
Chapter 14
Pricing Decisions in a Heterogeneous
Dual-Channel Supply Chain Under Lead
Time-Sensitive Customer Demand

Sarin Raju, T. M. Rofin, and S. Pavan Kumar

Abstract Internet facilities helped retailers to sell through online channels, and as
a result, e-tailers rose into prominence and started competing with retailers. But, the
e-commerce industry always confronted the issue of lead delivery time, hindering
the growth of many e-tailers. We observed scant literature that studies the impact
of delivery lead time on a dual-channel supply chain consisting of retailer and e-
tailer. This research paper uses game theory to verify the impact of delivery lead
time on pricing decisions of a heterogeneous dual-channel supply chain consisting
of the manufacturer, retailer, and e-tailer. We used the Stackelberg game to study
the manufacturer’s and downstream partners’ interaction: retailers and e-tailers. A
horizontal Nash game was used to model the interaction between the downstream
partners.We had analyticallymodeled how the lead delivery time significantly affects
the channel partner’s optimal pricing, sales volume, and profitability. We also did
sensitivity analysis to check the influence of the customers’ channel preference coef-
ficient toward a particular channel and its cross-effects on the pricing policies when
the customer is also lead time-sensitive. The study revealed that irrespective of large
delivery time or next day delivery time, customers’ preference toward a particular
channel didn’t affect the manufacturer’s profit, whereas it affected the profit of the
retailer and e-tailer. On the other hand, the increase in lead time-sensitivity coefficient
severely affected the profit of all the supply chain partners. By analyzing the pricing
decisions, we found that both the customer preference and lead time-sensitivity coef-
ficients affected the pricing decisions, but customers’ channel preference coefficient
failed to mitigate the effect of lead delivery time. The inputs from this study can be
used by practicing managers to develop decision support systems and as an input in
multi-agent systems for converting lead time-sensitive supply chains to robust and
resilient ones.
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Introduction

With the advent of the Internet and rapid technological growth, people have become
increasingly accustomed to purchasing goods online. Consequently, this period
witnessed the rise of e-commerce firms [2, 3, 12, 35], which facilitates the e-tailer to
successfully provide a large volumeandvariety of products, allowing the customers to
order goods in home comfort.Many e-tailers likeWS retail, Cloudtail, etc., have their
logistics owned by their parent company, whereas many other e-tailers depend on
third-party logistic firms like Delhivery, Blue Dart, FedEx, etc., for the end customer
delivery support [26]. Thoughmany choices are available, delivery lead time remains
a core concern for the e-tailer when competing with the traditional retailer. Empir-
ical researches prove that, like pricing, delivery service is also an equally important
factor for delivery lead time conscious customers [6, 11, 30].Many researchers claim
that the customers are ready to pay more price for the quick delivery of their goods
[15], and aligning with these researches, companies like Amazon have badged many
customers ‘Prime’ and promised them fast delivery with extra prime membership.
This paper, for the first time, analytically models the pricing decisions of a heteroge-
neous dual-channel supply chain (HDCSC) consisting of retailers and e-tailers for a
delivery lead time conscious customer. This paper also checks the variation of sales
volume and profitability of the customer with the change in delivery lead time.

For analysis, we assume an HDCSC [14, 33, 36] consisting of a manufacturer
and two downstream channel partners, retailer, and e-tailer [26–28]. We employ
the Stackelberg game (S Game) [8, 9, 13, 37] to study the interaction between the
upstream channel and downstream partners with the manufacturer as the Stackelberg
leader. We used the horizontal Nash (HN) game to check the game between the
downstream channel partners [28]. With these assumptions, we are addressing the
following overarching research questions:

1. What is the influence of the delivery lead time on pricing decisions of the product
for the retailer and e-tailer?

2. How the delivery lead time significantly impacts the sales volume of the channel
partners?

3. What is the effect of delivery lead time on the profit of the channel partners?
4. What is the impact of customer channel preference coefficient and lead time-

sensitivity coefficient on pricing decisions?
5. Can the customers’ preference toward the e-tailers mitigate the effects of the lead

delivery time?

