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Abstract

During early 90s, Saturn Corporation implemented a customer-oriented after-sales supply chain strategy to improve parts availability to end customers, aiming at matching the criticality of customers’ need for parts. The core of the Saturn strategy lies in joint inventory management, enabled by collaboration, information sharing, and incentive rewards. The on-going research initiatives are motivated by Saturn’s success, while extending it beyond to further address a number of practical yet challenging issues such as optimizing retailer inventory pooling and allocation, optimizing incentive programs, and collaborating with upstream suppliers in planning and sales/order forecasting in addition to the partnership with downstream retailers. We discuss after-sales supply chain coordination and also share related automotive experiences and vision of CPFR (Collaborative Planning Forecasting and Replenishment) in the automotive after-sales applications.

1. Introduction 

For manufacturing industries, product development, production, and product sales and marketing are usually considered as core business functions. Their associated business units are typically targeted as a profit center.  Most people may or may not aware that, as a matter of fact, there exists another influential function, which is the last segment of OEMs (Original Equipment Manufacturers) fulfillment chains - after-sales service and parts operations. As AMR Research [1] has observed in general, after-sales service, while only accounting for 24 percent of total revenue, contributes 40 to 80 percent of profit. According to Forrest Brief “2003: Firms Seize Aftermarket Opportunities”, over the next decade, many manufactures’ revenue base is expected to shift from product sales to service delivery.  

In particular, after-sales business is essential in the automotive industry. Successful after-sales service and parts operations management is vital to ensuring end customers of positive ownership experience throughout the life of the vehicle, promoting customer enthusiasm, thus helping 
OEMs maintain or capture a larger portion of market share. The automotive aftermarket opportunities are undoubtedly substantial.  According to 2000 Vehicle parc - World Auto Report and 2000 Retail Aftermarket - Mars Co., the global retail aftermarket had $625 Billion revenue, with 756 Million of the total vehicle population. Among them, North American region had the largest share, with 
$275 Billion retail revenue and 253 Million vehicles on road. In terms of retail market, service parts and accessories roughly represent 45% of the market, while installation labor, and tires, glass, oil, and chemicals represent 36% and 16% of the market, respectively. 

At General Motors (GM), Service Parts Operations (SPO) is the corporate organization that markets automotive replacement parts and accessories worldwide for both GM and non-GM vehicles. GMSPO has the mission of providing “the right quantity of the right parts in the right place at the right time”.  In particular for service parts, the goal is to support GM dealers to deliver a highly valued service experience to every customer, every time. For accessories, it is aimed at helping
 GM dealers sell more vehicles by offering “Gotta Have” accessories tailored for the customers’ vehicle. In order for GMSPO to achieve their goals via working with GM dealers to profitably deliver excellent parts and accessories availability, effective demand forecasting and optimal inventory management in the service and parts operations is crucial.

The next section shares the “pain points” and challenges in the automotive after-sales supply chain management.  In Section 3, we review some past research work in multi-echelon inventory optimization and then introduce Saturn parts inventory system as a successful implementation of collaborative replenishment business model.  Inspired by Saturn’s success, a number of practical yet challenging issues are discussed in extending the Saturn model.  Further, Section 4 addresses the research issues in applying collaborative forecasting to the automotive after-sales business. Finally, we conclude in Section 5 with our research directions as well as vision of adopting collaborative planning forecasting and replenishment (CPFR) framework to the automotive after-sales supply chain.

2.  Automotive After-sales Supply Chain Challenges 

To understand the “pain points” and challenges in the automotive after-sales supply chain management, one has to first comprehend that GMSPO after-sales supply chain [2] is rather complex. It is a multi-level distribution network, with processing plants and other processing centers on the higher echelon, and PDC’s (parts distribution centers) as well as other warehousing centers on the lower echelon. The processing plants not only warehouse the parts like PDC’s do, but also carry the functions of painting, packaging, and kitting. Roughly, GMSPO handles about 600,000 part numbers sourced by more than 4,000 suppliers in North America. Over 8,000 customers are serviced by GMSPO, including 7,500 dealers, several hundred warehouse distributors, etc. 
 Managing such a complex multi-level inventory and distribution network itself is a significant challenge. 

Secondly, it has been revealed through some GMSPO early investigations that customer-facing locations such as dealerships often experienced undesirable stockouts, although the service level between echelons at GMSPO was quite acceptable.  Dealer stockouts directly resulted in increased expedite costs for emergency orders or unsatisfactory services to vehicle owners due to parts shortage. Consequently, it raised a warning that effectively managing GMSPO multi-echelon inventory system improved internal inventory turnover and “off-the-shelf” availability; however, there existed a linkage problem between GMSPO and their customers, i.e. GM dealers.

