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8�6��)RRG�DQG�1XWULHQW�'HPDQG�DQG�WKH�(IIHFWV�RI�$JULFXOWXUDO�3ROLFLHV

���,QWURGXFWLRQ

)DUP�DQG�IRRG�SROLF\� LQ� WKH�8QLWHG�6WDWHV� LV�XQGHUJRLQJ�D�PDMRU� WUDQVIRUPDWLRQ��0RVW�

WKRXJK�QRW�DOO��IDUP�OHYHO�SULFH�DQG�LQFRPH�VXSSRUW�SURJUDPV�DUH�EHLQJ�UHSODFHG�E\�FDVK

SD\PHQWV�DQG�D�PRYH� WRZDUG�DQ�RSHQ�PDUNHW��$W� WKH�VDPH� WLPH��ZHOIDUH�� IRRG�VWDPSV�

:RPHQ��,QIDQWV�DQG�&KLOGUHQ��:,&���$LG�WR�)DPLOLHV�ZLWK�'HSHQGHQW�&KLOGUHQ��$)'&��

DQG�VFKRRO�OXQFK�SURJUDPV�DUH�EHLQJ�UHGXFHG�LQ�VFRSH�DW�WKH�IHGHUDO�OHYHO�DQG�UHSODFHG�E\

EORFN�JUDQWV�WR�VWDWHV��,W�DOPRVW�JRHV�ZLWKRXW�VD\LQJ�WKDW�WKHVH�FKDQJHV�ZLOO�LQIOXHQFH�WKH

SULFHV�SDLG�IRU�DQG�TXDQWLWLHV�FRQVXPHG�RI�IRRG�LWHPV�DQG�QXWULHQWV��DV�ZHOO�DV�LQFRPHV

DQG� IRRG� H[SHQGLWXUHV� RI� 8�6�� FRQVXPHUV�� ([DFWO\� KRZ�PXFK� DQG� LQ�ZKLFK� GLUHFWLRQV

WKHVH�HIIHFWV�ZLOO�EH�UHDOL]HG��KRZHYHU��LV�PXFK�PRUH�RI�DQ�RSHQ�TXHVWLRQ�

7KHUH�DUH�PDQ\�UHDVRQV�ZK\�LW� LV�QRW�DOWRJHWKHU�FOHDU�ZKDW� LPSDFWV� WKHVH�SROLF\

FKDQJHV�ZLOO�KDYH�RQ�WKH�HFRQRPLF�ZHOO�EHLQJ��IRRG�FRQVXPSWLRQ�SDWWHUQV��RU�QXWULWLRQDO

LQWDNHV�RI�8�6��FRQVXPHUV��2QH�LPSRUWDQW�UHDVRQ�LV�VLPSO\�WKDW�ZH�GR�QRW�\HW�IXOO\�XQGHU�

VWDQG�WKH�MRLQW� LQIOXHQFHV�RI�SDVW�SROLFLHV�RQ� WKHVH�PDWWHUV��PXFK� OHVV�ZKDW�ZLOO�KDSSHQ

RQFH�WKH�QHZ�SROLFLHV�EHJLQ�WR�WDNH�HIIHFW��$V�DQ�LOOXVWUDWLYH�H[DPSOH��FRQVLGHU�WKH�MRLQW

HFRQRPLF�LPSDFWV�RI�WKH�IRRG�VWDPS�SURJUDP�DQG�WKH�8�6��GDLU\�SURJUDP��)RRG�VWDPSV

SURYLGH�GLUHFW� LQ�NLQG�VXEVLGLHV�IRU� IRRG�FRQVXPSWLRQ��7KH�JRDO�RI� WKH�IRRG�VWDPS�SUR�

JUDP�LV�WR�LQFUHDVH�WKH�IRRG�FRQVXPSWLRQ�DQG�QXWULWLRQDO�VWDWXV�RI�WKH�SRRU��7KH�FXUUHQW



�

IRRG� VWDPS� SURJUDP� DFWV� HVVHQWLDOO\� DV� DQ� LQFRPH� WUDQVIHU� PHFKDQLVP��� 2Q� WKH� RWKHU

KDQG�� SULFH� GLVFULPLQDWLRQ� LQ� IHGHUDO�PLON�PDUNHWLQJ� RUGHUV� LQFUHDVH� WKH� UHWDLO� SULFH� RI

IUHVK�PLON�DQG�ORZHU�WKH�SULFHV�RI�PDQXIDFWXUHG�GDLU\�SURGXFWV��+HLHQ��,SSROLWR�DQG�0DV�

VRQ��/D)UDQFH�DQG�GH�*RUWHU��/D)UDQFH���������������7KLV�FUHDWHV�LQFHQWLYHV�WR�VXEVWLWXWH

DZD\�IURP�IUHVK��KHDOWK\�IRRGV�DQG�WRZDUGV�SURFHVVHG��OHVV�KHDOWK\�IRRGV�

$V�D�VHFRQG�H[DPSOH��WDUJHW�SULFHV�IRU�IHHG�FRUQ�LQFUHDVH�SULFHV�UHFHLYHG�E\�IDUP�

HUV�� LQFUHDVLQJ� WKH� VXSSO\� RI� FRUQ�� 7R� FOHDU� WKHVH� DGGLWLRQDO� VXSSOLHV� IURP� WKH�PDUNHW�

SULFHV�SDLG�E\�GHPDQGHUV�RI�IHHG�FRUQ��FKLHIO\�KRJ�DQG�FDWWOH�IHHGORW�RSHUDWRUV��DUH�ORZHU

WKDQ� WKH\� RWKHUZLVH�ZRXOG� EH��� 7KH� UHVXOWLQJ� GHFUHDVHV� LQ� LQSXW� FRVWV� WR� WKH� OLYHVWRFN

VHFWRU� KDV� WKH� HIIHFW� RI� LQFUHDVLQJ� VXSSOLHV� RI� OLYHVWRFN� WR� VODXJKWHUKRXVHV�� WKHUHE\� UH�

GXFLQJ� WKH�PDUNHW�SULFHV�SDLG�IRU� UHG�PHDW�E\�FRQVXPHUV��7KH� UHVXOWLQJ� LQFUHDVH� LQ� UHG

PHDW�FRQVXPSWLRQ�PD\�EH�FRQWUDU\�WR�VRXQG�QXWULWLRQ�RU�KHDOWK�SROLF\��,W�LV�FRPPRQO\�DU�

JXHG�E\�QXWULWLRQLVWV�DQG�KHDOWKFDUH�SURIHVVLRQDOV� WKDW� IRRGV� WKDW�DUH�KLJK� LQ�DQLPDO�IDW�

FKROHVWHURO� �H�J��� EXWWHU�� FKHHVH��SULPH� ULE�� DQG�EDFRQ��� VDOW�� VLPSOH� VXJDUV�� RU� FKHPLFDO

DGGLWLYHV��H�J���FDQQHG�DQG�SURFHVVHG�IRRGV��GR�OHVV�WR�SURPRWH�JRRG�QXWULWLRQ�DQG�KHDOWK

WKDQ� IRRGV� WKDW� DUH� ORZ� LQ� WKHVH� IDFWRUV� DQG�KLJK� LQ� ILEHU�� YLWDPLQV�� DQG�PLQHUDOV� �H�J��

IUHVK�IUXLWV�DQG�YHJHWDEOHV��UHGXFHG�IDW�IUHVK�PLON��\RJXUW��RU�ILVK��

                        

�� 7KDW� LV�� UHFLSLHQWV� FXUUHQWO\� GR� QRW� KDYH� WR� SD\� IRU� WKH� IRRG� VWDPSV� UHFHLYHG� DQG� QHDUO\� DOO� UHFLSLHQWV
VSHQG�PRUH�RQ�IRRG�WKDQ�WKH�YDOXH�RI�IRRG�VWDPSV��7KLV�LPSOLHV�WKDW�IRRG�VWDPS�UHFLSLHQWV�DUH�QRW�DW�D�³FRU�
QHU�VROXWLRQ´�RQ�WKHLU�EXGJHW�FRQVWUDLQW�DQG�WKH�YDOXH�RI�VWDPSV�UHFHLYHG�LV�HTXLYDOHQW�WR�DQ�LQFRPH�WUDQVIHU
RI�WKH�VDPH�GROODU�DPRXQW�

��0DQ\� IHGHUDO�PDUNHWLQJ�RUGHUV� DQG�DJUHHPHQWV� IRU� IUXLWV�� QXWV�� DQG� YHJHWDEOHV� DOVR� FRQWDLQ� UHJXODWLRQV
WKDW�OHDG�WR�KLJKHU�SULFHV�IRU�IUHVK�SURGXFWV�DQG�ORZHU�SULFHV�IRU�PDQXIDFWXUHG�SURGXFWV��-DPLVRQ��
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7KH�XSVKRW�LV�WKDW��E\�DQG�ODUJH��IDUP�OHYHO�SROLFLHV��L�H���SULFH�VXSSRUWV�DQG�RWKHU

FRPPRGLW\�SURJUDPV�� FUHDWH� FRQVXPHU� LQFHQWLYHV� WKDW� GLUHFWO\� RSSRVH� WKRVH� FUHDWHG�E\

IRRG�VXEVLG\�SURJUDPV��:KDW��WKHQ��FDQ�ZH�VD\�DERXW�WKH�MRLQW� LPSDFW�RI�GRPHVWLF�8�6�

IDUP�DQG�IRRG�DLG�SROLFLHV�RQ�IRRG�DQG�QXWULWLRQ�FRQVXPSWLRQ��KHDOWK��DQG�HFRQRPLF�ZHO�

IDUH� RI� WKH�8�6�� SRSXODWLRQ"�$W� WKLV� MXQFWXUH�� YHU\� IHZ� XQHTXLYRFDO� MXGJPHQWV� FDQ� EH

UHDFKHG��)RU�H[DPSOH��ZKLOH� IRRG�DLG� UHFLSLHQWV� VSHQG�PRUH�RQ� IRRG�� WKH\�SUREDEO\�HDW

OHVV�KHDOWK\�IRRGV�GXH�WR�UHODWLYH�SULFH�GLVWRUWLRQV��&HUWDLQO\�IURP�D�QXWULWLRQDO�SHUVSHF�

WLYH��LW�LV�XQFOHDU�ZKHWKHU�WKLV�JURXS�LV�EHWWHU�RU�ZRUVH�RII�ZLWK�WKH�FRPELQDWLRQ�RI�IDUP

DQG�IRRG�SURJUDPV��,W�LV�QRW�HYHQ�DOWRJHWKHU�FOHDU�ZKHWKHU�RU�QRW�WKH\�DUH�EHWWHU�RII�HFR�

QRPLFDOO\�WKDQ�PLJKW�EH�WKH�FDVH�ZLWK�QR�JRYHUQPHQW�LQWHUYHQWLRQ�LQ�WKH�IDUP�DQG�IRRG

VHFWRU�� 2Q� WKH� RWKHU� KDQG�� SHRSOH� WKDW� DUH� QHLWKHU� IDUPHUV� QRU� IRRG� DLG� UHFLSLHQWV� SD\

KLJKHU� WD[HV� WR� ILQDQFH� IDUP� DQG� IRRG� VXEVLGLHV��7KLV� ORZHUV� GLVSRVDEOH� LQFRPHV�� IRRG

H[SHQGLWXUHV�� DQG� HFRQRPLF�ZHOIDUH�� ,Q� DGGLWLRQ�� XQGHU� WKH� VFHQDULRV� GHVFULEHG� DERYH�

SROLF\�LQGXFHG�SULFH�GLVWRUWLRQV�FUHDWH�LQFHQWLYHV�WR�FRQVXPH�D�OHVV�KHDOWK\�PL[�RI�IRRGV

IRU�PHPEHUV�RI�WKLV�JURXS��%XW�YHU\�OLWWOH�LV�UHDOO\�NQRZQ�DERXW�WKH�VL]H�RI�WKH�QHW�HFR�

QRPLF�FRVWV�RU�WKH�LPSDFWV�RQ�QXWULWLRQ�DQG�KHDOWK�

$V�D� ILUVW� FXW� DW� DQVZHULQJ� WKHVH� LPSRUWDQW� DQG� LQWHUHVWLQJ�TXHVWLRQV�� WKLV� SDSHU

SUHVHQWV�D�PRGHO�RI�8�6��IRRG�DQG�QXWULWLRQ�FRQVXPSWLRQ��7KH�PRGHO�LV�HVWLPDWHG�HFRQR�

PHWULFDOO\�XVLQJ�DQQXDO�WLPH�VHULHV�GDWD�IRU�SHU�FDSLWD�8�6��IRRG�FRQVXPSWLRQ�DQG�QXWUL�

WLRQDO�LQWDNH�RYHU�WKH�SHULRG������������7KLV�HPSLULFDO�PRGHO�LV�WKHQ�DSSOLHG�WR�DQ�DQDO\�

                                                                        

��+RZHYHU��QRQUHFRXUVH�ORDQV�DGPLQLVWHUHG�E\�WKH�&RPPRGLW\�&UHGLW�&RUSRUDWLRQ�SODFH�D�IORRU�RQ�WKH�PDU�
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VLV�RI�FRQVXPHUV¶�HFRQRPLF�ZHOIDUH�HIIHFWV�DQG�WKH�LPSDFWV�RQ�IRRG�DQG�QXWULWLRQ�RI�WKH

8�6��GDLU\�SURJUDP��7KH�GDLU\�SURJUDP�LV�FKRVHQ�IRU�WKH�SROLF\�DSSOLFDWLRQ�IRU�WZR�UHD�

VRQV��)LUVW��LW�LV�RQH�RI�D�IHZ�FRPPRGLW\�SURJUDPV�OHIW�ODUJHO\�XQFKDQJHG�LQ�WKH�PRVW�UH�

FHQW�IDUP�ELOO��6HFRQG��WKH�VWUXFWXUH�RI�GDLU\�SROLF\�SHUPLWV�D�VWUDLJKWIRUZDUG�LGHQWLILFD�

WLRQ�DQG�HFRQRPHWULF�HVWLPDWLRQ�RI�WKH�LPSDFWV�RI�WKH�SURJUDP�DW�HDFK�OHYHO�RI�WKH�PDU�

NHWLQJ�FKDQQHO��/D)UDQFH�DQG�GH�*RUWHU��/D)UDQFH�����D������E��

,� RIIHU� VHYHUDO� LQQRYDWLRQV� WR� WKH� WKHRUHWLFDO� DQG� HPSLULFDO� DQDO\VLV� RI� IRRG� GH�

PDQG� DQG�SROLF\��7KH� WKHRUHWLFDO�PRGHO� H[SORLWV� KRXVHKROG�SURGXFWLRQ� WKHRU\� �%HFNHU�

/DQFDVWHU�������������/XFDV��0LFKDHO�DQG�%HFNHU��DQG�0XWK��WR�REWDLQ�D�GLUHFW�OLQN�EH�

WZHHQ� IRRG� DQG� QXWULWLRQ� FRQVXPSWLRQ�ZKLFK� DFFRPPRGDWHV� WKH� H[LVWHQFH� RI� WUDGHRIIV

EHWZHHQ� QXWULWLRQ� DQG� WDVWH� LQ� IRRG� SUHIHUHQFHV� �/D)UDQFH� ������� $� VHFRQG� WKHRUHWLFDO

FRQWULEXWLRQ�LV�WKH�FRQFHSW�RI�D�PRUH�JHQHUDO�DQG�SODXVLEOH�FRQFHSW�RI�DJJUHJDWLRQ��ZKLFK

,�FDOO�VWULFW�DJJUHJDWLRQ��6LPSO\�SXW��VWULFW�DJJUHJDWLRQ�LV�DJJUHJDWLRQ�DFURVV�LQGLYLGXDOV¶

LQFRPHV��GHPRJUDSKLFV�� DQG�PLFUR�OHYHO�SUHIHUHQFH�SDUDPHWHUV� WR�PDUNHW�OHYHO� GHPDQG

HTXDWLRQV� ZKLFK� DUH� FRQVLVWHQW� ZLWK� WKH� WKHRU\� RI� FRQVXPHU� FKRLFH��� )RU� WKH� VSHFLILF

HFRQRPHWULF�PRGHO�FKRVHQ�IRU�WKH�HPSLULFDO�DSSOLFDWLRQ��,�DOVR�SUHVHQW�D�SODXVLEOH� VROXWLRQ

WR�WKH�LVVXHV�SRVHG�E\�WKLV�FRQFHSW�

                                                                        

NHW�SULFH�GHWHUPLQHG�E\�WKUHH��WR�ILYH�\HDU�UROOLQJ�DYHUDJHV�RI�SDVW�PDUNHW�SULFHV�
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7KUHH�HFRQRPHWULF�LQQRYDWLRQV�DUH�SUHVHQWHG��)LUVW��H[SOLFLW�SDUDPHWULF�UHVWULFWLRQV

ZKLFK�DUH�QHFHVVDU\�DQG�VXIILFLHQW�IRU�JOREDO�TXDVL�FRQFDYLW\�RI�SUHIHUHQFHV�DUH�GHULYHG

DQG� LPSOHPHQWHG�� 7R�P\� NQRZOHGJH�� WKLV� LV� WKH� ILUVW� VXFFHVVIXO� GHULYDWLRQ� DQG� LPSOH�

PHQWDWLRQ�RI� VXFK� D� FRKHUHQW� HFRQRPHWULF� VWUXFWXUH� RQ� D� ODUJH�VFDOH� GHPDQG�PRGHO� LQ�

YROYLQJ�WZHQW\�RQH�IRRG�LWHPV�DQG�VHYHQW\�VL[�WLPH�VHULHV�REVHUYDWLRQV��6HFRQG��D�SURFH�

GXUH�EDVHG�RQ�WKH�JHQHUDOL]HG�PHWKRGV�RI�PRPHQWV�SULQFLSOH�LV�GHULYHG�IRU�WHVWLQJ�WKH�K\�

SRWKHVLV�RI�VWULFW�H[RJHQHLW\�RI�LQFRPH�RU�WRWDO�H[SHQGLWXUH�LQ�D�VHW�RI�GHPDQG�HTXDWLRQV��

7KLV�SURFHGXUH�LV�FORVHO\�UHODWHG�WR��EXW�PRUH�JHQHUDO�DQG�VLPSOHU�WR�DSSO\�WKDQ��WKH�VWDQ�

GDUG�'XUELQ�:X�+DXVPDQ� WHVW��7KLUG�� D�ZLWKLQ� VDPSOH��PXOWLYDULDWH� GLDJQRVWLF� WHVW� IRU

PRGHO� VWDELOLW\� LV�GHULYHG��7KLV�GLDJQRVWLF� WHVW� LV�SDUWLFXODUO\�XVHIXO� LQ� VLWXDWLRQV�ZKHUH

WKHUH�LV�D�ODUJH�QXPEHU�RI�SDUDPHWHUV�UHODWLYH�WR�WKH�QXPEHU�RI�REVHUYDWLRQV��VR�WKDW�VSOLW

VDPSOH�&KRZ�WHVWV�RU�WHVWV�EDVHG�RQ�VHTXHQWLDO�SRVW�VDPSOH�UHFXUVLYH�UHVLGXDOV� �%URZQ�

'XUELQ�� DQG�(YDQV��+DUYH\�������������+HQGU\�� DUH� LQIHDVLEOH�� ,Q� WKLV�SDSHU�� WKH�PRVW

JHQHUDO� IRUPXODWLRQ� RI� WKH� HPSLULFDO� PRGHO� KDV� ����� REVHUYDWLRQV�� ���� VWUXFWXUDO� SD�

UDPHWHUV��DQG�����SDUDPHWHUV�DVVRFLDWHG�ZLWK�WKH�HUURU�FRYDULDQFH�PDWUL[�DQG�D�FRPPRQ

                                                                        

