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ONLINE APPENDIX

Proof of Lemma 1: The first statement follows immediately from the fact that 2r > 1. All other statements
can be obtained from differentiating x’ and 2! given in (3) with respect to the corresponding parameter.
gtw

However, to prove the last statement, one needs to account for the fact that r» = o and m= (p —w). We

omit the details. B

Proof of Lemma 2: Observe from (15) that z; = 22 = z by symmetry and apply (15) to show that
x® = 2rz%(2 — 2%). This proves the second statement. Next, by substituting z = 2r(2z — 22) into (15)
and by rearranging the terms, the buyer’s audit level z is the solution to V(z) = 0. By showing that

V(0)<0,V(1—4/23-)>0 and V(z) is concave over [0,1 — |/ 2=L], we prove the first statement and that

2% € (0,1 —/2=1). Next, observe that z%(z) = 2rz(2 — z) is increasing in z when z € (0,1 —/25=1), that
2(0) =0 and that 29(1 — /2=%) =1, we can use the fact that 2% € (0,1 —/22=1) to show that 2° € (0,1).
|
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Proof of Lemma 3: We have that ' —S'=z'(1-2')—2/(1—-= )_(a+2r(d—m))2(oz+r(d—m))2'

Hence, S7 > ST if and only if v/27(d —m) > a. Similarly, S — S’ =27 (1 —27) —25(1 —2°) = (27 — 2%)(1 —
da’
x7 — %), so that S° — 57 — 0~ as a — 0T. Further, we know: (i) from Lemmas 4 and 5 that & <0and

d S
di <0, (ii) from Equation (10) that lim, .., #/ =0, and (iii) from Proposition 1 that 0 < 2% < z”/, which
o

indicates that lim,_ ., ° = 0. Hence, we conclude that there exists a threshold «; such that S% — 87 <0 if

and only if a < a.



When comparing S? gnd S5, we have S% — ST =2!(1 —af) —25(1 — 2°) = (2! — 2%)(1 — 2! — 2%). By
dz! d
noting that % <0, ;—a <0, limy_.oo z' =0, and lim,_. . % =0, we conclude that there exists a threshold

ay such that (1 — ! —2%) < 0 if and only if o < a;. Further, by Proposition 1, % > ! if and only if
a>a=max{(d—m)(r —r),0}. Therefore, if 7 <r, then x° >z’ for all @ >0, and hence S¥ — S’ >0 if and
only if o < aj.

When 7> r, as o — 0% we have (2 —2°) — 0" and (1 — 2! — 2°%) — —1. Thus, ¥ — ST <0 when « is
sufficiently small (i.e., when o < min{a;,a}) and sufficiently large (i.e., when a > max{as,a}). On the

other hand, when « is moderate (i.e., when min{«a;,a} < @ < max{a;,a} ) then $¥—S7>0. B

Proof of Lemma 4: The proof follows the same approach as the proof for Lemma 1. We omit the details.

Proof of Lemma 5: To prove the first statement, we use the fact that 2r > 1 and the fact that 25 € (0,1)
to show that 2% =2rz%(2 —2%) > 2* + 29(1 — 2%) > 2. To prove the second statement, we differentiate (16)

with respect to k = -2 and apply the implicit function theorem, getting: U (2%) - % +25=0, where U(z2) =

— d—m

[6r22 —12r2+ (1+4r+k)]. By noting that U(z) is increasing in z and that U(0) > 0 and U(1—,/2=1) > 0, we

27

can conclude that U(z%) > 0. Hence, we can conclude that % < 0. Also, observe that % =4r(1—2%)- % <

0. Combine these results with the fact that k in increasing in a and decreasing in d, we obtain the desirable
properties about z° and x° as stated in the second statement.

To prove the third statement, differentiate (16) with respect to r and apply the implicit function theorem,
getting: U(z9)- % + W (2°) =0, where U(z) is defined above and W (z) =2z(2? — 32+ 2). By using the fact
that both U(z) >0 and W (z) > 0 for any z € (0,1), we can conclude that djrs = 7‘?]/((;5)) < 0. Next, observe
that % =225(2—2%) +4r(1—2%)- %. By substituting %

z
dr

__ w9
L)

and by rearranging the terms and by

using the fact that V(2%) =0, it can be shown that: % _ 2zs-(4r(zsl)]2(:§;zs+3+2k) — 225'(—2”?(fjgfs+3+2k) >0,
where the last inequality is due to the fact that 2 < 1. Finally, by combining the result that djrs < 0 and

d;j > (0 and by using the fact that r = %;“, we obtain the third statement.

To prove the fourth statement, implicitly differentiating the equation V' (2%) =0 and the expression for z°

with respect to r, we get:

67,252_ 2(d—m)(2—2%)(1 —25)2°
or 200—6r(d—m)(2—2%)25 4+ (4r +1)(d —m)
_ 2(d—m)(2—2%)(1—2%)2°
200+ (d—m)(1 —2rz%(2 — 2%)) + 4r(d —m)(1 — (2 — 25)2%)
2(d—m)(2—2%)(1 — 25)2°

=- s <0
20+ (d—m)(1 —25) +4r(d—m)(1 - 5>)
and
dz® s\ s N

_ 2(2% —2)2%(2a+2r(d—m) (25 = 2)2° +d —m)
204 (d—m)(1 —2rz5(2 —2%)) +4r(d —m)(1 — (2 — 25)2%)




_202- 29)2%2a+ (d—m)(1 —2r(2 — 25)2%))
2004 (d—m)(1 —25)+4r(d—m)(1 — g)
_ 2(2—2%)2%(2a+ (d — m)(1 — x%))
2004 (d—m)(1 — %) +4r(d —m)(1 — g)

> 0.

It remains to prove the last statement. By noting that r = g;—w and m = (p — w), we differentiate (16) with
Y

respect to w and apply the implicit function theorem to get:

dz5 _ 2% (2ya— (2 2%)(1 = 2°)(d —p+w)?)
dw  (d=p+w)[2ya+(d=p+w)(y+2(g+w) = 3(g+w)(2 - 2%)z)]
é% >0 2va—(2—2°)(1—2%)(d-p+w)® =0

because, by using the fact that % = 2rz%(2 — 2%) < 1 it can be easily verified that the denominator of the

above expression is positive. Now,

s s 2 & o 2ya
e = (2=2)(1 =2 d-ptw)’ 206 @-2)1-2) < g

dryaz® 202%(g +w)
e 2rz%(2-2%)(1-2%) < =
S G T )
20 }<2a25(9+w) zs{lJr 200 ]
d—p+w (d—p+w)? d—p+w

2 2a(g+w) .
1
pR— (d—p—i—w)Q} by using (16)

} T ) (say)

& 27’2’33 — 67‘232 +drzS 4 25 {1 +

128 [1+

2 2a(g+w)
d—p+w (d—p+w)?

25> [1—1—

By noting that a> 0, f'(w) <0, lim,, ., f(w) =1, and lim,, .., 2° =0 (from (16)) we infer that there exists

a threshold value of w above which 2% < f(w)~!, that is, ‘Zf <0.
S

Next, by noting that 2% = 2rz°(2 — 2%) and by using the expression for = we get:

s 2gw)(1-2%) () + (22520
dw ¥ ’
° 2(g +w)(1 = 2%) [2ay — (2 - 2%)(1 = 2%)(d — p+ w)?] }

7 {(2_2 )T @ prw) Bar+ (d—p+w) (1= 3(5 + w) 2 — 25)25 + 29 + )

v

It follows from Assumptions 2 and the fact that r = g%w >1 and (d—m) =(d—p+w) >0, the
denominator of the second term is also positive. Hence, the sign of the above term depends on the sign
of the numerator alone. By expanding and rearranging the terms, the numerator can be simplified as:
v (2a[(d—m)(2—2%) +4ry(1 — 25)] + (d —m)?(2 — 25)(1 — 27)) > 0, where the last inequality is due to the
fact that both 2% and 2° are bounded above by 1. This completes our proof. W

Proof of Lemma 6: For a given 65 of buyer 2, we show by contradiction that buyer 1’s best response must

satisfy 6, < 65. Suppose buyer 1’s best response has 6; > 65. Then for every fixed compliance level z,

H{(91,927{E) :m(l —21(91)(1 —{E)) —d(]. —21(91)>(1 —LC) —91a21(6‘1)2
Ol (01; 02, x)

891 :—0421(81)2 <0.



Hence, buyer 1 sets 6; such that 6; < 65. Similarly, buyer 2 sets 65 such that 6, < 6;. Hence, 6; =6, in

equilibrium. W

Proof of Lemma 7: Given the symmetry of the buyers, we drop the indexes in this proof. By Lemma 6 it
is true that the equilibrium under J comprises of symmetric cost sharing. Let I17(6;6, ) be the profit under

J when 6, =6, = 0 as obtained from from (32) and let 27 be the equilibrium compliance level when 6 = %

We prove that 6 = % is the payoff dominant equilibrium.

Suppose < 1, then by (32) the profit of each buyer under J is given by (4). Let 2’ and 2’ =2rz" be the

equilibrium audit and compliance levels in the independent mechanism. Then,

1
' (") <HI(21)+§azﬂ:H"(9:f'6: -2 )Y < (0==;0==,27)
where z”7 is the equilibrium compliance level in the joint mechanism with 0 = %, and the last inequality

follows by noting that % =mz+d(1—2) >0 (obtained from using Envelope theorem on (8)) and z7 > z*.

