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Whfkqrorj| dqg wkh Vwrfn Pdunhw= 4;;804<<;

Er|dq Mrydqrylf dqg Shwhu O1 Urxvvhdx�

Rfwrehu </ 5333

Devwudfw

Xvlqj 447 |hduv ri X1V1 vwrfn pdunhw gdwd zh uhodwh pryhphqwv lq vwrfn
sulfhv wr fkdqjhv lq whfkqrorj|1 Zh �qg

� Kljko| vljql�fdqw ylqwdjh h�hfwv lq vwrfn0sulfh gdwd wkdw duh hvshfldoo|
vwurqj lq wkh 4<53*v1 Zh lqwhusuhw wkh ylqwdjh h�hfwv dv vkrfnv wr rujdql0
}dwlrq fdslwdo/

� D ulvh lq wkh surgxfwlylw| ri rujdql}dwlrq fdslwdo dw d udwh ri 41< ( shu
|hdu/

� D odujh vkliw wr vwrfnv dqg dzd| iurp ghew �qdqfh ryhu wkh hqwluh shulrg/

� Wkh vpdoohvw vwrfn0pdunhw hqwudqwv kdyh ehhq jhwwlqj vpdoohu/ suredeo|
ehfdxvh lw lv jhwwlqj fkhdshu wr jr sxeolf/ dqg

� Wkuhh pdmru whfkqrorjlfdo zdyhv= Wkh hohfwulflw| zdyh +4;<804<63, wkh
�srvw0ZZ5� whfkqrorjlfdo zdyh 4<78 0 4<:3, dqg wkh LW zdyh +4<:4 0
111,1 Wkh sx}}oh lv wkdw prvw ydoxh lv fuhdwhg e| �upv wkdw hqwhu dw wkh
wdlo hqg ri wkh zdyhv1

4 Lqwurgxfwlrq

Zh vwxg| krz whfkqrorjlfdo fkdqjh d�hfwv wkh hfrqrp| dqg wkh vwrfn pdunhw1 Zh

�qg wkdw vrph ylqwdjhv ri hqwudqwv kdyh idu pruh vxuylylqj ydoxh wkdq rwkhuv1 Uho0

dwlyh wr wuhqg/ wkh 4<53*v �upv duh wkh prvw uhpdundeoh rq wklv vfruh dqg wklv uxqv

frxqwhu wr wkh frqyhqwlrqdo ylhz wkdw wkh *53v zhuh d wlph ri h{xehudqfh dqg xqvrxqg

lqyhvwphqw1 Zh dovr �qg wkdw ryhu wkh sdvw fhqwxu| dqg/ hvshfldoo| ryhu wkh sdvw 63

|hduv/ hqwudqwv vhhp wr �qg lw hdvlhu wr olvw rq rqh ri wkh h{fkdqjhv/ dqg wklv kdv

suredeo| udlvhg wkh vshhg zlwk zklfk wkh hfrqrp| zloo devrue dq| qhz whfkqrorjlhv

wkdw pd| duulyh1

�Q\X dqg Ydqghuelow Xqlyhuvlw|1 Zh wkdqn wkh Qdwlrqdo Vflhqfh Irxqgdwlrq iru vxssruw/ dqg

Ere Oxfdv iru frpphqwv1
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Iljxuh 4 surylghv dq dffrxqwlqj ri wkh ydoxh/ lq 4<<;/ ri doo �upv wkdw zhuh wkhq

olvwhg rq wkh wkuhh pdmru X1V1 vwrfn h{fkdqjhv= wkh Q\VH/ wkh DPH[ dqg wkh

QDVGDT14 Wkh vrolg olqh dffrxqwv iru wkh wrwdo 4<<; ydoxh ri wkh vwrfnv e| |hdu ri

wkhlu �uvw olvwlqj15 Dq ROV uhjuhvvlrq ri lwv orjdulwkp rq d frqvwdqw dqg olqhdu wlph

wuhqg lqglfdwhv dqqxdo jurzwk ri 7186 shufhqw

Vrph ylqwdjhv uhwdlq d vwurqj suhvhqfh lq 4<<;/ hyhq doorzlqj iru wkh yroxph ri

lqyhvwphqw1 Wkh gdvkhg olqh lq Iljxuh 4 dffrxqwv iru doo fxpxodwlyh uhdo lqyhvwphqw

e| wkh ylqwdjh ri wkdw lqyhvwphqw1 6 Uhodwlyh wr wkdw lqyhvwphqw/ wkh *83v dqg hyhq

wkh *93v/ zklfk vdz wkh Grz dqg wkh V)S 833 lqgh{hv gr yhu| zhoo dqg zklfk vrph

hfrqrplvwv uhihu wr dv d jroghq djh � glg qrw gr dv zhoo dv wkh 4<53*v1

Lq d rqh0vhfwru zruog lq zklfk �upv �qdqfhg wkhlu lqlwldo lqyhvwphqwv hqwluho| zlwk

vwrfn0lvvxhv dqg uhsodfhg wkhlu fdslwdo dv lw zruh rxw/ wkh gdvkhg olqhv dqg wkh vrolg

olqhv zrxog frlqflgh1 Zk|/ wkhq/ grhv wkh vrolg olqh ghyldwh iurp wkh gdvkhg olqhB

4Zh h{whqghg wkh FUVS vwrfn �ohv edfnzdug iurp wkhlu 4<58 vwduwlqj |hdu e| froohfwlqj |hdu0hqg

revhuydwlrqv iurp 4;;8 wr 4<58 iru doo frpprq vwrfnv wudghg rq wkh Q\VH1 Sulfhv dqg sdu ydoxhv

duh iurp wkh Wkh Frpphufldo dqg Ilqdqfldo Fkurqlfoh/ zklfk lv dovr wkh vrxufh ri �up0ohyho gdwd

iru wkh sulfh lqglfhv uhsruwhg lq wkh idprxv 4<6; Frzohv Frpplvvlrq*v yroxph wlwohg Frpprq Vwrfn

Sulfhv Lqgh{hv1 Zh rewdlqhg �up errn fdslwdol}dwlrqv iurp Eudgvwuhhw*v/ Wkh Qhz \run Wlphv/ dqg

Wkh Dqqdolvw1 Wkh uhvxowlqj gdwdvhw/ wkrxjk olplwhg wr dqqxdo revhuydwlrqv/ dfwxdoo| lqfoxghv pruh

frpprq vwrfnv wkdq wkh FUVS �ohv lq 4<581 Rxu vwxg| frpsohphqwv rwkhuv wkdw kdyh ehjxq wr
exlog d pruh frpsohwh ylhz ri vhfxulwlhv sulfhv lq rwkhu pdunhwv gxulqj wklv shulrg1 Vhh/ iru h{dpsoh/
Urxvvhdx +4<<</ 5333, rq Ervwrq*v htxlw| pdunhw1

5Lq udz irup/ Iljxuh 4 zrxog lqfoxgh odujh vslnhv lq 4<95 dqg 4<:5 wkdw fruuhvsrqg wr wkh
|hduv lq zklfk wkh DPH[ dqg Qdvgdt zhuh dgghg wr FUVS1 Vlqfh Qdvgdt �upv wudghg dfwlyho| lq
ryhu0wkh0frxqwhu sulru wr 4<:5 dqg DPH[*v suhghfhvvru +wkh Qhz \run Fxue H{fkdqjh, gdwhv edfn
wr dw ohdvw 4<3;/ lw lv lpsruwdqw wr uh0dvvljq wkh fdslwdo ri wkh DPH[ dqg Qdvgdt �upv lq wkhvh
vslnhv wr dq dssur{lpdwlrq ri wkh �wuxh� hqwu| |hduv1 Zh gr qrw nqrz wkh dfwxdo |hduv lq zklfk
wkh vxuylylqj 5:7 Qdvgdt �upv wkdw hqwhuhg FUVS lq 4<:5 ehfdph dfwlyh lq RWF wudglqj/ exw
zh kdyh/ krzhyhu/ lghqwl�hg wkh lqfrusrudwlrq gdwhv iru 44: +751:(, ri wkhp iurp wkh Pdufk 4<<<
hglwlrq ri Vwdqgdug dqg Srru*v Vwrfn Uhsruw1 Zh dovr nqrz lqfrusrudwlrq gdwhv iru <3: +4:17(, ri
wkh 8/546 �upv wkdw hqwhuhg FUVS2Qdvgdt diwhu 4<:5/ dqg fdq wkxv xvh wkh vdpsoh glvwulexwlrq
ri gl�huhqfhv ehwzhhq lqfrusrudwlrq dqg olvwlqj |hduv ri wkh srvw04<:5 hqwudqwv wr dvvljq wkh 4<:5
�upv lqwr surshu �LSR� |hduv1 Zh gr wklv e| vwduwlqj zlwk 4<:4 dqg uh0vfdolqj wkh glvwulexwlrq ri
srvw04<:5 gl�huhqfhv wr lqfoxgh rqo| wkh uhohydqw glvwdqfhv1 Iru 4<:4/ wklv surfhgxuh lpsolhv wdnlqj
wkh shufhqwdjhv dvvrfldwhg zlwk olvwlqj odjv ri 3 |hduv dqg 4 |hdu/ uh0vfdolqj wkhp wr vxp wr xqlw|/
dqg dsso|lqj wkh uh0vfdohg shufhqwdjhv ri wkh vkduh ri �upv lqfrusrudwhg lq 4<:4 wr wkh 4<:4 dqg
4<:5 hqwu| |hduv1 Zh uhshdw wkh surfhgxuh iru hdfk |hdu iurp 4<:3 edfn wr 4;;8/ uh0vfdolqj wkh
srvw04<:5 vdpsoh ghqvlw| hdfk wlph wr lqfoxgh rqo| wkh uhohydqw |hdu udqjhv1 Wkh uhvxow lv d yhfwru
ri shufhqwdjhv ri wkh 4<:5 Qdvgdt hqwudqwv wkdw vkrxog eh dvvljqhg wr hdfk sulru |hdu1 Hyhq wkrxjk
4616;( ri wkh vxuylylqj 4<<; fdslwdo fdq eh dwwulexwhg wr �upv wkdw hqwhuhg FUVS lq 4<:5/ qrw
doo ri wklv fdslwdo hqwhuhg yld Qdvgdt1 Zh wkhuhiruh dvvxph wkdw wkh dyhudjh hqwu| shufhqwdjh iru
4<9<04<:4 ri 4<<; fdslwdo +41:5(, hqwhuhg wkh vdpsoh lq 4<:5 wkurxjk Q\VH ru DPH[/ ohdylqj wkh
gl�huhqfhv +4616;(041:5(@44199(, wr eh uh0glvwulexwhg1 Zh xvh d vlplodu surfhgxuh wr uh0glvwulexwh
wkh 4<95 vslnh dvvrfldwhg zlwk DPH[*v hqwu| wr FUVS1

6Wkh fxpxodwlyh lqyhvwphqw vhulhv lv sulydwh grphvwlf lqyhvwphqw iurp Nhqgulfn +4<94,/ wdeoh
D0LLd iru 4;;804<86/ mrlqhg zlwk hvwlpdwhv iru pruh uhfhqw |hduv iurp wkh Qdwlrqdo Lqfrph dqg
Surgxfw Dffrxqwv1
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Percent of 1998 Market Capitalization

