Online Appendix for "Cooperative Approaches to Managing Social

Responsibility in a Market with Externalities"

A1l Proofs of Analytical Results
Proof of Lemma 1: We show in the following that # € (0,1) and e; > 0 in the equilibrium.
To see that § = 0 cannot be an equilibrium, one can observe from (3) that el(-o)(ﬁ) = 0 when

(0)

0 = 0, whereas §()(0) = 1 from (1). Similarly, § = 1 cannot be an equilibrium because e; ' (0) =

Z
1-— {W} "' = ¢ from (6) when 6 = 1, whereas 0(°(€) = 0 due to (A2). Therefore,

6 = 0 or 1 can never be an equilibrium. When 6 € (0,1), ¢; = - > 0. By substituting (6) into
TY ieN 61(0) = g and solving for 0, we obtain the equilibrium supplier’s probability of violation 0
in the lemma. [

Proof of Proposition 1: First, we verify vgn(N) > > vp(Bg) for any B € II. From (9),
=1
N (N) = D ey @ — OnfpA (1 - e§\1,)> — Gnleg\l,) —c(1— eg\,))_z > D ien @ — OnpA (1 — egr)nax) —

m m (1)
Hnleg) c(l—eg) )TEZ> D ien i {anﬁ)\ <1 — Zh_lnhBh> + anlegg +c(1-— egg)_m} =

max max
k=1

=

m
>~ vp(Bg), where eg\}) is the optimal audit effort of the grand coalition N under BY and egr)nax =

k=1
max eg}z. The first inequality is due to the optimality of 65\1[) given BN and the second inequality

follows from the definition of eg) and SA > [.

Next, we prove that if (i) ¢ > teost or (ii) /v > 1, then manufacturers in S C N have no
incentives to secede from the grand coalition N, by comparing the allocation to S under B with

that under BYV. Suppose coalition structure B satisfies B = arg minvp/(S). We consider allocation
B'>S
@ with Y. s @; = vp(9) such that it is the largest allocation that satisfies ), g @; < vp/(S) for all

B’ > S. From (9), the allocation to S under BY satisfies Y, ¢ 4,0?9 =Y icg i —Ong A <1 — 65\1[)) —

Onsle%) — (1 - 65\1,))*”6 > D ieg @i — OngBA (1 — eg)) — Qnsleg) — (1l - e(sl))*m, where ng is
the number of manufacturers in S, e(sl) is the optimal audit effort of coalition S under B, and the

inequality is due to the optimality of es\l,) given BY. Similarly, the allocation to S under B satisfies

Sy nely) Sy nely) (1) (1) (1)
Yoics Pi = Dics i —Ong {ﬁ/\ <1—n ’“)—i—”y)\ (n E—eg )—i—leS }—c(l—es )"
Then. bv solvi o MY 1) ng (-2 ) :
, by solving > .. ga; — OngBA (1 —eg Ongleg ae(l —eg’)™™ > D icq i, We obtain

m (1)
¢ > OnA(1 — %)*1(1 — eg))x(ﬁ - ) <Zk_1nk63’“ — eg)> = teost- Therefore, if ¢ > teost, then

n

Y ics <piEg > > ics @i so that S has no incentives to secede from the grand coalition.
Similarly, for condition (ii), we consider coalition structure B which minimizes vp(S) and

allocation ¢ with ), ¢ ¢; = vp(S5). Note from (8) that when g > 1, vp(S) is increasing in 653113 and
)

ep, is increasing in ny. T hus, except S, every coalition By in B includes only one manufacturer

™ ngeld
(i.e., ng = 1). Then, we obtain ), g gofg — D ies i = OnA(B =) <eg) - M) >0.0

n

Proof of Proposition 2: By substituting 653112 (0) in (8) into 7> ", nkeg]z (0) = g, we obtain the



following equation that 6 satisfies:

m 1) _ B — T
?”an 1 [0 np{BAng + (n — ng)yA nl}] . (14)

cTn

crn

1
Since the left-hand side of (14) is increasing in 0V, when 7 S-7" | {1 — {0(0)"’“{5’\”’““"_"’“)7)‘_”[}] IH]

nr

> g, o) < 90, By substituting 6 in the left-hand side of (14) with 00 = W (1 —

_
we obtain 7> ;" | ny [1 -(1-4)X, “”*1] , where X}, = e BAnet (n—nie )y A=nl} \yrpen X, > 1 for

