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 In the world of digitization, e-commerce practices has become more popular and attracts 
manufacturers to combine their traditional retail channel with an e-channel. To add some salient 
features in the existing study, this study develops an optimal pricing and profit decision model 
for manufacturer-led dual-channel supply chain configurations; namely Vertically Integrated 
Dual-Supply Chain (VID-SC), Decentralized Dual-channel Supply Chain (DD-SC), Partially 
Integrate Dual-Supply Chain (PID-SC) and Horizontally Integrated Dual-Supply Chain (HID-
SC). The aim of this study is to examine the effect of selected decision parameters namely 
cooperative advertisement, delivery lead time and free-riding on price and profit of 
manufacturer-led dual supply chain configurations. A linear programming for profit 
maximization is developed and backward induction method is used to find the optimum values 
of price and profit. A numerical analysis is performed to evaluate the effect of selected decision 
parameters on price and profit. To check the robustness of the outcomes an interaction plot is 
made to indicate the relationship between the selected decision parameters on optimum price. 
The best fit values of these decision parameters lead to the optimum price and the profit. The 
study helps to find the best fit value of the selected decision parameters for their specified dual-
channel configuration. As a result, the model contributes as a guideline moreover it is proficient 
to guide manufacturers and channel members as a decision making practices without actual 
implementation of any strategy or policy. 

© 2020 by the authors; licensee Growing Science, Canada 
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1. Introduction 

 

Rise in digitalization, improved logistic infrastructures, increased fuel cost and development of e-
technologies make a significant change in customers’ consumption, purchase pattern and their 
preferences (Pu et al., 2017). Moreover in today’s competitive environment and busy life, firms strongly 
need adoption of a business strategy which can help to get bigger market exposure with a controlled 
price, less inventory and inferior entry barriers (Choi, 2003). To resolve these issues, companies such as 
IBM, Dell and Apple have adopted e-business practices and obtained a noticeable change in their 
demand and profit (Matsui, 2016). Nonetheless, adoption of e-channels at the cost of eliminating retail 
practices is not a good decision because with the customer’s viewpoint retail market is the most 
trustworthy, simple and convenient mode of purchase (Mahar et al., 2009). Real visualization, 
demonstration of products, in hand quality assurance, no waiting time, bargaining power of customer, 
service, repair at near premises and requisite of the customized product make retail market alive and 
compete to the e-tail market at each stage (Wang & Ji, 2010). As a result, manufacturers are more 
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inclined for adoption of dual-channel practices, where they can sell their commodities via two different 
channels, simultaneously. This era of digital and conventional marketing creates an emerging trend of 
dual supply chain as the most preferred fundamental of study for academicians and manufacturers. As 
manufacturer starts approaching customers via dual channels, this creates a threat to retailers and forms 
the myth of losing their market share. Several mathematical models have been developed to explain 
"What will happen to the retail market when e-business enters in to the market ?” and “What would be 
the effect on price and profit ?”, (Ren et al., 2014; Yan et al., 2016). The research carried out by Brandon-
Jones and Kauppi, (2018); Li and Huang, (2012) proves that adoption of e-channel along with retail 
channel reduces the wholesale price, increases customer span and improves service sharing for the 
retailers. This shows adoption of dual-channel is not a barrier; however it improves the overall profit of 
the supply chain members. To yield this benefit, many retailers have opened their own e-channel (i.e. 
Apple, Dell), while certain retailers start selling through third party e-sellers (i.e., Amazon) as well as 
several e-sellers open their retail stores  to approach customers (i.e., Glossier, Boll & Branch) (Galih, 
2012). This scenario encourages manufacturers and researchers to explore the diversity in the field of 
dual supply chain. The adoption, management and handling of dual-channel are a complex practice.  

1.1 Research Agenda 
 

The assessment suggests that majority of research has been accomplished for centralized and 
decentralized dual-channel for a single decision parameter.  This study adds new features in the existing 
studies by adding two new fundamentals. First is by introducing a bifurcation of manufacturer-led dual-
channel configurations into four different channel configurations. Studies carried out by  Chen et al., 
(2017); Modak and Kelle, (2019); Pu et al., (2017); Xiao and Shi, (2016); Yan et al., (2018); Zhao et al., 
(2016) and Zhou et al., (2018b) consider centralized and decentralized manufacturer-led, retailer-led and 
third party-led channel configurations. A part of these configurations in actual market condition the 
manufacturer-led dual-channel can be diverged into various four channel configurations as explained in 
detail in Table 1. 
 

Table 1  

Dual Channel Configurations 
Channel Description Diagram 

Vertically 
Integrated 

Dual Supply 
Chain 

 (VID-SC) 

VID-SC is the scenario in which the manufacturer owns his e-
channel and retail channel. Selling of Dell computers at Dell’s 
owned retail outlet and  at e-channel handled by Intermediate 
members are absent in this absent in this type of dual channel 
structure, thus it is termed as a benchmark dual channel 
structure.   

Decentralized 
Dual channel 

Supply 
Chain  

(DD-SC) 

In DD-SC channel the manufacturer doesn't own any end 
selling channel. He sales the products to an independent e-
tailer and retailer. Just like selling of NOKIA cell phone 
through an independently handled Amazon (e-channel) and  
retail store. 

 

Partially 
Integrate 

Dual Supply 
Chain  

(PID-SC) 

In PID-SC channel the manufacturer drives an e-channel to 
sell his products to the end users. Although to approach a large 
market segment some amount of products are sold to the 
retailer to reach the end users. Lenovo’s dual channel strategy 
is an example of PID-SC, as the e-channel is handled by 
Lenovo itself but the retail selling is done by an independent 
retailer.  

 

Horizontally 
Integrated 

Dual Supply 
Chain 

 (HID-SC) 

Same as the DD-SC in HID-SC the manufacturer doesn't own 
any end selling channel. In HID-SC,  the products are sold to 
an integrated channel having own retail as well as e-tail store. 
Shoperstop is managing their SC activity by offering products 
via their retail stores and e-tail shopping websites. 

 

Channel Members are Integrated and work as a Unit 
Channel Members are Isolated and work as an Individual 
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The second fundamental is the consideration of more than one demand affecting parameter for the model 
development. To maximize the profit, one of the key ways for success is to boost the market demand. 
But for a particular product there is always a constant total market demand which is fulfilled by retailers 
and e-tailers. A channel member can only work to reduce customer switching from self-channel to the 
cross channel. This study measures advertisement, free-riding, and lead time as demand affecting 
parameters. The customer’s switch form one channel to another is followed by advertisement or/and lead 
time or/and sales effort. If a channel offers wonderful advertisement policy but provides product after 
too long delivery time or doesn’t provide any free-riding then demand at the particular channel decreases 
due to improper delivery adherence and absence of free-riding option, and vise a versa happens for all 
three parameters. The majority of study considers these three parameters individually in their models for 
centralized and decentralized case but to count them together in dual-channel configurations is a novel 
contribution of research.  

The main objective of this study is to examine the effect of selected decision parameters (cooperative 
advertisement, delivery lead time and free-riding) on demand of dual supply chain on  manufacturer-led 
dual-channel supply chain configurations (VID-SC, DD-SC, PID-SC and HID-SC). A linear program 
for profit maximization is developed and a backward induction method is used to find out the optimum 
values. A numerical data set, sensitivity analysis and interaction examination is also demonstrated in the 
study to recognize the effect of selected decision parameters on price and profit. 

