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$JURPHWHRURORJLFDO�&URS�<LHOG�)RUHFDVWLQJ�0HWKRGV

5HQp�*RPPHV

)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQV

$%675$&7���7KLV�SDSHU�SUHVHQWV�DQ�LQWURGXFWLRQ�WR�DJURPHWHRURORJLFDO�FURS�\LHOG�IRUHFDVWLQJ��$&<)��PHWKRGV���6XFK�PHWKRGV

DWWHPSW�WR�TXDQWLWDWLYHO\�DVVHVV�WKH�HIIHFW�RI�ZHDWKHU�YDJDULHV�RQ�UHJLRQDO�FURS�\LHOGV�EHIRUH�KDUYHVW���7KH�SDSHU�LQVLVWV�RQ�WKH�IDFW

WKDW�DOO�$&<)�DSSURDFKHV�DUH�HYHQWXDOO\�FDOLEUDWHG�DJDLQVW�WUDGLWLRQDO�\LHOG�VWDWLVWLFV�REWDLQHG�WKURXJK�VDPSOLQJ�SURFHGXUHV�

7KUHH�PHWKRGV�DUH�FRYHUHG��GHVFULSWLYH�PHWKRGV��UHJUHVVLRQ�PHWKRGV�DQG�FURS�VLPXODWLRQ�PHWKRGV���'HVFULSWLYH�PHWKRGV�VLPSO\

FODVVLI\�ZHDWKHU�FRQGLWLRQV�DFFRUGLQJ�WR�RQH�RU�VHYHUDO�YDULDEOHV�WR�LGHQWLI\�FRQYHQWLRQDO�WKUHVKROGV�VHSDUDWLQJ�JURXSV�RI

VLJQLILFDQWO\�GLIIHUHQW�\LHOGV���5HJUHVVLRQ�PHWKRGV�GHULYH�HTXDWLRQV�UHODWLQJ�FURS�\LHOG�ZLWK�ZHDWKHU�YDULDEOHV���)LQDOO\�

VLPXODWLRQ�PHWKRGV��WKH�PRVW�FRPSOH[�RQHV�FXUUHQWO\�LQ�XVH��DWWHPSW�WR�DQDO\WLFDOO\�GHVFULEH�WKH�SK\VLFDO�DQG�SK\VLRORJLFDO

LPSDFW�RI�HQYLURQPHQW�DQG�PDQDJHPHQW�FRQGLWLRQV�RQ�FURS�GHYHORSPHQW��JURZWK�DQG�\LHOG�

$�ODUJH�VHFWLRQ�RI�WKH�SDSHU�GHDOV�ZLWK�PHWKRGRORJLFDO�RSWLRQV�DQG�TXHVWLRQV���0RVW�RI�WKHP�DUH�OLQNHG�ZLWK�WKH�GLIIHUHQFHV�LQ

WHPSRUDO�DQG�VSDWLDO�VFDOHV�RI�WKH�PRGHO�LQSXWV�DQG�RXWSXWV��DQG�DSSO\�HTXDOO\�WR�WKH�WKUHH�PHWKRGV���,QSXWV�FRYHU�D�ODUJH

VSHFWUXP�RI�GDWD�VRXUFHV�DQG�W\SHV��IURP�ZHDWKHU�VWDWLRQV��SRLQWV��DQG�VDWHOOLWHV��SL[HOV��WR�VRLOV��SRO\JRQV��DQG�GLUHFW�FURS

REVHUYDWLRQV�DW�WKH�ILHOG�OHYHO���7KH�LQWHJUDWLRQ�RI�WKH�GDWD�UHTXLUHV�WHFKQLTXHV�RI�DJJUHJDWLRQ�DQG�GLV�DJJUHJDWLRQ�ZKLFK�DUH�QRZ

DYDLODEOH��DOWKRXJK�WKHLU�LPSOHPHQWDWLRQ�LV�IUDXJKW�ZLWK�PHWKRGRORJLFDO�SUREOHPV���,Q�SUDFWLFH��PHWKRGV�ZLOO�EH�VHOHFWHG�EDVHG�RQ

