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6XPPDU\�� 6HYHUDO� PHWKRGV� DUH� DYDLODEOH� IRU� OLQNLQJ� TXDUWHUO\� LQGLFHV� WR� D�

FKDLQHG� LQGH[� WKDW� LV� FRQVLVWHQW� ZLWK� WKH� LQGHSHQGHQWO\� HVWLPDWHG� DQQXDOO\�

FKDLQHG� LQGH[�� 6WDWLVWLFV� 1HWKHUODQGV� SUHVHQWO\� XVHV� WKH� VR� FDOOHG� RYHU�WKH�

\HDU� PHWKRG�� ,Q� D� PHHWLQJ� RI� WKH� (XURVWDW� :RUNLQJ� *URXS� RQ� 1DWLRQDO�

$FFRXQWV� LQ� )HEUXDU\� ����� WKLV� WHFKQLTXH� ZDV� VKDUSO\� FULWLFL]HG�� RI� DOO�

DYDLODEOH� WHFKQLTXHV� WKH� RYHU�WKH�\HDU� PHWKRG� LV� WKH� OHDVW� VXLWDEOH� IRU�

FDOFXODWLQJ�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWHV��7KH�TXDUWHU�RQ�TXDUWHU�JURZWK�

UDWHV�DUH�FRQVLGHUHG�PRVW�LPSRUWDQW�ILJXUHV�IRU�EXVLQHVV�F\FOH�DQDO\VLV���

,Q�WKLV�GLVFXVVLRQ�SDSHU�WKUHH�OLQNLQJ�PHWKRGV�DUH�FRPSDUHG�RQ�WKH�EDVLV�RI�

WKHLU� PDWKHPDWLFDO� SURSHUWLHV� DQG� WKH� GLIIHUHQFHV� WKDW� DULVH� ZKHQ� DSSO\LQJ�

WKH�PHWKRGV�WR�WKH�'XWFK�TXDUWHUO\�QDWLRQDO�DFFRXQWV�LQ�WKH�SHULRG������,�WR�

�����,,�� 7KH� FRQFOXVLRQ� LV� WKDW� LQGHHG�� WKH� RYHU�WKH�\HDU� PHWKRG� LV� QRW�

VXLWDEOH� IRU� FRQVWUXFWLQJ� D� FKDLQHG� LQGH[�DQG� VKRXOG� QRW� EH� XVHG� IRU� FKDLQ�

OLQNLQJ� TXDUWHUO\� QDWLRQDO� DFFRXQWV�� :H� UHFRPPHQG� WKDW� WKH� RQH�TXDUWHU�

RYHUODS� PHWKRG�� WRJHWKHU� ZLWK� WKH� 'HQWRQ� EHQFKPDUNLQJ� PHWKRG�� LV� XVHG�

LQVWHDG�RI�WKH�RYHU�WKH�\HDU�WHFKQLTXH��

.H\ZRUGV�� TXDUWHUO\� QDWLRQDO� DFFRXQWV�� OLQNLQJ� PHWKRGV�� HFRQRPLF� JURZWK��

EXVLQHVV�F\FOH�
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��� ,QWURGXFWLRQ�

7KHUH� DUH� VHYHUDO�PHWKRGV� IRU� OLQNLQJ� TXDUWHUO\� LQGLFHV� WR� D� FKDLQHG� LQGH[� WKDW� LV�

FRQVLVWHQW�ZLWK�WKH�LQGHSHQGHQWO\�HVWLPDWHG�DQQXDO�LQGH[��$W�6WDWLVWLFV�1HWKHUODQGV�

SUHVHQWO\� WKH� VR�FDOOHG�RYHU�WKH�\HDU�PHWKRG� LV�XVHG�� ,Q� D�PHHWLQJ�RI� WKH�(XURVWDW�

:RUNLQJ�*URXS�RQ�1DWLRQDO�$FFRXQWV�LQ�)HEUXDU\������WKLV�WHFKQLTXH�ZDV�VKDUSO\�

FULWLFL]HG��RI�DOO�DYDLODEOH� WHFKQLTXHV�WKH�RYHU�WKH�\HDU�PHWKRG�LV� WKH� OHDVW�VXLWDEOH�

IRU�FDOFXODWLQJ�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWHV��7KH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWHV�

DUH�FRQVLGHUHG�WKH�PRVW�LPSRUWDQW�ILJXUHV�IRU�EXVLQHVV�F\FOH�DQDO\VLV��

,Q� WKLV� GLVFXVVLRQ� SDSHU� ZH� OLVW� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� WKUHH� PHWKRGV��

7KHVH�DUH�WKH�RYHU�WKH�\HDU�PHWKRG��WKH�DQQXDO�RYHUODS�PHWKRG�DQG�WKH�RQH�TXDUWHU�

RYHUODS�PHWKRG��$V�FRQVLVWHQF\�ZLWK� WKH� DQQXDOO\� FKDLQHG� LQGH[� LV�D�PDMRU�SRLQW��

EHQFKPDUNLQJ� LV� DOVR� GLVFXVVHG�� %RWK� PDWKHPDWLFDO� DQG� SUDFWLFDO� DVSHFWV� ZLOO� EH�

FRQVLGHUHG���

7KLV�SDSHU�URXJKO\�FRQVLVWV�RI�WKUHH�SDUWV��:H�ILUVW�WU\�WR�DQVZHU�WKH�TXHVWLRQ�ZKDW�

WKH� FKDLQHG� LQGLFHV� DUH� VXSSRVHG� WR� PHDVXUH�� 7KHUHIRUH� ZH� EULHIO\� H[DPLQH� WKH�

TXDUWHUO\�QDWLRQDO�DFFRXQWV�LQ�6HFWLRQ����DV�WKHVH�OLH�DW�WKH�EDVH�RI�WKH�H[SHQGLWXUHV�

RI�ZKLFK�ZH�ZDQW�WR�PHDVXUH�WKH�JURZWK�UDWHV��,Q�VHFWLRQ���ZH�GLVFXVV�WKH�SXUSRVH�

RI�D�TXDUWHUO\�FKDLQHG�TXDQWLW\�LQGH[���

7KH� QH[W� SDUW� ZLOO� GLODWH� XSRQ� WKH� PDWKHPDWLFV� EHKLQG� WKH� OLQNLQJ� PHWKRGV�� ,Q�

VHFWLRQ���ZH�ZLOO� JR� WKURXJK� WKH� IRUPXODV� DQG� VKRZ� WKH�SURSHUWLHV� RI� WKH� OLQNLQJ�

PHWKRGV��7KHVH�SURSHUWLHV�DUH�LOOXVWUDWHG�ZLWK�H[DPSOHV�LQ�VHFWLRQ�����

7KH�WKLUG�SDUW�FRQVLVWV�RI�VHFWLRQ���DQG�WKH�DSSHQGLFHV��,Q�WKLV�VHFWLRQ�ZH�ZLOO�VKRZ�

WKDW�WKH�GLIIHUHQW�WHFKQLTXHV�OHDG�WR�GLIIHUHQW�JURZWK�UDWHV�ZKHQ�DSSOLHG�WR�UHDO�GDWD��

7KH�GDWD�WR�ZKLFK�ZH�DSSO\�WKH�OLQNLQJ�PHWKRGV�DUH�WKH�ILQDO�H[SHQGLWXUH�FDWHJRULHV�

WDNHQ�IURP�WKH�'XWFK�TXDUWHUO\�QDWLRQDO�DFFRXQWV�IURP������,�WR������,,���

)LQDOO\��LQ�VHFWLRQ���ZH�SUHVHQW�RXU�FRQFOXVLRQV���
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��� 4XDUWHUO\�QDWLRQDO�DFFRXQWV�

7KH�PDLQ� XVH� RI� TXDUWHUO\� QDWLRQDO� DFFRXQWV� LV� NHHSLQJ� WUDFN� RI� UHFHQW� HFRQRPLF�

GHYHORSPHQWV��7KH�SXUSRVH�RI�WKH�TXDUWHUO\�QDWLRQDO�DFFRXQWV�LV�SUHVHQWLQJ�VKRUW�UXQ�

EXVLQHVV�F\FOH�LQIRUPDWLRQ�LQ�D�PXWXDOO\�FRKHUHQW�ZD\��,Q�WKH�1HWKHUODQGV�D�V\VWHP�

RI� VXSSO\� DQG� XVH� WDEOHV� LV� XVHG�� VLPLODU� WR� WKH� DQQXDO� QDWLRQDO� DFFRXQWV�� ,Q�

FRPSDULVRQ�ZLWK� WKH� ODWWHU�� WKH� TXDUWHUO\� QDWLRQDO� DFFRXQWV� DUH� HVWLPDWHG� DW� D� OHVV�

GHWDLOHG�DJJUHJDWLRQ�OHYHO��

)RU� HDFK� TXDUWHU� DQ� HVWLPDWH� RI� WKH� PRVW� LPSRUWDQW� PDFUR�HFRQRPLF� YDULDEOHV� LV�

SXEOLVKHG�WZLFH��$PRQJ�WKHVH�YDULDEOHV�DUH�WKH�JURVV�GRPHVWLF�SURGXFW��*'3���ILQDO�

FRQVXPSWLRQ�� IL[HG� FDSLWDO� IRUPDWLRQ� DQG� IRUHLJQ� WUDGH�� 7KH� ILUVW� SXEOLFDWLRQ� LV�

FDOOHG�WKH�IODVK�HVWLPDWH��,W�LV�SXEOLVKHG�VL[�ZHHNV�DIWHU�WKH�HQG�RI�WKH�TXDUWHU��7KH�

VWDWLVWLFDO�LQIRUPDWLRQ�DYDLODEOH�DW�WKLV�WLPH�RIWHQ�FRYHUV�RQO\�WKH�ILUVW�WZR�PRQWKV�RI�

WKH� TXDUWHU�� 7KH� VHFRQG� HVWLPDWH� LV� FDOOHG� WKH� UHJXODU� HVWLPDWH�� 7KLV� HVWLPDWH� LV�

SXEOLVKHG�WKUHH�PRQWKV�DIWHU�WKH�FORVLQJ�RI�WKH�TXDUWHU��7KH�UHVXOWV�DUH�SXEOLVKHG�RQ�

D GHWDLOHG�OHYHO�LQ�6WDWLVWLFV�1HWKHUODQGV�SXEOLFDWLRQ�µ'H�1HGHUODQGVH�FRQMXQFWXXU¶��

7KH� UDZ� PDWHULDO� XVXDOO\� FRYHUV� DOO� WKUHH� PRQWKV�� \HW� WKH� UHVSRQVH� SHU� LQGXVWU\�

XVXDOO\�LV�QRW�FRPSOHWH���

6LQFH� WKH� XOWLPDWH� JRDO� LV� WR� HVWLPDWH� WKH� YROXPH� JURZWK� RI� PDFUR�HFRQRPLF�

YDULDEOHV�� ZH� XVH� LQIRUPDWLRQ� DERXW� WKH� YROXPH� JURZWK� RI� WKH� PDLQ� RXWSXW� SHU�

LQGXVWU\�� 7KLV� HVWLPDWLRQ� PHWKRG� DYRLGV� PDQ\� SRWHQWLDO� SUREOHPV� ZLWK� FKDQJLQJ�

GHILQLWLRQV�� LQFRPSOHWH� UHJLVWUDWLRQV�� HWFHWHUD�� 7KH� YROXPH� JURZWK� LV� WDNHQ� ZLWK�

UHVSHFW�WR�D�NQRZQ�EDVH�TXDUWHU��7KLV�EDVH�TXDUWHU�LV�WKH�FRUUHVSRQGLQJ�TXDUWHU�LQ�WKH�

SUHFHGLQJ� \HDU�� $V� VRRQ� DV� WKH� VXSSO\� DQG� XVH� WDEOHV� RI� WKH� DQQXDOO\� QDWLRQDO�

DFFRXQWV� RI� WKH� SUHFHGLQJ� \HDU� DUH� FRPSLOHG�� WKH� TXDUWHUO\� WDEOHV� RI� WKDW� \HDU� DUH�

EHQFKPDUNHG�WR�WKH�DQQXDO�WDEOHV���

6HYHUDO� SDUWV� RI� WKH� VXSSO\� DQG� XVH� WDEOHV� KDYH� WR� EH� HVWLPDWHG� ZLWKRXW� DQ\�

LQIRUPDWLRQ�DYDLODEOH��7KHUHIRUH�DVVXPSWLRQV�KDYH�WR�EH�PDGH�RQ�WKHLU�UHODWLRQVKLS�

WR� RWKHU� SDUWV� RI� WKH� VXSSO\� DQG� XVH� WDEOHV�� IRU� ZKLFK� ZH� GR� KDYH� VRXUFHV� RI�

LQIRUPDWLRQ�� $� FHQWUDO� DVVXPSWLRQ� XQGHUO\LQJ� WKH� FRPSLODWLRQ� RI� WKH� TXDUWHUO\�

VXSSO\� DQG� XVH� WDEOHV�� LV� WKDW� LQLWLDOO\� WKH� YROXPH� JURZWK� RI� WKH� LQWHUPHGLDWH�

FRQVXPSWLRQ�SHU�LQGXVWU\�JURXS�LV�HTXDO�WR�WKDW�RI�SURGXFWLRQ��$�VHFRQG�LPSRUWDQW�

DVVXPSWLRQ�LV�WKDW�WKH�YROXPH�JURZWK�RI�DOO�XQNQRZQ�FRPPRGLWLHV�SURGXFHG�LQ�DQ�

LQGXVWU\�JURXS� LV�HTXDO� WR� WKH�YROXPH�JURZWK�RI� WKH�FRPPRGLWLHV� WKDW�ZH�GR�KDYH�

LQIRUPDWLRQ� RI�� 1H[W�� WKH� LPSRUWV� DQG� H[SRUWV� RI� VHUYLFHV� DUH� DVVXPHG� WR� EH�

SURSRUWLRQDO�WR�WKH�SURGXFWLRQ�RI�WKHVH�VHUYLFHV��)LQDOO\��IRU�WD[HV�DQG�VXEVLGLHV�RQ�

SURGXFWV� DQG� WUDGH�PDUJLQV�� WKH� SHUFHQWDJHV� DUH� WDNHQ� IURP� WKH� SUHFHGLQJ� DQQXDO�

QDWLRQDO�DFFRXQWV��
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��� 0HDVXULQJ�HFRQRPLF�GHYHORSPHQWV�

7KH� QRPLQDO� JURZWK� RI� HFRQRPLF� TXDQWLWLHV� FDQ� EH� GHFRPSRVHG� LQ� SULFH� FKDQJHV�

DQG�YROXPH�JURZWK��*HQHUDOO\�D�TXDQWLW\�LQGH[�LV�XVHG�IRU�WKLV��'LUHFWO\�FRPSDULQJ�

TXDQWLWLHV� LQ� WZR� SHULRGV� FDQ� EH� GRQH� E\� YDOXLQJ� ERWK� DW� WKH� VDPH� SULFHV� DQG�

FRPSDULQJ� WKH� UHVXOWV� E\� FDOFXODWLQJ� WKH� UDWLR� RI� WKH� ³FRQVWDQW� SULFH´� YDOXHV�� )RU�

FRPSDULQJ�PRUH� WKDQ� WZR�SHULRGV� WKH� VWDWLVWLFDO� DJHQFLHV�ZLWKLQ� WKH�(8�DJUHHG� WR�

PDNH� XVH� RI� FKDLQHG� LQGLFHV�� +HUH� WKH� SHULRG� RI� ZKLFK� WKH� SULFHV� DUH� WDNHQ� LV�

SHULRGLFDOO\� XSGDWHG� WR� WKH� PRVW� UHFHQW� SHULRG� RI� ZKLFK� SULFH� LQIRUPDWLRQ� LV�

DYDLODEOH��)RU�WKH�DQQXDO�DFFRXQWV�6WDWLVWLFV�1HWKHUODQGV�XVHV�D�FKDLQHG�LQGH[��ZKHUH�

WKH�SULFHV�DUH�WDNHQ�IURP�WKH�SUHFHGLQJ�\HDU����

$� TXDUWHUO\� FKDLQHG� LQGH[� PXVW� JLYH� LQIRUPDWLRQ� RQ� VKRUW� WHUP� HFRQRPLF�

GHYHORSPHQWV�� SUHIHUDEO\� FRQVLVWHQW� ZLWK� WKH� PRUH� DFFXUDWH� ORQJ� WHUP� WUHQG� DQG�

OHYHO� WKDW� WKH� DQQXDO� FKDLQHG� LQGH[� SURYLGHV�� +HUH� D� SUREOHP� DULVHV�� KRZ� GR� ZH�

FRPSDUH�WKH�GHYHORSPHQWV�LQ�FHUWDLQ�TXDUWHUV�WR�WKH�DQQXDO�GHYHORSPHQW"�4XDUWHUV�

DUH�PRUH�GLIILFXOW�WR�FRPSDUH�WKDQ�\HDUV��)LUVWO\��TXDUWHUV�ZLWKLQ�D�\HDU�DUH�GLIIHUHQW��

7KH\�GR�QRW�KDYH�DQ�HTXDO�QXPEHU�RI�ZRUNLQJ�GD\V��DQG�VHDVRQDO�HIIHFWV�LQIOXHQFH�

WKH�SURGXFWLRQ�DQG�FRQVXPSWLRQ�RI�FRPPRGLWLHV��6HFRQGO\��FRUUHVSRQGLQJ�TXDUWHUV�

RI�GLIIHUHQW�\HDUV�ZLOO�LQ�JHQHUDO�EH�GLIIHUHQW��H�J���WKH\�FDQ�KDYH�D�GLIIHUHQW�QXPEHU�

RI�ZRUNLQJ�GD\V���

7KH�PRVW� LPSRUWDQW�PDFUR�HFRQRPLF� LQGLFDWRU� LV� WKH� YROXPH� JURZWK� RI� WKH� *'3�

ZLWK� UHVSHFW� WR� D� FHUWDLQ� UHIHUHQFH� SHULRG�� $W� 6WDWLVWLFV� 1HWKHUODQGV� WKH�

FRUUHVSRQGLQJ�TXDUWHU�RI�WKH�SUHFHGLQJ�\HDU� LV�FKRVHQ�DV�WKH�UHIHUHQFH�SHULRG��7KH�

PRWLYDWLRQ� RI� WKLV� FKRLFH� LV� WKDW� WKH� YROXPH� JURZWK� ³RYHU� WKH� \HDU´� LV� D� JRRG�

LQGLFDWRU� RI� WKH� DQQXDO� JURZWK� UDWH� UHVXOWLQJ� DW� WKH� HQG� RI� WKH� \HDU�� ZLWKRXW� WKH�

QHFHVVLW\�RI�D�FRUUHFWLRQ�RI�VHDVRQDO�HIIHFWV��&RUUHFWLRQ�IRU�VHDVRQDOLW\�FDQ�EH�GRQH�

LQ� VHYHUDO�ZD\V� DQG� WKH� UHVXOWV� GHSHQG� RQ� WKH�PHWKRG� FKRVHQ��1RW� FRUUHFWLQJ� IRU�

VHDVRQDOLW\�DOORZV�IRU�D�EHWWHU�LQWHUQDWLRQDO�FRPSDUDELOLW\���

$QRWKHU�YDOLG�FKRLFH�LV�WR�H[SUHVV�YROXPH�JURZWK�RI�WKH�*'3�DV�WKH�YROXPH�FKDQJH�

EHWZHHQ� VXFFHVVLYH� TXDUWHUV�� 7KH� PRVW� LPSRUWDQW� DGYDQWDJH� RI� WKLV� LV� WKDW� WKLV�

JURZWK� UDWH� UHIHUV� WR� D� PRUH� UHFHQW� SHULRG��� +RZHYHU�� ZLWKRXW� FRUUHFWLRQ� IRU�

������������������������������������������������������
��7KH�DQQXDO�FKDLQHG�LQGH[�LV�EULHIO\�GHVFULEHG�LQ�VHFWLRQ������

��7KH�VDPH�LV�WUXH�IRU�\HDUV�RI�FRXUVH��\HW�WKH�UHODWLYH�LQIOXHQFH�RI�DQ�H[WUD�ZRUNLQJ�GD\�LV�

PXFK�VPDOOHU�IRU�\HDUO\�YDOXHV��

��,Q�WKH�'XWFK�FDVH��DW�SXEOLFDWLRQ�WLPH�WKH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWH�LV�FHQWHUHG�DURXQG�

D� SRLQW� LQ� WLPH� IRXU� DQG� D� KDOI� PRQWKV� DJR�� ZKHUHDV� WKH� JURZWK� ZLWK� UHVSHFW� WR� WKH�

FRUUHVSRQGLQJ�TXDUWHU�RI�WKH�SUHFHGLQJ�\HDU�UHIHUV�WR�D�SRLQW�LQ�WLPH�QLQH�PRQWKV�DJR��
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VHDVRQDO�HIIHFWV� WKH�TXDUWHU�RQ�TXDUWHU�JURZWK� UDWH� FDQQRW�EH� UHODWHG� WR� WKH� DQQXDO�

JURZWK�UDWH���

6R�WKH�FKRLFH�EHWZHHQ�WKH�FRUUHVSRQGLQJ�TXDUWHU�RU�WKH�SUHFHGLQJ�TXDUWHU�LV�D�FKRLFH�

EHWZHHQ� LQWHUQDWLRQDO� FRPSDUDELOLW\� DQG� UHFHQWQHVV��� ,Q� PDWWHUV� RI� LQWHUQDWLRQDO�

FRPSDUDELOLW\��ERWK�(XURVWDW� DQG� WKH� ,0)�HQFRXUDJH� WKHLU�PHPEHU� VWDWHV� WR�FUHDWH�

XQLIRUPLW\�LQ�WKH�XVH�RI�VWDWLVWLFDO�PHWKRGV��7KH�FKRLFH�RI�WKH�UHIHUHQFH�SHULRG�KDV�

UHFHQWO\�EHHQ�D�VXEMHFW�RI�GHEDWH�LQ�WKH�1DWLRQDO�$FFRXQWV�:RUNLQJ�*URXS��1$:*��

RI�(XURVWDW��7KHLU� FRQFOXVLRQ� LV� WKDW� WKH�TXDUWHU�RQ�TXDUWHU�JURZWK� UDWH� LV� VWURQJO\�

SUHIHUUHG��)RU� WKH�1$:*�UHFHQWQHVV�RXWZHLJKV� LQWHUQDWLRQDO�FRPSDUDELOLW\� LQ� WKLV�

PDWWHU�� ,Q� WKHLU� RZQ� ZRUGV� �(XURVWDW� ����D��� 3ULRULW\� VKRXOG� EH� JLYHQ� WR� WKH�

PHDVXUHPHQW� RI� TXDUWHU�RQ�TXDUWHU� JURZWK� UDWHV�� 7KLV� LV� DW� WKH� FRUH� RI� EXVLQHVV�

F\FOH�DQDO\VLV���

������������������������������������������������������
��)RU�D�PRUH�HODERUDWH�GLVFXVVLRQ��VHH�%XLWHQ�DQG�-DQVVHQ���������
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��� &RPSDULQJ�PDWKHPDWLFDO�SURSHUWLHV�

,Q�WKLV�VHFWLRQ�ZH�ZLOO�IRUPDOO\�LQWURGXFH�WKUHH�PHWKRGV�IRU�FRQVWUXFWLQJ�D�TXDUWHUO\�

FKDLQ� LQGH[�� $W� WKH� VDPH� WLPH�ZH�ZLOO� FRPSDUH� WKH� PHWKRGV� RQ� WKH� EDVLV� RI� WKH�

PDWKHPDWLFDO�SURSHUWLHV�RI�WKHLU�UHVSHFWLYH�LQGH[�IRUPXODV��7KH�IRFXV�ZLOO�PDLQO\�EH�

RQ� WKH� YROXPH�JURZWKV� WKDW� UHVXOW� IURP� WKH� WKUHH�PHWKRGV��7KH�TXDUWHU�RQ�TXDUWHU�

JURZWK� DQG� WKH� JURZWK�ZLWK� UHVSHFW� WR� WKH� FRUUHVSRQGLQJ�TXDUWHU� RI� WKH� SUHFHGLQJ�

\HDU�ZLOO�EH�FRQVLGHUHG�VHSDUDWHO\��

���� $�ZRUG�RQ�QRWDWLRQ�

7KH� SULFHV� \
LS � GHQRWH� WKH� XQLW� YDOXH� SULFH� RI� D� FRPPRGLW\� L� LQ� \HDU� \��:H� ZLOO�

FRQVLGHU�<� \HDUV�� VR� ������ −= <\ �� T\
L[

� � UHSUHVHQWV� WKH� � TXDQWLW\� RI� FRQVXPHG� RU�

SURGXFHG�FRPPRGLWLHV�L��LQ�TXDUWHU� ������=T �RI�\HDU�\��7KH�SURGXFWLRQ�YDOXH�RI�DOO�

FRPPRGLWLHV�LQ�TXDUWHU�T�LQ�\HDU�\���YDOXHG�DW�WKH�SULFHV�RI�\HDU�\��LV�GHQRWHG�DV�

T\\
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\ [S[SY ��� �����

�
==∑ ��

ZKHUH� ZLWK� RPLWWLQJ� WKH� ODEHO� L� ZH� LPSOLFLWO\� PHDQ� VXPPDWLRQ�� $QDORJRXVO\� \[ �

PHDQV� T\
T[

�Σ ��:KHQHYHU� WKLV� FDQQRW� OHDG� WR� FRQIXVLRQ��ZH�ZLOO� RPLW� ODEHOV� RYHU�

ZKLFK� VXPPDWLRQ� WDNHV� SODFH�� )RU� DOO� FKDLQHG� LQGLFHV�ZH�ZLOO� GLVFXVV� EHORZ�� WKH�

ZHLJKWV�\HDU��WKDW�LV�WKH�\HDU�IURP�ZKLFK�WKH�SULFHV�DUH�WDNHQ��LV� �−\ ��7KH��LQGH[�

\HDU��WKH�\HDU�IRU�ZKLFK�WKH�LQGH[�LV�GHILQHG�DV�HTXDO�WR������LV�GHQRWHG�ZLWK� �=\ ��

���� &KDLQ�LQGH[�IRU�WKH�DQQXDO�QDWLRQDO�DFFRXQWV�

&RPSDUHG�WR�WKH�TXDUWHUO\�FKDLQHG�LQGLFHV��RI�ZKLFK�WKH�WHFKQLTXHV�IRU�FRQVWUXFWLQJ�

WKHP� DUH� VWLOO� EHLQJ� GLVFXVVHG�� WKH� WHFKQLTXHV� IRU� FRQVWUXFWLQJ� DQQXDOO\� FKDLQHG�

LQGLFHV� DUH� PRUH� RU� OHVV� FDVW� LQ� VWRQH�� 7KH� DQQXDOO\� FKDLQHG� LQGH[� PXVW� EH� D�

/DVSH\UHV� W\SH� LQGH[��ZLWK� WKH�ZHLJKWV� WDNHQ� IURP�WKH�PRVW� UHFHQW�\HDU�DYDLODEOH��

6WDWLVWLFV�1HWKHUODQGV�XVHV�XQLW�YDOXH�SULFHV�RI� WKH�SUHFHGLQJ�\HDU��VR� WKH�DQQXDOO\�

FKDLQHG�TXDQWLW\�LQGH[�FDQ�EH�ZULWWHQ�DV�
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,Q� WKH� QH[W� VHFWLRQV� ZH� ZLOO� GLVFXVV� PHWKRGV� IRU� FRQVWUXFWLQJ� TXDUWHUO\� FKDLQHG�

LQGLFHV��ZKLFK�DOO�DUH�UHTXLUHG�WR�UHODWH�WR�HTXDWLRQ��������

���� 7KH�RYHU�WKH�\HDU�PHWKRG�

7KH� RYHU�WKH�\HDU� PHWKRG� FRQVWUXFWV� D� FKDLQHG� LQGH[� 27<
\�T4 � IURP� WKH� IROORZLQJ�

LQJUHGLHQWV��
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L�� WKH� YDOXH� RI� WKH� SUHVHQW� TXDUWHU� LQ� XQLW� YDOXH� SULFHV� RI� WKH� SUHFHGLQJ�

\HDU��

LL�� WKH�YDOXH�RI�WKH�FRUUHVSRQGLQJ�TXDUWHU�LQ�WKH�SUHFHGLQJ�\HDU�LQ�SULFHV�RI�

WKH�SUHFHGLQJ�\HDU�DQG�

LLL�� WKH� TXDUWHUO\� FKDLQHG� LQGH[� YDOXH� RI� WKH� FRUUHVSRQGLQJ� TXDUWHU� LQ� WKH�

SUHFHGLQJ�\HDU��

:H�ILQG�WKH�LQGH[�YDOXH�E\�FRPSXWLQJ�WKH�UDWLR�RI�WKH�YDOXHV�RI�WKH�SUHVHQW�TXDUWHU�

DQG� WKH� FRUUHVSRQGLQJ� TXDUWHU� RQH� \HDU� HDUOLHU� DQG�PXOWLSO\LQJ� WKLV� UDWLR�ZLWK� WKH�

LQGH[�YDOXH�RI�WKH�FRUUHVSRQGLQJ�TXDUWHU�RI�WKH�SUHFHGLQJ�\HDU��

27<
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7KH� LQGH[�YDOXH�RI� WKH� FRUUHVSRQGLQJ�TXDUWHU� RQH� \HDU� HDUOLHU� LV� FDOFXODWHG� LQ� WKH�

VDPH�ZD\�� DOWKRXJK� WKHQ�RI� FRXUVH� WKH�SULFHV� DQG�TXDQWLWLHV�RI� WKH�\HDU�\� ±��� DUH�

XVHG��,Q�WKLV�ZD\�WKH�OLQNLQJ�WDNHV�SODFH��7KH�OHYHO�RI�WKH�FKDLQHG�LQGLFHV�LV�UHODWHG�

WR� WKH� DYHUDJH� OHYHO� RI� WKH� TXDUWHUO\� SURGXFWLRQ� YDOXHV� LQ� WKH� \HDU� \�  � �� E\�

GHPDQGLQJ�WKDW��
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IRU�HDFK�TXDUWHU�T�LQ�WKH�ILUVW�\HDU�DIWHU�WKH�LQGH[�\HDU�����

)URP�HTXDWLRQ� ������ LW� LV� LPPHGLDWHO\� FOHDU�� WKDW� WKH�DULWKPHWLF�PHDQ�RI� WKH� LQGH[�

YDOXH�RI�WKH�IRXU�TXDUWHUV�LQ�D�\HDU�LV�QRW�DXWRPDWLFDOO\�HTXDO�WR�WKH�DQQXDOO\�FKDLQHG�

LQGH[� ������� $OWKRXJK� WKH� GLIIHUHQFHV� FDQ� EH� VPDOO� LQ� SUDFWLFH�� WKH� IRXU� TXDUWHUO\�

LQGH[�YDOXHV�PXVW�EH�EHQFKPDUNHG�WR�WKH�DQQXDOO\�FKDLQHG�LQGH[���

1RWH� WKDW� HTXDWLRQ� ������ UHSUHVHQWV� QRW� RQH�� EXW� IRXU� LQGHSHQGHQW� FKDLQHG� LQGLFHV��

7KHUH�LV�RQH�FKDLQHG�LQGH[�IRU�HDFK�TXDUWHU�RI�WKH�\HDU��$FFRUGLQJ�WR�HTXDWLRQ�������

HDFK�TXDUWHU�LV�RQO\�HYHU�UHODWHG�WR�FRUUHVSRQGLQJ�TXDUWHUV�LQ�HDUOLHU�\HDUV��EXW�QHYHU�

WR� RWKHU� TXDUWHUV�� 7KLV� LV� D� YHU\� LPSRUWDQW� SRLQW�� ,W� PHDQV� WKDW� WKHUH� LV� QR�

RYHUODSSLQJ� SHULRG� ZKLFK� FDQ� VHUYH� WR� UHODWH� WKH� IRXU� FKDLQHG� LQGLFHV�� 7KH�

FRQVHTXHQFH�RI� WKLV� LV� WKDW�QRQ�FRUUHVSRQGLQJ�TXDUWHUV�FDQQRW�EH�FRPSDUHG�LQ�DQ\�

PHDQLQJIXO�ZD\��7KLV�PDNHV�HTXDWLRQ�������LOO�GHILQHG�DV�D�VLQJOH�TXDUWHUO\�FKDLQHG�

LQGH[���

������������������������������������������������������
��,W�LV�QRW�GLIILFXOW�WR�YHULI\�WKDW��
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:H�FDQ�PDNH�WKLV�H[SOLFLW�E\�FRQVLGHULQJ�WKH�JURZWK�UDWHV�ZKLFK�FDQ�EH�FDOFXODWHG�

IURP�WKH�RYHU�WKH�\HDU�LQGH[��:H�FDQ�ILQG�WKH�FKDQJH�LQ�YROXPH�EHWZHHQ�WKH�SUHVHQW�

TXDUWHU�DQG�WKH�FRUUHVSRQGLQJ�TXDUWHU�RQH�\HDU�HDUOLHU��E\�GLYLGLQJ�WKH�LQGH[�YDOXH�

RI�TXDUWHU�T�E\�WKH�LQGH[�YDOXH�RI�TXDUWHU�\�±���T��RU�
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:H�VHH�WKDW�WKH�YROXPH�FKDQJH�EHWZHHQ�FRUUHVSRQGLQJ�TXDUWHUV�LV�EDVHG�RQ�D�GLUHFW�

FRPSDULVRQ� RI� WKH� WZR� SHULRGV� DQG� WKDW� ERWK� SHULRGV� DUH� YDOXHG� XVLQJ� WKH� VDPH�

SULFHV�� (TXDWLRQ� ������ LV� D� SHUIHFWO\� YDOLG� /RZH� W\SH� GLUHFW� TXDQWLW\� LQGH[�� 7KLV��

KRZHYHU��LV�QRW�WKH�FDVH�ZLWK�WKH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWH����
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ZKLOH�IRU�WKH�ILUVW�TXDUWHU�
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7KH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWHV�LQ�HTXDWLRQV�������DQG�������DUH�FOHDUO\�QRW�EDVHG�

RQ�D�GLUHFW�FRPSDULVRQ�RI�WZR�SHULRGV��(DUOLHU�TXDUWHUV��DOO�WKH�ZD\�EDFN�WR�WKH�LQGH[�

\HDU��DUH�LQYROYHG�LQ�WKH�FRPSXWDWLRQ�RI�WKLV�JURZWK�UDWH��)XUWKHUPRUH��WKH�SHULRGV�

DUH� FRPSDUHG� XVLQJ� /RZH� W\SH� TXDQWLW\� LQGLFHV� ZLWK� GLIIHUHQW� YDOXH� ZHLJKWV�

∑ −−
L
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\
L [S[S ���� � ��7KLV� LV�EHFDXVH� WKH�FRPPRGLWLHV� L�ZLOO�QRW�EH�SURGXFHG�DQG�

FRQVXPHG� HTXDOO\� RYHU� WKH� TXDUWHUV�� 7KH� TXDUWHU�RQ�TXDUWHU� JURZWK� UDWHV� LQ� HTQV��

������ DQG� ������ H[SOLFLWO\� VKRZ�ZK\�ZH�FDQQRW� LQWHUSUHW� HTXDWLRQ� ������ DV� D� VLQJOH�

TXDUWHUO\� FKDLQHG� LQGH[�� ,QVWHDG� HTQ�� ������ UHSUHVHQWV� IRXU� LQGHSHQGHQW� FKDLQHG�

LQGLFHV��HDFK�EDVHG�RQ�VHWV�RI�ZHLJKWV�ZKLFK�ZLOO�LQ�JHQHUDO�EH�UHSUHVHQWDWLYH�RQO\�

IRU�WKH�TXDUWHU�FRQFHUQHG���

:H� KDYH� VKRZQ� WKDW� WKH� RYHU�WKH�\HDU� PHWKRG� GRHV� QRW� FRQVWUXFW� D� ZHOO�GHILQHG�

TXDUWHUO\�FKDLQHG�LQGH[��:H�ZLOO�QRZ�VKRZ�WKDW�WKH�RYHU�WKH�\HDU�PHWKRG�DOVR�GRHV�

QRW� OHDG� WR�VRPHWKLQJ� WKDW� FDQ�EH�FRQVLGHUHG�DV� DQ�DSSUR[LPDWH�TXDUWHUO\� FKDLQHG�

LQGH[��ZKHUH�µDSSUR[LPDWH¶�PHDQV�µJRRG�HQRXJK�IRU�SUDFWLFDO�SXUSRVHV¶���

(TXDWLRQ�������LV�D�UHFXUVLYH�HTXDWLRQ��6XEVWLWXWLQJ�WKLV�HTXDWLRQ�LQ�LWVHOI�DQG�XVLQJ�

HTXDWLRQ�������OHDGV�WR�WKH�H[SUHVVLRQ��
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(TXDWLRQ�������VKRZV�WKH�RYHU�WKH�\HDU�FKDLQHG�LQGH[�H[SOLFLWO\�DV�D�FKDLQ�RI�YROXPH�

FKDQJHV�EHWZHHQ�FRUUHVSRQGLQJ�TXDUWHUV��:KHQ�WKH�VHDVRQDO�SDWWHUQ�LQ�WKH�TXDQWLWLHV�

LV� VXIILFLHQWO\� FRQVWDQW� WKH� YROXPH� FKDQJH� EHWZHHQ� FRUUHVSRQGLQJ� TXDUWHUV� LV� D�

UHDVRQDEOH�HVWLPDWRU�IRU�WKH�XOWLPDWH�\HDU�RQ�\HDU�YROXPH�FKDQJH��ZLWKRXW�WKH�QHHG�

WR�PDNH� FRUUHFWLRQV� IRU� VHDVRQDOLW\�� $VVXPLQJ�� WKH� YDOLGLW\� RI� WKLV� VWDWHPHQW��ZH�

QRZ� FDQ� UHSODFH� WKH� YROXPH� FKDQJHV� EHWZHHQ� FRUUHVSRQGLQJ� TXDUWHUV� E\� YROXPH�

FKDQJHV�EHWZHHQ�VXFFHVVLYH�\HDUV�DQG�ZH�JHW�DQ�DSSUR[LPDWLRQ�IRU�HTXDWLRQ��������
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2I�WKH�FKDLQ�RI�LQGLFHV�LQ�ULJKW�KDQG�VLGH�RI�������RQO\�WKH�ODVW�RQH�GHSHQGV�RQ�WKH�

ODEHO�T�� 6R�� DSSUR[LPDWHO\�� WKH� RYHU�WKH�\HDU� FKDLQHG� LQGH[� LV� SURSRUWLRQDO� WR� WKH�

OHYHO�RI�WKH�TXDUWHUV�LQ�WKH�ILUVW�\HDU�DIWHU�WKH�LQGH[�\HDU��7KLV�PHDQV�WKDW�WKH�SDWWHUQ�

RI�WKH�TXDUWHUV��LQ�WKH�ILUVW�\HDU�ZLOO�EH�UHIOHFWHG�LQ�WKH�SDWWHUQ�RI�WKH�LQGH[�OHYHOV�IRU�

DOO� ODWHU�\HDUV��HYHQ�ZKHQ�WKH�SDWWHUQ�RI� WKH�TXDUWHUV�FKDQJH�GXH�WR�FKDQJHV� LQ� WKH�

UHODWLYH�SULFHV��7KLV�HIIHFW�ZLOO�EH� LOOXVWUDWHG�LQ�H[DPSOH������(TXDWLRQ�������SRLQWV�

RXW�D�YHU\�VWUDQJH�SURSHUW\�RI�VRPHWKLQJ�WKDW�LV�VXSSRVHG�WR�EH�D�FKDLQHG�TXDQWLW\�

LQGH[��WKH�RYHU�WKH�\HDU�PHWKRG�OHDGV�WR�DQ�LQGH[�WKDW�LV�GHWHUPLQHG�LQ�SDUW�E\�ODVW�

\HDUV�ZHLJKWV�DQG�LQ�SDUW�E\�WKH�ZHLJKWV�RI�WKH�ILUVW�\HDU�DIWHU�WKH�LQGH[�\HDU��7KLV�LV�

QRW� SURSHU� EHKDYLRXU� RI� D� FKDLQHG� TXDQWLW\� LQGH[��ZKLFK� SXUSRVH� LW� LV� WR�PHDVXUH�

YROXPH�FKDQJHV�XVLQJ�RQO\�D�VHW�RI�ZHLJKWV�WKDW�LV�DV�UHFHQW�DV�SRVVLEOH���

���� 7KH�DQQXDO�RYHUODS�PHWKRG�

7KH�DQQXDO�RYHUODS�PHWKRG�FRPSDUHV�WKH�YDOXH�RI�WKH�SUHVHQW�TXDUWHU�WR�WKH�DYHUDJH�

OHYHO�RI�WKH�TXDUWHUV�RI�WKH�SUHFHGLQJ�\HDU��/LQNLQJ�LV�GRQH�E\�PXOWLSO\LQJ�ZLWK�WKH�

DQQXDOO\�FKDLQHG�LQGH[�YDOXH�RI�WKH�SUHFHGLQJ�\HDU��VR�
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,W�LV�LPPHGLDWHO\�DSSDUHQW�WKDW��XQOLNH�WKH�RYHU�WKH�\HDU�PHWKRG��WKH�DQQXDO�RYHUODS�

PHWKRG�OHDGV�WR�DQ� LQGH[�WKDW�LV�SURSRUWLRQDO�WR�WKH�YDOXH�RI�WKH�SUHVHQW�TXDUWHU� LQ�

������������������������������������������������������
�� 7KH� DSSUR[LPDWLRQ� LV� QRW� YDOLG� ZKHQ� ODUJH� UHODWLYH� FKDQJHV� RFFXU� LQ� WKH� TXDQWLWLHV�� 7KH�

DSSUR[LPDWLRQ�KROGV�ZKHQ�FKDQJHV�RQO\�RFFXU�LQ�WKH�UHODWLYH�SULFHV��

��7KH�TXDUWHUO\�SDWWHUQ� FRQVLVWV�RI�ERWK� WKH� WUHQG�F\FOH� DQG� WKH� VHDVRQDO�SDWWHUQ��1RWH� WKDW�

WKLV�LPSOLHV�WKDW�D�VHDVRQDOLW\�FRUUHFWLRQ��HLWKHU�EHIRUH�RU�DIWHU�FKDLQ�OLQNLQJ��ZLOO�QRW�UHPHG\�

WKH�SUREOHPV�RI�WKH�RYHU�WKH�\HDU�PHWKRG��
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SULFHV�RI�WKH�SUHFHGLQJ�\HDU��$OVR��WKH�DULWKPHWLF�PHDQ�RI�WKH�IRXU�TXDUWHUV�LQ�D�\HDU�

LV�HTXDO�WR�WKH�DQQXDOO\�FKDLQHG�LQGH[��

$V� ZH� KDYH� GRQH� LQ� WKH� SUHFHGLQJ� VHFWLRQ�� ZH�ZLOO� H[SOLFLWO\� ORRN� DW� WKH� JURZWK�

UDWHV��7KH�YROXPH�FKDQJH�EHWZHHQ�FRUUHVSRQGLQJ�TXDUWHUV�LV��
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,Q� HTXDWLRQ� ������� WKH� WZR� SHULRGV� WKDW� DUH� FRPSDUHG� DUH� YDOXHG� XVLQJ� GLIIHUHQW�

SULFHV��7KHUHIRUH�WKH�YROXPH�FKDQJH�EHWZHHQ�FRUUHVSRQGLQJ�TXDUWHUV�LV�QRW�D�GLUHFW�

TXDQWLW\�LQGH[��:H�FDQ�KRZHYHU�LQWHUSUHW��������DV�D�FKDLQHG�LQGH[�SURYLGHG�WKDW�ZH�

DUH� ZLOOLQJ� WR� YLHZ� XSRQ� WKH� TXDUWHUO\� DYHUDJH� DV� DQ� RYHUODSSLQJ� SHULRG�� 7KH�

TXRWLHQWV�LQ�WKH�ODVW�OLQH�RI��������FDQ�EH�LQWHUSUHWHG�DV� �
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\T\ 44 ��ZKHUH�

WKH�SHULRG��\�±���GHQRWHV�WKH�DYHUDJH�RI�WKH�IRXU�TXDUWHUV�RI�WKDW�\HDU���

7KH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWH�HYHQ�ORRNV�EHWWHU��
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ZKLFK�LV�D�GLUHFW�LQGH[��\HW�LQ�WKH�ILUVW�TXDUWHU�ZH�JHW��
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:H�VHH�WKDW�HTXDWLRQ��������ORRNV�PXFK�OLNH�HTXDWLRQ���������)RU�WKH�VDPH�UHDVRQV�

DV�JLYHQ�WKHUH�ZH�FDQQRW�ORRN�XSRQ��������DV�GLUHFW�LQGH[��\HW�ZH�FDQ�LQWHUSUHW�WKLV�

HTXDWLRQ�DV�D�FKDLQHG�LQGH[�LI�ZH�DUH�ZLOOLQJ�WR�YLHZ�XSRQ�D�TXDUWHUO\�DYHUDJH�DV�DQ�

RYHUODSSLQJ�SHULRG���

$V�D�FRQVHTXHQFH� WKH� LQGH[�ZKLFK� LV�FRQVWUXFWHG�E\� WKH�DQQXDO�RYHUODS�PHWKRG� LV�

QRW�D�FKDLQ�RI�GLUHFW�TXDUWHU�RQ�TXDUWHU�LQGLFHV��DQG�WKHUHIRUH�FDQQRW�EH�UHJDUGHG�DV�

D�SURSHU�TXDUWHUO\�FKDLQHG�LQGH[��,Q�VHFWLRQ������KRZHYHU��ZH�VKRZ�WKDW�WKH�TXDUWHUO\�

FKDLQHG�LQGH[�FDOFXODWHG�XVLQJ�WKH�DQQXDO�RYHUODS�PHWKRG�KDV�D�SUDFWLFDO�PHDQLQJ�DV�

WKH� SUR� UDWD� EHQFKPDUN� RI� WKH� FKDLQHG� LQGH[� UHVXOWLQJ� IURP� RQH�TXDUWHU� RYHUODS�

PHWKRG��

���� 7KH�RQH�TXDUWHU�RYHUODS�PHWKRG�

7KH� RQH�TXDUWHU� RYHUODS� PHWKRG� FRPSDUHV� WKH� TXDUWHUO\� YDOXH� LQ� SULFHV� RI� WKH�

SUHFHGLQJ�\HDU�WR�RQH�RI�WKH�TXDUWHUV�IURP�WKH�SUHFHGLQJ�\HDU��7KH�ORJLFDO�FKRLFH�LV�

WR�FRPSDUH�ZLWK� WKH� ODVW�TXDUWHU�RI� WKH�SUHFHGLQJ�\HDU��$V�ZH�ZLOO� VHH� WKLV�FKRLFH�
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OHDGV� WR� D� FKDLQHG� LQGH[� WKDW� LV� ZHOO�GHILQHG� DQG� ZHOO�EHKDYHG�� 7KH� OLQNLQJ� VWHS�

WDNHV�SODFH�E\�PXOWLSO\LQJ�ZLWK�WKH�FKDLQHG�LQGH[�YDOXH�RI�WKH�UHIHUHQFH�TXDUWHU��6R��
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$V�ZDV�WKH�FDVH�ZLWK�WKH�DQQXDO�RYHUODS�PHWKRG��WKH�ULJKW�KDQG�VLGH�RI�HTQ���������

VKRZV�SURSRUWLRQDOLW\�ZLWK�WKH�YDOXH�RI�WKH�SUHVHQW�TXDUWHU�LQ�SULFHV�RI�WKH�SUHFHGLQJ�

\HDU���

7KH�YROXPH�FKDQJH�ZLWK�UHVSHFW�WR�WKH�FRUUHVSRQGLQJ�TXDUWHU�RQH�\HDU�HDUOLHU��
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LV�QRW�D�GLUHFW�TXDQWLW\�LQGH[�LQ�WKH�ILUVW�WKUHH�TXDUWHUV�RI�WKH�\HDU��DV�WKH�SHULRGV�WKDW�

DUH�FRPSDUHG�DUH�QRW�YDOXHG�ZLWK�VDPH�WKH�SULFHV��,Q�WKH�IRXUWK�TXDUWHU�WKH�YROXPH�

FKDQJH�DFFRUGLQJ�WR�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�LV��E\�GHILQLWLRQ��WKH�VDPH�DV�WKH�

YROXPH�FKDQJH�DFFRUGLQJ�WR�WKH�RYHU�WKH�\HDU�PHWKRG�DQG�WKHUHIRUH�D�GLUHFW�LQGH[��

)RU� WKH� RWKHU� TXDUWHUV�� WKH� YROXPH� FKDQJHV� LQ� HTQ�� ������� FDQ� EH� LQWHUSUHWHG� DV�

FKDLQHG�LQGH[� �
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\T\ 44 ��WKDW�LV��D�GLUHFW�/RZH�W\SH�TXDQWLW\�LQGH[�IURP�

TXDUWHU�\�±���T�RQ�\�±�����LQ�SULFHV�RI� WKH�\HDU�\�±����PXOWLSOLHG�E\� WKH�VDPH�W\SH�

TXDQWLW\�LQGH[�IURP�TXDUWHU�\�±�����RQ�\�T�LQ�SULFHV�RI�WKH�\HDU�\�±����

7KH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWHV�DOVR�ORRN�JRRG���
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ZKLOH�IRU�WKH�ILUVW�TXDUWHU�
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7KLV� PHDQV� WKDW�� ZKHQ� XVLQJ� WKH� RQH�TXDUWHU� RYHUODS� WHFKQLTXH�� WKH� TXDUWHU�RQ�

TXDUWHU�JURZWK�UDWHV�DUH�GLUHFW�TXDQWLW\�LQGLFHV��7KLV�LV�LPSRUWDQW��VLQFH�LW�PHDQV�WKDW�

DQ\� WZR� TXDUWHUV� FDQ� EH� FRPSDUHG� LQ� D� XVHIXO� PDQQHU�� ,Q� RWKHU� ZRUGV�� WKH� RQH�

TXDUWHU�RYHUODS�PHWKRG�LV� WKH�RQO\� WHFKQLTXH�GLVFXVVHG�KHUH� WKDW� OHDGV� WR�D�SURSHU�

TXDUWHUO\�FKDLQHG�TXDQWLW\�LQGH[���

7KH�PDMRU�GUDZEDFN�RI�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�LV�WKDW�WKH�DULWKPHWLF�PHDQ�

RI�WKH�TXDUWHUV�FDQ�EH�YHU\�GLIIHUHQW�IURP�WKH�DQQXDOO\�FKDLQHG�LQGH[��)URP�HTXDWLRQ�

�������ZH�FDQ�VKRZ�WKDW�WKH�DULWKPHWLF�PHDQ�RI�WKH�TXDUWHUV�ZLWKLQ�D�\HDU�HTXDOV�
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6R�WKH�DULWKPHWLF�PHDQ�DQG�WKH�DQQXDOO\�FKDLQHG�LQGH[�DUH�GLIIHUHQW�E\�D�IDFWRU�WKDW�

GRHV�QRW�GHSHQG�RQ�WKH�TXDUWHUV�T��,Q�SUDFWLFH�WKHVH�GLIIHUHQFHV�DUH�TXLWH�QRWLFHDEOH��

6LQFH� WKH�FRQQHFWLRQ� WR� WKH�DQQXDOO\� FKDLQHG� LQGH[� LV� D� UHTXLUHPHQW�� WKH�TXDUWHUO\�

FKDLQHG�LQGH[�YDOXHV�PXVW�EH�EHQFKPDUNHG�WR�WKH�DQQXDOO\�FKDLQHG�LQGH[��:H�ZLOO�

GLVFXVV�EHQFKPDUNLQJ�LQ�WKH�QH[W�VHFWLRQ��

���� %HQFKPDUNLQJ�

7KH� JRDO� RI� EHQFKPDUNLQJ� LV� WR� PDNH� WKH� TXDUWHUO\� LQGLFHV� FRQVLVWHQW� ZLWK� DQ�

LQGHSHQGHQWO\� HVWLPDWHG� DQQXDO� LQGH[�� &RQVLVWHQW� KHUH� PHDQV� WKDW� WKH� DULWKPHWLF�

PHDQ� RI� WKH� TXDUWHUO\� LQGLFHV� PXVW� HTXDO� WKH� DQQXDOO\� FKDLQHG� LQGH[�� 7KLV� LV�

HTXLYDOHQW�WR�GHPDQGLQJ�WKDW�WKH�TXDUWHUO\�FRQVWDQW�SULFH�YDOXHV�DGG�XS�WR�WKH�DQQXDO�

FRQVWDQW�SULFH�YDOXH��

������ 3UR�UDWD�

7KH� SUR� UDWD� EHQFKPDUNLQJ� PHWKRG� WULHV� WR� DFKLHYH� WKDW� WKH� TXDUWHUO\� YDOXHV�

FRUUHFWO\�DYHUDJH�WR�WKH�DQQXDO�YDOXH��DQG�QRWKLQJ�PRUH��7KH�PHWKRG�FRPSULVHV�WKDW�

ZH�PXOWLSO\�HYHU\�TXDUWHU�RI�WKH�\HDU�E\�WKH�VDPH�FRQVWDQW�IDFWRU�LQ�RUGHU�WR�PDNH�

WKH�TXDUWHUO\�DYHUDJH�HTXDO�WR�WKH�DQQXDO�YDOXH��,W�LV�D�YHU\�VLPSOH�PHWKRG��ERWK�LQ�

DSSOLFDWLRQ�DV�LQ�H[SODQDWLRQ�WR�WKH�XVHUV�RI�VWDWLVWLFDO�GDWD��7KLV�VLPSOLFLW\�FRPHV�DW�

D�SULFH�KRZHYHU��6LQFH�HDFK�\HDU�JHWV� LWV�RZQ�FRUUHFWLRQ� IDFWRU�� D�GLVFRQWLQXLW\� LV�

LQWURGXFHG�EHWZHHQ�WKH�ODVW�TXDUWHU�RI�RQH�\HDU�DQG�WKH�ILUVW�TXDUWHU�RI�WKH�IROORZLQJ�

\HDU��7KLV�LV�XVXDOO\�FDOOHG�WKH�VWHS�SUREOHP��,W�LPSOLHV�WKDW�DOO�RI�WKH�FRUUHFWLRQ�WKDW�

LV�QHFHVVDU\�WR�FRQQHFW�WKH�TXDUWHUV�ZLWK�WKH�DQQXDO�LQGH[�LV�DWWULEXWHG�WR�WKH�TXDUWHU�

RQ�TXDUWHU�JURZWK�UDWH�LQ�WKH�ILUVW�TXDUWHU�RI�WKH�\HDU��%HFDXVH�RI�WKH�VWHS�SUREOHP��

%ORHP�HW�DO���������UDWH�WKH�SUR�UDWD�GLVWULEXWLRQ�µXQDFFHSWDEOH¶��

$SSOLFDWLRQ�RI�WKH�SUR�UDWD�EHQFKPDUN�WR�WKH�FKDLQHG�LQGH[�FRQVWUXFWHG�ZLWK�WKH�RQH�

TXDUWHU�RYHUODS�PHWKRG�UHVXOWV�LQ�WKH�DQQXDO�RYHUODS�FKDLQHG�LQGH[��7KLV�LV�HDV\�WR�

VHH�� ,Q� HTQ�� �������ZH� IRXQG� WKDW� WKH�TXDUWHUO\� DYHUDJH�RI� WKH�RQH�TXDUWHU� FKDLQHG�

LQGH[�GLIIHUV�IURP�WKH�DQQXDOO\�FKDLQHG�LQGH[�E\�D�IDFWRU�WKDW�GRHV�QRW�GHSHQG�RQ�WKH�

TXDUWHUV�T�� 8VLQJ� WKH� LQYHUVH� RI� WKLV� IDFWRU� WR� EHQFKPDUN� WKH� RQH�TXDUWHU� RYHUODS�

FKDLQHG�LQGH[�JLYHV�
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1RZ��WKH�IDFW�WKDW�LQ�WKH�ILUVW�TXDUWHU�RI�WKH�\HDU�ZH�FDQQRW�LQWHUSUHW�WKH�TXDUWHU�RQ�

TXDUWHU� JURZWK� UDWH� ������� DV� D� GLUHFW� LQGH[� FRPSOHWHO\� FRLQFLGHV� ZLWK� WKH�

GLVFRQWLQXLW\�EHWZHHQ�WKH�\HDUV�LQWURGXFHG�E\�WKH�SUR�UDWD�EHQFKPDUNLQJ�PHWKRG��,Q�

WKLV� OLJKW� LW� LV� UHPDUNDEOH� WKDW�%ORHP�HW�DO�� ������� UDWH� WKH�SUR� UDWD�EHQFKPDUNLQJ�

PHWKRG� XQDFFHSWDEOH�� \HW� HQGRUVH� WKH� DQQXDO� RYHUODS� OLQNLQJ� PHWKRG� DV� D� YDOLG�

DOWHUQDWLYH�WR�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG���

������ 7KH�'HQWRQ�PHWKRG�

$� EHWWHU� DOWHUQDWLYH� WR� WKH� SUR� UDWD� EHQFKPDUNLQJ� WHFKQLTXH� LV� WKH� VR� FDOOHG�

SURSRUWLRQDO� 'HQWRQ� PHWKRG�� 7KH� 'HQWRQ� PHWKRG� DOVR� DGDSWV� WKH� OHYHO� RI� WKH�

TXDUWHUO\� LQGLFHV� WR� WKH� DQQXDO� LQGH[�� \HW� DFFRPSOLVKHV� WKLV� ZLWK� WKH� VPDOOHVW�

SRVVLEOH�FKDQJH�LQ��

L�� WKH�RULJLQDO�UHODWLYH�YDOXHV�RI�WKH�TXDUWHUO\�LQGH[��

LL�� WKH�RULJLQDO�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWHV���

7KHVH� EDVLF� SULQFLSOHV� DVVXUH� WKDW� WKH� EHQFKPDUNHG� UHVXOWV� UHWDLQ� DV� PXFK� DV�

SRVVLEOH� RI� WKH� RULJLQDO� LQIRUPDWLRQ� RQ� WKH� VKRUW� WHUP� PRYHPHQWV�� 7KHUHIRUH� WKH�

'HQWRQ�PHWKRG�FRUUHVSRQGV�ZHOO�WR�WKH�EDVLF�SULQFLSOH�WKDW�WKH�DQQXDO�GDWD�DUH�WKH�

PRVW�UHOLDEOH�LQIRUPDWLRQ�VRXUFH�IRU�ERWK�WKH�OHYHO�DQG�WKH�ORQJ�WHUP�PRYHPHQW�RI�

HFRQRPLF� YDULDEOHV��ZKLOH� WKH� TXDUWHUO\� GDWD� DUH� WKH� RQO\� DYDLODEOH� VRXUFH� IRU� WKH�

VKRUW�WHUP�PRYHPHQWV��7KLV�SURSHUW\�LV�WKH�PDLQ�UHDVRQ�IRU�%ORHP�HW�DO���������WR�

UHFRPPHQG�WKH�XVH�RI�WKH�SURSRUWLRQDO�'HQWRQ�EHQFKPDUNLQJ�PHWKRG��

%HORZ�ZH�DSSO\�WKH�'HQWRQ�PHWKRG�WR�D�TXDUWHUO\�FKDLQHG�LQGH[� WT\ 44 =� ��ZKHUH�

WKH�ODEHO�W� ��\���T�GHQRWHV�WKH�TXDUWHU��QXPEHUHG�VHTXHQWLDOO\�IURP�WKH�\HDU�\� ����

VR� ��������� −== \7W �� 7KH� PDLQ� UROH� LQ� WKH� 'HQWRQ� PHWKRG� LV� SOD\HG� E\� WKH� VR�

FDOOHG�%HQFKPDUN�,QGLFDWRU��%,��UDWLR� WW 44 �
a

RI�EHQFKPDUNHG�LQGH[�YDOXHV�DQG�WKH�

RULJLQDO� LQGH[�YDOXHV��7KH� VROXWLRQ�ZH� ORRN� IRU� LV� D� VHW� RI� EHQFKPDUNHG�TXDUWHUO\�

LQGH[�YDOXHV� 744
a
����

a
� �� WKDW�PLQLPL]H� WKH�VXP�RI�VTXDUHG�GLIIHUHQFHV�RI� VHTXHQWLDO�

%,�UDWLR�YDOXHV��
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XQGHU�WKH�EHQFKPDUN�UHVWULFWLRQ�
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7KH� ILUVW� RUGHU� FRQGLWLRQV� IRU� WKLV�PLQLPDOL]DWLRQ� SUREOHP� FDQ� EH� IRXQG�ZLWK� WKH�

KHOS�RI�D�/DJUDQJH�IXQFWLRQ��7KHVH�ILUVW�RUGHU�FRQGLWLRQV�IRUP�D�VHW�RI�7�HTXDWLRQV��

7RJHWKHU�ZLWK�WKH�EHQFKPDUN�UHVWULFWLRQV��������ZH�JHW�D�VHW�RI�7���<�HTXDWLRQV��7KH�

VROXWLRQ� WR� WKLV� VHW� RI� HTXDWLRQV� FDQ� EH� ZULWWHQ� DV� D� PDWUL[� HTXDWLRQ� DQG� HDVLO\�

FDOFXODWHG�ZLWK�WKH�KHOS�RI�D�FRPSXWHU���
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��� &RPSDULQJ�WKH�PHWKRGV�ZKHQ�DSSOLHG�WR�VRPH�H[DPSOHV�

,Q� WKLV� VHFWLRQ� ZH� H[DPLQH� WKUHH� GLIIHUHQW� H[DPSOHV�� ,Q� HDFK� H[DPSOH� WZR�

FRPPRGLWLHV�� $� DQG� %�� ZLOO� EH� IROORZHG� IRU� D� SHULRG� RI� ILYH� \HDUV�� ([DPSOH� ����

LOOXVWUDWHV� WKH� PDLQ� VKRUWFRPLQJV� RI� WKH� RYHU�WKH�\HDU� WHFKQLTXH�� ([DPSOH� ����

HODERUDWHV�RQ��VWURQJ��VHDVRQDOLW\�DQG�ILQDOO\��H[DPSOH�����VKRZV�WKH�UHVXOWV�LQ�WKH�

FDVH�ZKHUH�HDFK�\HDU�UHSOLFDWHV�WKH�H[DFW�VDPH�TXDQWLWLHV�RI�WKH�SUHFHGLQJ�\HDU��

%HORZ�ZH�SUHVHQW�WKH�LQGH[�YDOXHV�UHVXOWLQJ�IURP�WKH�WKUHH�OLQNLQJ�PHWKRGV�LQ�WDEOHV�

DQG�ILJXUHV��,Q�WKH�SUHFHGLQJ�VHFWLRQ�ZH�FRQFOXGHG�WKDW�LQ�WKH�FDVH�RI�WKH�RYHU�WKH�

\HDU�WHFKQLTXH�DQG�WKH�DQQXDO�RYHUODS�WHFKQLTXH�WKLV�LV�DFWXDOO\�QRW�DOORZHG��DV�WKHVH�

WHFKQLTXHV�GR�QRW�OHDG�WR�SURSHU�TXDUWHUO\�FKDLQHG�LQGLFHV��7KH�H[DPSOHV�LOOXVWUDWH�

ZKDW�FRXOG�JR�ZURQJ�ZKHQ�DSSO\LQJ�WKHVH�PHWKRGV��7R�UHPLQG�RXUVHOYHV�WKDW�ZH�DUH�

DFWXDOO\� GRLQJ� VRPHWKLQJ� LOOHJDO�� WKHVH� FKDLQHG� LQGLFHV� DUH� UHSUHVHQWHG� E\� GRWWHG�

OLQHV� ZKHUH� QR� PHDQLQJ� FDQ� EH� DWWULEXWHG� WR� WKH� TXDUWHU�RQ�TXDUWHU� JURZWK� UDWHV��

/LNHZLVH��LQ�WKH�WDEOHV�WKHVH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWHV�DUH�LWDOLFDOL]HG��

7KH�LQGH[�YDOXHV�DUH��ZKHQ�QHFHVVDU\��EHQFKPDUNHG�WR�WKH�DQQXDOO\�FKDLQHG�LQGH[�

XVLQJ�WKH�SURSRUWLRQDO�'HQWRQ�PHWKRG��6HH�VHFWLRQ���������

���� &KDQJHV�LQ�UHODWLYH�SULFHV�

7KH� ILUVW� H[DPSOH� WKDW� ZH�ZLOO� GLVFXVV� KHUH� LV� EDVHG� RQ� H[DPSOH� ���� LQ� WKH� ,0)�

PDQXDO� RI� %ORHP� HW� DO�� ��������:H� VOLJKWO\� DGDSWHG� WKH� H[DPSOH� JLYHQ� WKHUH� WR�

HPSKDVL]H�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PHWKRGV���

7KH�\HDUO\�EDVH�FKDQJH�ZLOO�LQ�JHQHUDO�FKDQJH�ERWK�WKH�DYHUDJH�SULFH�OHYHO�DQG�WKH�

UHODWLYH�OHYHO�RI�WKH�SULFHV�ZLWKLQ�DQ�DJJUHJDWH��7UDQVODWLQJ�WKLV�WR�WKH�LQIOXHQFH�RI�

WKH�EDVH�FKDQJH�RQ�WKH�TXDUWHUO\�YDOXHV��ZH�VHH�WKDW�WKH�EDVH�FKDQJH�FDQ�FKDQJH�ERWK�

WKH�DYHUDJH�DQG�WKH�UHODWLYH�OHYHOV�RI�WKH�TXDUWHUV�ZLWKLQ�D�\HDU��7KLV�H[DPSOH�VKRZV�

WKLV�HIIHFW�LQ�D�VRPHZKDW�H[WUHPH�ZD\��

$W� WKH� EHJLQQLQJ� RI� WKH� SHULRG� ERWK� FRPPRGLWLHV�� $� DQG� %�� DUH� FRPSDUDEOH� LQ�

TXDQWLW\�DQG�SULFH��ZKLOH�DW�WKH�HQG�WKH\�DUH�QR�ORQJHU�FRPSDUDEOH��2YHU�WKH�FRXUVH�

RI�ILYH�\HDUV�WKH�XQLW�YDOXH�SULFH�RI�FRPPRGLW\�%�EHFRPHV���WLPHV�WKDW�RI�$��ZKLOH�

WKH� TXDQWLW\� RI� $� EHFRPHV� WZLFH� WKDW� RI� %�� 7KHVH� GHYHORSPHQWV� PDNH� WKDW�

FRPPRGLW\�%�PRUH�DQG�PRUH�GRPLQDWHV�WKH�DJJUHJDWH�WRZDUGV�WKH�HQG�RI�WKH�SHULRG���

7KH�H[DPSOH� LV� FRQVWUXFWHG� LQ� VXFK�D�ZD\� WKDW� WKH�TXDQWLWLHV�RI�$�DQG�%�KDYH�DQ�

RSSRVLWH� WUHQG� DQG� RSSRVLWH� VHDVRQDO� YDULDWLRQ�� 6KLIWLQJ� WKH� ZHLJKW� WRZDUGV�

FRPPRGLW\�%� FDXVHV� WKH� TXDUWHUO\� SDWWHUQ� WR�PRUH� DQG�PRUH� UHIOHFW� WKH� WUHQG�DQG�

VHDVRQDOLW\�RI�FRPPRGLW\�%���

7DEOH�����DQG�ILJXUH�����VKRZ�WKH�UHVXOWV�RI�DSSO\LQJ�WKH� WKUHH� OLQNLQJ�PHWKRGV� WR�

WKLV� VLWXDWLRQ�� $V� ZDV� SUHGLFWHG� LQ� VHFWLRQ� ����� LW� WXUQV� RXW� WKDW� FKDQJHV� LQ� WKH�
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TXDUWHUO\�SDWWHUQ�GXH�WR�UHODWLYH�SULFH�FKDQJHV�DUH�FRPSOHWHO\� LJQRUHG�E\�WKH�RYHU�

WKH�\HDU� PHWKRG�� 7KH� UHVXOW� RI� WKDW� LV� WKDW� WKH� RYHU�WKH�\HDU� LQGH[� VKDUSO\� MXPSV�

GRZQ�HYHU\�ILUVW�TXDUWHU��7KLV�UHVHPEOHV�WKH�VWHS�SUREOHP��\HW�WKH�MXPS�GRZQ�LV�QRW�

WKH�HVVHQFH�RI�WKH�SUREOHP��,Q�DQRWKHU�H[DPSOH�WKH�MXPS�FRXOG�EH�XSZDUG�DV�ZHOO��

$V�ZDV�SRLQWHG�RXW�LQ�VHFWLRQ������WKH�HVVHQFH�RI�WKH�SUREOHP�LV�WKDW�ZLWK�WKH�RYHU�

WKH�\HDU�WHFKQLTXH�WKHUH�LV�QR�PHDQLQJIXO�UHODWLRQ�DW�DOO�EHWZHHQ�WKH�LQGH[�YDOXH�RI�

DGMDFHQW�TXDUWHUV���

,Q�VHFWLRQ�����ZH�FRQFOXGHG�WKDW�WKH�RYHU�WKH�\HDU�WHFKQLTXH�ZLOO�KRQRXU�WKH�FKDQJH�

LQ�WKH�DYHUDJH�TXDUWHUO\�OHYHO���EXW�QRW�WKH�FKDQJHV�LQ�WKH�UHODWLYH�OHYHOV�RI�TXDUWHUV�

ZLWKLQ�D�\HDU��,QGHHG�WKLV�H[DPSOH�VKRZV�WKDW�WKH�TXDUWHUO\�SDWWHUQ�RI�WKH�ILUVW�\HDU�

DIWHU� WKH� LQGH[� \HDU� LV� UHSOLFDWHG� LQ� ODWHU� \HDUV�� 7KH� RWKHU� WZR� PHWKRGV� OHDG� WR�

LQGLFHV�WKDW�DUH�SURSRUWLRQDO�WR�WKH�YDOXH�RI�WKH�FXUUHQW�TXDUWHU��7KH�TXDUWHUO\�SDWWHUQ�

WKHUHIRUH� DOZD\V� UHIOHFWV� WKH� TXDUWHUO\� SDWWHUQ� RI� WKH� FXUUHQW� \HDU�� LQ� SULFHV� RI� WKH�

SUHFHGLQJ�\HDU��

6RPH�PLJKW�DUJXH�WKDW�D�VHDVRQDO�FRUUHFWLRQ�RI�WKH�GDWD�SULRU�WR�FKDLQ�OLQNLQJ�ZLOO�

UHPHG\� WKH�EHKDYLRXU�RI� WKH�RYHU�WKH�\HDU�PHWKRG��7KLV� LV�QRW� WUXH��7KH�TXDUWHUO\�

SDWWHUQ�FRQVLVWV�RI�ERWK�WKH�WUHQG�F\FOH�DQG�WKH�VHDVRQDO�SDWWHUQ��5HPRYLQJ�WKH�ODWWHU�

ZLOO�RQO\�UHGXFH�WKH�HIIHFWV�RI�FKDQJLQJ�VHDVRQDO�SDWWHUQV��LI�WKHVH�DUH�GXH�WR�UHODWLYH�

SULFH� FKDQJHV���7KH\�ZLOO�QRW� UHGXFH� WKH�HIIHFWV�GXH� WR� D� FKDQJLQJ� WUHQG�F\FOH�� ,Q�

IDFW��H[DPSOH�����LQ�WKH�,0)�PDQXDO�RI�%ORHP�HW�DO����������RQ�ZKLFK�WKLV�H[DPSOH�

LV� EDVHG�� VKRZV� FRPSDUDEOH� UHVXOWV� ZLWKRXW� DQ\� GLVFHUQDEOH� VHDVRQDOLW\� LQ� WKH�

TXDQWLWLHV��

)XUWKHU�QRWH�WKDW��GHVSLWH�WKH�H[WUHPH�GHYHORSPHQWV�LQ�WKLV�H[DPSOH��WKH�GLIIHUHQFHV�

EHWZHHQ�WKH�DQQXDO�RYHUODS�DQG�WKH��EHQFKPDUNHG��RQH�TXDUWHU�RYHUODS�PHWKRG�DUH�

OLPLWHG��$V�H[SHFWHG��ZH�ILQG�WKH�ODUJHVW�GLIIHUHQFHV�EHWZHHQ�WKHVH�PHWKRGV� LQ�WKH�

ILUVW�DQG�ODVW�TXDUWHUV�RI�WKH�\HDU��

������������������������������������������������������
��7KLV�LV�WUXH�DV�ORQJ�DV�WKH�TXDUWHUO\�YDOXHV�KDYH�DSSUR[LPDWHO\�WKH�VDPH�OHYHOV��:KHQ�WKH�

OHYHOV�GLIIHU�E\�D�IDFWRU�RI�WKUHH��DV�LQ�WKH�QH[W�H[DPSOH��WKH�DQQXDO�DYHUDJH�RI�WKH�RYHU�WKH�

\HDU�LQGH[�YDOXHV�ZLOO�GLIIHU�VWURQJO\�IURP�WKH�DQQXDO�FKDLQHG�LQGH[�YDOXH��
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E��%HQFKPDUNLQJ�ZDV�QRW�QHFHVVDU\��
F��%HQFKPDUNHG�XVLQJ�WKH�SURSRUWLRQDO�'HQWRQ�PHWKRG��
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2YHU�WKH�<HDU $QQXDO 2QH�TXDUWHU

�

)LJXUH������'LIIHUHQFHV�EHWZHHQ�WKH�WKUHH�PHWKRGV�GXH�WR�FKDQJLQJ�UHODWLYH�SULFHV��
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���� 6WURQJ�VHDVRQDOLW\�

6HDVRQDOLW\�LV�FRPPRQ�DPRQJ�HFRQRPLF�TXDUWHUO\�GDWD��2I�PDQ\�FRPPRGLWLHV�ERWK�

SURGXFWLRQ�DQG�FRQVXPSWLRQ�DUH�VXEMHFW�WR�LQIOXHQFHV�RI�WKH�VHDVRQ��:H�VSHDN�RI�

VWURQJ�VHDVRQDOLW\�ZKHQ�QRWKLQJ�LV�SURGXFHG�RU�FRQVXPHG�RI�D�FRPPRGLW\�LQ�RQH�RU�

PRUH�TXDUWHUV��7KH�TXDQWLW\�LV�]HUR�LQ�VXFK�TXDUWHUV�DQG�D�SULFH�DFWXDOO\�GRHV�QRW�

H[LVW��DOWKRXJK�WKHUH�ZLOO�EH�D�\HDUO\�XQLW�YDOXH�SULFH���6WURQJ�VHDVRQDOLW\�LV�D�

SUREOHP��DV�PRVW�LQGH[�IRUPXODV�FDQQRW�KDQGOH�]HUR�TXDQWLWLHV�YHU\�ZHOO���

7KH� LQGH[� IRUPXODV� RI� RXU� WKUHH� FKDLQHG� LQGLFHV� DUH� QR� H[FHSWLRQ� WR� WKLV�� 1RWH�

KRZHYHU� WKDW� WKH� WKUHH� FKDLQHG� LQGLFHV� DUH� EDVHG� RQ� DQQXDOO\� DYHUDJHG� SULFHV��

7KHUHIRUH�ZH� KDYH� QR� SUREOHP�ZLWK� WKH� QRQ�H[LVWHQFH� RI� FHUWDLQ� SULFHV� LQ� RQH� RU�

PRUH� TXDUWHUV�� 7KH� FKDLQHG� LQGLFHV� WKHUHIRUH� FDQ� GHDO� ZLWK� VWURQJ� VHDVRQDOLW\�� DV�

ORQJ�DV�LW�LV�SDUW�RI�DQ�DJJUHJDWH�ZKHUH�RWKHU�FRPSRQHQWV�QHYHU�GLVDSSHDU���

,Q�WKLV�H[DPSOH�ZH�DJDLQ�ORRN�DW�WZR�FRPPRGLWLHV��$�DQG�%��&RPPRGLW\�$�LV�RQO\�

SURGXFHG�LQ�WKH�WKLUG�TXDUWHU�RI�WKH�\HDU��,Q�WKH�ODVW�WZR�\HDUV�SURGXFWLRQ�PRYHV�WR�

WKH�IRXUWK�TXDUWHU��&RPPRGLW\�%�LV�SURGXFHG�LQ�DOO�TXDUWHUV�DQG�LWV�GHYHORSPHQW�LV�

PXFK�VPRRWKHU��

7KH�LQGH[�FRQVWUXFWHG�ZLWK� WKH�RYHU�WKH�\HDU� WHFKQLTXH�LV� WKH�RQO\�RQH�WKDW�VKRZV�

WKDW�WKH�SHDN�LQ�WKH�WKLUG�TXDUWHU�RI�\HDU���LV�ODUJHU�WKDQ�WKH�\HDU�EHIRUH��,Q�D�GLUHFW�

FRPSDULVRQ�RI�ERWK�TXDUWHUV�WKLV�ZRXOG�EH�WKH�FRUUHFW�FRQFOXVLRQ��+RZHYHU��D�SURSHU�

FKDLQHG�TXDQWLW\�LQGH[�VKRXOG�VKRZ�WKH�SHDN�WR�EH�ORZHU�WKDQ�WKH�\HDU�EHIRUH��7KLV�

LV� GXH� WR� WKH� IDFW� WKDW� LQ� WKH� EDVH� FKDQJH� WKH� UHODWLYH� SULFH� RI� FRPPRGLW\�$�ZDV�

FRQVLGHUDEO\�ORZHUHG��7KH�RYHU�WKH�\HDU�LQGH[�GRHV�QRW�UHIOHFW�WKLV�SULFH�FKDQJH�DQG�

WKXV�GRHV�QRW�EHKDYH�OLNH�D�FKDLQHG�LQGH[��

,Q�WKLV�H[DPSOH�WKH�DQQXDO�DYHUDJH�RI�WKH�TXDUWHUO\�LQGH[�YDOXHV�GLIIHUV�FRQVLGHUDEO\�

IURP�WKH�DQQXDOO\�FKDLQHG�LQGH[��LQ�WKH�FDVH�RI�ERWK�WKH�RYHU�WKH�\HDU�DQG�WKH�RQH�

TXDUWHU� RYHUODS� PHWKRGV�� 7KHUHIRUH� ERWK� LQGLFHV� DUH� EHQFKPDUNHG� XVLQJ� WKH�

SURSRUWLRQDO�'HQWRQ� WHFKQLTXH� �VHH� VHFWLRQ� �������� ,Q� DSSOLFDWLRQ� WR�PRUH� UHDOLVWLF�

YDOXHV� WKH� RYHU�WKH�\HDU� LQGH[� YDOXH� XVXDOO\� GLIIHUV� RQO\� VOLJKWO\� IURP� WKH� DQQXDO�

LQGH[��\HW�LQ�WKLV�H[DPSOH�WKHUH�LV�D�ODUJH�UHODWLYH�GLIIHUHQFH�LQ�WKH�TXDUWHUO\�OHYHOV�

ZLWKLQ�WKH�\HDU���

$IWHU�PRYLQJ�WKH�VHDVRQDO�SHDN�WR�WKH�IRXUWK�TXDUWHU�WKH�RYHU�WKH�\HDU�PHWKRG�OHDGV�

XV� WR� EHOLHYH� WKDW� D� UHVLGXH� RI� LW� KDV� UHPDLQHG� LQ� WKH� WKLUG� TXDUWHU�� 7KLV� LV� D�

PDQLIHVWDWLRQ� RI� WKH� VDPH� EHKDYLRXU� VKRZQ� LQ� H[DPSOH� ����� WKH� RYHU�WKH�\HDU�

WHFKQLTXH�LJQRUHV�FKDQJHV�LQ�WKH�UHODWLYH�OHYHOV�RI�WKH�TXDUWHUV�ZKHQ�WKHVH�FKDQJHV�

DUH�GXH�WR�SULFH�HIIHFWV���

$JDLQ��LQ�WKH�OLJKW�RI�WKH�H[WUHPH�FKDUDFWHU�RI�WKLV�H[DPSOH��WKH�GLIIHUHQFHV�EHWZHHQ�

DQQXDO� RYHUODS� DQG� RQH�TXDUWHU� RYHUODS� PHWKRGV� DUH� OLPLWHG��:H� ILQG� WKH� ODUJHVW�

GLIIHUHQFHV�LQ�WKH�ILUVW�DQG�ODVW�TXDUWHUV�RI�WKH�\HDU���
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� � � � � � � � � � � � � � � � � � � �
�� ,� ���� ����� � � � ������ ������ � ������ � ������ ������ � ������ ������ � ������ ������

� ,,� ���� ����� � � � ������ ������ � ������ � ������ ����� � ������ ����� � ������ �����

� ,,,� ���� ����� � � � ������ ������ � ������ � ������� ������ � ������ ����� � ������ �����

� ,9� ������ ����� � � � ������� ������ � ������� � ������� ����� � ������� ������ � ������� ������

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

D��0HDQLQJOHVV�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWHV�DUH�LWDOLFDOL]HG��
E��%HQFKPDUNHG�XVLQJ�WKH�SURSRUWLRQDO�'HQWRQ�PHWKRG��
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2YHU�WKH�\HDU $QQXDO�RYHUODS 2QH�TXDUWHU�RYHUODS

�

)LJXUH������6WURQJ�VHDVRQDOLW\�OHDGV�WR�GLIIHUHQFHV��



� ���

���� ,GHQWLW\�

7KH� ODVW� H[DPSOH� LV�TXLWH�VLPSOH�� WKH�TXDQWLWLHV�RI�FRPPRGLWLHV�$�DQG�%�DUH�NHSW�

HTXDO� WR� WKH� FRUUHVSRQGLQJ� TXDUWHU� RQH� \HDU� HDUOLHU�� ZKLOH� WKH� UHODWLYH� SULFHV� GR�

FKDQJH��7DEOH� ����DQG� ILJXUH� ���� VKRZ� WKH� EHKDYLRXU� RI� WKH� WKUHH�PHWKRGV� LQ� WKLV�

VLWXDWLRQ���

7KH�RYHU�WKH�\HDU�PHWKRG�LV� WKH�RQO\�PHWKRG�WKDW�UHVXOWV� LQ�D�]HUR�YROXPH�JURZWK�

EHWZHHQ�FRUUHVSRQGLQJ�TXDUWHUV� LQ� VXEVHTXHQW�\HDUV��7KH�DQQXDO�RYHUODS�DQG�RQH�

TXDUWHU�RYHUODS�PHWKRGV�UHVXOW�LQ�QRQ�]HUR�YROXPH�JURZWKV��7KH�FDXVH�RI�WKLV�LV�WKH�

DQQXDO�FKDQJH�RI�EDVH�SULFHV���

$OWKRXJK� DSSDUHQWO\� UHVXOWLQJ� LQ� WKH� RQO\� FRUUHFW� DQVZHU��ZH�PXVW� VWUHVV� WKDW� WKH�

RYHU�WKH�\HDU� LQGH[�GRHV�QRW�EHKDYH� OLNH�D� FKDLQHG� LQGH[�� ,Q� IDFW�� LQ� WKLV�FDVH� WKH�

RYHU�WKH�\HDU�PHWKRG�OHDGV�WR�LQGH[�YDOXHV�LGHQWLFDO�WR�D�IL[HG�EDVH�/RZH�TXDQWLW\�

LQGH[�ZLWK�EDVH�SULFHV�WDNHQ�IURP�WKH�\HDU����7KH�FKDQJLQJ�RI�WKH�EDVH�SULFHV�LQ�WKLV�

H[DPSOH�LV�FRPSOHWHO\�LJQRUHG�E\�WKH�RYHU�WKH�\HDU�PHWKRG��

7KH�GLIIHUHQFHV� LQ� WKH�UHVXOWV�RI� WKH�DQQXDO�RYHUODS�DQG�'HQWRQ�EHQFKPDUNHG�RQH�

TXDUWHU�RYHUODS�DUH�VPDOO��:H�ILQG�WKH�ODUJHVW�GLIIHUHQFHV�LQ�WKH�ILUVW�DQG�ODVW�TXDUWHUV�

RI�WKH�\HDU��



� ���

7DEOH������([DPSOH�ZKHUH�WKH�TXDQWLWLHV�GR�QRW�FKDQJH�RYHU�WKH�\HDUD��

�� �� �� �� �� �� $W�FRQVWDQW�SULFHV�RI� � &KDLQHG�,QGLFHV� �� � �� ��

� � 4XDQWLW\� 3ULFHV� 3UHYLRXV�\HDU� � &XUUHQW� � 2YHU�WKH�<HDU� �
$QQXDO��
RYHUODS� �

2QH�4XDUWHU�
RYHUODSE�

� � $� %� $� %� /HYHO� 4�� �� � /HYHO� � ,QGH[� TRT� � ,QGH[� TRT� � ,QGH[� TRT�
�� �� �� �� �� �� �� �� � �� � �� �� � �� �� � �� ��
�� � ������ ����� ���� ���� ������� � � � � ������� � � ������� � � ������� �
� � � � � � � � � � � � � � � � � � �
�� ,� ����� ����� � � ������ ������ � ������ � ������� ���� � ������� ���� � ������� ����

� ,,� ����� ����� � � ������ ������ � ������ � ������� ���� � ������� ���� � ������� ����

� ,,,� ����� ���� � � ������ ������ � ������ � ������ ������ � ������ ������ � ������ ������

� ,9� ����� ����� � � ������ ������ � ������ � ������ ���� � ������ ���� � ������ ����

� � ������ ��� ���� ���� ������� ������ � ������� � ������� � � ������� � � ������� �
� � � � � � � � � � � � � � � � � � �
�� ,� ����� ����� � � ������ ������ � ������ � ������� ���� � ������� ���� � ������� ����

� ,,� ����� ����� � � ������ ������ � ������ � ������� ���� � ������� ���� � ������� ����

� ,,,� ����� ���� � � ������ ������ � ������ � ������ ������ � ������ ������ � ������ ������

� ,9� ����� ����� � � ������ ������ � ������ � ������ ���� � ������ ���� � ������ ����

� � ������ ����� ���� ����� ������� ������ � ������� � ������� � � ������� � � ������� �
� � � � � � � � � � � � � � � � � � �
�� ,� ����� ����� � � ������ ������ � ������ � ������� ���� � ������� ���� � ������� ����

� ,,� ����� ����� � � ������ ������ � ������ � ������� ���� � ������� ���� � ������� ����

� ,,,� ����� ���� � � ������ ������ � ������ � ������ ������ � ������ ������ � ������ ������

� ,9� ����� ����� � � ������ ������ � ������ � ������ ���� � ������ ���� � ������ ����

� � ������ ����� ���� ����� ������� ������ � ������� � ������� � � ������� � � ������� �
� � � � � � � � � � � � � � � � � � �
�� ,� ����� ����� � � ������ ������ � ������ � ������� ���� � ������� ���� � ������� ����

� ,,� ����� ����� � � ������ ������ � ������ � ������� ���� � ������� ���� � ������� ����

� ,,,� ����� ���� � � ������ ������ � ������ � ������ ������ � ������ ������ � ������ ������

� ,9� ����� ����� � � ������ ������ � ������ � ������ ���� � ������ ����� � ������ ����

� � ������ ����� ���� ����� ������� ������ � ������� � ������� � � ������� � � ������� �
�� �� �� �� �� �� �� �� � �� � �� �� � �� �� � �� ��
D��0HDQLQJOHVV�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWHV�DUH�LWDOLFDOL]HG��
E��%HQFKPDUNHG�XVLQJ�WKH�SURSRUWLRQDO�'HQWRQ�PHWKRG��
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2YHU�WKH�<HDU $QQXDO�2YHUODS 2QH�TXDUWHU�RYHUODS

