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Public Sector Wage Bargaining, Unemployment, and 

Inequality
♣♣♣♣ 

 

Gabriele Cardullo 

University of Genoa 

 
 

Abstract 

In many countries, the government pays almost identical nominal wages to 
workers living in regions with notable economic disparities. In most cases this is the 
result of highly centralized pay systems. By developing a two-region general 
equilibrium model with unions and search frictions in the labour market, I study 
the differences in terms of unemployment, real wages, and inequality between a 
regional wage bargaining process and a national one in the public sector. Adopting 
the former lowers public sector real salaries but it also decreases unemployment and 
jacks up private sector real earnings. Simulations conducted on the basis of Italian 
data show that, compared to a national negotiation process, a regional one also 
increases inequality both within and between regions  
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M -*)3!%'( $ -*4)"(2 -*08*3'% +2 " * ('9!*)3/ 3$2 a $)% b: N'5

9!*)3 %!&'( *)12 !) "'(03 *7 8(!.$"' 3'-"*( 8(*%4-"!.!"2/  #!1' $11

"#' *"#'( 8(*%4-" $)% 1$+*4( 0$(6'" 8$($0'"'(3 $(' $3340'% "*

+' "#' 3$0': ;'3!%'3 "#' 9$!) !) 3!081!-!"2/ "#!3 $13* $11* 3 "*

!3*1$"' 0*(' 3"$(612 "#' '&'-"3 *7 %!&'(')" 84+1!-  $9' 8*1!-!'3

*) "#' ('9!*)$1 %!38$(!"!'3 "#$"  !11 ('341" 7(*0 "#' 0*%'1:

O3 ('9$(%3 "#' 3"(4-"4(' *7 "#' 8(*%4-" 0$(6'"/ M 7*11* 

"#' 3"$)%$(% $88(*$-# *7 P+3"7'1% $)% N*9*& =>??I/ -#$8"'(

L



 ! "#$%& '( ) ''*+, -. %#/0 1%$23.! 453 2.4%16%72#4% $337& #.7

3.% 8.#9 /3.&:6"423. $337 #1% "137:/%7, ;.% 2.4%16%72#4%

$337 2& "137:/%7 2. 40% "12<#4% &%/431 #.7 /#. =% 41#7%7 #/13&&

40% 1%$23.& #4 # /36"%4242<% "12/%! 40% 340%1 3.% 2& ":=92/ #.7

.34 41#7#=9%

 !

, >0% /3.&:6"423. $337 2& #9&3 &397 2. # /36"%42)

42<% 6#1?%4! =:4 24 2& .34 41#7#=9%, -4& "137:/423. @:./423. 4#?%&

# ABC @316D

Yi =
[

Q
s−1

s

p, i + Q
s−1

s

g, i

]

s
s−1

5240 i ∈ {a, b}! EF+

2. 502/0 Qp, i #.7 Qg, i 1%&"%/42<%9G 7%.34% 40% 2.4%16%72#4% $337

"137:/%7 2. 40% "12<#4% &%/431 #.7 40% 2.4%16%72#4% $337 "13)

7:/%7 2. 40% ":=92/ &%/431 2. 1%$23. i, >0% %9#&42/24G 3@ &:=&42)

4:423. s 2& $1%#4%1 40#. 1 43 #9935 # &24:#423. 2. 502/0 &36% Qi

#1% %H:#9 43 I%13,

J%4 Pi #.7 P (Qp, i) =% 40% "12/%& 3@ 40% /3.&:6"423. $337

#.7 40% "12<#4% 2.4%16%72#4% $337 2. 1%$23. i, - /3.&27%1 Qp,i

#& 40% .:6%1#21% @31 40% %/3.36G 3@ 1%$23. i, C3 24& "12/% 2&

.316#92I%7 43 1 #.7 24 2& %H:#9 #/13&& 40% 1%$23.&, >0% 8.#9

$337 816 2. 1%$23. i 62.262I%& 24& /3&4 =G 4#?2.$ 40%&% "12/%&

#.7 40% #63:.4 3@ 40% ":=92/ $337 "13<27%7 =G 40% $3<%1.6%.4

Qg,i #& $2<%., >02& 9%#7& 43 40% @399352.$ K,;,A,D

p i ·

(

Qp,i

Yi

)

−
1

s

= 1 5240 p i ≡
Pi

P (Qp, i)
E'+

-. 40% %.421% /3:.41G 40%1% 2& # 6%#&:1% .316#92I%7 43 1 3@

531?%1& 40#4 #1% 2.8.24%9G)92<%7 #.7 12&?).%:41#9, L.G "12<#4%

 !

 !"#$% &%'(#$%) %*(#'!*+%*,-" .'!,%$,#!*) ,/% -0+#*#&,'-,#!* !1 23&,#$%

-'% -"" %4-+."%& !1 5!!0& ,/-, $-**!, 6% ,'-0%07

M



 !"#$% $&'()*+ ",$(-."/ 0-!1"! )2 !"3)-2 i $!-/&*"# yi  !"#$%

4+ &2)5# -6 57" $!)895"  !"#$% $&'()*+ )25"!,"/)95" 3--/: 0)57

i ∈ {a, b} 92/ ya > yb > 1;

Qp, i = yi · Ep, i

Qg, i = Eg, i i ∈ {a, b}.
 <+

Ep, i 92/ Eg, i !"#$"*5)8"(. /"=2" 57" ("8"( -6 ",$(-.,"25 )2 57"

$!)895" #"*5-! 92/ )2 57" $&'()* #"*5-! -6 !"3)-2 i%

># *-2*"!2# 57" (9'-&! ,9!1"5 ?-0#: @ ,91" 50- ),$-!5925

9##&,$5)-2#% A)!#5: )2 "9*7 !"3)-2 #"9!*7 )# &2/)!"*5"/B 57)#

,"92# 5795 &2",$(-."/ 0-!1"!# /- 2-5 /)!"*5 C-' #"9!*7 5-09!/#

9 $9!5)*&(9! #"*5-! 92/ '-57 $!)895" 92/ $&'()* C-' 89*92*)"#

798" 57" #9," $!-'9')()5. -6 ,""5)23 9 0-!1"!% @ '"()"8" )5 )# !"9D

#-29'(" 5- 9##&," 5795 57" 98"!93"  92/ 2-5 -2(. 57" ,9!3)29(+

&2",$(-."/ 0-!1"! /-"# 2-5 798" 9 $!"6"!"2*" 6-! 9 $&'()* -**&D

$95)-2 *-,$9!"/ 5- 9 $!)895" -2"  92/ 8)*"D8"!#9+ 92/ #- 7" /-"#

2-5 9$$(. 6-! C-'# )2 -2" #"*5-! -2(.% E7" ?-0 -6 7)!"#: Mi: )# 9

6&2*5)-2 -6 57" 2&,'"! -6 89*92*)"#: Vi 92/ 57" 2&,'"! -6 &2",D

$(-."/ $"-$(": 57" -2(. C-'D#""1"!# )2 57" "*-2-,.  57"!" )# 2-

-2D57"DC-' #"9!*7+: Ui: 0)57 i ∈ {a, b}% E7" ,95*7)23 6&2*5)-2

)# 0!)55"2 Mi = m (Ui, Vi )% F9'-&! ,9!1"5 5)3752"## )# /"2-5"/

'. θi ≡ Vi/Ui % E7" !95" 95 07)*7 89*925 C-'# '"*-," =(("/ )#

q(θi) ≡ m (Ui, Vi ) /Vi: 0)57 q ′(θi) < 0% > C-'D#""1"! ,-8"# )25-

",$(-.,"25 95 9 !95" f(θi) ≡ m (Ui, Vi ) /Ui = θi q(θi) 0)57

f ′(θi) > 0% >5 92 "G-3"2-&# !95" δg  !"#$% δp) 9 $&'()*  $!)D

895"+ C-' )# /"#5!-."/% H-!1)23 )2 57" $&'()* #"*5-! 79# 9 (-23"!

/&!95)-2; δp > δg%

4I



 !" #"$%&' ()*%+,-&, -##.)*,(%& $%&$"+&# )(/+-,(%& 0+%)

%&" +"/(%& ,% ,!" %,!"+1 2, -& "3%/"&%.# +-," λi4 -& .&")*5%6"'

7%+8"+ (& +"/(%& i )(/+-,"# ,% +"/(%& j -&' #,-+,# #"-+$!(&/ 0%+

- 9%: ,!"+"1  !" $!%($" %0 - $%&#,-&, +-," %0 )(/+-,(%& (# '%&"

