQJ�SURMHFWV�

$PHK�DQG�,WRGR������� DVVHUW� WKDW�PDWHULDO�ZDVWDJH�RQ�VLWH� OHDGV�WR�DQ�LQFUHDVH�LQ� WKH�ILQDO�
FRVW� RI� WKH� EXLOGLQJ� SURMHFW�� $V�PDWHULDOV� DUH�ZDVWHG��PRUH� DUH� SURFXUHG�� DQG� WKLV� WKHUHE\�
DIIHFWV� WKH� HVWLPDWHG� FRVW� �7HR� HW� DO�� ������� � $PHK� DQG� ,WRGR� ������ KLJKOLJKWHG� WKDW�
ZDVWDJHV�IURP�WKH�IROORZLQJ�PDWHULDOV�FRQWULEXWH�WR�WKH�WRWDO�SURMHFW�FRVW��FRQFUHWH�����EORFN�
ZRUN������ZDVWH�IURP�VFUHHGLQJ�DQG�SODVWHULQJ������SDFNDJLQJ�����DQG�IRUPZRUN�LV�EDVHG�
RQ�WKH�QXPEHU�RI�WLPHV�LW�LV�UH�XVHG��)XUWKHUPRUH��UHVHDUFK�HYLGHQFH�KDV�VKRZQ�WKDW�WKH�PDLQ�
IDFWRUV�FDXVLQJ�FRQVWUXFWLRQ�PDWHULDO�ZDVWH DUH�DOPRVW�VLPLODU�WR�WKRVH�FDXVLQJ�FRQVWUXFWLRQ�
FRVW� RYHUUXQV RQ� VLWH�� KHQFH�� 1DJDSDQ� HW� DO� ������� FDWHJRULVHG� FRVW� RYHUUXQV� DQG� WLPH�
RYHUUXQV�DV�SDUWV�RI�QRQ�SK\VLFDO�ZDVWH��ZKLOH�RWKHU�PDWHULDO�ZDVWH�DV�WKH�SK\VLFDO�ZDVWH�RQ�D�
FRQVWUXFWLRQ� VLWH�� 7KLV� VKRZV� WKDW� FRVW� RYHUUXQV�� WLPH� RYHUUXQV� DQG� FRQVWUXFWLRQ� PDWHULDO�
ZDVWH�DUH�JHQHUDOO\�FDWHJRULVHG�DV�ZDVWH��7KLV�LV�VXSSRUWHG�E\�0D��������ZKR�GHILQHV�ZDVWH�
DV� DQ\WKLQJ� WKDW� GRHV� QRW� DGG� YDOXH��7KHUHIRUH�� FRVW� RYHUUXQV��PDWHULDO�ZDVWH� DQG�PDWHULDO�
ZDVWH� WKDW�PD\�EH� ORVW� WR� ODQGILOOV� GR� QRW� DGG� YDOXH� WR� SURMHFWV��7KHUHIRUH��1DJDSDQ� HW� DO�
������� DVVHUW� WKDW� FRQVWUXFWLRQ� ZDVWH� LV� QRW� DOO� DERXW� WKH� TXDQWLWLHV� RI� PDWHULDOV� WKDW� DUH�
ZDVWHG�� EXW� LW� LV� DOVR� IRFXVHG� RQ� IDFWRUV�� VXFK� DV� RYHUSURGXFWLRQ�� ZDLWLQJ� WLPH�� PDWHULDO�
KDQGOLQJ�� LQYHQWRULHV�� DQG� WKH� XQQHFHVVDU\� PRYHPHQW� RI� ZRUNHUV�� ZKLFK� FRQVWLWXWH� D�
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VLJQLILFDQW� SDUW� RI� QRQ�SK\VLFDO� ZDVWH�� EXW� DUH� DOZD\V� JLYHQ� WKH� OHDVW� DWWHQWLRQ� LQ� WKH�
FRQVWUXFWLRQ�LQGXVWU\�

,W�LV�FOHDU�IURP�)LJXUH���WKDW�VLQFH�FRQVWUXFWLRQ�ZDVWH�HQWDLOV�ERWK�WKH�SK\VLFDO�DQG�WKH�QRQ�
SK\VLFDO�ZDVWH�� WKHUH� LV� WKHUHIRUH�� D� UHODWLRQVKLS� EHWZHHQ� FRVW� RYHUUXQ HPDQDWLQJ� IURP� WKH�
QRQ�SK\VLFDO� ZDVWH� DQG�PDWHULDO� ZDVWH IURP� WKH� SK\VLFDO� ZDVWH� � VLQFH� WKH\� ERWK� RULJLQDWH�
IURP�WKH�VDPH�ZDVWH�IDPLO\��6DLGX�DQG�6KDNDQWX��������

)LJXUH����&ODVVLILFDWLRQ�RI�FRQVWUXFWLRQ�ZDVWH
6RXUFH��5HVHDUFKHU¶V�&RQVWUXFW�������

)XUWKHUPRUH�� WKH� FDXVHV RI� PDWHULDO� ZDVWH DQG� WKRVH� RI� FRVW� RYHUUXQV LGHQWLILHG� IURP� WKH�
OLWHUDWXUH�DUH�VLPLODU��7KHVH�FDXVHV�RFFXU�DV�D�UHVXOW�RI�RQH��RU�FRPELQDWLRQ�RI�VHYHUDO�FDXVHV�
DW� GLIIHUHQW� VWDJHV� RI� D� SURMHFW� �WKH� SUH�FRQWUDFW� DQG� WKH� SRVW�FRQWUDFW� VWDJHV��� DQG� WKH\� DUH�
YHU\�LPSRUWDQW�WR�LGHQWLI\�IRU�HIIHFWLYH�FRVW�SHUIRUPDQFH�DQG�VXVWDLQDEOH�FRQVWUXFWLRQ��6DLGX��
�������

&DXVHV RI�PDWHULDO�ZDVWH DQG�FRVW�RYHUUXQV DW�GHVLJQ�
7KLV�VHFWLRQ�UHODWHV�WKH�UHVXOWV�RI�GLIIHUHQW�VWXGLHV�RQ�WKH�FDXVHV RI�FRVW�RYHUUXQV DQG�PDWHULDO�
ZDVWH DW�WKH�GHVLJQ�PDQDJHPHQW VWDJH�RI�SURMHFWV���7KHVH�FDXVHV�DUH�SUHVHQWHG�LQ�7DEOH���

7DEOH����5HODWLRQVKLS�%HWZHHQ�7KH�&DXVH�RI�0DWHULDO�:DVWH�DQG�&RVW�2YHUUXQV�ZLWK�5HVSHFW�WR�
'HVLJQ�0DQDJHPHQW
6Q &DXVHV RI� PDWHULDO� ZDVWH

DQG�UHODWLRQVKLS�EHWZHHQ�WKH�
FDXVHV RI�FRVW�RYHUUXQV

0DWHULDO�:DVWH &RVW�RYHUUXQV

$XWKRU�DQG�GDWH� /RFDWLRQ $XWKRU�DQG�GDWH� ORFDWLRQ

� )UHTXHQW�GHVLJQ�FKDQJHV�DQG�
PDWHULDO VSHFLILFDWLRQ

2VPDQL�� *ODVV� DQG� 3ULFH�
�������� 1DJDSDQ� HW� DO�
�������� $GHZX\L� DQG�
2WDOL�������

8.�� %DWX��
0DOD\VLD��
5LYHUV�
VWDWH��
1LJHULD

$OODKDLP� DQG� /LX� ��������
$EGXO� 5DKPDQ� HW� DO���������
6KDPXJDSUL\D� DQG�
6XEUDPDQL�������

6DXGL�
$UDELD��
0DOD\VLD��
,QGLD

� (UURU�LQ�GHVLJQ�DQG�GHWDLOLQJ� $O�+DMM� DQG� +DPDQL�
��������%DEDWXQGH��������
:DKDE� DQG� /DZDO� ������
��� 1DJDSDQ� HW� DO�� ��������
$PHK�DQG�,WRGR������

8$(�

1LJHULD��
1LJHULD�

0DOD\VLD�

1LJHULD�

$KLDJD�'DJEXL� DQG� 6PLWK�
�������� $OODKDLP� DQG� /LX�
��������/RYH�HW�DO� ������

8.�� 6DXGL�
$UDELD��8.