Based on the analysis of the above questions, we deduce the following academic
and managerial contributions. The optimal decisions of all the channel partners,
namely retailer, e-tailer, and manufacturer, were derived, and the impact of lead
delivery time was shown. Using the optimal decisions and S and HN game analytics,
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the sales volume of the channel partners was derived and analyzed. Later, optimal
profit of both the upstream and downstream channel partners was derived, and the
impact of delivery lead time was analyzed. The study also examined the effect of
customers’ channel preference coefficient and lead time-sensitivity coefficients on
the optimal decisions. We find that the pricing decisions are affected by the lead
time-sensitivity coefficient irrespective of whether the e-tailer delivered the product
in the next day or had a considerable delivery time, whereas the channel preference
coefficient is indifferent toward the optimal profit of the manufacturer. We also find
that the profit of both the upstream and downstream channel partners decreased with
an increase in lead time-sensitivity coefficient, and the decrease is severe for the e-
tailer. To our surprise, the optimal profit of the retailer also decreasedwith an increase
in lead time-sensitivity coefficient. The study also revealed that the impact of lead
time sensitivity for all the supply chain partners could be reduced if the e-tailer can
ably deliver the product in the next day and customers’ channel preference toward
e-tailers cannot mitigate the effects of delivery lead time. The optimal decisions of
the study can act as an input for decision support systems and multi-agent systems
in making the HDCSC robust and resilient.

In the next section, we report a brief account of existing literature in the field.

Literature Review

The Internet reached every nook and corner by the twenty-first century, and as a
result, the e-commerce industry came into prominence. Observing the benefits of the
e-commerce industry, many manufacturers started opening their own online channel
along with the traditional brick and mortar retailers, thereby maintaining two chan-
nels simultaneously. The presence of two channels, i.e., one company-owned online
channel and the traditional brick and mortar retailer, gives rise to the dual-channel
supply chain (DCSC) concept. After that, there were many studies in the field of
DCSC which concentrated on pricing [16, 20], inventory policies [34, 38], channel
coordination [5, 32], disruption [17, 24, 25], etc. Later, e-tailers were introduced
to the DCSC studies by Rofin and Mahanty [28], thereby bringing heterogeneous
dual-channel supply chains (HDCSC) to the game-theoretic studies. Later, the same
researchers introduced channel power structures in HDCSC [29].

During COVID-19 disruptions, the e-commerce industry faced severe lead
delivery time-related issues, and many researchers started studying the impact of
delivery lead time and its mitigating strategies [1, 10, 15, 19, 23]. Delivery lead
time-depended stochastic customer demand was analyzed by Modak and Kelle [23]
in a DCSC consisting of the traditional retailer and retailer-owned online channel
and derived analytical models with the objective of profit maximization. The impact
of delivery lead time on channel selection and pricing was studied by Hu et al.
[15] using a mixed DCSC of manufacturer and retailer. The study suggested using
consumer delivery lead time preference in retailers’ decision-making. Delivery time
was used in a game-theoretical approach in green DCSC by Alizadeh-Basban and
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Taleizadeh [1], and equilibrium conditions were derived using the manufacturer-S
game, distributor-S game, and Nash game. Delivery phase failures in e-retailing were
analyzed, and recovery measures were suggested by Jafarzadeh et al. [19]. The study
provides insights into mitigating the effects on the criticality of situation and brand
equity due to delivery phase failures. The delivery lead time competition between
e-tailers was analyzed by Raju et al. [26], and pricing decisions were modeled using
the Stackelberg game and horizontal Nash game when one e-tailer is delivering the
product the next day and the second e-tailer takes taking long duration for the delivery.

Critical observation and analysis of the abovementioned studies, the researchers
found that most of the studies are concentrating on DCSC consisting of the retailer
and online channel owned by the manufacturer, and there is very scant literature in
the field of HDCSC consisting of retailer and e-tailer as downstream partners (which
is a different story and analytics), which concentrates on lead delivery time and its
impact on the decision variables of channel partners. This study mainly focuses on
this research gap.

In the next section, we elaborate on the planned research method.

Research Method and Propositions

The basic linear demand function, D = a−λp [25, 26], is employed to establish the
relationship between the demand and price. Here, a denotes base market potential.
We also assume that the demand of the product is sensitive to the price [18, 25]
and is denoted by own-price elasticity, λ. It can be defined as the change in demand
due to a unit change in price. We use θ as the customer’s preference toward the
e-tailer channel where 0 ≤ θ ≤ 1 and is known as the customers’ channel preference
coefficient. Empirical researches prove that, like pricing, delivery service is also an
equally important factor for delivery lead time conscious customers [6, 11, 30]. So,
we fixed delivery lead time and price as decision variables. With these assumptions,
the following equations were derived.