0%+ #()*5($(,6 +"-#%&#1 ;0 ,!" '"$(#(%& ,% )%<" 7"+" "&'%/"&%.#4

%&" 7%.5' "3*"$, ,!-, :",,"+ "$%&%)($ $%&'(,(%&# (& %&" +"/(%&

7%.5' "&#." - 5-+/" (&=%7 %0 ())(/+-&,#4 #% *-+,(-556 %>#",,(&/

,!" ")*5%6)"&, %+ 7-/" /-(&# ,!"+" ?#"" @%+",,(4 ABCCD

  

1 E%F

,($" !%7"<"+ ,!-, #.$! - )(,(/-,(&/ ">"$, %0 )(/+-,(%& (# -5#%

*+"#"&, (& ,!(# )%'"5 <(- ,!" -##.)*,(%& ,!-, %&56 ,!" .&")F

*5%6"' 7%+8"+# )%<" :",7""& +"/(%&#1  !" 5%7"+ ,!" .&")*5%6F

)"&, +-," (& - +"/(%& (#4 ,!" 5-+/"+ ,!" &", =%7 %0 *"%*5" )%<(&/

,!"+"1

G", φi ?i ∈ {a, b}D '"#(/&-," ,!" #!-+" %0 *.:5($ 9%: <-$-&$("#

-)%&/ -55 <-$-&$("# (& +"/(%& i1  !" "H.-5(,6 :",7""& =%7# (&

-&' %., "-$! 7%+8"+#I #,-,.# 5"-'# ,% ,!" 0%55%7(&/ "H.-,(%&#J

Ep, i δp = Ui (1− φi) f(θi)

Eg, i δg = Ui φi f(θi) 7(,! i ∈ {a, b},

λaUa = λbUb

?KD

7!"+" Ui (# ,!" 5"<"5 %0 .&")*5%6)"&, (& +"/(%& i1 L(&$" 1 =
∑

n, i En, i +
∑

n, i Un, i 7(,! n ∈ {p, g} -&' i ∈ {a, b}4 ,!" "H.-F

  

 !" #$%&'$()* '$ #$(")'%) #$ &+) $,-.)" !/ 0)!01) 2,),#$3 /!" ' 4!. #$

!$) ")3#!$ 5!,16 "'#%) &+) )70)(&)6 6,"'&#!$ !/ ,$)-01!8-)$&9 :$ &,"$*

&+#% 5!,16 )7)"& ' 6!5$5'"6 0")%%,") !$ 5'3)% ;#' ' ")6,(&#!$ #$ 5!"<)"%=

/'11>.'(< 0!%#&#!$9 ?+) 0"#() !/ &+) 1'$6 5!,16 '1%! 3! ,09

CC



 !"#$  %& '( ()*!#(  %( +(,(+ "- (*.+"/*(# !# (&0% )(1!"# &)(2

Ea =
f(θa) ·

(

φa

δg
+ 1−φa

δp

)

1 + λa

λb

[

1 + f(θb) ·
(

φb

δg
+ 1−φb

δp

)]

+ f(θa) ·
(

φa

δg
+ 1−φa

δp

)

Eb =

λa

λb
f(θb) ·

(

φb

δg
+ 1−φb

δp

)

1 + λa

λb

[

1 + f(θb) ·
(

φb

δg
+ 1−φb

δp

)]

+ f(θa) ·
(

φa

δg
+ 1−φa

δp

)

345

6$!#1 (78& !"#$ (4) &#' 3559 ! ."$$!:+(  " '( ()*!#(  %( -)&0;

 !"# "- .8:+!0 <":$ "8 "-  " &+ -") (&0% )(1!"#2

Eg, i

Ei

=

φi

δg

φi

δg
+ 1−φi

δp

, =! % i ∈ {a, b} 3>5

?")(",()9 $8:$ ! 8 !#1 (78& !"#$ 335 &#' 365 !#  %( '(*&#' -8#0;

 !"# 3259 pi 0&# :( =)!  (# &$2

p i =

[

1 +

(

φ i

yi(1− φ i)
·
δp
δg

)
s−1

s

]
1

1−s

=! % i ∈ {a, b}. 3@5

A%( .)!0( "-  %( 0"#$8*. !"# 1""' !$ !#0)(&$!#1 !# yi &#' '(;

0)(&$!#1 !# φiB C$ D .)"0((' D =!++ !#,($ !1& (  %( 1(#()&+ !*.+!;

