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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

January 2 2020 Integrate Dual-Supply Chain (PID-SC) and Horizontally Integrated Dual-Supply Chain (HID-

Keywords: SC). The aim of this study is to examine the effect of selected decision parameters namely

Dual-supply chain cooperative advertisement, delivery lead time and free-riding on price and profit of

E-Commerce manufacturer-led dual supply chain configurations. A linear programming for profit

5005elrative advertisement maximization is developed and backward induction method is used to find the optimum values
ead time

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.

Free-riding
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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 7, (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

Verticall VID-SC is the scenario in which the manufacturer owns his e- ‘ rManufacturer ‘

Inteera tez channel and retail channel. Selling of Dell computers at Dell’s

Dual %u 1 owned retail outlet and at e-channel handled by Intermediate / \
ChaiEp Y members are absent in this absent in this type of dual channel
(VID-SC) structure, thus it is termed as a benchmark dual channel Intemet Traditional
structure. Retailer Retailer
Manufacturer

Decentralized In DD-SC channel the manufacturer doesn't own any end
Dual channel  selling channel. He sales the products to an independent e- - <<

Supply tailer and retailer. Just like selling of NOKIA cell phone JPtties RN
( ](Djlljle_usnc : 2:;111%?03: independently handled Amazon (e-channel) and Internet Traditional
: Retailer Retailer
In PID-SC channel the manufacturer drives an e-channel to Manufacturer
Partially sell his products to the end users. Although to approach a large
Integrate market segment some amount of products are sold to the R
Dual Supply  retailer to reach the end users. Lenovo’s dual channel strategy IO
Chain is an example of PID-SC, as the e-channel is handled by A
(PID-SC) Lenovo itself but the retail selling is done by an independent Intemet Traditional
retailer. Retailer Retailer
Manufacturer
Horizontally Same as the DD-SC in HID-SC the manufacturer doesn't own
Integrated any end selling channel. In HID-SC, the products are sold to Pt Tl
Dual Supply  an integrated channel having own retail as well as e-tail store. e Tl
Chain Shoperstop is managing their SC activity by offering products 4 A
(HID-SC) via their retail stores and e-tail shopping websites. Internet " R Traditional
Retailer Retailer
EEEEEE—— Channel Members are Integrated and work as a Unit

T S

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

Model Parameters

= .
Reference Objectives % = o Channel Scenario
2 s E
= 5 3
2 s 8
Liuetal., (2013)  Compare cooperative advertising for Yes Decentralized
traditional and dual channel
Yan et al., (2006)  Obtain equilibrium pricing and cooperative Yes Decentralized
advertising policies
Chen, (2015) Evaluate the impact of cooperative advertising  Yes -
mechanisms on channel conflict and pricing
schemes
Kai, (2016) Measure influence of asymmetric demand Yes Centralized and
information on price discount and cooperative Decentralized
advertisement
Xie etal., (2017)  Analyze influence of advertisement revenue Yes Centralized and
sharing ratio on price and advertising Decentralized

investment
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Table 2
A comparison of current model with existing dual supply chain models (Continued)

Model Parameters

= .
Reference Objectives % 20 N Channel Scenario
R =) =
B =
5 T
2 s 8
Dan et al., (2014)  Investigate impact of bidirectional free riding Yes Decentralized
and service competition on pricing decision
He et al., (2016) Evaluate the impact of consumer free riding Yes -
on carbon emissions andon governmental e-
commerce tax
Shi and Ma, Analyze influence of trust input, altruistic Yes Centralized and
(2016) tendency, learning abilities on free riding Decentralized
Pu et al., (2017) Study the effects of free riding on sales effort, Yes Centralized and
demand and profit Decentralized
Yang et al., Measure stock out-based and lead time based Yes Centralized and
(2017) consumer switching behavior to examine the Decentralized
order quantity and inventory decision
Xu et al., (2012) Investigate effect of price and delivery lead Yes Centralized and
time Decentralized
Huaet al., (2010) Examined the optimal decisions for delivery Yes Centralized and
lead time and prices for Decentralized
Modak and Analyze effect of delivery lead time and Yes Centralized
(Kelle, 2019) customers’ channel preference for price
decision
Saha et al., (2018) Characterize effect on price due to delivery Yes Decentralized
time sensitive demand/customer
Proposed model Investigates the effect of decision parameters Yes Yes Yes Centralized, Decentralized,
on demand, price and profit 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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¢) 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

p = Consumer’s Preference for E-tail Channel

1 - p = Consumer’s Preference for Retail Channel

a = Potential Demand (independent of price, advertisement, time and free-riding)
i = Cross-Price Sensitivity (j= 1,2; 1=retailer to e-tailer, 2=e-tailer to retailer)
o= Self-Price Sensitivity

