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:K\�GR�GLIIHUHQW�FRXQWULHV�KDYH�VXFK�GLIIHUHQW�OHYHOV�RI��DQG�WUHQG�UDWHV�LQ�LQHTXDOLW\"�,Q

KLV�FODVVLF������SDSHU�.X]QHWV�DGYDQFHG�WKH�WKHRUHWLFDO�FRQMHFWXUH�WKDW�D�QDWLRQ·V�LQFRPH

GLVWULEXWLRQ� EHFRPHV� OHVV�� UDWKHU� WKDQ� PRUH�� HJDOLWDULDQ� DV� LWV� OHYHO� RI� GHYHORSPHQW

LQFUHDVHV��2QO\�DIWHU�D�QDWLRQ�KDV�SDVVHG�VRPH�WKUHVKROG�OHYHO��JURZWK�EULQJV�DERXW�PRUH

HTXDOLW\�� ,Q� RWKHU� ZRUGV� .X]QHWV·� K\SRWKHVLV� VWDWHV� WKDW� WKH� HYROXWLRQ� RI� LQFRPH

GLVWULEXWLRQ�IROORZV�DQ�LQYHUWHG�8�VKDSHG�FXUYH��HFRQRPLF�H[SDQVLRQ�UHVXOWV�LQ�UHODWLYHO\

PRUH� LQHTXDOLW\� LQ� WKH� LQLWLDO� VWDJHV� RI� D� QDWLRQ·V� GHYHORSPHQW�� DQG� UHODWLYHO\� PRUH

HTXDOLW\�DW�DGYDQFHG�VWDJHV�

.X]QHWV·� K\SRWKHVLV� ZDV� EDVHG� RQ� WKH� WKHRULHV� RI� HFRQRPLF� JURZWK� SUHYDOHQW� LQ� WKH

ILIWLHV�WRJHWKHU�ZLWK�HPSLULFDO�REVHUYDWLRQ��7KRVH�WKHRULHV�H[SODLQHG�JURZWK�DV�D�SURFHVV

RI�VKLIWV�RI�WKH�ZRUNLQJ�IRUFH�IURP�WKH�WUDGLWLRQDO�UXUDO�WR�D�PRUH�SURGXFWLYH� LQGXVWULDO

VHFWRU��7KH� HPSLULFDO�REVHUYDWLRQ�ZDV� WKDW� WKH� UHODWLYH�GLIIHUHQFH� LQ� SHU� FDSLWD� LQFRPH

EHWZHHQ�WKH�UXUDO�DQG�XUEDQ�SRSXODWLRQV�GLG�QRW�QHFHVVDU\�GULIW�GRZQZDUG�LQ�WKH�SURFHVV

RI�HFRQRPLF�JURZWK��8QGHU� WKHVH�DVVXPSWLRQV��.X]QHWV� FRQMHFWXUHG�� WKH�GHYHORSPHQW

RI�D� W\SLFDO� FRXQWU\�ZDV� OLNHO\� WR�EH� FRXSOHG�ZLWK�ERWK�KLJKHU�SHU� FDSLWD� LQFRPHV� DQG

JUHDWHU�LQFRPH�LQHTXDOLW\��DV�LW�PHDQW�WKDW�RYHU�WLPH�DQ�LQFUHDVLQJO\�KLJKHU�IUDFWLRQ�RI�WKH

SRSXODWLRQ�ZRXOG�EH�ORFDWHG�LQ�WKH�PRUH�SURGXFWLYH�LQGXVWULDO�VHFWRU�

5HPDUN� 7KLV SDSHU ZDV VWDUWHG ZKLOH , ZDV YLVLWLQJ WKH 8& DW %HUNHOH\ DQG WKH ,0) LQ :DVKLQJWRQ '&� ,
ZRXOG OLNH WR WKDQN� ZLWKRXW LPSOLFDWLRQV� 0DJQXV %ORPVWU|P� %UXQR GH %RUJHU� 0DUWLQ )HWKHUVWRQ� 7LP
/DQH� :DOWHU 1RQQHPDQ� :LOIULHG 3DXZHOV� 5DPDQD 5DPDVZDP\� 0DWKHZ 7KDUDNDQ� %DUW 7XUWHOERRP�
DQG WKH UHIHUHHV IRU IXQGDPHQWDO FRPPHQWV DQG XVHIXO VXJJHVWLRQV RQ DQ HDUOLHU GUDIW RI WKLV SDSHU� DV ZHOO
DV WKH PHPEHUV RI WKH HOHFWURQLF GLVFXVVLRQ OLVW RQ HFRQRPLF JURZWK �PDMRUGRPR#XIVLD�DF�EH�� 7KH
ILQDQFLDO VXSSRUW IURP WKH )XQG IRU 6FLHQWLILF 5HVHDUFK� )ODQGHUV� LV JUHDWO\ DSSUHFLDWHG�
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�,Q� UHFHQW� \HDUV�� KRZHYHU�� WKH� FODVVLF� .X]QHWV� K\SRWKHVLV� KDV� FRPH� XQGHU� DWWDFN�� ,Q

SDUWLFXODU��$GHOPDQ� DQG�5RELQVRQ� >����@�RU�$QDQG� DQG�.DQEXU� >����@� DPRQJ�RWKHUV�

KDYH�GRFXPHQWHG�HYLGHQFH�VXJJHVWLQJ�WKDW�WKHUH�LV�OLWWOH³RU�DW�OHDVW�YHU\�LQFRQFOXVLYH³

HPSLULFDO�VXSSRUW�IRU�.X]QHWV·�FODLP��DOWKRXJK�PDQ\�HFRQRPLVWV��WDNH�LW�WR�EH�D�VW\OL]HG

IDFW�

7KLV�SDSHU�WDNHV�6LPRQ�.X]QHWV�QRQHWKHOHVV�VHULRXVO\��DOEHLW�PXFK�ZHDNHU� LQWHUSUHWHG�

:H�DGYDQFH�WKH�K\SRWKHVLV�WKDW�SHU�FDSLWD�*'3�PD\�QRW�EH�D�VXIILFLHQW�PHWULF�IRU�WKH

OHYHO� RI� ´GHYHORSPHQWµ� EHFDXVH� WKH� XQGHUO\LQJ� HFRQRPLF� JURZWK� IXQGDPHQWDOV� GLIIHU

VLJQLILFDQWO\�DFURVV�FRXQWULHV��,W�KDV�LQGHHG�EHHQ�HVWDEOLVKHG�LQ�ERWK�WKH�WKHRUHWLFDO�DQG

HPSLULFDO� OLWHUDWXUH� WKDW� JURZWK� IXQGDPHQWDOV�� VXFK� DV� WKH� LQYHVWPHQW� VKDUH� LQ� KXPDQ�

SK\VLFDO��DQG�NQRZOHGJH�FDSLWDO�IRU�LQVWDQFH��KDYH�GLIIHUHQW�LPSDFWV�RQ�HFRQRPLHV·�ORQJ�

UXQ�SHUIRUPDQFH� �H�J��5RPHU� >����@��5HEHOOR� >����@��0DQNLZ��5RPHU� DQG�:HLO� >����@�

/HYLQH� DQG� 5HQHOW� >����@�� 1RQQHPDQ� DQG� 9DQKRXGW� >����@� DPRQJ� PDQ\� RWKHUV��� ,W

WKHUHIRUH�PLJKW�ZHOO�EH�WKH�FDVH�WKDW�WZR�FRXQWULHV�DUH�REVHUYHG�ZKLFK�UHDFKHG�D�VLPLODU

OHYHO�RI�SHU�FDSLWD�LQFRPH��EXW�E\�IRFXVLQJ�RQ�GLIIHUHQW�IXQGDPHQWDOV��,I�WKRVH�HFRQRPLF

IXQGDPHQWDOV�KDYH�GLIIHUHQW�FRQVHTXHQFHV�IRU�WKH�GLVWULEXWLRQ�RI�WKH�DGGLWLRQDO� LQFRPH

JHQHUDWHG�E\�WKH�JURZWK�SURFHVV��WKH�LQFRQFOXVLYH�UHVXOWV�RI�UHJUHVVLRQV�RI�PHDVXUHV�RI

LQHTXDOLW\�RQ�SHU�FDSLWD�LQFRPH�LV�QRW�VXUSULVLQJO\��IRU�LPSRUWDQW�FRQWURO�YDULDEOHV�KDYH

EHHQ�RPLWWHG�

,Q� WKLV� SDSHU� ZH� ZLOO� WKHUHIRUH� HYDOXDWH� .X]QHWV·� K\SRWKHVLV� HPSLULFDOO\� ZLWKLQ� WKH

FRQWH[W� RI� � D� IRUPDO� PRGHO� LQ� ZKLFK� ERWK� SHU� FDSLWD� LQFRPH� DQG� LQHTXDOLW\� DUH

HQGRJHQRXVO\�GHWHUPLQHG��:H�EHOLHYH� WKDW�RXU�DSSURDFK�UHSUHVHQWV� WKH�ILUVW�DWWHPSW� LQ

WKLV�UHVSHFW��DQG�WKDW�D�UHVFXHG��WKRXJK�ZHDNHU��YHUVLRQ�RI�WKH�.X]QHWV�FXUYH�PD\�EH�D

YDOXDEOH�FRQWULEXWLRQ�WR�SROLF\�GHEDWHV�RQ�WKH�LVVXH�RI�LQHTXDOLW\�
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,Q� WKLV� VHFWLRQ�ZH� SUHVHQW� D� VLPSOH�PRGHO� ZKLFK�ZLOO� JHQHUDWH� LQHTXDOLW\� DQG� LQFRPH�

)ROORZLQJ�.X]QHWV� >����@� WKHUH�DUH� WZR� W\SHV�RI� ODERU� LQ� WKH�HFRQRP\�� ,Q� WKH�SUHVHQW

YHUVLRQ��KRZHYHU��WKHUH�ZLOO�QRW�EH�VXFK�WKLQJV�DV�UXUDO�DQG�XUEDQ�ODERU��:H�ZLOO�UDWKHU

IRFXV� RQ� XQVNLOOHG� ODERU� �/X��� KXPDQ� �+�� DQG� SK\VLFDO� �.�� FDSLWDO� DV� IDFWRUV� RI

SURGXFWLRQ�� :H� DVVXPH� WKDW� WKHUH� H[LVW� FDSLWDO� PDUNHW� LPSHUIHFWLRQV� DV� VXJJHVWHG� LQ

$JKLRQ�DQG�%ROWRQ�>����@��ZKLFK�IRUP�WKH�EDVLV�RI�FUHGLW��ERUURZLQJ��FRQVWUDLQWV�IRU�D

IUDFWLRQ����D��RI�WKH�ZRUNIRUFH��/���7KHVH�SHRSOH�FDQQRW�LQYHVW�LQ�IRUPDO�WUDLQLQJ�DQG�WKH

UHPDLQLQJ�IUDFWLRQ��D��KHQFHIRUWK�SRVVHVVHV�WKH�IXOO�VWRFN�RI�KXPDQ�FDSLWDO��7KH�ZHLJKWV

�D��DQG����D�³QRQ�]HUR�DQG�VWULFWO\�VPDOOHU�WKDQ��³DUH�NHSW�H[RJHQRXV��

:H� DVVXPH� WKDW� SURGXFWLRQ� LQ� WKH� JRRGV� SURGXFLQJ� VHFWRU� WDNHV� SODFH� DFFRUGLQJ� WR� D

0DQNLZ��5RPHU��:HLO�>����@�W\SH�RI�&REE�'RXJODV�SURGXFWLRQ�IXQFWLRQ�

Y K H Lt t t t uA
t

= ⋅ ⋅⋅ − −α β α β1 ���

ZLWK� α�β���� /X ���D�� /�� DQG� $� D� IDFWRU� ZKLFK� JURZV� H[RJHQRXVO\� DW� UDWH� [� DQG

LQIOXHQFHV�WKH�SURGXFWLYLW\�RI�WKH�ZRUNHUV��IRU�LQVWDQFH�EHFDXVH�RI�WHFKQRORJLFDO�FKDQJH�

,W�ZLOO�EH�FRQYHQLHQW�IRU�IXUWKHU�XVH�WR�H[SUHVV�HTXDWLRQ�����UHODWLYH�WR�WKH�ZRUNLQJ�IRUFH�

,I�ZH�GHILQH�\�DV�<�/��N�DV�.�/�DQG�K�DV�+�/��WKHQ�WKH�DYHUDJH�ODERU�SURGXFWLYLW\�DW�DQ\

WLPH�HTXDOV�

( )y A k h at t t t= ⋅ ⋅ ⋅ − − −α β α β1 1
����

7KH�ODZ�RI�PRWLRQ�IRU�WKH�SHU�FDSLWD�VWRFN�RI�SK\VLFDO�FDSLWDO�LV�VWDQGDUG��

� ( )k s y n x kt k t t= ⋅ − + + ⋅δ ����

$V�LQ�0DQNLZ��5RPHU�DQG�:HLO�>����@��ZH�DOORZ�WKH�DYHUDJH�VWRFN�RI�KXPDQ�FDSLWDO��K�

WR�HYROYH�RYHU�WLPH�LQ�D�VLPLODU�ZD\�

                                                          
� 7KH LQWHUHVWHG UHDGHU FDQ ILQG DQ H[FHOOHQW H[SRVLWLRQ RQ PLFURHFRQRPLF XQGHUSLQQHG WKHRU\ LQ WKLV

UHVSHFW LQ $JKLRQ DQG +RZLWW� &K� � >����@� %HFDXVH WKH IUDFWLRQV �D� DQG ���D� ZLOO EH FRQVWDQWV LQ WKH

VWHDG\ VWDWH LI HQGRJHQL]HG� WKH DVVXPHG H[RJHQHLW\ ZLOO QRW LQIOXHQFH WKH FURVV�FRXQWU\ VWHDG\ VWDWH

UHJUHVVLRQV ODWHU RQ�
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� ( )h s y n x ht h t t= ⋅ − + + ⋅δ ���

ZKLFK�EDVLFDOO\� UHIOHFWV� WKDW� WKH� VNLOOHG�ZRUNHUV� QHHG� WR� IRUJR� D� IUDFWLRQ� VK� RI� DYHUDJH

RXWSXW�SHU�SHUVRQ��GLUHFWO\�RU�LQGLUHFWO\�WKURXJK�WD[HV��LQ�RUGHU�WR�LPSURYH�WKHLU�OHYHO�RI

KXPDQ�FDSLWDO��DQG�WKXV�WKH�HFRQRP\�ZLGH�DYHUDJH�OHYHO�RI�KXPDQ�FDSLWDO�

:H�ZLOO�IXUWKHU�DVVXPH�WKHUH�H[LVWV�D�EDODQFHG�JURZWK�SDWK�RQ�ZKLFK�DOO�WKH�ORZHU�FDVH

YDULDEOHV�JURZ�DW�D�]HUR�UDWH��7KH�ORFL�IRU�ZKLFK�K�DQG�N�DUH�FRQVWDQW�WKHQ�DUH�
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ZKLFK� MRLQWO\�GHWHUPLQH�D�XQLTXH�DQG�VWDEOH�VWHDG\�VWDWH��6ROYLQJ� WKH�DERYH�V\VWHP�� ���

\LHOGV� UHGXFHG� IRUP� H[SUHVVLRQV� IRU� N
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XQGHUO\LQJ�H[RJHQRXV�HFRQRPLF�IXQGDPHQWDOV�

ln( ) ln( ) ln( ) ln( )

ln( ) ln( )

ln( ) ln( ) ln( ) ln( )

ln( ) ln( )