0& !"#$ "-  %!$ (78& !"#B

E( r :(  %( '!$0"8# )& ( 0"**"#  " &++ &1(# $B C$ 8$8&+ !#

 %( $ &#'&)' $(&)0% &#' *& 0%!#1 +! ()& 8)( 3F!$$&)!'($9 GHHH9

0%&. () I59 D !*."$(  %( "#( J)* ; "#( <": &$$8*. !"# !#  %(

.)!,& ( $(0 ")B A%( (K.(0 (' '!$0"8# (' 8 !+! / "- &# 8#(*.+"/('

=")L() $(&)0%!#1 -") & <": "-  /.( n ∈ {g, p} !# )(1!"# i ∈ {a, b}9

IG



WU
i  !"#$!% &'! ()**)+#,- .!**/0, !120&#),3

rWU
i = f(θi)

[

φiW
E
g, i + (1− φi)W

E
p, i − WU

i

]

456

7'! #,%&0,&0,!)2% 2&#*#&8 #, 2,!/9*)8/!,& #% 0%%2/!: !120*

&) ;!") ()" %#/9*#<#&8= 0,: WE
g, i 4"!%9> WE

p, i6 #% &'! :#%<)2,&!:

9"!%!,&  0*2! )( ?!#,- !/9*)8!: #, &'! 92?*#< 4"!%9> 9"# 0&!6

%!<&)" #, "!-#), i>

7'! .!**/0, !120&#), ()" 0 +)"@!" )( "!-#), i ∈ {a, b} !/A

9*)8!: #, %!<&)" n ∈ {g, p} #%3

rWE
n, i =

wn, i

pi
+ δn ·

(

WU
i − WE

n, i

)

, 4B6

+'!"! wn, i/pi #% &'! "!0* +0-! #, %!<&)" n )( "!-#), i>

C, &'! )&'!" %#:! )( &'! /0"@!&= &'! .!**/0, !120&#), ()" 0,

0<&# ! 9"# 0&! $"/ #%3

rJE
p, i =

yi
pi

−
wp, i

pi
+ δp

(

JV
p, i − JE

p, i

)

, +#&' i ∈ {a, b} 4DE6

7) 9)%& 0  0<0,<8= #,&!"/!:#0&! $"/% ,!!: &) #/9)"& 0, #,92&

-)):= +')%! 9"#<! k #% :!&!"/#,!: #, &'! #,&!",0&#),0* /0"@!& ?8

0, #,$,#&!*8 !*0%&#< %299*8

 !

> F)" 0 <), !,#!,& ,)"/0*#;0&#),= G

#/9)%! &'0& $"/% ?28 1 2,#& )( 0, #,92& -)): 9!" 2,#& )( &#/!

 "

>

 !

 !"#$%&'&() *+'%' "&, &(%#$(#% -,. /# ,( #0,-12#3

 "

4( , '%,(!,$! '#,$*5 ,(! -,%*5&() -+!#2 %5# 6+7 *+'% +8 , ",*,(*. ,$#

9(&%' +8 %5# :(,2 *+('9-1%&+( )++!3 ;. ,''9-1%&+( %5,% :$-' (##! %+ /9.

, !&<#$#(% &(19% 7&%5 , :0#! 1$&*# &' !+(# 8+$ '&-12&*&%. $#,'+('3 48 1$&",%#

:$-' (##!#! %5# *+('9-1%&+( )++! %+ 5&$# , 7+$=#$> %5#&$ /#5,"&+9$ 7+92!

!&<#$ ,*$+'' $#)&+(' (+% +(2. 8+$ %5# 1$+!9*%&"&%. ),1 /9% ,2'+ /#*,9'# ",?

*,(*. *+'%' 7+92! &(*$#,'# 7&%5 %5# *+'% +8 2&"&()3 @5&' 89$%5#$ *+-12&*,%&+(

7+92! A#+1,$!&B# %5# ,(,2.%&*,2 %$,*%,/&2&%. +8 %5# -+!#23

DH



 !" #$ %!&' #$ ()* +!, -!$.(.!& /*0#.&$ .1%*" ()* 2!3 4!$( 5!/ ()*

6/0 .$ *78#% (! k/pi9 :)* *;-*4(*1 <#%8* !5 <#4#&4=" JV
p, i" .$

'.<*& ,= ()* $80 !5 $84) # 4!$( #&1 ()* 4#-.(#% '#.& ()#( #44/8*$

5/!0 ()* 0#(4)" 08%(.-%.*1 ,= ()* +!, 6%%.&' /#(*>

rJV
p, i = −

k

pi
+ q(θi)