��6WULFW�DJJUHJDWLRQ�DOORZV�IRU�GLIIHUHQW�SUHIHUHQFHV�DFURVV�LQGLYLGXDOV�LQ�DGGLWLRQ�WR�WKRVH�WKDW�DULVH�IURP
PHDVXUDEOH� IDFWRUV� VXFK� DV� GHPRJUDSKLFV��7KLV� FRQFHSW� RI� DJJUHJDWLRQ� LV�PRUH� JHQHUDO� WKDQ�� DQG� FRQVH�
TXHQWO\� PRUH� OLPLWHG� LQ� LQWHUSUHWDWLRQ� DQG� DSSOLFDWLRQ�� WKDQ� WKDW� RI� H[DFW� DJJUHJDWLRQ�� L�H��� DJJUHJDWLRQ
DFURVV�LQFRPH�DQG�GHPRJUDSKLFV� WR� WKH�PDUNHW� OHYHO��6HH�6WRNHU��������IRU�DQ�H[FHOOHQW� UHFHQW�VXUYH\�RI
H[DFW�DJJUHJDWLRQ��8QGHU�H[DFW�DJJUHJDWLRQ��SUHIHUHQFHV�RI�PLFUR�XQLWV�DUH�UHFRYHUHG�IURP�PDFUR�OHYHO�GH�
PDQG� HTXDWLRQV�� ,Q� FRQWUDVW�� XQGHU� VWULFW� DJJUHJDWLRQ�� D� VHW� RI� VXIILFLHQW� VWDWLVWLFV� DUH� REWDLQHG� IRU�PLFUR
SUHIHUHQFHV�IURP�WKH�PDFUR�OHYHO�GDWD��ZKLOH� LQGLYLGXDO�PLFUR�OHYHO�SUHIHUHQFH�IXQFWLRQV�FDQ�QRW�EH�FRP�
SOHWHO\�UHFRYHUHG�
��6WULFW�H[RJHQHLW\� LV�WKH�SURSHUW\�RI�VWDWLVWLFDO�LQGHSHQGHQFH�EHWZHHQ�D�ULJKW�KDQG�VLGH�UHJUHVVRU�DQG�WKH

HUURU�WHUP�LQ�D�UHJUHVVLRQ�HTXDWLRQ��(QJOH��+HQGU\��DQG�5LFKDUG���:KHQ�WKH�UHJUHVVRU�DQG�WKH�HUURU�WHUP�DUH

QRUPDOO\�GLVWULEXWHG��VWULFW�H[RJHQHLW\�LV�HTXLYDOHQW�WR�]HUR�FRUUHODWLRQ�
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DXWRFRUUHODWLRQ�FRHIILFLHQW��7KXV��,�KDYH�OHVV�WKDQ�WZR�GHJUHHV�RI� IUHHGRP�SHU�XQNQRZQ

SDUDPHWHU�LQ�WKH�XQUHVWULFWHG�PRGHO�VSHFLILFDWLRQ��7KLV�KLJKO\�SDUDPHWHUL]HG�PRGHO��=HOO�

QHU��SUHFOXGHV�WKH�XVH�RI�WKHVH�RWKHU�GLDJQRVWLF�WHFKQLTXHV�

:LWK�UHJDUG�WR�WKH�DJULFXOWXUDO�SROLF\�OLWHUDWXUH��WKLV�SDSHU�GHPRQVWUDWHV�WKDW�FDUH�

IXO� DQG� FRPSUHKHQVLYH� HFRQRPLF� DQG� HFRQRPHWULF� DQDO\VHV� ZKLFK� VHHN� WR� FRKHUHQWO\

FRPELQH�HFRQRPLF�WKHRU\�ZLWK�HPSLULFDO�SUDFWLFH�DUH�ERWK�SUDFWLFDO�DQG�LQIRUPDWLYH��7KH

HPSLULFDO� UHVXOWV� DUH� HQFRXUDJLQJ� ZLWK� UHVSHFW� WR� WKH� SDUDPHWHU� UHVWULFWLRQV� DVVRFLDWHG

ZLWK�HFRQRPLF�WKHRU\���KHUHWRIRUH�D�YLUWXDOO\�XQKHDUG�RI�RXWFRPH��$V�D�UHVXOW��ZH�DUH�DEOH

WR�GUDZ�UHDVRQDEOH�DQG� ORJLFDOO\�FRQVLVWHQW� LQIHUHQFHV�EDVHG�RQ� WKH�PRGHO�HVWLPDWHV�UH�

JDUGLQJ�WKH�\HDU�WR�\HDU�DQG�FXPXODWLYH�8�6��IDUP�SROLF\�LPSDFWV�RQ�IRRG�FRQVXPSWLRQ�

QXWULWLRQDO�LQWDNHV��DQG�FRQVXPHU�ZHOIDUH�

7KH� RUJDQL]DWLRQ� RI� WKH� SDSHU� LV� DV� IROORZV�� 7KH� QH[W� VHFWLRQ� FRQVLGHUV� VHYHUDO

WKHRUHWLFDO�DQG�HFRQRPHWULF� LVVXHV�DVVRFLDWHG�ZLWK� WKH�PRGHOLQJ�SUREOHP��6HFWLRQ� WKUHH

FKDUDFWHUL]HV�WKH�VSHFLILF�HFRQRPHWULF�PRGHO�DQG�LWV�SURSHUWLHV��6HFWLRQ�IRXU�GLVFXVVHV�WKH

GDWD��HPSLULFDO�UHVXOWV��K\SRWKHVLV�WHVWV��DQG�D�EDWWHU\�RI�PRGHO�GLDJQRVWLFV��7KH�ILIWK�VHF�

WLRQ�UHSRUWV�WKH�UHVXOWV�RI�WKH�DSSOLFDWLRQ�RI�WKH�HFRQRPHWULF�PRGHO�WR�WKH�DQDO\VLV�RI�WKH

LPSDFWV�RI�8�6��GDLU\�SROLF\�RYHU� WKH� SHULRG���������RQ� IRRG� FRQVXPSWLRQ�� QXWULWLRQDO

LQWDNHV��DQG�FRQVXPHU�ZHOIDUH��7KH�ILQDO�VHFWLRQ�VXPPDUL]HV�DQG�FRQFOXGHV�

���0RGHOLQJ�)RRG�'HPDQG

,W�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�IRRG�LV�HDWHQ�IRU�WZR�IXQGDPHQWDO�UHDVRQV�²�IRU�LWV�FRQWUL�

EXWLRQ�WR�KHDOWK�GXH�WR�QXWULWLRQDO�LQWDNH�DQG�IRU�LWV�FRQWULEXWLRQ�WR�SOHDVXUH�WKURXJK�IOD�

YRU��RGRU��DSSHDUDQFH�� WH[WXUH��DQG�RWKHU�TXDOLWLHV�RI� WKH�IRRGV�FRQVXPHG��7KH� UHODWLRQ�
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VKLS�EHWZHHQ�QXWULHQW�LQWDNH�DQG�IRRG�FRQVXPSWLRQ�FDQ�EH�UHSUHVHQWHG�OLQHDUO\��7KDW� LV�

³WZLFH�DV�PXFK�PHDW�\LHOGV�WZLFH�DV�PXFK�SURWHLQ�DQG�WZLFH�DV�PXFK�IDW��KHQFH�WKH�WHFK�

QRORJ\�PXVW�EH�KRPRJHQHRXV�RI�GHJUHH�RQH��)XUWKHU��WKH�DPRXQW�RI�SURWHLQ�FRQWDLQHG�LQ

DQ�HJJ�LV�QRW�GHSHQGHQW�RI�WKH�DPRXQW�RI�PHDW�FRQVXPHG��VR�WKH�WHFKQRORJ\�LV�DGGLWLYH´

�/XFDV��S��������7KLV�VSHFLILFDWLRQ�LV�LQGHSHQGHQW�RI�WKH�KRXVHKROG
V�ZHOIDUH�IXQFWLRQ�IRU

QXWULHQWV��DQG�WKHUHIRUH�GRHV�QRW�UHODWH�WR�VXFK�ILQGLQJV�IURP�QXWULWLRQ�VWXGLHV�DV��'DQW]LJ�

+DOO��)R\WLN��6PLWK��DQG�6WLJOHU��

��� $IWHU�FHUWDLQ�OHYHOV�RI�LQWDNH��DGGLWLRQDO�TXDQWLWLHV�RI�QXWULHQWV�\LHOG�GHFUHDV�

LQJ��DQG�VRPHWLPHV�HYHQWXDOO\�QHJDWLYH��UHWXUQV�WR�KHDOWK�

��� 7KH�RSWLPXP�TXDQWLW\� RI� DQ\�QXWULHQW� GHSHQGV�RQ� WKH� OHYHO� RI� LQWDNH� RI� WKH

RWKHU�QXWULHQWV�

��� 3XUHO\�QXWULWLRQDO�UHTXLUHPHQWV�DSSHDU�WR�KDYH�DW�PRVW�D�VPDOO�HIIHFW�RQ�IRRG

H[SHQGLWXUHV�

7KXV��OHW�]�GHQRWH�DQ�P�YHFWRU�RI�QXWULHQWV�LPSRUWDQW�WR�WKH�KHDOWK�VWDWXV�RI�WKH�KRXVHKROG�

OHW�[� GHQRWH� DQ�Q[�YHFWRU� RI� IRRG� LWHPV�� DQG� OHW�1� GHQRWH� DQ� �P×Q[��PDWUL[� RI� QXWULHQW

FRQWHQW�SHU�XQLW�RI�IRRG��/HW�WKH�UHODWLRQVKLS�EHWZHHQ�IRRG�FRQVXPHG�DQG�QXWULHQW�DYDLO�

DELOLW\�EH�]� �1[��$OVR��OHW�\�GHQRWH�DQ�Q\�YHFWRU�RI�DOO�RWKHU�JRRGV��OHW�V�EH�D�N�YHFWRU�RI

GHPRJUDSKLF�YDULDEOHV�DQG�RWKHU�GHPDQG�VKLIWHUV��DQG�ZULWH�WKH�FRQVXPHU¶V�XWLOLW\�IXQF�

WLRQ�DV�X� � � � �[ \ ] V ��7KH�REMHFWLYH�RI�WKH�FRQVXPHU�LV�WR

����� PD[LPL]H � � � � �� � � �
� �[ \ ]

[ \
[ \ ] V [ \ S [ S \ 1[ ]X P≥ ≥ ′ + ′ ≤ =� �= B�

ZKHUH�S[�LV�WKH�YHFWRU�RI�SULFHV�IRU�[��S\�LV�WKH�YHFWRU�RI�SULFHV�IRU�\��DQG�P�LV�LQFRPH�
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7KHUH�LV�VXEVWDQWLDO�HPSLULFDO�HYLGHQFH�WKDW�IRRG�LV�VHSDUDEOH�IURP�QRQ�IRRG�LWHPV

LQ�FRQVXPHU�SUHIHUHQFHV��GH-DQYU\��QXPHURXV�RWKHUV���7KLV�LV�HTXLYDOHQW�WR�VHSDUDELOLW\�RI

WKH�XWLOLW\�IXQFWLRQ�LQ�WKH�SDUWLWLRQ�^�[��]���\`�

����� X X X
[

� � � � a� � � �� �[ \ ] [ ] \= �

6HSDUDELOLW\�SHUPLWV�XV�WR�IRFXV�RQ�WKH�PD[LPL]DWLRQ�RI�WKH�IRRG�VHFWRU�VXE�XWLOLW\�IXQF�

WLRQ��X
[
[ ]�1 6��VXEMHFW� WR�D�IRRG�H[SHQGLWXUH�EXGJHW�FRQVWUDLQW�� ′ =S [

[ [
P ��ZKHUH�S[� LV� WKH

YHFWRU�RI�SULFHV� IRU�[� DQG�P[� LV� WRWDO�H[SHQGLWXUH�RQ� IRRG� LWHPV��DQG� WKH�QXWULHQW� HTXD�

WLRQV��1[� �]��6HSDUDELOLW\�VXEVWDQWLDOO\�UHGXFHV�WKH�GLPHQVLRQ�RI�WKH�SDUDPHWHU�VSDFH��,Q

WKLV�SDSHU��,�FRQVLGHU�������WR�EH�WKH�PRGHO�VWUXFWXUH�RI�LQWHUHVW��EXW�QHVW�WKH�VHSDUDELOLW\

K\SRWKHVLV� ������ZLWKLQ� WKH� ODUJHU�SDUDGLJP�������DORQJ� WKH� OLQH�RI� LQTXLU\�VXJJHVWHG�E\

/D)UDQFH���������/D)UDQFH�DQG�+DQHPDQQ��DQG�*RUPDQ������E��EDVHG�RQ�D�SULFH�LQGH[

IRU�QRQ�IRRG�LWHPV�

1RZ�OHW� S S S
[ \

= ′ ′ ′ ∈ +> @ Q ��ZKHUH�Q� �Q[�Q\��GHQRWH� WKH�YHFWRU�RI�PDUNHW�SULFHV

IRU� DOO� JRRGV� DQG� OHW� WKH� XWLOLW\�PD[LPL]LQJ� FRQGLWLRQDO� PHDQ� YHFWRU� RI� TXDQWLWLHV� GH�

PDQGHG�JLYHQ�SULFHV��LQFRPH��GHPRJUDSKLFV��DQG�WKH�QXWULHQW�FRQWHQW�PDWUL[�EH�ZULWWHQ�DV

( P P� _ � � � � � � � � �[ S V 1 K S V 1[≡ ��,Q�WKH�FXUUHQW�IUDPHZRUN��VHSDUDELOLW\�RI��[��]��IURP�\�LV

HTXLYDOHQW�WR�WKH�GHPDQGV�IRU�[�KDYLQJ�WKH�VWUXFWXUH

����� K S V 1 K S S V 1 V 1[ [

[
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a
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LV�WKH�FRQGLWLRQDO�PHDQ�RI�H[SHQGLWXUH�RQ�[�JLYHQ�SULFHV��LQFRPH��DQG�GHPRJUDSKLF�YDUL�
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DEOHV��*RUPDQ�����D��%ODFNRUE\��3ULPRQW��DQG�5XVVHOO���

7KH� UHPDLQGHU�RI� WKLV� VHFWLRQ� LV�GHYRWHG� WR� WKUHH�VSHFLILF� LVVXHV�DVVRFLDWHG�ZLWK

WKH�HPSLULFDO�LPSOHPHQWDWLRQ�RI�������DQG�������XVLQJ�DJJUHJDWH�WLPH�VHULHV�GDWD��)LUVW��,

DGGUHVV� WKH� TXHVWLRQ� RI� VWULFW� DJJUHJDWLRQ� DFURVV� LQGLYLGXDOV� WR� FRKHUHQW�� WKHRUHWLFDOO\

FRQVLVWHQW�PDUNHW� OHYHO� GHPDQG� HTXDWLRQV�ZKHQ� LQFRPH�� GHPRJUDSKLFV�� DQG� WKH�PLFUR�

SDUDPHWHUV�RI�WKH�LQGLYLGXDO¶V�XQGHUO\LQJ�XWLOLW\�IXQFWLRQ�X�⋅��DOO�YDU\�DFURVV�FRQVXPHUV�

6HFRQG�� ,� FRQVLGHU� WKH� HPSLULFDO� FRQVHTXHQFHV� RI� WKH� IDFW� WKDW� WKH� FRQGLWLRQDO�PHDQ�RI

WRWDO�IRRG�H[SHQGLWXUH��µ[�⋅���LV�D�ODWHQW�YDULDEOH��ZKLOH�REVHUYHG�IRRG�H[SHQGLWXUH�LV�HQ�

GRJHQRXV� �$WWILHOG� ������ ������ %OXQGHOO� ������ ������ 'HDWRQ� ������ ������ 7KHLO�� /D�

)UDQFH��������/DVW��,�GHYHORS�D�UREXVW��L�H���GLVWULEXWLRQ�LQGHSHQGHQW���PXOWLYDULDWH��ZLWKLQ

VDPSOH� UHVLGXDOV�EDVHG�GLDJQRVWLF� WHVW� IRU�PRGHO� VWDELOLW\�� ,Q� WKH� IROORZLQJ� VHFWLRQ�� WKH

VROXWLRQV�,�SURSRVH�IRU�WKHVH�WKUHH�TXHVWLRQV�DUH�GRPLQDWLQJ�LQIOXHQFHV�LQ�WKH�HFRQRPHWULF

DSSOLFDWLRQ�

����6WULFW�$JJUHJDWLRQ

7KHUH� DUH� VHYHUDO� UHDVRQV� WR� FRQVLGHU� WKH� HIIHFWV� RI� DJJUHJDWLRQ� IURP� PLFUR� XQLWV� WR

PDFUR��PDUNHW�OHYHO�GDWD�LQ�GHPDQG�DQDO\VHV��)LUVW��WKH�HIIHFWV�RI�DQ\�SROLF\�YDU\�DFURVV

LQGLYLGXDOV��(OLJLELOLW\� IRU� WKH�IRRG�VWDPS�SURJUDP�LV�EDVHG�RQ� LQFRPH��KRXVHKROG�VL]H�

DQG� WRWDO� DVVHWV�� 1RQ�UHFLSLHQWV� VKDUH� WKH� FRVW� RI� WKH� SURJUDP� WKURXJK� LQFRPH� WD[HV�

                        

��7R�VHH�WKLV��VLPSO\�VXEVWLWXWH�1[�IRU�]�LQ�X�⋅��WR�REWDLQ�WKH�QHRFODVVLFDO�XWLOLW\�PD[LPL]DWLRQ�SUREOHP

PD[ � � � � � � � �
�[ \

[ \
[ \ 1[ V [ \ S [ S \X P≥ ≥ ′ + ′ ≤� �; @ �
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ZKLFK�YDU\�ZLWK� LQFRPH��6HFRQG�� LW� LV� KLJKO\� OLNHO\� WKDW� SUHIHUHQFHV� GLIIHU� DFURVV� LQGL�

YLGXDOV�� 6RPH� RI� WKLV� YDULDWLRQ�PD\� EH� SUHGLFWDEOH�ZLWK� REVHUYDEOH� GHPRJUDSKLFV� OLNH

HWKQLFLW\��JHQGHU��RU�DJH�FKDUDFWHULVWLFV�RI�KRXVHKROG�PHPEHUV� �3ROODN�DQG�:DOHV���%XW

DYDLODEOH�HPSLULFDO�HYLGHQFH�IURP�FURVV�VHFWLRQ�VWXGLHV�VXJJHVWV�WKDW�YDULDWLRQ�LQ�SUHIHU�

HQFHV� DFURVV� LQGLYLGXDOV� UHPDLQV� DIWHU�PHDVXUDEOH� LQIOXHQFHV� KDYH� EHHQ� DFFRXQWHG� IRU�

)LQDOO\�� WKH�WKHRU\�RI�FRQVXPHU�FKRLFH�DSSOLHV�WR�LQGLYLGXDO�GHFLVLRQ�PDNHUV��QRW� WR�DJ�

JUHJDWH�EHKDYLRU��$OWKRXJK�WKH�HFRQRPLF�UDWLRQDOLW\�RI�WKH�UHSUHVHQWDWLYH�FRQVXPHU�LV�DQ

LQWHUHVWLQJ�HPSLULFDO�K\SRWKHVLV��ZLWKRXW�DJJUHJDWLRQ�DFURVV�HFRQRPLF�DJHQWV�WKHUH�LV�QR�D

SULRUL�UHDVRQ�WR�H[SHFW�WKLV�SURSHUW\�WR�KROG�

%XW�WUDFLQJ�WKH�HFRQRPLF�FRQVHTXHQFHV�RI�IDUP�DQG�IRRG�SROLFLHV�RQ�SULFHV��TXDQ�

WLWLHV�WUDGHG��DQG�VR�IRUWK�UHTXLUHV�PDUNHW�OHYHO�GDWD�DQG�DQDO\VHV��$W�EHVW��ZH�PLJKW�KRSH

WKDW� D�PDUNHW�OHYHO� DQDO\VLV� FDQ� SURYLGH� EDVLF� DQVZHUV� WR� WKH� IROORZLQJ� WZR� TXHVWLRQV�

³:KDW�DUH� WKH�FUXGH�HFRQRPLF�IRUFHV�DW�ZRUN"´�DQG�³:KDW�DUH� WKH�DJJUHJDWH�HFRQRPLF

JDLQV�DQG�ORVVHV�DW�LVVXH"´�:H�WKHUHIRUH�VHHN�D�FRQVXPHU�FKRLFH�PRGHO�ZKLFK�FRXOG�EH

FRQVLVWHQW�ZLWK�UDWLRQDOLW\�DW�WKH�LQGLYLGXDO�FRQVXPHU�OHYHO��HYHQ�LI�WKLV�OHYHO�RI�EHKDYLRU

LV�QRW�REVHUYHG�RU�PHDVXUHG���DFFRPPRGDWHV�HPSLULFDO�WHVWLQJ�RI�DJJUHJDWH�HFRQRPLF�UD�

WLRQDOLW\��L�H���RI�WKH�UHSUHVHQWDWLYH�FRQVXPHU���DQG��EDUULQJ�UHMHFWLRQ�RI�WKH�ODWWHU�EDVHG�RQ

WKH�DYDLODEOH�HPSLULFDO�HYLGHQFH��SURYLGHV�D�EDVLV�IRU�UHDVRQDEOH�HVWLPDWHV�RI�WKH�DJJUH�

JDWH�FRQVXPSWLRQ�DQG�ZHOIDUH�HIIHFWV�RI�8�6��IDUP�DQG�IRRG�SROLF\�

/HW� G = ′ ′ ∈ +� � �P NV  �� GHQRWH� WKH�YHFWRU�RI� LQFRPH�DQG�RWKHU�PHDVXUDEOH� GHPR�

JUDSKLF�FKDUDFWHULVWLFV�WKDW�GLVWLQJXLVK�EHWZHHQ�KRXVHKROG�W\SHV��OHW�q ∈U �EH�WKH�YHFWRU
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RI�PLFUR�SDUDPHWHUV�WKDW�YDU\�DFURVV�KRXVHKROGV�� OHW�W ⊂ ×+ N U� �EH� WKH�VHW�RI�KRXVH�

KROG�FKDUDFWHULVWLFV�DQG�PLFUR�SDUDPHWHUV��DQG�FRQVLGHU�HDFK�KRXVHKROG� W\SH�w q= � � �G

DV�DQ�HOHPHQW�RI�WKH�VHW�W���)RU�QRWDWLRQDO�VLPSOLFLW\��UHZULWH�WKH�PHDQ�GHPDQGV�IRU�IRRG

LWHPV� JLYHQ� SULFHV�� LQFRPH�� GHPRJUDSKLFV�� DQG�PLFUR�SDUDPHWHUV� LQ� WKH� IRUP� [ S� � �w �

$OVR�� OHW� WKH� FRPSHQVDWLQJ� YDULDWLRQ� IRU� WKH�ZHOIDUH� HIIHFWV� GXH� WR� D� FKDQJH� LQ�PDUNHW

SULFHV�IURP�S��WR�S��EH�GHQRWHG�E\�FY� � � �S S� � w ��ZKHUH

����� X Y P Y P FY� � � � �≡ ≡ −� � � � � � � � � � �� � �S V S S S Vq w q �

DQG�Y P� � � � �S V q �LV�WKH�LQGLUHFW�XWLOLW\�IXQFWLRQ�IRU�SUREOHP�������DERYH��RPLWWLQJ�WKH�GH�

SHQGHQFH�RQ�1� IRU�QRWDWLRQ� VLPSOLFLW\��)LQDOO\�� OHW� � � � �W i ψ � EH� D�PHDVXUH� VSDFH��ZLWK

ψ � W → + �D�ILQLWH��FRXQWDEO\�DGGLWLYH�PHDVXUH�RQ�i ≡ σ� �W ��WKH�VPDOOHVW�VLJPD�DOJH�

EUD�IRU�WKH�%RUHO�VXEVHWV�RI�W���:LWKRXW�ORVV�LQ�JHQHUDOLW\�OHW�ψ� �W = ���$VVXPH�WKDW�w�

FY� � � �S S� � w �� DQG� [ S� � �w � DUH�ψ�LQWHJUDEOH� ∀ ∈ +S S S� �� � Q �� 7KH� PHDQ� FRPSHQVDWLQJ

YDULDWLRQ�ZLWK�UHVSHFW�WR�WKH�SUREDELOLW\�PHDVXUH�ψ�⋅��LV�GHILQHG�E\

����� ( FY FY G� � � � � � � � � �S S S S� � � �w w w
W

= I ψ �

0HDQ�TXDQWLWLHV�GHPDQGHG�IRU�IRRGV�DUH�GHILQHG�DQDORJRXVO\��,�UHTXLUH�WKH�IROORZLQJ��

'HILQLWLRQ��7KH�GHPDQGV�IRU�[�DUH�VWULFWO\�DJJUHJDEOH�LI��∀ ∈ +S S S� �� � Q �

�D��� ( ([ S S� �w w1 6 1 6= [ �DQG

                        

��:H�FRXOG�MXVW�DV�HDVLO\�IRFXV�RQ�WKH�HTXLYDOHQW�YDULDWLRQ�ZHOIDUH�PHDVXUH�� HY� � � �S S� � w ��ZKHUH

′ ≡ ′ ≡ + ′X Y P Y P HY� � � � � � � � � � �� � �S V S S S Vq w q� � �

+RZHYHU��HTXLYDOHQW�YDULDWLRQ�LV�VWULFWO\�DJJUHJDEOH�LI�DQG�RQO\�LI�FRPSHQVDWLQJ�YDULDWLRQ�LV�
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�E��� ( FY FY (S S S S� � � �� � � �w w2 7 1 6= �

5HPDUN����/LQHDULW\�RI�WKH�QXWULHQW�HTXDWLRQV�� ] 1[= ��LPSOLHV�WKDW�QXWULHQW�GHPDQGV�DUH

VWULFWO\� DJJUHJDEOH� LI� DQG� RQO\� LI� IRRG� GHPDQGV� DUH� VWULFWO\� DJJUHJDEOH�� $OVR� QRWH� WKDW

VWULFW� DJJUHJDWLRQ� LV� VWURQJHU� WKDQ� H[DFW� DJJUHJDWLRQ� DFURVV� D� VLQJOH� IXQFWLRQ� RI� LQFRPH

�*RUPDQ�������������0XHOOEDXHU��������������RU�DFURVV�LQFRPH�DQG�GHPRJUDSKLF�YDUL�

DEOHV��6WRNHU���VLQFH�VWULFW�DJJUHJDWLRQ�UHTXLUHV�DJJUHJDWLRQ�MRLQWO\�DFURVV�LQFRPH��GHPR�

JUDSKLFV��DQG�LQGLYLGXDO�VSHFLILF�PLFUR�SDUDPHWHUV��7KH�HVVHQWLDO�FRQGLWLRQV�UHTXLUHG�IRU

VWULFW�DJJUHJDWLRQ�DUH�WKDW�WKH�HOHPHQWV�RI�w�HQWHU� [ S� � �w �OLQHDUO\�DQG�WKDW�WKH�HOHPHQWV

RI�G�DUH�XQFRUUHODWHG�LQ�WKH�MRLQW�GLVWULEXWLRQ�GHWHUPLQHG�E\�ψ�⋅��ZLWK�HOHPHQWV�RI�q�WKDW

LQWHUDFW�ZLWK�G��7KXV��LI�WKH�PLFUR�SDUDPHWHUV�RI�WKH�SUHIHUHQFH�IXQFWLRQ�YDU\�DFURVV�LQGL�

YLGXDOV��WR�EH�DEOH�WR�DJJUHJDWH�DFURVV�FRQVXPHUV�WR�WKH�PDUNHW�OHYHO��ZH�UHTXLUH�WKH�VDPH
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LQ� WKH� LQWHULRU� RI� WKH� VDPSOH� SHULRG� DUH� KLJKO\� FRUUHODWHG�� 7KLV� LV� EHFDXVH� %�]�� LV� D

%URZQLDQ� EULGJH�� L�H��� % ] : ] ]:� � � � � �= − � �� ZKHUH�:�]�� LV� VWDQGDUG� %URZQLDQ� PRWLRQ�

7KXV��RQH�VKRXOG�QRW�H[SHFW�%7�]��WR�EHKDYH�DQ\WKLQJ�DW�DOO�OLNH�³ZKLWH�QRLVH�´

���7KH�(FRQRPHWULF�0RGHO

)RU�WKH�HPSLULFDO�DSSOLFDWLRQ�LQ�WKH�IROORZLQJ�VHFWLRQ��,�XVH�D�VLPSOLILHG�YHUVLRQ�RI������

DERYH�EDVHG�RQ� WKH�FRQFHSW�RI�ZHDN� LQWHJUDELOLW\� �/D)UDQFH�������/D)UDQFH�DQG�+DQH�

PDQQ���,W�LV�RQO\�SRVVLEOH�WR�UHFRYHU�SDUW�RI�WKH�SUHIHUHQFH�PDS�IURP�D�VXEVHW�RI�GHPDQGV

�(SVWHLQ��+DXVPDQ�������/D)UDQFH�������/D)UDQFH�DQG�+DQHPDQQ��DQG�DV�VKRZQ�E\�/D�
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HUWKHOHVV�DGPLWWLQJ�D�IOH[LEOH�IXQFWLRQDO�IRUP�IRU�WKH�DJJUHJDWH�IRRG�GHPDQG�PRGHO�
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ZKHUH�P�DQG�S[�KDYH�QRZ�EHHQ�GHIODWHG�E\�π��S\��DQG�3[ [L
S≡ GLDJ� ���7KH�EXGJHW�LGHQWLW\

WKHQ�LPSOLHV� ′ + ≡i e
[ \

ε ���ZKHUH�i�LV�DQ�Q[�YHFWRU�RI�RQHV�DQG�ε\�LV�WKH�UHVLGXDO�IRU�WRWDO

H[SHQGLWXUHV�RQ�QRQIRRG�LWHPV�

7KH�HVWLPDWLRQ�SURFHGXUH�LV�QRQOLQHDU�VHHPLQJO\�XQUHODWHG�UHJUHVVLRQV�HTXDWLRQV

�685(��ZLWK�RQH� LWHUDWLRQ�RQ� WKH� UHVLGXDO� FRYDULDQFH�PDWUL[��7KLV�SURGXFHV� FRQVLVWHQW�

HIILFLHQW�� DQG� DV\PSWRWLFDOO\� QRUPDO� SDUDPHWHU� HVWLPDWHV� XQGHU� VWDQGDUG� FRQGLWLRQV

�5RWKHQEHUJ�DQG�/HHQGHUV���ZKLOH�DYRLGLQJ�VSXULRXV�RYHUILWWLQJ�RI�D�VXEVHW�RI�HTXDWLRQV�

ZKLFK�FDQ�UHVXOW�IURP�LWHUDWLYH�685(�PHWKRGV���

����3DUDPHWHU�5HVWULFWLRQV�DQG�7HVW�3URFHGXUHV

)LUVW��,�PDNH�QRWH�RI�WKH�IDFW�WKDW�WKH�ULJKW�KDQG�VLGH�RI�������LV�]HUR�GHJUHH�KRPRJHQHRXV

LQ�WKH�HOHPHQWV�RI�&��VR�WKDW�D�QRUPDOL]DWLRQ�LV�UHTXLUHG�IRU�LGHQWLILFDWLRQ��$�XVHIXO�FKRLFH

LV�γ
\\

= ���ZKLFK�UHSODFHV�&�ZLWK�−&�DQG�IL[HV�WKH�ORZHU�GLDJRQDO�HOHPHQW�DW�XQLW\��7KLV

UHVXOWV� LQ�WKH�*RUPDQ�SRODU�IRUP�UHSUHVHQWDWLRQ�RI�LQGLUHFW�SUHIHUHQFHV��7KLV� LV�FRQYHQ�

                        

��� 7KH� UHDVRQ� IRU� WKLV� QXPHULFDO� UHVXOW�ZLWK� LWHUDWLYH� 685(� LQ� VPDOO� VDPSOHV�ZLWK� QXPHURXV� VKDUHG� SD�

UDPHWHUV�DFURVV�HTXDWLRQV�FDQ�EH�EHVW�XQGHUVWRRG�E\�ZULWLQJ� WKH�HVWLPDWHG�FRYDULDQFH�PDWLU[�� VD\�6�� DW� D

JLYHQ�LWHUDWLRQ�LQ�IDFWRUHG�IRUP�DV�6� �4D4′��ZKHUH�44′� �4′4� �,��DQG�D� �GLDJ�δL��LV�WKH�GLDJRQDO�PDWUL[

RI�HLJHQ�YDOXHV��,I�RQH�RU�PRUH�RI�WKH�δL�LV�³VPDOO´�UHODWLYH�WR�DOO�RWKHUV��WKHQ�VLQFH�6
����LV�KHOG�IL[HG�GXULQJ

WKH�QH[W�LWHUDWLRQ�RQ�WKH�VWUXFWXUDO�SDUDPHWHUV��WKH�OLQHDU�FRPELQDWLRQ�RI�WKH�eW¶V�DVVRFLDWHG�ZLWK�WKDW�HLJHQ

YDOXH�ZLOO�FDUU\�D�³ODUJH´�ZHLJKW�UHODWLYH�WR�DOO�RWKHUV�LQ�WKH�VXP�RI�VTXDUHV�FULWHULRQ��7KH�DVVRFLDWHG�OLQHDU

FRPELQDWLRQ�RI�WKH�UHVLGXDOV�ZLOO�WHQG�WR�EHFRPH�FORVHU�DQG�FORVHU�WR�D�SHUIHFW�ILW��FUHDWLQJ�DQ�DUWLILFLDO�VLQ�

JXODULW\��L�H���RQH�WKDW�RQO\�UHVXOWV�LQ�ILQLWH�VDPSOHV��



��

LHQW�IRU�GHULYLQJ�WKH�SDUDPHWHU�UHVWULFWLRQV�IRU�JOREDO�TXDVL�FRQFDYLW\�

6HFRQG��LQ�WKLV�PRGHO��VHSDUDELOLW\�RI�IRRGV�IURP�QRQIRRG�H[SHQGLWXUHV��ZKLFK�LQ

WXUQ�LV�QHFHVVDU\�DQG�VXIILFLHQW�IRU�VHSDUDELOLW\�RI�IRRGV�IURP�DOO�RWKHU�JRRGV��/D)UDQFH

DQG�+DQHPDQQ��LV�HTXLYDOHQW�WR�WKH�UHVWULFWLRQV�g[\� ���

7KH�Q Q
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òQ[�Q[����SDUDPHWHU�UHVWULFWLRQV�RQ�&[[�

+RZHYHU��V\PPHWU\�RI�6�RQO\�JXDUDQWHHV�WKH�H[LVWHQFH�RI� WKH�GLUHFW�DQG�LQGLUHFW

SUHIHUHQFH� IXQFWLRQV�� LW� GRHV� QRW� HQVXUH� WKH� SURSHU� FXUYDWXUH� DVVRFLDWHG� ZLWK� XWLOLW\

PD[LPL]DWLRQ�� 7KH� QHFHVVDU\� DQG� VXIILFLHQW� FRQGLWLRQ� IRU� WKH� REVHUYHG� GHPDQGV� WR� EH

FRQVLVWHQW�ZLWK� XWLOLW\�PD[LPL]DWLRQ� LV� TXDVL�FRQFDYLW\��4XDVL�FRQFDYLW\� RI� WKH� �TXDVL��

XWLOLW\�IXQFWLRQ�LQ��[��\���LQ�WXUQ��LPSOLHV�WKDW�DW�OHDVW�Q[�HLJHQ�YDOXHV�RI�−&�PXVW�EH�QHJD�

WLYH� �/DX��� +HQFH�� DW� OHDVW� Q[� RI� WKH� HLJHQ� YDOXHV� RI� &� PXVW� EH� SRVLWLYH� IRU� TXDVL�

FRQFDYLW\�� +RZHYHU�� JLYHQ� VHSDUDELOLW\�� WKH� �TXDVL��XWLOLW\� IXQFWLRQ� ������ LV� DGGLWLYHO\

VHSDUDEOH�LQ�[�DQG�\��8QGHU�WKLV�FRQGLWLRQ��TXDVL�FRQFDYLW\�UHTXLUHV�WKDW�SUHIHUHQFHV�PXVW

EH�FRQFDYH�HLWKHU�LQ�[�RU�LQ�\��*RUPDQ�����F�����7UHDWLQJ�IRRGV�DQG�QRQIRRG�LWHPV�V\P�
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PHWULFDOO\�LQ�WKLV�UHJDUG�LPSOLHV�WKDW�WKH�HLJHQ�YDOXHV�RI�&[[�PXVW�DOO�EH�SRVLWLYH��7KLV�LV

VWUDLJKWIRUZDUG� �DOWKRXJK� DGPLWWHGO\� WHGLRXV� DQG� QXPHULFDOO\� YHU\� LQWHQVLYH�� WR� LPSOH�

PHQW��6SHFLILFDOO\�� OHW�&[[� �//′��ZKHUH�/� LV�D� ORZHU� WULDQJXODU�PDWUL[�ZLWK�QRQ]HUR�GL�

DJRQDO�HOHPHQWV��VR�WKDW�&[[�LV�SRVLWLYH�GHILQLWH��7KHVH�H[SOLFLW��QHVWHG�SDUDPHWHU�UHVWULF�

WLRQV�HQVXUH�WKDW�WKH��TXDVL���XWLOLW\�IXQFWLRQ�������LV�JOREDOO\�ZHDNO\�LQWHJUDEOH��/D)UDQFH

DQG�+DQHPDQQ��

,Q�WKH�FRPSOHWH�VDPSOH��WKHUH�DUH�WZHQW\�RQH�HTXDWLRQV��1� �����DQG�VHYHQW\�VL[

XVDEOH�WLPH�VHULHV�GDWD�SRLQWV��7� ������IRU�D�WRWDO�RI������REVHUYDWLRQV��7KH�XQUHVWULFWHG

PRGHO� �ZKHUH�&[[� LV� QHLWKHU� V\PPHWULF� QRU� SRVLWLYH� GHILQLWH�� KDV� ���� SDUDPHWHUV� �.�  

������ZKLFK�OHDYHV�����GHJUHHV�RI�IUHHGRP��7KHUH�DUH�����SDUDPHWHU�UHVWULFWLRQV�DVVRFL�

DWHG�ZLWK�V\PPHWU\�RI�&[[��*� ������DQG�����UHVWULFWLRQV�DVVRFLDWHG�ZLWK�V\PPHWU\�DQG

SRVLWLYH�GHILQLWHQHVV�RI�&[[��*� ������
���,Q�ODUJH�GHPDQG�PRGHOV�VXFK�DV�WKLV��WKH�FODVVLFDO

:DOG��:���OLNHOLKRRG�UDWLR��/5���DQG�/DJUDQJH�PXOWLSOLHU��/0��DV\PSWRWLF�χ��WHVW�VWDWLV�

                                                                        

