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Abstract

This paper analyzes the role of the structure of skills in economic de-
velopment through investment in human capital. With a lack of credit
market for education and the presence of indivisibilities in investment
in human capital as well as of congestion in the educational system,
the initial distribution of skills affects aggregate output and investment
both in the short and the long run, as there are multiple balanced
growth paths. This paper provides an additional explanation for the
persistent differences in per-capita output across countries. Moreover,
it shows that cross-country differences in macroeconomic adjustment
to educational policies can be attributed, among other factors, to dif-
ferences in the distribution of skills.
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4 Lqwurgxfwlrq

Wklv sdshu h{soruhv wkh wkhruhwlfdo olqndjh ehwzhhq vrfldo prelolw| dqg jurzwk/
wkurxjk lqyhvwphqw lq kxpdq fdslwdo1 Rxu pdlq lqwhuhvw lv krz kljk vnloohg
srsxodwlrq hyroyhv wkurxjk wlph lq oljkw ri hgxfdwlrqdo srolflhv dqg krz lw lv
uhodwhg wr jurzwk1 Lw lv vkrzq wkdw wkh glvwulexwlrq ri vnloov fdq vljql�fdqwo|
d�hfw djjuhjdwh hfrqrplf dfwlylw| erwk lq wkh vkruw dqg lq wkh orqj0uxq1
Frxqwulhv zklfk kdyh vlplodu hgxfdwlrqdo srolflhv exw gl�huhqw klvwrulfdoo|
ghwhuplqhg vnloov vwuxfwxuhv/ iroorz gl�huhqw jurzwk sdwkv1 Pruhryhu/ lq wkh
orqj0uxq/ wudqvlwru| fkdqjhv lq hgxfdwlrqdo srolflhv pd| kdyh txlwh gl�hu0
hqw h�hfwv dffruglqj wr wkh vnloov vwuxfwxuh lq wkh hfrqrp|1 Vrph frxqwulhv
pd| uhdfk d qhz vwdjh ri ghyhorsphqw zkloh rwkhuv duh wudsshg dw d orz
ghyhorsphqw htxloleulxp1 Khqfh wkh sdshu vxjjhvwv dq h{sodqdwlrq iru wkh
gl�huhqfhv lq jurzwk sdwwhuqv ehwzhhq frxqwulhv1

Rqh ri wkh pdmru prwlydwlrqv wr vwxg| wkh uhodwlrqvkls ehwzhhq hgx0
fdwlrq dqg jurzwk lv wkh revhuyhg fruuhodwlrq ehwzhhq vnloov dqg hfrqrplf
shuirupdqfh1 Lq ghyhorshg frxqwulhv/ zh revhuyh wzr pdlq ohyhov ri irupdo
hgxfdwlrq1 Wkh �uvw lv wkh frpsxovru| vfkrrolqj zklfk surylghv lqglylgx0
dov zlwk ixqgdphqwdo nqrzohgjh1 Wkh vhfrqg lqfoxghv vxevhtxhqw wudlqlqjv
+froohjh dqg xqlyhuvlw|,1 Iru vhyhudo ghfdghv/ wklv vwuxfwxuh hyroyhv zlwk dq
lqfuhdvlqj sursruwlrq ri vwxghqwv/ hyhq li wklv whqgdqf| vhhpv wr vorz grzq1
Iru h{dpsoh/ lq wkh Xqlwhg Vwdwhv/ wkh froohjh srsxodwlrq lqfuhdvhg e| 717(
|hduo| rq dyhudjh iurp 4<:3 wr 4<;3c dqg e| 519( |hduo| rq dyhudjh vlqfh
wkh ehjlqqlqj ri wkh 4<<3*v1 Rq wkh frqwudu|/ pdq| ghyhorslqj frxqwulhv
idlo wr surprwh xqlyhuvlw| hgxfdwlrq dqg uhpdlq/ dw ehvw/ zlwk d yhu| odujh
sursruwlrq ri orz vnloohg lqglylgxdov dqg d yhu| orz jurzwk udwh1 Ilqdoo|/ d
vhw ri frxqwulhv/ lqfoxglqj �qhz gudjrqv� vxffhhghg lq ghyhorslqj xqlyhuvlw|
dqg kdyh h{shulhqfhg kljk jurzwk udwhv1

Iroorzlqj hpslulfdo vwxglhv vkrzlqj wkh lpsruwdqfh ri wkh zrunirufh txdo0
lw| rq wkh jurzwk surfhvv +Ghqlvrq/ 4<95> Mrujhqvrq/ 4<;7> Eduur/ 4<<4,/
vrph prghov ri hfrqrplf jurzwk/ vxfk dv Oxfdv +4<;;, ru D}duldglv dqg
Gud}hq +4<<3,/ kdyh hpskdvl}hg lqyhvwphqw lq kxpdq fdslwdo dv dq lpsru0
wdqw idfwru frqwulexwlqj wr jurzwk1 Wkhvh prghov jhqhudwh shuvlvwhqw jurzwk
hqgrjhqhrxvo|1 D}duldglv dqg Gud}hq +4<<3, surylgh dq h{sodqdwlrq iru hfr0
qrplf ghyhorsphqw uhodwhg wr lqfuhdvlqj uhwxuqv wr hgxfdwlrq1 Wr wkh h{whqw
wkdw d vljql�fdqw frpsrqhqw ri kxpdq fdslwdo lv gxh wr irupdo vfkrrolqj/
wkhvh prghov gr qrw dffrxqw iru hgxfdwlrq vxsso| +dqg lwv rujdql}dwlrq,1
Ixuwkhu/ wkh| duh uhsuhvhqwdwlyh djhqw prghov dqg wkhq fdq*w vwuhvv dq| lv0
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vxhv frqfhuqlqj wkh vwuxfwxuh ri vnloov dq hfrqrp|1 Wklv vkruwfrplqj dssolhv
wr Wdpxud +4<<4, vlqfh/ lq klv prgho/ dq lqlwldo khwhurjhqhrxv srsxodwlrq
frqyhujhv wr dq krprjhqrxv rqh1

Edqhumhh dqg Qhzpdq +4<<6, surylgh dq h{sodqdwlrq iru gl�huhqw hfr0
qrplf ghyhorsphqw sdwkv edvhg rq zhdowk glvwulexwlrq/ uhjdugohvv ri hgx0
fdwlrq1 Jdoru dqg ]hlud +4<<6, dqdo|}hg wkh olqndjh ehwzhhq zhdowk glvwul0
exwlrq/ hgxfdwlrq fkrlfhv dqg jurzwk1 Exw wkh| ljqruhg wkh h!flhqf| ri
wkh hgxfdwlrqdo v|vwhp dqg wkh lpsdfw ri hgxfdwlrqdo srolflhv rq wkh jurzwk
surfhvv1 Wkh lpsruwdqfh ri hgxfdwlrq vxsso| kdv ehhq vwuhvvhg lq d jhqhudo
htxloleulxp prgho e| Jorpp dqg Udylnxpdu +4<<5, zkr vkrz krz hgxfd0
wlrqdo lqfhqwlyhv frxog eh gl�huhqw dffruglqj wr wkh qdwxuh ri wkh hgxfdwlrqdo
v|vwhp dqg krz wklv ohdgv wr gl�huhqw lqfrph glvwulexwlrqv dqg jurzwk sdwkv1
Lq dqrwkhu iudphzrun/ Eìqderx +4<<9, frqvlghuv g|qdvwlhv lq zklfk ruljlqdo
sduhqw vshqgv wlph wr hgxfdwh klv fklog dqg yrwhv wd{hv wr surylgh klp zlwk
sxeolf hgxfdwlrq exw kh lv qrw frqfhuqhg zlwk hfrqrplf ghyhorsphqw1

Wklv sdshu ghyhorsv d jhqhudo htxloleulxp prgho zlwk ryhuodsslqj jhq0
hudwlrqv dqg lqwhujhqhudwlrqdo dowuxlvp1 Lw irfxvhv rq wkh hgxfdwlrqdo rujd0
ql}dwlrq zlwk wzr ohyhov ri kxpdq fdslwdo1 Wkh edvlf ohyho/ fdoohg orz vnloo/
lv uhdfkhg e| doo djhqwv lq wkh hfrqrp| dqg lv hqwluho| �qdqfhg e| wd{hv
rq zdjhv1 Wkh vhfrqg ohyho/ fdoohg kljk vnloo/ lv rqo| sduwldoo| �qdqfhg e|
wkh jryhuqphqw dqg lpsolhv dq lqglylgxdo fkrlfh ri sd|lqj ru qrw wkh dggl0
wlrqdo sulydwh frvw/ wkh wxlwlrq ihh1 Zlwkrxw fuhglw pdunhwv iru hgxfdwlrq/
sduhqwv fkrrvh wr sd| ru qrw wkh ihh iru wkhlu fkloguhq/ dffruglqj wr wkhlu
suhihuhqfhv +zklfk ghshqg rq wkh kxpdq fdslwdo ohyho ri wkhlu fkloguhq, dqg
wr wkhlu lqfrph4 +vhfwlrq 5,1 Wklv frqwudvwv zlwk Judgvwhlq dqg Mxvwpdq
+4<<9, zkr frqvlghu wkdw dgglwlrqdo sulydwh vshqglqjv duh shuihfwo| glylvleoh
dqg pd| frpsohwh sxeolf rqhv1 Rxu irupxodwlrq kljkoljkwv wkh h{lvwhqfh ri
�{hg frvwv/ vxfk dv ihhv/ wr dffhvv xqlyhuvlw| +vhh Fklx/ 4<<;,1 Hfnvwhlq dqg
]lofkd +4<<7, iruphuo| lqwurgxfhg sxeolf hgxfdwlrq zklfk ghshqgv rq hgx0
fdwruv lq d qrq srolwlfdo frqwh{w exw wkh| rqo| irfxvhg rq wkh h�hfw ri wkh
lqwurgxfwlrq ri frpsxovru| vfkrrolqj1

Lq hdfk shulrg/ sduhqwv duh glylghg lqwr wzr fdwhjrulhv/ wkh kljk0vnloohg
+KV, zkr kdyh kdg wkh vhfrqg ohyho ri irupdwlrq dqg wkh orz0vnloohg +OV, zkr
kdyh qrw kdg lw1 Hdfk sduhqw kdv rqh fklog/ dqg kh fkrrvhv zkhwkhu ru qrw wr