(

JE
p, i − JV

p, i

)

, 3.() i ∈ {a, b}9 ?@@A

 ! "#$%&'()) *'+ ,*$( +(&(-.#'*&#/' #' &%( 0-#1*&(

)(2&/-)

B$ 4!00!& .& $*#/4) #&1 0#(4).&' 0!1*%$" # 5/** *&(/= C*/!D

-/!6( 4!&1.(.!& #&1 # /*&( $)#/.&' /8%* 1*(*/0.&* ()* *78.%.,/.80

<#%8*$ !5 (.')(&*$$ #&1 &!0.&#% 3#'* .& $*4(!/ i" θi #&1 wp, i9 E/**

*&(/= !5 <#4#&4.*$ #&1 C*/!D-/!6( .0-%= ()#( JV
p,i = 09  8,$(.D

(8(.&' ().$ .&(! (10) #&1 (11)" !&* '*($ ()* 8$8#% <#4#&4=D$8--%=

48/<*>

yi − wp, i

r + δp
=

k

q(θi)
3.() i ∈ {a, b}.

:)* *;-*4(*1 1.$4!8&(*1 /*<*&8*$ #/* *78#% (! ()* *;-*4(*1 4!$(

!5 -!$(.&' # <#4#&4=9

F& *#4) /*'.!&" ()* -/.<#(* $*4(!/ 3#'* .$ &*'!(.#(*1 <.# 4!%D

%*4(.<* ,#/'#.&.&' ,*(3**& 8&.!&$ !5 6/0$ #&1 8&.!&$ !5 3!/GD

*/$9  84) #& #$$80-(.!& $**0$ -%#8$.,%* 5!/ 0#&= 4!8&(/.*$ .&

H!&(.&*&(#% I8/!-*" 3)*/* .&1.<.18#% ,#/'#.&.&' .$ /#/* #&1 ()*

$*4(!/#% %*<*% !5 &*'!(.#(.!& !5(*& -%#=$ # 0#+!/ /!%*9 :)* *;D

-*4(*1 1.$4!8&(*1 8(.%.(= !5 ()* 8&.!&$ !5 -/.<#(* $*4(!/ 3!/G*/$

@J



 !" #$%& '! $()'*! i  $( $(&+(,-'.(/01

rTW
p, i =

wp, i

pi
· Ep, i 2345

rT F
p, i =

(

yi
pi

−
wp, i

pi

)

· Ep, i 2365

78( 9!"($/0'!)  &&9%+-'*! '& -8 - -8( -$ "( 9!'*! :(8 .(& '!  

9-'/'- $' ! ; 0< , $'!)  :*9- -8( &9% *= '-& %(%:($&> '!,*%(&

 !

?

@ ,*!&'"($  !  A'*% -', B &8 &*/9-'*!? 78( !*%'! / ; )( $(C

,('.(" :0 +$'. -( (%+/*0((& '! $()'*! i &*/.(& -8( +$*:/(%1

wp, i =  $)% A

[

TW
p, i − T̄W

p, i

]β [
T F
p, i − T̄ F

p, i

]1−β

&?-? TW
p, i > T̄W

p, i

T F
p, i > T̄ F

p, i ;'-8 i ∈ {a, b}.

23D5

78( -($%& T̄W
p, i  !" T̄ F

p, i "(!*-( $(&+(,-'.(/0 -8( -8$( - +*'!-&

=*$ -8( 9!'*!& *= ;*$E($&  !" #$%&? F*$ &'%+/','-0 @ '%+*&(

:*-8 -8$( -& +*'!-& (G9 / -* H($*? @= !*  )$((%(!- '& ,*!,/9"("<

-8( (%+/*0((& '! -8 - &(,-*$ "* !*- ;*$E  !" "* !*- ( $!  !0

& / $0? 78( #$% "*(& !*- +$*"9,(  !" "*(& !*- + 0  !0 ; )(

 "

?

78( ,*!&-$ '!-& '%+*&(" '! -8( % A'%'H -'*! %( ! -8 - :*-8

+ $-'(& 8 .(  /; 0& -8( +*&&':'/'-0 -*  : !"*! -8( !()*-' -'*!

 !

