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3ULQFLSDO�$JHQW 0RGHOV RI &(2

3D\�)RU�3HUIRUPDQFH 5HODWLRQVKLSV

'DYLG 6� .DSODQ�

%XUHDX RI /DERU 6WDWLVWLFV�

2FWREHU �� ����

$EVWUDFW

, HVWLPDWH &(2 SD\�IRU�SHUIRUPDQFH VFKHGXOHV IRU WZR SXUSRVHV� )LUVW�

WKH SUHGLFWLRQV RI VHYHUDO DJHQF\ DQG VRUWLQJ PRGHOV DUH WHVWHG� 6HFRQG�

WKH YDOLGLW\ RI D FRPPRQ REVHUYDWLRQ�FRPSODLQW DERXW &(2 FRPSHQVDWLRQ

SROLFLHV LV H[DPLQHG� 7KH SULQFLSDO HPSLULFDO ¿QGLQJ LV WKDW &(2V RI ¿UPV

WKDW DUH SURQH WR KLJK �VWRFN�PDUNHW� SHUIRUPDQFH YRODWLOLW\ UHFHLYH FRP�

SHQVDWLRQ VFKHGXOHV WKDW OLH HQWLUHO\ DERYH WKH VFKHGXOHV RI RWKHU &(2V�

7KLV VKRZV WKDW WKH KLJK OHYHOV RI SD\ FDQQRW EH FRPSHQVDWLRQ IRU EHDULQJ

PRUH ULVN� +D]DUG PRGHOV VKRZ &(2V RI KLJK YRODWLOLW\ ¿UPV DOVR KDYH

ORZHU SUREDELOLWLHV RI WXUQRYHU�

5 %XUHDX RI /DERU 6WDWLVWLFV� � 0DVVDFKXVHWWV $YH�� 1�(�� 5RRP ����� :DVKLQJWRQ� '&
����������� NDSODQBG#EOV�JRY� , ZRXOG OLNH WR WKDQN )HOLSH %DOPDFHGD� )UDQ %ODX� .HQ
&KD\� 7RGG .HLVWHU� .HYLQ 0XUSK\� 5RE 2OVHQ� $QG\ 6FKQHLGHU� 5DPVH\ 6KHKDGHK� 7LP
9RJHOVDQJ� DQG VHPLQDU SDUWLFLSDQWV DW WKH %/6� &RUQHOO 8QLYHUVLW\� WKH 8QLYHUVLW\ RI ,OOL�
QRLV� DQG WKH 8QLYHUVLW\ RI 7H[DV DW 'DOODV� , HVSHFLDOO\ WKDQN -RKQ $ERZG DQG %RE *LE�
ERQV IRU WKHLU KHOS RQ HDUOLHU GUDIWV� $OO UHPDLQLQJ HUURUV DUH PLQH�
5 7KH RSLQLRQV H[SUHVVHG LQ WKLV SDSHU UHÀHFW WKH YLHZV RI WKH DXWKRU� DQG GR QRW UHÀHFW
WKH SROLFLHV RI WKH %XUHDX RI /DERU 6WDWLVWLFV RU WKH YLHZV RI RWKHU VWDII PHPEHUV�



�� ,QWURGXFWLRQ

$ FRPPRQ FRPSODLQW DERXW 8�6� H[HFXWLYH FRPSHQVDWLRQ SODQV LV WKDW WKH\ DUH DV\PPHWULF LQ WKHLU

WUHDWPHQW RI SHUIRUPDQFH� WKDW LV� H[HFXWLYHV DUH UHZDUGHG IRU DERYH DYHUDJH SHUIRUPDQFH DQG QRW

SXQLVKHG IRU EHORZ DYHUDJH SHUIRUPDQFH� &U\VWDO H[SUHVVHV WKLV YLHZ LQ KLV ���� ERRN� ZKHUH KH

VWDWHV

8QKDSSLO\ IRU WKH 8�6� HFRQRP\� WKHUH DUH WRR PDQ\ &(2V ZKR UHFHLYH HVSHFLDOO\ KLJK

SD\ EXW ZKRVH FRPSDQLHV IDLO WR GHOLYHU HYHQ DYHUDJH SHUIRUPDQFH�

1RWH WKDW &U\VWDO GRHV QRW FODLP WKDW &(2V RI ¿UPV WKDW SHUIRUP SRRUO\ PRUH WKDQ UHFRXS WKHLU

ORVVHV ZKHQ SHUIRUPDQFH LPSURYHV� &U\VWDO¶V FODLP LV WKDW PDQ\ &(2V UHFHLYH HVSHFLDOO\ KLJK SD\

GXULQJ SHULRGV RI SRRU ¿UP SHUIRUPDQFH� , ZLOO SUHVHQW HYLGHQFH LQ VHFWLRQ � RI WKH SDSHU VKRZLQJ

WKDW &(2 FRPSHQVDWLRQ GDWD DUH VRPHZKDW FRQVLVWHQW ZLWK &U\VWDO¶V FURVV�VHFWLRQDO REVHUYDWLRQV�

&U\VWDO DOVR VWDWHV

���D &(2 ZKR ZDQWV WR PD[LPL]H KLV LQFRPH ZRXOG GR ZHOO QRW WR DLP IRU VWHDG\ JURZWK

DQG VROLG UHWXUQ OHYHOV� EXW UDWKHU WR DLP IRU KLJKO\ HUUDWLF JURZWK�

7KH PDLQ SRLQW RI WKLV SDSHU LV WR DGYDQFH WKH K\SRWKHVLV WKDW &U\VWDO JRW LW EDFNZDUGV� 3HUKDSV

&(2V GR QRW UHFHLYH KLJKHU OHYHOV RI FRPSHQVDWLRQ E\ SURGXFLQJ KLJKO\ HUUDWLF JURZWK� EXW ¿UPV

SURQH WR KLJKO\ HUUDWLF JURZWK RIIHU FRPSHQVDWLRQ FRQWUDFWV WKDW SURYLGH KLJK SD\ IRU DOO OHYHOV RI

SHUIRUPDQFH� 7KLV FRXOG RFFXU EHFDXVH RI WKH QHHG WR KLUH EHWWHU &(2V� RU WKH QHHG WR SD\ DQ

HI¿FLHQF\ ZDJH DV LQ 6KDSLUR DQG 6WLJOLW] ������ DQG $NHUORI DQG <HOOHQ �������

%HIRUH SURFHHGLQJ DQ\ IXUWKHU� , ZRXOG OLNH WR LOOXVWUDWH RQH FDQGLGDWH H[SODQDWLRQ IRU &U\VWDO¶V
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3D\

ILUP�SHUIRUPDQFH

REVHUYHG��SD\

SD\�VFKHGXOH�IRU

ORZ�YRODWLOLW\�ILUP

SD\�VFKHGXOH�IRU

KLJK�YRODWLOLW\�ILUP

)LJXUH �� +\SRWKHVL]HG &RPSHQVDWLRQ LQ D &URVV�6HFWLRQ

REVHUYDWLRQV� ZKLFK LV QRWKLQJ PRUH WKDQ D VWDQGDUG RPLWWHG YDULDEOH VWRU\� 6XSSRVH WKDW DOO &(2

FRPSHQVDWLRQ FRQWUDFWV KDG WKH VDPH SD\�SHUIRUPDQFH VORSH� EXW ¿UPV SURQH WR KLJK SHUIRUPDQFH

YDULDWLRQ RIIHUHG FRQWUDFWV ZLWK YHU\ KLJK LQWHUFHSWV �EDVH VDODULHV�� ,I ZH VHH D ¿UP SHUIRUPLQJ DW

WKH ERWWRP RI WKH PDUNHW�ZLGH SHUIRUPDQFH GLVWULEXWLRQ� ZH DUH DOPRVW FHUWDLQO\ REVHUYLQJ D KLJK

YRODWLOLW\ ¿UP� :KLOH� E\ DVVXPSWLRQ� WKLV &(2 LV SXQLVKHG IRU SRRU SHUIRUPDQFH DV PXFK DV DQ\

RWKHU� ZH PLJKW VHH KLJK SD\ UHODWLYH WR RWKHU &(2V GXH WR WKH GLIIHUHQFH LQ LQWHUFHSWV� ,Q WKLV

ZRUOG� D FURVV�VHFWLRQDO SORW RI &(2 FRPSHQVDWLRQ RQ UHDOL]HG SHUIRUPDQFH PLJKW ORRN OLNH ¿JXUH

�� LQ ZKLFK LW DSSHDUV WKDW &(2V DUH QRW SXQLVKHG IRU ORZ OHYHOV RI SHUIRUPDQFH� (VWLPDWHV RI WKH

SD\�SHUIRUPDQFH VORSH LQ FURVV�VHFWLRQDO GDWD WKDW LJQRUHG WKH GLIIHUHQFHV LQ LQWHUFHSWV ZRXOG EH

ELDVHG GRZQZDUG IRU ORZ OHYHOV RI SHUIRUPDQFH� DQG ELDVHG XSZDUG IRU KLJK OHYHOV RI SHUIRUPDQFH�

2QH SXUSRVH RI WKLV SDSHU LV WR H[DPLQH HPSLULFDOO\ ZKHWKHU &U\VWDO¶V REVHUYDWLRQV FRXOG KDYH EHHQ

GULYHQ E\ WKLV RPLWWHG YDULDEOH ELDV� , ZLOO DOVR GHYHORS DJHQF\ PRGHOV WKDW DUH FRQVLVWHQW ZLWK WKLV

VWRU\�
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7KLV LV D YHU\ VLPLODU VWRU\ WR WKH RQH WROG LQ 0XUSK\ ������� 0XUSK\ DUJXHG WKDW ODUJH ¿UPV

WHQG WR SD\ WKHLU &(2V PRUH� DQG H[KLELW ORZHU OHYHOV RI SHUIRUPDQFH WKDQ WKHLU VPDOOHU FRXQ�

WHUSDUWV� 7KH RPLVVLRQ RI D PHDVXUH RI VL]H WKHUHIRUH LQGXFHV D GRZQZDUG ELDV LQ WKH HVWLPDWH

RI WKH VHQVLWLYLW\ RI SD\ WR SHUIRUPDQFH� ,Q P\ VWRU\� ¿UPV SURQH WR ODUJH SHUIRUPDQFH YDULDWLRQ

RIIHU WKHLU H[HFXWLYHV KLJK SD\ DQG DFFRXQW IRU D GLVSURSRUWLRQDWHO\ KLJK SHUFHQWDJH RI ¿UPV ZLWK

H[WUHPHO\ ORZ DQG KLJK SHUIRUPDQFH OHYHOV� $ QHJDWLYH ELDV LV WKHUHIRUH LQGXFHG LQ WKH HVWLPDWH

RI WKH SD\�SHUIRUPDQFH VHQVLWLYLW\ IRU ORZ SHUIRUPDQFH OHYHOV� DQG D SRVLWLYH ELDV LV LQGXFHG IRU

KLJK SHUIRUPDQFH OHYHOV� ,Q VHFWLRQ �� , SUHVHQW HPSLULFDO HYLGHQFH RQ &(2 SD\ SURYLGLQJ VRPH

VXSSRUW IRU WKLV FRQFOXVLRQ��

, DP QRW WKH ¿UVW WR DUJXH WKDW ¿UPV VLWXDWHG LQ YRODWLOH HQYLURQPHQWV PLJKW SD\ WKHLU H[HFXWLYHV

D KLJKHU H[SHFWHG OHYHO RI FRPSHQVDWLRQ� %DUWOHWW� *UDQW� DQG 0LOOHU ������ DQG 5RVH DQG 6KHSDUG

������ DUJXH WKDW ¿UPV SURQH WR KLJK SHUIRUPDQFH YDULDWLRQ PLJKW EH IRUFHG WR RIIHU WKHLU &(2V

KLJKHU DYHUDJH SD\ WR FRPSHQVDWH WKHP IRU WKH LQFUHDVHG ULVN WKHVH &(2V IDFH� 7R IRUPDOL]H WKLV

DUJXPHQW� FRQVLGHU D SULQFLSDO�DJHQW PRGHO LQ ZKLFK D ULVN�QHXWUDO SULQFLSDO �ERDUG RI GLUHFWRUV�

DVVLJQV D ULVN�DYHUVH &(2 WR D WDVN WKDW \LHOGV DQ RXWSXW DFFRUGLQJ WR WKH IROORZLQJ SURGXFWLRQ

IXQFWLRQ

+ ' & E@n 0� c ���

ZKHUH + LV WKH &(2¶V FRQWULEXWLRQ WR ¿UP YDOXH� & : f� @ LV WKH DFWLRQ �HIIRUW� WDNHQ E\ WKH

&(2� DQG 0 KDV D QRUPDO GLVWULEXWLRQ ZLWK D PHDQ RI ]HUR DQG D VWDQGDUG GHYLDWLRQ RI j�� 7KLV

LV HVVHQWLDOO\ WKH PRGHO WKDW GULYHV PRVW VWXGLHV RQ H[HFXWLYH SD\� DOWKRXJK WKH SDUDPHWHU & LV QRW

4 $JJDUZDO DQG 6DPZLFN �IRUWKFRPLQJ� PDNH D VLPLODU SRLQW� EXW WKH\ GR QRW PHQWLRQ WKH XSZDUG ELDV RQ WKH
SD\�SHUIRUPDQFH FRHI¿FLHQW IRU KLJK OHYHOV RI SHUIRUPDQFH� 7KH\ DOVR GR QRW H[SORUH DJHQF\ PRGHOV WKDW ZRXOG EH

FRQVLVWHQW ZLWK WKH GLIIHUHQFHV LQ OHYHOV RI SD\ WKDW ELDV WKH HVWLPDWHG SD\�SHUIRUPDQFH VORSH�
5 , ZLOO RIWHQ UHIHU WR d DV HIIRUW IRU VLPSOLFLW\� +LJKHU YDOXHV RI d VKRXOG UHDOO\ EH WKRXJKW RI DV DFWLRQV PRUH