4Lq prvw ri wkh phqwlrqhg olwwhudwxuh/ wkhuh duh qr fuhglwv pdunhwv iru hgxfdwlrq1 Hg0
xfdwlrq wdnhv sodfh ehfdxvh ri sduhqwdo dowuxlvp1 D qrwdeoh h{fhswlrq lv Ihkuvwpdq dqg
do +4<<9,1
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sd| wkh ihh iru klv fklog1 Wkhuh duh wkhq wkuhh srvvlelolwlhv iru wkh sursruwlrq
ri KV lq wkh qhz jhqhudwlrq +vhfwlrq 6,1 Qr fkdqjh dulvhv zkhq doo KV
fkrrvh wr sd| wkh ihh dqg qr OV sd|v lw1 Dq lqfuhdvh lq wkh KV sursruwlrq
dulvhv zkhq vrph ri wkh OV fkrrvh wr sd| wkh ihh1 D ghfuhdvh ri wkh KV
sursruwlrq dulvhv zkhq qr OV dqg rqo| sduw ri wkh KV sd|v wkh ihh1 Wkhvh
wkuhh rxwfrphv dsshdu lq wkh vwxg| ri wkh vkruw0whup htxloleulxp1 Lq wkh
lqwhuwhpsrudo htxloleulxp zlwk shuihfw iruhvljkw +vhfwlrq 7,/ wkhvh srvvleoh
fkdqjhv lq wkh sursruwlrq ri KV frpelqh zlwk wkh dffxpxodwlrq ri sk|vlfdo
fdslwdo uhvxowlqj iurp wkh vdylqjv ghflvlrqv dqg zlwk wkh dffxpxodwlrq ri
kxpdq fdslwdo= wkhuh lv dq h{whuqdo h�hfw ri wkh phdq ohyho ri kxpdq fdslwdo
iurp rqh jhqhudwlrq wr wkh qh{w1

Zh vkrz wkdw wkh g|qdplfv lv prqrwrqlf iru erwk wkh sursruwlrq ri wkh
KV djhqwv dqg wkh udwlr ri sk|vlfdo fdslwdo wr wkh phdq kxpdq fdslwdo1 Lq
wkh orqj0uxq/ wkhuh lv dq hqgrjhqrxv jurzwk udwh zklfk ghshqgv rq wkh orqj
uxq sursruwlrq ri KV djhqwv1 Wkuhh whqgdqflhv dsshdu frqfhuqlqj wkh sur0
sruwlrq ri KV1 Iluvw/ wkhuh duh lqwhuydov zkhuh wklv sursruwlrq lv frqvwdqw1
Khqfh/ lghqwlfdo vfkrrolqj v|vwhpv ohdg wr gl�huhqw jurzwk udwhv dffruglqj wr
gl�huhqw sursruwlrqv ri KV djhqwv1 Vhfrqg/ wklv sursruwlrq ghfuhdvhv zkhq
wkh wd{ udwh lv wrr kljk dqg lw pd| frqyhujhv wr d �orz0vnloo wuds�/ zklfk
fdq eh ylhzhg dv dq xqghughyhorsphqw wuds1 Wklug/ wkh sursruwlrq ri KV
lqfuhdvhv zkhq wkh wd{ udwh lv orz hqrxjk dqg lw frqyhujhv wr d kljkhu jurzwk
sdwk1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh iroorzlqj vhfwlrq suhvhqwv wkh
edvlf prgho1 Vhfwlrq 6 surylghv dq dqdo|vlv ri wkh vkruw0whup htxloleulxp1 Lq
vhfwlrq 7/ zh suhvhqw wkh g|qdplfv1 Wkh vwxg| ri wkh h�hfwv ri wkh sursruwlrq
ri kljk vnloohg lv surylghg lq vhfwlrq 81 Lq vhfwlrq 9/ zh vwxg| ghyhorsphqw
sdwkv dqg dvvhvv wkh h�hfwv ri hgxfdwlrqdo srolflhv1 Wkh odvw vhfwlrq frqwdlqv
frqfoxglqj uhpdunv1

5 Wkh prgho

Zh frqvlghu d wkuhh shulrg olyhg ryhuodsslqj jhqhudwlrqv prgho1 Hdfk shulrg
|c wkhuh lv d frqwlqxxp ri djhqwv eruq dw | ri zhljkw 4 zklfk duh lghqwlfdo/
exw wkhlu sduhqwv duh qrw1

Hdfk djhqw eruq dw | uhfhlyhv d edvlf hgxfdwlrq/ dqg d sursruwlrq ri wkhp
uhfhlyhv dq dgglwlrqdo hgxfdwlrq +vd| dw xqlyhuvlw|, gxulqj wkhlu �uvw shulrg
ri olih1 Lq shulrg |n �/ zkhq dgxow/ kh zrunv/ frqvxphv/ vdyhv dqg pd| sd|
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wkh ihh +�qdqfh wkh xqlyhuvlw|, iru klv fklog1 Lq klv odvw shulrg ri olih | n 2c
kh lv uhwluhg dqg frqvxphv wkh jurvv uhwxuq ri klv vdylqjv�

Sduhqwv lq shulrg | duh hlwkhu kljk vnloohg +KV, ru orz vnloohg +OV,1 Wkh
R| KV zrunhuv duh wkrvh zkr ehqh�whg wkh dgglwlrqdo hgxfdwlrq lq shulrg
|� �1 Wkhlu kxpdq fdslwdo ohyho lv �r

|
dqg wkhlu zdjh lqfrph lv �|�

r

|
/ zkhuh

�| lv wkh zdjh shu xqlw ri h!flhqw oderu1 Wkh kxpdq fdslwdo ri wkh � � R|
OV sduhqwv +wkrvh zkr rqo| uhfhlyhg wkh edvlf hgxfdwlrq lq shulrg | � �, lv
�J

|
dqg wkhlu zdjh lqfrph lv �|�

J

|
1 Sduhqwv fkrrvh wr sd| ru qrw wr sd| wkh

ihh +frvw ri dgglwlrqdo wudlqlqj, iru wkhlu fklog1

514 Wkh hgxfdwlrqdo v|vwhp

Wkh edvlf hgxfdwlrq lq shulrg | dssolhv wr doo djhqwv dqg lw lv �qdqfhg e| wkh
jryhuqphqw1 Lw ohdgv wr d kxpdq fdslwdo ohyho

�J

|n� ' xEkr

|
R|c k

J

|
E�� R|�� 7�| +4,

zklfk ghshqgv rq wkh qxpehu kr

|
R| ri KV whdfkhuv +kr

|
lv wkh sursruwlrq

ri wkh R| KV zrunhuv zkr duh whdfkhuv lq wkh edvlf vfkrro,/ rq wkh qxpehu
kJ

|
E�� R|� ri OV whdfkhuv dqg rq wkh phdq kxpdq fdslwdo ohyho +ri dgxowv,

lq wkh vrflhw| dw gdwh |=

7�| ' R|�
r

|
n E� � R|��

J

|
+5,

x lv dq lqfuhdvlqj ixqfwlrq ri lwv dujxphqwv= x� : f/ x2 : f1
Wkh frvw ri wkh edvlf hgxfdwlrq lv wkh wrwdo zdjh frvw ri whdfkhuv5

kr

|
R|�|�

r

|
n kJ

|
E� � R|��|�

J

|

Wklv frvw zloo eh sdlg e| wkh jryhuqphqw wkurxjk wd{hv rq zdjh lqfrph1

Wkh dgglwlrqdo wudlqlqj lq shulrg | rqo| dssolhv wr R|n� fkloguhq/ wkrvh iru
zklfk sduhqwv dffhsw wr sd| iru lw1 Wkh ihh lv sursruwlrqdo wr wkh fxuuhqw KV
zdjh

5Zrunhuv dqg whdfkhuv zdjhv duh wkh vdph iru dq htxdo txdol�fdwlrq +qrq duelwudjh
surshuw|,1 D vlpsoh lqwhusuhwdwlrq ri wkh wzr w|shv ri whdfkhuv lv wkh iroorzlqj1 Wr whdfk
wkh edvlf hgxfdwlrq lw lv vx!flhqw wr kdyh kdg lw/ l1h1 erwk OV dqg KV fdq gr lw1 Exw KV
duh pruh h!flhqw dqg wkhuh lv vrph frpsohphqwdulw|1
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er
|
' �|�|�

r

|
+6,

Wkh surgxfwlrq ri �r ghshqgv rq wkuhh dujxphqwv= wkh qxpehu ri xqlyhu0
vlw| surihvvruv wkh jryhuqphqw �qdqfhv Eq|R|� c wkh ihh/ �|c dqg wkh qxpehu
ri vwxghqwv R|n�1 Vshfl�fdoo|=

�r

|n� ' [Eq|R|c �|c R|n���
J

|n� +7,

[ lv dq lqfuhdvlqj ixqfwlrq ri q|R| dqg �|( lw lv d ghfuhdvlqj ixqfwlrq ri
wkh qxpehu ri vwxghqwv R|n� +gloxwlrq h�hfw,1

Wkh xqlyhuvlw| hgxfdwlrq lqfuhdvhv wkh kxpdq fdslwdo ohyho zklfk uhvxowv
iurp wkh edvlf hgxfdwlrq1 Zlwkrxw vshqglqjv Eq| ' �| ' f� wkhuh lv qr vxs0
sohphqwdu| kxpdq fdslwdo dffxpxodwlrq= [Efc fc R� ' � iru doo R � f1

Wkh wrwdo �qdqflqj e| wkh jryhuqphqw +lqfoxglqj wkh edvlf hgxfdwlrq, lv

}| ' Ekr

|
n q|� R|�|�

r

|
n kJ

|
E�� R|��|�

J

|
+8,

Zh vkdoo dvvxph srvlwlyh sursruwlrq ri doo whdfkhuv dqg d srvlwlyh ihh
kr

|
: f/ kJ

|
: f/ q| : f/ �| : f/ kr

|
n q| 	 �/ kJ

|
	 �1

515 Wkh frqvxphuv

Dq djhqw eruq lq |� � zrunv lq shulrg |1 Klv kxpdq fdslwdo �| lv hlwkhu �
r

|

ru �J

|
dffruglqj wr kh kdv uhfhlyhg ru qrw wkh xqlyhuvlw| hgxfdwlrq1

Zlwk d wd{ udwh �| rq klv zdjh lqfrph/ wkh diwhu0wd{ lqfrph ri dq djhqw
zlwk d kxpdq fdslwdo �| lv E�� �|��|�|1 Kh frqvxphv S|/ vdyhv r|/ dqg vshqgv
e| iru wkh xqlyhuvlw| hgxfdwlrq ri klv fklog1 Kh fkrrvhv e| hlwkhu htxdo wr er

|

dqg wkh fklog uhfhlyhv wkh xqlyhuvlw| hgxfdwlrq/ ru kh fkrrvhv e| ' f dqg klv
fklog grhv qrw uhfhlyh wklv hgxfdwlrq1 Frqvhtxhqwo|=

�|n� ' �r

|n�
li e| ' er

|
dqg �|n� ' �J

|n�
li e| ' f

Kh pd{lpl}hv klv olih f|foh xwlolw| zklfk ghshqgv rq wkh kxpdq fdslwdo
ohyho ri klv fklog6=

6Wkh xwlolw| pd| ghshqg rq wkh qhw lqfrph ri wkh fklog +4� �w.4,zw.4kw.4= wklv zrxog

qrw prgli| wkh ghflvlrqv vlqfh wkh xwlolw| ixqfwlrq lv dvvxphg wr eh orj0olqhdu1
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L|3� ' E�� @� *? S| n @ *? _|n� n K *? �|n� +9,

vxemhfw wr wkh exgjhw frqvwudlqwv=

E�� �|��|�| ' S| n r| n e| dqg _|n� ' E� n o|n�� r| +:,

@ dqg K yhuli|= f 	 @ 	 � dqg K : f> o|n� lv wkh lqwhuhvw udwh rq vdylqjv
dqg _|n� wkh frqvxpswlrq lq shulrg |n �1