)

BA+(n—1)yA—nl

k=1,2..,m, r};" 1”k[ (1-30X w]ZTZL’Llnk[l—(l—%)]—TZk Lt =9 By
solving X > 1 for % we obtain that g >1+
When m = 1, define ¢ = 1+ (%\ 1).

l
nk+1 ('y)\ 1)
One can see that € € (0,1] and €M) is decreasing in

n because Y\ > [. If% > W then X; > 1 and Ty ey M [1 -(1-4)X, “”*1] >y, k=

nr

1

Similarly, if 7>~ | ny [1 - (1- g)Xk_”l] > g, then X > 1 so % > ¢ Therefore, 01 < 9 if

and only if % > f(l)

When m > 1, define E( = m]?x{l + 2 +1( —1)} and § = mkin{l + %(Vl—)\ —1)}. One can

1 _ 1
see that ) )" ng [1 - (1-4)X, ”*1} >y if% > § W cand 7Yt ny [1 - (1-24)X, “*1} <y

nr
1

1 1
if 2 < €0, Since we assume 1 - {PEOUAMY TS g [1 - (1-9)X, ““} is

cTn
increasing in Xj. Further, X} is increasing in g Thus, there exists 5’(1) € [§<1>,E(1)] such that
1 _
T ey M [1 -(1-4)X, “”“] > g and 0 < 0 if and only if % > ¢/M) Since §(1) < ¢M and

% > 0, we have &0 e [0,6M]. O

Proof of Corollary 1: The proof is similar to that of Proposition 1 and is omitted.

Proof of Proposition 3: By substituting eg?l)ak (0) in (11) into ) -, nkel(.%k () = g, we obtain
the following equation that 0 satisfies:

"k

m (2) _ _ =T
Tznk 1 [9 {BAng + (n — ng)yA nl}] ¥ _, (15)

CTN
k=1

e
Since the left-hand side of (15) is increasing in #?), when r > e N {1 — {9<0){5,\nk+(n—nk)%—nl}} s+ng ]

crn

> g,0®) < 0 By substituting ) in the left-hand side of (15) with 6 = m (1- %)7(x+1),

. m BAng+(n—ng)yA—nl _zj—iﬁk g nkf-H)
we obtain 7 " | n;Y}, where Y, = 1 — [ AT Al } (1-%) =+ . When Y} >

for k = 1,2,...,m, rY gy > 1>t "2 = g. By solvmg Y, > L for 2 ~, we obtain that

nr

z(ng—1)

z(ng—1) —
g >1+n(l-(1-%) ™ ] [nk—(l—ngr) e ] (ﬁ — 1) = Aj. Define 5(2) = m]?XAk

and §(2) = m}inAk. One can see that 7> " ngY, > g if % > 5(2), and 7> 0 ngY, < g if



< §(2). Since r Y ;r; nipYy is increasing in Yy and Y is increasing in % due to our assumption

1
- {M} s A, there exists @ ¢ [§(2),E(2)] such that r> ;" niYy > ¢ and

0 < 9O if and only if g > ¢® Since A > [, we have ¢€® < €% < 1, and further £ > 0 so
@ eo0,1].
When m = 1, €& = 14n [1 —(1- %)I(nnil)] [n— (1- %)I(nnil)] (7—/\ — 1). We obtain
(2) z(n—1) z(n—1)
o (A,A DA=Z) " [n(g—nr){1-(1-%) = }—g(n—1){n—1-(1-") In(1—2)}]/In{n—

(l—i)xn 1)}2(717"— g)]. Since g < nr and YA > I, 85(2) >0ifn—1—(1- )ln(l——) > 0. It is
easy to see that (1 — %) In(1 —.Z) is decreasmg in % and lim s (1 — M)ln(l — £) = 1. Thus,

n—l—(l—%)ln(l—m) >n—2>0,s0 & is increasing in n.

