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Abstract

In this study, the implications of the government’s tariffs on optimal pricing decisions in a dual-channel SC with one manu-
facturer and one retailer by taking into account the retailer services are examined. First, the best response strategies of retailer
and manufacturer have obtained following the government’s tariffs by using a Stackelberg game model. Then, the government
problem has modeled in six scenarios in a competitive mode about service level, social welfare, and government’s revenue-
seeking policies. It can be concluded that retailer services affect the optimal manufacturer and retailer’s decisions. Moreover,
with the sensitivities analysis that was studied on government models, it was shown that an integrated SC could better serve
the government to achieve its goals. Also, the optimal strategies of the manufacturer and retailer of a dual-channel supply
chain have been reached to the government’s social and economic goals. It can be found that the government with proper

tariffs could coordinate social, economic, and service objectives.

Keywords Dual-channel supply chain - Government regulation - Game theory - Retail services - Pricing policies

Introduction

According to government statistics and reports, the Internet
attractiveness rate is rising. According to “The Forrester
report” in digital marketing in the USA by 2021, the Inter-
net attractiveness rate will be about $120 billion.! Since the
emergence of e-commerce in the 1990s, many companies
such as Amazon, Wal-Mart, and eBay have been appear-
ing as the fastest-growing choice for many customers at the
time of purchasing.” Due to the emergence of online retail-
ers, other manufacturers will not need traditional retailers
and traditional retailers in the market cannot compete with
electronic retailers. Therefore, responding to continuous
demands and unexpected changes in the market changes
seems necessary (Pires et al. 2012).
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Dual-channel distribution systems are widely used in var-
ious well-known companies. Manufacturers such as Sony,
Nike, Apple, Samsung, IBM, and Dell sell products to their
consumers through independent retailers including Best Buy
and Circuit City as well as via their Web sites (Tsay and
Agrawal 2004; Dumrongsiri et al. 2008; Hua et al. 2010;
Dan et al. 2012). In a dual-channel SC, the manufacturer
and retailers are selling the same product. Thus, customers
can select channels to get more benefits (Takahashi et al.
2011). Consequently, many manufacturers have adopted
dual-channel structures to satisfy demands from the vari-
ous customer segments, and they have covered those market
segments that are inaccessible to the traditional single retail
channel (Cai 2010).

Services are traditionally known as part of the market.
Markets now have a dynamic and competitive environment;
Thus, companies must compete with more complicated
strategies, and they do not hope to reduce the price of the
product in order to gain more market share. For example, in
the automotive industry, services like car loans and insur-
ance play an important role in choosing customers or in the

! https://www.forbes.com/sites/forrester/2017/01/26/us-digital-marke
ting-spend-will-near-120-billion-by-2021/.

2 https://finance.yahoo.com/news/e-commerce-killing-traditiona
l-retail-220106161.html.
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electronics industry, companies like IBM and HP are known
for their after-sales service and customer support (Wang and
Zhao 2014). SC management has a direct relationship with
corporate facilities to customers. Therefore, if a company
provides good services, it will increase its competitiveness
on the market. Customer satisfaction can be increased by
performing services such as timely delivery of the product
with high precision, tracking shipments to ensure that the
customer will get them, and keeping the inventory at the
optimal level. In this way, customers will trust the business,
and the customer will become permanent.® Retailers need
to provide services to customers to be able to survive in SC
(Littler and Melanthiou 2006). Retail sales services directly
influence the decision of customers to select a retailer chan-
nel to buy the desired products (Yan and Pei 2009). There-
fore, services play a strategic role in the dual-channel supply
chains (SCs).

The government often uses price-based policies (tax
and tariff plans) or quantitative (such as cap and trade poli-
cies) to implement its social, environmental, and economic
goals in the SC. Thus, choosing the appropriate tools for
the plan is one of the most important factors of success-
ful laws (Hepburn 2006). In recent decades, the usual rates
of tariffs have declined because we are approaching to free
trade. However, there are still protective measures that are
identified with tariffs on commodities. For example, in spite
of reforms and reductions in some tariff rates, the CAP* still
maintains a significant tariff rate in many agricultural mar-
kets to increase the income of European domestic farmers
in Europe. Countries may have tariffs on commodities for
some reasons such as supporting emerging industries, ris-
ing incomes, protecting key industries, helping to develop
new industries, and protecting domestic businesses threat-
ened by increased imports.’ Tariffs are typically imposed
on imported goods. Tariff rates also vary depending on the
type of imported goods. Governments are often faced with
a lack of funds when the government is imposing a subsidy
on the product. Thus, the government will withdraw from
economic reserves, which will affect the other industries
(Hafezalkotob 2018).

Regarding the contents mentioned above, in this study,
we present a dual-channel SC system that considers retailer
services to influence the impact of government financial
interventions (direct tariff policy) on equilibrium decisions
and profit functions of members of the SC.

3 https://www.fishbowlinventory.com/articles/supply-chain-manag
ement/how-to-improve-customer-service-with-supply-chain-manag
ement/.

* EU Common Agricultural Policy.

3 https://www.economicshelp.org/blog/6911/alevel/examples-of-
protectionism/.
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In this article, we intend to answer the following
questions:

e How can the interaction between government and dual-
channel SC be modeled by taking into account the cen-
tralized and decentralized decision-making structures
and government policies in dual-channel SCs?

e What is the impact of government tariffs on the competi-
tive market, and what specific areas should be considered
for government tariffs?

e What is the difference between optimal decisions in cen-
tralized and decentralized decision-making structures
concerning government tariffs?

e How do the goals of the retail services, social welfare,
and revenue-seeking affect the centralized and decentral-
ized decision-making structures of the dual-channel SC?

The remainder of this research is organized as follows:
Section 2 presents the symbols and assumptions of the math-
ematical models. In Sect. 3, dual-channel SC mathematical
models are considered by taking into account the right gov-
ernment policy of tariffs in two competitive and decentral-
ized modes of competition. Also, the problems of the gov-
ernment have been examined considering the level of service
goals, social welfare, and revenue-seeking in both competi-
tive and decentralized competitive conditions. In Sect. 4,
the numerical example first analyzes the impact of various
government tariffs on equilibrium decisions and profit func-
tions and then analyzes sensitivities on the optimal values of
government functions to government policies. In Sect. 5, the
conclusion of the research is presented, and in the last part,
we summarize the important managerial aspects.

Literature review

This research is related to the competition of dual-channel
SC concerning the retailer services and government financial
intervention. Thus, we discussed these concepts in the fol-
lowing subsections. This section begins by introducing stud-
ies of pricing decisions in SC. Then, studies that consider
the level of retailer service in the supply chain are examined.
The dual-channel supply chain has been examined in par-
ticular since it is the focus of this article. In the next, the ear-
lier research on government intervention in SC is reviewed.
And finally, we compare our proposed models with existing
studies and highlighting research gaps.

Pricing decisions in SCs
The concept of competition is investigated in a consider-

able number of studies. The majority of these papers deal
with either quantity or price competition, and they have
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investigated equilibrium solutions by using game theory.
Yao and Liu (2005) investigated a dual-channel SC under
competitive strategies and showed that the optimal whole-
sale price under different market structures could be used
to encourage retailers to accommodate the additional e-tail
channel. Chen and Grewal (2013) addressed the competi-
tion among the retailers to decide on prices for the prod-
uct. They considered that retailers are facing the return of
the product. Taking Nash and Stackelberg approaches, they
developed a model and showed that customer return policies
could be used as a competitive marketing strategy. Dan et al.
(2014) found that traditional retailers could use their power
to reduce wholesale prices, but this strategy did not increase
their profits; however, traditional retailers can improve their
status by adjusting the price of channels and services. Yan
(2011) developed an analytical model to solve the manufac-
turer—retailer problem in a multichannel SC by taking into
account different brands and profit-sharing. Hafezalkotob
and Makui (2012) investigated competition between SC
strategy under fuzzy uncertainty caused by the strategies
of players and customer behavior. Kumar and Ruan (2006)
showed that the degrees of brand loyalty and channel loyalty,
affect wholesale price, retail price, service value, and manu-
facturer’s decision to enhance the traditional channel against
an Internet channel. Chen et al. (2013) analyzed Stackelberg
and Nash’s pricing competition and noted that improving
brand loyalty is beneficial for both manufacturer and retailer.
Basiri and Heydari (2017) considered green channel coordi-
nation in a two-level SC. They concluded that the collabora-
tive model could increase the SC profits as much as the cen-
tralized model, and the members of the SC will gain more
advantages in comparison with the decentralized model.

Service-level and dual-channel SCs

In recent years, there has been much research in the field of
dual-channel SC pricing policies, including the role of ser-
vices. Review of the literature and studies of other authors
on the subject of service decisions could be divided into two
main groups: The first group is SCs with manufacturer’s
service (Goffin 1999; Wu 2012; Zhao et al. 2013) and the
second group is SCs with retailer’s service (Yan and Pei
2009; Dan et al. 2012; Zhao and Wang 2015). Service level
measures the performance of the system. Chopra and Meindl
(2004) defined SC responsiveness, which includes an SC’s
ability to respond to wide ranges of quantities demanded,
to meet a very high service level, and to handle supply
uncertainty. The service effect issues can be found in the
economics works of literature (Spence and Thorson 2009;
Dixit 2005).

In the marketing literature, Perry and Porter (1990)
focused on a type of service that had a positive externality
effect across the retailers. Yan and Pei (2009) considered

retailer services and corporation benefits in a dual-channel
marketplace; they showed that improved retailer services
effectively promoted the SC performance in a competitive
market. Xiao and Xu (2013) considered Stackelberg game
for SC model to evaluate the efficiency of the system and
decentralized SC coordination under vendor managed inven-
tory (VMI). They discussed the impact of interventions
between price and service-level decisions on the equilib-
rium results for deteriorated products. Boyaci and Gallego
(2004) studied monopoly game between two separate two-
stage SCs based on customer service competing. Chen et al.
(2008) investigated a model that the manufacturer manages
the direct online sales channel along with a retail channel
when channels are competing on service management. Zhao
et al. (2017) analyzed the pricing problem in a dual-chan-
nel SC for complimentary products under different power
structures and obtained optimal strategies. Cai et al. (2009)
investigated the impact of price discounts and contract pric-
ing plans on competing in dual-channel SC. They found that
the price discount contracts could have a better performance
compared to the non-contract scenarios. They also showed
that the consistent pricing scheme could reduce channel con-
flict by creating more profit for the retailer. Zhang and Wang
(2017) examined two dynamic pricing strategies in a dual-
channel SC by focusing on the impact of service value on
decisions. In addition, they calculated the bullwhip effect of
the system and analyzed the effect of the adjustment param-
eters on the bullwhip effect. Moreover, it was concluded
that due to the increase in service value, the fixed cost was
increased and then it was decreased. Yin and Ma (2015)
considered decentralized SC where the manufacturer’s effi-
ciency is random. For the availability of products, retailers
are required to comply with the level of service provided
by the manufacturer. It is possible with two contract-based
bonuses. Wang et al. (2017) studied pricing and service
issues in the dual-channel SC for complementary products.
They examined the effectiveness of different structures in the
SC by using Bertrand and Stackelberg models. Hafezalko-
tob et al. (2011) developed an integrated model for tactical
decisions to design an SC network. ***Decentralized SC
network operations in markets are considered under uncer-
tain demand when there are competing decentralized chains.
Game theory was applied to obtain optimal decisions. Chi-
ang et al. (2003) created a direct channel and showed that
manufacturers could prevent losses. They also found that
the retail price decreases when retailers roll out direct sales
channels to reduce demand in the traditional channel. Kumar
and Ruan (2002) concluded that the manufacturer could gain
more profit from the market by creating and managing a
direct sales channel in addition to the traditional retail chan-
nel, while retailers will not be excluded from this profit.

* @ Springer
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Government interventions

Different pricing strategies will lead to disparities in the dis-
tribution of the profit of the SC members. Therefore, there
is a need for coordination mechanisms. SC coordination can
be achieved through the use of adjusting revenue-sharing
agreements, bilateral tariffs, cooperative advertising, and
discounts between SC members. Nevertheless, the role of
the government in the regulation of the competitive mar-
ket and the dual-channel SC synchronization has been less
widely considered in these researches.

Governments often use incentive and deterrent policies
to have positive and negative impacts on companies (Sheu
2011). Madani and Rasti-Barzoki (2017) considered two
dual-channel SCs and examined the economic and environ-
mental aspects of sustainability. They analyzed the pricing
and greenness policies of the product in competition with
non-green products. They concluded that when tariffs rise
in a certain threshold, the profits of government increase.
Also, greener products are produced in a centralized supply
chain structure. Hafezalkotob (2015) examined the competi-
tive pricing model in two green and non-green SCs, taking
into account the environmental and revenue-seeking policies
of the government. Hafezalkotob (2017b) Studied pricing
and energy-saving strategies by considering competition,
cooperation, and competition models. It was concluded
that the government, with the appropriate tariff mechanism,
could synchronize the SCs to achieve the goals of sustain-
able development. Also, Hafezalkotob (2017c) examined the
equilibrium decisions between a variety of green products
and non-green products under various government interven-
tions, including direct tariffs and tradable permissions. He
found that multiple designs would lead to different levels
of satisfaction for interested parties. Ma et al. (2013) exam-
ined the impact of consumption subsidy on the dual-channel
closed-loop SC; they concluded that all consumers who buy
new products take advantage from government consump-
tion subsidy in a variety of ways. Moreover, consumption
subsidy expands the SC of closed loops. Javadi et al. (2019)
investigated optimal pricing decisions in a dual-channel SC
under different government sustainable development poli-
cies, taking into account different product return strategies,
and concluded that government revenue-seeking policies do
not necessarily improve social welfare and energy savings
unless the government spends more money.

Research gap

Table 1 analyzes the present research to the relevant studies
and highlights the novelty of the presented models. This
study is similar to the paper (Hafezalkotob 2015), which
studied environmental impacts and government revenues
in the competition between green and non-green SCs.

a
* @ Springer

According to the best knowledge of the authors, no article
has considered the impacts of government financial inter-
ventions on the dual-channel SC retailers. Thus, there are
two contributions to this study. The first one is dual-channel
SC considerations and investigating different SC structures
under different government policies. The second one is
obtaining the equilibrium conditions using the Stackelberg
competitive model and solving government models by mul-
tilevel programming. We solve three problems of mathemati-
cal modeling for three government intervention schemes in
which the government seeks to maximize its profits and
increase retailer services and social welfare.