*

*

k A s s

n x a

h A s s

n x a

k h

k h

=
− −

⋅ +
−

− −
⋅ +

− −
⋅

−
− −

⋅ + + + −

=
− −

⋅ +
− −

⋅ +
−

− −
⋅

−
− −

⋅ + + + −

1

1

1

1 1

1

1
1

1

1 1

1

1

1

1
1

α β
β

α β
β
α β

α β
δ

α β
α
α β

α
α β

α β
δ

����
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$ GRW DERYH D YDULDEOH GHQRWHV D WLPH GHULYDWLYH
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1RZ�OHW�XV�WDNH�D�ORRN�DW�LQHTXDOLW\�LQ�WKLV�VLPSOH�HFRQRP\��,W�WXUQV�RXW�WKDW�ZH�QHHG�WR

GHILQH� LQHTXDOLW\� �∆�� DV� D� &REE�'RXJODV� W\SH� RI� IXQFWLRQ� RI� WKH� ZDJHV� RI� VNLOOHG� DQG

XQVNLOOHG�ODERU�ZHLJKHG�ZLWK�WKHLU�UHVSHFWLYH�VKDUHV�LQ�WRWDO�SRSXODWLRQ�LQ�RUGHU�WR�REWDLQ

D�SDUWLFXODU�NLQG�RI�.X]QHWV�UHODWLRQ�
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,Q�IDFW��WKH�HFRQRPLF�LQWHUSUHWDWLRQ�RI�∆� LV�VWUDLJKWIRUZDUG�� LW�SXWV�WKH�WRWDO�DPRXQW�RI

ZDJHV�UHFHLYHG�E\�RQH�VNLOOHG�SHUVRQ�>β\@�UHODWLYH�WR�WKH�ZDJH�LQFRPH�IRU�RQH�XQVNLOOHG

ZRUNHU�>���α�β�\@��HDFK�WHUP�SRZHUHG�ZLWK�DQ�HODVWLFLW\��λ� DQG�λ����7KH�UHODWLRQ�EHWZHHQ

WKH�OHYHO�RI�SHU�FDSLWD�LQFRPH�DQG��HDUQLQJV��LQHTXDOLW\�LV³DV�LQ�.X]QHWV�WKHRU\³FOHDUO\

SUHVHQW��2EYLRXVO\�λ��λ��UHVXOWV�LQ�GHFUHDVLQJ�LQHTXDOLW\�DV�\�LQFUHDVHV��7KH�HODVWLFLW\�λ�

PD\�EH�VPDOOHU�WKDQ�λ��H�J��EHFDXVH�D�UHODWLYHO\�ODUJH�IUDFWLRQ�RI�WKH�SRSXODWLRQ�EHORQJV

WR� WKH� VNLOOHG� FODVV�� ,QFUHDVLQJ� WKH� WRWDO� VKDUH� RI� ZDJHV� JRLQJ� WR� WKH� XQVNLOOHG� DW� WKH

H[SHQVH�RI�WKH�VNLOOHG�ZRXOG�WKHQ�LQGHHG�KDUP�WKH�ILUVW�FODVV�RQ�DYHUDJH��L�H��LQ�WHUPV�RI

HDUQLQJV�SHU�FDSLWD��IDU�OHVV�WKDQ�LW�ZRXOG�EHQHILW�WKH�ODWWHU�VR�WKDW�WKH�QHW�HIIHFW�RQ�∆�LV

QHJDWLYH��7KH� UHYHUVH� LQWXLWLRQ�KROGV� LI�RQO\� D� YHU\� VPDOO�SHUFHQWDJH�RI� WKH� SRSXODWLRQ

ZRXOG�EH�VNLOOHG��λ��λ�� LV�SUHVXPDEO\�WKH�FDVH� LQ�KLJKO\�GHYHORSHG�FRXQWULHV� �2(&'��

ZKHUHDV�λ�!λ��FDQ�EH�SUHVXPHG�LQ� OHVV�GHYHORSHG�FRXQWULHV� �/'&V�KHUHDIWHU���:H�ZLOO

WHVW�WKHVH�K\SRWKHVHV�LQ�WKH�HPSLULFDO�ZRUN��

<HW�\�HYROYHV�RYHU�WLPH³DQG�WKXV�VR�ZLOO�LQHTXDOLW\³GXH�WR�FKDQJHV�LQ�N�DQG�K�XQWLO�WKH

HFRQRP\�UHDFKHV�LWV�VWHDG\�VWDWH��&RQVHTXHQWO\��WKH�FHQWUDO�SUHGLFWLRQV�RI�WKLV�PRGHO�DUH

FRQFHUQHG�ZLWK�WKH�LPSDFW�RI�WKH�HFRQRPLF�IXQGDPHQWDOV�RQ�LQHTXDOLW\��6XEVWLWXWLQJ����

LQ�����DIWHU�KDYLQJ�WDNHQ�ORJV��ZH�ILQG�WKDW�WKH�VWHDG\�VWDWH�OHYHO�RI�LQHTXDOLW\�LV�

                                                          
� 2EYLRXVO\ λ�DQG λ� VKRXOG EH HQGRJHQL]HG� ,Q RXU YLHZ WKH\ DUH SRVVLEO\ GHWHUPLQHG E\ VXFK WKLQJV DV

WKH H[WHQW RI SDVVLYH DQG DFWLYH ODERU PDUNHW SROLFLHV� WD[ VFKHPHV� DQG SRWHQWLDO VSLOO�RYHUV RQ WKH �KXPDQ�

FDSLWDO VLGH� :H OHDYH WKLV LVVXH� KRZHYHU� IRU ODWHU UHVHDUFK VLQFH WKH IRFXV RI WKH SDSHU LV WR UHYHDO

HPSLULFDOO\ D UHODWLRQ EHWZHHQ HFRQRPLF IXQGDPHQWDOV DQG LQHTXDOLW\�
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ln ( ) [ln( ) ln( )]*