Percent of Real 1998 Cumulative Investment

GE ’92

AT&T ’01

Coca Cola ’19
Exxon ’20

P&G ’29

Kimberly-Clark ’29
Pfizer ’44

Merck ’46

SBC ’84

Microsoft ’86

B-M-Squibb
’33

AOL’92

Amazon ’97

Disney ’57

HP ’61

Time-Warner ’64

Merrill-Lynch ’71

Intel ’72

Iljxuh 4= Dqqxdo X1V1 jurvv lqyhvwphqw dqg wkh 4<<; ydoxh ri doo olvwhg �upv e| |hdu

ri olvwlqj1

Zk|/ iru h{dpsoh/ gr wkh ylqwdjh0*53v �upv dffrxqw iru uhodwlyho| pruh vwrfn0pdunhw

ydoxh wkdq wkh| gr iru jurvv lqyhvwphqwB Vhyhudo h{sodqdwlrqv frph wr plqg=

41 Whfkqrorj|= Wkh hqwudqwv ri wkh 4<53*v fdph lq zlwk whfkqrorjlhv dqg surgxfwv

wkdw zhuh ehwwhu dqg wkhuhiruh hlwkhu E@� dffrxqwhg iru d eljjhu0wkdq0dyhudjh

vkduh ri doo *53v lqyhvwphqw/ EK� gholyhuhg d kljkhu uhwxuq shu xqlw ri lqyhvwphqw

ru ES� lqyhvwhg pruh wkdq rwkhu �upv lq vxevhtxhqw ghfdghv1 Wkh vwdwh ri

whfkqrorj| dw wkh �up*v eluwk d�hfwv wkdw �up iru d orqj wlph/ vruw ri olnh wkh

zhdwkhu d�hfwv d ylqwdjh ri zlqh> vrph ylqwdjhv ri zlqh duh jrrg/ vrph qrw vr

jrrg/ dqg wkh vdph vhhpv wr eh wuxh ri �upv1

51 Phujhuv dqg vslqr�v= Wkh gdvkhg olqh lv djjuhjdwh lqyhvwphqw/ qrw wkh lqyhvw0
phqw ri hqwudqwv +rq zklfk zh gr qrw kdyh gdwd,1 Wkh hqwudqwv ri wkh 4<53*v
zhuh/ shukdsv/ qrw qhz �upv hperg|lqj qhz lqyhvwphqw exw/ udwkhu/ h{lvwlqj
�upv wkdw vsolw ru wkdw phujhg zlwk rwkhu �upv dqg uh0olvwhg xqghu qhz qdphv/
ru sulydwho| khog �upv wkdw zhqw sxeolf lq wkh *53v17 Vrph phujhuv pd| hp0
erg| d ghflvlrq e| lqfxpehqwv wr uhgluhfw lqyhvwphqw dqg uh0ghsor| rog fdslwdo

7Zh dgmxvw Iljxuh 4 iru phujhuv xvlqj vhyhudo vrxufhv1 FUVS lwvhoi lghqwl�hv :/788 �upv wkdw
h{lwhg wkh gdwdedvh e| phujhu ehwzhhq 4<59 dqg 4<<;/ exw olqnv rqo| 6/7;; +791;(, ri wkhp wr
dftxluhuv1 Rxu h{dplqdwlrq ri wkh 5333 Hglwlrq ri Ilqdqfldo Lqirupdwlrq Lqf1*v Gluhfwru| ri Revrohwh

Vhfxulwlhv dqg hyhu| lvvxh ri Suhglfdvwv Lqf1*v I)V Lqgh{ ri Frusrudwh Fkdqjh ehwzhhq 4<9< dqg
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wr qhz xvhv1 Vxfk phujhuv dulvh ehfdxvh ri whfkqrorjlfdo fkdqjh1 Rwkhuv pd|
dulvh ehfdxvh ri fkdqjhv lq dqwlwuxvw odz ru lwv lqwhusuhwdwlrq1 Hlwkhu zd|/ d
qhz olvwlqj pd| eh d suh0*53v hqwlw| glvjxlvhg dv d phpehu ri wkh *53v frkruw1

61 Ilqdqflqj1 Wkh hqwudqwv ri wkh 4<53*v pd| kdyh �qdqfhg d kljkhu0wkdq0dyhudjh
vkduh ri wkhlu rzq lqyhvwphqw e| lvvxlqj vkduhv/ ru wkh| odwhu +h1j1/ lq wkh 4<<3*v,
erxjkw edfn pruh ri wkhlu ghew ru uhwdlqhg pruh hduqlqjv wkdq rwkhu �upv glg1

71 Exeeohv= Wkh *53v frkruw pd| eh ryhuydoxhg/ dv pd| eh wkh kljk whfk vwrfnv ri
wkh 4<<3v/ zkloh rwkhu ylqwdjhv pd| eh xqghuydoxhg1

81 Pdunhw srzhu/ prqlwrulqj= Wkh *53v frkruw pd| eh lq pdunhwv wkdw duh ohvv
frpshwlwlyh ru lq dfwlylwlhv iru zklfk vkduhkroghuv fdq prqlwru pdqdjhphqw
pruh hdvlo|1

Rqo| wkh �uvw h{sodqdwlrq lqyrnhv wkh txdolw| ri wkh hqwhulqj �upv1 Zh exlog d
prgho lq zklfk gl�huhqfhv ehwzhhq wkh vrolg dqg gdvkhg olqhv lq Iljxuh 4 dulvh ehfdxvh
ri idfwruv 4+d,/ dqg 4+e, dorqh � d txdolw| h{sodqdwlrq dv rqh zrxog qdwxudoo| xvh
zlwk ylqwdjh zlqhv/ iru lqvwdqfh1 Lq mxvwli|lqj vrph ri wkh dvvxpswlrqv/ zh lpsolflwo|
dsshdo wr wkh pdunhw srzhu wkdw d �up ghulyhv iurp wkh sdwhqwv wkdw lw pd| rzq rq
lwv lqyhqwlrqv dqg surgxfwv1 Lq wkh gdwd zrun/ zh frqwuro iru idfwruv 5 dqg 61 Zh
eholhyh wkdw idfwru 7 grhv qrw frqwdplqdwh rxu hvwlpdwhv ehfdxvh gl�huhqfhv dprqj
ydoxhv ri ylqwdjhv kdyh ehhq kljko| vwdeoh ryhu wlph +Mrydqrylf dqg Urxvvhdx/ 5334/
dqg uhsurgxfhg dv Iljxuh D4 lq wkh dsshqgl{,1 Wkdw lv/ li d �up wrgd| lv ryhuydoxhg
uhodwlyh wr lwv ixqgdphqwdov/ lw kdv pruh olnho| wkdq qrw dozd|v ehhq ryhuydoxhg/ dqg
wkdw zrxog vhhp kljko| lpsuredeoh1 Ilqdoo|/ zh gr qrw nqrz krz pxfk wkh odvw
idfwru d�hfwv wklqjv1

Uhvxowv Iurp vwrfn sulfhv/ zh ghulyh d vhulhv ri hvwlpdwhv ri wkh whfkqrorj| vkrfn

wr �upv* rujdql}dwlrq fdslwdo1 Wkh vkrfn jurzv dw derxw 41< shufhqw shu |hdu exw

lv pruh yduldeoh wkdq wkh whfkqrorj| vkrfnv h{wudfwhg iurp surgxfwlylw| gdwd ru

iurp lqirupdwlrq rq wkh uhodwlyh sulfh ri fdslwdo1 Pruhryhu/ whfkqrorj| grhv qrw ulvh

prqrwrqlfdoo| ehfdxvh d prqrwrqlf vkrfn fdqqrw surgxfh d odujh gls lq ydoxhv ri d

ylqwdjh1 Zh dujxh wkdw d jrrg whfkqrorj| lv eurxjkw lq dqg wkhq dssursuldwhg e|

4<;< xqfryhuhg wkh dftxluhuv iru 6/979 +<41<(, ri wkhvh xqolqnhg phujhuv/ 4;36 ri zklfk wxuqhg
rxw wr eh FUVS �upv1 Ixuwkhu/ zh uhfrughg doo phujhuv iurp 4;<8 wr 4<63 lq wkh pdqxidfwxulqj
dqg plqlqj vhfwruv iurp wkh ruljlqdo zrunvkhhwv xqghuo|lqj Qhovrq +4<8<, dqg froohfwhg lqirupdwlrq
rq phujhuv iurp 4;;8 wr 4;<7 iurp wkh �qdqfldo qhzv vhfwlrq ri zhhno| lvvxhv ri wkh Frpphufldo

dqg Ilqdqfldo Fkurqlfoh1 Zlwk wkhvh vrxufh gdwd/ zh wkhq uhfxuvlyho| wudfhg edfnzdug wkh phujhu

klvwru| ri hyhu| 4<<; FUVS vxuylyru dqg lwv wdujhwv/ dssruwlrqlqj wkh 4<<; fdslwdo ri wkh vxuylyru

wr lwv rzq hqwu| |hdu dqg wkrvh ri lwv phujhu sduwqhuv xvlqj wkh vkduh ri frpelqhg pdunhw ydoxh

dwwulexwdeoh wr hdfk lq wkh |hdu lpphgldwho| suhfhglqj wkh phujhu1 Wkh surfhvv ri dgmxvwlqj Iljxuh

4 hqghg xs lqyroylqj 8/755 phujhuv1 Wkh h{whqw ri wkh fruuhfwlrqv vxjjhvw wkdw dq| h�hfwv ri phujhuv

wkdw uhpdlq xqdffrxqwhg iru zrxog eh vpdoo1
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wkh hqwudqwv ri wkh gd|/ shukdsv zlwk wkh khos ri sdwhqwv dqg whfkqrorjlfdo vhfuhf|/
exw zh gr qrw prgho wkhvh lpshglphqwv wr lplwdwlrq1

Wkh yrodwlolw| ri wkh hvwlpdwhg vkrfn lv qrw vxusulvlqj frqvlghulqj wkdw lw lv edvhg
sulpdulo| rq vwrfn sulfhv1 Kd|dvkl +4<;5 s1 556, dqg Sdnhv +4<;9 s1 736, kdyh
irxqg wkdw d ulvh lq d �up*v vwrfn ri fdslwdo ru d ulvh lq wkh qxpehu ri lwv sdwhqwv lv
dffrpsdqlhg e| dq lqfuhdvh lq lwv vwrfn0pdunhw ydoxh wkdw lv idu odujhu wkdq rqh zrxog
h{shfw edvhg rq uhdvrqdeoh dgmxvwphqw frvwv ri lqyhvwphqw lq fdslwdo dqg nqrzohgjh1
Jurvvpdq dqg Vkloohu +4<;4, irxqg wkdw wkh V)S 833 lqgh{  xfwxdwhv pruh wkdq wkh
glylghqgv ri wkh �upv wkdw frpsulvh lw/ dqg Gh Orqj dqg Vkohlihu +4<<4, irxqg wkdw
forvhg0hqg ixqg ydoxhv  xfwxdwh pruh wkdq wkh ydoxhv ri wkhlu frpsrqhqw vhfxulwlhv1

Suhylrxv zrun rq ylqwdjh h�hfwv e| Mrkqvrq +4<;3, rq zrunhuv* zdjhv dqg e|
Ohylq dqg Vwhskdq +4<<4, rq sk|vlflvwv* uhvhdufk sxeolfdwlrqv frqvlghuv lqglylgxdov
iru zkrp rqh zrxog h{shfw qhjdwlyh djh h�hfwv dqg srvlwlyh ylqwdjh h�hfwv rq shu0
irupdqfh1 Vlqfh djh dqg ylqwdjh duh shuihfwo| qhjdwlyho| fruuhodwhg/ li hdfk yduldeoh
rshudwhv olqhduo|/ wkhlu vhsdudwh h�hfwv fdqqrw eh lghqwl�hg1 Wr frpsolfdwh wklqjv
ixuwkhu/ wkh sdvvdjh ri wlph pdwwhuv wrr1 Zh kdyh wlph h�hfwv/ krzhyhu/ ehfdxvh wkh
vrolg olqh lq Iljxuh 4 lv d furvv0vhfwlrq txdqwlw| dqg zh xvh lw wr h{wudfw d 4460|hdu
vhulhv ri whfkqrorj| hvwlpdwhv iurp wkh furvv0vhfwlrq ri 4<<; sulfhv ri �upv wkdw hq0
whuhg wkh vwrfn pdunhw dw gl�huhqw wlphv1 Wkdw lv/ wkh yrodwlolw| ri wkhvh hvwlpdwhg
vkrfnv ghulyhv iurp uhodwlyh vwrfn0sulfh yrodwlolw| lq 4<<;/ dqg qrw wlph0vhulhv yrodwlo0
lw|1 Pruhryhu/ Iljxuh D4 vkrzv wkdw wkh gl�huhqfhv lq ydoxhv ri wkh ydulrxv ylqwdjhv
duh txlwh vwdeoh ryhu wlph/ zklfk vxjjhvwv wkdw djh shu vh grhv qrw pdwwhu khuh � wkh
*53v �upv duh qrw hvshfldoo| ydoxdeoh ehfdxvh wkh| duh 98 |hduv rog exw ehfdxvh wkh
suh0*53v ylqwdjhv kdg pxfk ohvv ydoxh dw d frpsdudeoh djh1 Zh duh qrw wkh �uvw wr
kdyh ghwhfwhg ylqwdjh h�hfwv lq vwrfn sulfhv ehfdxvh Jhughv +4<<<, kdv douhdg| irxqg
wkhp lq wkh uhwxuqv wr ex|0dqg0krog sruwirolrv ri vwrfnv hqwhulqj wkh FUVS1