The rest of the paper is structured as follows. Literature review is explained in section 2. Section 3 covers 
assumptions and model development for all the four scenarios. Section 4 includes numerical results, 
sensitivity analysis and interaction plots. The summary of results and scope for future work are discussed 
in section 5.  

2. Literature review 

This section summarizes the relevant literatures to support the developed model for dual supply chain. 
The study includes three decision parameters namely cooperative advertisement, delivery lead time and 
free-riding as a demand affecting parameters for the model development. Table 2 gives a brief analysis 
of mathematical models developed for centralized and decentralized dual-channel supply chain. 
  

Table 2  

A comparison of current model with existing dual supply chain models 

Reference Objectives 

Model Parameters 

Channel Scenario 
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Liu et al., (2013) Compare cooperative  advertising for 
traditional  and dual channel 

Yes   Decentralized 

Yan et al., (2006) Obtain equilibrium pricing and cooperative 
advertising policies 

Yes   Decentralized 

Chen, (2015) Evaluate the impact of cooperative advertising 
mechanisms on channel conflict and pricing 
schemes 

Yes   - 

Kai, (2016) Measure influence of asymmetric demand 
information on price discount and cooperative 
advertisement 

Yes   Centralized and 
Decentralized 

Xie et al., (2017) Analyze influence of advertisement revenue 
sharing ratio on price and advertising 
investment 

Yes   Centralized and 
Decentralized 
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Table 2  

A comparison of current model with existing dual supply chain models (Continued) 

Reference Objectives 

Model Parameters 

Channel Scenario 
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Dan et al., (2014) Investigate impact of bidirectional free riding 
and service competition on pricing decision 

 Yes  Decentralized 

He et al., (2016) Evaluate the impact of consumer free riding 
on carbon emissions andon governmental e-
commerce tax 

 Yes  - 

Shi and Ma, 
(2016) 

Analyze influence of trust input, altruistic 
tendency, learning abilities on free riding 

 Yes  Centralized and 
Decentralized 

Pu et al., (2017) Study the effects of free riding on sales effort, 
demand and profit 

 Yes  Centralized and 
Decentralized 

Yang et al., 
(2017) 

Measure stock out-based and lead time based 
consumer switching behavior to examine the 
order quantity and inventory decision 

  Yes Centralized and 
Decentralized 

Xu et al., (2012) Investigate effect of price and delivery lead 
time 

  Yes Centralized and 
Decentralized 

Hua et al., (2010) Examined the optimal decisions for delivery 
lead time and prices  for 

  Yes Centralized and 
Decentralized 

Modak and 
(Kelle, 2019) 

Analyze effect of delivery lead time and 
customers’ channel preference for price 
decision 

  Yes Centralized 

Saha et al., (2018) Characterize effect on price due to delivery 
time sensitive demand/customer 

  Yes Decentralized 

Proposed model Investigates the effect of decision parameters 
on demand, price and profit 

Yes Yes Yes Centralized, Decentralized, 
Partially and Horizontally 
Integrated 

 

2.1 Cooperative Advertisement 

An accurate level of advertisement creates awareness and helps to attract customers, which finally 
improves the demand but, an effective advertisement strategy consumes certain profit share of the 
organization (Bergen & John, 1997). The advertisement in dual supply chain can be done by selling 
member (retail and e-tail) separately or jointly. The research prepared by Che, (2015)  and Yan et al. 
(2006) says a when both the end selling members come together they can serve as many customers as 
possible with the least advertisement cost, effort and conflict. Yan et al. (2006) studied the impact of 
cooperative advertising on the demand and profit, to consider different dual supply channel partners 
under different market structures based on product compatibilities. Chen (2015) evaluated the impact of 
price discount schemes along with cooperative advertising to analyse a relationship between cooperative 
cost and effort share between dual-channel bodies for decision making practices. The result revealed that 
a cooperative advertisement policy is always superior to a non-cooperative policy for profit improvement. 
Xie et al. (2017) examined the influence of optimal price, wholesale price and advertising investment on 
revenue sharing ratio for dual channels. Guo and Ma, (2018) analysed the impact of cooperative 
advertising on price and profit to observe how cooperative advertising can benefit manufacturer and 
retailer. An adjustment mechanism is explained by the researchers to analyse the exponential advertising 
response under dynamic process and inaccurate profit information. The research carried out by Bergen 
and John (1997), Chen (2015), Chutani and Sethi (2018), Karray et al. (2017), Kundu and Chakrabarti, 
(2018), Xie et al. (2017), Yan and Pei (2015) and Zhou et al. (2018) for dual supply chain concludes that 
a cooperative advertisement strategy helps both the channel member but they have pre-assumes a 
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symmetric demand function without the demand fluctuation. To overcome this barrier, Kai (2016) 
developed  a model for cooperative advertisement and explained about, how advertising decisions change 
with asymmetric demand information and price discounts.  
 
2.2 Free-riding 

 

Free-riding in dual supply chain happens when one channel member (retail) is putting efforts for the 
customer service activities like demonstration, physical testing etc. and his activities and efforts helps 
another (e-tail) channel member for the final sale of their commodity (Pu et al., 2017). When the product 
is available at two different channels customer will choose the retail store to physically test the product 
and will purchase it from the e-channel at lower cost. This phenomenon reduces selling and profit at retail 
stores. Hence sometimes retailers refuse to keep such products at their stores or refuse to become a part 
of free-riding selling pattern (Dan et al., 2014; Zhou et al., 2018). As the free-riding convenience to the 
customer reduces the overall demand also get shirked, to overcome this barrier, manufacturer and e-
channel members share a specific amount of profit with retailer to make the product available at the retail 
store for the free-riding. Dan et al. (2014) examined the impacts of bi-directional free-riding to develop 
a decision making model for selecting most favourable service levels under different dual supply chains 
scenario. He et al. (2016) analysed an impact of consumer free-riding on carbon emissions and 
governmental e-commerce tax for a dual-channel closed loop supply chain. Pu et al. (2017) developed 
an effective cost-sharing contract to encourage the offline stores to spend more on the sales effort and 
free-riding and proposed a cost sharing contract to coordinate a decentralized channel to achieve 
beneficial results. 

2.3 Delivery Lead Time 

 
Delivery lead time refers to a time period between placing an order to receiving the product. It includes 
time for order placing, handling, collecting, packing and transporting. The longer customers waiting time 
towards products and services leads to demand degradation (Saha et al., 2018).  Many researchers have 
put their efforts to analyse adverse effect of longer lead time on demand, price and inventory (Modak 
and Kelle, 2019; Saha et al., 2018; Yang et al., 2017). Kay Yut Chen, (2008) analysed consumer’s 
channel choice by their willingness to wait, product availability concerns and relative convenience for 
shopping in dual channels. The study identified optimal dual-channel strategies to choose between a 
direct channel and a retail channel if manufacturer is already selling products through one of these 
channels. Hua et al. (2010) investigated the effect of delivery lead time on customer’s e-channel 
acceptance and explained how delivery lead time influences manufacturer’s and the retailer’s pricing 
strategies and profits. Xu et al. (2012) examined how delivery lead time influence the channel design and 
enlightened various pricing strategies under diverse form of ownership for different dual-channel 
structures. Yang et al. (2017) studied customer’s stock-out-based and lead time-based switching. Their 
obtained result explore about two approaches, the manufacturer adopts a ‘‘slow down deliver later’’ 
approach for the less delivery lead time sensitive customers and ‘‘stay fast and brag about better 
services’’ as customers become more sensitive to delivery lead time. Modak and Kelle (2019) evaluated 
the effect of delivery lead time and customers’ channel preference to develop a profit maximization 
model. The optimal online delivery lead time in decentralized channel is less than in centralized channel. 
  
