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This study adds to previous studies by explicitly considering and examining economical facets of 

supply chains (SCs). In particular, inherent risk of and inherent conflicts between SC's members. 

The conflicts are consequences of decision making by different entities, each facing its own risk, 

but could not have been considered thus far due to a lacuna – the absence of fixed costs, in the 

relevant literature. This work provides an original consideration of the fixed costs in the context 

of SCs where the dependency of the demands on the prices is accounted for. The absence of the 

fixed costs in previous studies of this type prevented to observe and consider the manufacturer's 

risk and consequent conflicts. The study begins with basic analyses of simple models, which are 

followed by visual demonstrations and analyses of the ramifications. The major findings are: 1. 

the fixed costs and demand's dependency on the price introduce risks; 2. these risks add, magnify 

and complicate the conflicts between chains' members; 3. partnering is recommended. This last 

finding has practical implications as the conflicts can be relaxed by partnering: managing the 

supply chain as a single firm and, periodically, share the actual outcome between chain's members. 
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I. INTRODUCTION  

 

‘When the well is dry, they know the 

worth of water.’ This phrase, which is attributed 

to Benjamin Franklin, turned sharply clear with 

regard to supply chains during the years 2020-

2024, when in few events, chains where broken 

to the extent that clarified, in painful ways, how 

much we depend on the supply network. First 

and foremost, during 2020-2021 the COVID-19 

pandemic caused a total collapse of supply 

networks, globally. Then, the supply of crucial 

goods as wheat or gas was significantly hurt 

during the Ukraine-Russia war; and last, since 

October 2023, Houthis attacks cut off shipping 

routes in the Red Sea, major supply channels 

from east to west. Thus, supply chains are 

essential to modern economy. Yet, supply 

chains (SCs) are not perfect, their success 

cannot be taken for granted and risks are 

involved.  

The word 'chain' suggests the existence 

of several links or members. SCs are formed 

when the creation and delivery of goods to end 

buyers are not performed by a single entity but 

by at least two, distinct entities. Thus, in any SC, 

there is, at least, one manufacturer. Naturally, 

conflicts arise between members as 

consequences of independent decision making.  

Inherent conflicts in SCs are a central subject in 

this study. In particular, conflicts which could 

not have been considered thus far due to a 

lacuna – the absence of fixed costs in the 

relevant literature. These costs induce 

manufacturer's risk because until the fixed costs 

are covered the manufacturer suffers loss. The 

significance of this study begins with the 

understanding that so long as the fixed costs are 

disregarded, a false impression is created that 

the manufacturer's profit is guaranteed. In 

reality, however, the total volume of the activity 

is an existential concern for the manufacturer, 
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or service provider, because a certain quantity 

must be sold to cover the fixed costs and prevent 

loss. Hence, considering the fixed costs and the 

consequent manufacturer risk is mandatory. 

Few distinctions are crucial here. Many 

studies on SCs involve lot sizing as in 

production-inventory models. Here, on the 

other hand, total activity volumes are 

determined, volumes which are later broken 

into lots. Lot sizing models involve 

ordering/set-up costs, which are often referred 

to as fixed costs, too, but in this study, the fixed 

costs of the breakeven analyses are considered. 

These are the cost of the infrastructure which is 

required for the establishment and survival of 

production and service systems and for firm's 

existence and operation: return of capital 

investments, mortgages or rental, insurance, 

certain taxes, etc. Much of these costs should be 

paid regardless of internal and external 

conditions. Hence, risks are induced because 

until these costs are covered the business suffers 

loss. Moreover, no production implies no setup 

costs, but the fixed costs must still be paid. 

Besides, the magnitudes of the ordering/set- up 

costs depend on the lot sizes and are, most often, 

negligible compared to the fixed costs. Finally, 

in lot sizing models demands are usually fixed 

and serve as parameters, while for the total 

activity volumes which are considered here, 

price-dependent demand models are required. 

The risks induced by the fixed costs add, 

magnify and complicate the conflicts among 

SCs' members. But risks are induced by the 

demands' dependency on prices, too. Hence, the 

explicit account for the fixed costs and demand-

price dependency are significant contributions 

of this study. 

The rest of this paper is structured as 

follows. In the next section, the relevant 

literature is briefly reviewed. In the third section 

practical evidences provide additional 

motivation for this study. Preliminary analyses 

are conducted in the fourth section. In the fifth 

section, conflicts in SCs, due to the risks 

induced by the fixed costs and demand-price 

dependency are demonstrated and discussed 

and then the evaluation of SCs and of changing 

their structure. A summary is provided and 

directions for future research are proposed in 

the last section. 

 

II. LITERATURE SURVEY 

 

Risks constitute a central concern in the 

business literature in general and in the supply 

chain literature in particular. Thousands of 

papers and hundreds of books have been 

devoted to risk and risk management in supply 

chains. Helmold et al. (2022), Kumar et al. 