5 Prgho

Rxu prgho iroorzv d vwulqj ri ylqwdjh fdslwdo prghov lq wkh odvw ihz |hduv/ vxfk dv
Dwnhvrq dqg Nhkrh +4<<:,/ Frroh| hw do +4<<<,/ Khospdq dqg Wudmwhqehuj +4<<;,/
Juhhqzrrg dqg\ruxnrjox +4<<;,/ Kruqvwhlq dqg Nuxvhoo +4<<;,1 Dv lq Oxfdv*v +4<:;,
h{fkdqjh hfrqrp|/ wkh uhsuhvhqwdwlyh djhqw/ Fuxvrh/ sodqwv wuhhv wkdw ehdu iuxlw1 Kh
idfhv qr xqfhuwdlqw|1 Wkh rxwsxw ri wkh �qdo jrrg lv ghqrwhg e| +|/ dqg Fuxvrh*v
frqvxpswlrq e| S|1 Fuxvrh*v olihwlph xwlolw| lv

"[

|'f

q|L ES|� �

Wuhhv1 D wuhh*v iuxlw0furs/ +/ ghshqgv rq lwv txdolw|/ wc zklfk lv �{hg ryhu wlph/

dqg rq lwv yduldeoh lqsxw/ 6=

+ ' w�3k6k

� +4,

8



Wkh yduldeoh lqsxw lv surgxfhg xvlqj wkh vhuylfhv ri fdslwdo/ &/ dqg oderu/ �=

6 ' &
#
�
�3#

Vlqfh k 	 �/ uhwxuqv wr wkh yduldeoh lqsxwv glplqlvk dqg Fuxvrh suhihuv wr kdyh pdq|

wuhhv1 D wuhh*v txdolw| kdv d ylqwdjh0vshfl�f sduw 5 dqg d wuhh0vshfl�f sduw 0=

w ' 5
�
0�

Fuxvrh vwduwv hyhu| shulrg zlwk wkh vdph phqx ri wuhh0vshfl�f txdolwlhv jlyhq e| wkh

ghqvlw| ri 0/ s E0�1 Fuxvrh nqrzv d wuhh*v 0 ehiruh kh sodqwv lw/ dqg wkhuhiruh sodqwv

rqo| txdolwlhv deryh vrph wkuhvkrog1 Rqfh sodqwhg/ wkh wuhh vsulqjv iruwk dqg |lhogv

iuxlw uljkw dzd|1 Wkh �uvw ihz wuhhv wkdw Fuxvrh sodqwv duh ri yhu| kljk txdolw|/ dqg

kh zloo sodqw vrph dw hdfk gdwh1 Wuhhv |lhog iuxlw lq wkh vdph shulrg dqg frqwlqxh wr

|lhog wkdw iuxlw iru hyhu1

Yduldeoh lqsxwv1 Sk|vlfdo fdslwdo lv krprjhqhrxv dqg lw hyroyhv dv iroorzv=

&|n� ' E�� B� &| n ^|%|/

zkhuh %| lv iuxlw vhw dvlgh iru fdslwdo surgxfwlrq1 Oderu txdolw|/ �/ hyroyhv h{rjhqrxvo|/

zlwk d jurzwk0idfwru �1 Wkdw lv/

�|n� ' �
�
�|�

Sodqwlqj= Zh dvvxph wkdw �
|
lv wkh �{hg frvw ri sodqwlqj d wuhh1 Li r| lv wkh zruvw

wuhh sodqwhg dw |/ wkh qxpehu ri wuhhv sodqwhg lv ? Er|� �
U
"

r|

s E0� _0/ dqg lq xqlwv ri

iuxlw wkh frvw lv �
|
? Er|�1

Lqfrph lghqwlw|= Djjuhjdwh rxwsxw/ t|/ lv glylghg ehwzhhq frqvxpswlrq/ lqyhvw0

phqw lq sk|vlfdo fdslwdo/ dqg lqyhvwphqw lq wuhhv=

t| ' S| n %| n �
|
? Er|� c

51314 Lqwhusuhwdwlrq

Wkh prgho frqwdlqv irxu vrxufhv ri whfkqrorjlfdo fkdqjh=

41 Lq wuhhv= 5| lv wkh txdolw| ri wkh whfkqrorj| hperglhg lq wuhhv sodqwhg dw gdwh
|1 Wklv lv wkh vkrfn wkdw zloo h{sodlq wkh sx}}oh glvsod|hg lq Iljxuh +4,

51 Lq htxlsphqw= ^| lv d whfkqrorj| sdudphwhu hperglhg lq wkh htxlsphqw pdgh

dw gdwh |1

61 Lq �qdqfh= �
|
lv wkh frvw ri sodqwlqj wuhhv/ wkh frvw ri vwduwlqj d surmhfw1 Rqh

sduw ri wklv frvw lv suhvxpdeo| wkh frvw ri jhwwlqj ixqgv1

71 Lq oderu txdolw|= �| lv d oderu0dxjphqwlqj whfkqrorjlfdo fkdqjh sdudphwhu1

9



Wr jhw wr vrphwklqj lqwxlwlyh dqg hvwlpdeoh/ zh kdyh vdful�fhg vrph uhdolvp1
Iluvw/ whfkqrorj| lv h{rjhqrxv1 Vhfrqg/ wuhhv gr qrw devrue d pdlqwhqdqfh ihh/ dqg
vr/ dv lq wkh �uvw0jhqhudwlrq ylqwdjh fdslwdo prgho ri Vrorz +4<93,/ wuhhv duh qrw
dedqgrqhg1 Wklug/ revrohvfhqfh ri wuhhv rffxuv rqo| wkurxjk lqwhuhvw0udwh pryhphqwv/
dq dvvxpswlrq wkdw Krelmq dqg Mrydqrylf +5333, uhod{/ dqg rqh wkdw zh hqwhuwdlq lq
d yhuvlrq ri wklv sdshu wkdw flufxodwhg odvw vxpphu1 Irxuwk/ wuhh0txdolw| lv nqrzq
ehiruh wkh wuhh lv sodqwhg/ dq dvvxpswlrq wkdw Mrydqrylf +4<;5, uhod{hv1 Iliwk/ wklv lv
d shuihfw iruhvljkw prgho lq zklfk whfkqrorjlfdo �vkrfnv� duh h{rjhqrxv dqg shuihfwo|
iruhvhhq1

51315 Fuxvrh*v ghflvlrq sureohp

Hdfk shulrg/ Fuxvrh vsuhdgv klv fdslwdo dprqj wuhhv ri doo ylqwdjhv vr dv wr pd{lpl}h

wrwdo rxwsxw

t| ' 4@ 

&�E0�

+
|3�[

�'3"

]
"

r�

E5
�
0��3k

�
&
#

�
E0� ��3#

�
E0�
�
k

s E0� _0

,
c

vxemhfw wr=

|3�[

�'3"

]
"

r�

&� E0� s E0� _0 � &|c dqg

|3�[

�'3"

]
"

r�

�� E0� s E0� _0 � �|

Zh wkhq kdyh wkh djjuhjdwlrq uhvxow=

Sursrvlwlrq 4

t| ' �
�3k

|

�
&
#

| �
�3#

|

�
k

zkhuh

�| '

|3�[

�'3"

5
�
M Er

�
� +5,

Surri= Wdnh dq| glvwulexwlrq rq wkh olqh/ vd| [Ew�1 Wkh rswlpdo srolf| wr wkh

sureohp

4@ 
&Ew�c�Ew�

�
t '

]
w
�3k

�
&
# Ew�� Ew��3#

�k
_[Ew�

�
r�|�

]
& Ew� _[Ew� ' & dqg

]
� Ew� _[Ew� ' �

lv ri wkh irup & Ew� ' &w*7w dqg � Ew� ' �w*7w/ zkhuh 7w '
U
w_[Ew�1 Vxevwlwxwlqj iru

& Ew� dqg � Ew� lqwr wkh fulwhulrq/ t '
�
7w
�
�3k

E&#��3#�
k
1 Ilqdoo|/ ohwwlqj [ Ew� ghqrwh

wkh glvwulexwlrq ri txdolw| dprqj doo olylqj ylqwdjhv ri wuhhv/ zh jhw 7w ' �|1 �

:



Wkhq

S| ' �
�3k

|
6k

|
� %| � �

|
? Er|�

' ��3k

|
6

k

|
�

E&|n� � E�� B� &|�

^|

� �
|
? Er|� c

dqg/ iurp +5,/ wkh odz ri prwlrq iru �| lv

�|n� ' �| n 5|M Er|� +6,

zklfk zh fdq vroyh iru r dqg zulwh wkh uhvxow dv

r ' 1 E5c�c��� c

vr wkdw
Y1

Y��
' �

�

5rsEr�
dqg Y1

Y�
'

�
5rsEr�

1 Wkh Ehoopdq htxdwlrq shuwdlqlqj wr Fuxvrh*v

ghflvlrq sureohp lv

T| E&c �� ' 4@ 
&�c��

�
L

�
�

�3k
�
&
#
�
�3#

|

�k
�

&
�
� E�� B� &

^|
� �

|
d� � 8 id1 E5|c �c�

��ojo

�
n qT|n� E&

�
c���

Wklv sureohp lv qrz xqfrqvwudlqhg1 Lwv wzr �uvw0rughu frqglwlrqv duh

�

�

^|

L � ES|� n q
YT|n�

Y&|n�

' fc

dqg/

�

�
|

5|r|

L � ES|� n q
YT|n�

Y�|n�

' f�

Wkh hqyhorsh wkhruhp jlyhv xv

YT|

Y&
'

�
k#

+|

&|

n
E� � B�

^|

�
L

� ES|�

dqg

YT|

Y�
'

�
E� � k�

+|

�|

n
�

|

5|r|

�
L � ES|� �

Xsgdwlqj wkhvh wzr h{suhvvlrqv wr |n � dqg vxevwlwxwlqj lqwr wkh suhylrxv wzr jlyhv

xv wkh wzr �uvw rughu frqglwlrqv sxujhg ri wkh xqnqrzq ixqfwlrq T =

�

�

^|

L � ES|� n q

�
k#

+|n�

&|n�

n
�� B

^|n�

�
L

� ES|n�� c +7,

dqg
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5|r|

L � ES|� n q

�
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n
�

|n�

5|n�r|n�

�
L
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51316 Ghfhqwudol}lqj wkh doorfdwlrq

Pdunhwv duh frpshwlwlyh dqg wkhuh duh qr h{whuqdo h�hfwv/ dqg vr wkh rswlpxp vkrxog
ghfhqwudol}h hdvlo|1 Gh�qlqj wkh udwh ri lqwhuhvw o| lpsolflwo| e| �

�no|
'

qL �ES|n��
L �ES|�

/ zh

frpelqh +7, dqg +8, lqwr rqh frqglwlrq=

� n o| ' ^|

�
k#

+|n�

&|n�

n
E� � B�

^|n�

�
'