WKHLU�SHUIRUPDQFH�XQGHU�D�UDQJH�RI�GLIIHUHQW�FRQGLWLRQV�DQG�WKHLU�FRVW�RI�LPSOHPHQWDWLRQ�

�� ,QWURGXFWLRQ

$JURPHWHRURORJLFDO�FURS�\LHOG�IRUHFDVWLQJ��$&<)��PHWKRGV�SURYLGH�D�TXDQWLWDWLYH�HVWLPDWH�RI�WKH

H[SHFWHG�FURS�\LHOG�RYHU�D�JLYHQ�DUHD��LQ�DGYDQFH�RI�WKH�KDUYHVW�DQG�LQ�D�ZD\�WKDW�FRQVWLWXWHV�DQ

LPSURYHPHQW�RYHU�WUHQGV��SURYLGHG�QR�H[WUHPH��FRQGLWLRQV�RFFXU���7KH\�DUH�EDVHG�RQ�WKH�FRPPRQ

VHQVH�DVVXPSWLRQ�WKDW�ZHDWKHU�FRQGLWLRQV��DUH�WKH�PDLQ�IDFWRU�EHKLQG�WKH�LQWHU�DQQXDO��VKRUW�WHUP�

YDULDWLRQV�RI�GHWUHQGHG�FURS�\LHOG�VHULHV�>3HWU�����@�

7KH�ZRUGLQJ�´FRPPRQ�VHQVH�DVVXPSWLRQµ�LV�XVHG�EHFDXVH�LW�LV�RIWHQ�GLIILFXOW�WR�VKRZ�WKH�GLUHFW�UHODWLRQ

EHWZHHQ�ZHDWKHU�DQG�FURS�\LHOGV�DW�WKH�KLJKHU�OHYHOV�RI�DJJUHJDWLRQV�DW�ZKLFK�DJULFXOWXUDO�VWDWLVWLFV�DUH

SXEOLVKHG��QDWLRQDO�OHYHO��VWDWHV��UHJLRQV��SURYLQFHV��HWF����XQOHVV�WKH�DUHD�FRYHUHG�LV�YHU\�OLPLWHG��VPDOO

LVODQG�FRXQWULHV��RU�D�GRPLQDQW�OLPLWLQJ�IDFWRU�DFWXDOO\�FRQWUROV�\LHOGV��IRU�LQVWDQFH�ZDWHU�DYDLODELOLW\�LQ

PDQ\�VHPL�DULG�FRXQWULHV��OLNH�WKH�ZHVW�$IULFDQ�6DKHO����(YHQ�WKH�ZHDWKHU�GHSHQGHQW�DJULFXOWXUH�RI

FRXQWULHV�OLNH�%DQJODGHVK�GRHV�QRW�DSSHDU�WR�EH�PDFURVFRSLFDOO\�ZHDWKHU�GHSHQGHQW�LQ�SXEOLVKHG

VWDWLVWLFV��EHFDXVH�RI�WKH�DJJUHJDWLRQ�RI�WKH�WKUHH�FURSSLQJ�VHDVRQV�WKDW�FRYHU�RQH�FDOHQGDU�\HDU��DQG

EHFDXVH�RI�YHU\�GLIIHUHQW�FURS��PDLQO\�ULFH��W\SRORJLHV��LUULJDWHG��UDLQ�IHG��IORDWLQJ��HWF��

7KH�YDULDWLRQV�DIIHFWLQJ�GHWUHQGHG�\LHOG�VHULHV�DUH�RIWHQ�WHUPHG�´UDQGRPµ�E\�DJULFXOWXUDO�VWDWLVWLFLDQV��

$JURPHWHRURORJLFDO�FURS�\LHOG�IRUHFDVWLQJ�PHWKRGV�FDQ�UHGXFH�WKH�UDQGRP�FRPSRQHQW�E\�WDNLQJ

DGYDQWDJH�RI�ERWK��L��WKH�NQRZOHGJH�RI�WKH�GLUHFW�DQG�LQGLUHFW�PHFKDQLVPV�JRYHUQLQJ�SODQW�ZHDWKHU

LQWHUDFWLRQV�DQG��LL��WKH�IDFW�WKDW��DOWKRXJK�WKH\�DUH�ODUJHO\�XQSUHGLFWDEOH�EH\RQG�D�ZHHN�RU�VR��ZHDWKHU

IOXFWXDWLRQV�DUH�QRW�UDQGRP��WKH\�IROORZ�NQRZQ�SDWWHUQV��
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7KLV�SDSHU�IRFXVHV�RQ�DUHD�ZLGH�\LHOG��DOVR�NQRZQ�DV�UHJLRQDO�\LHOG���L�H��WKH�YHU\�YDOXHV�HVWLPDWHG�E\