FRQVLVWHQW ZLWK ¿UP YDOXH� DV RSSRVHG WR WKRVH WKDW EULQJ D SULYDWH EHQH¿W WR WKH &(2�
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QRUPDOO\ FRQVLGHUHG� , ZLOO IXUWKHU DVVXPH D OLQHDU ZDJH FRQWUDFW RI WKH IRUP

` ' 7 n K+c ���

ZKHUH ` LV WKH &(2¶V ZDJH� 7 LV D EDVH VDODU\ DQG K LV WKH SLHFH UDWH� 1RWH WKDW� FRQGLWLRQDO

RQ @� WKH VWDQGDUG GHYLDWLRQ RI SHUIRUPDQFH LV &j� VR ZH KDYH WZR SDUDPHWHUV WKDW GHWHUPLQH WKH

³ULVNLQHVV´ RI WKH HQYLURQPHQW� :H ZLOO VHH� KRZHYHU� WKDW WKHVH WZR SDUDPHWHUV KDYH LPSRUWDQW

GLIIHUHQFHV LQ WKH ZD\ WKH\ DIIHFW WKH RSWLPDO ZDJH FRQWUDFW IRU WKH &(2� 6XSSRVH IXUWKHU WKDW WKH

&(2¶V XWLOLW\ IXQFWLRQ LV

� i T

�
�

�
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2
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� ���

7KLV IXQFWLRQDO IRUP IRU XWLOLW\ LV XVHG H[WHQVLYHO\ EHFDXVH LW \LHOGV D FORVHG IRUP VROXWLRQ IRU

H[SHFWHG XWLOLW\� $V , ZLOO GLVFXVV LQ VHFWLRQ �� � LV D PHDVXUH RI &(2 DELOLW\�

)LUVW FRQVLGHU WKH LPSDFW RI j� ZKLFK LV DVVXPHG WR EH WKH VRXUFH RI SHUIRUPDQFH YDULDWLRQ LQ

PRVW VWXGLHV RI &(2 SD\� 1RWH WKDW ZKLOH j KDV QR HIIHFW RQ WKH SURGXFWLYLW\ RI WKH &(2¶V HIIRUW� j

GRHV KDYH DQ LPSDFW RQ WKH FRVW RI HOLFLWLQJ HIIRUW� 7KLV FRVW DULVHV IURP WKH IDFW WKDW WKH SULQFLSDO

FDQ RQO\ HOLFLW KLJK OHYHOV RI @ E\ OLQNLQJ WKH &(2¶V ZDJH WR SURGXFWLRQ �+� UDWKHU WKDQ WR @ LWVHOI�

7KLV OLQN EHWZHHQ SD\ DQG SHUIRUPDQFH FDQ LPSRVH HQRUPRXV ULVN RQ D &(2 ZKHQ j LV KLJK� ,I

WKH SULQFLSDO GHFLGHV WR HOLFLW D KLJK OHYHO RI @ GHVSLWH D KLJK OHYHO RI j� WKH SULQFLSDO ZRXOG QHHG

WR FRPSHQVDWH WKH &(2 IRU EHDULQJ KLJK FRPSHQVDWLRQ ULVN� ,W KDV EHHQ NQRZQ IRU D ORQJ WLPH WKDW

DQ LQFUHDVH LQ j ZLOO FHUWDLQO\ OHDG WKH SULQFLSDO WR FKRRVH D ORZHU K �LQGXFLQJ WKH &(2 WR VXSSO\

D ORZHU @�� EXW LW LV SRVVLEOH IRU 7 WR ULVH HQRXJK VR WKDW WKH H[SHFWHG ZDJH ULVHV�

$VVXPLQJ .d` o ULVHV� KRZHYHU� ZH FDQ REWDLQ DQRWKHU HPSLULFDO SUHGLFWLRQ� 7R VHH WKLV� ¿UVW

QRWH WKDW WKH VWDQGDUG GHYLDWLRQ RI WKH &(2¶V ZDJH LV K&j� :H DOUHDG\ NQRZ K ZLOO IDOO LQ UHVSRQVH
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:
SD\�VFKHGXOH�IRU�D

KLJK�σ�&(2

SD\�VFKHGXOH�IRU�D

ORZ�σ�&(2

�� �\�D�

:
SD\�VFKHGXOH�IRU�D

KLJK�σ�&(2

SD\�VFKHGXOH�IRU�D

ORZ�σ�&(2

)LJXUH �� 3D\ 6FKHGXOHV IURP WKH 6WDWLF 0RGHO

WR DQ LQFUHDVH LQ j� EXW VXSSRVH K IDOOV VR PXFK WKDW WKH TXDQWLW\ K&j DOVR IDOOV� 7KLV ZRXOG WHOO XV

WKDW WKH &(2¶V H[SHFWHG ZDJH ULVHV ZLWK j� DQG WKH VWDQGDUG GHYLDWLRQ RI ` IDOOV� 6LQFH WKH &(2

LV DOVR VXSSO\LQJ OHVV @� WKH &(2¶V H[SHFWHG XWLOLW\ ZRXOG EH LQFUHDVLQJ LQ jc ZKLFK FDQQRW KROG LQ

WKH RSWLPDO FRQWUDFW� 3XW VLPSO\� JLYHQ DQ LQFUHDVH LQ j� DQ LQFUHDVH LQ WKH H[SHFWHG ZDJH LV RQO\

SRVVLEOH LI WKH VWDQGDUG GHYLDWLRQ RI ` � K&jc DOVR LQFUHDVHV� )LJXUH � GHSLFWV WKH SD\�SHUIRUPDQFH

UHODWLRQVKLSV LPSOLHG E\ WKLV PRGHO LI WKH H[SHFWHG ZDJH LV LQFUHDVLQJ LQ j�

)LJXUH � DOVR SRLQWV RXW WKH EHQH¿WV RI VWDQGDUGL]LQJ WKH SHUIRUPDQFH PHDVXUH ZKHQ SORWWLQJ

FRPSHQVDWLRQ VFKHGXOHV� 6WDQGDUGL]DWLRQ DOORZV XV WR HYDOXDWH WKH GRZQVLGH ULVN DVVRFLDWHG ZLWK

WKH FRQWUDFWV� DV ZHOO DV WKHLU FRPSHQVDWLRQ OHYHOV� :KHQ SHUIRUPDQFH LV QRW VWDQGDUGL]HG �DV LQ

WKH OHIW SDQHO�� LW DSSHDUV DV LI WKH &(2 RI WKH KLJK j ¿UP VKRXOG EH OHVV FRQFHUQHG DERXW WKH

SRVVLELOLW\ RI SRRU SHUIRUPDQFH� VLQFH KHU FRPSHQVDWLRQ LV OHVV UHVSRQVLYH WR SHUIRUPDQFH� 7KLV

LV DFWXDOO\ QRW WKH FDVH� VLQFH ORZ UHDOL]DWLRQV RI QRQ�VWDQGDUGL]HG SHUIRUPDQFH DUH PXFK PRUH
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OLNHO\ ZKHQ j LV KLJK� /RRNLQJ DW WKH SORW ZLWK VWDQGDUGL]HG SHUIRUPDQFH �WKH ULJKW SDQHO� VKRZV

WKDW WKH &(2 RI WKH KLJK j ¿UP VKRXOG EH PRUH FRQFHUQHG DERXW HQGLQJ XS LQ WKH ORZHU WDLO RI

KHU SHUIRUPDQFH GLVWULEXWLRQ� 7KH LPSRUWDQFH RI VWDQGDUGL]DWLRQ ZLOO DULVH DJDLQ LQ WKH HPSLULFDO

VHFWLRQ RI WKH SDSHU�

1RZ FRQVLGHU WKH HIIHFWV RI WKH SDUDPHWHU &� ,W VKRXOG EH FOHDU WKDW & KDV QR LPSDFW RQ WKH FRVW

RI LPSOHPHQWLQJ D FRQWUDFW WKDW HOLFLWV D ¿[HG OHYHO RI @� ,I D SULQFLSDO GHVLUHV VRPH e@� LW LV HDV\ WR

VKRZ WKDW VHWWLQJ K ' e@

&
SURYLGHV WKH &(2 ZLWK WKH DSSURSULDWH LQFHQWLYHV DQG VDPH FRPSHQVDWLRQ

ULVN� UHJDUGOHVV RI &� 7KH RSWLPDO ZDJH FRQWUDFW GRHV� KRZHYHU� UHTXLUH WKDW WKH &(2 H[HUW KLJKHU

HIIRUW ZKHQ & LV KLJK� 7KLV ZLOO UHTXLUH WKDW WKH &(2 EH FRPSHQVDWHG ERWK IRU H[HUWLQJ KLJKHU

HIIRUW DQG EHDULQJ JUHDWHU FRPSHQVDWLRQ ULVN� 6LQFH WKHVH SD\ VFKHGXOHV VKRXOG ORRN PXFK OLNH

WKRVH LQ ¿JXUH �� , GR QRW SORW WKHP VHSDUDWHO\�

1HLWKHU RI WKHVH VWRULHV GRHV D JRRG MRE H[SODLQLQJ &U\VWDO¶V REVHUYDWLRQV� %RWK PRGHOV SUHGLFW

WKDW WKH &(2V RI KLJK YRODWLOLW\ ¿UPV VKRXOG EH SDUWLFXODUO\ SXQLVKHG IRU SHUIRUPDQFH UHDOL]DWLRQV

LQ WKHLU ORZHU WDLO� 7KLV LV QRW ZKDW &U\VWDO REVHUYHG� ,Q VHFWLRQ �� , ZLOO VKRZ WKDW WKH VLPSOH

DJHQF\ VWRULHV GHVFULEHG DERYH GR QRW DFFRUG ZHOO ZLWK WKH FRPSHQVDWLRQ GDWD XVHG LQ WKLV SDSHU�

LQ DGGLWLRQ WR QRW DFFRUGLQJ ZHOO ZLWK &U\VWDO¶V REVHUYDWLRQV�

7KH RXWOLQH IRU WKH UHVW RI WKH SDSHU LV DV IROORZV� 6HFWLRQ � GLVFXVVHV WKH GDWD DQG HPSLULFDO

PHWKRGRORJ\ , XVH WR HVWLPDWH WKH HIIHFW RI SHUIRUPDQFH YDULDELOLW\ RQ &(2 FRPSHQVDWLRQ� ,

SUHVHQW HPSLULFDO UHVXOWV LQ VHFWLRQ �� ZKHUH , VKRZ WKDW &(2V RI KLJK YRODWLOLW\ ¿UPV UHFHLYH KLJK

SD\� DQG H[KLELW ORZHU SUREDELOLWLHV RI WXUQRYHU� WKDQ WKHLU FRXQWHUSDUWV LQ ORZ YRODWLOLW\ ¿UPV� , DOVR

SUHVHQW HYLGHQFH LQ VHFWLRQ � WKDW WKH IDLOXUH WR DFFRXQW IRU WKH HIIHFWV RI YRODWLOLW\ RQ FRPSHQVDWLRQ

OHDGV WR WKH ELDVHV GLVFXVVHG HDUOLHU LQ WKLV LQWURGXFWLRQ� 6HFWLRQ � VKRZV WKDW D VRUWLQJ PRGHO FDQ
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RQO\ H[SODLQ P\ HPSLULFDO UHVXOWV LI YRODWLOLW\ LV SRVLWLYHO\ FRUUHODWHG ZLWK WKH SURGXFWLYLW\ RI &(2