Demand for the retailer, Dr = (1 − θ)a − λPr + γ Pe + βL (14.1)

Demand for the e-tailer, De = θa − λPe + γ Pr − �L (14.2)

Here, suffix r and e denote retailer channel and e-tailer channel, and γ represents
cross-price elasticity. We also assume that λ, γ > 0 and λ > γ . In the study, we
assume delivery lead time-sensitive customers, and L indicates the delivery lead
time, and β and � represent the lead time-sensitivity coefficients of the demands of
the retailer and e-tailer, respectively. It means that if L increases by one unit, � units
of the customer will be lost by the e-tailer, and from that β units will be gained by the
retailer. For mathematical and practical correctness, we have also assumed � > β.
The actual decision-making sequence starts with the manufacturer announcing the
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Fig. 14.1 Actual decision-making process

wholesale price, followed by the retailer and e-tailer fixing their price. The decision-
making process ends with the customer buying the product and profit realization.
The entire flow is shown in Fig. 14.1.

Here, we use two game theory analytics to study the interaction. An S game
analytics is used to investigate the interaction between the upstream and downstream
channel partners. Here, the manufacturer will have channel power over the other
partners, and consequently, we assigned Stackelberg leadership to the manufacturer.
We used second sub-game analytics to examine the downstreampartners’ interaction.
Since the downstream channel partners have comparable channel powers, we used
the HN game to derive the equilibrium conditions. The Stackelberg leader fixes the
wholesale price, w, and the followers will use this price to derive their profit.

Profit of the Retailer = πr = (Pr − w)Dr

= (Pr − w){(1 − θ)a − λPr + γ Pe + βL} (14.3)

Profit of the e-tailer = πe = (Pe − w)De

= (Pe − w)(θa − λPe + γ Pr − �L) (14.4)

Profit of the Manufacturer = πm = (w − s)(Qr + Qe) (14.5)

Here, s denotes the unit production cost, and Qr , Qe are, respectively, the sales
volumes of retailers and e-tailers. Wholesale price, w, can be derived using the
principle of backward induction. The analytics of the backward induction is shown
in Fig. 14.2.

After modeling the scenario, to get better managerial insights, we compare the
pricing decisions and profitability of the channel partners when the e-tailer delivers
the product the next day, and he took a higher delivery time.

Fig. 14.2 Backward induction analytics
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Propositions

For ∂2πr
∂P2

r
and ∂2πe

∂P2
e

< 0, Pr and Pe can be obtained by taking first-order conditions
(FOC) of πr and πe.

Propositions 1 The optimal price of the retailer and e-tailer when the downstream
channel partners are engaged in HN game is given by

Pr = γ θa + 2aλ + 2Lβλ + wγλ − 2aθλ + 2wλ2 − Lγ�

4λ2 − γ 2
(14.6)

Pe = aγ θ − aγ − Lβγ − wγλ − 2θaλ − 2wλ2 + 2Lλ�

4λ2 − γ 2
(14.7)

Substituting the values of Pr and Pe in (14.1) and (14.2), we will get the following
corollary.

Corollary 1 The sales volume of the retailer and e-tailer when the downstream
channel partners are engaged in HN game is given by

Qr = λ
(
2a(θ − 1)λ − w

(
γ 2 + γ λ − 2λ2

) − γ θa
) + L

(
2βλ2 + γ λ� − βγ 2

)

γ 2 − 4λ2

(14.8)

Qe = aγ (θ − 1)λ − 2θaλ2 − wλ
(
γ 2 + γ λ − 2λ2

) + L
(
γ 2 − 2λ2

)
� − Lβγλ

γ 2 − 4λ2

(14.9)

For ∂2πm
∂w2 < 0, the optimal wholesale price of the manufacturer can be obtained by

taking the FOC of (14.5).

Proposition 2 The upstream and downstream channel partners are assumed to be
engaged in HN game. The optimal wholesale price obtained at the equilibrium point
of the game is given by

w = a − 2sγ − aθ + θa + 2sλ

4λ − 4γ
+ L(−β + �)

4λ
(14.10)

Substituting the respective optimal values of price, sales volume in (14.3), (14.4),
and (14.5), we will get the optimal profit of both the downstream and upstream
partners.

