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Abstract

One approach to supply chain coordination is early order commitment, whereby a retailer commits to purchase a fixed-
order quantity at a fixed delivery time before demand uncertainty is resolved. In this paper, we develop an analytical model
to quantify the cost savings of an early order commitment in a two-level supply chain where demand is serially correlated.
A decision rule is derived to determine whether early order commitment will benefit the supply chain, and accordingly to
determine the optimal timing for early commitment. Our results indicate that the supply chain would experience greater
savings from early order commitment when – (a) the inventory item receives less value-added activities at the retailer site;
(b) the manufacturing lead time is short; (c) demand correlation over time is positive but weak; or (d) the delivery lead time
is long (if a condition exists). We also propose a rebate scheme for the supply chain partners to share the gains of practicing
early order commitment.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Effective supply chain management requires coordination between members of the supply chain. By coor-
dinating activities across company boundaries, it is believed that significant benefits can be achieved for the
partners in a supply chain. Previous research has recognized different approaches to supply chain coordina-
tion. One such approach is to share real-time demand data collected at the points of sale with upstream sup-
pliers (Lee et al., 2000; Cachon and Fisher, 2000; Raghunathan, 2001). Another approach uses a collaborative,
centralized forecasting mechanism (Chen et al., 2000a,b; Xu et al., 2001; Aviv, 2001). And yet another
approach is to adopt a vendor managed inventory (VMI) in which the vendor is authorized to manage the
replenishment process (Fry et al., 2001; Aviv, 2002). These streams of research reveal that supply chain
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coordination can significantly enhance the performance of the supply chain by reducing the ‘‘bullwhip effect’’
(Lee et al., 1997), a phenomenon of demand variability amplification along a supply chain from downstream
members to their suppliers.

Nonetheless, these approaches to supply chain coordination do not prevent a buyer from canceling an order
or from changing the order quantity and delivery time. Such order cancellation or revision would still cause the
bullwhip effect along a supply chain. Therefore, it is to the seller’s advantage to encourage buyers to commit to
their purchase orders before actual production begins. Fisher and Raman (1996) help a fashion skiwear firm use
early orders to revise and improve sales forecasts. Iyer and Bergen (1997) report that explicit total quantity vol-
ume, or dollar volume commitments, from retailers helped a supplier procure materials, schedule production,
and better utilize capacity (Iyer and Bergen, 1997). In this paper, early order commitment (EOC) means that a
retailer commits to purchase from a manufacturer a fixed order quantity, for a specific delivery time, before the
real need occurs. This order, once placed, cannot be cancelled. Generally speaking, the effect of EOC on supply
chain performance is intuitively clear. On the one hand, EOC increases a retailer’s risk of mis-estimating the
demand and thus increasing the inventory holding and shortage costs. On the other hand, EOC helps the man-
ufacturer reduce inventory holding and shortage costs because of reduced exposure to demand risk. Zhao et al.
(2002) conduct extensive simulation studies on the effect of EOC on supply chain performance under various
operational conditions, including demand pattern, forecast errors, cost structure, number of retailers, and
capacity cushion. These studies find that the EOC benefits are only valid within a feasible range of order com-
mitment periods, which are affected by these operational conditions. Furthermore, they show that EOC pro-
duces substantial cost savings for the manufacturer, but increases costs for the retailer.

To entice buyers to commit orders earlier, two types of incentive are common. In some industries, suppliers
provide price discounts or better payment terms to buyers in exchange for the commitment of their purchase
orders. For example, Gilbert and Ballou (1999) conduct an analysis of a steel distribution supply chain, and
quantify the maximum discount that can be offered to consumers who commit to orders in advance. Cvsa and
Gilbert (2002) examine the tradeoff between early order commitment and order postponement in the context
of competition. Using a game theory model involving a monopolistic supplier without capacity constraint and
two duopolistic buyers, they find that a supplier can influence the form of competition in the downstream mar-
ket. Such a finding provides another justification for the use of EOC even in the absence of capacity or lead
time considerations. In the second type of incentive, a buyer can permit a supplier to offer value-added ser-
vices, such as faster replenishment time, or vendor managed inventory, in lieu of price recessions (Iyer and
Bergen, 1997; Lee et al., 2000). In this paper, we develop a rebate scheme that varies with the duration of
EOC and allows the supply chain partners to split the net savings resulting from EOC.

To maximize the cost savings from EOC, the members at different levels of the supply chain should make the
tradeoff based on a careful evaluation of both the costs and the benefits. However, to date no general analytical
model has been available to quantify the effect of EOC, or to guide the decision of the retailer on how early to
commit orders. This paper proposes such an analytical model to quantify the effects of EOC on the performance
of a simple two-level supply chain consisting of a manufacturer and a retailer. The end demand is a non-stationary
auto-regressive AR(1) process which is prevalent in the high-technology and grocery industries (Lee et al., 2000).
Studying an AR(1) demand process increases the complexity of the model but makes the model more realistic
than using the typical assumption of independent identical demand found in the literature. Our analyses show
that the EOC is more beneficial when the cost structure ratio between the retailer and the manufacturer is lower,
the manufacturing lead time is shorter, the delivery lead time is longer, and the demand correlation is positive but
weak. A decision rule is developed to determine whether EOC can benefit the supply chain and accordingly
choose the optimal period for early commitment. A rebate scheme is developed to induce the retailer’s participa-
tion in EOC and help determine how the two parties should split the net savings from practicing EOC.

2. The supply chain model

2.1. Basic assumptions

The basic assumptions of the model in this paper are similar to those proposed by LST (Lee et al., 2000).
The supply chain is assumed to be composed of a manufacturer and a retailer. The retailer faces an external
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