(2023), Sawik (2024) and Zsidisin, Gaudenzi 

and Pellegrino (2024) are just few recent 

examples. The interest in supply chain risk 

management (SCRM) grew even further and 

has been expended to supply chain resilience 

and supply chain viability following the COVID 

19 pandemic; e.g., Ivanov et al. (2023), Ivanov 

and Keskin (2023) and Ivanov and Tu (2025). 

However, most previous studies, and post 

Corona studies in particular, focus on risks of 

disruptions of the types which were experienced 

during the pandemic. Further, these and other 

studies considered risks which are due to 

uncertainties. In contrast, the risks considered in 

this study are not the consequence of 

uncertainty, but of the decentralization of the 

decision making.    A very simple mechanism to 

govern manufacturer-retailer relationships is the 

price-only contract (e.g., Lariviere and Porteus, 

2001), under which the manufacturer sets the 

wholesale price and the retailer chooses the 

desired order quantity for that price. As 

discussed and demonstrated in the sequel, this 

mechanism can easily lead to devastating results 

when actually all chain's members can make 

profit.  This does not reduce the significance of 

uncertainties, which exist in the current context, 

too, but are not the principal factors. 

Previous studies (e.g., Gu et al., 2015; 

Shafipour and Fetanat, 2016; Jin and Gu, 2016; 

Wadell, Bengtson and Åberg, 2019) 

acknowledged the significance of the financial 
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status of the supplier(s) in SCs. Yet, none 

examined what are: the influencing factors, the 

causal relationships, etc.  Jahani et al. (2024) 

noted the neglect of the financial aspect in SCs 

research and a similar situation in SCs teaching 

is evident by the finding of a survey on the 

content and coverage of graduate SC courses 

(Lutz, Birou and Walden, 2022). Other studies 

targeted SC theory: that of SC management 

(Mena, Humphries and Choi, 2013) or the 

theory of the SCs (Carter, Rogers and Choi, 

2015). This study complements previous studies 

by explicitly considering and examining 

financial and economic facets of SCs. 

 

2.1. Accounting for price-demand 

dependency  

 

This study was motivated by noting the 

absence of the fixed costs in the literature on 

SCs where price-demand dependency is 

accounted for (e.g., Leng and Parlar, 2005; 

Huang, Leng and Parlar, 2013; Aust and 

Buscher, 2014; Jørgensen and Zaccour, 2014 

and De Giovanni and Zaccour 2019; Chen and 

Ulya 2019 and Zheng et al. 2019). Demand–

price relations are considered only with unit 

production costs, in (Jørgensen and Zaccour, 

2014 and Fu, Slim and Teo, 2018), while no 

production costs are mentioned in Aust and 

Buscher (2014) and Farshbaf-Geranmayeh and 

Zaccour (2020). Most studies in this domain 

consider SCs of two (e.g., Yan et al. 2016) or 

three layers (e.g., Zheng et al., 2019). More 

recently, closed- loop SCs are considered (e.g., 

Ghosh and Shah, 2015; Chen and Ulya, 2019; 

and Zheng et al., 2019). In these studies, too, no 

fixed costs – only unit production cost are 

considered. 

Anand, Anupindi and Bassok (2008) 

extended the discussion by introducing the 

notion of strategic inventory, which is also 

considered by Arya and Mittendorf (2013), 

Arya, Frimor and Mittendorf (2015) and 

Hartwig et al. (2015). Models, in which 

inventory and lot sizing decisions are 

considered, are termed SC coordination models 

(e.g., Karuna, Nagaraju and Narayanan, 2016). 

However, the relevant costs in SCs' 

coordination are ordering/set-up costs of 

production-inventory management models, 

which are, in most cases, negligible compared 

to the fixed costs. Still, while ordering/set-up 

costs are considered in many studies, the, often 

larger, fixed costs are absent. The model in 

(Modak et al., 2016) is a sole exception, in 

which a fix part is included in a component they 

termed 'cost of technology'. But the authors 

seem to be unaware of the significance of this 

fix part– it only appears in the definition of this 

cost term and considered no further. Thereby, 

this exception only fortifies the general 

impression. 

Many studies with price-dependent 

demand: Desiraju and Moorthy (1997), Anand, 

Anupindi and Bassok (2008), Kaya (2011) and 

others, noted the risk of negative profit – loss, 

and set limits on parameter values to avoid it. 

Zheng et al. (2019) for instance, enforce a 

condition to ensure profitable remanufacturing. 

