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,��,QWURGXFWLRQ

(DUO\� WLPH�VHULHV� HVWLPDWLRQV� RQ� WKH� VKRUW�WHUP� UHODWLRQ� EHWZHHQ� WUDQVDFWLRQ� YROXPH� DQG

WUDQVDFWLRQ� FRVWV�� DV�PHDVXUHG� E\� ELG�DVN� VSUHDGV�� LQ� WKH� IRUHLJQ� H[FKDQJH� �IRUH[��PDUNHW

UHVXOWHG� LQ� WKH� ILQGLQJ� WKDW� VSUHDGV� LQFUHDVH� ZLWK� YROXPH� DW� FRQVWDQW� YRODWLOLW\� �*ODVVPDQ�

������� �$OWKRXJK� LQIRUPDWLRQ�FRVW�PRGHOV� RI� GHDOHU� VSUHDGV�� VXFK� DV� WKDW� RI�&RSHODQG� DQG

*DODL��������WRJHWKHU�ZLWK�DQ�DVVXPSWLRQ�RQ�WKH�LQIRUPDWLRQ�FRQWHQW�RI�YROXPH��FDQ�SURYLGH�D

WKHRUHWLFDO�EDVLV�IRU�WKLV�UHVXOW��UHFHQW�HPSLULFDO�UHVHDUFK�E\�%HVVHPELQGHU��������VKRZV�WKDW

WKH�LPSDFW�RI�SUHGLFWDEOH�DQG�XQSUHGLFWDEOH�WUDGLQJ�YROXPH�RQ�VSUHDGV�VHHPV�WR�EH�RSSRVLWH�LQ

VLJQ���7KLV�ODWWHU�YLHZ�LV�VXSSRUWHG�E\�VWDQGDUG�VSUHDG�PRGHOV�DQG�WKH�PL[WXUH�RI�GLVWULEXWLRQV

K\SRWKHVLV��&ODUN���������ZKLFK�LPSOLHV�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�XQSUHGLFWDEOH�YRODWLOLW\

DQG� XQSUHGLFWDEOH� YROXPH�� GULYHQ� MRLQWO\� E\� DQ� �XQREVHUYDEOH�� LQIRUPDWLRQ� IORZ� YDULDEOH��

6LQFH� SUHGLFWDEOH� YROXPH� LV� OLNHO\� WR� EH� XQUHODWHG� WR� LQIRUPDWLRQ� UHODWHG� ULVN� LW� ZLOO� KHOS

GHFUHDVH�IL[HG�FRVWV�RI�PDUNHW�PDNLQJ��LQFUHDVH�GHDOHUV
�UHYHQXHV�IURP�OLTXLGLW\�WUDGHUV��DQG

WKHUHIRUH�ORZHU�VSUHDGV���,I�SUHGLFWDEOH�YRODWLOLW\�LV�LQFOXGHG�DV�DQRWKHU�H[SODQDWRU\�YDULDEOH�

EXW�QRW�XQSUHGLFWDEOH�YRODWLOLW\��WKHQ�XQSUHGLFWDEOH�YROXPH�DORQH�ZLOO�PHDVXUH�WKH�UDWH�RI�QHZ

LQIRUPDWLRQ�DUULYDO�DQG�ZLOO�WKHUHIRUH�KDYH�D�VLJQLILFDQW�SRVLWLYH�HIIHFW�RQ�VSUHDGV�

$Q� DSSDUHQW� IHDWXUH� RI� *ODVVPDQ
V� ������� DQG� %HVVHPELQGHU
V� ������� DQDO\VHV� LV� WKDW� WKH

YROXPH�HIIHFWV�GR�QRW�DSSHDU�WR�EH�VWDWLVWLFDOO\�VWURQJ���2QH�H[SODQDWLRQ�FRXOG�EH�WKDW�WKH\�XVH

IRUH[� IXWXUH� YROXPHV� IURP� WKH� &KLFDJR� ,QWHUQDWLRQDO�0RQHWDU\�0DUNHW� �,00�� DV� D� SUR[\

YDULDEOH�IRU�JOREDO�VSRW�YROXPHV�LQ�WKH�FXUUHQFLHV�FRQVLGHUHG����7KH�ODFN�RI�VSRW�YROXPH�GDWD

DW�UHDVRQDEO\�KLJK�IUHTXHQFLHV�LV�D�SULQFLSDO�KDQGLFDS�IRU�PDQ\�IRUH[� WLPH�VHULHV�DQDO\VHV��

$OWKRXJK�WKHUH� LV�VRPH�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�VSRW�DQG�IXWXUHV�YROXPHV�� WKHLU�RYHUDOO

EHKDYLRXU�PD\�EH�TXLWH�GLIIHUHQW�� �)RU�H[DPSOH� IRUH[�PDUNHW� VSRW� WXUQRYHU� JURZWK� VORZHG

GRZQ�FRQVLGHUDEO\� LQ� WKH� ODWH�����V��ZKLOH� IRUZDUG� WXUQRYHUV�FRQWLQXHG� WR� JURZ� IRUFHIXOO\

�%,6����������'XPDV��������SRLQWV�RXW�WKDW�WKH�FKRLFH�RI�IXWXUH�YROXPHV�IURP�DQ�RUJDQL]HG

PDUNHW� WR� PHDVXUH� WRWDO� YROXPHV� RI� D� PDUNHW� ZRUNLQJ� PRVWO\� RYHU� WKH� FRXQWHU� PD\� DOVR

LQGXFH�DQ�RPLWWHG�YDULDEOH�SUREOHP�LQ�WKH�HVWLPDWLRQV���$QRWKHU�H[SODQDWLRQ�IRU�WKH�VWDWLVWLFDO

ZHDNQHVV�RI�WKH�YROXPH�HIIHFWV�LQ�WKHVH�VWXGLHV��DQG�DOVR�DQRWKHU�VRXUFH�RI�SRVVLEOH�ELDVHV�LQ

SDUDPHWHU�HVWLPDWHV��PD\�EH� WKDW� WKH�HQGRJHQHLW\� RI� XQSUHGLFWDEOH� WXUQRYHU��PHDVXULQJ� WKH

UDWH�RI�LQIRUPDWLRQ�DUULYDO��LV�GLVUHJDUGHG�

����������������������������������������
������)XWXUHV�WXUQRYHU�LQ�WKH�IRUH[�PDUNHW�DFFRXQWV�IRU�RQO\�DERXW���SHUFHQW�RI�WRWDO�JOREDO�WXUQRYHU��%,6��������
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,Q�WKH�SUHVHQW�SDSHU�ZH�XVH�D�QHZ���\HDU�ORQJ��'HFHPEHU������WKURXJK�-DQXDU\�������GDLO\

YROXPH�VHULHV�IRU�WKH�GROODU�\HQ�VSRW�PDUNHW�LQ�RUGHU�WR�HVWLPDWH�WKH�UHODWLRQ�EHWZHHQ�YROXPHV

DQG� VSUHDGV�� �$V� \HW�� WR� RXU� NQRZOHGJH�� QR� FRPSDUDEOH� IRUH[� WXUQRYHU� GDWD� DUH� FXUUHQWO\

DYDLODEOH�IRU�DQ\�RWKHU�VSRW�PDUNHW���$GGLWLRQDOO\��ZH�DUH�DEOH�WR�HPSOR\�DYHUDJH�VSRW�5HXWHUV

TXRWHV�RYHU�WKH�WUDGLQJ�GD\�WR�FRPSXWH�GDLO\�VSUHDGV�DQG�SULFH�FKDQJHV�EHWZHHQ�RSHQLQJ�DQG

FORVLQJ�RI� WKH�7RN\R�PDUNHW�� LQVWHDG� RI� VLQJOH� �UHSUHVHQWDWLYH��/RQGRQ� TXRWHV� SHU� GD\�� DV

RIIHUHG�E\�PRVW�FRPPHUFLDO�GDWDEDVHV�

7KH�HFRQRPHWULF�WHFKQLTXH�FKRVHQ�LV�*HQHUDOL]HG�0HWKRG�RI�0RPHQWV��*00��HVWLPDWLRQ�RI�D

ORJ�OLQHDU� VSUHDG� HTXDWLRQ�� � 7KXV� ZH� FDQ� LQWURGXFH� XQSUHGLFWDEOH� 5HXWHUV� TXRWLQJ� �WLFN�

IUHTXHQF\� DV� DQ� LQVWUXPHQWDO� YDULDEOH� IRU� XQSUHGLFWDEOH� YROXPHV�� �1RQHWKHOHVV�� RXU� UHVXOWV

FRQILUP� WKRVH� IRXQG� E\� %HVVHPELQGHU� �������� � 3UHGLFWDEOH� GROODU�\HQ� VSRW� YROXPH� LV

QHJDWLYHO\�OLQNHG�WR�VSRW�VSUHDGV��ZKLOH�XQSUHGLFWDEOH�YROXPH�LV�SRVLWLYHO\�OLQNHG�WR�VSUHDGV��

+RZHYHU��XVLQJ�RXU�GDLO\�VSRW�YROXPH�PHDVXUH�DQG�V\QFKURQRXV�H[FKDQJH�UDWH�TXRWHV�WKHVH

SDUDPHWHU�HVWLPDWHV�DUH�PXFK�PRUH�VLJQLILFDQW��XVXDOO\�ZD\�EHORZ�WKH���SHUFHQW�OHYHO���:KHQ

LQWURGXFLQJ� DGGLWLRQDO� LQVWUXPHQWV�� WHVWV� RI� WKH� RYHULGHQWLI\LQJ� UHVWULFWLRQV� UHMHFW� WKH

VSHFLILFDWLRQ�ZLWK�GHFRPSRVHG�YROXPHV�DQG�XQSUHGLFWDEOH� WLFNV�DV�DQ� LQVWUXPHQWDO�YDULDEOH�

ZKLOH�WKRVH�ZLWK�QRQ�GHFRPSRVHG�RU�QRQ�LQVWUXPHQWHG�YROXPHV�GR�QRW�SDVV�WKH�WHVW���)URP�WKH

FODULW\�RI�WKHVH�UHVXOWV�RQH�PLJKW�LQIHU�WKDW�RQH�ZRXOG�EH�OLNHO\�WR�ILQG�VLPLODU�UHVXOWV�IRU�RWKHU

FXUUHQFLHV�LI�FRPSDUDEOH�YROXPH�GDWD�ZHUH�DYDLODEOH�

7KH�UHPDLQGHU�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IROORZV���,Q�VHFWLRQ�,,�WKH�WKHRUHWLFDO�EDVLV�RI�WKH

SUHVHQW� HVWLPDWLRQV� LV� VXPPDUL]HG�� � 7KH� IROORZLQJ� VHFWLRQ� FRQVLGHUV� YDULDEOH�PHDVXUHPHQW

LVVXHV� DQG� GHVFULEHV� WKH� HFRQRPHWULF� DSSURDFK� FKRVHQ�� � 7KH� HVWLPDWLRQV� WKHPVHOYHV� DUH

SUHVHQWHG�LQ�VHFWLRQ�,9���7KH�ILQDO�VHFWLRQ�FRQFOXGHV�

,,��6SUHDG�7KHRU\

)LQDQFH�WKHRU\�KDV�LGHQWLILHG�WKUHH�EDVLF�VRXUFHV�RI�ELG�DVN�VSUHDGV�����RUGHU�SURFHVVLQJ�FRVWV�

���LQYHQWRU\�KROGLQJ�FRVWV��DQG����LQIRUPDWLRQ�FRVWV�RI�PDUNHW�PDNLQJ���(DFK�RQH�LV�LQIOXHQFHG

E\�WUDGLQJ�YROXPH�LQ�D�SDUWLFXODU�PDQQHU���2UGHU�SURFHVVLQJ�FRVW�PRGHOV�DVVXPH�WKH�H[LVWHQFH
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RI� VRPH� IL[HG� FRVWV� RI� PDUNHW� PDNLQJ� RU� RI� SURYLGLQJ� �LPPHGLDF\�� IRU� WKH� H[FKDQJH� RI