DJULFXOWXUDO�VWDWLVWLFV�WKURXJK�VDPSOLQJ�WHFKQLTXHV���6RPH�$&<)�PHWKRGV�KDYH�WKH�SRWHQWLDO�WR�EH

DSSOLHG�DW�WKH�IDUP�DQG�ILHOG�OHYHOV��ZKHUH�WKH\�FRQVWLWXWH�SRZHUIXO�PDQDJHPHQW�WRROV���7KH�DSSOLFDWLRQ

RI�$&<)�DW�WKH�PLFUR�OHYHO�ZLOO�QRW�EH�GLVFXVVHG�

)LQDOO\��LW�VKRXOG�EH�XQGHUOLQHG�WKDW�WKH�\DUGVWLFN�DJDLQVW�ZKLFK�DOO�$&<)�PHWKRGV�DUH�PHDVXUHG�DQG

FDOLEUDWHG�DUH�WKH�WUDGLWLRQDO�DJULFXOWXUDO�VWDWLVWLFV��VWULFWO\�VSHDNLQJ��WKH�DJURPHWHRURORJLFDO�PHWKRGV

WKXV�IRUHFDVW�DJULFXOWXUDO�VWDWLVWLFV���$Q�LPPHGLDWH�FRQVHTXHQFH�LV�WKDW�DJURPHWHRURORJLFDO�IRUHFDVWV

UHSURGXFH�DOO�WKH�HUURUV�DQG�ELDVHV�WKDW�PD\�DIIHFW�WKH�DJULFXOWXUDO�VWDWLVWLFV��SOXV�VRPH�RWKHUV�UHODWHG�WR

WKH�DJURPHWHRURORJLFDO�PHWKRGV�WKHPVHOYHV�

7KH�81�)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ��)$2��KDV�EHHQ�LQYROYHG�LQ�DJURPHWHRURORJLFDO�FURS

PRQLWRULQJ�DQG�IRUHFDVWLQJ�VLQFH�WKH�PLG�VHYHQWLHV��ZKHQ�D�VHULHV�RI�GURXJKWV�VHULRXVO\�DIIHFWHG�FURS

SURGXFWLRQ�LQ�ZHVW�$IULFD���)RU�D�JHQHUDO�RYHUYLHZ�RI�WKH�)$2�DSSURDFK��WKH�UHDGHU�LV�UHIHUUHG�WR

)UqUH�DQG�3RSRY�>����@��*RPPHV�>����@��DQG�*RPPHV��6QLMGHUV�DQG�5LMNV�>����@�

�� 'LIIHUHQW�$SSURDFKHV�WR�$JURPHWHRURORJLFDO�<LHOG�)RUHFDVWLQJ

$JURPHWHRURORJLFDO�FURS�IRUHFDVWLQJ�PHWKRGV�FDQ�EH�FODVVLILHG�DFFRUGLQJ�WR�PDQ\�FULWHULD��IRU�LQVWDQFH

WKH�W\SH�RI�LQSXWV�WKH\�UHTXLUH��WKH�VFDOH�DW�ZKLFK�WKH\�DSSO\��WKHLU�FDSDFLW\�WR�SHUIRUP�FRUUHFWO\�XQGHU

XQXVXDO�HQYLURQPHQWDO�FRQGLWLRQV��WKHLU�FRVW�RI�GHYHORSPHQW�DQG�RI�LPSOHPHQWDWLRQ��WKH�OHYHO�RI

DQDO\WLFDO�DQG�VWDWLVWLFDO�VRSKLVWLFDWLRQ��HWF���7KHUH�LV�D�FRQWLQXXP�EHWZHHQ�´DJURPHWHRURORJLFDOµ

PHWKRGV�DQG�RWKHU�WHFKQLTXHV��DQG�PDQ\�ERUGHU�FDVHV�FDQ�EH�LGHQWLILHG��

7KLV�SDSHU�VFKHPDWLFDOO\�GLVWLQJXLVKHV�WKUHH�OHYHOV�RI�VRSKLVWLFDWLRQ��IURP�GHVFULSWLYH�PHWKRGV�WR

UHJUHVVLRQ�PHWKRGV�DQG�WR�FURS�VLPXODWLRQ�PHWKRGV��DQDO\WLFDO�PRGHOLQJ����(DFK�RI�WKH�PHWKRGV�FDQ

\LHOG�H[FHOOHQW�UHVXOWV�DFFRUGLQJ�WR�FURS��ORFDWLRQ��HWF���DQG�WKH�PRUH�FRPSOH[�PRGHOV�W\SLFDOO\�LQFOXGH

HOHPHQWV�RU�WHFKQLTXHV�IURP�WKH�ORZHU�OHYHOV���)RU�LQVWDQFH��D�FURS�VLPXODWLRQ�PHWKRG�FRXOG�LQFOXGH

VXE�PRGHOV�WKDW�ZRXOG�IDOO�XQGHU�WKH�GHVFULSWLYH�PHWKRGV��DQG�ZLOO�QRUPDOO\�EH�FDOLEUDWHG�DJDLQVW

DJULFXOWXUDO�VWDWLVWLFV�XVLQJ�WUDGLWLRQDO�UHJUHVVLRQ�WHFKQLTXHV��DV�LQGLFDWHG�LQ�WKH�LQWURGXFWLRQ�

��� 'HVFULSWLYH�0HWKRGV

7KH�VLPSOHVW�GHVFULSWLYH�PHWKRGV�DUH�WKRVH�WKDW�LQYROYH�RQH�RU�WZR�WKUHVKROGV���$�K\SRWKHWLFDO�H[DPSOH

LV�JLYHQ�LQ�7DEOH���

7DEOH��� +\SRWKHWLFDO�H[DPSOH�RI�ZKHDW�\LHOG��WRQV�KD��GHSHQGHQFH�RQ

WZR�FOLPDWRORJLFDO�YDULDEOHV��ZLWK�����FRQILGHQFH�LQWHUYDO

-XQH�DYHUDJH�VXQVKLQH�KRXUV�SHU�GD\

0DUFK�WRWDO�UDLQIDOO ��KRXUV�DQG�OHVV PRUH�WKDQ���KRXUV

���PP�DQG�OHVV ��� ���

0RUH�WKDQ����PP ��� ����

'HVFULSWLYH�PHWKRGV�DUH�QRQ�SDUDPHWULF���,W�LV�VXIILFLHQW�WR�LGHQWLI\�WKH�HQYLURQPHQWDO

�DJURPHWHRURORJLFDO��YDULDEOHV�WKDW�DUH�UHOHYDQW�IRU�WKH�FURS�XQGHU�FRQVLGHUDWLRQ���7KLV�LV�QRUPDOO\
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GRQH�ZLWK�VWDWLVWLFDO�FOXVWHULQJ�DQDO\VLV�RQ�D�FRPELQDWLRQ�RI�WLPH�VHULHV�DQG�FURVV�VHFWLRQDO�GDWD���2QFH

