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Remark 1 (The Feasible Profit Allocation Set). In general, the feasible set of profit allocation is
a curve, which is not a convex set under the wholesale-price contract. To facilitate our analysis
with the nonconvex feasible set, the common approach is to allow randomized contracts. That is,
the decision becomes a choice of probability distribution over all possible wholesale prices. This
randomization convexifies the profit allocation set. When no contingency terms are imposed on
contracting (see Feng and Lu 2013b), the convexified region is determined by the original profit
allocation curve and the two axis. The Pareto set of the convexified set, where the negotiation
outcome lies, is a subset of the original profit allocation curve. Thus, it is sufficient to consider
only non-randomized contracts in this case.

When contingency terms are imposed in contract execution, however, the profit allocation set
can reveal complex structure. To see that, we consider the first trade in the sequential negotiation
over contingent contracts, and refer to an example depicted in Figure 11. The profit allocation set
is TT = {(TT{ (wy), 7wt (wy)) : w* < wy < a}, where @' = min{w; : [T} (wy) > 0}, i € {NB, KS}, and
the Pareto set is TI797¢% = {(IT} (wy), 7l (w1)) : @' < wy < wh and wi < wy < @'}, where W' =
arg max{Il¢ (w1)}, w§ = min{w; : dIT¢ (w1)/dw; < 0} and wi = H{wi:wé}wé + Lpgiswiy min{w; :
wy > wf and I (wy) > I} (w)}. When the level of competition is low (i.e., when 7 is small),
indeed ITPerete — I1 (or wé = w! = '). For a large 1, however, this is not true. In this case, the
convexified region for the entire set of {II} would make part of the original Pareto set non-Pareto,
inducing discontinuity of the bargaining solution. As we would like to focus on non-randomized
strategies, we take an alternative approach. Specifically, we extend the Pareto set ITF?7¢t° by

including the segment connecting (II% ("), 7 (1)) and (IT} (wf), 7% (w})).
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Note. a=1,b=1,c=0.
Figure 11: The profit allocation set of the first trade in the sequential negotiation with contingencies.
A Derivation of the Bargaining Solutions

In this section, we provide the expressions of the firms’ profit functions and the derivation of
the bargaining solutions. We shall note that under the linear demands, the firms’ profits can be
expressed as a product of (a — ¢)?/b and some function of 1. Thus, it is without loss of generality
to take a = 1, b = 1 and ¢ = 0 in our analysis. For general values of a, b and ¢, the corresponding
firms’ profits would be (a — ¢)?/bIl and (a — ¢)?/br, and the corresponding wholesale price would

be ¢ + (a — ¢)w, where II, 7 and w are computed for a =1, b=1 and ¢ = 0.



A.1 One-to-Two Channel

By Lemma 1, we can derive the trade profits for the supplier and the retailers, respectively, as

) wjlgwj 1 —w; < 31 —wj),
Wi(wi,wy) = Y wigi (w) =14 Y2 w220 0Im0) 03 ) < 1 —wy < 2(1—wy), (17)
= wilawi 1—w; > %(1 — wj)
0 1—w; < 3(1—wy),
mi(wi,wj) = (p (w) —wi)gf (w) = § COIALWIE 81— app) < 1—w; < 2(1— wy),(18)
% l—wiE%(l—wj).

The supplier’s disagreement point under simultaneous negotiation without contingency is

1 —w,;
Dl(wj) = wj 9 ]. (]_9)

Lemma A.1. In the one-to-two channel without contingency, the maximum profits of the supplier

and the retailers are, respectively,

_ IL (5P wy) = gl + gwi(l—wy) wy < 5+ 5y/550
i(wj) = () Bl (20)

9_
(3, w5) = § w; > 5+ 51/ 5
nw; _ 1 2
_ mi(T9h W) = i Wi < gy
m(wj) == (+Z)J2 K (21)

2
7'['1'(1 — wj,wj) =7 wj > pEwE
Moreover, the profit allocation (II;(w;, w;), m;(w;, w;)) is Pareto-dominated for w; above the maxi-

mizer that attains I1;(w;).

Proof. We first note that any feasible (w;, w;) should lead to nonnegative trade surpluses (i.e.,
IL;(wi, w;j) — Di(w;) > 0 and m;(w;, wj) — di(w;) > 0). Thus, we have w; > nw;/2 in the second
pieces and w; > 1 — wj in the third pieces in (17) and (18), respectively.

To derive (20), we note that IT;(w;, w;) is constant in w; in the first piece in (17). The second
piece is maximized at w* = (2—n+2nw;)/4 and leads to a maximum value of II"™ = (2—7)/(8(2+
7))+ (1/2)w;(1 — wj). The third piece is maximized at w] = 1/2 and leads to a maximum value of
II" = 1/8. It is easy to check that (2—7)/4 < w® < (24+n)/4 and (2—n)/4 < (1—w]") < (2+7n)/4.

For w] be the maximizer, we must have two cases: Case (i): 1 —w] > (2/n)(1 —w;) (or
w; > w* =1-n/4), 1 —w™ < (2/n)(1 —w;) (or wj < w® =1-n/(2(2+n))) and II"™ < 1"
(or w; < w® = (1/2) = VB /BT /2 or wy > wl = (1/2) + VE-/EF0)/2). It is

easy to show that w® < w? < w’ and the above conditions lead to w? < w; < w’. Case (ii):




1—w! > (2/n)(1 —wj) (or wj > w®) and 1 — w™ > (2/n)(1 — w;) (or w; > w®). These give the
relation w; > w®.

For wi™ to be the maximizer, we can have two cases: Case (i): 1 —w] > (2/n)(1 — w;) (or
w; > w?), T —w™ < (2/n)(1 —w;) (or w; < w®) and II™ > 1" (or w® < w; < w?). This leads to
w® < wj < wl. Case (ii): 1 —w! < (2/n)(1 —w;) (or w; < w?) and 1 —w™ < (2/n)(1 — w;) (or
w; < wP). These give the relation w; < w?.

Combining the above cases, we obtain the expression of (20).

Now we note that the second piece of 7;(w;, w;) in (18) is decreasing in w; and is maximized at
w; =nw;/2 = wf . The third piece is decreasing in w; and is maximized at w; =1 — w; = wf. For
w? to be the maximizer, we must have 1 —w! < (2/n)(1 —w;) (or w; < 2/(2+1n) = w®). For w] to
be the maximizer, we must have 1 —w{ > (2/n)(1 — w;) (or w; > w®). This leads to the expression

of (21). O

Lemma A.2. In the one-to-two channel without contingency, for a given w; in bargaining unit j,

the negotiated wholesale prices in unit i under the NB and KS solutions are

(2—n)(1-0)+2nw;

w; < w?
NB 4 J 7’
3—0—+/(140)2—160w; (1—w;
\/( )4 w; (1-—w,) wj > w?,
5 4 2 2
RIS wj < 335
2_
KS Ea pREICRLT: zy < Wi <
wi”(wy) =] 2y el (dwy A (1—wy) ~2+n) 7y (23)
2 22— nta2+n)w?) w <wj<jz+3 2+n’
1 —(2w;—1)? +41/w (2w;—1)3 ' 1 1 2y
[ 2~ 20— tw, +5u?) Wi >3t gy 2

where w§ is some value within [(4 —n(1+6))/(4 — n%0), (4 +n(1—0))/(2(2+1))] and wé? is some

value within [2/(2+n), (4 —n)/4].

Proof. Applying (17), (18), (19) and d;(w;) = 0, the Nash product for trade i is

0 1—w; < M7
Wi —Nw; —w;)—n(1—w; _ —w;)—n(1—w;))? w —w;
s 0y) = { () @0 —n—) g EU—m) ) yo A1) )y, 20,
wi(l—w;)—w; (1—w;) \1— —w;)? 2(1—w
( ( )2 5 J))l 6’((1 ) ) )9 1_wi2 ( ; ]).

Setting 01n(2)/0w; = 0 in the second case gives

(1-0) +(1+0) =0.

2w; — nw; 2(1 —w;) — (1 — wy)
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This gives w* = ((1 —0)(2 —n) + 2nw;)/4. We shall note that w]™ > nw;/2 so that the supplier’s
surplus is nonnegative under this solution. Setting 91n(€2)/0w; = 0 in the third case gives
1 —2w; -1
(1-6) il +20 = 0.

2 2
wi—wi—wj—l—wj 1 —w;

This gives w} = (3—60 — /(1 +6)% — 160w;(1 — w;))/4 < 1/2. Note that the above expression has
two roots within [0, 1] and the maximizer of §2; should be the smaller root.

For w™ be the best response, we can have two cases: Case (i): 1 —w"® < (2/n)(1 —w;j) (or
wy < wt = (A4n(1-0))/(2(24+n))) and 1—w] < (2/5) (1) (or w; < wP = (4-n(1+6))/(4-120)).
It is easy to show that w?® > w’ and the above conditions lead to w; < w’. Case (i): 1 —wl" <
(2/m1 —w;) (or wy < w?), 1 —wf > (2/n)(1 —wy) (or w; > w®) and Qi(w]", wj) > Q(w], wy).
Note that Q;(w]", w;) = ((2—n)(1—0%)'"*(1+6)*/(2°~%(2+n)"*?) and Qi (w],w;) = (1-0)(1+
0 —8w;(1—w;) ++/(1+0)2 = 160w;(1 — w;))) (1 + 0+ /(1 + 0)2 — 160w; (1 — w;))?? /24420 Tt

is clear that Q;(w™,w;) is constant in w; and Q;(w!,w;) is increasing in w; for w; > w® > 1/2.
We also note that Q;(w!, w®) < Q;(w™, w;) < Q;(wl, w?*). We deduce that there exists a w§ such
that Q;(w;", wj) > [<]Q(w], w;) for wj < [>]w]. These give the relation wb < w; < ws.

For w] be the best response, we must have two cases: Case (i): 1 —w™ > (2/n)(1 —w;) (or
w; > w?) and 1 —w! > (2/n)(1 — wj) (or w; > w®). This leads to w; > w?. Case (ii): 1 —w <
(2/n)(1 —w;) (or w; < w®), 1 —wl > (2/7)(1 —w;) (or wj > wP) and Q; (W, w;) < Q(w!,w;) (or
w; > w$). This leads to @} < w; < w*.

Combining the above cases, we obtain the expression of (22).

To derive (23), we substitute the expressions of (17), (18), (20), (21), (19) and d;(w;) = 0 into

(2) and obtain

<2wl'—(7721(v.1f>_<158 w(:) 7570(1)) 45%)/72@—772)) e n/)(/( ez . Wi <

<2wi—572§_>_ff§2/£zl) ST 4§§>/Yzzig742)> o= )w(/(42+17)) 2+17 <wj<3+3 \/?2 and : j 1‘% <
(1= 13)—12;2(;4 w2 = (2_77)/53%77)) 2 < wj < ;_L \/E and = > 2,
(wi(1—- wz)iﬂi](1 —0))2 = 18w (1=w;)/2 w; > 143 WZ

We omit the expressions for w; above the maximizer that attains II;(w;) as the best response should

lead to a Pareto profit allocation. Let w® = 2/(2+ n) and w? = (1/2) + /(2 —n)/(2 +n)/2.
The first piece gives w! = (2 — 1 + 5nw;)/10.
The second piece gives w! = nw;/2 + (2 —n)/(2 + 2(2 + n)*w 2) For w! be the best response,

we must have 1 — w! < (2/1)(1 — w;), ie.,

(4n—n* )1+ 2+ n)*w))(1 — w; + 2(2 + nwF — (2+n)*wd) > 0.