Thirdly - from demand forecasting perspective, during mid 90’s GMSPO benchmarked the best practices in service parts forecasting and demand management, and invested in the advanced software tools to enhance its demand forecasting and inventory optimization functions. However, the forecasting efforts primarily occurred at the PDC level that was based on GMSPO shipment history or dealer order history; therefore essentially represented the dealers perceived needs and not actual consumer demand.  Without knowing the exact characteristics of end consumers’ buying behavior, forecasting accuracy improvement through investing advanced software was limited.  Moreover, the forecast typically was updated based on monthly sales report at the beginning of the month, but the actual demand could change on a daily basis.  The fluctuations in demand not being visible in a synchronized fashion therefore made it difficult to effectively respond to the demand changes.

Fourthly, besides an absent view of end customer demand, lack of visibility to inventory level and order/shipment status was gradually identified as a serious issue for improving service parts inventory management. In the last few years, the implementation of visibility systems has become an effort in order to monitor actual supply chain activities, which allows us to track the status of orders and shipments as well as receive notification when problems occur such as unconfirmed orders, short shipments and late shipments. Often, there is a disconnection in the sense that actual supply chain performance monitoring was not fully integrated into inventory management, which otherwise could recalibrate inventory policies in a more effective and responsive fashion.

Last, but not least, service parts suppliers who are on the most upstream segment of supply chains often face a dilemma.  Compared to their supply chain partners, suppliers have even less visibility to the actual demand from end customers.  Besides their own shipment records, suppliers could have used GMSPO order forecast for their demand forecasting and capacity planning. However, due to lack of supply chain demand visibility, inventory managers tend to over-react to demand variation, resulting in a higher variability of order quantities than the variability of the actual demand.  As a result, the enlarged variability gets propagated towards upstream.  This, commonly known as bullwhip effect, has led to excess inventory by suppliers in order to achieve the targeted service level for their customers.  

How has the automotive industry undertaken the aforementioned “pain points” and challenges?  Achieving multi-echelon network inventory optimization is the first leap taken to improve the “off-the-shelf” parts availability to GM dealers with a reduced level of inventory. Nevertheless, dealers are intermediate customers to GM; and dealer demand projections do not necessarily represent the true buying behavior of end customers. To bridge between GMSPO and their end customer needs, collaboration with dealership in inventory management is recognized as a key. Similarly for suppliers to gain the supply chain visibility in demand planning, supplier collaboration needs to be explored.

3. Collaborative Multi-Echelon Replenishment

In this section, we will briefly review some key research work in multi-echelon inventory optimization area, where the multi-echelon inventory network structure is explicitly addressed to capture the interactive impact of replenishment strategies of one echelon on another. We will then introduce Saturn case study on collaborating with dealers in joint inventory management.  Research motivations and questions are further discussed.

In fact, multi-echelon inventory optimization has received a great deal of attention in the literature since late 1970s. Muckstadt and Thomas [3] first studied and compared the single-echelon method (level decomposition) and the multi-echelon method (item decomposition). By definition, the level decomposition method determines stock levels for each item at each location, so that an aggregate service level can be achieved at a minimum cost of inventory investment. Item decomposition, however, simultaneously sets the stock levels for all items at each location with a time-weighted objective function (the expected time to satisfy a customer demand). Throughout most of the performance range in the simulation studies, the level decomposition approach requires close to twice as much inventory investment as used by the item decomposition approach to achieve the same service level. As concluded by the authors, the larger the number of low demand items and the tighter the inventory budget, the more important it will be to use the multi-echelon method.
Cohen et al. [4] first examined, for a single-product and single-location parts inventory system, two prioritized demand classes, namely, normal replenishment and emergency shipment.  Excess demand is treated as lost sales.  An approximate, renewal-based model is derived to minimize the expected costs subject to a service level constraint. This model serves as a building block for multi-echelon, multi-product inventory management framework where lost sales are passed up as demand to higher echelons [5].  The major contributions of [5] lie in: (1) exploring the feasibility of direct estimation of pass-up demand variables; (2) using nonlinear, least-squares regression to estimate the variance of the pass-up demand variables; and (3) developing a bottom-up, location-by-location, echelon-by-echelon decomposition procedure that is repeated until all locations through the highest echelon have been analyzed for all parts. Cohen et al. [6] further extended the multi-echelon stochastic inventory model in [5] by considering a unique set of characteristics such as low demand rate, high cost items, complex echelon structures, and time-weighted service levels. Demand probability distributions in the multi-echelon network are estimated in a systematic manner. Namely, direct customer demand is specified by the part failure rate as well as the number of machines installed at the customer location. Higher-level demand distributions are determined with additional information such as stock quantity at each location, stock pooling mechanisms, and available emergency transportation routings. Excess demand/supply, total inventory, and total emergency shipments are derived recursively for each echelon until reaching the highest echelon.  A nonlinear mathematical program is developed to minimize the total costs of emergency shipments, inventory-holding, and normal transportation, subject to response time constraints. 