WKH�JURXSV�KDYH�EHHQ�LGHQWLILHG��LW�PXVW�EH�YHULILHG�WKDW�\LHOG�DYHUDJHV�FRUUHVSRQGLQJ�WR�GLIIHUHQW

FOXVWHUV�VLJQLILFDQWO\�GLIIHU�IURP�HDFK�RWKHU�

2QH�RI�WKH�UHDVRQV�ZK\�VLPSOH�GHVFULSWLYH�PHWKRGV�FDQ�EH�YHU\�SRZHUIXO�LV�WKDW�FOLPDWH�YDULDEOHV�GR

QRW�YDU\�LQGHSHQGHQWO\�DQG�FRQVWLWXWH�D�´FRPSOH[µ����)RU�LQVWDQFH��ORZ�FORXGLQHVV�LV�DVVRFLDWHG�ZLWK

KLJK�VRODU�UDGLDWLRQ��ORZ�UDLQIDOO��KLJK�PD[LPXP�WHPSHUDWXUHV�DQG�ORZ�PLQLPXP�WHPSHUDWXUHV���(DFK

RI�WKH�YDULDEOHV�DIIHFWV�FURSV�LQ�D�VSHFLILF�ZD\��EXW�VLQFH�WKH\�DUH�FRUUHODWHG��WKHUH�LV�DOVR�D�W\SLFDO

FRPELQHG�HIIHFW��ZKLFK�WKH�QRQ�DQDO\WLFDO�GHVFULSWLYH�PHWKRGV�FDQ�FDSWXUH�

7KH�GHVFULSWLYH�PHWKRGV�KDYH�D�QXPEHU�RI�DGYDQWDJHV���L��WR�VWDUW�ZLWK��QR�DVVXPSWLRQ�LV�PDGH�DV�WR�WKH

W\SH�RI�IXQFWLRQDO�UHODWLRQVKLS�EHWZHHQ�WKH�YDULDEOHV�DQG�WKH�UHVXOWLQJ�\LHOG���LL��WKH�FOXVWHULQJ�WDNHV�LQWR

DFFRXQW�WKH�IDFW�WKDW�PDQ\�FOLPDWRORJLFDO�YDULDEOHV�WHQG�WR�EH�LQWHU�FRUUHODWHG��ZKLFK�RIWHQ�FUHDWHV

PHWKRGRORJLFDO�SUREOHPV��DW�OHDVW�ZLWK�WKH�UHJUHVVLRQ�PHWKRGV�GHVFULEHG�EHORZ���LLL��FRQILGHQFH

LQWHUYDOV�DUH�HDV\�WR�GHULYH�DQG��RQFH�GHYHORSHG��WKH�GHVFULSWLYH�PHWKRGV�UHTXLUH�QR�GDWD�SURFHVVLQJ�DW

DOO��WKHLU�DFWXDO�LPSOHPHQWDWLRQ�LV�H[WUHPHO\�VWUDLJKWIRUZDUG�

0DQ\�´(O�1LxRµ�LPSDFWV�RQ�DJULFXOWXUH��ZKLFK�DUH�FXUUHQWO\�GHEDWHG��FRXOG�EHVW�EH�WUHDWHG�E\

GHVFULSWLYH�PHWKRGV���(O�1LxR�HIIHFWV�RQ�DJULFXOWXUH�UHVXOW�IURP�D�ORQJ�VHULHV�RI�HIIHFWV��(O�1LxR�Ú

*OREDO�DWPRVSKHULF�FLUFXODWLRQ�Ú�/RFDO�ZHDWKHU�Ú�/RFDO�FURS�\LHOG��ZKHUH�HDFK�VWHS�LQWURGXFHV�QHZ

XQFHUWDLQWLHV���$V�PHQWLRQHG�DERYH��WKLV�FKDLQ�RI�LQWHUDFWLRQV�FDQ�DOVR�EH�VHHQ�DV�D�´FRPSOH[µ�VWDUWLQJ

ZLWK�WKH�(O�1LxR���6RXWKHUQ�2VFLOODWLRQ��(162��LQGH[���,Q�VRXWKHUQ�$IULFD��IRU�LQVWDQFH��ZDUP�(O�1LxR

HYHQWV�DUH�DVVRFLDWHG�ZLWK�DQ�SUHPDWXUH�VWDUW�RI�WKH�UDLQ\�VHDVRQ�IROORZHG�E\�D�GURXJKW�DW�WKH�WLPH�RI

IORZHULQJ�RI�PDL]H��WKH�PDLQ�FURS�JURZQ�LQ�WKH�DUHD���7KLV�SDWWHUQ�XVXDOO\�UHVXOWV�LQ�JRRG�YHJHWDWLYH

JURZWK�IROORZHG�E\�GURXJKW�LQGXFHG�FURS�ORVVHV���&DQH��(VKHO�DQG�%XFNODQG�>����@�KDYH�IRXQG�JRRG

UHODWLRQV�EHWZHHQ�(O�1LxR�SDUDPHWHUV��WKH�YHU\�EHJLQQLQJ�RI�WKH�FDXVDO�FKDLQ��DQG�PDL]H�\LHOGV�LQ

=LPEDEZH��ZKLFK�FRQVWLWXWHV�D�JRRG�LOOXVWUDWLRQ�RI�WKH�FRQFHSWV�GHVFULEHG�LQ�WKLV�VHFWLRQ�RQ

´GHVFULSWLYHµ�PHWKRGV�

'HVFULSWLYH�PHWKRGV�KDYH�DOVR�EHHQ�XVHG�VXFFHVVIXOO\�WR�HVWLPDWH�WKH�TXDOLW\�RI�DJULFXOWXUDO�SURGXFWV

VXFK�DV�ZLQH���*LYHQ�WKDW�WKH�FRQFHSW�RI�´TXDOLW\µ�LV�GLIILFXOW�WR�GHVFULEH�LQ�TXDQWLWDWLYH�WHUPV���WKH

QRQ�SDUDPHWULF�DSSURDFK�LV�SUREDEO\�WKH�PRVW�VXLWDEOH�

��� 5HJUHVVLRQ�0HWKRGV

7KH�VLPSOHVW�UHJUHVVLRQ�WHFKQLTXHV�UHO\�RQ�UHJUHVVLRQ�HTXDWLRQV��PRVWO\�OLQHDU��EHWZHHQ�FURS�\LHOG�DQG

RQH�RU�PRUH�DJURPHWHRURORJLFDO�YDULDEOHV��IRU�LQVWDQFH�

<LHOG��WRQV�KD�� ����������ð�0DUFK�UDLQIDOO��PP���������ð�-XQH�WHPSHUDWXUH��(&��

%H\RQG�WKHLU�VLPSOLFLW\��WKHLU�PDLQ�DGYDQWDJH�LV�WKH�IDFW�WKDW�FDOFXODWLRQV�FDQ�EH�GRQH�PDQXDOO\��DQG�LQ

WKH�IDFW�WKDW�GDWD�UHTXLUHPHQWV�DUH�OLPLWHG���7KH�PDLQ�GLVDGYDQWDJHV�OLH�LQ�WKH�IDFW�WKDW�WKH\�SHUIRUP

YHU\�SRRUO\�RXWVLGH�WKH�UDQJH�RI�YDOXHV�IRU�ZKLFK�WKH\�KDYH�EHHQ�FDOLEUDWHG���7KH\�RIWHQ�DOVR�OHDG�WR

XQUHDOLVWLF�IRUHFDVWV�ZKHQ�FDUH�LV�QRW�WDNHQ�WR�JLYH�JUHDWHU�SULRULW\�WR�WKH�DJURQRPLF�VLJQLILFDQFH�WKDQ�WR

VWDWLVWLFDO�VLJQLILFDQFH���7KH�HTXDWLRQ�DERYH��IRU�LQVWDQFH��VXJJHVWV�WKDW�ORZ�0DUFK�UDLQIDOO��D�QHJDWLYH

IDFWRU��FRXOG�EH�FRUUHFWHG�E\�EHORZ�]HUR�WHPSHUDWXUHV�LQ�-XQH��IURVW���ZKLFK�REYLRXVO\�GRHV�QRW�PDNH
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VHQVH���$QRWKHU�GLVDGYDQWDJH�LV�FRQQHFWHG�ZLWK�WKH�QHHG�WR�GHULYH�D�VHULHV�RI�HTXDWLRQV�WR�EH�XVHG�LQ