X = Manufacturer’s Participation in Total Advertisement

1-X = Retailer’s Participation in Total Advertisement

7 = Free-Riding Ratio

¥ = Delivery Time Sensitive Customers

y = Time based switching of Demand

C= Carrying/ Holding cost

m/t = Unit Delivery Cost

= Delivery Lead Time for One Unit

A = Co-Operative Advertising Expenditure

K= Effect of Co-Operative Advertisement on Sales

D; = Forecasted demand (i= m- manufacturer, - retailer, d- e-tailer)
Decision Variables

W:= Wholesale Price offered by manufacturer per unit
Pi= Selling price per product per unit
11= 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(p, P, A, t,S) (Batarfi et al., 2017, 2016).
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The total market demand D is satisfied by D= D,+Ds where D, = (1 — p)a — a; . + 1Py + KVA +
y*t+ (1 —1)SandD; = pa+ —a,Py + P + KNA— 1+ t + 15,

The demand gets switched to either channel due to various factors.The first factor is p. The term p
depends on population density near the retail outlet, trust on channel, bargaining power, geographical
area, internet facility and literacy, product category etc., 0< p</ (Mukhopadhyay and Setoputro, 2004).
The second factor that influences the demand self-price (a;) and cross-price (f;) elastic coefficients, (o
> pitor 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 (7/-X)4 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, ¥ units of customers/demand are loss by the
e-tailer, out of which y units of customers will switch to retail channel for a quicker delivery option.
Here, ¥ # y and ¥>y, few customers switch to different product, postpone/refuse to buy or purchase it
from competitor’s channel (Hua et al., 2010). At this stage ¥ — y units of demand is lost by the
manufacturer. The next factor to influence the demand is 7, indicating a level of free-riding, as value of
7 changes the demand at the retail channel is changed by (7-7)S units, and demand at e-channel changes
by S 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 Dy =
T [/312;!?2] x (P. — P,).

The cumulative of holding, inventory and shipping charges paid by retailer and e-tailer are C,and Ca
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 Py price (which satisfies P->W; + Cy, Pa>Wat Cy).

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, Pqaare 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, Wa) 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 Py to maximize 7,y p) and the
profit is defined as:

Max 1wy yipy = [(Pr - C)Dr + (Pd —Cq — (m/t)) Dg—A—(C Df)] (D

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 = —(4Sayt + 2a,m(By — B,) + 4ajayt — 2C,. Pt — 2Wt2(By + By) + 4dayyt?
— 4aya,pt + 2a,pt(By + B,) + 4VAKa,t + Crtr(ﬁlz +,322)
+ 4C,a,a, + 2C a,t(By — B2) — 2C,.B1fot — 4Saytt + 2Stt(By + B3)
— 2C,aytt(By + By) + 2C.Bifitt — 4VAKa,pt (2)
+ 2VAKpt(By + B2)/ 2t(By* + 212 + B° — 4ayay))

Pyt = —(2SBit — 2B,°m + 25B,t + dajaym — 2B,Bom + 2a(By + Bt — 2C,B,°t
— 4, Pt + 2yt%2(By + B) + 4daa;pt — 2apt(By; + B)
+ 2VAt(By + B,) — Crtf(ﬁlz + .322) + 4Cqa a5t — 2C.a.(fy — P2t
— 2C4B1B,t + 4Sajtt — 25(By + B)tt + 2C.a, (B, + Bo)tT 3)
— 2C, By Batt + 4AKa pt — 2VAKpt(By + B2) / (2t(By° + 2B1P,

+ .322 — 4a,a3))
Substituting values of P,"and P4" in Eq. (1) gives the maximum value of profit earned by the manufacturer
in VID-SC as T[m(VID)*-
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 (Wa) to maximize his profit 7, (ppy. In respond to that retailer and e-tailer act as a Stackelberg
follower to set their selling price Prand Psto maximize their individual profits as 7, (ppyand 74 (pp)
respectively. Their corresponding profit equations are given below.