∆
∆

∆ ∆t te
0

01






 = − ⋅ −− ⋅µ ����

LQ�ZKLFK� OQ�∆
�� FDQ�EH� UHSODFHG�E\� HTXDWLRQ� �����7KXV�� LQ� WKLV�PRGLILHG�.X]QHWV� VWRU\

FKDQJHV� LQ� LQHTXDOLW\� DUH� H[SODLQHG� DV� D� IXQFWLRQ� RI� WKH� GHWHUPLQDQWV� RI� WKH� XOWLPDWH

VWHDG\�VWDWH�DQG�WKH� LQLWLDO� OHYHO�RI� LQHTXDOLW\��QR� ORQJHU�VROHO\�DV�D�VKLIW� LQ� WKH�ZRUNLQJ

IRUFH�

(TXDWLRQ� ����� KDV� WKH� DGYDQWDJH� RI� H[SOLFLWO\� WDNLQJ� LQWR� DFFRXQW� RXW�RI�VWHDG\�VWDWH

G\QDPLFV��$QRWKHU�DGYDQWDJH�RI�HTXDWLRQ������LV�WKDW�WKH�GHSHQGHQW�YDULDEOH�FRQVLVWV�RI

WUHQG� UDWHV� LQ� LQHTXDOLW\�� &RPSDULQJ� DEVROXWH� OHYHOV� RI� LQHTXDOLW\� LQGLFDWRUV� DFURVV

FRXQWULHV�LV�RIWHQ�FULWLFL]HG�EHFDXVH�RI�SRVVLEOH�PHDVXUHPHQW�HUURUV��,QGHHG��GLIIHUHQFHV

LQ� H�J�� WKH� TXHVWLRQQDLUHV� XVHG� WR� REWDLQ� LQIRUPDWLRQ� RQ� KRXVHKROGV·� HDUQLQJV� DQG

LQFRPHV�FHUWDLQO\�H[LVW�EHWZHHQ�FRXQWULHV��+RZHYHU��HVWLPDWLRQV�IRU��DQG�FRPSDULVRQV�RI

WUHQG�UDWHV�ZLOO�EH�XQELDVHG�DV�ORQJ�DV�WKH�PHDVXUHPHQW�HUURU�IRU�HDFK�FRXQWU\�UHPDLQV

FRQVLVWHQW�RYHU�WLPH�
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$� 63(&,),&$7,21