Lee [7] from Evant summarizes the key differences, in dealing with multi-echelon inventory management, between the true multi-echelon approach and other two approaches: sequential approach and DRP (distribution requirements planning) approach.  It is concluded that multi-echelon inventory optimization is superior to traditional single echelon analysis as it incorporates a network view, thus a ‘network-aware’ optimization approach. 
Given the complex parts inventory and distribution network at GMSPO, multi-echelon inventory optimization is vital to achieving effective parts inventory management.  Meanwhile, we recognize that that cannot resolve all the problems in the after-sales supply chain management, yet that the collaboration between GMSPO and their dealers be a business imperative to reduce demand uncertainty in the supply chain by shifting the push-pull boundary towards end customers.

In fact, Saturn, as a new company launched by GM in late 1980’s, has implemented a new service supply chain strategy [8]. Much of it was to experiment at a smaller scale with a “Greenfield”. The heart of the Saturn service supply chain strategy is to collaborate with Saturn dealers and jointly manage dealer inventory in order to ensure excellent parts availability for its customers.  Specifically, dealers agree to share its real-time inventory and daily demand information with Saturn, based on which Saturn makes stocking policy recommendation for their dealers on each SKU. Dealers can simply accept Saturn’s recommendation as well as have the authority of changing or rejecting the suggestions based on their own judgment. 

In encouraging dealers to share information as well as have dealer inventories not below Saturn’s suggested levels, Saturn designed their incentive strategies to ensure that both the risks and rewards of the collaboration are appropriately shared.  For instance, all transportation is at Saturn’s expense except for the parts that dealers choose to reject the stock policies suggested by Saturn system, in which case the emergency premium will be at the dealer’s expense and Saturn is not responsible for potential shortage and emergency shipment.  Also, dealer inventories are encouraged to pool and the offering dealer will be rewarded for sharing the parts. 
Furthermore, Saturn promises dealers a peace of mind by offering parts obsolescence protection.  Any dealer inventory that has not in demand over the past 9 months can be automatically identified and arranged to return, all at Saturn’s expense.  

The implementation of Saturn customer-oriented strategy has helped the company achieve a successful customer satisfaction in after-sales services.  Demonstrated by J.D. Power CSI Spring 2000 and GMSPO competitive dealer satisfaction survey, Saturn has clearly gained a significant edge in the service dimension of the industry. 

Now the fundamental question remains as whether Saturn’s success on the customer-oriented parts supply chain strategy can be extended to GMSPO. Keep in mind that Saturn has two major advantages. First, Saturn had a brand new dealer network 
to start with in facilitating a collaborative partnership. Dealers have to agree to share the ownership of inventory control when they sign up with Saturn. However, GM dealership has a legacy of franchise-based system.  GM dealers can choose not to share with GMSPO the visibility of their inventory and sales, or the ownership of inventory management.  Second, Saturn service parts supply chain is much smaller and cleaner, compared to GMSPO, in terms of product portfolio, inventory and distribution structure, dealer network, etc.  

Therefore, we need to further examine the following questions: how can we foster a collaborative relationship with GM franchised dealership to enable information sharing and joint inventory management?  Should GMSPO adopt the same incentive programs as Saturn did to entice GM dealers? What would be the cost-effective incentive strategies appropriate for GMSPO? 

In addition, the
 idea of sharing inventory among neighboring parts dealers has been in practices by not only Saturn dealers (with a parts locator) but also other dealers (mostly in an informal manner). The motivation is to increase parts availability and customer satisfaction. However, in either case (with or without parts locator), inventory pooling has not been explicitly incorporated into demand planning and inventory management by parts distribution channels and dealers. How should we form inventory-pooling groups for dealers as well as PDCs, given the current GM dealer network? What would be the optimal inventory allocation strategies for the inventory-pooling groups? Again, GM dealers can choose not to formally participate in the pooling groups, even though they are practically doing the similar thing. How can we quantify the benefits of inventory pooling in reducing average dealer inventory level while improving service level so that dealers are encouraged to participate? What additional incentive strategies would enhance the collaborative partnership with dealers?

Recap that in this section, we have discussed the collaborative multi-echelon replenishment that has a primary focus on the collaboration with dealers on replenishment process. The collaboration with dealers provides visibility of demand and inventory at dealership, which allows manufacturers such as Saturn access to point of sales information to trigger replenishment closer to actual point of sales. The established alignments between demand and replenishment have led to significant improvements in parts availability, inventory turns, and emergency cost reduction.

What we have not explicitly addressed so far is how to pass the visibility to consumer demand farther upstream to better align supply with demand. The solution to that question will not only assist suppliers in reserving the right capacity to meet true demand but also reduce the variations within the supply chain and enable better supply chain planning overall.  And the solution lies in the concept of collaborative forecasting.

4. Collaborative Forecasting

Collaborative forecasting is an interactive process fostered in a collaborative environment where supply chain partners can share relevant information and co-manage forecast requirements. The essence of collaborative forecasting is not about simply pushing the forecast from a customer to a supplier as was typical with EDI system, but to combine the intelligence of supply chain trading partners in a collaborative manner to refine capacity and replenishment plans.

Collaborative forecasting has been studied in business applications as well as in the academic research arena.  It was Wal-Mart, Inc. that first implemented a manual collaborative forecasting application in 1993, called Vendor Forecasting [9], where the integrated forecast from the automated replenishment system are shared with the vendors via the private exchange Retail Link.  RosettaNet [10] and CIDX (Chemical Industry Data Exchange) [11] are the two on-going initiatives for high tech and chemical industries in developing collaborative planning forecasting and replenishment standard.  In a webinar session, the core team of RosettaNet from 
Texas Instruments, Nokia, Syncra, and Motorola 
presented their Collaborative Forecasting milestone program [12]. Three key issues were addressed: (1) what is Collaborative Forecasting; (2) pain points and opportunities in 
Collaborative Forecasting; and (3) how to choose a Collaborative Forecasting process and how it works. In particular, the 
flow of collaborative forecasting processes over time (from annual business planning to daily replenishment) was discussed, with their key areas summarized in Table 1. 

	Areas
	Time Horizon
	Collaborative Activities
	Matching of Demand & Supply

	Business Planning
	Annually
	Align long-term business plans between trading partners
	At the technology level


	Strategic Forecasting
	Monthly or Quarterly
	Plan mid-term capacity
	At the higher product group and aggregated location level

	Tactical Order Forecasting
	Weekly at Minimum
	Align supply and production plans with the short term demand
	At the orderable product and ship-to levels

	Replenishment processes
	Daily
	Support actual daily physical shipment releases
	At the orderable product and ship-to levels


Table 1. Key Areas of Collaborative Forecasting Processes

Across all the key areas of collaborative forecasting processes, exception management processes are engaged to alert supply chain partners when pre-defined performance thresholds have been exceeded. Revisions to f
orecast exceptions can be exchanged electronically until they are resolved and confirmed by all partners. The incorporation of exception management processes also helps to greatly reduce the effort of supporting a collaborative relationship as required by the collaborative forecasting processes. 
In academic community, 
Aviv was one of the first to treat the topic of collaborative forecasting in a quantitative manner.  His study in [13] extended the current literature and provided managerial insights into the value of information sharing in the realistic, non i.i.d. demand environment.  The effect of collaborative forecasting on supply chain performance was analyzed in [14], in particular with two forecasting models benchmarked: local forecasting model with decentralized forecasting information and collaborative forecasting model with centralized forecasting information. In both models, forecasts are integrated into the replenishment process. The author demonstrated that the potential benefits of local forecasting are mainly dependent on the strengths of forecasting capabilities. For collaborative forecasting, its forecasting strength is at least as good as the best individual forecasting strength, and becomes better when forecasting capabilities of supply chain partners are more diversified.  In other words, collaborative forecasting practices are particularly beneficial when other consumer response initiatives are implemented. 

Moreover, a
ccording to Aviv [15], Miyaoka (2003) specifically studied incentive issues for collaborative forecasting. The concept of Collaborative Forecasting Alignment (CFA) was introduced, with which the supply chain partners would have the right incentives to truthfully share forecasts.  It also was shown that CFA can be achieved if a buyback contract is used.  

Recap that Saturn successfully implemented the customer-oriented service supply chain strategy matched to the criticality of customers’ need for the parts.  However, both Saturn and GMSPO have not established a collaborative relationship with their suppliers in demand forecasting. Suppliers often take OEMs’ order forecasts with a grain of salt.  Without demand visibility, an incomplete demand view from supplier's perspective makes it difficult to plan the right capacity to meet customer demand.
Understand the following value propositions on collaborative forecasting [12]: 

· Better synchronization between supply and demand
· Improved forecast quality through use of supply information to support forecast creation

· Improved capacity utilization and inventory turns due to reduced variations within the supply chain

· Increased customer satisfaction through better on-time delivery and reduced effective lead-times.

