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,Q WKH SDVW GHFDGHV VHYHUDO IHDWXUHV RI 8�6� XQHPSOR\PHQW G\QDPLFV

KDYH EHHQ LQYHVWLJDWHG HPSLULFDOO\� 7KH RULJLQDO IRFXV RI UHVHDUFK ZDV RQ

WKH GXUDWLRQ RI XQHPSOR\PHQW� ,Q ODWHU VWXGLHV WKH F\FOLFDOLW\ RI LQFLGHQFH

DQG GXUDWLRQ� FRPSRVLWLRQDO HmHFWV DQG GXUDWLRQ GHSHQGHQFH RI WKH H[LW

UDWH RXW RI XQHPSOR\PHQW KDYH EHHQ LQYHVWLJDWHG� 8QOLNH WKH SDUWLDO DS�

SURDFK RI SUHYLRXV VWXGLHV WKLV SDSHU WDNHV DOO HOHPHQWV RI XQHPSOR\PHQW

G\QDPLFV VLPXOWDQHRXVO\ LQWR DFFRXQW� :H nQG WKDW F\FOLFDO oXFWXDWLRQV

LQ XQHPSOR\PHQW DUH GULYHQ E\ YDULDWLRQV LQ WKH LQFLGHQFH� LQGLYLGXDO H[LW

SUREDELOLWLHV DQG WKH FRPSRVLWLRQ RI WKH LQoRZ LQWR XQHPSOR\PHQW� :H

DOVR nQG QHJDWLYH GXUDWLRQ GHSHQGHQFH RI WKH XQHPSOR\PHQW H[LW UDWH

ZKLFK FDQ EH DWWULEXWHG WR HPSOR\HUV UDQNLQJ ZRUNHUV DFFRUGLQJ WR WKH

OHQJWK RI WKHLU XQHPSOR\PHQW VSHOO�

e'HSDUWPHQW RI (FRQRPLFV� 8QLYHUVLW\ RI $PVWHUGDP� 5RHWHUVVWUDDW ���

1/����� :% $PVWHUGDP� 7KH 1HWKHUODQGV� DQG 7LQEHUJHQ ,QVWLWXWH�
\'HSDUWPHQW RI (FRQRPLFV� )UHH 8QLYHUVLW\ $PVWHUGDP� 'H %RHOHODDQ �����

1/����� +9 $PVWHUGDP� 7KH 1HWKHUODQGV� 7LQEHUJHQ ,QVWLWXWH DQG &(35�
](UDVPXV 8QLYHUVLW\ 5RWWHUGDP� 7LQEHUJHQ ,QVWLWXWH� %XUJHPHHVWHU 2XGODDQ ��� 1/�����

3$ 5RWWHUGDP� 7KH 1HWKHUODQGV DQG &(35�

.H\ZRUGV� XQHPSOR\PHQW FRPSRVLWLRQ� XQHPSOR\PHQW GXUDWLRQ� EXVLQHVV F\FOH� VRUWLQJ� UDQN�

LQJ� -(/�FRGHV� &��� (��� -��� *HUDUG -� YDQ GHQ %HUJ DFNQRZOHGJHV nQDQFLDO VXSSRUW RI WKH

5R\DO 1HWKHUODQGV $FDGHP\ RI $UWV DQG 6FLHQFHV� 7KH DXWKRUV ZLVK WR WKDQN -HmUH\ 6PLWK

DQG 6ZHGHU YDQ :LMQEHUJHQ IRU KHOSIXO FRPPHQWV�
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� ,QWURGXFWLRQ

7KHUH DUH VHYHUDO ZD\V WR LQYHVWLJDWH WKH G\QDPLFV RI XQHPSOR\PHQW� 2QH ZD\

LV WR ORRN DW D VSHFLnF SRLQW LQ WLPH DQG FRQVLGHU WKH GHFRPSRVLWLRQ RI XQHP�

SOR\PHQW LQWR WKH SURGXFW RI LQFLGHQFH DQG H[SHFWHG GXUDWLRQ RI XQHPSOR\PHQW�

$ JLYHQ VWRFN RI XQHPSOR\HG PD\ RULJLQDWH IURP D UDQJH RI FRPELQDWLRQV RI LQ�

FLGHQFH DQG GXUDWLRQ� ZLWK DW WKH RQH H[WUHPH D FRPELQDWLRQ RI VPDOO LQFLGHQFH

DQG ORQJ GXUDWLRQ DQG DW WKH RWKHU H[WUHPH D FRPELQDWLRQ RI ODUJH LQFLGHQFH DQG

VKRUW GXUDWLRQ� $QRWKHU ZD\ WR LQYHVWLJDWH XQHPSOR\PHQW G\QDPLFV LV WR ORRN

DW WKH EHKDYLRU RI XQHPSOR\PHQW DQG WKH UHODWHG XQHPSOR\PHQW G\QDPLFV RYHU

WKH EXVLQHVV F\FOH� )OXFWXDWLRQV LQ WKH QXPEHU RI XQHPSOR\HG PD\ EH FDXVHG E\

YDULDWLRQV LQ LQFLGHQFH� DYHUDJH GXUDWLRQ� RU D FRPELQDWLRQ RI ERWK� +RZHYHU� IRU

D JRRG XQGHUVWDQGLQJ RI WKH SURFHVVHV XQGHUO\LQJ XQHPSOR\PHQW G\QDPLFV� LW LV

LQVXpFLHQW WR UHVWULFW DWWHQWLRQ WR D VLPSOH GHVFULSWLRQ RI DJJUHJDWH SKHQRPHQD

OLNH oXFWXDWLRQV LQ WKH DYHUDJH XQHPSOR\PHQW GXUDWLRQ� EHFDXVH WKHUH DUH FRP�

SHWLQJ H[SODQDWLRQV IRU WKLV� 2QH H[SODQDWLRQ LV WKDW LQGLYLGXDO XQHPSOR\PHQW

GXUDWLRQ GLVWULEXWLRQV RI DOO FXUUHQWO\ XQHPSOR\HG DUH YDU\LQJ RYHU WLPH� $OWHU�

QDWLYHO\� XQHPSOR\PHQW GXUDWLRQ GLVWULEXWLRQV PD\ EH FRQVWDQW DW WKH LQGLYLGXDO

OHYHO� LQ ZKLFK FDVH DJJUHJDWH oXFWXDWLRQV DUH JHQHUDWHG E\ YDULDWLRQ LQ WKH FRP�

SRVLWLRQ RI WKH LQoRZ� )XUWKHUPRUH� WKH HODSVHG GXUDWLRQ RI WKH XQHPSOR\PHQW

VSHOO PD\ UHGXFH WKH SUREDELOLW\ RI EHLQJ KLUHG E\ DQ HPSOR\HU� ,Q WKDW FDVH WKHUH

LV VR FDOOHG QHJDWLYH GXUDWLRQ GHSHQGHQFH RI WKH H[LW UDWH RXW RI XQHPSOR\PHQW�

)LQDOO\� WKHUH PD\ EH F\FOLFDO YDULDWLRQ LQ WKH SDWWHUQ RI WKH QHJDWLYH GXUDWLRQ

GHSHQGHQFH ZKLFK LV� DV ZLOO EH DUJXHG EHORZ� DQ LQGLFDWLRQ RI WKH SHUVLVWHQFH RI

XQHPSOR\PHQW�

,Q WKH SDVW GHFDGHV VHYHUDO HOHPHQWV RI 8�6� XQHPSOR\PHQW G\QDPLFV KDYH

EHHQ LQYHVWLJDWHG HPSLULFDOO\� 7KH RULJLQDO IRFXV RI UHVHDUFK ZDV RQ WKH DYHUDJH

GXUDWLRQ RI XQHPSOR\PHQW� /DWHU RQ� RWKHU HOHPHQWV� OLNH WKH F\FOLFDOLW\ RI LQ�

FLGHQFH DQG GXUDWLRQ� FRPSRVLWLRQDO HmHFWV� DQG GXUDWLRQ GHSHQGHQFH KDYH EHHQ

LQYHVWLJDWHG�

7KH LQWHUHVW LQ DYHUDJH XQHPSOR\PHQW GXUDWLRQ RULJLQDWHV IURP D PDFURHFR�

QRPLF GLVFXVVLRQ DERXW WKH IXQFWLRQLQJ RI WKH 8�6� ODERU PDUNHW� ,I XQHPSOR\�

PHQW LV FKDUDFWHUL]HG E\ VPDOO LQFLGHQFH DQG ORQJ DYHUDJH GXUDWLRQ WKHQ XQHP�

SOR\PHQW GLVSOD\V D KLJK DPRXQW RI SHUVLVWHQFH� ZKLFK LV LQWHUSUHWHG DV HYLGHQFH

RI ODERU PDUNHW PDOIXQFWLRQLQJ� ,I XQHPSOR\PHQW GXUDWLRQV DUH PRVWO\ VKRUW

WKHQ WKH\ PD\ EH YROXQWDU\ LQ QDWXUH DQG WKH UHVXOW RI UDWLRQDO EHKDYLRU RI XQ�

HPSOR\HG IRU ZKRP XQHPSOR\PHQW LV D WUDQVLWRU\ DQG SURGXFWLYH SKDVH LQ WKHLU

ODERU PDUNHW FDUHHU� 7KH GLVFXVVLRQ ERLOHG GRZQ WR WKH LVVXH ZKHWKHU XQHPSOR\�
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PHQW VKRXOG EH PRGHOOHG LQ WHUPV RI VWRFNV RI SHUVRQV ZKR DUH XQHPSOR\HG IRU

D ORQJ SHULRG RI WLPH� RU DV oRZV RI SHUVRQV ZKR DUH XQHPSOR\HG IRU IDLUO\ VKRUW

VSHOOV�

(PSLULFDO HYLGHQFH LQ WKH GLVFXVVLRQ ZDV XVXDOO\ EDVHG RQ LQIRUPDWLRQ IURP

WKH &XUUHQW 3RSXODWLRQ 6XUYH\ �&36�� ,Q PRVW VWXGLHV &36 LQIRUPDWLRQ DERXW

HODSVHG XQHPSOR\PHQW GXUDWLRQV DW GLmHUHQW SRLQWV LQ �FDOHQGDU� WLPH ZDV XVHG

WR FDOFXODWH H[SHFWHG FRPSOHWHG GXUDWLRQV RI ZRUNHUV DW WKH VWDUW RI WKHLU XQHP�

SOR\PHQW VSHOO��

,Q WKH PLG ����V VHYHUDO &36 EDVHG VWXGLHV IRFXV RQ WKH UHODWLRQVKLS EHWZHHQ

XQHPSOR\PHQW G\QDPLFV DQG WKH EXVLQHVV F\FOH� 6LGHU ������ H[DPLQHV WKH H[�

WHQW WR ZKLFK YDULDWLRQV LQ XQHPSOR\PHQW UHoHFW FKDQJHV LQ WKH LQFLGHQFH RI QHZ

VSHOOV RU FKDQJHV LQ DYHUDJH XQHPSOR\PHQW GXUDWLRQV� $FFRUGLQJ WR 6LGHU DO�

PRVW DOO F\FOLFDO XQHPSOR\PHQW UHVXOWHG IURP FKDQJHV LQ GXUDWLRQ� %XWOHU DQG

0F'RQDOG ������ HVWLPDWH GXUDWLRQ PRGHOV VHSDUDWHO\ IRU HDFK FDOHQGDU \HDU

DQG VXEVHTXHQWO\ FDOFXODWH DQ DQQXDO PHDVXUH RI LQHTXDOLW\ LQ WKH GLVWULEXWLRQ

RI XQHPSOR\PHQW� )URP WKH FRUUHODWLRQ EHWZHHQ WKLV PHDVXUH DQG EXVLQHVV F\FOH

LQGLFDWRUV WKH\ FRQFOXGH WKDW GXULQJ H[SDQVLRQDU\ SHULRGV RI WKH EXVLQHVV F\FOH

LQHTXDOLW\ LQ WKH GLVWULEXWLRQ RI XQHPSOR\PHQW GHFUHDVHV��

'DUE\� +DOWLZDQJHU DQG 3ODQW ������ DUJXH WKDW V\VWHPDWLF F\FOLFDO YDULDWLRQ

LQ WKH FRPSRVLWLRQ RI WKH LQoRZ LQWR XQHPSOR\PHQW PD\ FDXVH F\FOLFDO oXFWX�

DWLRQV LQ DJJUHJDWH XQHPSOR\PHQW� HYHQ LI LQGLYLGXDO XQHPSOR\PHQW GXUDWLRQ

GLVWULEXWLRQV GR QRW FKDQJH� ,Q WKHLU WKHRUHWLFDO PRGHO WKHUH DUH WZR JURXSV RI

ZRUNHUV� 7KH nUVW JURXS FRQVLVWV RI MRE VKRSSHUV DQG LV FKDUDFWHUL]HG E\ KLJK

UDWHV RI HQWU\ LQWR DQG H[LW IURP XQHPSOR\PHQW� 7KH VHFRQG JURXS FRQVLVWV RI

FDUHHU PDNHUV ZKR UDUHO\ EHFRPH XQHPSOR\HG EXW QHHG D ORW RI WLPH WR nQG

D QHZ MRE RQFH WKH\ EHFRPH XQHPSOR\HG� ,Q ERRPV� IHZ FDUHHU PDNHUV ORRVH

WKHLU MREV DQG PRVW XQHPSOR\PHQW VSHOOV DUH UHODWHG WR MRE VKRSSLQJ� ,Q UHFHV�

VLRQV� KRZHYHU� UHODWLYHO\ PDQ\ FDUHHU PDNHUV DUH nUHG� DQG MRE VKRSSLQJ LV OHVV

IUHTXHQW� &RQVHTXHQWO\� WKH DYHUDJH H[LW UDWH IDOOV TXLFNO\ ZKHQ HQWHULQJ D UHFHV�

VLRQ� ZKHUHDV WKH DYHUDJH H[LW UDWH LQFUHDVHV VORZO\ LQ D UHFRYHU\ IURP D UHFHVVLRQ�

�)RU H[DPSOHV� VHH .DLW] ������� &ODUN DQG 6XPPHUV ������� $NHUORI DQG 0DLQ ������ ������

DQG &DUOVRQ DQG +RUULJDQ ������� 6LQFH WKH HQG RI WKH ����V GXUDWLRQ VWXGLHV EDVHG RQ PLFUR

�SDQHO DQG FURVV�VHFWLRQ� GDWD GRPLQDWH LQ TXDQWLW\ RYHU VWXGLHV EDVHG RQ &36 GDWD� 7KH IRFXV

LQ WKHVH VWXGLHV KDV EHHQ� DPRQJVW RWKHU WKLQJV� RQ GLmHUHQFHV LQ H[LW EHKDYLRU EHWZHHQ JURXSV

RI XQHPSOR\HG� 6HH 'HYLQH DQG .LHIHU ������ IRU DQ RYHUYLHZ�
�,W VKRXOG EH SRLQWHG RXW WKDW WKH VWHDG\�VWDWH DVVXPSWLRQ WKH\ PDNH LV QRW HQWLUHO\ FRQ�

VLVWHQW LQ WKH OLJKW RI WKH IDFW WKDW WKH\ HVWLPDWH VHSDUDWH PRGHOV IRU HDFK FDOHQGDU \HDU�

0RUHRYHU� WKHLU HVWLPDWHV RI GXUDWLRQ GHSHQGHQFH DUH GHWHUPLQHG E\ WKH SDUDPHWULF IXQFWLRQDO

IRUP DVVXPSWLRQV WKH\ PDNH�
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8VLQJ &36 GDWD WKH\ HVWLPDWH WLPH VHULHV UHJUHVVLRQV ZLWK WKH DYHUDJH H[LW SURE�

DELOLW\ IURP XQHPSOR\PHQW DV GHSHQGHQW YDULDEOH DQG WKH ODJJHG VKDUH RI VKRUW

WHUP XQHPSOR\HG� ZKLFK WKH\ FRQVLGHU DV DQ LQGLFDWRU RI KHWHURJHQHLW\ LQ WKH

LQoRZ� DV RQH RI WKH H[SODQDWRU\ YDULDEOHV� 7KH\ nQG WKDW D KLJK VKDUH RI VKRUW

WHUP XQHPSOR\HG LQ D VSHFLnF PRQWK LQFUHDVHV WKH RYHUDOO H[LW SUREDELOLW\ LQ WKH

QH[W PRQWK� )URP WKLV WKH\ FRQFOXGH WKDW WKH FKDQJLQJ FRPSRVLWLRQ LV LQGHHG

DQ LPSRUWDQW GHWHUPLQDQW RI F\FOLFDO XQHPSOR\PHQW oXFWXDWLRQV� '\QDUVNL DQG

6KHmULQ ������� ZKR XVH GDWD RI WKH 3DQHO 6WXG\ RI ,QFRPH '\QDPLFV� FRQFOXGH

KRZHYHU WKDW FKDQJHV LQ WKH FRPSRVLWLRQ LQ XQHPSOR\PHQW DUH QRW YHU\ LPSRU�

WDQW� 7KHLU FRQFOXVLRQ LV LQ OLQH ZLWK %DNHU �����D�� 8VLQJ &36 GDWD� %DNHU

VKRZV WKDW WKH YDULDWLRQ LQ WKH FRPSRVLWLRQ RI WKH LQoRZ LV LQVXpFLHQW WR H[SODLQ

WKH YDULDWLRQ LQ DJJUHJDWH GXUDWLRQ GDWD� VR CWKH KHWHURJHQHLW\ H[SODQDWLRQ RI

DJJUHJDWH YDULDWLRQ VKHGV OLWWOH OLJKW RQ WKH QDWXUH RI XQHPSOR\PHQW G\QDPLFV
�

%DNHU FRQFOXGHV WKDW FKDQJHV LQ LQGLYLGXDO XQHPSOR\PHQW GXUDWLRQV DUH PRUH

LPSRUWDQW WKDQ FRPSRVLWLRQDO FKDQJHV RI WKH LQoRZ� )URP DG KRF �JUDSKLFDO�

FKHFNV� ,PEHQV DQG /\QFK ������ REWDLQ VLPLODU FRQFOXVLRQV� $ SRVVLEOH UHDVRQ

IRU WKH GLmHUHQW UHVXOWV LV WKDW %DNHU� '\QDUVNL DQG 6KHmULQ� DQG ,PEHQV DQG

/\QFK XVH GLUHFW HYLGHQFH RI F\FOLFDO FKDQJHV LQ WKH FRPSRVLWLRQ RI WKH LQoRZ

ZKHUHDV 'DUE\ HW DO� XVH DQ LQGLFDWRU YDULDEOH ZKLFK PD\ UHoHFW VHDVRQDO UDWKHU

WKDQ F\FOLFDO HmHFWV�

2Q WKH LVVXH RI GXUDWLRQ GHSHQGHQFH WKHUH DUH DOVR VRPH VWXGLHV EDVHG RQ &36

GDWD �IRU DQ RYHUYLHZ RI WKH UHVXOWV IURP PLFUR VWXGLHV� VHH 'HYLQH DQG .LHIHU

�������� %XWOHU DQG 0F'RQDOG nQG SRVLWLYH GXUDWLRQ GHSHQGHQFH RI WKH H[LW UDWH

RXW RI XQHPSOR\PHQW� 9DQ GHQ %HUJ DQG 9DQ 2XUV ������ DQDO\]H &36 WLPH

VHULHV RI XQHPSOR\PHQW H[LW SUREDELOLWLHV IRU GLmHUHQW XQHPSOR\PHQW GXUDWLRQ

FODVVHV RYHU WKH SHULRG �������� 7KH\ DOVR nQG GXUDWLRQ GHSHQGHQFH�

,W LV QRW RQO\ LPSRUWDQW WR HVWDEOLVK ZKHWKHU RU QRW WKHUH LV QHJDWLYH GXUDWLRQ

GHSHQGHQFH RI WKH XQHPSOR\PHQW H[LW UDWH� ,W LV DOVR LQIRUPDWLYH WR HVWDEOLVK

ZKHWKHU WKHUH LV D UHODWLRQVKLS EHWZHHQ REVHUYHG GXUDWLRQ GHSHQGHQFH DQG WKH

EXVLQHVV F\FOH� $FFRUGLQJ WR %ODQFKDUG ������ DQG %ODQFKDUG DQG 'LDPRQG

������ UDQNLQJ E\ HPSOR\HUV RI XQHPSOR\HG ZRUNHUV DFFRUGLQJ WR WKH OHQJWK RI

WKHLU XQHPSOR\PHQW VSHOO PD\ H[SODLQ WKH H[LVWHQFH RI QHJDWLYH GXUDWLRQ GHSHQ�

GHQFH� 5DQNLQJ LV SDUWLFXODUO\ LQoXHQFLQJ H[LW UDWHV RI ORQJ WHUP XQHPSOR\HG

LQ D VLWXDWLRQ RI ODERU PDUNHW VODFN� ,Q D UHFHVVLRQ DSSOLFDWLRQV E\ ORQJ WHUP

XQHPSOR\HG ZRUNHUV ZLOO EH PRUH IUHTXHQWO\ WXUQHG GRZQ IRU WKH UHDVRQ WKDW D

VKRUW WHUP XQHPSOR\HG ZRUNHU KDV DSSOLHG DV ZHOO� 7KHUHIRUH� UDQNLQJ FDXVHV

GXUDWLRQ GHSHQGHQFH WR EH VWURQJHU GXULQJ UHFHVVLRQV DQG ZHDNHU GXULQJ ERRPV�

7KHUHIRUH� LI WKHUH LV UDQNLQJ� H[LW UDWHV RI ORQJ WHUP XQHPSOR\HG LQGLYLGXDOV DUH
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PRUH VHQVLWLYH WR F\FOLFDO oXFWXDWLRQV WKDQ H[LW UDWHV RI VKRUW WHUP XQHPSOR\HG