6HWWLQJ�G\� ���LPSOLHV�WKDW� G X G G X′ < ∀ ′ =[ [ [
[[ [

� � ��VR�WKDW�WKH�VHFWRUDO�XWLOLW\�IXQFWLRQ�IRU�IRRGV�PXVW

EH�VWULFWO\�TXDVL�FRQFDYH��%XW�LI�X
[[
�LV�LQGHILQLWH��KDV�H[DFWO\�RQH�SRVLWLYH�HLJHQ�YDOXH��DQG�X\\�!����WKHQ�WKH

VLJQ�FRQGLWLRQ�IRU�TXDVL�FRQFDYLW\�RI�X�MRLQWO\�LQ�[�DQG�\�IDLOV�

��� 7KH�PD[LPDO� QXPEHU� RI� LQGHSHQGHQW� SDUDPHWHUV� DVVRFLDWHG� ZLWK� D� &KROHVNL� IDFWRUL]DWLRQ�//′� WKDW� LV

SRVLWLYH�VHPLGHILQLWH�ZLWK�UDQN�Q[�J�IRU���≤�J�≤�Q[�KDV�WKH�HOHPHQWV�RI�WKH�ORZHU�ULJKW�WULDQJOH�RI�/�DOO�HTXDO

WR�]HUR��7KLV�EORFN�KDV�VHYHQ�URZV�DQG�FROXPQV�LQ�WKH�TXDVL�FRQFDYH�PRGHO��ZKLFK�LV�WKH�VDPH�QXPEHU�RI

QHJDWLYH�HLJHQ�YDOXHV�WKDW�DSSHDU�LQ�WKH�V\PPHWU\�UHVWULFWHG�PRGHO��6HWWLQJ�OLL� ������DQG�OML� ���IRU�M�!�L�LQ

WKRVH�URZV�DQG�FROXPQV�HQVXUHV�SRVLWLYH�GHILQLWHQHVV��7KLV�JHQHUDWHV�òJ�J���� ����SDUDPHWHU�UHVWULFWLRQV

IRU�WKH�ELQGLQJ�FXUYDWXUH�FRQVWUDLQWV��LQ�DGGLWLRQ�WR�WKH�V\PPHWU\�UHVWULFWLRQV�
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WLFV�DUH�ZHOO�NQRZQ�WR�EH�VXEVWDQWLDOO\�ELDVHG�WRZDUGV�UHMHFWLQJ�D�WUXH�QXOO�K\SRWKHVLV�WRR

RIWHQ��/DLWLQHQ��0HLVQHU��%HUD��%\URQ�DQG�-DUTXH���:�LV�ODUJHVW�DQG�PRVW�OLNHO\�WR�UHMHFW�D

WUXH�QXOO��ZKLOH�/0�LV�VPDOOHVW�DQG�WKHUHIRUH�OHDVW�OLNHO\�WR�UHMHFW��&DUHIXO�H[DPLQDWLRQ�RI

WKH�0RQWH�&DUOR�UHVXOWV�RI�%HUD��%\URQ�DQG�-DUTXH�DOVR�UHYHDOV�WKH�VLPSOH��LQWXLWLYHO\�DS�

SHDOLQJ�GHJUHHV�RI�IUHHGRP�FRUUHFWLRQ� � � � �17 . * 17− ⋅ ��FRPELQHG�ZLWK�FULWLFDO�YDOXHV

IURP�WKH�)�*��17�.��GLVWULEXWLRQ�WR�XQGHU�FRUUHFW�:�DQG�/5�DQG�WR�RYHU�FRUUHFW�/0��

7KH�DSSURDFK�WKDW�,�WDNH�WR�WKLV�LVVXH�LV�WR�FRQVWUXFW�DQ�DSSUR[LPDWH�)�WHVW�EDVHG

RQ�WKH�/DJUDQJH�PXOWLSOLHU�SULQFLSOH��7KLV�WHVW�DW� OHDVW�SDUWLDOO\�RYHUFRPHV�WKH�SUREOHPV

RI�WKH�FODVVLFDO�χ��WHVWV��ZKLOH�PLWLJDWLQJ�WKH�WHQGHQF\�RI�WKH�VLPSOH�GHJUHHV�RI�IUHHGRP

DGMXVWPHQW�WR�RYHU�FRUUHFW�WKH�/0�WHVW��/HW�D�³A´�GHQRWH�XQUHVWULFWHG�HVWLPDWHV��OHW�D�³a´

GHQRWH�UHVWULFWHG�HVWLPDWHV��DQG�OHW�WKH�YDULDQFH�FRYDULDQFH�PDWUL[�IRU�e[�EH�GHQRWHG�E\�S�

*LYHQ�D�ILUVW� URXQG�HVWLPDWH�IRU�S�� VD\�6�� WKH� OHDVW�VTXDUHV�FULWHULRQ�IRU� WKH�685(�HVWL�
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'HQRWH� WKH�ILUVW� URXQG�HVWLPDWH�RI�S�REWDLQHG�ZLWK� WKH�XQUHVWULFWHG�VSHFLILFDWLRQ

E\� $S ��WKH�FRUUHVSRQGLQJ�HVWLPDWH�RI�S�REWDLQHG�ZLWK�WKH�UHVWULFWHG�PRGHO�E\� aS ��WKH�VHF�

RQG�URXQG�XQUHVWULFWHG�VXP�RI�VTXDUHV�JLYHQ� $S �E\� $� $V S)��WKH�XQUHVWULFWHG�VXP�RI�VTXDUHV

JLYHQ�
aS �E\� $�aV S)��DQG�WKH�UHVWULFWHG�VXP�RI�VTXDUHV�JLYHQ� aS �E\� a�aV S) ��0LQLPL]DWLRQ�LP�

SOLHV�WKDW� $� $V 17S) ≤ ��ZLWK�HTXDOLW\�LI�DQG�RQO\�LI�WKH�FRQYHUJHQW�LWHUDWLYH�685(�HVWLPDWHV

�PD[LPXP� OLNHOLKRRG� XQGHU� QRUPDOLW\�� MXVW� KDSSHQV� WR� RFFXU� DW� WKH� HQG� RI� WKH� VHFRQG
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URXQG�RI�WKH�XQUHVWULFWHG�HVWLPDWLRQ�SURFHGXUH��7KH�)�VWDWLVWLF�LV�FDOFXODWHG�DV
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7KH�QXPHUDWRU�FRQYHUJHV�LQ�GLVWULEXWLRQ�WR�D�χ� � �* * �UDQGRP�YDULDEOH��,W� LV�FDOFXODWHG

XVLQJ�WKH�ILUVW�URXQG�YDULDQFH�FRYDULDQFH�PDWUL[�REWDLQHG�IURP�WKH�UHVWULFWHG�PRGHO�VSHFL�

ILFDWLRQ��7KLV� LV�FRQVLVWHQW�ZLWK� WKH�/DJUDQJH�PXOWLSOLHU�SULQFLSOH� DQG� LV�ZHOO�NQRZQ� WR

KDYH�WKH�VPDOOHVW�HPSLULFDO�VL]H�DPRQJ�:��/5��DQG�/0��8QGHU�QRUPDOLW\�RI�WKH�UHVLGXDOV�

WKH�GHQRPLQDWRU�FRQYHUJHV�LQ�GLVWULEXWLRQ�WR�D�χ� � � � �17 . 17 .− − �UDQGRP�YDULDEOH��,W

LV�FDOFXODWHG�XVLQJ�WKH�XQUHVWULFWHG�PRGHO�IRU�ERWK�WKH�ILUVW�DQG�VHFRQG�URXQG�HVWLPDWHV�

7KH� WHVW� LV� DV\PSWRWLFDOO\� YDOLG� HYHQ� LI� WKH� HUURUV� DUH� QRW� QRUPDOO\� GLVWULEXWHG�� ,Q� WKDW

FDVH��WKH�GHQRPLQDWRU�FRQYHUJHV�WR�RQH��ZKLOH�) * 17 . * *'
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7KH�GDWD�VHW�FRQVLVWV�RI�DQQXDO�WLPH�VHULHV�REVHUYDWLRQV�RYHU� WKH�SHULRG������������3HU

FDSLWD�FRQVXPSWLRQ�RI�WZHQW\�RQH�IRRG�LWHPV�DQG�FRUUHVSRQGLQJ�DYHUDJH�UHWDLO�SULFHV�IRU

WKRVH�LWHPV�ZHUH�FRQVWUXFWHG�IURP�VHYHUDO�86'$�DQG�%XUHDX�RI�/DERU�6WDWLVWLFV� �%/6�

VRXUFHV��7KH�TXDQWLW\�GDWD�DUH�DJJUHJDWHV� WDNHQ� IURP� WKH�86'$�VHULHV�)RRG�&RQVXPS�

WLRQ��3ULFHV�DQG�([SHQGLWXUHV��(VWLPDWHG�UHWDLO�SULFHV�FRUUHVSRQGLQJ�WR�WKH�TXDQWLW\�GDWD

ZHUH�FRQVWUXFWHG�DV�IROORZV��'HWDLOHG�GLVDJJUHJDWHG�UHWDLO�SULFH�HVWLPDWHV�WKDW�DUH�DYDLO�

DEOH�IRU������ZHUH�XVHG�DORQJ�ZLWK� WKH�UHVSHFWLYH�TXDQWLW\�REVHUYDWLRQV� WR�FRQVWUXFW�DQ

DYHUDJH� UHWDLO�SULFH�SHU�SRXQG� LQ������ IRU�HDFK� IRRG�FDWHJRU\� �H�J���EHHI���)RU�DOO�RWKHU

\HDUV�� WKH� IL[HG������TXDQWLW\�ZHLJKWV�� WRJHWKHU�ZLWK� HLWKHU� FRQVXPHU� SULFH� LQGLFHV� IRU
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GLVDJJUHJDWH�IRRG�LWHPV�RU�DYHUDJH�UHWDLO�IRRG�SULFHV�ZHUH�FRPELQHG�WR�FRQVWUXFW�D�FRQ�

VLVWHQW�UHWDLO�SULFH�VHULHV�IRU�HDFK�FRPPRGLW\��7KH�FRQVXPHU�SULFH�LQGH[��&3,��IRU�DOO�QRQ�

IRRG�LWHPV�LV�XVHG�IRU�WKH�³SULFH´�RI�QRQIRRG�H[SHQGLWXUHV�

7KH�GHPRJUDSKLF�IDFWRUV�LQFOXGHG�LQ�WKH�GDWD�DUH�WKH�ILUVW� WKUHH�PRPHQWV��PHDQ�

YDULDQFH��DQG�VNHZQHVV��RI�WKH�HPSLULFDO�DJH�GLVWULEXWLRQ�IRU�WKH�8�6��SRSXODWLRQ�DQG�SUR�

SRUWLRQV�RI�WKH�8�6��SRSXODWLRQ�WKDW�DUH�%ODFN�DQG�QHLWKHU�:KLWH�QRU�%ODFN��7KH�HVWLPDWHG

DJH�GLVWULEXWLRQ�LV�EDVHG�RQ�WHQ�\HDU�DJH�LQWHUYDOV��SOXV�FDWHJRULHV�IRU�FKLOGUHQ�OHVV� WKDQ

ILYH�\HDUV�ROG�DQG�DGXOWV�WKDW�DUH�VL[W\�ILYH�\HDUV�ROG�DQG�ROGHU��7KH�HWKQLF�YDULDEOHV�DUH

OLQHDUO\�LQWHUSRODWHG�HVWLPDWHV�RI�%XUHDX�RI�&HQVXV�ILJXUHV�UHSRUWHG�RQ����\HDU�LQWHUYDOV�

,�DOVR�DOORZ�IRU�KDELW�IRUPDWLRQ�E\�LQFOXGLQJ�ODJJHG�TXDQWLWLHV�DV�HOHPHQWV�RI�V��7KLV�UH�

GXFHV�WKH�HIIHFWLYH�VDPSOH�SHULRG�WR������������ZLWK������UHTXLUHG�IRU�LQLWLDO�FRQGLWLRQV�

D�WRWDO�RI����DQQXDO�WLPH�VHULHV�REVHUYDWLRQV�

7KH�LQFRPH�YDULDEOH�LV�SHU�FDSLWD�GLVSRVDEOH�LQFRPH��,QLWLDOO\��QR�FRUUHFWLRQV�DUH

PDGH�IRU�HLWKHU�WKH�*UHDW�'HSUHVVLRQ�RU�:RUOG�:DU�,,��,Q�VR�IDU�DV�,�DP�DWWHPSWLQJ�WR�XQ�

GHUVWDQG� DQG� H[SODLQ� FRQVXPHU� IRRG�GHPDQG� FKRLFHV�� UDWKHU� WKDQ� HTXLOLEULXP�SULFHV� RU

SURGXFHU�VXSSO\�UHVSRQVHV�� LW�VHHPV�DSSURSULDWH� WR�³OHW� WKH�GDWD�VSHDN� IRU� LWVHOI´�GXULQJ

WKHVH�UHODWLYHO\�YRODWLOH�SHULRGV��)RU�DOO�YHUVLRQV�RI�WKH�PRGHO��VWDELOLW\�RI�WKH�PRGHO�SD�

UDPHWHUV�LV�WHVWHG�XVLQJ�WKH�SURFHGXUH�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ�

:LWK� WKH�JHQHURXV�DLG�RI�1DQF\�5DSHU��6KLUOH\�*HUULRU�� DQG�&ODLUH�=L]]D�RI� WKH

+XPDQ�1XWULWLRQ�,QIRUPDWLRQ�6HUYLFH��+1,6���DQQXDO�HVWLPDWHV�RI�WKH�SHUFHQWDJHV�RI�WKH

WRWDO�DYDLODELOLW\�RI�VHYHQWHHQ�QXWULHQWV�IURP�HDFK�RI�WKH�WZHQW\�RQH�IRRG�FDWHJRULHV�ZHUH

FRPSLOHG�IRU�WKH�SHULRG������������7KHVH�SHUFHQWDJHV�ZHUH�PXOWLSOLHG�E\�WKH�UHVSHFWLYH
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WRWDO�VXSSO\�RI�QXWULHQWV�SHU�FDSLWD�DQG�GLYLGHG�E\�WKH�UHVSHFWLYH�SHU�FDSLWD�FRQVXPSWLRQ

RI� HDFK� IRRG� LWHP� WR� REWDLQ� \HDU�WR�\HDU� HVWLPDWHV� RI� WKH� DYHUDJH� QXWULHQW� FRQWHQW� SHU

SRXQG�RI�HDFK�IRRG�LWHP���H�J���WKH�QXPEHU�RI�JUDPV�RI�SURWHLQ�SHU�SRXQG�RI�EHHI�

6HYHUDO�GLIILFXOWLHV�ZHUH�HQFRXQWHUHG�ZLWK�WKHVH�\HDU�WR�\HDU�QXWULHQW�FRQWHQW�HV�

WLPDWHV�� )LUVW�� WKHUH� DUH� RQO\� VOLJKW� DQQXDO� FKDQJHV� LQ� WKHVH� GDWD� RYHU� WKH� HQWLUH� SHULRG

IURP������������$�QRQ�FRQVWDQW�1�PDWUL[�PDNHV�WKH�PRGHO�SDUDPHWHUV�WLPH�YDU\LQJ��,Q

SULQFLSOH��D�WLPH�YDU\LQJ�1�PDWUL[�ZRXOG�SHUPLW�WKH�VHSDUDWH�LGHQWLILFDWLRQ�DQG�HVWLPDWLRQ

RI�WKH�SUHIHUHQFH�SDUDPHWHUV�DVVRFLDWHG�ZLWK�ERWK�QXWULWLRQ�DQG�WDVWH��7KLV�LV� LPSRVVLEOH

ZLWK� DQ� HVVHQWLDOO\� FRQVWDQW�1� PDWUL[�� 6HFRQG�� WKH� FRQVWUXFWLRQ� RI� WKH� DQQXDO� QXWULHQW

FRQWHQW�PDWULFHV� FUHDWHV� D� VLPXOWDQHLW\� SUREOHP��7KDW� LV�� WKH� HOHPHQWV� RI�[� DUH� XVHG� WR

FDOFXODWH�WKH�HOHPHQWV�RI�1�HDFK�\HDU��VR�WKDW�TXDQWLWLHV�GHPDQGHG�WDFLWO\�HQG�XS�RQ�ERWK

VLGHV�RI�WKH�GHPDQG�HTXDWLRQV��7KLUG��WKH�SHUFHQWDJH�FRQWULEXWLRQ�HVWLPDWHV�DUH�UHSRUWHG

ZLWK�RQO\�WZR�RU�WKUHH�VLJQLILFDQW�GLJLWV��7KLV�JHQHUDWHV�HUURUV�LQ�YDULDEOHV��DQG�H[DJJHU�

DWHV�WKH�FKDQJHV�LQ�1�RYHU�WLPH��$V�D�UHVXOW��RQ�WKH�DGYLFH�RI�WKH�+1,6��WKH�QXWULHQW�FRQ�

WHQW�PDWUL[�LV�DVVXPHG�FRQVWDQW�DFURVV�\HDUV�XVLQJ�WKH�DYHUDJH�RI�WKH�����������DQQXDO

HVWLPDWHV� IRU�1��7KLV����\HDU�SHULRG� UHSUHVHQWV� WKH� ORQJHVW� WLPH� IUDPH�DYDLODEOH�ZLWK� D

FRPSOHWHO\�FRQVLVWHQW�VHW�RI�GLVDJJUHJDWHG�SHUFHQWDJH�FRQWULEXWLRQ�HVWLPDWHV��7DEOH���SUH�

VHQWV�WKH�HVWLPDWHG�DYHUDJH�QXWULHQW�FRQWHQW�IRU�IRRG�LWHPV�PDWUL[�

���(PSLULFDO�5HVXOWV

7DEOH� �� SUHVHQWV� WKH� FRPSOHWH� VHW� RI�PRGHO� GLDJQRVWLFV� IRU� WZR� VDPSOHV�� ��������� LQ�

FOXGLQJ�:RUOG�:DU�,,��DQG���������DQG����������ZKLFK�H[FOXGHV�:RUOG�:DU�,,�SOXV�����

WR�UH�LQLWLDOL]H�WKH�GLIIHUHQFH�HTXDWLRQV�GXH�WR�WKH�SUHVHQFH�RI�KDELW�IRUPDWLRQ��7KH�UDWLRQ�
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DOH�IRU�WKLV�FDQ�EH�H[SODLQHG�E\�WKH�UHVXOWV�RI�WKH�PRGHO�VWDELOLW\�WHVWV�DW�WKH�ERWWRP�RI�WD�

EOH���DQG�WKH�SORWV�RI�WKH�SDUWLDO�VXPV�%7�]��LQ�ILJXUH����,Q�WKH�ILJXUH��WKH�WRS�SDQHO�VKRZV

WKH�FDVH�ZKHUH�WKH�IXOO�VDPSOH�LV�LQFOXGHG��ZKLOH�WKH�ERWWRP�SDQHO�GHSLFWV�WKH�FDVH�ZKHUH

WKH�\HDUV���������DUH� H[FOXGHG� IURP� WKH� VDPSOH�SHULRG�� ,W� LV�QRWHZRUWK\� WKDW� WKH�XQUH�

VWULFWHG�PRGHO�GRHV�QRW� VKRZ�HYLGHQFH�RI� D� VWUXFWXUDO�EUHDN�RYHU� WKH� FRPSOHWH� VDPSOH�

ZKLOH�ERWK�WKH�V\PPHWU\�DQG�TXDVL�FRQFDYLW\�UHVWULFWHG�VSHFLILFDWLRQV�FOHDUO\�VXJJHVW�WKDW

D�EUHDN�RFFXUUHG�GXULQJ�WKH�:DU�\HDUV��2Q�WKH�RWKHU�KDQG��WKH�)�WHVW�IRU�WKH�V\PPHWU\�UH�

VWULFWLRQ� GRHV� QRW� UHMHFW� WKLV� K\SRWKHVLV� HYHQ� DW� WKH� ��� SHUFHQW� OHYHO� RI� VLJQLILFDQFH�

+HQFH��LI�ZH�FRQFOXGH�WKDW�V\PPHWU\�LV� WUXH�� WKHQ�JLYHQ�V\PPHWU\�WKHUH�LV� IDLUO\�VWURQJ

HYLGHQFH�RI�D�VWUXFWXUDO�EUHDN�GXULQJ�WKH�VHFRQG�ZRUOG�ZDU�

3DUDPHWHU�LQVWDELOLW\�LV�D�ZHOO�NQRZQ�FDXVH�RI�FRQWDPLQDWHG�LQIHUHQFH��+HQFH�� LW

LV�SUXGHQW�HPSLULFDO�SUDFWLFH�LQ�WKH�DERYH�FLUFXPVWDQFHV�WR�UH�HVWLPDWH�WKH�PRGHO�ZLWK�WKH

\HDUV���������H[FOXGHG�IURP�WKH�VDPSOH��:KHQ�WKLV�LV�GRQH��WKH�UHVXOWV�RI�WKH�K\SRWKHVLV

WHVWV�IRU�ERWK�WKH�WKHRUHWLFDO�UHVWULFWLRQV�RQ�WKH�PRGHO�SDUDPHWHUV�DQG�PRGHO�VWDELOLW\�DUH

HQFRXUDJLQJ��7KH�V\PPHWU\�K\SRWKHVLV�LV�QRW�UHMHFWHG�DW�D���SHUFHQW�OHYHO�RI�VLJQLILFDQFH

OHYHO��ZKLOH�JOREDO�TXDVL�FRQFDYLW\�LV�QRW�UHMHFWHG�DW�WKH����SHUFHQW�OHYHO��1HLWKHU�RI�WKHVH

WZR�UHVWULFWHG�VSHFLILFDWLRQV�VKRZ�HYLGHQFH�RI�D�IXUWKHU�VWUXFWXUDO�EUHDN�DW�WKH����SHUFHQW

OHYHO�RI�VLJQLILFDQFH��:KLOH�WKH�XQUHVWULFWHG�PRGHO�VXJJHVWV�D�PDUJLQDO�UHMHFWLRQ�RI�PRGHO

VWDELOLW\��ZLWK� WKH� SHULRG� VLQFH������ SRVVLEO\� KDYLQJ� D� GLIIHUHQW� VWUXFWXUH� WKDW� SUHYLRXV

\HDUV�� WKLV� LV� WHPSHUHG�E\� WKUHH�IDFWRUV��)LUVW��QHLWKHU�RI� WKH� UHVWULFWHG�VSHFLILFDWLRQV�DUH

UHMHFWHG�LQ�IDYRU�RI�WKH�XQUHVWULFWHG�PRGHO��6HFRQG��QHLWKHU�UHVWULFWHG�VSHFLILFDWLRQ�SUHV�

HQWV�VWURQJ�HYLGHQFH�DJDLQVW�D�VWDEOH�PRGHO�VWUXFWXUH��DEVHQW�WKH�ZDU�\HDUV��7KLUG��WKH�XQ�
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UHVWULFWHG�PRGHO�VKRZV�QR�HYLGHQFH�RI�PRGHO�LQVWDELOLW\�ZKHQ�WKH�IXOO�VDPSOH�LV�XVHG�� ,