All these studies, however, did not worry about 

the original risks due to the fixed costs. Fixed 

costs are fundamental component in economic 

analyses of industrial organizations (e.g., 

Tirole, 1988), can be a central cause to 

instability and increase the likelihood of loss 

significantly, thereby shading doubt on the 

economic justification of SCs. Further, as has 

been previously shown (e.g., Choi, 1991; Lau 

and Lau, 2003; Huang, Leng and Parlar 2013; 

Duan and Ventura, 2020) and further discussed 

in this study, the shape of the profit curve is very 

sensitive to the demand model and the values of  

its parameters. Consequently, the conclusions 

of previous studies may turn invalid and the 

neglect of fixed costs is puzzling and a severe 

deficiency of the corresponding literature. 

A SC consists of several links, or 

“members”. Naturally, conflicts arise between 

them. Hence, game-theory is very popular in the 

context of SCs (e.g., Jørgensen and Zaccour, 

2014; Fu, Slim and Teo, 2018; De Giovanni and 
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Zaccour 2019). This study is not aimed at 

conflict resolution but at modeling, develop 

understanding, gain insights and evaluate SC's 

merits. 

 

2.2. Models with Fixed Costs  

 

Significantly many studies are 

concerned with supply chain network design 

(SCND); e.g., (Miller and de Matta, 2008; 

Jayaraman and Pirkul, 2011; Yildiz, Yoon, 

Talluri and Ho, 2015; de Matta, 2019; etc.). 

Fixed costs are inherent components in SCND 

models and are associated with the networks' 

nodes.  Note by passing that the fixed costs are 

not really 'fixed' but depend on the capacity of 

the node. This is why the term 'capacity 

investment cost' is used in (Yang et al., 2018). 

The term 'fixed costs' is used to indicate the 

independence of these costs from the actual 

production or sale volumes. Miller and de Matta 

(2008), Yang et al. (2018) and de Matta (2019) 

noticed that fixed costs introduce risks for 

losses. However, in most SCND models – in the 

studies mentioned earlier and in most studies in 

(Jahani et al., 2024), the demands are 

parameters of a known values or random 

variables with known distribution parameters – 

mean and variance. SCND with price-

dependent-demand emerged only about a 

decade ago. In a couple of studies Lin and Wu 

(2013, 2014) provided a formulation with 

general production cost functions, which are 

restricted to be both strictly 

increasing functions, and the average cost 

functions are strictly convex functions, 

restrictions which allow to include fixed costs. 

Yet, for the solution, a (large)series of problems 

are solved, each with a specified price-demand 

pair. Similar approach is used by (e.g., Ahmadi-

Javid, and Hoseinpour, 2015; Fattahi, 

Govindan, and Keyvanshokooh, 2018; Atabaki, 

Khamseh and Mohammadi, 2019; Mojtaba F., 

A. Ehsan and S. Minghe, 2023). Others, 

assumed linear demand function (e.g., Sherafati 

et al., 2019; Taleizadeh, Karimi Mamaghan and 

Torabi, 2020; Hu et al, 2024). The linear model 

is popular because it is simple. However, Choi 

(1991) showed that many results reverse when 

the linear demand model  is replaced by  

nonlinear functions, while Lau and Lau (2003) 

showed that slight changes in the demand curve 

could lead to significant changes in optimal 

solutions. Further, Huang, Leng and Parlar 

(2013) noted that in most practical cases the 

assumption of a linear demand function does 

not correspond to reality. Hence, in this study, 

no specific demand model is assumed. 

 

2.3. Revenue and Profit Sharing  

 

In response to market behavior, 

Blockbuster, the video rental company, changed 

the way it paid to its suppliers, in the summer of 

1997, to the, so called, revenue sharing method 

which is described in (Cachon and Lariviere, 

2001) and gained much popularity thereafter 

(e.g. Cachon and Lariviere, 2005; Besbes and 

Zeevi, 2015). Here, profit sharing is proposed 

and it is shown that profit maximization differs 

from revenue maximization. Profit sharing is 

also considered (e.g., Fu, Slim and Teo, 2018). 

However, the share of each party in previous 

studies, on both revenue and profit sharing, is 

decided upon beforehand and decisions are 

made by each member independently. Here it is 

shown that decentralized decision making can 

lead to sub-optimal decision. Hence, partnering 

via posterior profit sharing is proposed.     

 

III. REALISTIC EVIDENCES  

 

SC's instability, conflicts among SC's 

members and the ramifications of the fixed 

costs are, however, far from being academic 

matters, only. A notorious, while not the only 

example is the automobile industry during the 

subprime crisis of 2008, which drew much 

attention, including several hearings by the U.S. 

senate (e.g., Dodd, 2008 and Frank, 2008). 

Supply chains were of particular concern, as 

indicated by; e.g., Senator Bunning "Finally, 
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Mr. Chairman, I want to repeat my concern for 

the workers up and down the auto supply chain 

and dealer networks." Senator Capper clearly 

portrayed the role of the fixed cost "And when 

you try to spread out the operating costs, you 

know, the fixed costs across 3,000 or 4,000 

vehicles as opposed to 200,000 or 225,000 

vehicles is just -- as we know, it doesn't work." 