7KH� QDWXUDO� TXHVWLRQ� WR� FRQVLGHU� LV� ZKHWKHU� WKH� GDWD� VXSSRUW� WKLV� PRGLILHG� .X]QHWV

PRGHO·V� SUHGLFWLRQ� FRQFHUQLQJ� WKH� GHWHUPLQDQWV� RI� LQHTXDOLW\� LQ� D� EURDGHU

PDFURHFRQRPLF�FRQWH[W��)RU�GHYHORSHG�FRXQWULHV�ω�LV�SUHVXPDEO\�QHJDWLYH��DQG�WKXV�ZH

ZDQW�WR�LQYHVWLJDWH�ZKHWKHU�LQHTXDOLW\�LV�ORZHU�LQ�FRXQWULHV�ZLWK�KLJKHU�LQYHVWPHQW�VKDUHV

LQ�ERWK�SK\VLFDO�DQG�KXPDQ�FDSLWDO��DQG�KLJKHU�SRSXODWLRQ�JURZWK��7KH�RSSRVLWH�UHVXOWV

VKRXOG�VKRZ�XS�IRU�GHYHORSLQJ�FRXQWULHV�ZLWK�ω�SUHVXPDEO\�SRVLWLYH�

$V�LQ�0DQNLZ��5RPHU�DQG�:HLO�>����@�ZH�DVVXPH�WKDW�[�LV�FRQVWDQW�DFURVV�FRXQWULHV�LQ

WKH� VDPSOH�� 7KLV� YDULDEOH� SULPDULO\� UHIOHFWV� WKH� DGYDQFHPHQW� LQ� WHFKQRORJ\� ZKLFK� LV

DYDLODEOH� DV� D� SXEOLF� JRRG�� 7KH� UDWH� RI� WHFKQRORJLFDO� SURJUHVV� ZLOO� KHQFHIRUWK� EH

DSSUR[LPDWHO\� WKH� VDPH�� RU� DW� OHDVW� WKHUH� LV� QR� LQGLFDWLRQ� WR� DVVXPH� GLIIHUHQWO\�

+RZHYHU�� UHVRXUFH� HQGRZPHQWV�� LQVWLWXWLRQV�� SHRSOH·V� WHPSHU� DQG� VSHHG� RI� OHDUQLQJ�

WKHLU�ZLOOLQJQHVV� WR�ZRUN�DQG�VR�IRUWK��ZKLFK� LV�FDSWXUHG� LQ� WKH� LQLWLDO�FRQGLWLRQ�RI� WKH

WHFKQRORJ\�YDULDEOH�$��PD\�VXEVWDQWLDOO\�LQIOXHQFH�LQHTXDOLW\��/Q�$� OQ�$���[W�WKXV�PD\

EH�FRXQWU\�VSHFLILF��,W�LV�WKHUHIRUH�DVVXPHG�WKDW�OQ�$� D�X�LQ�ZKLFK�D�LV�D�FRQVWDQW�DQG�X

LV�D�FRXQWU\�VSHFLILF�VKRFN��,Q�DGGLWLRQ�ZH�DVVXPH�WKDW�FDSLWDO�PDUNHW�LPSHUIHFWLRQV�DUH

RQ�DYHUDJH�SUHWW\�PXFK�RI�HTXDO�LPSRUWDQFH�LQ�FRPSDUDEOH�FRXQWULHV�DQG�WKDW�GHYLDWLRQV

IURP� WKH� DYHUDJH� FDSLWDO� PDUNHW� LPSHUIHFWLRQ� DUH� UDQGRP�� /Q���D�� P\� WKXV� DOVR� EH

FRXQWU\� VSHFLILF� DQG� EH� UHSUHVHQWHG� DV� E�H� LQ�ZKLFK� E� LV� FRQVWDQW� DQG� H� LV� D� FRXQWU\

VSHFLILF�VKRFN��7KXV��WKH�ORJ�RI�LQHTXDOLW\�DW�D�JLYHQ�WLPH�IRU�D�JURXS�RI�VLPLODU�FRXQWULHV

LV�

[ ] [ ]ln( ) ln( ) ln( ) ln( ) ln( )*∆
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:H�IXUWKHU�DVVXPH�WKDW�WKH�ULJKW�KDQG�VLGH�YDULDEOHV�DUH�LQGHSHQGHQW�RI�WKH�HUURU�WHUP�

:H�H[SHFW�F��DQG�F��WR�EH�QHJDWLYH�LQ�D�VDPSOH�RI�KLJKO\�LQGXVWULDOL]HG�FRXQWULHV��2(&'�

ZKHUHDV�WKH�RSSRVLWH�VLJQV�DUH�H[SHFWHG�LQ�D�VDPSOH�RI�/'&V�

%� '$7$

'DWD� DUH� JDWKHUHG� IURP�YDULRXV� VRXUFHV�� ,Q�RUGHU� WR� EH� FRQVLVWHQW�ZLWK� WKH� WKHRUHWLFDO

IUDPHZRUN�ZH�QHHG�D�PHDVXUH�RI�SHUVRQDO�ZDJH�LQHTXDOLW\�DV�D�FORVH�SUR[\�IRU�∆��6XFK�D

PHDVXUH� LV�� KRZHYHU��QRW� UHDGLO\� DYDLODEOH��7KHUHIRUH�ZH�RSW� IRU� WKH� JLQL�FRHIILFLHQW� DV

PHDVXUH�RI� LQHTXDOLW\��7KLV�YDULDEOH� LV� WDNHQ�IURP�'HLQLQJHU�DQG�6TXLUH·V�QHZ�GDWDEDVH

RQ�LQHTXDOLW\�>����@��:H�DGG�D�FRXQWU\�WR�RXU�GDWDEDVH�LI�LW�LV�RI�KLJK�TXDOLW\�DFFRUGLQJ�WR

'HLQLQJHU�DQG�6TXLUH�DQG�LI�KDV�DW�OHDVW�WZR�JLQL�FRHIILFLHQWV�DYDLODEOH�EDVHG�RQ�D�VLPLODU

XQGHUO\LQJ� FRQFHSW� RI� LQFRPH� RU� H[SHQGLWXUH� �KRXVHKROG� RU� SHUVRQDO�� JURVV� RU� QHW��

)URP�WKHVH�REVHUYDWLRQV�DQQXDO�DYHUDJH�JURZWK�UDWHV�DUH�FRPSXWHG�ZLWK�ZKLFK�WKH�JLQL

FRHIILFLHQWV� DUH� UH�DGMXVWHG� WR� ����� DQG� ������� $YHUDJH� LQYHVWPHQW� VKDUHV� LQ� SK\VLFDO

FDSLWDO� �VN�� DUH� WDNHQ� IURP� WKH� 3HQQ�:RUOG� 7DEOH� PDUN� ����� 7KH� JURZWK� UDWHV� RI� WKH

ZRUNLQJ� SRSXODWLRQ� �Q�� DUH� FRPSXWHG� IURP� WKH� VDPH� VRXUFH�� $YHUDJHV� DUH� WDNHQ� IRU

�����������$V�IRU� WKH�DYHUDJH� LQYHVWPHQW� VKDUH� LQ�HGXFDWLRQ� �VK��ZH�ERUURZHG�%DUUR·V

DQG�/HH·V��´*((727µ�YDULDEOH��WRWDO�JRYHUQPHQW�H[SHQGLWXUH�RQ�HGXFDWLRQ�UHODWLYH�WR

*'3���$OO�GDWD�FDQ�EH�IRXQG�LQ�DSSHQGL[�

&� 5(68/76

:H� HVWLPDWH� HTXDWLRQV� ����� DQG� ����� LQ� ZKLFK� ZH� DVVXPH� WKDW� [�δ� LV� �� SHUFHQW�

UHDVRQDEOH� FKDQJHV� LQ� WKLV� DVVXPSWLRQ� KDYH� OLWWOH� HIIHFW� RQ� WKH� HVWLPDWHV�� %HFDXVH� WKH

JLQL�FRHIILFLHQWV�DUH�QRW�EDVHG�RQ�D�VLPLODU�FRQFHSW�RI�LQFRPH�DQG�H[SHQGLWXUH�IRU�DOO�WKH

FRXQWULHV��ZH�DGG�WKUHH�FRQWURO�YDULDEOHV��GXPPLHV��WR�HTXDWLRQV������DQG�������YL]��,�*

                                                          
� :H RSWHG IRU ���� DV WKH HQGSRLQW EHFDXVH WKLV UHTXLUHG WKH OHDVW QXPEHU RI DGMXVWPHQWV� $GMXVWPHQWV

ZHUH FDUULHG RXW XVLQJ D OLQHDU LQWHUSRODWLRQ�
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�LQFRPH� RU� H[SHQGLWXUH��� +�3� �KRXVHKROG� RU� SHUVRQDO�� DQG� 1�*� �QHW� RU� JURVV��� 7KH