5|r|

�
|

�
E� � k�

+|

�|

n
�

|n�

5|n�r|n�

�

Wklv dvvhw pdunhw frqglwlrq htxdwhv wkh uhwxuqv wr wkuhh gl�huhqw irupv ri vdylqj dqg
vwrudjh= +4, hduq � n o| grooduv shu groodu vdyhg lq wkh edqn> +5, frqyhuw wkh groodu
lqwr ^| pdfklqhv/ xvh wkhp wr surgxfh +l1h1/ uhfhlyh d uhqwdo ri, ^|k#+|n�*&|n� xqlwv

ri wrpruurz*v rxwsxw/ vhoo wkh xqghsuhfldwhg pdfklqhv dw �*^|n� grooduv shu pdfklqh>
dqg +6, frqyhuw wkh groodu lqwr �*�

|
wuhhv ri txdolw| 5|r| hdfk/ jhw wkhlu glylghqgv

wrpruurz dqg wkhq vhoo wkhp1 Wuhhv gudz wkh uhvlgxdo lqfrph dqg wkhlu vkduh ri

rxwsxw lv E�� k� � Wkh txdqwlw| E�� k�
�
&
#

|n�

�|n�

�
k

�
E�3#�k
|n� lv wkh dgglwlrqdo glylghqg/

dqg wkh txdqwlw|
�
|n�

5|n�r|n�
lv wkh uhvrxufhv wkdw Fuxvrh fdq vdyh wrpruurz e| kdylqj

wkh dgglwlrqdo vxuylylqj wuhhv1 Vr/ wkh odvw +ru zruvw, wuhh wkdw lv sodqwhg lq hdfk
shulrg kdv wkh vdph |lhog dv wkh sxufkdvh ri d pdfklqh1 Exw wkh lqiudpdujlqdo wuhhv
duh pruh uhzduglqj1

Qh{w/ wkh idfwru pdunhw1 Wkh pdujlqdo surgxfw ri fdslwdo lv htxdwhg wr wkh xvhu
frvw ri fdslwdo/ a|1 Wkdw lv/

^|k#+|n�

&|n�

' � n o| �
^| E�� B�

^|n�

� a| +9,

� o| n B n }^c|

zkhuh }^c| lv wkh jurzwk ri ^| dw gdwh |1 Lq whupv ri wkh �qdo jrrg/ wkh sulfh ri fdslwdo

lv �*^| dqg wkh xvhu frvw ri dq h!flhqf| xqlw ri fdslwdo lv a|*^|�
Vlploduo|/ zkloh Fuxvrh wdnhv klv oderu hqgrzphqw dv h{rjhqrxv/ iru d �up lw lv

d fkrlfh yduldeoh1 Wkh �up zloo vhw wkh pdujlqdo surgxfw ri vnloo htxdo wr lwv vkdgrz

sulfh=

k E� � #�
+|

�|

� �|

Zkhq wkh lqsxwv ri & dqg � duh sulfhg lq wklv zd|/ wkh qhw lqfrph iurp d wuhh lv

4@ 

&c�

�
w
�3k
6
k

� a& � ��
�
' E�� k� + Ewc�ca� c

zkhuh

+ Ewc�c a� ' l E�c a� w

lv wkh wuhh*v iuxlw |lhog dqg zkhuh

lE�ca� �

#
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# E� � #��3#
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$
k*E�3k�

�

<



Wkh sulfh ri d wuhh lv wkh suhvhqw ydoxh ri wkh lqfrph lw jhqhudwhv=

R| Ew� ' Z|wc

zkhuh

Z| ' E�� k�

"[

�'f

q�L
� ES|n��

L � ES|�
l E�|n�ca|n�� � +:,

Ohw �|c� eh wkh gdwh 0 | ydoxh ri doo ylqwdjh 0 � wuhhv=

�|c� ' Z|5�

]
"

r�

0s E0� _0 +;,

Lw ghshqgv srvlwlyho| rq wkh wuhh0ylqwdjh vkrfn 5
�
/ srvlwlyho| rq ylqwdjh � lqyhvwphqw

dv lqgh{hg e| wkh lghqwlw| ri wkh pdujlqdo surmhfw r�c qhjdwlyho| rq wkh jurzwk ri ^|
ehfdxvh wkdw udlvhv a|/ dqg qhjdwlyho| rq wkh sulfh ri vnloo �|1

Zh fdq qrw suhglfw wkh vhulhv iru wkh vrolg olqh lq Iljxuh +4,1 Vlqfh + lv olqhdu
lq w/ vr lv R� Wkdw lv/ R| Ew� ' Z|w/ zkhuh Z| grhv qrw ghshqg rq wkh wuhh*v ylqwdjh1

Dw dq| gdwh/ wkhq/ wkh ydoxh ri wkh fdslwdo ri ydulrxv ylqwdjhv lv sursruwlrqdo wr
wkh djjuhjdwh txdolw| wkdw hdfk ylqwdjh dffrxqwv iru1 Wkxv zh jhw d vhulhv iru wkh
shufhqwdjh ri 4<<; ydoxh ri hdfk ylqwdjh wkdw zh kdg hduolhu sorwwhg dv wkh vrolg olqh
lq Iljxuh +4,1 Dffruglqj wr wkh prgho/ wkdw vhulhv lv

�|c�S
�

�$|
�|c��

'

5�

U
"

r�

0s E0� _0
S

�
�$|

5��

U
"

r
�
�

0s E0� _0
c

zkhuh | ' �bbH1 Qrz ohw b : �c dqg ohw 0 kdyh wkh Sduhwr glvwulexwlrq

s E0� ' 03E�nb�c +<,

iru 0 : f1 Wkhq
U
"

r�

0s E0� _0 '
U
"

r�

0
3b

_0 '
�

b3�
r
�3b

|
cdqg vr

�|c�S
��$|

�|c��

'

5
�
r
�3b

�S
��$|

5
�

�r
�3b

��

�

Wklv zloo eh wkh vwduwlqj srlqw iru wkh hpslulfdo zrun1

51317 Orqj uxq jurzwk

Dvvxph wkdw �
�
� �/ �

^
� �c �

5
� � dqg �� � � duh jlyhq� E| ��

K
�c zh phdq wkh

jurzwk idfwru ri yduldeoh �K�1 Zh vkdoo ghvfuleh d sdwk dorqj zklfk S jurzv dw wkh

jurzwk idfwru �1 Wkh iroorzlqj uhvxow lv suryhg lq wkh dsshqgl{=
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Sursrvlwlrq 5 Wkh orqj0uxq jurzwk idfwru iru t lv

� '

�k
�
5
�
E�3b�*b
�

l�3k
�
#k
^ �

E�3#�k
�

�
b*dbkE�3#�n�3ko

dqg lwv orqj uxq jurzwk0udwh/ dssur{lpdwho|/ lv

} �
b

bk E� � #� n � � k

�
E�� k� }5 n #k}^ n k E�� #� }� n

E� � k� E�� b�

b
}�

�
�

Li # ' � dqg wkh oderu lqsxw gursv rxwc wkhvh h{suhvvlrqv vlpsoli| wr

� ' �
bk*E�3k�
^ �

b
5�

�3b
�

ru/ lq whupv ri jurzwk udwhv/ wkh orqj uxq jurzwk udwh ri t lv

} �
bk

�� k

}^ n b}5 n E�� b� }��

D frpphqw rq wkh khwhurjhqhlw| ri wuhhv dqg wkh h�hfw rq jurzwk ri wkh urooedfn

ri wkh h{whqvlyh pdujlq1 Li wkh sodqwlqj ri wuhhv ehfrphv fkhdshu ryhu wlph/ �� 	 �

dqg }� 	 f1 Li � ghfolqhv vwhdglo|/ wkh sdudphwhu b ghwhuplqhv krz pxfk wkdw ghfolqh

zloo udlvh jurzwk/ dqg zh vkdoo hoderudwh rq krz lw zrunv1

Wkh qxpehu ri wuhhv sodqwhg lv ? Er� '
U
"

r
0
3E�nb�

_0 '
�
b
r
3b

cdqg wkhlu djjuhjdwh

txdolw| lv M Er� �
U
"

r
0
3b

_0 '
r
�3b

b3�
� Dv r $ f/ ? Er� dqg M Er� erwk jurz zlwkrxw

erxqg/ exw txdolw| shu wuhh/
MEr�
?Er�

'

�
b

b3�

�
r/ frqyhujhv wr }hur dv r $ f1 Dv �jxuh

5vkrzv/ wkh kljkhu lv b/ wkh pruh vorzo| grhv txdolw| frqyhujh wr }hur/ dqg wklv rshqv
wkh grru wr d eljjhu errvw wr jurzwk dv wkh h{whqvlyh pdujlq lv uroohg edfn1

6 Hvwlpdwlrq

Wr uhodwh wkh prgho wr wkh gdwd/ zh dvvxph wkdw d �up rzqv dqg pdqdjhv h{dfwo|
rqh wuhh/ vr wkdw hdfk wuhh sodqwhg dw gdwh | uhsuhvhqwv dq lqlwldo sxeolf r�hulqj ri d
qhz �up1 Wkxv zh vkdoo h{sodlq wkh sdwwhuq lq Iljxuh +4, zlwk wkh 5*v � wkdw lv/ zlwk
ylqwdjh rujdql}dwlrq fdslwdo vkrfnv1

614 Ylqwdjh rujdql}dwlrq fdslwdo

Rujdql}dwlrq fdslwdo lv zkdwhyhu pdnhv d froohfwlrq ri shrsoh dqg dvvhwv pruh surgxf0
wlyh wrjhwkhu wkdq dsduw1 Ilup0vshfl�f kxpdq fdslwdo +Ehfnhu 4<95,/ pdqdjhphqw
fdslwdo +Suhvfrww dqg Ylvvfkhu 4<;3,/ sk|vlfdo fdslwdo +Udph| dqg Vkdslur 4<<9,/
dqg d frrshudwlyh glvsrvlwlrq lq wkh �up*v zrunirufh +Hhfnkrxw 5333 dqg Ure dqg
]hpvn| 4<<:, duh h{dpsohv ri rujdql}dwlrq fdslwdo1 Prvw ri wkdw fdslwdo lv suredeo|
qrw rq wkh �up*v errnv dqg lv dq �lqwdqjleoh� dvvhw1 Pruhryhu � dqg wklv lv zkdw
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lambda = 1.091

lambda = 4.091

Iljxuh 5= Wkh Sduhwr Glvwulexwlrq1

pdwwhuv khuh � wkh qdwxuh ri rujdql}dwlrq fdslwdo zloo uh hfw frqglwlrqv wkdw suhydlohg
dw wkh wlph wkh �up zdv fuhdwhg1 Wkh �up irxqghu*v lghd/ wkh sdwhqwv wkdw kh pd|
wdnh rxw rq lw/ dqg wkh sodqw dqg htxlsphqw wkdw kh dftxluhv dw wkh LSR vwdjh zloo/
suhvxpdeo|/ doo uh hfw whfkqrorj| wkdw zdv vwdwh ri wkh duw dqg wkh uhodwlyh sulfhv ri
lqsxwv wkdw suhydlohg wkhq1 Wkh �up*v irxqghu dqg lwv ruljlqdo pdqdjhuv zloo riwhq
slfn wkhlu vxffhvvruv dqg wkh lqlwldo fkdudfwhu ri wkh rujdql}dwlrq pd| olyh rq hyhq
diwhu wkh| duh qr orqjhu zlwk wkh �up1 Wkh �up zloo/ lq rwkhu zrugv/ fduu| dq �lp0
sulqw�/ dv Fduuroo dqg Kdqqdq +5333/ fk1 <, sxw lw/ dqg wkh lpsulqw zloo shuvlvw li
wkh rujdql}dwlrq fdslwdo lv vxemhfw wr dgmxvwphqw frvwv1 Rujdql}dwlrq fdslwdo pxvw
lqghhg eh frvwo| wr fkdqjh/ ehfdxvh pdq| d �up zloo glvedqg/ vhoo lwv dvvhwv r� dw d
phuh iudfwlrq ri wkhlu pdujlqdo lqwhuqdo ydoxh dqg lpsrvh rq lwv phpehuv wkh frvwv
ri vhdufklqj iru qhz mrev/ udwkhu wkdq uhrujdql}h lqwhuqdoo|1