�

)LJXUH������'LIIHUHQFHV�DOVR�DULVH�ZKHQ�WKH�TXDQWLWLHV�GR�QRW�FKDQJH�RYHU�WKH�\HDU��



� ���

��� &RPSDULQJ�WKH�PHWKRGV�ZKHQ�DSSOLHG�WR�UHDO�H[SHQGLWXUHV�

$V�ZDV�VWLSXODWHG�LQ�VHFWLRQ�����WKH�FKDLQHG�LQGH[�FDOFXODWHG�XVLQJ�WKH�RYHU�WKH�\HDU�

PHWKRG�FDQQRW�EH�LQWHUSUHWHG�DV�D�TXDQWLW\�LQGH[��,Q�WKLV�VHFWLRQ�ZH�ZLOO�LJQRUH�WKDW�

FRQFOXVLRQ�DQG�SUHWHQG�DV�LI�LQGHHG�WKHUH�LV�DQ\WKLQJ�WR�FRPSDUH��2I�FRXUVH��D�YDOLG�

TXHVWLRQ�LV�KRZ�ODUJH�WKH�GLIIHUHQFHV�ZLOO�EH�ZKHQ�WKH�RYHU�WKH�\HDU�PHWKRG�ZRXOG�

EH�UHSODFHG�E\�RQH�RI�WKH�RWKHU�PHWKRGV���

7KH�UHVXOWV�RI�DSSO\LQJ�WKH� WKUHH�PHWKRGV� WR�UHDO�H[SHQGLWXUHV�FDQ�EH�IRXQG�LQ� WKH�

DSSHQGLFHV�$�WKURXJK�,��7DEOH�����EHORZ�SURYLGHV�DQ�LQGH[�WR�WKH�DSSHQGLFHV��

7DEOH������,QGH[�WR�WKH�DSSHQGLFHV��

$SSHQGL[� 3DJH� ([SHQGLWXUH�

� � �
$� ��� *URVV�'RPHVWLF�3URGXFW�

%� ��� )LQDO�FRQVXPSWLRQ�H[SHQGLWXUH�E\�KRXVHKROGV�LQF��13,�KRXVHKROGV�

&� ��� )LQDO�FRQVXPSWLRQ�H[SHQGLWXUH�RI�WKH�JHQHUDO�JRYHUQPHQW�

'� ��� *URVV�IL[HG�FDSLWDO�IRUPDWLRQ�E\�LQGXVWU\�

(� ��� *URVV�IL[HG�FDSLWDO�IRUPDWLRQ�E\�JHQHUDO�JRYHUQPHQW�

)� ��� 1DWLRQDO�H[SHQGLWXUHV�

*� ��� ,PSRUWV�RI�JRRGV�DQG�VHUYLFHV�

+� ��� ([SRUWV�RI�JRRGV�DQG�VHUYLFHV�

,� ��� 7RWDO�ILQDO�H[SHQGLWXUH�

� � �
�

%HORZ� ZH� ILUVW� FRPSDUH� WKH� RYHU�WKH�\HDU� PHWKRG� DQG� WKH� RQH�TXDUWHU� RYHUODS�

PHWKRG�LQ�VHFWLRQ������1H[W��LQ�VHFWLRQ������ZH�FRPSDUH�WKH�DQQXDO�RYHUODS�PHWKRG�

DQG� WKH� RQH�TXDUWHU� RYHUODS�PHWKRG��7KH� IRFXV�ZLOO� EH� RQH� WKH� TXDUWHU�RQ�TXDUWHU�

YROXPH�JURZWK�DQG�WKH�YROXPH�JURZWK�ZLWK�UHVSHFW�WR�WKH�FRUUHVSRQGLQJ�TXDUWHU�RI�

WKH�SUHFHGLQJ�\HDU��RYHU�WKH�\HDU����

���� &RPSDULQJ�WKH�RYHU�WKH�\HDU�DQG�RQH�TXDUWHU�RYHUODS�PHWKRGV�

������ 4XDUWHU�RQ�TXDUWHU�JURZWK�UDWHV�

,Q� WDEOH� ����ZH� FRPSDUH� WKH�PHDQ� RI� WKH� DEVROXWH� YDOXH� RI� WKH� GLIIHUHQFHV� LQ� WKH�

TXDUWHU�RQ�TXDUWHU�YROXPH�FKDQJH��7KH�GLIIHUHQFHV��LQ�SHUFHQW�SRLQWV��DUH�DYHUDJHG�

RYHU� DOO� WKH� H[SHQGLWXUHV� PHQWLRQHG� LQ� WDEOH� ����� 7KH� GLIIHUHQFHV� DUH� IXUWKHU�

DYHUDJHG� E\� TXDUWHU� RQ� WKH� ERWWRP� URZ� DQG� DYHUDJHG� E\� \HDU� LQ� WKH� ULJKWPRVW�

FROXPQ���



� ���

7KH�DYHUDJHG�GLIIHUHQFHV�RI�DOO�WKH�H[SHQGLWXUHV�PHQWLRQHG�LQ�WDEOH�����RI�FRXUVH�GR�

QRW�PHDQ� DQ\WKLQJ� LQ� WKHPVHOYHV�� \HW� WKLV� FUXGH� H[SHULPHQW� FOHDUO\� VKRZV�XV� WZR�

WKLQJV��7KH�ILUVW�WKLQJ�WR�QRWH�LV�WKDW�WKH�DEVROXWH�GLIIHUHQFHV�DUH�ODUJHVW�LQ�WKH�ILUVW�

DQG�VHFRQG�TXDUWHUV�RI�WKH�\HDU��7KLV�LV�EHFDXVH�WKH�OHYHO�RI�WKH�RYHU�WKH�\HDU�LQGH[�

LV�PRVW�GLIIHUHQW�IURP�WKH�RQH�TXDUWHU�RYHUODS�LQGH[�LQ�WKH�ILUVW�TXDUWHU��7KLV�LQ�WXUQ�

LV�FDXVHG�E\�WKH�IDFWV�WKDW�WKH�RYHU�WKH�\HDU�LQGH[�DQG�WKH�RQH�TXDUWHU�RYHUODS�LQGH[�

DUH�HTXDO�LQ�WKH�IRXUWK�TXDUWHU��EHIRUH�EHQFKPDUNLQJ���WKDW�ERWK�LQGLFHV�PXVW�DYHUDJH�

WR� WKH�VDPH�DQQXDOO\�FKDLQHG� LQGH[��DIWHU�EHQFKPDUNLQJ��DQG�WKDW�DOO�H[SHQGLWXUHV�

VKRZ�DQ�XSZDUG�WUHQG���

7KH� VHFRQG� WKLQJ� WR� QRWH� LV� WKDW� WKH� GLIIHUHQFHV� WHQG� WR� EHFRPH� ODUJHU� WKH� IXUWKHU�

DZD\�IURP�WKH�LQGH[�\HDU��7KHUH�LV�D�FXPXODWLYH�HIIHFW��DV�FDQ�EH�H[SHFWHG�IURP�WKH�

SURSHUWLHV�RI� WKH�RYHU�WKH�\HDU�PHWKRG�DV� VKRZQ� LQ�VHFWLRQ������7KH�RYHU�WKH�\HDU�

PHWKRG� LJQRUHV� SDUW� RI� WKH� HIIHFWV�RI� WKH� DQQXDO� EDVH� FKDQJH� DQG� WKHUHIRUH� VKRZV�

PRUH�DQG�PRUH�GLIIHUHQFHV�WKH�IXUWKHU�DZD\�IURP�WKH�LQGH[�\HDU��

7DEOH� ���� � 0HDQ� DEVROXWH� GLIIHUHQFH� EHWZHHQ� WKH� TXDUWHU�RQ�TXDUWHU� YROXPH�
FKDQJHV�DFFRUGLQJ�WR�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�DQG�WKH�RYHU�WKH�\HDU�PHWKRG��

<HDU� 4XDUWHU� �� �� �� �� $QQXDO�DYHUDJH�

�� ,� ,,� ,,,� ,9� �� ��

� ��SRLQW� � � � � �
� � � � � � �
����� � ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� � � � � ����
� � � � � � �
0HDQ� ���� ���� ���� ���� � ����
�� �� �� �� �� �� ��
�

,W�LV�DOVR�XVHIXO�WR�FRPSDUH�WKH�TXDUWHUO\�DYHUDJH�RI�WKH�GLIIHUHQFHV��QRW�WKH�DEVROXWH�

YDOXH� RI� WKH� GLIIHUHQFHV�� RI� WKH� TXDUWHU�RQ�TXDUWHU� JURZWK� DFFRUGLQJ� WR� WKH� RQH�

TXDUWHU� RYHUODS� PHWKRG� DQG� WKH� RYHU�WKH�\HDU� PHWKRG�� $� QRQ�YDQLVKLQJ� TXDUWHUO\�

DYHUDJH�PD\� LQGLFDWH� D� ELDV�� ,I� GLIIHUHQFHV� DUH� GXH� WR� FKDQFH� RQO\� WKH\� RXJKW� WR�

DYHUDJH�RXW�WR�]HUR�LQ�WKH�ORQJ�WHUP���

,QGHHG��DV�WDEOH�����VKRZV��WKH�DYHUDJH�GLIIHUHQFHV�DUH�QRW�QHJOLJLEOH��7KH�DYHUDJH�

GLIIHUHQFHV�LQ�D�VSHFLILF�TXDUWHU�FDQ�EH�XSZDUG�RU�GRZQZDUG��GHSHQGLQJ�RQ�WKH�W\SH�

RI�H[SHQGLWXUHV�DW�KDQG��7KH�GLIIHUHQFHV�DUH�ODUJHU�IRU�OHVV�DJJUHJDWHG�H[SHQGLWXUHV��

VXFK�DV�FDSLWDO�IRUPDWLRQ��LPSRUWV��H[SRUWV�DQG�FRQVXPSWLRQ��

$� VLPSOH� W�WHVW� UHYHDOV� WKDW� PDQ\� RI� WKHVH� DYHUDJH� GLIIHUHQFHV� DUH� VLJQLILFDQWO\�

GLIIHUHQW� IURP�]HUR�� ,Q� WDEOH����� WKH�VLJQLILFDQW�GLIIHUHQFHV�DUH� VKRZQ� LQ�EROGIDFH��



� ���

7KH� RYHU�WKH�\HDU� PHWKRG� OHDGV� WR� D� ELDV� LQ� WKH� TXDUWHU�RQ�TXDUWHU� JURZWK� UDWHV�

ZKHQ�DSSOLHG�WR�H[SHQGLWXUHV�LQ�WKH�'XWFK�TXDUWHUO\�QDWLRQDO�DFFRXQWV��7KDW�PHDQV�

WKDW�� JLYHQ� WKH� KLVWRU\� RI� D� FHUWDLQ� H[SHQGLWXUH� VHULHV�� WKH� RYHU�WKH�\HDU� PHWKRG�

FRQVLVWHQWO\� RYHU�� RU� XQGHUHVWLPDWHV� WKH� TXDUWHU�RQ�TXDUWHU� JURZWK� UDWH� LQ� FHUWDLQ�

TXDUWHUV�RI�WKH�\HDU��7KLV�LV�HVSHFLDOO\�WKH�FDVH�LQ�WKH�ILUVW�TXDUWHU�RI�WKH�\HDU��

7DEOH� ���� � 0HDQ� GLIIHUHQFH� �ELDV�� RI� WKH� TXDUWHU�RQ�TXDUWHU� YROXPH� FKDQJHV�
DFFRUGLQJ�WR�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�DQG�WKH�RYHU�WKH�\HDU�PHWKRG��

([SHQGLWXUHV� 4XDUWHUD� � � �

� ,� ,,� ,,,� ,9�

� ��SRLQW� � � �
� � � � �
*URVV�'RPHVWLF�3URGXFW� ����� ���� ���� �����

)LQDO�FRQVXPSWLRQ�E\�KRXVHKROGV� ����� ���� ���� ����

)LQDO�FRQVXPSWLRQ�E\�JRYHUQPHQW� ���� ���� ����� ����

)L[HG�FDSLWDO�IRUPDWLRQ�E\�LQGXVWU\� ���� ����� ���� �����

)L[HG�FDSLWDO�IRUPDWLRQ�E\�JRYHUQPHQW� ���� ����� ����� ����

1DWLRQDO�H[SHQGLWXUHV� ���� ����� ���� �����

,PSRUWV� ����� ���� ���� ����

([SRUWV� ����� ���� ����� ����

7RWDO�ILQDO�H[SHQGLWXUH� ����� ���� ���� �����
� � � � �

D��'LIIHUHQFHV�LQ�EROGIDFH�DUH�VWDWLVWLFDOO\�VLJQLILFDQW�DW�WKH�����FRQILGHQFH�OHYHO��

������ 6LJQ�FKDQJHV�

6SHFLDO�DWWHQWLRQ�VKRXOG�EH�JLYHQ�WR� WKH�FDVHV�ZKHUH�WKH�TXDUWHU�RQ�TXDUWHU�JURZWK�

UDWH�DFFRUGLQJ�WR�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�DQG�WKH�RYHU�WKH�\HDU�PHWKRG�KDYH�

WKH�RSSRVLWH�VLJQ��WKH�VLJQ�RI�WKLV�JURZWK�UDWH�GHWHUPLQHV�ZKHWKHU�RU�QRW�ZH�DUH�LQ�DQ�

HFRQRPLF�FULVLV���

,Q� WKH� DSSHQGLFHV� ZH� FRXQWHG� WKH� QXPEHU� RI� TXDUWHUV� ZKHUH� DSSO\LQJ� WKH� RWKHU�

PHWKRG�ZRXOG�OHDG�WR�WKH�RSSRVLWH�VLJQ��,W�WXUQV�RXW�WKDW�WKLV�LV�UDUH��RQO\�LQ�WZR�RI�

WKH�WRWDO�����FDVHV�WKH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWHV�KDYH�WKH�RSSRVLWH�VLJQ��1RWH�

KRZHYHU�WKDW�WKHVH�GDWD�DUH�QRW�FRUUHFWHG�IRU�VHDVRQDOLW\��:H�H[SHFW�VLJQ�FKDQJHV�WR�

RFFXU� PRUH� RIWHQ� ZKHQ� D� VHDVRQDO� FRUUHFWLRQ� LV� DSSOLHG� DIWHU� FKDLQ�OLQNLQJ� DQG�

EHQFKPDUNLQJ��:H�KDYH�QRW�LQYHVWLJDWHG�LQWR�WKLV�DVSHFW�DQ\�IXUWKHU���

������ 7KH�RYHU�WKH�\HDU�JURZWK�UDWH�

7KH�GLIIHUHQFHV�LQ�WKH�RYHU�WKH�\HDU�JURZWK�UDWHV�DFFRUGLQJ�WR�WKH�RQH�TXDUWHU�

RYHUODS�PHWKRG�DQG�WKH�RYHU�WKH�\HDU�PHWKRG�DUH�PXFK�VPDOOHU��7KH�RYHU�WKH�\HDU�

JURZWK�UDWH�FDOFXODWHG�ZLWK�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�LV�D�FKDLQHG�LQGH[��DV�

ZDV�SRLQWHG�RXW�LQ�VHFWLRQ������7KH�RYHU�WKH�\HDU�PHWKRG�RI�FRXUVH�OHDGV�WR�D�GLUHFW�

LQGH[�EHWZHHQ�FRUUHVSRQGLQJ�TXDUWHUV���
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)LUVW�ZH�UHSHDW�WKH�FUXGH�H[SHULPHQW�RI�WDEOH������:H�DYHUDJH�WKH�GLIIHUHQFHV�LQ�DOO�

H[SHQGLWXUHV�PHQWLRQHG�LQ�WDEOH������DQG�SUHVHQW�WKH�UHVXOWV�EURNHQ�GRZQ�E\�TXDUWHU�

DQG�E\�\HDU��7KHUH�LV�QR�VLJQ�RI�D�FXPXODWLYH�HIIHFW�RQ�WKH�GLIIHUHQFHV�LQ�WKH�RYHU�

WKH�\HDU� YROXPH� JURZWKV�� 5DWKHU� WKH� ODUJHVW� GLIIHUHQFHV� VHHP� WR� EH� UHODWHG� WR�

LQFLGHQWDO�HIIHFWV�LQ�WKH�\HDUV������DQG�������$JDLQ�ZH�VHH�WKDW�WKH�GLIIHUHQFHV�DUH�

ODUJHVW�LQ�WKH�ILUVW�TXDUWHU�RI�WKH�\HDU��

7DEOH������0HDQ�DEVROXWH�GLIIHUHQFH�RI�WKH�RYHU�WKH�\HDU�YROXPH�FKDQJHV�DFFRUGLQJ�
WR�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�DQG�WKH�RYHU�WKH�\HDU�PHWKRG��

<HDU� 4XDUWHU� �� �� �� �� $QQXDO�DYHUDJH�

�� ,� ,,� ,,,� ,9� �� ��

� ��SRLQW� � � � � �
� � � � � � �
����� �� �� �� �� � ��
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� � � � ����
� � � � � � �
0HDQ� ���� ���� ���� ���� � ����
�� �� �� �� �� �� ��
�

,Q� RUGHU� WR� JHW� DQ� LPSUHVVLRQ� RI� WKH� VL]H� RI� WKH� GLIIHUHQFHV� LQ� WKH� RYHU�WKH�\HDU�

JURZWK�UDWHV��ZH�ILUVW�ORRN�DW�WKH�DYHUDJHG�DEVROXWH�GLIIHUHQFHV��7DEOH�����VKRZV�WKDW�

WKH� GLIIHUHQFHV� DUH� QHJOLJLEOH� IRU� DOO� H[SHQGLWXUHV� EXW� WKH� JURVV� IL[HG� FDSLWDO�

IRUPDWLRQ��ERWK�E\�WKH�LQGXVWU\�DQG�E\�WKH�JRYHUQPHQW���

7DEOH������0HDQ�DEVROXWH�GLIIHUHQFHV�LQ�WKH�RYHU�WKH�\HDU�YROXPH�JURZWK�RI�WKH�RQH�
TXDUWHU�RYHUODS�PHWKRG�DQG�RYHU�WKH�\HDU�PHWKRG�EURNHQ�GRZQ�E\�H[SHQGLWXUH��

([SHQGLWXUHV� 4XDUWHU� � � �

�� ,� ,,� ,,,� ,9�

� ��SRLQW� � � �
� � � � �
*'3� ���� ���� ���� ����

&RQVXPSWLRQ�KRXVHKROGV� ���� ���� ���� ����

&RQVXPSWLRQ�JRYHUQPHQW� ���� ���� ���� ����

&DSLWDO�IRUPDWLRQ�LQGXVWU\� ���� ���� ���� ����

&DSLWDO�IRUPDWLRQ�JRYHUQPHQW� ���� ���� ���� ����

1DWLRQDO�H[SHQGLWXUHV� ���� ���� ���� ����

,PSRUWV� ���� ���� ���� ����

([SRUWV� ���� ���� ���� ����

7RWDO�ILQDO�H[SHQGLWXUH� ���� ���� ���� ����
� � � � �
�
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1H[W�ZH�DYHUDJH�WKH�GLIIHUHQFHV�SHU�TXDUWHU�RYHU�DOO�\HDUV�LQ�RUGHU�WR�ILQG�D�ELDV��7KH�

UHVXOWV� RI� ERWK� OLQNLQJ� PHWKRGV� RQO\� UHDOO\� GLIIHU� LQ� WKH� FDVH� RI� WKH� JURVV� IL[HG�

FDSLWDO�IRUPDWLRQ�E\�JHQHUDO�JRYHUQPHQW��$OWKRXJK�ODUJHU�WKDQ�LV�WKH�FDVH�ZLWK�RWKHU�

H[SHQGLWXUHV�� WKHVH� DYHUDJH� GLIIHUHQFHV� DUH� QRW� VLJQLILFDQW� DW� WKH� ���� FRQILGHQFH�

OHYHO��2QO\�LQ�IRXU�FDVHV�WKH��VPDOO��GLIIHUHQFHV�DUH�VLJQLILFDQW��7KH\�DUH�VKRZQ�LQ�

EROGIDFH� LQ� WDEOH� ����� 2I� FRXUVH�� VLPXOWDQHRXV� W�WHVWLQJ� RI� ��� QXPEHUV� DW� ����

FRQILGHQFH� OHYHO� FRXOG� SRLQW� RXW� EHWZHHQ� �� DQG� �� FDVHV� DV� EHLQJ� VLJQLILFDQW� HYHQ�

ZKHQ�LQ�UHDOLW\�QRQH�RI�WKHVH�FDVHV�LV��7KH�FRQFOXVLRQ�WKHUHIRUH�LV�WKDW�WKHUH�DUH�QR�

ODUJH� VWUXFWXUDO� GLIIHUHQFHV� LQ� WKH� RYHU�WKH�\HDU� JURZWK� UDWHV� ZKHQ� DSSO\LQJ� WKH�

RYHU�WKH�\HDU� DQG� RQH�TXDUWHU� RYHUODS� PHWKRGV� WR� WKH� 'XWFK� TXDUWHUO\� QDWLRQDO�

DFFRXQWV��

7DEOH����� �0HDQ�GLIIHUHQFHV�RI� WKH�RYHU�WKH�\HDU�YROXPH�FKDQJHV�DFFRUGLQJ�WR�WKH�
RQH�TXDUWHU�RYHUODS�PHWKRG�DQG�WKH�RYHU�WKH�\HDU�PHWKRG��

�([SHQGLWXUHV� 4XDUWHUD�� � � �

� ,� ,,� ,,,� ,9�

� ��SRLQW� � � �
� � � � �
*'3� ����� ���� ���� ����

)LQDO�FRQVXPSWLRQ�E\�KRXVHKROGV� ����� ���� ���� ����

)LQDO�FRQVXPSWLRQ�E\�JRYHUQPHQW� ���� ���� ���� ����

)L[HG�FDSLWDO�IRUPDWLRQ�E\�LQGXVWU\� ���� ���� ���� ����

)L[HG�FDSLWDO�IRUPDWLRQ�E\�JRYHUQPHQW� ���� ����� ����� �����

1DWLRQDO�H[SHQGLWXUHV� ���� ���� ���� ����

,PSRUWV� ���� ���� ���� ����

([SRUWV� ����� ���� ���� ����

7RWDO�ILQDO�H[SHQGLWXUH� ���� ���� ���� ����
� � � � �

D��'LIIHUHQFHV�LQ�EROGIDFH�DUH�VWDWLVWLFDOO\�VLJQLILFDQW�DW�WKH�����FRQILGHQFH�OHYHO��

���� &RPSDULQJ�WKH�DQQXDO�RYHUODS�DQG�RQH�TXDUWHU�RYHUODS�PHWKRGV�

$V�ZDV�QRWHG�LQ�VHFWLRQ������WKH�DQQXDO�RYHUODS�PHWKRG�RQ�WKH�RQH�KDQG�DQG�WKH�RQH�

TXDUWHU�RYHUODS�PHWKRG�H[WHQGHG�ZLWK�WKH�'HQWRQ�EHQFKPDUN�RQ�WKH�RWKHU�KDQG��FDQ�

EH�VHHQ�DV�WZR�GLIIHUHQW�EHQFKPDUNV�RI�WKH�VDPH��RQH�TXDUWHU�RYHUODS��PHWKRG��6R�

ZH� VKRXOG� H[SHFW� WKH� UHVXOWV� RI� WKH� DQQXDO� RYHUODS� PHWKRG� WR� VKRZ� WKH� PDLQ�

GLVDGYDQWDJH� RI� WKH� SUR� UDWD� EHQFKPDUNLQJ� PHWKRG�� WKH� LQWURGXFWLRQ� RI� D� VWHS�

EHWZHHQ�VXFFHVVLYH�\HDUV��

������ 4XDUWHU�RQ�TXDUWHU�JURZWK�UDWHV�

:H�UHSHDW�DJDLQ�WKH�FUXGH�H[SHULPHQW�RI�WDEOH������:H�DYHUDJH�WKH�GLIIHUHQFHV�LQ�DOO�

H[SHQGLWXUHV�PHQWLRQHG�LQ�WDEOH������DQG�SUHVHQW�WKH�UHVXOWV�EURNHQ�GRZQ�E\�TXDUWHU�

DQG�E\� \HDU� LQ� WDEOH� �����7KH� ILUVW� WKLQJ� WR� QRWLFH� LV� WKDW� WKH� DYHUDJHG�GLIIHUHQFHV�

DSSHDU�WR�EH�YHU\�VPDOO��7KHUH�LV�QR�VLJQ�RI�D�FXPXODWLYH�HIIHFW�RQ�WKH�GLIIHUHQFHV�LQ�
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WKH� TXDUWHU�RQ�TXDUWHU� YROXPH� JURZWKV�� 5DWKHU� WKH� ODUJHVW� GLIIHUHQFHV� VHHP� WR� EH�

UHODWHG�WR�LQFLGHQWDO�HIIHFWV�LQ�WKH�\HDUV������DQG�������7KH�GLIIHUHQFHV�DUH�ODUJHVW�

LQ�WKH�ILUVW�TXDUWHU�RI�WKH�\HDU��7KLV�FRXOG�LQGLFDWH�D��VPDOO��VWHS�SUREOHP��

7DEOH� ���� � 0HDQ� DEVROXWH� GLIIHUHQFH� RI� WKH� TXDUWHU�RQ�TXDUWHU� YROXPH� FKDQJHV�
DFFRUGLQJ�WR�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�DQG�WKH�DQQXDO�RYHUODS�PHWKRG��

<HDU� 4XDUWHU� �� �� �� �� <HDU�

�� ,� ,,� ,,,� ,9� �� ��
� � � � � � �
����� � ���� ���� ���� � ����
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����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� � � � � ����
� � � � � � �
0HDQ� ���� ���� ���� ���� � ����
�� �� �� �� �� �� ��
�

1H[W�ZH�FRPSDUH�WKH�TXDUWHUO\�DYHUDJH�RI�WKH�GLIIHUHQFHV�RI�WKH�TXDUWHU�RQ�TXDUWHU�

JURZWK�DFFRUGLQJ�WR�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�DQG�WKH�DQQXDO�RYHUODS�PHWKRG��

$� QRQ�YDQLVKLQJ� TXDUWHUO\� DYHUDJH� PD\� LQGLFDWH� D� ELDV�� ,I� GLIIHUHQFHV� DUH� GXH� WR�

FKDQFH�RQO\�WKH\�RXJKW�WR�DYHUDJH�RXW�WR�]HUR�LQ�WKH�ORQJ�WHUP���

7DEOH�����VKRZV�WKDW�WKH�DYHUDJH�GLIIHUHQFHV�DUH�QHJOLJLEOH��7KH�GLIIHUHQFHV�DUH�RQO\�

YLVLEOH� LQ� WKH�JURVV�FDSLWDO� IRUPDWLRQ�E\�JRYHUQPHQW�DQG�LQ� WKH�H[SRUWV��7KHVH�DUH�

ERWK�OHVV�DJJUHJDWHG�H[SHQGLWXUHV��0RUHRYHU��QRQH�RI�WKHVH�DYHUDJHG�GLIIHUHQFHV�DUH�

VLJQLILFDQW�� DV� D� VLPSOH� W�WHVW� SRLQWV� RXW��:LWK� UHVSHFW� WR� WKH� RQH�TXDUWHU� RYHUODS�

PHWKRG��WKH�DQQXDO�RYHUODS�PHWKRG�GRHV�QRW�OHDG�WR�D�ELDV�LQ�WKH�TXDUWHU�RQ�TXDUWHU�

YROXPH�JURZWK���

7DEOH� ���� � 0HDQ� GLIIHUHQFH� �ELDV�� RI� WKH� TXDUWHU�RQ�TXDUWHU� YROXPH� FKDQJHV�
DFFRUGLQJ�WR�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�DQG�WKH�DQQXDO�RYHUODS�PHWKRG��

4XDUWHU�� 4XDUWHU� � � �

�� ,� ,,� ,,,� ,9�

� ��SRLQW� � � �
� � � � �
*'3� ���� ���� ���� ����

&RQVXPSWLRQ�KRXVHKROGV� ���� ���� ���� ����

&RQVXPSWLRQ�JRYHUQPHQW� ���� ���� ���� ����

&DSLWDO�IRUPDWLRQ�LQGXVWU\� ���� ���� ���� ����

&DSLWDO�IRUPDWLRQ�JRYHUQPHQW� ����� ���� ���� ����

1DWLRQDO�H[SHQGLWXUHV� ���� ���� ���� ����

,PSRUWV� ���� ���� ���� ����

([SRUWV� ���� ���� ���� ����

7RWDO�ILQDO�H[SHQGLWXUH� ���� ���� ���� ����

� � � � �
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������ 6LJQ�FKDQJHV�

7KH� TXDUWHU�RQ�TXDUWHU� JURZWK� UDWHV� DFFRUGLQJ� WR� WKH� RQH�TXDUWHU� RYHUODS� PHWKRG�

DQG� WKH� DQQXDO� RYHUODS� PHWKRG� QHYHU� VKRZ� D� GLIIHUHQW� VLJQ� ZKHQ� DSSOLHG� WR� WKH�

'XWFK�TXDUWHUO\�QDWLRQDO�DFFRXQWV��

������ 7KH�RYHU�WKH�\HDU�JURZWK�UDWH�

7KH� GLIIHUHQFHV� LQ� WKH� RYHU�WKH�\HDU� JURZWK� UDWHV� DFFRUGLQJ� WR� WKH� RQH�TXDUWHU�

RYHUODS� PHWKRG� DQG� WKH� DQQXDO� RYHUODS� PHWKRG� DUH� VPDOO� DV� ZHOO�� :LWK� HLWKHU�

PHWKRG� WKH� RYHU�WKH�\HDU� JURZWK� UDWH� LV� D� FKDLQHG� LQGH[�� DV� ZDV� SRLQWHG� RXW� LQ�

VHFWLRQV�����DQG�������

)LUVW�ZH�UHSHDW�WKH�FUXGH�H[SHULPHQW�RI�WDEOH������:H�DYHUDJH�WKH�GLIIHUHQFHV�LQ�DOO�

H[SHQGLWXUHV�PHQWLRQHG�LQ�WDEOH������DQG�SUHVHQW�WKH�UHVXOWV�EURNHQ�GRZQ�E\�TXDUWHU�

DQG�E\�\HDU��7KHUH�LV�QR�VLJQ�RI�D�FXPXODWLYH�HIIHFW�RQ�WKH�GLIIHUHQFHV�LQ�WKH�RYHU�

WKH�\HDU� YROXPH� JURZWKV�� 5DWKHU� WKH� ODUJHVW� GLIIHUHQFHV� VHHP� WR� EH� UHODWHG� WR�

LQFLGHQWDO�HIIHFWV��7KH�GLIIHUHQFHV�DUH�ODUJHVW�LQ�WKH�ILUVW�DQG�ODVW�TXDUWHUV�RI�WKH�\HDU��

7DEOH������0HDQ�DEVROXWH�GLIIHUHQFH�RI�WKH�RYHU�WKH�\HDU�YROXPH�FKDQJHV�DFFRUGLQJ�
WR�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�DQG�WKH�DQQXDO�RYHUODS�PHWKRG��

<HDU� 4XDUWHU� �� �� �� �� <HDU�

�� ,� ,,� ,,,� ,9� �� ��
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����� �� �� �� �� � ��
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
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����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� ���� ���� � ����
����� ���� ���� � � � ����
� � � � � � �
0HDQ� ���� ���� ���� ���� � ����
�� �� �� �� �� �� ��
�

,Q� RUGHU� WR� JHW� DQ� LPSUHVVLRQ� RI� WKH� VL]H� RI� WKH� GLIIHUHQFHV� LQ� WKH� RYHU�WKH�\HDU�

JURZWK� UDWHV��ZH� ILUVW� ORRN�DW� WKH�DYHUDJHG�DEVROXWH�GLIIHUHQFHV��7DEOH������VKRZV�

WKDW� WKH� GLIIHUHQFHV� DUH� LQYLVLEOH� IRU� DOO� H[SHQGLWXUHV� EXW� WKH� JURVV� IL[HG� FDSLWDO�

IRUPDWLRQ��ERWK�E\�WKH�LQGXVWU\�DQG�E\�WKH�JRYHUQPHQW���
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7DEOH� ����� �0HDQ� DEVROXWH� GLIIHUHQFHV� LQ� WKH� RYHU�WKH�\HDU� YROXPH� JURZWK� RI� WKH�
RQH�TXDUWHU� RYHUODS� PHWKRG� DQG� DQQXDO� RYHUODS� PHWKRG� EURNHQ� GRZQ� E\�
H[SHQGLWXUH��

([SHQGLWXUH� 4XDUWHU�� �� �� ��

� ,� ,,� ,,,� ,9�

� ��SRLQW� � � �
� � � � �
*'3� ���� ���� ���� ����

&RQVXPSWLRQ�KRXVHKROGV� ���� ���� ���� ����

&RQVXPSWLRQ�JRYHUQPHQW� ���� ���� ���� ����

&DSLWDO�IRUPDWLRQ�LQGXVWU\� ���� ���� ���� ����

&DSLWDO�IRUPDWLRQ�JRYHUQPHQW� ���� ���� ���� ����

1DWLRQDO�H[SHQGLWXUHV� ���� ���� ���� ����

,PSRUWV� ���� ���� ���� ����

([SRUWV� ���� ���� ���� ����

7RWDO�ILQDO�H[SHQGLWXUH� ���� ���� ���� ����
� � � � �
�

)LQDOO\�ZH�DYHUDJH�WKH�GLIIHUHQFHV�SHU�TXDUWHU�RYHU�DOO�\HDUV�LQ�RUGHU�WR�ILQG�D�ELDV��

7KH�UHVXOWV�DUH�LQ�WDEOH�������7KH�FRQFOXVLRQ�WKHUHIRUH�LV�WKDW�WKHUH�DUH�QR�VWUXFWXUDO�

GLIIHUHQFHV�DW�DOO�LQ�WKH�RYHU�WKH�\HDU�JURZWK�UDWHV�ZKHQ�DSSO\LQJ�WKH�DQQXDO�RYHUODS�

DQG�RQH�TXDUWHU�RYHUODS�PHWKRGV�WR�WKH�'XWFK�TXDUWHUO\�QDWLRQDO�DFFRXQWV��

7DEOH�������0HDQ�GLIIHUHQFHV�RI�WKH�RYHU�WKH�\HDU�YROXPH�FKDQJHV�DFFRUGLQJ�WR�WKH�
RQH�TXDUWHU�RYHUODS�PHWKRG�DQG�WKH�DQQXDO�RYHUODS�PHWKRG��

([SHQGLWXUH� 4XDUWHU�� �� �� ��

� ,� ,,� ,,,� ,9�

� ��SRLQW� � � �
� � � � �
*'3� ���� ���� ���� ����

&RQVXPSWLRQ�KRXVHKROGV� ���� ���� ���� ����

&RQVXPSWLRQ�JRYHUQPHQW� ���� ���� ���� ����

&DSLWDO�IRUPDWLRQ�LQGXVWU\� ���� ���� ���� ����

&DSLWDO�IRUPDWLRQ�JRYHUQPHQW� ���� ���� ���� ����

1DWLRQDO�H[SHQGLWXUHV� ���� ���� ���� ����

,PSRUWV� ���� ���� ���� ����

([SRUWV� ���� ���� ���� ����

7RWDO�ILQDO�H[SHQGLWXUH� ���� ���� ���� ����
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�
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��� &RQFOXVLRQV�

,Q�WKLV�GLVFXVVLRQ�SDSHU�ZH�KDYH�FRPSDUHG�WKUHH�OLQNLQJ�PHWKRGV��:H�KDYH�ORRNHG�

DW�WKHLU�PDWKHPDWLFDO�SURSHUWLHV�DQG�DW�WKH�GLIIHUHQFHV�WKDW�DULVH�ZKHQ�DSSO\LQJ�WKH�

PHWKRGV�WR�WKH�'XWFK�TXDUWHUO\�QDWLRQDO�DFFRXQWV�LQ�WKH�SHULRG������,�WR������,,��

���� 2YHU�WKH�\HDU�

7KH�RYHU�WKH�\HDU�PHWKRG� OHDGV� WR� D�FKDLQHG� LQGH[�ZKLFK� LV� LOO�GHILQHG��:LWK� WKLV�

WHFKQLTXH�� HDFK� TXDUWHU� LV� RQO\� HYHU� UHODWHG� WR� FRUUHVSRQGLQJ� TXDUWHUV� LQ� HDUOLHU�

\HDUV��7KHUH�LV�QR�RYHUODSSLQJ�SHULRG�ZKLFK�FDQ�VHUYH� WR�UHODWH�QRQ�FRUUHVSRQGLQJ�

TXDUWHUV��7KDW�PHDQV�WKDW�QR�XVHIXO�LQWHUSUHWDWLRQ�FDQ�EH�DWWULEXWHG�WR�WKH�UDWLR�RI�WKH�

LQGH[�YDOXHV�RI�WZR�QRQ�FRUUHVSRQGLQJ�TXDUWHUV���

:KHQ�ZH�LJQRUH�PDWKHPDWLFDO�VDQLW\��ZH�ILQG�WKDW�WKH�RYHU�WKH�\HDU�WHFKQLTXH�DOVR�

OHDGV�WR�DEHUUDQW�UHVXOWV��7KH�RYHU�WKH�\HDU�FKDLQHG�LQGH[�LJQRUHV�FKDQJHV�LQ�UHODWLYH�

SULFHV� ZKHQ� PRYLQJ� IURP� EDVH� SHULRG� WR� WKH� QH[W��:KHQ� FRQVWUXFWLQJ� D� FKDLQHG�

TXDUWHUO\�LQGH[�LW�LV�REYLRXVO\�QRW�D�JRRG�LGHD�WR�FKRRVH�D�PHWKRG�WKDW�SDUWO\�LJQRUHV�

WKH�HIIHFW�RI�EDVH�FKDQJLQJ��

$SSO\LQJ� WKH�PHWKRGV� WR� WKH� WLPH� VHULHV� RI� WKH�'XWFK� TXDUWHUO\� QDWLRQDO� DFFRXQWV�

DOVR� VKRZV� WKDW� WKH� RYHU�WKH�\HDU� PHWKRG� OHDGV� WR� UHVXOWV� WKDW� DUH� YHU\� PXFK�

GLIIHUHQW�IURP�WKH�RWKHU�WZR�PHWKRGV��7KHVH�GLIIHUHQFHV�DUH�PRVW�FOHDUO\�VHHQ�LQ�WKH�

TXDUWHU�RQ�TXDUWHU� JURZWK� UDWHV�� :KHQ� DSSOLHG� WR� WKH� 'XWFK� TXDUWHUO\� QDWLRQDO�

DFFRXQWV�� WKHVH� GLIIHUHQFHV� VKRZ� D� FXPXODWLYH� HIIHFW�� WKH� IXUWKHU� DZD\� IURP� WKH�

LQGH[�\HDU��WKH�ODUJHU�WKHVH�GLIIHUHQFHV�WHQG�WR�EH��7KH�GLIIHUHQFHV�DUH�ODUJHVW�LQ�WKH�

ILUVW�DQG�VHFRQG�TXDUWHU�RI� WKH�\HDU�DQG�WHQG�WR�EH�VPDOOHU�DW�D�KLJKHU�DJJUHJDWLRQ�

OHYHO��7KH�JURZWK�UDWHV�UDUHO\�KDYH�WKH�RSSRVLWH�VLJQ�ZKHQ�DSSOLHG�WR�GDWD�WKDW�KDV�

QRW� EHHQ� FRUUHFWHG� IRU� VHDVRQDOLW\�� +RZHYHU�� ZH� H[SHFW� WKLV� WR� RFFXU�PRUH� RIWHQ�

ZKHQ� DSSOLHG� WR� GDWD� WKDW� KDV� EHHQ� FRUUHFWHG� IRU� VHDVRQDOLW\�� 7KH� GLIIHUHQFHV� SHU�

TXDUWHU�GR�QRW�YDQLVK�ZKHQ�DYHUDJHG�RYHU�DQ�HLJKW�\HDU�SHULRG��7KDW�PHDQV�WKDW�WKH�

RYHU�WKH�\HDU�PHWKRG�OHDGV�WR�D�ELDV��7KLV�ELDV�FDQ�EH�XSZDUG�RU�GRZQZDUG�LQ�DQ\�

TXDUWHU�GHSHQGLQJ�RQ�WKH�W\SH�RI�H[SHQGLWXUHV��

:KHQ� FRPSDULQJ� WKH� RYHU�WKH�\HDU� JURZWK� UDWHV� DFFRUGLQJ� WR� WKH� RQH�TXDUWHU�

RYHUODS�PHWKRG�DQG�WKH�RYHU�WKH�\HDU�PHWKRG�ZH�DUH�FRPSDULQJ�D�FKDLQHG�TXDQWLW\�

LQGH[� WR� GLUHFW� TXDQWLW\� LQGH[�� :KHQ� DSSOLHG� WR� WKH� 'XWFK� TXDUWHUO\� QDWLRQDO�

DFFRXQWV� WKH�GLIIHUHQFHV� LQ� WKH�RYHU�WKH�\HDU�JURZWK� UDWHV� DUH�QHJOLJLEOH� LQ� DOO�EXW�

WZR�FDVHV��WKH�JURVV�IL[HG�FDSLWDO�IRUPDWLRQ�E\�LQGXVWU\�DQG�E\�JHQHUDO�JRYHUQPHQW��

7KHVH�GLIIHUHQFHV�DSSHDU�WR�ULVH�IURP�ODUJH�LQFLGHQWDO�LQYHVWPHQWV��7KH�GLIIHUHQFHV�

SHU�TXDUWHU�YDQLVK�ZKHQ�DYHUDJHG�RYHU�D�ORQJ�SHULRG��7KDW�LQGLFDWHV�WKDW�WKH�FKDLQHG�

LQGH[�RI�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�LV�QRW�ELDVHG�ZLWK�UHVSHFW�WR�WKH�GLUHFW�LQGH[�

RI�WKH�RYHU�WKH�\HDU�PHWKRG��7KLV�LV�JRRG�QHZV�IRU�VWDWLVWLFDO�DJHQFLHV�WKDW�ZLVK�WR�
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UHSODFH� WKH�GLUHFW�JURZWK�UDWH�ZLWK�D�FKDLQHG�JURZWK�UDWH�WKDW�FDQ�EH�PHDQLQJIXOO\�

OLQNHG�LQWR�D�FKDLQHG�TXDUWHUO\�LQGH[��

7KH�FRQFOXVLRQ�LV�FOHDU��WKH�RYHU�WKH�\HDU�PHWKRG�LV�QRW�VXLWDEOH�IRU�FRQVWUXFWLQJ�D�

FKDLQHG�LQGH[�DQG�VKRXOG�QRW�EH�XVHG�IRU�FKDLQ�OLQNLQJ�TXDUWHUO\�QDWLRQDO�DFFRXQWV���

���� $QQXDO�RYHUODS�

7KH� DQQXDO� RYHUODS�PHWKRG� OHDGV� WR� D� FKDLQHG� LQGH[� WKDW� GRHV� QRW� GLUHFWO\� UHODWH�

TXDUWHUV�EHORQJLQJ�WR�GLIIHUHQW�\HDUV�� ,QVWHDG�TXDUWHUV� LQ�GLIIHUHQW�\HDUV�DUH�UHODWHG�

E\�D�FKDLQHG� LQGH[��ZKHUH� WKH�RYHUODSSLQJ� µSHULRG¶� LV� WKH�TXDUWHUO\�DYHUDJH�RI� WKH�

SUHFHGLQJ�\HDU��7KH�DQQXDO�RYHUODS�PHWKRG�FDQ�EH�VHHQ�DV�D�SUR�UDWD�EHQFKPDUN�RI�

WKH�RQH�TXDUWHU�RYHUODS�PHWKRG��7KH�SUR�UDWD�EHQFKPDUNLQJ�PHWKRG�OHDGV�WR�D�VWHS�

EHWZHHQ�WKH�ODVW�TXDUWHU�RI�WKH�\HDU�DQG�WKH�ILUVW�TXDUWHU�RI�WKH�QH[W�\HDU��

:KHQ�DSSOLHG�WR�WKH�WLPH�VHULHV�RI�WKH�'XWFK�TXDUWHUO\�QDWLRQDO�DFFRXQWV��WKH�UHVXOWV�

GLIIHU�RQO\�VOLJKWO\�IURP�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG���

$OWKRXJK�WKH�DQQXDO�RYHUODS�PHWKRG�LQWURGXFHV�D�VWHS�EHWZHHQ�GLIIHUHQW�\HDUV��WKH�

VL]H� RI� WKLV� VWHS� LV� QHJOLJLEOH� IRU�PRVW� H[SHQGLWXUHV��7KHUHIRUH� WKH� DQQXDO� RYHUODS�

PHWKRG�LV�D�YDOLG�DOWHUQDWLYH�WR�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG��+RZHYHU��WKHUH�LV�QR�

JRRG�UHDVRQ�QRW�WR�XVH�D�EHWWHU�PHWKRG�ZKHQ�LW�LV�DYDLODEOH��

���� 2QH�TXDUWHU�RYHUODS�

7KH�RQO\�PHWKRG�WKDW�OHDGV�WR�D�FKDLQHG�LQGH[�WKDW�LV�WUXO\�D�FKDLQ�RI�GLUHFW�TXDUWHU�

RQ�TXDUWHU� LQGLFHV� LV� WKH� RQH�TXDUWHU� RYHUODS� PHWKRG�� 8VLQJ� WKLV� PHWKRG�� D�

PHDQLQJIXO�FRPSDULVRQ�RI�WKH�YROXPHV�RI�DQ\�WZR�TXDUWHUV�FDQ�EH�PDGH��7KHUHIRUH�

WKLV�LV�WKH�SUHIHUUHG�PHWKRG�IRU�FKDLQ�OLQNLQJ�TXDUWHUO\�QDWLRQDO�DFFRXQWV���

7KH� RQH�TXDUWHU� RYHUODS� PHWKRG� PXVW� EH� EHQFKPDUNHG� LQ� RUGHU� HQVXUH� WKH�

FRUUHVSRQGHQFH�EHWZHHQ�WKH�DQQXDOO\�FKDLQHG�LQGH[�DQG�WKH�TXDUWHUO\�FKDLQHG�LQGH[��

2I�FRXUVH��DIWHU�EHQFKPDUNLQJ�WKH�LQGH[�LV�QR�ORQJHU�WKH�VDPH�WUXH�FKDLQ�RI�GLUHFW�

TXDUWHU�RQ�TXDUWHU�LQGLFHV��+RZHYHU��WKH�EDVLF�SULQFLSOHV�RI�WKH�SURSRUWLRQDO�'HQWRQ�

PHWKRG� DVVXUHV� WKDW� WKH� EHQFKPDUNHG� UHVXOWV� UHWDLQ� DV� PXFK� DV� SRVVLEOH� RI� WKH�

RULJLQDO�LQIRUPDWLRQ�RQ�WKH�VKRUW�WHUP�PRYHPHQWV��7KHUHIRUH�WKH�'HQWRQ�PHWKRG�LV�

EHWWHU�WKDQ�WKH�SUR�UDWD�PHWKRG���

:H�DGYLFH�WR�XVH�WKH�RQH�TXDUWHU�RYHUODS�PHWKRG�IRU�FKDLQ�OLQNLQJ�TXDUWHUO\�QDWLRQDO�

DFFRXQWV��DQG�XVLQJ�WKH�'HQWRQ�PHWKRG�IRU�EHQFKPDUNLQJ�WKH�TXDUWHUO\�LQGH[�YDOXHV�

WR�WKH�DQQXDO�FKDLQHG�LQGH[��
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5HIHUHQFHV�

%ORHP�� $��� 'LSSHOVPDQ�� 5�� DQG�0 KOH�� 1��� ��������4XDUWHUO\� 1DWLRQDO� $FFRXQWV�

0DQXDO±&RQFHSWV��'DWD�VRXUFHV�DQG�&RPSLODWLRQ��,0)��:DVKLQJWRQ��'�&��

%XLWHQ��*�� HQ� -DQVVHQ�� 5�� ��������3UHVHQWLQJ� TXDUWHUO\� JURZWK� UDWHV�� 1HWKHUODQGV�

2IILFLDO�6WDWLVWLFV�����:LQWHU�������

(XURVWDW� �������� +DQGERRN� RQ� TXDUWHUO\� QDWLRQDO� DFFRXQWV�� 2IILFH� IRU� 2IILFLDO�

3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV��/X[HPERXUJ��

(XURVWDW������D���&KDLQ�OLQNLQJ�LQ�TXDUWHUO\�QDWLRQDO�DFFRXQWV��LWHP���RQ�WKH�DJHQGD�

RI� WKH� PHHWLQJ� RI� WKH�:RUNLQJ� *URXS� RQ� 1DWLRQDO� $FFRXQWV�� )HEUXDU\� ���

������(XURVWDW�&��&1�����H��

(XURVWDW� �����E��� 6WDWH�RI�3OD\� RQ� FKDLQ� OLQNLQJ�� LWHP� �� RQ� WKH� DJHQGD� RI� WKH�

PHHWLQJ�RI�WKH�:RUNLQJ�*URXS�RQ�1DWLRQDO�$FFRXQWV��������1RYHPEHU�������

(XURVWDW�&��&1�����HQ�



� ���

$SSHQGLFHV�

7KH�UHVXOWV�RI�DSSO\LQJ�WKH� WKUHH�PHWKRGV� WR�UHDO�H[SHQGLWXUHV�FDQ�EH�IRXQG�LQ� WKH�

DSSHQGLFHV�$�WKURXJK�,��7KH�WDEOH�EHORZ�SURYLGHV�DQ�LQGH[�WR�WKH�DSSHQGLFHV��

�

$SSHQGL[� 3DJH� ([SHQGLWXUH�

� � �
$� ��� *URVV�'RPHVWLF�3URGXFW�

%� ��� )LQDO�FRQVXPSWLRQ�H[SHQGLWXUH�E\�KRXVHKROGV�LQF��13,�KRXVHKROGV�

&� ��� )LQDO�FRQVXPSWLRQ�H[SHQGLWXUH�RI�WKH�JHQHUDO�JRYHUQPHQW�

'� ��� *URVV�IL[HG�FDSLWDO�IRUPDWLRQ�E\�LQGXVWU\�

(� ��� *URVV�IL[HG�FDSLWDO�IRUPDWLRQ�E\�JHQHUDO�JRYHUQPHQW�

)� ��� 1DWLRQDO�H[SHQGLWXUHV�

*� ��� ,PSRUWV�RI�JRRGV�DQG�VHUYLFHV�

+� ��� ([SRUWV�RI�JRRGV�DQG�VHUYLFHV�

,� ��� 7RWDO�ILQDO�H[SHQGLWXUH�

� � �
�
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$�� *URVV�'RPHVWLF�3URGXFW�

/DUJHVW� GLIIHUHQFHV� LQ� WKH� TXDUWHU�RQ�TXDUWHU� JURZWK� UDWH�� ±���� SHUFHQW� ������,9��

DQG������SHUFHQW�������,,,���,Q����RXW�RI����TXDUWHUV�������WKH�GLIIHUHQFH�LV�����RU�

ODUJHU���

7DEOH�$����7KUHH�OLQNLQJ�PHWKRGV�DSSOLHG�WR�WKH�*URVV�'RPHVWLF�3URGXFW���

3HULRG� � <HDUO\� � $QQXDO�2YHUODS� � �� 4XDUWHUO\�RYHUODS� � 2YHU�WKH�\HDU� �

� � � � �� � T��� T��� �� RULJ�� EHQFKP�� �� T��� T��� � �� � T��� T���

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

� � � � � � � � � � � � � � � � � � �

�����,� � � � ����� � � � � ����� ����� � � � � ����� � � �

,,� � � � ������ � ���� � � ������ ������ � ���� � � ������ � ���� �

,,,� � � � ������ � ����� � � ������ ������ � ����� � � ������ � ����� �

,9� � ������ � ������ � ���� � � ������ ������ � ���� � � ������ � ���� �

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ����� � ������ ������ � ����� ����� � ������ � ����� �����
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�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

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

�



� ���

��

��

���

���

���

���

���

���

���

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�,

$QQXDO�2YHUODS

4XDUWHUO\�RYHUODS

2YHU�WKH<HDU

�

)LJXUH�$����7KUHH�OLQNLQJ�PHWKRGV�DSSOLHG�WR�WKH�*URVV�'RPHVWLF�3URGXFW��

��

��

��

��

�

�

�

�

�

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�, ,,,

��
��
�,

$QQXDO�2YHUODS

4XDUWHUO\�RYHUODS

2YHU�WKH<HDU

�

)LJXUH�$����4XDUWHU�RQ�TXDUWHU�JURZWK�UDWHV�DFFRUGLQJ�WR�WKUHH�OLQNLQJ�PHWKRGV��



� ���

%�� )LQDO�FRQVXPSWLRQ�H[SHQGLWXUH�E\�KRXVHKROGV�LQF��13,�
KRXVHKROGV�

/DUJHVW�GLIIHUHQFHV�LQ�WKH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWH��±����SHUFHQW�������,��DQG�

�����SHUFHQW�������,,���,Q����RXW�RI����TXDUWHUV�������WKH�GLIIHUHQFH�LV�����RU�ODUJHU���

7DEOH�%����7KUHH�OLQNLQJ�PHWKRGV�DSSOLHG�WR�WKH�FRQVXPSWLRQ�RI�KRXVHKROGV��

3HULRG� �� <HDUO\� �� $QQXDO�2YHUODS� �� �
4XDUWHUO\�
RYHUODS� �� �� �� �� 2YHU�WKH�\HDU� ��

�� �� �� �� �� �� T��� T��� � RULJ�� EHQFKP�� �� T��� T��� �� �� �� T��� T���
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,9� � ������ � ������ � ����� ����� � ������ ������ � ����� ����� � ������ � ����� �����

�����,� � � � ������ � ����� ����� � ������ ������ � ����� ����� � ������ � ����� �����

,,� � � � ������ � ���� ����� � ������ ������ � ���� ����� � ������ � ���� �����

,,,� � � � ������ � ������ ����� � ������ ������ � ������ ����� � ������ � ������ �����

,9� � ������ � ������ � ����� ����� � ������ ������ � ����� ����� � ������ � ����� �����

�����,� � � � ������ � ����� ����� � ������ ������ � ����� ����� � ������ � ����� �����

,,� � � � ������ � ���� ����� � ������ ������ � ���� ����� � ������ � ���� �����

,,,� � � � ������ � ������ ����� � ������ ������ � ������ ����� � ������ � ������ �����

,9� � ������ � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����
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(�� *URVV�IL[HG�FDSLWDO�IRUPDWLRQ�E\�JHQHUDO�JRYHUQPHQW�

/DUJHVW�GLIIHUHQFHV�LQ�WKH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWH��±����SHUFHQW�������,,��DQG�

�����SHUFHQW�������,���7KH�GLIIHUHQFHV�DUH�ODUJHU�WKDQ�����SHUFHQWDJH�SRLQW�LQ����RI�

���TXDUWHUV��7KH�JURZWK�UDWHV�KDYH�D�GLIIHUHQW�VLJQ�LQ�TXDUWHU������,,���

7DEOH�(����7KUHH�OLQNLQJ�PHWKRGV�DSSOLHG�WR�FDSLWDO�IRUPDWLRQ�E\�WKH�JRYHUQPHQW��

3HULRG� � <HDUO\� � $QQXDO�2YHUODS� � 4XDUWHUO\�RYHUODS� � 2YHU�WKH�\HDU�

� � � � �� � T��� T��� � RULJ�� EHQFKP�� � T��� T��� � �� � T��� T���

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

� � � � � � � � � � � � � � � � � � �

�����,� � � � ����� � � � � ����� ����� � � � � ����� � � �

,,� � � � ������ � ����� � � ������ ������ � ����� � � ������ � ����� �

,,,� � � � ������ � ����� � � ������ ������ � ����� � � ������ � ����� �

,9� � ������ � ������ � ����� � � ������ ������ � ����� � � ������ � ����� �

�����,� � � � ����� � ������ ���� � ����� ����� � ������ ���� � ����� � ������ ����

,,� � � � ������ � ����� ����� � ������ ������ � ����� ����� � ������ � ����� �����

,,,� � � � ������ � ���� ����� � ������ ������ � ���� ����� � ������ � ���� �����

,9� � ������ � ������ � ����� ����� � ������ ������ � ����� ����� � ������ � ����� �����

�����,� � � � ����� � ������ ����� � ����� ����� � ������ ����� � ����� � ������ �����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,9� � ������ � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

�����,� � � � ������ � ������ ���� � ������ ������ � ������ ���� � ������ � ������ ����

,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,9� � ������ � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

�����,� � � � ������ � ������ ����� � ������ ������ � ������ ����� � ������ � ������ �����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

�����,� � � � ������ � ������ ���� � ������ ������ � ������ ���� � ������ � ����� ����

,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ����� � ������ ������ � ����� ����� � ������ � ����� �����

,9� � ������ � ������ � ����� ����� � ������ ������ � ����� ����� � ������ � ����� ����

�����,� � � � ������ � ������ ����� � ������ ������ � ������ ����� � ������ � ����� �����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ������ ����� � ������ ������ � ������ ����� � ������ � ����� �����

,,� � � � ������ � ���� ����� � ������ ������ � ���� ����� � ������ � ���� �����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ������ ���� � ������ ������ � ������ ���� � ������ � ����� ����

,,� � � � ������ � ���� ����� � ������ ������ � ���� ����� � ������ � ����� �����
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)�� 1DWLRQDO�H[SHQGLWXUHV�

/DUJHVW� GLIIHUHQFHV� LQ� WKH� TXDUWHU�RQ�TXDUWHU� JURZWK� UDWH�� ±���� SHUFHQW� ������,9��

DQG������SHUFHQW�������,,,���7KH�GLIIHUHQFHV�DUH�ODUJHU�WKDQ�����SHUFHQWDJH�SRLQW�LQ�

���RI����TXDUWHUV���

7DEOH�)����7KUHH�OLQNLQJ�PHWKRGV�DSSOLHG�WR�WKH�QDWLRQDO�H[SHQGLWXUHV��

3HULRG� �� <HDUO\� � $QQXDO�2YHUODS� �� � 4XDUWHUO\�RYHUODS� �� � 2YHU�WKH�\HDU�

�� �� �� � �� �� T��� T��� � RULJ�� EHQFKP�� � T��� T��� � �� � T��� T���

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

� � � � � � � � � � � � � � � � � � �

�����,� � � � ����� � � � � ����� ����� � � � � ����� � � �

,,� � � � ������ � ���� � � ������ ������ � ���� � � ������ � ���� �

,,,� � � � ������ � ����� � � ������ ������ � ����� � � ������ � ����� �

,9� � ������ � ������ � ���� � � ������ ������ � ���� � � ������ � ���� �

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

,,,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ����� � ������ ������ � ����� ����� � ������ � ����� �����

,,� � � � ������ � ���� ����� � ������ ������ � ���� ����� � ������ � ���� �����

,,,� � � � ������ � ����� ����� � ������ ������ � ����� ����� � ������ � ����� �����

,9� � ������ � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����

�����,� � � � ������ � ����� ���� � ������ ������ � ����� ���� � ������ � ����� ����

,,� � � � ������ � ���� ���� � ������ ������ � ���� ���� � ������ � ���� ����
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*�� ,PSRUWV�RI�JRRGV�DQG�VHUYLFHV�

/DUJHVW�GLIIHUHQFHV�LQ�WKH�TXDUWHU�RQ�TXDUWHU�JURZWK�UDWH��±����SHUFHQW�������,,��DQG�

�����SHUFHQW�������,9���7KH�GLIIHUHQFHV�DUH�ODUJHU�WKDQ�����SHUFHQWDJH�SRLQW�LQ����RI�

���TXDUWHUV���

7DEOH�*����7KUHH�OLQNLQJ�PHWKRGV�DSSOLHG�WR�WKH�LPSRUWV��

3HULRG� �� <HDUO\� � $QQXDO�2YHUODS� � 4XDUWHUO\�RYHUODS� � 2YHU�WKH�\HDU�

�� �� �� � �� � T��� T��� � RULJ�� EHQFKP�� � T��� T��� � �� � T��� T���

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

� � � � � � � � � � � � � � � � � � �

�����,� � � � ������ � � � � ������ ������ � � � � ������ � � �
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