Our question is not about whether or not we should move towards building up a collaborative relationship with suppliers.  The issues lie in how to collaborate with suppliers, what information needs to be shared, what would be the appropriate mechanism to reach a single consensus forecast, as well as how to share risks and benefits with suppliers.

Having the above questions to be answered, we envision the future after-sales supply chain in the automotive industry is for GM to collaborate with dealers as well as their suppliers to (1) improve demand visibility and data synchronization, (2) align supply with demand, and (3) balance between point of sales based forecasting, business plans, and supply constraints. 

5. Research Initiatives and Directions

This paper begins with sharing the “pain points” and challenges in the automotive after-sales supply chain management to motivate effective demand forecasting and optimal inventory management. We recognized that:
· A complex multi-level inventory and distribution network at GMSPO needed to be effectively managed to ensure excellent parts availability with minimal inventory costs

· A linkage needed to be reinforced between GMSPO and their dealers in achieving the targeted inventory turnover and service level

· Forecasting efforts were primarily based on PDC shipment history or dealer order history, not actual consumer demand 

· Fluctuations in demand not being visible in a synchronized fashion affected the responsiveness to demand changes
· Visibility to inventory level and order or shipment status needed to be integrated into inventory management to recalibrate inventory policies more effectively and timely
· Incomplete demand view resulting in bullwhip effect which leads to excess supplier inventory  

The automotive industry has made efforts to undertake the challenges by, for example, implementing multi-echelon network inventory optimization to improve off-the-shelf parts availability to their dealers.  However, focusing on GMSPO internally would not solve all the problems. Bridging between GMSPO, suppliers, and their end customer needs is the fundamental key to improving demand visibility within the supply chain and better align supply with demand.  Thus, the ultimate solution is the collaboration, i.e., collaborating with dealership in inventory replenishment and with suppliers in collaborative forecasting.

Motivated by Saturn’s success on joint inventory management and customer-oriented parts supply chain strategy, several research initiatives are in the works including optimizing inventory pooling and allocation, optimizing incentive strategies, and collaborating with upstream suppliers and downstream retailers. The following research problems are addressed:

· How should we form inventory-pooling groups for dealers as well as PDCs, given the current GM dealer network? 

· What would be the optimal inventory allocation strategies for the inventory-pooling groups? 

· How can we quantify the benefits of inventory pooling in reducing average dealer inventory level while improving service level so that dealers are encouraged to participate? 

· What additional incentive strategies would enhance the collaborative partnership with dealers? 

· How can we foster a collaborative relationship with GM franchised dealership to enable information sharing and joint inventory management?  

· Should GMSPO adopt the same incentive programs as Saturn did to entice GM dealers? 

· What would be the cost-effective incentive strategies appropriate for GMSPO? 

· How should we collaborate with suppliers to improve forecast quality and capacity utilization?

· What information needs to be shared, on what level?

· What is the appropriate mechanism to reach a single consensus forecast between supply chain partners?

Our vision of collaborating with dealers in inventory replenishment and with suppliers in collaborative forecasting has shared some common ground with n-tier CPFR (Collaborative Planning Forecasting and Replenishment) framework [16].  In fact, CPFR has been regarded as industry best practices especially in retail and consumer packaged goods industries.  Many retailers and suppliers, with Wal-Mart as a pioneer, have piloted CPFR initiatives and have collected on the benefit.  They include Wal-Mart partnered with Warner-Lambert and Procter Gamble [16], Sears with Michelin [17], West Marine [16], Levi Strauss Signature [18], Ace Hardware [18], Liz Claiborne [16], Best Buy [16], etc.  The benefits are reported 10% - 40% forecasting improvements, 2%- 8% in-stock improvements, 10% - 40% Inventory reductions, and 5% - 10% customer service improvements [16]. 

The CPFR framework has an appealing and promising application to the automotive after-sales supply chain.  With the CPFR enabled business processes to (a) improve demand visibility and data synchronization, (b) align supply with demand, and (c) balance between point of sales based forecasting, business plans, and supply constraints, we envision (1) the improved business results in parts inventory reduction, in-stock and customer service improvement; (2) right product (including vehicle, accessories, or service parts) available at dealership when needed by customers; and finally (3) to be the strong competition in the aftermarket business. 
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