 !"#$$ %&#% %&! '()%#(%#(!*+) +%'$'%, *- +(!./$*,!0 1*23!2) ') !4+#$ %*

5!2*

 "

6+"& %&2!#%) /*'(%) #2! )'.'$#2 %* %&*)! '(%2*0+"!0 7,  *)!( 89::;< #(0

=#$$ #(0 >'$?2*. 8@AAB<C D&! '0!# ') %&#% # 0')#?2!!.!(% '( %&! (!?*%'#E

%'*( 7!%1!!( +('*() +)+#$$, './$'!) # 0!$#, '( %&! /2*0+"%'*(F )%2'3!)F (*%

.#))'G! $#,E*H) *2 4+'%)C I"%+#$$,F '( %&! /#/!2 *- =#$$ #(0 >'$?2*.F %&!

0!$#, '( %&! /2*0+"%'*( '(G*$G!) # J*1 "*)% -*2 %&! K2.C L*2 )'./$'"'%,F M

'./*)! '% !4+#$ %* 5!2*C

3I



 ! "# $ %#& %' ()*'$ "#'( +'""', &-. /$  0 1&$'0 234456 )07

8)99 )07 : 9;,&( 2<==>6? "#'@ ),' 0&" + 07 0;A 0& B9)@', #)$

)0  0%'0" C' "& DE " "#' 0';&" )" &0. F),)('"', β 7'0&"'$ "#'

'G&;'0&E$ +),;) 0 0; B&H', &! "#' E0 &0$ &! H&,*',$ 20 < β <

16. I&(BE" 0; "#' J.K.I. )07 "#' %&07 " &0$ &0 "#' "#,')"$

B& 0"$ @ '97$ "&

wp, i = β · yi H "# i ∈ {a, b}. 23L6

ME+$" "E" 0; "# $ C)9E' &! "#' 0&( 0)9 H);'  0 "#' C)%)0%@N

$EBB9@ 'DE)" &0? O ;'"A

ZP(θi) ≡ (1 − β) yi − k ·
r + δp
q(θi)

= 0 H "# i ∈ {a, b}.

23P6

Q# $  (B9 % " !E0%" &0  $ 7'0&"'7 ZP(θi) = 0 +'%)E$' &! "#' "#'

R',&NB,&S" %&07 " &0 "#)" 7'"',( 0'$ "#' C)%)0%@TE0'(B9&@('0"

,)" &  0 "#' B, C)"' $'%"&,. U&" %' "#)" θa > θb +'%)E$' ya > yb.

 !" #$% &'(%)*+%*,-. '/0%1,2(% 34*1,2'* 5*6 ,$% /467

&%, 1'*-,)52*,

Q#' C)9E' !E0%" &0 &! ')%# 9&%)9 ;&C',0('0" $&9C'$ "#' !&99&H 0;

V'99()0 'DE)" &0A

rΠ(Eg, i) = max
Vg,i

[(

Yi −
wg, i

pi
Eg, i, t −

k

pi
Vg, i

)

+
dΠ(Eg, i)

d t

]

s.t.
dEg, i

d t
= Vg, i · q(θi) − δg · Eg, i H "# i ∈ {a, b} .

2356
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 !"# $"%&$&#' !() *+#, -./0&% 1+%+#%&"2 *.23 /" -(23"$4 3!"

-./0&% +.3!(5&3, (6 5"'&(# i *+7&*&8"2 3(3+0 (.3-.3 #"3 (6 3!"

)+'" /&00 +#$ 3!" 1+%+#%, %(2329 :+/(.5 *+5;"3 3&'!3#"22 &2

3+;"# +2 '&1"#

 !

9 <(3&%" 3!+3 +3 3!&2 23+'" 3!"5" &2 #( 0&#; /"=

3)""# 5"'&(#24 2( )" )(.0$ '"3 3!" 2+*" 5"2.032 &6 )" %(#2&$"5"$

+ %"#35+0 '(1"5#*"#3 3!+3 *+7&*&8"2 + 1+0." 6.#%3&(# ">.+0 3(

3!" 2.* Π(Eg, a) + Π(Eg, b)9 ?!" @9A9B9 %(#$&3&(# 3!+3 2+3&2C"2

D17E &2F
dΠ(Eg, i)

dEg, i

=
k

pi · q(θi)
, i ∈ {a, b}

?!" *+5'&#+0 1+0." (6 (#" +$$&3&(#+0 G(/ *.23 /" ">.+0 3( 3!"