3. The Model 

 
The following are assumptions to make the model more accurate and reliable for numerical simplicity. 
 

Assumptions for model formulation: (Chiang et al., 2003; Mcguire et al., 2008; Yoo & Lee, 2011) 
 
a) The model is developed for deterministic and linear demand without shortage. 
b) Carrying, holding, transporting and other overhead costs are constant.  
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c) Demand and price fluctuation due to environmental effect is neglected. Discounts or complementary 
privileges are not allowed. 

d) No constraint for space, capital and capacity. 
e) The product is manufactured by a single manufacturer thus quality, warranty, specification is 

considered as a constant parameter and hence they don’t affect the demand value. 
f) Manufacturer acts as Stackelberg leader, retail and e-channels acts as a Stackelberg follower. 
g) The game between two independent retailers or e-tailers is purely Bertrand-Nash. 
h) Supply chain members are risk natural and aimed to maximize their individual profit. But if channel 

members are horizontally integrated, the pricing decision is made to maximize the joint profits. 

The list of following nomenclature is used for the convenience of the model formulation. 
 

Parameters 

 𝜌 = Consumer’s Preference for E-tail Channel 

1 - 𝜌 = Consumer’s Preference for Retail Channel 

a = Potential Demand (independent of price, advertisement, time and free-riding) 

βj = Cross-Price Sensitivity (j= 1,2; 1=retailer to e-tailer, 2=e-tailer to retailer) 

αj= Self-Price Sensitivity  

X = Manufacturer’s Participation in Total Advertisement  

1-X = Retailer’s Participation in Total Advertisement 

τ  = Free-Riding Ratio 

Ψ = Delivery Time Sensitive Customers 

γ = Time based switching of Demand 

Ci= Carrying/ Holding cost  

m/t = Unit Delivery Cost 

t= Delivery Lead Time for One Unit 

A = Co-Operative Advertising Expenditure 

K= Effect of Co-Operative Advertisement on Sales 

Di = Forecasted demand (i= m- manufacturer, r- retailer, d- e-tailer) 

 

Decision Variables 

 

Wi = Wholesale Price offered by manufacturer per unit 

Pi= Selling price per product per unit 

Πi= Profit of earned 
 

3.1 Model formulation 

 
In present study, it is assumed that demand is a deterministic linear function of five parameters; channel 
preference, self and cross-price, total advertisement cost and effort, lead time and free- riding level; and 
it is represented as D=f( ρ , P, A, 𝑡, 𝑆)  (Batarfi et al., 2017, 2016).  
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The total market demand D is satisfied by D= Dr+Dd where 𝐷 = 1 − 𝜌)𝑎 − 𝛼 𝑃 + 𝛽 𝑃 + 𝐾√𝐴 +𝛾 ∗ 𝑡 + 1 − 𝜏)𝑆 and 𝐷  =  𝜌𝑎 + −𝛼 𝑃 + 𝛽 𝑃 + 𝐾√𝐴 − 𝜓 ∗ 𝑡 + 𝜏𝑆.  
 
The demand gets switched to either channel due to various factors.The first factor is ρ. The term ρ 
depends on population density near the retail outlet, trust on channel, bargaining power, geographical 
area, internet facility and literacy, product category etc., 0≤ ρ≤1 (Mukhopadhyay and Setoputro, 2004). 
The second factor that influences the demand self-price (𝛼 ) and cross-price (𝛽 ) elastic coefficients, (αi 

> βi for i=1,2)(Chen et al., 2017; Giri et al., 2017; Huang et al., 2015, 2012). To promote the product 
channel members spent some amount of profit in advertisement cost and the cost allied with total 
advertisement is expressed as “A” paid by only end selling members. From total expenditure A, XA 
amount of advertisement cost is paid by e-tail seller and (1-X)A amount of cost is paid by retail seller. 
Where, X (0≤X≤1) is an ordinance of cooperative advertisement. Another factor is delivery lead time. 
As e-tailer’s offered delivery time is increased by one unit, Ψ units of customers/demand are loss by the 
e-tailer, out of which γ units of customers will switch to retail channel for a quicker delivery option. 
Here, Ψ ≠ γ and Ψ>γ, few customers switch to different product, postpone/refuse to buy or purchase it 
from competitor’s channel (Hua et al., 2010). At this stage Ψ – γ units of demand is lost by the 
manufacturer. The next factor to influence the demand is τ, indicating a level of free-riding, as value of  
τ changes the demand at the retail channel is changed by (1-τ)S units, and demand at e-channel  changes 
by τS units (Pu et al., 2017).Where S defines the unit cost of sales efforts. The portion of switched 
demand from retailer to e-tailer, due to price difference at both channels is expressed as 𝐷 =𝜏 × 𝑃 − 𝑃 ).  

 
The cumulative of holding, inventory and shipping charges paid by retailer and e-tailer are Cr and Cd 
respectively. The effort associated with holding, inventory and shipping for both the channels are 
different. Therefore, the cost is also different. The consumer can buy a product from retail channel at Pr 

price or form e-channel at Pd price (which satisfies Pr>Wr + Cr, Pd>Wd+ Cr).   
 
3.2 Research Methodology 

 
In this study, the logic of backward induction game theory is applied in a Stackelberg game. The 
manufacturer is so-called as a Stackelberg Leader, and the retailer and e-tailer are called as a Follower. 
Moreover, a bordered Hessian is used for the second-derivative test in certain constrained optimization 
problems. Flowing steps are followed to solve the model: 
 
1. The value of last decision parameters selling price as Pr, Pd are solved using first order derivative test. 

And their concavity with respect to profit function a second-order partial derivative test using Hessian 
matrix is analysed. 

2. Substituting the optimum values of selling price in profit equations. The first move of deciding 
wholesale price for the channel members (Wr, Wd) are resolved, by similar first order derivative test 
and Hessian matrix properties.  

3. All the obtained optimum values of decision parameters are placed in profit equation to find  the profit. 
 

3.1.1 Case 1. Vertically Integrated Dual-channel Supply Chain(VID-SC) 

 
The manufacturer acts as a Strackelberg leader and decides 𝑃  and  𝑃  to maximize 𝜋 ) and the 
profit is defined as: 𝑀𝑎𝑥 𝜋 ) = 𝑃 − 𝐶 )𝐷 +  𝑃 − 𝐶 − 𝑚 𝑡 𝐷 − 𝐴 − 𝐶 ∗ 𝐷  (1) 

The model is solved using the steps explained above in research methodology section and the proofs are 
given in Appendix A. 
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 𝑃 ∗ = −(4𝑆𝛼 𝑡 +  2𝛼 𝑚(𝛽 − 𝛽 ) +  4𝛼 𝛼 𝑡 −  2𝐶 𝛽 𝑡 −  2𝛹𝑡 (𝛽 + 𝛽 )  +  4𝛼 𝛾𝑡−  4𝛼 𝛼 𝜌𝑡 +  2𝛼 𝜌𝑡(𝛽 + 𝛽 )  +  4√𝐴𝐾𝛼 𝑡 +  𝐶 𝑡𝜏 𝛽 + 𝛽  