Hence, the equilibrium with 6 < % is dominated by 6 = %
Now, suppose 6 > 1. Let z7(0) and z”(0) = 2rz’(6) be the equilibrium audit and compliance levels. Then,
d—m) dz"(9)
J 0) = (
# O = g ara—m) a8
I17(0;60,2) =m(1 — 2(0)(1 — x)) — d(1 — 2(0))(1 — x) — Haz(6)*
N dI1’ (9;0,x7(9)) oY dz’(9) o11’ dz7(0)

20 830.271 70 <Osmce%>0and 70

<0 and

=—az’(0)*+ <0.

Hence, the equilibrium with 6 > % is dominated by 6 = % |

Proof of Lemma 8: For a given 5 of buyer 2, we show by contradiction that buyer 1’s best response must

satisfy 6, < 6o (

) Suppose buyer 1’s best response has 61 > 05 (d "”) Then,

H{(01,92,$) = m1(1 — 21(01)(1 — 1’)) — d(]. — 21(91))(1 — l’) — 910[21(91)2
N Ol (0;;6,, )

891 = *0621(91)2 <0.

Hence, buyer 1 sets 6; such that 6; < 6, (d ml) Similarly, buyer 2 sets 05 such that 6, < 6, (
02

0, _ . el e
el e 1} equilibrium.

) Hence,

Clearly, for every given compliance level x of the supplier,

d_ml d—m2 Zl( 1) 2@61 20{92 22( 2)
Proof of Lemma 9: For ease of notation, let 6, = %. By Lemma 8 that in equilibrium d_‘g—}m = d_g—fm.

Let II7(6;;6,,x) be the profit of buyer ¢ and z” be the compliance level when 6; = 6, and 0; =0,. We prove
that 0, =6,, i = 1,2 is the payoff dominant equilibrium. We argue for buyer i and the argument for buyer j
is similar.

61 62 < 1
d—myi ~ d—mo 2d—mqi—mg’

Suppose then by (33) the profit of buyer ¢ under J is given by

I (22 2"y =mi(1— 2/ (1— 2rzD)) —d(1 — 2)(1 = 2r2)) — az!®. (34)

7 ,77



Let 2! and o7 =712 4+ r224 be the equilibrium audit and compliance levels under independent audits. Then

for buyer ¢ we have

2 . o
since 2z’ maximizes (25) for every fixed value of x

J
3;[; =mz+d(l—2)>0

1—2,
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[(1—a”)
m;(1—2/(1—2") —d(1—2])
i )

mi( (
m( (1—2a")— 91-042{2 because z' <z’ and
mi(1— 2 (1—a") —d(1—2)(1 —2") — az!” because 6; € [0,1]
(z1),

and z7 > z! because

_HI

3

(r1+7r2)(2d — my —my)
20é+(’l”1—|—7"2)(2d—m1 —my)
ol gl = (r1 +72)(2d —my —mo) _ ri(d—mq) + ro(d — ma)
200+ (r1 +r2)(2d—my —ma)  2a+7ri(d—my) +ra(d—ma)
B 2a((d—my)ry + (d —mao)ry)
 (2a+ (11 +10)(2d —my —mg))(2a+71(d —my) +ro(d — mg))
Hence, the equilibrium with 0; < 6;(< 0, < 6;) is dominated by 6, = ,(< 6, = ;). Now, suppose 6, > 0,(<

9—9:>x

o (d—m) 4:7(6,)
27 (0;) = 200, + (d—m:)(m +12) = ) <0 and
I/ (0:;0,,7) =m;(1 — 2,(0,)(1 — ) —d(1 — 2;,(6;)) (1 —x) — Hiozzi(ﬁi)Q
a0, =—az’(6;)" + B “(ry Fre)——= d0 < 0 since 8:6 >0 and a0, <0.

Hence, the equilibrium with 6; > GAZ is dominated by 6; = Qi. |

o . _ d—m
Proof of Proposition 1: Observe from (3) and (10) that 2’ = et id)) a+27(d —y =2’ Next, by

sustituting 27 = m into (16) and by rearranging the terms, one can show that V(z!) = 2(27’ +1)a?+
2r(d—m)(4r — )a+7r(1 —2r)*(d—m)? > 0=V (z%). By using the fact that V(z) is increasing in z, we can
conclude that 2! > z%. Therefore, we prove the first statement: 2% < 2! < 2.

Noting that z7 =2rz” and 2! = 2rz!, it follows that 7 > z!.

Before we proceed further, we define the function L(z) = z(2 — z), which is an inverted parabola with roots
0 and 2, and mode at 1, for better exposition and shorthand notation.