VDPSOHV�HQFRPSDVV����2(&'�FRXQWULHV�DQG����/'&V�UHVSHFWLYHO\��7DEOH�,�UHSRUWV�WKH

UHVXOWV�

7DEOH ,� (VWLPDWLRQ 5HVXOWV IRU WKH 0RGLILHG .X]QHWV 0RGHO

2(&'�VDPSOH /'&�VDPSOH
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6WDQGDUG HUURUV EHWZHHQ EUDFNHWV�
� � VLJQLILFDQW DW WKH ��� OHYHO� ��� VLJQLILFDQW DW WKH �� OHYHO RU EHWWHU�

)RU�WKH�UHDGHUV·V�LQIRUPDWLRQ��ZH�DOVR�SURYLGH�HVWLPDWHV�RI�WKH�IROORZLQJ�W\SLFDO��.X]QHWV

HTXDWLRQ�
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� � VLJQLILFDQW DW WKH ��� OHYHO� ��� VLJQLILFDQW DW WKH �� OHYHO RU EHWWHU�

$OWKRXJK�WKH�VLJQV�RI�WKH�FRHIILFLHQWV�RQ�\�DQG�\���LQ�WDEOH�,,�FRQILUP�.X]QHWV�FRQMHFWXUH

�LQYHUWHG�8�VKDSH��� LW� LV� FOHDU� WKDW� WKH\� DUH� QRW� HVWLPDWHG� VWDWLVWLFDOO\� VLJQLILFDQW� DW� WKH

FRQYHQWLRQDO� FRQILGHQFH� OHYHOV��ZKLFK�SUHFLVHO\� IRUPV� WKH�EDVLV�RI�PXFK�GHEDWH� LQ� WKH

OLWHUDWXUH�� ,W� LV� DOVR� KDUG� WR� LQWHUSUHW� WKH� HVWLPDWHV� LQ� DQ� HRQRPLF� ZD\�� EHFDXVH� WKH

.X]QHWV�HTXDWLRQ�LV�QRW�GHULYHG�IURP�D�SDUWLFXODU�PRGHO�

7KUHH�PHVVDJHV� IURP� WKH� UHVXOWV� LQ� WDEOH� ,� OHDUQ� XV� WKDW� FRQWUROOLQJ� IRU� IDFWRUV� ZKLFK

LQIOXHQFH�WKH�VWHDG\�VWDWH�LQFRPH�OHYHO�WXUQV�RXW�WR�EH�D�YDOXDEOH�DOWHUQDWLYH��FRQVLVWHQW

ZLWK� WKH� QHRFODVVLFDO� WKHRU\�� )LUVW�� WKH� FRHIILFLHQWV� RQ� WKH� WUDGLWLRQDO� JURZWK

IXQGDPHQWDOV�KDYH� WKH�SUHGLFWHG� VLJQV� LQGLFDWLQJ� WKDW�ω� LV� QHJDWLYH� LQ� WKH�2(&'�DQG

SRVLWLYH� LQ�/'&V�� DQG�ZDOG�WHVWV� GR� QRW� UHMHFW� WKH� UHVWULFWLRQ� RQ� WKH� FRHIILFLHQWV�� 7KH

LQYHVWPHQW� VKDUH� LQ� SK\VLFDO� FDSLWDO� LV� HVWLPDWHG� VWDWLVWLFDOO\� VLJQLILFDQW� DW� WKH

FRQYHQWLRQDO�FRQILGHQFH� OHYHOV�� �$VVXPLQJ�RQH� WKLUG�IRU� WKH�FDSLWDO� VKDUH�α�� WKH�VWHDG\

VWDWH�VKDUH�RI�KXPDQ�FDSLWDO�LQ�*'3��β��FDQ�EH�HDVLO\�FRPSXWHG�IURP�WKH�FRHIILFLHQWV�RQ

OQ�VN��DQG�OQ�VK���α�β F��F����%DVHG�RQ�WKH�VWHDG\�VWDWH�UHJUHVVLRQV��β� �DPRXQWV�WR�����

SHUFHQW�IRU�WKH�2(&'�ZKLFK�LV�OHVV�WKDQ�WKH�YDOXH�UHSRUWHG�LQ�0DQNLZ��5RPHU�DQG�:HLO

>����@�IRU�WKLV�VDPSOH��EXW�FORVH�WR�WKH�RQH�UHSRUWHG�LQ�1RQQHPDQ�DQG�9DQKRXGW�>����@�

/'&V·� VWHDG\� VWDWH� VKDUH� RI� KXPDQ� FDSLWDO� LQ�*'3� WXUQV� RXW� WR� EH� RQO\� ���� SHUFHQW�

ZKLFK�LV�D�UDWKHU�ORZ�HVWLPDWH��:H�ZHUH��KRZHYHU��XQDEOH�WR�HVWLPDWH�WKH�FRHIILFLHQW�RQ

WKH� VKDUH� LQYHVWHG� LQ� HGXFDWLRQ� YHU\� SUHFLVHO\� H[FHSW� IRU� WKH� VWHDG\� VWDWH� 2(&'

