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This Appendix proves the counterpart to Proposition 1 in the paper for the setting where

the regulator seeks to maximize expected consumer surplus (E fSg) and a fraction of the
V ís expected proÖt (E f!0g) and Eís expected proÖt (E f!1g). Assumptions 1 and 2 in the
paper are maintained throughout the ensuing analysis.

The regulatorís problem in this setting is:

Maximize
w; p0

E fSg+ $0E f!0g+ $1E f!1g subject to E f!0g # 0

where $0; $1 2 (0; 1).

For a Öxed ba, call this problem [RP % $ ba ]. The associated Lagrangian function is:

L = E fS (w; p0; c) jba g+ $0E f!0 (w; p0; c) jba g+ $1E f!1 (w; p0; c) jba g

+ ,E f!0 (w; p0; c) jba g . (1)

From Lemma A1 in the paper:

E fS (w; p0; c) jba g = %w +
B0 +B14+42

8 [ t0 + t1 ]
(2)

where B0 is independent of p0 and w, 4 ) p0 % w; and from (22) in the paper:

B1 = 2 [ v1 % v0 ]% 2E fc jba g % 6 t0 % 8 t1 . (3)

DeÖne R ) v1 % v0 + t0 % E fc jba g . (4)

From (13) in the paper:

x1 =
v1 % v0 + t0 % E fc jba g+ p0 % w

2 [ t0 + t1 ]
=

R +4
2 [ t0 + t1 ]

, and

x0 = 1% x1 = 1%
R +4
2 [ t0 + t1 ]

=
2 [ t0 + t1 ]%R%4

2 [ t0 + t1 ]
. (5)

V ís expected proÖt is:

E f!0 (w; p0; c) jba g = [w % cu ]x1 + [ p0 % cd % cu ]x0 % F0

= [w % cu ] [ 1% x0 ] + [ p0 % cd % cu ]x0 % F0 = [ p0 % cd % w ]x0 + w % cu % F0 . (6)
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Because 4 = p0 % w; (5) and (6) provide:

E f!0 (w; p0; c) jba g =
[4% cd ] [ 2 (t0 + t1)%R%4 ]

2 [ t0 + t1 ]
+ w % cu % F0 (7)

=
%42 + cd4+4 [ 2 (t0 + t1)%R ]

2 [ t0 + t1 ]
%
cd [ 2 (t0 + t1)%R ]

2 [ t0 + t1 ]
+ w % cu % F0 . (8)

From (5) in the paper and from (5) above, Eís expected proÖt is:

E f!1 (w; p0; c) jba g = [E f p1 jba g % w % E fc jba g ]x1 % F1

=

"
p0 +

v1 % v0 % p0 + t0 + E fc jba g+ w
2

% w % E fc jba g
#
x1 % F1

=
1

2
[ p0 + v1 % v0 + t0 % E fc jba g % w ]x1 % F1

=
1

2
[ 2 (t0 + t1) x1 ]x1 % F1 = [ t0 + t1 ] (x1)

2 % F1

= [ t0 + t1 ]

"
R +4
2 (t0 + t1)

#2
% F1 =

[R +4 ]2

4 [ t0 + t1 ]
% F1 . (9)

Consider the following values for 4!; w!; and ,!:

4! =
2 cd + 2R [ $1 %

1
2
]

3% 2 $1
; ,! = 1% $0 > 0 ;

w! = cu + F0 %
[4! % cd ] [ 2 (t0 + t1)%R%4! ]

2 [ t0 + t1 ]
. (10)

We will show that these values constitute a solution to [RP % $ ba ] by demonstrating that
they solve the associated Kuhn-Tucker conditions.

Lemma T1. @L
@w

$$
w=w!

= 0.

Proof. Di§erentiating (2), (8), and (9) provides:

@E fS (w; p0; c) jba g
@w

= % 1 ;
@E f!0 (w; p0; c) jba g

@w
= 1 , and

@E f!1 (w; p0; c) jba g
@w

= 0 . (11)

(1), (10), and (11) imply @L
@w

$$
w=w!

= % 1 + $0 + ,
! = 0. !
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Lemma T2. @L
@4

$$$
4=4!

= 0 :

Proof. (2), (8), and (9) imply:

@E fS (w; p0; c) jba g
@4

=
B1 + 24
8 [ t0 + t1 ]

,
@E f!1 (w; p0; c) jbag

@4
=

R +4
2 [ t0 + t1 ]

, and

@E f!0 (w; p0; c) jbag
@4

=
% 24+ 2 [ t0 + t1 ] + cd %R

2 [ t0 + t1 ]
. (12)

(1), (10), and (12) imply:

@L
@4

$$$$
4 = 4!

=
B1 + 24!

8 [ t0 + t1 ]
+

$0 + ,
!

2 [ t0 + t1 ]
[% 24! + 2 (t0 + t1) + cd %R ] +

$1 [R +4! ]

2 [ t0 + t1 ]

=
B1 + 24!