"7-"%3"$ %(23 (6 C00&#' + 1+%+#%,9 H# 23"+$,=23+3"4

dEg, i

d t
= 09

I--0,&#' 3!" "#1"0(-" 3!"(5"* 3( D17E ,&"0$2F

dΠ(Eg, i)

dEg, i

=
1

pi
·
pi · (d Y/dQg, i) − wg, i

r + δg
, i ∈ {a, b}

J2&#' ">.+3&(#2 D2E4 D3E4 +#$ D6E (#" '"32 3!+3 pi ·(d Y/dQg, i) =

y
1/s
i ·

(

φi

1−φi
· δp
δg

)

−1/s

. K.33&#' 3('"3!"5 3!" LMN (6 3!" 3)( -5"=

%"$&#' ">.+3&(#24 (#" '"32F

G (φi, θi, wg, i) ≡
y

1

s

i ·
(

φi

1−φi
· δp
δg

)

−
1

s

− wg, i

r + δg
−

k

q(θi)
= 0 i ∈ {a, b}
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 !" #$%& "#'(!)* +&# (,-.(%(+ /0)%+(!) G (φi, θi wg, i) = 0 1#+#"2

,()#3 +&# /"$%+(!) !/ -04.(% 5$%$)%(#3 φi %!)1(+(!)$. !) +&# .#5#.

!/ +('&+)#33 θi $)1 !) +&# 5$.0# !/ wg, i6 7()%# +&# -04.(% '!!1

(3 )!+ 3!.1 () $ %!,-#+(+(5# ,$"8#+ 40+ /"##.9 -"!5(1#1 49 +&#

'!5#"),#)+* (+3 -"!10%+(!) %!3+3 $"# :)$)%#1 5($ $ +$; Ti <#;2

-"#33#1 () +#",3 !/ +&# )0,#"$("#= .#5(#1 !) +&# :)$. '!!1 :",3

$)1 #>0$. +! +&#(" -"!:+36

Ti = pi·Yi −Qp, i = pi·Eg, i·(d Y/dQg, i) = Eg, i· y
1

s

i ·

(

φi

1− φi

)

−
1

s

i ∈ {a, b}
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A&# 3#%!)1 #>0$.(+9 %!,#3 /"!, +&# %!)3+$)+ "#+0")3 +! 3%$.#

-"!-#"+9 !/ +&# :)$. '!!1 -"!10%+(!) /0)%+(!)36 A&# $,!0)+ !/

+$; -#" -04.(% B!"8#" (3 #>0$. +! +&# ,$"'()$. 5$.0# !/ -04.(%

#,-.!9,#)+6 C9 3043+(+0+()' +&(3 5$.0# +! #>0$+(!) <18=* '!52

#"),#)+3D #;-#%+#1 -"!:+3 $"# #>0$. +! E#"!6 C9 +&# 3$,# +!8#)*

+&# /"## #)+"9 %!)1(+(!) $)1 #>0$+(!) <19= "#3-#%+(5#.9 #)30"#

+&$+ )#(+&#" +&# ()+#",#1($+# -"(5$+# :",3 )!" +&# :)$. '!!1

3#%+!" '#+ -!3(+(5# #;-#%+#1 -"!:+3 !" .!33#3 () 3+#$1923+$+#6

F %!"!..$"9 !/ +&# 401'#+ 4$.$)%#1 %!)1(+(!) (19) (3 +&# $42

3#)%# !/ :3%$. "#1(3+"(40+(!) $,!)' "#'(!)3G () #$%& !)# +$;#3

,03+ 4# #>0$. +! :3%$. "#5#)0#36 A&(3 %!)1(+(!) B(.. 4# "#.$;#1

() +&# +&("1 3%#)$"(! H -"#3#)+ () 3#%+(!) 56
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-. / 0&+()# 1$2#&" 3)0 4)*0)&(&(0. 56 (+7&()# 8$2#&"

9)0 &% ( 0+:&): ; ): * 0&+()# # ' # 2< #+")# 8$2#&" )$:6+*=

&:& % )(; $(&+(%.

>. ? (:*)#&@ ; 1$2#&" 3)0 4)*0)&(&(0. 56 8$2#&" 9)0 ( =

0+:&):&+( :)A % 8#)" ): :6 " (:*)# # ' # 2< ():&+()# $(&+(%

)(; :6 " (:*)# 0+' *(7 (:.

