
*HQHUDOL]HG�OLQHDU�PL[HG�PRGHOV�IRU�WKH�LQWHUSRODWLRQ�RI�QRQ�*DXVVLDQ�VSDWLDO�GDWD��DQ�DSSOLFDWLRQ�WR�WKH�VWXG\�RI�WKH�VRLO�IHUWLOLW\�LQ�FRXQWU\VLGH�RI�&DSLWDQDWD����,�0RGHOOL�/LQHDUL�*HQHUDOL]]DWL�D�(IIHWWL�0LVWL�SHU�O¶,QWHUSROD]LRQH�GL�'DWL�6SD]LDOL�1RQ *DXVVLDQL��XQ¶$SSOLFD]LRQH�DOOR�VWXGLR�GHOOD�)HUWLOLWj�GHO�6XROR�LQ�&DSLWDQDWD�%DUEDUD�&DIDUHOOL'LSDUWLPHQWR�GL�6FLHQ]H�6WDWLVWLFKH��8QLYHUVLWj�GL�%DUL��9LD�&��5RVDOED�����������%DUL��H�PDLO��EFDIDUHOOL#GVV�XQLED�LW
5LDVVXQWR��,O�NULJLQJ�ORJQRUPDOH��WUDQV�JDXVVLDQR�H�O¶LQGLFDWRU�NULJLQJ�VRQR�OH�WHFQLFKH�GL�SUHYLVLRQH�LQGLFDWH�GDOOD�*HRVWDWLVWLFD��TXDQGR�YLHQH�PHQR�O¶DVVXQ]LRQH�GL�QRUPDOLWj�GHL� GDWL�� QHFHVVDULD� DIILQFKp� LO� NULJLQJ� VLD� XQ� %/83� �EHVW� OLQHDU� XQELDVHG� SUHGLFWRU���/¶LGHD�GL�EDVH�q�TXHOOD�GL WUDVIRUPDUH�L�GDWL�RULJLQDUL�SHU�SRL�DSSOLFDUH�LO�NULJLQJ�H�LQILQH�ULWUDVIRUPDUH�QHOOD�VFDOD�RULJLQDULD�L�ULVXOWDWL�RWWHQXWL��7XWWDYLD��OH�VWLPH�RWWHQXWH�VRQR��LQ�JHQHUDOH�� GLVWRUWH�� &Lz� DFFDGH� VLD� SHUFKp� QHOOH� SUHYLVLRQL� QRQ� VL� WLHQH� FRQWR� GHOOD�YDULDELOLWj�GHOOH� VWLPH�GHL�SDUDPHWUL�GHOOD�FRUUHOD]LRQH� VSD]LDOH� VLD�SHUFKp�QRQ� WXWWH� OH�WUDVIRUPD]LRQL� LQYHUVH� FRQVHQWRQR� GL� RWWHQHUH� SUHGLWWRUL� QRQ� GLVWRUWL�� 3HUWDQWR�� SHU�DQDOL]]DUH� XQD� FRPSRQHQWH� GHOOD� IHUWLOLWj� GHO� VXROR�� SHU� OD� TXDOH� ULVXOWD� LUUHDOLVWLFD�O¶LSRWHVL�GL�QRUPDOLWj��VL�XWLOL]]DQR�L�PRGHOOL�OLQHDUL�JHQHUDOL]]DWL�D�HIIHWWL�PLVWL�
.H\ZRUGV� *HQHUDOL]HG�/LQHDU�0L[HG�0RGHO��6SDWLDO�9DULDELOLW\��6SDWLDO�3UHGLFWLRQ�
���,QWURGXFWLRQ