Max Tm (DD) = (M/r)Dr + (Wd)Dd (4)
Maxnr(DD):(PT_VVT_CT)Dr_(1_X)A_(Cr*Df) (%)
MaxT[d(DD) = (Pd_Wd_Cd_(m/t))Dd_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 = (2Sayt + apfim + 2aa,t — Bypt? — 2a,yt? — 2aa,pt + aBipt + 2VAK a,t
+ ZCralazt + Cdazﬁlt + ZVVralazt + Wdazﬁlt - zsath + Sﬁltf (7)
— CrayBrtT — CrayPott — 2vAK aypt + VAK By pt) [ (t(4aya, — B1B2))

Py" = (28B,t + 4aja,m + 2af,t — 4a,Wt? + 2B,yt? + daa,pt — 2af,pt
+ 2VAKB,t — C B tT + 4C Cdayjayt + 2C,a, Byt + AW, a,ant o
+ 2W,a, Bot + 4Sagtt — 28PotT — C frfott + 4VAKa,pt ®
- ZJZKﬁzpt)/(Zt(él-alaz — B1B2))

Appendix B provides the supporting data for model solution. (Considering length of paper W:* and Wa*
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 Ps and retail wholesale price
W, based on his decision retailer as a Steckleberg follower decides his retail selling price P, and the

respective profit egs. are given as:
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Max o, (pipy = (W)Dy + (Pa = Wy — Cq — (™)) D — XA ©)
Max Ty (PID) = (Pr_m_cr)Dr_(1_X)A_(Cr*Df) (10)
Solving above equations,
P, = (25B,t + 4ajaym + 2aB,t — 4a,Wt? + 2B,yt? + 4aapt — 2af,pt
+ 2VAKB,t — C.B°tT + 4C a a5t + 2C,ay Bt + AW,y Bt
+ 2W,a, Bt + 4Sastt — 2S5Pytt — CofyfytT + 4VAKaypt
- ZﬂKﬁzpt)/ 2t(4aya; — P1B2))
P* = (2Sa,t + apfim + 2aayt + W.Bi %t — BiWt? + 2a,yt? — 2aa,pt
+ aBipt + 2VAKa,t + 2C,aia,t + Caa,Bit + 2Woa ayt (12)
— 2Sa,tT + SPitt — Crayfitt — Crayfott — 24/AKa,pt
+ VAKB pt)/(t(4aya, — B1B2)) + VAK B pt)/(t(4araz — Bif2))

(11)

Substituting values of W,", P-"and P4" 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=W,=W4and 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 P and Py for retail and e-
channel respectively. Their corresponding profit equations are given as below.

Max Tty (qipy = (Dy + Dg)W (13)

Max Tty jq uipy = (B — W — C,)Dy + (Pd —W-—C,- (m/t)) Dy —A (14)

Using backward induction method steps as explained above section.
B = —(2Sayt + aym(By — Bo) + 2aayt — Crp*t — WB°t - (By + B)Wt?
+ 2a,yt? — 2aa,pt + a(By + Bo)pt + 2VAKa,t + 2C,a ast (15)
+ Caatz(By — B2)t = Cfifat + 2Wajart + Way(By — B2)t - WP ot
= 2Saytt + S(By + Bo)tr - 2VAKaypt + VAK(By + B)pt)/(t(By®
+ 28,8, + B — 4ayaz))

P = (St — B°m + SBot + 2aa,m — Bifym + aPit + aPyt — CyB,°t
— WBt — 20, Wt? + (By + Bo)yt? + 2aaupt — apt(By + Bo)
+ VAK (B, + Bt + 2Caaia5t — Cray(By + Bo)t — Cyfy Pt
+ 2Wa a,t — Wa, (B, — B)t — W Bt + 2Sa tt — S(B; + Bo)tT
+ 2VAKaypt —VAK(By + B)pt)/(¢(By” + 21y + Bo” — 4a1ay))

Appendix D provides the supporting data for model solution.

(16)

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: C»=20, Ca=30;
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A=10, §=30, a=500, p=0.5, m=25, K=6, X=0.5, y=5, y=5, a1=6, f1=0.8, 02=4, f>=1.1, 7=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)

aD,” 6Dd
6\/_ e

aD,” aDd
6\/_ Nk

Observation 1: F >0a 5 f

and, for0.5<p<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 < p < 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.

P,

VA

aPg"

ava

>

\/_ a\/_

. ap” oPg*
and if 0.5<p<1 then NN

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<p<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 VA (for which
on*

aVA
advertisement. Here, from the total advertisement expenditure (vA ), 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).

= =0). In the case of cooperative advertisement both the channel members shares cost of
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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 Wa) and optimum selling price (Pr and Pai) remain unchanged (For all channel
* * dW
configurations b _ ,ﬂ =0, Wr _ , Wd _ 0 gnd /e — 0).
dx ax dx dx ax
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-
d - d - d d - d Z
sC Tlr(DD-SC) > 0’ Td(PID-SC) < 0’ Tlm(DD) — 0’ Tlr(DD-SC) > 0 and TTd(PID-SC) < 0).
dx dx dx dx dx
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 4, 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 TTq,i1n cooperationy> T dqwithout cooperation)” 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 (t)

ope" 9 ] aD4"
>0for‘c>05 DT g and fort < 0.5 DST <%.

Observation 4 says, with i 1ncrease in sales effort demand at retail channel and e-channel increases. But
when consumption/purchase pattern is more inclined to free-riding (z > 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 etal., 2017)

de

Observation 5: For all channel conﬁguratlon and 2L > 0,but fort > 0.5 dP’" and
de
for 1<05 —— 15

Observation 5 1mp11es 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
an* . o S L
by a—ns = () for price optimization and profit maximization . When consumers are more inclined

towards free-riding (t > 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 (t < 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).
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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 AU 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

Sfunction of lead time,(For DD — SC,if t <t*then —— aWr >0, aWd <Oandif t>t"then ;V >
0 aWd

> 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 ¢ 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

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, (F or DD — SC and PID — SC: If t < t* then B(I;r <
Corollary 3(b-i and ii) descr1bes 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*) 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*), retailer drop down his
selling price to attract customers to stop switching them to e-tail store. A little consideration shows that

an > 0. This

reflects for the same change in ¢, 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).

0an

the effect of # on Ps" and P." depends on the channel configuration but always a;

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

of delivery lead time (F or all channel configurations dz—’t"* > 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 whent < t*, dnr <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

d * d *
Zeadtime(For DD - SC,if t < t*% <0 andift> 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 7 (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*), 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, t 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 P;" and P4 with the change in
X and 7 under a constant ¢. The plot represents P;" is in decreasing function while Pq" is an increasing
function of 1, 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 P;” and P4 with the change
in ¢ and 7 under a constant X. The plot illustrates, P;" is a decreasing function of r and an increasing
function of ¢ 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 T and a decreasing function of t.

Here, 4(e and f), 5(e and 1), 6(e and f) and 7(e and f) presents the change in P;" and Pq" with the change
in X and ¢ values when 7 is constant. The interaction plot is a linear and only a function of t, and X is an
independent function (Corollary 1). Here, P is an increasing and P4" 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
Effect of varying
channels participation  Effect of varying free . . .
.. P p L fyme Effect of varying delivery lead time
Channel Decision rate on total riding rate (7) from 0
. . (¢) from 2 to 10
Variable advertisement (X) to 1
from 0 to 1
[Tnvm) Remains same Increases Decreases then increases
VID-SC P Remains same Decreases Increases
P/ Remains same Increases Decreases
[Tnon) Remains same Increases Decreases then increases
[Top) Increases Increases Decreases
[awon) Decreases Increases Decreases then increases
DD-SC P’ Remains same Decreases Decreases then increases
P Remains same Increases Decreases
w,* Remains same Decreases Increases
wy* Remains same Increases Decreases
[T Decreases Increases Decreases then increases
[lacein) Increases Increases Decreases
PID-SC P’ Remains same Decreases Decreases then increases
P/ Remains same Increases Decreases
w* Remains same Decreases Increases
[y Remains same Decreases Decreases then increases
[T @) Remains same Increases Increases
HID-SC P’ Remains same Decreases Increases
P 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 Hi as:

[ aznm(VID)/ aznm(VID)/ 1
| il aPTPd|:[ —2a; P +.32]

1_|027Tm(VID)/ 0 Tm(vip) | 1B+8, —2a4
| OPyP, 0P, |

—2a; B+ B

0%t (WD)/ = —2a, < 0and
op” ! Br+B: —2a4

=4a,a; —2(B1 + B2) > 0.
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A negatively definite Hessian matrix Hi shows 7, (yypy is strictly concave in Prand Pa.
Appendix C
Taking second order partial derivatives of Eq. (7) and Eq. (8) with B. and P,gives the Hessian matrix Hz

as:

[ 0°T, (op) 0°m, (DD)/ 1

H I oF* ORPal [-2a; B ]
2=

IaZT[d (DD)/ azﬂd (DD)/ | 132 —20!1

| PP P,

—2a4 b1

aznr(“’)/ = —2a, < OandH, =
G): e A

=4a,a; — (B1B2) > 0.

T, (pp)1s strictly concave in Prand Pa.

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

[ 0% (op) / 0*Tm (bp) / 20,1 B — 4a1%a;

Hs;= I aVVrZ oW, W, I 4aia;—B1B> b
|627Tm (DD) 02 Tm (DD) | B, 2a1 8182 — 4az%ay
l 6WdPr aWd J 4a1a;-P12

0°m 201 B1 B2 — 412
S m(DD)/ — 1P1P2 1% -
mnee, aVVrz dajaz—B1B> ’

azTEm (DD)/ 2018182 — 4az%ay
=————= =<0 and
6Wd 4aiaz—P1f2 an
2a1B1B82 —4ai%ay ﬁl
4ai02—P1B2 201 B8z —4aiay | 2a1B81B, — 4ax%a,
H = = — >
3 ,3 2a1B1 B2 — 4%y <( 4a1a;-P1P2 * 4a1a;-P1P2 ) (ﬁlﬁZ)) 0
2 4a102-P1B2

T (pp)1s strictly concave in Wy and Wa.
Appendix D
Taking second order partial derivatives of Eq. (13) and Eq. (14) with P, and P;gives the Hessian matrix

Hs as:

f 0°m, (PID)/ 0°m, (PID)/
Hoo | oP,* aPPdI_ —2a, B ]

|07y, (PID)/ 01, (PID)/ | B —2a;
T, (pipyis strictly concave in Pr and Pa. Consequently second derivative of 7., (p;py With respect to Wiis
given by:
Bz(fﬁ1 +2a1ant) axA2
a Tm (PID)/ BlAZ 2aq (tﬁ12+2a1a2t) + Al 241 0
oW, — Al A1

Al =t = (4daya, — B1B;) and A2 = t*(4ay By + 2a4f;), shows Ty, (ppyis strictly concave in Pr, Ps and
Wr.
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Appendix E

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

[ 0°m, (HID)/ 0°m, (HID)/ 1
I aPrZ aPTPd _Zal ﬁl + ﬁz

|
H: = | = [
° 7 |o%m, (HID)/ 0%m, (HID)/ | Bi+B —2a;
| PP, op,” |

Similar answers are obtained as in Appendix B. Thus, 7, yp)is strictly concave in Pr and Pa.

Consequently second derivative of 7., (;py With respect to Wis given by

anr (H,D)/ _ 2B1B3 _ 2a,B3  2a,B2 n 28,82
owz"—

1 o1 o1 o1 0. Thus, 7., yip)y 1s strictly concave in .

Bl = t(B,” + 2B + B2 — 4oy az)
B2 = t(B," — 2ay0; — a2y + @2z + 1fs)
B2 = t(ﬂzz — 2010, + a1y — a1 + B1B2)
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BY) license (http://creativecommons.org/licenses/by/4.0/).
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