VHTXHQFH�DV�WKH�FURSSLQJ�VHDVRQ�GHYHORSV���)RU�DQ�RYHUYLHZ�RI�UHJUHVVLRQ�PHWKRGV��LQFOXGLQJ�WKHLU

YDOLGDWLRQ��UHIHU�WR�3DOP�DQG�'DJQHOLH�>����@�DQG�WR�3DOP�>����@�

0DQ\�RI�WKH�GLVDGYDQWDJHV�RI�WKH�UHJUHVVLRQ�PHWKRGV�FDQ�EH�DYRLGHG�ZKHQ�YDOXH�DGGHG�YDULDEOHV�DUH

XVHG�LQVWHDG�RI�WKH�UDZ�DJURPHWHRURORJLFDO�YDULDEOHV���6XFK�D�YDOXH�DGGHG�YDULDEOH�ZRXOG�EH��IRU

LQVWDQFH��DFWXDO�FURS�HYDSRWUDQVSLUDWLRQ��D�YDULDEOH�NQRZQ�WR�EH�OLQNHG�GLUHFWO\�ZLWK�WKH�DPRXQW�RI

VRODU�UDGLDWLRQ�DEVRUEHG�E\�WKH�SODQW�XQGHU�VDWLVIDFWRU\�ZDWHU�VXSSO\�FRQGLWLRQV�

��� &URS�6LPXODWLRQ�0HWKRGV

&URS�VLPXODWLRQ�PHWKRGV�DUH�WKH�PRVW�DFFXUDWH�DQG�WKH�PRVW�YHUVDWLOH�LQ�WKDW�WKH\�DWWHPSW�WR�GHVFULEH

WKH�FURSV�EHKDYLRU��SK\VLRORJ\��GHYHORSPHQW��DV�D�IXQFWLRQ�RI�HQYLURQPHQWDO�FRQGLWLRQV���7KH\�WKXV

WHQG�WR�EH�OHVV�VHQVLWLYH�WR�´QHZµ�VLWXDWLRQV��L�H��VLWXDWLRQV�WKDW�GLG�QRW�RFFXU�GXULQJ�WKH�SHULRG�XVHG�WR

´WUDLQµ�WKH�PRGHO���)RU�D�FRPSUHKHQVLYH�LQYHQWRU\�DQG�UHYLHZ�RI�H[LVWLQJ�PRGHOV��UHIHU�WR�3OHQWLQJHU

DQG�3HQQLQJ�GH�9ULHV�>����@���)RU�D�GHWDLOHG�H[DPSOH�RI�DSSOLFDWLRQ�WR�UHJLRQDO�IRUHFDVWLQJ��VHH

'DOOHPDQG�DQG�9RVVHQ�>����@�

7\SLFDOO\��VLPXODWLRQ�PRGHOV�LQFRUSRUDWH�VHYHUDO�FRPSRQHQWV�RU�VXE�PRGHOV�>-RQHV��7KRUQWRQ�DQG�+LOO

����@�

& 3KHQRORJ\��RU�GHYHORSPHQW���WKH�TXDOLWDWLYH�GLIIHUHQWLDWLRQ�RI�SODQW�RUJDQV�LQWR�VWHP��OHDYHV�

IORZHUV��HWF��

& $VVLPLODWLRQ��WKH�UDWH�DW�ZKLFK�RUJDQLF�PDWWHU�LV�V\QWKHVL]HG�

& 3DUWLWLRQLQJ�DQG�UHVSLUDWLRQ��WKH�ZD\�WKH�RUJDQLF�PDWWHU�V\QWKHVL]HG�DERYH�LV�GLVWULEXWHG

EHWZHHQ�WKH�SODQW�RUJDQV�

& 5RRW�JURZWK��WKH�ZD\�URRWV�H[SORUH�D�YROXPH�RI�VRLO�IURP�ZKHUH�ZDWHU�DQG�QXWULHQWV�DUH

DEVRUEHG�

& :DWHU�PDQDJHPHQW��HVVHQWLDOO\�WKH�ZD\�ZDWHU�LQILOWUDWHV�WKH�VRLO��LV�DEVRUEHG�E\�URRWV�DQG�LV

UHWXUQHG�WR�WKH�DWPRVSKHUH�HLWKHU�E\�WUDQVSLUDWLRQ�WKURXJK�WKH�FURS�RU�E\�HYDSRUDWLRQ�IURP�WKH

VRLO��DQG

& 1XWULHQW�PDQDJHPHQW��WKH�DEVRUSWLRQ�RI�QXWULHQWV�WKURXJK�URRWV�DQG�WKHLU�GLVWULEXWLRQ�EHWZHHQ

SODQW�RUJDQV�

$OO�WKH�FRPSRQHQWV�DERYH�DUH�LQWHUUHODWHG�DQG�GHVFULEHG�E\�TXDQWLWDWLYH�YDULDEOHV��LQWHUQDO�PRGHO

YDULDEOHV��DQG�PRGHO�FRQVWDQWV�VXFK�DV�GU\�SODQW�PDWWHU�VWRUHG�LQ�WKH�URRWV�DQG�RWKHU�RUJDQV��WRWDO�OHDI

DUHD�DQG�JURZWK�UDWH��UHVSLUDWLRQ�UDWH��HWF���(YHU\�YDULDEOH�LV�UH�FRPSXWHG�DW�UHJXODU�WLPH�VWHSV��IURP

PLQXWHV�WR����GD\�SHULRGV��ZKLFK�YDU\�DFFRUGLQJ�WR�WKH�OHYHO�RI�VRSKLVWLFDWLRQ�RI�WKH�PRGHOV���$OO

YDULDEOHV�DUH�FOHDUO\�LQWHUGHSHQGHQW���)RU�LQVWDQFH��OHDI�GHYHORSPHQW�GHSHQGV�RQ�WKH�UDWH�RI

DVVLPLODWLRQ��EXW�DOVR�FRQGLWLRQV�WKH�UDWH�DW�ZKLFK�ZDWHU�LV�WUDQVSLUHG��ZKLFK�LQ�WXUQ�DIIHFWV�OHDI�JURZWK��

7KH�PRGHO�YDULDEOHV�DUH�FURS��DQG�YDULHW\�VSHFLILF�LQ�PRVW�FDVHV�

1H[W�WR�PRGHO�YDULDEOHV�DQG�FRQVWDQWV��PRGHOV�DUH�DOVR�FKDUDFWHUL]HG�E\�WKH�LQSXWV�WKH\�UHTXLUH�

HVVHQWLDOO\�HQYLURQPHQWDO�FRQGLWLRQV�ZKLFK�FKDQJH�IURP�\HDU�WR�\HDU�DQG�ZKLFK�DFWXDOO\�GULYH�WKH

PRGHO���7KH\�LQFOXGH�ZHDWKHU�IDFWRUV��UDLQIDOO�DQG�UDGLDWLRQ�RU�VXQVKLQH�SOD\�WKH�PDLQ�SDUW���VRLO�GDWD

�IHUWLOLW\��ZDWHU�KROGLQJ�FDSDFLW\��HWF���DQG�WKH�FURS�GDWD�ZKLFK�DUH�XQGHU�WKH�FRQWURO�RI�IDUPHUV�VXFK�DV

SODQWLQJ�GDWHV��UDWH�RI�DSSOLFDWLRQ�RI�IHUWLOL]HU��HWF���,W�LV�QRZ�DOVR�FXVWRPDU\�WR�UHSODFH�RQH�RU�PRUH�RI



�
�$PRQJ�RWKHUV��WKH�IDFWV�WKDW�ZHDWKHU�IRUHFDVWV�GR�QRW�QRUPDOO\�LQFOXGH�UDLQIDOO�DPRXQWV�QRU�SURYLGH�XVHDEOH�GHWDLOV�DERXW�WKH

VSDWLDO�GLVWULEXWLRQ�RI�WKH�SUHGLFWHG�ZHDWKHU�

�
�)RU�D�PRUH�V\VWHPDWLF�WUHDWPHQW�RI�HUURUV�DIIHFWLQJ�$&<)�PRGHOV��UHIHU�WR�+RXJK��*RPPHV�DQG�.HDQH�>����@�

�
�(YHQ�LQ�GHYHORSLQJ�FRXQWULHV��IDUPHUV�UHDFW�YHU\�TXLFNO\�WR�FOLPDWH�IOXFWXDWLRQV���%\�������ZKHQ�WKH�6DKHOLDQ�GURXJKW�UHDFKHG

LWV�SHDN��JURXQGQXWV�KDG�FRPSOHWHO\�GLVDSSHDUHG�IURP�0DXULWDQLD��������ZDV�WKH�ILUVW�´JRRGµ�\HDU��DQG�JURXQGQXWV�ZHUH�EDFN�LQ