Zkdwhyhu wkh fkrlfh ri e|/ wkh rswlpdo ghflvlrqv ri frqvxpswlrq dqg
vdylqjv duh=

S| ' E�� @� El| � e|� c r| ' @ El| � e|� c _|n� ' E� n o|n�� r| +;,

zkhuh l| ' E�� �|��|�| lv wkh diwhu0wd{ lqfrph1

Wkh gl�huhqfh ri wkh wzr olih0f|foh xwlolwlhv L r

|3� dqg LJ

|3� fruuhvsrqglqj
wkh fkrlfh ri e| ' er

|
dqg e| ' f lv

L r

|3� � LJ

|3� ' *? El| � er
|
� n K *?�r

|n� �
�
*?l| n K *?�J

|n�

�

' *?
�
El|3e

r
|
�[K

|n�

l|

�

zkhuh [|n� ' �r

|n�*�
J

|n� ' [ Eq|R|c �|c R|n�� lv wkh udwlr ri wkh wzr srvvleoh
kxpdq fdslwdo ohyhov iru fkloguhq1

Dv d frqvhtxhqfh/ dw gdwh |/ wkh rswlpdo fkrlfh ri dq djhqw zlwk dq diwhu0
wd{ lqfrph l| lv

e| ' er
|
li l| :

er
|

� �[3K

|n�

e| ' f li l| 	
er
|

��[3K

|n�

+<,

Kh lv lqgl�huhqw ehwzhhq wkh wzr fkrlfhv zkhq l| ' e
r
|

�3[3K

|n�

dqg pd|

fkrrvh e| ' er| ru e| ' f1

:



516 Wkh �upv

Wkhuh lv lq hdfk shulrg rqh uhsuhvhqwdwlyh �up surgxflqj rqh jrrg zlwk wzr
lqsxwv/ sk|vlfdo fdslwdo g| dqg kxpdq fdslwdo +ru h!flhqw oderu, M|1 Wkh
surgxfwlrq ixqfwlrq t| ' 8 Eg|cM|� lv krprjhqrxv ri ghjuhh rqh/ lqfuhdvlqj
dqg vwulfwo| frqfdyh zlwk uhvshfw wr hdfk ri wkh wzr surgxfwlrq idfwruv1 Wkh
�up pd{lpl}hv lwv sur�wv= 8 Eg|cM|���|M|� EBn o|�g|1 �| lv wkh zdjh/ B
wkh ghsuhfldwlrq udwh ri fdslwdo dqg o| wkh lqwhuhvw udwh1 Dw htxloleulxp wkh
zdjh lv htxdo wr wkh pdujlqdo surgxfwlylw| ri oderu=

�| ' 8 �

u Eg|cM|� ' 8 �

u E&|c �� +43,

zkhuh &| ' g|*M| lv wkh udwlr ri wkh fdslwdo vwrfn dqg wkh kxpdq fdslwdo
ohyho xvhg lq surgxfwlrq1 Wkh lqwhuhvw udwh lv htxdo wr wkh pdujlqdo surgxf0
wlylw| ri fdslwdo qhw ri ghsuhfldwlrq=

o| ' 8 �

g Eg|cM|�� B ' 8 �

g E&|c ��� B +44,

6 Vkruw0whup htxloleulxp

Dw gdwh |/ wkh fdslwdo vwrfn g| lv jlyhq dqg uhvxowv iurp wkh vdylqjv ghflvlrqv
pdgh lq shulrg | � �1 Wkh sursruwlrqv R| ri KV dqg � � R| ri OV zrunhuv
duh jlyhq dqg uhvxow iurp wkh hgxfdwlrq ghflvlrqv wdnhq e| sduhqwv lq shulrg
|� �1 Wkh fruuhvsrqglqj kxpdq fdslwdo ohyhov �r| dqg �J| duh nqrzq1

614 Wkh wd{ udwh

Jlyhq hgxfdwlrqdo srolflhv kJ
| c k

r
| c q|c wkh jryhuqphqw vshqglqjv duh jlyhq e|

wkh uhodwlrq +8,1 Wkh wd{ udwh �| lv dvvxphg wr eh fkrvhq lq rughu wr edodqfh
wkh jryhuqphqw frqvwudlqw1 Vlqfh doo zrunhuv +lqfoxglqj whdfkhuv, sd| wkh
vdph wd{ udwh/ wkh wd{ lqfrph �| ER|�|�r| n E�� R|��|�J| � vkrxog eh htxdo wr
wkh jryhuqphqw vshqglqjv }|1 Xvlqj wkh udwlr [| ' �r|*�

J
| / zh rewdlq=

�| '
Ekr

| n q|� R|[| n kJ
| E� � R|�

�� R| n R|[|

+45,

Qrwh wkdw �| � 4@ ikr
| n q|c k

J
|j zklfk lpsolhv �| 	 �1

;



615 Wkh qxpehu ri vwxghqwv dw htxloleulxp

Wkh h!flhqf| ri wkh xqlyhuvlw| hgxfdwlrq [Eq|R|c �|c R|n�� ghshqgv rq wkh
qxpehu R|n� ri vwxghqwv1 Vlqfh wkh diwhu0wd{ lqfrph ri KV zrunhuv lv odujhu
wkdq wkh OV rqh/ wkhuh duh wkuhh srvvlelolwlhv=

d, doo KV sd| wkh xqlyhuvlw| frvw iru wkhlu fklog/ dqg qr OV grhv lw1
e, dw ohdvw vrph OV sd| lw/ dqg wkhq doo KV sd| lw1
f, dw ohdw vrph KV gr qrw sd| lw/ dqg wkhq qr OV sd| lw1

Ohw xv gh�qh/ iru �{hg ydoxhv ri q| � f/ R|c f � R| � � dqg �| : f/

4|ER|n�� '
�|

� �[Eq|R|c �|c R|n��
3K

+46,

4|ER|n���|�r| lv wkh plqlpxp diwhu0wd{ lqfrph iru zklfk d sduhqw dffhswv
wr sd| wkh xqlyhuvlw| frvw iru klv fklog> 4|ER|n�� lv d phdvxuh ri wkh udwlr ri
frvwv dqg ehqh�wv ri wkh dgglwlrqdo hgxfdwlrq1 Wkh ixqfwlrq 4|ER|n�� lv zhoo
gh�qhg dqg lqfuhdvlqj iru doo R|n� � fc vlqfh wkh ghqrplqdwru grhq*w ydqlvk/
[Eq|R|c �|c R|n�� � [ Efc �|c �� : ��

Zh �uvw dvvxph f 	 R| 	 �1 Wkh wkuhh srvvlelolwlhv duh wkh iroorzlqj

Fdvh d1 Wkh vwxghqwv duh wkh fkloguhq ri wkh KV zrunhuv/ dqg R|n� ' R|1 Iru
wklv wr eh dq htxloleulxpzlwk rswlpdo fkrlfh ri hgxfdwlrq e| erwk w|shv
ri sduhqwv/ wkh iroorzlqj lqhtxdolwlhv vkrxog eh vdwlvihg zlwk R|n� ' R|=

lr
| ' E� � �|��|�r| � 4|ER|n���|�r| dqg lJ

| '
�
[|
lr
| � 4|ER|n���|�r|

ru htxlydohqwo|/ wkh wd{ udwh vkrxog vdwlvi|=

4|ER|� � � � �| � [|4|ER|� zlwk [| ' �r|*�
J
| +47,

Fdvh e1 Dw ohdvw vrph ri wkh OV zrunhuv sd| wkh xqlyhuvlw| ihh dqg R|n� :
R|1 Wkhuh duh wzr vxefdvhv=

� zkhq doo OV zrunhuv sd| wkh frvw/ R|n� ' �/ wkhlu lqfrph lJ
| vkrxog dw

ohdvw eh 4|E���|�
r
| / l1h1

�� �| � [|4|E�� +48,

dqg wkhq ri frxuvh wkh KV zrunhuv sd| lw= � � �| : 4|E��

<



� Zkhq vrph OV0zrunhuv sd| wkh frvw/ exw qrw doo/ R|n� 	 �/ wkhq wkhvh
zrunhuv duh lqgl�huhqw ehwzhhq sd|lqj ru qrw sd|lqj lw dqg

� � �| ' [|4|ER|n�� zlwk R| 	 R|n� 	 � +49,

Wkhq ri frxuvh doo KV zrunhuv sd| wkh ihh= � � �| : 4|ER|n��

Fdvh f1 Dw ohdvw vrph KV zrunhuv gr qrw sd| wkh frvw dqg wkxv R|n� 	 R|1

� Zkhq qr KV zrunhu sd| wkh frvw/ R|n� ' f/ wkhq

4|Ef� � � � �| +4:,

� Zkhq vrph exw qrw doo KV zrunhuv sd| wkh frvw/ wkhq

4|ER|n�� ' � � �| zlwk f 	 R|n� 	 R| +4;,

Lq erwk vxefdvhv/ OV zrunhuv fkrrvh rswlpdoo| qrw wr sd| wkh frvw= ���| 	
[|4|ER|n��

Uhpdun= Zh kdyh dvvxphg f 	 R| 	 �1 Lq wkh vshfldo fdvh zkhuh R| ' f/
wkhuh duh qr KV zrunhuv lq shulrg |/ dqg wkxv qr xqlyhuvlw| whdfkhuv1
Wkhq wkh ihh grhv qrw h{lvw +lw fdq eh dvvxphg duelwuduho| odujh, dqg
qhfhvvduho| R|n� ' f� Lq wkh rwkhu vshfldo fdvh/ zkhq doo zrunhuv duh KV/
R| ' �/ wkhq fdvh e lv h{foxghg dqg wkhuh duh wkh wkuhh srvvlelolwlhv=

li 4|E�� � � � �| +fdvh d,/ wkhq R|n� ' �

li 4|Ef� � � � �|/ wkhq R|n� ' f

li 4|Ef� 	 �� �| 	 4|E��/ wkhq wkhuh h{lvwv R|n�c f 	 R|n� 	 �/ vxfk wkdw
4|ER|n�� ' �� �|1
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Sursrvlwlrq 4 Iru dq| ydoxhv ri sdudphwhuv +q| � fc f � R| � �c �| : fc
f 	 �| 	 �,/ wkhuh h{lvwv d xqltxh qxpehu ri vwxghqwv R|n�/ f � R|n� � �/
fruuhvsrqglqj wr wkh rswlpdo fkrlfh wr sd| wkh ihh ru qrw e| sduhqwv/ l1h1 rqh
dqg rqo| rqh ri wkh �yh frqglwlrqv ++47,/ +48,/ +49,/ +4:,/ +4;,, lv yhul�hg1
Zkhq f 	 R| 	 �/

fdvh d ER|n� ' R|� rffxuv li dqg rqo| li 4|ER|� � � � �| � [|4|ER|�
fdvh e ER|n� : R|� rffxuv l� � � �| : [|4|ER|�
fdvh f ER|n� 	 R|� rffxuv l� � � �| 	 4|ER|�

Zh kdyh vhhq lq wkh uhpdun wkdw wkh vshfldo fdvhv R| ' f dqg R| ' � ohdg
wr d xqltxh ydoxh ri R|n�1 Frqvlghu qrz wkh fdvh f 	 R| 	 �1 Zkhq +47, lv
vdwlv�hg/ wkhq zh dovr kdyh iru doo R|n� : R|/ � � �| 	 [|4|ER|n�� vlqfh 4| lv
lqfuhdvlqj dqg fdvh e lv h{foxghg> iru R|n� 	 R|/ zh kdyh � � �| : 4|ER|n��
dqg fdvh f lv h{foxghg1 Wkxv zkhq +47, lv vdwlv�hg/ R|n� ' R| lv wkh xqltxh
vroxwlrq1

Qrz dvvxph +47, lv qrw vdwlv�hg dqg �uvw wkdw [|4|ER|� 	 � � �|1 Wkhq
hlwkhu +48, lv vdwlv�hg dqg R|n� ' � lv wkh xqltxh vroxwlrq/ ru +48, lv qrw
vdwlv�hg= [|4|ER|� 	 �� �| 	 [|4|E�� dqg wkhq wkhuh h{lvwv d xqltxh ydoxh ri
R|n�/ R| 	 R|n� 	 � zklfk vdwlv�hv +49,1

Vlploduo| wkh odvw srvvlelolw| 4|ER|� : �� �| lpsolhv hlwkhu +4:, dqg R|n� '
f/ ru +4;, gh�qlqj d xqltxh ydoxh ri R|n�/ f 	 R|n� 	 R|1

616 Htxloleulxp sulfhv

Wkh qxpehu ri OV zrunhuv zkr duh qrw whdfkhuv lq wkh edvlf hgxfdwlrq v|vwhp
lv E�� kJ

| � E�� R|� zklfk lv qrq qhjdwlyh li kJ
| � �> exw wkh qxpehu ri wkh

KV whdfkhuv +lq wkh wzr w|shv ri wudlqlqj, Ekr
| n q|� R|n �|R|n� vkrxog eh ohvv

wkdq wkh qxpehu R| ri KV djhqwv1 Zkhq wklv lv wkh fdvh/ wkh wrwdo h!flhqw
oderu vxsso| pdgh wr wkh �up lv

M| ' E� � kJ
| � E� � R|��

J
| n dE�� kr

| � q|� R| � �|R|n�o�
r
| +4<,

Wkhq wkh oderu pdunhw htxloleulxp ghwhuplqhv wkh fxuuhqw zdjh dqg wkh
fxuuhqw lqwhuhvw udwh +vlqfh g| lv jlyhq, iroorzlqj +43, hw +44,1

Lq wkh fdvh R| ' f/ wkh hfrqrp| zrunv zlwkrxw xqlyhuvlw| hgxfdwlrq dqg
R|n� ' f1 Lq wkh fdvh R| : f/ wkhuh lv d uhvwulfwlrq rq wkh ihh dqg wkh qxpehu
ri vwxghqwv1 Iru dq rswlpdo fkrlfh ri R|n� � R| +fdvhv d dqg f,/ lw lv vx!flhqw
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wkdw �| 	 ��kr
|�q|> exw lq wkh fdvh e/ wkh frqglwlrq E�� kr

| � q|� R| : �|R|n�
iru h{lvwhqfh ri dq htxloleulp lv pruh uhvwulfwlyh1 Lw lv fhuwdlqo| yhul�hg zkhq
�| 	 E�� kr

| � q|� R|1

Sursrvlwlrq 5 Jlyhq srvlwlyh sdudphwhuv kr
| / k

J
| / q| dqg �| zklfk yhuli|=

kr
| n q| 	 � dqg kJ

| 	 �/ dqg jlyhq wkh sdvw yduldeohv g| : fc f � R| � � dqg
[| ' �r|*�

J
| : �/ wkhuh h{lvwv d xqltxh vkruw0whup htxloleulxp dw shulrg | li

hlwkhu R| ' f +dqg wkhq R|n� ' f, ru li R| : f dqg wkh xqltxh vroxwlrq R|n�
gh�qhg lq sursrvlwlrq 4 yhul�hv

E�� kr
| � q|� R| � �|R|n� +53,

Jlyhq wkh sdudphwhuv dqg wkh sdvw yduldeohv/ wkh htxloleulxp wd{ udwh
�| gh�qhg e| +45, yhul�hv f 	 �| 	 �1 Wkhuh h{lvwv wkhq d xqltxh rswlpdo
qxpehu ri vwxghqwv R|n� +sursrvlwlrq 4,> zkhq R| ' f ru frqglwlrq +53, lv
vdwl�hg/ wkh oderu vxsso| wr wkh �up M| lv ghwhuplqhg e| uhodwlrq +4<, dqg
wkh htxloleulxp sulfhv duh jlyhq e| +43, hw +44,1

Ilqdoo|/ doo djhqwv vdyh rswlpdoo| d sursruwlrq @ ri wkhlu lqfrph qhw ri
wd{ dqg ri ihh1 Wkh wrwdo qhw lqfrph ri wkh sduhqwv lv

R|lr
|nE��R|�l

J
|�R|n�e

r
| ' �| dR| E� � �|��r| n E�� R|� E� � �|��J| � R|n��|�r| o

Wkh wrwdo qhw lqfrph lv qhfhvvdulo| srvlwlyh vlqfh djhqwv gr qrw sd| wkh
ihh zkhq lw lv odujhu wkdq klv lqfrph qhw ri wd{1 Wkxv

g|n� ' @
�
E� � �|� 7�| � R|�|�

r
|

�
�| +54,

Zlwk [|n� ' �r|n�*�
J
|n� ' Eq|R|c �|c R|n�� doo htxloleulxp yduldeohv rewdlq1

7 G|qdplfv

Lq rughu wr pdlqwdlq wklqjv vlpsoh/ zh frqvlghu frqvwdqw srvlwlyh ydoxhv iru
wkh sdudphwhuv kr/ kJ/ q dqg � ri wkh hgxfdwlrq srolflhv/ dqg zh dvvxph=
krnq ' kJ> wkh jryhuqphqw �qdqfhv wkh vdph sursruwlrq ri whdfkhuv lq hdfk
w|sh ri djhqwv KV dqg OV1 Zlwk wklv dvvxpswlrq/ wkh wd{ udwh lv frqvwdqw
� ' kJ1 Lq wklv fdvh/ wkh wrwdo wd{ sdlg e| wkh OV djhqwv/ E� � R|� ��|�J| lv
mxvw wkh frvw ri wkh OV whdfkhuv lq wkh edvlf irupdwlrq E�� R|�k

J�|�
J
| 1 Wkh
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wrwdo wd{ sdlg e| wkh KV djhqwv R|��|�r| lv wkh frvw ri wkh KV whdfkhuv lq
erwk irupdwlrqv zklfk lv sdlg e| wkh jryhuqphqw R| Ek

r n q��| �
r
| 1

Zh dovr dvvxph wkdw wkh ihh lv frpsdwleoh zlwk dw ohdvw rqh frqvwdqw
sursruwlrq R ri KV0zrunhuv1

Dvvxpswlrq= wkh sdudphwhuv kr/ kJ/ q dqg � duh srvlwlyh dqg yhuli|=
kr n q ' kJ dqg f 	 kr n q n � 	 �1

Wklv lpsolhv � ' kJ dqg f 	 � 	 �1

714 G|qdplfv zlwk d frqvwdqw sursruwlrq ri KV

Wkh qxpehu R ri vwxghqwv +dqg ri KV djhqwv, lv frqvwdqw= doo KV djhqwv sd|
wkh ihh dqg qr OV sd| lw +fdvh d,1 Wkh frqglwlrq +47, iru wklv fdvh lv

�

� �[3K
� � � � �

�[

��[3K
+55,

zkhuh [ ' [EqRc �c R� : �1 Wkh frqglwlrq iru h{lvwhqfh ri wkh vkruw whup
htxloleulxp zkhq R : f/ � 	 ��kr� q ' �� � lv wkhq qhfhvvduho| vdwlv�hg1

Sursrvlwlrq 6 Frqvlghu �{hg ydoxhv ri wkh sdudphwhuv= � ' kJ ' kr n q/
zlwk f 	 � 	 �/ kr � f dqg q : f1 Wkhq iru dq| ydoxh ri Rf/ f 	 Rf 	 �/
wkhuh h{lvwv dq lqwhuydo ri ydoxhv iru wkh ihh � : f dqg dq lqwhuydo ri ydoxhv
iru wkh sursruwlrq R zklfk frqwdlqv Rf vxfk wkdw wkh vkruw0whup htxloleulxp
ohdgv wr d frqvwdqw R1

Wkh vhw ri ydoxhv ri ERc �� zklfk yhuli| wkh vwulfw lqhtxdolwlhv

�

��[3K
	 � � � 	

�[

��[3K
+56,

lv dq rshq vhw/ e| frqwlqxlw| ri [1 Lw lv hqrxjk wr vkrz wkdw ERfc �f�
ehorqjv wr wklv vhw iru vrph �f : f1 Wkh ixqfwlrq ri �=

wE�� ' �[EqRfc�cRf�

�3[EqRfc�cRf�
3K

lv frqwlqxrxv rq dfc �o vlqfh wkh ghqrplqdwru grhv qrw ydqlvk +iru � ' f/
[EqRfcfc Rf� : � vlqfh q : f�1 Lw yhul�hv= wEf� ' f dqg wE��� � : ��� vlqfh
[EqRfc� � �c Rf� : �1 Wkxv wkhuh h{lvwv d odujhvw ydoxh �� ri �/ � 	 � � �
vxfk wkdw wE��� ' �� � Iru � : ��/ zh kdyh wE�� : �� � 1 Exw zh dovr kdyh
dw ��=
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��

�3[EqRfc��cRf�
3K 	 wE��� ' �� �

Wkxv iru �f : ��/ dqg �f qhdu ��/ wklv lqhtxdolw| dovr krogv e| frqwlqxlw|1
Wklv vkrzv wkdw ERfc �f� grhv ehorqj wr wkh rshq vhw1

Zlwk vxfk ydoxhv ri wkh sdudphwhuv/ doo vkruw0whup htxloleuld yhuli| wkdw
wkh sursruwlrq R ri KV lv frqvwdqw/ dqg wkh wzr w|shv ri kxpdq fdslwdo
dffxpxodwlrq yhuli| iru doo |=

�J|n� ' xEkrRc kJ E�� R�� 7�| dqg �r|n� ' [ EqRc �c R��J|n�
Wkxv wkh phdq kxpdq fdslwdo ohyho jurzv dw d frqvwdqw udwh
7�|n� ' C7�| zlwk C ' x EkrRc kJ E�� R�� d� � Rn R[EqRc �c R�o1

Wkh kxpdq fdslwdo ghyrwhg wr surgxfwlrq lv zlwk wklv dvvxpswlrq= M| '�
�� � � �R[

�3[3K

�
7�|1 Dqg wkh sk|vlfdo fdslwdo dffxpxodwlrq lv=

g|n� ' @M|�|

Vlqfh M| jurzv dw wkh vdph udwh dv 7�|/ zh kdyh
&|n� ' g|n�*M|n� ' g|n�*CM| ' @�|*C
dqg wkh g|qdplfv ri &| duh