Proposition 3 The profit of the retailer, e-tailer, and manufacturer is given by
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πr =

(
2(a + Lβ − aθ)λ + w

(
γ 2 + γ λ − 2λ2

)
+ γ (θa − L�)

)

×
(
λ
(
γ θa − 2a(θ − 1)λ + w

(
γ 2 + γ λ − 2λ2

))
+ L

(
β
(
γ 2 − 2λ2

)
− γ λ�

))

(
γ 2 − 4λ2

)2

(14.11)

πe =

(
Lβγ + wγ 2 + a(γ − γ θ) + wγλ + 2θaλ − 2wλ2 − 2Lλ�

)

×
(
−aγ (θ − 1)λ + λ

(
2θaλ + w

(
γ 2 + γ λ − 2λ2

))
+ L

(
βγλ − γ 2� + 2λ2�

))

(
γ 2 − 4λ2

)2

(14.12)

πm = (s − w)(λ(a + 2wγ − aθ + θa − 2wλ) + L(γ − λ)(β − �))

γ − 2λ
(14.13)

Numerical Analysis

In this section, we analyze the impact of delivery lead time using numerical anal-
ysis [7–9, 22, 31]. For numerical analysis, values were assigned based on previous
research and underlying assumptions between various parameters [4, 21]. The base
market potential, a is fixed as 150, and the unit product cost is assumed to be 5. The
own-price elasticity (λ) and cross-price elasticity (γ ) are assumed to be 1.5 and 1.3,
respectively. The customer preference toward the online channel, θ , is assumed to
be varied from 0.1 to 0.9. � is assumed to take the value 1.9.

Case 1: Same β and large delivery time

For case 1, we assumed that the lead time coefficient, β, remains the same, and
delivery time is very large. For varying customers’ channel preference coefficient,
the change in optimal decisions and profits are shown in Table 14.1. We found
that initially, the optimal price, sales volume, and profit of the e-tailer was very
small owing to the large delivery time and very small customers channel preference
coefficient. But, with an increase in customers’ preference toward the online channel,
the e-tailer could take the leverage irrespective of very large delivery time. As a
result, the e-tailer’s price successfully surpassed the retailer’s price. A similar trend
was observed for both the sales volume and profit. The customer preference toward
the channel helped the e-tailer to overcome the demerit created by the very large
delivery time. While analyzing the profit of the manufacturer, it is found that the
profit is independent of the customer preference toward the channel.

Case 2: Same β and next day delivery time

Though we observed a similar trend during case 2 (see Table 14.2), much to our
surprise, we found that if the e-tailer ably delivers the product in next day, it will
help both the retailer and e-tailer to increase the price. The ability of the e-tailer to
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Table 14.1 Performance of the HDCSC under the same β and large delivery time

θ Pr Pe Qr Qe πr πe πm

0.1 220 184 57 5 2200 15 10,964

0.3 213 191 47 15 1471 155 10,964

0.5 206 198 37 26 889 440 10,964

0.7 199 205 26 36 452 872 10,964

0.9 192 212 16 47 162 1449 10,964

Table 14.2 Performance of the HDCSC under the same β and next day delivery time

θ Pr Pe Qr Qe πr πe πm

0.1 225 196 54 11 1941 81 11,965

0.3 218 203 43 21 1261 308 11,965

0.5 211 210 33 32 727 681 11,965

0.7 204 217 23 42 340 1199 11,965

0.9 197 224 12 53 98 1864 11,965

provide the product in the next day benefitted both the downstream chain partners,
and their profit significantly increased (See Tables 14.1 and 14.2). We also observed
that the manufactures profit also improved when the delivery lead time was less.

Case 3: Varying β and large delivery time

For analyzing the impact of the lead time-sensitivity coefficient, we varied the β

from 1.5 to 5 and reported the performance of the channel partners. We observed that
the pricing decisions and sales volume of the e-tailers were severely affected by the
lead time-sensitivity coefficient. Though the change in sales volume for the retailer
was minimal, he couldn’t take the leverage of the condition, and his optimal price
also decreased with increase in β. Consequently, these pricing decisions affected the
profit, and all the chain partners experienced smaller profit during high β.

Case 4: Varying β and next day delivery time

When the e-tailer ably delivers the product in next day, the lead time-sensitivity
coefficient couldn’t influence the decision variables much, as shown in Table 14.4.

Discussions and Results

The optimal price of the retailer is maximum when the e-tailer ably delivers the
product in the next day. But, it is inferred that customers’ channel preference coef-
ficient failed to control the impact of delivery lead time significantly. Even though
the optimal price decreased for the retailer and increased for the e-tailer with an
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increase in the customers’ channel preference coefficient, the difference among the
optimal price of the retailer and e-tailer remains constant when the e-tailer provided
large delivery and next day delivery (Difference between the optimal price values
of the retailer in Tables 14.1 and 14.2 remains constant with increase in customers’
channel preference coefficient. A similar trend was observed for e-tailer also). Thus,
it can be inferred that while considering lead delivery time, the optimal price of both
the downstream partners increases with the decrease in the delivery lead time of
the e-tailer but was independent of the customers’ channel preference as it failed to
overpower the effect of lead time significantly.