(Dodd, 2008) Most prominent, is the loss of 

Toyota at 2008, the first in its history, which has 

also been attributed to high fixed costs (e.g., 

Liker, 2018). Toyota then invested a large 

capital to expand its SUV production but faced 

demand drop. 

Much broader and deeper have the 

effects of the COVID-19 pandemic been. 

"During the COVID-19 crisis, every firm was 

out to fend for its survival." (Hofmann et al., 

2021) In a survey conducted during February 

and March of 2020 it has been found that more 

than half of manufacturing business leaders 

(52%) already took steps to change their supply 

chains, while 45% were actively re-evaluating 

their processes. A senior person in Ernst 

&Young pointed out that "Manufacturers are 

working rapidly to limit the impact of the 

already tragic human cost of COVID-19 on 

livelihoods. The first step is going to be tackling 

supply chains, which have been left 

dangerously over-exposed in many industries." 

(retrieved  from http://www. 

prnewswire.com/news-releases/manufacturing-

sector-grapples-with-effects-of-covid-19-as-

new-reality-takes-hold-ey-survey-reveals-

301049293.html) The joint effects of the fixed 

cost and the economic lockdown due to 

COVID-19 where much more destructive than 

during 2008-9. To the extent that governments 

across the globe conducted emergency 

programs and allocated funds to help businesses 

survive the sink in demands and sales due to 

lockdown periods and other reasons (e.g., 

Jakson, Weiss, Schwarzenberg and Nelson, 

2020). Things further worsened by the Russia – 

Ukraine war, since February 2022. The global 

economy has been further shaken before the 

Corona crisis had been ended (Simchi-Levi and 

Haren, 2022). 

Moreover, financial instabilities occur not 

only during catastrophic periods. On October 8, 

2015, ZTE and Huawei's first-tier supplier 

Shenzhen Fosunny Electronic Technology 

announced shutdown and arrears of over 400 

million Chinese Yuan (CNY). Fosunny's legal 

representative said "Fosunny has CNY 150 

million accounts receivable not recovered from 

ZTE, Huawei and other clients. By far, ZTE and 

Huawei have not replied." (Huawei, 2015) 

Similarly, the silica sand supplier Emerge 

Energy Services LP filed for bankruptcy 

(Emerge Energy Services LP, 2019) in an effort 

to free itself from what it said were burden-

some contracts and leases. The opposite also 

happens. For example, a generic drug 

distributor has blamed its bankruptcy filing 

partly on supply chain problems, by accusing a 

key manufacturer of sabotaging its business so 

it could later compete for its customers (Yerak, 

2019). 

 

IV. QUANTITY-PRICE 

RELATIONSHIPS, REVENUE, 

PROFIT AND INHERENT RISKS 

 

4.1. In an Individual Firm  

 

The profit, which equals revenue minus 

cost, is used for the analyses, as in many 

previous studies, where the revenue equals unit 

price times the demand for that price. That is, 

the price is not fixed, as in elementary 

breakeven analyses, but the following 

characteristics of the demand-price 

relationships are assumed. 

1. Both the demand and the price are 

deterministic.  

2. The demand is positive, finite and a 

continuous, monotonically decreasing and a 

differentiable function of the price: D = 

D(p) > 0 and D' = dD/dp < 0, for any p > 0.  
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3. D(p=0), while positive, can be either finite 

or infinite. 

Under these assumptions, which are less 

restrictive than the regularity assumptions; e.g., 

in Talluri and van Ryzin (2005, §7), the demand 

function, D(p), is invertible. This enables to 

formulate the revenue, R(p) = p·D(p), in terms 

of the sales quantity; i.e., R(Q) = Q·p(Q). Both 

R(p) and R(Q) are either constant; monotone, 

increases or decreases; or uni-modal, but, in 

both forms, the revenue curve cannot be 

concurrently increasing and convex: R(p) 

cannot be increasing and convex in p and R(Q) 

cannot be increasing and convex in Q. 

Consequently, when the revenue increases for 

some price/quantity range, it is first increasing 

and concave, up to the point where it reaches its 

maximum value (e.g., Eben Chaime 2023).     

Subtracting the total cost from the revenue 

gives the profit: Π(Q) = R(Q) - C(Q). Whether 

fixed costs are accounted for or not, the total 

cost is non-negative and increases with the 

quantity. Consequently, only one of the 

following two cases may occur: 

1. The cost curve lies above or on the revenue 

curve, implying positive profit for no Q ≥ 0. 

2. There exist a quantity Q' ≥ 0 for which the 

total costs are smaller than the revenue: 

C(Q') < R(Q'), and hence, (Q') > 0. 