z(ngp—1) z(ng -1~

1
When g¢/r is sufficiently small, [1 —(1=2) ™ ng—(1—=2%) ™ ] is sufficiently

small so A; > 0 for &k =1,2,...,m. Thus, §(2) > 0 and 5(2) > §(2) > 0.0
Proof of Corollary 2: Under the grand coalition, we obtain §(1) = B}\ff T (1 —

solving e( ) (0) = ;% similar to the base model. We obtain o ( ) (@/n+1)

1-(1- 65?12,(0))” = 2 'We simplify the inequality pvom ( - %) e+1) > 555 (1- %)7(1/7&1)
and obtain g/r > n {1 - (ﬁ)w(n D }

By substituting 65\1[) = < and 61(]2[ =1-(01- %)1/” into AW and A®)| respectively, we

TL?"

obtain AW — A@ = —¢(1- L) 4 ne(1- L) —e/n _ 50N — 03)). Since —c(1—L)7" +

nr

ne (1 - i)_gc/n < 0 if and only if g/r > n{l - (H) z("n”)} and 0 — 93 > 0 under the same

nr

condition, AV — A®) < 0 if and only if g/r > n {1 — (%) ) } . O

) (z+1) b

by solving

Proof of Proposition 4: From (12), we can see that v;y (V) > vz (By) for any B € II. In

e

what follows, we prove in (i) and (ii) that manufacturers in S C N have no incentives to secede
2 < 6 <1 and ng" is used. Lastly,

from the grand coalition N if % > 1 and @9 is used, or if o

we prove in (iii) that manufacturers 2n_2 < v < 1 and more

n—2
2n—2"

(i) From (12), > ;g gofg = Y icg . We first prove that any coalition S, whose members fail to

than one manufacturers found the supplier’s violation, or if g <

detect social responsibility risk (i.e., s; = 0 for all ¢ € S), has no incentive to secede from the grand
™ ngI(B
coalition N. For such a coalition S, since B > 1, Y icg @i = Dieg Qi — N {ﬂ/\ (1 - W)
+’Y>‘ (Ek=1 7:LIcI(Bk)
manufacturer who has detected social responsibility risk has no incentive to secede from the grand
coalition N as well. For such a coalition S, Y ;cq@; = > ;cq i — nsA (B — ) (1 - M) <
Yoics ¥ = D ics gpf , where the inequality holds because ﬁ > 1. On the contrary, When 2 <,

} <D ies i = Zies ©; £9 Next, we show that coalition S with at least one

Doics Pi > D ies i = D icg P 9 for coalition S with at least one manufacturer who has detected
social responsibility risk, so %9 is not in the core.

(ii) We first consider coalition S such that i ¢ S. Under U™, djes <ij” = jes @i — ={BA(n —
1) + vA}. Similar to the proof of Proposition 1, we consider coalition structure B which mini-

mizes vjp(S) and allocation ¢ with » . g¢; = vj(S5). Since % < 1, the coalition structure B



that minimizes v/;(S) should have the highest social responsibility level. This can be achieved by
letting all manufacturers that are not in S form one coalition (i.e., m = 2). Thus, > ;.g¢; =
.Zjes aj — %U{,B)\ns + YA —ng)} < Yjes <ij" because % < 1. Next, for coalition S such that
i€, ZUjGS Y =g ajtA (1 - %US) {nBHy=B}. Yet, Y icsvj = D jes @it A(y=0) (1 - %) =
Yjesey " = A= 5)nB < X eg 0"

(iii) We first prove that when g < 1, the core is empty when there exists another manufacturer
J (3 i) such that s; = 1. On the one hand, the allocation ¢ that is not dominated via {7,5}
satisfies ; + ¢; > a; + aj + 2 (1 — %) (v = B) > o; + aj, where the first inequality is because
¢;+@; > vp({i,j}) for all B for which {i,j} € B from the definition of domination and the second
inequality holds because % < 1. On the other hand, the allocation ¢ that is not dominated via
N\i satisfies 3. oy 02 2 D,y @z because 3o oy ¢, > vp(N\i) for all B for which N\i € B
from the definition of domination. Then, we obtain }-,cy 0. =3, cn; 0. + % > D,y @z, Which

means that ¢ is not feasible. Therefore, the core is empty.
-2

on—2"

manufacturer ¢ such that s; = 1. Similar to the case above, according to the definition of domina-