&|n� '
@

C
8 �

u E&|c �� +57,

Wkhvh g|qdplfv duh prqrwrqlf Evlqfh _&|n�*_&| : f� dqg wkxv &| frq0
yhujhv wr vrph vwdeoh vwhdg| vwdwh &W zklfk lv ghfuhdvlqj zlwk uhvshfw wr C1
Exw wkhuh pd| eh vhyhudo vwhdg| vwdwhv +vhh Jdoru dqg U|ghu/ 4<;<,1 Wkhq
wkh olplw &W ghshqg rq wkh lqlwldo ydoxh ri &f1 Pruhryhu f frxog eh vwdeoh
dqg wkh xqltxh vwhdg| vwdwh1 Wklv lv h{foxghg zlwk wkh dvvxpswlrq

*�4
&<f

8 �

u E&c ��

&
' n4 +58,

Qrwh wkdw doo hgxfdwlrqdo sdudphwhuv kfc krc qc � kdyh d srvlwlyh h�hfw
rq wkh jurzwk udwh1 Exw lq wkh vkruw uxq/ zkhq wkh wd{ udwh � lqfuhdvhv/ wkhq
wkh lqfrph ri doo frqvxphuv glplqlvkhv1 Wkh h�hfw ri dq lqfuhdvh lq � rqo|
uhgxfhv wkh qhw lqfrph ri wkh KV zkr sd| wkh ihh1 Qrwh dovr wkdw dq lqfuhdvh
lq C kdv d qhjdwlyh h�hfw rq wkh g|qdplfv ri &| +htxdwlrq 57,1

715 G|qdplfv zlwk d ghfuhdvlqj sursruwlrq ri KV

Ohw xv gh�qh wkh frvw0ehqh�wv udwlr=
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� ERc ^� ' �

�3[EqRc�c^�3K

Wklv ixqfwlrq lv ghfuhdvlqj zlwk uhvshfw wr R dqg lqfuhdvlqj zlwk uhvshfw
wr ^1 Jlyhq wkh lqlwldo ydoxh Rf/ f 	 Rf � �/ wkh qxpehu ri KV ghfuhdvhv l�
� ERfc Rf� : �� � 1

Sursrvlwlrq 7 Frqvlghu Rf/ f 	 Rf � � vxfk wkdw � ERfc Rf� : � � �� Wkhq
wkh vhtxhqfh ri KV dw htxloleulxp R| lv ghfuhdvlqj dqg

hlwkhu wkhuh h{lvwv vrph R/ f 	 R 	 Rf/ yhuli|lqj � ERc R� � � � � dqg
lq wklv fdvh wkh vhtxhqfh ri R| frqyhujhv wr d vwhdg| vwdwh ydoxh �R zkhuh
� E�Rc �R� ' � � � 1

ru iru doo R/ f 	 R 	 Rf/ zh kdyh � ERc R� : � � � / dqg lq wklv fdvh
wkh vhtxhqfh R| frqyhujhv wr f> dqg lw pd| uhdfk f diwhu d �qlwh qxpehu ri
shulrgv1

Lq wkh fdvh zkhuh � ERc R� � � � � iru vrph R/ f 	 R 	 Rf/ zh kdyh=
� ERfc R� 	 � ERc R� � � � � 	 � ERfc Rf� � Wkhq wkhuh h{lvwv d xqltxh ydoxh
R�/ R 	 R� 	 Rf vxfk wkdw � ERfc R�� ' � � � > dqg R� lv wkh xqltxh rswlpdo
sduhqwv fkrlfh ohdglqj wr dq htxloleulxp lq shulrg 4 +sursrvlwlrqv 4 dqg
5,1 Lqghhg frqglwlrq +53, lv yhul�hg= R�� 	 Rf� 	 E� � � �Rf1 Pruhryhu/
� ER�c R�� : � ERfc R�� ' � � � dqg R� : R1 Wkxv wkh vdph dujxphqw vkrzv
wkdw wkhuh h{lvwv d xqltxh htxloleulxp ydoxh lq shulrg 5/ R2 zklfk yhul�hv
R 	 R2 	 R�1 E| lqgxfwlrq wkh vhtxhqfh ri R| lv ghfuhdvlqj dqg yhul�hv
R| : R iru doo |1 Wkxv wkh vhtxhqfh ri R| dgplwv d olplw �R � R dqg zh kdyh=
� E�Rc �R� ' *�4� ER|c R|n�� ' � � ��

Lq wkh rwkhu fdvh/ zkhq� ERc R� : ��� iru doo R/ f 	 R 	 Rf/ zh nqrz iurp
sursrvlwlrq 4 wkdw wkhuh h{lvwv d xqltxh R�/ f � R� 	 Rf/ zklfk fruuhvsrqgv
wr wkh rswlpdo fkrlfh ri sduhqwv dq zklfk lv dq htxloleulxp e| sursrvlwlrq
5 +yhuli|lqj R�� 	 Rf� 	 E� � � �Rf,1 Zkhq R� ' f/ wkhq doo ixwxuh shulrgv
htxloleuld yhuli| R| ' f +wkhuh lv qr pruh xqlyhuvlw| hgxfdwlrq,1 Zkhq R� : f/
zh kdyh � ER�c R�� : �� � dqg wkh vdph dujxphqw dv iru Rf dssolhv iru R�1 Lw
pd| qhhg dq lq�qlwh qxpehu ri shulrgv iru R| wr frqyhujh/ exw wkh olplw ri R|
fdqqrw eh srvlwlyh1 D srvlwlyh olplw zrxog yhuli|= � E�Rc �R� ' *�4� ER|c R|n�� '
�� � zklfk lv h{foxghg1

71514 Lqwhusuhwdwlrq

E| dvvxpswlrq/ zkhq � ERfc Rf� : �� � / wkh lqlwldo frvw lv wrr odujh zkhq doo
KV zrunhuv zrxog sd| wkh ihh1 Wkxv/ rqo| d iudfwlrq ri wkhp zloo sd| lw/ dqg
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wkh qxpehu ri KV ghfuhdvhv1 Exw wklv zloo uhgxfh wkh qxpehu ri KV whdfkhuv
lq wkh iroorzlqj shulrg zkr duh sdlg e| wkh jryhuqphqw +wkh wd{ udwh � lv
wkh vdph exw wkh wd{ edvlv lv uhgxfhg,1 Wkhq wkh ghfuhdvlqj vhtxhqfh R|
qhfhvvduho| frqyhujhv wr d olplw zklfk lv

hlwkhu htxdo wr f dqg wkh xqlyhuvlw| hgxfdwlrq glvdsshduv lq wkh orqj uxq
ru d srvlwlyh ohyho �R zklfk lv d vwhdg| vwdwh ri wkh sursruwlrq ri KV1

71515 G|qdplfv

Vlqfh R| frqyhujhv wr f ru �R : fc wkh vhtxhqfh ri fdslwdo0h!flhqw oderu udwlr
dovr frqyhujhv dqg lwv olplwv lv d vwhdg| vwdwh ri

&|n� '
@

C"
8 �

u E&|c ��
zkhuh C" lv wkh olplw jurzwk udwh ri wkh phdq kxpdq fdslwdo vwrfn1
Lq wkh fdvh zkhuh R| frqyhujhv wr �R : f/
C" ' x Ekr�Rc kJ E�� �R�� d� � �Rn �R[Eq�Rc �c �R�o
Lq wkh fdvh zkhuh R| frqyhujhv wr �R : f/
C" ' x Efc kJ�

71516 Wkh fdvhv ri prqrwrqlflw| ri ixqfwlrq � ERc R�

4, Wkh fdvh lq zklfk � ERc R� lv lqfuhdvlqj iru doo R/ f 	 R 	 �1

Wklv lv wkh fdvh lq zklfk [EqRc �c R� lv ghfuhdvlqj zlwk uhvshfw wr R/ l1h1
wkh gloxwlrq h�hfw [� grplqdwhv q[� wkh h�hfw ri wkh xqlyhuvlw| �qdqflqj
e| wkh jryhuqphqw1 Dvvxph � E�Rc �R� ' � � � iru vrph �R/ f 	 �R 	 �71 Wkhq
wkh frqglwlrq � ERfc Rf� : � � � lv htxlydohqw wr Rf : �R1 Iru dq| Rf : �R
wkh vhtxhqfh R| ghfuhdvhv dqg frqyhujhv wr �R1 Lq wklv fdvh/ �R lv wkh odujhvw
srvvleoh sursruwlrq ri KV lq wkh orqj uxq1

5, Wkh fdvh lq zklfk � ERc R� lv ghfuhdvlqj iru doo R/ f 	 R 	 �1

Wklv fdvh fruuhvsrqgv wr q[� : �[�= wkh �qdqflqj e| wkh jryhuqphqw
grplqdwhv wkh gloxwlrq h�hfw1

Zkhq wkhuh h{lvwv �R vxfk wkdw � E�Rc �R� ' �� � / wkh frqglwlrq � ERfc Rf� :
��� lv qrz htxlydohqw wr Rf 	 �R> dqg iru Rf 	 �R/ wkh vhtxhqfh R| lv ghfuhdvlqj
dqg frqyhujhv wr f1 Lq wklv fdvh/ �R lv wkh orzhvw srvlwlyh sursruwlrq ri KV iru

7Zkhq E +s> s, A 4� � iru doo s/ 3 ? s ? 4/ wkhq iru doo s3 wkh vhtxhqfh sw ghfuhdvhv
dqg frqyhujhv wr 31 Zkhq E +s> s, ? 4� � iru doo s/ 3 ? s ? 4/ wkhq zkdwhyhu s3/ zh kdyh
s4 � s3 +vlqfh s4 ? s3 lv h{foxghg, dqg wkh vhtxhqfh ri sw lv qrq0ghfuhdvlqj,1
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wkh xqlyhuvlw| hgxfdwlrq wr h{lvw lq wkh orqj whup= li dw dq| gdwh |/ R| frphv
ehorz �R/ wkhq wkh vhtxhqfh R| frqyhujhv wr f1

Wkh udwlr [ ri �r rq �J lv htxdo wr wkh udwlr ri lqglylgxdo qhw lqfrphv ri
KV dqg OV1 Wkh odujhu [c wkh zlghvw lv wkh lqhtxdolw| ehwzhhq wkh wzr w|shv
ri lqglylgxdov1

716 G|qdplfv zlwk dq lqfuhdvlqj sursruwlrq ri KV

Jlyhq Rf dqg [f ' �r

f
*�J

f
/ zh kdyh R� : Rf +fdvh e, l�

[f� ERfc Rf� 	 �� �

dqg wkhuh h{lvwv d xqltxh R� : Rf zklfk lv hlwkhu � zkhq [f� ERfc �� �
�� � / ru wkh xqltxh ydoxh R�/ Rf 	 R� 	 � zklfk yhul�hv [f� ERfc R�� ' �� �
+sursrvlwlrq 4,1 Lq rughu wr ghwhuplqh d vkruw0whup htxloleulxp lq shulrg
| ' �/ wkh iroorzlqj frqglwlrq vkrxog eh yhul�hg +frqglwlrq +53, lq sursrvlwlrq
5,=

