
i

Appendix

The proof of Proposition 1.
From equations (3) and (5), we find that those equations are the same except for the
second term implying a social cost. Since the second term of (5) is smaller than that of (3)
given e  if Bλ  is positive, we have )(),( B

n
B

c EWkEW λλ < . On the other hand, if Bλ  is
equal to 0, the second term of (3) is the same as that of (5). Thus, we have
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eke =  and )0(),0( nc EWkEW =  for any k. Since Laffont and Tirole (1991)
have shown that the optimal collusion-proof menu of contracts is optimal in all possible
menus of contracts, we have the above result. Q.E.D.

The proof of Proposition 3.

From the envelop theorem and simple calculation, dEW d EWc c/ /ζ ∂ ∂ζ=

= − − + − + − − + − + >( ){[ ( )( ( ))] [ ( )( ( ))]}* *1 1 1 0q S e e S e ec cλ β ψ λ β ψ .
If the principal does not employ the regulatory agency, then the principal obtains

EW EWs c= =|ζ 0 .  Thus, EW EWc s>  if ζ > 0.  Q.E.D.

The proof of Lemma 1.
From simple calculation, we have
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where SW* is the income from the inefficient type under symmetric information, and

SW s is the income from the inefficient type under asymmetric information, and EWs is

the expected social welfare under asymmetric information. It is obvious that SW*-

SW s >0. An increase of ζ  increases the probability of the efficient type conditional on
$σ = ∅  since the regulatory agency reveals the firm’s type only if the firm is inefficient.

From Laffont and Tirole (1993) ch.1, the expected social welfare under asymmetric
information is increasing in the conditional probability of the efficient type.

Thus, ∂ ∂ζEWs / > 0 . Q.E.D.

The proof of Lemma 2.
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From equations (6) and (7) and envelop theorem,



ii

∂ζ
∂

∂ζ
∂ n

L
c EWEW − = )]),,((),([ qkeEWqeEW B

csss λ−









Φ









+
+−Φ

+
+ )),((

1
)(

1
1

ke
k

eq B

c

B

Bs

B

λ
λ

λλ
λ

.

Therefore, 0>−
∂ζ

∂
∂ζ

∂ n
L

c EWEW
 if EW c n

LEW≥ .  Q.E.D.

The proof of Proposition 4.

First we show that the optimal collusion-proof menu of contracts under full commitment
dominates that under delegation weakly.  Second, the optimal collusion-proof menu of
contracts under full delegation attains the optimal allocation under full commitment.
Delegation case.
Principal offers a menu of contracts, t t CR F( $ , $ , , )σ β , to the regulatory agency.  After the

regulatory agency chooses a contract, he offers a menu of contracts, { ( $ , $ ), ( $ , $ )},t CF σ β σ β
to the firm.  Here we assume that ( , , )t t CR F  is verifiable and that the regulatory agency
cannot communicate with the firm before he signs contracts with the principal.  Our
problem is to find the menu of contract { ( $ , $ ), ( $ , $ ), ( $ , $ , , )}t C t t CF R Fσ β σ β σ β , which
maximizes the principal's objective function under some constraints.  Consider the
following correspondence, h : ( , , ) ( , , )t t C u e wR F F→

where u t CF F= − −ψ β( ) , e C= −β , w t t C tR F F= −( $ , $ , , ) ( $ , $ )σ β σ β .
Then, we can check h is one to one correspondence.  Then, we can solve the original
problem by changing control variables from ( , , )t t CR F  to ( , , )u e wF .  That is, we define
the principal's and all agents' objective functions and all constraints by ( , , )u e wF , and
then we find the optimal menu of contracts, ( , , )u e wF .  Note that uF  represents the level
of the firm's benefits, e is the effort level of the firm, and w is the level of the regulatory
agency's benefits.

The collusion-proof menu of contracts with delegation
We consider a form of menu of contracts, { ( $ , $ ), ( $ , $ ), ( , , $ , $ )}e u w e uF Fσ β σ β σ β .  When it is a
collusion-proof menu of contracts and feasible, it must satisfy the following conditions:
{ ( , $ ), ( , $ )}e uFβ β β β = arg max ( , , , $ ),e u F Fw e u β β

                                 
s.t. uF ( , $ )β β ≥ 0  for any $β.                                                      (a5)

{ ( , $ ), ( , $ )}e uFβ β β β =arg max ( , , , $ ),e uF Fw e u β β

          s.t. uF ( , $ )β β ≥ 0    for any $β.                                                      (a6)

