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$%675$&7�
$� FRPIRUWDEOH� RXWGRRU� WKHUPDO� HQYLURQPHQW� LV� YHU\�
LPSRUWDQW� IRU� SHGHVWULDQ’V� KHDOWK� DQG� VDIHW\��
+RZHYHU�� LQ� WKH� WUDGLWLRQDO� GHVLJQ� PHWKRG�� XVXDOO\�
RQO\� VHYHUDO� W\SLFDO� KRXUV� DUH� FRQVLGHUHG�� $OWKRXJK�
WKHVH� W\SLFDO� KRXUV� FDQ� EH� UHSURGXFHG� ZHOO��
FRQVLGHULQJ� WKH� FRPSOLFDWHG� RXWGRRU� HQYLURQPHQW�
DQG� WKH� YDULHG� ZHDWKHU� FRQGLWLRQ�� WKH� VLPXODWLRQ�
UHVXOW� LV� QRW� FDSDEOH� RI� UHSURGXFLQJ� WKH� RYHUDOO�
WKHUPDO�FRQGLWLRQ�RI�D�VHDVRQ��7KHUHIRUH��WKH�FRQFHSW�
RI� DQQXDO� SUHGLFWLRQ� LV� SURSRVHG�� +RZHYHU�� WKH�
FDOFXODWLRQ� DPRXQW� LV� KXJH� VR� WKDW� VRPH�
VLPSOLILFDWLRQ�LV�QHFHVVDU\��$�VLPSOLILFDWLRQ�IRU�ZLQG�
HQYLURQPHQW�VLPXODWLRQ�LV�SURSRVHG�DQG�D�KRPHPDGH�
&)'�FRGH�LV�GHYHORSHG�WR�IXOILO�WKH�DQQXDO�SUHGLFWLRQ�
RI� ZLQG� HQYLURQPHQW�� )XUWKHUPRUH�� WKH� PRVW� WLPH�
FRQVXPLQJ� UDGLDWLRQ� VLPXODWLRQ� LV� VLPSOLILHG� EDVHG�
RQ� WKH� VLPXODWLRQ� V\VWHP� 6327(� VR� WKDW� WKH�
FDOFXODWLRQ�WLPH�LV�VKRUWHQHG�JUHDWO\�VR�WKDW�WKH�DQQXO�
SUHGLFWLRQ�LV�SRVVLEOH��7R�HYDOXDWH�WKH�DQQXDO�RXWGRRU�
WKHUPDO� FRPIRUW�� WKH� FRQFHSW� RI� ÄEHVW� FORWKHV�
LQVXODWLRQ’� LV� SURSRVHG�� $� FRPIRUWDEOH� RXWGRRU�
HQYLURQPHQW� LV� GHILQHG� DV� DQ� HQYLURQPHQW� LQ� ZKLFK�
SHGHVWULDQV�FDQ� UHDFK�FRPIRUWDEOH� VWDWH�E\�DGMXVWLQJ�
WKH�FORWKHV�LQVXODWLRQ�LQ�D�UHDVRQDEOH�UHJLRQ��7KH�EHVW�
FORWKHV�LQVXODWLRQ�LV�GHILQHG�DV�WKDW�FDQ�PDNH�SHRSOH�
IHHO� PRVW� FRPIRUWDEOH� LQ� WKH� VSHFLILF� HQYLURQPHQW��
%DVHG� RQ� WKLV� GHILQLWLRQ�� VRPH� DQQXDO� WKHUPDO�
FRPIRUW� LQGLFHV� DUH� SURSRVHG�� $� GHVLJQ� SODQ� RI� D�
OLYLQJ� GLVWULFW� LV� VLPXODWHG� DQG� HYDOXDWHG�� DQG� WKH�
UHVXOWV�RI�VRPH�W\SLFDO�KRXUV�DQG� WKH�HQWLUH�\HDU�DUH�
VWXGLHG�� 7KH� FRPSDULVRQ� VKRZV� WKDW� WKH� UHVXOWV� RI�
DQQXDO�SUHGLFWLRQ�DUH�PRUH�KHOSIXO�IRU�LPSURYLQJ�WKH�
GHVLJQ�SODQ��

,1752'8&7,21�
,Q� UHFHQW� \HDUV�� LQGXVWULDOL]DWLRQ� DQG� XUEDQL]DWLRQ�
KDYH�DIIHFWHG�ZHDWKHU�FRQGLWLRQ� VLJQLILFDQWO\��ZKLFK�
LV�ZHOO� NQRZQ�DV�JOREDO�ZDUPLQJ� HIIHFW��7KH�JOREDO�
ZDUPLQJ� WHQGV� WR� FDXVH� PRUH� VHYHUH� ZHDWKHU�
FRQGLWLRQV�� ZKLFK� HQGDQJHU� SHGHVWULDQV’� KHDOWK� DQG�
FRPIRUW�� 7KH� XUEDQ� SODQQLQJ� GHVLJQHUV� DQG�
UHVHDUFKHUV� KDYH� EHHQ� ZRUNLQJ� RQ� GHYHORSLQJ�
GLIIHUHQW� PHDVXUHV� LQ� RUGHU� WR� LPSURYH� WKH� RXWGRRU�
WKHUPDO� HQYLURQPHQW�� 2QH� RI� WKH� EHVW� DQG� TXLFNHVW�
PHWKRGV� LV� XVLQJ� QXPHULFDO� VLPXODWLRQ� WR� DVVLVW�
GHVLJQLQJ�DQG�SODQQLQJ��

'XH� WR� SUHYLRXV� VWXGLHV�� D� FDUHIXOO\� PRGHOOHG�
VLPXODWLRQ� FDQ� JLYH� D� VDWLVIDFWRU\� SUHGLFWLRQ� RI� WKH�
RXWGRRU� WKHUPDO� HQYLURQPHQW� DW� D� VSHFLILF� KRXU��
+RZHYHU�� WKHUH� DUH� PDQ\� IDFWRUV� DIIHFWLQJ� WKH�
RXWGRRU� WKHUPDO� HQYLURQPHQW� DUH� WLPH� GHSHQGHQW��
ZKLFK� PDNHV� WKH� RXWGRRU� HQYLURQPHQW� PXFK� PRUH�
FRPSOLFDWHG��7KHUHIRUH�� LW� LV�GLIILFXOW� WR�HYDOXDWH� WKH�
RXWGRRU� WKHUPDO� HQYLURQPHQW� E\� D� VLQJOH� KRXU�
VLPXODWLRQ� EHFDXVH� RI� WKH� FRPSOH[LW\� RI� RXWGRRU�
FOLPDWH��
:LWK� WKH� GHYHORSPHQW� RI� FRPSXWHU� VFLHQFH�� LW� LV�
SRVVLEOH� WR� H[HFXWH� YHU\� FRPSOLFDWHG� DQG� WLPH�
FRQVXPLQJ� VLPXODWLRQV�� ,Q� WKLV� SDSHU�� ZH� DLP� WR�
GHYHORS� D� VLPXODWLRQ� V\VWHP� ZKLFK� FDQ� SUHGLFW� WKH�
RXWGRRU�WKHUPDO�HQYLURQPHQW�DQG�WKHUPDO�FRPIRUW�LQ�
DQQXDO�WLPH�VFDOH�DQG�DOVR�VRPH�HYDOXDWLRQ�LQGLFHV�VR�
WKDW� WKH� LQIOXHQFH� RI� WLPH� GHSHQGHQW� YDULDEOHV� FDQ�
DOVR�EH�FRQVLGHUHG��

0(7+2'2/2*<�
,Q� RXU� VWXG\�� 6327(� �6LPXODWLRQ� 3ODWIRUP� IRU�
2XWGRRU�7KHUPDO�(QYLURQPHQW�� YDOLGDWHG� E\� D� ILOHG�
PHDVXUHPHQW�LQ�WKH�VXPPHU�RI������0D�HW�DO���������
/LQ� HW� DO��� ������ LV� XVHG� WR� SUHGLFW� WKH� RXWGRRU�
WKHUPDO� HQYLURQPHQW�� 6327(� FRQVLVWV� RI� DQ� DLU�
PRGHO�� D� YHJHWDWLRQ� PRGHO�� DQ� XQGHUO\LQJ� VXUIDFH�
PRGHO�DQG�D�JHQHUDO�UDGLDWLRQ�FDOFXODWLRQ�PRGHO��DQG�
FRXOG�GHDO�ZLWK� WKH�FRXSOHG�FDOFXODWLRQ�RI� UDGLDWLRQ��
FRQYHFWLRQ��FRQGXFWLRQ�DQG�DLU�IORZ�ZKHQ�WKH�SODQWV�
H[LVW��
6RPH�DGMXVWPHQWV�WR�WKH�SURJUDP�VWUXFWXUH�DQG�VRPH�
VLPSOLILFDWLRQV�DUH�PDGH�WR�PDNH�6327(�FDSDEOH�RI�
DQQXDO�SUHGLFWLRQ��GHWDLOV�DUH�GHVFULEHG�DV�IROORZV��

6LPSOLILFDWLRQ�RI�ZLQG�PRGHO�
&RQVLGHULQJ�ERWK�WKH�DFFXUDF\�DQG�WKH�HIILFLHQF\����
HTXDWLRQ�5$16�PRGHO�LV�WKH�EHVW�FKRLFH�LQ�UHDO�FDVH�
DSSOLFDWLRQ�� 7KH�'XUELQ� WXUEXOHQFH�PRGHO� LV� RQH� RI�
WKH� EHVW� ��HTXDWLRQ� PRGHOV� �0RFKLGD� HW� DO��� ������
'XUELQ� ������� WKHUHIRUH�� LQ� SUHVHQW� SDSHU� 'XUELQ�
WXUEXOHQFH� PRGHO� LV� DGRSWHG� WR� SUHGLFW� WKH� RXWGRRU�
ZLQG�HQYLURQPHQW��+RZHYHU�� WKH�FDOFXODWLRQ�DPRXQW�
LV�VWLOO�XQDFFHSWDEOH�IRU�SUHGLFWLRQ�RI�HYHU\�KRXU�LQ�D�
\HDU��
7ZR� DVVXPSWLRQV� DUH� PDGH� WR� PDNH� WKH� VLPXODWLRQ�
H[HFXWDEOH�� ���� 7KH� ZLQG� DPSOLILFDWLRQ� IDFWRU�
�%ORFNHQ�HW�DO����������ZKLFK�LV�GHILQHG�DV�WKH�UDWLR�RI�
ORFDO�ZLQG�YHORFLW\�DW� WKH�EXLOGLQJ�VLWH� WR� WKDW�DW� WKH�
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PHWHRURORJLFDO�VLWH��LV�DVVXPHG�WR�EH�FRQVWDQW�XQGHU�D�
FHUWDLQ� ZLQG� GLUHFWLRQ�� ���� 7KH� EXR\DQF\� HIIHFW� LV�
QHJOHFWHG�VR�WKDW�WKH�VLPXODWLRQ�RI�ZLQG�HQYLURQPHQW�
DQG� KHDW� WUDQVIHU� FDQ� EH� GHFRXSOHG�� ,W� VKRXOG� EH�
PHQWLRQHG� WKDW� WKHVH� WZR� DVVXPSWLRQV� GR� OHDG� WR�
VRPH� VLPXODWLRQ� HUURUV� XQGHU� WKH� FLUFXPVWDQFH� RI�
ERWK� LQWHQVLYH� UDGLDWLRQ� DQG� ZHDN� YHQWLODWLRQ�� EXW�
ZLOO� PDNH� WKH� VLPXODWLRQ� H[HFXWDEOH� DQG� KHOS�
FRQWLQXLQJ�WKH�UHVHDUFK��,Q�DQRWKHU�ZD\��WKH�H[WUHPH�
ZHDWKHU� FRQGLWLRQ� RI� ERWK� LQWHQVLYH� UDGLDWLRQ� DQG�
ZHDN�YHQWLODWLRQ�LV�DFWXDOO\�QRW�YHU\�IUHTXHQW��H�J��LQ�
70<� GDWD� RI� %HLMLQJ� WKHUH� DUH� RQO\� ���� H[WUHPH�
KRXUV� �ZLWK� D� UDGLDWLRQ� LQWHQVLW\� KLJKHU� WKDQ�
���:�P��DQG�ZLQG� YHORFLW\� ORZHU� WKDQ��P�V� �� LQ� D�
\HDU�� WKXV� WKH� IUHTXHQF\� RI� ELJ� HUURUV� LV� ORZ� LQ�
SUDFWLFH��
8QGHU� WKHVH� DVVXPSWLRQV�� WKH� LQFRPLQJ� ZLQG� LV�
GLYLGHG�LQWR����GLUHFWLRQV�ZKLFK�DUH�UHVWULFWHG�WR�WKH�
70<� GDWD� ZH� XVH�� DQG� WKHQ� WKH� ZLQG� DPSOLILFDWLRQ�
IDFWRU� RI� HDFK� GLUHFWLRQ� LV� FDOFXODWHG� E\� &)'�� 7KH�
KRXUO\�ZLQG�HQYLURQPHQW�FDQ�EH�VLPSO\�FDOFXODWHG�E\�
PXOWLSO\LQJ�WKH�DPSOLILFDWLRQ�IDFWRU�DQG�WKH�LQFRPLQJ�
ZLQG� YHORFLW\� WRJHWKHU� VR� WKDW� WKH� SUHGLFWLRQ� FDQ� EH�
ILQLVKHG�LQ�DQ�DFFHSWDEOH�WLPH���
:LWK� WKH� GLVWULEXWLRQ� RI� ZLQG� HQYLURQPHQW�� WKH� DLU�
WHPSHUDWXUH� FDQ� EH� FDOFXODWHG� E\� VROYLQJ� RQO\� WKH�
HQHUJ\�WUDQVSRUWDWLRQ�HTXDWLRQ�ZLWK�PXFK�OHVV�WLPH��

7KHUPDO�PRGHO�
7KH�WKHUPDO�PRGHO�RI�6327(�LV�EDVHG�RQ�WKH�HQHUJ\�
FRQVHUYDWLRQ� HTXDWLRQ� RI� HDFK� VXUIDFH� FHOO�� 7KH�
LPSDFW� RI� WKH� ZHDWKHU� FRQGLWLRQV� WR� WKH� RXWGRRU�
WKHUPDO� HQYLURQPHQW� FDQ� EH� GHWHUPLQHG� E\� WKH� KHDW�
EDODQFH�RI�WKH�VROLG�ZDOO��)RU�DQ\�VROLG�VXUIDFH�FHOO�L�
H[LVWV�WKH�IROORZLQJ�KHDW�EDODQFH�HTXDWLRQ��

6L�5L�+L�&L�/(L �� ����

:KHUH� L� LQGLFDWHV�HOHPHQW� L��6L� LV� WKH�DEVRUEHG�VRODU�
UDGLDWLRQ��5L�LV�WKH�DEVRUEHG�ORQJ�ZDYH�UDGLDQFH�IURP�
WKH� VN\� DQG� RWKHU� VXUIDFHV�� +L� LV� WKH� VHQVLEOH� KHDW�
H[FKDQJH�EHWZHHQ�WKH�VXUIDFH�DQG�WKH�VXUURXQGLQJ�DLU���
&L� LV� WKH� FRQGXFWLYH� KHDW� H[FKDQJH� EHWZHHQ� WKH�
VXUIDFH�DQG�WKH�LQWHULRU�ZDOOV�RU�GHHS�VRLO�EHQHDWK�WKH�
JURXQG��/(L� LV� WKH� ODWHQW� KHDW� H[FKDQJH�EHWZHHQ� WKH�
YHJHWDWLRQ� DQG� WKH� VXUURXQGLQJ� DLU� ZKLFK� LV� QRW�
FRQVLGHUHG�LQ�SUHVHQW�VWXG\���
7KH� YLHZ� IDFWRUV� EHWZHHQ� HDFK� WZR� VXUIDFHV� DUH��
FRPSXWHG� E\� WKH� UD\�WUDFLQJ�0RQWH� &DUOR� PHWKRG��
7KH�GLUHFW� DQG�GLIIXVH� VRODU� KHDW� JDLQ� DIWHU�PXOWLSOH�
UHIOHFWLRQ� LV� FDOFXODWHG� XVLQJ� WKH� *HEKDUt’V�
DEVRUSWLRQ� IDFWRU� �*HEKDUW� ������ DV� HTXDWLRQ� ����
VKRZV��7KH�KHDW�H[FKDQJH�RI� ORQJ�ZDYH� UDGLDWLRQ� LV�
DOVR� FDOFXODWHG� E\� 0RQWH� &DUOR� PHWKRG� DQG�
*HEKDUt’V�PHWKRG�DV�HTXDWLRQ�����VKRZV��
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:KHUH� L �LV�WKH�DEVRUEDQFH�RI�VRODU�UDGLDWLRQ�DW�JULG�

L�� 'L( LV� WKH� GLUHFW� VRODU� UDGLDWLRQ� JDLQ� DW� JULG� L��

VL( LV�WKH�VN\�VRODU�UDGLDWLRQ�JDLQ�DW�JULG� L�� LM% LV�WKH�

*HEKDUW’V� DEVRSWLRQ� IDFWRU�� L LV� WKH� DEVRUEDQFH� RI�
ORQJ�ZDYH�UDGLDWLRQ�DW�JULG�L��
,Q� WKH� SUHVHQW� SDSHU�� WKH� UHVSRQVH� IDFWRU� PHWKRG�
�6WHSKHQVRQ�HW�DO��������.XVXGD�������LV�DGRSWHG�WR�
VROYH� WKH� EXLOGLQJ� DQG� JURXQG� XQVWHDG\� VWDWH� KHDW�
FRQGXFWLRQ��:KHQ�WKH�UHVSRQVH�IDFWRUV�DUH�DFKLHYHG��
WKH� KHDW� FRQGXFWLRQ� IOX[� FDQ� EH� UHSUHVHQWHG� DV�
IROORZV��
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:KHUH� Q
&L4 LV� WKH� KHDW� FRQGXFWLRQ� IOX[� RI� VXUIDFH� DW�

WLPH�Q�� Q M
EL7
 LV�WKH�LQVLGH�WHPSHUDWXUH�RI�EXLOGLQJV�RU�

WKH� XQGHUJURXQG� WHPSHUDWXUH� DW� WLPH� Q�M�� Q M
L7
 LV� WKH�

RXWVLGH�VXUIDFH�WHPSHUDWXUH�DW�WLPH�Q�M�� M
L< LV�WKH�KHDW�

FRQGXFWLRQ� UHVSRQVH� IDFWRU� RI� ZDOO� RU� JURXQG� OD\HU��
M
L; LV�WKH�RXWVLGH�KHDW�LQWDNH�UHVSRQVH�IDFWRU�RI�ZDOO�

RU�JURXQG�OD\HU��
0RUH�GHWDLOV�RI�WKH�PRGHO�GHVFULSWLRQV�LQ�6327(�DQG�
WKH�YDOLGDWLRQ�E\�D�ILOHG�PHDVXUHPHQW�FDQ�EH�IRXQG�LQ�
SUHYLRXV�VWXGLHV��0D�HW�DO���������/LQ�HW�DO����������

&RXSOLQJ�RI�WKH�VLPXODWLRQ�
)LJXUH� �� VKRZV� D� GHPRQVWUDWLRQ� RI� WKH� FRXSOLQJ�
SURFHVV�� $IWHU� LQSXWWLQJ� VRPH� QHFHVVDU\� GDWD�� WKH�
KRXUO\�ZLQG�HQYLURQPHQW�KDV�DOUHDG\�EHHQ�FDOFXODWHG�
LQ�ZLQG�PRGHO��:LWK� WKH�DLU� WHPSHUDWXUH� LQLWLDOO\� VHW�
DV� LQFRPLQJ� ZHDWKHU� GDWD�� WKH� VXUIDFH� WHPSHUDWXUH�
FDQ� EH� FDOFXODWHG� WKHQ� XVHG� DV� WKH� ERXQGDU\�
FRQGLWLRQ�IRU�FDOFXODWLQJ�DLU�WHPSHUDWXUH��WKH�LWHUDWLRQ�
FDQ�UHDFK�FRQYHUJHQFH�LQ�YHU\�IHZ�VWHSV��)LQDOO\��WKH�
IRXU�PDLQ�SDUDPHWHUV�FDQ�EH�FDOFXODWHG��

�
)LJXUH���)ORZFKDUW�RI�WKH�FRXSOLQJ�SURFHVV�

7+(50$/�&20)257�(9$/8$7,21�
“&RPIRUWDEOH´� LV� D� VXEMHFWLYH� IHHOLQJ�� +RZHYHU��
ZKHQ� GHDOLQJ� ZLWK� WKH� 27(� DVVHVVPHQW� LVVXH�� DQ�
REMHFWLYH�HYDOXDWLRQ� LV�HVVHQWLDO�� ,Q�SUHYLRXV�VWXGLHV��
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VHYHUDO� NLQGV� RI� WKHUPDO� FRPIRUW� LQGH[HV� DUH�
SURSRVHG�DQG�VWXGLHG��WKHRUHWLFDOO\�RU�H[SHULPHQWDOO\��
$PRQJ� ZKLFK� WKH� SK\VLRORJLFDO� HTXLYDOHQW�
WHPSHUDWXUH� �3(7�� DQG� WKH� 6WDQGDUG� (IIHFWLYH�
7HPSHUDWXUH� �6(7�� KDYH� DEXQGDQW� UHVHDUFK� DQG�
YDOLGDWLRQV�DQG�DUH�PRVW�ZLGHO\�XVHG���
+RZHYHU��WKH�UHODWLRQVKLS�EHWZHHQ�WKHUPDO�VHQVDWLRQ�
DQG�3(7�6(7�LV�QRW�GHILQLWH�GXH�WR�SUHYLRXV�VWXGLHV��
7KHUPDO� DGDSWLRQ� LV� RQH� SRVVLEOH� H[SODQDWLRQ� WKDW�
SHGHVWULDQ’V� WKHUPDO� VHQVDWLRQ� LV� DIIHFWHG� E\� WKH�
VXUURXQGLQJV� DQG� SHUVRQDO� SK\VLRORJLFDO� RU�
SV\FKRORJLFDO� VWDWXV�� 6LQFH� QR� FRUUHVSRQGLQJ�
FRQFOXVLRQ� KDV� EHHQ� UHDFKHG�� LQ� WKLV� SDSHU� ZH� ZLOO�
PDNH� DQ� DSSUR[LPDWLRQ� LQ� WKHUPDO� FRPIRUW� LQGH[�
LVVXH�DQG�IRFXV�RQ�WKH�27(�HYDOXDWLRQ���
,Q�SUHYLRXV�VWXGLHV��WKH�QHXWUDO�WHPSHUDWXUH�RI�6(7�LV�
REVHUYHG� DV� DURXQG� ��℃ � �6SDJQROR� HW� DO��� ������
6KLPD]DNL� HW� DO��� ������ =KDL� HW� DO��� ������� DQG� WKH�
DFFHSWDEOH� UDQJH� LV� DSSUR[LPDWHO\� IURP� ��℃ � WR�
��℃� ��&RUUHVSRQGLQJO\�� LQ�RXU� VWXG\� WKH� DFFHSWDEOH�
UDQJH� RI� 6(7� LV� DOVR� DSSUR[LPDWHO\� WDNHQ� DV� ��℃�
��℃��
%HVLGHV�� WKHUH� H[LVWV� DQRWKHU� LVVXH� WKDW� WKH�
SHGHVWULDQV� ZLOO� FKDQJH� WKHLU� FORWKHV� WR� ILW� WKH�
HQYLURQPHQW�DQG�JHW�D�PRVW�FRPIRUWDEOH�IHHOLQJ��)RU�
D� FHUWDLQ� HQYLURQPHQW�� LW� LV� QRW� REMHFWLYH� LI� DQ�
XQVXLWDEOH� &/2� YDOXH� LV� XVHG� LQ� 6(7� FDOFXODWLRQ��
7KHUHIRUH��DQ�RSWLPL]DWLRQ�RI�&/2�LV�QHFHVVDU\�ZKHQ�
FDOFXODWLQJ� 6(7�� ,Q� RXU� UHVHDUFK�� ��� GHIDXOW� &/2�
VHWWLQJV��&/2�YDOXH�IURP�����WR������FORWKHV�FRORU�RI�
EODFN�� ZKLWH� DQG� JUD\�� DUH� LQSXWWHG�� )RU� HDFK�
SDUDPHWHU� FRPELQDWLRQ� �7D��057��9��5+��� ��� 6(7�
YDOXHV� DUH� FDOFXODWHG� UHVSHFWLYHO\� DQG� WKH� PRVW�
FRPIRUWDEOH� RQH� LV� FKRVHQ� DV� WKH� HYDOXDWLRQ� RI� WKH�
HQYLURQPHQW��
%\� FDOFXODWLQJ� WKH� 6(7� YDOXH� RI� HDFK� KRXU�� LW� LV�
SRVVLEOH�WR�HYDOXDWH�WKH�RYHUDOO�WKHUPDO�FRPIRUW�OHYHO�
RI� RQH� ODVWLQJ� SHULRG�� $FFRUGLQJ� WR� WKH� DFFHSWDEOH�
UDQJH�RI�6(7�� WKH�SHUFHQWDJH�RI�FRPIRUWDEOH�KRXUV� ��
KRW� KRXUV� �� FROG� KRXUV� GXULQJ� D� SHULRG� FDQ� EH�
FDOFXODWHG��)RU�H[DPSOH�� WKH�SHUFHQWDJH�RI�KRW�KRXUV�
LV�GHILQHG�DV�IROORZV��

QXPEHU�RI�KRW�KRXUV�
QXPEHU�RI�WRWDO�KRXUV

+27  � ����

&$6(�678'<�
$� ���Pî���P� SODQH� ZLWK� VL[� ���IORRU� EXLOGLQJV� LV�
VWXGLHG�� 7KH� VLPXODWLRQ� GRPDLQ� DQG� WKH� EXLOGLQJ�
PRGHO� FRQILJXUDWLRQ� DUH� VKRZQ� LQ� )LJXUH� ��� 7KH�
VLPXODWLRQ� ZDV� SHUIRUPHG� LQ� �'�� 7KH� WKHUPDO�
HQYLURQPHQW� DQG� WKH� WKHUPDO� FRPIRUW� DW� SHGHVWULDQ�
OHYHO�DUH�FRPSDUHG�EHWZHHQ�HDFK�FDVH�DQG�WKH�DQQXDO�
SUHGLFWLRQ��

�

�
)LJXUH���%XLOGLQJ�PRGHO�FRQILJXUDWLRQ�

5HVXOWV�RI�D�W\SLFDO�KRXU�
,Q� WKLV� VHFWLRQ�� WKH� GD\� RI� -XO\� ��WK� LV� FKRVHQ� DW�
ZKLFK� WKH�KLJKHVW� WHPSHUDWXUH� LV�FORVH� WR� WKDW�RI� WKH�
ZKROH� VXPPHU�� DQG� WKH� VRODU� UDGLDWLRQ� LV� LQWHQVLYH��
7KH�SUHGRPLQDQW�ZLQG�GLUHFWLRQ�RI� WKH�GD\� LV�(�DQG�
6(�ZKLFK�LV�VLPLODU�WR�WKDW�RI�WKH�VXPPHU��

7DEOH���
:HDWKHU�GDWD�RI�W\SLFDO�KRXUV�
7,0(� ������ ������

'U\�EXOE�WHPSHUDWXUH� ℃ ����� �����
+XPLGLW\� J�NJ� ������ ������

+RUL]RQWDO�GLIIXVH�
UDGLDWLRQ�LQWHQVLW\� :�P�� ��� ���

1RUPDO�GLUHFW�
UDGLDWLRQ�LQWHQVLW\� :�P�� ���� ����

,QIORZ�ZLQG�YHORFLW\� P�V� �� ��
,QIORZ�ZLQG�GLUHFWLRQ� (� 6(�

�

�
�D��9HORFLW\�DW�������
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�
�E��7HPSHUDWXUH�LQFUHDVH�DW�������

�
�F��057�DW�������

�
�G��9HORFLW\�DW�������

�
�H��7HPSHUDWXUH�LQFUHDVH�DW�������

�
�I��057�DW�������

)LJXUH���6LPXODWLRQ�UHVXOWV�DW��������D��E��F��DQG�
�������G��H��I��

)LJXUH���DQG�)LJXUH���VKRZ�WKH�VLPXODWLRQ�UHVXOWV�RI�
ZLQG�HQYLURQPHQW��DLU�WHPSHUDWXUH��057�DQG�6(7�DW�
������DQG��������7KH�057�LV�JUHDWO\�DIIHFWHG�E\�WKH�
GLUHFW� VRODU� UDGLDWLRQ�� ,Q� VKDGHG� DUHDV� WKH� DYHUDJH�
057�YDOXH�LV�QHDU�WKH�LQIORZ�DLU�WHPSHUDWXUH��ZKLOH�
LQ� DUHDV� H[SRVHG� GLUHFWO\� WR� VXQ� WKH� 057� YDOXH� LV�
DERXW���℃� LQ�DYHUDJH��7KLV� LQGLFDWHV� WKDW� WKH�GLUHFW�
VRODU�UDGLDWLRQ�LV�DEVROXWHO\�GRPLQDQW�LQ�SHGHVWULDQ’
V�UDGLDWLRQ�KHDW�JDLQ��
$W� ������� WKH� LQFRPLQJ� ZLQG� GLUHFWLRQ� DQG�
WHPSHUDWXUH� LV�(�DQG�����℃��7KH� VXUURXQGLQJ�ZDOOV�
DQG� WKH�JURXQG�DUH�KHDWHG�E\� WKH�VXQ��HVSHFLDOO\� WKH�
HDVW�DQG�VRXWK�ZDOOV�DQG�WKH�QRQ�VKDGHG�JURXQG�DUHDV��
7KH� KLJKHU� WHPSHUDWXUH� DSSHDUV� DW� ORFDWLRQV� ZKHUH�
ODFN�YHQWLODWLRQ�DQG�DUH�H[SRVHG�WR�WKH�VXQ��$W��������
WKH� LQFRPLQJ� ZLQG� GLUHFWLRQ� FKDQJHV� WR� 6(� DQG� WKH�
DLU� WHPSHUDWXUH� ULVHV� WR� ����℃�� 7KH� DLU� WHPSHUDWXUH�
RI� WKH� QRQ�VKDGHG� DUHD� LV� DOVR� KLJKHU� WKDQ� WKDW� LQ�
VKDGH�� +LJKHVW� WHPSHUDWXUH� UHJLRQV� DUH� WR� WKH�
QRUWKZHVW�RI�WKH�WZR�EXLOGLQJ�LQ�WKH�OHIW�ZKHUH�DUH�LQ�
WKH�OHHZDUG�DUHDV�DQG�H[SRVHG�WR�WKH�VXQ��

�
�D� 6(7�GLVWULEXWLRQ�DW�������
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�
�E� 6(7�GLVWULEXWLRQ�DW�������

)LJXUH���7KHUPDO�FRPIRUW�HYDOXDWLRQ�FRPSDULVRQ�
$W�ERWK�KRXUV�� WKH�6(7�GLVWULEXWLRQ�LV�VLPLODU�WR�WKDW�
RI�057�LQGLFDWLQJ�WKDW�VKDGLQJ�LV�WKH�ILUVW�SULRULW\�LQ�
VXPPHU�� +RZHYHU�� DOWKRXJK� VRODU� UDGLDWLRQ� SOD\V� D�
PRVW� LPSRUWDQW� UROH� LQ�SHGHVWULDQ’V� WKHUPDO�FRPIRUW��
LW� LV� QRW� DGHTXDWH� WR� SUHGLFW� WKH� FRPIRUW� OHYHO� ZLWK�
MXVW� RQH� SDUDPHWHU�� $V� )LJXUH� �� DQG� )LJXUH� �� VKRZ�
WKDW� LQ� ORZ� YHORFLW\� UHJLRQV� WKH� YDOXH� RI� 6(7� LV�
KLJKHU� WKDQ� RWKHU� UHJLRQV�� ZKLFK� PHDQV� WKDW�
FRQYHFWLRQ� EHWZHHQ� KXPDQ� DQG� HQYLURQPHQW� LV� DOVR�
LPSRUWDQW��
7KH� VLPXODWLRQ� UHVXOWV� RI� WKH� WZR� KRXUV� VKRZ� WKDW�
RXWGRRU�WKHUPDO�FRPIRUW�FRQGLWLRQ�LV�JUHDWO\�DIIHFWHG�
E\� WKH� ZHDWKHU� ZKLFK� FKDQJHV� HYHU\� KRXU��PHDQLQJ�
WKDW� HYHU\� RQH� VSHFLILF� KRXU� LV� XQLTXH�� :H� FDQ�
FRQFOXGH�WKDW�WKH�VLPXODWLRQ�ZLWKLQ�RQH�VSHFLILF�KRXU�
FDQQRW�EH�DQ�RYHUDOO�HYDOXDWLRQ�RI�RQH�ODVWLQJ�SHULRG��

5HVXOWV�RI�D�W\SLFDO�GD\��WKH�³W\SLFDO�KRWWHVW�GD\´�
,Q� DLU� FRQGLWLRQLQJ� GHVLJQ� DQG� FRROLQJ� ORDG�
HVWLPDWLRQ�� WKHUH� LV� RQH� NLQG� RI� GHILQLWLRQ� FDOOHG�
³RXWGRRU�GHVLJQ�GU\�EXOE�WHPSHUDWXUH�IRU�VXPPHU�DLU�
FRQGLWLRQLQJ´� �1DWLRQDO� VWDQGDUG� RI� WKH� SHRSle’V�
UHSXEOLF� RI� &KLQD�� *%-������� ZKLFK� UHSUHVHQW� WKH�
W\SLFDO� KRWWHVW� GD\� RI� WKH� VXPPHU�� ,Q� WKLV� SDSHU� ZH�
PDGH�XS�RQH�³W\SLFDO�KRWWHVW�GD\´�E\�FRPSDULQJ�WKH�
RXWGRRU�WHPSHUDWXUH��

�
�D� 3HUFHQWDJH�RI�KRW�KRXUV�RI�WKH�HQWLUH�VXPPHU�

�

�
�E� 3HUFHQWDJH�RI�KRW�KRXUV�RI�WKH�³W\SLFDO�KRWWHVW�

GD\´�
)LJXUH���3HUFHQWDJH�RI�KRW�KRXUV��D��WKH�HQWLUH�

VXPPHU��E��WKH�³W\SLFDO�KRWWHVW�GD\´�
)LJXUH���VKRZV�WKH�SHUFHQWDJH�RI�KRW�KRXUV�HDFK�IRU�
WKH�HQWLUH�VXPPHU�DQG�WKH�³W\SLFDO�KRWWHVW�GD\´��7KH�
KLJKHVW� SHUFHQWDJH� RI� WKH� ³W\SLFDO� KRWWHVW� GD\´�
UHDFKHV�DERXW�����DQG�LW�LV�DSSDUHQWO\�ORFDWHG�LQ�WKH�
OHHZDUG� DUHD� RI� WKH� EXLOGLQJV��+RZHYHU�� WKH� KLJKHVW�
SHUFHQWDJH� RI� KRW� KRXUV� LV� RQO\� DERXW� ���� LQ� WKH�
SODQH�DQG�WKH�KRWWHVW�DUHDV�DUH�DOO�ORFDWHG�WR�WKH�VRXWK�
RI�WKH�EXLOGLQJV�ZKHUH�DUH�DOZD\V�GLUHFWO\�H[SRVHG�WR�
VXQ��%HVLGHV��WKH�UHIOHFWLRQ�IURP�ERWK�WKH�VRXWK�ZDOOV�
DQG� WKH� JURXQG� DOVR� GHWHULRUDWHV� WKH� WKHUPDO�
FRQGLWLRQ� LQ� WKHVH� UHJLRQV�� )XUWKHUPRUH�� WKHVH�
UHJLRQV� DUH� FORVH� WR� WKH� EXLOGLQJV� ZKHUH� DUH�
IUHTXHQWO\� EORFNHG� E\� WKH� EXLOGLQJV� DQG� SRRUO\�
YHQWLODWHG���
7KH� VLPXODWLRQ� UHVXOW� RI� WKH� FKRVHQ� ³W\SLFDO� KRWWHVW�
GD\´� LV� QRW� FRUUHVSRQGLQJ� ZLWK� WKDW� RI� WKH� HQWLUH�
VXPPHU�� HLWKHU� LQ�PDJQLWXGH� RU� LQ� GLVWULEXWLRQ�� 7KH�
PDLQ� UHDVRQ� LV� WKDW� WKH� ³W\SLFDO� KRWWHVW� GD\´�
VXEVWDQWLDOO\� UHSUHVHQWV� RQO\� WKH� KRWWHVW� FRQGLWLRQV�
ZKLOH� WKH� FRRO� RU� PLOG� FRQGLWLRQV� DOVR� RFFXU� LQ� WKH�
ODVWLQJ�VXPPHU�GD\V��

5HVXOWV�RI�D�W\SLFDO�GD\��WKH�³PRQWKO\�DYHUDJH�
GD\´�
,Q� PHWHRURORJLFDO� VHQVH�� WKH� PRQWKO\� DYHUDJH�
WHPSHUDWXUH� LV� DOZD\V� XVHG� DV� DQ� LQGH[� WR�
GHPRQVWUDWH�WKH�DYHUDJH�RXWGRRU�WKHUPDO�FRQGLWLRQ�RI�
WKH�PRQWK��DQG�LW�LV�DOVR�RQH�SRVVLEOH�RSWLRQ�WR�GHILQH�
WKH�PRQWKO\�DYHUDJH�WKHUPDO�FRPIRUW�FRQGLWLRQ���
,Q�%HLMLQJ�� WKH�PRQWKO\� DYHUDJH� WHPSHUDWXUH�RI� -XO\�
LV�����℃�DQG�WKH�DYHUDJH�KLJKHVW�ORZHVW�WHPSHUDWXUH�
LV� ����℃�����℃�� -XO\� ��WK� ZKLFK� LV� FORVHVW� WR� WKH�
PRQWKO\� DYHUDJH� WHPSHUDWXUH� LV� FKRVHQ� DV� WKH�
UHSUHVHQWDWLYH�GD\�RQ�ZKLFK�WKH�DYHUDJH�WHPSHUDWXUH�
LV� ����℃ � DQG� WKH� KLJKHVW�ORZHVW� WHPSHUDWXUH� LV�
����℃�����℃���
+RZHYHU�� DV� )LJXUH� �� VKRZV� WKDW� DOWKRXJK� WKH�
WHPSHUDWXUH�RI�WKH�GD\�LV�VLPLODU�WR�WKH�DYHUDJH�OHYHO�
RI� WKH� PRQWK�� WKH� SHUFHQWDJH� RI� KRW� KRXUV� LV�
VLJQLILFDQWO\�KLJKHU�WKDQ�WKDW�RI�WKH�PRQWK��0RUHRYHU��
WKH� VLPXODWLRQ� UHVXOW� RI� -XO\� ��WK� LV� DSSDUHQWO\�
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DIIHFWHG�E\�WKH�GRPLQDQW�ZLQG�GLUHFWLRQ��66(��RI�WKH�
GD\�WKDW�UHJLRQV�LQ�WKH�OHHZDUG�DUHDV�DUH�PXFK�KRWWHU�
GXH�RI�WKH�ORZHU�ZLQG�YHORFLW\��

�
�D� 3HUFHQWDJH�RI�KRW�KRXUV�RI�WKH�HQWLUH�-XO\�

�
�E� 3HUFHQWDJH�RI�KRW�KRXUV�RI�-XO\���WK�

)LJXUH���3HUFHQWDJH�RI�KRW�KRXUV��D��WKH�HQWLUH�-XO\�
�E��-XO\���WK�

7KH� FRPSDULVRQ� LQGLFDWHV� WKDW� WKH� PRQWKO\� DYHUDJH�
WHPSHUDWXUH� LV� QRW� DQ� HIIHFWLYH� FULWHULRQ� WR� GHILQH� D�
W\SLFDO�GD\�LQ�VHQVH�RI�WKHUPDO�FRPIRUW��$OWKRXJK�WKH�
FKRVHQ� GD\� LV� UHSUHVHQWDWLYH� LQ� DLU� WHPSHUDWXUH�� WKH�
VRODU� UDGLDWLRQ� DQG� WKH� ZLQG� HQYLURQPHQW� LV� XQLTXH�
DQG�VR�LV�WKH�WKHUPDO�FRPIRUW�FRQGLWLRQ��

&21&/86,21�
,Q�WKLV�SDSHU��D�VLPXODWLRQ�V\VWHP�WKDW�FDQ�SUHGLFW�WKH�
RXWGRRU�WKHUPDO�HQYLURQPHQW�DQG�WKHUPDO�FRPIRUW�LQ�
DQQXDO� WLPH� VFDOH� LV� GHYHORSHG�� ZKLFK� FDQ� WDNH�
FRQVLGHUDWLRQ� RI� WKH� LQIOXHQFH� RI� WLPH� GHSHQGHQW�
YDULDEOHV�DQG�JLYH�PRUH�GHWDLOHG�VLPXODWLRQ�UHVXOWV�LQ�
WLPH�VFDOH���
7KH� FRQFHSW� RI� ÄEHVW� FORWKHV� LQVXODWLRQ’� LV� SURSRVHG�
WR� HYDOXDWH� WKH� RXWGRRU� WKHUPDO� FRPIRUW�� $�
FRPIRUWDEOH� RXWGRRU� HQYLURQPHQW� LV� GHILQHG� DV� DQ�
HQYLURQPHQW� LQ� ZKLFK� SHGHVWULDQV� FDQ� UHDFK�
FRPIRUWDEOH� VWDWH� E\� DGMXVWLQJ� WKH� FORWKHV� LQVXODWLRQ�
LQ� D� UHDVRQDEOH� UHJLRQ�7KH�EHVW� FORWKHV� LQVXODWLRQ� LV�
GHILQHG� DV� WKDW� FDQ� PDNH� SHRSOH� IHHO� PRVW�
FRPIRUWDEOH� LQ� WKH� VSHFLILF� HQYLURQPHQW�� %DVHG� RQ�
WKLV�GHILQLWLRQ�� VRPH�DQQXDO� WKHUPDO�FRPIRUW� LQGLFHV�
DUH�SURSRVHG��

7R� HYDOXDWH� WKH� DQQXDO� RXWGRRU� WKHUPDO� FRPIRUW��
VHYHUDO� W\SLFDO�FDVHV�RI�W\SLFDO�KRXUV�RU�W\SLFDO�GD\V�
DUH� VWXGLHG� WKH�FRPSDULVRQ�VKRZV� WKDW� WKH� UHVXOWV�RI�
DQQXDO�SUHGLFWLRQ�DUH�PRUH�KHOSIXO�IRU�LPSURYLQJ�WKH�
GHVLJQ�SODQ��
)URP� WKH� UHVXOWV� RI� DQQXDO� VLPXODWLRQ�� LW� FDQ� EH�
FRQFOXGHG� WKDW� WKH� RXWGRRU� WKHUPDO� HQYLURQPHQW� LV�
JUHDWO\�DIIHFWHG�E\�WKH�ZHDWKHU�ZKLFK�FKDQJHV�HYHU\�
KRXU��VR�WKDW�WKH�VLPXODWLRQ�ZLWKLQ�RQH�VSHFLILF�KRXU�
FDQQRW�EH�DQ�RYHUDOO�HYDOXDWLRQ�RI�RQH�ODVWLQJ�SHULRG��
%\�FRPSDULQJ�ZLWK� WKH� UHVXOWV�RI�DQQXDO� VLPXODWLRQ��
LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�WZR�W\SLFDO�GD\V�VWXGLHG�
KHUH�DUH�QRW�UHSUHVHQWDWLYH�IRU�D�ODVWLQJ�SHULRG�QHLWKHU��
2QH� SULQFLSDO� UHDVRQ� LV� WKDW� WKH� VLPXODWLRQ� UHVXOW� RI�
RQH� ODVWLQJ� SHULRG� FRQWDLQV�PXFK�PRUH� LQIRUPDWLRQ��
ZKLOH� LQ�RQH�GD\�DOO� WKHVH�SRVVLELOLWLHV�FDQ�QHYHU�EH�
IXOO\� DFFRPSOLVKHG�� 7KHUHIRUH� WKHVH� ³W\SLFDO´� GD\V�
FDQ�KDUGO\�UHSUHVHQW�WKH�ZKROH�VHDVRQ�PRQWK��DQG�WKH�
DQQXDO�VLPXODWLRQ�LV�QHFHVVDU\��

5()(5(1&(6�
0D� -�� /L� ;�� =KX� <�� ������ $� VLPSOLILHG� PHWKRG� WR�

SUHGLFW� WKH� RXWGRRU� WKHUPDO� HQYLURQPHQW� LQ�
UHVLGHQWLDO� GLVWULFW�� %8,/',1*� 6,08/$7,21��
9ROXPH����1XPEHU�������������

/LQ� %�� /L� ;�� =KX� <�� 4LQ� <�� ������ 1XPHULFDO�
VLPXODWLRQ� VWXGLHV� RI� WKH� GLIIHUHQW� YHJHWDWLRQ�
SDWWHUQV’� HIIHFWV� RQ� RXWGRRU� SHGHVWULDQ� WKHUPDO�
FRPIRUW�� -RXUQDO� RI� :LQG� (QJLQHHULQJ� DQG�
,QGXVWULDO�$HURG\QDPLFV����������������

%ORFNHQ� �%�DQG�&DUPHOLHW� -��������3HGHVWULDQ�:LQG�
(QYLURQPHQW� DURXQG� %XLOGLQJV�� /LWHUDWXUH�
5HYLHZ� DQG� 3UDFWLFDO� ([DPSOHV�� -RXUQDO� RI�
7KHUPDO� (QYHORSH� DQG� %XLOGLQJ� 6FLHQFH� �����
��������

6SDJQROR�� -�� ������$� ILHOG� VWXG\�RI� WKHUPDO�FRPIRUW�
LQ� RXWGRRU� DQG� VHPL�RXWGRRU� HQYLURQPHQWV� LQ�
VXEWURSLFDO� 6\GQH\� $XVWUDOLD�� %XLOGLQJ� DQG�
(QYLURQPHQW���������������

6KLPD]DNL�� <��� <RVKLGD�� $��� 6X]XNL�� 5��� .DZDEDWD��
7��� ,PDL�� '��� DQG� .LQRVKLWD�� 6��� ������
$SSOLFDWLRQ�RI�KXPDQ�WKHUPDO�ORDG�LQWR�XQVWHDG\�
FRQGLWLRQ� IRU� LPSURYHPHQW� RI� RXWGRRU� WKHUPDO�
FRPIRUW�� %XLOGLQJ� DQG� (QYLURQPHQW�� ���� �����
������

=KDL�<��-LQ�/��0HQJ�4��=KDQJ�<��=KDR�/��� ������$�
ILHOG� VWXG\� RI� WKHUPDO� FRPIRUW� LQ� RXWGRRU�
HQYLURQPHQW� LQ� *XDQJ]KRX�&KLQD�� 3URFHHGLQJV�
RI� WKH��WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�+HDWLQJ��
9HQWLODWLQJ�DQG�$LU�&RQGLWLRQLQJ��������

1DWLRQDO� VWDQGDUG�RI� WKH�SHRSle’V� UHSXEOLF�RI�&KLQD��
'HVLJQ� FRGH� IRU� KHDWLQJ�� YHQWLODWLRQ� DQG� DLU�
FRQGLWLRQLQJ��*%-�������

0RFKLGD� $�� /XQ� ,�� ������ 3UHGLFWLRQ� RI� ZLQG�
HQYLURQPHQW� DQG� WKHUPDO� FRPIRUW�� -RXUQDO� RI�
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:LQG�(QJLQHHULQJ�DQG�,QGXVWULDO�$HURG\QDPLFV��
��������������

'XUELQ� 3�$��� ������ 2Q� WKH� N±H� VWDJQDWLRQ� SRLQW�
DQRPDO\��,QW��-��+HDW�)OXLG�)ORZ��������±����

*HEKDUW� %�� ������ $� QHZ� PHWKRG� IRU� FDOFXODWLRQ�
UDGLDQW� H[FKDQJH�� $6+5$(� 7UDQVDFWLRQV�� ����
���������

6WHSKHQVRQ� '*�� 0LWDODV� *3�� ������ 5RRP� WKHUPDO�
UHVSRQVH�IDFWRUV��$6+5$(�7UDQVDFWLRQV������

.XVXGD�7��������7KHUPDO�UHVSRQVH�IDFWRUV�IRU�PXOWL�
OD\HU� VWUXFWXUHV� RI� YDULRXV� KHDW� FRQGXFWLRQ�
V\VWHP��$6+5$(�7UDQVDFWLRQV������

�
�
�
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