+  4𝐶 𝛼 𝛼 +  2𝐶 𝛼 𝑡(𝛽 − 𝛽 ) −  2𝐶 𝛽 𝛽 𝑡 −  4𝑆𝛼 𝑡𝜏 +  2𝑆𝑡𝜏(𝛽 + 𝛽 )−  2𝐶 𝛼 𝑡𝜏(𝛽 + 𝛽 )  +  2𝐶 𝛽 𝛽 𝑡𝜏 −  4√𝐴𝐾𝛼 𝜌𝑡 
+  2√𝐴𝐾𝜌𝑡(𝛽 + 𝛽 )/(2𝑡(𝛽  +  2𝛽 𝛽  +  𝛽 −  4𝛼 𝛼 )) 

 

 

(2) 

𝑃 ∗ = −(2𝑆𝛽 𝑡 −  2𝛽 𝑚 +  2𝑆𝛽 𝑡 +  4𝛼 𝛼 𝑚 −  2𝛽 𝛽 𝑚 +  2𝑎(𝛽 + 𝛽 )𝑡 −  2𝐶 𝛽 𝑡−  4𝛼 𝛹𝑡 +  2𝛾𝑡 (𝛽 + 𝛽 ) +  4𝑎𝛼 𝜌𝑡 −  2𝑎𝜌𝑡(𝛽 + 𝛽 )  

+  2√𝐴𝑡(𝛽 + 𝛽 ) − 𝐶 𝑡𝜏 𝛽 + 𝛽  +  4𝐶 𝛼 𝛼 𝑡 −  2𝐶 𝛼 (𝛽 − 𝛽 )𝑡−  2𝐶 𝛽 𝛽 𝑡 +  4𝑆𝛼 𝑡𝜏 −  2𝑆(𝛽 + 𝛽 )𝑡𝜏 +  2𝐶 𝛼 (𝛽 + 𝛽 )𝑡𝜏−  2𝐶 𝛽 𝛽 𝑡𝜏 +  4√𝐴𝐾𝛼 𝜌𝑡 −  2√𝐴𝐾𝜌𝑡(𝛽 + 𝛽 ) / (2𝑡(𝛽  +  2𝛽 𝛽  

+  𝛽 −  4𝛼 𝛼 )) 

 

 

(3) 

Substituting values of Pr
*and Pd

* in Eq. (1) gives the maximum value of profit earned by the manufacturer 
in VID-SC as 𝜋 ( )

∗. 
3.1.2 Case 2. Decentralized Dual-channel Supply Chain (DD-SC) 
 

Here, the manufacturer act as a Stackelberg leader and sets wholesale price first for retailer (Wr) and e-
tailer (Wd) to maximize his profit 𝜋  ( ). In respond to that retailer and e-tailer act as a Stackelberg 

follower to set their selling price Pr and Pd to maximize their individual profits as 𝜋  ( )and 𝜋  ( ) 

respectively. Their corresponding profit equations are given below.  
 𝑀𝑎𝑥 𝜋  ( ) = (𝑊 )𝐷 +  (𝑊 )𝐷     (4) 𝑀𝑎𝑥 𝜋  ( ) = (𝑃 −𝑊 − 𝐶 )𝐷 − (1 − 𝑋)𝐴 − (𝐶 ∗ 𝐷 ) (5) 𝑀𝑎𝑥 𝜋  ( ) =  𝑃 −𝑊 − 𝐶 − 𝑚 𝑡 𝐷 − 𝑋𝐴  (6) 

The above explained steps are followed to find out the optimum selling price for retailer and e-tailer in 
DD-SC as: 𝑃 ∗ = (2𝑆𝛼 𝑡 + 𝛼 𝛽 𝑚 + 2𝑎𝛼 𝑡 − 𝛽 𝜑𝑡 − 2𝛼 𝛾𝑡 − 2𝑎𝛼 𝜌𝑡 + 𝑎𝛽 𝜌𝑡 + 2√𝐴𝐾𝛼 𝑡 

+ 2𝐶 𝛼 𝛼 𝑡 + 𝐶 𝛼 𝛽 𝑡 + 2𝑊𝛼 𝛼 𝑡 + 𝑊 𝛼 𝛽 𝑡 − 2𝑆𝛼 𝑡𝜏 + 𝑆𝛽 𝑡𝜏− 𝐶 𝛼 𝛽 𝑡𝜏 − 𝐶 𝛼 𝛽 𝑡𝜏 − 2√𝐴𝐾𝛼 𝜌𝑡 + √𝐴𝐾𝛽 𝜌𝑡)/(𝑡(4𝛼 𝛼 − 𝛽 𝛽 )) 

 

(7) 𝑃 ∗ = (2𝑆𝛽 𝑡 +  4𝛼 𝛼 𝑚 +  2𝑎𝛽 𝑡 −  4𝛼 𝛹𝑡  +  2𝛽 𝛾𝑡  +  4𝑎𝛼 𝜌𝑡 −  2𝑎𝛽 𝜌𝑡 
+  2√𝐴𝐾𝛽 𝑡 − 𝐶 𝛽 𝑡𝜏 +  4𝐶 𝐶𝑑𝛼 𝛼 𝑡 +  2𝐶 𝛼 𝛽 𝑡 +  4𝑊 𝛼 𝛼 𝑡 
+  2𝑊𝛼 𝛽 𝑡 +  4𝑆𝛼 𝑡𝜏 −  2𝑆𝛽 𝑡𝜏 − 𝐶 𝛽 𝛽 𝑡𝜏 +  4 √𝐴𝐾𝛼 𝜌𝑡−  2√𝐴𝐾𝛽 𝜌𝑡)/(2𝑡(4𝛼 𝛼 − 𝛽 𝛽 )) 

 

(8) 

Appendix B provides the supporting data for model solution. (Considering length of paper Wr* and Wd* 
values are not given in the paper but they are considered for numerical studies).  

3.1.3 Case 3. Partially Integrated Dual-Channel Supply Chain (PID-SC) 
 

First manufacturer as a Steckleberg leader decides his online selling price Pd and retail wholesale price 
Wr, based on his decision retailer as a Steckleberg follower decides his retail selling price Pr, and the 
respective profit eqs. are given as: 



U. Pathak et al. / International Journal of Industrial Engineering Computations 11 (2020) 385𝑀𝑎𝑥 𝜋  ( ) =  (𝑊 )𝐷 + 𝑃 −𝑊 − 𝐶 − 𝑚 𝑡 𝐷 − 𝑋𝐴      (9) 𝑀𝑎𝑥 𝜋  ( ) = (𝑃 −𝑊 − 𝐶 )𝐷 − (1 − 𝑋)𝐴 − (𝐶 ∗ 𝐷 ) (10) 

Solving above equations,   𝑃 ∗  =  (2𝑆𝛽 𝑡 +  4𝛼 𝛼 𝑚 +  2𝑎𝛽 𝑡 −  4𝛼 𝛹𝑡  +  2𝛽 𝛾𝑡 +  4𝑎𝛼 𝜌𝑡 −  2𝑎𝛽 𝜌𝑡 
+  2√𝐴𝐾𝛽 𝑡 −  𝐶 𝛽 𝑡𝜏 +  4𝐶 𝛼 𝛼 𝑡 +  2𝐶 𝛼 𝛽 𝑡 +  4𝑊𝛼 𝛽 𝑡 
+  2𝑊𝛼 𝛽 𝑡 +  4𝑆𝛼 𝑡𝜏 −  2𝑆𝛽 𝑡𝜏 −  𝐶 𝛽 𝛽 𝑡𝜏 +  4√𝐴𝐾𝛼 𝜌𝑡 −  2√𝐴𝐾𝛽 𝜌𝑡)/ (2𝑡(4𝛼 𝛼  −  𝛽 𝛽 )) 

 

(11) 

𝑃 ∗ =  (2𝑆𝛼 𝑡 +  𝛼 𝛽 𝑚 +  2𝑎𝛼 𝑡 +  𝑊𝛽 𝑡 −  𝛽 𝛹𝑡  +  2𝛼 𝛾𝑡  −  2𝑎𝛼 𝜌𝑡 
+  𝑎𝛽 𝜌𝑡 +  2√𝐴𝐾𝛼 𝑡 +  2𝐶 𝛼 𝛼 𝑡 +  𝐶 𝛼 𝛽 𝑡 +  2𝑊𝛼 𝛼 𝑡 −  2𝑆𝛼 𝑡𝜏 +  𝑆𝛽 𝑡𝜏 −  𝐶 𝛼 𝛽 𝑡𝜏 −  𝐶 𝛼 𝛽 𝑡𝜏 −  2√𝐴𝐾𝛼 𝜌𝑡 
+  √𝐴𝐾𝛽 𝜌𝑡)/(𝑡(4𝛼 𝛼 −  𝛽 𝛽 )) +  √𝐴𝐾𝛽 𝜌𝑡)/(𝑡(4𝛼 𝛼 −  𝛽 𝛽 )) 

 

(12) 

Substituting values of Wr
*, Pr

*and Pd
* in Eq. (9) and Eq. (10) gives the maximum value of profit earned 

by the manufacturer and retailer PID-SC see Appendix C. 

Case 4. Horizontally Integrated Dual-channel (HID-SC) 

In HID-SC manufacturer sells his products to a single body at a wholesale price W=Wr=Wd and does not 
get involved in end selling practise. The manufacturer first act as Stackelberg leader and decides 
wholesale price W after that an integrated body decides their selling price Pr and Pd for retail and e-
channel respectively. Their corresponding profit equations are given as below. 𝑀𝑎𝑥 𝜋  ( ) = (𝐷 + 𝐷 )𝑊 (13) 𝑀𝑎𝑥 𝜋 /  ( ) = (𝑃 −𝑊 − 𝐶 )𝐷 +  𝑃 −𝑊 − 𝐶 − 𝑚 𝑡 𝐷 − 𝐴 

(14) 

Using backward induction method steps as explained above section. 𝑃 ∗ = −(2𝑆𝛼 𝑡 +  𝛼 𝑚(𝛽 − 𝛽 ) +  2𝑎𝛼 𝑡 −  𝐶𝑟𝛽 𝑡 −  𝑊𝛽 𝑡 – (𝛽 + 𝛽 )𝛹𝑡  

+  2𝛼 𝛾𝑡 −  2𝑎𝛼 𝜌𝑡 +  𝑎(𝛽 + 𝛽 )𝜌𝑡 +  2√𝐴𝐾𝛼 𝑡 +  2𝐶 𝛼 𝛼 𝑡 
+ 𝐶 𝛼 (𝛽 − 𝛽 )𝑡 – 𝐶 𝛽 𝛽 𝑡 +  2𝑊𝛼 𝛼 𝑡 +  𝑊𝛼 (𝛽 − 𝛽 )𝑡 –  𝑊𝛽 𝛽 𝑡 −  2𝑆𝛼 𝑡𝜏 +  𝑆(𝛽 + 𝛽 )𝑡𝜏 –  2√𝐴𝐾𝛼 𝜌𝑡 +  √𝐴𝐾(𝛽 + 𝛽 )𝜌𝑡)/(𝑡(𝛽  

+  2𝛽 𝛽  +  𝛽 −  4𝛼 𝛼 )) 

 

(15) 

𝑃 ∗ =  (𝑆𝛽 𝑡 −  𝛽 𝑚 +  𝑆𝛽 𝑡 +  2𝛼𝛼 𝑚 −  𝛽 𝛽 𝑚 +  𝑎𝛽 𝑡 +  𝑎𝛽 𝑡 −  𝐶 𝛽 𝑡 −  𝑊𝛽 𝑡 −  2𝛼 𝛹𝑡  +  (𝛽 + 𝛽 )𝛾𝑡 +  2𝑎𝛼 𝜌𝑡 −  𝑎𝜌𝑡(𝛽 + 𝛽 )

+ √𝐴𝐾(𝛽 + 𝛽 )𝑡 +  2𝐶 𝛼 𝛼 𝑡 −  𝐶 𝛼 (𝛽 + 𝛽 )𝑡 −  𝐶 𝛽 𝛽 𝑡 
+  2𝑊𝛼 𝛼 𝑡 −  𝑊𝛼 (𝛽 − 𝛽 )𝑡 −  𝑊𝛽 𝛽 𝑡 +  2𝑆𝛼 𝑡𝜏 −  𝑆(𝛽 + 𝛽 )𝑡𝜏 

+  2√𝐴𝐾𝛼 𝜌𝑡 − √𝐴𝐾(𝛽 + 𝛽 )𝜌𝑡)/(𝑡(𝛽  +  2𝛽 𝛽  +  𝛽  −  4𝛼 𝛼 )) 

 

(16) 

Appendix D provides the supporting data for model solution.  

4. Sensitivity analysis 

This section shows effect of selected decision parameters on demand, piece and profit by a numerical 
analysis. The demand affecting decision parameter is placed on X-axis, selling price on primary Y-axis 
and profit on secondary Y-axis. The parameters for analysis are considered as follows: Cr=20, Cd=30; 
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A=10, S=30, a=500, ρ=0.5, m=25, K=6, X=0.5, ψ=5, γ=5, α1=6; β1=0.8, α2=4, β2=1.1, τ=0.5 and t=5. 

The value of numerical data set is taken based on assumption made in this study.  
 
4.1 Effect of cooperative advertisement level (X) 

 

Observation 1: 
∗√ > 0 𝑎𝑛𝑑 

∗√ > 0, for0 < 𝜌 < 0.5 
∗√ >

∗√ and, for 0.5 ≤ ρ < 1
∗√ <

∗√ . 

 
Observation 1 indicates, any rise in advertisement expenditure helps to improve the demand. This 
relation holds good for all channel configurations. But for certain products customers are having higher 
preference to buy from retail store than the e-store (0 < 𝜌 < 0.5), at this stage the rate of increase in 
demand at retail store is higher than the e-tail store, and vice a versa. Hence, the decision of 
advertisement expenditure should be taken after considering the customer’s channel preference.  
 

Observation 2: For all channel configurations
∗√ > 0 𝑎𝑛𝑑 

∗√ > 0 but, if 0<ρ<0.5 then 
∗√ >

∗√  

and if 0.5≤ρ<1 then  
∗√ <

∗√ . 

Observation 2 implies a general phenomenon that product becomes more costly with the rise in 
advertisement expenditure. But, when the consumer prefers e-channel more (0.5≤ρ<1), the rise in price 
with advertisement cost at e-channel is greater than that of the retail channel, and vice a versa. The more 
the channel loyal customer lesser the cost of advertisement and product become comparatively cheap. 

Along with this, for the advertisement cost optimization, there exists an optimum value of √𝐴∗ (for which ∗
 √ ∗ = 0).  In the case of cooperative advertisement both the channel members shares cost of 

advertisement. Here, from the total advertisement expenditure (√𝐴∗), e-tailer and retailer pays X and (1-
X) fraction of amounts respectively. The effect of variation in X on price and profit for various channel 
structures are presented in Fig. 1 (a), (b), (c) and (d). 
 

  
Fig. 1. (a) πr (VID-SC),Pr, and Pd  v/s X Fig. 1. (b) πm (DD-SC), πr (DD-SC), πd(DD-SC) , Pr, Pd,  Wr 

and Wd  v/s X 
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Fig. 1. (c) πr (PID-SC), πm (PID-SC),  Pr, Pd  and Wr v/s X Fig.  1. (d) πr/d(HID-SC), πm (HID-SC) , Pr, Pd  and Wr v/s X 

 
In VID-SC and HID-SC, retail and e-tail store works as a unit. Therefore, an advertisement cost sharing 
contract is not applicable and as a result channel’s participation rate (X) for cooperative advertisement is 
absent in VID-SC and HID-SC. While in DD-SC and PID-SC configurations, retail and e-tail stores work 
as an individual to maximize individual’s sales and profit.  The effect of change in advertisement cost 
sharing factor for DD-SC and PID-SC is explained in corollary 1. 
 

Corollary 1(a) For all channel configurations, with the change in cooperative advertisement, wholesale 

price (Wr and Wd) and optimum selling price (Pr and Pd) remain unchanged (For all channel 

configurations 
∗

= 0,
∗

= 0, = 0, = 0 𝑎𝑛𝑑 
/

= 0). 

Corollary 1(a) articulates, the consumer get attracted with “how efficient the advertisement effort is 
done”, but their purchase pattern is independent of “who is spending more for the advertisement”. So the 
participation rate of advertisement is not affected by the selling piece.   

Corollary 1(b) As X approaches to 1, profit of e-channel become monotonic deceasing function of X 

while profit of retail channel become monotonic increasing function of X, (For DD-SC and PID-

SC
( )

> 0,
( )

< 0,
( )

= 0,
( )

> 0 𝑎𝑛𝑑 ( )
< 0). 

To take cost and demand benefit e-taier’s starts contributing towards cooperative advertisement and his 
participation rate for advertisement increases with rise in customer’s compatibility with e-channel. 
However, with the higher participation rate e-tailer loses certain profit share but the retailer’s profit will 
continue to increase. The manufacturer who is not involved in the end selling (in DD-SC) stays unaffected 
with advertisement cost sharing factor by maintaining a constant profit value. For X=0 retailer bares all 
the advertising expenditures and holds minimum profit, at this stage e-tailer doesn’t pay for 
advertisement and enjoys with the highest profit.  As the value of X starts moving towards 1, e-tailer 
starts contributing towards advertisement expenditure and as a result, e-tailer’s profit starts declining. 
But the decline in profit due to cooperative advertisement is quite less compared to decline in profit 
without cooperation (Bergen and John, 1997; Yan et al., 2009; Zhou et al., 2018b). Without the 
cooperation e-tailers have to bare full advertisement expenditure A, and this makes product more costly 
as explain in observation 2. As a result, for the e-tailers profit value with and without cooperation is given 
as 𝜋

(  )
𝜋

(  )
. At this stage, a well-defined cooperative advisement policy 

reduces the cost, effort and handling management in DD-SC and PID-SC. Thus, it is advisable for both 
the channel members to hold a cooperative advertisement policy, to reduce the burden on one channel 
and creates a win-win situation. A well-planned cooperative advertising strategy gives a successful 
marketing initiative for both the channel members to stimulate the demand and profit. 
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4.1 Effect of varying free-riding rate (τ) 
 

Observation 4: 
∗

> 0 𝑎𝑛𝑑 
∗

> 0,𝑓𝑜𝑟 𝜏 > 0.5
∗

>
∗

 𝑎𝑛𝑑 𝑓𝑜𝑟 𝜏 ≤ 0.5 
∗

<
∗
. 

Observation 4 says, with increase in sales effort demand at retail channel and e-channel increases. But 
when consumption/purchase pattern is more inclined to free-riding (𝜏 > 0.5) the rise in demand at retail 
channel is higher compared to the e-channel, and vice as versa. It means the demand swapping occur 
based on level of free-riding. One should consider product category and its associated value of free-
riding to define sales effort and demand pattern (Pu et al., 2017).   

Observation 5:For all channel configurations
∗

> 0 𝑎𝑛𝑑 
∗

> 0,but for 𝜏 > 0.5 
 ∗

>
∗
 and 

for  𝜏 ≤ 0.5  
 ∗

<
∗
. 

Observation 5 implies a general observation as the channel member raise their sales efforts, their offered 
selling price also increases.  But, for each channel structure, there exist an optimum value of 𝑆∗(obtained 

by  
∗

= 0) for  price optimization and profit maximization . When consumers are more inclined 

towards free-riding (𝜏 > 0.5), the rate of change of retail selling price with respect to sales effort is much 
more than that of e-channel, and vice a versa happens when customers are not much inclined to free-
riding (𝜏 < 0.5). For the various values of free-riding ratio, an effect on demand, price and profit is 
presented in Fig. 2 (a), (b), (c) and (d). 
 

 
Fig. 3. (a) πm (VID-SC) v/s t Fig. 3. (b) πm (DD-SC), πr (DD-SC), πd(DD-SC) , Pr, Pd,  Wr and Wd v/s t 

 
Fig. 3. (c) πr (PID-SC), πm (PID-SC) , Pr, Pd  and Wr v/s t Fig. 3. (d) πr (HID-SC), πm (HID-SC) , Pr,, Pd  and Wr v/s t 
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Corollary 3(a-i) For PID-SC and HID-SC, the optimum wholesale price is monotonic increasing 

function of delivery lead time (For PID-SC and HID-SC for all values of ‘ t’ 
∗

> 0). 

 

Corollary 3(a-ii) For DD-SC, retailer’s optimum wholesale price (𝑊 ∗) is always monotonic increasing 

function of delivery lead time (t), while e-tailer’s optimum wholesale price (𝑊 ∗) is decreasing function 

of delivery lead time up to a threshold value of time (𝑡∗) and after this point  𝑊 ∗becomes an increasing 

function of lead time, 𝐹𝑜𝑟 𝐷𝐷 − 𝑆𝐶, 𝑖𝑓 𝑡 < 𝑡∗ 𝑡ℎ𝑒𝑛 
∗

> 0,
∗

< 0 𝑎𝑛𝑑 𝑖𝑓 𝑡 ≥ 𝑡∗ 𝑡ℎ𝑒𝑛 
∗

>

0,
∗

> 0 . A manufacturer changes the wholesale price in response to demand conditions. Once 

goods are transferred to the retailer, he may not be able to change the wholesale price and the 
manufacturer may end up with unsold units. Thus to take cost benefit manufacturer starts offering 
products at higher wholesale price to the retailers. But in the case of DD-SC wholesale price decreases 
for the lead time below the threshold value and it starts increasing when t reaches above the threshold 
value.  
 

Corollary 3(b-i).When retail and e-channel work as a unit, their respective optimal selling prices are 

monotonic increasing and decreasing function of time respectively (For VID-SC and HID-SC for all 

values of t
∗

> 0 𝑎𝑛𝑑 
∗

< 0). 