Next, we prove that when g < the core is empty even when there exists only one

tion, the allocation ¢ that is not dominated via N\i satisfies >0, oy, 0. = ey — (0 —
1) {[3)\ (1 — %) + %} Suppose j € N\i so that s; = 0. The allocation ¢ that is not domi-
nated via N\j satisfies 3 oy = Doy + 2=LX(y — B) according to the definition of

domination. Then, we obtain ) _y¢, = o; + ﬁ <ZZGN\i v, — ZzeN\i az> + ZZGN\]. v, >
aj—BA(1-3) - % + 2 sen ¥t PANY = B) = Y en @ = 26A (1= ) #9252 > 3y s,

n—2
2n—2"

Proof of Corollary 3: We prove that when g < 27;__22, the following allocation is in the core:

where the last inequality holds because g < Thus, ¢ is not feasible, so the core is empty. [

A = it A~ 1)+ AL+ T {(n - 29A — (20— 2)BA} and

n—1 YA . .
eF = ;- - {ﬁ)\—l—m} for i € N\i.

First, consider coalition S such that i ¢ S. For any allocation ¢ to dominate % via S,

Yoes P S Daes @ = s {BA (L= 258 ) + A (M)} < Ve = {BA(L = 3) + 94 (3)) =

Y es @5 where the first inequality is due to the definition of domination and the second in-
n—2

equality is due to % < g, For coalition S with i € S, if any allocation ¢ dominates ub

via S, then 3.cg ¢, = Yoo 2" < Poeg @ —ms {BA(1 = 5) A (5 — 1)} — Eoes 92 =
(n—ng)A{ ”Sn_lv - ”S_HH”B} — 2=\ {(n — 2)y — (2n — 2)8} < 0, where the first inequality is due

to the definition of domination and the second inequality is due to 1 < ny <n —1 and % < 27:;_22.

Therefore, S has no incentives to secede from the grand coalition and > is in the core. [

Proof of Corollary 4: (i) Similar to the proof of Proposition 1, we consider coalition structure B
which minimizes Ug’)(S) and allocation ¢ with » ;¢ ¢, = vg)(S). When g > 1, vg)(S) is increas-

3) 3)

. 3 3 . . ..
ing in e}’ and e(. ). Further e( ) and e;”’ are increasing in ny. Thus, except S, every coalition By,
8 By, i » By, i g ) pt », Yy

in B includes only one manufacturer (i.e., ny = 1). Then, we obtain ), g ‘Pz'Eg_Zies ©; = On\(B—
n 3) 1—H (1—e®) ) ns,
3 S nge R 3 m ) j
) <€Eg) 2k 1n B’“)—}—Q(ns—ns))\(ﬁ—’y) (1 - Hies\§(1 — ez(. ))) P ( JeB,;Z )

0, where S=5n {1,2,...,n} and 7Ny is the number of manufacturers in S.

>



(ii) It can be easily shown that either 9 < B < 9@ or PP < 9B < gV Define §(3) =
min{¢M, ¢ and E(B) = max{¢W @)} According to Propositions 2 and 3, ) < 0 if g/r < §(3)
and 0®) > 9O if B/r > 5(3). Due to the monotonicity and continuity of 0@ — 90 with respect to
B/r, we obtain that there exists £ such that §©) < 6 if and only if B/ > ¢®). O

Proof of Corollary 5: (i) Under the grand coalition, by substituting es\l,) = m and

eg?]z[ =1-(1- m)”” into vgl)\, (N) and vg])v(N), respectively, we obtain vg])\,(N) —
1 —z/n - . 2

v;J)V(N) = —nc (1 - m> +c (1 — m> . Then we can obtain UESJ)\,(N) —

vgJ)V(N) > 0 if and only if m >n {1 — (%)ZW—U }, which is more likely to hold as n

decreases because rg > rr.

ii) Under the grand coaliti btain 9©) = ____cm 1 S g

(ii) Under the grand coalition, we obtain = BT ( - ETH+(n*ﬁ)TL> , =
cx g —(=+1) (2) cx 9 ~w/ntl) imi