Note that the first and second terms are positive and the third term is a cubic function in w; with
the coefficient of w? being negative. Also, the third term equals /(2 +n) > 0 at w; = w®, equals
—n(48 — 32n — 12n% 4 8n® — 1) /64 < 0 at w; = (4 — n)/4 = w®, and its first-order condition gives
—14+42+n)w; —3(2+ 77)2wj2~, which is negative for w; within [w® w€]. Hence, there exists only
one root within [w®, w®]. Let u‘)é? denote this root. These give the relation w® < w; < U_J?.

The third piece gives wi = 1/2—(—2+77+4\/w?(2 +n)(4w; — 42+ nwi (1 —w;) —2+1n))/(2(2—
n+4(2+ n)w]?)) Note that the third piece has two roots within [0, 1] and the best response should

be the smaller root. For w; be the best response, we must have 1 —w; > (2/1)(1 — w;), i.e.,
(1 —w))(2 =) (2= n+42+ w1 —w; +22+nw] — (2+n)w]) <0.

The above inequality implies w; > u’)?. Thus, these yield the relation w? <wj; < w?. We shall note
that for a w; € [w®, w?), the profit allocation (II;(w;, w;), m;(w;, w;)) is Pareto-dominated for some
w; € (1/2,(2 — 0+ 2nw;)/4). Because wf < 1/2 for any w; within [w® w?], w$ always leads to a
Pareto profit allocation.

The fourth piece gives w! = 1/2 — (—(2w; — 1)? + 4, /wj-’(ij —1)3)/(2(1 — dw; + 8w]2-)) <1/2.

Note that the fourth piece has two roots within [0, 1] and the best response should be the smaller

root. Combining the above cases, we obtain the expression of (23). O

Lemma A.3. In the one-to-two channel under sequential negotiation, suppose the supplier first

negotiates with retailer j.

i) Without contingency and the negotiated price in unit i is given by (22), the supplier and

retailer j’s profits are

willow) | @-p)0=)

T
(w0 = L (ws. wNB (w.)) — 8(2+7) Wy < Wj
ILj(wy) = 1Lj(ws, w;™ (wy)) = 80w; (1—w;)+(1—0)(1+6-+4/(14+0)2—160w; (1—w;)) _a(24)
16 ?,U] > ’LUj,
(4+n(1—-0)—2(2+n)w;)? _a
2 wj < w sy
mi(w;) = mi(w,w]P (wy)) = 100z ’ (25)
0 wj > ’II)?,
and the supplier’s disagreement point is
162
D; = g (26)

i1) With contingency and the negotiated price in unit i is given by (22), the supplier’s profit is

wi(l—wj) | (2—n)(1-62) —a
+ w; < WY,
Mj(w;) = ? S (27)

. —a
0 wj > w§,




and retailer j’s profit is same as that without contingency, and the supplier’s disagreement

point is 0.

i11) Without contingency and the negotiated price in unit i is given by (23), the supplier and

retailer j’s profits are

_ S
0(wy) = I(wy, w™ (wy))
wi(l—wj) | 2(2—n) , 2
R wj < 3
w; (1+(3=n")w;+(2+n)*w? (1-w; ) (2+(2+n)*w?)) 2 b
2(1+(2+nj)2w]2)2 ! oy S Wi < Wy,
= L (=274, [0l (24 (4w, —4@+n)w? (1—w))—240)? w14l [ 28)
8 8(2—n+4(2+n)w?)? Wi < Wj < 3732\ 25
1 (—(2w;—1)?+4, /w3 (2w; —1)3)? 11 [y
8 8(1—4w; +8w?)? wj > 5+ 3¢/ o
(104+n—5(24n)w;)? 2
100(2+1)2 ]2 . wj < 35
N KS (1—w;+2(2+n)w? —(2+n)%w3) _
Wj(wj) = Wj(wjvwi (w])) = : 4(1+(2+,7j)2w]2)2 : ﬁ <wj < w?7 (29)
their maximum profits are
— 1 82+ 9n
I, = Ij(z)==—r——, 30
! i(3) 200(2 + 1) (30)

11 [50-Tp, _ (10-3+/B0— )2 +n)’
5= -y ) - 002 1 7)? | 3

and the supplier’s disagreement point is

D= —. (32)

iv) With contingency and the negotiated price in unit i is given by (23), the supplier’s profit is

wi(l—wj) | 2(2-=n) , 2
Tt ey Wi < o
w; (1+(3=n")w;+(24n)*w (1-w;) 2+(2+n)°w?))

2(1+(2+n)2w?)? 2+n

0(w;) = <wj < wh, (33)
—b
0 wj > Wy,

and retailer j’s profit is same as that of without contingency. Moreover, the supplier’s maxi-

mum profit is same as that of without contingency and retailer j’s mazimum profit is

11 [8F9y, (10=3n+ /(82492 +n))?
A ”j(i_fo\/ 2+ )= 400(2 + n)? ’ (34)

and the supplier’s disagreement point is 0.




Moreover, the profit allocation (ILj(w;),mj(w;)) is Pareto-dominated for w; above the mazimizer

that attains ﬁj .

Proof. To see part (i), we substitute the expression of (22) into (17) and (18) to derive (24) and

(25), respectively. We substitute the negotiated price whB

= (1 —#)/2 in the one-to-one channel
(see Proposition 1) into (19) to derive (26). This concludes part (i).

To see part (ii), we note that when the supplier negotiates with retailer j with contingency, her
profit becomes zero if retailer j does not order positive quantity (i.e., w; > w;) Modifying the
second piece in (24) leads to that of (27). We conclude part (ii).

To see part (iii), we substitute the expression of (23) into (17) and (18) to derive (28) and

(29), respectively. We substitute the negotiated price w’®

= 1/5 in the one-to-one channel (see
Proposition 1) into (19) to derive (32).

We now derive the supplier and retailer j’s maximum profits. We shall note that any feasible w;
should lead to nonnegative trade surpluses (i.e., IIj(w;) — D; > 0 and 7j(w;) — d;j > 0). Thus, we

have w; > 1/2 — (1/10)4/(50 — 7n)/(2 + ) = w® in the first pieces in (28) and (29), respectively.

To derive (30), we note that the first piece of II;(w;) in (28) is maximized at w]" = 1/2 and
leads to a maximum value of II" = 1/8 4+ (2/25)(2 — 1) /(2 +n). The second piece is decreasing in
w; and is thus maximized at w} = 2/(2 + 7). This gives a maximum value of II" = /(2 + n)? +
(2/25)(2 —1n)/(2+n). It is easy to check that the maximum values of the third and fourth pieces
are both smaller than 1/8. Because II"™ > max{1/8,II"}, we can obtain the expression of (30).

To derive (31), we note that the first piece of 7j(w;) in (29) is decreasing in w; and is maximized

at w? = w?. This leads to a maximum value of 7 = (10 — 31+ /(50 — 7)(2 + 1))?/(400(2 +n)?).
The second piece is convex in w; and thus the maximum value is 79 = max{m;(2/(2+7)), Wj(lf)?)}.
It is easy to check that 7P > 79. We conclude part (iii).

To see part (iv), we note that when the supplier negotiates with retailer j with contingency,
her profit becomes zero if retailer j does not order positive quantity (i.e., w; > zD?), which leads

to the expression of (33). We note that any feasible w; should lead to nonnegative trade surpluses

and thus we have w; > 1/2 — (1/10)1/(82 + 91)/(2 +n) = w®. It is then easy to see that (29) is

maximized at w®, which gives the expression of (34). We conclude part (iv). O



A.2 Two-to-One Channel

By Lemma 1, we can derive the trade profits for the suppliers and the retailer, respectively, as

0 1 —w; <n(l—wj),
i(wi, wj) = wig; (w) = wz% (1 —wj) <1—w; < 5(1—wy), (35)
wi% 1—w; > %(1—10]-).
2 % 1—w; < n(l—wj),
mi(wi, wj) = Z(pf(’w) —w;)g; (w) = 212':1(1_1”1'31(((11::2’3)_"(1_%)) nl—wj;) <l—w; < %(1 — w@ﬁ)
= % 1—w; > %(1—w]~).

The retailer’s disagreement point under simultaneous negotiation without contingency is

— w2
dwy) = LUl (37)

Lemma A.4. In the two-to-one channel without contingency, the maximum profits of the suppliers

and the retailer are, respectively,

1—n4nw; (1-n(1—wj;))? 2+4n)(1-
_ i (1 wj) = 5 877((1—7715§ wj < § 2”2(772 2,
m(w;) = Hi(wjann’wj) _ (17wj)§nu;j*1+77) (2+2772(7712—n) <wj < 2—777, (38)
IL (5, w;) = % w; > 41,
(1—w;)2—2n(1—w;)+1
m;(0,w;) = 1 ! wj <1-—mn,
mi(w;) = (0, w;) 4(1-n?) J N (39)
mi(0,w;) = % w; >1—mn.

Moreover, the profit allocation (11;(w;,w;), m;(w;, w;)) is Pareto-dominated for w; above the maxi-

mizer that attains IL;(w;).

Proof. We first note that any feasible (w;, w;) should lead to nonnegative trade surpluses (i.e.,
IL;(wi, wy) — Di(w;) > 0 and 7;(w;, w;) — di(w;) > 0). Thus, we have w; > 0 in the second and
third pieces in (35) and (36), respectively.

To derive (38), we note that IT;(w;, w;) is constant in w; in the first piece in (35). The second
piece is maximized at w]" = (1 — n + nw;)/2 and leads to a maximum value of II" = (1 — n(1 —
w;))?/(8(1 — n?)). The third piece is maximized at w! = 1/2 and leads to a maximum value of
" = 1/8.

For w] be the maximizer, we must have two cases: Case (i): 1 —w] > (1/n)(1 — wj) (or
w; >wt =1-n/2), 1 —w™ < (1/n)(1 —wj) (or wj <w’=(24+n)(1-n)/(2-n?)) and O™ < II"
(or w; >w®=1—(1/n)(1++/1—n?) and w; < w?=1— (1/9)(1 — /1 —n?)). It is easy to show



that w® < w? < w?® and w® < 0 and thus no feasible w; satisfies the above conditions. Case (ii):
1—w! > (1/n)(1 —wj) (or w;j > w®) and 1 — w™ > (1/n)(1 — w;) (or w; > w®). These give the
relation w; > w®.

For w]" to be the maximizer, we can have two cases: Case (i): 1 —w] > (1/n)(1 — wj) (or
w; > w?), 1 —w™ < (1/7)(1 —w;) (or w; < w®) and O™ > II" (or w; < we or w; > w?). It is easy
to check that no feasible w; satisfies the above conditions. Case (ii): 1 —w] < (1/n)(1 —wj;) (or
w; < w?) and 1 —w™ < (1/n)(1 —w;) (or wj < w®). These give the relation w; < w’.

For w® < w; < w’, neither w! nor w™ is attainable and thus the maximizer should be w¢ =
1 — (1/7)(1 — wj), which leads to a maximum value of II° = (1 — w;)(w; — 1 +1)/(2n?).

Combining the above cases, we obtain the expression of (38).

Now we note that the second and third pieces of m;(w;, w;) in (36) are both decreasing in w;.

Thus, m;(w;, w;) is maximized at w; = 0 and leads to the expression of (39). O

Lemma A.5. In the two-to-one channel without contingency, for a given wj in bargaining unit j,

the negotiated wholesale prices in unit i under the NB and KS solutions are

1—6) (1—n+nw; 140
(1-6)( 2n nw;) w; <1- 2_77752?1_)6)7
NB/ .\ _ —14w; 146 14+0)—n3(1—6
wi o (wy) = T 1—%<w]‘<1—%7 (40)
o (146)—n*(1-6)
| (wy) wj > 1= sl

1—n4+nw;
— wj < 1-—mn,

(1—n+nw;)>
(1=n)2+2(4+n—5n%)w;—(4—5n?)w?

1—r]<wj<wj,

(1=m)2+2(2+n—=3n")w; —(2=3n*)wi—vA1 (24)(1—n)
KS J c oo L)l mn)
w; (wj) = (1=n)2+2(4+n—5n?)w; —(4—5n?)w? wj < wj < 2-n2 (41)
2 2
n* (2w; —w?)+vVA _ _
1 + ( J 2J) - 2 = 5 (2+772(12 77) < w] < 2 77’
2(1=n—(2-n+2n?)w;+(1+n?)w7) 2—n 2
14w, —2w? — /146w, —3w? 9_
wj; > 72777

18w —4w?

where w(w;) is the unique root of (42) within the range [0,1/2], Ay = (1—n)*+2(1—n)3(3+Tn)w; —
(1—7)*(3—38n—67n*)w; —4n(17—14n—28n> 4251 )w? +n(40— 547 — 607> + 751" )w] — 2n(4—12n—
672 +157)w? —n*(4=50")w?, Ag = 4(1-1)*—8(3—5n+3n"—n*)w;+4(15—20n+150* =T’ +n* )wj -
4(20—20m420m* = 9 +1* )w? + (60— 40n+ 601> — 20 +n*)w] — 4(6 — 20+ 610> —n*)w? +4(1+n?)w?

and w§ is some value within [1 —n,(2+n)(1—n)/(2 — n?)].
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Proof. Applying (35), (36), (37) and D;(w;) = 0, the Nash product for trade i is

0 1—w; <n(l —wj),
w;i (1—w; —n(1—w; _ 1—w; —n(1—w; 2 1—w.
Qi(wi, wj) = ( ( 2(1_7](2) ])))1 9(( 4(177_(772) 1)) )9 Nl —wj) <1—w; < " L
(ldy=t (G Gty 1w > 5

Setting 01n(§2)/0w; = 0 in the second case gives

1 -1
(1_0)E¢+(1+0)(1—wi)—U(l—wj) -0

This gives w” = (1 —0)(1 — n+nw;)/2. Setting 0In(£2)/0w; = 0 in the third case gives

1-— 2’[1)2' + 0 —2(1 - ’U)Z)

e ISy G

=0.

Rearranging the terms, we obtain

O (w;, wy) = —2w + (5 — O)w? —2(1 + (1 — 0)(2w; — w?-))wi + (1 —0)(2w; — w?) =0. (42)

We note that ®(w;,w;) is a cubic function in w; with the coefficient of w? being negative. Since
®(0,w;j) = (1 —0)(2w; — wjz) > 0 and ®(1/2,w;) = —6/4 < 0, there exists at least one root in
[0,1/2] that is a local maximizer of Q;(w;,w;). Moreover,

9
871)2'

5—10

(s, uy) = 6w~ 5 0) 420 -0y -y LEDD

6

The above expression is symmetric with respect to the vertical line w; = (5 — 6)/6 > 1/2, and
0P (w;, wj)/awi‘wizo =2(1-6)(1 —w;)? —2(2—0) < 0. Thus, the sign of d®(w;, w;)/0w; changes
at most once and the change is from negative to positive within w; € [0,1/2]. This suggests that ®
has a unique root within [0, 1/2] that maximizes the Nash product. Let w{'(w;) denote this root.

For w]" be the best response, we can have two cases: Case (i): 1 —w" < (1/n)(1—w;) (or w; <
Wt = 1= y(1+6)/(2— (1)) and 1 —w@(w;) < (1/n)(1—w;) (or (1~ (1/n)(1 —w;), w;) > 0).
It is easy to show that ®(1—(1/n)(1—w;),w;) > 0 gives w; < w® =1—(n(1+80)—n3(1—0))/(2(1—
n*(1 — 6))). These give the relation w; < w®. Case (ii): 1 —w™ < (1/n)(1 —w;) (or w; < w?),
1 —w(w;) > (1/n)(1 —wj) (or wj > w®) and Q;(w, w;) > Q(w(w;),w;). Because w?® < w’, no
feasible w; satisfies the first two conditions.

For w{'(w;) be the best response, we must have two cases: Case (i): 1 —w™ > (1/n)(1 — wy)
(or w; > w?) and 1 — wf(w;) > (1/9)(1 — w;) (or w; > w®). This leads to w; > w’. Case
(ii): 1 —w™ < (1/n)(1 — w;) (or wyj < w?), 1 —w¥(w;) > (1/n)(1 — w;) (or w; > wP) and

Qi (w™, wy) < Q(w(wj),w;). It is clear that no feasible w; satisfies the conditions.
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For w® < w; < w’ neither w®(w;) nor w!™ is attainable and thus the maximizer should be
wy = 1= (1/n)(1 = w;y).

Combining the above cases, we obtain the expression of (40).

To derive (41), we substitute the expressions of (35), (36), (38), (39), (37) and D;(w;) = 0 into
(2) and obtain

(—wi—n(-w)?/(40 ) _ (on(l-w)2/(@0n?)
i (T (1=, )/ @O=P)] ~ ({1 P/ (=) s U
(—wi—n(—w;)?/A0-12) _  1/4—(1-w;)*/4 -  @4m(-n) w1
i (T (1=, 1) (=)~ (1=, )7/ (1) 1—n<wj <2555 andn <=, <y
(L—wi)?/d—(1—w;)2/4 _ 1/4—(1—w;)2/4 24n)(1— 1—w;
w2 (a(i—w, )%/ (=) L < w; < PP and =5 > 4,
(—w)?/A-(—wp?/4 _  1/4-(1-w;)*/4 @inin _ , _ 2=n
wi(T—wn)/2 (=) (w;— 1) @) PR i<
(—wi)? /- (w24 _ 1/A—(1—w;)*/4 s = 221
w;(1—w;)/2 1/8 J 9 -

We omit the expressions for w; above the maximizer that attains II;(w;) as the best response should
lead to a Pareto profit allocation. Let w® =1 —n and w? = (2 +n)(1 —n)/(2 —n?).

The first piece gives w? = (1 — n + nw;)/5.

The second piece gives wf = (1 —n+nw;)?/((1 —n)* +2(4 + n — 5n*)w; — (4 — 5n*)w ) For

w! be the best response, we must have 1 — w{ < (1/n)(1 — w,), Le.,
Dlw.) — 2 2 , 2 2 2y, 3
(wj) = (1 =n)* = 3" +4n — T)w; + (3n° + 2 — 12)w; + (4 — n”)w; > 0.

We note that ®(w;) is a cubic function in w; with the coefficient of w? being positive. Also,
O(w) = (1 —7°)? > 0, d(w?) = =493 — *)(1 = n*)?/(2 = 7*)* < 0 and dP(w;)/dw; = 3(4 —
7?)(1 — w;)? — 4n(1 — wj) — 5 < 0 for w; within [we, w?]. Hence, there exists only one root within
[we, w?. Let w§ denote this root. These give the relation w® < w; < wj.

The third piece gives wi = ((1—7)?+2(2+n—3n*)w; — (2—3772)10]2- —VA)/(1=n)*+2(4+n—
512 )w;— (4—=5n%)w3), where Ay = (1—n)*+2(1—n)>(3+7Tn)w; — (1—n)*(3—38n—67n*)ws —4n(17—
141 — 280 4 250 )w? +1(40 — 547 — 600 + 757 )wj — 2n(4 — 121 — 67> 4+ 1579 )w? —n*(4 — 5n*)wf
Note that the third piece has two roots and the best response should be the smaller root. For w;
be the best response, we must have 1 —w > (1/1)(1 — w;). This implies ®(w;) <0 (or w; > )
and thus w§ < w; < w?,

The fourth piece gives w} = 1+ (7*(2w; —w?) +v/A2) /(21 =1 — (2= n+27*)w; + (1 +n*)w?)),
where Ag = 4(1 — ) = 8(3 — 51+ 30> — 7*)w; + 4(15 — 200 + 159° — T + n*)wF — 4(20 — 20n +
20n% — 9n* + 1 )w? + (60 — 40n + 607 — 200° +n*)w] — 4(6 — 20+ 61* — n*)w? + 4(1+n*)w?. Note

that the fourth piece has two roots and the best response should be the smaller root.
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The fifth piece gives w* = (1 + 4w; — 2w]2- — /1 +6w; — 3wj2.)/(1 + 8w; — 4w12.). Note that the

fifth piece has two roots and the best response should be the smaller root.

Combining the above cases, we obtain the expression of (41). O

Lemma A.6. In the two-to-one channel under sequential negotiation, suppose the retailer first

negotiates with supplier j.

i) Without contingency and the negotiated price in unit i is given by (40), the supplier j and

retailer’s profits are

wj((2—772(1—9))(1;w1)—n(1+9)) wi < 1— n(%+9)
0j(wy) = j(ws,w (wy)) = A=) ’ 272111;)9)’ (43)
n
0 wj > 1= 5" eq gy
Wj(wj) = Wj(wj,wZNB(wj))
(1—w;)? | (1+6)*(1—n+nw;)? (146)
Tt 16(1—7172;7 : wj <1— 2_77772(1_9);
_ (1—w;)? (1+6) (1460)—n3(1-6)
- i L= gy < wi <1 sty o (44)
(1—w (w;))? (140)—n3(1-0)
I S— wj > 1= gy
and the retailer’s disagreement point is
(1+6)2
di=~— "2 4

i1) With contingency and the negotiated price in unit i is given by (40), the supplier j’s profit is

same as that without contingency and retailer’s profit is

(—w;)® | (40 A—ntnw;)® (146)
mj(w;) = S me W<y (46)
j\Wj) =

and the retailer’s disagreement point is 0.

i11) Without contingency and the negotiated price in unit i is given by (41), the supplier j and

retailer’s profits are

I(w;) = Ij(wj,w(w;))
= ij(%;???;l)Uj) + 2(1-n?) [(1n)gl+vg((z+z+zg));j(45’72)“’]2‘] oS < ue
0 wj > 71)3?,
mi(w;) = milws, wf(w)))
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(1_ .)2 4(1_ + ‘_)2
I+ 25(771—73;5)7 wj < 1=,

(1—w;)? 4(1—n?)w? (2—w;)? (1—n+nw;)? o
e e e T 7 A A A
(2(1-n*)w; —w)+VA1)? _ (2+4n)(1-n)
=\ WO, (a2 W< wi < TamEe (48)
(n?(2w;—w?)+V/Az)? C+m(=n) _ . 2-1
16(1—n—(2—n+2n2)w; +(1+n?)w?)? 2-1?2 J 2
(2(2w;—w?)+, /146w, —3w?)? 2y
A(1+8w; —4w?)? w; > =5,
their maximum profits are
— 1—n)5 1—n)(5+mn)?
M - Hj(( n)( ;rn)): (1 —n)( +77)2 7 (49)
2(5 —n?) 40(1 +n)(5 —n?)
o 41 +9n
S o= m(0) = — 50
T 7;(0) 1001+ 1) (50)
and the retailer’s disagreement point is
4

iv) With contingency and the negotiated price in unit i is given by (41), the supplier j’s profit is
same as that without contingency and retailer’s profit is

—aws)2 _ )2
Copd 4 ) wj <1—1,

() — J (Amwy)? A(1—n*)w? (2—w;)* (1—n+nw;)*
miwy) = T T @@ e, (-5 u?P

1—n<wj <y, (52)
0 wj > ﬁ)jc-,
their mazimum profits are respectively same as those without contingency and the retailer’s

disagreement point is 0.

Moreover, the profit allocation (I1;(w;),m;(w;)) is Pareto-dominated for w; above the mazimizer

that attains ﬁj .

Proof. To see part (i), we substitute the expression of (40) into (35) and (36) to derive (43) and

(44), respectively. We substitute the negotiated price w¥?

= (1 —6)/2 in the one-to-one channel
(see Proposition 1) into (37) to derive (45). This concludes part (i).

To see part (ii), we note that when the retailer negotiates with supplier j with contingency, his
profit becomes zero if he does not order positive quantity (i.e., w; > 1 —n(1+6)/(2 —n*(1 —0))).
Modifying the expression of (44) leads to that of (46). We conclude part (ii).

To see part (iii), we substitute the expression of (41) into (35) and (36) to derive (47) and

KS

(48), respectively. We substitute the negotiated price w™” = 1/5 in the one-to-one channel (see

Proposition 1) into (37) to derive (51).
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Now we consider the supplier j and retailer’s maximum profits. We shall note that any feasible
w; should lead to nonnegative trade surpluses (i.e., II;(w;) — D; > 0 and 7;(w;) — dj > 0). Thus,
we have w; > 0 in the first pieces in (47) and (48), respectively.

To derive (49), we note that the first piece in (47) is maximized at w]* = (1 —n)(5+n)/(2(5—n?))
and leads to a maximum value of II"™ = (1 — n)(5 + 7)2/(40(1 + n)(5 — n?)). The second piece
is decreasing in w; and thus is maximized at wj = 1 —n. This leads to a maximum value of
II" = n(1 —n)/10. It is easy to check that II"* > II", which leads to the expression of (49).

To derive (50), we note that the first piece in (48) is decreasing in w; and is maximized at
wf = 0. This leads to a maximum value of 7P = (41 + 97)/(100(1 + 7)) > 1/4. It is easy to check
that the second piece is convex in w; for w; € (1 —n,(2+n)(1 —n)/(2 —n?)) and is maximized at
w] =1 —n. This leads to a maximum value of 77 = 7;(1 —n) = (99?4 16)/100 < 7P. Note that
the third, forth and fifth pieces are degenerated to the one-to-one channel and thus the maximum
value in turn must be smaller than 1/4. This concludes part (iii).

To see part (iv), we note that when the retailer negotiates with supplier j with contingency,
his profit becomes zero if he does not order positive quantity (i.e., w; > w;), which leads to the
expression of (52). Also note that any feasible w; should lead to nonnegative trade surpluses and
thus we have w; > 0. This implies that the maximum profits are same as those without contingency.

We conclude part (iv). O

B Proofs of Formal Results

Proof of Proposition 1. Substituting the expressions of II(w), 7(w), IT and 7 into (2) yields

(1—w)?/4  1/4

w(l —w)/2 1/8
Solving for w leads to w = 1/5.

To compare with the NB solution, we differentiate the Nash product in (1) with respect to w

to obtain
dQ (1 —w)?
Solving for w leads to w™B = (1 — 0)/2. Setting w’® = w™B gives 6 = 0.6. O

Proof of Lemma 2. To see part (i), we first give the expressions of boundaries of the feasible

region of (w;,w;) (see the top panels of Figure 4), i.e., w}(w;) = 1 — (n/2)(1 — w;), Wi (w;) =
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1—(2/n)(1 —wj), WF(w;) = (n/2)w; and O} (w;) = (2nw; + 2 — n)/4 (see Lemmas A.1 and A.2
for detailed derivation). It is easy to check that the second piece of II;(w;,w;) in (17) is increasing
[decreasing] in w; for w; < [>](2nw; +2 —n)/4 = w;(w;) and the second piece of m;(w;,w;) in
(18) is increasing in w;. We now substitute the expression of (22) into (17) and (18) to derive the

supplier’s and retailer ¢’s negotiated profits under the NB solution, respectively, as

(1—w;)  (2-1*)(1-67 (1+6)°
IL (wNB N — w;( J d NB (1) ) —
i(w;” (w;), wy) B 82+ 1) and m;(w;" (wj), wy) 4(2 1 )2
for w; < w§ (i.e., both products have positive outputs). It is easy to see that II; (w]B (wy), wy) is
increasing [decreasing] in w; for w; < [>]1/2 and m;(wB (w;),w;) is constant in w;.

We now substitute the expressions of first two pieces of (23) into (17) and (18) to derive the

supplier’s and retailer i’s negotiated profits under the KS solution, respectively, as

w7(1 w]) 2(2—n) . 2
KS + 25@Tn) Wi < 335
I (w; ™ (wy), wy) =
g 770 w.7(1+(3 72 w;+(24n)%w? (1—w;)(2+(24n)%w?)) o
2(11(24n)%w?)? Ty < Wi < @}
16 2
KS _ 25(2-+1)2 IS 2
mi(w;” (wy), wy) = ((2+73)2w;1 9 b
r@rnpPel? 29 < Wi < W5

In the case that w; > w , the common supplier ends up trading with only retailer j and thus we
omit these cases. It is easy to check that the first piece of IT;(w/®(w;), w;) is increasing [decreasing]
in w; for w; < [>]1/2, and the second piece is decreasing in w;. Further, we note that the first
piece of m;(wX(w;),w;) is constant in w; and the second piece is increasing in w;. This conclude
part (i).

To see part (ii), we first give the expressions of boundaries of the feasible region of (w;,w;)
(see the bottom panels of Figure 4), i.e., w}(w;) = 1 — n(l — w;), w?(w;) = 1 — (1/n)(1 — w;)
and w3 (w;) = (1 —n + nw;)/2 (see Lemmas A.4 and A.5 for detailed derivation). It is easy to see
that the second piece of II;(w;,w;) in (35) is increasing in w; and the second piece of 7;(w;, w;) in
(36) is decreasing in w;. We now substitute the expression of (40) into (35) and (36) to derive the

supplier ¢’s and retailer’s negotiated profits under the NB solution, respectively, as

(1-62)(1—n+nw;)? (1+6)%(1—n+nw;)?

w 2
L (wi™ (wj), wy) = 8(1—12) and i (w;"” (w;), wy) = 16(1—n2) 4+ U= J)

for wj < 1—n(1+0)/(2—n2(1—0)). It is easy to see that IT;(w? (w;), w;) is increasing in w; and

7 (wNB(wj), w;) is decreasing in w;.
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We substitute the expressions of first two pieces of (41) into (35) and (36) to derive the supplier

1’s and retailer’s negotiated profits under the KS solution, respectively, as

2(1—n+nw;)?
s BN wi<1-7,
i(wi” (wj), wj) = (2w, s (1 70;) , .
(—mP 42+ n—bP)w,—@-sPyu??  + 1< Wi < W
(Lw)? 40 —ntnw))?
KS _ Tt Tmaoe wj <1—n
T (W) wi) = ) a0 20nt)?

. - .
T e se, s T 1< W < W

In the case that w; > w§, the common retailer ends up trading with only supplier j and thus we
(w{(

omit these cases. It is easy to check that II; w;),w;) is increasing in w; and m;(w (w;), w;)

is decreasing in w; for w; < 117]‘?. Thus, we conclude part (ii). O

Proof of Proposition 2. We first consider the one-to-two channel. By (22), (23) and symmetry,

we can derive negotiated prices under the NB and KS solutions as wNE = (1—0)/2 and w%Y = 1/5,
respectively. Setting wNB = w55 gives 55 = 0.6.

Now we consider the two-to-one channel. By (40), (41) and symmetry, we can derive negotiated

prices under the NB and KS solutions as wE = (1 — 0)(1 —n)/(2 — (1 — 0)n) and @& =

stm sm

(1 —1)/(5—n), respectively. Setting wNB = kS gives 655 = 0.6. O

Proof of Proposition 3. To see part (i), we apply (24), (25), (26) and d; = 0 to (1) and obtain

the Nash product for unit j as

wi(l—w;) | 2-n)(1—02)  1-02\1_9. (4+n(1—60;)—2(2+n)w;)?\0. _q
Q. ) — ’ 2 ’ + 87(724—77) - 78 )1 ]( 4 16(2-{—77)27] 1 )] UJj<'U}j,
i (w;)
w; > ﬁ)?.
Setting dIn Q;(w;)/dw; = 0 in the first case gives
1 —2w; -1
1—0; 2 + 20, =0
ST T ) I St R TR I
This gives
6 — 20]‘ +n(2—-0; + 910]) — \/(2 — 779i)2(1 + 9]')2 + 4779]‘((4 + ?’])912 +460; — n)
WP = . (53)
4(n+2)

Note that the above expression has two roots within [0, 1] and the maximizer of ©; should be the
smaller root.

We then substitute the expressions of (28), (29), (30), (31), (32) and d; = 0 into (2) and obtain

(10+71 =52+ n)w;)?/(1002+n)?) (10 =3+ /(50 — 7)(2 + 1))?/(400(2 + 1)?)
wi(1—w;)/24+2(2-1)/(25(2+ 7)) —2/25 (82 +91)/(200(2 + 1)) — 2/25
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for w; < 2/(2+n). We omit the expressions for w; above the maximizer that attains II; (i.e.,
w; > 1/2) as the equilibrium prices should lead to a Pareto profit allocation. This gives

ks _ 2000 =) (2 +m)(50 +n) + (5(2 + 1) (10 = 3n) — v243)\/(50 — Tn) (2 + 1)
! 5(2 +1)(300 + 12 — 502 + (20 — 61)+/(50 — ™) (2 + 7))

; (54)

where Az = (2 + 7)(50 — 7n)(100 — 361 + 512) + (10 — 31)(100 + 121 — 31?)1/(50 — T)(2 + ).
Note that the above expression has two roots within [0, 1] and the price should be the smaller root.
It is easy to check that dii)]KS/dn > 0 and thus ZZ}]KS € [0.2,0.27). It follows that dw//dn =
(n/2)dw® /dn + (5015 —1)/10 > 0.

Finally, we derive the equivalent bargaining power. Recall that the supplier negotiates with
retailer j first. We note that éf(s should lead to the same expression of the first pieces in (22) and

(23). This yields that éZKS = 0.6. We then set uﬁjVB

_ ~KS .
6:=06 = W; and obtain

~KS ~KS
_ 5(1 = 2w5)(10 +m — 5(2 + n)w;™)

OKS (1) —
;) 50(1 — @) — (11 - 15wfF)

It is clear that dHAJKS(n)/dn < 0 for n € (—2,6) and thus éjKS(n) € (0.5,0.6]. We conclude part (i).
To see part (ii), we apply (43), (44), (45) and D; = 0 to (1) and obtain the Nash product for
unit j as

(wj((27712(1791))(17w]~)7n(1+9¢)))1_9].((1711)]')2 + (1+60:)*(1—nt+nw;)* _ (146;)* )6
Qj(w]) _ 4(1-n?) 4 16(1—n?) 16

wj < w?,
w; > w?,
where w® =1 —n(1+6;)/(2 —n*(1 — 6;)). Setting dInQ;(w;)/dw; = 0 in the first case gives

(1-60;)((2=n*(1-0,)) (1—2w;) —n(1+6;))

i 0; (=8(1—n*)w;+2n(146;)*(1—n+nw;))
w;i((2—n2(1-6;))(1—w;)—n(146;))

+ T40:)2 (T tmw,)2 + (-2 (A0 —w; )2~ (1+67) —

Rearranging the terms gives
<I)(wj) =T+ Tw;+ FQ'LUJZ + Fg’w?, (55)

where T'g = 2(1—7)%(1—6;)(2+n(1—6;))(2+n(1—26; —6?)), ['1 = 2(1 —n)((1—6;)(5— 66; — 367 —
2(1—20; — 02)0;)n% + (1 — 0;) (11 +46; + 602 — 460,)n> — 2(3 — 80; — 307 — 2(1 — 20, — 62)0,)n — 8(2— 6;)),
Lo=(1—n)(8(5—0;)+4(1 — 60;)(7+20; — (6; + 2)0;)n — 2(1 — 6;)(11 4+ 6; — (1 — 6;)0;)n* — (1 —
0:)%(3+6;)(5 — 0;)n®) and I's = —16 + 4(1 — 6;)(5 + 6;)n* — 2(1 — 6;)*(3 + 6;)n™.

We note that ®(w;) is a cubic function with the coefficient of w;’ being negative (i.e., I's < 0).
Also, note that ®(w;) =T'g > 0 and
(1=n)?2+n—0m)*(8+42+60;)(1 — 6:)n — 2(1 — 6:)°n* — (1 — 6:)*(3+0:)n*)6;

42 — (1= 0:)n?)?

O(w?) = —

J <0
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for n <1 and 0; < 1, where w} = (1/2)w*. In the case that n = 1 or #; = 1, it is easy to check
that QD;VB = 0. This implies that there exists at least one root within the range [0,w7]. Note
that d®(w;)/dw; is a quadratic function with the coefficient of wjz being negative (i.e., 3T's < 0)
and is maximized at w? = —(1/3)I'y/T'3 > 0. Also, note that d@(wj)/dwj‘wjzo =1TI; <0 and
w? > w§, which implies that the sign of d®(w;)/dw; changes at most once within the range [0, w]
and the change is from negative to positive. This suggests that there exists a unique root that is
the maximizer of ®(w;) within the range [0, w]. Let u?jVB denote this root.

We then substitute the expressions of (47), (48), (49), (50), (51) and D; = 0 into (2) and obtain

(1= wy)?/4+ 401 =+ uy)®/ (@501 — 37)) —4/25 (41 +99)/(100(1 + 1)) — 4/25
w; (5 —n?)(1 — w;) —4n)/(10(1 — 7?)) (A =n)(5+n)?/(40(1+n)(5—n?))

for w; < 1 —n. We omit the expressions for w; above the maximizer that attains 1I; (i.e., w; >

(1—n)(5—-n)/(2(5—n?))) as the equilibrium prices should lead to a Pareto profit allocation. This

gives

ks (L=n)(5+n)(375 — 1250 — 1110 + 51° — 2\/Ay)

i 3125 — 10751 — 145012 + 39013 + 18191 — 197>

where Ay = (1—7)(5+n)(3125+ 2501 — 112002 — 2661 +277n*). Note that the above expression has
two roots within [0, 1] and the price should be the smaller root. It is easy to check that duﬁjKS /dn <0
and thus ijS € [0,0.2]. It follows that dw/ /dn = (77/5)d1bJKS/d77 —(1- wfs)/5 < 0.

Finally, we derive the equivalent bargaining power. Recall that the supplier j negotiates with
retailer first. We note that 92»KS should lead to the same expression of the first pieces in (40) and

(41). This implies that 655 = 0.6. We then substitute 6; = 0.6 into (55) and obtain

(1=m)*(5+mn)(25 = ) (1 = 0;) +2(1 — n) (2 + 76;)n” + (86 — 256;)n” + (90 — 3560;)n — 125(2 — 6;) )w;

—(1=n)(9(5 = 0;)1° + 5(29 — 6;)n* — (205 — 656;)n — 125(5 — 6;))w; — 2(125 — 700 + 95" )w} = 0.

Substituting ﬂ)JKS into the above expression yields

((1=n) (5+n)—2(5—n?)w K5 ) ((1—n) (25— 7n) —2(1—n) (25+9n) w15 +(25-9n2) (w]5)?)
(1=n) (1—n) (5+n)(25—Tn) —2(25—Tn) (5—n?) w5 +(125+65n—5n2—9n?) (1 55)?2)

67 () =

It is easy to check that dé]KS(n)/dn > 0 for n € (—0.26,1) and thus éJKS(n) € [0.6,1]. We conclude
part (ii). We shall note that parameters with subscript j (i) correspond to those with subscript
seql (seq2). O
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Proof of Lemma 3. To see part (i), we substitute the expression of (60) into (56) and (57) to

derive the supplier’s and retailer i’s negotiated profits under the NB solution, respectively, as

I (w]¥P (w)), w;) = (1—0) <(1—112’j)wj + (1—9)(2—77)+\/(2—n)21§51(;i372)+169(4_n2)(1—wj)wj ) |
2
ra(wB (w;), wy) = (A+0)2—n)+/(2- n;((iti)j);r 160(4 — n2)(1 — wj)w;) |

for w; < (2—n)(4+n(1-0))/(8—2n*(1—0)). In the case that w; > (2—n)(4+n(1-0))/(8—2n*(1-0)),
retailer j earns only € profit and equilibrium prices never arise. Hence we omit this case. It is easy to
check that IT;(w]¥P (w;), w;) and 7;(wB (w;), w;) exhibit the same monotone property as w;(1—w;)
with respect to w;. Thus, the supplier’s and retailer i’s negotiated profits are increasing [decreasing]
in w; for w; < [>]1/2.

We now substitute the expression of (62) into (56) and (57) to derive the supplier’s retailer i’s
negotiated profits under the KS solution, respectively, as

ILi(wf (w;y), wy) = Wy(w wy) and mi(w! (w;), wy) = mi(w]",w))

for w; < (2 —1n)/2, where w® = (2 — n+ 2nw;)/4 + (A — 2¢/28506)/(4(6 — 3n + 8(n + 2)(1 —
wj)w; + 2¢/Ag)) with As and Ag defined in the proof of Proposition 4. In this case that w; >
(2 — n)/2, equilibrium prices never arise and thus we omit this case. It is easy to check that
dIL(w}™, w;)/dw; > [<]0 and dm;(w]®, w;)/dw; > [<]0 for w; < [>]1/2. Thus, II;(w",w;) and
mi(w]", w;) are increasing [decreasing] in w; for w; < [>]1/2. This concludes part (i).

To see part (ii), we focus on the firms’ negotiated profits under the KS solution. Substituting

the expression of (69) into (64) and (65) respectively, we obtain

Hi(wiKS(wj),wj) = II;(wj,w;) and ﬂi(wiKS(wj),wj) = m(w;, wj)

for w; < 1 —mn, where wi = (1/2)(1 — n +nw;)[1 + ((1 — 7+ nw;)? — 2(1 — n + nw;)vV/As)/((4 +
) (1 — w;)* — 10n(1 — w;) + 5)] with Ag defined in the proof of Proposition 4. In the case that
wj > 1 — n, equilibrium prices never arise and thus we omit this case. It is easy to check that
dIl;(w?, wj)/dw; > 0 gives 7 < n < 1, where 7 is the smaller root of
E(n) = 4(1—w;))%n" = (1 —w;)° (4w} — 8w; + 125)n° + 4(1 — w;)* (35w? — 70w, + 288)7°
—(1 — wy)*(28w] — 112w + 1411w} — 2598w; + 3081)n"*
+4(1 — w;)?(104w]; — 416w} + 1053w} — 1274w, + 887)n’
+(48w] — 336w? + 1324w] — 3260w; + 5830w] — 7138w} + 5419w, — 1887)n?

+8(9w] — 36w? + 87Tw? — 102w; + 52)n — 27(1 — w;)
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for n € [0,1] and w; € [0, 1]. Because =Z(0) < 0 and =(0.15) > 0 for any w; € [0, 1], we must have
7 < 0.15. We can also show that dm;(w],w;)/dw; < 0 for w; < 1 —n. This concludes part (ii).
g

Proof of Proposition 4. To see part (i), we can modify (17) and (18) to derive the trade profits

for the supplier and the retailers, respectively, as

2 2(1—wy)—n(l-w;) q
2 2w mndmwg) . 2 ,
L (wi, wy) = OZH . i n (56)

(2(1,%),7]2(12,%))2 n 2 ,
m(wi,wj) = (=) 2 K (57)
0 1

The supplier’s and retailers’ disagreement points under simultaneous negotiation with contingency

are (. Their maximum profits are, respectively,

2—n+2nw; 2—
IL(=H wy) = sy +awi(l—wy)  wy < 1= 5505,

i(w;) = . (58)
2w;—2 1—w;)(2w; —2+
Hi(ijn +n+e,wj):(J)(n—2777)—e wj>1—72(22’m),
2— 2—-1)2+4(4—n2)(1—w;)w;)? _
B B mi(w?, wy) = (2—n++/( 77)4(17572)277 )(A—wj)w;) w; < QTn’
mi(w;) = 224 (1w y? . (59)
i(#""eawj): 772; — € w; > Tn7

where w?® = (1/4)((2 — n+ 2nw;) — /(2 —n)2 +4(4 — n?)(1 — wj)w;), and € is a sufficiently small
positive number. Note that any feasible (w;, w;) should lead to nonnegative trade surpluses (i.e.,
I1; (ws, wyj) > 0 and 7;(w;, wj) > 0). Thus, we have w; > w® and 1/2 — /1/(2+n) < w; <1 in the
first pieces in (56) and (57), respectively.

To derive (58), we note that the first piece of II;(w;, w;) in (56) is maximized at w}* = (2 —n+
2nw;)/4 and leads to a maximum value of II"™ = (2 —7)/(8(2+ 7)) + (1/2)w;(1 — w;). For wi™* be
the maximizer, we must have 1 —w!™ < (2/1)(1 —w;) (or w; < w® =1-n/(2(2+1n))). In the case
that w; > w®, it is easy to check that the maximizer is w! = 1 — (2/n)(1 — w;) + € and leads to a
maximum value of IT" = (1 — w;)(2w; — 2 +1n)/n? — €.

To derive (59), we note that the first piece of m;(w;, w;) in (57) is maximized at w! = w® and

leads to a maximum value of 77 = (2 —n+ /(2 — )% + 4(4 — n?)(1 — w;)w;)?/(4(4 — n*)?). For

w® be the maximizer, we must have 1 —w* < (2/n)(1 —w;) (or wj < (2 —n)/2). In the case that
w; > (2—m)/2, it is easy to check that the maximizer is w] =1 — (2/7)(1 — w;) + €. This leads to
the second piece of (59).

Now we derive the equilibrium prices under the NB and KS solutions. Applying (56), (57) and
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D;(wj) = d;j(w;) = 0, the Nash product for trade i is

2 2(1—wi)—n(1—w;) y1-0 ¢ (2A—wi) —n(1-w;))? g l—w; _ 2
g — | (oo By g o 2
7 iy Wy 1—w; n 1—w; 2
- 2 OV 1=w;, = 5
Setting 01n Q;(w;, w;j)/Ow; = 0 in the first case gives
2(1 — 2w;) —n(1 — 2w, -2
(1-10) 2 ( wi) wj) = 0.

20
S wi2(l —wi) —n(l—wy)) 21— wi) = (1 —wj)
This gives wj = (1/8)((3 — 6)(2 — 1) + dnw; — /2 =02 (14 6)2 + 160(4 —1?)(I —w;)uwy). For

w; be the best response, we must have 1 —w] < (2/n)(1 —w;) (or wj < w® = (2 —n)(4+n(1 -
0))/(8 — 2n*(1 — 0))). In the case that w; > w¢, it is easy to check that the best response should
be 1 — (2/n)(1 — w;) + e. This gives

(3—0)(2—n)+4nw; —+/(2—n)2(146)2+1660(4—n>) (1—w; )w, (2—n)(4+n(1-0))

wZNB(wj) _ 8 wj < 8—2n%(1-0) > (60)
2w; —241 < (2-n)(d+n(1-0))
— te Wi = T-2?(1-g)
By symmetry, we have
2—m)(1—-0
~NB __ ( n)( ) (61)

S92 —m + 20 + 1)
We now substitute (56), (57), (58), (59) and D;(w;) = d;j(w;) = 0 into (2) and obtain

(2—n+/(2—n)>+4(4—n?) (1—w;)w;)?/4(4—n?)? 2oy
Q@—m)/BE+n)+(1/2)w; (1—w;) Wi "2
2(-wi)—n(1-w;))*/(@4=n>)>  _ (1—w;)2/n?—e 20 e < At
Z?:l w; (2(1—wi)—77(1—wj))/(4—172) (2—n)/(8(24+n)+(1/2)w; (1—w;) 2 W 2(2+n)’
(1—w;)?/n*—e€ ws > At
(1—w;)(2w;—2+n) /n?—e J (2+n)"

The first piece gives wj" = (2(2—1)%+3(2—n)(4+3n)w; —2(2+n) (6 — Tn)w3 —8n(2-+n)w}+(2—n+
2nw;—+v/285)v/ D) / (2(6—30+8(1n+2) (1—w;j)w;j+2v/A¢)), where A5 = (2—n+(2+n)(1—w;)w;)(2—
n+42+n)(1—wj)wj)+(2—n+3(2+n)(1 —wj)w;)vVAs and Ag = (2—n)% +4(4 —n?) (1 —w;)w;.
Note that the first piece has two roots and the best response should be the smaller root.

The second piece gives w! = nw;/2 + ((2 — n)%(8 + 8n + 3n?) — 8(4 — n*)(2 — n*)w; + 2(4 —
31°) (4 = n*)w? —2v/A7) /(2(2 = n) (16 + 169+ 51%) — 8(2 +1)(8 — 3n*)w; + 16(2 +n)(2 —7*)w]) + e,
where A7 = (1—w;)3(2—n)%(24+n7)?(2—n+4(2+n)(1 —w;)w;)(2+ (2 —n?)(1 — 2w;)). Note that
the second piece has two roots and the best response should be the smaller root.

The third piece gives w! = (2w; —2+41n)/n + €.

Combining the above cases leads to

2—17+217wj + AG—Q\/M w; < 2_77
4 4(6—3n+8(n+2) (1—w;)w;+2v/A¢) J 2
KS (1) = ¢ 2=n+2nw; (4=1*)n*(1—2w;)*~4(2—n)n*+4v/A7 2— 14
W w e J J n . n 62
i () 4 30+ =) (1w, P+ 6+ (I—wy)+42—m? T ¢ 2 < Wi < 352 (
2wj—2+4n . n+4
7 +€ w; > 307 +2)
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By symmetry, the first piece gives

d(w) = 16(6 —1n)%(2 + n)*w’® — 16(6 — 1)(10 — 31)(2 + n)?w* + 8(4 — n*)(28 + 32 — T?)w?

+32(3 =) (2 —n)*(2 + n)w? + (2 —n)*(2 - Iw — (2 —n)*. (63)

Note that ®(0) = —(2—n)* < 0 and ®(1/5) = (4/3125)(2 + 1) (7688 — 67321 + 135002 — 8173) > 0.
This implies that there exists at least one root within w € [0,1/5]. Also, note that

1 0*®(w)

62+ dur 20(2 + n)(6 — n)*w® — 12(2 +1)(6 — 1) (10 — 3n)w?

+3(2—n) (284320 —THw+4B3-n)(2-1)2>>0

for w € [0,1/5]. Thus, there exists a unique root within w € [0,1/5]. Let W% () denote this root.

Stm

Note that w55 (0) =~ 0.1299 < 0.13, w55 (1/2) =~ 0.1055, w55 (1) ~ 0.0767 > 0.07. Also,

SZTTL szm

0P (w)
on

= 32(1 — 3w — 20w? + 32w> — 64w 4 48w°) — 16(1 — 2w)*(3 — 3w — 16w? + 4w®)n

+24(1 — 2w)3(1 — w + 2w?)n? — 4(1 — 2w)* (1 — w)n?.

Note that 9®(w)/0n is a cubic function in 7 with the coefficient of 7% being negative. It is easy to
check that 0®(w /(977‘ > 0, 0P (w /077‘ 5 > 0, 0?®(w)/0n* < 0, and 9P (w /877} =1 > [<]0
for w < [>]0.107. We deduce that ®(w) is 1ncreasing inn € [0,1/2] for w € [0.07,0.13] and is

increasing in 7 € [1/2,1] for w € [0.07,0.107]. Thus, we conclude that @w5> is decreasing in 1.

By symmetry, the second piece gives w = 1/242/16 4 321 + 1892 + 13 — 04 /(16 + 161+ 21> —
n®), which are not within the range [(2—7)/2, (n+4)/(2(2+n))]. It is easy to check that the third
piece gives no feasible solution.

Now we derive the equivalent bargaining power. Substituting (61) into (63) yields

2-n@@-0) | _ 128(2 —n)*
(2(2 —n+ 20+ ne)) C(2(146) —n(1 —0))>

E(0,n) =0,

where Z(6, 1) = (1-n)(2—n)+(64+3n—5n2)0—2(2-+n1)(2—57)0%—2(2+n) (6+57) 0% +5(2+n)?0* — (2+

n)20°. Note that Z(1/2,1) = (1/32)(6—n)? > 0 and Z(3/5,1) = —(2/3125)(286+111n—161?) < 0.

~NB
sim

055 (1) denote this root. We note that Z(6,1)/0n = 21(1—6)® —3436+166% —326%+200* —46° < 0

Stm

Because wy;,> is (strictly) decreasing in 6, there must exist a unique root within 6 € [1/2,3/5]. Let

for § € [0,3/5]. This implies that Z(6,n) is decreasing in 7, which is equivalent to 655 () being

sm

decreasing in 7. Finally, note that 855 (0) < 0.59 and 653 (1) > 0.57. This concludes part (i).

stm stm
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To see part (ii), we can modify (35) and (36) to derive the trade profits for the suppliers and

the retailer, respectively as

(1—w;)—n(1—w;) 1
Wi——5q—p2y 1-—wy) <1—w; < =(1—wj),
0 1—wi§77(1—wj)0r1—wi2%(1_wj)_
2 (wd((w (=) 1 1w < 1] w0
’ﬂ'z(wl,’w]) = lel 4(1-n2) 77( J) ? 77( ])7 (65)

0 l—wign(l—wj)orl—wiz%(l—wj).
The suppliers’ and retailer’s disagreement point under simultaneous negotiation with contingency

are 0. We can easily modify (38) and (39) to derive their maximum profits as

Hz‘(wJ_Tﬂ-i-e,wj) = W e w; > %7
Ti(w;) = m(o’_wi) N uwj)i(l%vg)w]:):l w; <1-—m, o
(M + e wy) = (12:7”5) —e w;>1-7

Now we are ready to the equilibrium prices under the NB and KS solutions. Applying (64),
(65) and D;(wj) = d;j(w;) = 0, the Nash product for trade i is

L—w;)—n(l-wj)y1— 1—w;) ((1—w;)—n(l-—w; wl
i (w;, w;) = (w =gy O (0, ) <128 <
i\ Wi, Wj5) =

< pon Lo
Setting 01n Q;(w;, w;j)/Ow; = 0 in the first case gives
1 - 2w; — (1 — w; —2(1 — w; — (1 —w;
g lomaiow) L, weaow)
wi(1 —w; = (1 —w;y)) > i1 (L= wi) (1 = wy) — (1 — wy))
By symmetry, we have

stm 9 _ n— 0
We now substitute (64), (65), (66), (67) and D;(w;) = d;(w;) = 0 into (2) and obtain

(1—wj)?—2n(1—w;)+1)/(4(1-n?)) A _
A —n(—w;))2 B0 —7)) wj <1

2 2
e (I—wi) (L—w;) —n(1—w,))/(4(1—n°)) (1—w;)?/(4n?)—e -9
wil(—w)—n(—w,)/CO—?) | Tonli—w)? (&) L= <wy < =5z
(1—w;)?/(4n%)—e w; > GEmlon)
(1—w;)(w;—14n)/(2n*)—¢ J 2-7?
Following the lines of the proof of the one-to-two channel, we have
1—n+nw; (1—n+nw;)2—2(1—n+nw;)v/Ag
S {1 + T (T T Ton(i= 1]1)])+;] wj <1 =,
KS¢ .\ _ 1— +w n?(1—n+nw;)?—2(1—w;)vAg - (2+n(Q-n)
wi(wg) =9 = [1 + B e e ) T } te 1on<w; < S (69)
SR wy > E0
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where Ag = (3+7?)(1 —w;)? — 8n(1 —w;) +4 and Ag = (1 —n*)((4(1 — n*)* = %) (1 — w;)* +
2°(1 = wj) = n*).

By symmetry, the first piece gives
D(w) = 2+ n*)w’ — (4 =61+ 377 )w? + (1 —n)(5 = 3n)w — (1 —n)*. (70)

Note that T'(w) is a cubic function in w with the coefficient of w3 being positive. For n = 1, it
is clear that T'(0) = 0. For < 1, we have I['(0) = —(1 — )2 < 0, T'((2n — 3 + V9 —81)/(2n)) =
(/) (=27 + 27+ 512 — T3 + (9 — 5y — 30> + %)v/9 — 8n) > 0 and OI'(w)/Ow > 0. Thus, there
exists a unique root within w € [0, (27 — 3 + /9 — 81)/(2n)]. Let wXY denote this root. Because
O () /07 = 2(1 — w)(1 — 1 — (3 — 20)w — u?) > 0 for w € [0, (2 — 3+ VI=57)/(20)], 05, 3s

decreasing in 7.

By symmetry, the second piece gives w = (1 —n? —n® + 4 /1 — 402 + 213 + 3% — 215) /(2 —
2n? + n*). The smaller root is not within the feasible range and the bigger root leads to a Pareto-
dominated profit allocation. It is easy to check that the third piece gives no feasible solution.

Finally, we derive the equivalent bargaining power. Substituting (68) into (70) yields

A-m@-0), (1-0)°
a 2—n—140 )7(2—77—9)

3(6—2(7 +20)0 +9(1 +n)6? — (2 +n) (1 + )| = 0.

Setting the second term being zero gives n(6) = (—4 + 99 — 36% — (1 — 6)v/16 — 160 + 02)/(202).
Note that dn(6)/d6 > 0 for § € (0,1) and thus 059 () is increasing in 7. Note that 5% (0) > 0.68
and 059 (1) = 1. We conclude part (ii). O

Proof of Proposition 5. To see part (i), we first consider the firms’ trade profits under the KS

solution. By (17), (18), Lemma A.3 and Proposition 3, we have

~KS \,~KS
ks 8 (1~ Weq)Wseqr | 2(2-n) _ =k
e 25(241m) 2 25(2+n) seq’
ks _ ks _ 16 (10 + 0 — 5(2 + n)wks,)? _ ks
stm — 'seq2 — 25(2+77)2 - 100(2+77)2 — 'seql-

The above inequalities follow because zi)fegl € [0.2,0.27) from the proof of Proposition 3.

Now we consider the firms’ trade profits under the NB solution. We have

1-0%  (—adh)okl  (2-n)(1-6% _ B

B — <

224 m) T 2 8(2+n) e
~NB __ ~NB __ (1+9)2 (4+77(1_9)_2(2+77)w££§1)2_ANB
Tsim = 7Tseq2 - 4(2 + 77)2 = 16(2 + 77)2 - 7Tseq1’
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where W5 = (6 — 20+ n(2— 0+ 6%) — \/(2 = 10)2(1 + 0)2 + 4nb((4 + n)6? + 46 — n)) / (4(n + 2)).
Because 9wlD, /00 < 0 and 0w}l /0n > 0, we have w0, > ollF p=0 = = (1 —0)/2. The above
inequalities then follow. We conclude part (i).

To see part (ii), we first consider the firms’ trade profits under the KS solution. By (35), (36),

Lemma A.6 and Proposition 3, we have

ks _ 2(1—n)
s (L+n)(5—n)?
8
- KS
T @) (- )
H o Vﬁgl ( )( seql) 477)
seql ( ) )
Es. — 2(1 _77+77wseq1)2
seq2 25(1 —n2)
ﬁKS . (25 - 9772)(1 - wgql) 327)( seql) + 16
4 100(1 — n?2)
Comparing Hgfn and Hﬁil, we obtain
1 -
Hgfn H =1 (77)7

1001 =?)(5 = )’
where Z1(n) = 20(1 —7)? — (5 — n)%w ;’gl(@ —n?)(1 - uﬁggl) — 4n). Note that Z1(n) is a quadratic

function with the coefficient of (w seql) being positive. Z;(n) = 0 has two roots, w") = (1—n)/(5—

n) and w® = 20(1—1)/((5— 1) (5~ 12)). We have w® < S, < (1—n)(5+1)/(2(5— 1)) < w®
and thus Z;1(n) <0.

Comparing Hgﬁl and eri% we obtain
HKS H 27]

sim seq2 — 25(1 _ ng)(5 — n)252(77>7

where Za(n) = (10 — n)(1 —n)? — (5 — n)211)£§21(2(1 —n)+nw Vgggl). Note that Z2(n) is a quadratic

function with the coefficient of (% ) being negative. Zy(n) = 0 has two roots, w) = (1—n)/(5—

seql
n) and w® = —(1—1)(10 —1)/(n(5 —n)). We have w® <0 < w® < wggil and thus Zg(n) < 0.

Comparing 1155 and 155, we obtain
p g seql seq2’

s — ks

1 -
seql — ) =3 (77)7

where E3( ) = _4(1 - 77)2 + (25 77)(3 77) seql (25 n )( seql) Note that ‘—‘3(77) is a quadratic

function with the coefficient of (w ) being negative. Z3(n) = 0 has two roots, w®) = (1—n)/(5—

seql
n) and w® = 4(1—n)/(5+7). We have w(?) < wKS and wseql < [>Jw® for n < [>]755 ~ 0.994576

and thus Z3(n) > [<]0 for n < [>]7%°.
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- KS

Comparing 7>,

and ﬂseq, we obtain

1

sim — lseq — 100(1 _ 772)(5 — 7’)2‘:‘4(77)7

where Z4(n) = —(1-1)*(225+40n—97%) +2(5—1)*(25—16n—9n*) 0} seql —(5—n)2(25—95) (0E3,)”.
Note that Z4(n) is a quadratic function with the coefficient of (w Seql) being negative. Z4(n) = 0
has two roots, w® = (1—7)/(5—n) and w® = (225 — 1857 — 4912 +913)/ (125 — 251 — 450> 4+ 91°).
We have w) < wﬁgl < w® and thus E4(n) > 0.

We now consider the firms’ trade profits under the NB solution. We can derive

VB — (1-n)(1-6?)
o 2(1+n)(2-n(1-0)*
_NB  _ (1+96)?
Tem T I @ =1 - 0)
VB _ Wt (2 =17 (1 = 0))(1 — i) — (1 +96))
seql 4(1 —n ) ’
(1=6*)(1 —n+nwl)?
Hseq2 = 8(1 - ) ’
(L) (14020 )
sed 4 16(1 — n?) ’

where wé\é’qgl is the unique root of (55) with 6; = 6; = 0. Let w' = (1 —0)(1 —n)/(2 —n(1 —0))

and w® = (1 —n)(2+n(1 —0))/(2(2 — n*(1 — 0))). Because ¥(w') > 0 and ¥(w") < 0, we have

l<w < w".

seql

Comparing ITIYB and 1IVB

Sim seql» We obtain

1
1 — i =
sim seql — 4(1 — 772)(2 — 77(1 — 0))2 1(77> 9)7

where Z1(n,0) = 2(1—n)*(1—60%)— (2—n(1-0))2w25 ((2—n*(1-0)) (1= 22 ) —1(14-0)). Note that

Z1(n,0) is a quadratic function with the coefficient of (w Seql) being positive. Z1(n,0) = 0 has two
roots, w(® = (1-0)(1—n)/(2—n(1—0)) and w® = 2(1—7)(14+6)/(4—2n(1+n)(1—0)+n3(1—6)3).
We have w(@ = w! < wNB < w* < w® and thus Z1(n,0) <0.

Comparing HNB and ITVB,  we obtain

seq2?

G U8 =m0)
e T (1) 2 — (1 —9)2 T

where Z5(n, 0) = 4(1—-1)?—(2—n(1-0))?(1— 7]+7]w5€q1) . Note that Za(n, 0) is a quadratic function

with the coefficient of (" ) being negative. Z(n,6) = 0 has two roots, w(® = (1-0)(1—n)/(2—

seql
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n(1 —6)) and w® = —(1 —n)(4 —n(1 —0))/(n(2 —n(1 — 0))). We have w® < 0 < w® < B

— "seql
and thus Z5(n,0) < 0.

Comparing Hé\ggl and Hsqu, we obtain
1
NB =
Hseql L1 ;3(777 9)7

2 (1)
where Z3(n, 0) = 2wseq1((2 n%(1—0))(1— wgfl) n(1+0))—(1-62)(1 77—{—77wseq1) . Note that

Z3(n, 0) is a quadratic function with the coefficient of (wlV ) being negative. Z3(n,0) = 0 has two

Wieql
roots, w® = (1 —0)(1 —n)/(2 —n(1 —6)) and w'® = (1 +0)(1 —n)/(2+n(1 — 0)). Tt is easy to
check that w(® > [<]w(® for n > [<]20/(1 — 8). We have two cases depending on the value of 7.
Case 1: 1> 260/(1 — 0). We have w(® < w(®) < VNB and thus Z3(n, 6) < 0.
Case 2: 1 < 26/(1 —0). By (55) with §; = 0; = 6, we have
(2 +n(1—0))
(1—=n)?(1—-0)?
where Ty = —320, I'; = 8(2— 190 +03), Ty = 4(19 — 680 — 26% + 463 — 6%), T3 = 4(1 —0) (35— 130 —
76% 4+ 03), Ty = 113 — 290 + 5002 + 3003 — 30* — 65 and I's = (3 + 6)(11 + 66% — *). We note that
G(0,0) =Ty < 0, 0G(n,0)/dn|, _ = T1 > [<]0 for § < [>]0.105, 8*G(n,0)/9n?|,_, = 2I'> > [<]0
for 0 < [>]0.278, and 93G(n,0)/0n® = 6T'3 + 24T'4yn + 60I'sn? > 0. This implies that G (n, d)/0n

U(w®) =g + T+ Tan? + Tan® + Tun + Tsn® = G(n,0),

is convex in n € [0,1]. Moreover, the sign of 0G(n,0)/0n (i) is always positive or (ii) changes at
most once and the change is from negative to positive. This further implies that G(n,0) = 0 has at
most one root within the range n € [0, 1]. Let 7”¥F denote this root. In the case that no root exists
within the range, we set 7’2 = 1. Similarly, we can show that 0G(n,0)/00 < 0 and thus 7"V?
increasing in §. Thus, we deduce that Z3(n, ) > [<]0 for n < [>]7V5.

NB

and 7B we obtain

Comparing 7; B 6q )

s 7T

=7 - A

where Z4(1,6) = 8(1-+6)2(1—n)— (2—1(1-0))2(4(1—n)2(1— )8, )2+ (14+0)2(1—y+y5, )2). Note
that Z4(n,0) is a quadratic function with the coefficient of (w Seql) being negative. Z4(n,0) =0
has two roots, w(® = (1-6)(1—7)/(2—n(1—0)) and w® = (1—n)((4—n*(1—6)?)(3+6) +4n(1 —
02))/(8 —4n(1—0) —2n%(3+0)(1 — 0) +1>(1 — 6)%(3+6)). We have w(® < wﬁgl < w* <w® and

thus Z4(n,0) > 0. This concludes part (ii). O

Proof of Proposition 6. We first consider the profit comparison under the NB solution. From the

NB > 1IIVB and #VB > NB > 4NB < #NB < #

proof of Lemma 3, we can show that HSlm > [<|Hg, seql sim = Tseq2 [7 Seql i < Squ]
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NB>

for wg> >

[<Jwd Seql Thus, it suffices to compare the difference between w5 and wseql The Nash

product for the first trade in sequential negotiation is

Q1 (w1) = My (wr, w55 (w1)) '~y (wr, 937 (w1))?,

NB()

where II; (-, ) and 7 (-, -) are respectively first piece in (56) and (57), and w is given by (60).