FRQFOXGH�WKDW�WKH�IXOO\�UHVWULFWHG��JOREDOO\�TXDVL�FRQFDYH�PRGHO�RYHU�WKH�SHULRG��������

DQG���������LV�D�UHDVRQDEOH�PRGHO�RI�DJJUHJDWH�8�6��IRRG�FRQVXPSWLRQ�

$GGLWLRQDO�HQFRXUDJLQJ�SURSHUWLHV�RI�WKH�HPSLULFDO�UHVXOWV�DUH�HYLGHQW� LQ� WDEOH���

)LUVW��QHLWKHU�UHVWULFWHG�VSHFLILFDWLRQ�VKRZV�HYLGHQFH�RI�DXWRFRUUHODWLRQ�LQ�WKH�HUURU�WHUPV�

HLWKHU�LQ�WKH�IXOO�RU�UHGXFHG�VDPSOH�SHULRGV��7KLV�LV�HQFRXUDJLQJ�EHFDXVH�WKH�LPSRVLWLRQ

RI�SDUDPHWHU� UHVWULFWLRQV� VXFK� DV� V\PPHWU\� XVXDOO\� WHQGV� WR� LQWURGXFH� VHULDO� FRUUHODWLRQ

DPRQJ�WKH�HUURU�WHUPV��6HFRQG��WKHUH�LV�QR�HYLGHQFH�RI�VNHZQHVV�LQ�WKH�UHVLGXDOV�LQ�HLWKHU

VDPSOH�SHULRG��ZLWK�WKH�SRVVLEOH�H[FHSWLRQ�RI�WKH�XQUHVWULFWHG�VSHFLILFDWLRQ�ZKHQ�WKH�ZDU

\HDUV�DUH�RPLWWHG��,Q�DGGLWLRQ��RQFH�WKH�ZDU�\HDUV�DUH�UHPRYHG�IURP�WKH�VDPSOH��WKH�WZR

UHVWULFWHG�PRGHOV�GR�QRW�VKRZ�VWDWLVWLFDO�HYLGHQFH�RI�WKLFNHU�WDLOV�LQ�WKH�HUURU�WHUPV�WKDQ

RFFXUV�LQ�WKH�XQUHVWULFWHG�PRGHO����:KLOH�WKHUH�LV�HYLGHQFH�RI�WKLFN�WDLOV�LQ�WKH�MRLQW�GLV�

WULEXWLRQ� RI� WKH� HUURU� WHUPV�� WKLV� LV� QRW� VXUSULVLQJ� JLYHQ� WKH� H[WHQVLYH� WLPH� IUDPH� RYHU

ZKLFK� WKH�PRGHO� LV� HVWLPDWHG�� DQG� LW� GRHV� QRW� QHJDWLYHO\� LPSDFW� DQ\�RI� WKH� DV\PSWRWLF

SURFHGXUHV�XVHG�IRU�HVWLPDWLRQ�DQG�LQIHUHQFH�LQ�WKLV�PRGHO�

7ZR�DGGLWLRQDO�VHWV�RI�HPSLULFDO�UHVXOWV�DUH�SUHVHQWHG�LQ�WDEOH����)LUVW�� UHVXOWV�RI

WHVWLQJ�IRU�VWULFW�H[RJHQHLW\�RI�IRRG�H[SHQGLWXUH�VWURQJO\�VXJJHVW�WKDW�IRRG�H[SHQGLWXUH�LV

FRUUHODWHG�ZLWK�WKH�FRQGLWLRQDO�HUURU�WHUPV��7KLV�FRQFOXVLRQ�LV�LQYDULDQW�WR�WKH�GHJUHH�RI

                        

���)RU�H[DPSOH�� WKH�SRLQW�HVWLPDWH� IRU� WKH�FRHIILFLHQW�RI�H[FHVV�NXUWRVLV� LQ� WKH�XQUHVWULFWHG�PRGHO� IRU� WKH

VDPH�VDPSOH�SHULRG�IDOOV�ZHOO�ZLWKLQ�D����SHUFHQW�FRQILGHQFH�LQWHUYDO�RI�WKH�FRUUHVSRQGLQJ�HVWLPDWH�IRU�WKH

TXDVL�FRQFDYH�PRGHO��,Q�RWKHU�ZRUGV��WKH�SDUDPHWHU�UHVWULFWLRQV�DVVRFLDWHG�ZLWK�V\PPHWU\�DQG�MRLQWO\�ZLWK
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UHVWULFWLYHQHVV�RI�WKH�PRGHO�VSHFLILFDWLRQ�DQG�WKH�VDPSOH�SHULRG�HVWLPDWHG��7KH�FRPPRQ

SUDFWLFH�RI�XVLQJ�WKH�SULFH�ZHLJKWHG�VXP�RI��RIWHQ�D�YHU\�VPDOO�QXPEHU�RI��TXDQWLWLHV�GH�

PDQGHG�DV�D�ULJKW�KDQG�VLGH�UHJUHVVRU�FOHDUO\�LV�QRW�D�OHJLWLPDWH�HPSLULFDO�SUDFWLFH��6HF�

RQG��,�DSSOLHG�)�WHVWV�RI�WKH�VHSDUDELOLW\�K\SRWKHVLV�WR�WKH�XQUHVWULFWHG�PRGHO�LQ�ERWK�VDP�

SOH�SHULRGV����6HSDUDELOLW\�LV�PDUJLQDOO\�QRW�UHMHFWHG�LQ�WKH�FRPSOHWH�VDPSOH�DW�WKH���SHU�

FHQW� VLJQLILFDQFH� OHYHO� DQG�PDUJLQDOO\� UHMHFWHG�DW� WKLV� OHYHO�ZKHQ� WKH�ZDU�\HDUV� DUH� H[�

FOXGHG��6LQFH�WKH�XQUHVWULFWHG�PRGHO�DSSHDUV�WR�EH�VWDEOH�ZLWK�WKH�ZDU�\HDUV��EXW�QRW�VWD�

EOH�ZKHQ�WKH\�DUH�H[FOXGHG�� ,� WHQWDWLYHO\�FRQFOXGH� WKDW�VHSDUDELOLW\�RI� IRRGV� IURP�RWKHU

JRRGV�LV�D�UHDVRQDEOH�UHVWULFWLRQ�IRU�WKLV�GDWD�VHW��7KLV�LVVXH�FOHDUO\�ZDUUDQWV�IXUWKHU�FRQ�

VLGHUDWLRQ��EXW�,�OHDYH�LW�WR�IXWXUH�ZRUN�

7DEOH� �� UHSRUWV� WKH� HTXDWLRQ� VXPPDU\� VWDWLVWLFV� IRU� WKH� IXOO\� UHVWULFWHG�� JOREDOO\

TXDVL�FRQFDYH�DQG� VHSDUDEOH�PRGHO� VSHFLILFDWLRQ� IRU�ERWK� VDPSOH�SHULRGV�� ,Q� WKLV� WDEOH�

WKH� DYHUDJH�SHU� FDSLWD� H[SHQGLWXUH� OHYHOV� IRU� LQGLYLGXDO� IRRG� LWHPV� DOVR� DUH� UHSRUWHG� LQ

FRQVWDQW� ����� GROODUV�� )RU� DOO� FRPPRGLWLHV�� HOLPLQDWLQJ� WKH�ZDU� \HDUV� VXEVWDQWLDOO\� UH�

GXFHV�WKH�HTXDWLRQ�VWDQGDUG�HUURU�RI�WKH�HVWLPDWH��GHQRWHG�E\� $σε
L

�LQ�WKH�WDEOH��7KLV�LV�FRQ�

VLVWHQW�ZLWK� WKH�ZDU�\HDUV�UHSUHVHQWLQJ�D� VHSDUDWH� VWUXFWXUH� LQ� WKH�PDUNHW� IRU� IRRG��7KLV

PDNHV�VHQVH��)RU�H[DPSOH��WKHUH�ZHUH�YHU\�KLJK�SULFH�VXSSRUWV�IRU�GDLU\�SURGXFWV�WR�HQ�

FRXUDJH�VXIILFLHQW�PLON�SURGXFWLRQ�WR�VXSSO\�WKH�$OOLHG�$UPHG�)RUFHV��DV�ZHOO�DV�UDWLRQ�

                                                                        

V\PPHWU\�DQG�TXDVL�FRQFDYLW\�GR�QRW�DSSHDU�WR�FUHDWH�VSXULRXV�RXWOLHUV�LQ�WKH�GDWD�

���$GGLWLRQDO�WHVWV�RI�V\PPHWU\�DQG�TXDVL�FRQFDYLW\�ZHUH�FRQGXFWHG�ZLWKRXW�LPSRVLQJ�VHSDUDELOLW\��ZLWK�UH�

VXOWV�VLPLODU�WR�WKRVH�UHSRUWHG�LQ�WDEOH����'HWDLOV�RI�WKHVH�UHVXOWV�DUH�DYDLODEOH�XSRQ�UHTXHVW�
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LQJ�DQG�RWKHU�TXDQWLW\�FRQWUROV�IRU�SRUN�DQG�RWKHU�IRRGV��,�FRQFOXGH�WKDW�LQFOXGLQJ�WKH�ZDU

\HDUV�LV�OLNHO\�WR�FRQWDPLQDWH�HVWLPDWLRQ�DQG�LQIHUHQFH�LQ�WKLV�GDWD�VHW�

7DEOH���SUHVHQWV�WKH�HVWLPDWHG�VWUXFWXUDO�SDUDPHWHUV�DVVRFLDWHG�ZLWK�WKH�FRQVWDQW

WHUPV��GHPRJUDSKLF�YDULDEOHV��DQG�ODJJHG�TXDQWLWLHV�FRQVXPHG��L�H���P\RSLF�KDELW�IRUPD�

WLRQ���ZLWK�HVWLPDWHG�DV\PSWRWLF�VWDQGDUG�HUURUV�LQ�SDUHQWKHVHV�EHORZ�HDFK�SDUDPHWHU�HV�

WLPDWH��2QH� QRWDEOH� IHDWXUH� LQ� WKLV� WDEOH� LV� WKDW�� ZLWK� WKH� H[FHSWLRQV� RI� EXWWHU�� FKHHVH�

SRXOWU\��DQG�HJJV��KDELW�IRUPDWLRQ�DSSHDUV�WR�EH�FRQVLGHUDEO\�ZHDNHU�WKDQ�SUHYLRXV�VWXG�

LHV�RI�IRRG�GHPDQG�VXJJHVW��7KLV�UHVXOW�LV�OLNHO\�GXH�WR�WKH�LQFOXVLRQ�RI�WKH�YDULDEOHV�DVVR�

FLDWHG�ZLWK�WKH�DJH�GLVWULEXWLRQ�DQG�HWKQLF�PDNHXS�RI�WKH�8�6��SRSXODWLRQ��7KHVH�YDULDEOHV

KDYH� FKDQJHG� VXEVWDQWLDOO\�� DOWKRXJK� UDWKHU� VPRRWKO\� DQG� TXLWH� QRQOLQHDUO\�� RYHU� WLPH�

+HQFH�� WKH\� OLNHO\� UHSUHVHQW�QRQOLQHDU� WUHQGV� LQ� IRRG�FRQVXPSWLRQ� WKDW�SUHYLRXVO\�KDYH

EHHQ�WDFLWO\�SUR[LHG�E\�ODJJHG�TXDQWLWLHV�GHPDQGHG��$Q�LQWHUHVWLQJ�TXHVWLRQ�UDLVHG�E\�WKLV

UHVXOW�LV�ZKHWKHU�KDELW�IRUPDWLRQ�LV�SUHVHQW�DW�DOO�LQ�WKHVH�GDWD��DQG�LI�VR��WKHQ�LV�LW�P\RSLF

RU�UDWLRQDO"

)RU� FRPSOHWHQHVV�� WDEOH���SUHVHQWV� WKH� HVWLPDWHG�SDUDPHWHUV� DVVRFLDWHG�ZLWK� WKH

QHJDWLYH�RI�WKH�LQYHUVH�KHVVLDQ�IRU�WKH�IRRG�VHFWRU�VXEXWLOLW\�IXQFWLRQ��(OHPHQWV�RI�WKLV�WD�

EOH�IRUP�WKH�ORZHU�WULDQJOH�RI�WKH�V\PPHWULF��SRVLWLYH�GHILQLWH�PDWUL[�&[[�
 �//′��7KH�DV�

\PSWRWLF� VWDQGDUG� HUURUV� LQ� SDUHQWKHVHV� EHORZ� WKH� HVWLPDWHG� FRHIILFLHQWV� DUH� FDOFXODWHG

ZLWK�WKH�GHOWD�PHWKRG�

���)RRG��1XWULWLRQ��DQG�:HOIDUH�(IIHFWV�RI�WKH�8�6��'DLU\�3URJUDP

,�EHOLHYH�WKDW�WKH�HFRQRPHWULF�PRGHO�GHYHORSHG�DQG�HVWLPDWHG�DERYH�RIIHUV�WKH�SRWHQWLDO

WR� KHOS� XV� EHWWHU� XQGHUVWDQG�8�6�� IRRG� FRQVXPSWLRQ� LQ� JHQHUDO�� +RZHYHU�� WKH� SULPDU\
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SXUSRVH�IRU� LWV�FRQVWUXFWLRQ� LV�DV�D� WRRO� IRU� WKH�DQDO\VLV�RI� WKH� IRRG��QXWULWLRQ��DQG�FRQ�

VXPHU�ZHOIDUH�LPSDFWV�RI�8�6��IDUP�DQG�IRRG�SROLF\��7KH�SXUSRVH�RI�WKLV�VHFWLRQ�RI� WKH

SDSHU�LV�WR�GHVFULEH�DQG�GLVFXVV�DQ�DSSOLFDWLRQ�RI�WKLV�PRGHO�WR�DQ�DQDO\VLV�RI�WKH�IHGHUDO

GDLU\�SURJUDP�RYHU�WKH�SHULRG���������

����%ULHI�+LVWRU\�DQG�(FRQRPLF�6WUXFWXUH�RI�WKH�8�6��'DLU\�3URJUDP

$OWKRXJK�WKH�IHGHUDO�GDLU\�SURJUDP�KDV�XQGHUJRQH�VRPH�FKDQJHV� LQ� LWV����\HDU�KLVWRU\�

WKH�EDVLF�VWUXFWXUH�UHPDLQHG�HVVHQWLDOO\�XQFKDQJHG�VLQFH�������7KHUH�DUH�WZR�PDLQ�FRP�

SRQHQWV� WR� WKH�GDLU\�SURJUDP�� D�SULFH� VXSSRUW� SURJUDP�DQG� IHGHUDOO\� DGPLQLVWHUHG�PLON

PDUNHWLQJ�RUGHUV��7KH�FXUUHQW�SULFH�VXSSRUW�SURJUDP�ZDV�SHUPDQHQWO\�HVWDEOLVKHG�E\�WKH

$JULFXOWXUDO�$FW�RI�������&ODVVLILHG�SULFLQJ�RI�IUHVK�IOXLG�PLON�LQ�IOXLG�PLON�PDUNHWV�XQ�

GHU�IHGHUDO�PDUNHWLQJ�RUGHUV�ZDV�SURYLGHG�IRU�E\�WKH�$JULFXOWXUDO�0DUNHWLQJ�$JUHHPHQW

$FW�RI�������,Q�WKH�$JULFXOWXUDO�$FW�RI������DQG� LWV�VXEVHTXHQW�DPHQGPHQWV��&RQJUHVV

VSHFLILHG�WKUHH�JXLGHOLQHV�IRU�WKH�RSHUDWLRQ�RI�SULFH�VXSSRUWV������)DUP�PLON�SULFHV�DUH�WR

EH�VXSSRUWHG�DW�QR�OHVV�WKDQ����SHUFHQW�RI�SDULW\��������7KH�6HFUHWDU\�RI�$JULFXOWXUH�RI�WKH

8�6�� 'HSDUWPHQW� RI� $JULFXOWXUH� �86'$�� LV� DXWKRUL]HG� WR� GHWHUPLQH� WKH� VSHFLILF� SULFH

VXSSRUW�OHYHO�ZLWKLQ�WKH�UDQJH�RI����WR����SHUFHQW�RI�SDULW\������7KH�PLON�SULFH�ZRXOG�EH

VXSSRUWHG�WKURXJK�JRYHUQPHQW�SXUFKDVHV�RI�PLON�SURGXFWV�

5DZ�PLON�LV�D�EXON\��SHULVKDEOH�SURGXFW��7KHUHIRUH��WKH�86'$�FDQQRW�UHDVRQDEO\

SXUFKDVH�IUHVK�PLON�GLUHFWO\�IURP�IDUPHUV��&RQVHTXHQWO\�� WKH�&RPPRGLW\�&UHGLW�&RUSR�

                        

���3DULW\�LV�GHILQHG�E\�DQ�LQGH[�RI�WKH�FRVW�RI�DJULFXOWXUDO�SURGXFWLRQ�EDVHG�RQ�WKH�SHULRG����������D�WLPH

ZKHQ�8�6��DJULFXOWXUH�KDG�GRQH�TXLWH�ZHOO�
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UDWLRQ��&&&��RI�WKH�86'$�SXUFKDVHV�EXWWHU��QRQIDW�GU\�PLON��DQG�FKHHVH�IURP�SURFHVVRUV