Rationality dictates to incur costs only when 

positive profit is expected; i.e., case 2. Yet, in 

this case, too, there are risk of losses for certain 

production quantities, Q. Since C(Q) is non-

decreasing, dC(Q)/dQ ≥ 0. Hence, when R(Q) 

increases for some Q ≥ 0 (where it is also 

concave), with a maximum at QR ≤ , extreme 

points of the profit curve are with quantities, 

Qj
Π, no larger than the quantity which maximize 

the revenue: Qj
Π ≤ QR, j = 1, …. 

 

4.2. Forming a Supply Chain  

 

Supply chains might exist within a 

single organization or be distributed among 

several organizations. This study is concerned 

with distributed chains where goods are 

manufactured by an organization different from 

the organizations which sell them. A simple and 

widespread structure of this type of chains, is a 

chain with two links: a manufacturer and a 

retailer and this supply chain's type is 

considered here for simplicity. The effect of 

multiple links is straightforward as shown later. 

Hence, in the following analyses, a single 

manufacturer sells a single product to a single 

retailer, at a positive wholesale price: w > 0, per 

unit. Also for simplicity, a linear cost function 

C(Q) = c·Q + F is assumed in the sequel, where: 

Q ≥ 0 is the quantity produced, c > 0 is the 

variable cost per unit and F > 0 is the amount of 

the fixed costs. When Q > 0, the total/average 

cost per unit equals F/Q + c, an expression of 

economy of scale. The manufacturer’s profit is 

thus, given by Q·w - Q·c – F = (w - c) ·Q - F, 

which, once w > c, monotonically grows with 

Q.  The retailer’s profit is given by R(Q) - Q·w 

= Q·p(Q) - Q·w, which is positive, at least for 0 

< Q ≤ Q0, for some Q0 > 0, provided w < pmax, 

the maximum price per unit when Q approaches 

0. The chain’s profit is the sum of the 

manufacturer’s and the retailer’s profits, which 

equals: p·Q - c·Q - F, a term which is similar to 

the firm's profit because the wholesale charge: 

Q·w is paid by the retailer to the manufacturer. 

The values, however, may differ due to 

decentralized decision making. 

Now, if the fixed costs are omitted (not 

to say ignored), then, once the wholesale price 

is larger than the variable cost, w > c, the 

manufacturer’s profit is positive for any Q > 0 

and is growing in Q. This is certainly not the 

case, the fixed costs exist and are, often, 

substantial and the manufacturer faces a risk of 

loss. Consequently, it is in the manufacturer’s 

interest to produce and sell at least Q = F/(w -c) 

units. At this point Q·w = Q·c + F, and the 

production costs are fully transferred to the 

retailer. On the other end, while the 

manufacturer’s profit grows with sales, the 

amount the retailer can profitably sell is limited 

by the intersection point of the line w·Q, of the 
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wholesale charge with the sales income curve, 

as discussed above.  

Both risks are faced by any single firm, 

as well. The separation of sale from production, 

separates the risks, too, and risks on separated 

sides induce conflicts. Moreover, in the absence 

of fixed costs, the upper limit on Q has been the 

sole conflict in previous studies. The inclusion 

of the fixed costs exposes the additional conflict 

regarding the minimum quantity.  

Further, since w > c, and following 

previous observations, the optimal quantity for 

the retailer Qr is no larger than the quantity that 

maximizes the joint profit: Qr ≤ QΠ.  Moreover, 

because Qr ≤ QΠ and the profit curve increases 

in Q up to QΠ, then: p(Qr)·Qr ≤ p(QΠ)·QΠ. This 

observation implies that, even when the amount 

is chosen to be the retailer’s optimum, 

decentralized chain's management results in 

profit loss. Kaya (2011) made a similar 

comparison but assumed linear demand and 

disregarded the fixed production costs.  Even 

worse, recall that the price decreases with Q. 

Thus, the profit decreases with the reduction in 

volume despite a simultaneous increase of the 

retail price. Desiraju and Moorthy (1997) 

provided a very clear graphical demonstration 

of this price increase. 

Next, a brief consideration of non-linear 

costs. Suppose C(Q) = V(Q) +F, where V(Q) is 

the variable cost, which is non-negative and 

increases with the quantity, and V(Q=0) = 0. 

The manufacturer’s profit is, now: Q·w - C(Q) 

= Q·w – [V(Q) +F]. Assume further, that Q·w > 

V(Q), for some Q values. This again, is 

insufficient to prevent manufacturer loss due to 

the fixed costs. What is more, with non-linear 

variable cost the manufacturer's profit might 

alternate between positive and negative for 

different quantities – different Q values. This 

makes the manufacturer much more sensitive to 

quantity selection and the problem of finding a 

desired quantity much harder.   