 
Corollary 3(b-ii) When both channel works as an individual, the optimal e-selling price is always 

decreasing function of time, while the relation of time with retail selling price initially drops and it starts 

increasing after a threshold value of time, 𝐹𝑜𝑟 𝐷𝐷 − 𝑆𝐶 𝑎𝑛𝑑 𝑃𝐼𝐷 − 𝑆𝐶: 𝐼𝑓 𝑡 < 𝑡∗ 𝑡ℎ𝑒𝑛 
∗

<

0 𝑎𝑛𝑑 
∗

< 0 and 𝑖𝑓 𝑡 ≥ 𝑡∗ 𝑡ℎ𝑒𝑛 
∗

> 0 𝑎𝑛𝑑 
∗

< 0 . 

Corollary 3(b-i and ii) describes a general fundamental, an e-tailer can offer product at lesser price when 
customers become less sensitive to delivery lead time, and this relation is versatile for all the channel 
configurations and for all the values of lead time.  A threshold value of delivery lead time reflects a time 
period up to a customer can wait for the product. Beyond this limit (t ≥ 𝑡∗) however the price at e-tail 
store is low customer will swipe his demand to retail store and to take cost benefit retailer increases his 
selling price. But when e-tailer is capable of delivering product quickly (t<𝑡∗), retailer drop down his 
selling price to attract customers to stop switching them to e-tail store. A little consideration shows that 

the effect of t on Pd
* and Pr

* depends on the channel configuration but always 
∗ − ∗

> 0. This 

reflects for the same change in t, change in retailer’s selling price is greater than the e-channel’s price 
change, because retailer’s selling price is much more sensitive to lead time compared to e-channel’s 
selling price. Thus, pricing policy of retail store is much more affected by delivery lead time then e-tail 
store (Hua et al., 2010). 

Corollary 3(c-i): For all channel configurations, manufacturer’s profit is monotonic increasing function 

of delivery lead time 𝐹𝑜𝑟 𝑎𝑙𝑙 𝑐ℎ𝑎𝑛𝑛𝑒𝑙 𝑐𝑜𝑛𝑓𝑖𝑔𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑠 
∗

> 0 . 

 

Corollary 3(c-ii) For all channel configurations, when lead time is below the threshold value retailer’s 

profit is decreasing function of time, but after this point profit becomes an increasing function of time. 𝐹𝑜𝑟 𝑎𝑙𝑙 𝑐ℎ𝑎𝑛𝑛𝑒𝑙 𝑐𝑜𝑛𝑓𝑖𝑔𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑠 𝑤ℎ𝑒𝑛 𝑡 < 𝑡∗, ∗
< 0   𝑎𝑛𝑑 𝑤ℎ𝑒𝑛  𝑡 ≥ 𝑡∗, ∗

> 0 . 

 
Corollary 3(c-iii) For VID-SC, PID-SC and HID-SC, e-tailer’s profit is monotonic increasing function 

of delivery lead time 𝐹𝑜𝑟 𝑉𝐼𝐷 − 𝑆𝐶,𝑃𝐼𝐷 − 𝑆𝐶 𝑎𝑛𝑑 𝐻𝐼𝐷 − 𝑆𝐶 𝑢𝑛𝑑𝑒𝑟 𝑎𝑙𝑙 𝑣𝑎𝑙𝑢𝑒𝑠 𝑜𝑓 𝑡  ∗
> 0 . 
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Corollary 3(c-iv) In DD-SC for a lead time less than the threshold value (t*) e-tailer’s profit is monotonic 

decreasing function for delivery lead time, but after t* profit becomes an increasing function of delivery 

lead time 𝐹𝑜𝑟 𝐷𝐷 − 𝑆𝐶, 𝑖𝑓 𝑡 < 𝑡∗ ( )
∗

< 0   𝑎𝑛𝑑 𝑖𝑓 𝑡 ≥ 𝑡∗ ( )
∗

> 0 . 

 

The manufacturer is more profitable if lead time is longer (Corollary 3(c-i)). This relation holds good 
for all manufacturer- led dual-channel configurations (VID-SC, DD-SC, HID-SC and PID-SC). Thus, 
irrespective of channel configuration manufacturer is always gainful for longer lead time values. For the 
delivery time t (𝑡 < 𝑡∗), customers are willing to wait for a product and this declines demand at retail 
store (Observation 5). Further, an increased offered wholesale price by manufacturer (Corollary 3-a) and 
decline in optimum selling price offered by retail (Corollary 3-b) weakens retailer’s profit. But when 
delivery time t (𝑡 ≥ 𝑡∗), customers are not ready to wait too long for the product, creates a rise in demand 
at retail store (Observation 5) and rises in optimum selling price at retail store (Corollary 3-b), though 
the wholesale price offered by manufacturer is higher (Corollary 3-a), retailer can improvise this profit.  

When e-channel is handled by an individual (like DD-SC) for shorter lead time (below the threshold 
value) profit of e-tailer reduces though demand is high (Observation 5), because certain portion of profit 
is used to provide quick delivery. Another observation says that if delivery lead time is higher than the 
threshold value, e-tailer can provide product at comparatively lesser price (Corollary 3-b) without 
compromising the profit. While for VID-SC, PID-SC and HID-SC the profit of e-channel and 
manufacturer always increases with the rise in delivery lead time, followed by corollary 3-c (i,ii and iii). 

4.4 Interaction among X, τ and t 
 

To analyses effect of a single variable on optimum selling price the results explained in above section is 
adequate. But, an interaction plot to represent the effect of more than one parameter is required. Here, 
Fig. 4, Fig. 5, Fig. 6 and Fig. 7 interaction plot for VID-SC, DD-SC, PID-SC and HID-SC channels are 
shown respectively.  

Fig. 4(a and b), 5(a and b), 6(a and b) and 7(a and b) shows the change in Pr
* and Pd

* with the change in 
X and τ under a constant t. The plot represents Pr

* is in decreasing function while Pd
* is an increasing 

function of τ, and an independent function of X. The product range having higher rate of free-riding ratio 
will be less costly at retail store and expensive at e-tail store. This relation supports results of Corollary 
1 and 2 as well.  
 
In Fig. 4(c and d), 5(c and d), 6(c and d) and 7(c and d) presents the change in Pr

* and Pd
* with the change 

in t and τ under a constant X. The plot illustrates, Pr
*

 is a decreasing function of τ and an increasing 
function of t. Product is least costly at retail channel when it is delivered at a longer lead time with a 
greater value of free-riding ratio and vice a versa results are obtained for e-channel as it is an increasing 
function of τ and a decreasing function of t.  
 
Here, 4(e and f), 5(e and f), 6(e and f) and 7(e and f) presents the change in Pr

* and Pd
* with the change 

in X and t values when τ is constant. The interaction plot is a linear and only a function of t, and X  is an 
independent function (Corollary 1). Here, Pr

* is an increasing and Pd
* is a decreasing function of t. 

Therefore, in order to keep the lower optimum selling price the retailer should focus on minimizing 
while the e-tailer need a greater delivery lead time.
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5. Conclusion 

This paper has developed a dual-channel supply chain model consisting of four different manufacturer-
led configurations (VID-SC, DD-SC, PID-SC and HID-SC) and three different demand affecting 
parameters (cooperative advertisement, lead time and free-riding). A numerical example is carried out to 
obtain the results and it is briefly explained in section 4. Table 3 explains general outline of all the 
observations and results obtain from this study, this helps for the channel configuration selection and for 
the choosing best fit values of decision parameters. A decision maker can easily predict the values of 
outcome by changing values of the decision parameters to make future strategies without actual 
implementation. The relation explained in Table 3 is valid for all possible values of decision parameters. 
 