DW�SUH�DQQRXQFHG�SULFHV��7KH�&&&�DQQRXQFHG�SXUFKDVH�SULFHV�DUH�DGPLQLVWHUHG�LQ�DQ�HI�

IRUW� WR� DWWDLQ� WKH� GHVLUHG� OHYHO� RI� SULFHV� IRU�PDQXIDFWXULQJ�PLON� DW� WKH� IDUP� OHYHO�� 7KH

&&&�SD\V� IRU� WKH� VWRUDJH� RI� WKH� SURGXFWV� SXUFKDVHG� DQG� GLVSRVHV� RI� WKHVH� VWRFNV� RYHU

WLPH�WKURXJK�&&&�VDOHV�WR�FRPPHUFLDO�KDQGOHUV�DQG�SURFHVVRUV�DW�SUH�DQQRXQFHG�UHOHDVH

SULFHV�� WKURXJK�VXEVLGL]HG�H[SRUWV��DQG� WKURXJK�GRQDWLRQV� WR�GRPHVWLF�DQG� IRUHLJQ� IRRG

DLG�SURJUDPV�

)HGHUDO�PLON�PDUNHWLQJ�RUGHUV�FDQ�EH�WUDFHG�WR�WKH�$JULFXOWXUDO�$GMXVWPHQW�$FWV

RI������DQG������DQG�WKH�$JULFXOWXUDO�0DUNHWLQJ�DQG�$JUHHPHQW�$FW�RI�������7KHVH�RU�

GHUV�VHW�PLQLPXP�SULFHV�WKDW�PXVW�EH�SDLG�E\�SURFHVVRUV�WR�GDLU\�IDUPHUV�RU�WKHLU�FRRS�

HUDWLYHV�IRU�*UDGH�$�PLON��0DUNHWV�ZKHUH�IHGHUDO�RUGHUV�DUH�LQ�SODFH�DUH�WKRVH�ZKHUH�SUR�

GXFHUV�RI�WZR�WKLUGV�RI�WKH�PLON�PDUNHWHG�LQ�WKH�DUHD�RU�WZR�WKLUGV�RI�WKH�QXPEHU�RI�SUR�

GXFHUV�PDUNHWLQJ�PLON�LQ�WKH�DUHD�KDYH�HOHFWHG�WR�FRPH�XQGHU�D�IHGHUDO�RUGHU��2QO\�*UDGH

$�PLON�� WKDW� LV��PLON� WKDW�PHHWV� WKH� VDQLWDU\� UHTXLUHPHQWV� WR� EH� OHJDOO\� VROG� DV� D� IOXLG

SURGXFW�� LV� UHJXODWHG� XQGHU� IHGHUDO�PLON�PDUNHWLQJ� RUGHUV��2YHU� ��� SHUFHQW� RI� DOO�PLON

FXUUHQWO\� SURGXFHG� LQ� WKH�8QLWHG�6WDWHV� LV�*UDGH�$�PLON�� DQG� IHGHUDO�PDUNHWLQJ� RUGHUV

UHJXODWH�RYHU����SHUFHQW�RI� WKH�*UDGH�$�PLON�SURGXFHG� LQ� WKH�FRXQWU\��6WDWH�PDUNHWLQJ

RUGHUV�WKDW�ODUJHO\�PLPLF�WKH�IHGHUDO�RUGHU�SURJUDP�FRQWURO�YLUWXDOO\�DOO�RI�WKH�UHPDLQLQJ

*UDGH�$�PLON�SURGXFHG�

7ZR�PDMRU� SURYLVLRQV� RI� IHGHUDO�PLON� RUGHUV� DUH� FODVVLILHG� SULFLQJ� DFFRUGLQJ� WR

XVH�DQG�WKH�SRROLQJ�RI�DOO�UHYHQXH�IURP�WKH�VDOH�RI�PLON�WR�REWDLQ�D�VLQJOH�EOHQG�SULFH�WR

EH�SDLG�WR�GDLU\�IDUPHUV��0LON�XVHG�IRU�IOXLG�SURGXFWV�LV�GHVLJQDWHG�&ODVV����0LON�XVHG�IRU
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VRIW�PDQXIDFWXUHG�SURGXFWV�VXFK�DV�LFH�FUHDP��FRWWDJH�FKHHVH��DQG�\RJXUW�LV�GHVLJQDWHG�DV

&ODVV����0LON�XVHG�IRU�KDUG�PDQXIDFWXUHG�SURGXFWV�VXFK�DV�FKHHVH��EXWWHU��DQG�QRQIDW�GU\

PLON�LV�FODVVLILHG�DV�&ODVV����$OO�RI�WKH�IHGHUDO�PDUNHWLQJ�RUGHUV�VHW�PLQLPXP�SULFHV�RQ

WKH�EDVLV�RI�VSHFLILHG�UHODWLRQVKLSV�WR�WKH�SULFH�RI�PDQXIDFWXULQJ�JUDGH�PLON�LQ�WKH�VWDWHV

RI� 0LQQHVRWD� DQG�:LVFRQVLQ�� 7KH� &ODVV� �� SULFH� QRUPDOO\� LV� HTXDO� WR� WKH� 0LQQHVRWD�

:LVFRQVLQ�EDVH�SULFH��&ODVV���DQG�&ODVV���SULFHV�DUH�VHW�DW�JLYHQ�GLIIHUHQWLDOV�DERYH�WKH

&ODVV���SULFH��$OVR��WKH�&ODVV���SULFHV�ULVH�ZLWK�LQFUHDVLQJ�GLVWDQFH�IURP�(DX�&ODLUH��:LV�

FRQVLQ�DW�D�UDWH�WKDW�JHQHUDOO\�UHIOHFWV�WUDQVSRUWDWLRQ�FRVWV�

7KH�GHPDQG�IRU�IUHVK�PLON�JHQHUDOO\�LV�QRW�YHU\�UHVSRQVLYH�WR�SULFH�FKDQJHV��GXH

WR�WKH�SHULVKDELOLW\�DQG�KLJK�WUDQVSRUW�FRVWV�RI�UDZ�ZKROH�PLON��+RZHYHU��WKH�GHPDQG�IRU

PDQXIDFWXUHG�PLON�SURGXFWV�LV�PRUH�UHVSRQVLYH�WR�SULFH�FKDQJHV�EHFDXVH�WKHVH�SURGXFWV

DUH�OHVV�EXON\�DQG�SHULVKDEOH��DQG�KHQFH�PRUH�HDVLO\�VWRUHG�DQG�WUDQVSRUWHG��7KLV�GLIIHU�

HQFH�LQ�WKH�UHVSRQVLYHQHVV�RI�GHPDQG�WR�SULFH�LV�WKH�EDVLV�IRU�WKH�FODVVLILHG�SULFLQJ�V\VWHP

LQ� IHGHUDO�PLON�PDUNHWLQJ� RUGHUV�� %\� UDLVLQJ� WKH� SULFH� RI�PLON� XVHG� IRU� IUHVK� SURGXFWV

UHODWLYH� WR� WKH� SULFH� RI�PLON� XVHG� IRU�PDQXIDFWXUHG�GDLU\� SURGXFWV�� SURGXFHUV¶� LQFRPHV

FDQ�EH�LQFUHDVHG�ZLWK�D�EOHQG�SULFH�WKDW�LV�KLJKHU�WKDQ�WKH�FRPSHWLWLYH��XQUHJXODWHG�SULFH�

7KH� IHGHUDO�PDUNHWLQJ�RUGHU� SURJUDP�DQG� WKH� SULFH� VXSSRUW� SURJUDP�DUH� FORVHO\

UHODWHG�IRU�WZR�UHDVRQV��)LUVW��WKH�EOHQG�SULFH�LQ�*UDGH�$�PDUNHWLQJ�RUGHUV�LV�VLJQLILFDQWO\

KLJKHU�WKDQ�WKH�SULFH�IRU�PDQXIDFWXULQJ�PLON��GXH�WR�WKH�FODVVLILHG�SULFLQJ�VFKHPH��7KLV

OHDGV�WR�D�VXUSOXV�RI�*UDGH�$�PLON�SURGXFWLRQ��7KHUH�DUH�QR�SURGXFWLRQ�FRQWUROV��DQG�VXU�

SOXV�*UDGH�$�PLON� FRPSHWHV� GLUHFWO\� ZLWK� *UDGH� %�PLON�� ZKLFK� FDQ� RQO\� EH� VROG� IRU

PDQXIDFWXUHG� SURGXFWV� �&ODVV� �� DQG� �� XVHV�� GXH� WR� WKH�ZHDNHU� VDQLWDU\� UHVWULFWLRQV� RQ
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*UDGH�%�PLON�SURGXFWLRQ��7KH�FRPSHWLWLRQ�RI�VXUSOXV�*UDGH�$�PLON�ZLWK�*UDGH�%�PLON�LQ

WKH�PDQXIDFWXULQJ�PDUNHW�WHQGV�WR�GHSUHVV�WKH�SULFH�IRU�PDQXIDFWXULQJ�PLON��,W�DOVR�OHDGV

SURGXFHUV�WR�PRYH�WRZDUG�WKH�KLJKHU�FRVW�RI�*UDGH�$�SURGXFWLRQ��EHFDXVH�WKH�SULFH�GLI�

IHUHQFH�EHWZHHQ�*UDGH�$�DQG�*UDGH�%�PLON�LV�PXFK�JUHDWHU�WKDQ�WKH�VOLJKW�GLIIHUHQFH�LQ

SURGXFWLRQ�FRVWV�WR�PHHW�WKH�WLJKWHU�VDQLWDU\�UHVWULFWLRQV����6HFRQG��IHGHUDO�PLON�PDUNHWLQJ

RUGHU�PLQLPXP�FODVV�SULFHV�DUH�EDVHG�RQ�WKH�0LQQHVRWD�:LVFRQVLQ�SULFH��ZKLFK�UHIOHFWV

WKH�VXSSO\�DQG�GHPDQG�VLWXDWLRQ�IRU�WKH�HQWLUH�LQGXVWU\��7KH�&&&¶V�SXUFKDVHV�RI�EXWWHU�

FKHHVH�� DQG�QRQIDW�GU\�PLON�JHQHUDWHV� D�SULFH� IORRU� IRU� WKH�0LQQHVRWD�:LVFRQVLQ� SULFH�

ZKLFK�LQ�WXUQ�SURGXFHV�D�IORRU�IRU�DOO�PLON�SULFHV�

'XULQJ�WKH�ODWH�����¶V�DQG�HDUO\�����¶V��WKH�8�6��GDLU\�PDUNHW�JUHZ�VHULRXVO\�RXW

RI�HTXLOLEULXP��LQ�ODUJH�SDUW�GXH�WR�LOO�FRQFHLYHG�SROLF\�FKDQJHV��'XULQJ�WKH�UDSLG�ULVH�LQ

FRPPRGLW\� SULFHV� WKDW� UHVXOWHG� IURP� WKH�23(&�RLO� HPEDUJR�� WKH� IHGHUDO� SULFH� VXSSRUWV

DQG�PDUNHWLQJ�RUGHUV�EHFDPH�OHVV�HIIHFWLYH��DQG�WKH�VXSSRUW�SULFHV�ZHUH�QR�ORQJHU�ELQG�

LQJ�SULFH� IORRUV�E\� WKH�HQG�RI�������$V�D� UHVXOW�� WKH�)RRG�DQG�$JULFXOWXUH�$FW�RI�����

UDLVHG� WKH�PLQLPXP�VXSSRUW� OHYHO� WR����SHUFHQW�RI�SDULW\�DQG� LQWURGXFHG�D�PLG\HDU� DG�

MXVWPHQW� LQ� WKH�VXSSRUW�SULFH� IRU� IDUP�PLON� WR�DFFRXQW� IRU� LQFUHDVHV� LQ� WKH�SDULW\� LQGH[

GXULQJ� VHPLDQQXDO� SHULRGV��$V� IDUPHUV� UHVSRQGHG� WR� WKH� KLJKHU�PLON� SULFHV�ZLWK� ODUJHU

KHUGV�DQG�FRQVXPHUV�UHVSRQGHG�ZLWK�ORZHU�SXUFKDVHV��WKH�PDUNHW�PRYHG�TXLFNO\�RXW�RI

HTXLOLEULXP��%\�������WKH�GDLU\�PDUNHW�KDG�ODUJH�TXDQWLWLHV�RI�VXUSOXV�SURGXFWLRQ�DQG�WKH

                        

���,W�LV�HVWLPDWHG�WKDW�YLUWXDOO\�DOO�UHPDLQLQJ�*UDGH�%�PLON�SURGXFHG�LQ�WKH�8QLWHG�6WDWHV�FRXOG�TXDOLI\�DV

*UDGH�$�LI�D�PDUNHW�H[LVWHG�IRU�WKH�DGGLWLRQDO�IOXLG�JUDGH�PLON��86'$�������
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IHGHUDO� EXGJHWDU\� FRVWV� RI� WKH� GDLU\� SURJUDPV� EHJDQ� WR� LQFUHDVH� UDSLGO\�� %\� ����� DQG