B( 2+:6 %" ()*&+%C :6 #+")# )$:6+*&:& % 2 ( D: E*+7 ) * #):&' 

)$:+(+7< 9&:6 * %8 ": :+ :6 " (:*)# 0+' *(7 (:C %&(" :6 < )* 

E*  :+ "6++% :6 +8:&7)# # ' # +E 8$2#&" F+2 ')")("& %.

 !" #$%&'()* +),%)&(&(%

G% &( :6 8*&'): % ":+*C :6 * (: %6)*&(0 *$# 6)% :6 E+##+9&(0

E+*7,

wg, i = )*07)!

[

wg, i

pi
· Eg, i

]β [

Eg, i

(

F ′(Qg, i)−
wg, i

pi

)

−
k

pi
Vg, i

]1−β

9&:6 i ∈ {a, b}. 56 8$2#&" $(&+(H% $:&#&:< &%  I$)# :+ :6 %$7 +E

:6 &(%:)(:)( +$% $:&#&:& % +E &:% 7 72 *%. 56 #+")# 0+' *(7 (:

"+(%&; *% :6 * ' ($ % +2:)&( ; 2<  78#+<&(0 Eg, i "&'&# % *')(:%C
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.
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 !"#$%%& '( )* (%$+)#* 2.2, -()*. +/% (+%'&01(+'+% %2-'+)#*

Vg,iq(θi) = Eg, iδg, G (φi, θi wg, i) = 0, '*& ZP(θi) = 0 +# .%+ '*

%2-'+)#* 3#" +/% *#4)*'5 !-65)$ 7'.%8

wg, i = β ·
r

r + δp
· yi 9:;<

7)+/ i ∈ {a, b}= >-6(+)+-+)*. (20) )*+# 918< 0)%5&(8

(1 − β) y
1

s

i ·
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φ∗

i

1− φ∗

i

·
δp
δg

)

−
1

s

= k ·
r + (1− β)δg

q(θi)

= ( r + (1− β)δg ) ·
(1− β)ya
r + δp

,
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7)+/ i ∈ {a, b}= @%*$%3#"+/ +/% (-!%"($")!+
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ZPi(θi) = 0= E*&%" "%.)#*'5 7'.% 6'".')*)*. )* +/% !-65)$

(%$+#", +/% 3"'$+)#* #3 !-65)$ A'$'*$)%( #-+ #3 +#+'5 φi )( -*)2-%50

&%+%"4)*%& 60 %2-'+)#* 921<=

F)G%"%*$%( 6%+7%%* "%.)#*(
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!"#&-$+)A%, D"4( !#(+ 4#"% A'$'*$)%( '*& $"#7& #-+ 4#"%
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 ! p∗a > p∗b . "#$%&'&'( (7) )'* (21)+ #', (,-./

p∗i =

[

1 +
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r + (1− β)δg
r + δp

yi

)1−s
]

1

1−s

0&-1 i ∈ {a, b}!

2,(&#' a ,31&%&-. ) 1&(1,4 5#.- #6 7&8&'( %,5)9., ya > yb!
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(
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0&77 %, -1, 4,7)-&8, 5#.- ; A)&* 8&) -)3,. ; #6 -1, A9%7&5 '#';

-4)*)%7, (##*! M' -94'+ -1&. -4)'.7)-,. &'-# ) 1&(1,4 A4&5,
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2!12)($ -.  2)() !3 %,3* % ,*4)( 32%() *5 6.-,!& 7*-3$  2% 
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6(!"% ) 3)& *( 6(*+.& !"! # *5  2)!( ()1!*'$ yi; @*/6. %?
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3)& *( 4%1)3 %() ,*4)(  2%' 6(!"% ) *')3;

 !" #$%&'()*+$, -('.(*%*%. *% &/$ 012)*3 4$3&5'
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wg = %(1/%8

[
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[

∑
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Eg, i

(
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(
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+
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[
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·

(

y
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(
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= β ·
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r + δp
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 ! "# $#

γ = γ(θa, θb, φa, φb ) ≡

f(θa)φa
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f(θa)φa

pa
+ λa

λb

f(θb)φb

pb
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%'(0%3( ., )#( "%3(* .2)% !(& ' % 0(3 .!%/ !(3.) %) .!8 <#( (!:

&.3(!.-* "( 3#) %0( γ %!& 1 − γ8 =.) $( )#%) γ 1.* ) '(/> &(:

1(!&* .! φa %!& θa %!&  )  * !(3%) '(/> %?($)(& 2> φb %!& θb8
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