�R� 	 E�� � � Rf

Iru wklv wr eh yhul�hg/ lw lv vx!flhqw wkdw � 	 E�� � �Rf1

Sursrvlwlrq 8 Dvvxph Rf : f dqg [f ' �rf*�
J
f vxfk wkdw � 	 E�� � �Rf dqg

[f� ERfc Rf� 	 � � � 1
Wkhq wkh lqwhuwhpsrudo htxloleulxp vwduwlqj zlwk Rf h{lvwv dqg wkh vh0

txhqfh R| lv qrq0ghfuhdvlqj�

Wkh dvvxpswlrqv lpso|= R� : Rf dqg iru doo |/ wkh vhtxhqfh R| lv xqltxho|
gh�qhg1 Frqvlghu dq| gdwh | vxfk wkdw R| � R|3� : f1

Li R| ' R|3�/ wkhq fdvh d dssolhv lq shulrg |� �/ dqg zh kdyh +frqglwlrq
+47,, � ER|c R|� ' � ER|3�c R|3�� � �� �dqg wklv surshuw| h{foxghv R|n� 	 R|1

Li R| : R|3�/ wkhq fdvh e dssolhv lq shulrg |� �/ dqg zh kdyh +48, ru +49,/
dqg� ER|3�c R|� 	 [|3�� ER|3�c R|� � ���dqg vlqfh �� 	 f= � ER|c R|� 	 ��� /
zklfk dovr h{foxghv R|n� 	 R|1

Wkxv lq doo fdvhv zh kdyh R|n� � R|1
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Uhpdun= Lq wkh lqfuhdvlqj fdvh/ wkh g|qdplf htxdwlrq lv +uhodwlrq +49,,=

[ EqR|3�c �c R|�� ER|c R|n�� ' � � �c

zklfk lv d vhfrqg rughu gl�huhqfh htxdwlrq lq R|1 Exw zh kdyh vkrzq
wkdw/ zkhq wklv htxdwlrq dssolhv/ wkh g|qdplfv ri R| lv prqrwrqlf qrq0
ghfuhdvlqj1

Wkh qrq0ghfuhdvlqj vhtxhqfh R| qhfhvvduho| frqyhujhv wr d olplw 7R � �
dqg lq wkh orqj whup wkh jurzwk udwh lv

C" ' xEkr7Rc kJ E�� 7R�� d�� 7Rn 7R[Eq7Rc �c 7R�o

Wkxv wkh udwlr &| ri wkh g| dqg M| frqyhujhv wr d vwdeoh vwhdg| vwdwh ri wkh
g|qdplfv &|n� '

@
C"

8 �

u E&|c ��1

8 H�hfwv ri wkh sursruwlrq ri kljk vnloohg djhqwv

Dv vkrzq e| sursrvlwlrq 6/ wkhuh lv d frqwlqxxp ri gl�huhqw ydoxhv ri wkh
sursruwlrq ri KV ohdglqj +lq jhqhudo, wr gl�huhqw jurzwk udwhv lq hfrqrplhv
kdylqj wkh vdph hgxfdwlrqdo sdudphwhuv1 Lqghhg/ jlyhq dq hgxfdwlrqdo srolf|
Ekrc kJc qc ��/ wkh edodqfhg jurzwk udwh lv jlyhq e| C ' xEkrRckJ E� � R��
d� � Rn R[EqRc �c R�o1 Wkhuh duh wkuhh h�hfwv ri wkh sursruwlrq ri KV rq
jurzwk1 Iluvw/ wklv sursruwlrq dfwv rq wkh edvlf hgxfdwlrq wkurxjk x1 Vhfrqg/
lw lq xhqfhv wkh udwh ri kxpdq fdslwdo dffxpxodwlrq lq wkh xqlyhuvlw|/ [1
Ilqdoo|/ lw kdv dq h�hfw rq wkh phdq ohyho ri vnloo1 Wkhuh duh R KV kdylqj wkh
xqlyhuvlw| hgxfdwlrq/ wkdw lv d kljkhu kxpdq fdslwdo ohyho +[ : �, wkdq wkh
�� R OV1 Ohw xv vwxg| pruh suhflvho| wkhvh wkuhh h�hfwv1

Wkh vwuxfwxuh ri vnloov lq wkh hfrqrp| ghshqgv rq wkh sursruwlrq ri KV
djhqwv1 Jlyhq wkh h!flhqf| ri erwk irupdwlrqv/ dq lqfuhdvh lq wkh vkduh ri
KV udlvhv wkh +vwdwlrqdu|, srsxodwlrq xqghuwdnlqj wkh xqlyhuvlw| irupdwlrq1
Vrph OV sduhqwv �qdqfh wkh xqlyhuvlw| irupdwlrq wr wkhlu fklog1 Qh{w/ wkhlu
khlu zloo dovr eh KV1 Vlqfh wkh kxpdq fdslwdo ohyho ri KV lv dozd|v kljkhu wkdq
wkh OV rqh +[ : �,/ dq lqfuhdvh lq wkh sursruwlrq ri KV lqgxfhv d vwuxfwxudo
h�hfw lpsurylqj wkh dyhudjh kxpdq fdslwdo ohyho lq wkh hfrqrp|1 Qrqhwkh0
ohvv/ d prgl�fdwlrq lq wkh sursruwlrq ri wkh KV srsxodwlrq dovr fkdqjhv wkh
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h!flhqf| lq erwk w|sh ri wudlqlqj1 Jlyhq hgxfdwlrqdo srolflhv/ wkh sursruwlrq
ri KV ghwhuplqhv wkh qxpehu ri whdfkhuv2surihvvruv exw dovr wkh qxpehu ri
vwxghqwv lq wkh xqlyhuvlw|1 Wklv lq wxuq dowhudwhv wkh h!flhqf| lq wkh edvlf
irupdwlrq dv zhoo dv lq wkh xqlyhuvlw|1 Pruhryhu/ wkh h!flhqf| lq wkh edvlf
irupdwlrq lv vkdshg sduwo| e| wkh h!flhqf| ri KV whdfkhuv1

Wkh xqlyhuvlw| hgxfdwlrq lv rswlrqdo1 Khqfh/ wkh vl}h ri wkh vwxghqw srs0
xodwlrq fruuhvsrqgv wr wkh sursruwlrq ri wkh |rxqj zkrvh sduhqwv �qdqfh
xqlyhuvlw| ihhv1 Pruhryhu/ kr KV dgxowv duh whdfklqj lq wkh xqlyhuvlw|1 Frq0
vhtxhqwo|/ lq wkh orqj0uxq/ dq lqfuhdvh lq wkh qxpehu ri whdfkhuv kdv wzr hi0
ihfwv wkdw duh rssrvlwh lq vljq1 Rq rqh kdqg/ lw zruvhqv wkh frqjhvwlrq h�hfw
lq wkh hgxfdwlrqdo v|vwhp dqg wkhq uhgxfhv lwv h!flhqf|1 Jlyhq wkh qxpehu
ri surihvvruv/ wkhuh duh pruh xqlyhuvlw| vwxghqwv1 Wkh txdqwlw| dqg2ru wkh
txdolw| ri nqrzohgjh surihvvruv fdq wudqvplw wr wkhlu vwxghqwv idoov1 Rq wkh
rwkhu kdqg/ wklv lqfuhdvhg sursruwlrq ri KV udlvhv wkh qxpehu ri surihvvruv1
Jlyhq wkh qxpehu ri vwxghqwv/ wklv lpsuryhv wkh h!flhqf| lq wkh xqlyhuvlw|
hgxfdwlrq +iru wkh rssrvlwh uhdvrq wkdq suhylrxvo|,1 Lq wkh sduwlfxodu fdvh
zkhuh wkh txdolw| ri hgxfdwlrq rqo| ghshqgv rq wkh whdfkhu wr sxslo udwlr/
wkhuh lv qr orqj0uxq h�hfw ri d fkdqjh lq wkh vnloov vwuxfwxuh1 Lqghhg/ wklv
udwlr uhpdlqv xqfkdqjhg vlqfh wkh qxpehu ri surihvvruv dv zhoo dv vwxghqwv
jurz dw wkh vdph udwh1 Wkh wzr h�hfwv qhxwudol}h hdfk rwkhu vr wkdw wkh
h!flhqf| lq wkh xqlyhuvlw| hgxfdwlrq grhv qrw ghshqg rq wkh sursruwlrq ri
KV1 Wklv h!flhqf| rqo| ghshqgv rq wkh sursruwlrq ri KV �qdqfhg sxeolfo|
+dqg rq ihhv,1 Jlyhq wkh jryhuqphqw exgjhw frqvwudlqw/ wklv dfwv xsrq wkh
delolw| ri �qdqflqj KV whdfkhuv lq wkh edvlf hgxfdwlrq1

Wkh edvlf hgxfdwlrq lv frpsxovru|1 Vlqfh wkhuh lv qr srsxodwlrq jurzwk/
wkh qxpehu ri vwxghqwv lv frqvwdqw1 Rq wkh frqwudu|/ wkh qxpehu ri whdfkhuv
ri hdfk w|sh fkdqjhv zlwk wkh sursruwlrq ri KV1 Wkh qxpehu ri OV whdfkhuv
fxwv edfn zlwk wklv sursruwlrq zkhuhdv wkh qxpehu ri KV rqhv lqfuhdvhv1
Khqfh/ wkh ryhudoo h�hfw lv dpeljxrxv dqg ghshqgv rq wkh uhodwlyh h!flhqf|
ri hdfk w|sh ri whdfkhuv1 Zkhq wkh doorfdwlrq ri whdfkhuv lv h!flhqw/ wkh
pdujlqdo surgxfwlylwlhv duh sursruwlrqdo wr zdjhv= x�*x2 ' �r*�J ' [ dqg
wkh ghulydwlyh krx� � kJx2 kdv wkh vljq ri kr[� kJ1 Xqghu wkh dvvxpswlrq
wkdw wkh jryhuqphqw �qdqfhv wkh vdph sursruwlrq ri whdfkhuv ri hdfk w|sh
EkJ ' kr n q�/ wkh sursruwlrq ri OV whdfkhuv zloo dozd|v eh kljkhu wkdq wkh
KV rqh1 Wkh vljq ri wkh ghulydwlyh lv wkhq xqfohdu1 Lq sduwlfxodu/ d uhodwlyho|
kljk sursruwlrq ri KV whdfkhuv lpsolhv d uhodwlyho| orz sxeolf �qdqflqj h�ruw
lq wkh xqlyhuvlw| hgxfdwlrq1 Lqghhg/ dq lqfuhdvh lq wkh qxpehu ri KV whdfkhuv
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lq wkh edvlf irupdwlrq vljql�fdwlyho| udlvhv wkh qxpehu ri KV whdfkhuv zkr
pljkw kdyh uhodwlyho| ihz dgglwlrqdo nqrzohgjh1 Wkhq/ d yhu| kljk sursruwlrq
ri KV grhvq*w jxdudqwhh wkh h!flhqf| lq wkh edvlf irupdwlrq1 Hyhq li wkh
h!flhqf| ri xqlyhuvlw| whdfklqj lv odujh zkhq wkh sursruwlrq ri KV whdfkhuv
lv uhodwlyho| orz lq wkh edvlf hgxfdwlrq/ wkh h�hfw ri dq lqfuhdvlqj sursruwlrq
ri KV lv qhjdwlyh rq x1 Wkh lqwxlwlrq ri wklv uhvxow lv yhu| vlpsoh1 Li wkh
edvlf hgxfdwlrq lv sulqflsdoo| pdgh e| OV whdfkhuv dqg li wkhlu sursruwlrq
lq wkh OV zrunhuv lv frqvwdqw/ d ghfuhdvh lq wkh qxpehu � � R ri OV zrunhuv
fxwv edfn wkh qxpehu ri whdfkhuv dqg/ frqvhtxhqwo|/ d ghfuhdvh lq wkh edvlf
kxpdq fdslwdo ohyho1