Regarding the literature mentioned above, in this study,
we present a dual-channel SC system that considers retailer
services to influence the impact of government financial
interventions (direct tariff policy) on equilibrium decisions
and profit functions of members of the SC.

Prerequisites and assumptions

For transparency and simplicity, we use subscripts “m” and
“r” for the parameters corresponding to the manufacturer
and retailer, respectively, and subscripts “c” and “d” denote
the parameters corresponding to the centralized and decen-
tralized system. The parameters and decision variables in
this research are as follows:

Parameters

6@  The level of customer loyalty to the retail channel; cor-
respondingly, (1 — @) represents the level of customer
loyalty to the direct channel (0 <6< 1);

a  The potential demand rate of the product;

b, The price elasticity coefficient of demand functions D,
and D ;

b, The substitutability coefficient of product in two direct
and retail channels; we assume that ownership price
effect is greater than the cross-price effect (b, > b,);

p. The retail services sensitivity coefficient of the
demands in the retail channel;

b The retail services sensitivity coefficient of the
demands in the direct channel (8, > S,);

n  The cost coefficient of retailer’s services;

¢ The production cost of the manufacturer.

Decision variables

p,  The retail price per unit (p, > w);
Pm The direct sale price per unit of product (p,, > w);
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w  The wholesale price per unit of the product of the man-
ufacturer (w> c);

s The retailer services value;

t.  The government tariff per unit of products of dual-

channel SC imposed by the government for the retail

price;

The government tariff per unit of products of dual-

m
channel SC imposed by the government for manufac-
turer price.

Dependent variables

D, The demand function of the retailer;

D,, The demand function of the manufacturer;

m,  The retailer’s profit function;

7, The manufacturer’s profit function;

7, The centralized SC’s profit function.

The following assumptions are necessary to determine
the scope of this study:

Assumption 1 It is considered that the government as the
leader of the Stackelberg game that tries to regulate retail
and producer prices with its financial interventions like tar-
iffs on the product. If the tariff is positive, it will act as a tax,
and the price of the product on the market will be raised, and
if the tariff is negative, it will act as a subsidy, and it will
reduce the price of the product on the market.

Assumption 2 It is investigated that the consumer demand
function from the retail channel as D, also, the consumer
demand function of the direct channel as D,,. For transpar-
ency, we get the parameter a, = fa which represents the
demand level of the retail channel and a,, = (1 — §)a which
represents the demand level of the direct channel. Regarding
Huang and Swaminathan (2009) and Dan et al. (2012), the
linear demand functions of the retailer and manufacturer can
be written as follows:

D, =a,—bp,+byp + p.s, (1

Dy, =ay, —bpl +byp. — Bys. )
where p/ =p +1t and p/ =p, +1, are after the tariff

prices of the product.

Assumption 3 To show the service cost function, it can be
used a strictly convex function (3)

2
c®=%— 3)

that has properties dc(s)/ ds > 0 and d?c(s) / ds? > 0.

* @ Springer

Assumption 4 The retail and the selling prices should be
higher than the wholesale price to have a positive retailer
and the manufacturer’s profit. Besides, the wholesale price
should be higher than the cost of production incurred by the
manufacturer. Also, the retail and manufacturer profit func-
tions should be larger or equal to zero. To do this, we apply
the following constraints to the parameters:

I. c<w<p,pm;
2. D.,D,>0.

Therefore, we have:

c<w<p <Gs+A-1, 4)
c<w<p,<Fs+B-t, 3)
Such that
A arb12+ ar;bz, B arb22+ aI;bl ’

by —b; by —b;
F= ﬂrbz - ﬂmbl — ﬁrbl - ﬁme

bi-by b -8

Assumption 5 To demonstrate the ratio of increased
demand in both channels because of a growth in retail ser-

<ﬂr—ﬂm ) _ <bl_b2 )
B by
Assumption 6 According to the government’s leadership

role, we assume that the decision-making process in the fol-
lowing stages:

vices and direct sales prices, we use y =

e Stage 1: The government determines the tariffs on prod-
ucts on the market.

e Stage 2: To obtain optimal values of the manufacturer
and retailer, the retailer specifies the retail price and ser-
vices, and then the optimal amount of wholesale manu-
facturer and direct selling price is determined.

Using a backward technique, first the competitive models
of the dual-channel SC are examined under centralized and
decentralized structures. Then, the government’s models are
analyzed in six scenarios, as shown in Fig. 1.

The government has the objectives concerning service
level, social welfare, and revenue seeking with regret to par-
ticular constraints about producers and market demand. The
government revenue-seeking policy implies concentration
on monetary profits; however, social welfare policy focuses
on the welfare of the community. Figure 1, shows six scenar-
ios that will examine the two-channel SC decision-making
structures and government policies.
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Decision-making structure of dual-channel SC

Decentralized Centralized
> Service . ’
é Scenario 1 Scenario 4
S level
Q.
w2
- R«
5 evenue . y
2 ) Scenario 2 Scenario 5
= seeking
S
L
z
Social A .

o Scenario 3 Scenario 6

welfare

Fig. 1 The decision-making structures of dual-channel SC due to the
government’s policies

The model formulation

Figure 2 shows the considered dual-channel SC model in
this study. As it is clear, there are two channels for sell-
ing products to the end customer. The manufacturer at a
wholesale price w sells the product to a retailer, and then
the retailer sells the product to the end customer at a retail
price point at the price of p,. Moreover, the manufacturer
sells the product to the customer at a price p,, through a
direct sales channel.

Retailers can provide better customer services on the tra-
ditional channels in which s represents the services provided
to the customer by the retailer through the traditional retail
channel.

The dual-channel SC interaction models

In this section, the competition will be modeled as the Stack-
elberg game; first, the optimum values of dual-channel SC
members are obtained in a decentralized mode when the
manufacturer and retailer compete to maximize their prof-
its. Then, the optimal dual-channel SC values are deter-
mined in the centralized mode when the channel is centrally
controlled.

Jovernment leadership
(Tariffs for manufacturer and retail prices)

Retail channel B | W

Manufacturer Retailer
PV Pr>S

Direct channel

Fig.2 The government intervention in dual-channel SC’s competition

The decentralized decision-making structure (scenarios
1-3)

In this section, we investigate the model formulation of
decentralized dual-channel SC in scenarios 1-3. According
to the decision process of the Stackelberg game. First, the
game model of the retailer is examined, and the best answer
is obtained; after that, the manufacturer’s game model is
reviewed, and the best response is given based on the best
response of the retailer.

Jrf(pm, W, Dy Sy by ) = (Pr - w)

ns®
De= G = (pe=w) ©
2
(@ = by (py + 1) + by (P + 1) + frs) — %

Regarding demand function (1), the profit function of the
retailer can be written as follows:

Retailer sets price p, and s to maximize its profit. For-
given s, w, p,, and government tariffs (z, - ¢,,), Proposition 1
gives the optimal retail price of the product.

Proposition 1 The retailer’s best pricing strategy p, is as
follows:

PP W, S, by 1) = @ + by (P + 1) + by (W — 1) + 5B,/ 2b,

(N
where Eq. (7) satisfies (4), and the retailer’s optimal profit
ﬂf as a function of w, py,

d _ 2
(P Ws S5 1, 1) = =28°nby + (a, + b, (pm + tm) ®

—by(w+1,) +58)7/4b,.

moreover, government tariffs (t. - t,) is as follows:

The proofs of all propositions are presented in “Appendix
17. In Table 2, we take the first-order partial derivatives of
D: (pm W s) and &, (pm W s) to examine the effect of to w,
Py S and direct tariffs (t, - t,,) on retailer the best response
and profit.

The following managerial insights are concluded from
Table 2.

e The retailer best response p?(w,p,,,s) decreases with
decrease in w, p,, and #,, also, it increases with decrease
in t.. Thus, the retail price is inversely related to ¢, and if
1, decreases one unit, then p¢(w - p, - ) will increase half
of one unit. If w decreases one unit, then pd(w - p,, - s)
will be reduced by half of one unit. If p,, and ¢, decrease

]
* @ Springer
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Table 2 Sensitivity analysis of optimal decision and profit of the
retailer

pe(wes py)  m?

9 by by (ay by (Pt ) =0y (W, )+, )

0P % 0 - o : )

J 1 1

. 3 5(—ar—b2(pm+tm) +b, (w+tr) —sﬁr)(i)
i 1 1

m -3 5(—ar—b2(pm+tm) +h1<w+tr) —sﬁr)(i)
9 by by (a,+by (Pt )—by (WL, )+5p;

o x>0 2(arths 22. (ot tsh)

(+) indicates that the sentence’s sign is dependent on the model
parameters and can be positive or negative

one unit, then pd(w - p,, - s) will decrease less than half
of one unit.

e According to Chiang et al. (2003), the manufacturer can
play a controlling role on the retail price by adding a
direct channel by setting the wholesale price w and the
direct selling price of p,,. The effects of wholesale prices,
direct sales prices, and tariffs on the profit function of the
retailer mainly depend on the model parameters that can
be negative or positive. However, w and ¢, have a more
significant impact on retail profits than p, and ¢, because
if p,,, and 7, increase, some customers may be drawn to
the retail channel which will increase the profit of the
retailer and with increasing w and ¢, the marginal profit
of the retailer will be reduced.

Now the manufacturers’ problem is investigated. Regard-
ing demand functions (1) and (2), the manufacturer’s profit
function is as follows:
ﬂr(g)(pm, w, S, t,ty) =W —c)D, + (pm — c)Dm

=w- C)(ar - bl (pr + tr)
+ by (P + 1) + Bes) )
+ (pm - C)(am - bl (pm + tm)
+ b2(pr + tr) - ﬂms)

By substituting the optimal value of retail price obtained
from Proposition 1 into the manufacturer’s profit function,
the manufacturer’s profit function will be as follows:

ﬂfl‘lj)(pm, W, S, b, ty)
= —%(c - w)(ar + bz(pm + tm) - b, (w + tr) + sﬁr)

+ (_C +pm)(am - bl (pm + tm) - sﬁm
+b2(ar+b2(pm+tm) +by(w+t,) +sﬂr)> (10)

2b,

(]
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In Proposition 2, the optimal direct sale price and wholesale
price of the manufacturer hace been provided.

Proposition 2 The manufacturer profit function (10) is
strictly jointly concave in w and p,, and the optimal direct
sale and wholesale prices for any given retail services and
government tariffs are as follows:

G A+c—t,

d
oty = —s+ ———— 11
wi(s, 1, 1) 35t —> (11

F B+c—t
pil(s, t tm) = ES + Tm (12)
From Propositions 1 and 2, it can derive the following prop-

osition about retail services.

Proposition 3 For any given retail services and govern-
ment tariffs, the retailer’s optimal price and profit function
are as follows:

pf(s) =2a, + bz(B +c+Fs+ tm)

+b(A+c+Gs—31,) +2p.5/4b, (13)
Also, the retailer’s optimal profit will be as follows:
7(s) = l(2ar +by(B+c+Fs+iy,)

4 (14)

—by(A+c+Gs+t,) +2sp)* — 25°nb, [4b,

To investigate the impacts of retail services and govern-
ment tariffs on the best pricing strategies of manufacturer
and retailer, we take first-order derivations of p2(s), wi(s)
and p?n(s) with respect to s and government tariffs, which
indicated in Table 3.

The following managerial insights are concluded from
Table 3.

e According to Table 3, retail sales and retail prices and
wholesale prices will increase as retail sales increase,
but direct sales prices will decrease. However, the rate of
this increase in p‘rj(s) for each retail service is higher than

Table 3 Sensitivity analysis on the best response of retailer and man-
ufacturer

pis) wi(s) (s
wo BRI W 70 e <O
w o w(grim)>e w0 Tmay <O
" -3<0 -3 <0 0
o 4%2 >0 0 -1<0
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wi(s) and p¢ (s). Also, with increase in 6, the retail price
and the wholesale price will increase, while by increasing
0, the direct selling price will be reduced. The retail price
change rate will be higher than the wholesale price and
direct sales price concerning 6.

* Nevertheless, the rate of change wi(s) and p? (s) accord-
ing to ¢, and ¢, for any given retailer, services will be
the same. Also, the retail price and wholesale price will
decrease by 0.75 units and 0.5 units, respectively, by
increasing one unit 7. The direct sales price does not
have any effect on ¢,. Also, retail prices increase by less
than half of a unit as ¢, increases, while the direct selling
price will be reduced by half of a unit. The wholesale
price does not have any effect on ¢,,.

To find the optimal value of the retailer service to maxi-

mize the retail profit function, we consider the derivative
from ﬂf(s) respect to s is equal to zero, and we have:

dﬂf}‘l(s) B

—4snb, + 5 (=Gb, + Fby +2p,) (2a, + by (B+c+ Fs +1,,)

8 = —(Lg/L7) +%(B—c—tm+Ll)
%bl(B+c+tm+Ll)> >R,

a7

(am + L, — Lo/ (2Lg) -

The centralized decision-making structure (scenarios 4-6)

In this section, we concentrate on the formulation of the
competition among centralized dual-channel SC. If SC is
centrally controlled, the performance of SC is improved. In
the centralized decision-making structure, w is no longer a
decision variable. The centralized SC determines p,, p,, and
s to maximize its profit function.

Regarding the demand function of retailer (1) and man-
ufacturer (2), the centralized SC profit function will be
obtained as follows:

- b (A+c+Gs+t,)+2sp,)

ds 4b,

by solving the above equation, the optimal value of retail
services is obtained as follows:

(2a, + by(B+c+1y,)
G212 + (Fby +28,)° -

0 —b(A+c+1,))(Gb,

— Fb, —28,)
§ ;

2b, (4n + FGb, + 2Gp,)

(15)
then, we substitute the optimal s into Eqgs. (11), (12), and
(13) to get optimal prices of channels.

Corollary 1 With respect to competition laws (e.g., Cartels,
or control of cooperation and other anti-competitive prac-
tices, under article 101 TFEU,° anti-competition laws of the
USA, trade rules in Australia and the UK and anti-monopoly
regulations of Russia and China), the government often pre-
serve the competitive markets. Similar to Xiao and Yang
(2008), Hafezalkotob (2017b) and Hafezalkotob (2017a),
individual rationality (IR) constraint is assumed for both
retailer and manufacturer in decentralized dual-channel
SC that indicates retailer and manufacturer would like to
remain in the competitive market. Therefore, we should con-
sider the minimum profits for the retailer and manufacturer.
These boundaries for government tariffs ensure competitive
market that can be mathematically expressed as follows:

. n(2a,+by(B+c+1,) —b (A+c+1)) SR

Z(szf + (Fby +28,)" = 2b, (4n + FGb, + 2Gﬂ,))

T

(16)

% Treaty on the Functioning of the European Union.