RZQHUVKLS� WLWOHV� �'HPVHW]�� ������� � 7KHVH� FRVWV�PD\� FRPH�� IRU� H[DPSOH�� IURP� WKH� QHHG� WR

DFTXLUH� WUDGLQJ� NQRZ� KRZ� DQG� D� QDPH� LQ� WKH� PDUNHW�� DV� ZHOO� DV� IURP� VXEVFULSWLRQV� WR

HOHFWURQLF�LQIRUPDWLRQ�DQG�WUDGLQJ�V\VWHPV��VXFK�DV�5HXWHUV�RU�7HOHUDWH�LQ�WKH�IRUH[�PDUNHW���

7KH\�JLYH�ULVH� WR�HFRQRPLHV�RI�VFDOH�RI�PDUNHW�PDNLQJ�� �$W�D�JLYHQ� VSUHDG��ZKHQ�D�GHDOHU

H[SHFWV� WKDW� WUDGLQJ� YROXPH� ZLOO� LQFUHDVH� LQ� WKH� QH[W� WUDGLQJ� SHULRG��FHWHULV� SDULEXV� KLV

H[SHFWHG�SURILW�JRHV�XS�DV�ZHOO���+RZHYHU��LQWHU�GHDOHU�FRPSHWLWLRQ�ZLOO�IRUFH�KLP�WR�QDUURZ

KLV� VSUHDG� WR� DYRLG� ORVLQJ� EXVLQHVV� WR� FRPSHWLWRUV� XQGHUFXWWLQJ� KLP�� � +HQFH�SUHGLFWDEOH

YROXPH� VKRXOG� UHGXFH� VSUHDGV� WKURXJK� DQ� RUGHU� SURFHVVLQJ� FRVW� HIIHFW� �6WROO�� ������ %ODFN�

������+DUWPDQQ��������

,Q�FRQWUDVW��WKH�HIIHFW�RI�WUDGLQJ�YROXPH�RQ�LQYHQWRU\�KROGLQJ�FRVWV�LV�DPELJXRXV��GHSHQGLQJ�

IRU� H[DPSOH�� RQ� WUDQVDFWLRQ� VL]HV�� � ,QYHQWRU\� FRVW�PRGHOV�� OLNH� 6WROO� �������� +R� DQG� 6WROO

������� DQG� RWKHUV�� YLHZ� GHDOHUV� QRW� RQO\� DV� SURYLGHUV� RI� OLTXLGLW\� VHUYLFHV� EXW� DOVR� DV

RSWLPL]HUV�RI�WKHLU�RZQ�VHFXULWLHV�SRUWIROLR���,Q�WKLV�IUDPHZRUN�WKH\�WU\�WR�FKRRVH�WKH�UHWXUQ�

ULVN�HIILFLHQW�SRUWIROLR��ZKLFK�PD[LPL]HV�WKHLU��RU�WKHLU�VKDUHKROGHUV
��XWLOLW\���+RZHYHU��VLQFH

SURYLGLQJ� �LPPHGLDF\�� �VWDQGLQJ� UHDG\� WR� WUDGH� LQ� D� VHFXULW\� DW� DQ\� WLPH� GHVLUHG� E\

FXVWRPHUV��LPSOLHV�EHLQJ�SXVKHG�DZD\�IURP�WKLV�SRUWIROLR��WKH\�DQQRXQFH�ELG�DQG�DVN�SULFHV

ZKLFK� DVVXUH� WKDW� WKHLU� SRVLWLRQV� DUH� QRW� WRR� IDU� IURP� WKH� RSWLPDO� SRUWIROLR� DQG� SURYLGH

UHYHQXHV�FRPSHQVDWLQJ�IRU�WKH�UHPDLQLQJ�XWLOLW\�ORVVHV���2Q�DYHUDJH��ODUJHU�WUDQVDFWLRQV�ZLOO

SXVK�WKH�GHDOHU��IDUHU��DZD\�IURP�KLV�GHVLUHG�SRUWIROLR��VXFK� WKDW�FHWHULV�SDULEXV� WKH� ODUJHU

WKH�WUDQVDFWLRQ�VL]HV�LQ�WKH�RUGHU�IORZ�H[SHFWHG��WKH�ODUJHU�WKH�VSUHDGV�

+RZHYHU�� LI� WUDGLQJ� YROXPH� LV� H[SHFWHG� WR� FRPH� LQ� PDQ\� VPDOO�� VWDWLVWLFDOO\� LQGHSHQGHQW

RUGHUV��WKHQ�E\�WKH�ODZ�RI�ODUJH�QXPEHUV�LQFUHDVHG��SUHGLFWDEOH��YROXPH�FRXOG�DOVR�GHFUHDVH

VSUHDGV� WKURXJK� DQ� RSSRVLWH� LQYHQWRU\� FRVW� HIIHFW�� � 6LQFH� DGGLWLRQDOO\� ODUJHU� YROXPH� LV� QRW

QHFHVVDULO\�GULYHQ�E\� ODUJHU� WUDQVDFWLRQ� VL]HV� �GHDOHUV�PD\�GHFRPSRVH�RQH� ODUJH� WUDQVDFWLRQ

LQWR� VHYHUDO� VPDOOHU� RQHV� RI� �VWDQGDUG�� VL]H� IRU� H[DPSOH� RU� WUDQVDFWLRQ� IUHTXHQF\� PD\

LQFUHDVH��DQG�5HXWHUV�TXRWHG�VSUHDGV�DUH�RQO\�ELQGLQJ�XS� WR�D�FHUWDLQ�PD[LPXP� WUDQVDFWLRQ

VL]H��LW�LV�XQOLNHO\�WKDW�LQYHQWRU\�FRVW�HIIHFWV�FDQ�EH�LGHQWLILHG�WKURXJK�YROXPHV�DQG�VSUHDGV�

,QIRUPDWLRQ�FRVW�PRGHOV�VXJJHVW�D�UHODWLRQ�EHWZHHQ�ELG�DVN�VSUHDGV�DQG�LQIRUPDWLRQ�DUULYDO�RU

WKH�SUHVHQFH�RI�DJHQWV�ZLWK�EHWWHU�LQIRUPDWLRQ�WKDQ�GHDOHUV�LQ�WKH�PDUNHW��&RSHODQG�DQG�*DODL�

������*ORVWHQ�DQG�0LOJURP��������.\OH��������� � ,I�QHZ� LQIRUPDWLRQ�KDV�DUULYHG�� VXFK� WKDW

GHDOHUV�ULVN�JHWWLQJ�LQWR�WUDQVDFWLRQV�ZLWK��LQVLGHUV���WKHQ�WKH\�ZLOO�ZLGHQ�VSUHDGV�LQ�RUGHU�WR
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GHWHU� VRPH� RI� WKH� LQIRUPHG� WUDGHUV� RU� WR� HDUQ� KLJKHU� PDUN�XSV� IURP� OLTXLGLW\�PRWLYDWHG

WUDGHUV��ZKRVH�GHPDQG�HODVWLFLW\�LV�UDWKHU�ORZ����:KHQ�DVNHG�IRU�D�TXRWH��GHDOHUV�GR�QRW�NQRZ

ZKHWKHU� WKH� FRXQWHUSDUW\� LV� DQ� LQIRUPDWLRQ� RU� D� OLTXLGLW\� WUDGHU��� � 7KHUHIRUH�� WKH� PRUH

LPSRUWDQW�WKH�LQIRUPDWLRQ�DUULYDO�GXULQJ�D�WUDGLQJ�SHULRG��WKH�KLJKHU�WKH�GHDOHUV
�LQIRUPDWLRQ

FRVWV��WKH�ODUJHU�WKHLU�VSUHDGV���+RZHYHU��D�PDMRU�REVWDFOH�WR�WKH�HPSLULFDO�LPSOHPHQWDWLRQ�RI

WKHVH� PRGHOV� LV� WKDW� WKH� UDWH� RI� LQIRUPDWLRQ� DUULYDO� RU� WKH� VKDUH� RI� LQIRUPDWLRQ� WUDGLQJ� LQ

RYHUDOO�WUDGLQJ�LV�XQREVHUYDEOH���7KH�XVH�RI�XQSUHGLFWDEOH�IRUH[�YROXPH�DV�D�VROXWLRQ�WR�WKLV

REVHUYDELOLW\�SUREOHP�LV�SURSRVHG�IXUWKHU�EHORZ�

7KHUH�DUH�WZR�PRUH�DUJXPHQWV�ZKLFK�PD\�UHLQIRUFH�WKH�SRLQW�PDGH�E\�WKH�RUGHU�SURFHVVLQJ

FRVW� OLWHUDWXUH��DGYDQFLQJ�D�QHJDWLYH� LPSDFW�RI�SUHGLFWDEOH�YROXPH�RQ�ELG�DVN� VSUHDGV�� �7KH

ILUVW�� DGYDQFHG� E\� (DVOH\� DQG� 2
+DUD� �������� DJDLQ� FRPHV� IURP� WKH� LQIRUPDWLRQ� FRVW

OLWHUDWXUH�� � 6LQFH� PDUNHW� PDNHUV� JDLQ� IURP� WUDQVDFWLRQV� ZLWK� OLTXLGLW\� WUDGHUV�� VSUHDGV

GHFUHDVH�ZLWK�DQ�LQFUHDVH�LQ�WKH�H[SHFWHG��RU��QRUPDO���RUGHU�IORZ�IURP�WKHP���7KH�VHFRQG�LV

D�VHDUFK�FRVW�DUJXPHQW�� �:KHQ� WKH� LQWHUEDQN�PDUNHW�JURZV��DQG� OLTXLGLW\� LV�QRW�UHGXFHG�E\

RYHUSURSRUWLRQDO�LQFUHDVHV�LQ�WUDQVDFWLRQV�VL]HV��WKHQ�LW�EHFRPHV�HDVLHU�IRU�WKH�GHDOLQJ�EDQNV

WR�VTXDUH�XQGHVLUHG�RU�WDNH�RQ�GHVLUHG�SRVLWLRQV���2QH�PLJKW�WKLQN�WKRXJK�WKDW�WKH�SXUH�VHDUFK

FRVW�UHGXFWLRQ�LQ�D�PDUNHW�DV�OLTXLG�DV�WKH�RQH�IRU�GROODU�\HQ�LV�UHODWLYHO\�VPDOO���6LQFH�ERWK

HIIHFWV� FUHDWH� VFDOH� HFRQRPLHV� LQ� PDUNHW� PDNLQJ�� ZH� VKDOO� UHIHU� WR� WKHP� EHORZ� DV� RUGHU

SURFHVVLQJ�HIIHFWV�DV�ZHOO�

$OO�WKH�WKUHH�W\SHV�RI�VSUHDG�PRGHOV�DERYH�DOVR�KLJKOLJKW�WKH�UROH�RI�H[SHFWHG�UHWXUQ�YRODWLOLW\�

�6LQFH�RXU�SULPDU\� LQWHUHVW� LV� LQ� WUDGLQJ�YROXPH�KHUH��ZH�GR�QRW�GZHOO�RQ� WKLV�� � ,QVWHDG�ZH

QRWH�WKDW�PRVW�RI�WKHVH�PRGHOV�SUHGLFW�WKDW�VSUHDGV�ZLGHQ�ZLWK�WKH�YRODWLOLW\�SUHGLFWHG�IRU�WKH

FRPLQJ�WUDGLQJ�SHULRG���3XWWLQJ�DOO�WKH�SLHFHV�WRJHWKHU�ZH�FDQ�WKHQ�ZULWH�WKH�IROORZLQJ�PRGHO

RI�IRUH[�GHDOHU�VSUHDGV�

ZKHUH� V� LV� WKH� GHDOHU� VSUHDG��σ� LV� WKH� SUHGLFWDEOH� YRODWLOLW\� RI� WKH� H[FKDQJH� UDWH��[S� WKH
SUHGLFWDEOH�FRPSRQHQW�RI�WUDGLQJ�YROXPH��DQG�,�WKH�IORZ�RI�QHZ�LQIRUPDWLRQ���7KHRU\�SUHGLFWV

WKDW�∂I�∂σ!��DQG�∂I�∂,!����6WULFWO\�VSHDNLQJ�WKH�VLJQ�RI�∂I�∂[S�LV�QRW�GHWHUPLQHG��VLQFH�ZKHQ

YROXPH�LQFUHDVHV�FRPH�LQ�ODUJH�EORFNV�WKHQ�WKH�HFRQRPLHV�RI�VFDOH�LQ�PDUNHW�PDNLQJ�FRXOG�EH

FRPSHQVDWHG�E\�D�VXUJH�LQ�LQYHQWRU\�FRVWV���$V�DUJXHG�DERYH�WKLV�LV�YHU\�XQOLNHO\�WR�KDSSHQ

DQG�WKH�VLJQ�LV�PRVW�OLNHO\�WR�EH�QHJDWLYH�

V  I� � [ � ,��
S Sσ �
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0RVW�RI�WKH�PRGHOV�TXRWHG�DERYH�KDYH�EHHQ�GHYHORSHG�WR�DQDO\]H�WKH�EHKDYLRU�RI�VWRFN�PDUNHW

