
5HWURVSHFWLYH�$SSUR[LPDWLRQV�RI�6XSHUODWLYH�3ULFH�

,QGH[HV�IRU�<HDUV�ZKHUH�([SHQGLWXUH�'DWD�LV�

8QDYDLODEOH�

�

-DQ�GH�+DDQD� %HUW�0��%DONE DQG�&DUVWHQ�%ROGVHQ�+DQVHQF G

$SULO����������

�

$EVWUDFW��&3,V�DUH�W\SLFDOO\�IL[HG�ZHLJKW�RU�/RZH�LQGH[HV��6HYHUDO�VWDWLVWLFDO�DJHQFLHV�
KDYH�UHFHQWO\�EHHQ�H[SHULPHQWLQJ�ZLWK� UHWURVSHFWLYH�FRPSXWDWLRQV�RI�VXSHUODWLYH�SULFH�
LQGH[�QXPEHUV��WR�SURYLGH�LQIRUPDWLRQ�RQ��XSSHU�OHYHO��VXEVWLWXWLRQ�ELDV�RI�WKHLU�&3,V��
7KLV�REYLRXVO\�UHTXLUHV�H[SHQGLWXUH�GDWD�RI�DOO�WKH�SHULRGV�FRPSDUHG��+RZHYHU��GHWDLOHG�
H[SHQGLWXUH�GDWD�DUH�RIWHQ�DYDLODEOH�RQO\�IRU�IDLUO\�GLVWDQW�EHQFKPDUN�\HDUV��SDUWLFXODUO\�
IRU� WKH� µZHLJKW�UHIHUHQFH�SHULRGV¶�RI� FRQVHFXWLYH�&3,� VHULHV��7KLV�SDSHU� DGGUHVVHV� WKH�
TXHVWLRQ� RI� KRZ� WR� DSSUR[LPDWH� D� FRQVLVWHQW� WLPH� VHULHV� RI� DQQXDO� VXSHUODWLYH� SULFH�
LQGH[� QXPEHUV� VXFK� WKDW� XVH� LV� PDGH� RI� DOO� WKH� DYDLODEOH� GDWD��:H� FRQVLGHU� YDULRXV�
DSSUR[LPDWLRQ�PHWKRGV��DOO�RI�ZKLFK�DUH�EDVHG�RQ� OLQHDU�FRPELQDWLRQV�RI�H[SHQGLWXUH�
VKDUHV�IURP�EHQFKPDUN�\HDUV��7KH�PHWKRGV�DUH�LOOXVWUDWHG�RQ�D�GDWD�VHW�FRQVLVWLQJ�RI�WKH�
HOHPHQWDU\�DJJUHJDWH�SULFH�LQGH[�QXPEHUV�DQG�H[SHQGLWXUH�ZHLJKWV�WKDW�KDYH�EHHQ�XVHG�
IRU�WKH�FRPSXWDWLRQ�RI�WKH�RIILFLDO�'DQLVK�&3,�IURP������WR�������:H�DOVR�FRPSDUH�WKH�
UHVXOWLQJ�LQGH[�QXPEHUV�ZLWK�/OR\G�0RXOWRQ�LQGH[�QXPEHUV��

.H\ZRUGV��&RQVXPHU 3ULFH�,QGH[��3ULFH�8SGDWLQJ�DQG�%DFNGDWLQJ��6XSHUODWLYH�,QGH[��

�

D
&RUUHVSRQGLQJ� DXWKRU�� DGGUHVV�� 6WDWLVWLFV� 1HWKHUODQGV�� 'LYLVLRQ� RI� 0DFUR�(FRQRPLF� 6WDWLVWLFV� DQG�

'LVVHPLQDWLRQ��3�2��%R[������������-0�9RRUEXUJ��7KH�1HWKHUODQGV��H�PDLO��MKKQ#FEV�QO��
E
5RWWHUGDP�6FKRRO�RI�0DQDJHPHQW��(UDVPXV�8QLYHUVLW\��DQG�6WDWLVWLFV�1HWKHUODQGV��

F
8QLWHG�1DWLRQV�(FRQRPLF�&RPPLVVLRQ�IRU�(XURSH��*HQHYD��

G
7KH�YLHZV�H[SUHVVHG�LQ�WKLV�SDSHU�DUH�WKRVH�RI�WKH�DXWKRUV�DQG�GR�QRW�QHFHVVDULO\�UHIOHFW� WKH�YLHZV�RI�

WKHLU�RUJDQL]DWLRQV��:H�WKDQN�0DUWLQ�%��/DUVHQ��6WDWLVWLFV�'HQPDUN��IRU�SUHSDULQJ�WKH�GDWD�VHW�DQG�'DYLG�
9HOOHNRRS�IRU�UHVHDUFK�DVVLVWDQFH��



�

��� ,QWURGXFWLRQ�

7KH�FRPSXWDWLRQ�RI� VXSHUODWLYH�SULFH� LQGH[�QXPEHUV� LV�KDPSHUHG�E\� WKH� IDFW� WKDW� WKLV�

UHTXLUHV� TXDQWLW\� RU� H[SHQGLWXUH� GDWD� IRU� FXUUHQW� SHULRGV�� ZKHUHDV� VXFK� GDWD� XVXDOO\�

EHFRPH�DYDLODEOH�ZLWK�FRQVLGHUDEOH�WLPH�ODJV��6WDWLVWLFDO�DJHQFLHV�PD\�ZDQW� WR�LQIRUP�

WKH�SXEOLF�DERXW�WKH�VXEVWLWXWLRQ�ELDV�RI�WKHLU�&RQVXPHU�3ULFH�,QGH[��&3,��E\�FDOFXODWLQJ��

VXSHUODWLYH�SULFH�LQGH[�QXPEHUV�UHWURVSHFWLYHO\��,Q�FRXQWULHV�WKDW�UHYLVH�WKH�&3,�ZHLJKWV�

HYHU\� \HDU�� FDOFXODWLQJ� DQQXDO� VXSHUODWLYH� LQGH[� QXPEHUV� UHWURVSHFWLYHO\� LV� D� VLPSOH�

H[HUFLVH��+RZHYHU��WKH�PDMRULW\�RI�FRXQWULHV�UHYLVH�WKH�ZHLJKWV�OHVV�IUHTXHQWO\��DQG�WKHLU�

&3,V� DUH� W\SLFDOO\� /RZH� LQGH[HV�ZKHUH� WKH� H[SHQGLWXUH�ZHLJKWV� DUH� IL[HG� IRU� VHYHUDO�

\HDUV��7KRXJK�GHWDLOHG�H[SHQGLWXUH�GDWD�LV�ODFNLQJ�IRU�WKH�\HDUV�LQ�EHWZHHQ�FRQVHFXWLYH�

ZHLJKW�UHIHUHQFH� \HDUV�� WKH�TXHVWLRQ� FDQ�EH� DVNHG��ZRXOG� LW� EH�SRVVLEOH� WR� LQWHUSRODWH�

VXSHUODWLYH�SULFH� LQGH[HV�IRU�VXFK� LQWHUPHGLDWH�\HDUV"�7KLV� LV� LQGHHG� WKH�FDVH��XVLQJ�D�

&RQVWDQW�(ODVWLFLW\�RI�6XEVWLWXWLRQ� �&(6�� IUDPHZRUN��D� VXSHUODWLYH�SULFH� LQGH[�FDQ�EH�

DSSUR[LPDWHG�RQFH�ZH�KDYH�HVWLPDWHG�WKH�HODVWLFLW\�RI�VXEVWLWXWLRQ��7KH�/OR\G�0RXOWRQ�

SULFH�LQGH[�GRHV�QRW�PDNH�XVH�RI�FXUUHQW�SHULRG�H[SHQGLWXUH�GDWD��VR�LW�LV�HYHQ�SRVVLEOH�

WR�DSSUR[LPDWH�D�VXSHUODWLYH�LQGH[�LQ�UHDO�WLPH�DQG�H[WUDSRODWH�WKH�WLPH�VHULHV��

,Q� WKLV�SDSHU�ZH�SUHVHQW�VHYHUDO�DOWHUQDWLYH�PHWKRGV�ZKLFK�PDNH�XVH�RI�DOO� WKH�

DYDLODEOH�GDWD�DQG�DSSUR[LPDWH�D�FRQVLVWHQW�WLPH�VHULHV�RI�DQQXDO�VXSHUODWLYH�SULFH�LQGH[�

QXPEHUV��7KH�LGHD�±�ZKLFK�PD\�EH�DSSHDOLQJ�WR�VWDWLVWLFDO�DJHQFLHV�WKDW�DUH�UHOXFWDQW�WR�

UHO\�RQ�WKH�DVVXPSWLRQV�XQGHUO\LQJ�WKH�&(6�WKHRU\�±�LV�WR�DSSUR[LPDWH�WKH�H[SHQGLWXUH�

VKDUHV� UHODWLQJ� WR� WKH� LQWHUPHGLDWH� \HDUV� E\� XVLQJ� OLQHDU� FRPELQDWLRQV� RI� H[SHQGLWXUH�

VKDUHV�IURP�WKH�ZHLJKW�UHIHUHQFH�\HDUV��2XU�PDLQ�DLP�LV�WR�FODULI\�VRPH�LVVXHV�WKDW�DULVH�

ZKHQ� DSSUR[LPDWLQJ� UHWURVSHFWLYHO\� D� VXSHUODWLYH� SULFH� LQGH[�� )XUWKHUPRUH��ZH� DUJXH�

WKDW�WKH�PHWKRGV�DSSOLHG�E\�D�QXPEHU�RI�UHVHDUFKHUV�FRXOG�EH�LPSURYHG��

%\�ZD\� RI� LQWURGXFLQJ� WKH� VXEMHFW�� LQ� 6HFWLRQ� ��ZH� UHFDOO� WKDW� WKH� )LVKHU� DQG�

7|UQTYLVW�LQGH[HV�DUH�LQVWDQFHV�RI�D�JHQHUDO�FODVV�RI�VXSHUODWLYH�LQGH[HV�DQG�VKRZ�KRZ�

WKH�/OR\G�0RXOWRQ�LQGH[�ILWV�LQ��,Q�6HFWLRQ���ZH�GHVFULEH�RXU�DSSUR[LPDWLRQ�PHWKRGV�DV�

ZHOO�DV�WKH�/OR\G�0RXOWRQ�PHWKRG��7KH�DSSUR[LPDWLRQV�DUH�JHQHUDOL]HG�LQ�6HFWLRQ���WR�

WKH� FDVH�ZKHQ� WKH� SULFH� UHIHUHQFH� SHULRG� GLIIHUV� IURP� WKH�ZHLJKW� UHIHUHQFH� SHULRG� �DV�

ZLWK�/RZH�&3,V���6HFWLRQ���H[WHQGV�WKH�DQDO\VLV�WR�WKUHH�RU�PRUH�ZHLJKW�UHIHUHQFH�\HDUV�

DQG�VXJJHVWV�FKDLQ�OLQNLQJ�GXULQJ�WKHVH�\HDUV��6HFWLRQ���SURYLGHV�DQ�LOOXVWUDWLYH�H[DPSOH�

EDVHG�RQ�GDWD�WKDW�KDYH�EHHQ�XVHG�IRU�FRPSLOLQJ�WKH�'DQLVK�&3,��6HFWLRQ���FRQFOXGHV��
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��� 6XSHUODWLYH�DQG�/OR\G�0RXOWRQ�3ULFH�,QGH[HV�

7KH�4XDGUDWLF�0HDQ��40��RI�RUGHU�U SULFH LQGH[�ZDV�GHILQHG�E\�'LHZHUW��������DV�
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ZKHUH� �
LS �� W

LS � DQG� �
LV �� W

LV � GHQRWH� WKH� SULFH� DQG� H[SHQGLWXUH� VKDUH� RI� FRPPRGLW\� L� LQ�

EDVH�SHULRG���DQG�FXUUHQW�RU�FRPSDULVRQ�SHULRG�W�� �>W ���UHVSHFWLYHO\��,W�LV�D�VXSHUODWLYH�

LQGH[��%\�VHWWLQJ� ���� σ−=U �H[SUHVVLRQ�����EHFRPHV�
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ZKLFK�LV�WKH�JHRPHWULF�PHDQ�RI�WKH�/OR\G��������0RXOWRQ��������SULFH�LQGH[�
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7KH�SULFH�LQGH[� ��� σW
/03 �PRQRWRQLFDOO\�GHFUHDVHV�DQG� ��� σW

&:3 �PRQRWRQLFDOO\�LQFUHDVHV�

DV�σ �LQFUHDVHV��ZKLFK�LPSOLHV�WKDW�WKHUH�H[LVWV�D�XQLTXH�YDOXH� W�σ �VXFK�WKDW��

���������� ������ WW
40

WW
&:

WW
/0 333 σσσ −== �� � �����������

7KXV�IRU� W�σσ = �WKH�/OR\G�0RXOWRQ�LQGH[�EHFRPHV�VXSHUODWLYH��7KH�GUDZEDFN�RI�����LV�

RI�FRXUVH�WKDW��XQOHVV� W�σ �KDSSHQV�WR�EH�FRQVWDQW�RYHU�WLPH��ZH�ZRXOG�EH�XVLQJ�GLIIHUHQW�

VXSHUODWLYH�LQGH[�QXPEHU�IRUPXODV�IRU�GLIIHUHQW�SHULRGV��

������������������������������������������������������
��7KH�/OR\G�0RXOWRQ�LQGH[�LV�D�JHQHUDOL]HG�PHDQ�RI�RUGHU� σ−� ��ZKLFK�LV�VWULFWO\�LQFUHDVLQJ�LQ� σ−� �DQG�

WKXV� VWULFWO\� GHFUHDVLQJ� LQ� σ �� ,WV� µFXUUHQW�ZHLJKW� FRXQWHUSDUW¶� FDQ� EH� ZULWWHQ� DV� WKH� LQYHUVH� RI� D�

JHQHUDOL]HG�PHDQ�RI�RUGHU� σ−� �DQG�LV�WKXV�VWULFWO\�LQFUHDVLQJ�LQ�σ ��7KH�VROXWLRQ� W�σ �PXVW�EH�REWDLQHG�

E\�VRPH�QXPHULFDO�PHWKRG��
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)RU� �=σ �WKH�/OR\G�0RXOWRQ�SULFH�LQGH[�DQG�LWV�&:�FRXQWHUSDUW�UHGXFH�WR�WKH�

/DVSH\UHV� DQG� 3DDVFKH� SULFH� LQGH[HV�� UHVSHFWLYHO\�� DQG� WKH�40� LQGH[� UHGXFHV� WR� WKH�

)LVKHU�SULFH�LQGH[�
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ZKHUH� �
LT � DQG� W

LT � GHQRWH� WKH� TXDQWLWLHV� FRQVXPHG� RU� SXUFKDVHG� LQ� SHULRGV� �� DQG� W��

UHVSHFWLYHO\��,I�ZH�UHSODFH�WKH�DULWKPHWLF�DYHUDJHV�RI�WKH�SULFH�UHODWLYHV�LQ�HTXDWLRQ�����

E\�FRUUHVSRQGLQJ�JHRPHWULF�DYHUDJHV�WKHQ�ZH�REWDLQ�WKH�7|UQTYLVW�LQGH[�
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$V�D�PDWWHU�RI�IDFW�WKLV�LQGH[�ZRXOG�DOVR�EH�REWDLQHG�LI�LQ�H[SUHVVLRQ�����WKH�DULWKPHWLF�

DYHUDJHV� ZHUH� UHSODFHG� E\� JHRPHWULF� DYHUDJHV�� VR� WKLV� µWULFN¶� LV� LQGHSHQGHQW� RI� σ ��

1RWLFH� WKDW� WKH�40� LQGH[� LV� QRW� GHILQHG� IRU� �=σ �� ,W� FDQ� EH� VKRZQ� WKDW� IRU� �→σ �

��� σW
/03 � DQG� ��� σW

&:3 � WHQG� WR� WKH�*HRPHWULF� /DVSH\UHV� DQG� 3DDVFKH� SULFH� LQGH[HV�� VR�

WKDW� ������� σ−W
403 �WHQGV�WR�WKH�7|UQTYLVW�SULFH�LQGH[��

,Q�HPSLULFDO�VWXGLHV��SDUWLFXODUO\�ZKHQ�WKH�SULFH�DQG�TXDQWLW\�GDWD�H[KLELW�VPRRWK�

WUHQGV��WKH�GLIIHUHQFHV�EHWZHHQ�)LVKHU�RU�7|UQTYLVW�LQGH[�QXPEHUV�DUH�RIWHQ�QHJOLJLEOH��

7KLV�VHHPV�WR�FRUURERUDWH�'LHZHUW¶V��������S�������ILQGLQJ�WKDW�³DOO�VXSHUODWLYH�LQGH[HV�

FORVHO\�DSSUR[LPDWH�HDFK�RWKHU´���

��� $SSUR[LPDWLQJ�6XSHUODWLYH�3ULFH�,QGH[HV�

:H�QRZ�FRQVLGHU�WZR�GLVWDQW�\HDUV���DQG�7�DQG�RQH�RU�PRUH�LQWHUPHGLDWH�\HDUV��\HDUV�LQ�

EHWZHHQ���DQG�7���6XSSRVH�WKDW�SULFH�GDWD�IRU�DOO� 7W ������= �DUH�NQRZQ��DQG�H[SHQGLWXUH�

VKDUHV�IRU�\HDUV���DQG�7��EXW�WKDW�WKH�H[SHQGLWXUHV�VKDUHV�IRU�WKH�LQWHUPHGLDWH�\HDUV�DUH�

������������������������������������������������������
��<HW��QRW�DOO�WKH�VXSHUODWLYH�SULFH�LQGH[HV�DUH�QHFHVVDULO\�QXPHULFDOO\�VLPLODU��7KH�SUREOHP�LV�WKDW�³DV�WKH�

SDUDPHWHU�U� LQFUHDVHV� LQ�DEVROXWH�YDOXH�� WKH�VXSHUODWLYH�SULFH� �TXDQWLW\�� LQGH[�QXPEHU� IRUPXOD�EHFRPHV�

LQFUHDVLQJO\�VHQVLWLYH�WR�RXWOLHUV�LQ�WKH�SULFH�UHODWLYHV��TXDQWLW\�UHODWLYHV��GLVWULEXWLRQ´��+LOO��������S�������

$Q\ZD\��IRU�VPDOO�DEVROXWH�YDOXHV�RI�U��ZKLFK�LV�WKH�XVXDO�FDVH��ZH�GR�H[SHFW�VPDOO�QXPHULFDO�GLIIHUHQFHV�

EHWZHHQ�GLIIHUHQW�VXSHUODWLYH�LQGH[HV��
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XQDYDLODEOH��7KLV�ZLOO�EH�WKH�FDVH�IRU�FRXQWULHV�WKDW�GR�QRW�DQQXDOO\�UHYLVH�WKHLU�ZHLJKWV�

LQ�WKH�&3,�EXW�LQVWHDG�UHYLVH�WKHP��VD\��HYHU\�WKUHH�WR�ILYH�\HDUV��6XSSRVH���DQG�7�DUH�

WKRVH�ZHLJKW�UHIHUHQFH�RU�EHQFKPDUN�\HDUV��2EYLRXVO\��VXSHUODWLYH�SULFH�LQGH[HV�FDQQRW�

EH�FRPSXWHG�IRU�LQWHUPHGLDWH�\HDUV� ������� −= 7W ��7KH�SUREOHP�DGGUHVVHG�KHUH�LV�KRZ�WR�

DSSUR[LPDWH�� RU� LQWHUSRODWH�� VXSHUODWLYH�SULFH� LQGH[HV�� IRU� H[DPSOH� W
)3
� � RU� W

73
� �� JLYHQ�

WKH�ODFN�RI�H[SHQGLWXUH�GDWD��

���� 8VLQJ�/OR\G�0RXOWRQ�3ULFH�,QGH[HV�

$�ILUVW�SRVVLELOLW\�ZRXOG�EH�HVWLPDWLQJ�/OR\G�0RXOWRQ�SULFH�LQGH[�QXPEHUV��$V�VKRZQ�

E\�HTXDWLRQ������ IRU� W�σσ = � WKH�/OR\G�0RXOWRQ�IRUPXOD�SURGXFHV�D�VXSHUODWLYH� LQGH[�

JRLQJ�IURP���WR�W��'XH�WR�WKH�XQDYDLODELOLW\�RI�GDWD��ZH�FDQQRW�FRPSXWH� W�σ ��EXW�ZH�FDQ�

FRPSXWH� 7�σ �DQG�WKHQ�DVVXPH�WKDW� 7W �� σσ ≅ �IRU� ������� −= 7W ��7KDW�LV��ZH�DVVXPH� W�σ �

�ZKLFK�PDNHV� WKH� /OR\G�0RXOWRQ� LQGH[� HTXDO� WR� WKH� &:� LQGH[�� WR� EH� FRQVWDQW� RYHU�

WLPH��6LQFH�WKH�/OR\G�0RXOWRQ�LQGH[� �� �� 77
/03 σ �ZLOO�EH�QXPHULFDOO\�FORVH�WR�)LVKHU�RU�

7|UQTYLVW�LQGH[HV��ZH�FRXOG�DOVR�FRPSXWH�WKH�YDOXH�RI�σ �IRU�ZKLFK� ��� σ7
/03 �LV�HTXDO�WR�

7
)3
� �RU� 7

73
� ��7KH�ODVW�PHWKRG�ZDV�XVHG�E\�6KDSLUR�DQG�:LOFR[��������DQG�LV�VXJJHVWHG�

LQ�WKH�LQWHUQDWLRQDO�&3,�0DQXDO��,/2�HW�DO����������

$VVXPLQJ�FRQVWDQF\�RI�WKH�SDUDPHWHU�σ �LV�FRQVLVWHQW�ZLWK�D�&RQVWDQW�(ODVWLFLW\�

RI�6XEVWLWXWLRQ� �&(6�� IUDPHZRUN� LQ�ZKLFK� σ � ILJXUHV� DV� WKH� HODVWLFLW\�RI� VXEVWLWXWLRQ��

ZKLFK�LV�DVVXPHG�WR�EH�WKH�VDPH�IRU�DOO�SDLUV�RI�FRPPRGLWLHV��%DON��������SURSRVHG�D�

WZR�OHYHO��QHVWHG�&(6�DSSURDFK�� DW� WKH�XSSHU� DJJUHJDWLRQ� OHYHO� WKHUH� LV� D� IL[HG�VHW�RI�

SURGXFW� JURXSV� �VWUDWD�� RU� HOHPHQWDU\� DJJUHJDWHV���ZKHUHDV� DW� WKH� ORZHU� OHYHO� �WKDW� LV��
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RYHU�WLPH���$Q�LQWHUHVWLQJ�UHVXOW�LV�WKDW�WKH�YDOXH�RI�WKH�HODVWLFLW\�RI�VXEVWLWXWLRQ�VKRXOG�

EH�OHVV�WKDQ���DW�WKH�XSSHU�OHYHO�EXW�JUHDWHU�WKDQ���DW�WKH�ORZHU�OHYHO��,Q�WKLV�SDSHU�ZH�DUH�

GHDOLQJ�ZLWK�WKH�XSSHU�OHYHO��KHQFH�H[SHFW�D�YDOXH�RI�σ �OHVV�WKDQ����7KH�HVWLPDWHG�YDOXH�

ZLOO�GHSHQG�RQ�WKH�DFWXDO�DJJUHJDWLRQ�OHYHO��6KDSLUR�DQG�:LOFR[���������ZKR�HPSOR\HG�
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QHVWHG�&(6�SULFH�LQGH[��6HH�'H�+DDQ���������0HOVHU��������DQG�,YDQFLF��������IRU�HPSLULFDO�HYLGHQFH�RQ�

WKHVH�WRSLFV�DW�WKH�ORZHU�DJJUHJDWLRQ�OHYHO��
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WKDW� ������ >− 7W �DQG� ����� <7W �IRU� 7W <<� ��7KLV�VXJJHVWV�WKDW�WKH�7*),�LQGH[�LV�

ELDVHG�LQ�WKH�VHQVH�WKDW�LW�SODFHV�WRR�OHVV�ZHLJKW�RQ�WKH�ILUVW�FRPSRQHQW��WKH�/DVSH\UHV�

LQGH[��DQG�WRR�PXFK�ZHLJKW�RQ�WKH�VHFRQG�FRPSRQHQW��WKH�/RZH�LQGH[��1RWH�DOVR�WKDW�

WKH� /RZH� LQGH[� LQ� ����� VKRXOG� EH� DQ� DSSUR[LPDWLRQ� RI� WKH� 3DDVFKH� LQGH[� LI� W
7*),3 �Ö � LV�

PHDQW�WR�DSSUR[LPDWH�WKH�)LVKHU�LQGH[��8QGHU�QRUPDO�FLUFXPVWDQFHV�WKH�3DDVFKH�LQGH[�

ZLOO�EH�OHVV�WKDQ�WKH�/DVSH\UHV��7KXV��WKH�7*),�LQGH[�PRVW�OLNHO\�XQGHUVWDWHV�WKH�)LVKHU�

LQGH[� LI� WKH�/RZH� LQGH[� LQ� ������ZKLFK�KDV�EHHQ�JLYHQ� WRR�PXFK�ZHLJKW��ZLOO�EH� OHVV�

WKDQ�WKH�3DDVFKH��6XFK�D�VLWXDWLRQ�LV�OLNHO\�WR�KDSSHQ�LI�ORQJ�UXQ�WUHQGV�LQ�UHODWLYH�SULFH�
������������������������������������������������������
��$OO�LQGH[HV�DUH�µIRUZDUG�ORRNLQJ¶��WKH\�DUH�JRLQJ�IURP�EHQFKPDUN�\HDU���WR�\HDU�W��5HWURVSHFWLYHO\�ZH�

FRXOG�DOVR�FDOFXODWH�µEDFNZDUG�ORRNLQJ¶�LQGH[HV�JRLQJ�IURP�EHQFKPDUN�\HDU�7�WR�\HDU�W��VHH�DOVR�7ULSOHWW�

�����E���*LYHQ�VRPH�DSSUR[LPDWLRQ�PHWKRG��WKH�SURGXFW�RI�WKH�IRUZDUG�ORRNLQJ�LQGH[�JRLQJ�IURP���WR�W�

DQG�WKH�LQYHUVH�RI�WKH�EDFNZDUG�ORRNLQJ�LQGH[�JRLQJ�IURP�7�WR�W�ZLOO�LQ�JHQHUDO�QRW�EH�HTXDO�WR�WKH�LQGH[�

JRLQJ�IURP���WR�7��
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VKDUHV�LQ������E\�WKH�DFWXDO�VKDUHV�RI�SHULRG����$�<RXQJ�LQGH[�FDQ�EH�LQWHUSUHWHG�LQ�GLIIHUHQW�ZD\V��)RU�

H[DPSOH�� VWDWLVWLFDO� DJHQFLHV� FRPSXWLQJ�D�<RXQJ� LQGH[�PD\� WDUJHW�DW� D�/DVSH\UHV� LQGH[�ZLWK�SULFH�DQG�

ZHLJKW�UHIHUHQFH�SHULRG�E�DQG�XVH�WKH�SHULRG���VKDUHV�DV�HVWLPDWHV�RI�WKH�SHULRG�E�VKDUHV��(VVHQWLDOO\�WKH\�

DVVXPH� WKDW� WKH� HODVWLFLW\� RI� VXEVWLWXWLRQ� EHWZHHQ� DQ\� WZR� FRPPRGLWLHV� LV� HTXDO� WR� ��� ,Q�'HQPDUN� WKH�

<RXQJ�&3,�LV�LQWHUSUHWHG�DV�DQ�DSSUR[LPDWLRQ�RI�WKH��VXSHUODWLYH��:DOVK�LQGH[��%ROGVHQ�+DQVHQ��������

�������,Q�6HFWLRQ���ZH�SUHVHQW�HYLGHQFH�IRU�'HQPDUN�RQ�WKH�YDOXH�RI�WKH�HODVWLFLW\�RI�VXEVWLWXWLRQ��
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1LPPR�HW�DO���������UHWURVSHFWLYHO\�DSSUR[LPDWHG�TXDUWHUO\�)LVKHU�SULFH�LQGH[�QXPEHUV�

IRU�1HZ�=HDODQG�IURP������WR������EXW�VHHP�WR�KDYH�XVHG�D�VOLJKWO\�DGMXVWHG�YHUVLRQ�RI�

H[SUHVVLRQ��������7KHLU�ILUVW�ZHLJKW�UHIHUHQFH�SHULRG�LV�QRW�D�FDOHQGHU�\HDU�EXW�D�EURNHQ�

\HDU� ��������� DQG� WKHVH� ZHLJKWV� ZHUH� SULFH� XSGDWHG� WR� WKH� -XQH� ����� TXDUWHU��0RVW�

LQWHUHVWLQJO\��1LPPR�HW�DO���������H[WHQGHG�WKHLU�WLPH�VHULHV�EH\RQG�WKH�VHFRQG�ZHLJKW�

UHIHUHQFH� SHULRG� ���������� WR� WKH� -XQH� ����� TXDUWHU��� ,Q� DQ� DQQXDO� IUDPHZRUN�� WKLV�

LPSOLHV�H[WUDSRODWLQJ�WKH�WLPH�VHULHV�E\�DSSO\LQJ������WR�\HDUV� 7W > ��ZKLFK�\LHOGV�
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��8QIRUWXQDWHO\�WKHLU�GHVFULSWLRQ�LV�QRW�HQWLUHO\�FOHDU�RQ�WKLV�SRLQW��4XDUWHUO\�LQGH[�QXPEHUV�FDQ�LQGHHG�EH�

FDOFXODWHG� XVLQJ� ������ +RZHYHU�� WKH� FRPSXWDWLRQ� RI� TXDUWHUO\� RU� PRQWKO\� �DSSUR[LPDWH�� VXSHUODWLYH�

LQGH[HV�PD\�QRW�EH�YHU\�XVHIXO�DV�VHDVRQDOLW\�GLVWXUEV�WKHLU�LQWHUSUHWDWLRQ��'LHZHUW��������GLVFXVVHV�WKH�

SUREOHPV�IDFHG�ZKHQ�FRQVWUXFWLQJ�DQQXDO�VXSHUODWLYH�LQGH[�QXPEHUV�XVLQJ�PRQWKO\�SULFH�GDWD��7KH�8�6��

%XUHDX�RI�/DERU�6WDWLVWLFV�SXEOLVKHV�DQ�H[SHULPHQWDO�PRQWKO\�VXSHUODWLYH�LQGH[��VHH�&DJH�HW�DO����������

�� ,W� VKRXOG�EH�PHQWLRQHG� WKDW� ³LQ� VRPH�FDVHV� DGMXVWPHQWV�ZHUH�PDGH� WR� UHIOHFW� TXDQWLW\� FKDQJHV� VLQFH�

�������´��1LPPR�HW�DO���������S������
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� �������a �DUH�SULFH�XSGDWHG�VKDUHV�RI�EHQFKPDUN�\HDU����

7KH� ULJKW�KDQG� VLGH� RI� ����� LV� WKH� SURGXFW� RI� WZR� IDFWRUV�� E7
7*),3Ö �� JLYHQ� E\� H[SUHVVLRQ�

����� IRU�EHQFKPDUN� \HDU�7�� DQG� WKH�XQZHLJKWHG� JHRPHWULF�PHDQ�RI� WZR�SULFH� LQGH[HV�

JRLQJ�IURP�\HDU�7�WR�\HDU�W��D�/RZH�LQGH[��EDVHG�RQ�\HDU���TXDQWLWLHV��DQG�D�/DVSH\UHV�

LQGH[��� 7KH� ILUVW� IDFWRU� LV� DQ� XQZHLJKWHG� PHDQ� RI� WZR� /RZH� LQGH[HV� LQVWHDG� RI� WKH�

SUHIHUUHG�ZHLJKWHG�PHDQ��7KH�VHFRQG�IDFWRU�ZLOO�JHQHUDOO\�EH�D�ELDVHG�PHDVXUH�RI�SULFH�

FKDQJH� EHWZHHQ� \HDU�7� DQG� \HDU� W�� ,W� LV� REYLRXV� WKDW� EW
7*),3Ö �� JLYHQ� E\� ������ FDQQRW� EH�

FRQVLGHUHG�DV�DQ�DSSUR[LPDWLRQ�RI�D�VXSHUODWLYH�LQGH[��

��� 7KUHH�RU�0RUH�%HQFKPDUN�<HDUV�

([FHSW�IRU�WKH�/OR\G�0RXOWRQ�DSSURDFK��D�WLPH�VHULHV�RI�DSSUR[LPDWH�VXSHUODWLYH�LQGH[�

QXPEHUV�EHWZHHQ�WZR�EHQFKPDUN�\HDUV��ZHLJKW�UHIHUHQFH�\HDUV��FDQ�RQO\�EH�H[WHQGHG�

ZKHQ�H[SHQGLWXUH�GDWD�IURP�D�WKLUG�EHQFKPDUN�\HDU�EHFRPH�DYDLODEOH��6XSSRVH�ZH�KDYH�

H[SHQGLWXUH� GDWD� RI� WKUHH� EHQFKPDUN� \HDUV�� ��� �7 � DQG� �7 �� ([WHQGLQJ� H[SUHVVLRQ� �����

H[SHQGLWXUH�VKDUHV�IRU�LQWHUPHGLDWH�\HDUV�W�� ������� 7W = ��DUH�DSSUR[LPDWHG�DV�
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7KHUH�DUH�WZR�PDLQ�VFHQDULRV�IRU�H[WHQGLQJ�WKH�WLPH�VHULHV�WR�\HDU� �7 �����D�GLUHFW�LQGH[�

JRLQJ�IURP���WR� �7 ��RU����D�FKDLQHG�LQGH[�DV�WKH�SURGXFW�RI�D�GLUHFW�LQGH[�JRLQJ�IURP���

WR� �7 �DQG�D�GLUHFW�LQGH[�JRLQJ�IURP� �7 �WR� �7 ��

/HW�XV�VWDUW�ZLWK�WKH�ILUVW�VFHQDULR��8VLQJ�H[SUHVVLRQV����D��DQG����E��WKH�QDWXUDO�

DSSUR[LPDWLRQV�� JLYHQ� E\� ���� DQG� ������ DUH� VWLOO� YDOLG�� 7KH� DOWHUQDWLYH� DSSUR[LPDWLRQ�

EHFRPHV�D�OLWWOH�ELW�PRUH�FRPSOLFDWHG��)RU� �� 7W7 ≤< �WKH�DYHUDJH�RI�\HDU���DQG�\HDU�W�

H[SHQGLWXUH�VKDUHV�FDQ�EH�ZULWWHQ�DV�
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$�VLPLODU�OLQH�RI�UHDVRQLQJ�DV�LQ�6XEVHFWLRQ�����WKHQ�\LHOGV�WKH�IROORZLQJ�DSSUR[LPDWLRQ�

RI�WKH�)LVKHU�LQGH[�IRU� �� 7W7 ≤< ��

������������������������������������������������������
��)RU�D�GLVFXVVLRQ�RI�WKH�VXEVWLWXWLRQ�ELDV�RI�D�/RZH�SULFH�LQGH[��VHH�%DON�DQG�'LHZHUW���������
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DUH�SULFH�EDFNGDWHG�H[SHQGLWXUH�VKDUHV��7KH�ILUVW�FRPSRQHQW��EHWZHHQ�VTXDUH�EUDFNHWV��

DW�WKH�ULJKW�KDQG�VLGH�RI������LV�D�/DVSH\UHV�SULFH�LQGH[��DQG�WKH�IDFWRU�EHWZHHQ�EUDFHV�

DSSUR[LPDWHV�D�3DDVFKH�SULFH�LQGH[��([SUHVVLRQ������FDQ�HDVLO\�EH�H[WHQGHG�WR�IRXU�RU�

PRUH�EHQFKPDUN�\HDUV��

$QRWKHU�SRVVLELOLW\�WR�DSSUR[LPDWH�D�GLUHFW�VXSHUODWLYH�LQGH[�ZRXOG�EH�WR�DFW�DV�

LI� �EHQFKPDUN�� \HDU� �7 � ZDV� MXVW� DQRWKHU� LQWHUPHGLDWH� \HDU� DQG� LJQRUH� WKH� REVHUYHG�

H[SHQGLWXUH�VKDUHV��5HSODFLQJ�DFWXDOO\�REVHUYHG�H[SHQGLWXUH�VKDUHV�E\�HVWLPDWHG�YDOXHV�

LV�FOHDUO\�QRW�DGYLVDEOH��:H�ZLOO�QHYHUWKHOHVV�WU\�LW�RXW�LQ�6HFWLRQ���WR�JHW�DQ�LPSUHVVLRQ�

RI� KRZ�ZHOO� WKH� YDULRXV� DSSUR[LPDWLRQ�PHWKRGV� SHUIRUP� LQ� FDVH� RI� WZR� YHU\� GLVWDQW�

EHQFKPDUN�\HDUV��

7KH� VHFRQG� VFHQDULR� LV� WR� FDOFXODWH� D� FKDLQHG� YHUVLRQ� RI� W
4)3 �Ö � IRU� �� 7W7 ≤< ��
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Ö �ZLOO�XVXDOO\�GLIIHU��MXVW�OLNH�WKH�XQNQRZQ�)LVKHU�LQGH[�DQG�LWV�FKDLQHG�

FRXQWHUSDUW�ZLOO�GLIIHU��WKRXJK�LQ�SUDFWLFH�WKH�GLIIHUHQFHV�PLJKW�EH�OLPLWHG��&KDLQLQJ�KDV�

SUDFWLFDO� DGYDQWDJHV��)RU� H[DPSOH�� WKHUH� LV� QR�QHHG� WR�SULFH�EDFNGDWH� WKH� H[SHQGLWXUH�

VKDUHV�UHODWLQJ�WR� �7 �DQG� �7 �WR�\HDU����)XUWKHU��VWDWLVWLFDO�DJHQFLHV�PXVW�UHJXODUO\�UHYLVH�

FRPPRGLW\�FODVVLILFDWLRQ�VFKHPHV��&KDQJHV�LQ�WKH�QXPEHU�RI�FRPPRGLW\�JURXSV�DW�WKH�

XSSHU�OHYHO�RI�DJJUHJDWLRQ��RU�LQ�WKHLU�GHILQLWLRQV��ZRXOG�PDNH�WKH�FRPSXWDWLRQ�RI�GLUHFW�

LQGH[�QXPEHUV�SUREOHPDWLF����

������������������������������������������������������
���$V�ZLOO�EH�H[SODLQHG�LQ�6HFWLRQ����RXU�GDWD�KDYH�EHHQ�DGMXVWHG�WR�DFFRXQW�IRU�VXFK�FKDQJHV��
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&KDLQLQJ� LV� DOVR� XVHIXO� ZKHQ� HVWLPDWLQJ� UHWURVSHFWLYHO\� /OR\G�0RXOWRQ� SULFH�

LQGH[�QXPEHUV��7KH�XVH�RI�D�GLUHFW�LQGH[�FRPELQHG�ZLWK�D�IL[HG�YDOXH�IRU�WKH�HODVWLFLW\�

RI�VXEVWLWXWLRQ�σ �IRU� �� 7W ≤≤ �DQG� �� 7W7 ≤< �PHDQV�WKDW�WKH�LQGH[�QXPEHUV�LQ�\HDU�
�7 �RU�LQ�\HDU� �7 ��RU�ERWK��ZLOO�GLIIHU�IURP�WKH�WUXH�)LVKHU�RU�7|UQTYLVW�LQGH[�QXPEHUV��

:KLOH�QRW�HQWLUHO\�FRQVLVWHQW�ZLWK�WKH�&(6�WKHRU\�� LW�VHHPV�EHWWHU� WR�HVWLPDWH�VHSDUDWH�

YDOXHV� IRU� σ � IRU� �� 7W ≤≤ � DQG� �� 7W7 ≤< � VR� WKDW�
�� �� �� 7

)
7
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��� 'DWD�DQG�(PSLULFDO�(YLGHQFH�

���� 6RPH�)DFWV�DQG�)LJXUHV�

7KH�YDULRXV�PHWKRGV�ZLOO�EH�LOOXVWUDWHG�RQ�EXLOGLQJ�EORFNV�IRU�WKH�RIILFLDO�'DQLVK�&3,��

2XU� GDWD� VHW� FRQFHUQV� ���� HOHPHQWDU\� DJJUHJDWHV�� 0RQWKO\� SULFH� LQGH[� QXPEHUV� DUH�

DYDLODEOH� IURP� -DQXDU\� ����� WR� 'HFHPEHU� ����� ����� ������ DQG� H[SHQGLWXUH� VKDUHV�

�&3,�ZHLJKWV��IRU� WKH�ZHLJKW�UHIHUHQFH�\HDUV�������������������DQG�������'XULQJ�WKLV�

WHQ�\HDU�SHULRG�6WDWLVWLFV�'HQPDUN�PDGH�D�QXPEHU�RI�FKDQJHV�LQ�WKH�VHW�RI�HOHPHQWDU\�

DJJUHJDWHV��7R�HVWDEOLVK�D�FRKHUHQW�GDWD�VHW�WKDW�DOORZV�XV�WR�FDOFXODWH�GLUHFW�DV�ZHOO�DV�

FKDLQHG�LQGH[�QXPEHUV��VRPH�HOHPHQWDU\�DJJUHJDWHV�KDYH�EHHQ�OHIW�RXW�DQG�VRPH�KDYH�

EHHQ�PHUJHG�� ,Q� D� IHZ� FDVHV� SULFH� FKDQJHV� KDYH� EHHQ� LPSXWHG� IURP� WKRVH� RI� VLPLODU�

HOHPHQWDU\�DJJUHJDWHV��7KHVH�PRGLILFDWLRQV��KRZHYHU��KDYH�D�OLPLWHG�HIIHFW�EHFDXVH�WKH�

HOHPHQWDU\� DJJUHJDWHV� FRQFHUQHG� KDYH� ORZ�ZHLJKWV� LQ� WKH�&3,���� $QQXDO� SULFH� LQGH[�

QXPEHUV�DUH�FRPSXWHG�DV�DULWKPHWLF�PHDQV�RI�WKH�WZHOYH�PRQWKO\�LQGH[�QXPEHUV��3ULFH�

LQGH[�QXPEHUV�IRU������DQG����������� �����DUH�QRW�DYDLODEOH��8VLQJ�WKH�H[SHQGLWXUH�

VKDUHV�IRU�������������DQG�������ZH�FDOFXODWH�µWUXH¶�GLUHFW�DQG�FKDLQHG�VXSHUODWLYH�SULFH�

LQGH[�QXPEHUV� IRU������DQG������DQG�DSSUR[LPDWH� VXSHUODWLYH� LQGH[�QXPEHUV� IRU� WKH�

LQWHUPHGLDWH�\HDUV�������������������������DQG�������

7DEOH���FRQWDLQV�/DVSH\UHV��3DDVFKH��*HRPHWULF�/DVSH\UHV��*HRPHWULF�3DDVFKH��

)LVKHU�DQG�7|UQTYLVW�SULFH�LQGH[�QXPEHUV�IRU������DQG�������/HW�XV�IRFXV�ILUVW�RQ�WKH�

GLUHFW� LQGH[HV�IRU����������� �����DQG����������� �����VKRZQ�LQ�WKH�ILUVW�DQG�WKLUG�

������������������������������������������������������
���7KH�UHVXOWLQJ�����HOHPHQWDU\�DJJUHJDWHV�DFFRXQW�IRU�RYHU�����RI�WKH�WRWDO�&3,�ZHLJKW��%ROGVHQ�+DQVHQ�

�������KDV�VKRZQ�WKDW�UH�FDOFXODWLQJ�WKH�'DQLVK��<RXQJ��&3,�ZLWK�WKLV�GDWD�VHW�SURGXFHV�LQGH[�QXPEHUV�

WKDW�GLIIHU�RQO\�PDUJLQDOO\�IURP�WKH�RIILFLDOO\�SXEOLVKHG�ILJXUHV��



� ���

FROXPQ�� $V� H[SHFWHG�� WKH� /DVSH\UHV� LQGH[� QXPEHUV� DUH� JUHDWHU� WKDQ� WKH� 3DDVFKH�

QXPEHUV��7KH�*HRPHWULF�/DVSH\UHV�LV�OHVV�WKDQ�WKH�RUGLQDU\�/DVSH\UHV�±�DV�LW�VKRXOG�EH�

DFFRUGLQJ� WR� -HQVHQ¶V� ,QHTXDOLW\� ±� ZKLOH� WKH� *HRPHWULF� 3DDVFKH� LV� JUHDWHU� WKDQ� WKH�

RUGLQDU\� 3DDVFKH��1RWLFH� WKDW� WKH�*HRPHWULF� /DVSH\UHV� DQG� 3DDVFKH� LQGH[HV� LQ� �����

����� ����� FRLQFLGH� ZKLOH� LQ� ����� ����� ����� WKH� GLIIHUHQFH� EHWZHHQ� WKHP� LV� YHU\�

VPDOO��7KLV�VXJJHVWV�WKDW�WKH�HODVWLFLW\�RI�VXEVWLWXWLRQ�KDV�D�YDOXH�RI��DOPRVW�����ZKLFK�LV�

H[WUDRUGLQDULO\�KLJK��,Q�WXUQ�WKLV�VXJJHVWV�WKDW��IRU�WKLV�SDUWLFXODU�GDWD�VHW��WKH�*HRPHWULF�

/DVSH\UHV�PLJKW� EH� DQ� DFFHSWDEOH� DSSUR[LPDWLRQ� RI� D� VXSHUODWLYH� SULFH� LQGH[� IRU� WKH�

LQWHUPHGLDWH�\HDUV��:H�ZLOO�FRPH�EDFN�WR�WKLV�LVVXH�LQ�6XE�VHFWLRQ������

,Q�DFFRUGDQFH�ZLWK�RXU�H[SHFWDWLRQV�WKH�)LVKHU�DQG�7|UQTYLVW�LQGH[�QXPEHUV�DUH�

TXLWH�VLPLODU�IRU����������� �����DQG����������� ������7KHUH�LV�D�VXUSULVLQJO\�ODUJH�

GLIIHUHQFH��KRZHYHU��EHWZHHQ�WKH�GLUHFW�)LVKHU�DQG�7|UQTYLVW�SULFH�LQGH[HV�JRLQJ�IURP�

�����WR��������������DQG���������UHVSHFWLYHO\���7KH�XSSHU�OHYHO�VXEVWLWXWLRQ�ELDV�RI�WKH�

/DVSH\UHV� LQGH[�� DV�PHDVXUHG� E\� WKH� GLIIHUHQFH�ZLWK� WKH� )LVKHU�� DPRXQWV� WR� �������

SRLQWV�RQ�DYHUDJH�SHU�\HDU�GXULQJ�����������DQG��������SRLQWV�GXULQJ��������������

�

�

7DEOH����'LUHFW�DQG�FKDLQHG�SULFH�LQGH[�QXPEHUV�������DQG������
� 'LUHFW�LQGH[HV� � &KDLQHG�LQGH[HV�

����� �����

� ���� ���� � ���� ���� � � �
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/DVSH\UHV� ������� ������� � ������� � ������� �������

3DDVFKH� ������� ������� � ������� � ������� �������

)LVKHU� ������� ������� � ������� � ������� �������

*HRPHWULF�/DVSH\UHV� ������� ������� � ������� � ������� �������

*HRPHWULF�3DDVFKH� ������� ������� � ������� � ������� �������

7|UQTYLVW� ������� ������� � ������� � ������� �������

� � � � � � � �

�

������������������������������������������������������
���7KHVH�ILJXUHV�DUH�LQ�EHWZHHQ�WKH�HVWLPDWHV�RI�������SRLQWV�SHU�\HDU�RQ�DYHUDJH�E\�6KDSLUR�DQG�:LOFR[�

�������IRU�WKH�8�6��DQG�������SRLQWV�SHU�\HDU�E\�%DON������E��DQG�'H�+DDQ��������IRU�WKH�1HWKHUODQGV��

7KH�GLIIHUHQFHV�ZLOO�EH�SDUWO\�GXH�WR�GLIIHUHQFHV�LQ�WKH�DJJUHJDWLRQ�OHYHO��7KH�'XWFK�ILJXUHV�DUH�EDVHG�RQ�

DSSUR[LPDWHO\�����SURGXFW�FDWHJRULHV��WKH�8�6��ILJXUHV�RQ�PRUH�WKDQ�������LWHP�DUHD�VWUDWD��
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7KH�GLIIHUHQFH�EHWZHHQ�WKH�FKDLQHG�/DVSH\UHV�DQG�)LVKHU�SULFH�LQGH[�QXPEHUV�LQ�

���������� ������VKRZQ�LQ�WKH�ODVW�FROXPQ�RI�7DEOH����LV��������SRLQWV�RQ�DYHUDJH�SHU�

\HDU��7KH�GLIIHUHQFH�EHWZHHQ�WKHLU�GLUHFW�FRXQWHUSDUWV�LQ�WKH�VHFRQG�FROXPQ�LV�DV�ODUJH�

DV��������SRLQWV�SHU�\HDU��:KDW�LV�VXUSULVLQJ�DV�ZHOO�LV�WKDW�FKDLQ�OLQNLQJ�LQ������UDLVHV�

WKH�/DVSH\UHV�LQGH[�LQ������IURP��������WR���������DQG�DOVR�UDLVHV�WKH�3DDVFKH��WKHUHE\�

UDLVLQJ�WKH�)LVKHU�LQGH[�IURP��������WR���������7KH�XSZDUG�HIIHFW�RI�FKDLQLQJ��WKRXJK�

OHVV�VWURQJ��JRHV�IRU�WKH�7|UQTYLVW�DV�ZHOO��

$� QXPEHU� RI� µXQXVXDO¶� GDWD� VHHP� WR� KDYH� FRQWULEXWHG� WR� VRPH� RI� WKHVH� XQH[�

SHFWHG�ILQGLQJV��'XULQJ�����������VHYHUDO�VHUYLFHV�VKRZHG�H[WUHPH�SULFH�LQFUHDVHV��WKH�

SULFHV�RI�ILQDQFLDO�VHUYLFHV��FDU�LQVXUDQFH�DQG�JDUGHQLQJ�URVH�E\����������DQG�������

UHVSHFWLYHO\�� $W� WKH� VDPH� WLPH� WKHLU� H[SHQGLWXUH� VKDUHV� LQFUHDVHG� VKDUSO\�� ZKLFK� LV�

FRXQWHULQWXLWLYH� ±� RQH�ZRXOG� H[SHFW� FRQVXPHUV� WR� VXEVWLWXWH� DZD\� IURP� VHUYLFHV� WKDW�

KDYH�EHFRPH�UHODWLYHO\�PXFK�PRUH�H[SHQVLYH��:H�GHFLGHG�QRW�WR�H[FOXGH�WKHVH�GDWD�DV�

XQXVXDO� WKLQJV�GR�KDSSHQ�QRZ�DQG�WKHQ�DQG�UHIOHFW�UHDOLW\� �DVVXPLQJ�WKH�H[SHQGLWXUHV�

ZHUH�FRUUHFWO\�PHDVXUHG���

���� (PSLULFDO�5HVXOWV�

$V�PHQWLRQHG�LQ�6HFWLRQ���ZH�SUHIHU�FKDLQ�OLQNLQJ�LQ������WR�FDOFXODWLQJ�GLUHFW�LQGH[HV��

7DEOH���OLVWV�DSSUR[LPDWH�FKDLQHG�SULFH�LQGH[�QXPEHUV�IRU�WKH�LQWHUPHGLDWH�\HDUV������

�����DQG������������WKH�WUXH�QXPEHUV�IRU�WKH�EHQFKPDUN�\HDUV������DQG�������FRSLHG�

IURP�7DEOH����DUH�DOVR�SUHVHQWHG��7KH�)LVKHU�DQG�7|UQTYLVW�LQGH[�QXPEHUV�LQ�WKH�WKLUG�

DQG�VL[WK�URZ�DUH�EDVHG�RQ�WKH�µQDWXUDO¶�DSSURDFK�RI�H[SUHVVLRQV�����DQG������DQG�GLIIHU�

RQO\�PDUJLQDOO\� IURP�HDFK�RWKHU��3DUWLFXODUO\�GXULQJ����������� WKH�DOWHUQDWLYH�µ4XDVL�

)LVKHU¶� LQGH[�QXPEHUV�EDVHG�RQ�H[SUHVVLRQ� �����DUH� VOLJKWO\�KLJKHU�� ,Q� OLQH�ZLWK�ZKDW�

ZDV�VXJJHVWHG�LQ�6XE�VHFWLRQ������WKH�SULFH�LQGH[�QXPEHUV�HVWLPDWHG�E\�WKH�7LPH�VHULHV�

*HQHUDOL]HG�)LVKHU�,GHDO��7*),��PHWKRG������DUH�ORZHU��

7DEOH� �� DOVR� FRQWDLQV� WZR� GLIIHUHQW� YHUVLRQV� RI� FKDLQHG� /OR\G�0RXOWRQ� SULFH�

LQGH[�QXPEHUV��7KH�YDOXH�IRU�WKH�HODVWLFLW\�RI�VXEVWLWXWLRQ�σ �LV�HVWLPDWHG�VHSDUDWHO\�IRU�

HDFK�VXESHULRG������������DQG������������VXFK�WKDW� WKH�/OR\G�0RXOWRQ�LQGH[�HTXDOV�

HLWKHU� WKH� )LVKHU� RU� WKH� 7|UQTYLVW� LQ� ����� DQG� ������ 7KH� HVWLPDWHG� HODVWLFLWLHV� GLIIHU�

DSSUHFLDEO\�� WKH�YDOXHV�XVHG� IRU� FRPSXWLQJ� WKH�/OR\G�0RXOWRQ� LQGH[�QXPEHUV� LQ� URZ�

QLQH�DUH������������������DQG�������������������ZKHUHDV�WKRVH�XVHG�IRU�FRPSXWLQJ�WKH�

/OR\G�0RXOWRQ�LQGH[�QXPEHUV�LQ�URZ�WHQ�DUH������������������DQG�������������������
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7KH�HVWLPDWHV�IRU�WKH�ILUVW�VXE�SHULRG�DUH�UDWKHU�KLJK�DQG�PLJKW�EH�UHODWHG�WR�DQRPDOLHV�

LQ�WKH�GDWD�VHW�XVHG��1RWZLWKVWDQGLQJ�WKHVH�HVWLPDWHV��WKH�UHVXOWLQJ�/OR\G�0RXOWRQ�LQGH[�

QXPEHUV�IRU������DQG�������DV�ZHOO�DV�WKRVH�IRU������������DQG�������DUH�TXLWH�VLPLODU�

WR� WKH� HDUOLHU� DSSUR[LPDWLRQV��7KLV� VXJJHVWV� WKDW� WKH� µWKHRUHWLFDOO\�RULHQWHG¶�&(6�W\SH�

PHWKRG�DQG�RXU�µVWDWLVWLFDOO\�RULHQWHG¶�PHWKRGV�EDVHG�RQ�WDNLQJ�OLQHDU�FRPELQDWLRQV�RI�

WKH� H[SHQGLWXUHV� VKDUHV� RI� WKH� EHQFKPDUN� \HDUV� ������ ����� DQG� ������PLJKW� ERWK� EH�

FRQVLGHUHG�E\�VWDWLVWLFDO�DJHQFLHV��

�

7DEOH����&KDLQHG�SULFH�LQGH[�QXPEHUV������ ����
�
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7*),� ������� ������� ������� ������� ������� ������� �������

� � � � � � � �
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/OR\G�0RXOWRQ�E�� ������� ������� ������� ������� ������� ������� �������

�$SSUR[LPDWLRQV�DUH�VKRZQ�LQ�LWDOLFV��D��)LVKHU�LQGH[�DV�EHQFKPDUN��E��7|UQTYLVW�LQGH[�DV�EHQFKPDUN��

�

7DEOH����'LUHFW�SULFH�LQGH[�QXPEHUV������ ����
�
� ����� ����� ����� ����� ����� ����� �����
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� � � � � � � �

�$SSUR[LPDWLRQV�DUH�VKRZQ�LQ�LWDOLFV��
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7DEOH���VKRZV�WKH�GLUHFW�FRXQWHUSDUWV�WR�WKH�DSSUR[LPDWLRQV�SUHVHQWHG�LQ�7DEOH�

���7KH�4XDVL�)LVKHU� �DOWHUQDWLYH�� DSSUR[LPDWLRQV�� VKRZQ� LQ� WKH� ODVW� URZ��RYHUHVWLPDWH�

WKH�FRUUHVSRQGLQJ�QDWXUDO�DSSUR[LPDWLRQV��VKRZQ�LQ�WKH�WKLUG�URZ��HVSHFLDOO\�IRU������

������7KLV�PD\��DW�OHDVW�SDUWLDOO\��EH�FDXVHG�E\�WKH�IDFW�WKDW�WKH�4XDVL�)LVKHU�DSSURDFK�

HVVHQWLDOO\�DSSUR[LPDWHV�D�7|UQTYLVW�LQGH[�±�ZKLFK�LQ�RXU�FDVH�LV�JUHDWHU�WKDQ�WKH�)LVKHU�

±�DQG� WKHQ�FRQYHUWV� WKH� UHVXOW� LQWR�D� µ)LVKHU�W\SH¶� IRUPXOD��1RWLFH� WKDW� WKH�*HRPHWULF�

/DVSH\UHV�LQGH[�QXPEHUV�QHDUO\�FRLQFLGH�ZLWK�WKH�QDWXUDO�)LVKHU�DSSUR[LPDWLRQV��

7DEOH���FRQWDLQV�DSSUR[LPDWH�GLUHFW�LQGH[�QXPEHUV������ ������FRPSXWHG�DV�LI�

H[SHQGLWXUH�GDWD�IRU������ZHUH�XQDYDLODEOH��7KXV��WKH�WUXH������LQGH[�QXPEHUV�LQ�7DEOH�

��DUH�UHSODFHG�E\�HVWLPDWHG�YDOXHV��<HW�WKH�LQGH[�QXPEHUV�LQ�7DEOH���FDOFXODWHG�ZLWK�WKH�

QDWXUDO�PHWKRG�DUH�YHU\�VLPLODU�WR�WKH�FRUUHVSRQGLQJ�QXPEHUV�LQ�7DEOH����LQFOXGLQJ�WKH�

WUXH������QXPEHUV��7KLV�VHHPV�WR�LQGLFDWH�WKDW�WKLV�PHWKRG�ZRUNV�ZHOO�HYHQ�IRU�UDWKHU�

GLVWDQW� EHQFKPDUN� \HDUV��$V� EHIRUH�� WKH�4XDVL� )LVKHU� LQGH[� QXPEHUV� DUH� JUHDWHU� WKDQ�

WKRVH�FRPSXWHG�ZLWK�WKH�QDWXUDO�DSSURDFK��WKH�GLIIHUHQFH�EHLQJ��������SRLQWV�LQ�������

�
7DEOH����'LUHFW�SULFH� LQGH[�QXPEHUV� ����� ������H[FOXGLQJ�REVHUYHG�H[SHQGLWXUH�
VKDUHV�IRU�����
�
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� � � � � � � �
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�$SSUR[LPDWLRQV�DUH�VKRZQ�LQ�LWDOLFV��D��)LVKHU�LQGH[�DV�EHQFKPDUN��E��7|UQTYLVW�LQGH[�DV�EHQFKPDUN��

�

7DEOH���FRQILUPV�WKDW�WKH�7*),�PHWKRG�XQGHUVWDWHV�RXU�DOWHUQDWLYH��4XDVL�)LVKHU�

DSSUR[LPDWLRQV��0RUHRYHU��LQ������WKH�GLIIHUHQFH�ZLWK�WKH�WUXH�)LVKHU�LQGH[����������LV�
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DV� ODUJH�DV��������7KH�/OR\G�0RXOWRQ�SULFH�LQGH[�QXPEHUV�KDYH�EHHQ�FDOFXODWHG�XVLQJ�

����=σ ��URZ�QLQH��DQG� ����=σ ��URZ�WHQ��ZKLFK�PDNH�WKH�QXPEHUV�LQ������HTXDO�WR�

WKH�WUXH�)LVKHU�DQG�7|UQTYLVW�LQGH[�QXPEHUV��7KH�/OR\G�0RXOWRQ�HVWLPDWHV�DUH�VOLJKWO\�

JUHDWHU�WKDQ�RXU�QDWXUDO�DSSUR[LPDWLRQV��XS�WR��������SRLQWV�IRU�WKH�7|UQTYLVW�LQ�������

$OVR��WKH�WUXH�7|UQTYLVW�LQGH[�QXPEHU�LQ������LV��������ZKHUHDV�WKH��7|UQTYLVW�EDVHG��

/OR\G�0RXOWRQ� HVWLPDWH� LV� ��������2I� FRXUVH�ZH� VKRXOG�QRW�GUDZ� WKH� FRQFOXVLRQ� WKDW�

WKH�/OR\G�0RXOWRQ�PHWKRG�LQ�JHQHUDO�RYHUVWDWHV�WKH�WUXH�QXPEHUV��

�
)LJXUH����'LUHFW�SULFH�LQGH[�QXPEHUV������ ������H[FOXGLQJ�REVHUYHG�H[SHQGLWXUH�
VKDUHV�IRU������

���

���

���

���

���

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

/DVSH\UHV )LVKHU /OR\G�0RXOWRQ 7*),
�

�

7KH��GLUHFW��/DVSH\UHV�SULFH�LQGH[�QXPEHUV�� WKH�QDWXUDO�)LVKHU�DSSUR[LPDWLRQV��

WKH�7*),�DSSUR[LPDWLRQV�DQG�WKH�/OR\G�0RXOWRQ��)LVKHU�EDVHG��HVWLPDWHV�IURP�7DEOH���

DUH�GHSLFWHG�LQ�)LJXUH����7KH�ILJXUH�QLFHO\�LOOXVWUDWHV�WKDW��DOWKRXJK�WKHUH�DUH�GLIIHUHQFHV�

EHWZHHQ�WKH�QDWXUDO�DQG�/OR\G�0RXOWRQ�DSSUR[LPDWLRQV��WKHVH�GLIIHUHQFHV�DUH�QHJOLJLEOH�

FRPSDUHG� WR� WKH�GLIIHUHQFHV�ZLWK� WKH�/DVSH\UHV� LQGH[�QXPEHUV��)LJXUH���DJDLQ�PDNHV�

FOHDU�WKDW�WKH�7*),�PHWKRG�PRVW�OLNHO\�SURGXFHV��VOLJKWO\��GRZQZDUG�ELDVHG�HVWLPDWHV�
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RI�WKH�)LVKHU�SULFH�LQGH[��SDUWLFXODUO\�IRU�\HDUV�LQ�WKH�PLGGOH�RI�WKH�SHULRG�EHWZHHQ�WZR�

EHQFKPDUN�\HDUV����

��� &RQFOXVLRQ�

7KH� UHVXOWV� RI� WKH� DSSUR[LPDWLRQ�PHWKRGV� GLVFXVVHG� LQ� WKLV� SDSHU� DUH� DOO� QXPHULFDOO\�

VLPLODU�WR�WKRVH�REWDLQHG�ZLWK�WKH�/OR\G�0RXOWRQ�DSSURDFK��,GHDOO\�HDFK�PHWKRG�VKRXOG�

EH�DVVHVVHG�RQ�D�GDWD�VHW� WKDW�HQDEOHV� WR�FDOFXODWH�VXSHUODWLYH�SULFH� LQGH[�QXPEHUV� IRU�

LQWHUPHGLDWH�\HDUV�DOVR�� ,I�ERWK�VRUWV�RI�DSSURDFKHV�ZRUN�ZHOO� WKHQ�VWDWLVWLFDO�DJHQFLHV�

WKDW�ZLVK�WR�DSSUR[LPDWH�UHWURVSHFWLYHO\�VRPH�VXSHUODWLYH�LQGH[�FDQ�FKRRVH�HLWKHU��7KH�

/OR\G�0RXOWRQ� SULFH� LQGH[� KDV� WKH� DGYDQWDJH� RI� EHLQJ� JURXQGHG� LQ� HFRQRPLF� WKHRU\��

6WDWLVWLFDO�DJHQFLHV� WKDW�DUH� UHOXFWDQW� WR� UHO\�RQ�&(6�DVVXPSWLRQV�RU� WKH�OLNH�PD\� ILQG�

RXU�SUDJPDWLF�VWDQFH�PRUH�DWWUDFWLYH��

6XSSRVH� WKH�)LVKHU� LQGH[�ZRXOG�EH�WKH�SUHIHUUHG� WDUJHW��7KHUH� LV�QRZ�D�FKRLFH�

EHWZHHQ�WKH�QDWXUDO�DSSURDFK��IRU�WZR�EHQFKPDUN�\HDUV�JLYHQ�E\�H[SUHVVLRQ������DQG�WKH�

4XDVL�)LVKHU�DOWHUQDWLYH��JLYHQ�E\�H[SUHVVLRQ�������$Q�DGYDQWDJH�RI�WKH�QDWXUDO�PHWKRG�

LV�LWV�JUHDWHU�IOH[LELOLW\��'DWD�SHUPLWWLQJ��LPSRUWDQW�H[SHQGLWXUH�VKDUHV�FDQ�EH�HVWLPDWHG�

GLUHFWO\� IURP� DYDLODEOH� SULFH� DQG� TXDQWLW\� GDWD���� /LQHDU� FRPELQDWLRQV� RI� EHQFKPDUN�

\HDU�VKDUHV�FDQ�WKHQ�EH�XVHG�IRU�WKH�UHPDLQLQJ�VKDUHV��

�

�

�

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