In the region [0,1], we note that L(z) > 27 < 2z > Z where Z is the solution of L(z) = z”/. The solution
Va+(2r—1)(d—m) (d—m)V(Z) J
and, hence —————= =2-2y1 -2/ —z2/V1—-2/=2—-(2—
va+2r(d—m) o
2")W1—27>0. Thus, 2> 25 & 2/ = L(z) > L(z°) & 27 > 25.
Similarly, to compare 2/ and z°, we need to compare 2z’ and 2°(2 — 2°). To compare 2z’ and z° we consider
2a+ (2r—1)(d—m)
20a+r(d—m))
Now, in order to compare z and z°, we consider V(z). On substituting the value of z in V(z) we get

M — (14 2")V1 — 2. Hence,

(67

is given by z=1 —

the solution of the equation L(z) =z in the region [0, 1]. On solving, we get z=1—

V(§)>O<:>zl>$<:>(dfm) [14(\/571)} > (V5 - 1)a.



When r > —=—, then V(2) <0& 2 < 2% & 2" = L(2) < L(2°) = 2°(2 — 2%) & 2’ <2 On the other hand,
if r is small (i.e., r < ﬁ) and when « is sufficiently small then V(z) >0& 2> 29 < 2/ = L(z) > L(2%) =
2%(2—2%) & 2! > z°. And, when r is small but « is sufficiently large, then V(2) <0 z< 252/ =L(2) <
L(2%) =25(2 - 2%) & af < 25. This concludes the proof. B

Proof of Proposition 2: First, it follows from (5) and (12) that 7! (2") —7/(z7) =~[(1 —2r-2") + (1 —
2r - z7)] - [2r(z7 — 2')]. By applying the first statement of Proposition 1 (i.e., 27 > 2’), we prove the first
statement. By using the same approach, we obtain the second statement. Finally, observe from (5) and (12)
that 71(z7) — 75 (2%) =~[(1 — 2’) + (1 — 2%)] - (z° — z!). We prove the third statement by applying (2) and

(3) of Proposition 1 (i.e., 2% > 2! when « is sufficiently large). This completes our proof. B

Proof of Proposition 3: First, we note that from (2), we note that for every fixed audit level z; of buyer
i, the buyer’s profit is increasing in the supplier’s compliance level x. That is:

Ol (243 25,
Mz 202) _ 4 d(1 - 2) > 0. (35)
ox

Now, the joint mechanism profits at the payoff-maximizing equilibrium 6; =6, = % is

1'[;.](er):m(l—zJ(l—:I:J))—d(l—z‘])(l—a:J)—%ozzJ2

2171(1—2"(1—9#))—d(l—zl)(l—acj)—%azl2

since z’ maximizes IT; (z;2”)
1
>m(l—-2'(1-2")—d(1-2")(1-2") - 504212 using (35) and z”7 > 2’

1
:Hf(z1)+—§a212 > TI7(27)

Next, it follows from (4) and (17), we get: II'(2!) — I1°(2%) = « <252 7212) + (21 = (2—2%)2%) Ty (29),
where T;(2%) = 2r(d — m)(2%)? — 4r(d — m)z® + (d — m)(1 — 2rz’) + 2dr > 0. By noting that the term
T;(2%) > 0 for 25 € (0,1), we can prove our second statement by applying Proposition 1 to show that the

terms ((2%)2 — (21)?) and (2! — (2 — 2%)2%) are both negative. This proves second statement. Bl

Proof of Proposition 4:

ald—m)
Hatar@—m)Platr@—my

where f(a) = (d—m+4r(d—7))a? + 6r%(2d — v)(d — m)a + 2r%(d — m)? (4dr — (d—m)), which is a

207 + 7] - 211" + 7] =

quadratic in «. Note that f(0) > 0 always and f(«) is continuous in «. It follows that f(a) > 0 for «
sufficiently low. This proves the first statement. For the second statement: when d >, we have f(a) > 0.
Finally, for the third statement: if 2d >+, then f’(0) > 0. Further, if 2d >~ and d — m > g+ w, then we get
f(a)=2[d—m+4r(d—~)] =2[d—m—2ry] =2[(d—m) — (g +w)] > 0, which indicates that f is convex.
Thus, f >0 for all positive values of a. This completes the proof. B



Proof of Proposition 5:

d—m

d-m ’Y> (2 —2")(2—2" —2%) +2 (d2r> (2% —2") +2a(2" — 2%) (2" + 2%)

[211° + 7] — 211" + 7!] = (
r

From Proposition 1, the last term in the above expression is positive. If d_Tm >y (ed-m> ”7“’) then the
first term in brackets is always positive. Hence, if the compliance of supplier under S is higher than that
under I, then 211 + 7% > 211! + 7L, From Proposition 1, 2% > 2! if and only if @ > @. This concludes the

proof. B