Rujdql}dwlrq fdslwdo gl�huv iurp rwkhu lqwdqjleohv ehfdxvh lw lv frvwo| iru rwkhu
rujdql}dwlrqv wr dftxluh1 Dq h{dpsoh lv d sdwhqw rq d whfkqrorjlfdo lqyhqwlrq1 Wr
jhw wkh prvw rxw ri lwv sdwhqw/ d �up zloo ex| vshfl�f pdfklqhu| dqg kluh wkh nlqg ri
oderu qhhghg wr zrun wkdw whfkqrorj|1 Wkh rujdql}dwlrq lv wkhq exlow durxqg wkh lghd/
dqg lw ghwhuplqhv wkh ydoxh ri wkh �up1 Krz pxfk ri wkh �up*v ydoxh ghulyhv iurp
lqwdqjleohvB Rqh zd| wr mxgjh wklv lv wr orrn dw wkh wdqjleoh dvvhwv wkdw duh lqfoxghg
dv sduw ri d �up*v errn ydoxh1 Iljxuh 6/ zklfk lv wkh iuhtxhqf| glvwulexwlrq ri wkh
udwlr ri pdunhw wr errn ydoxh iru doo 9/:6< �upv olvwhg lq wkh frpelqhg FUVS dqg
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Iljxuh 6= Udwlr ri pdunhw wr errn ydoxdwlrqv iru 4<<; FUVS2Frpsxvwdw �upv1

Frpsxvwdw �ohv lq 4<<;/ vkrzv mxvw krz riwhq dqg zlgho| pdunhw ydoxhv fdq glyhujh
iurp wkh ydoxh ri wkh �up*v dvvhwv dw klvwrulfdo frvw1 Ehiruh surfhhglqj/ zh h{sodlq
zk| wkh phgldq lv qrw xqlw| exw 4198/ dqg wkhq zh h{sodlq zk| wkh udwlr gl�huv vr
zlgho| dprqj �upv1

E�� Zk| wkh phgldq gl�huv iurp xqlw|= Iurp +9,/ wkh pdujlqdo surgxfw ri fdslwdo
lv htxdwhg wr wkh xvhu frvw ri fdslwdo/ a|1 Wkdw lv/

&|n�

^|

'

k#+|n�

� n o| �
^|E�3B�
^|n�

Dvvxph wkdw o lv �{hg/ dqg wdnh wkh vlpsoh fdvh lq zklfk ^ lv d frqvwdqw/ vd| dw ^ ' �1

Pruhryhu/ dvvxph wkdw � lv vshqglqj rq xqghuzulwhuv/ odz|huv dqg eurnhuv wkdw grhv

qrw jhw rq wkh errnv dv dq dvvhw1 Wkhq & dqg + zrxog jurz dw wkh vdph udwh dqg d

�up zlwk d fdslwdo vwrfn ri & zrxog kdyh d errn ydoxh ri

&

^
'

k#+

o n B
�

Wkh pdunhw ydoxh ri vxfk d �up zrxog eh E�� k� +*o dqg vr wkh pdunhw0wr0errn

ydoxh ri wkdw �up zrxog eh

pdunhw ydoxh

errn ydoxh
'

E� � k� Eo n B�

ok#
c
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zklfk grhv qrw ghshqg rq d �up*v 0 ru rq lwv ylqwdjh1 Lq rwkhu zrugv/ doo �upv zrxog

kdyh wkh vdph pdunhw0wr0errn ydoxhv1 Wkh 4<<; phgldq ri wkh �*T glvwulexwlrq lq

Iljxuh 6 lv ��SD1 Li # ' f���c o ' f�fDDc dqg B ' f��2D/ zh vkrxog kdyh

E� � k� Eo n B�

ok#
' ��SD/ vr wkdw

k

�� k
'

Ef��H�

E��SD� Ef���� Ef�fDD�
c

zklfk jlyhv k ' f�HS/ mxvw d olwwoh ehorz zkdw rqh zrxog h{shfw1

E��� Zk| glvshuvlrq dulvhv lq Iljxuh +6,= Glvshuvlrq dprqj ylqwdjhv dulvhv li ^

jurzv ryhu wlph1 Lq wkdw fdvh/ |rxqj �upv kdyh jrwwhq pruh & shu groodu vshqw/
dqg wkhlu udwlr ri pdunhw wr errn ydoxh vkrxog eh kljkhu1 Glvshuvlrq zlwklq ylqwdjhv
rffxuv li d sduw ri � vkrzv xs rq wkh errnv1 Odujh �upv fdq vsuhdg wklv �{hg frvw ryhu
pruh rxwsxw dqg wkhlu pdunhw0wr0errn ydoxhv vkrxog eh kljkhu1 Rqh frxog ghulyh wklv
suhflvho| exw wkh orqj dqg wkh vkruw ri lw lv wkdw |rxqj �upv dqg odujh �upv vkrxog
eh lq wkh uljkw wdlo ri wkh glvwulexwlrq1

615 Hvwlpdwlqj wkh 5*v iurp wkh vhulhv lq Iljxuh +4,1

Qrz ohw R4�?

|c� ghqrwh wkh shulrg0| sulfh ri wkh orzhvw0txdolw| +l1h1/ w ' 5�r�, wuhh sodqwhg
dw gdwh �1 Wkhq/

R
4�?

|c� ' Z|5�r�c ru r� '
R
4�?

|c�

Z|5�

� +43,

Vxevwlwxwlqj/ EZ|�
3E�3b�

fdqfhov/ dqg

�|c�S
��$|

�|c��

'

5
b

�

�
R
4�?

|c�

�
�3b

S
��$|

5
b

��

�
R
4�?

|c��

�
�3b

�

Zh qhhg wr fruuhfw iru wkh wuhqg dzd| iurp ghew dqg lqwr htxlw|1 Ohwwlqj e| ghqrwh

wrwdo vwrfn0pdunhw fdslwdol}dwlrq dqg _| ghew rxwvwdqglqj/ zh dvvxph wkdw wkh qhz

�upv udlvh wkhlu fdslwdo wkurxjk wkh wzr nlqgv ri eruurzlqj lq wkh vdph sursruwlrq

dv wkh rog fdslwdo rxwvwdqglqj1 Wkhuhiruh/ d iudfwlrq

1
|
�

e|

e| n _|

ri fdslwdo irupdwlrq dw gdwh lv �qdqfhg wkurxjk vwrfnv1 Zh gr qrw h{sodlq wklv/ exw

zh wu| wr dffrxqw iru lw e| lqwhusuhwlqj wkh vrolg olqh lq Iljxuh 4 wr eh wkh udwlr

1
�
�bHc�S

��$bH
1
�

��bHc��

'

1
�
5b
�

�
R4�?

bHc�

�
�3b

S
��$bH

1
�

�5
b

��

�
R
4�?

bHc��

�
�3b

�

Wklv ohwv xv vroyh iru wkh vhtxhqfh )
�
'

1
�
5b� ER4�?

bHc��
�3b

S
��$�bbH

1
�
� 5
b

��

�
R4�?

bHc��

�
�3b 1 Vlqfh zh nqrz 1

�
dqg

R4�?

|c� / rqfh zh kdyh dq hvwlpdwh b/ zh fdq fdofxodwh rxu hvwlpdwhv ri wkh 5*v/ fdoo wkhp

	5*v1
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Hvwlpdwlqj b Wkh qxpehu ri wuhhv sodqwhg dw gdwh | lv jlyhq e| ? Er� '
U
"

r
0
3E�nb�

_0 '
�

b
r
3b

1 Wkh ydoxh ri wkh pdujlqdo wuhh lv

R
4�?

|c| ' 5|Z|r|c

zkloh/ li b : �/ wkh wrwdo ydoxh ri doo wuhhv sodqwhg dw | lv

�|c| ' 5|Z|

]
"

r|

0
3b

_0 '
�

b� �
5|Z|r

�3b

|
�

Wkhq

?|R
4�?

|c|

�|c|

'

b � �

b
'

R4�?
|c|

�|c|*?|

'

vpdoohvw LSR

dyhudjh LSR
� /| 	 ��

Wkhuhiruh/ b ' �

�3/|

�Rxu hvwlpdwh iru b zrxog wkhq/ orjlfdoo|/ xvh doo wkh |hduv wrjhwkhu

dv iroorzv=

	b '
�

���

�bbH[

|'�HHS

�

�� /|

�

Iurp 	b wr wkh 	5*v Kdylqj irxqg 	b/ zh frpsxwh wkh vhulhv iru wkh 	5*v vkrzq lq

Iljxuh �1 Vlqfh qrw doo ri wkh hduo| |hduv kdyh vxuylylqj �upv/ zh ghqrwh lqwhusrodwhg

ydoxhv e| d gdvkhg olqh1 Dq ROV uhjuhvvlrq ri wkh orjdulwkp ri wkh 	5*v rq d olqhdu
wlph wuhqg/ h{foxglqj dq| lqwhusrodwhg hqwulhv/ lpsolhv dq dyhudjh jurzwk udwh ri
41< shufhqw shu |hdu1 Jruw/ Juhhqzrrg dqg Uxshuw +4<<</ Iljxuh 5, �qg wkdw wkh
ylqwdjh h�hfwv lq wkh uhqw rq vwuxfwxuhv duh vlplodu wr rxu hvwlpdwhv ri wkh vkrfnv � d
X0vkdshg sdwwhuq/ exw wkhlu hvwlpdwhv duh qrw �fohdqvhg� ri txdolw| lq wkh zd| wkdw
zh kdyh wulhg wr fohdqvh rxuv wkurxjk wkh xvh ri R4�?1

7 Hqwu| glvwulexwlrqv

Ohw �| ER� ghqrwh wkh qxpehu ri �upv wkdw LSR dw d ydoxh h{fhhglqj R1 Vlqfh R| Ew� '
Z|w ' Z|5|0/ dqg vlqfh s E0� ' 03E�nb�/

�| ER� '

]
"

R*Z|5|

s E0� _0 '
�

b
Zb
|
5b
|
R3b

iru R � R
4�?

|c| / dqg }hur iru R 	 R4�?|c| � Wkh wrwdo qxpehu ri hqwudqwv lv �|

�
R4�?

|

�
Wkh

ghqvlw| lv

�

_�|

_R
' Zb

|
5b
|
R3E�nb� � ?| ER�
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Iljxuh 7= Hvwlpdwhv ri }1

Wrwdo ydoxh fuhdwhg e| gdwh0| hqwudqwv lv

	T| ' Z|5|

]
"

R4�?*Z|5|

0s E0� _0 ' Z|5|

]
"

R4�?*Z|5|

0
3b

_0 ' Z|5|
�

� � b
0
�3b

�
�
�
�

"

R4�?*Z|5|

'

�

b� �
Z
b

|
5
b

|
R
�3b

'

bR4�?
|

b� �
�|

�
R4�?
|

�
�

Qrz zh zlvk wr uhsruw wkh ghqvlwlhv e| ghfdgh rq dq dulwkphwlfdoo|0odehoohg orj

vfdoh1 Qrwh wkdw R3E�nb� ' i T
�
*?
�
R
3E�nb�

��
' i T i� E� n b� *? Rj1 Wkhuhiruh vxe0

vwlwxwlqj wklv lqwr wkh suhylrxv htxdwlrq dqg fruuhfwlqj iru wkh vkduh ri htxlw| lq

h{whuqdo �qdqfh iru hdfk hqwu| |hdu/ zh rewdlq wkh ghqvlw| ri ?| rq wkh *? R � % d{lv

?| ER� '

