
8QLYHUVLGDGH )HGHUDO GH 0LQDV
*HUDLV

,QVWLWXWR GH &LAHQFLDV ([DWDV
'HSDUWDPHQWR GH (VWDWurVWLFD

)ODW &UXVK 6WUHQJWK
3UHGLFWLRQ

0DUWD $IRQVR )UHLWDV

5HODWuRULR 7uHFQLFR57$��������

5HODWuRULR 7uHFQLFR
6uHULH $VVHVVRULD



)ODW &UXVK 6WUHQJWK 3UHGLFWLRQ
� ���� � ���	
 ������ �� �������� ���� �  !"#

$%&'()'* +,)- ./ 0 1232 4567 89: ; <=>? @ A BC D E FGHIJK

L MNOPQRS
T UVWVXUVXYWZ W[WZ\]^] _` ab ^]c^`d efeag chia ]cga`dcj klm knop kqrst usrs

vwx yz{|}{~ z� �� }{�z{ �} �z����� ��������� ��� ��� ����� ����������  ¡¢ £
�����¤ �������� ¥ ¡�� ���� ��¦�  � ����§ �¨ ©ª«¬  ®¯°±²³ ´µ®±¯ ¶´· ´¸´®¹´º¹» ±¯
¼´¼»² ½²´¾»  ®¯·®¾» µ¿º» ¾®´³ »µ»² ÀÁÂ ¬  ·¼®²´¹ ´¯½¹» ÀÃ Ä Å Æ ÇÈ É Æ ÇÊ É Ë Ì ÇÉ Ë Ì Í Î
Ï Í ÐÑÒÒ ÓÑÓÔÕ Ö×ÑÕÑÖØÔÕÙÚØÙÖÚÛ Ü ÝØ ÞÑÚ ß à ÙáØÔÕÔÚØ Øß ÓÕÔâÙÖØ ãÑØ ÖÕäÚ× åÑÚÔâ ßá
Ø×ÔÚÔ æÑÕÙÑåÒÔÚ Ü ç èé êëìí îïðìñòóëô õóö ôñöîë÷ñø ùöîúòûñòóë ìöî ÷òüîë ýþ ÿ

� ���� � ���	
�� �
 � � � ����� � �� �� ����� �  !" # $ %& ' ( ) *+ ,- ./012 344567 8 9 : ;< =>?@A BCCDEF G H

I JKLM N OPQRSTM U
V W X Y HZ[ \ ]^ _` a`bcd e fgh ijk l m n l o p n q

rst uvwxu wyz{|}~v� xw�w �~��{�w� x }|� |�w wyz{|}~v� �z��wv|�� }v z�w �
���� ������� ��� �� ��������� �� ����� ������� ���� ����������� ��� ����� ��� ���
������� ��������� � ����������� ¡ ��������� ������� ���� �� ¢ �� ��� �� ��£��¤¥
¦§¨¦© §¨ª ¦«¨¬ª©¨¦© ¨®©¯°§±² ³«¯ ®´© µ§¯§¶ ©®©¯² · ¸¹º»¼½º¸½ ¾º¿½ÀÁÂÃÄ Å¹À ¿Æ½
ÇÀ½¼¾¸¿½¼ ÈÂ¿ ¸ÀÉÄÆ Ä¿À½ºÊ¿Æ Ë ¸Âºº¹¿ Ì½ ¹Ì¿Â¾º½¼ Í Î¿ ÏÂÄ ¿Æ½º À½¸¹Ð½º¼½¼
¿Æ½ ÉÄ½ ¹Å ¿Æ½ ½ÑÉÂ¿¾¹ºÄ ÂÌ¹Á½ Å¹À Ä¿À½ºÊ¿Æ ÇÀ½¼¾¸¿¾¹º Í
ÒÓÔ ÕÖ×ØÙÚ Û ÜÝ Þßàáâ ãäåæçèéêë ìíî ïðñ òóô ôòõ ôòööð÷ñ ø

�



�

� ,QWURGXFWLRQ�2EMHFWLYHV
7KH REMHFWLYH RI WKLV VWXG\ LV WR SHUIRUP VWDWLVWLFDO DQDO\VLV RQ H[LVWLQJ WXEH VWUHQJWK
H[SHULPHQWDO GDWD LQ RUGHU WR GHYHORS HTXDWLRQV IRU VWUHQJWK SUHGLFLWRQ� ,Q SDUWLFX�
ODU� LW LV RI LQWHUHVW WR SUHGLFW oDW FUXVK VWUHQJWK �)&� EDVHG RQ VHYHUDO WXEH� GHVLJQ
DQG SDSHU SURSHUWLHV� QDPHO\�

q LQVLGH GLDPHWHU �,'� �LQ LQFKHV�
q WKLFNQHVV �W� �LQ LQFKHV�
q VSLUDO DQJOH �n�
q SDSHU SURSHUWLHV� 3�$� 3�% DQG 3� �LQ SVL�
q WXEH SURSHUWLHV� )(�� )(�
7ZR HTXDWLRQV ZLOO EH FRQVLGHUHG �NQRZQ DV �PRGH �� DQG �PRGH �� IDLOXUHV��

7KH\ KDYH EHHQ DGDSWHG IURP WKH RQHV XVHG WR SUHGLFW VWUHQJWK RQ ZRRG� DQG WKHLU
IRUPDWV DUH JLYHQ EHORZ�

q PRGH � IDLOXUH�
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3�%�VLQ�n� � 3�$�FRV�n� ���

q PRGH � IDLOXUH�
)&  N e 3� e )(� ���

,W LV DOVR RI LQWHUHVW WR PRGLI\ WKRVH HTXDWLRQV LQ RUGHU WR WDNH LQWR DFFRXQW D
VL]H HmHFW JLYHQ E\ � �
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� 7KH )ODW &UXVK 6WUHQJWK 'DWD
7KH GDWD DYDLODEOH LV RQ oDW FUXVK VWUHQJWK �)&� PHDVXUHPHQWV IRU ��� WXEHV RI
GLmHUHQW VL]HV� ��WZR� LQFKHV LQVLGH GLDPHWHU WXEHV �D WRWDO RI ���� � LQ� ,' WXEHV
����� � LQ� ,' WXEHV ���� DQG �� LQ� ,' WXEHV �����
)RU HDFK WXEH� LQIRUPDWLRQ LV DYDLODEOH RQ SDSHU JUDGH� LQVLGH GLDPHWHU �,'��

VSLUDO DQJOH �n�� 3�$� 3�%� 3�� )(� DQG )(�� 7KH YDOXHV RI )(� DQG )(� ZHUH
REWDLQHG IURP D WKHRUHWLFDO HTXDWLRQ RQ ,'� W DQG n� ,QIRUPDWLRQ RQ WKH IRUPDW RI
WKLV HTXDWLRQ ZDV QRW SURYLGHG� $OWKRXJK WKH REVHUYHG ,' YDOXHV DUH QRW �H[DFW�
�L�H D � LQ� ,' WXEH KDV DFWXDOO\ DQ REVHUYHG ,' YDOXH RI ����� LQ��� WKH REVHUYHG
YDOXHV ZLOO EH XVHG VLQFH WKRVH ZHUH WKH RQHV XVHG LQ WKH WKHRUHWLFDO HTXDWLRQV ZKLFK
SURGXFHG WKH JLYHQ YDOXHV RI )(� DQG )(��
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� $QDO\VLV�5HVXOWV
,Q D nUVW DWWHPSW WR LQFRUSRUDWH D VL]H HmHFW WR WKH JHQHUDO HTXDWLRQV ��� DQG ����
WKH UHVHDUFKHUV DW 6RQRFR KDYH GHYHORSHG WKH IROORZLQJ RQHV�
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q PRGH � IDLOXUH
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7KH UHVXOWV REWDLQHG XVLQJ WKH PRGHO GHYHORSHG E\ WKLV VWDWLVWLFDO DQDO\VLV ��QHZ�
PRGHO� ZLOO EH FRPSDUHG ZLWK WKH RQHV REWDLQHG XVLQJ WKH HTXDWLRQV ��� WR ����

��� 0RGH � )DLOXUH
7KH IRUPDW RI WKH HTXDWLRQ XVHG IRU PRGH � IDLOXUH� WDNLQJ LQWR DFFRXQW D VL]H HmHFW
LV JLYHQ E\�
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7KH UHVXOWV RI WKH PRGHO nWWLQJ DUH VKRZQ LQ 7DEOHV � DQG �� 7KH $129$ WDEOH
LV LQ WKH $SSHQGL[�
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7DEOH �� 3DUDPHWHU VXPPDU\ IRU WKH PRGHO nWWHG WR WKH oDW FUXVK VWUHQJWK GDWD
�0RGH � IDLOXUH
7KH DSSUR[LPDWH W UDWLRV DUH KLJKO\ VLJQLnFDQW LQGLFDWLQJ WKDW WKH SDUDPHWHUV

XQGHU FRQVLGHUDWLRQ VKRXOG QRW EH GHOHWHG IURP WKH PRGHO� ,Q DGGLWLRQ� WKH SDUDP�
HWHU DSSUR[LPDWH FRUUHODWLRQ PDWUL[ �7DEOH �� GRHV QRW H[KLELW DQ\ KLJK FRUUHODWLRQ
DPRQJ WKH SDUDPHWHUV� $ KLJK FRUUHODWLRQ DPRQJ DQ\ WZR ZRXOG LQGLFDWH RYHU�
SDUDPHWUL]DWLRQ�


