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Abstract

We investigate a three-echelon supply chain in which a distributor at the middle echelon negotiates
two wholesale price contracts with his upstream manufacturer and downstream retailer. In the
first stage, the distributor decides on whether to first negotiate with the manufacturer or with the
retailer; in the second (combined, noncooperative-cooperative, game) stage, the two negotiations are
conducted sequentially. We find that the supply chain can be coordinated if the distributor first
negotiates with the retailer. The distributor should choose the negotiation sequence for supply chain
coordination, if he has a sufficiently large (small) relative bargaining power in the negotiation with
the manufacturer (the retailer). We also extend our analysis to the cases in which the distributor
and the manufacturer negotiate a buyback or two-part tariff contract, and draw similar outcomes
when the distributor first negotiates with the retailer. In addition, under the two-part tariff contract,
the distributor prefers to first negotiate with the retailer if the manufacturer has a sufficiently high
disagreement payoff whereas, under the buyback contract, the distributor always prefers to first
negotiate with the firm with a stronger bargaining power. Moreover, the two-part tariff (buyback)

contract cannot (can) always coordinate the supply chain.

Keywords: Supply chain management; negotiation sequence, pricing; coopetitive game; generalized

Nash bargaining solution.



1 Introduction

In a supply chain, negotiations provide a way for firms to collaborate with each other and achieve
higher total profit. Moreover, negotiations aim at solving the conflicts on how the additional profits
resulting from collaboration are allocated. The allocation of the total profit achieved by two firms
is realized by the price that the downstream firm pays to the upstream firm. Thus, when the
firms at two adjacent echelons interact, they naturally need to negotiate a price (see, e.g., Ertel
1999 and Zhong et al. 2016). Grayson et al. (2020) have found that any product flow from a
manufacturer to a retailer usually involves one or more distributors, and any agreement on terms for
transfer of ownership or possession may involve negotiations. This exposes the fact that, in practice,
distributors may negotiate with both their upstream partners (e.g., suppliers and manufacturers)
and their downstream partners (e.g., retailers).

Lemmons-Poscente (2006), who is the founder and president of International Speakers Bureau,
also showed the existence and importance of negotiating both sides of a deal. A real example is about
Ferguson plc (https://www.fergusonplc.com), which is the world’s leading value added distributor
of plumbing and heating products and serves over 45,000 suppliers and 1 million customers. The
company has negotiated with their suppliers and successfully obtained competitive prices from the
suppliers because of its leading market position, and also consults with key downstream firms for
a variety of business services. Thus, there is a natural question about the firm’s decision on the
sequence of negotiations with his upstream and downstream partners: which negotiation should the
firm first conduct? Different negotiation sequences may affect supply chain integration and thus
influence supply chain as well as all firms’ profitability.

Extant publications do not consider such vertical negotiation-sequence decisions, we expect to
contribute to the literature by analyzing the negotiation-sequence, wholesale pricing, and quantity de-
cisions in a three-echelon supply chain. In the supply chain under our study, the distributor purchases
a product from the manufacturer, and distributes the product to the retailer who faces a stochastic
demand. The distributor needs to negotiate a wholesale price contract with the manufacturer, and
also needs to negotiate another wholesale price contract with the retailer. The distributor should
determine the sequence of the two negotiations and all the prices are then determined. Accordingly,
we investigate a two-stage problem. In the first stage, the distributor decides on his negotiation
sequence. In the second stage, the two negotiations are conducted sequentially to determine the
wholesale prices and order quantities, which are characterized by using the concept of generalized
Nash bargaining solution.

Our two-stage model involves both non-cooperative and cooperative analyses, which is somewhat
similar to but differs from Hart and Moore’s multistage game (1990) and Brandenburger and Stu-
art’s biform game (2007). Specifically, Hart and Moore (1990) developed a multistage game under
incomplete contracts, in which they characterized a unique Nash equilibrium for the non-cooperative
part and used the Shapley value for the cooperative part. Brandenburger and Stuart (2007) defined a
two-stage game, in which the players play a “simultaneous-move,” non-cooperative game in the first

stage. The resulting strategies drawn in the first stage define a transferable-utility (TU) cooperative



game in the second stage, in which all players evaluate the TU cooperative game with respect to the
confidence index. Differently, in our two-stage game, the distributor first makes a non-cooperative
decision on the sequence of his two negotiations in the first stage. Then, in the second stage, the
distributor conducts the two negotiations with his upstream and downstream partners to make quan-
tity and pricing decisions, which are characterized by using the generalized Nash bargaining solution
in a non-transferable utility (NTU) cooperative game. Therefore, our two-stage game differs from
Hart and Moore’s multistage game and Brandenburger and Stuart’s biform game. Nonetheless, as
our two-stage game problem also involves non-cooperative and cooperative games, we simply call our
problem a “coopetitive game.”

According to our coopetitive game analyses, when the distributor first negotiates with the re-
tailer, the supply chain can be coordinated. However, if the distributor first negotiates with the
manufacturer, then a powerful retailer may reduce the supply chain efficiency, which differs from
Zhong et al.’s finding (2016) that a powerful retailer can promote supply chain coordination. This
occurs mainly because, in our paper, the distributor and the manufacturer negotiate both the whole-
sale price and order quantity, whereas Zhong et al. (2016) assumed that the neighboring firms only
bargain over the wholesale price. We also study the buyback and two-part tariff contracts, and
find that the buyback contract can always coordinate the supply chain whereas the two-part tariff
contract cannot. In addition, the manufacturer’s sufficiently strong position and the retailer’s suf-
ficiently weak position are necessary conditions for all the three firms to prefer to use the buyback
contract, which can induce supply chain coordination.

A number of extant relevant publications have discussed exogenous factors that may affect bar-
gaining outcomes. These factors include (i) relative bargaining powers (see, e.g., Iyer and Villas-Boas
2003, Nagarajan and Bassok 2005, Nagarajan and Bassok 2008, and Zhong et al. 2016), (ii) compe-
tition (see, e.g., Dukes et al. 2006), and (iii) uncertainty (see, e.g., Leng and Parlar 2009, and Zheng
and Negenborn 2015). In addition, many researchers have studied the bargaining process; see the
surveys by Bernstein and Nagarajan (2011), Ingene et al. (2012), and Nagarajan and Sosic (2008).

Very few publications have addressed the negotiation timing-related problem in the supply chain
setting. Marx and Shaffer (2007) considered a two-echelon supply chain that consists of two com-
peting suppliers and one retailer. Clark and Pereau (2009) studied a two-echelon supply chain with
multiple suppliers and one retailer. Guo and Iyer (2013) considered a two-echelon supply chain in-
cluding one supplier and two competing retailers. Different from them, our paper is concerned with
an inside firm’s negotiation-sequence decision in a three-echelon supply chain. In addition, our paper
is also related to the literature that focuses on buyback contract (or, return policy) and two-part
tariff contract in supply chain models. There are a number of relevant review publications, which
include Arshinder et al. (2011), Liu et al. (2015), Zhang and Zhou (2015), Guo et al. (2017), and
Shen et al. (2019). Different from relevant publications, our paper is concerned with a distributor’s
optimal negotiation sequence in a three-echelon supply chain under the two contracts.

The remainder of this paper is organized as follows. In Section 2, we describe a two-stage
decision process. We solve the two-stage decision problem to find the distributor’s optimal negotiation

sequence decision in Section 3. Then, we extend our analysis to two other contracts in Section 4.



This paper ends with a summary of major results in Section 5. We relegate the proofs of lemmas
and theorems to Appendix A, where the proofs are given in the order that they appear in the main

body of our paper.

2 Coopetitive Game: A Two-Stage Game Decision Process

The three-echelon (n > 3) supply chain involves a manufacturer, a distributor, and a retailer. The
manufacturer makes a product at a unit cost ¢, which is then sold to the distributor at a wholesale
price wy,, with total quantity gq;. The distributor then distributes the product to the retailer at a
wholesale price wgy. The retailer orders g, units of the products and sells them at a retail price p

(p > ¢) in a market in which total demand D is a bounded, positive random variable with probability

density function f and cumulative distribution function F'.

In the supply chain, the distributor and the manufacturer negotiate wholesale price w,, together
with order quantity ¢4, and the manufacturer and the retailer negotiate wholesale price wy and
order quantity ¢, (¢r < gq). Using the above, we can compute the manufacturer’s profit m,,, the
distributor’s profit 4, and the retailer’s expected profit 7, as 7, = (Wm — €)qd, Tq = WGy — WmQd,
and m, = pE[min{D, ¢, }] — wqq,, respectively. The supply chain-wide expected profit is II = w5 +
Tm+ 7 = pE[min{D, g, }] — cq,. The globally-optimal order quantity (that maximizes II) is obtained
as ¢ = F~Y((p — ¢)/p), and the maximum supply chain-wide expected profit is thus computed as
I = pfo: f(z)dz. To facilitate our discussions, we let T'(z) = p [y tf(¢)dt, which is a strictly
increasing function, and also find that IT* = T'(¢q}).

As the distributor has two negotiations, he needs to address the question of which negotiation
should be first conducted. We can accordingly characterize the decision-making process in the supply
chain as a two-stage decision model.

Stage 1: Negotiation-Sequence Decision. The distributor determines his optimal negotiation
sequence. That is, the distributor decides whether to first negotiate with the manufacturer or
to first negotiate with the retailer.

Stage 2: Negotiated Wholesale Prices and Order Quantities. Based on the optimal negoti-
ation sequence made in stage 1, the wholesale prices and the order quantities are negotiated.
If the distributor first negotiates wholesale price w,, and order quantity g; with the manufac-
turer, then he bargains with the retailer on the wholesale price contract (wg, g,) based on the
negotiated (wp,,qq). Otherwise, if the distributor first negotiates wholesale price wy and order
quantity ¢, with the retailer, then the negotiated wholesale price w,, and order quantity g4 are
based on the bargaining result (wq, ¢ ).

For each two-firm negotiation, we characterize the negotiated result by using the generalized
Nash bargaining (GNB) solution (Nash (1950), Nash 1953, Roth 1979). For a two-player bargaining

problem, we can obtain the GNB solution by solving the following maximization problem:

max_(y1 — y9) (y2 — y9)' A, sty > o) and g > 93,
(y1,y2)€EQ



where A\ € [0, 1] and 1 — X denote players 1’s and 2’s relative bargaining powers, respectively; €2 is the
bargaining set representing all possible profit outcomes; y; and y? correspond to player ¢’s profit and
disagreement payoff, respectively, for ¢ = 1,2. In the supply chain, we denote the manufacturer’s, the
distributor’s, and the retailer’s disagreement payoffs by d,,, > 0, dg > 0, and d, > 0, respectively. In
practice, if the negotiation between players 1 and 2 is unsuccessful, each player will leave for another
business deal for which the player obtains a payoff. Such payoff is called the player’s “disagreement
payoff” for the negotiation between players 1 and 2. For example, in the German market for coffee,
Draganska et al. (2010) defined a supplier’s and a retailer’s disagreement payoffs in their negotiation
as the payoffs if they sell other products in the market. Intuitively, the negotiation can end with
an agreement if each player can obtain a higher profit than his disagreement payoff. Moreover, the
player with a higher disagreement payoff holds a stronger position in the negotiation. Hence, the
disagreement payoffs can be viewed as important determinants of the players’ bargaining positions.
For our problem, when the distributor enters his second negotiation, he may incur losses if the players
cannot reach an agreement in the second negotiation, because the breakup of the second negotiation
may revoke the first agreement and the distributor may have a penalty due to his scrapping the
first agreement. Accordingly, we characterize the distributor’s disagreement payoff in the second
negotiation as dg — A, where A € [0,dy] denotes the distributor’s cost due to leaving the second
negotiation, simply called the distributor’s “exit penalty.” When A = dg, the disagreement payoff is
zero, which refers to the situation in which the distributor’s penalty is so high that he never profits
from leaving the second negotiation. When A = 0, the disagreement payoff is dg, which represents
the situation in which the distributor does not have any penalty if he backs out of the agreement
reached in his first negotiation, and he can still choose an outside opportunity. In addition, when
the distributor negotiates with the manufacturer (the retailer), his relative bargaining power is A,
(Ar) and the manufacturer’s (the retailer’s) relative bargaining power is 1 — A, (1 — A;).

A firm’s relative bargaining power is based on the factors that may influence the firm’s bar-
gaining process involving, e.g., negotiations tactics and procedures, information structure, different
time preferences (see, Muthoo 1999). Moreover, Draganska et al. (2010) revealed that, in the Ger-
man market for coffee, the bargaining powers between two firms may be dependent on their sizes,
brand introductions, and service levels. Therefore, to find the relative bargaining power for a firm,
one may first estimate its absolute bargaining position, which can be measured according to the
firm’s overall performance in terms of all factors mentioned by Muthoo (1999) and Draganska et
al. (2010). Then, as each firm’s relative bargaining power is not an inherent characteristic of the
firm but depends on the bargaining partners (Draganska, Klapper and Villas-Boas 2010), we can
use a proportional approach (Hamlen, Hamlen and Tschirhart 1980) to compute the firm’s relative
bargaining power in his negotiation with another firm. For example, when firms ¢ (i = 1,2) with
estimated absolute bargaining powers «; bargain, their relative bargaining powers could be simply
estimated as A; = a; /(a1 + a2), i = 1,2. As Draganska et al. (2010) estimated, in Germany, Dall-
mayr, Idee, and Tchibo—three coffee manufacturers with highest selling prices—have the largest
relative bargaining power (i.e., 0.66-0.67), and Jacobs—a manufacturer with top-selling brand—has

the average bargaining power (i.e., 0.57).



Both the disagreement payoffs and the relative bargaining powers have significant impacts on the
negotiation results. Nonetheless, the two concepts differ in that the disagreement payoffs represent
the profits that the players can secure for certainty, whereas the relative bargaining powers mean the
players’ abilities to gain additional surpluses to the disagreement payoffs (see, Svejnar 1986). For
details regarding the GNB solution, see Binmore et al.’s discussion (1986).

In this paper, as the distributor individually decides on the negotiation sequence in the first
stage and there are two Nash bargaining processes each involving a negotiation (joint decision) by
the two firms in the second stage, we do not use any solution concept in game theory to describe the
two-stage solutions as a whole. Instead, we simply call the individual decision in the first stage the

distributor’s optimal solution and call each negotiation result in the second stage a GNB solution.

3 Analysis of the Three-Echelon Supply Chain

We find the negotiated pricing and quantity decisions and compute the resulting profits for all firms
in the supply chain, when the distributor first negotiates with the retailer. We also obtain those
when the distributor first negotiates with the manufacturer. Then, we compare the results and find
the distributor’s optimal negotiation sequence. To solve the game, we use a backward induction.
That is, we first obtain the results in the second negotiation, given a negotiation sequence and the
results in the first negotiation. Then, using the results in the second negotiation, we compute the
results in the first negotiation for a given negotiation sequence. Finally, we compare two possible

negotiation sequences and find the optimal one for the distributor.

3.1 Supply Chain Analysis When the Distributor First Negotiates with the Re-
tailer

The distributor and the retailer first bargain over wholesale price wg and order quantity ¢,, and
the distributor and the manufacturer then negotiate wholesale price w,, and order quantity g4. The

following theorem characterizes the decision results of the supply chain.

Theorem 1 Suppose the distributor first negotiates with the retailer. If I1* > dy, + d, + dg + (1 —
Am)A/ A, then all the firms can reach agreements on their two negotiations in the supply chain.

The pricing and ordering decisions are

T dn+dy . d
wf:c+>\r—*+(1—)\r)¥—/\T—*—i—(l—)\r)(l—)\m)ﬁ,
T q'l" ' qu'
. dy— A
wﬁl:(1—/\m)w§'+)\mc+)\m?—(1—)\m) dq* 7

gt =qlt =q.



The resulting (expected) profits of the three firms are

( 1= Am)A 1—\n)A
Fﬁl:)‘T(l_/\m) <H*_dm_dr_dd_()\)>+dm+()\)7
1= A)AY "
8 = Amr (H*—dm—dr—dd—()\) +dy,
12 An)A
TR = (1)) (H*—dm—dr—dd—(;)>+dr.

Otherwise, if II* < dp, + dy +dg + (1 — \p) A/ A\, then the distributor and the retailer cannot reach

any agreement in their negotiation.

Theorem 1 indicates that when the supply chain members can reach agreements in their negoti-
ations, the supply chain is coordinated as qﬁ = qff = ¢g;. When the distributor first negotiates with
the retailer, a firm’s higher disagreement payoff can increase the firm’s own profit (i.e., 972 /0d,, > 0,
orlt/ody > 0, Or/8d, > 0) but can reduce other firms’ profits (i.e., 97k /dd, < 0, orlt /od, < 0,
87rdR/8dm <0, (‘37rdR/6dr <0, orl/od,, <0, 0rl/ody < 0). However, as the value of A increases,
the manufacturer’s payoff increases whereas the distributor’s and the retailer’s profits decrease. The
main reason is as follows: a larger value of A means a lower disagreement of the distributor in the
negotiation with the manufacturer. Therefore, for a higher A, the manufacturer obtains a larger
proportion of the total supply chain profit; and, as the relative bargaining powers of the distributor
and the retailer are unchanged, both the distributor and the retailer secure a less portion of the
chain-wide profit. It thus follows that, if the distributor absorbs a higher cost that is generated by
backing out of the first agreement due to the breakup of the second negotiation, i.e., the value of
A increases, then the manufacturer’s profit increases but the distributor’s profit decreases. In ad-
dition, a larger exit penalty (i.e., A) can make the two negotiations less likely to reach agreements.
Thus, setting a lower exit penalty would be helpful to inducing successful deals in the supply chain.
Moreover, the payoffs of the retailer, the distributor and the manufacturer are increasing in their
own bargaining powers (i.e., Orf'/ON, <0, Onl /0N, > 0, Oxlt/ON, > 0, Onk JON,, <0).

3.2 Supply Chain Analysis When the Distributor First Negotiates with the Man-
ufacturer

The distributor first bargains with the manufacturer over wholesale price w,, and order quantity
qd, and then negotiates the wholesale price and quantity contract (wg,q,) with the retailer. In this
scenario, after the first negotiation, the distributor already buys the product. Hence, when the
distributor negotiates with the retailer, the purchase cost w,qq is a sunk cost. As a consequence, the
“actual profit” of the distributor is wggq, in negotiating with the retailer. This is a main difference
(in addition to the negotiation sequence) from Section 3.1. The following theorem characterizes the

negotiation decisions in the supply chain.



Theorem 2 Suppose the distributor first negotiates with the manufacturer. If

Arp—C

c < A\p and N\ T <F_1 (
ArD

>) > Nedy + MNpdg + d, + (1 = N)A,

then the two megotiations in the supply chain are successful, and the pricing and ordering decisions

are obtained as
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The resulting (expected) profits of the three firms are

7TM ( Am)( T(qy)_)\d_)\dd_dm_(l_Ar)A)"i'dm;

m

W%-Am " ) Ardy — )\dd dm — (1= X\)A) + dyg,

= (1A ( (1) + )+Ad (1 - A)(da— A).
Otherwise, if ¢ > M\ep or N T(F~YH(A\ep — ©)/(MeD))) < My + Npdg + diy + (1 — N\p)A, then the
distributor and the manufacturer cannot reach any agreement in their negotiation.

Different from Theorem 1, when the distributor decides to first negotiate with the manufacturer,

the supply chain cannot be coordinated and the supply chain-wide expected profit is

M F=H(Arp—c)/ (M) _ -
q 1—X 1 [ c
T(qg/[)%—c(l—)\r))‘\j:p/ tf(£)dt + e~ F 1( f >
. ) " P
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we find that if the retailer has a higher power (i.e., the value of 1 — A, is larger), then supply chain

{T(qé”) +e(l - AT)‘LQW} _

N A

efficiency is lower. This result is different from Zhong et al.’s finding (2016) that a more powerful
retailer can promote the efficiency of a multi-echelon supply chain. This occurs mainly because, in
our model, the distributor negotiates both wholesale price and order quantity with the manufacturer
and the purchase cost is thus deemed as a sunk cost, whereas Zhong et al. (2016) assumed that the
negotiations in the middle echelon of the supply chain only determines wholesale prices, and thus
the purchase cost of the downstream firm is not a sunk cost. The sunk cost of the distributor makes
the retailer hold a very strong bargaining position, which deteriorates the supply chain performance.
If the value of A, approaches 1, one can note that the supply chain coordination can be reached.
This means that a distributor’s “full” power in the negotiation with the retailer can coordinate the

supply chain.



There are real-world examples for both our model and Zhong et al.’s model (2016). First, ne-
gotiating both the price and the order quantity is very common in practice. According to Ertel’s
relevant finding (1999), a supplier (e.g., a manufacturer) may reduce his wholesale price to induce
a larger order in his negotiation with a buyer (e.g., a distributor). Fredman (2018) also mentioned
that a buyer may have an incentive to place a larger order for a price discount from a supplier in
the negotiation between the two firms. That is, the wholesale price and the order quantity may be
negotiated together. Moreover, in reality, the distributors may hold the inventory using a “push”
strategy, as considered in our paper. For example, the Mobicon Group Limited is an electronics
distributor in Hong Kong, which carries the components (or products) on hand and becomes the
main risk pooling point to its downstream firms (Ng and Chung 2008). Under the push strategy,
the distributor’s order quantity is largely dependent on the negotiated wholesale price. The above
observations can serve as real-world examples for our model in this paper, as they clearly indicate
that it is possible for the distributor to negotiate both the wholesale price and the order quantity
with the manufacturer, and the purchase cost is thus sunk. Different from our model, Zhong et al.
(2016) only considered the wholesale price, which implies that the purchase cost of the downstream
firm is not sunk. This is also possible in practice, as justified as follows: some distributors (e.g.,
some healthcare product manufacturers and their distributors; see, Ndung’U 2017) may use the pull
strategy under which their order quantities are driven by the demand and are not largely dependent
on the price negotiation. The above serves as an example to illustrate the setting assumed by Zhong
et al. (2016).

Then, we examine the impacts of disagreement payoffs and bargaining powers on the three firms’
(expected) profits. Similar to Theorem 1, in most cases, when the distributor first negotiates with the
manufacturer, a firm’s higher disagreement payoff can increase the firm’s own profit (i.e., o7 % /dd,, >
0, 0r%/0dy > 0, 072 /0d, > 0) but can reduce other firms’ profits (i.e., O7% /dd, <0, OxE /ddy < 0,
GﬂdR/adr <0, 87r§/6dm <0, Orf/ddy < 0). However, the retailer’s profit is independent of the
manufacturer’s disagreement payoff. This occurs because the manufacturer’s disagreement payoff
does not appear in the negotiation between the distributor and the retailer. Similar to Theorem
1, as the distributor’s loss caused by the breakup of the first agreement (i.e., A) increases, the two
negotiations are less likely to end with agreements. When the supply chain members can reach
agreements in their negotiations, the retailer’s payoff (in the second negotiation) is increasing in A,
whereas the distributor’s and the manufacturer’s profits (in the first negotiation) are decreasing in
A. We also find

onM onM onM
Zm <0, —9 >0 and —% >0
a)\m >~ ’8>\m =2 U, an a)\r = U,

which implies that a higher bargaining power of the manufacturer (distributor) can generates a higher
profit for the manufacturer (distributor). However, we have

oM (1- )

r_oo_

M Nipf(ghh)

a;" cqM
p/ tf(t)dt + Ad —d, —dg+A|.
0 T




When d,, = dg = d, = A =0, A\, — ¢/p, and the support of D contains 0 (i.e., F(z) > 0 for
all z > 0), we may find that ¢}/ — 0 and 07 /O), > 0. Therefore, the retailer with a higher
bargaining power cannot always obtain a higher (expected) profit. This occurs mainly because,
when the bargaining power of the retailer increases, the retailer can enjoy a larger proportion of the
expected supply-chain profit via negotiation, although the chain-wide profit decreases. Thus, when
the decrease in the expected supply-chain profit has a larger impact on the retailer’s expected profit,

the retailer is worse off from any increase in his bargaining power.

3.3 The Distributor’s Optimal Negotiation-Sequence Decision

We use Theorems 1 and 2 to analyze the distributor’s optimal negotiation sequence decision.

Theorem 3 If A\, < ¢/p, the distributor first negotiates with the retailer. If A, > ¢/p and

ArA
Ml = N T() + dy — Moy + A

Am > €

then the distributor should first negotiate with the retailer; otherwise, if Ay < &, then the distributor

should first negotiate with the manufacturer.

Theorem 3 shows that relative bargaining powers play a key role in determining the distributor’s
optimal negotiation sequence. If the distributor has a sufficiently large relative bargaining power
over the retailer and a sufficiently small relative bargaining power over the manufacturer, then the
distributor should first negotiate with the manufacturer. Otherwise, it is better for the distributor
to first negotiate with the retailer. The above reveals that powerful upstream firms (i.e., the man-
ufacturer with a sufficiently large bargaining power 1 — A, and the distributor with a sufficiently
large bargaining power \,) makes the supply chain worse off.

If A =0, we find that £ = 0 and the distributor always first negotiates with the retailer, which
leads to supply chain coordination. Setting a lower exit penalty in a negotiated contract can benefit
the whole supply chain. This result suggests that the firms should not use penalties to improve the
system-wide performance. We also examine the manufacturer’s and the retailer’s preferences on the

distributor’s negotiation sequence decisions.

Theorem 4 The manufacturer prefers the distributor to first negotiate with him if and only of IT* <
dy + dp, + dg + (1 — \)A/N.. When supply chain negotiations can result in agreements under two

negotiation sequences, i.e.,
c <A, T(@A) > dp + dg+ di /N + (1 = X\)A/N,, and IT* > dyy 4 dyp 4 dg + (1 = M) A/ A,
the retailer expects the distributor to first negotiate with him, if and only if

dm+A/)‘m§H*_T(qy>_cqgi\/[/Ar-



4 Extensions: Supply Chain Coordination with Contracts

We learn from Section 3 that the supply chain could not be coordinated when the distributor’s
optimal negotiation sequence decision is to first negotiate with the manufacturer under the wholesale
price contract. Such inefficiency occurs mainly because the distributor’s purchase cost is a sunk cost
in his second negotiation with the retailer. In this section, we investigate supply chain coordination
with contracts. To this end, we consider the following two contracts in the negotiation between the
manufacturer and the distributor: a buyback contract and a two-part tariff contract, and address
the problem of whether these two contracts can coordinate the supply chain. We also compare the
(expected) profits of all firms under the different contracts.

Under the buyback contract, the distributor and the manufacturer negotiate a wholesale price w,
and a buyback price b,,. The two firms do not negotiate the order quantity so that the distributor’s
sunk cost could be avoided, and the distributor’s order quantity is the same as the retailer’s order
quantity. Since the retailer’s unsold products have a salvage value when they are returned to the
manufacturer, the distributor and the retailer use a drop shipping model, which is very common
in practice. Under the two-part tariff contract, the distributor and the manufacturer negotiate a
wholesale price w,, and a fixed payment K,,. Similar to the buyback contract, the distributor and
the manufacturer do not negotiate the order quantity, and the distributor’s and the retailer’s order
quantities are identical. Note that, different from the transaction between the distributor and the
manufacturer, the distributor and the retailer cannot implement a drop shipping system, because
the unsold products of the retailer cannot bring any additional value to the distributor who thus has
no incentive to bear the demand risk.

Next, we begin by investigating the supply chain under the buyback and two-part tariff contracts,

when the distributor first negotiates with the retailer.

Lemma 1 Suppose the distributor first negotiates with the retailer and negotiates the buyback or
two-part tariff contract with the manufacturer. If II* > d, + dp + dg + (1 — An) A/ A, then all the

firms can reach agreements on their negotiations in the supply chain. The resulting (expected) profits

are
(o _ Rt Ar(1 = ) <H* = dy — dy— LA _AAm)A) +dpy + G_AM)A,
L A WO <H* — dy — dy — dg — W) +da,
ribb — g Bt (1 _ ), <H* —dpy — dy — dg — W) +d,.
( m

Otherwise, if II* < d, + dy, + dg + (1 — Ap) A/ A\, then the distributor and the retailer cannot reach

any agreement in their negotiation.

Lemma 1 exposes that, when the distributor first negotiates with the retailer, all firms’ (expected)
profits are the same regardless of which contract the distributor and the manufacturer negotiate.

The reason is as follows: the retailer’s order quantity—which determines the whole supply chain’s

10



expected profit—is obtained when the distributor first negotiates with the retailer. Hence, the supply
chain’s expected profit is maximized in the first negotiation, and the (expected) profits of all firms are
determined based on their bargaining powers and disagreement payoffs, regardless of which contract
they use. Subsequently, we analyze the negotiation results when the distributor first negotiates with

the manufacturer.

4.1 Analysis of the Buyback Contract When the Distributor First Negotiates
with the Manufacturer

We analyze the supply chain when the distributor first bargains with the manufacturer over the

buyback contract, and then negotiates with the retailer.

Theorem 5 Suppose the distributor first negotiates the buyback contract with the manufacturer. If
IT* > d, + dp, + dg + (1 — N\)A/ Ny, then the negotiations in the supply chain can end successfully
with the three firms’ (expected) profits as follows:

T = (1= Ag)[1* = dy = dpp — dg = (1 = \)A/N] + o,
m = NI = dy — dyyy — dg — (1= \)A/N] + da,
™ = A (L= M) = dy = dy — da = (1= A)A/A] +dp + (L= A)A/A,

Otherwise, if II* < d + dy, + dg + (1 — Ap)A/ A, then the distributor and the manufacturer cannot
reach any agreement.
We find that the distributor prefers to first negotiate with the retailer if and only if Ay < Ap.

Moreover, the retailer prefers to join the distributor’s first negotiation, if and only if

1 1 A
m>(—+-—+-"" 1A .
_<>\r+>\m+]—_)\m> +dg +dr + dip;

and the manufacturer prefers to be in the distributor’s first negotiation, if and only if

I > (i+;ﬂ+ 1ir/\r> A+dg+dy + dp.

Lemma 1 and Theorem 5 show that, when the distributor and the retailer choose the drop shipping
model and the distributor and the manufacturer negotiate the buyback contract, the supply chain
can always be coordinated. This is mainly ascribed to the fact that the buyback contract does not
specify the order quantity when the distributor and the manufacturer negotiate, thus inducing the
distributor and the retailer to use a drop shipping system because such model may help reduce the
distributor’s sunk cost of buying from the manufacturer. Moreover, the distributor prefers to first
negotiate with the firm with a stronger bargaining power. Both the manufacturer and the retailer
prefer the distributor to first negotiate with themselves if the maximum expected supply chain-wide

profit (i.e., IT*) is sufficiently large.

11



4.2 Analysis of the Two-Part Tariff Contract When the Distributor First Nego-

tiates with the Manufacturer

We investigate the supply chain when the distributor first bargains with the manufacturer over the

two-part tariff contract, and then negotiates with the retailer.

Lemma 2 When d, < pE[D], we let qs(\r,d,) denote a solution of the following optimization
problem:

Ag) = nax dT)P\rT (¢) + (p — pF(q) — c)ql;

that is,
S(Arv dr) = A(QS()\M dr)) = )\TT(QS(Ara dr)) + (p - pF(QS()‘T’, d?“)) - C)QS()\M dr)'

Then, T(gs(Ar,dy)) > dr and S(Ap,dy) <II* — (1 — \,)d,.

We then compute the negotiation results when the distributor first negotiates with the manufac-

turer, and obtain the optimal negotiation sequence for the distributor.

Theorem 6 Suppose the distributor first negotiates the two-part tariff contract with the manufac-
turer. If d, < pE[D] and S(Ar,dy) > A\edy + Nedg + dpy + (1 — N\)A, then the negotiations in the
supply chain are successful and the (expected) profits of the three firms are

W%,tpt = (1 — )\m)(S()‘mdr) = Aedy — Apdg — diy — (1 - )\T)A) + dm,
Ty P = A (S dy) = Ardy — Apdg — dy — (1= X)A) + dy,
P = (1= M)[T(gs(Ary dr)) = da + A] + Avdy.

Otherwise, if d, > pE[D] or S(A\r,d,) < A\pdy + Apdg + dp + (1 = N\p)A, then the distributor and the
manufacturer cannot reach any agreement.

If supply chain negotiations can succeed under any megotiation sequence, i.e., d, < pE[D],
S(Arydyr) > Aedy + Mpdg + diy + (1 = A)A, and IT* > dp + dpy + dg + (1 — M)A/ A\, then (1)
the distributor prefers to first negotiate with the retailer if and only if (1 — Ap)dpm + (1 — XNp/Am) A >
S(Ar,dyr) — MII*, (2) the retailer prefers to join the distributor’s first negotiation if and only if
A, + A/ Ny <II* = T'(gs (N, dy)), and (3) the manufacturer prefers the distributor to first negotiate
with the retailer if and only if (1 — A\p)dm + (1 4+ (1 = Xp)/Am)A > S(A, dy) — A ITF.

Different from the buyback contract, the two-part tariff contract cannot always induce supply
chain coordination. This occurs mainly because, although the two-part tariff contract can reduce the
distributor’s sunk cost resulting from the inventory, the fixed payment K,, is deemed as a sunk cost
when the distributor negotiates with the retailer. Hence, the buyback contract is more efficient than
the two-part tariff and wholesale price contracts in the three-echelon supply chain. Moreover, the
distributor prefers to first negotiate with the retailer, if and only if the manufacturer has a sufficiently

high disagreement payoff (i.e., sufficiently great outside opportunity). In addition, if the distributor’s
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optimal negotiation sequence is to first negotiate with the retailer, then the manufacturer agrees with
the distributor’s optimal negotiation sequence.

According to Lemma 1 and Theorems 5 and 6, under either the buyback contract or the two-part
tariff contract, the distributor’s larger exit penalty (i.e., A) may reduce the possibility of reaching
agreements in both negotiations. This result coincides with our finding when the wholesale price

contract is used.

4.3 Contract Preference

We learn from our previous analyses that both the wholesale price and two-part tariff contracts cannot
coordinate the supply chain, if the distributor decides to first negotiate with the manufacturer. It
behooves to discuss whether all of the three firms have an incentive to choose the buyback contract

for supply chain coordination.

Theorem 7 If A\, > Ay, and II* > d, + dg/ M\ + d, then all the three firms prefer the buyback

contract to the others.

Theorem 7 shows that the manufacturer’s larger bargaining power than the retailer (i.e., 1—\,;, >
1—\,) is a necessary condition for all the three firms to prefer to choose the buyback contract, which
may further induce supply chain coordination. Moreover, the condition IT* > d, +d;/\, + d,,, means
that the bargaining power of the retailer (i.e., 1 — ;) should be sufficiently small. Thus, a sufficiently

weak position of the retailer is also necessary for all three firms to choose the buyback contract.

5 Summary and Concluding Remarks

In this paper we consider a negotiation-sequence problem for a distributor who is located in the middle
of a three-echelon supply chain also involving a manufacturer in the first tier and a retailer in the
third tier. The distributor needs to negotiate a wholesale price contract with the manufacturer and
bargain over another wholesale price contract with the retailer. It naturally behooves the distributor
to choose an optimal negotiation sequence that maximizes his individual profit. However, there are
very few publications that have investigated the negotiation-sequence problems. Moreover, those
publications consider such a problem only for a two-echelon supply chain, in which a dominant firm
has the power to determine a sequence for all negotiations in the supply chain horizontally. For
example, Guo and Iyer (2013) studied a two-echelon supply chain involving a manufacturer and two
competing retailers. The manufacturer needs to make a decision on the sequence of negotiating with
these two retailers.

Different from the extant publications, in our model, the distributor needs to determine a sequence
of the two negotiations with the manufacturer and the retailer vertically. The two possible sequence
decisions in our problem have existed in practice. One may note that it is common for a distributor
to use a push strategy by holding an inventory before negotiating with the retailer. To that end, the

distributor should negotiate with the manufacturer first. Nonetheless, in reality, some distributors
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may use the pull strategy, under which the distributors are very likely to negotiate with the retailer
first. For example, as the Smart Insights (2013) reported, Stormhoek (a South African winery) and
its distributors had changed their traditional business model from a push to a pull strategy, due to a
challenge competing for supermarket shelf space. As a result, the sales of Stormhoek wines increased
from 50,000 cases of wine a year in 2004 to 200,000 cases in 2006. In addition, Ndung'U (2017)
exposed that healthcare product manufacturers and their distributors have been increasingly using
both push and pull strategies.

We find that the supply chain can be coordinated if the distributor decides to first negotiate
with the retailer. When the distributor first negotiates with the manufacturer, the retailer’s stronger
bargaining power in his pricing negotiation may deteriorate the supply chain-wide performance.
Considering the distributor’s optimal negotiation sequence decision, we show that the distributor
prefers to first negotiate with the retailer if he has a sufficiently large relative bargaining power in
the negotiation with the manufacturer, or he has a sufficiently small relative bargaining power in the
negotiation with the retailer.

We also extend our analyses to the cases in which the distributor and the manufacturer negotiate
the buyback or two-part tariff contracts. There are a large number of publications that focus on the
supply chain negotiation under a buyback or two-part tariff contract. For example, Iyer and Villas-
Boas (2003) and Milliou et al. (2003) compared the performances of different contracts. Symeonidis
(2008), Feng and Lu (2013), Lee et al. (2016), and Pinopoulos (2017) focused on supply chain
competitions. He and Zhao (2012) examined the effects of both supply and demand uncertainties.
Gaudin (2016) studied the effects of cost fluctuations on the wholesale and retail prices. Kitamura
et al. (2017) considered a situation under which a supplier deters another supplier’s entry of an
upstream market. Haruvy et al. (2020) exposed that concessions in supply chain negotiations have
a critical impact on supply chain efficiency. Milliou and Petrakis (2007) and Gabrielsen and Roth
(2009) investigated the two-part tariff contract in the presence of multiple upstream manufacturers.
Different from all the relevant publications, our paper is concerned with a distributor’s optimal
negotiation sequence in a three-echelon supply chain under the two contracts.

Our analyses of the buyback and two-part tariff contracts expose that the buyback contract can
always coordinate the supply chain, whereas the two-part tariff contract may not coordinate the
supply chain. Under the buyback contract, the distributor prefers to first negotiate with the firm
with a higher bargaining power. In addition, the manufacturer’s larger bargaining power than the

retailer is a necessary condition for all the firms to willingly adopt the buyback contract.
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Appendix A Proofs

Proof of Theorem 1. For the given negotiation result (wg,g,), the distributor’s and the manu-
facturer’s profits are

Td = WaGr — Wimqq and T, = (wm - C)Qd'

Thus, the negotiation result of the distributor and the manufacturer is the solution of the following

problem:
MaXay,,,qq (wdQT — Wmdd — dd =+ A))\m((wm - C>Qd - dm)li)\m
st waqr — WGy > dg — A, (wm - C)Qd > dpm, and qq > gr-

Since mq + T = wagr — cqq < (wq — ¢)qr, the negotiation can succeed if (wg — ¢)gr > dp, + dg — A.
Moreover, if (wg—c)g, > dpm+dg—A, then the above objective is less or equal to [(wg—c)g, —dpy, —dg+
AJAN (1= Ap) A, This can occur only when we choose the following maximizer (which is in terms
of wg and gr): (Wm(wy; ¢r), Ga(wa; ¢r)) = (1 = Am)wd + Amc + Amdm /qr — (1 = Am)(da — D) /qr, qr)-

Now we consider the first negotiation between the distributor and the retailer. Their (expected)

profits are

Td = WaGr — Wi (Wa, ¢r)Ga(Wa, ¢r) = Am[(wa — €)gr — dm] + (1 — M) (da — A),
T =pk min{D7 QT} — WqQr-

Thus, the negotiation result is the solution of the following problem if (wq — ¢)q, > dp, + dg — A:

MaXy, g A Am[(Wa — €)gr — dm] + (1 — X)) (dg — A) — dg3 M {pEmin{D, ¢.} — waq, — d, }' =
sit. (wg—c)gr — dm + (1 = M) (dg — A) /Ay > dg/Am, pEmin{D, ¢, } — wqq, > d,.

Since g/ A+ = pEmin{ D, ¢} —cqr —dim+ (1= (dg—A) /A < IT*—dpy+ (1= M) (dg—A) /A,
the negotiation can succeed if II* > d,,, + d; + dg + (1 — Ay ) A/ Ap. Moreover, if IT* > d,,, + d, + dg +
(1= An)A/ )\, then the above objective is less or equal to AN AM (1 — A\ )M (ITF — dyy, — dy — dg — (1 —
Am)A/Am), which holds when we choose by the maximizer (w¥, ¢%) = (¢ + A\ I1* /g + (1 = \) (dom +
da)/ ¢ — Medr /g + (1= X)(1 — M)A/ (Am@), qf), and the condition for the second negotiation to
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succeed (i.e., (W — ¢)gf* > dp, + dg — A) is also satisfied. Therefore, we have

(wpeag) = (D (wf, ), da(wf, ¢f) = (1= An)wl + Ame + Andin/aF = (1= An)(da = D) /a), a7).
The profits of the three firms are then computed as given in this theorem.
In conclusion, the first negotiation can succeed, if and only if IT* > d,,, + d, + dg+ (1 — A ) A/ A

If the first negotiation ends successfully, then the second negotiation can also succeed. m

Proof of Theorem 2. For any given negotiation result (wy,,qq), the (expected) profits of the
distributor and the retailer are 74 = wyq, and m, = pEmin{D, ¢,} — wqq,, respectively. Thus, the

negotiation result is the solution of the following problem:

MaXy, q. {Waqr — dq + A})‘" {pEmin{D, ¢, } — wqq, — dr}l_AT'
s.t. waqr > dg — A, pE min{D, q’l‘} — waqr > dy, and g < qq.

Since mg+m, = pEmin{D, ¢, } < pEmin{D, g4}, the negotiation can succeed only if pE' min{D, g4} >
d, + dg — A. Moreover, if pEmin{D, q;} > d, + dy — A, then the above objective is no greater than
[pEmin{D, q4} — d, — dg+ AJX} (1 — \,)'~*, which can occur when we choose the following unique
maximizer (in terms of (Wm, qq)): (Wa(Wm, 4d), Gr(Wm, q4)) = ArpE min{D, qa}/qqa — Ardr/qa + (1 —
Ar)(da — A)/qa, qa)-

We consider the negotiation between the distributor and the manufacturer, whose profits are

T = wd(wma Qd)(jr(wma Qd) — Wmd4d
= A [pEmin{D, q;} — d,] + (1 — N\ )(dg — A) — wmqa,
Tm = (Wm — €)qq.

Thus, the negotiation result is the solution of the following problem if pE min{D, ¢4} > d, + dgq — A:

MaXw,,,qq {)\,«[pE min{D7 Qd}} - dT] + (1 - )‘r)(dd - A) — Wm4d — dd})\m{(wm - C)Qd - dm}li/\m
st. A[pEmin{D,qq} — d;| + (1 — A\p)(dg — A) — Wimqq > dg, and (wy, — ¢)qq > dp.

Since

T4+ Tm = ANpE min{D7 Qd} —cqq — Ardy + (1 - )\7‘>(dd - A)
max{/\TpE min{D, Qd} - CQd} — Ardy + (1 - )\r)(dd - A)
qd

AN

{ “Adr 4+ (1= M\)(dg — A) if ¢ > A\pp
MT(FH(Np =)/ (M) = Aedr + (1= N)(dg — A) if ¢ < \p

the negotiation can be successful if ¢ < A\.p and A, T(F~1(\rp—c)/(M\eD))) = Ardp+ (1= N,) (dg—A) >
dg+ dp. In addition, if ¢ < \p and M, T(F~Y(Arp—c)/(MeD))) — Aedy + (1 = Xp) (dg — A) > dg + dpm,
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then the above objective is no larger than

AN (1 = )L (ATT <F—1 <Af;0>> Moy — Mdyg — dpy — (1 — )\T)A) ,

which can happen by using the following unique maximizer

(1= Am) NTFH(Aep = ©)/(Arp))) = Ardr = Apda — (1 = A )A] + Andim
F=H(Arp = )/ (Arp)) ’

M __
m_c+

i =FH(Ap =)/ (A\rp));

and the condition for the second negotiation to succeed (i.e., pE min{D, ¢¥'} = (\T (¢} )+cg)?) /A >

d, +dg — A) is also satisfied. Therefore, we can obtain the negotiated decisions of (wg, g,) as

) . Emin{D, ¢! d, dg— A
(W, qM) = (ba(w, g, 4, (w, g)) = (Aqu{Md} S A AT>‘iqM,q§4) |
d d d

The profits of the three firms are then calculated as in this theorem.
We thus conclude that the first negotiation can succeed if and only if ¢ < A.p and A\, T(F~((\-p—
c)/(Ap))) — Aedr + (1 = Ap)(dg — A) > dg + dy,. If the first negotiation succeed, then the second

negotiation is also successful. m

Proof of Theorem 3. When )\, < ¢/p, the distributor and the manufacturer cannot reach any
agreement if their negotiation first takes place. Hence, the distributor’s optimal decision is always
to first negotiate with the retailer.

When A\, > ¢/p and A\, > M A/(AITF — )\TT(q(]iw) + dim — Avdy, + A), the distributor and the
manufacturer cannot reach any agreement if they first negotiate and )\TT(qy ) < Aedy + Apdg + dy +
(1 — Ap)A. Otherwise, if /\,,T(qév[) > Nedy + Apdg + dy, + (1 = A\)A, then

11—\
" —d,, —d, — dg — X A
A A
> T —dy —dy —dg ="+ T (qf") = 5" +dm — = +A
dm 1- M)A
= T(sz”)—dr—dd—)\—()\)ZO.

Thus, the supply chain members under both negotiation sequences can reach agreements. Note that
ol > e N, > NA/OGIT = N T + dy — Medyy + A),

which means that the distributor’s optimal negotiation sequence is to first negotiate with the retailer,
if )\TT(qéW ) > Aedy + Nedg + diy + (1 — Ap)A. Therefore, the distributor should first negotiate with
the retailer when A\, > ¢/p and A, > A\ A/ (A ITF — )\TT(qg/I) + dp — Aed + A).

When A\, > ¢/p and A, < M A/(AITF — )\TT(qéw) + dim — Avdp, + A), the distributor and the
retailer cannot reach any agreement if they first negotiate and IT* < d,,, + d; + dg + (1 — M) A/ A
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Otherwise, if II* > d,;, + d, + dg + (1 — A) A/ A, we find

dn  (1=X\)A
T —d, —dg— -2 — ==
(%) d X .
dn  (1=X\)A
= U —d, —d. —dy— 1"+ T (¢") + d,,, — -2 —
d + (qd)+ X, N

(1—Am)A . v dm  (1=X\)A

RS Cri N, 1 | oy — —— —
> 0.

Thus, under any negotiation sequence, supply chain members can reach an agreement. As
o <o o N, < NA/OGIT = N T(A)) + dpy — Medyy + A),

the distributor’s optimal negotiation sequence is to first negotiate with the manufacturer if IT* >
dm+dr +dg+ (1 — M)A/, Therefore, the distributor should first negotiate with the manufacturer
when A\, > ¢/p and A\, < A\ A/(AITF — )\TT(qg/I) +dpm— ANdp, +A). B

Proof of Theorem 4. For any given negotiation sequence, if the supply chain cannot reach
any agreement, then the other negotiation sequence is weakly better to both the retailer and the
manufacturer. Hence, we only need to consider the case that the supply chain negotiations succeed

under both negotiation sequence. For this case, we have

A
T =T = (1= ) | A = T(gg")) + (1= M) + (1= M) = + A
2 (1 - )\m)AT(H* - T(qgi\/[))
= (1- )\m)Ar(T(qr) - T(qgiw))
> 0,
and 72 — M = (1 — \)[IT* — T(q}!) — dp, — A/ A — cg)f /A;]. Hence, the manufacturer prefers the

distributor to negotiate with him first, if and only if the supply chain negotiations cannot succeed
when the distributor first negotiates with the retailer, i.e., II* < d, +dg+dn/Ar+(1—=X)A/A.. When
supply chain negotiations succeed under both negotiation sequences, the retailer prefers to join the
distributor’s first negotiation, if and only if 72 — 7M > 0, i.e., dp, + A/ Ny, <TT* = T(g)F) — g /A,
|

Proof of Lemma 1.
We begin by analyzing the buyback contract (wp,,bn). For a given negotiation result (wyq, q;),

the profits of the distributor and the manufacturer are

g = wgEmin{D, ¢.} + b E(q¢ — D)™ — wpnq-,
Tm = (Wm — ¢)qr — b E(q — D) ™.

Thus, the negotiation between the distributor and the manufacturer ends with the negotiation result
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as the solution of the following problem:

[weE min{D, ¢} + by E(qy — D)* — wingr — dg + AP
X[(wm — €)gr = by E(gr — D)t — dp]' A

s.t. wgEmin{D, ¢} + by E(qy — D)t — wpmqr > dg — A,
(Wm — €)@ — b E(gr — D) > dpn.

ma'X'w’m b

m

Since mg+my, = wgE min{D, ¢, } — cq,, the negotiation can end successfully if wgE min{D, g, } —cq, >
dm + dg — A. Moreover, if wgEmin{D, ¢} — cqr > dy, + dg — A, then the above objective is no
larger than [wyE min{D, ¢} — ¢q, — dpm — dg + A]JAN™ (1 — \,,)1 =, which holds when we choose the

following maximizer in terms of (wgq, ¢, ):

(W (W, Gr); bm (Wa, gr)) = (1 — Ap) (wgE min{ D, ¢r} — dg + A)/@r + Andm/@r + Amc, 0).

Next, we consider the first negotiation between the distributor and the retailer. Their (expected)

profits are

T4 = wgk min{D7 ar} + Z)m(wd7 o) E(ar — D)+ — W (W, Gr) gy
= MpJwgFE min{D,q.} —cqr — dpn] + (1 — M) (dg — A),

and 7, = (p — wyq)E min{ D, g, }, respectively. Thus, the negotiation result of the distributor and the

retailer is the solution of the following problem:

MmaXwg,qr {)‘m [wdE min{D, (:I'f‘} — Cqr — dm] =+ (1 - Am)(dd - A) - dd})‘r
x[(p — wg) Emin{D, g, } — dy]'
sit. ApwgFE min{D, ¢} — cqr — din] + (1 — Apy)(dg — A) > dg,
(p — wg)Emin{D, g, } > d,.

Since g/ A+ = pEmin{ D, ¢} —cqr —dim+ (1= (dg—A) /A < IT*=dpy+ (1= M) (dg—A) /A,
the negotiation can succeed if IT* > d, + d,, + dg + (1 — A\p)A/ Ay, In addition, if IT* > d, + d,, +
dg+ (1 — M)A/ A, then the above objective is no greater than )\7’){/\1{”(1 — A\ —dyy — dy —
dg — (1 — Apn)A/Ap), which can be achieved by the following maximizer

o dr + (1= X)(IT* —dp, — dp —dg — (1 = M) A/ M),
(wd7QT) - < Emln{D,q’;} y 4 |-

The profits of all firms are thus computed as in this lemma. We also find that the profits are the

same as those in Theorem 1. Thus, we conclude that the buyback contract and the wholesale price
contract can lead to an identical result.

Then, we investigate the two-part tariff contract (wy,, K,,). For a given negotiation result (wg, ¢, ),
the profits of the distributor and the manufacturer are 7g = (wg — Wy )q — Ky, and 7, = (wp, —

¢)qr + K, respectively. Thus, the negotiation result of the distributor and the manufacturer is the
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solution of the following problem:

mMaXw,,,qq ((wd - wm)‘]r — Ky, —dg + A))\m((wm - C)Qr + Ky — dm)l_)\m
s.t. (wd - wm)Qr — Ky > dg — A, (wm - C)qr + K 2> dp.

Since g + 7y = (wqg — ¢)gr, the negotiation can succeed if (wy — ¢)gr > dpy, + dg — A. We also find
that, if (wg — ¢)gr > dm + dg — A, then the above objective is no more than AN (1 — X, )1 [(wg —

¢)qr — dm — dg + AJ, which can be achieved by the following maximizer (in terms of (wg,¢,)):

A~

(lZJm(’Ujd, qr)a Km(wdv QT)) = ((1 - )\m)’UJd + )\mC + Amdm/qr - (1 - )‘m)(dd - A)/QT? 0)
In the first negotiation between the distributor and the retailer, the firms’ (expected) profits are

Td = (wd - 'UA)m(wd, CIT)>QT - f(m(wdv CIT) = )\m[<wd - C)QT - dm] + (1 - )\m)(dd - A)7
mr = pEmin{D, ¢} — wqq,.

which are the same as those in the proof of Theorem 1. Therefore, the two-part tariff contract and

the wholesale price contract can also generate the same result. m

Proof of Theorem 5. For any given negotiation result (wy,, by, ), the distributor’s and the retailer’s

(expected) profits are
g = wqk min{D7 QT} + me(QT - D)+ — Wpqr and T, = (p - wd) Emin{D, QT}'
Thus, the negotiation result is the solution of the following problem:

MaXy,q, {weBmin{D, g} +bnE(g — D) —wpngr — dg + AP {(p — wg) Emin{D, g, } — d, }'
sit. wgEmin{D, ¢} + bnE(q¢ — D)T —wng > dg— A, (p—wg) Emin{D, q.} > d,.

Since

g+ m = pEmin{D,q}+bnE(¢ — D)t — wng,
< max{pEmin{D, q} + b, E(q — D)" — wnq}
q

(p — bm)

Fﬁl((p_wm)/(p_bm))
/ xf(x)dx,

0

the negotiation can achieve an agreement only if

(p - bm)

Fﬁl((p*wmw(p*bm»
/ xf(z)der > d, + dg — A.

0

Moreover, if the above condition holds, then the above objective is no larger than

F=H((p—wm)/(p—bm))
/ zf(x)dr —d, —dg+ A,

/\i\r(l - )‘T)li)w [(p —b) o
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which can be achieved by the following unique maximizer in terms of (wy,, by, ):

(ﬁ)d(wma bm)a er('wmv bm))

-1 —Wm —Om
dr + (1= A\r) ((p —bn) foF (@ )/ =bm)) vf(z)dr — dp — dg + A) _1 <p — wm>

= p—
Emin{D,Fl <pwm>}
p_bm

We then consider the negotiation between the distributor and the manufacturer, whose profits

p_bm

are computed as

T = uAjd('wmy bm)E min{D, @’(wma bm)} + me(qAr(wma bm) - D)+ — Wmqr
Gr (Wm,bm)
= A\ ((p—bm)/ xf(m)dm—dr) + (1= X)(dg — A),
0
Tm = (wm - C)dr(wma bm) - me((jr(wma bm) - D)+

Gr (Wm,bm)
= [P = F(dr(wm, bm))] — o (s ) + b /0 o f(2)da.

Thus, if (p—bm,) fOFil((p_w'”)/(p_bm)) xf(x)dx > d.+d;—A, then the negotiation result is the solution
of the following problem:

maxy,, b, {)\r ((p — by [ ) g () d — dr> (1= M) (dg— A) - dd}A’”

% { b1 = PG (b)) = el (win, bm) + by Jir ™) () — o |
sit. [p[1 = F(Gr (Wi, bm))] — ¢ldr(wim, b)) + b fOA”(wm’bm) xf(z)dx > dp,

A (0= bw) [0 @ f (@) da = dy ) + (1= M) (da = A) = da,

(p— bm) fOFil((pfwm)/(pfbm)) xf (z)dx > d, + dg — A.

Since

T/ Ar + Tm

Gr (Wm,bm)
= [p[l - F(dr(wma bm))] - C]Qr<wm; bm) + p/o xf(x)da: —dy +

(1= XA)(da —A)
A

(L= A)(da— A)
Ar

< o { bl - Fl@)] = da-+p [ of)ic) - do+

(1— A (da — A)

= II*—d, :
+ .

the negotiation succeed if II* — d, + (1 — A\p)(dg — A)/A\ > dg/N + dyp. In addition, if IT* >
dy + dpm + dg + (1 — A\r)A/A,, then the above objective is no larger than [IT* — d, — dp,, —dg — (1 —

24



M)A/ XA (1 — A\y) =M which can hold when we use the following unique maximizer

W = c+ (p— )1 = A\p)[IT* — dy — dyy — dg — (1 = N\)A/N] + dy] /ITF,
b = p[(1 — A [IT* — dy — dypy — dg — (1 — A\p)A/Ny] + din] /TT*.

The profits of the three firms are computed as in this theorem.
Next, we consider the distributor’s optimal negotiation sequence as well as the manufacturer’s
and the retailer’s preferences on the distributor’s sequence decision. When supply chain negotiations

can end successfully in any negotiation sequence, we have

T = (1= An)[[T* = dy = dpp — dg = (1= \)A/N] + i,

ngbb = )\r)\m[H* - dr - dm - dd - (1 - AT)A/)\T] + dd’

T = A (1= AT = dr = diy = da = (1= M)A/ N + e+ (1= A)A/ A,
T = Ar(1 = An)[IT* = diy = dy = da = (1 = M) A/ A] + dn + (1= X)) A/ Ay,
T = XA (I = = dy — dg = (1= An) A/ An] + g,

Wﬁ’bb = (1 — Ar)[]-—-[* —dp —dy —dg — (1 - )‘m)A/)\m] + dr.

Hence, it is easy to see that the distributor prefers to first negotiate with the retailer if and only if

Ar < A\, the retailer prefers the distributor to first negotiate with him if and only if

1 1
m>(—+4+—+ "2 VA +d;+d, +d
and the manufacturer prefers the distributor to first negotiate with him if and only if

1 1 Ar
A Am 1=

JA 4+ dg + dr + dp,.
|

Proof of Lemma 2. Since qs()\,,d,) satisfies the constraint gs(\,,d.) > T~!(d,) and T is an
increasing function, we find that T'(¢s(\,d,)) > d,, and

SAridr) = ANT(gs(Ar,dr)) + (p — PF(gs(Ar, dr)) — ¢)as(Ar, dr)

T(gs(A dr)) + pas(Ar, dr)(1 = F(gs(Ar, dy))) — cqs(Ar, dp) — (1 = A)T(gs(Ar, dy))
= pEmin{D,qs(\,dr)} — cgs(Ar,dr) — (1 = A)T(gs(Ar, dr))

< I = (1= X)T(gs(Ar,dyp)) < TT° = (1 = Ny )dy.

The lemma, is thus proved. m

Proof of Theorem 6. For any given negotiation result (wy,, K,,), the (expected) profits of the

distributor and the retailer are 74 = (wq — Wy, )gr and 7, = pEmin{D, q,} — wyq,, respectively.
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Thus, the negotiation result is the solution of the following problem:

maXwg,qr {(wg — win)qr — da + A})\T {pPEmin{D, ¢, } — wqq, — dr}l_)\T
st (wg — Wi)gr > dg — A and pEmin{D, ¢, } — wqq, > d,.

Since w4+ 7, = pEmin{D, ¢} — wmg, < maxg,. {PEmin{D, ¢} —wmqr} = T(Fil((p — W) /p)), the
negotiation can succeed if T(F~1((p — wm)/p) > dy + dg — A. Moreover, if T(F~((p — wn)/p)) >
d,+dg—A, then the above objective is no larger than [T'(F~1((p—wyn)/p))—dy —dg+A]AN (1=, )1,

which can be achieved by the following unique maximizer:

(wd(w”“ Km)? (ir(wm, Km))
_ (w L MTE (P = wm)/p) —di] | (= A)(da = A)
" F=H((p — wm)/p) F~1((p — wpm)/p)

F (- wm>/p>) |

Noting that

T(x) :p/xtf(t)dt Sp/ootf(t)dt = pE[D],

0 0
we find that d, + dg — A < pE[D] is a necessary condition for supply chain members to reach
agreements.
Next, we consider the negotiation between the distributor and the manufacturer, whose profits

are
wm) r wmaK ) K,

my Km q
R
€)dr ( )+

— (wy — ) F~ <p—pwm> + K.

ﬂ'd—

Wi, Koy

Thus, if T(F~'((p — wm)/p)) > dy, the negotiation result is the solution of the following problem:

mas, e, A [T (F7(222)) =]+ (0= A - )~ Ky —di]

X (W — ¢)F~1 (P ;”m) + Ko, dm}H’"
sto A [T (F7H (22 ) ) a4 (1= A)(da = A) = Ko > d,
Y (i

(wm_C)F ppm + K > dim,
T(Ft () 2 d,
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Since T(F~Y((p — wm)/p)) > dp, i.e., G-(wm, Kmn) > TY(d,), we find

{/\T[T(Ffl((p — W) /P)) — dp] + (L = A )(da — A) = Ko} + {(wim — C)Fil«p — W) /p) + Km}
= ATT(Fil((p — W) /P)) + (Wi — C)Fil((p —wp)/p) + (1 = A)(da — A) = A\pdy
= >\7’T (QT<wm7 Km)) + (p _pF<QT<wma Km)) - C)QT(wma Km) + (1 - A7“)(dd - A) - )\Td’f‘

S omax A T(q) + (p—pF(q) — c)g] + (1 = Ar)(dg — A) = Avdy

= )\TT(QS()\T'7d7‘)) + (p - pF(QS(ATa dr)) - C)QS(AM dr) + (1 - )\r)(dd - A) - Ardr
= S(Ody) + (1= A)(dg — A) = Avdy,

and the negotiation is successful if S(\;,d;) + (1 — A\p)(dg — A) — \vdy > dg + dy,. Moreover, if
S(Ar,dyr) > Aedy + Aedg + dpy, + (1 — Ap)A, then the above objective is no more than [S(A,,d;) —
Aoy — MNpdg — dpy, — (1 — )\T)A])@{”(l — Am) ™7, which can be achieved by the following unique

maximizer

w71\n47tpt =p—pF(es(\,dy)),
KM — (1 = X)) (SOvady) — Ardr — Apdg — (1 — A)A) + Ao — (WP — ¢)gs (A, dv);

and the condition for the second negotiation to succeed—i.e., T(F~((p—wi ™) /p)) = T (qs(\+)) >
T(T~%(d,)) = d,—is also satisfied. Therefore,

(wd(wmme)a(jr(wmaKm))
_ (wM,tpt+ MT(E (p = wn™)/p) —di] | (1= \)(ds— &)

(- w%’tpt)/p))

F=((p — wi ™) /p) F=Y((p — wm ™) /p)
i )\T[T(qS()‘M dr)) - dT] (1 B )‘T)(dd - A)
= (p-pFlasan + P HECRENZ 0T BEMESD) g0n).

The profits of the three firms are computed as in this theorem. We then conclude that the first
negotiation succeeds if and only if d, < pFE[D] and S(\;,d,) > A\edy + Apdg + d + (1 — A\ )AL If the
first negotiation is successful, then the second negotiation can also succeed.

We then examine the distributor’s optimal negotiation sequence, as well as the manufacturer’s
and the retailer’s preferences on the distributor’s negotiation sequence. When the supply chain

negotiations can succeed in any negotiation sequence, we have

Wﬁg\/[’tpt — Wfl%’tpt = )\m[S()\r,dr) - )\r]-_-[* - (1 - Ar)dm - A + ATA/)\m]’
WqM’tpt - Wﬁ’tpt = (1 — )\r)[T(q,S'()‘mdr)) — I + di + A/Am]’
W%’tpt . WT]—;{L,tpt — (1 _ Am)[S()\r, dr) _ >\T‘H* — (]_ — )\T)dm - A - (1 — )\T)A/)\m]

Therefore, when the supply chain negotiations can succeed in both negotiation sequences, i.e.,

dr < pE[D], S(Ar,dy) > Apdy + Mg + d + (1 = A)A, and IT* > dy + d + dg + (1 = Am) A/ Am,
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we find the following results.

1. The distributor prefers to first negotiate with the retailer if and only if (1 — A\.)d,, + (1 —
A/ Am)A > S(Ar, dy) — A ITF.

2. The retailer prefers the distributor to first negotiate with him if and only if d,, + A/\,, <
IT* — T(gs(Ar, dy)).

3. The manufacturer prefers the distributor to first negotiate with the retailer if and only if
(IT=X)dm+ (1 + 1= X))/ An)A > S\, dy) — N\ ITF

This theorem is thus proved. m

Proof of Theorem 7. If A\, < A, then the distributor first negotiates with the retailer under
the buyback contract. When the other two contracts apply, the distributor chooses the optimal

e . . b M
negotiation sequence, and his profit is max{r, 72} > 7 = ﬂdR’ b, or max{ﬂg’tpt, T, ’tpt} > ﬂdR’tpt =

wg’bb. Therefore, the distributor cannot benefit from the buyback contract. Thus, the condition A, >
Am is necessary for all three firms to prefer to use the buyback contract. Note that, when A\, > A,
the distributor first negotiates with the manufacturer under the buyback contract. The negotiations
in the supply chain are successful under the buyback contract if II* > d, + dg + dpm, + (1 — A\ ) A/ Ar.
That is, IT* > d, 4+ dg + dp, + (1 — A\r)A /N, is another necessary condition for all the three firms to

prefer to use the buyback contract. Thus, the theorem is proved. =
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