�
1
|
Zb

|
5b
|
i T i� E� n b�%j iru % � *? R4�?

|
c

f iru % 	 *? R4�?
|

�

dqg wklv lqghuolhv wkh vrolg olqhv lq wkh �jxuh1

Zh kdyh douhdg| hvwlpdwhg b dqg wkh 5| vhtxhqfh/ dqg zh vkdoo xvh wkh dyhudjh vl}h

ri wkh vpdoohvw rqh0wklug ri hqwudqwv lq d jlyhq |hdu iurp wkh gdwd dv d urexvw hvwlpdwh

ri R4�?

|
1 Iljxuh 8 suhvhqwv wkh vhulhv18 Ilqdoo| zh qhhg wkh prgho*v suhglfwlrq iru

8Wkh dyhudjh �up vl}h dqg dyhudjh qxpehu ri hpsor|hhv shu exvlqhvv frqfhuq duh dovr lqfoxghg

lq wkh �jxuh1 Wkhvh sorwv vkrz wkdw wkh ghfolqh lq hqwu| vl}h diwhu 4<93 zdv qrw vlpso| wkh uhvxow

ri d whqghqf| iru exvlqhvvhv wr grzqvl}h1

49



Year
1885 1895 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995

0

10

20

30

40

50

60

0

100

200

300

400

500

600
Average number of employees per concern (Y1)

Average size of smallest 1/3 of entrants (mil. of 1972 $) 

Average size of listed firm (mil. of 1972 $) (Y2)

Iljxuh 8= Fkdudfwhul}dwlrqv ri �up vl}h1

Z| lq +:,1 Wr frpsxwh wklv/ zh vkdoo dvvxph wkdw L ES� ' *? S dqg xvh wkh dfwxdo

vhtxhqfh iru shu fdslwd uhdo frqvxpswlrq19 Iru � zh zrxog zdqw wkh wlph0zdjh +��,
glylghg e| �/ exw zh gr qrw kdyh d uholdeoh phdvxuh ri �1 Wkh X1V1 kdv kdg d orw
ri lppljudwlrq ryhu wklv shulrg � ohvv vr lq wkh plggoh/ exw prvw ri lw xqvnloohg �
dqg vr lw zdv suredeo| vnloohg oderu wkdw zdv uhodwlyho| vfdufh1 Zh vkdoo wkhuhiruh
xvh wkh vnloo suhplxp dv d sur{| iru �� Vshfl�fdoo|/ zh frpelqh Zlooldpvrq*v dqg
Olqghuw*v +4<;3, hvwlpdwhv ri wkh zdjh udwlr iru xuedq vnloohg dqg xqvnloohg zrunhuv
iru 4;;804;<7 zlwk hvwlpdwhv iurp Jroglq dqg Ndw} +4<<<, ri wkh udwlr ri fohulfdo wr
pdqxidfwxulqj surgxfwlrq zdjhv iru 4;<804<6; dqg wkh uhwxuqv wr 49 yhuvxv 45 |hduv
ri vfkrrolqj iru phq iru 4<6<04<<81:

Dv iru a/ zh zloo xvh wkh jurzwk udwh ri uhodwlyh htxlsphqw sulfhv/ diwhu fruuhfwlqj
iru fkdqjhv lq txdolw|/ wr hvwlpdwh wkh whfkqrorj| sdudphwhu ^1 Nuxvhoo hw do1 +5333,
exlog vxfk d vhulhv iru 4<9604<<5 e| xvlqj wkh frqvxphu sulfh lqgh{ wr gh dwh wkh

9Zh frqvwuxfw wkh frqvxpswlrq vhulhv iurp xqsxeolvkhg wdeohv xqghuo|lqj Nx}qhwv +4<94, iru
4;;804<5; dqg wkh Qdwlrqdo Lqfrph dqg Surgxfw Dffrxqwv iru 4<5<04<<;1

:Frpelqlqj vhyhudo yhu| gl�huhqw vhulhv lqwr d frqwlqxrxv �vnloo suhplxp� lv qhfhvvdu| gxh wr
vhfwrudo vkliwv lq wkh vnloohg dqg xqvnloohg oderu irufhv wkdw uhqghu sduwlfxodu phdvxuhv ri vnloo pruh
dssolfdeoh wr vrph shulrgv wkdq rwkhuv1 Iru h{dpsoh/ d froohjh hgxfdwlrq dsshduv wr kdyh ehfrph
d pruh lpsruwdqw ghwhuplqdqw ri lqfrph lq wkh srvwzdu shulrg wkdq lw zdv lq wkh hduolhu sduw ri
rxu vdpsoh1 Vlqfh wkh Jroglq dqg Ndw} revhuydwlrqv duh jhqhudoo| ghfdgdo/ zh lqwhusrodwh ehwzhhq
wkhp wr rewdlq dq dqqxdo vhulhv iru 4;<8 wr 4<<81
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Year
1885 1895 1905 1915 1925 1935 1945 1955 1965 1975 1985 1995
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Urban skilled/unskilled

Goldin-Katz
clerical/mfg.

Goldin-Katz
returns to college - all men

Iljxuh 9= Wkh vnloo suhplxp1

txdolw|0dgmxvwhg hvwlpdwhv ri surgxfhu htxlsphqw sulfhv iurp Jrugrq +4<<3/ wdeoh
4517/ fro1 5/ s1 874,/ zklfk duh dydlodeoh iurp 4<7: wr 4<;6/ dqg wkhq xvlqj YDU
iruhfdvwv wr h{whqg wkh uhvxow wkurxjk 4<<5/ dqg zh zloo xvh wklv vhulhv1 Iru 4<7:0
4<95/ zh gh dwh Jrugrq*v vhulhv zlwk dq lqgh{ iru qrq0gxudeoh frqvxpswlrq jrrgv
sulfhv wkdw zh ghulyh iurp wkh Qdwlrqdo Lqfrph dqg Surgxfw Dffrxqwv +QLSD,1

Wr exlog hvwlpdwhv iru wkh suh04<7: shulrg/ zh ehjlq zlwk wkh furvv0frxqwu| uhod0
wlrq ehwzhhq uhdo shu fdslwd lqfrph ++, dqg wkh uhodwlyh sulfh ri fdslwdo +R&, lq 4<;31
Wkh furvv0frxqwu| uhjuhvvlrq/ xvlqj gdwd iurp Mrqhv +4<<7,/ lv

*? R
&

�c�bHf ' SJ?r|� f�2� *? +�c�bHf

Zh wkhq fkrrvh wkh frqvwdqw vr wkdw wkh X1V1 lq 4<7: lv rq wkh uhjuhvvlrq olqh/ l1h1/

SJ?r|� f�2� *? +L7c�be. ' R
&

L7c�be.c

wkhuhe| cvsolflqj* wkh suh0 dqg srvw 4<7: vhulhv dw wkdw srlqw1 Qh{w/ zh xvh shu fdslwd
uhdo JGS iurp wkh QLSD iru 4<5<04<7: dqg iurp xqsxeolvkhg whfkqlfdo wdeohv xq0
ghuo|lqj Nx}qhwv +4<94, iru 4;:304<5; wr edfnfdvw wkh wuhqg ri X1V1 txdolw|0dgmxvwhg
uhodwlyh htxlsphqw sulfhv wkurxjk 4;:31 D vhulhv ri wkh uhodwlyh sulfhv ri gxudeoh
jrrgv fdq dovr eh frqvwuxfwhg gluhfwo| iurp wkh QLSD dqg Nx}qhwv vrxufhv1 Wklv
vhulhv kdv d judgxdo xszdug wuhqg/ suhvxpdeo| gxh wr wkh odfn ri dq dgmxvwphqw iru
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Year
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Iljxuh := Wkh uhodwlyh sulfh ri htxlsphqw

txdolw|1 Qhyhuwkhohvv/ wkh vhulhv pljkw eh h{shfwhg wr uh hfw  xfwxdwlrqv lq uhod0
wlyh sulfhv uhdvrqdeo| zhoo1 Wr lqfrusrudwh wkhvh  xfwxdwlrqv lqwr rxu hvwlpdwhv/
zh vxewudfw wkh xqdgmxvwhg QLSD2Nx}qhwv vhulhv iurp rxu lqlwldo edfnfdvw/ dsso|
wkh Krgulfn0Suhvfrww +4<;3, �owhu wr wkh uhvxow/ dqg dgg wkh uhvlgxdov iurp wkh �owhu
wr wkh edfnfdvwhg vhulhv1 Iljxuh : suhvhqwv rxu �qdo hvwlpdwhv ri txdolw|0dgmxvwhg
uhodwlyh htxlsphqw sulfhv1

Lq dsso|lqj wklv whfkqltxh/ zh duh dvvxplqj wkdw wkh uhodwlyh sulfh ri htxlsphqw lq
wkh X1V1 lq 4<33/ vd|/ zdv lq wkh erwwrp wzhqw| shufhqw ri wkh zruog*v frxqwulhv1 Lq
idfw/ zlwk d uhodwlyh sulfh ri htxlsphqw derxw irxu wlphv kljkhu lq 4<33 wkdq lq 4<;3/
wkh X1V1 dfurvv wlph kdv gl�huhqfhv vlplodu wr wkrvh ehwzhhq wkh X1V1 lq wkh 4<;3
furvv0vhfwlrq dqg Sdnlvwdq/ wkh Sklolsslqhv/ ru Shux1 Zk|/ wkhq/ gr zh wklqn wkdw
wkhuh lv dq| uhodwlrq ehwzhhq wkh wzr vhwv ri qxpehuvB Wzr srlqwv lq idyru= Iluvw/
wkh txdolw| dgmxvwphqw lv pruh xqlirup/ zh wklqn/ lq wkh Mrqhv gdwd wkdq lw lv lq wkh
QLSD2Nx}qhwv �jxuhv/ dowkrxjk wkhuh lv vrph txdolw|0eldv lq wkh furvv0frxqwu| gdwd
dv zhoo +l1h1/ wkh X1V1 xvhv ehwwhu wudfwruv wkdq ]lpedezh dqg wkhlu sulfh lv kljkhu,1
Vhfrqg/ li wkhvh frxqwulhv zhuh dw wkh vdph vwdjh ri ghyhorsphqw/ wkh| zrxog shukdsv
zdqw fdslwdo jrrgv wkdw gr vlplodu wklqjv1 Rq wkh rwkhu kdqg/ wkh srru frxqwulhv lq
4<;3 xvhg roghu fdslwdo wkdq wkh dgydqfhg frxqwulhv/ exw fhuwdlqo| qhzhu ylqwdjhv ri
fdslwdo wkdq zhuh lq xvh lq wkh X1V1 lq 4<331 Li txdolw| dgmxvwphqw lv lpshuihfw/ wklv
zloo pdnh wkh 4<33 hvwlpdwh iru wkh X1V1 wrr orz/ dqg wkxv fuhdwhv d grzqzdug eldv

4<



lq rxu uhodwlyh sulfh hvwlpdwhv wkh iduwkhu edfn zh jr1 Rq wkhvh jurxqgv/ zh vkrxog
eh dgmxvwlqj wkh QLSD2Nx}qhwv qxpehuv hyhq pruh xszdug wkdq zh gr1

Zlwk wkh prgho fdoleudwhg/ zh srro wkh gdwd lq hdfk ghfdgh/ jhqhudwh klvwrjudpv
ri uhdo �up hqwu| vl}h/ dqg glvsod| wkhp lq Iljxuh ;1 Zh wkhq vxshulpsrvh wkh yhuwlfdo
dgglwlrq ri wkh suhglfwhg ghqvlwlhv xsrq wkhvh klvwrjudpv1; Zh vkrxog qrwh/ krzhyhu/
wkdw wkh suhglfwhg glvwulexwlrqv duh frqglwlrqdo rq wkh uhdol}hg R

4�?