VSHFLDOLVWV�� �$OWKRXJK� WKHUH�DUH�GLIIHUHQFHV�EHWZHHQ� WKH�PLFURVWUXFWXUH�RI�VWRFN�DQG�IRUHLJQ

H[FKDQJH�PDUNHWV�� DWWHPSWV� WR� H[SOLFLWO\�PRGHO� WKHVH� GLIIHUHQFHV� KDYH� EHHQ� VFDUFH� �)ORRG�

������� � ,Q�D�UHFHQW� VWXG\�/\RQV� �����D��KLJKOLJKWV� WKH�DGGLWLRQDO� WRROV�RI� LQYHQWRU\�FRQWURO

DYDLODEOH�IRU�IRUH[�GHDOHUV�DV�FRPSDUHG�WR�VWRFN�PDUNHW�VSHFLDOLVWV�

0RGHO� ���� LV�QRW� VSHFLILHG� LQ�D�ZD\� WKDW� LW� FDQ�EH�HVWLPDWHG�DQG� WHVWHG�GLUHFWO\�� �$V�QRWHG

EHIRUH�� WKH� UDWH� RI� QHZ� LQIRUPDWLRQ� DUULYDO� ,� LV� QRW� REVHUYDEOH�� � $V� SRLQWHG� RXW� E\

%HVVHPELQGHU� �������PRGHOV�RI� WKH�PL[WXUH�RI�GLVWULEXWLRQV�K\SRWKHVLV� �0'+��PDNH�D� OLQN

EHWZHHQ�LQIRUPDWLRQ�IORZ��YROXPH�DQG�YRODWLOLW\��ZKLFK�KHOSV�ILQGLQJ�D�WHVWDEOH�VSHFLILFDWLRQ��

+RZHYHU��LW�KDV�WR�EH�QRWHG�WKDW�WKHVH�PRGHOV�DUH�UDWKHU�RI�VWDWLVWLFDO�FKDUDFWHU�DQG�KDYH�QRW

\HW�EHHQ�LQWHJUDWHG�ZLWK�WKH�PRUH�EHKDYLRUDO�LQIRUPDWLRQ�FRVW�PRGHOV���6LQFH�WKH�LQWHUHVW�RI

WKH�SUHVHQW�SDSHU�LV�PDLQO\�HPSLULFDO�ZH�GR�QRW�HPEDUN�RQ�D�ULJRURXV�XQLILFDWLRQ�RI�ERWK�W\SHV

RI�PRGHOV�

2QH�0'+�PRGHO��ZKLFK�HODERUDWHV�RQ�&ODUN��������DQG�(SSV�DQG�(SSV���������LV�SUHVHQWHG

LQ�7DXFKHQ�DQG�3LWWV����������,Q�WKLV�PRGHO�WKH�MRLQW�GLVWULEXWLRQ�RI��REVHUYDEOH��GDLO\�SULFH

FKDQJHV�DQG�WUDQVDFWLRQ�YROXPHV�RI�DQ�DVVHW�LV�GHULYHG�IURP�D�PRGHO�RI��XQREVHUYDEOH��LQWUD�

GD\�HTXLOLEULXP�SULFH�FKDQJHV�DQG�LQWUD�GD\�YROXPHV���1HZ�LQIRUPDWLRQ�GXULQJ�WKH�GD\�FDXVHV

WUDGHUV�WR�XSGDWH�WKHLU�UHVHUYDWLRQ�SULFHV�DQG�GHPDQG�RU�VXSSO\�WKH�UHVSHFWLYH�DVVHW�XQWLO�WKH

DYHUDJH�RI�WKHLU�LQGLYLGXDO�UHVHUYDWLRQ�SULFHV�FOHDUV�WKH�PDUNHW�DJDLQ���,I�WKH\�GLVDJUHH�DERXW

WKH�LQWHUSUHWDWLRQ�RI�WKH�QHZ�LQIRUPDWLRQ�WKHQ�WKH�UHVSHFWLYH�HTXLOLEULXP�SULFH�FKDQJH�FRPHV

ZLWK�KLJK� WUDQVDFWLRQ� YROXPH��ZKLOH� UHODWLYH� XQDQLPLW\� UHVXOWV� LQ� D� SULFH� FKDQJH�ZLWK� OLWWOH

YROXPH�� �0RUH� IRUPDOO\��7DXFKHQ�DQG�3LWWV� ILQG� WKH� IROORZLQJ�H[SUHVVLRQ� IRU� GDLO\� WUDGLQJ

YROXPHV�

ZKHUH�,�LV�D�UDQGRP�YDULDEOH�PHDVXULQJ�WKH�QXPEHU�RI�LQWUD�GD\�HTXLOLEULD��RU�LQ�RWKHU�ZRUGV

WKH�GDLO\�LQIRUPDWLRQ�DUULYDO�UDWH��

LV�WKH�WUDGLQJ�YROXPH�UHODWHG�WR�WKH�L�WK�LQWUD�GD\�LQIRUPDWLRQ�DUULYDO�DQG�Q�D�VWDQGDUG�QRUPDO

UDQGRP�YDULDEOH���7KH�PHDQ�µY�DQG�WKH�VWDQGDUG�GHYLDWLRQ�σY�RI�LQWUD�GD\�YROXPHV�DUH�ERWK
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LQFUHDVLQJ� IXQFWLRQV� LQ� WUDGHU� GLVDJUHHPHQW�� DV� PHDVXUHG� E\� WKH� VWDQGDUG� GHYLDWLRQ� RI

LQGLYLGXDO�WUDGHUV
�UHVHUYDWLRQ�SULFH�XSGDWH�GXH�WR�D�QHZ�LQIRUPDWLRQ�DUULYDO��VHH�7DXFKHQ�DQG

3LWWV��������IRUPXOD����

)ROORZLQJ� %HVVHPELQGHU� ������� ZH� DVVXPH� WKDW� WKH� PDMRU� SDUW� RI� WKLV� LQIRUPDWLRQ�GULYHQ

YROXPH�FRPHV�DV�D� VXUSULVH� WR�GHDOHUV�� �7KHQ�ZH�FDQ�ZULWH�XQSUHGLFWDEOH�YROXPH� �[X�� DV� D

IXQFWLRQ�J�RI�WKH�LQIRUPDWLRQ�DUULYDO�UDWH��

����DQG�����JLYH�WKH�QHZ�VSUHDG�HTXDWLRQ�����ZKLFK�FRQWDLQV�RQO\�REVHUYDEOH�YDULDEOHV�

$V�D�ILQDO�UHPDUN��LW�LV�QRWHG�WKDW�WKH�7DXFKHQ�3LWWV�PRGHO�LPSOLHV�DQ�HTXDWLRQ�VLPLODU�WR����

UHODWLQJ�LQIRUPDWLRQ�DUULYDO�WR�XQH[SHFWHG�YRODWLOLW\��σX����+HQFH�[X�DQG�σX�DUH�MRLQWO\�GULYHQ�E\

,�DQG�WKHUHIRUH�VWURQJO\�FRUUHODWHG���$Q�HFRQRPHWULF�VSHFLILFDWLRQ�RI�WKH�VSUHDG�PRGHO�VKRXOG

WKHUHIRUH�LQFOXGH�[X�DORQH�DQG�QRW�σX��RU�YLFH�YHUVD����(YHQ�WKHQ�[X�LV�FOHDUO\�HQGRJHQRXV�DQG

WKXV� KDV� WR� EH� LQVWUXPHQWHG� LQ� WKH� HFRQRPHWULF� LPSOHPHQWDWLRQ� RI� ����� �$� IDFW� ZKLFK�ZDV

LJQRUHG�E\�WKH�SUHYLRXV�VWXGLHV�

,,,��'DWD�DQG�(FRQRPHWULF�$SSURDFK

�

D��7UDGLQJ�YROXPH�DQG�LQIRUPDWLRQ�DUULYDO

2QH�GLVWLQJXLVKLQJ�IHDWXUH�RI�WKH�SUHVHQW�VWXG\�LV�WKH�XVH�RI�GDLO\�VSRW�IRUH[�YROXPHV���7KHVH

GDWD� DUH� SXEOLVKHG� E\� WKH� ILQDQFLDO� QHZVSDSHU� 1LKRQ� .HL]DL� 6KLPEXQ� �7RN\R��� IRU� WKH

����������������������������������������
������7KH�XVH�RI�SODLQ�YROXPH�DV�D�PHDVXUH�RI�WKH�LQIRUPDWLRQ�DUULYDO�UDWH�PLJKW�EH�GLVSXWHG�RQ�WKH�EDVLV�RI�D��KRW�SRWDWR

YLHZ�� �/\RQV������E��RI� IRUH[� WUDGLQJ� LQWHQVLW\��FODLPLQJ� WKDW� WUDGHV�RFFXUULQJ�ZKHQ� WUDQVDFWLRQ� LQWHQVLW\� LV� ORZ� DUH

PRUH�LQIRUPDWLYH�WKDQ�WKRVH�RFFXUULQJ�ZKHQ�WUDGLQJ�LV�YHU\�DFWLYH���$W�WKH�HQG�RI�VHFWLRQ���ZH�UHODWH�RXU�DSSURDFK�DQG

UHVXOWV�WR�WKRVH�RI�/\RQV�

X

[  �,� �J • �

( )( )V  �[ � [
S S �� X

I Jσ �





�

3HUURQ�WHVW�UHMHFWHG�WKH�SUHVHQFH�RI�QRQ�VWDWLRQDULW\��DOO�$50$�VSHFLILFDWLRQV� WULHG�KDG�RQH

URRW�RI�WKH�HVWLPDWHG�$5�SRO\QRPLDO�RXWVLGH�WKH�XQLW�FLUFOH���7KH�VROXWLRQ�WR�WKLV�HQLJPD�ZDV

IRXQG�LQ�D�XQLW�URRW�LQ�WKH�0$�SDUW���7KH�0$����SDUDPHWHU�WXUQHG�DOZD\V�RXW�WR�EH�FORVH�WR

���� � $SSO\LQJ� 3KLOOLSV
� ������� WKHRU\� RI� YHFWRU�DXWRUHJUHVVLRQV� ZLWK� JHQHUDOL]HG� HUURU

VWUXFWXUH��3KLOOLSV�DQG�3HUURQ��������VKRZ�WKDW�VWDQGDUG�XQLW�URRW�WHVWV�LQFXU�DV\PSWRWLF�VL]H

GLVWRUWLRQV��ZKHQ� WKH�0$���� LV�QHJDWLYH��DQG� WKDW� WKH�ELDV� LV� WKH� ODUJHU� WKH�FORVHU� WKH�0$�

SDUDPHWHU�LV�WR������6LQFH�WKH�$5�URRW�DQG�WKH�QHDU�URRW�LQ�WKH�0$�WHQG�WR�RIIVHW�HDFK�RWKHU�

WKH�RULJLQDO�VHULHV��DQG�LWV�DXWRFRUUHODWLRQ�IXQFWLRQ��EHKDYH�V��UDWKHU�OLNH�D�VWDWLRQDU\�SURFHVV��

�7KLV�OHDGV�WR�RYHUUHMHFWLRQ�

$�VHFRQG�DUJXPHQW�DJDLQVW�UHO\LQJ�RQ�VWDQGDUG�XQLW�URRW�WHVWV�LQ�RXU�FDVH�LV�SURYLGHG�E\�.LP

DQG�6FKPLGW����������7KH\�VKRZ�WKDW�LQ�VPDOO�VDPSOHV�WKHVH�WHVWV�FDQ�EH�ELDVHG�LQ�IDYRU�RI

UHMHFWLQJ� WKH� QXOO��ZKHQ�$5,0$�UHVLGXDOV� DUH� FRQGLWLRQDOO\� KHWHURVFHGDVWLF�� DQG� WKDW� WKHVH

ELDVHV�UHGXFH�RQO\�VORZO\�ZLWK�JURZLQJ�VDPSOH�VL]HV���$V�UHSRUWHG� LQ�7DEOH��� �ODVW� OLQH���D

/DJUDQJH�PXOWLSOLHU� WHVW� RI� FRQGLWLRQDO� KHWHURVFHGDVWLFLW\� LQ� WKH� $5,0$�UHVLGXDOV� UHMHFWV

KRPRVFHGDVWLFLW\�DJDLQVW�DQ�$5&+�����

7DEOH�����$5,0$��������PRGHO�HVWLPDWLRQ�IRU�ORJ�YROXPHV

���φ�/�φ�/��φ�/��φ�/��φ�/��φ�/��φ�/��φ�/��φ�/��B[W ���θ�/�BW�����Ba���σ,�

3DU� φ� φ� φ� φ� φ� φ� φ� φ� φ� θ�

(VW� ���� ���� ���� ���� ���� ����� ���� ����� ���� ����

W�VWDW� ���� ��� ��� ��� ��� ���� ��� ���� ��� ���

7HVW�

6WDW�

DGM��5��

����

/MXQJ�%R[�WHVW�D�

4���� ������>����@

$5&+�WHVW�E�

χ���� �����

7KHLO
V�LQHTXDOLW\

FRHIILFLHQW�F�������

1RWHV��&RQGLWLRQDO�VXP�RI�VTXDUHV�HVWLPDWLRQ�ZLWK�����EDFN�IRUHFDVWHG�UHVLGXDOV��7 �����REVHUYDWLRQV���B ��/�LV�WKH

GLIIHUHQFH�RSHUDWRU�

D��6WDWLVWLF�IRU����ODJV��S�YDOXH�LQ�VTXDUH�EUDFNHWV�

E��/DJUDQJH�PXOWLSOLHU�WHVW�RI�$5&+����DJDLQVW�$5&+����LQ�$5,0$�UHVLGXDOV�

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

�����
�
7R�LOOXVWUDWH�WKLV��FRQVLGHU�WKH�H[DPSOH�RI�DQ�$5,0$�����������φ�/����/�\W ���θ�/�BW��ZKHUH�/�LV�WKH�EDFNZDUG�

VKLIW�RSHUDWRU�DQG�φ������)RU�θ� ��WKLV�EHFRPHV����φ�/����/�\W ���/�BW�DQG����/��FDQFHOV�RXW���,Q�WKLV�H[DPSOH�WKH

$5,0$��������UHGXFHV�WR�DQ�$5������&DPSEHOO�DQG�3HUURQ��������UHSRUW�PRUH�GDWD�JHQHUDWLQJ�SURFHVVHV�XQGHU�ZKLFK

VWDQGDUG�XQLW�URRW�WHVWV�VXIIHU�IURP�VL]H�GLVWRUWLRQV�RU�SRZHU�SUREOHPV�

�����
�
)RU�D�WKHRUHWLFDO�PRGHO�H[SODLQLQJ�WKH�FRQGLWLRQDO�KHWHURVFHGDVWLFLW\�RI�ILQDQFLDO�PDUNHW�WUDGLQJ�YROXPHV��VHH�)RVWHU