DFWLRQV� LQ FRQWUDVW WR WKH VWDQGDUG DVVXPSWLRQ LQ WKH OLWHUDWXUH� 6HFWLRQ � SUHVHQWV D G\QDPLF

DJHQF\ PRGHO LQ ZKLFK SD\�IRU�SHUIRUPDQFH DQG WKUHDW RI GLVPLVVDO DUH XVHG DV LQFHQWLYH DOLJQLQJ

WRROV� DQG FRPSDUHV WKHLU SUHGLFWLRQV WR WKH UHVXOWV LQ VHFWLRQ �� 6HFWLRQ � FRQWDLQV FRQFOXVLRQV IRU

WKH SDSHU�

�� (PSLULFDO ,PSOHPHQWDWLRQ

��� 2EMHFWLYH

,Q WKH LQWURGXFWLRQ� , HVWDEOLVKHG WKH UHDVRQV , EHOLHYH LW LV GLI¿FXOW WR UHFRQFLOH WKH VLPSOHVW RI

DJHQF\ VWRULHV ZLWK &U\VWDO¶V REVHUYDWLRQV� , DOVR GHPRQVWUDWHG WKH LPSRUWDQFH RI DQDO\]LQJ WKH

FRPSHQVDWLRQ ULVN IDFHG E\ &(2V LQ DVVHVVLQJ WKH HPSLULFDO YDOLGLW\ RI DJHQF\ PRGHOV� , DG�

GUHVV WKHVH LVVXHV LQ VHFWLRQ � E\ HVWLPDWLQJ FRPSHQVDWLRQ VFKHGXOHV IRU &(2V� QRWLQJ KRZ WKHVH

VFKHGXOHV YDU\ ZLWK D PHDVXUH RI WKH SRWHQWLDO IRU SHUIRUPDQFH YDULDWLRQ� 7KLV ZLOO SURYLGH VRPH

FURVV�VHFWLRQDO VXSSRUW IRU &U\VWDO¶V REVHUYDWLRQV� DQG UHYHDO SD\�IRU�SHUIRUPDQFH VFKHGXOHV WKDW

DUH LQFRQVLVWHQW ZLWK WKH VLPSOH DJHQF\ VWRULHV LQ WKH LQWURGXFWLRQ� ,Q VHFWLRQV � DQG �� , ZLOO VKRZ

WKDW HQULFKHG DJHQF\ PRGHOV DUH� LQ IDFW� FRQVLVWHQW ZLWK P\ HPSLULFDO UHVXOWV�

��� 'DWD

&(2 FRPSHQVDWLRQ DQG WXUQRYHU GDWD FRPH IURP 6WDQGDUG 	 3RRU¶V ([HFXFRPS FRYHULQJ ¿VFDO

\HDUV ���������� 8QOLNH PRVW SUHYLRXV VWXGLHV� ([HFXFRPS DOORZV PH WR LQFOXGH VWRFN�RSWLRQ

JUDQWV� UHVWULFWHG�VWRFN JUDQWV� SHUTXLVLWHV� DV ZHOO DV FDVK FRPSHQVDWLRQ LQ P\ FRPSHQVDWLRQ PHD�

VXUH� 5HWXUQV WR FRPPRQ VWRFN ZHUH REWDLQHG IURP WKH &HQWHU IRU 5HVHDUFK LQ 6HFXULW\ 3ULFHV

�



�&563� DQG ([HFXFRPS� $OO PRQHWDU\ YDULDEOHV DUH DGMXVWHG XVLQJ WKH FRQVXPHU SULFH LQGH[ IRU

WKH ODVW PRQWK RI WKH ¿UP¶V ¿VFDO \HDU� 7KH VDPSOH FRQVLVWV RI WKH ���� &(2�\HDUV RI GDWD IURP

��� ¿UPV DQG ���� &(2V IRU ZKLFK WKH YDULDEOHV FRXOG EH FRQVWUXFWHG�� 7DEOH � SUHVHQWV GH¿�

QLWLRQV DQG VXPPDU\ VWDWLVWLFV IRU DOO RI WKH YDULDEOHV XVHG LQ WKH SDSHU� 2QH FKDUDFWHULVWLF WKDW

, ZRXOG OLNH WR SRLQW RXW LV WKDW DJH LV PLVVLQJ IURP WKH GDWD VHW� ,Q SDUWLFXODU� ([HFXFRPS RQO\

LQFOXGHV WKH DJH RI WKRVH &(2V ZKR DUH DOVR RQ WKH %RDUG RI 'LUHFWRUV� $SSHQGL[ $ JLYHV PRUH

GHWDLOHG GH¿QLWLRQV RI DOO YDULDEOHV XVHG LQ WKLV SDSHU�

��� 2EVHUYHG SHUIRUPDQFH YDULDWLRQ

$Q LPSRUWDQW FRPSRQHQW RI WKH HPSLULFDO LPSOHPHQWDWLRQ LV P\ HVWLPDWH RI WKH SRWHQWLDO IRU SHU�

IRUPDQFH YDULDWLRQ IRU WKH ¿UP� $V LQ *DUHQ ������� P\ PHDVXUH LV EDVHG RQ ¿UP�E\�¿UP PDUNHW

PRGHOV� ZKHUH WKH HVWLPDWHG VWDQGDUG GHYLDWLRQ RI WKH HUURU WHUP LV P\ PHDVXUH RI SHUIRUPDQFH

YDULDWLRQ� 7R EH PRUH SUHFLVH� GH¿QH

T`-.A(| ' &563 YDOXH ZHLJKWHG PDUNHW�ZLGH UHWXUQ�

, WKHQ HVWLPDWH

oe|�| ' q�f n q��T `-.A(| n ��|c ���

ZKHUH oe|�| LV WKH VWRFN�PDUNHW UHWXUQ IRU ¿UP � LQ \HDU |� , WKHQ GH¿QH

r�}66� '

yxxw
S
|

E0�|�
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�� � 2
c ���

DV P\ PHDVXUH RI SHUIRUPDQFH YDULDWLRQ� ZKHUH 0�| LV WKH UHVLGXDO IURP HVWLPDWLQJ HTXDWLRQ ����

6 , H[FOXGH UHJXODWHG ¿UPV IURP WKH VDPSOH� 6HH -RVNRZ� 5RVH� DQG 6KHSDUG ������ IRU D GLVFXVVLRQ RI WKH &(2 SD\

SUDFWLFHV RI UHJXODWHG ¿UPV�

�



DQG �� LV WKH QXPEHU RI \HDUV RI UHWXUQ GDWD IRU ¿UP ���

�� (PSLULFDO 5HVXOWV

��� &RPSHQVDWLRQ

5HFDOO WKDW WKH VWDWLF DJHQF\ PRGHOV RI WKH LQWURGXFWLRQ LPSO\ WKDW LI &(2V LQ KLJK YRODWLOLW\ ¿UPV

UHFHLYH KLJKHU OHYHOV RI H[SHFWHG FRPSHQVDWLRQ� WKH\ VKRXOG DOVR IDFH JUHDWHU GRZQVLGH ULVN� $V

GHSLFWHG LQ ¿JXUH �� WKH SD\ RI WKH &(2 RI D KLJK YRODWLOLW\ ¿UP VKRXOG EH ORZHU WKDQ WKH SD\ RI

D &(2 RI D ORZHU YRODWLOLW\ ¿UP� ZKHQ ERWK ¿UPV SHUIRUP QHDU WKH ERWWRP RI WKHLU UHVSHFWLYH SHU�

IRUPDQFH GLVWULEXWLRQV� )LJXUH � DOVR VKRZV WKDW ZH QHHG WR VWDQGDUGL]H WKH SHUIRUPDQFH PHDVXUH

LQ RUGHU WR VHH WKLV SURSHUW\ ZKHQ ORRNLQJ DW FRPSHQVDWLRQ VFKHGXOHV�

,Q RUGHU WR DGGUHVV WKLV LVVXH� , GLYLGHG P\ VDPSOH LQWR WKUHH �URXJKO\� HTXDO FRPSRQHQWV EDVHG

RQ WKHLU YDOXHV IRU r�}66� , WKHQ GH¿QHG GXPP\ YDULDEOHV� u� � �� � DQG M� WR HTXDO RQH LI WKH

¿UP¶V YDOXH IRU r�}66 LV LQ WKH ORZHVW� PLGGOH RU KLJKHVW r�}66 JURXS UHVSHFWLYHO\� 7DEOH �

SUHVHQWV WKH HVWLPDWHV RI WKH IROORZLQJ PRGHO�

uJ}E&RPSHQVDWLRQ��| '
�bbSS

|'�bb2

qf| n q�u� n q2�� n q�M� n qeu�
E0�|�
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q. EWHQXUH��| n qHuJ}E$VVHWV��| n qbuJ} E6DOHV��| n >�|c
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ZKHUH uJ}E&RPSHQVDWLRQ��| LV WKH /RJ RI WRWDO FRPSHQVDWLRQ DZDUGHG WR WKH &(2 RI ¿UP � LQ

\HDU |� WHQXUH�| LV WKH &(2¶V WHQXUH DW WKH EHJLQQLQJ RI WKH ¿VFDO \HDU� uJ}E$VVHWV��| LV WKH /RJ RI

WKH ERRN YDOXH RI DVVHWV� uJ} E6DOHV�
�|
LV WKH /RJ RI VDOHV� DQG 0�| LV WKH UHVLGXDO IURP HVWLPDWLQJ

HTXDWLRQ ���� 8QGHU WKLV VSHFL¿FDWLRQ� WKH LQWHUFHSWV DUH DOORZHG WR GLIIHU DFURVV JURXSV� DV FDQ WKH

7 , H[FOXGH ¿UPV IRU ZKLFK , FRXOG QRW REWDLQ DW OHDVW QLQH \HDUV RI VWRFN UHWXUQ GDWD�

�



FRHI¿FLHQWV RQ VWDQGDUGL]HG UHWXUQ�

$VVXPLQJ SHUIRUPDQFH DV SUHGLFWHG IURP HVWLPDWLQJ HTXDWLRQ ���� D &(2 RI D PHGLXP r�}66

¿UP LV SUHGLFWHG WR HDUQ �� PRUH WKDQ D &(2 RI D ORZ r�}66 ¿UP� DOWKRXJK WKLV GLIIHUHQFH LV

VLJQL¿FDQW RQO\ DW WKH ���� OHYHO� 7KH FRHI¿FLHQWV RQ VWDQGDUGL]HG UHWXUQ DUH QHDUO\ LGHQWLFDO� LQGL�

FDWLQJ WKDW WKLV UHODWLRQVKLS LV URXJKO\ FRQVWDQW DFURVV SHUIRUPDQFH UHDOL]DWLRQV� $JDLQ DVVXPLQJ

SHUIRUPDQFH DV SUHGLFWHG IURP HVWLPDWLQJ HTXDWLRQ ���� D &(2 RI D KLJK r�}66 ¿UP LV SUHGLFWHG WR

HDUQ ��� PRUH WKDQ D &(2 LQ D ORZ r�}66 ¿UP DQG ��� PRUH WKDQ D &(2 LQ D PHGLXP r�}66

¿UP� %RWK RI WKHVH UHVXOWV DUH VLJQL¿FDQW DW WKH ���� OHYHO� :KLOH WKH FRHI¿FLHQW RQ VWDQGDUGL]HG

UHWXUQ LV KLJKHU IRU &(2V RI KLJK r�}66 ¿UPV� WKH HVWLPDWHG FRPSHQVDWLRQ VFKHGXOHV GR QRW FURVV

ZLWKLQ � VWDQGDUG GHYLDWLRQV RI SUHGLFWHG SHUIRUPDQFH� )LJXUH � GLVSOD\V WKHVH UHVXOWV JUDSKLFDOO\�

,W LV LPSRUWDQW WR UHFRJQL]H WKDW WKH HVWLPDWHV LQ WDEOH � FDQQRW EH LQWHUSUHWHG DV SDUDPHWHUV

IURP WKH WKHRUHWLFDO PRGHOV� ,Q RUGHU WR UXQ VWDQGDUG FRPSHQVDWLRQ PRGHOV� L�H�� WKH /RJ RI FRP�

SHQVDWLRQ �UDWKHU WKDQ VLPSO\ FRPSHQVDWLRQ� DV WKH GHSHQGHQW YDULDEOH DQG WKH UDWH�RI�UHWXUQ DV WKH

SHUIRUPDQFH PHDVXUH� , ORVH WKH DELOLW\� IRU LQVWDQFH� WR LQWHUSUHW WKH FRHI¿FLHQW RQ VWDQGDUGL]HG

SHUIRUPDQFH DV DQ HVWLPDWH RI K&j� :H FDQ� KRZHYHU� WDNH D VRPHZKDW ORRVHU DSSURDFK� ,W LV

FOHDU WKDW &(2V RI KLJK r�}66 ¿UPV UHFHLYH KLJKHU H[SHFWHG FRPSHQVDWLRQ WKDQ &(2V RI ORZ RU

PHGLXP r�}66 ¿UPV� (LWKHU RI WKH VWDWLF DJHQF\ PRGHOV SUHVHQWHG HDUOLHU FDQ KDQGOH WKLV SRVVL�

ELOLW\� DV ORQJ DV WKH &(2 RI D KLJK r�}66 ¿UP GRHV ZRUVH WKDQ KHU ORZHU YDULDQFH FRXQWHUSDUW

ZKHQ ERWK H[KLELW SRRU SHUIRUPDQFH� 7KH GDWD VHHP PRUH FRQVLVWHQW� KRZHYHU� ZLWK WKH QRWLRQ WKDW

WKH SD\�SHUIRUPDQFH VFKHGXOHV RI KLJK r�}66 ¿UPV DUH DERYH WKRVH IRU ORZ DQG PHGLXP r�}66

¿UPV IRU DOO UHOHYDQW VWDQGDUGL]HG SHUIRUPDQFH RXWFRPHV�

6WLOO DQRWKHU SRWHQWLDO FULWLFLVP RI WKH DERYH UHVXOWV LV WKDW WKH\ DUH REWDLQHG E\ LPSRVLQJ OLQ�

��
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HDULW\ RQ WKH VFKHGXOHV� ZKLFK KDV OLWWOH WKHRUHWLFDO RU HPSLULFDO MXVWL¿FDWLRQ� ,Q RUGHU WR DOORZ IRU

D QRQ�OLQHDU IXQFWLRQDO IRUP� , DVVLJQHG HDFK UHVLGXDO IURP WKH HVWLPDWLRQ RI HDFK ¿UP¶V PDUNHW

PRGHO WR WKH DSSURSULDWH TXDUWLOH RI WKH ¿UP¶V GLVWULEXWLRQ RYHU WLPH� 7KH HIIHFW RI r�}66 RQ

uJ}E&RPSHQVDWLRQ� ZDV DOORZHG WR GLIIHU E\ TXDUWLOH� 6SHFL¿FDOO\� , HVWLPDWHG

uJ}E&RPSHQVDWLRQ��| '
�bbSS
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qf| n
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ZKHUH '�|^ ' � LI WKH ¿UP¶V FXUUHQW UHVLGXDO IURP WKH PDUNHW PRGHO LV LQ WKH ^|� TXDUWLOH RI WKH