(pr )D + (pm )Dm - %

pr—¢)(a = by (P + 1) + by (P + 1) + BeS)
2
s
+(pm )( _ﬂms)_%'
(18)
Proposition 4 The dual-channel profit function (18) is
strictly jointly concave in p, and p,,, concave in s, but not

= by (P +tm) + ba(pe + 1)

jointly concave in p,, p,, and s.

According to Proposition 4, the optimal values of p,, p,
and s can be found only with the initial conditions. However,
Proposition 4 shows that z, has a unique optimal solution
for any given s, f,, and 7,,. Therefore, the optimal solutions
found by using a two-step optimization method. First, the
optimal values of 7, achieve for any given s, 7, and ¢, (see
Proposition 5) and then the optimal s determines for any
given ¢, and ¢, to maximize z_.

Proposition 5 The optimal retail price and direct sale price
for any given retail services and government tariffs are as
follows:

G A+c—t,
o =Zs+ S0 (19)
B+c—t
(s = 5s+ i, 20)
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Table 4 Sensitivity analysis on the retail and direct sale prices

Pi(s) PE(s)
ﬁ _b2ﬁm+blﬂr _blﬁm+bzﬂr
" i) O i) <O
ad a a
2 —4 50 ——2 <0
00 2(by+by) 2(by+by)
9 _! 0
ot, 2 <0
- 0_1 < 0

2

where optimal retail and direct sale price satisfies conditions
(4) and (5).

With substituting pS(s) and pf (s) into Eq. (18), the
total profit z., which is a function of s, 7, and ¢,,, will be as
follows:

. (s) = (-25°n — (B —c+ Fs— tm)
(=2ap, +b,(B+c+Fs+1y,)
—by(A+c+Gs+1,) +2sB,)
- (A —c+Gs— tr)(—2ar -b,
(B+c+Fs+ty,)
+b(A+c+Gs+1,) —2sp)/4

@n

ds

prices, the first-order derivations of pd(s) and pd (s) are
taken with respect to s, 6, f, and ¢,; Therefore, the results
are shown in Table 4.

The following managerial insights are concluded from
Table 4:

e It is clear that the optimal retail price increases by
increasing s because when retailer services increase, the
cost of services will increase. The retailer should also
increase the prices to avoid a loss. Moreover, the direct
selling price is reduced by increasing s. Besides, accord-
ing to Table 4, the retail price change rate respect to s is
more than the substantial direct selling price. Further-
more, for any retail services, with an increase in 6, the
optimal retail price is increased, and the optimal sales
price is reduced,;

¢ By reducing a unit ¢, the optimal retail price will increase
by half a unit, and the retail price is not affected by ¢,,.
Also, by reducing a unit ¢, the optimal direct selling
price will increase by half a unit, while the direct selling
price is not affected by ¢,.

To find the optimal value of the retailer’s service to maxi-
mizing the centralized profit function, we take the derivative
from z_(s) respect to s and consider equal to zero, then we
have:

dz(s) _ ( —2sn+ Fay, + Ga, — (BF + AG + (F? + G?)s)b, + AFb, + BGb, + 2FGsb, /220
—Bfy + Py — 2F Py + 1B + (A= c +2Gs — 1) -

It can be seen that for equal retailing services, the optimal
values of the wholesale and the direct sales prices obtained

. Fay +Ga,— (BF + AG)b, + AFb, + BGby — B, + cfiy + tnfin + (A —c = 1,) 5,

by solving the above equation, the optimal amount of retailer
services is obtained as follows:

(22)

N

(F2+ G2)b, +2(n — FGby + FB,, —

Gp,)

in Proposition 2 in the decentralized SC are concentrated,
as well as the optimal retail and direct sales prices obtained
in Proposition 5 in the dual-channel centralized SC. In other
words, the manufacturer must consider the wholesale price
at the retail price in the centralized dual-channel SC, and the
manufacturer must not change the direct sales price.

To investigate the impacts of retail services, channel
loyalty and government tariffs on the retail and direct sale

4

Now, we substitute Eq. (22) into Egs. (19) and (20) to get
optimal prices in two channels.

Corollary 2 Similar to the decentralized decision-making
structure, we now consider the IR constraint on the govern-
ment’s tariffs for the centralized dual-channel SC for main-
taining the competitive market.

Ny GN
go= (- (Ao 4 20 Ns+ (B=c—t,+N,)Ng | >R (23)
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Table 5 Government
mathematical models respect to
government’s policies and dual-

Dual-channel decision making structures

D-D competitive structure

C—C competitive structure

channel SC’s decision-making
structures

Service-level policy

Revenue-seeking policy

Social welfare policy

Max SL(t.,t,) =s
st : GNR(@,t)=tD +1t,D, >G

m—m =
SW(t,.1,) = (D, +D,)* /2> F
ﬂr Z Rr
”m Z Rm

Max GNR(,,1,) =t.D, +1t,D
st . SL(t,t,)=s>E
SW(t,.1,) = (D, +D,)* /2> F
. 2R,
T 2 Ry
Max SW(t,,1,)) = (D, + D,))* /2
st:  GNR(,,t,) =t.D, +1,D, >G
SL(t,, 1) = s > E
7. >R,
T =Ry

Max SL(t,t,) =s
st GNR(,t)=tD +1t,D,>G

SW(t,.1,) = (D, + D, )" /2> F
n, >R

Max GNR(z,1,) =1tD +1,D
st: SL(,t,)=s>E
SW(t,.1,) = (D, +D,)* /2> F
., >R

Max SW(i,.1,) = (D, + D,)*/2

st:  GNR(t,.t,)=1tD, +1t,D, >G
SL(t,.,t,)=s>E

7. 2R

The government models

In this section, the government’s problem is formulated to
find the optimal tariff strategies. As shown in Fig. 1, three
models can be formulated for the government problem due
to the service-level, revenue-seeking, and social welfare
policies.
Government models can be expressed as follows:
Service-level policy:

Max SL(t.t,), subjectto: GNR(,1,)>G, SW(,,t,)>F.
(24

Revenue-seeking policy:

Max GNR(,,t,), subjectto: SL(t.t,) >E, SW(,.t,)>F.
(25)

Social welfare policy:

Max SW(s,,t,), subjectto: GNR(,.t,)>G, SL(t.t,)>E.
(26)

The above models illustrate the decision-making frame-
work for tariffs according to different government ten-
dencies. Each of the models (24-26) seeks to maximize
customer satisfaction and government profits. The deci-
sion model (24) indicates that the government intends to
maximize the level of retail services (SL) to predetermined
amounts of net profit of government (G) and social welfare
(F). G can take a negative amount, which means that the
government intends to increase its retail service level by
allocating funds. Profitable policy (25) means that the net
profit of the government (GNR) is maximized with respect

to the preset threshold values of the level of retail service

and social welfare. Revenue-seeking policy (25) means that
the net profit of the government (GNR) is based on predeter-
mined threshold values. The predetermined E value repre-
sents the threshold for the retailer’s service level. Similarly,
in the model (26), social welfare is maximized as long as the
net profit levels of the government, and the level of retailer’s
services is less than their threshold.