Table 3  

Comparative Summary 

Channel 

 
 
Decision 
Variable 

Effect of varying 
channels participation 
rate on total 
advertisement (X) 
from 0 to 1 

Effect of varying free 
riding rate (τ) from 0 
to 1 

Effect of varying delivery lead time 
(t) from 2 to 10 

VID-SC 

∏m(VID) Remains same Increases Decreases then increases 

Pr
* Remains same Decreases Increases 

Pd
* Remains same Increases Decreases 

DD-SC 

∏m(DD) Remains same Increases Decreases then increases 

∏r(DD) Increases Increases Decreases 

∏d(DD) Decreases Increases Decreases then increases 

Pr
* Remains same Decreases Decreases then increases 

Pd
* Remains same Increases Decreases 

Wr
* Remains same Decreases Increases 

Wd
* Remains same Increases Decreases 

PID-SC 

∏m(PID) Decreases Increases Decreases then increases 

∏d(PID) Increases Increases Decreases 

Pr
* Remains same Decreases Decreases then increases 

Pd
* Remains same Increases Decreases 

Wr
* Remains same Decreases Increases 

HID-SC 

∏m(HID) Remains same Decreases Decreases then increases 

∏r_d(HID) Remains same Increases Increases 

Pr
* Remains same Decreases Increases 

Pd
* Remains same Increases Decreases 

W Remains same Decreases Increases 

 
 
The model development and analysis have some limitations. These limitations can be overcome with the 
suggested future scope as follows: It would be an interesting mode of study for demand function with a 
stochastic behaviour under asymmetric information. In this study noise factors are not considered. Apart 
of advertisement, lead time and free-riding, certain uncertainties like bull-whip effect, environmental 
factors, government tax and policy, consumer’s behaviour etc. also influence the demand, price and profit 
to make it more robust. The developed model is calculated by considering manufacturer’s and channel 
member’s approach of profit maximization. It will be an interesting to examine the impact of customer’s 
desire and comfort in procurement, to re-calculate the model from customer’s point of view. It will be 
interesting to apply some other well established coordination contracts as revenue sharing, profit sharing, 
stock sharing and customer sharing mechanisms.  
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Appendix 

Appendix A :  

Taking second order partial derivatives of Eq. (1) with 𝑃 𝑎𝑛𝑑𝑃  gives  Hessian matrix H1 as: 

H1 = ⎣⎢⎢
⎡ 𝜕 𝜋 ( ) 𝜕𝑃 𝜕 𝜋 ( ) 𝜕𝑃 𝑃𝜕 𝜋 ( ) 𝜕𝑃 𝑃 𝜕 𝜋 ( ) 𝜕𝑃 ⎦⎥⎥

⎤
 = 

−2𝛼 𝛽 + 𝛽𝛽 + 𝛽 −2𝛼  

𝜕 𝜋  ( ) 𝜕𝑃 =  −2𝛼 < 0 and
−2𝛼 𝛽 + 𝛽𝛽 + 𝛽 −2𝛼 = 4𝛼 𝛼 − 2(𝛽 + 𝛽 ) > 0.  
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A negatively definite Hessian matrix H1  shows  𝜋  ( ) is strictly concave in Pr and Pd. 

Appendix C 

Taking second order partial derivatives of Eq. (7) and Eq. (8) with 𝑃  and 𝑃 gives the Hessian matrix H2 

as: 

H2 = ⎣⎢⎢⎢
⎡ 𝜕 𝜋  ( ) 𝜕𝑃 𝜕 𝜋  ( ) 𝜕𝑃 𝑃𝜕 𝜋  ( ) 𝜕𝑃 𝑃 𝜕 𝜋  ( ) 𝜕𝑃 ⎦⎥⎥⎥

⎤
 = 

−2𝛼 𝛽𝛽 −2𝛼  

𝜕 𝜋  ( ) 𝜕𝑃 =  −2𝛼 < 0 andH =  
−2𝛼 𝛽𝛽 −2𝛼 = 4𝛼 𝛼 − (𝛽 𝛽 ) > 0. 𝜋  ( )is strictly concave in Pr and Pd.  

Taking second order partial derivatives of eq.(6) with 𝑊  and 𝑊   obtained the Hessian matrix H3 as: 

H3 = ⎣⎢⎢⎢
⎡ 𝜕 𝜋  ( ) 𝜕𝑊 𝜕 𝜋  ( ) 𝜕𝑊𝑊𝜕 𝜋  ( ) 𝜕𝑊 𝑃 𝜕 𝜋  ( ) 𝜕𝑊 ⎦⎥⎥⎥

⎤
 = 

  𝛽𝛽   
 

Since,
𝜕 𝜋  ( ) 𝜕𝑊 =    

< 0 , 𝜕 𝜋  ( ) 𝜕𝑊 =   
< 0  and 

𝐻 =  

  𝛽𝛽   
=    ∗   − (𝛽 𝛽 ) > 0 

𝜋  ( )is strictly concave in Wr and Wd.  

Appendix D 

Taking second order partial derivatives of Eq. (13) and Eq. (14)  with 𝑃  and 𝑃 gives the Hessian matrix 

H4 as: 

H4 =  ⎣⎢⎢⎢
⎡ 𝜕 𝜋  ( ) 𝜕𝑃 𝜕 𝜋  ( ) 𝜕𝑃 𝑃𝜕 𝜋  ( ) 𝜕𝑃 𝑃 𝜕 𝜋  ( ) 𝜕𝑃 ⎦⎥⎥⎥

⎤
 = 

−2𝛼 𝛽𝛽 −2𝛼  

𝜋  ( )is strictly concave in Pr and Pd. Consequently second derivative of 𝜋  ( ) with respect to Wris 

given by: 𝜕 𝜋  ( ) 𝜕𝑊 =  −  ( )
+  

( )

<0  

A1 = 𝑡 ∗ (4𝛼 𝛼 − 𝛽 𝛽 ) and A2 = t*(4𝛼 𝛽 + 2𝛼 𝛽 ), shows  𝜋  ( )is strictly concave in Pr, Pd and 

Wr. 
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Appendix E 

Taking second order partial derivatives of eq.(20) with 𝑃  and 𝑃   obtained the Hessian matrix H5 as: 

H =  ⎣⎢⎢⎢
⎡ 𝜕 𝜋  ( ) 𝜕𝑃 𝜕 𝜋  ( ) 𝜕𝑃 𝑃𝜕 𝜋  ( ) 𝜕𝑃 𝑃 𝜕 𝜋  ( ) 𝜕𝑃 ⎦⎥⎥⎥

⎤
 = 

−2𝛼 𝛽 + 𝛽𝛽 + 𝛽 −2𝛼  

Similar answers are obtained as in Appendix B. Thus,  𝜋  ( )is strictly concave in Pr and Pd. 

Consequently second derivative of 𝜋  ( ) with respect to Wis given by 𝜕 𝜋  ( ) 𝜕𝑊 =  − −  + <0. Thus,  𝜋  ( ) is strictly concave in W. 𝐵1 = 𝑡(𝛽 + 2𝛽 𝛽 + 𝛽 − 4𝛼 𝛼 ) 𝐵2 =  𝑡(𝛽 − 2𝛼 𝛼 − 𝛼 𝛽 + 𝛼 𝛽 + 𝛽 𝛽 )  𝐵2 =  𝑡(𝛽 − 2𝛼 𝛼 + 𝛼 𝛽 − 𝛼 𝛽 + 𝛽 𝛽 )  
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