7KH�PDLQ�GUDZEDFNV�UHODWHG�WR�WKH�XVH�RI�NULJLQJ�DUH�FRQFHUQHG�ZLWK�WKH�DVVXPSWLRQ�RI�*DXVVLDQLW\� RI� WKH� XQGHUO\LQJ� SURFHVV� DQG�ZLWK� WKH� XQGHUHVWLPDWLRQ� RI� WKH� SUHGLFWLRQ�YDULDQFH��GXH� WR�DVVXPLQJ� WKDW� WKH�VSDWLDO�FRUUHODWLRQ�SDUDPHWHUV�DUH�NQRZQ�LQVWHDG�RI�HVWLPDWHG�LQ�WKH�VSDWLDO�SUHGLFWRU��7KH�*DXVVLDQ�DVVXPSWLRQ�LV�QRW DOZD\V�UHDOLVWLF�DV�LQ�WKH� FDVH�RI� FRXQWV�� GLFRWRPLF�YDULDEOHV�RU� FRQWLQXRV�EXW� VWURQJO\� VNHZHG�RQHV��:KHQ�ZRUNLQJ�ZLWK� VXFK�GDWD� WKH� SRVVLELOLWLHV� VXJJHVWHG� E\� WUDGLWLRQDO�*HRVWDWLVWLFV� DUH� WKH�ORJQRUPDO�NULJLQJ��WKH�WUDQV�*DXVVLDQ�NULJLQJ�DQG�WKH�LQGLFDWRU�NULJLQJ��&UHVVLH��������*RWZD\� 	� 6WURXS�� ������� 6SHFLILF� SUREOHPV� FRQQHFWHG� ZLWK� WKHVH� LQWHUSRODWLQJ�WHFKQLTXHV�DUH�WKH�FKRLFH�RI�WKH�QRUPDOLVLQJ�WUDQVIRUPDWLRQ��WKH�GLIILFXOW\�LQ�LQWHUSUHWLQJ�SDUDPHWHU�HVWLPDWHV�LQ�WHUPV�RI�WKH�WUDQVIRUPHG�VFDOH�DQG�WKH�ELDV�RI�SUHGLFWRUV�LQGXFHG�E\� WKH� EDFN�WUDQVIRUPDWLRQ�� 7KHVH� UHPDUNV� KDYH� VWLPXODWHG� WKH� XVH� RI� PRGHO� EDVHG�WHFKQLTXHV�� JHQHUDOL]HG� OLQHDU� PL[HG� PRGHOV� KDYH� EHHQ� UHFHQWO\� SURSRVHG� �'LJJOH��7DZQ�	�0R\HG�� ������ WR� DQDO\VH� DQG� LQWHUSRODWH� VSDWLDO� GDWD�� 7KHVH�PRGHOV��ZLGHO\�XVHG�IRU� UHSHDWHG�PHDVXUHPHQWV�DQG�FRUUHODWHG�GDWD��JLYH�D�GHWDLOHG�GHVFULSWLRQ�RI� WKH�GHSHQGHQFH� RI� VSDWLDO� GDWD�� VLQFH� WKH\� H[SOLFLWO\� FRQVLGHU� DQ� HUUDWLF� FRPSRQHQW�
��� 7KLV�ZRUN�ZDV�VXSSRUWHG�E\�08567�JUDQW�³0HWRGL�H�WHFQLFKH�VWDWLVWLFKH�SHU�O¶DQDOLVL�GL�GDWL�D�VWUXWWXUD�VSD]LDOH�H�VSD]LR�WHPSRUDOH�± &2),1�µ��´�

– 445 –



VHSDUDWHO\� IURP� WKH� VSDWLDOO\� FRUUHODWHG� DQG� WKH� V\VWHPDWLF� FRPSRQHQW� RI� WKH� SURFHVV��)RU� WKLV� UHDVRQ� WKH\� VXLW� EHWWHU� WR� D� PRUH� HIIHFWLYH� GHVFULSWLRQ� RI� WKH� GHSHQGHQFH�PHFKDQLVPV�KLGGHQ�LQ�WKH�VSDWLDO�SKHQRPHQD��%HUOLQHU���������,Q�WKLV�SDSHU�HVWLPDWLRQ�DQG�LQWHUSRODWLRQ�DUH�SHUIRUPHG�DFFRUGLQJ�WR�D�FODVVLFDO�LQIHUHQWLDO�DSSURDFK�
���*HQHUDOL]HG�OLQHDU�PL[HG�PRGHOV��*/00V�
7R� GHILQH� D� */00V� IRU� VSDWLDO� GDWD� ZH� FRQVLGHU� WKH� VSDWLDO� VWRFKDVWLF� SURFHVV�� �^ `'� X�X<< ��ZKHUH� X LV� WKH� VSDWLDO� ORFDWLRQV� YHFWRU� DQG� �5�' ��:H� DVVXPH� �� �'6 � XX6 � WR�EH�D�VHFRQG�RUGHU�VWDWLRQDU\�*DXVVLDQ�SURFHVV�ZLWK�QXOO�H[SHFWHG�YDOXH� > @ � 6( DQG�YDULDQFH�FRYDULDQFH�PDWUL[� � �IV ���+ ��ZKHUH�V� LV�WKH�SDUWLDO�VLOO��ILV�WKH�UDQJH�DQG� � �I��+ LV�WKH�FRUUHODWLRQ�PDWUL[�GHILQHG�E\�D�YDOLG�FRUUHODWLRQ�IXQFWLRQ�ZKRVH� YDOXHV� GHSHQG� RQ� WKH� GLVWDQFH� EHWZHHQ� ORFDWLRQV�� :H� DOVR� DVVXPH� WKDW� WKH�GLVWULEXWLRQ�RI�<_6�EHORQJV�WR�H[SRQHQWLDO�IDPLO\��7KH�UHVXOWLQJ�GDWD�YHFWRU�\ RI�OHQJWK�QLV�D�UHDOLVDWLRQ�RI�<��DQG�FDQ�EH�H[SUHVVHG�LQ�WKH�IROORZLQJ�ZD\

H�\ � ���
ZLWK� � � � �6G�6<0 �  ��_ J( DQG� � � � � ,H6_\ �YDUYDU W  ��ZKHUH�J LV�D�PRQRWRQLF�GLIIHUHQWLDEOH� OLQN� IXQFWLRQ�� G LV� WKH� GHVLJQ� PDWUL[� RI� FRYDULDWHV� DVVRFLDWHG� ZLWK�REVHUYHG�ORFDWLRQV��� LV�WKH�IL[HG�HIIHFWV�SDUDPHWHU�YHFWRU��G� LV�WKH�VSDWLDO�WUHQG��DQG�H�LV�D�UDQGRP�HUURU�YHFWRU��ZLWK�LLG FRPSRQHQWV��XQFRUUHODWHG�ZLWK�UDQGRP�HIIHFWV��ZLWK�� � � LH( ��DQG�FRQVWDQW�YDULDQFH�HTXDO�WR�WKH�QXJJHW�� � � �YDU W LH �
���3VHXGR�OLNHOLKRRG�LQIHUHQFH�DQG�6SDWLDO�LQWHUSRODWLRQ
,Q� WKH� */00V� FRQWH[W� OLNHOLKRRG� EDVHG� LQIHUHQFH� LV� FRPSOLFDWHG� E\� WKH� KLJK�GLPHQVLRQDOLW\� RI� WKH� OLNHOLKRRG� IXQFWLRQ�� ,Q� WKH� ODVW� IHZ� \HDUV� YDULRXV� DOWHUQDWLYH�HVWLPDWLRQ� PHWKRGV� KDYH� EHHQ� SURSRVHG� DV� WKH� RQH� EDVHG� RQ� WKH� SVHXGR�OLNHOLKRRG�DSSURDFK��:ROILQJHU�	�2¶&RQQHO��������ZKLFK�KDV�WKH�DGYDQWDJH�RI�EHLQJ�IDVW�VLQFH�LW�GRHV�QRW�UHTXLUH�WR�LQWHJUDWH�XQREVHUYHG�UDQGRP�HIIHFWV�RXW�RI�WKH�OLNHOLKRRG�IXQFWLRQ��7KH�SVHXGR�OLNHOLKRRG�DSSURDFK��:ROILQJHU�	�2¶&RQQHO��������LV� LPSOHPHQWHG�LQ�WKH�6$6� PDFUR� JOLPPL[� DQG� FRQVLVWV� LQ� PD[LPLVLQJ� WKH� OLNHOLKRRG� IXQFWLRQ� RI� D� OLQHDU�PL[HG�PRGHO�IRU�WKH�GDWD�RI�D�SVHXGR�YDULDEOH�REWDLQHG�E\�D�OLQHDU�WUDQVIRUPDWLRQ�RI�WKH�UHVSRQVH�YDULDEOH�� ,Q� WKLV�ZD\��WKH�UDQGRP�HIIHFWV�DUH� WUHDWHG�DV�XQNQRZQ�SDUDPHWHUV��DQG� HVWLPDWHG� WRJHWKHU� ZLWK� IL[HG� HIIHFWV�EE DQG� FRUUHODWLRQ� SDUDPHWHUV� IV �� DQG� �W ��/HW¶V�VXSSRVH�WR�SUHGLFW�WKH�EHKDYLRXU�RI�WKH�SURFHVV�RQ�P XQVDPSOHG�ORFDWLRQV�DQG�OHW�

�< EH�WKH�FRUUHVSRQGLQJ�UDQGRP�YHFWRU��,Q�WKLV�FDVH� � � � ������� _ 6�G06< �  �J( ��ZKHUH�G� DQG� �6 DUH� WKH� GHVLJQ�PDWUL[� RI� FRYDULDWHV� DQG� WKH� VSDWLDO� UDQGRP� HIIHFWV�DVVRFLDWHG�ZLWK�WKH�XQVDPSOHG�ORFDWLRQV�DQG�
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�YDU ����9<< ���
ZKHUH� � � ,+ ������ WIV � 6 �� � �IV ����� + 6 DQG� � � ,+ ������ WIV � 6 �*RWZD\� 	�6WURXS���������7KH�FRYDULDQFH�EHWZHHQ�REVHUYHG�DQG�XQREVHUYHG� ORFDWLRQV� ��6 LV�QRW�VXSSRVHG�WR�EH�LQIOXHQFHG�E\�WKH�QXJJHW��7KH�*/00V�SUHGLFWRU�ZRXOG�EH�REWDLQHG�DV�DQ� H[WHQVLRQ� RI� WKH� OLQHDU� PL[HG� PRGHO� SUHGLFWRU� �&KULVWHQVHQ�� ������ DQG� WKH� */0�SUHGLFWRU��*RWZD\�	�6WURXS�������� � � �� �6�G\��6�G< ÖÖÖÖÖ ���������� ���� ��� JJ ���
ZKHUH� VSDWLDO� FRUUHODWLRQ� SDUDPHWHUV�� � DQG� 6 FDQ� EH� HVWLPDWHG� E\� WKH� SVHXGR�OLNHOLKRRG� PHWKRG�� EXW� �6 LV� QRW HVWLPDEOH� ZLWKLQ� WKH� FODVVLFDO� LQIHUHQWLDO� DSSURDFK��'LJJOH�HW�DO����������$Q�DOWHUQDWLYH�LQWHUSRODWLRQ�RYHU�WKH�VWXG\�DUHD�FDQ�EH�REWDLQHG�E\�SUHGLFWLRQ�RYHU�WKH�VDPSOHG�ORFDWLRQV� � � � � �� �6�G\�+6�G< ÖÖÖÖÖ �������� ���� ��� JJ IV ���
ZKHUH�WKH�FRYDULDQFH�PDWUL[� ��� LV�UHSODFHG�E\� � �IV ���+ DQG�LV�QRW�LQIOXHQFHG�E\�WKH�QXJJHW��&KULVWHQVHQ���������1RWLFH�WKDW�<Ö LV�QRW�DQ�H[DFW�SUHGLFWRU�
��$QDO\VLV�RI�WKH�VRLO�IHUWLOLW\�LQ�D�FRXQWU\VLGH�RI�&DSLWDQDWD
7KH�LPSOHPHQWDWLRQ�RI SUHFLVLRQ�DJULFXOWXUH�LQ�DJURQRPLF�RSHUDWLRQV�ZDV�WKH�REMHFW�RI�LQFUHDVLQJ�LQWHUHVW�LQ�WKH�ODVW�IHZ�\HDUV�E\�ERWK�WKH�DJULFXOWXUDO�LQGXVWU\�DQG�UHVHDUFKHUV��7KH� VWURQJ� VSDWLDO� YDULDELOLW\� DVVRFLDWHG� ZLWK� DOO� VRLO� SURSHUWLHV� FDXVHV� D� ORVV� RI�KRPRJHQHLW\�UHOHYDQW�WR�WKH�IHUWLOLVDWLRQ�SUDFWLFH�WKDW�VKRXOG�ILW�WR�WKH�UHDO�ORFDO�QHHGV�RI�ERWK�WKH�VRLO�DQG�WKH�FXOWLYDWLRQ��7KH�ZLGHO\�XVHG�HPSLULFDO�IHUWLOLVDWLRQ�SUDFWLFH�WKDW�KDV�QR�H[SOLFLW�FRQVLGHUDWLRQ�RI�WKH�FXOWLYDWLRQ�QHHGV�DQG�RI�PDFUR�QRXULVKPHQWV�RI�WKH