¿UP¶V GLVWULEXWLRQ RI UHVLGXDOV RYHU WLPH� 7KHVH UHVXOWV DUH UHSRUWHG LQ WDEOH ��

7DEOH � VKRZV WKDW D &(2 RI D KLJK r�}66 ¿UP LV SUHGLFWHG WR UHFHLYH D KLJKHU OHYHO RI FRP�

SHQVDWLRQ WKDQ KHU FRXQWHUSDUW LQ D ORZ r�}66 ¿UP WKDW SHUIRUPHG LQ D VLPLODU SRVLWLRQ LQ LWV

GLVWULEXWLRQ� ,Q IDFW� WKLV HIIHFW GRHV QRW GLVVLSDWH IRU ¿UPV SHUIRUPLQJ LQ WKH ERWWRP TXDUWLOH RI

WKHLU UHWXUQ GLVWULEXWLRQV� 2QFH DJDLQ� WKHVH UHVXOWV LQGLFDWH WKDW WKH PDLQ GLIIHUHQFH EHWZHHQ WKH

FRPSHQVDWLRQ VFKHGXOH RI D &(2 RI D YRODWLOH ¿UP DQG WKH VFKHGXOH RI D &(2 RI D OHVV YRODWLOH ¿UP

LV WKDW WKH VFKHGXOH RI WKH ¿UVW &(2 LV VLPSO\ VKLIWHG XS� SURYLGLQJ FRPSHQVDWLRQ WKDW LV DERYH KHU

FRXQWHUSDUW LQ WKH OHVV YRODWLOH ¿UP IRU DQ\ FRPSDUDEOH SDUW RI WKHLU UHVSHFWLYH SHUIRUPDQFH GLVWUL�

EXWLRQV� 7KLV LV LQFRQVLVWHQW ZLWK WKH VWDWLF DJHQF\ PRGHOV RXWOLQHG LQ WKH LQWURGXFWLRQ�

'R WKHVH UHVXOWV JLYH XV DQ\ LQVLJKW LQWR &U\VWDO¶V REVHUYDWLRQV RQ &(2 SD\" 0\ ¿UVW VWHS

LQ DGGUHVVLQJ WKLV TXHVWLRQ LV WR HVWLPDWH DQ DQDORJ RI ¿JXUH �� E\ HVWLPDWLQJ D FURVV�VHFWLRQDO

FRPSHQVDWLRQ HTXDWLRQ WKDW LJQRUHV P\ PHDVXUH RI YRODWLOLW\ Er�}66�� 7XUQLQJ WR WDEOH �� , SUHVHQW

HVWLPDWHV RI WKH IROORZLQJ PRGHO
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ZKHUH�'�^| ' � LI WKH ¿UP¶V FXUUHQW UHWXUQ LV LQ WKH ^|� TXDUWLOH RI WKH UHWXUQ GLVWULEXWLRQ IRU DOO

¿UPV LQ WKH FRPSHQVDWLRQ VDPSOH IRU \HDU |�

1RWH WKDW WKH SUHGLFWHG GLIIHUHQFH LQ WKH /RJ RI WRWDO FRPSHQVDWLRQ EHWZHHQ &(2V RI ¿UPV LQ

WKH ORZHVW DQG VHFRQG ORZHVW TXDUWLOHV RI WKH PDUNHW�ZLGH GLVWULEXWLRQ RI VWRFN UHWXUQV LV SRVLWLYH

DQG VLJQL¿FDQW DW WKH ���� OHYHO� &U\VWDO¶V TXRWH QRWZLWKVWDQGLQJ� LW GRHV VHHP WKDW &(2V RI SRRUO\

SHUIRUPLQJ ¿UPV UHFHLYH ORZHU FRPSHQVDWLRQ WKDQ WKHLU FROOHDJXHV LQ EHWWHU SHUIRUPLQJ ¿UPV� :H

ZLOO VHH VKRUWO\� KRZHYHU� WKDW DFFRXQWLQJ IRU GLIIHUHQFHV LQ SHUIRUPDQFH YRODWLOLW\ ZLOO LQFUHDVH

WKH PDJQLWXGH RI WKLV HVWLPDWH DQG PDNH LW VLJQL¿FDQW DW D PRUH VWULQJHQW OHYHO�

7XUQLQJ QRZ WR WDEOH �� ZH VHH WKDW KLJK r�}66 ¿UPV GXH� LQ IDFW� GLVSURSRUWLRQDWHO\ UHSUHVHQW

WKH XSSHU DQG ORZHU TXDUWLOHV RI WKH PDUNHW�ZLGH GLVWULEXWLRQ� DV DVVXPHG LQ ¿JXUH �� $V GLVFXVVHG

HDUOLHU� WKLV VKRXOG OHDG XV WR H[SHFW WKDW LQFOXGLQJ r�}66 LQ WKH FRPSHQVDWLRQ HTXDWLRQ VKRXOG

VWUHQJWKHQ P\ HVWLPDWH RI WKH SD\�SHUIRUPDQFH OLQN DW WKH ORZ HQG RI WKH SHUIRUPDQFH GLVWULEXWLRQ�

DQG ZHDNHQ LW DW WKH KLJK HQG� 7DEOH � VKRZV WKH UHVXOWV RI LQFOXGLQJ r�}66 ZKHQ HVWLPDWLQJ

HTXDWLRQ ���� 1RWH WKDW WKH LQFOXVLRQ RI r�}66 LQFUHDVHG WKH PDJQLWXGH RI WKH SUHGLFWHG GLIIHUHQFH

LQ WKH /RJ RI &RPSHQVDWLRQ EHWZHHQ SHUIRUPDQFH LQ WKH VHFRQG DQG ERWWRP TXDUWLOHV RI WKH PDUNHW

GLVWULEXWLRQ IRU WKH \HDU �IURP ���� WR ����� DQG VWUHQJWKHQHG WKH OHYHO RI VLJQL¿FDQFH IRU WKLV UHVXOW

�IURP ���� WR ������ 1RWH DOVR WKDW WKH SUHGLFWHG GLIIHUHQFH EHWZHHQ SHUIRUPDQFH LQ WKH KLJKHVW

DQG WKLUG TXDUWLOHV LV ����� FRPSDUHG WR ���� LQ WDEOH �� %RWK RI WKHVH FKDQJHV IURP WDEOH � WR WDEOH

� DFFRUG ZHOO ZLWK WKH H[SODQDWLRQ RI &U\VWDO¶V REVHUYDWLRQV RXWOLQHG LQ WKH LQWURGXFWLRQ� QDPHO\

WKDW KLV IDLOXUH WR DFFRXQW IRU GLIIHUHQFHV LQ WKH LQWHUFHSWV RI FRPSHQVDWLRQ FRQWUDFWV FRQIRXQGHG

KLV REVHUYDWLRQV RQ WKHLU VORSHV� 1RQH RI WKH GLIIHUHQFHV LQ FRHI¿FLHQWV EHWZHHQ WDEOH � DQG WDEOH

�� KRZHYHU� DUH VWDWLVWLFDOO\ VLJQL¿FDQW�

��



����� &RPSHQVDWLRQ 5LVN )URP 6WRFN +ROGLQJV"

+DOO 	 /LHEPDQ ������ VKRZ WKDW WKH FRPSRQHQW RI SD\�IRU�SHUIRUPDQFH GXH WR &(2 VWRFN KROG�

LQJV LV PXFK ODUJHU WKDQ WKH FRPSRQHQWV GXH WR \HDU�HQG ERQXVHV DQG VWRFN�RSWLRQ KROGLQJV� SDUWLF�

XODUO\ RYHU EDG SHUIRUPDQFH UHDOL]DWLRQV� , QRZ WXUQ WR WKH TXHVWLRQ RI ZKHWKHU WKH SD\ SUHPLXPV

IRU &(2V RI YRODWLOH ¿UPV PHUHO\ UHÀHFW FRPSHQVDWLQJ GLIIHUHQWLDOV IRU WKH KLJK YRODWLOLW\ RI WKHLU

VWRFN KROGLQJV� 7DEOHV � DQG � DGGUHVV WKLV LVVXH�

5HFDOO IURP WDEOH � WKDW &(2V RI KLJK r�}66 ¿UPV DUH SUHGLFWHG WR HDUQ PXFK PRUH WKDQ WKHLU

FROOHDJXHV LQ ORZ RU PHGLXP r�}66 ¿UPV� 7KH SUHGLFWHG GLIIHUHQFH EHWZHHQ PHGLXP DQG ORZ

r�}66 ¿UPV LV PXFK VPDOOHU DQG RQO\ PDUJLQDOO\ VWDWLVWLFDOO\ VLJQL¿FDQW� 7DEOHV � DQG � WKHUHIRUH

IRFXV RQ &(2V RI KLJK r�}66 ¿UPV� ,Q SDUWLFXODU� FRPSHQVDWLRQ RI &(2V RI KLJK r�}66 ¿UPV

WKDW FRPHV LQ WKH IRUP RI UHVWULFWHG�VWRFN JUDQWV LV H[FOXGHG IURP WKH FRPSHQVDWLRQ PHDVXUH� 7KLV

LV WKH RQO\ GLIIHUHQFH EHWZHHQ WDEOHV � DQG �� DQG WKH RQO\ GLIIHUHQFH EHWZHHQ WDEOHV � DQG ��

([DPLQDWLRQ RI WDEOHV � DQG � UHYHDOV WKDW WKH\ DUH TXLWH VLPLODU WR WDEOHV � DQG �� GHVSLWH WKH

H[FOXVLRQ RI VWRFN JUDQWV WR &(2V RI KLJK r�}66 ¿UPV� &(2V RI KLJK r�}66 ¿UPV DUH VWLOO

SUHGLFWHG WR HDUQ PRUH WKDQ WKRVH RI ORZ RU PHGLXP r�}66 ¿UPV JLYHQ DQ\ UHDVRQDEOH GUDZ IURP

D VWDQGDUGL]HG SHUIRUPDQFH GLVWULEXWLRQ�

:KLOH , GR QRW FRQWHVW WKH +DOO DQG /LHEPDQ FODLP WKDW &(2 VWRFN KROGLQJV FDQ OHDG WR HQRU�

PRXV YRODWLOLW\ LQ ZHDOWK� WDEOHV � DQG � VKRZ WKDW WKH FRPSHQVDWLRQ UHVXOWV SUHVHQWHG HDUOLHU PXVW

EH SLFNLQJ XS PRUH WKDQ FRPSHQVDWLQJ GLIIHUHQWLDOV IRU GLIIHUHQFHV LQ ZHDOWK YRODWLOLW\� 7R VHH

WKLV� VXSSRVH &(2 $ HDUQV �������� SHU \HDU LQ VDODU\ ZLWK QR VWRFN JUDQWV� ZKLOH &(2 % HDUQV

���������� SHU \HDU LQ VDODU\ LQ DGGLWLRQ WR H[WHQVLYH VWRFN JUDQWV� $VVXPLQJ HTXDO FDUHHU OHQJWKV

�ZKLFK ZLOO EH DGGUHVVHG LQ WKH QH[W VXEVHFWLRQ�� &(2 %¶V OLIHWLPH FRPSHQVDWLRQ LV JXDUDQWHHG WR

��



EH KLJKHU WKDQ WKDW RI &(2 $� 7KLV LV WUXH GHVSLWH WKH IDFW WKDW &(2 %� ZKR DFFXPXODWHV PRUH DQG

PRUH VWRFN RYHU KHU FDUHHU� FDQ IDFH GUDPDWLF UHGXFWLRQV LQ ZHDOWK IROORZLQJ D EDG \HDU�

7KLV DQDO\VLV GRHV SRLQW RXW RQH LPSRUWDQW OLPLWDWLRQ RI P\ PHWKRGRORJ\� :KLOH WKH PRGHOV LQ

WKH IROORZLQJ VHFWLRQV GR KDYH VSHFL¿F SUHGLFWLRQV RQ WKH DPRXQW RI FRPSHQVDWLRQ ULVN LPSRVHG

RQ WKH &(2V� , KHVLWDWH WR WU\ WR DFFHSW RU UHMHFW WKHVH LPSOLFDWLRQV LQ WKH GDWD ZLWKRXW D PRUH

FDUHIXO DQDO\VLV RI VWRFN DQG RSWLRQ KROGLQJV WKDW LV EH\RQG WKH VFRSH RI WKLV SDSHU� 7KLV ZRXOG

EH SDUWLFXODUO\ GLI¿FXOW WR LPSOHPHQW XVLQJ WKH ([HFXFRPS GDWDEDVH� VLQFH RSWLRQ KROGLQJV DUH QRW

REVHUYDEOH� , ZLOO� KRZHYHU� QRWH ZKHQ D PRGHO SUHGLFWV WKDW &(2V RI D KLJK YRODWLOLW\ ¿UPV UHFHLYH

FRPSHQVDWLRQ OHYHOV KLJK HQRXJK WR HOLPLQDWH FRPSHQVDWLQJ GLIIHUHQWLDOV DV DQ H[SODQDWLRQ�

��� 7XUQRYHU

$QRWKHU SRWHQWLDO FULWLFLVP RI P\ DQDO\VLV LV WKDW &(2V RI KLJK YRODWLOLW\ ¿UPV UHFHLYH KLJKHU SD\

WR FRPSHQVDWH WKHP IRU KLJKHU ULVN RI GLVPLVVDO� , LQYHVWLJDWH WKLV HPSLULFDOO\ E\ HVWLPDWLQJ D

SURSRUWLRQDO KD]DUG PRGHO RI &(2 WHQXUH GXUDWLRQ� 7DEOH � VKRZV WKH UHVXOWV RI HVWLPDWLQJ

��Es+� ' kEs+� i T
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ZKHUH 0�| LV WKH UHVLGXDO IURP HVWLPDWLQJ HTXDWLRQ ���� ��Es+� LV WKH WXUQRYHU KD]DUG IRU WKH &(2

