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Abstract. This paper mainly focuses on the supplier and retailer how to deal with the supply
disruption when it has happened. To end this, we establish a model which consists of a retailer, a
supplier and a spot market. To get benchmark, we first investigate optimal decisions under the
normal situation. Subsequently, we study the situation of supply disruption and get optimal decision
of replenishment under two scenarios: centralized supply chain and decentralized supply chain.
Comparing these results, we then find that the replenishment decision under decentralized supply
chain is not consistent with that under centralized supply chain in most cases. It implies that supplier
makes replenishment decision just according to her own situation which may undermine the supply
chain’s profits. To solve this issue, we finally develop a subsidy mechanism to achieve supply chain
coordination and get the feasible range of parameter to lead win-win outcomes under supply
disruption situation.

Introduction

Supply disruption means that the supplier's supply capacity cannot meet the requirements of the
original order due to various reasons. The phenomenon of supply disruption has always existed. But
with the following conditions, probability of disruption increases rapidly.

Firstly, with the increasing of land price and the uncertainty of market demand, inventory holding
cost and risk increase rapidly. In order to reduce the cost and risk, many companies began to reduce
their inventory level and even adopt just-in-time inventory. The low level of inventory leads
probability of disruption to increase. Secondly, globalization business leads to increase the distance
between the members of supply chain which greatly increase the uncertainty of logistic. It also
increases the probability of disruption. For the supply chain of agricultural product, because
agricultural product is perishable, inventory holding cost and risk is more than general product and
the uncertainty of logistic also has more impact on agricultural product. Therefore, comparing with
the general supply chain, the supply chain of agricultural product has a greater possibility of
disruption.

Based above, many researchers begin to study how to deal with the supply disruption. These
researches can be divided into two streams. The one stream is to study how to do before the supply
disruption. Hendricks and Singhal (2005) first study impact of supply disruption on the enterprise’s
performance, and propose some suggestions for this issue [1]. Sarkar and Mohapatra (2009) study
optimal decision of supplier scale under different supply risk [2]. Pal et al. (2012) study the order
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decision of manufacturer when the supply disruption may happen under multi-echelon supply chain
[3]. Hu et al. (2013) develop a combination of overproduction risk sharing and buy-back contracts
with a side payment to the backup supplier which can coordinate the supply chain under the risk of
supply disruption [4]. Giilpwnara et al. (2014) study on how to determine robust investment strategies
in petroleum markets under the risk of supply disruption [5]. Habermann et al. (2015) explore two
supply chain design strategies to reduce the loss when the supply disruption may happen [6]. The
other stream is to study how to deal with the supply disruption when it has happen. Zhu (2013) study
a joint decision problem for production, pricing strategies when the supply disruption happens [7].
He etal. (2015) propose an emergency procurement strategy to deal with the supply disruption [8].

This paper belongs to the second stream. However, almost all extant research just investigates
retailer’s optimal decision. This paper is not only from retailer’s perspective, but also study the
supplier’s optimal replenishment decision. In additional, this paper also develops a subsidy
mechanism to achieve the supply chain coordination after the supply disruption happened.

Model description and normal analysis

Model description. Consider an agricultural supply chain with a supplier (she), a retailer (he) and
a spot market. Under the normal situation, the supplier produces a single product at cost C per unit
and supplies the retailer at a unit wholesale price w,. Meanwhile, the supplier provides a quantity
discount contract to achieve supply chain coordination. The quantity discount contract means that if
the retailer’s ordering quantity is more than discount point t, the wholesale price will decrease to
(1-2)w,;,0 <A< 1. The retailer faces a newsvendor problem and his customer demand is D with
a cumulative probability distribution F(-). He purchases q, from the supplier and sells to customers
at unit price p. A unit salvage value is v if the product does not sell at end of sales period. When
the supply disruption happens, the supplier’s supply capacity T cannot meet the original ordering
quantity. At that moment, the supplier can replenish product q, from a spot market at a unit
price w,, c¢<w, < p. We use I and ¢ denote the profit function under normal situation and
disruption situation respectively.

Normal analysis. Based on above description, we know that the supply chain achieve
coordination by using a quantity discount contract under the normal situation. Lal and Staelin(1984)
discuss in detail how to use the quantity discount contract to coordinate supply chain [9]. Based on it,
we can get the following optimal decisions: optimal ordering quantity q; =F *[(p—¢)/(p— V)],
discount point t = q}, and wholesale price (1 —2)w,. qf denotes the optimal ordering quantity in
decentralized supply chain under the normal situation.

Replenishment decision under supply disruption

Centralized supply chain. In the centralized supply chain, the supplier and retailer act like they
belong to the same parent-company. So the common goal is to maximize the total profit of the entire
supply chain. The centralized supply chain’s expected profit under disruption, denoted as T3¢ | is:

M3(Q) = pS(Q) + v[Q = S(Q] — T — w,(Q-T) T<Q=<gq; @)
We then can get the following proposition:
Proposition 1. In the centralized supply chain, the optimal replenishment quantity under supply
disruption is g5 = max[Q"— T, 0].
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From Proposition 1, we know that if supply disruption happens, the supplier should replenish g3
which can maximize profit of supply chain, i.e., use the minimal loss to cope with the disruption. In
additional, because w, > c, we can get optimal supply quantity Q* is less than original ordering
quantity qj.

Decentralized supply chain. In the decentralized supply chain, the supplier will make
replenishment decision independently to maximize her own profit. The supplier’s expected profit
under disruption, denoted as T5¢, is:

M34(Q) = Q1 —Mw; — cT — w,(Q-T) T<Q<q] 2

We then can get the following proposition:

Proposition 2. In the decentralized supply chain, the supplier’s optimal replenishment quantity
q> under supply disruption is as follow. If (1-Vw; =>w,,qd=q;—T; if (1-Dw,; < w,,
q2 =q; — T.

From Proposition 2, we know that supplier should decide her replenishment quantity according to
the relation between replenishment price and the original wholesale price.

We next study how many supply quantity the retailer hopes the supplier to provide when supply
disruption happens. In the normal situation, only if the retailer’s ordering quantity is more than
discount point qj, he can purchase from supplier at a unit wholesale price (1 —A)w,. However,
under supply disruption, the retailer can a get product at a unit wholesale price (1 —A)w,; when
supplier’s supply quantity is less than q7. Therefore, The retailer’s expected profit under disruption,
denoted as 159, is:

M34(Q) = pS(Q + v[Q - S(Q] = (1 = Vw,Q T<Q<q; )

Taking Eq. (5) the first order condition with respect to Q and makes it equal to O, we can have:

M(Q = (p-vS@Q —[1-NVw, —v]=0 T<Q<gq; (6)
The solution of Eq. (6) is:
e P A =Dy
G =FC— )

Because (1—2A)w, >c, we can get Q; <qj. Based on above, we can get the following
proposition:

Proposition 3. In the decentralized supply chain, the retailer hopes the supplier to provide

Qr = F‘l(p_(;_%) which is less than original ordering quantity q3 under supply disruption.

From proposition 2, we know that when supply disruption happens, the retailer does not hope the
supplier to provide original ordering quantity for him, while is less than this quantity. It is consistent
with centralized supply chain.

Supply chain coordination

According to Cachon [10], feasible coordinating mechanism should first provide incentives for
the members of the decentralized supply chain to make decisions consistent with centralized supply
chain, i.e., q9 = q. Second, arbitrary divisions of the supply chain’s profit can be implemented by
adjusting contractual parameters. We firstly compare q9 and qj. The results in detailed are shown
in table 1.
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Table 1  Supply chain coordination conditions under supply disruption

_ . Coordinatio
Detailed cases q3 42 n conditions
1-Dw, 2w,, Q*=T q; =T Q-T NO
(1-Dw, 2w, Q' <T q;—T 0 NO
(1—Dw, <w,» Q=T 0 Q" —T NO
1-Dw;, <w,, Q*<T 0 0 YES

From table 1, we find that except for last case, the supply chain does not achieve coordination
under other cases. Therefore, we will develop a mechanism which can derive the supplier to set
replenishment quantity equal to q5 and lead to win-win outcomes. We first discuss the first case,
e, 1-Dw;=>w,, Q"=>T.