DQG�9LVZDQDWKDQ��������



�

F��6WDWLVWLF�EHWZHHQ����SHUIHFW�ILW��DQG����7KHLO��������

2Q� WKH� EDVLV� RI� VWDQGDUG� %R[�-HQNLQV� GLDJQRVWLF� FKHFNV�� WKH� $NDLNH� LQIRUPDWLRQ� FULWHULRQ

�+DUYH\�� ������ DQG� �LQ�WKH�VDPSOH�� IRUHFDVWLQJ� SHUIRUPDQFH� �URRW�PHDQ�VTXDUH� HUURU� DQG

7KHLO
V� LQHTXDOLW\� FRHIILFLHQW��� LW�ZDV� IRXQG� WKDW� DQ�$5,0$�������� VSHFLILFDWLRQ� SHUIRUPHG

EHVW��7DEOH�������7KH�ILWWHG�ORJ�YROXPHV�ZHUH�WKHQ�WDNHQ�WR�PHDVXUH�WKH�SUHGLFWDEOH�FRPSRQHQW

�[ (W��[W�� DQG� WKH� UHVLGXDOV� WR� PHDVXUH� WKH� XQSUHGLFWDEOH� FRPSRQHQW� �[ [W�(W��[W���

%HVVHPELQGHU
V��������VSHFLILFDWLRQ�IRU�IXWXUHV�YROXPHV���DQ�$5,0$�����������GLG�QRW�SDVV

WKH�GLDJQRVWLF�FKHFNV�DQG�SURGXFHG�ZRUVH�IRUHFDVWV�IRU�RXU�VSRW�YROXPH�GDWD�WKDQ�WKH�SURFHVV

LQ�7DEOH����ZLWK�DQ�0$����FRPSRQHQW����-RULRQ��������VSHFLILHG�D�WUDQVIHU�IXQFWLRQ�PRGHO�RI�D

GHWHUPLQLVWLF� WUHQG� ZLWK� $50$������ UHVLGXDOV�� DJDLQ� IRU� IXWXUHV� YROXPHV�� � +RZHYHU�� RXU

GROODU�\HQ�VSRW�YROXPHV�GR�QRW�KDYH�D�GHWHUPLQLVWLF�WUHQG�

E��9RODWLOLW\

7KH�H[FKDQJH�UDWH�GDWD�DUH�VDPSOHG�IURP�WKH�5HXWHUV�););�SDJH��� �2XU� WKLUG�H[SODQDWRU\

YDULDEOH�LV�SUHGLFWDEOH�GROODU�\HQ�YRODWLOLW\��� ,Q�FRQWUDVW� WR� WUDGLQJ�YROXPHV�� WKH�SUHVHQFH�RI

DXWRUHJUHVVLYH�FRQGLWLRQDO�KHWHURVFHGDVWLFLW\��$5&+��LQ�GDLO\�IRUH[�UHWXUQV�LV�D�ZHOO�NQRZQ

DQG�RIWHQ�UHSRUWHG�IDFW��%ROOHUVOHY����������7KLV�PHDQV�WKDW�D�JRRG�GHDO�RI�GDLO\�YRODWLOLW\�LV

DOVR� SUHGLFWDEOH�� � %DLOOLH� DQG� %ROOHUVOHY� ������� PDNH� D� FRQYLQFLQJ� FDVH� LQ� IDYRU� RI� D

*$5&+������ WR� EH� D� UHDVRQDEO\� SUHFLVH� DQG� SDUVLPRQLRXV� VSHFLILFDWLRQ� IRU� IRUH[� UHWXUQV��

7KHUHIRUH�ZH�XVH�*$5&+������IRUHFDVWHG�YRODWLOLWLHV�IURP�GDLO\�ORJ�UHWXUQV�WR�PHDVXUH�σS���

7DEOH���UHSRUWV�WKH�HVWLPDWLRQ�DQG�D�OLNHOLKRRG�UDWLR�WHVW�UHMHFWLQJ�FRQGLWLRQDO�KRPRVFHGDVWLFLW\

DQG�$5&+����DJDLQVW�WKH�*$5&+������

7DEOH����*$5&+������PRGHO�HVWLPDWLRQ�IRU�ORJ�UHWXUQV

σW σ��BW�����BWBW��a1���KW������KW α��α�B���γ�KW��

����������������������������������������
������$OO�HVWLPDWLRQV�LQ�WKLV�SDSHU�DUH�UHDOL]HG�ZLWK�763����%�

�����
�
,�DP�PRVW�JUDWHIXO�WR�2OVHQ�	�$VVRFLDWHV��=XULFK��IRU�SURYLGLQJ�WKHVH�GDWD�

�����
�
,Q�DFFRUGDQFH�ZLWK�WKH�YROXPH�PHDVXUH��GDLO\��LV�GHILQHG�WR�PHDQ�IURP�7RN\R�RSHQLQJ�XQWLO�����SP���9RODWLOLWLHV

DUH�FRPSXWHG�IURP��PLGGOH�SULFHV���GHILQHG�DV�WKH�DULWKPHWLF�PHDQ�RI�ORJ�ELGV�DQG�ORJ�DVNV�

$�GLIIHUHQW� DSSURDFK�� FKRVHQ� E\�:HL� ������� DQG� -RULRQ� �������� LV� WKH� H[WUDFWLRQ� RI� H[SHFWHG� YRODWLOLWLHV� IURP� IRUH[

RSWLRQ�SULFHV�



��

3DUDPHWHU σ� α� α� γ�

(VWLPDWLRQ ���� ������ ���� ����

$V\��W�VWDW� ���� ���� ���� ����

/LNHO��UDWLR�WHVWV�RI�*$5&+�����

DJDLQVW�$5&+����DQG�$5&+���

χ�
��� ��������>����@

χ�
��� ��������>����@

1RWHV��4XDVL�PD[LPXP�OLNHOLKRRG�HVWLPDWLRQ��7 �����REVHUYDWLRQV��ORJ�UHWXUQV�PXOWLSOLHG�E\��������

F��6SUHDGV

'DLO\� VSUHDGV� DUH� PHDVXUHG� DV� WLFN�ZLVH� DYHUDJHV� RYHU� WKH� GDLO\� WUDGLQJ� SHULRG� �5HXWHUV

););� TXRWDWLRQV��� � 6LQFH� DEVROXWH� GROODU�\HQ� VSUHDGV� �DVN� PLQXV� ELG�� FOHDUO\� PRYH

SURSRUWLRQDOO\�WR�WKH�GROODU�\HQ�H[FKDQJH�UDWH��SUHIHUHQFH�ZDV�JLYHQ�WR�UHODWLYH�VSUHDGV��ORJ

DVN�PLQXV�ORJ�ELG���PRUH�SUHFLVHO\�WKH�ORJ�UHODWLYH�VSUHDGV��

5HXWHUV�););�VSUHDGV�KDYH�VRPH�ZHOO�NQRZQ�GUDZEDFNV���)LUVW�� WKH\�DUH�LQGLFDWLYH�TXRWHV

DQG� QRW� WUDQVDFWLRQ� SULFHV�� � 6HFRQG�� WKH\� DUH� DERXW� WZR� WR� WKUHH� WLPHV� ODUJHU� WKDQ� GLUHFWO\

WUDQVDFWDEOH� TXRWHV� LQ� WKH�5HXWHUV� ������� GHDOLQJ� V\VWHP� �/\RQV�� ����D��� DOWKRXJK� XVXDOO\

EUDFNHWLQJ�WKH�WUDQVDFWHG�SULFHV���+RZHYHU��QRWLFH�ILUVW�WKDW�WKH\�DUH�WKH�H[SODLQHG�YDULDEOH�LQ

RXU� HVWLPDWLRQV� DQG� WKDW� PHDVXUHPHQW� HUURUV� LQ� WKH� H[SODLQHG� YDULDEOH� GR� QRW� ELDV� WKH

HVWLPDWHG�SDUDPHWHUV���6HFRQG��WKHLU�VKRUWFRPLQJV�DUH�PXFK�PRUH�VHYHUH�IRU�LQWUD�GD\� WKDQ

IRU�LQWHU�GD\�HVWLPDWLRQV��*RRGKDUW�HW�DO�����������2QO\�DW�YHU\�KLJK�IUHTXHQFLHV�GRHV�LW�UHDOO\

PDWWHU�ZKHWKHU�WUDQVDFWLRQ�SULFHV�OLH�VRPHWLPHV�RXWVLGH�WKH�););�VSUHDGV��EHFDXVH�WKH�ODWWHU

DUH�IHG�LQWR�WKH�V\VWHP�UHODWLYHO\�VORZO\���7KLV�LV�QRW�WR�GHQ\�WKDW�););�SULFHV�VXIIHU�IURP

ORVW� LQIRUPDWLRQ�� EXW� XS� WR� GDWH� UHVHDUFKHUV� GLG� QRW� KDYH� DFFHVV� WR� WUDQVDFWLRQ� SULFHV� IRU

VXIILFLHQWO\�ORQJ�WLPH�SHULRGV���

����������������������������������������
������6LQFH�WKH�\HQ�PRVWO\�GHSUHFLDWHG�DJDLQVW�WKH�GROODU�EHWZHHQ������DQG�������DEVROXWH�VSUHDGV�KDYH�D�GHWHUPLQLVWLF

GRZQZDUG�WUHQG���8QLW�URRW�WHVWV�VKRZ�WKDW�WKH\�DUH�VWDWLRQDU\�DURXQG�WKLV�WUHQG���6HH�*ODVVPDQ��������IRU�D�GLVFXVVLRQ

RI�WKH�FKRLFH�EHWZHHQ�DEVROXWH�DQG�UHODWLYH�VSUHDGV�

�����
�
)RU�PRUH�GLVFXVVLRQ�RI�5HXWHUV�););�GDWD��VHH�+DUWPDQQ��������DQG�/\RQV������D��



��

���(FRQRPHWULF�6WUDWHJ\

D��*00�HVWLPDWLRQ

:H� HPSOR\�+DQVHQ
V� �������*00�HVWLPDWRU� LQ� RUGHU� WR� HVWLPDWH� WKH� IROORZLQJ� ORJ�OLQHDU

VSHFLILFDWLRQ�RI�PRGHO�����

)RU�D�JLYHQ��7×O��LQVWUXPHQW�PDWUL[�=�WKLV�HVWLPDWRU�ILQGV�WKH�SDUDPHWHU�YHFWRU��IRU�ZKLFK�WKH
�VTXDUHG��PRPHQW�IXQFWLRQV�-�� �7��=
B�
:���7��=
B��DUH�FORVHVW�WR�]HUR���,W� LV�FRQVLVWHQW�DQG

DV\PSWRWLFDOO\� QRUPDO� XQGHU� TXLWH� ZHDN� GLVWULEXWLRQDO� DVVXPSWLRQV�� � :LWK� WKH� ZHLJKWLQJ

PDWUL[� :� HTXDO� WR� WKH� FRYDULDQFH� PDWUL[� RI� WKH� PRPHQW� IXQFWLRQV� �=
B�� LW� LV� DOVR

DV\PSWRWLFDOO\�HIILFLHQW���*00�LV�PRVW�DGHTXDWH�IRU�ILQDQFLDO�GDWD��EHFDXVH��LQWHU�DOLD��LW�GRHV

QRW� UHTXLUH� NQRZOHGJH� RI� WKH� OLNHOLKRRG� IXQFWLRQ
V� IRUP� DQG� UHVLGXDO� FRYDULDQFH� PDWULFHV

UREXVW� DJDLQVW� FRQGLWLRQDO� KHWHURVFHGDVWLFLW\� DQG� DXWRFRUUHODWLRQ� RI� DQ\� RUGHU� DUH� GLUHFWO\

DYDLODEOH��$QGUHZV��������

8QGHU�WKH�K\SRWKHVLV�WKDW�=�DQG�B�DUH�RUWKRJRQDO�WKH�DV\PSWRWLF�GLVWULEXWLRQ�RI�WKH��DGMXVWHG�

REMHFWLYH� IXQFWLRQ�7-�⋅�� �D� TXDGUDWLF� IRUP�� LV�χ��O�N���ZLWK� GHJUHHV� RI� IUHHGRP�HTXDO� WR� WKH

GLIIHUHQFH�EHWZHHQ�WKH�QXPEHU�RI�LQVWUXPHQWV��RU�RUWKRJRQDOLW\�FRQGLWLRQV��O�DQG�WKH�QXPEHU

RI� H[SODQDWRU\� YDULDEOHV� N�� � ,Q� WKH� FDVH� RI� RYHULGHQWLILFDWLRQ� �O!N�� WKLV� GHOLYHUV� D� WHVW� RI

JHQHUDO� PRGHO� PLVVSHFLILFDWLRQ�� WKH� WHVW� RI� WKH� RYHULGHQWLI\LQJ� UHVWULFWLRQV� �725�� +DQVHQ�

��������)RU�PRUH�VSHFLILF�K\SRWKHVLV�WHVWLQJ�ZH�XVH�WKH�*00�DQDORJXH�RI�WKH�OLNHOLKRRG�UDWLR

WHVW� RXWOLQHG� LQ� 1HZH\� DQG�:HVW� �����E��� � 7KH� WHVW� VWDWLVWLF� �'�� LV� WKH� GLIIHUHQFH� RI� WKH

REMHFWLYH� IXQFWLRQV� RI� WKH� UHVWULFWHG� DQG� WKH� XQUHVWULFWHG� PRGHO� DW� FRQYHUJHQFH�

' 7>-�β5��-�β8�@��ZKLFK�IROORZV�LWVHOI�D�χ��U���ZLWK�GHJUHHV�RI�IUHHGRP�HTXDO�WR�WKH�QXPEHU�U

RI� UHVWULFWLRQV� LPSRVHG���� � 1HZH\� DQG�:HVW� VKRZ� WKDW� WKLV� WHVW�� ZKLFK� LV� FDOOHG� PRPHQW�

IXQFWLRQ� GLIIHUHQFH� WHVW� KHUH�� LV� HTXLYDOHQW� WR� :DOG� DQG� /DJUDQJH�PXOLWSOLHU� WHVWV�� LI� WKH

PRPHQW�IXQFWLRQV�DV�ZHOO�DV� WKH�FRQVWUDLQWV�DUH� OLQHDU� LQ� WKH�SDUDPHWHUV��ZKLFK�ZLOO�EH� WKH

FDVH�EHORZ�

����������������������������������������
�������)RU� QRUPDOL]DWLRQ� WKH� VDPH� LQVWUXPHQWV� KDYH� WR� EH� XVHG� LQ� ERWK� HVWLPDWLRQV� DQG� WKH� FRYDULDQFH�PDWUL[� RI� WKH

