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Abstract

One of the most critical decisions in the supply chain is pricing, playing
a vital role in the profitability of the entire supply chain. In this research,
a two-tier green supply chain is considered, comprising a producer and
a retailer, where two types of products, standard and green, are
produced. The demand for products is determined as a certain linear
function of product prices, delivery time in the online channel, the level
of green quality, advertising intensity, and information tracing level.
Green products are sold through the online channel, while standard
products are distributed through traditional retail channels. The
government provides subsidies for the production of green products and
the implementation of blockchain technology. The decision-making
problem is approached through two centralized and decentralized
models. In the decentralized model, a Stackelberg game is employed,
with the producer leading the decision-making process. In the
centralized model, all supply chain members make decisions in a unified
manner. The results indicate that the centralized model yields the
highest profitability for the supply chain. Additionally, in the
centralized model, all products are observed to have the lowest prices.
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Introduction

Today, with the expansion of the Internet and e-commerce, a large number of
manufacturers are interested in creating an electronic channel in addition to
the traditional retail channel for direct participation in the market. This
distribution system, which includes traditional and direct retail channels, is
called a two-channel supply chain. On the other hand, the production of
green products is one of the important factors in environmental sustainability
because green products have less negative effects on the environment than
traditional products.

One of the most important and difficult decisions of an organization is how
to price products. In addition to the product price, one of the effective factors
in the decision of customers to buy from the online channel is the delivery
time. Longer delivery time reduces customer loyalty to the online channel.
Furthermore, advertising is a key tool for creating demand and expanding the
market at some point in the life of any business. Also, transparency of
product information is an important factor that increases product sales.

In this research, a two-channel and two-level supply chain including a
manufacturer and a retailer is considered under the centralized and
decentralized decision-making model, and the simultaneous effect of five
factors: price, delivery time, green product quality level, advertising level,
and tracking level. The information is included in the product request.

The manufacturer deals with green product pricing decisions, online channel
delivery time, green product quality level, green product advertising level,
and green product information tracking level, and then the retailer determines
the standard product price.

Research background

In this section, we only mention a few most related researches to the current
one. Zhao et al. (2017) studied the pricing of two complementary products in
a supply chain with two manufacturers and one retailer, where one of the two
manufacturers uses dual channels including the online channel and the
traditional retail channel to sell its product. Saha et al. (2018) investigated the
optimal pricing policies in a two-channel, two-level supply chain including a
manufacturer and a retailer, under price-sensitive demand and delivery time.
The manufacturer supplies the products to the retailer and the retailer fulfills
the demand of the consumers by selling the products through the online and
retail channels. Jamali & Rasti-Barzoki (2018) studied the pricing of two
alternative products, including a green product produced by the first



manufacturer and a non-green product produced by the second manufacturer
under two two-channel supply chains including online and retail channels.
Zhang et al. (2021) considered the dynamic pricing strategy and green
measures for a two-channel and two-stage supply chain including a
manufacturer and a retailer under the centralized and decentralized model.
The demand is definite and sensitive to the price and level of greenness.
Zhong et al. (2023) investigated a supply chain with one manufacturer and
two product sales channels, including a traditional retailer and an online
retailer, under a competitive model that uses blockchain technology to track
product information from the manufacturer to the consumer.

Research method

In this problem, pricing decisions, delivery time, green quality level,
advertisement level and information tracking level are addressed in a two-
channel and two-level supply chain consisting of a manufacturer and a
retailer with definite demand. The supply chain is single-period and multi-
product, so that one type of green product and two types of standard products
are produced. Green products are sold through the online channel and
standard products are sold through the traditional (retail) channel. Green
product demand is a linear function of product price, online channel delivery
time, green product quality level, green product advertising level, and green
product information tracking level. Demand for standard products is also a
linear function of product price, online channel delivery time, and green
product advertising level.

In order to model and solve the two-channel supply chain problem, after
determining the parameters and decision variables, the assumptions are
expressed. Then the modeling of product demand functions and profit
functions of the supply chain members are developed. In order to determine
the optimal values of the decision variables and the profits of the supply
chain members, two centralized and decentralized decision-making models
are examined, in which in the centralized model, the supply chain members
take their decisions in an integrated manner while in the decentralized model,
supply chain members compete with each other under a Stackelberg game
led by the manufacturer.

Data analysis and findings

In this section, in order to solve the problem numerically, a numerical
example is considered. The demand elasticity values of three types of lamp
products have been calculated based on the elasticity formula and the values
of other parameters have been determined based on the assumptions of the
problem and field research.
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Conclusion

Regarding the first research questions, the profit of the centralized model is
higher than the decentralized one. With a simple mathematical calculation, it
can be concluded that for this real example, about 12.5% profit has increased
in the centralized model compared to the decentralized one. Regarding the
second research question, the more subsidy the government pays for the
production of each unit of green product, the higher will be the quality level
of the green product. In relation to the third question, from the sensitivity
analysis of the decentralized model, it can be seen that the increase in the
sensitivity of green product customers towards the price of the green product
severely reduces the demand for this product and the profitability of the
manufacturer and the supply chain is significantly affected.

Further research ideas

One idea for further research can be to conduct a research in relation to the
solutions for adopting green products by more people in the society so that
the use of green products continues to be beneficial. Considering that
government subsidies are limited, another research can be about the
allocation of government subsidies to various subjects, especially those
related to sustainability and environment.

Keywords: Pricing, Green supply chain, Delivery Time, Advertising,
Information Tracing
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