�����

���

WKH�VXE�PRGHOV�E\�PRUH�RU�OHVV�GLUHFWO\�REVHUYHG�YDULDEOHV���([DPSOHV�LQFOXGH�FURS�SKHQRORJ\�DQG

DVVLPLODWLRQ��EDVHG�YHJHWDWLRQ�RU�JUHHQQHVV�LQGLFHV�GHULYHG�IURP�HDUWK�UHVRXUFHV�VDWHOOLWHV��RU�VRLO

PRLVWXUH��ZKLFK�FRQVWLWXWHV�RQH�RI�WKH�HVVHQWLDO�FRPSRQHQWV�RI�WKH�´ZDWHU�PDQDJHPHQWµ�FRPSRQHQW�

$�PRGHO�UXQ�VLPXODWHV�WKH�RXWFRPH��\LHOG��RI�WKH�SODQW�HQYLURQPHQW�PDQDJHPHQW�V\VWHP�IRU�RQH�VHW�RI

PRGHO�YDULDEOHV��HQYLURQPHQWDO�YDULDEOHV�DQG�PDQDJHPHQW�LQSXWV���6WULFWO\�VSHDNLQJ��WKLV�LQFOXGHV�RQO\

D�OLPLWHG�QXPEHU�RI�VLWXDWLRQV�ZKLFK�FRXOG�DSSO\�RQO\�WR�RQH�YHU\�VSHFLILF�ILHOG���$V�WKH�REMHFWLYH�RI

$&<)�LV�WR�HVWLPDWH�\LHOG�DW�WKH�UHJLRQDO�OHYHO��VHYHUDO�WHFKQLTXHV�PXVW�EH�DSSOLHG�WR�FRQYHUW�WKH�\LHOG

RXWSXW�E\�D�PRGHO�WR�UHJLRQDO�DYHUDJHV���7KLV�LV�GHVFULEHG�XQGHU���EHORZ�

�� 8VLQJ�0RGHOV�DV�D�)RUHFDVWLQJ�7RROV

&URS�VLPXODWLRQ�PRGHOV�SURYLGH�DQ�HVWLPDWH�RI�WKH�OLNHO\�\LHOG�DV�D�IXQFWLRQ�RI�WKH�HQYLURQPHQWDO�DQG

PDQDJHPHQW�FRQGLWLRQV�WKURXJKRXW�WKH�FURS�F\FOH��DQG�EHIRUH���VRLO�PRLVWXUH�DQG�VRLO�IHUWLOLW\�DOVR

GHSHQG�RQ�WKH�FRQGLWLRQV�EHIRUH�WKH�FURS�ZDV�VRZQ����+RZHYHU��ZKHQ�IRUHFDVWLQJ�FURSV��RQO\�WKH

FRQGLWLRQV�XS�WR�WKH�WLPH�RI�WKH�IRUHFDVW�DUH�DFWXDOO\�NQRZQ���,W�LV�WKXV�QHFHVVDU\�WR�SURYLGH�WKH�PRGHO

ZLWK�´IXWXUHµ�GDWD�DV�ZHOO�

7ZR�EDVLF�DSSURDFKHV�FDQ�EH�DGRSWHG���L��XVH�RI�DYHUDJH��FOLPDWLF�QRUPDO��EHWZHHQ�WKH�WLPH�RI�WKH

IRUHFDVW�DQG�KDUYHVW��DQG��LL��XVH�RI�WKH�GDWD�IURP�WKH�1�ODWHVW�\HDUV�RQ�UHFRUG�LQ�WXUQ��ZKLFK�UHVXOWV�LQ

1�\LHOG�HVWLPDWHV��WKH�DYHUDJH�RI�ZKLFK��DQG�WKH�UHVXOWLQJ�FRQILGHQFH�LQWHUYDO��DUH�WKHQ�DVVXPHG�WR

FRQVWLWXWH�WKH�HQYHORSH�RI�WKH�FXUUHQW�\HDU·V�HVWLPDWHV���3DUWLFXODUO\�ZKHQ�PRGHOV�DUH�XVHG�IRU

VKRUW�WHUP�PDQDJHPHQW�GHFLVLRQV��WKH�ORQJHVW�DYDLODEOH�IRUHFDVW��URXJKO\�XS�WR����GD\V��LV�RIWHQ

LQVHUWHG�EHWZHHQ�WKH�SDVW�REVHUYHG�GDWD�DQG�WKH�´IXWXUHµ�GDWD���+RZHYHU��WKLV�LQYROYHV�VRPH

PHWKRGRORJLFDO�DQG�SUDFWLFDO�GLIILFXOWLHV��DV�ZHOO�ZKLFK�DUH�KDUGO\�MXVWLILHG�IRU�PRVW�UHJLRQDO�\LHOG

IRUHFDVWV�

,QVWHDG�RI�KLVWRULFDO�GDWD��LW�LV�DOVR�SRVVLEOH�WR�XVH�V\QWKHWLF�WLPH�VHULHV�SURYLGHG�E\�5DQGRP�:HDWKHU

*HQHUDWRUV��5:*���FRPSXWHU�SURJUDPPHV�ZKLFK�SURGXFH�WLPH�VHULHV�ZLWK�WKH�VDPH�VWDWLVWLFDO

SURSHUWLHV�DV�WKH�DFWXDO�GDWD���,W�LV�RIWHQ�EHOLHYHG�WKDW�ORQJ�5:*�VHULHV�FDQ�KHOS�UHGXFH�WKH�HUURU

DIIHFWLQJ�FURS�IRUHFDVWV����)LQDOO\��5:*�FDQ�DOVR�SURGXFH�VHWV�RI�FRKHUHQW�FOLPDWLF�SDUDPHWHUV��UDLQIDOO�

WHPSHUDWXUHV��ZLQG��HWF���RQ�D�VSDWLDO�JULG��VHH�SRLQW���EHORZ��

5:*V�FDQ�DOVR�SURYH�XVHIXO�ZKHQHYHU�WKH�KLVWRULFDO�ZHDWKHU�VHULHV�DUH�DIIHFWHG�E\�D�ORQJ�WHUP�WUHQG�

DV�LQ�6DKHOLDQ�UDLQIDOO�IURP�DERXW������WR�������ZKHQ�WKH�WUHQG�UHYHUWHG�DQG�EHFDPH�SRVLWLYH�����,W�LV

FOHDU�WKDW�WKH�KLVWRULFDO�GDWD�XVHG�LQ�D�IRUHFDVW�PXVW�EH�DV�UHFHQW�DQG�VKRUW�DV�SRVVLEOH��WR�DFFRXQW�IRU

VKRUW�WHUP�IOXFWXDWLRQV��EXW�VWLOO�ORQJ�HQRXJK�WR�UHWDLQ�VWDWLVWLFDO�VLJQLILFDQFH���5:*V�FDQ�EH�´WUDLQHGµ

ZLWK�WKH�ODVW�WHQ�\HDUV�RI�GDWD��WKHQ�JHQHUDWH�D�PXFK�ORQJHU�VHULHV��H�J�����\HDUV��WR�EH�XVHG�LQ�D

IRUHFDVW�

0RVW�FURS�IRUHFDVWV��UHJDUGOHVV�RI�WKH�WHFKQRORJ\�DGRSWHG��WDNH�RQO\�LQWR�DFFRXQW�WKH�GLUHFW

HQYLURQPHQWDO�IDFWRUV���7KLV�PHDQV�WKDW�WKH�HIIHFW�RI�ODUJH�VFDOH�SHVW�DWWDFNV��IRU�LQVWDQFH��PXVW�EH



�
�0RVW�RI�WKLV�GLVFXVVLRQ�DSSOLHV�HTXDOO\�WR�GHVFULSWLYH��UHJUHVVLRQ�DQG�VLPXODWLRQ�PHWKRGV�

��
�$FWXDO�\LHOGV�DUH�QRUPDOO\�GH�WUHQGHG��RU�WLPH�LV�EXLOW�LQ�DV�D�UHJUHVVLRQ�YDULDEOH��ZKLFK�OHDGV�WR�HVVHQWLDOO\�FRPSDUDEOH

UHVXOWV���%RWK�FURVV�VHFWLRQDO�DQG�WLPH�VHULHV�GDWD�FDQ�EH�XVHG�IRU�WKH�FDOLEUDWLRQ��SURYLGHG�WKH�DUHDV�FRYHUHG�DUH�FRPSDUDEOH�IURP

