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1DWXUDOO\� YHQWLODWHG�� 39� DFWLYH� GRXEOH� VNLQ� IDFDGHV�
FDQ� FRQWULEXWH� WR�ERWK� WKH� WKHUPDO�SHUIRUPDQFH�RI� D�
EXLOGLQJ� DQG� LWV� HOHFWULFDO� HQHUJ\� GHPDQG�� ,Q� VXFK�
V\VWHPV�� WKH� VWDFN� HIIHFW� LV� H[SORLWHG� WR� H[WUDFW� KHDW�
IURP�39�PRGXOHV� LQVWDOOHG�RQ� WKH�RXWHU� VXUIDFH��%\�
FRROLQJ� 39� FRPSRQHQWV�� HOHFWULFDO� SHUIRUPDQFH� LV�
LPSURYHG�� DQG� WKH� DLU� GUDZQ� WKURXJK� WKH� FDYLW\� E\�
QDWXUDO�FRQYHFWLRQ�PD\�EH�XVHG�IRU�YHQWLODWLRQ�RU�DV�D�
IRUP� RI� G\QDPLF� LQVXODWLRQ�� ,Q� RUGHU� IRU� WKHLU�
HQHUJHWLF� XWLOLW\� WR� EH� IXOO\� UHDOLVHG� KRZHYHU�� WKHLU�
WKHUPDO� SHUIRUPDQFH� PXVW� EH� GHPRQVWUDWHG�� DQG� D�
JUHDWHU� XQGHUVWDQGLQJ� RI� GHVLJQ� EHVW� SUDFWLFHV� EH�
GHYHORSHG��,Q�WKLV�SDSHU��ZH�SUHVHQW�DQ�HYDOXDWLRQ�RI�
WKH� WKHUPDO� EHKDYLRXU� RI� WKUHH� IXOO�VFDOH� SURWRW\SHV�
GHYHORSHG� DV� SDUW� RI� WKH� 5HVVRXUFHV� SURMHFW�� $Q�
H[SHULPHQWDO� DSSURDFK� LV� DGRSWHG� WR� UHYHDO�
TXDOLWDWLYH� GLIIHUHQFHV� EHWZHHQ� WKH� SHUIRUPDQFH� RI�
HDFK� V\VWHP�� 7KH� FDXVDO� UHODWLRQVKLS� EHWZHHQ�
HQYLURQPHQWDO� FRQGLWLRQV� DQG� WKHUPDO� UHVSRQVH� LV�
VWXGLHG� XVLQJ� D� OLQHDU� SDUDPHWULF� PRGHO� ILW� WR� VKRUW�
VHTXHQFHV� RI� GDWD� XVLQJ� PXOWLYDULDWH� UHJUHVVLRQ� DQG�
WKHQ�H[WUDSRODWHG�WR�VLPLODU�GD\V�LQ�WKH�VDPH�\HDU��

,1752'8&7,21�
7KH� EXLOGLQJ� VHFWRU� DFFRXQWV� IRU� D� ODUJH� SRUWLRQ� RI�
WRWDO�HQHUJ\�FRQVXPSWLRQ�LQ�PDQ\�(XURSHDQ�QDWLRQV��
7KXV� LQ� WKH� FRQWH[W� RI� FXUUHQW� WDUJHWV� WR� UHGXFH�
JUHHQKRXVH� JDV� HPLVVLRQV� E\� D� IDFWRU� RI� �� E\� �����
FRPSDUHG� WR� ������ DQG� D� ���� UHGXFWLRQ� E\� �����
ZKLOVW� LQFUHDVLQJ� E\� ���� WKH� VKDUH� RI� UHQHZDEOH�
HQHUJ\��(&���������LPSURYHPHQWV�WR�EXLOGLQJ�HQHUJ\�
HIILFLHQF\� FDQ� FRQWULEXWH� VLJQLILFDQWO\� WR� QDWLRQDO�
REMHFWLYHV�� 5HJXODWLRQV� LQ� )UDQFH� ZLOO� UHTXLUH� QHZ�
EXLOGLQJV� IURP������ WR�EH�HQHUJ\�SRVLWLYH� �%(326��
�0(''(���������7KLV�QHFHVVLWDWHV� LPSURYHPHQWV� WR�
LQVXODWLRQ�� SDVVLYH� HQHUJ\� VWRUDJH�� DQG� DLU�WLJKWQHVV��
EXW� DOVR� D� GLYHUVLILFDWLRQ� RI� HOHFWULFDO� DQG� WKHUPDO�
HQHUJ\�SURGXFWLRQ��DQG�FR�JHQHUDWLRQ�VROXWLRQV��7KLV�
LPSOLHV� D� UHGHILQLWLRQ� RI� WKH� HQYHORSH� �URRI� DQG�
IDFDGHV�� FRQYHQWLRQDOO\� FRQFHUQHG� ZLWK� LQVXODWLRQ�
DQG� VHDOLQJ�� WR� LQFOXGH� G\QDPLF� �VHDVRQDO� RU� GDLO\�
YDULDWLRQ��DQG�DFWLYH�IHDWXUHV��HQHUJ\�SURGXFWLRQ�DQG�
DXJPHQWHG� YHQWLODWLRQ��� %XLOGLQJ�LQWHJUDWHG�
SKRWRYROWDLF� �39�� V\VWHPV� RIIHU� ORFDO� HOHFWULFLW\�

JHQHUDWLRQ� DQG� WHPSHUDWXUH� FRQWURO� E\� QDWXUDO� RU�
IRUFHG�FRQYHFWLRQ��7KH�LQKHUHQW�KHDWLQJ�RI�FU\VWDOOLQH�
VLOLFRQH�FHOOV�FDQ�EH�RYHUFRPH�E\�QDWXUDO� �%,39��RU�
IRUFHG� �39�7�� FRQYHFWLRQ� �&KRZ�� ������� 7KH�
SHUIRUPDQFH�RI�VXFK�LQWHJUDWHG�39�V\VWHPV�LV�KLJKO\�
VHQVLWLYH�WR�WKH�GHVLJQ��DQG�VLQFH�WKH�GHPDQG�IRU�39�
V\VWHPV� IXOO\� LQWHJUDWHG� LQWR� WKH� EXLOGLQJ� IUDPHV�
�IDFDGH�� URRI�� LV� VWLOO� TXLWH� UHFHQW�� IHZ� VWXGLHV� DUH�
FXUUHQWO\�DYDLODEOH�RQ�WKH�VXEMHFW���
7KH� 5HVVRXUFHV� SURMHFW� DLPV� WR� DGYDQFH� WKH�
XQGHUVWDQGLQJ� RI� GRXEOH�VNLQ� FRQILJXUDWLRQV�� 7KUHH�
SURWRW\SHV�ZHUH�GHVLJQHG��RQH� IRU�DQ�H[LVWLQJ� RIILFH�
EXLOGLQJ�IDFDGH�DQG�WZR�IRU�GHWDFKHG�KRXVHV�� ,Q�WKLV�
SDSHU�� ZH� H[DPLQH� WKH� WKHUPDO� EHKDYLRXU� RI� WKHVH�
ILUVW� WKUHH�SURWRW\SHV� FRQVWUXFWHG� IRU� WKH�5HVVRXUFHV�
SURMHFW�� ,Q� WKH� ILUVW� SDUW� RI� WKH� UHVXOWV� VHFWLRQ�� D�
FRPSDUDWLYH� HYDOXDWLRQ� RI� WKH� �� SURWRW\SHV� LV�
SUHVHQWHG�� ZKLFK� IRFXVVHG� RQ� WKH� LQVWDQWDQHRXV�
UHVSRQVH� GXULQJ� D� W\SLFDO� VXQQ\� GD\� LQ� VXPPHU�� ,Q�
WKH� VHFRQG� SDUW�� V\VWHP� SUHGLFWDELOLW\� LV� WHVWHG� E\�
FRPSDULQJ� PHDVXUHG� KHDW� H[WUDFWLRQ� WR� D� SUHGLFWLRQ�
REWDLQHG�IURP�DQ�HPSLULFDO�PRGHO���
�

 
)LJXUH�����SURWRW\SH�39�GRXEOH�VNLQ�IDoDGHV�

FRQVWUXFWHG�DW�WKH�(71$�ODERUDWRU\��(')��0RUHW�VXU�
/RLQJ��/HIW��(71$�%��5LJKW��(71$�$��

�

(;3(5,0(17�
3KRWRJUDSKV� RI� WKH� WKUHH� SURWRW\SHV� DUH� VKRZQ� LQ�
ILJXUHV� �� DQG� ��� 7KH� SURWRW\SHV� FRPSULVH� WKUHH�
GLIIHUHQW� JHRPHWULHV� RI� GRXEOH� VNLQ� VWUXFWXUHV� ZLWK�
LQWHJUDWHG�� JODVV�EDFNHG�� FRORXUHG� 39� PRGXOHV��
1DWXUDO� YHQWLODWLRQ� GULYHQ� E\� WKH� VWDFN� HIIHFW� LQ� WKH�
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DLU� JDSV� LV� H[SHFWHG� WR� FRRO� WKH� 39� DUUD\V�� $W� WKH�
(')�5	'�5HQDUGLqUHV�VLWH��0RUHW�VXU�/RLQJ��)UDQFH��
WZR�39�GRXEOH�IDoDGHV�ZHUH� LQVWDOOHG�RQ�WKH�6�6�:��
IDFLQJ� ZDOO� RI� WKH� (71$� ODERUDWRU\�� 7KLV� EXLOGLQJ�
FRPSULVHV� D� SDLU� RI� WHVW� FHOOV�� LGHQWLFDO� LQ� WHUPV� RI�
WKHLU�WKHUPDO�FKDUDFWHULVWLFV��1H\PDUN�HW�DO�����������
7KH� (71$� $� DQG� %� SURWRW\SHV� HDFK� LQFOXGH� 39�
FODGGLQJ� FRYHULQJ� D� VHFWLRQ� RI� WKH� ZDOO� DQG� URRI� RI�
WKH� EXLOGLQJ�� 7KH� IRUPHU� LV� D� IDoDGH�URRIWRS�
FRQILJXUDWLRQ�ZLWK�D�FRQVWDQW�GHSWK�DLU�JDS�RI����FP��
(71$� %�� LV� D� YHUDQGD�URRIWRS� FRQILJXUDWLRQ� WKDW�
RIIHUV�DQ�DGGLWLRQDO�OLYLQJ�VSDFH�RI���Pð��7KH�URRIWRS�
VHFWLRQ� RI� (71$� %� LV� OHVV� LQFOLQHG� WKDQ� WKH�
XQGHUO\LQJ� URRIWRS�� SURGXFLQJ� DQ� DLU� JDS�� ZKLFK�
UHGXFHV� ZLWK� KHLJKW� WR� ����FP� DW� WKH� XSSHU� RXWOHW��
7KH�IDoDGH�SRUWLRQ�RI�HDFK�39�7�PHDVXUHV�����P�LQ�
KHLJKW�DQG���P�LQ�ZLGWK���7KH�39�DUUD\V�RI�(71$�$�
DQG� %� KDYH� UDWHG� SRZHUV� RI� ���� DQG� ���N:F�
UHVSHFWLYHO\���
�

 
)LJXUH�����'RXEOH�VNLQ�39�SURWRW\SH�IURP�

5(66285&(6�LQVWDOOHG�DW�+%6�7HFKQDO��7RXORXVH�
�

$�WKLUG�39�DFWLYH�GRXEOH�VNLQ�IDoDGH�ZDV�LQVWDOOHG�RQ�
DQ� H[LVWLQJ� RFFXSLHG� WHUWLDU\� EXLOGLQJ� VLWXDWHG� LQ�
7RXORXVH�� )UDQFH�� 'HVLJQHG� IRU� D� IDFDGH� REOLTXHO\�
RULHQWHG� WR� VRXWK�� WKH� +%6� SURWRW\SH� FRPSULVHV� D�
VHULHV�RI�DGMDFHQW�SULVP�VWUXFWXUHV�ZLWK�39�PRGXOHV�
LQFRUSRUDWHG� LQWR� WKH� PRUH� VRXWKHUO\�RULHQWHG�
VXUIDFHV�� 7KH� GRXEOH�IDFDGH� LV� ����P� WDOO� DQG� �P�
ZLGH�� DQG� SRVLWLRQHG� WR� JLYH� DQ� DLU� JDS� RI� ��FP� WR�
��FP��ZLWK�RSHQLQJV�WR�WKH�H[WHULRU�DW�WKH�XSSHU�DQG�
ORZHU� HQGV� RI� WKH� VWUXFWXUH�� 39� FRPSRQHQWV� DUH�
DUUDQJHG� LQWR� D� YHUWLFDO� VWDFN� RI� WKUHH� LQGHSHQGHQW�
DUUD\V� RU� ³EORFV´� ZLWK� D� FRPELQHG� SHDN� SRZHU� RI�
���N:��7KH�JOD]HG�SULPDU\�ZDOO�YLVLEOH�LQ�WKH�SKRWR�
LV�LGHQWLFDO�WR�WKH�VHFWLRQ�EHKLQG�WKH�SURWRW\SH���
7KH� DSSDUDWXV� ZDV� HTXLSSHG� WR� PRQLWRULQJ� WKH�
HOHFWULFDO��DHURG\QDPLF�DQG�WKHUPDO�EHKDYLRXU�RI�WKH�

SURWRW\SHV�DV�D�IXQFWLRQ�RI�HQYLURQPHQWDO�FRQGLWLRQV�
FRQWLQXRXVO\�IRU�D�SHULRG�RI�RQH�\HDU��)LJXUHV���DQG���
SUHVHQW� WKH� LQVWUXPHQWDWLRQ� IRU� WKH� WKUHH� SURWRW\SHV��
)RU� WHPSHUDWXUH� PHDVXUHPHQWV�� �PP� GLDPHWHU� .�
W\SH� WKHUPRFRXSOHV� �SURWHFWHG� IURP� UDGLDWLRQ� E\�
DOXPLQL]HG�SHOOHWV��ZHUH�ILWWHG�WR�VXUIDFHV�DQG�LQ�WKH�
DLU� JDSV� LQ� WKH� FHQWUDO� VHFWLRQ� RI� HDFK� SURWRW\SH��
9HUWLFDO� DLU� YHORFLWLHV� ZLWKLQ� WKH� UDQJH� >������@�P�V�
ZHUH� PHDVXUHG� XVLQJ� $KOERUQ� )9����� 7+��
DQHPRPHWHUV�� (DFK� VLWH� ZDV� DGGLWLRQDOO\� HTXLSSHG�
ZLWK�D�ZHDWKHU�VWDWLRQ�WKDW�LQFOXGHG�S\UDQRPHWHUV�IRU�
KRUL]RQWDO� DQG� LQ�SODQH� UDGLDWLRQ� PHDVXUHPHQWV�� D�
S\UKHOLRPHWHU� IRU� WKH�GLUHFW�FRPSRQHQW�� DQG� VHQVRUV�
IRU� DPELHQW� DLU� WHPSHUDWXUH�� ZLQG� FRQGLWLRQV��
KXPLGLW\�DQG�DLU�SUHVVXUH��
�

�

�
)LJXUH�����3RVLWLRQ�RI�PDLQ�VHQVRUV�RQ�(71$�

SURWRW\SHV��
�

)RU� WKH�+%6�SURWRW\SH�� VHQVRUV�ZHUH�JRYHUQHG�E\�D�
GDWD� DFTXLVLWLRQV� V\VWHP� FRQQHFWHG� WR� D� .HLWKOH\�
����� GDWD� ORJJHU� DQG� WZR� $OPHPR� FDUGV�� $� GDWD�
DFTXLVLWLRQ� �'$4�� SURJUDPPH� ZDV� GHYHORSHG� ZLWK�
/DEYLHZ�WR�UHDG�DOO�LQVWUXPHQWV�LQ�D�VLQJOH�ORRS�RQFH�
HYHU\����VHFRQGV� IRU� WKH�+%6�SURWRW\SH��7KH�'$4�
ZDV� PDQDJHG� UHPRWHO\� YLD� D� 91&� LQWHUIDFH�� 7KH�
(71$� SURWRW\SHV� ZHUH� PRQLWRUHG� ORFDOO\�� 3ULRU� WR�
WKH� DQDO\VLV�� UDZ� GDWD� IURP� DOO� SURWRW\SHV� ZHUH�
LPSRUWHG� LQWR� D� EHVSRNH� 0\64/� GDWDEDVH�� 6FLODE��
WKH�RSHQ�VRXUFH�VRIWZDUH��ZDV�XVHG�WR�LQWHUIDFH�ZLWK�
WKH� GDWDEDVH� GLUHFWO\� DQG� SHUIRUP� DQDO\VHV�
FRPSULVLQJ� ERWK� VWUXFWXUHG� GDWD� TXHULHV� DQG� PDWUL[�
PDQLSXODWLRQ�RI�UHWULHYHG�GDWD��6FLODE���������
'HSHQGLQJ� RQ� WKH� VSHFLILF� JHRPHWU\� RI� WKH�
SURWRW\SHV��VSDWLDO�DYHUDJH�PHDVXUHV�ZHUH�FDOFXODWHG�
WR� REWDLQ� HIIHFWLYH� PDVV� IORZ� UDWHV�� 7KH� ZHLJKWHG�
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DYHUDJH� RI� LQGLYLGXDO� UHDGLQJV� ZDV� XVHG�� ZLWK� D�
ZHLJKWLQJ� GHULYHG� IURP� WKH� HIIHFWLYH� FURVV�VHFWLRQDO�
DUHD� RI� WKH� FDYLW\� DWWULEXWHG� WR� HDFK� VHQVRU�� 6XFK� D�
ZHLJKWLQJ�ZDV�FKRVHQ�WR�PLQLPLVH�HUURUV� WKDW�ZRXOG�
UHVXOW� IURP� D� VWHHS� YHORFLW\� SURILOH� LQ� D� JLYHQ�
KRUL]RQWDO�VHFWLRQ��7KH�YHUWLFDO�PHDQ�DLU�WHPSHUDWXUH�
ZDV� HVWLPDWHG� IURP� WKH� DYHUDJH� WHPSHUDWXUHV� SHU�
EORF� DQG� WKH� DPELHQW� �LQOHW�� DLU� WHPSHUDWXUH� E\�
LQWHUSRODWLQJ� EHWZHHQ� HDFK� YDOXH� DQG� FDOFXODWLQJ� D�
FHQWURLG�RI�WKH�UHVXOWLQJ�GLVWULEXWLRQ��
+HDW�UHFRYHU\�E\�WKH�DLU�FDYLW\�ZDV�FDOFXODWHG�DV�WKH�
SURGXFW� RI� PHDVXUHG� PDVV� IORZ� UDWH�� VSHFLILF� KHDW�
FDSDFLW\� DQG� PHDVXUHG� DLU� WHPSHUDWXUH� GLIIHUHQFH�
EHWZHHQ�RXWOHW�DQG�LQOHW��0DVV�IORZ�UDWH�ZDV�GHULYHG�
IURP�WKH�VSDWLDO�DYHUDJH�DLU�YHORFLW\�DQG�WKH�ORFDO�DLU�
GHQVLW\�� DSSUR[LPDWHG� IURP� D� VWDQGDUG� HTXDWLRQ� IRU�
KXPLG�DLU��XVLQJ�DWPRVSKHULF�FRQGLWLRQV�PHDVXUHG�E\�
WKH� ZHDWKHU� VWDWLRQ� DQG� WKH� VSDWLDO� DYHUDJH� DLU�
WHPSHUDWXUHV�
�

�

�
)LJXUH�����3RVLWLRQ�RI�PDLQ�VHQVRUV�RQ�WKH�+%6�
7HFKQDO�SURWRW\SH��7RS��YLHZ�RI�WKH�IDoDGH�IDoDGH��
'RZQ���YLHZ�IURP�WKH�WRS�RI�WKH�IDoDGH�±�VHFWLRQ�ZLWK�

VHQVRUV��
�

,Q�DGGLWLRQ�WR�WKH�VRODU�KHDW�VRXUFH��WKH�EXLOGLQJ�PD\�
PDNH� D� VLJQLILFDQW� FRQWULEXWLRQ� WR� WKH� KHDW� IOX[�
HQWHULQJ�WKH�FDYLW\��,Q�RUGHU�WR�HYDOXDWH�WKH�DSSDUHQW�
FRQWULEXWLRQV� RI� WKHVH� WZR� VRXUFHV�� D� VLPSOH� HQHUJ\�
EDODQFH�HTXDWLRQ�ZDV�DGRSWHG�IROORZLQJ�WKH�DSSURDFK�
SUHVHQWHG�E\��=ROOQHU�HW�DO���������$V�IRU�WKH�FDVH�RI�
D�ER[�ZLQGRZ�LQ�WKDW�VWXG\��KHUH�WKH�KHDW�UHFRYHU\�RI�
WKH�GRXEOH�VNLQ�IDoDGH�LV�DVVXPHG�HQWLUHO\�DFFRXQWHG�
IRU�E\�H[FKDQJHV�ZLWK�WKH�39�IDoDGH�DQG�WKH�EXLOGLQJ�
SULPDU\� VNLQ�� GHILQHG� LQ� WHUPV� RI� D� JOREDO� KHDW�
WUDQVIHU� FRHIILFLHQW� DQG� VXUIDFH�DLU� WHPSHUDWXUH�
GLIIHUHQFHV�� (TXDWLQJ� WKH� KHDW� IOX[HV� ZLWK� WKH� QHW�
HQWKDOS\� FKDQJH� RI� WKH� FDYLW\� �UHFRYHUHG� KHDW��� DQG�
DVVXPLQJ� FRPPRQ� VXUIDFH� DUHDV� DQG� KHDW� WUDQVIHU�
FRHIILFLHQWV� IRU� HDFK� FRQWULEXWLRQ�� (TXDWLRQ� ���� LV�
REWDLQHG��

ZKHUH� 7DLU� LV� WKH� WHPSHUDWXUH� GLIIHUHQFH� EHWZHHQ�
LQOHW�DQG�RXWOHW��VXEVFULSWV�H��I�DQG�E�GHQRWH�WKH�RXWHU�
IDFDGH��FDYLW\�DLU��DQG�EXLOGLQJ�ZDOO�UHVSHFWLYHO\��K�LV�
D� FRQYHFWLYH� KHDW� WUDQVIHU� FRHIILFLHQW� DQG� $� WKH�
VXUIDFH� RYHU� ZKLFK� KHDW� LV� WUDQVIHUUHG�� 1RWH� WKDW�
GLUHFW� FRXSOLQJ� WR� LQFLGHQW� UDGLDWLRQ� �VHPL�
WUDQVSDUHQF\� RI� 39� IDoDGH��� DQG� ZLQG� HIIHFWV� DUH�
QHJOHFWHG�� DV� LV� DQ\�PDVV� WUDQVIHU� ZLWK� WKH� EXLOGLQJ�
LQWHULRU�� +HQFH�� D� VLPSOH� UHODWLRQ� LQYROYLQJ� DLU� DQG�
VXUIDFH�WHPSHUDWXUHV�SURYLGHV�DQ�HVWLPDWH�RI�WKH�KHDW�
IOX[�IURP�HDFK�VRXUFH���
$�FRPSDUDWLYH�HYDOXDWLRQ�RI�WKH�WKUHH�SURWRW\SHV�ZDV�
SHUIRUPHG�E\�FRQVLGHULQJ�WKHLU�UHVSHFWLYH�UHVSRQVH�WR�
VLPLODU� HQYLURQPHQWDO� FRQGLWLRQV�� ,Q� WKH� IROORZLQJ�
VHFWLRQ��WKH�WKHUPDO�EHKDYLRXU�RI�WKH�+%6��(71$�$�
DQG� (71$� %� SURWRW\SHV� LV� SUHVHQWHG� IRU� D� W\SLFDO�
VXQQ\� GD\�� $� SUHOLPLQDU\� VWXG\� RI� WKH� FDXVDO�
UHODWLRQVKLS� EHWZHHQ� V\VWHP� LQSXWV� �HQYLURQPHQWDO�
IDFWRUV��DQG�RXWSXWV��IRU�H[DPSOH��KHDW�H[WUDFWLRQ�E\�
WKH�FDYLWLHV��ZDV�DOVR�XQGHUWDNHQ��ZLWK�WKH�DLG�RI�DQ�
HPSLULFDO�PRGHO���

5(68/76�
Comparative evaluation of behaviour 
7KH�GDWDEDVH�ZDV�TXHULHG� WR� UHWULHYH� W\SLFDO�GD\V� LQ�
WHUPV� RI� WKH� PHDVXUHG� HQYLURQPHQWDO� FRQGLWLRQV��
)URP� D� VDPSOH� RI� ���� GD\V� IURP� ����������� WR�
���������� ZKHUH� DOO� �� SURWRW\SHV� ZHUH� RSHUDWHG� LQ�
³VXPPHU´�FRQILJXUDWLRQ��VXQQ\�GD\V�ZLWK�OLWWOH�PHDQ�
ZLQG�ZHUH� LGHQWLILHG� XVLQJ� DJJUHJDWHG� TXHULHV�� 7KLV�
VXEVHW� RI� GD\V� ZDV� WKHQ� IXUWKHU� ILOWHUHG� WR� REWDLQ�
VLPLODU� GD\V� IRU� WKH� WZR� VLWHV�� %\� WKLV� PHWKRG�� WKH�
GDWD� LQ� ILJXUHV� ��ZHUH� VHOHFWHG��ZKLFK�GHVFULEHV� WKH�
HYROXWLRQ� LQ� HQYLURQPHQWDO� FRQGLWLRQV� DQG� V\VWHP�
EHKDYLRXU� GXULQJ� ���������� �LQ� JHQHUDO� WKH� VHOHFWHG�
FRXOG� EH� IURP� GLIIHUHQW� GD\V� IRU� WKH� WZR� VLWHV��� 2Q�
WKLV� GD\�� WKH� FXPXODWHG� GLUHFW� VRODU� UDGLDWLRQ� ZDV�
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�����N:�Pð� IRU� WKH�(71$� VLWH� DQG������N:�Pð� IRU�
+%6��7KH�KRUL]RQWDO�WRWDO�UDGLDWLRQ�ZDV�DOVR�VLPLODU��
����� N:�Pð� DQG� ����� N:�Pð� IRU� (71$� DQG� +%6�
UHVSHFWLYHO\�� 7KH� YDULDWLRQ� LQ� DPELHQW� WHPSHUDWXUH�

IRU� WKH� WZR� VLWHV� ZHUH� VLPLODU� EXW� QRW� LGHQWLFDO�� $W�
(71$� WKH� DPELHQW� DLU� WHPSHUDWXUH� YDULHG� LQ� WKH�
LQWHUYDO�>����������@��&�ZKHUHDV�DW�+%6�WKH�YDULDWLRQ�
ZDV�>����������@��&��

� �

� �

� �
)LJXUH�����LQFLGHQW�VRODU�UDGLDWLRQ��WHPSHUDWXUHV��ZLQG�VSHHG�DQG�PDVV�IORZ�UDWHV�IRU�RQH�W\SLFDO�VXQQ\�GD\��/HIW�
IUDPHV��+%6�SURWRW\SH��5LJKW�IUDPHV��(71$�$�	�%�SURWRW\SHV�
�
$V� FDQ� EH� VHHQ� LQ� ILJXUHV� ��� WKH� EHKDYLRXU� RI� WKH�
WKUHH� SURWRW\SHV� LV� FHQWUHG� RQ� WKH� DIWHUQRRQ� DV� D�
UHVXOW�RI�WKH�VRXWKZHVWHUO\�RULHQWDWLRQ�RI�WKH�V\VWHPV��

3HDN� LQFLGHQW� UDGLDWLRQ� IRU� WKH� +%6� VLWH� RFFXUV�
DURXQG� ������ IRU� WKH� VHOHFWHG� GD\�� )RU� WKH� URRIWRS�
VHFWLRQV�RI�(71$�$�DQG�%��SHDNV�RFFXU�DW�������DQG�

D�� E��

F�� G��

H�� I��
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������ �WKH� GLIIHUHQFH� GXH� WR� WKHLU� LQFOLQDWLRQV��� 7KH�
WHPSHUDWXUH� HYROXWLRQ� RI� WKH� VXUIDFHV� DQG� DLU� LV�
VXPPDULVHG�LQ�ILJXUHV��F��DQG��G���$V�H[SHFWHG��39�
WHPSHUDWXUHV� DUH� FRUUHODWHG� ZLWK� UDGLDWLRQ�� ,Q�
FRQWUDVW�� WKH� SHDN� WHPSHUDWXUH� RI� WKH� EXLOGLQJ�
SULPDU\� IDoDGH� DSSHDUV� GHOD\HG� E\� a�� KRXU� IRU� DOO�
SURWRW\SHV��1RWH�WKDW��GHVSLWH�D�PRUH�LQWHQVH�LQFLGHQW�
UDGLDWLRQ�IRU�(71$��WKH�PHDQ�DUUD\�WHPSHUDWXUHV�DUH�
VLPLODU� WR� WKH� +%6� IDoDGH�� 7KLV� REVHUYDWLRQ� LV�
FRQVLVWHQW� ZLWK� WKH� VWURQJHU� VWDFN�LQGXFHG� IORZ� WKDW�
LV� REVHUYHG� WR� GHYHORS� IRU� WKH� (71$� SURWRW\SHV�
�GHVSLWH�WKH�VKDOORZHU�LQFOLQDWLRQ���7KH�IOXFWXDWLRQ�LQ�
WHPSHUDWXUHV�LV�OHVV�SURQRXQFHG�IRU�+%6���
7KH�+%6�DQG�(71$�SURWRW\SHV�DOVR�GLIIHU� LQ� WHUPV�
RI� WKH� WHPSHUDWXUH� RI� RXWOHW� DLU� DQG� WKH� PDVV� IORZ�
UDWH�� )RU� +%6� �ILJ� �F��� WKH� WHPSHUDWXUH� GLIIHUHQFH�
GDWD� �RXWOHW� �� DPELHQW�� UHPDLQV� SRVLWLYH� WKURXJKRXW�
WKH�GD\��$IWHU�SDVVLQJ�D�PD[LPXP�RI�a����&�DURXQG�
WKH�WLPH�RI�SHDN�UDGLDWLRQ��LW� LV�REVHUYHG�WR�GHFUHDVH�
PRUH�JUDGXDOO\� WKDQ� WKH�IDOO�RII� LQ�UDGLDWLRQ��D�GHOD\�
WKDW� FDQ� EH� DFFRXQWHG� IRU� E\� KHDW� IOX[� IURP� WKH�
EXLOGLQJ�� $� TXDOLWDWLYHO\� GLIIHUHQW� WUHQG� LV� DSSDUHQW�
IRU� WKH� WZR� (71$� SURWRW\SHV� �ILJ� �G��� UDWKHU� WKDQ�
LQFUHDVLQJ��G7DLU�LV�QHJDWLYH�GXULQJ�WKH�PRUQLQJ�ZKLOH�
WKH� IDFDGHV� DUH� VWLOO� LQ� VKDGH� EXW� WKH� URRIWRS� LV�
LUUDGLDWHG��$�PLQLPXP�RI� ��� �&� LV� REVHUYHG� DURXQG�
����� IRU�ERWK� VWUXFWXUHV��7KLV� WUHQG� LV� UHYHUVHG�RQFH�
WKH�IDFDGHV�DUH�GLUHFWO\�LOOXPLQDWHG�E\�VXQOLJKW��IURP�
ZKLFK� WLPH� WKH� WUHQG� DSSHDUV� WR� IROORZ� LQFLGHQW�
UDGLDWLRQ� XQWLO� DFKLHYLQJ� D� PD[LPXP� RI� ���&� DW�
������IRU�(71$�$�DQG����&�IRU�(71$�%��
7KH�PDVV�IORZ�UDWH�LV�VKRZQ�LQ�ILJXUHV��H��DQG��I��IRU�
WKH� VDPH� VHOHFWHG� GD\�� ZLWK� ZLQG� VSHHG�
PHDVXUHPHQWV� VXSHUSRVHG�� 7KH� GDWD� KDYH� EHHQ�
VPRRWKHG�ZLWK�D�SHULRG���PRYLQJ�DYHUDJH�ILOWHU��7KH�

ODUJHVW� REVHUYHG� PDVV� IORZ� UDWH� LV� IRU� (71$� $��
ZKLFK�DOVR�H[KLELWV�WKH�ODUJHVW�GHJUHH�RI�IOXFWXDWLRQV��
'XULQJ� WKH�GD\WLPH��DLU� IORZ� LV�JHQHUDOO\�ZHDNHVW� LQ�
WKH� +%6� SURWRW\SH�� 7KLV� LV� FRQVLVWHQW� ZLWK� WKH� IDFW�
WKDW� WKLV� IDoDGH� LV� WKH� OHDVW� RSDTXH� �D� VPDOOHU�
SURSRUWLRQ� RI� LWV� VXUIDFH� LQFRUSRUDWHV� 39� FHOOV���
+RZHYHU�� LQ� FRQWUDVW� WR� WKH�RWKHU� V\VWHPV�� WKH�PDVV�
IORZ� UDWH� LQ� WKH� +%6� GRXEOH� IDoDGH� LV� REVHUYHG� WR�
SHUVLVW�IRU�D�VLJQLILFDQW�SHULRG�DIWHU�VXQVHW��'XULQJ�D�
SUHYLRXV� DQDO\VLV� RI� WKH�+%6� IDoDGH�� WKLV� EHKDYLRXU�
KDV� EHHQ� OLQNHG� WR� DQ� LQMHFWLRQ� RI� KHDW� IURP� WKH�
EXLOGLQJ�WR�WKH�DLU�JDS��*DLOODUG�HW�DO�����������
)LJXUH���SUHVHQWV� WKH�HYROXWLRQ� LQ�H[WUDFWHG�KHDW� IRU�
WKH�DLU�FDYLWLHV�RI�WKH�WKUHH�SURWRW\SHV��7KH�HVWLPDWHG�
KHDW� IOX[� IURP� WKH� 39� IDoDGH� DQG� WKH� SULPDU\�
EXLOGLQJ�IDoDGH�DUH�VXSHUSRVHG�RQ�WKH�VDPH�D[HV��7KH�
+%6� SURWRW\SH� LV� REVHUYHG� WR� DWWDLQ� D� SHDN� KHDW�
H[WUDFWLRQ�RI���������N:�DW��������FRUUHVSRQGLQJ� WR�
DQ�LQVWDQWDQHRXV�WKHUPDO�HIILFLHQF\��WKH�UDWLR�RI�WRWDO�
KHDW�UHFRYHUHG�E\�WKH�FDYLW\�DLU� WR�WKH�LQFLGHQW�VRODU�
SRZHU� �2QJ� HW� DO��� ������� RI� ����������� 7KH�
EHKDYLRXU�RI�(71$�$�GXULQJ�WKH�DIWHUQRRQ�LV�VLPLODU�
WR� +%6�� DOWKRXJK� WKH� KHDW� JDLQ� LV� REVHUYHG� WR�
IOXFWXDWH�FRQVLGHUDEO\��7KH�SURWRW\SH�DFKLHYHV�D�SHDN�
H[WUDFWLRQ� RI� �����N:�� HTXLYDOHQW� WR� DQ�
LQVWDQWDQHRXV� WKHUPDO� HIILFLHQF\� RI� ������������
7KHUHIRUH��WKH�DLU�JDS�RI�WKH�(71$�$�SURWRW\SH�LV�D�
PRUH�HIIHFWLYH�DW�FRROLQJ�WKH�39�IDoDGH�WKDQ�WKH�+%6�
FRQILJXUDWLRQ�� ,Q� WHUPV� RI� KHDW� H[WUDFWLRQ� E\� WKH�
FDYLW\�� (71$� %� LV� LQIHULRU� WR� WKH� RWKHU� SURWRW\SHV��
UHDFKLQJ�D�SHDN�KHDW�WUDQVIHU�RI������N:��HTXLYDOHQW�
WR� D� WKHUPDO� HIILFLHQF\� RI� ����������� )OXFWXDWLRQV�
DUH�PRUH�LPSRUWDQW�IRU�(71$�%�WKDQ�+%6��
��

�

�
)LJXUH�����KHDW�H[WUDFWLRQ�E\�WKH�GRXEOH�IDoDGH�DLU�FDYLW\��DQG�WKH�HVWLPDWHG�KHDW�IOX[HV�IURP�WKH�39�IDoDGH�DQG�
EXLOGLQJ�SULPDU\�ZDOO��)URP�OHIW�WR�ULJKW��+%6��(71$�$��(71$�%��
�

Empirical model development 
%HKDYLRXU�PRGHOV�IRU�KHDW�UHFRYHU\�ZHUH�EDVHG�RQ�D�
FRQVLGHUDWLRQ� RI� HQHUJ\� EDODQFH� DQG� REVHUYHG�
FRUUHODWLRQ� IHDWXUHV�� )RU� HDFK� PRGHO�� SDUDPHWHU�
LGHQWLILFDWLRQ� ZDV� SHUIRUPHG� E\� FRQVWUXFWLQJ� D�
GHVLJQ� PDWUL[� DQG� FDOFXODWLQJ� WKH� OHDVW� VTXDUH�
VROXWLRQ� E\� WKH� VWDQGDUG� DQDO\WLFDO� VROXWLRQ� IRU�
PXOWLSOH��RUGLQDU\��OLQHDU�UHJUHVVLRQ��

5DWKHU�WKDQ�VHDUFKLQJ�IRU�DQ�RSWLPDO�PRGHO�WR�SUHGLFW�
WKH� UHVSRQVH� RI� WKH� SURWRW\SH�� WKH� REMHFWLYH� ZDV� WR�
DVVHVV� WKH� JHQHUDO� YDOLGLW\� RI� VXFK� DQ� DSSURDFK��
ZKLOVW� WHVWLQJ� WKH� K\SRWKHVLV� WKDW� D� VWDWLRQDU\� OLQHDU�
PRGHO�LV�DSSURSULDWH�IRU�WKH�FDVH�LQ�VWXG\��,I�SURYHQ�
UREXVW�� WKH�PHWKRG� RIIHUV� D� ILUVW� RUGHU� SUHGLFWLRQ� RI�
V\VWHP�SHUIRUPDQFH�ZLWKRXW�D�SULRU�NQRZOHGJH�RI�WKH�
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SK\VLFDO� SURSHUWLHV� RI� HDFK� FRPSRQHQW�� QRU� WKH�
VSHFLILF�JHRPHWULF�RI�WKH�VWUXFWXUH��
(TXDWLRQ� ���� GHVFULEHV� WKH� HQHUJ\� EDODQFH� RI� WKH�
RXWHU� IDoDGH� RI� WKH� GRXEOH� VNLQ� VWUXFWXUH�� DVVXPLQJ�
QHJOLJLEOH� WKHUPDO� PDVV�� 6LPLODU� DSSUR[LPDWLRQV�
KDYH� SUHYLRXVO\� EHHQ� XVHG� LQ� VLPXODWLRQV� RI� 39�7�
FROOHFWRUV��IRU�H[DPSOH��*XLDYDUFK�HW�DO���������&KRZ�
HW�DO���������7KH�QHW�KHDW�UHFRYHUHG�E\�WKH�FDYLW\�DLU�
IURP� DOO� VRXUFHV�� 4J�� LV� GHILQHG� LQ� WHUPV� RI� WKH�
LQGHSHQGHQW� YDULDEOHV� DPELHQW� WHPSHUDWXUH� 7D��
IDoDGH�WHPSHUDWXUH�7H��EXLOGLQJ�ZDOO� WHPSHUDWXUH�7E��
LQFLGHQW�UDGLDWLRQ�*L��DQG�WKH�VN\�WHPSHUDWXUH�7V��

7KH� SODQH� SURMHFWLRQ� RI� WKH� RXWHU� VXUIDFH� ZDV� XVHG�
IRU� WKH� HIIHFWLYH� DUHD� $�� $� VLPLODU� GHVFULSWLRQ� RI�
WKHUPDO�EHKDYLRXU�ZDV�XVHG�WR�VWXG\�WKH�SHUIRUPDQFH�
RI�URRIWRS�%,39�V\VWHPV��*XLRW��������7KH�ILUVW�WZR�
WHUPV�RQ�WKH�ULJKW�KDQG�VLGH�RI�WKH�HTXDWLRQ�UHSUHVHQW�

WKH�FRQYHFWLYH�DQG� UDGLDWLYH�FRXSOLQJ� WR�DPELHQW�DLU�
DQG� VN\�� 5DGLDWLYH� H[FKDQJH� ZLWKLQ� WKH� FDYLW\� LV�
DFFRXQWHG� IRU� E\� WKH� WKLUG� WHUP�� 7KH� ODVW� WHUP�
GHVFULEHV� WKH� LQFLGHQW� VRODU� HQHUJ\� IOX[�� 7KH�PRGHO�
FRHIILFLHQWV��VKRZQ�HQFORVHG�E\�VTXDUH�EUDFHV�LQ�WKH�
DERYH�HTXDWLRQ��DUH�UHODWHG�WR�WKH�SK\VLFDO�SURSHUWLHV�
RI� WKH� V\VWHP�� 7KH� DEVRUSWLYLW\� RI� WKH� RXWHU� 39�
IDoDGH�LV�JLYHQ�E\���WKH�SKRWR�FRQYHUVLRQ�HIILFLHQF\�
RI� 39� PRGXOHV� LV� GHVFULEHG� E\� �� KFRQY�H[W� WKH�
FRQYHFWLYH� KHDW� WUDQVIHU� FRHIILFLHQW� WR� WKH� H[WHULRU�
�FRXSOLQJ�WR�WKH�DPELHQW�DLU� WHPSHUDWXUH���DQG�KUDG�H[W�
	� KUDG�LQW� GHVFULEH� UDGLDWLYH� KHDW� WUDQVIHU� IURP� WKH�
GRXEOH� VNLQ�ZDOO� WR� WKH� VN\�DQG� WR� WKH�EXLOGLQJ�ZDOO�
UHVSHFWLYHO\�� $OO� ZHUH� DVVXPHG� FRQVWDQW� WR� ILUVW�
RUGHU�� 6ROXWLRQV� ZHUH� QRW� LPSURYHG� E\� PRGXODWLQJ�
H[WHUQDO�FRQYHFWLRQ�E\�PHDVXUHG�ZLQG�VSHHG��KHQFH��
WKLV� GHSHQGHQFH� ZDV� H[FOXGHG� IURP� WKH� PRGHO��
([WHUQDO� FRQYHFWLYH� DQG� UDGLDWLYH� WHUPV� ZHUH�
JURXSHG� LQ� RUGHU� WR� UHGXFH� VHQVLWLYLW\� WR� 7V�� ZKLFK�
ZDV� DSSUR[LPDWHG� IURP� DPELHQW� WHPSHUDWXUH� XVLQJ�
WKH�UHODWLRQ�

ZKHUH� WHPSHUDWXUHV� DUH� LQ� .HOYLQ�� DQG� WKH� VN\�
HPLVVLYLW\� V� LV� D� IXQFWLRQ� RI� UHODWLYH� KXPLGLW\� DQG�
WKH�GHZ�SRLQW�WHPSHUDWXUH��

�

�� �
�

� �
)LJXUH� ��� /HDVW� VTXDUH� VROXWLRQ� RI� D� OLQHDU� SDUDPHWULF� PRGHO� IRU� KHDW� UHFRYHU\� DV� D� IXQFWLRQ� RI� PHDVXUHG�
HQYLURQPHQWDO� FRQGLWLRQV� DQG� IDFDGH� VXUIDFH� WHPHUSDWXUHV�� 7KH� EDU� FKDUW� LOOXVWUDWHV� DQ� H[WUDSRODWLRQ� RI� WKH�
VROXWLRQ�LQ�VXPPHU�WR�RQH�\HDU��
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7KH� SDUDPHWULF�PRGHO� IRU� KHDW� UHFRYHU\�ZDV� VROYHG�
XVLQJ�D�GDWDVHW�RI����VXQQ\� VXPPHU�GD\V�ZLWK� OLWWOH�
ZLQG��,Q�ILJXUH��D���WKH�VROXWLRQ�LV�VKRZQ�VXSHUSRVHG�
RYHU� H[SHULPHQWDO� GDWD� IRU� RQH� RI� WKHVH� GD\V�� ,Q�
JHQHUDO�� WKH� PRGHO� IDLWKIXOO\� UHSURGXFHV� WKH� GDLO\�
WUHQG�LQ�KHDW�UHFRYHU\��6LQFH�WKH�PRGHO�LV�VWDWLRQDU\��
VKRUW�WHUP� IOXFWXDWLRQV� LQ� WKH� GDWD� DUH� QRW� SUHGLFWHG�
E\� WKH� PRGHO�� 7KH� LQFOXVLRQ� RI� WUDQVLHQW� EHKDYLRXU�
ZRXOG�UHTXLUH�PRGLILFDWLRQV�WR�WKH�PRGHO��VXFK�DV�WKH�
LQFOXVLRQ� RI� DXWRUHJUHVVLYH� WHUPV�� 2WKHU� DQRPDORXV�
IHDWXUHV� ZHUH� IRXQG� WR� FRUUHODWH� ZLWK� HOHFWULFLW\�
JHQHUDWLRQ� DQG� QRW� S\UDQRPHWHU� UHDGLQJV�� 7KH�
XQFHUWDLQWLHV� DVVRFLDWHG� WR� ORFDO� PHWHRURORJLFDO�
FRQGLWLRQV�DUH�WKHUHIRUH�DQ�LPSRUWDQW�VRXUFH�RI�HUURU�
WR�SUHGLFWLRQV��
7KH� VROXWLRQ� IRU� VXQQ\� GD\V� LQ� VXPPHU� ZDV�
H[WUDSRODWHG� WR� SUHGLFW� SHUIRUPDQFH� GXULQJ� VLPLODU�
GD\V�VSDQQLQJ�RQH�\HDU�� ,Q� ILJXUH��E���D�FRPSDULVRQ�
RI� PHDVXUHG� DQG� SUHGLFWHG� GDLO\� FXPXODWHG� KHDW�
UHFRYHU\� LV� SUHVHQWHG� WRJHWKHU� ZLWK� WKH� DEVROXWH�
HUURU�� � )RU� PRVW� GD\V�� WKH� SUHGLFWLRQ� LV� DFFXUDWH� WR�
ZLWKLQ� �� N:K�� DQG� LQ� JHQHUDO� XQGHUHVWLPDWHV� KHDW�
UHFRYHU\��$EVROXWH�HUURUV�DUH�QRW�VWURQJO\�FRUUHODWHG�
ZLWK�WKH�FXPXODWHG�HQHUJ\��KHQFH�UHODWLYH�HUURUV�WHQG�
WR� EH� PRUH� VLJQLILFDQW� LQ� ZLQWHU�� 7KH� PRGHO�GDWD�
FRPSDULVRQ� VKRZV� WKDW� WKH� GRXEOH� VNLQ� IDoDGH�
EHKDYHV� LQ� D� FRQVLVWHQW� DQG� SUHGLFWDEOH� PDQQHU�
WKURXJKRXW� WKH� \HDU� IRU� GD\V� ZLWK� OLWWOH� ZLQG�� $�
VLPSOH�VWDWLRQDU\�PRGHO�LV�DEOH�WR�IRUHFDVW�GDLO\�KHDW�
UHFRYHU\�WR�PHDQ�SUHFLVLRQ�RI������IRU�WKH�DYDLODEOH�
GDWDVHW��

&21&/86,21�
:H� KDYH� SUHVHQWHG� WKH� ILUVW� H[SHULPHQWDO�
REVHUYDWLRQV�RI�LQQRYDWLYH�EXLOGLQJ�GRXEOH�VNLQV�39��
ZLWK� QDWXUDO� FRQYHFWLRQ� FRUUHVSRQGLQJ� WR� D� VXPPHU�
RSHUDWLRQDO� PRGH�� � 'HVSLWH� VLJQLILFDQW� XQFHUWDLQWLHV�
LQ�WKH�H[DFW�VWDWH�RI�HDFK�V\VWHP�RSHUDWLQJ�XQGHU�UHDO�
FRQGLWLRQV��FOHDU�WUHQGV�LQ�EHKDYLRXU�DUH�REVHUYHG��
7KH�UHJXODULW\�LQ�WKHUPDO�UHVSRQVH�VXJJHVWHG�E\�GDLO\�
F\FOHV�ZDV�YHULILHG�E\�WKH�SDUDPHWULF�DQDO\VLV�RI�WKH�
GDWD�ZLWK�DQ�HPSLULFDO�PRGHO��KHDW�H[WUDFWLRQ�E\�WKH�
FDYLW\�LV�UHDVRQDEO\�ZHOO�GHVFULEHG�E\�D�OLQHDU�PRGHO�
FRPSRVHG� RI� IHZ� LQGHSHQGHQW� YDULDEOHV�� 7KLV� LV� D�
VLJQLILFDQW� UHVXOW�� JLYHQ� WKH� FRPSOH[LW\� RI� UHDO�
RSHUDWLQJ� FRQGLWLRQV� DQG� OLPLWHG� LQIRUPDWLRQ�
UHJDUGLQJ� WKH� SK\VLFDO� SURSHUWLHV� RI� WKH� GRXEOH� VNLQ�
IDoDGH��,QGHHG��WKH�FRHIILFLHQWV�GHULYHG�E\�WKH�PRGHO�
LPSOLFLWO\� LQFOXGH� WKLV� LQIRUPDWLRQ�� DQG� WKH�
XQFHUWDLQWLHV�RQ� WKHLU� YDOXHV�DUH� LQKHUHQWO\� OLQNHG� WR�
WKH� DVVXPSWLRQ� WKDW� WKH\� DUH� WLPH�LQYDULDQW�� )XWXUH�
VWXGLHV� FRXOG� EH� GLUHFWHG� WR� WKH� H[SHULPHQWDO�
GHWHUPLQDWLRQ� RI� SK\VLFDO� SDUDPHWHUV�� 7ULDOV� XVLQJ�
RWKHU�PRGHO�IRUPXODWLRQV��VXFK�DV�ZLWK�ZLQG�VSHHG�DV�
DQ� H[SODQDWRU\� YDULDEOH�� ZHUH� QRW� IRXQG� WR� LPSURYH�
WKH� TXDOLW\� RI� WKH� PRGHO�� +RZHYHU�� D� V\VWHPDWLF�
DSSURDFK�LV�UHTXLUHG�WR�YLQGLFDWH�WKH�FKRLFH�RI�PRGHO��
RU� LQGHHG� LPSURYH� LW��7KHUHIRUH� LQ� IXUWKHU�ZRUN�� WKH�
UHODWLRQVKLSV�EHWZHHQ�V\VWHP�LQSXWV�DQG�RXWSXWV�VKDOO�
EH� PRUH� ULJRURXVO\� H[SORUHG� XVLQJ� GDWD� PLQLQJ�

WHFKQLTXHV�WKDW�DOORZ�D�PRUH�ULJRURXV�DQDO\VLV�RI�DOO�
REVHUYHG�FRUUHODWLRQV��

120(1&/$785(�
P������ ��DLU�PDVV�IORZ�UDWH�DW�WKH�H[LW�RI�WKH�JDS��NJ�V��
&S������ ��DLU�VSHFLILF�KHDW��-��NJ�.���
ǻ7DLU�� ��DLU�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�LQOHW�DQG�
RXWOHW�RI�FDYLW\���&��
K�������� ��RYHUDOO�KHDW�WUDQVIHU�FRHIILFLHQW��:�Pð�.��
$������� ��HTXLYDOHQW�VXUIDFH�DUHD�IRU�KHDW�WUDQVIHU��Pð��
7H������ ��PHDQ�WHPSHUDWXUH�RI�RXWHU��39��IDFDGH���&��
7I������� ��PHDQ�WHPSHUDWXUH�RI�DLU�LQ�FDYLW\���&��
7E� � � � � �PHDQ� WHPSHUDWXUH�RI� LQQHU� IDoDGH� �EXLOGLQJ�
SULPDU\�ZDOO����&��
4J���� ��KHDW�H[WUDFWHG�E\�FDYLW\��GHILQHG�E\�HQWKDOS\�
FKDQJH��:��
KFRQY�H[W�  � � FRQYHFWLYH� KHDW� WUDQVIHU� FRHIILFLHQW� WR�
H[WHULRU��:�Pð�.��
KUDG�H[W� ��UDGLDWLYH�KHDW�WUDQVIHU�FRHIILFLHQW�WR�H[WHULRU�
�:�Pð�.��
7V������ ��VN\�WHPSHUDWXUH���&��
7D������ ��H[WHULRU�DPELHQW�WHPSHUDWXUH���&��
KUDG�LQW� � �UDGLDWLYH�KHDW�WUDQVIHU�FRHIILFLHQW�LQVLGH�WKH�
FDYLW\��:�Pð�.��
������� ��DEVRUSWDQFH�RI�39�PRGXOHV�����
������� �VRODU�FHOO�RSHUDWLQJ�HIILFLHQF\�����
*L������ ��LQFLGHQW�VRODU�UDGLDWLRQ�IOX[��:�Pð��
V������� ��HPLVVLYLW\�RI�VN\�����

$&.12:/('*(0(17�
7KLV� ZRUN� ZDV� FDUULHG� RXW� DV� D� FRQWULEXWLRQ� WR� WKH�
)UHQFK� 1DWLRQDO� 5HVHDUFK� SURJUDP� 35(%$7�
PDQDJHG� E\� WKH� $'(0(� HQWLWOHG� 5(66285&(6�
�&RQYHQWLRQ� $'(0(� ����&������� 7KH� KHOS� IURP�
WKH� SDUWQHUV�� (')� 5	'� �5�� /HEHUUH�� +%6�7HFKQDO�
�3��/DKELE��-��+��)RUWLHU���-DFTXHV�)HUULHU�$UFKLWHFWHV�
�2��&RUQHIHUW��LV�DFNQRZOHGJHG��

5()(5(1&(6�
&KRZ� 7�7�� ������ 3HUIRUPDQFH� DQDO\VLV� RI�

SKRWRYROWDLF�WKHUPDO� FROOHFWRU� E\� H[SOLFLW�
G\QDPLF�PRGHO��6RODU�(QHUJ\�������������������

&KRZ�7�7���$�UHYLHZ�RQ�SKRWRYROWDLF�WKHUPDO�K\EULG�
VRODU�WHFKQRORJ\��$SSOLHG�(QHUJ\���������������

(XURSHDQ� &RPPLVVLRQ� ������ (QHUJ\� ����� �� $�
VWUDWHJ\� IRU� FRPSHWLWLYH�� VXVWDLQDEOH� DQG� VHFXUH�
HQHUJ\�� %UXVVHOV�� %HOJLXP��
KWWS���HF�HXURSD�HX�HQHUJ\�HQHUJ\�����HQHUJ\��
��BHQ�KWP��DFFHVVHG������

*DLOODUG� /��� *LURX[� 6��� 3DELRX�+���0pQp]R� &��� )XOO�
VFDOH� H[SHULPHQWDWLRQ� RI� EXLOGLQJ� LQWHJUDWHG�
SKRWRYROWDLF� FRPSRQHQW� IRU� QDWXUDOO\� YHQWLODWHG�
GRXEOH�VNLQ� FRQILJXUDWLRQ�� 3URFHHGLQJV� RI�
6RODULV�������9DUDQDVL��,QGLD�

*XLDYDUFK�$���3HXSRUWLHU�%���3KRWRYROWDLF� FROOHFWRUV�
HIILFLHQF\� DFFRUGLQJ� WR� WKHLU� LQWHJUDWLRQ� LQ�
EXLOGLQJV��6RODU�(QHUJ\��������������
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*XLRW� 7��� %RGGDHUW� 6��� %RLOORW� %��� $VVRD� <�%���
*DLOODUG�/���7KHUPDO�EHKDYLRXU�RI�URRIWRS�%,39�
V\VWHPV��DQ�H[SHULPHQWDO�DSSURDFK��3URFHHGLQJV�
��WK� (XURSHDQ� 3KRWRYROWDLF� 6RODU� (QHUJ\�
&RQIHUHQFH��������S����������

0LQLVWqUH�GH� O¶(FRORJLH��GX�'pYHORSSHPHQW�'XUDEOH�
HW�GH�O¶(QHUJLH�������5qJOHPHQWDWLRQ�7KHUPLTXH�
������ )UDQFH�� KWWS���ZZZ�GHYHORSSHPHQW�
GXUDEOH�JRXY�IU�&KDSLWUH�,�/D�
UHJOHPHQWDWLRQ�KWPO��DFFHVVHG���������

1H\PDUN� -��� *LUDXOW� 3��� *X\RQ� *��� -XGNRII� 5���
/H%HUUH� 5��� 2MDOYR� -��� 5HLPHU� 3��� 7KH� ³(71$�
%HVWHVW´� (PSLULFDO�9DOLGDWLRQ�'DWD� 6HW�� ,%36$�
%6��� SURFHHGLQJV�� 0RQWUpDO�� &DQDGD�� ��������
SS��������

2QJ� .�6��� &KRZ� &�&��� 3HUIRUPDQFH� RI� D� 6RODU�
&KLPQH\��6RODU�(QHUJ\����������������

6DQGEHUJ� 0�� 0RVKIHJK� %�� ������ 9HQWLODWHG� VRODU�
URRI� DLUIORZ� DQG� KHDW� WUDQVIHU� LQYHVWLJDWLRQ��
5HQHZDEOH�(QHUJ\�������������������

6FLODE� (QWHUSULVHV�� 6FLODE�� )UHH� DQG� 2SHQ� 6RXUFH�
VRIWZDUH� IRU� QXPHULFDO� FRPSXWDWLRQ� >6RIWZDUH@��
DYDLODEOH�IURP��KWWS���ZZZ�VFLODE�RUJ��������

=|OOQHU�$���:LQWHU�(�5�)���9LVNDQWD�5���([SHULPHQWDO�
VWXGLHV� RI� FRPELQHG� KHDW� WUDQVIHU� LQ� WXUEXOHQW�
PL[HG� FRQYHFWLRQ� IOXLG� IORZV� LQ� GRXEOH�VNLQ�
IDoDGHV�� ,QWHUQDWLRQDO� -RXUQDO�RI�+HDW�DQG�0DVV�
7UDQVIHU����������������
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