8 [ t0 + t1 ]
+
% 24! + 2 [ t0 + t1 ] + cd %R

2 [ t0 + t1 ]
+
$1 [R +4! ]

2 [ t0 + t1 ]
= 0

, B1 + 24! + 4 [% 24! + 2 (t0 + t1) + cd %R ] + 4 $1 [R +4
! ] = 0

, B1 % 64! + 8 [ t0 + t1 ] + 4 cd % 4R + 4 $1 [R +4
! ] = 0 . (13)

(3) and (13) imply:

@L
@4

$$$$
4 = 4!

= 0 , 2 [ v1 % v0 ]% 2E fc jba g % 6 t0 % 8 t1 % 64!

+ 8 [ t0 + t1 ] + 4 cd % 4R + 4 $1 [R +4
! ] = 0

, 2 [ v1 % v0 ]% 2E fc jba g+ 2 t0 % 64! + 4 cd % 4R + 4 $1R + 4 $14
! = 0

, [ 6% 4 $1 ]4
! = 2 [ v1 % v0 ]% 2E fc jba g+ 2 t0 + 4 cd % 4R + 4 $1R

, [ 6% 4 $1 ]4
! = 2 [ v1 % v0 % E fc jba g+ t0 ] + 4 cd % 4R + 4 $1R

, [ 6% 4 $1 ]4
! = 2R + 4 cd % 4R + 4 $1R = 4 cd % 2R + 4 $1R

, 4! =
2 cd + 2R

%
$1 %

1
2

&

3% 2 $1
. ! (14)

Lemma T3. @L
@'

$$
'='!

= 0 .

Proof. From (7):

@L
@,

$$$$
' = '!

=
[4! % cd ] [ 2 (t0 + t1)%R%4! ]

2 [ t0 + t1 ]
+ w! % cu % F0 = 0 . (15)
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The last equality in (15) reáects (10). !

Lemmas T1 ñ T3 demonstrate that (4!; w!; ,!) solve the Kuhn-Tucker conditions associ-

ated with [RP %$ ba ], provided w! # 0. It remains to establish that w! # 0 and to determine
when 4! 2 (0; cd).

Lemma T4. 4! 2 (0; cd) if:

cd > %R [ $1 %
1

2
] and [ cd +R ] [ $1 %

1

2
] < 0 . (16)

Proof. 3% 2 $1 > 0 because $1 < 1 by assumption. Therefore, (14) implies:

4! > 0 , cd +R [ $1 %
1

2
] > 0 , cd > %R [ $1 %

1

2
] . (17)

From (14):

4! % cd =
2 cd + 2R

%
$1 %

1
2

&
% cd [ 3% 2 $1 ]

3% 2$1
=
% cd + 2R

%
$1 %

1
2

&
+ 2 $1 cd

3% 2 $1

=
2 cd

%
$1 %

1
2

&
+ 2R

%
$1 %

1
2

&

3% 2 $1
=
2 [ cd +R ]

%
$1 %

1
2

&

3% 2 $1

) 4! % cd < 0 , [ cd +R ] [ $1 %
1

2
] < 0 . ! (18)

Lemma T5. 4! 2 (0; cd) if $1 <
1
2
and

cd > max

'
[ v0 % v1 % t0 + E fc jba g ] [ $1 %

1

2
]; v0 % v1 % t0 + E fc jba g

(
. (19)

Proof. If $1 <
1
2
, then (16) implies that 4! 2 (0; cd) if cd > %R

%
$1 %

1
2

&
and cd > %R:

Substituting for R from (4) implies that these inequalities hold if (19) holds. !

Conclusion T1. 4! 2 (0; cd) if $1 <
1
2
.

Proof. From Lemma T5, 4! 2 (0; cd) if $1 <
1
2
,

cd > v0 % v1 % t0 + E f c jba g , and (20)

cd > [
1

2
% $1 ] [ v1 % v0 + t0 % E f c jba g ] . (21)

(20) and (21) hold when $1 <
1
2
if:

cd > v0 % v1 % t0 + E f c jba g and (22)
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cd >
1

2
[ v1 % v0 + t0 % E f c jba g ] . (23)

(22) and (23) hold when Assumption 2 holds, as demonstrated in the proof of Proposition 1

in the paper. !

Conclusion T2. w! > 0 if $1 <
1
2
.

Proof. Because E f!0 (w; p0; c) jba g # 0 at the solution to [RP % $ ba ], (7) implies:

[4! % cd ] [ 2 (t0 + t1)%R%4! ]

2 [ t0 + t1 ]
+ w! % cu % F0 # 0 . (24)

If w! , 0, then (24) implies:

[4! % cd ] [ 2 (t0 + t1)%R%4! ]

2 [ t0 + t1 ]
# 0 . (25)

From (4):

2 [ t0 + t1 ]%R%4! = 2 [ t0 + t1 ]% [ v1 % v0 + t0 % E fc jba g ]%4!

= v0 % v1 + 2 t1 + t0 + E fc jba g %4! > 0 . (26)

The inequality in (26) reáects Assumption 1.

Because 4! % cd < 0 from Conclusion T1, (26) implies:

[4! % cd ] [ 2 (t0 + t1)%R%4! ]

2 [ t0 + t1 ]
< 0 . (27)

(27) contradicts (25). Therefore, it cannot be the case that w! , 0. !
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