While analyzing the pricing decisions with the lead time-sensitivity coefficient
(See Tables 14.3 and 14.4), we find that the optimal price of downstream partners
decreased with the increase in the lead time-sensitivity coefficient, and thus the lead
time-sensitivity coefficient can significantly disturb the pricing decisions of all the
downstream channel partners in an HDCSC. This impact of lead time-sensitivity
coefficient can be decreased if the e-tailer successfully delivers the product in the
next day. Though the optimal price decreasedwith an increase in lead time-sensitivity
coefficient during next day delivery, that decrease was trivial when compared with
the large delivery time.

For better interpretation, we have compared the profit of the supply chain partners
under different conditions and scenarios, andwe find that if the e-tailer can deliver the
product the next day, the optimal profit will increase for the e-tailer andmanufacturer
andwill decrease for the retailer irrespective of the channel preference of the customer
and lead time-sensitivity coefficients (See Tables 14.1, 14.2, 14.3 and 14.4). By
analyzing the impact of customers’ channel preference, we find that the optimal
profit of the manufacturer is not impacted by the customers’ channel preference.

Table 14.3 Performance of the HDCSC under varying β and large delivery time

β Pr Pe Qr Qe πr πe πm

1.5 211 204 37 27 898 496 11,595

2 204 197 36 25 886 427 10,809

3 192 182 36 21 864 304 9320

4 179 167 36 17 842 202 7941

5 166 151 35 13 820 121 6673

Table 14.4 Performance of the HDCSC under varying β and next day delivery time

β Pr Pe Qr Qe πr πe πm

1.5 212 211 33 32 728 687 12,030

2 211 210 33 32 727 679 11,949

3 210 209 33 32 725 662 11,787

4 208 207 33 31 723 646 11,627

5 207 206 33 31 721 629 11,467
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As expected, the optimal profit of the retailer decreased and increased for the e-
tailer, with the increase in customers’ channel preference coefficient. But, the retailer
could reduce this effect of customers’ channel preference if the e-tailer could deliver
the product the next day. While analyzing the impact of the lead time-sensitivity
coefficient, we find that, with the increase in the lead time-sensitivity coefficient, the
optimal profit of all the channel partners considerably decrease. This can only be
reduced by controlling the delivery time, as this substantial diminution in the profit
decreased when the e-tailer delivered the product in the next day.

Conclusion

Aheterogeneous dual-channel supply chain comprising retailer and e-tailer as down-
stream partners is explored for studying the impact of delivery lead time.We assumed
channel leadership for themanufacturer and employed the Stackelberg game to study
the interaction between the manufacturer and downstream channel partners. We
adopted second game-theoretic analytics in the form of horizontal Nash game to
check the game within the downstream channel partners. We have modeled the inter-
actions and later usednumerical analysis to derive the influence of customers’ channel
preferences and delivery lead time coefficient. We have also numerically analyzed
the impact of next day delivery and large delivery time and done sensitivity anal-
ysis to check the influence of the customers’ channel preference coefficient toward
a particular channel and its cross-effects on the pricing policies when the customer
is also lead time sensitive.

The study revealed that irrespective of large delivery time or next day delivery
time, customers’ preference toward a particular channel didn’t affect the upstream
channel partner’s profit,whereas it affected theprofit of both thedownstreampartners.
On the other hand, the increase in lead time-sensitivity coefficient severely affected
theprofit of all the supply chainpartners.Byanalyzing thepricingdecisions,we found
that both the customer preference and lead time-sensitivity coefficients affected the
pricing decisions, but customers’ channel preference coefficient failed to mitigate
the effect of lead delivery time.

Supply chain practitioners can apply the findings from the study in developing
decision support systems and as an input to multi-agent systems. This will help
the supply chains to predict the impact of lead time during the disruption period and
thereby can help to build robust and resilient supply chains.Academicians can use this
model as a base for future studies in heterogeneous dual-channel supply chain, which
analyzes the impact of delivery time. The study is limited to the analytical modeling
of the pricing decisions, sales volume, and optimal profitwhen themanufacturer is not
discriminating the wholesale price. The study can be further expanded by analyzing
themarket condition of discriminatorywholesale prices for both the channel partners.
The model developed in this study can be explored further in a more practical way
if Python game theory software is used to create intelligent systems that can act as
a multi-agent system. The model can be further validated by empirically checking
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the performance of the decision variables of both downstream and upstream channel
partners. Future researchers can start from here.