Sursrvlwlrq 9 Wkh joredo h�hfw ri wkh sursruwlrq ri kljk vnloohg rq wkh
jurzwk udwh uhvxowv iurp wkuhh sduwldo h�hfwv1 Iluvw/ d phdq kxpdq
fdslwdo h�hfw zklfk lv srvlwlyh1 Vhfrqg/ wkh h!flhqf| ri wkh xqlyhuvlw|
irupdwlrq/ zklfk lv srvlwlyh zkhq wkh h�hfw ri wkh qxpehu ri whdfkhuv
grplqdwhv wkh frqjhvwlrq h�hfw +wkhuh lv qr h�hfw zkhq wklv h!flhqf|
rqo| ghshqgv rq wkh whdfkhu wr sxslo udwlr,1 Wklug/ wkh h�hfw rq wkh
edvlf irupdwlrq zklfk ghshqgv rq wkh sursruwlrq ri wkh wzr w|shv ri
whdfkhuv1 Lw lv srvlwlyh l� kr[� kJ : f�

Zh kdyh YC
YR

' Ekrx� � kJx2� E� � Rn R[� n x d[� � n Rq[� n R[�o1
Zkhq wkh h!flhqf| ri d ohyho ri wudlqlqj rqo| ghshqgv rq wkh A�-/ wkh

kxpdq fdslwdo ixqfwlrq lq wkh xqlyhuvlw| ehfrphv [ ' [
�
�R|n�nqR|

R|n�

�
1 Lq wkh

orqj0uxq htxloleulxp/ R| ' R1 Wkhq [ ' [E� n q� lv lqghshqgdqw iurp R1
Vlqfh [ : �/ d vx!flhqw frqglwlrq wr kdyh YC

YR
: f uhtxluhv krx��kJx2 : f/

wkdw lv kr[� kJ : f zkhq wkh doorfdwlrq ri whdfkhuv lq wkh edvlf irupdwlrq
lv h!flhqw1

Wkh h�hfw ri wkh sursruwlrq ri KV rq wkh jurzwk udwh frpelqhv wzr
srvlwlyh h�hfwv dqg dq dpeljxrxv rqh1 Zh vkdoo dvvxph lq wkh qh{w vhfwlrq
wkdw wkh ryhudoo h�hfw lv srvlwlyh1

9 Dq khxulvwlf looxvwudwlrq= hgxfdwlrqdo srol0

flhv dqg ghyhorsphqw

Ohw xv frqvlghu wzr sduwlfxodu irupv ri wkh frvw0ehqh�wv ixqfwlrqv � ERc R��
E�� � � dqg [EqRc �c R�� ERc R�� E�� � � ghslfwhg uhvshfwlyho| e| wkh fxuyhv
E�� dqg E(� lq �jxuh 41 Wkh| doorz wr ghvfuleh wkh g|qdplfv ri wkh fkrlfhv
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ri KV dqg OV zrunhuv wr sd| wkh ihh1 Wkh krul}rqwdo d{lv ghvfulehv wkh
g|qdplfv ri R zklfk lv frqwlqjhqw wr lwv lqlwldo ydoxh/ Rf1

p

Cost-benefits ratio (C), (D)

0
P1 P5P3 P4

P2 P6 1

(D)

(C)

Iljxuh 4= g|qdplfv ri R

Zh fdq revhuyh wkh wkuhh w|shv ri g|qdplfv dqdo|vhg lq wkh suhfhglqj
vhfwlrqv1

Wkh vhwv ri R zkhuh E�� � f dqg E(� � f/ l1h1 dR�c R2o ^ dR�c Reo ^ dRDc RSo c
fruuhvsrqg wr dq lqyduldqw vwuxfwxuh ri vnloov lq wkh hfrqrp|1 Dw hdfk shulrg
| � f jlyhq wkh hgxfdwlrqdo sdudphwhuv/ KV zrunhuv sd| wkh ihh dqg OV rqhv
gr qrw1

Li Rf olhv lq dq lqwhuydo zkhuh E�� : fc l1h1 oR2c R�d^oRSc �o/ wkh vhtxhqfh ri
R| ghfuhdvhv1 Lq wkh rwkhu vhwv dfc R�d^oRec RDd zkhuh E�� 	 f/ wkh vhtxhqfh ri
R| lqfuhdvhv1

Qrwh wkdw hyhu| lqwhulru srlqw lq dq| lqwhuydo zkhuh wkh sursruwlrq ri KV
zrunhuv lv frqvwdqw kdv d surshuw| ri vwdelolw| dffruglqj wr O|dsrxqry ghi0
lqlwlrq1 Frqvhtxhqwo|/ wkhuh lv qr glyhujhqfh iroorzlqj d orfdo shuwxuedwlrq
durxqg vxfk d srlqw1 Qrqhwkhohvv/ wkhuh h{lvw wzr w|shv ri lqwhuydov gl�hulqj
lq wkhlu erxqgdu| surshuwlhv1 �Vwdeoh h{wuhplwlhv� lqwhuydov kdyh wkh surs0
huwlhv ri d vlqn= li d vkrfn lqlwldoo| pryhv wkh sursruwlrq ri KV zrunhuv lq
wkh hfrqrp| dzd| iurp lwv erxqgdu| ydoxh +wkh sursruwlrqv R�c R2/ RD dqg
RS lq �jxuh 4,/ wklv sursruwlrq zloo frqyhujh wr wklv erxqg1 Wkxv/ wkh vkrfn
kdv qr shupdqhqw/ orqj0uxq jurzwk h�hfw1 �Xqvwdeoh h{wuhplwlhv� lqwhuydov
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duh vxfk wkdw dq| vkrfn ohdglqj wkh sursruwlrq ri KV zrunhuv wr ohdyh wkh
lqwhuydo kdv orqj uxq jurzwk h�hfwv1 Lqghhg/ wklv sursruwlrq frqyhujhv wr d
vwdeoh h{wuhplw| ri wkh forvhvw �frqvwdqw sursruwlrq� lqwhuydo1

Ohw xv frqvlghu dq hfrqrp| zlwk d wlph0lqyduldqw vwuxfwxuh ri vnloo +qr
vrfldo prelolw|,1 Lq dffrugdqfh rq wkh glvfxvvlrq deryh/ zh fdq ghvfuleh wkh
frqvhtxhqfhv ri d wudqvlwru| hgxfdwlrqdo srolf|1 Lq sduwlfxodu/ zh frqvlghu
sxuh uhglvwulexwlyh srolflhv zklfk ohdyh wkh wd{ udwh xqfkdqjhg E� ' kJ '
kr n q�1 Iru h{dpsoh/ dq lqfuhdvh lq wkh sursruwlrq ri KV zrunhuv �qdqfhg
sxeolfo| Eq� lpsolhv d ghfuhdvh lq wkh sursruwlrq ri KV zrunhuv hpsor|hg lq
wkh edvlf irupdwlrq Ekr�1 Li wkh hfrqrp| olhv lq dq �xqvwdeoh h{wuhplwlhv�
lqwhuydo8/ vxfk d srolf| pd| doorz wr ohdyh d wuds zlwk orz jurzwk dqg wr
uhdfk d kljkhu jurzwk sdwk1 Rq wkh frqwudu|/ d srolf| surprwlqj wkh edvlf
irupdwlrq ohdgv wr d orzhu jurzwk sdwk1 Li wkh hfrqrp| olhv lq d �vwdeoh
h{wuhplwlhv� lqwhuydo/ wkhvh wudqvlwru| hgxfdwlrqdo srolflhv zrq*w kdyh shu0
pdqhqw jurzwk h�hfwv1 Dv lq D}duldglv0Gud}hq +4<<3,/ zh vkrz wkdw olwwoh
gl�huhqfhv lq kxpdq fdslwdo hqgrzphqwv/ l1h khuh lq wkh lqlwldo sursruwlrq
ri KV lqglylgxdov/ pd| ohdg wr shuvlvwhqw gl�huhqfhv lq jurzwk udwhv dfurvv
frxqwulhv1 Frqvhtxhqwo|/ vrph frxqwulhv pd| lqlwldwh d kljkhu jurzwk sdwk
zkloh rwkhuv frxog vwdjqdwh1 Frqwudu| wr D}duldglv0Gud}hq/ wklv uhvxow ri
pxowlsoh htxloleuld dulvhv zlwkrxw lqfuhdvlqj uhwxuqv wr hgxfdwlrq gxh wr qrq
frqyh{lwlhv lq wkh kxpdq fdslwdo whfkqrorj|> lw lv gxh wr wkh h{lvwhqfh ri lq0
glylvlelolwlhv lq wkh �qdqflqj ri wkh dgglwlrqdo irupdwlrq1 Dq|zd|/ zh h{whqg
wklv uhvxow lq wzr zd|v1 Iluvw/ zh h{klelw lqwhuydov zlwk qr vrfldo prelolw|1
Frxqwulhv pd| lqlwldoo| olh lq d vwdwh ri vrfldo lpprelolw| +dq lqwhuydo zlwk
frqvwdqw R,1 Idplolhv zlwk KV sduhqwv uhpdlq KV shupdqhqwo| zkloh sdu0
hqwv ri OV idplolhv qhyhu sd| xqlyhuvlw| wr wkhlu fkloguhq1 Dv d frqvhtxhqfh/
frxqwulhv zlwk lghqwlfdo hgxfdwlrqdo srolflhv exw gl�huhqw lqlwldo sursruwlrqv
ri KV kdyh gl�huhqw jurzwk udwhv1 Vhfrqg/ wudqvlwru| hgxfdwlrqdo srolflhv
pd| kdyh txlwh gl�huhqw orqj0uxq h�hfwv dffruglqj wr wkh lpsruwdqfh ri wkh
KV srsxodwlrq1 Ghvslwh wudqvlwru| hgxfdwlrqdo srolflhv surprwlqj xqlyhuvlw|
hgxfdwlrq/ vrph frxqwulhv fdq*w mxps iurp orzhu vwdjhv ri wkh ghyhorshphqw
sdwk wr pruh udslg rqhv1 Wkh| duh wudsshg lq d orz ghyhorsphqw vwdjh1
Iru h{dpsoh/ d whpsrudu| ghfuhdvh lq wkh ihh ru dq lqfuhdvh lq wkh sursru0
wlrq ri whdfkhuv lq wkh xqlyhuvlw| wudlqlqj9/ zklfk lqfuhdvhv wkh uhwxuq wr wkh

