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a b s t r a c t 

We consider a decentralized assembly system in which n upstream firms sell complementary components 

to a downstream firm facing a multiplicative stochastic demand. The downstream firm may make an 

investment to hold equity in an upstream firm. This not only enables the downstream firm to share the 

profit of the upstream firm as determined by the equity held, but also provides the needed resources for 

the upstream firm to improve its production efficiency and consequently benefits the entire supply chain 

system. We characterize the equilibrium pricing and production decisions of all members in such a supply 

chain, under any given investment strategy of the downstream firm. Furthermore, we derive the optimal 

investment strategy for the downstream firm. We find that the investment by the downstream firm helps 

reduce the retail price and increase the production quantity. We consider two distinct decision settings: 

upstream Stackelberg and downstream Stackelberg, to examine the impacts on the profits of all chain 

members by the investment decision of the downstream firm. Finally, we check the robustness of key 

results by considering additive stochastic demand, other two compensation schemes, capacity constraint, 

and a new downstream Stackelberg setting, respectively, and obtain some useful insights. 

© 2017 Elsevier Ltd. All rights reserved. 

1. Introduction 

Production efficiency relates to the production resources, such 

as equipment, production technology and other tangible and 

intangible resources [33] . The higher the production efficiency, the 

lower the input, and thus the lower the production cost. However, 

resource-based theory of strategic alliances suggests that valuable 

firm resources are scarce and imperfectly imitable [12] . Insufficient 

production resources usually lead to production bottlenecks, such 

as capacity bottleneck, technology bottleneck, etc. When the pro- 

duction bottlenecks of the upstream firms are solved, the entire 

supply chain becomes more efficient, which will benefit all chain 

members. Thus, downstream firms have incentives to invest, and 

upstream firms have incentives to be invested. Nevertheless, the 

downstream firms’ investments may be not free, upstream firms 

usually reward them with equity holding [26] , which endows 

downstream firms with rights to share the profits of upstream 

firms. For example, Intel invests $4.1 billion in its supplier ASML to 
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improve its production technology, and acquires 15% equity shares 

in ASML [35] . Moreover, empirical studies show that downstream 

foreign direct investment (FDI, which is normally in the form of 

equity participation, [1] ) improves Indonesian suppliers’ produc- 

tivity [6] ; FDI by downstream assemblers improves productivity 

of component suppliers in the USA [10] . When the downstream 

firm invests in upstream firms with equity holding to support 

their production, the supply chain will involve two levels of 

decision-making. The first level is concerned about the investment 

strategy, whereas the second level is concerned about the operat- 

ing decisions, such as pricing and production decisions, inventory 

stocking decisions, etc., which is dependent on the first level. 

Then, three questions arise: (1) How does the investment strategy 

influence the profit of each firm? (2) What is the source of the 

investment value? (3) What is the optimal strategy for the entire 

supply chain? Answers to these three questions are important 

to understand the behavior of the downstream firm’s investment 

with equity holding, which we will investigate in this paper. 

In reality, different players usually have different market pow- 

ers [41] . In upstream Stackelberg supply chains, upstream firms 

are more powerful than downstream firms, and act as the lead- 

ers; while in downstream Stackelberg supply chains, upstream 

firms are less powerful than downstream firms, and act as the 
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followers. 1 Many downstream firms, such as Boeing, GM, Motorola, 

Porsche, Volkswagen, Xerox, etc., are all found to hold equity in 

their suppliers [3] , in downstream Stackelberg supply chains. Of 

course, it is also possible that downstream firms hold equity in up- 

stream firms, in upstream Stackelberg supply chains. One example 

is that Chinese computer manufacturer Unisplendour has approx- 

imately 15% equity shares in American disk drive maker Western 

Digital, a world leader in the disk drive industry [48] . Supply chain 

operations are dependent on power structures. We will perform 

our investigation in the context of both upstream Stackelberg and 

downstream Stackelberg settings, and then compare the two set- 

tings, which can help practitioners to manage supply chains with 

different power structures strategically and operationally [11] . 

In this paper, we consider a downstream firm who assembles 

the final product and sells it in a market with a multiplicative 

stochastic demand. To assemble the final product, the downstream 

firm procures n complementary components, each from an inde- 

pendent upstream firm. The downstream firm has a chance to in- 

vest resources in upstream firms, which would allow it not only 

to gain profit sharing with the upstream firms being invested, 

but also to provide extra resources for the upstream firms to in- 

crease their production efficiency and consequently enhance the 

efficiency of the overall supply chain. We first investigate the equi- 

librium pricing and production decisions of all chain members, un- 

der any given investment strategy; and identify the source of the 

investment value. Then, we analyze the optimal investment strat- 

egy for the downstream firm when upstream firms’ production 

costs and equity shares held by the downstream firm are both lin- 

early related to downstream firm’s investment costs. We do so in 

both upstream Stackelberg and downstream Stackelberg systems. 

Finally, we extend our study by considering additive stochastic de- 

mand, revenue sharing scheme, volume sharing scheme, capacity 

constraint, and a new game sequence, respectively. 

In summary, the main contributions of this paper include: 

(i) We develop a joint decision model consisting of invest- 

ment and operating decisions, to address the problem of the 

downstream firm’s investment with equity holding, in both 

upstream Stackelberg and downstream Stackelberg assembly 

systems under a multiplicative stochastic demand. 

(ii) We derive the optimal investment strategy for the down- 

stream firm, and corresponding pricing and production deci- 

sions for all supply chain members, in each of the two sys- 

tems. 

(iii) We derive the value of the downstream firm’s investment, 

and identify the source of the investment value in each sys- 

tem. 

(iv) We analyze the impacts of the investment on the profits of 

all chain members in each system, and discover some inter- 

esting results. 

(v) We test the robustness of the key results by considering var- 

ious extensions, and get many important insights. 

The rest of this paper is organized as follows. Section 2 reviews 

the literature. Section 3 formulates our model. In Section 4 , we 

characterize the equilibrium pricing and production decisions for 

a given investment strategy. The impacts on all firms caused by 

the downstream firm’s investment are also analyzed. In Section 5 , 

the downstream firm’s optimal investment strategy is investigated 

under certain conditions. In Section 6 , we discuss some extensions. 

Concluding remarks are given in Section 7 . All mathematical proofs 

are relegated to the appendix, in order to smooth the presentation 

of our main results. 

1 Similar terms “upstream Stackelberg” and “downstream Stackelberg” can be 

found in [41,42] , and [8] . 

2. Literature review 

The supply chain model considered in this paper has the fol- 

lowing distinctive characteristics: (i) equity holding, (ii) uncertain 

demand, and (iii) complementary components. In this section, we 

provide a brief review of papers that are related to these model 

characteristics. 

There has been some research on the impacts of equity hold- 

ing in a supply chain. Flath [18] considers a model with several 

upstream firms supplying a part to several downstream firms who 

compete in quantity. He shows that equity holding by downstream 

firms in upstream firms results in no effect on the output of the 

supply chain system. Greenlee and Raskovich [23] analyze equity 

holding between an upstream firm and several downstream firms 

with competition in both quantity and price. Their analysis reveals 

that equity holding by downstream firms in the upstream firm 

may benefit the consumers when downstream firms’ products are 

homogeneous, but harm the consumers when downstream firms’ 

products are differentiated. Hunold et al. [30] investigate equity 

holding by several downstream firms in several upstream firms. In 

their model, the goods that the upstream firms supply are homo- 

geneous, and both downstream competition and upstream compe- 

tition are considered. Under the assumption that legal unbundling 

is not perfect, Höffler and Kranz [28,29] study the impact of eq- 

uity holding by a downstream firm on the output. In all studies re- 

viewed above, it is assumed that equity holding by a downstream 

firm allows only the firm to share the profit of the upstream firm, 

in accordance with the quantity of equity that the downstream 

firm holds. In reality, the investment from the downstream firm 

may provide the needed resources for the upstream firm to en- 

hance production productivity and efficiency (downstream firms 

can invest in upstream firms in forms such as funding, equipment, 

production technology, etc., in exchange for equity holding). Ozawa 

[43] considers a vertical relationship between an upstream firm 

and a downstream firm. He assumes that the downstream firm 

holds equity in the upstream firm with financial investment, and 

finds that the reduction in production cost offsets the upstream 

firm’s loss in the marginal benefit that has to be allotted to the 

downstream firm. The above studies on equity holding by down- 

stream firms have mainly dealt with the problem in which the up- 

stream firms supply substitutable goods, and ignored the uncer- 

tainty in customer demand. 

Customer demand is always uncertain, because of changing 

consumers or changing preferences among consumers. Some im- 

portant research has investigated supply chains with uncertain de- 

mand. Cachon [7] and Dong and Zhu [13] evaluate efficiencies 

of both upstream Stackelberg and downstream Stackelberg sup- 

ply chains with uncertain demand. Wang et al. [54] investigate 

outsourcing structures in both upstream Stackelberg and down- 

stream Stackelberg supply chains with uncertain demand. In ad- 

dition to uncertainty, the demand is usually price-sensitive. That 

is, the higher the price of a product, the less consumers will pur- 

chase. Assuming a multiplicative stochastic demand or an additive 

stochastic demand, Petruzzi and Dada [45] and Xu et al. [57] derive 

optimal pricing and ordering decisions in a newsvendor setting. 

Wang et al. [53] study the performance of a downstream Stackel- 

berg supply chain under a consignment contract. Liu et al. [39] ex- 

plore pricing and production decisions in an upstream Stackelberg 

supply chain under a wholesale price contract. Wang et al. [56] in- 

vestigate pricing and effort investment decisions in a downstream 

Stackelberg supply chain. Li et al. [37] coordinate a downstream 

Stackelberg supply chain. 

In an assembly system, the downstream firm usually procures 

complementary components or modules from various upstream 

firms, and then assembles them to produce the final product. Thus, 

the quantity of the final product that can be assembled depends 
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