References

1. Alizadeh-Basban, N., & Taleizadeh, A. A. (2020). A hybrid circular economy - Game theo-
retical approach in a dual-channel green supply chain considering sale’s effort, delivery time,
and hybrid remanufacturing. Journal of Cleaner Production, 250, 119521. https://doi.org/10.
1016/J.JCLEPRO.2019.119521

2. Almtiri, Z. H. A., &Miah, S. J.. Impact of Business technologies on the success of E-commerce
Strategies: SMEs Perspective. 2020 IEEE Asia-Pacific Conference on Computer Science and
Data Engineering, CSDE 2020. (2020) https://doi.org/10.1109/CSDE50874.2020.9411376

3. Artemyeva,M.V.,Garina, E. P., Kuznetsova, S.N., Potashnik,Y. S.,&Bezrukova,N.A. (2022).
Ecommerce surge as an element of a modern economy integration mechanism development. In
Lecture Notes in Networks and Systems (Vol. 368). https://doi.org/10.1007/978-3-030-93244-
2_54

4. Cai, H., & Hu, Z. (2018). A dual-channel integrated approach to supply chain marketing in the
context of big data. In Conference Proceedings of the 6th International Symposium on Project
Management, ISPM 2018 (pp. 692–698).

5. Chen, J., Zhang, H., & Sun, Y. (2012). Implementing coordination contracts in a manufacturer
Stackelberg dual-channel supply chain. Omega. https://doi.org/10.1016/j.omega.2011.11.005

6. Devaraj, S., Fan, M., & Kohli, R. (2002). Antecedents of B2C channel satisfaction and prefer-
ence: Validating e-commerce metrics. Information Systems Research, 13(3), 316–333. https://
doi.org/10.1287/ISRE.13.3.316.77

7. Dey, J. K., Kar, S., & Maiti, M. (2005). An interactive method for inventory control with fuzzy
lead-time and dynamic demand. European Journal of Operational Research, 167(2), 381–397.
https://doi.org/10.1016/j.ejor.2003.07.025

8. Ghosh, P. K., Manna, A. K., Dey, J. K., & Kar, S. (2021a). An EOQ model with backo-
rdering for perishable items under multiple advanced and delayed payments policies. Journal
of Management Analytics. https://doi.org/10.1080/23270012.2021.1882348

9. Ghosh, P. K., Manna, A. K., Dey, J. K., & Kar, S. (2021b). Supply chain coordination model
for green product with different payment strategies: A game theoretic approach. Journal of
Cleaner Production, 290. https://doi.org/10.1016/j.jclepro.2020.125734

10. Guo, J., Cao, B., Xie, W., Zhong, Y., & Zhou, Y. -W. (2020). Impacts of pre-sales service and
delivery lead time on dual-channel supply chain design.Computers and Industrial Engineering,
147. https://doi.org/10.1016/j.cie.2020.106579

11. Gupta, A., Su, B., & Walter, Z. (2014). An Empirical study of consumer switching from tradi-
tional to electronic channels: A purchase-decision process perspective. International Journal
of Electronic Commerce, 8(3), 131–161. https://doi.org/10.1080/10864415.2004.11044302

12. Harrisson-Boudreau, J.-P., & Bellemare, J. (2022). Going above and beyond ecommerce in
the future highly virtualized world and increasingly digital ecosystem. In Lecture Notes in
Mechanical Engineering. https://doi.org/10.1007/978-3-030-90700-6_90

13. He, P., Wang, Z., Shi, V., & Liao, Y. (2021). The direct and cross effects in a supply chain
with consumers sensitive to both carbon emissions and delivery time. European Journal of
Operational Research, 292(1), 172–183. https://doi.org/10.1016/j.ejor.2020.10.031

14. Hosseini-Motlagh, S. -M., Ebrahimi, S., & Zirakpourdehkordi, R. (2020). Coordination of
dual-function acquisition price and corporate social responsibility in a sustainable closed-
loop supply chain. Journal of Cleaner Production, 251. https://doi.org/10.1016/j.jclepro.2019.
119629

15. Hu, Y. S., Zeng, L. H., Huang, Z. L., & Cheng, Q. (202). Optimal channel decision of retailers
in the dual-channel supply chain considering consumer preference for delivery lead time.