������WKH�VLWXDWLRQ�KDG�UHDFKHG�D�SRLQW�ZKHUH�WKH�&ODVV���VXSSRUW�SULFH�ZDV�DERYH�D�FRP�

SHWLWLYH�PDUNHW�HTXLOLEULXP�OHYHO� �/D)UDQFH�DQG�GH*RUWHU���DQG�QHW�86'$�H[SHQGLWXUHV

WRWDOHG�PRUH�WKDQ������ELOOLRQ�LQ�������0RUHRYHU��QHW�JRYHUQPHQW�UHPRYDOV�RI�EXWWHU�DF�

FRXQWHG�IRU�QHDUO\����SHUFHQW�RI�WKH�WRWDO�DQQXDO�SURGXFWLRQ�RI�WKDW�SURGXFW�LQ������

,Q�UHVSRQVH�WR�WKH�EXGJHWDU\�EXUGHQV�RI�WKH�ODUJH�PLON�VXUSOXVHV��WKH�$JULFXOWXUH

DQG� )RRG� $FW� RI� ����� GHSDUWHG� IURP� WKH� WUDGLWLRQDO� SDULW\� EDVLV� IRU� VXSSRUWLQJ� PLON

SULFHV��DQG�VHW�WKH�VXSSRUW�SULFH�DW�WKH�QRPLQDO�OHYHO�RI��������SHU�KXQGUHG�SRXQGV��FZW�

RI�PLON� VROG� DV� RI� 6HSWHPEHU� ������ %XW� WKH� ODUJH� VXUSOXVHV� FRQWLQXHG� DQG� WKH� %XGJHW

5HFRQFLOLDWLRQ�$FW�RI������IUR]H�VXSSRUW�SULFHV�DW��������IRU�WZR�\HDUV�DQG�SURYLGHG�IRU

D�������SHU�FZW�DVVHVVPHQW�IURP�PLON�SURGXFHUV¶�PDUNHWLQJ�UHFHLSWV�WR�SDUWLDOO\�RIIVHW�WKH

UDSLGO\�ULVLQJ�86'$�RXWOD\V��7KH������'DLU\�DQG�7REDFFR�$GMXVWPHQW�$FW�ORZHUHG�WKH

VXSSRUW� SULFH� WR� ������� LQ� 'HFHPEHU� RI� ������ DQG� SURYLGHG� IRU� IXUWKHU� UHGXFWLRQV� WR

�������RQ�$SULO���������DQG��������RQ�-XO\���������EHFDXVH�&&&�SXUFKDVHV�FRQWLQXHG�WR

H[FHHG����ELOOLRQ�SRXQGV��PLON�HTXLYDOHQW��SHU�\HDU��DSSUR[LPDWHO\���SHUFHQW�RI�WRWDO�PLON

SURGXFWLRQ��� 6LQFH� WKHQ�� WKH� ILYH�\HDU� RPQLEXV� IDUP� ELOOV� RI� ����� DQG� ����� JUDGXDOO\

ORZHUHG�WKH�VXSSRUW�SULFH�ILUVW�WR��������SHU�FZW��WKHQ���������DQG�ILQDOO\���������ZKHUH�LW

UHPDLQV�DW�WKH�SUHVHQW�WLPH��'XULQJ�WKLV�VDPH�SHULRG��KRZHYHU��WKH�&ODVV���SULFH�GLIIHUHQ�

WLDOV�ZHUH� XQLIRUPO\� LQFUHDVHG� DFURVV� WKH� FRXQWU\� E\� DQ� DYHUDJH� RI� MXVW� RYHU� ������ SHU

FZW��VR�WKDW�WKH�H[WHQW�RI�&ODVV���SULFH�GLVFULPLQDWLRQ�LQ�IHGHUDO�PDUNHWLQJ�RUGHUV�LV�QRZ

DURXQG����SHUFHQW�RI�WKH�FRPPRQ�&ODVV���DQG�&ODVV���VXSSRUW�SULFH�

7KH������'DLU\�DQG�7REDFFR�$GMXVWPHQW�$FW�DOVR�SURYLGHG�IRU�D�PLON�GLYHUVLRQ



��

SURJUDP��)RU�WKH�SHULRG�'HFHPEHU���������WKURXJK�0DUFK�����������D�PDQGDWHG�DVVHVV�

PHQW�RI�������SHU�FZW�ZDV�PDGH�RQ�DOO�PLON�PDUNHWHG�IRU�FRPPHUFLDO�XVH�E\�8�6��SUR�

GXFHUV� LQ� WKH����FRQWLJXRXV�VWDWHV��7KHVH�IXQGV�ZHUH�XVHG� WR�SDUWLDOO\�RIIVHW� WKH�86'$

RXWOD\V� IRU� WKH�GDLU\�SURJUDP��$OVR��SURGXFHUV�ZKR�YROXQWDULO\� HOHFWHG� WR�SDUWLFLSDWH� LQ

WKH�PLON�GLYHUVLRQ�SURJUDP�E\�UHGXFLQJ�WKHLU�PLON�PDUNHWLQJV�EHWZHHQ���DQG����SHUFHQW

EHORZ�WKHLU�EDVH�SHULRG�SURGXFWLRQ��ZHUH�SDLG�����SHU�FZW�IRU�WKHVH�UHGXFWLRQV��+RZHYHU�

SDUWLFLSDWLRQ�E\�GDLU\�SURGXFHUV�LQ�WKH�GLYHUVLRQ�SURJUDP�ZDV�YHU\�ORZ�DQG�PLON�SURGXF�

WLRQ�LQ������GHFOLQHG�RQO\���SHUFHQW�IURP�WKH�UHFRUG�OHYHO�RI�����ELOOLRQ�SRXQGV�SURGXFHG

LQ������

$V�D�UHVXOW��RQH�FRPSRQHQW�RI�WKH������RPQLEXV�IDUP�ELOO�ZDV�D�PLON�SURGXFWLRQ

WHUPLQDWLRQ�SURJUDP��LQ�ZKLFK�GDLU\�IDUPHUV�ELG�FRPSHWLWLYHO\�WR�EH�SDLG�RQ�D�SHU�FZW�ED�

VLV� WR�YROXQWDULO\�FHDVH�PLON�SURGXFWLRQ�IRU���\HDUV��DQG�VODXJKWHU�RU� VHOO�RYHUVHDV� WKHLU

HQWLUH�GDLU\�KHUGV��7KH�JRDO�RI�WKLV�³ZKROH�KHUG�EX\RXW´�ZDV�WR�UHGXFH�WKH�8�6��GDLU\�KHUG

E\� ��� SHUFHQW�� ZLWK� DQ� DVVRFLDWHG� UHGXFWLRQ� LQ� PLON� SURGXFWLRQ�� 3DUWLFLSDWLQJ� IDUPHUV

VXEPLWWHG�ELGV�IRU�DQ�DPRXQW�WR�EH�SDLG�SHU�FZW�RI�KLVWRULFDO�SURGXFWLRQ�IRU�D�SHULRG�RI��

\HDUV� LQ� RUGHU� WR� VWRS� SURGXFLQJ�PLON� DQG� VHOO� WKHLU� GDLU\� FRZV� DQG� KHLIHUV� HLWKHU� WR� D

VODXJKWHUKRXVH� RU� LQ� RWKHU� FRXQWULHV�� 6XFFHVVIXO� ELGV� UDQJHG� IURP� MXVW� RYHU� ������� WR

�������SHU�FZW�DQG�URXJKO\����SHUFHQW�RI�WKH�H[LVWLQJ�GDLU\�KHUG�ZDV�UHPRYHG�IURP�WKH

PDUNHW�RYHU�WKH�SHULRG�IURP�$SULO���������WR�2FWREHU�����������+RZHYHU��EHWZHHQ�����

DQG�������WKH�QXPEHU�RI�UHSODFHPHQW�KHLIHUV�LQ�WKH�DJJUHJDWH�8�6��GDLU\�KHUG� LQFUHDVHG

IURP�MXVW�RYHU����KHLIHUV�SHU�����SURGXFLQJ�PLON�FRZV�WR�MXVW�XQGHU����KHLIHUV�SHU����

FRZV��7KH� UHVXOW�ZDV� WKDW� WRWDO�PLON�SURGXFWLRQ�DFWXDOO\� LQFUHDVHG�E\�DERXW�����SHUFHQW



��

GXULQJ�WKH�SDLG�WHUPLQDWLRQ�SURJUDP��DOPRVW�FHUWDLQO\�WKH�UHVXOW�RI� UDWLRQDO�H[SHFWDWLRQV

RQ�WKH�SDUW�RI�GDLU\�SURGXFHUV�UHJDUGLQJ�WKH�IRUWKFRPLQJ�GDLU\�KHUG�EX\RXW�SURJUDP�

����0RGHOLQJ�WKH�(FRQRPLF�,PSDFWV�RI�WKH�'DLU\�3URJUDP

7R�GHULYH�D�FRXQWHUIDFWXDO�PDUNHW�HTXLOLEULXP��,�IROORZ�WKH�PRGHOLQJ�HIIRUWV�RI�/D)UDQFH

DQG�GH*RUWHU��������DQG�/D)UDQFH������D������E���%DVLFDOO\��/D)UDQFH�DQG�GH*RUWHU�GH�

YHORSHG�D�IDUP�OHYHO�SDUWLDO�HTXLOLEULXP�PRGHO�RI�WKH�8�6��GDLU\�VHFWRU�DQG�VLPXODWHG�WKH

FRPSHWLWLYH� PDUNHW� HTXLOLEULXP� ZLWK� QR� JRYHUQPHQW� LQWHUYHQWLRQ�� )RU� WKH� FRPSHWLWLYH

IDUP�SULFH�RI�PLON�ZLWKRXW� IHGHUDO� SURJUDPV�� ,� VLPSO\� H[WHQGHG� WKHLU� VLPXODWLRQ�RI� WKH

\HDUV���������WR�WKH�SHULRG�����������

,Q�/D)UDQFH������D������E���,�FRQVWUXFWHG�D�PRGHO�RI�WKH�IDUP�WR�UHWDLO�SULFH�OLQN�

DJHV�� LQFOXGLQJ� HVWLPDWHV� RI� WKH�PHFKDQLVPV� E\�ZKLFK� WKH� IHGHUDO� JRYHUQPHQW� VHWV� LWV

ZKROHVDOH�SXUFKDVH�SULFHV�IRU�EXWWHU��FKHHVH��DQG�SRZGHUHG�PLON��,�DOVR�HVWLPDWHG�WKH�UH�

ODWLRQVKLS�EHWZHHQ�WKH�PLQLPXP�&ODVV���SULFH�VXSSRUW�IRU�IOXLG�JUDGH�PLON�DQG�WKH�UHWDLO

SULFH�RI�IUHVK�PLON�SURGXFWV��DV�ZHOO�DV�WKH�ZKROHVDOH�WR�UHWDLO�SULFH�UHODWLRQVKLSV�IRU�WKH

RWKHU�PDMRU�GDLU\�SURGXFWV��EXWWHU��FKHHVH��LFH�FUHDP�DQG�IUR]HQ�\RJXUW��DQG�FDQQHG�DQG

QRQIDW�GU\�PLON���7DEOH���UHSRUWV�WKH�UHVXOWV�RI�UH�HVWLPDWLQJ�WKHVH�SULFH�HTXDWLRQV�IRU�WKH

SHULRG�����������LQ�ORJDULWKPLF�IRUP��,Q�WKH�WDEOH��WKH�H[SODQDWRU\�YDULDEOHV�IRU�WKH�UHWDLO

SULFH�RI�PLON�LV� WKH�IDUP�OHYHO�PLQLPXP�&ODVV���VXSSRUW�SULFH�� WKH�8�6��DYHUDJH�PDQX�

IDFWXULQJ�ZDJH�UDWH��WKH�SURGXFHU�SULFH�LQGH[��33,��IRU�PDWHULDOV�DQG�FRPSRQHQWV��DQG�WKH

33,�IRU�IXHOV�DQG�SRZHU��)RU�WKH�UHWDLO�SULFHV�RI�EXWWHU��FKHHVH��DQG�FDQQHG�DQG�SRZGHUHG

PLON� WKH� FRUUHVSRQGLQJ�ZKROHVDOH� SULFH� YDULDEOH� LV� WKH� SUH�DQQRXQFHG� JRYHUQPHQW� SXU�

FKDVH�SULFH�RI�EXWWHU��FKHHVH��DQG�QRQIDW�GU\�PLON��UHVSHFWLYHO\��7KH�PDQXIDFWXULQJ�ZDJH
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UDWH�DQG�WKH�33,V�IRU�PDWHULDOV�DQG�FRPSRQHQWV�DQG�IRU�IXHOV�DQG�SRZHU�DUH�FRPPRQ�WR

DOO�SULFH�HTXDWLRQV��6LQFH�LFH�FUHDP�LV�QRW�GLUHFWO\�VXSSRUWHG�E\�WKH�JRYHUQPHQW�SURJUDP�

,�XVHG�ERWK�WKH�PLQLPXP�&ODVV���DQG�&ODVV���SULFHV�DV�ZHOO�DV�WKH�QRQIRRG�&3,�LQ�DGGL�

WLRQ�WR�WKH�PHDVXUHV�RI�SURGXFHU�FRVWV�DW�WKH�ZKROHVDOH�PDQXIDFWXULQJ�OHYHO��$OVR�LQ�WKH

WDEOH��ρ��DQG�ρ��GHQRWH�WKH�FRHIILFLHQWV�IRU�ILUVW��DQG�VHFRQG�RUGHU�DXWRFRUUHODWLRQ��5
�
� LV

WKH�FRHIILFLHQW�RI�PXOWLSOH�GHWHUPLQDWLRQ��DQG�':�LV�WKH�'XUELQ�:DWVRQ�WHVW�IRU�UHPDLQ�

LQJ�VHULDO�FRUUHODWLRQ�LQ�WKH�HUURU�WHUPV�

2QFH� WKH� IDUP�OHYHO� FRPSHWLWLYH� SULFH� DQG� D� VHW� RI� IDUP�WR�UHWDLO� SULFH� OLQNDJH

HTXDWLRQV�KDYH�EHHQ�REWDLQHG��D�VHW�RI�FRXQWHUIDFWXDO�UHWDLO�SULFHV�IRU�HDFK�\HDU�DUH�JHQHU�

DWHG�VLPSO\�E\�UHSODFLQJ�WKH�IDUP�OHYHO�PLQLPXP�&ODVV���DQG�&ODVV���VXSSRUW�SULFHV�ZLWK

WKH�FRPSHWLWLYH�SULFH�LQ�WKH�HTXDWLRQV�IRU�WKH�ZKROHVDOH�JRYHUQPHQW�SXUFKDVH�SULFHV�DQG

LQ�WKH�UHWDLO�PLON�DQG�LFH�FUHDP�SULFH�HTXDWLRQV��,Q�HDFK�\HDU��WKLV�JHQHUDWHV�D�VHW�RI�SULFHV

IRU� WKH�JRYHUQPHQW�SXUFKDVHV� WKDW�ZRXOG�EH�FRQVLVWHQW�ZLWK� WKH�JRDO�RI�D�VWDEOH�PDUNHW

HTXLOLEULXP�EXW�QRQH�RI�WKH�DWWHQGDQW�VRFLDO�FRVWV�RI�SULFH�GLVFULPLQDWLRQ�DQG�JRYHUQPHQW

SXUFKDVHV�DQG�VWRUDJH�RI�H[FHVV�FRPPRGLWLHV��2EYLRXVO\��WKRXJK��LW�GRHV�QRW�WHOO�XV�KRZ

WKH�PDUNHW�ZRXOG�DFWXDOO\�IXQFWLRQ�DEVHQW�DQ\�JRYHUQPHQW�LQYROYHPHQW��7KH�SULPDU\�LQ�

VLJKWV�ZH�FDQ�REWDLQ�IURP�WKLV�DQDO\VLV�UHODWH�WR�WKH�FRQVXPHU�ZHOIDUH�FRVWV�DQG�WKH�IRRG

FRQVXPSWLRQ�DQG�QXWULWLRQDO�HIIHFWV�RI�SULFH�GLVFULPLQDWLRQ�GXH�WR�WKH�8�6��GDLU\�SURJUDP�

)LJXUH���GHSLFWV�WKH�VLPXODWHG�HIIHFWV�RQ�UHWDLO�TXDQWLWLHV�DQG�SULFHV�RI� WKH�GDLU\

SURJUDP�RYHU�WKH�SHULRG������������7KH�DYHUDJH�SHUFHQWDJH�LQFUHDVH�LQ�WKH�SULFH�RI�IUHVK

PLON�DW�WKH�UHWDLO�OHYHO�RYHU�WKLV�SHULRG�DSSHDUV�WR�KDYH�EHHQ�DERXW�����SHUFHQW��6LPLODUO\�

WKH�DYHUDJH�GHFUHDVHV�LQ�WKH�SULFHV�RI�EXWWHU��FKHHVH��LFH�FUHDP��DQG�FDQQHG�DQG�SRZGHUHG



��

PLON�ZHUH�DERXW�����SHUFHQW������SHUFHQW������SHUFHQW��DQG�����SHUFHQW��UHVSHFWLYHO\��7KH

UHVXOWLQJ�DYHUDJH�GHFUHDVH�LQ�WKH�TXDQWLW\�FRQVXPHG�RI�IUHVK�PLON�ZDV�DERXW�����SHUFHQW�

ZKLOH� WKH� DYHUDJH� LQFUHDVHV� LQ� WKH� FRQVXPSWLRQ� RI� EXWWHU�� IUR]HQ� GDLU\� SURGXFWV�� DQG

FDQQHG�DQG�SRZGHUHG�PLON�ZHUH�����SHUFHQW������SHUFHQW��DQG�����SHUFHQW�� UHVSHFWLYHO\�

&KHHVH�FRQVXPSWLRQ�DSSHDUV�WR�EH�OLWWOH�HIIHFWHG�E\�WKH�IHGHUDO�FRQWUROV�

%\� FRPELQLQJ� WKH� QXWULHQW� FRQWHQW� PDWUL[� LQ� WDEOH� �� ZLWK� D� VHW� RI� VLPXODWHG

FKDQJHV�LQ�DOO�IRRGV�FRQVXPHG��LW�LV�VWUDLJKWIRUZDUG�WR�FRQVWUXFW�HVWLPDWHV�RI�WKH�LPSDFWV

RQ� QXWULWLRQDO� FRQVXPSWLRQ� UHVXOWLQJ� IURP� WKH� IHGHUDO� GDLU\� SURJUDP�� ,� JHQHUDWHG� WKHVH

FKDQJHV�IRU�HDFK�\HDU�RYHU�WKH�SHULRG����������$V�ZH�PLJKW�H[SHFW��JLYHQ�WKH�VPDOO�SHU�

FHQWDJH�FKDQJHV� LQ� IRRG�FRQVXPSWLRQ�� WKH�QXWULWLRQDO� LPSOLFDWLRQV�RI� WKH�GDLU\�SURJUDP

DSSHDU� WR� EH� UHODWLYHO\� PLQRU�� :LWK� WKH� GDLU\� SURJUDP� LQ� SODFH�� DYHUDJH� SHUFHQWDJH

FKDQJHV� LQ�QXWULHQW� FRQVXPSWLRQ� OHYHOV� DUH� DV� IROORZV�� FDORULHV� DQG�SURWHLQ� LQFUHDVH� E\

OHVV�WKDQ�������IDW�GHFUHDVHV�E\�������FDUERK\GUDWHV�LQFUHDVH�E\�������FDOFLXP�GHFUHDVHV

E\� ������ SKRVSKRURXV� LV� XQFKDQJHG�� LURQ� LQFUHDVHV� E\� ������PDJQHVLXP� LQFUHDVHV� E\

������YLWDPLQ�$�GHFUHDVHV�E\�������WKLDPLQ�GHFUHDVHV�E\�������ULERIODYLQ�GHFUHDVHV�E\

OHVV�WKDQ�������QLDFLQ�LQFUHDVHV�E\�������YLWDPLQ�%��LQFUHDVHV�E\�OHVV�WKDQ�������YLWDPLQ

%���GHFUHDVHV�E\�������YLWDPLQ�&�GHFUHDVHV�E\�������]LQF�LV�XQFKDQJHG��DQG�FKROHVWHURO

GHFUHDVHV�E\�������7KHVH�RUGHUV�RI�PDJQLWXGH�DUH�VXIILFLHQWO\�VPDOO�WKDW��IRU�DOO�SUDFWLFDO

SXUSRVHV��WKH�QXWULWLRQDO�FRQVHTXHQFHV�RI�WKH�GDLU\�SURJUDP�PD\�QRW�EH�D�SULPDU\�FRQFHUQ

LQ�WKH�RQJRLQJ�SROLF\�GHEDWH�

,W� LV�DOVR�VWUDLJKWIRUZDUG�WR�HVWLPDWH�WKH�FRQVXPHU�ZHOIDUH�HIIHFWV�RI� WKH�UHODWLYH

SULFH� GLVWRUWLRQV� FUHDWHG� E\� WKH� GDLU\� SURJUDP�� 7KH� FRPSHQVDWLQJ� YDULDWLRQ�PHDVXUH� LV



��

EDVHG� RQ� HTXDWLRQ� ������ DERYH�� RU� DOWHUQDWLYHO\� ZH� FRXOG� XVH� WKH� HTXLYDOHQW� YDULDWLRQ

PHDVXUH��ZKLFK�LQ�WKLV�FDVH�LV�GHILQHG�E\
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,Q� HDFK�\HDU�� WKH� WZR�ZHOIDUH�PHDVXUHV� DUH�ZLWKLQ� �����RI� HDFK� DQRWKHU� LQ� WKH� SUHVHQW

SUREOHP��VR�,�FRQFHQWUDWH�RQ�FRPSHQVDWLQJ�YDULDWLRQ��)LJXUH���GHSLFWV�WKH�WRWDO�8�6��FRQ�

VXPHU�ZHOIDUH�FRVWV�RI�WKH�GDLU\�PDUNHW�SULFH�GLVWRUWLRQV�LQ�PLOOLRQV�RI������GROODUV�SHU

\HDU��REWDLQHG�E\�PXOWLSO\LQJ�WKH�SHU�FDSLWD�PHDVXUH�E\�WKH�8�6��SRSXODWLRQ�LQ�HDFK�\HDU�

7KH�FRPSHQVDWLQJ�YDULDWLRQ�PHDVXUH�RI�FRQVXPHU�ORVVHV�LV�TXLWH�YRODWLOH��DV�LV�WKH�FRUUH�

VSRQGLQJ�HTXLYDOHQW�YDULDWLRQ�PHDVXUH��7KH�QRWDEOH�H[FHSWLRQV�WR�SRVLWLYH�ORVVHV�WR�FRQ�

VXPHUV�DUH������DQG�������ZKHQ�WKH�SULFH�VXSSRUWV�ZHUH�QRW�ELQGLQJ�GXULQJ�WKH�SHULRG�RI

UDSLG�FRPPRGLW\�SULFH�LQIODWLRQ�IROORZLQJ�WKH�23(&�HPEDUJR��DQG�WKH�SHULRG�IURP�����

WKURXJK�������,Q�WKLV�ODWWHU�SHULRG�� WKH�SULFH�VXSSRUW� OHYHO�IRU�PDQXIDFWXULQJ�JUDGH�PLON

KDV�IDOOHQ�LQ�UHDO�WHUPV�WR�D�YHU\�ORZ�OHYHO�DQG�FRQVXPHUV�PD\�QRZ�EH�QHW�EHQHILFLDULHV�RI

WKH�H[FHVV�VXSSO\�SUREOHPV�WKDW�SODJXHG�WKH�GDLU\�LQGXVWU\�WKURXJKRXW�PRVW�RI�WKH�����¶V�

1HYHUWKHOHVV��WKH�DYHUDJH�DQQXDO�FRPSHQVDWLQJ�YDULDWLRQ�IRU�WKH�UHODWLYH�SULFH�GLVWRUWLRQV

RYHU�WKH����\HDU�SHULRG�IURP���������LV�MXVW�RYHU�RQH�ELOOLRQ�GROODUV��LQ������GROODUV��XV�

LQJ� WKH�QRQIRRG�&3,� WR� DGMXVW� IRU� LQIODWLRQ��� ,Q� ������ WKLV� HFRQRPLF� FRVW� DSSURDFKHG� �

ELOOLRQ������GROODUV�SHU�\HDU�
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���&RQFOXVLRQV

7KLV�SDSHU�SUHVHQWV�UHVXOWV�RQ�DQ�HFRQRPHWULF�PRGHO�RI�SHU�FDSLWD�IRRG�FRQVXPSWLRQ�DQG

QXWULWLRQDO�LQWDNH�IRU�WKH�8QLWHG�6WDWHV��7KH�PRGHO�LV�IXOO\�FRQVLVWHQW�ZLWK�HFRQRPLF�WKH�

RU\�� WKH�FRQVXPSWLRQ�RI�IRRGV�IRU�ERWK�QXWULWLRQ�DQG� WDVWH��DQG�VWULFW�DJJUHJDWLRQ�DFURVV

LQFRPH�� GHPRJUDSKLF� IDFWRUV�� DQG� YDU\LQJ� PLFUR�SDUDPHWHUV�� ([SOLFLW� SDUDPHWULF� VROX�

WLRQV�IRU� WKH�JOREDO� LPSRVLWLRQ�RI� WKH�QHFHVVDU\�DQG�VXIILFLHQW�FRQGLWLRQV� IRU�ZHDN� LQWH�

JUDELOLW\�ZHUH�GHULYHG�DQG�LPSOHPHQWHG��7KH�HPSLULFDO�DSSOLFDWLRQ�HVWLPDWHV�D�V\VWHP�RI

GHPDQGV� IRU� WZHQW\�RQH� IRRG� LWHPV� XVLQJ� DQQXDO� 8�6�� SHU� FDSLWD� WLPH� VHULHV� GDWD� IRU

�����������7KH�HPSLULFDO�SURSHUWLHV�RI�WKH�PRGHO�RYHUDOO�DUH�TXLWH�HQFRXUDJLQJ��5HVXOWV

RI�WKH�K\SRWKHVLV�WHVWV�RI�WKH�UHVWULFWLRQV�UHTXLUHG�IRU�HFRQRPLF�WKHRU\�VXJJHVW�WKDW�WKHVH

FRQGLWLRQV�DUH�UHDGLO\�DFFRPPRGDWHG�E\�WKLV�GDWD�VHW�DQG�WKLV�PRGHO�VWUXFWXUH��7KLV�LV�DQ

HQFRXUDJLQJ�UHVXOW�JLYHQ�WKH�UHVWULFWLYH�QDWXUH�RI�WKH�PRGHO�VWUXFWXUH�WKDW�LV�UHTXLUHG�IRU

VWULFW�DJJUHJDWLRQ��7KLV�PRGHO�RIIHUV�D�UHDVRQDEOH��FRKHUHQW�DSSURDFK�WR�VWXG\LQJ�WKH�ILUVW�

RUGHU�FRQVXPHU�HIIHFWV�RI�FKDQJHV�LQ�IDUP�DQG�IRRG�SROLFLHV�LQ�WKH�8QLWHG�6WDWHV��)LQDOO\�

WKH�SDSHU�UHSRUWV�DQ�DSSOLFDWLRQ�RI�WKH�PRGHO�WR�DQ�DQDO\VLV�RI�WKH�FRQVXPSWLRQ��QXWULWLRQ�

DQG�FRQVXPHU�ZHOIDUH�HIIHFWV�RI�WKH�8�6��GDLU\�SURJUDP�RYHU�WKH�SHULRG����������'XH�WR

WKH�UHODWLYHO\�LQHODVWLF�QDWXUH�RI�WKH�GHPDQG�IXQFWLRQV�IRU�GDLU\�SURGXFWV��WKH�TXDQWLW\�HI�
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Table 1. Nutrient Content of U.S. Foods.