Bl <1 — Ter—i-(n—ﬁ)rL) and 6% = Al (1 — ETH+(n_ﬁ)TL> . Similar to the proof

of part (i) above, we obtain 0@ < 0 and 6@ < M) are more likely to hold as n decreases. [J
Proof of Corollary 6: Under individual auditing, the expected profit of manufacturer ¢ is given
by

By = (1—0)ai+0 {ai N (1 - E]jj”) A (ei - Zﬁm) _ eiz}—(rﬁu)—C(ei), (16)

n
where (r; + v) denotes manufacturer i’s payment to the supplier given the supplier’s production

cost v. By substituting e; = ;Z- and 0 in (7) into (16), we obtain

[can(BA = 1) + (] (1 - n%i)ﬁ + canl (1 — %)7%1
BA+(n = 1)yA —nl

Er,=o; — —(ri—i—v).

—z—1
The first-order condition implies that 7‘2(0) satisfies [cz?n(BA — 1) + cx] <1 — 9(0)> —& T
nr; n{r; ' }?

—r—2
cxnl(z + 1) (1 — m«i“”) n{r;(’%())]j — [BX + (n — 1)yA — nl] = 0. Similarly, under joint auditing,

—x—2

—z—1
’I“Z(I) satisfies [cz?n(BA — 1) + cz] (1 — nrg(l)> n{r%)}Q + canl(z + 1) (1 - nrg(1)> % -

n{r

ng[BAng + (n — ng)yA — nl] = 0. Under ex-ante audit sharing, 1"1(2) satisfies [cx?n(BA — 1) +

—z/n,—1 —z/nE—2
cx) (1 — Wg(g)) m+cxnl(az+nk) <1 - mf’(2)> W—nk[ﬁ)\nk—i—(n—nkh/\_
nl] = 0.

When 8/y > 1, BA + (n — 1)yA — nl < fAng + (n — ng)yA — nl. Since the left-hand sides of
0) 5 (1) ©) 5 ,.(2)

the three equations above are all decreasing in r;, we obtain that r; ;  and 7; ;. Since

—z/n —x
(1 — 4 ’ < (1-:Z , we obtain that TZ@) > ’FZ(I). O

nry;
Proof of Corollary 7: When the number of manufacturers in every coalition is the same, the

expected profit of manufacturer ¢ with violation correction under ex-ante audit sharing is the same
as that under individual auditing in (13). The expected profit of coalition By under joint auditing



is given by

Enp,(ep,) = (1—0)ai+ 0 a; — B [[ (1—ep,) p — Cles,).
B,€B
By comparing this expression with (13), one can see that by taking one coalition under joint auditing
as one manufacturer under individual auditing, we can analyze joint auditing similar to individual
auditing (except that we have m instead of n manufacturers). Therefore, in the following, we show
the proof for individual auditing only.

By solving the first-order condition of (13), we obtain manufacturer ¢’s optimal audit effort
1

“ztn
e*(0) =1- (%) with violation correction. Then we obtain §* = &% (1 — £)~ (@/n+1) by solv-

— BA nr
ing 1 —(1—¢*(0))" = Z. When 8 > v, we obtain 6" = 5% (1- %)_(x/nﬂ) < & (1- %)_(Hl) <
% ( — %) (T’H) =0, i.e., the violation probability of the supplier is lower when man-

ufacturers help the supplier to correct the violation.

1
By substituting 6* into e*(6), we obtain e* = 1 — (1 — —)ﬁ According to (13), we have
the equilibrium profit E7;(e*,6*) = (1 — 0%y + 6" {os — BA(1 — L)} — C(e*) > (1 — 0Oy +
0){ai—,3)\ 1—43)} —C(e") > (1 — 60©)ay —1—90){04 — BX( 1—— )} = C( ()), where the last
expression is the proﬁt of manufacturer 7 in the base model. Therefore, the expected profits of
manufacturers are higher. [
Proof of Corollary 8: Under individual auditing and audit sharing, the expected profit of
the supplier is Emg = n(r — f) — 6 {(r —f)Dien€i— g}. Then the equilibrium decisions of the
manufacturers and supplier are the same as those in the original model except that r is replaced
by r — f. Therefore, Propositions 3 and 4 continue to hold.