 

4.3. Revenue or Profit Sharing  

 

Under revenue sharing, the retailer pays 

φ·p, 0 ≤ φ < 1, per unit sold, in addition to the 

wholesale price w, which might be smaller than 

c, but still: w + φ·p > c. The retailers profit is, 

then: (1- φ)·p(Q)·Q - w·Q = (1- φ)·R(Q) - w·Q, 

and again, when R(Q) increases for some  

Q > 0, the optimal quantity Qrφ ≤ Q, with all 

the previous ramifications. The profit of the 

manufacturer is, now: φ·R(Q) + (w - c)·Q – F, 

where R(Q) might decrease for large enough 

quantity. Consequently, the manufacturer is in 

risk of loss not only when the quantity is too 

small: φ·R(Q) + (w - c)·Q < F, but when it is too 

large, too: φ·R(Q) + w·Q < c·Q + F.  

Under profit sharing, a share 0 ≤   < 1 

of the retailer's a profit is paid to the 

manufacturer,  in addition to the wholesale 

price. The retailer's profit is thus, (1-)·[R(Q) - 

w·Q], which is maximized with Q = Qr ≤ QΠ. 

The manufacturer's profit is: ·[R(Q) - w·Q] + 

(w - c)·Q – F = ·R(Q) + [w·(1-) – c]·Q – F, 

which implies similar impacts to revenue 

sharing (for different parameters' values, of 

course). 

Note again, that the share of each party 

in previous studies, on both revenue and profit 

sharing, is decided upon beforehand and 

decisions are made by each member 

independently. As shown above and in the 

sequel, such decentralized decision making can 

lead to sub-optimal decisions. Hence, 

partnering via posterior profit sharing is 

proposed. 

 

V. CONFLICTS INDUCED BY FIXED 

COSTS IN SUPPLY CHAINS  

 

Following the discussion thus far, the 

significance of the fixed costs and price-demand 

dependency is in creating risks of loss. 

Consequently, conflicts are induced between 

chain's members, not about profit maximization 

but about avoiding losses – much bigger 

conflicts. These conflicts are further illustrated 

graphically using two examples. There is no 
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loss of generality because both cases where the 

revenue curve increases in the sales quantity are 

represented. In one example R(Q) is 

monotonically increasing in Q (p = 100·Q-0.6), 

while in the other R(Q) first increases and then 

decreases (p = 100·0.97Q). For each example 

few graphs are presented in a couple of figures: 

Figures 1 and 2 for the first example and Figures 

3 and 4 for the second example. In Figures 1 and 

3 revenues (sales income), costs and wholesale 

charge are drawn vs. Q, while in Figures 2 and 

4 revenue and profits, vs. Q, are shown: the 

profit of a single firm and the retailer's profit. 

The costs are 4·Q + 130 and the wholesale 

charge is 6·Q, in both examples. The 

manufacturer's profit is the difference between 

the firm's and the retailer's profit. 

The conflicts are plainly manifested by the 

lines of the production costs and wholesale 

charge in Figure 1 and 3 and the curves of the 

firm and the retailer's profits in Figures 2 and 4. 

Clearly, the wholesale charge is smaller than the 

costs and the manufacture suffers loss when the 

quantities are too small. This is reflected by 

retailer's profits, which are higher than the firm 

profits for similar quantities in Figures 2 and 4 

-- the retailer earns on account of the 

manufacturer, in these cases.  

Note again, that in the absence of the fixed 

costs, as in previous studies, the manufacturer's 

cost line passes through the origin, with the line 

of the wholesale charge, implying that the 

manufacturer's profit is guaranteed once the 

wholesale price is higher than the unit cost: w > 

c. This implies that the conflicts considered 

above and the conflicts discussed in the sequel 

could have not be noticed thus far since these 

conflicts are solely due to the fixed costs.   

Moreover, these examples well 

demonstrate the contrast between risk of loss 

and profit maximization as in both the retailer's 

profit is maximized while the manufacturer still 

suffers loss. The manufacturer earns money 

only when 65 units or more are sold. But the 

retailer's profit from 65 units is, in the first 

example, only about 66.4% of its maximum, 

and in the second example, only 49.5% of its 

maximum. Further, the firm's profit from selling 

65 units is also smaller than its maximum: 95% 

in the first example and only 53.26% in the 

second.  

 

FIGURE 1. PRODUCTION COTS AND WHOLESALE CHARGE WITH MONOTONICALLY INCREASING 

SALES INCOME 
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FIGURE 2. PROFITS WITH MONOTONICALLY INCREASING SALES INCOME 

 

FIGURE 3. PRODUCTION COTS AND WHOLESALE CHARGE WITH NON-MONOTONE SALES INCOME 
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FIGURE 4. PROFITS WITH NON-MONOTONE INCREASING SALES INCOME 

 

The differences in the numerical values 

between the two examples are noteworthy 

because much of them are consequences of the 

different structures of the revenue curves which 

result from the different price-quantity 

relationships – different demand models.  