8Dw wkh erxqgv ri vxfk lqwhuydov/ wkh frvw0ehqh�wv fxuyhv duh ghfuhdvlqj1
9Lw lv lpsruwdqw wr qrwlfh wkdw wkhvh lqfhqwlyhv kdyh wr eh vx!flhqw wr ohdyh dq lqwhuydo

+zklfk lv fkdudfwhul}hg e| qr vrfldo prelolw|,1 Li vr/ vrph OV sduhqwv zloo sd| wkh dggl0
wlrqdo irupdwlrq wr wkhlu fkloguhq dqg wkhuh lv dq lqlwldo lqfuhdvh lq s1 Frqvhtxhqwo|/ wkh
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dgglwlrqdo irupdwlrq/ lqflwhv vrph OV sduhqwv wr �qdqfh xqlyhuvlw| wr wkhlu
fkloguhq1 Exw/ lq vxevhtxhqw shulrgv/ wkh xqlyhuvlw| ehfrphv wrr frvwo| dqg
vrph KV sduhqwv zrq*w sd| lw wr wkhlu fkloguhq1 Lq wkh orqj0uxq wkh sursru0
wlrq ri KV zrunhuv frqyhujhv wr wkh xsshu erxqg ri wkh lqlwldo lqwhuydo1 Dw
wkh lqglylgxdo ohyho/ vrph idplolhv frxog ehqh�w iurp wkh hgxfdwlrqdo srolf|
zkloh rwkhuv frxog vx�hu iurp lw1 Exw dw dq djjuhjdwh ohyho/ wkhuh lv qr vr0
fldo prelolw| vlqfh wkh sursruwlrq ri KV uhpdlqv frqvwdqw +dw ohdvw zkhq wkh
lqlwldo sursruwlrq ri KV zdv dw wkh xsshu erxqg ri wkh lqwhuydo,1

Rq wkh frqwudu|/ whpsrudu| hgxfdwlrqdo srolflhv pd| khos frxqwulhv lq
uhdfklqj d qhz vwdjh ri ghyhorsphqw dqg lq lqlwldwlqj d kljkhu jurzwk sdwk1
Wkh lqlwldo lqfhqwlyhv ohdg vrph OV sduhqwv wr �qdqfh xqlyhuvlw| wr wkhlu fklo0
guhq1 Lq vxevhtxhqw shulrgv/ wkh �uhwxuq� wr hgxfdwlrq lv vx!flhqwo| kljk iru
qhz OV sduhqwv wr lqyhvw1 Wklv lv wkh fdvh wloo wkh hfrqrp| uhdfkhv wkh orzhu
erxqg ri wkh qh{w lqwhuydo/ fkdudfwhul}hg e| d kljkhu jurzwk udwh1 Khqfh/ wkh
furvv0frxqwu| gl�huhqfhv lq pdfurhfrqrplf dgmxvwhphqwv wr hgxfdwlrqdo srol0
flhv fdq eh dwwulexwhg/ dprqj rwkhu idfwruv/ wr gl�huhqfhv lq wkh sursruwlrq
ri KV zrunhuv1 Iurp wklv srlqw ri ylhz/ wkh prgho surylghv dq h{sodqdwlrq
iru wkh vwdjhv ri ghyhorsphqw revhuyhg e| Urvwrz +4<93,1

Qrwh wkdw h{wuhph g|qdplfv fdq dulvh1 Lq wkh fdvh zkhuh/ iru doo f 	

R 	 Rf/ � ERc R� � E� � � � : fc wkh hfrqrp| hqgv xs lq d �orz0vnloo wuds�1
Lq wkh orqj uxq/ wkh hfrqrp| nhhsv uxqqlqj zlwk OV zrunhuv rqo| dqg wkh
xqlyhuvlw| hgxfdwlrq glvdsshduv1

: Frqfoxvlrq

Wklv sdshu dqdo|}hv wkh h�hfw ri wkh glvwulexwlrq ri vnloov rq hfrqrplf ghyho0
rsphqw wkurxjk lqyhvwphqw lq kxpdq fdslwdo1 Wkh vwxg| ghprqvwudwhv/ wkdw
lq wkh devhqfh ri d fuhglw pdunhw iru hgxfdwlrq/ wkh glvwulexwlrq ri vnloov vlj0
ql�fdqwo| d�hfwv djjuhjdwh hfrqrplf dfwlylw|1 Ixuwkhupruh/ lq wkh suhvhqfh
ri lqglylvlelolwlhv lq lqyhvwphqw lq kxpdq fdslwdo/ wkhvh h�hfwv duh fduulhg wr
wkh orqj uxq dv zhoo1 Khqfh/ jurzwk lv d�hfwhg e| wkh lqlwldo glvwulexwlrq ri
vnloov/ ru pruh vshfl�fdoo| e| wkh shufhqwdjh ri lqglylgxdov zkr kdyh froohjh
hgxfdwlrq ohyho dw wkh ehjlqqlqj1 D pdmru frqvhtxhqfh gxh wr wkh frqjhvwlrq
h�hfw ri wkh hgxfdwlrqdo v|vwhp olhv lq wkh srwhqwldo h{lvwhqfh ri pdq| frq0
vwdqw jurzwk sdwkv zlwk qr vrfldo prelolw|1 Pruhryhu/ vlplodu hgxfdwlrqdo

pdjqlwxgh ri wkh hgxfdwlrqdo srolf| kdv wr eh doo wkh pruh lpsruwdqw dv wkh sursruwlrq
ri KV lv orz +lq wkh lqwhuydo,1
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srolflhv kdyh txlwh gl�huhqw orqj uxq h�hfwv dffruglqj wr wkh sursruwlrq ri
kljk vnloohg1 Lqghhg/ wkh prgho surylghv dq h{sodqdwlrq iru txlwh gl�huhqw
ghyhorsphqw sdwkv1 Rq rqh kdqg/ hfrqrplf ghyhorsphqw ri pdq| frxqwulhv
vxfk dv �gudjrqv� zklfk vxffhhghg lq surprwlqj xqlyhuvlw| dqg lqlwldwhg d
kljkhu jurzwk sdwk1 Rq wkh rwkhu kdqg/ ghyhorslqj frxqwulhv zkr idlohg wr
surprwh xqlyhuvlw| dqg uhpdlq zlwk d yhu| odujh sursruwlrq ri orz vnloohg
lqglylgxdov1 Vxfk frxqwulhv duh wudsshg lq d orz ghyhorsphqw vwdjh1

Uhihuhqfhv

^4` D}duldglv F1 dqg Gud}hq D1+4<<3, �Wkuhvkrog H{whuqdolwlhv lq Hfrqrplf
Ghyhorsphqw� Txdwhuo| Mrxuqdo ri Hfrqrplfv/ ss 83408591

^5` Edqhumhh D1Y1 dqg Qhzpdq D1I1 +4<<6, �Rffxsdwlrqdo Fkrlfh dqg wkh
Surfhvv ri Ghyhorsphqw� Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro 434/ q�2/ ss
5:705<;1

^6` Eduur U1M1 +4<<4, �Hfrqrplf Jurzwk lq d Furvv Vhfwlrq ri Frxqwulhv�/
Txdwhuo| Mrxuqdo ri Hfrqrplfv/ 439/ ss 73:07761

^7` Eìqderx U1 +4<<9, �Khwhurjhqhlw|/ Vwudwl�fdwlrq/ dqg Jurzwk= Pdfurh0
frqrplf Lpsolfdwlrqv ri Frppxqlw| Vwuxfwxuh dqg Vfkrro Ilqdqfh�/ Wkh
Dphulfdq Hfrqrplf Uhylhz/ ;9/ q��/ ss 8;7093<1

^8` Fklx Z1K1 +4<<;, �Lqfrph Lqhtxdolw|/ Kxpdq Fdslwdo Dffxpxodwlrq
dqg Hfrqrplf Shuirupdqfh� Wkh Hfrqrplf Mrxuqdo/ 43;/ ss 7708<1

^9` Ghqlvrq H1I1 �Wkh Vrxufhv ri Hfrqrplf Jurzwk lq wkh XV�/ Frpplwwhh
iru Hfrqrplf Ghyhorsphqw/ Qhz \run1

^:` Hfnvwhlq ]1 dqg ]lofkd L1 +4<<7, �Wkh H�hfwv ri Frpsxovru| Vfkrro0
lqj rq Jurzwk/ Lqfrph Glvwulexwlrq dqg Zhoiduh�/ Mrxuqdo ri Sxeolf
Hfrqrplfv/ 87/ ss 66<068<1

^;` Ihkuvwpdq F1/ Pxusk| N1P1 dqg Zhlvv \1 +4<<9, �Vrfldo Vwdwxv/ Hg0
xfdwlrq dqg Jurzwk�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro 437/ q��/ ss
43;04651

57



^<` Jdoru R1 dqg U|ghu K1H1 +4<;<, �H{lvwhqfh/ Xqltxhqhvv/ dqg Vwdelolw|
ri Htxloleulxp lq dq Ryhuodsslqj0Jhqhudwlrqv Prgho zlwk Surgxfwlyh
Fdslwdo� Mrxuqdo ri Hfrqrplf Wkhru|/ 7</ ss 69306:81

^43` Jdoru R1 dqg ]hlud M1 +4<<6, �Lqfrph Glvwulexwlrq dqg Pdfurhfr0
qrplfv� Uhylhz ri Hfrqrplf Vwxglhv/ 93/ ss 680851

^44` Jorpp J1 dqg Udylnxpdu E1 +4<<5, �Sxeolf yhuvxv Sulydwh Lqyhvwphqw
lq Kxpdq Fdslwdo= Hqgrjhqrxv Jurzwk dqg Lqfrph Lqhtxdolw|� Mrxuqdo
ri Srolwlfdo Hfrqrp|/ yro 433/ q�7/ ss ;4;0;671

^45` Judgvwhlq P1 dqg Mxvwpdq P1 +4<<9, �Wkh Srolwlfdo Hfrqrp| ri Pl{hg
Sxeolf dqg Sulydwh Vfkrrolqj= d G|qdplf Dqdo|vlv� Lqwhuqdwlrqdo Wd{

dqg Sxeolf Ilqdqfh/ 6+6,1

^46` Mrujhqvrq G1Z1 +4<;7, �Wkh Frqwulexwlrq ri Hgxfdwlrq wr XV Hfrqrplf
Jurzwk�/ lq Hgxfdwlrq dqg Hfrqrplf Surgxfwlylw|/ +H1Ghdq,/ Edoolqjhu/
Fdpeulgjh1

^47` Oxfdv U1H1 +4<;;, �Rq wkh Phfkdqlfv ri Hfrqrplf Ghyhorsphqw� Mrxu0
qdo ri Prqhwdu| Hfrqrplfv/ 55/ ss 60751

^48` Urvwrz Z1 +4<93, Wkh Vwdjhv ri Hfrqrplf Jurzwk Fdpeulgjh= Fdp0
eulgjh Xqlyhuvlw| Suhvv1

^49` Wdpxud U1 +4<<4, �Lqfrph Frqyhujhqfh lq dq Hqgrjhqrxv Jurzwk
Prgho� Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro <</ q��/ ss 85508731

58