RI ¿UP � ZLWK WHQXUH s+� DQG kEs+� LV D EDVHOLQH KD]DUG� $ &(2 VSHOO LV FRGHG DV HQGLQJ DW WKH HQG

RI WKH ODVW IXOO ¿VFDO \HDU RI VHUYLFH� 7KH DGYDQWDJH RI DVVXPLQJ WKLV IRUP IRU WKH KD]DUG IXQFWLRQ

LV WKDW FRQVLVWHQW HVWLPDWHV FDQ EH REWDLQHG IRU WKH FRHI¿FLHQWV RI LQWHUHVW ZLWKRXW HVWLPDWLQJ �RU

DVVXPLQJ D IXQFWLRQDO IRUP IRU� kEs+��

/RRNLQJ DW WDEOH �� ZH VHH WKDW &(2V RI ¿UPV ZLWK KLJKHU YDOXHV RI r�}66 KDYH ORZHU SURED�

ELOLWLHV RI WXUQRYHU WKDQ WKHLU FRXQWHUSDUWV LQ ORZHU r�}66 ¿UPV� DOWKRXJK WKLV UHVXOW LV RQO\ VLJ�

��



QL¿FDQW DW WKH ���� OHYHO� ,Q VHFWLRQ �� , GLVFXVV ZKHWKHU WKLV UHVXOW LV FRQVLVWHQW ZLWK DQ HI¿FLHQF\�

ZDJH PRGHO LQ ZKLFK SD\�IRU�SHUIRUPDQFH DQG WKUHDW RI GLVPLVVDO DUH ERWK XVHG WR PRWLYDWH WKH

&(2� 'LYLGLQJ SHUIRUPDQFH LQWR TXDUWLOHV DV LQ WDEOH � \LHOGHG LQVLJQL¿FDQW UHVXOWV�

�� 6RUWLQJ RI $ELOLW\

3HUKDSV WKH VLPSOHVW H[SODQDWLRQ RI WKH UHVXOWV SUHVHQWHG DERYH DQG &U\VWDO¶V REVHUYDWLRQV LV WKDW

WKH &(2V RI ¿UPV SURQH WR KLJK YRODWLOLW\ DUH EHWWHU �PRUH SURGXFWLYH� WKDQ WKHLU FROOHDJXHV LQ

ORZ YRODWLOLW\ ¿UPV� ,Q WKLV VHFWLRQ� , H[DPLQH ZKHWKHU RU QRW WKH VLPSOH DJHQF\ PRGHO , RXWOLQHG

LQ WKH LQWURGXFWLRQ GRHV LQGHHG SUHGLFW WKDW KLJK TXDOLW\ &(2V VKRXOG VRUW WR ¿UPV SURQH WR KLJK

SHUIRUPDQFH YDULDWLRQ�

,Q WKLV VHFWLRQ� , ZLOO RQFH DJDLQ DVVXPH SURGXFWLRQ LV RI WKH IRUP VKRZQ LQ HTXDWLRQ ���� DQG

XWLOLW\ LV RI WKH IRUP VKRZQ LQ HTXDWLRQ ���� 1RWH WKDW WKH SDUDPHWHU � LV D JRRG PHDVXUH RI &(2

DELOLW\� :KHQ � LV ORZ� WKH &(2¶V PDUJLQDO FRVW RI HIIRUW LV DOVR ORZ� $VVXPLQJ LGHQWLFDO LQFHQWLYH

FRQWUDFWV� &(2V ZLWK ORZ YDOXHV RI � ZLOO DOZD\V H[HUW PRUH HIIRUW� $ PRQRWRQLF WUDQVIRUPDWLRQ

RI H[SHFWHG XWLOLW\ \LHOGV

7 n K&@�
�@2 n K2&2j2

2
c

,W LV HDV\ WR VKRZ WKDW� DVVXPLQJ WKH RSWLPDO OLQHDU FRQWUDFW� KW ' �

�noj2
DQG @W ' &

�
�

,Q RUGHU WR GHWHUPLQH WKH HI¿FLHQW VRUWLQJ RI &(2V ZKR GLIIHU LQ �� , VWDUW E\ FDOFXODWLQJ WKH

WRWDO VXUSOXV JHQHUDWHG E\ D &(2�¿UP PDWFK� 7KLV VXUSOXV� DV GHVFULEHG LQ *LEERQV ������� LV

WRWDO RXWSXW E+� PLQXV GLVXWLOLW\ RI HIIRUW �@2

2
PLQXV WKH FRVW GXH WR ULVN DYHUVLRQ K2&2j2

2
� ZKLFK

��



VLPSOL¿HV WR
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ZH NQRZ WKDW KLJK � �ORZ DELOLW\� &(2V VKRXOG VRUW WR KLJK j2 ¿UPV� :KLOH KLJK � &(2V DOZD\V