� /DFN�RI�GHVLJQ�LQIRUPDWLRQ� 1DJDSDQ� HW� DO� ��������
2ODGLUDQ� �������� :DKDE�
DQG�/DZDO�������

%DWX��
0DOD\VLD��
1LJHULD��
1LJHULD

6KDQPXJDSUL\D� DQG�
6XEUDPDQLDQ� �������� $EGXO�
5DKPDQ�HW�DO��������

,QGLD��
0DOD\VLD

� 'HVLJQ�
FRPSOH[LW\�FRPSOLFDWLRQ

1DJDSDQ� HW� DO� ��������
2VPDQL� � HW� DO�� ��������
:DKDE�DQG�/DZDO�������

%DWX��
0DOD\VLD��
8.��
1LJHULD

$OODKDLP� DQG� /LX� ��������
%DOR\L�DQG�%HNNHU�������

6DXGL�
$UDELD�

6RXWK�$IULFD
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� 3RRU� FRPPXQLFDWLRQ� IORZ�
DPRQJ�GHVLJQ�WHDP

$O�+DMM� DQG� � +DPDQL�
�������� 2VPDQL� HW� DO�
������

8$(�
FRQVWUXFWLR
Q� 8.

$EGXO�5DKPDQ�HW�DO�� ��������
6KDQPXJDSUL\D� DQG�
6XEUDPDQLDQ�������

0DOD\VLD��
,QGLD

� 3RRU� NQRZOHGJH� RI� WKH�
FKDQJLQJ� GHVLJQ�
UHTXLUHPHQWV

1DJDSDQ�HW�DO� ������ 0DOD\VLD 1HJD������� (WKLRSLD

� 3RRU�PDQDJHPHQW�RI GHVLJQ�
SURFHVV

2VPDQL��HW�DO��������� 8. $EGXO�5DKPDQ�HW�DO�������� 0DOD\VLD

� ,QH[SHULHQFHG� GHVLJQHU� RU�
GHVLJQ�WHDP

$GHZX\L� DQG� 2WDOL�
�������� 1DJDSDQ� HW� DO�
������

1LJHULD��
0DOD\VLD

$OODKDLP� DQG� /LX� ��������
$EGXO� $EGXO� 5DKPDQ� HW� DO��
������

6DXGL�
$UDELD�
0DOD\VLD

� ,QWHUDFWLRQ� EHWZHHQ� YDULRXV�
VSHFLDOLVWV

1DJDSDQ�HW�DO� ������ 0DOD\VLD $]L]������� (J\SW

��

'HVLJQLQJ� XQHFRQRPLFDO�
VKDSHV�DQG�RXWOLQHV

2VPDQL� HW� DO�� ��������
2ODGLUDQ���������$GHZX\L�
DQG�2WDOL������

8.��
1LJHULD��
1LJHULD

1HJD������� (WKLRSLD

�� 'LIILFXOWLHV� LQ� LQWHUSUHWLQJ�
VSHFLILFDWLRQ

2VPDQL��HW�DO�������� 8. $OODKDLP�DQG�/LX������� 6DXGL�$UDELD

�� 'HVLJQLQJ� LUUHJXODU� VKDSHV�
DQG�IRUPV

1JX\HQ�HW�DO���QG� *HHORQJ��
$XVWUDOLD

.DVLPX������� 1LJHULD

�� 'HVLJQLQJ� QRQ�VWDQGDUG�
GLPHQVLRQV��DOORZLQJ FXWWLQJ�
DQG�FKLVHOLQJ

1DJDSDQ�HW�DO�������� 0DOD\VLD .DVLPX������� 1LJHULD

�� ,QFRPSOHWH�GUDZLQJV 2VPDQL�HW�DO��������� 8. .DVLPX� ��������/HH�+RDL�� HW�
DO���������

1LJHULD��
9LHWQDP

5(6($5&+�0(7+2'2/2*<

,Q�RUGHU�WR�FKRRVH�D�UHOHYDQW�PHWKRG�IRU�WKLV�UHVHDUFK��DQ�LQGXFWLYH�UHDVRQLQJ�ZDV�DSSOLHG��$�
TXDOLWDWLYH� UHVHDUFK�PHWKRG� WKDW� LV� URRWHG� LQ� WKH� SKHQRPHQRORJLFDO� UHVHDUFK� SDUDGLJP ZDV�
DGRSWHG��DQG�WKLV�KHOSHG�WKH�UHVHDUFKHUV�WR�VWXG\�WKH�DWWLWXGHV�DQG�EHKDYLRXUV�RI�WKH�UHVHDUFK�
VXEMHFWV� ZLWKLQ� WKHLU� QDWXUDO� VHWWLQJV� �%DEELH� DQG�0RXWRQ�� ������� 7KLV� TXDOLWDWLYH�PHWKRG�
LQYROYHV� DQDO\VLQJ�ZRUGV�� UHIHUV� WR� LVVXHV� UHODWLQJ� WR� SHRSOH�� REMHFWV� DQG� VLWXDWLRQV�� DQG� LW�
IRFXVHV�RQ�QDWXUDOO\�RFFXUULQJ��RUGLQDU\�HYHQWV�LQ�WKHLU�QDWXUDO�VHWWLQJV��)DUUHOO���������7KLV�
HQDEOHV� WKH� UHVHDUFKHUV� WR� H[DPLQH� WKH� PDWHULDO� ZDVWH LVVXHV� WKDW� KDYH� HIIHFWV� RQ� FRVW�
RYHUUXQV DW�WKH�GHVLJQ�VWDJH�RI�D�FRQVWUXFWLRQ�SURMHFW��

7KH�VWXG\�SRSXODWLRQ� LV�EXLOGLQJ�FRQVWUXFWLRQ�SURIHVVLRQDOV�KDQGOLQJ�SURMHFWV�ZLWKLQ�$EXMD��
WKH� )HGHUDO� &DSLWDO� 7HUULWRU\� RI� 1LJHULD�� $EXMD� ZDV� VHOHFWHG� EHFDXVH� LW� LV� RQH� RI� WKH�
PHWURSROLWDQ�FLWLHV�RI�1LJHULD�WKDW�KDV�WKH�KLJKHVW�SRSXODWLRQ�RI�SURIHVVLRQDOV�ZLWKLQ�WKH�EXLOW�
HQYLURQPHQW DQG�KDV�PDQ\�RQ�JRLQJ�FRQVWUXFWLRQ�SURMHFWV��

7KH� VDPSOLQJ� PHWKRG� ZDV� SXUSRVLYH�MXGJPHQWDO�� EHFDXVH� RQO\� EXLOGLQJ�FRQVWUXFWLRQ�
SURIHVVLRQDOV� KDQGOLQJ� SURMHFWV� WKDW� DUH�ZRUWK� ���� ELOOLRQ�1DLUD� ���PLOOLRQ�86'� DQG�PRUH��
ZHUH�FRQVXOWHG�LQWHUYLHZHG��%HFDXVH�SURMHFWV�YDOXH�RI���PLOOLRQ�86'�DQG�DERYH�DUH�OLNHO\�WR�
EH�KDQGOHG�E\�PRUH�H[SHULHQFHG�SURIHVVLRQDOV��ZKR�PLJKW�EH�PRUH�IDPLOLDU�ZLWK�WKH�LVVXHV�
OHDGLQJ� WR� PDWHULDO� ZDVWH DQG� FRVW� RYHUUXQV WKDQ� WKH� SURMHFWV� RI� OHVVHU� YDOXH�� 7KURXJK�
SXUSRVLYH� VDPSOLQJ�� WKH� UHVHDUFK� WDUJHWHG� WKH�PRVW� YLVLEOH� DQG� H[SHULHQFHG� OHDGHUV�� /HHG\�
DQG� 2UPURG� ������� QRWHG� WKDW� WKH� VL]H� RI� D� SXUSRVLYH� VDPSOLQJ� WHFKQLTXH� IRU� D�
SKHQRPHQRORJLFDO� UHVHDUFK� UDQJHV� EHWZHHQ� �� DQG� ��� SDUWLFLSDQWV�� )RU� WKLV� UHVHDUFK�� VHPL�
VWUXFWXUHG�EXW�LQ�GHSWK�LQWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK�WKLUW\������FRQVWUXFWLRQ�SURIHVVLRQDOV��
HDFK� IURP� LQGLYLGXDO� SURMHFW�� FRPSULVLQJ� ��� SURMHFW�PDQDJHUV�� �� TXDQWLW\� VXUYH\RUV�� �� VLWH�
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HQJLQHHUV�DQG���VHQLRU�WHFKQLFDO�RIILFHU�RI�D�ZDVWH�PDQDJHPHQW�GHSDUWPHQW�RQ�WKH�LVVXHV�WKDW�
UHODWH�WR�PDWHULDO�ZDVWH�DQG�FRVW�RYHUUXQV�DW�WKH�GHVLJQ�VWDJH�RI�D�FRQVWUXFWLRQ�SURMHFW�

7KH�UHVHDUFK� LQVWUXPHQW� �LQWHUYLHZ�JXLGH��HQDEOHG� WKH�UHVHDUFKHUV� WR�EH�FRQVLVWHQW�ZLWK� WKH�
TXHVWLRQV�SRVHG�WR�WKH�UHVSRQGHQWV�DQG�HQDEOHG�WKH�FROOHFWLRQ�RI�GDWD�EDVHG�RQ�WKH�SHUFHSWLRQ�
RI�WKH�FRQVWUXFWLRQ�SURIHVVLRQDOV�LQ�$EXMD�ZLWK�UHJDUGV�WR�WKH�LVVXHV�WKDW�OLQN�PDWHULDO�ZDVWH
WR�FRVW�RYHUUXQV LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\�

3URELQJ� TXHVWLRQV� ZHUH� DVNHG� GXULQJ� GLVFXVVLRQ� ZLWK� WKH� LQWHUYLHZHHV�� LQ� RUGHU� WR� REWDLQ�
IXUWKHU� LQIRUPDWLRQ�� $Q� DYHUDJH� RI� WKLUW\�ILYH� ����� PLQXWHV� ZDV� VSHQW� LQ� FRQGXFWLQJ� HDFK�
LQWHUYLHZ��7KH�LQWHUYLHZV�ZHUH�FRQGXFWHG�EHWZHHQ�'HFHPEHU�������WR�0DUFK� �����DQG�WKH�
DSSUR[LPDWH�FRQYHUVLRQ�UDWHV�DV�DW�1RYHPEHU������ZHUH��1LJHULDQ�1DLUD�WR�86�GROODU� �ଂ����
 ��86'� $OO� WKH� WKLUW\������UHVSRQGHQWV�LGHQWLILHG� LQ� WKLV�UHVHDUFK� WKURXJK�WKH�SXUSRVLYH�VDPSOLQJ�
PHWKRG�UHVSRQGHG�WR�DOO�WKH�TXHVWLRQV�SUHVHQWHG�IRU�GLVFXVVLRQ�

7KH� DSSOLFDWLRQ� RI� µGHGXFWLYH� DQDO\VLV�PHWKRG¶� RI� GDWD� LQ� TXDOLWDWLYH� UHVHDUFK� HQDEOHG� WKH�
UHVHDUFKHUV�WR�H[WHQVLYHO\�FRQGHQVH�UDZ�GDWD�LQWR�EULHI�DQG�VXPPDU\�IRUPDW��DQG�WR�HVWDEOLVK�
FOHDU� OLQNV� EHWZHHQ� WKH� UHVHDUFK� SXUSRVH� DQG� WKH� VXPPDU\� ILQGLQJV� GHULYHG� IURP� UDZ�GDWD�
�'H\���������7KH�UHFRUGHG��WUDQVFULEHG�DQG�LQWHUSUHWHG�LQWHUYLHZ�GDWD�ZHUH�DQDO\VHG�E\�XVLQJ�
WKH� µGHGXFWLYH� DSSURDFK¶�� 7KLV�PHWKRG� LQYROYHV� FRQVWDQW� FRPSDUDWLYH� DQDO\VLV� RI� WKH� GDWD�
DIWHU�LW�KDV�EHHQ�VRUWHG�DQG�FRGHG�WR�JHQHUDWH�NQRZOHGJH�DERXW�DQ\�FRPPRQ�SDWWHUQ�ZLWKLQ�
WKH� LQWHUYLHZHHV¶� HYLGHQFH� RQ� PDWHULDO� ZDVWH DQG� FRVW� RYHUUXQ� 7KH� DQDO\VLV� EHJDQ� E\�
FRPSDULQJ� WKH� RSLQLRQV�PDGH� E\� WKH� ILUVW� WZR� LQWHUYLHZHHV�� 7KH� SURFHVV� FRQWLQXHG�ZLWK� D�
FRPSDULVRQ�RI� WKH�GDWD�IURP�WKH�FRPPHQWV�DQG� LQSXWV� IURP�HDFK�QHZ�LQWHUYLHZHH��XQWLO�DOO�
WKH�UHVSRQVHV�KDG�EHHQ�FRPSDUHG�ZLWK�HDFK�RWKHU��7KH�VLPLODULWLHV�DQG�GLIIHUHQFHV�DPRQJ�WKH�
LQWHUYLHZHHV¶�UHVSRQVHV�ZHUH�XVHG�WR�GHYHORS�D�FRQFHSWXDOLVDWLRQ�RI�WKH�SRVVLEOH�DVVRFLDWLRQ�
EHWZHHQ�WKH�YDULRXV�GDWD�LWHPV��7KH�UHVXOWV�DUH�SUHVHQWHG�XQGHU�VXE�WKHPHV�
5HOLDELOLW\�DQG�9DOLGLW\�RI�WKH�UHVHDUFK�

$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�$1'�',6&866,21

5HODWLRQVKLS�EHWZHHQ�GHVLJQ��PDWHULDO�ZDVWH JHQHUDWLRQ�DQG�FRVW�RYHUUXQV
7KH� UHVSRQGHQWV� GLVFORVHG� WKDW� D� UHODWLRQVKLS� H[LVWV� EHWZHHQ� WKH� GHVLJQ� PDWHULDO� ZDVWH
JHQHUDWLRQ��DQG�FRVW�RYHUUXQV��7KLV�UHODWLRQVKLS�LV�VXPPDULVHG�DV�IROORZV�

$� JRRG� TXDOLW\� GHVLJQ� PDQDJHPHQW VKRXOG� JHQHUDWH� WKH� QHFHVVDU\� VSHFLILFDWLRQV�� GUDZLQJ�
GHWDLOV�� FRQVWUXFWDELOLW\�� PDLQWDLQDELOLW\� LVVXHV�� DQG� HQYLVDJHV� WKH� LVVXHV� UHODWLQJ� WR�
JHRSK\VLFDO�VXUYH\V�IRU�WKH�W\SH�RI�IRXQGDWLRQV�WR�EH�VHOHFWHG�IRU�D�SURMHFW�

7KH�UHVSRQGHQWV�DOVR�QRWHG�WKDW�JRRG�TXDOLW\�GHVLJQ�PDQDJHPHQW DOORZV�SURMHFW�VWDNHKROGHUV�
WR� GHILQH� WKHLU� UHTXLUHPHQWV� DW� DQ� HDUO\� GHVLJQ� VWDJH� WR� DYRLG� YDULDWLRQ�� UHZRUN�� DQG� FRVW�
RYHUUXQV�� ,W� DOVR� DOORZV� HDUO\� HQJDJHPHQWV� RI� H[SHULHQFHG� GHVLJQHUV�SURIHVVLRQDOV�� DV�
LQH[SHULHQFHG�GHVLJQHUV�FRXOG�HLWKHU�XQGHU�GHVLJQ�RU�RYHU�GHVLJQ�D�SURMHFW��

)XUWKHUPRUH��PDWHULDOV�ZRXOG� EH� GHVLJQHG� WR� WKHLU� VWDQGDUG� VL]HV�XQLWV� WR� DOORZ� WROHUDQFHV��
ZKLFK�ZRXOG�UHGXFH�WKH�UDWH�RI�FXWWLQJ�FKLVHOOLQJ�DQG�PDWHULDO�ZDVWDJHV�WKDW�FRXOG�QHJDWLYHO\�
DIIHFW�WKH�SURMHFW�FRVW��7KHUHIRUH��LW�FRXOG�EH�D�FRORVVDO�ORVV�WR�WKH�SURMHFW��LI�WKHVH�LVVXHV�DUH�
ZURQJO\�KDQGOHG�
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7KHVH� UHVXOWV� FRUURERUDWH� WKH� ILQGLQJV� RI� $GHZX\L� DQG� 2WDOL� �������� DQG� 1DJDSDQ HW� DO�
�������RQ�WKH�FDXVHV RI�PDWHULDO�ZDVWH UHODWHG�WR�WKRVH�RI�FRVW�RYHUUXQV DV�VWDWHG�LQ�7DEOH���RI�
WKLV�VWXG\��

7KH�UHVXOWV�DOVR�YDOLGDWH�WKH�ILQGLQJV�RI�/RYH�HW�DO� ��������$OODKDLP�DQG�/LX ��������$EGXO�
5DKPDQ�HW�DO� �������RQ�WKH�LVVXHV�UHODWLQJ�WR�FRVW�RYHUUXQV DV�KLJKOLJKWHG�LQ�VHFWLRQ���RI�WKLV�
UHVHDUFK�

'HVLJQ�FRPSOH[LW\�E\�GLIIHUHQW�SURIHVVLRQDOV

7KH�GHILQLWLRQ�RI�GHVLJQ�FRPSOH[LW\�E\�WKH�UHVSRQGHQWV�LV�VXPPDULVHG�DV�IROORZV�

$� GHVLJQ� WKDW� H[FHHGV� WKH� WUDGLWLRQDO� GHVLJQ� WHFKQLTXHV�� D� GHVLJQ� WKDW� GRHV� QRW� IROORZ� WKH�
QRUPV� RI� WUDGLWLRQDO� SUDFWLFH�� D� GHVLJQ� WKDW� GRHV� QRW� XVH� DYDLODEOH� KXPDQ� RU� PDWHULDO�
UHVRXUFHV�� UHTXLULQJ�D� ODERUDWRU\�EXLOG�XS�� VSHFLDO� WHFKQRORJ\�DQG�FRQVXOWDQWV�� RU�ZKHQ� WKH�
SURFHVVHV�RI�DFKLHYLQJ�WKH�GHVLUHG�TXDOLW\�LV�QRW�UHDGLO\�DYDLODEOH�

5HODWLQJ�WR�WKH�VKDSH�RI�D�GHVLJQ��GHVLJQ�FRPSOH[LW\�UHODWHV�WR�WKH�VLPSOLFLW\�RU�LUUHJXODULW\�RI�
D�GHVLJQHG�VKDSH��JHRPHWULF�VKDSHV��FXUYHV��DQG�LUUHJXODU�RXWOLQHV��UHTXLULQJ�PDWHULDOV�WR�EH�
FXW�WR�ILW�LQWR�D�SRVLWLRQ��7KLV�UHVXOW�LV�LQ�OLQH�ZLWK�WKH�GHILQLWLRQ�RI�6HHOH\���������RQ�GHVLJQ�
FRPSOH[LW\�

7KH� VLWH� HQJLQHHUV� YLHZ� GHVLJQ� FRPSOH[LW\� DV� D� GHVLJQ� WKDW� LV� GLIILFXOW� WR� XQGHUVWDQG� DQG�
H[HFXWH�� ODFNLQJ� GHWDLOV� DQG� UHTXLULQJ� DVVXPSWLRQV�� QRW� EHLQJ� DEOH� WR� WUDQVODWH� E\� VLWH�
HQJLQHHUV� ZLWK� XQFOHDU� GHWDLOV� DQG� VSHFLILFDWLRQV�� D� GHVLJQ� WKDW� ODFNV� VWDQGDUGL]DWLRQ� LQ�
PDWHULDO�VL]HV�XQLWV�DQG�UHTXLULQJ�FRQVWDQW�FXWWLQJV�DQG�FKLVHOOLQJ�WR�ILW�LQWR�SRVLWLRQ���

7KH� TXDQWLW\� VXUYH\RUV� SHUFHLYH� GHVLJQ� FRPSOH[LW\� DV�� ZKHQ� WKH� QHFHVVDU\� GHWDLOV��
GLPHQVLRQV��DQG�WKH�VSHFLILFDWLRQV�XVHG�IRU�SUHSDULQJ�WKH�TXDQWLW\�WDNH�RII�RU�HVWLPDWH�DUH�QRW�
FOHDU�RU�QRW�DYDLODEOH��

&RQWULEXWLRQ�RI�GHVLJQ�PDQDJHPHQW WR GHVLJQ�FRPSOH[LW\
$�FRPSOH[�GHVLJQ�GRHV�QRW�QHFHVVDULO\�PHDQ�D�EDG�GHVLJQ��EXW�LQH[SHULHQFHG�GHVLJQHUV�PD\�
FRQWULEXWH�WR�WKH�FRPSOH[LW\��RU�ZKHQ�WKH�SURMHFW�UHTXLUHPHQWV�DUH�QRW�FOHDUO\�GHILQHG�WR�WKH�
SURIHVVLRQDOV� LQYROYHG�� 7KHUHIRUH�� JRRG� GHVLJQ� PDQDJHPHQW VKRXOG� FRQVLGHU� DOO� WKH�
DPELJXRXV�GHVLJQ�SUREOHPV��ZKLFK�PLJKW�UHGXFH�WKH�FRPSOH[LW\��WKH�PDWHULDO�ZDVWH��DQG�WKH�
FRVW� RYHUUXQV IRU� SURMHFWV�� 7KLV� UHVXOW� FRUURERUDWHV� WKH� ILQGLQJV� RI� $PHK� HW� DO� ��������
2VPDQL�HW�DO����������DQG�$OODKDLP�DQG�/LX��������DV�VWDWHG�LQ�VHFWLRQ���RI�WKLV�VWXG\�

&RQWULEXWLRQV�RI�GHVLJQ�FRPSOH[LW\�WR�PDWHULDO�ZDVWH�JHQHUDWLRQ�DQG�FRVW�RYHUUXQV

/DFN� RI� VWDQGDUGL]DWLRQ� LQ� PDWHULDO� VL]HV� OHDGV� WR� FRQVWDQW� FXWWLQJV� RI� PDWHULDOV� WR� ILW� LQ�
SRVLWLRQ��ZKLFK�UHVXOWV�LQ�PDWHULDO�ZDVWH�JHQHUDWLRQ��DQG�WKHUHE\�FRQWULEXWHV�WR�SURMHFW� FRVW�
RYHUUXQV��$OVR��D�FRPSOH[�FRQVWUXFWLRQ�WHFKQLTXH�DQG�FXWWLQJV�LQ�PDWHULDO�VL]HV�GXH�WR�GHVLJQ�
FRPSOH[LW\� OHDG� WR� PDWHULDO�ZDVWH� JHQHUDWLRQ�� DQG� WKHUHE\� FRQWULEXWH� WR� FRVW� RYHUUXQV��
+RZHYHU�� JRRG� XQGHUVWDQGLQJ� RI� FRPSOH[LW\� LQ� GHVLJQ�ZRXOG� UHGXFH� WKH�PDJQLWXGH� RI� WKH�
PDWHULDO� ZDVWH WR� EH� JHQHUDWHG�� 7KHVH� UHVXOWV� FRUURERUDWHG� WKH� ILQGLQJV� RI� 2VPDQL� HW� DO�
�������DV�VWDWHG�LQ�WKH�VHFWLRQ���RI�WKH�VWXG\�

,Q� RWKHU�ZRUGV�� GHVLJQ� FRPSOH[LW\� FRXOG� OHDG� WR� UH�GHVLJQ�� YDULDWLRQ�� DQG� UHZRUN� DQG� WKXV�
FRQWULEXWH�WR�SURMHFW�FRVW�RYHUUXQV���

$OVR�� VWUDLJKW� DQG� UHJXODU� VKDSHG� GHVLJQV� JHQHUDWH� OHVV� ZDVWH� FRPSDUHG� WR� LUUHJXODU� DQG�
FRPSOH[�GHVLJQV�
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'HVLJQ�FRPSOH[LW\�UHODWHG�PDWHULDO�ZDVWH FDXVHV WKDW�KDYH�HIIHFWV�RQ�FRVW�RYHUUXQV
7KH� PDWHULDO�ZDVWH� FDXVHV WKDW� KDYH� HIIHFWV� LQ� FDXVLQJ� FRVW� RYHUUXQV ZLWK� UHVSHFW� WR�
FRPSOH[LW\� LQ� GHVLJQ� E\� WKH� UHVSRQGHQWV� ZHUH�� LQH[SHULHQFHG� GHVLJQHU�� GHVLJQLQJ�
XQVWDQGDUGL]HG� GLPHQVLRQV� UHTXLULQJ� FXWWLQJ� DQG� FKLVHOOLQJ�� GLIILFXOWLHV� LQ� LQWHUSUHWLQJ�
VSHFLILFDWLRQV�� GHVLJQLQJ� XQHFRQRPLFDO� VKDSHV� DQG� RXWOLQHV�GHVLJQLQJ� LUUHJXODU� VKDSHV� DQG�
IRUPV�� GHVLJQLQJ� PDWHULDOV� WKDW� DUH� QRW� UHDGLO\� DYDLODEOH�ORFDOO\� REWDLQDEOH�� XVH� RI�
VRSKLVWLFDWHG� V\VWHPV� DQG� FRPSRQHQWV�� EXLOGDELOLW\� DQDO\VLV�� ODFN� RI� PRQLWRULQJ� DQG�
LPSURYLQJ�RQ�SUHYLRXV�PLVWDNHV��SRRU�PRQLWRULQJ�RI�GHVLJQ�SURFHVV��DQG� LQDGHTXDWH�GHVLJQ�
LQIRUPDWLRQ��7KHVH�UHVXOWV�VXSSRUW�WKH�ILQGLQJV�RI�.DVLPX���������ZKR�LGHQWLILHG�WKH�SUREOHP�
RI� LQFRPSOHWH� GUDZLQJ� DV� D�PDMRU� FDXVH� RI� FRVW� RYHUUXQV��2WKHUV� DUH�� 6KDQPXJDSUL\D� DQG�
6XEUDPDQLDQ���������2VPDQL�HW�DO� ��������DQG�$PHK�HW�DO���������

5HODWLRQVKLS�EHWZHHQ�GHVLJQ�FRPSOH[LW\�DQG�WKH�RFFXUUHQFH�RI�YDULDWLRQV�LQ�D�SURMHFW
7KH�UHODWLRQVKLS�EHWZHHQ� WKH�GHVLJQ�FRPSOH[LW\�DQG�RFFXUUHQFH�RI�YDULDWLRQV�UHYHDOHG WKDW��
WKH�PRUH� FRPSOH[� WKH� GHVLJQ�� WKH�PRUH� OLNHO\� WKH� YDULDWLRQ�� DQG� D�ZURQJ� LQWHUSUHWDWLRQ� RI�
GHVLJQ�OHDGV�WR�UHZRUN�DQG�YDULDWLRQ�

0RUHRYHU�� WKH�DELOLW\�RI�PDLQWDLQLQJ�VSHFLILFDWLRQV� LQ�D�FRPSOH[�GHVLJQ� LV�YHU\�GLIILFXOW��DV�
VRPH�RI�WKH�PDWHULDOV�PLJKW QRW�EH�UHDGLO\�DYDLODEOH�LQ�WKH�ORFDO�PDUNHWV��ZKLOH�VRPH�PD\�EH�
UHTXLUHG�WR�EH�PDQXIDFWXUHG�DEURDG��7KXV��WKH�RULJLQDOO\�VSHFLILHG�PDWHULDOV�PD\�EH�UHSODFHG�
ZLWK� ORFDO� RQHV�� DQG� QRQ�DYDLODELOLW\� RI� GHVLJQHG� RU� VSHFLILHG� PDWHULDOV�� DV� D� UHVXOW� RI�
FRPSOH[LW\� ZRXOG� OHDG� WR� YDULDWLRQ�� &RQVHTXHQWO\�� D� GHVLJQ� WKDW� LV� QRW� IXOO\� GHWDLOHG�� WKH�
FRQVWUXFWLRQ� FRXOG� EH� VXEMHFW� WR� UH�PHDVXUHPHQW� DQG� UH�ZRUN�� WKHUHE\� FDXVLQJ� D� YDULDWLRQ��
&RPSOH[�GHVLJQV�DOZD\V�UHTXLUH�XQLTXH�VNLOOV DQG�WKH�DYDLODELOLW\�RI VRSKLVWLFDWHG�HTXLSPHQW��
DQG�D� VKRUWDJH�RI� VNLOOHG�PDQSRZHU�DQG�SRRU�ZRUNPDQVKLS�� DV� UHVXOW� RI� FRPSOH[LW\�� FRXOG�
JLYH�ULVH�WR�D�YDULDWLRQ�LQ�GHVLJQ���7KLV�UHVXOW�DOVR�FRUURERUDWHV�WKH�ILQGLQJV�RI�$]L]��������DV�
VWDWHG�LQ�VHFWLRQ���RI�WKLV�VWXG\�

0DWHULDO�ZDVWH�FDXVHV WKDW�KDYH�HIIHFWV�RQ�FRVW�RYHUUXQV ZLWK�UHVSHFW�WR�GHVLJQ�PDQDJHPHQW
7KH�PDWHULDO�ZDVWH�FDXVHV WKDW�KDYH�HIIHFWV�RQ�SURMHFW�FRVW�RYHUUXQV DW�WKH�TXDOLW\�RI�GHVLJQ�
PDQDJHPHQW VWDJH� RI� SURMHFWV� ZHUH�� ³HUURU� LQ� GHVLJQ� DQG� GHWDLOLQJ�� ODFN� RI� GHVLJQ�
LQIRUPDWLRQ�� GHVLJQ� FRPSOH[LW\�FRPSOLFDWLRQ�� IUHTXHQW� GHVLJQ� FKDQJHV� DQG� PDWHULDO�
VSHFLILFDWLRQ�� LQH[SHULHQFHG� GHVLJQHU� RU� GHVLJQ� WHDP�� GLIILFXOW\� LQ� LQWHUSUHWLQJ� PDWHULDO�
VSHFLILFDWLRQV�� SRRU� FRPPXQLFDWLRQ� IORZ� DPRQJ� GHVLJQ� WHDP�� SRRU� NQRZOHGJH� RI� WKH�
FKDQJLQJ�GHVLJQ� UHTXLUHPHQWV�� UHDGDELOLW\�� FRQVWUXFWDELOLW\� DQG�PDLQWDLQDELOLW\� SUREOHPV� RI�
GHVLJQ�� DQG� WKH� ODFN� RI� VWDQGDUGLVDWLRQ LQ� GHVLJQ�VL]HV� DQG� XQLWV�� 7KHVH� UHVXOWV� LPSO\� WKDW�
GHVLJQ�DQG�GHWDLOLQJ�HUURUV�DUH�PRVWO\�FDXVHG�E\�DQ�LQH[SHULHQFHG�GHVLJQHU��7KHVH�FRXOG�OHDG�
WR�D�ZURQJ�HVWLPDWLRQ��EHFDXVH��WKH�HVWLPDWHV�DUH�OLIWHG�DQG�VROHO\�GHSHQG�RQ�WKH�GHVLJQ��DQG�
WKHUHE\�KDYLQJ� D VHULRXV� LPSDFW� RQ� WKH� SURMHFW� FRVW��7KHVH� DUH� LQ� OLQH�ZLWK� WKH� ILQGLQJV� RI�
$PHK� DQG 2VHJEH� �������� /RYH� HW� DO�� �������� 0HPRQ� HW� DO� �������� %DOR\L� DQG� %HNNHU�
�������� $OODKDLP� DQG� /LX� �������� DQG� 6KDPXJDSUL\D� DQG� 6XEUDPDQLDQ� ������� RQ� WKH�
SUDFWLFDO�FDXVHV�RI�FRVW�RYHUUXQV�DQG�PDWHULDO�ZDVWH������

0DWHULDO�ZDVWH�FRQWURO�PHDVXUHV�WKDW�KDYH�HIIHFWV�LQ�FRQWUROOLQJ�FRVW�RYHUUXQV DW�GHVLJQ�VWDJH�
RI�D�SURMHFW�

7KH� PDWHULDO�ZDVWH� FRQWURO� PHDVXUHV� WKDW� KDYH� HIIHFWV� LQ� FRQWUROOLQJ� FRVW� RYHUUXQV DW� WKH�
GHVLJQ� VWDJH� RI� D� SURMHFW� ZHUH�� H[SOLFLW� GHWDLOLQJ� LQ� GHVLJQ�� LQWHUSUHWDEOH� GHVLJQV� DQG�
VSHFLILFDWLRQV�� HQJDJLQJ� DQ� H[SHULHQFHG� GHVLJQHU�� HUURU�IUHH� GHVLJQ�� VWDQGDUGLVLQJ� GHVLJQV�
DQG�XQLWV�� DGHTXDWH�GHVLJQ� LQIRUPDWLRQ� DQG�FRQVXOWDWLRQ��GHVLJQ� IRU�PDWHULDOV� RSWLPL]DWLRQ��
GHVLJQ�IRU�RIIVLWH�FRQVWUXFWLRQ��LPSURYLQJ�RQ�SUHYLRXV�GHVLJQ�PLVWDNHV���7KH�UHVXOWV�DUH�DOVR�
LQ�OLQH�ZLWK�WKH�ILQGLQJV�RI�$EGXO�$]LV�HW�DO���������RQ�WKH�FRQWURO�PHDVXUHV�IRU�SURMHFW�FRVW



���

RYHUUXQV��$OVR��WKH�UHVXOWV�FRQILUP�WKH�ILQGLQJV�RI�2VPDQL�HW�DO� �������RQ�WKH�PDQDJHPHQW�
PHDVXUHV�IRU�PDWHULDO�ZDVWH DW�WKH�GHVLJQ�VWDJH�RI�D�SURMHFW�

&21&/86,21�$1'�5(&200(1'$7,216

0DWHULDO�ZDVWH�DQG�FRVW�RYHUUXQ DUH�LGHQWLILHG�DV�JOREDO�SUREOHPV�ZKLFK�DIIHFW�WKH�VXFFHVV�RI�
PDQ\�FRQVWUXFWLRQ�SURMHFWV��7KH�UHVHDUFK�DGGUHVVHV�WKH�SUREOHPV�RI�OLWWOH�DWWHQWLRQ�EHLQJ�SDLG�
E\�PRVW�PDQDJHUV� RI� FRQVWUXFWLRQ� SURMHFWV� WR� WKH� HIIHFWV� RI�PDWHULDO�ZDVWH RQ� SURMHFW�FRVW�
RYHUUXQV��7KH�UHVHDUFK�VXFFHVVIXOO\�LQYHVWLJDWHG�WKH�PDWHULDO�ZDVWH�LVVXHV�WKDW�KDYH�HIIHFWV�RQ�
FRVW�RYHUUXQV�DW�WKH�GHVLJQ�PDQDJHPHQW VWDJH�RI�EXLOGLQJ�SURMHFWV��

7KH�UHVHDUFK�FRQFOXGHV�WKDW�JRRG�TXDOLW\�GHVLJQ�PDQDJHPHQW DOORZV�SURMHFW�VWDNHKROGHUV�WR�
GHILQH� WKHLU� UHTXLUHPHQWV� DW� DQ� HDUO\� GHVLJQ� VWDJH�� LQ� RUGHU� WR� DYRLG� YDULDWLRQ�� UHZRUN�� DQG�
FRVW�RYHUUXQV��DV�LQH[SHULHQFHG�GHVLJQHUV�FRXOG�HLWKHU�XQGHU�GHVLJQ�RU�RYHU�GHVLJQ�D�SURMHFW��

,W� LV� DOVR� FRQFOXGHG� WKDW� HUURU� LQ� GHVLJQ� DQG� GHWDLOLQJ�� IUHTXHQW� GHVLJQ� FKDQJHV�� GHVLJQLQJ�
XQVWDQGDUGLVHG� GLPHQVLRQV�� GLIILFXOWLHV� LQ� LQWHUSUHWLQJ� VSHFLILFDWLRQV�� DQG� GHVLJQLQJ�
XQHFRQRPLFDO�VKDSHV�DQG�RXWOLQHV��DUH� WKH�PDMRU�PDWHULDO�ZDVWH�FDXVHV WKDW�KDYH�HIIHFWV�RQ�
FRVW�RYHUUXQV ZLWK�UHVSHFW�WR�GHVLJQ�PDQDJHPHQW��

0DWHULDO�ZDVWH�FDXVHV WKDW�FRXOG�OHDG�WR�FRVW�RYHUUXQ DW�GHVLJQ�VWDJH�FRXOG�EH�FRQWUROOHG�E\�
DGRSWLQJ� WKH� IROORZLQJ� PHDVXUH�� H[SOLFLW� GHWDLOLQJ� LQ� GHVLJQ�� LQWHUSUHWDEOH� GHVLJQV� DQG�
VSHFLILFDWLRQV�� HQJDJLQJ� DQ� H[SHULHQFHG� GHVLJQHU�� VWDQGDUGL]DWLRQ� LQ� GHVLJQV� DQG� XQLWV��
DGHTXDWH�GHVLJQ�LQIRUPDWLRQ�DQG�FRQVXOWDWLRQ��DQG�LPSURYLQJ�RQ�SUHYLRXV�GHVLJQ�PLVWDNHV���

%DVHG�RQ�WKHVH�ILQGLQJV��LW�FDQ�EH�FRQFOXGHG�WKDW�SURSHU�DWWHQWLRQ�WR�PDWHULDO�ZDVWH LVVXHV�DW�
WKH� GHVLJQ�PDQDJHPHQW VWDJH� RI� DQ\� SURMHFW� KDV� WKH� SRWHQWLDO� WR�PLQLPLVH� WKH� UDWH� RI� FRVW�
RYHUUXQ��7KHUHIRUH��FDUHIXO�DWWHQWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�LVVXHV�LGHQWLILHG�LQ�WKLV�VWXG\��DV�
WKH\�ZRXOG�DVVLVW�LQ�DFKLHYLQJ�D�UHGXFWLRQ�LQ�WKH�UDWH�RI�PDWHULDO�ZDVWH�DQG�FRVW�RYHUUXQ�IRU�D�
SURMHFW�



���

5()(5(1&(6

$EGXO�$]LV�� $�� $�� 0HPRQO�� $�� +�� $EGXO� 5DKPDQQ�� ,�� � DQG� $EG� .DULP�� $�� 7�� ��������
&RQWUROOLQJ� &RVW� 2YHUUXQ� )DFWRUV LQ� &RQVWUXFWLRQ� 3URMHFWV� LQ� 0DOD\VLD�� 5HVHDUFK�
-RXUQDO�RI�$SSOLHG�6FLHQFHV��(QJLQHHULQJ�DQG�7HFKQRORJ\� �����������������

$EGXO�5DKPDQ��,���0HPRQ��$�+��DQG�$EG��.DULP��$�7����������6LJQLILFDQW�)DFWRUV &DXVLQJ�
&RVW�2YHUUXQV�LQ�/DUJH�&RQVWUXFWLRQ�3URMHFWV�LQ�0DOD\VLD��-RXUQDO�RI�$SSOLHG�6FLHQFHV�
����������������

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

$KLDJD�'DJEXL�� '�'�� DQG� 6PLWK�� 6�'�� � �������� 'HDOLQJ� ZLWK� &RQVWUXFWLRQ� &RVW� 2YHUUXQV�
XVLQJ�'DWD�0LQLQJ� &RQVWUXFWLRQ�0DQDJHPHQW�DQG�(FRQRPLFV��������������������

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

$OODKDLP�� )�6�� DQG� /LX�� /�� �������� &RVW� 2YHUUXQ� &DXVHV�� WKH� )UDPHZRUN� LQ� ,QIUDVWUXFWXUH�
3URMHFWV�� 7RZDUG� D 7\SRORJ\�� ��WK� $XVWUDOLDQ� 8QLYHUVLW\� %XLOGLQJ� (GXFDWRUV�
$VVRFLDWLRQ�� ,QWHUQDWLRQDO� &RQIHUHQFH� �$8%($�� ������ 6\GQH\�� 8QLYHUVLW\� RI� 16:�
�816:���������

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

$PHK�� 2�-�� 6R\LQJEH�� $�$�� DQG� 2GXVDPL�� .�7�� �������� 6LJQLILFDQW� )DFWRUV &DXVLQJ� &RVW�
2YHUUXQV� LQ� 7HOHFRPPXQLFDWLRQ� 3URMHFWV� LQ� 1LJHULD�� -RXUQDO� RI &RQVWUXFWLRQ� LQ�
'HYHORSLQJ�&RXQWULHV������������±���

$SRORW�� 5�� $OLQDLWZH�� +�� DQG� 7LQGLZHQVL�� '�� �������� $Q� ,QYHVWLJDWLRQ� LQWR� WKH� &DXVHV RI�
'HOD\�DQG�&RVW�2YHUUXQ�LQ�8JDQGDெV�3XEOLF�6HFWRU�&RQVWUXFWLRQ�3URMHFWV�� ,Q��6HFRQG�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$GYDQFHV�LQ�(QJLQHHULQJ�DQG�7HFKQRORJ\��������8JDQGD��
���������

$]KDU�� 1�� )DURRTXL�� 5�8�� DQG�$KPHG�� 6�0� �������� &RVW� 2YHUUXQ� )DFWRUV LQ� &RQVWUXFWLRQ�
,QGXVWU\ RI� 3DNLVWDQ�� )LUVW� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RQVWUXFWLRQ� LQ� 'HYHORSLQJ�
&RXQWULHV��,&�&,'&±,���.DUDFKL��3DNLVWDQ�����������

$]L]��5�)����������)DFWRUV &DXVLQJ�&RVW�9DULDWLRQ�IRU�&RQVWUXFWLQJ�:DVWH�:DWHU�3URMHFWV�LQ�
(J\SW��$OH[DQGULD�(QJLQHHULQJ�-RXUQDO ������±���

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

%DEELH�� (�� DQG� 0RXWRQ�� -�� �������� 7KH� SUDFWLFH� RI� VRFLDO� VFLHQFH� UHVHDUFK�� &DSH� 7RZQ��
2[IRUG�8QLYHUVLW\�3UHVV�6RXWKHUQ�$IULFD�

%DOR\L�� /�� DQG�%HNNHU��0�� � ��������&DXVHV RI�&RQVWUXFWLRQ�&RVW� DQG�7LPH 2YHUUXQV�� 7KH�
�����),)$�:RUOG�&XS�6WDGLD�LQ6RXWK�$IULFD��$FWD�6WUXFWLOLD�����������������

'H\�� ,�� ��������4XDOLWDWLYH� GDWD� DQDO\VLV�� $� XVHU�IULHQGO\� JXLGH� IRU� VRFLDO� VFLHQWLVWV�� 1HZ�
<RUN��7D\ORU�	�)UDQFLV�H�/LEUDU\�

)DUUHOO�� 3�� �������� :ULWLQJ� D� %XLOW� (QYLURQPHQW� 'LVVHUWDWLRQ�� 3UDFWLFDO� *XLGDQFH� DQG�
([DPSOHV��%ROWRQ��8.��%ODFNZHOO
V�3XEOLVKLQJ��

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



���

+XVVDLQ��-�0��$EGXO�5DKPDQ��,��	�0HPRQ��$�+����������7KH�:D\�)RUZDUG�LQ�6XVWDLQDEOH�
&RQVWUXFWLRQ�� ,VVXHV� DQG� &KDOOHQJHV�� ,QWHUQDWLRQDO� -RXUQDO� RI� $GYDQFHV� LQ� $SSOLHG�
6FLHQFHV��,-$$6����������SS��������

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

.DVLPX��0�$�� ��������6LJQLILFDQW� )DFWRUV WKDW�&DXVH�&RVW�2YHUUXQ� LQ�%XLOGLQJ�3URMHFWV� LQ�
1LJHULD��,QWHUGLVFLSOLQDU\�-RXUQDO�RI�&RQWHPSRUDU\�5HVHDUFK�LQ�%XVLQHVV�������������
�����

/HHG\�� 3�'�� DQG� 2UPURG�� -�(�� � �������� 3UDFWLFDO� 5HVHDUFK� 3ODQQLQJ� DQG� 'HVLJQ�� 7HQWK�
(GLWLRQ�� (GLWHG� E\� 3HDUVRQ� QHZ� LQWHUQDWLRQDO� (GLWLRQ�� (GLQEXUJK� *DWH�� (QJODQG��
3HDUVRQ�(GXFDWLRQ�/LPLWHG�

/H�+RDL�� /�� /HH�� <�'�� DQG� /HH�� -�<�� �������� 'HOD\� DQG� &RVW� 2YHUUXQ� LQ� 9LHWQDP�� /DUJH�
&RQVWUXFWLRQ�3URMHFWV��$�&RPSDULVRQ�ZLWK�2WKHU�6HOHFWHG�&RXQWULHV��.6&(�-RXUQDO�RI�
&LYLO�(QJLQHHULQJ������������������

/RYH�� 3�� (GZDUGV�� '�� DQG� ,UDQL�� =�� ��������0RYLQJ� %H\RQG� 2SWLPLVP�%LDV� DQG� 6WUDWHJLF�
0LVUHSUHVHQWDWLRQ�� $Q� ([SODQDWLRQ� IRU� 6RFLDO� ,QIUDVWUXFWXUH� 3URMHFW� &RVW� 2YHUUXQV��
,(((�7UDQVDFWLRQ�RQ�(QJLQHHULQJ�0DQDJHPHQW������

0D�� 8�� �������� 1R� ZDVWH�� 0DQDJLQJ� 6XVWDLQDELOLW\� LQ� &RQVWUXFWLRQ�� 6XUUH\�� *RZHU�
3XEOLVKLQJ�/LPLWHG��

0RX��.�� �������� 7KH�5ROH� RI�*RYHUQPHQW� DQG�&RQVWUXFWLRQ�:DVWH��0VF�'LVVHUWDWLRQ��7KH�
&HQWUH� RI�8UEDQ�3ODQQLQJ�	�(QYLURQPHQWDO�0DQDJHPHQW��8QLYHUVLW\� RI�+RQJ�.RQJ��
+RQJ�NRQJ��SS��������

1DJDSDQ��6��$EGXO�5DKPDQ�� ,�� DQG�$VPL��$�� �������� )DFWRUV &RQWULEXWLQJ� WR�3K\VLFDO� DQG�
1RQ�3K\VLFDO� :DVWH� *HQHUDWLRQ� LQ� &RQVWUXFWLRQ� ,QGXVWU\�� ,QWHUQDWLRQDO� -RXUQDO� RI�
$GYDQFHV�LQ�$SSOLHG�6FLHQFHV��,-$$6���������������

1HJD�� )�� �������� &DXVHV DQG� (IIHFWV� RI� &RVW� 2YHUUXQ� RQ� 3XEOLF� %XLOGLQJ� &RQVWUXFWLRQ�
3URMHFWV�LQ�(WKLRSLD��0VF�'LVVHUWDWLRQ��(WKRSLD�

1JX\HQ�� %�� *XSWD�� +�� DQG� )DQLUDQ�� 6�� �Q�G��� :DVWH� 0LQLPL]DWLRQ� 6WUDWHJLHV� LQ� WKH�
&RQVWUXFWLRQ�,QGXVWU\�$�*HHORQJ�&DVH�6WXG\���*HHORQJ�������

2JXQVHPL��'���DQG�-DJERUR��*�� � ��������7LPH±FRVW�0RGHO� IRU�%XLOGLQJ�3URMHFWV� LQ�1LJHULD��
-RXUQDO�RI�&RQVWUXFWLRQ�0DQDJHPHQW�DQG�(FRQRPLFV����������SS�����±�����

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��� &ROODERUDWLRQ� DQG� ,QWHJUDWLRQ� LQ� (QJLQHHULQJ�� 0DQDJHPHQW� DQG�
7HFKQRORJ\���������0D\�������,VWDQEXO��7XUNH\�

2VPDQL��0����������&RQVWUXFWLRQ�:DVWH��&KDS�����LQ�:DVWH��$�+DQGERRN�IRU�0DQDJHPHQW��
E\�/HWFKHU�DQG�9DOOHUR���������6DQ�'LHJR��$FDGHPLF�3UHVV�DQ�,PSULQW�RI�(OVHYLHU��

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

6DLGX�� ,�DQG� 6KDNDQWX�� :�0�:�� �������� $� 5HODWLRQVKLS� EHWZHHQ� 4XDOLW\�RI�(VWLPDWLQJ��
&RQVWUXFWLRQ�0DWHULDO�:DVWH� *HQUDWLRQ� DQG� &RVW� 2YHUUXQ� LQ� $EXMD�� 1LJHULD�� )RXUWK�
&RQVWUXFWLRQ�0DQDJHPHQW�&RQIHUHQFH��1HOVRQ�0DQGHOD�0HWURSROLWDQ�8QLYHUVLW\��3RUW�
(OL]DEHWK�� 6RXWK $IULFD� (GLWHG� (PX]H�� )�$��� �������� ��� 1RYHPEHU��VW 'HFHPEHU��
�����

6DLGX�� ,�� DQG� 6KDNDQWX�� :�0�:�� �����D��� $� 6WXG\� RI� WKH� 5HODWLRQVKLS� EHWZHHQ� 0DWHULDO�
:DVWH� DQG� &RVW� 2YHUUXQ� LQ� WKH� &RQVWUXFWLRQ� ,QGXVWU\� 7KH� �WK� FLGE� 3RVWJUDGXDWH�
&RQIHUHQFH�&DSH�7RZQ��6RXWK�$IULFD��³(PHUJLQJ�WUHQGV�LQ�FRQVWUXFWLRQ�RUJDQLVDWLRQDO�
SUDFWLFHV�DQG����SURMHFW�PDQDJHPHQW�NQRZOHGJH�DUHD��(GLWHG�:LQGDSR��$�2�����������
)HE������������



���

6DLGX�� ,�� DQG� 6KDNDQWX�� :�0�:�� �����E��� $� &RQFHSWXDO� )UDPHZRUN� DQG� D� 0DWKHPDWLFDO�
(TXDLRQ� IRU� 0DQDJLQJ� &RQVWUXFWLRQ�0DWHULDO� :DVWH� DQG� &RVW� 2YHUUXQV�� :RUOG�
$FDGHP\� RI� 6FLHQFH�� (QJLQHHULQJ� 	� 7HFKQRORJ\�� ,QWHUQDWLRQDO� -RXUQDO� RI� 6RFLDO�
%HKDYLRXUDO��(GXFDWLRQDO��(FRQRPLF��%XVLQHVV�DQG�,QGXVWULDO�(QJLQHHULQJ����������SS��
��������

6DLGX�� ,�� �������� 0DQDJHPHQW� RI� 0DWHULDO� :DVWH� DQG� &RVW� 2YHUUXQ� LQ� WKH� 1LJHULDQ�
&RQVWUXFWLRQ� ,QGXVWU\�� $Q� 8QSXEOLVKHG� 3K'� 7KHVLV�� 'HSDUWPHQW� RI� &RQVWUXFWLRQ�
0DQDJHPHQW� 1HOVRQ�0DQGHOD�0HWURSROLWDQ�8QLYHUVLW\��3RUW�(OL]DEHWK��6RXWK�$IULFD�

6HHOH\��,��+����������%XLOGLQJ�(FRQRPLFV� /RQGRQ��0DFPLOODQ�3UHVV�/WG�
6KDQPXJDSUL\D�� 6�� DQG� 6XEUDPDQLDQ�� .�� �������� ,QYHVWLJDWLRQ� RI� 6LJQLILFDQW� )DFWRUV

$IIHFWLQJ� 7LPH� DQG� &RVW� 2YHUUXQ� LQ� ,QGLDQ� &RQVWUXFWLRQ� 3URMHFWV�� ,QWHUQDWLRQDO�
-RXUQDO�RI�(PHUJLQJ�7HFKQRORJ\�DQG�$GYDQFHG�(QJLQHHULQJ� �����������������

7HR�� 6�3�� $EGHOQDVHU�� 2�� DQG� $EGXO�� +�.�� �������� 0DWHULDO� :DVWDJH� LQ� 0DOD\VLDQ�
&RQVWUXFWLRQ� ,QGXVWU\�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� (FRQRPLFV� DQG� $GPLQLVWUDWLRQ��
)DFXOW\�RI�$GPLQLVWUDWLRQ��8QLYHUVLW\�RI�%XFKDUHVW�5RPDQLD�����������

7DP�� 9�:�<�� 6KHQ�� /�<�� 7DP�� &�0�� �������� $VVHVVLQJ� WKH� /HYHOV� RI� 0DWHULDO� :DVWDJH�
$IIHFWHG�E\�6XE�&RQWUDFWLQJ�5HODWLRQVKLSV�DQG�3URMHFWV�7\SHV�ZLWK�WKHLU�&RUUHODWLRQV��
%XLOGLQJ�DQG�(QYLURQPHQW����������±�����

:DKDE��$��%��DQG�/DZDO��$��)����������$Q�(YDOXDWLRQ�RI�:DVWH�&RQWURO�0HDVXUHV��$IULFDQ�
-RXUQDO�RI�(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\������� �������

<XDQ��+���:��/X��DQG�-��-��+DR�� ���������7KH�(YROXWLRQ�RI�&RQVWUXFWLRQ�:DVWH�6RUWLQJ�RQ�
6LWH���5HQHZDEOH�DQG�6XVWDLQDEOH�(QHUJ\�5HYLHZV��������±����
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³3URIHVVLRQDOV¶� SHUFHSWLRQV� RQ� FRQVWUXFWLRQ� PDWHULDO� ZDVWH DQG� FRVW� RYHUUXQV DW� WKH�
GHVLJQ�VWDJH�RI�D�SURMHFW�LQ�$EXMD��1LJHULD´

3UHOLPLQDU\�TXHVWLRQV

1DPH�RI�WKH�SHUVRQ�EHLQJ�LQWHUYLHZHGBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3RVLWLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

1DPH�RI�WKH�)LUP�2UJDQL]DWLRQBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

1DPH�RI�WKH�SURMHFWBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3URMHFW�ORFDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3URMHFW�YDOXH��ଂ� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

<HDUV�RI�H[SHULHQFH�LQ�WKH�LQGXVWU\� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB��������������������������������������������������

+LJKHVW�HGXFDWLRQDO�TXDOLILFDWLRQ BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

3OHDVH�GHVFULEH�\RXU�UROH�LQ�WKH�RUJDQL]DWLRQ�

4XDOLW\�RI�'HVLJQ�0DQDJHPHQW�

��� 'HVFULEH�WKH�FRQVWLWXHQWV�RI�DQG�WKH�TXDOLW\�RI�GHVLJQ�RQ�\RXU�SURMHFW"
��� ,V� WKHUH� DQ\� UHODWLRQVKLS� EHWZHHQ� TXDOLW\� RI� GHVLJQ� PDQDJHPHQW DQG� PDWHULDO�

ZDVWH JHQHUDWLRQ"�
��� 'RHV�WKH�TXDOLW\�RI�GHVLJQ�DIIHFW�SURMHFW�FRVW�RYHUUXQ"�3OHDVH�HODERUDWH"
��� 'HILQH��GHVLJQ�FRPSOH[LW\