Under joint auditing, the expected profit of the supplier is Emg = nr — mf — {3 ;- (ngr —
f)en, —g}. Proposition 1 continues to hold as 6 is fixed. In the following, we show that Proposition
2 also holds. By substituting eg]z(ﬁ) in (8) into Y ;- (ngr — f)eglz = g, we obtain the following
equation that o) satisfies:

1
i (ner — [0(1)nk{ﬁ)\nk + (n— ng)yA — nl}] S .
k=1

CTN

(17)

cxrn

1
Since the left-hand side of (17) is increasing in 81, when 37", (ngr—f) [1 — [9(0)”’“{'8’\"’#("7"’“)7)‘7"1}} Hl]

> g, 01 < 9O By substituting ) in the left-hand side of (17) with 00 = W
(z+1) . m — nE{BAn n—ng)yA—nl
<1 i — nf) , we obtain > ;" | (ngr—f) { (1--4 nf)Xk o+l } where X}, = k{ﬁﬁ/\j&(fl)’y];\);ynl }

% and 0 < 9O if and only if X >

{1 —g/(nr — )}/{1 = g/(nr — nf)}]~ @D, One can see that in this case, X} is increasing in
n and the right-hand side of the inequality is decreasing in n, so the threshold for 3/, 5(1)
1

is increasing in 8/y. When m = 1, X} =

—e

, 18

decreasing in n. Furthermore, if 5/v =1, X3 > 1s0 >, (ngr — f) [1 - (1- g)X“l] >

nr—nf

e (ngr — f)m 77 =9 and thus §(1 < 1. The proof for the case when m > 1 is similar to that
of Proposition 2. [J



g

Proof of Corollary 9: In the proof of Corollary 8, one can see > ;- (ngr — f)m is in-

1

creasing in f. Since >, (ngr — f) [1 — (1= 57)X, 7| is increasing in Xy, there exists

z(f), which is decreasing in f, such that when X > z(f) for £k = 1,2,...,m, >/, (ngr —
_1

HI1—(1- ﬁ)Xk I“} > g and ) < 00 By solving Xj, > z(f) for g, we obtain that

B l
~

>1+ nk%m(f)(vi)\ — 1), which is decreasing in f because YA > [ and x(f) is decreasing in f. [J

A2 Additional Results
A2.1 Consumer Choice Model

Suppose there are two groups of socially conscious consumers for manufacturer ¢. The first group
of 7/ consumers is informed of manufacturer 4’s social responsibility level z; and their utilities from
purchasing manufacturer i’s product are given by v — z;, where v ~ U]|0, 1] represents the brand
loyalty to manufacturer ¢. A consumer in this group switches to other manufacturers if v — z; < 0.
The second group of 3 consumers is uninformed of manufacturer i’s social responsibility level z;
and their utilities from purchasing manufacturer i’s product are given by u — z;, where u ~ U|[0, 1]
and Zz; is the belief about manufacturer i’s social responsibility level. Although these consumers are
uninformed of one particular manufacturer’s social responsibility level, they can learn the overall
social responsibility level of the market from the media. We assume that they take the average
level of social responsibility among all manufacturers as their belief for z;; i.e., z; =) JEN % /n. A
consumer in this group does not purchase any product in the market if u—z; < 0. The consumer does
not switch to other manufacturers because given the consumer is uninformed, other manufacturers
appear to have the same social responsibility level as manufacturer ¢ to the consumer. With this
setup, the number of consumers that switch to manufacturer ¢ from other manufacturers is given
by 737 eni #i/(n — 1). The number of consumers that switch from manufacturer  to others or
choose not to purchase is given by v'z; + 3> JEN /n. Therefore, manufacturer :’s demand from
socially conscious consumers is given by 7' + 8"+ 37 e a2/ (0 — 1) = 7'z = B' 3 e 2j/n- Let
a; ="+, 8= p"and v =7'n/(n—1). Then the demand can be rewritten as c; — 83y 2j/n+

o (ZjeN zj/n — zi) . This supports the functional form of 7; in (2).

A2.2 Extension to Convex Cost and Supplier’s Profit

In the base model, we assume that the supplier may adopt a pure strategy of either producing
parts responsibly (i.e., # = 0) or irresponsibly (i.e., # = 1), or adopt a mixed strategy of choosing
6 € (0,1). In this case, the expected cost saving of the supplier from producing parts irresponsibly
is g#, which is linear in 6. It is plausible in some other cases that the compliance cost of the supplier
is convex in his compliance effort. In the following, we first show that our insights from the base
model continue to hold under the convex compliance cost and then analyze supplier’s profit in this
case.

Let € € [0, 1] denote the compliance effort of the supplier and we assume that the compliance
cost takes a quadratic form as ge2. Then the expected profit of the supplier, Emg, under individual
auditing (cf. (1) in the base model) can be expressed as Emg(e) = r{n— (1—-¢)Y ,cyei} —
ge?, where the first term represents the expected revenue of the supplier from selling parts with
compliance effort €. By solving the first-order condition, we can obtain the optimal compliance



effort of the supplier under individual auditing () (e;) = r/(2g) Y ien Ei-

For trackability, we assume that the audit costs of manufacturers are also quadratic in their
audit efforts; i.e., C(e;) = ce?. Then we can obtain the following optimal audit effort of manufacturer
i under individual auditing (cf. (6) in the base model) by solving the first-order condition of (3):

(I—e){BA+(n—1)yA— nl}‘

e(e) = —

The optimal audit efforts under joint auditing and ex-ante audit sharing can be obtained simi-
larly. Following the analysis similar to that of the base model, we obtain the following corollary:

Corollary 10 With the quadratic compliance cost and audit cost (i.e., ge? and ce?), Propositions
1, 2, 8, and 4 continue to hold except that joint auditing (resp., ex-ante audit sharing) being more
effective than indiwidual auditing means ) > O (resp., e > £0)),

Proof: The quadratic costs do not affect our analysis of the partition functions, and thus Propo-
sitions 1 and 4 continue to hold. For Proposition 2, by substituting ego) (e) into e =7/(29) > ;en €i
and solving the equation for €, we obtain the equilibrium compliance effort of the supplier under
individual auditing € = r{8X 4+ (n — 1)y\ — ni}/[4gc + 7{BX + (n — 1)yX — nl}]. On the other
hand, the equilibrium compliance effort under joint auditing £(!) satisfies () = r/(2g) "1, nkeg]z,
where 6581;3 = np(1 — e {npBX + (n — ng)yA — ni}/(2¢n). By replacing €M in e /(1 — M) with
e(® and comparing it with r >~ n2{ngBA + (n — ng)yA — nl}/(4eng), following a similar proof
to that of Proposition 2, one can show that the proposition continues to hold. Proposition 3 can
be proved similarly. [J

Lastly, the following corollary compares the supplier’s profit with and without the cooperation

in auditing.

Corollary 11 The expected profit of the supplier under joint auditing or ex-ante audit sharing is
lower than that under individual auditing if B/ is sufficiently large.

Proof: By comparing the optimal audit effort under individual auditing 61(0) (e) = Q=e){BA+(n—
1)yA—nl}/(2¢n) and that under joint auditing eg]z (&) = np(1—eM){npBA+ (n—np)yA—nl}/(2cn),
it is easy to see that e (e) < 659113 (e) if B/~ is sufficiently large. Thus, the expected profit of

the supplier under individual auditing satisfies Ew(()o) (e0) = ¢ {n —(1-eNY.n 61(0) (5(0))} -
9e®2 2 v {n - (1 - W) Ty el(cW) = ge®? > 7 {n — (1 = W) 7L ngely) (W) | — geV2 =

E?Tél) (5(1)) if 5/ is sufficiently large, where the first inequality is due to the optimality of £(© under
individual auditing. The result under ex-ante audit sharing can be proved similarly. [

When the negative externality is high or the positive externality is low, the manufacturers
conduct more comprehensive audits when they cooperate than when they do not. As a result, the
supplier has to choose a higher compliance effort under joint auditing or ex-ante audit sharing,
which leads to a higher compliance cost and a lower profit.