JHQHUDWH ORZHU WRWDO VXUSOXV WKDQ ORZ � &(2V
�
BEA7�

B&
	 f

�
� WKLV GLIIHUHQFH LV VPDOOHU LQ KLJK j2

¿UPV� 7KLV GRHV QRW DFFRUG ZHOO ZLWK WKH HPSLULFDO UHVXOWV SUHVHQWHG HDUOLHU LI ZH DVVXPH GLIIHU�

HQFHV LQ HVWLPDWHG YDULDQFH ZHUH GULYHQ E\ GLIIHUHQFHV LQ j2� 1RWH KRZHYHU WKDW VLQFH

B2 EA7�

B�B&
'
�& E� n 2�j2�

�2 E�j2 n ��
2
	 fc

ORZ � �KLJK�DELOLW\� &(2V VKRXOG VRUW WR KLJK & �KLJK�YDULDQFH� ¿UPV� 7KLV GRHV DFFRUG ZHOO ZLWK

WKH HPSLULFDO UHVXOWV LI ZH DVVXPH GLIIHUHQFHV LQ HVWLPDWHG YDULDQFH ZHUH GULYHQ E\ GLIIHUHQFHV LQ

&�

7KH LQWXLWLRQ IRU WKHVH UHVXOWV LV TXLWH VLPSOH� 6XSSRVH WKDW KLJK SHUIRUPDQFH YDULDWLRQ LQ WKH

GDWD LV DVVRFLDWHG ZLWK D PRUH GLI¿FXOW FRQWUDFWLQJ HQYLURQPHQW� L�H�� KLJK j2� $V j2 ULVHV� D ¿UP

¿QGV WKH SURYLVLRQ RI KLJK�SRZHUHG LQFHQWLYHV PRUH FRVWO\� ,W LV WKHUHIRUH LQHI¿FLHQW WR DVVLJQ

WKRVH &(2V ZKR DUH PRVW UHVSRQVLYH WR KLJK�SRZHUHG LQFHQWLYHV �ORZ �� WR HQYLURQPHQWV ZKHUH

WKH SURYLVLRQ RI WKHVH LQFHQWLYHV LV SURKLELWLYHO\ FRVWO\ �KLJK j2�� ,I� KRZHYHU� WKH SHUIRUPDQFH

YDULDWLRQ ZH VHH LQ WKH GDWD LV DVVRFLDWHG ZLWK KLJKHU SURGXFWLYLW\ RI HIIRUW� L�H�� KLJK &� KLJK�TXDOLW\

&(2V VKRXOG VRUW WR KLJK YRODWLOLW\ ¿UPV� VLPSO\ EHFDXVH KLJK HIIRUW LV VR LPSRUWDQW�

,Q VXPPDU\� LI WKH HVWLPDWHG GLIIHUHQFHV LQ SHUIRUPDQFH YDULDWLRQ FRUUHVSRQG WR GLIIHUHQFHV

LQ & �SURGXFWLYLW\ RI HIIRUW� UDWKHU WKDQ j2 �WKH FRVW RI HOLFLWLQJ HIIRUW�� WKDQ DQ DELOLW\ VRUWLQJ

��



PRGHO FDQ EH UHFRQFLOHG ZLWK WKH HPSLULFDO UHVXOWV LQ VHFWLRQ �� ,Q WKH IRUPHU FDVH� ¿UPV SURQH

WR KLJKHU YDULDELOLW\ FKRRVH WR KLUH KLJKHU TXDOLW\ &(2V� DQG WKHUHIRUH SD\ WKHP KLJKHU OHYHOV RI

FRPSHQVDWLRQ�

�� 7KH (I¿FLHQF\�:DJH 0RGHO

7KLV VHFWLRQ ZLOO VKRZ WKDW ZKHQ ¿UPV SURQH WR KLJK SHUIRUPDQFH YDULDWLRQ DOVR KDYH D KLJKHU SUR�

GXFWLYLW\ RI &(2 DFWLRQV� DQ HI¿FLHQF\�ZDJH PRGHO FDQ EH XVHG WR H[SODLQ &U\VWDO¶V REVHUYDWLRQV�

$Q HI¿FLHQF\�ZDJH PRGHO LQ ZKLFK GLIIHUHQFHV LQ SHUIRUPDQFH YDULDWLRQ UHÀHFW GLIIHUHQFHV LQ WKH

FRVW RI HOLFLWLQJ HIIRUW �ZKLFK LV WKH W\SLFDO DVVXPSWLRQ�� GRHV QRW \LHOG VKDUS HQRXJK SUHGLFWLRQV

WR JLYH PXFK JXLGDQFH WR WKH UHVXOWV LQ VHFWLRQ ��

��� 6HWXS

2QFH DJDLQ� XWLOLW\ ZLOO EH DV LQ HTXDWLRQ ���� DOWKRXJK , ZLOO DGG WR LW D SRVLWLYH FRQVWDQW � VR

WKDW , FDQ QRUPDOL]H WKH YDOXH RI WKH &(2¶V QH[W EHVW DOWHUQDWLYH �LQ XWLOLW\ WHUPV� WR ]HUR� 7KH

&(2 GLVFRXQWV IXWXUH XWLOLW\ E\ D IDFWRU RI f 	 B 	 �� (DFK SHULRG� WKH ¿UP DVVLJQV WKH LQ¿QLWHO\

OLYHG &(2 WR D SURMHFW ZLWK D SURGXFWLRQ IXQFWLRQ DV LQ HTXDWLRQ ���� 7KH ¿UP LV D ULVN�QHXWUDO

SUR¿W PD[LPL]HU� ZKHUH PD[LPL]LQJ WKH SUHVHQW GLVFRXQWHG VWUHDP RI SUR¿WV ZLOO WXUQ RXW WR EH

HTXLYDOHQW WR PD[LPL]LQJ SHULRG�E\�SHULRG SUR¿WV�

,Q DGGLWLRQ WR D OLQHDU ZDJH FRQWUDFW DV LQ HTXDWLRQ ���� WKH ¿UP FDQ XVH WKH WKUHDW RI GLVPLVVDO

DV D PRWLYDWLRQDO WRRO� 'LVPLVVDO ZLOO RFFXU ZKHQ WKH FXUUHQW SHUIRUPDQFH OHYHO GURSV EHORZ VRPH

WKUHVKROG�� 7KH ¿UP FDQ UHSODFH D GLVPLVVHG &(2 ZLWK DQ LGHQWLFDO RQH ZLWKRXW FRVW� 7KH ¿UP DQG

8 7KH GLVPLVVDO FRQWUDFW FDQ EH DQ LPSOLFLW RQH� LQ WKH VSLULW RI %XOO �������

��



WKH &(2 SOD\ D UHSHDWHG JDPH ZLWK WKH IROORZLQJ WLPLQJ��

�� 7KH ¿UP VHWV WKH FRPSHQVDWLRQ FRQWUDFW� ZKLFK FDQ GHSHQG RQO\ RQ WKH UHDOL]DWLRQ RI ¿UP

SHUIRUPDQFH� 7KH ¿UP DOVR VHWV D UXOH E\ ZKLFK WKH &(2 FDQ EH GLVPLVVHG DW WKH HQG RI WKH

SHULRG� DIWHU FRPSHQVDWLRQ IRU WKH SHULRG KDV WDNHQ SODFH��

�� 7KH &(2 FKRRVHV KHU OHYHO RI HIIRUW �@��

�� )LUP SHUIRUPDQFH LV UHDOL]HG� &RPSHQVDWLRQ RFFXUV DV VSHFL¿HG LQ WKH FRQWUDFW DQG WKH &(2 LV

GLVPLVVHG RU QRW DV VSHFL¿HG E\ WKH ¿ULQJ UXOH�

�� ,I WKH &(2 LV QRW GLVPLVVHG� VKH UHWXUQV LQ WKH QH[W SHULRG� ,I VKH LV GLVPLVVHG� DQ LGHQWLFDO &(2

LV KLUHG IRU WKH VWDUW RI WKH QH[W SHULRG� (LWKHU ZD\� WKH JDPH UHWXUQV WR VWHS ��

, ZLOO UHVWULFW P\ VHDUFK IRU HTXLOLEULD WR WKH VWHDG\�VWDWH HTXLOLEULXP WKDW PD[LPL]HV ¿UP SUR¿WV��

,I WKH &(2 EHOLHYHV WKDW WKH ¿UP ZLOO SOD\ WKH VDPH VWUDWHJ\ LQ HDFK SHULRG� LW LV LQGHHG RSWLPDO

IRU WKH ¿UP WR SOD\ WKH VDPH VWUDWHJ\ HYHU\ SHULRG�� 7KH ¿UP¶V SUREOHP FDQ WKHUHIRUH EH ZULWWHQ

DV RQH LQ ZKLFK LW VHWV D FRPSHQVDWLRQ FRQWUDFW WKDW LV FRQVWDQW RYHU WLPH� 7KH ¿UP DOVR FKRRVHV

D ¿ULQJ UXOH �ZKLFK ZLOO EH GHULYHG ODWHU� WKDW JHQHUDWHV RE@�� WKH SUREDELOLW\ WKDW WKH &(2 ZLOO

EH ¿UHG IRU D JLYHQ @� %HIRUH JRLQJ IXUWKHU� LW ZRXOG EH KHOSIXO WR GHYHORS VRPH LQWXLWLRQ DW WKLV

SRLQW� :H PLJKW FRQVLGHU WZR VWUDWHJLHV WKDW D ¿UP KDV WR HOLFLW HIIRUW� 2QH PLJKW EH WR RIIHU D

FRPSHQVDWLRQ FRQWUDFW WKDW RIIHUV D VWHHS SD\�IRU�SHUIRUPDQFH VORSH �KLJK K�� ZKLFK SURYLGHV WKH

&(2 ZLWK KLJK SD\ RQO\ IROORZLQJ JRRG SHUIRUPDQFH� $Q DWWUDFWLYH IHDWXUH RI WKLV FRQWUDFW LV WKDW

LW SURYLGHV KLJK ZLWKLQ�SHULRG LQFHQWLYHV� WKDW LV� WKH &(2 FDQ LQFUHDVH KHU SD\ WKLV SHULRG E\

H[HUWLQJ PRUH HIIRUW� $QRWKHU VWUDWHJ\ WKH ¿UP PLJKW WU\ LV WR RIIHU D ZDJH FRQWUDFW ZLWK D KLJK

EDVH VDODU\ �7�� DQG D YHU\ ORZ SD\�IRU�SHUIRUPDQFH VORSH� ,Q WKLV FDVH� WKH &(2¶V SD\ LQ WKH

FXUUHQW SHULRG ZLOO QRW EH DIIHFWHG PXFK E\ KHU HIIRUW� 7KLV VFKHPH� KRZHYHU� PLJKW PRWLYDWH WKH

&(2 WR H[HUW KLJK HIIRUW ZKHQ FRPELQHG ZLWK DQ DSSURSULDWH ¿ULQJ UXOH� VLQFH WKH &(2 ZLOO ZRUN

9 0DFOHRG DQG 0DOFRPVRQ VWXG\ D VLPLODU PRGHO� ZLWK HQGRJHQRXV WKUHDW RI D GLVVROXWLRQ RI WKH UHODWLRQVKLS E\ ERWK

SDUWLHV� 7KH\ GR QRW� KRZHYHU� DOORZ IRU XQFHUWDLQW\� ZKLFK GULYHV WKH HPSLULFDO SUHGLFWLRQV RI WKLV VHFWLRQ�
: ,W LV HDV\ WR DGG DGGLWLRQDO VLJQDOV RI &(2 HIIRUW WR HQWHU LQWR WKH ¿ULQJ UXOH� DV ORQJ DV WKHVH VLJQDOV DUH DOVR

QRUPDOO\ GLVWULEXWHG DQG FRQGLWLRQDOO\ LQGHSHQGHQW� 7KHVH DGGLWLRQV GR QRW FKDQJH DQ\ RI WKH UHVXOWV�
; %\ D VWHDG\�VWDWH HTXLOLEULXP� , PHDQ DQ HTXLOLEULXP LQZKLFK WKH ¿UP DQG WKH &(2 SOD\ VWUDWHJLHV WKDW DUH FRQVWDQW

RYHU WLPH�
< 7R VHH WKLV� QRWH WKH ¿UP LV LQ WKH VDPH SRVLWLRQ DW WKH VWDUW RI HDFK SHULRG�

��



TXLWH KDUG WR SUHVHUYH KHU KLJKO\�SDLG SRVLWLRQ�

/HW XV QRZ FRQVLGHU WKH &(2¶V SUREOHP� JLYHQ VRPH SUREDELOLW\ RI GLVPLVVDO� RE@�� DQG D FRP�

SHQVDWLRQ FRQWUDFW RI WKH IRUP LQ HTXDWLRQ ������ 7KH SUREOHP LV
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ZKHUH sE0c >c j� LV WKH SUREDELOLW\ GHQVLW\ IXQFWLRQ RI D QRUPDO YDULDEOH 0ZLWK PHDQ > DQG VWDQGDUG

GHYLDWLRQ j��� 'HQRWH 8 E0c >cj� DV WKH FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ RI WKH VDPH YDULDEOH 0� 7KH

¿UP ZLOO FKRRVH WR ¿UH WKH &(2 ZKHQ + LV EHORZ VRPH YDOXH l � ZKHUH l LV FKRVHQ E\ WKH ¿UP� 7KLV

PDNHV WKH ¿ULQJ SUREDELOLW\ IRU D JLYHQ @ DQG l � RE@( l� ' 8 Elc @c j� ' x
�
l3@

j

�
� DQG R�E@( l� '
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ZKHUH x DQG � DUH WKH FXPXODWLYH DQG SUREDELOLW\ GLVWULEXWLRQ IXQFWLRQV RI D

VWDQGDUG QRUPDO YDULDEOH UHVSHFWLYHO\� 7KH ¿UP ZLOO FKRRVH WKH ¿ULQJ UXOH WR PD[LPL]H
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(TXDWLRQ ��� VLPSO\ VKRZV WKH SUREOHP RI PD[LPL]LQJ WKH GLVFRXQWHG OHYHO RI H[SHFWHG XWLOLW\ IRU

WKH &(2� ,Q SHULRG f� WKH &(2¶V H[SHFWHG XWLOLW\ LV

"]
3"

� i Td�

�
7 n K&E@n 0��

�@2

2

�
osE0c fc j�_0n ��

,Q SHULRG �� WKH &(2 ZLOO UHFHLYH WKH VDPH OHYHO RI H[SHFWHG XWLOLW\ ZLWK SUREDELOLW\ E� � RE@��

DQG XWLOLW\ RI ]HUR ZLWK SUREDELOLW\ RE@�� 2I FRXUVH� WKH &(2 GLVFRXQWV WKLV XWLOLW\ E\ D IDFWRU RI B�

&RQWLQXLQJ RQ� WKH &(2 UHFHLYHV WKLV VDPH OHYHO RI H[SHFWHG XWLOLW\ LQ HDFK SHULRG ZLWK SUREDELOLW\

43 6LQFH WKH H[HFXWLYH KDV WKH VDPH SUREOHP DW WKH VWDUW RI HDFK SHULRG �XQOHVV VKH LV ¿UHG�� LW LV QRW DQ LPSRVLWLRQ WR

IRUFH KHU WR FKRRVH WKH VDPH OHYHO RI d HDFK SHULRG�
44 7KH &(2¶V ¿UVW�RUGHU FRQGLWLRQ XQLTXHO\ GH¿QHV KHU RSWLPDO OHYHO RI d�
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E�� RE@��|� ZKLFK VKH GLVFRXQWV E\ D IDFWRU RI B|� 7KLV SUREOHP VLPSOL¿HV WR
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1RWH WKDW ZH KDYH DOUHDG\ DQDO\]HG D VSHFLDO FDVH RI WKLV PRGHO LQ WKH LQWURGXFWLRQ� VLQFH WKLV

PRGHO FROODSVHV GRZQ WR WKH VWDWLF PRGHO ZKHQ B ' f� L�H�� WKH &(2 GRHV QRW FDUH DERXW WKH IXWXUH

DW DOO� ,Q WKLV VHFWLRQ� , ZLOO IRFXV RQ WKH RSSRVLWH H[WUHPH� QDPHO\ WKH FDVH LQ ZKLFK WKH &(2 LV

H[WUHPHO\ SDWLHQW �B DSSURDFKHV ��� ,Q SDUWLFXODU� , ZLOO IRFXV RQ WKH HPSLULFDO LPSOLFDWLRQV RI WKLV

PRGHO� QRWLQJ KRZ WKH\ PLJKW UHODWH WR &U\VWDO¶V REVHUYDWLRQV DQG KRZ WKH\ UHODWH WR WKH UHVXOWV LQ

VHFWLRQ �� 0RVW RI WKH IRUPDO WUHDWPHQW RI WKLV PRGHO� KRZHYHU� LV UHOHJDWHG WR DSSHQGL[ %�

5HFDOO WKDW WKH SURGXFWLRQ IXQFWLRQ XVHG LQ WKLV SDSHU DOORZV IRU WZR SRVVLEOH H[SODQDWLRQV IRU

WKHVH GLIIHUHQFHV LQ REVHUYHG YRODWLOLW\ LQ WKH GDWD� )LUPV PLJKW GLIIHU LQ WKHLU YDOXHV IRU j� ZKLFK LV

WKH W\SLFDO DVVXPSWLRQ PDGH LQ &(2 VWXGLHV OLNH *DUHQ ������ DQG $JJDUZDO DQG 6DPZLFN �������

$V GLVFXVVHG HDUOLHU� WKLV ZRXOG LPSO\ WKDW ¿UPV GLIIHU LQ WKHLU FRVWV RI HOLFLWLQJ HIIRUW� )LUPV FRXOG

DOVR� KRZHYHU� GLIIHU LQ WKHLU YDOXHV RI &� ZKLFK ZRXOG LPSO\ WKDW ¿UPV GLIIHU LQ WKHLU YDOXDWLRQ RI

KLJK &(2 HIIRUW� 5HFDOO WKDW LQ WKH VWDWLF FDVH �B ' f�� QHLWKHU RI WKHVH H[SODQDWLRQV ¿W &U\VWDO¶V

REVHUYDWLRQV� :H VDZ LQ VHFWLRQ � WKDW WKH\ DOVR FDQQRW EH UHFRQFLOHG ZLWK WKH FRPSHQVDWLRQ GDWD

XVHG LQ WKLV SDSHU� , QRZ WXUQ WR WKH UHVXOWV IURP WKH G\QDPLF YHUVLRQ RI WKH PRGHO�

7KH UHOHYDQW FRPSDUDWLYH VWDWLFV DV B$ �� UHODWLQJ WR j DUH DV IROORZV�
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8QIRUWXQDWHO\� WKLV PRGHO GRHV QRW JLYH XV D FOHDU SUHGLFWLRQ RQ FRPSHQVDWLRQ OHYHOV� ZKLFK PDNHV

LW GLI¿FXOW WR WHVW LQ P\ FRPSHQVDWLRQ GDWD� /HW PH� KRZHYHU� WU\ WR JLYH VRPH LQWXLWLRQ IRU WKH

UHVXOWV� :KHQ j LV KLJK� WKH XVH RI SD\�IRU�SHUIRUPDQFH EHFRPHV D SDUWLFXODUO\ XQDWWUDFWLYH WRRO�

��



HYHQ FRPSDUHG ZLWK WKH WKUHDW RI GLVPLVVDO� 7KLV LV ZK\ WKH SLHFH UDWH� DQG HYHQ WRWDO FRPSHQVDWLRQ

ULVN GHFUHDVHV� 7KH VLJQ RI WKH FKDQJH LQ H[SHFWHG FRPSHQVDWLRQ� JLYHQ DQ LQFUHDVH LQ j� GHSHQGV

RQ & �SURGXFWLYLW\�� :KHQ & LV VPDOO� WKH ¿UP UHVSRQGV WR DQ LQFUHDVH LQ j E\ GHFUHDVLQJ @ �HIIRUW�

TXLWH D ELW� ZKLFK DOORZV WKH ¿UP WR SD\ D ORZHU OHYHO RI FRPSHQVDWLRQ� :KHQ & LV KLJK� KRZHYHU�

WKH ¿UP UHVLVWV WKH WHPSWDWLRQ WR UHGXFH @� VLQFH HIIRUW LV VR SURGXFWLYH� 6LQFH WKH HIIHFWLYHQHVV RI

FRPSHQVDWLRQ OHYHOV DV DQ LQFHQWLYH DOLJQLQJ WRRO LV GHFUHDVLQJ LQ j� WKH ¿UP ZLOO QHHG WR LQFUHDVH

FRPSHQVDWLRQ�

7KH UHOHYDQW FRPSDUDWLYH VWDWLFV DV B$ �� UHODWLQJ WR & DUH DV IROORZV�
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7KH ¿UVW SURPLVLQJ IHDWXUH ZH VHH DERXW WKHVH FRPSDUDWLYH VWDWLVWLFV LV WKDW H[SHFWHG FRPSHQVDWLRQ