PRPHQW�FRQGLWLRQV�KDV�WR�EH�NHSW�FRQVWDQW�
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E��,QVWUXPHQWV

6LQFH�*00�UHTXLUHV�VWDWLRQDULW\��ZH�GLIIHUHQFHG�WKH�ILWWHG�$5,0$��������YROXPH�VHULHV�IRU

WKH� HVWLPDWLRQ� RI� ����� � $GGLWLRQDOO\�� WZR� GXPP\� YDULDEOHV� DUH� LQWURGXFHG� WR� DFFRXQW� IRU

ZHHNHQGV� �GZW�� DQG� KROLGD\V� �GKW��� � 7KH� FKRLFH� RI� LQVWUXPHQWV� �=�� LQYROYHV� D� QXPEHU� RI

SUREOHPV��ZKLFK�ZHUH�DYRLGHG�E\�%HVVHPELQGHU���������ZKR�FKRVH�WKH�H[SODQDWRU\�YDULDEOHV

DV�LQVWUXPHQWV�DQG�KHQFH�FRXOG�QRW�WHVW�IRU�WKH�RYHULGHQWLI\LQJ�UHVWULFWLRQV���)LUVW�RI�DOO�� WKH

UHODWLRQ�EHWZHHQ�XQSUHGLFWDEOH�YROXPH�DQG� LQIRUPDWLRQ� DUULYDO� VNHWFKHG� LQ� VHFWLRQ� ,,� LV� QRW

GHWHUPLQLVWLF��VXFK�WKDW�HVWLPDWLRQV�ZLWKRXW�DQ�LQVWUXPHQW�IRU�[�DUH�ELDVHG���,Q�WKLV�SDSHU�ZH

SURSRVH�WR�VROYH�WKLV�SUREOHP�E\�XVLQJ�GDLO\�GROODU�\HQ�TXRWLQJ��WLFN��IUHTXHQF\�RQ�WKH�5HXWHUV

););� SDJH�� KHUH� GHQRWHG� TW�� DV� D� PHDVXUH� RI� GDLO\� WUDGLQJ� YROXPH�� � � /RRNLQJ� IRU� DQ

LQVWUXPHQW� IRU�XQSUHGLFWDEOH� YROXPH�ZH� ILW� DQ�$5,0$��������� RQ� WLFNV� DSSO\LQJ� WKH� VDPH

WHFKQLTXHV�DV�DERYH�DQG�XVH�WKH�$5,0$�UHVLGXDO�DV�WKH�LQVWUXPHQWDO�YDULDEOH���7R�LGHQWLI\�WKH

PRGHO�WKH�UHPDLQLQJ�H[SODQDWRU\�YDULDEOHV��LQFOXGLQJ�WKH�FRQVWDQW�DQG�WKH�GXPPLHV��DUH�DOVR

FKRVHQ�DV�LQVWUXPHQWV�

,Q�RUGHU�WR�WHVW�DJDLQVW�SRVVLEOH�UHPDLQLQJ�PLVVSHFLILFDWLRQV�DGGLWLRQDO�LQVWUXPHQWV�DUH�QHHGHG�

�8QIRUWXQDWHO\�WKH�UHVLGXDOV�RI�����H[KLELW�TXLWH�ORQJ�DXWRFRUUHODWLRQ�VXFK�WKDW�ODJJHG�YDOXHV�RI

WKH� RULJLQDO� LQVWUXPHQWV�ZRXOG� EH� FRUUHODWHG�ZLWK� WKHP� DQG� WKXV� QRW� XVHIXO� WR� WHVW� IRU� WKH

RYHULGHQWLI\LQJ�UHVWULFWLRQV�� � ,QVWHDG�ZH�KDYH� WR�RYHULGHQWLI\� WKH�PRGHO�ZLWK� WKH� VTXDUHV�RI

SUHGLFWDEOH�YRODWLOLW\��SUHGLFWDEOH� YROXPH� DQG� XQSUHGLFWDEOH� WLFNV�� �+HQFH� WKH�χ��VWDWLVWLF� RI

+DQVHQ
V�725�KDV���GHJUHHV�RI�IUHHGRP�

,9��(VWLPDWLRQ�5HVXOWV

7DEOH� �� UHSRUWV� WKH� UHVXOWV� RI� WZR� HVWLPDWLRQV�� � /LQH� RQH� FRQWDLQV� D� SUHOLPLQDU\� *00

HVWLPDWLRQ�ZLWK�WKH�H[SODQDWRU\�YDULDEOHV��LQFOXGLQJ�XQSUHGLFWDEOH�YROXPH��DQG�WKHLU�VTXDUHV�DV

LQVWUXPHQWV� �*00���� �/LQH� WZR� FRQWDLQV� WKH� HVWLPDWLRQ��ZKHUH� XQSUHGLFWDEOH� WLFNV� UHSODFH

XQSUHGLFWDEOH�YROXPHV� LQ� WKH� LQVWUXPHQWV� �*00���� �$V\PSWRWLF� W�VWDWLVWLFV� �LQ�SDUHQWKHVHV�

DUH� FRPSXWHG� IURP� *DOODQW
V� ������� FRQGLWLRQDO� KHWHURVFHGDVWLFLW\�� DQG� DXWRFRUUHODWLRQ�

����������������������������������������
�������)RU�D�GLVFXVVLRQ�RI�5HXWHUV�WLFN�IUHTXHQF\�DV�D�PHDVXUH�RI�WUDGLQJ�YROXPH��VHH�+DUWPDQQ��������DQG�WKH�SDSHUV

TXRWHG�WKHUH�
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FRQVLVWHQW� FRYDULDQFH� PDWUL[�
� � � 6LQFH� $QGUHZV
� ������� RSWLPDO� ODJ� WUXQFDWLRQ� SDUDPHWHU

WXUQHG� RXW� WR� EH� TXLWH� VHQVLWLYH� WR� WKH� VSHFLILFDWLRQ� RI� WKH� PRPHQW�IXQFWLRQV� SURFHVV� ZH

UHDOL]HG�DOO� HVWLPDWLRQV� IRU� DXWRFRUUHODWLRQ�FRUUHFWLRQV� YDU\LQJ� EHWZHHQ� ��� DQG� ���� �$V� WKH

PDLQ�UHVXOWV�GLG�QRW�FKDQJH�GXULQJ�WKLV�VHQVLWLYLW\�DQDO\VLV�7DEOH���RQO\�UHSRUWV�WKRVH�IRU����

ODJ�DXWRFRUUHODWLRQ�FRUUHFWLRQ���7KH�725�VWDWLVWLFV�DUH�LQ�WKH�ODVW�FROXPQ�

7DEOH����6SUHDG�PRGHO�HVWLPDWLRQV�ZLWK�GHFRPSRVHG�YROXPHV

VW β��β�KW�β�B(W��[W�β��[W�(W��[W��β�GZW�β�GKW�BW�����Ba���Σ������W ������7

(VWLPDWLRQ β� β� β� β� β� 725F�

*00�D� ����
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0RPHQW�IXQFWLRQ�GLIIHUHQFH�WHVW�RI�β� β��G����χ���� ����>����@ DGM��5��������

1RWHV��VW�LV�WKH�GDLO\�DYHUDJH�RYHU�UHODWLYH�5HXWHUV�VSUHDGV��KW�LV�WKH�RQH�VWHS�DKHDG�*$5&+������SUHGLFWHG�ORJ�UHWXUQ

YDULDQFH��WDEOH���ZLWK�σ� ����B(W��[W�LV�WKH�ILUVW�GLIIHUHQFH�RI�WKH�$5,0$��������ILW�RI�GDLO\�ORJ�YROXPHV��WDEOH�����[W�(W�

�[W� LV� WKH� $5,0$��������UHVLGXDO� RI� GDLO\� ORJ� YROXPHV� �WDEOH� ���� GZW� DQG� GKW� DUH� ZHHNHQG� DQG� KROLGD\� GXPPLHV

UHVSHFWLYHO\�� �$V\PSWRWLF� �FRQGLWLRQDO�� KHWHURVFHGDVWLFLW\�� DQG� DXWRFRUUHODWLRQ�FRQVLVWHQW� W�VWDWLVWLFV� ���� ODJV�� *DOODQW�

������LQ�SDUHQWKHVHV��S�YDOXHV�LQ�VTXDUH�EUDFNHWV��7 �����REVHUYDWLRQV�

D��,QVWUXPHQWV���FRQVWDQW��KW��B(W��[W��[W�(W��[W��GZW��GKW���KW�����B(W��[W�����[W�(W��[W���

E��,QVWUXPHQWV���FRQVWDQW��KW��B(W��TW��TW�(W��TW��GZW��GKW���KW�����B(W��TW�����TW�(W��TW����ZLWK�TW�GDLO\� ORJ�TXRWLQJ� IUHTXHQF\

IURP�5HXWHUV�););�

F��7HVW�RI�WKH�RYHULGHQWLI\LQJ�UHVWULFWLRQV��+DQVHQ��������

G��7HVW�IURP�1HZH\�DQG�:HVW������E��XVLQJ�WKH�GLIIHUHQFH�RI�WKH�UHVWULFWHG�DQG�XQUHVWULFWHG�*00�REMHFWLYH�IXQFWLRQV

ZLWK�FRQVWDQW�ZHLJKWLQJ�DW�FRQYHUJHQFH�

7KH� ILUVW� REVHUYDWLRQ� IURP�7DEOH� �� LV� WKDW� WKH�*00�� VSHFLILFDWLRQ� LV� VWURQJO\� UHMHFWHG� E\

725�ZKLOH�*00��LV�QRW���7KLV�LQGLFDWHV�WKDW�XQSUHGLFWDEOH�YROXPHV�DUH��LQ�IDFW��FRUUHODWHG

ZLWK�*00��UHVLGXDOV�DQG�WKDW�VSUHDG�HVWLPDWLRQV�ZLWKRXW�DQ�DSSURSULDWH�LQVWUXPHQWDWLRQ�IRU

WKHP� DUH� WKHUHIRUH� ELDVHG�� � +RZHYHU�� FRPSDULQJ� WKH� SDUDPHWHU� HVWLPDWHV� RI� ERWK

VSHFLILFDWLRQV�� LW� WXUQV� RXW� WKDW� WKHUH� DUH� QR� TXDOLWDWLYH� GLIIHUHQFHV� MXVWLI\LQJ� GLIIHUHQW

LQWHUSUHWDWLRQV���2QH�LPSOLFDWLRQ�LV�WKDW�%HVVHPELQGHU
V��������FRQFOXVLRQV�FDQ�EH�FRQILUPHG�

DOWKRXJK�KH�GLG�QRW�LQVWUXPHQW�XQSUHGLFWDEOH�YROXPHV�

����������������������������������������
������ $QGUHZV� ������� DUJXHV� WKDW�*DOODQW
V� FRYDULDQFH�PDWUL[� HVWLPDWRU�� XVLQJ� WKH� 3DU]HQ� NHUQHO� WR� DVVXUH� SRVLWLYH

VHPLGHILQLWHQHVV��LV�VXSHULRU�WR�WKDW�RI�1HZH\�DQG�:HVW������D���HPSOR\LQJ�WKH�%DUWOHWW�NHUQHO��LI�ERWK�KHWHURVFHGDVWLFLW\