VRLO��JLYHV�UDLVH� WR�YDULRXV�NLQGV�RI�SUREOHPV�OLNH��IRU�H[DPSOHV��SODQW¶V�QRXULVKPHQW� ODFNV��ORVV�RI�SURGXFWLRQ��ULVN�RI�ZDWHU�EHDULQJ�SROOXWLRQ��³,VWLWXWR�6SHULPHQWDOH�$JURQRPLFR�±%DUL´� VXSSOLHG� GDWD� RYHU� D� VDPSOHG� DUHD� ZLWK� DQ� H[WHQVLRQ� RI� DERXW� ������� KD��WUDGLWLRQDOO\� FURSSHG� ZLWK� GXUXP� ZKHDW�� ,W� LV� ORFDWHG� LQ� &DSLWDQDWD� �)RJJLD��� 7KH�VDPSOH�ZDV� EXLOW� DFFRUGLQJ� WR� D� VTXDUH� JULG� RI� DERXW� ������P� VLGH��7KH� VRLO� VDPSOHV�ZHUH�WDNHQ�DW�D�GHSWK�RI��±���FP�DQG�WKHQ�DQDO\VHG�LQ�D�ODERUDWRU\��,Q�RUGHU�WR�REWDLQ�LQIRUPDWLRQ� DERXW� VRLO� IHUWLOLW\�� ZH� DQDO\VHG� WKH� VSDWLDO� GLVWULEXWLRQ� RI� DPPRQLDFDO�QLWURJHQ��EHFDXVH�LW�LV�KLJKO\�VROXEOH�LQ�WKH�ZDWHU��DQG�VR��DQ�H[FHHGLQJ�TXDQWLW\�RI�LW�LQ�WKH� IHUWLOLVHU� FDQ� FDXVH� WKH� SROOXWLRQ� RI� WKH� ZDWHU�EHDULQJ�� ([SORUDWRU\� GDWD� DQDO\VLV�VKRZHG�WKDW�DPPRQLDFDO�QLWURJHQ�KDV�D�SRVLWLYH�VNHZHG�PDUJLQDO�GLVWULEXWLRQ�VLPLODU�WR�D�JDPPD�GLVWULEXWLRQ��$�ORJDULWKPLF�WUDQVIRUPDWLRQ�RI�WKH�YDULDEOH�ZDV�FDUULHG�RXW�DQG�WKH� LQWHUSRODWLRQ� ZDV� SHUIRUPHG� E\� ORJQRUPDO� NULJLQJ�� $Q\ZD\� WKH� UHVXOWV� ZHUH� QRW�VDWLVIDFWRU\��EHFDXVH�WKH�YDULRJUDP�RI� WKH�UHVLGXDOV�VWLOO� VKRZHG�WKH�SUHVHQFH�RI�VRPH�VSDWLDO�GHSHQGHQFH��6R�WKH�DQDO\VLV�DQG�WKH�LQWHUSRODWLRQ�ZHUH�FDUULHG�RXW�E\�D�*/00��ZKHUH�DPPRQLDFDO�QLWURJHQ�VKRZHG�D�VSDWLDO� WUHQG�RQ�WKH�ORQJLWXGH��$PRQJ WKH� WKUHH�
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HVWLPDWHG�PRGHOV��ZKRVH�YDOXHV�DUH� VKRZHG� LQ� WDEOH���� WKH�FKRLFH��PDGH�DFFRUGLQJ� WR�$,&� DQG� ±�� 5HV� /RJ� /LN� YDOXHV�� IHOO� RQ� WKH� H[SRQHQWLDO� VSDWLDO� FRUUHODWLRQ� PRGHO��,QWHUSRODWLRQ�ZHUH�FDUULHG�RXW��)LJXUH����DQG��LQ�WKLV�FDVH��WKH�YDULRJUDP�RI�WKH�UHVLGXDOV�ZDV�IODW��)LQDOO\�WKH�ILWWLQJ�RI�WKH�PRGHO�REWDLQHG�E\�FRPSDULQJ�WKH�HPSLULFDO�YDULRJUDP�ZLWK�WKH�WKHRUHWLFDO�RQH��)LJXUH����ZDV�JRRG�
7DEOH��� 0RGHO�SDUDPHWHU�HVWLPDWHV&RUUHOD]LRQH V� I W� ���5HV�/RJ�/LN $,&(VSRQHQ]LDOH ������ ������ ������� ������ ������6IHULFD ������ ������ ������� ����� �����*DXVVLDQD ������ ������ ������� ����� �����
)LJXUH��� $PPRQLDFDO�QLWURJHQ�PDS��HPSLULFDO�DQG�WKHRUHWLFDO�YDULRJUDP