Setting dIn O (w;)/dw; = 0 gives

0 _
a—[lnﬂl(wl,wz)(l e)m(wth)B}
w1 wo= wé\rB(wl)
0 _ dwdB (w
—i——[lnl’[l(wl,wg)(l e)wl(wl,wg)a}M =I'1+Ty=0.
8102 dw1 'U)Q:ﬁ)éVB (wl)

We note that I'y > [<]0 for w; < [z}wgﬁ Also note that the first term of I'y is above zero and the
second term of I'y gives

g’ (wr)

dwl

4(2 + n)6?
n(1—6)2 +2(62 — 46 — 1)

Ui
= >0
2-|— 2z

NB

w1= wszm

for (1450 —/(1+6)(1+96))/(1—-0) <n<1land0 <6 < (54 2v13)/27. Thus, we deduce
that 7V = ((1+50 — /(1 +6)(1+96))/(1 — 6)) A1 and 77 is increasing in §. This yields that
il < [Zwlg for n =[],

Now we consider the profit comparison under the KS solution. We focus on the case when no

extension of Pareto profit allocation set is needed (see the detailed discussion in Remark 1), i.e

€ [0,0.39]. Now we compare wX> and wﬁgl Let Iy (wy) = Iy (wy, Wi (wq)) and 71 (wp) =

K

71 (w1, W (wy)), where w59 (-)

is given by (62). By Proposition 4, the supplier’s and retailer 1’s

maximum profits are II; = I13(1/2) and 71 = 71(1/2 — \/1/(2+ 7)), respectively. By (2), gﬁl
and wszm should satisfy

m(w) _ o mwn) w05 (w))
Iy (wy) IO My(wr) T (0 (wy))’

where I (-) and 7 (+) are respectively first pieces in (58) and (59). We first note that 71 (wq) /Iy (wq)

is decreasing in w;. We also note that 7 (w Ks(wl))/ﬁl (wg@(wl)) is increasing in wy for wy; < 0.13

(i.e., the maximum possible value of w55 ), and 71 /TT; > 71 (W (0.13)) /T (0£9(0.13)). Thus, we
conclude that wseq1 <ol < wﬁiQ O

Proof of Corollary 1. To see part (i), we can compute the supplier’s and retailer’s profits as
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and their maximum profits are

= Eo 1 \2/k+1 _ _ I\ 1/k+1
=10 17) =57 and 7 =m(0) = k(=)

Substituting the above expressions into (1) and (2) gives w™ = k(1 — 6)/(k + 1) and v =
k/((k+1)Y*+1 k), respectively. Setting w8 = w gives 0%%(k) = 1— (k+1)/((k+1)Y*+1 k).

This concludes part (i).

To see part (ii), we can compute the supplier’s and retailer’s profits as

1—k—w

) and m(w) = ¢"(w)(p*(w) — w) = kexp

I(w) = wg*(w) = wexp (

and their maximum profits are

) and 7 =m(0) = kexp (ﬂ

1-2k
P

k

I =1I(k) = kexp (

Substituting the above expressions into (1) and (2) gives w8 = k(1 — ) and w’¥ = k/e, respec-
tively. Setting w™? = w gives #%%(k) = 1 — 1/e. This concludes part (ii).

To see part (iii), we can compute the supplier’s and retailer’s profits as

)

M) = (= 0)g"(w) = (w0 =) ()", and w{w) = 4" ()" () ) = (=)

and their maximum profits are

_ c ke (1_k)21k B L ks
H:H(l—kz)zl—k( c )/ and W:W(C):k(T)/ ‘

Substituting the above expressions into (1) and (2) gives w™ = ¢(1 — k6)/(1 — k) and w™¥ =
¢/(1 — k(1 — k)"/5=1). Setting w™B = w gives %9 (k) = (1 — (1 — k)V/F1) /(1 — k(1 — k)/F1).

This concludes part (iii). O

Proof of Proposition 7. There are eight cases to analyze, depending on the industry structures,
contingency terms and negotiation sequence. We present the detailed analysis for one case and omit
the others as they follow in the similar way. Specifically, we focus on the simultaneous bargaining
without contingency in the one-to-two channel. We consider the negotiation in unit ¢ for a given
(vj, Fj) from unit j. The supplier’s and retailer ¢’s profits are
Hi(vi, Uj, FZ‘, Fj) = Ri(vl-, Uj, FZ) + Rj(vj, Vi, Fj) and 7TZ‘(U¢, ’l)j, E) = ri(vi, Uj, Fz)
The retailer ¢ has zero disagreement point (i.e., d;(v;, Fj) = 0) and the supplier’s disagreement
point is D;(vj, Fj) = Rj(vj,a — n(a — vj)/2, F;). Their maximum profits are
ﬁ(vj, FJ) = max{Hi(vi, vj, Fi, FJ) . m(vi, Vj, FZ) Z di(vj, Fj)},

f(Uj,Fj) = max{m(vi,vj,Fi) IHi(’Ui,’Uj,F:L',Fj) > Di(Uj,Fj)}.
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We note that though trade parties’ profits and disagreement points may depend on F}, their total
trade surplus II;(vi, vy, Fy, Fj) + mi(vi, vj, F;) — Di(v4, Fj) — di(vj, F) is independent of Fj. This
implies that total trade surplus can be allocated between the supplier and the retailer ¢ by varying
F;. Thus, we have Il(vj, Fj) — D;(vj, F}) = 7(v;, F}) — di(v;, F;). Consequently, F; should split
the total surplus evenly between the trade parties and unit payment v; should maximize the total

trade surplus. Therefore, the KS solution coincides with the symmetric NB solution. O

Proof of Lemma 4. We first consider the one-to-two channel. Setting g} (u,£) = ¢}(v) gives
vi(u, £) = u;/l;, where ¢;(-) and ¢} (-) are derived in Lemma C.1-(i) and Lemma 1-(i), respectively.

Thus, the fixed payments resulting the same trade profits are

Fi(u,£) = g (v(u,£))(p; (v(u, ) —vi(u,£)) — (:p; (u, 0)F; (u, £) — w7} (u, £))
= ¢ (v(u,0)(p} (v(u, £) —vi(u, £)) — (Lp] (v(w, £))q; (v(u, £) — uig; (v(u, £)))
= g (v(u, 0))((1 = &)p; (v(u, £)) +u; — vi(u, £)).

Now we turn to the two-to-one channel. Similarly, we can set q;(u,£) = g¢/(v) and ob-

2ui ((2=0) ;=) +n(€;—:) ((2—n)l; —nli)a—2u;)
4&;Zj 7(fi+fj)7]2

Lemma C.1-(ii) and Lemma 1-(ii), respectively. Correspondingly, the fixed payments are F;(u,£) =
¢ (v(u, €))((1 —4;)pf(v(u,£)) + u; — vi(u, £)). This concludes the proof. O

tain v;(u,£) =

, where ¢;(-) and ¢f(-) are derived in

Proof of Lemma 5. We first consider the one-to-two channel. Setting ¢(w,vy) = ¢ (v) gives
vi(w,y) = max{w; — Vb (w, ), c}, where ¢7(-) is derived in Lemma C.2-(i). Therefore, the fixed

payments resulting the same trade profits are
Fiw,y) = ¢ @(w, 7))@ (v(w,7)) —vi(w,”)) = (& (@, )5} (w,7) = Ti(G (@,7)))

Now we turn to the two-to-one channel. We can follow the similar logic and show that v;(w,~y) =
max{w; — 1b3; (@,7), ¢} and Fi(w,) = T(@ (@, 7)) — i (@, 7)vi (@, ), where ¢/(-) is derived in
Lemma C.2-(ii). This concludes the proof. O

C Market Equilibrium under Coordinating Contracts

In this subsection, we provide the expressions of retail quantities and prices when the negotiations
are conducted over revenue-sharing and quality discount contracts. We shall note that the proofs

are analogous to that of Lemma 1.
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Lemma C.1 (Retail Quantities and Prices: Revenue Sharing Contracts). Given the negotiated

contract parameters (w,£) = (u;, uj, i, 45), i,7 € {1,2} and i # j.

i) One-to-two channel: the competing retailers set the following equilibrium quantities and

~ 2sa—n(lia—u; 0 .
prices: a)szgZ;SQZ,qZ(uﬂ)—Oandpl(uﬂ) M ;b)) if I <§ZZJ<2§,
Z Z é e o 7; . 1 —
3, ) = 20t o) g oy 0) = 40, ); ) f B > e (u,0) =
Lo and iy (u, £) = H4F4

it) Two-to-one channel: the common retailer sets the following equilibrium quantities and

prices: a) if fg Z; < Jr,é ) ¢ (u,£) = 0 and p;(u,£) = 72&&_"2(2”_””; b) if 77'(%2;5]') <

lia—u; 20, 20 (Lya—u;)—n(Li+L5) (Lja—uy) o 2;(2—12) (Liatug) —n? ((2a+Liu;)

Gy < wtary 4 (w8 = S oan sy P ) =
n(t;—ti)(¢ja—u;) i i 2¢; e _ lia—u; s _ Yiatu,;

+ 4&@—(@#@)27772; ¢) if ¢ 7 = ZJ = ;) q; (u, €) = =551 and p; (u, £) = =454

Lemma C.2 (Retail Quantities and Prices: Quantity Discount Contracts). Given the negotiated
contract parameters (w,~y) = (wi,wj, ¥i,V5), 4, J € {1,2} and i # j.

i) One-to-two channel: the competing retailers set the following equilibrium quantities and

a—wW; a—c } .
2’

27'yj7 2
2

N < AW o 22% wi—c Vi Yin < CHn)wj—g=yla=c) - 4=27—n
b) if =, = a—w; = g 7 a—c © 24y and 4-2v;—n* — (2+n)(wi—c)—vi(a—c) — yn o’

* 2—v;)(a—w;i)—n(a—w; ~% ~% w;—C
G (w.y) = BTt g () = wi+ (1 70)bi; (w.7); ) if gl < 9F <
2

prices: a) if 5= - < and <=5 > 27777, @ (w,v) =0 and p} (w,y) = a—nmin {

2— v

(2+m) (wj—c) (a—c) j ~% _ 2(a—w;)—m(a—c ~x o
5 end GG < mhe ) = Matnln? and w.y) = v
i wi—c — 2 wi—c)—y;(a—c i _
(=706} (w,); d) if 35 < G= < 5 and ((212))<(wj—c§—§j((a c)) < T 2177 il G (W) =

(2—j)(a—c)—nla—wj)

b(4—2v;—n?) i (w,7) =

sy and Bi(w.y) = ¢+ bif(w.); f) if o > B and > 2%’7, G (w,v) =

and pi (w,y) = c+bg; (w,v); e) if =2 < 2

mln{ 5 wl)b’ T } and pf(w,y) =a — mln{‘; :’3,%}.

i1) Two-to-one channel: the common retailer sets the following equilibrium quantities and

prices: o) if g=5- < g2 and S5 > 1=n, G (w, ) = 0 and 5 (w,5) = a—nmin {52, 45¢
b) if g2 < s < R US> gt and o < RS 3&(2 5 < T
() = & <?”(§1><°§”J>”fi;5§” and i (w,y) = “EGEED o) if gty < e <1
ond SIS < it 1) = ) and () = S,
d) zf2 T S <Zf<1-nand 22((111:77))((;_3_%((21)) < 5 V’Y s, G (w,7) = (2— 7722;((; 2)1_227777(63 w;)

and pj(w,7) = 55 ) i 555 < gy ond T < gy @@0) = iy @nd (@) =

; —Wwi 2—; j — ~ _a—w;
G f) df = 2 g and =F > 1 -, §f(w,y) = min {G=%, %5°} and 5} (w,) =

a—w; a—c }

o —min {G=75, %
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