{( ( , ), ( , )),( ( , ), ( , ))}e u e uF Fφ β φ β φ β φ β =arg max ( ( , ), ( , ), , )qw e uFφ β φ β φ β



iii

                                                              + −( ) ( ( , ), ( , ), , )1 q w e uFφ β φ β φ β  
              s.t. uF ( , )φ β ≥ 0      (a7)

   uF ( , )φ β ≥ 0      (a8)

   u u eF F( , ) ( , ) ( ( , ) )φ β φ β φ β β≥ − +Φ ∆                    (a9)

     u u eF F( , ) ( , ) ( ( , ))φ β φ β φ β≥ + Φ                                (a10)

(IR) of the regulatory agency:
 w e uF( ( , $ ), ( , $ ), , $ )β β β β β β ≥ 0    (a11)

 w e uF( ( , $ ), ( , $ ), , $ )β β β β β β ≥ 0    (a12)

qw e uF( ( , ), ( , ), , )φ β φ β φ β + −( ) ( ( , ), ( , ), , )1 q w e uFφ β φ β φ β ≥ 0                                 (a13)

(IC) of the regulatory agency:

 w e uF( ( , $ ), ( , $ ), , $ )β β β β β β ≥ w e uF( ( , ), ( , ), , )φ β φ β φ β                           (a14)

 w e uF( ( , $ ), ( , $ ), , $ )β β β β β β ≥ w e uF( ( , ), ( , ), , )φ β φ β φ β                                             (a15)
(CP) of the regulatory agency:

 w e uF( ( , $ ), ( , $ ), , $ )β β β β β β ≥ w e uF( ( , ), ( , ), , )φ β φ β φ β +uF ( , )φ β                            (a16)

The optimal collusion-proof menu of contracts under full commitment

The form of menu of contracts is { ( $ , $ ), ( $ , $ ), ( $ , $ )}e u wFσ β σ β σ β .  If it is collusion-proof and
feasible, it must satisfy the following conditions, (a17)-(a26):

           uF ( , $ )β β ≥ 0       for any $β.                                                    (a17)

          uF ( , $ )β β ≥ 0      for any $β.                                                     (a18)
       uF ( , )φ β ≥ 0        (a19)

                                uF ( , )φ β ≥ 0      (a20)

                               u u eF F( , ) ( , ) ( ( , ) )φ β φ β φ β β≥ − +Φ ∆                                        (a21)

                               u u eF F( , ) ( , ) ( ( , ))φ β φ β φ β≥ + Φ                                       (a22)
(IR) of the regulatory agency:

                                  w( , $ )β β ≥ 0                           (a23)

                                  w( , $ )β β ≥ 0                (a24)
                                  w( , )φ β ≥ 0                                                                              (a25)

                                  w( , )φ β ≥ 0                                                                              (a26)
(IC) of the regulatory agency:

                                  w( , $ )β β ≥ w( , )φ β                                                             (a27)

                                  w( , $ )β β ≥ w( , )φ β                                                         (a28)
(CP) of the regulatory agency:



iv

                                  w( , $)ββ ≥ w( , )φ β +uF ( , )φ β                                                   (a29)

Lemma A.1: Delegation is weakly dominated by the optimal collusion-proof menu of
contracts  under full commitment.
Proof.  We will show that there exists a feasible collusion-proof menu of contracts under
full commitment which can attain the same allocation as any feasible collusion-proof
menu of contracts with delegation.

Suppose { ( $ , $ ), ( $ , $ ), ( , , $ , $ )}e u w e uF F
0 0 0σ β σ β σ β  is feasible under delegation.  It means that it

satisfies the conditions (a5)-(a16).  Consider the following contracts,

{ ( $ , $ ), ( $ , $ ), ( $ , $ )}e u wF
0 0 0σ β σ β σ β  where w w e uF

0 0 0 0( $ , $ ) ( ( $ , $ ), ( $ , $ ), $ , $ )σ β σ β σ β σ β≡ .  Since this
menu of contracts satisfies (a5)-(a16), it also satisfies (a17)-(a29), and so, it is feasible
under full commitment.  This implies that full commitment weakly dominates delegation.