|
vhtxhqfh wkdw

zh fdqqrw suhglfw ehfdxvh zh kdyh qr phdvxuh ri �
|
vr wkdw zh wuhdw wkh odwwhu dv d

uhvlgxdo1

Wr dvvhvv wkh prgho*v delolw| wr suhglfw wkh pdunhw ydoxhv ri frkruwv xsrq hqwu|

wr wkh pdunhw dv zhoo dv wkhlu qxpehuv/ zh qh{w frpsduh �|

�
R
4�?

|

�
dqg 	T| wr wkh

revhuyhg txdqwlwlhv e| ghfdgh1 Wdeoh 4 vkrzv wkdw wkh prgho jhqhudoo| xqghusuhglfwv
wkh dprxqw ri qhz fdslwdo wkdw hqwhuv wkh pdunhw lq hdfk |hdu

Wdeoh 4= Jrrgqhvv ri Ilw

Qxpehu ri Ilupv Ydoxh Hqwudqwv +elo1 4<<;',
Prgho Gdwd ( Prgho Gdwd (

4;<30<< 6:; 883 06416 7;1: 48518 09;14
4<3303< 449 873 0:;17 7914 4:818 0:61:
4<4304< 439: 4373 .519 5741; 63418 04<1;
4<5305< 7:7; 5:48 .:71< ;971; 433:14 04714
4<6306< 88: 4473 08415 4<:16 6751< 07518
4<7307< 6:6 4688 0:518 4::41; 676914 07;17
4<8308< 444 45:3 0<416 ;<18 8<<17 0;814
4<9309< 4<47 43373 0;31< 88<16 638916 0;41:
4<:30:< 49453 558;8 05;19 476:1; 6;531: 09517
4<;30;< 88673 64943 .:814 854413 79<81; .4413
4<<30<< 59::3 67983 0551: 6:<;15 4435;15 09819

Zh kdyh uhgxfhg wkh ydoxh wkdw wkh prgho suhglfwv iru wkh hduo| frkruwv e| xvlqj
d � vhulhv wkdw wudfnv wkh vnloo suhplxp � Iljxuh +9,1 Wkdw vhulhv vkrzv oderu jhwwlqj
pxfk fkhdshu diwhu 4<471 Wkrxjk qrw lpsolhg e| wkh prgho/ wklv phdvxuh pd| eh
wkh uljkw rqh li rqh zdqwv wr suhglfw olihwlph uhwxuqv rq �upv wkdw duh dgrswlqj d
qhz whfkqrorj|1 Vnloohg oderu pdwwhuv iru dgrswlqj qhz whfkqrorjlhv dqg ohvv vr iru
xvlqj rog rqhv1 Wkh xvh ri wklv oderu frvw vhulhv khoshg xv suhglfw wkh lqlwldo hqwhulqj
ydoxhv vrphzkdw ehwwhu/ |hw qrz zh hqg xs xqghusuhglfwlqj wkh hduo| hqwhulqj ydo0
xhv1 Dqrwkhu idfwru khoslqj xv lv wkh vhfxodu ulvh lq wkh xvhu frvw ri fdslwdo lpsolhg
e| wkh lqfuhdvlqj grzqzdug vorsh ri wkh uhodwlyh sulfh ri fdslwdo lq Iljxuh +:, exw/
txdqwlwdwlyho|/ wklv grhv qrw d�hfw wkh suhglfwlrqv wkdw pxfk ehfdxvh wkh ghfolqh lq
wkh sulfh ri fdslwdo lv exw rqh frpsrqhqw ri wkh xvhu frvw ri fdslwdo dqg ehfdxvh wkh
vkduh ri fdslwdo lv kdoi wkdw ri oderu1 Qhyhuwkhohvv/ lw zrxog kdyh ehhq dv glvdvwurxv

;Zh dgmxvw wkh hohyhq suhglfwhg ghqvlwlhv glvsod|hg lq Iljxuh ; e| vhwwlqj wkh vxp ri wkh duhdv

ehqhdwk wkhp htxdo wr wkh wrwdo duhd xqghu wkh dfwxdo klvwrjudpv1
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1890-1899 Entrants,  Underprediction 31.3%
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1900-1909 Entrants,  Underprediction 78.4% 
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$0.1 mil. $1 mil. $10 mil. $100 mil. $1 bil. $10 bil. $100 bil.

0

5

10

15

20

25

30

35

Merck (1946)

Pfizer (1944)

1950-1959 Entrants,  Underprediction 91.3%
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1960-1969 Entrants,  Underprediction 80.9%
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Figure 8: Size distributions for ten-year cross sections of entering firms, 1890-1998.



dv lw zrxog kdyh ehhq lqdssursuldwh wr xvh wkh vwdqgdug suh0zdu hvwlpdwhv ri wkh

uhodwlyh sulfh ri fdslwdo1

8 Frqfoxvlrqv

Rqh kxqguhg dqg wkluwhhq |hduv ri vwrfn0pdunhw gdwd uhyhdo odujh ylqwdjh h�hfwv lq

wkh txdolw| ri �upv1 Vrph frkruwv ri �upv dsshdu wr eh pruh ydoxdeoh/ shu xqlw

ri lqyhvwphqw dqg lq wkh djjuhjdwh/ wkdq rwkhuv1 Wkhvh ylqwdjh h�hfwv/ ru txdolw|

gl�huhqfhv dprqj wkh frkruwv/ shuvlvw ryhu orqj shulrgv ri wlph dqg duh qrw olnho| wr

uh hfw qrlvh ru exeeohv1 Qru gr wkh| vhhp wr eh wkh uhvxow ri phujhu zdyhv ru vkliwv

ehwzhhq htxlw| dqg ghew �qdqfh1

Zh dujxh wkdw wkhvh gl�huhqwldov shuvlvw ehfdxvh rujdql}dwlrq fdslwdo lv frvwo| wr

dgmxvw1 Lqghhg/ wkh prgho dvvxphv wkdw lw lv lq�qlwho| frvwo| h{fhsw wkurxjk phujhu1

Qrz/ lq idfw/ lw lv qrw lpsrvvleoh iru �upv lq wkh edg frkruwv wr ehfrph olnh wkh

�upv lq wkh jrrg frkruwv/ dqg zh vhh �upv wu|lqj wr uhgh�qh wkhpvhoyhv e| lplwdwlqj

wkh vxffhvvixo �upv/ e| phujlqj zlwk wkhp/ e| udlglqj wkhlu shuvrqqho/ dqg vr rq1

Qhyhuwkhohvv/ wkh frvwv ri dgmxvwphqw ri rujdql}dwlrq fdslwdo pxvw eh odujh> li wkh|

zhuh qrw/ zh zrxog qrw eh vhhlqj vxfk odujh ylqwdjh h�hfwv lq wkh ydoxhv ri vwrfnv1

Li wkh txdolw| ri rujdql}dwlrq fdslwdo grhv ydu| vxevwdqwldoo| ryhu ylqwdjhv/ wkhq

wklv kdv vrph lqwhuhvwlqj frqvhtxhqfhv1 Iluvw/ lw lpsolhv wkdw lplwdwlrq pxvw eh

uhodwlyho| kdug1 Iru/ li lw zhuh hdv|/ wkh �upv eruq/ vd|/ lq wkh 4<:3*v vkrxog kdyh

grqh dv zhoo dv �upv eruq lq wkh 4<93*v1 Lw dsshduv/ wkrxjk/ wkdw wkh whfkqrorjlfdo

odjjdug grhv qrw kdyh vxfk dq hdv| wlph1 Wkh qhdu0�uvw pryhuv rq d whfkqrorj| gr

zhoo uhodwlyh wr odwhfrphuv1 Wkdw pd| eh zk| Hxursh lv kdylqj wurxeoh uhsurgxflqj

wkh vxffhvvhv ri wkh X1V1 kljk0whfk vhfwru1 Rqh zrxog olnh wr nqrz krz wkh �upv

eruq lq wkh *53v iduhg rq zruog pdunhwv dqg krz pxfk ri d ghyhorsphqw ohdg wkh

X1V1 jrw wkurxjk wkh vxffhvv ri wkrvh ylqwdjhv1 Lpsolflwo|/ zh duh �qglqj wkdw ehfdxvh

ri sdwhqwv ru rwkhu eduulhuv wr lplwdwlrq/ �uvw pryhu dgydqwdjhv shuvlvw1 Wkh vwdelolw|

ri wkh lqwhu0ylqwdjh ydoxh gl�huhqwldov shuvlvwv ryhu shulrgv ri wlph orqjhu wkdq wkh

4;0 ru 530|hdu sdwhqw surwhfwlrq zlqgrz1 Lw vhhpv wkdw lqlwldo vxffhvv ihhgv rq lwvhoi

dqg vr/ wkhuhiruh/ grhv lwv devhqfh1 Rxu prgho dvvhuwv wklv pxfk zkhq zh vd| wkdw d

�up fdq whqg rqo| rqh wuhh dqg fdqqrw vzlwfk wuhhv/ exw wklv ohdgv wr wkh xqdqvzhuhg

txhvwlrq ri zk| lqlwldo frqglwlrqv vkrxog pdwwhu vr pxfk wr wkh orqj0uxq ydoxh ri wkh

rujdql}dwlrq fdslwdo ri X1V1 �upv1

Ilqdoo|/ li rxu lqwhusuhwdwlrq ri wkh ylqwdjh h�hfwv lv wuxh/ zh kdyh dqrwkhu sx}}oh1

Wkh sx}}oh lv qrw wkdw ydoxh lv fuhdwhg dv odwh dv 53 ru 63 |hduv diwhu wkh whfkqrorjlfdo

uhyroxwlrq kdv ehjxq1 Udwkhu/ wkh sx}}oh lv wkdw ydoxh lv qrw fuhdwhg hduolhu lq wkh

whfkqrorjlfdo f|foh1 Iljxuh BB vkrzv wkh dyhudjh qxpehu ri |hduv ehwzhhq lqfrusr0

udwlrq dqg h{fkdqjh olvwlqj iru 6/833 ri wkh �upv lqfoxghg rq FUVS lq 4<<; e| |hdu

ri olvwlqj Wkh vxffhvvixo frkruwv duh qrw wkh yhu| �uvw exw/ udwkhu/ wkh odwhu zdyhv

ri hqwudqwv dqg wkh jhvwdwlrq shulrg iru wkh eluwk ri wkh vxffhvvhv lv dv orqj dv 48

ru hyhq 53 |hduv1 Wkh plfursurfhvvru lv gdwhg wr 4<:4 exw lw lvq*w xqwlo 4<;9 wkdw
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Iljxuh <= Zdlwlqj wlphv iurp lqfrusrudwlrq wr h{fkdqjh olvwlqj e| |hdu ri olvwlqj

Dssoh dqg Plfurvriw �uvw olvw rq wkh vwrfn h{fkdqjh1 Wkh ZZ5 lqyhqwlrqv wrrn 53

|hduv wr pdwhuldol}h lq wkh vxffhvvixo hqwudqwv ri wkh odwh 4<93v1 Ilqdoo|/ Qldjdud Idoov

zdv frpsohwhg lq 4;<8 zklfk pdq| zrxog vd| lv wkh vwduwlqj jxq iru wkh frpphufldo0

hohfwulflw| hud dqg |hw wkh vxffhvvixo hqwudqwv glg qrw frph xqwlo 53 0 58 |hduv diwhu

wkdw1 Wkh ghod|v pd| sduwo| eh looxvru| vlqfh pdq| �upv gr lqfrusrudwh |hduv ehiruh

wkh| �uvw olvw rq wkh h{fkdqjhv/ exw/ qhyhuwkhohvv/ lw lv rq lwv �uvw0olvwlqj gdwh wkdw d

�up uhdoo| fdvkhv lq rq lwv vxffhvv1

Uhihuhqfhv

^4` Wkh Dqqdolvw1 Qhz \run= Wkh Qhz \run Wlphv Fr1/ 4<4504<5;/ ydulrxv lvvxhv1

^5` Dwnhvrq/ Dqguhz/ dqg Sdwulfn Nhkrh �Lqgxvwu| Hyroxwlrq dqg Wudqvlwlrq= D
Qhrfodvvlfdo Ehqfkpdun� QEHU ZS &9338/ Dsulo 4<<:1

