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$%675$&7�
7KLV� SDSHU� GHVFULEHV� D� SDUDPHWULF� VWXG\� RQ�ZLQGRZ�
IUDPH� JHRPHWU\� ZLWK� WKH� JRDO� RI� GHVLJQLQJ� IUDPHV�
ZLWK� YHU\� JRRG� WKHUPDO� SURSHUWLHV�� 7KUHH� GLIIHUHQW�
SDUDPHWULF� IUDPH� PRGHOV� DUH� LQWURGXFHG�� GHVFULEHG�
E\� D� QXPEHU� RI� YDULDEOHV�� ,Q� WKH� ILUVW� SDUW� RI� WKH�
VWXG\�� D� SURFHVV� RI� VHQVLWLYLW\� DQDO\VLV� LV� FRQGXFWHG�
WR�GHWHUPLQH�ZKLFK�RI� WKH�SDUDPHWHUV�GHVFULELQJ� WKH�
IUDPH� KDYH� WKH� KLJKHVW� LPSDFW� RQ� LWV� WKHUPDO�
SHUIRUPDQFH��$IWHUZDUGV��DQ�RSWLPL]DWLRQ�SURFHVV� LV�
FRQGXFWHG� RQ� HDFK� IUDPH� LQ� RUGHU� WR� RSWLPL]H� WKH�
GHVLJQ� ZLWK� UHJDUG� WR� WKUHH� REMHFWLYHV�� PLQLPL]LQJ�
WKH�WKHUPDO�WUDQVPLWWDQFH��PD[LPL]LQJ�WKH�QHW�HQHUJ\�
JDLQ� IDFWRU� DQG� PLQLPL]LQJ� WKH� PDWHULDO� XVH�� 6LQFH�
WKH�REMHFWLYHV�FRQWUDGLFW�HDFK�RWKHU��LW�ZDV�IRXQG�WKDW�
LW� LV� QRW� SRVVLEOH� WR� LGHQWLI\� D� VLQJOH� VROXWLRQ� WKDW�
VDWLVILHV� DOO� WKHVH� JRDOV�� ,QVWHDG�� D� FRPSURPLVH�
EHWZHHQ�WKH�REMHFWLYHV�KDV�WR�EH�IRXQG��

,1752'8&7,21�
:LWK� FXUUHQW� WUHQGV� WR� UHGXFH� WKH� HQHUJ\� XVH� LQ�
EXLOGLQJV�� WKHUH� LV� D� QHHG� WR� PLQLPL]H� WKH� WKHUPDO�
WUDQVPLWWDQFH�RI�HDFK�SDUW�RI�WKH�EXLOGLQJ�HQYHORSH�LQ�
RUGHU� WR� UHGXFH� WKH� WUDQVPLVVLRQ� ORVVHV� IURP� WKH�
LQVLGH� WR� WKH�RXWVLGH��:LQGRZ� IUDPHV� FRYHU� D� VPDOO�
SDUW�RI�WKH�HQWLUH�EXLOGLQJ�VXUIDFH��\HW�WKH\�FDQ�KDYH�D�
PDMRU� LPSDFW� RQ� WKH� KHDW� ORVVHV�� GXH� WR� WKHLU� SRRU�
LQVXODWLRQ�SURSHUWLHV�LQ�FRPSDULVRQ�WR�RWKHU�HOHPHQWV�
RI� WKH� EXLOGLQJ� HQYHORSH�� 'HVLJQLQJ� EHWWHU� IUDPHV�
ZLWK� ORZHU� WKHUPDO� WUDQVPLWWDQFH� FDQ� EH� YHU\�
EHQHILFLDO�IRU�HQHUJ\�VDYLQJV�LQ�EXLOGLQJV��$6+5$(��
�������
9DULRXV� DSSURDFKHV� FDQ� EH� WDNHQ� WR� RSWLPL]H� D�
ZLQGRZ�IUDPH��0DQ\�RI�WKH�SUHYLRXV�VWXGLHV�IRFXVHG�
RQ�GHYHORSLQJ�VOLP� IUDPHV� WKDW�ZRXOG�FRYHU�D� VPDOO�
IUDFWLRQ� RI� WKH� ZLQGRZ� DUHD� DQG� SURPRWH� VRODU� KHDW�
JDLQV�� ZLWK� OLWWOH� UHJDUG� WR� WKH� IUDPH� 8I� YDOXH�
�$SSHOIHOG�HW�DO���������/DXVWVHQ�HW�DO����������2WKHU�
LQYHVWLJDWLRQV� FRQFHQWUDWHG� RQ� WKH� XVH� RI� ORZ�
FRQGXFWLYLW\� PDWHULDOV� WR� UHGXFH� WKH� WKHUPDO�
WUDQVPLWWDQFH� RI� WKH� IUDPH� �*XVWDYVHQ� HW� DO��� �������
+RZHYHU�� QRW� PXFK� HIIRUW� KDV� EHHQ� WDNHQ� WR� VWXG\�
DQG� RSWLPL]H� WKH� IUDPH� JHRPHWU\�� :LWK� WKH� XVH� RI�
PRGHUQ�PDWHULDOV� VXFK� DV� SODVWLF� �39&��� DOXPLQLXP�
RU� ILEUH� UHLQIRUFHG� SRO\PHUV� �)53�� ZKLFK� FDQ� EH�
FUDIWHG� LQWR� YDULRXV� VKDSHV�� WKH� HQJLQHHUV� KDYH� D�
ODUJH� IUHHGRP�RI� GHVLJQ��$OPRVW� DQ� LQILQLWH� QXPEHU�

RI�ZLQGRZ�IUDPH�JHRPHWULHV�FDQ�EH�FUHDWHG��EXW�QRW�
DOO� RI� WKHP�ZLOO� UHVXOW� LQ� D� VDWLVI\LQJ�8I� YDOXH�� ,W� LV�
LPSRUWDQW� WR� GHWHUPLQH� KRZ� D� SURSHU� GHVLJQ� RI� WKH�
IUDPH� FDQ� FRQWULEXWH� WR� WKH� LPSURYHPHQW� RI� LWV�
WKHUPDO�SHUIRUPDQFH��
,Q� WKH� SUHVHQW� VWXG\�� DQ� DWWHPSW� LV�PDGH� WR� LGHQWLI\�
WKH� NH\� SDUDPHWHUV� GHVFULELQJ� WKH� ZLQGRZ� IUDPH�
GHVLJQ�WKDW�FDQ�LQIOXHQFH�LWV�WKHUPDO�SHUIRUPDQFH�DQG�
WR�RSWLPL]H�WKH�JHRPHWU\�RI�WKH�IUDPH��6XFK�WDVN�FDQ�
EH� VROYHG� E\� HYDOXDWLQJ� D� ODUJH� QXPEHU� RI� YDULRXV�
IUDPH� JHRPHWULHV� DQG� FRPSDULQJ� WKHLU� WKHUPDO�
WUDQVPLWWDQFH�� 6HYHUDO� SURJUDPV� H[LVW� WKDW� DUH�
FDSDEOH�RI�FRQGXFWLQJ�ILQLWH�HOHPHQW�VLPXODWLRQV�DQG�
FDOFXODWLQJ� WKH� IUDPH� 8I� YDOXH�� VXFK� DV� 7+(50�
�0LWFKHOO� HW� DO��� ������ RU� +($7��
�EXLOGLQJSK\VLFV�FRP�� ������� 7KH� GUDZEDFN� RI�
ZRUNLQJ� ZLWK� WKHVH� WRROV� LV� WKDW� LW� WDNHV� D� ODUJH�
DPRXQW� RI� WLPH� WR� GUDZ� WKH� JHRPHWU\� DQG� UXQ� WKH�
VLPXODWLRQ��ZKDW�PDNHV�WKHP�XQXVDEOH�IRU�WKLV�VWXG\��
7R�DGGUHVV� WKLV�SUREOHP�D� VSHFLDO�SDUDPHWULF�GHVLJQ�
WRRO� ZDV� FUHDWHG�� 7KH� JHRPHWU\� LV� GHVFULEHG� E\� DQ�
DUUD\� RI� SDUDPHWHUV�� UHSUHVHQWLQJ� GLPHQVLRQV� RI�
VSHFLILF�SDUWV�RI�WKH�ZLQGRZ�IUDPH�DQG�SURSHUWLHV�RI�
WKH� PDWHULDOV�� $V� D� UHVXOW�� PDQ\� VHWV� RI� SDUDPHWHUV�
GHVFULELQJ� YDULRXV� IUDPHV� FDQ� EH� LQSXWWHG� LQ� WKH�
SURJUDP� DQG� VLPXODWHG� DXWRPDWLFDOO\�� DOORZLQJ� WKH�
XVHU�WR�HYDOXDWH�D�ODUJH�QXPEHU�RI�GHVLJQV��
7KLV� SDSHU� ZLOO� SUHVHQW� WKH� EDFNJURXQG� EHKLQG� WKH�
WRRO�DQG�WKH�UHVXOWV�REWDLQHG�LQ�WKH�SDUDPHWULF�VWXG\��
7KUHH� SDUDPHWULF� IUDPH� JHRPHWULHV� DUH� LQWURGXFHG��
WKDW� DUH� EDVHG� RQ� H[LVWLQJ� KLJKO\� LQVXODWHG� ZLQGRZ�
IUDPHV�� $� VHQVLWLYLW\� DQDO\VLV� LV� FRQGXFWHG� WR�
GHWHUPLQH� ZKLFK� SDUDPHWHUV� DUH� WKH� PRVW� LPSRUWDQW�
IRU� LPSURYHPHQW� RI� WKH� WKHUPDO� SHUIRUPDQFH� RI� WKH�
IUDPHV�� ,Q� WKH� ILQDO� SDUW�� DQ� RSWLPL]DWLRQ� SURFHVV� LV�
FRQGXFWHG�� ZLWK� UHJDUG� WR� WKUHH� REMHFWLYHV��
PLQLPL]LQJ� WKH� WKHUPDO� WUDQVPLWWDQFH�� PD[LPL]LQJ�
WKH�QHW�HQHUJ\�JDLQ�IDFWRU�DQG�PLQLPL]LQJ�WKH�DUHD�RI�
WKH�FURVV�VHFWLRQ�RI�WKH�IUDPH��:HLJKWHG�VXP�PHWKRG�
ZDV� DSSOLHG� WR� DGGUHVV� WKLV� PXOWL� REMHFWLYH�
RSWLPL]DWLRQ�SUREOHP��

0(7+2'6�
0RGHOOLQJ�DVVXPSWLRQV�
:LQGRZ� IUDPHV� DUH� PRGHOOHG� DFFRUGLQJ� WR� WKH�
LQWHUQDWLRQDO�VWDQGDUG�,62���������$LU�FDYLWLHV�LQ�WKH�
IUDPHV�DUH� WUHDWHG�DV� VROLG�PDWHULDOV�ZLWK�HTXLYDOHQW�
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WKHUPDO�FRQGXFWLYLW\��UHSUHVHQWLQJ�WKH�FRQYHFWLYH�DQG�
UDGLDWLYH� WHUPV�� 2XWVLGH� DQG� LQVLGH� ERXQGDU\�
FRQGLWLRQV� XVHG� LQ� WKH� VLPXODWLRQV� DUH� VHW� DFFRUGLQJ�
WR� WKH� VWDQGDUG�� 5HGXFHG� UDGLDWLRQ� DQG� FRQYHFWLRQ�
RFFXUV� LQ� HGJHV� RU� MXQFWLRQV� EHWZHHQ� VXUIDFHV�� 7KH�
LQWHUQDO� WHPSHUDWXUH� LV� ���&� DQG� WKH� H[WHUQDO� ��&��
7KH� KHDW� WUDQVIHU� FRHIILFLHQWV� IRU� LQWHUQDO�� H[WHUQDO�
DQG� UHGXFHG� ERXQGDU\� FRQGLWLRQV� DUH� ���� ���� DQG� ��
:�P��.�UHVSHFWLYHO\��0DWHULDO�SURSHUWLHV�DUH�OLVWHG�LQ�
WDEOH����$OO�WKH�PDWHULDOV�KDYH�HPLVVLYLW\�RI������

7DEOH���
7KHUPDO�FRQGXFWLYLW\�RI�WKH�PDWHULDOV��

�

0DWHULDO� 7KHUPDO�FRQGXFWLYLW\�
�:�P�.��

)53� ����·�����
,QVXODWLRQ� �����·������
(3'0� �����

,QVXODWLRQ�SDQHO� ������

3DUDPHWULF�GHVLJQ�WRRO�
7KH� GHVLJQ� WRRO� LV� EDVHG� RQ� D� ILQLWH� HOHPHQW� VROYHU�
&2062/�0XOWLSK\VLFV� �FRPVRO�FRP�� ������� ZKLFK�
LV� XVHG� WR� VROYH� WKH� HTXDWLRQV� IRU� FRQGXFWLYH� KHDW�
WUDQVIHU�LQ�WKH�ZLQGRZ�IUDPH�DQG�GHULYH�LWV�8I�YDOXH��
0DWODE� �PDWKZRUNV�VH�� ������ LV� XVHG� WR� FUHDWH� WKH�
SDUDPHWULF� GHVLJQ� WRRO�� DQG� ERWK� SURJUDPV� DUH�
FRQQHFWHG� XVLQJ� WKH� /LYHOLQN� IRU�0DWODE� PRGXOH� LQ�
&2062/��FRPVRO�FRP���������
,Q� WUDGLWLRQDO� SURJUDPV� IRU� HYDOXDWLQJ� WKHUPDO�
SHUIRUPDQFH�RI�ZLQGRZ�IUDPHV��WKH�WZR�GLPHQVLRQDO�
JHRPHWU\� LV� HLWKHU� LPSRUWHG� IURP� &$'� VRIWZDUH� RU�
GUDZQ� LQ� WKH� SURJUDP� DV� D� VHW� RI� SRO\JRQV�
UHSUHVHQWLQJ� WKH� IUDPH�� ,Q� WKH� GHVLJQ� WRRO� SUHVHQWHG�
LQ�WKLV�VWXG\��WKH�JHRPHWU\�LV�EXLOW�ZLWKLQ�WKH�WRRO�DQG�
LV� UHSUHVHQWHG� DV� D� VHULHV� RI� ZDOOV�� HDFK� RI� WKHP�
GHVFULEHG� E\� WKUHH� SDUDPHWHUV�� OHQJWK�� ZLGWK� DQG�
URWDWLRQ�DQJOH��7KH�ILUVW�ZDOO� VWDUWV� LQ� WKH�EDVH�SRLQW�
RI� WKH� FRRUGLQDWH� V\VWHP�� 3RVLWLRQ� RI� VXEVHTXHQW�
ZDOOV� LV� EDVHG� RQ� WKH� FRRUGLQDWHV� RI� WKH� ILQLVKLQJ�
SRLQW� RI� WKH� SUHYLRXV� ZDOO�� )LJXUH� �� SUHVHQWV� WKH�
SURFHVV� RI� FUHDWLQJ� D� VLPSOH� JHRPHWU\�� $Q� DUUD\� RI�
ZDOO� SDUDPHWHUV� FDQ� EH� LQSXWWHG�� GHVFULELQJ� WKH�
IUDPH��DV�VKRZQ�RQ�ILJXUH��D���2QFH�WKH�ZDOOV�FUHDWH�
D� FORVHG� VKDSH�� D� SRO\JRQ� LV� FUHDWHG�� UHSUHVHQWLQJ�
SDUW�RI�WKH�IUDPH��VHH�ILJXUH��E���7KH�GRPDLQ�FUHDWHG�
LQ� WKH� PLGGOH� LV�� E\� GHIDXOW�� ILOOHG� ZLWK� DLU� ZLWK�
HTXLYDOHQW�WKHUPDO�FRQGXFWLYLW\�FDOFXODWHG�DFFRUGLQJ�
WR� WKH� VWDQGDUG� ,62���������7KLV� YDOXH� FDQ� EH� ODWHU�
FKDQJHG� WR� UHSUHVHQW� RWKHU� PDWHULDO�� H�� J�� WKHUPDO�
LQVXODWLRQ��$V�D�QH[W�VWHS��ZDOOV�FDQ�EH�DGGHG�LQVLGH�
WKH� IUDPH�� GHVFULEHG� E\� VLPLODU� SDUDPHWHUV� DV� WKH�
RXWVLGH�ZDOOV��ZLWK�WKH�DGGLWLRQ�RI�VSDWLDO�FRRUGLQDWHV�
RI� WKH� VWDUWLQJ� SRLQW�� $IWHU� WKLV� VWHS�� WKH� WRRO�
FDOFXODWHV� WKH� GLVWDQFH� EHWZHHQ� HYHU\� YHUWH[� RQ� WKH�
LQVLGH�RI� WKH� IUDPH� WR� WKH�QHDUE\�ZDOOV� WR�FKHFN� IRU�
DQ\�LQWHUFRQQHFWLRQV�EHWZHHQ�FDYLWLHV�VPDOOHU�WKDQ���
PP��,I�VXFK�FDVH�RFFXUV��WKH�FDYLW\�LV�VXEGLYLGHG�DQG�
WKH� HTXLYDOHQW� WKHUPDO� FRQGXFWLYLWLHV� DUH� FDOFXODWHG�
IRU�HDFK�RI�WKH�QHZO\�FUHDWHG�GRPDLQV��VHH�ILJXUH��F���

)LQDOO\��WKH�ERXQGDU\�FRQGLWLRQV�DUH�DVVLJQHG��$OO�WKH�
VXUIDFHV� RQ� WKH� OHIW� KDQG� VLGH� DUH� FRQVLGHUHG� DV�
H[SRVHG�WR�H[WHUQDO�FRQGLWLRQV��ZKLOH�WKH�RQHV�RQ�WKH�
ULJKW�KDQG�VLGH�DUH�DVVLJQHG�ZLWK�LQWHUQDO�ERXQGDULHV��
5HGXFHG� KHDW� WUDQVIHU� FRHIILFLHQW� LV� DVVLJQHG� WR�
VORSHG�VXUIDFHV��DV�GHVFULEHG�LQ�WKH�VWDQGDUG��%RWWRP�
SDUW� RI� WKH� IUDPH� LV� UHFRJQL]HG� DV� MXQFWLRQ� EHWZHHQ�
WKH� IUDPH� DQG� WKH� ZDOO� DQG� LV� WKHUHIRUH� VHW� DV� DQ�
DGLDEDWLF�ERXQGDU\�FRQGLWLRQ��6LPLODUO\�� WKH� WRS�SDUW�
LV�LGHQWLILHG�DV�WKH�JOD]LQJ�DQG�LV�DOVR�VHW�WR�DGLDEDWLF��
2QFH� WKH� JHRPHWU\� DQG� ERXQGDU\� FRQGLWLRQV� DUH�
FUHDWHG�� WKH\� DUH� XVHG� DV� DQ� LQSXW� IRU� WKH� ILQLWH�
HOHPHQW� VROYHU�� ZKLFK� VLPXODWHV� WKH� KHDW� WUDQVIHU� LQ�
WKH�IUDPH��,QWHJUDO�RI�WKH�KHDW�IOX[�RYHU�WKH�LQVLGH�RI�
WKH�IUDPH�LV�XVHG�WR�FDOFXODWH�WKH�8I�YDOXH��
7KH�PDLQ�UHDVRQ�IRU�GHVLJQLQJ�WKH�WRRO�LQ�VXFK�D�ZD\�
ZDV� WR� PDNH� LW� SRVVLEOH� WR� JHQHUDWH� DQG� HYDOXDWH� D�
ODUJH� QXPEHU� RI� IUDPH� JHRPHWULHV� LQ� D� UHODWLYHO\�
VKRUW�WLPH��,Q�FRQWUDVW�WR�WUDGLWLRQDO�SURJUDPV��ZKHUH�
HDFK�GHVLJQ�QHHGV�WR�EH�GUDZQ�VHSDUDWHO\��KHUH�LW�FDQ�
EH� UHSUHVHQWHG� E\� D� VHW� RI� QXPEHUV�� $Q� DUUD\� RI�
SDUDPHWHUV�GHVFULELQJ�YDULRXV�IUDPHV�FDQ�EH�LQSXWWHG�
LQ�WKH�SURJUDP�DQG�VLPXODWHG�DXWRPDWLFDOO\��DOORZLQJ�
WKH�XVHU�WR�HYDOXDWH�KXQGUHGV�RI�YDULRXV�GHVLJQV��

�
)LJXUH����7KH�SURFHVV�RI�GHVLJQLQJ�D�IUDPH�LQ�WKH�

GHVLJQ�WRRO��
�

9DOLGDWLRQ�RI�WKH�GHVLJQ�WRRO�
7R� HQVXUH� WKDW� WKH� GHVLJQ� WRRO� SURGXFHV� DFFXUDWH�
UHVXOWV�� D� YDOLGDWLRQ� SURFHVV� ZDV� FRQGXFWHG�� 7KH�
VWDQGDUG� VXJJHVWV� H[HFXWLQJ� WKLV� SURFHVV� E\�
FRPSDULQJ�WKH�WZR�GLPHQVLRQDO�WKHUPDO�FRQGXFWDQFH�
DQG� WKHUPDO� WUDQVPLWWDQFH� RI� D� IUDPH� ZLWK� YDOXHV�
FDOFXODWHG� IRU� H[HPSODU\� IUDPHV� JLYHQ� LQ� WKH�
VWDQGDUG�� 'LIIHUHQFHV� RI� /�'� QRW� KLJKHU� WKDQ� ����
VKRXOG� HQVXUH� D� JRRG� DFFXUDF\�� 7ZR� IUDPH�
JHRPHWULHV� ZHUH� FRPSDUHG�� ,W� ZDV� IRXQG� WKDW� WKH�
GHYLDWLRQ� LQ� /�'� ZDV� QRW� KLJKHU� WKDQ� ����� DQG� WKH�
GLIIHUHQFH�LQ�8I�GLG�QRW�H[FHHG��������
6PDOO� GLVFUHSDQFLHV� FRXOG� EH� H[SODLQHG� E\� GLIIHUHQW�
URXQGLQJ� RI� GHFLPDO� SODFHV� ZKHQ� FDOFXODWLQJ� WKH�
WKHUPDO� FRQGXFWLYLW\� RI� WKH� FDYLWLHV� DQG� GLIIHUHQFHV�
LQ�WKH�VLPXODWLRQ�SURFHGXUH�RI�WKH�SURJUDPV��VXFK�DV�
GLIIHUHQW�PHVK�HOHPHQW�VL]H��HWF�����
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&DOFXODWLRQV�DQG�RSWLPL]DWLRQ�FULWHULD�
6HYHUDO�IDFWRUV�DUH�FDOFXODWHG�LQ�RUGHU�WR�HYDOXDWH�WKH�
SHUIRUPDQFH�RI�WKH�IUDPH��%HORZ�D�EULHI�H[SODQDWLRQ�
RI� WKHP� DQG� VXFFHVV� FULWHULD� RI� WKH� RSWLPL]DWLRQ�
SURFHVV�DUH�SUHVHQWHG��
8�YDOXH�RI�WKH�IUDPH��8I��
7KLV� SDUDPHWHU� LV� FDOFXODWHG� DFFRUGLQJ� WR�
PHWKRGRORJ\�GHVFULEHG� LQ� ,62���������� VLPXODWLRQV�
DUH� FRQGXFWHG� LQ� WKH� DEVHQFH� RI� JOD]LQJ�� ZKLFK� LV�
VXEVWLWXWHG�E\�DQ�LQVXODWLQJ�SDQHO��7KXV��WKH�HIIHFW�RI�
JOD]LQJ�DQG�VSDFHU�RQ�WKH�8I�YDOXH�LV�UHPRYHG���
8�YDOXH�RI�WKH�HQWLUH�ZLQGRZ��8Z��
8Z�LQFOXGHV�KHDW�WUDQVIHU�WKURXJK�WKH�ZLQGRZ�IUDPH��
KHDW�WUDQVIHU�WKURXJK�WKH�JOD]LQJ�DQG�DGGLWLRQDO�OLQHDU�
KHDW�ORVV�FDXVHG�E\�DVVHPEO\�RI�IUDPH�DQG�JODVV��

8Z� ���8J�Â�$J���8I�Â�$I���ȥ�Â�Oȥ�������$J���$I��� ����

,Q�WKLV�VWXG\��8Z�LV�FDOFXODWHG�IRU�D�VWDQGDUG�ZLQGRZ�
VL]H�RI������[������P��)LFWLRQDO�WULSOH�JOD]LQJ�ZLWK�8J�
 �����:�P��.�DQG�J� �����ZDV�FKRVHQ��$�VSDFHU�ZLWK�
³ZDUP�HGJH´�WHFKQRORJ\�LV�XVHG��JLYLQJ�D�ȥ�YDOXH�RI�
�����:�P�.��
1HW�(QHUJ\�*DLQ�)DFWRU��(��
7KLV� IDFWRU� HYDOXDWHV� WKH� HQHUJ\� SHUIRUPDQFH� RI� WKH�
HQWLUH�ZLQGRZ�GXULQJ�D�VWDQGDUG�KHDWLQJ�VHDVRQ��,W�LV�
GHVFULEHG�DV�WKH�VRODU�KHDW�JDLQV�VXEWUDFWHG�IURP�WKH�
WUDQVPLVVLRQ�KHDW�ORVVHV��,I�WKH�(�IDFWRU�KDV�D�SRVLWLYH�
YDOXH�� LW� LQGLFDWHV� WKDW� WKH�ZLQGRZ�LV�FRQWULEXWLQJ� WR�
WKH� KHDWLQJ� RI� WKH� EXLOGLQJ�� ,W� LV� GHVFULEHG� E\� WKH�
IRUPXOD�EHORZ��1LHOVHQ�HW�DO����������

(� �JZ�Â�,���8Z�Â�'� ����

,� DQG�'� DUH� FRHIILFLHQWV� IRU� KHDW� JDLQ� DQG� KHDW� ORVV�
UHVSHFWLYHO\��7KH\�DUH�GHSHQGHQW�RQ�WKH�ORFDWLRQ�DQG�
IRU�'HQPDUN�WKH\�KDYH�EHHQ�FDOFXODWHG�WR�EH�HTXDO�WR�
, ������N:K�P��DQG�' �������.�NK��1LHOVHQ�HW�DO���
������� 7KH� JZ� LV� WKH� VRODU� KHDW� WUDQVIHU� FRHIILFLHQW�
PXOWLSOLHG� E\� WKH� IUDFWLRQ� RI� JOD]LQJ� LQ� WKH� HQWLUH�
ZLQGRZ�� 7KH� VRODU� KHDW� JDLQ� WKURXJK� WKH� ZLQGRZ�
IUDPH�ZDV�QHJOHFWHG�LQ�WKLV�VWXG\��
7KH�(�IDFWRU�SURYLGHV�D�VLPSOLILHG��EXW�IDLUO\�DFFXUDWH�
DSSUR[LPDWLRQ� RI� WKH� HQHUJ\� VDYLQJ� SRWHQWLDO� RI� D�
ZLQGRZ� LQ� KHDWLQJ� GRPLQDWHG� EXLOGLQJV�� 3UHYLRXV�
VWXGLHV�VKRZ�WKDW�WKH�HQHUJ\�VDYLQJV�IRXQG�XVLQJ�WKH�
(�IDFWRU�DUH�FRPSDUDEOH� WR� WKH�VDYLQJV�IRXQG�ZLWK�D�
GHWDLOHG��G\QDPLF�VLPXODWLRQ�SURJUDP��1LHOVHQ�HW�DO���
�������
$UHD�RI�WKH�FURVV�VHFWLRQ�RI�WKH�IUDPH��$��
7KLV�IDFWRU� LV�XVHG�DV�DQ� LQGLFDWRU�RI� WKH�FRVW�RI� WKH�
IUDPH��ZKLFK� LV�PDLQO\� UHODWHG� WR� WKH�YROXPH�RI� WKH�
VWUXFWXUDO�PDWHULDO�XVHG��$UHD�RI�WKH�FURVV�VHFWLRQ�RI�
WKH�ZDOOV�RI�HDFK�IUDPH�LV�FDOFXODWHG��
'HVLJQ�FULWHULD�
7KH� PD[LPXP�8I� YDOXH� LV� XVXDOO\� QRW� GHVFULEHG� LQ�
WKH�EXLOGLQJ�FRGHV��EXW�D�VXJJHVWHG�8Z�YDOXH�LV�JLYHQ�
LQVWHDG��)RU�H[DPSOH��WKH�'DQLVK�EXLOGLQJ�UHJXODWLRQV�
UHTXLUH� WKH� ZLQGRZV� WR� KDYH� 8Z� �� ���� :�P��.�

�'DQLVK� %XLOGLQJ� &RGH�� ������� 0RUH� VWULFW�
3DVVLY+DXV� VWDQGDUGV� VXJJHVW� XVLQJ� ZLQGRZV� ZLWK�
8Z�QRW�KLJKHU�WKDQ�����:�P��.��ZZZ�SDVVLY�GH���7R�
FRPSO\�ZLWK�WKHVH�UHTXLUHPHQWV�LW�ZDV�GHFLGHG�WR�XVH�
PD[LPXP�8I�YDOXH�RI�����:�P��.�DV�GHVLJQ�FULWHULD��
7KH�FXUUHQW�UHJXODWLRQV�IRU�QHZ�ZLQGRZV�LQ�'HQPDUN�
UHTXLUH� WKDW� WKH� (� IDFWRU� LV� KLJKHU� WKDQ� ����
N:K�P��\HDU��'DQLVK�%XLOGLQJ�5HJXODWLRQV���������,W�
LV� H[SHFWHG� WKDW� WKLV� FULWHULD� ZLOO� FKDQJH� WR� ����
N:K�P��\HDU� LQ� ������ 7R� EH� RQ� WKH� VDIH� VLGH��
ZLQGRZ�IUDPHV�WKDW�UHVXOW�LQ�HQHUJ\�JDLQ�KLJKHU�WKDQ�
����N:K�P��\HDU�ZLOO�EH�GHVLJQHG�LQ�WKLV�VWXG\��
:LQGRZ�IUDPHV�
)LJXUH� �� SUHVHQWV� WKUHH� IUDPHV� LQYHVWLJDWHG� LQ� WKLV�
VWXG\�� $OO� IUDPHV� DUH� WKH� LQZDUG�RSHQLQJ� FDVHPHQW�
W\SH�� 7KH� JHRPHWULHV� DUH� LQVSLUHG� E\� H[LVWLQJ� 39&�
IUDPHV�ZLWK�385�LQVXODWLRQ�DQG�VWHHO�UHLQIRUFHPHQWV�
WKDW� FRPSO\� ZLWK� 3DVVLY+DXV� UHTXLUHPHQWV�� ,Q� WKLV�
VWXG\� 39&� LV� UHSODFHG� E\� )LEHUJODVV� 5HLQIRUFHG�
3ODVWLF��)53���D�PDWHULDO�WKDW�JDLQHG�D�ORW�RI�DWWHQWLRQ�
LQ�UHFHQW�\HDUV�LQ�WKH�ZLQGRZ�IUDPHV�PDUNHW��GXH�WR�
LWV�ILQH�WKHUPDO�DQG�PHFKDQLFDO�SURSHUWLHV��$SSHOIHOG�
HW�DO����������6LQFH�WKH�PHFKDQLFDO�SURSHUWLHV�RI�)53�
DUH� VXSHULRU� FRPSDUHG� WR� 39&�� LW� ZDV� GHFLGHG� WR�
UHPRYH�WKH�VWHHO�UHLQIRUFHPHQW��7KH�ZLQGRZ�IUDPH�LV�
FRPSRVHG�RI�WZR�SDUWV��WKH�ORZHU��IL[HG�SDUW�WKDW�ZLOO�
EH� IXUWKHU� UHIHUUHG� WR� DV� WKH� IUDPH� DQG� WKH� XSSHU�
RSHQDEOH� SDUW� FDOOHG� WKH� VDVK��$Q� DLU� JDS� LV� SUHVHQW�
EHWZHHQ�WKH�WZR�SDUWV���
)UDPH� PRGHOV� SUHVHQWHG� LQ� WKLV� VWXG\� DUH� D�
VLPSOLILFDWLRQ� RI� UHDO� JHRPHWULHV�� ,Q� UHDOLW\�� WKH�
ZLQGRZ� IUDPH� LV� PRUH� FRPSOH[� DQG� KDV� WR� LQFOXGH�
VHYHUDO�IXQFWLRQDOLWLHV��VXFK�DV�ZDWHU�GUDLQDJH��SODFHV�
IRU�KLQJHV�DQG�IL[LQJ� WKH�IUDPH� WR� WKH�ZDOO��HWF��7KH�
VLPSOH�JHRPHWU\�XVHG�LQ�WKH�GHVLJQ�WRRO�LV�XVHG�DV�D�
ZD\� WR� LGHQWLI\� WKH�NH\�SDUDPHWHUV�FRQQHFWHG� WR� WKH�
WKHUPDO� SHUIRUPDQFH� RI� WKH�ZLQGRZ� IUDPH� DQG� HDVH�
WKH� RSWLPL]DWLRQ� SURFHVV�� 7KH� UHVXOWV� REWDLQHG� KHUH�
VKRXOG� QRW� EH� XVHG� DV� WKH� DFWXDO� SHUIRUPDQFH� RI� D�
IUDPH��EXW�UDWKHU�DV�DQ�DSSUR[LPDWLRQ��

�
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)LJXUH����3DUDPHWULF�IUDPHV�$�&��7KH�GLPHQVLRQV�
WKDW�DUH�SDUDPHWULF�DUH�GHVFULEHG�DV�V\PEROV��H�J��
)K���)Z����7KH�QXPEHUV�LQ�EUDFNHWV�DUH�WKH�YDOXHV�RI�

WKHVH�SDUDPHWHUV�IRU�RSWLPL]HG�IUDPHV��VHH�WKH�
FKDSWHU�5HVXOWV�DQG�GLVFXVVLRQ��

6HQVLWLYLW\�DQDO\VLV�
$�PRGHO� RI� D�ZLQGRZ� IUDPH� FDQ� EH� GHVFULEHG� E\� D�
ODUJH� QXPEHU� RI� SDUDPHWHUV�� VXFK� DV� GLPHQVLRQV�
�ZLGWK�� KHLJKW�� WKLFNQHVV� RI� WKH� ZDOOV�� HWF��� DQG� WKH�
PDWHULDO� SURSHUWLHV� �WKHUPDO� FRQGXFWLYLW\��� 7R�
LGHQWLI\� WKH� PRVW� LPSRUWDQW� IDFWRUV�� D� VHQVLWLYLW\�
DQDO\VLV� LV� FRQGXFWHG�� $� RQH�DW�D�WLPH� 0RUULV�
PHWKRG�LV�XVHG�IRU�WKLV�SXUSRVH��0RUULV���������
)LJXUH���SUHVHQWV�WKH�IUDPHV�XQGHU�LQYHVWLJDWLRQ�DQG�
WKH� SDUDPHWHUV� WKDW� DUH� FRQVLGHUHG� LQ� WKLV� VWXG\�� $�
PRUH�GHWDLOHG�GHVFULSWLRQ�RI�HDFK�SDUDPHWHU�DQG�WKHLU�
GLVWULEXWLRQ� FDQ� EH� IRXQG� LQ� WDEOH� ��� 0RVW� RI� WKH�
SDUDPHWHUV� GHVFULEH� WKH� GLPHQVLRQV� RI� WKH� IUDPH��
VXFK� DV� ZLGWK� DQG� KHLJKW� RI� LWV� SDUWLFXODU� SDUWV� DQG�
DQJOH�RI�VORSHG�ZDOOV��7KLFNQHVV�RI�WKH�ZDOOV�LV�DOVR�
LQYHVWLJDWHG�� ZLWK� D� GLVWLQFWLRQ� EHWZHHQ� KRUL]RQWDO�
DQG� YHUWLFDO� ZDOOV�� $QRWKHU� LPSRUWDQW� SDUDPHWHU� LV�

WKH�WKHUPDO�FRQGXFWLYLW\�RI�WKH�FRQVWLWXHQW�PDWHULDOV��
(DFK� RI� WKH� IUDPHV� KDV� VRPH� DPRXQW� RI� LQVXODWLRQ�
PDWHULDO� LQVLGH�� ,WV� WKHUPDO� FRQGXFWLYLW\� LV� YDULHG�
EHWZHHQ� ����� DQG� ����� :�P�.�� ZKLFK� FRXOG�
UHSUHVHQW�� IRU� H[DPSOH�� SRO\XUHWKDQH� IRDP� ZLWK�
YDULRXV� GHQVLWLHV�� ,Q� WKLV� VWXG\�� )53� LV� XVHG� DV�
PDWHULDO�IRU�WKH�IUDPH�ZDOOV��,WV�WKHUPDO�FRQGXFWLYLW\�
LV� GHSHQGHQW� RQ� VHYHUDO� IDFWRUV�� VXFK� DV� WKH� JODVV�
FRQWHQW�DQG�W\SH�RI�UHVLQ��,Q�WKLV�DQDO\VLV�LW�LV�YDULHG�
EHWZHHQ�����DQG�����:�P�.��$Q�DGGLWLRQDO�SDUDPHWHU�
LV� WKH� DPRXQW�RI� YHUWLFDO�ZDOOV� SODFHG� LQ� WKH�KROORZ�
FDYLWLHV�� ZKLFK� FDQ� OHDG� WR� UHGXFWLRQ� RI� FRQYHFWLYH�
DQG�UDGLDWLYH�KHDW�ORVV��
6LP/DE� VRIWZDUH� �*LJOLROL� HW� DO��� ������ LV� XVHG� WR�
JHQHUDWH� WKH� VDPSOHV�GLVWULEXWLRQ��ZKLFK�DUH�XVHG�DV�
LQSXW� IRU�WKH�GHVLJQ� WRRO��)UDPH�JHRPHWU\� LV�EXLOW� LQ�
WKH� WRRO� EDVHG� RQ� HDFK� VHW� RI� LQSXWV� DQG� LWV� WKHUPDO�
WUDQVPLWWDQFH� DQG� (� IDFWRU� DUH� FDOFXODWHG�� 7KHVH�
YDOXHV� DUH� WKHQ� UHWXUQHG� EDFN� WR� 6LP/DE�� ZKLFK�
SURYLGHV�WKH�VHQVLWLYLW\�DQDO\VLV��
2SWLPL]DWLRQ�VFKHPH�
7KH� RSWLPL]DWLRQ� SURFHVV� RI� WKH� IUDPH� JHRPHWU\� LV�
GHWHUPLQHG� E\� WKH� QXPEHU� RI� REMHFWLYHV� FRQVLGHUHG��
,I�WKH�RQO\�REMHFWLYH�LV�WR�PLQLPL]H�WKH�8I�YDOXH��WKH�
VROXWLRQ�ZLOO�EH�WR�FUHDWH�D�ODUJH�IUDPH�ZLWK�FDYLWLHV�
ILOOHG�ZLWK� LQVXODWLRQ��2Q� WKH�FRQWUDU\�� LI� WKH�JRDO� LV�
WR� PD[LPL]H� WKH� (� IDFWRU�� WKH� UHVXOWLQJ� IUDPH� ZLOO�
KDYH� D� VPDOO� VL]H��ZLWK� OLWWOH� UHJDUG� WR� WKH�8I� YDOXH��
:KHQ� FRQVLGHULQJ� ERWK� RI� WKHVH� REMHFWLYHV� DW� WKH�
VDPH�WLPH��WKH�WDVN�EHFRPHV�PRUH�FRPSOLFDWHG��
7KH�RSWLPL]DWLRQ�SUREOHP�VWDWHG�LQ�WKLV�VWXG\�FDQ�EH�
GHVFULEHG� DV� D� WKUHH� REMHFWLYH� RSWLPL]DWLRQ� SURFHVV��
7KH�WKUHH�REMHFWLYHV�DUH�WR�PLQLPL]H�WKH�8I�YDOXH�DQG�
PD[LPL]H� WKH� (� IDFWRU�� ZKLOH�PLQLPL]LQJ� WKH� FURVV�
VHFWLRQ�DUHD�RI�WKH�IUDPH���
9DULRXV� PHWKRGV� H[LVW� WR� DGGUHVV� PXOWL� REMHFWLYH�
RSWLPL]DWLRQ�SUREOHPV� VXFK�DV� WKLV�RQH�� �2QH�RI� WKH�
PRVW�VLPSOH�DQG�FRPPRQ�DSSURDFKHV�LV�WKH�ZHLJKWHG�
VXP� PHWKRG�� ZKHUH� DOO� RI� WKH� REMHFWLYHV� DUH�
FRPELQHG� LQWR� D� VLQJOH� IXQFWLRQ�E\� VXPPLQJ�XS� WKH�
REMHFWLYH� IXQFWLRQV� PXOWLSOLHG� E\� LQGLYLGXDO� ZHLJKW�
IDFWRUV��0DUOHU�HW�DO����������

9� �Ʃ�ZL�Â�)L��[�� ����

:KHUH�9� LV� WKH� XWLOLW\� IXQFWLRQ�� ZL� LV� WKH� ZHLJKW� RI�
HDFK�REMHFWLYH� IXQFWLRQ� DQG�)L� �[�� DUH� WKH� UHVSHFWLYH�
REMHFWLYH� IXQFWLRQV�� ZKLFK� LQ� WKH� SUHVHQW� VWXG\� DUH��
WKH�8I� YDOXH�� WKH�(� IDFWRU� DQG� WKH� DUHD�RI� WKH� IUDPH�
FURVV�VHFWLRQ��7KHUHIRUH�LQ�WKH�SUHVHQW�VWXG\��

9 �Z��Â�8I���Z��Â�(���ZL�Â$� ����

7KH� ZHLJKWV� DUH� DVVLJQHG� E\� WKH� GHFLVLRQ� PDNHU�
EHIRUH� WKH� RSWLPL]DWLRQ� SURFHVV� LV� VWDUWHG� DQG�
UHSUHVHQW� WKH� UHODWLYH� LPSRUWDQFH� RI� WKH�
FRUUHVSRQGLQJ� REMHFWLYHV�� 7KLV� PHWKRG� LV� VLPSOH� LQ�
XVH��EXW�PDQ\�VWXGLHV�UHSRUW�GLIILFXOWLHV�ZLWK�FRUUHFW�
GHWHUPLQDWLRQ�RI� WKH�ZHLJKWV��7KH�ILUVW�FKRLFH�PLJKW�
QRW� UHVXOW� LQ� D� VDWLVIDFWRU\� VROXWLRQ� DQG� WKH�SUREOHP�
ZRXOG�QHHG�WR�EH�VROYHG�DJDLQ�ZLWK�QHZ�VHOHFWLRQ�RI�
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ZHLJKWV�� ,Q� WKH� SUHVHQW� VWXG\� WKH� ZHLJKWV� ZLOO� EH�
PRGLILHG� WKURXJKRXW� WKH�SURFHVV� VR� WKDW� WKH� VROXWLRQ�
ZLOO�FRQYHUJH�LQWR�WKH�FULWHULD�VWDWHG�EHIRUH��
7KH� RSWLPL]DWLRQ� RI� WKH� XWLOLW\� IXQFWLRQ� LV� D�
PXOWLYDULDEOH� RSWLPL]DWLRQ� SUREOHP�� WKH� YDULDEOHV�
EHLQJ� WKH� SDUDPHWHUV� GHVFULELQJ� WKH� ZLQGRZ� IUDPH��
6XFK� SUREOHP� FDQ� EH� VROYHG� E\� XVH� RI� WKH� VHDUFK�
PHWKRGV� �6WRHFNHU�� ������� ,Q� WKLV� VWXG\�� WKH�
XQLYDULDWH� VHDUFK� LV� XVHG�� ZKHUH� WKH� IXQFWLRQ� LV�
RSWLPL]HG� ZLWK� UHVSHFW� WR� RQH� YDULDEOH� DW� D� WLPH��
ZKLOH� RWKHUV� DUH� VXEVWLWXWHG� E\� WULDO� YDOXHV�� :KHQ�
RSWLPDO� VWDWH�RI� WKH� LQYHVWLJDWHG�SDUDPHWHU� LV� IRXQG��
LW�LV�VXEVWLWXWHG�LQWR�WKH�IXQFWLRQ�DQG�WKH�RSWLPL]DWLRQ�
RI� VXFFHHGLQJ� YDULDEOH� FRQWLQXHV� XQWLO� WKH� RSWLPDO�
VROXWLRQ� LV� IRXQG�� ,QGLYLGXDO� SDUDPHWHUV� DUH�
RSWLPL]HG� E\� XVH� RI� WKH� H[KDXVWLYH� VHDUFK� PHWKRG��
ZKHUH�WKH�SDUDPHWHU�LV�VSDFHG�XQLIRUPO\�WKURXJK�WKH�
LQWHUYDO� RI� LQWHUHVW� DQG� WKH� REMHFWLYH� IXQFWLRQ� LV�
FDOFXODWHG� DW� HDFK� RI� WKHVH� YDOXHV� WR� ILQG� WKH�
RSWLPXP��
$QRWKHU� RSWLPL]DWLRQ� VFKHPH� WKDW� ZRXOG� EH�
DSSOLFDEOH�IRU�WKLV�VWXG\�FRXOG�EH�D�JHQHWLF�DOJRULWKP�
�.DO\DQPR\�� ������� ,W� LV� D� JOREDO� RSWLPL]DWLRQ�
WHFKQLTXH��ZKLFK�PHDQV� WKDW� LW� FDQ� LGHQWLI\� D� VHW� RI�
VHPL�RSWLPDO�VROXWLRQV�� IURP�ZKLFK�WKH�GHVLJQHU�FDQ�
FKRRVH�DIWHUZDUGV��$OWKRXJK�LW�KDV�PDQ\�DGYDQWDJHV��
WKH�JHQHWLF�DOJRULWKP� LV�DOVR�PXFK�PRUH�GHPDQGLQJ�
UHJDUGLQJ� WKH� FRPSXWDWLRQDO� WLPH�� WKHUHIRUH� LW� ZDV�
GLVFDUGHG�DW� WKLV�SRLQW�� ,W�ZLOO�EH� KRZHYHU�� D�SDUW�RI�
WKH�IXWXUH�VWXGLHV�RQ�WKLV�WRSLF��

5(68/76�$1'�',6&866,21�
5HVXOWV�RI�WKH�VHQVLWLYLW\�DQDO\VLV�
)LJXUHV� �� WR� �� SUHVHQW� WKH� UHVXOWV� IRU� VHQVLWLYLW\�
DQDO\VLV�RI�DOO� WKH� IUDPHV�� IRU�ERWK� WKH�8I�YDOXH�DQG�
WKH� (� IDFWRU�� (DFK� SDUDPHWHU� LV� GHVFULEHG� E\� WZR�
YDOXHV��WKH�PHDQ�YDOXH��ȝ��ZKLFK�GHVFULEHV�KRZ�ODUJH�
LV� WKH� LQIOXHQFH� RI� WKH� SDUDPHWHU� RQ� WKH� RXWSXW� DQG�
WKH� VWDQGDUG� GHYLDWLRQ�� ı�� ZKLFK� LQGLFDWHV� KRZ�
FRUUHODWHG� WKH� IDFWRU� LV� WR� WKH� RWKHU� SDUDPHWHUV� RU� LI�
LWV�HIIHFW�LV�QRQ�OLQHDU��
$QDO\VLV�RI�WKH�8I�YDOXH�VKRZV�WKDW� WKH�IUDPH�ZLGWK�
�)Z���LV�E\�IDU�WKH�PRVW�FUXFLDO�SDUDPHWHU�IRU�IUDPH�
$��,W�LQIOXHQFHV�WKH�RYHUDOO�VL]H�RI�WKH�IUDPH�DQG�WKH�
VDVK�DQG��LQGLUHFWO\��WKH�DPRXQW�RI�LQVXODWLRQ�PDWHULDO�
LQVLGH� WKH� FDYLWLHV�� 7KLV� SDUDPHWHU� DOVR� KDV� WKH�
KLJKHVW� VWDQGDUG� GHYLDWLRQ�� 6HFRQG� PRVW� LPSRUWDQW�
IDFWRU� LV� WKH�KHLJKW�RI� WKH� VDVK�� IROORZHG�E\� WKHUPDO�
FRQGXFWLYLW\�RI� WKH� LQVXODWLRQ� DQG� WKH�ZDOOV�� DV�ZHOO�
DV�WKLFNQHVV�RI�KRUL]RQWDO�ZDOOV��7KLFNQHVV�RI�YHUWLFDO�
ZDOOV� SURYHV� WR� EH� OHVV� VLJQLILFDQW�� 9HUWLFDO�
VXEGLYLVLRQV� LQ� WKH� IUDPH� FDYLW\� FDQ� DOVR� KDYH� D�
PDMRU� LPSDFW� RQ� WKH� RXWFRPH�� EXW� DUH� KLJKO\�
FRUUHODWHG�WR�RWKHU�IDFWRUV��PRVW�SUREDEO\�WKH�VL]H�RI�
WKH�FDYLW\��
,Q� WKH� DQDO\VLV� RI� (� IDFWRU�� SDUDPHWHUV� ZKLFK� DIIHFW�
WKH�KHLJKW�RI�WKH�IUDPH�JDLQ�ODUJHU�VLJQLILFDQFH��7KLV�
FDQ� EH� H[SODLQHG� E\� WKH� IDFW� WKDW� WKH� (� IDFWRU� LV�
ODUJHO\� LQIOXHQFHG� E\� WKH� VL]H� RI� WKH� IUDPH�� 7KH�

ODUJHU� LW� LV� WKH� VPDOOHU� IUDFWLRQ� RI� WKH� ZLQGRZ� LV�
FRYHUHG� E\� JOD]LQJ�� ZKDW� OHDGV� WR� ORZHU� DPRXQW� RI�
VRODU�KHDW�JDLQ�UHFHLYHG�WKURXJK�WKH�ZLQGRZ��
6LPLODU� WUHQGV� FDQ� EH� REVHUYHG� LQ� WKH� UHVXOWV� IRU�
IUDPH� %�� 3DUDPHWHUV� WKDW� UHJXODWH� WKH� VL]H� RI� WKH�
IUDPH�DQG�WKH�VDVK�DQG�KDYH�DQ�LPSDFW�RQ�WKH�VL]H�RI�
FDYLWLHV� ILOOHG� ZLWK� LQVXODWLRQ� UDQN� KLJK� LQ� WKH�
LPSRUWDQFH� �)K��� 6K��� )K��� )Z���� 7KHUPDO�
FRQGXFWLYLW\�RI�WKH�ZDOOV�DQG�LQVXODWLRQ�PDWHULDO�VWLOO�
KROG� D� ODUJH� VLJQLILFDQFH�� 7KLFNQHVV� RI� KRUL]RQWDO�
ZDOOV�KDV�D�ODUJHU�LQIOXHQFH�RQ�WKH�UHVXOW�FRPSDUHG�WR�
WKH�YHUWLFDO�ZDOOV��,Q�WKH�DQDO\VLV�RI�WKH�(�IDFWRU��WKH�
VKLIW� RI� SDUDPHWHUV� FRQQHFWHG� WR� WKH� KHLJKW� RI� WKH�
IUDPH�LV�HYHQ�FOHDUHU�WKDQ�LQ�WKH�SUHYLRXV�FDVH��
6LPLODU� FRQFOXVLRQV� FDQ� EH� GUDZQ� IURP� WKH� DQDO\VLV�
RI� IUDPH� &�� 7KH� IUDPH� KHLJKW�� )K��� KDV� D� PDMRU�
LPSDFW� RQ� WKH� VL]H� RI� WKH� IUDPH� DQG� WKH� DPRXQW� RI�
LQVXODWLRQ�� WKHUHIRUH� LW� LQIOXHQFHV� WKH� 8I� YDOXH� WKH�
PRVW�� 7KH� 6Z�� IDFWRU�� ZKLFK� LV� UHVSRQVLEOH� IRU�
DGGLWLRQDO� LQVXODWLRQ� LQ� WKH� VDVK� UDQNV� LQ� WKH�PLGGOH�
LQ�WHUPV�RI�LPSRUWDQFH��EXW�KDV�D�YHU\�KLJK�VWDQGDUG�
GHYLDWLRQ��7KLV� FRXOG�EH� H[SODLQHG�E\� FRUUHODWLRQ�RI�
WKLV� IDFWRU� WR� WKHUPDO� FRQGXFWLYLW\� RI� WKH� LQVXODWLRQ��
DV�ZHOO� DV� WKH� VL]H� RI� WKH� VDVK��7KH� DQJOH� RI� VORSHG�
RXWVLGH� ZDOOV� VHHPV� IDLUO\� LQVLJQLILFDQW�� ZKDW� LV� LQ�
DJUHHPHQW�ZLWK� UHVXOWV� IRU� WKH�SUHYLRXV� IUDPHV��7KH�
VHQVLWLYLW\�DQDO\VLV�RI�(�IDFWRU�LV�DJDLQ�GRPLQDWHG�E\�
IDFWRUV�UHODWHG�WR�WKH�KHLJKW��
7KH� SXUSRVH� RI� FRQGXFWLQJ� WKH� VHQVLWLYLW\� DQDO\VLV�
ZDV� WR� KLJKOLJKW� WKH�PRVW� LPSRUWDQW� SDUDPHWHUV�� EXW�
DOVR� WR� OLPLW� WKH�DPRXQW�RI� IDFWRUV� WR�EH�XVHG� LQ� WKH�
RSWLPL]DWLRQ� SURFHVV� DQG�� FRQVHTXHQWO\�� UHGXFH� WKH�
FRPSXWDWLRQDO� WLPH� QHHGHG� WR� RSWLPL]H� WKH� GHVLJQV��
7KH�SDUDPHWHUV�FKRVHQ� IRU� WKH�QH[W� VWHS�DUH�PDUNHG�
LQ�JUH\�RQ� ILJXUHV������3DUDPHWHUV� OLNH� WKH� WKLFNQHVV�
RI� WKH�ZDOOV�RU� WKHUPDO�FRQGXFWLYLW\�RI� WKH�PDWHULDOV�
KDYH� KLJK� LPSRUWDQFH� EXW� DUH� QRW� FRQVLGHUHG� IRU�
RSWLPL]DWLRQ�� EHFDXVH� WKHLU� LPSDFW� RQ� WKH� WKHUPDO�
SURSHUWLHV� RI� WKH� IUDPH� LV� UDWKHU� REYLRXV��0LQLPXP�
ZDOO�WKLFNQHVV�ZDV�FKRVHQ�IURP�WKH�FRQVLGHUHG�UDQJH��
7KH� WKHUPDO� FRQGXFWLYLW\� RI� LQVXODWLRQ�PDWHULDO�ZDV�
VHW�WR�PLQLPXP�YDOXH�DQG�IRU�WKH�)53�D�YDOXH�RI������
:�P�.�ZDV�FKRVHQ��

2SWLPL]DWLRQ�RI�WKH�JHRPHWU\�
7KH� RSWLPL]DWLRQ� ZDV� FRQGXFWHG� ZLWK� WKH� XVH� RI�
ZHLJKWHG� VXP�PHWKRG�� ,W�ZDV� IRXQG� WKDW� WKH� IUDPHV�
FDQ� EH� RSWLPL]HG� DQG� IXOILOO� WKH� GHVLJQ� FULWHULD��
KRZHYHU� WKH� ILQDO� UHVXOW� LV� KLJKO\� GHSHQGHQW� RQ� WKH�
UDWLR�EHWZHHQ�WKH�FKRVHQ�ZHLJKWV�RI�HDFK�REMHFWLYH��,I�
WKH�ZHLJKW�SXW�RQ� WKH�8I�YDOXH� LV� WRR�KLJK�� WKH� ILQDO�
IUDPH� ZLOO� KDYH� YHU\� ODUJH� GLPHQVLRQV� DQG� DFKLHYH�
ORZ� WKHUPDO� WUDQVPLWWDQFH� ZLWK� QR� UHJDUG� WR� WKH� (�
IDFWRU��2Q�WKH�RWKHU�KDQG��VPDOO��EXW�SRRUO\�LQVXODWHG�
IUDPHV�ZLOO�EH�SURGXFHG�ZKHQ�WKH�ZHLJKW�DVVLJQHG�WR�
WKH� (� IDFWRU� LV� WRR� ODUJH�� %HWZHHQ� WKHVH� WZR�
VLWXDWLRQV�� WKHUH� DUH� D� QXPEHU� RI� ZHLJKWV� WKDW� ZLOO�
UHVXOW�LQ�D�EDODQFH�EHWZHHQ�WKH�WZR�IDFWRUV��)LJXUH���
VKRZV� WKH� FKDQJH� RI� YDULDEOH� )K�� LQ� IUDPH� &� DQG�
FRUUHVSRQGLQJ� YDOXHV� RI� WKH� XWLOLW\� IXQFWLRQ� IRU�
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YDULRXV� ZHLJKWV� DVVLJQHG� WR� WKH� (� IDFWRU�� ZLWKRXW�
FKDQJLQJ� WKH� RWKHU� WZR� ZHLJKWV�� $� IDFWRU� RI� ������
ZRXOG� OHDG� WR� VPDOOHU� IUDPHV�� ZKLOH� ZHLJKW� RI� �����
SURPRWHV� WKH� ODUJHVW� SRVVLEOH� IUDPHV�� )RU� WKH�
UHPDLQLQJ� IDFWRUV�� DQ� RSWLPXP� YDOXH� LV� IRXQG�
VRPHZKHUH� LQ�EHWZHHQ� DQG� LW� LV� VXJJHVWHG� WKDW� WKH�
ILQDO� IDFWRU� VKRXOG� EH� FKRVHQ� IURP� WKLV� VSHFWUXP�� ,W�
ZDV� DOVR� IRXQG� WKDW� WKH� IDFWRUV� QHHG� WR� EH�
UHFRQVLGHUHG� IRU� HDFK� LQGLYLGXDO� IUDPH� GHVLJQ�� 7KH�
VDPH�IDFWRUV�WKDW�OHG�WR�RSWLPL]DWLRQ�GRPLQDWHG�E\�8I�
YDOXH� LQ� IUDPH� $�� PLJKW� KDYH� D� GLIIHUHQW� HIIHFW� LQ�
IUDPH�%�RU�&��
1R�FOHDU�JRDO�ZDV�VHOHFWHG� LQ� WKLV�VWXG\� IRU� WKH�DUHD�
RI� WKH� IUDPH�� WKHUHIRUH� WKH� VPDOOHVW� LPSRUWDQFH�ZDV�
FKRVHQ�IRU�WKLV�REMHFWLYH��,W�ZDV�IRXQG�KRZHYHU��WKDW�
LQ�PRVW�FDVHV�WKH�LPSURYHPHQW�RI�WKLV�REMHFWLYH�JRHV�
WRJHWKHU�ZLWK�WKH�LPSURYHPHQW�RI�(�IDFWRU���

7DEOH���SUHVHQWV�WKH�ZHLJKWLQJ�IDFWRUV�DQG�UHVXOWV�RI�
WKH�RSWLPL]DWLRQ�SURFHVV��$W� ILUVW� WKH� IDFWRUV�Z�� DQG�
Z��PLJKW�VHHP�LUUHOHYDQW�LQ�FRPSDULVRQ�WR�IDFWRU�Z���
EXW� LW�KDV� WR�EH� WDNHQ� LQWR�DFFRXQW� WKDW�(� IDFWRU�DQG�
WKH� DUHD� DUH� RUGHUV� RI� PDJQLWXGH� KLJKHU� WKDQ� WKH�
YDOXHV�RI�8I���
,W�ZDV�SRVVLEOH� WR�IXOILOO� WKH�RSWLPL]DWLRQ�FULWHULD� IRU�
DOO� WKUHH� IUDPHV�� 7KH� EHVW� UHVXOWV� DUH� DFKLHYHG� IRU�
IUDPH�$��9HU\�ORZ�8I�YDOXH�DQG�WKH�VPDOOHVW�DUHD�RI�
WKH� FURVV�VHFWLRQ� ZHUH� REWDLQHG�� 2SWLPL]DWLRQ� IRU�
IUDPHV�%�DQG�&�ZDV�ILUVWO\�FRQGXFWHG�ZLWK�WKH�VDPH�
ZHLJKWLQJ� IDFWRUV� DV� IRU� IUDPH�$�� ,W� ZDV� IRXQG� WKDW�
ZLWK� WKHVH� LQSXWV�� WKH� REMHFWLYHV� ZRXOG� FRQYHUJH� WR�
8I�YDOXHV�H[FHHGLQJ�WKH�GHVLJQ�FULWHULD��7KH�(�IDFWRUV�
RQ�WKH�RWKHU�KDQG�ZHUH�YHU\�VDWLVIDFWRU\��7R�RSWLPL]H�
WKH� 8I� YDOXH� IXUWKHU�� Z�� ZDV� WKHQ� JUDGXDOO\�
GHFUHDVHG�� XQWLO� 8I� YDOXH� ORZHU� WKDQ� ���� ZDV�

�

)LJXUH���6HQVLWLYLW\�DQDO\VLV�IRU�8I�YDOXH��OHIW��DQG�(�IDFWRU��ULJKW��IRU�IUDPH�$�
�

�

)LJXUH���6HQVLWLYLW\�DQDO\VLV�IRU�8I�YDOXH��OHIW��DQG�(�IDFWRU��ULJKW��IRU�IUDPH�%�
�

�

)LJXUH���6HQVLWLYLW\�DQDO\VLV�IRU�8I�YDOXH��OHIW��DQG�(�IDFWRU��ULJKW��IRU�IUDPH�&�
�

�
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DFKLHYHG�� 7KH� (� IDFWRU� EHFDPH� ZRUVH�� EXW� VWLOO�
IXOILOOLQJ�WKH�GHVLJQ�FULWHULD��
'LPHQVLRQV� RI� WKH� RSWLPL]HG� IUDPHV� DUH� VKRZQ� LQ�
EUDFNHWV�RQ�WKH�ILJXUH����)UDPH�$�KDV�WKH�DGYDQWDJH�
RI�KDYLQJ�WKH�ODUJHVW�DPRXQW�RI�LQVXODWLRQ��KHQFH�WKH�
ORZHVW�8I�YDOXH��7KLV�IUDPH�LV�DOVR�WKH�ODUJHVW��\HW�WKH�
DUHD� RI� )53� LV� VPDOOHU� WKDQ� IRU� WZR� RWKHU� GHVLJQV��
ZKHUH� WKH� WKHUPDO� WUDQVPLWWDQFH� LV� GHFUHDVHG� SDUWO\�
E\� SODFLQJ� ZDOOV� WR� FUHDWH� VPDOOHU� VXEGLYLGHG�
FDYLWLHV��

7DEOH���
:HLJKWLQJ�IDFWRUV�DQG�UHVXOWV�RI�WKH�RSWLPL]DWLRQ�RI�

WKH�IUDPHV��
�

)UDPH� $� %� %� &� &�

Z�� ����� ����� ����� ����� �����

Z�� ����� ����� ������ ����� �����

Z�� ������� ������� ������� ������� �������
8I�

�:�P��.�� ����� ����� ���� ����� �����

(�
�N:K�P��� ����� ����� ����� ����� �����

$��PP��� ����� ����� ����� ����� �����
�

�
)LJXUH���2SWLPL]DWLRQ�RI�SDUDPHWHU�)K���EDVHG�RQ�

YDULRXV�ZHLJKWLQJ�IDFWRUV�

&21&/86,216�
$�SDUDPHWULF�GHVLJQ�WRRO�ZDV�VXFFHVVIXOO\�GHYHORSHG�
LQ� WKLV� VWXG\�� 7KH� ODUJHVW� DGYDQWDJH� RI� WKH� WRRO�
FRPSDUHG�WR�RWKHU�FXUUHQWO\�DYDLODEOH�SURJUDPV�LV�WKH�
SRVVLELOLW\� WR� WHVW� D� YHU\� ODUJH� DPRXQW� RI� IUDPH�
GHVLJQV� LQ� D� UHODWLYHO\� VKRUW� WLPH� ZKDW� HDVHV� WKH�
RSWLPL]DWLRQ� SURFHVV�� 2Q� WKH� RWKHU� KDQG�� WKH�
SDUDPHWULF� PRGHO� SXWV� D� OLPLWDWLRQ� RQ� WKH� GHVLJQ�
SRVVLELOLWLHV��7KH�WRRO�VKRZV�UHDVRQDEOH�DFFXUDF\��EXW�
LW�LV�VXJJHVWHG�WKDW�LW�LV�QRW�XVHG�DV�D�ILQDO�FDOFXODWLRQ�
PHWKRG��
6HQVLWLYLW\�DQDO\VLV�FRQGXFWHG�LQ�WKH�SURJUDP�KHOSHG�
WR� GLVWLQJXLVK� WKH� SDUDPHWHUV� WKDW� KDYH� WKH� KLJKHVW�
LPSRUWDQFH�IRU�WKH�8I�YDOXH�DQG�(�IDFWRU�RI�WKH�IUDPH�
DQG� WKH�SDUDPHWHUV� WKDW�DUH� WKH�PRVW�VHQVLWLYH��(YHQ�
WKRXJK� WKH� IUDPHV� KDYH� GLIIHUHQW� GHVLJQV�� VLPLODU�
WUHQGV�FDQ�EH�REVHUYHG�IRU�DOO�RI�WKHP��,Q�PRVW�FDVHV�
KHLJKW�RI�WKH�IUDPH�DQG�VDVK��WKHUPDO�FRQGXFWLYLW\�RI�
WKH�PDWHULDOV�� DPRXQW�RI� LQVXODWLRQ� DQG� WKLFNQHVV�RI�

KRUL]RQWDO�ZDOOV�SURYHG�WR�LQIOXHQFH�WKH�8I�YDOXH�WKH�
PRVW��(�IDFWRU�LV�PRVWO\�GHSHQGHQW�RQ�WKH�SDUDPHWHUV�
FRQQHFWHG�WR�WKH�KHLJKW�RI�WKH�IUDPH��
2SWLPL]DWLRQ� RI� WKH� ZLQGRZ� IUDPH� LV� D� FRPSOH[�
PXOWL� REMHFWLYH�SURFHVV� DQG� FDQQRW�EH� FRQFOXGHG�E\�
ILQGLQJ� RQH� VROXWLRQ� WKDW� ZRXOG� RSWLPL]H� DOO� RI� WKH�
REMHFWLYHV�� ,Q� WKH� SUHVHQW� VWXG\�� WKH� SURFHVV� ZDV�
VLPSOLILHG� WR� D� VLQJOH� REMHFWLYH� RSWLPL]DWLRQ�� ZKHUH�
WKH� WKUHH� REMHFWLYHV� ZHUH� VXEVWLWXWHG� E\� D� VLQJOH�
XWLOLW\� IXQFWLRQ�� ,Q� WKLV� FDVH� D� GHFLVLRQ� QHHGV� WR� EH�
WDNHQ�UHJDUGLQJ� WKH�UHODWLYH� LPSRUWDQFH�RI�HDFK�JRDO�
DQG�WKH�KLJKHVW�IRFXV�ZDV�SXW�RQ�WKH�8I�YDOXH�RI�WKH�
IUDPH�� 'HVLJQ� FULWHULD� ZHUH� IRUPXODWHG� SUHYLRXVO\�
DQG�LW�ZDV�SRVVLEOH�WR�IXOILOO�WKHP�IRU�DOO�WKUHH�IUDPHV��
7KH�EHVW� IUDPH�DFKLHYHG�D�8I�YDOXH�RI������:�P��.�
DQG�(�IDFWRU�RI������N:K�P���
%RWK� WKH� GHVLJQ� WRRO� DQG� WKH� RSWLPL]DWLRQ� VFKHPH�
SUHVHQWHG� LQ� WKLV� VWXG\� DUH� IDU� IURP� LGHDO�� )XWXUH�
VWXGLHV�ZLOO�LQFOXGH�XVLQJ�RWKHU�RSWLPL]DWLRQ�PHWKRGV�
VXFK� DV� WKH� JHQHWLF� DOJRULWKP� DQG� DQDO\VLV� RI� QHZ�
IUDPH�GHVLJQV��

7DEOH���
3DUDPHWHUV�GHVFULELQJ�WKH�IUDPHV��$OO�WKH�SDUDPHWHUV�

FRQFHUQLQJ�GLVWDQFH�DUH�LQ��PP���DQJOHV�LQ������
WKHUPDO�FRQGXFWLYLW\�LQ��:�P�.���

�

3DUDP�
HWHUV�

/RZHU�
ERXQG�

8SSHU�
ERXQG� 'HVFULSWLRQ�

)UDPH�$�

)Z�� ��� ���� :LGWK�RI�WKH�IUDPH�

)Z�� ��� ��� )UDPH�H[WHQVLRQ�ZLGWK���

)Z�� ��� ��� )UDPH�H[WHQVLRQ�ZLGWK���

)K�� ��� ��� +HLJKW�RI�WKH�IUDPH�

)D� �� ��� )UDPH�RXWVLGH�ZDOOV�DQJOH�

6K�� ��� ��� +HLJKW�RI�WKH�VDVK�

6K�� ��� ��� 'HSWK�RI�WKH�JOD]LQJ�
6Z����
6Z�� ���� �� 5DWLR�RI�WKH�ZLGWK�6Z��WR�

6Z��
6Z�� ��� ��� 6DVK�H[WHQVLRQ�ZLGWK�

6D� �� ��� 6DVK�RXWVLGH�ZDOOV�DQJOH�

)UDPH�%�

)K�� ��� ��� +HLJKW�RI�WKH�IUDPH�

)K�� ��� ��� +HLJKW�RI�WKH�IUDPH���

)K�� ��� ��� 'HSWK�RI�WKH�VDVK�

)Z�� ��� ��� )UDPH�H[WHQVLRQ�ZLGWK���

)Z�� ��� ��� )UDPH�H[WHQVLRQ�ZLGWK���

)Z�� ��� ��� :LGWK�RI�WKH�IUDPH�

)Z�� ��� ��� ([WUD�LQVXODWLRQ�LQ�WKH�
IUDPH�

)D� ��� ��� )UDPH�RXWVLGH�ZDOOV�DQJOH�

6D� ��� ��� 6DVK�RXWVLGH�ZDOOV�DQJOH�

6Z�� ��� ��� 6DVK�H[WHQVLRQ�ZLGWK�

6K�� ��� ��� 'HSWK�RI�WKH�JOD]LQJ�
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)UDPH�&�

)K�� ��� ���� +HLJKW�RI�WKH�IUDPH�

)Z�� ��� ��� )UDPH�HH[WHQVLRQ�ZLGWK�

)K�� ��� ��� 'HSWK�RI�WKH�VDVK�

)Z�� ��� ��� :LGWK�RI�WKH�IUDPH�

)D� �� ��� )UDPH�RXWVLGH�ZDOOV�DQJOH�

)Z�� �� ��� ([WUD�LQVXODWLRQ�LQ�WKH�
IUDPH�

6K�� ��� ��� +HLJKW�RI�WKH�VDVK�

6K�� ��� ��� 'HSWK�RI�WKH�JOD]LQJ�

6Z�� ��� ��� 6DVK�H[WHQVLRQ�ZLGWK�

6Z�� �� ��� ([WUD�LQVXODWLRQ�LQ�WKH�
VDVK�

&RPPRQ�SDUDPHWHUV�IRU�DOO�IUDPHV�

LQVBȜ� ����� ����� &RQGXFWLYLW\�RI�LQVXODWLRQ�

ZDOOBȜ� ���� ���� &RQGXFWLYLW\�RI�WKH�ZDOOV�

IBZDOOV� �� �� )UDPH�FDYLW\�VXEGLYLVLRQ�

VBZDOOV� �� �� 6DVK�FDYLW\�VXEGLYLVLRQ�

KZDOOVBWK� ���� �� +RUL]RQWDO�ZDOO�WKLFNQHVV�

YZDOOVBWK� ���� �� 9HUWLFDO�ZDOOV�WKLFNQHVV�

120(1&/$785(�
8�±�WKHUPDO�WUDQVPLWWDQFH��:�P�.��
Ȍ���OLQHDU�WKHUPDO�WUDQVPLWWDQFH��:�P.��
OȌ���SHULPHWHU�RI�WKH�JOD]LQJ��P��
Ȝ�±�WKHUPDO�FRQGXFWLYLW\��:�P.��
J�±�VRODU�KHDW�WUDQVIHU�FRHIILFLHQW�����
(�±�QHW�HQHUJ\�JDLQ�IDFWRU��N:K�P��\HDU��
,���FRHIILFLHQW�IRU�KHDW�JDLQ��N:K�P���
'���FRHIILFLHQW�IRU�KHDW�ORVV��N.K��
/�'�±��'�WKHUPDO�FRQGXFWDQFH��:�P�.��
$�±�FURVV�VHFWLRQ�DUHD��PP���
9�±�XWLOLW\�IXQFWLRQ�
ZL�±�ZHLJKWLQJ�IDFWRUV�
)L��[��±�REMHFWLYH�IXQFWLRQV�
6XEVFULSWV��
I�±�IUDPH��
J�±�JOD]LQJ�
Z�±�ZLQGRZ�

5()(5(1&(6�
$6+5$(�� $6+5$(� +DQGERRN�� )XQGDPHQWDOV�

&KDSWHU�����)HQHVWUDWLRQ�������
$SSHOIHOG�'���+DQVHQ�&���6YHQGVHQ�6���'HYHORSPHQW�

RI� D� VOLP� ZLQGRZ� IUDPH� PDGH� RI� JODVV� ILEUH�
UHLQIRUFHG� SRO\HVWHU�� (QHUJ\� DQG� %XLOGLQJV� ���
�����������±�����

%5�� 7KH� 'DQLVK� %XLOGLQJ� &RGH�� ������
KWWS���ZZZ�E\JQLQJVUHJOHPHQWHW�GN��� ODVW�
DFFHVVHG�������������

&2062/� 0XOWLSK\VLFV� ���D� VLPXODWLRQ� SURJUDP��
KWWS���ZZZ�FRPVRO�FRP�VXSSRUW�UHOHDVHQRWHV����
D��������������

/LYH/LQN� IRU� 0$7/$%� PRGXOH� LQ� &2062/��
KWWS���ZZZ�FRPVRO�FRP�SURGXFWV�OLYHOLQN�
PDWODE��������������

(1� ,62� ��������� ������ 7KHUPDO� SHUIRUPDQFH� RI�
ZLQGRZV�� GRRUV� DQG� VKXWWHUV²&DOFXODWLRQ� RI�
WKHUPDO�WUDQVPLWWDQFH��3DUW����1XPHULFDO�PHWKRG�
IRU� IUDPHV�� %UXVVHOV�� %HOJLXP�� (XURSHDQ�
&RPPLWWHH�IRU�6WDQGDUGL]DWLRQ��

*LJOLROL� 1��� 6DOWHOOL� $��� 6LP/DE� ����� 6RIWZDUH� IRU�
6HQVLWLYLW\� DQG� 8QFHUWDLQW\� $QDO\VLV�� WRRO� IRU�
VRXQG� PRGHOOLQJ��� 3URFHHGLQJV� RI� &RPSXWLQJ�
5HVHDUFK�5HSRVLWRU\��������

*XVWDYVHQ�$���*U\QQLQJD� 6���$UDVWHK�'��� -HOOH�%�3���
*RXGH\� +��� .H\� HOHPHQWV� RI� DQG� PDWHULDO�
SHUIRUPDQFH� WDUJHWV� IRU� KLJKO\� LQVXODWLQJ�
ZLQGRZ�IUDPHV��(QHUJ\�DQG�%XLOGLQJV�����������
�����������

+HDW� �� VLPXODWLRQ� SURJUDP�� $YDLODEOH��
KWWS���ZZZ�EXLOGLQJSK\VLFV�FRP�LQGH[�
ILOHU�KHDW��KWP�������������

 .DO\DQPR\�'���0XOWL�2EMHFWLYH�2SWLPL]DWLRQ�8VLQJ�
(YROXWLRQDU\� $OJRULWKPV�� -RKQ� :LOH\� 	� 6RQV��
������

/DXVWVHQ� -��� 6YHQGVHQ� 6��� ,PSURYHG� :LQGRZV� IRU�
&ROG� &OLPDWHV�� LQ�� 3URFHHGLQJV� RI� WKH� �WK�
6\PSRVLXP� RQ� %XLOGLQJ� 3K\VLFV� LQ� WKH� 1RUGLF�
&RXQWULHV�� 7HFKQLFDO� 8QLYHUVLW\� RI� 'HQPDUN��
'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ�������

0DUOHU� 5�7��� $URUD� -�6��� 6XUYH\� RI� PXOWL�REMHFWLYH�
RSWLPL]DWLRQ�PHWKRGV�IRU�HQJLQHHULQJ��6WUXFWXUDO�
DQG� 0XOWLGLVFLSOLQDU\� 2SWLPL]DWLRQ�� ��� �������
���������

0DWODE� ����E� SURJUDP��
KWWS���ZZZ�PDWKZRUNV�VH�SURGXFWV�PDWODE���
�����������

0LWFKHOO� 5��� .RKOHU� &��� $UDVWHK� '��� 7+(50�
�:,1'2:� 1)5&� 6LPXODWLRQ� 0DQXDO��
/DZUHQFH� %HUNHOH\� 1DWLRQDO� /DERUDWRU\��
8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��&$��������

0RUULV� 0�'��� )DFWRULDO� 6DPSOLQJ� 3ODQV� IRU�
3UHOLPLQDU\� &RPSXWDWLRQDO� ([SHULPHQWV��
7HFKQRPHWULFV������������SS�����������

1LHOVHQ� 7�� 5��� 'XHU� .��� 6YHQGVHQ� 6��� (QHUJ\�
SHUIRUPDQFH� RI� JOD]LQJV� DQG� ZLQGRZV�� 6RODU�
(QHUJ\�� 9ROXPH� ���� 6XSSOHPHQW� ��� -XO\�
'HFHPEHU�������3DJHV����������,661����������

3DVVLY+DXV� ,QVWLWXW�� &HUWLILFDWLRQ� FULWHULD� IRU�
&HUWLILHG� 3DVVLYH� +RXVH� *OD]LQJV� DQG�
7UDQVSDUHQW�&RPSRQHQWV�������

6WRHFNHU�:��)���'HVLJQ�RI�WKHUPDO�V\VWHPV��WKLUG�HG���
0F*UDZ�+LOO�������
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