Calories Protein  Fat Carbos Calcium Phosph Iron Magnes A Thiamin Riboflav Niacin  B6 B12  C  Zinc  Choles

kilo-cals  grams grams  grams mil grm mil grm mil grm mil grm ret mil grm mil grm mil grm mil grm mil grm mil grm mil grm mil grm
/ lb. / lb. / lb. / lb. / lb. / lb. / lb. / lb. / lb. / lb. / lb. / lb. / lb. / lb. / lb. / lb. / lb.

                                                                                                                                                                                                                                                                                                                                                                

Milk 280.2 14.92 14.92 22.20 522.6 426.6 0.26 60.9 100.2 0.179 0.753 0.38 0.195 1.72 4.4 1.79 55.9

Butter 3259.4 4.44 369.15 6.10 110.5 110.3 1.03 9.7 2529.7 0.034 0.162 0.37 0.031 0.60 0.0 0.24 930.0

Cheese 1348.0 102.86 98.69 9.65 2311.3 1765.3 2.27 95.7 589.2 0.117 1.395 0.54 0.355 4.25 0.0 10.66 294.4

Ice Cream 450.9 15.20 33.72 21.25 511.5 408.0 0.22 47.4 222.3 0.187 0.671 0.31 0.155 1.85 2.9 1.76 80.7

Canned & Dry Milk 899.1 63.11 19.01 119.88 2306.0 2013.0 1.36 262.3 144.2 1.535 3.634 2.07 0.769 6.13 14.0 7.08 84.0

Beef & Veal 1053.3 75.72 80.79 0.00 43.1 700.6 11.27 73.5 27.0 0.351 0.695 18.17 1.378 6.24 0.0 14.05 232.6

Pork 1972.6 59.47 189.12 2.49 42.3 674.4 8.54 72.1 0.0 2.919 0.720 14.81 1.260 5.05 0.0 6.34 264.1

Other Red Meat 840.8 93.78 47.34 8.78 120.4 966.8 13.10 82.9 6757.2 0.892 4.530 30.12 1.828 90.36 31.7 16.34 808.2

Fish 863.3 112.74 39.40 3.02 310.7 1307.4 6.92 164.0 121.7 0.331 0.685 30.68 1.839 27.72 3.5 12.69 363.2

Poultry 648.8 61.48 42.52 0.88 37.5 520.1 4.52 63.3 465.0 0.237 0.745 19.11 1.199 4.51 7.4 5.52 272.4

Fresh Citrus Fruit 108.9 1.84 0.47 27.08 53.8 44.1 0.82 31.2 75.7 0.194 0.064 0.71 0.179 0.00 112.2 0.38 0.0

Other Fresh Fruit 251.5 2.89 1.81 64.16 39.3 74.4 2.03 62.3 459.8 0.171 0.181 1.93 0.751 0.00 42.6 0.49 0.0

Fresh Vegetables 177.3 8.53 1.20 38.94 155.2 212.5 3.50 111.5 1344.1 0.390 0.339 3.06 0.680 0.00 121.0 1.30 0.0

Potatoes 331.8 8.25 0.66 73.45 34.7 196.4 2.41 83.1 328.7 0.385 0.138 5.44 0.835 0.00 62.6 1.54 0.0

Processed Fruit 227.7 8.42 0.99 52.63 89.7 170.3 4.84  74.7 956.2 0.325 0.243 3.92 0.556 0.00 64.4 1.48 0.0

Proc. Vegetables 713.4 34.31 29.60 90.93 210.8 620.0 9.98 257.4 825.3 0.891 0.435 11.11 0.998 0.00 54.6 4.20 0.0

Fats & Oils 3834.0 0.94 429.36 0.78 0.0 0.0 0.00 0.0 543.9 0.000 0.000 0.00 0.000 0.00 0.0 0.13 101.4

Eggs 634.4 49.57 44.38 3.67 211.4 760.6 7.97 42.5 631.3 0.401 1.298 0.33 0.475 7.30 0.0 4.69 1964.1

Cereal 1705.3 47.09 5.57 361.73 81.1 495.8 12.45 151.4 14.3 1.987 1.083 14.95 0.471 0.04 1.9 3.96 0.0

Sugar 1684.0 0.08 0.00 441.08 9.7 3.8 0.58 3.2 0.0 0.003 0.010 0.03 0.004 0.00 0.1 0.06 0.0

Coffee, Tea & Cocoa 497.4 10.31 9.67 29.25 101.6 383.5 6.58 307.1 68.74 0.03 0.28 3.84 0.0 0.00 0.0 0.10 0.0

                                                                                                                                                                                                                         



Table 2. System Model Diagnostics.

With World War II Without World War II

                              UNR                SYM                Q-C                 UNR                SYM                 Q-C       

s(S) 1515.9 1361.9 1321.8 1415.7 1228.1 1249.3

ρ -.124 -.044 -.0055 -.135 -.039 -.027
σρ .026 .027 .028 .027 .029 .029
tρ 4.78 1.61 0.20 5.02 1.35 0.94

η3 .070 .0083 .011 .147 .045 .066
ση3

.061 .061 .061 .063 .063 .063

t η3
1.14 0.14 0.18 2.31 0.71 1.05

η4 .200 .658 .631 .451 .675 .628
ση4

.123 .123 .123 .127 .127 .127

t η4
1.63 5.37 5.13 3.55 5.32 4.94

J-B χ2(2) 3.94 28.84 26.35 17.96 28.80 25.51
P-value 0.14 5.5×10-7 1.9×10-6 1.3×10-4 5.6×10-7 2.9×10-6

Expenditure Exogeneity Tests

�u 1.696 3.398 3.506 1.624 5.150 5.061
σ

�u .340 1.016 1.001 .343 1.364 1.332

t
u� 4.986 3.344 3.503 4.739 3.776 3.800

P-value 3.1×10-6 4.1×10-4 2.3×10-4 1.1×10-5 8.0×10-5 7.2×10-5

F-Tests

Separability1.55 1.57
P-value .05 .05

Theory 1.09 1.84 1.18 1.12
P-value .20 9.7×10-11 .06 .12

Systemwide Stability Tests

1st  Moment
max|BT(z)| .39 .40 .66 .41 .42 .47
P-value .998 .997 .78 .996 .995 .98

2nd  Moment
max|BT(z)| .55 1.87 1.69 1.36 1.22 1.06
P-value .92 .002 .007 .05 .10 .22

                                                                                                                                 

UNR, SYM, and Q-C are unrestricted, symmetric, and quasi-concave, respectively; s(S) is the second
round error sum of squares; ρ is the first order autocorrelation coefficient; η3 is the coefficient of skew-



ness; η4 is the coefficient of excess kurtosis; and J-B χ2(2) is the Jarque-Bera test for normality.



Table 3. Single Equation Model Diagnostics, Globally Quasi-Concave Specification.

With World War II Without World War II

R2 T i i
� �ε σσ max ( )

0 1≤ ≤z
iTB z R2 T i i

� �ε σσ max ( )
0 1≤ ≤z

iTB z
                                                                                                                                 

Fresh Milk & Cream .9953 .325 .616 .9973 .122 .326

Butter .9914 -.171 .649 .9965 -.164 .463

Cheese .9952 -.060 .907 .9983 -.026 .529

Frozen Dairy Products .9580 -.470 .619 .9877 -.190 .402

Other Dairy Products .9139 -.027 .509 .9867 .073 .507

Beef & Veal .9885 -.342 1.47 .9951 -.058 .438

Pork .9521 -.116 1.09 .9747 .043 .561

Other Meat .9567 -.0011 .646 .9590 .032 .380

Fish .9883 -.307 .922 .9949 .148 .447

Poultry .9746 .042 .634 .9893 .171 .607

Fresh Citrus Fruit .8259 .316 1.15 .6717 .301 .728

Fresh Noncitrus Fruit .9039 -.420 1.22 .9487 -.297 .560

Fresh Vegetables .9868 .0091 .566 .9882 -.137 .346

Potatoes .9368 .410 1.15 .9648 .240 .807

Processed Fruit .9824 -.070 .816 .9882 -.020 .518

Processed Vegetables .9716 -.100 .636 .9891 -.124 .426

Fats & Oils .9605 -.387 .530 .9737 -.124 .394

Eggs .9951 -.351 .600 .9989 -.240 .473

Cereal Products .9666 1.7×10-4 .494 .9889 -.082 .413

Sugar .9780 -.275 .782 .9878 -.243 .478

Coffee, Tea, & Cocoa .9694 -.470 1.02 .9803 -.242 .493

                                                                                                                                 



Table 4. Demographics and Habits, Quasi-Concave Specification with World War II Excluded.

            Age Distribution                      Ethnicity        Habit

Constant Average Variance Skewness Black Others xt-1                                                                                                                                                                    

Fresh Milk 374.1 -2.277 3.334 -.7492 -20.42 -3.503 .3680
& Cream (79.38) (2.419) (0.673) (.7256) (13.43) (9.101) (.0577)

Butter 4.975 .0268 -.2941 -.0263 1.222 -2.2417 .7394
(13.61) (.2576) (.0917) (.0785) (1.922) (1.160) (.0840)

Cheese -16.21 .6015 -.1178 .0795 .2766 3.090 .5023
(11.65) (.3331) (.0798) (.0846) (1.883) (1.322) (.1090)

Frozen Dairy -39.11 .0238 .8168 .0291 1.036 .7565 .3924
Products (27.78) (.7482) (.2791) (.1956) (4.214) (2.674) (.1204)

Other Dairy 34.47 -.2323 1.097 -.4906 -3.843 .8026 .3123
Products (24.15) (.7751) (.2870) (.1816) (4.511) (2.492) (.1345)

Beef & Veal -377.7 1.801 1.859 -.0224 31.75 -21.30 .0206
(29.42) (.8655) (.2144) (.2424) (5.089) (3.395) (.0471)

Pork 151.0 .9419 .9444 .1261 -16.34 5.227 .0758
(27.13) (.8654) (.2288) (.2402) (4.947) (3.285) (.0396)

Other Meat 27.33 .1009 -.0149 .0907 -1.812 -.0203 .0727
(13.13) (.4196) (.1134) (.1117) (2.419) (1.563) (.1251)

Fish 42.94 .2894 -.1963 .1513 -4.272 5.653 .2578
(12.23) (.3341) (.0812) (.0904) (1.988) (1.348) (.0856)

Poultry 31.00 .0496 .2493 .0662 -3.797 12.92 .5027
(20.66) (.5240) (.1646) (.1441) (3.321) (2.863) (.0753)

Fresh Citrus 69.05 6.657 -.3189 .1289 -22.90 6.247 -.0509
Fruit (40.34) (1.444) (.3063) (.3339) (7.486) (4.749) (.0933)

Fresh Non- 1060.5 -4.393 -4.086 .5838 -67.74 59.81 -.4825
Citrus Fruit (97.33) (2.474) (.6862) (.6709) (15.08) (10.52) (.0756)

Fresh 221.1 7.054 .3274 1.508 -45.84 34.11 .1745
Vegetables (50.57) (1.554) (.3485) (.3852) (8.965) (5.937) (.0929)

Potatoes 575.1 -9.599 -2.288 .0084 -5.856 18.17 -.0283
(99.17) (2.806) (.6742) (.7207) (15.78) (9.994) (.0943)

                                                                                                                                                                  

Numbers in parentheses are asymptotic standard errors.



Table 4, continued.

            Age Distribution                      Ethnicity        Habit

Constant Average Variance Skewness Black Others xt-1                                                                                                                                                                    

Processed -210.4 3.128 1.248 .2809 7.200 2.189 .2783
Fruit (41.89) (1.062) (.2697) (.2948) (6.499) (4.287) (.0753)

Processed 41.94 7.004 -.3176 1.803 -28.89 20.99 .3156
Vegetables (44.17) (1.455) (.3406) (.3598) (7.324) (4.813) (.0677)

Fats & Oils 22.08 3.297 -.2674 .9019 -12.80 15.66 .2192
(23.39) (.7035) (.1852) (.1940) (4.065) (2.999) (.0790)

Eggs 54.11 -.7929 .3898 -.1679 -2.399 -.4565 .7207
(16.58) (.4156) (.1562) (.1098) (2.652) (1.757) (.0631)

Cereal 1074.9 -9.290 -4.503 .1861 -47.94 51.32 .2835
Products (125.8) (2.631) (.7121) (.6382) (13.74) (9.412) (.0881)

Sugar 186.8 6.610 -2.381 1.791 -26.13 24.17 .0388
(53.46) (1.738) (.3701) (.4986) (10.19) (6.890) (.0589)

Coffee, Tea 22.33 .7490 .2174 -.0055 -4.127 1.595 .2142
& Cocoa (9.056) (.3007) (.0716) (.0781) (1.662) (1.109) (.0600)

Nonfood -4017.5 317.5 14.67 88.94 -907.7 1273.5 ---
Expenditure (1238.0) (38.21) (11.42) (9.828) (185.4) (139.8) ---
                                                                                                                                                                    

Numbers in parentheses are asymptotic standard errors.



Table 5. Negative Inverse Hessian of the Food Sector’s Subutility Function, Quasi-Concave Specification with World War II Excluded.

Milk & Frozen Other Beef & Other
                                    Cream          Butter          Cheese          Dairy            Dairy             Veal             Pork             Meat             Fish           Poultry

Fresh Milk .721
& Cream (.129)

Butter .00716 .00511
(.00646) (.00103)

Cheese .00105 -.00102 .00447
(.0101) (.00087) (.00160)

Frozen Dairy -.0659 -.00235 -.00699 .142
Products (.0391) (.00281) (.00469) (.0302)

Other Dairy -.119 -.00456 -.00697 .0125 .0704
Products (.0403) (.00290) (.00415) (.0189) (.0241)

Beef &  Veal -.0279 .00250 -.00369 .00694 .0107 .0617
(.0104) (.00096) (.00135) (.00402) (.00371) (.00564)

Pork .0100 -.00167 -.00499 .00742 .00764 -.0195 .0904
(.0127) (.00140) (.00185) (.00506) (.00472) (.00312) (.00834)

Other Meat .0305 -.00131 -.00071 -.0103 -.0137 -.0147 -.0106 .0376
(.0162) (.00110) (.00185) (.00700) (.00654) (.00237) (.00252) (.00512)

Fish .0211 -.00271 .00418 -.00179 -.00536 -.00310 -.00680 -.00051 .00610
(.0086) (.00081) (.00111) (.00428) (.00383) (.00124) (.00176) (.00176) (.00139)

Poultry -.0664 .00033 .00258 -.0133 .00167 -.00550 -.00449 .00220 .00197 .0209
(.0138) (.00140) (.00189) (.00542) (.00567) (.00210) (.00310) (.00267) (.00172) (.00347)

Fresh Citrus .00608 -.00022 .00063 -.00152 -.00075 -.00152 -.00837 .00103 .00086 -.00972
Fruit (.0211) (.00251) (.00255) (.00751) (.00698) (.00466) (.00605) (.00328) (.00207) (.00556)
                                                                                                                                                                                                                                        



Table 5, Continued.

Milk & Frozen Other Beef & Other
                                    Cream          Butter          Cheese          Dairy            Dairy             Veal             Pork             Meat             Fish           Poultry

Fresh Non- -.0934 -.0113 .00422 -.0704 .0192 -.0197 -.0248 -.0230 .00820 .0207
Citrus  Fruit (.0502) (.00492) (.00692) (.0241) (.0192) (.00988) (.0131) (.00968) (.00651) (.00951)

Fresh .0445 -.0109 .00033 .0256 .0155 -.00150 .0127 -.00893 .00771 -.00440
Vegetables (.0367) (.00340) (.00436) (.0163) (.0153) (.00576) (.00783) (.00796) (.00407) (.00653)

Potatoes -.0212 .00887 -.00313 -.0178 .0130 -.00574 -.00284 .00138 -.00754 -.0110
(.0487) (.00533) (.00704) (.0162) (.0169) (.00945) (.0125) (.00794) (.00647) (.0119)

Processed -.00756 -.00406 .00048 -.0196 -.00406 .00118 .00687 -.00545 -.00045 -.00567
Fruit (.0160) (.00163) (.00223) (.00701) (.00612) (.00344) (.00436) (.00277) (.00202) (.00335)

Processed .0130 .00394 .00169 .0445 -.00252 -.0236 -.0217 .0117 .0101 .0209
Vegetables (.0406) (.00300) (.00464) (.0187) (.0176) (.00507) (.00650) (.00748) (.00415) (.00641)

Fats & Oils .0177 -.00329 .00930 -.0209 -.0177 -.0145 -.0109 .00763 .00867 .00758
(.0171) (.00156) (.00212) (.00894) (.00735) (.00283) (.00378) (.00330) (.00204) (.00302)

Eggs .0290 .00056 -.00172 -.00687 .00433 -.00116 .00478 -.00685 -.00321 -.00959
(.0146) (.00129) (.00188) (.00598) (.00611) (.00175) (.00278) (.00270) (.00164) (.00260)

Cereal Products -.256 .00083 -.00320 .0245 .0221 -.0293 -.0226 .00462 -.00690 .0363
(.0991) (.00663) (.00918) (.0404) (.0360) (.0108) (.0135) (.0172) (.00838) (.0134)

Sugar -.0334 .00740 .00339 .00452 .0186 -.0179 -.00985 .00534 -.00156 .0153
(.0270) (.00266) (.00352) (.00777) (.00819) (.00542) (.00662) (.00479) (.00347) (.00534)

Coffee, Tea -.00406 -.00024 -.00075 .00231 .00185 .00016 .00179 .00031 -.00051 .00022
Cocoa (.00288) (.00035) (.00039) (.00112) (.00102) (.00074) (.00092) (.00048) (.00035) (.00095)
                                                                                                                                                                                                                                        



Table 5, Continued.

Fresh Fresh Fats Flour Coffee,
Citrus Noncitrus Fresh Processsed  Processed & & Tea &

                              Fruits           Fruits       Vegetables     Potatoes          Fruit        Vegetables         Oils              Eggs           Cereals          Sugar           Cocoa

Fresh Citrus .0448
Fruit (.0106)

Fresh Non- .00325 .260
Citrus  Fruit (.0210) (.0586)

Fresh -.0176 .0199 .0636
Vegetables (.0108) (.0288) (.0211)

Potatoes .0276 .0485 -.0534 .372
(.0218) (.0495) (.0325) (.0747)

Processed .0200 .0198 -.0166 .0132 .0419
Fruit (.00786) (.0157) (.00954) (.0171) (.00811)

Processed -.0111 -.00378 .00816 -.0132 -.0288 .124
Vegetables (.00945) (.0241) (.0169) (.0232) (.00900) (.0270)

Fats & Oils .00411 .0181 -.00275 .00822 .00650 .00454 .0244
(.00570) (.0125) (.00835) (.0126) (.00390) (.00864) (.00565)

Eggs -.00071 .0225 .0105 -.0296 .00128 -.0208 -.00563 .0244
(.00477) (.00898) (.00689) (.00952) (.00302) (.00654) (.00304) (.00397)

Cereeal -.0167 .161 -.00179 .00087 -.0218 .0419 .00410 .0206 .276
Products (.0186) (.0502) (.0332) (.0501) (.0169) (.0377) (.0166) (.0147) (.110)

Sugar -.0152 -.0543 -.00448 -.0521 -.0128 .0393 .00670 .00812 .0247 .119
(.0109) (.0219) (.0161) (.0265) (.00890) (.0121) (.00538) (.00419) (.0273) (.0194)

Coffee, Tea .00534 -.00465 .00370 .00534 -.00076 -.00287 -.00087 -.00129 -.00416 .00048 .00415
&  Cocoa (.00189) (.00363) (.00194) (.00350) (.00141) (.00133) (.00084) (.000637) (.00281) (.00179) (.00051)
                                                                                                                                                                                                                                                      


