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�D�Q�G�� �V�N�\���� �5�D�G�L�D�W�L�Y�H�� �H�[�F�K�D�Q�J�H�� �Z�L�W�K�L�Q�� �W�K�H�� �F�D�Y�L�W�\�� �L�V��
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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�.��
�D������� ��DEVRUSWDQFH�RI�39�PRGXOHV�����
�K������� �VRODU�FHOO�RSHUDWLQJ�HIILFLHQF\�����
*L������ ��LQFLGHQW�VRODU�UDGLDWLRQ�IOX[��:�Pð��
�HV������� ��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�$���3HXSRUWLHU�%���3KRWRYROWDLF� FROOHFWRUV�
HIILFLHQF\� DFFRUGLQJ� WR� WKHLU� LQWHJUDWLRQ� LQ�
EXLOGLQJV��6RODU�(QHUJ\��������������
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�*�X�L�R�W���7������ �%�R�G�G�D�H�U�W�� �6������ �%�R�L�O�O�R�W�� �%������ �$�V�V�R�D�� �<���%������
�*�D�L�O�O�D�U�G���/�������7�K�H�U�P�D�O���E�H�K�D�Y�L�R�X�U���R�I���U�R�R�I�W�R�S���%�,�3�9��
�V�\�V�W�H�P�V���� �D�Q���H�[�S�H�U�L�P�H�Q�W�D�O���D�S�S�U�R�D�F�K���� �3�U�R�F�H�H�G�L�Q�J�V��
�����W�K�� �(�X�U�R�S�H�D�Q�� �3�K�R�W�R�Y�R�O�W�D�L�F�� �6�R�O�D�U�� �(�Q�H�U�J�\��
�&�R�Q�I�H�U�H�Q�F�H�����������������S��������������������

�0�L�Q�L�V�W�q�U�H�� �G�H�� �O�¶�(�F�R�O�R�J�L�H���� �G�X�� �'�p�Y�H�O�R�S�S�H�P�H�Q�W�� �'�X�U�D�E�O�H��
�H�W���G�H���O�¶�(�Q�H�U�J�L�H���������������5�q�J�O�H�P�H�Q�W�D�W�L�R�Q���7�K�H�U�P�L�T�X�H��
������������ �)�U�D�Q�F�H���� �K�W�W�S�������Z�Z�Z���G�H�Y�H�O�R�S�S�H�P�H�Q�W��
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