Under the first case, the supplier’ optimal replenishment quantity q5 is more than q;. If we want
supplier to reduce her replenishment quantity, we need to make her profits under q; is more than
that under q9. Therefore, we need to establish a profits transfer mechanism which can transfer a part
of increased profits of retailer to the supplier. This paper will propose a subsidy mechanism to
achieve it. This mechanism means that if the supplier’ supply quantity Q (Q = q5+T) is less than
Q" under supply disruption, the retailer provide aw, (o > 0) subsidy per unit for supplier. Under
this mechanism, the supplier and retailer’s expected profit, denoted as TT5¢ and 159, are:

Supplier’s expected profit:

sarm _ (Ql=2+)w; —cT —w,(Q—T) T<Q<Q*
() =| 0 =D, — T —w,(Q=T) Q> Q" @)
Retailer’s expected profit:
M34(0) = {pS(Q)+v[Q—S(Q)] -1-2+2w,Q T<Q=( @)
" pS(Q) +v[Q -S(@Q] -1 -Dw,Q Q>Q”

Based on Proposition 1-2, we know that when the supply quantity Q deceases from qj to Q*,
the profits of supply chain increases. So the retailer’s increased profits is more than supplier’s
decreased profits when Q deceases from qj to Q*. Therefore, we can find the suitable range of
to lead the retailer and supplier to achieve win-win outcomes. To achieve win-win outcomes, «
must satisfy the following inequality:

{ Q-2+ a)w, —w(Q*—T) 2 qg; (1 —Dw; —wy(q; —T) ©)
pS(@*)+v[Q* —S@M)] -1 -2+ d)w;Q* 2 pS(gy) +vlg —S(g)]— (1 — Dwy gy

The solution of Ineq. (9) is:

wE [(q{‘ —Q)[(A = Dw; — wy] (p=v)ISQ")—S(g)]+ (q1 —Q)[A = Dw; — V]
w1 Q" ’ w1Q"

From above, we can get the following proposition:

Proposition 4. When (1 -2A)w, = w, and Q* =T, if the supplier’s supply quantity Q is less
than Q" under supply disruption, the retailer provide oaw, subsidy per unit for supplier which can

lead supply chain to coordinate. Where
o€ [(qi—Q*)[(l—le—wZ] (p—v)[S(Q*)—S(qi)]+(q;—o*)[(1—/1)w1-v]]
w,Q* ’ w,Q* '

We adopt the same method to study the other two cases. And then we can get the following
propositions

Proposition 5. When (1 -A)w, = w, and Q* < T, if the supplier’s supply quantity Q is less
than T under supply disruption, the retailer provide aw, subsidy per unit for supplier which can
(@-T)[(1-Dw,—w,] (p—v)[s(T)—s(qD]+(qI—T)[(1—/1)w1—V]]_

)

lead supply chain to coordinate. Where « € [

w,T w4, T
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Proposition 6. When (1 -2 w,; < w, and Q* =T, if the supplier’s supply quantity Q is more
than Q™ under supply disruption, the retailer provide oaw, subsidy per unit for supplier which can
(1-D w,—w,] (p—v)[S(Q*)—S(T)]+(T—Q*)[(1—/1)w1—v]]
w,Q" ! w,Q" '
Propositions 4-6 imply that when the retailer provide subsidy for supplier under supply disruption,
he should pay more attention on the actual situation, such as, replenishment price and the rest of

supply capacity.

lead supply chain to coordinate. Where a € [(T_Q*)[

Conclusions and further research

This paper gets the optimal replenishment decision in the centralized and decentralized supply
chain under supply disruption. By comparing these results between the centralized and decentralized
supply chain, we find that the replenishment decision under decentralized supply chain is not
consistent with that under centralized supply chain in most cases. To solve this issue, we develop a
subsidy mechanism and obtain the feasible range of parameter to achieve win-win outcomes.

We also find a useful managerial insight. When the supply disruption happens, the supplier does
not immediately make the replenishment decision just according to her own situation. Meanwhile,
the retailers also does not force supplier to meet original ordering quantity. They should work
together to make replenishment decision on the basis of replenishment price and the rest of supply
capacity, which can effectively reduce the loss caused by the supply disruption.

Two possible extensions of this work can be adopted. Firstly, instead of just considering the
supply disruption, we next will consider supply disruption and demand disruption simultaneously.
Secondly, instead of just considering single retailer and single supplier, we next will extend the
model to multiple retailers or suppliers.
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