LV SUHGLFWHG WR EH KLJKHU IRU &(2V LQ KLJK YDULDELOLW\ ¿UPV� )XUWKHU� VLQFH WKHLU FRPSHQVDWLRQ

ULVN LV SUHGLFWHG WR EH VPDOOHU� LW PLJKW QRW EH VXUSULVLQJ WR VHH WKDW &(2V RI SRRUO\ SHUIRUPLQJ

¿UPV UHFHLYH KLJK SD\� HYHQ IROORZLQJ YHU\ SRRU SHUIRUPDQFH� 7KH PDLQ HIIHFW LQ WKLV PRGHO LV

WKDW� DV HIIRUW EHFRPHV PRUH LPSRUWDQW� WKH ¿UP FKRRVHV WR HOLFLW D KLJKHU OHYHO RI HIIRUW WKURXJK

KLJKHU SD\� ZKLFK LV D VWDQGDUG HI¿FLHQF\�ZDJH DUJXPHQW� 7KLV KLJKHU OHYHO RI SD\ LV DQ LQFHQWLYH

WRRO� QRW PHUHO\ FRPSHQVDWLRQ IRU LQFUHDVHG HIIRUW� ,W LV QRW KDUG WR VKRZ WKDW WKH XWLOLW\ FRVW RI

LPSRVLQJ FRPSHQVDWLRQ ULVN LV LQFUHDVLQJ LQ H[SHFWHG FRPSHQVDWLRQ� ZKLFK H[SODLQV WKH UHVXOWV RQ

FRPSHQVDWLRQ YDULDQFH DQG WKH SLHFH UDWH EKW��

%HIRUH GLVFXVVLQJ WKH WXUQRYHU LPSOLFDWLRQV RI WKHVH PRGHOV� , ZRXOG OLNH WR GLVFXVV WKHLU UHO�

HYDQFH WR DQRWKHU VWXG\� .ROH DQG /HKQ ������ ORRN DW WKH HIIHFW RI DLUOLQH GHUHJXODWLRQ RQ &(2

SD\ DQG WXUQRYHU� :KLOH UHJXODWHG ¿UPV DUH QRW LQ P\ FRPSHQVDWLRQ VDPSOH� WKH\ GR KDYH YHU\

��



ORZ OHYHOV RI r�}66� VLQFH WKHLU VWRFN UHWXUQV DUH TXLWH VWDEOH� .ROH DQG /HKQ ¿QG WKDW� HYHQ IRU

&(2V LQ SODFH ORQJ EHIRUH GHUHJXODWLRQ� &(2 SD\ ULVHV GUDPDWLFDOO\ DIWHU GHUHJXODWLRQ� 7KH PRGHO

LQ WKLV VHFWLRQ RIIHUV WKH LQWHUSUHWDWLRQ WKDW� GHVSLWH WKH IDFW WKDW &(2 DELOLW\ KDG QRW GUDPDWLFDOO\

FKDQJHG� WKHVH ¿UPV RIIHUHG KLJKHU SD\� ,Q SDUWLFXODU� WKHVH KLJK SD\ OHYHOV FRXOG KDYH EHHQ XVHG

DV PRWLYDWLRQDO WRROV ZKHQ FRPELQHG ZLWK WKH WKUHDW RI GLVPLVVDO� 7KH ¿UPV FKRVH WR DGRSW WKLV

SROLF\ IROORZLQJ GHUHJXODWLRQ� ZKHQ LW EHFDPH SDUWLFXODUO\ LPSRUWDQW WR HOLFLW KLJK HIIRUW���

��� 7XUQRYHU

7KH PRGHO LQ WKLV VHFWLRQ SUHGLFWV WKDW WKH SUREDELOLW\ RI GLVPLVVDO VKRXOG QRW FKDQJH DV HLWKHU &

RU j FKDQJHV� ZKLFK LV D UHVXOW HQWLUHO\ GXH WR IXQFWLRQDO IRUP� .DSODQ ������ SUHVHQWV D PRGHO

YHU\ VLPLODU WR WKH RQH SUHVHQWHG KHUH LQ ZKLFK WKH SUREDELOLW\ RI GLVPLVVDO GHFOLQHV ZLWK WKH

SDUDPHWHU WKDW DIIHFWV WKH SURGXFWLYLW\ RI &(2 DFWLRQV� UDWKHU WKDQ WKH FRVW� 7KH LPSRUWDQW LQVLJKW

WKHVH PRGHOV \LHOG LV WKDW ZH QHHG QRW VHH D KLJKHU LQFLGHQFH RI GLVPLVVDO LQ ¿UPV WKDW DUH UHO\LQJ

PRUH KHDYLO\ RQ HI¿FLHQF\ ZDJHV� ,Q WKH PRGHOV SUHVHQWHG LQ WKLV VHFWLRQ� &(2V RI KLJK & �KLJK

SURGXFWLYLW\� ¿UPV DUH KHOG WR PRUH VWULQJHQW GLVPLVVDO VWDQGDUGV WKDW WKHLU ORZ & FRXQWHUSDUWV�

&(2V LQ KLJK & ¿UPV GR� KRZHYHU� ZRUN KDUGHU WKDQ WKRVH LQ ORZ & ¿UPV� HTXDOL]LQJ WKH SUREDELOLW\

RI GLVPLVVDO�

�� &RQFOXVLRQV

7KLV SDSHU VKRZV WKDW &(2V RI ¿UPV SURQH WR KLJK SHUIRUPDQFH YDULDWLRQ UHFHLYH KLJKHU FRPSHQ�

VDWLRQ WKDQ &(2V RI OHVV YRODWLOH ¿UPV� (VWLPDWHG SD\ VFKHGXOHV VKRZ WKDW WKHVH GLIIHUHQFHV LQ SD\

GR QRW UHÀHFW FRPSHQVDWLQJ GLIIHUHQWLDOV IRU H[FHVVLYH FRPSHQVDWLRQ ULVN� +D]DUG PRGHOV RI WHQXUH

45 -RVNRZ� 5RVH� DQG 6KHSDUG ������ DQG -RVNRZ� 5RVH� DQG :ROIUDP ������ RIIHU DQ H[SODQDWLRQ IRU ORZ SD\ LQ

UHJXODWHG ¿UPV EDVHG RQ SROLWLFDO SUHVVXUH WR NHHS VDODULHV GRZQ�

��



GXUDWLRQ VKRZ WKH\ GR QRW UHÀHFW FRPSHQVDWLQJ GLIIHUHQWLDOV IRU ULVN RI GLVPLVVDO� , VKRZ WKDW DQ

DELOLW\ VRUWLQJ PRGHO FDQQRW H[SODLQ WKHVH UHVXOWV XQGHU WKH VWDQGDUG DVVXPSWLRQ WKDW SHUIRUPDQFH

YDULDELOLW\ LQFUHDVHV WKH FRVW RI HOLFLWLQJ HIIRUW� ZLWKRXW DIIHFWLQJ SURGXFWLYLW\� 7KH UHVXOWV FDQ RQO\

EH H[SODLQHG E\ D VRUWLQJ PRGHO LI KLJKHU SHUIRUPDQFH YDULDWLRQ VLJQDOV KLJKHU SURGXFWLYLW\ RI &(2

DFWLRQV� $VVXPLQJ WKLV ODWWHU IXQFWLRQDO IRUP IRU SURGXFWLRQ� DQ HI¿FLHQF\�ZDJH PRGHO FDQ DOVR

H[SODLQ WKH FRPSHQVDWLRQ UHVXOWV�

7KH SDSHU PD\ VKHG OLJKW RQ D FRPPRQ FRPSODLQW DERXW &(2 SD\ SUDFWLFHV� 6LQFH ¿UPV SURQH

WR KLJK YDULDELOLW\ GLVSURSRUWLRQDWHO\ FRPSULVH WKH ORZHU WDLO RI WKH PDUNHW�ZLGH SHUIRUPDQFH GLV�

WULEXWLRQ� DQG WKHVH ¿UPV RIIHU WKHLU &(2V FRPSHQVDWLRQ FRQWUDFWV ZLWK KLJK LQWHUFHSWV� LW FDQ

DSSHDU LQ D FURVV�VHFWLRQ WKDW &(2V DUH QRW SXQLVKHG IRU SRRU SHUIRUPDQFH� &RPSHQVDWLRQ GDWD

OHQG VRPH VXSSRUW IRU WKLV H[SODQDWLRQ�
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$SSHQGL[ $� 'DWD 'H¿QLWLRQV

T`-.A(|�

YDOXH ZHLJKWHG DYHUDJH PDUNHW�ZLGH UHWXUQ �LQFOXGLQJ DOO GLVWULEXWLRQV�� 9:5(7' LV WKH

YDULDEOH QDPH XVHG E\ &563�

oe|�|�

WKH WRWDO VKDUHKROGHU UHWXUQ �LQFOXGLQJ GLYLGHQGV� IRU WKH ¿UP¶V FRPPRQ VWRFN IRU WKH ¿VFDO

\HDU�

0�|

WKH UHVLGXDO IRU ¿UP � LQ ¿VFDO \HDU | REWDLQHG IURP HVWLPDWLQJ HTXDWLRQ ����

r�}66� �

GH¿QHG IURP HTXDWLRQV ��� DQG ����

roe|�|

VFDOHG VKDUHKROGHU UHWXUQ  
0�|

r�}66�

uJ}E&RPSHQVDWLRQ��|�

WKH /RJ RI WRWDO FRPSHQVDWLRQ� 7RWDO FRPSHQVDWLRQ LQFOXGHV VDODU\� ERQXV� SHUTXLVLWHV� SD\�

PHQWV WR FRYHU &(2¶V WD[HV� SUHIHUHQWLDO HDUQLQJV SD\DEOH EXW GHIHUUHG DW &(2¶V HOHFWLRQ�

SUHIHUHQWLDO GLVFRXQWV RQ VWRFN SXUFKDVHV� WKH YDOXH RI UHVWULFWHG VWRFN JUDQWHG �DV UHSRUWHG

E\ WKH FRPSDQ\�� WKH %ODFN�6FKROHV YDOXH RI VWRFN�RSWLRQV�6$5V JUDQWHG� ORQJ�WHUP LQ�

FHQWLYH SD\RXWV� FRPSDQ\ FRQWULEXWLRQV WR EHQH¿W SODQV� VSOLW�GROODU LQVXUDQFH SD\PHQWV�

SD\PHQWV UHODWHG WR WHUPLQDWLRQ� FKDQJH�LQ�FRQWURO RU VHYHUDQFH� DQG RWKHU PLVFHOODQHRXV

FRPSHQVDWLRQ�

�'�^|

GXPP\ YDULDEOH WKDW HTXDOV RQH LI ¿UP � LV LQ WKH ^|� TXDUWLOH RI WKH GLVWULEXWLRQ RI UHWXUQV

LQ \HDU | IRU DOO ¿UPV XVHG LQ WKH FRPSHQVDWLRQ DQDO\VLV LQ \HDU |�

WHQXUH�|�

WKH &(2¶V WHQXUH �DV &(2� UDWKHU WKDQ DW WKH ¿UP LQ DQ\ FDSDFLW\� DW WKH EHJLQQLQJ RI ¿VFDO

\HDU | IRU ¿UP ��

uJ}E$VVHWV��|

WKH /RJ RI WRWDO FXUUHQW DVVHWV �VDPH DV &RPSXVWDW DQQXDO GDWD LWHP ���

uJ} E6DOHV��|
WKH /RJ RI QHW VDOHV �VDPH DV &RPSXVWDW DQQXDO GDWD LWHP ����

u� ��� � DQGM�

$OO ¿UPV XVHG LQ WKH FRPSHQVDWLRQ VDPSOH DUH UDQNHG E\ WKHLU YDOXH IRU r�}66� � u� LV D

GXPP\ YDULDEOH WKDW HTXDOV RQH LI ¿UP � LV LQ WKH ORZHVW WKLUG RI WKLV GLVWULEXWLRQ� �� LV D

GXPP\ YDULDEOH WKDW HTXDOV RQH LI ¿UP � LV LQ WKH PLGGOH WKLUG RI WKLV GLVWULEXWLRQ� M� LV D

GXPP\ YDULDEOH WKDW HTXDOV RQH LI ¿UP � LV LQ WKH KLJKHVW WKLUG RI WKLV GLVWULEXWLRQ�

'�^|

(DFK ¿UP KDV UHVLGXDOV IURP WKH HVWLPDWLRQ RI HTXDWLRQ ���� '�^| LV D GXPP\ YDULDEOH WKDW

��



HTXDOV RQH LI WKH UHVLGXDO IURP \HDU | LV LQ WKH ^|� TXDUWLOH RI UHVLGXDOV IRU ¿UP ��

$OO PRQHWDU\ YDULDEOHV DUH DGMXVWHG IRU LQÀDWLRQ E\ XVLQJ WKH &3, �XUEDQ XQDGMXVWHG�� DQG DUH

LQ ������� GROODUV�

��



$SSHQGL[ %� 3URRI RI &RPSHQVDWLRQ 5HVXOWV )URP 6HFWLRQ �

7KH SXUSRVH RI WKH DSSHQGL[ LV WR SURYH WKH UHVXOWV JLYHQ LQ VHFWLRQ��� 7KH &(2¶V REMHFWLYH LV WR

FKRRVH @ WR PD[LPL]H WKH SUHVHQW�GLVFRXQWHG H[SHFWHG XWLOLW\
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GHYLDWLRQ j� 'HQRWH 8 E0c >c j� DV WKH FXPXODWLYH GLVWULEXWLRQ IXQFWLRQ RI WKH VDPH YDULDEOH 0�
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WR HOLFLW�
3BR�E@(l�

�3BnBRE@(l�
' #

j
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# ' 4��� $V # $ 4� WKH ¿UP FDQ JHW DUELWUDULO\ FORVH WR WKH

¿UVW�EHVW VROXWLRQ RI LPSRVLQJ QR ULVN RQ WKH &(2� DQG PHUHO\ FRPSHQVDWLQJ KHU IRU KHU HIIRUW�

&KDQJLQJ jRU & DIIHFWV QRWKLQJ� 7KH TXHVWLRQ RI LQWHUHVW IRU WKLV DSSHQGL[ LV WKH GLUHFWLRQ IURP

46 7KH &(2¶V ¿UVW�RUGHU FRQGLWLRQ XQLTXHO\ GH¿QHV KHU RSWLPDO OHYHO RI d�
47 7KLV UHOLHV RQ WKH VDPH SURSHUW\ RI WKH QRUPDO GHQVLW\ IXQFWLRQ WKDW ZDV XVHG LQ 0LUUOHHV �������
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7KH UHVXOWV RQ H[SHFWHG FRPSHQVDWLRQ FRPH PXFK PRUH HDVLO\� 6LPSOH FDOFXODWLRQV VKRZ

Y d7W n KW&@Wo

Y&
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$V LQ VHFWLRQ �� LW LV HDV\ WR REWDLQ D WXUQRYHU SUHGLFWLRQ IURP WKLV PRGHO� 1RWH WKDW WKH PD[L�

PXP YDOXH RI # GRHV QRW GHSHQG RQ j� )RU DQ\ j DQG @� WKH FRVW�PLQLPL]LQJ FKRLFH IRU l ZLOO EH

VXFK WKDW l3@

j
HTXDOV VRPH FRQVWDQW� 7KLV UHVXOW GRHV QRW GHSHQG RQ B EHLQJ ODUJH� DQG WHOOV XV WKDW

WKH SUREDELOLW\ RI WXUQRYHU LV LQGHSHQGHQW RI j LQ WKLV PRGHO�

��



5HIHUHQFHV

>�@ $NHUORI� *�$� DQG <HOOHQ� -�/� HGV� (I¿FLHQF\ :DJH 0RGHOV RI WKH /DERU 0DUNHW� 1HZ <RUN� &DP�

EULGJH 8QLYHUVLW\ 3UHVV� �������

>�@ $JJDUZDO� 5� DQG 6DPZLFN� $�$� ³7KH 2WKHU 6LGH RI WKH 7UDGHRII� 7KH ,PSDFW RI 5LVN RQ ([HFX�

WLYH &RPSHQVDWLRQ�́ -RXUQDO RI 3ROLWLFDO (FRQRP\ IRUWKFRPLQJ�

>�@ %DUWOHWW� 5�/�� *UDQW -�+�� DQG 0LOOHU� 7�,� ³7KH (DUQLQJV RI 7RS ([HFXWLYHV� &RPSHQVDWLQJ 'LIIHU�

HQWLDOV IRU 5LVN\ %XVLQHVV�́ 4XDUWHUO\ 5HYLHZ RI (FRQRPLFV DQG )LQDQFH� 9RO� ��� 1R� � �6SULQJ

������ ������

>�@ %XOO� &� ³7KH ([LVWHQFH RI 6HOI�(QIRUFLQJ ,PSOLFLW &RQWUDFWV�́ 4XDUWHUO\ -RXUQDO RI (FRQRPLFV�

9RO� ���� 1R� � �)HEUXDU\ ������ ��������

>�@ &U\VWDO� *�6� ,Q 6HDUFK 2I ([FHVV� 7KH 2YHUFRPSHQVDWLRQ RI $PHULFDQ ([HFXWLYHV� 1HZ <RUN�

:: 1RUWRQ� �����

>�@ *DUHQ� -�(� ³([HFXWLYH &RPSHQVDWLRQ DQG 3ULQFLSDO�$JHQW 7KHRU\�́ -RXUQDO RI 3ROLWLFDO (FRQRP\�

9RO� ���� 1R� � �'HFHPEHU ������ ��������

>�@ *LEERQV� 5�6� ³,QFHQWLYHV DQG &DUHHUV LQ 2UJDQL]DWLRQV�́ ,Q $GYDQFHV LQ (FRQRPLF 7KHRU\� 6HY�

HQWK :RUOG &RQJUHVV 9RO� �� HGLWHG E\ '� .UHSV DQG .�:DOOLV� &DPEULGJH 8QLYHUVLW\ 3UHVV �������

>�@ +DOO� %�-� DQG /LHEPDQ� -�%� ³$UH &(2V 5HDOO\ 3DLG /LNH %XUHDXFUDWV"´ PLPHR� +DUYDUG 8QLYHU�

VLW\� �0DUFK ������

>�@ +DXEULFK� -�*�� ³5LVN�$YHUVLRQ� 3HUIRUPDQFH 3D\ DQG WKH 3ULQFLSDO�$JHQW 3UREOHP�́ -RXUQDO RI

3ROLWLFDO (FRQRP\� 9RO� ���� 1R� � �$SULO ������ �������

>��@ +ROPVWURP� %� ³0RUDO +D]DUG DQG 2EVHUYDELOLW\�́ %HOO -RXUQDO RI (FRQRPLFV� 9RO� ��� 1R��

�6SULQJ ������ ������

>��@ +ROPVWURP� %� DQG 0LOJURP� 3� ³$JJUHJDWLRQ DQG /LQHDULW\ LQ WKH 3URYLVLRQ RI ,QWHUWHPSRUDO ,Q�

FHQWLYHV�́ (FRQRPHWULFD� 9RO� ��� 1R� � �0DUFK ������ �������

>��@ .DSODQ� '�6� ³(VVD\V RQ ,QFHQWLYHV DQG &RPSHQVDWLRQ� 7KHRU\ DQG (YLGHQFH�́ 3K�'� GLVVHUWDWLRQ�

&RUQHOO 8QLYHUVLW\ ������

>��@ -RVNRZ� 3�/�� 5RVH� 1�/�� DQG 6KHSDUG� $� ³5HJXODWRU\ &RQVWUDLQWV RQ &(2&RPSHQVDWLRQ�́ %URRN�

LQJV 3DSHUV RQ (FRQRPLF $FWLYLW\� 0LFURHFRQRPLFV� ������� �����

>��@ -RVNRZ� 3�/�� 5RVH� 1�/�� DQG :ROIUDP� &� ³3ROLWLFDO &RQVWUDLQWV RQ ([HFXWLYH &RPSHQVDWLRQ�
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(YLGHQFH IURP WKH (OHFWULF 8WLOLW\ ,QGXVWU\�́ 5DQG -RXUQDO RI (FRQRPLFV� 9RO� ��� 1R� � �6SULQJ

������ �������

>��@ .ROH� 6 DQG /HKQ� .� ³'HUHJXODWLRQ DQG WKH $GDSWDWLRQ RI *RYHUQDQFH 6WUXFWXUH� 7KH &DVH RI WKH

8�6� $LUOLQH ,QGXVWU\�́ PLPHR� 6LPRQ *UDGXDWH 6FKRRO RI %XVLQHVV $GPLQLVWUDWLRQ� 8QLYHUVLW\ RI

5RFKHVWHU �������

>��@ /D]HDU� (�3� DQG 5RVHQ� 6� ³5DQN�2UGHU 7RXUQDPHQWV DV 2SWLPXP /DERU &RQWUDFWV�́ -RXUQDO RI

3ROLWLFDO (FRQRP\� 9RO� ��� 1R� � �2FWREHU ������ �������

>��@ 0DF/HRG� :�%� DQG 0DOFRPVRQ� -�0� ³,PSOLFLW &RQWUDFWV� ,QFHQWLYH &RPSDWLELOLW\� DQG ,QYROXQ�

WDU\ 8QHPSOR\PHQW�́ (FRQRPHWULFD� 9RO� ��� 1R�� �0DUFK ������ �������

>��@ 0LUUOHHV� -� ³1RWHV RQ :HOIDUH (FRQRPLFV� ,QIRUPDWLRQ� DQG 8QFHUWDLQW\�́ LQ 0� %DOFK� '� 0F�

)DGGHQ� DQG 6� :X� HGV�� (VVD\V RQ (FRQRPLF %HKDYLRU 8QGHU 8QFHUWDLQW\� $PVWHUGDP� 1RUWK

+ROODQG 3XEOLVKLQJ &R�� �������

>��@ 0XUGRFK� (�-� ³([HFXWLYH &RPSHQVDWLRQ DQG )LUP 3HUIRUPDQFH� 7KH 5HODWLRQVKLS %HWZHHQ 0RQ�

LWRULQJ DQG WKH 8VH RI ,QFHQWLYH &RQWUDFWV�́ 3K�'� GLVVHUWDWLRQ� 8QLYHUVLW\ RI &DOLIRUQLD� /RV $Q�

JHOHV� �������

>��@ 0XUSK\� .�-� ³&RUSRUDWH 3HUIRUPDQFH DQG 0DQDJHULDO 5HPXQHUDWLRQ� $Q (PSLULFDO $QDO\VLV�́

-RXUQDO RI $FFRXQWLQJ DQG (FRQRPLFV� 9RO� �� 1R� ��� �$SULO ������ ������

>��@ 5RVH� 5�/� DQG 6KHSDUG� $� ³)LUP 'LYHUVL¿FDWLRQ DQG &(2 &RPSHQVDWLRQ� 0DQDJHULDO $ELOLW\ RU

([HFXWLYH (QWUHQFKPHQW"´ 5DQG -RXUQDO RI (FRQRPLFV� 9RO� ��� 1R� � �$XWXPQ ������ ��������

>��@ 6KDSLUR� &� DQG 6WLJOLW]� -�(� ³(TXLOLEULXP 8QHPSOR\PHQW DV D :RUNHU 'LVFLSOLQH 'HYLFH�́ $PHU�

LFDQ (FRQRPLF 5HYLHZ� 9RO� ��� 1R� � �-XQH ������ �������

>��@ 6WDQGDUG DQG 3RRU¶V &RPSXVWDW ([HFXFRPS� 0F*UDZ�+LOO� ,QF� �2FWREHU ������
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Table 1: Descriptive Statistics for Execucomp Data (1992-1996)

Variable Mean Std. Dev.

sigmm = Estimated standard deviation of the error term from
the firm's market model

tenure = years as CEO prior to current year 8.460 8.140

ret = stock market rate of return 0.157 0.387

sret = (residual from market model)/sigmm -0.101 0.846

Log(Sales) = Log of Sales in millions 6.819 1.554

Log(Assets) = Log of Current Assets in millions 7.051 1.752

Log(Compensation)=Log of Total CEO Compensation in thousands 6.971 0.910

Observations 3,325

CEOs 1,014

Firms 821

0.384 0.250



Table 2: Cross-Sectional Estimate of Standardized Log-Linear 
Pay Schedules

for Low, Middle, and High Variability Firms

Variable Estimate Standard Error

medium variability firm 0.055 0.028

high variability firm 0.228 0.034

sret for low variability firms 0.078 0.026

sret for medium variability firms 0.078 0.024

sret for high variability firms 0.112 0.027

Tenure 0.004 0.002

Log(Sales) 0.184 0.016

Log(Assets) 0.211 0.013

year effects included, but not shown

Observations 3,325

CEOs 1,014

Firms 821

R2 0.444

Standard Errors are Calculated Under the Assumption of Arbitrary 
Heteroscedasticity



Table 3: Effect of Performance Variability on Compensation 
Across

Standardized Quartiles of the Performance Distribution

Variable Estimate Standard Error

Performance in 2nd quartile of firm
distribution of returns

Performance in 3rd quartile of firm
distribution of returns

Performance in highest quartile of firm
distribution of returns

sigmm in lowest quartile 0.317 0.126

sigmm in 2nd quartile 0.271 0.100

sigmm in 3rd quartile 0.515 0.119

sigmm in highest quartile 0.397 0.119

Tenure 0.004 0.002

Log(Sales) 0.191 0.015

Log(Assets) 0.204 0.013

year effects included, but not shown

Observations 3,325

CEOs 1,014

Firms 821

R2 0.444

Standard Errors are Calculated Under the Assumption of Arbitrary 
Heteroscedasticity

0.115 0.067

0.0710.200

0.0690.097



Table 4: Cross-Sectional Estimate of CEO Pay-Performance
Relationships (ignoring performance variability, non-

standardized performance)

Variable Estimate Standard Error

Performance in 2nd quartile of market 0.068 0.033
distribution of returns

Performance in 3rd quartile of market 0.167 0.034
distribution of returns

Performance in highest quartile of market 0.299 0.036
distribution of returns

Tenure 0.004 0.002

Log(Sales) 0.179 0.015

Log(Assets) 0.189 0.013

year effects included, but not shown

Observations 3,325

CEOs 1,014

Firms 821

R2 0.444

Standard Errors are Calculated Under the Assumption of Arbitrary 
Heteroscedasticity



Table 5: Correlations Between Estimated 
Performance Variability and Quartile

of Market Distribution

sigmm

Performance in lowest quartile of market
distribution of returns

Performance in 2nd quartile of market
distribution of returns

Performance in 3rd quartile of market
distribution of returns

Performance in highest quartile of market
distribution of returns

0.162

All correlations are significant at the 0.01 level.

0.142

-0.155

-0.149



Table 6: Cross-Sectional Estimate of CEO Pay-Performance
Relationships (accounting for performance variability, non-

standardized performance)

Variable Estimate Standard Error

Performance in 2nd quartile of market
distribution of returns

Performance in 3rd quartile of market
distribution of returns

Performance in highest quartile of market
distribution of returns

sigmm 0.371 0.064

Tenure 0.004 0.002

Log(Sales) 0.192 0.015

Log(Assets) 0.199 0.013

year effects included, but not shown

Observations 3,325

CEOs 1,014

Firms 821

R2 0.452

Standard Errors are Calculated Under the Assumption of Arbitrary 
Heteroscedasticity

0.101 0.033

0.034

0.295 0.035

0.198



Table 7: Cross-Sectional Estimate of Standardized Log-
Linear Pay Schedules

for Low, Middle, and High Variability Firms  (Restricted-
Stock Grants

Excluded for CEOs of High Variability Firms)

Variable Estimate Standard Error

medium variability firm 0.051 0.028

high variability firm 0.183 0.034

sret for low variability firms 0.079 0.026

sret for medium variability firms 0.078 0.024

sret for high variability firms 0.104 0.026

Tenure 0.004 0.002

Log(Sales) 0.182 0.015

Log(Assets) 0.209 0.013

year effects included, but not shown

Observations 3,325

CEOs 1,014

Firms 821

R2 0.446

Standard Errors are Calculated Under the Assumption of Arbitrary 
Heteroscedasticity



Table 8: Effect of Performance Variability on Compensation 
Across

Standardized Quartiles of the Performance Distribution 
(Restricted-Stock Grants

Excluded for CEOs of High Variability Firms)

Variable Estimate Standard Error

Performance in 2nd quartile of firm
distribution of returns

Performance in 3rd quartile of firm
distribution of returns

Performance in highest quartile of firm
distribution of returns

sigmm in lowest quartile 0.256 0.122

sigmm in 2nd quartile 0.239 0.099

sigmm in 3rd quartile 0.482 0.116

sigmm in highest quartile 0.334 0.115

Tenure 0.004 0.002

Log(Sales) 0.188 0.015

Log(Assets) 0.204 0.013

year effects included, but not shown

Observations 3,325

CEOs 1,014

Firms 821

R2 0.449

Standard Errors are Calculated Under the Assumption of Arbitrary 
Heteroscedasticity

0.070

0.066

0.068

0.102

0.196

0.086



Table 9: Hazard Model of CEO Tenure Duration

Variable Estimate Standard Error Risk Ratio

sigmm -0.729 0.360 0.482

sret -0.206 0.084 0.814

Log(Sales) 0.221 0.084 1.247

Log(Assets) -0.147 0.076 0.863

year effects included, but not shown

CEO Spells 1,014

-2(Log Liklihood) 2,030.45