LQGLYLGXDOV� 7KHUH LV VRPH HPSLULFDO HYLGHQFH RI GLmHUHQFHV LQ H[LW EHKDYLRU EH�

WZHHQ VKRUW DQG ORQJ WHUP XQHPSOR\HG DFURVV WKH EXVLQHVV F\FOH� $FFRUGLQJ WR

6LGHU ������� H[LW UDWHV DUH PRUH F\FOLFDOO\ VHQVLWLYH DW VKRUWHU GXUDWLRQV� L�H� OHVV

WKDQ � PRQWKV� %XWOHU DQG 0F'RQDOG ������ FRPH WR DQ RSSRVLWH FRQFOXVLRQ�

$FFRUGLQJ WR WKHP� LQFUHDVHV LQ DJJUHJDWH GHPDQG� DV PHDVXUHG E\ UHDO *13�

LQFUHDVH WKH H[LW UDWH PRVW DPRQJ WKRVH ZLWK ORQJHU GXUDWLRQV RI XQHPSOR\PHQW�

5HVXOWV IURP '\QDUVNL DQG 6KHmULQ ������ DUH LQ OLQH ZLWK WKH VWXG\ RI %XWOHU

DQG 0F'RQDOG� '\QDUVNL DQG 6KHmULQ FRQFOXGH WKDW ORQJHU VSHOOV RI XQHPSOR\�

PHQW DUH PRUH VHQVLWLYH WR EXVLQHVV F\FOH oXFWXDWLRQV �ZKLFK WKH\ PHDVXUH E\

WKH QDWLRQDO XQHPSOR\PHQW UDWH��

$OO LQ DOO� D VXEVWDQWLDO DPRXQW RI UHVHDUFK RQ 8�6� XQHPSOR\PHQW G\QDP�

LFV KDV EHHQ FDUULHG RXW LQ WKH SDVW GHFDGHV� 7KHUH VHHPV WR EH VRPH VRUW RI

FRQVHQVXV DERXW ZKDW LV UHOHYDQW LQ 8�6� XQHPSOR\PHQW G\QDPLFV� RQ DYHUDJH

XQHPSOR\PHQW GXUDWLRQV DUH VKRUW� F\FOLFDO YDULDWLRQ LQ XQHPSOR\PHQW LV PDLQO\

FDXVHG E\ F\FOLFDO YDULDWLRQ LQ WKH DYHUDJH XQHPSOR\PHQW GXUDWLRQ DQG QRW E\

YDULDWLRQ LQ LQFLGHQFH� FKDQJHV LQ WKH FRPSRVLWLRQ RI WKH LQoRZ LQWR XQHPSOR\�

PHQW DUH QRW YHU\ LPSRUWDQW� QHJDWLYH GXUDWLRQ GHSHQGHQFH RI WKH H[LW UDWH RXW RI

XQHPSOR\PHQW LV UHOHYDQW� VKRUW WHUP DQG ORQJ WHUP XQHPSOR\HG UHDFW GLmHUHQWO\

WR EXVLQHVV F\FOH oXFWXDWLRQV�

6RPH RI WKH SUHYLRXV VWXGLHV XVH TXLWH VLPSOH WHFKQLTXHV RI DQDO\VLV� DUH EDVHG

RQ UDWKHU DG KRF DVVXPSWLRQV RU GR QRW VHHP WR KDYH DQ HQWLUHO\ FRQVLVWHQW

DSSURDFK� <HW� WKHUH KDV EHHQ DQ HYROXWLRQ LQ UHVHDUFK WHFKQRORJ\ PRYLQJ IURP

DQDO\VHV WKDW GHSHQGHG KHDYLO\ RQ VWHDG\ VWDWH DVVXPSWLRQV WR PRUH FRPSOH[

PRGHOV RI XQHPSOR\PHQW G\QDPLFV DOORZLQJ IRU D QRQ�VWHDG\ VWDWH HQYLURQPHQW�

+RZHYHU� LW LV DOVR FOHDU WKDW UHVHDUFKHUV KDYH IRFXVHG RQ VHSDUDWH HOHPHQWV RI

XQHPSOR\PHQW G\QDPLFV� :KDW ODFNV LV D VWXG\ WKDW WDNHV VLPXOWDQHRXVO\ DOO

HOHPHQWV RI XQHPSOR\PHQW G\QDPLFV LQWR DFFRXQW�

7KLV SDSHU LV DQ DWWHPSW WR nOO WKLV JDS� :H JLYH D FRPSOHWH HPSLULFDO

RYHUYLHZ RI 8�6� XQHPSOR\PHQW G\QDPLFV� :H LQYHVWLJDWH WKH UHOHYDQFH RI WUDGL�

WLRQDO FRPSRQHQWV OLNH LQFLGHQFH� GXUDWLRQ� LQoRZ FRPSRVLWLRQ DQG WKH HmHFWV RI

WKH EXVLQHVV F\FOH� :H DOVR LQYHVWLJDWH WKH SKHQRPHQRQ RI UDQNLQJ� ZKLFK FDXVHV

QHJDWLYH GXUDWLRQ GHSHQGHQFH�

:KHQ LQYHVWLJDWLQJ WKH QDWXUH RI WKH GHFOLQH RI LQGLYLGXDO H[LW UDWHV RYHU

WKH GXUDWLRQ RI XQHPSOR\PHQW WKH UHVHDUFKHU KDV WR WDNH WKH SKHQRPHQRQ RI

XQREVHUYHG KHWHURJHQHLW\ LQWR DFFRXQW� 8QREVHUYHG KHWHURJHQHLW\ FDXVHV WKH RE�

VHUYHG H[LW UDWH RI DQ DSSDUDQWO\ KRPRJHQHRXV JURXS RI XQHPSOR\HG WR GHFOLQH

RYHU WKH GXUDWLRQ RI XQHPSOR\PHQW� EHFDXVH WKH EHVW TXDOLnHG XQHPSOR\HG OHDYH
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XQHPSOR\PHQW nUVW� 7KH VRUWLQJ FDXVHG E\ KHWHURJHQHLW\ KDV RWKHU F\FOLFDO LPSOL�

FDWLRQV WKDQ UDQNLQJ� ,Q WKH WRS RI WKH F\FOH WKH H[LW UDWH GHFOLQHV YHU\ UDSLGO\�

,Q VOXPSV HYHQ WKH EHVW TXDOLnHG XQHPSOR\HG nQG LW GLpFXOW WR OHDYH XQHP�

SOR\PHQW� DQG WKH DJJUHJDWH H[LW UDWH GHFOLQHV RQO\ PLOGO\ RYHU WKH GXUDWLRQ RI

XQHPSOR\PHQW� 6R� WKH VRUWLQJ PRGHO LPSOLHV WKDW GXUDWLRQ GHSHQGHQFH LV OHVV

QHJDWLYH LQ D UHFHVVLRQ WKDQ DW WKH WRS RI WKH EXVLQHVV F\FOH� %HFDXVH RI WKH

GLmHUHQFH LQ F\FOLFDO EHKDYLRU� WKH SDWWHUQ RI LQWHUDFWLRQ EHWZHHQ GXUDWLRQ DQG

F\FOH LV LQIRUPDWLYH RQ WKH GRPLQDQFH RI UDQNLQJ DQG VRUWLQJ HmHFWV��

7KH RXWOLQH RI WKH SDSHU LV DV IROORZV� 6HFWLRQ � FRQWDLQV WKH WKHRUHWLFDO SDUW

RI WKH SDSHU� 6XEVHFWLRQ ��� GLVFXVVHV VRUWLQJ� UDQNLQJ DQG GXUDWLRQ GHSHQGHQFH

PRUH H[WHQVLYHO\� ,Q 6XEVHFWLRQ ��� D VW\OL]HG WKHRUHWLFDO PRGHO RI UDQNLQJ DQG

VRUWLQJ LV GLVFXVVHG� ,Q 6XEVHFWLRQ ��� ZH GHYHORS DQ HPSLULFDO GXUDWLRQ PRGHO

WKDW DOORZV IRU LQWHUDFWLRQ EHWZHHQ DJJUHJDWH GXUDWLRQ GHSHQGHQFH DQG WKH EXVL�

QHVV F\FOH� 7KH SDUDPHWHUL]DWLRQ RI WKLV PRGHO LV JLYHQ LQ 6XEVHFWLRQ ���� 6HFWLRQ

� GLVFXVVHV WKH GDWD VHW� :H XVH DJJUHJDWH &36 GDWD RQ XQHPSOR\PHQW FODVVLnHG

E\ XQHPSOR\PHQW GXUDWLRQ DQG D OLPLWHG QXPEHU RI GHPRJUDSKLF FKDUDFWHULVWLFV�

6HFWLRQ � SUHVHQWV SDUDPHWHU HVWLPDWHV RI RXU PRGHO� 6XEVHFWLRQ ��� VXPPDUL]HV

WKH PDLQ UHVXOWV� 6XEVHFWLRQ ��� GLVFXVVHV UREXVWQHVV RI RXU UHVXOWV ZLWK UHVSHFW

WR WKH LQWURGXFWLRQ RI F\FOLFDO YDULDWLRQ LQ WKH FRPSRVLWLRQ RI WKH LQoRZ� ,Q

6HFWLRQ �� ZH XVH WKH SDUDPHWHU HVWLPDWHV WR HYDOXDWH WKH UROH RI YDULRXV HmHFWV

LQ H[SODLQLQJ DJJUHJDWH oXFWXDWLRQV LQ XQHPSOR\PHQW� 6XEVHFWLRQ ��� GLVFXVVHV

DQ HOHPHQWDU\ GHFRPSRVLWLRQ LQ LQFLGHQFH DQG GXUDWLRQ� ZKHUHDV ��� HYDOXDWHV

GXUDWLRQ GHSHQGHQFH DQG LQWHUDFWLRQ HmHFWV� 6HFWLRQ � FRQFOXGHV�

7KUHH DSSHQGLFHV DUH DGGHG WR FRPSOHPHQW WKH PDLQ WH[W ZLWK GHWDLOV� $S�

SHQGL[ $ GHULYHV WKH SURSHUWLHV RI WKH WKHRUHWLFDO VRUWLQJ PRGHO LQ 6XEVHFWLRQ

���� $SSHQGL[ % SURYLGHV GHWDLOV RQ WKH GHFRPSRVLWLRQ RI 6HFWLRQ �� :H GLVFXVV

LGHQWLnFDWLRQ LQ $SSHQGL[ &�

� $ oH[LEOH HPSLULFDO PRGHO RI WKH G\QDPLFV LQ

XQHPSOR\PHQW GXUDWLRQV

��� 5DQNLQJ DQG VRUWLQJ

,W LV D ZHOO HVWDEOLVKHG IDFW WKDW ORQJ WHUP XQHPSOR\HG KDYH RQ DYHUDJH ORZHU H[LW

UDWHV IURP XQHPSOR\PHQW WKDQ VKRUW WHUP XQHPSOR\HG� ,Q WKH 8�6�� DFFRUGLQJ

�1RWH WKDW ZH GR QRW GLVWLQJXLVK EHWZHHQ WKH HmHFWV RI VRUWLQJ DQG UDQNLQJ EHFDXVH ZH

DUH LQWHUHVWHG LQ VRUWLQJ SHU VH� EXW EHFDXVH ZH KDYH WR DFFRXQW IRU LW LQ RUGHU WR EH DEOH WR

LQYHVWLJDWH WKH LPSRUWDQFH RI UDQNLQJ�

�



WR &36 GDWD WKH DJJUHJDWH H[LW SUREDELOLW\ IDOOV IURP RYHU ��� SHU PRQWK LQ WKH

nUVW PRQWK RI XQHPSOR\PHQW WR DURXQG ��� SHU PRQWK LQ WKH nIWK PRQWK�

2EVHUYHG QHJDWLYH GXUDWLRQ GHSHQGHQFH FRXOG EH FDXVHG E\ QHJDWLYH GXUDWLRQ

GHSHQGHQFH DW WKH PLFUR OHYHO� ,Q D ZRUOG ZLWK DV\PPHWULF LQIRUPDWLRQ� KLJK

XQHPSOR\PHQW GXUDWLRQV PD\ VLJQDO ORZ ZRUNHU TXDOLW\� DQG GLUHFW OLQNV EHWZHHQ

XQHPSOR\PHQW GXUDWLRQ DQG ZRUNHU SURGXFWLYLW\ PD\ H[LVW LI VNLOOV GHWHULRUDWH

ZKHQ XQHPSOR\HG� ,Q HLWKHU FDVH� HPSOR\HUV SUHIHU WR KLUH VKRUW WHUP XQHPSOR\HG

RYHU KLULQJ ORQJ WHUP XQHPSOR\HG� &RQVHTXHQWO\� VKRUW WHUP XQHPSOR\HG KDYH

KLJKHU H[LW UDWHV LQWR HPSOR\PHQW�

%ODQFKDUG ������ GLVFXVVHV UDQNLQJ DV DQ H[SODQDWLRQ RI QHJDWLYH GXUDWLRQ

GHSHQGHQFH DW WKH LQGLYLGXDO OHYHO� 5DQNLQJ UHoHFWV HPSOR\HUV
 UHFUXLWLQJ EH�

KDYLRU� (PSOR\HUV SUHIHU WR KLUH VKRUW WHUP XQHPSOR\HG ZRUNHUV RYHU ORQJ WHUP

XQHPSOR\HG ZRUNHUV� EHFDXVH RI HLWKHU WKH VLJQDOOLQJ HmHFW RU WKH ORVV RI VNLOOV

PHQWLRQHG HDUOLHU� 5DQNLQJ PD\ HYHQ RFFXU LI WKHUH LV RQO\ D VOLJKW GHWHULRUDWLRQ

RI KXPDQ FDSLWDO� EHFDXVH WKH HPSOR\HU VWLOO SUHIHUV D VKRUW WHUP XQHPSOR\HG WR

D ORQJ WHUP XQHPSOR\HG VLQFH WKH ODWWHU KDV D GLVDGYDQWDJH� EH LW D VPDOO RQH�

$V DUJXHG LQ 6HFWLRQ �� VRUWLQJ DOVR FDXVHV QHJDWLYH GXUDWLRQ GHSHQGHQFH RI

REVHUYHG H[LW SUREDELOLWLHV� $ FUXFLDO GLmHUHQFH EHWZHHQ UDQNLQJ DQG VRUWLQJ LV

WKDW UDQNLQJ LV FDXVHG E\ YDULDWLRQ LQ HODSVHG XQHPSOR\PHQW GXUDWLRQV� ZKHUHDV

VRUWLQJ LV GULYHQ E\ YDULDWLRQ LQ LQQDWH FKDUDFWHULVWLFV� OLNH DELOLW\� DQG FKDU�

DFWHULVWLFV WKDW FDQ EH FRQVLGHUHG JLYHQ LQ WKH VKRUW UXQ� OLNH HGXFDWLRQ� $V D

UHVXOW� UDQNLQJ DQG VRUWLQJ KDYH GLmHUHQW G\QDPLF LPSOLFDWLRQV� ,Q D SXUH VRUWLQJ

PRGHO� XQHPSOR\PHQW H[LW UDWHV RI VKRUW WHUP XQHPSOR\HG DUH PRUH VHQVLWLYH WR

F\FOLFDO oXFWXDWLRQV WKDQ H[LW UDWHV RI ORQJ WHUP XQHPSOR\HG �9DQ GHQ %HUJ DQG

9DQ 2XUV ������ ����� ������� ,Q D SXUH UDQNLQJ PRGHO� H[LW UDWHV RI ORQJ WHUP

XQHPSOR\HG DUH PRUH VHQVLWLYH WR F\FOLFDO oXFWXDWLRQV WKDQ H[LW UDWHV RI VKRUW

WHUP XQHPSOR\HG �%ODQFKDUG ������ DQG %ODQFKDUG DQG 'LDPRQG �������� %\

VWXG\LQJ WKH LQWHUDFWLRQ EHWZHHQ F\FOLFDO oXFWXDWLRQV DQG H[LW UDWHV DW GLmHUHQW

XQHPSOR\PHQW GXUDWLRQV ZH FDQ GLVWXLQJXLVK EHWZHHQ UDQNLQJ DQG VRUWLQJ�

7KLV GLVWLQFWLRQ LV LPSRUWDQW DV UDQNLQJ DQG VRUWLQJ KDYH GLmHUHQW DOORFDWLYH

DQG PDFURHFRQRPLF LPSOLFDWLRQV� ,Q FDVH RI SXUH VRUWLQJ� ORQJ WHUP XQHPSOR\�

PHQW LV FRQFHQWUDWHG LQ FHUWDLQ VHJPHQWV RI WKH ODERU PDUNHW� 7KLV PD\ EH XQGH�

VLUDEOH DQG FDOO IRU JRYHUQPHQW LQWHUYHQWLRQ WDUJHWHG DW WKHVH VSHFLnF VHJPHQWV�

3XUH UDQNLQJ� RQ WKH RWKHU KDQG� LV QRW QHFHVVDULO\ GLVFULPLQDWLYH EHWZHHQ VHJ�

PHQWV RI WKH ODERU PDUNHW� ,QVWHDG� LW LV D IXWXUH ULVN ERUQH HTXDOO\ E\ DOO QHZO\

XQHPSOR\HG DW HDFK SRLQW LQ WLPH� ,W FRXOG� KRZHYHU� EH UHODWHG WR UHDO HFRQRPLF

FRVWV RI ORQJ WHUP XQHPSOR\PHQW� ,I UDQNLQJ LV GULYHQ E\ ORVV RI VNLOOV GXULQJ XQ�

HPSOR\PHQW� SURORQJHG VSHOOV RI XQHPSOR\PHQW OHDG WR H[FHVVLYH ORVV RI KXPDQ

�



FDSLWDO� 6LPLODUO\� HYHQ LI UDQNLQJ LV EDVHG RQ D PLOG ORVV RI VNLOOV LW FRXOG LQGXFH

GHPRWLYDWLRQ DPRQJ ORQJ WHUP XQHPSOR\HG� ,Q HLWKHU FDVH� WKH JRYHUQPHQW PD\

ZDQW WR GLUHFW SROLF\ WR SUHYHQW WKH HPHUJHQFH RI ORQJ WHUP XQHPSOR\PHQW�

7KH GLmHUHQFH LQ PDFURHFRQRPLF LPSOLFDWLRQV RI ERWK PRGHOV LV UHODWHG WR WKH

DOORFDWLYH GLmHUHQFHV� ,Q FDVH RI UDQNLQJ� QHZO\ XQHPSOR\HG IDFH EHWWHU HPSOR\�

PHQW SURVSHFWV WKDQ WKH FXUUHQWO\ XQHPSOR\HG� 7KXV� LQ ODERU PDUNHWV ZKHUH WKH

FXUUHQWO\ HPSOR\HG EDUJDLQ RYHU ZDJHV ZLWK HPSOR\HUV� WKH SUHVHQFH RI ORQJ WHUP

XQHPSOR\HG KDV OLWWOH HmHFW RQ ZDJHV� &RQVHTXHQWO\� HYHQ LI UDQNLQJ LV EDVHG

RQ D PLOG ORVV RI VNLOOV LW PD\ FDXVH GHPRWLYDWLRQ RI ORQJ WHUP XQHPSOR\HG DQG

WKXV FRQVLGHUDEOH SHUVLVWHQFH LQ XQHPSOR\PHQW �%ODQFKDUG �������� ,Q D VRUWLQJ

PRGHO� KRZHYHU� WKH SUHVHQFH RI ORQJ WHUP XQHPSOR\HG FDQ EH H[SHFWHG WR ZHDNHQ

WKH HmHFW RI WKH OHYHO RI XQHPSOR\PHQW RQ ZDJHV� MXVW OLNH RYHUDOO XQHPSOR\PHQW

GRHV �%ODQFKDUG DQG 'LDPRQG �������� $V� LQ WKLV FDVH� SURORQJHG XQHPSOR\�

PHQW GRHV QRW QHFHVVDULO\ ZHDNHQ WKH HmHFW RI XQHPSOR\PHQW RQ ZDJHV� VRUWLQJ

LV OHVV OLNHO\ WR EH DVVRFLDWHG ZLWK XQHPSOR\PHQW SHUVLVWHQFH�

2QH PD\ DUJXH WKDW� ZLWKLQ PDUNHWV� HPSOR\HUV UDQN RQ ERWK XQHPSOR\PHQW

GXUDWLRQ DQG VNLOOV� ,Q WKDW FDVH� UDQNLQJ LV QRW UDWLRQDOL]HG E\ ORVV RI VNLOOV� EXW

E\ WKH IDFW WKDW ORQJ WHUP XQHPSOR\HG DUH PRUH OLNHO\ WR EH VFUHHQHG DQG UHMHFWHG

E\ RWKHU HPSOR\HUV LQ WKH VDPH PDUNHW� )RUPDOL]DWLRQ RI WKLV LGHD� KRZHYHU� LV

EH\RQG WKH VFRSH RI WKLV SDSHU� DQG ZLOO EH OHIW IRU IXWXUH UHVHDUFK�

��� $ IRUPDO IUDPHZRUN

,Q WKLV VXEVHFWLRQ ZH SURYLGH D PRGHO IUDPHZRUN WKDW LQFRUSRUDWHV ERWK UDQNLQJ

DQG VRUWLQJ� :H GR QRW FODLP WKDW WKLV PRGHO SURYLGHV D SHUIHFW GHVFULSWLRQ RI

WKH ODERU PDUNHW� 5DWKHU� LW SURYLGHV D FRQVLVWHQW GHVFULSWLRQ RI D ODERU PDU�

NHW LQ ZKLFK UDQNLQJ DQG VRUWLQJ FDQ EH GLVWLQJXLVKHG� $V VXFK� LW VHUYHV DV D

EHQFKPDUN PRGHO ODWHU RQ� ZKHQ ZH GLVFXVV WKH HPSLULFDO RSHUDWLRQDOL]DWLRQ RI

WKHVH FRQFHSWV� ,W VKRXOG EH VWUHVVHG IURP WKH RXWVHW WKDW WKLV IRUPDO PRGHO LV

QRW LPSRVHG RQ WKH GDWD�

6RUWLQJ RFFXUV LI WKHUH LV YDULDWLRQ DFURVV LQGLYLGXDOV LQ WKH OHYHO RI WKH H[LW

UDWH IURP XQHPSOR\PHQW� 7KH PDLQ DVVXPSWLRQ RI WKLV VXEVHFWLRQ LV WKDW DOO

RI WKLV YDULDWLRQ FDQ EH WUDFHG EDFN WR ODERU PDUNHW VHJPHQWDWLRQ� :H DVVXPH

WKDW WKH ODERU PDUNHW LV VHJPHQWHG LQ� SRVVLEO\ XQFRXQWDEO\ PDQ\� XQUHODWHG

VXEPDUNHWV RU VHJPHQWV DQG WKDW HDFK LQGLYLGXDO VHDUFKHV LQ RQO\ RQH VHJPHQW�

([LW UDWHV IURP XQHPSOR\PHQW PD\ YDU\ EHWZHHQ WKH VXEPDUNHWV� EXW ZLWKLQ VHJ�

PHQWV HDFK LQGLYLGXDO ZLWK WKH VDPH XQHPSOR\PHQW GXUDWLRQ KDV WKH VDPH H[LW

UDWH WR HPSOR\PHQW� &OHDUO\� ERWK IURP WKH SHUVSHFWLYH RI VXSSO\ DQG GHPDQG

�



WKLV DVVXPSWLRQ FDQ EH FULWLFL]HG� )RU H[DPSOH� LW VHHPV WKDW� LQ SUDFWLFH� WKHUH LV

QR VXSSO\ VHJPHQWDWLRQ RI WKH ODERU PDUNHW LQ VXEPDUNHWV IRU DEOH DQG OHVV DEOH

SHRSOH� DOWKRXJK DELOLW\ PD\ EH UHODWHG WR WKH H[LW UDWH WR HPSOR\PHQW� 2Q WKH

GHPDQG VLGH� RQH FRXOG DUJXH� ZRUNHUV IURP YDULRXV VHJPHQWV PD\� IRU LQVWDQFH�

EH FRPSOHPHQWV LQ WKH SURGXFWLRQ SURFHVV� ZKLFK LPSOLHV WKDW KLULQJ GHFLVLRQV

LQ WKH YDULRXV VHJPHQWV PD\ EH UHODWHG� 2XU IXOO VHJPHQWDWLRQ DVVXPSWLRQ GRHV

QRW DOORZ IRU VXFK LQWHUDFWLRQ EHWZHHQ VXEPDUNHWV� 2Q WKH RWKHU KDQG� LW LV QRW

XQUHDVRQDEOH WR DVVXPH WKDW VHJPHQWV H[LVW IRU� IRU H[DPSOH� VFKRROLQJ� DV� FHU�

WDLQO\ LQ WKH VKRUW UXQ� LQGLYLGXDOV FDQQRW PRYH IURP RQH VFKRROLQJ VHJPHQW WR

WKH RWKHU� )XUWKHUPRUH� WKH VHJPHQWDWLRQ DVVXPSWLRQ JUHDWO\ IDFLOLWDWHV WKH LQ�

WURGXFWLRQ RI UDQNLQJ LQWR WKH PRGHO IUDPHZRUN� 5DQNLQJ RFFXUV LI� IRU ZKDWHYHU

UHDVRQ� nUPV SUHIHU WR KLUH VKRUW WHUP XQHPSOR\HG� 'XH WR WKH IXOO VHJPHQWDWLRQ

DQG KRPRJHQHLW\ ZLWKLQ VHJPHQWV� WKH %ODQFKDUG DQG 'LDPRQG ������ PRGHO

LV GLUHFWO\ DSSOLFDEOH WR HDFK RI WKH VXEPDUNHWV� 7KXV� ZH KDYH UDQNLQJ ZLWKLQ

VHJPHQWV� DQG VRUWLQJ EHWZHHQ VHJPHQWV��

6XSSRVH WKDW XQHPSOR\PHQW GXUDWLRQ LV PHDVXUHG RQ D GLVFUHWH WLPH VFDOH

ZLWK RULJLQ �� DQG GHQRWH WKH HODSVHG GXUDWLRQ RI D VSHOO RI XQHPSOR\PHQW IRU D

JLYHQ LQGLYLGXDO E\ W� 6XSSRVH WKDW VHJPHQWV FDQ EH FKDUDFWHUL]HG E\ D VFDODU

Y � ������ 7KH SUREDELOLW\ RI DQ LQGLYLGXDO OHDYLQJ XQHPSOR\PHQW LQ VHJPHQW Y

DW XQHPSOR\PHQW GXUDWLRQ W� FRQGLWLRQDO RQ VXUYLYDO XS WR GXUDWLRQ W DQG VWDWH

RI WKH EXVLQHVV F\FOH F� LV JLYHQ E\

� �WMF� Y�  s �F� W� Y� ���

7KH LQGLYLGXDO H[LW SUREDELOLW\ LV SURSRUWLRQDO LQ s�W� F�� ZKLFK UHSUHVHQWV EXVLQHVV

F\FOH DQG GXUDWLRQ GHSHQGHQFH RI LQGLYLGXDO H[LW SUREDELOLWLHV� DQG D VHJPHQW

VSHFLnF HmHFW Y� 1RWH WKDW s�F� W� LV FRPPRQ WR DOO LQGLYLGXDOV ZLWKLQ D VHJPHQW

Y� 7KH GLVWULEXWLRQ RI LQGLYLGXDOV RYHU WKH VHJPHQWV Y UHoHFWV DOO KHWHURJHQHLW\

DFURVV XQHPSOR\PHQW GXUDWLRQV� DSDUW IURP UDQGRP YDULDWLRQ LQ WKHVH GXUDWLRQV�

:H GHQRWH WKH GLVWULEXWLRQ IXQFWLRQ RI XQHPSOR\HG RYHU WKH VHJPHQWV Y E\ *�Y��

$V ��WMF� Y� LV D SUREDELOLW\� *�Y� LV UHTXLUHG WR VDWLVI\ 3U>� � ��WMF� Y� � �@  

�� 6XSSRVH WKDW s�F� W� LV GLmHUHQWLDEOH ZLWK UHVSHFW WR F� ZKHUH sF�F� W� ! ��

LQGLYLGXDO H[LW SUREDELOLWLHV DUH KLJKHU DW KLJKHU YDOXHV RI WKH EXVLQHVV F\FOH

LQGLFDWRU� ,I HPSOR\HUV GR QRW UDQN DSSOLFDQWV DFFRUGLQJ WR W� EXW KLUH UDQGRPO\�

LQGLYLGXDO H[LW SUREDELOLWLHV GR QRW FKDQJH ZLWK GXUDWLRQ� s�F� W � ��  s�F� W�

�1RWH WKDW WKH SUHYLRXV HPSLULFDO OLWHUDWXUH RQ XQHPSOR\PHQW G\QDPLFV GRHV QRW PDNH

VHJPHQWDWLRQ DVVXPSWLRQV� 7KLV LV EHFDXVH WKLV OLWHUDWXUH LV QRW FRQFHUQHG ZLWK UDQNLQJ� ZKLFK

LV EDVHG RQ HPSOR\HUV
 EHKDYLRU DQG WKHUHIRUH QHHGV DVVXPSWLRQV RQ PDUNHW VWUXFWXUH� 2XU

HPSLULFDO PRGHO GRHV KRZHYHU FRQWDLQ WKH PRGHOV LQ WKLV OLWHUDWXUH DV VSHFLDO FDVHV�

�



DQG # ORJ>s�F� W � �� s�F� W�@ #F  ��� 5DQNLQJ� KRZHYHU� LPSOLHV WKDW LQGLYLGXDO

H[LW SUREDELOLWLHV GHFUHDVH GXULQJ XQHPSOR\PHQW� s�F� W� �� � s�F� W�� 0RUHRYHU�

ZLWKLQ VHJPHQWV WKH ODERU PDUNHW LV KRPRJHQHRXV� VR LW IROORZV IURP %ODQFKDUG

������ DQG %ODQFKDUG DQG 'LDPRQG ������ WKDW LQ FDVH RI UDQNLQJ�

# ORJ >s�F� W� �� s�F� W�@

#F
! �� ���

7KXV� GXUDWLRQ GHSHQGHQFH FDXVHG E\ UDQNLQJ LV OHVV VWHHS LQ D ERRP� ZKHQ F LV

UHODWLYHO\ ODUJH� ,Q RWKHU ZRUGV� H[LW SUREDELOLWLHV IURP XQHPSOR\PHQW DUH PRUH

VHQVLWLYH WR EXVLQHVV F\FOH oXFWXDWLRQV DW KLJKHU GXUDWLRQV� 7KHVH DUH WKH WZR

IDFHV RI ZKDW ZH ODEHO WR EH SRVLWLYH LQWHUDFWLRQ� 7KH LQWXLWLRQ EHKLQG WKLV KDV

EHHQ GLVFXVVHG LQ 6HFWLRQ � DQG 6XEVHFWLRQ ����

1RZ FRQVLGHU WKH HmHFW RI VRUWLQJ� 7KH DJJUHJDWH H[LW SUREDELOLW\ LQ D FRKRUW

RI ZRUNHUV WKDW KDV EHFRPH XQHPSOR\HG VRPH WLPH W DJR� LQ D VWDWH RI WKH EXVLQHVV

F\FOH F� HTXDOV�

� �WMF�  s �F� W� y �F� W� � ���

ZKHUH y�F� W� � (, >YMF� W w W@  (, >Y�� b s�F�Y�W@ (, >�� b s�F�Y�W@� 1RWH WKDW

y�F� ��  (, >Y@� ,I WKH GLVWULEXWLRQ RI Y LV GHJHQHUDWH� L�H� LI DOO ZRUNHUV DUH

FRQFHQWUDWHG LQ D VLQJOH VHJPHQW� y�F� W�  (, >Y@� yF�F� W�  � DQG y�F� W � ��  

y�F� W�� ,Q WKLV FDVH� WKHUH LV QR VRUWLQJ� DV ZRUNHUV DUH KRPRJHQHRXV� 1RZ VXSSRVH

WKDW YDU�Y� ! �� 7KHQ� ZRUNHUV DUH KHWHURJHQHRXV� DQG VRUWLQJ ZLOO RFFXU DQG

FDXVH QHJDWLYH GXUDWLRQ GHSHQGHQFH DW WKH DJJUHJDWH OHYHO� y�F� W � �� � y�F� W��

,Q $SSHQGL[ $ LW LV VKRZQ WKDW VRUWLQJ LPSOLHV WKDW GXUDWLRQ GHSHQGHQFH EHWZHHQ

GXUDWLRQV � DQG W LV VWHHSHU LQ ERRPV� # ORJ>y�F� W� y�F� ��@ #F � � IRU DQ\ W ! ��

$V� E\ LPSOLFDWLRQ RI ���� LQ FDVH RI UDQNLQJ

#

#F
ORJ

s�F� W�

s�F� ��
 

W;
L �

#

#F
ORJ

s�F� L�

s�F� Lb ��
! �� ���

D WHVW FDQ EH FRQVWUXFWHG IURP LQWHUDFWLRQ EHWZHHQ WKH EXVLQHVV F\FOH DQG WKH

OHYHO RI GXUDWLRQ GHSHQGHQFH EHWZHHQ GXUDWLRQ � DQG DQ\ GXUDWLRQ W ! �� :H ZLOO

ODEHO WKLV WKH FXPXODWLYH LQWHUDFWLRQ HmHFW� $ PHDVXUH RI WKH RYHUDOO FXPXODWLYH

�1RWH WKDW LQ WKLV VXEVHFWLRQ� DW WKLV VWDJH� ZH GR QRW \HW FRQVLGHU RWKHU UHDVRQV IRU GXUDWLRQ

GHSHQGHQFH� OLNH D GHFUHDVLQJ VHDUFK LQWHQVLW\�
�:H XVH EROG IRQWV IRU UDQGRP YDULDEOHV DQG VWDQGDUG IRQWV IRU WKHLU UHDOL]DWLRQV� RQO\ LI

WKHUH LV D ULVN RI FRQIXVLRQ� $SSHQGL[ $ SURYLGHV GHWDLOV� ,Q $EEULQJ� 9DQ GHQ %HUJ DQG

9DQ 2XUV ������ ZH VKRZ WKDW TXDOLWDWLYHO\ VLPLODU UHVXOWV KROG LQ WKH FRQWLQXRXV WLPH 0L[HG

3URSRUWLRQDO +D]DUG YHUVLRQ RI RXU PRGHO�

��



LQWHUDFWLRQ HmHFW LQ RXU FRPELQHG UDQNLQJ�VRUWLQJ ODERU PDUNHW LV IRXQG E\ WDNLQJ

WKH GHULYDWLYH ZLWK UHVSHFW WR F RI WKH ORJ H[LW SUREDELOLW\ DW WLPH W� UHODWLYH WR

WKH H[LW SUREDELOLW\ DW WLPH �� DV LQ

#

#F
ORJ

��WMF�

���MF�
 

#

#F
ORJ

s�F� W�

s�F� ��
�

#

#F
ORJ

y�F� W�

y�F� ��
� ���

7KH VLJQ RI WKH RYHUDOO FXPXODWLYH LQWHUDFWLRQ HmHFW LV GHWHUPLQHG E\ WKH UHODWLYH

LPSRUWDQFH RI UDQNLQJ DQG VRUWLQJ� 6R� D WHVW RQ UDQNLQJ YHUVXV VRUWLQJ FDQ EH

FRQVWUXFWHG IURP LQWHUDFWLRQ GDWD E\ HYDOXDWLQJ ��� DW YDULRXV GXUDWLRQV� WHVWLQJ

IRU WKH VLJQ RI WKH LQWHUDFWLRQ HmHFW DW HDFK GXUDWLRQ� &OHDUO\� ERWK VRUWLQJ DQG

UDQNLQJ PD\ RFFXU VLPXOWDQHRXVO\ LQ WKH GDWD� 7KHQ� WKH WHVW PHUHO\ JLYHV WKH

GRPLQDQW SURFHVV XS WR HDFK XQHPSOR\PHQW GXUDWLRQ� ,I WKH WHVW VWDWLVWLF LV

QHJDWLYH IRU VPDOO W DQG SRVLWLYH IRU ODUJH W WKHQ ERWK VRUWLQJ DQG UDQNLQJ RFFXU�

,I ZH DEDQGRQ RXU VW\OL]HG PRGHO RI UDQNLQJ DQG VRUWLQJ� WKHRUHWLFDO UHVXOWV

EHFRPH OHVV FOHDU FXW� /HERQ ������ VKRZV WKDW� LQ D ODERU PDUNHW ZLWK ORVV RI

VNLOOV GXULQJ XQHPSOR\PHQW� nUPV DUH OLNHO\ WR UDQN LQ ERRPV� EXW UDQGRPO\ KLUH

LQ UHFHVVLRQV� %ODQFKDUG ������ IRFXVHV RQ WKH HmHFW RI ZDJH GLmHUHQWLDOV EHWZHHQ

VKRUW DQG ORQJ WHUP XQHPSOR\HG� DQG FRQFOXGHV WKH RSSRVLWH� ,Q RXU HPSLULFDO

PRGHO ZKLFK ZH SUHVHQW LQ WKH QH[W VHFWLRQ ZH DFFRXQW IRU WKLV E\ DOORZLQJ IRU

DV\PPHWULHV LQ LQWHUDFWLRQ HmHFWV RYHU WKH EXVLQHVV F\FOH� 0RUHRYHU� ZH DOORZ IRU

RWKHU W\SHV RI GXUDWLRQ GHSHQGHQFH�

��� (PSLULFDO PRGHO VSHFLnFDWLRQ

,Q WKLV VXEVHFWLRQ ZH SUHVHQW D oH[LEOH PRGHO IRU WKH HPSLULFDO DQDO\VLV RI WKH

G\QDPLFV LQ WKH XQHPSOR\PHQW GXUDWLRQ GLVWULEXWLRQ� 7KLV PRGHO LV HVWLPDEOH

ZLWK &36 GDWD� :H ZLOO VKRZ WKDW LW FDSWXUHV WKH SKHQRPHQD GHVFULEHG LQ WKH

SUHYLRXV VXEVHFWLRQV DQG WKDW LW LV ZHOO�VXLWHG WR VWXG\ WKH RWKHU LVVXHV GLVFXVVHG

LQ WKH OLWHUDWXUH�

:H GLVWLQJXLVK WZR GLVFUHWH PHDVXUHV RI WLPH� XQHPSOR\PHQW GXUDWLRQ DQG

FDOHQGDU WLPH� ZLWK WKH VDPH PHDVXUHPHQW VFDOHV� EXW GLmHUHQW RULJLQV� 7KH

GXUDWLRQ RI D VSHOO RI XQHPSOR\PHQW IRU D JLYHQ LQGLYLGXDO LV GHQRWHG E\ W DQG KDV

WLPH RULJLQ �� &DOHQGDU WLPH LV GHQRWHG E\ ~ DQG KDV WLPH RULJLQ ~�� )XUWKHUPRUH�

ZH GLVWLQJXLVK GHPRJUDSKLF JURXSV RI ZRUNHUV� LQGH[HG E\ J� DQG GHQRWH WKH H[LW

SUREDELOLW\ IURP XQHPSOR\PHQW RI D FRKRUW RI ZRUNHUV IURP JURXS J DIWHU W SHULRGV

RI XQHPSOR\PHQW� JLYHQ WKDW WKH\ KDYH EHHQ XQHPSOR\HG IRU W SHULRGV DW FDOHQGDU

WLPH ~ E\ tJ �WM~ �� :H FDQ FDOFXODWH WKHVH H[LW SUREDELOLWLHV XVLQJ LQIRUPDWLRQ RQ

WKH QXPEHU RI LQGLYLGXDOV LQ JURXS J WKDW KDYH EHHQ XQHPSOR\HG IRU W SHULRGV RI

WLPH DW FDOHQGDU WLPH ~ �8J �WM~ �� DQG WKH QXPEHU RI WKHVH LQGLYLGXDOV WKDW KDYH

��



EHHQ XQHPSOR\HG IRU W�� SHULRGV RI WLPH DW FDOHQGDU WLPH ~�� �8J �W� �M~ � �� �

8J �WM~ ��� DV

tJ �WM~ �  
8J �WM~�b 8J �W� �M~ � ��

8J �WM~ �
� ���

,Q UHDOLW\� ZH GR QRW H[DFWO\ REVHUYH WKH QXPEHUV 8J �WM~ �� 7KH &36 GDWD ZH

XVH DUH EDVHG RQ VXUYH\V RI XQHPSOR\HG LQGLYLGXDOV� 7KHUHIRUH WKH GDWD FRQWDLQ

VDPSOLQJ HUURUV� )XUWKHUPRUH� UHVSRQGHQWV PD\ KDYH GLpFXOWLHV UHFDOOLQJ WKHLU

HODSVHG XQHPSOR\PHQW GXUDWLRQV� ,Q WKDW FDVH� WKH\ PD\ EH FRXQWHG DV EHLQJ

XQHPSOR\HG IRU W SHULRGV RI WLPH ZKHUHDV LQ UHDOLW\ WKH\ DUH XQHPSOR\HG IRU Wb�

RU W�� SHULRGV� )LQDOO\� UHVSRQGHQWV PD\ WHQG WR URXQG Rm WKHLU GXUDWLRQ WR WKH

QHDUHVW QDWXUDO XQLW RI WLPH OLNH DQ LQWHJHU QXPEHU RI PRQWKV �VHH DOVR 6HFWLRQ

��� 'HYLDWLRQ RI XQHPSOR\PHQW nJXUHV IURP WKHLU WUXH YDOXHV FDXVHV GHYLDWLRQ

RI REVHUYHG H[LW SUREDELOLWLHV IURP WKHLU WUXH YDOXHV� DQG PD\ HYHQ UHQGHU WKHVH

SUREDELOLWLHV QHJDWLYH RU ODUJHU WKDQ �� 7KHUHIRUH� ZH ZLOO DOORZ IRU PHDVXUHPHQW

HUURUV LQ WKH PRGHO� )URP QRZ RQ ZH SODFH D WLOGH RQ WRS RI REVHUYHG YDOXHV� LQ

FRQWUDVW WR WUXH� RU XQREVHUYHG� YDOXHV� :H DVVXPH WKDW

I8J �WM~ �  8J �WM~ � �J�W�~ ���

ZLWK

ORJ �J�W�~ z 1 ��� }�
J
� ���

DQG LQGHSHQGHQFH EHWZHHQ WKH HUURU WHUPV� 1RWH WKDW ZH DOORZ IRU KHWHURVNHGDV�

WLFLW\ EHWZHHQ GHPRJUDSKLF JURXSV� )URP WKLV VSHFLnFDWLRQ� LW IROORZV WKDW WKH

REVHUYHG ORJ
r
� b atJ �WM~ �

s
HTXDOV WKH VXP RI WKH WUXH ORJ ��b tJ �WM~�� DQG D GLV�

WXUEDQFH WHUP� 7KXV� LI ZH VSHFLI\ D PRGHO IRU WKH WUXH KD]DUG UDWHV tJ� ZH FDQ

H[SUHVV WKH REVHUYHG KD]DUG UDWHV LQ WHUPV RI WKH CSDUDPHWHUV
 DQG D UDQGRP

GLVWXUEDQFH WHUP� DQG WKH PRGHO SDUDPHWHUV FDQ EH HVWLPDWHG�

:H DVVXPH WKDW DOO YDULDWLRQ LQ WKH WUXH H[LW SUREDELOLWLHV RXW RI XQHPSOR\�

PHQW FDQ EH H[SODLQHG E\ GHPRJUDSKLF JURXS J� WKH SUHYDLOLQJ XQHPSOR\PHQW

GXUDWLRQ W� FDOHQGDU WLPH ~ � DQG D JHQHUDO LQWHUDFWLRQ HmHFW RI FDOHQGDU WLPH DQG

GXUDWLRQ GHSHQGHQFH� :H XVH D PXOWLSOLFDWLYH VSHFLnFDWLRQ RI WKH H[LW SUREDELOLW\

RXW RI XQHPSOR\PHQW ZLWK IXQFWLRQV WKDW UHSUHVHQW WKHVH HmHFWV DV DUJXPHQWV��

tJ �WM~ �  H[S �m��J��� �W��� �~��� �W� ~ � � ���

�,Q WHUPV RI WKH QRWDWLRQ RI 6XEVHFWLRQ ��� ZH KDYH WKDW tJ �WM~ � LV HTXLYDOHQW WR � �WMF� IRU

JLYHQ GHPRJUDSKLF FKDUDFWHULVWLFV� $ VWDWH F RI WKH EXVLQHVV F\FOH FRUUHVSRQGV WR D WLPH LQWHUYDO

ZLWKLQ ZKLFK �� �~� LV FRQVWDQW�

��



2EVHUYHG GHPRJUDSKLF FKDUDFWHULVWLFV DUH RQO\ DOORZHG WR DmHFW WKH FRQVWDQW

WHUP LQ WKH H[LW SUREDELOLW\� 7KH IXQFWLRQ �� �W� FDSWXUHV W\SHV RI LQGLYLGXDO

GXUDWLRQ GHSHQGHQFH WKDW KDYH QRW EHHQ GLVFXVVHG LQ WKH SUHYLRXV VXEVHFWLRQ�

OLNH D GHFUHDVLQJ VHDUFK LQWHQVLW\ GXH WR D GLVFRXUDJHG ZRUNHU HmHFW� DQG OLPLWHG

EHQHnW HQWLWOHPHQW�� 7KH FDOHQGDU WLPH IXQFWLRQ ���~ � LV VSHFLnHG DV WKH SURGXFW

RI D VHDVRQDO WHUP ���~ �� DQG D F\FOLFDO DQG WUHQG WHUP ���F�~ ��

�� �~�  �� �~ ����F �~ � ����

7KH JHQHUDO LQWHUDFWLRQ HmHFW LV GHFRPSRVHG LQ VHDVRQDO DQG F\FOLFDO HmHFWV GH�

SHQGLQJ RQ WKH PRPHQW RI LQoRZ� ���~ b W� DQG ���F�~ b W�� DQG D VSHFLnF LQWHU�

DFWLRQ HmHFW ���L�W� ~� WKDW UHSUHVHQWV WKH LQWHUDFWLRQ HmHFWV WKDW DUH FDXVHG E\

UDQNLQJ DQG VRUWLQJ��

�� �W� ~ �  �� �~ b W����F �~ b W����L �W� ~� � ����

:H UHVWULFW WKH IXQFWLRQDO IRUP RI ���L�W� ~� WR VDWLVI\ ���L�xW� ~�  ���L�W� x~ �  ��

IRU VRPH JLYHQ xW DQG x~ � :LWK WKH QRUPDOL]DWLRQ LPSRVHG� ���F�~� FDQ EH VHHQ DV

WKH CEDVHOLQH
 WUHQG DQG F\FOH H[SHULHQFHG E\ XQHPSOR\HG LQ GXUDWLRQ FODVV xW� DQG

���W� LV WKH CEDVHOLQH
 GXUDWLRQ GHSHQGHQFH H[SHULHQFHG DW FDOHQGDU WLPH PRPHQW

x~ � :H LGHQWLI\ EXVLQHVV F\FOH oXFWXDWLRQV DV oXFWXDWLRQV LQ ���F�~ �� 7KHQ VRUWLQJ

LPSOLHV WKDW� IRU W ! �� ���L�~� W� ���L�~� �� LV VPDOOHU IRU ~ IRU ZKLFK ���F�~ � LV

KLJKHU� L�H� WKDW GXUDWLRQ GHSHQGHQFH LV PRUH QHJDWLYH LQ ERRPV� ,Q FDVH RI

UDQNLQJ� WKH RSSRVLWH KROGV�

�,Q 6XEVHFWLRQ ��� ZH RQO\ FRQVLGHUHG GXUDWLRQ GHSHQGHQFH DV D UHVXOW RI UDQNLQJ DQG� RQ

DQ DJJUHJDWH OHYHO� DV D UHVXOW RI VRUWLQJ� 7R WKH H[WHQW LQ ZKLFK RWKHU W\SHV RI LQGLYLGXDO

GXUDWLRQ GHSHQGHQFH PDWWHU IRU HPSOR\HUV� WKH LQFOXVLRQ RI WKHVH ZRXOG FRPSOLFDWH WKH WKHR�

UHWLFDO PRGHO� VLQFH LW LV OLNHO\ WKDW HPSOR\HU EHKDYLRU WRZDUGV UDQNLQJ ZRXOG EH DmHFWHG� +HUH

ZH VLPSO\ DVVXPH WKDW WKHVH RWKHU W\SHV RI GXUDWLRQ GHSHQGHQFH FDQ EH UHSUHVHQWHG E\ ZD\

RI D PXOWLSOLFDWLYH WHUP LQ WKH LQGLYLGXDO H[LW SUREDELOLWLHV� 7KXV� ZH DOVR DVVXPH WKDW VXFK

GXUDWLRQ GHSHQGHQFH GRHV QRW YDU\ RYHU WKH EXVLQHVV F\FOH� :LWKRXW WKH ODWWHU� WKH LQWHUDFWLRQ

HmHFW ZRXOG EH DmHFWHG E\ WKH ZD\ LQ ZKLFK WKLV GXUDWLRQ GHSHQGHQFH YDULHV RYHU WKH EXVLQHVV

F\FOH� DQG DV D UHVXOW LW ZRXOG QRW EH LQIRUPDWLYH RQ UDQNLQJ DQG VRUWLQJ�
�1RWH WKDW WKH WKHRUHWLFDO IUDPHZRUN RI 6XEVHFWLRQ ��� GRHV QRW WDNH DFFRXQW RI IXQFWLRQV

���~ �W� DQG ���F�~ �W�� ,Q WKH PDLQ HPSLULFDO DQDO\VLV ZH GR QRW DOORZ IRU ���F�~�W� HLWKHU� :H

VLPSO\ LQFOXGH WKH VHDVRQDO HmHFW ���~ �W� LQ WKH HPSLULFDO VSHFLnFDWLRQ IRU UHDVRQV RI oH[LELOLW\�

,Q 6XEVHFWLRQ ��� EHORZ ZH DUJXH WKDW WKH IXQFWLRQV �� DQG ���F FDQ EH XVHG WR D FHUWDLQ H[WHQW

WR FDSWXUH WKH ZD\ LQ ZKLFK WKH FRPSRVLWLRQ RI WKH LQoRZ FKDQJHV RYHU WLPH LQ WKH GDWD� ,Q

WHUPLQRORJ\ RI 6XEVHFWLRQ ���� D FKDQJLQJ FRPSRVLWLRQ RI WKH LQoRZ PHDQV WKDW WKH LQoRZ RI

ZRUNHUV DWWDFKHG WR D FHUWDLQ VHJPHQW Y YDULHV DV D IUDFWLRQ RI WKH WRWDO LQoRZ� ,W LV FOHDU WKDW

WKH IXQFWLRQV �� DQG ���F DUH QRW LGHQWLnHG ZLWKRXW DGGLWLRQDO UHVWULFWLRQV� :H GLVFXVV WKLV LQ

GHWDLO LQ WKH DSSHQGL[ DQG LQ 6XEVHFWLRQ ����

��



7KH LQWHUDFWLRQ EHWZHHQ WKH EXVLQHVV F\FOH DQG GXUDWLRQ GHSHQGHQFH LV� LQ LWV

PRVW JHQHUDO IRUP� VSHFLnHG DV

���L �W� ~ �  H[S >z��W�z��~ �@ � ����

ZLWK z��xW�  z��x~ �  �� 7KLV LV DQ H[WUHPHO\ JHQHUDO VSHFLnFDWLRQ WKDW DOORZV WKH

LQWHUDFWLRQ VLJQ WR YDU\ ZLWK GXUDWLRQ DV ZHOO DV ZLWK WKH VWDWH RI WKH EXVLQHVV

F\FOH� :H FODULI\ WKLV VSHFLnFDWLRQ E\ FRQVLGHULQJ WZR VSHFLDO FDVHV LQ ZKLFK ZH

DEVWUDFW IURP VHDVRQDO DQG F\FOLFDO oXFWXDWLRQV LQ WKH FRPSRVLWLRQ RI WKH LQoRZ

VR WKDW HTXDWLRQ ��� EHFRPHV� tJ �WM~ �  H[S �m��J��� �W��� �~ � H[S >z��W�z��~ �@ �

,Q WKH VSHFLDO FDVHV ZH LPSRVH UHVWULFWLRQV RQ HLWKHU WKH GXUDWLRQ SDUW RU WKH

FDOHQGDU WLPH SDUW RI WKH LQWHUDFWLRQ HmHFW�

L� UHVWULFWLRQ RQ WKH GXUDWLRQ SDUW RI WKH LQWHUDFWLRQ HmHFW

6XSSRVH WKDW z��W�  ORJ>�W� �� �xW� ��@� ZKLFK LPSOLHV WKDW WKH LQWHUDFWLRQ KDV

WKH VDPH VLJQ LQ DOO GXUDWLRQ FODVVHV� 2YHUDOO GXUDWLRQ GHSHQGHQFH LV QRZ JLYHQ

E\

ORJ
tJ�WM~ �

tJ��M~ �
 ORJ

���W�

�����
� z��~� ORJ �W� �� ����

'XUDWLRQ GHSHQGHQFH EHWZHHQ GXUDWLRQ FODVVHV � DQG W LV PRUH QHJDWLYH LI z��~ �

LV VPDOOHU� 7KXV� LI ���F�~ � DQG z��~� DUH SRVLWLYHO\ FRUUHODWHG� ZH KDYH SRVLWLYH

LQWHUDFWLRQ� GXUDWLRQ GHSHQGHQFH LV PRUH SRVLWLYH LQ ERRPV� DQG WKH UDQNLQJ

HmHFW GRPLQDWHV� ,I ���F�~� DQG z��~ � DUH QHJDWLYHO\ FRUUHODWHG WKH VRUWLQJ HmHFW

GRPLQDWHV� 6LPLODUO\� WKH UHODWLYH VWDWH RI WKH F\FOH LQ GXUDWLRQ FODVV W LV JLYHQ E\

ORJ
tJ�WM~ �

tJ�WMx~ �
 ORJ

���~ �

���x~ �
� z��~ � ORJ

�W� ��

�xW� ��
� ����

,Q FDVH RI SRVLWLYH LQWHUDFWLRQ� F\FOHV DUH DPSOLnHG DW KLJKHU GXUDWLRQV� LQ FDVH RI

QHJDWLYH LQWHUDFWLRQ F\FOHV DUH GDPSHQHG DW KLJKHU GXUDWLRQV�

$ VSHFLnFDWLRQ ZLWK D oH[LEOH IXQFWLRQ z��~ � DOORZV IRU DV\PPHWULHV LQ WKH

LQWHUDFWLRQ HmHFW RYHU WKH EXVLQHVV F\FOH� ,Q WKLV H[DPSOH� ZKHUH WKH LQWHUDFWLRQ

HmHFW KDV WKH VDPH VLJQ DW HDFK GXUDWLRQ DW D JLYHQ SRLQW WLPH� WKLV PHDQV WKDW WKH

LQWHUDFWLRQ HmHFW PD\ VZLWFK VLJQ LQ WKH FRXUVH RI FDOHQGDU WLPH� 7KXV� UDQNLQJ

HmHFWV PD\ GRPLQDWH DW VRPH SRLQW LQ WLPH� ZKHUHDV VRUWLQJ HmHFWV PD\ GRPL�

QDWH DW DQRWKHU PRPHQW� $FFRUGLQJ WR %ODQFKDUG ������� WKLV PD\ EH D UHOHYDQW

GHVFULSWLRQ RI XQHPSOR\PHQW G\QDPLFV LQ FDVH RI VHYHUH VNLOO GHWHULRUDWLRQ RU VH�

YHUH ZRUNHU GLVFRXUDJHPHQW DW KLJK GXUDWLRQV� ,Q D UHFHVVLRQ� GXUDWLRQV DUH RIWHQ

��



KLJK� DQG PDQ\ ZRUNHUV ZLOO VXmHU VXFK LUUHYHUVLEOH FKDQJHV LQ WKHLU VNLOOV RU WDVWH�

LL� UHVWULFWLRQ RQ WKH FDOHQGDU WLPH SDUW RI WKH LQWHUDFWLRQ HmHFW

6XSSRVH WKDW z��~ �  ORJ>���~� ���x~ �@ WKDW LV� WKH FDOHQGDU WLPH HmHFW LQ WKH

LQWHUDFWLRQ WHUP LV WKH VDPH DV WKH FDOHQGDU WLPH HmHFW LQ WKH EDVLF PRGHO� 2YHUDOO

GXUDWLRQ GHSHQGHQFH DQG WKH UHODWLYH VWDWH RI WKH F\FOH DUH QRZ JLYHQ E\

ORJ
tJ�WM~ �

tJ��M~ �
 ORJ

���W�

�����
� >z��W�b z����@ ORJ

���~ �

���x~ �
� ����

DQG

ORJ
tJ�WM~ �

tJ�WMx~ �
 >� � z��W�@ ORJ

���~ �

���x~ �
� ����

,Q WKLV FDVH� LQWHUDFWLRQ HmHFWV PD\ KDYH GLmHUHQW VLJQV DW GLmHUHQW GXUDWLRQ

FODVVHV� DQG F\FOLFDO VHQVLWLYLW\ PD\ GHSHQG QRQ�PRQRWRQRXVO\ RQ GXUDWLRQ� +RZ�

HYHU� DV\PPHWULHV RI LQWHUDFWLRQ HmHFWV RYHU WKH F\FOH DUH H[FOXGHG E\ WKLV VSHF�

LnFDWLRQ�

7KH PRVW oH[LEOH VSHFLnFDWLRQ RI WKH LQWHUDFWLRQ HmHFW� DV LQ HTXDWLRQ �����

FRPELQHV ERWK IHDWXUHV� E\ DOORZLQJ IRU ERWK DV\PPHWULHV RYHU GXUDWLRQ DQG

DV\PPHWULHV RYHU WKH EXVLQHVV F\FOH�

7KH IXQFWLRQV ���~bW� DQG ���F�~bW� FDQ EH WKRXJKW WR UHSUHVHQW VHDVRQDO DQG

F\FOLFDO oXFWXDWLRQV LQ WKH FRPSRVLWLRQ RI WKH LQoRZ� ZKHUH FRPSRVLWLRQ UHIHUV

WR FRPSRVLWLRQ LQ WHUPV RI FKDUDFWHULVWLFV WKDW DUH UHODWHG WR H[LW SUREDELOLWLHV�

$V WKHVH IXQFWLRQV LQWURGXFH D VHFRQG W\SH RI LQWHUDFWLRQ EHWZHHQ GXUDWLRQ DQG

FDOHQGDU WLPH LQ RXU PRGHO� WKH TXHVWLRQ DULVHV ZKLFK DVVXPSWLRQV KDYH WR EH

PDGH WR LGHQWLI\ WKHVH LQWHUDFWLRQ HmHFWV� ,Q $SSHQGL[ & ZH GLVFXVV LGHQWLnFDWLRQ

RI RXU LQWHUDFWLRQ PRGHO�

��� 3DUDPHWHUL]DWLRQ

7KH EDVHOLQH GXUDWLRQ GHSHQGHQFH IXQFWLRQ LV IXOO\ oH[LEOH VLQFH LW LV SDUDPHWHU�

L]HG DV D VWHS IXQFWLRQ ZKLFK KDV WKH VDPH YDOXH ZLWKLQ GXUDWLRQ LQWHUYDOV EXW

PD\ GLmHU EHWZHHQ GXUDWLRQ LQWHUYDOV�

�� �W�  H[S

�
QWb�;
L �

��L,��L �W�

�
� ����

LQ ZKLFK ,��L �W�  � LI W  L DQG � RWKHUZLVH� DQG QW LV WKH QXPEHU RI GXUDWLRQ

FODVVHV FRQVLGHUHG� 7KH VHDVRQDO HmHFWV DUH VSHFLnHG E\

�� �~ �  H[S

�
6;

V �

��V,V �~ �

�
� ����

��



ZKHUH ,V LV DQ LQGLFDWRU IXQFWLRQ IRU VHDVRQ V� V  �� � � � � 6� DQG VLPLODUO\ IRU

���~ b W�� &\FOLFDO DQG WUHQG HmHFWV DUH UHSUHVHQWHG E\ D oH[LEOH SRO\QRPLDO

RI GHJUHH Q� :H FRXOG SDUDPHWHUL]H WKLV SRO\QRPLDO LQ WKH VWDQGDUG ZD\� DQG

VSHFLI\ LW DV EHLQJ FRPSRVHG RI SRO\QRPLDO WHUPV m�L~
L� L  �� � � � � Q� +RZHYHU� DV

WKH WHUPV ~ L DUH QRW PXWXDOO\ RUWKRJRQDO� LWHUDWLYH HVWLPDWLRQ RI WKH SDUDPHWHUV

m�L PD\ EH VORZ EHFDXVH RI PXOWLFROOLQHDULW\ SUREOHPV� 7R DYRLG WKHVH SUREOHPV�

ZH XVH &KHE\VKHY SRO\QRPLDOV RI WKH nUVW NLQG� 7KXV� ZH GR QRW FRQVWUXFW

WKH SRO\QRPLDO IURP WHUPV m�L~
L� EXW IURP WHUPV m�LSL�~ �� L  �� � � � � Q� ZKHUH

S��~ �� S��~ �� � � � � SQ�~ � DUH PXWXDOO\ RUWKRJRQDO SRO\QRPLDOV RI LQGH[HG GHJUHH�
��

7KHQ� WKH EDVHOLQH WUHQG DQG F\FOH ���F�~ � LV VSHFLnHG DV

���F �~�  H[S

�
Q;

L �

m�LSL �~ �

�
� ����

:H ZLOO DOVR WU\ DQ DOWHUQDWLYH VSHFLnFDWLRQ RI ���F�~ �� LQ ZKLFK ZH VSHFLI\ ���F�~ �  

H[S�m�� �m��S��A~ � � n�F�~ ��� ZKHUH F�~ � LV DQ REVHUYHG LQGLFDWRU RI WKH EXVLQHVV

F\FOH� LQ SDUWLFXODU D KHOS ZDQWHG LQGH[�

$V LQGLFDWHG LQ WKH SUHYLRXV VXEVHFWLRQ� LQ RXU EDVHOLQH DQDO\VLV� WKH HmHFW RQ

WKH FRPSRVLWLRQ RI WKH LQoRZ LV UHVWULFWHG WR VHDVRQDO oXFWXDWLRQV�

:H VSHFLI\ WKH GXUDWLRQ SDUW RI WKH LQWHUDFWLRQ HmHFW� z��W�� HLWKHU E\ ORJ�W����

RU E\

z��W�  ze
��
W� ze

��
W�� ����

7KH nUVW VSHFLnFDWLRQ KDV DOUHDG\ DSSHDUHG LQ H[DPSOH �L� RI 6XEVHFWLRQ ���� $V

ORJ�W��� LV LQFUHDVLQJ DW DOO W� WKLV VSHFLnFDWLRQ LPSOLHV WKDW WKH LQWHUDFWLRQ HmHFW

KDV WKH VDPH VLJQ DW DOO GXUDWLRQV� ,I z��~� LV WUDFNLQJ WKH F\FOH LQ WKH RXWoRZ�

GXUDWLRQ GHSHQGHQFH ZLOO EH OHVV QHJDWLYH DW DOO GXUDWLRQV LQ WKH WRS RI D F\FOH� ,I

z��~ � LV oH[LEO\ VSHFLnHG� LW FRXOG EH SURF\FOLFDO LQ RQH DQG FRXQWHUF\FOLFDO LQ DQ

RWKHU SHULRG� 7KHQ� WKH LQWHUDFWLRQ HmHFW VZLWFKHV VLJQ RYHU FDOHQGDU WLPH� 7KLV

LV ZKDW ZH KDYH ODEHOHG CDV\PPHWU\ RYHU FDOHQGDU WLPH
 HDUOLHU�

7KH TXDGUDWLF VSHFLnFDWLRQ ���� LV PRUH oH[LEOH� DV LW DOORZV WKH LQWHUDFWLRQ

HmHFW WR VZLWFK VLJQ RQFH RYHU GXUDWLRQ� )RU H[DPSOH� LI z��W� LV 8�VKDSHG DQG

��0RUH VSHFLnFDOO\� ZH nUVW OLQHDUO\ WUDQVIRUP WKH FDOHQGDU WLPH GRPDLQ WR WKH GRPDLQ RI

RUWKRJRQDOLW\ RI WKH &KHE\VKHY SRO\QRPLDO� >b�� �@� E\ PHDQV RI

A~ �~ �  � ~b~�
Q~b�

b ��

ZKHUH Q~ LV WKH QXPEHU RI FDOHQGDU WLPH SHULRGV FRQVLGHUHG� 7KH VHULHV RI RUWKRJRQDO SRO\�

QRPLDOV LV WKHQ JHQHUDWHG E\ �VHH $EUDPRZLW] DQG 6WHJXQ ������� 7DEOH �����

S� �~ �  �� DQG

SN �A~ �  
N
�

3> N� @
L � �b��

L �NbLb���

L��Nb�L��
��A~ �Nb�L IRU L  �� �� � � � � Q�

��



z��~ � LV SURF\FOLFDO� LQ ERRPV GXUDWLRQ GHSHQGHQFH EHWZHHQ FRQVHFXWLYH GXUDWLRQ

FODVVHV ZLOO EH PRUH QHJDWLYH DW ORZ GXUDWLRQV� DQG PRUH SRVLWLYH DW KLJK GXUD�

WLRQV� 7KLV LV ZKDW ZH KDYH FDOOHG CDV\PPHWU\ RYHU GXUDWLRQ
 HDUOLHU� )URP 6XE�

VHFWLRQ ��� ZH NQRZ WKDW SRVLWLYH LQWHUDFWLRQ DW KLJK GXUDWLRQV FDQ EH LQGXFHG E\

ERWK UDQNLQJ DQG VRUWLQJ� $Q XQDPELJXRXV WHVW FDQ RQO\ EH FRQVWUXFWHG IURP WKH

FXPXODWLYH LQWHUDFWLRQ HmHFW� L�H� WKH YDULDWLRQ RI GXUDWLRQ GHSHQGHQFH EHWZHHQ

GXUDWLRQV � DQG W RYHU WKH F\FOH� 7KHUHIRUH� ZH ZLOO QRW RQO\ UHSRUW HVWLPDWHV RI

z�� � ze
��
� ze

��
DQG z�� � �z

e

��
� EXW DOVR UHSRUW WKH UHVXOWLQJ HVWLPDWHV RI z��W��

z��W� ��b z��W�  z�� � z��W FDQ EH VKRZQ WR JLYH WKH LQWHUDFWLRQ HmHFW EHWZHHQ

GXUDWLRQ FODVVHV W DQG W�� LI z��~ �  ORJ ���F�~ �� $V FDQ EH LQIHUUHG IURP H[DPSOH

�LL� RI 6XEVHFWLRQ ���� z��W� JLYHV WKH FXPXODWLYH LQWHUDFWLRQ HmHFW LQ WKLV FDVH� ,I

z��~ � LV oH[LEO\ VSHFLnHG� WKH VLJQ RI WKH FXPXODWLYH LQWHUDFWLRQ HmHFW LV WKH VLJQ

RI z��W� LI z��~ � LV SURF\FOLFDO� DQG PLQXV WKH VLJQ RI z��W� RWKHUZLVH�

:H VSHFLI\ WKH FDOHQGDU WLPH SDUW RI WKH LQWHUDFWLRQ HmHFW� z��~ � � E\ z��~�  

ORJ���F�~ �� RU E\

z� �~ �  H[S

�
Q;