https://doi.org/10.1016/J.JCLEPRO.2019.119521
https://doi.org/10.1109/CSDE50874.2020.9411376
https://doi.org/10.1007/978-3-030-93244-2_54
https://doi.org/10.1016/j.omega.2011.11.005
https://doi.org/10.1287/ISRE.13.3.316.77
https://doi.org/10.1016/j.ejor.2003.07.025
https://doi.org/10.1080/23270012.2021.1882348
https://doi.org/10.1016/j.jclepro.2020.125734
https://doi.org/10.1016/j.cie.2020.106579
https://doi.org/10.1080/10864415.2004.11044302
https://doi.org/10.1007/978-3-030-90700-6_90
https://doi.org/10.1016/j.ejor.2020.10.031
https://doi.org/10.1016/j.jclepro.2019.119629


214 S. Raju et al.

Advances in Production Engineering And Management, 15(4), 453–466. https://doi.org/10.
14743/APEM2020.4.378

16. Hua, G., Cheng, T. C. E., &Wang, S. (2011). Electronic books: To “e” or not to “e”? A strategic
analysis of distribution channel choices of publishers. International Journal of Production
Economics. https://doi.org/10.1016/j.ijpe.2010.11.011

17. Huang, S.,Yang,C.,&Liu,H. (2013). Pricing andproductiondecisions in a dual-channel supply
chain when production costs are disrupted. Economic Modelling, 30(1), 521–538. https://doi.
org/10.1016/j.econmod.2012.10.009

18. Huang, S, Chen, S., & Li, H. (2018). Optimal decisions of a retailer-owned dual-channel
supply chain with demand disruptions under different power structures. International Journal
of Wireless and Mobile Computing, 14(3), 277–287. https://doi.org/10.1504/IJWMC.2018.
092370

19. Jafarzadeh, H., Tafti, M., Intezari, A., & Sohrabi, B. (2021). All’s well that ends well: Effective
recovery from failures during the delivery phase of e-retailing process. Journal of Retailing
and Consumer Services, 62. https://doi.org/10.1016/j.jretconser.2021.102602

20. Kurata, H., Yao, D. Q., & Liu, J. J. (2007). Pricing policies under direct vs. indirect channel
competition and national vs. store brand competition. European Journal of Operational
Research, 180(1), 262–281. https://doi.org/10.1016/j.ejor.2006.04.002

21. Li, G., Li, L., & Sun, J. (2007). Pricing and service effort strategy in a dual-channel supply
chain with showrooming effect. Transportation Research Part E: Logistics and Transportation
Review, 126(March), 32–48. https://doi.org/10.1016/j.tre.2019.03.019

22. Manna, A. K., Benerjee, T., Mondal, S. P., Shaikh, A. A., & Bhunia, A. K. (2021). Two-
plant production model with customers’ demand dependent on warranty period of the product
and carbon emission level of the manufacturer via different meta-heuristic algorithms. Neural
Computing and Applications, 33(21), 14263–14281. https://doi.org/10.1007/s00521-021-060
73-9

23. Modak, N. M., & Kelle, P. (2019). Managing a dual-channel supply chain under price
and delivery-time dependent stochastic demand. European Journal of Operational Research,
272(1), 147–161. https://doi.org/10.1016/j.ejor.2018.05.067

24. Mohsenzadeh Ledari, A., & Arshadi Khamseh, A. (2018). Optimal decisions in a dual-channel
supply chain for the substitute products with special orders under disruption risk and brand
consideration. International Journal of Engineering, Transactions B: Applications, 31(5), 759–
769. https://doi.org/10.5829/ije.2018.31.05b.11

25. Rahmani, K., &Yavari,M. (2019). Pricing policies for a dual-channel green supply chain under
demand disruptions. Computers and Industrial Engineering, 127(October), 493–510. https://
doi.org/10.1016/j.cie.2018.10.039

26. Raju, S., Rofin, T. M., & Pavan Kumar, S. (2021) Delivery lead time competition between
e-tailers: A game-theoretic study. In 2021 International Conference on Data Analytics for
Business and Industry, ICDABI 2021 (pp. 542–546). https://doi.org/10.1109/ICDABI53623.
2021.9655934

27. Rofin, T. M., &Mahanty, B. (2020). Impact of wholesale price discrimination by the manufac-
turer on the profit of supply chain members. Management Decision. https://doi.org/10.1108/
MD-11-2019-1644

28. Rofin, T. M., & Mahanty, B. (2018). Optimal dual-channel supply chain configuration for
product categories with different customer preference of online channel. Electronic Commerce
Research, 18(3), 507–536. https://doi.org/10.1007/s10660-017-9269-4

29. Rofin, T. M., & Mahanty, B. (2021). Impact of wholesale price discrimination on the profit
of chain members under different channel power structures. Journal of Revenue and Pricing
Management, 20(2), 91–107. https://doi.org/10.1057/s41272-021-00293-3

30. Rohm, A. J., & Swaminathan, V. (2004). A typology of online shoppers based on shopping
motivations. Journal of Business Research, 57(7), 748–757. https://doi.org/10.1016/S0148-
2963(02)00351-X

31. Roy, A., Maiti, M. K., Kar, S., & Maiti, M. (2007). Two storage inventory model with fuzzy
deterioration over a random planning horizon.Mathematical and Computer Modelling, 46(11–
12), 1419–1433. https://doi.org/10.1016/j.mcm.2007.02.017

https://doi.org/10.14743/APEM2020.4.378
https://doi.org/10.1016/j.ijpe.2010.11.011
https://doi.org/10.1016/j.econmod.2012.10.009
https://doi.org/10.1504/IJWMC.2018.092370
https://doi.org/10.1016/j.jretconser.2021.102602
https://doi.org/10.1016/j.ejor.2006.04.002
https://doi.org/10.1016/j.tre.2019.03.019
https://doi.org/10.1007/s00521-021-06073-9
https://doi.org/10.1016/j.ejor.2018.05.067
https://doi.org/10.5829/ije.2018.31.05b.11
https://doi.org/10.1016/j.cie.2018.10.039
https://doi.org/10.1109/ICDABI53623.2021.9655934
https://doi.org/10.1108/MD-11-2019-1644
https://doi.org/10.1007/s10660-017-9269-4
https://doi.org/10.1057/s41272-021-00293-3
https://doi.org/10.1016/S0148-2963(02)00351-X
https://doi.org/10.1016/j.mcm.2007.02.017


14 Pricing Decisions in a Heterogeneous Dual-Channel Supply Chain … 215

32. Saha, S. (2016). Channel characteristics and coordination in three-echelon dual-channel
supply chain. International Journal of Systems Science. https://doi.org/10.1080/00207721.
2014.904453

33. Shi, C.-L., Geng,W., & Sheu, J.-B. (2020). Integrating dual-channel closed-loop supply chains:
Forward, reverse or neither? Journal of the Operational Research Society. https://doi.org/10.
1080/01605682.2020.1745700

34. Takahashi, K., Aoi, T., Hirotani, D., &Morikawa, K. (2011). Inventory control in a two-echelon
dual-channel supply chain with setup of production and delivery. International Journal of
Production Economics, 133(1), 403–415. https://doi.org/10.1016/j.ijpe.2010.04.019

35. Wang, Z., &Ben, S. (2021). Effect of consumers’ online shopping on their investment inmoney
market funds on ecommerce platforms. Information Systems and E-Business Management.
https://doi.org/10.1007/s10257-021-00516-5

36. Xu, J., Zhou, X., Zhang, J., & Long, D. Z. (2021). The optimal channel structure with retail
costs in a dual-channel supply chain. International Journal of Production Research, 59(1),
47–75. https://doi.org/10.1080/00207543.2019.1694185

37. Yang, W., Si, Y., Zhang, J., Liu, S., & Appolloni, A. (2021). Coordination mechanism of
dual-channel supply chains considering retailer innovation inputs. Sustainability (Switzerland),
13(2), 1–22. https://doi.org/10.3390/su13020813

38. Yao, D. Q., Yue, X., Mukhopadhyay, S. K., & Wang, Z. (2009). Strategic inventory deploy-
ment for retail and e-tail stores.Omega, 37(3), 646–658. https://doi.org/10.1016/j.omega.2008.
04.001

https://doi.org/10.1080/00207721.2014.904453
https://doi.org/10.1080/01605682.2020.1745700
https://doi.org/10.1016/j.ijpe.2010.04.019
https://doi.org/10.1007/s10257-021-00516-5
https://doi.org/10.1080/00207543.2019.1694185
https://doi.org/10.3390/su13020813
https://doi.org/10.1016/j.omega.2008.04.001

	14 Pricing Decisions in a Heterogeneous Dual-Channel Supply Chain Under Lead Time-Sensitive Customer Demand
	Introduction
	Literature Review
	Research Method and Propositions
	Propositions

	Numerical Analysis
	Discussions and Results
	Conclusion
	References