DQ�DJURQRPLF�SRLQW�RI�YLHZ�

���

DVVHVVHG�VHSDUDWHO\���2I�FRXUVH��VXFK�DWWDFNV�DUH�DOVR�RSHQ�WR�VLPXODWLRQ�EXW��DV�ZLWK�H[WUHPH�HYHQWV�

WKH�VWDWLVWLFDO�EDVH��QXPEHU�RI�KLVWRULFDO�GDWD�DYDLODEOH�IRU�PRGHO�FDOLEUDWLRQ�DQG�YHULILFDWLRQ��LV�YHU\

ZHDN�

&KURQLF�SHVW�DWWDFNV�DQG�XQXVXDO�ZHDWKHU�FRQGLWLRQV�RI�OLPLWHG�VSDWLDO�H[WHQW�DQG�LQWHQVLW\�DUH�LQFOXGHG

LQ�WKH�FDOLEUDWLRQ�SURFHVV�

�� 6RPH�0HWKRGRORJLFDO�4XHVWLRQV�DQG�2SWLRQV �

7KH�FRQYHUVLRQ�RI�PRGHO�RXWSXW�WR�UHJLRQDO�\LHOGV�DOZD\V�UHTXLUHV�VRPH�NLQG�RI�WXQLQJ��ZKLFK�LQYROYHV

DQ�HPSLULFDO�VWDWLVWLFDO�FRPSDULVRQ�RI�PRGHO�RXWSXWV�DQG�DFWXDO�\LHOGV�WKURXJK�YDULRXV�UHJUHVVLRQ

PHWKRGV�����7KH�PRGHO�RXWSXWV�QHHG�QRW�QHFHVVDULO\�EH�\LHOGV��RWKHU�RXWSXWV�FDQ�EH�XVHG�LQVWHDG��VXFK

DV�FURS�ZDWHU�FRQVXPSWLRQ�PHDVXUHG�LQ�WHUPV�RI�FURS�HYDSRWUDQVSLUDWLRQ��DYHUDJH�VRLO�PRLVWXUH��DQG

ZDWHU�H[FHVV�GHILFLW�DW�FULWLFDO�JURZWK�VWDJHV�

7KH�SUREOHP�RI�PRGHO�WXQLQJ�LV�OLQNHG�WR�WKH�VHQVLWLYLW\�RI�D�PRGHO���0DF.HUURQ�>����@�GLVWLQJXLVKHV

LQWHUQDO�VHQVLWLYLW\��WKH�VHQVLWLYLW\�OLQNHG�ZLWK�WKH�LQWHUQDO�PRGHO�YDULDEOHV��DQG�H[WHUQDO�VHQVLWLYLW\��

0DF.HUURQ�DQG�RWKHU�VFLHQWLVWV�UHJDUG�WKH�WXQLQJ�RI�LQWHUQDO�FRQVWDQWV�DV�LPSURSHU�SUDFWLFH��EXW�WKLV

DXWKRU�VXJJHVWV�WKDW�WKLV�DSSOLHV�RQO\�WR�WKH�OHYHO�RI�D�ILHOG�RU�IDUP�

,Q�WKH�FDVH�RI�UHJLRQDO�\LHOG�IRUHFDVWV��WKH�WXQLQJ�RI�ERWK�LQWHUQDO�DQG�H[WHUQDO�FRQVWDQWV�LV�XVXDOO\

QHFHVVDU\�GXH�WR�D�QXPEHU�RI�PHWKRGRORJLFDO�SUREOHPV�DVVRFLDWHG�ZLWK�WKH�VFDOH�RI�WKH�LQSXW�GDWD��

7DNH��IRU�LQVWDQFH��VRLO�PRLVWXUH�VWRUDJH�FDSDFLW\��D�YHU\�LPSRUWDQW�YDULDEOH�LQ�VHPL�DULG�DUHDV���7KH

FRQFHSW�REYLRXVO\�GRHV�QRW�KROG�DW�D�GLVWULFW�OHYHO�GXH�WR�WKH�ODUJH�VSDWLDO�YDULDELOLW\�RI�VRLO

FKDUDFWHULVWLFV���7KH�VDPH�DSSOLHV�WR�SODQWLQJ�GDWHV��WKH�GDWH�DW�ZKLFK�D�VLPXODWLRQ�UXQ�LV�VWDUWHG��ZKLFK

LV�VSUHDG�RYHU�VHYHUDO�ZHHNV�GXH�WR�GLIIHUHQW�PDQDJHPHQW�SUDFWLFHV�RI�IDUPHUV��DV�ZHOO�DV�WR�WKH�VSDWLDO

YDULDELOLW\�RI�ZHDWKHU�FRQGLWLRQV�

:LWK�D�VXIILFLHQW�VDPSOLQJ�HIIRUW��WKH�ODUJH�YDULHW\�RI�DFWXDO�SODQWLQJ�GDWHV��VRLO�ZDWHU�VWRUDJH�FDSDFLW\�

HWF��FRXOG�EH�DVVHVVHG��DQG�WKH�PRGHO�UXQ�IRU�HDFK�RI�WKH�VLWXDWLRQV�WKXV�LGHQWLILHG���8QIRUWXQDWHO\�

PDQ\�LQSXW�GDWD�DUH�VLPSO\�QRW�DYDLODEOH�DW�D�VXIILFLHQW�OHYHO�RI�GHWDLO��DQG�WKLV�LQFOXGHV�PRVW�RI�WKH

ZHDWKHU�SDUDPHWHUV��ZKLFK�DUH�PHDVXUHG�DW�PHWHRURORJLFDO�VWDWLRQV�RQO\�IRU�VRPH�RI�WKHP��VRPHWLPHV

DW�WKH�IDUP�OHYHO�IRU�WKH�PRVW�LPSRUWDQW�RU�WKH�PRVW�UHDGLO\�PHDVXUDEOH�RQHV��UDLQIDOO��WHPSHUDWXUH��

7KHUH�LV�DQ�LQWHUPHGLDWH�VFDOH�EHWZHHQ�SRLQW�GDWD��3�GDWD��L�H��WKRVH�PHDVXUHG�DW�SRLQWV��DQG�DUHD�ZLGH

DJULFXOWXUDO�VWDWLVWLFV��$�GDWD���VDWHOOLWH�LQIRUPDWLRQ��WKH�´QDWLYHµ�VFDOH�RI�ZKLFK�LV�WKH�SL[HO��DQ

HOHPHQWDU\�DUHD���YDULDEOH�DFFRUGLQJ�WR�WKH�VDWHOOLWH��ZKLFK�LV�WKH�VPDOOHVW�DUHD�WKH�VDWHOOLWH�VHQVRUV�FDQ

DFWXDOO\�UHVROYH���3L[HO�VL]HV�DFWXDOO\�XVHG�LQ�$&<)�W\SLFDOO\�YDU\�EHWZHHQ���DQG����NLORPHWHUV�

7KH�LVVXH�RI�WKH�LQWHU�FRPSDWLELOLW\�DQG�LQWHU�FRPSDUDELOLW\�RI�SRLQW�GDWD�YHUVXV�DUHD�ZLGH�GDWD�LV�YHU\

IUHTXHQWO\�GHEDWHG�LQ�WKH�DPELW�RI�$&<)���)RU�D�PRUH�GHWDLOHG�GLVFXVVLRQ�RI�VRPH�RI�WKH

PHWKRGRORJLFDO�SRLQWV��WKH�UHDGHU�LV�UHIHUUHG�WR�+RXJK��*RPPHV�DQG�.HDQH�>����@���7KH�GLIIHUHQFHV

EHWZHHQ�SRLQW��DQG�DUHD�GDWD�DUH�E\�QR�PHDQV�VR�FOHDU�FXW�DV�PLJKW�DSSHDU�DW�ILUVW�ORRN���7DNH��IRU



��
�7KHUH�LV�DOVR�WKH�SUREOHP�RI�VWDWLRQV�KDYLQJ�WR�EH�PRYHG�WR�RWKHU�ORFDWLRQV�

��
�7KLV�FDQ�EH�H[SUHVVHG�LQ�D�QXPEHU�RI�ZD\V���,QGLYLGXDO�VKRZHUV�VRPHWLPHV�EULQJ�YHU\�YDULDEOH�DPRXQWV�RI�UDLQ�WR�FORVH

ORFDWLRQV���:KHQ�FRQVLGHUHG�RYHU�ORQJHU�SHULRGV��ZHHNV��PRQWKV���WKH�GLIIHUHQFHV�DUH�FRQVLGHUDEO\�VPDOOHU���)RU�DQQXDO�DQG

VHDVRQDO�UDLQIDOO��H[FHOOHQW�FRUUHODWLRQV�FDQ�EH�IRXQG�EHWZHHQ�VWDWLRQV�KXQGUHGV�RI�NLORPHWHUV�DSDUW�

���

LQVWDQFH��UDGDU�UDLQIDOO���$OWKRXJK�LW�FRYHUV�YDVW�FRQWLJXRXV�DUHDV��WKH�VSDWLDO�UHVROXWLRQ�LV�VR�ILQH�WKDW�LW

FRPHV�FORVH�WR�UDLQ�JDXJH�UHDGLQJV�RYHU�VKRUW�WLPH�SHULRGV���

,Q�SUDFWLFH��LQ�RUGHU�WR�FDUU\�RXW�PHDQLQJIXO�$&<)��LW�LV�QHFHVVDU\�WR�´FRQYHUWµ�DOO�WKH�LQSXWV�WR�WKH

VDPH�VSDWLDO�VFDOH���7KLV�LV�GRQH�E\�VXSHUSRVLQJ�RQ�WKH�DUHD�EHLQJ�LQYHVWLJDWHG�D�YLUWXDO�JULG��VLPLODU�WR

WKH�JULG�RI�ORQJLWXGHV�DQG�ODWLWXGHV��ILQH�HQRXJK�WR�DFFRPPRGDWH�WKH�VFDOHV�RI�DOO�WKH�SDUDPHWHUV�XQGHU

FRQVLGHUDWLRQ���7KH�PHVK�VL]H�LV�XVXDOO\�LQ�WKH�UDQJH�IURP���WR����NLORPHWHUV���$�YDULHW\�RI�WHFKQLTXHV

LV�QRZ�DYDLODEOH�WR�HVWLPDWH�WKURXJK�LQWHUSRODWLRQ�WKH�FOLPDWLF�DQG�RWKHU�GDWD�DW�WKH�JULG�SRLQWV

>%RJDHUW��0DKDX�DQG�%HFNHUV�����@���7KLV�LV�NQRZQ�DV�JULGGLQJ��D�WHFKQLTXH�FORVHO\�UHODWHG�WR�DUHD�

DYHUDJLQJ��L�H��WKH�HVWLPDWLRQ�RI�WKH�DYHUDJH�YDOXH�RI�D�SDUDPHWHU�RYHU�D�JLYHQ�DUHD���7KH�HVWLPDWLRQ�RI

DYHUDJH�FURS�\LHOG�RYHU�D�GLVWULFW�LV�REYLRXVO\�DQ�H[DPSOH�RI�DUHD�DYHUDJLQJ��ZKLFK�FDQ�HDVLO\�EH

FRPSXWHG�E\�DYHUDJLQJ�WKH�FRUUHVSRQGLQJ�JULG�SRLQW�YDOXHV�

7KH�LVVXH�RI�WKH�VSDWLDO�UHVROXWLRQ�LV�DOVR�LQWLPDWHO\�OLQNHG�WR�WKH�WLPH�UHVROXWLRQ��QRW�RQO\�EHFDXVH�WKH

ZHDWKHU�YDULDEOHV�EHFRPH�OHVV�YDULDEOH�RYHU�VSDFH�ZKHQ�ORQJHU�WLPH�SHULRGV�DUH�FRQVLGHUHG����ZKLFK�LV

RQH�DUJXPHQW�LQ�IDYRU�RI�ORQJHU�PRGHO�WLPH�VWHSV���EXW�DOVR�EHFDXVH�VRPH�LQWHUQDO�DQG�H[WHUQDO

YDULDEOHV�XVHG�LQ�FURS�\LHOG�PRGHOLQJ�PDNH�OLWWOH�VHQVH�DW�WKH�ILQHVW�UHVROXWLRQV�

´,Q�WKHRU\��DOO�WKH�LQSXW�SDUDPHWHUV�RI�D�FURS�VLPXODWLRQ�PRGHO�VKRXOG�KDYH�DQ�DFWXDO�SK\VLFDO�PHDQLQJ�

EXW�WKLV�FDQQRW�EH�DFKLHYHG�LQ�SUDFWLFH��EHFDXVH�WKH�UHDO�FRPSOH[LW\�RI�WKH�VSDWLDO�GLVWULEXWLRQ�RI�PDQ\

YDULDEOHV��IUDFWDO�VWUXFWXUH��FDQQRW�EH�DSSUHKHQGHG�E\�RUGLQDU\�PDSV�DW�DQ\�VFDOH�DQG�EHFDXVH��IRU

PDQ\�YDULDEOHV��:+&��VRLO�:DWHU�+ROGLQJ�&DSDFLW\���LW�VLPSO\�GRHV�QRW�PDNH�VHQVH�WR�WUHDW�WKHP�OLNH

$�GDWD���7KHUH�PD\�EH�D�QHHG�WR�GHYHORS�FRQFHSWV�OLNH�¶HIIHFWLYH�VRLO�PRLVWXUH·��WKH�$�GDWD�HTXLYDOHQW
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