5HIHUHQFHV
%HUOLQHU�/�0�� �������+LHUDUFKLFDO�%D\HVLDQ�0RGHOOLQJ�LQ�WKH�(QYLURQPHQWDO�6FLHQFHV��7HFKQLFDO�5HSRUW��2KLR�6WDWH�8QLYHUVLW\�&DVWULJQDQz� $�� HW� DO�� �������� 9DOXWD]LRQH� H� GHVFUL]LRQH� GHOOD� IHUWLOLWj� GL� WHUUHQL�PHULGLRQDOL� PHGLDQWH� OD� *HRVWDWLVWLFD� 0XOWLYDULDWD�� 7HFKQLFDO� 5HSRUW�� ,VWLWXWR�6SHULPHQWDOH�$JURQRPLFR�GL�%DUL�&KULVWHQVHQ��2�)���0ROOHU��-��H�:DDJHSHWHUVHQ��5����������$QDO\VLV�RI�VSDWLDO�GDWD�XVLQJ�JHQHUDOL]HG� OLQHDU� PL[HG� PRGHOV� DQG� /DQJHYLQ�W\SH� 0DUNRY� FKDLQ� 0RQWH� &DUOR��5HVHDUFK�5HSRUW�5����������$DOERUJ�8QLYHUVLW\�&KULVWHQVHQ�5�� ��������/LQHDU�0RGHOV� IRU�0XOWLYDULDWH��7LPH�6HULHV�DQG�6SDWLDO�'DWD��6SULQJHU�9HUODJ�&UHVVLH�1�$�&����������6WDWLVWLFV�IRU�6SDWLDO�'DWD��-RKQ�:LOH\�DQG�6RQV�'LJJOH� 3�-��� 0R\HHG� 5�$��� 7DZQ� -�$�� �������� 0RGHO�EDVHG� *HRVWDWLVWLFV�� $SSOLHG�6WDWLVWLFV��������������*RWZD\�&�$���6WURXS�:�:�� ��������$�*HQHUDOLVHG�/LQHDU�0RGHO�$SSURDFK� WR�6SDWLDO�'DWD�$QDO\VLV�DQG�3UHGLFWLRQ��-RXUQDO�RI�$JULFXOWXUDO��%LRORJLFDO�DQG�(QYLURQPHQWDO�6WDWLVWLFV� �����������6WHLQ�0�/����������,QWHUSRODWLRQ�RI�6SDWLDO�'DWD�± 6RPH�7KHRU\�IRU�.ULJLQJ��6SULQJHU�:ROILQJHU� 5��� 2
&RQQHO� 0�� �������� *HQHUDOL]HG� OLQHDU� PL[HG� PRGHOV�� D� SVHXGR�OLNHOLKRRG�DSSURDFK��-��6WDWLVW��&RPSXW��6LPXO��������������

��� ��� ��� ��� ��� ��� ��� �������
����

����
����

����
����

GLVWDQFH

JDPP
D

� � � � �

���
����

����
����

����
����

REMHFWLYH� �������

– 448 –