Observe also that, in both examples, the 

retailer's profit is maximized with smaller 

quantity than that of the firm: Qr < QΠ, as noted 

above. As the wholesale price grows, the line of 

the wholesale charges rotates counter clockwise 

about the origin. The wholesale price can grow 

very high, thereby increasing the manufacturer's 

profit on account of the retailer. However, Qr 

also decreases as the wholesale price grows 

with a consequent decrease in the total – the 

firm's profit. These opposite trends add to the 

conflicts.    

Another issue is the sensitivity to 

model's parameters. Recall the differences 

between the two examples, in the numerical 

values, and consider Figure 5, which is similar 

to Figure 3, but the value of   in the exponential 

model: p = ·D, is lowered from 0.97 to 0.95. 

The difference is clear: in Figure 3 (=0.97), the 

cost line intersects the wholesale charge line 

under the revenue curve, while in Figure 5 

(=0.95) the lines intersect outside the revenue 

curve. When the cost line and the wholesale 

charge intersect outside the revenue curve there 

is no concurrent profit for the manufacturer and 

the retailer: the manufacturer earns money only 

when the retailer loses and vice-versa. Yet, 

there is a non-negligible range in Figure 5:            

2 ≤ Q ≤ 53, where the revenue exceeds the 

production costs, that is, there is a profit for the 

"firm". As clear as it is here, this difference goes 

unseen in the absent of the fixed costs. 
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FIGURE 5. PRODUCTION COTS AND WHOLESALE CHARGE WITH NON-MONOTONE SI 

p = 100·0.95Q 

 

VI. DISCUSSION  

 

6.1. Conflicts and Chain's Control  

 

A very simple mechanism to govern the 

manufacturer-retailer relationships is the price-

only contract (e.g., Lariviere and Porteus, 

2001), which allows the manufacturer to set the 

wholesale price and the retailer to choose the 

desired order quantity for that price. The 

conflicts induced by the fixed costs can easily 

come to effect with this mechanism. As noticed, 

the desired quantity for the retailer decreases as 

the wholesale price, w, increases. Since the 

manufacturer's profit equals Q·w - Q·c – F, a 

value of the wholesale price might be reached 

where the decrease in Q offsets the increase in 

w and as a result, the manufacturer's profit 

decreases. In the second example above, the 

wholesale price can go up to 36 per unit when 

the desired quantity for the retailer is 15 units 

and the manufacturer's profit reaches 350. At 

higher wholesale price, the decrease in the 

optimal quantity for the retailer results in a 

decrease in the manufacturer's profit. The 

retailer's profit from selling 15 units at a 

wholesale price of 36 per units is about 410, 

40% of the maximum value of Figure 4. The 

firm's profit under these conditions is about 

79% of the maximum value.  

The situation is even worse in the first 

example. For the parameter values of Figures 1 

and 2, the retailer's choice of quantity for any 

wholesale price never results in a profit for the 

manufacturer: Qr < F/(w - c),  w > 0. Consider 

this result in light of the fact that the demand 

model in Figure 1 and 2 is a power function, the 

second most popular model in the literature. 

 

6.2. From Sharing to Partnering 

 

The discussion thus far reveals that 

decentralized decision making can easily end in 

devastating results when actually all chain's 

members can make profit.  As can be seen in 

Figures 1-5, many w-Q value combinations lead 

to conflicting situations and losses, but the 

figure also show that, independently, in many 

cases there exists a high potential for firm's 

profit. Whenever this is the case – there exists a 

positive profit for the single firm, the SC 
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members can share it. Consequently, 

cooperative/partnering is proposed, as follows: 

1. Lower and upper quantity limits are set to 

minimize the chances of loss.   

2. Quantity and price are set to maximize the 

firm's profit.  

3. The actual profit is shared among chain's 

members. 

This approach can be applied periodically; 

e.g., annually, where the profit of the ending 

period is shared and values are set for the 

coming period. Also, it leaves a wide range for 

profit sharing options.  

What is more important is that the 

application of this approach requires trust 

among the members of the SC and transparency 

of the relevant information, which are, anyhow, 

desired and makes a true partnering. 

 

6.3. Supply Chain Evaluation  

 

The simultaneous profit reduction and 

price increase in supply chains are well-known 

results which were observed by Spengler (1950) 

and later termed “double marginalization” (e.g., 

Chiang, Chhajed and Hess, 2003). However, all 

accounts of this phenomenon considered linear 

demand, while this study generalizes the results 

to any continuous and differentiable demand 

function which obeys the law-of-demand. 