The objective functions of the retail service level, net
profit of the government, and social welfare are formulated
as follows:

Max SL(t,1,) = s, 27
Max GNR(,,t,) = t,D, + t,,D,,, 28)
Max SW(i,.t,) = (D, + D,))*/ 2. (29)

The social welfare function introduced in (29) represents
the consumer surplus, which means that consumers can buy
a product or service at a price that is lower than the highest
price they want to pay (Boulding 1945). Table 5 summarizes
government problems with regard to the decentralized and
centralized decision-making structures of the dual-channel
SC and government policies.

In Table 5, the government tariffs 7, and ¢, are the only
decision variables of government problems. All objective
functions and constraints except IR constraints can be trans-
formed into the quadratic form of e’t + (1/2)¢Ht, in which e
is a two-vector parameter, H is a 2 X2 symmetric matrix of
parameters, and ¢ = [trtm] is a two-vector decision variable
of the government and IR constraints are linear in the tariffs.
We derive that all six possible models of the government

]
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Table 6 Optimal prices,

. . D-D competi- ¢, t w Pm Dr s D, D, 7, T
retailer services, the demand tive structure
for channels, and profits of
decentralized dual-channel SC u=0 -5 -5 3107 3372 927 5892 371 528 4648 32827
according to given tariffs -5 0 2926 3122 964 597 385 469 5026 30471
-5 5 2644 2872 1001 6047 4 411 542  284.14
0 -5 3111 3372 835 5447 334 543 3766 307.37
0 0 293 3122 872 5525 346 484 4108 282.94
0 5 2648 2872 9.09 56.03 3.63 426 4464 261.49
5 -5 3115 3372 742 5003 297 557 2977 288.67
5 0 2933 3122 779 5081 3.1 499 3282 26336
5 5 2652 2872 816 5159 326 441 3601 241.03
§=0.2 -5 -5 5019 5217 922 7586 3.66 591 4529 518.53
-5 0 4752 4976 978 77.08 3.89 539 5096 493.77
-5 5 4585 4735 1034 783 411 487 5696 471.66
0 -5 5014 5203 829 7132 329 611 3658 49553
0 0 4747 4962 885 7254 351 559 41.69 469.56
0 5 458 472 941 7376 374 507 47.14 44624
5 =5 49.09 5189 735 6679 292 631 2881 474.73
5 0 4642 4947 791 6801 3.4 579 3336 447.55
5 5 4575 4706 847 6923 337 527 3825 423.03
u=—02 -5 -5 2966 3264 937 5854 372 503 4662 31379
-5 0 2782 30.1 975 5931 3.87 444 5041 29091
-5 5 2499 2756 10.12 60.07 401 3.84 5436 271.09
0 -5 2973 3257 844 5414 335 52 3777 29428
0 0 279 3021 881 549 349 461 412 2704
0 5 2507 2766 9.9 5566 3.64 402 4478 24959
5 -5 2981 328 75 4973 297 538 2986 27698
5 0 2798 3031 788 5049 3.2 478 3292 252.10
5 5 2515 2777 825 5126 327 419 3612 23029

are quadratically constrained quadratic problems (QCQPs),
which can be simply solved by a nonlinear programming
solver like Mathematica software.

Numerical example

In this section, the numerical examples are prepared to
illustrate the effects of different values of government tar-
iffs on optimal values and profit functions of dual-channel
SC members for different values of the demand ratio in
two decentralized and centralized modes. Also, sensi-
tivity analysis is prepared to analyze government prob-
lems. The results of numerical examples and sensitivity
analysis are summarized in Tables 6 and 7 and Figs. 3,
4 and 5. The parameters for this section are as follows:
a=20,0=0.6,c=15n=0.2,6=0250>b,=0.25,p, =
{0.15,0.1},b, = {0.15,0.1},and R, =R, =R = 0.

Tables 6 and 7 illustrate the optimal strategies and prof-
its of SC in decentralized and centralized structures for the
government given tariffs for different values of demand ratio

]
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(following Propositions 1-5). The optimal retail and manu-
facturer prices, retailer services, and dual-channel SC profit
functions for both centralized and decentralized structures
are strongly dependent on government tariffs. Therefore,
the government should combine tariffs carefully with dual-
channel SC responses to have competitive markets in which
the members are profitable, and they do not leave the mar-
ket (Corollaries 1-2). As expected, prices, retailer services,
and the benefits of dual-channel SC members will increase
for different values of demand ratio when the government
reduces tariffs, which means higher support of the govern-
ment. Therefore, when the government’s tariff for direct
sales (¢,,) decreases and government tariffs for retail prices
(t,) is constant, manufacturer profits will increase, and retail
profits will reduce. The maximum retailer services for dif-
ferent values of demand ratio will be realized when the gov-
ernment reduces retail tariffs and simultaneously increases
direct sales prices.

Figures 3, 4, and 5 represent a feasible area for gov-
ernment tariffs (7, #,,) in scenarios 1-3. In each scenario,
we seek to find a point in a feasible area that is capable of
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Table7 Optimal prices, C—C competi- t, t, W pn Dy s D, D, T, m, 7
reFaJler services, the demand tive structure
of channels, and profit of
centralized dual-channel SC =0 -5 -5 - 3372 8119 835 167 008 - - 636.42
according to given tariffs -5 0 - 3122 8285 8683 1736 -07 - -  637.96
-5 5 - 2872 84.52 90.16 18.03 —-149 - - 643.46
0 -5 - 3372 74.52 75.16  15.03 075 - - 557.09
0 - 3122 76.19 78.5 15.7 -003 - - 555.3
0 - 2872 77.85 81.83 1636 —-0.82 - - 557.46
5 - - 3372 67.85 66.83  13.36 142 - - 486.09
5 - 3122 69.52 70.16  14.03 062 - - 480.96
5 - 2872 71.19 73.5 14.7 -0.16 - - 479.8
u=0.2 -5 =5 - 7067 131.59 128,54 2234 -228 - - 1095.78
-5 - 6875 13378 13226 23.18 -3.09 - - 1109.07
-5 5 - 6682 13598 13599 24.02 -39 - - 1126.42
0 -5 - 6923 1236 119.24 2054 —-144 - - 989.03
0 - 6731 125.8 12296 2138 —-225 - - 998.12
0 - 6538 12799 126.68 2223 -3.06 - - 1011.27
5 -5 - 67.79 115.61 109.94 1875 -0.59 - - 891.22
5 - 65.86 117.81 113.66 1959 —-141 - - 896.11
5 - 63.94 120 117.38 2043 -222 - - 905.05
u=-0.2 -5 -5 - 25098 69.74 6734 1474 -0.87 - - 531.59
-5 - 2285 72.18 7277  15.68 -—-191 - - 538.11
-5 - 19.73 74.63 78.2 16.61 —-295 - - 549.79
0o -5 - 2702 63.17 5829  12.98 0.06 - - 462.57
0 0 - 2389 65.61 63.72 1391 -097 - - 464.45
0 5 - 2077 68.06 69.15 1485 -2.01 - - 471.49
5 =5 - 28.06 56.6 4924  11.21 1 - - 402.34
5 0 - 2493 59.04 54.67 12.15 -0.03 - - 399.57
5 5 - 2181 61.438 60.1 13.08 -107 - - 401.97