DQG�DXWRFRUUHODWLRQ�DUH�SUHVHQW�



��

6XPPDUL]LQJ�*00���WKH�VLJQV�RI�WKH�SDUDPHWHUV�DUH�FRQVLVWHQW�ZLWK�WKH�WKHRULHV�VNHWFKHG�LQ

VHFWLRQ�,,���3UHGLFWDEOH�YROXPH�GHFUHDVHV�VSUHDGV�DQG�XQSUHGLFWDEOH�YROXPH�LQFUHDVHV�VSUHDGV�

�7KH�IRUPHU�HIIHFW�LV�VLJQLILFDQW�DW�WKH���SHUFHQW�OHYHO��ZKLOH�WKH�ODWWHU�LV�VLJQLILFDQW�DW�WKH���

SHUFHQW� OHYHO�� � &RPSDULQJ� DJDLQ� *00�� DQG� *00��� WKH� PLVVSHFLILFDWLRQ� RI� LQVWUXPHQWV

UHVXOWV� LQ� DQ� RYHUHVWLPDWLRQ� RI� DEVROXWH� YROXPH� SDUDPHWHU� YDOXHV� E\� DERXW� RQH� WKLUG�

$V\PSWRWLF�W�VWDWLVWLFV�RI�WKH�YROXPH�SDUDPHWHUV�DUH�DOVR�ELDVHG�XSZDUGV���7KH�YRODWLOLW\�HIIHFW

LV� SRVLWLYH� DQG� VWURQJO\� VLJQLILFDQW�� � +HUH� WKH� PLVVSHFLILFDWLRQ� RI� *00�� UHVXOWHG� LQ� DQ

XQGHUHVWLPDWLRQ�RI�WKH�SDUDPHWHU�YDOXH�DQG�WKH�W�VWDWLVWLF���0RUHRYHU��GROODU�\HQ�IRUH[�VSUHDGV

LQFUHDVH� EHIRUH�ZHHNHQGV� DQG� �� DOPRVW� XQQRWLFDEO\� �� EHIRUH� -DSDQHVH� KROLGD\V�� WKH� IRUPHU

HIIHFW�EHLQJ�VLJQLILFDQW�DW���SHUFHQW��WKH�ODWWHU�RQO\�DW�DERXW����SHUFHQW���,QWHUFHSWV�DUH������LQ

*00��DV�ZHOO�DV�*00���QRW�UHSRUWHG�LQ�WKH�WDEOH����:H�DOVR�HVWLPDWHG�*00��ZLWK�\HDUO\

LQWHUFHSW�YDULDEOHV���$OWKRXJK�VRPH�VWUXFWXUDO� LQVWDELOLW\�ZDV�YLVLEOH� �DQG� WKH� ILW� LPSURYHG��

WKH� VL]HV� RI� WKH� LQWHUFHSWV� YDULHG� YHU\� OLWWOH� DQG� HVWLPDWHV� RI� DQG� LQIHUHQFHV� RQ� VORSH

SDUDPHWHUV� GLIIHUHG� RQO\� QHJOLJLEO\� IURP� WKRVH� UHSRUWHG� LQ� 7DEOH� ��� � � 3UHFLVHO\� WKH� VDPH

UHVXOWV�DV�IRU�*00��RFFXUUHG��ZKHQ�RYHULGHQWLILFDWLRQ�ZDV�DFKLHYHG�ZLWK�WKLUG�PRPHQWV�RI

WKH�LQVWUXPHQWV�LQVWHDG�RI�VHFRQG�PRPHQWV�DV�LQ�*00��

7KH� QHJDWLYH� LPSDFW� RI� SUHGLFWDEOH� YROXPH� RQ� VSUHDGV� VXJJHVWV� WKH� SUHVHQFH� RI� LPSRUWDQW

RUGHU�SURFHVVLQJ�HIIHFWV�RQ�IRUH[�VSRW�VSUHDGV����7KLV�FRUUHVSRQGV�WR�UHFHQW�UHVHDUFK�RQ�VWRFN

PDUNHW�VSUHDGV��DOVR� ILQGLQJ�DQ� LPSRUWDQW�RUGHU�SURFHVVLQJ�FRVW�FRPSRQHQW� �GH� -RQJ�HW� DO��

�������� � �$V� FRXOG� EH� H[SHFWHG�� WKHVH� RUGHU� SURFHVVLQJ� FRVW� HIIHFWV� DUH� QRW� VZDPSHG� E\

SRVVLEOH�SRVLWLYH�LQYHQWRU\�FRVW�HIIHFWV�RI�EORFN�WUDGLQJ����)XUWKHUPRUH��WKH�VWURQJ�HIIHFWV�RI

SUHGLFWDEOH�YRODWLOLW\��SRVLWLYH��DQG�XQSUHGLFWDEOH�YROXPH��QHZ�LQIRUPDWLRQ�DUULYDO��SRVLWLYH�

LQGLFDWH� WKH� SUHVHQFH� RI� LPSRUWDQW� RWKHU� LQYHQWRU\� DQG� LQIRUPDWLRQ� FRVW� FRPSRQHQWV�� � 7KH

VWDWLVWLFDO�ZHDNQHVV�RI�WKH�KROLGD\�HIIHFW�FRPSDUHG�WR�WKH�ZHHNHQG�HIIHFW�RQ�VSUHDGV�FDQ�EH

H[SODLQHG� E\� WKH� IDFW� WKDW�� LQ� PDQ\� FDVHV�� RWKHU� ODUJH� IRUH[� WUDGLQJ� FHQWHUV�� IRU� H[DPSOH

/RQGRQ�RU�1HZ�<RUN���UHPDLQ�RSHQ�ZKHQ�WKHUH�LV�D�-DSDQHVH�EDQNLQJ�KROLGD\��-3�0RUJDQ�

������

,Q� RUGHU� WR� MX[WDSRVH� WKHVH� ILQGLQJV� ZLWK� WKH� IRUPHU� OLWHUDWXUH� RQ� VSUHDGV� DQG� SODLQ� �QRQ�

����������������������������������������
�������:H�DOVR�HVWLPDWHG�*00��DOORZLQJ�ERWK�LQWHUFHSWV�DQG�VORSHV�WR�FKDQJH�RQ�D�\HDUO\�EDVLV���$JDLQ�WKHUH�ZDV�VRPH

VWUXFWXUDO�LQVWDELOLW\��EXW�WKH�PDMRU�UHVXOWV�UHPDLQHG�XQFKDQJHG���$V�D�ODVW�FKHFN�WKH�*00��VSHFLILFDWLRQ�ZDV�HVWLPDWHG

IRU�WKH�IRXU���\HDUO\�VXESHULRGV�VHSDUDWHO\���,Q�DOO�IRXU�FDVHV�WKH�VLJQV�RI�WKH�SDUDPHWHUV�VWD\HG�WKH�VDPH�DV�LQ�7DEOH���

DOWKRXJK�DW�ORZHU�OHYHOV�RI�VLJQLILFDQFH�
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GHFRPSRVHG��YROXPHV�ZH�DOVR�HVWLPDWHG�D�UHVWULFWHG�VSHFLILFDWLRQ�RI������ZKHUH�β� β����7DEOH

�� VXPPDUL]HV� WZR� �RYHULGHQWLILHG�� *00� HVWLPDWLRQV� IRU� SODLQ� YROXPHV�� � ,Q� *00�� SODLQ

YROXPHV�DUH�GLIIHUHQFHG�DQG�LQ�*00��WKH\�DUH�QRW���7KH�VHFRQG�FDVH�LV�DOVR�UHSRUWHG�EHFDXVH

WKH�RULJLQDO��QRQ�GHFRPSRVHG��VHULHV�RI�DQ�$5,0$�S������ZLWK�WKH�0$�SDUDPHWHU�FORVH�WR���

EHKDYHV� UDWKHU� OLNH� D� �VWDWLRQDU\�� $5�S����� � ,Q� ERWK� FDVHV� YROXPHV� DUH� LQVWUXPHQWHG� ZLWK

�SODLQ��5HXWHUV�WLFNV�

7DEOH����6SUHDG�HVWLPDWLRQV�ZLWK�SODLQ�YROXPHV

*00����VW β��β�KW�β�B[W�β�GZW�β�GKW�BW�����Ba���Σ������W ������7

*00����VW β��β�KW�β�[W�β�GZW�β�GKW�BW�����Ba���Σ������W ������7

(VWLPDWLRQ β� β� β� β� 725F�

*00�D� ����
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1RWHV��6SUHDGV��YRODWLOLWLHV�DQG�GXPPLHV�DV�LQ�WDEOH�����B[W�LV�WKH�ILUVW�GLIIHUHQFH�RI�SODLQ�GDLO\�ORJ�YROXPHV��DQG�[W�LV

XQGLIIHUHQFHG�SODLQ�YROXPH���$V\PSWRWLF� �FRQGLWLRQDO��KHWHURVFHGDVWLFLW\��DQG�DXWRFRUUHODWLRQ�FRQVLVWHQW� W�VWDWLVWLFV� ���

ODJV��*DOODQW��������LQ�SDUHQWKHVHV��S�YDOXHV�LQ�VTXDUH�EUDFNHWV��7 �����REVHUYDWLRQV�

D��,QVWUXPHQWV���FRQVWDQW��KW��BTW��GZW��GKW���KW�����BTW�����ZLWK�TW�GDLO\�ORJ�TXRWLQJ�IUHTXHQF\�IURP�5HXWHUV�););��

E��,QVWUXPHQWV���FRQVWDQW��KW��TW��GZW��GKW���KW�����TW���

F��7HVW�RI�WKH�RYHULGHQWLI\LQJ�UHVWULFWLRQV��+DQVHQ��������

7KH�SDUDPHWHU�HVWLPDWHV�IRU�*00��DUH�ODUJHO\�DQDORJRXV�WR�WKRVH�IRXQG�LQ�*ODVVPDQ�������

DQG�:HL� �������� � 5HODWLYH� VSUHDGV� VHHP� WR� LQFUHDVH� ZLWK� SODLQ� WUDGLQJ� YROXPH�� � ,Q� RWKHU

ZRUGV��RQH� LV� WHPSWHG� WR� LQIHU� WKDW� WKH� LQIRUPDWLRQ� FRVW� FRPSRQHQW� VHHPV� WR� GRPLQDWH� WKH

RWKHU�VSUHDG�FRPSRQHQWV�UHODWHG�WR�YROXPHV���+RZHYHU��LQ�*00��WKH�YROXPH�SDUDPHWHU�LV

QHJDWLYH���,Q�DQ\�FDVH��1HZH\�DQG�:HVW
V������E��PRPHQW�IXQFWLRQV�GLIIHUHQFH�WHVW�VWURQJO\

UHMHFWV� WKH�QXOO�RI� HTXDOLW\�RI�β�� DQG�β�� �7DEOH���� ODVW� URZ��� �)XUWKHUPRUH�� FRQWUDU\� WR� WKH

ILQGLQJV�IRU�GHFRPSRVHG�YROXPHV��7DEOH�����LQ�ERWK�FDVHV�ZLWK�SODLQ�YROXPHV�725�UHMHFWV�DW�D

VLJQLILFDQFH�OHYHO�ORZHU�WKDQ����SHUFHQW��7DEOH����ODVW�FROXPQ����7KHVH�UHVXOWV�JLYH�D�ZDUQLQJ

WKDW� SUHGLFWDEOH� GDLO\� WUDQVDFWLRQ� YROXPH� VKRXOG� QRW� EH� PL[HG� ZLWK� LQIRUPDWLRQ�UHODWHG

VXUSULVHV� LQ� WUDGLQJ�� �6LQFH� WKH�SDUDPHWHU�HVWLPDWHV� LQ�7DEOH���DSSHDU� WR�EH� LQFRQVLVWHQW�� LW

����������������������������������������
�������6HH�VHFWLRQ�,,,�DERYH�
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FDQQRW�EH�H[FOXGHG�WKDW���RYHUDOO���UHODWLYH�VSUHDGV�GHFUHDVH�ZLWK�KLJKHU�YROXPH��HYHQ�LQ�WKH