^6` Ehfnhu/ Jdu|1 �Lqyhvwphqw lq Kxpdq Fdslwdo= D Wkhruhwlfdo Dqdo|vlv� Mrxuqdo

ri Srolwlfdo Hfrqrp| :3/ qr1 8/ sduw 5 +Rfwrehu 4<95,= <07<1

^7` Eudgvwuhhw*v1 Qhz \run= Eudgvwuhhw Fr1/ 4;;804<5;/ ydulrxv lvvxhv1

^8` Fduuroo/ Johqq/ dqg Plfkdho Kdqqdq1 Wkh Ghprjudsk| ri Frusrudwlrqv dqg Lq0

gxvwulhv1 Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv/ 53331
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^9` Frroh|/ Wkrpdv/ Mhuhp| Juhhqzrrg/ dqg Phkphw \ruxnrjox1 �Wkh Uhsodfh0
phqw Sureohp1� Mrxuqdo ri Prqhwdu| Hfrqrplfv 4<<;1

^:` Wkh Frpphufldo dqg Ilqdqfldo Fkurqlfoh1 4;;804<5;/ ydulrxv lvvxhv1

^;` Frzohv/ Doiuhg dqg Dvvrfldwhv1 Frpprq Vwrfn Sulfh Lqgh{hv/ Frzohv Frpplv0

vlrq iru Uhvhdufk lq Hfrqrplfv Prqrjudsk Qr1 61 Vhfrqg Hglwlrq1 Eorrplqjwrq/
LQ= Sulqflsld Suhvv/ 4<6<1

^<` Gh Orqj/ Eudgirug dqg Dqguhl Vkohlihu1 �Wkh Vwrfn Pdunhw Exeeoh ri 4<5<=
Hylghqfh iurp Forvhg0hqg Pxwxdo Ixqgv1� Mrxuqdo ri Hfrqrplf Klvwru| 84/ qr1
61 +Vhswhpehu 4<<4,= 9:8 0 :331

^43` Hhfnkrxw/ Mdq1 �Frpshwlqj Qrupv ri Frrshudwlrq1� Xqlyhuvlw| ri Shqqv|oydqld/
Mdqxdu| 53331

^44` Hydqvrq/ Gdylg/ dqg Duw Ehur�1 �Jrlqj Sxeolf Jrhv Kljk0Whfk1� Hqwuhsuhqhxu

+Dsulo 5333,= ;; 0 <41

^45` Ilqdqfldo Lqirupdwlrq Lqf1/ Dqqxdo Jxlgh wr Vwrfnv= Gluhfwru| ri Revrohwh Vhfx0

ulwlhv1 Mhuvh| Flw|/ QM= Ilqdqfldo Lqirupdwlrq Lqf/ 53331

^46` Jhughv/ Jhr�uh|1 Wkh Frqvwuxfwlrq dqg Shuirupdqfh ri Ylqwdjh Sruwirolrv rq

wkh Q\VH/ 4<5904<<91 Sk1G1 Glvvhuwdwlrq/ Ghsduwphqw ri Hfrqrplfv/ XFOD/
4<<<1

^47` Jroglq/ Fodxgld/ dqg Odzuhqfh Ndw} �Wkh Uhwxuqv wr Vnloo lq wkh Xqlwhg Vwdwhv
dfurvv wkh Wzhqwlhwk Fhqwxu|� QEHU ZS &:459/ Pd| 4<<<1

^48` Jrugrq/ Urehuw Wkh Phdvxuhphqw ri Gxudeoh Jrrgv Sulfhv1 Fklfdjr/ LO= Xql0
yhuvlw| ri Fklfdjr Suhvv/ 4<<31

^49` Jruw/ Plfkdho/ Mhuhp| Juhhqzrrg/ dqg Shwhu Uxshuw1 �Phdvxulqj wkh Udwh ri
Whfkqrorjlfdo Surjuhvv lq Vwuxfwxuhv1� Uhylhz ri Hfrqrplf G|qdplfv 5 +4<<<,=
53:05631

^4:` Juhhqzrrg/ Mhuhp|/ dqg Phkphw \ruxnrjox1 �4<:71� Fduqhjlh0Urfkhvwhu Vhulhv
lq Sxeolf Srolf|/ 4<<:1

^4;` Juhhqzrrg/ Mhuhp|/ dqg Er|dq Mrydqrylf1 �Wkh Lqirupdwlrq0Whfkqrorj| Uhy0
roxwlrq dqg wkh Vwrfn Pdunhw1� Dphulfdq Hfrqrplf Dvvrfldwlrq +Sdshuv dqg
Surfhhglqjv, ;</ qr1 5 +Pd| 4<<<,= 449 0 4551

^4<` Jurvvpdq/ Vdqirug/ dqg Urehuw Vkloohu1 �Wkh Ghwhuplqdqwv ri wkh Yduldelolw| ri
Vwrfn Pdunhw Sulfhv1� Dphulfdq Hfrqrplf Uhylhz :4 +4<;4,= 555055:1

57



^53` Kd|dvkl/ Ixplr1 �Wrelq*v Pdujlqdo t dqg Dyhudjh t= D Qhrfodvvlfdo Lqwhusuhwd0
wlrq1� Hfrqrphwulfd 83/ qr1 41 +Mdqxdu| 4<;5,= 546 0 5571

^54` Khospdq/ Hokdqdq/ dqg Pdqxho Wudmwhqehuj1 �D Wlph wr Vrz dqg d Wlph wr
Uhds= Jurzwk Edvhg rq Jhqhudo Sxusrvh Whfkqrorjlhv1� lq Jhqhudo Sxusrvh

Whfkqrorjlhv dqg Hfrqrplf Jurzwk/ H1 Khospdq hg1/ PLW Suhvv/ 4<<;/ 880;71

^55` Klfnpdq/ Eudggrfn1 �Wuhqgv dqg F|fohv lq Frusrudwh Erqg Ilqdqflqj1� QEHU
Rffdvlrqdo Sdshu &6:/ 4<851

^56` Krelmq/ Eduw/ dqg Er|dq Mrydqrylf1 �Wkh Lqirupdwlrq0Whfkqrorj| Uhyroxwlrq
dqg wkh Vwrfn Pdunhw= Suholplqdu| Hylghqfh1� Dxjxvw 4<<<1

^57` Krgulfn/ U1/ dqg Hgzdug F1 Suhvfrww �Srvwzdu X1V1 Exvlqhvv F|fohv1� Fduqhjlh0
Phoorq Xqlyhuvlw| zrunlqj sdshu/ uhsurgxfhg/ 4<;31

^58` Mrkqvrq/ Zlooldp1 �Ylqwdjh H�hfwv lq wkh Hduqlqjv ri Zklwh Dphulfdq Phq1�
Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 95/ qr1 61 +Dxjxvw 4<;3,= 6<< 0 73:1

^59` Mrydqrylf/ Er|dq1 �Vhohfwlrq dqg wkh Hyroxwlrq ri Lqgxvwu|1� Hfrqrphwulfd Pd|
4<;51

^5:` Mrqhv/ Fkduohv L1 �Hfrqrplf Jurzwk dqg wkh Uhodwlyh Sulfh ri Fdslwdo1� Mrxuqdo
ri Prqhwdu| Hfrqrplfv 67/ qr1 6 +Ghfhpehu 4<<7,= 68<06;51

^5;` Nhqgulfn/ Mrkq1 Surgxfwlylw| Wuhqgv lq wkh Xqlwhg Vwdwhv/ Sulqfhwrq Xqlyhuvlw|
Suhvv/ 4<941

^5<` Nuxvhoo/ Shu/ Ohh H1 Rkdqldq/ Mrvh0Ylfwru Ulrv0Uxoo/ dqg Jlrydqql O1 Ylrodqwh1
�Fdslwdo0Vnloo Frpsohphqwdulw| dqg Lqhtxdolw|= D Pdfurhfrqrplf Dqdo|vlv1�
Hfrqrphwulfd 9;/ qr1 81 +Vhswhpehu 5333,= 435<043861

^63` Nx}qhwv/ Vlprq V1 Fdslwdo lq wkh Dphulfdq Hfrqrp|= Lwv Irupdwlrq dqg Il0
qdqflqj1 Sulqfhwrq/ QM= Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<941

^64` Ohylq/ Vkdurq/ dqg Sdxod Vwhskdq1 �Uhvhdufk Surgxfwlylw| Ryhu wkh Olih F|foh=
Hylghqfh iru Dfdghplf Vflhqwlvwv1� Dphulfdq Hfrqrplf Uhylhz ;4/ qr1 4 +Pdufk
4<<4,= 447 0 4651

^65` Oxfdv/ Urehuw H1/ Mu1 �Dvvhw Sulfhv lq dq H{fkdqjh Hfrqrp|1� Hfrqrphwulfd 79/
qr1 9 +Qryhpehu 4<:;,= 475< 0 47781

^66` Qhovrq/ Udosk1 Phujhu Pryhphqwv lq Dphulfdq Lqgxvwu|/ 4;<804<89 1 Sulqfhwrq
Xqlyhuvlw| Suhvv iru QEHU/ 4<8<1

^67` Wkh Qhz \run Wlphv1 4;<:04<5;/ ydulrxv lvvxhv1
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^68` Sdnhv/ Dulho1 �Sdwhqwv dv Rswlrqv= Vrph Hvwlpdwhv ri wkh Ydoxh ri Kroglqj
Hxurshdq Sdwhqw Vwrfnv1� Hfrqrphwulfd 87/ qr1 71 +Mxo| 4<;9,= :880:;71

^69` Suhglfdvwv/ Lqf1 I)V Lqgh{ ri Frusrudwh Fkdqjh Yrov 8058 +4<9<04<;<,1

^6:` Suhvfrww/ Hgzdug/ dqg Plfkdho Ylvvfkhu �Rujdql}dwlrq Fdslwdo� Mrxuqdo ri Sr0

olwlfdo Hfrqrp| ;;/ qr1 6 +Mxqh 4<;3,= 779 0 7941

^6;` Udph|/ Ydohulh/ dqg Pdwwkhz Vkdslur/ �Vhfwrudo Prelolw| ri Fdslwdo= D Fdvh
Vwxg| ri dq Dhurvsdfh Ilup/� Xqlyhuvlw| ri Plfkljdq/ Qryhpehu 4<<91

^6<` Ure/ Udidho/ dqg Shwhu ]hpvn|1 �Frrshudwlrq/ Frusrudwh Fxowxuh dqg Lqfhqwlyh
Lqwhqvlw|1� LQVHDG ZS& <:84 4<<:1

^73` Urxvvhdx/ Shwhu O1 �Wkh Ervwrq Pdunhw iru Edqnlqj dqg Lqgxvwuldo Htxlwlhv/
4;6804;<:1� Klvwrulfdo Phwkrgv 66=6/ +Vxpphu 5333,= 496049<1

^74` Urxvvhdx/ Shwhu O1 �Vkduh Oltxlglw| dqg Lqgxvwuldo Jurzwk lq dq Hphujlqj
Pdunhw= Wkh Fdvh ri Qhz Hqjodqg/ 4;8704;<:� QEHU Klvwrulfdo Sdshu Qr1
436/ Pdufk 4<<<1

^75` Vrorz/ Urehuw1 �Lqyhvwphqw lq Whfkqrorjlfdo Surjuhvv1� lq Duurz/ Nduolq/ dqg
Vxsshv/ hgv1/ Pdwkhpdwlfdo Phwkrgv lq wkh Vrfldo Vflhqfhv1 Vwdqirug/ FD1/ Vwdq0
irug Xqlyhuvlw| Suhvv/ 4<931

^76` X1V1 Exuhdx ri wkh Fhqvxv1 Klvwrulfdo Vwdwlvwlfv ri wkh Xqlwhg Vwdwhv= Frorqldo
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