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6HRQJMX�&KDQJ���$QRRS�+RQQHNHUL���'RQJMXQ�6XK��

�.RUHD�$GYDQFHG�,QVWLWXWH�RI�6FLHQFH�DQG�7HFKQRORJ\�����'DHKDN�UR�<XVHRQJ�JX��'DHMHRQ��
��������6RXWK�.RUHD�

�8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\�8QLWHG�6WDWHV�RI�$PHULFD��������
&RUUHVSRQGLQJ�DXWKRU��VFKDQJ#NDLVW�DF�NU�

�
�

$%675$&7�
2SWLPDO� HQHUJ\� VHQVLWLYH� GHVLJQ� RI� UHVLGHQWLDO�
EXLOGLQJV�UHOLHV�RQ�WKH�HFOHFWLF�VHOHFWLRQ�RI�DFWLYH�DQG�
SDVVLYH� FRPSRQHQWV�� ZKHUH� WKHLU� HIIHFWLYHQHVV� LV�
VXSSRUWHG� E\� WKHRUHWLFDO� DQG� VLPXODWLRQ�EDVHG�
DQDO\VHV�� 7KLV� SDSHU� SUHVHQWV� DQ� H[SORUDWLRQ� RI�
KHXULVWLF� UXOHV� LQ� PDVV� KRXVLQJ� GHVLJQ� VSDFH� IRU�
PLQLPLVHG� HQHUJ\� FRQVXPSWLRQ� DQG� &2�� HPLVVLRQ��
7KLV�VWXG\�LV�LQWHQGHG�WR�HQFRXUDJH�LQLWLDWLYHV�DLPHG�
DW� GHYHORSLQJ� HQHUJ\� HIILFLHQW� PXOWL�VWRULHG�
UHVLGHQWLDO� EXLOGLQJV� LQ� 6RXWK�.RUHD� E\� FRQVLGHULQJ�
UHOHYDQW� SDVVLYH� GHVLJQ� VWUDWHJLHV� DQG� WR� VXSSRUW�
DUFKLWHFWV¶� DQG� HQJLQHHUV¶� MXGJHPHQW� EHIRUH� ]HURLQJ�
GRZQ�RQ�D�VHW�RI�HIIHFWLYH�SDVVLYH�GHVLJQ�VROXWLRQV�E\�
SURYLGLQJ� UHDG\� UHIHUHQFH� RI� JHQHUDOL]HG� WHVW� FDVHV��
3DVVLYH�GHVLJQ�RI�D�EXLOGLQJ�GHSHQGV�KHDYLO\�RQ�VLWH�
DQG�FOLPDWLF�FRQGLWLRQV�� WKXV� WKH�KHXULVWLFV�SURSRVHG�
LQ� WKLV� SDSHU� LV� DSSOLFDEOH� SULPDULO\� WR� UHVLGHQWLDO�
EXLOGLQJV�LQ�6RXWK�.RUHDQ�FOLPDWH���
7ZHOYH�WHVW�FDVHV�RI�UHVLGHQWLDO�EXLOGLQJ�SHUIRUPDQFH�
LQGLFDWRUV��YL]��SODQ�SURSRUWLRQ��EXLOGLQJ�RULHQWDWLRQ��
ZDOO� LQVXODWLRQ� WKLFNQHVV�� ZDOO� LQVXODWLRQ� ORFDWLRQ��
ZLQGRZ�DUHD��ZLQGRZ�ORFDWLRQ��ZLQGRZ�FRQVWUXFWLRQ��
EDOFRQ\�W\SH��EDOFRQ\�GHSWK��EOLQG�DQJOH��LQILOWUDWLRQ��
QDWXUDO� YHQWLODWLRQ�� ZHUH� VHOHFWHG� IROORZLQJ� D�
OLWHUDWXUH� VXUYH\� EDVHG� RQ� H[LVWLQJ� DQG� GHFLVLRQ�
LQIOXHQFLQJ�SDVVLYH�GHVLJQ�SDUDPHWHUV��(YDOXDWLRQ�RI�
WKLV� DQDO\WLFDO� IUDPHZRUN� LV� GHPRQVWUDWHG� XVLQJ�
VLPXODWLRQ� UHVXOWV� JHQHUDWHG� E\� 'HVLJQ%XLOGHU70��
7KH� VLPXODWHG� HQHUJ\� FRQVXPSWLRQ� DQG� &2��
HPLVVLRQ� SURILOH� REWDLQHG� RQ� LWHUDWLQJ� HDFK� SDVVLYH�
GHVLJQ�SDUDPHWHU� LV� FRPSDUHG� DJDLQVW� WKDW� RI� D� EDVH�
FDVH� UHVLGHQWLDO� XQLW� PRGHOOHG� DV� SHU� WKH� ORFDO�
EXLOGLQJ� FRGHV� LQ� .RUHD�� 7KH� VWXG\� FRQFOXVLYHO\�
VXJJHVWV� D� ZHLJKWHG� HQHUJ\� HIILFLHQF\� SHU� OLIHF\FOH�
FRVW�PHWKRG� IRU� SULRULWLVLQJ� WKH� GHVLJQ� VWUDWHJLHV� E\�
LQFOXGLQJ� WKH� FRVW� IDFWRU� DORQJVLGH� WKH� SUHGLFWHG�
HQHUJ\� VDYLQJV� DSSOLFDEOH� WR� WKH� HQHUJ\� VHQVLWLYH�
GHVLJQ�RI�.RUHDQ�PXOWL�IDPLO\�KRXVLQJ�FRPSOH[HV��

,1752'8&7,21�
(QHUJ\� VHFXULW\� LV� D� FKDOOHQJLQJ� LVVXH� IRU� PDQ\�
GHYHORSHG�DQG�GHYHORSLQJ�QDWLRQV�DURXQG� WKH�ZRUOG��
(QHUJ\� HIILFLHQF\� LQ� EXLOGLQJV� LV� UDWHG� DV� WKH� PRVW�
SURPLVLQJ� DOWHUQDWLYH� UDWKHU� WKDQ� EXLOGLQJ� PRUH�
SRZHU�SODQWV�WR�PHHW�WKH�FXUUHQW�HQHUJ\�QHHGV��)RRG�

DQG�$JULFXOWXUH�2UJDQLVDWLRQ�RI� WKH�8QLWHG�1DWLRQV��
5RPH����������
�
6RXWK� .RUHD� LV� RQH� RI� WKH� PRVW� GHYHORSHG� $VLDQ�
FRXQWULHV� DQG� PDLQWDLQV� WKH� WKLUWHHQWK� ODUJHVW�
HFRQRP\� LQ� WKH� ZRUOG�� ZLWK� D� *'3� RI� 86�������
WULOOLRQ� LQ� ����� �(YDQV�� ������ 8�6�� (QHUJ\�
,QIRUPDWLRQ� $GPLQLVWUDWLRQ�� ������ ,QWHUQDWLRQDO�
0RQHWRU\� )XQG�� ������� 'XH� WR� OLPLWHG� HQHUJ\�
UHVRXUFHV�� 6RXWK� .RUHDQ� *RYHUQPHQW� LV� GHYHORSLQJ�
YDULRXV� VWUDWHJLHV� WR� HQKDQFH� HQHUJ\� HIILFLHQF\� LQ�
EXLOGLQJ�VHFWRU��+RZHYHU�� WKH�PDMRU�FKDOOHQJH� IDFHG�
ZKLOH� LPSOHPHQWLQJ� WKLV� SUDFWLFH� LV� WKH� HDVH� RI�
DGRSWLRQ� E\� DUFKLWHFWV�� .HHSLQJ� WKLV� LQ� PLQG�� WKH�
.RUHDQ� JRYHUQPHQW� UHFHQWO\� PDGH� DQ� ([FHO� EDVHG�
VSUHDG� VKHHW� IRU� WKH� FRVW� DQG� HQHUJ\� HIILFLHQF\�
DQDO\VLV�RI�FDUERQ�QHXWUDO� HQHUJ\� VRXUFHV�DSSOLHG� WR�
UHVLGHQWLDO� VHFWRU� �0/70���������2XU�VWXG\�IROORZV�
D� VLPLODU� DSSURDFK� WR� SURYLGH� D� KDQG\� DQG�
OLJKWZHLJKW� IUDPHZRUN� IRU� DUFKLWHFWV� WR� HFOHFWLFDOO\�
FKRRVH� HQHUJ\� VHQVLWLYH� UHVLGHQWLDO� VSDFH� GHVLJQ�
VROXWLRQV� IURP� D� VHW� RI� SDVVLYH� GHVLJQ� SDUDPHWHUV��
0RVW� RI� WKH� UHVHDUFKHV� LQ� SDVVLYH� GHVLJQ� HYDOXDWLRQ�
RI� EXLOW� HQYLURQPHQW� DUH� OLPLWHG� WR� D� SDUWLFXODU�
GRPDLQ� RI� IHQHVWUDWLRQ� VXUIDFHV�� WKHUPDO� DQDO\VLV��
OLJKWLQJ� IL[WXUHV� HWF�� �)RVWHU�� ������ 2VVHQ�� ������
6RQJ�� ������8QR���������$OWKRXJK� WKHVH�SURYLGH� DQ�
LQ� GHSWK� XQGHUVWDQGLQJ� RI� WKDW� SDUWLFXODU� GHVLJQ�
SDUDPHWHU�� WKH\� FDQ� VHOGRP�EH� FRPSDUHG�ZLWK�RWKHU�
DYDLODEOH� SDVVLYH� GHVLJQ� RSWLRQV� FRQVLGHULQJ� WKHLU�
OLIHF\FOH� FRVW� LPSOLFDWLRQV�� 7KLV� SDSHU� DLPV� DW�
SUHVHQWLQJ� D� KROLVWLF� FRPSDULVRQ� RI� SDVVLYH�
UHVLGHQWLDO� GHVLJQ� YDULDEOHV� VXFK� WKDW� WKH� UHVXOW� LV�
VXLWHG�IRU�UHDG\�UHIHUHQFH���

/LWHUDWXUH�UHYLHZ�
(QHUJ\� RSWLPL]DWLRQ� RI� EXLOW� HQYLURQPHQW� KDV�

EHHQ� UHVHDUFKHG� E\� WKH� H[SHUWV� IRU� WKH� SDVW� PDQ\�
\HDUV��%XLOGLQJ�SHUIRUPDQFH�HYDOXDWLRQ�PRGHOV�KDYH�
EHHQ� GHYHORSHG� IRU� ERWK� TXDQWLWDWLYH� DV� ZHOO� DV�
TXDOLWDWLYH� DQDO\VLV�� 4XDOLWDWLYH� WRROV� DUH� EDVHG� RQ�
VFRUHV� DQG� FULWHULD� ZKLOH� TXDQWLWDWLYH� WRROV� XVH� D�
SK\VLFDO� OLIH� F\FOH� DSSURDFK� ZLWK� TXDQWLWDWLYH� LQSXW�
DQG� RXWSXW� GDWD� RQ� IORZV� RI� PDWWHU� DQG� HQHUJ\�
�)RUVEHUJ���������%DVHG�RQ�WKH�OLVW�RI�SDVVLYH�GHVLJQ�
SDUDPHWHUV� WKDW� DUH� PRVW� IUHTXHQWO\� H[SORUHG� LQ� WKH�
SUHFHGHQW�UHVHDUFKHV�SOXV�VRPH�RI�RXU�RZQ�VHOHFWLRQ��
ZH�FKRVH�WZHOYH�RI�WKHP�IRU�RXU�HYDOXDWLRQ���
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6RQJ�HW�DO�VWXGLHG�WKH�HQHUJ\�HIILFLHQF\�RI�LQWHUQDO�
DQG� H[WHUQDO� LQVXODWLRQ� LQ� DSDUWPHQW� EXLOGLQJV�� 7KH�
UHVXOWV� VKRZHG� FRQVLGHUDEOH� KHDW� ORVV� LQ� ,QWHULRU�
,QVXODWLRQ�6\VWHP��,,6��GXH�WR�WKH�OD\HUV�RI�LQVXODWLRQ�
GLVFRQQHFWHG� EHWZHHQ� ZDOO�VODE� MRLQWV�� ([WHULRU�
,QVXODWLRQ� DQG� )LQLVKLQJ� 6\VWHP� �(,)6�� KDG� DQ�
DGYDQWDJH� RYHU� ,,6� EHFDXVH� RI� LWV� LPSURYHG�
SHUIRUPDQFH�DQG�HDVH�RI�LQVWDOODWLRQ�XVLQJ�DGKHVLYHV�
�6RQJ�� ������� &KR� HW�DO�� VWXGLHG� WKH� YHQWLODWLRQ�
HIIHFWLYHQHVV� E\� DSSURSULDWH� RSHUDEOH� ZLQGRZ�
RSHQLQJ� DUHD�� SDUWLWLRQLQJ� DQG� SODFHPHQW�� 7KH\�
SURSRVHG� RSWLPXP� RSHQLQJ� DUHD� WR� IORRU� DUHD� UDWLRV�
IRU� LQFUHDVHG� QDWXUDO� YHQWLODWLRQ� HIILFLHQF\� �&KR��
������� 8QR� HW�DO�� VWXGLHG� WKH� UHGXFWLRQ� LQ� HQHUJ\�
FRQVXPSWLRQ� RI� DLU� FRQGLWLRQHUV� LQ� UHODWLRQ� ZLWK� DLU�
WLJKWQHVV� DQG� YHQWLODWLRQ� VWUDWHJ\� LQ� KRW� DQG� KXPLG�
FOLPDWHV�� 7KH\� FRPSDUHG� WKH� HIIHFWLYHQHVV� RI�
LPSURYHPHQWV� LQ� DLU� WLJKWQHVV� RI� DLU� FRQGLWLRQHG�
URRP� YHUVXV� WKH� DLU�� WLJKWQHVV� RI� ZKROH� DSDUWPHQW�
DQG� FRQFOXGHG� WKDW� WKH� IRUPHU� KDG� D� PRUH� SRVLWLYH�
LQIOXHQFH�RYHU�WKH�HQHUJ\�UHGXFWLRQ��8QR���������

�
6��6� .LP� HW� DO�� �.LP�� ������ VWXGLHG� WKH�

SHUIRUPDQFH� HYDOXDWLRQ� IRU� PXOWL�IDPLO\� UHVLGHQWLDO�
EXLOGLQJV�LQ�.RUHD��)RUW\�RQH�REMHFWLYHV�DQG�IHDVLEOH�
KRXVLQJ�SHUIRUPDQFH�LQGLFDWRUV�ZHUH�VHOHFWHG�DQG�WKH�
ZHLJKWV� RI� HDFK� FDWHJRU\� DQG� LQGLFDWRU� ZHUH�
FDOFXODWHG� XVLQJ� WKH� DQDO\WLFDO� KLHUDUFK\� SURFHVV�
�$+3�� DQDO\VLV� WR� FRQYHUW� WKH� ZHLJKWV� LQWR� FUHGLWV��
7KH� VWXG\� FRYHUHG� D� PDMRU� VHFWLRQ� RI� UHVLGHQWLDO�
EXLOGLQJ� SHUIRUPDQFH� SDUDPHWHUV� UDQJLQJ� IURP�
KRXVLQJ� HQYLURQPHQW�� KRXVLQJ� IXQFWLRQ�� OHYHO� RI�
UHVLGHQWLDO� FRPIRUW� DQG� PDQ\� PRUH� LQ� DGGLWLRQ� WR�
HQHUJ\�VHQVLWLYH�UHVLGHQWLDO�VSDFH�GHVLJQ�YDULDEOHV��

�

6LPXODWLRQ�WRRO�DQG�K\SRWKHVLV�
7KH� VLPXODWLRQV� DUH� SHUIRUPHG� ZLWK� 'HVLJQ�
%XLOGHU70��7KLV� WRRO� LV� FKRVHQ�RYHU�RWKHU� VLPXODWLRQ�
SDFNDJHV�VXFK�DV�(QHUJ\�3OXV�DQG�7516<6�EHFDXVH�
RI� WKH� LQWXLWLYH� *8,� RI� WKH� VRIWZDUH�� 0RVW�
LPSRUWDQWO\�� WKH� IRFXV� RI� RXU� VWXG\� LV� RQ� WKH�
LQWHUSUHWDWLRQ� RI� VLPXODWLRQ� UHVXOWV� DQG� QRW� RQ� WKH�
PHWKRG�RI�VLPXODWLRQ����
$� W\SLFDO� PXOWL�VWRUH\� UHVLGHQWLDO� XQLW� ����P�� IORRU�
DUHD�� LQ� .RUHD� LV� FKRVHQ� IRU� DQDO\VLV�� 7KH� FHLOLQJ�
KHLJKW�IRU�HDFK�VWRUH\�LV����P��7KH�EDOFRQ\�H[WHQVLRQ�
W\SHV�DQG�GLPHQVLRQV�DUH� VSHFLILHG� LQ� WKH� WHVW�FDVHV��
7R� UHGXFH� WKH� WRWDO� WHVW� WLPH��ZH� VLPXODWHG� D� VLQJOH�
UHVLGHQWLDO�XQLW�SODFHG�LQ�WKH�PLGGOH�RI�DQ�DSDUWPHQW�
EXLOGLQJ��1HJOLJLEOH�KHDW�ORVV�WKURXJK�WRS�DQG�ERWWRP�
VODE�RI�WKLV�VHOHFWHG�XQLW�LV�DVVXPHG�WR�H[FOXGH�LQWHU�
IORRU�KHDW�WUDQVIHU��)DQ�FRLO�XQLW�LV�FKRVHQ�RYHU�RWKHU�
KHDWLQJ� V\VWHPV� DV� LW� FORVHO\� UHSUHVHQWV� UDGLDWLYH�
LQGRRU� WHPSHUDWXUH� DGMXVWPHQW� VFKHPH� LQ� D� W\SLFDO�
.RUHDQ� UHVLGHQWLDO� XQLW�� $FWLYLW\� VFKHGXOH� RI� D�
ZRUNLQJ� FODVV� IDPLO\� RI� IRXU� SHRSOH� LV� GHILQHG�� $OO�
LQWHUQDO� JDLQV� DUH� VHW� WR� RSHUDWH� ZLWK� RFFXSDQF\�� $�
FRPIRUWDEOH� OLJKWLQJ� LOOXPLQDQFH� RI� ���� OX[� LV�

PDLQWDLQHG� WKURXJKRXW� WKH� VSDFH� �&,%6(�� �������
0DWHULDOV� VHOHFWHG� DUH� WKRVH� ZKLFK� DUH� FRPPRQO\�
XVHG�IRU�FRQVWUXFWLQJ�.RUHDQ�PXOWL�VWRULHG�UHVLGHQWLDO�
EXLOGLQJV�� 'HWDLOV� RI� PDWHULDO� SURSHUWLHV�� OD\HU�
DUUDQJHPHQW� DQG� WHVW� FDVHV� LV� HQFORVHG� LQ� WKH�
DSSHQGL[���
7KH� GHVLJQ� SDUDPHWHUV� HYDOXDWHG� WKURXJK� VHQVLWLYLW\�
DQDO\VLV� LQ� WKLV� VWXG\� DUH� WKH�RQHV� FORVHO\� UHODWHG� WR�
FRQGXFWLRQ� �SODQ� SURSRUWLRQ�� ZDOO� LQVXODWLRQ�
WKLFNQHVV�� ZDOO� LQVXODWLRQ� ORFDWLRQ�� ZLQGRZ� DUHD��
ZLQGRZ� FRQVWUXFWLRQ�� EDOFRQ\� W\SH��
FRQYHFWLRQ�LQILOWUDWLRQ� DQG� QDWXUDO� YHQWLODWLRQ�� DQG�
UDGLDWLRQ�SODQ� SURSRUWLRQ�� RULHQWDWLRQ�� ZLQGRZ� DUHD��
ZLQGRZ� ORFDWLRQ�� ZLQGRZ� FRQVWUXFWLRQ�� EDOFRQ\�
GHSWK��EOLQG�DQJOH��PRGH�RI�KHDW�WUDQVIHU�LQ�D�W\SLFDO�
UHVLGHQWLDO�VSDFH���
(DFK�RI�WKH�WHVW�FDVH�LV�VLPXODWHG�IRU�HLJKW�FDUGLQDO�
RULHQWLRQV��+RZHYHU��JOD]LQJ�RQ�WKH�VRXWK�VKRZHG�WKH�
EHVW� HQHUJ\� SHUIRUPDQFH� DQG� WKXV� WKH� JUDSKV� IURP�
)LJXUH� ����� DUH� DOO� IRU� WKH� JOD]LQJ� RQ� WKH� VRXWK�
IDoDGH���
$OO� WHVW� FDVHV� H[FHSW� VSHFLILFDOO\� PHQWLRQHG�� KDYH�
LQWHULRU� LQVXODWLRQ�ZLWK����P��IORRU�DUHD�DQG�GHIDXOW�
LQILOWUDWLRQ�RI�����$&+��

'LVFXVVLRQ�DERXW�VLPXODWLRQ�RXWFRPHV�
D� 3ODQ�SURSRUWLRQ��/RQJHU�IDFDGH�DOLJQHG�LQ�HDVW�
ZHVW�GLUHFWLRQ��

�
)LJXUH����3ODQ�SURSRUWLRQ�HQHUJ\��&2��VHQVLWLYLW\�

7KH�WRWDO��KHDWLQJ���FRROLQJ��ORDG�LQFUHDVHV�E\����RQ�
LQFUHDVLQJ�WKH�UHVLGHQWLDO�XQLW¶V�ZLGWK�DQG�OHQJWK�
SURSRUWLRQ�UDWLR��7KLV�LV�PDLQO\�EHFDXVH�WKH�UHGXFWLRQ�
LQ�KHDWLQJ�GXH�WR�VRODU�JDLQ�LV�RIIVHW�E\�WKH�LQFUHDVH�
LQ�FRROLQJ�ORDG�GXULQJ�VXPPHU��7KH�KHDWLQJ�LV�GRQH�
E\�JDV�ERLOHU�DQG�WKH�DSSURSULDWH�VRXUFH�WR�VLWH�
IDFWRUV�KDYH�EHHQ�DSSOLHG��7KLV�DOVR�DFFRXQWV�IRU�WKH�
DQRPDO\�VHHQ�LQ�WKH�GHFUHDVH�RI�&2��SURGXFWLRQ�ZLWK�
WKH�LQFUHDVH�LQ�WRWDO�ORDG��
�
E� 2ULHQWDWLRQ

�
)LJXUH����2ULHQWDWLRQ�HQHUJ\��&2��VHQVLWLYLW\�
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�
7KH�RULHQWDWLRQ�LV�LWHUDWHG�E\�URWDWLQJ�WKH�����JOD]HG�
IDFDGH� RI� WKH� EXLOGLQJ� IURP� QRUWK� LQ� DQWL�FORFNZLVH�
GLUHFWLRQ�� 7KH� VRXWK� IDFHG� JOD]LQJ� KDV� WKH� OHDVW�
HQHUJ\�FRQVXPSWLRQ��'DHMHRQ��WKH�WHVW�VLWH�LV�ORFDWHG�
DW� ��R��¶��¶¶1�� ���R��¶��¶¶� �DQJOH� EDVHG� RQ� VRODU�
JHRPHWU\���7KXV�DOO�WKH�IXUWKHU�LWHUDWLRQV�UHSUHVHQWHG�
LQ�WKH�JUDSK�DUH�IRU�JOD]LQJ�RQ�WKH�VRXWK�IDFDGH��
�
F� :DOO�LQVXODWLRQ�ORFDWLRQ�

�
)LJXUH����:DOO�LQVXODWLRQ�ORFDWLRQ�HQHUJ\��&2��

VHQVLWLYLW\�±�,QWHULRU�LQVXODWLRQ

�

)LJXUH����:DOO�LQVXODWLRQ�ORFDWLRQ�HQHUJ\��&2��
VHQVLWLYLW\�±�0LGGOH�OD\HU�LQVXODWLRQ

)LJXUH����:DOO�LQVXODWLRQ�ORFDWLRQ�HQHUJ\��&2��
VHQVLWLYLW\�±�([WHULRU�LQVXODWLRQ�

,Q� WKH� FRXQWULHV� ZKHUH� KHDWLQJ� HQHUJ\� EHFRPHV�
GRPLQDQW�VXFK�DV�6RXWK�.RUHD��LQVXODWLRQ�LV�WKH�PRVW�
LPSRUWDQW� SDVVLYH� GHVLJQ� SDUDPHWHU� DV� HYLGHQW� IURP�
WKH� HQHUJ\� VDYLQJV� DFFUXHG� E\� FKDQJLQJ� WKH�
LQVXODWLRQ�PDWHULDO�SODFHPHQW��LQWHULRU��PLGGOH�OD\HU��
H[WHULRU�� DQG� WKLFNQHVV�� $PRQJVW� WKRVH� WKUHH�
LQVXODWLRQ�ORFDWLRQV��H[WHULRU�LQVXODWLRQ�JLYHV�WKH�EHVW�
UHVXOW��7KLV�REVHUYDWLRQ� LV�FRQVLVWHQW�ZLWK�6RQJ�HW�DO�
ZKR� DOVR� FRQFOXGHG� WKDW� H[WHULRU� LQVXODWLRQ� W\SH�
SHUIRUPHG�EHWWHU�WKDQ�LQWHULRU�LQVXODWLRQ�W\SH�DV�LW�KDV�
KHDW� ORVV� IURP� WKH� GLVFRQQHFWHG�ZDOO� VODE� MRLQWV��$V�
H[SHFWHG�� WKH� HQHUJ\� FRQVXPSWLRQ� GHFUHDVHV� RQ�
LQFUHDVLQJ� WKH� LQVXODWLRQ� WKLFNQHVV�� +RZHYHU�� WKH�

ERXQGDU\� RQ� WKH� LQFUHDVLQJ� WKLFNQHVV� LV� GHFLGHG� E\�
WKH� LQFUHDVH� LQ� WKH� FRVW� DGGUHVVHG� LQ� ODWHU� LQ� WKLV�
SDSHU��
�
G� :LQGRZ�DUHD�

�
)LJXUH����:LQGRZ�DUHD�HQHUJ\��&2��VHQVLWLYLW\�

,QFUHDVLQJ� WKH� ZLQGRZ� DUHD� RQ� WKH� VRXWK� IDFDGH�
LQFUHDVHV� WKH� RYHUDOO� HQHUJ\� FRQVXPSWLRQ�� 7KLV� LV�
REVHUYHG� GXH� WR� WKH� LQFUHDVHG� FRROLQJ� ORDG� E\� VRODU�
JDLQ� GXULQJ� WKH� VXPPHU� VHDVRQ� DQG� LQFUHDVHG� KHDW�
ORVV�WKURXJK�ODUJHU�ZLQGRZ�DUHD�GXULQJ�VXPPHU�DQG�
ZLQWHU� VLQFH� ZLQGRZ� KDV� JUHDWHU� KHDW� WUDQVIHU� UDWH�
FRPSDUHG�WR�W\SLFDO�ZDOO�FRQVWUXFWLRQ���
�
H� :LQGRZ�ORFDWLRQ�

�
)LJXUH����:LQGRZ�ORFDWLRQ�HQHUJ\��&2��VHQVLWLYLW\�

,Q� WKLV� LWHUDWLRQ�� WKH� ZLQGRZ� RSHQLQJ� LV� PDGH� RQ�
GLIIHUHQW� IDFDGHV� RI� WKH� UHVLGHQWLDO� XQLW�� 7KH�
�������� ZLQGRZ� LQVWDOODWLRQ� WHVW� FDVH� KDV� JOD]LQJ�
RQ� WKH� VRXWK� DQG� QRUWK� IDFDGH�� 7KH� ������������
WHVW�FDVH�KDV�JOD]LQJ�RQ�WKH�VRXWK��HDVW��ZHVW� IDoDGH��
UHVSHFWLYHO\� ZKLOH� PDLQWDLQLQJ� D� FRQVWDQW� RYHUDOO�
JOD]HG� DUHD�� ,W� LV� REVHUYHG� WKDW� WKH� WHVW� FDVH� ZLWK�
ZLQGRZV�RQ�VRXWK�DQG�QRUWK�IDFDGHV�SHUIRUPHG�EHWWHU�
WKDQ� WKH� RQH� ZLWK� JOD]LQJ� RQ� VRXWK�� HDVW� DQG� ZHVW�
IDFDGHV��7KH�GLIIHUHQFH�KHUH� LV�SULPDULO\�DVFULEHG� WR�
WKH� G\QDPLFDOO\� YDU\LQJ� DPRXQW� DQG� LQWHQVLW\� RI�
VRODU� UDGLDWLRQ� GHSHQGLQJ� RQ� HDFK� RULHQWDWLRQ�
WKURXJKRXW�D�\HDU��
�
I� :LQGRZ�FRQVWUXFWLRQ�

�
)LJXUH����:LQGRZ�FRQVWUXFWLRQ�HQHUJ\��&2��VHQVLWLYLW\�
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:LQGRZ� FRQVWUXFWLRQ� GHVFULEHG� LQ� DSSHQGL[� LV�
VLPXODWHG�LQ�WKLV�VHW�RI�LWHUDWLRQ�WR�REVHUYH�WKH�LPSDFW�
RI� WKH� DUUDQJHPHQW� RI� JOD]LQJ� OD\HUV� RQ� HQHUJ\�
FRQVXPSWLRQ��$ORQJ�ZLWK�JD]LQJ�WKLFNQHVV�DQG�FDYLW\�
LQ�ILOO�JDV�W\SH��WKH�QXPEHU�RI�JOD]LQJ�OD\HU�EHFRPHV�
LQIOXHQWLDO� IDFWRU� LQ� HQHUJ\� FRQVHUYDWLRQ�� 7KH� WULSOH�
OD\HU�JOD]LQJ�FDQ�UHGXFH� WKH�HQHUJ\�FRQVXPSWLRQ�E\�
����ZKLOH�GRXEOH�OD\HU�JOD]LQJ�UHGXFHV�LW�E\�DURXQG�
������+RZHYHU�� WKH� WUDGH�RII�EHWZHHQ� WKH� LPSURYHG�
HQHUJ\�VDYLQJ�DQG�FRVW�QHHGV�WR�EH�FRQVLGHUHG��
�
J� %DOFRQ\�W\SH�

�
)LJXUH����%DOFRQ\�W\SH�HQHUJ\��&2��VHQVLWLYLW\�

&XUUHQWO\��PRVW�RI�.RUHDQ�DSDUWPHQW�FRPSOH[HV�KDYH�
WZR� GLVWLQFWLYH� W\SHV� RI� EDOFRQ\� GHVLJQ� VXFK� DV�
FORVHG�EDOFRQ\�W\SH�DQG�URRP�H[WHQVLRQ�W\SH��&ORVHG�
EDOFRQ\� IRUPV� D� VHSDUDWH� FKDPEHU�ZLWK� H[WHULRU� DQG�
LQWHULRU� JOD]LQJ� OD\HUV� ZLWKRXW� FRROLQJ� RU� KHDWLQJ�
ZKHUHDV� URRP� H[WHQVLRQ� W\SH� DFWXDOO\� UHSUHVHQWV�
URRP� VSDFH� WKDW� LV� H[WHQGHG� WKURXJK� WKH� EDOFRQ\�
VSDFH�WR�VHFXUH�PRUH�OLYLQJ�DUHD��&ORVHG�EDOFRQ\�W\SH�
GLVSOD\HG� EHWWHU� HQHUJ\� FRQVXPSWLRQ� SURILOH� RYHU�
URRP� H[WHQVLRQ� W\SH� FRXQWHUSDUW� GXH� WR� LQFUHDVHG�
LQVXODWLRQ�DQG�UHODWLYHO\�OHVV�DUHD�GHPDQGLQJ�KHDWLQJ�
DQG� FRROLQJ� HYHQ� WKRXJK� LW� KDV� GLVDGYDQWDJH� RI�
GHFUHDVHG�VRODU�KHDW�JDLQ�GXULQJ�ZLQWHU���
�
K� %DOFRQ\�GHSWK�

�
)LJXUH�����%DOFRQ\�GHSWK�HQHUJ\��&2��VHQVLWLYLW\�

1R� VLJQLILFDQW� IOXFWXDWLRQV� ZHUH� REVHUYHG� LQ� WKH�
HQHUJ\� SURILOH� E\� LWHUDWLQJ� EDOFRQ\� GHSWKV�� &XUUHQW�
UHJXODWLRQ� LQ� .RUHD� UHJDUGLQJ� DOORZDEOH� EDOFRQ\�
GHSWK� H[WHQVLRQ� OLPLW� LV� ���P� DQG� PRVW� RI� DFWXDO�
LQVWDOODWLRQ� FDVHV� FRQYHUJH� WR� WKLV� OLPLW�� WKHUHIRUH��
WKLV� GHVLJQ� SDUDPHWHU� KDV� YHU\� OLWWOH� URRP� IRU�
SUDFWLFLQJ� YDULDQFH�� )XUWKHUPRUH�� WKLV� SDUDPHWHU� LV�
VXEMHFW� WR� SUHIHUHQFHV� RI� RFFXSDQWV� DQG� WKXV� LV� OHVV�
LPSRUWDQW�IURP�HQHUJ\�FRQVXPSWLRQ�SHUVSHFWLYH��

�
L� %OLQG�DQJOH�

�
)LJXUH�����%OLQG�DQJOH�HQHUJ\��&2��VHQVLWLYLW\�

%OLQG� DQJOHV� GLVSOD\HG� DQ� LQWHUHVWLQJ� HQHUJ\� SURILOH�
LQ�HDFK�WHVW�FDVH��2EYLRXVO\�EOLQG�KDV�LPSOLFDWLRQ�RQ�
FRQWUROOLQJ�VRODU�UDGLDWLRQ�TXDQWLILDEOH�WKURXJK�6&�RU�
6+*&�� &XWWLQJ� RII� VRODU� UDGLDWLRQ� LV� EHQHILFLDU\�
GXULQJ� VXPPHU� EXW� QRW� GHVLUDEOH� GXULQJ� ZLQWHU�
VHDVRQ�� WKHUHIRUH�� WKH� DFFXPXODWLYH� LPSDFW� RI� IL[HG�
EOLQG� DQJOH� WKURXJKRXW� D� \HDU� FRXOG� FDQFHO� RXW� WKLV�
SRVLWLYH� DQG� QHJDWLYH� DVSHFWV� RI� HQHUJ\� UHODWHG�
LPSOLFDWLRQV�� 7KH� VRODU� KHDW� JDLQ� ZDV�PD[LPXP� IRU�
���R� EOLQG� DQJOH�� 7KLV� HIIHFW� FDQ� EH� H[SODLQHG� E\�
UHIHUULQJ�WR�WKH�VXQ�SDWK�GLDJUDP�ZKHUH�GLIIXVHG�OLJKW�
LV�PDGH�WR�HQWHU�WKH�URRP�GXULQJ�PRVW�RI�WKH�GD\WLPH��
�
M� ,QILOWUDWLRQ�

�
)LJXUH�����,QILOWUDWLRQ�HQHUJ\��&2��VHQVLWLYLW\�

/LNH�RWKHU�FROG�FRXQWULHV��DLU�WLJKWQHVV�LQIOXHQFHG�WKH�
HQHUJ\� FRQVXPSWLRQ� JUHDWO\� IRU� 6RXWK� .RUHDQ�
FOLPDWH�� 'HFUHDVLQJ� WKH� DLU� FKDQJH� UDWH� WR� ���� IURP�
����GHFUHDVHG�WKH�HQHUJ\�FRQVXPSWLRQ�E\������/RZ�
LQILOWUDWLRQ�UDWHV�KDYH�SURGXFHG�H[FHHGLQJO\�HIILFLHQW�
HQHUJ\�SURILOHV��7KLV�HIIHFW�LV�PRUH�SURPLQHQW�LQ�FROG�
HQYLURQPHQWV� RZLQJ� WR� WKH� LQFUHDVHG� KHDWLQJ� ORDG�
ZLWK�LQFUHDVH�LQ�LQILOWUDWLRQ��$Q�DGGLWLRQDO�DGYDQWDJH�
RI�DLU�WLJKWQHVV�ZKHQ�FRXSOHG�ZLWK�YHQWLODWLRQ�V\VWHP�
LV� SUHYHQWLRQ� RI�PROG� JURZWK�� 6PHGV� HW�� DO�� VWXGLHG�
WKH� KLJK� SHUIRUPDQFH� GHVLJQ� LQ� KRXVHV� IRU� FROG�
FOLPDWHV� � DQG� VXJJHVWHG� WKH� DLU� WLJKWQHVV� WR� EH�
PDLQWDLQHG�DW������$&+�IRU�EHVW�HQHUJ\�SHUIRUPDQFH�
�6PHGV���������
�

N� 1DWXUDO�YHQWLODWLRQ�
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�
)LJXUH�����1DWXUDO�YHQWLODWLRQ�HQHUJ\��&2��VHQVLWLYLW\�

7ZR�VLGHG�QDWXUDO�YHQWLODWLRQ�UHGXFHG�WKH�FRROLQJ�
ORDG�GUDVWLFDOO\�EXW�WKH�HIIHFW�ZDV�QXOOLILHG�E\�KLJKHU�
KHDWLQJ� UHTXLUHPHQWV� GXULQJ� ZLQWHUV�� 7KXV� QDWXUDO�
YHQWLODWLRQV�ZLWK� VLQJOH�RSHQLQJ� LV�EHVW� VXLWHG� LQ� WKH�
JLYHQ�FRQGLWLRQV���
�

$QDO\VLV�	�HYDOXDWLRQ�RI�WKH�WHVW�FDVHV�
7KH� SHUIRUPDQFH� RI� WKH� SDVVLYH� GHVLJQ� VWUDWHJLHV�
HYDOXDWHG�E\�VLPXODWLRQ�WRRO�QHHGV�WR�EH�DQDO\VHG�IRU�
FRVW� HIIHFWLYHQHVV� E\� DGRSWLQJ� VXLWDEOH� UDQNLQJ�
PHWKRGRORJ\��0HWKRGV�EDVHG�RQ�PXOWL�FULWHULD�UDWLQJ�
OLNH� (OLPLQDWLRQ� DQG� &KRLFH� ([SUHVVLQJ� 5HDOLW\�
�(/(&75(���+HUPLRQH�RU�WKH�RQH�EDVHG�RQ�SULQFLSOH�
FRPSRQHQW�DQDO\VLV�ZRXOG�KDYH�EHHQ�EHVW� VXLWHG�IRU�
WKLV� PRGHO� �5RELQVRQ�� ������ 5RXOHW�� ������� %XW�
NHHSLQJ� LQ�PLQG� WKH�REMHFWLYH�RI� WKLV� VWXG\� L�H�� HDV\�
DGRSWLRQ� LQ� DUFKLWHFWXUDO� SUDFWLVH� E\� GHVLJQHUV�� WKH�
WHVW� FDVHV� DUH� SULRULWL]HG� EDVHG� RQ� HQHUJ\�
FRQVXPSWLRQ� DQG� FRVW� LPSOLFDWLRQV� XVLQJ� D� OLQHDU�
HQHUJ\�FRVW�PRGHO��
�

𝑈 = 𝑤 ∆
∆ � � ����

𝑈 = 𝑤 ∆
∆ �� ����

�
:KHUH�8H�DQG�8&2��DUH�XWLOLW\�IDFWRUV�IRU�HDFK�WHVW�

FDVH�� ǻ(�ǻ&2�� DUH� WKH� QRUPDOL]HG� HQHUJ\� DQG� FRVW�
GLIIHUHQFHV�EHWZHHQ� WKH�EDVH� FDVH� DQG� WKH� HYDOXDWHG�
WHVW� FDVH�� ǻ&� LV� WKH� GLIIHUHQFH� LQ� FRVW� IRU� D� OLIH�
H[SHFWDQF\�RI����\HDUV���ZH�Z&2��DUH�WKH�XVHU�GHILQHG�
ZHLJKWV�VXFK�WKDW�

� � � � � �
𝑊 +𝑊 = 1������������������������������

�
:HLJKWV�DUH�DVVLJQHG�E\�WKH�XVHU��RU�SUHIHUDEO\�E\�

D� JURXS� RI� SHRSOH� NQRZLQJ� WKH� VLJQLILFDQFH� RI� HDFK�
SHUIRUPDQFH�LQGLFDWRU�DQG�ZKR�DJUHH�RQ�WKHP��

7KH� HYDOXDWLRQ� PRGHO� VXJJHVWHG� HYDOXDWHV� WKH�
YDULDWLRQV� LQ� HQHUJ\� DQG� &2�� FRQVXPSWLRQ� ZLWK�
UHVSHFW�WR�WKH�YDULDWLRQV�LQ�FRVW�DQG�GHSLFWV�DQ�RYHUDOO�
SULRULW\�EDVHG�UDQNLQJ�RI�KHXULVWLFV��$Q�LOOXVWUDWLRQ�RI�
D�WHVW�FDVH�IRU�LQFUHDVLQJ�ZDOO� LQVXODWLRQ�WKLFNQHVV�LV�
VXPPDUL]HG�EHORZ���

7KH� EDVH� FDVH� LV� DVVXPHG� WR� EH� RI� ���PP�
LQVXODWLRQ� WKLFNQHVV� DQG� LV� FRPSDUHG� DJDLQVW� WKDW� RI�
���PP� LQVXODWLRQ� WKLFNQHVV�� 7KH� FRVW� RI� ;36�
3RO\VW\UHQH�&2�� EORZLQJ� LQVXODWLRQ� LQ� 6RXWK�.RUHD�

LV� �����P��� &RQVLGHULQJ� ���� SUHIHUHQFH� IRU� HQHUJ\�
DQG�����IRU�WKH�FRVW�ZH�KDYH�WKH�YDOXHV�RI�8H ������
[� ����� �.:K�P������\HDU�� DQG� 8&2� ������ [� �����
�.J�P������
$QRWKHU� LOOXVWUDWLRQ� RI� WKLV� UDWLQJ� V\VWHP� LV� VKRZQ�
EHORZ� IRU� FRPSDULQJ� GLIIHUHQW� W\SHV� RI� ZLQGRZ�
JODVVHV�YL]����PP�GXDO�SDQH����PP�GXDO�SDQH�ORZ�H��
��PP� WULSOH� SDQH�� ��PP� WULSOH� SDQH� ORZ�H� WR� WKH�
EDVH�FDVH�RI�VLQJOH�SDQH�JODVV��
��

� %DVH�
&DVH�

$OW��� $OW��� $OW��� $OW���

*OD]LQJ� 6LQJOH�
FOHDU�

��PP�
GXDO�

��PP�
ORZ�H�

��PP��
WULSOH�

��PP�
WULSOH�
ORZ�H�

$O�IUDPH�
FRVW�
���P���

��� ��� ��� ��� ���

&RVW�
���P���

��� ��� ��� ��� ����

$UHD� ��� ��� ��� ��� ���
&RROLQJ�
ORDG�

�.:K��

����� ����� ����� ����� �����

&2��

HPLVVLRQ�
�.J�\HDU

��

����� ����� ����� ����� �����

7RWDO�
&RVW�

���� ���� ���� ���� �����

8H[������ �� ����� ����� ����� �����
8&2�[�
�����

�� ����� ����� ����� �����

�
+LJKHU�WKH�XWLOLW\�IDFWRU��EHWWHU�LV�WKH�SHUIRUPDQFH�RI�
WKDW� SDUDPHWHU�� 7KH� XWLOLW\� IDFWRU� FDQ� EH� XVHG� WR�
GHFLGH� EHWZHHQ� WHVW� FDVHV� RU� VXE� WHVW� FDVHV� RQ� D�
XQLIRUP�FULWHULRQ��
7KHVH� YDOXHV� FDQ� EH� FDOFXODWHG� E\� WKH� XVHU� E\�
DWWULEXWLQJ� VXLWDEOH� LQSXWV� EDVHG� RQ� WKH� UHTXLUHPHQW�
DQG� SUHYDOHQW� FRVW� VFHQDULRV�� 7KHVH� YDOXHV� FDQ� EH�
SORWWHG� RQ� D� FKDUW� IRU� GLIIHUHQW� WHVW� FDVHV� DQG�
SULRULWL]HG�� +HXULVWLF� UXOHV� VSDQQLQJ� WKURXJK� DOO� WHVW�
FDVHV� DUH� LQWURGXFHG� LQ� WKH� DSSHQGL[�� $ERYH�
PHQWLRQHG� OLQHDU� HQHUJ\�FRVW� PRGHO� FRXOG� SURYLGH�
XVHU� SUHIHUHQFH� EDVHG� SULRULWL]DWLRQ� DPRQJ�
GLYHUVLILHG� PXOWL�KRXVLQJ� XQLW� VSDFH� GHVLJQ� RSWLRQV�
E\� FRXQWLQJ� ERWK� HQHUJ\� FRQVHUYDWLRQ� DQG� FRVW�
UHODWHG�LPSOLFDWLRQV��
�

&21&/86,21�
�

$�VHW�RI�KHXULVWLF�UXOHV�LV�H[SORUHG�LQ�WKLV�SDSHU�E\�
V\VWHPDWLFDOO\� YDU\LQJ� SDVVLYH� GHVLJQ� SDUDPHWHUV��
)RU� DFKLHYLQJ� KLJK� HQHUJ\� SHUIRUPDQFHV�� HQWLUH�
EXLOGLQJ�VSDFH�QHHGV�WR�EH�DGGUHVVHG�DV�D�ZKROH�DQG�
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QRW�D�SDUWLFXODU�GRPDLQ��7KH�KHXULVWLF�UXOHV�GHVFULEHG�
LV� SURPLQHQWO\� IRU� WKH�SODFH� RI� HYDOXDWLRQ� L�H��6HRXO�
�6RXWK�.RUHD���:H�IXUWKHU�LQWHQG�WR�WDUJHW�LQFUHDVLQJ�
PDVV� KRXVLQJ� LQ� RWKHU� UHJLRQV� DQG� GHYHORS� D� UHDG\�
UHIHUHQFH�RI� WHVW�FDVHV� IRU� WKHP�LQ�D�VLPLODU�PDQQHU��
)XUWKHU� ZRUN� QHHGV� WR� EH� GRQH� RQ� RSWLPL]DWLRQ�
DOJRULWKPV� ZKLFK� WDNH� LQWR� FRQVLGHUDWLRQ� LQWHU�
GHSHQGHQF\�RI�SDUDPHWHUV�DQG�DW�WKH�VDPH�WLPH�KDYH�
DQ� HDV\� WR� XVH� *8,�� 7KH�PDLQ� PRWLYH� RI� WDNLQJ� XS�
WKLV�UHVHDUFK�ZLOO�EH�PHW�LI�WKLV�ZRUN�LQVSLUHV�IXUWKHU�
LPSOHPHQWDWLRQ� RI� LQWHJUDWLQJ� SDVVLYH� GHVLJQ�
VWUDWHJLHV�LQ�KRXVLQJ�VSDFHV�ZLWK�WKH�KHOS�RI�VWDWH�RI�
DUW�WHFKQRORJ\���7KH�FXUUHQW�VWDJH�RI�WKLV�SURMHFW�LV�DW�
GHYHORSLQJ� D� GHVLJQ� GHFLVLRQ� VXSSRUW� DOJRULWKP� IRU�
VXVWDLQDEOH� EXLOGLQJV� IRU� VDYLQJ� HQHUJ\� ZKLOH� QRW�
FRPSURPLVLQJ�RQ�RFFXSDQW�FRPIRUW��

�

$&.12:/('*(0(17�
7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� 1DWLRQDO�

5HVHDUFK� )RXQGDWLRQ� RI� .RUHD� �15)�� JUDQW� IXQGHG�
E\� WKH�.RUHD�JRYHUQPHQW��1R�����5�$�$���������
DQG� ILQDQFLDOO\� VXSSRUWHG� E\� .RUHD� 0LQLVWHU� RI�
0LQLVWU\� RI� /DQG�� 7UDQVSRUW� DQG� 0DULWLPH� DIIDLUV�
�0/70��DV�8�&LW\�0DVWHU�DQG�'RFWRU�&RXUVH�*UDQW�
3URJUDP��
�
5HIHUHQFHV��
�
&KR�� -��� <RR�� &�� DQG� .LP�� <�� ������� (IIHFWLYH����

2SHQLQJ� $UHD� DQG� ,QVWDOODWLRQ� /RFDWLRQ� RI�
:LQGRZV� IRU�6LQJOH�6LGHG�1DWXUDO�9HQWLODWLRQ� LQ�
+LJK�ULVH�5HVLGHQFHV��-$$%(����������������
�

&,%6(�� /LJKWLQJ� JXLGH� ��� ������� 'D\OLJKWLQJ� DQG�
:LQGRZ� 'HVLJQ� �6RFLHW\� RI� /LJKW� DQG� /LJKWLQJ�
6//�/*������
�

(YDQV��0���&KRQ��+���6KXL��%�� DQG�/HH��6�(�� �������
&RXQWU\� 5HSRUW� RQ� %XLOGLQJ� (QHUJ\� &RGHV� LQ�
5HSXEOLF�RI�.RUHD�
�

)RRG� DQG� $JULFXOWXUH� 2UJDQLVDWLRQ� RI� WKH� 8QLWHG�
1DWLRQV��������5RPH��(QHUJ\�VXSSO\�DQG�GHPDQG��
7UHQGV�DQG�SURVSHFWV��)RUHVW�DQG�(QHUJ\���
�

)RUVEHUJ��$��DQG�YRQ�0DOPERUJ��)���������7RROV�IRU�
HQYLURQPHQWDO� DVVHVVPHQW� RI� WKH� EXLOW�
HQYLURQPHQW��%XLOG�(QYLURQ����������������
�

)RVWHU�� 0�� DQG� 2UHV]F]\Q�� 7�� ������� 2FFXSDQW�
FRQWURO� RI� SDVVLYH� V\VWHPV�� WKH� XVH� RI� 9HQHWLDQ�
EOLQGV��%XLOG�(QYLURQ����������������
�

,QWHUQDWLRQDO� 0RQHWRU\� ������� )XQG��
KWWS���ZZZ�LPI�RUJ�
�

.LP�� 6��� <DQJ�� ,��� <HR�� 0�� DQG� .LP�� .�� �������
'HYHORSPHQW� RI� D� KRXVLQJ� SHUIRUPDQFH�
HYDOXDWLRQ� PRGHO� IRU� PXOWL�IDPLO\� UHVLGHQWLDO�
EXLOGLQJV�LQ�.RUHD��%XLOG�(QYLURQ������������������

�
0/70� ������ (FR�IULHQGO\� KRXVLQJ� SHUIRUPDQFH�

HYDOXDWLRQ� VRIWZDUH� 9HU������
KWWS���ZZZ�POWP�JR�NU�
��

2VVHQ��'�5���$KPDG��0�+��DQG�0DGURV��1�+���������
2SWLPXP� 2YHUKDQJ� *HRPHWU\� IRU� %XLOGLQJ�
(QHUJ\� 6DYLQJ� LQ� 7URSLFDO� &OLPDWHV�� -$$%(�� ���
����������
�

5RELQVRQ�� '�� �������� &RPSXWHU� 0RGHOLQJ� IRU�
6XVWDLQDEOH� 8UEDQ� 'HVLJQ�� (DUWKVFDQ�� /RQGRQ��
&K����0HDVXUHV�RI�8UEDQ�6XVWDLQDELOLW\����
�

5RXOHW�� &����� )ORXUHQW]RX�� )��� /DEEHQ�� +�+���
6DQWDPRXULV��0���.RURQDNL�� ,���'DVFDODNL��(�� DQG�
5LFKDOHW��9���������250(��$�PXOWLFULWHULD�UDWLQJ�
PHWKRGRORJ\� IRU� EXLOGLQJV�� %XLOG� (QYLURQ�� ����
����������
�

6PHGV�� -�� DQG� :DOO�� 0�� ������� (QKDQFHG� HQHUJ\�
FRQVHUYDWLRQ�LQ�KRXVHV�WKURXJK�KLJK�SHUIRUPDQFH�
GHVLJQ��(QHUJ\�%XLOG����������������
�

6RQJ�� 6��� <HR�� 0��� .RR�� %�� DQG� /HH�� 6�� �������
(QHUJ\� (IILFLHQF\� $QDO\VLV� RI� ,QWHUQDOO\� DQG�
([WHUQDOO\� ,QVXODWHG� $SDUWPHQW� %XLOGLQJV��
-$$%(����������������
�

8�6��(QHUJ\�,QIRUPDWLRQ�$GPLQLVWUDWLRQ��8�6���������
KWWS���ZZZ�HLD�JRY�

�
8QR�� 7��� +RNRL�� 6��� (NDVLZL�� 6�1�(�� DQG� 0DMLG��

1�+�$���������5HGXFWLRQ�RI�(QHUJ\�&RQVXPSWLRQ�
E\� $&� GXH� WR� $LU� 7LJKWQHVV� DQG� 9HQWLODWLRQ�
6WUDWHJ\� LQ� 5HVLGHQFHV� LQ� +RW� DQG� +XPLG�
&OLPDWHV��-$$%(���������������

�
�
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$SSHQGL[��
�

�� 7HVW�FDVHV�DQG�GHULYHG�H[HPSODU\�KHXULVWLF�UXOHV�
�

7HVW�&DVH� 'HULYHG�H[HPSODU\�KHXULVWLF�UXOHV�EDVHG�RQ�HQHUJ\�FRQVXPSWLRQ�RQO\�
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