Further, as demonstrated by Spengler (1950), 

these effects accumulate and grow with the 

number of links in the chain. Hence, not only 

double but multiple marginalization, since each 

link charges a price higher than its cost. Much 

of these additional charges are transferred to the 

customers. Since the customers pay more and 

yet the retailer earns less, one should really 

wonder what motivates the formation of supply 

chains. On top of the direct profit decrease, the 

existence of chain's costs should be recognized. 

Goods are transferred from link to link, and the 

delivery costs of these transfers should be 

added. Further, due to these delivery costs, units 

are, often, not moved one-by-one, but in 

delivery lots. Consequently, inventories are 

created at both ends: in the manufacturer’s yard 

a delivery lot is gradually accumulated, while in 

the retailer’s shop an earlier lot is gradually 

consumed, and potentially at intermediate links 

in the chain. With inventories, holding costs are 

incurred. These, delivery and holding, costs 

further reduce the profits of the supply chain or 

necessitate price increases to compensate for, or 

both. 

Several reasons to form supply chains 

might exist, including the following. First, it is 

often unavoidable, e.g., due to geographical 

distance between the sources and the 

destinations. Another reason, for the 

manufacturer, is economy of scale. It is a direct 

consequence of her profit function, and 

specialization might result in reducing the 

variable costs, too. It enables a retailer to 

specialize in sales and sell a (large) variety of 

goods. Altogether, supply chains or networks 

may provide access and open new markets, 

thereby enlarging demand and sales volumes. In 

terms of this discussion, the supply network 

may change the scale of the demand function – 

(much) larger demand is observed for similar 

price values. The formation of supply chains 

and changes in chains' structure may, thus, lead 

to transitions to different demand curves. 

Consequently, the sales income and the profit 

curves are changed. These changes, however, 

require to reconsider the costs, the fixed costs in 

particular. The fixed costs are not really fixed 

but rather a step or staircase function of the 

production volume. If the change in the 

production volume is large enough, the 

infrastructure should be contracted or widened. 

To satisfy a significant increase in the demand 

additional resources and larger infrastructure 

will, eventually, be required with a consequent 

increase in the fixed costs. This is exactly what 

happened to Toyota in 2008 when the company 

invested much money in order to expand its 

SUVs and pick-ups production.  Of course, 

variable costs might also be changed. These 

imply that the profit is changed not only on the 

positive side – the sales income, but also on the 
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expenditure side – the costs. The fixed costs, 

again, have a key role in the analysis and the 

outcomes.         

 

VII. SUMMARY  

 

In this study, financial and economical 

facets of supply chains have been examined. 

The primary conclusion of this examination is 

that the economic advantage of SCs is not a 

natural phenomenon and might not exist or 

materialized. The study began by noting a 

lacuna in the literature on SCs with price-

dependent-demand – the absence of the fixed 

costs, which induce risks in addition to the risks 

due to the price-demand dependency. When 

decision making is decentralized, as in many 

SCs, these risks are faced by different entities 

and conflicts emerge. As revealed by the 

frequent occurrence of problematic events in the 

past and the severity of their outcome, these 

risks and conflicts are not just a theoretical 

matter.  Hence, the fixed costs in SCs are no less 

significant and the necessity to account for these 

costs in (almost) any study is no smaller than in 

other cases.   

The results and conclusions of this study 

strengthen the appreciation of the importance of 

cooperation and coordination in SCs. 

Accordingly, a cooperative/partnering approach 

is proposed, whereby production volumes and 

prices are set to maximize the firm's profit. 

Then, there are many ways to share the actual 

outcome. Recall that in both examples, both the 

manufacturer's and the retailer's profits are 

positive, at least for 65 ≤ Q ≤ 85. This leaves 

wide range for profit sharing options. The 

application of this approach requires trust 

among the members of the SC and transparency 

of the relevant information, which are, anyhow, 

desired.  

Moreover, the sensitivity of the results 

to the choice of the demand function and the 

values of its parameters, which has been 

discussed in (e.g., Huang, Leng and Parlar, 

2013), has been demonstrated in this study in 

the context of SCs. Consequently, again, it 

might be preferred to share the outcome 

posteriori rather than using models which 

cannot be validated and confirmed and whose 

parameter values are not known. 

In addition, different types of changes in 

SCs have been distinguished. Some might be 

considered as moves along the same demand 

curve, while others involve transitions between 

different curves. In this context, the 

stepwise/staircase structure of the 'fixed costs' 

has been noted. Following these observations, 

the significance of each phenomenon and their 

association have been discussed. The analytic 

approach of this study can be used to evaluate 

the merit of constructing or expanding supply 

chains.  

Finally, risks associated with the fixed 

costs should never be forgotten and always be 

accounted for. Since fixed costs have been 

overlooked in the literature on SCs, no 

quantitative risk assessment is available for 

these risks in supply chains. 

The last two subjects and others are left 

for future research.  
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