UHJUHVVLRQ�

6HFRQG��WKH�HYLGHQFH�VWURQJO\�VXSSRUWV�WKH�LGHD�RI�FRQGLWLRQDO�FRQYHUJHQFH�LQ�LQHTXDOLW\�

,W�LV�QRWHZRUWK\�WKDW�/'&V�FRQYHUJH�PXFK�IDVWHU�WR�WKHLU�VWHDG\�VWDWH�OHYHO�RI�LQHTXDOLW\

WKDQ�2(&'�PHPEHUV��FI��LPSOLHG�µ�LQ�WDEOH�,��DIWHU�DQ�HFRQRPLF�VKRFN�KDV�WDNHQ�SODFH�

,Q�JHQHUDO�LQHTXDOLW\�FRQYHUJHV�DW�D�VXEVWDQWLDOO\�KLJKHU�UDWH�WRZDUGV�LWV�VWHDG\�VWDWH�OHYHO

WKDQ�WKH�W\SLFDOO\�UHSRUWHG���SHUFHQW�S�D��IRU�SHU�FDSLWD�LQFRPH��VHH�H�J��0DQNLZ��5RPHU

DQG� :HLO� >����@�� RU� %DUUR� DQG� 6DOD�L�0DUWLQ� >����@��� � 7KH� HODVWLFLWLHV� UHJDUGLQJ� WKH

LQYHVWPHQW� VKDUHV� DUH� DOVR� VPDOOHU� LQ� DEVROXWH� WHUPV� WKDQ� VLPLODU� HODVWLFLWLHV� LQ� JURZWK

UHJUHVVLRQV��&RPSDUH�RXU�UHVXOWV�IRU�LQVWDQFH�ZLWK�WKH�RQHV�UHSRUWHG�LQ�0DQNLZ�5RPHU

DQG�:HLO� >����@�� WKH�HODVWLFLW\�RI�HFRQRPLF�JURZWK�Z�U�W�� WKH� VKDUH� LQYHVWHG� LQ�SK\VLFDO

FDSLWDO�LV�DERXW�������DQG�WKH�HODVWLFLW\�UHJDUGLQJ�LQYHVWPHQW�LQ�KXPDQ�FDSLWDO�DERXW�����
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IRU� WKH�2(&'�VDPSOH��)RU� WKHLU� LQWHUPHGLDWH� VDPSOH� WKHVH�YDOXHV� WXUQ�RXW� WR�EH�����

DQG� ����� UHVSHFWLYHO\�� 6KRFNV� LQ� HFRQRPLF� IXQGDPHQWDOV� KDYH� DSSDUHQWO\� D� IDU� PRUH

LPSRUWDQW� LPSDFW� RQ� HFRQRPLF� JURZWK� WKDQ� RQ� FKDQJHV� LQ� LQHTXDOLW\�� (VSHFLDOO\� WKH

DFFXPXODWLRQ� RI� SK\VLFDO� FDSLWDO� VHHPV� WR� FRQWULEXWH� PXFK� PRUH� WR� WKH� SURFHVV� RI

HFRQRPLF� JURZWK� WKDQ� LW� DIIHFWV� WKH� WUHQG� UDWH� RI� WKH� LQFRPH� GLVWULEXWLRQ�� $� VLPLODU

FRQFOXVLRQ�KROGV�IRU�WKH�OHYHOV�RI�SHU�FDSLWD�LQFRPH�DQG�LQHTXDOLW\�

7KLUG�� WKH� PRGHO� H[SODLQV� DERXW� ��� SHUFHQW� RI� WKH� YDULDWLRQ� LQ� WKH� OHYHO� RI� WKH� JLQL

FRHIILFLHQWV��DQG�RQ�DYHUDJH����SHUFHQW�RI�WKH�YDULDWLRQ�LQ�WKH�HYROXWLRQ�RI�LQHTXDOLW\�

)LQDOO\��ZH�FDQ�VKRZ�WKDW�WKH�PHUH�IDFW�RI�FRQWUROOLQJ�IRU�HFRQRPLF�IXQGDPHQWDOV�ZKLFK

LQIOXHQFH� WKH� VWHDG\� VWDWH�SHU�FDSLWD� LQFRPH� OHYHO� LQ� WKH� DG�KRF�.X]QHWV� HTXDWLRQ� ����

SUHWW\� PXFK� VROYHV� WKH� SX]]OH� LQ� WKH� OLWHUDWXUH� RQ� WKH� H[LVWHQWV� RI� D� .X]QHWV� FXUYH�

7KHUHIRUH�WDEOH�,,,�VKRZV�UHVXOWV�IRU�WKH�HVWLPDWLRQ�RI�
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���� VLJQLILFDQW DW WKH ��� OHYHO� ��� VLJQLILFDQW DW WKH �� OHYHO RU EHWWHU�

2XU�LQWXLWLRQ�LQGHHG�WXUQV�RXW�WR�EH�VXFFHVVIXOO\�FRQILUPHG��&RPSDUHG�WR�WKH�UHVXOWV�LQ
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