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3DODQJ�0HUDK�,QGRQHVLD��30,��VHEDJDL�OHPEDJD SHQJHORODDQ�GDQ�SHODNVDQDDQ�
XVDKD� WUDQVIXVL�GDUDK�\DQJ�GLDWXU�GDODP�3HUDWXUDQ�3HPHULQWDK��33��1R����������
%DE�,9��3DVDO����D\DW ����EHUWXJDV�XQWXN�PHQ\HGLDNDQ�VWRN�GDUDK�XQWXN�PHPHQXKL�
SHUPLQWDDQ�WHUKDGDS�GDUDK�EDLN�GDUL�UXPDK�VDNLW�PDXSXQ�GDUL�8QLW�7UDQVIXVL�'DUDK�
�87'�� 30,� LWX� VHQGLUL�� .HWLGDNSDVWLDQ� SHUPLQWDDQ� GDUDK� GDQ� VLIDW� GDUDK� \DQJ�
SHULVKDEOH�PHQMDGL�WDQWDQJDQ�EDJL�30,�XQWXN�PHQJRSWLPDONDQ�NHWHUVHGLDDQ�GDUDK��
$SDELOD� NHWHUVHGLDDQ� GDUDK� GL� 30,� WLGDN� GLNHOROD� GHQJDQ� EDLN� PDND� DNDQ�
PHPEHULNDQ�GDPSDN�WXUXQQ\D�WLQJNDW�SHOD\DQDQ�WHUKDGDS�SHPHQXKDQ�GDUDK�DWDX�
WLQJJLQ\D� NXDQWLWDV� GDUDK� \DQJ� KDUXV� GLEXDQJ� DNLEDW� GLVLPSDQ� PHOHELKL� PDVD�
NHGDOXZDUVDQ\D��3HQJJXQDDQ�PHWRGH�SHUDPDODQ�WHUKDGDS�SHUPLQWDDQ�GDUDK�GDSDW�
PHPEDQWX�30,�XQWXN�PHQHQWXNDQ� WDUJHW� NHWHUVHGLDDQ GDUDK� \DQJ�KDUXV� GLFDSDL�
SDGD� PDVD� \DQJ� DNDQ� GDWDQJ�� 8QWXN� PHODNXNDQ� WHNQLN� SHUDPDODQ� PDND� SHUOX�
GLWHQWXNDQ� SROD� GDWD� GDUL� SHUPLQWDDQ� GDUDK� \DQJ� GLJXQDNDQ� XQWXN� PHQHQWXNDQ�
PHWRGH�WHUEDLN�GDODP�SHUDPDODQ�SHUPLQWDDQ�GDUDK�\DQJ�DNDQ�GLJXQDNDQ�VHEDJDL�
PHWRGH�GDVDU�GHFLVLRQ�WRRO�VHGHUKDQD�\DQJ�DNDQ�GLEXDW��

0HWRGH� WHUEDLN� SHUDPDODQ� GLWHQWXNDQ� GHQJDQ�PHOLKDW� SHUEHGDDQ� DQWDUD� KDVLO�
SHUPDODQ� GHQJDQ� GDWD� DNWXDO�� 0HWRGH� GHQJDQ� SHUEHGDDQ� WHUNHFLO� DNDQ� PHQMDGL�
PHWRGH�WHUEDLN� 0HWRGH�WHUEDLN�GLSLOLK�GDUL�EHEHUDSD�PHWRGH�\DQJ�VHVXDL�GHQJDQ�
LGHQWLWDV� DWDX� SROD� GDWD� DNWXDO� \DQJ� GLPLOLNL�� 3DGD SHQHOLWLDQ� LQL� GLODNXNDQ�
SHPEDQJXQDQ�PRGHO�SHUDPDODQ�GHQJDQ�PHWRGH� WLPH�VHULHV�GDQ�PHWRGH�-DULQJDQ�
6DUDI�7LUXDQ� �-67��� 3HUDPDODQ� GHQJDQ�PHWRGH� -67� GLDZDOL� GHQJDQ�PHQHQWXNDQ�
DUVLWHNWXU GDQ� SDUDPHWHU� DOJRULWPD�� NHPXGLDQ� GLODNXNDQ� SHODWLKDQ� XQWXN�
PHQGDSDWNDQ� ERERW� RSWLPDO�� GLODQMXWNDQ� GHQJDQ� SURVHV� SHQJXMLDQ� XQWXN�
PHQHQWXNDQ�DSDNDK�PRGHO�VXGDK�YDOLG�DWDX�EHOXP��3DGD SHQHOLWLDQ�LQL�MXJD�GLEXDW�
VHEXDK� 'HFLVLRQ� 7RRO� VHGHUKDQD� GHQJDQ� PHWRGH� WHUSLOLK� XQWXN� PHUDPDONDQ�
SHUPLQWDDQ�GDUDK�GL�30,�.DEXSDWHQ�6OHPDQ�GL�PDVD�\DQJ�DNDQ�GDWDQJ��

'HQJDQ�PHQJJXQDNDQ�GDWD�SHUPLQWDDQ�GDUDK�GL�30,�.DEXSDWHQ�6OHPDQ�GDUL�
SHULRGH� -DQXDUL� ����� KLQJJD� SHULRGH�$SULO� �����PDND� GLGDSDWNDQ�PHWRGH� WLPH�
VHULHV� \DQJ� VHVXDL GHQJDQ�SROD� GDWD� WHUVHEXW� \DLWX�PHWRGH�1DwYH��+ROW¶V�/LQHDU�
([SRQHQWLDO� 6PRRWKLQJ�� 4XDGUDWLF� ([SRQHQWLDO� 6PRRWKLQJ�� GDQ� $5,0$��
6HGDQJNDQ� XQWXN� PHWRGH� -67� PHQJJXQDNDQ� DOJRULWPD� %DFNSURSDJDWLRQ� �%3���
$QDOLVLV� PHQJJXQDNDQ� EHEHUDSD� PHWRGH� WHUVHEXW� PHQJKDVLONDQ� PHWRGH� +ROW¶V�
/LQHDU� ([SRQHQWLDO� 6PRRWKLQJ� VHEDJDL� PHWRGH� WHUEDLN� XQWXN� PHUDPDONDQ�
SHUPLQWDDQ�GDUDK�JRORQJDQ�$��%��GDQ�2 GHQJDQ�0$3(�PDVLQJ�PDVLQJ������ ������
GDQ� ������ 6HGDQJNDQ� XQWXN� JRORQJDQ� GDUDK� $%�PHQJJXQDNDQ� PRGHO $5,0$�
�������� GHQJDQ� 0$3(� VHEHVDU ������ .HPXGLDQ� GLEXDW� VHEXDK� 'HFLVLRQ� 7RRO�
VHGHUKDQD�EHUEDVLV�VSUHDGVKHHW�XQWXN�PHUDPDONDQ�SHUPLQWDDQ�GDUDK�GL�PDVD�\DQJ�
DNDQ�GDWDQJ�PHQJJXQDNDQ�PHWRGH�+ROW¶V�/LQHDU�([SRQHQWLDO�6PRRWKLQJ�

.DWD�NXQFL � 3HUDPDODQ�3HUPLQWDDQ�'DUDK��7LPH�6HULHV��'HFLVLRQ�7RRO� -DULQJDQ�
6DUDI�7LUXDQ��%DFNSURSDJDWLRQ
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7KH� ,QGRQHVLDQ�5HG�&URVV� 6RFLHW\� �30,�� DV� WKH�PDQDJHPHQW� DQG� RSHUDWLRQ�
DJHQF\� RI� EORRG� WUDQVIXVLRQ� DFWLYLWLHV� VWLSXODWHG� LQ� WKH� *RYHUQPHQW� 5HJXODWLRQ�
�3HUDWXUDQ�3HPHULQWDK��1R����������&KDSWHU� ,9��$UWLFOH���� SDUDJUDSK� ���� LV� LQ�
FKDUJH�RI�SURYLGLQJ�EORRG�VWRFN�WR�PHHW�WKH�GHPDQG�IRU�EORRG�ERWK�IURP�WKH�KRVSLWDO�
DQG� IURP� WKH� %ORRG� 7UDQVIXVLRQ� 8QLW �8QLW� 7UDQVIXVL� 'DUDK�� RI� 30,� LWVHOI��
8QFHUWDLQW\� RI� EORRG� GHPDQG� DQG� SHULVKDEOH� EORRG� FKDUDFWHULVWLFV� SRVHG� D�
FKDOOHQJH�IRU�30,�WR�RSWLPL]H�WKH�DYDLODELOLW\�RI�EORRG� ,I�WKH�DYDLODELOLW\�RI�EORRG�
LQ�30,�LV�QRW�ZHOO�PDQDJHG� LW�ZLOO�GHFUHDVH WKH�VHUYLFH�OHYHO RI EORRG�IXOILOPHQW RU�
WKH�KLJK�TXDQWLW\�RI�EORRG�WKDW�PXVW�EH� WKURZQ�RXW GXH�WR H[SLUDWLRQ� 7KH�XVH�RI�
IRUHFDVWLQJ�PHWKRGV�RI�EORRG�GHPDQG�FDQ�KHOS�30,�WR�GHWHUPLQH�WKH�WDUJHW�RI�EORRG�
VXSSO\�WKDW�PXVW�EH�DFKLHYHG�LQ�WKH�IXWXUH�WR�UHGXFH�WKH�QHJDWLYH�LPSDFW�RI�WKH�ODFN�
RU�H[FHVVLYH�DYDLODELOLW\�RI�EORRG�LQ�30,��7R�SHUIRUP WKH�IRUHFDVWLQJ�WHFKQLTXHV�LW�
LV�QHFHVVDU\�WR�VSHFLI\�WKH�GDWD�SDWWHUQ�RI�WKH�EORRG�GHPDQG�XVHG�WR�GHWHUPLQH�WKH�
EHVW�PHWKRG�LQ�IRUHFDVWLQJ�WKDW�ZLOO�EH�XVHG�DV�WKH�EDVLF�PHWKRG�RI�GHFLVLRQ�WRRO�WR�
EH�PDGH�

7KH� EHVW� PHWKRG� RI� IRUHFDVWLQJ� LV� GHWHUPLQHG� E\� FRPSDULQJ WKH� GLIIHUHQFH�
EHWZHHQ� WKH� IRUHFDVWLQJ� UHVXOWV� DQG� WKH� DFWXDO� GDWD�� ,Q� WKH� LPSOHPHQWDWLRQ� RI�
IRUHFDVWLQJ� PRGHO�� WKH� EHVW� PHWKRG� WKDW� SURGXFHV� WKH� VPDOOHVW� GLIIHUHQFH� YDOXH�
EHWZHHQ� IRUHFDVWLQJ� UHVXOWV� ZLWK� DFWXDO� GDWD� QHHGV� WR� EH� GHWHUPLQHG��
7KH�EHVW�PHWKRG�LV�FKRVHQ�IURP�VHYHUDO�PHWKRGV�WKDW�PDWFK�WKH�LGHQWLW\�RU�SDWWHUQ�
RI�WKH�DFWXDO�GDWD��+HQFH� WKLV�UHVHDUFK GHYHORSHG�D IRUHFDVWLQJ�PRGHO�ZLWK�WLPH�
VHULHV�PHWKRG�DQG�$UWLILFLDO 1HXUDO�1HWZRUN �$11��PHWKRG� )RUHFDVWLQJ�ZLWK�$11�
PHWKRG�EHJLQV�E\�GHWHUPLQLQJ�WKH�DUFKLWHFWXUH�DQG�SDUDPHWHUV�RI� WKH�DOJRULWKP��
WKHQ� WKH� WUDLQLQJ� WR� REWDLQ� RSWLPDO� ZHLJKW�� IROORZHG� E\� WKH� WHVWLQJ� SURFHVV� WR�
GHWHUPLQH�ZKHWKHU�WKH�PRGHO�LV�YDOLG�RU�QRW�� $ VLPSOH�VSUHDGVKHHW�EDVHG�'HFLVLRQ�
7RRO�LV�DOVR�PDGH�WR�SUHGLFW�WKH�EORRG�GHPDQG�LQ�30,�RI�6OHPDQ�5HJHQF\�

%\�XVLQJ�GDWD�RI�EORRG�GHPDQG�LQ�30,�RI�6OHPDQ�5HJHQF\�IURP�-DQXDU\������
XQWLO�$SULO������SHULRG�� WKH� WLPH�VHULHV�PHWKRG�DFFRUGLQJ� WR� WKH�GDWD�SDWWHUQ� LV�
1DwYH� PHWKRG�� +ROW
V� /LQHDU� ([SRQHQWLDO� 6PRRWKLQJ�� 4XDGUDWLF� ([SRQHQWLDO�
6PRRWKLQJ�DQG�$5,0$��$V� IRU� WKH�PHWKRG�RI�$11�XVLQJ�%DFNSURSDJDWLRQ� �%3��
DOJRULWKP�� $QDO\VLV� XVLQJ� VRPH� RI� WKHVH� PHWKRGV� UHVXOWHG� LQ� +ROW
V� /LQHDU�
([SRQHQWLDO�6PRRWKLQJ�PHWKRG�DV�WKH�EHVW�PHWKRG�IRU�SUHGLFWLQJ�$��%��DQG�2�EORRG�
GHPDQG�ZLWK�0$3(�UHVSHFWLYHO\�������������DQG��������$V�IRU�EORRG�W\SH�$%�XVLQJ�
$5,0$�PHWKRG���������ZLWK�0$3(�RI�������$IWHU�WKDW��D�VLPSOH�VSUHDGVKHHW�EDVHG�
'HFLVLRQ� 7RRO� LV� FUHDWHG� WR� SUHGLFW� IXWXUH� EORRG� GHPDQG� XVLQJ� +ROW
V� /LQHDU�
([SRQHQWLDO�6PRRWKLQJ�

.H\ZRUGV � %ORRG�'HPDQG�)RUHFDVWLQJ��7LPH�6HULHV��'HFLVLRQ�7RRO��$UWLILFLDO�
1HXUDO�1HWZRUNV��%DFNSURSDJDWLRQ
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