VKRUW�UXQ�

2XU�UHVXOWV�DOVR�QHHG�WR�EH�GHOLQHDWHG�IURP�UHFHQW�WHVWV�RI�PLFURVWUXFWXUDO�K\SRWKHVHV�LQ�WKH

IRUHLJQ� H[FKDQJH� PDUNHW� ZLWK� LQWUD�GD\� KLJK�IUHTXHQF\� WUDQVDFWLRQV� GDWD�� � /\RQV� �����D�

UHFRUGHG�WKH�WUDQVDFWLRQV�RI�RQH�GHDOHU�DQG�RQH�EURNHU�LQ�WKH�86�PDUNHW�IRU���GD\V�LQ�$XJXVW

�������+H�WKHQ�XVHV�DQ�H[WHQGHG�YHUVLRQ�RI�0DGKDYDQ�DQG�6PLGW
V��������%D\HVLDQ�SULFLQJ

PRGHO� WR� WHVW� IRU� WKH� H[LVWHQFH� RI� LQYHQWRU\� FRVW� DQG� LQIRUPDWLRQ� FRVW� FRPSRQHQWV� LQ

GROODU�PDUN�H[FKDQJH�UDWH�FKDQJHV���7KH�PRGHO�DOVR�DOORZV�RQH�WR�GUDZ�VRPH�LQIHUHQFHV�RQ

WKH� UHODWLRQ� EHWZHHQ� WUDGLQJ� �YROXPH�� DQG� ELG�DVN� VSUHDGV�� EHFDXVH� LW� FRQVLGHUV� D� GHDOHU

TXRWLQJ�D�FRPSOHWH�SULFH� VFKHGXOH��ZKLFK� LV�GLIIHUHQWLDWHG�DFFRUGLQJ� WR� WUDQVDFWLRQ� VL]HV� DV

ZHOO�DV�WUDQVDFWLRQ�GLUHFWLRQV��ZLWK�D�V\PPHWULF�H[HFXWLRQ�FRVW�PDUN�XS�DW�HDFK�SULFH�IRU�VDOH

�SRVLWLYH��DQG�SXUFKDVH�RUGHUV��QHJDWLYH����,Q�WKLV�PRGHO�WKH�TXRWHG�VSUHDG��LV�ODUJHU�IRU�ODUJHU

WUDQVDFWLRQ�VL]HV��VLQFH�WKH�GHDOHU�DVVRFLDWHV�ODUJHU�RUGHUV�ZLWK�DQ�LQFUHDVHG�OLNHOLKRRG�RI�DQ

LQIRUPDWLRQ�GLVDGYDQWDJH���/\RQV
�HFRQRPHWULF�UHVXOWV�FRQILUP�WKH�SRVLWLYH�FRUUHODWLRQ�

7KLV� DSSURDFK� DQG� WKH� XQGHUO\LQJ� GDWD� DUH� YHU\� GLIIHUHQW� IURP� WKRVH� LQ� WKH� SUHVHQW� SDSHU�

)LUVW��/\RQV
� VSHFLILFDWLRQ� LV� LQ� WUDQVDFWLRQ� WLPH� DQG� QRW� LQ� UHDO� WLPH�ZLWK� RQ� DYHUDJH� ���

GHDOHU�WUDQVDFWLRQV�SHU�GD\��PHGLDQ�LQWHU�WUDQVDFWLRQ�WLPH�OHVV�WKDQ���PLQXWHV��DQG�WKHUHIRUH

XOWUD�VKRUW� WHUP�� �+LV� VDPSOH� LV� VHW�XS� IURP� WZR� LQGLYLGXDO� LQVWLWXWLRQV��ZKLOH�RXU� GDWD� DUH

DJJUHJDWHG�RYHU�DOO�-DSDQHVH� IRUH[�EURNHUV�� �+LV��YROXPH��PHDVXUH� LV�EDVLFDOO\� WKH� VL]H�RI

VLQJOH� WUDQVDFWLRQV�� ZKLOH� RXUV� JLYHV�PRUH� HPSKDVLV� WR� GDLO\� WUDQVDFWLRQ� IUHTXHQF\�� � $OVR

/\RQV
�WKHRU\�DLPV�DW�YHU\�VKRUW�WHUP�KRUL]RQV���)RU�H[DPSOH��SRVVLEOH�HFRQRPLHV�RI�VFDOH�LQ

PDUNHW�PDNLQJ�WKURXJK�RUGHU�SURFHVVLQJ�HIIHFWV�DUH�QRW�FRQVLGHUHG�DW�DOO�

,Q�D�FRPSDQLRQ�SDSHU�/\RQV������E��XVHV�WKH�VDPH�IUDPHZRUN�WR�WHVW�PRUH�VSHFLILFDOO\�IRU�WKH

LQIRUPDWLRQ�FRQWHQW�RI�WUDQVDFWLRQ�VL]HV�ZKHQ�WUDGLQJ��LQWHQVLW\��LV�KLJK�RU�ORZ���+H�FRQWUDVWV

DQ��HYHQW�XQFHUWDLQW\�K\SRWKHVLV���FODLPLQJ�WKDW�WUDGHV�DUH�PRUH�LQIRUPDWLYH��DQG�KHQFH�SULFH

FKDQJHV� ODUJHU�� ZKHQ� LQWHQVLW\� LV� KLJK�� ZLWK� WKH� RSSRVLQJ� �KRW�SRWDWR� K\SRWKHVLV��� � +LV

HVWLPDWLRQV�VXSSRUW�RQH�RU�WKH�RWKHU�K\SRWKHVLV�GHSHQGLQJ�RQ�WKH�PHDVXUH�RI�WUDGLQJ�LQWHQVLW\

HPSOR\HG�� XQGHUOLQLQJ� WKH� SRVVLEOH� FRPSOHPHQWDULW\� RI� ERWK� YLHZV� DW� YHU\� VKRUW� WLPH

KRUL]RQV���1RWLFH�WKDW�QHLWKHU�RI�WKHVH�WZR�YLHZV�LV�LQ�FRQWUDGLFWLRQ�ZLWK�WKH�DSSURDFK�WDNHQ�LQ

WKLV�SDSHU��FODLPLQJ�WKDW�WKH�XQSUHGLFWDEOH�SDUW�RI�GDLO\�WUDGLQJ�YROXPHV�UHIOHFWV�WKH�GDLO\�UDWH

RI� LQIRUPDWLRQ� DUULYDO� DQG� WKHUHIRUH� PRVW� RI� WKH� LQIRUPDWLRQ� DV\PPHWU\� FRVWV� IRU� IRUH[

GHDOHUV�� � ,Q� WKLV� UHVSHFW� LW� LV� DOVR� LQVWUXFWLYH� WR� ORRN� DW� VRPH� VWRFN�PDUNHW� HYLGHQFH� IURP
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1$6'$4�106��ZKLFK�LV�DQ�LQWHU�GHDOHU�PDUNHW�DV�ZHOO���)RU�WKLV�PDUNHW�-RQHV�HW�DO��������

ILQG���IRU�GDLO\�GDWD���WKDW�WUDQVDFWLRQ�VL]HV�KDYH�QR�LQIRUPDWLRQ�FRQWHQW�EH\RQG�WKDW�DOUHDG\

FRQWDLQHG�LQ�WUDQVDFWLRQ�IUHTXHQF\��UHLQIRUFLQJ�WKH�XVHIXOQHVV�RI�WKH�PL[WXUH�RI�GLVWULEXWLRQV

K\SRWKHVLV�

,9��&RQFOXVLRQV

,Q� WKLV� SDSHU� LW� ZDV� DUJXHG� WKDW� WLPH�VHULHV� HVWLPDWLRQV� RI� WKH� GDLO\� UHODWLRQ� EHWZHHQ� VSRW

IRUHLJQ�H[FKDQJH�VSUHDGV�DQG�SODLQ�WUDGLQJ�YROXPHV�IDLO� WR�FRQVLGHU�WKH�IDFW�WKDW��WR�D� ODUJH

H[WHQW��WUDGLQJ�YROXPH��OLNH�YRODWLOLW\��LQ�WKLV�PDUNHW�LV�SUHGLFWDEOH���7KH�LQIRUPDWLRQDO�FRQWHQW

RI� WUDGLQJ� YROXPHV� LV� OLNHO\� WR� H[LVW� LQ� WKH� XQSUHGLFWDEOH� FRPSRQHQW�� DQG� IROORZLQJ

%HVVHPELQGHU��������LW�LV�DUJXHG�KHUH�WKDW�WKH�LPSDFW�RI�WKLV�FRPSRQHQW�LV�OLNHO\�WR�EH�RI�WKH

RSSRVLWH�VLJQ�WR�WKDW�RI�SUHGLFWDEOH�YROXPH�

$� *00� HVWLPDWLRQ� RI� IRUH[� VSUHDGV� H[SHFWHGO\� VKRZV� WKDW� XQSUHGLFWDEOH� YROXPHV� GULYH

VSUHDGV� XS�ZKLOH� SUHGLFWDEOH� YROXPHV� GULYHV� WKHP� GRZQ�� �:LWK� D� XQLTXH� GDLO\� GROODU�\HQ

YROXPH� GDWD� VHW�� SUHFLVHO\� V\QFKURQRXV� H[FKDQJH� UDWH� GDWD� DQG� SURSHU� LQVWUXPHQWLQJ� RI

HQGRJHQRXV� XQSUHGLFWDEOH� YROXPHV�� WKH� HIIHFWV� WXUQ� RXW� WR� EH� VWURQJO\� VLJQLILFDQW�� � 7KHVH

UHVXOWV�SURYLGH�HYLGHQFH�LQ�IDYRU�RI�LQIRUPDWLRQ�FRVW�HIIHFWV�RQ�VSUHDGV�DQG�HFRQRPLHV�RI�VFDOH

LQ�PDUNHW�PDNLQJ���2QH� LPSOLFDWLRQ� LV� WKDW� ��DW� OHDVW� LQ� WKH�VKRUW�UXQ���JURZLQJ��VKULQNLQJ�

WUDGLQJ� DFWLYLW\�PD\� LQFUHDVH� �UHGXFH�� WUDQVDFWLRQ� FRVWV�� � +RZHYHU�� FURVV�VHFWLRQ� HYLGHQFH

RYHU� FXUUHQF\� SDLUV� VXJJHVWV� WKDW� WKLV� LV� XQOLNHO\� WR� KROG� LQ� WKH� ORQJ� UXQ� �%ODFN�� �����

+DUWPDQQ��������� �0RUHRYHU�� LQ� WKH�SUHVHQW� VWXG\��GDLO\� WLPH�VHULHV� HVWLPDWLRQV�RI� VSUHDGV

ZLWK� SODLQ� YROXPHV� WXUQ� RXW� WR� EH�PLVVSHFLILHG�� � 7KHUHIRUH� WKH� UHVXOWV� VKRZLQJ� D� SRVLWLYH

FRUUHODWLRQ�EHWZHHQ�WKHVH�WZR�YDULDEOHV�VKRXOG�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ�

,W�FRPHV� LPPHGLDWHO\� WR�PLQG� WKDW�� LQ�D�PDUNHW�DV�DFWLYH�DV� WKDW� IRU� IRUHLJQ�H[FKDQJH��RQH

PLJKW�ZDQW� WR� IXUWKHU� UHGXFH� WKH� WLPH�KRUL]RQ� IRU� VSUHDG� HVWLPDWLRQV� DQG� SDVV� WR� LQWUD�GD\

DQDO\VHV���7KH�ODFN�RI�WXUQRYHU�GDWD�DW�KLJKHU�IUHTXHQFLHV�PLJKW�EH�RYHUFRPH�WKURXJK�WKH�XVH

RI�5HXWHUV�TXRWLQJ�IUHTXHQF\�DV�D�SUR[\�IRU�WUDGLQJ�DFWLYLW\��%ROOHUVOHY�DQG�'RPRZLW]�������

'DYp��������'HPRV�DQG�*RRGKDUW��������+DUWPDQQ��������� �0RUHRYHU��RQH�PLJKW�ZDQW� WR

SDVV�IURP�JOREDO�WXUQRYHU�WR�GHDOHU�RUGHU�IORZV�DQG�IURP�TXRWHG�VSUHDGV�WR�WUDGHG�VSUHDGV�LQ
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RUGHU� WR� EHWWHU� GLVHQWDQJOH� WKH� GLIIHUHQW� FKDQQHOV� WKURXJK� ZKLFK� WUDGLQJ� YROXPH� DIIHFWV

WUDQVDFWLRQ� FRVWV� LQ� WKH� YHU\� VKRUW� UXQ� �/\RQV�� ����D�� ����E��� � +RZHYHU�� LW� LV� XQFHUWDLQ

ZKHWKHU�WKHVH�GDWD�ZLOO�EHFRPH�DYDLODEOH�IRU�UHVHDUFKHUV�ZLWK�WKH�QHFHVVDU\�FRYHUDJH�LQ�WKH

QHDU� IXWXUH�� �)LQDOO\��PHDVXUHPHQW�RI�H[SHFWHG�YRODWLOLW\�PLJKW�EH� LPSURYDEOH�E\� UHSODFLQJ

*$5&+�IRUHFDVWV�ZLWK�LPSOLHG�YRODWLOLWLHV�LQ�IRUH[�RSWLRQV�SULFHV��-RULRQ����������7KLV�FKDQJH

VHHPV�WR�EH�XQOLNHO\�WR�DOWHU�WKH�UHVXOWV�IRXQG�LQ�WKH�SUHVHQW�SDSHU��-RULRQ����������$QRWKHU

DSSURDFK� WR� EHWWHU� WUDFN� H[SHFWHG� YRODWLOLWLHV� FRXOG� LQYROYH� WKH� XVH� RI� VWRFKDVWLF� YRODWLOLW\

PRGHOV��$QGHUVHQ��������

5HIHUHQFHV

$JPRQ�� 7��� %DUQHD�� $�� �������� 7UDQVDFWLRQ� FRVWV� DQG� PDUNHWDELOLW\� VHUYLFHV� LQ� WKH

HXURFXUUHQF\�PRQH\�PDUNHW��-RXUQDO�RI�0RQHWDU\�(FRQRPLFV��YRO�������SS����������

$PLKXG��<���0HQGHOVRQ��+����������$VVHW�SULFH�EHKDYLRU�LQ�D�GHDOHUVKLS�PDUNHW��)LQDQFLDO

$QDO\VWV�-RXUQDO��0D\�-XQH��SS��������

$QGHUVHQ�� 7�� �������� 6WRFKDVWLF� DXWRUHJUHVVLYH� YRODWLOLW\�� $� IUDPHZRUN� IRU� YRODWLOLW\

PRGHOLQJ��0DWKHPDWLFDO�)LQDQFH��YRO�����SS���������

$QGUHZV�� '�� �������� +HWHURVNHGDVWLFLW\� DQG� DXWRFRUUHODWLRQ� FRQVLVWHQW� FRYDULDQFH� PDWUL[

HVWLPDWLRQ��(FRQRPHWULFD��YRO��������SS����������

%DLOOLH�� 5��� %ROOHUVOHY�� 7�� �������� 7KH� PHVVDJH� LQ� GDLO\� H[FKDQJH� UDWHV�� $� FRQGLWLRQDO

YDULDQFH�WDLO��-RXUQDO�RI�%XVLQHVV�DQG�(FRQRPLF�6WDWLVWLFV��YRO�������SS����������

%DQN� IRU� ,QWHUQDWLRQDO�6HWWOHPHQWV� ��������&HQWUDO�EDQN� VXUYH\�RI� IRUHLJQ�H[FKDQJH�PDUNHW

DFWLYLW\�LQ�$SULO�������%DVOH��0DUFK�

%DQN�RI� -DSDQ� ��������6XPPDU\�RI� UHVXOWV�RI� WKH�7RN\R� IRUHLJQ�H[FKDQJH�PDUNHW� WXUQRYHU

VXUYH\��%DQN�RI�-DSDQ�4XDUWHUO\�%XOOHWLQ��)HEUXDU\��SS��������

%HVVHPELQGHU��+����������%LG�DVN�VSUHDGV�LQ�WKH�LQWHUEDQN�IRUHLJQ�H[FKDQJH�PDUNHWV��-RXUQDO

RI�)LQDQFLDO�(FRQRPLFV��YRO��������SS����������

%ODFN��6����������7UDQVDFWLRQV�FRVWV�DQG�YHKLFOH�FXUUHQFLHV��-RXUQDO�RI� ,QWHUQDWLRQDO�0RQH\

DQG�)LQDQFH��YRO�������SS����������

%ROOHUVOHY�� 7�� �������� *HQHUDOL]HG� DXWRUHJUHVVLYH� FRQGLWLRQDO� KHWHURVFHGDVWLFLW\�� -RXUQDO� RI

(FRQRPHWULFV��YRO������SS����������

%ROOHUVOHY��7���&KRX��5���.URQHU��.����������$5&+�PRGHOLQJ�LQ�ILQDQFH���$�UHYLHZ�RI�WKH
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WKHRU\�DQG�HPSLULFDO�HYLGHQFH��-RXUQDO�RI�(FRQRPHWULFV��YRO������SS�������

%ROOHUVOHY�� 7��� 'RPRZLW]�� ,�� �������� 7UDGLQJ� SDWWHUQV� DQG� SULFHV� LQ� WKH� LQWHUEDQN� IRUHLJQ

H[FKDQJH�PDUNHW��-RXUQDO�RI�)LQDQFH��YRO��������SS������������

%ROOHUVOHY��7���0HOYLQ��0�� �������� %LG�DVN� VSUHDGV� DQG� YRODWOLOLW\� LQ� WKH� IRUHLJQ� H[FKDQJH

PDUNHW��$Q�HPSLULFDO�DQDO\VLV��-RXUQDO�RI� ,QWHUQDWLRQDO�(FRQRPLFV��YRO����������SS�

��������

%RRWKH��3����������([FKDQJH�UDWH�ULVN�DQG�WKH�ELG�DVN�VSUHDG��$�VHYHQ�FRXQWU\�FRPSDULVRQ�

(FRQRPLF�,QTXLU\��YRO��������SS����������

&DPSEHOO�� -��� 3HUURQ��3�� ��������3LWWIDOOV� DQG� RSSRUWXQLWLHV��:KDW�PDFURHFRQRPLVWV� VKRXOG

NQRZ�DERXW�XQLW�URRWV��1%(5�0DFURHFRQRPLFV�$QQXDO��&DPEULGJH��0$�

&ODUN��3����������$�VXERUGLQDWHG�VWRFKDVWLF�SURFHVV�PRGHO�ZLWK�ILQLWH�YDULDQFH�IRU�VSHFXODWLYH

SULFHV��(FRQRPHWULFD��YRO��������SS����������

&RSHODQG�� 7��� *DODL�� '�� �������� ,QIRUPDWLRQ� HIIHFWV� RQ� WKH� ELG�DVN� VSUHDG�� -RXUQDO� RI

)LQDQFH��YRO��������SS������������

'DFRURJQD��0���0�OOHU��8���1DJOHU��5���2OVHQ��5���3LFWHW��2����������$�JHRJUDSKLFDO�PRGHO

IRU�WKH�GDLO\�DQG�ZHHNO\�VHDVRQDO�YRODWLOLW\�LQ�WKH�IRUHLJQ�H[FKDQJH�PDUNHW��-RXUQDO�RI

,QWHUQDWLRQDO�0RQH\�DQG�)LQDQFH��YRO������SS����������

'DYp��5����������6WDWLVWLFDO�FRUUHODWLRQ�RI�GDWD�IUHTXHQF\��SULFH�FKDQJH��DQG�VSUHDG��2OVHQ�	

$VVRFLDWHV��,QWHUQDO�'RFXPHQW��5''�������������$SULO��=XULFK�

GH�-RQJ��)���1LMPDQ��7���5|HOO��$����������$�FRPSDULVRQ�RI�WKH�FRVW�RI�WUDGLQJ�)UHQFK�VKDUHV

RQ� WKH� 3DULV� %RXUVH� DQG� RQ� 6($4� ,QWHUQDWLRQDO��(XURSHDQ� (FRQRPLF� 5HYLHZ�� YRO�

������SS�����������

'HPRV�� $��� *RRGKDUW�� &�� �������� 7KH� LQWHUDFWLRQ� EHWZHHQ� WKH� IUHTXHQF\� RI� PDUNHW

TXRWDWLRQV��VSUHDG��DQG�YRODWLOLW\� LQ� WKH� IRUHLJQ�H[FKDQJH�PDUNHW��/RQGRQ�6FKRRO�RI

(FRQRPLFV��)LQDQFLDO�0DUNHWV�*URXS�'LVFXVVLRQ�3DSHUV��QR�������2FWREHU�

'RODGR��-���-HQNLQVRQ��7���6RVYLOOD�5LYHUR��6����������&RLQWHJUDWRQ�DQG�XQLW�URRWV��-RXUQDO�RI

(FRQRPLF�6XUYH\V��YRO�������SS����������

'XPDV��%����������&RPPHQW�RQ�3KLOLSSH�-RULRQ
V��5LVN�DQG�WXUQRYHU�LQ�WKH�IRUHLJQ�H[FKDQJH

PDUNHW��� SUHVHQWHG� DW� 1%(5�&(35�%DQFD� G
,WDOLD� �0LFURVWUXFWXUH� RI� )RUHLJQ

([FKDQJH�0DUNHWV��&RQIHUHQFH�-XO\�����������LQ�3HUXJLD�

(DVO\��'���2
+DUD��0����������7LPH�DQG�WKH�SURFHVV�RI�VHFXULW\�SULFH�DGMXVWPHQW��-RXUQDO�RI

)LQDQFH��YRO��������SS����������

)HGHUDO�5HVHUYH�%DQN�RI�1HZ�<RUN���������6XPPDU\�RI�UHVXOWV�RI�WKH�8�6��IRUHLJQ�H[FKDQJH

PDUNHW�WXUQRYHU�VXUYH\�FRQGXFWHG�LQ�$SULO������E\�WKH�)HGHUDO�5HVHUYH�%DQN�RI�1HZ

<RUN��1HZ�<RUN�



��

)ORRG��0����������0LFURVWUXFWXUH�WKHRU\�DQG�WKH�IRUHLJQ�H[FKDQJH�PDUNHW��)HGHUDO�5HVHUYH

%DQN�RI�6W��/RXLV�(FRQRPLF�5HYLHZ��1RYHPEHU�'HFHPEHU��SS��������

)RVWHU�� '��� 9LVZDQDWKDQ�� 6�� �������� &DQ� VSHFXODWLYH� WUDGLQJ� H[SODLQ� WKH� YROXPH�YRODWLOLW\

UHODWLRQ"��-RXUQDO�RI�%XVLQHVV�DQG�(FRQRPLF�6WDWLVWLFV��IRUWKFRPLQJ��

*DOODQW��$����������1RQOLQHDU�VWDWLVWLFDO�PRGHOV��1HZ�<RUN�

*ODVVPDQ�� '�� �������� ([FKDQJH� UDWH� ULVN� DQG� WUDQVDFWLRQ� FRVWV�� (YLGHQFH� IURP� ELG�DVN

VSUHDGV��-RXUQDO�RI�,QWHUQDWLRQDO�0RQH\�DQG�)LQDQFH��YRO�������SS����������

*ORVWHQ��/���0LOJURP��3����������%LG��DVN�DQG�WUDQVDFWLRQ�SULFHV�LQ�D�VSHFLDOLVW�PDUNHW�ZLWK

KHWHURJHQHRXVO\� LQIRUPHG� WUDGHUV��-RXUQDO�RI�)LQDQFLDO�(FRQRPLFV��YRO������SS�����

����

*RRGKDUW�� &��� &XUFLR�� 5�� �������� 7KH� FOXVWHULQJ� RI� ELG�DVN� SULFHV� DQG� WKH� VSUHDG� LQ� WKH

IRUHLJQ� H[FKDQJH� PDUNHW�� /RQGRQ� 6FKRRO� RI� (FRQRPLFV�� )LQDQFLDO� 0DUNHWV� *URXS

'LVFXVVLRQ�3DSHUV��QR������

*RRGKDUW��&���,WR��7���3D\QH��5����������2QH�GD\�LQ�-XQH��������$�VWXG\�RI�WKH�ZRUNLQJ�RI

5HXWHUV� ������� HOHFWURQLF� IRUHLJQ� H[FKDQJH� WUDGLQJ� V\VWHP�� SDSHU� SUHVHQWHG� DW� WKH

1%(5�&(35�%DQFD� G
,WDOLD� �0LFURVWUXFWXUH� RI� )RUHLJQ� ([FKDQJH� 0DUNHWV�

&RQIHUHQFH�-XO\�����������LQ�3HUXJLD�

*UHHQH��:����������(FRQRPHWULF�$QDO\VLV���QG�HG����1HZ�<RUN�

+DQVHQ��/�� ��������/DUJH� VDPSOH�SURSHUWLHV�RI�JHQHUDOL]HG�PHWKRG�RI�PRPHQWV�HVWLPDWRUV�

(FRQRPHWULFD��YRO��������SS������������

+DUWPDQQ��3����������9HKLFOH�FXUUHQFLHV�LQ�WKH�IRUHLJQ�H[FKDQJH�PDUNHW��'(/7$�'LVFXVVLRQ

3DSHU��QR���������3DULV��-XQH�

BBBBB���������'R�5HXWHUV�VSUHDGV�UHIOHFW�FXUUHQFLHV
�GLIIHUHQFHV�LQ�JOREDO�WUDGLQJ�YROXPHV"�

PLPHR���'(/7$��3DULV��-XO\�

+DUYH\��$����������7LPH�VHULHV�PRGHOV��2[IRUG�

+R��7���6WROO��+�� ��������2SWLPDO�GHDOHU�SULFLQJ�XQGHU� WUDQVDFWLRQV�DQG� UHWXUQ�XQFHUWDLQW\�

-RXUQDO�RI�)LQDQFLDO�(FRQRPLFV��YRO�����SS��������

-REHUW�� 7�� �������� 7HVW� GH� UDFLQH� XQLWDLUH��8QH� VWUDWpJLH� HW� VD�PLVH� HQ�±XYUH��&DKLHUV� GH

5HFKHUFKH�(FRQRPLH��0DWKpPDWLTXHV�HW�$SSOLFDWLRQV��QR���������8QLYHUVLWp�GH�3DULV�,

��3DQWKpRQ�6RUERQQH�

-RQHV�� &��� .DXO�� *��� /LSVRQ�� 0�� �������� 7UDQVDFWLRQV�� YROXPH�� DQG� YRODWLOLW\�� 5HYLHZ� RI

)LQDQFLDO�6WXGLHV��YRO�������SS����������

-RULRQ��3����������5LVN�DQG�WXUQRYHU�LQ�WKH�IRUHLJQ�H[FKDQJH�PDUNHW�

BBBBB���������3UHGLFWLQJ�YRODWLOLW\�LQ�WKH�IRUHLJQ�H[FKDQJH�PDUNHW��-RXUQDO�RI�)LQDQFH��YRO�

������SS����������
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-3�0RUJDQ���������:RUOG�KROLGD\�DQG�WLPH�JXLGH��1HZ�<RUN�

.DUSRII��-����������7KH�UHODWLRQ�EHWZHHQ�SULFH�FKDQJHV�DQG�WUDGLQJ�YROXPH��$�VXUYH\��-RXUQDO

RI�)LQDQFLDO�DQG�4XDQWLWDWLYH�$QDO\VLV��YRO��������SS����������

.LP��.���6FKPLGW��3����������8QLW� URRW� WHVWV�ZLWK�FRQGLWLRQDO�KHWHURVFHGDVWLFLW\��-RXUQDO�RI

(FRQRPHWULFV��YRO��������SS����������

.\OH��$����������&RQWLQXRXV�DXFWLRQV�DQG�LQVLGHU�WUDGLQJ��(FRQRPHWULFD��YRO��������SS�������

�����

/\RQV�� 5�� �����D��� 7HVWV� RI� PLFURVWUXFWXUDO� K\SRWKHVHV� LQ� WKH� IRUHLJQ� H[FKDQJH� PDUNHW�

-RXUQDO�RI�)LQDQFLDO�(FRQRPLFV��YRO������SS����������

BBBBB� �����E��� )RUHLJQ� H[FKDQJH� YROXPH�� 6RXQG� DQG� IXU\� VLJQLI\LQJ� QRWKLQJ"�� 1%(5

:RUNLQJ�3DSHU��QR�������

0DGKDYDQ��$���6PLGW��6����������$�%D\HVLDQ�PRGHO�RI�LQWUDGD\�VSHFLDOLVW�SULFLQJ��-RXUQDO�RI

)LQDQFLDO�(FRQRPLFV��YRO������SS���������

1HZH\�� :�� �������� *HQHUDOL]HG� PHWKRG� RI� PRPHQWV� VSHFLILFDWLRQ� WHVWLQJ�� -RXUQDO� RI

(FRQRPHWULFV��YRO��������SS����������

1HZH\�� :��� :HVW�� .�� �����D��� $� VLPSOH� SRVLWLYH� VHPL�GHILQLWH�� KHWHURVNHGDVWLFLW\� DQG

DXWRFRUUHODWLRQ�FRQVLVWHQW�FRYDULDQFH�PDWUL[��(FRQRPHWULFD��YRO������SS����������

BBBBB������E���+\SRWKHVLV�WHVWLQJ�ZLWK�HIILFLHQW�PHWKRG�RI�PRPHQWV�HVWLPDWLRQ��,QWHUQDWLRQDO

(FRQRPLF�5HYLHZ��YRO��������SS����������

3KLOOLSV�� 3�� �������� $V\PSWRWLF� H[SDQVLRQV� LQ� QRQ�VWDWLRQDU\� YHFWRU� DXWRUHJUHVVLRQV�

(FRQRPHWULF�7KHRU\��YRO�������SS��������

3KLOOLSV��3���3HUURQ��3����������7HVWLQJ�IRU�D�XQLW�URRW�LQ�WLPH�VHULHV�UHJUHVVLRQV��%LRPHWULND�

YRO��������SS����������

6WROO��+����������7KH�VXSSO\�RI�GHDOHU�VHUYLFHV�LQ�VHFXULWLHV�PDUNHWV��-RXUQDO�RI�)LQDQFH��YRO�

������SS������������

7DXFKHQ�� *��� 3LWWV�� 0�� �������� 7KH� SULFH� YDULDELOLW\�YROXPH� UHODWLRQVKLS� RQ� VSHFXODWLYH

PDUNHWV��(FRQRPHWULFD��YRO������SS����������

7KHLO��+����������(FRQRPLF�IRUHFDVWV�DQG�SROLF\��$PVWHUGDP�

:HL�� 6��-�� ��������$QWLFLSDWLRQV� RI� IRUHLJQ� H[FKDQJH� YRODWLOLW\� DQG� ELG�DVN� VSUHDGV��1%(5

:RUNLQJ�3DSHU��QR��������0D\�

:KLWH��+����������$�KHWHURVFHGDVWLFLW\�FRQVLVWHQW�FRYDULDQFH�PDWUL[�HVWLPDWRU�DQG�D�GLUHFW�WHVW

IRU�KHWHURVFHGDVWLFLW\��(FRQRPHWULFD��YRO������SS����������

BBBBB���������0D[LPXP�OLNHOLKRRG�HVWLPDWLRQ�RI�PLVVSHFLILHG�PRGHOV��(FRQRPHWULFD��YRO�����

SS����������


