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Abstract

This paper studies the coordination problem of a supply chain which is con-
sisted of one supplier and one retailer. Based on a mathematical model, this
paper analyzes how to adjust the production plan and pricing strategy to
maximize the profit of the supply chain when market scale, price sensitivity
coefficient and product cost are disrupted. We assume that the supplier and
the retailer adopt revenue-sharing contract to coordinate the supply chain. If
the mutation is small, the decision-maker wouldn’t adjust the production
plan. If the mutation is large, the decision-maker had better adopt an im-
proved revenue-sharing contract which has a stronger anti-disruption ability
to adjust the production plan and pricing strategy. The new contract can coor-
dinate the supply chain under mutation and realize the optimal allocation of
the supply chain’s profit.
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1. Introduction

As the global economy develops fast, thousands of global enterprises have bene-
fited from a new subject named supply chain management. But in reality, supply
chain system often encounters various emergencies because of unsteady external
environment and inaccurate forecast information. Sudden natural disasters would
cause different levels of interference to the supply chain. Such as pig epidemic in
2019, it has a great impact on meat processing companies and affects consumers’
demand for pork. Lanzhou water pollution in 2014 leaded to the increase of
mineral water price and short supply of the market demand. Earthquakes, epi-
demic, terrorist attacks, these emergencies all have a great influence on the nor-

mal operations of the system to some extent, and some would cause disruptions
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in the supply chain. So how to coordinate the supply chain to deal with emer-
gencies more quickly and effectively becomes particularly important.

Many scholars make intensive researches on supply chain disruption man-
agement. Li ef al [1] examined the problem of redesigning revenue sharing con-
tract parameters under cost and demand disruption with linear and exponential
demand functions. Introducing promotional service costs, Chen et al [2] studied
the adjustment of the optimal wholesale price, order quantity and subsidy rate
when the demand changes. Liu [3] proposed an option contract mechanism that
can make the supply chain coordination when the retailer is in leading position.
Rhee [4] proposed three different forms of supply chain contact mechanism to
make the supply chain reach coordination in the case of suppliers and retailers
with capacity limitations. Bozorgi A [5] used a buyback contract to coordinate
the supply chain with stochastic demand when both the cost and price were dis-
rupted.

Most of the literature mentioned above focus on one or two factors, but inves-
tigations on three factors’ disruption are less. In this paper, we’ll establish a game
model on three factors’ disruption. The supplier is the leader while the retailer is
follower. Supplier and retailer are both risk-neutral and rational, independent
decision-makers. They both focus on their own interests respectively. Informa-

tion such as retail price of products and inventory cost is symmetric.

2. Basic Model without Disruption

In order to facilitate the theoretical model, we assume that the product is sea-

sonal, production and sales occur in one cycle, we have the following notions:
The market demand function is d = De™“P, D represents the market scale,

a represents the price sensitive coefficient, p represents the retail price respec-

tively. In normal situations, the retailer’s profit R, (Q)=Q (i In g -w-c, J ,
a
the supplier’s profit R, (Q)=Q(w-c,), the supply chain’s profit
R (Q)= Q(l Ing— Cj ,where c=c, +c,, C, represents the unit production
a

cost, C, represents the unit retail cost and w represents the unit wholesale
price.
Then we can obtain the first-order derivatives of R (Q) with respect to Q,

R, (Q) 0.
Q
We can get Q= De 9, I3=£+C, the maximum supply chain’s profit
a
_ De—(1+ac)
R.(Q)- 2

a
According to the conclusions drawn by Cachon in research [6] we know if
w=g6c—c,, where 0<6 <1, the supply chain is coordinated. @ is the retail-

er’s share of the supply chain’s profit. We call this coordination mechanism the
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original strategy.

3. Centralized Decision-Making with Demand Disruption

Supply chain works as a system under the case of centralized decision-making,
in order to maximize the profit. The parameters c and p are decision variables.
We determine an optimal order quantity to achieve Pareto Optimality. AD,
Ac, Ao represents the changed amount of market scale, product cost and
price sensitive coefficient, respectively. Only if AD+D>0, Ac+c>0,

Aa+a >0 does the case have practical meaning. When emergencies occur, the

supply chain’s profit is:
1 D+AD —\+ _ N
RSC(Q):Q[OHAaln 5 —(C+Ac)]—k1(Q—Q) -k (Q-Q) (M

when (x)"=max{0,x}, k, represents the unit penalty cost for one unit in-
crement and Kk, represents the unit penalty cost for one unit increment paid by
supplier. (Q -Q )+ and (6 - Q)+ are mutually exclusive events.

We assume Q° is the optimal order quantity of (1).

Lemma 1. When AD > (eAC(‘”A“) —1) D,wehave Q" >Q; When
AD < (eAC(MA“) —1) D,wehave Q" <Q.

Proof of Lemma 1:
We make an assumption when AD > (eAC(’”A“) —1) D,wehave Q" <Q.

F. (Q*)=Q*( L p2xal —(C+Ac)j—"z(6‘Q*)

a+Aa Q

- 1 D * 1 D+AD =~
-Q (a+AaInQ*—c]+Q (MM In 5 —ch—kz(Q—Q )
(1 D (1 D+AD .
<Q(a+Aa Ina—cj+Q(a+Aaln 5 —ch—kz(Q—Q )

= 1 D 1 D+AD =
< I —_ I - Al :R
Q[a+Aa nQ+a+Aa "D (c+ c)] «(9)

We can see that Q" makes the maximum R_(Q), so the assumption we

made is a false proposition, that is, When AD > (eAC(‘”A“) —1) D, we have
Q" > Q. In the same way we can obtain that When AD < (eAC(’”A“) —1) D, we

have Q" <Q. Solemma 1 is proved.