L �

m�LSL �~�

�
� ����

$V LV FOHDU E\ QRZ� WKH nUVW VSHFLnFDWLRQ SUHYHQWV WKH VLJQ RI WKH LQWHUDFWLRQ HmHFW

WR VZLWFK RYHU FDOHQGDU WLPH� $V z��~ � LV� E\ FRQVWUXFWLRQ� SURF\FOLFDO LQ WKLV FDVH�

WKH VLJQ RI z��W� FDQ QRZ GLUHFWO\ EH UHDG DV WKH VLJQ RI WKH FXPXODWLYH LQWHUDFWLRQ

HmHFW� ,I ZH XVH VSHFLnFDWLRQ ���� LQVWHDG� LQWHUDFWLRQ HmHFWV DUH DOORZHG WR FKDQJH

VLJQ RYHU FDOHQGDU WLPH� 7KLV LV DJDLQ DV\PPHWU\ RYHU FDOHQGDU WLPH� :H KDYH

WR FKHFN WKH QDWXUH RI WKH F\FOLFDOLW\ RI z��~� EHIRUH ZH FDQ MXGJH WKH LQWHUDFWLRQ

HmHFW LPSOLHG E\ z��W�� &OHDUO\� LI z��~ � LV SURF\FOLFDO� WKH LQWHUDFWLRQ HmHFW KDV

WKH VDPH VLJQ DV z��W�� 2WKHUZLVH� LW KDV WKH RSSRVLWH VLJQ�

)RU WKH VHDVRQDO HmHFWV ZH XVH � TXDUWHUO\ LQGLFDWRUV� %RWK ���F�~ � DQG� LI

VSHFLnHG DFFRUGLQJ WR ����� z��~ � DUH VSHFLnHG ZLWK Q  �����

� 'DWD

7R HVWLPDWH RXU PRGHO ZH XVH WKH VDPH GDWD DV 9DQ GHQ %HUJ DQG 9DQ 2XUV

������� 7KHVH GDWD DUH EDVHG RQ XQSXEOLVKHG &36 GDWD IURP WKH 8�6� 'HSDUWPHQW

��)XUWKHUPRUH� ZH QRUPDOL]H ���  ���  �� $SDUW IURP WKDW� ZH QRUPDOL]H �� ���  � �

���  �� m��  
3>Q �@

L � �b��
L��

m���cL� DQG m��  
3>Q �@

L � �b��
L��

m���cL� 7KH ODVW � QRUPDOL]D�

WLRQV HQVXUH WKDW ���F�~ � DQG ���F�W� ~ � HTXDO � LQ WKH VDPSOH PHDQ FDOHQGDU PRPHQW� A~
b� ����

6LPLODUO\� ZH WDNH WKH KHOS ZDQWHG LQGH[ LQ ORJ GHYLDWLRQV IURP LWV YDOXH LQ WKH PHDQ FDOHQGDU

WLPH PRPHQW� )LQDOO\� QRWH WKDW ZH KDYH LPSOLFLWO\ FKRVHQ xW  � DQG x~  A~b�����

��



RI /DERU� ZKLFK JLYH PRQWKO\ LQIRUPDWLRQ RQ XQHPSOR\PHQW E\ ZHHNO\ GXUDWLRQ

FODVVHV� ,Q WKH DQDO\VLV ZH XVH WLPH VHULHV RI PRQWKO\ XQHPSOR\PHQW nJXUHV

IRU IRXU JURXSV RI ZRUNHUV� ZKLWH PDOHV� ZKLWH IHPDOHV� EODFN PDOHV DQG EODFN

IHPDOHV� RYHU WKH SHULRG -DQXDU\ ����^0D\ ����� 7KXV� ZH REVHUYH FKDQJHV LQ

WKH UDFH DQG JHQGHU FRPSRVLWLRQ RI WKH LQoRZ� 6LQFH WKH LQIRUPDWLRQ RQ H[LW

UDWHV EHFRPHV PRUH XQUHOLDEOH DW ORQJHU GXUDWLRQV ZH RQO\ XVH LQIRUPDWLRQ RQ

H[LW UDWHV IRU WKH nUVW VL[ PRQWKV RI XQHPSOR\PHQW�

$V� IRU H[DPSOH� 6LGHU ������ DQG %DNHU �����D� SRLQWHG RXW� WKHUH DUH VHYHUDO

SUREOHPV FRQQHFWHG WR WKH XVH RI WKHVH GDWD� )LUVW RI DOO� WKH ZD\ LQ ZKLFK WKH GDWD

DUH FROOHFWHG LPSOLHV WKDW ZH FDQQRW IROORZ DFWXDO FRKRUWV RYHU WLPH� +RZHYHU�

ZH PD\ FRQVLGHU WKH GDWD DV V\QWKHWLF FRKRUWV� 6HFRQG� WKH HPSLULFDO DQDO\VLV LV

IDFLOLWDWHG LI WKH IUHTXHQF\ DW ZKLFK WKH GDWD DUH FROOHFWHG HTXDOV WKH VL]HV RI WKH

XQHPSOR\PHQW GXUDWLRQ FODVVHV� :H DJJUHJDWH WKH ZHHNO\ GXUDWLRQ FODVVHV LQWR

PRQWKO\ GXUDWLRQ FODVVHV� )LQDOO\� WKH GDWD DUH LQoXHQFHG E\ SKHQRPHQD OLNH GLJLW

SUHIHUHQFHV DQG WKH WHQGHQF\ RI UHVSRQGHQWV WR UHSRUW CZHHNV RI XQHPSOR\PHQW


DV ZKROH PRQWKV �%DNHU �����E��� %HFDXVH RI WKLV ZH PDGH WKH VDPH FRUUHFWLRQV

DV LQ %DNHU �����D�� %DNHU UHDOORFDWHG �� SHUFHQW RI WKH UHVSRQGHQWV DW �� �� ���

�� DQG �� ZHHNV� �� SHUFHQW RI WKRVH DW �� ZHHNV� DQG �� SHUFHQW RI WKRVH DW ��

DQG �� ZHHNV� LQ HDFK PRQWK RI WKH VDPSOH WR DGMDFHQW ODWHU ZHHNV�

7KH GDWD GR QRW HQDEOH XV WR PDNH D GLVWLQFWLRQ EHWZHHQ HPSOR\PHQW DQG

WUDQVLWLRQ RXW RI WKH ODERU IRUFH DV DOWHUQDWLYH GHVWLQDWLRQV� %XW� DV $ERZG DQG

=HOOQHU ������ VKRZ� RQ DYHUDJH� WKH VKDUH RI ZRUNHUV EHFRPLQJ HPSOR\HG LQ WKH

RXWoRZ IURP XQHPSOR\PHQW LV ODUJHU WKDQ WKH VKDUH RI ZRUNHUV OHDYLQJ WKH ODERU

IRUFH�

)LQDOO\� ZH XVH WKH KHOS ZDQWHG LQGH[ IURP &LWLEDVH DV D F\FOLFDO LQGLFDWRU

F�~ �� 'DWD RQ WKLV LQGLFDWRU DUH SORWWHG LQ )LJXUH ��

� (VWLPDWLRQ UHVXOWV

��� 3DUDPHWHU HVWLPDWHV

7DEOH � FRQWDLQV HVWLPDWHV RI IRXU GLmHUHQW VSHFLnFDWLRQV RI RXU EDVHOLQH PRGHO�

7KH nUVW FROXPQ FRQWDLQV HVWLPDWHV RI WKH PRVW oH[LEOH PRGHO� ZKHUH z��W� LV DV�

VXPHG WR KDYH D TXDGUDWLF VSHFLnFDWLRQ� 7KH VHFRQG DQG WKLUG FROXPQ VKRZ HVWL�

PDWHV RI PRGHOV LQ ZKLFK ZH UHVWULFWHG z��W�  ORJ�W� �� DQG z��~�  ORJ���F�~��

UHVSHFWLYHO\� ,Q WKH ODVW FROXPQ� WKH oH[LEOH VSHFLnFDWLRQ RI ORJ���F�~ � DV D SRO\�

QRPLDO LV DEDQGRQHG� DQG UHSODFHG E\ D PRUH UHVWULFWLYH� EXW DOVR PRUH FRPSUH�

KHQVLEOH FRPELQDWLRQ RI D OLQHDU WUHQG DQG RXU EXVLQHVV F\FOH LQGLFDWRU� WKH KHOS

��



ZDQWHG LQGH[�

&RPSDULQJ WKH HVWLPDWLRQ UHVXOWV RI &ROXPQV ��� ZLWK WKRVH RI &ROXPQ � ZH

GUDZ WZR FRQFOXVLRQV� 7KH nUVW FRQFOXVLRQ LV WKDW PDQ\ SDUDPHWHU HVWLPDWHV

DUH KDUGO\ DmHFWHG E\ WKH UHVWULFWLRQV LPSRVHG� 6R� WKH HVWLPDWHG FRHpFLHQWV

DUH TXLWH UREXVW� 7KH VHFRQG FRQFOXVLRQ� KRZHYHU� LV WKDW WKH UHVWULFWLRQV GR

DmHFW WKH nW RI WKH PRGHO WR WKH GDWD� 7KLV IROORZV IURP OLNHOLKRRG UDWLR WHVWV

DW FRQYHQWLRQDO OHYHOV RI VLJQLnFDQFH� 7KHUHIRUH� ZH UHVWULFW WKH GLVFXVVLRQ RI WKH

HVWLPDWLRQ UHVXOWV WR WKH HVWLPDWHV SUHVHQWHG LQ &ROXPQ � RI 7DEOH ��

7KH GLmHUHQFHV EHWZHHQ WKH IRXU m��FRHpFLHQWV UHoHFW WKH GLmHUHQFHV LQ H[LW

SUREDELOLWLHV EHWZHHQ WKH GLmHUHQW JURXSV RI XQHPSOR\HG ZRUNHUV� &RQGLWLRQDO

RQ WKH VWDWH RI WKH EXVLQHVV F\FOH� WKH VHDVRQ DQG WKH GXUDWLRQ RI XQHPSOR\PHQW

ZKLWH IHPDOH XQHPSOR\HG KDYH WKH KLJKHVW H[LW SUREDELOLW\ RXW RI XQHPSOR\PHQW

ZKLOH EODFN PDOH XQHPSOR\HG KDYH WKH ORZHVW H[LW SUREDELOLW\� 7KHUH LV REYLRXVO\

D ELJJHU GLmHUHQFH EHWZHHQ PDOHV DQG IHPDOHV WKDQ WKHUH LV EHWZHHQ EODFN DQG

ZKLWH XQHPSOR\HG� 7KH HVWLPDWHV RI WKH m��FRHpFLHQWV LQGLFDWH WKDW WKHUH LV

FDOHQGDU WLPH oXFWXDWLRQ LQ WKH LQGLYLGXDO H[LW SUREDELOLW\ RXW RI XQHPSOR\PHQW�

7KH HVWLPDWHV RI ���W� LPSO\ VLJQLnFDQW QHJDWLYH GXUDWLRQ GHSHQGHQFH DW DOO

GXUDWLRQ FODVVHV� $V WKH SDUDPHWHU YDOXHV RI WKH SRO\QRPLDO DUH QRW YHU\ LQIRU�

PDWLYH RQ WKH VKDSH RI ORJ���F�~�� ZH KDYH SORWWHG WKLV IXQFWLRQ LQ )LJXUH �� $V

H[SODLQHG HDUOLHU� ORJ ���F�~ � FRUUHVSRQGV WR WKH F\FOH DW W  xW  �� &RPSDULVRQ

ZLWK WKH KHOS ZDQWHG LQGH[ LQ )LJXUH � LQGLFDWHV WKDW H[LW SUREDELOLWLHV DUH SUR�

F\FOLFDO� 7KLV LV FRQnUPHG E\ WKH SDUDPHWHU RQ WKH KHOS ZDQWHG LQGH[ LQ WKH

IRXUWK HVWLPDWH� ZKLFK LV VLJQLnFDQWO\ SRVLWLYH� 6R� LQ XSVZLQJV RI WKH HFRQRP\

XQHPSOR\PHQW GXUDWLRQV JHW VKRUWHU� LQ GRZQVZLQJV WKH\ JHW ORQJHU�

7KH ���FRHpFLHQWV LQGLFDWH WR ZKDW H[WHQW WKHUH LV VHDVRQDO oXFWXDWLRQ LQ WKH

H[LW SUREDELOLW\� ,W DSSHDUV WKDW WKHUH DUH VHDVRQDO oXFWXDWLRQV RI WKLV NLQG� WKH

H[LW SUREDELOLW\ LQ WKH WKLUG TXDUWHU EHLQJ WKH KLJKHVW DQG LQ WKH nUVW TXDUWHU

EHLQJ WKH ORZHVW� /DERU PDUNHW FRQGLWLRQV VHHP WR EH PRVW IDYRUDEOH LQ WKH VXP�

PHU PRQWKV� 7KH HVWLPDWHG ���FRHpFLHQWV LQGLFDWH WKDW WKHUH LV DOVR VHDVRQDO

YDULDWLRQ LQ WKH H[LW SUREDELOLW\ FDXVHG E\ VHDVRQDO YDULDWLRQ LQ WKH TXDOLW\ RI WKH

LQoRZ FRQGLWLRQDO RQ WKH RWKHU GHWHUPLQDQWV RI WKH XQHPSOR\PHQW H[LW SUREDELO�

LW\� 8QHPSOR\HG ZKR HQWHU LQ WKH WKLUG TXDUWHU KDYH WKH ORZHVW H[LW SUREDELOLW\

ZKLOH WKRVH HQWHULQJ LQ WKH nUVW TXDUWHU KDYH WKH KLJKHVW H[LW SUREDELOLW\� 7KH

UHDVRQ IRU WKLV PLJKW EH WKDW WKH LQFLGHQFH LV ODUJHVW LQ WKH WKLUG TXDUWHU DQG

VPDOOHVW LQ WKH nUVW TXDUWHU� 6R� XQHPSOR\HG HQWHULQJ LQ WKH WKLUG TXDUWHU IDFH

D ORW RI FRPSHWLWLRQ� ZKLOH IRU WKRVH HQWHULQJ WKH nUVW TXDUWHU FRPSHWLWLRQ LV OHVV

VHYHUH�

,QWHUDFWLRQ HmHFWV DUH JHQHUDOO\ VLJQLnFDQW� ,QWHUDFWLRQ LV VLJQLnFDQWO\ QHJD�

��



WLYH LQ WKH nUVW PRQWK� DQG VLJQLnFDQWO\ SRVLWLYH LQ ODWHU PRQWKV� )LJXUH � SORWV

ORJ F\FOHV DQG GXUDWLRQ GHSHQGHQFH �ORJ>���W����F�~ ����L�W� ~�@� LQ WKH H[LW SURED�

ELOLWLHV E\ GXUDWLRQ FODVV� &\FOLFDO VHQVLWLYLW\ IDOOV EHWZHHQ GXUDWLRQ FODVVHV � DQG

�� EXW ULVHV IURP W  � RQZDUGV� ,Q GXUDWLRQ FODVVHV � DQG �� F\FOLFDO VHQVLWLYLW\

LV KLJKHU WKDQ LQ GXUDWLRQ FODVV �� )LJXUH � RmHUV D GLmHUHQW DQJOH E\ SORWWLQJ

GXUDWLRQ GHSHQGHQFH LQ ORJ H[LW SUREDELOLWLHV DW z��~ �  ���� DQG z��~�  b�����

ZKLFK URXJKO\ FRUUHVSRQG WR D ERRP DQG D UHFHVVLRQ SHULRG� ,Q D ERRP� GXUDWLRQ

GHSHQGHQFH LV UHODWLYHO\ KLJK LQ WKH nUVW PRQWK� EXW UHODWLYHO\ ORZ LQ WKH ODWHU

PRQWKV� :H FRQFOXGH WKDW VRUWLQJ LV WKH GRPLQDQW SURFHVV LQ WKH nUVW WZR PRQWKV

RI XQHPSOR\PHQW� 5DQNLQJ GRPLQDWHV DW KLJKHU GXUDWLRQV�

7KH EDVHOLQH FDOHQGDU WLPH F\FOH �m�
V� DQG WKH F\FOH LQ WKH LQWHUDFWLRQ HmHFW

�m�
V� DUH LQ SKDVH LQ WKH HQWLUH GDWD SHULRG� 7KXV� ZH nQG QR HYLGHQFH RI

DV\PPHWULHV RI WKH LQWHUDFWLRQ HmHFW RI WKH EXVLQHVV F\FOH� +RZHYHU� DV LV VKRZQ

E\ )LJXUH �� ERWK F\FOHV FORVHO\ WUDFN HDFK RWKHU LQ WKH nUVW KDOI RI WKH GDWD

SHULRG� ZKHUHDV WKH LQWHUDFWLRQ F\FOH LV VXEVWDQWLDOO\ ORZHU LQ WKH ����V� :H

LQWHUSUHW WKLV UHPDUNDEOH VKLIW DV D PRYHPHQW WRZDUGV OHVV GXUDWLRQ GHSHQGHQFH

DW ORZ GXUDWLRQV DQG PRUH GXUDWLRQ GHSHQGHQFH DW KLJKHU GXUDWLRQV LQ WKH HDUO\

����V�

��� 7KH FRPSRVLWLRQ RI WKH LQoRZ

6R IDU� ZH KDYH QRW DOORZHG IRU F\FOLFDO oXFWXDWLRQV GHSHQGLQJ RQ WKH PRPHQW

RI LQoRZ� ~ b W� RWKHU WKDQ VKLIWV LQ WKH VKDUHV RI PDOHV DQG IHPDOHV DQG EODFNV

DQG ZKLWHV� 6XFK oXFWXDWLRQV PD\ EH FDXVHG E\ FKDQJHV LQ WKH FRPSRVLWLRQ

RI WKH LQoRZ LQWR XQHPSOR\PHQW RYHU WKH EXVLQHVV F\FOH� $V LQGLFDWHG LQ WKH

LQWURGXFWLRQ WKH OLWHUDWXUH LV QRW FOHDU DERXW WKH LPSRUWDQFH RI WKLV HmHFW�

$V DUJXHG EHIRUH� LQWHUDFWLRQ EHWZHHQ GXUDWLRQ DQG F\FOH FDQ EH GXH WR

FKDQJHV LQ WKH FRPSRVLWLRQ RI WKH LQoRZ DFURVV WKH F\FOH� :H ZLOO QRZ DWWHPSW

WR LQTXLUH WR ZKDW H[WHQW WKLV LV WUXH� $V D UREXVWQHVV WHVW RI RXU PRGHO� DQG

ZLWK WKH TXDOLnFDWLRQV RI $SSHQGL[ &� ZH KDYH UH�HVWLPDWHG ERWK WKH SUHIHUUHG

oH[LEOH PRGHO LQ &ROXPQ � RI 7DEOH � DQG WKH PRGHO ZLWK ���F�~ � GHSHQGLQJ RQ

WKH KHOS ZDQWHG LQGH[� DOORZLQJ LQ ERWK PRGHOV IRU YDULDWLRQ RI ���F�~ b W� RYHU

WKH EXVLQHVV F\FOH� :H VSHFLI\ ���F�~bW�  H[S�n�F�~bW��� ZKHUH F�~bW� LV DJDLQ

WKH KHOS ZDQWHG LQGH[� %HFDXVH RI WKH QRQ�LGHQWLnFDWLRQ RI DQ H[SRQHQWLDO WUHQG

LQ ���F�~ b W�� ZH GR QRW DGG D OLQHDU WUHQG WHUP� QRU GR ZH VSHFLI\ ���F�~ b W� DV

D SRO\QRPLDO VHULHV LQ ~ b W�

7DEOH � VKRZV WKH HVWLPDWLRQ UHVXOWV� %RWK VSHFLnFDWLRQV SURGXFH VWURQJ SUR�

F\FOLFDO HmHFWV RI FKDQJHV LQ WKH FRPSRVLWLRQ RI WKH LQoRZ RQ WKH H[LW SUREDELOLW\

��



IURP XQHPSOR\PHQW� ZKLFK LV FRQVLVWHQW ZLWK WKH UHVXOWV RI 'DUE\� +DOWLZDQJHU

DQG 3ODQW ������� 7KH DYHUDJH TXDOLW\ RI WKH LQoRZ LQ ERRPV LV KLJKHU WKDQ WKH

DYHUDJH TXDOLW\ RI WKH LQoRZ LQ VOXPSV� %HFDXVH RI WKLV WKH DYHUDJH GXUDWLRQ RI

XQHPSOR\PHQW LQ ERRPV LV VKRUWHU WKDQ WKH DYHUDJH GXUDWLRQ LQ VOXPSV� HYHQ LI

LQGLYLGXDO XQHPSOR\PHQW GXUDWLRQV GLVWULEXWLRQV GR QRW FKDQJH�

0RVW SDUDPHWHU HVWLPDWHV DUH QRW VWURQJO\ DmHFWHG E\ WKH LQWURGXFWLRQ RI

F\FOLFDO YDULDWLRQ LQ WKH FRPSRVLWLRQ RI WKH LQoRZ� 7KH GXPPLHV IRU WKH GHPR�

JUDSKLF JURXSV� WKH GXUDWLRQ GHSHQGHQFH HVWLPDWHV� WKH VHDVRQDO HmHFWV LQ WKH

RXWoRZ DQG WKH VHDVRQDO HmHFWV GXH WR WKH FRPSRVLWLRQ RI WKH LQoRZ DUH SUDFWL�

FDOO\ WKH VDPH� 7KH FRHpFLHQWV RI WKH LQWHUDFWLRQ HmHFWV DUH VRPHZKDW DmHFWHG�

EXW WKH UHVXOW WKDW WKHUH LV QHJDWLYH LQWHUDFWLRQ IRU ORZHU GXUDWLRQ FODVVHV DQG SRV�

LWLYH LQWHUDFWLRQ IRU KLJKHU GXUDWLRQ FODVVHV GRHV QRW FKDQJH� 2QO\ WKH FRHpFLHQWV

RI WKH FDOHQGDU WLPH HmHFW LQ WKH RXWoRZ VHHP WR EH DmHFWHG� 7KH FRHpFLHQW RI

WKH KHOS�ZDQWHG LQGH[ LV ��� VPDOOHU LQ WKH VHFRQG FROXPQ RI 7DEOH � WKDQ LW LV

LQ WKH FRUUHVSRQGLQJ FROXPQ RI 7DEOH �� 6R� DOORZLQJ IRU FRPSRVLWLRQDO YDULDWLRQ

LQ WKH LQoRZ UHGXFHV WKH HVWLPDWHG LQVWDQWDQHRXV FDOHQGDU WLPH HmHFWV LQ WKH

RXWoRZ� 6WLOO� D VXEVWDQWLDO F\FOLFDO YDULDWLRQ LV OHIW LQ WKH LQVWDQWDQHRXV HmHFW

RQ WKH RXWoRZ IURP XQHPSOR\PHQW� 6LQFH WKH FRHpFLHQWV n� DQG n� KDYH DERXW

WKH VDPH VL]H ZH FRQFOXGH WKDW WKH LQVWDQWDQHRXV HmHFW RI FDOHQGDU WLPH DQG WKH

FRPSRVLWLRQ HmHFW DUH DERXW WKH VDPH�

� 'HFRPSRVLWLRQ RI XQHPSOR\PHQW G\QDPLFV

6R IDU� ZH KDYH VWXGLHG WKH QDWXUH RI LQWHUDFWLRQ EHWZHHQ WKH EXVLQHVV F\FOH DQG

H[LW SUREDELOLWLHV IURP XQHPSOR\PHQW LQ LVRODWLRQ IURP WKH LQFLGHQFH� DQG WKH

OHYHO RI XQHPSOR\PHQW LWVHOI� ,Q WKLV VHFWLRQ� ZH LQYHVWLJDWH WKH UROH RI WKH EXVL�

QHVV F\FOH� GXUDWLRQ GHSHQGHQFH� DQG LQWHUDFWLRQ LQ H[SODLQLQJ oXFWXDWLRQV RI WKH

DJJUHJDWH XQHPSOR\PHQW UDWH� 3RLQW RI GHSDUWXUH DUH WKH HVWLPDWLRQ UHVXOWV IURP

7DEOH �� &ROXPQ �� ,Q 6XEVHFWLRQ ��� ZH IRFXV RQ WKH PRVW EDVLF GHFRPSRVLWLRQ

RI XQHPSOR\PHQW LQ LQFLGHQFH DQG GXUDWLRQ� 6XEVHFWLRQ ��� WKHQ ]RRPV LQ RQ WKH

UROH RI FRPSRVLWLRQDO HmHFWV�

��� ,QFLGHQFH YHUVXV GXUDWLRQ

)URP WKH GHnQLWLRQ RI WKH H[LW SUREDELOLW\ ZH FDQ GHULYH D GHFRPSRVLWLRQ RI

XQHPSOR\PHQW DW FDOHQGDU WLPH ~ �

8J �~ �  8J ��� ~ � �
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,Q VWHDG\ VWDWH� ZKHQ DOO YDULDEOHV DUH FRQVWDQW RYHU FDOHQGDU WLPH ~ � WKLV GHFRP�

SRVLWLRQ UHGXFHV WR

8J  8J ���

�
� �

�;
W �

Wb�<
L �

��b tJ �L��

�
� ����

ZKHUH ZH KDYH GURSSHG WKH DUJXPHQW ~ IRU REYLRXV UHDVRQV� :H ZLOO UHIHU WR

WKH QXPEHU RI QHZO\ XQHPSOR\HG DV XQHPSOR\PHQW CLQFLGHQFH
 DQG WR WKH WHUP

EHWZHHQ EUDFNHWV DV XQHPSOR\PHQW CGXUDWLRQ
�

(TXDWLRQ ���� LPSOLHV WKDW� LQ D VWHDG\ VWDWH� UHODWLYH FKDQJHV RI WKH XQHP�

SOR\PHQW UDWH HTXDO WKH VXP RI UHODWLYH FKDQJHV LQ XQHPSOR\PHQW LQFLGHQFH DQG

UHODWLYH FKDQJHV LQ XQHPSOR\PHQW GXUDWLRQ� ,Q WXUQ� FKDQJHV LQ XQHPSOR\PHQW

GXUDWLRQV DUH RQH�WR�RQH UHODWHG WR WKH H[LW SUREDELOLWLHV IURP XQHPSOR\PHQW�

)RU H[DPSOH� LQ DEVHQFH RI GXUDWLRQ GHSHQGHQFH_ VD\ WKDW WKH H[LW SUREDELOLW\

HTXDOV VRPH FRQVWDQW xtJ_ XQHPSOR\PHQW GXUDWLRQ LV WKH UHFLSURFDO RI WKLV SURE�

DELOLW\� ,Q WKDW VSHFLnF FDVH� XQHPSOR\PHQW LV JLYHQ E\ 8J ���  xtJ � 7KHQ� WKH

�SDUWLDO� HODVWLFLWLHV RI XQHPSOR\PHQW ZLWK UHVSHFW WR WKH LQFLGHQFH DQG WKH H[LW

SUREDELOLW\ HTXDO � DQG b�� UHVSHFWLYHO\� 2EYLRXVO\� HTXDWLRQ ���� VKRZV WKDW�

RXW RI VWHDG\ VWDWH� XQHPSOR\PHQW DGMXVWV VORZO\ WR FKDQJHV LQ WKH LQFLGHQFH

DQG WKH H[LW SUREDELOLW\� )XUWKHUPRUH� FRPSDUHG WR WKH FRPSDUDWLYH VWDWLF HI�

IHFWV� WUDQVLWRU\ FKDQJHV LQ WKH XQGHUO\LQJ FRPSRQHQWV RQO\ SDUWLDOO\ WUDQVODWH LQ

FKDQJHV LQ XQHPSOR\PHQW�

7KUHH KXUGOHV KDYH WR EH WDNHQ EHIRUH ZH FDQ XVH RXU HVWLPDWLRQ UHVXOWV RI WKH

LQWHUDFWLRQ PRGHO RI XQHPSOR\PHQW GXUDWLRQ IURP 6XEVHFWLRQ ��� WR GHFRPSRVH

oXFWXDWLRQV LQ WKH DJJUHJDWH XQHPSOR\PHQW UDWH�

)LUVW� ZH KDYH WR LQFRUSRUDWH GDWD RQ WKH VL]H RI WKH ODERU IRUFH IRU ZKLFK ZH

XVH &36 GDWD RQ JURXS J �DOO JURXSV�� VD\ /J�~ � �/�~ ��� DQG ���PRQWK PRYLQJ

DYHUDJHV RI WKHVH VWDWLVWLFV� VD\ /J�F�~ � �/F�~ ��� WR WUDQVIRUP F\FOLFDO DQG WUHQG

oXFWXDWLRQV LQ XQHPSOR\PHQW LQWR XQHPSOR\PHQW UDWH oXFWXDWLRQV�

6HFRQG� ZH QHHG GDWD RQ LQFLGHQFH EHIRUH ZH FDQ DSSO\ ����� $V ZH ZDQW WR

VHSDUDWH VHDVRQDO HmHFWV IURP ORQJHU UXQ GHYHORSPHQWV LQ WKH LQFLGHQFH� LQFLGHQFH

LV DOVR PRGHOHG DV WKH SURGXFW RI D VHDVRQDO DQG D ORQJ UXQ WHUP�

8J��M~ �  �J���~ ��J���F�~ �� ����

ZKHUH �J���~� DQG �J���F�~ � DUH VSHFLnHG OLNH WKH VHDVRQDO DQG F\FOLFDO WHUPV LQ

WKH LQWHUDFWLRQ PRGHO� 1RWH WKDW ZH VSHFLI\ GLmHUHQW PRGHOV IRU GLmHUHQW GH�

PRJUDSKLF JURXSV WR DOORZ IRU VKLIWV LQ WKH VKDUHV RI WKHVH JURXSV LQ WKH LQoRZ

LQWR XQHPSOR\PHQW� $Q HPSLULFDO VSHFLnFDWLRQ FDQ EH IRXQG E\ UHFDOOLQJ ��� IRU

W  �� DQG WDNLQJ ORJV� ORJ I8J ��M~�  ORJ8J ��M~� � ORJ �J�W�~ � (VWLPDWHG F\FOHV

��



LQ WKH LQFLGHQFH UDWH� ORJ�J���F�~ � /J�F�~ �� DUH SORWWHG LQ )LJXUH �� $ FRPSDUL�

VRQ ZLWK )LJXUH � OHDUQV WKDW LQFLGHQFH LV FRXQWHUF\FOLFDO� ZLWK PDOH LQFLGHQFH

EHLQJ WKH PRVW VHQVLWLYH WR WKH F\FOH� )XUWKHUPRUH� WKHUH LV D VKLIW WRZDUGV D

KLJKHU SURSRUWLRQ RI PDOHV LQ WKH LQoRZ LQWR XQHPSOR\PHQW� 7KLV HYHQ KROGV

DIWHU FRUUHFWLRQ IRU WKH LQFUHDVHG VKDUH RI IHPDOHV LQ WKH ODERU IRUFH� &OHDUO\�

ERWK GHYHORSPHQWV PD\ KDYH DQ LPSDFW RQ DJJUHJDWH XQHPSOR\PHQW� DV PDOHV

KDYH ORQJHU XQHPSOR\PHQW GXUDWLRQV�

7KLUG� DV PHQWLRQHG LQ 6HFWLRQ �� ZH KDYH QRW PRGHOHG H[LW SUREDELOLWLHV IRU

KLJK GXUDWLRQ FODVVHV� &RQVHTXHQWO\� ZH FDQ QRW VLPXODWH 8J�~ � DV LW LV JLYHQ E\

HTXDWLRQ ����� ,QVWHDG� ZH ZLOO IRFXV RQ XQHPSOR\PHQW LQ WKH nUVW VL[ GXUDWLRQ

FODVVHV� RU PRUH SUHFLVHO\� RQ WKH UDWH RI XQHPSOR\PHQW LQ WKH nUVW VL[ GXUDWLRQ

FODVVHV� X��~ �  
3

J

3
�

W � 8J�WM~ � /�~ �� $SSHQGL[ % SURYLGHV GHWDLOV RQ WKH GH�

FRPSRVLWLRQ SURFHGXUH� 6R� LQ WKH UHPDLQGHU RI WKLV VXEVHFWLRQ ZKHUH ZH XVH

WKH WHUP CXQHPSOR\PHQW UDWH
 ZH LQ IDFW PHDQ WKH XQHPSOR\PHQW UDWH EDVHG RQ

WKH nUVW � PRQWKV RI XQHPSOR\PHQW� ZKLFK LQFOXGHV DSSUR[LPDWHO\ ������ RI DOO

XQHPSOR\PHQW VSHOOV�

:H JUDSKLFDOO\ LOOXVWUDWH WKH LPSRUWDQFH RI WKH YDULRXV FRPSRQHQWV RI XQ�

HPSOR\PHQW G\QDPLFV� 7R VWDUW ZLWK� )LJXUH � VKRZV WKDW WKH HYROXWLRQ RI WKH

DFWXDO XQHPSOR\PHQW UDWH LV ZHOO UHSUHVHQWHG E\ WKH F\FOLFDO SDUW RI WKH HVWLPDWHG

PRGHO�

)LJXUH � VKRZV WKH HmHFW RI RPLWWLQJ WKH LQWHUDFWLRQ F\FOH IURP WKH HVWLPDWHG

PRGHO� ,W DSSHDUV WKDW WKH DPSOLWXGHV RI WKH F\FOH DUH VRPHZKDW ODUJHU ZLWKRXW

WKH LQWHUDFWLRQ F\FOH� )LJXUH � DOVR VKRZV WKDW WKH DPSOLWXGH RI WKH XQHPSOR\�

PHQW UDWH F\FOH LV UHGXFHG E\ DSSUR[LPDWHO\ RQH KDOI LI ZH RPLW ERWK WKH LQWHU�

DFWLRQ DQG WKH EDVHOLQH F\FOHV� DQG WKXV WKH LQVWDQWDQHRXV F\FOLFDO HmHFW RQ WKH

RXWoRZ� )LJXUH � VKRZV WKH HmHFW RI WKH LQFLGHQFH RQ WKH F\FOLFDO SDWWHUQ RI WKH

XQHPSOR\PHQW UDWH� ,I WKH F\FOLFDO YDULDWLRQ LQ WKH LQFLGHQFH LV UHPRYHG WKH DP�

SOLWXGH RI WKH F\FOH DJDLQ UHGXFHV VXEVWDQWLDOO\� 7KH FRQWULEXWLRQV RI LQFLGHQFH

DQG GXUDWLRQ WR WKH YDULDWLRQ RI WKH XQHPSOR\PHQW UDWH RYHU WKH EXVLQHVV F\FOH

DUH DERXW WKH VDPH�

)LJXUH � FRPSDUHV WKH IXOO F\FOH oXFWXDWLRQV LQ WKH XQHPSOR\PHQW UDWH ZLWK

XQHPSOR\PHQW UDWH oXFWXDWLRQV JHQHUDWHG LQ WKH DEVHQFH RI GXUDWLRQ GHSHQGHQFH�

$V LV H[SODLQHG LQ $SSHQGL[ %� WKH DYHUDJH� RU CVWHDG\ VWDWH
� H[LW SUREDELOLW\

LV n[HG DW D YDOXH WKDW JHQHUDWHV WKH VDPH �WUXQFDWHG� H[SHFWHG GXUDWLRQ DV WKH

RULJLQDO VHW RI H[LW SUREDELOLWLHV DYHUDJHG RYHU FDOHQGDU WLPH� 7KH LQWHUDFWLRQ

HmHFWV DUH VZLWFKHG Rm� $OPRVW DOO RI WKH� IDLUO\ VPDOO� FKDQJHV LQ WKH F\FOLFDO

SDWWHUQ RI WKH XQHPSOR\PHQW UDWH DSSHDU WR EH GXH WR n[LQJ WKH LQWHUDFWLRQ HmHFW�

&OHDUO\� LQGLYLGXDO GXUDWLRQ GHSHQGHQFH SHU VH LV RQO\ RI VHFRQG RUGHU LPSRUWDQFH

��



FRPSDUHG WR WKH GULYLQJ FKDQJHV LQ LQFLGHQFH DQG RYHUDOO RXWoRZ SUREDELOLWLHV�

��� &RPSRVLWLRQDO YDULDWLRQ DQG DJJUHJDWH XQHPSOR\PHQW

:H FDSWXUH SDUW RI WKH F\FOLFDO YDULDWLRQ LQ WKH FRPSRVLWLRQ RI WKH LQoRZ E\ DO�

ORZLQJ IRU D FKDQJLQJ GHPRJUDSKLF FRPSRVLWLRQ RI XQHPSOR\PHQW LQFLGHQFH� :H

FDSWXUH WKH UHPDLQLQJ YDULDWLRQ� ZKLFK E\ LWVHOI LV XQREVHUYHG� E\ LQWURGXFLQJ

D UHODWLRQVKLS EHWZHHQ WKH FRPSRVLWLRQ RI WKH LQoRZ DQG WKH KHOS�ZDQWHG LQGH[

�VHH 6XEVHFWLRQ ����� )LJXUH �� VKRZV WKH HmHFW RI n[LQJ WKH GHPRJUDSKLF FRP�

SRVLWLRQ RI WKH LQoRZ� $V FRXOG EH H[SHFWHG IURP WKH REVHUYHG WLPH SDWWHUQ RI

WKH PDOH�IHPDOH LQFLGHQFH VKDUHV DQG WKH GLmHUHQFH EHWZHHQ PDOH DQG IHPDOH H[LW

SUREDELOLWLHV� YDULDWLRQ LQ WKH FRPSRVLWLRQ RI WKH LQoRZ H[SODLQV VRPH RI ERWK WKH

F\FOLFDO oXFWXDWLRQV LQ DQG WKH VHFXODU ULVH RI XQHPSOR\PHQW� 7KLV LV LQ FRQoLFW

ZLWK VRPH RI WKH HDUOLHU OLWHUDWXUH GLVFXVVHG LQ WKH LQWURGXFWLRQ� 7KH HmHFW RI WKH

UHPDLQLQJ F\FOLFDO YDULDWLRQ LQ WKH FRPSRVLWLRQ RI WKH LQoRZ� IRU ZKLFK ZH XVHG

WKH KHOS�ZDQWHG LQGH[ DV DQ LQGLFDWRU� LV PRUH GLpFXOW WR LOOXVWUDWH� %DVLFDOO\

WKH KHOS�ZDQWHG LQGH[ LV RQO\ LQGLUHFWO\ UHODWHG WR WKH FRPSRVLWLRQ RI WKH LQoRZ�

:KHUHDV WKHUH LV D GLUHFW UHODWLRQ EHWZHHQ WKH KHOS�ZDQWHG LQGH[ DQG WKH RXWoRZ

IURP XQHPSOR\PHQW EHFDXVH RI WKH PDWFKLQJ SURFHVV EHWZHHQ MRE YDFDQFLHV DQG

XQHPSOR\HG� LQ FDVH RI WKH FRPSRVLWLRQ RI WKH LQoRZ WKH KHOS�ZDQWHG LQGH[ LV

MXVW DQ LQGLFDWRU� 7KHUH LV QR UHDVRQ ZK\ WKH FRPSRVLWLRQ RI WKH LQoRZ ZRXOG EH

LQ DQ\ ZD\ UHODWHG WR WKH QXPEHU RI MRE YDFDQFLHV� 7KHUHIRUH� ZH FDQ RQO\ WHQWD�

WLYHO\ LQGLFDWH WKH HmHFW RI WKH XQREVHUYHG F\FOLFDO YDULDWLRQ LQ WKH FRPSRVLWLRQ

RI WKH LQoRZ� $V VKRZQ LQ 7DEOHV � DQG � WKH LQWURGXFWLRQ RI D FRPSRVLWLRQDO

HmHFW FRQQHFWHG WR WKH KHOS�ZDQWHG LQGH[ UHGXFHV WKH GLUHFW HmHFW RI WKH EXVL�

QHVV F\FOH RQ WKH XQHPSOR\PHQW H[LW UDWH� %RWK HmHFWV KDYH DERXW WKH VDPH

PDJQLWXGH ZKLFK LPSOLHV WKDW WKH WZR FRPSHWLQJ H[SODQDWLRQV RI oXFWXDWLRQV LQ

DYHUDJH XQHPSOR\PHQW GXUDWLRQ DUH LQ IDFW HTXDOO\ YDOLG�

� &RQFOXVLRQV

,Q WKLV SDSHU ZH SUHVHQW D IXOO DQG LQWHJUDWHG GHFRPSRVLWLRQ RI 8�6� XQHPSOR\�

PHQW G\QDPLFV� ,Q VRPH UHVSHFWV ZH JHW FRQYHQWLRQDO UHVXOWV� LQ RWKHU UHVSHFWV

ZH JHW EUDQG�QHZ UHVXOWV� $QG� RXU UHVXOWV DUH DFKLHYHG ZLWKLQ D YHU\ JHQHUDO

PRGHOOLQJ IUDPHZRUN�

:H nQG WKDW XQHPSOR\PHQW GXUDWLRQV DW WKH LQGLYLGXDO OHYHO DUH VKRUWHU LQ

ERRPV DQG ORQJHU LQ VOXPSV� )XUWKHUPRUH� XQHPSOR\PHQW LQFLGHQFH LV FRXQ�

WHUF\FOLFDO� ZKLOH WKH FKDQJLQJ FRPSRVLWLRQ RI WKH LQoRZ KDV SURF\FOLFDO HmHFWV�

��



7KXV� F\FOLFDO YDULDWLRQV LQ 8�6� XQHPSOR\PHQW DUH GULYHQ E\ WKH FRPELQHG HmHFWV

RI YDULDWLRQV LQ LQGLYLGXDO H[LW SUREDELOLWLHV� LQFLGHQFH DQG D FKDQJLQJ FRPSRVL�

WLRQ RI WKH LQoRZ LQWR XQHPSOR\PHQW� 9DULDWLRQV LQ XQHPSOR\PHQW GXUDWLRQ VHHP

WR H[SODLQ DERXW KDOI RI DOO YDULDWLRQV� ZKLOH WKH LQFLGHQFH H[SODLQV WKH RWKHU KDOI�

7KH F\FOLFDO YDULDWLRQV LQ XQHPSOR\PHQW GXUDWLRQ WKHPVHOYHV DUH FDXVHG E\ ERWK

DQ LQVWDQWDQHRXV HmHFW DQG E\ WKH HmHFW RI D FKDQJLQJ FRPSRVLWLRQ RI WKH LQoRZ

LQWR XQHPSOR\PHQW� 5RXJKO\ VSHDNLQJ� ERWK DFFRXQW IRU DERXW KDOI RI WKH GXUD�

WLRQ HmHFW� ,W VKRXOG KRZHYHU EH QRWHG WKDW WKH FRPSRVLWLRQDO HmHFW� WR WKH H[WHQW

LQ ZKLFK LW FRQFHUQV XQREVHUYHG FKDUDFWHULVWLFV� LV LGHQWLnHG IURP IXQFWLRQDO IRUP

UHVWULFWLRQV�

7KHUH DUH DOVR VXEVWDQWLDO VHDVRQDO oXFWXDWLRQV LQ 8�6� XQHPSOR\PHQW� ([LW

SUREDELOLWLHV DUH ORZ LQ WKH nUVW DQG KLJK LQ WKH WKLUG TXDUWHU� )XUWKHUPRUH� XQ�

HPSOR\HG HQWHULQJ LQ WKH nUVW TXDUWHU KDYH UHODWLYHO\ VKRUW XQHPSOR\PHQW VSHOOV�

ZKHUHDV XQHPSOR\HG HQWHULQJ LQ WKH WKLUG TXDUWHU H[SHULHQFH UHODWLYHO\ ORQJ VSHOOV�

$V XQHPSOR\PHQW LQFLGHQFH LV UHODWLYHO\ VPDOO LQ WKH nUVW DQG ODUJH LQ WKH WKLUG

TXDUWHU� ZH FRQFOXGH WKDW WKLV PD\ EH UHODWHG WR FRPSHWLWLRQ DPRQJ XQHPSOR\HG�

)LQDOO\� ZH nQG WKDW WKH LQGLYLGXDO H[LW SUREDELOLWLHV RXW RI XQHPSOR\PHQW

GHFOLQH RYHU WKH GXUDWLRQ RI WKH XQHPSOR\PHQW VSHOO� 7KLV QHJDWLYH GXUDWLRQ

GHSHQGHQFH LV D TXDQWLWDWLYHO\ XQLPSRUWDQW GHWHUPLQDQW RI XQHPSOR\PHQW YDUL�

DWLRQ�

:H HVWDEOLVK WKDW VRUWLQJ LV WKH GRPLQDQW H[SODQDWLRQ RI WKH REVHUYHG LQ�

WHUDFWLRQ EHWZHHQ WKH EXVLQHVV F\FOH DQG GXUDWLRQ LQ WKH nUVW WZR PRQWKV RI

XQHPSOR\PHQW� &RQVHTXHQWO\� DW ORZ GXUDWLRQV WKH F\FOLFDO VHQVLWLYLW\ RI H[LW

SUREDELOLWLHV LQFUHDVHV ZLWK GXUDWLRQ� $W KLJKHU GXUDWLRQV� KRZHYHU� WKH VLJQ RI

WKLV LQWHUDFWLRQ HmHFW FKDQJHV� DQG F\FOLFDO VHQVLWLYLW\ LQFUHDVHV IDVW ZLWK GXUD�

WLRQ� ,W WXUQV RXW WKDW WKLV LV RQO\ FRQVLVWHQW ZLWK WKH SUHVHQFH RI UDQNLQJ� ,W

VKRXOG EH QRWHG WKDW WKH LQWHUDFWLRQ HmHFW� WR WKH H[WHQW LQ ZKLFK LW FDQQRW EH DW�

WULEXWHG WR D FKDQJLQJ FRPSRVLWLRQ� LV D TXDQWLWDWLYHO\ XQLPSRUWDQW GHWHUPLQDQW

RI XQHPSOR\PHQW YDULDWLRQ DFURVV WKH F\FOH�

)URP WKH SHUVSHFWLYH RI RXU PRGHO RI VRUWLQJ DQG UDQNLQJ ZH FRQFOXGH WKDW

WKHUH LV FRQVLGHUDEOH KHWHURJHQHLW\ LQ XQHPSOR\PHQW GXUDWLRQ GLVWULEXWLRQV EH�

WZHHQ ODERU PDUNHW VHJPHQWV� &OHDUO\� WKLV OHDYHV VRPH VFRSH IRU LGHQWLI\LQJ VHJ�

PHQWV DQG GLUHFWLQJ ODERU PDUNHW SROLFLHV WR WKRVH VHJPHQWV WKDW SHUIRUP EDGO\�

2Q WRS RI WKLV� RXU DQDO\VLV VKRZV WKDW� HYHQ DW D KLJK OHYHO RI DJJUHJDWLRQ� ZLWKLQ

PDUNHW UDQNLQJ HYHQWXDOO\ GRPLQDWHV VRUWLQJ HmHFWV� DQG LV WKXV RI FRQVLGHUDEOH

LPSRUWDQFH DV ZHOO� 7KH LQVWLWXWLRQDO VWUXFWXUH RI WKH FXUUHQW 8�6� XQHPSOR\PHQW

EHQHnW V\VWHP VHHPV WR DFFRXQW IRU WKH FRQVHTXHQFHV RI WKH UDQNLQJ SKHQRPHQRQ

EHFDXVH WKH OHQJWK RI WKH XQHPSOR\PHQW EHQHnW HQWLWOHPHQW SHULRG GHSHQGV RQ

��



WKH EXVLQHVV F\FOH� /DERU PDUNHW SROLFLHV GLUHFWHG DW ORQJ WHUP XQHPSOR\PHQW

LQ JHQHUDO FDQ EH EHQHnFLDO� )XUWKHUPRUH� HYHQ LI UDQNLQJ LV QRW LQGXFHG E\ VXE�

VWDQWLDO ORVV RI VNLOOV� LW PD\ GHPRWLYDWH ORQJ WHUP XQHPSOR\HG� DQG WKXV FDOO

IRU VLPLODU SROLFLHV� $V UDQNLQJ LV DVVRFLDWHG ZLWK OLPLWHG DGMXVWPHQW RI ZDJHV

WR XQHPSOR\PHQW� VXFK SROLFLHV FRXOG DOVR EH HmHFWLYH LQ UHGXFLQJ SHUVLVWHQFH RI

XQHPSOR\PHQW DW WKH DJJUHJDWH OHYHO�

��



5HIHUHQFHV

$EEULQJ� -�+�� *�-� YDQ GHQ %HUJ� DQG -�&� YDQ 2XUV ������� ?7KH DQDWRP\

RI XQHPSOR\PHQW G\QDPLFV�� :RUNLQJ SDSHU� 7LQEHUJHQ ,QVWLWXWH� $PVWHU�

GDP�5RWWHUGDP�

$EEULQJ� -�+�� *�-� YDQ GHQ %HUJ� DQG -�&� YDQ 2XUV ������� ?%XVLQHVV F\�

FOHV DQG FRPSRVLWLRQDO YDULDWLRQ LQ 8�6� 8QHPSOR\PHQW �� :RUNLQJ SDSHU�

7LQEHUJHQ ,QVWLWXWH� $PVWHUGDP�5RWWHUGDP�

$ERZG� -�0� DQG $� =HOOQHU ������� ?(VWLPDWLQJ JURVV ODERU�IRUFH oRZV�� -RXU�

QDO RI %XVLQHVV DQG (FRQRPLF 6WDWLVWLFV� �� ���^����

$EUDPRZLW]� 0� DQG ,�$� 6WHJXQ� HGLWRUV ������� +DQGERRN RI 0DWKHPDWLFDO

)XQFWLRQV� :LWK )RUPXODV� *UDSKV DQG 0DWKHPDWLFDO 7DEOHV� 'RYHU 3XEOL�

FDWLRQV� 1HZ <RUN�

$NHUORI� *�$� DQG %�*�0� 0DLQ ������� ?8QHPSOR\PHQW VSHOOV DQG XQHPSOR\�

PHQW H[SHULHQFH�� $PHULFDQ (FRQRPLF 5HYLHZ� ��� ��������

$NHUORI� *�$� DQG %�*�0� 0DLQ ������� ?$Q H[SHULHQFH�ZHLJKWHG PHDVXUH RI

HPSOR\PHQW DQG XQHPSOR\PHQW GXUDWLRQV�� $PHULFDQ (FRQRPLF 5HYLHZ�

��� ����������

$NKLH]HU� 1�,� ������� 7KH &ODVVLFDO 0RPHQW 3UREOHP� 2OLYHU DQG %R\G� (GLQ�

EXUJK�

%DNHU� 0� �����D�� ?8QHPSOR\PHQW GXUDWLRQ� &RPSRVLWLRQDO HmHFWV DQG F\FOLFDO

YDULDELOLW\�� $PHULFDQ (FRQRPLF 5HYLHZ� �� � ���^����

%DNHU� 0� �����E�� ?'LJLW SUHIHUHQFHV LQ &36 XQHPSOR\PHQW GDWD�� (FRQRPLFV

/HWWHUV� ��� ��������

%ODQFKDUG� 2�-� ������� ?:DJH EDUJDLQLQJ DQG XQHPSOR\PHQW SHUVLVWHQFH��

-RXUQDO RI 0RQH\� &UHGLW� DQG %DQNLQJ� ��� ���^����

%ODQFKDUG� 2�-� ������� ?7KH SOLJKW RI WKH ORQJ WHUP XQHPSOR\HG�� :RUNLQJ

SDSHU� 0,7�

%ODQFKDUG� 2�-� DQG 3�$� 'LDPRQG ������� ?5DQNLQJ� XQHPSOR\PHQW GXUDWLRQ�

DQG ZDJHV�� 5HYLHZ RI (FRQRPLF 6WXGLHV� �� � ���^����

%XWOHU� 5�-� DQG -�%� 0F'RQDOG ������� ?7UHQGV LQ XQHPSOR\PHQW GXUDWLRQ

GDWD�� 5HYLHZ RI (FRQRPLFV DQG 6WDWLVWLFV� ��� ���^����

��



&DUOVRQ� -�$� DQG 0�:� +RUULJDQ ������� ?0HDVXUHV RI XQHPSOR\PHQW GXUDWLRQ

DV JXLGHV WR UHVHDUFK DQG SROLF\� FRPPHQW�� $PHULFDQ (FRQRPLF 5HYLHZ�

��� ����������

&ODUN� .�%� DQG /�+� 6XPPHUV ������� ?/DERU PDUNHW G\QDPLFV DQG XQHPSOR\�

PHQW� D UHFRQVLGHUDWLRQ�� %URRNLQJV 3DSHUV RQ (FRQRPLF $FWLYLW\ � ������

'DUE\� 0�5�� -� +DOWLZDQJHU� DQG 0� 3ODQW ������� ?8QHPSOR\PHQW UDWH G\QDP�

LFV DQG SHUVLVWHQW XQHPSOR\PHQW XQGHU UDWLRQDO H[SHFWDWLRQV�� $PHULFDQ

(FRQRPLF 5HYLHZ� ��� ���^����

'HYLQH� 7�-� DQG 1�0� .LHIHU ������� (PSLULFDO /DERU (FRQRPLFV� WKH 6HDUFK

$SSURDFK� 2[IRUG� 2[IRUG 8QLYHUVLW\ 3UHVV�

'\QDUVNL� 0� DQG 6�0� 6KHmULQ ������� ?7KH EHKDYLRU RI XQHPSOR\PHQW GXUD�

WLRQV RYHU WKH F\FOH�� 5HYLHZ RI (FRQRPLFV DQG 6WDWLVWLFV� ��� ���^����

,PEHQV� *�:� DQG /�0� /\QFK ������� ?/DERU PDUNHW WUDQVLWLRQV RYHU WKH EXVL�

QHVV F\FOH�� :RUNLQJ SDSHU� +DUYDUG 8QLYHUVLW\�

.DLW]� +� ������� ?$QDO\]LQJ WKH OHQJWK RI VSHOOV RI XQHPSOR\PHQW�� 0RQWKO\

/DERU 5HYLHZ� ��� ������

/HERQ� ,� ������� ?+LULQJ SROLFLHV RI nUPV DQG ORQJ WHUP XQHPSOR\PHQW�� :RUN�

LQJ SDSHU� 8QLYHUVLWuH GH 3DULV ,�

6KRKDW� -�$� DQG -�'� 7DPDUNLQ ������� 7KH 3UREOHP RI 0RPHQWV� $PHULFDQ

0DWKHPDWLFDO 6RFLHW\� 1HZ <RUN�

6LGHU� +� ������� ?8QHPSOR\PHQW GXUDWLRQ DQG LQFLGHQFH� ����^���� $PHULFDQ

(FRQRPLF 5HYLHZ� ��� ���^����

9DQ GHQ %HUJ� *�-� DQG -�&� YDQ 2XUV ������� ?8QHPSOR\PHQW G\QDPLFV DQG

GXUDWLRQ GHSHQGHQFH LQ )UDQFH� 7KH 1HWKHUODQGV� DQG 7KH 8QLWHG .LQJ�

GRP�� (FRQRPLF -RXUQDO� ���� ���^����

9DQ GHQ %HUJ� *�-� DQG -�&� YDQ 2XUV ������� ?8QHPSOR\PHQW G\QDPLFV DQG

GXUDWLRQ GHSHQGHQFH�� -RXUQDO RI /DERU (FRQRPLFV� ��� ���^����

9DQ GHQ %HUJ� *�-� DQG -�&� YDQ 2XUV ������� ?(\HEDOOLQJ VWDWH GHSHQGHQFH

DQG XQREVHUYHG KHWHURJHQHLW\ LQ DJJUHJDWH XQHPSOR\PHQW GXUDWLRQ GDWD��

5HVHDUFK LQ /DERU (FRQRPLFV� IRUWKFRPLQJ�

��



$SSHQGLFHV

$ 7KH VRUWLQJ SURFHVV

7KLV DSSHQGL[ SURYLGHV GHWDLOV RQ WKH VRUWLQJ PRGHO LQ GLVFUHWH WLPH� :H XVH

GLVFUHWH GXUDWLRQ W DQG GLVFUHWH FDOHQGDU WLPH ~ � PHDVXUHG RQ WKH WLPH VFDOHV

LQWURGXFHG LQ 6XEVHFWLRQ ���� /HW F~ GHQRWH WKH YDOXH RI WKH EXVLQHVV F\FOH

LQGLFDWRU DW FDOHQGDU WLPH ~ � DQG OHW ��WMF~ � Y� QRZ GHQRWH WKH H[LW SUREDELO�

LW\ IURP XQHPSOR\PHQW DW FDOHQGDU WLPH ~ DQG GXUDWLRQ W� $VVXPH WKDW *�Y�

LV DEVROXWHO\ FRQWLQXRXV� DQG GHQRWH WKH GHQVLW\ RI Y E\ J�Y�� :H DJDLQ DV�

VXPH WKDW 3U>� � ��WMF~ � Y� � �@  � DQG #s�F~ � W� #F~ ! �� 'HQRWH y�~� W�  

(, >YMIFJ~b�� W w W@� ZKHUH IFJ~b�  I� � � � F~b�� F~b�J� 7KH FRQGLWLRQDO VXUYLYRU

IXQFWLRQ LV JLYHQ E\ 6�WM~� Y� � 3U�W w WMIFJ~b�� Y�  
4Wb�

L ��� b s�F~bW�L� L�Y��

ZKHUH ZH DGRSW WKH FRQYHQWLRQ
4
b�

L � [L  �� 7KH XQFRQGLWLRQDO VXUYLYRU IXQF�

WLRQ HTXDOV 6�WM~�  (, >6�WM~� Y�@  (, >
4Wb�

L ���bs�F~bW�L� L�Y�@� ZKHUH H[SHFWDWLRQV

DUH WDNHQ ZLWK UHVSHFW WR *�Y�� XQOHVV FRQGLWLRQLQJ LV H[SOLFLWO\ GHQRWHG� 7KH

GLVWULEXWLRQ RI Y FRQGLWLRQDO RQ VXUYLYDO XS WR W LV JLYHQ E\

3U �Y � YMIFJ~b�� W w W�  
3U �Y � Y� W w WMIFJ~b��

6 �WM~ �

 