optimizing the corresponding target function. To have a bet-
ter picture of the profits of the manufacturer and the retailer,
their least benefit is considered equal to 3. According to
Fig. 3, the lines of the SL target function are linear in ¢, and
t,,- As mentioned before, in the first scenario, the govern-
ment seeks to maximize the retailer service, so in a feasible
area, we should find the point in which the contour line cuts
the highest SL value. Therefore, the optimal tariff at the point
(35.62, 3.13) with value SERVICE is 2.35. In the second
scenario, the government maximizes its income according
to the acceptable level of retailing and social welfare ser-
vices. As shown in Fig. 4, conditions such as (SL=35) and
(SW =20) and the minimum retail profit in linear form as
well as the minimum producer benefit in the form of an oval
provide a feasible area for government tariffs. In this figure,
the objective function, which is the government’s profit, will
be in the form of a big oval. The oval that cuts the feasible
area will be an optimized GNR that receives optimal tariffs
(19.06, 13.34). The optimal GNR value will be 8.55. In the
third scenario, the government seeks to maximize social
welfare by considering its minimum profit (GNR =50) and

the minimum service retailer (SL=5) and the condition of
minimum profit for SC members. As shown in Fig. 5, the
contour of the target profit function SW cuts a feasible area
at the point (20.74, 1.61). The SW value at that point will
also be 26.45.

Figures 6, 7, and 8 illustrate the effects of the minimum
government revenue G, the minimum social welfare F, and
the minimum level of retailer service E on the optimal func-
tions of the government according to different policies in the
values of the ratio of different demands. In general, these
forms represent the contradiction between the goals of the
government in two centralized and decentralized competi-
tive structures.

Figure 6 shows that in the government’s revenue-seeking
policy, with increasing E, the competitive structure of the
centralized SC with y = 0.2 takes the highest government
revenue, and with increasing F, the competitive structure of
the centralized SC with u = 0 earns the most government
revenue. In Fig. 7, which represents the retailer service-level
policy, the retail service level in the centralized competitive
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Fig.3 The government’s opti-
mum tariffs in Scenario 1

Fig.4 The government’s opti-
mum tariffs in Scenario 2

* @ Springer
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Fig.5 The government’s opti- -
mum tariffs in Scenario 3 100
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Fig.6 The effect of E and F on revenue-seeking policy in two structures with different values of u

structure with g = 0.2 is higher than other structures with

different y s so that: SWeo

> SWC_C(MZO) > SWC_C(PO_) > SWD_D(#:U_Z)

Clu=02) 2

> SWD_D(FO) > SWD_D(F_O_Q).

SLec, oy > SLec,, > SLec,

. > SLD_D(M

Clu=02 =02)
By comparison of Figs. 6, 7, and 8, it is clear that an SW in
a centralized competitive structure with y = 0.2 in all gov-
Figure 8 also shows the SW of the government, and itcanbe  ernment policies is higher than other structures in most of
seen that a centralized competitive structure with 4 = 0.2 is the cases. Therefore, if a dual-channel SC is integrated and
higher than other structures with different us, and it has the  centralized, social welfare can improve a variety of govern-

highest social welfare value as follows: ment policies.

> SLD_D(FO) > SLD_D(F

—02)"
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Fig. 7 The effect of G and F on service-level policy in two structures with different values of y
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Fig. 10 Objective functions of 700
the revenue-seeking policies in
the government problem where
1 =0 (scenarios 2 and 5)
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Also, in order to better understand the performance of
the government functions, we compared the three-dimen-
sional government objective functions in both centralized
and decentralized structures within the range of government
tariffs £, = {—100, 100} and ¢,, = {—100, 100}.

Figure 9 shows the objective function of the retail ser-
vices in two centralized and decentralized structures. Both
values of the objective functions increase with increasing
t. and 7. According to Fig. 9, the objective function of the
retailer services in a centralized structure is located above
the decentralized structure, but in higher #, values and lower
t,, values, the decentralized structure placed more elevated
than the centralized structure.

Figure 10 illustrates the government’s revenue-seeking
policy in centralized and decentralized SC structures. From
Fig. 10, we know that with increasing both 7, and ¢, GNR
increases. The objective function of the government’s rev-
enue-seeking policy in a decentralized structure is located
above the centralized structure, but the maximum GNR val-
ues in the centralized structure placed higher than the same
value in the decentralized structure.

In Fig. 11, the objective function of the government in
social welfare policy can be viewed and analyzed in cen-
tralized and decentralized structures for predetermined gov-
ernment tariffs. As can be seen, the objective function of
the SW policy in a decentralized structure is located above
the centralized structure. By decreasing #, and ¢, the SW
increases, but in higher values of ¢. and lower values of 7,
the centralized structure is placed above the decentralized
structure.

In Fig. 12, the revenue shares of the members of the SC
are presented in two decentralized and centralized structures
according to the government’s predetermined tariffs. As it
can be forecasted, the centralized two-channel SC profit is
higher than the profits of the manufacturer and the retailer.
By increasing ¢, and decreasing ¢,, the profits of the central-
ized SC and retailer will increase, but reducing both govern-
ment tariffs 7, and 7, will increase the manufacturer’s profit.

Managerial insights
The managerial insights for this study can be as follows:

e Prices, channel demand, retailer services, and dual-
channel SCs are affected by government-imposed tariffs.
Thus, the government can align the two-channel SC by
setting appropriate tariffs to reach its goals.

e uis very important for players because they determine
their pricing behavior. Given demand functions (1) and
(2), when the retailer’s service goes up by 1 unit, the
demand for g, in the retail channel will increase. How-
ever, the demand for f, In direct sales, the channel will

* @ Springer

increase. Therefore, . — B,/ B, and b, — b,/ b, represent
the ratio of demand received and lost in both channels
because of a growth in direct sales prices and retail ser-
vices.

e Among the centralized and decentralized competitive
structures with a different demand ratio, a centralized
competitive structure with g = 0.2 has almost the best
performance in all government functions. Thus, when a
dual-channel SC is an integrated and centralized, it can
help the government to achieve its goals.

e All three government policies in the two centralized
and decentralized structures of the dual-channel SC are
decreasing due to the increase in other policies (other
constraints). The intensity of this decline in the decen-
tralized structure is higher than the centralized structure.

e Deciding on government intervention policies in com-
petitive markets is a multi-dimensional issue that should
be seen by all stakeholders, including end-users and con-
sumers.

Conclusion

The considered dual-channel SC includes a manufacturer
and a retailer that performs under government regulations.
The retailer seeks to increase customer satisfaction with con-
sideration of the services. The government, which has the
authority in the market, sets tariffs to pursue income and
social policies. Six scenarios are developed based on govern-
ment goals and centralized and decentralized dual-channel
supply structures. It is concluded that the government inter-
ventions can affect the profitability of the dual-channel SC
and its members dramatically; also, when the dual-channel
SC is integrated, the government could better coordinate the
dual-channel SC. To ensure a competitive market, the gov-
ernment should also define domains for the intended tariffs.
The sensitivity analysis showed that in both centralized and
decentralized structures for different demand ratios when
direct sales prices increase, the retailer’s services are getting
higher and when retailer tariffs increase, retailer services
are reduced. Also, it was found out that the response space
for any government policy depends on the constraints of
the problem and, in fact, maximization of any government
policy. Thus, the optimal point is obtained where the govern-
ment’s policies are maximized, and the constraints on the
SCs are satisfied. In other words, the point of intersection
of the constraints and the objective function that we intend
to maximize gives us the optimal point. The retail price in
the sensitivity analysis has a reverse relation with the retail
price tariff, and it has a direct connection to the direct sales
price. However, the direct selling price does not show any
behavior towards the retail price, while it is inversely related
to the direct sales tariff. The wholesale price of the producer
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also has a reverse relation to the retail sales tariff and shows
no behavior towards the retail price tariff.

Several directions can also be found for future research.
In this study, it is assumed that all information on direct
sales channels and retailers is known to all its members,
but in real world, information can be considered as asym-
metric. Moreover, the study of uncertainties in the dual-
channel SC can be appealing. It is also possible to find dif-
ferent power structures in the SC and apply them in real
examples. Besides, studying more complex structures, such
as uncertainties for the SC and increasing levels of SC, and
taking into account multiple manufacturers and retailers can
be useful. The government’s financial interventions in this
study seek to increase customer satisfaction and increase
government profits. Considering other aspects of govern-
ment interventions such as environmental or green objec-
tives can be used for future research.
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Appendix 1

Proof of Proposition 1 "I;he profit function of retailer (6) is
concave on p, because % = —2b,. Therefore, from the first

derivation of r,, the optimal retail price obtained. The first-
order derivation is:

or,
F =xy+a,+byp, —byp,—b(-w+p,) =0 (30)
T

The optimal retail price is as follows:

P =a,+by(py +1y) +b(w—1,) +sp/2b, 3D

From D, > O and (4), we have a, + b,p,,, + byt,, + f.s > b\p,
+b,t, > byw thus

pf(pm, w,s) =a, + bz(pm + tm) + b, (w - tr) + sﬂr/Zb1 >w
(32)
From (4) and (5), we have:

pf(pm, w,s)=a,+ bz(pm + tm) + bl(w - tr) + sﬂr/Zbl
<a,+b,(Fs+B)+b,(w—1)+sp/2b,
_Es+A-1,

w
) +5SES+A_tr

(33)

O

Proof of Proposition 2 The profit function of the manufac-
turer (8) is concave in p,, and w if and only if the Hessian
matrix is negative definite. Hessian matrix is as follows:

bZ
b+ 2 b
H(py,w) = b 72 34)
b2 _bl
Since 2% = —2b, + 2 < 0 and [H| = 257 — 2b2 > 0, 7, |
1nceﬁ—— 1+E< and [H| = 2by —2b5 > 0, m, is

concave on p,, and w.
Solving the first-order partial derivations gives the opti-
mal wholesale price (w), direct sale price (p,,).

or, 1
o= E(ar—cbz+2b2pm+bzzm+b1(c—2w—zr) +58,) =0
(35
0
()pﬁ = 2apb, +2b%(c = 2p,, — 1)
+ by (by(—c+2w+1,) = 25B,) (36)
+by(a. + bz(—c +2p, + tm)
+5p.)/2b; =0
O

Proof of Proposition 3 By substituting (11) and (12) into (7)
and (8) and after simplification, we get (13) and (14). O

Proof of Corollary 1 If the retailer and the manufacturer of
decentralized dual-channel SC make a satisfactory profit R,
and R, the competitive market preserved when Eqgs. (16)
and (17) are held. O

Proof of Proposition 4 The profit function of dual-channel
(16) is concave in s, p,, and p,, if and only if the Hessian
matrix is negative definite. Hessian matrix is as follows:

—n P: P
H(S,prspm) = ﬂr _Zbl 2b2 (37)

P 20, =2b

. 02ﬂc _ -2b, 2b
Since P —2b, < 0,and 2b21 _251 = 4b% — 4b% > 0.
In this way, =, is strictly jointly concave in p, and p,,. How-
Pr, -n b | _ @

ever, respect to —= = -, and B —2b, ‘ = 2nb, — p- the

above determinant may be negative for large enough f,, thus

]
* @ Springer
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. 1s indefinite due to s and p,, hence 7, is not jointly concave

(¢ G r Cc c
. = — > — - =
ins, p,and p,,. O Py() 2s+ 2 —2+2 ¢
en_ G A4+c—-t. G A—t,
Proof of proposition 5 In Proposition 4, we showed that the ~ Pr () b + D) =5 + )
7. has a unique optimal solution for any given s, ¢, and 7. By G -1
taking the first-order partial derivations of . with respect + PN + =Gs+A-
to p, and p,,, and putting derivations equal to zero to get B+c—t, ¢ c (40)
opti . pi(s) = =5+ >-+-=c
ptimal of p, and p,: m 2 2 )
c F B+c-t, F B-t,
p(s)=—=s+ < =s+
or, ( ) )4 by (e =2 )4 s =0 2 2 2 2
=a,+by(—c+2p,+1t,)+b(c—2p,—t,)+ fs= —
op; ? : +§s+ = =Fs+B—1,
a”° =y +by(—c+2p, + 1) + by (c = 2pp = 1)) — 5B =0
P The above items show that pS(s) and p; (s) satisfies the (4)
) ) (38) and (5) conditions. Then, by substituting (17) and (18) into
by solving the above equations, we have: (16) and after simplification, we get (18). 0
G A+c—t Proof of Corollary 2 1f the centralized dual-channel SC makes
C T
pi(s) = 59 + Y satisfactory profit R, the competitive market is guaranteed,
< Fos Btc—1, (39)  when Eq. (23) is hold. O
Pt =730 2
From (4) and (5), we can derive the following: Appendix 2: Summary of notations
. F(2a,+by(B+c+1t,) —b(A+c+1))(Gb, — Fby, —2,)
1 =
G212 + (Fb, +28,)" = 2b, (4n + FGb, +2GB,)
. (2a,+ by(B+c+1y) — b (A+c+1,))Bn(=Gb, + Fb, + 28,)
2 —
G212 + (Fby +28,)° = 2b, (4n + FGb, +2GB,)

= (Fb, +28,) (-2Ga, + (A — ©)Fb, — b, (G(B + c + 1,,) + F1,) + 2Ap, = 2(c + 1,) B,)
=b,(87(A = c —1,) + G(=2Ga, — by(=AF + 3cF + (B + ¢)G + Gt,, + 3Ft,) + 2(A — 3¢ — 31,) ;)
=b,(Gb,((A+ c)F —=(B+ )G — Gt + Ft.) +2(A+c + 1) (2n + GB,))

(G2b2 (Fb, +2,) = 2b, (4n + FGb, + 2Gﬁr)>

=b,(4n(B+c+1y,) + Fby(—(A + O)F + (B + ¢)G + Gt — F1,))

+2b,(=2(A + O)F + (B + 0)G + Gy,

= (nby (=2

- 2F1,) B,

a,—by(B+c+ty) +b(A+c+1,))(2G*b}(c +1,)

—Ly+Ly))

L9 = (by(L; —4(A+c+1,) B> +2a,(4n + G(=Gb, + Fb, + 2p,)) + Ls))

(Fa + Ga, — (BF + AG)b, + AFb, + BGb, — Bp,, + cf,,, + t,.fm +

_ FN,
2=\,

Ny = (Adcrr+ 2
3= ¢ r N4

N, = (F*+ Gz)bl +2(n — FGb, + Fp,, — Gp,)

LS bz(B+c+t +N,) ——b N3>

= (o
< /3N1 1

- b(B+c+t +N,) + = b2N3>

(A—c—1)8)

]
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