Then we classify the disruption influence by AD.

When AD > (eAC(‘”A“) —1) D, from lemma 1, we can know the supply chain’s
profit is:

RSC<Q)=Q[ L ,D+aD

a+Aa

—(C+Ac)]—kl (@-Q) (2)

The optimal order quantity is the one that makes the maximum R (Q* )

Then we can obtain the first-order derivatives of R (Q) with respectto Q.
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R, (Q)
Q
1)If AD> [ekl(a*A“)J'Ac(“*A“)”Aa —1} D, there exists a quantity Q, among the

=0,Wecanget Q =(D+ AD)e{H(HAHkl)(MM)] .

interval [(3 : +oo) , that makes the maximum R, (Q), and

x - . 1
=Q =(D+AD)e [Heraerhlleran] - pe +C+HACHK, .
Q== ) P a+Aa !

2) If (eAC(MAa) —1) D<AD< [ekl(“+A“)+A°(“+A“)+CA“ —1} D, there isn’t a quanti-

ty Q among the interval [6 +oo) that makes the maximum R (Q*). When

1 [D+AD] 1+ac
In +

" =Q = De ™ | the optimal retail price p” = .
Q" =Q P price B = A D a+Aa

4. Decentralized Decision-Making with Demand Disruption

Supplier and retailer make decisions independently under the case of decentra-
lized decision-making. Supplier should offer a suitable wholesale price to induce
the retailer to order a proper quantity.

Lemma 2. After emergencies happens, supplier adopts a new revenue sharing
contract, contract parameters combination is (W,H), the new wholesale price
k(Q-Q) +k,(Q-Q)

Q

R, =60R,, and coordinate the supply chain. We call this coordination mechan-

w=60|Cc+Ac+

—C, . In this way we can make

ism the new strategy.

Proof of Lemma 2:

1 D+AD
R, =60Q a+Aam ) -wQ-c,Q
=6Q ! InD+AD -Q| 0 c+Ac+k1( _6)++k2<6_Q)+ -c, |—cQ
a+Aa Q Q Tl
oo L _nBAD)_ 0 C+Ac+k1(Q—Q) +k,(Q-Q)
a+Aa Q Q
1 D+AD —\+ = +
=0Q| = —(c+Ac)J—6’[kl(Q—Q) +k2(Q—Q)}
:aRsc

The retailer’s profit function is an affine transformation of the supply chain’s
for all @, through the parameter € (0<6<1), we can allocate the supply
chain’s total profit between supplier and retailer arbitrarily, so the supply chain
is coordinated. If we leave out the unit retail cost C , w can be written as
k(Q-Q) +k,(Q-Q)

Q

der decentralized decision-making, we can see that the price sensitive coefficient

d| c+Ac+

. Compared with the wholesale price un-
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disruption has nothing to do with the adjustment of optimal wholesale price.

5. Numerical Examples

We assume the original market scale D =100, supplier’s unit production cost
C, =4, retailer’s unit retail cost ¢, =1, price sensitive coefficient a =0.2. Ac-
cording to the first part of this paper we know Q" =13.5, P" =10, supply
chain’s total profit is 67.5. We suppose that in the supply chain, the supplier is
the leader who is in a powerful position, having 60% profit of the supply chain,
then the retailer’s profit is 40%, so @ =0.4, wW=1. The supplier’s and retailer’s
profits are 40.5 and 27.

If the decision makers don’t realize the influence of emergencies on supply
chain, fails to adjust retail price timely and continues to use the original strategy,
we can get the profit of original strategy. In the similar way, we can get the profit
of new strategy. Results are analyzed to indicate the difference, which is as fol-
lows. The effect of the three factors on the system is shown in Table 1.

The examples shown above prove that when emergencies occur, the supplier
can offer a proper wto the retailer. We can see from Table 1 that system makes
more profit with new strategy than original one, which means new contract in-

deed has great advantages over the original one.

6. Conclusions

This paper establishes models to investigate the effect of market scale, produc-
tion cost and price-sensitive coefficient disruption on the supply chain system
robustness with exponential demand function. We design a combination of ap-
propriate contract parameters to make the optimal decisions under a decentra-
lized decision-making situation to achieve the centralized level. We classify the
influence caused by emergencies into safety range and dangerous range accord-
ing to the market scale. The safety range is an interval in which the optimal deci-
sions are free from disruption, the retailer needn’t change order strategies be-
cause the system itself can resist the risks; the dangerous range is an interval in
which the retailer has to adjust both pricing strategies and order strategies. The
improved revenue-sharing contract has greater robustness which can coordinate

the supply chain better after disruption and can also realize the optimal allocation

Table 1. Comparison of profit and wholesale price under different parameters.

Sensiti
Demand C:;;L:Z; Cost Supply chain’s profit
w
Profit of original ~ Profit of new
AD Aa Ac
strategy strategy
Case 1 60 0.02 -0.02 84.56 85.00 0.99
Case 2 30 -0.02 0.02 78.23 103.76 1.07
Case 3 -10 0.02 -0.1 46.32 61.18 0.96
Case 4 —40 -0.02 0.1 44.9 45.8 1.16
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of the supply chain’s total profit. The numerical examples prove that the im-
proved contract has considerable advantages.

This article also has many shortcomings. This article only studied a supply
chain which is consisted of one supplier and one retailer, while in reality, the
supply chain is complex. And the application research combined with the actual

enterprise is the focus of future research in this paper.
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