5 Y
�
6 �WM~�Y� G* �Y�

6 �WM~ �
� ����

7KHUHIRUH� WKH FRQGLWLRQDO GHQVLW\ RI Y� VD\ J�YM~� W w W�� LV JLYHQ E\

J �YM~� W w W�  
6 �WM~� Y�

6 �WM~ �
J �Y�

 

4Wb�
L � ��b s�F~bW�L� L�Y�

(,
K4Wb�

L � ��b s�F~bW�L� L�Y�
LJ �Y� � ����

7KXV� WKH N�WK PRPHQW RI Y� FRQGLWLRQDO RQ VXUYLYDO XS WR WLPH W� LV JLYHQ E\

(,
K
YNMIFJ~b�� W w W

L
 
(,
K
YN
4

Wb�
L � ��b s�F~bW�L� L�Y�

L
(,
K4Wb�

L � �� b s�F~bW�L� L�Y�
L � ����

1RZ� LPSRVH VWHDG\ VWDWH RQ s�F~ � W�� VXFK WKDW s�F~ � W�  s�F� IRU HDFK ~ DQG W�

DQG VRPH FRQVWDQW F  F~ � DQG y�~� W�  y�F� W�� 7KHQ� ZH FDQ XVH HTXDWLRQ ����

WR VKRZ WKDW

y�F� W�  
(,
K
Y �� b s�F�Y�

W
L

(,
K
�� b s�F�Y�

W
L � ����

��



7KHQ� GXUDWLRQ GHSHQGHQFH EHWZHHQ GXUDWLRQ FODVVHV W DQG W � � FDQ EH FKDUDF�

WHUL]HG E\ y�F� W� ��b y�F� W�� ,W FDQ EH VKRZQ WKDW

y�F� W� ��b y�F� W�  bs�F�
6�WMF�

6�W� �MF�
YDU�YMF� W w W�� ����

7KXV� LI WKH �FRQGLWLRQDO� YDULDQFH RI Y LV VWULFWO\ SRVLWLYH� WKH H[SHFWHG YDOXH

RI Y IDOOV EHWZHHQ FRKRUWV LQ GXUDWLRQ FODVVHV W DQG W � �� 7KLV LV WKH IDPLOLDU

UHVXOW WKDW XQREVHUYHG KHWHURJHQHLW\ JHQHUDWHV QHJDWLYH GXUDWLRQ GHSHQGHQFH LQ

REVHUYHG H[LW SUREDELOLWLHV� 7KH PDUJLQDO HmHFW RI D FKDQJH LQ F RQ GXUDWLRQ

GHSHQGHQFH EHWZHHQ � DQG W LV JLYHQ E\

#

#F
ORJ

y�F� W�

y�F� ��
����

 bsF�F�W

��
�
(,
K
Y� �� b s�F�Y�

Wb�
L

(,
K
Y �� b s�F�Y�

W
L b

(,
K
Y �� b s�F�Y�

Wb�
L

(,
K
��b s�F�Y�

W
L
� 
�

 b
sF�F�W

�b s�F�(, >YMF� W w Wb �@
d

�
�b s�F�(, >YMF� W w Wb �@

� b s�F�(, >Y�MF� W w Wb �@  (, >YMF� W w Wb �@

(, >Y�MF� W w Wb �@

(, >YMF� W w Wb �@
b (, >YMF� W w Wb �@

�
�

ZKLFK LV ZHDNO\ VPDOOHU WKDQ � DV (, >Y�MF� W w Wb �@ w (, >YMF� W w Wb �@� DQG

s�F�(, >Y�MF� W w Wb �@ � (, >YMF� W w Wb �@ �6KRKDW DQG 7DPDUNLQ� ����� DQG $NKLH]HU�

������ ,I WKH nUVW LQHTXDOLW\ KROGV VWULFWO\� L�H� LI YDU�YMF� w Wb �� ! �� WKH LQWHU�

DFWLRQ HmHFW LV VWULFWO\ QHJDWLYH� ZKLFK SURYHV WKH FODLP LQ WKH PDLQ WH[W�

)LQDOO\� QRWH WKDW TXDOLWDWLYHO\ VLPLODU UHVXOWV FDQ EH GHULYHG LQ D FRQWLQXRXV

WLPH VRUWLQJ PRGHO� $EEULQJ� 9DQ GHQ %HUJ DQG 9DQ 2XUV ������ SURYLGH GHWDLOV�

% 'HWDLOV RQ WKH GHFRPSRVLWLRQ

7KH GHFRPSRVLWLRQ LQ 6HFWLRQ � LV FRPSXWHG DV IROORZV� 1RWH WKDW ZH FDQ ORJ�

WUDQVIRUP ��� DQG ���� LQWR

xtJ �WM~ �  m��J � x�� �W� � x���F �~� � x�� �~ �

� x���F �~ b W� � x�� �~ b W� � x���L �W� ~� DQG

x8J��M~ �  x�J���~ � � x�J���F�~ �� ����

��



ZKHUH EDUV GHQRWH ORJV� ,Q WKH GHFRPSRVLWLRQDO H[HUFLVHV� RQH RU PRUH WHUPV

LQ ���� DUH n[HG RYHU FDOHQGDU WLPH� RU� LQ FDVH RI WKH LQFLGHQFH� n[HG EHWZHHQ

JURXSV� )XUWKHUPRUH� LQ VRPH FDVHV� GXUDWLRQ GHSHQGHQFH LV n[HG DW D VWHDG\

VWDWH OHYHO� 6XSSRVH� ZH ZDQW WR VLPXODWH 8 �WM~ � IRU W  �� � � � � QW DQG ~  

~� � � � ~� � Q~ b � � :H FDQ GLVWLQJXLVK WKH IROORZLQJ FDVHV�

�� /HW x���L�c� ~ � � Qb�W

3
W
x���L�W� ~� DQG x���L�W� c� � Qb�~

3
~
x���L�W� ~�� ,I LQWHU�

DFWLRQ HmHFWV DUH H[FOXGHG� ���L�W� ~ � >���L�c� ~ ����L�W� c�@ LV n[HG DW LWV RYHUDOO

JHRPHWULF GXUDWLRQ DQG FDOHQGDU WLPH PHDQ� $OWHUQDWLYHO\� ZH FRXOG VD\

WKDW x���L�W� ~ �b x���L�c� ~ �b x���L�W� c� LV n[HG DW LWV PHDQ�

�� ,I VHDVRQDO HmHFWV DUH H[FOXGHG� x���~ �� x���~ b W� DQG x���~ � DUH n[HG DW WKHLU

UHVSHFWLYH PHDQV� 6LPLODUO\� LI F\FOLFDO HmHFWV RQ WKH FRPSRVLWLRQ RU WKH

VL]H RI WKH LQoRZ DUH H[FOXGHG� x���F�~ b W� DQG x���F�~ � DUH n[HG DW WKHLU

PHDQ YDOXHV� UHVSHFWLYHO\� ,Q FDVH ���F�~ � LV n[HG� /F�~ � LV DOVR n[HG DW LWV

JHRPHWULF PHDQ�

�� ,I F\FOLFDO HmHFWV RQ WKH RXWoRZ DUH H[FOXGHG x���F�~ � � x���L�c� ~ � LV n[HG DW

LWV PHDQ YDOXH� DQG LQWHUDFWLRQ HmHFWV DUH n[HG DV H[SODLQHG EHIRUH�

�� ,I ZH n[ DOO IXQFWLRQV EXW GXUDWLRQ GHSHQGHQFH� ���W����L�W� c�� DW WKHLU JH�

RPHWULF PHDQV� ZH FDQ FRPSXWH D VHULHV RI CVWHDG\ VWDWH
 H[LW SUREDELOLWLHV

tJ�W�� IRU W  �� � � � � QW b �� ,I ZH H[FOXGH GXUDWLRQ GHSHQGHQFH IURP RXU

VLPXODWLRQV� ZH DJDLQ n[ LQWHUDFWLRQ HmHFWV� DQG n[ WKH CVWHDG\ VWDWH
 H[LW

SUREDELOLW\ VHULHV DW WKH VLQJOH OHYHO WKDW FRUUHVSRQGV WR WKH VDPH �WUXQ�

FDWHG� H[SHFWHG GXUDWLRQ DV WKH CVWHDG\ VWDWH
 VHULHV tJ�W�� W  �� � � � � QWb��

7KXV� IRU HDFK JURXS J� ZH WU\ WR nQG D VLQJOH UHDO URRW � � tJ � � RI

� �
QW;
W �

Wb�<
L �

>� b tJ �L�@  tb�J

K
�b ��b tJ�

QW��
L
� ����

7KHQ� ZH n[ x���W�� x���L�W� c� DW xtJ PLQXV WKH JURXS VSHFLnF JHRPHWULF PHDQ

RI xtJ�WM~�b x���W�b x���L�W� c��

�� )LQDOO\� ZH n[ WKH VKDUHV RI REVHUYHG JURXSV LQ WKH LQoRZ E\ nUVW FRPSXW�

LQJ DYHUDJH VKDUHV� VD\ VJ� RI HDFK JURXS J LQ WKH JHRPHWULF PHDQ RI WKH

LQFLGHQFH� 7KHQ� ZH FRPSXWH D UHSUHVHQWDWLYH LQFLGHQFH F\FOH IURP
4

J �
VJ
J���F�

��



& ,GHQWLnFDWLRQ DQG WKH LQWHUSUHWDWLRQ RI WKH

LQWHUDFWLRQ HmHFW

5HFDOO IURP 6XEVHFWLRQ ��� WKDW RXU PRGHO LV JLYHQ E\

t �WM~�  H[S �m���� �W����F �~ ����F �~ b W����L �W� ~� � ����

ZKHUH ZH GURS WKH VXEVFULSW J DQG VHDVRQDO HmHFWV IRU WKH PRPHQW� 2XU PRGHO

LV IXOO\ LGHQWLnHG LI ZH FDQ XQLTXHO\ GHWHUPLQH m�� ���W�� ���F�~ �� ���F�~ b W��

DQG ���L�W� ~ �� IRU DOO W w � DQG ~ w ~�� ,Q WKLV DSSHQGL[ ZH VKRZ XQGHU ZKLFK

FRQGLWLRQV RXU PRGHO LV LGHQWLnHG�

$V DUJXHG EHIRUH� RXU GHFRPSRVLWLRQ LV YHU\ oH[LEOH� DOORZLQJ QRW RQO\ IRU

GXUDWLRQ DQG FDOHQGDU WLPH GHSHQGHQFH� EXW DOVR IRU LQWHUDFWLRQ HmHFWV EHWZHHQ

GXUDWLRQ GHSHQGHQFH DQG FDOHQGDU WLPH� DQG GHSHQGHQFH RQ WKH PRPHQW RI LQoRZ�

7R LGHQWLI\ WKH PRGHO RQO\ RQH DGGLWLRQDO DVVXPSWLRQ LV UHTXLUHG���

:H KDYH WR UXOH RXW VSHFLnFDWLRQV RI ���F�~ b W� IURP ZKLFK D PXOWLSOLFD�

WLYH H[SRQHQWLDO WUHQG FDQ EH VHSDUDWHG� $EEULQJ� 9DQ GHQ %HUJ DQG 9DQ 2XUV

������ VKRZ WKDW ZLWKRXW WKLV UHVWULFWLRQ� ���W� DQG ���F�~ � RQ WKH RQH KDQG� DQG

���F�~ b W� RQ WKH RWKHU� FDQQRW EH VHSDUDWHG��� 7KHUHIRUH� WKH PLQLPXP DVVXPS�

WLRQ WKDW ZH KDYH WR PDNH LV WKDW ���F�~ b W� GRHV QRW FRQWDLQ DQ H[SRQHQWLDO

WUHQG� 7KLV DVVXPSWLRQ VHHPV IDLUO\ LQQRFXRXV� ,Q IDFW� LQ RXU EDVHOLQH DQDO\VLV

ZH DVVXPH WKDW WKHUH LV QR ORQJ UXQ YDULDWLRQ LQ WKH FRPSRVLWLRQ RI WKH LQoRZ

LQWR XQHPSOR\PHQW� 6XEVHTXHQWO\� LQ DQ DGGLWLRQDO DQDO\VLV ZH LQYHVWLJDWH DQ

DOWHUQDWLYH VSHFLnFDWLRQ� LQ ZKLFK ���F�~ b W� LV DOORZHG WR YDU\ RYHU WKH F\FOH�

��1RWH WKDW ZH FDQ DUELWUDULO\ QRUPDOL]H � RI WKH � FRPSRQHQWV RI WKH U�K�V� RI ����� VD\

E\ SXWWLQJ ���xW�  ���x~�  ���F�x~ b xW�  ���L�xW� x~ �  �� 7KHQ� m� DFFRXQWV IRU WKH VFDOH

RI t�WM~�� DQG t�xWMx~ � HTXDOV H[S�m��� $OVR QRWH WKDW LQ 6XEVHFWLRQ ��� ZH UHVWULFWHG WKH IXQF�

WLRQDO IRUP RI ���L�W� ~ � WR VDWLVI\ ���L�xW� ~�  ���L�W� x~ �  �� :LWKRXW WKLV DVVXPSWLRQ� ���L�W� ~ �

LV DOORZHG WR FRQWDLQ D PXOWLSOLFDWLYH FRPSRQHQW WKDW RQO\ GHSHQGV RQ WKH PRPHQW RI LQ�

oRZ ~ b W� &OHDUO\� VXFK D IDFWRU FDQQRW EH GLVWLQJXLVKHG IURP ���F�~ b W�� ,W FDQ HDVLO\

EH VHHQ WKDW WKH LQGHWHUPLQDF\ LV VROYHG E\ WKLV DVVXPSWLRQ� 6XSSRVH WKDW ZH KDYH D PRGHO

I���W�� ���~ �� ���F�~bW�� ���L�W� ~ �J� 1RZ� OHW a���F�~bW� s � DQG a���L�W� ~ �  ���L�W� ~ ����F�~bW��

&OHDUO\� a���L�W� ~ � LV LQGHHG D IXQFWLRQ RI W DQG ~ IRU ZKLFK a���L�xW� x~ �  �� ,W FDQ HDVLO\ EH VHHQ

WKDW RXU RULJLQDO PRGHO DQG I���W�� ���~ �� a���F�~ b W�� a���L�W� ~ �J DUH REVHUYDWLRQDOO\ HTXLYDOHQW�

+RZHYHU� WKH VSHFLnFDWLRQ RI a���L�W� ~� YLRODWHV WKH QHZ DVVXPSWLRQ� XQOHVV ���F�~ b W�  � IRU

DOO ~ b W�
��6XFK VSHFLnFDWLRQV FDQ EH FKDUDFWHUL]HG E\ K�~ b W� H[S>o�~ b W�@� ZLWK K�~ b W� QRQ�

PXOWLSOLFDWLYH LQ ~ DQG W� &OHDUO\� LI ���F�~ b W� FRXOG EH VHSDUDWHG WKLV ZD\� D PRGHO

I a���W�� a���~ �� a���F�~b W�� ���L�W� ~ �J ZLWK GXUDWLRQ GHSHQGHQFH a���W�  ���W� H[S�boW�� FDOHQGDU

WLPH GHSHQGHQFH a���F�~ �  ���F�~ � H[S�o~ �� DQG PRPHQW RI LQoRZ GHSHQGHQFH a���F�~ b W�  

K�~ b W� ZRXOG EH REVHUYDWLRQDO HTXLYDOHQW WR D PRGHO I���W�� ���~ �� ���F�~ b W�� ���L�W� ~ �J�

��



:H HQG WKLV VXEVHFWLRQ E\ GLVFXVVLQJ WKH LQWHUSUHWDWLRQ RI WKH LQWHUDFWLRQ

HmHFW ���L�W� ~ � DV UHSUHVHQWDWLRQ RI WKH G\QDPLF HmHFWV RI UDQNLQJ DQG VRUWLQJ�

)URP WKH VRUWLQJ PRGHO RI 6XEVHFWLRQ ��� ZH NQRZ WKDW LQWHUDFWLRQ HmHFWV VWHP�

PLQJ IURP VRUWLQJ FRQFHUQ LQWHUDFWLRQ EHWZHHQ WKH OHYHO RI WKH H[LW SUREDELOLW\�

UHSUHVHQWHG E\ WKH F\FOH F� DQG GXUDWLRQ GHSHQGHQFH� ,Q D PRGHO LQ ZKLFK WKH

H[LW SUREDELOLWLHV GR QRW GHSHQG RQ WKH PRPHQW RI LQoRZ LQ WKH ORQJHU UXQ� DQG

WKXV ���F�~ b W� s �� WKLV FDQ HDVLO\ EH WUDQVODWHG LQ WHUPV RI WKH HPSLULFDO PRGHO�

WKH UROH RI WKH F\FOH F LV WDNHQ E\ ���F�~ �� VR WKLV IXQFWLRQ VKRXOG VRPHKRZ HQWHU

LQ WKH LQWHUDFWLRQ HmHFW� 7KHQ� LI ���F�~ � LV KLJK� H[LW SUREDELOLWLHV DUH KLJK� DQG

DQ\ H[LVWLQJ VRUWLQJ HmHFWV DUH VWURQJHU� 7KH FRQYHUVH KROGV IRU UDQNLQJ�

+RZHYHU� LI WKH ORQJHU UXQ OHYHO RI WKH H[LW SUREDELOLWLHV GHSHQGV RQ ERWK WKH

RXWoRZ F\FOH ���F�~ � DQG WKH LQoRZ F\FOH ���F�~ b W� LW LV WKH FXPXODWLYH HmHFW

RI ERWK WKHVH F\FOHV WKDW PDWWHUV� %RWK LQ WKH WRS RI WKH LQoRZ DQG LQ WKH WRS

RI RXWoRZ F\FOH� WKH H[LW SUREDELOLWLHV ZLOO EH UHODWLYHO\ ODUJH� DQG DQ\ VRUWLQJ

HmHFWV ZLOO EH VWURQJ� $V WKH RYHUDOO OHYHO RI WKH H[LW SUREDELOLWLHV PDWWHUV IRU WKH

LQWHUDFWLRQ HmHFW� ERWK F\FOHV VKRXOG DSSHDU LQ WKH LQWHUDFWLRQ WHUP�

7KXV� LQ GHVLJQLQJ D SDUDPHWHUL]DWLRQ RI WKH PRGHO RI 6XEVHFWLRQ ���� ZH HLWKHU

KDYH WR UXOH RXW F\FOLFDO oXFWXDWLRQV LQ WKH FRPSRVLWLRQ RI WKH LQoRZ� RU DOORZ IRU

VXpFLHQW oH[LELOLW\ LQ WKH GHSHQGHQFH RI ���L�W� ~ � RQ FDOHQGHU WLPH ~ � 6XpFLHQW

oH[LELOLW\ LV DFKLHYHG LI WKH LQWHUDFWLRQ HmHFW LV DEOH WR FDSWXUH LQWHUDFWLRQ EHWZHHQ

WKH RYHUDOO OHYHO RI WKH H[LW SUREDELOLWLHV DQG GXUDWLRQ GHSHQGHQFH�
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)LJXUH �� +HOS ZDQWHG LQGH[
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)LJXUH �� &\FOHV E\ GXUDWLRQ
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)LJXUH �� &\FOH XQHPSOR\PHQW LQFLGHQFH UDWH E\ GHPRJUDSKLF JURXS

)LJXUH �� 8QHPSOR\PHQW UDWH� nWWHG VHULHV DQG GDWD

��



)LJXUH �� 8QHPSOR\PHQW UDWH� IXOO F\FOH DQG ZLWKRXW F\FOH RXWoRZ

)LJXUH �� 8QHPSOR\PHQW UDWH� IXOO F\FOH DQG ZLWKRXW F\FOH LQFLGHQFH

��
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