Lemma A.2: Under delegation, the principal can attain the same allocation as in the
optimal menu of contracts under full commitment.
Proof. Consider the following contract for the regulatory agency, w e uF( , , $ , $ )σ β :

w e uF( , , , $ )β β = S e e u IF− + − + − −( )( ( )) ( , $ )1 λ β ψ λ β β

w e uF( , , , $ )β β = S e e u IF− + − + − −( )( ( )) ( , $ )1 λ β ψ λ β β
w e uF( ( , ), ( , ), , )φ β φ β φ β
  = − + −ζ φ β ζuF ( , ) ( )1 [ ( )( ( , ) ( ( , ))) ( , )]S e e uF− + − + −1 λ β φ β ψ φ β λ φ β −I ( , )φ β

w e uF( ( , ), ( , ), , )φ β φ β φ β =( )[ ( )( ( , ) ( ( , ))) ( , )]1 1− − + − + −ζ λ β φ β ψ φ β λ φ βS e e uF

                                            −I ( , )φ β
where
I ( , $ )β β = S e e e c− + − + −( )( ( )) ( )* *1 λ β ψ Φ

I ( , $ )β β = S e e− + − +( )( ( ))* *1 λ β ψ
I ( , )φ β = −ζΦ( )e c + − − + − + −( )[ ( )( ( )) ( )]* *1 1ζ λ β ψS e e e cΦ

I ( , )φ β =( )[ ( )( ( ))]1 1− − + − +ζ λ β ψS e ec c .

Then, the regulatory agency will choose the following allocation:
( ( , $ ), ( , $ )) ( ( , $ ), ( , $ )) ( , )*e u e u eF Fβ β β β β β β β= = 0 .

( ( , ), ( , )) ( , ( ))*e u e eF
cφ β φ β = Φ

( ( , ), ( , )) ( , ).e u eF
cφ β φ β = 0

Then the regulatory agency receives the following benefits:
w e uF( , , , $ )β β =Φ( )e c

w e uF( , , , $ )β β = w e uF( ( , ), ( , ), , )φ β φ β φ β = w e uF( ( , ), ( , ), , )φ β φ β φ β =0.
This allocation is exactly the same as the optimal allocation under full commitment.
QED.
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The proof of Proposition 6.
By definition, )0,()0,( BILBILA EWEW λλ ∆∆=∆∆ . Since administrative reform ∆ζ > 0

pushes up n
LEW  (lemma 2), we have 0/),( >∆∆∆∆ ζ∂ζλ∂ BILAEW  for any Bλ∆ . Since

0)(lim
0

=∆′
→∆

BLC
F

λ
λ

, we have 0/)}(),({ >∆∆−∆∆∆ ζ∂ζζλ∂ ABILA CEW  at 0=∆ Bλ .

Then it is obvious that ∆NEWILA *> ∆NEWIL * . Q.E.D.

The proof of Proposition 8.
By definition, )0,0()0,0( DIDILA EWEW ∆=∆ . By DI, the principal can push up expected

social welfare from cEW  to nEW . Since administrative reform increases nEW  and

lim ( )
∆

∆
ζ

ζ
→

′ =
0

0CL , ∂ ∂ ζ∆ ∆NEWDILA ( , ) /0 0 0> . Thus, ∆ ∆NEW NEWDILA DI
* *> . Similarly,

we can also prove ∆ ∆NEW NEWDILA DIL
* *> . Q.E.D.
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The proof of Proposition 9.
It is obvious from figure 10 that ),(),( ζλζλ ∆∆∆>∆∆∆ BILABDILA EWEW  for all

),( ζλ ∆∆ B . Thus, if CD = 0 , ),(),( ζλζλ ∆∆∆>∆∆∆ BILABDILA NEWNEW  for all

),( ζλ ∆∆ B , and so, ∆ ∆NEW NEWDILA ILA
* *> . It is obvious from figure 10 that

∆ ∆ ∆ ∆EW EWDILA A( , ) ( )0 ζ ζ≥  for all ∆ζ ≥ 0 , and so,

∆ ∆ ∆ ∆NEW NEWDILA A( , ) ( )0 ζ ζ≥ . From 0/ >∆ B
cpEW λ∂∂  and figure 11,

0/),0( >∆∆∆ BDILAEW λ∂ζ∂ . Thus, 0/),0( >∆∆∆ BDILANEW λ∂ζ∂ . This implies that

∆ ∆NEW NEWDILA A
* *> . Q.E.D.

∆EW

  
∆EWDILA             

                               nEW
                         n

LEW
∆EWILA

            
        0          Bλ

                        

                                                                           EWc

                  
                                         Figure 10

∆EW

  
          DIA                                    nEW
∆EWDIA                     
∆EWA          

                          A
0                   Bλ

               Now  

                

                                                                           EWc

Figure 11


